
REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

CHANNEL ISLANDS HARBORCHANNEL ISLANDS HARBOR44 BB 403.11403.11
LeadLead 220220LowLow AcresAcres

Elevated levels of lead in sediment.

Nonpoint SourceNonpoint Source
ZincZinc 220220LowLow AcresAcres

Elevated levels of zinc in sediment.

Nonpoint SourceNonpoint Source

LA FISH HARBORLA FISH HARBOR44 BB 405.12405.12
DDTDDT 5050HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
PAHsPAHs 5050HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 5050HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
TributyltinTributyltin 00LowLow AcresAcres

Nonpoint/Point SourceNonpoint/Point Source

LA HARBOR CONSOLIDATED SLIPLA HARBOR CONSOLIDATED SLIP44 BB 405.12405.12
Benthic Comm. EffectsBenthic Comm. Effects 37.1337.13HighHigh AcresAcres

Nonpoint SourceNonpoint Source
ChlordaneChlordane 37.1337.13MediumMedium AcresAcres

Elevated levels of chlordane in tissue and sediment.

Nonpoint SourceNonpoint Source
ChromiumChromium 37.1337.13MediumMedium AcresAcres

Elevated levels of chromium in sediment.

Nonpoint SourceNonpoint Source
DDTDDT 37.1337.13HighHigh AcresAcres

Elevated levels of DDT in tissue and sediment.  Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
LeadLead 37.1337.13LowLow AcresAcres

Elevated levels of lead in sediment.

Nonpoint SourceNonpoint Source

44*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35684



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

PAHsPAHs 37.1337.13HighHigh AcresAcres
Elevated levels of PAHs in sediment.

Nonpoint SourceNonpoint Source
PCBsPCBs 37.1337.13HighHigh AcresAcres

Elevated levels of PCBs in tissue and sediment.  Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source
Sediment ToxicitySediment Toxicity 37.1337.13HighHigh AcresAcres

Nonpoint SourceNonpoint Source
TributyltinTributyltin 37.1337.13LowLow AcresAcres

Elevated levels of tributyltin in tissue.

Nonpoint SourceNonpoint Source
ZincZinc 37.1337.13MediumMedium AcresAcres

Elevated levels of zinc in tissue and sediment.

Nonpoint SourceNonpoint Source

LA HARBOR INNER BREAKWATERLA HARBOR INNER BREAKWATER44 BB 405.12405.12
DDTDDT 1.51.5HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
PAHsPAHs 1.51.5HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 1.51.5HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
TributyltinTributyltin 1.51.5LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

LA HARBOR MAIN CHANNELLA HARBOR MAIN CHANNEL44 BB 405.12405.12
Beach ClosuresBeach Closures 37853785LowLow AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
CopperCopper 37853785LowLow AcresAcres

Elevated levels of copper in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
DDTDDT 37853785HighHigh AcresAcres

Elevated levels of DDT in tissue and sediment.  Fish Consumption Advisory for DDT.

Nonpoint/Point SourceNonpoint/Point Source
PAHsPAHs 37853785HighHigh AcresAcres

Elevated levels of PAHs in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 37853785HighHigh AcresAcres

Elevated levels of PCBs in tissue and sediment.  Fish Consumption Advisory for PCBs.

Nonpoint/Point SourceNonpoint/Point Source
Sediment ToxicitySediment Toxicity 37853785LowLow AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
TributyltinTributyltin 37853785LowLow AcresAcres

Elevated levels of tributyltin in sediment.

Nonpoint/Point SourceNonpoint/Point Source

45*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35685



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

ZincZinc 37853785LowLow AcresAcres
Elevated levels of zinc in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source

LA HARBOR SOUTHWEST SLIPLA HARBOR SOUTHWEST SLIP44 BB 405.12405.12
DDTDDT 3030HighHigh AcresAcres

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 3030HighHigh AcresAcres

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source
Sediment ToxicitySediment Toxicity 3030MediumMedium AcresAcres

Nonpoint SourceNonpoint Source

LONG BEACH HARBOR MAIN LONG BEACH HARBOR MAIN 
CHANNEL, SE,W BASIN, PIER J, CHANNEL, SE,W BASIN, PIER J, 
BREAKWTRBREAKWTR

44 BB 405.12405.12

Benthic Comm. EffectsBenthic Comm. Effects 35943594MediumMedium AcresAcres
Nonpoint SourceNonpoint Source

DDTDDT 35943594HighHigh AcresAcres
Elevated levels of DDT in tissue.  Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PAHsPAHs 35943594HighHigh AcresAcres

Elevated levels of PAHs in sediment.

Nonpoint SourceNonpoint Source
PCBsPCBs 35943594HighHigh AcresAcres

Elevated levels of PCBs in tissue.  Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source
Sediment ToxicitySediment Toxicity 35943594MediumMedium AcresAcres

Nonpoint SourceNonpoint Source

MARINA DEL REY HARBOR-BACK MARINA DEL REY HARBOR-BACK 
BASINSBASINS

44 BB 405.13405.13

Benthic Comm. EffectsBenthic Comm. Effects 413413LowLow AcresAcres
Nonpoint SourceNonpoint Source

ChlordaneChlordane 413413HighHigh AcresAcres
Elevated levels of chlordane in tissue and sediment.

Nonpoint SourceNonpoint Source
CopperCopper 413413MediumMedium AcresAcres

Elevated levels of copper in tissue and sediment.

Nonpoint SourceNonpoint Source
DDTDDT 413413HighHigh AcresAcres

Elevated levels of DDT in tissue and sediment.  Shellfish Harvesting Advisory for DDT.

Nonpoint SourceNonpoint Source
DieldrinDieldrin 413413LowLow AcresAcres

Elevated levels of dieldrin in tissue.

Nonpoint SourceNonpoint Source

46*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35686



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

Fish Consumption AdvisoFish Consumption Adviso 413413HighHigh AcresAcres
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 413413HighHigh AcresAcres
Nonpoint SourceNonpoint Source

LeadLead 413413LowLow AcresAcres
Elevated levels of lead in tissue and sediment.

Nonpoint SourceNonpoint Source
PCBsPCBs 413413HighHigh AcresAcres

Elevated levels of PCBs in tissue.  Shellfish Harvesting Advisory for PCBs.

Nonpoint SourceNonpoint Source
Sediment ToxicitySediment Toxicity 413413MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
TributyltinTributyltin 413413LowLow AcresAcres

Elevated levels of tributyltin in tissue.

Nonpoint SourceNonpoint Source
ZincZinc 413413MediumMedium AcresAcres

Elevated levels of zinc in tissue and sediment.

Nonpoint SourceNonpoint Source

PORT HUENEME HARBOR (BACK PORT HUENEME HARBOR (BACK 
BASINS)BASINS)

44 BB 403.11403.11

DDTDDT 5050HighHigh AcresAcres
Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
PAHsPAHs 5959HighHigh AcresAcres

Elevated levels of PAHs in sediment.

Nonpoint SourceNonpoint Source
PCBsPCBs 5050HighHigh AcresAcres

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source
TributyltinTributyltin 5050LowLow AcresAcres

Elevated levels of tributyltin in tissue.

Nonpoint SourceNonpoint Source
ZincZinc 5050LowLow AcresAcres

Elevated levels of zinc in tissue.

Nonpoint SourceNonpoint Source

SAN PEDRO BAY NEARS/OFF SAN PEDRO BAY NEARS/OFF 
SHORE ZONES- CABRILLO PIER SHORE ZONES- CABRILLO PIER 
AREAAREA

44 BB 405.12405.12

ChromiumChromium 1070010700LowLow AcresAcres
Elevated levels of chromium in sediment.

Nonpoint/Point SourceNonpoint/Point Source
CopperCopper 1070010700LowLow AcresAcres

Elevated levels of copper in sediment.

Nonpoint/Point SourceNonpoint/Point Source

47*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35687



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

DDTDDT 1070010700HighHigh AcresAcres
Elevated levels of DDT in tissue and sediment.  Fish Consumption Advisory for DDT.

Nonpoint/Point SourceNonpoint/Point Source
PAHsPAHs 1070010700HighHigh AcresAcres

Elevated levels of PAHs in sediment.

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 1070010700HighHigh AcresAcres

Fish Consumption Advisory for PCBs.

Nonpoint/Point SourceNonpoint/Point Source
Sediment ToxicitySediment Toxicity 1070010700MediumMedium AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
ZincZinc 1070010700LowLow AcresAcres

Elevated levels of zinc in sediment.

Nonpoint/Point SourceNonpoint/Point Source

SANTA MONICA BAY OFFSHORE SANTA MONICA BAY OFFSHORE 
AND NEARSHOREAND NEARSHORE

44 BB 413.00413.00

CadmiumCadmium 1664016640LowLow AcresAcres
Elevated levels of cadmium in sediment.

Nonpoint/Point SourceNonpoint/Point Source
ChlordaneChlordane 1664016640LowLow AcresAcres

Elevated levels of chlordane in sediment.

Nonpoint/Point SourceNonpoint/Point Source
CopperCopper 1664016640LowLow AcresAcres

Elevated levels of copper in sediment.

Nonpoint/Point SourceNonpoint/Point Source
DDTDDT 1664016640HighHigh AcresAcres

Elevated levels of DDT in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
DebrisDebris 1664016640LowLow AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
Fish Consumption AdvisoFish Consumption Adviso 1664016640HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
LeadLead 1664016640LowLow AcresAcres

Elevated levels of lead in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
MercuryMercury 1664016640MediumMedium AcresAcres

Elevated levels of mercury in sediment.

Nonpoint/Point SourceNonpoint/Point Source
NickelNickel 1664016640LowLow AcresAcres

Elevated levels of nickel in sediment.

Nonpoint/Point SourceNonpoint/Point Source
PAHsPAHs 1664016640HighHigh AcresAcres

Elevated levels of PAHs in sediment.

Nonpoint/Point SourceNonpoint/Point Source

48*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35688



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

PCBsPCBs 1664016640HighHigh AcresAcres
Elevated levels of PCBs in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
Sediment ToxicitySediment Toxicity 1664016640MediumMedium AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
SilverSilver 1664016640LowLow AcresAcres

Elevated levels of silver in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ZincZinc 1664016640LowLow AcresAcres

Elevated levels of zinc in sediment.

Nonpoint/Point SourceNonpoint/Point Source

VENTURA HARBOR: VENTURA VENTURA HARBOR: VENTURA 
KEYESKEYES

44 BB 403.11403.11

High Coliform CountHigh Coliform Count 4040HighHigh AcresAcres
Nonpoint SourceNonpoint Source

ABALONE COVE BEACHABALONE COVE BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 0.940.94MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.940.94HighHigh MilesMiles

Elevated levels of DDT in sediment.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.940.94HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

AMARILLO BEACHAMARILLO BEACH44 CC 404.21404.21
DDTDDT 0.30.3HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.30.3HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

BIG ROCK BEACHBIG ROCK BEACH44 CC 404.16404.16
Beach ClosuresBeach Closures 1.091.09MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.091.09HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 1.091.09HighHigh MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 1.091.09HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

49*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35689



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

BLUFF COVE BEACHBLUFF COVE BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 0.610.61MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.610.61HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.610.61HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

CABRILLO BEACH (INNER) LA CABRILLO BEACH (INNER) LA 
HARBOR AREAHARBOR AREA

44 CC 405.12405.12

Beach Closures (Coliform)Beach Closures (Coliform) 0.790.79LowLow MilesMiles
Nonpoint SourceNonpoint Source

DDTDDT 0.790.79HighHigh MilesMiles
Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.790.79HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

CABRILLO BEACH OUTERCABRILLO BEACH OUTER44 CC 405.12405.12
Beach ClosuresBeach Closures 0.510.51MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.510.51HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 0.510.51HighHigh MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 0.510.51HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

CARBON BEACHCARBON BEACH44 CC 404.16404.16
Beach ClosuresBeach Closures 1.481.48MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.481.48HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.481.48HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

CASTLEROCK BEACHCASTLEROCK BEACH44 CC 405.13405.13
Beach ClosuresBeach Closures 0.810.81MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

50*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35690



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

DDTDDT 0.810.81HighHigh MilesMiles
Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.810.81HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

DAN BLOCKER MEMORIAL DAN BLOCKER MEMORIAL 
(CORAL) BEACH(CORAL) BEACH

44 CC 404.31404.31

High Coliform CountHigh Coliform Count 1.041.04HighHigh MilesMiles
Nonpoint SourceNonpoint Source

DOCKWEILER BEACHDOCKWEILER BEACH44 CC 405.12405.12
Beach ClosuresBeach Closures 5.45.4MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 5.45.4HighHigh MilesMiles

Nonpoint SourceNonpoint Source

ESCONDIDO BEACHESCONDIDO BEACH44 CC 404.34404.34
Beach ClosuresBeach Closures 2.052.05MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 2.052.05HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 2.052.05HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

FLAT ROCK POINT BEACH AREAFLAT ROCK POINT BEACH AREA44 CC 405.11405.11
Beach ClosuresBeach Closures 0.30.3MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.30.3HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.30.3HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

HERMOSA BEACHHERMOSA BEACH44 CC 405.12405.12
Beach ClosuresBeach Closures 1.881.88MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

INSPIRATION POINT BEACHINSPIRATION POINT BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 0.30.3MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.30.3HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source

51*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35691



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

PCBsPCBs 0.30.3HighHigh MilesMiles
Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

LA COSTA BEACHLA COSTA BEACH44 CC 404.16404.16
Beach ClosuresBeach Closures 0.740.74MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.740.74HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.740.74HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

LAS FLORES BEACHLAS FLORES BEACH44 CC 404.15404.15
DDTDDT 0.760.76HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 0.760.76HighHigh MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 0.760.76HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

LAS TUNAS BEACHLAS TUNAS BEACH44 CC 404.12404.12
Beach ClosuresBeach Closures 1.251.25MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.251.25HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.251.25HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

LEO CARILLO BEACH (SOUTH OF LEO CARILLO BEACH (SOUTH OF 
COUNTY LINE)COUNTY LINE)

44 CC 404.44404.44

Beach ClosuresBeach Closures 1.151.15MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 1.151.15HighHigh MilesMiles
Nonpoint SourceNonpoint Source

LONG POINT BEACHLONG POINT BEACH44 CC 405.11405.11
DDTDDT 0.450.45HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 0.450.45HighHigh MilesMiles

Nonpoint SourceNonpoint Source

52*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35692



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

PCBsPCBs 0.450.45HighHigh MilesMiles
Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

LUNADA BAY BEACHLUNADA BAY BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 0.350.35MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

MALAGA COVE BEACHMALAGA COVE BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 1.131.13MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.131.13HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.131.13HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

MALIBU BEACHMALIBU BEACH44 CC 404.21404.21
Beach ClosuresBeach Closures 0.530.53MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.530.53HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source

MALIBU LAGOON BEACH MALIBU LAGOON BEACH 
(SURFRIDER)(SURFRIDER)

44 CC 404.21404.21

Beach ClosuresBeach Closures 0.660.66MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

DDTDDT 0.660.66HighHigh MilesMiles
Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 0.660.66HighHigh MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 0.660.66HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

MANDALAY BEACHMANDALAY BEACH44 CC 403.11403.11
Beach ClosuresBeach Closures 1.551.55LowLow MilesMiles

Nonpoint SourceNonpoint Source

MANHATTAN BEACHMANHATTAN BEACH44 CC 405.12405.12
Beach ClosuresBeach Closures 2.082.08MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

MARINA DEL REY HARBOR BEACHMARINA DEL REY HARBOR BEACH44 CC 405.13405.13
Beach ClosuresBeach Closures 0.650.65MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

53*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35693



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

High Coliform CountHigh Coliform Count 0.650.65HighHigh MilesMiles
Nonpoint SourceNonpoint Source

MCGRATH BEACHMCGRATH BEACH44 CC 403.11403.11
Beach ClosuresBeach Closures 1.351.35LowLow MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 1.351.35MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

NICHOLAS CANYON BEACHNICHOLAS CANYON BEACH44 CC 404.43404.43
Beach ClosuresBeach Closures 1.941.94MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.941.94HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.941.94HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

PALO VERDE SHORELINE PARK PALO VERDE SHORELINE PARK 
BEACHBEACH

44 CC 413.057413.057

PathogensPathogens 0.120.12LowLow MilesMiles
Source UnknownSource Unknown

PesticidesPesticides 0.120.12LowLow MilesMiles
Source UnknownSource Unknown

PARADISE COVE BEACHPARADISE COVE BEACH44 CC 404.35404.35
Beach ClosuresBeach Closures 1.331.33MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.331.33HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 1.331.33HighHigh MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 1.331.33HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

POINT DUME BEACHPOINT DUME BEACH44 CC 404.36404.36
Beach ClosuresBeach Closures 0.950.95MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.950.95HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.950.95HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

54*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35694



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

POINT FERMIN PARK BEACHPOINT FERMIN PARK BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 1.51.5MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.51.5HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.51.5HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

POINT VICENTE BEACHPOINT VICENTE BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 2.132.13MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

PORTUGESE BEND BEACHPORTUGESE BEND BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 2.22.2MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 2.22.2HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 2.22.2HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

PUERCO BEACHPUERCO BEACH44 CC 404.31404.31
Beach ClosuresBeach Closures 1.681.68MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.681.68HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.681.68HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

REDONDO BEACHREDONDO BEACH44 CC 405.12405.12
Beach ClosuresBeach Closures 1.371.37MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.371.37HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 1.371.37HighHigh MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 1.371.37HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

55*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35695



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

RESORT POINT BEACHRESORT POINT BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 0.490.49MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

ROBERT H MEYER MEMORIAL ROBERT H MEYER MEMORIAL 
BEACHBEACH

44 CC 404.42404.42

Beach ClosuresBeach Closures 1.231.23MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

DDTDDT 1.231.23HighHigh MilesMiles
Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.231.23HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

ROCKY POINT BEACHROCKY POINT BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 0.520.52MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

ROYAL PALMS BEACHROYAL PALMS BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 1.061.06MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.061.06HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.061.06HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

SANTA CLARA RIVER ESTUARY SANTA CLARA RIVER ESTUARY 
BEACH/SURFERS KNOLLBEACH/SURFERS KNOLL

44 CC 403.11403.11

High Coliform CountHigh Coliform Count 0.560.56LowLow MilesMiles
Nonpoint SourceNonpoint Source

SANTA MONICA BEACHSANTA MONICA BEACH44 CC 405.13405.13
Beach ClosuresBeach Closures 2.952.95MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 2.952.95HighHigh MilesMiles

Nonpoint SourceNonpoint Source

SEA LEVEL BEACHSEA LEVEL BEACH44 CC 404.41404.41
Beach ClosuresBeach Closures 0.670.67MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.670.67HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.670.67HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

56*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35696



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

TOPANGA BEACHTOPANGA BEACH44 CC 404.11404.11
Beach ClosuresBeach Closures 1.011.01MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.011.01HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 1.011.01HighHigh MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 1.011.01HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

TORRANCE BEACHTORRANCE BEACH44 CC 405.12405.12
Beach ClosuresBeach Closures 0.580.58MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 0.580.58HighHigh MilesMiles

Nonpoint SourceNonpoint Source

TRANCAS BEACH (BROAD TRANCAS BEACH (BROAD 
BEACH)BEACH)

44 CC 404.37404.37

Beach ClosuresBeach Closures 2.022.02MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

DDTDDT 2.022.02HighHigh MilesMiles
Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 2.022.02HighHigh MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 2.022.02HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

VENICE BEACHVENICE BEACH44 CC 405.13405.13
Beach ClosuresBeach Closures 1.51.5MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 1.51.5HighHigh MilesMiles

Nonpoint SourceNonpoint Source

WHITES POINT BEACHWHITES POINT BEACH44 CC 405.11405.11
Beach ClosuresBeach Closures 0.70.7MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 0.70.7HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 0.70.7HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

57*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35697



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

WILL ROGERS BEACHWILL ROGERS BEACH44 CC 405.13405.13
Beach ClosuresBeach Closures 2.22.2MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 2.22.2HighHigh MilesMiles

Nonpoint SourceNonpoint Source

ZUMA (WESTWARD BEACH)ZUMA (WESTWARD BEACH)44 CC 404.36404.36
Beach ClosuresBeach Closures 1.651.65MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
DDTDDT 1.651.65HighHigh MilesMiles

Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
PCBsPCBs 1.651.65HighHigh MilesMiles

Fish Consumption Advisory for PCBs.

Nonpoint SourceNonpoint Source

MALIBU LAGOONMALIBU LAGOON44 EE 404.21404.21
Benthic Comm. EffectsBenthic Comm. Effects 32.532.5MediumMedium AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
Enteric VirusesEnteric Viruses 32.532.5HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
EutrophicEutrophic 32.532.5MediumMedium 01930193 12021202AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
High Coliform CountHigh Coliform Count 32.532.5HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
Shellfish Harvesting Adv.Shellfish Harvesting Adv. 32.532.5MediumMedium AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
Swimming RestrictionsSwimming Restrictions 32.532.5HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source

MUGU LAGOONMUGU LAGOON44 EE 403.11403.11
ChlordaneChlordane 20002000HighHigh 12981298AcresAcres

Elevated levels of chlordane in tissue.

Nonpoint SourceNonpoint Source
CopperCopper 20002000MediumMedium AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
DacthalDacthal 20002000HighHigh 12981298AcresAcres

Elevated levels of dacthal in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 20002000HighHigh 12981298AcresAcres

Elevated levels of DDT in tissue and sediment.  Effects on bird reproductivity from DDT.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 20002000HighHigh 12981298AcresAcres

Elevated levels of endosulfan in tissue.

Nonpoint SourceNonpoint Source
MercuryMercury 20002000HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source

58*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35698



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

NickelNickel 20002000MediumMedium AcresAcres
Nonpoint/Point SourceNonpoint/Point Source

NitrogenNitrogen 20002000LowLow 12981298AcresAcres
Nonpoint/Point SourceNonpoint/Point Source

PCBsPCBs 20002000HighHigh AcresAcres
Elevated levels of PCBs in tissue.

Nonpoint/Point SourceNonpoint/Point Source
Sediment ToxicitySediment Toxicity 20002000HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
Sedimentation/SiltationSedimentation/Siltation 20002000HighHigh AcresAcres

Nonpoint/Point SourceNonpoint/Point Source
ZincZinc 20002000MediumMedium AcresAcres

Nonpoint/Point SourceNonpoint/Point Source

CRYSTAL LAKECRYSTAL LAKE44 LL 405.43405.43
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 5.85.8LowLow AcresAcres

Nonpoint SourceNonpoint Source

ECHO PARK LAKEECHO PARK LAKE44 LL 405.15405.15
AlgaeAlgae 2323LowLow AcresAcres

Nonpoint SourceNonpoint Source
AmmoniaAmmonia 2323LowLow 01940194 12991299AcresAcres

Nonpoint SourceNonpoint Source
CopperCopper 2323LowLow AcresAcres

Nonpoint SourceNonpoint Source
EutrophicEutrophic 2323LowLow AcresAcres

Nonpoint SourceNonpoint Source
LeadLead 2323LowLow AcresAcres

Nonpoint SourceNonpoint Source
OdorsOdors 2323LowLow AcresAcres

Nonpoint SourceNonpoint Source
PCBsPCBs 2323MediumMedium AcresAcres

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source
pHpH 2323MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
TrashTrash 2323HighHigh AcresAcres

Nonpoint SourceNonpoint Source

EL DORADO LAKESEL DORADO LAKES44 LL 405.15405.15
AlgaeAlgae 220220LowLow AcresAcres

Nonpoint SourceNonpoint Source
AmmoniaAmmonia 220220LowLow 01940194 12991299AcresAcres

Nonpoint SourceNonpoint Source
CopperCopper 220220LowLow AcresAcres

Nonpoint SourceNonpoint Source

59*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35699



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

EutrophicEutrophic 220220LowLow AcresAcres
Nonpoint SourceNonpoint Source

LeadLead 220220LowLow AcresAcres
Nonpoint SourceNonpoint Source

MercuryMercury 220220MediumMedium AcresAcres
Elevated levels of mercury in tissue.

Nonpoint SourceNonpoint Source
pHpH 220220MediumMedium AcresAcres

Nonpoint SourceNonpoint Source

ELIZABETH LAKEELIZABETH LAKE44 LL 403.51403.51
EutrophicEutrophic 194194LowLow AcresAcres

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 194194MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
pHpH 194194MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
TrashTrash 194194LowLow AcresAcres

Nonpoint SourceNonpoint Source

LAKE CALABASASLAKE CALABASAS44 LL 405.21405.21
AmmoniaAmmonia 2828LowLow AcresAcres

Nonpoint SourceNonpoint Source
CopperCopper 2828MediumMedium AcresAcres

Elevated levels of copper in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 2828HighHigh AcresAcres

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
EutrophicEutrophic 2828MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
OdorsOdors 2828LowLow AcresAcres

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 2828MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
pHpH 2828MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
ZincZinc 2828LowLow AcresAcres

Elevated levels of zinc in tissue.

Nonpoint SourceNonpoint Source

LAKE HUGHESLAKE HUGHES44 LL 403.51403.51
AlgaeAlgae 3434LowLow AcresAcres

Nonpoint SourceNonpoint Source
EutrophicEutrophic 3434MediumMedium AcresAcres

Nonpoint SourceNonpoint Source

60*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35700



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

Fish KillsFish Kills 3434MediumMedium AcresAcres
Nonpoint SourceNonpoint Source

OdorsOdors 3434LowLow AcresAcres
Nonpoint SourceNonpoint Source

TrashTrash 3434LowLow AcresAcres
Nonpoint SourceNonpoint Source

LAKE LINDEROLAKE LINDERO44 LL 404.23404.23
AlgaeAlgae 13.5613.56MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
ChlorideChloride 13.5613.56LowLow AcresAcres

Nonpoint SourceNonpoint Source
EutrophicEutrophic 13.5613.56MediumMedium 01930193 12021202AcresAcres

Nonpoint SourceNonpoint Source
OdorsOdors 13.5613.56LowLow AcresAcres

Nonpoint SourceNonpoint Source
SeleniumSelenium 13.5613.56LowLow AcresAcres

Elevated levels of selenium in tissue.

Nonpoint SourceNonpoint Source
Specific conductivitySpecific conductivity 13.5613.56LowLow AcresAcres

Nonpoint SourceNonpoint Source
TrashTrash 13.5613.56LowLow AcresAcres

Nonpoint SourceNonpoint Source

LAKE SHERWOODLAKE SHERWOOD44 LL 404.26404.26
AlgaeAlgae 213213MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
AmmoniaAmmonia 213213LowLow AcresAcres

Nonpoint SourceNonpoint Source
EutrophicEutrophic 213213MediumMedium 01930193 12021202AcresAcres

Nonpoint SourceNonpoint Source
MercuryMercury 213213MediumMedium AcresAcres

Elevated levels of mercury in tissue.

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 213213MediumMedium AcresAcres

Nonpoint SourceNonpoint Source

LEGG LAKELEGG LAKE44 LL 405.41405.41
AmmoniaAmmonia 7070LowLow AcresAcres

Nonpoint SourceNonpoint Source
CopperCopper 7070LowLow AcresAcres

Nonpoint SourceNonpoint Source
LeadLead 7070LowLow AcresAcres

Nonpoint SourceNonpoint Source
OdorsOdors 7070LowLow AcresAcres

Nonpoint SourceNonpoint Source

61*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35701



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

pHpH 7070MediumMedium AcresAcres
Nonpoint SourceNonpoint Source

TrashTrash 7070HighHigh AcresAcres
Nonpoint SourceNonpoint Source

LINCOLN PARK LAKELINCOLN PARK LAKE44 LL 405.15405.15
AmmoniaAmmonia 77LowLow 01940194 12991299AcresAcres

Nonpoint SourceNonpoint Source
EutrophicEutrophic 77MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
LeadLead 77LowLow AcresAcres

Nonpoint SourceNonpoint Source
OdorsOdors 77LowLow AcresAcres

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 77MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
TrashTrash 77HighHigh AcresAcres

Nonpoint SourceNonpoint Source

MACHADO LAKE (HARBOR PARK MACHADO LAKE (HARBOR PARK 
LAKE)LAKE)

44 LL 405.12405.12

AlgaeAlgae 45.245.2LowLow AcresAcres
Nonpoint SourceNonpoint Source

AmmoniaAmmonia 45.245.2LowLow AcresAcres
Nonpoint SourceNonpoint Source

ChemAChemA 45.245.2HighHigh AcresAcres
Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChlordaneChlordane 45.245.2HighHigh AcresAcres

Elevated levels of chlordane in tissue.  Fish Consumption Advisory for chlordane.

Nonpoint SourceNonpoint Source
DDTDDT 45.245.2HighHigh AcresAcres

Elevated levels of DDT in tissue.  Fish Consumption Advisory for DDT.

Nonpoint SourceNonpoint Source
DieldrinDieldrin 45.245.2HighHigh AcresAcres

Elevated levels of dieldrin in tissue.

Nonpoint SourceNonpoint Source
EutrophicEutrophic 45.245.2LowLow AcresAcres

Nonpoint SourceNonpoint Source
OdorsOdors 45.245.2LowLow AcresAcres

Nonpoint SourceNonpoint Source
PCBsPCBs 45.245.2HighHigh AcresAcres

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source
TrashTrash 45.245.2LowLow AcresAcres

Nonpoint SourceNonpoint Source

62*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35702



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

MALIBOU LAKEMALIBOU LAKE44 LL 404.24404.24
AlgaeAlgae 6969MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
ChlordaneChlordane 6969LowLow AcresAcres

Elevated levels of chlordane in tissue.

Nonpoint/Point SourceNonpoint/Point Source
CopperCopper 6969MediumMedium AcresAcres

Elevated levels of copper in tissue.

Nonpoint SourceNonpoint Source
EutrophicEutrophic 6969MediumMedium 01930193 12021202AcresAcres

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 6969MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
PCBsPCBs 6969LowLow AcresAcres

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source

MATILIJA RESERVOIRMATILIJA RESERVOIR44 LL 402.20402.20
Fish barriersFish barriers 198198LowLow AcresAcres

Dam Construction/OperationDam Construction/Operation

MCGRATH LAKE (ESTUARY)MCGRATH LAKE (ESTUARY)44 LL 403.11403.11
ChlordaneChlordane 1.351.35HighHigh AcresAcres

Elevated levels of chlordane in sediment.

Nonpoint SourceNonpoint Source
DDTDDT 1.351.35HighHigh AcresAcres

Elevated levels of DDT in sediment.

Nonpoint SourceNonpoint Source
PesticidesPesticides 1.351.35HighHigh AcresAcres

Elevated levels of pesticides (total) in sediment.

Nonpoint SourceNonpoint Source
Sediment ToxicitySediment Toxicity 1.351.35MediumMedium AcresAcres

Nonpoint SourceNonpoint Source

MUNZ LAKEMUNZ LAKE44 LL 403.51403.51
EutrophicEutrophic 1515LowLow AcresAcres

Nonpoint SourceNonpoint Source
TrashTrash 1515LowLow AcresAcres

Nonpoint SourceNonpoint Source

PECK ROAD PARK LAKEPECK ROAD PARK LAKE44 LL 405.41405.41
ChlordaneChlordane 166166MediumMedium AcresAcres

Elevated levels of chlordane in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 166166MediumMedium AcresAcres

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source

63*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35703



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

LeadLead 166166LowLow AcresAcres
Nonpoint SourceNonpoint Source

OdorsOdors 166166LowLow AcresAcres
Nonpoint SourceNonpoint Source

Org. enrichment/Low D.O.Org. enrichment/Low D.O. 166166MediumMedium AcresAcres
Nonpoint SourceNonpoint Source

TrashTrash 166166HighHigh AcresAcres
Nonpoint SourceNonpoint Source

PUDDINGSTONE RESERVOIRPUDDINGSTONE RESERVOIR44 LL 405.52405.52
ChlordaneChlordane 382382MediumMedium AcresAcres

Elevated levels of chlordane in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 382382MediumMedium AcresAcres

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
MercuryMercury 382382MediumMedium AcresAcres

Elevated levels of mercury in tissue.

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 382382MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
PCBsPCBs 382382MediumMedium AcresAcres

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source

SANTA FE DAM PARK LAKESANTA FE DAM PARK LAKE44 LL 405.41405.41
CopperCopper 7070LowLow AcresAcres

Nonpoint SourceNonpoint Source
LeadLead 7070LowLow AcresAcres

Nonpoint SourceNonpoint Source
pHpH 7070LowLow AcresAcres

Nonpoint SourceNonpoint Source

WESTLAKE LAKEWESTLAKE LAKE44 LL 404.25404.25
AlgaeAlgae 186186MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
AmmoniaAmmonia 186186LowLow AcresAcres

Nonpoint SourceNonpoint Source
ChlordaneChlordane 186186LowLow AcresAcres

Elevated levels of chlordane in tissue.

Nonpoint SourceNonpoint Source
CopperCopper 186186MediumMedium AcresAcres

Elevated levels of copper in tissue.

Nonpoint SourceNonpoint Source
EutrophicEutrophic 186186MediumMedium 01930193 12021202AcresAcres

Nonpoint SourceNonpoint Source

64*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35704



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

LeadLead 186186LowLow AcresAcres
Nonpoint SourceNonpoint Source

Org. enrichment/Low D.O.Org. enrichment/Low D.O. 186186MediumMedium AcresAcres
Nonpoint SourceNonpoint Source

ALISO CANYON WASHALISO CANYON WASH44 RR 405.21405.21
SeleniumSelenium 10.1310.13LowLow MilesMiles

Nonpoint SourceNonpoint Source

ARROYO LAS POSAS REACH 1 ARROYO LAS POSAS REACH 1 
(LEWIS SOMIS RD TO FOX (LEWIS SOMIS RD TO FOX 
BARRANCA)BARRANCA)

44 RR 403.12403.12

AmmoniaAmmonia 1.991.99HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChlorideChloride 1.991.99MediumMedium 01970197 12001200MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

DDTDDT 1.991.99HighHigh 12981298MilesMiles
Elevated levels of DDT in sediment.

Nonpoint SourceNonpoint Source
Nitrate and NitriteNitrate and Nitrite 1.991.99MediumMedium 12981298MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
SulfatesSulfates 1.991.99MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Total Dissolved SolidsTotal Dissolved Solids 1.991.99MediumMedium 12981298MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

ARROYO LAS POSAS REACH 2 ARROYO LAS POSAS REACH 2 
(FOX BARRANCA TO MOORPARK (FOX BARRANCA TO MOORPARK 
FWY (23))FWY (23))

44 RR 403.62403.62

AmmoniaAmmonia 9.629.62HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChlorideChloride 9.629.62MediumMedium 01970197 12001200MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

DDTDDT 9.629.62HighHigh 12981298MilesMiles
Elevated levels of DDT in sediment.

Nonpoint SourceNonpoint Source
Nitrate and NitriteNitrate and Nitrite 9.629.62MediumMedium 12981298MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
SulfatesSulfates 9.629.62MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Total Dissolved SolidsTotal Dissolved Solids 9.629.62MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

ARROYO SECO REACH 1 (LA ARROYO SECO REACH 1 (LA 
RIVER TO WEST HOLLY AVE)RIVER TO WEST HOLLY AVE)

44 RR 405.15405.15

AlgaeAlgae 7.027.02LowLow MilesMiles
Nonpoint SourceNonpoint Source

65*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35705



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

High Coliform CountHigh Coliform Count 7.027.02MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 7.027.02HighHigh MilesMiles
Nonpoint SourceNonpoint Source

ARROYO SECO REACH 2 (WEST ARROYO SECO REACH 2 (WEST 
HOLLY AVE. TO DEVILS GATE HOLLY AVE. TO DEVILS GATE 
DAM)DAM)

44 RR 405.31405.31

AlgaeAlgae 2.532.53LowLow MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 2.532.53MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 2.532.53HighHigh MilesMiles
Nonpoint SourceNonpoint Source

ARROYO SIMI REACH 1 ARROYO SIMI REACH 1 
(MOORPARK FRWY (23) TO BREA (MOORPARK FRWY (23) TO BREA 
CYN)CYN)

44 RR 403.62403.62

AmmoniaAmmonia 7.587.58HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

BoronBoron 7.587.58MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

ChlorideChloride 7.587.58MediumMedium 01970197 12001200MilesMiles
Nonpoint SourceNonpoint Source

ChromiumChromium 7.587.58LowLow MilesMiles
Elevated levels of chromium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
NickelNickel 7.587.58LowLow MilesMiles

Elevated levels of nickel in tissue.

Nonpoint/Point SourceNonpoint/Point Source
SeleniumSelenium 7.587.58LowLow MilesMiles

Elevated levels of selenium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
SilverSilver 7.587.58LowLow MilesMiles

Elevated levels of silver in tissue.

Nonpoint/Point SourceNonpoint/Point Source
SulfatesSulfates 7.587.58MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
Total Dissolved SolidsTotal Dissolved Solids 7.587.58MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
ZincZinc 7.587.58LowLow MilesMiles

Elevated levels of zinc in tissue.

Nonpoint/Point SourceNonpoint/Point Source

ARROYO SIMI REACH 2 (ABOVE ARROYO SIMI REACH 2 (ABOVE 
BREA CANYON)BREA CANYON)

44 RR 403.67403.67

BoronBoron 11.1211.12MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

66*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35706



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

SulfatesSulfates 11.1211.12MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

Total Dissolved SolidsTotal Dissolved Solids 11.1211.12MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

ASHLAND AVENUE DRAINASHLAND AVENUE DRAIN44 RR 405.13405.13
High Coliform CountHigh Coliform Count 0.570.57HighHigh MilesMiles

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 0.570.57LowLow MilesMiles

Nonpoint SourceNonpoint Source
ToxicityToxicity 0.570.57LowLow MilesMiles

Nonpoint SourceNonpoint Source

BALLONA CREEKBALLONA CREEK44 RR 405.13405.13
ArsenicArsenic 4.34.3MediumMedium MilesMiles

Elevated levels of arsenic in tissue.

Nonpoint/Point SourceNonpoint/Point Source
CadmiumCadmium 4.34.3MediumMedium MilesMiles

Elevated levels of cadmium in sediment.

Nonpoint/Point SourceNonpoint/Point Source
ChemAChemA 4.34.3HighHigh MilesMiles

Elevated levels of chemA pesticides in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ChlordaneChlordane 4.34.3HighHigh MilesMiles

Elevated levels of chlordane in tissue.

Nonpoint/Point SourceNonpoint/Point Source
CopperCopper 4.34.3MediumMedium MilesMiles

Elevated levels of copper in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
DDTDDT 4.34.3HighHigh MilesMiles

Elevated levels of DDT in tissue.

Nonpoint/Point SourceNonpoint/Point Source
DieldrinDieldrin 4.34.3HighHigh MilesMiles

Elevated levels of dieldrin in tissue.

Nonpoint/Point SourceNonpoint/Point Source
Enteric VirusesEnteric Viruses 4.34.3HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
High Coliform CountHigh Coliform Count 4.34.3HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
LeadLead 4.34.3LowLow MilesMiles

Elevated levels of lead in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 4.34.3HighHigh MilesMiles

Elevated levels of PCBs in tissue.

Nonpoint/Point SourceNonpoint/Point Source

67*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35707



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

Sediment ToxicitySediment Toxicity 4.34.3MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SilverSilver 4.34.3LowLow MilesMiles
Elevated levels of silver in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
ToxicityToxicity 4.34.3MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
TrashTrash 4.34.3HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
TributyltinTributyltin 4.34.3LowLow MilesMiles

Elevated levels of tributyltin in sediment.

Nonpoint/Point SourceNonpoint/Point Source

BALLONA CREEK ESTUARYBALLONA CREEK ESTUARY44 RR 405.13405.13
ArochlorArochlor 2.52.5HighHigh MilesMiles

Elevated levels of arochlor in sediment.

Nonpoint/Point SourceNonpoint/Point Source
ChlordaneChlordane 2.52.5HighHigh MilesMiles

Elevated levels of chlordane in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
DDTDDT 2.52.5HighHigh MilesMiles

Elevated levels of DDT in sediment.

Nonpoint/Point SourceNonpoint/Point Source
High Coliform CountHigh Coliform Count 2.52.5HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
LeadLead 2.52.5LowLow MilesMiles

Elevated levels of lead in sediment.

Nonpoint/Point SourceNonpoint/Point Source
PAHsPAHs 2.52.5HighHigh MilesMiles

Elevated levels of PAHs in sediment.

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 2.52.5HighHigh MilesMiles

Elevated levels of PCBs in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
Sediment ToxicitySediment Toxicity 2.52.5MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Shellfish Harvesting Adv.Shellfish Harvesting Adv. 2.52.5MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ZincZinc 2.52.5LowLow MilesMiles

Elevated levels of zinc in sediment.

Nonpoint/Point SourceNonpoint/Point Source

BEARDSLEY CHANNEL (ABOVE BEARDSLEY CHANNEL (ABOVE 
CENTRAL AVENUE)CENTRAL AVENUE)

44 RR 403.61403.61

AlgaeAlgae 6.166.16LowLow 12981298MilesMiles
Nonpoint SourceNonpoint Source

68*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35708



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

ChemAChemA 6.166.16HighHigh 12981298MilesMiles
Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChlordaneChlordane 6.166.16HighHigh 12981298MilesMiles

Elevated levels of chlordane in tissue and sediment.

Nonpoint SourceNonpoint Source
ChlorpyrifosChlorpyrifos 6.166.16HighHigh 12981298MilesMiles

Elevated levels of chlorpyrifos in tissue.

Nonpoint SourceNonpoint Source
DacthalDacthal 6.166.16HighHigh 12981298MilesMiles

Elevated levels of dacthal in sediment.

Nonpoint SourceNonpoint Source
DDTDDT 6.166.16HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue and sediment.

Nonpoint SourceNonpoint Source
DieldrinDieldrin 6.166.16HighHigh 12981298MilesMiles

Elevated levels of dieldrin in tissue.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 6.166.16HighHigh 12981298MilesMiles

Elevated levels of endosulfan in tissue and sediment.

Nonpoint SourceNonpoint Source
NitrogenNitrogen 6.166.16MediumMedium 12981298MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 6.166.16HighHigh MilesMiles

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source
ToxapheneToxaphene 6.166.16HighHigh 12981298MilesMiles

Elevated levels of toxaphene in tissue and sediment.

Nonpoint SourceNonpoint Source
ToxicityToxicity 6.166.16HighHigh MilesMiles

Nonpoint SourceNonpoint Source
TrashTrash 6.166.16LowLow MilesMiles

Nonpoint SourceNonpoint Source

BELL CREEKBELL CREEK44 RR 405.21405.21
High Coliform CountHigh Coliform Count 9.819.81LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

BROWN BARRANCA / LONG BROWN BARRANCA / LONG 
CANYONCANYON

44 RR 403.11403.11

Nitrate and NitriteNitrate and Nitrite 3.793.79MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

BURBANK WESTERN CHANNELBURBANK WESTERN CHANNEL44 RR 405.21405.21
AlgaeAlgae 6.356.35LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

69*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35709



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

AmmoniaAmmonia 6.356.35HighHigh 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

CadmiumCadmium 6.356.35LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

OdorsOdors 6.356.35LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Scum/Foam-unnaturalScum/Foam-unnatural 6.356.35LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

TrashTrash 6.356.35HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

CALLEGUAS CREEK REACH 1 CALLEGUAS CREEK REACH 1 
(ESTUARY TO 0.5MI S OF (ESTUARY TO 0.5MI S OF 
BROOME RD)BROOME RD)

44 RR 403.11403.11

AmmoniaAmmonia 2.22.2HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChemAChemA 2.22.2HighHigh 12981298MilesMiles
Elevated levels of chemA in tissue.

Nonpoint SourceNonpoint Source
ChlordaneChlordane 2.22.2HighHigh 12981298MilesMiles

Elevated levels of chlordane in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 2.22.2HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue and sediment.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 2.22.2HighHigh 12981298MilesMiles

Elevated levels of endosulfan in tissue.

Nonpoint SourceNonpoint Source
NitrogenNitrogen 2.22.2MediumMedium 12981298MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 2.22.2HighHigh MilesMiles

Elevated levels of PCBs in tissue.

Nonpoint/Point SourceNonpoint/Point Source
Sediment ToxicitySediment Toxicity 2.22.2MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ToxapheneToxaphene 2.22.2HighHigh 12981298MilesMiles

Elevated levels of toxaphene in tissue and sediment.

Nonpoint SourceNonpoint Source
ToxicityToxicity 2.22.2HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

CALLEGUAS CREEK REACH 2 (0.5 CALLEGUAS CREEK REACH 2 (0.5 
MI S OF BROOME RD TO MI S OF BROOME RD TO 
POTRERO RDPOTRERO RD

44 RR 403.12403.12

AmmoniaAmmonia 2.32.3HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

70*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35710



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

ChemAChemA 2.32.3HighHigh 12981298MilesMiles
Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChlordaneChlordane 2.32.3HighHigh 12981298MilesMiles

Elevated level of chlordane in tissue.

Nonpoint SourceNonpoint Source
DacthalDacthal 2.32.3HighHigh 12981298MilesMiles

Elevated level of dacthal in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 2.32.3HighHigh 12981298MilesMiles

Elevated level of DDT in tissue and sediment.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 2.32.3HighHigh 12981298MilesMiles

Elevated level of endosulfan in tissue.

Nonpoint SourceNonpoint Source
NitrogenNitrogen 2.32.3MediumMedium 12981298MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 2.32.3HighHigh MilesMiles

Elevated level of PCBs in tissue.

Nonpoint/Point SourceNonpoint/Point Source
Sediment ToxicitySediment Toxicity 2.32.3MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ToxapheneToxaphene 2.32.3HighHigh 12981298MilesMiles

Elevated level of toxaphene in tissue and sediment.

Nonpoint SourceNonpoint Source
ToxicityToxicity 2.32.3HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

CALLEGUAS CREEK REACH 3 CALLEGUAS CREEK REACH 3 
(POTRERO TO SOMIS RD)(POTRERO TO SOMIS RD)

44 RR 403.12403.12

ChlorideChloride 7.77.7MediumMedium 01970197 12001200MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Nitrate and NitriteNitrate and Nitrite 7.77.7MediumMedium 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Total Dissolved SolidsTotal Dissolved Solids 7.77.7MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

COMPTON CREEKCOMPTON CREEK44 RR 405.15405.15
CopperCopper 8.528.52LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
High Coliform CountHigh Coliform Count 8.528.52MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
LeadLead 8.528.52LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
pHpH 8.528.52MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

71*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35711



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

CONEJO CREEK / ARROYO CONEJO CREEK / ARROYO 
CONEJO NORTH FORKCONEJO NORTH FORK

44 RR 403.64403.64

AmmoniaAmmonia 6.516.51HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChlordaneChlordane 6.516.51MediumMedium 12981298MilesMiles
Elevated levels of chlordane in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 6.516.51MediumMedium 12981298MilesMiles

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
SulfatesSulfates 6.516.51MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Total Dissolved SolidsTotal Dissolved Solids 6.516.51MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

CONEJO CREEK REACH 1 (CONFL CONEJO CREEK REACH 1 (CONFL 
CALL TO SANTA ROSA RD)CALL TO SANTA ROSA RD)

44 RR 403.12403.12

AlgaeAlgae 5.85.8LowLow 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AmmoniaAmmonia 5.85.8HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

CadmiumCadmium 5.85.8MediumMedium MilesMiles
Elevated levels of cadmium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ChemAChemA 5.85.8HighHigh 12981298MilesMiles

Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChromiumChromium 5.85.8MediumMedium MilesMiles

Elevated levels of chromium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
DacthalDacthal 5.85.8HighHigh 12981298MilesMiles

Elevated levels of dacthal in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 5.85.8HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 5.85.8HighHigh 12981298MilesMiles

Elevated levels of endosulfan in tissue.

Nonpoint SourceNonpoint Source
NickelNickel 5.85.8MediumMedium MilesMiles

Elevated levels of nickel in tissue.

Nonpoint/Point SourceNonpoint/Point Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 5.85.8MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

72*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35712



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

SilverSilver 5.85.8MediumMedium MilesMiles
Elevated levels of silver in tissue.

Nonpoint/Point SourceNonpoint/Point Source
SulfatesSulfates 5.85.8MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Total Dissolved SolidsTotal Dissolved Solids 5.85.8MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ToxapheneToxaphene 5.85.8HighHigh 12981298MilesMiles

Elevated levels of toxaphene in tissue and sediment.

Nonpoint SourceNonpoint Source
ToxicityToxicity 5.85.8HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

CONEJO CREEK REACH 2 (SANTA CONEJO CREEK REACH 2 (SANTA 
ROSA RD TO THO. OAKS CITY ROSA RD TO THO. OAKS CITY 
LIMIT)LIMIT)

44 RR 403.63403.63

AlgaeAlgae 2.672.67LowLow 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AmmoniaAmmonia 2.672.67HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

CadmiumCadmium 2.672.67MediumMedium MilesMiles
Elevated levels of cadmium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ChemAChemA 2.672.67HighHigh 12981298MilesMiles

Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChlorideChloride 2.672.67MediumMedium 01970197 12001200MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ChromiumChromium 2.672.67MediumMedium MilesMiles

Elevated levels of chromium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
DacthalDacthal 2.672.67HighHigh 12981298MilesMiles

Elevated levels of dacthal in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 2.672.67HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 2.672.67HighHigh 12981298MilesMiles

Elevated levels of endosulfan in tissue.

Nonpoint SourceNonpoint Source
NickelNickel 2.672.67MediumMedium MilesMiles

Elevated levels of nickel in tissue.

Nonpoint/Point SourceNonpoint/Point Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 2.672.67MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

73*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35713



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

SilverSilver 2.672.67MediumMedium MilesMiles
Elevated levels of silver in tissue.

Nonpoint/Point SourceNonpoint/Point Source
SulfatesSulfates 2.672.67MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Total Dissolved SolidsTotal Dissolved Solids 2.672.67MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ToxapheneToxaphene 2.672.67HighHigh 12981298MilesMiles

Elevated levels of toxaphene in tissue and sediment.

Nonpoint SourceNonpoint Source
ToxicityToxicity 2.672.67HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

CONEJO CREEK REACH 3 CONEJO CREEK REACH 3 
(THOUSAND OAKS CITY LIMIT TO (THOUSAND OAKS CITY LIMIT TO 
LYNN RD.)LYNN RD.)

44 RR 403.64403.64

AlgaeAlgae 5.65.6LowLow 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AmmoniaAmmonia 5.65.6HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

CadmiumCadmium 5.65.6MediumMedium MilesMiles
Elevated levels of cadmium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ChemAChemA 5.65.6HighHigh 12981298MilesMiles

Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChromiumChromium 5.65.6MediumMedium MilesMiles

Elevated levels of chromium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
DacthalDacthal 5.65.6HighHigh 12981298MilesMiles

Elevated levels of dacthal in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 5.65.6HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 5.65.6HighHigh 12981298MilesMiles

Elevated levels of endosulfan in tissue.

Nonpoint SourceNonpoint Source
NickelNickel 5.65.6MediumMedium MilesMiles

Elevated levels of nickel in tissue.

Nonpoint/Point SourceNonpoint/Point Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 5.65.6MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
SilverSilver 5.65.6MediumMedium MilesMiles

Elevated levels of silver in tissue.

Nonpoint/Point SourceNonpoint/Point Source

74*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35714



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

SulfatesSulfates 5.65.6MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Total Dissolved SolidsTotal Dissolved Solids 5.65.6MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ToxapheneToxaphene 5.65.6HighHigh 12981298MilesMiles
Elevated levels of toxaphene in tissue and sediment.

Nonpoint SourceNonpoint Source
ToxicityToxicity 5.65.6HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

CONEJO CREEK REACH 4 CONEJO CREEK REACH 4 
(ABOVE LYNN RD.)(ABOVE LYNN RD.)

44 RR 403.68403.68

AlgaeAlgae 4.984.98LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AmmoniaAmmonia 4.984.98HighHigh 12981298MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChemAChemA 4.984.98HighHigh 12981298MilesMiles
Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChlorideChloride 4.984.98MediumMedium 01970197 12001200MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
DacthalDacthal 4.984.98HighHigh 12981298MilesMiles

Elevated levels of dacthal in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 4.984.98HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 4.984.98HighHigh 12981298MilesMiles

Elevated levels of endosulfan in tissue.

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 4.984.98MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
SulfatesSulfates 4.984.98MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Total Dissolved SolidsTotal Dissolved Solids 4.984.98MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ToxapheneToxaphene 4.984.98HighHigh 12981298MilesMiles

Elevated levels of toxaphene in tissue and sediment.

Nonpoint SourceNonpoint Source
ToxicityToxicity 4.984.98HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

COYOTE CREEKCOYOTE CREEK44 RR 405.15405.15
Abnormal Fish HistologyAbnormal Fish Histology 13.4513.45MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

75*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.

RB-AR35715



REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

AlgaeAlgae 13.4513.45MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AmmoniaAmmonia 13.4513.45HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 13.4513.45MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SilverSilver 13.4513.45MediumMedium MilesMiles
Elevated levels of silver in tissue.

Nonpoint/Point SourceNonpoint/Point Source

DOMINGUEZ CHANNEL (ABOVE DOMINGUEZ CHANNEL (ABOVE 
VERMONT)VERMONT)

44 RR 405.12405.12

AldrinAldrin 99MediumMedium MilesMiles
Elevated levels of aldrin in tissue.

Nonpoint/Point SourceNonpoint/Point Source
AmmoniaAmmonia 99LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ChemAChemA 99HighHigh MilesMiles

Elevated levels of chemA pesticides in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ChlordaneChlordane 99HighHigh MilesMiles

Elevated levels of chlordane in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ChromiumChromium 99MediumMedium MilesMiles

Elevated levels of chromium in sediment.

Nonpoint/Point SourceNonpoint/Point Source
CopperCopper 99LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
DDTDDT 99HighHigh MilesMiles

Elevated levels of DDT in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
DieldrinDieldrin 99MediumMedium MilesMiles

Elevated levels of dieldrin in tissue.

Nonpoint/Point SourceNonpoint/Point Source
High Coliform CountHigh Coliform Count 99LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
LeadLead 99LowLow MilesMiles

Elevated levels of lead in tissue.

Nonpoint/Point SourceNonpoint/Point Source
PAHsPAHs 99HighHigh MilesMiles

Elevated levels of PAHs in sediment.

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 99HighHigh MilesMiles

Elevated levels of PCBs in tissue.

Nonpoint/Point SourceNonpoint/Point Source

76*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

ZincZinc 99HighHigh MilesMiles
Elevated levels of zinc in sediment.

Nonpoint/Point SourceNonpoint/Point Source

DOMINGUEZ CHANNEL ESTUARY DOMINGUEZ CHANNEL ESTUARY 
(TO VERMONT)(TO VERMONT)

44 RR 405.12405.12

AldrinAldrin 8.48.4MediumMedium MilesMiles
Elevated levels of aldrin in tissue.

Nonpoint/Point SourceNonpoint/Point Source
AmmoniaAmmonia 8.48.4LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Benthic Comm. EffectsBenthic Comm. Effects 8.48.4HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ChemAChemA 8.48.4HighHigh MilesMiles

Elevated levels of chemA pesticides in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ChlordaneChlordane 8.48.4HighHigh MilesMiles

Elevated levels of chlordane in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ChromiumChromium 8.48.4MediumMedium MilesMiles

Elevated levels of chromium in sediment.

Nonpoint/Point SourceNonpoint/Point Source
CopperCopper 8.48.4LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
DDTDDT 8.48.4HighHigh MilesMiles

Elevated levels of DDT in tissue and sediment.

Nonpoint/Point SourceNonpoint/Point Source
DieldrinDieldrin 8.48.4MediumMedium MilesMiles

Elevated levels of dieldrin in tissue.

Nonpoint/Point SourceNonpoint/Point Source
High Coliform CountHigh Coliform Count 8.48.4LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
LeadLead 8.48.4LowLow MilesMiles

Elevated levels of lead in tissue.

Nonpoint/Point SourceNonpoint/Point Source
PAHsPAHs 8.48.4HighHigh MilesMiles

Elevated levels of PAHs in sediment.

Nonpoint/Point SourceNonpoint/Point Source
PCBsPCBs 8.48.4HighHigh MilesMiles

Elevated levels of PCBs in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ZincZinc 8.48.4HighHigh MilesMiles

Elevated levels of zinc in sediment.

Nonpoint/Point SourceNonpoint/Point Source

77*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

DUCK POND AGRICULTURAL DUCK POND AGRICULTURAL 
DRAIN/MUGU DRAIN/OXNARD DR DRAIN/MUGU DRAIN/OXNARD DR 
#2#2

44 RR 403.11403.11

ChemAChemA 13.513.5HighHigh 12981298MilesMiles
Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChlordaneChlordane 13.513.5HighHigh 12981298MilesMiles

Elevated levels of chlordane in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 13.513.5HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue and sediment.

Nonpoint SourceNonpoint Source
NitrogenNitrogen 13.513.5MediumMedium 12981298MilesMiles

Nonpoint SourceNonpoint Source
Sediment ToxicitySediment Toxicity 13.513.5MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
ToxapheneToxaphene 13.513.5HighHigh 12981298MilesMiles

Elevated levels of toxaphene in tissue.

Nonpoint SourceNonpoint Source
ToxicityToxicity 13.513.5HighHigh MilesMiles

Nonpoint SourceNonpoint Source

FOX BARRANCAFOX BARRANCA44 RR 403.62403.62
BoronBoron 3.033.03MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
Nitrate and NitriteNitrate and Nitrite 3.033.03MediumMedium 12981298MilesMiles

Nonpoint SourceNonpoint Source
SulfatesSulfates 3.033.03MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
Total Dissolved SolidsTotal Dissolved Solids 3.033.03MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

LAS VIRGENES CREEKLAS VIRGENES CREEK44 RR 404.22404.22
High Coliform CountHigh Coliform Count 11.4711.47HighHigh MilesMiles

Nonpoint SourceNonpoint Source
Nutrients (Algae)Nutrients (Algae) 11.4711.47MediumMedium 01930193 12021202MilesMiles

Nonpoint SourceNonpoint Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 11.4711.47MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
Scum/Foam-unnaturalScum/Foam-unnatural 11.4711.47LowLow MilesMiles

Nonpoint SourceNonpoint Source
SeleniumSelenium 11.4711.47LowLow MilesMiles

Nonpoint SourceNonpoint Source
TrashTrash 11.4711.47LowLow MilesMiles

Nonpoint SourceNonpoint Source

78*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

LINDERO CREEK REACH 1LINDERO CREEK REACH 144 RR 404.23404.23
AlgaeAlgae 2.22.2MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 2.22.2HighHigh MilesMiles

Nonpoint SourceNonpoint Source
Scum/Foam-unnaturalScum/Foam-unnatural 2.22.2LowLow MilesMiles

Nonpoint SourceNonpoint Source
SeleniumSelenium 2.22.2LowLow MilesMiles

Nonpoint SourceNonpoint Source
TrashTrash 2.22.2LowLow MilesMiles

Nonpoint SourceNonpoint Source

LINDERO CREEK REACH 2 LINDERO CREEK REACH 2 
(ABOVE LAKE)(ABOVE LAKE)

44 RR 404.23404.23

AlgaeAlgae 4.84.8MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 4.84.8HighHigh MilesMiles
Nonpoint SourceNonpoint Source

Scum/Foam-unnaturalScum/Foam-unnatural 4.84.8LowLow MilesMiles
Nonpoint SourceNonpoint Source

SeleniumSelenium 4.84.8LowLow MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 4.84.8LowLow MilesMiles
Nonpoint SourceNonpoint Source

LOS ANGELES RIVER REACH 1 LOS ANGELES RIVER REACH 1 
(ESTUARY TO CARSON STREET)(ESTUARY TO CARSON STREET)

44 RR 405.12405.12

AmmoniaAmmonia 2.012.01HighHigh 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 2.012.01MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

LeadLead 2.012.01LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Nutrients (Algae)Nutrients (Algae) 2.012.01MediumMedium 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

pHpH 2.012.01MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Scum/Foam-unnaturalScum/Foam-unnatural 2.012.01LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

TrashTrash 2.012.01HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

LOS ANGELES RIVER REACH 2 LOS ANGELES RIVER REACH 2 
(CARSON TO FIGUEROA STREET)(CARSON TO FIGUEROA STREET)

44 RR 405.15405.15

AmmoniaAmmonia 19.3719.37HighHigh 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

79*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

High Coliform CountHigh Coliform Count 19.3719.37MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

LeadLead 19.3719.37LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Nutrients (Algae)Nutrients (Algae) 19.3719.37MediumMedium 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

OdorsOdors 19.3719.37LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

OilOil 19.3719.37MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Scum/Foam-unnaturalScum/Foam-unnatural 19.3719.37LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

TrashTrash 19.3719.37HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

LOS ANGELES RIVER REACH 3 LOS ANGELES RIVER REACH 3 
(FIGUEROA ST TO RIVERSIDE DR.)(FIGUEROA ST TO RIVERSIDE DR.)

44 RR 405.21405.21

AmmoniaAmmonia 7.247.24HighHigh 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Nutrients (Algae)Nutrients (Algae) 7.247.24MediumMedium 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

OdorsOdors 7.247.24LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Scum/Foam-unnaturalScum/Foam-unnatural 7.247.24LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

TrashTrash 7.247.24HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

LOS ANGELES RIVER REACH 4 LOS ANGELES RIVER REACH 4 
(SEPUVEDA DR. TO SEPULVEDA (SEPUVEDA DR. TO SEPULVEDA 
DAM)DAM)

44 RR 405.21405.21

AmmoniaAmmonia 11.8411.84HighHigh 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 11.8411.84MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

LeadLead 11.8411.84LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Nutrients (Algae)Nutrients (Algae) 11.8411.84MediumMedium 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

OdorsOdors 11.8411.84LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

Scum/Foam-unnaturalScum/Foam-unnatural 11.8411.84LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

TrashTrash 11.8411.84HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

80*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

LOS ANGELES RIVER REACH 5 LOS ANGELES RIVER REACH 5 
(AT SEPULVEDA BASIN)(AT SEPULVEDA BASIN)

44 RR 405.21405.21

AmmoniaAmmonia 1.931.93HighHigh 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChemAChemA 1.931.93MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChlorpyrifosChlorpyrifos 1.931.93MediumMedium MilesMiles
Elevated levels of chlorpyrifos in tissue.

Nonpoint/Point SourceNonpoint/Point Source
Nutrients (Algae)Nutrients (Algae) 1.931.93MediumMedium 01940194 12991299MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
OdorsOdors 1.931.93LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
OilOil 1.931.93LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Scum/Foam-unnaturalScum/Foam-unnatural 1.931.93LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
TrashTrash 1.931.93HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

LOS ANGELES RIVER REACH 6 LOS ANGELES RIVER REACH 6 
(ABOVE SEPULVEDA FLD CNTRL (ABOVE SEPULVEDA FLD CNTRL 
BASIN)BASIN)

44 RR 405.21405.21

Dichloroethylene/1,1-DCEDichloroethylene/1,1-DCE 6.176.17LowLow MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 6.176.17LowLow MilesMiles
Nonpoint SourceNonpoint Source

Tetrachloroethylene/PCETetrachloroethylene/PCE 6.176.17LowLow MilesMiles
Nonpoint SourceNonpoint Source

Trichloroethylene/TCETrichloroethylene/TCE 6.176.17LowLow MilesMiles
Nonpoint SourceNonpoint Source

MALIBU CREEKMALIBU CREEK44 RR 404.21404.21
Fish barriersFish barriers 9.59.5LowLow MilesMiles

Dam Construction/OperationDam Construction/Operation
High Coliform CountHigh Coliform Count 9.59.5HighHigh MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Nutrients (Algae)Nutrients (Algae) 9.59.5MediumMedium 01930193 12021202MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Scum/Foam-unnaturalScum/Foam-unnatural 9.59.5LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
TrashTrash 9.59.5LowLow MilesMiles

Nonpoint SourceNonpoint Source

81*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

MATILIJA CREEK REACH 1 (JCT. MATILIJA CREEK REACH 1 (JCT. 
WITH N. FORK TO RESERVOIR)WITH N. FORK TO RESERVOIR)

44 RR 402.20402.20

Fish barriersFish barriers 1.61.6LowLow MilesMiles
Dam Construction/OperationDam Construction/Operation

MATILIJA CREEK REACH 2 MATILIJA CREEK REACH 2 
(ABOVE RESERVOIR)(ABOVE RESERVOIR)

44 RR 402.20402.20

Fish barriersFish barriers 16.816.8LowLow MilesMiles
Dam Construction/OperationDam Construction/Operation

MEDEA CREEK REACH 1 (LAKE MEDEA CREEK REACH 1 (LAKE 
TO CONFL. WITH LINDERO)TO CONFL. WITH LINDERO)

44 RR 404.23404.23

AlgaeAlgae 3.013.01MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 3.013.01HighHigh MilesMiles
Nonpoint SourceNonpoint Source

SeleniumSelenium 3.013.01LowLow MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 3.013.01LowLow MilesMiles
Nonpoint SourceNonpoint Source

MEDEA CREEK REACH 2 (ABV MEDEA CREEK REACH 2 (ABV 
COFL. WITH LINDERO)COFL. WITH LINDERO)

44 RR 404.24404.24

AlgaeAlgae 5.445.44MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 5.445.44HighHigh MilesMiles
Nonpoint SourceNonpoint Source

SeleniumSelenium 5.445.44LowLow MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 5.445.44LowLow MilesMiles
Nonpoint SourceNonpoint Source

MINT CANYON CREEK REACH 1 MINT CANYON CREEK REACH 1 
(CONFL TO ROWLER CYN)(CONFL TO ROWLER CYN)

44 RR 403.51403.51

Nitrate and NitriteNitrate and Nitrite 8.168.16MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

MONROVIA CANYON CREEKMONROVIA CANYON CREEK44 RR 405.33405.33
LeadLead 2.092.09LowLow MilesMiles

Nonpoint SourceNonpoint Source

PALO COMADO CREEKPALO COMADO CREEK44 RR 404.23404.23
High Coliform CountHigh Coliform Count 7.787.78HighHigh MilesMiles

Nonpoint SourceNonpoint Source

PICO KENTER DRAINPICO KENTER DRAIN44 RR 405.13405.13
AmmoniaAmmonia 4.774.77LowLow MilesMiles

Nonpoint SourceNonpoint Source
CopperCopper 4.774.77MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

82*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

Enteric VirusesEnteric Viruses 4.774.77HighHigh MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 4.774.77HighHigh MilesMiles
Nonpoint SourceNonpoint Source

LeadLead 4.774.77LowLow MilesMiles
Nonpoint SourceNonpoint Source

PAHsPAHs 4.774.77HighHigh MilesMiles
Nonpoint SourceNonpoint Source

ToxicityToxicity 4.774.77MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 4.774.77LowLow MilesMiles
Nonpoint SourceNonpoint Source

REVOLON SLOUGH MAIN REVOLON SLOUGH MAIN 
BRANCH (MUGU LAGOON TO BRANCH (MUGU LAGOON TO 
CENTRAL AVENUE)CENTRAL AVENUE)

44 RR 403.11403.11

AlgaeAlgae 8.98.9LowLow 12981298MilesMiles
Nonpoint SourceNonpoint Source

ChemAChemA 8.98.9HighHigh 12981298MilesMiles
Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChlordaneChlordane 8.98.9HighHigh 12981298MilesMiles

Elevated levels of chlordane in tissue and sediment.

Nonpoint SourceNonpoint Source
ChlorpyrifosChlorpyrifos 8.98.9HighHigh 12981298MilesMiles

Elevated levels of chlorpyrifos in tissue.

Nonpoint SourceNonpoint Source
DacthalDacthal 8.98.9HighHigh 12981298MilesMiles

Elevated levels of dacthal in sediment.

Nonpoint SourceNonpoint Source
DDTDDT 8.98.9HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue and sediment.

Nonpoint SourceNonpoint Source
DieldrinDieldrin 8.98.9HighHigh 12981298MilesMiles

Elevated levels of dieldrin in tissue.

Nonpoint SourceNonpoint Source
EndosulfanEndosulfan 8.98.9HighHigh 12981298MilesMiles

Elevated levels of endosulfan in tissue and sediment.

Nonpoint SourceNonpoint Source
NitrogenNitrogen 8.98.9MediumMedium 12981298MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 8.98.9HighHigh MilesMiles

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source
SeleniumSelenium 8.98.9LowLow MilesMiles

Nonpoint SourceNonpoint Source

83*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

ToxapheneToxaphene 8.98.9HighHigh 12981298MilesMiles
Elevated levels of toxaphene in tissue and sediment.

Nonpoint SourceNonpoint Source
ToxicityToxicity 8.98.9HighHigh MilesMiles

Nonpoint SourceNonpoint Source
TrashTrash 8.98.9LowLow MilesMiles

Nonpoint SourceNonpoint Source

RIO DE SANTA CLARA/OXNARD RIO DE SANTA CLARA/OXNARD 
DRAIN #3DRAIN #3

44 RR 403.11403.11

ChemAChemA 2.482.48HighHigh 12981298MilesMiles
Elevated levels of chemA pesticides in tissue.

Nonpoint SourceNonpoint Source
ChlordaneChlordane 2.482.48HighHigh 12981298MilesMiles

Elevated levels of chlordane in tissue.

Nonpoint SourceNonpoint Source
DDTDDT 2.482.48HighHigh 12981298MilesMiles

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
NitrogenNitrogen 2.482.48LowLow 12981298MilesMiles

Nonpoint SourceNonpoint Source
PCBsPCBs 2.482.48HighHigh MilesMiles

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source
Sediment ToxicitySediment Toxicity 2.482.48HighHigh MilesMiles

Nonpoint SourceNonpoint Source
ToxapheneToxaphene 2.482.48HighHigh 12981298MilesMiles

Elevated levels of toxaphene in tissue.

Nonpoint SourceNonpoint Source

RIO HONDO REACH 1 (CONFL. LA RIO HONDO REACH 1 (CONFL. LA 
RIVER TO SNT ANA FWY)RIVER TO SNT ANA FWY)

44 RR 405.15405.15

AmmoniaAmmonia 4.194.19LowLow 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

CopperCopper 4.194.19LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 4.194.19LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

LeadLead 4.194.19LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

pHpH 4.194.19LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

TrashTrash 4.194.19HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ZincZinc 4.194.19LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

84*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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 END  
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1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

RIO HONDO REACH 2 (AT RIO HONDO REACH 2 (AT 
SPREADING GROUNDS)SPREADING GROUNDS)

44 RR 405.15405.15

AmmoniaAmmonia 2.712.71MediumMedium 01940194 12991299MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 2.712.71LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SAN GABRIEL RIVER EAST FORKSAN GABRIEL RIVER EAST FORK44 RR 405.43405.43
TrashTrash 1212HighHigh MilesMiles

Nonpoint SourceNonpoint Source

SAN GABRIEL RIVER ESTUARYSAN GABRIEL RIVER ESTUARY44 RR 405.15405.15
Abnormal Fish HistologyAbnormal Fish Histology 2.952.95MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ArsenicArsenic 2.952.95LowLow MilesMiles

Elevated levels of arsenic in tissue.

Nonpoint/Point SourceNonpoint/Point Source

SAN GABRIEL RIVER REACH 1 SAN GABRIEL RIVER REACH 1 
(ESTUARY TO FIRESTONE)(ESTUARY TO FIRESTONE)

44 RR 405.15405.15

Abnormal Fish HistologyAbnormal Fish Histology 8.738.73MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AlgaeAlgae 8.738.73MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AmmoniaAmmonia 8.738.73HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 8.738.73LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ToxicityToxicity 8.738.73MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SAN GABRIEL RIVER REACH 2 SAN GABRIEL RIVER REACH 2 
(FIRESTONE TO WHITTIER (FIRESTONE TO WHITTIER 
NARROWS DAMNARROWS DAM

44 RR 405.15405.15

AmmoniaAmmonia 9.999.99HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 9.999.99LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

LeadLead 9.999.99LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SAN GABRIEL RIVER REACH 3 SAN GABRIEL RIVER REACH 3 
(WHITTIER NARROWS TO (WHITTIER NARROWS TO 
RAMONA)RAMONA)

44 RR 405.41405.41

ToxicityToxicity 3.523.52MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

85*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

SAN JOSE CREEK REACH 1 (SG SAN JOSE CREEK REACH 1 (SG 
CONFL. TO TEMPLE STREET)CONFL. TO TEMPLE STREET)

44 RR 405.41405.41

AlgaeAlgae 13.1213.12MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AmmoniaAmmonia 13.1213.12HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 13.1213.12LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SAN JOSE CREEK REACH 2 SAN JOSE CREEK REACH 2 
(TEMPLE TO I-10 AT WHITE AVE.)(TEMPLE TO I-10 AT WHITE AVE.)

44 RR 405.51405.51

AlgaeAlgae 4.934.93MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

AmmoniaAmmonia 4.934.93HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

High Coliform CountHigh Coliform Count 4.934.93LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SANTA CLARA RIVER ESTUARYSANTA CLARA RIVER ESTUARY44 RR 403.11403.11
ChemAChemA 2.072.07MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 2.072.07LowLow MilesMiles

Nonpoint SourceNonpoint Source
ToxapheneToxaphene 2.072.07MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

SANTA CLARA RIVER REACH 3 SANTA CLARA RIVER REACH 3 
(DAM TO ABV SP CRK/BLW (DAM TO ABV SP CRK/BLW 
TIMBER CYN)TIMBER CYN)

44 RR 403.21403.21

AmmoniaAmmonia 13.2413.24MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChlorideChloride 13.2413.24MediumMedium 12971297MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SANTA CLARA RIVER REACH 7 SANTA CLARA RIVER REACH 7 
(BLUE CUT TO WEST PIER HWY (BLUE CUT TO WEST PIER HWY 
99)99)

44 RR 403.51403.51

AmmoniaAmmonia 9.219.21MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChlorideChloride 9.219.21MediumMedium 12971297MilesMiles
Chloride was relisted by USEPA

Nonpoint/Point SourceNonpoint/Point Source
High Coliform CountHigh Coliform Count 9.219.21LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Nitrate and NitriteNitrate and Nitrite 9.219.21MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

86*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

SANTA CLARA RIVER REACH 8-W SANTA CLARA RIVER REACH 8-W 
PIER HY 99 TO BOUQUET CYN RD PIER HY 99 TO BOUQUET CYN RD 
BRGBRG

44 RR 403.51403.51

AmmoniaAmmonia 3.423.42MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ChlorideChloride 3.423.42MediumMedium 12971297MilesMiles
Chloride was relisted by USEPA.

Nonpoint/Point SourceNonpoint/Point Source
High Coliform CountHigh Coliform Count 3.423.42LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Nitrate and NitriteNitrate and Nitrite 3.423.42MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Org. enrichment/Low D.O.Org. enrichment/Low D.O. 3.423.42MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

SANTA CLARA RIVER REACH 9 SANTA CLARA RIVER REACH 9 
(BOUQUET CYN RD.TO ABV LANG (BOUQUET CYN RD.TO ABV LANG 
GAGNG)GAGNG)

44 RR 403.51403.51

High Coliform CountHigh Coliform Count 12.6912.69LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

SANTA MONICA CANYONSANTA MONICA CANYON44 RR 405.13405.13
High Coliform CountHigh Coliform Count 2.92.9HighHigh MilesMiles

Nonpoint SourceNonpoint Source
LeadLead 2.92.9LowLow MilesMiles

Nonpoint SourceNonpoint Source

SEPULVEDA CANYONSEPULVEDA CANYON44 RR 405.13405.13
AmmoniaAmmonia 6.86.8LowLow MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 6.86.8HighHigh MilesMiles

Nonpoint SourceNonpoint Source
LeadLead 6.86.8LowLow MilesMiles

Nonpoint SourceNonpoint Source

STOKES CREEKSTOKES CREEK44 RR 404.22404.22
High Coliform CountHigh Coliform Count 5.335.33HighHigh MilesMiles

Nonpoint SourceNonpoint Source

TAPO CANYON REACH 1TAPO CANYON REACH 144 RR 403.67403.67
BoronBoron 5.235.23MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
ChlorideChloride 5.235.23MediumMedium 01970197 12001200MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
SulfatesSulfates 5.235.23MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
Total Dissolved SolidsTotal Dissolved Solids 5.235.23MediumMedium MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

87*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

TOPANGA CANYON CREEKTOPANGA CANYON CREEK44 RR 404.11404.11
LeadLead 8.68.6LowLow MilesMiles

Nonpoint SourceNonpoint Source

TORRANCE CARSON CHANNELTORRANCE CARSON CHANNEL44 RR 405.12405.12
CopperCopper 12.612.6LowLow MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 12.612.6MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
LeadLead 12.612.6LowLow MilesMiles

Nonpoint SourceNonpoint Source

TORREY CANYON CREEKTORREY CANYON CREEK44 RR 403.41403.41
Nitrate and NitriteNitrate and Nitrite 1.71.7MediumMedium MilesMiles

Nonpoint SourceNonpoint Source

TRIUNFO CANYON CREEK REACH TRIUNFO CANYON CREEK REACH 
11

44 RR 404.24404.24

LeadLead 4.064.06LowLow MilesMiles
Nonpoint SourceNonpoint Source

MercuryMercury 4.064.06LowLow MilesMiles
Nonpoint SourceNonpoint Source

TRIUNFO CANYON CREEK REACH TRIUNFO CANYON CREEK REACH 
22

44 RR 404.25404.25

LeadLead 1.981.98LowLow MilesMiles
Nonpoint SourceNonpoint Source

MercuryMercury 1.981.98LowLow MilesMiles
Nonpoint SourceNonpoint Source

TUJUNGA WASH (LA RIVER TO TUJUNGA WASH (LA RIVER TO 
HANSEN DAM)HANSEN DAM)

44 RR 405.21405.21

AmmoniaAmmonia 9.689.68MediumMedium 01940194 12991299MilesMiles
Nonpoint SourceNonpoint Source

CopperCopper 9.689.68MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 9.689.68LowLow MilesMiles
Nonpoint SourceNonpoint Source

OdorsOdors 9.689.68LowLow MilesMiles
Nonpoint SourceNonpoint Source

Scum/Foam-unnaturalScum/Foam-unnatural 9.689.68LowLow MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 9.689.68HighHigh MilesMiles
Nonpoint SourceNonpoint Source

VENTURA RIVER ESTUARYVENTURA RIVER ESTUARY44 RR 402.10402.10
AlgaeAlgae 0.350.35LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

88*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

DDTDDT 0.350.35MediumMedium MilesMiles
Elevated levels of DDT in tissue.

Nonpoint/Point SourceNonpoint/Point Source
EutrophicEutrophic 0.350.35LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source
TrashTrash 0.350.35LowLow MilesMiles

Nonpoint/Point SourceNonpoint/Point Source

VENTURA RIVER REACH 1 VENTURA RIVER REACH 1 
(ESTUARY TO MAIN STREET)(ESTUARY TO MAIN STREET)

44 RR 402.10402.10

AlgaeAlgae 0.180.18LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

CopperCopper 0.180.18LowLow MilesMiles
Elevated levels of copper in tissue.

Nonpoint/Point SourceNonpoint/Point Source
SilverSilver 0.180.18MediumMedium MilesMiles

Elevated levels of silver in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ZincZinc 0.180.18LowLow MilesMiles

Elevated levels of zinc in tissue.

Nonpoint/Point SourceNonpoint/Point Source

VENTURA RIVER REACH 2 (MAIN VENTURA RIVER REACH 2 (MAIN 
ST. TO WELDON CANYON)ST. TO WELDON CANYON)

44 RR 402.10402.10

AlgaeAlgae 4.644.64LowLow MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

CopperCopper 4.644.64LowLow MilesMiles
Elevated levels of copper in tissue.

Nonpoint/Point SourceNonpoint/Point Source
SeleniumSelenium 4.644.64LowLow MilesMiles

Elevated levels of selenium in tissue.

Nonpoint/Point SourceNonpoint/Point Source
SilverSilver 4.644.64MediumMedium MilesMiles

Elevated levels of silver in tissue.

Nonpoint/Point SourceNonpoint/Point Source
ZincZinc 4.644.64LowLow MilesMiles

Elevated levels of zinc in tissue.

Nonpoint/Point SourceNonpoint/Point Source

VENTURA RIVER REACH 3 VENTURA RIVER REACH 3 
(WELDON CANYON TO CONFL. W/ (WELDON CANYON TO CONFL. W/ 
COYOTE CR)COYOTE CR)

44 RR 402.10402.10

PumpingPumping 0.780.78LowLow MilesMiles
Nonpoint SourceNonpoint Source

Water DiversionWater Diversion 0.780.78LowLow MilesMiles
Nonpoint SourceNonpoint Source

89*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

VENTURA RIVER REACH 4 VENTURA RIVER REACH 4 
(COYOTE CREEK TO CAMINO (COYOTE CREEK TO CAMINO 
CIELO RD.CIELO RD.

44 RR 402.20402.20

PumpingPumping 14.9414.94LowLow MilesMiles
Nonpoint SourceNonpoint Source

Water DiversionWater Diversion 14.9414.94LowLow MilesMiles
Nonpoint SourceNonpoint Source

VERDUGO WASH REACH 1 (LA VERDUGO WASH REACH 1 (LA 
RIVER TO VERDUGO RD.)RIVER TO VERDUGO RD.)

44 RR 405.21405.21

AlgaeAlgae 3.413.41LowLow MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 3.413.41LowLow MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 3.413.41HighHigh MilesMiles
Nonpoint SourceNonpoint Source

VERDUGO WASH REACH 2 VERDUGO WASH REACH 2 
(ABOVE VERDUGO ROAD)(ABOVE VERDUGO ROAD)

44 RR 405.24405.24

AlgaeAlgae 5.555.55LowLow MilesMiles
Nonpoint SourceNonpoint Source

High Coliform CountHigh Coliform Count 5.555.55LowLow MilesMiles
Nonpoint SourceNonpoint Source

TrashTrash 5.555.55HighHigh MilesMiles
Nonpoint SourceNonpoint Source

WALNUT CREEK WASH (DRAINS WALNUT CREEK WASH (DRAINS 
FROM PUDDINGSTONE FROM PUDDINGSTONE 
RESERVOIRRESERVOIR

44 RR 405.41405.41

pHpH 13.913.9HighHigh MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

ToxicityToxicity 13.913.9MediumMedium MilesMiles
Nonpoint/Point SourceNonpoint/Point Source

WHEELER CANYON / TODD WHEELER CANYON / TODD 
BARRANCABARRANCA

44 RR 403.21403.21

Nitrate and NitriteNitrate and Nitrite 4.174.17MediumMedium MilesMiles
Nonpoint SourceNonpoint Source

WILMINGTON DRAINWILMINGTON DRAIN44 RR 405.12405.12
AmmoniaAmmonia 4.94.9MediumMedium MilesMiles

Nonpoint SourceNonpoint Source
CopperCopper 4.94.9LowLow MilesMiles

Nonpoint SourceNonpoint Source
High Coliform CountHigh Coliform Count 4.94.9LowLow MilesMiles

Nonpoint SourceNonpoint Source
LeadLead 4.94.9LowLow MilesMiles

Nonpoint SourceNonpoint Source

90*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

BALLONA CREEK WETLANDSBALLONA CREEK WETLANDS44 TT 405.13405.13
ArsenicArsenic 8686MediumMedium AcresAcres

Elevated levels of arsenic in tissue.

Nonpoint SourceNonpoint Source
Exotic VegetationExotic Vegetation 8686LowLow AcresAcres

Nonpoint SourceNonpoint Source
Habitat alterationsHabitat alterations 8686LowLow AcresAcres

Nonpoint SourceNonpoint Source
HydromodificationHydromodification 8686LowLow AcresAcres

Nonpoint SourceNonpoint Source
Reduced Tidal FlushingReduced Tidal Flushing 8686LowLow AcresAcres

Nonpoint SourceNonpoint Source
TrashTrash 8686HighHigh AcresAcres

Nonpoint SourceNonpoint Source

COLORADO LAGOONCOLORADO LAGOON44 TT 405.12405.12
ChlordaneChlordane 13.613.6HighHigh AcresAcres

Elevated levels of chlordane in tissue and sediment.

Nonpoint SourceNonpoint Source
DDTDDT 13.613.6HighHigh AcresAcres

Elevated levels of DDT in tissue.

Nonpoint SourceNonpoint Source
DieldrinDieldrin 13.613.6MediumMedium AcresAcres

Elevated levels of dieldrin in tissue.

Nonpoint SourceNonpoint Source
LeadLead 13.613.6MediumMedium AcresAcres

Elevated levels of lead in tissue and sediment.

Nonpoint SourceNonpoint Source
PAHsPAHs 13.613.6HighHigh AcresAcres

Elevated levels of PAHs in sediment.

Nonpoint SourceNonpoint Source
PCBsPCBs 13.613.6HighHigh AcresAcres

Elevated levels of PCBs in tissue.

Nonpoint SourceNonpoint Source
Sediment ToxicitySediment Toxicity 13.613.6MediumMedium AcresAcres

Nonpoint SourceNonpoint Source
ZincZinc 13.613.6MediumMedium AcresAcres

Elevated levels of zinc in sediment.

Nonpoint SourceNonpoint Source

LOS CERRITOS CHANNELLOS CERRITOS CHANNEL44 TT 405.15405.15
AmmoniaAmmonia 1616LowLow AcresAcres

Nonpoint SourceNonpoint Source
CopperCopper 1616LowLow AcresAcres

Nonpoint SourceNonpoint Source

91*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

High Coliform CountHigh Coliform Count 1616LowLow AcresAcres
Nonpoint SourceNonpoint Source

LeadLead 1616LowLow AcresAcres
Nonpoint SourceNonpoint Source

ZincZinc 1616MediumMedium AcresAcres
Nonpoint SourceNonpoint Source

92*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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REGION TYPE  NAME POLLUTANT/STRESSOR*
HYDRO 
  UNIT PRIORITY

     SIZE 
AFFECTED UNITSOURCE

START
 DATE

 END  
DATE

1998 CALIFORNIA 303(d) LIST AND TMDL PRIORITY SCHEDULE 12-May-99Approved by USEPA:

"Hydro Unit" is the State Water Resources Control Board  hydrological subunit area.   

Start and End Dates are shown as the year or as month/year.  

START AND END DATES   

HYDRO UNIT

WATER BODY TYPE

B  = BAYS AND HARBORS S = SALINE LAKESL   = LAKES / RESERVOIRS
C  = COASTAL SHORELINES T = WETLANDS, TIDALO  = OCEAN AND OPEN BAYS
E  = ESTUARIES W= WETLANDS, FRESHWATERR  = RIVERS / STREAMS
G  = GROUND WATER

REGIONAL WATER QUALITY CONTROL BOARDS

ABBREVIATIONS

4 Los Angeles

t

y

GROUP A PESTICIDES
Aldrin, dieldrin, chlordane, endrin, heptachlor, heptachlor epoxide, 
hexachlorocyclohexane (including lindane), endosulfan, and 
toxaphene

128*    Comments presented under each pollutant/stressor are not required under Clean 
Water Act Section 303(d).  In a few cases, they provide necessary information.
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Statewide CATEGORY 5 Final 2010 Integrated Report (CWA Section 303(d) 
List / 305(b) Report)

USEPA Final Approval: October 11, 2011
2010 CALIFORNIA 303(d) LIST OF WATER QUALITY LIMITED SEGMENTS*

Category 5 criteria: 1) A water segment where standards are not met and a TMDL is required, but not yet completed, for at least one of the pollutants being listed 
for this segment.

* USGS HUC = US Geological Survey Hydrologic Unit Code. Calwater = State Water Resources Control Board hydrological subunit area or even smaller planning watershed.

** TMDL requirement status definitions for listed pollutants are: A= TMDL still required, B= being addressed by USEPA approved TMDL, C= being addressed by action other 
than a TMDL

*** Dates relate to the TMDL requirement status, so a date for A= TMDL scheduled completion date, B= Date USEPA approved TMDL, and C= Completion date for action 
other than a TMDL

REGION 
 WATER BODY 

NAME 
WATER 
TYPE 

WATERSHED*
CALWATER / 
USGS HUC 

� POLLUTANT
� POTENTIAL SOURCES 

Relevant Notes

ESTIMATED 
AREA 

ASSESSED 

FIRST 
YEAR 

LISTED 

TMDL 
REQUIREMENT 

STATUS**
DATE*** 

1 Bodega HU, Bodega 
Harbor HA 

Bay &
Harbor 

11522000  /  
18010111 

� Invasive Species
� Source Unknown 

810 Acres 2006 5A 2019 

1 Bodega HU, Estero 
Americano HA, 
Americano Creek

River & 
Stream 

11530000  / 
18010111 

� Nutrients
� Dairies
� Intensive Animal Feeding 

Operations 
� Manure Lagoons 
� Pasture Grazing-Riparian 
� Range Grazing-Riparian 
� Range Grazing-Upland 

38 Miles 1996 5A 2019 

The Bodega HU, Estero Americano HA, Americano Creek includes the following
Calwater Super Planning Watersheds (SPWs): 115.30010 and 115.30011. A Water 
Quality Attainment Strategy is attempting to increase voluntary measures for 
attainment of standards & objectives, as was done in the Estero de San 
Antonio/Stemple Creek TMDL Water Quality Attainment Strategy, adopted by North 
Coast RWQCB in December 1997.

1 Bodega HU, Estero 
Americano HA, 
estuary

Estuary 11530012  /  
18010111

� Nutrients
� Manure Lagoons 
� Range Grazing-Riparian 

and/or Upland 

199 Acres 1996 5A 2019 

The Bodega HU, Estero Americano HA, Americano Creek includes the following 
Calwater Super Planning Watersheds (SPWs): 115.30010 and 115.30011. A Water 
Quality Attainment Strategy is attempting to increase voluntary measures for 
attainment of standards & objectives, as was done in the Estero de San 
Antonio/Stemple Creek TMDL Water Quality Attainment Strategy, adopted by North 
Coast RWQCB in December 1997.

� Sedimentation/Siltation
� Erosion/Siltation
� Hydromodification
� Nonpoint Source 
� Range Grazing-Riparian 
� Removal of Riparian 

Vegetation 
� Streambank

Modification/Destabilization 

199 Acres 1992 5A 2019 

A Water Quality Attainment Strategy is attempting to increase voluntary measures for 
attainment of standards & objectives, as was done in the Estero de San 
Antonio/Stemple Creek TMDL Water Quality Attainment Strategy, adopted by North 
Coast RWQCB in December 1997.

1 Campbell Cove Coastal & 
Bay 

Shoreline

11522000  /  
18010111 

� Indicator Bacteria
� Source Unknown 

0.22 Miles 2006 5A 2019 

1 Clam Beach Coastal & 
Bay 

Shoreline

10820012  /  
18010102 

� Indicator Bacteria
� Source Unknown 

1.3 Miles 2006 5A 2019 

1 Copco Lake Lake & 
Reservoir

10538021  /  
18010206 

� Cyanobacteria hepatotoxic 
microcystins

� Agriculture
� Dam Construction 
� Drainage/Filling Of Wetlands 
� Flow Regulation/Modification 
� Habitat Modification 

776 Acres 2006 5A 2019 

Page 1 of 208
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Vegetation 

3 Watsonville Slough River & 
Stream

30510030  /  
18060002 

� Low Dissolved Oxygen
� Agriculture
� Removal of Riparian 

Vegetation 
� Urban Runoff/Storm Sewers 

6.2 Miles 2010 5A 2021 

� Pathogens
� Agriculture
� Collection System Failure 
� Grazing-Related Sources 
� Landfills
� Natural Sources 
� Pasture Grazing-Riparian 

and/or Upland 
� Urban Runoff/Storm Sewers 

6.2 Miles 1996 5B 2007 

� Pesticides
� Agriculture
� Agriculture-irrigation

tailwater 
� Agriculture-storm runoff 
� Irrigated Crop Production 
� Nonpoint Source 

6.2 Miles 1996 5A 2021 

� Turbidity
� Agriculture
� Removal of Riparian 

Vegetation 
� Urban Runoff/Storm Sewers 

6.2 Miles 2010 5A 2021 

3 Zayante Creek River & 
Stream

30412040  /  
18060001 

� Chlorpyrifos
� Source Unknown 

9.2 Miles 2010 5A 2021 

� Fecal Coliform
� Source Unknown 

9.2 Miles 2010 5A 2021 

� Sedimentation/Siltation
� Agriculture
� Disturbed Sites (Land 

Develop.) 
� Erosion/Siltation
� Nonpoint Source 
� Road Construction 
� Silviculture

9.2 Miles 2002 5B 2004 

4 Abalone Cove 
Beach 

Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� DDT (sediment)
� Nonpoint Source 

1.1 Miles 1998 5A 2019 

� Indicator Bacteria
� Source Unknown 

1.1 Miles 2006 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.1 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Alamitos Bay Bay & 
Harbor

40512000  /  
18070104 

� Indicator Bacteria
� Source Unknown 

328 Acres 2006 5A 2019 

The listing includes the areas 1st St. and Bayshore and 2nd St. Bridge and
Bayshore.

4 Aliso Canyon Wash River & 
Stream

40521000  /  
18070105 

� Copper
� Source Unknown 

10 Miles 1996 5A 2019 

� Fecal Coliform
� Source Unknown 

10 Miles 2006 5A 2019 

� Selenium
� Nonpoint Source 

10 Miles 1996 5B 2005 

4 Amarillo Beach Coastal & 
Bay 

Shoreline

40431000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.64 Miles 1998 5A 2019 

Page 85 of 208
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Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.64 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Arroyo Seco Reach 
1 (LA River to West 
Holly Ave.)

River & 
Stream 

40515010  / 
18070104 

� Benthic-Macroinvertebrate 
Bioassessments

� Source Unknown 

5.2 Miles 2010 5A 2021 

� Coliform Bacteria
� Nonpoint Source 

5.2 Miles 2002 5A 2009 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

5.2 Miles 2002 5B 2008 

4 Arroyo Seco Reach 
2 (West Holly Ave to 
Devils Gate Dam)

River & 
Stream 

40515010  / 
18070104 

� Coliform Bacteria
� Nonpoint Source 

4.4 Miles 2002 5A 2009 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

4.4 Miles 1996 5B 2008 

4 Artesia-Norwalk 
Drain 

River & 
Stream

40515010  /  
18070104 

� Indicator Bacteria
� Source Unknown 

2.5 Miles 2010 5A 2021 

� Selenium
� Source Unknown 

2.5 Miles 2010 5A 2021 

4 Avalon Beach Coastal & 
Bay 

Shoreline

40511000  /  
18070107 

� Indicator Bacteria
� Nonpoint Source 
� Point Source 

0.67 Miles 2002 5A 2019 

Area affected is between Pier and BB restaurant (2/3), between Pier and BB
restaurant (1/3), between storm drain and Pier (1/3). and between BB restaurant and 
the Tuna Club.

4 Ballona Creek River & 
Stream

40513000  /  
18070104 

� Cadmium (sediment)
� Nonpoint Source 
� Point Source 

6.5 Miles 1996 5A 2005 

A USEPA-approved TMDL has made a finding of non-impairment for this pollutant.

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

6.5 Miles 2002 5B 2007 

� Copper, Dissolved
� Nonpoint Source 

6.5 Miles 2006 5B 2005 

� Cyanide
� Source Unknown 

6.5 Miles 1996 5A 2019 

� Lead
� Source Unknown 

6.5 Miles 2002 5B 2005 

� Selenium
� Source Unknown 

6.5 Miles 2006 5B 2005 

� Toxicity
� Source Unknown 

6.5 Miles 1996 5B 2005 

� Trash
� Source Unknown 

6.5 Miles 1996 5B 2001 

� Viruses (enteric)
� Nonpoint Source 
� Point Source 

6.5 Miles 1996 5B 2007 

� Zinc
� Source Unknown 

6.5 Miles 1996 5B 2005 

4 Ballona Creek River & 40513000  /  
� Cadmium

� Source Unknown 
2.3 Miles 1992 5B 2005 
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Estuary Stream 18070104 

� Chlordane (tissue & sediment)
� Nonpoint Source 
� Point Source 

2.3 Miles 1998 5B 2005 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

2.3 Miles 1998 5B 2007 

� Copper
� Source Unknown 

2.3 Miles 1992 5B 2005 

� DDT (tissue & sediment)
� Nonpoint Source 
� Point Source 

2.3 Miles 2006 5B 2005 

� Lead (sediment)
� Nonpoint Source 
� Point Source 

2.3 Miles 1992 5B 2005 

� PAHs (Polycyclic Aromatic 
Hydrocarbons) (sediment)

� Nonpoint Source 
� Point Source 

2.3 Miles 1998 5B 2005 

� PCBs (Polychlorinated biphenyls) 
(tissue & sediment)

� Nonpoint Source 
� Point Source 

2.3 Miles 1998 5B 2005 

� Sediment Toxicity
� Nonpoint Source 
� Point Source 

2.3 Miles 1998 5B 2005 

� Shellfish Harvesting Advisory
� Nonpoint Source 
� Point Source 

2.3 Miles 1998 5A 2006 

� Silver
� Source Unknown 

2.3 Miles 1992 5B 2005 

� Zinc (sediment)
� Nonpoint Source 
� Point Source 

2.3 Miles 1992 5B 2005 

4 Ballona Creek 
Wetlands 

Wetland, 
Tidal

40517000  /  
18070104 

� Exotic Vegetation
� Nonpoint Source 

289 Acres 1996 5A 2019 

� Habitat alterations
� Nonpoint Source 

289 Acres 1996 5A 2019 

� Hydromodification
� Nonpoint Source 

289 Acres 1996 5A 2019 

� Reduced Tidal Flushing
� Nonpoint Source 

289 Acres 1996 5A 2019 

� Trash
� Nonpoint Source 

289 Acres 1996 5B 2019 

4 Bell Creek River & 
Stream

40521000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

8.9 Miles 1996 5A 2009 

4 Big Rock Beach Coastal & 
Bay 

Shoreline

40431000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

0.74 Miles 1998 5B 2003 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.74 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.74 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Bluff Cove Beach Coastal & 40511000  /  
� DDT

0.55 Miles 1998 5A 2019 
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Bay
Shoreline 

18070104 (Dichlorodiphenyltrichloroethane)
� Nonpoint Source 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

0.55 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.55 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Bull Creek River & 
Stream

40521000  /  
18070105 

� Indicator Bacteria
� Source Unknown 

2.3 Miles 2010 5A 2021 

4 Burbank Western 
Channel 

River & 
Stream

40521000  /  
18070105 

� Copper
� Source Unknown 

13 Miles 2006 5B 2005 

� Cyanide
� Source Unknown 

13 Miles 2006 5A 2019 

� Indicator Bacteria
� Source Unknown 

13 Miles 2010 5A 2021 

� Lead
� Source Unknown 

13 Miles 2006 5B 2005 

� Selenium
� Source Unknown 

13 Miles 2010 5A 2021 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

13 Miles 1996 5B 2008 

4 Cabrillo Beach 
(Outer) 

Coastal & 
Bay

Shoreline 

40512000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.58 Miles 1998 5A 2019 

Fish consumption advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

0.58 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.58 Miles 1998 5A 2019 

Fish consumption advisory for PCBs.

4 Calleguas Creek 
Reach 2 (estuary to 
Potrero Rd- was
Calleguas Creek 
Reaches 1 and 2 on 
1998 303d list) 

River & 
Stream 

40312000  /  
18070103 

� Ammonia
� Nonpoint Source 
� Point Source 

4.3 Miles 1996 5B 2003 

� ChemA (tissue)
� Agriculture-storm runoff 

4.3 Miles 1996 5B 2006 

Historical use of pesticides and lubricants.

� Chlordane (tissue)
� Nonpoint Source 

4.3 Miles 1996 5B 2005 

� Copper, Dissolved
� Nonpoint Source 

4.3 Miles 2002 5B 2007 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

4.3 Miles 1996 5B 2005 

� DDT (tissue & sediment)
� Nonpoint Source 

4.3 Miles 1996 5B 2005 

� Dieldrin
� Source Unknown 

4.3 Miles 2006 5B 2006 

� Endosulfan (tissue)
� Agriculture-storm runoff 

4.3 Miles 2006 5B 2006 

� Fecal Coliform
4.3 Miles 2002 5A 2006 
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� Nonpoint Source 
� Point Source 

Area affected is at the mouth of the creek.

� Nitrogen
� Nonpoint Source 
� Point Source 

4.3 Miles 2002 5B 2003 

� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 
� Point Source 

4.3 Miles 1996 5B 2005 

� Sediment Toxicity
� Nonpoint Source 
� Point Source 

4.3 Miles 1996 5B 2005 

� Sedimentation/Siltation
� Agriculture
� Natural Sources 

4.3 Miles 2002 5A 2005 

� Toxaphene (tissue & sediment)
� Nonpoint Source 

4.3 Miles 1988 5B 2005 

� Trash
� Nonpoint Source 
� Point Source 

4.3 Miles 2010 5A 2021 

4 Calleguas Creek 
Reach 3 (Potrero 
Road upstream to 
confluence with 
Conejo Creek on 
1998 303d list) 

River & 
Stream

40312000  /  
18070103 

� Ammonia
� Source Unknown 

3.5 Miles 1996 5B 2003 

� Chlordane
� Source Unknown 

3.5 Miles 1996 5B 2006 

� Chloride
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

3.5 Miles 2002 5B 2008 

� DDT
(Dichlorodiphenyltrichloroethane)

� Source Unknown 

3.5 Miles 1996 5B 2019 

� Dieldrin
� Source Unknown 

3.5 Miles 2006 5B 2019 

� Nitrate and Nitrite
� Nonpoint Source 
� Point Source 

3.5 Miles 1996 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

3.5 Miles 1996 5B 2006 

� Sedimentation/Siltation
� Agriculture
� Natural Sources 

3.5 Miles 2002 5A 2015 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

3.5 Miles 2002 5B 2008 

� Toxaphene
� Source Unknown 

3.5 Miles 1988 5B 2019 

� Trash
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� Source Unknown 3.5 Miles 2010 5A 2021 

4 Calleguas Creek 
Reach 4 (was 
Revolon Slough 
Main Branch: Mugu 
Lagoon to Central 
Avenue on 1998 
303d list) 

River & 
Stream 

40311000  /  
18070103 

� ChemA (tissue)
� Agriculture-storm runoff 

7.2 Miles 1996 5B 2006 

Historical use of pesticides and lubricants.

� Chlordane (tissue & sediment)
� Nonpoint Source 

7.2 Miles 1996 5B 2005 

� Chlorpyrifos (tissue)
� Nonpoint Source 

7.2 Miles 2006 5B 2005 

Chlorpyrifos also exceeds in water.

� DDT (tissue & sediment)
� Agriculture-storm runoff 
� Atmospheric Deposition 
� Irrigated Crop Production 
� Nonpoint Source 
� Source Unknown 
� Urban Runoff/Storm Sewers 

7.2 Miles 1996 5B 2005 

� Diazinon
� Source Unknown 

7.2 Miles 2006 5B 2006 

� Dieldrin (tissue)
� Nonpoint Source 

7.2 Miles 2006 5B 2005 

� Endosulfan (tissue & sediment)
� Agriculture-storm runoff 

7.2 Miles 2006 5B 2006 

� Fecal Coliform
� Nonpoint Source 
� Point Source 

7.2 Miles 2002 5A 2006 

� Nitrate as Nitrate (NO3)
� Nonpoint Source 
� Point Source 

7.2 Miles 1996 5B 2003 

� Nitrogen
� Nonpoint Source 

7.2 Miles 2002 5B 2003 

� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 

7.2 Miles 1996 5B 2005 

� Sedimentation/Siltation
� Agriculture
� Natural Sources 

7.2 Miles 2002 5A 2015 

� Selenium
� Nonpoint Source 

7.2 Miles 2002 5B 2007 

� Toxaphene (tissue & sediment)
� Nonpoint Source 

7.2 Miles 1988 5B 2005 

� Toxicity
� Source Unknown 

7.2 Miles 1996 5B 2005 

� Trash
� Agriculture-storm runoff 
� Recreational and Tourism 

Activities (non-boating) 
� Urban Runoff/Storm Sewers 

7.2 Miles 2002 5B 2008 

4 Calleguas Creek 
Reach 5 (was 
Beardsley Channel 
on 1998 303d list) 

River & 
Stream 

40311000  /  
18070103 

� ChemA (tissue)
� Agriculture-storm runoff 

4.3 Miles 1996 5B 2006 

� Chlordane (tissue & sediment)
� Nonpoint Source 

4.3 Miles 1996 5B 2005 

� Chlorpyrifos (tissue)
� Nonpoint Source 

4.3 Miles 2006 5B 2006 

Chlorpyrifos also exceeds in water.
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� DDT (tissue & sediment)
� Nonpoint Source 

4.3 Miles 1996 5B 2005 

� Diazinon
� Source Unknown 

4.3 Miles 2006 5B 2006 

� Dieldrin (tissue)
� Nonpoint Source 

4.3 Miles 2002 5B 2005 

� Endosulfan (tissue & sediment)
� Agriculture-storm runoff 

4.3 Miles 2006 5B 2006 

� Nitrogen
� Nonpoint Source 

4.3 Miles 2002 5B 2003 

� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 

4.3 Miles 1996 5B 2005 

� Sedimentation/Siltation
� Agriculture
� Natural Sources 

4.3 Miles 2002 5A 2005 

� Toxaphene (tissue & sediment)
� Nonpoint Source 

4.3 Miles 1988 5B 2005 

� Toxicity
� Nonpoint Source 

4.3 Miles 1996 5B 2006 

� Trash
� Agriculture-storm runoff 
� Recreational and Tourism 

Activities (non-boating) 
� Urban Runoff/Storm Sewers 

4.3 Miles 2002 5B 2008 

4 Calleguas Creek 
Reach 6 ( was 
Arroyo Las Posas 
Reaches 1 and 2 on 
1998 303d list) 

River & 
Stream

40362000  /  
18070103 

� Ammonia
� Nonpoint Source 
� Point Source 

15 Miles 1996 5B 2003 

� Chlordane
� Source Unknown 

15 Miles 1996 5B 2006 

� Chloride
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

15 Miles 2002 5B 2008 

� Chlorpyrifos
� Source Unknown 

15 Miles 2006 5B 2006 

� DDT (sediment)
� Nonpoint Source 

15 Miles 1996 5B 2006 

� Diazinon
� Source Unknown 

15 Miles 2006 5B 2006 

� Dieldrin
� Source Unknown 

15 Miles 2006 5B 2006 

� Fecal Coliform
� Nonpoint Source 
� Point Source 

15 Miles 2002 5A 2006 

� Nitrate and Nitrite
� Nonpoint Source 
� Point Source 

15 Miles 1996 5B 2003 

� Nitrate as Nitrate (NO3)
� Nonpoint Source 
� Point Source 

15 Miles 1996 5B 2003 

� Sedimentation/Siltation
� Agriculture
� Natural Sources 

15 Miles 2002 5A 2005 
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� Sulfates
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

15 Miles 2002 5B 2008 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

15 Miles 2002 5B 2008 

� Toxicity
� Source Unknown 

15 Miles 1996 5B 2006 

4 Calleguas Creek 
Reach 7 (was Arroyo
Simi Reaches 1 and 
2 on 1998 303d list) 

River & 
Stream 

40367000  /  
18070103 

� Ammonia
� Nonpoint Source 
� Point Source 

14 Miles 1996 5B 2003 

� Boron
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

14 Miles 2002 5B 2008 

� Chloride
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

14 Miles 2002 5B 2008 

� Chlorpyrifos
� Source Unknown 

14 Miles 2006 5B 2006 

� Diazinon
� Source Unknown 

14 Miles 2006 5B 2006 

� Indicator Bacteria
� Source Unknown 

14 Miles 2002 5A 2019 

� Organophosphorus Pesticides
� Agriculture
� Municipal Point Sources 

14 Miles 1996 5B 2006 

� Sedimentation/Siltation
� Agriculture
� Natural Sources 

14 Miles 2002 5A 2006 

� Sulfates
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

14 Miles 2002 5B 2008 

� Total Dissolved Solids
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� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

14 Miles 2002 5B 2008 

� Toxicity
� Source Unknown 

14 Miles 1996 5B 2006 

� Trash
� Source Unknown 

14 Miles 2010 5A 2021 

4 Calleguas Creek 
Reach 8 (was Tapo 
Canyon Reach 1)

River & 
Stream 

40366000  / 
18070103 

� Boron
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

7.2 Miles 2002 5B 2008 

� Chlordane
� Source Unknown 

7.2 Miles 1996 5B 2006 

� Chloride
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

7.2 Miles 2002 5B 2008 

� Chlorpyrifos
� Source Unknown 

7.2 Miles 2006 5B 2006 

� DDT
(Dichlorodiphenyltrichloroethane)

� Source Unknown 

7.2 Miles 1996 5B 2006 

� Diazinon
� Source Unknown 

7.2 Miles 2002 5B 2006 

� Dieldrin
� Source Unknown 

7.2 Miles 2006 5B 2006 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

7.2 Miles 1996 5B 2006 

� Sedimentation/Siltation
� Nonpoint Source 

7.2 Miles 2002 5A 2015 

� Sulfates
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

7.2 Miles 2002 5B 2008 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

7.2 Miles 2002 5B 2008 
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� Toxaphene
� Source Unknown 

7.2 Miles 1988 5B 2006 

4 Calleguas Creek 
Reach 9A (was 
lower part of Conejo 
Creek Reach 1 on 
1998 303d list) 

River & 
Stream

40312000  /  
18070103 

� ChemA (tissue)
� Agriculture-storm runoff 

1.7 Miles 1996 5B 2006 

� Chlordane (tissue)
� Nonpoint Source 

1.7 Miles 1996 5B 2006 

Historical use of pesticides and lubricants.

� Chlorpyrifos
� Source Unknown 

1.7 Miles 2006 5B 2006 

� DDT (tissue)
� Nonpoint Source 

1.7 Miles 1996 5B 2005 

� Diazinon
� Source Unknown 

1.7 Miles 2006 5B 2006 

� Dieldrin (tissue)
� Nonpoint Source 

1.7 Miles 2002 5B 2006 

Historical use of pesticides and lubricants.

� Endosulfan (tissue)
� Agriculture-storm runoff 

1.7 Miles 2006 5B 2006 

� Fecal Coliform
� Nonpoint Source 
� Point Source 

1.7 Miles 2002 5A 2006 

� Lindane/gamma-
Hexachlorocyclohexane (gamma-
HCH) (tissue)

� Agriculture-storm runoff 

1.7 Miles 2002 5B 2006 

Historical use of pesticides and lubricants.

� Nitrate as Nitrate (NO3)
� Nonpoint Source 
� Point Source 

1.7 Miles 1996 5B 2003 

� Nitrogen, Nitrate
� Nonpoint Source 
� Point Source 

1.7 Miles 1996 5B 2003 

� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 

1.7 Miles 1996 5B 2005 

Historical use of pesticides and lubricants.

� Sulfates
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

1.7 Miles 2002 5B 2008 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

1.7 Miles 2002 5B 2008 

� Toxaphene (tissue & sediment)
� Nonpoint Source 

1.7 Miles 1988 5B 2005 

� Toxicity
� Source Unknown 

1.7 Miles 1996 5B 2006 

� Trash
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� Source Unknown 1.7 Miles 2010 5A 2021 

4 Calleguas Creek 
Reach 9B (was part 
of Conejo Creek 
Reaches 1 and 2 on 
1998 303d list) 

River & 
Stream

40363000  /  
18070103 

� Ammonia
� Nonpoint Source 
� Point Source 

6.2 Miles 1996 5B 2003 

� ChemA (tissue)
� Agriculture-storm runoff 

6.2 Miles 1996 5B 2006 

� Chlordane
� Source Unknown 

6.2 Miles 1996 5B 2006 

� Chloride
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

6.2 Miles 2002 5B 2008 

� Chlorpyrifos
� Source Unknown 

6.2 Miles 2006 5B 2006 

� DDT (tissue)
� Nonpoint Source 

6.2 Miles 1996 5B 2006 

� Diazinon
� Source Unknown 

6.2 Miles 2006 5B 2006 

� Dieldrin
� Source Unknown 

6.2 Miles 2006 5B 2006 

� Endosulfan (tissue)
� Agriculture-storm runoff 

6.2 Miles 2006 5B 2006 

� Indicator Bacteria
� Source Unknown 

6.2 Miles 5A 2019 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

6.2 Miles 1996 5B 2006 

� Sulfates
� Atmospheric Deposition 
� Drainage/Filling Of Wetlands 
� Dredging
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

6.2 Miles 2002 5B 2008 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

6.2 Miles 2002 5B 2008 

� Toxaphene (tissue & sediment)
� Nonpoint Source 

6.2 Miles 1988 5B 2006 

� Toxicity
� Nonpoint Source 
� Point Source 

6.2 Miles 1996 5B 2006 

� Trash
� Source Unknown 

6.2 Miles 2010 5A 2021 

4 Calleguas Creek 
Reach 10 (Conejo 
Creek (Hill Canyon)-
was part of Conejo 

River & 
Stream

40364000  /  
18070103 

� Ammonia
� Nonpoint Source 
� Point Source 

3 Miles 1996 5B 2003 
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Crk Reaches 2 & 3, 
and lower Conejo 
Crk/Arroyo Conejo N
Fk on 1998 303d list) 

� ChemA (tissue)
� Agriculture-storm runoff 

3 Miles 1996 5B 2006 

� Chlordane
� Source Unknown 

3 Miles 1996 5B 2006 

� Chloride
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

3 Miles 2002 5B 2008 

� Chlorpyrifos
� Source Unknown 

3 Miles 2006 5B 2006 

� DDT (tissue)
� Nonpoint Source 

3 Miles 1996 5B 2006 

� Diazinon
� Source Unknown 

3 Miles 2006 5B 2006 

� Dieldrin
� Source Unknown 

3 Miles 2006 5B 2006 

� Endosulfan (tissue)
� Agriculture-storm runoff 

3 Miles 2006 5B 2006 

� Fecal Coliform
� Nonpoint Source 

3 Miles 2002 5A 2006 

� Nitrogen, Nitrite
� Nonpoint Source 
� Point Source 

3 Miles 1996 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

3 Miles 1996 5B 2006 

� Sulfates
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

3 Miles 2002 5B 2008 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

3 Miles 2002 5B 2008 

� Toxaphene (tissue & sediment)
� Nonpoint Source 

3 Miles 1988 5B 2006 

� Toxicity
� Nonpoint Source 
� Point Source 

3 Miles 1996 5B 2010 

� Trash
� Source Unknown 

3 Miles 2010 5A 2021 

4 Calleguas Creek 
Reach 11 (Arroyo 
Santa Rosa, was 

River &
Stream 

40365000  /  
18070103 

� Ammonia
� Nonpoint Source 
� Point Source 

8.7 Miles 1996 5B 2003 
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part of Conejo Creek 
Reach 3 on 1998 
303d list) 

� ChemA (tissue)
� Agriculture-storm runoff 

8.7 Miles 1996 5B 2006 

� Chlordane
� Source Unknown 

8.7 Miles 1996 5B 2006 

� DDT (tissue)
� Nonpoint Source 

8.7 Miles 1996 5B 2006 

� Dieldrin
� Source Unknown 

8.7 Miles 2006 5B 2006 

� Endosulfan (tissue)
� Agriculture-storm runoff 

8.7 Miles 2006 5B 2006 

� Fecal Coliform
� Nonpoint Source 
� Point Source 

8.7 Miles 2002 5A 2006 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

8.7 Miles 1996 5B 2006 

� Sedimentation/Siltation
� Agriculture
� Natural Sources 

8.7 Miles 2002 5A 2005 

� Sulfates
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

8.7 Miles 2002 5B 2008 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

8.7 Miles 2002 5B 2008 

� Toxaphene (tissue & sediment)
� Nonpoint Source 
� Point Source 

8.7 Miles 1988 5B 2006 

� Toxicity
� Nonpoint Source 
� Point Source 

8.7 Miles 1996 5B 2005 

4 Canada Larga 
(Ventura River 
Watershed)

River & 
Stream 

40210010  / 
18070103 

� Fecal Coliform
� Nonpoint Source 

8 Miles 2002 5A 2019 

Horse stables, land use, cattle, and wildlife may be sources.

� Low Dissolved Oxygen
� Nonpoint Source 

8 Miles 2002 5A 2019 

� Total Dissolved Solids
� Source Unknown 

8 Miles 2010 5A 2021 

4 Carbon Beach Coastal & 
Bay 

Shoreline

40416000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.5 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Source Unknown 

1.5 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
1.5 Miles 1998 5A 2019 
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� Nonpoint Source 

Fish Consumption Advisory for PCBs.

4 Casitas, Lake Lake & 
Reservoir

40220032  /  
18070101 

� Mercury
� Natural Sources 
� Source Unknown 

2069 Acres 2010 5A 2021 

4 Castaic Lake Lake & 
Reservoir

40351000  /  
18070102 

� Mercury
� Source Unknown 

2282 Acres 2010 5A 2021 

4 Castlerock Beach Coastal & 
Bay

Shoreline 

40513000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.21 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 
� Point Source 

0.21 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.21 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Colorado Lagoon Wetland, 
Tidal

40512000  /  
18070104 

� Chlordane (tissue & sediment)
� Nonpoint Source 

13 Acres 2006 5A 2019 

� DDT (tissue)
� Nonpoint Source 

13 Acres 2006 5A 2019 

� Dieldrin (tissue)
� Nonpoint Source 

13 Acres 2006 5A 2019 

� Indicator Bacteria
� Source Unknown 

13 Acres 2006 5A 2019 

This listing includes the north, center, and south areas of the lagoon.

� Lead (sediment)
� Nonpoint Source 

13 Acres 2006 5A 2019 

� PAHs (Polycyclic Aromatic 
Hydrocarbons) (sediment)

� Nonpoint Source 
� Point Source 

13 Acres 2006 5A 2019 

� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 

13 Acres 2006 5A 2019 

� Sediment Toxicity
� Nonpoint Source 

13 Acres 2006 5A 2019 

� Zinc (sediment)
� Nonpoint Source 

13 Acres 2006 5A 2019 

4 Compton Creek River & 
Stream

40515010  /  
18070104 

� Benthic-Macroinvertebrate 
Bioassessments

� Source Unknown 

8.5 Miles 2010 5A 2021 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

8.5 Miles 1996 5A 2009 

� Copper
� Nonpoint Source 
� Point Source 

8.5 Miles 1996 5B 2005 

� Lead
� Nonpoint Source 
� Point Source 

8.5 Miles 1996 5B 2005 

� Trash
� Nonpoint Source 

8.5 Miles 2006 5B 2008 

� pH
� Nonpoint Source 
� Point Source 

8.5 Miles 1996 5B 2004 
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4 Coyote Creek River & 
Stream

40515010  /  
18070104 

� Ammonia
� Point Source 

13 Miles 1996 5C 

� Copper, Dissolved
� Source Unknown 

13 Miles 2002 5B 2007 

� Diazinon
� Source Unknown 

13 Miles 2006 5A 2019 

� Indicator Bacteria
� Source Unknown 

13 Miles 1996 5A 2009 

� Lead
� Major Municipal Point 

Source-wet weather 
discharge

13 Miles 2002 5B 2007 

� Toxicity
� Point Source 

13 Miles 2002 5A 2008 

This listing was made by USEPA for 2002.

� pH
� Source Unknown 

13 Miles 2006 5A 2019 

4 Coyote Creek, North 
Fork 

River & 
Stream

40515010  /  
18070104 

� Indicator Bacteria
� Source Unknown 

5 Miles 2010 5A 2021 

� Selenium
� Source Unknown 

5 Miles 2010 5A 2021 

4 Crystal Lake Lake & 
Reservoir

40543000  /  
18070106 

� Organic Enrichment/Low 
Dissolved Oxygen

� Nonpoint Source 

3.7 Acres 1998 5A 2019 

4 Dominguez Channel 
(lined portion above 
Vermont Ave)

River & 
Stream 

40351000  / 
18070104 

� Ammonia
� Nonpoint Source 
� Point Source 

6.7 Miles 1996 5A 2019 

� Copper
� Nonpoint Source 
� Point Source 

6.7 Miles 1996 5A 2019 

� Diazinon
� Source Unknown 

6.7 Miles 2010 5A 2021 

� Indicator Bacteria
� Nonpoint Source 
� Point Source 

6.7 Miles 2006 5A 2007 

� Lead
� Nonpoint Source 
� Point Source 

6.7 Miles 1800 5A 2019 

� Toxicity
� Nonpoint Source 
� Point Source 

6.7 Miles 2010 5A 2021 

� Zinc
� Nonpoint Source 
� Point Source 

6.7 Miles 1800 5A 2019 

4 Dominguez Channel 
Estuary (unlined 
portion below 
Vermont Ave) 

Estuary 40512000  /  
18070104

� Ammonia
� Nonpoint Source 
� Point Source 

140 Acres 1996 5A 2019 

� Benthic Community Effects
� Nonpoint Source 
� Point Source 

140 Acres 1996 5A 2019 

� Benzo(a)pyrene (3,4-Benzopyrene -
7-d)

� Source Unknown 

140 Acres 1996 5A 2019 

� Benzo[a]anthracene
� Source Unknown 

140 Acres 2006 5A 2019 

� Chlordane (tissue)
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� Nonpoint Source 
� Point Source 

140 Acres 1998 5A 2019 

� Chrysene (C1-C4)
� Source Unknown 

140 Acres 2006 5A 2019 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

140 Acres 2002 5A 2007 

� DDT (tissue & sediment)
� Nonpoint Source 
� Point Source 

140 Acres 1996 5A 2019 

� Dieldrin (tissue)
� Nonpoint Source 
� Point Source 

140 Acres 1998 5A 2019 

� Lead (tissue)
� Nonpoint Source 
� Point Source 

140 Acres 1996 5A 2019 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

140 Acres 1996 5A 2019 

� Phenanthrene
� Source Unknown 

140 Acres 2006 5A 2019 

� Pyrene
� Source Unknown 

140 Acres 2006 5A 2019 

� Sediment Toxicity
� Atmospheric Deposition 
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

140 Acres 2010 5A 2021 

� Zinc (sediment)
� Nonpoint Source 
� Point Source 

140 Acres 1996 5A 2019 

4 Dry Canyon Creek River & 
Stream

40521000  /  
18070104 

� Fecal Coliform
� Natural Sources 
� Urban Runoff/Storm Sewers 

3.9 Miles 2002 5A 2009 

� Selenium, Total
� Nonpoint Source 

3.9 Miles 2002 5B 2005 

4 Echo Park Lake Lake & 
Reservoir

40515010  /  
18070104 

� Algae
� Nonpoint Source 

13 Acres 1996 5A 2019 

� Ammonia
� Nonpoint Source 

13 Acres 1996 5A 2019 

� Copper
� Nonpoint Source 

13 Acres 1996 5A 2019 

� Eutrophic
� Nonpoint Source 

13 Acres 1996 5A 2019 

� Lead
� Nonpoint Source 

13 Acres 1996 5A 2019 

� Odor
� Nonpoint Source 

13 Acres 1996 5A 2019 

� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 

13 Acres 1996 5A 2019 

� Trash
� Source Unknown 

13 Acres 1996 5A 2007 

� pH
� Nonpoint Source 

13 Acres 1996 5A 2019 

4 El Dorado Lakes Lake & 
Reservoir

40515010  /  
18070104 

� Algae
� Nonpoint Source 

31 Acres 1996 5A 2019 

� Ammonia
� Nonpoint Source 

31 Acres 1996 5A 2019 
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� Copper
� Nonpoint Source 

31 Acres 1996 5A 2019 

� Eutrophic
� Nonpoint Source 

31 Acres 1996 5A 2019 

� Lead
� Nonpoint Source 

31 Acres 1996 5A 2019 

� Mercury (tissue)
� Nonpoint Source 

31 Acres 1996 5A 2019 

� pH
� Nonpoint Source 

31 Acres 1996 5A 2019 

4 Elizabeth Lake Lake & 
Reservoir

40351000  /  
18070102 

� Eutrophic
� Nonpoint Source 

123 Acres 1996 5A 2019 

� Organic Enrichment/Low 
Dissolved Oxygen

� Nonpoint Source 

123 Acres 1998 5A 2019 

� Trash
� Agriculture-storm runoff 
� Recreational and Tourism 

Activities (non-boating) 
� Urban Runoff/Storm Sewers 

123 Acres 1996 5B 2008 

� pH
� Nonpoint Source 

123 Acres 1996 5A 2019 

4 Escondido Beach Coastal & 
Bay 

Shoreline

40434000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.2 Miles 1998 5A 2021 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

1.2 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.2 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Flat Rock Point 
Beach Area 

Coastal &
Bay 

Shoreline 

40511000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.11 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

0.11 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.11 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Hopper Creek River & 
Stream

40341000  /  
18070102 

� Sulfates
� Nonpoint Source 
� Point Source 

13 Miles 2002 5A 2015 

� Total Dissolved Solids
� Nonpoint Source 
� Point Source 

13 Miles 2220 5A 2019 

4 Inspiration Point 
Beach 

Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.14 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

0.14 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.14 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.
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4 La Costa Beach Coastal & 
Bay 

Shoreline

40416000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.74 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

0.74 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.74 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Lake Calabasas Lake & 
Reservoir

40521000  /  
18070105 

� Ammonia
� Nonpoint Source 

18 Acres 1996 5A 2006 

� Eutrophic
� Nonpoint Source 

18 Acres 1996 5A 2019 

� Odor
� Nonpoint Source 

18 Acres 1996 5A 2019 

� Organic Enrichment/Low 
Dissolved Oxygen

� Nonpoint Source 

18 Acres 1998 5A 2019 

� pH
� Nonpoint Source 

18 Acres 1996 5A 2019 

4 Lake Hughes Lake & 
Reservoir

40351000  /  
18070102 

� Algae
� Nonpoint Source 

21 Acres 1996 5A 2019 

� Eutrophic
� Nonpoint Source 

21 Acres 1996 5A 2019 

� Fish Kills
� Nonpoint Source 

21 Acres 1996 5A 2019 

� Odor
� Nonpoint Source 

21 Acres 1996 5A 2019 

� Trash
� Agriculture-storm runoff 
� Recreational and Tourism 

Activities (non-boating) 
� Urban Runoff/Storm Sewers 

21 Acres 1996 5B 2008 

4 Lake Lindero Lake & 
Reservoir

40423000  /  
18070104 

� Algae
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

15 Acres 1996 5B 2003 

� Chloride
� Nonpoint Source 

15 Acres 1996 5A 2019 

� Eutrophic
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

15 Acres 1996 5B 2003 

� Odor
� Agriculture-animal
� Atmospheric Deposition 

15 Acres 1996 5B 2003 
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� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

� Selenium
� Source Unknown 

15 Acres 1996 5A 2019 

� Specific Conductivity
� Nonpoint Source 

15 Acres 1996 5A 2019 

� Trash
� Nonpoint Source 

15 Acres 1996 5A 2019 

4 Lake Sherwood Lake & 
Reservoir

40426000  /  
18070104 

� Algae
� Agriculture-animal
� Golf course activities 

135 Acres 1996 5B 2003 

� Ammonia
� Agriculture-animal
� Golf course activities 

135 Acres 1996 5B 2003 

� Eutrophic
� Agriculture-animal
� Golf course activities 

135 Acres 1996 5B 2003 

� Mercury (tissue)
� Nonpoint Source 

135 Acres 1996 5A 2019 

� Organic Enrichment/Low 
Dissolved Oxygen

� Agriculture-animal
� Golf course activities 

135 Acres 1998 5B 2003 

4 Las Flores Beach Coastal & 
Bay

Shoreline 

40415000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

1.1 Miles 1998 5B 2003 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.1 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.1 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Las Tunas Beach Coastal & 
Bay 

Shoreline

40412000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.2 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Source Unknown 

1.2 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.2 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Las Virgenes Creek River & 
Stream

40422010  /  
18070104 

� Benthic-Macroinvertebrate 
Bioassessments

� Source Unknown 

12 Miles 2010 5A 2021 

� Coliform Bacteria
� Nonpoint Source 

12 Miles 1996 5B 2005 

� Invasive Species
� Nonpoint Source 
� Point Source 

12 Miles 2010 5A 2021 

� Nutrients (Algae)
� Agriculture-animal

12 Miles 1998 5B 2003 
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� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

� Organic Enrichment/Low 
Dissolved Oxygen

� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

12 Miles 1996 5B 2003 

� Scum/Foam-unnatural
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

12 Miles 1996 5B 2003 

� Sedimentation/Siltation
� Source Unknown 

12 Miles 2002 5A 2019 

� Selenium
� Nonpoint Source 

12 Miles 1996 5A 2019 

� Trash
� Nonpoint Source 

12 Miles 1996 5A 2019 

4 Legg Lake Lake & 
Reservoir

40531000  /  
18070105 

� Ammonia
� Nonpoint Source 

25 Acres 1996 5A 2019 

� Copper
� Nonpoint Source 

25 Acres 1996 5A 2019 

� Lead
� Nonpoint Source 

25 Acres 1996 5A 2019 

� Odor
� Nonpoint Source 

25 Acres 1996 5A 2019 

� Trash
� Agriculture-storm runoff 
� Recreational and Tourism 

Activities (non-boating) 
� Urban Runoff/Storm Sewers 

25 Acres 1996 5B 2008 

� pH
� Nonpoint Source 

25 Acres 1996 5A 2019 

4 Lincoln Park Lake Lake & 
Reservoir

40515010  /  
18070104 

� Ammonia
� Nonpoint Source 

3.8 Acres 1996 5A 2019 

� Eutrophic
� Nonpoint Source 

3.8 Acres 1996 5A 2019 

� Lead
� Nonpoint Source 

3.8 Acres 1996 5A 2019 

� Odor
� Nonpoint Source 

3.8 Acres 1996 5A 2019 

� Organic Enrichment/Low 
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Dissolved Oxygen
� Nonpoint Source 

3.8 Acres 1998 5A 2019 

� Trash
� Source Unknown 

3.8 Acres 1996 5A 2007 

4 Lindero Creek 
Reach 1 

River & 
Stream

40423000  /  
18070104 

� Algae
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

3 Miles 1996 5B 2003 

� Benthic-Macroinvertebrate 
Bioassessments

� Source Unknown 

3 Miles 2010 5A 2021 

� Coliform Bacteria
� Nonpoint Source 

3 Miles 1996 5B 2006 

� Invasive Species
� Nonpoint Source 
� Point Source 

3 Miles 2010 5A 2021 

� Scum/Foam-unnatural
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

3 Miles 1996 5B 2003 

� Selenium
� Nonpoint Source 

3 Miles 1996 5A 2019 

� Trash
� Nonpoint Source 

3 Miles 1996 5A 2019 

4 Lindero Creek 
Reach 2 (Above 
Lake) 

River & 
Stream 

40425000  /  
18070104 

� Algae
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

4.5 Miles 1998 5B 2003 

� Coliform Bacteria
� Source Unknown 

4.5 Miles 1998 5B 2006 

� Scum/Foam-unnatural
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

4.5 Miles 1998 5B 2003 

� Selenium
� Nonpoint Source 

4.5 Miles 1998 5A 2019 
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� Trash
� Nonpoint Source 

4.5 Miles 1998 5A 2019 

4 Long Beach City 
Beach 

Coastal & 
Bay

Shoreline 

40512000  /  
18070104 

� Indicator Bacteria
� Source Unknown 

4.7 Miles 2006 5A 2019 

This listing includes the beach area at 3rd pl., 5th pl., 10th pl., 16th pl., 36th pl., 72nd 
pl., Coronado ave., Molino ave., and the east side and west side of Belmont Pier.

4 Long Point Beach Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

0.7 Miles 1998 5B 2003 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.7 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.7 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Los Angeles Harbor 
- Cabrillo Marina 

Bay & 
Harbor 

40512000  /  
18070104 

� Benzo(a)pyrene (3,4-Benzopyrene -
7-d)

� Atmospheric Deposition 
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

77 Acres 2010 5A 2021 

� DDT
(Dichlorodiphenyltrichloroethane)

� Source Unknown 

77 Acres 1998 5A 2019 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

77 Acres 1998 5A 2019 

4 Los Angeles Harbor 
- Consolidated Slip 

Bay & 
Harbor 

40512000  /  
18070104 

� 2-Methylnaphthalene
� Source Unknown 

36 Acres 1998 5A 2008 

� Benthic Community Effects
� Nonpoint Source 

36 Acres 1998 5A 2019 

� Benzo(a)pyrene (3,4-Benzopyrene -
7-d)

� Source Unknown 

36 Acres 1998 5A 2008 

� Benzo[a]anthracene
� Source Unknown 

36 Acres 1998 5A 2019 

This listing was made by USEPA for 2006.

� Cadmium (sediment)
� Nonpoint Source 

36 Acres 1998 5A 2019 

Historical use of pesticides and lubricants, stormwater runoff, aerial deposition, and 
historical discharges for metals.

� Chlordane (tissue & sediment)
� Nonpoint Source 

36 Acres 1998 5A 2019 

� Chromium (sediment)
� Nonpoint Source 

36 Acres 1998 5A 2019 

� Chrysene (C1-C4)
� Source Unknown 

36 Acres 1998 5A 2008 

� Copper (sediment)
� Nonpoint Source 

36 Acres 1998 5A 2019 

� DDT (tissue & sediment)
� Nonpoint Source 

36 Acres 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Dieldrin
� Nonpoint Source 

36 Acres 1998 5A 2008 

� Lead (sediment)
� Nonpoint Source 

36 Acres 1998 5A 2019 
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� Mercury (sediment)
� Nonpoint Source 

36 Acres 2006 5A 2019 

Historical use of pesticides and lubricants, stormwater runoff, aerial deposition, and 
historical discharges for metals.

� PCBs (Polychlorinated biphenyls) 
(tissue & sediment)

� Nonpoint Source 

36 Acres 1998 5A 2019 

Fish Consumption Advisory for PCBs.

� Phenanthrene
� Source Unknown 

36 Acres 1998 5A 2008 

� Pyrene
� Source Unknown 

36 Acres 1998 5A 2008 

� Sediment Toxicity
� Nonpoint Source 

36 Acres 1998 5A 2019 

� Toxaphene (tissue)
� Nonpoint Source 

36 Acres 1998 5A 2019 

� Zinc (sediment)
� Nonpoint Source 

36 Acres 1998 5A 2019 

Historical use of pesticides and lubricants, stormwater runoff, aerial deposition, and 
historical discharges for metals.

4 Los Angeles Harbor 
- Fish Harbor 

Bay &
Harbor 

40518000  /  
18070104 

� Benzo(a)pyrene (3,4-Benzopyrene -
7-d)

� Source Unknown 

91 Acres 1998 5A 2019 

� Benzo[a]anthracene
� Source Unknown 

91 Acres 1998 5A 2019 

� Chlordane
� Source Unknown 

91 Acres 1998 5A 2019 

� Chrysene (C1-C4)
� Source Unknown 

91 Acres 1998 5A 2019 

� Copper
� Source Unknown 

91 Acres 1998 5A 2019 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

91 Acres 1998 5A 2019 

� Dibenz[a,h]anthracene
� Source Unknown 

91 Acres 1998 5A 2019 

� Lead
� Source Unknown 

91 Acres 1998 5A 2019 

� Mercury
� Source Unknown 

91 Acres 1998 5A 2019 

� PAHs (Polycyclic Aromatic 
Hydrocarbons)

� Source Unknown 

91 Acres 1998 5A 2019 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

91 Acres 1998 5A 2019 

� Phenanthrene
� Source Unknown 

91 Acres 1998 5A 2019 

� Pyrene
� Source Unknown 

91 Acres 1998 5A 2019 

� Sediment Toxicity
� Source Unknown 

91 Acres 1998 5A 2019 

� Zinc
� Source Unknown 

91 Acres 1998 5A 2019 

4 Los Angeles Harbor 
- Inner Cabrillo 
Beach Area

Bay & 
Harbor 

40512000  / 
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

82 Acres 1998 5A 2019 

Fish Consumption Advisory for DDT.
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� Indicator Bacteria
� Source Unknown 

82 Acres 1998 5B 2004 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

82 Acres 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Los Angeles River 
Estuary (Queensway 
Bay)

Estuary 40512000  /  
18070104

� Chlordane (sediment)
� Nonpoint Source 

207 Acres 2002 5A 2019 

Historical use of pesticides and lubricants.

� DDT (sediment)
� Nonpoint Source 

207 Acres 2002 5A 2019 

Historical use of pesticides and lubricants.

� PCBs (Polychlorinated biphenyls) 
(sediment)

� Nonpoint Source 

207 Acres 2002 5A 2019 

Historical use of pesticides and lubricants.

� Sediment Toxicity
� Source Unknown 

207 Acres 2006 5A 2019 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

207 Acres 2006 5B 2008 

4 Los Angeles River 
Reach 1 (Estuary to 
Carson Street)

River & 
Stream 

40512000  / 
18070104 

� Ammonia
� Nonpoint Source 
� Point Source 

3.4 Miles 2002 5B 2004 

� Cadmium
� Source Unknown 

3.4 Miles 2002 5B 2005 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

3.4 Miles 1996 5A 2009 

� Copper, Dissolved
� Nonpoint Source 
� Point Source 

3.4 Miles 2002 5B 2005 

� Cyanide
� Source Unknown 

3.4 Miles 2006 5A 2019 

� Diazinon
� Source Unknown 

3.4 Miles 2006 5A 2019 

� Lead
� Nonpoint Source 
� Point Source 

3.4 Miles 1996 5B 2005 

� Nutrients (Algae)
� Nonpoint Source 
� Point Source 

3.4 Miles 1998 5B 2004 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

3.4 Miles 2006 5B 2008 

� Zinc, Dissolved
� Nonpoint Source 
� Point Source 

3.4 Miles 2002 5B 2005 

� pH
� Nonpoint Source 
� Point Source 

3.4 Miles 1996 5B 2003 

4 Los Angeles River 
Reach 2 (Carson to 
Figueroa Street)

River & 
Stream 

40515010  / 
18070104 

� Ammonia
� Nonpoint Source 
� Point Source 

19 Miles 1996 5B 2004 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

19 Miles 1996 5A 2009 
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� Copper
� Source Unknown 

19 Miles 2006 5B 2005 

� Lead
� Nonpoint Source 
� Point Source 

19 Miles 1996 5B 2005 

� Nutrients (Algae)
� Nonpoint Source 
� Point Source 

19 Miles 1996 5B 2004 

� Oil
� Nonpoint Source 

19 Miles 1996 5A 2019 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

19 Miles 1996 5B 2008 

4 Los Angeles River 
Reach 4 (Sepulveda 
Dr. to Sepulveda 
Dam)

River & 
Stream 

40521000  / 
18070105 

� Ammonia
� Nonpoint Source 
� Point Source 

11 Miles 1996 5B 2004 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

11 Miles 1996 5A 2019 

� Copper
� Source Unknown 

11 Miles 2006 5B 2005 

� Lead
� Nonpoint Source 
� Point Source 

11 Miles 1996 5B 2005 

� Nutrients (Algae)
� Nonpoint Source 
� Point Source 

11 Miles 1996 5B 2004 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

11 Miles 1996 5B 2008 

4 Los Angeles River 
Reach 5 ( within 
Sepulveda Basin)

River & 
Stream 

40521000  / 
18070105 

� Ammonia
� Nonpoint Source 
� Point Source 

1.9 Miles 1996 5B 2004 

� Copper
� Source Unknown 

1.9 Miles 2006 5B 2005 

� Lead
� Source Unknown 

1.9 Miles 2006 5B 2005 

� Nutrients (Algae)
� Nonpoint Source 
� Point Source 

1.9 Miles 1996 5B 2004 

� Oil
� Nonpoint Source 
� Point Source 

1.9 Miles 1996 5A 2019 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

1.9 Miles 1996 5B 2008 

4 Los Angeles River 
Reach 6 (Above 
Sepulveda Flood 
Control Basin) 

River & 
Stream 

40521000  /  
18070105 

� Coliform Bacteria
� Nonpoint Source 

7 Miles 1992 5A 2015 

� Selenium
� Source Unknown 

7 Miles 1992 5B 2005 

4 Los Angeles/Long 
Beach Inner Harbor 

Bay & 
Harbor 

40518000  /  
18070104 

� Beach Closures
� Nonpoint Source 
� Point Source 

3003 Acres 1998 5A 2004 
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� Benthic Community Effects
� Nonpoint Source 

3003 Acres 1998 5A 2019 

� Benzo(a)pyrene (3,4-Benzopyrene -
7-d)

� Nonpoint Source 
� Point Source 

3003 Acres 2010 5A 2021 

� Chrysene (C1-C4)
� Nonpoint Source 
� Point Source 

3003 Acres 2010 5A 2021 

� Copper
� Source Unknown 

3003 Acres 1998 5A 2019 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 
� Point Source 

3003 Acres 1998 5A 2019 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 
� Point Source 

3003 Acres 1998 5A 2019 

� Sediment Toxicity
� Nonpoint Source 
� Point Source 

3003 Acres 1996 5A 2009 

� Zinc
� Source Unknown 

3003 Acres 1988 5A 2008 

4 Los Angeles/Long 
Beach Outer Harbor 
(inside breakwater)

Bay & 
Harbor 

40512000  / 
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

4042 Acres 1988 5A 2019 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

4042 Acres 1988 5A 2019 

� Sediment Toxicity
� Source Unknown 

4042 Acres 1996 5A 2008 

4 Los Cerritos 
Channel 

Wetland, 
Tidal

40515010  /  
18070104 

� Ammonia
� Nonpoint Source 
� Point Source 

30 Acres 2002 5A 2015 

� Bis(2ethylhexyl)phthalate (DEHP)
� Source Unknown 

30 Acres 2006 5A 2019 

� Chlordane (sediment)
� Source Unknown 

30 Acres 2002 5A 2019 

� Coliform Bacteria
� Nonpoint Source 

30 Acres 2002 5A 2019 

� Copper
� Nonpoint Source 

30 Acres 2002 5A 2019 

� Lead
� Nonpoint Source 

30 Acres 2002 5A 2019 

� Trash
� Source Unknown 

30 Acres 2006 5A 2019 

� Zinc
� Nonpoint Source 

30 Acres 2002 5A 2019 

� pH
� Unknown Nonpoint Source 

30 Acres 2010 5A 2021 

4 Machado Lake 
(Harbor Park Lake) 

Lake &
Reservoir 

40512000  /  
18070104 

� Algae
� Atmospheric Deposition 
� Highway/Road/Bridge Runoff 
� Internal Nutrient Cycling 

(primarily lakes) 
� Urban Runoff--Industrial 

Permitted 
� Urban Runoff/Storm Sewers 

45 Acres 1996 5B 2009 

� Ammonia
� Atmospheric Deposition 

45 Acres 1996 5B 2009 
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� Highway/Road/Bridge Runoff 
� Internal Nutrient Cycling 

(primarily lakes) 
� Urban Runoff--Industrial 

Permitted 
� Urban Runoff/Storm Sewers 

� ChemA (tissue)
� Nonpoint Source 

45 Acres 1996 5A 2019 

Historical use of pesticides and lubricants.

� Chlordane (tissue)
� Nonpoint Source 

45 Acres 1996 5A 2019 

Fish Consumption Advisory.

� DDT (tissue)
� Nonpoint Source 

45 Acres 1996 5A 2019 

Fish Consumption Advisory.

� Dieldrin (tissue)
� Nonpoint Source 

45 Acres 1996 5A 2019 

� Eutrophic
� Atmospheric Deposition 
� Highway/Road/Bridge Runoff 
� Internal Nutrient Cycling 

(primarily lakes) 
� Urban Runoff--Industrial 

Permitted 
� Urban Runoff/Storm Sewers 

45 Acres 1992 5B 2009 

� Odor
� Atmospheric Deposition 
� Highway/Road/Bridge Runoff 
� Internal Nutrient Cycling 

(primarily lakes) 
� Urban Runoff--Industrial 

Permitted 
� Urban Runoff/Storm Sewers 

45 Acres 1996 5B 2009 

� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 

45 Acres 1992 5A 2019 

� Trash
� Agriculture-storm runoff 
� Recreational and Tourism 

Activities (non-boating) 
� Urban Runoff/Storm Sewers 

45 Acres 1996 5B 2008 

4 Malaga Cove Beach Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.39 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

0.39 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.39 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Malibu Beach Coastal & 
Bay 

Shoreline

40421000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.77 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Source Unknown 

0.77 Miles 1998 5B 2003 

4 Malibu Creek River & 
Stream

40421000  /  
18070104 

� Benthic-Macroinvertebrate 
Bioassessments

� Source Unknown 

11 Miles 2010 5A 2021 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

11 Miles 1996 5B 2002 
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� Fish Barriers (Fish Passage)
� Dam Construction 

11 Miles 1996 5A 2019 

� Invasive Species
� Nonpoint Source 

11 Miles 2010 5A 2021 

� Nutrients (Algae)
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Nonpoint Source 
� Onsite Wastewater Systems 

(Septic Tanks) 
� Urban Runoff/Storm Sewers 

11 Miles 1996 5B 2003 

� Scum/Foam-unnatural
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

11 Miles 1996 5B 2003 

� Sedimentation/Siltation
� Source Unknown 

11 Miles 2002 5A 2019 

� Selenium
� Source Unknown 

11 Miles 2006 5A 2019 

� Sulfates
� Source Unknown 

11 Miles 2006 5A 2019 

� Trash
� Nonpoint Source 

11 Miles 1996 5B 2009 

4 Malibu Lagoon Estuary 40421000  /  
18070104 

� Benthic Community Effects
� Hydromodification

15 Acres 1998 5A 2011 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

15 Acres 1998 5B 2006 

� Eutrophic
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

15 Acres 1998 5B 2003 

� Swimming Restrictions
� Agriculture-animal
� Illicit Connections/Illegal 

Hook-ups/Dry Weather Flows 
� Natural Sources 
� Onsite Wastewater Systems 

(Septic Tanks) 
� Spills
� Surface Runoff 
� Urban Runoff/Storm Sewers 

15 Acres 1998 5B 2006 

� Viruses (enteric)
� Agriculture-animal
� Illicit Connections/Illegal 

Hook-ups/Dry Weather Flows 

15 Acres 1998 5B 2006 
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� Natural Sources 
� Onsite Wastewater Systems 

(Septic Tanks) 
� Spills
� Surface Runoff 
� Urban Runoff/Storm Sewers 

� pH
� Source Unknown 

15 Acres 2002 5A 2006 

Possible sources might be septic systems, storm drains, and birds.

4 Malibu Lagoon 
Beach (Surfrider) 

Coastal & 
Bay 

Shoreline 

40421000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

1 Miles 1998 5B 2003 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Marina del Rey 
Harbor - Back 
Basins 

Bay & 
Harbor 

40517000  /  
18070104 

� Chlordane (tissue & sediment)
� Nonpoint Source 

391 Acres 1998 5B 2005 

� Copper (sediment)
� Nonpoint Source 

391 Acres 1998 5B 2006 

� DDT (tissue)
� Nonpoint Source 

391 Acres 1992 5A 2005 

A USEPA-approved TMDL has made a finding of non-impairment for this pollutant.

� Dieldrin (tissue)
� Nonpoint Source 

391 Acres 1992 5A 2005 

A USEPA-approved TMDL has made a finding of non-impairment for this pollutant.

� Fish Consumption Advisory
� Nonpoint Source 

391 Acres 1998 5B 2005 

� Indicator Bacteria
� Nonpoint Source 

391 Acres 2006 5B 2004 

� Lead (sediment)
� Nonpoint Source 

391 Acres 1988 5B 2006 

� PCBs (Polychlorinated biphenyls) 
(tissue & sediment)

� Nonpoint Source 

391 Acres 1994 5B 2006 

Historical use of pesticides, storm water runoff/aerial deposition from urban areas. 
Shellfish harvesting advisory for PCBs in tissue.

� Sediment Toxicity
� Nonpoint Source 

391 Acres 1998 5B 2005 

� Zinc (sediment)
� Nonpoint Source 

391 Acres 1988 5B 2006 

4 Matilija Creek Reach 
1 (Jct. With N. Fork 
to Reservoir)

River & 
Stream 

40220012  / 
18070101 

� Fish Barriers (Fish Passage)
� Dam Construction 

0.63 Miles 1996 5A 2019 

4 Matilija Creek Reach 
2 (Above Reservoir)

River & 
Stream 

40220010  / 
18070101 

� Fish Barriers (Fish Passage)
� Dam Construction 

15 Miles 1996 5A 2019 

4 Matilija Reservoir Lake & 
Reservoir

40220012  /  
18070101 

� Fish Barriers (Fish Passage)
� Dam Construction 

121 Acres 1996 5A 2019 

4 McCoy Canyon 
Creek 

River & 
Stream

40521000  /  
18070104 

� Fecal Coliform
� Nonpoint Source 

4 Miles 2002 5A 2015 

� Nitrate
4 Miles 2002 5A 2019 
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� Nonpoint Source 

� Nitrogen, Nitrate
� Natural Sources 
� Urban Runoff/Storm Sewers 

4 Miles 2002 5A 2019 

� Selenium, Total
� Natural Sources 
� Urban Runoff/Storm Sewers 

4 Miles 2002 5B 2005 

4 McGrath Lake Lake & 
Reservoir

40311000  /  
18070103 

� Chlordane (sediment)
� Nonpoint Source 

20 Acres 1996 5A 2019 

� DDT (sediment)
� Nonpoint Source 

20 Acres 1996 5A 2019 

� Dieldrin (sediment)
� Nonpoint Source 

20 Acres 2002 5A 2019 

Historical use of pesticides and lubricants, storm water runoff/aerial deposition from 
agricultural fields.

� Fecal Coliform
� Agriculture
� Landfills
� Natural Sources 

20 Acres 2002 5A 2019 

� PCBs (Polychlorinated biphenyls) 
(sediment)

� Nonpoint Source 

20 Acres 2002 5A 2019 

Historical use of pesticides and lubricants, storm water runoff/aerial deposition from 
agricultural fields.

� Sediment Toxicity
� Nonpoint Source 

20 Acres 1996 5A 2019 

4 Medea Creek Reach 
1 (Lake to Confl. 
with Lindero)

River & 
Stream 

40424000  / 
18070104 

� Algae
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

2.6 Miles 1996 5B 2003 

� Coliform Bacteria
� Nonpoint Source 

2.6 Miles 1996 5B 2006 

� Sedimentation/Siltation
� Source Unknown 

2.6 Miles 2002 5A 2019 

� Selenium
� Nonpoint Source 

2.6 Miles 1996 5A 2019 

� Trash
� Nonpoint Source 

2.6 Miles 1996 5A 2019 

4 Medea Creek Reach 
2 (Abv Confl. with 
Lindero)

River & 
Stream 

40423000  / 
18070104 

� Algae
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

5.4 Miles 1996 5B 2003 

� Benthic-Macroinvertebrate 
Bioassessments

� Source Unknown 

5.4 Miles 2010 5A 2021 

� Coliform Bacteria
� Nonpoint Source 

5.4 Miles 1996 5B 2006 
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� Invasive Species
� Nonpoint Source 
� Point Source 

5.4 Miles 2010 5A 2021 

� Sedimentation/Siltation
� Source Unknown 

5.4 Miles 2002 5A 2019 

� Selenium
� Nonpoint Source 

5.4 Miles 1996 5A 2019 

� Trash
� Nonpoint Source 

5.4 Miles 1996 5A 2019 

4 Munz Lake Lake & 
Reservoir

40351000  /  
18070102 

� Eutrophic
� Nonpoint Source 

6.6 Acres 1996 5A 2019 

� Trash
� Agriculture-storm runoff 
� Nonpoint Source 
� Recreational and Tourism 

Activities (non-boating) 
� Urban Runoff/Storm Sewers 

6.6 Acres 1996 5B 2008 

4 Nicholas Canyon 
Beach 

Coastal & 
Bay

Shoreline 

40444000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.7 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

1.7 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.7 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Ormond Beach Coastal & 
Bay 

Shoreline

40311000  /  
18070103 

� Indicator Bacteria
� Nonpoint Source 
� Point Source 

3.1 Miles 2002 5A 2015 

This listing includes the area of Ormond Beach at Oxnard Drain.

4 Palo Verde 
Shoreline Park 
Beach 

Coastal & 
Bay 

Shoreline 

40511000  /  
18070104 

� Pathogens
� Nonpoint Source 

0.24 Miles 1998 5B 2003 

� Pesticides
� Source Unknown 

0.24 Miles 1998 5A 2019 

4 Paradise Cove 
Beach 

Coastal & 
Bay

Shoreline 

40435000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.7 Miles 1998 5A 2019 

Fish consumption advisory for DDT.

� Fecal Coliform
� Nonpoint Source 

1.7 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.7 Miles 1998 5A 2019 

Fish consumption advisory for PCBs.

4 Peck Road Park 
Lake 

Lake & 
Reservoir

40531000  /  
18070105 

� Chlordane (tissue)
� Nonpoint Source 

103 Acres 1996 5A 2019 

� DDT (tissue)
� Nonpoint Source 

103 Acres 1996 5A 2019 

� Lead
� Nonpoint Source 

103 Acres 1996 5A 2019 

� Odor
� Nonpoint Source 

103 Acres 1996 5A 2019 

� Organic Enrichment/Low 
Dissolved Oxygen

� Nonpoint Source 

103 Acres 1996 5A 2019 
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� Trash
� Nonpoint Source 

103 Acres 1996 5A 2007 

4 Peninsula Beach Coastal & 
Bay 

Shoreline

40311000  /  
18070103 

� Indicator Bacteria
� Nonpoint Source 
� Point Source 

0.15 Miles 2002 5A 2019 

Area affected is beach area north of South Jetty.

4 Piru Creek (from 
gaging station 
below Santa Felicia 
Dam to headwaters) 

River & 
Stream 

40342000  /  
18070102 

� Chloride
� Source Unknown 

67 Miles 2006 5A 2019 

� pH
� Conservation Discharge 

Releases 
� Nonpoint Source 

67 Miles 2002 5A 2019 

4 Point Dume Beach Coastal & 
Bay

Shoreline 

40435000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

2.5 Miles 1998 5A 2019 

Fish consumption advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

2.5 Miles 1994 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

2.5 Miles 1996 5A 2019 

Fish consumtiion advisory for PCBs.

4 Point Fermin Park 
Beach 

Coastal & 
Bay

Shoreline 

40512000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.6 Miles 1996 5A 2019 

Fish consumption advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.6 Miles 1998 5A 2019 

Fish consumption advisory for PCBs.

� Total Coliform
� Nonpoint Source 

1.6 Miles 1994 5B 2003 

4 Pole Creek (trib to 
Santa Clara River 
Reach 3 )

River & 
Stream 

40331000  / 
18070102 

� Sulfates
� Nonpoint Source 

9 Miles 2002 5A 2019 

� Total Dissolved Solids
� Nonpoint Source 

9 Miles 2002 5A 2019 

4 Port Hueneme Pier Coastal & 
Bay

Shoreline 

40311000  /  
18070103 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

0.33 Miles 2006 5A 2019 

4 Portuguese Bend 
Beach 

Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.4 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

1.4 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.4 Miles 1998 5A 2019 

Fish Consumption Advisory for PCB.

4 Promenade Park 
Beach 

Coastal & 
Bay

Shoreline 

40210000  /  
18070101 

� Indicator Bacteria
� Nonpoint Source 
� Point Source 

0.58 Miles 2002 5A 2015 

Area affected is at south of drain at Figueroa Street.
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4 Puddingstone 
Reservoir 

Lake & 
Reservoir

40552000  /  
18070106 

� Chlordane (tissue)
� Nonpoint Source 

243 Acres 1988 5A 2019 

� DDT (tissue)
� Nonpoint Source 

243 Acres 1996 5A 2019 

� Mercury (tissue)
� Nonpoint Source 

243 Acres 1996 5A 2019 

� Organic Enrichment/Low 
Dissolved Oxygen

� Nonpoint Source 

243 Acres 1996 5A 2019 

� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 

243 Acres 1996 5A 2019 

4 Puente Creek River & 
Stream

40515010  /  
18070104 

� Indicator Bacteria
� Source Unknown 

5.8 Miles 2010 5A 2021 

� Selenium
� Source Unknown 

5.8 Miles 2010 5A 2021 

4 Puerco Beach Coastal & 
Bay 

Shoreline

40431000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.5 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

0.5 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.5 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Pyramid Lake Lake & 
Reservoir

40342000  /  
18070102 

� Mercury
� Natural Sources 
� Source Unknown 
� Unknown Nonpoint Source 

1483 Acres 2010 5A 2021 

4 Redondo Beach Coastal & 
Bay 

Shoreline

40512000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

1.5 Miles 1998 5B 2003 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.5 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.5 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Rincon Beach Coastal & 
Bay 

Shoreline

40100010  /  
18070101 

� Indicator Bacteria
� Nonpoint Source 
� Point Source 

0.38 Miles 2002 5A 2015 

Area affected is 50 yards south of mouth of Rincon Creek.

4 Rio De Santa 
Clara/Oxnard Drain 
No. 3 

River & 
Stream 

40311000  /  
18070103 

� ChemA (tissue)
� Nonpoint Source 

1.9 Miles 1996 5A 2019 

� Chlordane (tissue)
� Nonpoint Source 

1.9 Miles 1996 5A 2019 

� DDT (tissue)
� Nonpoint Source 

1.9 Miles 1996 5A 2019 

� Nitrogen
� Major Municipal Point 

Source-dry and/or wet 
weather discharge

1.9 Miles 1996 5B 2003 
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� PCBs (Polychlorinated biphenyls) 
(tissue)

� Nonpoint Source 

1.9 Miles 1996 5A 2019 

� Sediment Toxicity
� Nonpoint Source 

1.9 Miles 1996 5A 2019 

� Toxaphene (tissue)
� Nonpoint Source 

1.9 Miles 1996 5A 2019 

4 Rio Hondo Reach 1 
(Confl. LA River to 
Snt Ana Fwy)

River & 
Stream 

40515010  / 
18070104 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

4.6 Miles 1996 5A 2019 

� Copper
� Nonpoint Source 
� Point Source 

4.6 Miles 1996 5B 2005 

� Lead
� Nonpoint Source 
� Point Source 

4.6 Miles 1996 5B 2005 

� Toxicity
� Nonpoint Source 
� Point Source 

4.6 Miles 2010 5A 2021 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

4.6 Miles 1996 5B 2008 

� Zinc
� Nonpoint Source 
� Point Source 

4.6 Miles 1996 5B 2005 

� pH
� Nonpoint Source 
� Point Source 

4.6 Miles 1996 5B 2004 

4 Rio Hondo Reach 2 
(At Spreading 
Grounds)

River & 
Stream 

40515010  / 
18070104 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

4.9 Miles 1996 5A 2009 

� Cyanide
� Other

4.9 Miles 2010 5A 2021 

4 Robert H. Meyer 
Memorial Beach 

Coastal & 
Bay 

Shoreline 

40441000  /  
18070104 

� Beach Closures
� Major Municipal Point 

Source-dry and/or wet 
weather discharge

1.2 Miles 1998 5B 2003 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.2 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.2 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Royal Palms Beach Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.1 Miles 1998 5A 2019 

Fish consumption advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

1.1 Miles 1998 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.1 Miles 1998 5A 2019 

Fish consumption advisory for PCBs.

4 San Antonio Creek 
(Tributary to Ventura 
River Reach 4)

River & 
Stream 

40220023  / 
18070101 

� Indicator Bacteria
� Source Unknown 

9.8 Miles 2010 5A 2021 
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� Nitrogen
� Source Unknown 

9.8 Miles 2002 5A 2019 

� Total Dissolved Solids
� Source Unknown 

9.8 Miles 2010 5A 2023 

4 San Buenaventura 
Beach 

Coastal & 
Bay

Shoreline 

40210000  /  
18070103 

� Indicator Bacteria
� Unknown Nonpoint Source 
� Unknown Point Source 

1.8 Miles 1800 5A 2015 

This listing includes the area of San Buenaventura Beach at San Jon Rd.

4 San Gabriel River 
Estuary 

River &
Stream 

40516000  /  
18070104 

� Copper
� Source Unknown 

3.4 Miles 1996 5B 2007 

� Dioxin
� Source Unknown 

3.4 Miles 2010 5A 2021 

� Nickel
� Source Unknown 

3.4 Miles 2010 5A 2021 

� Oxygen, Dissolved
� Source Unknown 

3.4 Miles 2010 5A 2021 

4 San Gabriel River 
Reach 1 (Estuary to 
Firestone)

River & 
Stream 

40515010  / 
18070104 

� Coliform Bacteria
� Source Unknown 

6.4 Miles 2006 5A 2019 

� pH
� Source Unknown 

6.4 Miles 1996 5A 2009 

4 San Gabriel River 
Reach 2 (Firestone 
to Whittier Narrows 
Dam

River & 
Stream 

40515010  / 
18070104 

� Coliform Bacteria
� Source Unknown 

12 Miles 1998 5A 2011 

� Cyanide
� Source Unknown 

12 Miles 2010 5A 2021 

� Lead
� Nonpoint Source 
� Point Source 

12 Miles 1996 5B 2007 

4 San Gabriel River 
Reach 3 (Whittier 
Narrows to Ramona)

River & 
Stream 

40531000  / 
18070104 

� Indicator Bacteria
� Source Unknown 

7.2 Miles 2010 5A 2021 

4 San Jose Creek 
Reach 1 (SG 
Confluence to 
Temple St.)

River & 
Stream 

40531000  / 
18070105 

� Ammonia
� Nonpoint Source 
� Point Source 

2.7 Miles 1996 5C 

� Coliform Bacteria
� Source Unknown 

2.7 Miles 1996 5A 2009 

� Total Dissolved Solids
� Source Unknown 

2.7 Miles 2010 5A 2021 

� Toxicity
� Source Unknown 

2.7 Miles 1996 5A 2019 

� pH
� Source Unknown 

2.7 Miles 2010 5A 2021 

4 San Jose Creek 
Reach 2 (Temple to 
I-10 at White Ave.)

River & 
Stream 

40531000  / 
18070106 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

17 Miles 1996 5A 2019 

4 San Pedro Bay 
Near/Off Shore 
Zones 

Bay & 
Harbor 

40512000  /  
18070104 

� Chlordane
� Source Unknown 

8173 Acres 2006 5A 2019 

� DDT (tissue & sediment)
� Nonpoint Source 

8173 Acres 1996 5A 2019 
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� Point Source 

Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 
� Point Source 

8173 Acres 1996 5A 2019 

Fish consumption advisory for PCBs.

� Sediment Toxicity
� Nonpoint Source 
� Point Source 

8173 Acres 1996 5A 2009 

4 Santa Clara River 
Estuary 

Estuary 40311000  /  
18070103 

� ChemA
� Source Unknown 

49 Acres 1998 5A 2019 

� Coliform Bacteria
� Nonpoint Source 

49 Acres 1998 5A 2019 

� Nitrogen, Nitrate
� Source Unknown 

49 Acres 2010 5A 2021 

� Toxaphene
� Nonpoint Source 

49 Acres 1998 5A 2019 

� Toxicity
� Source Unknown 

49 Acres 2010 5A 2019 

4 Santa Clara River 
Reach 1 (Estuary to 
Hwy 101 Bridge)

River & 
Stream 

40311000  / 
18070103 

� Toxicity
� Source Unknown 

10 Miles 2006 5A 2019 

4 Santa Clara River 
Reach 3 (Freeman 
Diversion to A 
Street)

River & 
Stream 

40331000  / 
18070103 

� Ammonia
� Nonpoint Source 
� Point Source 

31 Miles 2002 5B 2004 

� Chloride
� Nonpoint Source 
� Point Source 

31 Miles 2002 5B 2002 

� Total Dissolved Solids
� Source Unknown 

31 Miles 2002 5A 2015 

� Toxicity
� Source Unknown 

31 Miles 2010 5A 2021 

4 Santa Clara River 
Reach 5 (Blue Cut 
gaging station to 
West Pier Hwy 99 
Bridge) (was named 
Santa Clara River 
Reach 7 on 2002 303
(d) list) 

River & 
Stream 

40351000  /  
18070102 

� Chloride
� Nonpoint Source 
� Point Source 

9.4 Miles 2006 5B 2005 

Chloride was relisted by USEPA in 2002.

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

9.4 Miles 2006 5A 2019 

� Iron
� Source Unknown 

9.4 Miles 2010 5A 2021 

4 Santa Clara River 
Reach 6 (W Pier Hwy
99 to Bouquet Cyn 
Rd) (was named 
Santa Clara River 
Reach 8 on 2002 303
(d) list)

River & 
Stream 

40351000  / 
18070102 

� Chloride
� Nonpoint Source 
� Point Source 

5.2 Miles 1998 5B 2005 

Chloride was relisted by USEPA in 2002.

� Chlorpyrifos
� Source Unknown 

5.2 Miles 2006 5A 2019 

� Coliform Bacteria
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� Nonpoint Source 
� Point Source 

5.2 Miles 1996 5A 2019 

� Copper
� Nonpoint Source 
� Point Source 

5.2 Miles 2010 5A 2021 

� Diazinon
� Source Unknown 

5.2 Miles 2006 5A 2019 

� Iron
� Source Unknown 

5.2 Miles 2010 5A 2021 

� Toxicity
� Source Unknown 

5.2 Miles 2006 5A 2019 

4 Santa Clara River 
Reach 7 ( Bouquet 
Canyon Rd to above 
Lang Gaging 
Station) (was named 
Santa Clara River 
Reach 9 on 2002 303
(d) list)

River & 
Stream 

40351000  / 
18070102 

� Coliform Bacteria
� Nonpoint Source 
� Point Source 

21 Miles 2002 5A 2019 

4 Santa Clara River 
Reach 11 (Piru 
Creek, from 
confluence with
Santa Clara River 
Reach 4 to gaging 
station below Santa 
Felicia Dam)

River & 
Stream 

40341000  / 
18070102 

� Boron
� Source Unknown 

6.2 Miles 2006 5A 2019 

� Specific Conductance
� Source Unknown 

6.2 Miles 2010 5A 2021 

� Sulfates
� Source Unknown 

6.2 Miles 2006 5A 2019 

� Total Dissolved Solids
� Source Unknown 

6.2 Miles 2010 5A 2021 

4 Santa Fe Dam Park 
Lake 

Lake & 
Reservoir

40531000  /  
18070105 

� Copper
� Nonpoint Source 

20 Acres 1996 5A 2019 

� Lead
� Nonpoint Source 

20 Acres 1996 5A 2019 

� pH
� Nonpoint Source 

20 Acres 1996 5A 2019 

4 Santa Monica Bay 
Offshore/Nearshore 

Bay & 
Harbor 

40513000  /  
18070104 

� DDT (tissue & sediment)
� Nonpoint Source 
� Point Source 

146645 
Acres 

1996 5A 2019 

� Debris
� Nonpoint Source 
� Point Source 

146645 
Acres 

1998 5A 2019 

� Fish Consumption Advisory
� Nonpoint Source 
� Point Source 

146645 
Acres 

1996 5A 2019 

The Fish Consumption Advisory is due to DDT and PCBs.

� PCBs (Polychlorinated biphenyls) 
(tissue & sediment)

� Nonpoint Source 
� Point Source 

146645 
Acres 

1996 5A 2019 

� Sediment Toxicity
� Nonpoint Source 
� Point Source 

146645 
Acres 

1996 5A 2019 

4 Santa Monica 
Canyon 

River & 
Stream

40513000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

2.7 Miles 1996 5B 2003 

� Lead
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� Nonpoint Source 2.7 Miles 1996 5A 2019 

4 Sawpit Creek River & 
Stream

40531000  /  
18070105 

� Bis(2ethylhexyl)phthalate (DEHP)
� Source Unknown 

3.9 Miles 2006 5A 2019 

� Fecal Coliform
� Source Unknown 

3.9 Miles 2006 5A 2019 

4 Sea Level Beach Coastal & 
Bay 

Shoreline

40441000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

0.21 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

0.21 Miles 2006 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

0.21 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Sepulveda Canyon River & 
Stream

40513000  /  
18070104 

� Ammonia
� Nonpoint Source 

0.83 Miles 1996 5A 2019 

� Copper
� Source Unknown 

0.83 Miles 2006 5B 2005 

� Indicator Bacteria
� Nonpoint Source 

0.83 Miles 1996 5B 2003 

� Lead
� Nonpoint Source 

0.83 Miles 1996 5B 2005 

� Selenium
� Source Unknown 

0.83 Miles 2006 5B 2005 

� Zinc
� Source Unknown 

0.83 Miles 2006 5B 2005 

4 Sespe Creek (from 
500 ft below 
confluence with 
Little Sespe Cr to 
headwaters) 

River & 
Stream

40332020  /  
18070102 

� Chloride
� Nonpoint Source 

54 Miles 2006 5A 2019 

� pH
� Nonpoint Source 

54 Miles 2006 5A 2019 

4 Solstice Canyon 
Creek 

River & 
Stream

40432000  /  
18070104 

� Invasive Species
� Nonpoint Source 
� Point Source 

4.8 Miles 2010 5A 2021 

4 Surfers Point at 
Seaside 

Coastal & 
Bay

Shoreline 

40210000  /  
18070101 

� Indicator Bacteria
� Nonpoint Source 
� Point Source 

0.4 Miles 2002 5A 2015 

Area affected is the end of the access path via a wooden gate.

4 Topanga Beach Coastal & 
Bay 

Shoreline

40413000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

2.5 Miles 1998 5B 2003 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

2.5 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

2.5 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Topanga Canyon 
Creek 

River & 
Stream

40411000  /  
18070104 

� Lead
� Nonpoint Source 

8.6 Miles 1996 5A 2019 

Page 122 of 208

9/20/2013http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_re...

RB-AR35772



4 Torrance Carson 
Channel 

River & 
Stream

40512000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

3.4 Miles 1996 5A 2007 

� Copper
� Nonpoint Source 

3.4 Miles 1996 5A 2019 

� Lead
� Nonpoint Source 

3.4 Miles 1996 5A 2019 

4 Trancas Beach 
(Broad Beach) 

Coastal &
Bay 

Shoreline 

40437000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.7 Miles 1998 5A 2019 

Fish Consumption Advisory for DDT.

� Fecal Coliform
� Nonpoint Source 

1.7 Miles 2006 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.7 Miles 1998 5A 2019 

Fish Consumption Advisory for PCBs.

4 Triunfo Canyon 
Creek Reach 1 

River &
Stream 

40424000  /  
18070104 

� Lead
� Nonpoint Source 

2.5 Miles 1996 5A 2019 

� Mercury
� Nonpoint Source 

2.5 Miles 1996 5A 2019 

� Sedimentation/Siltation
� Source Unknown 

2.5 Miles 2002 5A 2019 

4 Triunfo Canyon 
Creek Reach 2 

River &
Stream 

40424000  /  
18070104 

� Benthic-Macroinvertebrate 
Bioassessments

� Source Unknown 

3.3 Miles 2010 5A 2021 

� Lead
� Nonpoint Source 

3.3 Miles 1996 5A 2019 

� Mercury
� Nonpoint Source 

3.3 Miles 1996 5A 2019 

� Sedimentation/Siltation
� Source Unknown 

3.3 Miles 2002 5A 2019 

4 Tujunga Wash (LA 
River to Hansen 
Dam) 

River & 
Stream 

40521000  /  
18070105 

� Ammonia
� Nonpoint Source 

9.7 Miles 1996 5B 2004 

� Coliform Bacteria
� Nonpoint Source 

9.7 Miles 1996 5A 2009 

� Copper
� Nonpoint Source 

9.7 Miles 1996 5B 2005 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

9.7 Miles 1996 5B 2008 

4 Ventura Harbor: 
Ventura Keys 

Bay &
Harbor 

40311000  /  
18070103 

� Coliform Bacteria
� Nonpoint Source 

179 Acres 1996 5A 2019 

4 Ventura Marina 
Jetties 

Coastal & 
Bay

Shoreline 

40311000  /  
18070103 

� DDT
(Dichlorodiphenyltrichloroethane)

� Source Unknown 

0.69 Miles 2006 5A 2019 

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

0.69 Miles 2006 5A 2019 

4 Ventura River 
Estuary 

River & 
Stream

40210011  /  
18070101 

� Algae
� Nonpoint Source 
� Point Source 

0.2 Miles 1998 5A 2019 

� Eutrophic
� Nonpoint Source 
� Point Source 

0.2 Miles 1998 5A 2019 
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� Total Coliform
� Nonpoint Source 

0.2 Miles 2002 5A 2019 

Stables and horse property may be the sources.

� Trash
� Agriculture-storm runoff 
� Recreational and Tourism 

Activities (non-boating) 
� Urban Runoff/Storm Sewers 

0.2 Miles 1998 5B 2008 

4 Ventura River Reach 
1 and 2 (Estuary to 
Weldon Canyon)

River & 
Stream 

40210011  / 
18070101 

� Algae
� Nonpoint Source 
� Point Source 

4.5 Miles 1996 5A 2019 

4 Ventura River Reach 
3 (Weldon Canyon 
to Confl. w/ Coyote 
Cr)

River & 
Stream 

40210011  / 
18070101 

� Indicator Bacteria
� Source Unknown 

2.8 Miles 2010 5A 2021 

� Pumping
� Nonpoint Source 

2.8 Miles 1996 5A 2019 

� Water Diversion
� Nonpoint Source 

2.8 Miles 1996 5A 2019 

4 Ventura River Reach 
4 (Coyote Creek to 
Camino Cielo Rd)

River & 
Stream 

40220021  / 
18070101 

� Pumping
� Nonpoint Source 

19 Miles 1996 5A 2019 

� Water Diversion
� Nonpoint Source 

19 Miles 1996 5A 2019 

4 Verdugo Wash 
Reach 1 (LA River to 
Verdugo Rd.)

River & 
Stream 

40521000  / 
18070105 

� Coliform Bacteria
� Nonpoint Source 

2 Miles 1996 5A 2019 

� Copper
� Other

2 Miles 2010 5A 2021 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

2 Miles 1996 5B 2008 

4 Verdugo Wash 
Reach 2 (Above 
Verdugo Road)

River & 
Stream 

40524000  / 
18070105 

� Coliform Bacteria
� Nonpoint Source 

7.6 Miles 1996 5A 2009 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm Sewers 

7.6 Miles 1996 5B 2008 

4 Walnut Creek Wash 
(Drains from 
Puddingstone Res)

River & 
Stream 

40531000  / 
18070106 

� Benthic-Macroinvertebrate 
Bioassessments

� Source Unknown 

12 Miles 2010 5A 2012 

� Indicator Bacteria
� Source Unknown 

12 Miles 2010 5A 2021 

� pH
� Nonpoint Source 
� Point Source 

12 Miles 1996 5A 2007 

4 Westlake Lake Lake & 
Reservoir

40425000  /  
18070104 

� Algae
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 

119 Acres 1996 5B 2003 

Page 124 of 208

9/20/2013http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_re...

RB-AR35774



(Septic Tanks) 
� Urban Runoff/Storm Sewers 

� Ammonia
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

119 Acres 1996 5B 2003 

� Eutrophic
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

119 Acres 1996 5B 2003 

� Lead
� Nonpoint Source 

119 Acres 1996 5A 2019 

� Organic Enrichment/Low 
Dissolved Oxygen

� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater Systems 
(Septic Tanks) 

� Urban Runoff/Storm Sewers 

119 Acres 1996 5B 2003 

4 Wheeler 
Canyon/Todd 
Barranca 

River &
Stream 

40321000  /  
18070102 

� Nitrate and Nitrite
� Nonpoint Source 

10 Miles 1998 5B 2004 

� Sulfates
� Nonpoint Source 

10 Miles 2002 5A 2019 

� Total Dissolved Solids
� Nonpoint Source 

10 Miles 2002 5A 2019 

4 Whites Point Beach Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.1 Miles 2006 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

1.1 Miles 2006 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.1 Miles 2006 5A 2019 

Fish Consumption Advisory for PCBs.

4 Wilmington Drain River & 
Stream

40342000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

0.56 Miles 1996 5A 2007 

� Copper
� Nonpoint Source 

0.56 Miles 1996 5A 2019 

� Lead
� Nonpoint Source 

0.56 Miles 1996 5A 2019 
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4 Zuma Beach 
(Westward Beach) 

Coastal &
Bay 

Shoreline 

40436000  /  
18070104 

� DDT
(Dichlorodiphenyltrichloroethane)

� Nonpoint Source 

1.6 Miles 2006 5A 2019 

Fish Consumption Advisory for DDT.

� Indicator Bacteria
� Nonpoint Source 

1.6 Miles 2006 5B 2003 

� PCBs (Polychlorinated biphenyls)
� Nonpoint Source 

1.6 Miles 2006 5A 2019 

Fish Consumption Advisory for PCBs.

5 Agatha Canal 
(Merced County) 

River &
Stream 

54120000  /  
18040001 

� Selenium
� Source Unknown 

2.5 Miles 2010 5B 2000 

� pH
� Source Unknown 

2.5 Miles 2010 5A 2021 

5 Almanor Lake Lake & 
Reservoir

51841000  /  
18020121 

� Mercury
� Resource Extraction 

25314 
Acres 

2010 5A 2021 

5 Amador Lake Lake & 
Reservoir

53240041  /  
18040012 

� pH (high)
� Source Unknown 

299 Acres 2010 5A 2021 

5 American River, 
Lower (Nimbus Dam 
to confluence with
Sacramento River) 

River & 
Stream

51921000  /  
18020109 

� Mercury
� Resource Extraction 

27 Miles 1990 5A 2010 

All resource extraction sources are abandoned mines.

� PCBs (Polychlorinated biphenyls)
� Source Unknown 

27 Miles 2010 5A 2021 

� Unknown Toxicity
� Source Unknown 

27 Miles 1990 5A 2021 

5 American River, 
North Fork 

River &
Stream 

51421010  /  
18020128 

� Mercury
� Resource Extraction 

71 Miles 2010 5A 2019 

This listing is from North Fork Dam to Folsom Lake.

5 American River, 
South Fork (below 
Slab Creek 
Reservoir to Folsom 
Lake) 

River & 
Stream 

51432060  /  
18020129 

� Mercury
� Resource Extraction 

37 Miles 2006 5A 2021 

5 Anderson Creek 
(Shasta County) 

River &
Stream 

50810000  /  
18020101 

� Escherichia coli (E. coli)
� Source Unknown 

16 Miles 2010 5A 2021 

5 Arcade Creek River & 
Stream

51921000  /  
18020111 

� Chlorpyrifos
� Urban Runoff/Storm Sewers 

9.9 Miles 1998 5B 2004 

� Copper
� Source Unknown 

9.9 Miles 2002 5A 2021 

� Diazinon
� Agriculture
� Urban Runoff/Storm Sewers 

9.9 Miles 1998 5B 2004 

The agricultural source of diazinon for these waterbodies is from aerial deposition.

� Malathion
� Agriculture
� Urban Runoff/Storm Sewers 

9.9 Miles 2010 5A 2021 

� Pyrethroids
� Urban Runoff/Storm Sewers 

9.9 Miles 2010 5A 2021 

� Sediment Toxicity
� Source Unknown 

9.9 Miles 2010 5A 2021 

� Escherichia coli (E. coli)
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Statewide CATEGORY 4A Final 2010 Integrated Report (CWA Section 303
(d) List / 305(b) Report)

USEPA Final Approval: October 11, 2011
2010 CALIFORNIA LIST OF WATER QUALITY LIMITED SEGMENTS

BEING ADDRESSED BY USEPA APPROVED TMDLS

Category 4A Criteria: 1) A water segment where ALL its 303(d) listings are being addressed; and 2) at least one of those listings is being addressed by a 
USEPA approved TMDL.

* USGS HUC = US Geological Survey Hydrologic Unit Code. Calwater = State Water Resources Control Board hydrological subunit area or even smaller planning
watershed.

** "Addressed By" is defined as: B = Being addressed by USEPA approved TMDL and C = Being addressed by action(s) other than a TMDL

 REGION 
 WATER BODY 

NAME 
WATER 
TYPE 

WATERSHED*
CALWATER / 
USGS HUC 

� POLLUTANT
� POTENTIAL SOURCES 

Relevant Notes

ESTIMATED 
AREA 

ASSESSED 

FIRST 
YEAR 

LISTED 

ADDRESSED
BY** 

USEPA 
TMDL 

APPROVAL 
DATE 

1 Bodega HU, 
Estero de San 
Antonio HA, 
Stemple 
Creek/Estero 
de San Antonio 

River & 
Stream 

11540000  /  
18010111 

� Nutrients
� Source Unknown 

61 Miles 2010 B 1997 

� Sediment
� Agriculture
� Erosion/Siltation
� Grazing-Related Sources 
� Land Development 
� Nonpoint Source 

61 Miles 2006 B 1997 

To date, the Total Maximum Daily Load and Attainment Strategy for the Stemple
Creek Watershed has not been fully implemented, and beneficial uses are still 
impaired by sediment.

1 Cape 
Mendocino HU, 
Mattole River 
HA, Mattole 
River

River & 
Stream 

11230000  / 
18010108 

� Sedimentation/Siltation
� Erosion/Siltation
� Habitat Modification 
� Hydromodification
� Natural Sources 
� Nonpoint Source 
� Range Grazing-Riparian 
� Range Grazing-Riparian 

and/or Upland 
� Removal of Riparian 

Vegetation 
� Road Construction 
� Silviculture
� Specialty Crop Production 
� Streambank

Modification/Destabilization

503 Miles 1994 B 2003 

� Temperature, water
� Habitat Modification 
� Natural Sources 
� Nonpoint Source 
� Range Grazing-Riparian 

and/or Upland 
� Removal of Riparian 

Vegetation 
� Road Construction 
� Silviculture

503 Miles 1996 B 2003 

1 Eel River HU, 
Middle Fork 
HA, Wilderness 
and Black 
Butte HSAs 

River & 
Stream 

11174011  /  
18010103 

� Temperature, water
� Nonpoint Source 
� Removal of Riparian 

Vegetation 

642 Miles 1994 B 2003 

The entire Middle Fork Eel River Watershed was listed as temperature-impaired in 
1994. The USEPA approved the "Middle Fork Eel River Total Maximum Daily Loads 
for Temperature and Sediment" in December 2003. For the 2008 303(d) List, the 
watershed was divided into an upper and lower section. The upper section includes 
the Wilderness HSA and the Black Butte River HSA. The lower section includes the 
Eden Valley HSA and the Round Valley HSA. This division was made in order to
consider sediment data specific to individual HSAs.
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addressed list because of a completed USEPA approved TMDL.

3 Kings Creek River & 
Stream

30412011  /  
18060001 

� Sedimentation/Siltation
� Disturbed Sites (Land 

Develop.) 
� Erosion/Siltation
� Nonpoint Source 
� Road Construction 
� Silviculture

4.4 Miles 2002 B 2004 

3 Rider Creek River & 
Stream

30510010  /  
18060002 

� Sedimentation/Siltation
� Agriculture
� Construction/Land

Development 
� Silviculture

1.8 Miles 1992 B 2007 

3 Shingle Mill 
Creek 

River & 
Stream

30412022  /  
18060001 

� Nutrients
� Natural Sources 
� Nonpoint Source 
� Onsite Wastewater 

Systems (Septic Tanks) 
� Pasture Grazing-Riparian 

and/or Upland 

1.6 Miles 1994 B 2003 

� Sedimentation/Siltation
� Construction/Land

Development 
� Nonpoint Source 

1.6 Miles 1992 B 2003 

4 Brown 
Barranca/Long 
Canyon 

River &
Stream 

40321000  /  
18070103 

� Nitrate and Nitrite
� Agriculture-storm runoff 
� Atmospheric Deposition 
� Groundwater Loadings 
� Groundwater Withdrawal 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater 
Systems (Septic Tanks) 

2.6 Miles 1998 B 2004 

4 Calleguas 
Creek Reach 1 
(was Mugu 
Lagoon on 
1998 303(d)
list) 

Estuary 40311000  / 
18070103 

� Chlordane (tissue)
� Nonpoint Source 

344 Acres 1992 B 2005 

� Copper
� Nonpoint Source 
� Point Source 

344 Acres 1996 B 2007 

� DDT (tissue & sediment)
� Nonpoint Source 

344 Acres 1992 B 2005 

� Dieldrin
� Source Unknown 

344 Acres 2006 B 2006 

� Endosulfan (tissue)
� Agriculture-storm runoff 

344 Acres 2006 B 2006 

� Mercury
� Nonpoint Source 
� Point Source 

344 Acres 1996 B 2007 

� Nickel
� Nonpoint Source 
� Point Source 

344 Acres 1996 B 2007 

� Nitrogen
� Nonpoint Source 
� Point Source 

344 Acres 1996 B 2003 

� PCBs (Polychlorinated 
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biphenyls) (tissue)
� Nonpoint Source 
� Point Source 

344 Acres 1996 B 2005 

� Sediment Toxicity
� Nonpoint Source 
� Point Source 

344 Acres 1996 B 2005 

� Sedimentation/Siltation
� Agriculture
� Natural Sources 

344 Acres 1992 B 2007 

� Toxaphene
� Source Unknown 

344 Acres 2006 B 2006 

� Zinc
� Source Unknown 

344 Acres 1996 B 2007 

4 Calleguas 
Creek Reach 12 
(was Conejo 
Creek/Arroyo 
Conejo North 
Fork on 1998 
303d list) 

River & 
Stream

40364000  /  
18070103 

� Ammonia
� Nonpoint Source 
� Point Source 

5.5 Miles 1996 B 2003 

� Chlordane (tissue)
� Nonpoint Source 

5.5 Miles 1996 B 2006 

� DDT (tissue)
� Nonpoint Source 

5.5 Miles 1996 B 2006 

� Dieldrin
� Source Unknown 

5.5 Miles 2006 B 2006 

� PCBs (Polychlorinated 
biphenyls)

� Source Unknown 

5.5 Miles 1996 B 2006 

� Sulfates
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

5.5 Miles 2002 B 2008 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

5.5 Miles 2002 B 2008 

� Toxaphene
� Source Unknown 

5.5 Miles 1988 B 2006 

4 Calleguas 
Creek Reach 13 
(Conejo Creek 
South Fork, 
was Conejo Cr 
Reach 4 and 
part of Reach 3 
on 1998 303d 
list)

River & 
Stream 

40368000  / 
18070104 

� Ammonia
� Nonpoint Source 
� Point Source 

17 Miles 1996 B 2003 

� ChemA (tissue)
� Agriculture-storm runoff 

17 Miles 1996 B 2006 
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� Chlordane
� Source Unknown 

17 Miles 1996 B 2006 

� Chloride
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

17 Miles 2002 B 2008 

� DDT (tissue)
� Nonpoint Source 

17 Miles 1996 B 2005 

� Dieldrin
� Source Unknown 

17 Miles 2006 B 2006 

� Endosulfan (tissue)
� Agriculture-storm runoff 

17 Miles 2006 B 2006 

� PCBs (Polychlorinated 
biphenyls)

� Source Unknown 

17 Miles 1996 B 2006 

� Sulfates
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

17 Miles 2002 B 2008 

� Total Dissolved Solids
� Atmospheric Deposition 
� Domestic Use of Ground 

Water 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry weather 
discharge 

� Surface Runoff 

17 Miles 2002 B 2008 

� Toxaphene (tissue & sediment)
� Nonpoint Source 

17 Miles 1988 B 2006 

� Toxicity
� Nonpoint Source 
� Point Source 

17 Miles 1996 B 2006 

4 Channel 
Islands Harbor 
Beach 

Coastal &
Bay 

Shoreline 

40311000  /  
18070103 

� Indicator Bacteria
� Major Municipal Point 

Source-wet weather 
discharge 

� Natural Sources 
� Unknown Nonpoint Source 

0.03 Miles 2002 B 2008 

4 Dan Blocker 
Memorial 
(Coral) Beach 

Coastal & 
Bay 

Shoreline 

40431000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

2.1 Miles 1998 B 2002 

(This listing includes the area of the beach at Latigo Beach and Solstice Canyon.)

4 Dockweiler 
Beach 

Coastal & 
Bay

Shoreline 

40512000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

4.6 Miles 1998 B 2003 

� ChemA (tissue)
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4 Duck Pond 
Agricultural 
Drains/Mugu 
Drain/Oxnard 
Drain No 2

River & 
Stream 

40311000  / 
18070103 

� Nonpoint Source 12 Miles 1996 B 2006 

� Chlordane (tissue)
� Nonpoint Source 

12 Miles 1996 B 2006 

� DDT (tissue & sediment)
� Nonpoint Source 

12 Miles 1996 B 2006 

� Nitrogen
� Nonpoint Source 

12 Miles 1996 B 2003 

� Sediment Toxicity
� Nonpoint Source 

12 Miles 1996 B 2006 

� Toxaphene (tissue)
� Nonpoint Source 

12 Miles 1996 B 2006 

� Toxicity
� Nonpoint Source 

12 Miles 1996 B 2005 

4 Fox Barranca 
(tributary to 
Calleguas 
Creek Reach 6)

River & 
Stream 

40362000  / 
18070103 

� Boron
� Other

6.7 Miles 1998 B 2008 

� Nitrate and Nitrite
� Nonpoint Source 

6.7 Miles 1998 B 2003 

� Sulfates
� Other

6.7 Miles 1998 B 2008 

� Total Dissolved Solids
� Other

6.7 Miles 1998 B 2008 

4 Hermosa 
Beach 

Coastal & 
Bay 

Shoreline

40512000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

2 Miles 1998 B 2003 

4 Hobie Beach 
(Channel 
Islands Harbor)

Coastal & 
Bay 

Shoreline 

40311000  /  
18070103 

� Indicator Bacteria
� Natural Sources 
� Nonpoint Source 
� Urban Runoff/Storm 

Sewers 

0.1 Miles 2002 B 2008 

4 Leo Carillo 
Beach (South 
of County Line)

Coastal & 
Bay 

Shoreline 

40444000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

1.8 Miles 1998 B 2003 

4 Los Angeles 
River Reach 3 
(Figueroa St. to 
Riverside Dr.)

River & 
Stream 

40521000  / 
18070104 

� Ammonia
� Nonpoint Source 
� Point Source 

7.9 Miles 1996 B 2004 

� Copper
� Source Unknown 

7.9 Miles 2006 B 2005 

� Lead
� Source Unknown 

7.9 Miles 2006 B 2005 

� Nutrients (Algae)
� Nonpoint Source 
� Point Source 

7.9 Miles 1996 B 2004 

� Trash
� Nonpoint Source 
� Surface Runoff 
� Urban Runoff/Storm 

Sewers 

7.9 Miles 1996 B 2008 
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4 Lunada Bay 
Beach 

Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

0.63 Miles 1998 B 2003 

4 Malibou Lake Lake & 
Reservoir

40424000  /  
18070104 

� Algae
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater 
Systems (Septic Tanks) 

� Urban Runoff/Storm 
Sewers 

40 Acres 1996 B 2003 

� Eutrophic
� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater 
Systems (Septic Tanks) 

� Urban Runoff/Storm 
Sewers 

40 Acres 1996 B 2003 

� Organic Enrichment/Low 
Dissolved Oxygen

� Agriculture-animal
� Atmospheric Deposition 
� Golf course activities 
� Groundwater Loadings 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater 
Systems (Septic Tanks) 

� Urban Runoff/Storm 
Sewers 

40 Acres 1998 B 2003 

4 Manhattan 
Beach 

Coastal & 
Bay 

Shoreline

40512000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

2 Miles 1998 B 2003 

4 Marina del Rey 
Harbor Beach 

Coastal &
Bay 

Shoreline 

40517000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

0.29 Miles 1998 B 2004 

4 McGrath Beach Coastal & 
Bay 

Shoreline

40311000  /  
18070103 

� Coliform Bacteria
� Nonpoint Source 

1.7 Miles 1996 B 2003 

4 Mint Canyon 
Creek Reach 1 
(Confl to 
Rowler Cyn)

River & 
Stream 

40351000  / 
18070102 

� Nitrate and Nitrite
� Agriculture-storm runoff 
� Atmospheric Deposition 
� Groundwater Loadings 
� Groundwater Withdrawal 
� Irrigated Crop Production 
� Major Municipal Point 

Source-dry and/or wet 
weather discharge 

� Onsite Wastewater 
Systems (Septic Tanks) 

8.1 Miles 1998 B 2004 

Page 15 of 18

9/20/2013http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_re...

RB-AR35782



4 Monrovia 
Canyon Creek 

River & 
Stream

40531000  /  
18070105 

� Lead
� Nonpoint Source 

3.4 Miles 1996 B 2005 

4 Palo Comado 
Creek 

River & 
Stream

40423000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

6.8 Miles 1996 B 2006 

4 Point Vicente 
Beach 

Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

0.63 Miles 1994 B 2003 

4 Resort Point 
Beach 

Coastal & 
Bay

Shoreline 

40511000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

0.15 Miles 1998 B 2003 

4 San Gabriel 
River, East 
Fork 

River &
Stream 

40543000  /  
18070106 

� Trash
� Nonpoint Source 

5.9 Miles 1996 B 2000 

4 Santa Monica 
Beach 

Coastal & 
Bay

Shoreline 

40513000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

3 Miles 1998 B 2003 

4 Stokes Creek River & 
Stream

40422020  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

4.7 Miles 1996 B 2006 

4 Torrance 
Beach 

Coastal & 
Bay 

Shoreline

40512000  /  
18070104 

� Coliform Bacteria
� Nonpoint Source 

1.1 Miles 1998 B 2003 

4 Torrey Canyon 
Creek 

River & 
Stream

40341000  /  
18070103 

� Nitrate and Nitrite
� Nonpoint Source 

1.7 Miles 1998 B 2004 

4 Venice Beach Coastal & 
Bay 

Shoreline

40513000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

2.5 Miles 2006 B 2003 

4 Will Rogers 
Beach 

Coastal & 
Bay

Shoreline 

40513000  /  
18070104 

� Indicator Bacteria
� Nonpoint Source 

3 Miles 2006 B 2003 

5 Bear Creek 
(Colusa 
County) 

River &
Stream 

51320023  /  
18020116 

� Mercury
� Resource Extraction 

15 Miles 2002 B 2007 

5 Cache Creek, 
North Fork 
(below Indian 
Valley 
Reservoir, Lake
County) 

River & 
Stream 

51340040  /  
18020116 

� Mercury
� Resource Extraction 

14 Miles 2010 B 2007 

5 Clear Lake Lake & 
Reservoir

51352000  /  
18020116 

� Mercury
� Resource Extraction 

40070 
Acres 

1988 B 2003 

� Nutrients
� Agriculture
� Erosion/Siltation
� Grazing-Related Sources 
� Urban Runoff/Storm 

Sewers 

40070 
Acres

1986 B 2007 
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Statewide CATEGORY 4B Final 2010 Integrated Report (CWA 
Section 303(d) List / 305(b) Report)

USEPA Final Approval: October 11,
2011

2010 CALIFORNIA LIST OF WATER QUALITY LIMITED SEGMENTS
BEING ADDRESSED BY ACTIONS OTHER THAN TMDLS

Category 4B Criteria: A water segment where ALL its 303(d) listings are being addressed by action(s) other than TMDL.

* USGS HUC = US Geological Survey Hydrologic Unit Code. Calwater = is the State Water Resources Control Board hydrological 
subunit area or even smaller area delineation.

REGION 
 WATER 
BODY 
NAME 

WATER
TYPE 

WATERSHED*
CALWATER / 
USGS HUC 

� POLLUTANT
� POTENTIAL SOURCES 

Relevant Notes

ESTIMATED 
AREA 

ASSESSED 

FIRST 
YEAR 

LISTED

PROGRAM 
COMPLETION 

DATE

2 Castro 
Cove, 
Richmond 
(San Pablo 
Basin)

Estuary 20660014  /  
18050002

� Dieldrin (sediment)
� Point Source 
� Urban Runoff/Storm 

Sewers 

71 Acres 2002 2010 

� Mercury (sediment)
� Point Source 
� Urban Runoff/Storm 

Sewers 

71 Acres 2006 2010 

� PAHs (Polycyclic Aromatic 
Hydrocarbons) (sediment)

� Point Source 
� Urban Runoff/Storm 

Sewers 

71 Acres 2002 2010 

� Selenium (sediment)
� Point Source 
� Urban Runoff/Storm 

Sewers 

71 Acres 2002 2010 

2 Stege 
Marsh 

Estuary 20330011  /  
18050002 

� Chlordane
� Source Unknown 

29 Acres 2006 2019 

� Copper
� Source Unknown 

29 Acres 2006 2019 

� Dacthal
� Source Unknown 

29 Acres 2006 2019 

� Dieldrin
� Source Unknown 

29 Acres 2006 2019 

� Mercury
� Source Unknown 

29 Acres 2006 2019 

� PCBs (Polychlorinated 
biphenyls)

� Source Unknown 

29 Acres 2006 2019 

� Zinc
� Source Unknown 

29 Acres 2006 2019 

4 Port 
Hueneme 
Harbor 
(Back 

Bay &
Harbor 

40311000  /  
18070103 

� DDT (tissue)
� Nonpoint Source 
� Point Source 

65 Acres 1994 2019 

Page 1 of 4

9/20/2013http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_re...

RB-AR35784



Basins) 

� PCBs (Polychlorinated 
biphenyls) (tissue)

� Nonpoint Source 
� Point Source 

65 Acres 1992 2019 

6 Aspen 
Creek 

River & 
Stream

63210080  /  
16050201 

� Metals
� Acid Mine Drainage 
� Inactive Mining 
� Mine Tailings 
� Natural Sources 
� Nonpoint Source 

0.93 Miles 1992 2019 

This listing is being addressed through a CERCLA remediation 
program and through ongoing work by Lahontan Water Board staff.

6 Bryant 
Creek 

River & 
Stream

63210080  /  
16050201 

� Metals
� Acid Mine Drainage 
� Inactive Mining 
� Mine Tailings 
� Nonpoint Source 

5.2 Miles 1992 2019 

This listing is being addressed through a CERCLA remediation 
program and through ongoing work by Lahontan Water Board staff.

6 Buckeye 
Creek 

River & 
Stream

63040022  /  
16050301 

� Pathogens
� Grazing-Related

Sources 
� Natural Sources 
� Pasture Grazing-

Riparian and/or Upland 
� Range Grazing-

Riparian and/or Upland 
� Recreational and 

Tourism Activities 
(non-boating) 

17 Miles 2002 2027 

This listing is being addressed through the implementation of 
management practices for livestock grazing under Lahontan 
RWQCB Resolution R6T-2007-0019, Waiver of Waste Discharge
Requirements for Grazing Operations in the East Walker River 
Watershed (Bridgeport Valley and Tributaries) of the Lahontan 
Region.

6 Cold Creek River & 
Stream

63410030  /  
16050101 

� Total Nitrogen as N
� Agricultural Water 

Diversion 

7.1 Miles 2010 2028 

This listing is being addressed through a U.S. Forest Service 
restoration project.

6 East 
Walker 
River, 
above 
Bridgeport 
Reservoir

River & 
Stream 

63030050  / 
16050301 

� Pathogens
� Natural Sources 
� Other Urban Runoff 
� Pasture Grazing-

Riparian and/or Upland 
� Recreational and 

Tourism Activities 
(non-boating) 

7.2 Miles 2002 2027 

This listing is being addressed through the implementation of 
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2.  BENEFICIAL USES 
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Introduction 
 
Beneficial uses form the cornerstone of water quality 
protection under the Basin Plan.  Once beneficial 
uses are designated, appropriate water quality 
objectives can be established and programs that 
maintain or enhance water quality can be 
implemented to ensure the protection of beneficial 
uses.  The designated beneficial uses, together with 
water quality objectives (referred to as criteria in 
federal regulations), form water quality standards.  
Such standards are mandated for all waterbodies 
within the state under the California Water Code.  In 
addition, the federal Clean Water Act mandates 
standards for all surface waters, including wetlands. 
 
Twenty-four beneficial uses in the Region are 
identified in this Chapter.  These beneficial uses and 
their definitions were developed by the State and 
Regional Boards for use in the Regional Board Basin 
Plans.  Three beneficial uses were added since the 
original 1975 Basin Plans.  These new beneficial uses 
are Aquaculture, Estuarine Habitat, and Wetlands 
Habitat. 
 
Beneficial uses can be designated for a waterbody in 
a number of ways.  Those beneficial uses that have 
been attained for a waterbody on, or after, November 
28, 1975, must be designated as "existing" in the 
Basin Plans.  Other uses can be designated, whether 
or not they have been attained on a waterbody, in 
order to implement either federal or state mandates 
and goals (such as fishable and swimmable) for 
regional waters.  Beneficial uses of streams that have 
intermittent flows, as is typical of many streams in 
southern California, are designated as intermittent.  
During dry periods, however, shallow ground water or 
small pools of water can support some beneficial 
uses associated with intermittent streams; 
accordingly, such beneficial uses (e.g., wildlife 

habitat) must be protected throughout the year and 
are designated "existing."  In addition, beneficial uses 
can be designated as "potential" for several reasons, 
including: 
 
• implementation of the State Board's policy entitled 

"Sources of Drinking Water Policy" (State Board 
Resolution No. 88-63, described in Chapter 5), 

• plans to put the water to such future use, 
• potential to put the water to such future use, 
• designation of a use by the Regional Board as a 

regional water quality goal, or 
• public desire to put the water to such future use. 

 
Beneficial Use Definitions 
 
Beneficial uses for waterbodies in the Los Angeles 
Region are listed and defined below.  The uses are 
listed in no preferential order. 
 
Municipal and Domestic Supply (MUN)   
Uses of water for community, military, or individual 
water supply systems including, but not limited to, 
drinking water supply. 
 
Agricultural Supply (AGR)  
Uses of water for farming, horticulture, or ranching 
including, but not limited to, irrigation, stock watering, 
or support of vegetation for range grazing. 
 
Industrial Process Supply (PROC)  
Uses of water for industrial activities that depend 
primarily on water quality. 
 
Industrial Service Supply (IND)  
Uses of water for industrial activities that do not 
depend primarily on water quality including, but not 
limited to, mining, cooling water supply, hydraulic 
conveyance, gravel washing, fire protection, or oil well 
re-pressurization. 
 
Ground Water Recharge (GWR) 
Uses of water for natural or artificial recharge of 
ground water for purposes of future extraction, 
maintenance of water quality, or halting of saltwater 
intrusion into freshwater aquifers. 
 
 
Freshwater Replenishment (FRSH)  
Uses of water for natural or artificial maintenance of 
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surface water quantity or quality (e.g., salinity). 
 
Navigation (NAV) 
Uses of water for shipping, travel, or other 
transportation by private, military, or commercial 
vessels. 
 
Hydropower Generation (POW)  
Uses of water for hydropower generation. 
 
Water Contact Recreation (REC-1)  
Uses of water for recreational activities involving body 
contact with water, where ingestion of water is 
reasonably possible.  These uses include, but are not 
limited to, swimming, wading, water-skiing, skin and 
scuba diving, surfing, white water activities, fishing, or 
use of natural hot springs.   
 
Limited Water Contact Recreation (LREC-1) 
Uses of water for recreational activities involving body 
contact with water, where full REC-1 use is limited by 
physical conditions such as very shallow water depth 
and restricted access and, as a result, ingestion of 
water is incidental and infrequent.  
 
Non-contact Water Recreation (REC-2)  
Uses of water for recreational activities involving 
proximity to water, but not normally involving body 
contact with water, where ingestion of water is 
reasonably possible. These uses include, but are not 
limited to, picnicking, sunbathing, hiking, 
beachcombing, camping, boating, tidepool and 
marine life study, hunting, sightseeing, or aesthetic 
enjoyment in conjunction with the above activities. 
 
High Flow Suspension: The High Flow Suspension 
shall apply to water contact recreational activities 
associated with the swimmable goal as expressed in 
the federal Clean Water Act section 101(a)(2) and 
regulated under the REC-1 use, non-contact water 
recreation involving incidental water contact regulated 
under the REC-2 use, and the associated 
bacteriological objectives set to protect those 
activities. Water quality objectives set to protect (1) 
other recreational uses associated with the fishable 
goal as expressed in the federal Clean Water Act 
section 101(a)(2) and regulated under the REC-1 use 
and (2) other REC-2 uses (e.g., uses involving the 
aesthetic aspects of water) shall remain in effect at all 
times for waters where the (av) footnote appears in 
Table 2-1a. The High Flow Suspension shall apply on 
days with rainfall greater than or equal to ½ inch and 
the 24 hours following the end of the ½-inch or 
greater rain event, as measured at the nearest local 
rain gauge, using local Doppler radar, or using widely 

accepted rainfall estimation methods. The High Flow 
Suspension only applies to engineered channels, 
defined as inland, flowing surface water bodies with a 
box, V-shaped or trapezoidal configuration that have 
been lined on the sides and/or bottom with concrete. 
The water bodies to which the High Flow Suspension 
applies are identified in Table 2-1a in the column 
labeled “High Flow Suspension”. 
 
Commercial and Sport Fishing (COMM)  
Uses of water for commercial or recreational 
collection of fish, shellfish, or other organisms 
including, but not limited to, uses involving organisms 
intended for human consumption or bait purposes. 
 
Aquaculture (AQUA)  
Uses of water for aquaculture or mariculture 
operations including, but not limited to, propagation, 
cultivation, maintenance, or harvesting of aquatic 
plants and animals for human consumption or bait 
purposes. 
 
Warm Freshwater Habitat (WARM) 
Uses of water that support warm water ecosystems 
including, but not limited to, preservation or 
enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates. 
 
Cold Freshwater Habitat (COLD)  
Uses of water that support cold water ecosystems 
including, but not limited to, preservation or 
enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates. 
 
Inland Saline Water Habitat (SAL)  
Uses of water that support inland saline water 
ecosystems including, but not limited to, preservation 
or enhancement of aquatic saline habitats, vegetation, 
fish, or wildlife, including invertebrates. 
 
Estuarine Habitat (EST)  
Uses of water that support estuarine ecosystems 
including, but not limited to, preservation or 
enhancement of estuarine habitats, vegetation, fish, 
shellfish, or wildlife (e.g., estuarine mammals, 
waterfowl, shorebirds). 
 
Wetland Habitat (WET) 
Uses of water that support wetland ecosystems, 
including, but not limited to, preservation or 
enhancement of wetland habitats, vegetation, fish, 
shellfish, or wildlife, and other unique wetland 
functions which enhance water quality, such as 
providing flood and erosion control, stream bank 
stabilization, and filtration and purification of naturally 
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occurring contaminants. 
 
Marine Habitat (MAR)  
Uses of water that support marine ecosystems 
including, but not limited to, preservation or 
enhancement of marine habitats, vegetation such as 
kelp, fish, shellfish, or wildlife (e.g., marine mammals, 
shorebirds). 
 
Wildlife Habitat (WILD) 
Uses of water that support terrestrial ecosystems 
including, but not limited to, preservation and 
enhancement of terrestrial habitats, vegetation, 
wildlife (e.g., mammals, birds, reptiles, amphibians, 
invertebrates), or wildlife water and food sources. 
 
Preservation of Biological Habitats (BIOL) 
Uses of water that support designated areas or 
habitats, such as Areas of Special Biological 
Significance (ASBS), established refuges, parks, 
sanctuaries, ecological reserves, or other areas 
where the preservation or enhancement of natural 
resources requires special protection. 
 
The following coastal waters have been designated 
as ASBS in the Los Angeles Region.  For detailed 
descriptions of their boundaries see the Ocean Plan 
discussion in Chapter 5, Plans and Policies: 
 
• San Nicolas Island and Begg Rock 
• Santa Barbara Island and Anacapa Island  
• San Clemente Island 
• Mugu Lagoon to Latigo Point   
 
• Santa Catalina Island, Subarea One, Isthmus 

Cove to Catalina Head  
• Santa Catalina Island, Subarea Two, North End 

of Little Harbor to Ben Weston Point  
• Santa Catalina Island, Subarea Three, 

Farnsworth Bank Ecological Reserve  
• Santa Catalina Island, Subarea Four, Binnacle 

Rock to Jewfish Point 
 
The following areas are designated Ecological 
Reserves or Refuges: 
 
• Channel Islands National Marine Sanctuary 
• Santa Barbara Island Ecological Reserve 
• Anacapa Island Ecological Reserve 
• Catalina Marine Science Center Marine Life 
• Point Fermin Marine Life Refuge 
• Farnsworth Bank Ecological Reserve 
• Lowers Cove Reserve 
• Abalone Cove Ecological Reserve 
• Big Sycamore Canyon Ecological Reserve 

 
Rare, Threatened, or Endangered Species (RARE) 
Uses of water that support habitats necessary, at 
least in part, for the survival and successful 
maintenance of plant or animal species established 
under state or federal law as rare, threatened, or 
endangered. 
 
Migration of Aquatic Organisms (MIGR)  
Uses of water that support habitats necessary for 
migration, acclimatization between fresh and salt 
water, or other temporary activities by aquatic 
organisms, such as anadromous fish. 
 
Spawning, Reproduction, and/or Early 
Development (SPWN)  
Uses of water that support high quality aquatic  
habitats suitable for reproduction and early 
development of fish. 
 
Shellfish Harvesting (SHELL)  
Uses of water that support habitats suitable for the 
collection of filter-feeding shellfish (e.g., clams, 
oysters, and mussels) for human consumption, 
commercial, or sports purposes. 

 
Beneficial Uses for Specific 
Waterbodies 
 
Tables 2-1 through 2-4 list the major regional 
waterbodies and their designated beneficial uses.  
These tables are organized by waterbody type:  
(i) inland surface waters (rivers, streams, lakes, and 
inland wetlands), (ii) ground water, (iii) coastal waters 
(bays, estuaries, lagoons, harbors, beaches, and 
ocean waters), and (iv) coastal wetlands.  Within 
Tables 2-1 and 2-1a waterbodies are organized by 
major watersheds.  Twelve digit Hydrologic unit codes 
are noted in the surface water tables (2-1, 2-1a, 2-3, 
and 2-4) as a cross reference to the Watershed 
Boundary Dataset developed by the United States 
Geological Survey (2007). For those surface 
waterbodies that cross into other hydrologic units, 
such waterbodies appear more than once in a table.  
Furthermore, certain coastal waterbodies are 
duplicated in more than one table for completeness 
(e.g., many lagoons are listed both in inland surface 
waters and in coastal features tables).  Major 
groundwater basins are classified in Table 2-2 
according to the Department of Water Resources 
Bulletin No.119 – Update 2003.  A series of maps 
(Figures 2-1 to 2-22) illustrates regional surface 
waters, ground waters, and major harbors.   
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The Regional Board contracted with the California 
Department of Water Resources for a study of 
beneficial uses and objectives for the upper Santa 
Clara River (DWR, 1989) and for another study of the 
beneficial uses and objectives the Piru, Sespe, and 
Santa Paula Hydrologic areas of the Santa Clara 
River (DWR, 1993).  In addition, the Regional Board 
contracted with Dr. Prem Saint of California State 
University at Fullerton to survey and research 
beneficial uses of all waterbodies throughout the 
Region (Saint, et al., 1993a and 1993b).  Information 
from these studies was used to update this Basin 
Plan. 
 
State Board Resolution No. 88-63 (Sources of 
Drinking Water) followed by Regional Board 
Resolution No. 89-03 (Incorporation of Sources of 
Drinking Water Policy into the Water Quality Control 
Plans (Basin Plans)) states that " All surface and 
ground waters of the State are considered to be 
suitable, or potentially suitable, for municipal or 
domestic waters supply and should be so designated 
by the Regional Boards ... [with certain exceptions 
which must be adopted by the Regional Board]."  In 
adherence with these policies, all inland surface and 
ground waters have been designated as MUN - 
presuming at least a potential suitability for such a 
designation. 
 
These policies allow for Regional Boards to consider 
the allowance of certain exceptions according to 
criteria set forth in SB Resolution No. 88-63.  While 
supporting the protection of all waters that may be 
used as a municipal water supply in the future, the  
Regional Board realizes that there may be exceptions 
to this policy.   
 
In recognition of this fact, the Regional Board will 
soon implement a detailed review of criteria in the 
State Sources of Drinking Water policy and identify 
those waters in the Region that should be excepted 
from the MUN designation.  Such exceptions will be 
proposed under a special Basin Plan Amendment and 
will apply exclusively to those waters designated as 
MUN under SB Res. No. 88-63 and RB Res. No. 89-
03. 
 
In the interim, no new effluent limitations will be 
placed in Waste Discharge Requirements as a result 
of these designations until the Regional Board adopts 
this amendment. 
,  
The following sections summarize general information 
regarding beneficial uses designated for the various 
waterbody types. 

 
 
Inland Surface Waters 
 
Inland surface waters consist of rivers, streams, 
lakes, reservoirs, and inland wetlands.  Beneficial 
uses of these inland surface waters and their 
tributaries (which are graphically represented on 
Figures 2-1 to 2-10) are designated on Tables 2-1 
and 2-1a. 
 
Beneficial uses of inland surface waters generally 
include REC-1 (swimmable) and WARM, COLD, SAL, 
or COMM (fishable), reflecting the goals of the federal 
Clean Water Act.  In addition, inland waters are 
usually designated as IND, PRO, REC-2, WILD, and 
are sometimes designated as BIOL and RARE.  In a 
few cases, such as reservoirs used primarily for 
drinking water, REC-1 uses can be restricted or 
prohibited by the entities that manage these waters.  
Many of these reservoirs, however, are designated as 
potential for REC-1, again reflecting federal goals.  
Furthermore, many regional streams are primary 
sources of replenishment for major groundwater 
basins that supply water for drinking and other uses, 
and as such must be protected as GWR.  Inland 
surface waters that meet the criteria mandated by the 
Sources of Drinking Water Policy (which became 
effective when the State Board adopted Resolution 
No. 88-63 in 1988) are designated MUN.  (This policy 
is reprinted in Chapter 5, Plans and Policies).   
 
 
Under federal law, all surface waters must have water 
quality standards designated in the Basin Plans.  Most 
of the inland surface waters in the Region have 
beneficial uses specifically designated for them.  
Those waters not specifically listed (generally smaller 
tributaries) are designated with the same beneficial 
uses as the streams, lakes, or reservoirs to which 
they are tributary.  This is commonly referred to as the 
"tributary rule." 
 
Ground Waters 
 
Beneficial uses for regional groundwater basins 
(Figure 1-9) are designated on Table 2-2.  For 
reference, Figures 2-11 to 2-18 show enlargements of 
all of the major basins and sub-basins referred to in 
the ground water beneficial use table (Table 2-2) and 
the water quality objective table (Table 3-8) in  
Chapter 3.   
 
Many groundwater basins are designated MUN, 
reflecting the importance of ground water as a source 
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of drinking water in the Region and as required by the 
State Board's Sources of Drinking Water Policy.  
Other beneficial uses for ground water are generally 
IND, PROC, and AGR.  Occasionally, ground water is 
used for other purposes (e.g., ground water pumped 
for use in aquaculture operations at the Fillmore Fish 
Hatchery). 
 
Coastal Waters 
 
Coastal waters in the Region include bays, estuaries, 
lagoons, harbors, beaches, and ocean waters.  
Beneficial uses for these coastal waters provide 
habitat for marine life and are used extensively for 
recreation, boating, shipping, and commercial and 
sport fishing, and are accordingly designated in Table 
2-3.  Figures 2-19 to 2-22 show specific sub-areas of 
some of these coastal waters. 
 
Wetlands 
 
Wetlands include freshwater, estuarine, and saltwater 
marshes, swamps, mudflats, and riparian areas.  As 
the California Water Code (§13050[e]) defines 
"waters of the state" to be "any water, surface or 
underground, including saline waters, within the 
boundaries of the state," natural wetlands are 
therefore entitled to the same level of protection as 
other waters of the state. 
 
 
Wetlands also are protected under the Clean Water 
Act, which was enacted to restore and maintain the 
physical, chemical, and biological integrity of the 
nation's waters, including wetlands.  Regulations 
developed under the CWA specifically include 
wetlands "as waters of the United States" (40 CFR 
116.3) and defines them as "those areas that are 
inundated or saturated by surface or ground water at 
a frequency and duration sufficient to support, and 
that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in 
saturated soil conditions."  Although the definition of 
wetlands differs widely among federal agencies, both 
the USEPA and the U.S. Army Corps of Engineers 
use this definition in administrating the 404 permit 
program. 
 
Recently, both state and federal wetlands policies 
have been developed to protect these valuable 
waters.  Executive Order W-59-93 (signed by 
Governor Pete Wilson on August 23, 1993) 
established state policy guidelines for wetlands 
conservation.  The primary goal of this policy is to 
ensure no overall net loss and to achieve a long-term 

net gain in the quantity, quality, and permanence of 
wetland acreage in California.  The federal wetlands 
policy, representing a significant advance in wetlands 
protection, was unveiled by nine federal agencies on 
August 24, 1993.  This policy represents an 
agreement that is sensitive to the needs of 
landowners, more efficient, and provides flexibility in 
the permit process. 
 
The USEPA has requested that states adopt water 
quality standards (beneficial uses and objectives) for 
wetlands as part of their overall effort to protect the 
nation's water resources.  The 1975 Basin Plans 
identified a number of waters which are known to 
include wetlands; these wetlands, however, were not 
specifically identified as such.  In this Basin Plan, a 
wetlands beneficial use category has been added to 
identify inland waters that support wetland habitat as 
well as a variety of other beneficial uses.  The 
wetlands habitat definition recognizes the uniqueness 
of these areas and functions they serve in protecting 
water quality.  Tables 2-1a and 2-4 identifies and 
designates beneficial uses for significant coastal 
wetlands in the Region.  These waterbodies are also 
included on Tables 2-1 and 2-3.  Beneficial uses of 
wetlands include many of the same uses designated 
for the  rivers, lakes, and coastal waters to which they 
are adjacent, and include REC-1, REC-2, WARM, 
COLD, EST, MAR, WET, GWR, COMM, SHELL, 
MIGR, SPWN, WILD and often RARE or BIOL. 
 
As some wetlands can not be easily identified in 
southern California because of the hydrologic regime, 
the Regional Board identifies wetlands using 
indicators such as hydrology, presence of hydrophytic 
plants (plants adapted for growth in water), and/or 
hydric soils (soils saturated for a period of time during 
the growing season).  The Regional Board contracted 
with Dr. Prem Saint, et al. (1993a and 1993b), to 
inventory and describe major regional wetlands.  
Information from this study was used to update this 
Basin Plan.  
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Table 2-1. Beneficial Uses of Inland Surface Waters. 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  c: Coastal waterbodies which are also listed in inland Surface Waters Tables (2-1) or in Wetlands Table (2-4). 

more details).                                                                                                                          e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

f: Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early development.  

This may include migration into areas which are heavily influenced by freshwater inputs. 

g: Condor refuge. 

 

 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

Los Sauces Creek 180701010202 P* I I I I I I E I I
Poverty Canyon 180701010202 P* I I I I I I E I I

Madranio Canyon 180701010202 P* I I I I I I E I I
Javon Canyon 180701010202 P* I I I I I I E I I E
Padre Juan Canyon 180701010202 P* I I I I I I E I I
McGrath Lake 180701010202 P E E Ee E
Big Sycamore Canyon Creek 180701040201 P* I I E E P P E
Little Sycamore Canyon Creek 180701040202 P* I E E P

VENTURA RIVER WATERSHED

Ventura River Estuary 
c

180701010106 E E E E E E Ee Ef Ef E E
Ventura River Reach 1 (Ventura River Estuary to Main St.) 180701010106 P* E E E E E E E E E E E
Ventura River Reach 2 (Main St. to Weldon Canyon) 180701010106 P* E E E E E E E E E E E
Cañada Larga 180701010106 P* I I I I I I E I I
Lake Casitas 180701010105 E E E E P P P E E E E
Lake Casitas tributaries 180701010105 E* P E E E E P E E E
Ventura River Reach 3 (Weldon Canyon to Casitas Vista Rd.) 180701010106 P* E E E E E E E E E E E
Ventura River Reach 4 (Casitas Vista Rd. to San Antonio Creek) 180701010106 P* E E E E E E E E E E E
Ventura River Reach 4 (San Antonio Creek to Camino Cielo Rd.) 180701010104 E E E E E E E E E Eg E E E
Coyote Creek 180701010105 P* E E E E E E E
San Antonio Creek (Ventura River Reach 4 to Lion Creek) 180701010103 E E E E E E E E E E E
San Antonio Creek (above Lion Creek) 180701010103 E E E E E E E E E E E E

Lion Creek 180701010103 I* I I I I I E
Reeves Creek 180701010103 I* I I I I I I E I I

Mirror Lake 180701010104 P* E E E E
Ojai Wetland 180701010104 P* E E E
Ventura River Reach 5 (above Camino Cielo Rd.) 180701010104 E E E E E E E E E Eg E E E
Matilija Creek Reach 1 (Ventura River Reach 5 to Matilija Reservoir) 180701010101 P* E E E E E E
Matilija Creek Reach 2 (above Matilija Reservoir) 180701010101 P* E E E E E E

Murietta Canyon Creek 180701010101 P* E E E E E E
North Fork Matilija Creek 180701010102 E* E E E E E E E E E E E
Matilija Reservoir 180701010101 E E E E E E E E E E

VENTURA COUNTY COASTAL STREAMS

RB-AR35825



Los Angeles Regional Water Quality Control Board 

2-7 

 

Table 2-1. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 
P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  c: Coastal waterbodies which are also listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

more details).                                                                                                                          e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

 f:Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early development. 

This may include migration into areas which are heavily influenced by freshwater inputs. 

g: Condor refuge. 

i: Soledad Canyon is the habitat of the Unarmored Three-Spine Stickleback. 

 

 
 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

Santa Clara River Estuary (Ends at Harbor Blvd.)
 c

180701020904 E E E E E Ee Ef Ef E
Santa Clara River Reach 1

Santa Clara River (Estuary to Highway 101 bridge) 180701020904 P* E E E E E E E E E E E
Santa Clara River Reach 2

Santa Clara River (Highway 101 bridge to Ellsworth Barranca) 180701020904 P* E E E E E E E E E E E
Santa Clara River (Ellsworth Barranca to Freeman Diversion) 180701020903 P* E E E E E E E E E E E

Santa Clara River Reach 3
Santa Clara River (Freeman Diversion Dam to Santa Paula Creek) 180701020903 P* E E E E E E E E E E
Santa Clara River (Santa Paula Creek to Sespe Creek) 180701020902 P* E E E E E E E E E E
Santa Clara River (Sespe Creek to A Street, Fillmore) 180701020802 P* E E E E E E E E E E

Santa Clara River Reach 4A
Santa Clara River (A  Street, Fillmore to Piru Creek) 180701020802 P* E E E E E E E E E E

Santa Clara River Reach 4B
Santa Clara River (Piru Creek to Blue Cut gaging station) 180701020403 P* E E E E E E E E E E

Santa Clara River Reach 5
Santa Clara River (Blue Cut gaging station to West Pier Highway 99) 180701020403 P* E E E E E E E E E

Santa Clara River Reach 6
Santa Clara River (West Pier Highway 99 to Bouquet Canyon Rd.) 180701020403 P* E E E E E E E E E

Santa Clara River Reach 7
Santa Clara River (Bouquet Canyon Rd. to Lang gaging station) 180701020107 P* E E E E E E E E E

Santa Clara River Reach 8
Soledad Canyon (Lang gaging station to Agua Dulce Canyon Creek) 180701020107 E* E E E E E E E Ei E
Soledad Canyon (Agua Dulce Canyon Creek to Aliso Canyon Creek) 180701020105 E* E E E E E E E Ei E
Soledad Canyon (above Aliso Canyon Creek) 180701020102 E* E E E E E E E Ei E

Santa Clara River Reach 9
Santa Paula Creek (above Santa Paula Water Works Diversion Dam) 180701020901 P E E E E E E E E E E E

Santa Clara River Reach 10

Sespe Creek (gaging station below Little Sespe Creek to Hot Springs Canyon) 180701020705 P E P E E E E E E Eg E E E

Sespe Creek (Hot Springs Canyon to Piedra Blanca Creek) 180701020703 P E P E E E E E E Eg E E E
Sespe Creek (Piedra Blanca Creek to Potrero John Creek) 180701020702 P E P E E E E E E Eg E E E
Sespe Creek (above Potrero John Creek) 180701020701 P E P E E E E E E Eg E E E

Santa Clara River Reach 11

Piru Creek (gaging station below Santa Felicia Dam to Agua Blanca Creek) 180701020603 P E E E E E E E E Eg E E E
Piru Creek (Agua Blanca Creek to Pyramid Lake) 180701020602 P E E E E E E E E Eg E E
Piru Creek (Pyramid Lake to Snowy Creek) 180701020508 P E E E E E E E E Eg E E
Piru Creek (Snowy Creek to Lockwood Creek) 180701020505 P E E E E E E E E Eg E E
Piru Creek (above Lockwood Creek) 180701020502 P E E E E E E E E Eg E E

Santa Paula Creek (Santa Clara River R4A to Santa Paula Water Works Diversion Dam)180701020901 P E E E E E E E E E E E
Sisar Creek 180701020901 P E P E E E E E Eg E E

SANTA CLARA RIVER WATERSHED
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Table 2-1. Beneficial Uses of Inland Surface Waters (Continued).  

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  g: Condor refuge. 

more details).                                                                                                                          j: Out of service.  

 

 

 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

Sespe Creek (Santa Clara River R3 to gaging station below Little Sespe Creek) 180701020706 P E E E E E E E E E E E E
Timber Creek 180701020703 P* E E E E E E E E
Bear Canyon 180701020703 P* E E P E E E E E E
Trout Creek 180701020703 P* E E E E E E E E
Piedra Blanca Creek 180701020703 P* E E E E E E E
Lion Canyon 180701020702 P* E E E E E E E
Rose Valley Creek 180701020702 P* E E E E E E
Howard Creek 180701020702 P* E E E E E E E E
Tule Creek 180701020702 P* E P E E E E E E
Potrero John Creek 180701020701 P* E P E E E E E

Hopper Creek 180701020801 P* E E E E E E E Eg E
Piru Creek (Santa Clara River R4A to Santa Paula Water Works Diversion Dam) 180701020604 P E E E E E E E E Eg E E E

Lake Piru 180701020603 P E E E E P  E E E E E

Lake Piru 180701020603 P E E E E P P E E E E E
Pyramid Lake 180701020509 E E E E E P E E E E E

Gorman Creek 180701020507 I* I I I I E P
Canada de los Alamos 180701020506 I* I I I I I E E

Lockwood Creek 180701020504 I* I I I I E
Lockwood Creek 180701020504 I* I I I I I E

Tapo Canyon 180701020403 P* P E E
Castaic Creek (Santa Clara River R5 to Castaic Lake) 180701020306 I I I I I I I E E
Castaic Creek (Castaic Lake to Fish Canyon) 180701020305 I I I I I I I E E
Castaic Creek (above Fish Canyon) 180701020304 I I I I I I I E E
Castaic Lagoon 180701020306 E* E E E E E E E
Castaic Lake 180701020305 E E E E E E E E I E E E
Castaic Lake 180701020304 E E E E E E E E I E E E
Elderberry Forebay 180701020305 E E E E E E E E E E E

Elizabeth Lake Canyon 180701020304 I I I I I I I E
San Francisquito Canyon I 180701020402 I I I I I I I E E I E

Drinkwater Reservoir 180701020402 P* E P E E E
South Fork Santa Clara River 180701020401 I* I I I I I I E
Bouquet Canyon (Santa Clara River R6 to Vasquez Canyon) 180701020401 E I E I P I P I E P E E E P E
Bouquet Canyon (above Vasquez Canyon) 180701020401 P P P E E P E E E E E

Dry Canyon Creek 180701020202 I I I I I I I E
Dry Canyon Reservoir

 j
180701020201 E E E E P P P E E

Bouquet Reservoir 180701020201 E E E E E E P E E
Mint Canyon Creek Reach 1 (Santa Clara River R7 to Rowher Canyon) 180701020106 I I I I I I I E
Mint Canyon Creek Reach 2 (above Rowher Canyon) 180701020106 I* I I I I I I E
Agua Dulce Canyon Creek (Santa Clara River R8 to Escondido Canyon Rd.) 180701020104 I* I I I I I I E E

Agua Dulce Canyon Creek (above Escondido Canyon Rd.) 180701020104 I* I I I I E

Aliso Canyon Creek 180701020101 P* P E E E E
Lake Hughes 180701020301 P P P P P P E E
Munz Lake 180701020301 P* P P P E P E E
Lake Elizabeth 180701020301 P P P P P P E E E

SANTA CLARA RIVER WATERSHED (Cont.)
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Table 2-1. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  c: Coastal waterbodies which are also  listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

more details).                                                                                                                          d: Limited public access precludes full utilization. 

e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

f: Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early 

development. This may include migration into areas which are heavily influenced by freshwater inputs. 

o: Marine habitats of the Channel Islands and Mugu Lagoon serve as pinniped haul-out areas for one or more species (i.e. sea lions). 

p: Habitat of the Clapper Rail. 

 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

Calleguas Creek Estuary 
c

180701030107 P E E E Ee,p Ef Ef E
Calleguas Creek Reach 1

Mugu Lagoon 
c

180701030102 E Ed E E Eo E Ee,p Ef Ef Ed E
Calleguas Creek Reach 2

Calleguas Creek (Estuary to Potrero Rd.) 180701030107 P* E E E E E E Ep E
Calleguas Creek Reach 3

Calleguas Creek (Potrero Rd. to  Conejo Creek) 180701030107 P* E E E E E E
Calleguas Creek Reach 4

Revolon Slough (Calleguas Creek Rch 2 to Pleasant Valley Rd.) 180701030107 P* P E E E E E
Revolon Slough (Pleasant Valley Rd. to Central Ave.) 180701030106 P* P E E E E E

Calleguas Creek Reach 5
Beardsley Channel (above Central Ave.) 180701030106 P* E E E

Calleguas Creek Reach 6
Arroyo Las Posas (Calleguas Creek Rch 3 to Long Canyon) 180701030103 P* P P P E E P E
Arroyo Las Posas (Long Canyon to Hitch Rd.) 180701030103 P* P P P E E E P E

Calleguas Creek Reach 7
Arroyo Simi (Hitch Rd. to Happy Camp Canyon) 180701030103 P* I I I I E E
Arroyo Simi (Happy Camp Canyon to Alamos Canyon) 180701030102 P* I I I I E E
Arroyo Simi (Alamos Canyon to Tapo Canyon Creek) 180701030102 I* I I I I E

Arroyo Simi (above Tapo Canyon Creek) 180701030101 I* I I I I E
Calleguas Creek Reach 8

Tapo Canyon Creek (above Arroyo Simi) 180701030101 I* P P I I E
Calleguas Creek Reach 9A

Conejo Creek (Camrosa Diversion to Camarillo Rd.) 180701030105 P* E E E E E E
Conejo Creek (Camarillo Rd. to Arroyo Santa Rosa) 180701030105 P* I I I E E

Calleguas Creek Reach 9B
Conejo Creek (Calleguas Creek Rch 3 to Camrosa Diversion) 180701030105 P* E E E E E E

Calleguas Creek Reach 10
Arroyo Conejo (Conejo Creek to North Fork Arroyo Conejo) 180701030105 P* I I I E E

Calleguas Creek Reach 11 (Arroyo Santa Rosa) 
Arroyo Santa Rosa (above confl. with Conejo Creek) 180701030105 P* I I I E

Calleguas Creek Reach 12
North Fork Arroyo Conejo (above confl. with Arroyo Conejo) 180701030104 P* <del> E E E E E

Calleguas Creek Reach 13
Arroyo Conejo (above confl. with North Fork Arroyo Conejo) 180701030104 P* I I I E

Gillibrand Canyon Creek (Tapo Canyon Creek to Windmill Canyon) 180701030101 P* I I I E
Gillibrand Canyon Creek (above Windmill Canyon) 180701030101 P* I I E
Lake Bard (Wood Ranch Reservoir) 180701030102 E E E E P E E

CALLEGUAS-CONEJO CREEK WATERSHED

RB-AR35828
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Table 2-1. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  c: Coastal waterbodies which are also  listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

more details).                                                                                                                          e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

f: Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early 

development. This may include migration into areas which are heavily influenced by freshwater inputs. 

t: Rare applies only to Agua Magna canyon and Sepluveda Canyon  areas. 

u: This reservoir is covered and thus inaccessible. 

 

 

 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

LOS ANGELES COUNTY COASTAL STREAMS

Arroyo Sequit 180701040202 P* I E E E E E E E
San Nicholas Canyon Creek 180701040202 P* I E
Los Alisos Canyon Creek 180701040202 P* I E E
Lachusa Canyon Creek 180701040202 P* I E
Encinal Canyon Creek 180701040202 P* I E E
Trancas Canyon Creek 180701040203 E* E E E
Dume Lagoon 

c
180701040203 E E E E Ee Pf Pf E

Dume Creek (Zuma Canyon) 180701040203 E* E E E E P P
Ramirez Canyon Creek 180701040204 I* I E P
Escondido Canyon Creek 180701040204 I* I E E
Latigo Canyon Creek 180701040204 I* I E E
Solstice Canyon Creek 180701040204 E* E E P P
Puerco Canyon Creek 180701040204 I* I E
Corral Canyon Creek 180701040204 I* I E
Carbon Canyon Creek 180701040403 P* I E
Las Flores Canyon Creek 180701040403 P* I E
Piedra Gorda Canyon Creek 180701040403 P* I E
Pena Canyon Creek 180701040403 P* I E E
Tuna Canyon Creek 180701040403 P* I E
Topanga Lagoon 

c
180701040401 E E E E Ee Ef Ef E

Topanga Canyon Creek 180701040401 P* E E E P I
Santa Ynez Canyon 180701040403 P* I E E
Santa Ynez Lake (Lake Shrine) 180701040403 P* E E
Santa Monica Canyon Channel 180701040402 P* P P

Rustic Canyon Creek 180701040402 P* I E
Sullivan Canyon Creek 180701040402 P* I E
Mandeville Canyon Creek 180701040402 P* I E

Coastal Streams of Palos Verdes 180701040500 P* I I E E
Canyon Streams of Palos Verdes 180701040701 P* I I E Et
Bixby Slough 180701040701 P* E E E E
Machado Lake 180701040701 P* E E E E
Madrona Marsh 180701040701 P E E
Stone Canyon Reservoir 180701040300 E* E E P E E
Hollywood Reservoir 180701040300 E* E E P E E
Franklin Canyon Reservoir 180701040300 E* Pu
Upper Franklin Canyon Reservoir 180701040300 E* E E P E E E

RB-AR35829
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Table 2-1. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  c: Coastal waterbodies which are also  listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

more details).                                                                                                                          e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

au: The REC-1 use designation does not apply to recreational activities associated with    f: Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early development. 

the swimmable goal as expressed in the Federal Clean Water Act section 101(a)(2) and    This may include migration into areas which are heavily influenced by freshwater inputs. 

regulated under the REC-1 use in the Basin Plan, or the associated bacteriological             w: These areas are engineered channels.  All references to Tidal Prisms in Regional Board documents are functionally equivalent to  

objectives set to  protect those activities. However, water quality objectives set to              estuaries. 

protect other REC-1uses associated with the fishable goal as expressed in the Federal 

Clean Water Act section 1010(a)(2) shall remain in effect for waters where the (au) 

footnote appears.           

av: The High Flow Suspension only applies to water contact recreational activities associated with the swimmable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use, non-

contact water recreation involving incidental water contact regulated under the REC-2 use, and the associated bacteriological objectives set to protect those activities. Water quality objectives set to protect (1) other 

recreational uses associated with the fishable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses involving the aesthetic aspects of 

water) shall remain in effect at all times for waters where the  (av) footnote appears. 

** The dividing line between “Ballona Creek” and “Ballona Creek to Estuary” is the point at which the vertical channel walls transition to sloping walls. 

 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

Malibu Lagoon 
c

180701040104 E E E E Ee Ef Ef E
Malibu Creek 180701040104 P* E E E E E E E

Cold Creek 180701040104 P* P E E P E
Las Virgenes Creek 180701040103 P* E P E E P P E

Century Reservoir 180701040104 P* E E E
Malibou Lake 180701040104 P* E E E E E
Medea Creek Reach 1 (Malibou Lake to Lindero Creek Reach 1) 180701040102 P* I I P E E E
Medea Creek Reach 2 (above Lindero Creek Reach 1) 180701040102 I* I E E E

Lindero Creek Reach 1 (Medea Creek Reach 1 to Lake Lindero) 180701040102 P* I E
Lindero Creek Reach 2 (above Lake Lindero) 180701040102 P* I E

Triunfo Creek Reach 1 (Malibou Lake to Lobo Canyon) 180701040104 P* I E
Triunfo Creek Reach 2 (Lobo Canyon to Westlake Lake) 180701040101 P* I I E E
Westlake Lake 180701040101 P* E E E
Potrero Valley Creek 180701040101 P* I P E

Lake Eleanor Creek 180701040101 P* I I E
Lake Eleanor 180701040101 P* E E E E E

Las Virgenes (Westlake) Reservoir 180701040101 E E E E P E
Hidden Valley Creek 180701040101 I* I I E
Lake Sherwood 180701040101 P* E E E E E

BALLONA CREEK WATERSHED

Ballona Creek Estuary (ends at Centinela Creek) 
c,w

180701040300 E E E E E Ee Ef Ef E
Ballona Lagoon/ Venice Canals 

c
180701040403 E E E E E Ee Ef Ef E E

Ballona Wetlands 
c

180701040300 E E Ee Ef Ef E
Del Rey Lagoon

 c
180701040500 E E E E Ee Ef Ef E

Ballona Creek Reach 2 (Estuary to National Blvd.) 180701040300 P* P P
Ballona Creek Reach 1 (above National Blvd.) 180701040300 P* P E

LOS CERRITOS CHANNEL WATERSHED

Los Cerritos Wetlands 
c

180701040702 E E E E Ee Pf Pf E E
Los Cerritos Channel Estuary (Ends at Anaheim Rd.) 

c
180701040702 E E E E E E Ee Ef Ef E

Sims Pond 180701040702 P* P E E
Los Cerritos Channel 180701040702 P* I E
Colorado Lagoon 180701040702 E P E E

MALIBU CREEK WATERSHED

RB-AR35830
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Table 2-1. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  c: Coastal waterbodies which are also  listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

more details).                                                                                                                          e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

f:Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early development.  

This may include migration into areas which are heavily influenced by freshwater inputs. 

s: Access prohibited by Los Angeles County Department of Public Works. 

w: These areas are engineered channels.  All references to Tidal Prisms in Regional Board documents are functionally equivalent to 

estuaries. 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUAWARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

DOMINGUEZ CHANNEL WATERSHED 

Dominguez Channel Estuary (Ends at Vermont Ave.) 
c,w

180701060102 P E E E E Ee Ef Ef
Dominguez Channel (Estuary to 135th St.) 180701060102 P* P P E
Dominguez Channel (above 135th St) 180701060101 P* P P E

LOS ANGELES RIVER WATERSHED 

Los Angeles River Estuary (Ends at Willow St.)
 c,w

180701050402 E E E E E E Ee Ef Ef P E
Los Angeles River Reach 1 (Estuary to Carson St.) 180701050402 P* P P E E E E E P P Ps
Compton Creek 180701050402 P* E E E E
Los Angeles River Reach 2 (Carson St. to Rio Hondo Reach 1) 180701050402 P* P E E P
Los Angeles River Reach 2 (Rio Hondo Reach 1 to Figueroa St.) 180701050401 P* P E E P

Rio Hondo Reach 1 (Los Angeles River Reach 2 to Santa Ana Freeway) 180701050303 P* I P I
Rio Hondo Reach 2 (Santa Ana Freeway to Whittier Narrows Dam) 180701050303 P* I P I
Rio Hondo Reach 3 (above Whittier Narrows Dam) 180701050302 P* I P I E E
Alhambra Wash 180701050303 P* I P P E
Rubio Wash 180701050303 P* I I E P
Rubio Canyon 180701050301 P* E I E E E
Eaton Wash 180701050301 P* I I E

Eaton Wash (below dam) (Rio Hondo Reach 3 to Eaton Dam) 180701050301 P* I I E
Eaton Wash (above dam) (Eaton Dam to Mount Wilson Toll Rd.) 180701050301 P* I I E
Eaton Reservoir 180701050301 P* I I E
Eaton Canyon Creek (above Mount Wilson Toll Rd.) 180701050301 P* E E E E E E

Arcadia Wash 180701050302 P* I P P
Arcadia Wash 180701050302 P* I P P
Santa Anita Wash (lower) (Rio Hondo Reach 3 to Elkins Ave.) 180701050302 P* I P P E
Santa Anita Wash (upper) (Elkins Ave. to Big Santa Anita Reservoir) 180701050302 P* E E E E

Little Santa Anita Canyon Creek 180701050302 P* I I E
Big Santa Anita Reservoir 180701050302 P* E E E E
Santa Anita Canyon Creek 180701050302 E* E E E E E E E
Winter Creek 180701050302 P* I I E E
East Fork Santa Anita Canyon 180701050302 P* E E E E E E

Sawpit Wash 180701050302 I I I E
Sawpit Canyon Creek 180701050302 P* I I E E
Sawpit Reservoir 180701050302 P* I I E

Monrovia Canyon Creek 180701050302 I I I E E
Arroyo Seco Reach 1 (Los Angeles River Reach 2 to Holly St.) 180701050209 P* P P
Arroyo Seco Reach 2 (Holly St. to Devils Gate Dam) 180701050209 P* P P E
Devils Gate Reservoir (lower) 180701050209 P* I I E
Devils Gate Reservoir (upper) 180701050209 I* I I E
Arroyo Seco Reach 3 (above Devils Gate Dam) 180701050209 E E E E E E E E

Millard Canyon Creek 180701050209 E* E E E E E E E
El Prieto Canyon Creek 180701050209 I I I I I E
Little Bear Canyon Creek 180701050209 P* I I I E E

Los Angeles River Reach 3 (Figueroa St. to Riverside Dr.) 180701050402 P* P E E E E
Verdugo Wash Reach 1 (Los Angeles River Rch 3 to Verdugo Rd./Towne St.) 180701050207 P* I P P
Verdugo Wash Reach 2 (above Verdugo Rd. @ Towne St.) 180701050207 P* I P P

Halls Canyon Channel 180701050207 P* I I I I E
Snover Canyon 180701050207 I I I I I E

Pickens Canyon 180701050207 I* I I E
Shields Canyon 180701050207 I I I I I E

RB-AR35831
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Table 2-1. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  u: This reservoir is covered and thus inaccessible. 

more details).                                                                                                                          y: Currently dry and no plans for restoration.                                                                                                                           

 

 

 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

Dunsmore Canyon Creek 180701050207 I I I I I E
Burbank Western Channel 180701050208 P* P P

La Tuna Canyon Lateral and Creek 180701050208 P* I I E
Tujunga Wash 180701050208 P* I P P P

Hansen Flood Control Basin & Lakes 180701050105 P* E E E E E
Lopez Canyon Creek 180701050105 P* I I E
Little Tujunga Canyon Creek 180701050104 P* I I I E E
Kagel Canyon Creek 180701050104 P* I I E

Big Tujunga Canyon Creek (Hansen Flood Control Basin to Big Tujunga Reservoir) 180701050105 P* E E E E E E E
Big Tujunga Canyon Creek (above Big Tujunga Reservoir) 180701050103 P* E E E E E E E
Upper Big Tujunga Canyon Creek 180701050103 P* E I P E E

Haines Canyon Creek 180701050105 P* I I E E
Vasquez Creek 180701050105 P* E P P E E
Clear Creek 180701050105 P* E E E E E
Big Tujunga Reservoir 180701050105 P* E E P E E
Mill Creek 180701050102 P* E E E E E

Los Angeles River Reach 4 (Riverside Dr. to Sepulveda Dam) 180701050208 P* P E E E E
Pacoima Wash 180701050206 P* E E E E
Pacoima Reservoir 180701050205 P* E E E
Pacoima Canyon Creek 180701050205 P* E E E E E E E
May Canyon Creek 180701050206 P* I I E
Wilson Canyon Creek 180701050206 P* I I E
Stetson Canyon Creek 180701050204 P* I P P

Los Angeles River Reach 5 (Sepulveda Dam to Balboa Blvd.) 180701050208 P* P E E E E
Sepulveda Flood Control Basin 180701050208 P* E E E E

Bull Creek 180701050204 P* I I E
Los Angeles Reservoir 180701050204 E E E P E E E
Lower Van Norman Reservoir 180701050204 E* E E E E E E
Upper Van Norman Reservoir 180701050204 E* Pu E

Los Angeles River Reach 6 (above Balboa Blvd.) 180701050208 P* P E E E E
Caballero Creek 180701050208 P* I I E
Aliso Canyon Wash (Los Angeles River Reach 6 to State Hwy 118) 180701050203 P* I I E
Aliso Canyon Creek (above State Hwy 118) 180701050203 P* I I E

Limekiln Canyon Wash 180701050203 P* I I E
Browns Canyon Wash (Los Angeles River Reach 6 to State Hwy 118) 180701050202 P* I I E
Browns Canyon Creek (above State Hwy 118) 180701050202 P* I I E
Arroyo Calabasas 180701050201 P* P P

Dry Canyon Creek 180701050201 P* I I E
McCoy Canyon Creek 180701050201 P* I I E

Bell Creek 180701050201 P* I I E
Chatsworth Reservoir

 y
180701050201 E E E E E

Dayton Canyon Creek 180701050201 P* I I E

LOS ANGELES RIVER WATERSHED (cont.)

RB-AR35832



Los Angeles Regional Water Quality Control Board 

2-14 

 

Table 2-1. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  c: Coastal waterbodies which are also  listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

more details).                                                                                                                          e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

f:Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early development.  

This may include migration into areas which are heavily influenced by freshwater inputs. 

w: These areas are engineered channels.  All references to Tidal Prisms in Regional Board documents are functionally equivalent to 

estuaries. 

u: This reservoir is covered and thus inaccessible. 

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

ISOLATED LAKES AND RESERVOIRS:
Eagle Rock Reservoir 180701050402 E* Pu
Echo Lake 180701040200 P* P E
El Dorado Lakes 180701060606 P* P E E
Elysian Reservoir 180701050403 E* E E P E
Encino Reservoir 180701050208 E* E E P E
Ivanhoe Reservoir 180701040200 E* E E P E
Lincoln Park Lake Silver Reservoir 180701050403 P* P E
Silver Lake Reservoir 180701040200 E* E E P E
Toluca Lake 180701050208 P* P E

San Gabriel River Estuary (Ends at Willow St.) 
c,w

180701060606 E E E E E E Ee Ef Ef P
Coyote Creek (San Gabriel River Estuary to La Canada Verde Creek) 180701060506 P* P P P P E
Coyote Creek (above La Canada Verde Creek) 180701060603 P* P P P P E
San Gabriel River Reach 1 (San Gabriel River Estuary to Firestone Blvd.) 180701060606 P* P P
San Gabriel River Reach 2 (Firestone Blvd. to Whittier Narrows Dam) 180701060606 P* P P I I E E
Whittier Narrows Flood Control Basin 180701060303 P* E E E P

Legg Lake 180701060303 P* E E E E E
San Gabriel River Reach 3 (Whittier Narrows Dam to San Jose Creek) 180701060601 P* I I E
San Gabriel River Reach 3 (San Jose Creek to Ramona Blvd.) 180701060601 P* I I E
San Jose Creek Reach 1 (San Gabriel River Reach 3 to Temple Ave.) 180701060502 P* I I E
San Jose Creek Reach 2 (Temple Ave. to Thompson Wash) 180701060501 P* I I E

Puente Creek 180701060502 P* I P P
Thompson Wash (San Jose Creek Reach 2 to Web Canyon) 180701060501 P* I I E
Thompson Creek (above Web Canyon) 180701060501 P* I I E E
Thompson Creek Reservoir 180701060501 P* I I E E

Walnut Creek Wash 180701060402 P* I I E E
Big Dalton Wash 180701060402 P* I P P

Big Dalton Canyon Creek 180701060402 P* I I E E
Mystic Canyon 180701060402 P* I I E

Big Dalton Reservoir 180701060402 P* E E E
Bell Canyon Creek 180701060402 P* I I E
Little Dalton Wash 180701060402 P* I P P

Little Dalton Canyon Creek 180701060402 P* I I E E
San Dimas Wash (lower) (Big Dalton wash to Ham Canyon) 180701060402 P* I I E E
San Dimas Wash (upper) (above Ham Canyon) 180701060401 P* E I E

San Dimas Reservoir 180701060401 E* E E E E
San Dimas Canyon Creek 180701060401 E* E E E E E
West Fork San Dimas Canyon 180701060401 E* E E P E E
Wolfskill Canyon 180701060401 E* E E P E E E

Puddingstone Reservoir 180701060402 E* E E E E E E
Live Oak Wash 180701060402 E* I I I E
Live Oak Creek 180701060402 E* I I I E
Live Oak Reservoir 180701060402 E* E E E E

Puddingstone Wash 180701060402 E* I I E
Marshall Creek and Wash (Puddingstone Reservoir to Via Arroyo) 180701060402 E* I I E

SAN GABRIEL RIVER WATERSHED

LOS ANGELES RIVER WATERSHED (cont.)
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Table 2-1. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  aa: Habitat of the Channel Island Fox. 

more details).                                                                                                                          ab: This watershed is also in Region 8 (801.23).                                                                                                                           

WATERSHED
a WBD No. MUN IND PROCAGRGWRFRSH NAV POWCOMMAQUA WARMCOLD SALESTMARWILDBIOLRAREMIGRSPWNSHELLWET

b

Marshall Creek and Wash (above Via Arroyo) 180701060402 E* I I I E E E
Emerald Creek And Wash 180701060402 E* I I I E

San Gabriel River Reach 4 (Ramona Blvd. to Santa Fe Dam) 180701060601 P* I I E
Santa Fe Flood Control Basin 180701060601 P* I I E E

UPPER SAN GABRIEL RIVER TRIBUTARIES
San Gabriel River Reach 5 (Santa Fe Dam to Huntington Dr.) 180701060601 P* I I E
San Gabriel River Reach 5 (Huntington Dr. to Van Tassel Canyon) 180701060601 E E E E E E E E E <del>
San Gabriel River Reach 5 (Van Tassel canyon to San Gabriel Reservoir) 180701060601 E E E E E E E E E E

Bradbury Canyon Creek 180701060601 P* I I E
Sprinks Canyon Creek 180701060601 P* I I E
Maddock Canyon Creek 180701060601 P* I I E
Van Tassel Canyon 180701060601 P* I I E E
Fish Canyon Creek 180701060601 P* I E E E E E E
Roberts Canyon Creek 180701060601 P* I I E E E

Morris Reservoir 180701060601 E E E E E E E E E E
San Gabriel Reservoir 180701060601 E E E E E E E E E
East Fork San Gabriel River (San Gabriel Reservoir to Fish Fork) 180701060301 P* E E E E E E E
East Fork San Gabriel River (above Fish Fork) 180701060303 P* E E E E E E E

Cattle Canyon Creek 180701060302 P* E E E E E E E
Coldwater Canyon Creek 180701060302 P* E E E E E E E
Cow Canyon Creek 180701060302 P* E E E E E E E

Allison Gulch 180701060303 P* E E E E E E
Fish Fork 180701060301 P* E E E E E E

West Fork San Gabriel River (San Gabriel Reservoir to Bear Creek) 180701060205 P* E E E E E E E
West Fork San Gabriel River (above Bear Creek) 180701060202 P* E E E E E E E
North Fork San Gabriel River 180701060204 P* E E E E E E E

Bichota Canyon 180701060204 P* E E E E P E
Coldbrook Creek 180701060204 P* I I E E
Soldier Creek 180701060204 P* I I E E

Cedar Creek 180701060204 P* E E E E E E E
Crystal Lake 180701060204 P* E E E E
Bear Creek 180701060205 P* E E E E E E E

Cogswell Reservoir 180701060202 P* E E E E E
Devils Canyon Creek 180701060201 P* E E E E E E

Anacapa Island 180600140203 P* P E E
San Nicolas Island 180701070001 P* P E Eaa
Santa Barbara Island 180701070003 P* P E E
Santa Catalina Island 180701070002 E* E E E E

Middle Ranch System 180701070003 P* E E E E
San Clemente Island 180701070004 E* E E E E

San Antonio Dam And Reservoir 180702030701 E* E E E
San Antonio Canyon Creek 180702030701 E E E E E E E E E

ISLAND WATERCOURSES

SAN ANTONIO CREEK WATERSHED 
ab

SAN GABRIEL RIVER WATERSHED (cont.)

RB-AR35834



Los Angeles Regional Water Quality Control Board 

2-16 

 

Table 2-1a. Beneficial Uses of Inland Surface Waters. 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. c: Coastal waterbodies which are also listed in inland Surface Waters Tables (2-1) or in Wetlands Table (2-4). 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   d: Limited public access precludes full utilization. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  h: Water contact recreational activities prohibited by Casitas MWD. 

more details).   

 

 

 

 

 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

Los Sauces Creek 180701010202 I I

Poverty Canyon 180701010202 I I

Madranio Canyon 180701010202 I I

Javon Canyon 180701010202 I I

Padre Juan Canyon 180701010202 I I

McGrath Lake 180701010202 Ed Ed

Big Sycamore Canyon Creek 180701040201 I I

Little Sycamore Canyon Creek 180701040202 I I

VENTURA RIVER WATERSHED

Ventura River Estuary 
c

180701010106 E E

Ventura River Reach 1 (Ventura River Estuary to Main St.) 180701010106 E E

Ventura River Reach 2 (Main St. to Weldon Canyon) 180701010106 E E

Cañada Larga 180701010106 I I

Lake Casitas 180701010105 Ph E

Lake Casitas tributaries 180701010105 E E

Ventura River Reach 3 (Weldon Canyon to Casitas Vista Rd.) 180701010106 E E

Ventura River Reach 4 (Casitas Vista Rd. to San Antonio Creek) 180701010106 E E

Ventura River Reach 4 (San Antonio Creek to Camino Cielo Rd.) 180701010104 E E

Coyote Creek 180701010105 P

San Antonio Creek (Ventura River Reach 4 to Lion Creek) 180701010106 E E

San Antonio Creek (above Lion Creek) 180701010103 E E

Lion Creek 180701010103 I I

Reeves Creek 180701010103 I I

Mirror Lake 180701010104 P E

Ojai Wetland 180701010104 P E

Ventura River Reach 5 (above Camino Cielo Rd.) 180701010104 E E

Matilija Creek Reach 1 (Ventura River Reach 5 to Matilija Reservoir) 180701010101 E E

Matilija Creek Reach 2 (above Matilija Reservoir) 180701010104 E E

Murietta Canyon Creek 180701010101 E E

North Fork Matilija Creek 180701010102 E E

Matilija Reservoir 180701010101 E E

VENTURA COUNTY COASTAL STREAMS

RB-AR35835
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. c: Coastal waterbodies which are also listed in inland Surface Waters Tables (2-1) or in Wetlands Table (2-4). 

                                                                                                                                                d: Limited public access precludes full utilization. 

 

 

 

 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

Santa Clara River Estuary (Ends at Harbor Blvd.)
 c

180701020904 E E

Santa Clara River Reach 1

Santa Clara River (Estuary to Highway 101 bridge) 180701020904 E E

Santa Clara River Reach 2

Santa Clara River (Highway 101 bridge to Ellsworth Barranca) 180701020904 E E

Santa Clara River (Ellsworth Barranca to Freeman Diversion) 180701020903 E E

Santa Clara River Reach 3

Santa Clara River (Freeman Diversion Dam to Santa Paula Creek) 180701020903 Ed E

Santa Clara River (Santa Paula Creek to Sespe Creek) 180701020902 Ed E

Santa Clara River (Sespe Creek to A Street, Fillmore) 180701020802 Ed E

Santa Clara River Reach 4A

Santa Clara River (A  Street, Fillmore to Piru Creek) 180701020802 E E

Santa Clara River Reach 4B

Santa Clara River (Piru Creek to Blue Cut gaging station) 180701020403 E E

Santa Clara River Reach 5

Santa Clara River (Blue Cut gaging station to West Pier Highway 99) 180701020403 E E

Santa Clara River Reach 6

Santa Clara River (West Pier Highway 99 to Bouquet Canyon Rd.) 180701020403 E E

Santa Clara River Reach 7

Santa Clara River (Bouquet Canyon Rd. to Lang gaging station) 180701020107 E E

Santa Clara River Reach 8

Soledad Canyon (Lang gaging station to Agua Dulce Canyon Creek) 180701020107 E E

Soledad Canyon (Agua Dulce Canyon Creek to Aliso Canyon Creek) 180701020105 E E

Soledad Canyon (above Aliso Canyon Creek) 180701020102 E E

Santa Clara River Reach 9

Santa Paula Creek (above Santa Paula Water Works Diversion Dam) 180701020901 E E

Santa Clara River Reach 10

Sespe Creek (gaging station below Little Sespe Creek to Hot Springs Canyon) 180701020705 E E

Sespe Creek (Hot Springs Canyon to Piedra Blanca Creek) 180701020703 E E

Sespe Creek (Piedra Blanca Creek to Potrero John Creek) 180701020702 E E

Sespe Creek (above Potrero John Creek) 180701020701 E E

Santa Clara River Reach 11

Piru Creek (gaging station below Santa Felicia Dam to Agua Blanca Creek) 180701020603 E E

Piru Creek (Agua Blanca Creek to Pyramid Lake) 180701020602 E E

Piru Creek (Pyramid Lake to Snowy Creek) 180701020508 E E

Piru Creek (Snowy Creek to Lockwood Creek) 180701020505 E E

Piru Creek (above Lockwood Creek) 180701020502 E E

Santa Paula Creek (Santa Clara River R4A to Santa Paula Water Works Diversion Dam) 180701020901 E E

Sisar Creek 180701020901 E E

SANTA CLARA RIVER WATERSHED

RB-AR35836
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. k: Public access to reservoir and its surrounding watershed is prohibited by Los Angeles County Department of Public Works. 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   l: The majority of the reach is intermittent; there is a small area of rising ground water creating perennial flow. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  m: Access prohibited by Los Angeles Department in the  concrete-channelized areas. 

more details).                                                                                                                           j: Out of service. 

 

 

 

 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

Sespe Creek (Santa Clara River R3 to gaging station below Little Sespe Creek) 180701020706 E E

Timber Creek 180701020703 E E

Bear Canyon 180701020703 E E

Trout Creek 180701020703 E E

Piedra Blanca Creek 180701020703 E E

Lion Canyon 180701020702 E E

Rose Valley Creek 180701020702 E E

Howard Creek 180701020702 E E

Tule Creek 180701020702 P E

Potrero John Creek 180701020701 E E

Hopper Creek 180701020801 E E

Piru Creek (Santa Clara River R4A to Santa Paula Water Works Diversion Dam) 180701020604 E E

Lake Piru 180701020603 E E

Lake Piru 180701020603 E E

Pyramid Lake 180701020509 E E

Gorman Creek 180701020507 I I

Canada de los Alamos 180701020506 I I

Lockwood Creek 180701020504 I I

Lockwood Creek 180701020504 I I

Tapo Canyon 180701020403 P E

Castaic Creek (Santa Clara River R5 to Castaic Lake) 180701020306 I E

Castaic Creek (Castaic Lake to Fish Canyon) 180701020305 I E

Castaic Creek (above Fish Canyon) 180701020304 I E

Castaic Lagoon 180701020306 E E

Castaic Lake 180701020305 E E

Castaic Lake 180701020304 E E

Elderberry Forebay 180701020305 Ek E

Elizabeth Lake Canyon 180701020304 I E

San Francisquito Canyon I 180701020402 I I

Drinkwater Reservoir 180701020402 Pk E

South Fork Santa Clara River 180701020401 I I

Bouquet Canyon (Santa Clara River R6 to Vasquez Canyon) 180701020401 Em E

Bouquet Canyon (above Vasquez Canyon) 180701020401 Em E

Dry Canyon Creek 180701020202 I I

Dry Canyon Reservoir
 j

180701020201 Pk E

Bouquet Reservoir 180701020201 Pk E

Mint Canyon Creek Reach 1 (Santa Clara River R7 to Rowher Canyon) 180701020106 Im I

Mint Canyon Creek Reach 2 (above Rowher Canyon) 180701020106 Im I

Agua Dulce Canyon Creek (Santa Clara River R8 to Escondido Canyon Rd.) 180701020104 I I

Agua Dulce Canyon Creek (above Escondido Canyon Rd.) 180701020104 I I

Aliso Canyon Creek 180701020101 E E

Lake Hughes 180701020301 E E

Munz Lake 180701020301 E E

Lake Elizabeth 180701020301 E E

SANTA CLARA RIVER WATERSHED (Cont.)
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. c: Coastal waterbodies which are also listed in Coastal Features Table (2-3) or in Wetlands table (2-4). 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   n: Area is currently under control of the Navy: swimming is prohibited. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  q: Whenever flow conditions are suitable. 

more details).                                                                                                                          r: Public access prohibited by Calleguas MWD. 

 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

Calleguas Creek Estuary 
c

180701030107 Pn E

Calleguas Creek Reach 1

Mugu Lagoon 
c

180701030102 Pn E

Calleguas Creek Reach 2

Calleguas Creek (Estuary to Potrero Rd.) 180701030107 E E

Calleguas Creek Reach 3

Calleguas Creek (Potrero Rd. to  Conejo Creek) 180701030107 Eq E

Calleguas Creek Reach 4

Revolon Slough (Calleguas Creek Rch 2 to Pleasant Valley Rd.) 180701030107 Eq E

Revolon Slough (Pleasant Valley Rd. to Central Ave.) 180701030106 Eq E

Calleguas Creek Reach 5

Beardsley Channel (above Central Ave.) 180701030106 E E

Calleguas Creek Reach 6

Arroyo Las Posas (Calleguas Creek Rch 3 to Long Canyon) 180701030103 E E

Arroyo Las Posas (Long Canyon to Hitch Rd.) 180701030103 E E

Calleguas Creek Reach 7

Arroyo Simi (Hitch Rd. to Happy Camp Canyon) 180701030103 I I

Arroyo Simi (Happy Camp Canyon to Alamos Canyon) 180701030102 I I

Arroyo Simi (Alamos Canyon to Tapo Canyon Creek) 180701030102 I I

Arroyo Simi (above Tapo Canyon Creek) 180701030101 I I

Calleguas Creek Reach 8

Tapo Canyon Creek (above Arroyo Simi) 180701030101 I I

Calleguas Creek Reach 9A

Conejo Creek (Camrosa Diversion to Camarillo Rd.) 180701030105 Eq E

Conejo Creek (Camarillo Rd. to Arroyo Santa Rosa) 180701030105 I I

Calleguas Creek Reach 9B

Conejo Creek (Calleguas Creek Rch 3 to Camrosa Diversion) 180701030105 Eq E

Calleguas Creek Reach 10

Arroyo Conejo (Conejo Creek to North Fork Arroyo Conejo) 180701030105 I I

Calleguas Creek Reach 11 (Arroyo Santa Rosa) 

Arroyo Santa Rosa (above confl. with Conejo Creek) 180701030105 I I

Calleguas Creek Reach 12

North Fork Arroyo Conejo (above confl. with Arroyo Conejo) 180701030104 E E

Calleguas Creek Reach 13

Arroyo Conejo (above confl. with North Fork Arroyo Conejo) 180701030104 I I

Gillibrand Canyon Creek (Tapo Canyon Creek to Windmill Canyon) 180701030101 I I

Gillibrand Canyon Creek (above Windmill Canyon) 180701030101 I I

Lake Bard (Wood Ranch Reservoir) 180701030102 Pr Er

CALLEGUAS-CONEJO CREEK WATERSHED
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. c: Coastal waterbodies which are also listed in Coastal Features Table (2-3) or in Wetlands table (2-4). 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   k: Public access to reservoir and its surrounding watershed is prohibited by Los Angeles County Department of Public Works. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  m: Access prohibited by Los Angeles County Department in the concrete-channelized areas. 

more details).                                                                                                                          s: Access prohibited by Los Angeles County Department  of Public works. 

                                                                                                                                                u: This reservoir is covered and thus inaccessible. 

 

 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

LOS ANGELES COUNTY COASTAL STREAMS

Arroyo Sequit 180701040202 E E

San Nicholas Canyon Creek 180701040202 I I

Los Alisos Canyon Creek 180701040202 I I

Lachusa Canyon Creek 180701040202 I I

Encinal Canyon Creek 180701040202 I I

Trancas Canyon Creek 180701040203 Em E

Dume Lagoon 
c

180701040203 E E

Dume Creek (Zuma Canyon) 180701040203 E E

Ramirez Canyon Creek 180701040204 I I

Escondido Canyon Creek 180701040204 I I

Latigo Canyon Creek 180701040204 I I

Solstice Canyon Creek 180701040204 E E

Puerco Canyon Creek 180701040204 I I

Corral Canyon Creek 180701040204 I I

Carbon Canyon Creek 180701040403 I I

Las Flores Canyon Creek 180701040403 I I

Piedra Gorda Canyon Creek 180701040403 I I

Pena Canyon Creek 180701040403 I I

Tuna Canyon Creek 180701040403 I I

Topanga Lagoon 
c

180701040401 E E

Topanga Canyon Creek 180701040401 I I

Santa Ynez Canyon 180701040403 I E

Santa Ynez Lake (Lake Shrine) 180701040403 Pk E

Santa Monica Canyon Channel 180701040402 Ps I

Rustic Canyon Creek 180701040402 I I

Sullivan Canyon Creek 180701040402 I I

Mandeville Canyon Creek 180701040402 I I

Coastal Streams of Palos Verdes 180701040500 I I

Canyon Streams of Palos Verdes 180701040701 I I

Bixby Slough 180701040701 E E

Machado Lake 180701040701 E E

Madrona Marsh 180701040701 P E

Stone Canyon Reservoir 180701040300 Pk E

Hollywood Reservoir 180701040300 Pk E

Franklin Canyon Reservoir 180701040300 Pk,u

Upper Franklin Canyon Reservoir 180701040300 P E

RB-AR35839
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued).    

  

                                                                                                               
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. c: Coastal waterbodies which are also listed in Coastal Features Table (2-3) or in Wetlands table (2-4). 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   k: Public access to reservoir and its surrounding watershed is prohibited by Los Angeles County Department of Public Works. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  m: Access prohibited by Los Angeles County Department in the concrete-channelized areas. 

more details).                                                                                                                          s: Access prohibited by Los Angeles County Department of Public Works. 

au: The REC-1use designation does not apply to recreational activities associated with     v: Public water supply reservoir. Owner prohibits public entry. 

the swimmable goal as expressed in the Federal Clean Water Act section 101(a)(2) and    w: These areas are engineered channels.  All references to Tidal Prisms in Regional Board documents are functionally equivalent to                                                                                                                             

regulated under the REC-1 use in the Basin Plan, or the associated bacteriological             estuaries. 

objectives set to protect those activities. However, water quality objectives set to protect  

other REC-1 uses associated with the fishable goal as expressed in the Federal Clean                  

Water Act section 1010(a)(2) shall remain in effect for waters where the  (au) footnote appears.                                                                                                                                                                                                                                                        

av: The High Flow Suspension only applies to water contact recreational activities associated with the swimmable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use, non-

contact water recreation involving incidental water contact regulated under the REC-2 use, and the associated bacteriological objectives set to protect those activities. Water quality objectives set to protect (1) other 

recreational uses associated with the fishable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses involving the aesthetic aspects of 

water) shall remain in effect at all times for waters where the   (av) footnote appears. 

** The dividing line between “Ballona Creek” and “Ballona Creek to Estuary” is the point at which the vertical channel walls transition to sloping walls. 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

Malibu Lagoon 
c

180701040104 E E

Malibu Creek 180701040104 E E

Cold Creek 180701040104 E E

Las Virgenes Creek 180701040103 Em E

Century Reservoir 180701040104 E E

Malibou Lake 180701040104 E E

Medea Creek Reach 1 (Malibou Lake to Lindero Creek Reach 1) 180701040102 Im I

Medea Creek Reach 2 (above Lindero Creek Reach 1) 180701040104 Em E

Lindero Creek Reach 1 (Medea Creek Reach 1 to Lake Lindero) 180701040102 I I

Lindero Creek Reach 2 (above Lake Lindero) 180701040102 I I

Triunfo Creek Reach 1 (Malibou Lake to Lobo Canyon) 180701040101 Im I

Triunfo Creek Reach 2 (Lobo Canyon to Westlake Lake) 180701040104 Im I

Westlake Lake 180701040101 E E

Potrero Valley Creek 180701040101 I I

Lake Eleanor Creek 180701040101 I I

Lake Eleanor 180701040101 E E

Las Virgenes (Westlake) Reservoir 180701040101 Pk,v E

Hidden Valley Creek 180701040101 I I

Lake Sherwood 180701040101 E E

BALLONA CREEK WATERSHED

Ballona Creek Estuary (ends at Centinela Creek) 
c,w

180701040300 E E

Ballona Lagoon/ Venice Canals 
c

180701040403 E E

Ballona Wetlands 
c

180701040300 E E

Del Rey Lagoon
 c

180701040500 E E

Ballona Creek Reach 2 (Estuary to National Blvd.) 180701040300 Ps,au E E Yav

Ballona Creek Reach 1 (above National Blvd.) 180701040300 Ps,au E Yav

LOS CERRITOS CHANNEL WATERSHED

Los Cerritos Wetlands 
c

180701040702 E E

Los Cerritos Channel Estuary (Ends at Anaheim Rd.) 
c

180701040702 Es E

Sims Pond 180701040702 P E

Los Cerritos Channel 180701040702 P I

Colorado Lagoon 180701040702 E E

MALIBU CREEK WATERSHED
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use d: Limited public access precludes full utilization. 

I: Intermittent beneficial use m: Access prohibited by Los Angeles County Department in the Concrete-channelized areas. 

E,P, and I: shall be protected as required. s: Access prohibited by Los Angeles County Department of Public Works. 

                                                                                                                                                x: Owner prohibits entry.                                       

av: The High Flow Suspension only applies to water contact recreational activities associated with the swimmable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use, non-

contact water recreation involving incidental water contact regulated under the REC-2 use, and the associated bacteriological objectives set to protect those activities. Water quality objectives set to protect (1) other 

recreational uses associated with the fishable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses involving the aesthetic aspects of 

water) shall remain in effect at all times for waters where the  (av) footnote appears. 

DOMINGUEZ CHANNEL WATERSHED 

Dominguez Channel Estuary (Ends at Vermont Ave.) 
c,w

180701060102 Es E

Dominguez Channel (Estuary to 135th St.) 180701060102 Ps E Yav

Dominguez Channel (above 135th St) 180701060101 Ps E Yav

LOS ANGELES RIVER WATERSHED 

Los Angeles River Estuary (Ends at Willow St.)
 c,w

180701050404 E E

Los Angeles River Reach 1 (Estuary to Carson St.) 180701050404 Es E Yav

Compton Creek 180701050404 Es E

Los Angeles River Reach 2 (Carson St. to Rio Hondo Reach 1) 180701050404 Es E Yav

Los Angeles River Reach 2 (Rio Hondo Reach 1 to Figueroa St.) 180701050403 Es E Yav

Rio Hondo Reach 1 (Los Angeles River Reach 2 to Santa Ana Freeway) 180701050403 Pm E Yav

Rio Hondo Reach 2 (Santa Ana Freeway to Whittier Narrows Dam) 180701050403 Im E Yav

Rio Hondo Reach 3 (above Whittier Narrows Dam) 180701050402 Im E Yav

Alhambra Wash 180701050403 Pm I

Rubio Wash 180701050403 Im I Yav

Rubio Canyon 180701050401 I I

Eaton Wash 180701050401 I I

Eaton Wash (below dam) (Rio Hondo Reach 3 to Eaton Dam) 180701050401 Im I Yav

Eaton Wash (above dam) (Eaton Dam to Mount Wilson Toll Rd.) 180701050401 I I

Eaton Reservoir 180701050401 P Id

Eaton Canyon Creek (above Mount Wilson Toll Rd.) 180701050401 E E

Arcadia Wash 180701050302 Pm I Yav

Arcadia Wash 180701050302 Pm I Yav

Santa Anita Wash (lower) (Rio Hondo Reach 3 to Elkins Ave.) 180701050302 Pm E Yav

Santa Anita Wash (upper) (Elkins Ave. to Big Santa Anita Reservoir) 180701050302 Em E

Little Santa Anita Canyon Creek 180701050302 I I

Big Santa Anita Reservoir 180701050302 Px E

Santa Anita Canyon Creek 180701050302 E E

Winter Creek 180701050302 I E

East Fork Santa Anita Canyon 180701050302 E E

Sawpit Wash 180701050302 Im I Yav

Sawpit Canyon Creek 180701050302 I I

Sawpit Reservoir 180701050302 Px I

Monrovia Canyon Creek 180701050302 I I

Arroyo Seco Reach 1 (Los Angeles River Reach 2 to Holly St.) 180701050209 I I

Arroyo Seco Reach 2 (Holly St. to Devils Gate Dam) 180701050209 Im I

Devils Gate Reservoir (lower) 180701050209 Im I

Devils Gate Reservoir (upper) 180701050209 I I

Arroyo Seco Reach 3 (above Devils Gate Dam) 180701050209 Em E

Millard Canyon Creek 180701050209 E E

El Prieto Canyon Creek 180701050209 I I

Little Bear Canyon Creek 180701050209 I I

Los Angeles River Reach 3 (Figueroa St. to Riverside Dr.) 180701050402 E E Yav

Verdugo Wash Reach 1 (Los Angeles River Rch 3 to Verdugo Rd./Towne St.) 180701050207 Pm I Yav

Verdugo Wash Reach 2 (above Verdugo Rd. @ Towne St.) 180701050207 Pm I Yav

Halls Canyon Channel 180701050207 Im I

Snover Canyon 180701050207 Im I Yav

Pickens Canyon 180701050207 Im I

Shields Canyon 180701050207 Im I Yav
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use                                                                                                       Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a: Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all  

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. k: Public access to reservoir and its surrounding watershed is prohibited by Los Angeles County Department of Public Works. 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03.                  m: Access prohibited by Los Angeles County Department in the Concrete-channelized areas.                                        

Some designations may be considered for exemption at a later date (See pages 2-3, 4        u: This reservoir is covered and thus inaccessible. 

for more details).                                                                                                                     y: Currently dry and no plans for restoration.                             

av: The High Flow Suspension only applies to water contact recreational activities associated with the swimmable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use, non-

contact water recreation involving incidental water contact regulated under the REC-2 use, and the associated bacteriological objectives set to protect those activities. Water quality objectives set to protect (1) other 

recreational uses associated with the fishable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses involving the aesthetic aspects of 

water) shall remain in effect at all times for waters where the  (av) footnote appears. 

 

 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

Dunsmore Canyon Creek 180701050207 I I

Burbank Western Channel 180701050208 Pm I Yav

La Tuna Canyon Lateral and Creek 180701050208 Im I

Tujunga Wash 180701050208 Pm I Yav

Hansen Flood Control Basin & Lakes 180701050105 E E

Lopez Canyon Creek 180701050105 Im I

Little Tujunga Canyon Creek 180701050104 I E

Kagel Canyon Creek 180701050104 Im I

Big Tujunga Canyon Creek (Hansen Flood Control Basin to Big Tujunga Reservoir) 180701050105 E E

Big Tujunga Canyon Creek (above Big Tujunga Reservoir) 180701050103 E E

Upper Big Tujunga Canyon Creek 180701050103 E E

Haines Canyon Creek 180701050105 Im I Yav

Vasquez Creek 180701050105 E E

Clear Creek 180701050105 E E

Big Tujunga Reservoir 180701050105 Pk E

Mill Creek 180701050102 E E

Los Angeles River Reach 4 (Riverside Dr. to Sepulveda Dam) 180701050208 E E Yav

Pacoima Wash 180701050206 Pm E

Pacoima Reservoir 180701050205 E E

Pacoima Canyon Creek 180701050205 E E

May Canyon Creek 180701050206 I E

Wilson Canyon Creek 180701050206 Em E Yav

Stetson Canyon Creek 180701050204 Pm E Yav

Los Angeles River Reach 5 (Sepulveda Dam to Balboa Blvd.) 180701050208 E E Yav

Sepulveda Flood Control Basin 180701050208 E E

Bull Creek 180701050204 Im I

Los Angeles Reservoir 180701050204 Pk E

Lower Van Norman Reservoir 180701050204 E E

Upper Van Norman Reservoir 180701050204 Pk,u

Los Angeles River Reach 6 (above Balboa Blvd.) 180701050208 E E Yav

Caballero Creek 180701050208 Im I Yav

Aliso Canyon Wash (Los Angeles River Reach 6 to State Hwy 118) 180701050203 Im I Yav

Aliso Canyon Creek (above State Hwy 118) 180701050203 Im I Yav

Limekiln Canyon Wash 180701050203 Im I

Browns Canyon Wash (Los Angeles River Reach 6 to State Hwy 118) 180701050202 Im I

Browns Canyon Creek (above State Hwy 118) 180701050202 Im I

Arroyo Calabasas 180701050201 Pm I Yav

Dry Canyon Creek 180701050201 Im I

McCoy Canyon Creek 180701050201 I I

Bell Creek 180701050201 Im I Yav

Chatsworth Reservoir
 y

180701050201 P E

Dayton Canyon Creek 180701050201 I I

LOS ANGELES RIVER WATERSHED (cont.)
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use m: Access prohibited by Los Angeles County Department in the Concrete-channelized areas. 

I: Intermittent beneficial use u: This reservoir is covered and thus inaccessible. 

E,P, and I: shall be protected as required. x: Owner prohibits entry.                                                                                                                                                

av: The High Flow Suspension only applies to water contact recreational activities            w: These areas are engineered channels.  All references to Tidal Prisms in Regional Board documents are functionally equivalent to 

associated with the swimmable goal as expressed in the federal Clean Water Act               estuaries. 

section 101(a)(2) and regulated under the REC-1 use, non-contact water recreation           k: Public access to reservoir and its surrounding watershed is prohibited by Los Angeles County Department of Public Works. 

involving incidental water contact regulated under the REC-2 use, and the associated  

bacteriological objectives set to protect those activities. Water quality objectives set to  

protect (1) other recreational uses associated with the fishable goal as expressed in the  

federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use and (2 

other REC-2 uses (e.g., uses involving the aesthetic aspects of water) shall remain in effect at all times for waters where the  (av) footnote appears. 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

ISOLATED LAKES AND RESERVOIRS:

Eagle Rock Reservoir 180701050402 Pk,u

Echo Lake 180701040200 P E

El Dorado Lakes 180701060606 E E

Elysian Reservoir 180701050403 Pk E

Encino Reservoir 180701050208 Pk E

Ivanhoe Reservoir 180701040200 Pk E

Lincoln Park Lake Silver Reservoir 180701050403 P E

Silver Lake Reservoir 180701040200 Pk E

Toluca Lake 180701050208 Pk E

San Gabriel River Estuary (Ends at Willow St.) c,w 180701060606 E E

Coyote Creek (San Gabriel River Estuary to La Canada Verde Creek) 180701060506 Pm I Yav

Coyote Creek (above La Canada Verde Creek) 180701060603 Pm I Yav

San Gabriel River Reach 1 (San Gabriel River Estuary to Firestone Blvd.) 180701060606 Em E Yav

San Gabriel River Reach 2 (Firestone Blvd. to Whittier Narrows Dam) 180701060606 Em E Yav

Whittier Narrows Flood Control Basin 180701060303 E E

Legg Lake 180701060303 E E

San Gabriel River Reach 3 (Whittier Narrows Dam to San Jose Creek) 180701060601 Im I Yav

San Gabriel River Reach 3 (San Jose Creek to Ramona Blvd.) 180701060601 Im I Yav

San Jose Creek Reach 1 (San Gabriel River Reach 3 to Temple Ave.) 180701060502 Pm I Yav

San Jose Creek Reach 2 (Temple Ave. to Thompson Wash) 180701060501 Pm I Yav

Puente Creek 180701060502 P I

Thompson Wash (San Jose Creek Reach 2 to Web Canyon) 180701060501 Im I Yav

Thompson Creek (above Web Canyon) 180701060501 I I

Thompson Creek Reservoir 180701060501 Px I

Walnut Creek Wash 180701060402 Im I

Big Dalton Wash 180701060402 Pm I Yav

Big Dalton Canyon Creek 180701060402 I I

Mystic Canyon 180701060402 I I

Big Dalton Reservoir 180701060402 Px E

Bell Canyon Creek 180701060402 I I

Little Dalton Wash 180701060402 Pm I

Little Dalton Canyon Creek 180701060402 I I

San Dimas Wash (lower) (Big Dalton wash to Ham Canyon) 180701060402 Im I Yav

San Dimas Wash (upper) (above Ham Canyon) 180701060401 Im I

San Dimas Reservoir 180701060401 Px E

San Dimas Canyon Creek 180701060401 E E

West Fork San Dimas Canyon 180701060401 E E

Wolfskill Canyon 180701060401 E E

Puddingstone Reservoir 180701060402 E E

Live Oak Wash 180701060402 I I

Live Oak Creek 180701060402 I I

Live Oak Reservoir 180701060402 E E

Puddingstone Wash 180701060402 Im I Yav

Marshall Creek and Wash (Puddingstone Reservoir to Via Arroyo) 180701060402 Im I Yav

LOS ANGELES RIVER WATERSHED (cont.)

SAN GABRIEL RIVER WATERSHED
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued).      

   

                                                                                                  
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a: Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all  

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. m: Access prohibited by Los Angeles County Department in the Concrete-channelized areas. 

                                                                                                                                                ab: This watershed is also in Region 8 (801.23). 

av: The High Flow Suspension only applies to water contact recreational activities  associated with the swimmable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use, non-

contact water recreation involving incidental water contact regulated under the REC-2 use, and the associated bacteriological objectives set to protect those activities. Water quality objectives set to protect (1) other 

recreational uses associated with the fishable goal as expressed in the federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses involving the aesthetic aspects of 

water) shall remain in effect at all times for waters where the  (av) footnote appears. 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

Marshall Creek and Wash (above Via Arroyo) 180701060402 Im I

Emerald Creek And Wash 180701060402 Im I Yav

San Gabriel River Reach 4 (Ramona Blvd. to Santa Fe Dam) 180701060601 Im I Yav

Santa Fe Flood Control Basin 180701060601 P I

UPPER SAN GABRIEL RIVER TRIBUTARIES

San Gabriel River Reach 5 (Santa Fe Dam to Huntington Dr.) 180701060601 Im I Yav

San Gabriel River Reach 5 (Huntington Dr. to Van Tassel Canyon) 180701060601 E E

San Gabriel River Reach 5 (Van Tassel Canyon to San Gabriel Reservoir) 180701060601 E E

Bradbury Canyon Creek 180701060601 I I

Sprinks Canyon Creek 180701060601 I I

Maddock Canyon Creek 180701060601 I I

Van Tassel Canyon 180701060601 I I

Fish Canyon Creek 180701060601 E E

Roberts Canyon Creek 180701060601 I I

Morris Reservoir 180701060601 P E

San Gabriel Reservoir 180701060601 E E

East Fork San Gabriel River (San Gabriel Reservoir to Fish Fork) 180701060301 E E

East Fork San Gabriel River (above Fish Fork) 180701060303 E E

Cattle Canyon Creek 180701060302 E E

Coldwater Canyon Creek 180701060302 E E

Cow Canyon Creek 180701060302 E E

Allison Gulch 180701060303 E E

Fish Fork 180701060301 E E

West Fork San Gabriel River (San Gabriel Reservoir to Bear Creek) 180701060205 E E

West Fork San Gabriel River (above Bear Creek) 180701060202 E E

North Fork San Gabriel River 180701060204 E E

Bichota Canyon 180701060204 E E

Coldbrook Creek 180701060204 I I

Soldier Creek 180701060204 I I

Cedar Creek 180701060204 E E

Crystal Lake 180701060204 E E

Bear Creek 180701060205 E E

Cogswell Reservoir 180701060202 E E

Devils Canyon Creek 180701060201 E E

Anacapa Island 180600140203 P

San Nicolas Island 180701070001 P

Santa Barbara Island 180701070003 E E

Santa Catalina Island 180701070002 E E

Middle Ranch System 180701070003 E E

San Clemente Island 180701070004 E E

San Antonio Dam And Reservoir E E

San Antonio Canyon Creek E E

ISLAND WATERCOURSES

SAN ANTONIO CREEK WATERSHED 
ab

SAN GABRIEL RIVER WATERSHED (cont.)
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued).       

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

^: Nearshore is defined as the zone bounded by the shoreline and a line 1000 feet from     would require a detailed analysis of the area. 

the shoreline or the 30-foot depth contours, whichever is further from the shore line.         c: Coastal waterbodies which are also  listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

Longshore extent is from Rincon Creek to the San Gabriel River estuary.                           d: Limited public access precludes full utilization. 

e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

f:Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early development.  

This may include migration into areas which are heavily influenced by freshwater inputs. 

n: Area is currently under control of the Navy: swimming is prohibited.  

o:  Marine Habitats of the Channel islands and Mugu Lagoon serve as pinniped haul-out areas for one or more species (i.e., sea lions). 

p:  Habitat of the Clapper Rail. 

an: Areas of Special Biological Significance (along coast from Latigo Point to Laguna Point) and Big Sycamore Canyon and Abalone 

Cove Ecological Reserves and Point Femin Marine Life Refuge. 

ar: Areas exhibiting large shellfish populations include Malibu, Point Dume, Point Fermin, White Point and Zuma Beach. 

ap: Water contact recreational activities are limited to the beach area at the harbor by Marina Authorities. 

aq: Water contact recreational activities are limited by City of Oxnard to within the easement area of each home. 

 

WBD NO. 

Nearshore  ̂ E E

Offshore Zone E E

Rincon Beach 180701010201 E E

Ventura River Estuary c 180701010106 E E

Ventura Keys (Marina) 180701010202 E E

Ventura Marina 180701010904 E E

Santa Clara River Estuary c 180701010904 E E

Mandalay Beach 180701010201 E E

McGrath Lake c 180701010201 Ed Ed

Edison Canal Estuary 180701010201 Eao E

Channel Islands Harbor 180701010201 Eap E

Mandalay Bay (Marina) 180701010201 Eaq E

Port Hueneme (Harbor) 180701010201 E E

Ormond Beach 180701010201 E E

Ormond Beach Wetlands c 180701010202 E E

Mugu Lagoon c 180701010202 Pn E

Calleguas Creek Estuary c 180701010202 Pn E

Nearshore Zone ^ E E

Offshore Zone E E

Nicholas Canyon Beach 180701040402 E E

Trancas Beach 180701040403 E E

Zuma County (Westward) Beach 180701040403 E E

Dume State Beach 180701040404 E E

Dume Lagoon c 180701040403 E E

Escondido Beach 180701040404 E E

Dan Blocker Memorial (Corral) Beach 180701040404 E E

VENTURA COUNTY COASTAL FEATURE
a

LOS ANGELES COUNTY COASTAL FEATURE
a
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued).       

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

 would require a detailed analysis of the area. 

c: Coastal waterbodies which are also  listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

                                                                                                                                                e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

f:Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early development.  

This may include migration into areas which are heavily influenced by freshwater inputs. 

ar: Areas exhibiting large shellfish populations include Malibu, Point Dume, Point Fermin, White Point and Zuma Beach. 

as: Most frequently used grunion spawning beaches.  Other beaches may be used as well. 

w:  These areas are engineered channels.  All references to Tidal Prisms in Regional Board documents are functionally equivalent to 

estuaries. 

WBD NO.

Puerco Beach 180701040404 E E

Amarillo Beach 180701040404 E E

Malibu Beach 180701040404 E E

Malibu Lagoon c 180701040404 E E

Carbon Beach 180701040502 E E

La Costa Beach 180701040502 E E

Las Flores Beach 180701040502 E E

Las Tunas Beach 180701040502 E E

Topanga Beach 180701040502 E E

Topanga Lagoon c 180701040501 E E

Will Rogers State Beach 180701040502 E E

Santa Monica Beach 180701040502 E E

Venice Beach 180701040502 E E

Marina Del Rey E

              Harbor 180701040502 E E

              Public Beach Areas 180701040502 E E

              All other Areas 180701040502 P E

              Entrance Channel 180701040502 E E

Ballona Creek Estuary c, w 180701040200 E E

Ballona Lagoon/Venice Canals c 180701040502 E E

Ballona Wetlands c 180701040200 E E

Del Rey Lagoon c 180701040601 E E

Dockweiler Beach 180701040601 E E

Manhattan Beach 180701040601 E E

Hermosa Beach 180701040601 E E

King Harbor 180701040601 E E

Redondo Beach 180701040601 E E

Torrance Beach 180701040601 E E

Port Vicente Beach 180701040601 E E

Royal Palms Beach 180701040601 E E

LOS ANGELES COUNTY COASTAL FEATURE
a 

(CONT.) 
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued).       

 

 
E: Existing beneficial use      Footnotes are consistent for all beneficial use tables. 

P: Potential beneficial use a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

I: Intermittent beneficial use tributaries to the indicated waterbody, if not listed separately. 

E,P, and I: shall be protected as required. b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some   would require a detailed analysis of the area. 

designations may be considered for exemption at a later date (See pages 2-3, 4 for  c: Coastal waterbodies which are also  listed in Coastal Features Table (2-3) or in Wetlands Table (2-4). 

more details).                                                                                                                          e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

^: Nearshore is defined as the zone bounded by the shoreline and a line 1000 feet from     f: Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain  extent, for spawning and early development.  

the shoreline or the 30-foot depth contours, whichever is further from the shore line.         This may include migration into areas which are heavily influenced by freshwater inputs. 

n: Area is currently under control of the Navy: swimming is prohibited.  

p:  Habitat of the Clapper Rail. 

an: Areas of Special Biological Significance (along coast from Latigo Point to Laguna Point) and Big Sycamore Canyon and Abalone 

Cove Ecological Reserves and Point Femin Marine Life Refuge. 

ar: Areas exhibiting large shellfish populations include Malibu, Point Dume, Point Fermin, White Point and Zuma Beach. 

ap: Water contact recreational activities are limited to the beach area at the harbor by Marina Authorities. 

WBD NO.

Whites Point County Beach 180701040601 E E

Cabrillo Beach 180701040302 E E

Los Angeles - Long Beach Harbor 180701040602 E

Outer Harbor 180701040602 E E

Marinas 180701040602 E E

Public Beach Areas 180701040602 E E

All Other Inner Areas 180701040602 P E

Dominguez Channel Estuary c,w 180701040302 E E

Los Angeles River Estuary c,w 180701040404 E E

Alamitos Bay 180701040600 E E

Los Cerritos Wetlands c 180701040600 E E

Los Cerritos Channel Estuary c 180701040600 E E

San Gabriel Estuary c, w 180701040506 E E

Long Beach Marina 180701040600 P E

Public Beach Areas 180701040600 E E

All other Areas 180701040600 P E

Marine Stadium 180701040600 P E

Long Beach 180701040600 E E

ISLANDS:NEARSHORE ZONES ^

Anacapa Island 180600140203 E E

San Nicolas Island 180701070001 E E

Begg Rock Nearshore Zone 180701070001 E E

Santa Barbara Island 180701070003 E E

Santa Catalina Island 180701070003 E E

Santa Catalina Island 180701070002 E E

San Clemente Island 180701070004 E E

LOS ANGELES COUNTY COASTAL FEATURE
a
 (Cont.)
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Table 2-1a. Beneficial Uses of Inland Surface Waters (Continued). 

 

 
*: This list may not be all inclusive. More areas may be added as information becomes    Footnotes are consistent for all beneficial use tables. 

available.                                                                                                                                 a: Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

E: Existing beneficial use      tributaries to the indicated waterbody, if not listed separately. 

P: Potential beneficial use c:  Coastal waterbodies which are also listed in inland Surface Waters Table (2-1) or in Wetlands Table (2-4). 

I: Intermittent beneficial use d: Limited public access precludes full utilization. 

E,P, and I: shall be protected as required. n: Area is currently under control of the Navy: swimming is prohibited. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WATERSHED
a WBD No. REC1 LREC-1 REC2

High Flow 

Suspension

WETLAND
a WBD No. 

180701010106 E E

180701020904 E E

180701030201 Ed Ed

180701030202 E E

180701030202 Pn E

180701040403 E E

180701040104 E E

180701040501 E E

180701040502 E E

180701040200 E E

180701040601 E E

180701060600 E E

McGrath Lake c

Mugu Lagoon c

Dume Lagoon c

Ventura River Estuary c

Los Cerritos Wetlands c

Ballona Wetlands c

Del Rey Lagoon c

Ormond Beach Wetlands c

Malibu Lagoon c

Santa Clara River Estuary c

Topanga Lagoon c

Ballona Lagoon/Venice Canals c

RB-AR35848
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Table 2-2 Beneficial Uses of Ground Waters.
ac 

      
E: Existing beneficial use                                                                Footnotes are consistent for all beneficial use tables 

P: Potential beneficial use                                                               ac:  Beneficial uses for ground waters outside of the major basins listed on this table and outlined in Fig 1-9 have not been specifically listed.  However,  

See pages 2-1 to 2-3 for description of beneficial use                    ground waters outside of the major basins are, in many cases, significant sources of water. Furthermore, ground waters outside of the major basins are either potential or  

                                                                                                         existing sources of water for downgradient basins, and as such, beneficial uses in the downgradient basins shall apply to these areas. 

ad: Basins are numbered according to DWR Bulletin No. 118-Update 2003 (DWR, 2003). 

ae:  Ground waters in the Pitas Point area (between the lower Ventura River and Rincon Point) are not considered to comprise a major basin and, accordingly, have not been designated a basin number by the DWR or outlined on Fig. 1-9. 

af: Santa Clara River Valley Basin was formerly Ventura Central Basin and Acton Valley Basin was formerly Upper Santa Clara Basin (DWR, 1980) 

ag: Pleasant Valley, Arroyo Santa Rosa Valley, and Las Posas Valley Basins were formerly subbasins of Ventura Central (DWR, 1980). 

ah:  Nitrite pollution in the groundwater of the Sunland-Tujunga area currently precludes direct MUN uses.  Since the ground water in this area can be treated or blended (or both), it retains the MUN designation. 

ai: Raymond Basin was formerly a subbasin of San Gabriel Valley and is now a separate basin.  The Main San Gabriel Basin was formerly separated into Eastern and Western areas. Since these areas had the same beneficial uses as Puente Basin all three 

areas have been combined into San Gabriel Valley. Any ground water upgradient of these areas is subject to downgradient beneficial uses and objectives, as explained in Footnote ac.  

aj: These areas were formerly part of the Russell Valeey Basin (DWR, 1980)      

ak: Groundwater in the Conejo-Tierra Rejada Volcanic Area occurs primarily in fractured volcanic rocks in the western Santa Monica Mountains and Conejo  Mountain areas. These areas have not been delineated on Fig.1-9. 

al:  With the exception of ground water in Malibu Valley (DWR Basin No. 4-22) ground waters along the southern slopes of the Santa Monica Mountains are not considered to comprise a major basin and accordingly have not been designated a basin 

number by DWR 

am: DWR has not designated basins for groundwaters on the San Pedro Channel Islands.          

 

DWRad 

Basin No.
BASIN MUN IND PROC AGR AQUA

PITAS POINT AREA ae E E P E

4-1 UPPER OJAI VALLEY E E E E

4-2 LOWER OJAI VALLEY E E E E

4-3 VENTURA RIVER VALLEY

4-3.01 Upper Ventura E E E E

4-3.02 Lower Ventura P E P E

4-4 SANTA CLARA RIVER VALLEY af

4-4.02 Oxnard

4-4.02 Oxnard Forebay E E E E

4-4.02 Confined aquifers E E E E

4-4.02 Unconfined and perched aquifers E P E

4-4.03 Mound

4-4.03 Confined aquifers E E E E

4-4.03 Unconfined and perched aquifers E P E

4-4.04 Santa Paula

4-4.04 East of Peck Road E E E E

4-4.04 West of Peck Road E E E E

4-4.05 Fillmore

4-4.05 Pole Creek Fan area E E E E

4-4.05 South side of Santa Clara River E E E E

4-4.05 Remaining Fillmore area E E E E E

4-4.05 Topa Topa (upper Sespe) area P E P E

4-4.06 Piru

4-4.06      Upper area (above Lake Piru) P E E E

4-4.06      Lower area east of Piru Creek E E E E

4-4.06      Lower area west of Piru Creek E E E E

4-4.07 Santa Clara River Valley East

4-4.07 Mint Canyon E E E E

4-4.07 South Fork E E E E

4-4.07 Placerita Canyon E E E E

4-4.07 Bouquet and San Francisquito Canyons E E E E

4-4.07 Castaic Valley E E E E

4-4.07 Saugus Aquifer E

4-5 ACTON VALLEY af

4-5 Acton Valley E E E E

4-5 Sierra Pelona Valley (Agua Dulce) E E E

4-5 Upper Mint Canyon E E E E

4-5 Upper Bouquet Canyon E P P E

4-5 Green Valley E P P E

4-5 Lake Elizabeth - Lake Hughes area E P P E

4-6 PLEASANT VALLEY ag

4-6 Confined aquifers E E E E

4-6 Unconfined and perched aquifers P E E E

DWR
ad 

Basin No.
BASIN MUN IND PROC AGR AQUA

4-7 ARROYO SANTA ROSA VALLEY ag E E E E

4-8 LAS POSAS VALLEY ag E E E E

4-9 SIMI VALLEY

Simi Valley Basin

Confined aquifers E E E E

Unconfined aquifers E E E E

Gillibrand Basin E E P E

4-10 CONEJO VALLEY E E E E

4-11 COASTAL PLAIN OF LOS ANGELES

4-11.01 Santa Monica E E E E

4-11.02 Hollywood E E E E

4-11.03 West Coast

4-11.03     Underlying Ports of Los Angeles & Long Beach E E E

4-11.03     Underlying El Segundo, Seaward of Barrier E E E

4-11.03     Remainder of Basin E E E E

4-11.04 Central E E E E

4-12 SAN FERNANDO VALLEY Eah E E E

4-13 SAN GABRIEL VALLEY ai E E E E

4-15 TIERRA REJADA E P P E

4-16 HIDDEN VALLEY E P E

4-17 LOCKWOOD VALLEY E E E

4-18 HUNGRY VALLEY E P E E

4-19 THOUSAND OAKS AREA aj E E E E

4-19 Triunfo Canyon area P P E

4-19 Lindero Canyon area P P E

4-19 Las Virgenes Canyon area P P E

4-20 RUSSELL VALLEY E P E

4-21 CONEJO-TIERRA REJADA VOLCANIC ak E E

4-22 MALIBU VALLEY al

4-22 Camarillo area  E P E

4-22 Point Dume area E P E

4-22 Malibu Valley P P E

4-22 Topanga Canyon area P P E

4-23 RAYMOND E E E E

SAN PEDRO CHANNEL ISLANDS am

Anacapa Island P P

San Nicolas Island E P

Santa Catalina Island E P E

San Clemente Island P P

Santa Barbara Island P P
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Table 2-3. Beneficial Uses of Coastal Waters. 

 
*: This list may not be all inclusive. More areas may be added as information     Footnotes are consistent for all beneficial use tables. 

becomes available. a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

tributaries to the indicated waterbody, if not listed separately. 

E: Existing beneficial use b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action  

P: Potential beneficial use      action would require a detailed analysis of the area. 

I: Intermittent beneficial use      c: Coastal waterbodies which are also listed in inland Surface Waters Tables (2-1) or in Wetlands Table (2-4). 

E,P, and I: shall be protected as required.     d: Limited public access precludes full utilization. 

^: Nearshore is defined as the zone bounded by the shoreline and a line 1000 feet from  e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

the shoreline or the 30-foot depth contours, whichever is further from the shoreline. f:   Aquatic organisms utilize all bays, esturaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early 

Longshore extent is from Rincon Creek to the San Gabriel River Estuary. development.  This may include migration into areas which are heavily influenced by freshwater inputs. 

 o: Marine Habitats of the Channel islands and Mugu Lagoon serve as pinniped haul-out areas for one or more species (.e. sea lions) 

 p: Habitat of the Clapper Rail. 

 an: Areas of Special Biological Significance (along coast from Latigo Point to Laguna Point) and Big Sycamore Canyon and Abalone 

Cove Ecological Reserves and Point Fermin Marine Life Refuge. 

 ar: Areas exhibiting large shellfish populations include Malibu, Point Dume, Point Fermin, White Point and Zuma Beach. 

 

COASTAL FEATURE
a WBD No. MUN IND PROC NAV POWCOMM WARM COLD EST MAR WILD BIOL RARE MIGR SPWN SHELL WETb

Nearshore  ̂ E E E E E Ean Ee Ef Ef E

Offshore Zone E E E E Ee Ef Ef E

Rincon Beach 180701010201 E E E E E E

Ventura River Estuary c 180701010106 E E E E E E Ee Ef Ef E E

Ventura Keys (Marina) 180701010202 E E E E E

Ventura Marina 180701010904 E E E E E E

Santa Clara River Estuary c 180701010904 E E E E E Ee Ef Ef E

Mandalay Beach 180701010201 E E E E Ee E

McGrath Lake c 180701010201 P E E Ee E

Edison Canal Estuary 180701010201 E E E Ee

Channel Islands Harbor 180701010201 E E E E E

Mandalay Bay (Marina) 180701010201 E E E E

Port Hueneme (Harbor) 180701010201 E E E E E

Ormond Beach 180701010201 E E E E E E Ee P E

Ormond Beach Wetlands c 180701010202 E E Ee E

Mugu Lagoon c 180701010202 E Ed E E Eo E Ee,p Ef Ef Ed E

Calleguas Creek Estuary c 180701010202 P E E E Ee,p Ef Ef E

Nearshore Zone ^ E E E E E Ean Ee Ef Ef Ear

Offshore Zone E E E E E Ee Ef Ef E

Nicholas Canyon Beach 180701040402 E E E E P E

Trancas Beach 180701040403 E E E E P E

Zuma County (Westward) Beach 180701040403 E E E E P Ear

Dume State Beach 180701040404 E E E E P E

Dume Lagoon c 180701040403 E E E E Ee Pf Pf E

Escondido Beach 180701040404 E E E E P E

Dan Blocker Memorial (Corral) Beach 180701040404 E E E E P E

VENTURA COUNTY COASTAL 

LOS ANGELES COUNTY COASTAL
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Table 2-3. Beneficial Uses of Coastal Features (Continued).  

 

 
*: This list may not be all inclusive. More areas may be added as information     Footnotes are consistent for all beneficial use tables. 

becomes available. a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

tributaries to the indicated waterbody, if not listed separately. 

E: Existing beneficial use b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action  

P: Potential beneficial use      action would require a detailed analysis of the area. 

I: Intermittent beneficial use      c: Coastal waterbodies which are also listed in inland Surface Waters Tables (2-1) or in Wetlands Table (2-4). 

E,P, and I: shall be protected as required.     e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

 f:   Aquatic organisms utilize all bays, esturaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early 

development.  This may include migration into areas which are heavily influenced by freshwater inputs. 

 ar: Areas exhibitingnlarge shellfish populations include Malibu, Point Dume, Point Fermin, White Point and Zuma Beach 

 as: Most frequently used grunion spawning beaches. Other beaches may be used as well. 

 w: These areas are engineered channels. All references to Tidal Prisms in Regional Board documents are functionally equivalent to 

estuaries. 

   

 

 

COASTAL FEATURE
a WBD No. MUN IND PROC NAV POWCOMM WARM COLD EST MAR WILD BIOL RARE MIGR SPWN SHELL WETb

LOS ANGELES COUNTY COASTAL (CONT.)                                          

Puerco Beach 180701040404 E E E E P E

Amarillo Beach 180701040404 E E E E P E

Malibu Beach 180701040404 E E E E E Eas Ear

Malibu Lagoon c 180701040404 E E E E Ee Ef Ef E

Carbon Beach 180701040502 E E E E P E

La Costa Beach 180701040502 E E E E P E

Las Flores Beach 180701040502 E E E E P E

Las Tunas Beach 180701040502 E E E E P E

Topanga Beach 180701040502 E E E E P E

Topanga Lagoon c 180701040501 E E E E Ee Ef Ef E

Will Rogers State Beach 180701040502 E E E E P E

Santa Monica Beach 180701040502 E E E E E Eas E

Venice Beach 180701040502 E E E E E E Eas E

Marina Del Rey

              Harbor 180701040502 E E E E E

              Public Beach Areas 180701040502 E E E E E

              All other Areas 180701040502 E E E E E E

              Entrance Channel 180701040502 E E E E E E

Ballona Creek Estuary c, w 180701040200 E E E E E Ee Ef Ef E

Ballona Lagoon/Venice Canals c 180701040502 E E E E E Ee Ef Ef E E

Ballona Wetlands c 180701040200 E E Ee Ef Ef E

Del Rey Lagoon c 180701040601 E E E E Ee Ef Ef E

Dockweiler Beach 180701040601 E E E E E P

Manhattan Beach 180701040601 E E E E P E

Hermosa Beach 180701040601 E E E E Eas E

King Harbor 180701040601 E E E E E E

Redondo Beach 180701040601 E E E E E E E Eas E

Torrance Beach 180701040601 E E E E E Eas E

Port Vicente Beach 180701040601 E E E E P E

Royal Palms Beach 180701040601 E E E E P E
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Table 2-3. Beneficial Uses of Coastal Features (Continued). 

 

*: This list may not be all inclusive. More areas may be added as information     Footnotes are consistent for all beneficial use tables. 

becomes available. a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

tributaries to the indicated waterbody, if not listed separately. 

E: Existing beneficial use b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action  

P: Potential beneficial use      action would require a detailed analysis of the area. 

I: Intermittent beneficial use      c: Coastal waterbodies which are also listed in inland Surface Waters Tables (2-1) or in Wetlands Table (2-4). 

E,P, and I: shall be protected as required.     e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

*Asterisked MUN designations are designated under SB 88-63 and RB-03. Some  f:   Aquatic organisms utilize all bays, esturaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early 

designations may be considered for exemptions at a later date (See pages 2-3 and 2-4 development.  This may include migration into areas which are heavily influenced by freshwater inputs. 

for more details). o: Marine Habitats of the Channel islands and Mugu Lagoon serve as pinniped haul-out areas for one or more species (i.e., sea lions). 

^: Nearshore is defined as the zone bounded by the shoreline and a line 1000 feet from w: These areas are engineered channels. All references to Tidal Prisms in Regional Board documents are functionally equivalent to  

the shoreline or the 30-foot depth contours, whichever is further from the shoreline. estuaries. 

as: Most frequently used grunion spawning beaches. Other beaches may be used as well. 

at: Areas of Special Biological Significance or ecological reserves. 

 

 

Whites Point County Beach 180701040601 E E E E P E

Cabrillo Beach 180701040302 E E E E E Eas E

Los Angeles - Long Beach Harbor 180701040602

Outer Harbor 180701040602 E E E E P

Marinas 180701040602 E E E E E P

Public Beach Areas 180701040602 E E E E E P E

All Other Inner Areas 180701040602 E E E E Ee P

Dominguez Channel Estuary c,w 180701040302 P E E E E Ee Ef Ef

Los Angeles River Estuary c,w 180701040404 E E E E E E Ee Ef Ef P E

Alamitos Bay 180701040600 E E E E E E E E E

Los Cerritos Wetlands c 180701040600 E E E E Ee Pf Pf E E

Los Cerritos Channel Estuary c 180701040600 E E E E E E Ee Ef Ef E

San Gabriel Estuary c, w 180701040506 E E E E E E Ee Ef Ef P

Long Beach Marina 180701040600 E E E E

Public Beach Areas 180701040600 E E E E P

All other Areas 180701040600 E E E P

Marine Stadium 180701040600 E E E E

Long Beach 180701040600 E E E E E Eas E

ISLANDS:NEARSHORE ZONES ^

Anacapa Island 180600140203 E E E Eo Eat E P E

San Nicolas Island 180701070001 E E E Eo Eat E P E

Begg Rock Nearshore Zone 180701070001 E E Eo Eat E P E

Santa Barbara Island 180701070003 E E E Eo Eat E P E

Santa Catalina Island 180701070003 E E E Eo Eat E P E

Santa Catalina Island 180701070002 E E E Eo Eat E P E

San Clemente Island 180701070004 E E E Eo Eat E P E

LOS ANGELES COUNTY COASTAL (Cont.)
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Table 2-4. Beneficial Uses of Significant Coastal Wetlands.
* 

 
*: This list may not be all inclusive. More areas may be added as information     Footnotes are consistent for all beneficial use tables. 

becomes available. a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all 

tributaries to the indicated waterbody, if not listed separately. 

E: Existing beneficial use b: Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any regulatory action 

P: Potential beneficial use      would require a detailed analysis of the area 

I: Intermittent beneficial use      c: Coastal waterbodies which are also listed in inland Surface Waters Tables (2-1) or in Wetlands Table (2-4). 

E, P, and I: shall be protected as required d: Limited public access precludes full utilization. 

 e: One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

 f:   Aquatic organisms utilize all bays, esturaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early 

development.  This may include migration into areas which are heavily influenced by freshwater inputs. 

 o: Marine Habitats of the Channel islands and Mugu Lagoon serve as pinniped haul-out areas for one or more species (.e. sea lions) 

 p: Habitat of the Clapper Rail. 
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7-�9.2. Calleguas Creek Watershed Metals and Selenium TMDL: Implementation Schedule
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7-21	 Ballona	Creek,	Ballona	Estuary	and	Sepulveda	Channel	Bacteria	TMDL
7-2�.�.   Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Elements
7-2�.2a. Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Final   

  Allowable Exceedance Days by Reach
7.2�.2b. Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: WLAs  

  and LAs for tributaries to the Impaired Reaches.
7-2�.�.   Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL:  
		 	Significant	Dates

7-22		 Calleguas	Creek	Watershed	Salts	TMDL
7-22.�. Calleguas Creek Watershed Salts TMDL: Elements
7-22.2. Calleguas Creek Watershed Salts TMDL: Implementation Schedule

7-23		 Lake	Elizabeth,	Munz	Lake,	and	Lake	Hughes	Trash	TMDL
 7-2�.�.   Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL: Elements 

7-2�.2a. Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL:  
  Implementation Schedule – Point Sources

7-2�.2b. Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL: Implementation 
  Schedule – Minimum Frequency of Assessment and Collection Program

7-24		 Revolon	Slough	and	Beardsley	Wash	Trash	TMDL
 7-24.�.   Revolon Slough and Beardsley Wash Trash TMDL: Elements 

7-24.2a. Revolon Slough and Beardsley Wash Trash TMDL: Implementation Schedule – 
  Point Sources

7-24.2b. Revolon Slough and Beardsley Wash Trash TMDL: Implementation Schedule – 
  Minimum Frequency of Assessment and Collection Program

7-25		 Ventura	River	Estuary	Trash	TMDL
 7-25.�. �entura River Estuary Trash TMDL: Elements7-25.�.   �entura River Estuary Trash TMDL: Elements 

7-25.2a. �entura River Estuary Trash TMDL: Implementation Schedule – Point Sources
7-25.2b. �entura River Estuary Trash TMDL: Implementation Schedule – Minimum 
    Frequency of Assessment and Collection Program

7-26		 Machado	Lake	Trash	TMDL
 7-26.�.   Machado Lake Trash TMDL: ElementsMachado Lake Trash TMDL: Elements
 7-26.2a. Machado Lake Trash TMDL: Implementation Schedule – Point Sources

7-26.2b. Machado Lake Trash TMDL: Implementation Schedule – Minimum Frequency 
  of Assessment and Collection Program

7-27		 Legg	Lake	Trash	TMDL
 7-27.�.   Legg Lake Trash TMDL: Elements 

7-27.2a. Legg Lake Trash TMDL: Implementation Schedule – Point Sources
7-27.2b. Legg Lake Trash TMDL: Implementation Schedule – Minimum Frequency of 

  Assessment and Collection Program

7-28	 Harbor	Beaches	of	Ventura	County	Bacteria	TMDL
7-28.�.  Harbor Beaches of �entura County Bacteria TMDL:  Elements
7-28.2.  Harbor Beaches of �entura County Bacteria TMDL:  Final Allowable

 Exceedance Days by Location
7-28.�.  Harbor Beaches of �entura County Bacteria TMDL: Implementation Table
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7-29	 Machado	Lake	Eutrophic,	Algae,	Ammonia,	and	Odors	(Nutrient)	TMDL
7-29.�.  Machado Lake Eutrophic, Algae, Ammonia, and Odors (Nutrient) TMDL:  
  Elements 
7-29.2.  Machado Lake Eutrophic, Algae, Ammonia, and Odors (Nutrient) TMDL: 
  Implementation Schedule

7-30	 Colorado	Lagoon	OC	Pesticides,	PCBs,	Sediment	Toxicity,	PAHs,	and	Metals	TMDL
7-�0.�.   Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, and Metals TMDL: 

  Elements
7-�0.2.   Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, and Metals TMDL: 

  Implementation Schedule

7-31	 Malibu	Creek	Watershed	Trash	TMDL
7-��.�   Malibu Creek Watershed Trash TMDL: Elements
7-��.2a  Malibu Creek Watershed Trash TMDL: Implementation Schedule – Point 
   Sources
7-��.2b  Malibu Creek Watershed Trash TMDL: Implementation Schedule – Minimum 
   Frequency of Assessment and Collection Program * - Nonpoint Sources

7-37	 McGrath	Lake	PCBs,	Pesticides	and	Sediment	Toxicity	TMDL
7-�7.�   McGrath Lake PCBs, Pesticides and Sediment Toxicity TMDL: Elements
7-�7.2   McGrath Lake PCBs, Pesticides and Sediment Toxicity TMDL:  Implementation 
             Schedule
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Introduction

Legal Basis and Authority

Section �0�(d)(�)(a) of the Clean Water Act (CWA) requires that “each state shall identify those waters 
within	its	boundaries	for	which	the	effluent	limitations	…	are	not	stringent	enough	to	implement	any	
water quality standard applicable to such waters.”  The CWA also requires states to establish a priority 
ranking for these waters. This list of prioritized impaired waterbodies is known as the �0�(d) list. The 
CWA then requires that Total Maximum Daily Loads (TMDLs) be established for waters on the �0�(d) 
list.  On California’s �998 �0�(d) list, the Los Angeles Regional Water Quality Control Board (RWQCB) 
identified	832		waterbody	reaches	as	water	quality	impaired.	Since	this	listing,	these	impaired	reaches	
have been consolidated into 92 “TMDL Analytical Units” in order to better manage and prioritize 
impaired watersheds for TMDL development.

A consent decree between the U.S. Environmental Protection Agency (USEPA), Heal the Bay, Inc. and 
BayKeeper, Inc. was approved on March 22, �999. This court order directs the USEPA to complete 
TMDLs for all impaired waters within �2 years. A schedule was established in the consent decree 
for	the	completion	of	the	first	29	TMDLs	within	7	years.	The	remaining	TMDLs	will	be	scheduled	by	
Regional Board staff within the �2-year period.

The elements of a TMDL are described in 40 CFR ��0.2 and ��0.7 and Section �0�(d) of the CWA, 
as	well	as	in	USEPA	guidance	documents	(e.g.,	USEPA,	1991).		A	TMDL	is	defined	as	“the	sum	of	
the individual waste load allocations for point sources and load allocations for nonpoint sources and 
natural background” (40 CFR ��0.2). Regulations further stipulate that TMDLs must be set at “levels 
necessary to attain and maintain the applicable narrative and numeric water quality standards with 
seasonal variations and a margin of safety that takes into account any lack of knowledge concerning 
the	relationship	between	effluent	limitations	and	water	quality”	(40	CFR	130.7(c)(1)).	The	regulations	in	
40	CFR	130.7	also	state	that	TMDLs	shall	take	into	account	critical	conditions	for	stream	flow,	loading	
and water quality parameters. 

Upon establishment of TMDLs by the State or USEPA, the State is required to incorporate the TMDLs 
along with appropriate implementation measures into the State Water Quality Management Plan (40 
CFR ��0.6(c)(�), ��0.7).  This Water Quality Control Plan for the Los Angeles Region (Basin Plan), 
and applicable statewide plans, serve as the State Water Quality Management Plans governing the  
watersheds under the jurisdiction of the RWQCB. 

Before approval by USEPA or incorporation into the Basin Plan, TMDLs must be subject to public 
review (40 CFR ��0.7). Public review requirements for Basin Plan Amendments are described in 
Chapter � of this document.
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TMDL Components

TMDLs include the following technical components, which provide the analytical basis for the TMDLs. 
• Problem	Statement:	A	description	of	the	waterbody/watershed	setting,	beneficial	use	impairments,	

and pollutants or stressors causing the impairment.
• Numeric	Targets: For each stressor addressed in the TMDL, appropriate measurable indicators 

and associated numeric targets based on numeric or narrative water quality standards, which 
express	the	target	or	desired	condition	for	the	existing	or	potential	beneficial	uses.

• Source	Analysis: An assessment of relative contributions of pollutant or stressor sources to the 
waterbody and the extent of needed discharge reductions or controls.

• Loading	Capacity/Seasonal	Variations	and	Critical	Conditions/Linkage	Analysis: The loading 
capacity is an estimate of the assimilative capacity of the waterbody for the pollutant of concern 
taking into account seasonal variations and critical conditions. The linkage analysis describes the 
analytical basis for concluding that the load allocations along with the margin of safety will not 
exceed the loading capacity of the waterbody.

• Load	Allocations/Margin	of	Safety: The allocation of allowable loads or load reductions among 
different sources, providing an adequate margin of safety. These allocations are usually expressed 
as waste load allocations for point sources, load allocations for nonpoint sources, and contributions 
from natural sources. The margin of safety takes into account any lack of knowledge concerning the 
relationship	between	effluent	limitations	and	water	quality.	Allocations	can	be	expressed	in	terms	of	
mass loads or other appropriate measures. The TMDL equals the sum of the above allocations and 
the margin of safety and cannot exceed the loading capacity for the waterbody.

In addition to these technical components, TMDLs must include a public participation component, 
an implementation plan, and a monitoring plan. Before approval by USEPA or incorporation into the 
Basin Plan, TMDLs must be subject to public review (40 CFR ��0.7). Public review requirements for 
Basin Plan Amendments are described in Chapter � of this document. The implementation plan should 
include a description of best management practices, point source controls or other actions necessary 
to implement the TMDL as well as how and when the necessary controls will be accomplished and who 
is responsible for each measure. The monitoring plan is required to evaluate the effectiveness of the 
TMDL and should include a schedule for reviewing and revising, if necessary, the TMDL and associated 
implementation measures.

Organization of Chapter

As TMDLs are developed, this chapter (Chapter 7) of the Basin Plan will be amended to include 
summaries of each TMDL in chronological order of Board approval.
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7-1  San Gabriel River East Fork Trash TMDL

This TMDL was adopted by:
 The Regional Water Quality Control Board on October 28, 1999.  

This TMDL was amended and adopted by:
 The Regional Water Quality Control Board on May 25, 2000.

This TMDL was approved by:
 The State Water Resources Control Board on June 15, 2000.
	 The	Office	of	Administrative	Law	on	September	8,	2000.
	 The	U.S.	Environmental	Protection	Agency	on	December	14,	2000.

The	effective	date	of	this	TMDL	is:		April	17,	2001.

The following table includes all the elements of this TMDL.

Table 7-1 TMDL Summaries
Watershed Reach Pollutant
San Gabriel River East Fork Trash

Element Derivation of Numbers

Problem Statement High recreational use of the river results in trash being deposited in and 
along the stream, posing a threat to water quality.

Water Quality Objective Waters	shall	not	contain	floating	materials,	including	solids,	liquids,	
foams, and scum, in concentrations that cause nuisance or adversely 
affect	beneficial	uses.

Water shall not contain suspended or settable material in concentrations 
that	cause	nuisance	or	adversely	affect	beneficial	uses.

Numeric Target No trash in the river

Source Analysis Picnicking and camping are the primary sources of trash.

Responsible Party U.S. Forest Service

Load Allocations Zero trash discharged to the river.

Margin of Safety Implicit Margin of Safety based on conservative interpretation of 
narrative standard

Seasonal Variations and 
Critical Conditions

Peak recreational usage is June through September based on Forest 
Service,	Regional	Board	and	Los	Angeles	County	Department	of	Public	
Works	field	observations.
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Implementation Measures The USFS shall submit a “TMDL Implementation Plan” within 60 
days of the effective date of this amendment.  The Plan shall include a 
detailed discussion of litter control measures to be implemented.  The 
TMDL	specifies	that	implementation	and	monitoring	must	begin	by	no	
later than 90 days after the effective date of this amendment.  The USFS 
must	demonstrate	compliance	with	the	TMDL	(numeric	target)	by	April	
1, 2003.  The Regional Board must approve any variations from this 
schedule.

Monitoring The USFS must conduct monitoring downstream of each of the four 
informal picnic areas referenced in the TMDL once per month during 
the peak use season (June-September.)  Monitoring of each of the four 
informal picnic areas may be conducted every other month during the 
rest of the year.  Two short-term surveys shall be conducted each year.  
One survey shall be conducted during a summer holiday weekend by 
setting up trash collection nets in the river over a period of four days 
(Friday	through	Monday).		A	wet	season	survey	using	trash	collection	
nets over four days shall also be conducted.

*The complete administrative record for the TMDL is available for review upon request.
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7-2  Los Angeles River Watershed Trash TMDL

This TMDL was adopted by:
 The Regional Water Quality Control Board on September 19, 2001.
 
This TMDL was approved by:
 The State Water Resources Control Board on February 19, 2002.
	 The	Office	of	Administrative	Law	on	July	16,	2002
	 The	U.S.	Environmental	Protection	Agency	on	August	1,	2002.

This TMDL was set aside by:
  The Regional Water Quality Control Board on June 8, 2006.

This TMDL was remanded by:
  The State Water Resources Control Board on July 19, 2006.

This TMDL was adopted by: 
	 The	Regional	Water	Quality	Control	Board	on	August	9,	2007.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	April	15,	2008.
	 The	Office	of	Administrative	Law	on	July	1,	2008.
	 The	U.S.	Environmental	Protection	Agency	on	July	24,	2008.

The effective date of this TMDL is: September 23, 2008.

The following table includes all the elements of this TMDL.

Table 7-2.1.  Los Angeles River Watershed Trash TMDL: Elements

Element Key Findings and Regulatory Provisions
Problem Statement Trash	in	the	Los	Angeles	River	is	causing	impairment	of	beneficial	

uses.	The	following	designated	beneficial	uses	are	impacted	by	
trash: water contact recreation (REC1); non-contact water recreation 
(REC2);	warm	freshwater	habitat	(WARM);	wildlife	habitat	(WILD),	
estuarine	habitat	(EST);	marine	habitat	(MAR);	rare	and	threatened	or	
endangered	species	(RARE);	migration	of	aquatic	organisms	(MIGR);	
spawning,	reproduction	and	early	development	of	fish	(SPWN);	
commercial	and	sport	fishing	(COMM);	shellfish	harvesting	(SHELL);	
wetland habitat (WET); and cold freshwater habitat (COLD). 

Numeric Target 
(Interpretation of the numeric 
water quality objective, used to 
calculate the waste load 
allocations)

Zero trash in all waterbodies.

Source Analysis Stormwater discharge is the major source of trash in the river. Nonpoint 
sources, i.e., direct deposition of trash by people or wind into the water 
body,	is	a	de	minimus	source	of	trash	loading	to	the	LA	River.	

Loading Capacity Zero
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Element Key Findings and Regulatory Provisions
Waste Load Allocations Baseline	Waste	Load	Allocations	for	each	city	in	the	Los	Angeles	River	

Watershed	are	as	provided	in	Table	7.2.2.	The	TMDL	requires	phased	
reductions over a period of 9 years, from existing baseline loads to zero 
(0). Phase II stormwater permittees (including educational institutions) 
also	have	a	final	wasteload	allocation	of	zero.	An	implementation	
schedule for these permittees will be established once their stormwater 
permit has been developed. 

Load Allocations The	load	allocations	for	nonpoint	source	trash	discharges	to	the	LA	River	are	
zero.

Implementation This TMDL will be implemented through stormwater permits and via 
the	authority	vested	in	the	Executive	Officer	by	section	13267	of	the	
Porter-Cologne	Water	Quality	Control	Act:	(Water	Code	section	13000	
et seq.). 

Compliance	with	the	final	waste	load	allocation	may	be	achieved	
through	a	full	capture	system.	A	full	capture	system	is	any	device	or	
series of devices that traps all particles retained by a 5 mm mesh screen 
and	has	a	design	treatment	capacity	of	not	less	than	the	peak	flow	rate	
(Q) resulting from a one-year, one-hour, storm in the subdrainage area. 
The	Rational	Equation	is	used	to	compute	the	peak	flow	rate:	Q	=	C	×	I	
×	A,	where	Q	=	design	flow	rate	(cubic	feet	per	second,	cfs);	C	=	runoff	
coefficient	(dimensionless);	I	=	design	rainfall	intensity	(inches	per	
hour,	as	determined	per	the	rainfall	isohyetal	map	in	Figure	A),	and	A=	
subdrainage area (acres). The isohyetal map may be updated annually 
by	the	Los	Angeles	County	hydrologist	to	reflect	additional	rain	data	
gathered	during	the	previous	year.	Annual	updates	published	by	the	
Los	Angeles	County	Department	of	Public	Works	are	prospectively	
incorporated by reference into this TMDL and accompanying Basin 
Plan amendment. 

The	Executive	Officer	has	authority	to	certify,	as	full-capture,	any	
trash reduction system that meets the operating and performance 
requirements as described above. 

To the extent nonpoint source implementation of load allocations 
is necessary, it will be accomplished, consistent with the Plan for 
Nonpoint Source Pollution Control Policy, with waste discharge 
requirements, waivers of waste discharge requirements, or any 
appropriate order, including a cleanup and abatement order, pursuant to 
e.g.,	sections	13263,	13269,	and/or	13304.	

An	implementation	report,	outlining	how	responsible	agencies	intend	to	
comply with the TMDL, will be prepared six months after the effective 
date of the TMDL. 

Margin of Safety “Zero discharge” is a conservative standard which contains an implicit 
margin of safety.

Seasonal Variations and 
Critical Conditions

Discharge of trash from the storm drain occurs primarily during or 
shortly after a rain event of greater than 0.25 inches.
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Figure A

Figure A: Isohyethal Map of Rainfall Intensities in Portions of Los Angeles County
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Table 7-2.2. Los Angeles River Trash TMDL Baseline Waste Load Allocations (gallons and lbs of trash). 

City WLA (gals) WLA (Ibs) 
Alhambra 39903 68761 
Arcadia 50108 93036 

Bell* 16026 25337 
Bell	Gardens 13500 23371 

Bradbury 4277 12160 
Burbank* 92590 170389 
Calabasas 22505 52230 

Carson 6832 10208 
Commerce 58733 85481 
Compton* 53191 86356 

Cudahy 5935 10061 
Downey 39063 68507 
Duarte 12210 23687 

El Monte 42208 68267 
Glendale* 140314 293498 

Hidden Hills 3663 10821 
Huntington Park 19159 30929 

Irwindale 12352 17911 
La Cañada Flintridge 33496 73747 

Long Beach* 87135 149759 
Los	Angeles* 1374845 2572500 

Los	Angeles	County* 310223 651806 
Lynwood 28201 46467 
Maywood 6129 10549 
Monrovia 46687 100988 

Montebello 50369 83707 
Monterey Park 38899 70456 

Paramount 27452 44490 
Pasadena* 111998 207514 
Pico Rivera 13953 22549 
Rosemead 27305 47378 

San Fernando 13947 23077 
San	Gabriel 20343 36437 
San Marino 14391 29147 
Santa Clarita 901 2326 
Sierra Madre 11611 25192 
Signal Hill 9434 14220 
Simi Valley 137 344 

South El Monte 15999 24319 
South	Gate 43904 72333 

South Pasadena 14907 28357 
Temple City 17572 31819 

Vernon 47203 66814 

Caltrans 59421 66566 
 

*Military	Installations	were	not	included	in	calculation	of	Baseline	WLA.
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Table 7.2.3. Los Angeles River Trash TMDL: Implementation Schedule.1 
(Required percent reductions based on initial baseline wasteload allocation of each city)

End of 
Storm 
Year

Implementation Waste	Load	Allocation	 Compliance Point

Sept  30, 
2008

Implementation: 

Year 1

60%	of	Baseline	Waste	Load	Allocations		
for the Municipal permittees; and  Caltrans

Compliance is 60% of the baseline load 

Sept  30, 
2009

Implementation: 

Year 2

50%	of	Baseline	Waste	Load	Allocations		
for the Municipal permittees; and  Caltrans

Compliance is 55% of the baseline load 
calculated as a 2-year annual average 

Sept  30, 
2010

Implementation: 

Year 32   

40%	of	Baseline	Waste	Load	Allocations		
for the Municipal permittees; and  Caltrans

Compliance is 50% of the baseline load 
calculated as a rolling 3-year annual 

average

Sept  30, 
2011

Implementation: 

Year	4	
30%	of	Baseline	Waste	Load	Allocations		

for the Municipal permittees; and  Caltrans
Compliance	is	40%	of	the	baseline	load	

calculated as a rolling 3-year annual 
average

Sept  30, 
2012

Implementation: 

Year 5 

20%	of	Baseline	Waste	Load	Allocations		
for the Municipal permittees; and  Caltrans

Compliance is 30% of the baseline load 
calculated as a rolling 3-year annual 

average

Sept  30, 
2013

Implementation: 

Year 6

10%	of	Baseline	Waste	Load	Allocations		
for the Municipal permittees; and  Caltrans

Compliance is 20% of the baseline load 
calculated as a rolling 3-year annual 

average

Sept  30, 
2014

Implementation: 

Year	7
0%	of	Baseline	Waste	Load	Allocations		for	

the Municipal permittees; and  Caltrans
Compliance is 10% of the baseline load 

calculated as a rolling 3-year annual 
average

Sept  30, 
2015

Implementation: 

Year 8

0%	of	Baseline	Waste	Load	Allocations		for	
the Municipal permittees; and  Caltrans

Compliance is 3.3% of the baseline 
load calculated as a rolling 3-year 

annual average

Sept  30, 
2016

Implementation: 

Year 9

0%	of	Baseline	Waste	Load	Allocations		for	
the Municipal permittees; and  Caltrans

Compliance is 0% of the baseline load 
calculated as a rolling 3-year annual 

average

1  “Notwithstanding the zero trash target and the baseline waste load allocations shown in Table 5, a Permittee will be 
				deemed	in	compliance	with	the	Trash	TMDL	in	areas	served	by	a	Full	Capture	System	within	the	Los	Angeles	River	
    Watershed.”
2		As	specified	in	Section	VI.A.,	the	Regional	Board	will	review	and	reconsider	the	final	Waste	Load	Allocations	once	a	
    reduction of 50% has been achieved and sustained.
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7-3  Ballona Creek Trash TMDL*

This TMDL was adopted by:
 The Regional Water Quality Control Board on September 19, 2001.

This TMDL was approved by: 
 The State Water Resources Control Board on February 19, 2002.
	 The	Office	of	Administrative	Law	on	July	18,	2002.
	 The	U.S.	Environmental	Protection	Agency	on	August	1,	2002.	

This TMDL was amended and adopted by:
	 The	Regional	Water	Quality	Control	Board	on	March	4,	2004.

This amended TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	September	30,	2004.
	 The	Office	of	Administrative	Law	on	February	8,	2005.
	 [U.S.	Environmental	Protection	Agency	approval	not	required	for	amendment	to	implementation	plan]

The	effective	date	of	this	TMDL	is:	August	11,	2005.

The following table presents  the key elements of this TMDL.

Table 7-3.1 Ballona Creek: Trash TMDL Elements
Element Derivation of Numbers
Problem Statement Trash	in	Ballona	Creek	is	causing	impairment	of	beneficial	uses.	The	

following	designated	beneficial	uses	are	impacted	by	trash:		water	
contact recreation (REC1); non-contact water recreation (REC2); warm 
freshwater	habitat	(WARM);	wildlife	habitat	(WILD),	estuarine	habitat	
(EST);	marine	habitat	(MAR);	rare	and	threatened	or	endangered	
species	(RARE);	migration	of	aquatic	organisms	(MIGR);	spawning,	
reproduction	and	early	development	of	fish	(SPWN);	commercial	and	
sport	fishing	(COMM);	shellfish	harvesting	(SHELL);	wetland	habitat	
(WET); and cold freshwater habitat (COLD). 

Numeric Target 

(Interpretation of the narrative 
water quality objective, used to 
calculate the load allocations)

Zero trash in the river.

Source Analysis Stormwater discharge is the major source of trash in the river.

Loading Capacity Zero.

Waste Load Allocations Phased reduction for a period of 10 years, from existing baseline load to 
zero. 

Implementation This TMDL will be implemented through stormwater permits and via 
the	authority	vested	in	the	Executive	Officer	by	section13267	of	the	
Porter-Cologne	Water	Quality	Control	Act:	Water	Code	section	13000	
et	seq.	Compliance	with	the	final	waste	load	allocation	may	be	achieved	
through	a	full	capture	system.		A	full	capture	system	is	any	device	or	
series of devices that traps all particles retained by a 5 mm mesh screen 
and	has	a	design	treatment	capacity	of	not	less	than	the	peak	flow	rate	
(Q) resulting from a one-year, one-hour, storm in the subdrainage area.  
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Implementation (continued) Rational	equation	is	used	to	compute	the	peak	flow	rate:	Q	=	C	× I × 
A,	where	Q	=	design	flow	rate	(cubic	feet	per	second,	cfs);	C	=	runoff	
coefficient	(dimensionless);	I	=	design	rainfall	intensity	(inches	per	
hour,	as	determined	per	the	rainfall	isohyetal	map	in	Figure	A),	and	A=	
subdrainage area (acres).  The isohyetal map may be updated annually 
by	the	Los	Angeles	County	hydrologist	to	reflect	additional	rain	data	
gathered	during	the	previous	year.		Annual	updates	published	by	the	
Los	Angeles	County	Department	of	Public	Works	are	prospectively	
incorporated by reference into this TMDL and accompanying Basin 
Plan amendment.

Margin of Safety “Zero discharge” is a conservative standard which contains an implicit 
margin of safety.

Seasonal Variations and 
Critical Conditions

Discharge of trash from the storm drain occurs primarily during or 
shortly after a rain event of greater than 0.25 inches.

*The complete administrative record for the TMDL is available for review upon request.
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Table 7-3.2 Ballona Creek Trash TMDL: Implementation Schedule1

(Default waste load allocations expressed as cubic feet of uncompressed trash and % reduction)

Year Baseline 
Monitoring/ 

Implementation

Waste	Load	Allocation	 Compliance Point

1

10/1/01--
9/30/02

Baseline 
Monitoring 

No	allocation	specified.	Trash	will	be	
reduced by levels collected during the 
baseline monitoring program.

Achieved	through	timely	compliance	with	baseline	
monitoring program.

2

10/1/02--
9/30/03

Baseline 
Monitoring

No	allocation	specified.	Trash	will	be	
reduced by levels collected during the 
baseline monitoring program.

Achieved	through	timely	compliance	with	baseline	
monitoring program.

3

10/1/03--
9/30/04

Baseline 
Monitoring 
(optional)/ 

Implementation: 
Year 1

90% (9,985 for the Municipal permittees,

1,472	for	Caltrans)
No compliance point (target of 90%)

4
10/1/04--
9/30/05

Baseline 
Monitoring 
(optional)/

Implementation: 
Year 2

80%	(8,875	for	the	Municipal	permittees,	
1,308 for Caltrans) 

No compliance point (target of 80%)

5

10/1/05--
9/30/06

Implementation: 

Year 3

70%	(7,776	for	the	Municipal	permittees;	
1,146	for	Caltrans)	

Compliance is 80% of the baseline load calculated as a 
rolling	3-year	annual	average	(8,875	for	the	Municipal	
permittees; 1,308 for Caltrans).

6

10/1/06--
9/30/07

Implementation: 

Year	4
60% (6,656 for the Municipal permittees; 

981 for Caltrans) 

70%	of	the	baseline	load	the	baseline	load	calculated	
as	a	rolling	3-year		annual	average	(7,776	for	the	
Municipal	permittees;	1,146	for	Caltrans).

7
10/1/07--
9/30/08

Implementation: 

Year 52

50%	(5,547	for	the	Municipal	permittees;	
818 for Caltrans) 

60% of the baseline load calculated as a rolling 3-year 
annual average  (6,656 for the Municipal permittees; 
981 for Caltrans)

8

10/1/08--
9/30/09

Implementation: 

Year 6

40%	(4,438	for	the	Municipal	permittees;	
654	for	Caltrans)	

50% of the baseline load calculated as a rolling 3-year 
annual	average	(5,547	for	the	Municipal	permittees;	
818 for Caltrans).

9

10/1/09--
9/30/10

Implementation: 

Year	7
30% (3,328 for the Municipal permittees; 

491	for	Caltrans)	
40%	of	the	baseline	load	calculated	as	a	rolling	3-year	
annual	average	(4,438	for	the	Municipal	permittees;	
654	for	Caltrans).

10

10/1/10--
9/30/11

Implementation: 

Year 8 

20% (2,218 for the Municipal permittees;

327	for	Caltrans).
30% of the baseline load calculated as a rolling 3-year 
annual average (3,328 for the Municipal permittees; 
491	for	Caltrans).

11

10/1/11--
9/30/12

Implementation: 

Year 9

10% (1,110 for the Municipal permittees; 

164	for	Caltrans).
20% of the baseline load calculated as a rolling 3-year 
annual average (2,220 for the Municipal permittees; 
327	for	Caltrans).

12

10/1/12--
9/30/13

Implementation: 

Year 10

0 or 0 % of the baseline load. 10% of the baseline load calculated as a rolling 3-year 
annual average (1,110 for the Municipal permittees; 
164	for	Caltrans.
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13

10/1/13--
9/30/14

Implementation: 

Year 11

0 or 0 % of the baseline load. 3.3 % of the baseline load calculated as a rolling 3-year 
annual	average	(366	for	the	Municipal	permittees,	54	
for Caltrans).

14
10/1/14--
9/30/15

Implementation: 

Year 12

0 or 0 % of the baseline. 0 or 0 % of the baseline load.

1		“Notwithstanding	the	zero	trash	target	and	the	default	waste	load	allocations	shown	in	Table	7-3.2,	a	Permittee	will	be	
     deemed in compliance with the Trash TMDL in areas served by a Full Capture System within the Ballona Creek and 
     Estuary Watershed.”
2			The	Regional	Board	will		review	and	reconsider	the	final	Waste	Load	Allocations	once	a	reduction	of	50%	has	been	
     achieved and sustained.
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Table 7-3.3. Ballona Creek Trash TMDL: Significant Dates

30	days	after	receipt	of	the	Executive	Officer’s	
request	as	authorized	by	Section	13267	of	the	
Water Code.

Submit baseline monitoring plan(s).

120	days	after	receipt	of	the	Executive	Officer’s	
request	as	authorized	by	Section	13267	of	the	
Water Code.

List of facilities that are outside of the 
permittee’s	 jurisdiction	 but	 drain	 to	 a	 portion	
of	 the	 permittee’s	 storm	 drain	 system,	 which	
discharges to Ballona Creek. 

Within	 the	first	2	years	after	approval	of	 this	
basin	 plan	 amendment;	 to	 be	 extended	 to	 4	
years at the option of the permittees

Collection of baseline data.

72	hours	after	each	rain	event Clean out of and measurement of trash 
retained.

Every 3 months during dry weather Clean out of and measurement of trash 
retained.
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7-4  Santa Monica Bay Beaches Bacteria TMDL (Dry Weather Only)*

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	January	24,	2002.

This TMDL was approved by:
 The State Water Resources Control Board on September 19, 2002.
	 The	Office	of	Administrative	Law	on	December	9,	2002.
	 The	U.S.	Environmental	Protection	Agency	on	June	19,	2003.

This TMDL was amended and adopted by:
 The Regional Water Quality Control Board on December 12, 2002.

This amended TMDL was approved by: 
 The State Water Resources Control Board on March 19, 2003.
	 The	Office	of	Administrative	Law	on	May	20,	2003.
	 The	U.S.	Environmental	Protection	Agency	on	June	19,	2003.

The effective date of this TMDL is:  July 15, 2003.

The following table summarizes the key elements of this TMDL.

Table 7-4.1. Santa Monica Bay Beaches Bacteria TMDL (Dry Weather Only): Elements
Element Key Findings and Regulatory Provisions
Problem Statement Elevated bacterial indicator densities are causing impairment of the 

water	contact	recreation	(REC-1)	beneficial	use	at	many	Santa	Monica	
Bay (SMB) beaches. Swimming in waters with elevated bacterial 
indicator densities has long been associated with adverse health effects. 
Specifically,	local	and	national	epidemiological	studies	compel	the	
conclusion that there is a causal relationship between adverse health 
effects and recreational water quality, as measured by bacterial indicator 
densities. 

Numeric Target 
(Interpretation of the numeric 
water quality objective, 
used to calculate the waste 
load allocations)

The TMDL has a multi-part numeric target based on the bacteriological 
water quality objectives for marine water to protect the water contact 
recreation use. These targets are the most appropriate indicators of 
public health risk in recreational waters. 

These bacteriological objectives are set forth in Chapter 3 of the 
Basin Plan, as amended by the Regional Board on October 25, 2001. 
The objectives are based on four bacterial indicators and include 
both geometric mean limits and single sample limits. The Basin Plan 
objectives are as follows:

1.	 Rolling	30-day	Geometric	Mean	Limits
a. Total coliform density shall not exceed 1,000/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b.	 Fecal	coliform	density	shall	not	exceed	400/100	ml.
c.	 Enterococcus	density	shall	not	exceed	104/100	ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the 

ratio of fecal-to-total coliform exceeds 0.1.
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Element Key Findings and Regulatory Provisions
Numeric Target 
(Interpretation of the numeric 
water quality objective, 
used to calculate the waste 
load allocations)

The targets apply throughout the year. The compliance point 
for the targets is the wave wash1, where there is a freshwater 
outlet (i.e., storm drain or creek) to the beach, or at ankle depth 
at beaches without a freshwater outlet. 

The geometric mean targets may not be exceeded at any time. For the 
single sample targets, each existing shoreline monitoring site is assigned 
an allowable number of exceedance days for two time periods (summer 
dry	weather	and	winter	dry	weather	as	defined	in	Table	7-4.2a).	(A	
separate amendment will address the allowable number of wet weather 
exceedance days.) 

The allowable number of exceedance days is set such that (1) 
bacteriological water quality at any site is at least as good as at a 
designated reference site within the watershed and (2) there is no 
degradation of existing shoreline bacteriological water quality.

Source Analysis  With the exception of isolated sewage spills, dry weather urban 
runoff conveyed by storm drains and creeks is the primary source 
of elevated bacterial indicator densities to SMB beaches during dry 
weather. Limited natural runoff and groundwater may also potentially 
contribute to elevated bacterial indicator densities during winter dry 
weather.	This	is	supported	by	the	finding	that	historical	monitoring	data	
from the reference beach indicate no exceedances of the single sample 
targets during summer dry weather and on average only three percent 
exceedance during winter dry weather.

Loading Capacity Studies show that bacterial degradation and dilution during transport 
from	the	watershed	to	the	beach	do	not	significantly	affect	bacterial	
indicator densities at SMB beaches. Therefore, the loading capacity 
is	defined	in	terms	of	bacterial	indicator	densities,	which	is	the	most	
appropriate for addressing public health risk, and is equivalent to the 
numeric targets, listed above.

Waste Load Allocations Waste load allocations are expressed as the number of sample days at 
a shoreline monitoring site that may exceed the single sample targets 
identified	under	“Numeric	Target.”	Waste	load	allocations	are	expressed	
as allowable exceedance days because the bacterial density and 
frequency of single sample exceedances are the most relevant to public 
health protection.

For each shoreline monitoring site and corresponding subwatershed, the 
allowable number of exceedance days is set for two time periods. These 
two periods are: 

1.	 summer	dry	weather	(April	1	to	October	31),	and
2. winter dry weather (November 1 to March 31). 
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Element Key Findings and Regulatory Provisions
Waste Load Allocations The allowable number of exceedance days for a shoreline monitoring 

site for each time period is based on the lesser of two criteria (1) 
exceedance days in the designated reference system and (2) exceedance 
days based on historical bacteriological data at the monitoring site. This 
ensures that shoreline bacteriological water quality is at least as good 
as that of a largely undeveloped system and that there is no degradation 
of existing shoreline bacteriological water quality.2All	responsible	
jurisdictions and responsible agencies3 within a subwatershed are jointly 
responsible for complying with the allowable number of exceedance 
days	for	each	associated	shoreline	monitoring	site	identified	in	Table	
7-4.2a	below.	

The three Publicly Owned Treatment Works (POTWs)4 discharging to 
Santa	Monica	Bay	are	each	given	individual	WLAs	of	zero	(0)	days	of	
exceedance during both summer dry weather and winter dry weather.

Implementation This TMDL will be implemented in two phases over a 6-year period. 
The regulatory mechanisms used to implement the TMDL will include 
primarily	the	Los	Angeles	County	Municipal	Storm	Water	NPDES	
Permit, the Caltrans Storm Water Permit, the three NPDES permits for 
the	POTWs,	and	the	authority	vested	in	the	Executive	Officer	via	13267	
of	the	Porter-Cologne	Water	Quality	Control	Act.	

Within 3 years of the effective date of the TMDL, summer dry-
weather allowable exceedance days and the rolling 30-day geometric 
mean targets must be achieved. Within 6 years of the effective date, 
winter dry-weather allowable exceedance days and the rolling 30-day 
geometric mean targets must be achieved.

Margin of Safety WLAs	of	zero	days	of	exceedance	during	the	summer	include	an	
implicit	margin	of	safety.	The	WLAs	of	a	maximum	of	three	days	of	
exceedance during winter dry weather include an implicit margin of 
safety because the maximum allowable days of exceedance are based on 
samples collected 50 yards downcurrent of the freshwater outlet at the 
reference beach. Findings from a bacterial dispersion study of selected 
freshwater	outlets	show	that	there	is	typically	significant	dilution	
between the freshwater outlet, the wave wash (the compliance point), 
and a point 50 yards downcurrent. 
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Element Key Findings and Regulatory Provisions
Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste load 
allocations for two time periods (summer dry weather and winter 
dry weather) based on public health concerns and observed natural 
background levels of exceedance of bacterial indicators. 

The critical period for this dry weather bacteria TMDL is during winter 
months, when historic shoreline monitoring data for the reference beach 
indicate that the single sample bacteria objectives are exceeded on 
average 3% of the dry weather days sampled. 

Note: The complete staff report for the TMDL is available for review upon request.
 
1		The	wave	wash	is	defined	as	the	point	at	which	the	storm	drain	or	creek	empties	and	the	effluent	from	the	storm	drain	
    initially mixes with the receiving ocean water.
2  In order to fully protect public health, no exceedances are permitted at any shoreline monitoring location during summer 
				dry	weather	(April	1	to	October	31).	In	addition	to	being	consistent	with	the	two	criteria,	waste	load	allocations	of	zero	(0)	
    exceedance days are further supported by the fact that the California Department of Health Services has established 
    minimum protective bacteriological standards – the same as the numeric targets in this TMDL – which, when exceeded 
				during	the	period	April	1	to	October	31,	result	in	posting	a	beach	with	a	health	hazard	warning	(California	Code	of	
				Regulations,	title	17,	section	7958).	
3  For the purposes of this TMDL, “responsible jurisdictions and responsible agencies” includes: (1) local agencies that are 
    responsible for discharges from a publicly owned treatment works to the Santa Monica Bay watershed or directly to the 
    Bay, (2) local agencies that are permittees or co-permittees on a municipal storm water permit, (3) local or state agencies 
				that	have	jurisdiction	over	a	beach	adjacent	to	Santa	Monica	Bay,	and	(4)	the	California	Department	of	Transportation	
    pursuant to its storm water permit.
4		Hyperion	Wastewater	Treatment	Plant,	Joint	Water	Pollution	Control	Plant,	and	Tapia	Wastewater	Reclamation	Facility. 
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Basin Plan           7-�2   Total Maximum Daily Loads
Updated September 20��

Compliance Deadline
3 years after 
effective 
date

6 years after 
effective 
date

Location Name Subwatershed

Summer 
Dry Weather 
(Apr.	1-Oct.	
31)

Winter Dry 
Weather 
(Nov. 1-
Mar. 31)*

City of Los Angeles, Environmental Monitoring Division Sites
S1 Surfrider Beach (breach point) - daily Malibu Canyon 48 31

S2 Topanga State Beach Topanga Canyon 10 8

S3 Pulga Canyon storm drain - 50 yards east (Will 
Rogers)

Pulga Canyon 4 6

S4 Santa Monica Canyon, Will Rogers State Beach Santa Monica 
Canyon

36 7

S5 Santa Monica Municipal Pier - 50 yards south-
east (Santa Monica)

Santa Monica 54 22

S6 Santa Monica Beach at Pico/Kenter storm drain 
(Santa Monica)

Santa Monica 15 20

S7 Ashland	Av.	storm	drain	-	50	yards	south	(Ven-
ice)

Santa Monica 16 6

S8 Venice	City	Beach	at	Windward	Av.	-		50	yards	
north

Ballona 3 0

S10 Ballona Creek entrance - 50 yards south (Dock-
weiler)

Dockweiler 7 3

S11 Dockweiler State Beach at Culver Bl. Dockweiler 6 1

S12 Imperial Highway storm drain - 50 yards north 
(Dockweiler)

Dockweiler 7 0

S13 Manhattan	State	Beach	at	40th	Street Hermosa 1 0

S14 Manhattan Beach Pier - 50 yards south Hermosa 1 0

S15 Hermosa Beach Pier - 50 yards south Hermosa 2 0

S16 Redondo Municipal Pier - 50 yards south Redondo 16 9

S17 Redondo	State	Beach	at	Avenue	I Redondo 2 0

S18 Malaga Cove, Palos Verdes Estates - daily Palos Verdes 1 0

Los Angeles County Department of Health Services Sites
DHS 
(010)

Leo	Carillo	Beach	(REFERENCE	BEACH) Arroyo	Sequit	
Canyon

0 0

DHS 
(009)

Nicholas Beach Nicholas Canyon 7 0

DHS 
(010a)

Broad Beach Trancas Canyon 3 3

DHS 
(008)

Trancas Beach entrance Trancas Canyon 5 0

DHS 
(007)

Westward Beach, SE end Zuma Canyon 8 0

Table 7-4.2b.  Santa Monica Bay Beaches Bacteria TMDL Implementation Schedule (Dry Weather Only) 
Required Reduction in Number of Days Exceeding Single Sample Bacterial Indicator Targets for Existing 
Shoreline Monitoring Stations
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Basin Plan           7-��   Total Maximum Daily Loads
Updated September 20��

Compliance Deadline
3 years after 
effective 
date

6 years after 
effective 
date

Location Name Subwatershed

Summer 
Dry Weather 
(Apr.	1-Oct.	
31)

Winter Dry 
Weather 
(Nov. 1-
Mar. 31)*

DHS 
(006)

Paradise Cove Ramirez Canyon 16 9

DHS 
(005)

26610 Latigo Shore Drive Latigo Canyon 11 13

DHS 
(005a)

Corral Beach Latigo Canyon 3 5

DHS 
(004)

Puerco Beach Corral Canyon 0 7

DHS 
(003)

Malibu Point, Malibu Colony Dr. Malibu Canyon 23 6

DHS 
(003a)

Surfrider Beach, Malibu, 50 yds. Malibu Canyon 58 25

DHS 
(002)

Malibu Pier Malibu Canyon 42 14

DHS 
(001a)

Las Flores Beach Las Flores Canyon 18 7

DHS 
(001)

Big Rock Beach Piedra	Gorda	Can-
yon

32 20

DHS 
(101)

17200	Pacific	Coast	Hwy. Santa Ynez Canyon 3 9

DHS 
(102)

Bel	Air	Bay	Club,	16801	Pacific Santa Ynez Canyon 14 5

DHS 
(103)

Temescal Storm Drain Pulga Canyon 17 0

DHS 
(104a)

San Vicente Blvd. extended Santa Monica 7 0

DHS 
(104)

Montana	Ave.	Storm	Drain Santa Monica 7 0

DHS 
(105)

Wilshire Blvd., Santa Monica Santa Monica 15 4

DHS 
(106)

Strand Street extended Santa Monica 8 6

DHS 
(106a)

Ashland	Storm	Drain Santa Monica 24 2

DHS 
(107)

Venice	City	Beach	at	Brooks	Av. Ballona 3 10

DHS 
(108)

Venice Pier, Venice Ballona 4 0
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Basin Plan           7-�4   Total Maximum Daily Loads
Updated September 20��

Compliance Deadline
3 years after 
effective 
date

6 years after 
effective 
date

Location Name Subwatershed

Summer 
Dry Weather 
(Apr.	1-Oct.	
31)

Winter Dry 
Weather 
(Nov. 1-
Mar. 31)*

DHS 
(109)

Topsail Street extended Ballona 11 0

DHS 
(110)

World Way extended Dockweiler 5 1

DHS 
(111)

Opposite Hyperion Plant, 1 mile Dockweiler 3 4

DHS 
(112)

Grand	Avenue	extended Dockweiler 8 5

DHS 
(113)

26th Street extended Hermosa 5 0

DHS 
(114)

Herondo Street extended Hermosa 5 1

DHS 
(115)

Topaz Street extended Redondo 8 12

County Sanitation Districts of Los Angeles County Sites
Long Point Palos Verdes 1 0

Abalone	Cove Palos Verdes 1 0

Portuguese Bend Cove Palos Verdes 1 0

Royal Palms Palos Verdes 1 0

Wilder	Annex Palos Verdes 1 0

Cabrillo Beach, oceanside Palos Verdes 1 0

Malaga Cove Palos Verdes 2 0

Bluff Cove Palos Verdes 0 0

*	A	re-opener	is	scheduled	for	four	years	after	the	effective	date	of	the	TMDL	in	order	to	re-evaluate	the	al-
lowable exceedance days and necessary reductions during winter dry weather based on additional monitoring 
data.
** Required reductions are based on the assumption of daily sampling.
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Basin Plan           7-�5   Total Maximum Daily Loads
Updated September 20��

Table 7-4.3. Santa Monica Bay Beaches Bacteria TMDL (Dry Weather Only): Significant Dates
Date Action
120 days after the effective date 
of the TMDL

Responsible jurisdictions and responsible agencies 
must submit coordinated shoreline monitoring plan(s), 
including a list of new sites or sites relocated to the 
wave wash at which time responsible jurisdictions and 
responsible agencies will select between daily and weekly 
shoreline sampling.

120 days after the effective date 
of the TMDL

Responsible jurisdictions and responsible agencies must 
identify	and	provide	documentation	on	342	potential	
discharges to Santa Monica Bay beaches listed in 
Appendix	C	of	the	TMDL	Staff	Report	dated	January	11,	
2002. Documentation must include a Report of Waste 
Discharge (ROWD) where necessary.

Responsible jurisdictions and responsible agencies 
must identify and provide documentation on potential 
discharges	to	the	Area	of	Special	Biological	Significance	
(ASBS)	in	northern	Santa	Monica	Bay	from	Latigo	Point	
to the County line.

Cessation	of	the	discharges	into	the	ASBS	shall	be	
required in conformance with the California Ocean Plan. 

4	years	after	effective	date	of	
TMDL

Re-open TMDL to re-evaluate allowable winter dry 
weather exceedance days based on additional data 
on bacterial indicator densities in the wave wash, a 
re-evaluation of the reference system selected to set 
allowable exceedance levels, and a re-evaluation of 
the reference year used in the calculation of allowable 
exceedance days.

3 years after effective date of the 
TMDL

Achieve	compliance	with	allowable	exceedance	days	as	
set	forth	in	Table	7-4.2a	and	rolling	30-day	geometric	
mean	targets	during	summer	dry	weather	(April	1	to	
October 31).

6 years after effective date of the 
TMDL

Achieve	compliance	with	allowable	exceedance	days	as	
set	forth	in	Table	7-4.2a	and	rolling	30-day	geometric	
mean targets during winter dry weather (November 1 to 
March 31).
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Basin Plan           7-�6   Total Maximum Daily Loads
Updated September 20��
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Basin Plan           7-�7   Total Maximum Daily Loads
Updated September 20��

7-4  Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only)*

This TMDL was adopted by:
 The Regional Water Quality Control Board on December 12, 2002.

This TMDL was approved by:
 The State Water Resources Control Board on March 19, 2003.
	 The	Office	of	Administrative	Law	on	May	20,	2003.
	 The	U.S.	Environmental	Protection	Agency	on	June	19,	2003.

The effective date of this TMDL is: July 15, 2003.

The following table summarizes the key elements of this TMDL.

Table 7-4.4. Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only): Elements

Element Key Findings and Regulatory Provisions
Problem Statement Elevated bacterial indicator densities are causing impairment of the 

water	contact	recreation	(REC-1)	beneficial	use	at	many	Santa	Monica	
Bay (SMB) beaches. Swimming in waters with elevated bacterial 
indicator densities has long been associated with adverse health effects. 
Specifically,	local	and	national	epidemiological	studies	compel	the	
conclusion that there is a causal relationship between adverse health 
effects and recreational water quality, as measured by bacterial indicator 
densities. 

Numeric Target
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

The TMDL has a multi-part numeric target based on the bacteriological 
water quality objectives for marine water to protect the water contact 
recreation (REC-1) use. These targets are the most appropriate 
indicators of public health risk in recreational waters. 

These bacteriological objectives are set forth in Chapter 3 of the 
Basin Plan, as amended by the Regional Board on October 25, 2001. 
The objectives are based on four bacterial indicators and include 
both geometric mean limits and single sample limits. The Basin Plan 
objectives  that serve as numeric targets for this TMDL are:

1.	 Rolling	30-day	Geometric	Mean	Limits
a. Total coliform density shall not exceed 1,000/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b.	 Fecal	coliform	density	shall	not	exceed	400/100	ml.
c.	 Enterococcus	density	shall	not	exceed	104/100	ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the 

ratio of fecal-to-total coliform exceeds 0.1.
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Basin Plan           7-�8   Total Maximum Daily Loads
Updated September 20��

Element Key Findings and Regulatory Provisions
Numeric Target (continued)
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

These objectives are generally based on an acceptable health risk for 
marine recreational waters of 19 illnesses per 1,000 exposed individuals 
as	set	by	the	US	EPA	(US	EPA,	1986).	The	targets	apply	throughout	the	
year.	The	final	compliance	point	for	the	targets	is	the	wave	wash1 where 
there is a freshwater outlet (i.e., publicly-owned storm drain or natural 
creek) to the beach, or at ankle depth at beaches without a freshwater 
outlet. 

Implementation of the above bacteria objectives and the associated 
TMDL numeric targets is achieved using a ‘reference system/anti-
degradation	approach’	rather	than	the	alternative	‘natural	sources	
exclusion	approach’	or	strict	application	of	the	single	sample	objectives.	
As	required	by	the	CWA	and	Porter-Cologne	Water	Quality	Control	Act,	
Basin	Plans	include	beneficial	uses	of	waters,	water	quality	objectives	
to protect those uses, an anti-degradation policy, collectively referred 
to as water quality standards, and other plans and policies necessary to 
implement water quality standards. This TMDL and its associated waste 
load allocations, which shall be incorporated into relevant permits, are 
the	vehicles	for	implementation	of	the	Region’s	standards.

The	‘reference	system/anti-degradation	approach’	means	that	on	the	
basis of historical exceedance levels at existing shoreline monitoring 
locations, including a local reference beach within Santa Monica Bay, 
a certain number of daily exceedances of the single sample bacteria 
objectives are permitted. The allowable number of exceedance days is 
set such that (1) bacteriological water quality at any site is at least as 
good as at a designated reference site within the watershed and (2) there 
is no degradation of existing shoreline bacteriological water quality. 
This approach recognizes that there are natural sources of bacteria that 
may cause or contribute to exceedances of the single sample objectives 
and that it is not the intent of the Regional Board to require treatment 
or diversion of natural coastal creeks or to require treatment of natural 
sources of bacteria from undeveloped areas. 

The geometric mean targets may not be exceeded at any time. The 
rolling 30-day geometric means will be calculated on each day. If 
weekly sampling is conducted, the weekly sample result will be 
assigned to the remaining days of the week in order to calculate the 
daily rolling 30-day geometric mean. For the single sample targets, each 
existing shoreline monitoring site is assigned an allowable number of 
exceedance	days	during	wet	weather,	defined	as	days	with	0.1	inch	of	
rain	or	greater	and	the	three	days	following	the	rain	event.	(A	separate	
amendment incorporating the Santa Monica Bay Beaches Dry-Weather 
Bacteria TMDL addressed the allowable number of summer and winter 
dry-weather exceedance days.) 
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Basin Plan           7-�9   Total Maximum Daily Loads
Updated September 20��

Element Key Findings and Regulatory Provisions
Source Analysis With the exception of isolated sewage spills, storm water runoff 

conveyed by storm drains and creeks is the primary source of elevated 
bacterial indicator densities to SMB beaches during wet weather. 
Because the bacterial indicators used as targets in the TMDL are not 
specific	to	human	sewage,	storm	water	runoff	from	undeveloped	
areas may also be a source of elevated bacterial indicator densities. 
For example, storm water runoff from natural areas may convey fecal 
matter from wildlife and birds or bacteria from soil. This is supported 
by	the	finding	that,	at	the	reference	beach,	the	probability	of	exceedance	
of the single sample targets during wet weather is 0.22.

Loading Capacity Studies show that bacterial degradation and dilution during transport 
from	the	watershed	to	the	beach	do	not	significantly	affect	bacterial	
indicator densities at SMB beaches. Therefore, the loading capacity 
is	defined	in	terms	of	bacterial	indicator	densities,	which	is	the	most	
appropriate for addressing public health risk, and is equivalent to the 
numeric	targets,	listed	above.	As	the	numeric	targets	must	be	met	in	
the wave wash and throughout the day, no degradation allowance is 
provided.

Waste Load Allocations 
(for point sources)

Waste load allocations are expressed as the number of sample days at 
a shoreline monitoring site that may exceed the single sample targets 
identified	under	“Numeric	Target.”	Waste	load	allocations	are	expressed	
as allowable exceedance days because the bacterial density and 
frequency of single sample exceedances are the most relevant to public 
health protection.

For each shoreline monitoring site and corresponding subwatershed, an 
allowable number of exceedance days is set for wet weather. 

The allowable number of exceedance days for a shoreline monitoring 
site for each time period is based on the lesser of two criteria 
(1) exceedance days in the designated reference system and (2) 
exceedance days based on historical bacteriological data at the 
monitoring site. This ensures that shoreline bacteriological water quality 
is at least as good as that of a largely undeveloped system and that there 
is no degradation of existing shoreline bacteriological water quality. 

All	responsible	jurisdictions	and	responsible	agencies2 within a 
subwatershed are jointly responsible for complying with the allowable 
number of exceedance days for each associated shoreline monitoring 
site	identified	in	Table	7-4.5	below.	

The three Publicly Owned Treatment Works (POTWs), the City of Los 
Angeles’	Hyperion	Wastewater	Treatment	Plant,	Los	Angeles	County	
Sanitation	Districts’	Joint	Water	Pollution	Control	Plant,	and	the	Las	
Virgenes	Municipal	Water	Districts’	Tapia	Wastewater	Reclamation	
Facility, discharging to Santa Monica Bay are each given individual 
WLAs	of	zero	(0)	days	of	exceedance	during	wet	weather.
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Element Key Findings and Regulatory Provisions
Load Allocations 
(for nonpoint sources)

Because all storm water runoff to SMB beaches is regulated as a 
point source, load allocations of zero days of exceedance are set 
in this TMDL. If a nonpoint source is directly impacting shoreline 
bacteriological quality and causing an exceedance of the numeric 
target(s), the permittee(s) under the Municipal Storm Water NPDES 
Permits are not responsible through these permits. However, the 
jurisdiction or agency adjacent to the shoreline monitoring location may 
have further obligations as described under “Compliance Monitoring” 
below.

Implementation The regulatory mechanisms used to implement the TMDL will include 
primarily	the	Los	Angeles	County	Municipal	Storm	Water	NPDES	
Permit	(MS4	Permit),	the	Caltrans	Storm	Water	Permit,	the	three	
NPDES permits for the POTWs, the authority contained in sections 
13267	and	13263	of	the	Water	Code,	and	regulations	to	be	adopted	
pursuant to section 13291 of the Water Code. Each NPDES permit 
assigned a waste load allocation shall be reopened or amended at 
reissuance, in accordance with applicable laws, to incorporate the 
applicable waste load allocation(s) as a permit requirement.

The implementation schedule will be determined on the basis of the 
implementation plan(s), which must be submitted to the Regional 
Board by responsible jurisdictions and agencies within two years of 
the	effective	date	of	the	TMDL	(see	Table	7-4.7).	After	considering	the	
implementation plan(s), the Regional Board shall amend the TMDL at a 
public hearing and, in doing so, will adopt an individual implementation 
schedule for each jurisdictional group (described in paragraph 3 below) 
that is as short as possible taking into account the implementation 
approach being undertaken. Responsible jurisdictions and agencies must 
clearly demonstrate in the above-mentioned plan whether they intend 
to pursue an integrated water resources approach.3 If an integrated 
water resources approach is pursued, responsible jurisdictions and 
agencies may be allotted up to an 18-year implementation timeframe, 
based on a clear demonstration of the need for a longer schedule in the 
implementation plan, in recognition of the additional planning and time 
needed	to	achieve	the	multiple	benefits	of	this	approach.	Otherwise,	at	
most a 10-year implementation timeframe will be allotted, depending 
upon a clear demonstration of the time needed in the implementation 
plan.

The subwatersheds associated with each beach monitoring location 
may include multiple responsible jurisdictions and responsible 
agencies.	Therefore,	a	“primary	jurisdiction,”	defined	as	the	jurisdiction	
comprising	greater	than	fifty	percent	of	the	subwatershed	land	area,	
is	identified	for	each	subwatershed	(see	Table	7-4.6).4 Seven primary 
jurisdictions	are	identified	within	the	Santa	Monica	Bay	watershed,	
each with a group of associated subwatersheds and beach monitoring 
locations.	These	are	identified	as	“jurisdictional	groups”	(see	Table	7-
4.6).
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Element Key Findings and Regulatory Provisions
Implementation (continued) The primary jurisdiction of each “jurisdictional group” shall be 

responsible for submitting the implementation plan described 
above, which will determine the implementation timeframe for 
the	subwatershed.		A	jurisdictional	group	may	change	its	primary	
jurisdiction by submitting a joint, written request, submitted by the 
current primary jurisdiction and the proposed primary jurisdiction, 
to	the	Executive	Officer	requesting	a	reassignment	of	primary	
responsibility. Two jurisdictional groups may also choose to change 
the assignment of monitoring locations between the two groups by 
submitting a joint, written request, submitted by the current primary 
jurisdiction and the proposed primary jurisdiction, to the Executive 
Officer	requesting	a	reassignment	of	the	monitoring	location.

If an integrated water resources approach is pursued, the jurisdictional 
group(s) must achieve a 10% cumulative percentage reduction from 
the total exceedance-day reduction required for the group of beach 
monitoring locations within 6 years, a 25% reduction within 10 years, 
and a 50% reduction within 15 years of the effective date of the TMDL. 
These interim milestones for the jurisdictional group(s) will be re-
evaluated, considering planning, engineering and construction tasks, 
based on the written implementation plan submitted to the Regional 
Board	two	years	after	the	effective	date	of	the	TMDL	(see	Table	7-4.7).

If an integrated water resources approach is not pursued, the 
jurisdictional group(s) must achieve a 25% cumulative percentage 
reduction from the total exceedance-day reduction required for the 
group of beach monitoring locations within 6 years, and a 50% 
reduction within 8 years of the effective date of the TMDL (see Table 
7-4.7).	

For those beach monitoring locations subject to the antidegradation 
provision, there shall be no increase in exceedance days during the 
implementation period above that estimated for the beach monitoring 
location	in	the	critical	year	as	identified	in	Table	7-4.5.	

The	final	implementation	targets	in	terms	of	allowable	wet-weather	
exceedance days must be achieved at each individual beach location 
no	later	than	18	years	after	the	TMDL’s	effective	date	if	an	integrated	
water resources approach is pursued, or no later than 10 years after the 
TMDL’s	effective	date	if	an	integrated	water	resources	approach	is	not	
pursued. In addition, the geometric mean targets must be achieved for 
each individual beach location no later than 18 years or 10 years after 
the effective date, respectively, depending on whether a integrated water 
resources approach is pursued or not.
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Element Key Findings and Regulatory Provisions
Margin of Safety The TMDL is set at levels that are exactly equivalent to the applicable 

water quality standards along with the proposed reference system/
antidegradation implementation procedure.

An	implicit	margin	of	safety	is	included	in	the	supporting	water	quality	
model by assuming no dilution between the storm drain and the wave 
wash, the point of compliance. This is a conservative assumption since 
studies have shown that there is a high degree of variability in the 
amount of dilution between the storm drain and wave wash temporally, 
spatially and among indicators, ranging from 100% to 0%.

Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste load 
allocations for three time periods (wet weather, summer dry weather 
and winter dry weather) based on public health concerns and observed 
natural background levels of exceedance of bacterial indicators. (The 
two dry-weather periods are addressed in the Santa Monica Bay 
Beaches Dry-Weather Bacteria TMDL.)

The critical condition for this bacteria TMDL is wet weather generally, 
when historic shoreline monitoring data for the reference beach 
indicate that the single sample bacteria objectives are exceeded on 
22%	of	the	wet-weather	days	sampled.	To	more	specifically	identify	
a critical condition within wet weather in order to set the allowable 
exceedance	days	shown	in	Tables	7-4.5	and	7-4.6,	the	90th percentile 
‘storm	year’5 in terms of wet days is used as the reference year. 
Selecting the 90th percentile year avoids a situation where the reference 
beach is frequently out of compliance. It is expected that because 
responsible jurisdictions and agencies will be planning for this ‘worst-
case’	scenario,	there	will	be	fewer	exceedance	days	than	the	maximum	
allowed in drier years. Conversely, in the 10% of wetter years, it 
is expected that there may be more than the allowable number of 
exceedance days.

Compliance Monitoring Responsible	jurisdictions	and	agencies	as	defined	in	Footnote	2	shall	
conduct daily or systematic weekly sampling in the wave wash at all 
major drains6 and creeks or at existing monitoring stations at beaches 
without storm drains or freshwater outlets to determine compliance.7	At	
all locations, samples shall be taken at ankle depth and on an incoming 
wave.	At	locations	where	there	is	a	freshwater	outlet,	during	wet	
weather, samples should be taken as close as possible to the wave wash, 
and no further away than 10 meters down current of the storm drain or 
outlet.8	At	locations	where	there	is	a	freshwater	outlet,	samples	shall	be	
taken	when	the	freshwater	outlet	is	flowing	into	the	surf	zone.
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Element Key Findings and Regulatory Provisions
Compliance Monitoring 
(continued)

If the number of exceedance days is greater than the allowable 
number of exceedance days for any jurisdictional group at the interim 
implementation milestones  the responsible jurisdictions and agencies 
shall be considered out-of-compliance with the TMDL. If the number 
of exceedance days exceeds the allowable number of exceedance days 
for	a	target	beach	at	the	final	implementation	deadline,	the	responsible	
jurisdictions and agencies within the contributing subwatershed 
shall be considered out-of-compliance with the TMDL. Responsible 
jurisdictions or agencies shall not be deemed out of compliance with 
the TMDL if the investigation described in the paragraph below 
demonstrates that bacterial sources originating within the jurisdiction 
of the responsible agency have not caused or contributed to the 
exceedance.

If a single sample shows the discharge or contributing area to be 
out of compliance, the Regional Board may require, through permit 
requirements	or	the	authority	contained	in	Water	Code	section	13267,	
daily sampling in the wave wash or at the existing open shoreline 
monitoring location (if it is not already) until all single sample events 
meet bacteria water quality objectives. Furthermore, if a beach 
location is out-of-compliance as determined in the previous paragraph, 
the Regional Board shall require responsible agencies to initiate an 
investigation, which at a minimum shall include daily sampling in 
the wave wash or at the existing open shoreline monitoring location 
until all single sample events meet bacteria water quality objectives.  
If bacteriological water quality objectives are exceeded in any three 
weeks of a four-week period when weekly sampling is performed, or, 
for	areas	where	testing	is	done	more	than	once	a	week,	75%	of	testing	
days produce an exceedence of bacteria water quality objectives, 
the responsible agencies shall conduct a source investigation of the 
subwatershed(s) pursuant to protocols established under Water Code 
13178.
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Element Key Findings and Regulatory Provisions
Compliance Monitoring 
(continued)

If a beach location without a freshwater outlet is out-of-compliance 
or if the outlet is diverted or being treated, the adjacent municipality, 
County agency(s), or State or federal agency(s) shall be responsible 
for	conducting	the	investigation	and	shall	submit	its	findings	to	the	
Regional Board to facilitate the Regional Board exercising further 
authority to regulate the source of the exceedance in conformance with 
the	Porter-Cologne	Water	Quality	Control	Act.

Note: The complete staff report for the TMDL is available for review upon request.

1		The	wave	wash	is	defined	as	the	point	at	which	the	storm	drain	or	creek	empties	and	the	effluent	from	the	storm	drain	
    initially mixes with the receiving ocean water.
2		For	the	purposes	of	this	TMDL,	“responsible	jurisdictions	and	responsible	agencies”	are	defined	as:	(1)	local	agencies	that	
    are responsible for discharges from a publicly owned treatment works to the Santa Monica Bay watershed or directly to the 
    Bay, (2) local agencies that are permittees or co-permittees on a municipal storm water permit, (3) local or state agencies 
				that	have	jurisdiction	over	a	beach	adjacent	to	Santa	Monica	Bay,	and	(4)	the	California	Department	of	Transportation	
    pursuant to its storm water permit.
3		An	integrated	water	resources	approach	is	one	that	takes	a	holistic	view	of	regional	water	resources	management	by	
    integrating planning for future wastewater, storm water, recycled water, and potable water needs and systems; focuses on 
				beneficial	re-use	of	storm	water,	including	groundwater	infiltration,	at	multiple	points	throughout	a	watershed;	and	
				addresses	multiple	pollutants	for	which	Santa	Monica	Bay	or	its	watershed	are	listed	on	the	CWA	section	303(d)	List	as	
    impaired. Because an integrated water resources approach will address multiple pollutants, responsible jurisdictions can 
    recognize cost-savings because capital expenses for the integrated approach will implement several TMDLs that address 
				pollutants	in	storm	water.	An	integrated	water	resources	approach	shall	not	only	provide	water	quality	benefits	to	the	
				people	of	the	Los	Angeles	Region,	but	it	is	also	anticipated	that	an	integrated	approach	will	incorporate	and	enhance	other	
    public goals. These may include, but are not limited to, water supply, recycling and storage; environmental justice; parks, 
    greenways and open space; and active and passive recreational and environmental education opportunities.
4		Primary	jurisdictions	are	not	defined	for	the	Ballona	Creek	subwatershed	or	the	Malibu	Creek	subwatershed,	since	separate	
    bacteria TMDLs are being developed for these subwatersheds.
5		For	purposes	of	this	TMDL,	a	‘storm	year’	means	November	1	to	October	31.	The	90th percentile storm year was 1993 with 
				75	wet	days	at	the	LAX	meteorological	station.
6		Major	drains	are	those	that	are	publicly	owned	and	have	measurable	flow	to	the	beach	during	dry	weather.
7		The	frequency	of	sampling	(i.e.,	daily	versus	weekly)	will	be	at	the	discretion	of	the	implementing	agencies.	However,	the	
    number of sample days that may exceed the objectives will be scaled accordingly.
8  Safety considerations during wet weather may preclude taking a sample in the wave wash.
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Table	7-4.5.	Final	Allowable	Wet-Weather	Exceedance	Days	by	Beach	Location

Beach Monitoring Location
Estimated no. of wet weather 
exceedance days in critical 
year (90th percentile)*

Final allowable no. of wet 
weather exceedance days 
(daily sampling)*

DHS 010 - Leo Carrillo Beach, at 35000 PCH 17 17

DHS 009 - Nicholas Beach- 100 feet west of lifeguard tower 14 14

DHS 010a - Broad Beach 15 15

DHS 008 - Trancas Beach entrance, 50 yards east of Trancas Bridge 19 17

DHS 007 - Westward Beach, east of Zuma Creek 17 17

DHS 006 - Paradise Cove, adjacent to west side of Pier 23 17

DHS 005 - Latigo Canyon Creek entrance 33 17

DHS 005a - Corral State Beach 17 17

DHS 001a - Las Flores Beach 29 17

DHS 001 - Big Rock Beach, at 19900 PCH 30 17

DHS 003 - Malibu Point 18 17

DHS 003a - Surfrider Beach (second point)- weekly 45 17

S1 - Surfrider Beach (breach point)- daily 47 17

DHS 002 - Malibu Pier- 50 yards east 45 17

S2 - Topanga State Beach 26 17

DHS 101 - PCH and Sunset Bl.- 400 yards east 25 17

DHS 102 - 16801 Pacific Coast Highway, Bel Air Bay Club (chain fence) 28 17

S3 - Pulga Canyon storm drain- 50 yards east 23 17

DHS 103 - Will Rogers State Beach- Temescal Canyon (25 yrds. so. of drain) 31 17

S4 - Santa Monica Canyon, Will Rogers State Beach 25 17

DHS 104a - Santa Monica Beach at San Vicente Bl. 34 17

DHS 104 - Santa Monica at Montana Av. (25 yrds. so. of drain) 31 17

DHS 105 - Santa Monica at Arizona (in front of the drain) 31 17

S5 - Santa Monica Municipal Pier- 50 yards southeast 35 17

S6 - Santa Monica Beach at Pico/Kenter storm drain 42 17

DHS 106 - Santa Monica Beach at Strand St. (in front of the restrooms) 36 17

DHS 106a - Ashland Av. storm drain- 50 yards north 39 17

S7 - Ashland Av. storm drain- 50 yards south 22 17

DHS 107 - Venice City Beach at Brooks Av. (in front of the drain) 40 17

S8 - Venice City Beach at Windward Av.-  50 yards north 13 13

DHS 108 - Venice Fishing Pier- 50 yards south 17 17

DHS 109 - Venice City Beach at Topsail St. 38 17

S11 - Dockweiler State Beach at Culver Bl. 23 17

DHS 110 - Dockweiler State Beach- south of D&W jetty 30 17

S12 - Imperial HWY storm drain- 50 yards north 17 17

DHS 111 - Hyperion Treatment Plant One Mile Outfall 18 17

DHS 112 - Dockweiler State Beach at Grand Av. (in front of the drain) 25 17

S10 - Ballona Creek entrance- 50 yards south 34 17
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Beach Monitoring Location
Estimated no. of wet weather 
exceedance days in critical 
year (90th percentile)*

Final allowable no. of wet 
weather exceedance days 
(daily sampling)*

S13 - Manhattan State Beach at 40th Street 4 4

S14 - Manhattan Beach Pier- 50 yards south 5 5

DHS 114 - Hermosa City Beach at 26th St. 12 12

S15 - Hermosa Beach Pier- 50 yards south 8 8

DHS 115 - Herondo Street storm drain- (in front of the drain) 19 17

S16 - Redondo Municipal Pier- 50 yards south 14 14

DHS 116 - Redondo State Beach at Topaz St. - north of jetty 19 17

S17 - Redondo State Beach at Avenue I 6 6

S18 - Malaga Cove, Palos Verdes Estates-daily 3 3

LACSDM - Malaga Cove, Palos Verdes Estates-weekly 14 14

LACSDB - Palos Verdes (Bluff) Cove, Palos Verdes Estates 0 0

LACSD1 - Long Point, Rancho Palos Verdes 5 5

LACSD2 - Abalone Cove Shoreline Park 1 1

LACSD3 - Portuguese Bend Cove, Rancho Palos Verdes 2 2

LACSD5 - Royal Palms State Beach 6 6

LACSD6 - Wilder Annex, San Pedro 2 2

LACSD7 - Cabrillo Beach, oceanside 3 3

Notes: * The compliance targets are based on existing shoreline monitoring data and assume daily sampling. If systematic 
weekly sampling is conducted, the compliance targets will be scaled accordingly. These are the compliance targets until 
additional shoreline monitoring data are collected prior to revision of the TMDL. Once additional shoreline monitoring data 
are available, the following will be re-evaluated when the TMDL is revised 1) estimated number of wet-weather exceedance 
days	in	the	critical	year	at	all	beach	locations,	including	the	reference	system(s)		and	2)	final	allowable	wet-weather	
exceedance days for each beach location. 
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Table 7-4.7. Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only): Significant Dates
Date Action
120 days after the effective date 
of the TMDL

Pursuant to a request from the Regional Board, responsible 
jurisdictions and responsible agencies must submit 
coordinated shoreline monitoring plan(s) to be approved by 
the	Executive	Officer,	including	a	list	of	new	sites*	and/or	
sites relocated to the wave wash at which time responsible 
jurisdictions and responsible agencies shall select between 
daily or systematic weekly shoreline sampling.

20 months after the effective date 
of the TMDL

Responsible jurisdictions and agencies shall provide a 
draft written report to the Regional Board outlining how 
each intends to cooperatively (through Jurisdictional 
Groups)	achieve	compliance	with	 the	TMDL.	The	 report	
shall include implementation methods, an implementation 
schedule, and proposed milestones.

Two years after effective date of 
TMDL

Responsible jurisdictions and agencies shall provide a 
written report to the Regional Board outlining how each 
intends	 to	 cooperatively	 (through	 Jurisdictional	 Groups)	
achieve compliance with the TMDL. The report shall 
include implementation methods, an implementation 
schedule, and proposed milestones. Under no circumstances 
shall	 final	 compliance	 dates	 exceed	 10	 years	 for	 non-
integrated approaches or 18 years for integrated water 
resources approaches. Regional Board staff shall bring to 
the Regional Board the aforementioned plans as soon as 
practicable for consideration.

4	years	after	effective	date	of	
TMDL

The Regional Board shall reconsider the TMDL to:

(1)	 refine	 allowable	wet	weather	 exceedance	 days	 based	
on additional data on bacterial indicator densities in the 
wave	wash	and	an	evaluation	of	site-specific	variability	
in exceedance levels, 

(2) re-evaluate the reference system selected to set allowable 
exceedance levels, including a reconsideration of 
whether the allowable number of exceedance days 
should be adjusted annually dependent on the rainfall 
conditions and an evaluation of natural variability in 
exceedance levels in the reference system(s), 

(3) re-evaluate the reference year used in the calculation of 
allowable exceedance days, and

(4)	 re-evaluate	 whether	 there	 is	 a	 need	 for	 further	
clarification	 or	 revision	 of	 the	 geometric	 mean	
implementation provision.
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Date Action
Significant Dates for Responsible Jurisdictions and Agencies Not Pursuing an Integrated 

Water Resources Approach
6 years after effective date of the 
TMDL

Each	 defined	 jurisdictional	 group	 must	 achieve	 a	 25%	
cumulative percentage reduction from the total exceedance-
day reductions required for that jurisdictional group as 
identified	in	Table	7-4.6.

8 years after effective date of the 
TMDL

Each	 defined	 jurisdictional	 group	 must	 achieve	 a	 50%	
cumulative percentage reduction from the total exceedance-
day reductions required for that jurisdictional group as 
identified	in	Table	7-4.6.

10 years after effective date of the 
TMDL

Final implementation targets in terms of allowable wet-
weather exceedance days must be achieved at each 
individual	beach	as	 identified	 in	Table	7-4.5.	 In	addition,	
the geometric mean targets must be achieved for each 
individual beach location.

Significant Dates for Responsible Jurisdictions and Agencies Pursuing an Integrated 
Water Resources Approach to Implementation

6 years after effective date of the 
TMDL

Each	 defined	 jurisdictional	 group	 must	 achieve	 a	 10%	
cumulative percentage reduction from the total exceedance-
day reductions required for that jurisdictional group as 
identified	in	Table	7-4.6.

10 years after effective date of the 
TMDL

Each	 defined	 jurisdictional	 group	 must	 achieve	 a	 25%	
cumulative percentage reduction from the total exceedance-
day reductions required for that jurisdictional group as 
identified	in	Table	7-4.6.

15 years after effective date of the 
TMDL

Each	 defined	 jurisdictional	 group	 must	 achieve	 a	 50%	
cumulative percentage reduction from the total exceedance-
day reductions required for that jurisdictional group as 
identified	in	Table	7-4.6.

18 years after effective date of the 
TMDL

Final implementation targets in terms of allowable wet-
weather exceedance days must be achieved at each 
individual	beach	as	 identified	 in	Table	7-4.5.	 In	addition,	
the geometric mean targets must be achieved for each 
individual beach location.

Notes:  *For those subwatersheds without an existing shoreline monitoring site, responsible jurisdictions and agencies must 
establish	a	shoreline	monitoring	site	if	there	is	measurable	flow	from	a	creek	or	publicly	owned	storm	drain	to	the	beach	during	
dry weather.
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7-5  Marina del Rey Harbor Mothers’ Beach and Back Basins Bacteria TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	August	7,	2003.

This TMDL was approved by:
 The State Water Resources Control Board on November 19, 2003.
	 The	Office	of	Administrative	Law	on	January	30,	2004.
	 The	U.S.	Environmental	Protection	Agency	on	March	18,	2004.

The	effective	date	of	this	TMDL	is:	March	18,	2004

The following table includes the elements of this TMDL.

Table 7-5.1. Marina del Rey Harbor Mothers’ Beach and Back Basins Bacteria TMDL: Elements
Element Key Findings and Regulatory Provisions
Problem Statement Elevated bacterial indicator densities are causing impairment of the 

water	contact	recreation	(REC-1)	beneficial	use	at	Marina	del	Rey	
Harbor	(MdRH)	Mothers’	Beach	and	back	basins.		Swimming	in	
marine waters with elevated bacterial indicator densities has long been 
associated	with	adverse	health	effects.		Specifically,	local	and	national	
epidemiological studies compel the conclusion that there is a causal 
relationship between adverse health effects and recreational water 
quality, as measured by bacterial indicator densities.

Numeric Target 
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

The TMDL has a multi-part numeric target based on the bacteriological 
water quality objectives for marine water to protect the water contact 
recreation use. These targets are the most appropriate indicators of 
public health risk in recreational waters.

These bacteriological objectives are set forth in Chapter 3 of the Basin 
Plan.1  The objectives are based on four bacterial indicators and include 
both geometric mean limits and single sample limits.  The Basin Plan 
objectives that serve as the numeric targets for this TMDL are:
1.	Rolling	30-day	Geometric	Mean	Limits
a. Total coliform density shall not exceed 1,000/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b.	 Fecal	coliform	density	shall	not	exceed	400/100	ml.
c.	 Enterococcus	density	shall	not	exceed	104/100	ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the 

ratio of fecal-to-total coliform exceeds 0.1.
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Element Key Findings and Regulatory Provisions
Numeric Target (continued)
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

These objectives are generally based on an acceptable health risk 
for marine recreational waters of 19 illnesses per 1,000 exposed 
individuals	as	set	by	the	US	EPA	(US	EPA,	1986).		The	targets	apply	
throughout	the	year.		The	final	compliance	point	for	the	targets	is	the	
point	at	which	the	effluent	from	a	storm	drain	initially	mixes	with	
the receiving water where there is a freshwater outlet (i.e., publicly-
owned storm drain) to the beach, or at ankle depth at beaches without a 
freshwater outlet, and at surface and depth throughout the Harbor.  For 
Mothers’	Beach	the	targets	will	apply	at	existing	or	new	monitoring	
sites, with samples taken at ankle depth.  For Basins D, E, and F the 
targets will also apply at existing or new monitoring sites with samples 
collected at  surface and at depth.

Implementation of the above bacteria objectives and the associated 
TMDL numeric targets is achieved using a ‘reference system/anti-
degradation	approach’	rather	than	the	alternative	‘natural	sources	
exclusion	approach	subject	to	antidegradation	policies’	or	strict	
application	of	the	single	sample	objectives.	As	required	by	the	CWA	
and	Porter-Cologne	Water	Quality	Control	Act,	Basin	Plans	include	
beneficial	uses	of	waters,	water	quality	objectives	to	protect	those	
uses, an anti-degradation policy, collectively referred to as water 
quality standards, and other plans and policies necessary to implement 
water quality standards.  This TMDL and its associated waste load 
allocations, which shall be incorporated into relevant permits, and 
load	allocations	are	the	vehicles	for	implementation	of	the	Region’s	
standards.

The	‘reference	system/anti-degradation	approach’	means	that	on	the	
basis of historical exceedance levels at existing monitoring locations, 
including a local reference beach within Santa Monica Bay, a certain 
number of daily exceedances of the single sample bacteria objectives 
are permitted.  The allowable number of exceedance days is set such 
that (1) bacteriological water quality at any site is at least as good as 
at a designated reference site within the watershed and (2) there is no 
degradation of existing bacteriological water quality.  This approach 
recognizes that there are natural sources of bacteria that may cause or 
contribute to exceedances of the single sample objectives and that it is 
not the intent of the Regional Board to require treatment or diversion 
of natural coastal creeks or to require treatment of natural sources of 
bacteria from undeveloped areas.

The geometric mean targets may not be exceeded at any time.  The 
rolling 30-day geometric means will be calculated on each day.  If 
weekly sampling is conducted, the weekly sample result will be 
assigned to the remaining days of the week in order to calculate the 
daily rolling 30-day geometric mean.  For the single sample targets, 
each existing monitoring site is assigned an allowable number of 
exceedance	days	for	three	time	periods	(1)	summer	dry-weather	(April	
1 to October 31), (2) winter dry-weather (November 1 to March 31), 
and	(3)	wet-weather	(defined	as	days	with	0.1	inch	of	rain	or	greater	
and the three days following the rain event.)
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Element Key Findings and Regulatory Provisions
Source Analysis Dry-weather urban runoff and storm water conveyed by storm drains 

are the primary sources of elevated bacterial indicator densities to 
MdRH	Mothers’	Beach	and	back	basins	during	dry	and	wet-weather.	
As	of	December	2002,	there	were	seven	dischargers	located	within	
the Marina del Rey watershed.  These dischargers were issued general 
NPDES permits, general industrial and/or general construction storm 
water permits.  The bacteria loads associated with these discharges are 
largely unknown, since most do not monitor for bacteria.  However, 
these	discharges	are	not	expected	to	be	a	significant	source	of	bacteria.
Potential	nonpoint	sources	of	bacterial	contamination	at	Mothers’	
Beach and the back basins of MdRH include marina activities such 
as waste disposal from boats, boat deck and slip washing, swimmer 
“wash-off”, restaurant washouts and natural sources from birds, 
waterfowl and other wildlife.  The bacteria loads associated with these 
nonpoint sources are unknown.

Loading Capacity Studies show that bacterial degradation and dilution during transport 
from	the	watershed	to	the	receiving	water	do	not	significantly	affect	
bacterial	indicator	densities.		Therefore,	the	loading	capacity	is	defined	
in terms of bacterial indicator densities, which is the most appropriate 
for addressing public health risk, and is equivalent to the numeric 
targets,	listed	above.		As	the	numeric	targets	must	be	met	at	the	point	
where	the	effluent	from	storm	drains	initially	mixes	with	the	receiving	
water and back basins throughout the day, no degradation or dilution 
allowance is provided.

Waste Load Allocations 
(for point sources)

The	Los	Angeles	County	MS4	and	CalTrans	storm	water	permittees	
and	co-permittees	are	assigned	waste	load	allocations	(WLAs)	
expressed as the number of daily or weekly sample days that may 
exceed	the	single	sample	targets	identified	under	“Numeric	Target”	at	
a monitoring site.  Waste load allocations are expressed as allowable 
exceedance days because the bacterial density and frequency of single 
sample exceedances are the most relevant to public health protection.

The allowable number of exceedance days for a monitoring site for 
each time period is based on the lesser of two criteria (1) exceedance 
days in the designated reference system and (2) exceedance days based 
on historical bacteriological data at the monitoring site.  This ensures 
that bacteriological water quality is at least as good as that of a largely 
undeveloped system and that there is no degradation of existing water 
quality.

For each monitoring site, allowable exceedance days are set on an 
annual basis as well as for three time periods.  These three periods are:
1.	 summer	dry-weather	(April	1	to	October	31)
2. winter dry-weather (November 1 to March 31) 
3.	 wet-weather	days	(defined	as	days	of	0.1	inch	of	rain	or	more	plus	

three days following the rain event). 
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued)

The	County	of	Los	Angeles,	City	of	Los	Angeles,	Culver	City,	and	
California Department of Transportation (CalTrans) are the responsible 
jurisdictions and responsible agencies2 for the Marina del Rey 
Watershed.	The	County	of	Los	Angeles	is	the	primary	jurisdiction	
because Marina del Rey Harbor is located in an unincorporated area of 
the	County,	the	County	is	the	lead	Permittee	in	the	Los	Angeles	County	
Municipal	Storm	Water	NPDES	Permit	(MS4)	stormwater	permit,	and	
the	Marina	is	owned	and	operated	by	the	County	of	Los	Angeles.		The	
responsible jurisdictions and responsible agencies within the Marina 
del Rey Watershed are jointly responsible for complying with the waste 
load	allocation	at	monitoring	locations	impacted	by	MS4	stormwater	
discharges.		All	proposed	WLAs	for	summer	dry-weather	are	zero	(0)	
days of allowable exceedances.3		The	proposed	WLAs	for	winter	dry-
weather	and	wet-weather	vary	by	monitoring	location	as	identified	in	
Table	7-5.2.

The waste load allocation for the rolling 30-day geometric mean for 
the	County	of	Los	Angeles,	City	of	Los	Angeles,	Culver	City,	and	
CalTrans is zero (0) days of allowable exceedances.

As	discussed	in	“Source	Analysis”,	discharges	from	general	
NPDES permits, general industrial storm water permits and general 
construction	storm	water	permits	are	not	expected	to	be	a	significant	
source	of	bacteria.		Therefore,	the	WLAs	for	these	discharges	are	zero	
(0) days of allowable exceedances for all three time periods and for 
the	single	sample	limits	and	the	rolling	30-day	geometric	mean.		Any	
future enrollees under a general NPDES permit, general industrial 
storm water permit or general construction storm water permit within 
the	MdR	Watershed	will	also	be	subject	to	a	WLA	of	zero	days	of	
allowable exceedances.

Load Allocations 
(for nonpoint sources)

Load allocations are expressed as the number of daily or weekly 
sample	days	that	may	exceed	the	single	sample	targets	identified	under	
“Numeric Target” at a monitoring site.  Load allocations are expressed 
as allowable exceedance days because the bacterial density and 
frequency of single sample exceedances are the most relevant to public 
health protection.

Since all storm water runoff to MdRH is regulated as a point source, 
load allocations of zero (0) days of allowable exceedances for nonpoint 
sources are set in this TMDL for each time period.  The load allocation 
for the rolling 30-day geometric mean for nonpoint sources is zero 
(0) days of allowable exceedances.  If a nonpoint source is directly 
impacting bacteriological quality and causing an exceedance of the 
numeric target(s), the permittee(s) under the Municipal Storm Water 
NPDES Permits are not responsible through these permits.  However, 
the jurisdiction or agency adjacent to the monitoring location may 
have further obligations to identify such sources, as described under 
“Compliance Monitoring” below.
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Element Key Findings and Regulatory Provisions
Implementation The regulatory mechanisms used to implement the TMDL will include 

the	Los	Angeles	County	Municipal	Storm	Water	NPDES	Permit	
(MS4),	the	CalTrans	Storm	Water	Permit,	general	NPDES	permits,	
general industrial storm water permits, general construction storm 
water permits, and the authority contained in Sections 13263 and 
13267	of	the	Water	Code.		Each	NPDES	permit	assigned	a	WLA	shall	
be reopened or amended at reissuance, in accordance with applicable 
laws,	to	incorporate	the	applicable	WLAs	as	a	permit	requirement.		
Load allocations for nonpoint sources will be implemented within the 
context of this TMDL.

This TMDL will be implemented in three phases over a ten-year period 
(see	Table	7-5.3),	unless	an	Integrated	Water	Resources	Approach	
is implemented (in which case compliance must be achieved in the 
shortest time possible but not to exceed 18 years from the effective 
date of the Santa Monica Bay Beaches Bacteria TMDL).  Within three 
years of the effective date of the TMDL, there shall be no allowable 
exceedances of the single sample limits at any location during summer 
dry-weather	(April	1	to	October	31)	or	winter	dry-weather	(November	
1 to March 31) and the rolling 30-day geometric mean targets must 
be	achieved.		The	Executive	Officer	of	the	Regional	Board	may	
extend	the	compliance	date	no	more	than	one	year	if	he	finds	that	
there	is	insufficient	capacity	in	the	sewer	line	between	Marina	del	Rey	
and the Hyperion Treatment Plant. Within ten years of the effective 
date of the TMDL, compliance with the allowable number of wet-
weather exceedance days and rolling 30-day geometric mean targets 
must	be	achieved,	unless	an	Integrated	Water	Resources	Approach	
is implemented (in which case compliance must be achieved in the 
shortest time possible but not to exceed 18 years from the effective 
date of the Santa Monica Bay Beaches Bacteria TMDL).

For those monitoring locations subject to the antidegradation 
provision, there shall be no increase in exceedance days during the 
implementation period above the estimated days for the monitoring 
location	in	the	critical	year	as	identified	in	Table	7-5.2.

The responsible jurisdictions and the responsible agencies must submit 
a	report	to	the	Executive	Officer	by	July	30,	2005	(see	Table	7-5.3)	
describing how they intend to comply with the dry-weather and wet-
weather	WLAs.	As	the	primary	jurisdiction,	the	County	of	Los	Angeles	
is responsible for submitting the implementation plan report described 
above.		In	addition,	the	County	of	Los	Angeles	Department	of	Beaches	
and Harbor must submit a report detailing its efforts to prohibit 
discharges	from	boats	in	the	Harbor	(see	Table	7-5.3).
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Element Key Findings and Regulatory Provisions
Implementation (continued) The Marina del Rey Harbor jurisdictional unit may change its primary 

jurisdiction by submitting a joint, written request, submitted by the 
current primary jurisdiction  and the proposed primary jurisdiction, 
to	the	Executive	Officer	requesting	reassignment	of	primary	
responsibility.

The Regional Board intends to reconsider this TMDL, consistent with  
the scheduled reconsideraton of  the Santa Monica Bay (SMB) beaches 
TMDLs.  The SMB beaches TMDLs are scheduled to be  reconsidered 
in four years to re-evaluate the allowable winter dry-weather and 
wet-weather exceedance days based on additional data on bacterial 
indicator densities in the wave wash; to re-evaluate the reference 
system selected to set allowable exceedance levels; to re-evaluate 
the reference year used in the calculation of allowable exceedance 
days, and to re-evaluate the need for revision of the geometric mean 
implementation provision.

The Regional Board intends to conduct a similar review of this 
TMDL	within	4	years	after	the	effective	date.	In	addition,	if	a	suitable	
reference watershed that is representative of an enclosed harbor 
has not been found by this time, the Regional Board may consider 
implementing a ‘natural source exclusion approach subject to 
antidegradation	policies’	to	the	Marina	del	Rey	Harbor	in	lieu	of	the	
‘reference	watershed/antidegradation	approach’.

Margin of Safety A	margin	of	safety	has	been	implicitly	included	through	several	
conservative assumptions, such as the assumption that no dilution 
takes	place	between	the	storm	drain	and	where	the	effluent	initially	
mixes with the receiving water, and that bacterial degradation rates 
are not fast enough to affect bacteria densities in the receiving water.  
In addition, an explicit margin of safety has been incorporated, as the 
load allocations will allow exceedances of the single sample targets no 
more than 5% of the time on an annual basis, based on the cumulative 
allocations proposed for dry and wet weather. Currently, the Regional 
Board concludes that there is water quality impairment if more than 
10% of samples at a site exceed the single sample bacteria objectives 
annually.

Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste load 
allocations for three time periods (summer dry-weather, winter-
dry weather, and wet-weather) based on public health concerns 
and observed natural background levels of exceedance of bacterial 
indicators.

The critical condition for bacteria loading is during wet weather, 
when historic monitoring data for MdRH and the reference beach 
indicate greater exceedance probabilities of the single sample bacteria 
objectives then during dry-weather.  
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Element Key Findings and Regulatory Provisions
Seasonal Variations and 
Critical Conditions 
(continued)

To	more	specifically	identify	a	critical	condition	within	wet-weather,	
in	order	to	set	the	allowable	exceedance	days	shown	in	Table	7-5.2,	
the 90th	percentile	‘storm	year’4 in terms of wet days5 is used as the 
reference year.  Selecting the 90th percentile year avoids a situation 
where the reference system is frequently out of compliance.  It is 
expected that because responsible jurisdictions and agencies will be 
planning	for	this	‘worst-case’	scenario,	there	will	be	fewer	exceedance	
days than the maximum allowed in drier years. Conversely, in the 
10% of wetter years, it is expected that there may be more than the 
allowable number of exceedance days.

Compliance Monitoring Responsible jurisdictions and agencies shall conduct daily or 
systematic weekly sampling at the initial point of mixing with the 
receiving water at all major drains6, at existing monitoring stations 
and at other designated monitoring stations to determine compliance.7  
For	Mothers’	Beach	the	targets	will	also	apply	at	existing	or	new	
monitoring sites, with samples taken at ankle depth.  For Basins D, E, 
and F the targets will also apply at existing or new monitoring sites 
with samples collected at surface and at depth.  Samples collected at 
ankle	depth	shall	be	taken	on	an	incoming	wave.		At	locations	where	
there is a freshwater outlet, during wet weather, samples should 
be taken as close as possible to the initial point of mixing with the 
receiving water, and no further away than 10 meters down current of 
the storm drain or outlet.8		At	locations	where	there	is	a	freshwater	
outlet,	samples	shall	be	taken	when	the	freshwater	outlet	is	flowing	
into the surf zone.9

If the number of exceedance days is greater than the allowable number 
of exceedance days, the responsible jurisdictions and agencies shall 
be considered out of compliance with the TMDL.  Responsible 
jurisdictions or agencies shall not be deemed out of compliance with 
the TMDL if the investigation described in the paragraph below 
demonstrates that bacterial sources originating within the jurisdiction 
of the responsible agency have not caused or contributed to the 
exceedance.

If a single sample shows the discharge or contributing area to be 
out of compliance, the Regional Board may require, through permit 
requirements	or	the	authority	contained	in	Water	Code	Section	13267,	
daily	sampling	where	the	effluent	from	the	storm	drain	initially	mixes	
with the receiving water or at the existing monitoring location (if 
it is not already) until all single sample events meet bacteria water 
quality objectives.  Furthermore, if a location is out-of-compliance as 
determined in the previous paragraph, the Regional Board shall require 
responsible agencies to initiate an investigation, which at a minimum 
shall	include	daily	sampling	where	the	effluent	from	the	storm	drain	
initially mixes with the receiving water or at the existing monitoring 
location until all single sample events meet bacteria water quality 
objectives.  
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Element Key Findings and Regulatory Provisions
Compliance Monitoring
(continued)

If bacteriological water quality objectives are exceeded in any three 
weeks of a four-week period when weekly sampling is performed, or, 
for	areas	where	testing	is	done	more	than	once	a	week,	75%	of	testing	
days produce an exceedance of bacteria water quality objectives, 
the responsible agencies shall conduct a source investigation of 
the subwatershed(s) pursuant to protocols established under Water 
Code	Section	13178.		Responsible	jurisdictions	may	wish	to	conduct	
compliance monitoring at key jurisdictional boundaries as part of this 
effort.  If a location without a freshwater outlet is out-of-compliance 
or if the outlet is diverted or being treated, the adjacent municipality, 
County agency(s), or State or federal agency(s) shall be responsible 
for	conducting	the	investigation	and	shall	submit	its	findings	to	the	
Regional Board to facilitate the Regional Board exercising further 
authority to regulate the source of the exceedance in conformance with 
the Water Code.

In addition, the MdR responsible jurisdictions and responsible agencies 
are required to conduct a study to determine the relative bacterial 
loading from sources including but not limited to storm drains, boats,  
birds, and other nonpoint sources..  Once this study is completed in 
three	years,	the	Regional	Board	will	adjust	the	WLAs,	if	appropriate,	
based on the study, during the scheduled review of this TMDL.

Note: The complete staff report for the TMDL is available for review upon request.

1  The bacteriological objectives were revised by a Basin Plan amendment adopted by the Regional Board on October 25, 2001, and 
subsequently	approved	by	the	State	Water	Resources	Control	Board,	the	Office	of	Administrative	Law	and	finally	by	U.S.	EPA	on	
September 25, 2002.
2		For	the	purposes	of	this	TMDL,	“responsible	jurisdictions	and	responsible	agencies”	are	defined	as	(1)	local	agencies	that	are	permittees	
or	co-permittees	on	a	municipal	storm	water	permit,	(2)	local	or	state	agencies	that	have	jurisdiction	over	Mothers’	Beach	or	the	back	
basins of MdRH, and (3) the California Department of Transportation pursuant to its storm water permit.
3		In	order	to	fully	protect	public	health,	no	exceedances	are	permitted	at	any	monitoring	location	during	summer	dry-weather	(April	1	
to October 31).  In addition to being consistent with the two criteria, waste load allocations of zero (0) days of allowable exceedances 
are further supported by the fact that the California Department of Health Services has established minimum protective bacteriological 
standards	–	the	same	as	the	numeric	targets	in	this	TMDL	–	which,	when	exceeded	during	the	period	April	1	to	October	31,	result	in	posting	
a	beach	with	a	health	hazard	warning	(California	Code	of	Regulations,	Title	17,	Section	7958).
4		For	purposes	of	this	TMDL,	a	‘storm	year’	means	November	1	to	October	31.		The	90th	percentile	storm	year	was	1993	with	75	wet	days	
at	the	LAX	meteorological	station.
5		A	wet	day	is	defined	as	a	day	with	rainfall	of	0.1	inch	or	more	plus	the	3	days	following	the	rain	event.
6		Major	drains	are	those	that	are	publicly	owned	and	have	measurable	flow	to	the	beach	during	dry	weather.
7		The	frequency	of	sampling	(i.e.,	daily	versus	weekly)	will	be	at	the	discretion	of	the	implementing	agencies.		However,	the	number	of	
sample	days	that	may	exceed	the	objectives	will	be	scaled		by	solving	for	the	variable	“X”	in	the	following	equation:	(Number	of	wet-
weather	days	or	dry-weather	days	in	1993	/	365	days		=		X	/		52	weeks),	where	the	number	of	wet-weather	days	and	dry-weather	days	are	
based	on	the	historical	rainfall	record	at	the	Los	Angeles	International	Airport	also	known	as	“LAX”.		
8  Safety considerations during wet weather may preclude taking a sample at the initial point of mixing with the receiving water.
9		At	some	freshwater	outlets	and	storm	drains,	during	high	tide	conditions,	the	tide	pushes	the	freshwater	discharge	back	into	the	drain.		As	
a	result,	sampling	under	these	conditions	is	not	representative	of	water	quality	conditions	when	the	drain	is	flowing	into	the	surf	zone.		The	
tide	height	at	which	this	situation	occurs	will	vary	with	the	size,	slope	and	configuration	of	the	drain	and	the	beach.		Responsible	agencies	
must	ensure	that	samples	are	collected	only	when	drains	are	flowing	into	the	surf	zone,	not	when	the	discharge	is	pushed	back	into	the	
drain.  Responsible agencies must submit a coordinated monitoring plan within 120 days of the effective date of the TMDL, in which this 
assurance should be included.
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Table 7-5.3. Marina del Rey Harbor Mothers’ Beach and Back Basins Bacteria TMDL: Significant Dates

Date Action
120 days after the effective 
date of the TMDL

Responsible jurisdictions and responsible agencies shall submit 
coordinated monitoring plan(s) to be approved by the Executive 
Officer.		The	monitoring	plans	shall	including	a	list	of	new	sites*	
and/or	sites	relocated	to	include	the	point	where	the	effluent	from	
the storm drain initially mixes with the receiving water, at least 
three	locations	off	of	Mothers’	Beach,	and	at	least	one	location	in	
each	of	the	other	Marina	del	Rey	Basins	(i.e.,	Basins	A,	B,	C,	E,	F,	
G,	and	H).  The plan shall include	the		responsible	jurisdictions’	and	
responsible	agencies’	recommended	sampling	frequency	at	each	
location. 

The	Los	Angeles	County	Department	of	Beaches	and	Harbors	shall	
provide a written report to the Regional Board detailing efforts 
to control discharges from boats, including but not limited to the 
number of live-aboards and the number of pump-outs per month. 

The responsible jurisdictions and the responsible agencies must 
identify and provide documentation on small drains discharging to 
Mothers’	Beach	and	the	Marina	del	Rey	Harbor.	Documentation	
must include a report of waste discharge where necessary. 

March 30, 2005 (Draft Report)

July 30, 2005 (Final Report)

Responsible jurisdictions and responsible agencies shall provide 
a written report to the Regional Board outlining how each intends 
to cooperatively achieve compliance with the dry-weather and 
wet-weather	TMDL	Waste	Load	Allocations.		The	report	shall	
include implementation methods, an implementation schedule, and 
proposed milestones.

3 years after effective date of 
the TMDL

Responsible jurisdictions and responsible agencies shall provide to 
the Regional Board results of the study conducted to determine the 
relative bacterial loading from sources including but not limited to 
storm drains, boats, birds and other nonpoint sources at the Oxford 
Flood	Control	Basin,	Mothers’	Beach,	and	the	Harbor

3 years after effective date of 
the TMDL

Achieve	compliance	with	the	allowable	exceedance	days	as	set	
forth	in	Table	7-5.2	and	rolling	30-day	geometric	mean	targets	
during	summer	dry-weather	(April	1	to	October	31)	and	winter	dry	
weather	(November	1	to	March	31).		The	Executive	Officer	of	the	
Regional Board may extend the compliance date by no more than 
one	year	if	he	finds	that	there	is	insufficient	capacity	in	the	existing	
sewer line from Marina del Rey to the Hyperion Treatment Plant.

4	years	after	effective	date	of		
the TMDL

The Regional Board shall reconsider this TMDL to:

(1)	 refine	allowable	winter	dry-weather	and	wet-weather	
exceedance days based on additional data on bacterial 
indicator	densities,	an	evaluation	of	site-specific	variability	
in exceedance levels, and the results of the study of relative 
bacterial loading from sources including but not limited to 
storm drains, boats, birds, and other nonpoint sources,
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Date Action
4	years	after	effective	date	of		
the TMDL (continued)

(2) re-evaluate the reference system selected to set allowable 
exceedance levels, including a reconsideration of whether 
the allowable number of exceedance days should be adjusted 
annually dependent on the rainfall conditions and an evaluation 
of natural variability in exceedance levels in the reference 
system(s), and if an appropriate reference system cannot  be 
identified	for	this	enclosed	harbor,	evaluate	using	the	‘natural		
sources	exclusion	approach	subject	to	antidegradation	policies’	
rather	than	the	‘reference	system/antidegradation’	approach,

(3) re-evaluate the reference year used in the calculation of 
allowable exceedance days, and

(4)	 re-evaluate	whether	there	is	a	need	for	further	clarification	or	
revision of the geometric mean implementation provision.

10 years after effective date of 
the TMDL or, if an Integrated 
Water	Resources	Approach	is	
implemented, in the shortest 
time possible but not to exceed 
18 years from the effective 
date of the Santa Monica Bay 
Beaches Bacteria Wet-Weather 
TMDL

Achieve	compliance	with	the	allowable	exceedance	days	as	set	
forth	in	Table	7-5.2	and	rolling	30-day	geometric	mean	targets	
during wet-weather.

*  For those areas of the marina without an existing monitoring site, responsible jurisdictions and responsible agencies must 
						establish	a	monitoring	site	if	there	is	measurable	flow	from	a	publicly	owned	storm	drain	to	the	basin	during	dry	weather.
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7-6  Upper Santa Clara River Chloride TMDL

This	TMDL	was	adopted	by:	The	Regional	Water	Quality	Control	Board	on	October	24,	2002.
This TMDL was remanded by: The State Water Resources Control Board on February 19, 2003
This TMDL was adopted by: The Regional Water Quality Control Board on July 10, 2003.

This TMDL was revised and adopted by: 
	 The	Regional	Water	Quality	Control	Board	on	May	6,	2004.
This TMDL was approved by: 
	 The	State	Water	Resource	Control	Board	on	July	22,	2004
	 The	Office	of	Administrative	Law	on	November	15,	2004
	 The	U.S.	Environmental	Protection	Agency	on	April	28,	2005

This TMDL was revised and adopted by: 
	 	 The	Regional	Water	Quality	Control	Board	on	August	3,	2006.
This TMDL was approved by: 
	 The	State	Water	Resource	Control	Board	on	May	22,	2007.
	 The	Office	of	Administrative	Law	on	July	3,	2007.

This TMDL was revised and adopted by: 
 The Regional Water Quality Control Board on December 11, 2008.
This TMDL was approved by: 
 The State Water Resource Control Board on October 20, 2009.
	 The	Office	of	Administrative	Law	on	January	26,	2010.
	 The	U.S.	Environmental	Protection	Agency	on	April	6,	2010.	

The	effective	date	of	this	TMDL	is:	April	6,	2010.

Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Element
Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Problem 
Statement

Elevated chloride concentrations are causing impairments of the water quality 
objective	 in	Reach	 5	 (EPA	303(d)	 list	Reach	 7)	 and	Reach	 6	 (EPA	303(d)	 list	
Reach 8) of the Santa Clara River (SCR). These reaches are on the 1998 and 2002 
Clean	Water	Act	(CWA)	303(d)	lists	of	impaired	water	bodies	as	impaired	due	to	
chloride.		The	objectives	for	these	reaches	were	set	to	protect	all	beneficial	uses;	
agricultural	beneficial	uses	have	been	determined	 to	be	most	 sensitive,	and	not	
currently	attained	at	 the	downstream	end	of	Reach	5	(EPA	303(d)	list	Reach	7)	
and	Reach	6	(EPA	303(d)	list	Reach	8)	in	the	Upper	Santa	Clara	River	(USCR).	
Irrigation of salt sensitive crops such as avocados, strawberries, and nursery crops 
with water containing elevated levels of chloride results in reduced crop yields. 
Chloride levels in groundwater in Piru Basin underlying the reach downstream of 
Reach 5 are also rising.

Numeric Target
(Interpretation of 
the numeric water 
quality objective, 
used to calculate the 
load allocations)

Numeric	targets	are	equivalent	to	conditional	site	specific	objectives	(SSOs)	
that are based on technical studies regarding chloride levels which protect 
salt sensitive crops and endangered and threatened species, chloride source 
identification,	and	the	magnitude	of	assimilative	capacity	in	the	upper	reaches	
of the Santa Clara River and underlying groundwater basin. The TMDL special 
study,	Literature	Review	Evaluation,	shows	that	the	most	sensitive	beneficial	
uses can be supported with rolling averaging periods as shown in the tables 
below. 
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Element
Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Numeric Target 
(continued)
(Interpretation of 
the numeric water 
quality objective, 
used to calculate the 
load allocations)

1.  Conditional Surface Water SSOs
The	conditional	SSOs	for	chloride	in	the	surface	water	of	Reaches	4B,	5,	and	6	
shall apply and supersede the existing water quality objectives of 100 mg/L only 
when chloride load reductions and/or chloride export projects are in operation by 
the	SCVSD	according	to	the	implementation	section	in	Table	7-6.1.	Conditional	
surface	water	SSOs	for	Reaches	4B,	5,	and	6	of	the	Santa	Clara	River	are	listed	
as follows: 

Reach Conditional SSO for 
Chloride (mg/L)

Rolling Averaging 
Period

6 150  12-month

5 150  12-month

4B 117 3-month

4B	Critical	Conditions  130a  3-monthb

a.			 The	conditional	SSO	for	chloride	in	Reach	4B	under	critical	condition	
shall apply only if the following conditions and implementation requirements 
are met:

1. Water supply chloride concentrations measured in Castaic Lake are 
≥	80	mg/L.

2. The Santa Clarita Valley Sanitation District (SCVSD) shall provide 
supplemental water to salt-sensitive agricultural uses that are 
irrigated	with	surface	water	during	periods	when	Reach	4B	surface	
water	exceeds	117	mg/L.

3.	 By	May	4,	2020,	the	10-year	cumulative	net	chloride	loading	above	
117	mg/L	(CNCl117)

i	to	Reach	4B	of	the	SCR,	calculated	annually,	
from the SCVSD Water Reclamation Plants (WRPs) shall be zero or 
less.

i CNCl117	=	Cl(Above	117) – Cl(Below	117) – Cl
(Export Ews)  

Where:

Cl(Above	117)		 =		[WRP	Cl	Load1/Reach	4B	Cl	Load2]	*	[Reach	4B	Cl	
Load>117

3]
Cl(Below	117)	 =	[WRP	Cl	Load1/Reach	4B	Cl	Load2]	*	[Reach	4B	Cl	
Load<=117

4]
Cl

(Export EWs) 
=		Cl	Load	Removed	by	Extraction	Wells

1 WRP Cl Load is determined as the monthly average Cl concentration multiplied by 
the	monthly	average	flow	measured	at	the	Valencia	WRP.

2 Reach	4B	Cl	Load	is	determined	as	the	monthly	average	Cl	concentration	at	
SCVSD	Receiving	Water	Station	RF	multiplied	by	the	monthly	average	flow	
measured	at	USGS	Gauging	Station	11109000	(Las	Brisas	Bridge).

3 Reach	4B	Cl	Load>117	means	the	calculated	Cl	load	to	Reach	4B	when	monthly	
average	Cl	concentration	in	Reach	4B	is	above	117	mg/L.	

4	Reach	4B	Cl	Load<=117	means	the	calculated	Cl	load	to	Reach	4B	when	monthly	
average	Cl	concentration	in	Reach	4B	is	below	or	equal	to	117	mg/L.
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Element
Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Numeric Target 
(continued)
(Interpretation of 
the numeric water 
quality objective, 
used to calculate the 
load allocations)

	4.						The	chief	engineer	of	the	SCVSD	signs	under	penalty	of	perjury		and	
submits	to	the	Los	Angeles	Regional	Water	Quality	Control	Board	
(Regional	Board)	a	letter	documenting	the	fulfillment	of	conditions	
1, 2, and 3.

b.  The averaging period for the critical condition SSO may be reconsidered 
based	on	results	of	chloride	trend	monitoring	after	the	conditional	WLAs	of	
this TMDL are implemented.  

2.		Conditional	SSOs	for	Groundwater

Conditional groundwater SSOs are listed as follows:

Groundwater Basin Conditional 
Groundwater SSO for 

Chloride (mg/L)

Rolling Averaging 
Period

Santa Clara--Bouquet 
& San Francisquito 
Canyons

150 12-month

Castaic Valley 150 12-month

Lower area east of Piru 
Creek a

150 12-month

a  This objective only applies to the San Pedro formation.  Existing objective of 
200 mg/L applies to shallow alluvium layer above San Pedro formation. 

The conditional SSOs for chloride in the groundwater in Santa Clara--Bouquet 
& San Francisquito Canyons, Castaic Valley and the lower area east of Piru 
Creek (San Pedro Formation) shall apply and supersede the existing groundwater 
quality objectives only when chloride load reductions and/or chloride export 
projects are in operation by the SCVSD according to the implementation section 
in	Table	7-6.1.

Source Analysis The principal source of chloride into Reaches 5 and 6 of the Santa Clara River 
is discharges from the Saugus WRP and Valencia WRP, which are estimated 
to	contribute	70%	of	the	chloride	load	in	Reaches	5	and	6.		These	sources	of	
chloride accumulate and degrade groundwater in the lower area east of Piru 
Creek in the basin.
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Element
Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Linkage Analysis A	groundwater-surface	water	interaction	(GSWI)	model	was	developed	to	assess	

the linkage between chloride sources and in-stream water quality and to quantify 
the	assimilative	capacity	of	Reaches	4A,	4B,	5,	and	6	and	the	groundwater	
basins	underlying	those	reaches.		GSWI	was	then	used	to	predict	the	effects	of	
WRP discharges on chloride loading to surface water and groundwater under a 
variety of future hydrology, land use, and water use assumptions including future 
discharges from the Newhall Ranch WRP in order to determine appropriate 
wasteload	allocations	(WLAs)	and	load	allocations	(LAs).

The	linkage	analysis	demonstrates	that	beneficial	uses	can	be	protected	through	
a combination of SSOs for surface water and groundwater and reduction of 
chloride	levels	from	the	Valencia	WRP	effluent	through	advanced	treatment.

Waste Load 
Allocations (for point 
sources)

The	conditional	WLAs	for	chloride	for	all	point	sources	shall	apply	only	when	
chloride load reductions and/or chloride export projects are in operation by 
the	SCVSD	according	to	the	implementation	section	in	Table	7-6.1.		If	these	
conditions	are	not	met,	WLAs	shall	be	based	on	existing	water	quality	objectives	
for chloride of 100 mg/L. 

Conditional	WLAs	for	chloride	for	discharges	to	Reach	4B	by	the	Saugus	and	
Valencia WRPs are as follows:

Reach Concentration-based Conditional 
WLA for Chloride (mg/L)

4B 117	(3-month	Average),
230 (Daily Maximum)

4B	Critical	Conditions 130a	(3-month	Averageb),

230 (Daily Maximum)

a.			 The	Conditional	WLA	under	 critical	 conditions	 shall	 apply	 only	 if	 the	
following conditions and implementation requirements are met:
1.	 Water	supply	chloride	concentrations	measured	in	Castaic	Lake	are	≥	

80 mg/L.

2. SCVSD shall provide supplemental water to salt-sensitive agricultural 
uses that are irrigated with surface water during periods when Reach 
4B	surface	water	exceeds	117	mg/L.

3.	 By	May	4,	2020,	the	10-year	cumulative	net	chloride	loading	above	
117	mg/L	(CNCl117)

 i	 to	Reach	4B	of	 the	SCR,	calculated	annually,	
from the Saugus and Valencia WRPs  shall be zero or less. 
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Element
Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Waste Load 
Allocations 
(for point sources) 
(continued)

            i CNCl117	=	Cl(Above	117) – Cl(Below	117) – Cl
(Export Ews)  

Where:

Cl(Above	117)		 =	 [WRP	 Cl	 Load1/Reach	 4B	 Cl	 Load2]	 *	 [Reach	 4B	 Cl	
Load>117

3]

Cl(Below	117)	 =	 [WRP	 Cl	 Load1/Reach	 4B	 Cl	 Load2]	 *	 [Reach	 4B	 Cl	
Load<=117

4]

Cl
(Export EWs) 

=		Cl	Load	Removed	by	Extraction	Wells
1 WRP Cl Load is determined as the monthly average Cl concentration multiplied by 
the	monthly	average	flow	measured	at	the	Valencia	WRP.
2 Reach	4B	Cl	Load	is	determined	as	the	monthly	average	Cl	concentration	at	SCVSD	
Receiving	Water	 Station	RF	multiplied	 by	 the	monthly	 average	 flow	measured	 at	
USGS	Gauging	Station	11109000	(Las	Brisas	Bridge).
3 Reach	4B	Cl	Load>117	means	the	calculated	Cl	load	to	Reach	4B	when	monthly	
average	Cl	concentration	in	Reach	4B	is	above	117	mg/L.	
4	Reach	4B	Cl	Load<=117	means	the	calculated	Cl	load	to	Reach	4B	when	monthly	
average	Cl	concentration	in	Reach	4B	is	below	or	equal	to	117	mg/L.

4.	 	The	chief	engineer	of	the	SCVSD	signs	under	penalty	of	perjury	and	
submits	to	the	Regional	Board	a	letter	documenting	the	fulfillment	of	
conditions 1, 2, and 3.

b.	 The	averaging	period	for	the	critical	condition	WLA	may	be	reconsidered	
based	on	results	of	chloride	trend	monitoring	after	the	conditional	WLAs	
of this TMDL are implemented.

Discharges	to	Reaches	5	and	6	by	the	Saugus	and	Valencia	WRPs	will	have	final	
concentration-based	 and	 mass-based	 conditional	WLAs	 for	 chloride	 based	 on	
conditional SSOs as follows:  

WRP Concentration-based 
Conditional WLA for 

Chloride (mg/L)

Mass-based Conditional 
WLA for Chloride 

(pounds/day)
Saugus 150	(12-month	Average),	

230 (Daily Maximum)
Q

Design
*150	mg/L*8.34	

(12-month	Average) 
Valencia 150	(12-month	Average),	

230 (Daily Maximum)
Q

Design
*150	mg/L*8.34		–	

AF
RO
	(12-month	Average)

Where Q
design

 is the design capacity of WRPs in units of million gallons per day 
(MGD),	AF

RO
 is the chloride mass loading adjustment factor for operation of 

reverse osmosis (RO) facilities, where:

RB-AR36059



Basin Plan           7-70   Total Maximum Daily Loads
Updated September 20��

Element
Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Waste Load 
Allocations 
(for point sources)
(continued)

If	RO	facilities	are	operated	at	≥	50%	Capacity	Factora in preceding 12 months

AF
RO 

=	0

If	RO	facilities	are	operated	at	<	50%	Capacity	Factorb in preceding 12 months

AF
RO
		 =	(50%	Capacity	Factor	–	%RO	Capacity)	*	

ChlorideLoadROc

a Capacity	Factor	is	based	on	3	MGD	of	recycled	water	treated	with	RO,	90%	of	the	time.	
b If	operation	of	RO	facilities	at	<50%	rated	capacity	is	the	result	of	conditions	that	are	
outside	the	control	of	SCVSD,	then	under	the	discretion	of	the	Executive	Officer	of	the	
Regional	Board,	the	AF

RO
 may be set to 0.

c Chloride	load	reduction	is	based	on	operation	of	a	RO	treatment	plant	treating	3	MGD	of	
recycled	water	with	chloride	concentration	of	50	mg/L	+	Water	Supply	Chloride.		Assumes	
operational capacity factor of 90% and RO membrane chloride rejection rate of 95%.  
Determination of chloride load based on the following:

ChlorideLoadRO	=	90%	x	[(QRO x CWRP x	8.34)	x	r]	x	(30	Days/Month)

Where: 
Q

RO
	=	3	MGD	of	recycled	water	treated	with	RO	

C
WRP

	=	Chloride	concentration	in	water	supply	+	50	mg/L
r	=	%	Reverse	Osmosis	chloride	rejection	(95%	or	0.95)
8.34	=		 Conversion	factor	(ppd/(mg/L*MGD))

The	final	WLAs	for	TDS	and	sulfate	are	equal	to	existing	surface	water	and	
groundwater quality objectives for TDS and sulfate in Tables 3-8 and 3-10 of the 
Basin	Plan.		The	Regional	Board	may	revise	the	final	WLAs	based	on	review	
of trend monitoring data as detailed in the monitoring section of this Basin Plan 
amendment.

Other	minor	NPDES	discharges	(as	defined	in	Table	4-1	of	the	Basin	Plan)	
receive	conditional	WLAs.	The	conditional	WLA	for	these	point	sources	is	as	
follows:

Reach Concentration-based Conditional 
WLA for Chloride (mg/L)

6 150	(12-month	Average),
230 (Daily Maximum)

5 150	(12-month	Average),
230 (Daily Maximum)

4B 117	(3-month	Average),
230 (Daily Maximum)

Other	major	NPDES	discharges	(as	defined	in	Table	4-1	of	the	Basin	Plan)	
receive	WLAs	equal	to	100	mg/L.	The	Regional	Board	may	consider	assigning	
conditional	WLAs	to	other	major	dischargers	based	on	an	analysis	of	the	
downstream increase in net chloride loading to surface water and groundwater as 
a	result	of	implementation	of	conditional	WLAs.	
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Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Load Allocation (for 
non point sources)

The source analysis indicates nonpoint sources are not a major source of 
chloride.	The	conditional	LAs	for	these	nonpoint	sources	are	as	below:

Reach Concentration-based Conditional 
LA for Chloride (mg/L)

6 150	(12-month	Average),
230 (Daily Maximum)

5 150	(12-month	Average),
230 (Daily Maximum)

4B 117	(3-month	Average),
230 (Daily Maximum)

The	conditional	LAs	shall	apply	only	when	chloride	load	reductions	and/or	
chloride export projects are in operation by the SCVSD according to the 
implementation	section	in	Table	7-6.1.		If	these	conditions	are	not	met,	LAs	are	
based on existing water quality objectives of 100 mg/L. 

Implementation Refer	to	Table	7-6.2.

Implementation of Upper Santa Clara River Conditional Site Specific Objectives 
for Chloride

In	accordance	with	Regional	Board	resolution	97-002,	the	Regional	Board	and	
stakeholders have developed an integrated watershed plan to address chloride 
impairments	and	protect	beneficial	uses	of	surface	waters	and	groundwater	
basins	underlying	Reaches	4B,	5,	and	6	of	the	Santa	Clara	River.		The	plan	
involves: 1) Reducing chloride loads and/or increasing chloride exports from 
the USCR watershed through implementation of advanced treatment (RO) of a 
portion	of	the	effluent	from	the	Valencia	WRP.		The	advanced	treated	effluent	
will	be	discharged	into	Reach	4B	or	blended	with	extracted	groundwater	
from	the	Piru	Basin	underlying	Reach	4B	and	discharged	into	Reach	4A.		The	
resultant brine from the advanced treatment process will be disposed in a legal 
and environmentally sound manner.  2) Implementing the conditional SSOs 
for chloride in surface waters and underlying groundwater basins of the USCR 
watershed provided in Chapter 3.  
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Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Implementation 
(continued)

The watershed chloride reduction plan will be implemented through NPDES 
permits for the Valencia WRP and a new NPDES permit for discharge into Reach 
4A.		The	conditional	SSOs	for	chloride	in	the	USCR	watershed	shall	apply	
and supersede the regional water quality objectives only when chloride load 
reductions and/or chloride export projects are in operation and reduce chloride 
loading in accordance with the following table:

Water Supply Chloride1 Chloride Load Reductions2

40	mg/L 58,000 lbs per month

50 mg/L 64,000	lbs	per	month
60 mg/L 71,000	lbs	per	month
70	mg/L 77,000	lbs	per	month
80 mg/L 83,000 lbs per month

90 mg/L 90,000 lbs per month

100 mg/L 96,000 lbs per month

1 Based on measured chloride of the State Water Project (SWP) water stored in 
Castaic Lake.
2 Chloride load reduction is based on operation of a RO treatment plant treating 3 
MGD	of	recycled	water	with	chloride	concentration	of	50	mg/L	+	Water	Supply	
Chloride.		Assumes	operational	capacity	factor	of	90%	and	RO	membrane	
chloride rejection rate of 95%.  Determination of chloride load based on the 
following:

ChlorideLoad	=	90%	x	[(QRO 
x CWRP 

x	8.34)	x	r]	x	(30	Days/Month)

where		 r		 =		 %	chloride	rejection	(95%)
Q

RO                       
=	 3	MGD	of	recycled	water	treated	with	RO	

C
WRP                               

=		 SWP	Cl	+	50	mg/L

Conditional WLAs 

Conditional	WLAs	for	the	Saugus	and	Valencia	WRPs	will	be	implemented	
through	effluent	limits,	receiving	water	limits	and	monitoring	requirements	
in	NPDES	permits.		Conditional	WLAs	for	Reach	4B	will	be	implemented	
as	receiving	water	limits.		Conditional	WLAs	for	Reaches	5	and	6	will	be	
implemented	as	effluent	limits.		

The implementation plan proposes that during the period of TMDL 
implementation,	compliance	for	the	WRPs’	effluent	limits	will	be	evaluated	in	
accordance	with	interim	WLAs.
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Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Implementation 
(continued)

Saugus WRP: 
The	interim	WLA	for	chloride	is	equal	to	the	interim	limit	for	chloride	specified	in	
order	No.	R4-04-004.		The	interim	WLA	for	TDS	is	1000	mg/L	as	an	annual	average.		
The	 interim	WLA	for	 sulfate	 is	450	mg/L	as	an	annual	average.	These	 interim	
WLAs	 shall	 apply	 as	 interim	 end-of-pipe	 effluent	 limits,	 interim	 groundwater	
limits, and interim limits in the Non-NPDES WDR for recycled water uses from 
the Saugus WRP instead of existing water quality objectives.  

Valencia WRP: 
The	interim	WLA	for	chloride	is	equal	to	the	interim	limit	for	chloride	specified	in	
order	No.	R4-04-004.		The	interim	WLA	for	TDS	is	1000	mg/L	as	an	annual	average.		
The	interim	WLA	for	sulfate	is	450	mg/L	as	an	annual	average.	 	These	interim	
WLAs	 shall	 apply	 as	 interim	 end-of-pipe	 effluent	 limits,	 interim	 groundwater	
limits, and interim limits in the Non-NPDES WDR for recycled water uses from 
the Valencia WRP instead of existing water quality objectives.    

Other Major NPDES Permits (including Newhall Ranch WRP): 

The	Regional	Board	may	consider	assigning	conditional	WLAs	for	other	major	
NPDES permits, including the Newhall Ranch WRP, pending implementation 
of a chloride mass removal quantity that is proportional to mass based chloride 
removal required for the Valencia WRP.

Supplemental Water released to Reach 6 of Santa Clara River:
In order to accommodate the discharge of supplemental water to Reach 6, interim 
WLAs	are	provided	 for	 sulfate	of	450	mg/L	and	TDS	of	1000	mg/L	as	annual	
averages.	The	final	WLAs	are	equal	 to	the	existing	water	quality	objectives	for	
sulfate and TDS in Table 3-8 of the Basin Plan.  The Regional Board may revise the 
final	WLA	based	on	review	of	trend	monitoring	data	as	detailed	in	the	monitoring	
section of this Basin Plan amendment.  

Monitoring NPDES monitoring: NPDES Permittees will conduct chloride, TDS, and sulfate 
monitoring to ensure that water quality objectives are being met.  

Trend monitoring:  The SCVSD will submit a monitoring plan to conduct 
chloride, TDS, and sulfate trend monitoring to ensure that the goal of chloride 
export in the watershed is being achieved, water quality objectives are being 
met, and downstream groundwater and surface water quality is not degraded due 
to implementation of compliance measures. The SCVSD monitoring plan shall 
include plans to monitor chloride, TDS, and sulfate in groundwater and identify 
representative	wells	to	be	approved	by	the	Regional	Board	Executive	Officer	in	
the following locations: (a) Shallow alluvium layer in east Piru Basin, (b) San 
Pedro Formation in east Piru Basin, and (c) groundwater basins under Reaches 5 
and 6, which shall be equivalent or greater than existing groundwater monitoring 
required by NPDES permits for Saugus and Valencia WRPs.  The monitoring plan 
shall also include a plan for chloride, TDS, and sulfate trend monitoring for surface 
water	for	Reaches	4B,	5	and	6.	The	monitoring	plan	shall	include	plans	to	monitor	
chloride, TDS, and sulfate at a minimum of once per quarter for groundwater and 
at a minimum of once per month for surface water.  
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Element
Table 7-6.1.  Upper Santa Clara River Chloride TMDL: Elements

Santa Clara River Chloride
Monitoring 
(continued)

The plan should propose a monitoring schedule that extends beyond the completion 
date of this TMDL to evaluate impacts of compliance measures to downstream 
groundwater and surface water quality.  This TMDL shall be reconsidered if 
chloride, TDS, and sulfate trend monitoring indicates degradation of groundwater 
or surface water due to implementation of compliance measures.   

Trend	monitoring:	The	Reach	4A	Permittee	will	submit	a	monitoring	plan	to	conduct	
chloride, TDS, and sulfate trend monitoring to ensure that the goal of chloride 
export in the watershed is being achieved, water quality objectives are being met, 
and downstream groundwater and surface water quality is not degraded due to 
implementation	 of	 compliance	 measures.	 The	 Reach	 4A	 permittee	 monitoring	
plan shall include plans to monitor chloride, TDS, and sulfate in groundwater 
and identify representative wells to be approved by the Regional Board Executive 
Officer	in	the	following	locations	(a)	Fillmore	Basin,	and	(b)	Santa	Paula	Basin.	
The monitoring plan shall also include a plan for chloride, TDS, and sulfate 
trend	monitoring	for	surface	water	 for	Reaches	3	and	4A.	The	monitoring	plan	
should include plans to monitor chloride, TDS, and sulfate at a minimum of once 
per quarter for groundwater and at a minimum of once per month for surface 
water. The plan should propose a monitoring schedule that shall extend beyond 
the completion date of this TMDL to evaluate impacts of compliance measures 
to downstream groundwater and surface water quality. This TMDL shall be 
reconsidered if chloride, TDS, and sulfate trend monitoring indicates degradation 
of groundwater or surface water due to implementation of compliance measures.

Margin of Safety An	implicit	margin	of	safety	is	incorporated	through	conservative	model	
assumptions and chloride mass balance analysis.  The model is an integrated 
groundwater surface water model which shows that chloride discharged from the 
WRPs accumulates in the east Piru Basin.  Further mass balance analysis shows 
that the chloride mass removed from the Piru Basin exceeds the chloride loaded 
into the Piru Basin from implementation of the conditional SSOs.

Seasonal Variations 
and Critical 
Conditions

During	dry	weather	conditions,	less	surface	flow	is	available	to	dilute	effluent	
discharge, groundwater pumping rates for agricultural purposes are higher, 
groundwater discharge is lower, poorer quality groundwater may be drawn 
into the aquifer, and evapotranspiration effects are greater than in wet weather 
conditions.	During	drought,	reduced	surface	flow	and	increased	groundwater	
extraction continues through several seasons with greater impacts on 
groundwater resources and discharges.  Dry and critically dry periods affecting 
the	Sacramento	and	San	Joaquin	River	Valleys	reduce	fresh-water	flow	into	
the Sacramento-San Joaquin Delta and result in higher than normal chloride 
concentrations in the State Water Project supply within the California aqueduct 
system.  These increased chloride levels are transferred to the upper Santa Clara 
River.		This	critical	condition	is	defined	as	when	water	supply	concentrations	
measured	in	Castaic	Lake	are	≥	80	mg/L.	

These	critical	conditions	were	included	in	the	GSWI	model	to	determine	
appropriate allocations and implementation scenarios for the TMDL.
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Table 7-6.2. Upper Santa Clara River Chloride TMDL Implementation
Implementation Tasks

Completion 
Date

1.	 Alternate	Water	Supply
a)	 Should	(1)	the	in-river	concentration	at	Blue	Cut,	the	Reach	4B	boundary,	

exceed	the	conditional	SSO	of	117	mg/L,	measured	for	the	purposes	of	
this TMDL as a rolling three-month average, (2) each agricultural diverter 
provide records of the diversion dates and amounts to the Regional Board 
and	 Santa	 Clarita	 Valley	 County	 Sanitation	 Districts	 of	 Los	Angeles	
County	 (SCVSD)	 for	 at	 least	 2	 years	 after	May	4,	 2005	 and	 (3)	 each	
agricultural diverter provides photographic evidence that diverted water 
is applied to avocado, strawberry or other chloride sensitive crop and 
evidence of a water right to divert, then the SCVSD will be responsible 
for providing an alternative water supply, negotiating the delivery of 
alternative	 water	 	 by	 a	 third	 party,	 or	 providing	 fiscal	 remediation	 to	
be	quantified	 in	negotiations	between	 the	SCVSD	and	 the	agricultural	
diverter at the direction of the Regional Water Quality Control Board 
until such time as the in-river chloride concentrations do not exceed the 
conditional SSO.

b) Should the instream concentration exceed 230 mg/L more than two times 
in	the	three	year	period,	the	discharger	identified	by	the	Regional	Board	
Executive	Officer	 shall	 be	 required	 to	 submit,	 	 within	 ninety	 days	 of	
a	 request	by	 the	Regional	Board	Executive	Officer,	 a	workplan	 for	an	
accelerated schedule to reduce chloride discharges.

05/04/2005

2. Progress reports will be submitted by the SCVSD to Regional Board staff on 
a	semiannual	basis	from	May	4,	2005	for	tasks	4,	6,	and	7,	and	on	an	annual	
basis for Tasks 5 and 11.

Progress	reports	will	be	submitted	by	 the	Reach	4A	Permittee	 to	Regional	
Board staff on an annual basis for Task 12.

Semiannually and 
annually

3.	 Chloride	 Source	 Identification/Reduction,	 Pollution	 Prevention	 and	 Public	
Outreach	 Plan:	 Six	months	 after	May	 4,	 2005,	 the	 SCVSD	will	 submit	 a	
plan to the Regional Board that addresses measures taken and planned to be 
taken to quantify and control sources of chloride, including, but not limited 
to: execute community-wide outreach programs, which were developed 
based on the pilot outreach efforts conducted by the SCVSD, assess potential 
incentive/disincentive programs for residential self-regenerating water 
softeners, and other measures that may be effective in controlling chloride. 
The SCVSD shall develop and implement the source reduction/pollution 
prevention and public outreach program, and report results annually thereafter 
to the Regional Board. Chloride sources from imported water supplies will be 
assessed. The assessment will include conditions of drought and low rainfall, 
and will analyze the alternatives for reducing this source.

11/04/2005
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Table 7-6.2. Upper Santa Clara River Chloride TMDL Implementation
Implementation Tasks

Completion 
Date

4.	 The	 SCVSD	will	 convene	 a	 technical	 advisory	 committee	 or	 committees	
(TAC(s))	in	cooperation	with	the	Regional	Board	to	review	literature	develop	
a methodology for assessment, and provide recommendations with detailed 
timelines and task descriptions to support any needed changes to the time 
schedule for evaluation of appropriate chloride threshold for Task 6. The 
Regional Board, at a public hearing will re-evaluate the schedule for Task 
6	and	subsequent	linked	tasks	based	on	input	from	the	TAC(s),	along	with	
Regional Board staff analysis and assessment consistent with state and federal 
law, as to the types of studies needed and the time needed to conduct the 
necessary	scientific	studies	 to	determine	 the	appropriate	chloride	 threshold	
for the protection of salt sensitive agricultural uses, and will take action to 
amend	the	schedule	if	there	is	sufficient	technical	justification.

05/04/2006

5.	 Groundwater/Surface	 Water	 Interaction	 Model:	 The	 SCVSD	 will	 solicit	
proposals, collect data, develop a model in cooperation with the Regional 
Board, obtain peer review, and report results. The impact of source waters and 
reclaimed water plans on achieving the water quality objective and protecting 
beneficial	uses,	 including	 impacts	on	underlying	groundwater	quality,	will	
also	be	assessed	and	specific	recommendations	for	management	developed	
for Regional Board consideration. The purpose of the modeling and sampling 
effort is to determine the interaction between surface water and groundwater 
as it may affect the loading of chloride from groundwater and its linkage to 
surface water quality.

11/20/2007

6.	 Evaluation	of	Appropriate	Chloride	Threshold	for	the	Protection	of	Sensitive	
Agricultural	Supply	Use	and	Endangered	Species	Protection:	The	SCVSD	
will prepare and submit a report on endangered species protection thresholds. 
The SCVSD will also prepare and submit a report presenting the results of the 
evaluation of chloride thresholds for salt sensitive agricultural uses, which 
shall consider the impact of drought and low rainfall conditions and the 
associated increase in imported water concentrations on downstream crops 
utilizing the result of Task 5.

11/20/2007

7.	 Develop	SSO	for	Chloride	for	Sensitive	Agriculture:	The	SCVSD	will	solicit	
proposals and develop technical analyses upon which the Regional Board 
may base a Basin Plan amendment.

8.	 Develop	Anti-Degradation	Analysis	 for	Revision	of	Chloride	Objective	by	
SSO: The SCVSD will solicit proposals and develop draft anti-degradation 
analysis for Regional Board consideration.

9. Develop a pre-planning report on conceptual compliance measures to meet 
different	hypothetical	final	conditional	wasteload	allocations.		The	SCVSD	
shall solicit proposals and develop and submit a report to the Regional Board 
that	identifies	potential	chloride	control	measures	and	costs	based	on	different	
hypothetical	 scenarios	 for	 chloride	 SSOs	 and	 final	 conditional	 wasteload	
allocations.

02/20/2008
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Table 7-6.2. Upper Santa Clara River Chloride TMDL Implementation
Implementation Tasks

Completion 
Date

10.	 a)	Preparation	and	Consideration	of	a	Basin	Plan	Amendment	(BPA)	to	
revise the chloride objective by the Regional Board.  

b)	Evaluation	of	Alternative	Water	Supplies	for	Agricultural	Beneficial	
Uses: The SCVSD will quantify water needs, identify alternative water 
supplies, evaluate necessary facilities, and report results, including the long-
term application of this remedy.

c)	Analysis	 of	 Feasible	 Compliance	 Measures	 to	 Meet	 Final	 Conditional	
Wasteload	Allocations	for	Proposed	Chloride	Objective.	 	The	SCVSD	will	
assess and report on feasible implementation actions to meet the chloride 
objective established pursuant to Task 10a).

d) Reconsideration of and action taken on the Chloride TMDL and Final 
Conditional	Wasteload	Allocations	for	 the	Upper	Santa	Clara	River	by	 the	
Regional Board.

12/11/2008

11. Trend monitoring:  The SCVSD will submit a monitoring plan to conduct 
chloride, TDS, and sulfate trend monitoring to ensure that the goal of 
chloride export in the watershed is being achieved, water quality objectives 
are being met, and downstream groundwater and surface water quality is 
not degraded due to implementation of compliance measures.   The SCVSD 
monitoring plan shall include plans to monitor chloride, TDS, and sulfate 
in groundwater and identify  representative wells to be approved by the 
Regional	Board	Executive	Officer,	in	the	following	locations:	(a)	Shallow	
alluvium layer in east Piru Basin, (b) San Pedro Formation in east Piru 
Basin, and (c) groundwater basins under Reaches 5 and 6, which shall 
be equivalent or greater than existing groundwater monitoring required 
by NPDES permits for Saugus and Valencia WRPs. The monitoring plan 
shall also include a plan for chloride, TDS, and sulfate trend monitoring 
for	surface	water	for	Reaches	4B,	5	and	6.	The	monitoring	plan	shall	
include plans to monitor chloride, TDS, and sulfate at a minimum of 
once per quarter for groundwater and at a minimum of once per month 
for surface water.  The plan should propose a monitoring schedule that 
extends beyond the completion date of this TMDL to evaluate impacts of 
compliance measures to downstream groundwater and surface water quality.  
This TMDL shall be reconsidered if chloride, TDS, and sulfate trend 
monitoring indicates degradation of groundwater or surface water due to 
implementation of compliance measures.

05/04/2009
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Table 7-6.2. Upper Santa Clara River Chloride TMDL Implementation
Implementation Tasks

Completion 
Date

12.		Trend	monitoring:	The	Reach	4A	Permittee	will	submit	a	monitoring	plan	
to conduct chloride, TDS, and sulfate trend monitoring to ensure that the 
goal of chloride export in the watershed is being achieved, water quality 
objectives are being met, and downstream groundwater and surface water 
quality is not degraded due to implementation of compliance measures. 
The	Reach	4A	permittee	monitoring	plan	shall	include	plans	to	monitor	
chloride, TDS, and sulfate in groundwater and identify representative wells 
to	be	approved	by	the	Regional	Board	Executive	Officer	in	the	following	
locations (a) Fillmore Basin, and (b) Santa Paula Basin. The monitoring 
plan shall also include a plan for chloride, TDS, and sulfate trend 
monitoring	for	surface	water	for	Reaches	3	and	4A.	The	monitoring	plan	
should include plans to monitor chloride, TDS, and sulfate at a minimum 
of once per quarter for groundwater and at a minimum of once per month 
for surface water. The plan should propose a monitoring schedule that shall 
extend beyond the completion date of this TMDL to evaluate impacts of 
compliance measures to downstream groundwater and surface water quality. 
This TMDL shall be reconsidered if chloride, TDS, and sulfate trend 
monitoring indicates degradation of groundwater or surface water due to 
implementation of compliance measures.

Submitted with permit 
application

13. Begin monitoring per approved SVCSD monitoring plan completed in Task 
11.

One year after 
Executive	Officer	
approval of Task 11 
monitoring plan for 
SCVSD

14.	Begin	monitoring	per	approved	Reach	4A	Permittee	monitoring	plan. One year after 
Executive	Officer	
approval of Task 12 
monitoring plan for 
Reach	4A	Permittee
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Table 7-6.2. Upper Santa Clara River Chloride TMDL Implementation
Implementation Tasks

Completion 
Date

15. a) Implementation of Compliance Measures, Planning: The SCVSD shall 
submit a report of planning activities which include but are not limited to: 
(1) identifying lead state/federal agencies; (2) administering a competitive 
bid process for the selection of EIR/EIS and Engineering Consultants; 
(3)	 Development	 of	 Preliminary	 Planning	 and	 Feasibility	 Analyses;	
(4)	 Submittal	 of	 Project	 Notice	 of	 Preparation/Notice	 of	 Intent;	 (5)	
Preparation of Draft Wastewater Facilities Plan and Programmatic EIR; (6) 
Administration	of	Public	Review	and	Comment	Periods;	(7)	Development	
of Final Wastewater Facilities Plan and Programmatic EIR and incorporation 
and	response	to	comments;	(8)	Administration	of	final	public	review	and	
certification	process;	and	(9)	Filing	a	Notice	of	Determination	and	Record	
of Decision.

b) Implementation of Compliance Measures, Planning:  The SCVSD shall 
provide a schedule of related tasks and subtasks related to Task 15a), and 
provide semi-annual progress reports on progress of planning activities, 
thereafter, until completion of Final Wastewater Facilities Plan and 
Programmatic EIR.

05/04/2010

05/04/2010

16. The Regional Board staff will re-evaluate the schedule to implement control 
measures	needed	to	meet	final	conditional	WLAs	adopted	pursuant	to	Task	
10	d)	and	the	schedule	for	Task	17.	The	Regional	Board,	at	a	public	meeting	
will	consider	extending	 the	completion	date	of	Task	17	and	reconsider	 the	
schedule	 to	 implement	 control	 measures	 to	 meet	 final	 conditional	WLAs	
adopted	pursuant	to	Task	10	d).	The	SCVSD	will	provide	the	justification	for	
the	need	for	an	extension	to	the	Regional	Board	Executive	Officer	at	least	6	
months in advance of the deadline for this task.

05/04/2011
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Table 7-6.2. Upper Santa Clara River Chloride TMDL Implementation
Implementation Tasks

Completion 
Date

17.	 a)	 	 Implementation	 of	 Compliance	 Measures,	 Complete	 Environmental	
Impact Report: The SCVSD shall complete a Wastewater Facilities Plan and 
Programmatic Environmental Impact Report for facilities to comply with 
final	effluent	permit	limits	for	chloride.

b)  Implementation of Compliance Measures, Engineering Design: The 
SCVSD will begin the engineering design of the recommended project 
wastewater facilities.

c)  Implementation of Compliance Measures, Engineering Design: The 
SCVSD will provide a design schedule of related tasks and sub-tasks, 
and provide semi-annual progress reports on progress of design activities, 
thereafter, until completion of Final Design.  In addition the SCVSD will 
provide a construction schedule of related tasks and sub-tasks, and provide 
semi-annual progress reports on progress of construction activities, thereafter, 
until completion of recommended project wastewater facilities.

d)  Implementation of Compliance Measures, Construction: The SCVSD 
shall have applied and received all appropriate permits and have completed 
construction of the recommended project wastewater facilities. 

e)  Implementation of Compliance Measures, Start-Up:  The SCVSD shall 
have	completed	start-up,	testing	and	certification	of	the	recommended	project	
wastewater facilities.

05/04/2011

05/04/2011

05/04/2012

11/04/2014

05/04/2015

18.	The	Regional	Board	Executive	Officer	may	consider	conditional	SSOs	for	
TDS	and	sulfate	for	Reaches	4B,	5,	and	6	based	on	results	of	groundwater-
surface water interaction studies on accumulation of TDS and sulfate in 
groundwater,	 potential	 impacts	 to	 beneficial	 uses,	 and	 an	 anti-degradation	
analysis.

05/04/2012

19. The Regional Board staff will re-evaluate the schedule to implement control 
measures	needed	to	meet	final	conditional	WLAs	adopted	pursuant	to	Task	10	
d)	and	the	schedule	for	Task	17.		The	Regional	Board,	at	a	public	meeting	will	
consider	extending	 the	completion	of	Task	17	and	reconsider	 the	schedule	
to	implement	control	measures	to	meet	final	conditional	WLAs	adopted	for	
chloride	pursuant	to	Task	10	d).		The	SCVSD	will	provide	the	justification	for	
the	need	for	an	extension	to	the	Regional	Board	Executive	Officer	at	least	6	
months in advance of the deadline for this task.  The Regional Board will also 
consider	conditional	SSOs	and	final	conditional	WLAs	for	TDS	and	sulfate	
based on results of Task 18.

11/04/2014

RB-AR36070



Basin Plan           7-8�   Total Maximum Daily Loads
Updated September 20��

Table 7-6.2. Upper Santa Clara River Chloride TMDL Implementation
Implementation Tasks

Completion 
Date

20.	The	interim	WLAs	for	chloride	shall	remain	in	effect	for	no	more	than	10	
years	after	May	4,	2005.	Conditional	SSO	for	chloride	 in	 the	USCR	shall	
be	achieved.	Final	conditional	WLAs	for	chloride	in	Reaches	4B,	5,	and	6	
shall apply by May 5, 2015.  The Regional Board may consider extending 
the completion date of this task as necessary to account for events beyond the 
control of the SCVSD.

05/04/2015

21.	The	interim	WLAs	for	TDS	and	sulfate	contained	in	 this	BPA	(Resolution	
No.	R4-2008-012)	shall	be	implemented	no	sooner	than	May	4,	2005,	and	
shall	remain	in	effect	until	May	4,	2015.		Final	WLAs	shall	apply	by	May	
5,	2015	unless	conditional	SSOs	and	final	conditional	WLAs	for	TDS	and	
sulfate are adopted as described in Task 19.

05/04/2015
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7-7  Calleguas Creek Nitrogen Compounds and Related Effects TMDL

This TMDL was adopted by: 
	 The	Regional	Water	Quality	Control	Board	on	October	24,	2002.

This TMDL was approved by: 
 The State Water Resources Control Board on March 19, 2003.
	 The	Office	of	Administrative	Law	on	June	5,	2003.
	 The	U.S.	Environmental	Protection	Agency	on	June	20,	2003.

This TMDL was revised and adopted by: 
  The Regional Water Quality Control Board on September 11, 2008.

This TMDL was re-approved by: 
 The State Water Resources Control Board on June 16, 2009.
	 The	Office	of	Administrative	Law	on	October	5,	2009.
	 The	U.S.	Environmental	Protection	Agency	on	October	15,	2009.

The effective date of this TMDL is: October 15, 2009.

The	elements	of	the	TMDL	are	presented	in	Table	7-7.1	and	the	Implementation	Plan	in	Table	7-7.2

Table 7-7.1.  Calleguas Creek Nitrogen Compounds and Related Effects TMDL: Elements

Element Calleguas Creek Nitrogen Compound and Related Effects

Problem 
Statement

Elevated nitrogen concentrations (ammonia, nitrite and nitrate) are causing 
impairments	of	the	warm	water	fish	and	wildlife	habitat,	and	groundwater	recharge	
beneficial	uses	of	Calleguas	Creek.		Nitrite	and	nitrate	contribute	to	eutrophic	effects	
such	as	low	dissolved	oxygen	and	algae	growth.		Ammonia	contributes	to	toxicity.
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Element Calleguas Creek Nitrogen Compound and Related Effects

Numeric Target 
(Interpretation 
of the numeric 
water quality 
objective, used to 
calculate the load 
allocations)

Numeric targets for this TMDL are listed as follows:

1.	 Total	Ammonia	as	Nitrogen	(NH
3
-N) 

                                                                        NH3-N concentration (mg/L) 
                                                                  One-hour             Thirty-day
                    Reach                                                 average                average
 _______________________________________________________________________
• Mugu Lagoon                                                     8.1                      2.9                              
•	 Calleguas	Creek,	South																																					5.5																							2.4
•	 Calleguas	Creek,	North																																						8.4																						3.0
•	 Revlon	Slough																																																			5.7																							2.9
•	 Beardsley	Channel																																													5.7																							2.9
•	 Arroyo	Las	Posas																																															8.1																							2.6	
•	 Arroyo	Simi																																																							4.7																							2.4		
• Tapo Canyon                                                     3.9                       1.9 
•	 Conejo	Creek	(Confluence	with	Calleguas								9.5																							3.5	

Creek to Santa Rosa Rd.)
•	 Conejo	Creek	(Santa	Rosa	Road																							8.4																								3.4	

to Thousand Oaks City Limit)
•	 Conejo	Creek,	Hill	Canyon	Reach																				8.4																								3.1	
•	 Conejo	Creek,	North	Fork																																	3.2																								1.7	
•	 Arroyo	Conejo	(South	Fork	Conejo	Creek)						5.1																									3.4
•	 Arroyo	Santa	Rosa																																												5.7																									2.4

2. Nitrate and nitrite as nitrogen (NO
3
-N and NO

2
-N)

Constituent                                                    Concentration (mg/L)
_______________________________________________________________________
• NO

3
-N                                                                        10

• NO
2
-N                                                                         1

• NO
3
-N + NO

2
-N                                                         10

Numeric targets to address narrative objectives required to protect warm freshwater 
and wildlife habitat are intended to implement the narrative objectives and may be 
revised based on the results of monitoring and special studies conducted pursuant to 
the implementation plan.

Source Analysis The principal sources of nitrogen into Calleguas Creek are discharges from the 
POTWs in the watershed and runoff from agricultural activities in the watershed. 

Linkage Analysis Linkage between nitrogen sources and the in-stream water quality was established 
through a mass continuity model based on an evaluation of recent hydrodynamic and 
water quality data.  
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Element Calleguas Creek Nitrogen Compound and Related Effects

Waste Load 
Allocations (for 
point sources)

The	waste	load	allocations	(WLAs)	are		as	follows:
                                               

POTWs NH3-N NO3-N 
(mg/L)

NO2-N 
(mg/L)

NO3-N + 
NO2-N 
(mg/L)

MDEL1 
(mg/L)

AMEL2 
(mg/L)

Daily WLA3 
(lbs/day)

Hill Canyon 
WTP4

5.6 3.1 5.1xQ 9.0 0.9 9.0

Simi Valley 
WQCF5

3.3 2.4 2.9xQ 9.0 0.9 9.0

Moorpark 
WTP

6.4 2.6 5.7xQ 9.0 0.9 9.0

Camarillo 
WRP6

7.8 3.5 7.0xQ 9.0 0.9 9.0

Camrosa 
WRF7

7.2 3.0 6.5xQ 9.0 0.9 9.0

Load Allocation 
(for non point 
sources)

The source analysis indicates that agricultural discharge is the major non-point 
source of oxidized nitrogen to Calleguas Creek and its tributaries.  This source is 
particularly	significant	in	Revolon	Slough	and	other	agricultural	drains	in	the	lower	
Calleguas watershed where there are no point sources of ammonia and oxidized 
nitrogen.  Load allocations for non-point sources are: 

                                                 NO3-N + NO2-N
      Nonpoint Source                       (mg/L)
 _____________________________________________
Agriculture																																									9.0
Other Nonpoint Source                      9.0

Implementation 1.	 Refer	to	Table	7-7.2
2. Several of the POTWs in the Calleguas Creek watershed will require additional 

time to meet the nitrogen (NO
3
-N, NO

2
-N, and NO

3
-N + NO

2
-N) waste load 

allocations.  To allow time to meet the nitrogen waste load allocations, interim 
limits will be allowed for a period of four years from July 16, 2003 during which 
the	POTWs	will	be	required	to	meet	the	effluent	limit	for	NO

3
-N + NO

2
-N only.  

Effluent	limits	for	the	individual	compounds	NO
3
-N and NO

2
-N are not required 

during the interim period.
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Element Calleguas Creek Nitrogen Compound and Related Effects

Implementation 
(continued)

Interim Limits* for NO3-N + NO2-N

                                             Monthly Average    Daily Maximum
                POTWs                         (mg/L)                    (mg/L)
_______________________________________________________________________
• Hill Canyon WTP                   36.03                      38.32
•	 Simi	Valley	WQCF																	31.60																						32.17
• Moorpark WTP                       31.5                        32.01
•	 Camarillo	WRP																							36.23																						37.75

*The monthly average and daily maximum interim limits are based on the 95th and 99th 
percentiles	of	effluent	performance	data	reported	in	the	Calleguas	Creek	Characterization	
Study

3. The waste load allocations for ammonia will be applicable on July 16, 2003.  
Interim limits for ammonia will be applicable for no more than 2 years starting 
from	October	24,	2002	for	POTWs	that	are	not	able	to	achieve	immediate	
compliance with the assigned waste load allocations.  The interim limits for 
ammonia may be established at the discretion of the Regional Board when a 
POTW’s		NPDES	permit	is	reissued.

Margin of Safety An	implicit	margin	of	safety	is	incorporated	through	conservative	model	
assumptions and statistical analysis.  In addition, an explicit margin of safety is 
incorporated by reserving 10% of the load, calculated on a concentration basis, from 
allocation	to	POTW	effluent	sources.	

Seasonal 
Variations 
and Critical 
Conditions

A	low	flow	critical	condition	is	identified	for	this	TMDL	based	on	a	review	of	flow	
data	for	the	past	twenty	years.		This	flow	condition	was	identified	because	less	
assimilative	capacity	is	available	to	dilute	effluent	discharge.

1		Maximum	daily	effluent	limitation
2		Average	monthly	effluent	limitation
3		Q	represents	the	POTW	effluent	flow	at	the	time	the	water	quality	measurement	is	collected	and	a	conversion	factor	to	lb/
				day	based	on	the	units	of	measurement	for	the	effluent	flow.
4		Wastewater	Treatment	Plant
5  Water Quality Control Facility
6  Water Reclamation Plant
7		Water	Reclamation	Facility
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Table 7-7.2.  Calleguas Creek Nitrogen Compounds and Related Effects TMDL Implementation Schedule

IMPLEMENTATION	TASkS,	MILESTONES	AND	
PROVISIONS*

COMPLETION	DATE

1.
2.
3.

WLA	for	ammonia	apply	to	POTWs.
Interim Limits for NO

3
-N + NO

2
-N apply to POTWs.

Formation of Nonpoint Source BMP Evaluation 
Committee.

July 16, 2003

4.

5.

Submittal of Non point Source Monitoring Workplan 
by Calleguas Creek Watershed Management Plan 
– Water Resources/Water Quality (CCWMP) 
Subcommittee.  This monitoring is to evaluate nutrient 
loadings associated with agricultural drainage and 
other nonpoint sources.  The monitoring program will 
include both dry and wet weather discharges from 
agricultural, urban and open space sources.  In addition, 
groundwater discharge to Calleguas Creek will also be 
analyzed for nutrients to determine the magnitude of 
these	loading	and	the	need	for	load	allocations.		A	key	
objective of these special studies will be to determine 
the effectiveness of agricultural BMPs in reducing 
nutrient	loadings.		Consequently,	flow	and	analytical	
data for nutrients will be required to estimate loadings 
from nonpoint sources.
Submittal of Watershed Monitoring Workplan by 
CCWMP Subcommittee.  In addition to the analytical 
parameters	and	flow	data	requirements,	the	watershed	
monitoring program will establish sampling locations 
from which representative samples can be obtained, 
including all listed tributaries.  Monitoring results will 
be	compared	to	the	numeric	instream	targets	identified	
in this TMDL to determine the effectiveness of the 
TMDL.  Data on the extent and distribution of algal 
mats, scum and odors will be included in the watershed 
monitoring program.  The data will be used to provide 
further	verification	of	the	model	and	refine	the	TMDL	
to address nutrient effects as appropriate.

July	16,	2004
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IMPLEMENTATION	TASkS,	MILESTONES	AND	
PROVISIONS*

COMPLETION	DATE

6. Submittal of Special Studies Workplan by CCWMP 
Subcommittee. 
These special studies include:

Monitoring of minor point sources for nutrients to 
confirm	assumptions	that	the	loadings	from	these	
sources are minor;

Monitoring of greenhouse discharges and runoff to 
assess loadings from these sources;

Monitoring of groundwater extraction and discharges 
in	the	Arroyo	Santa	Rosa	subwatershed	and	other	areas	
that	may	add	significant	nutrient	loadings	to	Calleguas	
Creek; and 

Additional	studies	of	the	type	and	extent	of	algae	
impairment in Calleguas Creek and Mugu Lagoon.

July	16,	2004

7.

8.

9.

Complete Special Studies for minor sources, 
greenhouses, and groundwater loadings. 
Completion of ammonia Water Effect Ratio (WER) 
studies.
Complete planning and preparation for construction of 
TMDL remedies to reduce non-point source nitrogen 
loads.

July 16, 2006

10. Interim Limits for NO
3
-N + NO

2
-N	expire	and	WLAs	

for NO
3
-N, NO

2
-N, NO

3
-N + NO

2
-N apply to POTWs.

July	16,	2007

11. Complete Special Studies for algae impairments of 
Calleguas Creek, its tributaries and Mugu Lagoon.

July 16, 2008

12. Regional Board consideration of revised water 
quality objectives for nitrogen compounds based on 
monitoring data, special studies, and ammonia WER, if 
appropriate.

July 16, 2009

13. Final achievement of ammonia and oxidized nitrogen 
standards.

July 16, 2010

∗	The	CCWMP	Subcommittee	has	offered	to	complete	tasks	4	through	9	and	11.		In	the	event	the	CCWMP	Subcommittee	
fails to timely complete these tasks, the Regional Board will consider whether to amend this Implementation Plan to assign 
tasks to responsible dischargers in the regulatory approach.  The Regional Board also reserves its right to take any other 
appropriate	actions	including,	but	not	limited	to,	exercising	its	authorities	under	Water	Code	section	13267.
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7-8  Los Angeles River Nitrogen Compounds and Related Effects TMDL

This TMDL was adopted by:
The Regional Water Quality Control Board on July 10, 2003.

This TMDL was approved by: 
The State Water Resources Control Board on November 19, 2003.
The	Office	of	Administrative	Law	on	February	27,	2004.
The	U.S.	Environmental	Protection	Agency	on	March	18,	2004.

This TMDL was amended and adopted by:
The	Regional	Water	Quality	Control	Board	on	December	4,	2003.

This amended TMDL was approved by: 
The	State	Water	Resources	Control	Board	on	March	24,	2004.
The	Office	of	Administrative	Law	on	September	27,	2004.

	 [U.S.	Environmental	Protection	Agency	approval	not	required	for	amendment	to	Implementation	Plan]

The	effective	date	of	this	TMDL	is:	September	27,	2004.

Table 7-8.1. Los Angeles River Nitrogen Compounds and Related Effects TMDL: Elements
Element Los Angeles River Nitrogen Compounds and Related Effects TMDL
Problem Statement Reaches	of	the	Los	Angeles	River	and	its	tributaries	were	listed	as	impaired	for	

nitrogen compounds (ammonia, nitrate, and nitrate) and related effects such as algae, 
pH, odor, and scum on the 2002 303(d) list.  These reaches were listed because 
numeric and narrative water quality objectives for nitrogen compounds and related 
effects were exceeded, thereby impairing warm, freshwater, and wildlife habitats, 
and	recreation	beneficial	uses.	
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Element Los Angeles River Nitrogen Compounds and Related Effects TMDL
Numeric Target 
(Interpretation of 
the numeric water 
quality objective, 
used to calculate the 
load allocations)

Numeric targets for this TMDL are listed as follows:

a) Total ammonia as nitrogen (NH
3
-N)

       Numeric targets are dependent on temperature and pH of receiving 
water.  Based on the last three years of temperature and pH data, the 
ammonia numeric targets for receiving waters correspondent to  major 
discharge points are provided below:

Receiving water correspondent to major discharge point
One-hour average 
Thirty-day average

Los	Angeles	River	Reach	5	(within	Sepulveda	Basin)	-	Donald	C.	
Tillman WRP
4.7	mg/L
1.6 mg/L

Los	Angeles	River	Reach	3	(Riverside	Dr.	to	Figueroa	St.)	-	Los	
Angeles/	Glendale	WRP
8.7	mg/L
2.4	mg/L

Burbank Western Channel - Burbank WRP
10.1 mg/L
2.3 mg/L

b) Nitrate-nitrogen and nitrite-nitrogen

Constituent
Thirty-day average

Nitrate-nitrogen (NO
3
-N)

8 mg/L

Nitrite-nitrogen (NO
2
-N)

1 mg/L

Nitrate-nitrogen plus nitrite-nitrogen
(NO

3
-N + NO

2
-N)

8 mg/L  

Numeric targets to address narrative objectives required to protect warm freshwater 
and wildlife habitats are intended to implement the narrative objectives and may 
be revised based on the results of monitoring and studies conducted pursuant to the 
implementation plan. 

Source Analysis The	principal	source	of	nitrogen	compounds	to	the	Los	Angeles	River	is	discharges	
from	the	Donald	C.	Tillman	Water	Reclamation	Plant	(WRP),	the	Los	Angeles-
Glendale	WRP,	and	the	Burbank	WRP.		During	dry	weather	period,	the	major	
POTWs	contribute	84.1%	of	the	total	dry	weather	nitrogen	load.	Urban	runoff,	
stormwater, and groundwater discharge may also contribute nitrate loads.  Further 
evaluation of these sources is set forth in the Implementation Plan.

RB-AR36080



Basin Plan           7-9�   Total Maximum Daily Loads
Updated September 20��

Element Los Angeles River Nitrogen Compounds and Related Effects TMDL
Linkage Analysis Linkage between nutrient sources and the instream water quality was established 

through hydrodynamic and water quality models.  The Environmental Fluid 
Dynamics Code 1-D was used to model the hydrodynamic characteristics of the 
Los	Angeles	River	and	the	Water	Quality	Analysis	Simulation	Program	was	used	to	
model	water	quality.		Additional	studies	were	conducted	to	develop	the	residence	
time and determine the nutrient uptake rates by algae. 

Wasteload 
Allocations 
(for point sources)

1. Major point sources:

a) Total ammonia as nitrogen (NH
3
-N):

POTW
One-hour average WLA
Thirty-day average WLA

Donald C. Tillman WRP
4.2	mg/L
1.4	mg/L

Los	Angeles-Glendale	WRP
7.8	mg/L
2.2 mg/L

Burbank WRP
9.1 mg/L
2.1 mg/L

b) Nitrate-nitrogen (NO
3
-N), nitrite-nitrogen (NO

2
-N), and Nitrate-nitrogen 

plus nitrite-nitrogen (NO
3
-N + NO

2
-N):

Constituent
Thirty-day average WLA*

NO
3
-N

7.2	mg/L	

NO
2
-N

0.9 mg/L

NO
3
-N + NO

2
-N

7.2	mg/L
*Receiving water monitoring is required on a weekly basis to ensure compliance 
with the water quality objective.
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Element Los Angeles River Nitrogen Compounds and Related Effects TMDL
Waste Load 
Allocations 
(for point sources)
(continued)

2. Minor point sources: 

Waste loads are allocated to minor point sources enrolled under NPDES or 
WDR permits including but not limited to Tapia WRP, Whittier Narrows 
WRP,	Los	Angeles	Zoo	WRP,	industrial	and	construction	stormwater,	and	
municipal storm water and urban runoff from municipal separate storm 
sewer	systems	(MS4s):

a)	 Ammonia	wasteload	allocations	(WLAs)	for	minor	point	sources	are	
listed below by receiving waters:

Water Body
One-hour average WLA
Thirty-day average WLA

Los	Angeles	River	above	Los	Angeles-Glendale	WRP	(LAG)	
4.7	mg/L
1.6 mg/L

Los	Angeles	River	below	LAG
8.7	mg/L
2.4	mg/L

Los	AngelesTributaries
10.1 mg/L
2.3 mg/L

b)	 WLAs	for	nitrate-nitrogen,	nitrite-nitrogen,	and	nitrate-nitrogen	plus	
nitrite-nitrogen for minor discharges are listed below:

Constituent
Thirty-day average WLA

NO
3
-N

8.0 mg/L 

NO
2
-N

1.0 mg/L

NO
3
-N + NO

2
-N

8.0 mg/L 

Load Allocation 
(for nonpoint 
sources)

The	Source	Assessment	indicates	that	nitrogen	loads	from	nonpoint	sources	
are negligible compared to loading from point sources and their contribution is 
adequately accounted for in the margin of safety.  Consequently, load allocations will 
not be developed unless it is determined they are necessary after load reductions are 
effected	through	implementation	of	the	wasteload	allocations.		Additional	monitoring	
is included in the implementation plan to verify the nitrogen nonpoint source 
contributions.
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Element Los Angeles River Nitrogen Compounds and Related Effects TMDL
Implementation 1.	 Refer	to	Table	7-8.2

2. The Implementation Plan includes upgrades to the WRPs discharging to Los 
Angeles	River	for	removal	of	ammonia,	nitrate,	and	nitrite.		At	the	discretion	
of the Regional Board, the following interim limits for ammonia, and nitrate 
plus nitrite will be allowed for major point sources for a period not to exceed 
3.5	years	from	March	23,	2004.		Effluent	limits	for	the	individual	compounds	
NO3-N, and NO2-N are not required during the interim period.

Interim Limits for NH3-N and NO3-N + NO2-N

Total ammonia as Nitrogen
POTW

Daily Maximum*
Monthly Average*

Donald C. Tillman WRP
24.7	mg/L
20.5 mg/L

Los	Angeles-Glendale	WRP
24.2	mg/L
18.8 mg/L

Burbank WRP
24.1	mg/L
22.7	mg/L

*The monthly average and daily maximum interim limits are based on the 95th 
and	99th	percentiles	of	effluent	performance	data	reported	by	dischargers.

Nitrite-nitrogen + Nitrate-nitrogen
Monthly Average

8.0 mg/L

The Implementation Plan also includes additional studies to evaluate the 
effectiveness of nitrogen reductions on related effects such as algae growth, odors 
and	scum.		Ammonia	and	nitrate	reductions	will	be	regulated	through	effluent	limits	
prescribed in NPDES permits.

Margin of Safety An	explicit	margin	of	safety	of	10%	of	the	ammonia,	nitrate,	nitrite	and	nitrate	+	
nitrite loads is allocated to address uncertainty in the sources and linkage analyses.  
In addition, an implicit margin of safety is incorporated through conservative model 
assumptions and statistical analysis.  

Seasonal Variations 
and Critical 
Conditions

The	critical	condition	identified	for	this	TMDL	is	based	on	low	flow	condition.		The	
driest six months of the year are the most critical condition for nutrients because less 
surface	flow	is	available	to	dilute	effluent	discharge.
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Implementation Tasks Completion Date
1.	 Apply	interim	limits	for	NH

3
-N and NO

3
-N + NO

2
-N to major Publicly 

Owned Treatment Works (POTWs).

2.	 Apply	Waste	Load	Allocations	(WLAs)	to	minor	point	source	
dischargers	and	MS4	permittees.

3. Begin to include monitoring for nitrogen compounds in NPDES permits 
for minor NPDES dischargers above 0.1 mgd as permits are renewed.

03/23/2004

4.	 Submittal	of	a	Monitoring	Work	Plan	by	MS4	permittees	to	estimate	
nitrogen loadings associated with runoff loads from the storm drain 
system	for	approval	by	the	Executive	Officer	of	the	Regional	Board.		
The Work Plan will include monitoring for ammonia, nitrate, and nitrite.  
The	Work	Plan	may	include	a	phased	approach	wherein	the	first	phase	is	
based on monitoring from the existing mass emission station in the Los 
Angeles	River.		The	results	will	be	used	to	calibrate	the	linkage	analysis.

The Work Plan will also contain protocol and a schedule for 
implementing additional monitoring if necessary.  The Work Plan 
will	also	propose	triggers	for	conducting	source	identification	and	
implementing	BMPs,	if	necessary.		Source	identification	and	BMPs	will	
be	in	accordance	with	the	requirements	of	MS4	permits.

03/23/2005

5. Submittal of a Workplan by major NPDES permittees  to evaluate the 
effectiveness of nitrogen reductions on removing impairments from 
algae	odors,	scums,	and	pH	for	approval	by	the	Executive	Officer	of	
the Regional Board.  The monitoring program will include instream 
monitoring	of	algae,	foam,	scum,	pH,	and	odors	in	the	Los	Angeles	
River.	In	addition,	groundwater	discharge	to	Los	Angeles	River	will	also	
be analyzed for nutrients to determine the magnitude of these loadings 
and the need for load allocations.  The Workplan will include protocol 
and	schedule	for	refining	numeric	targets	for	nitrogen	compounds	and	
related	effects	such	as	excessive	algae	in	the	Los	Angeles	River.		The	
Workplan	will	also	contain	protocol	and	a	schedule	for	identification	of	
limiting nutrients.

03/23/2005

6.	 Submission	of	a	special	studies	Workplan	by	the	City	of	Los	Angeles	
to	evaluate	site-specific	objectives	for	ammonia,	nitrate,	and	nitrite,	
including the following issues: pH and temperature distribution 
downstream of  the D.C. Tillman WRP to determine the point of 
compliance	for	ammonia,	establishment	of		ammonia	WLAs	based	on	
seasonality.

03/23/2005

7.	 Submission	of	all	results	from	Task	6,	and	results	from	water	effects	
ratio study for ammonia which has been performed by the City of Los 
Angeles.

No later than 09/23/2006

Table 7-8.2. Los Angeles River Nitrogen Compounds and Related Effects TMDL:
Implementation Schedule
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Implementation Tasks Completion Date
8.	 Regional	Board	considers	site-specific	objectives	for	ammonia,	nitrate,	

nitrite and nitrite + nitrate and revision of wasteload allocations based 
on	results	from	Tasks	6	and	7.	The	Regional	Board	will	consider	
factors such as seasonal variation, averaging periods, and water effects 
ratios	when	determining	whether	it	is	appropriate	to	adopt	site-specific	
objectives	for	ammonia.	If	a	site	specific	objective	is	adopted	by	the	
Regional Board, and approved by relevant approving agencies, this 
TMDL	will	need	to	be	revised,	readopted,	and	reapproved	to	reflect	the	
revised water quality objectives.

No	later	than	09/23/2007

9.	 Interim	limits	for	ammonia	and	nitrate	+	nitrite	expire	and	WLAs	for	
ammonia, nitrate, nitrite, and nitrate + nitrite apply to major point 
sources.

09/23/2007

10. Complete evaluation of monitoring for nutrient effects and determine 
need for revising wasteload allocations, including but not limited to 
establishing	new	WLAs	for	other	nutrient	and	related	effects	such	as	
algal growth   

03/23/2008

11. Regional Board considers results of Tasks 5 and 10 and revises or 
establishes	WLAs	as	appropriate.

03/23/2009
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7-9  Santa Clara River Nitrogen Compounds  TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	August	7,	2003.

This TMDL was approved by:
 The State Water Resources Control Board on November 19, 2003.
	 The	Office	of	Administrative	Law	on	February	27,	2004.
	 The	U.S.	Environmental	Protection	Agency	on	March	18,	2004.

The	effective	date	of	this	TMDL	is:	March	23,	2004.

The following table describes the key elements of this TMDL.

Table 7-9.1.  Santa Clara River Nitrogen Compounds TMDL: Elements
Element Santa Clara River Nitrogen Compounds TMDL

Problem Statement Discharge of wastes containing nitrite, nitrate and ammonia to the Santa Clara 
River causes exceedances of water quality objectives for ammonia, nitrate and 
nitrite established in the Basin Plan.  The Santa Clara River is listed as impaired 
by	ammonia	in	Reach	3	and	by	nitrate	plus	nitrite	in	Reach	7	on	the	2002	303(d)	
list of impaired water bodies.  Reach 8 of the Santa Clara River is included on the 
State Monitoring List for organic enrichment/dissolved oxygen, which may be 
caused by excessive nitrogen. Nitrate and nitrate are biostimulatory substances 
that can cause eutrophic effects such as low dissolved oxygen and algae growth.  
Excessive ammonia can cause aquatic life toxicity. 

Numeric Target 
(Interpretation of 
the numeric water 
quality objective, 
used to calculate the 
load allocations)

•	 Total ammonia as nitrogen (NH
3
-N)

																																						One-hour	Average			Thirty-day	Average
Reach                                           (mg/L)                 (mg/L)         
Reach	8																																												14.8																								3.2
Reach	7	above	Valencia																			4.8																										2.0
Reach	7	below	Valencia																			5.5																										2.0
Reach	7	at	County	Line																				3.4																									1.2
Reach	3	above	Santa	Paula															2.4																									1.9
Reach	3	at	Santa	Paula																						2.4																									1.9
Reach	3	below	Santa	Paula															2.2																									1.7

•	 Nitrate plus Nitrite as Nitrogen (NO
3
-N + NO

2
-N)

																																																																												Thirty-day	Average	
Reach                                                                                (mg/L)      
Reach	3																																																																																			4.5
Reach	7																																																																																			4.5
Reach 8                                                                                   9.0

Narrative objectives for biostimulatory substances and toxicity are based on the 
Basin Plan.  The TMDL analysis indicates that the numeric targets will implement 
the narrative objectives.  The Implementation Plan includes monitoring and 
special studies to verify that the TMDL will implement the narrative objectives.
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Element Santa Clara River Nitrogen Compounds TMDL

Source Analysis The principal source of ammonia, nitrite, and nitrate to the Santa Clara River 
is discharges from the Saugus and Valencia Water Reclamation Plants (WRPs) 
and the Fillmore and Santa Paula Publicly Owned Treatment Works (POTWs).  
Agricultural	runoff,	stormwater	discharge	and	groundwater	discharge	may	also	
contribute nitrate loads.  Further evaluation of these sources is set forth in the 
Implementation Plan.

Linkage Analysis Linkage between nitrogen sources and the in-stream water quality was established 
through	hydrodynamic	and	water	quality	models.		The	Watershed	Analysis	Risk	
Management Framework was used to model the hydrodynamic characteristics 
and water quality of the Santa Clara River.  The analysis demonstrated that major 
point sources (WRPs and POTWs) were the primary contributors to in-stream 
ammonia and nitrate plus nitrite loads.  Nonpoint sources and minor point sources 
contributed a much smaller fraction of these loads.

Wasteload 
Allocations 
(for point sources)

Major point sources:

Concentration-based wasteloads are allocated to major point sources of ammonia 
and nitrate+nitrite in Reach 3, which include the Fillmore and Santa Paula 
POTWs; concentration-based wasteloads are allocated to major point sources of 
ammonia	and	nitrite+nitrate	in	Reaches	7	and	8,	which	include	the	Valencia	and	
Saugus WRPs. 

•	 Total ammonia as nitrogen (NH
3
-N) in mg/L:

      POTW                           One-hour average    Thirty-day average
      Saugus WRP                        5.6                        2.0
						Valencia	WRP																						5.2																								1.75
						Fillmore	POTW																			4.2																								2.0

Santa	Paula	POTW														4.2																								2.0

•	 Nitrate-nitrogen (NO
3
-N), Nitrite-nitrogen (NO

2
-N), and Nitrate plus Nitrite 

as nitrogen (NO2-N+NO3-N) in mg/L:

																																																								Thirty-day average WLA*Thirty-day	average	WLA*
      POTW                         NO

2
-N          NO

3
-N        NO2-N+NO3-N

						Saugus WRP 0.9 7.1 7.1Saugus	WRP																0.9																				7.1																	7.1	
      Valencia WRP              0.9                    6.8                 6.8
      Fillmore POTW           0.9                    8.0                 8.0 
      Santa Paula POTW      0.9                    8.0                 8.0  
*Receiving water monitoring is required on a weekly basis to ensure compliance with the 
water quality objectives for nitrite, nitrate, nitrite + nitrate, and dissolved oxygen.  
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Element Santa Clara River Nitrogen Compounds TMDL

Wasteload 
Allocations 
(for point sources)
(continued)

Minor Point Sources: 

Concentration-based wasteloads are allocated to minor discharges enrolled under 
NPDES or WDR permits.  The allocations for minor point sources are based on 
the water quality objectives for ammonia, nitrite, nitrate and nitrite plus nitrate.  
For	minor	dischargers	discharging	into	Reach	7,	the	thirty-day	average	WLA	for	
ammonia	as	nitrogen	is	1.75	mg/L,	the	one-hour	WLA	for	ammonia	as	nitrogen	
is	5.2	mg/L,	and	the	thirty-day	average	WLA	for	nitrate	plus	nitrite	as	nitrogen	is	
6.8 mg/L.  For minor dischargers discharging into Reach 3, the thirty-day average 
WLA	for	ammonia	as	nitrogen	is	2.0	mg/L	and	the	one	hour	average	WLA	for	
ammonia	as	nitrogen	is	4.2	mg/L,	and	the	thirty-day	average	WLA	for	nitrate	plus	
nitrite as nitrogen is 8.1 mg/L.

MS4	and	Stormwater	Sources:

Concentration-based wasteloads are allocated to municipal, industrial and 
construction stormwater sources regulated under NPDES permits.  For 
stormwater	permittees	discharging	into	Reach	7,	the	thirty-day	WLA	for	ammonia	
as	nitrogen	is	1.75	mg/L	and	the	one-hour	WLA	for	ammonia	as	nitrogen	is	5.2	
mg/L;	the	thirty-day	average	WLA	for	nitrate	plus	nitrite	as	nitrogen	is	6.8	mg/
L.		For	stormwater	permittees	discharging	into	Reach	3,	the	thirty-day	WLA	for	
ammonia	as	nitrogen	is	2.0	mg/L	and	the	one-hour	WLA	for	ammonia	as	nitrogen	
is	4.2	mg/L;	the	thirty-day	average	WLA	for	nitrate	plus	nitrite	nitrogen	is	8.1	
mg/L.

Load Allocation 
(for nonpoint 
sources)

Concentration-based loads for nitrogen compounds are allocated for nonpoint 
sources.		For	nonpoint	sources	discharging	to	Reach	7,	the	combined	ammonia,	
nitrate, nitrite (NH

3
-N + NO

2
-N + NO

3
-N) load as nitrogen is 8.5 mg/L.  For 

non-point sources discharging into other reaches of the Santa Clara River, Mint 
Canyon Reach 1, Wheeler Canyon/Todd Barranca, and Brown Barranca/Long 
Canyon, the combined ammonia, nitrate, nitrite (NH

3
-N + NO

2
-N + NO

3
-N) loads 

as nitrogen is 10 mg/L.  Monitoring is established in the TMDL Implementation 
Plan to verify the nitrogen nonpoint source contributions from agricultural and 
urban runoff and groundwater discharge. 
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Element Santa Clara River Nitrogen Compounds TMDL

Implementation •	 Ammonia,	nitrite,	and	nitrate	reductions	will	be	regulated	through	effluent	
limits prescribed in POTW and minor point source NPDES Permits, Best 
Management	Practices	required	in	NPDES	MS4	Permits,	and	SWRCB	
Management Measures for non point source discharges.

•	 At	the	Regional	Board’s	discretion,	the	following	interim	effluent	limits	will	
be allowed for a period as short as possible, but not to exceed eight years 
from the effective date of the TMDL:

Interim Limits in mg/L for Nitrite, Nitrate, and Nitrite plus Nitrate as nitrogen
																																							Thirty-day Average Interim LimitsThirty-day	Average	Interim	Limits	

POTW                   NO
2
-N          NO

3
-N             NO

2
-N  +  NO

3
-N 

Saugus WRP          1                     10                     10 
Valencia WRP        1                     10                     10

Interim	Limits	in	mg/L	for	combined	Ammonia,	Nitrate,	and	Nitrite	as	
nitrogen 
POTW																									Thirty-day	Average												Daily	Maximum
Fillmore WRP                 32.8                                        38.9 
Santa	Paula	WRP												41.8																																								49.0	

The Implementation Plan also includes special studies and monitoring for 
ammonia, nitrite, and nitrate to evaluate the effectiveness of nitrogen reductions. 

The Implementation Plan also includes special studies to address issues regarding 
water	quality	standards	and	site-specific	objectives	and	a	reconsideration	of	waste	
load allocations based on monitoring data and special studies. 

Margin of Safety An	explicit	margin	of	safety	of	10	percent	of	the	nitrogen	loads	is	allocated	to	
address uncertainty in the source and linkage analyses.  In addition, an implicit 
margin of safety is incorporated through conservative model assumptions and 
statistical analysis.

Future Growth Urban growth in the upper watershed is predicted to require the expansion of the 
Valencia Water Reclamation Plan, construction of an additional water reclamation 
plant, and increased use of reclaimed water.  Wasteload and load allocations will 
be developed for these new sources as required to implement appropriate water 
quality objectives for ammonia, nitrite, and nitrate.

Seasonal Variations 
and Critical 
Conditions

The	critical	condition	identified	for	this	TMDL	is	based	on	the	low	flow	
condition	defined	as	the	7Q10.		In	addition,	the	driest	six	months	of	the	year	
are	identified	as	a	more	critical	condition	for	nitrogen	compounds	because	less	
surface	flow	is	available	to	dilute	effluent	discharge.		The	model	result	also	
indicates	a	critical	condition	during	the	first	major	storm	event	after	a	dry	period.		
The implementation plan includes monitoring to verify this potential critical 
condition.  
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 Table 7-9.2.  Santa Clara River Nitrogen Compounds TMDL: Implementation Schedule

Implementation Tasks, Milestones and Provisions Responsible Party Completion Date

1.	 Apply	interim	limits	for	ammonia,	nitrite,	and	
nitrate to Fillmore and Santa Paula POTWs. 

2.	 Apply	interim	limits	for	Nitrate	to	Saugus	and	
Valencia WRPs.

3.	 Apply	WLAs	to	minor	point	source	dischargers	
and	MS4	permittees.

4.	 Include	monitoring	for	nitrogen	compounds	in	
NPDES and WDR permits for minor dischargers 
as permits are renewed.

Fillmore and Santa Paula 
POTWs;

NPDES and WDR 
permittees 

Effective Date of TMDL

5.	 Submittal	of	a	Work	Plan	by	Los	Angeles	County	
and	Ventura	County	MS4	permittees	 to	 estimate	
ammonia and nitrogen loadings associated with 
runoff loads from the storm drain system for 
approval	by	the	Executive	Officer	of	the	Regional	
Board. The Work Plan will include monitoring 
for ammonia, nitrate, and nitrite. The Work Plan 
may	include	a	phased	approach	wherein	 the	first	
phase is based on monitoring from the existing 
mass emission station in the Santa Clara River. 
If	the	monitoring	studies	reflect	a	higher	average	
concentration in  stormwater than originally 
considered, then the linkage analysis would be 
refined	to	consider	the	increased	loading.	

The Work Plan will also contain protocol and a 
schedule for implementing additional monitoring 
if necessary. The Work Plan will also propose 
triggers	 for	 conducting	 source	 identification	
and implementing BMPs, if necessary. Source 
identification	 and	 BMPs	 will	 be	 in	 accordance	
with	the	requirements	of	MS4	permits.	

Los	Angeles	and	
Ventura	Counties	MS4	
Permittees

1 year after the Effective 
Date of TMDL 

6. Submittal of Work Plan by major NPDES 
permittees to asses and monitor the surface water 
quality, including, without limitation, monthly 
measurement of dissolved oxygen on an hourly 
basis,	pH	and	instream	denitrification	processes,	
and groundwater where appropriate, for aquatic 
life impacts, macroinvertebrate diversity, algal 
mass, and nutrient species in the Santa Clara 
River	for	approval	by	the	Regional	Board’s	
Executive	Officer.		The	Work	Plan	will	include	
evaluation of the effectiveness of the POTW in 
meeting	WLAs.		Submittal	of	a	work	plan	that	
demonstrates	compliance	with	final	wasteload	
allocations or demonstrates a schedule for 
compliance	with	final	wasteload	allocations	is	as	
short as possible.

Cities of Fillmore and 
Santa Paula, and County 
Sanitation Districts of 
Los	Angeles	County

1 year after Effective Date 
of TMDL
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Implementation Tasks, Milestones and Provisions Responsible Party Completion Date

7.	 Submittal	of	special	studies	Work	Plan	by	
County	Sanitation	Districts	of	Los	Angeles	
County	to	evaluate	site-specific	objectives	
(SSOs) for nitrate for approval by the Regional 
Board’s	Executive	Officer.

County Sanitation 
Districts	of	Los	Angeles	
County

1 year after Effective Date 
of TMDL

8. Submittal of results from water effects ratio study 
for ammonia by County Sanitation Districts of 
Los	Angeles	County.	

 

County Sanitation 
Districts	of	Los	Angeles	
County

Effective Date of TMDL

9. Evaluation of feasibility of including 
stakeholders in the Upper Santa Clara River 
watershed in the Regional Board Septic Tank 
task force.

Regional Board 3.5 year after Effective 
Date of TMDL

10. Regional Board considers a Basin Plan 
Amendment	for	site-specific	objectives	for	
ammonia, nitrate and nitrite plus nitrate based on 
results	of	Tasks	7	and	8.

Regional Board 1 year after Effective Date 
of	TMDL	for	ammonia;	4	
years after the Effective 
Date of the TMDL for 
nitrate and nitrite plus 
nitrate

11. Based on the results Task 5-10 and NPDES 
Monitoring, complete implementation of 
advanced treatment or additional treatment 
modifications	to	achieve	WLAs	for	POTWs,	if	
necessary in as short a period of time as possible, 
as determined during NPDES permit issuance 
or	modification,	but	not	later	than	eight	years	
after the effective date of the TMDL; if advanced 
treatment is not required, interim limits will 
expire in as short a period of time as possible, 
as determined during NPDES permit reissuance 
or	modification,	no	later	than	five	years	after	
the effective date of the TMDL.  The wasteload 
allocation compliance date will be synchronized 
with the expiration date of interim limits 
specified	in	Task	13.

POTW Permittees 8 years after Effective 
Date of TMDL
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Implementation Tasks, Milestones and Provisions Responsible Party Completion Date

12. Interim limits for ammonia and nitrate expire 
and	WLAs	apply	to	WRPs	and	POTWs.		The	
Regional Board will consider extending the 
duration of the remaining schedule and re-
evaluating	interim	limits	if	WLAs	for	WRPs	and	
POTWs are reduced after SSO considerations.

POTW Permittees;
Regional Board

Based on results of Tasks 
6 and 10: if additional 
modifications	or	advanced	
nitrification/denitrification	
facilities are required, 
interim limits will expire 
in as short a period of time 
as possible, as determined 
during NPDES permit 
issuance	or	modification	
interim limits, but not 
later than eight years 
after the effective date of 
the TMDL; if advanced 
treatment is not required, 
interim limits will expire 
in as short a period of time 
as possible, as determined 
during NPDES permit 
issuance	or	modification,	
but not later than 5 years 
after the Effective Date of 
the TMDL.

13.	Annual	progress	reports	on	the	Implementation	
Plan shall be provided to the Regional Board by 
the responsible parties or their representatives.

•NPDES permitees, 
•Board staff
•MS-4	permittees.
•Newhall Land and 

Farming
•United Water 

Conservation 
District

•Friends of the Santa 
Clara River

•  Ventura Coast Keeper 
and Heal the Bay.

Annually	after	Effective	
Date of TMDL.
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7-10  Malibu Creek and Lagoon Bacteria TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	December	13,	2004.

This TMDL was approved by:
 The State Water Resources Control Board on September 22, 2005.
	 The	Office	of	Administrative	Law	on	December	1,	2005.
	 The	U.S.	Environmental	Protection	Agency	on	January	10,	2006.

The	effective	date	of	this	TMDL	is:	January	24,	2006.

The following table includes the elements of this TMDL.

Table 7-10.1. Malibu Creek and Lagoon Bacteria TMDL: Elements
TMDL Element Key Findings and Regulatory Provisions

Problem Statement Elevated bacterial indicator densities are causing impairment of the water 
contact	recreation	(REC-1)	beneficial	use	at	Malibu	Creek,	Lagoon,	and	
adjacent beach.  Swimming in waters with elevated bacterial indicator densities 
has	long	been	associated	with	adverse	health	effects.		Specifically,	local	and	
national epidemiological studies compel the conclusion that there is a causal 
relationship between adverse health effects and recreational water quality, as 
measured by bacterial indicator densities.

Numeric Target 
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

The TMDL has a multi-part numeric target based on the bacteriological water 
quality objectives for marine and fresh water to protect the water contact 
recreation use. These targets are the most appropriate indicators of public 
health risk in recreational waters.

These bacteriological objectives are set forth in Chapter 3 of the Basin 
Plan.1  The objectives are based on four bacterial indicators and include both 
geometric mean limits and single sample limits.  The Basin Plan objectives that 
serve as the numeric targets for this TMDL are:

In Marine Waters Designated for Water Contact Recreation 
(REC-1)

1.	Geometric	Mean	Limits
a. Total coliform density shall not exceed 1,000/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b.	Fecal	coliform	density	shall	not	exceed	400/100	ml.
c.	Enterococcus	density	shall	not	exceed	104/100	ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the 

ratio of fecal-to-total coliform exceeds 0.1.

RB-AR36095



Basin Plan           7-�06   Total Maximum Daily Loads
Updated September 20��

TMDL Element Key Findings and Regulatory Provisions

Numeric Target (continued)
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

In Fresh Waters Designated for Water Contact Recreation (REC-
1)

1.	Geometric	Mean	Limits
a. E. coli density shall not exceed 126/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.

2. Single Sample Limits
a. E. coli density shall not exceed 235/100 ml.
b.	Fecal	coliform	density	shall	not	exceed	400/100	ml.

These objectives are generally based on an acceptable health risk for marine 
recreational waters of 19 illnesses per 1,000 exposed individuals as set by 
the	US	EPA	(US	EPA,	1986).		The	targets	apply	throughout	the	year.		The	
final	compliance	point	for	the	targets	is	the	point	at	which	the	effluent	from	a	
discharge initially mixes with the receiving water.

Implementation of the above bacteria objectives and the associated TMDL 
numeric targets is achieved using a ‘reference system/anti-degradation 
approach’	rather	than	the	alternative	‘natural	sources	exclusion	approach’	or	
strict	application	of	the	single	sample	objectives.	As	required	by	the	CWA	and	
Porter-Cologne	Water	Quality	Control	Act,	Basin	Plans	include	beneficial	uses	
of waters, water quality objectives to protect those uses, an anti-degradation 
policy, collectively referred to as water quality standards, and other plans 
and policies necessary to implement water quality standards. The ‘reference 
system/anti-degradation	approach’	means	that	on	the	basis	of	historical	
exceedance levels at existing monitoring locations, including a local reference 
beach within Santa Monica Bay, a certain number of daily exceedances of 
the single sample bacteria objectives are permitted.  The allowable number 
of exceedance days is set such that (1) bacteriological water quality at any 
site is at least as good as at a designated reference site within the watershed 
and (2) there is no degradation of existing bacteriological water quality.  This 
approach recognizes that there are natural sources of bacteria that may cause or 
contribute to exceedances of the single sample objectives and that it is not the 
intent of the Regional Board to require treatment or diversion of natural coastal 
creeks or to require treatment of natural sources of bacteria from undeveloped 
areas.

The geometric mean targets may not be exceeded at any time.  The rolling 30-
day geometric means will be calculated on each day.  If weekly sampling is 
conducted, the weekly sample result will be assigned to the remaining days of 
the week in order to calculate the daily rolling 30-day geometric mean.  For the 
single sample targets, each existing monitoring site is assigned an allowable 
number of exceedance days for three time periods (1) summer dry-weather 
(April	1	to	October	31),	(2)	winter	dry-weather	(November	1	to	March	31),	
and	(3)	wet-weather	(defined	as	days	with	0.1	inch	of	rain	or	greater	and	the	
three days following the rain event.)

Source Analysis Fecal coliform bacteria may be introduced from a variety of sources including 
storm water runoff, dry-weather runoff, onsite wastewater treatment systems, 
and	animal	wastes.	An	inventory	of	possible	point	and	nonpoint	sources	
of fecal coliform bacteria to the waterbody was compiled, and both simple 
methods and computer modeling were used to estimate bacteria loads for those 
sources. Source inventories were used in the analysis to identify all potential 
sources within the Malibu Creek watershed, modeling was used to identify the 
potential delivery of pathogens into the creeks and the lagoon.
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TMDL Element Key Findings and Regulatory Provisions

Loading Capacity The	loading	capacity	is	defined	in	terms	of	bacterial	indicator	densities,	which	
is the most appropriate for addressing public health risk, and is equivalent 
to	the	numeric	targets,	listed	above.		As	the	numeric	targets	must	be	met	at	
the	point	where	the	effluent	from	storm	drains	or	other	discharge	initially	
mixes with the receiving water throughout the day, no degradation or dilution 
allowance is provided.

Waste Load Allocations 
(for point sources)

Waste	Load	Allocations	(WLAs)	are	expressed	as	the	number	of	daily	
or weekly sample days that may exceed the single sample limits or 
30-day	geometric	mean	limits	as	identified	under	“Numeric	Target.”		
WLAs	are	expressed	as	allowable	exceedance	days	because	the	
bacterial density and frequency of single sample exceedances are the 
most relevant to public health protection.

Zero days of exceedance are allowed for the 30-day geometric mean 
limits.  The allowable days of exceedance for the single sample limits 
differ depending on season, dry weather or wet-weather, and by 
sampling	locations	as	described	in	Table	7-10.2.	

The allowable number of exceedance days for a monitoring site for 
each time period is based on the lesser of two criteria (1) exceedance 
days in the designated reference system and (2) exceedance days 
based on historical bacteriological data at the monitoring site.  This 
ensures that bacteriological water quality is at least as good as that of a 
largely undeveloped system and that there is no degradation of existing 
water quality.  However, existing data indicates that the number of 
exceedance days for all locations assessed in this TMDL were greater 
than the allowable exceedance days (i.e., number of exceedance days 
greater than the number at the reference sites).

For each monitoring site, allowable exceedance days are set on an 
annual basis as well as for three time periods.  These three periods are:
1.			summer	dry-weather	(April	1	to	October	31)
2. winter dry-weather (November 1 to March 31)
3.	 wet-weather	(defined	as	days	of	0.1	inch	of	rain	or	more	plus	three	

days following the rain event).

The responsible jurisdictions and responsible agencies are the County 
of	Los	Angeles,	County	of	Ventura,	the	cities	of	Malibu,	Calabasas,	
Agoura	Hills,	Hidden	Hills,	Simi	Valley,	Westlake	Village,	and	
Thousand Oaks; Caltrans, and the California Department of Parks 
and Recreation.The responsible jurisdictions and responsible agencies 
include the permittees and co-permittees of the municipal storm water 
(MS4)	permits	for	Los	Angeles	County	and	Ventura	County,	and	
Caltrans.  The storm water permittees are individually responsible for 
the discharges from their municipal separate storm sewer systems to 
Malibu Creek, Malibu Lagoon or tributaries thereto. 
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TMDL Element Key Findings and Regulatory Provisions

Waste Load Allocations 
(for point sources)
(continued)

The California Department of Parks and Recreation (State Parks), as 
the owner of the Malibu Lagoon and Malibu Creek State Park, is the 
responsible agency for these properties.  However, since the reference 
watershed approach used in developing this TMDL is intended to 
make allowances for natural sources, State Parks is only responsible 
for: conducting a study of bacteria loadings from birds in the Malibu 
Lagoon, water quality monitoring, and compliance with load allocations 
applicable to anthropogenic sources on State Park property (e.g., 
onsite wastewater treatment systems).  The Santa Monica Mountains 
Conservancy and the National Park Service as the owner of natural 
parkland also are responsible for water quality monitoring and 
compliance with load allocations resulting from anthropogenic sources 
(e.g.,onsite wastewater treatment systems) from lands under their 
jurisdiction. 

As	discussed	in	“Source	Analysis”,	discharges	from	Tapia	WWRF	and	
effluent	irrigation,	and	general	construction	storm	water	permits	are	not	
expected	to	be	a	significant	source	of	bacteria.		Therefore,	the	WLAs	
for these discharges are zero (0) days of allowable exceedances for all 
three time periods and for the single sample limits and the rolling 30-
day geometric mean.  

Load Allocations 
(for nonpoint sources)

Load	Allocations	(LA)	are	expressed	as	the	number	of	daily	or	weekly	sample	
days that may exceed the single sample limits or 30-day geometric mean 
limits	as	identified	under	“Numeric	Target.”	LAs	are	expressed	as	allowable	
exceedance days because the bacterial density and frequency of single sample 
exceedances are the most relevant to public health protection.

Zero days of exceedance are allowed for the 30-day geometric mean limits.  
The allowable days of exceedance for the single sample limits differ depending 
on season, dry weather or wet-weather, and by sampling locations as described 
in	Table	7-10.2.	

The allowable number of exceedance days for a monitoring site for each 
time period is based on the lesser of two criteria (1) exceedance days in the 
designated reference system and (2) exceedance days based on historical 
bacteriological data at the monitoring site.  This ensures that bacteriological 
water quality is at least as good as that of a largely undeveloped system and 
that there is no degradation of existing water quality.  However, existing data 
indicates that the number of exceedance days for all locations assessed in this 
TMDL were greater than the allowable exceedance days.

For each monitoring site, allowable exceedance days are set on an annual basis 
as well as for three time periods.  These three periods are:
1.			summer	dry-weather	(April	1	to	October	31)
2.   winter dry-weather (November 1 to March 31)
3.				wet-weather	(defined	as	days	of	0.1	inch	of	rain	or	more	plus	three	days			
       following the rain event).

Onsite	wastewater	treatment	systems	were	identified	as	the	major	nonpoint	
anthropogenic source within the watershed. The responsible agencies are the 
county and city health departments and/or other local agencies that oversee 
installation and operation of on-site wastewater treatment systems. However, 
owners of on-site wastewater treatment systems are responsible for actual 
discharges.  
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TMDL Element Key Findings and Regulatory Provisions

Implementation The regulatory mechanisms  to implement the TMDL may include, but 
are	not	limited	to	the	Los	Angeles	County	Municipal	Storm	Water	NPDES	
Permit	(MS4),	Ventura	County	Municipal	Storm	Water	NPDES	Permit,	
the Caltrans Storm Water Permit, waste discharge requirements (WDRs), 
MOUs, revised MOUs, general NPDES permits, general industrial storm 
water permits, general construction storm water permits, and the authority 
contained	in	Sections	13225,	13263	and	13267	of	the	Water	Code.		Each	
NPDES	permit	assigned	a	WLA	shall	be	reopened	or	amended	at	reissuance,	
in	accordance	with	applicable	laws,	to	incorporate	the	applicable	WLAs	as	a	
permit requirement. This TMDL will be implemented in three phases over a 
ten-year	period	as	outlined	in	Table	7-10.3.	Within	three	years	of	the	effective	
date of the TMDL, compliance with the allowable number of summer dry-
weather exceedance days and the rolling 30-day geometric mean targets must 
be achieved. In response to a written request from the responsible jurisdiction 
or	responsible	agency	subject	to	conditions	described	in	Table	7-10.3,	the	
Executive	Officer	of	the	Regional	Board	may	extend	the	compliance	date	for	
the summer dry-weather allocations from 3 to up to six years from the effective 
date of this TMDL Within six years of the effective date of the TMDL, 
compliance with the allowable number of winter dry-weather exceedance 
days and the rolling 30-day geometric mean targets must be achieved.Within 
ten years of the effective date of the TMDL, compliance with the allowable 
number of wet-weather exceedance days and rolling 30-day geometric mean 
targets must be achieved.

To be consistent with the Santa Monica Bay (SMB) Beaches TMDLs, the 
Regional Board intends to reconsider this TMDL in coordination with the 
reconsideration of the SMB Beaches TMDLs.  The SMB Beaches TMDLs 
are	scheduled	to	be	reviewed	in	July	2007	(four	years	from	the	effective	date	
of the SMB Beaches TMDLs).  The review will include a possible revision to 
the allowable winter dry-weather and wet-weather exceedance days based on 
additional data on bacterial indicator densities in the wave wash; to re-evaluate 
the reference system selected to set allowable exceedance levels; and to re-
evaluate the reference year used in the calculation of allowable exceedance 
days. In addition, the method for applying the 30-day geometric mean limit 
also will be reviewed.  The Malibu Creek Bacteria TMDL is scheduled to 
be reconsidered in three years from the effective date, which is expected 
to approximately coincide with the reassessment required under the SMB 
Beaches TMDLs.

Margin of Safety A	margin	of	safety	has	been	implicitly	included	through	the	following	
conservative assumptions. 
•	 The watershed loadings were based on the 90th percentile year for 

rain (1993) based on the number of wet weather days.  This should 
provide conservatively high runoff from different land uses for 
sources of storm water loads

•	 The watershed loadings were also based on a very dry rain year 
(1994).		This	ensures	compliance	with	the	numeric	target	during	low	
flows	when	septic	systems	and	dry	urban	runoff	loads	are	the	major	
bacterial sources.
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TMDL Element Key Findings and Regulatory Provisions

Margin of Safety (continued) •	 The TMDL was based on meeting the fecal 30-day geometric mean 
target of 200 MPN/ 100 ml, which for these watersheds was estimated 
to be more stringent level than the allowable exceedance of the single 
sample standard.  This approach also provides assurance that the E. 
coli single sample standard will not be exceed.

•	 The load reductions established in this TMDL were based on reduction 
required	during	the	two	different	critical	year	conditions.	A	wet	year	
when storm loads are high, and a more typical dry year when base 
flows	and	assimilative	capacity	is	low.		This	adds	a	margin	of	safety	
for more typical years.

In addition, an explicit margin of safety has been incorporated, as the load 
allocations will allow exceedances of the single sample targets no more 
than 5% of the time on an annual basis, based on the cumulative allocations 
proposed for dry and wet weather. Currently, the Regional Board concludes 
that there is water quality impairment if more than 10% of samples at a site 
exceed the single sample bacteria objectives annually.

Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste load 
allocations for three time periods (summer dry-weather, winter-dry weather, 
and wet-weather) based on public health concerns and observed natural 
background levels of exceedance of bacterial indicators.

To establish the critical condition for the wet days, we used rain data from 
1993.	Based	on	data	from	the	Regional	Board’s	Santa	Monica	Bay	TMDL	this	
represents	the	90th	percentile	rain	year	based	on	rain	data	from	1947	to	2000.	
To further evaluate the critical conditions, we modeled a representative dry 
year.	The	dry-year	critical	condition	was	based	on	1994,	which	was	the	50th 
percentile	year	in	terms	of	dry	weather	days	for	the	period	of	1947-2000.	

Compliance Monitoring Responsible jurisdictions and agencies shall submit a compliance monitoring 
plan	to	the	Executive	Officer	of	the	Regional	Board	for	approval.		The	
compliance monitoring plan shall specify sampling frequency (daily or 
weekly) and sampling locations and that will serve as compliance points. This 
compliance monitoring program is to determine the effectiveness of the TMDL 
and not to determine compliance with individual load or wasteload allocations 
for purposes of enforcement.

If the number of exceedance days is greater than the allowable number 
of exceedance days the water body segment shall be considered out-of-
compliance with the TMDL. Responsible jurisdictions or agencies shall not 
be required to initiate an investigation detailed in the next paragraph if a 
demonstration is made that bacterial sources originating within the jurisdiction 
of the responsible agency have not caused or contributed to the exceedance.

If a single sample shows the discharge or contributing area to be out of 
compliance, the Regional Board may require, through permit requirements or 
the	authority	contained	in	Water	Code	section	13267,	daily	sampling	at	the	
downstream location (if it is not already) until all single sample events meet 
bacteria water quality objectives.  Furthermore, if a creek location is out of 
compliance as determined in the previous paragraph, the Regional Board shall 
require responsible agencies to initiate an investigation, which at a minimum 
shall include daily sampling in the target receiving waterbody reach or at the 
existing monitoring location until all single sample events meet bacteria water 
quality objectives. 
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TMDL Element Key Findings and Regulatory Provisions

Compliance Monitoring 
(continued)

The	County	of	Los	Angeles,	County	of	Ventura,	and	municipalities	within	the	
Malibu Creek watershed, Caltrans, and the California Department of Parks and 
Recreation are strongly encouraged to pool efforts and coordinate with other 
appropriate monitoring agencies in order to meet the challenges posed by this 
TMDL by developing cooperative compliance monitoring programs.

Note: The complete staff report for the TMDL is available for review upon request.

1  The bacteriological objectives were revised by a Basin Plan amendment adopted by the Regional Board on October 25, 
2001,	and	subsequently	approved	by	the	State	Water	Resources	Control	Board,	the	Office	of	Administrative	Law	and	finally	
by	U.S.	EPA	on	September	25,	2002.
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Table 7-10.3. Malibu Creek and Lagoon Bacteria TMDL: Significant Dates
Date Action
120 days after the effective date of 
this TMDL

Responsible jurisdictions and responsible agencies must 
submit a comprehensive bacteria water quality monitoring 
plan for the Malibu Creek Watershed to the Executive 
Officer	of	the	Regional	Board.	The	plan	must	be	approved	
by	the	Executive	Officer	before	the	monitoring	data	can	
be considered during the implementation of the TMDL. In 
developing	the	13267	order,	the	EO	will	consider	costs	in	
relation	to	the	need	for	data.		With	respect	to	benefits	to	be	
gained,	the	TMDL	staff	report	demonstrates	the	significant	
impairment and bacteria loading.  Further documenting 
success or failure in achieving waste load allocations will 
benefit	the	responsible	agencies	and	all	recreational	water	
users.  

The purpose of the plan is to better characterize existing 
water quality as compared to water quality at the reference 
watershed,-and ultimately, to serve as a compliance 
monitoring plan. The plan must provide for analyses of all 
applicable bacteria indicators for which the Basin Plan has 
established objectives including E. coli. For fresh water and 
enterococcus for marine water. The plan must also include 
sampling	locations	that	are	specified	in	Table	7-10.2,	at	
least one location in each subwatershed, and areas where 
frequent REC-1 use is known to occur. However, this is not 
to imply that a mixing zone has been applied; water quality 
objectives apply throughout the watershed—not just at the 
sampling locations.

1 year after effective date of this 
TMDL

1.  Responsible jurisdictions and responsible agencies 
shall provide a written report to the Regional Board 
outlining how each intends to cooperatively achieve 
compliance with the TMDL.  The report shall include 
implementation methods, an implementation schedule, 
and	proposed	milestones.		Specifically,	the	plan	must	
include a comprehensive description of all steps to 
be taken to meet the 3-year summer dry weather 
compliance schedule, including but not limited to a 
detailed timeline for all category of bacteria sources 
under their jurisdictions including but not limited to 
nuisance	flows,	urban	stormwater,	on-site	wastewater	
treatment systems, runoff from homeless encampments, 
horse facilities, and agricultural runoff. 
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Date Action
1 year after effective date of this 
TMDL (continued)

2. If the responsible jurisdiction or agency is requesting 
an extension of the summer dry-weather compliance 
schedule, the plan must include a description of all 
local ordinances necessary to implement the detailed 
workplan and assurances that such ordinances have 
been adopted before the request for an extension is 
granted.  

3. Local agencies regulating on-site wastewater treatment 
systems shall provide a written report to the Regional 
Board’s	Executive	Officer	detailing	the	rationale	and	
criteria used to identify high-risk areas where on-site 
systems have a potential to impact surface waters in 
the Malibu Creek watershed.  Local agencies may 
use the approaches outlined below in (a) and (b), or 
an alternative approach as approved by the Executive 
Officer.
(a) Responsible agencies may screen for high-risk 

areas by establishing a monitoring program to 
determine if discharges from OWTS have impacted 
or are impacting water quality in Malibu Creek 
and/or	its	tributaries.	A	surface	water	monitoring	
program demonstration must include monitoring 
locations upstream and downstream of the 
discharge, as well as a location at mid-stream (or at 
the approximate point of discharge to the surface 
water) of single or clustered OWTS.  Surface water 
sampling frequency will be weekly for bacteria 
indicators	and	monthly	for	nutrients.	A	successful	
demonstration	will	show	no	statistically	significant	
increase in bacteria levels in the downstream 
sampling location(s).  

(b)	 Responsible	agencies	may	define	the	boundaries	
of high-risk or contributing areas or identify 
individual OWTS that are contributing to bacteria 
water quality impairments through groundwater 
monitoring or through hydrogeologic modeling as 
described below:
(1)	 Groundwater	monitoring	must	include	

monitoring in a well no greater than 50-
feet hydraulically downgradient from the 
furthermost extent of the disposal area, or 
property line of the discharger, whichever is 
less.	At	a	minimum,	sampling	frequency	for
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Date Action
1 year after effective date of this 
TMDL (continued)

      groundwater monitoring will be quarterly. The 
number, location and construction details of all 
monitoring wells are subject to approval of the 
Executive	Officer.	

(2) Responsible agencies may use a risk 
assessment approach, which uses 
hydrogeologic	modeling	to	define	the	
boundaries of the high-risk and contributing 
areas.	A	workplan	for	the	risk	assessment	study	
must	be	approved	by	the	Executive	Officer	of	
the Regional Board.

4.	 OWTS	located	in	high-risk	areas	are	subject	to	system	
upgrades as necessary to demonstrate compliance 
with	applicable	effluent	limits	and/or	receiving	water	
objectives.

5. If a responsible jurisdiction or agency is requesting 
an extension to the wet-weather compliance schedule, 
the plan must include a description of the integrated 
water resources (IRP) approach to be implemented, 
identification	of	potential	markets	for	water	re-use,	
an estimate of the percentage of collected stormwater 
that	can	be	re-used,	identification	of	new	local	
ordinances that will be required, a description of new 
infrastructure required, a list of potential adverse 
environmental impacts that may result from the 
IRP,	and	a	workplan	and	schedule	with	significant	
milestones	identified.	Compliance	with	the	wet-weather	
allocations shall be as soon as possible but under 
no circumstances shall it exceed 10 years for non- 

integrated approaches or extend beyond July 15, 2021 
for an integrated approach. The Regional Board staff 
will bring to the Regional Board the aforementioned 
plans for consideration of extension of the wet-weather 
compliance date as soon as possible.

2 years after the effective date of 
this TMDL

The California Department of Parks and Recreation shall 
provide	the	Regional	Board	Executive	Officer,	a	report	
quantifying the bacteria loading from birds to the Malibu 
Lagoon.

The	Regional	Board’s	Executive	Officer	shall	require	
the responsible jurisdictions and responsible agencies to 
provide the Regional Board with a reference watershed 
study.		The	study	shall	be	designed	to	collect	sufficient	
information to establish a defensible reference condition for 
the Malibu Creek and Lagoon watershed.
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Date Action
3 years after effective date of this 
TMDL**

** May be extended to up to 6 
years from the effective date of this 
TMDL

Achieve	compliance	with	the	applicable	Load	Allocations	
and	Waste	Load	Allocations,	as	expressed	in	terms	of	
allowable days of exceedances of the single sample 
bacteria limits and the 30-day geometric mean limit during 
summer	dry-weather	(April	1	to	October	31).	In	response	
to a written request from a responsible jurisdiction or 
responsible	agency,	the	Executive	Officer	of	the	Regional	
Board may extend the compliance date for the summer 
dry-weather allocations from 3 years to up to 6 years from 
the	effective	date	of	this	TMDL.		The	Executive	Officer’s	
decision to extend the summer dry-weather compliance 
date must be based on supporting documentation to justify 
the extension, including a detailed work plan, budget 
and contractual or other commitments by the responsible 
jurisdiction or responsible agency.

3 years after effective date of this 
TMDL

The Regional Board shall reconsider this TMDL to:

(1)  Consider a natural source exclusion for bacteria 
loadings from birds in the Malibu Lagoon if all 
anthropogenic sources to the Lagoon have been 
controlled.

(2) Reassess  the allowable winter dry-weather and wet-
weather exceedances days based on additional data on 
bacterial indicator densities, and an evaluation of site-
specific	variability	in	exceedance	levels	to	determine	
whether existing water quality is better than water 
quality at the reference watershed,

(3) Reassess the allowable winter dry-weather and wet-
weather exceedance days based on a re-evaluation of 
the selected reference watershed and consideration of 
other reference watersheds that may better represent 
reaches of the Malibu Creek and Lagoon.

(4)	 Consider	whether	the	allowable	winter	dry-weather	
and wet-weather exceedance days  should be adjusted 
annually dependent on the rainfall conditions and an 
evaluation of natural variability in exceedance levels in 
the reference system(s), 

(5) Re-evaluate the reference year used in the calculation 
of allowable exceedance days, and 

(6) Re-evaluate whether there is a need for further 
clarification	or	revision	of	the	geometric	mean	
implementation provision.

6 years after the effective date of 
this TMDL 

Achieve	compliance	with	the	applicable	Load	Allocations	
and	Waste	Load	Allocations,	expressed	as	allowable	
exceedance days during winter dry weather (November 
1-March 31) single sample limits and the rolling 30-day 
geometric mean limit.
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Date Action
10 years after the effective date of this 
TMDL

** May be extended up to July 15, 
2021.

Achieve	compliance	with	the	wet-weather	Load	Allocations	and	
Waste	Load	Allocations	(expressed	as	allowable	exceedance	
days for wet weather and compliance with the rolling 30-day 
geometric mean limit.)  

The Regional Board may extend the wet-weather compliance 
date	up	to	July	15,	2021	at	the	Regional	Board’s	discretion,	by	
adopting a subsequent Basin Plan amendment that complies with 
applicable law.
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7-11  Los Angeles Harbor Bacteria TMDL - Inner Cabrillo Beach and Main Ship Channel

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	July	1,	2004.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	October	21,	2004.
	 The	Office	of	Administrative	Law	on	January	5,	2005.
	 The	U.S.	Environmental	Protection	Agency	on	March	1,	2005.

The effective date of this TMDL is: March 10, 2005.

The following table includes the elements of this TMDL.

Table 7-11.1. Los Angeles Harbor Bacteria TMDL (Inner Cabrillo Beach and Main Ship Channel): 
Elements

Element Key Findings and Regulatory Provisions
Problem Statement Elevated bacterial indicator densities are causing impairment of the 

water	contact	recreation	(REC-1)	beneficial	use	of	Inner	Cabrillo	Beach	
and the potential REC-1 uses of the Main Ship Channel in the Los 
Angeles	Harbor.		Swimming	in	marine	waters	with	elevated	bacterial	
indicator densities has long been associated with adverse health effects.  
Specifically,	local	and	national	epidemiological	studies	compel	the	
conclusion that there is a causal relationship between adverse health 
effects and recreational water quality, as measured by bacterial indicator 
densities.

Numeric Target 
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

The TMDL has a multi-part numeric target based on the bacteriological 
water quality objectives for marine waters to protect the water contact 
recreation use. These targets are the most appropriate indicators of 
public health risk in recreational waters.

These bacteriological objectives are set forth in Chapter 3 of the Basin 
Plan.1  The objectives are based on four bacterial indicators and include 
both geometric mean limits and single sample limits.  The Basin Plan 
objectives that serve as the numeric targets for this TMDL are:

1.	Rolling	30-day	Geometric	Mean	Limits
a. Total coliform density shall not exceed 1,000/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b.	 Fecal	coliform	density	shall	not	exceed	400/100	ml.
c.	 Enterococcus	density	shall	not	exceed	104/100	ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the 

ratio of fecal-to-total coliform exceeds 0.1.
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Element Key Findings and Regulatory Provisions
Numeric Target 
(Interpretation of the numeric 
water quality objective, 
used to calculate the waste 
load allocations)
(continued)

These objectives are generally based on an acceptable health risk for 
marine recreational waters of 19 illnesses per 1,000 exposed individuals 
as	set	by	the	US	EPA.		For	Cabrillo	Beach,	the	targets	will	apply	at	
existing monitoring sites, with samples taken at ankle depth as they are 
now.  For the Main Ship Channel, the targets will  apply at existing or 
new	monitoring	sites	with	samples	collected	at	the	surface.	Any	new	
monitoring	sites	must	be	approved	by	the	Executive	Officer.		These	
targets apply during both dry and wet weather, since there is water 
contact recreation throughout the year, including during wet weather.

Implementation of the above bacteria objectives and the associated 
TMDL numeric targets is achieved using a ‘reference system/anti-
degradation	approach’	rather	than	the	alternative	‘natural	sources	
exclusion	approach	subject	to	antidegradation	policies’	or	strict	
application	of	the	single	sample	objectives.	As	required	by	the	CWA	
and	Porter-Cologne	Water	Quality	Control	Act,	Basin	Plans	include	
beneficial	uses	of	waters,	water	quality	objectives	to	protect	those	uses,	
and an anti-degradation policy, collectively referred to as water quality 
standards, and other plans and policies necessary to implement water 
quality standards.  This TMDL and its associated waste load allocations, 
which shall be incorporated into relevant permits, and load allocations 
are	the	vehicles	for	implementation	of	the	Region’s	standards.

The	‘reference	system/anti-degradation	approach’	means	that	on	the	
basis of historical exceedance levels at existing monitoring locations, 
including a local reference beach within Santa Monica Bay, a certain 
number of daily exceedances of the single sample bacteria objectives 
are permitted.  The allowable number of exceedance days is set such 
that (1) bacteriological water quality at any site is at least as good as 
at a designated reference site within the watershed and (2) there is no 
degradation of existing bacteriological water quality.  This approach 
recognizes that there are natural sources of bacteria that may cause or 
contribute to exceedances of the single sample objectives and that it is 
not the intent of the Regional Board to require treatment or diversion 
of natural coastal creeks or to require treatment of natural sources of 
bacteria from undeveloped areas.

The geometric mean targets may not be exceeded at any time.  The 
rolling 30-day geometric means will be calculated on each day. For 
the single sample targets, each existing monitoring site is assigned 
an allowable number of exceedance days for three time periods (1) 
summer	dry-weather	(April	1	to	October	31),	(2)	winter	dry-weather	
(November	1	to	March	31),	and	(3)	wet-weather	(defined	as	days	with	
0.1 inch of rain or greater and the three days following the rain event.)
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Element Key Findings and Regulatory Provisions
Source Analysis Dry-weather urban runoff and storm water conveyed by storm drains 

are major sources of elevated bacterial indicator densities to Inner 
Cabrillo Beach and the Main Ship Channel during dry and wet-weather. 
As	of	March	2004,	there	are	15	active	individual	and	15	active	general,	
NPDES	permits	for	discharges	to	the	Inner	or	Outer	Los	Angeles	
Harbor including the Terminal Island Treatment Plant.  While the 
fecal	coliform	counts	in	the	wastewater	field	indicate	a	contribution	of	
bacteria to the Harbor by the Terminal Treatment Plant, the wastewater 
field	is	sufficiently	diluted	and	the	bacterial	densities	are	so	much	lower	
in the Harbor than the high bacterial densities and exceedences at the 
sites at Cabrillo Beach and in the Main Ship Channel that it appears that 
the	Treatment	Plant	is	not	a	significant	source	of	bacteria	to	the	Beach	
or to the Ship Channel.  

Potential nonpoint sources of bacterial contamination at Inner Cabrillo 
Beach and Main Ship Channel include marina activities such as waste 
disposal from boats, boat deck and slip washing, swimmer “wash-off”, 
restaurant washouts and natural sources from birds, waterfowl and other 
wildlife.  The bacteria loads associated with these nonpoint sources are 
not	well	quantified.	However,	bacterial	contamination	at	the	beach	is	
concentrated in the shallow (ankle depth) waters more than even waters 
a few feet away (at knee or chest depth). This supports the contention 
that high bacterial densities may be largely from the beach, itself.

Loading Capacity Studies	(for	example,	Haile,	R.W.,	Witte,	J.S.	1997.	Addendum	to	“An	
epidemiological study of possible adverse health effects of swimming 
in Santa Monica Bay.” Santa Monica Bay Restoration Project) show 
that bacterial degradation and dilution during transport from the 
watershed	to	the	receiving	water	do	not	significantly	affect	bacterial	
indicator	densities.		Therefore,	the	loading	capacity	is	defined	in	
terms of bacterial indicator densities, which is the most appropriate 
for addressing public health risk, and is equivalent to the numeric 
targets,	listed	above.		As	the	numeric	targets	must	be	met	at	the	point	
where	the	effluent	from	storm	drains	or	other	sources	initially	mix	
with the receiving water throughout the day, no degradation or dilution 
allowance is provided.

Waste Load Allocations 
(for point sources)

Waste load allocations are expressed as allowable exceedance 
days because the bacterial density and frequency of single sample 
exceedances are the most relevant to public health protection.

The allowable number of exceedance days for a monitoring site for 
each time period is based on the lesser of two criteria (1) exceedance 
days in the designated reference system and (2) exceedance days based 
on historical bacteriological data at the monitoring site.  This ensures 
that bacteriological water quality is at least as good as that of a largely 
undeveloped system and that there is no degradation of existing water 
quality.

For each monitoring site, allowable exceedance days are set on an 
annual basis as well as for three time periods.  These three periods are:
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued)

1.	 summer	dry-weather	(April	1	to	October	31)
2. winter dry-weather (November 1 to March 31) 
3.	 wet-weather	days	(defined	as	days	of	0.1	inch	of	rain	or	more	plus	

three days following the rain event). 

For	the	MSC	and	the	Inner	Harbor,	the	City	of	Los	Angeles	and	the	
County	of	Los	Angeles	are	the	responsible	agencies2.  The City of Los 
Angeles	is	the	primary	jurisdiction	because	Inner	Cabrillo	Beach	and	
Main	Ship	Channel	are	located	entirely	in	the	City	of	Los	Angeles.		The	
Los	Angeles	Harbor	is	owned	and	operated	by	the	City.	

All	proposed	WLAs	for	summer,	dry-weather,	single	sample	bacterial	
densities in the MSC or the Inner Harbor are zero (0) days of allowable 
exceedances.3		The	proposed	WLAs	for	single	sample	winter	dry-
weather	and	wet-weather	for	the	monitoring	location	HW07	is	as	
shown	in	Table	7-11.2.		WLAs	for	storm	drains	in	the	Inner	Harbor	for	
summer, dry-weather, single sample bacterial densities are also zero (0) 
days of allowable exceedances. The waste load allocation for the rolling 
30-day geometric mean during any time period or monitoring site in 
MSC or the Inner Harbor is zero (0) days of allowable exceedances.

Discharges from general NPDES permits, general industrial storm 
water permits and general construction storm water permits are not 
expected	to	be	a	significant	source	of	bacteria.		Therefore,	the	WLAs	
for these discharges are zero (0) days of allowable exceedances for 
all three time periods and for the single sample limits and the rolling 
30-day	geometric	mean.		Any	future	enrollees	under	a	general	NPDES	
permit, general industrial storm water permit or general construction 
storm	water	permit	within	the	Watershed	will	also	be	subject	to	a	WLA	
of zero days of allowable exceedances.

For	Inner	Cabrillo	Beach,	the	City	of	Los	Angeles	is	the	responsible	
agency.  

For	the	Southern	area	of	Inner	Cabrillo	Beach,	the	proposed	WLAs	
for summer, dry-weather, winter dry-weather and wet-weather single 
sample bacterial densities at the ICB swimming beach are zero (0) 
days of allowable exceedances. Further study of the storm drains on 
the	north	part	of	ICB	may	lead	to	the	establishment	of	WLAs	for	single	
sample winter dry-weather and wet-weather for these storm drains.

The waste load allocation for the rolling 30-day geometric mean during 
any time period or monitoring site at ICB is zero (0) days of allowable 
exceedances.
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Element Key Findings and Regulatory Provisions
Load Allocations 
(for nonpoint sources)

Load allocations are expressed as allowable exceedance days because 
the bacterial density and frequency of single sample exceedances are 
the most relevant to public health protection.

All	proposed	LAs	for	summer,	dry-weather,	winter	dry-weather	and	
wet-weather, single sample bacterial densities in the MSC are zero (0) 
days of allowable exceedances The load allocation for the rolling 30-
day geometric mean during any time period or monitoring site in MSC 
or the Inner Harbor is zero (0) days of allowable exceedances.

All	proposed	LAs	for	summer,	dry-weather,	single	sample	bacterial	
densities at the ICB swimming beach are zero (0) days of allowable 
exceedances.	The	proposed	LAs	for	single	sample	winter	dry-weather	
and wet-weather for the monitoring locations CB1 and CB2 are as 
shown	in	Table	7-11.2.		Further	study	of	the	the	north	part	of	ICB	may	
lead	to	the	establishment	of	LAs	for	this	area.

The waste load allocation for the rolling 30-day geometric mean during 
any time period or monitoring site at ICB is zero (0) days of allowable 
exceedances.

Implementation The regulatory mechanisms used to implement the TMDL will include 
the	Los	Angeles	County	Municipal	Storm	Water	NPDES	Permit	
(MS4),	general	and	individual	NPDES	permits,	general	industrial	
storm water permits, general construction storm water permits, and the 
authority	contained	in	Sections	13263	and	13267	of	the	Water	Code.		
Each	NPDES	permit	assigned	a	WLA	shall	be	reopened	or	amended	
at reissuance, in accordance with applicable laws, to incorporate 
the	applicable	WLAs	as	a	permit	requirement.		Load	allocations	for	
nonpoint sources will be implemented within the context of this TMDL.

This	TMDL	will	be	implemented	in	three	phases	over	a	five-year	period	
(see	Table	7-11.3.	Within	five	years	of	the	effective	date	of	the	TMDL,	
there shall be no allowable exceedances of the single sample limits at 
any	location	during	summer	dry-weather	(April	1	to	October	31)	or	
winter dry-weather s (November 1 to March 31) and the rolling 30-
day	geometric	mean	targets	must	be	achieved.	Within	five	years	of	the	
effective date of the TMDL, compliance with the allowable number 
of wet-weather exceedance days and rolling 30-day geometric mean 
targets must be achieved.
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Element Key Findings and Regulatory Provisions
Implementation (continued) For those monitoring locations subject to the antidegradation provision 

(HW07,	wet	weather),	there	shall	be	no	increase	in	exceedance	days	
during the implementation period above the estimated days for the 
monitoring	location	in	the	critical	year	as	identified	in	Table	7-11.2.

The Regional Board intends to reconsider this TMDL, consistent with  
the scheduled reconsideraton of  the Santa Monica Bay (SMB) beaches 
TMDLs.  The SMB beaches TMDLs are scheduled to be  reconsidered 
in four years to re-evaluate the allowable winter dry-weather and wet-
weather exceedance days based on additional data on bacterial indicator 
densities in the wave wash; to re-evaluate the reference system selected 
to set allowable exceedance levels; to re-evaluate the reference year 
used in the calculation of allowable exceedance days, and to re-evaluate 
the need for revision of the geometric mean implementation provision.
 

The Regional Board intends to conduct a similar review of this TMDL 
within	4	years	after	the	effective	date.	In	addition,	if	a	suitable	reference	
watershed that is representative of an enclosed harbor has not been found 
by this time, the Regional Board may consider implementing a ‘natural 
source	 exclusion	 approach	 subject	 to	 antidegradation	 policies’	 to	 the	
Los	Angeles	Harbor	in	lieu	of	the	‘reference	watershed/antidegradation	
approach’.

Margin of Safety A	margin	of	safety	has	been	implicitly	included	through	several	
conservative assumptions, such as the assumption that no dilution takes 
place	between	the	on-shore	sources	and	where	the	effluent	initially	
mixes with the receiving water, and that bacterial degradation rates 
are not fast enough to affect bacteria densities in the receiving water.  
In addition, an explicit margin of safety has been incorporated, as the 
load allocations will allow exceedances of the single sample targets no 
more than 5% of the time on an annual basis, based on the cumulative 
allocations proposed for dry and wet weather. Currently, the Regional 
Board concludes that there is water quality impairment if more than 
10% of samples at a site exceed the single sample bacteria objectives 
annually.

Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste load 
allocations for three time periods (summer dry-weather, winter-
dry weather, and wet-weather) based on public health concerns 
and observed natural background levels of exceedance of bacterial 
indicators.

The critical condition for bacteria loading is during wet weather, when 
historic	monitoring	data	for	Los	Angeles	Habor	and	the	reference	beach	
indicate greater exceedance probabilities of the single sample bacteria 
objectives	then	during	dry-weather.		To	more	specifically	identify	a	
critical condition within wet-weather, in order to set the allowable 
exceedance	days	shown	in	Table	7-11.2,	the	90th percentile ‘storm 
year’4 in terms of wet days5 is used as the reference year.  
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Element Key Findings and Regulatory Provisions
Seasonal Variations and 
Critical Conditions 
(continued)

Selecting the 90th percentile year avoids a situation where the reference 
system is frequently out of compliance.  It is expected that because 
responsible jurisdictions and agencies will be planning for this ‘worst-
case’	scenario,	there	will	be	fewer	exceedance	days	than	the	maximum	
allowed in drier years. Conversely, in the 10% of wetter years, it 
is expected that there may be more than the allowable number of 
exceedance days.

Compliance Monitoring The	City	of	Los	Angeles	will	continue	to	monitor	at	sites	CB1,	CB2	and	
HW07	as	required	by	Terminal	Island	Treatment	Plant	NPDES	Permit.		
This	permit	is	scheduled	to	be	revised	in	2004	and	will	consider		this	
TMDL.		Additional	monitoring	sites	may	be	added	by	responsible	
parties as necessary and the compliance monitoring requirment may be 
moved to another permit if determined to be more appropriate by the 
Regional Board.  

A	special	study	shall	be	conducted	by	the	City	of	Los	Angles	in	
the North area of Inner Cabrillo Beach to assess water quality and 
compliance with the standards in this TMDL.  The special study 
of the North portion of Inner Cabrillo Beach can include details to 
support development of a Natural Sources Exclusion in this area if it 
is found that natural sources such as birds are the sources of bacterial 
impairment of the northern area of Inner Cabrillo Beach.   

Beach	monitoring	sites	will	be	taken	in	compliance	with	AB411	and	the	
Southern	California	Beach	Water	Quality	Working	Group	procedures.		
Open water sampling sites will be taken at the surface.    

A	special	study	shall	be	conducted	by	the	County	of	Los	Angeles	and	
City	of	Los	Angeles	to	assess	water	quality	and	compliance	with	the	
standards in this TMDL in the MSC.  The schedules for special studies 
are	shown	in	Table	7-11.3.

Note: The complete staff report for the TMDL is available for review upon request.
 

1  The bacteriological objectives were revised by a Basin Plan amendment adopted by the Regional Board on October 25, 2001, and 
subsequently	approved	by	the	State	Water	Resources	Control	Board,	the	Office	of	Administrative	Law	and	finally	by	U.S.	EPA	on	September	
25, 2002.
	2		For	the	purposes	of	this	TMDL,	“responsible	jurisdictions	and	responsible	agencies”	are	defined	as	(1)	local	or	state	agencies	that	have	
jurisdiction	over	Los	Angeles	Harbor	including	Inner	Cabrillo	Beach	and	Main	Ship	Channel,	(2)	local	agencies	that	are	permittees	or	co-
permittees on a municipal storm water permit.
	3		In	order	to	fully	protect	public	health,	no	exceedances	are	permitted	at	any	monitoring	location	during	summer	dry-weather	(April	1	to	
October 31).  In addition to being consistent with the two criteria, waste load allocations of zero (0) days of allowable exceedances are further 
supported by the fact that the California Department of Health Services has established minimum protective bacteriological standards – the 
same	as	the	numeric	targets	in	this	TMDL	–	which,	when	exceeded	during	the	period	April	1	to	October	31,	result	in	posting	a	beach	with	a	
health	hazard	warning	(California	Code	of	Regulations,	Title	17,	Section	7958).
	4		For	purposes	of	this	TMDL,	a	‘storm	year’	means	November	1	to	October	31.		The	90th	percentile	storm	year	was	1993	with	75	wet	days	at	
the	LAX	meteorological	station.
	5		A	wet	day	is	defined	as	a	day	with	rainfall	of	0.1	inch	or	more	plus	the	3	days	following	the	rain	event.
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Table 7-11.3 Los Angeles Harbor Bacteria TMDL (Inner Cabrillo Beach & Main Ship Channel):  
Significant Dates

Implementation Action Responsible Party Date

Implementation (ICB): Implement additional simple Best 
Management Practices at ICB including additional trash 
pickup and educational signage. (Tier 1) 

•	 City	of	Los	Angeles Six months after 
Effective Date of 
TMDL.

Implementation (ICB): Submit Work Plan to Implement 
Best Management Practices and Source Control at ICB 
for	Executive	Officer	Approval	including,	but	not	limited	
to storm drain repair and reroute; inspect and repair 
gravity sewer line; implement sand cleaning; repair bird 
exclusion structure; additional education and signage. 
(Tier 1) 

•	 City	of	Los	Angeles Six months after 
Effective Date of 
TMDL

Special Studies (ICB): Submit work plan to assess water 
quality in the northern area of Inner Cabrillo Beach for 
Executive	Officer	approval	including	a	plan	to	monitor	
northern ICB and assess the discharge from storm drains 
into the Saltwater Marsh (Tier 2).

•	 City	of	Los	Angeles Six months after 
Effective Date of 
TMDL.

Special Studies (MSC): Submit work plan to assess water 
quality	in	the	Inner	Harbor	for	Executive	Officer	approval	
including a plan to monitor in proximity to selected storm 
drains. (Tier 2).

•	 City	of	Los	Angeles
•	 County	of	Los	Angeles

Six months after 
Effective Date of 
TMDL.

Implementation (ICB): Submit work plan for Tier 2  
BMPs	for	Executive	Officer	approval,	including	but	not	
limited to alteration of bird exclusion structure, control of 
sources from cat population, and sand management. (Tier 
2)

•	 City	of	Los	Angeles Six months after 
Effective Date of 
TMDL

Implementation (ICB): Complete implementation of 
Source	Control	and	BMPs	at	ICB	as	identified	in	work	
plan including, but not limited to storm drain repair 
and reroute; inspection and repair gravity sewer line; 
trash disposal, sand cleanup; and repair bird exclusion 
structure.  (Tier 1)

•	 City	of	Los	Angeles Twelve months after 
Effective Date of 
TMDL

Compliance	(ICB):	After	implementation	of	Tier	1	and	2	
actions, submit results of monitoring to determine degree 
of compliance with allowable exceedance days.  (Tier 3) 

•	 City	of	Los	Angeles Two years after 
Effective Date of 
TMDL

Implementation (MSC): Based on the results of the MSC 
special studies and compliance evaluation, submit Work 
Plan	for	Executive	Officer	approval	for	source	control	or	
diversion of storm drains that are found to be sources of 
bacterial loading to the MSC.

•	 City	of	Los	Angeles
•	 County	of	Los	Angeles

Two-1/2 years after 
Effective Date of 
TMDL

Implementation (ICB): If compliance is not achieved at 
the southern portion of Inner Cabrillo Beach, provide 
report	to	be	approved	by	the	Executive	Officer	of	Tier	
III actions, to include but not be limited to, nearshore 
circulation or treatment of shallow water improvements, 
with a time schedule to attain water quality objectives.  
(Tier 3)

•	 City	of	Los	Angeles Three years after 
Effective Date of 
TMDL
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Regional Board shall reconsider this TMDL to:
a)	 refine	allowable	exceedance	days	based	on	additional	

data on bacterial indicator densities 
b) re-evaluate the reference system selected to 

set allowable exceedance levels, including a 
reconsideration of whether the allowable number 
of exceedance days should be adjusted annually 
dependant on the rainfall conditions and an 
evaluation of natural variability in the reference 
system(s), and if an appropriate reference system 
cannot	be	identified	for	this	enclosed	harbor,	evaluate	
using the ‘natural sources exclusion approach subject 
to	antidegradation	policies’	rather	than	the	‘reference	
system/antidegradation’	approach,

c) re-evaluate the reference year used in the calculation 
of allowable exceedance days, and 

d) Re-evaluate whether there is a need for further 
clarification	or	revision	of	the	geometric	mean	
implementation provision.

e) Evaluate the feasibility of a natural sources exclusion 
for the non-swimming portion of ICB

f) Re-evaluate the implementation schedule.

•	 Regional Board Four years after 
Effective Date of 
TMDL, or at the time 
of reconsideration 
of the Santa Monica 
Beaches Bacteria

Final Compliance (MSC):	Within	five	years	of	
the effective date of the TMDL, there shall be no 
exceedances in excess of the numbers in Table 6-3 and 
6-4	of	the	single	sample	limits	at	any	location	during	
summer	dry-weather	(April	1	to	October	31)	or	winter	
dry-weather (November 1 to March 31) and the rolling 
30-day geometric mean targets must be achieved.

•	 City	of	Los	Angeles
•	 County	of	Los	Angeles

Five years after 
Effective Date of 
TMDL

Implementation	(ICB):	All	tier	3	remedies	to	be	
completed	within	five	years	of	the	Effective	Date	of	the	
TMDL.  (Tier 3)

•	 City	of	Los	Angeles Five years after 
Effective Date of 
TMDL

Final Compliance (ICB):	Within	five	years	of	the	
effective date of the TMDL, there shall be no allowable 
exceedances of the single sample limits at any location 
during	any	of	the	periods	(Tables	6-3,	6-4	and	6-5)	
and the rolling 30-day geometric mean targets must be 
achieved.

•	 City	of	Los	Angeles Five years after the 
Effective Date of the 
TMDL
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7-12  Ballona Creek Metals TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	July	7,	2005

This TMDL was approved by:
 The State Water Resources Control Board on October 20, 2005.
	 The	Office	of	Administrative	Law	on	December	9,	2005.
	 The	U.S.	Environmental	Protection	Agency	on	December	22,	2005.

This TMDL was voided and set aside on: May 6, 2009.

This TMDL was re-adopted by: 
	 The	Regional	Water	Quality	Control	Board	on	September	6,	2007.

This amended TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	June	17,	2008.
	 The	Office	of	Administrative	Law	on	October	6,	2008.
	 The	U.S.	Environmental	Protection	Agency	on	October	29,	2008.

The effective date of this TMDL is: October 29, 2008.

The following tables include the elements of this TMDL.

Table 7-12.1. Ballona Creek Metals TMDL: Elements
Element Key Findings and Regulatory Provisions
Problem Statement Ballona	Creek	is	on	Clean	Water	Act	Section	303(d)	list	of	impaired	

waterbodies for dissolved copper, dissolved lead, total selenium, and 
dissolved zinc and Sepulveda Canyon Channel is 303(d) listed for 
lead. The metals subject to this TMDL are toxic pollutants, and the 
existing	water	quality	objectives	for	the	metals	reflect	national	policy	
that the discharge of toxic pollutants in toxic amounts be prohibited.  
When one of the metals subject to this TMDL is present at levels 
exceeding the existing numeric objectives, then the receiving water is 
toxic.		The	following	designated	beneficial	uses	are	impaired	by	these	
metals: water contact recreation (REC1); non-contact water recreation 
(REC2);	warm	freshwater	habitat	(WARM);	estuarine	habitat	(EST);	
marine	habitat	(MAR);	wildlife	habitat	(WILD);	rare	and	threatened	or	
endangered	species	(RARE);	migration	of	aquatic	organisms	(MIGR);	
reproduction	and	early	development	of	fish	(SPWN);	commercial	and	
sport	fishing	(COMM);	and	shellfish	harvesting	(SHELL).

TMDLs are developed for reaches on the 303(d) list and metal 
allocations are developed for tributaries that drain to impaired reaches.  
This TMDL address dry- and wet-weather discharges of copper, lead, 
selenium and zinc in Ballona Creek and Sepulveda Canyon Channel.

Numeric Target 
(Interpretation of the 
narrative and numeric water 
quality objective, used to 
calculate the load allocations)

Numeric water quality targets are based on the numeric water quality 
standards established for metals by the California Toxics Rule (CTR).  
The targets are expressed in terms of total recoverable metals. There 
are separate numeric targets for dry and wet weather because hardness 
values	and	flow	conditions	in	Ballona	Creek	and	Sepulveda	Canyon	
Channel vary between dry and wet weather.  The dry-weather targets 
apply	to	days	when	the	maximum	daily	flow	in	Ballona	Creek	is	less	
than	40	cubic	feet	per	second	(cfs).		The	wet-weather	targets	apply	to	
days	when	the	maximum	daily	flow	in	Ballona	Creek	is	equal	to	or	
greater	than	40	cfs.
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Element Key Findings and Regulatory Provisions
Numeric Target 
(Interpretation of the 
narrative and numeric water 
quality objective, used to 
calculate the load allocations)
(continued)

Dry Weather

The dry-weather targets are based on the chronic CTR criteria.  The 
copper, lead and zinc targets are dependent on hardness to adjust for 
site-specific	conditions	and	require	conversion	factors	to	convert	
between dissolved and total recoverable metals.  These targets are 
based on the 50th percentile hardness value of 300 mg/L and the CTR 
default conversion factors.  The conversion factor for lead is hardness 
dependent, which is also based on a hardness of 300 mg/L.  The dry-
weather target for selenium is independent of hardness and expressed as 
total recoverable metals.

 Dry-weather numeric targets (µg total recoverable metals/L)
 Dissolved Conversion Factor Total Recoverable 

Copper	 23	 0.96	 24
Lead 8.1 0.631 13
Selenium   5
Zinc	 300	 0.986	 304

Wet Weather

The wet-weather targets for copper, lead and zinc are based on the 
acute CTR criteria and the 50th	percentile	hardness	value	of	77	mg/L	for	
storm water collected at Sawtelle Boulevard.  Conversion factors for 
copper and zinc are based on a regression of dissolved metal values to 
total metal values collected at Sawtelle.  The CTR default conversion 
factor	based	on	a	hardness	value	of	77	mg/L	is	used	for	lead.		The	wet-
weather target for selenium is independent of hardness and expressed as 
total recoverable metals.

 Wet-weather numeric targets (µg total recoverable metals/L)
 Dissolved Conversion Factor Total Recoverable 

Copper 11 0.62                        18
Lead	 49	 0.829	 																							59
Selenium                         5
Zinc	 94	 0.79	 																									119

Source Analysis There	are	significant	difference	in	the	sources	of	copper,	lead,	selenium	
and zinc loadings during dry weather and wet weather.  During dry 
weather, most of the metals loadings are in the dissolved form.  Storm 
drains convey a large percentage of the metals loadings during dry 
weather	because	although	their	flows	are	typically	low,	concentrations	
of metals in urban runoff may be quite high.  During dry years, dry-
weather loadings account for 25-35% of the annual metals loadings.  
Additional	sources	of	dry	weather	flow	and	metals	loading	include	
groundwater	discharge	and	flows	from	other	permitted	NPDES	
discharges within the watershed.
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Element Key Findings and Regulatory Provisions
Source Analysis (continued) During wet weather, most of the metals loadings in Ballona Creek are 

in the particulate form and are associated with wet-weather storm water 
flows.		On	an	annual	basis,	storm	water	contributes	about	91%	of	the	
copper loading and 92% of the lead loading to Ballona Creek.  Storm 
water	flow	is	permitted	through	the	municipal	separate	storm	sewer	
system	(MS4)	permit	issued	to	the	County	of	Los	Angeles,	a	separate	
Caltrans storm water permit, a general construction storm water permit, 
and a general industrial storm water permit.

Non-point	sources	are	not	considered	to	be	a	significant	source	 in	 this	
TMDL.		Direct	atmospheric	deposition	of	metals	is	insignificant	relative	
to the annual dry-weather loading or the total annual loading.  Indirect 
atmospheric	deposition	reflects	the	process	by	which	metals	deposited	on	
the land surface may be washed off during storm events and delivered to 
Ballona Creek and its tributaries.  The loading of metals associated with 
indirect atmospheric deposition are accounted for in the estimates of the 
storm water loading.

Loading Capacity TMDLs are developed for copper, lead, selenium and zinc for Ballona 
Creek and Sepulveda Canyon Channel.

Dry Weather

Dry-weather loading capacities for Ballona Creek and Sepulveda 
Canyon Channel are equal to the dry-weather numeric targets 
multiplied	by	the	critical	dry-weather	flow	for	each	waterbody.		Based	
on	long-term	flow	records	for	Ballona	Creek	at	Sawtelle	the	median	
dry-weather	flow	is	14	cfs.		The	median	dry-weather	flow	for	Sepulveda	
Canyon Channel, based on measurements conducted in 2003, is 6.3 cfs.

Dry-weather loading capacity (grams total recoverable metals/day)
 Copper Lead Selenium Zinc           

Ballona	Creek	 821	 440	 171	 10,423
Sepulveda	Channel	 371	 199	 77	 4,712

Wet Weather

Wet-weather loading capacities are calculated by multiplying the daily 
storm volume by the wet-weather numeric target for each metal.

Wet-weather loading capacity (total recoverable metals)
Metal Load Capacity                                   

Copper Daily storm volume  x  18 µg/L
Lead Daily storm volume  x  59 µg/L
Selenium Daily storm volume  x  5 µg/L
Zinc Daily storm volume  x  119 µg/L

RB-AR36121



Basin Plan           7-��2   Total Maximum Daily Loads
Updated September 20��

Element Key Findings and Regulatory Provisions
Load Allocations 
(for nonpoint sources)

Load	allocations	(LA)	are	assigned	to	non-point	sources	for	Ballona	
Creek and Sepulveda Canyon Channel.

Dry Weather

Dry-weather load allocations for copper, lead and zinc are developed 
for direct atmospheric deposition.  The mass-based load allocations are 
equal to the ratio of the length of each segment over the total length 
multiplied by the estimates of direct atmospheric loading for Ballona 
Creek	(3.5	g/day	for	copper,	2.3	g/day	for	lead,	and	11.7	k/day	for	zinc).

 Dry-weather direct air deposition LAs (total recoverable metals)
 Copper (g/day) Lead (g/day) Zinc (g/day) 

Ballona	Creek	 2.0	 1.4		 6.8
Sepulveda Channel 0.3 0.2                      0.9

Wet Weather

Wet-weather load allocations for copper, lead, selenium and zinc are 
developed for direct atmospheric deposition.  The mass-based load 
allocations for direct atmospheric deposition are equal to the percent 
area of surface water (0.6%) multiplied by the total loading capacity.

 Wet-weather direct air deposition LAs (total recoverable metals)

	 Load	Allocation	(grams/day)																													
Copper	 1.05E-07		x		Daily	storm	volume	(L)
Lead	 3.54E-07		x		Daily	storm	volume	(L)
Selenium 3.00E-08  x  Daily storm volume (L)
Zinc	 7.14E-07		x		Daily	storm	volume	(L)

Waste Load Allocations 
(for point sources)

Waste	load	allocations	(WLA)	are	assigned	to	point	sources	for	Ballona	
Creek	and	Sepulveda	Canyon	Channel.		A	grouped	mass-based	waste	
load allocation is developed for the storm water permittees (Los 
Angeles	County	MS4,	Caltrans,	General	Construction	and	General	
Industrial) by subtracting the load allocation from the total loading 
capacity.  Concentration-based waste load allocations are developed for 
other point sources in the watershed.

Dry Weather

Dry-weather waste load allocation for storm water is equal to the dry-
weather	critical	flow	multiplied	by	the	dry-weather	numeric	target	
minus the load allocation for direct atmospheric deposition.

Dry-weather Storm Water WLAs
 (grams total recoverable metals/day)               
 Copper Lead Selenium Zinc 

Ballona	Creek	 818.9	 438.6	 171	 10,416.2
Sepulveda	Channel	 370.7	 198.8	 77	 4,711.1
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued)

A	waste	load	allocation	of	zero	is	assigned	to	all	general	construction	
and industrial storm water permits during dry weather.  Therefore, the 
storm	water	waste	load	allocations	are	apportioned	between	the	MS4	
permittees and Caltrans, based on an areal weighting approach.

Dry-weather Storm Water WLAs Apportioned between
 Storm Water Permits (grams total recoverable metals/day)
 Copper Lead Selenium Zinc    

Ballona Creek
	 MS4	permittees	 807.7	 432.6	 169	 10,273.1
	 Caltrans	 11.2	 6.0	 2		 143.1
Sepulveda Channel
	 MS4	Permittees	 365.6	 196.1	 76	 4646.4
	 Caltrans	 5.1	 2.7	 1																				64.7

Concentration-based dry-weather waste load allocations are assigned 
to the minor NPDES permits and general non-storm water NPDES 
permits	that	discharge	to	Ballona	Creek	or	its	tributaries.		Any	future	
minor NPDES permits or enrollees under a general non-storm water 
NPDES permit will also be subject to the concentration-based waste 
load allocations.

 Dry-weather WLAs for other permits (total recoverable metals)    
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L) 
	 24	 13	 5																										304

Wet Weather

Wet-weather waste load allocation for storm water is equal to the 
total loading capacity minus the load allocation for direct atmospheric 
deposition.  Wet-weather waste load allocations for the grouped storm 
water permittees apply to all reaches and tributaries.

 Wet-weather Storm Water WLAs (total recoverable metals)     
	 Waste	 Load	 Allocation	 (grams/day) 

Copper	 1.79E-05		x		Daily	storm	volume	(L)
Lead	 5.87E-05		x		Daily	storm	volume	(L)
Selenium	 4.97E-06		x		Daily	storm	volume	(L)
Zinc	 1.18E-04		x		Daily	storm	volume	(L)

The storm water waste load allocations are apportioned between the 
MS4	permittees,	Caltrans,	the	general	construction	and	the	general	
industrial storm water permits based on an areal weighting approach.
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued)

Wet-weather Storm Water WLAs Apportioned
 Between Storm Water Permits (total recoverable metals)
	 Waste	 Load	 Allocation	 (grams/day) 

Copper
	 MS4	Permittees	 1.70E-05		x		Daily	storm	volume	(L)
	 Caltrans	 2.37E-07		x		Daily	storm	volume	(L)
	 General	Construction	 4.94E-07		x		Daily	storm	volume	(L)
	 General	Industrial	 1.24E-07		x		Daily	storm	volume	(L)
Lead
	 MS4	Permittees	 5.58E-05		x		Daily	storm	volume	(L)
	 Caltrans	 7.78E-07		x		Daily	storm	volume	(L)
	 General	Construction	 1.62E-06		x		Daily	storm	volume	(L)
	 General	Industrial	 4.06E-07		x		Daily	storm	volume	(L)
Selenium
	 MS4	Permittees	 4.73E-06		x		Daily	storm	volume	(L)
 Caltrans 6.59E-08  x  Daily storm volume (L)
	 General	Construction	 1.37E-07		x		Daily	storm	volume	(L)
	 General	Industrial	 3.44E-08		x		Daily	storm	volume	(L)
Zinc
	 MS4	Permittees	 1.13E-04		x		Daily	storm	volume	(L)
	 Caltrans	 1.57E-06		x		Daily	storm	volume	(L)
	General	Construction	 3.27E-06		x		Daily	storm	volume	(L)

	 General	Industrial	 8.19E-07		x		Daily	storm	volume	(L)

Each storm water permittee enrolled under the general construction or 
industrial storm water permits will receive an individual waste load 
allocation on a per acre basis, based on the acreage of their facility.

Individual per Acre WLAs for General Construction or
 Industrial Storm Water Permittees (total recoverable metals)
	 Waste	 Load	 Allocation	 (grams/day/acre) 

Copper 2.20E-10  x  Daily storm volume (L)
Lead	 7.20E-10		x		Daily	storm	volume	(L)
Selenium 6.10E-11  x  Daily storm volume (L)
Zinc	 1.45E-09		x		Daily	storm	volume	(L)

Concentration-based wet-weather waste load allocations are assigned 
to the minor NPDES permits and general non-storm water NPDES 
permits	that	discharge	to	Ballona	Creek	or	its	tributaries.		Any	future	
minor NPDES permits or enrollees under a general non-storm water
NPDES permit will also be subject to the concentration-based waste load 
allocations.

 Wet-weather WLAs for other permits (total recoverable metals)    
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L) 
 18 59 5 119
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Element Key Findings and Regulatory Provisions
Margin of Safety There is an implicit margin of safety through the use of conservative 

values for the conversion from total recoverable metals to the dissolved 
fraction during dry and wet weather.  In addition, the TMDL includes a 
margin of safety by evaluating dry-weather and wet-weather conditions 
separately and assigning allocations based on two disparate critical 
conditions.

Implementation The regulatory mechanisms used to implement the TMDL will include 
the	Los	Angeles	County	Municipal	Storm	Water	NPDES	Permit	(MS4),	
the State of California Department of Transportation (Caltrans) Storm 
Water Permit, minor NPDES permits, general NPDES permits, general 
industrial storm water NPDES permits, and general construction storm 
water NPDES permits. Nonpoint sources will be regulated through 
the authority contained in Sections 13263 and 13269 of the Water 
Code,	in	conformance	with	the	State	Water	Resources	Control	Board’s	
Nonpoint	Source	Implementation	and	Enforcement	Policy	(May	2004).		
Each	NPDES	permit	assigned	a	WLA	shall	be	reopened	or	amended	
at re-issuance, in accordance with applicable laws, to incorporate the 
applicable	WLAs	as	a	permit	requirement.

The Regional Board shall reconsider this TMDL by January 11, 2011 
based	on	additional	data	obtained	from	special	studies.		Table	7-12.2	
presents the implementation schedule for the responsible permittees.

Minor NPDES Permits and General Non-Storm Water NPDES 
Permits:

Permit writers may translate applicable waste load allocations into 
effluent	limits	for	the	minor	and	general	NPDES	permits	by	applying	
the	effluent	limitation	procedures	in	Section	1.4	of	the	State	Water	
Resources	Control	Board’s	Policy	for	Implementation	of	Toxics	
Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (2000) or other applicable engineering practices authorized 
under federal regulations.  Compliance schedules may be established 
in individual NPDES permits, allowing up to 5 years within a permit 
cycle to achieve compliance.  Compliance schedules may not be 
established	in	general	NPDES	permits.		A	discharger	that	can	not	
comply	immediately	with	effluent	limitations	specified	to	meet	waste	
load allocations will be required to apply for an individual permit, in 
order to, demonstrate the need for a compliance schedule.

Permittees that hold individual NPDES permits and solely discharge 
storm water may be allowed (at Regional Board discretion) compliance 
schedules	up	to	January	11,	2016	to	achieve	compliance	with	final	
WLAs.

General Industrial Storm Water Permits:

The	Regional	Board	will	develop	a	watershed	specific	general	industrial	
storm water permit to incorporate waste load allocations. 
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Element Key Findings and Regulatory Provisions
Implementation (continued) Dry-weather Implementation

Non-storm	water	flows	authorized	by	Order	No.	97-03	DWQ,	or	any	
successor order, are exempt from the dry-weather waste load allocation 
equal	to	zero.		Instead,	these	authorized	non-storm	water	flows	shall	
meet the concentration-based waste load allocations assigned to the 
other NPDES Permits.  The dry-weather waste load allocation equal 
to	zero	applies	to	unauthorized	non-storm	water	flows,	which	are	
prohibited	by	Order	No.	97-03	DWQ.

It is anticipated that the dry-weather waste load allocations will be 
implemented by requiring improved best management practices (BMPs) 
to	eliminate	the	discharge	of	non-storm	water	flows.	However,	the	
permit	writers	must	provide	adequate	justification	and	documentation	to	
demonstrate	that	specified	BMPs	are	expected	to	result	in	attainment	of	
the numeric waste load allocations.

Wet-weather Implementation

The general industrial storm water permittees are allowed interim 
wet-weather concentration-based waste load allocations based on 
benchmarks	contained	in	EPA’s	Storm	Water	Multi-sector	General	
Permit	for	Industrial	Activities.		The	interim	waste	load	allocations	
apply to all industry sectors until no later than January 11, 2016.

Interim Wet-Weather WLAs for General Industrial Storm Water 
Permittees (total recoverable metals)                                                
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L) 
	 63.6	 81.6	 238.5	 117

Until January 11, 2011, interim waste load allocations will not 
be interpreted as enforceable permit conditions. If monitoring 
demonstrates that interim waste load allocations are being exceeded, 
the permittee shall evaluate existing and potential BMPs, including 
structural BMPs, and implement any necessary BMP improvements.  
It is anticipated that monitoring results and any necessary BMP 
improvements would occur as part of an annual reporting process.  
After	January	11,	2011,	interim	waste	load	allocations	shall	be	
translated into enforceable permit conditions.  Compliance with permit 
conditions may be demonstrated through the installation, maintenance, 
and monitoring of Regional Board-approved BMPs.  If this method 
of compliance is chosen, permit writers must provide adequate 
justification	and	documentation	to	demonstrate	that	BMPs	are	expected	
to result in attainment of interim waste load allocations.
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Element Key Findings and Regulatory Provisions
Implementation (continued) The	general	industrial	storm	water	permits	shall	achieve	final	wet-

weather waste load allocations no later than January 11, 2016, which 
shall	be	expressed	as	NPDES	water	quality-based	effluent	limitations.		
Effluent	limitations	may	be	expressed	as	permit	conditions,	such	as	the	
installation, maintenance, and monitoring of Regional Board-approved 
BMPs	if	adequate	justification	and	documentation	demonstrate	that	
BMPs are expected to result in attainment of waste load allocations.

General Construction Storm Water Permits:

Waste load allocations will be incorporated into the State Board general 
permit	upon	renewal	or	into	a	watershed-specific	general	permit	
developed by the Regional Board.

Dry-weather Implementation

Non-storm	water	flows	authorized	by	the	General	Permit	for	Storm	
Water	Discharges	Associated	with	Construction	Activity	(Water	Quality	
Order No. 99-08 DWQ), or any successor order, are exempt from the 
dry-weather waste load allocation equal to zero as long as they comply 
with	the	provisions	of	sections	C.3	and	A.9	of	the	Order	No.	99-08	
DWQ, which state that these authorized non-storm discharges shall be 
(1) infeasible to eliminate (2) comply with BMPs as described in the 
Storm Water Pollution Prevention Plan prepared by the permittee, and 
(3) not cause or contribute to a violation of water quality standards, or 
comparable provisions in any successor order. Unauthorized non-storm 
water	flows	are	already	prohibited	by	Order	No.	99-08	DWQ.

Wet-weather Implementation

By January 11, 2013, the construction industry will submit the 
results of BMP effectiveness studies to determine BMPs that will 
achieve	compliance	with	the	final	waste	load	allocations	assigned	to	
construction storm water permittees.  Regional Board staff will bring 
the recommended BMPs before the Regional Board for consideration 
by	January	11,	2014.	General	construction	storm	water	permittees	
will	be	considered	in	compliance	with	final	waste	load	allocations	if	
they	implement	these	Regional	Board	approved	BMPs.		All	permittees	
must implement the approved BMPs by January 11, 2015.  If no 
effectiveness studies are conducted and no BMPs are approved by 
the	Regional	Board	by	January	11,	2014,	each	general	construction	
storm	water	permit	holder	will	be	subject	to	site-specific	BMPs	and	
monitoring	requirements	to	demonstrate	compliance	with	final	waste	
load allocations.

RB-AR36127



Basin Plan           7-��8   Total Maximum Daily Loads
Updated September 20��

Element Key Findings and Regulatory Provisions
Implementation (continued) MS4 and Caltrans Storm Water Permits:

The	County	of	Los	Angeles,	City	of	Los	Angeles,	Beverly	Hills,	Culver	
City, Inglewood, Santa Monica, and West Hollywood are jointly 
responsible for meeting the mass-based waste load allocations for the 
MS4	permittees.	 	Caltrans	 is	 responsible	for	meeting	 their	mass-based	
waste	load	allocations,	however,	they	may	choose	to	work	with	the	MS4	
permittees.  The primary jurisdiction for the Ballona Creek watershed is 
the	City	of	Los	Angeles.

Applicable	CTR	limits	are	being	met	most	of	the	time	during	dry	weather,	
with episodic exceedances.  Due to the expense of obtaining accurate 
flow	measurements	required	for	calculating	 loads,	concentration-based	
permit limits may apply during dry weather.  These concentration-based 
limits would be equal to the dry-weather concentration-based waste load 
allocations assigned to the other NPDES permits.

Each municipality and permittee will be required to meet the storm water 
waste load allocation at the designated TMDL effectiveness monitoring 
points.	 	 A	 phased	 implementation	 approach,	 using	 a	 combination	 of	
non-structural and structural BMPs may be used to achieve compliance 
with the stormwater waste load allocations.  The administrative record 
and	the	fact	sheets	for	the	MS4	and	Caltrans	storm	water	permits	must	
provide	reasonable	assurance	that	the	BMPs	selected	will	be	sufficient	to	
implement the waste load allocations.

The	 implementation	 schedule	 for	 the	 MS4	 and	 Caltrans	 permittees	
consists of a phased approach, with compliance to be achieved in 
prescribed percentages of the watershed, with total compliance to be 
achieved within 15 years.

Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste load 
allocations for dry weather and wet weather.

Based	on	long-term	flow	records,	dry-weather	flows	in	Ballona	Creek	
are	estimated	to	be	14	cubic	feet	per	second	(cfs).		Since,	this	flow	has	
been	very	consistent,	14	cfs	is	used	to	define	the	critical	dry-weather	
flow	for	Ballona	Creek	at	Sawtelle	Boulevard	(upstream	of	Sepulveda	
Canyon	Channel).		There	are	no	historic	flow	records	to	determine	the	
average	long-term	flows	for	Sepulveda	Canyon	Channel.		Therefore,	in	
the absence of historical records the 2003 dry-weather characterization 
study	measurements	are	assumed	reasonable	estimates	of	flow	for	this	
channel.		The	critical	dry-weather	flow	for	Sepulveda	Canyon	Channel	
is	defined	as	the	average	flow	of	6.3	cfs.

Wet-weather allocations are developed using the load-duration curve 
concept.  The total wet-weather waste load allocation varies by storm, 
therefore,	given	this	variability	in	storm	water	flows,	no	justification	was	
found for selecting a particular sized storm as the critical condition.
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Element Key Findings and Regulatory Provisions
Monitoring Effective monitoring will be required to assess the condition of the 

Ballona Creek and to assess the on-going effectiveness of efforts by 
dischargers to reduce metals loading to Ballona Creek.  Special studies 
may also be appropriate to provide further information about new data, 
new	or	alternative	sources,	and	revised	scientific	assumptions.	 	Below	
the	Regional	Board	identifies	the	various	goals	of	monitoring	efforts	and	
studies.  The programs, reports, and studies will be developed in response 
to	subsequent	orders	issued	by	the	Executive	Officer.

Ambient monitoring

An	ambient	monitoring	program	is	necessary	to	assess	water	quality	
throughout Ballona Creek and its tributaries and the progress being 
made	to	remove	the	metals	impairments.			The	MS4	and	Caltrans	storm	
water NPDES permittees are jointly responsible for implementing the 
ambient monitoring program.  The responsible agencies shall analyze 
samples for total recoverable metals and dissolved metals, including 
cadmium and silver, and hardness once a month at each monitoring 
location.  The reported detection limits shall be lower than the hardness 
adjusted CTR criteria to determine if water quality objectives are being 
met.  There are three ambient monitoring locations.

 Ambient Monitoring Locations                       
Waterbody Location                                                           
Ballona	Creek	 At	Sawtelle	Boulevard
Sepulveda	Channel	 Just	Above	the	Confluence	with	Ballona	Creek
Ballona	Creek	 At	Inglewood	Boulevard

TMDL Effectiveness Monitoring

The	MS4	and	Caltrans	storm	water	NPDES	permittees	are	jointly	
responsible for assessing the progress in reducing pollutant loads 
to	achieve	the	TMDL.		The	MS4	and	Caltrans	storm	water	NPDES	
permittees	are	required	to	submit	for	approval	of	the	Executive	Officer	
a coordinated monitoring plan that will demonstrate the effectiveness 
of the phased implementation schedule for this TMDL, which requires 
attainment of the applicable waste load allocations in prescribed 
percentages of the watershed over a 15-year period.  The monitoring 
locations	specified	for	the	ambient	monitoring	program	may	be	used	as	
the effectiveness monitoring locations.
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Element Key Findings and Regulatory Provisions
Monitoring The	MS4	and	Caltrans	storm	water	NPDES	permittees	will	be	found	

to be effectively meeting the dry-weather waste load allocations if 
the	in-stream	pollutant	concentrations	or	load	at	the	first	downstream	
monitoring location is equal to or less than the corresponding 
concentration-	or	load-based	waste	load	allocation.		Alternatively,	
effectiveness of the TMDL may be assessed at the storm drain outlet 
based on the concentration-based waste load allocation for the receiving 
water.  For storm drains that discharge to other storm drains, the waste 
load allocation will be based on the waste load allocation for the 
ultimate receiving water for that storm drain system.

The	MS4	and	Caltrans	storm	water	NPDES	permittees	will	be	found	
to be effectively meeting the wet-weather waste load allocations if 
the loading at the most downstream monitoring location is equal to 
or less then the wet-weather waste load allocation.  Compliance with 
individual general construction and industrial storm water permittees 
will be based on monitoring of discharges at the property boundary.  
Compliance may be assessed based on concentration and/or load 
allocations.

The general storm water permits shall contain a model monitoring and 
reporting	program	to	evaluate	BMP	effectiveness.		A	permittee	enrolled	
under the general permits shall have the choice of conducting individual 
monitoring based on the model program or participating in a group 
monitoring	effort.		MS4	permittees	are	encouraged	to	take	the	lead	in	
group monitoring efforts for industrial facilities under their jurisdiction 
because compliance with waste load allocations by these facilities will 
in	many	cases	translate	to	reductions	in	metals	loads	to	the	MS4	system.

Special studies
The	implementation	schedule,	Table	7-12.2,	allows	time	for	special	
studies	that	may	serve	to	refine	the	estimate	of	loading	capacity,	
waste load and/or load allocations, and other studies that may serve to 
optimize implementation efforts.  The Regional Board will re-consider 
the	TMDL	by	January	11,	2011	in	light	of	the	findings	of	these	studies.		

Studies may include:
•	 Refinement	of	hydrologic	and	water	quality	model
•	 Additional	source	assessment
•	 Refinement	of	potency	factors	correlation	between	total	suspended	

solids and metals loadings during dry and wet weather
•	 Correlation between short-term rainfall intensity and metals 

loadings for use in sizing in-line structural BMPs
•	 Correlation between storm volume and total recoverable metals 

loading for use in sizing storm water retention facilities
•	 Refined	estimates	of	metals	partitioning	coefficients,	conversion	

factors,	and	site-specific	toxicity.
•	 Evaluation of potential contribution of aerial deposition and sources 

of aerial deposition.
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Table 7-12.2.  Ballona Creek Metals TMDL: Implementation Schedule
Date Action
January 11, 2006 Regional Board permit writers shall incorporate the waste load 

allocations into the NPDES permits.  Waste load allocations will 
be implemented through NPDES permit limits in accordance 
with the implementation schedule contained herein, at the time 
of permit issuance or re-issuance.

January 11, 2010 Responsible jurisdictions and agencies shall provide to the 
Regional Board results of the special studies.

January 11, 2011 The Regional Board shall reconsider this TMDL to re-evaluate 
the waste load allocations and the implementation schedule.

 MINOR NPDES PERMITS AND GENERAL NON-STORM WATER NPDES PERMITS
Upon permit issuance or 
renewal

The non-storm water NPDES permittees shall achieve the waste 
load allocations, which shall be expressed as NPDES water 
quality-based	 effluent	 limitations	 specified	 in	 accordance	with	
federal regulations and state policy on water quality control.  
Compliance	schedules	may	allow	up	to	five	years	in	individual	
NPDES permits to meet permit requirements. Compliance 
schedules may not be established in general NPDES permits. 
Permittees that hold individual NPDES permits and solely 
discharge storm water may be allowed (at Regional Board 
discretion) compliance schedules up to January 11, 2016 to 
achieve	compliance	with	final	WLAs.

GENERAL INDUSTRIAL STORM WATER PERMITS
Upon permit issuance or 
renewal

The general industrial storm water NPDES permittees shall 
achieve dry-weather waste load allocations, which shall be 
expressed	 as	 NPDES	 water	 quality-based	 effluent	 limitations	
specified	in	accordance	with	federal	regulations	and	state	policy	
on	water	quality	control.		Effluent	limitations	may	be	expressed	
as permit conditions, such as the installation, maintenance, and 
monitoring of Regional Board-approved BMPs.  Permittees shall 
begin to install and test BMPs to meet the interim wet-weather 
WLAs.		BMP	effectiveness	monitoring	will	be	implemented	to	
determine progress in achieving interim wet-weather waste load 
allocations.

January 11, 2011 The general industrial storm water NPDES permittees shall 
achieve the interim wet-weather waste load allocations, which 
shall	 be	 expressed	 as	 NPDES	 water	 quality-based	 effluent	
limitations	 specified	 in	 accordance	 with	 federal	 regulations	
and	 state	policy	on	water	quality	 control.	 	Effluent	 limitations	
may be expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved BMPs.  
Permittees shall begin an iterative BMP process including BMP 
effectiveness	monitoring	to	achieve	compliance	with	final	wet-
weather	WLAs.

RB-AR36131



Basin Plan           7-�42   Total Maximum Daily Loads
Updated September 20��

Date Action
January 11, 2016 The general industrial storm water NPDES permittees shall 

achieve	the	final	wet-weather	waste	load	allocations,	which	shall	
be	expressed	as	NPDES	water	quality-based	effluent	limitations	
specified	in	accordance	with	federal	regulations	and	state	policy	
on	water	quality	control.		Effluent	limitations	may	be	expressed	
as permit conditions, such as the installation, maintenance, and 
monitoring of Regional Board-approved BMPs.

GENERAL CONSTRUCTION STORM WATER PERMITS
Upon permit issuance, renewal, 
or re-opener

Non-storm	 water	 flows	 not	 authorized	 by	 Order	 No.	 99-08	
DWQ, or any successor order, shall achieve dry-weather 
waste load allocations of zero.  Waste load allocations shall be 
expressed	 as	NPDES	water	 quality-based	 effluent	 limitations	
specified	in	accordance	with	federal	regulations	and	state	policy	
on	water	quality	control.		Effluent	limitations	may	be	expressed	
as permit conditions, such as the installation, maintenance, and 
monitoring of Regional Board-approved BMPs.

January 11, 2013 The construction industry will submit the results of wet-weather 
BMP effectiveness studies to the Regional Board for consideration.  
In the event that no effectiveness studies are conducted and no BMPs 
are	approved,	permittees	shall	be	subject	to	site-specific	BMPs	and	
monitoring to demonstrate BMP effectiveness.

January	11,	2014 The Regional Board will consider results of the wet-weather 
BMP effectiveness studies and consider approval of BMPs.

January 11, 2015 All	general	construction	storm	water	permittees	shall	implement	
Regional Board-approved BMPs.

MS4 AND CALTRANS STORM WATER PERMITS
January	11,	2007 In	 response	 to	 an	 order	 issued	 by	 the	 Executive	 Officer,	 the	

MS4	and	Caltrans	storm	water	NPDES	permittees	must	submit	
a coordinated monitoring plan, to be approved by the Executive 
Officer,	 which	 includes	 both	 ambient	 monitoring	 and	 TMDL	
effectiveness monitoring.  Once the coordinated monitoring plan 
is	approved	by	the	Executive	Officer	ambient	monitoring	shall	
commence within 6 months.

January 11, 2010 (Draft 
Report)

July 11, 2010 (Final Report)

MS4	and	Caltrans	storm	water	NPDES	permittees	shall	provide	a	
written report to the Regional Board outlining the drainage areas 
to be address and how these areas will achieve compliance with the 
waste load allocations.  The report shall include implementation 
methods, an implementation schedule, proposed milestones, and 
any applicable revisions to the TMDL effectiveness monitoring 
plan.

January 11, 2012 The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 50% of the total drainage area served by the 
MS4	system	is	effectively	meeting	 the	dry-weather	waste	 load	
allocations and 25% of the total drainage area served by the 
MS4	system	is	effectively	meeting	the	wet-weather	waste	load	
allocations.
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Date Action
January	11,	2014 The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	

demonstrate	 that	 75%	of	 the	 total	 drainage	area	 served	by	 the	
MS4	system	is	effectively	meeting	 the	dry-weather	waste	 load	
allocations.

January 11, 2016 The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 100% of the total drainage area served by the 
MS4	system	is	effectively	meeting	 the	dry-weather	waste	 load	
allocations and 50% of the total drainage area served by the 
MS4	system	is	effectively	meeting	the	wet-weather	waste	load	
allocations.

January 11, 2021 The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 100% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 both	 the	 dry-weather	 and	
wet-weather waste load allocations.
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7-13  Los Angeles River and Tributaries Metals TMDL

This TMDL was adopted by:
 The Regional Water Quality Control Board on June 2, 2005.

This TMDL was approved by: 
 The State Water Resources Control Board on October 20, 2005.
	 Office	of	Administrative	Law	on	December	9,	2005.
	 The	U.S.	Environmental	Protection	Agency	on	December	22,	2005.

This TMDL was voided and set aside on: May 6, 2009.

This TMDL was re-adopted by
The	Regional	Water	Quality	Control	Board	on	September	6,	2007.

This TMDL was approved by:
The	State	Water	Resources	Control	Board	on	June	17,	2008.
The	Office	of	Administrative	Law	on	October	14,	2008.
The	U.S.	Environmental	Protection	Agency	on	October	29,	2008.

This TMDL was revised and adopted by
The Regional Water Quality Control Board on May 6, 2010.

This TMDL revision was approved by:
The	State	Water	Resources	Control	Board	on	April	19,	2011.
The	Office	of	Administrative	Law	on	July	27,	2011.
The	U.S.	Environmental	Protection	Agency	on	TBD.

The effective date of this TMDL is: October 29, 2008.

The following table includes the elements of this TMDL.
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Table 7-13.1  Los Angeles River and Tributaries Metals TMDL: Elements
Element Key Findings and Regulatory Provisions
Problem Statement Segments	of	the	Los	Angeles	River	and	its	tributaries	are	on	the	Clean	

Water	Act	section	303(d)	list	of	impaired	waterbodies	for	copper,	
cadmium, lead, zinc, aluminum and selenium. The metals subject to this 
TMDL are toxic pollutants, and the existing water quality objectives for 
the	metals	reflect	national	policy	that	the	discharge	of	toxic	pollutants	
in toxic amounts be prohibited. When one of the metals subject to this 
TMDL is present at levels exceeding the existing numeric objectives, 
then	the	receiving	water	is	toxic.	The	beneficial	uses	impaired	by	
metals	in	the	Los	Angeles	River	and	its	tributaries	are	those	associated	
with aquatic life and water supply, including wildlife habitat, rare, 
threatened or endangered species, warm freshwater habitat, wetlands, 
and groundwater recharge. TMDLs are developed for reaches on 
the 303(d) list and for reaches where recent data indicate additional 
impairments.	Addressing	the	impairing	metals	throughout	the	Los	
Angeles	River	watershed	will	ensure	that	the	metals	do	not	contribute	
to an impairment elsewhere in the watershed. Metals allocations are 
therefore developed for upstream reaches and tributaries that drain to 
impaired reaches.

These TMDLs address wet- and dry-weather discharges of copper, lead, 
zinc and selenium and wet-weather discharges of cadmium. Impairments 
related to cadmium only occur during wet weather. Impairments related 
to	 selenium	 are	 confined	 to	 Reach	 6	 and	 its	 tributaries.	 Dry-weather	
impairments related to zinc only occur in Rio Hondo Reach 1. The 
aluminum listing was based on water quality objectives set to support the 
municipal	water	supply	beneficial	use	(MUN).	MUN	is	a	conditional	use	
in	the	Los	Angeles	River	watershed.		The	United	States	Environmental	
Protection	Agency	(USEPA)	has	determined	that	TMDLs	are	not	required	
for impairments of conditional uses.
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Element Key Findings and Regulatory Provisions
Numeric Target 
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

Numeric water quality targets are based on the numeric water quality 
criteria established by the California Toxics Rule (CTR). The targets 
are expressed in terms of total recoverable metals. There are separate 
targets	for	dry	and	wet	weather	because	hardness	values	and	flow	
conditions	in	the	Los	Angeles	River	and	tributaries	vary	between	dry	
and wet weather. The dry-weather targets apply to days when the 
maximum	daily	flow	in	the	River	is	less	than	500	cfs.	The	wet-weather	
targets	apply	to	days	when	the	maximum	daily	flow	in	the	River	is	
equal to or greater than 500 cfs.

The dry-weather targets for copper and lead are based on chronic 
CTR criteria. The dry-weather targets for zinc are based on acute CTR 
criteria. Copper, lead and zinc targets are dependent on hardness and 
a water effects ratio (WER), which are both factors built into the CTR 
criteria	to	adjust	for	site	specific	conditions,	and	conversion	factors	to	
convert between dissolved and total recoverable metals. Copper and 
lead targets are based on 50th percentile hardness values. Zinc targets 
are based on 10th	percentile	hardness	values.	Site-specific	copper	
conversion factors are applied immediately downstream of the Tillman 
and	LA-Glendale	water	reclamation	plants	(WRP).	CTR	default	
conversion factors are used for copper, lead, and zinc in all other cases. 
The dry-weather target for selenium is independent of hardness or 
conversion factors.

Dry-weather conversion factors:
																		Default					Below	Tillman	WRP				Below	LA-Glendale	WRP
Copper										0.96																																0.74																																							0.80 
Lead														0.79
Zinc               0.61 

Dry-weather numeric targets (µg total recoverable metals/L)
                                           Cu                 Pb                   Zn                    Se
Reach 5, 6 
and Bell Creek            WER1 x 30      WER1 x 19                              5 
Reach	4																							WER2 x 26      WER1 x 10
Reach 3                      
above	LA-Glendale
WRP and Verdugo      WER2 x 23     WER1 x 12
Reach 3 below            
LA-Glendale	WRP						WER2 x 26     WER1 x 12
Burbank Western 
Channel (above WRP) WER2 x 26     WER1	x	14					
Burbank Western 
Channel (below WRP) WER2 x 19     WER1 x 9.1
Reach 2 
and	Arroyo	Seco											WER2 x 22    WER1 x 11    
Reach 1                         WER2 x 23    WER1 x 12
Compton Creek             WER1 x 19    WER1 x 8.9
Rio Hondo Reach 1       WER1 x 13    WER1 x 5.0     WER1 x 131
Monrovia Canyon                             WER1 x 8.2
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	approved.	
2 The WER for this constituent in this reach is 3.96.
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Element Key Findings and Regulatory Provisions
Numeric Target (continued)
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

The wet-weather targets for cadmium, copper, lead and zinc are based 
on acute CTR criteria and the 50th percentile hardness values for storm 
water collected at the Wardlow gage station, multiplied by a WER. 
Conversion factors for copper, lead and zinc are based on a regression 
of dissolved metals values to total recoverable metals values collected 
at Wardlow. The CTR default conversion factor is applied to cadmium. 
The wet-weather target for selenium is independent of hardness or 
conversion factors.

Wet-weather conversion factors:
Cadmium	 0.94
Copper 0.65
Lead 0.82
Zinc 0.61

Wet-weather numeric targets (µg total recoverable metals/L)
          Cd                 Cu                  Pb                   Zn                     Se        
       WER1 x 3.1    WER2	x	17					WER1 x 62      WER1 x 159        5
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved. 2 The WER for this constituent is 3.96.     

Source Analysis There	are	significant	differences	in	the	sources	of	metals	loadings	
during dry weather and wet weather. During dry weather, most of the 
metals loadings are in the dissolved form. The three major publicly 
owned treatment works (POTWs) that discharge to the river (Tillman 
WRP,	LA-Glendale	WRP,	and	Burbank	WRP)	constitute	the	majority	
of	the	flow	and	metals	loadings	during	dry	weather.	The	storm	drains	
also contribute a large percentage of the loadings during dry weather 
because	although	their	flows	are	typically	low,	concentrations	of	metals	
in urban runoff may be quite high. The remaining portion of the dry 
weather	flow	and	metals	loadings	represents	a	combination	of	tributary	
flows,	groundwater	discharge,	and	flows	from	other	permitted	NPDES	
discharges within the watershed.

During wet weather, most of the metals loadings are in the particulate 
form	and	are	associated	with	wet-weather	storm	water	flow.	On	an	
annual	basis,	storm	water	contributes	about	40%	of	the	cadmium	
loading, 80% of the copper loading, 95% of the lead loading and 90% 
of	the	zinc	loading.	This	storm	water	flow	is	permitted	through	two	
municipal	separate	storm	sewer	system	(MS4)	permits,	a	separate	
Caltrans	MS4	permit,	a	general	construction	storm	water	permit	and	a	
general industrial storm water permit. 

Nonpoint sources of metals may include tributaries that drain the open 
space areas of the watershed. Direct atmospheric deposition of metals 
on the river is also a small source. Indirect atmospheric deposition on 
the land surface that is washed off during storms is a larger source, 
which is accounted for in the estimates of storm water loadings.

The sources of selenium appear to be related to natural levels of 
selenium in soils in the upper watershed. Separate studies are underway 
to evaluate whether selenium levels represent a “natural condition” for 
this watershed.
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Element Key Findings and Regulatory Provisions
Loading Capacity Dry Weather

Dry-weather TMDLs are developed for the following pollutant 
waterbody combinations (allocations are developed for upstream 
reaches and tributaries to meet TMDLs in downstream reaches):

•	 Copper	for	the	Los	Angeles	River	Reaches	1,	2,	3,	4,	and	5,	Burbank	
Channel, Compton Creek, Tujunga Wash, Rio Hondo Reach 1.

•	 Lead	for	the	Los	Angeles	River	Reaches	1,	2,	3,	4,	and	5,	Burbank	
Channel, Rio Hondo Reach 1, Compton Creek, Monrovia Canyon 
Creek.

• Zinc for Rio Hondo Reach 1. 
•	 Selenium	for	Reach	6,	Aliso	Creek,	Dry	Canyon	Creek,	McCoy	

Canyon Creek.

For	dry	weather,	loading	capacities	are	equal	to	reach-specific	numeric	
targets	multiplied	by	reach-specific	critical	dry-weather	flows.	
Summing	the	critical	flows	for	each	reach	and	tributary,	the	critical	
flow	for	the	entire	river	is	203	cfs,	which	is	equal	to	the	combined	
design	flow	of	the	three	POTWs	(169	cfs)	plus	the	median	flow	from	
the	storm	drains	and	tributaries	(34	cfs).	The	median	storm	drain	
and	tributary	flow	is	equal	to	the	median	flow	at	Wardlow	(145	cfs)	
minus	the	existing	median	POTW	flow	(111	cfs).	The	dry-weather	
loading	capacities	for	each	impaired	reach	include	the	critical	flows	
for upstream reaches. The dry-weather loading capacity for Reach 5 
includes	flows	from	Reach	6	and	Bell	Creek,	the	dry-weather	loading	
capacity	for	Reach	3	includes	flows	from	Verdugo	Wash,	and	the	dry-
weather	loading	capacity	for	Reach	2	includes	flows	from	Arroyo	Seco.

Dry-weather loading capacity (total recoverable metals)

                               Critical       Cu                     Pb                   Zn
                               Flow (cfs)   (kg/day)            (kg/day)         (kg/day)
LA	River	Reach	5				8.74							WER1 x 0.65     WER1 x 0.39
LA	River	Reach	4				129.13			WER2 x 8.1       WER1 x 3.2
LA	River	Reach	3				39.14					WER2 x 2.3       WER1 x 1.01
LA	River	Reach	2				4.44							WER2 x 0.16     WER1	x	0.084
LA	River	Reach	1				2.58							WER2	x	0.14					WER1	x	0.075
Tujunga Wash     0.15       WER1	x	0.007			WER1 x 0.0035
Burbank	Channel					17.3							WER2 x 0.80     WER1 x 0.39
Rio Hondo Reach 1  0.50      WER1x 0.015    WER1x0.0061    WER1x0.16
Compton Creek      0.90      WER1	x	0.041			WER1 x 0.020
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	approved.	
2 The WER for this constituent in this reach is 3.96.     

No dry-weather loading capacities are calculated for lead in Monrovia 
Canyon Creek or selenium in Reach 6 or its tributaries. Concentration-
based allocations are assigned for these metals in these reaches.
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Element Key Findings and Regulatory Provisions
Loading Capacity (continued) Wet Weather

Wet-weather TMDLs are calculated for cadmium, copper, lead, and 
zinc	in	Reach	1.	Allocations	are	developed	for	all	upstream	reaches	and	
tributaries to meet these TMDLs.
Wet-weather loading capacities are calculated by multiplying daily 
storm volumes by the wet-weather numeric target for each metal. The 
resulting	curves	identify	the	load	allowance	for	a	given	flow.

Wet-weather loading capacity (total recoverable metals)
Metal              Load Duration Curve (kg/day)
Cadmium Daily storm volume x WER1 x 3.1 µg/L 
Copper              Daily storm volume x WER2	x	17	µg/L	
Lead              Daily storm volume x WER1 x 62 µg/L 
Zinc              Daily storm volume x WER1 x 159  µg/L
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved. 2 The WER for this constituent is 3.96.     

Load Allocations 
(for nonpoint sources)

Dry Weather

Dry-weather	nonpoint	source	load	allocations	(LAs)	for	copper	and	
lead apply to open space and direct atmospheric deposition to the river. 
Dry-weather	open	space	load	allocations	are	equal	to	the	critical	flow	
for the upper portion of tributaries that drain open space, multiplied by 
the numeric targets for these tributaries.

Open space dry-weather LAs (total recoverable metals)

                     Critical Flow    Cu (kg/day)          Pb (kg/day)
Tujunga Wash   0.12              WER1 x 0.0056     WER1 x 0.0028
Arroyo	Seco	 		0.33	 													WER1 x 0.018       WER1 x 0.009
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved.

Load allocations for direct atmospheric deposition to the entire river are 
obtained from previous studies (3 kg/year for copper, 2 kg/year for lead 
and 10 kg/year for zinc.) Loads are allocated to each reach and tributary 
based on their length. The ratio of the length of each river segment 
to the total length of the river is multiplied by the estimates of direct 
atmospheric loading to the entire river.
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Element Key Findings and Regulatory Provisions
Load Allocations (continued)
(for nonpoint sources)

Direct air deposition dry-weather LAs (total recoverable metals)

                                Cu (kg/day)            Pb (kg/day)      Zn(kg/day)
LA	River	Reach	6		WER1 x 3.3x10-4  WER1 x 2.2x10-4

LA	River	Reach	5		WER1 x 3.6x10-4  WER1	x	2.4x10-4
LA	River	Reach	4		WER1 x 8.1x10-4  WER1	x	5.4x10-4
LA	River	Reach	3		WER1	x	6.04x10-4 WER1	x	4.03x10-4
LA	River	Reach	2		WER1	x	1.4	x10-3 WER1 x 9.5x10-4

LA	River	Reach	1		WER1	x	4.4x10-4  WER1 x 2.96x10-4

Bell Creek              WER1 x 2.98x10-4 WER1 x 1.99x10-4

Tujunga Wash        WER1	x	7.4x10-4  WER1	x	4.9x10-4
Verdugo Wash       WER1	x	4.7x10-4  WER1 x 3.2x10-4

Burbank Channel   WER1	x	7.1x10-4  WER1	x	4.7x10-4
Arroyo	Seco											WER1	x	7.3x10-4  WER1	x	4.9x10-4
Rio Hondo Reach 1WER1	x	6.4x10-4 WER1	x	4.2x10-4		WER1x 2.1x10-3

Compton Creek      WER1 x 6.5x10-4  WER1	x	4.3x10-4
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	approved.

A	dry-weather	concentration-based	load	allocation	for	lead	equal	to	the	dry-
weather numeric target (WER1 x 8.2 µg/L) applies to Monrovia Canyon Creek. 
The load allocation is not assigned to a particular nonpoint source or group of 
nonpoint sources.
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	approved.

A	dry-weather	concentration-based	load	allocation	for	selenium	equal	
to the dry-weather numeric target (5 µg/L) is assigned to Reach 6 
and its tributaries. The load allocation is not assigned to a particular 
nonpoint source or group of nonpoint sources.

Wet Weather

Wet-weather load allocations for open space are equal to the percent 
metals loading from open space (predicted by the wet-weather model) 
multiplied by the total loading capacity, then by the ratio of open space 
located outside the storm drain system to the total open space area. 
There is no load allocation for cadmium because open space is not 
believed to be a source of the wet-weather cadmium impairment in 
Reach 1.

Wet-weather open space LAs (total recoverable metals)
Metal             Load Allocation (kg/day)
Copper             WER1 x 2.6x10-10 µg /L/day x daily storm volume(L)
Lead                 WER1	x	2.4x10-10 µg /L/day x daily storm volume(L)
Zinc                  WER1	x	1.4x10-9 µg /L/day x daily storm volume(L)
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved.
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Element Key Findings and Regulatory Provisions
Load Allocations (continued)
(for nonpoint sources)

Wet-weather load allocations for direct atmospheric deposition are 
equal to the percent area of the watershed comprised by surface water 
(0.2%) multiplied by the total loading capacity.

Wet-weather direct air deposition LAs (total recoverable metals)
Metal             Load Allocation (kg/day)
Cadmium         WER1 x 6.2x10-10 µg /L/day x daily storm volume(L)
Copper             WER1	x	3.4x10-10 µg /L/day x daily storm volume(L)
Lead                 WER1 x 1.2x10-10 µg /L/day x daily storm volume(L)
Zinc                  WER1 x 3.2x10-9 µg /L/day x daily storm volume(L)
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved.

A	wet-weather	concentration-based	load	allocation	for	selenium	equal	
to the dry-weather numeric target (5 µg/L) is assigned to Reach 6 
and its tributaries. The load allocation is not assigned to a particular 
nonpoint source or group of nonpoint sources.

Waste Load Allocations 
(for point sources)

Dry Weather

Dry-weather	point	source	waste	load	allocations	(WLAs)	apply	to	the	
three	POTWs	(Tillman,	Glendale,	and	Burbank).	A	grouped	waste	load	
allocation	applies	to	the	storm	water	permitees	(Los	Angeles	County	
MS4,	Long	Beach	MS4,	Caltrans,	General	Industrial	and	General	
Construction), which is calculated by subtracting load allocations (and 
waste load allocations for reaches with POTWs) from the total loading 
capacity. Concentration-based waste load allocations are developed for 
other point sources in the watershed.

Mass- and concentration-based waste load allocations for Tillman, 
Los	Angeles-Glendale	and	Burbank	WRPs	are	developed	to	meet	the	
dry-weather	targets	for	copper	and	lead	in	Reach	4,	Reach	3	and	the	
Burbank Western Channel, respectively.

POTW dry-weather WLAs (total recoverable metals):
                                  Cu                    Pb
Tillman                          
Concentration-based (µg/L)      WER2 x 26              WER1 x 10
Mass-based (kg/day)        WER2	x	7.8													WER1 x 3.03
Glendale
Concentration-based (µg/L)      WER2 x 26              WER1 x 12
Mass-based (kg/day)         WER2 x 2.0            WER1 x 0.88
Burbank
Concentration-based (µg/L)      WER2 x 19              WER1 x 9.1
Mass-based (kg/day)                 WER2	x	0.64											WER1 x 0.31
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	approved.	
2	The	WER	for	this	constituent	is	3.96.	Regardless	of	the	WER,	effluent	limitations	
shall	ensure	that	effluent	concentrations	and	mass	discharges	do	not	exceed	the	
levels	 of	water	 quality	 that	 can	 be	 attained	 by	 performance	 of	 this	 facility’s	
treatment technologies existing at the time of permit issuance, reissuance, or 
modification.
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(continued)
(for point sources)

Dry-weather waste load allocations for storm water are equal to storm 
drain	flows	(critical	flows	minus	median	POTW	flows	minus	median	
open	space	flows)	multiplied	by	reach-specific	numeric	targets,	minus	
the contribution from direct air deposition.

Storm water dry-weather WLAs (total recoverable metals)
                        Critical Flow     Cu                        Pb                       Zn
                               (cfs)          (kg/day)              (kg/day)             (kg/day)
LA	River	Reach	6			7.20							WER1 x 0.53      WER1 x 0.33     
LA	River	Reach	5			0.75							WER1 x 0.05      WER1 x 0.03     
LA	River	Reach	4			5.13							WER1 x 0.32      WER1 x 0.12   
LA	River	Reach	3			4.84							WER1 x 0.06      WER1 x 0.03   
LA	River	Reach	2			3.86							WER1 x 0.13      WER1	x	0.07					
LA	River	Reach	1			2.58							WER1	x	0.14						WER1	x	0.07					
Bell	Creek															0.79							WER1 x 0.06      WER1	x	0.04					
Tujunga Wash         0.03       WER1 x 0.001    WER1 x 0.0002       
Burbank Channel    3.3         WER1 x 0.15      WER1	x	0.07
Verdugo Wash         3.3         WER1 x 0.18      WER1 x 0.10    
Arroyo	Seco												0.25							WER1 x 0.01      WER1 x 0.01     
Rio Hondo Reach 1 0.50       WER1x 0.01       WER1x0.006        WER1x 0.16
Compton Creek       0.90       WER1	x	0.04						WER1 x 0.02   
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	approved.

A	zero	waste	load	allocation	is	assigned	to	all	industrial	and	
construction storm water permittees during dry weather. The remaining 
waste	load	allocations	are	shared	by	the	MS4	permittees	and	Caltrans.
 
Other NPDES Permits

Concentration-based dry-weather waste load allocations apply to the 
other NPDES permits* that discharge to the reaches and tributaries in 
the following table.

* “Other NPDES permits” refers to minor NPDES permits, general 
non-storm water NDPES permits, and major permits other than the 
Tillman,	LA-Glendale,	and	Burbank	POTWs.
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(continued)
(for point sources)

Other dry-weather WLAs (µg  total recoverable metals/L)
                                         Cu           Pb                      Zn                Se 
Reach 5, 6 
and Bell Creek             WER1 x 30    WER1 x 19                                      5      
Reach	4																								WER1 x 26    WER1 x  10
Reach 3                      
above	LA-Glendale
WRP and Verdugo       WER1 x 23     WER1 x 12
Reach 3 below            
LA-Glendale	WRP							WER1 x 26    WER1 x 12
Burbank Western 
Channel(above WRP)   WER1 x 26    WER1	x	14					
Burbank Western 
Channel (below WRP)  WER1 x 19    WER1 x 9.1
Reach 2 
and	Arroyo	Seco												WER1 x 22    WER1 x 11    
Reach 1                          WER1 x 23    WER1 x 12
Compton Creek             WER1 x 19    WER1 x 8.9
Rio Hondo Reach 1       WER1 x 13    WER1 x 5.0     WER1 x 131
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	approved.

Wet Weather

During wet-weather, POTW allocations are based on dry-weather in-
stream	numeric	targets	because	the	POTWs	exert	the	greatest	influence	
over in-stream water quality during dry weather.  During wet weather, 
the concentration-based dry-weather waste load allocations apply but 
the	mass-based	dry-weather	allocations	do	not	apply	when	influent	flows	
exceed	 the	 design	 capacity	 of	 the	 treatment	 plants.	Additionally,	 the	
POTWs	 are	 assigned	 reach-specific	 allocations	 for	 cadmium	 and	 zinc	
based on dry weather targets to meet the wet-weather TMDLs in 
Reach 1.
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(continued)
(for point sources)

POTW wet-weather WLAs (total recoverable metals):
              Cd             Cu          Pb               Zn
Tillman                          
Concentration-based
(µg/L)                         WER1x4.7			WER2x26     WER1x10       WER1x212
Mass-based
(kg/day)                      WER1x1.4			WER2x7.8				WER1x 3.03   WER1x64
Glendale
Concentration-based
(µg/L)                         WER1x5.3    WER2x26    WER1x12       WER1x253
Mass-based
(kg/day)                     WER1x0.40			WER2x2.0   WER1x0.88    WER1x19
Burbank 
Concentration-based
(µg/L)                       WER1x4.5					WER2x19     WER1x9.1      WER1x 212
Mass-based
(kg/day)                   WER1x0.15    WER2x0.64		WER1x0.31    WER1x7.3
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	approved.	
2	The	WER	for	this	constituent	is	3.96.	Regardless	of	the	WER,	effluent	
limitations	shall	ensure	that	effluent	concentrations	and	mass	discharges	do	
not exceed the levels of water quality that can be attained by performance of 
this	facility’s	treatment	technologies	existing	at	the	time	of	permit	issuance,	
reissuance,	or	modification.

Wet-weather waste load allocations for the grouped storm water 
permittees are equal to the total loading capacity minus the load 
allocations for open space and direct air deposition and the waste load 
allocations for the POTWs. Wet-weather waste load allocations for the 
grouped storm water permittees apply to all reaches and tributaries.

Storm water wet-weather WLAs (total recoverable metals):

Metal                              Waste Load Allocation (kg/day)
Cadmium                       WER1 x 3.1x10-9 x daily volume(L) – 1.95
Copper                           WER1	x	1.7x10-8 x daily volume (L) – 10
Lead                               WER1 x 6.2x10-8	x	daily	volume	(L)	–	4.2
Zinc                                WER1 x 1.6x10-7 x daily volume (L) – 90
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved.

The combined storm water waste load allocation is apportioned 
between the different storm water categories by their percent area of the 
portion of the watershed served by storm drains.

MS4 wet-weather WLAs (total recoverable metals):

Metal                              Waste Load Allocation (kg/day)
Cadmium                       WER1 x 2.8x10-9 x daily volume(L) – 1.8
Copper                           WER1 x 1.5x10-8 x daily volume (L) – 9.5
Lead                               WER1 x 5.6x10-8 x daily volume (L) – 3.85
Zinc                                WER1	x	1.4x10-7 x daily volume (L) – 83
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(continued)
(for point sources)

Caltrans wet-weather WLAs (total recoverable metals):

Metal                              Waste Load Allocation (kg/day)
Cadmium                       WER1 x 5.3x10-11 x daily volume(L) – 0.03
Copper                           WER1 x 2.9x10-10 x daily volume (L) – 0.2
Lead                               WER1 x 1.06x10-9	x	daily	volume	(L)	–	0.07
Zinc                                WER1	x	2.7x10-9 x daily volume (L) – 1.6

General Industrial wet-weather WLAs (total recoverable metals):

Metal                              Waste Load Allocation (kg/day)
Cadmium                       WER1 x 1.6x10-10 x daily volume(L) – 0.11
Copper                           WER1 x 8.8x10-10 x daily volume (L) – 0.5
Lead                               WER1 x 3.3x10-9 x daily volume (L) – 0.22
Zinc                                WER1 x 8.3x10-9	x	daily	volume	(L)	–	4.8

General Construction wet-weather WLAs (total recoverable metals):

Metal                              Waste Load Allocation (kg/day)
Cadmium                       WER1 x 5.9x10-11	x	daily	volume(L)	–	0.04
Copper                           WER1 x 3.2x10-10 x daily volume (L) – 0.2
Lead                               WER1 x 1.2x10-9 x daily volume (L) – 0.08
Zinc                                WER1 x 3.01x10-9	x	daily	volume	(L)	–	4.8
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved.

Each storm water permittee under the general industrial and 
construction storm water permits will receive individual waste load 
allocations per acre based on the total acres of their facility.

Individual General Construction or Industrial Permittees WLAs
(total recoverable metals):

Metal                              Waste Load Allocation (g/day/acre)
Cadmium                  WER1	x	7.6x10-12	x	daily	volume(L)	–	4.8x10-6

Copper                      WER1	x	4.2x10-11 x daily volume (L) – 2.6x10-5

Lead                          WER1 x 1.5x10-10	x	daily	volume	(L)	–	1.04x10-5

Zinc                           WER1 x 3.9x10-10 x daily volume (L) – 2.2x10-4

1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved.
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(continued)
(for point sources)

Other NPDES Permits

Concentration-based wet-weather waste load allocations apply to the 
other	NPDES	permits*	that	discharge	to	all	reaches	of	the	Los	Angeles	
River and its tributaries.

Wet-weather WLAs for other permits (total recoverable metals)

Cadmium (µg /L)     Copper (µg /L)    Lead (µg /L)      Zinc (µg /L)
   WER1 x 3.1              WER1	x	17											WER1 x 62        WER1 x 159
1 WER(s)	have	a	default	value	of	1.0	unless	site-specific	WER(s)	are	
approved.

* “Other NPDES permits” refers to minor NPDES permits, general non-
storm water NDPES permits, and major permits other than the Tillman, 
LA-Glendale,	and	Burbank	POTWs.

Margin of Safety There is an implicit margin of safety that stems from the use of conservative 
values for the translation from total recoverable to the dissolved fraction 
during the dry and wet periods. In addition, the TMDL includes a margin 
of safety by evaluating wet-weather conditions separately from dry-
weather conditions, which is in effect, assigning allocations for two 
distinct critical conditions. Furthermore, the use of the wet-weather model 
to calculate load allocations for open space can be applied to the margin 
of safety because it tends to overestimate loads from open spaces, thus 
reducing the available waste load allocations to the permitted discharges. 
An	additional	explicit	margin	of	safety	is	provided	in	Reaches	1-4	and	
Burbank	 Western	 Channel	 for	 which	 a	 site-specific	 WER	 has	 been	
developed.	Specifically,	while	 the	 copper	 targets	 and	 loading	 capacity	
are	adjusted	based	on	the	final	WER	of	3.96,	only	the	WLAs	for	Tillman	
WRP,	LA-Glendale	WRP,	and	Burbank	WRP	are	adjusted	using	the	site-
specific	WER	until	additional	data	are	collected	to	determine	whether	the	
site-specific	WER	is	fully	protective	of	aquatic	life	in	all	reaches	and	can	
be	appropriately	applied	to	all	LAs	and	WLAs.

Implementation The regulatory mechanisms used to implement the TMDL will include 
the	Los	Angeles	County	Municipal	Storm	Water	NPDES	Permit	
(MS4),	the	City	of	Long	Beach	MS4,	the	Caltrans	storm	water	permit,	
major NPDES permits, minor NPDES permits, general NPDES 
permits, general industrial storm water NPDES permits, and general 
construction storm water NPDES permits.  Nonpoint sources will be 
regulated through the authority contained in sections 13263 and 13269 
of the Water Code, in conformance with the State Water Resources 
Control	Board’s	Nonpoint	Source	Implementation	and	Enforcement	
Policy	(May	2004).	Each	NPDES	permit	assigned	a	WLA	shall	be	
reopened or amended at reissuance, in accordance with applicable laws, 
to	incorporate	the	applicable	WLAs	as	a	permit	requirement.
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Element Key Findings and Regulatory Provisions
Implementation (continued) The Regional Board shall reconsider this TMDL by January 11, 2011 

based	on	additional	data	obtained	from	special	studies.	Table	7-13-2	
presents the implementation schedule for the responsible permittees.

Implementation of WERs

The	copper	WER	of	3.96	for	Reaches	1-4	of	the	Los	Angeles	River	and	
Burbank Western Channel shall apply until this TMDL is reconsidered. 
At	the	time	this	TMDL	is	reconsidered,	the	WER	for	Reaches	1-4	and	
Burbank	Western	Channel	may	be	modified	or	revert	back	to	a	default	
of 1.0 unless additional data have been collected that support application 
of	a	WER	to	all	WLAs	and	LAs,	or	confirm	continued	application	of	the	
site-specific	WER	to	 the	WLAs	 for	 the	POTWs	only.	 	Any	WER	that	
is	 incorporated	 into	 a	 discharger’s	 permit	 shall	 include	 an	 appropriate	
reopener that authorizes the Regional Board to modify the WER as 
appropriate to accommodate new information. 

Non storm water NPDES permits (including POTWs, other major, 
minor, and general permits):

Permit writers may translate applicable waste load allocations into daily 
maximum	and	monthly	average	effluent	limits	for	the	major,	minor	and	
general	NPDES	permits	by	applying	the	effluent	limitation	procedures	
in	Section	1.4	of	the	State	Water	Resources	Control	Board’s	Policy	
for Implementation of Toxics Standards for Inland Surface Waters, 
Enclosed Bays, and Estuaries of California (2000) or other applicable 
engineering practices authorized under federal regulations. 
Permittees that hold individual NPDES permits and solely discharge 
storm water may be allowed (at Regional Board discretion) compliance 
schedules	up	to	January	11,	2016	to	achieve	compliance	with	final	
WLAs.

General industrial storm water permits:

The	Regional	Board	will	develop	a	watershed-specific	general	
industrial storm water permit to incorporate waste load allocations. 

Dry-weather implementation

Non-storm	water	flows	authorized	by	Order	No.	97-03	DWQ,	or	any	
successor order, are exempt from the dry-weather waste load allocation 
equal	to	zero.	Instead,	these	authorized	non-storm	water	flows	shall	
meet	the	reach-specific	concentration-based	waste	load	allocations	
assigned to the “other NPDES permits”. The dry-weather waste load 
allocation	equal	to	zero	applies	to	unauthorized	non-storm	water	flows,	
which	are	prohibited	by	Order	No.	97-03	DWQ.
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Element Key Findings and Regulatory Provisions
Implementation (continued) It is anticipated that the dry-weather waste load allocations will be 

implemented by requiring improved best management practices 
(BMPs)	to	eliminate	the	discharge	of	non-storm	water	flows.	However,	
permit	writers	must	provide	adequate	justification	and	documentation	to	
demonstrate	that	specified	BMPs	are	expected	to	result	in	attainment	of	
the numeric waste load allocations.

Wet-weather implementation

General	industrial	storm	water	permittees	are	allowed	interim	
wet-weather concentration-based waste load allocations based on 
benchmarks	contained	in	EPA’s	Storm	Water	Multi-sector	General	
Permit	for	Industrial	Activities.	The	interim	waste	load	allocations	
apply to all industry sectors and apply until no later than January 11, 
2016. 

Interim wet-weather WLAs for general industrial storm water 
permittees (total recoverable metals)*

               Cd (µg/L)           Cu(µg/L)        Pb(µg/L)        Zn(µg/L)
																					15.9																				63.6																81.6																	117
*Based	on	USEPA	benchmarks	for	industrial	storm	water	sector
 
Until January 11, 2011, interim waste load allocations will not be 
interpreted as enforceable permit conditions. If monitoring demonstrates 
that interim waste load allocations are being exceeded, the permittee 
shall evaluate existing and potential BMPs, including structural BMPs, 
and implement any necessary BMP improvements. It is anticipated that 
monitoring results and any necessary BMP improvements would occur as 
part	of	an	annual	reporting	process.	After	January	11,	2011,	interim	waste	
load allocations shall be translated into enforceable permit conditions. 
Compliance with permit conditions may be demonstrated through the 
installation, maintenance, and monitoring of Regional Board-approved 
BMPs. If this method of compliance is chosen, permit writers must provide 
adequate	justification	and	documentation	to	demonstrate	that	BMPs	are	
expected to result in attainment of interim waste load allocations. 
The	 general	 industrial	 storm	 water	 permits	 shall	 achieve	 final	 wet-
weather waste load allocations no later than January 11, 2016, which 
shall	be	expressed	as	NPDES	water	quality-based	effluent	 limitations.	
Effluent	limitations	may	be	expressed	as	permit	conditions,	such	as	the	
installation, maintenance, and monitoring of Regional Board-approved 
BMPs	 if	 adequate	 justification	 and	 documentation	 demonstrate	 that	
BMPs are expected to result in attainment of waste load allocations.
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Element Key Findings and Regulatory Provisions
Implementation (continued) General construction storm water permits:

Waste load allocations will be incorporated into the State Board general 
permit	 upon	 renewal	 or	 into	 a	 watershed-specific	 general	 permit	
developed by the Regional Board.

Dry-weather implementation

Non-storm	water	flows	authorized	by	the	General	Permit	for	Storm	
Water	Discharges	Associated	with	Construction	Activity	(Water	Quality	
Order No. 99-08 DWQ), or any successor order, are exempt from the 
dry-weather waste load allocation equal to zero as long as they comply 
with	the	provisions	of	sections	C.3.and	A.9	of	the	Order	No.	99-08	
DWQ, which state that these authorized non-storm discharges shall be 
(1) infeasible to eliminate (2) comply with BMPs as described in the 
Storm Water Pollution Prevention Plan prepared by the permittee, and 
(3) not cause or contribute to a violation of water quality standards, or 
comparable provisions in any successor order. Unauthorized non-storm 
water	flows	are	already	prohibited	by	Order	No.	99-08	DWQ.

Wet-weather implementation

By January 11, 2013, the construction industry will submit the results 
of BMP effectiveness studies to determine BMPs that will achieve 
compliance	with	the	final	waste	load	allocations	assigned	to	construction	
storm water permittees. Regional Board staff will bring the recommended 
BMPs before the Regional Board for consideration by January 11, 
2014.	General	 construction	 storm	water	 permittees	will	 be	 considered	
in	compliance	with	final	waste	load	allocations	if	they	implement	these	
Regional	 Board	 approved	 BMPs.	All	 permittees	 must	 implement	 the	
approved BMPs by January 11, 2015. If no effectiveness studies are 
conducted and no BMPs are approved by the Regional Board by January 
11,	2014,	each	general	construction	storm	water	permit	holder	will	be	
subject	to	site-specific	BMPs	and	monitoring	requirements	to	demonstrate	
compliance	with	final	waste	load	allocations.

MS4 and Caltrans permits

Applicable	CTR	limits	are	being	met	most	of	the	time	during	
dry weather, with episodic exceedances. Due to the expense of 
obtaining	accurate	flow	measurements	required	for	calculating	loads,	
concentration-based permit limits may apply during dry weather. These 
concentration-based	limits	would	be	equal	to	dry-weather	reach-specific	
numeric targets.
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Element Key Findings and Regulatory Provisions
Implementation (continued) Each municipality and permittee will be required to meet the storm 

water	waste	load	allocations	shared	by	the	two	MS4s	and	Caltrans	
permittees	at	the	designated	TMDL	effectiveness	monitoring	points.	A	
phased implementation approach, using a combination of non-structural 
and structural BMPs may be used to achieve compliance with the 
waste load allocations. The administrative record and the fact sheets 
for	the	MS4	and	Caltrans	storm	water	permits	must	provide	reasonable	
assurance	that	the	BMPs	selected	will	be	sufficient	to	implement	the	
waste load allocations. 

The	 implementation	 schedule	 for	 the	 MS4	 and	 Caltrans	 permittees	
consists	 of	 a	 phased	 approach.	 The	 watershed	 is	 divided	 into	 five	
jurisdictional groups based on the subwatersheds of the tributaries that 
drain	 to	 each	 reach	 of	 the	 river,	 as	 presented	 in	 Table	 7-13-3.	 Each	
jurisdictional group shall achieve compliance in prescribed percentages 
of its subwatershed(s), with total compliance to be achieved within 
22 years. Jurisdictional groups can be reorganized or subdivided upon 
approval	by	the	Executive	Officer.

Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste load 
allocations for dry weather and wet weather.

For	dry	weather,	critical	flows	for	each	reach	are	established	from	the	
long-term	flow	records	(1988-2000)	generated	by	stream	gages	located	
throughout the watershed and in selected reaches. The median dry-
weather urban runoff plus the combined design capacity of the three 
major	POTWs	is	selected	as	the	critical	flow	since	most	of	the	flow	
is	from	effluent	which	results	in	a	relatively	stable	dry-weather	flow	
condition.	In	areas	where	there	are	no	flow	records,	an	area-weighted	
approach	is	used	to	assign	flows	to	these	reaches.

Wet-weather allocations are developed using the load-duration curve 
concept. The total wet-weather waste load allocation for wet weather 
varies	by	storm.	Given	this	variability	in	storm	water	flows,	no	justification	
was found for selecting a particular sized storm as the critical condition. 

Compliance Monitoring and 
Special Studies

Effective monitoring will be necessary to assess the condition of the Los 
Angeles	River	and	its	tributaries	and	to	assess	the	on-going	effectiveness	
of	 efforts	 by	dischargers	 to	 reduce	metals	 loading	 to	 the	Los	Angeles	
River.  Special studies may also be appropriate to provide further 
information about new data, new or alternative sources, and revised 
scientific	assumptions.		Below	the	Regional	Board	identifies	the	various	
goals of monitoring efforts and studies.  The programs, reports, and 
studies will be developed in response to subsequent orders issued by the 
Executive	Officer.

RB-AR36151



Basin Plan           7-�62   Total Maximum Daily Loads
Updated September 20��

Element Key Findings and Regulatory Provisions
Compliance Monitoring and 
Special Studies (continued)

Ambient Monitoring

An	ambient	monitoring	program	is	necessary	to	assess	water	quality	
throughout	the	Los	Angeles	River	and	its	tributaries	and	the	progress	
being	made	to	remove	the	metals	impairments.		The	MS4	and	Caltrans	
storm water NPDES permittees in each jurisdictional group are jointly 
responsible for implementing the ambient monitoring program. 
The responsible agencies shall sample for total recoverable metals, 
dissolved metals, including cadmium and zinc, and hardness once per 
month at each ambient monitoring location at least until the TMDL is 
re-considered at year 5. The reported detection limits shall be below 
the hardness adjusted CTR criteria. Eight ambient monitoring points 
currently	exist	in	the	Los	Angeles	River	and	its	tributaries	as	part	of	the	
City	of	Los	Angeles	Watershed	Monitoring	Program.	These	monitoring	
points could be used to assess water quality.

Ambient
Monitoring
Points              Reaches and Tributaries
White	Oak	 LA	River	6,	Aliso	Creek,	McCoy	Creek,	Bell	Creek
Avenue	
Sepulveda	 LA	River	5,	Bull	Creek
Boulevard
Tujunga	 LA	River	4,	Tujunga	Wash
Avenue
Colorado	 LA	River	3,	Burbank	Western	Channel,	Verdugo	Wash
Boulevard
Figueroa	 LA	River	3,	Arroyo	Seco
Street
Washington	 LA	River	2
Boulevard
Rosecrans	 LA	River	2,	Rio	Hondo	(gage	just	above	Rio	Hondo)
Avenue
Willow		 LA	River	1,	Compton	Creek	(gage	at	Wardlow)
Street

TMDL Effectiveness Monitoring

The	MS4	and	Caltrans	storm	water	NPDES	permittees	in	each	
jurisdictional group are jointly responsible for assessing progress in 
reducing pollutant loads to achieve the TMDL. Each jurisdictional 
group	is	required	to	submit	for	approval	by	the	Executive	Officer	a	
coordinated monitoring plan that will demonstrate the effectiveness of 
the	phased	implementation	schedule	for	this	TMDL	(See	Table	7-13.2),	
which requires attainment of the applicable waste load allocations in 
prescribed percentages of each subwatershed over a 22-year period. The 
monitoring	locations	specified	for	the	ambient	monitoring	program	may	
be used as effectiveness monitoring locations.

RB-AR36152



Basin Plan           7-�6�   Total Maximum Daily Loads
Updated September 20��

Element Key Findings and Regulatory Provisions
Compliance Monitoring and 
Special Studies (continued)

The	MS4	and	Caltrans	storm	water	NPDES	permittees	will	be	found	
to be effectively meeting dry-weather waste load allocations if the 
in-stream	pollutant	concentration	or	load	at	the	first	downstream	
monitoring location is equal to or less than the corresponding 
concentration-	or	load-based	waste	load	allocation.	Alternatively,	
effectiveness of the TMDL may be assessed at the storm drain outlet 
based on the waste load allocation for the receiving water. For storm 
drains that discharge to other storm drains, the waste load allocation 
will be based on the waste load allocation for the ultimate receiving 
water	for	that	storm	drain	system.	The	MS4	and	Caltrans	storm	water	
NPDES permittees will be found to be effectively meeting wet-weather 
waste load allocations if the loading at the downstream monitoring 
location is equal to or less then the wet-weather waste load allocation.

The general industrial storm water permit shall contain a model 
monitoring and reporting program to evaluate BMP effectiveness. 
A	permittee	enrolled	under	the	general	permit	shall	have	the	choice	
of conducting individual monitoring based on the model program 
or	participating	in	a	group	monitoring	effort.	MS4	permittees	are	
encouraged to take the lead in group monitoring efforts for industrial 
facilities within their jurisdiction because compliance with waste load 
allocations by these facilities will in many cases translate to reductions 
in	metals	loads	to	the	MS4	system.

The	Tillman,	LA-Glendale,	and	Burbank	POTWs,	and	the	remaining	
permitted	discharges	in	the	watershed	will	have	effluent	monitoring	
requirements to ensure compliance with waste load allocations.

Additionally,	the	Tillman,	LA-Glendale,	and	Burbank	POTWs	shall	
conduct additional receiving water monitoring to verify that water 
quality conditions are similar to those of the 2008 copper WER study 
period. Monitoring is also required to determine if the WER-based 
copper	WLAs	will	achieve	downstream	water	quality	standards.	This	
additional	monitoring	shall	be	required	through	the	POTWs’	NPDES	
permit monitoring and reporting programs or other Regional Board 
required monitoring programs. The Regional Board will evaluate the 
WER-based	copper	WLAs	based	on	potential	changes	in	the	chemical	
characteristics of the water body that could impact the calculation or 
application	of	the	WER	and	will	revise	the	WERs	and	copper	WLAs,	if	
necessary,	to	ensure	protection	of	beneficial	uses.

Special Studies
The	implementation	schedule	(see	Table	7-13.2)	allows	time	for	
special	studies	that	may	serve	to	refine	the	estimate	of	loading	capacity,	
waste load and/or load allocations, and other studies that may serve to 
optimize implementation efforts.  The Regional Board will re-consider 
the	TMDL	by	January	11,	2011	in	light	of	the	findings	of	these	studies.		
Studies may include:
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Element Key Findings and Regulatory Provisions
Compliance Monitoring and 
Special Studies (continued)

•	 Refined	flow	estimates	for	the	Los	Angeles	River	mainstem	
and	tributaries	where	there	presently	are	no	flow	gages	and	for	
improved	gaging	of	low-flow	conditions.

• Water quality measurements, including a better assessment of 
hardness, water chemistry data (e.g., total suspended solids and 
organic	carbon)	that	may	refine	the	use	of	metals	partitioning	
coefficients.

•	 Effects	studies	designed	to	evaluate	site-specific	toxic	effects	of	
metals	on	the	Los	Angeles	River	and	its	tributaries.

• Source studies designed to characterize loadings from 
background or natural sources

• Review of water quality modeling assumptions including the 
relationship between metals and total suspended solids as 
expressed in the potency factors and buildup and washoff and 
transport	coefficients.

• Evaluation of aerial deposition and sources of aerial deposition.
•	 POTWs	that	are	unable	to	demonstrate	compliance	with	final	

waste load allocations must conduct source reduction audits by 
January 11, 2008.

• POTWs that will be requesting the Regional Board to extend 
their implementation schedule to allow for the installation 
of advanced treatment must prepare work plans, with time 
schedules to allow for the installation advanced treatment. The 
work plan must be submitted January 11, 2010.
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Table 7-13.2  Los Angeles River and Tributaries Metals TMDL: Implementation Schedule
Date Action
January 11, 2006 Regional Board permit writers shall incorporate waste load allocations 

into NPDES permits. Waste load allocations will be implemented 
through NPDES permit limits in accordance with the implementation 
schedule contained herein, at the time of permit issuance, renewal, or 
re-opener.

January 11, 2010 Responsible jurisdictions and agencies shall provide to the Regional 
Board results of the special studies. POTWs that will be requesting 
the Regional Board to extend their implementation schedule to allow 
for the installation of advanced treatment must submit work plans. 

January 11, 2011 The Regional Board shall reconsider this TMDL to re-evaluate the 
waste load allocations and the implementation schedule. 

NON-STORM WATER NPDES PERMITS (INCLUDING POTWS, OTHER MAJOR, 
MINOR, AND GENERAL PERMITS)

Upon permit issuance, 
renewal, or re-opener

The non-storm water NPDES permits shall achieve waste load 
allocations, which shall be expressed as NPDES water quality-based 
effluent	 limitations	specified	 in	accordance	with	 federal	 regulations	
and state policy on water quality control. Permit writers may translate 
applicable waste load allocations into daily maximum and monthly 
average	 effluent	 limits	 for	 the	 major,	 minor	 and	 general	 NPDES	
permits	by	applying	the	effluent	limitation	procedures	in	Section	1.4	
of the SIP or other applicable engineering practices authorized under 
federal	 regulations.	 Effluent	 limitations	 based	 on	 WER-adjusted	
WLAs	shall	ensure	that	effluent	concentrations	and	mass	discharges	
do not exceed the levels of water quality that can be attained by 
performance	of	a	facility’s	treatment	technologies	existing	at	the	time	
of	permit	issuance,	reissuance,	or	modification.

Permittees that hold individual NPDES permits and solely discharge 
storm water may be allowed (at Regional Board discretion) compliance 
schedules	up	 to	 January	11,	2016	 to	 achieve	compliance	with	final	
WLAs.

GENERAL INDUSTRIAL STORM WATER PERMITS
Upon permit issuance, 
renewal, or re-opener

The general industrial storm water permitees shall achieve dry-
weather waste load allocations, which shall be expressed as NPDES 
water	 quality-based	 effluent	 limitations	 specified	 in	 accordance	
with federal regulations and state policy on water quality control. 
Effluent	limitations	may	be	expressed	as	permit	conditions,	such	as	
the installation, maintenance, and monitoring of Regional Board-
approved BMPs. Permittees shall begin to install and test BMPs to 
meet	the	interim	wet-weather	WLAs.	BMP	effectiveness	monitoring	
will be implemented to determine progress in achieving interim wet-
weather waste load allocations.

January 11, 2011 The general industrial storm water permits shall achieve interim wet-
weather waste load allocations, which shall be expressed as NPDES 
water	quality-based	effluent	limitations.	Effluent	limitations	may	be	
expressed as permit conditions, such as the installation, maintenance, 
and monitoring of Regional Board-approved BMPs. Permittees 
shall begin an iterative BMP process including BMP effectiveness 
monitoring	to	achieve	compliance	with	final	waste	load	allocations.
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Date Action
January 11, 2016 The	general	 industrial	 storm	water	 permits	 shall	 achieve	final	wet-

weather waste load allocations, which shall be expressed as NPDES 
water	quality-based	effluent	limitations.	Effluent	limitations	may	be	
expressed as permit conditions, such as the installation, maintenance, 
and monitoring of Regional Board-approved BMPs. 

GENERAL CONSTRUCTION STORM WATER PERMITS
Upon permit issuance, 
renewal, or re-opener

Non-storm	water	flows	not	authorized	by	Order	No.	99-08	DWQ,	or	
any successor order, shall achieve dry-weather waste load allocations 
of zero. Waste load allocations shall be expressed as NPDES 
water	 quality-based	 effluent	 limitations	 specified	 in	 accordance	
with federal regulations and state policy on water quality control. 
Effluent	limitations	may	be	expressed	as	permit	conditions,	such	as	
the installation, maintenance, and monitoring of Regional Board-
approved BMPs.

January 11, 2013 The construction industry will submit the results of wet-weather 
BMP effectiveness studies to the Regional Board for consideration. 
In the event that no effectiveness studies are conducted and no BMPs 
are	approved,	permittees	shall	be	subject	 to	site-specific	BMPs	and	
monitoring to demonstrate BMP effectiveness.

January	11,	2014 The Regional Board will consider results of the wet-weather BMP 
effectiveness studies and consider approval of BMPs.

January 11, 2015 All	 general	 construction	 storm	 water	 permittees	 shall	 implement	
Regional Board-approved BMPs. 

MS4 AND CALTRANS STORM WATER PERMITS
April	11,	2007 In	 response	 to	 an	 order	 issued	 by	 the	 Executive	 Officer,	 each	

jurisdictional group must submit a coordinated monitoring plan, to 
be	 approved	by	 the	Executive	Officer,	which	 includes	 both	TMDL	
effectiveness monitoring and ambient monitoring.  Once the 
coordinated	monitoring	 plan	 is	 approved	 by	 the	 Executive	 Officer	
ambient monitoring shall commence within 6 months. 

January 11, 2010 (Draft 
Report)

July 11, 2010 (Final Report) 

Each jurisdictional group shall provide a written report to the Regional 
Board outlining the how the subwatersheds within the jurisdictional 
group will achieve compliance with the waste load allocations.  The 
report shall include implementation methods, an implementation 
schedule, proposed milestones, and any applicable revisions to the 
TMDL effectiveness monitoring plan.

January 11, 2012 Each jurisdictional group shall demonstrate that 50%	of	the	group’s	
total drainage area served by the storm drain system is effectively 
meeting	the	dry-weather	waste	load	allocations	and	25%	of	the	group’s	
total drainage area served by the storm drain system is effectively 
meeting the wet-weather waste load allocations.

January 11, 2020 Each jurisdictional group shall demonstrate that 75%	of	the	group’s	
total drainage area served by the storm drain system is effectively 
meeting	the	dry-weather	WLAs.
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Date Action
January	11,	2024 Each jurisdictional group shall demonstrate that 100%	of	the	group’s	

total drainage area served by the storm drain system is effectively 
meeting	the	dry-weather	WLAs	and	50%	of	the	group’s	total	drainage	
area served by the storm drain system is effectively meeting the wet-
weather	WLAs.

January 11, 2028 Each jurisdictional group shall demonstrate that 100%	of	the	group’s	
total drainage area served by the storm drain system is effectively 
meeting	both	the	dry-weather	and	wet-weather	WLAs.
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Table 7-13.3  Los Angeles River and Tributaries Metals TMDL: Jurisdictional Groups

Jurisdictional 
Group

Responsible Jurisdictions & Agencies Subwatershed(s)

1 Carson
County	of	Los	Angeles
City	of	Los	Angeles
Compton
Huntington Park
Long Beach
Lynwood
Signal Hill
Southgate
Vernon

Los	Angeles	River	Reach	1	
and Compton Creek

2 Alhambra
Arcadia
Bell
Bell	Gardens
Bradbury
Carson
Commerce
Compton
County	of	Los	Angeles
Cudahy
Downey
Duarte
El Monte
Glendale
Huntington Park
Irwindale
La Canada Flintridge

Long Beach
City	of	Los	Angeles
Lynwood
Maywood
Monrovia
Montebello
Monterey Park
Paramount
Pasadena
Pico Rivera
Rosemead
San	Gabriel
San Marino
Sierra Madre
South El Monte
South Pasadena
Southgate
Temple City
Vernon

Los	Angeles	River	Reach	2,	
Rio	Hondo,	Arroyo	Seco,	
and all contributing sub 
watersheds

3 City	of	Los	Angeles
County	of	Los	Angeles
Burbank
Glendale
La Canada Flintridge
Pasadena

Los	Angeles	River	Reach	
3, Verdugo Wash, Burbank 
Western Channel

4-5 Burbank
Glendale
City	of	Los	Angeles
County	of	Los	Angeles
San Fernando

Los	Angeles	River	Reach	
4,	Reach	5,	Tujunga	
Wash, and all contributing 
subwatersheds

6 Calabasas
City	of	Los	Angeles
County	of	Los	Angeles
Hidden Hills

Los	Angeles	River	Reach	
6, Bell Creek, and all 
contributing subwatersheds
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7-14  Ballona Creek Estuary Toxic Pollutants TMDL

This TMDL was adopted by: 
	 The	Regional	Water	Quality	Control	Board	on	July	7,	2005.

This TMDL was approved by:
 The State Water Resources Control Board on October 20, 2005.
	 The	Office	of	Administrative	Law	on	December	15,	2005.
	 The	U.S.	Environmental	Protection	Agency	on	December	22,	2005.

The effective date of this TMDL is January 11, 2006.

The following tables include the elements of this TMDL.

Table 7-14.1. Ballona Creek Estuary Toxic Pollutants TMDL: Elements
Element Key Findings and Regulatory Provisions
Problem Statement Ballona Creek and Ballona Creek Estuary (Estuary) is on the Clean 

Water	Act	Section	303(d)	list	of	impaired	waterbodies	for	cadmium,	
copper,	lead,	silver,	zinc,	chlordane,	DDT,	PCBs	and	PAHs	in	
sediments.		The	following	designated	beneficial	uses	are	impaired	by	
these toxic pollutants: water contact recreation (REC1); non-contact 
water recreation (REC2); estuarine habitat (EST); marine habitat 
(MAR);	wildlife	habitat	(WILD);	rare	and	threatened	or	endangered	
species	(RARE);	migration	of	aquatic	organisms	(MIGR);	reproduction	
and	early	development	of	fish	(SPWN);	commercial	and	sport	fishing	
(COMM);	and	shellfish	harvesting	(SHELL).

Numeric Target 
(Interpretation of the 
narrative  and numeric water 
quality objective, used to 
calculate the allocations)

Numeric water quality targets are based on the sediment quality 
guidelines	compiled	by	the	National	Oceanic	and	Atmospheric	
Administration,	which	are	used	in	evaluating	waterbodies	within	the	
Los	Angeles	Region	for	development	of	the	303(d)	list.		The	Effects	
Range-Low (ERLs) guidelines are established as the numeric targets for 
sediments in Ballona Creek Estuary.

 Metal Numeric Targets (mg/kg)                        
 Cadmium Copper Lead Silver Zinc
	 1.2	 34	 46.7	 1.0	 150

 Organic Numeric Targets (µg/kg)                      
	 Chlordane	 DDTs	 Total	PCBs	 Total	PAHs					
	 0.5	 1.58	 22.7	 4,022

RB-AR36159



Basin Plan           7-�70   Total Maximum Daily Loads
Updated September 20��

Element Key Findings and Regulatory Provisions
Source Analysis Urban storm water has been recognized as a substantial source 

of metals. Numerous researchers have documented that the most 
prevalent metals in urban storm water (i.e., copper, lead, zinc, and to 
a lesser degree cadmium) are consistently associated with suspended 
solids.	Because	metals	are	typically	associated	with	fine	particles	in	
storm water runoff, they have the potential to accumulate in estuarine 
sediments where they may pose a risk of toxicity.  McPherson et 
al.1 estimated that 83% of the cadmium and 86% of the lead were 
associated with the particle phase in Ballona Creek.  Similar to metals, 
the majority of organic constituents in storm water are associated 
with	particulates,	measured	concentrations	of	PAHs,	phthalates,	and	
organochlorine compounds in Sepulveda Channel, Centinela Creek, and 
Ballona Creek found that the majority of these compounds occurred 
in association with suspended solids.  There is toxicity associated with 
suspended solids in urban runoff discharged from Ballona Creek, as 
well as with the receiving water sediments.  This toxicity is likely 
attributed	to	metals	and	PAHs	associated	with	the	suspended	sediments.

Nonpoint	sources	are	not	considered	a	significant	source	of	toxic	
pollutants in this TMDL.  Nonpoint sources are urban runoff from 
the Ballona Wetland, since this area discharges directly to the Estuary 
through a tide gate, and direct atmospheric deposition.  The Ballona 
Wetlands	cover	approximately	460	acres	or	0.6%	of	the	watershed,	
therefore,	loading	from	this	source	is	considered	insignificant.		Direct	
atmospheric	deposition	of	metals	and	PAHs	is	considered	insignificant	
because the portion of the Ballona Creek watershed covered by water 
is	small,	approximately	480	acres	or	0.6%	of	the	watershed.		Indirect	
atmospheric	deposition	reflects	the	process	by	which	metals	deposited	
on the land surface may be washed off during storm events and 
delivered to Ballona Creek and its tributaries. The loading of metals 
associated with indirect atmospheric deposition are accounted for in the 
storm water runoff.

Loading Capacity TMDLs are developed for cadmium, copper, lead, silver, zinc, 
chlordane,	DDT,	PCBs	and	PAHs	within	the	sediments	of	the	Ballona	
Creek Estuary.

The loading capacity for Ballona Creek Estuary is calculated by 
multiplying	the	numeric	targets	by	the	average	annual	deposition	of	fine	
sediment,	defined	as	silts	(grain	size	0.0625	millimeters)	and	smaller,	
within the Estuary by the bulk density of the sediment.  The average 
annual	fine	sediment	deposited	is	5,004	cubic	meters	per	year	(m3/yr) 
and	the	bulk	density	is	1.42	metric	tons	per	cubic	meter	(mt/m3).  The 
TMDL is set equal to the loading capacity.

 Metals Loading Capacity (kilograms/year)                
 Cadmium Copper Lead Silver Zinc
	 8.5	 241.6	 332	 7.1	 1,066

 Organics Loading Capacity (grams/year)                
	 Chlordane	 DDTs	 Total	PCBs	 Total	PAHs					
 3.55 11.2 161 28,580
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Element Key Findings and Regulatory Provisions
Load Allocations 
(for nonpoint sources)

Load	allocations	(LA)	are	assigned	to	nonpoint	sources	for	Ballona	
Creek Estuary.  Load allocations are developed for open space and 
direct atmospheric deposition.

The mass-based load allocation for open space is equal to the 
percentage of the watershed covered by the Ballona Wetlands (0.6%) 
multiplied by the total loading capacity.

 Metals Load Allocations for Open Space (kg/yr)            
 Cadmium Copper Lead Silver Zinc
	 0.05	 1.4	 2	 0.04	 6

 Organics Load Allocations for Open Space (g/yr)            
	 Chlordane	 DDTs	 Total	PCBs	 Total	PAHs					
 0.02 0.1 1 160

The mass-based load allocation for direct atmospheric deposition is 
equal to the percentage of the watershed covered by water (0.6%) 
multiplied by the total loading capacity.

 Metals Load Allocations for Direct Atmospheric Deposition (kg/yr)
 Cadmium Copper Lead Silver Zinc        
	 0.05	 1.4	 2	 0.04	 6

Organics Load Allocations for Direct Atmospheric Deposition (g/yr)
	 Chlordane	 DDTs	 Total	PCBs	 Total	PAHs						
	 0.02	 0.1	 1	 170

Waste Load Allocations 
(for point sources)

Waste	load	allocations	(WLA)	are	assigned	to	point	sources	for	the	
Ballona	Creek	watershed.		A	grouped	mass-based	waste	load	allocation	
is	developed	for	the	storm	water	permittees	(Los	Angeles	County	MS4,	
Caltrans,	General	Construction	and	General	Industrial)	by	subtracting	
the load allocations from the total loading capacity.  Concentration-
based waste load allocations are developed for other point sources in 
the watershed.

 Metals Waste Load Allocations for Storm Water (kg/yr)    
 Cadmium Copper Lead Silver Zinc
	 8.4	 238.8	 328	 7.02	 1,054

 Organics Waste Load Allocations for Storm Water (g/yr)
	 Chlordane	 DDTs	 Total	PCBs	 Total	PAHs
 3.51 11 159 28,250
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued)

The storm water waste load allocations are apportioned between the 
MS4	permittees,	Caltrans,	the	general	construction	and	the	general	
industrial storm water permits based on an areal weighting approach.

 Metals Storm Water WLAs Apportioned between Permits (kg/yr)
 Cadmium Copper Lead Silver Zinc
MS4	Permittees	 8.0	 227.3	 312.3	 6.69	 1003
Caltrans	 0.11	 3.2	 4.4	 0.09	 14
General	Construction	 0.23	 6.6	 9.1	 0.20	 29
General	Industrial	 0.06	 1.7	 2.3	 0.05	 7

 Organics Storm Water WLAs Apportioned between Permits (g/yr)
	 Chlordane	 DDTs	 Total	PCBs	 Total	PAHs
MS4	Permittees	 3.34	 10.56	 152	 26,900
Caltrans	 0.05	 0.15	 2	 400
General	Construction	 0.10	 0.31	 4	 800
General	Industrial	 0.02	 0.08	 1	 200

Each storm water permittee enrolled under the general construction or 
industrial storm water permits will receive an individual waste load 
allocation on a per acre basis, based on the acreage of their facility.

Metals per Acre WLAs for Individual General
 Construction or Industrial Storm Water Permittees (g/yr/ac)
 Cadmium Copper Lead Silver Zinc
	 0.1	 3	 4	 0.1	 13

Organics per Acre WLAs for Individual General
 Construction or Industrial Storm Water Permittees (mg/yr/ac) 
	 Chlordane	 DDTs	 Total	PCBs	 Total	PAHs
	 0.04	 0.14	 2	 350

Concentration-based waste load allocations are assigned to the minor 
NPDES permits and general non-storm water NPDES permits that 
discharge	to	Ballona	Creek	or	its	tributaries.		Any	future	minor	NPDES	
permits or enrollees under a general non-storm water NPDES permit 
will also be subject to the concentration-based waste load allocations.

 Metals Concentration-based Waste Load Allocations (mg/kg)
 Cadmium Copper Lead Silver Zinc
	 1.2	 34	 46.7	 1.0	 150

 Organic Concentration-based Waste Load Allocations (µg/kg)
	 Chlordane	 DDTs	 Total	PCBs	 Total	PAHs							
	 0.5	 1.58	 22.7	 4,022

Margin of Safety An	implicit	margin	of	safety	is	applied	through	the	use	of	the	more	
protective sediment quality guideline values.  The ERLs were selected 
over the higher ERMs as the numeric targets.
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Element Key Findings and Regulatory Provisions
Implementation The regulatory mechanisms used to implement the TMDL will include 

the	Los	Angeles	County	Municipal	Storm	Water	NPDES	Permit	(MS4),	
the State of California Department of Transportation (Caltrans) Storm 
Water Permit, minor NPDES permits, general NPDES permits, general 
industrial storm water NPDES permits, general construction storm 
water NPDES permits.  Nonpoint sources will be regulated through 
the authority contained in sections 13263 and 13269 of the Water 
Code,	in	conformance	with	the	State	Water	Resources	Control	Board’s	
Nonpoint	Source	Implementation	and	Enforcement	Policy	(May	2004).		
Each	NPDES	permit	assigned	a	WLA	shall	be	reopened	or	amended	
at re-issuance, in accordance with applicable laws, to incorporate the 
applicable	WLAs	as	a	permit	requirement.

The Regional Board shall reconsider this TMDL in six years after the 
effective date of the TMDL based on additional data obtained from 
special	studies.		Table	7-14.2	presents	the	implementation	schedule	for	
the responsible permittees.

Minor NPDES Permits and General Non-Storm Water NPDES 
Permits:
The concentration-based waste load allocations for the minor 
NPDES permits and general non-storm water NPDES permits will 
be implemented through NPDES permit limits.  Permit writers may 
translate	applicable	waste	load	allocations	into	effluent	limits	for	the	
minor and general NPDES permits by applying applicable engineering 
practices authorized under federal regulations.  The minor and general 
non-storm water NPDES permittees are allowed up to seven years from 
the effective date of the TMDL to achieve the waste load allocations.

General Industrial Storm Water Permit:

The	Regional	Board	will	develop	a	watershed	specific	general	
industrial storm water permit to incorporate waste load allocations.  
Concentration-based permit limits may be set to achieve the mass-based 
waste load allocations.  These concentration-based limits would be 
equal to the concentration-based waste load allocations assigned to the 
other NPDES permits.  It is expected that permit writers will translate 
the waste load allocations into BMPs, based on BMP performance 
data.		However,	the	permit	writers	must	provide	adequate	justification	
and	documentation	to	demonstrate	that	specified	BMPs	are	expected	to	
result in attainment of the numeric waste load allocations.  The general 
industrial storm water permittees are allowed up to seven years from 
the effective date of the TMDL to achieve the waste load allocations.
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Element Key Findings and Regulatory Provisions
Implementation (continued) General Construction Storm Water Permit:

Waste load allocations will be incorporated into the State Board general 
permit	upon	 renewal	or	 into	a	watershed	 specific	general	 construction	
storm water permit developed by the Regional Board.

Within seven years of the effective date of the TMDL, the construction 
industry will submit the results of BMP effectiveness studies to 
determine BMPs that will achieve compliance with the waste load 
allocations assigned to construction storm water permittees.  Regional 
Board staff will bring the recommended BMPs before the Regional 
Board for consideration within eight years of the effective date of the 
TMDL.	General	construction	storm	water	permittees	will	be	considered	
in compliance with waste load allocations if they implement these 
Regional Board approved BMPs.

All	general	construction	permittees	must	implement	the	approved	
BMPs within nine years of the effective date of the TMDL.  If no 
effectiveness studies are conducted and no BMPs are approved by the 
Regional Board within eight years of the effective date of the TMDL, 
each general construction storm water permit holder will be subject 
to	site-specific	BMPs	and	monitoring	requirements	to	demonstrate	
compliance with waste load allocations.

MS4 and Caltrans Storm Water Permits:

The	County	of	Los	Angeles,	City	of	Los	Angeles,	Beverly	Hills,	Culver	
City, Inglewood, Santa Monica, and West Hollywood are jointly 
responsible for meeting the mass-based waste load allocations for the 
MS4	permittees.	 	Caltrans	 is	 responsible	for	meeting	 their	mass-based	
waste	load	allocations,	however,	they	may	choose	to	work	with	the	MS4	
permittees.  The primary jurisdiction for the Ballona Creek watershed is 
the	City	of	Los	Angeles.

Each municipality and permittee will be required to meet the waste load 
allocations	at	the	designated	TMDL	effectiveness	monitoring	points.		A	
phased implementation approach, using a combination of non-structural 
and structural BMPs may be used to achieve compliance with the waste 
load allocations.  The administrative record and the fact sheets for the 
MS4	and	Caltrans	storm	water	permits	must	provide	reasonable	assurance	
that	the	BMPs	selected	will	be	sufficient	to	implement	the	numeric	waste	
load allocations.  We expect that reductions to be achieved by each BMP 
will	be	documented	and	that	sufficient	monitoring	will	be	put	in	place	to	
verify that the desired reductions are achieved.  The permits should also 
provide a mechanism to adjust the required BMPs as necessary to ensure 
their adequate performance.

The	implementation	schedule	for	the	MS4	and	Caltrans	permittees	
consists of a phased approach, with compliance to be achieved in 
prescribed percentages of the watershed, with total compliance to be 
achieved within 15 years.
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Element Key Findings and Regulatory Provisions
Seasonal Variations and 
Critical Conditions

There is a high degree of inter- and intra-annual variability in sediments 
deposited at the mouth of Ballona Creek.  This is a function of the 
storms, which are highly variable between years.  Studies by the 
Army	Corps	of	Engineers	have	shown	that	sediment	delivery	to	
Ballona	Creek	is	related	to	the	size	of	the	storm	(USACE,	2003).		The	
TMDL is based on a long-term average deposition patterns over a 
10-year period from 1991 to 2001.  This time period contains a wide 
range	of	storm	conditions	and	flows	in	the	Ballona	Creek	watershed.		
Use of the average condition for the TMDL is appropriate because 
issues of sediment effects on benthic communities and potential for 
bioaccumulation to higher trophic levels occurs over long time periods.

Monitoring Effective monitoring will be required to assess the condition of Ballona 
Creek and Estuary and to assess the on-going effectiveness of efforts 
by dischargers to reduce toxic pollutants loading to the Ballona Creek 
Estuary.  Special studies may also be appropriate to provide further 
information about new data, new or alternative sources, and revised 
scientific	assumptions.		Below	the	Regional	Board	identifies	the	various	
goals of monitoring efforts and studies.  The programs, reports, and 
studies will be developed in response to subsequent orders issued by the 
Executive	Officer.

Ambient Monitoring

An	ambient	monitoring	program	is	necessary	to	assess	water	quality	
throughout Ballona Creek and its tributaries and to assess the progress 
being made to remove the toxic pollutant impairments in Ballona Creek 
Estuary sediments.  Data on background water quality for organics 
and	sediments	will	help	refine	the	numeric	targets	and	waste	load	
allocations and assist in the effective placement of BMPs.  In addition, 
fish	and	mussel	tissue	data	is	required	in	Ballona	Creek	Estuary	to	
confirm	the	fish	tissue	listings.

Water quality samples shall be collected from Ballona Creek and 
Estuary monthly and analyzed for cadmium, copper, lead, silver, zinc, 
chlordane,	dieldrin,	DDT,	total	PCBs	and	total	PAHs	at	detection	limits	
that are at or below the minimum levels until the TMDL is reconsidered 
in the sixth year.  The minimum levels are those published by the 
State	Water	Resources	Control	Board	in	Appendix	4	of	the	Policy	
for the Implementation of Toxic Standards for Inland Surface Water, 
Enclosed Bays, and Estuaries of California, March 2, 2000.  Special 
emphasis should be placed on achieving detection limits that will allow 
evaluation relative to the CTR standards.  If these can not be achieved 
with conventional techniques, then a special study should be proposed 
to evaluate concentrations of organics.
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Element Key Findings and Regulatory Provisions
Monitoring (continued) Storm	water	monitoring	conducted	as	part	of	the	MS4	storm	water	

monitoring program should continue to provide assessment of water 
quality during wet-weather conditions and loading estimates from the 
watershed to the Estuary.  If analysis of chlordane, dieldrin, DDT, total 
PCBs	or	total	PAHs	are	not	currently	part	of	the	sampling	programs	
these organics should be added.  In addition, special emphasis should be 
placed	on	achieving	lower	detection	limits	for	DDTs,	PCBs	and	PAHs.

The	MS4	and	Caltrans	storm	water	permittees	are	jointly	responsible	
for	conducting	bioaccumulation	testing	of	fish	and	mussel	tissue	within	
the Estuary.  The permittees are required to submit for approval of the 
Executive	Officer	a	monitoring	plan	that	will	provide	the	data	needed	to	
confirm	the	303(d)	listing	or	delisting,	as	applicable.

Representative sediment sampling locations shall be randomly selected 
within the Estuary and analyzed for cadmium, copper, lead, silver, zinc, 
chlordane,	dieldrin,	DDT,	total	PCBs	and	total	PAHs	at	detection	limits	
that are lower than the ERLs.  Sediment samples shall also be analyzed 
for total organic carbon, grain size and sediment toxicity testing.  Initial 
sediment	monitoring	should	be	done	quarterly	in	the	first	year	of	the	
TMDL	to	define	the	baseline	and	semi-annually,	thereafter,	to	evaluate	
effectiveness of the BMPs until the TMDL is reconsidered in the sixth 
year.

The sediment toxicity testing shall include testing of multiple species, a 
minimum of three, for lethal and non-lethal endpoints.  Toxicity testing 
may include: the 28-day and 10-day amphipod mortality test; the sea 
urchin fertilization testing of sediment pore water; and the bivalve 
embryo testing of the sediment/water interface.  The chronic 28-day and 
shorter-term 10-day amphipod tests may be conducted in the initial year 
of	quarterly	testing	and	the	results	compared.		If	there	is	no	significant	
difference in the tests, then the less expensive 10-day test can be used 
throughout the rest of the monitoring, with some periodic 28-day 
testing.

TMDL Effectiveness Monitoring

The water quality samples collected during wet weather as part of 
the	MS4	storm	water	monitoring	program	shall	be	analyzed	for	total	
dissolved solids, settable solids and total suspended solids if not already 
part of the existing sampling program.  Sampling shall be designed to 
collect	sufficient	volumes	of	settable	and	suspended	solids	to	allow	
for analysis of cadmium, copper, lead, silver, zinc, chlordane, dieldrin, 
total	DDT,	total	PCBs,	total	PAHs,	and	total	organic	carbon	in	the	bulk	
sediment.
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Element Key Findings and Regulatory Provisions
Monitoring (continued) Semi-annually, representative sediment sampling locations shall be 

randomly selected within the Estuary and analyzed for cadmium, 
copper, lead, silver, zinc, chlordane, dieldrin, DDT, total PCBs, and 
total	PAHs	at	detection	limits	that	are	lower	than	the	ERLs.		The	
sediment samples shall also be analyzed for total organic carbon, grain 
size and sediment toxicity.  The sediment toxicity testing shall include 
testing of multiple species, a minimum of three, for lethal and non-
lethal endpoints.  Toxicity testing may include: the 28-day and 10-day 
amphipod mortality test; the sea urchin fertilization testing of sediment 
pore water; and the bivalve embryo testing of the sediment/water 
interface.

Toxicity	shall	be	indicated	by	an	amphipod	survival	rate	of	70%	or	
less	in	a	single	test.		Accelerated	monitoring	shall	be	conducted	to	
confirm	toxicity	at	stations	identified	as	toxic.	Accelerated	monitoring	
shall consist of six additional tests, approximately every two weeks, 
over a 12-week period.  If the results of any two of the six accelerated 
tests	are	less	than	90%	survival,	then	the	MS4	and	Caltrans	permittees	
shall	conduct	a	Toxicity	Identification	Evaluation	(TIE).		The	TIE	shall	
include reasonable steps to identify the sources of toxicity and steps to 
reduce the toxicity.

The Phase I TIE shall include the following treatments and 
corresponding blanks: baseline toxicity; particle removal by 
centrifugation; solid phase extraction of the centrifuged sample 
using C8, C18, or another media; complexation of metals using 
ethylenediaminetetraacetic	acid	(EDTA)	addition	to	the	raw	sample;	
neutralization of oxidants/metals using sodium thiosulfate addition 
to the raw sample; and inhibition of organo-phosphate (OP) pesticide 
activation using piperonyl butoxide addition to the raw sample 
(crustacean toxicity tests only).

Bioaccumulation	monitoring	of	fish	and	mussel	tissue	within	the	
Estuary shall be conducted.  The permittees are required to submit for 
approval	of	the	Executive	Officer	a	monitoring	plan	that	will	provide	
the data needed to assess the effectiveness of the TMDL.

The general industrial storm water permit shall contain a model 
monitoring and reporting program to evaluate BMP effectiveness.  
A	permittee	enrolled	under	the	general	industrial	permit	shall	have	
the choice of conducting individual monitoring based on the model 
program	or	participating	in	a	group	monitoring	effort.		MS4	permittees	
are encouraged to take the lead in group monitoring efforts for 
industrial facilities within their jurisdiction because compliance with 
waste load allocations by these facilities will in many cases translate to 
reductions	in	contaminate	loads	to	the	MS4	system.
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Element Key Findings and Regulatory Provisions
Monitoring (continued) Special Studies

Special	studies	are	recommended	to	refine	source	assessments,	
to provide better estimates of loading capacity, and to optimize 
implementation efforts.  The Regional Board will re-consider the 
TMDL	in	the	sixth	year	after	the	effective	date	in	light	of	the	findings	of	
these studies.  Special studies may include:

•	 Evaluation and use of low detection level techniques to evaluate 
water quality concentrations for those contaminants where standard 
detection limits cannot be used to assess compliance for CTR 
standards	or	are	not	sufficient	for	estimating	source	loadings	from	
tributaries and storm water.

•	 Developing and implementing a monitoring program to collection 
the data necessary to apply a multiple lines of evidence approach.

•	 Evaluation and use of sediment TIEs to evaluate causes of any 
recurring sediment toxicity.

•	 Evaluate	partitioning	coefficients	between	water	column	and	
sediment to assess the contribution of water column discharges to 
sediment concentrations in the Estuary.

•	 Studies	to	refine	relationship	between	pollutants	and	suspended	
solids aimed at better understanding of the delivery of pollutants to 
the watershed.

•	 Studies to understand transport of sediments to the estuary, 
including	the	relationship	between	storm	flows,	sediment	loadings	
to the estuary, and sediment deposition patterns within the estuary.

•	 Studies to evaluate effectiveness of BMPs to address pollutants 
and/or sediments.

1  McPherson, T.N., S.J. Burian, H.J. Turin, M.K. Stenstrom and I.H. Suffet. 2002. Comparison of Pollutant Loads in Dry and 
    Wet Weather Runoff in a Southern California Urban Watershed. Water Science and Technology	45:255-261.
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Table 7-14.2. Ballona Creek Estuary Toxic Pollutants TMDL: Implementation Schedule
Date Action
Effective date of the TMDL Regional Board permit writers shall incorporate the waste load 

allocations for sediment into the NPDES permits.  Waste load 
allocations will be implemented through NPDES permit limits in 
accordance with the implementation schedule contained herein, at the 
time of permit issuance, renewal or re-opener.

Within 6 months after the effective 
date of the State Board adopted 
sediment quality objectives and 
implementation policy

The Regional Board will re-assess the numeric targets and waste load 
allocations for consistency with the State Board adopted sediment 
quality objectives.

5 years after effective date of the 
TMDL

Responsible jurisdictions and agencies shall provide to the Regional 
Board result of any special studies.

6 years after effective date of the 
TMDL

The Regional Board shall reconsider this TMDL to re-evaluate the 
waste load allocations and the implementation schedule.

MINOR NPDES PERMITS AND GENERAL NON-STORM WATER NPDES PERMITS
7	years	after	 effective	date	of	 the	
TMDL

The non-storm water NPDES permits shall achieve the concentration-
based waste load allocations for sediment per provisions allowed for 
in NPDES permits.

GENERAL INDUSTRIAL STORM WATER PERMIT
7	years	after	 effective	date	of	 the	
TMDL

The general industrial storm water permits shall achieve the mass-
based waste load allocations for sediment per provisions allowed for 
in NPDES permits.  Permits shall allow an iterative BMP process 
including BMP effectiveness monitoring to achieve compliance with 
permit requirements.

GENERAL CONSTRUCTION STORM WATER PERMIT
7	years	from	the	effective	date	of	
the TMDL

The construction industry will submit the results of the BMP effectiveness 
studies to the Regional Board for consideration.  In the event that no 
effectiveness studies are conducted and no BMPs are approved, permittees 
shall	be	subject	to	site-specific	BMPs	and	monitoring	to	demonstrate	BMP	
effectiveness.

8 years from the effective date of 
the TMDL

The Regional Board will consider results of the BMP effectiveness 
studies and consider approval of BMPs no later than six years from 
the effective date of the TMDL.

9 years from the effective date of 
the TMDL

All	 general	 construction	 storm	 water	 permittees	 shall	 implement	
Regional Board-approved BMPs.

MS4 AND CALTRANS STORM WATER PERMITS
12 months after the effective date 
of the TMDL

In	response	to	an	order	issued	by	the	Executive	Officer,	the	MS4	and	
Caltrans storm water NPDES permittees must submit a coordinated 
monitoring	 plan,	 to	 be	 approved	 by	 the	 Executive	 Officer,	 which	
includes both ambient monitoring and TMDL effectiveness monitoring.  
Once the coordinated monitoring plan is approved by the Executive 
Officer,	ambient	monitoring	shall	commence	within	6	months.
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Date Action
5 years after effective date of 
TMDL (Draft Report)

5 ½ years after effective date of 
TMDL (Final Report)

The	MS4	and	Caltrans	storm	water	NPDES	permittees	shall	provide	a	
written report to the Regional Board outlining how they will achieve 
the waste load allocations for sediment to Ballona Creek Estuary.  
The report shall include implementation methods, an implementation 
schedule, proposed milestones, and any applicable revisions to the 
TMDL effectiveness monitoring plan.

7	years	after	 effective	date	of	 the	
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 25% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.

9 years after effective date of the 
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 50% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.

11 years after effective date of the 
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate	 that	 75%	 of	 the	 total	 drainage	 area	 served	 by	 the	
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.

15 years after effective date of the 
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 100% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.
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7-16  Calleguas Creek Watershed Toxicity TMDL

This TMDL was adopted by:
The	Regional	Water	Quality	Control	Board	on	July	7,	2005.

This TMDL was approved by:
The State Water Resources Control Board on September 22, 2005.
The	Office	of	Administrative	Law	on	December	22,	2005.
The	U.S.	Environmental	Protection	Agency	on	March	14,	2006.

The	effective	date	of	this	TMDL	is:	March	24,	2006.		

Table 7-16.1.  Calleguas Creek Watershed Toxicity TMDL: Elements
TMDL Element Calleguas Creek Watershed Toxicity TMDL
Problem Statement Discharge of wastes containing chlorpyrifos, diazinon, other pesticides 

and/or other toxicants to Calleguas Creek, its tributaries and Mugu 
Lagoon cause exceedances of water quality objectives for toxicity 
established in the Basin Plan.  Elevated levels of chlorpyrifos have been 
found	in	fish	tissue	samples	collected	from	a	segment	of	Calleguas	Creek.		
Chlorpyrifos and diazinon are organophosphate pesticides used in both 
agricultural and urban settings.  Excessive chlorpyrifos and diazinon can 
cause aquatic life toxicity in inland surface and estuarine waters such 
as Calleguas Creek and Mugu Lagoon.  The California 2002 303(d) list 
of impaired waterbodies includes listings for “water column toxicity,” 
“sediment	toxicity,”	chlorpyrifos	in	fish	tissue,”	and	“organophosphate	
pesticides in water” for various reaches of Calleguas Creek, its tributaries 
and Mugu Lagoon. 

Numeric Targets A	water	column	toxicity	target	of	1.0	toxicity	unit	–	chronic	(1.0	TUc)	is	
established to address toxicity in reaches where the toxicant has not been 
identified	through	a	Toxicity	Identification	Evaluation	(TIE)	(unknown	
toxicity).  

TU
C
	=	Toxicity	Unit	Chronic	=	100/NOEC	(no	observable	effects	

concentration)

A	sediment	toxicity	target	was	defined	in	the	technical	report	for	reaches	
where	the	sediment	toxicant	has	not	been	identified	through	a	TIE.		The	
target	is	based	on	the	definition	of	a	toxic	sediment	sample	as	defined	
by	the	September	2004	Water	Quality	Control	Policy	For	Developing	
California’s	Clean	Water	Act	Section	303(d)	List	(SWRCB).	

Chlorpyrifos Numeric Targets (ug/L)

																																										Chronic																																				Acute
                                    			(4	day	average)																																(1	hour		average)	
Freshwater																											0.014																																					0.025
Saltwater (Mugu Lagoon)   0.009                                      0.02
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TMDL Element Calleguas Creek Watershed Toxicity TMDL
Numeric Targets 
(continued)

Diazinon Numeric Targets (ug/L)

																																											Chronic																																		Acute
                                       (4	day	average)																														(1	hour	average)	
Freshwater                            0.10                                      0.10
Saltwater	(Mugu	Lagoon)				0.40																																						0.82
 
Additionally,	the	diazinon	criteria	selected	as	numeric	targets	are	
currently	under	review	by	the	USEPA.		If	water	quality	objectives	become	
available, the Regional Board may reconsider this TMDL and revise the 
water toxicity numeric target.  

Source Analysis Source analysis determined that agricultural and urban uses are the 
largest sources of chlorpyrifos and diazinon in the watershed.  Urban 
use of diazinon and chlorpyrifos is unlikely to be a long-term source to 
the Calleguas Creek Watershed (CCW) as both of these pesticides have 
been banned for sale for non-agricultural uses on December 31, 2005 by 
federal	regulation.		As	a	result,	the	proportion	of	the	loading	from	urban	
sources will likely decrease after December 2005. 

Chlorpyrifos – Sources by Use

                       Dry Weather                                   Wet Weather
Agriculture							66%																																																			80%
Urban                23%                                                   20%
POTW													11%																																																				<1%
Other																<1%																																																			<1%

Diazinon – Sources by Use

                       Dry Weather                                   Wet Weather
Agriculture							30%																																																					1%
Urban                13%                                                     62%
POTW														57%																																																						37%
Other																<1%																																																					<1%
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TMDL Element Calleguas Creek Watershed Toxicity TMDL
Linkage Analysis Water quality modeling established the linkage of sources of chlorpyrifos 

and diazinon in the CCW to observed water quality data. The linkage 
analysis qualitatively describes the connection between water column 
concentrations	and	sediment	and	fish	tissue	concentrations.		The	
qualitative analysis demonstrates that the water column analysis 
conducted by laboratories implicitly includes sediment associated 
diazinon and chlorpyrifos loads transported to receiving waters as 
almost all water quality data do not differentiate between dissolved 
and particulate fractions.  The linkage analysis assumes a reduction in 
water	column	concentrations	will	result	in	a	reduction	in	fish	tissue	as	
chlorpyrifos	in	freshwater	fish	tissue	rapidly	depurate	within	several	days	
of	removal	from	exposure.			Additionally,	as	chlorpyrifos	preferentially	
binds to sediment the linkage analysis suggests that sediment 
concentrations of chlorpyrifos will need to decrease to achieve water 
quality	numeric	targets.		The	modeling	approach	reflects	the	uncertainty	
in current conditions and the potential impacts of watershed planning 
actions	that	may	affect	those	conditions.	A	detailed	description	of	the	
model	is	provided	in	an	Attachment	to	the	TMDL	Technical	Report.	

Wasteload 
Allocations (WLA)

Major point sources:

A	wasteload	of	1.0	TU
c 
is allocated to the major point sources (POTWs) 

discharging to the Calleguas Creek Watershed. 

Additionally,	the	following	wasteloads	for	chlorpyrifos	and	diazinon	
are established and based on the numeric target for POTWs.  The 
concentration based wasteload allocations for Camarillo and Camrosa 
WRPs for chlopyrifos is reduced by a 5% margin of safety from the 
numeric targets.  This margin of safety is applied to the Calleguas Creek 
and Revelon subwatersheds based on uncertainty in the linkages between 
the	water	column	criteria	and	fish	tissue	and	sediment	concentrations.		

Chlorpyrifos WLAs, ug/L

POTW																																									Interim	WLA																					Final	WLA
																																																									Chronic															Acute																	Chronic
																																																									(4	day)															(1hour)																(4	day)
Hill	Canyon	WWTP																											0.030																	0.025																			0.014
Simi	Valley	WQCP																												0.030																	0.025																			0.014
Ventura	County	(Moorpark)	WTP					0.030																	0.025																			0.014
Camarillo	WRP																																		0.030																	0.024																			0.0133
Camrosa	WRP																																				0.030																	0.024																			0.0133
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TMDL Element Calleguas Creek Watershed Toxicity TMDL
Wasteload 
Allocations (WLA)
(continued)

Diazinon WLAs, ug/L

           																																											Interim						Interim												Final	WLA
																																																						Acute								Chronic					(Acute	or	Chronic)
																																																					(1	hour)					(4	day)
POTW                                                                 
Hill	Canyon	WWTP																								0.567								0.312																				0.10
Simi	Valley	WQCP																										0.567								0.312																				0.10
Ventura	County	(Morepark)	WTP			0.567								0.312																				0.10
Camarillo	WRP																															0.567								0.312																				0.10
Camrosa	WRP																																	0.567								0.312																				0.10

A	wasteload	of	1.0	TU
c 
is allocated to Urban Stormwater Co-Permittees 

(MS4)	discharges	to	the	Calleguas	Creek	Watershed.		

Additionally,	the	following	wasteloads	for	chlorpyrifos	and	diazinon	are	
established	for	MS4	discharges.		

Chlorpyrifos WLAs, ug/L

					Interim	WLA																											Final	WLA
								(4	day)																																					(4	day)
										0.45																																									0.014

Diazinon WLAs, ug/L
                          
					Interim	WLA																					Interim	WLA																				Final	WLA
					Acute	(1	hour)																		Chronic	(4	day)												Acute	and	Chronic
											1.73																																				0.556																															0.10

Minor point sources:

Minor sources include NPDES permittees other than POTWs, and Urban 
Stormwater	Co-Permittees	(MS4s)	discharging	to	the	Calleguas	Creek	
Watershed. 

A	wasteload	of	1.0	TU
c 
is allocated to the minor point sources discharging 

to the Calleguas Creek Watershed. 

Additionally,	the	following	wasteloads	for	chlorpyrifos	and	diazinon	are	
established. 
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TMDL Element Calleguas Creek Watershed Toxicity TMDL
Wasteload 
Allocations (WLA) 
(continued)

Chlorpyrifos WLAs, ug/L

						Interim	WLA																																						Final	WLA
									Chronic																																	Acute																					Chronic
										(4	day)																																(1hour)																				(4	day)
												0.45																																				0.025																							0.014

Diazinon WLAs, ug/L

        		Interim	WLA										Interim	WLA																				Final	WLA	
															Acute																					Chronic																				Acute	and	Chronic
													(1	hour)																				(4	day)
																	1.73																								0.556																																	0.10

Load Allocations Non Point Source Dischargers:

A	load	of	1.0	TU
c 
is allocated to nonpoint sources discharging to the 

Calleguas Creek Watershed. 

Additionally,	the	following	loads	for	chlorpyrifos	and	diazinon	are	
established and based on the numeric targets. These loads apply 
to dischargers in accordance with the subwatershed into which the 
dischargers discharge.  The concentration based load allocations for the 
Calleguas Creek and Revelon subwatersheds  for chlopyrifos is reduced 
by a 5% margin of safety from the numeric targets.  This margin of safety 
is based on uncertainty in the linkages between the water column criteria 
and	fish	tissue	and	sediment	concentrations.	

Chlorpyrifos Load Allocations, ug/L

                           Interim              Interim                                 Final
Subwatershed							Acute																Chronic																	Acute																	Chronic
																													(1-hour)														(4-day)																(1-hour)															(4-day)
Arroyo	Simi									2.57																				0.810																					0.025																		0.014
Las	Posas													2.57																					0.810																					0.025																		0.014
Conejo																		2.57																				0.810																					0.025																		0.014					
Calleguas													2.57																					0.810																					0.024																		0.0133
Revolon																2.57																				0.810																					0.024																		0.0133						
Mugu	Lagoon							2.57																				0.810																					0.025																		0.014

Diazinon Load Allocations, ug/L

								Interim	LA									Interim	LA																				Final	LA	
												Acute																Chronic																Acute	and	Chronic
											(1	hour)														(4	day)
												0.278																		0.138																												0.10								

RB-AR36175



Basin Plan           7-�86   Total Maximum Daily Loads
Updated September 20��

TMDL Element Calleguas Creek Watershed Toxicity TMDL
Margin of Safety In addition to the implicit margin of safety achieved by conservative 

assumptions and by using a concentration based TMDL, an explicit 
margin of safety of 5% has been added to the targets for chlorpyrifos 
in the Calleguas and Revolon subwatersheds and to the Camarillo and 
Camrosa WRPs to address uncertainty in the linkages between the 
water	column	criteria	and	fish	tissue	and	sediment	concentrations.	The	
Calleguas and Revolon subwatersheds include those reaches listed for 
sediment	toxicity	and	chlorpyrifos	in	fish	tissue.		

Future Growth Ventura	County	accounts	for	slightly	more	than	2%	of	the	state’s	residents	
with	a	population	of	753,197	(US	Census	Bureau,	2000).		GIS	analysis	
of	the	2000	census	data	yields	a	population	estimate	of	334,000	for	the	
CCW,	which	equals	about	44%	of	the	county	population.		According	to	
the	Southern	California	Association	of	Governments	(SCAG),	growth	
in Ventura County averaged about 51% per decade from 1900-2000; 
with	growth	exceeding	70%	in	the	1920s,	1950s,	and	1960s.	The	phase-
out of chlorpyrifos and diazinon is expected to reduce loads from urban 
and	POTWs	significantly	by	2007.		Use	of	diazinon	in	agriculture	has	
declined considerably between 1998 and 2003.  Conversely, chlorpyrifos 
use in agriculture has remained relatively stable over the same period. The 
phase out of chlorpyrifos and diazinon as well as population growth will 
cause an increase in the use of replacement pesticides (e.g. pyrethroids) in 
the urban environment and may have an impact on water and/or sediment 
toxicity.		Additionally,	population	growth	may	affect	an	increase	in	the	
levels of chlorpyrifos and diazinon loading in the CCW from imported 
products which contain residues of these pesticides.

Critical Conditions The	critical	condition	in	this	TMDL	is	defined	as	the	flowrate	at	which	
the model calculated the greatest in-stream diazinon or chlorpyrifos 
concentration in comparison to the appropriate criterion.  The critical 
condition for chlorpyrifos was in dry weather based on a chronic numeric 
target; the critical condition for diazinon was in wet weather based on an 
acute numeric target except in Mugu Lagoon where it was in dry weather 
based on the chronic numeric target.  

Implementation 
Plan

WLAs	established	for	the	major	points	sources,	including	POTWs	in	the	
CCW	will	be	implemented	through	NPDES	permit	effluent	limits.	The	
final	WLAs	will	be	included	in	NPDES	permits	in	accordance	with	the	
compliance schedules provided.  The Regional Board may revise these 
WLAs	based	on	additional	information	as	described	in	the	Special	Studies	
and Monitoring Section of the Technical Report.  

The	toxicity	WLAs	will	be	implemented	in	accordance	with	US	EPA,	
State Board and Regional Board resolutions, guidance and policy at the 
time	of	permit	issuance	or	renewal.		Currently,	these	WLAs	would	be	
implemented as a trigger for initiation of the TRE/TIE process as outlined 
in	USEPA’s	“Understanding	and	Accounting	for	Method	Variability	
in	Whole	Effluent	Toxicity	Applications	Under	the	National	Pollutant	
Discharge Elimination System Program” (2000) and current NPDES 
permits held by dischargers to the CCW.
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TMDL Element Calleguas Creek Watershed Toxicity TMDL
Implementation 
Plan (continued)

Stormwater	WLAs	will	be	incorporated	into	the	NPDES	permit	
as receiving water limits measured in-stream at the base of each 
subwatershed and will be achieved through the implementation of 
BMPs as outlined below.  Evaluation of progress of the TMDL will be 
determined through the measurement of in-stream water quality and 
sediment at the base of each of the CCW subwatersheds.  The Regional 
Board	may	revise	these	WLAs	based	on	additional	information	developed	
through special studies and/or monitoring conducted as part of the TMDL. 

As	shown	in		Table	7-16.2	the	following	implementation	actions	will	be	
taken	by	the	MS4s	discharging	to	the	CCW	and	POTWs	located	in	the	
CCW:

• Plan, develop, and implement an urban pesticides public education 
program; 

• Plan, develop, and implement urban pesticide education and 
chlorpyrifos and diazinon collection program;

• Study diazinon and chlorpyrifos replacement pesticides for use in the 
urban environment; and,

• Conduct environmental monitoring as outlined in the Monitoring Plan 
and NPDES Permits.

LAs	for	chlorpyrifos	and	diazinon	will	be	implemented	through	the	
State’s	Nonpoint	Source	Pollution	Control	Program	(NPSPCP),	nonpoint	
source	pollution	(i.e.	Load	Allocations).		The	LARWQCB	is	currently	
developing a Conditional Waiver for Irrigated Lands.  Once adopted, 
the Conditional Waiver Program will implement allocations and attain 
numeric	targets	of	this	TMDL.		Compliance	with	LAs	will	be	measured	
at	the	monitoring	sites	approved	by	the	Executive	Officer	of	the	
Regional Board through the monitoring program developed as part of the 
Conditional Waiver, or through a monitoring program that is required by 
this TMDL.   

The	toxicity	LAs	will	be	implemented	in	accordance	with	US	EPA,	State	
Board and Regional Board resolutions, guidance and policy at the time of 
permit or waiver issuance or renewal.  

The following implementation actions will be taken by agriculture 
dischargers located in the CCW:
• Enroll for coverage under a waiver of waste discharge requirements 

for irrigated lands;
• Implement monitoring required by this TMDL and the Conditional 

Waiver program;
• Complete studies to determine the most appropriate BMPs given 

crop	type,	pesticide,	site	specific	conditions,	as	well	as	the	critical	
condition	defined	in	the	development	of	the	LAs;	and,

• Implement appropriate BMPs and monitor to evaluate effectiveness 
on in-stream water and sediment quality.
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TMDL Element Calleguas Creek Watershed Toxicity TMDL
Implementation
Plan (continued)

The Regional Board may revise this TMDL based on monitoring data 
and special studies of this TMDL. If the Regional Board revises NPDES 
permits or the Basin Plan to use other methods of evaluating toxicity or 
if other information supporting other methods becomes available, the 
Regional Board may reconsider this TMDL and revise the water toxicity 
numeric	target.			Additionally,	the	development	of	sediment	quality	
guidelines or criteria and other water quality criteria revisions may call 
for the reevaluation of the TMDL.  The Implementation Plan includes 
this provision for reevaluating the TMDL to consider sediment quality 
guidelines or criteria and revised water quality objectives and the results 
of implementation studies, if appropriate.
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Table 7-16.2. Overall Implementation Schedule for Calleguas Creek Watershed Toxicity TMDL
Implementation Action Responsible Party Date

1
Interim chlorpyrifos and diazinon waste-load allocations 
apply.1  

POTW permittees 
and	MS4	
Copermittees

Effective date2

2 Interim chlorpyrifos and diazinon load allocations apply.1  
Agricultural	
Dischargers

Effective date2

3
Finalize and submit workplan for integrated Calleguas 
Creek Watershed Monitoring Program for approval by the 
Regional	Board	Executive	Officer. 3

POTW permittees, 
MS4	Copermittees,	
and	Agricultural	
Dischargers

6 months after effective date 
of amendment2

4 Initiate Calleguas Creek Watershed Toxicity TMDL 
Monitoring Program developed under Task 3 workplan.

POTW permittees, 
MS4	Copermittees,	
and	Agricultural	
Dischargers

6 months after E.O. 
approval of Monitoring 
Program (task 3) workplan.

5

Conduct Special Study #1-Investigate the pesticides 
that will replace diazinon and chlorpyrifos in the urban 
environment, their potential impact on receiving waters, 
and potential control measures.

POTW permittees 
and	MS4	
Copermittees

2 years after effective date2

6

Conduct Special Study #2 – Consider results of 
monitoring of sediment concentrations by source/land 
use type through special study required in Special 
Study #1 of the OC Pesticides, PCBs and siltation 
TMDL Implementation Plan.  If the special study is not 
completed through the OC Pesticides, PCBs and Siltation 
TMDL no consideration is necessary3

Agricultural	
Dischargers3 and 
MS4	Copermittees

6 months after completion 
of CCW OC Pesticides, 
PCBs and Siltation TMDL 
sediment concentrations 
special study.2

7

Develop and implement collection program for diazinon 
and chlorpyrifos and an educational program.  Collection 
and education could occur through existing programs 
such as household hazardous waste collection events

POTW permittees 
and	MS4	
Copermittees

3 years after effective date2

8

Develop	an	Agricultural	Water	Quality	Management	Plan	
in conjunction with the Conditional Waiver for Irrigated 
Lands, or (if the Conditional Waiver is not adopted in a 
timely	manner)	develop	an	Agricultural	Water	Quality	
Management Plan as part of the Calleguas Creek WMP.

Agricultural	
Dischargers3 3 years after effective date2

9
Identify the most appropriate BMPs given crop type, 
pesticide,	site	specific	conditions,	as	well	as	the	critical	
condition	defined	in	the	development	of	the	LAs.

Agricultural	
Dischargers3 3 years after effective date2

10
Implement	educational	program	on	BMPs	identified	in	
the	Agricultural	Water	Quality	Management	Plan.

Agricultural	
Dischargers

1 year after E.O. approval of 
Plan	(Task	7)2

11

Conduct Special Study #3-Calculation of sediment 
transport rates in CCW. 		Consider	findings	of	transport	
rates developed through Special Study #1 of the OC 
Pesticides, PCBs and siltation TMDL Implementation 
Plan.  If the special study is not completed through the 
OCs TMDL, no consideration is necessary.3

Agricultural	
Dischargers3 and 
MS4	Copermittees

6 months after completion 
of CCW OC Pesticides, 
PCBa and Siltation TMDL 
sediment transport special 
study.2

12 Begin implementation of BMPs.
Agricultural	
Dischargers3

1 year after E.O. approval of 
Plan (Task 8)2

13 Evaluate effectiveness of BMPs.
Agricultural	
Dischargers3

3 years after E.O. approval 
of Plan (Task 8)2
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Implementation Action Responsible Party Date

14

Reevaluate	the	TMDLs,	interim	or	final	WLAs	and	LAs,	
and implementation schedule based on monitoring data 
and	on	the	results	of	Implementation	Actions	1-13	and	
if sediment guidelines are promulgated, or water quality 
criteria are revised, and/or if targets are achieved without 
attainment	of	WLAs	or	LAs.	

Stakeholders and 
Regional Board

2 years after the submittal 
of information necessary to 
reevaluate the TMDL

15 Achievement	of	Final	WLAs
POTW permittees 
and	MS4	
Copermittees

2 years after the effective 
date of the TMDL2

16 Achievement	of	Final	LAs Agricultural	
Dischargers

10 years after the effective 
date of the TMDL2

1		Interim	WLAs	and	LAs	are	effective	immediately	upon	TMDL	adoption.		WLAs	will	be	placed	in	POTW	NPDES	permits	
				as	effluent	limits.		WLAs	will	be	placed	in	stormwater	NPDES	permits	as	in-stream	limits.		LAs	will	be	implemented	using	
    applicable regulatory mechanisms.
2  Effective date of this TMDL.
3  The Regional Board regulatory programs addressing all discharges in effect at the time an implementation task is due may     
    contain requirements substantially similar to the requirements of an implementation task.  If such a requirement is in place 
				in	another	regulatory	program	including	other	TMDLs,	the	Executive	Officer	may	determine	that	such	other	requirements	
    satisfy the requirements of an implementation task of the TMDL and thereby coordinate this TMDL implementation plan 
    with other regulatory programs. 
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7-17  Calleguas Creek Organochlorine Pesticides, Polychlorinated Biphenyls, and Siltation TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	July	7,	2005.

This TMDL was approved by:
The State Water Resources Control Board on September 22, 2005.
The	Office	of	Administrative	Law	on	January	20,	2006.
The	U.S.	Environmental	Protection	Agency	on	March	14,	2006.

The	effective	date	of	this	TMDL	is:	March	24,	2006.

The following table includes the elements of the TMDL:

Table 7-17.1.  Calleguas Creek Watershed OC Pesticides, PCBs, and Siltation TMDL: Elements
TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Problem 
Statement

Eleven of fourteen reaches in the Calleguas Creek Watershed (CCW) were 
identified	on	the	2002	303(d)	list	of	water-quality	limited	segments	as	impaired	
due to elevated levels of organochlorine (OC) pesticides and/or polychlorinated 
biphenyls	(PCBs)	in	water,	sediment,	and/or	fish	tissue.		Additionally,	Mugu	
Lagoon was listed as impaired for sedimentation/siltation.  OC pesticides and 
PCBs	can	bioaccumulate	in	fish	tissue	and	cause	toxicity	to	aquatic	life	in	estuarine	
and inland waters.  Siltation may transport OC Pesticides and PCBs to surface 
waters and  impair aquatic life and wildlife habitats.  

Numeric
Targets

The	following	tables	provide	the	targets	for	water,	fish	tissue,	and	sediment	for	
this TMDL.  Water column targets were derived from the California Toxic Rule 
(CTR) water quality criteria for protection of aquatic life.  Chronic criteria (Criteria 
Continuous Concentration, or CCC) were applied unless otherwise noted in the 
table below:

                             Water Quality Targets (ng/L)1

Constituent                           Freshwater                          Marine2

Aldrin																																							300.0																																	130.0
Chlordane																																	4.3																																						4.0
Dacthal                                     3,500,000.0                         (a)3

4,4’-DDD4                                 (a)3                                     (a)3

4,4’-DDE5                                  (a)3                                     (a)3

4,4’-DDT6                                 1.0                                      1.0
Dieldrin                                     56.0                                    1.9
Endosulfan	I																														56.0																																				8.7
Endosulfan	II																													56.0																																				8.7
Endrin                                        36.0                                    2.3
HCH (alpha-BHC7)                     (a)3                                    (a)3

HCH (beta-BHC)                        (a)3                                    (a)3

HCH (delta-BHC)                       (a)3                                    (a)3

HCH (gamma BHC)                 950.0                                  160.0
Heptachlor                                3.8                                       3.6
Heptachlor Epoxide                  3.8                                       3.6
PCBs																																									140.08                                 30.0
Toxaphene                                 0.2                                      0.2

  1  ng/L: nanogram per litter
  2  Marine numeric targets applied to Mugu Lagoon
  3  Numeric targets have not been established for these constituents
		4		DDD:	Dichlorodiphenyldichloroethane
  5  DDE: Dichlorodiphenyldichloroethylene
  6  DDT: Dichlorodiphenyltrichloroethane
		7		BHC:	Hexachlorocyclohexane
		8	 	Applies	to	sum	of	all	congener	or	isomer	or	homolog	or	Aroclor	analyses
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TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Numeric
Targets 
(continued)

Fish tissue targets are derived from CTR human health criteria for consumption of 
organisms.  

                                Fish Tissue Targets (ng/Kg)
Constituent                        
Aldrin																																							50.0
Chlordane                                 830.0
Dacthal                                     (a)9 
4,4’-DDD																																	45,000.0
4,4’-DDE																																		32,000.0
4,4’-DDT																																		32,000.0
Dieldrin                                    650.0
Endosulfan I                             65,000,000.0
Endosulfan II                            65,000,000.0
Endrin                                       3,200,000.0
HCH	(alpha-BHC)																			1,700.00
HCH (beta-BHC)                     6,000.0
HCH (delta-BHC)                    (a)9

HCH (gamma BHC)                 8,200.
Heptachlor																																2,400.0
Heptachlor Epoxide                  1,200.0
PCBs                                         5,300.010

Toxaphene                                9,800.0

Sediment targets were derived from sediment quality guidelines contained in 
National	Oceanographic	and	Atmospheric	Administration	(NOAA)	Screening	
Quick Reference Tables (SQuiRT, Buchman, 1999).
                      
                       Sediment Quality Targets (ng/dry Kg) 

Constituent                           Freshwater, TEL11             Marine12, ERL13

Aldrin																																								(a)9                                  (a)9

Chlordane																																		4,500.0																											500.0													
Dacthal                                      (a)9                                  (a)9

4,4’-DDD																																		3,500.0																												2,000.0
4,4’-DDE																																			1,400.0																												2,200.0
4,4’-DDT																																				(a)9                                 1,000.0
Dieldrin                                      2,900.0                            20.0
Endosulfan I                               (a)9                                   (a)9

Endosulfan II                              (a)9                                   (a)9

Endrin																																									2,700.0																													(a)9

HCH (alpha-BHC)                     (a)9                                    (a)9

HCH (beta-BHC)                       (a)9                                    (a)9

HCH (delta-BHC)                      (a)9                                    (a)9

HCH	(gamma	BHC)																		940.0																																	(a)9

Heptachlor                                  (a)9                                    (a)9

Heptachlor Epoxide                   600.0                                 (a)9

PCBs																																										34,000.010                          23,000.0
Toxaphene                                  (a)9                                    (a)9                       

9     Numeric targets have not been established for these constituents
10	 	Applies	to	sum	of	all	congener	or	isomer	or	homolog	or	Aroclor	analyses
11	 	TEL	=	Threshold	Effects	Level
12  Marine numeric targets applied to Mugu Lagoon
13	 	ERL	=	Effects	Range-Low. 
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TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Siltation Targets

This TMDL includes two numeric targets for siltation reduction and maintenance 
of existing habitat in Mugu Lagoon which are listed below: 
 

•	 Siltation reduction 
Annual	average	reduction	in	the	import	of	silt	of	5,200	tons/year,	which	
will be measured at the US Naval Base total suspended sediment gauge at 
the entrance to Mugu Lagoon.  

•	 Maintenance of existing habitat in Mugu Lagoon Preservation of the 
existing	1400	acres	of	aquatic	habitat	in	Mugu	Lagoon.  

Source Analysis Monitoring data from major NPDES discharges and land use runoff were analyzed 
to estimate the magnitude of OC pesticides and PCBs loads to Calleguas Creek, 
its tributaries and Mugu Lagoon.   The largest source of OC pesticides in the listed 
waters is agricultural runoff.  Most PCB residues are due to past use of PCBs as 
coolants and lubricants in transformers, capacitors, and other electrical equipment.  
Atmospheric	deposition	is	also	a	potential	source	of	PCBs.		Urban	runoff	and	
POTWs are minor sources of OC pesticides and PCBs.    Data analysis suggests 
that	groundwater,	atmospheric	deposition,	and	imported	water	are	not	significant	
sources of OC pesticides, PCBs, or sediment.   Further evaluation of these sources 
is set forth in the Implementation Plan.

Linkage Analysis The linkage analysis is based on a conceptual model for the fate, transformation, 
and uptake of OC pesticides and PCBs and a mass-balance model that connects the 
sources of OC pesticides and PCBs to their fate and transport in Calleguas Creek, 
its tributaries, and Mugu Lagoon.  The linkage analysis indicates: 1) OC pesticides 
and PCBs concentrations in tissue are proportional to OC pesticides and PCBs 
concentrations in sediments; 2) OC pesticides and PCBs concentrations in water 
are a function of OC pesticides and PCBs concentrations in sediment; and 3) OC 
pesticides and PCBs concentrations in sediment are a function of OC pesticides 
and PCBs loading and sediment transport.  Because sediments store, convey and 
serve as a source of OC pesticides and PCBs, a reduction of OC pesticides and 
PCBs concentrations in sediment will result in a reduction of OC pesticides and 
PCBs	concentration	in	the	water	column	and	fish	tissue.		In	this	linkage	analysis,	
DDE is used as a representative constituent, because DDE is consistently detected 
in monitoring and exceeds numeric targets in water, sediment, and tissue samples.  
Also,	other	OC	Pesticides	and	PCBs	possess	similar	physical	and	chemical	
properties to DDE.  
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TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Wasteload 
Allocations

1. Interim and Final WLAs* for Pollutants in Effluent for POTWs.  

The interim wasteload allocations for POTWs will be re-considered by the 
Regional Board on a 5-year basis.  This re-consideration will be based on 
sufficient	data	to	calculate	Interim	Wasteload	Allocations	in	accordance	with	
SIP procedures.

a) Interim WLAs (ng/L)

Constituent                                                POTW
                      Hill Canyon     Simi Valley     Moorpark     Camarillo     Camrosa
                         Daily                 Daily              Daily            Daily           Daily
Chlordane          1.2                     100.0             100.0            100.0           100.0
4,4-DDD											20.0																				50.0															50.0														6.0															50.0
4,4-	DDE										260.0																			1.2																	1.2																188.0											50.0
4,4-DDT												10.0																				10.0															10.0														10.0													10.0
Dieldrin             10.0                    10.0               10.0              10.0             10.0
PCBs                 500.0                  500.0             500.0            31.0             500.0

Toxaphene         500.0                 500.0             500.0            500.0           500.0

*	WLAs	shall	be	applied	to	POTWs’effluent

b) Final WLAs (ng/L)

Constituent                                              POTW
                     Hill Canyon       Simi Valley       Moorpark           Camarillo         Camrosa
                  Daily  Monthly Daily  Monthly Daily  Monthly Daily  Monthly Daily  Monthly
Chlordane     1.2      0.59        1.2      0.59        1.2      0.59        1.2      0.59         1.2     0.59
4,4-DDD						1.7						0.84								1.7						0.84								1.7						0.84								1.7						0.84									1.7					0.84
4,4-	DDE						1.2						0.59								1.2						0.59								1.2						0.59								1.2						0.59									1.2					0.59
4,4-DDT							1.2						0.59								1.2						0.59								1.2						0.59									1.2						0.59								1.2					0.59
Dieldrin								0.28				0.14								0.28				0.14								0.28				0.14								0.28				0.14									0.28			0.14
PCBs												0.34				0.17								0.34				0.17								0.34				0.17								0.34				0.17									0.34			0.17
Toxaphene   0.33     0.16        0.33    0.16        0.33    0.16        0.33    0.16         0.33   0.16

The	final	WLAs	will	be	included	in	NPDES	permits	in	accordance	with	schedule	
in	the	implementation	plan.		The	Regional	Board	may		revise	final	WLAs	prior	
to	the	dates	they	are	placed	into	permits	and/or	prior	to	the	dates	of	final	WLA	
achievement based on special studies and monitoring of this TMDL. 
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TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Wasteload 
Allocations 
(continued)

2. Interim and Final WLAs for Pollutants in Sediment for Stormwater 
Permittees  

a)  Interim WLAs (ng/g)
Constituent                                              Subwatershed
																				Mugu												Calleguas						Revolon							Arroyo									Arroyo										Conejo
                    Lagoon1         Creek            Slough       Las Posas       Simi             Creek
Chlordane							25.0															17.0																48.0												3.3																	3.3																	3.4
4,4-DDD								69.0															66.0																400.0										290.0													14.0																5.3
4,4-	DDE							300.0													470.0														1,600.0								950.0													170.0												20.0
4,4-DDT								39.0															110.0														690.0											670.0														25.0															2.0
Dieldrin										19.0															3.0																			5.7														1.1																	1.1																	3.0
PCBs													180.0													3,800.0											7,600.0								25,700.0								25,700.0							3,800.0
Toxaphene					22,900.0								260.0														790.0											230.0													230.0												260.0	

Compliance	with	sediment	based	WLAs	is	measured	as	an	in-stream	annual	
average at the base of each subwatershed where the discharges are located.

b)  Final WLAs (ng/g)

Constituent                                              Subwatershed
																				Mugu									Calleguas						Revolon							Arroyo										Arroyo										Conejo
                    Lagoon1       Creek           Slough       Las Posas        Simi              Creek
Chlordane      3.3                 3.3                 0.9              3.3                3.3               3.3
4,4-DDD							2.0                 2.0                  2.0               2.0                           2.0               2.0   
4,4-	DDE							2.2	 														1.4	 																	1.4	 													1.4	 														1.4	    											1.4	
4,4-DDT								0.3																0.3																		0.3														0.3																	0.3																0.3
Dieldrin									4.3																0.2																			0.1														0.2																0.2																0.2
PCBs             180.0            120.0              130.0           120.0            120.0            120.0

Toxaphene     360.0            0.6                  1.0              0.6                 0.6                0.6                

1	The	Mugu	Lagoon	subwatershed	includes	Duck	Pond/Agricultural	Drain/Mugu/Oxnard	Drain	#2.		

Compliance	with	sediment	based	WLAs	is	measured	as	an	in-stream	annual	
average at the base of each subwatershed where the discharges are located.

3. Final WLAs for Pollutants in Water Column for Minor Point Sources

WLAs	for	pollutants	in	water	column	are	allocated	below	to	minor	point	sources	
enrolled under NPDES permits or WDRs, which discharge to Calleguas Creek.  

                                                                
	Constituent															Daily	Maximum	(ng/L)										Monthly	Average	(ng/L)
Chlordane                             1.2                                          0.59        
4,4-DDD																														1.7																																										0.84								
4,4-	DDE																														1.2																																										0.59								
4,4-DDT																															1.2																																										0.59								
Dieldrin																																	0.28																																								0.14								
PCBs																																					0.34																																								0.17								
Toxaphene                             0.33                                        0.16

4. Siltation WLA for MS4
MS4	dischargers	will	receive	an	allocation	of	2,496-tons/yr.	reduction	in	
sediment yield to Mugu Lagoon.  The baseline from which the load reduction 
will be evaluated will be determined by a special study of this TMDL.  The 
load allocation will apply after the baseline is established, as described in the 
Implementation Plan.
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TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Load Allocations Compliance	with	sediment	based	LAs	listed	below	is	measured	as	an	in-stream	

annual average at the base of each subwatershed.  

1. Interim and Final Load Allocations 

a)  Interim Sediment LAs (ng/g)

Constituent                                              Subwatershed
																				Mugu												Calleguas						Revolon							Arroyo									Arroyo										Conejo
                    Lagoon1          Creek            Slough       Las Posas         Simi              Creek
Chlordane							25.0														17.0																48.0													3.3																	3.3																	3.4
4,4-DDD								69.0														66.0																400.0											290.0														14.0														5.3
4,4-	DDE							300.0													470.0														1,600.0								950.0														170.0												20.0
4,4-DDT								39.0															110.0														690.0											670.0														25.0														2.0
Dieldrin										19.0															3.0																		5.7															1.1																		1.1																3.0
PCBs													180.0														3,800.0											7,600.0								25,700.0									25,700.0							3,800.0
Toxaphene					22900.0										260.0													790.0												230.0														230.0												260.0	

1 	The	Mugu	Lagoon	subwatershed	includes	Duck	Pond/Agricultural	Drain/Mugu/Oxnard	Drain	#2.

b)  Final Sediment LAs (ng/g)

Constituent                                              Subwatershed
																				Mugu									Calleguas						Revolon							Arroyo										Arroyo										Conejo
                    Lagoon1       Creek            Slough        Las Posas        Simi              Creek
Chlordane      3.3                 3.3                 0.9             3.3                3.3                 3.3
4,4-DDD							2.0               2.0                  2.0                     2.0                2.0                 2.0
4,4-	DDE							2.2	  														1.4	 																1.4													1.4	    													1.4	     													1.4	
4,4-DDT								0.3																	0.3																			0.3													0.3															0.3																0.3
Dieldrin									4.3																	0.2																			0.1												0.2																0.2																0.2
PCBs             180.0             120.0              130.0          120.0           120.0           120.0
Toxaphene     360.0             0.6                  1.0              0.6                0.6               0.6                

1 	The	Mugu	Lagoon	subwatershed	includes	Duck	Pond/Agricultural	Drain/Mugu/Oxnard	Drain	#2.

2. Siltation LAs

Agricultural	dischargers	will	receive	an	allocation	of	2,704	tons/yr.	Reduction	
in sediment yield to Mugu Lagoon.  The baseline from which the load reduction 
will be evaluated will be determined by a special study of this TMDL.  The 
load allocation will apply after the baseline is established, as described in the 
Implementation Plan.

Margin of Safety This TMDL relies on an implicit margin of safety, by incorporating conservative 
assumptions throughout its development, including:

	Basing	percent	reductions	on	the	historical	data	set	of	water	and	fish	tissue	
concentrations,	which	does	not	reflect	the	effects	of	attenuation	the	over	the	
past ten years.

	Determining the percent reduction in sediment, by basing it on the greater 
percent	reduction	of	either	water	or	fish	tissue	concentrations	based	on	
available data.
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TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Margin of Safety 
(continued)

	Reducing the allowable concentration for upstream subwatersheds, to ensure 
protection of those subwatersheds downstream from upstream inputs.

	Choosing Threshold Effects Levels (TELs) and Effects Range Lows (ERLs) 
as numeric targets for sediment, which are the most protective applicable 
sediment guidelines.

	 Selecting the more stringent of the allowable concentration (as calculated by 
percent reduction methodology) or the numeric target for sediment (TEL or 
ERL),	when	available,	as	the	WLA	and	LA	for	all	reaches	with	303(d)	listings	
for sediment.

Future Growth Ventura	County	accounts	for	slightly	more	than	2%	of	the	state’s	residents	with	a	
population	of	753,197	(US	Census	Bureau,	2000).		GIS	analysis	of	the	2000	census	
data	yields	a	population	estimate	of	334,000	for	the	CCW,	which	equals	about	44%	
of	the	county	population.		According	to	the	Southern	California	Association	of	
Governments	(SCAG),	growth	in	Ventura	County	averaged	about	51%	per	decade	
from	1900-2000;	with	growth	exceeding	70%	in	the	1920s,	1950s,	and	1960s.	
Significant	population	growth	is	expected	to	occur	within	and	near	present	city	
limits until at least 2020.  Since most of the listed OCs and PCBs in the CCW are 
banned, this growth is not expected to increase current loads.  Urban application of 
those OC pesticides which are still legal (dacthal and endosulfan) may increase, but 
overall use may decrease because urban expansion tends to reduce total acreage of 
agricultural land.

Population	growth	may	result	in	greater	OC	loading	to	POTW	influent	from	
washing food products containing OC residues.  This loading may be proportional 
to the increase in population, if per capita domestic water use and pesticide load 
per	household	remain	constant.		Increased	flow	from	POTWs	should	not	result	in	
impairment	of	the	CCW	as	long	as	effluent	concentration	standards	are	met	for	
each POTW.

As	urban	development	occurs,	construction	activities	may	have	a	range	of	effects	
on OC loading to the CCW.  Exposure of previously vegetated or deeply buried 
soil might lead to increased rates of transportation and volatilization.  Conversely, 
urbanization of open space and/or agriculture areas may cover OC pesticides bound 
to sediments.

Future growth in the CCW may result in increased groundwater concentrations of 
currently used OC pesticides.  This is a potential concern for dacthal, which is still 
used and has been found in groundwater (although current levels of dacthal are 
significantly	lower	than	all	available	targets).		The	effects	of	future	growth	upon	
PCB	loads	are	unknown,	but	not	likely	to	prove	significant,	since	atmospheric	
deposition	and	accidental	spills	are	the	primary	loading	pathways.		Any	increase	
in OCs due to population growth may be offset by decreased inputs from banned 
OCs, as their presence attenuates due to fate and transport processes.
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TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Critical 
Conditions

The linkage analysis found correlation between concentrations of OC pesticides 
and PCBs in water and total suspended solids (TSS), and a potential correlation 
between OC pesticides and PCBs concentrations in water and seasonality (wet vs. 
dry	season).		A	similar	correlation	between	sediment	loading	and	wet	weather	is	
also noted.   

OC pesticides and PCB pollutants are of potential concern in the Calleguas Creek 
Watershed due to possible long-term loading and food chain bioaccumulation 
effects. There is no evidence of short-term effects. However, pollutant loads and 
transport	within	the	watershed	may	vary	under	different	flow	and	runoff	conditions.	
Therefore	the	TMDLs	consider	seasonal	variations	in	loads	and	flows	but	are	
established in a manner which accounts for the longer
time horizon in which ecological effects may occur.

Wet weather events, which may occur at any time of the year, produce extensive 
sediment redistribution and transport downstream. This would be considered the 
critical condition for loading.  However, the effects of organochlorine compounds 
are manifested over long time periods in response to bioaccumulation in the food 
chain.  Therefore, short-term loading variations (within the time scale of wet and 
dry	seasons	each	year)	are	not	likely	to	cause	significant	variations	in	beneficial	
use	effects.		Therefore,	although	seasonal	variations	in	loads	and	flows	were	
considered, the TMDL was established in a manner which accounts for the longer 
time horizon in which ecological effects may occur

Implementation 
Plan

The	final	WLAs	will	be	included	in	NPDES	permits	in	accordance	with	the	
compliance	schedules	provided	in	Table	7-17.2.		The	Regional	Board	may	revise	
these	WLAs	based	on	additional	information	developed	through	Special	Studies	
and/or Monitoring of this TMDL.   

WLAs	established	for	the	five	major	POTWs	in	this	TMDL	will	be	implemented	
through NPDES permit limits.  The proposed permit limits will be applied as 
end-of-pipe	concentration-based	effluent	limits	for	POTWs.		Compliance	will	be	
determined	through	monitoring	of	final	effluent	discharge	as	defined	in	the	NPDES	
permit. The implementation plan for POTWs focuses on implementation of source 
control activities.  Consideration of annual averaging of compliance data will be 
evaluated at the time of permit renewal based on available information, Regional 
Board	policies,	and	US	EPA	approval.
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Implementation 
Plan (continued)

In	accordance	with	current	practice,	a	group	concentration-based	WLA	has	been	
developed	for	MS4s,	including	the	Caltrans	MS4.	The	grouped	allocation	will	
apply to all NPDES-regulated municipal stormwater discharges in the CCW. Other 
NPDES-regulated stormwater permittees will be assigned a concentration-based 
WLA	consistent	with	the	interim	and	final	WLAs	set	forth	above.		Stormwater	
WLAs	will	be	incorporated	into	the	NPDES	permit	as	receiving	water	limits	
measured at the downstream points of each subwatershed and are expected to be 
achieved through the implementation of BMPs as outlined in the implementation 
plan. 

The Regional Board will need to ensure that permit conditions are consistent 
with	the	assumptions	of	the	WLAs.		If	BMPs	are	to	be	used,	the	Regional	Board	
will	need	to	detail	its	findings	and	conclusions	supporting	the	use	of	BMPs	in	
the NPDES permit fact sheets.  Should federal, state, or regional guidance or 
practice	for	implementing	WLAs	into	permits	be	revised,	the	Regional	Board	may	
reevaluated the TMDL to incorporate such guidance.

LAs	will	be	implemented	through	the	State’s	Nonpoint	Source	Pollution	Control	
Program	(NPSPCP).		The	LARWQCB	is	developing	a	Conditional	Waiver	for	
Irrigated Lands, which includes monitoring at sites subject to approval by the 
Executive	Officer	of	the	Regional	Board.		Should	adoption	of	the	Conditional	
Waiver be delayed, monitoring will be required as part of this TMDL.   

Studies are currently being conducted to assess the effectiveness of BMPs 
for reduction of pollutants from agricultural operations.  Results will be used 
to	develop	Agricultural	Water	Quality	Management	Plans,	including	the	
implementation	of	agricultural	BMPs.		Additionally,	an	agricultural	education	
program will be developed to inform growers of the recommended BMPs and the 
Management Plan.  

As	shown	in	Table	7-17.2,	implementation	actions	will	be	taken	by	agricultural	
dischargers located in the CCW.  The implementation of agricultural BMPs will 
be based on a comprehensive approach to address pollutant loads discharged from 
agricultural	operations.	The	Regional	Board	may	revise	these	LAs	based	on	the	
collection of additional information developed through special studies and/or 
monitoring conducted as part of this TMDL.
 
A	number	of	provisions	in	this	TMDL	might	provide	information	that	could	result	
in	revisions	to	the	TMDL.	Additionally,	the	development	of	sediment	quality	
criteria and other water quality criteria revisions may require the reevaluation 
of this TMDL. Finally, the use of OC pesticides in other countries which may 
be present in imported food products, compounded with the persistence of OC 
pesticides and PCBs in the environment, indicate that efforts to control sources 
and transport of OCs to receiving waters may not result in attainment of targets 
and allocations due to activities that are outside the control of local agencies and 
agriculture. For these reasons, the Implementation Plan includes this provision for 
reevaluating the TMDL to consider revised water quality objectives and the results 
of implementation studies, if appropriate.
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TMDL Element Calleguas Creek Watershed OC Pesticide, PCBs, and Siltation TMDL
Implementation 
Plan (continued)

The siltation portion of the TMDL includes wasteload and load allocations set as 
an annual mass reduction from a baseline value of sediment and silt deposited in 
Mugu Lagoon.  The baseline value of sediment and silt conveyed to Mugu Lagoon 
is to be determined by a TMDL Special Study and established by the Regional 
Board through an amendment to the TMDL.  The Special Study is eight years in 
duration to ensure that the full range of current conditions that affect loading of 
sediment and siltation to Mugu Lagoon are considered.  If appropriate, the Special 
Study may also result in a revision to the mass load reduction.  The Special Study 
will	be	overseen	by	a	Science	Advisory	Panel	consisting	of	local,	regional,	and/or	
national	experts	in	estuarine	habitat	biology,	hydrology,	and	engineering.		At	the	
conclusion of the special study, the Regional Board will reconsider the TMDL to 
establish sustainable wasteload and load allocations recommended by the Special 
Study	to	support	aquatic	life	and	wetland	habitat	beneficial	uses.			

In implementing this TMDL, staff recognize that dischargers may be implementing 
management measures and management practices to reduce sediment and Siltation 
loads through permit and waiver programs during the special studies.  Further, 
since the effective date of the Consent Decree, reaches of Calleguas Creek have 
been listed due to sediment, and another TMDL may be initiated during the Special 
Study	of	this	TMDL.		Staff’s	intent	is	to	coordinate	the	requirements	of	this	TMDL	
with other programs that reduce sedimentation and siltation.  The Special Study 
can consider sediment and silt load reductions through existing permits and the 
forthcoming conditional waiver for irrigated lands.  Load and wasteload allocations 
become effective after the Regional Board actions based on the Special Study, nine 
years after the effective date of the TMDL.
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Table 7-17.2 Calleguas Creek Watershed OC Pesticides, PCBs, and Siltation TMDL:  
Implementation Schedule

Item Implementation Action 1 Responsible 
Party Completion Date

1 Interim organochlorine pesticide and polychlorinated 
biphenyls  wasteload allocations apply. 

NPDES 
Permittees

Effective date of the 
amendment

2 Interim organochlorine pesticide and polychlorinated 
biphenyls load allocations apply. 

Agricultural	
Dischargers

Effective date of the 
amendment

3 Finalize and submit workplan for organochlorine pesticide 
and polychlorinated biphenyls TMDL monitoring, 
or	finalize	and	submit	a	workplan	for	an	Integrated	
Calleguas Creek Watershed organochlorine pesticide and 
polychlorinated biphenyls Monitoring Program for approval 
by	the	Executive	Officer.		The	monitoring	workplan	will	
include, but not be limited to, appropriate water, biota, and 
sediment loading and monitoring to verify attainment of 
targets	and	protection	of	beneficial	uses.

POTW 
Permittees, 
MS4	
Permittees, 
Agricultural	
Dischargers, 
US Navy

 6 months after effective 
date of the amendment

4 Initiate Calleguas Creek Watershed organochlorine 
pesticide, polychlorinated biphenyls, and siltation 
Monitoring Program developed under the Task 3 workplan 
approved	by	the	Executive	Officer.	

POTW 
Permittees, 
MS4	
Permittees, 
Agricultural	
Dischargers, 
US Navy

6 months after Executive 
Officer	approval	of	
Monitoring Program (Task 
3) workplan

5 Submit	a	workplan	for	approval	by	the	Executive	Officer	
to identify urban, industrial and domestic sources of 
organochlorine pesticides and polychlorinated biphenyls and 
control methods and to implement a collection and disposal 
program for organochlorine pesticides and polychlorinated 
biphenyls .

POTW 
Permittees, 
MS4	
Permittees, US 
Navy

1 year after effective date 
of the amendment

6 Submit	a	workplan	for	approval	by	the	Executive	Officer	
to identify agricultural sources and  methods to implement 
a collection and disposal program for organochlorine  
pesticides and polychlorinated biphenyls.

Agricultural	
Dischargers

1 year after effective date 
of the amendment

7 Special Study #1 – Submit a workplan and convene a 
Science	Advisory	Panel	to	quantify	sedimentation	in	Mugu	
Lagoon and sediment transport throughout the Calleguas 
Creek Watershed.  Evaluate management methods to control 
siltation and contaminated sediment transport to Calleguas 
Creek, identify appropriate BMPs to reduce sediment 
loadings, evaluate numeric targets and wasteload and load 
allocations for siltation/sedimentation to support habitat 
related	beneficial	uses	in	Mugu	Lagoon,	  evaluate the 
effect of sediment on habitat preservation in Mugu Lagoon, 
and evaluate appropriate habitat baseline, effectiveness of 
sediment and siltation load allocations on a subwatershed 
basis, and methods to restore habitat for approval by the 
Executive	Officer.		Additionally,	this	special	study	will	
evaluate the concentration of organochlorine  pesticides 
and polychlorinated biphenyls in sediments from various 
sources/land use types. 2

POTW 
Permittees, 
MS4	
Permittees, 
Agricultural	
Dischargers, 

and US Navy

1 year after effective date 
of the amendment
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Item Implementation Action 1 Responsible 
Party Completion Date

8 Special study #2 – Conduct a study to identify land areas 
with high organochlorine pesticide and polychlorinated 
biphenyls concentrations, and submit a workplan including 
milestones and an implementation period that is as short as 
possible, but not to exceed 6 years, for removal to mitigate 
the	effects	of	flood	control	practices	on	organochlorine	
pesticides, polychlorinated biphenyls, and sediment 
loadings to Calleguas Creek waterbodies from any high 
concentration	areas	identified.		Milestones	shall	include	
proposed percentages of reductions achieved by removal.  
Such practices include but are not limited to management 
of agricultural runoff, sediment reduction practices and 
structures, streambank stabilization, and other projects 
related	to	stormwater	conveyance	and	flood	control	
improvements in the Calleguas Creek watershed.  2

Agricultural	
Dischargers, 
MS4	
Permittees, US 
Navy

1 years after effective date 
of the amendment

9 Develop	an	Agricultural	Water	Quality	Management	Plan	
in consideration of the forthcoming Conditional Waiver for 
Irrigated Lands, or, if the Conditional Waiver for Irrigated 
Lands is not adopted in a timely manner, develop an 
Agricultural	Water	Quality	Management	Plan	as	part	of	the	
Calleguas Creek WMP.  Implement an educational program 
on	BMPs	identified	in	the	Agricultural	Water	Quality	
Management Plan.

Agricultural	
Dischargers

3 years after effective date 
of the amendment

10 Based on results of the Task 5 workplan approved by 
Executive	Officer,	implement	a	collection	and	disposal	
program for organochlorine pesticides and polychlorinated 
biphenyls.

POTW 
Permittees, 
MS4	
Permittees, US 
Navy

5 years after effective of 
the amendment

11 Based on results of the Task 6 workplan approved by 
Executive	Officer	implement	a	collection	and	disposal	
program for organochlorine pesticides and polychlorinated 
biphenyls.

Agricultural	
Dischargers

5 years after effective of 
the amendment

12 Re-evaluation of POTW Interim wasteload allocations for 
organochlorine pesticides and polychlorinated biphenyls 
based on State Implementation Plan procedures.

Regional Board 5 years, 10 years and 15 
years after the effective 
date of the amendment

13 Special Study #1 – Submit results of Special Study #1, 
including	recommendations	for	refining	the	siltation	load	
and wasteload allocations.

POTW 
Permittees, 
MS4	
Permittees, 
Agricultural	
Dischargers, 

and US Navy 

8 years after effective date 
of the amendment

14 Re-evaluation of siltation and sediment load and wasteload 
allocations based on Special Study #1.

Regional Board 9 years after effective date 
of the amendment

15 Effective date of siltation load allocation and wasteload 
allocation.

Agricultural	
dischargers, 
US	Navy,	MS4	
permittees

9 years after effective date 
of the amendment
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Item Implementation Action 1 Responsible 
Party Completion Date

16 Special Study #3 – Evaluate natural attenuation rates and 
evaluate methods to accelerate  organochlorine pesticide 
and polychlorinated biphenyl attenuation and examine 
the attainability of wasteload and load allocations in the 
Calleguas Creek Watershed. 2, 3

POTW 
Permittees ,
Agricultural	
Dischargers,
MS4	
Permittees, and 
US Navy

10 years after effective date 
of the amendment

17 Special	Study	#4	(optional)	–	Examine	of	the	food	web	and	
bioconcentration relationships throughout the watershed to 
evaluate	assumptions	contained	in	the	Linkage	Analysis	and	
ensure	that	protection	of	beneficial	uses	is	achieved. 2

Interested 
Parties

12 years after effective date 
of the amendment

18 Based	on	the	results	of	Implementation	Items	1-17,	if	
sediment guidelines are promulgated or water quality 
criteria	are	revised,	and/or	if	fish	tissue	and	water	column	
targets	are	achieved	without	attainment	of	WLAs	or	LAs,	
the Regional Board will consider revisions to the TMDL 
targets, allocations, and schedule for expiration of Interim 
Wasteload	and	Interim	Load	Allocations.3

Regional Board 10 years after effective date 
of the amendment

19 Achieve	Final	WLAs	and	LAs Agricultural	
Dischargers, 
POTW 
Permittees, and 
MS4	Permittees

20 years after effective date 
of the amendment

1  The Regional Board regulatory programs addressing all discharges in effect at the time an implementation task is due may 
   contain requirements substantially similar to the requirements of an implementation task.  If such a requirement is in place 
			in	another	regulatory	program	including	other	TMDLs,	the	Executive	Officer	may	determine	that	such	other	requirements	
   satisfy the requirements of an implementation task of this TMDL and thereby  coordinate this TMDL implementation plan 
   with other regulatory programs.
2  Special studies included in the Implementation Plan are based on the TMDL Technical Documents.
3		After	completion	of	this	special	study,	the	TMDL	will	be	reopened	in	order	to	enable	the	Regional	Board	to	evaluate	
			whether	a	shorter	time	period	is	appropriate	for	the	achievement	of	the	final	WLAs	and	LAs.
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7-18  Marina del Rey Harbor Toxic Pollutants TMDL

This TMDL was adopted by:
 The Regional Water Quality Control Board on October 6, 2005.

This TMDL was approved by:
 The State Water Resources Control Board on January 13, 2006.
	 The	Office	of	Administrative	Law	on	March	13,	2006.
	 The	U.S.	Environmental	Protection	Agency	on	March	16,	2006.

The effective date of this TMDL is: March 22, 2006.

The following tables include the elements of this TMDL.

Table 7-18.1. Marina del Rey Harbor Toxic Pollutants TMDL: Elements
Element Key Findings and Regulatory Provisions
Problem Statement The	back	basins	of	Marina	del	Rey	Harbor	are	on	the	Clean	Water	Act	

Section 303(d) list of impaired waterbodies for chlordane, copper, lead, 
zinc,	PCBs,	DDT,	dieldrin,		sediment	toxicity	and	a	fish	consumption	
advisory. Review of available data during the development of this 
TMDL indicated that dieldrin and DDT are no longer causes of 
impairment.	The	following	designated	beneficial	uses	are	impaired	
by chlordane, copper, lead, zinc, PCBs, and toxicity: water contact 
recreation	(REC1);	marine	habitat	(MAR);	wildlife	habitat	(WILD);	
commercial	and	sport	fishing	(COMM);	and	shellfish	harvesting	
(SHELL).

Numeric Target 
(Interpretation of the 
narrative and numeric water 
quality objective, used to
calculate the allocations)

Numeric targets for the harbor sediments are based on the sediment 
quality	guidelines	compiled	by	the	National	Oceanic	and	Atmospheric	
Administration,	which	are	used	in	evaluating	waterbodies	within	the	
Los	Angeles	Region	for	development	of	the	303(d)	list.		The	Effects	
Range-Low (ERLs) guidelines are established as the numeric targets for 
sediments in Marina del Rey Harbor.

                 Numeric Targets for Metals in Sediment (mg/kg)                     
                    Copper                   Lead                         Zinc                          
																						34	 																		46.7																										150

     Numeric Targets for Organic Compounds in Sediment (µg/kg)              
                          Chlordane         Total PCBs                                
	 																														0.5	 												22.7

In	addition	to	the	sediment	numeric	target,	water	column	and	fish	tissue	
targets	are	set	for	the	PCB	impairment	in	fish	tissue.	
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Element Key Findings and Regulatory Provisions
Numeric Target
(Interpretation of the 
narrative and numeric water 
quality objective, used to 
calculate the allocations)
(continued)

The California Toxics Rule (CTR) Criterion for the protection of human 
health from the consumption of aquatic organisms is selected as the 
final	numeric	target	for	total	PCBs	in	the	water	column.	However,	given	
the inability of current analytical methods to detect concentrations 
at this low level, an interim numeric target will be applied. The CTR 
Chronic Criterion for the protection of aquatic life in saltwater is 
selected	as	the	interim	numeric	target	for	the	fish	tissue	impairment	
by PCBs. This numeric target will remain in effect until advances in 
technology allow for analysis of PCBs at lower detection limits. 
Interim Target for total PCBs in the Water Column: 0.03µg/L
Final Target for total PCBs in the Water Column:	0.00017	µg/L

The	numeric	Target	for	PCBs	in	fish	tissue	is	the	Threshold	Tissue	
Residue Level that is derived from CTR human health criteria, which 
are adopted criteria for water designated to protect humans from 
consumption	of	contaminated	fish	or	other	aquatic	organisms.
Numeric Target for total PCBs in Fish Tissue: 5.3 µg/Kg

Source Analysis Urban storm water has been recognized as a substantial source 
of metals. Numerous researchers have documented that the most 
prevalent metals in urban storm water (i.e., copper, lead, and zinc) 
are consistently associated with suspended solids. Because metals are 
typically	associated	with	fine	particles	in	storm	water	runoff,	they	have	
the potential to accumulate in marine sediments where they may pose a 
risk of toxicity. Similar to metals, the majority of organic constituents in 
storm water are associated with particulates.

Passive leaching of copper-based anti-fouling paints is a potential 
source	of	copper	loading	to	the	sediment.	However,	there	is	insufficient	
information available to quantify the contribution of boat discharges to 
the sediment pollutant load. This TMDL requires a study designed to 
estimate copper partitioning between the water column and sediment 
in Marina del Rey harbor, in order to determine the impact of passive 
leaching on the marine sediment.

Direct deposition of airborne particles to the water surface may be 
responsible for contributing copper, lead and zinc to the Marina 
del Rey back basins. The estimated contribution from this source is 
minor.	Indirect	atmospheric	deposition	reflects	the	process	by	which	
metals deposited on the land surface may be washed off during storm 
events and delivered to Marina del Rey Harbor. The loading of metals 
associated with indirect atmospheric deposition are accounted for in the 
storm water runoff.

RB-AR36196



Basin Plan           7-207   Total Maximum Daily Loads
Updated September 20��

Element Key Findings and Regulatory Provisions
Loading Capacity TMDLs are developed for copper, lead, zinc, chlordane, and PCBs 

within	the	sediments	of	Marina	del	Rey	Harbor’s	back	basins.

The loading capacity for Marina del Rey Harbor is calculated by 
multiplying the numeric targets by the average annual total suspended 
solids (TSS) loading to the harbor sediment.  The average annual TSS 
discharged	to	the	back	basins	of	the	harbor	is	64,166	kilograms	per	year	
(kg/yr).  The TMDL is set equal to the loading capacity.

 Metals Loading Capacity (kilograms/year)
  Copper Lead Zinc                      
                            2.18                  3.0                      9.6

 Organics Loading Capacity (grams/year) 
                       Chlordane            Total PCBs                          
	 																					0.03	 												1.46

Load Allocations 
(for nonpoint sources)

Load	allocations	(LA)	are	developed	for	nonpoint	sources	in	Marina	
del Rey Harbor, which includes direct atmospheric deposition. The load 
allocations are not assigned to a particular nonpoint source or group of 
nonpoint sources.

The mass-based load allocation for direct atmospheric deposition is 
equal	to	the	percentage	of	the	watershed	covered	by	water	(5.4%)	
multiplied by the total loading capacity.

Metals Load Allocations for Direct Atmospheric Deposition (kg/yr) 
                  Copper                  Lead                     Zinc                               
                    0.12                     0.16                      0.52

Organics Load Allocations for Direct Atmospheric Deposition(g/yr)
                     Chlordane          Total PCBs                             
	 																		0.002	 				0.079

Waste Load Allocations 
(for point sources)

Waste	load	allocations	(WLA)	are	assigned	to	point	sources	for	
the	Marina	del	Rey	watershed.		A	grouped	mass-based	waste	load	
allocation	is	developed	for	the	storm	water	permittees	(Los	Angeles	
County	MS4,	Caltrans,	General	Construction	and	General	Industrial)	
by subtracting the load allocations from the total loading capacity.  
Concentration-based waste load allocations are developed for other 
point sources in the watershed.

 Metals Waste Load Allocations for Storm Water (kg/yr)       
                Copper Lead              Zinc         
               2.06   2.83            9.11 

      Organics Waste Load Allocations for Storm Water (g/yr)          
                           Chlordane              Total PCBs                         
                 0.03                                    1.38
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued) 

The storm water waste load allocations are apportioned between the 
MS4	permittees,	Caltrans,	the	general	construction	and	the	general	
industrial storm water permits based on an estimate of the percentage of 
land area covered under each permit.

 Metals Storm Water WLAs Apportioned between Permits (kg/yr) 
                                                           Copper      Lead      Zinc               

MS4	Permittees	 	 		2.01	 		2.75	 8.85
Caltrans  0.022 0.03 0.096
General	Construction	 	 0.033	 0.045	 0.144
General	Industrial	 	 0.004	 0.006	 0.018 

 Organics Storm Water WLAs Apportioned between Permits (g/yr)
     Chlordane                Total PCBs                     
MS4	Permittees	 												0.0295	 				 		1.34
Caltrans 0.0003  0.015
General	Construction	 0.0005	 	 0.022
General	Industrial	 0.0001	 	 0.003 

Each storm water permittee enrolled under the general construction or 
industrial storm water permits will receive an individual waste load 
allocation on a per acre basis, based on the acreage of their facility.

Metals per Acre WLAs for Individual General
 Construction or Industrial Storm Water Permittees (g/yr/ac)         
                Copper                    Lead Zinc                         
                 2.3                       3.1   10

Organics per acre WLAs for Individual General
 Construction or Industrial Storm Water Permittees (mg/yr/ac)    
                   Chlordane Total PCBs                               
                 0.03                           1.5

Concentration-based waste load allocations are assigned to the minor 
NPDES permits and general non-storm water NPDES permits that 
discharge	to	Marina	del	Rey	Harbor.		Any	future	minor	NPDES	permits	
or enrollees under a general non-storm water NPDES permit will also 
be subject to the concentration-based waste load allocations.

 Metals Concentration-based Waste Load Allocations (mg/kg)     
                Copper                        Lead                       Zinc                   
																									34	 																							46.7	 				150	

Organic Concentration-based Waste Load Allocations (µg/kg)
            Chlordane          Total PCBs                          
			 											0.5	 	 											22.7

Margin of Safety An	implicit	margin	of	safety	is	applied	through	the	use	of	the	more	
protective sediment quality guideline values.  The ERLs were selected 
over the higher ERMs as the numeric targets.
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Element Key Findings and Regulatory Provisions
Implementation The regulatory mechanisms used to implement the TMDL will include 

the	Los	Angeles	County	Municipal	Storm	Water	NPDES	Permit	(MS4),	
the State of California Department of Transportation (Caltrans) Storm 
Water Permit, minor NPDES permits, general NPDES permits, general 
industrial storm water NPDES permits, general construction storm 
water NPDES permits.  Nonpoint sources will be regulated through 
the authority contained in sections 13263 and 13269 of the Water 
Code,	in	conformance	with	the	State	Water	Resources	Control	Board’s	
Nonpoint	Source	Implementation	and	Enforcement	Policy	(May	2004).		
Each	NPDES	permit	assigned	a	WLA	shall	be	reopened	or	amended	
at re-issuance, in accordance with applicable laws, to incorporate the 
applicable	WLAs	as	a	permit	requirement.

The Regional Board shall reconsider this TMDL in six years after the 
effective date of the TMDL based on additional data obtained from 
special	studies.		Table	7-18.2	presents	the	implementation	schedule	for	
the responsible permittees.

Minor NPDES Permits and General Non-Storm Water NPDES 
Permits:

The concentration-based waste load allocations for the minor 
NPDES permits and general non-storm water NPDES permits will 
be implemented through NPDES permit limits.  Permit writers may 
translate	applicable	waste	load	allocations	into	effluent	limits	for	the	
minor and general NPDES permits by applying applicable engineering 
practices authorized under federal regulations.  The minor and existing 
general non-storm water NPDES permittees are allowed up to seven 
years from the effective date of the TMDL to achieve the waste load 
allocations.

General Industrial Storm Water Permit:
The	Regional	Board	will	develop	a	watershed	specific	general	
industrial storm water permit to incorporate waste load allocations.  
Concentration-based permit limits may be set to achieve the mass-based 
waste load allocations.  These concentration-based limits would be 
equal to the concentration-based waste load allocations assigned to the 
other NPDES permits.  It is expected that permit writers will translate 
the waste load allocations into BMPs, based on BMP performance 
data.		However,	the	permit	writers	must	provide	adequate	justification	
and	documentation	to	demonstrate	that	specified	BMPs	are	expected	to	
result in attainment of the numeric waste load allocations.  The general 
industrial storm water permittees are allowed up to seven years from 
the effective date of the TMDL to achieve the waste load allocations.
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Element Key Findings and Regulatory Provisions
Implementation (continued) General Construction Storm Water Permit:

Waste load allocations will be incorporated into the State Board general 
permit	upon	 renewal	or	 into	a	watershed	 specific	general	 construction	
storm water permit developed by the Regional Board.

Within seven years of the effective date of the TMDL, the construction 
industry will submit the results of BMP effectiveness studies to 
determine BMPs that will achieve compliance with the waste load 
allocations assigned to construction storm water permittees.  Regional 
Board staff will bring the recommended BMPs before the Regional 
Board for consideration within eight years of the effective date of the 
TMDL.	General	construction	storm	water	permittees	will	be	considered	
in compliance with waste load allocations if they implement these 
Regional Board approved BMPs.

All	general	construction	permittees	must	implement	the	approved	
BMPs within nine years of the effective date of the TMDL.  If no 
effectiveness studies are conducted and no BMPs are approved by the 
Regional Board within eight years of the effective date of the TMDL, 
each general construction storm water permit holder will be subject 
to	site-specific	BMPs	and	monitoring	requirements	to	demonstrate	
compliance with waste load allocations.

MS4 and Caltrans Storm Water Permits:

The	County	of	Los	Angeles,	City	of	Los	Angeles,	and	Culver	City	are	
jointly responsible for meeting the mass-based waste load allocations 
for	the	MS4	permittees.		Caltrans	is	responsible	for	meeting	their	mass-
based waste load allocations, however, they may choose to work with the 
MS4	permittees.		The	primary	jurisdiction	for	the	Marina	del	Rey	Harbor	
watershed	is	the	County	of	Los	Angeles.

Each municipality and permittee will be required to meet the waste load 
allocations	at	the	designated	TMDL	effectiveness	monitoring	points.		A	
phased implementation approach, using a combination of non-structural 
and structural BMPs may be used to achieve compliance with the waste 
load allocations.  The administrative record and the fact sheets for the 
MS4	and	Caltrans	storm	water	permits	must	provide	reasonable	assurance	
that	the	BMPs	selected	will	be	sufficient	to	implement	the	numeric	waste	
load allocations.  We expect that reductions to be achieved by each BMP 
will	be	documented	and	that	sufficient	monitoring	will	be	put	in	place	to	
verify that the desired reductions are achieved.  The permits should also 
provide a mechanism to adjust the required BMPs as necessary to ensure 
their adequate performance.
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Element Key Findings and Regulatory Provisions
Implementation (continued) The	implementation	schedule	for	the	MS4	and	Caltrans	permittees	

consists of a phased approach, with compliance to be achieved in 
prescribed percentages of the watershed, with total compliance to be 
achieved within 10 years. However, the Regional Board may extend the 
implementation period up to 15 years if an integrated water resources 
approach is employed.

The waste load allocations and load allocations have been developed 
to achieve the numeric targets in the back basins of Marina del Rey 
Harbor by the end of the compliance period. However, the Regional 
Board is aware of toxic pollutants bound up in sediment. To the extent 
that the Regional Board or another responsible jurisdiction or agency 
determines that toxic pollutants bound in sediments are still preventing 
the attainment of numeric targets, the Regional Board will issue 
appropriate investigatory orders or cleanup and abatement orders to 
achieve attainment of the numeric targets.

Seasonal Variations and 
Critical Conditions

There is a high degree of inter- and intra-annual variability in total 
suspended solids discharged to Marina del Rey Harbor.  This is a 
function of the storms, which are highly variable between years. The 
TMDL is based on a TSS load derived from long-term average rainfall 
over	a	52-year	period	from	1948	to	2000.  This time period contains 
a wide range of storm conditions and drain discharges to Marina del 
Rey Harbor.  Use of the average condition for the TMDL is appropriate 
because issues of sediment effects on benthic communities and 
potential for bioaccumulation to higher trophic levels occurs over long 
time periods.

Monitoring Effective monitoring will be required to assess the condition of Marina 
del Rey Harbor and to assess the on-going effectiveness of efforts by 
dischargers to reduce toxic pollutants loading from the Marina del 
Rey Watershed.  Special studies may also be appropriate to provide 
further information about new data, new or alternative sources, and 
revised	scientific	assumptions.		Below	the	Regional	Board	identifies	the	
various goals of monitoring efforts and studies that shall be developed 
in a coordinated manner.  The programs, reports, and studies will be 
developed in response to subsequent orders issued by the Executive 
Officer.

Ambient Component

A	monitoring	program	is	necessary	to	assess	water	quality	throughout	
Marina	del	Rey	Harbor	and	to	assess	fish	tissue	and	sediment	quality	
in	the	harbor’s	back	basins.		Data	on	background	water	quality	for	
copper	will	help	refine	the	numeric	targets	and	waste	load	allocations	
and	assist	in	the	effective	placement	of	BMPs.		In	addition,	fish	tissue	
data	is	required	in	Marina	del	Rey’s	back	basins	to	confirm	continued	
impairment.
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Element Key Findings and Regulatory Provisions
Monitoring (continued) Water quality samples shall be collected monthly and analyzed for 

chlordane and total PCBs at detection limits that are at or below the 
minimum levels until the TMDL is reconsidered in the sixth year.  The 
minimum levels are those published by the State Water Resources 
Control	Board	in	Appendix	4	of	the	Policy	for	the	Implementation	of	
Toxic Standards for Inland Surface Water, Enclosed Bays, and Estuaries 
of California, March 2, 2000.  Special emphasis should be placed on 
achieving detection limits that will allow evaluation relative to the CTR 
standards.  If these can not be achieved with conventional techniques, 
then a special study should be proposed to evaluate concentrations of 
organics. 

Water quality samples shall also be collected monthly and analyzed 
for copper, lead, and zinc until the TMDL is reconsidered in the sixth 
year. For metals water column analysis, methods that allow for (1) 
the removal of salt matrix to reduce interference and avoid inaccurate 
results prior to the analysis; and (2) the use of trace metal clean 
sampling techniques, should be applied. Examples of such methods 
include	EPA	Method	1669	for	sample	collection	and	handling,	and	EPA	
Method	1640	for	sample	preparation	and	analysis.

Storm water monitoring shall be conducted for metals (copper, 
lead. and zinc) and organics (chlordane and total PCBs) to provide 
assessment of water quality during wet-weather conditions and loading 
estimates from the watershed to the harbor.  Special emphasis should 
be placed on achieving lower detection limits for organochlorine 
compounds.

The	MS4	and	Caltrans	storm	water	permittees	are	jointly	responsible	
for	conducting	bioaccumulation	testing	of	fish	and	mussel	tissue	within	
the Harbor.  The permittees are required to submit for approval of the 
Executive	Officer	a	monitoring	plan	that	will	provide	the	data	needed	to	
confirm	the	303(d)	listing	or	de-listing,	as	applicable.

Representative sediment sampling shall be conducted quarterly within 
the back basins of the harbor for copper, lead, zinc, chlordane, and 
total PCBs at detection limits that are lower than the ERLs. Sediment 
samples shall also be analyzed for total organic carbon, grain size and 
sediment toxicity.  
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Element Key Findings and Regulatory Provisions
Monitoring (continued) Initial sediment toxicity monitoring should be conducted quarterly in 

the	first	year	of	the	TMDL	to	define	the	baseline	and	semi-annually,	
thereafter, to evaluate effectiveness of the BMPs until the TMDL 
is reconsidered in the sixth year. The sediment toxicity testing shall 
include testing of multiple species, a minimum of three, for lethal and 
non-lethal endpoints.  Toxicity testing may include: the 28-day and 
10-day amphipod mortality test; the sea urchin fertilization testing of 
sediment pore water; and the bivalve embryo testing of the sediment/
water interface.  The chronic 28-day and shorter-term 10-day amphipod 
tests may be conducted in the initial year of quarterly testing and the 
results	compared.		If	there	is	no	significant	difference	in	the	tests,	then	
the less expensive 10-day test can be used throughout the rest of the 
monitoring, with some periodic 28 day testing.

Effectiveness Component

The	water	quality	samples	collected	during	wet	weather,	defined	as	
rainfall of 0.1 inch or more plus the 3 days following the rain event, 
shall be analyzed for total dissolved solids, settleable solids and 
total suspended solids if not already part of the sampling program.  
Sampling	shall	be	designed	to	collect	sufficient	volumes	of	settable	and	
suspended solids to allow for analysis of copper, lead, zinc, chlordane, 
total PCBs, and total organic carbon in the sediment.

Monthly representative sediment sampling shall be conducted at 
existing monitoring locations throughout the harbor, and analyzed for 
copper, lead, zinc, chlordane, and total PCBs at detection limits that are 
lower than the ERLs.  The, sediment samples shall also be analyzed for 
total organic carbon and grain size. Sediment toxicity testing shall be 
conducted semi-annually, and shall include testing of multiple species 
(a minimum of three) for lethal and non-lethal endpoints.  Toxicity 
testing may include: the 28-day or10-day amphipod mortality test; the 
sea urchin fertilization testing of sediment pore water; and the bivalve 
embryo testing of the sediment/water interface.
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Element Key Findings and Regulatory Provisions
Monitoring (continued) Toxicity	shall	be	indicated	by	an	amphipod	survival	rate	of	70%	or	less	

in	a	single	test,	in	conjunction	with	a	statistically	significant	decrease	
in	amphipod	survival	relative	to	control	organisms	(significance	
determined	by	T-test,	a=0.05).		Accelerated	monitoring	maybe	
conducted	to	confirm	toxicity	at	stations	identified	as	toxic.	Accelerated	
monitoring shall consist of six additional tests, approximately every 
two weeks, over a 12-week period.  If the results of any two of the 
six	accelerated	tests	are	less	than	90%	survival,	then	the	MS4	and	
Caltrans	permittees	shall	conduct	a	Toxicity	Identification	Evaluation	
(TIE).	Alternatively,	responsible	parties	have	the	option	of	foregoing	
accelerated toxicity testing and conducting a TIE directly following 
an indication of toxicity. The TIE shall include reasonable steps to 
identify the sources of toxicity and steps to reduce the toxicity.  The 
Phase I TIE shall include the following treatments and corresponding 
blanks: baseline toxicity; particle removal by centrifugation; solid phase 
extraction of the centrifuged sample using C8, C18, or another media; 
complexation	of	metals	using	ethylenediaminetetraacetic	acid	(EDTA)	
addition to the raw sample; neutralization of oxidants/metals using 
sodium thiosulfate addition to the raw sample; and inhibition of organo-
phosphate (OP) pesticide activation using piperonyl butoxide addition 
to the raw sample (crustacean toxicity tests only).

Bioaccumulation	monitoring	of	fish	and	mussel	tissue	within	the	Harbor	
shall be conducted annually.  The permittees are required to submit for 
approval	of	the	Executive	Officer	a	monitoring	plan	that	will	provide	
the data needed to assess the effectiveness of the TMDL. The general 
industrial storm water permit shall contain a model monitoring and 
reporting	program	to	evaluate	BMP	effectiveness.		A	permittee	enrolled	
under the general industrial permit shall have the choice of conducting 
individual monitoring based on the model program or participating in 
a	group	monitoring	effort.		MS4	permittees	are	encouraged	to	take	the	
lead in group monitoring efforts for industrial facilities within their 
jurisdiction because compliance with waste load allocations by these 
facilities will in many cases translate to reductions in contaminate loads 
to	the	MS4	system.
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Element Key Findings and Regulatory Provisions
Monitoring (continued) Special Studies

Special	studies	are	necessary	to	refine	source	assessments,	to	provide	
better estimates of loading capacity, and to optimize implementation 
efforts.  The Regional Board will re-consider the TMDL in the sixth 
year	after	the	effective	date	in	light	of	the	findings	of	these	studies.		

Studies required for this TMDL include:

•	 Evaluate	partitioning	coefficients	between	water	column	and	
sediment to assess the contribution of water column discharges to 
sediment concentrations in the harbor, and

•	 Evaluate the use of low detection level techniques to determine 
water quality concentrations for those contaminants where standard 
detection limits cannot be used to assess compliance for CTR 
standards	or	are	not	sufficient	for	estimating	source	loadings	from	
tributaries and storm water.

Studies recommended for this TMDL include:

•	 Develop and implement a monitoring program to collect the data 
necessary to apply a multiple lines of evidence approach;

•	 Refine	the	relationship	between	pollutants	and	suspended	solids	
aimed at better understanding of the delivery of pollutants to the 
watershed, and

•	 Evaluate the effectiveness of BMPs to address pollutants and/or 
sediments.
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Table 7-18.2. Marina del Rey Harbor Toxic Pollutants TMDL: Implementation Schedule
Date Action
Effective date of the TMDL Regional Board permit writers shall incorporate the waste load 

allocations for sediment into the NPDES permits.  Waste load 
allocations will be implemented through NPDES permit limits in 
accordance with the implementation schedule contained herein, at the 
time of permit issuance, renewal or re-opener.

On-going The	Executive	Officer	shall	promptly	issue	appropriate	investigatory	
and clean up and abatement orders to address any toxicity hotspots 
within	sediments	identified	as	a	result	of	data	submitted	pursuant	to	
this	TMDL,	any	U.S.	Army	Corps	of	Engineer	dredging	activity,	or	
any other investigation.

Within 6 months after the effective 
date of the State Board adopted 
sediment quality objectives and 
implementation policy

The Regional Board will re-assess the numeric targets and waste load 
allocations for consistency with the State Board adopted sediment 
quality objectives.

5 years after effective date of the 
TMDL

Responsible jurisdictions and agencies shall provide to the Regional 
Board result of any special studies.

6 years after effective date of the 
TMDL

The Regional Board shall reconsider this TMDL to re-evaluate the 
waste load allocations and the implementation schedule.

MINOR NPDES PERMITS AND GENERAL NON-STORM WATER NPDES PERMITS
7	years	after	 effective	date	of	 the	
TMDL

The non-storm water NPDES permits shall achieve the concentration-
based waste load allocations for sediment per provisions allowed for 
in NPDES permits.

GENERAL INDUSTRIAL STORM WATER PERMIT
7	years	after	 effective	date	of	 the	
TMDL

The general industrial storm water permits shall achieve the mass-
based waste load allocations for sediment per provisions allowed for 
in NPDES permits.  Permits shall allow an iterative BMP process 
including BMP effectiveness monitoring to achieve compliance with 
permit requirements.

GENERAL CONSTRUCTION STORM WATER PERMIT
7	years	from	the	effective	date	of	
the TMDL

The construction industry will submit the results of the BMP effectiveness 
studies to the Regional Board for consideration.  In the event that no 
effectiveness studies are conducted and no BMPs are approved, permittees 
shall	be	subject	to	site-specific	BMPs	and	monitoring	to	demonstrate	BMP	
effectiveness.

8 years from the effective date of 
the TMDL

The Regional Board will consider results of the BMP effectiveness 
studies and consider approval of BMPs no later than eight years from 
the effective date of the TMDL.

9 years from the effective date of 
the TMDL

All	 general	 construction	 storm	 water	 permittees	 shall	 implement	
Regional Board-approved BMPs.
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Date Action
MS4 AND CALTRANS STORM WATER PERMITS

12 months after the effective date 
of the TMDL

In	response	to	an	order	issued	by	the	Executive	Officer,	the	MS4	and	
Caltrans storm water NPDES permittees must submit a coordinated 
monitoring	 plan,	 to	 be	 approved	 by	 the	 Executive	 Officer,	 which	
includes both ambient monitoring and TMDL effectiveness 
monitoring.  Once the coordinated monitoring plan is approved by the 
Executive	Officer,	monitoring	shall	commence	within	6	months.	The	
draft monitoring report shall be made available for public comment 
and	the	Executive	Officer	shall	accept	public	comments	for	at	 least	
30 days.

5 years after effective date of 
TMDL (Draft Report)

5 ½ years after effective date of 
TMDL (Final Report)

The	MS4	and	Caltrans	storm	water	NPDES	permittees	shall	provide	a	
written report to the Regional Board outlining how they will achieve 
the waste load allocations for sediment to Marina del Rey Harbor.  
The report shall include implementation methods, an implementation 
schedule, proposed milestones, and any applicable revisions to the 
TMDL effectiveness monitoring plan. The draft report shall be made 
available	for	public	comment	and	the	Executive	Officer	shall	accept	
public comments for at least 30 days.

Schedule	for	MS4	and	Caltrans	Permittees	if	Pursuing	a	TMDL	Specific	Implementation	Plan
8 years after effective date of the 
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 50% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.

10 years after effective date of the 
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 100% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.

Schedule	for	MS4	and	Caltrans	Permittees	if	Pursuing	an	Integrated	Resources	Approach,	per	Regional	
Board	Approval
7	years	after	 effective	date	of	 the	
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 25% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.

9 years after effective date of the 
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 50% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.

11 years after effective date of the 
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate	 that	 75%	 of	 the	 total	 drainage	 area	 served	 by	 the	
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.

15 years after effective date of the 
TMDL

The	 MS4	 and	 Caltrans	 storm	 water	 NPDES	 permittees	 shall	
demonstrate that 100% of the total drainage area served by the 
MS4	 system	 is	 effectively	 meeting	 the	 waste	 load	 allocations	 for	
sediment.
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7-19  Calleguas Creek Watershed Metals and Selenium TMDL

This TMDL was adopted by:
The Regional Water Quality Control Board on June 8, 2006.

This TMDL was approved by:
The State Water Resources Control Board on October 25, 2006.
The	Office	of	Administrative	Law	on	February	2,	2007.
The	U.S.	Environmental	Protection	Agency	on	March	26,	2007.

The	effective	date	of	this	TMDL	is	March	26,	2007.		

The	elements	of	the	TMDL	are	presented	in	Table	7-19.1	and	the	Implementation	Plan	in	Table	7-19.2

Table 7-19.1.  Calleguas Creek Watershed Metals and Selenium TMDL: Elements

TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Problem Statement Three of fourteen reaches in the Calleguas Creek Watershed (CCW) including 
Revolon Slough, Lower Calleguas Creek – Reach 2, and Mugu Lagoon are 
identified	 on	 the	 2002	 Clean	Water	Act	 Section	 303(d)	 list	 of	 water-quality	
limited segments as impaired due to elevated levels of metals and selenium in 
water.  The 303(d) listings, which were approved by the State Water Resources 
Control Board in February 2003, require the development of Total Maximum 
Daily Loads (TMDLs) to establish the maximum amount of pollutants a water 
body can receive without exceeding water quality standards. TMDLs for listed 
metals and selenium are presented herein in one document because, as a class of 
compounds,	they	possess	similar	physical	and	chemical	properties	that	influence	
their persistence, fate, and transport in the environment.

Numeric Targets This TMDL establishes four types of numeric targets: (1) California Toxics 
Rule	(40	CFR	Part	131)	(CTR)	criteria	in	dissolved	fraction	for	copper,	nickel,	
and	zinc,	and	in	total	recoverable	form	for	mercury	and	selenium;		(2)	fish	
tissue targets for mercury; (3) bird egg targets for mercury and selenium; 
and	(4)	sediment	quality	guidelines	for	copper,	nickel,	and	zinc	for	303(d)	
listed	reaches.		Attainment	of	sediment	quality	targets	will	be	evaluated	in	
combination with sediment toxicity data, if available.   
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Numeric Targets 
(continued)

Copper Targets

Dry Weather 
CCC 

Wet Weather 
CMC 

Mugu Lagoon 3.1*WER1 4.8*WER1 34000
Calleguas Creek 2 3.1*WER1 4.8*WER1 34000
Calleguas Creek 3 25.9 26.3 NA2

Revolon/Beardsley 3.1*WER1 4.8*WER1 NA2

Conejo 27.9 41.6 NA2

Arroyo Simi/Las Posas 29.3 29.8 NA2

Water Quality Target                
(ug dissolved Copper/L)Subwatershed

Sediment Target3 

(SQuiRTs, ERL) 
(ppb dry weight)

1        The water quality targets for copper in the TMDL are expressed as the copper water quality 
criteria from the federal California Toxics Rule (CTR). Those criteria include a numerical 
threshold multiplied by a water-effect ratio (WER).  The WER has a default value of 1.0 
unless	a	site-specific	WER	is	approved.	To	use	a	WER	other	than	the	default	of	1.0,	a	study	
must	be	conducted	consistent	with	USEPA’s	WER	guidance	and	adopted	by	the	Regional	
Board	through	the	state’s	basin	plan	amendment	process.	A	WER	study	for	Mugu	Lagoon	
(Reach	1),	lower	Calleguas	Creek	(Reach	2),	Revolon	Slough	(Reach	4)	and	Beardsley	
Wash (Reach 5) has been submitted to the Regional Board. If the Regional Board approves 
site-specific	WERs	for	copper	in	these	waterbodies,	the	TMDL	targets	will	be	modified	in	
accordance with all legal and regulatory requirements and implemented in accordance with 
the approved WERs using the equations set forth above.

2    Sediment targets were not selected as alternative target for this reach as it is not on 
     the 303(d) list.  
3    Sediment targets are based on screening levels endorsed by the National Oceanic 
					and	Atmospheric	Administration	(NOAA)	in	their	Screening	Quick	Reference	
     Tables (SQuiRTs) (Buchman, 1999)

Mercury Targets 

Media Target
Fish Tissue (Human Health) 0.3 mg methylmercury/kg wet weight
Fish Tissue (Wildlife)
     * Trophic Level (TL) 31<50 mm 0.03 mg methylmercury/kg wet weight
     * TL3 50-150 mm 0.05 mg methylmercury/kg wet weight
     * TL3 150-350 mm 0.1 mg methylmercury/kg wet weight
Bird Egg (Wildlife) less than 0.5 mg total mercury/kg wet weight
Water Column 0.051 ug total mercury/L

1				Trophic	Level	3:		Predators	(e.g.,	minnows,	sunfish)		on	trophic	level	2	organism	(e.g.,	
copepods	and	water	fleas)
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Numeric Targets 
(continued)

Nickel Targets

Dry Weather 
CCC

Wet Weather 
CMC

Mugu Lagoon 8.2 74 20900
Calleguas Creek 2 8.2 74 NA2

Calleguas Creek 3 149 856 NA2

Revolon/Beardsley 8.2 74 NA2

Conejo 160 1292 NA2

Arroyo Simi/Las Posas 168 958 NA2

Water Quality Target           
(ug dissolved Nickel/L)Subwatershed

Sediment Target1 

(SQuiRTs, ERL) 
(ppb dry weight)

1  Sediment targets are based on screening levels endorsed by the National Oceanic and 
Atmospheric	Administration	(NOAA)	in	their	Screening	Quick	Reference	Tables	(SQuiRTs)	
(Buchman, 1999)

2   Sediment targets were not selected as alternative target for this reach as it is not listed on the 
303(d) list.

A	study	to	support	a	site	specific	objective	(SSO)	for	nickel	has	been	submitted	
to the Regional Board and is currently under reviewed by the Regional Board 
and	U.S.	EPA	staff.		If	a	SSO	for	nickel	is	approved,	the	Regional	Board	will	
consider revision to the numeric targets for nickel based on the approved SSO.

Selenium Targets

Dry Weather 
CCC

Wet Weather 
CMC

Mugu Lagoon 71 290 6
Calleguas Creek 2 5 290 6
Calleguas Creek 3 5 NA1 6
Revolon/Beardsley 5 290 6
Conejo 5 NA1 6

Arroyo Simi/Las Posas 5 NA1 6

Water Quality Target           
(ug total selenium/L)Subwatershed Bird Egg       

(ug/g)

1	“NA”	indicates	that	a	target	is	not	available	for	this	constituent	because	criterion	for	fresh	
			water	is	not	defined	in	the	CTR.
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Numeric Targets 
(continued)

Zinc Targets

Dry Weather 
CCC

Wet Weather 
CMC

Mugu Lagoon 81 90 150000
Calleguas Creek 2 81 90 NA2

Calleguas Creek 3 338 214 NA2

Revolon/Beardsley 81 90 NA2

Conejo 365 324 NA2

Arroyo Simi/Las Posas 382 240 NA2

Water Quality Target         
(ug dissolved Zinc/L) Subwatershed

Sediment Target1 

(SQuiRTs, ERL) 
(ppb dry weight) 

1    Sediment targets are based on screening levels endorsed by the National Oceanic and 
Atmospheric	Administration	(NOAA)	in	their	Screening	Quick	Reference	Tables	(SQuiRTs)	
(Buchman, 1999)

2     Sediment targets were not selected as alternative target for this reach because it is not on the 
    303(d) list.

Source Analysis Significant	sources	of	metals	and	selenium	include	urban	runoff,	agricultural	runoff,	
groundwater	seepage,	and	POTW	effluent.	For	mercury,	open	space	was	also	a	
significant	source.		Sources	were	also	analyzed	as	a	function	of	wet	and	dry	weather.	
Higher loads were delivered during wet weather for all constituents, due to the 
association between metals and particulate matter.

The	source	analysis	indicates	naturally	occurring	mercury	in	soil	may	be	a	significant	
source, and that naturally occurring nickel, copper, zinc, and selenium in soil may be 
a contributing source, and that naturally occurring selenium in groundwater may be a 
significant	source.		The	TMDL	Implementation	Plan	includes	special	studies	to	further	
assess natural sources of metals in soil.

Linkage Analysis Linkage between sources and instream pollutant concentrations was established 
through	a	dynamic	water	quality	Hydrologic	Simulation	Program	–	FORTRAN	
(HSPF).  The model output generally resulted in a conservative estimate of receiving 
water concentrations for metals.  The model was used to calculate load reductions 
necessary to meet the numeric targets.The load reductions were used to calculate the 
load and waste load allocations.

Waste Load 
Allocations

In	the	case	of	copper,	nickel,	and	selenium,	waste	load	allocations	(WLAs)	
were	developed	for	both	wet	and	dry-weather.	The	dry-weather	WLAs	apply	
to	days	when	flows	in	the	stream	are	less	than	the	86th	percentile	flow	rate	for	
each	reach.	The	wet-weather	WLAs	apply	to	days	when	flows	in	the	stream	
exceed the 86th	percentile	flow	rate	for	each	reach.		Annual	mass	loads	of	
mercury in suspended sediment were developed according to low, medium, 
and	high	annual	flow	categories. 
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Waste Load 
Allocations 
(continued)

Publicly Owned Treatment Works (POTWs)

Concentration-based	and	mass-based	WLAs	are	established	for	copper,	and	
nickel, in total recoverable forms, and are applied to POTWs during both 
wet	and	dry	weather.		Mass-based	WLAs	are	developed	for	mercury	for	
POTWs.  Zinc allocations are not set because current information indicate 
that numeric targets for zinc are attained.  The TMDL Implementation Plan 
includes a task to provide State Board data to support delisting of zinc.  
Waste load allocations for selenium are not set for POTWs because POTWs 
do not discharge to reaches listed for selenium.  Interim limits are included 
to allow time for dischargers to put in place implementation measures 
necessary	to	achieve	final	waste	load	allocations.		The	daily	maximum	and	
monthly average interim limits are set equal to the 99th and 95th percentile of 
available discharge data, respectively. 

Interim and Final WLAs for Total Recoverable Copper in Water 
Column

Daily	
Maximum	

(ug/L)

Monthly	
Average	

(ug/L)

Daily	
Maximum	

(ug/L)2

Monthly	
Average	
(ug/L)2

lb/day

Hill	Canyon	
WWTP	

20.0 16.0 (a) (a) 0.11*W ER -  
0.04

Simi	Valley	
WQCP

(b) (b) 31.0 30.5 (c )

Moorpark	
WTP

(b) (b) 31.0 30.5 (d)

Camarillo	
WRP	

57.0 20.0 (a) (a) 0.12*W ER -  
0.04

Camrosa	
WRP

(b) (b) 27.4 27.0 (d)

POTW

Interim Final1

1			If	site-specific	WERs	are	approved	by	the	Regional	Board,	TMDL	waste	load	allocations	
shall be implemented in accordance with the approved WERs using the equations set 
forth	above.		Regardless	of	the	final	WERs,	total	copper	loading	shall	not	exceed	current	
loading.		In	addition,	effluent	concentrations	shall	not	exceed	the	performance	standards	of	
current treatment technologies.

2  Concentration-based targets have been converted to total recoverable allocations using the 
CTR default translator of 0.96

(a)	Concentration-based	final	limits	will	be	included	in	the	permits	in	accordance	with	
NPDES guidance and requirements, but are not calculated as part of the TMDL.

(b)	Interim	limits	are	not	required	because	the	discharger	is	meeting	the	final	limits.
(c) Discharges from Simi Valley WQCP do not reach lower Calleguas Creek and Mugu 

lagoon	during	dry	weather.		Monitoring	will	be	conducted	and	mass-based	WLAs	will	be	
evaluated	if	targets	are	not	met	in	Arroyo	Simi/Las	Posas	or	downstream	reaches.	

(d)	Discharger	does	not	contribute	loading	during	dry	weather.	Concentration-based	WLAs	
apply during wet weather when discharges occur.  Monitoring will be conducted and mass-
based	WLAs	will	be	evaluated	if	targets	are	not	met	in	receiving	water	and/or	downstream	
reaches.
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Waste Load 
Allocations 
(continued)

Interim and Final WLAs for Total Recoverable Nickel in Water Column

Daily	
Maximum	

(ug/L)

Monthly	
Average	

(ug/L)

Daily	
Maximum	

(ug/L)1

Monthly	
Average	
(ug/L)2

lb/day

Hill	Canyon	
WWTP	

8.3 6.4 (a) (a) 0.3

Simi	Valley	
WQCP

(b) (b) 960.0 169.0 (c )  

Moorpark	
WTP

(b) (b) 960.0 169.0 (d)

Camarillo	
WRP	

16.0 6.2 (a) (a) 0.2

Camrosa	
WRP

(b) (b) 858.0 149.0 (d)

POTW

Interim Final

1  Concentration-based targets have been converted to total recoverable allocations using the 
CTR default translator of 0.998.

2  Concentration-based targets have been converted to total recoverable allocations using the 
CTR	default	translator	of	0.997.

(a)	Concentration-based	final	limits	will	be	included	in	the	permits	in	accordance	with	
NPDES guidance and requirements, but are not calculated as part of the TMDL.

(b)	Interim	limits	are	not	required	because	the	discharger	is	meeting	the	final	limits.
(c) Discharges from Simi Valley WQCP do not reach lower Calleguas Creek and Mugu 

lagoon	during	dry	weather.		Monitoring	will	be	conducted	and	mass-based	WLAs	will	be	
evaluated	if	targets	are	not	met	in	Arroyo	Simi/Las	Posas	or	downstream	reaches.	

(d)	Discharger	does	not	contribute	loading	during	dry	weather.	Concentration-based	WLAs	
apply during wet weather when discharges occur.  Monitoring will be conducted and 
mass-based	WLAs	will	be	evaluated	if	targets	are	not	met	in	receiving	water	and/or	
downstream reaches.

A	study	to	support	a	SSO	for	nickel	has	been	submitted	to	the	Regional	
Board	and	is	currently	under	reviewed	by	the	Regional	Board	and	U.S.	EPA	
staff.  If a SSO for nickel is approved, the Regional Board will consider 
revision	to	the	final	WLAs	for	nickel	based	on	the	approved	SSO.

Interims and Final WLAs for Mercury in Suspended Sediment

POTW
Interim	

(lb/month)
Final	

(lb/month)

Hill	Canyon	WWTP 0.23 0.022
Simi	Valley	WQCP 0.18 0.031
Moorpark	WTP N/A N/A
Camarillo	WRP 0.03 0.015
Camrosa	WRP N/A N/A

Waste load allocations for POTWs are based on the median monthly 
mercury	effluent	concentrations	multiplied	by	the	design	flow	where	
the total load in water is assumed equal to the suspended sediment load.  
Interim	WLAs	for	mercury	are	based	on	the	90th percentile concentration 
observed	in	effluent	discharge	and	multiplied	by	the	design	flow,	and	apply	
to	all	flow	conditions.	
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Waste Load 
Allocations 
(continued)

Permitted Stormwater Dischargers (PSDs) 

PSDs	include		mass-based	WLAs	established	for	copper,	nickel,	and	selenium	
in	 total	 recoverable	 forms.	 	Mass-based	WLAs	are	developed	for	mercury	 in	
suspended sediment.  Interim limits are included to allow time for dischargers 
to	put	in	place	implementation	measures	necessary	to	achieve	final	waste	load	
allocations.  The daily maximum and monthly average interim limits are set 
equal to the 99th and 95th percentile of available discharge data.

Interim Limits and Final WLAs for Total Recoverable Copper, Nickel, 
and Selenium
Interim limits and waste load allocations are applied to receiving water. 

A. Interim Limits

Dry	Daily	
Maximum	

(ug/L)

Dry	Monthly	
Average	

(ug/L)

Wet	Daily	
Maximum	

(ug/L)

Dry	Daily	
Maximum	

(ug/L)

Dry	
Monthly	
Average	

(ug/L)

Wet	Daily	
Maximum	

(ug/L)

Copper 23 19 204 23 19 204
Nickel 15 13 (a) 15 13 (a)

Selenium (b) (b) (b) 14 (c) 13 (c) (a)

Calleguas	and	Conejo	Creek Revolon	Slough

Constituents

(a) The current loads do not exceed the TMDL under wet conditions; interim limits are not 
required.

(b) Selenium allocations have not been developed for this reach as it is not on the 303(d) list.  
(c)	 Attainment	of	interim	limits	will	be	evaluated	in	consideration	of	background	loading	data,	if	

available. 
        

B. Final WLAs for Total Recoverable Copper, Nickel, and Selenium

Dry-Weather WLAs in Water Column 

Low	
Flow

Average	
Flow

Elevated	
Flow	

Low	
Flow

Average	
Flow

Elevated	
Flow	

Copper1	
(lbs/day)

0.04*W ER 
-  0.02

0.12*W ER -  
0.02

0.18*W ER -  
0.03

0.03*W E
R -  0.01

0.06*W E
R -  0.03

0.13*W ER 
-  0.02

Nickel		
(lbs/day)	

0.100 0.120 0.440 0.050 0.069 0.116

Selenium	
(lbs/day)

(a) (a) (a) 0.004 0.003 0.004

Flow	
Range

Calleguas	and	Conejo	Creek Revolon	Slough

1							If	site-specific	WERs	are	approved	by	the	Regional	Board,	TMDL	waste	load	allocations	
shall be implemented in accordance with the approved WERs using the equations set 
forth	above.		Regardless	of	the	final	WERs,	total	copper	loading	shall	not	exceed	current		
loading.

(a) Selenium allocations have not been developed for this reach as it is not on the 303(d) 
list
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Waste Load 
Allocations 
(continued)

Wet-Weather WLAs  in Water Column 

Constituent Calleguas	Creek Revolon	Slough
Copper1	

(lbs/day)
(0 .00054*Q^2*0.032*Q -  
0.17)*W ER -  0.06

(0 .0002*Q2+0.0005*Q)*W ER

Nickel2	

(lbs/day) 0.014*Q^2+0.82*Q 0.027*Q^2+0.47*Q
Selenium2	

(lbs/day) (a) 0.027*Q^2+0.47*Q
1					If	site-specific	WERs	are	approved	by	the	Regional	Board,	TMDL	waste	

load allocations shall be implemented in accordance with the approved WERs 
using	the	equations	set	forth	above.			Regardless	of	the	final	WERs,	total	
copper loading shall not exceed current loading. 

2    Current loads do not exceed loading capacity during wet weather.  Sum of all 
loads cannot exceed loads presented in the table

(a) Selenium allocations have not been developed for this reach as it is not on the 
303(d) list.  

Q:  Daily storm volume.

Interim Limits and Final WLAs for Mercury in Suspended Sediment

Final	WLAs	are	set	at	80%	reduction	of	HSPF	load	estimates.		Interim	limits	
for mercury in suspended sediment are set equal to the highest annual load 
within	each	flow	category,	based	on	HSPF	output	for	the	years	1993-2003.

Interim	
(lbs/yr)

Final	
(lbs/yr)

Interim	
(lbs/yr)

Final	
(lbs/yr)

0-15,000	MGY 3.3 0.4 1.7 0.1

15,000-25,000	MGY 10.5 1.6 4 0.7

Above	25,000	MGY 64.6 9.3 10.2 1.8

Calleguas	Creek Revolon	Slough

Flow	Range

MGY:		million	gallons	per	year.
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Waste Load 
Allocations 
(continued)

Final WLAs for Other NPDES Dischargers

Final WLAs for Total Recoverable Copper, Nickel, and Selenium 

Dry	Monthly	
Everage	
(ug/L)2

Wet	Daily	
Maximum		

(ug/L)2

Dry	Monthly	
Average		
(ug/L)3

Wet	Daily	
Maximum		

(ug/L)3

Dry	Monthly	
Average	

(ug/L)

Wet	Daily	
Maximum	

(ug/L)

1 3.7*W ER 5.8*W ER 8.2 74 (b) (b)
2 3.7*W ER 5.8*W ER 8.2 74 (b) (b)
3 27.0 27.4 149 859 (b) (b)
4 3.7*W ER 5.8*W ER 8.3 75 5 290
5 3.7*W ER 5.8*W ER 8.3 75 5 290
6 (a) 31.0 (a) 958 (b) (b)
7 (a) 31.0 (a) 958 (b) (b)
8 (a) 31.0 (a) 958 (b) (b)
9 29.1 43.3 160 1296 (b) (b)

10 29.1 43.3 160 1296 (b) (b)
11 29.1 43.3 160 1296 (b) (b)
12 29.1 43.3 160 1296 (b) (b)
13 29.1 43.3 160 1296 (b) (b)

Reach

Copper1	 Nickel Selenium

1				If	site-specific	WERs	are	approved	by	the	Regional	Board,	TMDL	waste	load	allocations	
shall be implemented in accordance with the approved WERs using the equations set forth 
above.		Regardless	of	the	final	WERs,	total	copper	loading	shall	not	exceed	current	loading.		
In	addition,	effluent	concentrations	shall	not	exceed	the	performance	standards	of	current	
treatment technologies

2    Concentration-based targets have been converted to total recoverable allocations using the
     CTR default translator of 0.96 for freshwater reaches and 0.83 for saltwater reaches.
3    Concentration-based targets have been converted to total recoverable allocations using the  
					CTR	default	translator	of	0.997	for	freshwater	reaches	and	0.99	for	saltwater	reaches.
(a) Discharges from these reaches do not reach lower Calleguas Creek and Mugu Lagoon during 

dry	weather.		Allocations	are	not	required	for	these	reaches.
(b) Selenium waste load allocations have not been developed for this reach as it is not on the  

     303(d) list.  

Final WLAs for Mercury 

There	is	insufficient	information	to	assign	mass	based	WLAs	to	these	sources.		
Therefore concentration-based waste loads allocations are set equal to 0.051 
ug/L for other NPDES dischargers based on the CTR water column target for 
protection of human health from consumption organism only.

Load Allocation Mass-based	load	allocations	(LAs)	for	agriculture,	and	open	space	are	
developed for copper, nickel, and selenium in total recoverable forms. Open 
space represents background loads from ambient sources (i.e. natural soil 
concentrations, atmospheric deposition, and natural groundwater seepage) 
discharged from undeveloped open space, but not ambient sources that are 
discharged	from	developed	land,	such	as	agricultural	and	urban	areas.		LAs	
are	developed	for	both	wet	and	dry-weather.	The	dry-weather	LAs	apply	to	
days	when	flows	in	the	stream	are	less	than	86th	percentile	flow	rate	for	each	
reach.	The	wet-weather	LAs	apply	to	days	when	flows	in	the	stream	exceed	
86th	percentile	flow	rate	for	each	reach.		Annual	mass	loads	of	mercury	in	
suspended sediment were developed according to low, medium, and high 
annual	flow	categories.
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Load Allocation Interim and Final Load Allocations for Total Recoverable Copper, Nickel, 
and Selenium

Interim limits are included to allow time for dischargers to put in place 
implementation	measures	necessary	to	achieve	final	load	allocations.		The	
daily maximum and monthly average interim limits are set equal to the 
99th and 95th percentile of available discharge data.  Interim limits and 
final	load	allocations	are	applied	in	receiving	water	at	the	compliance	
points.

A. Interim Limits

 

Dry	Daily	
Maximum	

(ug/L)

Dry	
Monthly	
Average	

(ug/L)

Wet	Daily	
Maximum	

(ug/L)

Dry	Daily	
Maximum	

(ug/L)

Dry	
Monthly	
Average	

(ug/L)

Wet	Daily	
Maximum	

(ug/L)

Copper 24 19 1390 24 19 1390
Nickel 43 42 (a) 43 42 (a)
Selenium (b) (b) (b) 6.7 (c) 6 (c) (a)

Calleguas	and	Conejo	Creek Revolon	Slough

Constituents

   
(a) The current loads do not exceed the TMDL under wet conditions, interim limits are not 

required.
(b) Selenium allocations have not been developed for this reach as it is not on the 303(d) list.  

Implementation actions includes consideration of watershed-wide selenium impacts.
(c)	 Attainment	of	interim	limits	will	be	evaluated	in	consideration	of	background	loading	

data, if available.

B. Final Load Allocation

Dry Weather LAs in Water Column 

Low	
Flow

Average	
Flow

Elevated	
Flow	

Low	
Flow

Average	
Flow

Elevated	
Flow	

Agriculture 0.07* WER-
0.03

0.12* WER-
0.02

0.31*WER - 
0.05

0.07*WER 
- 0.03

0.14*WER- 
0.07

0.35*WER - 
0.07

Open	Space 0.150 0.080 0.130 0.050 0.120 0.110
Agriculture 0.420 0.260 0.970 0.390 0.690 1.600
Open	Space 0.450 0.420 0.560 0.010 0.020 0.020
Agriculture (a) (a) (a) 0.008 0.007 0.018
Open	Space (a) (a) (a) 0.180 0.310 0.490

Selenium	
(lbs/day)

Calleguas	Creek

Constituent

Revolon	Slough

Copper1	

(lbs/day)

Nickel	
(lbs/day)

1				If	site-specific	WERs	are	approved	by	the	Regional	Board,	TMDL	load	allocations	shall	be	
implemented in accordance with the approved WERs using the equations set forth above.  

(a) Selenium allocations have not been developed for this reach as it is not on the 303(d) list.  
Implementation actions include consideration of the watershed-wide selenium impacts.
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Load Allocation 
(continued)

Wet	Weather	LAs	in	Water	Column

Constituent Calleguas	Creek Revolon	Slough

Agriculture
(0 .00017*Q^2*0.01*Q -  
0 .05)*W ER -  0.02

(0.00123*Q^2+0.0034*Q)* 
W ER

Open	Space 0.0000537*Q^2+0.00321*Q 0.0000432*Q^2+0.000765*Q
Agriculture 0.014*Q^2+0.82*Q 0.027*Q^2+0.47*Q
Open	Space 0.014*Q^2+0.82*Q 0.027*Q^2+0.47*Q
Agriculture (a) 0.1*Q^2+1.8*Q
Open	Space (a) 0.027*Q^2+0.47*Q

Copper1	

(lbs/day)

Nickel2	

(lbs/day)
Selenium2	

(lbs/day)
1				If	site-specific	WERs	are	approved	by	the	Regional	Board,	TMDL	load	allocations	shall	be	

implemented in accordance with the approved WERs using the equations set forth above.
2    Current loads do not exceed loading capacity during wet weather.  Sum of all loads cannot 

exceed loads presented in the table  
(a) Selenium allocations have not been developed for this reach as it is not on the 303(d) list.  
Q   Daily storm volume

Interim	and	Final	LAs	for	Mercury	in	Suspended	Sediment	

Final	LAs	are	set	at	80%	reduction	of	HSPF	load	estimates.		Interim	limits	
for mercury in suspended sediment are set equal to the highest annual load 
within	each	flow	category,	based	on	HSPF	output	for	the	years	1993-2003

Interim	
(lbs/yr)

Final	
(lbs/yr)

Interim	
(lbs/yr)

Final	
(lbs/yr)

Interim	
(lbs/yr)

Final	
(lbs/yr)

Interim	
(lbs/yr)

Final	
(lbs/yr)

0-15,000	
MGY1

3.9 0.5 5.5 0.7 2 . 2.9 0.2

15,000-
25,000	MGY

12.6 1.9 17.6 2 .7 4.8 0.8 6.7 1.1

Above	
25,000	MGY

77.5 11.2 108.4 17.9 12.2 2.2 17.1 2

Flow	Range

Calleguas	Creek Revolon	Slough

Agriculture	 Open	Space Agriculture Open	Space

MGY:	million	gallons	per	year.

Margin of Safety A	margin	of	safety	(MOS)	for	the	TMDL	is	designed	to	address	any	
uncertainty in the analysis that could result in targets not being achieved in the 
water bodies.  Both implicit and explicit MOS are included for this TMDL.  
The implicit MOS stems from 1) the use of conservative assumptions made 
during	development	of	multiple	numeric	targets	to	ensure	sufficient	protection	
under all conditions, and 2) conservative methods employed in developing 
the TMDL.   Background loads are assigned to the TMDL and assumed to 
remain constant throughout implementation of the TMDL.  This results in 
higher required reductions for the other sources.  Calculation of allocations 
is based on never exceeding numeric target concentrations more than once 
in	three	years	as	specified	in	the	CTR.		Calculations	of	current	loads	and	
loading capacity for Mugu Lagoon are based on the combined discharges 
from Calleguas Creek and Revolon Slough (without any dilution provided by 
tidal	flushing),	which	over	predicts	actual	concentrations	in	the	Lagoon.		A	
15% explicit MOS is also included for copper and nickel to account for the 
uncertainty resulting from the calculation of the allowable load based on the 
median	flow	rate	and	translator	of	each	flow	category.		The	15%	explicit	MOS	
is	determined	sufficient	to	address	the	elevated	flow	category,	but	still	account	
for the more conservative nature of low and average category.
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Future Growth Ventura	County	accounts	for	slightly	more	than	2%	of	the	state’s	residents	
with	a	population	of	753,197	(US	Census	Bureau,	2000).		GIS	analysis	of	
the	2000	census	data	yields	a	population	estimate	of	334,000	for	the	CCW,	
which	equals	about	44%	of	the	county	population.		According	to	the	Southern	
California	Association	of	Governments	(SCAG),	growth	in	Ventura	County	
averaged	about	51%	per	decade	from	1900-2000;	with	growth	exceeding	70%	
in	the	1920s,	1950s,	and	1960s.	Significant	population	growth	is	expected	to	
occur within and near present city limits until at least 2020.  Future growth 
may initially increase loadings as construction activities expose bare soil 
and increase erosion-related discharges to receiving water.  However, once 
development has been completed the presence of impermeable land surface 
and landscaped areas may reduce the amount of natural soils that are eroded 
and carried to the stream.  For copper, future growth could increase loadings 
from	urban	areas	and	POTWs	due	to	increased	traffic	(i.e.,	brake	pad	residues),	
architectural copper use and corrosion of copper pipes.  Selenium loading 
may increase if increased irrigation raises the groundwater table and increases 
high selenium groundwater seepage to surface waters.  However, if increased 
growth results in increased water demand and high selenium groundwater is 
pumped and treated to supply this demand, the selenium could decrease.

Seasonal Variations 
and  Critical 
Conditions

Seasonal variations are addressed for copper, nickel, and selenium by 
developing separate allocations for wet and dry weather.  Critical conditions 
for copper, nickel, and selenium were developed using model results to 
calculate	the	maximum	observed	4-day	average	dry	weather	concentration	and	
the	associated	flow	condition.		Wet	weather,	as	a	whole,	is	defined	as	a	critical	
condition.  For mercury, there is no indication that mercury contamination 
in Mugu Lagoon is consistently exacerbated at any particular time of the 
year.  Since the potential effects of mercury are related to bioaccumulation 
in the food chain over a long period time, any other short term variations in 
concentration	which	might	occur	are	not	likely	to	cause	significant	impacts	
upon	beneficial	uses.		Therefore,	seasonal	variations	do	not	affect	critical	
conditions for the Calleguas Creek watershed mercury TMDL.

Special Studies and 
Monitoring Plan

 Special Studies

Several special studies are planned to improve understanding of key aspects 
related	to	achievement	of	WLAs	and	LAs	for	the	Metals	and	Selenium	TMDL

1. Special Study #1 (Optional) – Evaluation and Initiation of Natural Sources 
Exclusion

The	TMDL	technical	report	has	identified	ambient	sources	as	the	primary	
significant	selenium	and	mercury	loadings	in	the	watershed	and	as	potentially	
significant	sources	of	copper	and	nickel.		The	portion	of	all	ambient	sources	
associated with open space runoff and natural groundwater seepage is 
accounted for in this TMDL as “background load.”  This special study will 
evaluate whether or not background loads for each constituent qualify for 
natural source exclusion.  
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Special Studies and 
Monitoring Plan 
(continued)

This study will also consider whether  any portion of the ambient source 
contribution for agricultural or urban runoff loads qualify for natural source 
exclusions	and/or	provide	a	basis	for	site	specific	objectives.		The	presence	of	
natural sources makes achievement of selenium and mercury targets during all 
conditions unlikely.  For copper, achievement of the CTR targets or the WER 
based targets (if approved) in Revolon Slough may not be feasible due to the 
magnitude	of	background	loads.	Completion	of	site	specific	objectives	and/or	
a use attainability analysis shall be required to review any potential change to 
water quality objectives for these constituents.   This special study will be used 
to develop the necessary information to revise the water quality objectives for 
selenium and mercury and possibly for copper and nickel. 

2. Special Study #2  – Identification of selenium contaminated Groundwater 
Sources

The purpose of this special study will be to identify groundwater with high 
concentrations of selenium that is either being discharged directly to the 
stream or used as irrigation water.  The investigation will focus on areas 
where groundwater has a high probability of reaching the stream and identify 
practical actions to reduce the discharge of the groundwater to the stream.  
The analysis will include an assessment of the availability of alternative water 
supplies for irrigation water, the costs of the alternative water supplies and the 
costs of reducing groundwater discharges.

3. Special Study #3– Investigation of Soil Concentrations and Identification 
of “Hot Spots” 

The purpose of this special study will be to identify terrestrial areas with 
high concentrations of metals and/or selenium, either due to anthropogenic 
sources or resulting from high natural concentrations in soils.  Use of 
detailed	soil	maps	for	the	watershed	in	combination	with	field	survey	and	soil	
sampling	may	lead	to	identification	of	areas	important	for	reducing	overall	
loads	reaching	the	stream.		Identification	of	any	areas	with	elevated	soil	
concentrations of metals and/or selenium would create an opportunity for 
efficient	and	targeted	implementation	actions,	such	as	remediation	or	erosion	
control.

4. Special Study #4 (Optional) – Determination of Water Effect Ratio for 
Copper in Revolon Slough

The purpose of this optional special study would be to calculate a WER 
for	copper	that	is	specific	to	Revolon	Slough.		A	WER	was	not	previously	
developed for Revolon Slough because it was not listed  for copper.  
Subsequent monitoring demonstrated that the saltwater copper CTR criterion 
was exceeded in Revolon Slough.  This Study would parallel the developed 
WER for Mugu Lagoon and Calleguas Creek.  This is an optional special 
study to be conducted if desired by the stakeholders or determined necessary 
by	the	Executive	Officer.
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Special Studies and 
Monitoring Plan 
(continued)

5. Special Study #5 (Optional) – Determination of Site-Specific Objectives 
for Mercury and Selenium

Special Study #1 will evaluate whether  a natural source exclusion is 
appropriate for background loads of mercury and selenium or any portion of 
the  ambient source contributions to non-background loads in the Calleguas 
Creek watershed.  This special study will develop any SSOs deemed necessary 
to	account	for	the	background	conditions	and/or	site-specific	impacts	of	
mercury and selenium (and possibly for copper and nickel) on wildlife and 
humans in the watershed. This is an optional special study to be conducted if 
desired by the stakeholders or determined necessary for establishing a natural 
source exclusion.   

Monitoring Plan

The Calleguas Creek Watershed TMDL Monitoring Plan (CCWTMP) is 
designed	to	monitor	and	evaluate	the	implementation	of	this	TMDL	and	refine	
the understanding of metal and selenium loads.  CCWTMP is intended to 
parallel efforts of the Calleguas Creek Watershed Nutrients TMDL, Toxicity 
TMDL, and OC Pesticide, PCBs, and Sediment TMDL monitoring programs.  
The proposed CCWTMP shall be made available for public review before 
approval	by	the	Executive	Officer.		

The goals of the CCWTMP include: (1) to determine compliance with copper, 
mercury, nickel, and selenium numeric targets at receiving water monitoring 
stations and at POTWs discharges; (2) to determine compliance with waste 
load and load allocations for copper, mercury, nickel, and selenium at 
receiving water monitoring stations and at POTWs discharges; (3) to monitor 
the effect of implementation action by PSDs, POTW, agricultural dischargers, 
and	other	NPDES	permittees	on	in-stream	water	quality;	and	(4)	to	implement	
the CCWTMP in a manner consistent with other TMDL implementation plans 
and regulatory actions within the Calleguas Creek watershed.
 
Monitoring conducted through the Conditional Waiver for Disharges from 
Irrigated Lands (Conditional Waiver Program) may meet part of the needs of 
the CCWTMP.  To the extent monitoring required by the Metals and Selenium 
TMDL Implementation Plan parallels monitoring required by the Conditional 
Waiver Program, monitoring shall be coordinated with monitoring conducted 
by individuals and groups subject to the term and conditions of the Conditional 
Waiver Program.
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Special Studies and 
Monitoring Plan 
(continued)

Monitoring will begin within one year of the effective date of the TMDL.  
For	the	first	year,	in-stream	water	column	samples	will	be	collected	monthly	
for	analysis	of	general	water	quality	constituents	(GWQC),	copper,	mercury,	
nickel,	selenium,	and	zinc.		After	the	first	year,	the	Executive	Officer	
will review the monitoring report and revise the monitoring frequency 
as appropriate.  In-stream water column samples will be generally be 
collected at the base of Revolon Slough and Calleguas Creek, and in Mugu 
Lagoon	(collection	of	flow-based	samples	will	occur	above	the	tidal	prism).		
Additionally,	sediment	samples	will	be	collected	semi-annually	in	Mugu	
Lagoon and analyzed for sediment toxicity resulting from copper, mercury, 
nickel,	selenium,	and	zinc.		At	such	a	time	as	numeric	targets	are	consistently	
met at these points, an additional site or sites will be considered for monitoring 
to ensure numeric targets are met throughout the lower watershed.

Additional	samples	will	be	collected	concurrently	at	stations	that	are	
representative of agricultural and urban runoff as well as at POTWs in each 
of	the	subwatersheds	and	analyzed	for		GWQCs,	copper,	mercury,	nickel,	
selenium, and zinc.  The location of these  stations will be determined before 
initiation of the CCWTMP.  Environmentally relevant detection limits will 
be used for metals and selenium (i.e. detection limits lower than applicable 
target), if available at a commercial laboratory.  

Compliance sampling station locations:

Subwatershed Station	ID Station	Location Constituent

W ater  Column: Cu, Ni, Hg, Se, Z n
Bird Egg: Hg, Se
Fis h Tis ue: Hg, Se
Sediment: Cu, Ni, Hg, Se, Z n

W ater  Column: Cu, Ni, Hg, Se, Z n

Fis h Tis ue: Hg, Se

03-CA MA R Calleguas  Creek at 
Univ ers ity  Dr iv e

W ater  Column: Cu, Ni, Hg, Se, Z n

03D-CA MR Camros a W ater  
Rec lamation Plant

W ater  Column: Cu, Ni, Hg, Se, Z n

9A D-CA MA Camar illo  W ater  
Rec lamation Plant

W ater  Column: Cu, Ni, Hg, Se, Z n

Conejo	Creek 10D-HILL
Hill Cany on 
W as tew ater  
Treatment Plant

W ater  Column: Cu, Ni, Hg, Se, Z n

Calleguas	
Creek

Mugu	Lagoon 01-11-BR 11th Street Br idge

04-W OOD Rev olon Slough Eas t 
Side of  W ood Road

Revolon	Slough
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Implementation 
Plan

The	final	WLAs	will	be	included	for	permitted	stormwater	discharges,	
POTWs, and other NPDES discharges in accordance with the compliance 
schedules	provided	in	Table	7-19.2.		The	Regional	Board	may	revise	
these	WLAs	based	on	additional	information	developed	through	special	
studies and/or monitoring conducted as part of this TMDL.  In addition, 
the implementation schedule was developed  with the assumption that a 
WER for copper and a SSO for nickel will proceed following the TMDL.  
Should adoption and approvals of the WER and SSO not proceed, additional 
implementation actions could be required.  The implementation plan includes 
discussion of implementation actions to address these conditions. 

WLAs	established	for	Simi	Valley	WQCP,	Camrosa	WRP,	and	Moorpark	WTP	
in this TMDL will be implemented through NPDES permit limits.  Compliance 
will	be	determined	through	monitoring	of	final	effluent	discharge	as	defined	
in the NPDES permit.  The Hill Canyon and Camarillo WRPs are working 
towards	discontinuing	the	discharge	of	effluent	to	Conejo	Creek.		If	this	plan	
is implemented, the POTW allocations for the watershed will be achieved 
by	reduction	of	effluent	discharges	to	the	stream.		The	implementation	plan	
includes	sufficient	time	for	this	plan	to	be	implemented.		However,	if	this	plan	
is altered, the POTWs will need to meet allocations through other methods 
such as source control activities. The Regional Board will need to ensure that 
permit	conditions	are	consistent	with	the	assumptions	of	the	WLAs.		Should	
federal,	state,	or	regional	guidance	or	practice	for	implementing	WLAs	
into permits be revised, the Regional Board may reevaluate the TMDL to 
incorporate such guidance.

In	accordance	with	current	practice,	a	group	concentration-based	WLA	
has been developed for all permitted stormwater discharges, including 
municipal	separate	storm	sewer	systems	(MS4s),	Caltrans,	general	industrial	
and	construction	stormwater	permits,	and	Naval	Air	Weapons	Station	Point	
Mugu.		MS4	WLAs	will	be	incorporated	into	the	NPDES	permit	as	receiving	
water limits measured in-stream at the base of Revolon Slough and Calleguas 
Creek, and in Mugu Lagoon and will be achieved through the implementation 
of BMPs as outlined in the implementation plan. The Regional Board will 
need to ensure that permit conditions are consistent with the assumptions of 
the	WLAs.		If	BMPs	are	to	be	used,	the	Regional	Board	will	need	to	detail	
its	findings	and	conclusions	supporting	the	use	of	BMPs	in	the	NPDES	
permit fact sheets.  Should federal, state, or regional guidance or practice 
for	implementing	WLAs	into	permits	be	revised,	the	Regional	Board	may	
reevaluate the TMDL to incorporate such guidance.  The Regional Board may 
revise	these	WLAs	based	on	the	collection	of	additional	information	developed	
through special studies and/or monitoring conducted as part of this TMDL.
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TMDL Element Calleguas Creek Watershed Metals and Selenium  TMDL

Implementation 
Plan (continued)

LAs	will	be	implemented	through	the	State’s	Nonpoint	Source	Pollution	
Control Program (NPSPCP) and Conditional Waiver for Discharges from 
Irrigated	Lands	adopted	by	the	Los	Angeles	Regional	Water	Quality	Control	
Board	on	November	3,	2005.	Compliance	with	LAs	will	be	measured	in-
stream at the base of Revolon Slough and Calleguas Creek and in Mugu 
Lagoon and will be achieved through the implementation of BMPs consistent 
with the NPSPCP and the Conditional Waiver Program.  

The Conditional Waiver Program requires the development of an agricultural 
water	quality	management	plan	(AWQMP)	to	address	pollutants	that	are	
exceeding receiving water quality objectives as a result of agricultural 
discharges.  Therefore, implementation of the load allocations will be through 
the	development	of	an	AWQMP	for	metals	and	selenium.	Implementation	
of the load allocations will also include the coordination of BMPs being 
implemented under other required programs to ensure metal discharges are 
considered	in	the	implementation.		Additionally,	agricultural	dischargers	
will participate in educational seminars on the implementation of BMPs 
as required under the Conditional Waiver Program.  Studies are currently 
being conducted to assess the extent of BMP implementation and provide 
information on the effectiveness of BMPs for agriculture.  This information 
will	be	integrated	into	the	AWQMP	that	will	guide	the	implementation	of	
agricultural	BMPs	in	the	Calleguas	Creek	watershed.			After	implementation	
of these actions, compliance with the allocations and TMDL will be evaluated 
and the allocations reconsidered if necessary based on the special studies and 
monitoring plan section of the implementation plan

Agricultural	and	PSDs	dischargers	will	have	a	required	25%,	50%	and	
100% reduction in the difference between the current loadings and the 
load allocations at 5, 10 and 15 years after the effective date, respectively. 
Achievement	of	required	reductions	will	be	evaluated	based	on	progress	
towards	BMP	implementation	as	outlined	in	the	UWQMPs,	AWQMP,	
Conditional Waiver Program, and in consideration of background loading 
information, if available.  If the interim reductions are not met, the dischargers 
will	submit	a	report	to	the	Executive	Officer	detailing	why	the	reductions	were	
not met and the steps that will be taken to meet the required reductions.

As	shown	in	Table	7-19.2,	implementation	of	LAs	will	be	conducted	over	
a  period of time to allow for implementation of the BMPs, as well as 
coordination with special  studies and implementation actions resulting from 
other TMDL Implementation Plans for the Calleguas Creek watershed. The 
Regional	Board	may	revise	the	LAs	based	on	the	collection	of	additional	
information developed through special studies and/or monitoring conducted as 
part of this TMDL.
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Table 7-19.2 Calleguas Creek Watershed Metals and Selenium TMDL: Implementation Schedule
Item Implementation Action1 Responsible Party Completion  Date

1
Effective date of interim Metals and Selenium 
TMDL	waste	load	allocation	(WLAs),	and	final	
WLAs	for	other	NPDES	permittees

POTWs, Permitted 
Stormwater 
Dischargers2 
(PSD), Other 
NPDES Permittees

Effective date of the 
amendment

2
Effective date of interim Metals and Selenium 
TMDL	load	allocation	(LAs)

Agricultural	
Dischargers

Effective date of the 
amendment

3a
Submit Calleguas Creek Watershed Metals and 
Selenium Monitoring Program

POTWs, PSD, 
Agricultural	
Dischargers

Within 3 months after 
the effective date of the 
amendment

3b
Implement Calleguas Creek Watershed Metals and 
Selenium Monitoring Program

POTWs, PSD, 
Agricultural	
Dischargers

Within 3 months of 
Executive	Officer	
approval of the 
monitoring program

3c
Re-calibrate HSPF water quality model based on 
first	year	of	monitoring	data

POTWs, PSD, 
Agricultural	
Dischargers

1 year after submittal of 
first	annual	monitoring	
report 

4a

Conduct a source control study, develop and submit 
an Urban Water Quality Management Program 
(UWQMP) for copper, mercury, nickel, and 
selenium

MS4s
Within 2 years after the 
effective date of the 
amendment

4b
Conduct a source control study, develop and submit 
an UWQMP for copper, mercury, nickel, and 
selenium

Caltrans
Within 2 years after the 
effective date of the 
amendment

4c
Conduct a source control study, develop and submit 
an UWQMP for copper, mercury, nickel, and 
selenium

NAWS	point	Mugu	
(US Navy)

Within 2 years after the 
effective date of the 
amendment

5 Implement UWQMP PSD
Within 1 year of approval 
of UWQMP by the 
Executive	Officer

6
Develop	and	submit	an	Agricultural	Water	Quality	
Management	Program	(AWQMP)	as	described	in	
the Conditional Waiver Program 

Agricultural	
Dischargers

Within 2 years after the 
effective date of the 
amendment

7 Implement	AWQMP Agricultural	
Dischargers

Within 1 year of approval 
of	AWQMP	by	the	
Executive	Officer

8
	Develop	WLAs	and	LAs	for	zinc	if	impairment	
for	Mugu	Lagoon	is	maintained	on	the	final	2006	
303(d) list 

Regional Board or 
USEPA	

Within	1	year	of	the	final	
2006 303(d) list

9

Submit progress report on salinity management 
plan,	including	status	of	reducing		WRP	effluent	
discharges to Conejo and Calleguas Creek reaches 
of the watershed

POTWs
Within 3 years after the 
effective date of the 
amendment

10

If	progress	report	identifies	the	effluent	discharges	
reduction  is not progressing, develop and 
implement source control activities for copper, 
mercury, nickel, and selenium

POTWs
Within	4	years	after	the	
effective date of the 
amendment
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Item Implementation Action1 Responsible Party Completion  Date

11
Re-evaluation of POTW interim waste load 
allocations for copper, mercury, and nickel

POTWs
Within 5 years after the 
effective date of the 
amendment

12a

Evaluate the results of the OCs TMDL, Special 
Study – Calculation of sediment transport rates in 
the Calleguas Creek watershed for applicability to 
the metals and selenium TMDL

Agricultural	
Dischargers, PSD

Within 6 months of 
completion of the study

12b

Include monitoring for copper, mercury, nickel, and 
selenium in the OC pesticides TMDL, special Study 
– Monitoring of sediment by source and land use 
type

Agricultural	
Dischargers, PSD

Within 2 years after the 
effective date of the 
amendment

12c

Expand scope of the OC Pesticide TMDL, 
Special Study – Examination of food webs and 
accumulation in the Calleguas Creek watershed to 
ensure protection of wildlife to include mercury

Interested parties
If necessary, prior to end 
of the implementation 
period

12d

Evaluate the results of the OC Pesticides TMDL, 
Special Study – Effects of BMPs on Sediment and 
Siltation to determine the impacts on metals and 
selenium

Agricultural	
Dischargers, PSD

Within 6 months of 
completion of the study

13a
Submit work plan for Special Study #1 (Optional) 
–	Identification	of	Natural	Sources	Exclusion

Agricultural	
Dischargers, PSD

Within 1 year after the 
effective date of the 
amendment

13b
Submit results of Special Study #1 (Optional) 
–	Identification	of	Natural	Sources	Exclusion

Agricultural	
Dischargers, PSD

Within 3 years of 
approval of workplan by 
Executive	Officer

14a
Submit work plan for Special Study #2  
–	Identification	of	selenium	Contaminated	
Groundwater	Sources

POTWs, PSD, 
and	Agricultural	
Dischargers

Within 1 year after the 
effective date of the 
amendment

14b Submit	results	of	Special	Study	#2		–	Identification	
of	selenium	Contaminated	Groundwater	Sources

POTWs, PSD, 
and	Agricultural	
Dischargers

Within 1 year of approval 
of workplan by Executive 
Officer

15a
Submit work plan for Special Study #3  – 
Investigation	of	Metals’	“Hot	Spot”	and	Natural	
Soil

PSD and 
Agricultural	
Discharger

Within 1 year after the 
effective date of the 
amendment

15b
Submit results of Special Study #3  – Investigation 
of	metals’	“Hot	Spot”	and	Natural	Soil

PSD and 
Agricultural	
Discharger

Within 2 years of 
approval of workplan by 
Executive	Officer

16
Special	Study	#4	(Optional)	–	Determination	of	
WER for copper in Revolon Slough

PSD and 
Agricultural	
Dischargers

If necessary, prior to end 
of the implementation 
period

17 Special Study #5 (Optional) – Determination of Site 
Specific	Objective	for	Mercury	and	Selenium

PSD and 
Agricultural	
Dischargers

If necessary, prior to end 
of the implementation 
period

18
Evaluate effectiveness of BMPs implemented under 
the	AWQMP	and	UWQMP	in	controlling	metals	
and selenium discharges

PSD and 
Agricultural	
Dischargers

6 years after the effective 
date of the amendment

19
Evaluate	the	results	of	implementation	actions	14	
and 15 (Special Study #2 & #3) and implement 
actions	identified	by	the	studies

POTWs, PSD, 
and	Agricultural	
Dischargers

Within 1 year after the 
completion of the studies
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Item Implementation Action1 Responsible Party Completion  Date

20

If needed, implement additional BMPs or revise 
existing BMPs to address any issues not covered 
by implementation efforts of related Calleguas 
Creek watershed TMDLs (Nutrients, Toxicity, OC 
Pesticides, PCBs, and Siltation) and the Conditional 
Waiver Program

Agricultural	
Dischargers

7	years	after	the	effective	
date of the amendment

21 Consider nickel SSO proposed by stakeholders Regional Board
1 years after the effective 
date of the amendment

22

Publicly notice tentative copper water effects 
ratio for Regional Board consideration, if deemed 
appropriate based on peer review

Regional Board 
Staff

Within 2 months of 
receipt of peer review 
comments 

23
Based on the result from items 1-23, Regional 
Board will consider re-evaluation of the TMDLs, 
WLAs,	and	LAs	if	necessary

Regional Board
2 years from submittal of 
information necessary for 
re-evaluation

24

POTWs will be required to reduce loadings by 
50%, and  100% of the difference between the 
current	loading	and	the	WLAs	at	8	and	10	years	
after the effective date, respectively. 

POTWs
8 and 10 years after the 
effective date of the 
amendment

25

Re-evaluation	of	Agricultural	and	Urban	load	and	
waste load allocations for copper, mercury, nickel, 
and selenium based on the evaluation of BMP 
effectiveness.		Agricultural	and	urban	dischargers	
will have a required 25%, 50%, and 100% 
reduction in the difference between the current 
loadings and the load allocations at 5, 10, and 15 
years after the effective date, respectively. 

Agricultural	and	
PSDs

5, 10, and 15 years after 
the effective date of the 
amendment

26

Stakeholders and Regional Board staff will 
provide information items to the Regional Board, 
including: progress toward meeting TMDL load 
reductions, water quality data, and a summary of 
implementation activities completed to date

Regional Board 
2 years after the effective 
date, and every 2 years 
following

27
Achievement	of	Final	WLAs	and	attainment	of	
water quality standards for copper, mercury, nickel, 
and selenium

POTWs
Within 10 years after 
the effective date of the 
amendment3

28
Achievement	of	Final	WLAs	and	LAs	and	
attainment of water quality standards for copper, 
nickel, mercury and selenium

Agricultural	
Dischargers, PSD

Within 15 years after 
the effective date of the 
amendment3

1  The Regional Board regulatory programs addressing all discharges in effect at the time this implementation task is due 
    may contain requirements substantially similar to the requirements of these implementation tasks. If such requirements 
				are	in	place	in	another	regulatory	program	including	other	TMDLs,	the	Executive	Officer	may	revise	or	eliminate	this	
    implementation task to coordinate this TMDL implementation plan with other regulatory programs.
2		Permitted	Stormwater	Dischargers	(PSD)	include	MS4s,	Caltrans,	the	Naval	Air	Weapons	Station	at	Point	Mugu,	and	
    general industrial and construction permittees.
3		Date	of	achievement	of	WLAs	and	LAs	based	on	the	estimated	timeframe	for	educational	programs,	special	studies,	and	
    implementation of appropriate BMPs and associated monitoring.  The Conditional  Waiver Program will set timeframes for 
    the BMP management plans.
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7-21  Ballona Creek, Ballona Estuary, and Sepulveda Channel Bacteria TMDL

This TMDL was adopted by:
 The Regional Water Quality Control Board on June 8, 2006.

This TMDL was approved by:
 The State Water Resources Control Board on November 15, 2006.
	 The	Office	of	Administrative	Law	on	February	20,	2007.
	 The	U.S.	Environmental	Protection	Agency	on	March	26,	2007.

The	effective	date	of	this	TMDL	is:	April	27,	2007.

The following table includes all the elements of this TMDL.

Table 7-21.1.  Ballona Creek, Estuary, and Tributaries Bacteria TMDL: Elements

Element Key Findings and Regulatory Provisions
Problem Statement Elevated bacterial indicator densities are causing impairment of 

the	water	contact	recreation	(REC-1)	beneficial	use	designated	for	
Ballona Estuary and Sepulveda Channel, limited water contact 
recreation (LREC) designated for Ballona Creek Reach 2, and non-
contact	recreation	(REC-2)	beneficial	uses	of	Ballona	Creek	Reach	1.	
Recreating in waters with elevated bacterial indicator densities has long 
been	associated	with	adverse	human	health	effects.		Specifically,	local	
and national epidemiological studies compel the conclusion that there 
is a causal relationship between adverse health effects and recreational 
water quality, as measured by bacterial indicator densities.

Numeric Target 
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)

The TMDL has a multi-part numeric target based on the bacteriological 
water quality objectives for marine and fresh water to protect the 
contact and non-contact recreation uses. These targets are the most 
appropriate indicators of public health risk in recreational waters.
These bacteriological objectives are set forth in Chapter 3 of the Basin 
Plan.1  The objectives are based on four bacterial indicators and include 
both geometric mean limits and single sample limits.  The Basin Plan 
objectives that serve as the numeric targets for this TMDL are:

In Marine Waters Designated for Water Contact Recreation 
(REC-1)

1.	Geometric	Mean	Limits
a. Total coliform density shall not exceed 1,000/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b.	Fecal	coliform	density	shall	not	exceed	400/100	ml.
c.	Enterococcus	density	shall	not	exceed	104/100	ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the 

ratio of fecal-to-total coliform exceeds 0.1.
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Element Key Findings and Regulatory Provisions
Numeric Target
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)
(continued)

In Fresh Waters Designated for Water Contact Recreation 
(REC-1)

1.	Geometric	Mean	Limits
a. E. coli density shall not exceed 126/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.

2. Single Sample Limits
a. E. coli density shall not exceed 235/100 ml.
b.	Fecal	coliform	density	shall	not	exceed	400/100	ml.

In Fresh Waters Designated for Limited Water Contact Recreation 
(LREC-1)2

1.	Geometric	Mean	Limits
a. E. coli density shall not exceed 126/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.

2. Single Sample Limits
a. E. coli	density	shall	not	exceed	576/100	ml.

In Fresh Waters Designated for Non-Contact Water 
Recreation (REC-2)

1.	Geometric	Mean	Limits
a. Fecal coliform density shall not exceed 2000/100 ml.

2. Single Sample Limits
a.	Fecal	coliform	density	shall	not	exceed	4000/100	ml.

The targets apply throughout the year.  Determination of attainment of 
the	targets	will	be	at	in-stream	monitoring	sites	to	be	specified	in	the	
compliance monitoring report. 

Implementation of the above REC-1 and LREC-1 bacteria objectives 
and the associated TMDL numeric targets is achieved using a ‘reference 
system/anti-degradation	approach’	rather	than	the	alternative	‘natural	
sources	exclusion	approach	subject	to	antidegradation	policies’	or	strict	
application	of	the	single	sample	objectives.	As	required	by	the	CWA	
and	Porter-Cologne	Water	Quality	Control	Act,	Basin	Plans	include	
beneficial	uses	of	waters,	water	quality	objectives	to	protect	those	uses,	
an anti-degradation policy, collectively referred to as water quality 
standards, and other plans and policies necessary to implement water 
quality standards.  This TMDL and its associated waste load allocations, 
which shall be incorporated into relevant permits, and load allocations 
are	the	vehicles	for	implementation	of	the	Region’s	standards.
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Element Key Findings and Regulatory Provisions
Numeric Target 
(Interpretation of the numeric 
water quality objective, used 
to calculate the waste load 
allocations)
(continued)

The	‘reference	system/anti-degradation	approach’	means	that	on	the	
basis of historical exceedance levels at existing monitoring locations, 
including a local reference beach within Santa Monica Bay, a certain 
number of daily exceedances of the single sample bacteria objectives 
are permitted.  The allowable number of exceedance days is set such 
that (1) bacteriological water quality at any site is at least as good as 
at a designated reference site within the watershed and (2) there is no 
degradation of existing bacteriological water quality.  This approach 
recognizes that there are natural sources of bacteria that may cause or 
contribute to exceedances of the single sample objectives and that it is 
not the intent of the Regional Board to require treatment or diversion 
of natural coastal creeks or to require treatment of natural sources of 
bacteria from undeveloped areas.

The geometric mean targets may not be exceeded at any time.  The 
rolling 30-day geometric means will be calculated on each day.  If 
weekly sampling is conducted, the weekly sample result will be 
assigned to the remaining days of the week in order to calculate the 
daily rolling 30-day geometric mean.  For the single sample targets, 
each existing monitoring site is assigned an allowable number of 
exceedance	days	for	three	time	periods	(1)	summer	dry-weather	(April	
1 to October 31), (2) winter dry-weather (November 1 to March 31), 
and	(3)	wet-weather	(defined	as	days	with	0.1	inch	of	rain	or	greater	
and the three days following the rain event.)

Implementation	of	the	REC-2	target	will	be	as	specified	in	the	Basin	
Plan. The REC-2 bacteria objectives allow for a 10% exceedance 
frequency of the single sample limit in samples collected during a 30-
day period.  This allowance, which is based on an acceptable level of 
health risk, will be applied in lieu of the allowable exceedance days 
discussed	earlier.	As	with	the	other	REC-1	and	LREC-1	objectives,	the	
geometric mean target for REC-2, which is based on a rolling 30-day 
period, will be strictly adhered to and may not be exceeded at any time. 

Source Analysis The	major	contributors	of	flows	and	associated	bacteria	loading	to	
Ballona Creek and Estuary, are dry- and wet-weather urban runoff 
discharges from the storm water conveyance system. Run-off to Ballona 
Creek	is	regulated	as	a	point	source	under	the	Los	Angeles	County	MS4	
Permit,	the	Caltrans	Storm	Water	Permit,	and	the	General	Construction	
and Industrial Storm Water Permits. In addition to these regulated point 
sources, the Ballona Estuary receives input from the Del Rey Lagoon 
and Ballona Wetlands through connecting tide gates.
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Element Key Findings and Regulatory Provisions
Source Analysis (continued) Preliminary data suggest that the Ballona Wetlands are a sink for 

bacteria from Ballona Creek and it is therefore not considered a source 
in this TMDL. Inputs to Ballona Estuary from Del Rey Lagoon, 
are considered non-point sources of bacterial contamination. This 
waterbody may be considered for a natural source exclusion if its 
contributing bacteria loads are determined to be as a result of wildlife 
in the area, as opposed to anthropogenic inputs. The TMDL will require 
a	source	identification	study	for	the	lagoon	in	order	to	apply	the	natural	
source exclusion.

Other nonpoint sources in Ballona Creek and Estuary include natural 
sources from birds, waterfowl and other wildlife. Data do not currently 
exist to quantify the extent of the impact of wildlife on bacteria water 
quality in the Estuary.  

Loading Capacity The	loading	capacity	is	defined	in	terms	of	bacterial	indicator	densities,	
which is the most appropriate for addressing public health risk, and is 
equivalent to the numeric targets, listed above.  

Waste Load Allocations 
(for point sources)

The	Los	Angeles	County	MS4	and	Caltrans	storm	water	permittees	and	
co-permittees	are	assigned	waste	load	allocations	(WLAs)	expressed	as	
the number of daily or weekly sample days that may exceed the single 
sample targets equal to the TMDLs established for the impaired reaches 
(see	Table	7.21.2a),	and	Waste	Load	Allocations	assigned	to	waters	
tributary	to	impaired	reaches	(Table	7.21.2b).		Waste	load	allocations	
are expressed as allowable exceedance days because the bacterial 
density and frequency of single sample exceedances are the most 
relevant to public health protection.

For each monitoring site, allowable exceedance days are set on an 
annual basis as well as for three time periods.  These three periods are:
1.	 summer	dry-weather	(April	1	to	October	31)
2. winter dry-weather (November 1 to March 31) 
3.	 wet-weather	days	(defined	as	days	of	0.1	inch	of	rain	or	more	plus	

three days following the rain event). 

The	County	of	Los	Angeles,	Caltrans,	and	the	Cities	of	Los	Angeles,	
Culver City, Beverly Hills, Inglewood, West Hollywood, and Santa 
Monica are the responsible jurisdictions and responsible agencies3 
for the Ballona Creek Watershed.  The responsible jurisdictions and 
responsible agencies within the watershed are jointly responsible for 
complying with the waste load allocation in each reach. 
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Element Key Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued)

For the single sample objectives of the impaired REC-1 and LREC-1 
reaches,	the	proposed	WLA	for	summer	dry-weather	are	zero	(0)	days	
of allowable exceedances, and those for winter dry-weather and wet-
weather	are	three	(3)	days	and	seventeen	(17)	days	of	exceedance,	
respectively. In the instances where more than one single sample 
objective applies, exceedance of any one of the limits constitutes an 
exceedance day. The proposed waste load allocation for the rolling 30-
day geometric mean for the responsible agencies and jurisdictions is 
zero (0) days of allowable exceedances.

For the single sample objectives of the impaired REC-2 reach, the 
proposed	WLA	for	all	periods	is	a	10%	exceedance	frequency	of	the	
REC-2 single sample water quality objectives. The proposed waste load 
allocation for the rolling 30-day geometric mean for the responsible 
agencies and jurisdictions is zero (0) days of allowable exceedances. 

In addition to assigning TMDLs for the impaired reaches, Waste Load 
Allocations	and	Load	Allocations	are	assigned	to	the	tributaries	to	
these	impaired	reaches.	These	WLAs		and	LAs	are	to	be	met	at	the	
confluence	of	each	tributary	and	its	downstream	reach	(see	Table	
7.21.2b).	

Load Allocations 
(for nonpoint sources)

Load allocations are expressed as the number of daily or weekly 
sample	days	that	may	exceed	the	single	sample	targets	identified	
under “Numeric Target” at a monitoring site, along with a rolling 
30-day geometric mean. Load allocations are expressed as allowable 
exceedance days because the bacterial density and frequency of single 
sample exceedances are the most relevant to public health protection. 
Del Rey Lagoon is considered a nonpoint source and is therefore 
subject to load allocations.

The	proposed	LA	for	summer	dry-weather	are	zero	(0)	days	of	
allowable exceedances, and those for winter dry-weather and wet-
weather	are	three	(3)	days	and	seventeen	(17)	days	of	exceedance,	
respectively. In the instances where more than one single sample 
objective applies, exceedance of any one of the limits constitutes an 
exceedance day. The proposed load allocation for the rolling 30-day 
geometric mean for the responsible agencies and jurisdictions is zero 
(0)	days	of	allowable	exceedances	(see	Table	7.21.2a).

The	City	of	Los	Angeles	is	the	responsible	jurisdiction	for	the	Del	
Rey lagoon, and is responsible for complying with the assigned load 
allocations	presented	in	Table	7.21.2b	at	the	tide	gate(s)	between	the	
Lagoon and the Estuary.

If	other	unidentified	nonpoint	sources	are	directly	impacting	
bacteriological water quality and causing an exceedance of the numeric 
targets, within the Estuary, the permittee(s) under the Municipal Storm 
Water NPDES Permits are not responsible through these permits.  
However, the jurisdiction or agency adjacent to the monitoring location 
may have further obligations to identify such sources.
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Element Key Findings and Regulatory Provisions
Implementation The regulatory mechanisms used to implement the TMDL will include 

the	Los	Angeles	County	Municipal	Storm	Water	NPDES	Permit	(MS4),	
the Caltrans Storm Water Permit, general NPDES permits, general 
industrial storm water permits, general construction storm water 
permits,	and	the	authority	contained	in	Sections	13263	and	13267	of	the	
Water	Code.		Each	NPDES	permit	assigned	a	WLA	shall	be	reopened	
or amended at re-issuance, in accordance with applicable laws, to 
incorporate	the	applicable	WLAs	as	a	permit	requirement.	

Each responsible jurisdictions and agency will be required to meet the 
storm	water	waste	load	allocations	shared	by	the	LA	County	MS4	and	
Caltrans permittees at the designated TMDL effectiveness monitoring 
points.	An	iterative	implementation	approach	using	a	combination	of	
non-structural and structural BMPs may be used to achieve compliance 
with the waste load allocations. The administrative record and the fact 
sheets	for	the	MS4	and	Caltrans	storm	water	permits	must	provide	
reasonable	assurance	that	the	BMPs	selected	will	be	sufficient	to	
implement the waste load allocation.

Load allocations for nonpoint sources will be incorporated into Waste 
Discharge Requirements and MOUs with the responsible jurisdictional 
agencies.

This TMDL will be implemented in two phases over a ten-year period 
(see	Table	7-21.3).	Within	six	years	of	the	effective	date	of	the	TMDL,	
compliance	with	the	allowable	number	of	summer	dry-weather	(April	
1 to October 31), winter dry-weather exceedance days (November 1 
to March 31) and the rolling 30-day geometric mean targets for both 
periods  must be achieved.  Within ten years of the effective date of 
the TMDL, compliance with the allowable number of wet-weather 
exceedance days and rolling 30-day geometric mean targets must be 
achieved.

In order to clearly justify an extended implementation schedule beyond 
10	years	and	up	to	14	years	from	the	effective	date	of	the	TMDL,	the	
responsible	agencies	are	required	to	submit	additional	quantifiable	
analyses as described below to demonstrate (1) the proposed plans will 
meet	the	final	WLAs	and	(2)	the	proposed	implementation	actions	will	
achieve	multiple	water	quality	benefits	and	other	public	goals.

The	types	of	approaches	proposed	coupled	with	quantifiable	estimates	
of	the	integrated	water	resources	benefits	of	the	proposed	structural	
and non-structural BMPs included in the Implementation Plan would 
provide the obligatory demonstration that an integrated water resources 
approach is being pursued. This demonstration shall include numeric 
estimates	of	the	benefits,	including	but	not	limited	to	reductions	in	
other pollutants, groundwater recharged, acres of multi-use projects and 
water	(e.g.	urban	runoff)	beneficially	reused.	
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Element Key Findings and Regulatory Provisions
Implementation (continued) The responsible jurisdictions and the responsible agencies must submit 

a	report	to	the	Executive	Officer	(see	Table	7-21.3)	describing	how	
they	intend	to	comply	with	the	dry-weather	and	wet-weather	WLAs.	
As	the	primary	jurisdiction,	the	City	of	Los	Angeles	is	responsible	for	
submitting the implementation plan report described above.  

In addition, as the responsible agency for Del Rey Lagoon, the City of 
Los	Angeles	must	submit	a	report	detailing	how	it	intends	to	comply	
with	the	load	allocations	assigned	to	this	waterbody.	Alternatively,		the	
City	of	Los	Angeles	may	submit	data	clearly	demonstrating	that	Del	
Rey	Lagoon	is	not	a	source,	for	the	Regional	Board’s	consideration..	

The	Regional	Board	intends	to	reconsider	this	TMDL,	within	4	years	
of	its	effective	date	to	incorporate	modifications	to	the	WLAs	based	
on results of the scheduled reconsideration of the Santa Monica Bay 
(SMB) beaches TMDLs.  The SMB beaches TMDLs are scheduled 
to be  reconsidered in four years to re-evaluate the allowable winter 
dry-weather and wet-weather exceedance days based on additional 
data on bacterial indicator densities in the wave wash; to re-evaluate 
the reference system selected to set allowable exceedance levels; to 
re-evaluate the reference year used in the calculation of allowable 
exceedance days, and to re-evaluate the need for revision of the 
geometric mean implementation provision.

The	Regional	Board	also	intends	to	re-asses	the	WLAs	for	Benedict	
Canyon Channel, Sepulveda Channel, and Centinela Creek based on 
results of the required compliance monitoring, and/or any voluntary 
beneficial	use	investigations.	

Margin of Safety By directly applying the numeric water quality standards and 
implementation	 procedures	 as	Waste	 Load	Allocations,	 there	 is	 little	
uncertainty about whether meeting the TMDLs will result in meeting the 
water quality standards.

Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste load 
allocations for three time periods (summer dry-weather, winter-
dry weather, and wet-weather) based on public health concerns 
and observed natural background levels of exceedance of bacterial 
indicators. 

The critical condition for bacteria loading to the Ballona Creek, 
Ballona Estuary, and Sepulveda Channel is during wet weather when 
monitoring data indicate greater exceedance probabilities of the single 
sample bacteria objectives than during dry-weather.
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Element Key Findings and Regulatory Provisions
Seasonal Variations and 
Critical Conditions 
(continued)

The	Santa	Monica	Bay	Beaches	Bacteria	TMDL	identified	the	critical	
condition	within	wet	weather	more	specifically,	in	order	to	set	the	
allowable number of exceedances of the single sample limit days. The 
90th percentile storm year in terms of wet days was used as the reference 
year. The 90th percentile year was selected for several reasons.  First, 
selecting the 90th percentile year avoids an untenable situation where 
the reference system is frequently out of compliance.  Second, selecting 
the 90th percentile year allows responsible jurisdictions and responsible 
agencies	to	plan	for	a	‘worst-case	scenario’,	as	a	critical	condition	is	
intended to do.

Monitoring The TMDL effectiveness monitoring program will assess attainment 
of the allowable exceedances for Ballona Creek, Ballona Estuary, and 
Sepulveda	Channel,	and	the	WLAs	for	the	tributaries.	Responsible	
jurisdictions and responsible agencies shall conduct daily or systematic 
weekly sampling at a minimum of two locations within Ballona Estuary 
and Reach 2 of Ballona Creek, at least one location each in Reach 
1	of	Ballona	Creek	and	Sepulveda	Channel,	and	at	the	confluence	
with Centinela Creek and Benedict Canyon Channel, to determine 
compliance. Similar monitoring at the connecting tide gates of Del 
Rey Lagoon is also required.  Where monitoring locations are located 
at or close to the boundary of two reaches, data from sampling points 
will also be used to assess the immediate downstream reach. This will 
ensure that the downstream reaches, which have more stringent water 
quality objectives, are adequately protected.

If the number of exceedance days is greater than the allowable number 
of exceedance days in the REC-1 and LREC-1 waters, and/or the 
frequency of exceedance is greater than 10% in the REC-2 waters, 
the responsible jurisdictions and/or responsible agencies shall be 
considered not to be attaining the TMDLs and/or assigned allocations 
(non-attaining). Responsible jurisdictions or agencies shall not be 
deemed non-attaining  if the investigation described in the paragraph 
below demonstrates that bacterial sources originating within the 
jurisdiction of the responsible agency have not caused or contributed to 
the exceedance.

If an in-stream location is non-attaining as determined in the previous 
paragraph, the Regional Board shall require responsible agencies 
to initiate an investigation, which at a minimum shall include daily 
sampling at the existing monitoring location until all single sample 
events meet bacteria water quality objectives. 
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Element Key Findings and Regulatory Provisions
Special Studies Should the jurisdictional agency for Del Rey Lagoon opt for the natural 

source exclusion, the TMDL requires that  a separate bacteria source 
identification	study	be	conducted	to	determine	its	eligibility.	The	study	
should identify all probable sources of bacteria loads, their estimated 
contributions to the Lagoon, and a determination of the frequency of 
exceedances of the single sample bacteria objectives caused by the 
identified	natural	sources.

1  The bacteriological objectives were revised by a Basin Plan amendment adopted by the Regional Board on October 25, 
				2001,	and	subsequently	approved	by	the	State	Water	Resources	Control	Board,	the	Office	of	Administrative	Law	and	
				finally	by	U.S.	EPA	on	September	25,	2002.
2		The	bacteriological	objectives	for	the	LREC-1	use	designation	were	provided	in	a	Basin	Plan	Amendment	adopted	by	
				State	Board	on	January	20,	2005,	and	subsequently	approved	by	the	Office	of	Administrative	Law	and	finally	by	U.S.	EPA	
				on	February	17,	2006.
3		For	the	purposes	of	this	TMDL,	“responsible	jurisdictions	and	responsible	agencies”	are	defined	as	(1)	local	agencies	that	
    are permittees or co-permittees on a municipal storm water permit, (2) local or state agencies that have jurisdiction over 
    Ballona Creek and Estuary, and (3) the California Department of Transportation pursuant to its storm water permit.
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Table 7-21.2a: Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Final Allowable 
Exceedance Days by Reach

Time Period Ballona Estuary, Ballona Creek  
Reach 2, and Sepulveda Channel *

Ballona Creek Reach 1**

Summer Dry-Weather 
(April	1	to	October	31)

Zero (0) exceedance days based on 
the applicable Single Sample Bacteria 
Water Quality Objectives

Zero (0) exceedance days based on 
the	Rolling	30-Day	Geometric	Mean	
Bacteria Water Quality Objectives

No more than 10% of the Single Sample 
Bacteria Water Quality Objectives

Zero (0) exceedance days based on 
the	Rolling	30-Day	Geometric	Mean	
Bacteria Water Quality Objectives

Winter Dry-Weather 
(November 1-March 
31)

Three (3) exceedance days based on 
the applicable  Single Sample Bacteria 
Water Quality Objectives

Zero (0) exceedance days based on 
the	Rolling	30-Day	Geometric	Mean	
Bacteria Water Quality Objectives

No more than 10% of the Single Sample 
Bacteria Water Quality Objectives

Zero (0) exceedance days based on 
the	Rolling	30-Day	Geometric	Mean	
Bacteria Water Quality Objectives

Wet-Weather  
(days with ≥0.1 inch of 
rain + 3 days following 
the rain event)

17***	exceedance	days	based	on	the	
applicable Single Sample Bacteria 
Water Quality Objectives

Zero (0) exceedance days based on 
the	Rolling	30-Day	Geometric	Mean	
Bacteria Water Quality Objectives

No more than 10% of the Single Sample 
Bacteria Water Quality Objectives

Zero (0) exceedance days based on 
the	Rolling	30-Day	Geometric	Mean	
Bacteria Water Quality Objectives

*     Exceedance days for Ballona Estuary based on REC-1 marine water numeric targets; for Ballona Creek Reach 2 based on 
       LREC-1 freshwater numeric targets; and for Sepulveda Channel, based on fresh water REC-1 numeric targets           
**   Exceedance frequency for Ballona Creek Reach 1 based on freshwater REC-2 numeric targets
***	In	Reach	2,	the	greater	of	the	allowable	exceedance		days	under	the	reference	system	approach	or	high	flow	suspension	
       shall apply.
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Table 7-21.2b: Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL:  
WLAs and LAs for tributaries to the Impaired Reaches.

Tributary Point of Application Water Quality 
Objectives

Waste Load Allocation
(No. exceedance days)      

Ballona Creek Reach 1 At	confluence	with	Reach	2 LREC-1
Freshwater

For single sample objectives:
(0) summer dry weather, 
(3) winter dry weather
(17*) winter wet weather

For geometric mean objectives:
(0)  for all periods 

Benedict Canyon 
Channel

At	confluence	with	Reach	2 LREC-1
Freshwater

For single sample objectives:
(0) summer dry weather, 
(3) winter dry weather
(17*) winter wet weather

For geometric mean objectives:
(0)  for all periods 

Ballona Creek Reach 2 At	confluence	with	Ballona	
Estuary

REC-1
Marine water

For single sample objectives:
(0) summer dry weather, 
(3) winter dry weather
(17) winter wet weather

For geometric mean objectives:
(0)  for all periods 

Centinela Creek At	confluence	with	Ballona	
Estuary

REC-1
Marine water

For single sample objectives:
(0) summer dry weather, 
(3) winter dry weather
(17) winter wet weather

For geometric mean objectives:
(0)  for all periods 

Del Rey Lagoon At	confluence	with	Ballona	
Estuary

REC-1
Marine water

For single sample objectives:
(0) summer dry weather, 
(3)winter dry weather
(17) winter wet weather

For geometric mean objectives:
(0)  for all periods 

*			At	the	confluence	with	Reach	2,	the	greater	of	the	allowable	exceedance	days	under	the	reference	system	approach	or	high	
					flow	suspension	shall	apply.
					Sepulveda	Channel	was	not	assigned	a	waste	load	allocation	at	its	confluence	with	Reach	2	since	the	TMDL	requires	the	
     more stringent REC-1 objectives to be met in this waterbody, which should lead to the attainment of the less stringent 
     LREC-1 objectives of the downstream reach.
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Table 7-21.3  Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Significant Dates
Date Action

Responsible Jurisdictions for the Waste Load Allocations
12 months after the effective date of 
the TMDL

Responsible jurisdictions and responsible agencies must submit, 
for Regional Board approval, a comprehensive bacteria water 
quality monitoring plan for the Ballona Creek Watershed. The plan 
must	be	approved	by	the	Executive	Officer	before	the	monitoring	
data can be considered during the implementation of the TMDL. 
The plan must provide for analyses of all applicable bacteria 
indicators for which the Basin Plan and subsequent amendments 
have established objectives The plan must also include a minimum 
of two sampling locations (mid-stream and downstream) in Ballona 
Estuary, Ballona Creek (Reach 1 and 2), and their tributaries. 

The draft monitoring report shall be made available for public 
comment	and	the	Executive	Officer	shall	accept	public	comments	
for at least 30 days.  Once the coordinated monitoring plan is 
approved	by	the	Executive	Officer,	monitoring	shall	commence	
within 6 months. 

21/
2
 years after the effective date of 

the TMDL
Responsible jurisdictions and agencies must provide a draft 
Implementation Plan to the Regional Board outlining how each 
intends to cooperatively achieve compliance with the dry-weather 
and	wet-weather	TMDL	Waste	Load	Allocations.		The	report	shall	
include implementation methods, an implementation schedule, 
and proposed milestones.  The description of the implementation 
methods and milestones shall include a technically defensible 
quantitative	linkage	to	the	interim	and	final	waste	load	allocations	
(WLAs).	The	linkage	should	include	target	reductions	in	
stormwater runoff and/or fecal indicator bacteria. The plan 
shall	include	quantitative	estimates	of	the	water	quality	benefits	
provided by the proposed structural and non-structural BMPs. 
Estimates should address reductions in exceedance days, bacteria 
concentration	and	loading,	and	flow	in	the	drain	and	at	each	
beach compliance monitoring location.

As	part	of	the	draft	plan,	responsible	agencies	must	submit	results	
of	all	special	studies	and/or	Environmental	Impact	Assessments,	
designed to determine feasibility of any strategy that requires 
diversion	and/or	reduction	of	Creek	flows.

If a responsible jurisdiction or agency is requesting a longer 
schedule for wet-weather compliance based on an integrated 
approach, the plan must include a clear demonstration that the 
plan	meets	the	criteria	of	an	IWRA,	and	a	clear	demonstration	
of the need for the proposed schedule.  Compliance with the 
wet-weather allocations shall be as soon as possible but under 
no circumstances shall it exceed the time frame adopted in 
the TMDL for non-integrated approaches or for an integrated 
approach.
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Date Action
21/

2
 years after the effective date of 

the TMDL (continued)
The draft Plan shall be made available for public comment and 
the	Executive	Officer	shall	accept	public	comments	for	at	least	30	
days.

3 months after receipt of Regional 
Board comments on the draft plan

Responsible jurisdictions and agencies submit a Final 
Implementation Plan to the Regional Board.

Responsible agencies for Load Allocations
1 year after the effective date of the 
TMDL

Responsible agencies must submit, for Regional Board approval, 
separate comprehensive bacteria water quality monitoring plans 
for inputs from Del Rey Lagoon and the Ballona Wetlands to the 
Ballona Estuary. Each plan must be approved by the Executive 
Officer	before	 the	monitoring	data	can	be	considered	during	 the	
implementation of the TMDL. The plan must provide for analyses 
of all applicable bacteria indicators for which the Basin Plan and 
subsequent amendments have established objectives The plan must 
also include a minimum of one sampling location at the connecting 
tide gate(s). 

The draft monitoring reports shall be made available for public 
comment	and	the	Executive	Officer	shall	accept	public	comments	
for at least 30 days.  Once a coordinated monitoring plan is 
approved	by	the	Executive	Officer,	monitoring	shall	commence	
within 6 months. 

3 years after the effective date of 
the TMDL

If the responsible agency for the Del Rey Lagoon intends to pursue 
a natural source exclusion, it shall submit the results of separate 
natural	 source	 study	 for	 the	Lagoon	 to	 the	Executive	Officer	 of	
the Regional Board.  The study shall include a comprehensive 
assessment of all sources of bacteria loads to the Lagoon 
and estimates of their individual contributions. In addition, a 
determination of the number of exceedance days caused by these 
sources should be made. 

These studies shall be made available for public comment and 
the	Executive	Officer	shall	accept	public	comments	for	at	least	30	
days. 
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Date Action
Responsible Agencies for WLAs and LAs* (*Only if not eligible for natural source exclusion(s)

4	 years	 after	 the	 effective	 date	 of		
the TMDL 

The Regional Board shall reconsider this TMDL to:

(1) Re-assess the allowable winter dry-weather and wet-weather 
exceedance days based on a re-evaluation of the selected 
reference watershed and consideration of other reference 
watersheds that may better represent reaches of Ballona 
Creek and Estuary,

(2) Consider whether the allowable winter dry-weather and 
wet-weather exceedance days  should be adjusted annually 
dependent on the rainfall conditions and an evaluation of 
natural variability in exceedance levels in the reference 
system(s), 

(3) Re-evaluate the reference year used in the calculation of 
allowable exceedance days, and 

(4)	 Re-evaluate	whether	there	is	a	need	for	further	clarification	or	
revision of the geometric mean implementation provision.

(5) Consider natural source exclusions for bacteria loading from 
Del Rey Lagoon and the Ballona Wetlands based on results of 
the	source	identification	study.	

(6)	 Re-assess	WLAs	for	Benedict	Canyon	Channel,	Sepulveda	
Channel, and Centinela Creek based on results of the required 
compliance	monitoring,	and/or	any	voluntary	beneficial	use	
investigations. 

6 years after the effective date of  
the TMDL: 

Achieve	 compliance	 with	 the	 allowable	 exceedance	 days	 for	
summer and winter dry-weather as set forth in Table 6-1 and rolling 
30-day geometric mean targets.

10 years after effective date of 
the TMDL or, if an Integrated 
Water	Resources	Approach	is	
implemented, up to July 15, 2021.* 

Achieve	 compliance	with	 the	 allowable	 exceedance	 days	 as	 set	
forth in Table 6-1 and rolling 30-day geometric mean targets during 
wet-weather. 

*				July	15,	2021		is	the	final	compliance		date	of	the	Santa	Monica	Bay	Beaches	Bacteria	Wet-Weather	TMDL.
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7-22  Calleguas Creek Watershed Salts TMDL

This TMDL was adopted by:
The	Regional	Water	Quality	Control	Board	on	October	4,	2007.

This TMDL was approved by:
The State Water Resources Control Board on May 20, 2008.
The	Office	of	Administrative	Law	on	November	6,	2008.
The	U.S.	Environmental	Protection	Agency	on	December	2,	2008.

The effective date of this TMDL is: December 2, 2008.

The	elements	of	the	TMDL	are	presented	in	Table	7-22.1	and	the	Implementation	Plan	in	Table	7-22.2

Table 7-22.1.  Calleguas Creek Watershed Salts TMDL: Elements

TMDL Element Key Findings and Regulatory Provisions

Problem Statement Eleven	of	fourteen	reaches	in	the	Calleguas	Creek	Watershed	(CCW)	are	identified	
on	the	2002	Clean	Water	Act	Section	303(d)	list	of	water-quality	limited	segments	as	
impaired due to elevated levels of boron, chloride, sulfate, or total dissolved solids 
(TDS) (these constitutions are commonly referred to as salts).    Salts primarily impact 
two	beneficial	uses:		agricultural	supply	and	groundwater	recharge.		Below	is	2002	
303(d) list of water quality limited segments of the Calleguas Creek watershed:

Reach Name Pollutant/Stressor
Calleguas Creek Reach 3 Chloride, TDS

Calleguas Creek Reach 6 Chloride, Sulfate, TDS

Calleguas	Creek	Reach	7	 Boron, Chloride, Sulfate, TDS

Calleguas Creek Reach 8 Boron, Chloride, Sulfate, TDS

Calleguas	creek	Reach	9A	 Sulfate, TDS

Calleguas Creek Reach 9B Chloride, Sulfate, TDS

Calleguas Creek Reach 10 Chloride, Sulfate, TDS

Calleguas Creek Reach 11 Sulfate, TDS

Calleguas Creek Reach 12 Sulfate, TDS

Calleguas Creek Reach 13 Chloride, Sulfate, TDS

The list of impaired segments of the Calleguas Creek watershed in the 2002 303(d) 
list was maintained in the 2006 303(d) list.

The	segment	of	Reach	4	below	Laguna	Road	is	tidally	influenced	and	therefore	not	
impaired for chloride, boron, sulfate, and TDS.  Consequently, the waste load and 
load	allocations	developed	for	Reach	4	in	this	TMDL	do	not	apply	below	Laguna	
Road.

The goal of this TMDL is to protect and restore the water quality in the Calleguas 
Creek watershed by controlling the loading and accumulation of salts.
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TMDL Element Key Findings and Regulatory Provisions

Numeric Targets Numeric	targets	are	based	on	the	site-specific	numeric	water	quality	objectives	
(WQOs) provided in the Basin Plan. 
 

1. Surface Water Quality Objectives

Site-specific	surface	water	quality	objectives	for	the	Calleguas	Creek	
watershed	are	applicable	upstream	of	Potrero	Road.		Site	specific	objectives	
have not been determined for Calleguas Creek below Potrero Road because 
the	reach	is	tidally	influenced.	Below	are	WQOs	for	Calleguas	Creek	upstream	
of Potrero Road.
      

Constituent
Water Quality Objective 
Upstream Potrero Road 

(mg/L)
Boron 1
Chloride 150
Sulfate 250
TDS 850

2.	 Groundwater	Quality	Objectives

Groundwater Basin1

Boron
(mg/L)

Chloride
(mg/L)

Sulfate
(mg/L)

TDS
(mg/L)

DWR 
Basin 
No.

Groundwater Basin 
as Listed in the 1994 

Basin Plan

Implementation 
Areas for Salts 

TMDL

4-6 Pleasant Valley 
Conejo and 
Calleguas/Pleasant 
Valley

1.0 150 300 700

4-7 Arroyo	Santa	Rosa	
Arroyo	Santa	Rosa	
and	Conejo/Arroyo	
Santa Rosa

1.0 150 300 900

4-8
Las Posas Valley – East  
of	Grimes	Canyon	and	
Hitch Blvd 

Arroyo	Simi/South	
Las Posas

3.0 400 1200 2500

4-8

Las Posas Valley 
–	South	of	LA	Ave	
between Somis Rd & 
Hitch Blvd 

Arroyo	Las	Posas/
South Las Posas

1.0 250 700 1500

4-8 Las Posas Valley 
–	North	Las	Posas	Area	

Arroyo	Las	Posas/
North Las Posas

1.0 150 250 500

4-9 Simi Valley 
Arroyo	Simi/Simi	
Valley

1.0 150 600 1200

4-10 Conejo Valley 
Arroyo	Conejo/
Conejo Valley

1.0 150 250 800

4-15 Tierra Rejada 
Arroyo	Santa	Rosa/
Tierra Rejada

0.5 100 250 700

4-19 Thousand Oaks 
Arroyo	Conejo/
Thousand Oaks

1.0 150 700 1400
1 The	groundwater	quality	objectives	specified	in	this	table	are	equivalent	to	the	groundwater	quality	objectives	
in	the	1994	Basin	Plan.		Groundwater	basins	are	numbered	in	the	first	column	according	to	Bulletin	118-80	
(Department	of	Water	Resources,	1980).		Designated	groundwater	basins	in	the	1994	Basin	Plan	are	specified	in	
the second column and groundwater basin descriptions of Calleguas Creek used in this TMDL are listed in the  

third column of the table.
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TMDL Element Key Findings and Regulatory Provisions

Source Analysis Sources of salts in the watershed include water supply (water imported from the 
State Water Project or Freeman Diversion and deep aquifer groundwater pumping), 
water softeners that discharge to publicly owned treatment works (POTWs), 
POTW treatment chemicals, atmospheric deposition, pesticides and fertilizers, and 
indoor water use (chemicals, cleansers, food, etc.). These salts are then transported 
through POTW discharges and runoff to surface water, shallow groundwater, and/
or stranded on the watershed in the soils.  Salts transported in the surface water to 
the ocean are currently the only salts that are exported from the watershed.  While 
the concentration of salts in the introduced water is usually below the Basin Plan 
Objectives,	the	quantity	of	water	brought	into	the	watershed	is	sufficient	to	rank	
introduced water as the greatest source of salts to the watershed.

Salts	that	are	transported	during	dry	weather	to	the	surface	water	are	quantified	
via	the	following	mechanisms:	groundwater	pumping,	groundwater	exfiltration,	
POTWs, dry weather urban and agricultural runoff.  Wet weather loadings from 
each	of	these	sources	have	the	potential	to	be	significant,	but	tend	to	be	lower	in	
concentration and do not occur during the critical conditions for salts.  Wet weather 
loads	are	significant	from	the	perspective	of	transporting	stranded	salts	off	the	
watershed.

Linkage Analysis The linkage analysis for salts focuses on the surface water concentrations of salts.  
However, surface water concentrations are only one component of the watershed 
salts	issue.	Because	it	is	difficult	to	model	other	aspects	of	the	salt	problem	
(i.e.	surface	water	and	groundwater	interactions,	stranded	salts),	two	simplified	
approaches have been used to demonstrate that salts will be removed from the 
watershed, which should have a correspondingly positive impact on surface water 
and groundwater salts concentrations.  First, a surface water model was developed 
to provide a linkage between sources and surface water quality and to demonstrate 
the impact of projects on receiving water quality in the watershed.  Second, a salt 
balance was developed to quantify the removal of salts from the watershed with 
the goal of achieving a mass balance in which the mass of boron, sulfate, TDS and 
chloride imported into Calleguas Creek subwatersheds is no more than the mass of 
boron, sulfate, TDS and chloride exported  from the Calleguas Creek subwatershed.  
Achieving	a	salt	balance	in	the	watershed	will	prevent	additional	build-up	of	salts	
in any medium in the watershed and protect ground water supplies from increasing 
in salt concentrations.

The Calleguas Creek Modeling System is a mass balance based model that was 
developed for the surface water to provide a linkage between sources and surface 
water quality.  To estimate the salts balance in the watershed, a simple chloride 
mass balance was developed by the Camrosa Water District (Hajas, 2003a) and 
modified	to	address	the	other	salts.
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TMDL Element Key Findings and Regulatory Provisions

Waste Load 
Allocations

A. POTWs

The	TMDL	includes	waste	load	allocations	(WLAs)	for	five	POTWs	in	the	
Calleguas Creek watershed:   Simi Valley Water Quality Control Plant (WQCP), 
Hill Canyon Wastewater Treatment Plan (WWTP), Moorpark WWTP, Camarillo 
Water Reclamation Plant (WRP), and Camrosa Water Reclamation Facility 
(WRF).			At	the	end	of	the	implementation	period,	only	Simi	Valley	WQCP	and	
the Hill Canyon WWTP are expected to discharge to surface waters.  Moorpark 
WWTP and Camrosa WRF currently discharge directly to ponds under dry 
weather	conditions.		As	part	of	the	TMDL	implementation,	the	Renewable	Water	
Resources Management Program (RWRMP) will introduce treated wastewater 
from the Camarillo WRP into the Camrosa recycled water storage and distribution 
system.  Surplus treated wastewater from Camarillo WRP and Camrosa WRF will 
be discharged at a point downstream of Potrero Road Bridge to Calleguas Creek. 
Dry	weather	WLAs	are	included	for	the	case	when	Camarillo	WRP,	Camrosa	WRF,	
and Moorpark WWTP need to discharge to the stream (for example, if there is 
insufficient	recycled	water	demand	during	the	wet	season).		Including	WLAs	for	
these POTWs ensures that water quality objectives are not exceeded as a result of 
their discharge.    

POTW	mass-based	WLAs	are	calculated	as	the	POTW	effluent	flow	rate	multiplied	
by	the	water	quality	objective	and	include	a	mass-based	adjustment	factor	(AF)	
that	is	subtracted	from	the	product	of	the	flow-rate	and	the	water	quality	objective.		
The adjustment factor is used to link POTW allocations to the required reductions 
in background loads. The adjustment factors are implemented through mechanisms 
that export salts out of the subwatershed, such as groundwater pumping, to meet 
the salt balance requirements.  To ensure that the loading capacity is achieved 
in surface water and the reductions in background loads are achieved, minimum 
salt	exports	shown	below	are	required	for	POTWs	and	are	included	in	WLAs	as	
a component of the adjustment factors.  If the background load reductions are not 
achieved, POTWs shall be responsible for providing additional load reductions to 
achieve	water	quality	standards.		The	AF	is	set	equal	to	the	difference	between	the	
minimum salts export requirement to attain a salt balance in the subject reaches and 
the actual salts export.  If the calculated annual dry weather salt exports from the 
subwatershed to which the POTW discharges are less than the minimum required 
exports for the previous year and the annual average receiving water concentration 
at the base of the subwatershed to which the POTW discharges exceeds water 
quality objectives for the previous year, the POTW allocations will be reduced 
using the adjustment factor.  
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TMDL Element Key Findings and Regulatory Provisions

Waste Load 
Allocations 
(continued)

The adjustment factors are also used to address unusual conditions in which the 
inputs to the POTWs from the water supply may challenge the POTWs ability to 
meet	the	assigned	WLAs.		The	adjustment	factor	allows	for	the	additional	POTW	
loading only when the water quality objectives are met in the receiving waters.  
POTW allocations can be adjusted upwards when imported water supply chloride 
concentrations	exceed	80	mg/L	and	discharges	from	the	POTW	exceed	the	WLA.		
In	order	to	apply	the	AF	to	the	assigned	WLAs,	the	POTW	is	required	to	submit	
documentation of the water supply chloride concentrations, receiving water 
chloride	concentration,	the	effluent	mass,	and	evidence	of	increased	salt	exports	to	
offset the increased discharges from the POTW to the RWQCB for approval.  

WLAs	shown	in	table	below	apply	to	POTWS	during	dry	weather	when	the	flows	
in the receiving water are below the 86th	percentile	flow.		During	wet	weather,	the	
loading	capacity	of	the	stream	is	significantly	increased	by	stormwater	flows	with	
very	low	salt	concentrations.		Any	discharges	from	the	POTWs	during	wet	weather	
would	be	assimilated	by	these	large	storm	flows	and	would	not	cause	exceedances	
of water quality objectives.

Boron is only listed in the Simi and Pleasant Valley (Revolon) subwatersheds and 
exceedances of boron do not occur in other portions of the watershed.  Therefore, 
boron allocations are only included for the Simi Valley WQCP.  

Interim limits are included to allow time for dischargers to put in place 
implementation	measures	necessary	to	achieve	final	waste	load	allocations.		The	
monthly average interim limits are set equal to the 95th percentile of available 
discharge data.

1. Minimum Salt Export Requirements for Adjustment Factor a

POTW
Minimum 

Chloride Export 
(lb/day)

Minimum TDS 
Export  
(lb/day)

Minimum 
Sulfate Export 

(lb/day)

Minimum 
Boron Export 

(lb/day)
Simi Valley 
WQCP 

460 3220 9120 3.3

Moorpark WWTP 460 3220 9120 3.3

Hill Canyon 
WWTP 

1060 7920 4610 0

Camrosa WRF 1060 7920 4610 0

Camarillo WRP 1060 7920 4610 0
a Minimum export requirements include a 10% Margin of Safety.  
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TMDL Element Key Findings and Regulatory Provisions

Waste Load 
Allocations 
(continued)

2. Interim Monthly Average WLAs for POTWs

POTW Chloride 
(mg/L)

TDS  
(mg/L)

Sulfate  
(mg/L)

Boron  
(mg/L)

Simi Valley WQCP 183 955 298 N/A
Hill Canyon WWTP 189 N/A N/A N/A
Moorpark WWTP 171 N/A 267 N/A
Camarillo WRP 216 1012 283 N/A
Camrosa WRF* N/A N/A N/A N/A

* Camrosa WRF has not discharged to surface water during the period under which interim 
limits	were	calculated.		When	effluent	data	are	available,	the	Regional	Board	may	adopt	
interim	WLAs	for	Camrosa	WRF.

											N/A:		The	95th percentile concentration is below the Basin Plan objective so interim limits 
           are not necessary.

3. Final WLAs for POTWsa,d

POTW Chloride   
(lb/day) c

TDS  
(lb/day) c

Sulfate  
(lb/day) c

Boron    
(lb/day) c

Simi Valley 
WQCP

150*Q-AF 850*Q-AF 250*Q-AF 1.0*Q-AF

Hill Canyon 
WWTP

150*Q-AF 850*Q-AF 250*Q-AF N/A

Moorpark 
WWTPb

150*Q-AF 850*Q-AF 250*Q-AF N/A

Camarillo WRPb 150*Q-AF 850*Q-AF 250*Q-AF N/A
Camrosa WRFb 150*Q-AF 850*Q-AF 250*Q-AF N/A

a.		The	allocations	shown	only	apply	during	dry	weather	(as	defined	in	this	TMDL).		During			
     wet weather discharges from the POTWs do not cause exceedances of water quality 
     objectives.
b.  These POTWs are not expected to discharge after the end of the implementation period.  
c.		AF	is	the	adjustment	factor	and	equals	the	difference	between	the	minimum	salts	export	
     requirement and the actual salts export. 
d.		Q	represents	the	POTW	flow	at	the	time	the	water	quality	measurement	is	collected	and	
					a	conversion	factor	to	lb/day	based	on	the	units	of	measurement	for	the	flow.
N/A		Boron	is	not	listed	in	the	reaches	to	which	the	POTW	discharges.		No	WLA	is	
required.

B. Urban Runoff

Permitted stormwater dischargers that are responsible parties to this TMDL 
include	the	Municipal	Stormwater	Dischargers	(MS4s)	of	the	Cities	of	Camarillo,	
Moorpark, Thousand Oaks, County of Ventura, Ventura County Watershed 
Protection District, and general industrial and construction permittees.  Permitted 
stormwater dischargers are assigned a dry weather wasteload allocation equal to the 
average	dry	weather	critical	condition	flow	rate	multiplied	by	the	numeric	target	for	
each constituent.  Waste load allocations apply in the receiving water at the base 
of	each	subwatershed.		Because	wet	weather	flows	transport	a	large	mass	of	salts	
at low concentrations, these dischargers meet water quality objectives during wet 
weather.		Dry	weather	allocations	apply	when	instream	flow	rates	are	below	the	86th 
percentile	flow	and	there	has	been	no	measurable	precipitation	in	the	previous	24	
hours.
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TMDL Element Key Findings and Regulatory Provisions

Waste Load 
Allocations 
(continued)

Interim limits are assigned for dry weather discharges from areas covered by NPDES 
stormwater permits to allow time to implement appropriate actions.  The interim 
limits are assigned as concentration based receiving water limits set to the 95th 
percentile of the discharger data as a monthly average limit except for chloride.  The 
95th	percentile	 for	chloride	was	267	mg/L	which	 is	higher	 than	 the	 recommended	
criteria	set	forth	in	the	Basin	Plan	for	protection	of	sensitive	beneficial	uses	including	
aquatic life.  Therefore, the interim limit for chloride for Permitted Stormwater 
Dischargers	is	set	equal	to	230	mg/L	to	ensure	protection	of	sensitive	beneficial	uses	
in the Calleguas Creek watershed.  

1. Interim Dry Weather WLAs for Permitted Stormwater Dischargers

Constituent Interim Limit (mg/L)
Boron Total 1.3

Chloride Total 230

Sulfate Total 1289

TDS Total 1720

2. Final Dry Weather WLAs for Permitted Stormwater Dischargers    

Subwatershed

Critical 
Condition 
Flow Rate 

(mgd)

Chloride 
Allocation 

(lb/day)

TDS 
Allocation 

(lb/day)

Sulfate 
Allocation 

(lb/day)

Boron 
Allocation 

(lb/day)

Simi 1.39 1,738 9,849 2,897 12

Las Posas 0.13 157 887 261 N/A
Conejo 1.26 1,576 8,931 2,627 N/A
Camarillo 0.06 72 406 119 N/A
Pleasant Valley 
(Calleguas)

0.12 150 850 250 N/A

Pleasant Valley 
(Revolon)

0.25 314 1,778 523 2

C. Final WLAs for Other NPDES Dischargers

Concentration-based	 WLAs	 are	 assigned	 at	 the	 Basin	 Plan	 objectives	 for	 other	
NPDES dischargers. 

Constituent Allocation (mg/L)
Chloride 150

TDS 850

Sulfate 250

Borona 1.0
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TMDL Element Key Findings and Regulatory Provisions

Waste Load 
Allocations 
(continued)

Other NPDES dischargers include, but are not limited to, permitted groundwater 
cleanup	 projects	 that	 could	 have	 significant	 salt	 concentrations	 as	 a	 result	 of	 the	
stranded salts in the shallow groundwater basins being treated.  To facilitate the 
cleanup of the basins prior to alternative discharge methods (such as the brine line) 
being available,  interim limits for other NPDES dischargers will be developed on a 
case-by-case basis and calculated as a monthly average using the 95th percentile of 
available discharge data.

Load Allocations Dry weather load allocations are assigned as a group allocation to irrigated 
agricultural	discharges.	The	load	allocation	(LA)	is	equal	to	the	average	dry	
weather	critical	condition	flow	rate	multiplied	by	the	numeric	target	for	each	
constituent.  Load allocations apply in the receiving water at the base of each 
subwatershed.		Because	wet	weather	flows	transport	a	large	mass	of	salts	at	a	
typically low concentration, these dischargers should meet water quality objectives 
during	wet	weather.		Dry	weather	allocations	apply	when	instream	flow	rates	are	
below the 86th	percentile	flow	and	there	has	been	no	measurable	precipitation	in	the	
previous	24	hours.

Interim limits are assigned for dry weather discharges from irrigated agricultural 
areas to allow time to implement appropriate actions.  The interim limits are 
assigned as concentration based receiving water limits set to the 95th percentile 
of the discharger data as a monthly average limit except for chloride.  The 95th 
percentile	for	chloride	was	499	mg/L	which	is	higher	than	the	recommended	
criteria	set	forth	in	the	Basin	Plan	for	protection	of	sensitive	beneficial	uses	
including aquatic life.  Therefore, the interim limit for chloride for Irrigated 
Agricultural	Dischargers	is	set	equal	to	230	mg/L	to	ensure	protection	of	sensitive	
beneficial	uses	in	the	Calleguas	Creek	watershed.

I. Interims Load Allocations for Irrigated Agricultural Dischargers 

Constituent Interim Limit (mg/L)
Boron Total 1.8

Chloride Total 230

Sulfate Total 1962

TDS Total 3995

II. Final Load Allocations for Irrigated Agricultural Dischargers

Subwatershed
Chloride 

Allocation  
(lb/day)

TDS  
Allocation  

(lb/day)

Sulfate 
Allocation  

(lb/day)

Boron  
Allocation  

(lb/day)
Simi 641 3,631 1,068 4
Las Posas 2,109 11,952 3,515 N/A
Conejo 743 4,212 1,239 N/A
Camarillo 59 336 99 N/A
Pleasant Valley 305 1,730 509 N/A
Revolon 7,238 41,015 12,063 48
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TMDL Element Key Findings and Regulatory Provisions

Margin of Safety A	margin	of	safety	(MOS)	for	the	TMDL	is	designed	to	address	uncertainties	in	
the analysis that could result in targets not being achieved in the waterbodies.   
The primary uncertainties associated with this TMDL include the impact of 
implementing a salt balance on receiving water quality.  The effect of the salt 
balance is estimated by the mass-balance and subject to the following uncertainties:  
1)	the	flow	rates	used	to	determine	the	loading	capacity	may	change	due	to	TMDL	
implementation, 2) the use of a daily load for determining allocations and an 
annual mass balance to attain water quality objectives, and 3) the sources of salts 
may not be completely known.  Both implicit and explicit MOS are included for 
this TMDL. The implicit MOS stems from the use of conservative assumptions 
made during development of the TMDL.  The mass of salts transported out of the 
watershed during wet weather is on average over 15% of the annual mass of salts 
introduced to the watershed for all constituents.  The salt export during wet weather 
ranges	from	7%	to	41%	for	TDS,	9%	to	48%	for	chloride,	and	13%	to	89%	for	
sulfate of the export required to meet a salt balance in the watershed.  This mass is 
not	used	to	determine	compliance	with	the	salt	balance	and	represents	a	significant	
implicit margin of safety.  The model also contains a component that serves to 
model the impact of “stranded” salts in the watershed.  The component assumes 
low	irrigation	efficiencies	and	the	ability	of	all	salts	applied	as	irrigation	water	
anywhere in the watershed to be discharged to receiving water in critical years.  
This likely overestimates the impact of “stranded” salts and results in a higher 
concentration of salts due to irrigation in the receiving water.  

An	explicit	MOS	of	10%	is	applied	to	the	adjustment	factors	for	the	POTWs	to	
account for the uncertainties in the TMDL analysis.  By applying the margin of 
safety to the adjustment factor, more salts are required to be exported than are 
necessary to offset the background loads in the watershed.  This additional salt 
export provides a margin of safety on the salt balance to address uncertainties that 
the salt balance will result in compliance with water quality objectives.   The 10% 
explicit	MOS	is	determined	sufficient	to	address	the	uncertainties	associated	with	
the estimated impact of the salt balance on receiving water loadings.  

Future Growth Ventura	County	accounts	for	slightly	more	than	2%	of	the	state’s	residents	with	a	
population	of	753,197	(US	Census	Bureau,	2000).		GIS	analysis	of	the	2000	census	
data	yields	a	population	estimate	of	334,000	for	the	CCW,	which	equals	about	44%	
of	the	county	population.		According	to	the	Southern	California	Association	of	
Governments	(SCAG),	growth	in	Ventura	County	averaged	about	51%	per	decade	
from	1900-2000;	with	growth	exceeding	70%	in	the	1920s,	1950s,	and	1960s.	
Significant	population	growth	is	expected	to	occur	within	and	near	present	city	
limits until at least 2020.  Increased growth requires additional water.  Therefore, 
future growth could result in increased loads of salts being imported into the 
watershed.  However, the TMDL implementation plan is designed to maintain a 
salts balance in the watershed.  If additional salts are imported into the watershed, 
a larger volume of salts will also be exported out of the watershed to maintain the 
balance.  Consequently, increased imports from future growth are not expected to 
result in higher concentrations in receiving waters.
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TMDL Element Key Findings and Regulatory Provisions

Seasonal Variations 
and Critical 
Conditions

The critical condition for salts is during dry weather periods.  During wet weather, 
stormwater	flows	dilute	the	salt	discharges	and	receiving	water	concentrations	are	
significantly	lower	than	water	quality	objectives.		Dry	weather,	defined	as	days	
with	flows	lower	than	the	86th	percentile	flow	and	no	measurable	precipitation,	is	
a	critical	condition	regardless	of	the	dry	weather	flows	in	the	stream.		The	driving	
conditions for exceedances of water quality objectives are the concentrations in 
the water supply (which is driven by surface water concentrations in Northern 
California)	and	the	previous	year’s	annual	precipitation	and	corresponding	flows.		
Elevated salts concentrations during dry weather occur when stranded salts are 
discharged into the surface water after higher than average rainfall years.  The 
elevated	concentrations	occur	during	years	when	the	previous	annual	flow	is	
greater	than	the	75th	percentile	of	the	annual	flows	for	the	watershed	(critical	year).		
The higher concentrations occur during the dry periods of critical years regardless 
of	whether	the	annual	flow	for	the	critical	year	is	an	average	flow	year,	higher	than	
average year, or lower than average year.  The key parameter determining a critical 
year	is	the	total	annual	flow	volume	for	the	previous	year.		Based	on	model	results,	
four	critical	years	were	defined	based	on	modeled	results	that	resulted	in	receiving	
water concentrations greater than the 99th percentile concentration during at least 
10%	of	the	dry	period.		The	critical	years	identified	from	the	model	occur	with	
conditions	similar	to	what	occurred	in	1978,	1979,	1983	and	1998.		

Special Studies and 
Monitoring Plan

Special Studies

Several special studies are planned to improve understanding of key aspects related 
to	achievement	of	WLAs	and	LAs	for	the	Salts	TMDL.

1. Special Study #1 (Optional) – Develop Averaging Periods and 
Compliance Points

The TMDL technical report has provided information that shows instantaneous 
salts objectives may not be required to protect groundwater recharge and 
agricultural	beneficial	uses.		It	is	possible	that	the	beneficial	uses	will	be	protected	
and a salt balance achieved without achieving instantaneous water quality 
objectives in all reaches of the watershed.  This optional special study is included 
to allow an investigation of averaging periods for the salts objectives in the CCW. 
Additionally,	this	study	will	investigate	the	locations	of	beneficial	uses	and	the	
possibility of identifying compliance points for the salts objectives at the point 
of	beneficial	use	impacts.		The	use	of	compliance	points	would	alleviate	the	need	
to	develop	site-specific	objectives	for	the	reaches	of	the	watershed	upstream	of	
the POTW discharges (described in Special Study #3) while still ensuring the 
protection	of	beneficial	uses.		Sensitive	beneficial	uses	are	not	present	in	the	
upper reaches and POTW discharges dilute the salts from the upper reaches and 
may allow compliance with the objectives at the point of groundwater recharge 
downstream.  This is an optional special study to be conducted if desired by the 
stakeholders	or	determined	necessary	or	appropriate	by	the	Executive	Officer.
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Special Studies and 
Monitoring Plan
(continued)

2. Special Study #2 (Optional) – Develop Natural Background Exclusion

Discharges of groundwater from upstream of the Simi Valley WQCP (Reaches 
7	and	8)	and	Hill	Canyon	WWTP	(Reaches	12	and	13)	and	downstream	of	the	
Camrosa WRF (Reach 3) contain high salts concentrations. Natural marine 
sediments may contribute to the high concentrations in those discharges. This 
special study would evaluate whether or not the groundwater discharges in these 
areas would qualify for a natural sources exclusion. The special study could 
follow	a	‘reference	system/anti-degradation	approach’	and/or	a	‘natural	sources	
exclusion	approach’	for	any	allocations	included	in	this	TMDL	that	are	proven	
unattainable due to the magnitude of natural sources. The purpose of a ‘reference 
system/anti-degradation	approach’	is	to	ensure	water	quality	is	at	least	as	good	as	
an appropriate reference site and no degradation of existing water quality occurs 
where existing water quality is better than that of a reference site. The intention of 
a	‘natural	sources	exclusion	approach’	is	to	ensure	that	all	anthropogenic	sources	
of salts are controlled such that they do not cause exceedances of water quality 
objectives. These approaches are consistent with state and federal anti-degradation 
policies	(State	Board	Resolution	No.	68-16	and	40	C.F.R.	131.12).		This	is	an	
optional special study to be conducted if desired by the stakeholders or determined 
necessary	for	establishing	a	natural	sources	exclusion	by	the	Executive	Officer.

3. Special Study #3 (Optional) – Develop Site-Specific Objectives 

The TMDL implementation plan provides for actions to protect the agricultural 
and	groundwater	recharge	beneficial	uses	in	the	CCW.	As	shown	in	the	linkage	
analysis, some downstream reaches may not achieve the water quality objectives 
through implementation of this TMDL because of the transport of salts out of 
the watershed through those reaches. Consequently, an optional special study is 
included	to	allow	the	CCW	stakeholders	to	pursue	development	of	site-specific
objectives for salts for reaches upstream of the Hill Canyon WWTP and Simi 
Valley	WQCP	(Reaches	7,	8,	12,	and	13),	Calleguas	Creek	Reach	3,	Revolon	
Slough	(Reach	4)	and	Beardsley	Wash	(Reach	5).	These	alternative	numeric	water	
quality	objectives	would	be	developed	based	on	the	beneficial	uses	to	be	protected	
in a reach and the attainability of the current water quality objectives.  This is an 
optional special study to be conducted if desired by the stakeholders or determined 
necessary	or	appropriate	by	the	Executive	Officer.

4. Special Study #4 (Optional) – Develop Site-Specific Objectives for 
Drought Conditions

 
During drought conditions, the load of salts into the watershed increases as a result 
of increasing concentrations in imported water.  Stakeholders in the CCW cannot 
control the increased mass entering the watershed from the water supply.  However, 
the stakeholders do have the ability to manage the salts within the watershed to 
protect	beneficial	uses	and	export	the	additional	mass	of	salts	out	of	the	watershed.		
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Special Studies and 
Monitoring Plan 
(continued)

If	necessary,	site-specific	objectives	may	be	developed	to	address	situations	that	
result in higher imported water salt concentrations to allow management of the 
salts	and	protection	of	beneficial	uses.		This	special	study	may	be	combined	with	
Special Study #3 if desired.

This is an optional special study to be conducted if desired by the stakeholders 
or	determined	necessary	or	appropriate	by	the	Executive	Officer	of	the	Regional	
Board.

5. Special Study #5 (Optional) – Develop Site-Specific Objectives for Sulfate

Sulfate is a necessary nutrient for plant growth and sulfate containing products are 
often	applied	to	agriculture	as	fertilizers	and	pesticides.		Therefore,	site-specific	
objectives may be investigated and developed for sulfate that more accurately 
protects	agricultural	supply	beneficial	uses.		Additionally,	this	study	could	evaluate	
whether or not a sulfate balance is necessary to maintain in the watershed.  This 
special	study	may	be	combined	with	Special	Study	#3	and/or	#4	if	desired.
This is an optional special study to be conducted if desired by the stakeholders 
or	determined	necessary	or	appropriate	by	the	Executive	Officer	of	the	Regional	
Board.

Monitoring Plan

To ensure that the goal of a salts balance in the watershed is being achieved and 
water quality objectives are being met, a comprehensive method of tracking 
inputs	and	outputs	to	the	watershed	will	be	developed.		A	monitoring	plan	will	
be	submitted	to	the	RWQCB	for	Executive	Officer	approval	within	six	months	of	
the effective date of the CCW Salts TMDL.  Monitoring will begin one year after 
Executive	Officer	approval	of	the	monitoring	plan	to	allow	time	for	the	installation	
of automated monitoring equipment.  

1.  Input Tracking

Inputs to the watershed are tracked through four mechanisms:1) Information on the 
import of State Water Project water is readily available and provides information 
on	the	mass	of	salts	brought	into	the	watershed;	2)	Groundwater	pumping	records	
provide information on the mass of salts imported into the watershed from deep 
aquifer pumping; 3) Import records of water supply form the Santa Clara River 
can	be	obtained	to	determine	the	mass	of	salts	imported	through	this	source;	4)	
Monitoring data on imported water quality can be compared to monitoring of 
effluent	quality	to	estimate	the	amount	of	salts	added	through	human	use	of	the	
water.
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2. Output Tracking and Determining Compliance with Water Quality 
Objectives

Outputs from the watershed will be tracked through surface water monitoring 
at key locations in the watershed and monitoring of discharges to the brine line. 
Monitoring	will	include	both	flow	and	quality.		Compliance	with	water	quality	
objectives	will	be	determined	at	key	locations	where	beneficial	uses	occur	in	the	
watershed. The stations used for output tracking will also be used to determine 
compliance with water quality objectives. The monitoring program will determine 
if	the	TMDL	compliance	points	are	protective	of	the	beneficial	uses	for	the	
subwatershed.  If the monitoring determines that the compliance points are not 
protective	of	beneficial	uses,	an	alternative	compliance	point	will	be	selected.			
The	Executive	Officer	may	revise	the	TMDL	compliance	point	based	on	the	result	
of	the	monitoring.		Additionally,	if	other	places	in	the	watershed	are	identified	
where	sensitive	beneficial	uses	occur,	water	quality	monitoring	stations	can	be	
added to determine compliance with water quality objectives.  For the RWRMP, 
three	new	or	upgraded	automated	flow	measuring	and	sample	collection	stations	
will	be	installed	at	three	points	on	the	stream	system	to	continuously	record	flow	
and various water quality parameters during dry weather. Preliminary monitoring 
locations	include	Arroyo	Conejo	in	Hill	Canyon,	Conejo	Creek	at	Baron	Brothers	
Nursery and Calleguas Creek at University Drive.  For the NRRWMP, one new or 
upgraded	automated	flow	measuring	and	sample	collection	station	will	be	added	
downstream	of	Simi	Valley	at	the	point	at	which	groundwater	recharge	begins.		A	
preliminary	monitoring	location	is	at	Hitch	Blvd.	where	an	existing	flow	gauging	
station exists.  However, the amount of groundwater recharge upstream of this site 
will need to be evaluated to determine the exact monitoring location.  For Revolon 
Slough, the existing monitoring station at Wood Road. will be used to monitor 
quality	and	flow	on	Revolon	Slough	to	determine	the	outputs	from	the	Revolon	
portion of the Pleasant Valley subwatershed.

Additional	land	use	monitoring	will	be	conducted	concurrently	at	representative	
agricultural and urban runoff discharge sites as well as at POTWs in each of the 
subwatersheds and analyzed for chloride, TDS, sulfate, and boron. The location of 
the land use stations will be determined before initiation of the Calleguas Creek 
Watershed	TMDL	Monitoring	Program	(CCWTMP).	All	efforts	will	be	made	to	
include at least two wet weather sampling events during the wet season (October 
through	April)	during	a	targeted	storm	event.

3. Reporting and Modification of the Calleguas Creek Watershed TMDL 
Monitoring Program

 A	monitoring	report	will	be	prepared	annually	within	six	months	after	completion	
of	the	final	event	of	the	sampling	year.	An	adaptive	management	approach	to	
the CCWTMP will be adopted as it may be necessary to modify aspects of the 
CCWTMP. Results of sampling carried out through the CCWTMP and other 
programs within the CCW may be used to modify this plan, as appropriate. These 
modifications	will	be	summarized	in	the	annual	report.		Possible	modifications	
could include, but are not limited to the, following:
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	 The inclusion of additional land use stations to accurately characterize 
loadings;

	 The removal of land use stations if it is determined they are duplicative (i.e., a 
land use site in one subwatershed accurately characterize the land use in other 
subwatersheds);

	 The inclusion of additional in-stream sampling stations; and
	 The	elimination	of	analysis	for	constituents	no	longer	identified	in	land	use	

and/or instream samples.

If a coordinated and comprehensive monitoring plan is developed and meets the 
goals of this monitoring plan that plan should be considered as a replacement for 
the CCWTMP.

4. Other Monitoring

Other surface water and groundwater monitoring will be implemented as necessary 
to assess the impacts of the implementation actions and adjust the activities as 
necessary	to	protect	beneficial	uses	and	achieve	the	salts	balance.	Examples	of	
additional monitoring that may be conducted include:
	 Monitoring under Phase 2 and 3 of the RWRMP to evaluate the effects of 

replenishment water releases and groundwater treatment and releases.
	 Monitoring to assess the impacts of management of the Simi Basin 

groundwater dewatering wells under Phase 1 of the NRRWMP.

Implementation 
Plan

The	identified	implementation	actions	provided	in	this	TMDL	will	result	in	a	salt	
balance in the stream and are expected to result in compliance with the allocations.  
The implementation plan is comprised of actions that directly impact discharges 
to the receiving water and actions that will indirectly impact discharges to 
receiving water.  Responsible agencies and jurisdictions shall consider minimum 
flow	requirements	that	may	be	imposed	by	federal	or	state	regulatory	agencies	
when implementing actions to comply with this TMDL.  Should the proposed 
implementation	actions	not	result	in	compliance	with	objectives	and	site-specific	
objective are not adopted, additional implementation actions may be required to 
achieve	the	water	quality	objectives.		Any	plans	or	programs	for	implementation	
of the TMDL for the Southern Reaches of the CCW upstream of the Conejo Creek 
Diversion	and	the	Northern	Reaches	of	the	CCW,	that	would	result	in	significant	
reduction	in	instream	flow,	including	but	not	limited	to,	an	application	for	Water	
Reclamation Requirements (WRRs) shall include an analysis of potential impacts 
to	instream	beneficial	uses	that	could	result	from	the	reclamation	of	wastewater	
or extracted groundwater.  For Phase 1 of the Southern Reaches of the CCW 
Renewable Water Resource Management Program (RWRMP), Water Rights 
Decision	1638	from	SWRCB	satisfies	these	requirements	and	establishes	the	
minimum	flow	requirements	for	Conejo	and	Calleguas	Creek	downstream	of	the	
Conejo Creek Diversion Project. 
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Any	WRRs	shall	require	that	timely	written	notice	be	given	to	the	Regional	
Board,	and	to	any	regulatory	agency	whose	instream	flow	is	at	issue,	if	diversion	
or reclamation of waste water or extraction of groundwater results or threatens 
to	result	in	(or	contributes	to)	insufficient	flows	to	maintain	beneficial	uses.		The	
Executive	Officer	shall	issue	an	order	pursuant	to	Water	Code	section	13267,	
which	requires	responsible	agencies	and	jurisdictions	to	file	a	technical	report	if	
reclamation of waste water or extraction of groundwater results or threatens to 
result	in	(or	contributes	to)	insufficient	flows	to	maintain	beneficial	uses.		The	
order shall require that the technical report identify the causes of the impairments 
or	threatened	impairments,	and	identifies	options	to	abate	the	conditions.		The	
Regional	Board	shall	reconsider	this	TMDL	if	adequate	flows	to	protect	instream	
beneficial	uses	are	not	maintained.

The implementation actions described in the TMDL represent a range of activities 
that could be conducted to achieve a salts balance in the watershed.  Future 
considerations may result in other actions being implemented rather than the 
options presented.  However, any proposed actions will be reviewed using the salt 
balance model to ensure the action does not adversely impact other implementation 
actions in the watershed or the salt balance of a downstream subwatershed. 

Currently, the implementation plan is presented in phases with a tentative schedule 
for each phase.  The implementation of projects may occur earlier than planned or 
begin	during	an	earlier	phase.		Additionally,	many	of	the	implementation	actions	
require the use of the Regional Salinity Management Conveyance (RSMC or brine 
line).		As	such,	the	implementation	schedule	for	those	actions	will	be	linked	the	
construction schedule for the RSMC.

The implementation plan for the Salts TMDL includes regional and subwatershed 
specific	implementation	actions.		There	are	four	key	structural	elements	to	the	
regional implementation: Regional Salinity Management Conveyance (RSMC), 
Water Conservation, Water Softeners, and Best Management Practices for Irrigated 
Agriculture.		Subwatershed	implementation	includes	Renewable	Water	Resource	
Management Program (RWRMP) for the Southern Reaches and Northern Reach 
Renewable Water Management Plan (NRRWMP). Detailed discussion for each 
implementation element including description of the action, status and schedule 
for implementing the action, and a summary of the expected contribution to 
achievement of the salts balance are provided in the Staff Report and Technical 
Report for this TMDL.  Proposed implementation actions in the watershed, 
responsible agencies, and the estimated completion date based on the effective date 
of the TMDL are summarized below.
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Summary of Proposed Implementation Actions 

Action Responsible Agency/ies Schedule for 
Completion

Water Conservation POTWs, Permitted Stormwater 
Dischargers, and Other NPDES 
Permittees

3 years

Water Softeners POTWs and Permitted Stormwater 
Dischargers

10 years

Best Management Practice for 
Agricultural	Dischargers

Agricultural	Dischargers 2 years

RMSC Phase 1 Calleguas Municipal Water District 2 year

RMSC Phase 2 Calleguas  Municipal Water 
District

5 year

RMSC Phase 3 Calleguas Municipal Water District 10 years

RWRMP Phase 1 CamrosaWater District, Camarillo 
Sanitation District

3 years

RWRMP Phase 2 Camrosa Water District, City of 
Thousand Oaks

6 years

RWRMP Phase 3 Camrosa Water District, City of 
Thousand Oaks

10 years

RWRMP	Phase	4 To Be Determined 15 years

NRRWMP Phase 1 Calleguas Municipal Water 
District, City of Simi Valley, 
Ventura County Water Work-
District No.1 

3 years

NRRWMP Phase 2 Calleguas Municipal Water 
District, Ventura County Water 
Work-District No.1, City of 
Camarillo

7	years

NRRWMP Phase 3 City of Camarillo,  City of Simi 
Valley

10 years

NRRWMP	Phase	4 To Be Determined 15 years

Final Completion Date 15 years

The	sections	below	provide	discussion	of	the	application	of	the	final	WLAs	for	
POTWs,	specific	permitted	stormwater	discharges,	other	NPDES	dischargers,	and	
agricultural dischargers.

I. POTWs, permitted stormwater discharges, and other NPDES discharges

The	final	WLAs	will	be	included	for	permitted	stormwater	discharges,	
POTWs, and other NPDES discharges in accordance with the compliance 
schedules	provided	in	Table	7-22.2.		The	Regional	Board	may	revise	these	
WLAs	based	on	additional	information	developed	through	special	studies	and/
or monitoring conducted as part of this TMDL.  
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	POTWs

WLAs	established	for	the	POTWs	in	this	TMDL	will	be	implemented	through	
NPDES permit limits.  Compliance will be determined through monitoring of 
final	effluent	discharge	as	defined	in	the	NPDES	permit.		

The proposed permit limits will be applied as end-of-pipe mass-based 
monthly	average	effluent	limits.		Daily	maximum	effluent	limit	is	not	required	
because chloride is not expected to have an immediate or acute effect on the 
beneficial	uses.			Compliance	with	the	minimum	salt	export	requirements	
for POTWs will be based on the salt export from the subwatershed to which 
they discharge.  The mechanisms for meeting the minimum salt export 
requirements and for monitoring progress towards meeting those requirements 
will be included in the monitoring program work plan and approved by the 
Executive	Officer.

At	the	end	of	each	year,	the	amount	of	salt	exported	will	be	compared	to	the	
minimum required salt export.  POTW allocations will be reduced using the 
adjustment factor if both of the following conditions occur: 

•	 The annual dry weather salt exports from the subwatershed to which 
the POTW discharges are below the minimum required exports for the 
previous year; and 

•	 The water quality objectives were exceeded in the receiving water at the 
base of the subwatershed

The POTW allocations will be reduced for the following year by the difference 
between the minimum required salt export and the actual amount exported.  
The	discharger	shall	be	notified	by	the	Regional	Board	that	the	assigned	
WLAs	are	reduced	and	the	reduced	effluent	limits	shall	be	applied	for	the	
next year.  If the POTW allocations are reduced, the POTW will need to 
increase the amount of salt export or reduce the mass of salts discharged from 
the POTW before the end of the following year when the adjustment will be 
evaluated again.

POTWs	can	only	request	to	adjust	the	assigned	WLAs	upwards	using	the	
adjustment factor under limited conditions provided below: 

•	 Water quality objectives are met in the receiving waters;

•	 Imported water supply chloride concentrations exceed 80 mg/L; and 

•	 Discharges from the POTW exceed the allocation.
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When imported water supply chloride concentrations exceed 80 mg/L, the 
POTW	will	monitor	the	effluent	to	determine	if	the	wasteload	allocation	is	
exceeded.  If the wasteload allocation is exceeded and the POTW desires 
an adjustment to the allocation, the POTW will submit documentation 
of the water supply chloride concentrations, the receiving water chloride 
concentration,	the	effluent	mass,	and	the	evidence	of	increased	salt	exports	
to offset the increased discharges from the POTW to the Regional Board for 
approval.  The adjustment factor will apply for three months and the POTW 
must submit the evidence outlined above every three months to keep the 
adjustment	factor	active.		As	long	as	the	required	information	is	submitted,	
the	adjustment	factor	will	be	in	effect	upon	notification	in	writing	from	the	
RWQCB.
  
	Urban Stormwater Discharger

A	group	mass-based	dry	weather	WLA	has	been	developed	for	all	permitted	
stormwater discharges, including municipal separate storm sewer systems 
(MS4s),	and	general	industrial	and	construction	stormwater	permits.		USEPA	
regulation allows allocations for NPDES-regulated stormwater discharges 
from	multiple	point	sources	to	be	expressed	as	a	single	categorical	WLA	
when	the	data	and	information	are	insufficient	to	assign	each	source	or	
outfall	individual	WLAs	(40	CFR	130).	The	grouped	allocation	will	apply	
to	all	NPDES-regulated	municipal	stormwater	discharges	in	the	CCW.	MS4	
WLAs	will	be	incorporated	into	the	NPDES	permit	as	receiving	water	limits	
measured in-stream at the base of each subwatershed.

	Other NPDES Dischargers

WLAs	established	for	other	NPDES	permitted	dischargers	in	this	TMDL,	
including minor non-stormwater permittees (other than Camrosa WRP) and 
general non-stormwater permittees, will be implemented through NPDES 
permit limits. The proposed permit limits will be applied as end-of-pipe 
concentration-based	effluent	limits,	and	compliance	determined	through	
monitoring	of	final	effluent	discharge	as	defined	in	the	NPDES	permit.

RB-AR36260



Basin Plan           7-27�   Total Maximum Daily Loads
Updated September 20��

TMDL Element Key Findings and Regulatory Provisions

Implementation 
Plan (continued)

II. Agriculture

Load allocations for salts will be implemented through Conditional Waiver of 
Discharges from Irrigated Lands (Conditional Waiver Program) adopted by the 
LARWQCB	on	November	3,	2005.	Compliance	with	LAs	will	be	measured	
in-stream at the base of the subwatersheds and will be achieved through the 
implementation of Best Management Practices (BMPs) consistent with the 
Conditional Waiver Program. The Conditional Waiver Program requires the 
development	of	an	agricultural	water	quality	management	plan	(AWQMP)	
to address pollutants that are exceeding receiving water quality objectives 
as a result of agricultural discharges. Therefore, implementation of the load 
allocations will be through the development of an agricultural management 
plan for salts.  Implementation of the load allocations will also include the 
coordination of BMPs being implemented under other required programs to 
ensure	salts	discharges	are	considered	in	the	implementation.		Additionally,	
agricultural dischargers will participate in educational seminars on the 
implementation of BMPs as required under the Conditional Program.  Studies 
are currently being conducted to assess the extent of BMP implementation 
and provide information on the effectiveness of BMPs for agriculture.  
This	information	will	be	integrated	into	the	AWQMP	that	will	guide	the	
implementation	of	agricultural	BMPs	in	the	Calleguas	Creek	watershed.			After	
implementation of these actions, compliance with the allocations and TMDL 
will be evaluated and the allocations reconsidered if necessary based on the 
special studies and monitoring plan section of the implementation plan.

As	shown	in	Table	7-22.2,	implementation	of	LAs	will	be	conducted	over	
a  period of time to allow for implementation of the BMPs, as well as 
coordination with special  studies and implementation actions resulting from 
other TMDL Implementation Plans (Nutrient, Historic Pesticides and PCBs, 
Sediment, Metals, Bacteria, etc.).
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Table 7-22.2 Calleguas Creek Watershed Salts TMDL: Implementation Schedule
Item Implementation Action Responsible Party Completion  Date

1
Effective date of interim Salts TMDL waste load allocations 
(WLAs)

POTWs, Permitted 
Stormwater Dischargers1 
(PSD), and Other 
NPDES Permittees

Effective date of the 
amendment

2 Effective	date	of	interim	Salts	TMDL	load	allocations	(LAs) Agricultural	Dischargers Effective date of the 
amendment

3 Responsible jurisdictions and agencies shall submit 
compliance	monitoring	plan	to	the	Los	Angeles	Regional	
Board	for	Executive	Officer	approval.

POTWs, PSD, Other 
NPDES Permittees, and 
Agricultural	Dischargers

6 months after 
effective date of the 
TMDL

4 Responsible jurisdictions and agencies shall begin 
monitoring as outlined in the approved monitoring plan.

POTWs, PSD, Other 
NPDES Permittees, and 
Agricultural	Dischargers

1 year after 
monitoring plan 
approval by 
Executive	Officer

5 Responsible jurisdictions and agencies shall submit 
workplans for the optional special studies.

POTWs, PSD, Other 
NPDES Permittees, and 
Agricultural	Dischargers

Within 10 years of 
effective date of the 
TMDL

6 Responsible jurisdictions and agencies shall submit results 
of the special studies. 

POTWs, PSD, Other 
NPDES Permittees, and 
Agricultural	Dischargers

2 years after 
workplan approval 
by	Executive	Officer

7 Re-evaluation	of	the	interim	WLAs	and	interim	LAs	for	
boron, chloride, sulfate, and TDS based on new data. 
Responsible jurisdictions and agencies shall demonstrate 
that implementation actions have reduced the boron, sulfate, 
TDS, and chloride imbalance by 20%.

POTWs, PSD, Other 
NPDES Permittees, and 
Agricultural	Dischargers

3 years after 
effective date of the 
TMDL

8 Re-evaluation	of	the	interim	WLAs	and	interim	LAs	for	
boron, chloride, sulfate, and TDS based on new data. 
Responsible jurisdictions and agencies shall demonstrate 
that implementation actions have reduced the boron, sulfate, 
TDS	and	chloride	imbalance	by	40%.

POTWs, PSD, Other 
NPDES Permittees, and 
Agricultural	Dischargers

7	years	after	
effective date of the 
TMDL

9 Re-evaluation	of	the	interim	WLAs	and	interim	LAs	for	
boron, chloride, sulfate, and TDS based on new data. 
Responsible jurisdictions and agencies shall demonstrate 
that implementation actions have reduced the boron, sulfate, 
TDS,	and	chloride	imbalance	by	70%.

POTWs, Permitted 
Stormwater Dischargers 
(PSD), Other NPDES 
Permittees, and 
Agricultural	Dischargers

10 years after 
effective date of the 
TMDL

10 The	Los	Angeles	Regional	Board	shall	reconsider	this	
TMDL	to	re-evaluate	numeric	targets,	WLAs,	LAs	and	the	
implementation schedule based on the results of the special 
studies and/or compliance monitoring.

The Regional Board 12 years after 
effective date of the 
TMDL

11 Responsible jurisdictions and agencies shall demonstrate that 
the watershed has achieved an annual boron, sulfate, TDS, 
and chloride balance.

POTWs, PSD, Other 
NPDES Permittees, and 
Agricultural	Dischargers

15 years after 
effective date of the 
TMDL

12 The POTWs and non-storm water NPDES permits shall 
achieve	WLAs,	which	shall	be	expressed	as	NPDES	mass-
based	effluent	limitation	specified	in	accordance	with	federal	
regulations and state policy on water quality control.  

POTWs and Other 
NPDES Permittees

15 years after 
effective date of the 
TMDL
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Item Implementation Action Responsible Party Completion  Date

13 Irrigated	agriculture	shall	achieve	LAs,	which	will	be	
implemented through the Conditional Waiver for Irrigated 
Lands as mass-based receiving water limits.

Agricultural	Dischargers 15 years after 
effective date of the 
TMDL

14 The	permitted	stormwater	dischargers	shall	achieve	WLAs,	
which shall be expressed as NPDES mass-based limits 
specified	in	accordance	with	federal	regulations	and	state	
policy on water quality control.

Permitted Stormwater 
Dischargers

15 years after 
effective date of the 
TMDL

15 Water quality objectives will be achieved at the base of the 
subwatersheds designated in the TMDL.

POTWs, PSD, Other 
NPDES Permittees, and 
Agricultural	Dischargers

15 years after 
effective date of the 
TMDL

1  Permitted stormwater dischargers that are responsible parties to this TMDL include the Municipal Stormwater Dischargers 
				(MS4s)	of	the	Cities	of	Camarillo,	Moorpark,	Thousand	Oaks,	County	of	Ventura,	Ventura	County	Watershed	Protection	
    District, and general industrial and construction permittees.
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7-23  Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	June	7,	2007.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	December	4,	2007.
	 The	Office	of	Administrative	Law	on	February	8,	2008.
	 The	U.S.	Environmental	Protection	Agency	on	February	27,	2008.

The effective date of this TMDL is: March 6, 2008.

The	elements	of	the	TMDL	are	presented	in	Table	7-23.1	and	the	Implementation	Plan	in	Tables	7-23.2a	and	
7-23.2b.

Table 7-23.1  Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL: Elements

Element Lake Elizabeth, Munz Lake, and 
Lake Hughes Trash TMDL

Problem Statement Current levels of trash discharges into Lake Elizabeth and Lake Hughes 
violate	water	quality	objectives	and	are	impairing	beneficial	uses.		
Based on trash abatement and cleanup efforts by the local landowner 
in the vicinity of Munz Lake and site visits by Regional Board staff, 
current assessment of trash levels indicates that Munz Lake is no 
longer impaired by trash and the local landowner will provide date to 
evaluate the feasibility of delisting Munz Lake.  Relevant water quality 
objectives include Floating Material and Solid, Suspended, or Settleable 
Materials.		The	following	designated	beneficial	uses	are	impacted	
by trash:  water contact recreation (REC 1) and non-contact water 
recreation	(REC	2),	warm	freshwater	habitat	(WARM),	and	wildlife	
habitat	(WILD);	rare	and	threatened	species	(RARE),	that	is	specific	for	
Lake Elizabeth.    

Numeric Target 
(interpretation of the narrative 
water quality objective, used 
to calculate the load 
allocations)

Zero trash in Lake Elizabeth, Munz Lake, and Lake Hughes and 
their	shorelines.		Zero	is	defined	as	(1)	for	nonpoint	sources,	no	trash	
immediately following each assessment and collection event consistent 
with	an	established	Minimum	Frequency	of	Assessment	and	Collection	
Program	(MFAC	Program).		The	MFAC	Program	is	established	at	an	
interval that prevents trash from accumulating in deleterious amounts 
that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections, and (2) for point sources, zero trash discharged into Lake 
Elizabeth, Munz Lake and Lake Hughes and their shorelines. 

Source Analysis Litter from adjacent land areas, roadways and direct dumping and 
deposition  are  sources of trash to Lake Elizabeth and Lake Hughes.  
Point sources such as storm drains are also sources of trash discharged 
to Lake Elizabeth and Lake Hughes.  

Loading Capacity Zero,	as	defined	in	the	Numeric	Target.	
Waste Load Allocations 
(for point sources)

Waste	Load	Allocations	(WLAs)	are	assigned	to	the	Permitees	under	the	
Los	Angeles	County	Municipal	Separate	Storm	Sewer	System	(MS4)	
NPDES	permit,	including	Los	Angeles	County	and	local	land	owners	
with storm drains that discharge to Lake Elizabeth and Lake Hughes.  
WLAs	are	zero	trash.		WLAs	may	be	issued	to	additional	responsible	
jurisdictions	in	the	future	under	Phase	2	of	the	US	EPA	Stormwater	
Permitting Program, or other applicable regulatory programs. 
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Element Lake Elizabeth, Munz Lake, and 
Lake Hughes Trash TMDL

Load Allocations 
(for nonpoint sources)

Load	Allocations	(LAs)	are	assigned	to	the	National	Forest	Service	and	
local	land	owners.		LAs	are	zero	trash.	LAs	may	be	issued	to	additional	
responsible jurisdictions in the future under applicable regulatory 
programs. 

Implementation Implementation of the trash TMDL for Lake Elizabeth and Lake 
Hughes includes structural and non-structural best management 
practices (BMPs) and a program of minimum frequency of assessment 
and	collection	(MFAC)	to	address	point	and	nonpoint	trash	sources.	

Point Sources

WLAs	shall	be	implemented	through	storm	water	permits	and	via	the	
authority	vested	in	the	Executive	Officer	by	section	13267	of	the	Porter-
Cologne	Water	Quality	Control	Act	(Water	Code	section	13000	et	seq.).

If	point	source	dischargers	comply	with	WLAs	by	implementing	an	
Executive	Officer	certified	full	capture	system	on	conveyances	that	
discharge to Lake Elizabeth and Lake Hughes through a progressive 
implementation schedule of full capture devices, they will be deemed in 
compliance	with	the	WLA.	

In	certain	circumstances	(if	approved	by	the	Executive	Officer),	
point	source	dischargers	may	alternatively	comply	with	WLAs	by	
implementing a program for minimum frequency of assessment and 
collection	in	conjunction	with	best	management	practices	(MFAC/
BMPs).

1.	Compliance	with	the	final	WLA	may	be	achieved	through	an	
adequately sized and maintained full capture system, once the 
Executive	Officer	has	certified	that	the	system	meets	the	following	
minimum	criteria.	A	full	capture	system,	at	a	minimum,	consists	of		
any device or series of devices that traps all particles retained by a 5 
mm mesh screen and has a design treatment capacity of not less than 
the	peak	flow	rate	(Q)	resulting	from	a	one-year,	one-hour,	storm	in	
the sub-drainage area.  The rational equation is used to compute the 
peak	flow	rate:	

										Q	=	C	×	I	×	A,	where	
				Q	=	design	flow	rate	(cubic	feet	per	second,	cfs); 
				C	=	runoff	coefficient	(dimensionless); 
					I	=	design	rainfall	intensity	(inches	per	hour);	and 
				A=	subdrainage	area	(acres).	
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Element Lake Elizabeth, Munz Lake, and 
Lake Hughes Trash TMDL

Implementation (continued) Point sources that choose to comply via a full capture system, must 
demonstrate a phased implementation of full capture devices over an 
8-year	period	until	the	final	WLA	of	zero	is	attained.		Zero	will	be	
deemed to have been met if full capture systems have been installed on 
all conveyances discharging to Lake Elizabeth and Lake Hughes. 

Irrespective of whether point sources employ a full capture system, they 
may	comply	with	the	WLA	in	any	lawful	manner.

2.	Compliance	through	a	MFAC	program	in	conjunction	with	BMPs	
may be proposed to the Regional Board for incorporation into 
the	relevant	NPDES	permit.		The	MFAC	program	must	include	
requirements equivalent to those described in the Conditional Waiver 
set	forth	below.		Agencies	that	are	responsible	for	both	point	and	
nonpoint	sources	will	be	deemed	in	compliance	with	both	the	WLAs	
and	LAs	if	a	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.

Nonpoint Sources

LAs	shall	be	implemented	through	either	(1)	a	conditional	waiver	
from waste discharge requirements, or (2) an alternative program 
implemented through waste discharge requirements or an individual 
waiver or another appropriate order of the Regional Board. 

Non-point	source	dischargers	may	achieve	compliance	with	the	LAs	
by	implementing	a	MFAC/BMP	program	approved	by	the	Executive	
Officer.		Responsible	jurisdictions	that	are	responsible	for	both	point	
and nonpoint sources will be deemed in compliance with both the 
WLAs	and	LAs	if	a	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.	

1) Conditional Waiver:  Pursuant to Water Code section 13269, waste 
discharge requirements are waived for any responsible jurisdiction that 
implements	a	MFAC/BMP	Program	which,	to	the	satisfaction	of	the	
Executive	Officer,	meets	the	following	criteria:
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Element Lake Elizabeth, Munz Lake, and 
Lake Hughes Trash TMDL

Implementation (continued) a)	 The	MFAC/BMP	Program	includes	an	initial	minimum	
frequency of trash assessment and collection and suite of 
structural	and/or	nonstructural	BMPs.		The	MFAC/BMP	
program shall include collection and disposal of all trash 
found in the water and shoreline.  Responsible jurisdictions 
shall implement an initial suite of BMPs based on current 
trash management practices in land areas that are found to be 
sources of trash to Lake Elizabeth, and Lake Hughes.  For Lake 
Elizabeth and Lake Hughes, the initial minimum frequency 
shall be set as follows:

1. Once per week on the water, shoreline and the 
adjacent land areas of Lake Elizabeth and Lake 
Hughes where they are publicly accessible, as 
defined	in	the	Executive	Officer	approved	Trash	
Monitoring and Reporting Plan (TMRP), during 
May 15 through October 15.  Once per month for 
areas with limited access.

2. Once per month on the water, shoreline and the 
adjacent land areas for Lake Elizabeth and Lake 
Hughes,	as	defined	in	the	Executive	Officer	
approved TMRP, from October 15 to May 15.

3. Within one week on the water, shoreline and the 
adjacent land areas of Lake Elizabeth and Lake 
Hughes after each storm event with one inch of rain 
or greater, and after each wind advisory.

b)	 The	MFAC/BMP	Program	includes	reasonable	assurances	that	
it will be implemented by the responsible jurisdiction.

c)	 The	MFAC/BMP	Program	includes	a	Trash	Monitoring	and	
Reporting Plan, as described below, and a requirement that the 
responsible jurisdictions will self-report any non-compliance 
with its provisions.  The results and report of the Trash 
Monitoring and Reporting Plan must be submitted to Regional 
Board on an annual basis.

d)	 MFAC	protocols	may	be	based	on	SWAMP	protocols	for	
rapid trash assessment, or alternative protocols proposed by 
dischargers	and	approved	by	the	Executive	Officer.

e)	 Implementation	of	the	MFAC/BMP	program	should	include	a	
Health	and	Safety	Program	to	protect	personnel.		The	MFAC/
BMP program shall not require responsible jurisdictions 
to access and collect trash from areas where personnel are 
prohibited.
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Element Lake Elizabeth, Munz Lake, and 
Lake Hughes Trash TMDL

Implementation (continued) The	Executive	Officer	may	approve	or	require	a	revised	assessment	and	
collection	frequency	and	definition	of	the	critical	conditions	under	the	
waiver:

(a) To prevent trash from accumulating in deleterious amounts 
that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections;

(b)	 To	reflect	the	results	of	trash	assessment	and	collection;
(c) If the amount of trash collected does not show a decreasing 

trend, where necessary, such that a shorter interval between 
collections is warranted; or

(d) If the amount of trash collected is decreasing such that a longer 
interval between collections is warranted.  

At	the	end	of	the	implementation	period,	a	revised	MFAC/BMP	
program	may	be	required	if	the	Executive	Officer	determines	that	the	
amount of trash accumulating between collections is causing nuisance 
or	otherwise	adversely	affecting	beneficial	uses	.			

With	regard	to	(a),	(b)	or	(c),	above,	the	Executive	Officer	is	authorized	
to allow responsible jurisdictions to implement additional structural or 
non-structural BMPs in lieu of modifying the monitoring frequency.  

Any	waivers	implementing	the	TMDL	shall	expire	pursuant	to	Water	
Code	section	13269	five	years	after	the	effective	date	of	this	TMDL,	
unless reissued.  The Regional Board may reissue this waiver through 
an order consistent herewith, instead of readopting these regulatory 
provisions. 

(2)	Alternatively,	responsible	jurisdictions	may	propose,	or	the	
Regional Board may impose, an alternative program which would 
be implemented through waste discharge requirements an individual 
waiver, a cleanup and abatement order, or any other appropriate order 
or orders, provided the program is consistent with the assumptions and 
requirements	of	the	reductions	described	in	Table	7-23.2b,	below.

The	County	of	Los	Angeles	will	act	as	a	third	party	through	the	recently	
enacted County Ordinance to identify private party dischargers in 
unincorporated County land. Within six months of the effective date of 
this	TMDL,	the	Executive	Officer	shall	require	responsible	jurisdictions	
to submit either a notice of intent to be regulated under the conditional 
waiver	with	their	proposed	MFAC/BMP	Program	and	Trash	Monitoring	
and Reporting Plan (TMRP), or a report of waste discharge.
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Lake Hughes Trash TMDL

Monitoring and Reporting 
Plan

Responsible	jurisdictions	will	develop	a	TMRP	for	Executive	Officer	
approval that describes the methodologies that will be used to assess 
and monitor trash in Lake Elizabeth and Lake Hughes and/or within 
responsible jurisdiction land areas.  

Requirements for the TMRP shall include, but are not limited to, 
assessment	and	quantification	of	trash	collected	from	the	surfaces	and	
shoreline of Lake Elizabeth and Lake Hughes or from responsible 
jurisdiction land areas.  The monitoring plan shall provide details of 
the frequency, location, and reporting of trash monitoring. Responsible 
jurisdictions shall propose a metric (e.g., weight, volume, pieces of 
trash) to measure the amount of trash in Lake Elizabeth and Lake 
Hughes and on the land area surrounding Lake Elizabeth and Lake 
Hughes,	as	defined	in	the	Executive	Officer	approved	TMRP.		

The TMRP shall include a prioritization of areas that have the highest 
trash generation rates.  The TMRP shall give preference to this 
prioritization when scheduling the installation of full capture devices, 
BMPs, or trash collection programs.

The TMRP shall also include an evaluation of effectiveness of the 
MFAC/BMP	program	to	prevent	trash	from	accumulating	in	deleterious	
amounts	that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections,	proposals	to	enhance	BMPs,	and	a	revised	MFAC	for	
Executive	Officer	review.		

Responsible Jurisdictions may coordinate their TMRP activities for 
Lake Elizabeth and Lake Hughes.

Margin of Safety Zero is a conservative numeric target which contains an implicit margin 
of safety. 

Seasonal Variations and 
Critical Conditions

Discharge of trash from the conveyances occurs primarily during or 
shortly after a major rain event. Discharge of trash from nonpoint 
sources occurs during all seasons, but can be increased during or shortly 
after	high	wind	events,	which	are	defined	as	periods	of	wind	advisories	
issued by the National Weather Service.  
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Table 7-23.2a Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL:   
Implementation Schedule Point Sources

Task
No. Task Responsible Jurisdiction Date

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan for 
defining	the	trash	
baseline	WLA	and	a	
proposed	definition	of	
“major rain event”. 

Los	Angeles	County	and	local	land	
owners with conveyances that discharge 
to Lake Elizabeth and Lake Hughes.

6 months from effective date 
of TMDL.  If a plan is not 
approved by the Executive 
Officer	within	9	months,	
the	Executive	Officer	will	
establish an appropriate 
monitoring plan.

2 Implement Trash 
Monitoring and 
Reporting Plan.

Los	Angeles	County	and	local	land	
owners with conveyances that discharge 
to Lake Elizabeth and Lake Hughes.

6 months from receipt of letter 
of approval from Regional 
Board	Executive	Officer,	or	the	
date a plan is established by 
the	Executive	Officer.

3 Submit results of 
Trash Monitoring 
and Reporting Plan, 
recommend trash 
baseline	WLA,	and	
propose prioritization 
of Full Capture 
System installation 
or implementation 
of other measures to 
attain the required 
trash reduction.  

Los	Angeles	County	and	local	land	
owners with conveyances that discharge 
to Lake Elizabeth and Lake Hughes.

2 years from receipt of letter 
of approval for the Trash 
Monitoring and Reporting 
Plan from Regional Board 
Executive	Officer.

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% reduction 
of trash from Baseline 
WLA*.	

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, and local land 
owners with conveyances that discharge 
to Lake Elizabeth and Lake Hughes.

Four years from effective date 
of TMDL.

5 Installation of Full 
Capture Systems or 
other measures to 
achieve	40%	reduction	
of trash from Baseline 
WLA*.	

Los	Angeles	County	and	local	land	
owners with conveyances that discharge 
to Lake Elizabeth and Lake Hughes.

Five years from effective date 
of TMDL.

6 Evaluate the 
effectiveness of Full 
Capture Systems or 
other measures, and 
reconsider	the	WLA*.

Regional Board. Five years from effective date 
of TMDL.
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Task
No. Task Responsible Jurisdiction Date

7 Installation of Full 
Capture Systems or 
other measures to 
achieve 60% reduction 
of trash from Baseline 
WLA*.	

Los	Angeles	County	and	local	land	
owners with conveyances that discharge 
to Lake Elizabeth and Lake Hughes

Six years from effective date 
of TMDL.

8 Installation of Full 
Capture Systems or 
other measures to 
achieve 80% reduction 
of trash from Baseline 
WLA*.	

Los	Angeles	County	and	local	land	
owners with conveyances that discharge 
to Lake Elizabeth and Lake Hughes.

Seven years from effective 
date of TMDL.

9 Installation of Full 
Capture Systems 
or other measures 
to achieve 100% 
reduction of trash 
from	Baseline	WLA*.	

Los	Angeles	County	and	local	land	
owners with conveyances that discharge 
to Lake Elizabeth and Lake Hughes.

Eight years from effective date 
of TMDL.

*	Compliance	with	percent	reductions	from	the	Baseline	WLA	will	be	assumed	wherever	full	capture	systems	are	installed	
   in corresponding percentages of the conveyance discharging to the waterbody.  Installation will be prioritized based on the 
   greatest point source loadings.
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Table 7-23.2b Lake Elizabeth, Munz Lake, and Lake Hughes TMDL:  
Implementation Schedule Minimum Frequency of Assessment and Collection Program *

Task
No.

Task Responsible Jurisdiction Date

1 Conditional Waiver in 
effect.

National Forest Service; Land owners in 
the vicinity of Lake Elizabeth and Lake 
Hughes.

Regional Board adoption of 
TMDL.

2 Submit Notice of 
Intent to Comply 
with Conditional 
Waiver of Discharge 
Requirements, 
including	MFAC/
BMP Program and 
Trash Monitoring and 
Reporting Plan.  

National Forest Service; Land owners in 
the vicinity of Lake Elizabeth and Lake 
Hughes.

Six months from TMDL 
effective date. 

3 Implement	MFAC/
BMP Program.

National Forest Service; Land owners in 
the vicinity of Lake Elizabeth and Lake 
Hughes.

Six months from receipt of 
Notice	of	Acceptance		from	
Regional Board Executive 
Officer.

4 Submit annual TMRP 
reports including 
proposal for revising 
MFAC/BMP	for	
Executive	Officer	
approval.

National Forest Service; Land owners in 
the vicinity of Lake Elizabeth and Lake 
Hughes.

Two years from effective 
date of TMDL, and annually 
thereafter.

5 Reconsideration of 
Trash TMDL based 
on evaluation of 
effectiveness of 
MFAC/BMP	program.

Regional Board. Five years from effective 
date of TMDL.

*	At	Task	3,	all	Responsible	Jurisdictions	must	be	attaining	the	zero	trash	target	after	each	required	trash	assessment	and	
			collection	event.		At	Task	4,	all	Responsible	Jurisdictions	must	demonstrate	full	compliance	and	attainment	of	the	zero	
			trash	target’s	requirement	that	trash	is	not	accumulating	in	deleterious	amounts	between	the	required	trash	assessment	and	
			collection	events.		Based	on	Responsible	Jurisdiction	monitoring	reports,	the	Executive	Officer	may	adjust	the	minimum	
   frequency of assessment and collection as necessary to ensure compliance between the required trash assessment and 
   collection events.
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7-24  Revolon Slough and Beardsley Wash Trash TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	June	7,	2007.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	December	4,	2007.
	 The	Office	of	Administrative	Law	on	January	24,	2008.
	 The	U.S.	Environmental	Protection	Agency	on	February	27,	2008.

The effective date of this TMDL is: March 6, 2008.

The	elements	of	the	TMDL	are	presented	in	Table	7-24.1	and	the	Implementation	Plan	in	Tables	7-24.2a	and	
7-24.2b.		

Table 7-24.1  Revolon Slough and Beardsley Wash Trash TMDL: Elements
Element Revolon Slough and Beardsley Wash Trash TMDL
Problem Statement Current levels of trash discharges into Revolon Slough and Beardsley 

Wash	violate	water	quality	objectives	and	are	impairing	beneficial	uses.		
Relevant water quality objectives include Floating Material and Solid, 
Suspended,	or	Settleable	Materials.		The	following	designated	beneficial	
uses are impacted by trash:  water contact recreation (REC1); non-
contact	water	recreation	(REC2);	warm	freshwater	habitat	(WARM);	
wildlife habitat (WILD); wetland habitat (WET).  

Numeric Target 
(Interpretation of the 
narrative water quality 
objective, used to calculate the 
load allocations)

Zero trash in Revolon Slough and Beardsley Wash, and in the channel.  
Zero	is	defined	as	(1)	for	nonpoint	sources,	no	trash	immediately	
following each assessment and collection event consistent with an 
established	Minimum	Frequency	of	Assessment	and	Collection	Program	
(MFAC	Program).		The	MFAC	Program	is	established	at	an	interval	
that prevents trash from accumulating in deleterious amounts that cause 
nuisance	or	adversely	affect	beneficial	uses	between	collections,	and	
(2) for point sources, zero trash discharged into Revolon Slough and 
Beardsley Wash, shoreline and channel. 

Source Analysis Litter from adjacent land areas, roadways and direct dumping and 
deposition are  sources of trash to Revolon Slough and Beardsley Wash.  
Point sources such as storm drains are also sources of trash discharged 
to Revolon Slough and Beardsley Wash. 

Loading Capacity Zero,	as	defined	in	the	Numeric	Target.	

Waste Load Allocations 
(for point sources)

Waste	Load	Allocations	(WLAs)	are	assigned	to	the	Department	of	
Transportation (Caltrans) Permittees and Co-Permittees of the Ventura 
County	Municipal	Separate	Storm	Sewer	System	(MS4)	Permit,	
including Ventura County, the Ventura County Watershed Protection 
District, the City of Camarillo, and the City of Oxnard, and local 
landowners.		WLAs	are	zero	trash.		WLAs	may	be	issued	to	additional	
responsible	jurisdictions	in	the	future	under	Phase	2	of	the	US	EPA	
Stormwater Permitting Program, or other applicable regulatory 
programs. 
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Element Revolon Slough and Beardsley Wash Trash TMDL
Load Allocations 
(for nonpoint sources)

Load	Allocations	(LAs)	are	assigned	to	land	owners	and	agencies	in	
the vicinity of Revolon Slough and Beardsley Wash, including the 
County of Ventura, Ventura County Watershed Protection District, City 
of	Camarillo,	City	of	Oxnard,	and	Agricultural	entities	in	the	Revolon	
Slough	and	Beardsley	Wash	subwatersheds.		LAs	are	zero	trash.	LAs	
may be issued to additional responsible jurisdictions in the future under 
applicable regulatory programs. 

Implementation Implementation of the trash TMDL for Revolon Slough and Beardsley 
Wash includes structural and non-structural best management practices 
(BMPs) and a program of minimum frequency of assessment and 
collection	(MFAC)	to	address	point	and	nonpoint	trash	sources.	

Point Sources

WLAs	shall	be	implemented	through	storm	water	permits	and	via	the	
authority	vested	in	the	Executive	Officer	by	section	13267	of	the	Porter-
Cologne	Water	Quality	Control	Act	(Water	Code	section	13000	et	seq.).

If	point	source	dischargers	comply	with	WLAs	by	implementing	an	
Executive	Officer	certified	full	capture	system	on	conveyances	that	
discharge to Revolon Slough and Beardsley Wash through a progressive 
implementation schedule of full capture devices, they will be deemed in 
compliance	with	the	WLA.	

In	certain	circumstances	(if	approved	by	the	Executive	Officer),	
point	source	dischargers	may	alternatively	comply	with	WLAs	by	
implementing a program for minimum frequency of assessment and 
collection	in	conjunction	with	best	management	practices	(MFAC/
BMPs).

1.	Compliance	with	the	final	WLA	may	be	achieved	through	an	
adequately sized and maintained full capture system, once the 
Executive	Officer	has	certified	that	the	system	meets	the	following	
minimum	criteria.	A	full	capture	system,	at	a	minimum,	consists	of	
any device or series of devices that traps all particles retained by a 5 
mm mesh screen and has a design treatment capacity of not less than 
the	peak	flow	rate	(Q)	resulting	from	a	one-year,	one-hour,	storm	in	
the sub-drainage area.  The rational equation is used to compute the 
peak	flow	rate:	 
						Q	=	C	×	I	×	A,	where	
				Q	=	design	flow	rate	(cubic	feet	per	second,	cfs); 
				C	=	runoff	coefficient	(dimensionless); 
					I	=	design	rainfall	intensity	(inches	per	hour);	and 
				A=	subdrainage	area	(acres).	
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Element Revolon Slough and Beardsley Wash Trash TMDL
Implementation (continued) Point sources that choose to comply via a full capture system, must 

demonstrate a phased implementation of full capture devices over an 8-
year	period	until	the	final	WLA	of	zero	is	attained.		Zero	will	be	deemed	
to have been met if full capture systems have been installed on all 
conveyances discharging to Revolon Slough and Beardsley Wash. 

Irrespective of whether point sources employ a full capture system, they 
may	comply	with	the	WLA	in	any	lawful	manner.

2.	Compliance	through	a	MFAC	program	in	conjunction	with	BMPs	
may be proposed to the Regional Board for incorporation into 
the	relevant	NPDES	permit.		The	MFAC	program	must	include	
requirements equivalent to those described in the Conditional Waiver 
set	forth	below.		Agencies	that	are	responsible	for	both	point	and	
nonpoint	sources	will	be	deemed	in	compliance	with	both	the	WLAs	
and	LAs	if	a	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.

Nonpoint Sources

LAs	shall	be	implemented	through	either	(1)	a	conditional	waiver	
from waste discharge requirements, or (2) an alternative program 
implemented through waste discharge requirements or an individual 
waiver or another appropriate order of the Regional Board. 

Non-point	source	dischargers	may	achieve	compliance	with	the	LAs	
by	implementing	a	MFAC/BMP	program	approved	by	the	Executive	
Officer.		Responsible	jurisdictions	that	are	responsible	for	both	point	
and nonpoint sources will be deemed in compliance with both the 
WLAs	and	LAs	if	an	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.	

1) Conditional Waiver:  Pursuant to Water Code section 13269, waste 
discharge requirements are waived for any responsible jurisdiction that 
implements	a	MFAC/BMP	Program	which,	to	the	satisfaction	of	the	
Executive	Officer,	meets	the	following	criteria:

a)	 The	MFAC/BMP	Program	includes	an	initial	minimum	
frequency of trash assessment and collection and suite 
of	structural	and/or	nonstructural	BMPs.		The	MFAC/
BMP program shall include collection and disposal 
of all trash found in the water and on the shoreline.  
Responsible jurisdictions shall implement an initial 
suite of BMPs based on current trash management 
practices in land areas that are found to be sources 
of trash to Revolon Slough and Beardsley Wash.  
For Revolon Slough and Beardsley Wash, the initial 
minimum frequency shall be set as follows:
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Element Revolon Slough and Beardsley Wash Trash TMDL
Implementation (continued) 1. Monthly on Revolon Slough and its adjacent 

land areas at Wood Road (the end of the 
concrete-lined	channel),	as	defined	in	the	
Executive	Officer	approved	Trash	Monitoring	
and Reporting Plan (TMRP).

2. Bi-monthly on the water, shoreline and 
channels of Beardsley Wash and Revolon 
Slough in areas under the jurisdiction of the 
County of Ventura, and agricultural lands.  

3. Monthly assessment and collection at outlets 
on north side of Camarillo Hills Drain between 
Las Posas Rd. and Wood Rd.  

4.	 Monthly	on	Las	Posas	Estate	Drain	between	
Central	Ave.	and	the	101	Freeway.

5. Monthly at the inlet to the North Ramona Place 
Drain debris basin.

6. Monthly at inlet to Beardsley Wash at Wright 
Road	and	the	adjacent	land	areas,	as	defined	in	
the	Executive	Officer	approved	TMRP.

7.	 Monthly	on	a	rotating	basis	of	the	following	
channels from the City of Oxnard (i.e. one 
drain cleaned per month):

a. Fifth Street Drain from Del Norte 
Blvd. to Revolon Slough

b. Sturgis Drain from Oxnard City Limits 
to Revolon Slough

c. Nyeland Drain from Center Drive to 
Friedrich Rd.

d. Del Norte Drain from Del Norte Blvd. 
to Revolon Slough

8.	 All	Drains	listed	above	will	also	be	cleaned	
within one week of every storm event greater 
than 1 inch of rain.    

b)	 The	MFAC/BMP	Program	includes	reasonable	
assurances that it will be implemented by the 
responsible jurisdiction.
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Element Revolon Slough and Beardsley Wash Trash TMDL
Implementation (continued) c)	 The		MFAC/BMP	Program	includes	a		Trash	

Monitoring and Reporting Plan, as described below, 
and a requirement that the responsible jurisdictions will 
self-report any non-compliance with its provisions.  
The results and report of the Trash Monitoring and 
Reporting Plan must be submitted to Regional Board 
on an annual basis.

d)	 MFAC	protocols	may	be	based	on	SWAMP	protocols	
for rapid trash assessment, or alternative protocols 
proposed by dischargers and approved by the Executive 
Officer.

e)	 Implementation	of	the	MFAC/BMP	program	should	
include a Health and Safety Plan to protect personnel.  
The	MFAC/BMP	shall	not	require	responsible	
jurisdictions to access and collect trash from areas 
where personnel are prohibited.

Compliance	for	Agricultural	Sources

For agricultural dischargers, the Conditional Waiver for Irrigated Lands 
will	be	revised	to	include	a	MFAC/BMP	program	for	enrollees	in	the	
Revolon Slough and Beardsley Wash subwatershed.
 
The	Executive	Officer	may	approve	or	require	a	revised	assessment	and	
collection	frequency	and	definition	of	the	critical	conditions	under	the	
waiver:

(a) To prevent trash from accumulating in deleterious amounts 
that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections;

(b)	 To	reflect	the	results	of	trash	assessment	and	collection;
(c) If the amount of trash collected does not show a decreasing 

trend, where necessary, such that a shorter interval between 
collections is warranted; or

(d) If the amount of trash collected is decreasing such that a longer 
interval between collections is warranted.  

At	the	end	of	the	implementation	period,	a	revised	MFAC/BMP	
program	may	be	required	if	the	Executive	Officer	determines	that	the	
amount of trash accumulating between collections is causing nuisance 
or	otherwise	adversely	affecting	beneficial	uses.			

With	regard	to	(a),	(b)	or	(c),	above,	the	Executive	Officer	is	authorized	
to allow responsible jurisdictions to implement additional structural or 
non-structural BMPs in lieu of modifying the monitoring frequency.  
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Element Revolon Slough and Beardsley Wash Trash TMDL
Implementation (continued) Any	waivers	implementing	the	TMDL	shall	expire	pursuant	to	Water	

Code	section	13269	five	years	after	the	effective	date	of	this	TMDL,	
unless reissued.  The Regional Board may reissue this waiver through 
an order consistent herewith, instead of readopting these regulatory 
provisions. 

(2)	Alternatively,	responsible	jurisdictions	may	propose,	or	the	
Regional Board may impose, an alternative program which would 
be implemented through waste discharge requirements, an individual 
waiver, a cleanup and abatement order, or any other appropriate order 
or orders, provided the program is consistent with the assumptions and 
requirements	of	the	reductions	described	in	Table	7-24.2b,	below.

Within six months of the effective date of this TMDL, the Executive 
Officer	shall	require	responsible	jurisdictions	to	submit	either	a	notice	
of intent to be regulated under the conditional waiver with their 
proposed	MFAC/BMP	Program	and	Trash	Monitoring	and	Reporting	
Plan (TMRP), or a report of waste discharge.

Monitoring and Reporting 
Plan

Responsible	jurisdictions	will	develop	a	TMRP	for	Executive	Officer	
approval that describes the methodologies that will be used to assess 
and monitor trash in Revolon Slough and Beardsley Wash and/or 
within responsible jurisdiction land areas.  The TMRP shall include 
a	plan	to	establish	the	trash	Baseline	WLAs	for	non-Caltrans	entities,	
or an alternative to the default trash baseline for Caltrans to prioritize 
installation	of	full	capture	devices.		The	default	trash	baseline	WLA	for	
Caltrans	is	6677.4	gallons	per	square	mile	per	year.

Requirements for the TMRP shall include, but are not limited to, 
assessment	and	quantification	of	trash	collected	from	the	surfaces	and	
shoreline of Revolon Slough and Beardsley Wash or from responsible 
jurisdiction land areas.  The monitoring plan shall provide details of 
the frequency, location, and reporting of trash monitoring. Responsible 
jurisdictions shall propose a metric (e.g., weight, volume, pieces of 
trash) to measure the amount of trash in Revolon Slough and Beardsley 
Wash and on the land area surrounding Revolon Slough and Beardsley 
Wash,	as	defined	in	the	Executive	Officer	approved	TMRP.		

The TMRP shall include a prioritization of areas that have the highest 
trash generation rates.  The TMRP shall give preference to this 
prioritization when scheduling the installation of full capture devices, 
BMPs, or trash collection programs.
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Element Revolon Slough and Beardsley Wash Trash TMDL
Monitoring and Reporting 
Plan (continued)

The TMRP shall also include an evaluation of effectiveness of the 
MFAC/BMP	program	to	prevent	trash	from	accumulating	in	deleterious	
amounts	that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections,	proposals	to	enhance	BMPs,	and	a	revised	MFAC	for	
Executive	Officer	review.		

Responsible Jurisdictions may coordinate their TMRP activities for 
Revolon Slough and Beardsley Wash.

Margin of Safety Zero is a conservative numeric target which contains an implicit margin 
of safety. 

Seasonal Variations and 
Critical Conditions

Discharge of trash from the conveyances occurs primarily during or 
shortly after a major rain event. Discharge of trash from nonpoint 
sources occurs during all seasons, but can be increased during or shortly 
after	high	wind	events,	which	are	defined	as	periods	of	wind	advisories	
issued by the National Weather Service.
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Table 7-24.2a Revolon Slough and Beardsley Wash Trash TMDL:  
Implementation Schedule - Point Sources

Task
No. Task Responsible Jurisdiction Date

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan for 
defining	the	trash	
baseline	WLA	and	a	
proposed	definition	of	
“major rain event”. 

City of Camarillo; City of Oxnard; 
Ventura County Watershed Protection 
District; Ventura County; Caltrans; Local 
land owners with conveyances

6 months from effective date 
of TMDL.  If a plan is not 
approved by the Executive 
Officer	within	9	months,	
the	Executive	Officer	will	
establish an appropriate 
monitoring plan.

2 Implement Trash 
Monitoring and 
Reporting Plan.

City of Camarillo; City of Oxnard; 
Ventura County Watershed Protection 
District; Ventura County; Caltrans; Local 
land owners with conveyances

6 months from receipt of 
letter of approval from 
Regional Board Executive 
Officer,	or	the	date	a	plan	is	
established by the Executive 
Officer.

3 Submit results of 
Trash Monitoring 
and Reporting Plan, 
recommend trash 
baseline	WLA,	and	
propose prioritization 
of Full Capture 
System  installation 
or implementation 
of other measures to 
attain the required 
trash reduction.  

City of Camarillo; City of Oxnard; 
Ventura County Watershed Protection 
District; Ventura County; Caltrans; Local 
land owners with conveyances

2 years from receipt of letter 
of approval for the Trash 
Monitoring and Reporting 
Plan from Regional Board 
Executive	Officer.

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% reduction 
of trash from Baseline 
WLA*.	

City of Camarillo; City of Oxnard; 
Ventura County Watershed Protection 
District; Ventura County; Caltrans; Local 
land owners with conveyances

Four years from effective 
date of TMDL.

5 Installation of Full 
Capture Systems or 
other measures to 
achieve	40%	reduction	
of trash from Baseline 
WLA*.	

City of Camarillo; City of Oxnard; 
Ventura County Watershed Protection 
District; Ventura County; Caltrans; Local 
land owners with conveyances

Five years from effective 
date of TMDL.

6 Evaluate the 
effectiveness of Full 
Capture Systems or 
other measures, and 
reconsider	the	WLA*.

Regional Board. Five years from effective 
date of TMDL.

RB-AR36282



Basin Plan           7-29�   Total Maximum Daily Loads
Updated September 20��

Task
No. Task Responsible Jurisdiction Date

7 Installation of Full 
Capture Systems or 
other measures to 
achieve 60% reduction 
of trash from Baseline 
WLA*.	

City of Camarillo; City of Oxnard; 
Ventura County Watershed Protection 
District; Ventura County; Caltrans; Local 
land owners with conveyances

Six years from effective date 
of TMDL.

8 Installation of Full 
Capture Systems or 
other measures to 
achieve 80% reduction 
of trash from Baseline 
WLA*.	

City of Camarillo; City of Oxnard; 
Ventura County Watershed Protection 
District; Ventura County; Caltrans; Local 
land owners with conveyances

Seven years from effective 
date of TMDL.

9 Installation of Full 
Capture Systems 
or other measures 
to achieve 100% 
reduction of trash 
from	Baseline	WLA*.	

City of Camarillo; City of Oxnard; 
Ventura County Watershed Protection 
District; Ventura County; Caltrans; Local 
land owners with conveyances

Eight years from effective 
date of TMDL.

*	Compliance	with	percent	reductions	from	the	Baseline	WLA	will	be	assumed	wherever	full	capture	systems	are	installed	
   in corresponding percentages of the conveyance discharging to Revolon Slough and Beardsley Wash.  Installation will be 
   prioritized based on the greatest point source loadings.
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Table 7-24.2b Revolon Slough and Beardsley Wash Trash TMDL:
Implementation Schedule - Minimum Frequency of Assessment and Collection Program *

Task
No.

Task Responsible Jurisdiction Date

1 Conditional Waiver in 
effect.

City of Camarillo; City of Oxnard; 
Ventura	County;	Agricultural	dischargers;	
Ventura County Watershed Protection 
District; Caltrans; Local land owners with 
conveyances

Regional Board 
adoption of TMDL.

2 Submit Notice of 
Intent to Comply 
with Conditional 
Waiver of Discharge 
Requirements, including 
MFAC/BMP	Program	
and Trash Monitoring 
and Reporting Plan.  

City of Camarillo; City of Oxnard; 
Ventura	County;	Agricultural	dischargers;	
Ventura County Watershed Protection 
District; Caltrans; Local land owners with 
conveyances

Six months from 
TMDL effective 
date. 

3 Implement	MFAC/BMP	
Program.

City of Camarillo; City of Oxnard; 
Ventura	County;	Agricultural	dischargers;	
Ventura County Watershed Protection 
District; Caltrans; Local land owners with 
conveyances

Six months from 
receipt of Notice of 
Acceptance		from	
Regional Board 
Executive	Officer.

4 Submit annual TMRP 
reports including 
proposal for revising 
MFAC/BMP	for	
Executive	Officer	
approval.

City of Camarillo; City of Oxnard; 
Ventura	County;	Agricultural	dischargers;	
Ventura County Watershed Protection 
District; Caltrans; Local land owners with 
conveyances

Two years from 
effective date 
of TMDL, and 
annually thereafter.

5 Reconsideration of 
Trash TMDL based 
on evaluation of 
effectiveness	of	MFAC/
BMP program.

Regional Board. Five years from 
effective date of 
TMDL.

*	At	Task	3,	all	Responsible	Jurisdictions	must	be	attaining	the	zero	trash	target	after	each	required	trash	assessment	and	
			collection	event.		At	Task	4,	all	Responsible	Jurisdictions	must	demonstrate	full	compliance	and	attainment	of	the	zero	
			trash	target’s	requirement		that	trash	is	not	accumulating	in	deleterious	amounts	between	the	required	trash	assessment	and	
			collection	events.		Based	on	Responsible	Jurisdiction	monitoring	reports,	the	Executive	Officer	may	adjust	the	minimum	
   frequency of assessment and collection as necessary to ensure compliance between the required trash assessment and 
   collection events.
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7-25  Ventura River Estuary Trash TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	June	7,	2007.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	December	4,	2007.
	 The	Office	of	Administrative	Law	on	February	11,	2008.
	 The	U.S.	Environmental	Protection	Agency	on	February	27,	2008.

The effective date of this TMDL is: March 6, 2008.  

The	elements	of	the	TMDL	are	presented	in	Table	7-25.1	and	the	Implementation	Plan	in	Tables	7-25.2a	and	
7-25.2b.

Table 7-25.1  Ventura River Estuary Trash TMDL: Elements
Element Ventura River Estuary Trash TMDL
Problem Statement Current levels of trash discharges into the Ventura River Estuary 

violate	water	quality	objectives	and	are	impairing	beneficial	uses.		
Relevant water quality objectives include Floating Material and Solid, 
Suspended,	or	Settleable	Materials.		The	following	designated	beneficial	
uses	are	impacted	by	trash:		navigation	(NAV),	contact	recreation	(REC	
1)	and	non-contact	recreation	(REC	2),	commercial	and	sport	fishing	
(COMM),	warm	fresh	water	habitat	(WARM),	estuarine	habitat	(EST),	
marine	habitat	(MAR),	wildlife	habitat	(WILD),	rare,	threatened	or	
endangered	species	(RARE),	migration	of	aquatic	organisms	(MIGR),	
spawning,	reproduction,	and/or	early	development	(SPWN),	shellfish	
harvesting (SHELL), and wetland habitat (WET).  

Numeric Target 
(Interpretation of the 
narrative water quality 
objective, used to calculate the 
load allocations)

Zero trash in the Ventura River Estuary, shoreline and in the channel.  
Zero	is	defined	as	(1)	for	nonpoint	sources,	no	trash	immediately	
following each assessment and collection event consistent with an 
established	Minimum	Frequency	of	Assessment	and	Collection	Program	
(MFAC	Program).		The	MFAC	Program	is	established	at	an	interval	
that prevents trash from accumulating in deleterious amounts that cause 
nuisance	or	adversely	affect	beneficial	uses	between	collections,	and	(2)	
for point sources, zero trash discharged into the Ventura River Estuary, 
shoreline, and channel. 

Source Analysis Litter from adjacent land areas, roadways and direct dumping and 
deposition are sources of trash to the Ventura River Estuary.  Point 
sources such as storm drains are also sources of trash discharged to the 
Ventura River Estuary. 

Loading Capacity Zero,	as	defined	in	the	Numeric	Target.	

Waste Load Allocations 
(for point sources)

Waste	Load	Allocations	(WLAs)	are	assigned	to	the	City	of	Ventura,	
County of Ventura, Ventura County Watershed Protection District, 
California	Department	of	Food	and	Agriculture,	and	Caltrans	with	
conveyances	that	discharge	to	the	Ventura	River	Estuary.		WLAs	are	
zero	trash.		WLAs	may	be	issued	to	additional	responsible	jurisdictions	
in	the	future	under	Phase	2	of	the	US	EPA	Stormwater	Permitting	
Program, or other applicable regulatory programs. 
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Element Ventura River Estuary Trash TMDL
Load Allocations 
(for nonpoint sources)

Load	Allocations	(LAs)	are	assigned	to	the	City	of	Ventura,	Ventura	
County, Ventura County Watershed Protection District, California 
Department of Parks and Recreation, California Department of Food 
and	Agriculture,	and	Agricultural	Dischargers.		LAs	are	zero	trash.	LAs	
may be issued to additional responsible jurisdictions in the future under 
applicable regulatory programs. 

Implementation Implementation of the trash TMDL for the Ventura River Estuary 
includes structural and non-structural best management practices 
(BMPs) and a program of minimum frequency of assessment and 
collection	(MFAC)	to	address	point	and	nonpoint	trash	sources.	

Point Sources

WLAs	shall	be	implemented	through	storm	water	permits	and	via	the	
authority	vested	in	the	Executive	Officer	by	section	13267	of	the	Porter-
Cologne	Water	Quality	Control	Act	(Water	Code	section	13000	et	seq.).

If	point	source	dischargers	comply	with	WLAs	by		implementing	
an	Executive	Officer	certified	full	capture	system	on	conveyances	
that discharge to the Ventura River Estuary through a progressive 
implementation schedule of full capture devices, they will be deemed in 
compliance	with	the	WLA.	

In	certain	circumstances	(if	approved	by	the	Executive	Officer),	
point	source	dischargers	may	alternatively	comply	with	WLAs	by	
implementing a program for minimum frequency of assessment and 
collection	in	conjunction	with	best	management	practices	(MFAC/
BMPs).

1.	Compliance	with	the	final	WLA	may	be	achieved	through	an	
adequately sized and maintained full capture system, once the 
Executive	Officer	has	certified	that	the	system	meets	the	following	
minimum	criteria.	A	full	capture	system,	at	a	minimum,	consists	of	
any device or series of devices that traps all particles retained by a 5 
mm mesh screen and has a design treatment capacity of not less than 
the	peak	flow	rate	(Q)	resulting	from	a	one-year,	one-hour,	storm	in	
the sub-drainage area.  The rational equation is used to compute the 
peak	flow	rate:	 
						Q	=	C	×	I	×	A,	where	
				Q	=	design	flow	rate	(cubic	feet	per	second,	cfs); 
				C	=	runoff	coefficient	(dimensionless); 
					I	=	design	rainfall	intensity	(inches	per	hour);	and 
				A=	subdrainage	area	(acres).	

Point sources that choose to comply via a full capture system, must 
demonstrate a phased implementation of full capture devices over an 
8-year	period	until	the	final	WLA	of	zero	is	attained.		Zero	will	be	
deemed to have been met if full capture systems have been installed on 
all conveyances discharging to the estuary. 
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Element Ventura River Estuary Trash TMDL
Implementation (continued) Irrespective of whether point sources employ a full capture system, they 

may	comply	with	the	WLA	in	any	lawful	manner.

2.	Compliance	through	a	MFAC	program	in	conjunction	with	BMPs	
may be proposed to the Regional Board for incorporation into 
the	relevant	NPDES	permit.		The	MFAC	program	must	include	
requirements equivalent to those described in the Conditional Waiver 
set	forth	below.		Agencies	that	are	responsible	for	both	point	and	
nonpoint	sources	will	be	deemed	in	compliance	with	both	the	WLAs	
and	LAs	if	an	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.

Nonpoint Sources

LAs	shall	be	implemented	through	either	(1)	a	conditional	waiver	
from waste discharge requirements, or (2) an alternative program 
implemented through waste discharge requirements or an individual 
waiver or another appropriate order of the Regional Board. 

Non-point	source	dischargers	may	achieve	compliance	with	the	LAs	
by	implementing	a	MFAC/BMP	program	approved	by	the	Executive	
Officer.		Responsible	jurisdictions	that	are	responsible	for	both	point	
and nonpoint sources will be deemed in compliance with both the 
WLAs	and	LAs	if	a	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.	

1) Conditional Waiver:  Pursuant to Water Code section 13269, waste 
discharge requirements are waived for any responsible jurisdiction that 
implements	a	MFAC/BMP	Program	which,	to	the	satisfaction	of	the	
Executive	Officer,	meets	the	following	criteria:

a)	 The	MFAC/BMP	Program	includes	an	initial	minimum	
frequency of trash assessment and collection and suite of 
structural	and/or	nonstructural	BMPs.		The	MFAC/BMP	
program shall include collection and disposal of all trash 
found in the water, shoreline, and the channel.  Responsible 
jurisdictions shall implement an initial suite of BMPs based on 
current trash management practices in land areas that are found 
to be sources of trash to the Ventura River Estuary.  For the 
Ventura River Estuary, the initial minimum frequency shall be 
set as follows:
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Element Ventura River Estuary Trash TMDL
Implementation (continued) 1. Once per week for the sandy beach area between the 

estuary and the ocean and along the bike path between 
May 15 and October 15.  Once per month for the rest of 
the year.

2. Within one week after each storm event with one inch 
of rain or greater at the Front Street storm drain, which 
discharges under the eastern levee, 50-feet north of the 
railroad tracks. 

3. Quarterly for other areas of the estuary below the U.S. 
101 Freeway.  

4.	 After	major	public	events	that	occur	in	the	Ventura	
County Fairground that charge an admission price and 
are	attended	by	greater	than	7,000	people.

b)	 The	MFAC/BMP	Program	includes	reasonable	assurances	that	
it will be implemented by the responsible jurisdiction.

c)	 The		MFAC/BMP	Program	includes	a		Trash	Monitoring	and	
Reporting Plan, as described below, and a requirement that the 
responsible jurisdictions will self-report any non-compliance 
with its provisions.  The results and report of the Trash 
Monitoring and Reporting Plan must be submitted to Regional 
Board on an annual basis.

d)	 MFAC	protocols	may	be	based	on	SWAMP	protocols	for	
rapid trash assessment, or alternative protocols proposed by 
dischargers	and	approved	by	the	Executive	Officer.

e)	 Implementation	of	the	MFAC/BMP	program	should	include	a	
Health	and	Safety	Plan	to	protect	personnel.		The	MFAC/BMP	
shall not require responsible jurisdictions to access and collect 
trash from areas where personnel are prohibited.

Compliance for Agricultural Sources

For agricultural dischargers, the Conditional Waiver for Irrigated Lands 
will	be	revised	to	include	a	MFAC/BMP	program	for	enrollees	in	the	
Ventura River Estuary subwatershed.
 
The	Executive	Officer	may	approve	or	require	a	revised	assessment	and	
collection	frequency	and	definition	of	the	critical	conditions	under	the	
waiver:
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Element Ventura River Estuary Trash TMDL
Implementation (continued) (a) To prevent trash from accumulating in deleterious amounts 

that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections;

(b)	 To	reflect	the	results	of	trash	assessment	and	collection;
(c) If the amount of trash collected does not show a decreasing 

trend, where necessary, such that a shorter interval between 
collections is warranted; or

(d) If the amount of trash collected is decreasing such that a longer 
interval between collections is warranted.  

At	the	end	of	the	implementation	period,	a	revised	MFAC/BMP	
program	may	be	required	if	the	Executive	Officer	determines	that	the	
amount of trash accumulating between collections is causing nuisance 
or	otherwise	adversely	affecting	beneficial	uses.			

With	regard	to	(a),	(b)	or	(c),	above,	the	Executive	Officer	is	authorized	
to allow responsible jurisdictions to implement additional structural or 
non-structural BMPs in lieu of modifying the monitoring frequency.  

Any	waivers	implementing	the	TMDL	shall	expire	pursuant	to	Water	
Code	section	13269	five	years	after	the	effective	date	of	this	TMDL,	
unless reissued.  The Regional Board may reissue this waiver through 
an order consistent herewith, instead of readopting these regulatory 
provisions. 

(2)	Alternatively,	responsible	jurisdictions	may	propose,	or	the	
Regional Board may impose, an alternative program which would 
be implemented through waste discharge requirements an individual 
waiver, a cleanup and abatement order, or any other appropriate order 
or orders, provided the program is consistent with the assumptions and 
requirements	of	the	reductions	described	in	Table	7-25.2b,	below.

Within six months of the effective date of this TMDL, the Executive 
Officer	shall	require	responsible	jurisdictions	to	submit	either	a	notice	
of intent to be regulated under the conditional waiver with their 
proposed	MFAC/BMP	Program	and	Trash	Monitoring	and	Reporting	
Plan (TMRP), or a report of waste discharge.

RB-AR36289



Basin Plan           7-�00   Total Maximum Daily Loads
Updated September 20��

Element Ventura River Estuary Trash TMDL
Monitoring and Reporting 
Plan

Responsible	jurisdictions	will	develop	a	TMRP	for	Executive	Officer	
approval that describes the methodologies that will be used to 
assess and monitor trash in the Ventura River Estuary and/or within 
responsible jurisdiction land areas.  The TMRP shall include a plan 
to	establish	the	trash	Baseline	WLAs	for	non-Caltrans	entities,	or	
an alternative to the default trash baseline for Caltrans to prioritize 
installation	of	full	capture	devices.		The	default	trash	baseline	WLA	for	
Caltrans	is	6677.4	gallons	per	square	mile	per	year.

Requirements for the TMRP shall include, but are not limited to, 
assessment	and	quantification	of	trash	collected	from	the	surfaces	and	
shoreline of the Ventura River Estuary or from responsible jurisdiction 
land areas.  The monitoring plan shall provide details of the frequency, 
location, and reporting of trash monitoring. Responsible jurisdictions 
shall propose a metric (e.g., weight, volume, pieces of trash) to measure 
the amount of trash in the estuary and on the land area surrounding the 
estuary,	as	defined	in	the	Executive	Officer	approved	TMRP.		

The TMRP shall include a prioritization of areas that have the highest 
trash generation rates.  The TMRP shall give preference to this 
prioritization when scheduling the installation of full capture devices, 
BMPs, or trash collection programs.

The TMRP shall also include an evaluation of effectiveness of the 
MFAC/BMP	program	to	prevent	trash	from	accumulating	in	deleterious	
amounts	that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections,	proposals	to	enhance	BMPs,	and	a	revised	MFAC	for	
Executive	Officer	review.		

Responsible Jurisdictions may coordinate their TMRP activities for the 
Ventura River Estuary.

Margin of Safety Zero is a conservative numeric target which contains an implicit margin 
of safety. 

Seasonal Variations and 
Critical Conditions

Discharge of trash from the conveyances occurs primarily during or 
shortly after a major rain event. Discharge of trash from nonpoint 
sources occurs during all seasons, but can be increased during or shortly 
after	high	wind	events,	which	are	defined	as	periods	of	wind	advisories	
issued by the National Weather Service, and the period from May 15 to 
October 15, or during and after public events that occur in the Ventura 
County Fairground.
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Table 7-25.2a Ventura River Estuary Trash TMDL: Implementation Schedule - Point Sources
Task
No. Task Responsible Jurisdiction Date

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan for 
defining	the	trash	
baseline	WLA	and	a	
proposed	definition	of	
“major rain event”. 

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
California Department of Food and 
Agriculture,	and	Caltrans.

6 months from 
effective date of 
TMDL.  If a plan is 
not approved by the 
Executive	Officer	
within 9 months, 
the Executive 
Officer	will	establish	
an appropriate 
monitoring plan.

2 Implement Trash 
Monitoring and 
Reporting Plan.

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
California Department of Food and 
Agriculture,	and	Caltrans.

6 months from receipt 
of letter of approval 
from Regional Board 
Executive	Officer,	
or the date a plan is 
established by the 
Executive	Officer.

3 Submit results of 
Trash Monitoring 
and Reporting Plan, 
recommend trash 
baseline	WLA,	and	
propose prioritization 
of Full Capture 
System installation 
or implementation 
of other measures to 
attain the required 
trash reduction.  

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
California Department of Food and 
Agriculture,	and	Caltrans.

2 years from 
receipt of letter of 
approval for the 
Trash Monitoring 
and Reporting Plan 
from Regional Board 
Executive	Officer.

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% reduction 
of trash from Baseline 
WLA*.	

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
California Department of Food and 
Agriculture,	and	Caltrans.

Four years from 
effective date of 
TMDL.

5 Installation of Full 
Capture Systems or 
other measures to 
achieve	40%	reduction	
of trash from Baseline 
WLA*.	

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
California Department of Food and 
Agriculture,	and	Caltrans.

Five years from 
effective date of 
TMDL.

6 Evaluate the 
effectiveness of Full 
Capture Systems or 
other measures, and 
reconsider	the	WLA*.

Regional Board. Five years from 
effective date of 
TMDL.
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Task
No. Task Responsible Jurisdiction Date

7 Installation of Full 
Capture Systems or 
other measures to 
achieve 60% reduction 
of trash from Baseline 
WLA*.	

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
California Department of Food and 
Agriculture,	and	Caltrans.

Six years from 
effective date of 
TMDL.

8 Installation of Full 
Capture Systems or 
other measures to 
achieve 80% reduction 
of trash from Baseline 
WLA*.	

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
California Department of Food and 
Agriculture,	and	Caltrans.

Seven years from 
effective date of 
TMDL.

9 Installation of Full 
Capture Systems 
or other measures 
to achieve 100% 
reduction of trash 
from	Baseline	WLA*.	

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
California Department of Food and 
Agriculture,	and	Caltrans.

Eight years from 
effective date of 
TMDL.

*	Compliance	with	percent	reductions	from	the	Baseline	WLA	will	be	assumed	wherever	full	capture	systems	are	
installed in corresponding percentages of the conveyance discharging to the estuary.  Installation will be prioritized 
based on the greatest point source loadings.
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Table 7-25.2b Ventura River Estuary Trash TMDL: Implementation Schedule -  
Minimum Frequency of Assessment and Collection Program *

Task
No.

Task Responsible Jurisdiction Date

1 Conditional Waiver in 
effect.

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
Caltrans, California Department of Parks and 
Recreation, California Department of Food 
and	Agriculture,	and	Agricultural	Dischargers.

Regional Board 
adoption of 
TMDL.

2 Submit Notice of 
Intent to Comply 
with Conditional 
Waiver of Discharge 
Requirements, including 
MFAC/BMP	Program	
and Trash Monitoring 
and Reporting Plan.  

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
Caltrans, California Department of Parks and 
Recreation, California Department of Food 
and	Agriculture,	and	Agricultural	Dischargers.

Six months from 
TMDL effective 
date. 

3 Implement	MFAC/BMP	
Program.

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
Caltrans, California Department of Parks and 
Recreation, California Department of Food 
and	Agriculture,	and	Agricultural	Dischargers.

Six months from 
receipt of Notice 
of	Acceptance		
from Regional 
Board Executive 
Officer.

4 Submit annual TMRP 
reports including 
proposal for revising 
MFAC/BMP	for	
Executive	Officer	
approval.

City of Ventura, Ventura County, Ventura 
County Watershed Protection District, 
Caltrans, California Department of Parks and 
Recreation, California Department of Food 
and	Agriculture,	and	Agricultural	Dischargers.

Two years 
from effective 
date of TMDL, 
and annually 
thereafter.

5 Reconsideration of 
Trash TMDL based 
on evaluation of 
effectiveness	of	MFAC/
BMP program.

Regional Board. Five years from 
effective date of 
TMDL.

*	At	Task	3,	all	Responsible	Jurisdictions	must	be	attaining	the	zero	trash	target	after	each	required	trash	assessment	and	
collection	event.		At	Task	4,	all	Responsible	Jurisdictions	must	demonstrate	full	compliance	and	attainment	of	the	zero	
trash	target’s	requirement	that	trash	is	not	accumulating	in	deleterious	amounts	between	the	required	trash	assessment	and	
collection	events.		Based	on	Responsible	Jurisdiction	monitoring	reports,	the	Executive	Officer	may	adjust	the	minimum	
frequency of assessment and collection as necessary to ensure compliance between the required trash assessment and 
collection events.
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7-26  Machado Lake Trash TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	June	7,	2007.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	December	4,	2007.
	 The	Office	of	Administrative	Law	on	February	8,	2008.
	 The	U.S.	Environmental	Protection	Agency	on	February	27,	2008.

The effective date of this TMDL is: March 6, 2008.

The	elements	of	the	TMDL	are	presented	in	Table	7-26.1	and	the	Implementation	Plan	in	Tables	7-26.2a	and	
7-26.2b.

Table 7-26.1  Machado Lake Trash TMDL: Elements
Element Machado Lake Trash TMDL
Problem Statement Current levels of trash discharges into Machado Lake violate water 

quality	objectives	and	are	impairing	beneficial	uses.		Relevant	water	
quality objectives include Floating Material and Solid, Suspended, 
or	Settleable	Materials.		The	following	designated	beneficial	uses	are	
impacted by trash:  municipal and domestic supply (MUN); contact 
water recreation (REC-1); non-contact water recreation (REC-2); warm 
freshwater	habitat	(WARM);	wildlife	habitat	(WILD),	rare,	threatened,	
or	endangered	species	(RARE),	and	wetland	habitat	(WET).		

Numeric Target 
(Interpretation of the 
narrative water quality 
objective, used to calculate the 
load allocations)

Zero	trash	in	Machado	Lake,	and	on	the	shoreline.		Zero	is	defined	
as (1) for nonpoint sources, no trash immediately following each 
assessment and collection event consistent with an established 
Minimum	Frequency	of	Assessment	and	Collection	Program	(MFAC	
Program).		The	MFAC	Program	is	established	at	an	interval	that	
prevents trash from accumulating in deleterious amounts that cause 
nuisance	or	adversely	affect	beneficial	uses	between	collections,	and	(2)	
for point sources, zero trash discharged into Machado Lake and on the 
shoreline. 

Source Analysis Litter from adjacent land areas, roadways and direct dumping and 
deposition are sources of trash to Machado Lake.  Point sources such as 
storm drains are also sources of trash discharged to Machado Lake. 

Loading Capacity Zero,	as	defined	in	the	Numeric	Target.	
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Element Machado Lake Trash TMDL
Waste Load Allocations 
(for point sources)

Waste	Load	Allocations	(WLAs)	are	assigned	to	the	California	
Department of Transportation (Caltrans) and permittees under the 
Los	Angeles	County	Municipal	Separate	Storm	Sewer	System	(MS4)	
NPDES	permit,	including	Los	Angeles	County,	Los	Angeles	Flood	
Control	District,	and	the	Cities	of	Carson,	Lomita,	Los	Angeles,
Palos Verdes Estates, Rancho Palos Verdes, Redondo Beach, RollingBeach, Rolling 
Hills, Rolling Hills Estates, and Torrance.

WLAs	are	zero	trash.		WLAs	may	be	issued	to	additional	responsible	
jurisdictions	in	the	future	under	Phase	2	of	the	US	EPA	Stormwater	
Permitting Program, or other applicable regulatory programs. 

Load Allocations 
(for nonpoint sources)

Load	Allocations	(LAs)	are	assigned	to	the	City	of	Los	Angeles.		LAs	
are	zero	trash.	LAs	may	be	issued	to	additional	responsible	jurisdictions	
in the future under applicable regulatory programs. 

Implementation Implementation of the trash TMDL for Machado Lake includes 
structural and non-structural best management practices (BMPs) and a 
program	of	minimum	frequency	of	assessment	and	collection	(MFAC)	
to address point and nonpoint trash sources. 
Point Sources

WLAs	shall	be	implemented	through	storm	water	permits	and	via	the	
authority	vested	in	the	Executive	Officer	by	section	13267	of	the	Porter-
Cologne	Water	Quality	Control	Act	(Water	Code	section	13000	et	seq.).

If	point	source	dischargers	comply	with	WLAs	by		implementing	an	
Executive	Officer	certified	full	capture	system	on	conveyances	that	
discharge to Machado Lake through a progressive implementation 
schedule of full capture devices, they will be deemed in compliance 
with	the	WLA.	

In	certain	circumstances,	(if	approved	by	the	Executive	Officer),	
point	source	dischargers	may	alternatively	comply	with	WLAs	by	
implementing a program for minimum frequency of assessment and 
collection	in	conjunction	with	best	management	practices	(MFAC/
BMPs).
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Element Machado Lake Trash TMDL
Implementation (continued) 1.	Compliance	with	the	final	WLA	may	be	achieved	through	an	

adequately sized and maintained full capture system, once the 
Executive	Officer	has	certified	that	the	system	meets	the	following	
minimum	criteria.	A	full	capture	system,	at	a	minimum,	consists	of		
any device or series of devices that traps all particles retained by a 5 
mm mesh screen and has a design treatment capacity of not less than 
the	peak	flow	rate	(Q)	resulting	from	a	one-year,	one-hour,	storm	in	
the sub-drainage area.  The rational equation is used to compute the 
peak	flow	rate:	 
						Q	=	C	×	I	×	A,	where	
				Q	=	design	flow	rate	(cubic	feet	per	second,	cfs); 
				C	=	runoff	coefficient	(dimensionless); 
					I	=	design	rainfall	intensity	(inches	per	hour);	and 
				A=	subdrainage	area	(acres).	

Point sources that choose to comply via a full capture system, must 
demonstrate a phased implementation of full capture devices over an 
8-year	period	until	the	final	WLA	of	zero	is	attained.		Zero	will	be	
deemed to have been met if full capture systems have been installed on 
all conveyances discharging to Machado Lake. 

Irrespective of whether point sources employ a full capture system, they 
may	comply	with	the	WLA	in	any	lawful	manner.

2.	Compliance	through	an	MFAC	program	in	conjunction	with	BMPs	
may be proposed to the Regional Board for incorporation into 
the	relevant	NPDES	permit.		The	MFAC	program	must	include	
requirements equivalent to those described in the Conditional Waiver 
set	forth	below.		Agencies	that	are	responsible	for	both	point	and	
nonpoint	sources	will	be	deemed	in	compliance	with	both	the	WLAs	
and	LAs	if	a	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.

Nonpoint Sources

LAs	shall	be	implemented	through	either	(1)	a	conditional	waiver	
from waste discharge requirements, or (2) an alternative program 
implemented through waste discharge requirements or an individual 
waiver or another appropriate order of the Regional Board. 

Non-point	source	dischargers	may	achieve	compliance	with	the	LAs	
by	implementing	a	MFAC/BMP	program	approved	by	the	Executive	
Officer.		Responsible	jurisdictions	that	are	responsible	for	both	point	
and nonpoint sources will be deemed in compliance with both the 
WLAs	and	LAs	if	an	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.	
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Element Machado Lake Trash TMDL
Implementation (continued) 1) Conditional Waiver:  Pursuant to Water Code section 13269, waste 

discharge requirements are waived for any responsible jurisdiction that 
implements	a	MFAC/BMP	Program	which,	to	the	satisfaction	of	the	
Executive	Officer,	meets	the	following	criteria:

a)	 The	MFAC/BMP	Program	includes	an	initial	minimum	
frequency of trash assessment and collection and suite of 
structural	and/or	nonstructural	BMPs.		The	MFAC/BMP	
program shall include collection and disposal of all trash found 
in the water and on the shoreline.  Responsible jurisdictions 
shall implement an initial suite of BMPs based on current trash 
management practices in land areas that are found to be sources 
of trash to Machado Lake.  For Machado Lake, the initial 
minimum frequency shall be set as follows:

1. Five days per week on the shoreline and in the Ken 
Malloy	Harbor	Regional	Park,	as	defined	in	the	
Executive	Officer	approved	Trash	Monitoring	and	
Reporting Plan (TMRP).

2. Twice per week on waters of Machado Lake.  

b)	 The	MFAC/BMP	Program	includes	reasonable	assurances	that	
it will be implemented by the responsible jurisdiction.

c)	 The		MFAC/BMP	Program	includes	a		Trash	Monitoring	and	
Reporting Plan, as described below, and a requirement that the 
responsible jurisdictions will self-report any non-compliance 
with its provisions.  The results and report of the Trash 
Monitoring and Reporting Plan must be submitted to Regional 
Board on an annual basis.

d)	 MFAC	protocols	may	be	based	on	SWAMP	protocols	for	
rapid trash assessment, or alternative protocols proposed by 
dischargers	and	approved	by	the	Executive	Officer.

e)	 Implementation	of	the	MFAC/BMP	program	should	include	a	
Health	and	Safety	Plan	to	protect	personnel.		The	MFAC/BMP	
shall not require responsible jurisdictions to access and collect 
trash from areas where personnel are prohibited.
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Element Machado Lake Trash TMDL
Implementation (continued) The	Executive	Officer	may	approve	or	require	a	revised	assessment	and	

collection	frequency	and	definition	of	the	critical	conditions	under	the	
waiver:

(a) To prevent trash from accumulating in deleterious amounts 
that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections;

(b)	 To	reflect	the	results	of	trash	assessment	and	collection;
(c) If the amount of trash collected does not show a decreasing 

trend, where necessary, such that a shorter interval between 
collections is warranted; or

(d) If the amount of trash collected is decreasing such that a longer 
interval between collections is warranted.  

At	the	end	of	the	implementation	period,	a	revised	MFAC/BMP	
program	may	be	required	if	the	Executive	Officer	determines	that	the	
amount of trash accumulating between collections is causing nuisance 
or	otherwise	adversely	affecting	beneficial	uses.			

With	regard	to	(a),	(b)	or	(c),	above,	the	Executive	Officer	is	authorized	
to allow responsible jurisdictions to implement additional structural or 
non-structural BMPs in lieu of modifying the monitoring frequency.  

Any	waivers	implementing	the	TMDL	shall	expire	pursuant	to	Water	
Code	section	13269	five	years	after	the	effective	date	of	this	TMDL,	
unless reissued.  The Regional Board may reissue this waiver through 
an order consistent herewith, instead of readopting these regulatory 
provisions. 

(2)	Alternatively,	responsible	jurisdictions	may	propose,	or	the	
Regional Board may impose, an alternative program which would 
be implemented through waste discharge requirements an individual 
waiver, a cleanup and abatement order, or any other appropriate order 
or orders, provided the program is consistent with the assumptions and 
requirements	of	the	reductions	described	in	Table	7-26.2b,	below.

Within six months of the effective date of this TMDL, the Executive 
Officer	shall	require	responsible	jurisdictions	to	submit	either	a	notice	
of intent to be regulated under the conditional waiver with their 
proposed	MFAC/BMP	Program	and	Trash	Monitoring	and	Reporting	
Plan (TMRP), or a report of waste discharge.
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Element Machado Lake Trash TMDL
Monitoring and Reporting 
Plan

Responsible	jurisdictions	will	develop	a	TMRP	for	Executive	Officer	
approval that describes the methodologies that will be used to assess 
and monitor trash in Machado Lake and/or within responsible 
jurisdiction land areas.  The TMRP shall include a plan to establish 
the	trash	Baseline	WLAs	for	non-Caltrans	entities,	or	an	alternative	to	
the default trash baseline for Caltrans to prioritize installation of full 
capture	devices.		The	default	trash	baseline	WLA	for	Caltrans	is	6677.4	
gallons per square mile per year.

Requirements for the TMRP shall include, but are not limited to, 
assessment	and	quantification	of	trash	collected	from	the	surfaces	and	
shoreline of Machado Lake or from responsible jurisdiction land areas.  
The monitoring plan shall provide details of the frequency, location, and 
reporting of trash monitoring. Responsible jurisdictions shall propose 
a metric (e.g., weight, volume, pieces of trash) to measure the amount 
of trash in Machado Lake and on the land area surrounding Machado 
Lake,	as	defined	in	the	Executive	Officer	approved	TMRP.		

The TMRP shall include a prioritization of areas that have the highest 
trash generation rates.  The TMRP shall give preference to this 
prioritization when scheduling the installation of full capture devices, 
BMPs, or trash collection programs.  

The TMRP shall also include an evaluation of effectiveness of the 
MFAC/BMP	program	to	prevent	trash	from	accumulating	in	deleterious	
amounts	that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections,	proposals	to	enhance	BMPs,	and	a	revised	MFAC	for	
Executive	Officer	review.		

Responsible Jurisdictions may coordinate their TMRP activities for 
Machado Lake.

Margin of Safety Zero is a conservative numeric target which contains an implicit margin 
of safety. 

Seasonal Variations and 
Critical Conditions

Discharge of trash from the conveyances occurs primarily during or 
shortly after a major rain event. Discharge of trash from nonpoint 
sources occurs during all seasons, but can be increased during or shortly 
after	high	wind	events,	which	are	defined	as	periods	of	wind	advisories	
issued by the National Weather Service, and the period from May 15 to 
October 15.
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Table 7-26.2a Machado Lake Trash TMDL: Implementation Schedule - Point Sources
Task
No. Task Responsible Jurisdiction Date

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan for 
defining	the	trash	
baseline	WLA	and	a	
proposed	definition	of	
“major rain event”. 

California Department of Transportation 
(Caltrans) and Municipal Separate Storm 
Sewer	System	(MS4)	Permittees	including:	Los	
Angeles	County,	Los	Angeles	County	Flood	
Control District, and the Cities of Carson, 
Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, and Torrance 

6 months from 
effective date of 
TMDL.  If a plan is 
not approved by the 
Executive	Officer	
within 9 months, 
the Executive 
Officer	will	establish	
an appropriate 
monitoring plan.

2 Implement Trash 
Monitoring and 
Reporting Plan.

California Department of Transportation 
(Caltrans) and Municipal Separate Storm 
Sewer	System	(MS4)	Permittees	including:	Los	
Angeles	County,	Los	Angeles	County	Flood	
Control District, and the Cities of Carson, 
Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, and Torrance

6 months from receipt 
of letter of approval 
from Regional Board 
Executive	Officer,	
or the date a plan is 
established by the 
Executive	Officer.

3 Submit results of 
Trash Monitoring 
and Reporting Plan, 
recommend trash 
baseline	WLA,	and	
propose prioritization 
of Full Capture 
System installation 
or implementation 
of other measures to 
attain the required 
trash reduction.  

California Department of Transportation 
(Caltrans) and Municipal Separate Storm 
Sewer	System	(MS4)	Permittees	including:	Los	
Angeles	County,	Los	Angeles	County	Flood	
Control District, and the Cities of Carson, 
Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, and Torrance

2 years from 
receipt of letter of 
approval for the 
Trash Monitoring 
and Reporting Plan 
from Regional Board 
Executive	Officer.

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% reduction 
of trash from Baseline 
WLA*.	

California Department of Transportation 
(Caltrans) and Municipal Separate Storm 
Sewer	System	(MS4)	Permittees	including:	Los	
Angeles	County,	Los	Angeles	County	Flood	
Control District, and the Cities of Carson, 
Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, and Torrance

Four years from 
effective date of 
TMDL.

5 Installation of Full 
Capture Systems or 
other measures to 
achieve	40%	reduction	
of trash from Baseline 
WLA*.	

California Department of Transportation 
(Caltrans) and Municipal Separate Storm 
Sewer	System	(MS4)	Permittees	including:	Los	
Angeles	County,	Los	Angeles	County	Flood	
Control District, and the Cities of Carson, 
Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, and Torrance

Five years from 
effective date of 
TMDL.
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Task
No. Task Responsible Jurisdiction Date

6 Evaluate the 
effectiveness of Full 
Capture Systems or 
other measures, and 
reconsider	the	WLA*.

Regional Board. Five years from 
effective date of 
TMDL.

7 Installation of Full 
Capture Systems or 
other measures to 
achieve 60% reduction 
of trash from Baseline 
WLA*.	

California Department of Transportation 
(Caltrans) and Municipal Separate Storm 
Sewer	System	(MS4)	Permittees	including:	Los	
Angeles	County,	Los	Angeles	County	Flood	
Control District, and the Cities of Carson, 
Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, and Torrance

Six years from 
effective date of 
TMDL.

8 Installation of Full 
Capture Systems or 
other measures to 
achieve 80% reduction 
of trash from Baseline 
WLA*.	

California Department of Transportation 
(Caltrans) and Municipal Separate Storm 
Sewer	System	(MS4)	Permittees	including:	Los	
Angeles	County,	Los	Angeles	County	Flood	
Control District, and the Cities of Carson, 
Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, and Torrance

Seven years from 
effective date of 
TMDL.

9 Installation of Full 
Capture Systems 
or other measures 
to achieve 100% 
reduction of trash 
from	Baseline	WLA*.	

California Department of Transportation 
(Caltrans) and Municipal Separate Storm 
Sewer	System	(MS4)	Permittees	including:	Los	
Angeles	County,	Los	Angeles	County	Flood	
Control District, and the Cities of Carson, 
Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, and Torrance

Eight years from 
effective date of 
TMDL.

*	Compliance	with	percent	reductions	from	the	Baseline	WLA	will	be	assumed	wherever	full	capture	systems	are	installed	
in corresponding percentages of the conveyance discharging to Machado Lake.  Installation will be prioritized based on 
the greatest point source loadings.
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Table 7-26.2b Machado Lake Trash TMDL:  Implementation Schedule -  
Minimum Frequency of Assessment and Collection Program *

Task
No. Task Responsible Jurisdiction Date

1 Conditional Waiver in 
effect.

City	of	Los	Angeles Regional Board 
adoption of TMDL.

2 Submit Notice of 
Intent to Comply 
with Conditional 
Waiver of Discharge 
Requirements, 
including	MFAC/
BMP Program and 
Trash Monitoring and 
Reporting Plan.  

City	of	Los	Angeles	 Six months from 
TMDL effective date. 

3 Implement	MFAC/
BMP Program.

City	of	Los	Angeles	 Six months from 
receipt of Notice of 
Acceptance		from	
Regional Board 
Executive	Officer.

4 Submit annual TMRP 
reports including 
proposal for revising 
MFAC/BMP	for	
Executive	Officer	
approval.

City	of	Los	Angeles	 Two years from 
effective date of 
TMDL, and annually 
thereafter.

5 Reconsideration of 
Trash TMDL based 
on evaluation of 
effectiveness of 
MFAC/BMP	program.

Regional Board. Five years from 
effective date of 
TMDL.

*	At	Task	3,	all	Responsible	Jurisdictions	must	be	attaining	the	zero	trash	target	after	each	required	trash	assessment	
and	collection	event.		At	Task	4,	all	Responsible	Jurisdictions	must	demonstrate	full	compliance	and	attainment	of	
the	zero	trash	target’s	requirement	that	trash	is	not	accumulating	in	deleterious	amounts	between	the	required	trash	
assessment	and	collection	events.		Based	on	Responsible	Jurisdiction	monitoring	reports,	the	Executive	Officer	may	
adjust the minimum frequency of assessment and collection as necessary to ensure compliance between the required 
trash assessment and collection events.
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7-27  Legg Lake Trash TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	June	7,	2007.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	December	4,	2007.
	 The	Office	of	Administrative	Law	on	February	5,	2008.
	 The	U.S.	Environmental	Protection	Agency	on	February	27,	2008.

The effective date of this TMDL is: March 6, 2008.  

The	elements	of	the	TMDL	are	presented	in	Table	7-27.1	and	the	Implementation	Plan	in	Tables	7-27.2a	and	7-
27.2b.

Table 7-27.1  Legg Lake Trash TMDL: Elements
Element Legg Lake Trash TMDL
Problem Statement Current levels of trash discharges into Legg Lake violate water quality 

objectives	and	are	impairing	beneficial	uses.		Relevant	water	quality	
objectives include Floating Material and Solid, Suspended, or Settleable 
Materials.		The	following	designated	beneficial	uses	are	impacted	
by trash:  water contact recreation (REC 1) and non-contact water 
recreation	(REC	2),	warm	freshwater	habitat	(WARM),	cold	freshwater	
(COLD), wildlife habitat (WILD),  and wetland habitat (WET).  

Numeric Target 
(Interpretation of the 
narrative water quality 
objective, used to calculate the 
load allocations)

Zero	trash	in	Legg	Lake	and	its	shoreline.		Zero	is	defined	as	(1)	for	
nonpoint sources, no trash immediately following each assessment and 
collection event consistent with an established Minimum Frequency 
of	Assessment	and	Collection	Program	(MFAC	Program).		The	
MFAC	Program	is	established	at	an	interval	that	prevents	trash	from	
accumulating in deleterious amounts that cause nuisance or adversely 
affect	beneficial	uses	between	collections,	and	(2)	for	point	sources,	
zero trash discharged into Legg Lake and its shoreline. 

Source Analysis Litter from adjacent land areas, roadways and direct dumping and 
deposition  are  sources of trash to Legg Lake.  Point sources such as 
storm drains are also sources of trash discharged to Legg Lake. 

Loading Capacity Zero,	as	defined	in	the	Numeric	Target.	

Waste Load Allocations 
(for point sources)

Waste	Load	Allocations	(WLAs)	are	assigned	to	the	California	
Department	of	Transportation,	and	permittees	under	the	Los	Angeles	
County	Municipal	Separate	Storm	Sewer	System	(MS4)	NPDES	
permit,	including	the	Los	Angeles	County	Flood	Control	District,	the	
County	of	Los	Angeles,	and	the	Cities	of	El	Monte	and	South	El	Monte.		
WLAs	are	zero	trash.		WLAs	may	be	issued	to	additional	responsible	
jurisdictions	in	the	future	under	Phase	2	of	the	US	EPA	Stormwater	
Permitting Program, or other applicable regulatory programs. 

Load Allocations 
(for nonpoint sources)

Load	Allocations	(LAs)	are	assigned	to	the	County	of	Los	Angeles.		
LAs	are	zero	trash.	LAs	may	be	issued	to	additional	responsible	
jurisdictions in the future under applicable regulatory programs. 
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Element Legg Lake Trash TMDL
Implementation Implementation of the trash TMDL for Legg Lake includes structural 

and non-structural best management practices (BMPs) and a program 
of	minimum	frequency	of	assessment	and	collection	(MFAC)	to	address	
point and nonpoint trash sources. 

Point Sources

WLAs	shall	be	implemented	through	storm	water	permits	and	via	the	
authority	vested	in	the	Executive	Officer	by	section	13267	of	the	Porter-
Cologne	Water	Quality	Control	Act	(Water	Code	section	13000	et	seq.).

If	point	source	dischargers	comply	with	WLAs	by		implementing	an	
Executive	Officer	certified	full	capture	system	on	conveyances	that	
discharge to Legg Lake through a progressive implementation schedule 
of full capture devices, they will be deemed in compliance with the 
WLA.	

In	certain	circumstances	(if	approved	by	the	Executive	Officer),	
point	source	dischargers	may	alternatively	comply	with	WLAs	by	
implementing a program for minimum frequency of assessment and 
collection	in	conjunction	with	best	management	practices	(MFAC/
BMPs).

1.	Compliance	with	the	final	WLA	may	be	achieved	through	an	
adequately sized and maintained full capture system, once the 
Executive	Officer	has	certified	that	the	system	meets	the	following	
minimum	criteria.	A	full	capture	system,	at	a	minimum,	consists	of	
any device or series of devices that traps all particles retained by a 5 
mm mesh screen and has a design treatment capacity of not less than 
the	peak	flow	rate	(Q)	resulting	from	a	one-year,	one-hour,	storm	in	
the sub-drainage area.  The rational equation is used to compute the 
peak	flow	rate:	 
						Q	=	C	×	I	×	A,	where	
				Q	=	design	flow	rate	(cubic	feet	per	second,	cfs); 
				C	=	runoff	coefficient	(dimensionless); 
					I	=	design	rainfall	intensity	(inches	per	hour);	and 
				A=	subdrainage	area	(acres).	

Point sources that choose to comply via a full capture system, must 
demonstrate a phased implementation of full capture devices over an 
8-year	period	until	the	final	WLA	of	zero	is	attained.		Zero	will	be	
deemed to have been met if full capture systems have been installed on 
all conveyances discharging to Legg Lake. 
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Element Legg Lake Trash TMDL
Implementation (continued) Irrespective of whether point source dischargers employ a full capture 

system,	they	may	comply	with	the	WLA	in	any	lawful	manner.

2.	Compliance	through	a	MFAC	program	in	conjunction	with	BMPs	
may be proposed to the Regional Board for incorporation into 
the	relevant	NPDES	permit.		The	MFAC	program	must	include	
requirements equivalent to those described in the Conditional Waiver 
set	forth	below.		Agencies	that	are	responsible	for	both	point	and	
nonpoint	sources	will	be	deemed	in	compliance	with	both	the	WLAs	
and	LAs	if	a	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.

Nonpoint Sources

LAs	shall	be	implemented	through	either	(1)	a	conditional	waiver	
from waste discharge requirements, or (2) an alternative program 
implemented through waste discharge requirements or an individual 
waiver or another appropriate order of the Regional Board. 

Non-point	source	dischargers	may	achieve	compliance	with	the	LAs	
by	implementing	an	MFAC/BMP	program	approved	by	the	Executive	
Officer.		Responsible	jurisdictions	that	are	responsible	for	both	point	
and nonpoint sources will be deemed in compliance with both the 
WLAs	and	LAs	if	a	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.	

1) Conditional Waiver:  Pursuant to Water Code section 13269, waste 
discharge requirements are waived for any responsible jurisdiction that 
implements	a	MFAC/BMP	Program	which,	to	the	satisfaction	of	the	
Executive	Officer,	meets	the	following	criteria:

a)	 The	MFAC/BMP	Program	includes	an	initial	minimum	
frequency of trash assessment and collection and suite of 
structural	and/or	nonstructural	BMPs.		The	MFAC/BMP	
program shall include collection and disposal of all trash found 
in the water and shoreline.  Responsible jurisdictions shall 
implement an initial suite of BMPs based on current trash 
management practices in land areas that are found to be sources 
of trash to Legg Lake.  For Legg Lake, the initial minimum 
frequency shall be set as follows:

1. Five days per week on the shoreline and in the 
Whittier	Narrows	Recreation	Park	Area,	as	
defined	in	the	Executive	Officer	approved	Trash	
Monitoring and Reporting Plan (TMRP).

2. Once per week on waters of Legg Lake.  
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Element Legg Lake Trash TMDL
Implementation (continued) b)	 The	MFAC/BMP	Program	includes	reasonable	assurances	that	

it will be implemented by the responsible jurisdiction.

c)	 The	MFAC/BMP	Program	includes	a		Trash	Monitoring	and	
Reporting Plan, as described below, and a requirement that the 
responsible jurisdictions will self-report any non-compliance 
with its provisions.  The results and report of the Trash 
Monitoring and Reporting Plan must be submitted to Regional 
Board on an annual basis.

d)	 MFAC	protocols	may	be	based	on	SWAMP	protocols	for	
rapid trash assessment, or alternative protocols proposed by 
dischargers	and	approved	by	the	Executive	Officer.

e)	 Implementation	of	the	MFAC/BMP	program	should	include	a	
Health	and	Safety	Program	to	protect	personnel.		The	MFAC/
BMP program shall not require responsible jurisdictions 
to access and collect trash from areas where personnel are 
prohibited.

The	Executive	Officer	may	approve	or	require	a	revised	assessment	and	
collection	frequency	and	definition	of	the	critical	conditions	under	the	
waiver:

(a) To prevent trash from accumulating in deleterious amounts 
that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections;

(b)	 To	reflect	the	results	of	trash	assessment	and	collection;
(c) If the amount of trash collected does not show a decreasing 

trend, where necessary, such that a shorter interval between 
collections is warranted; or

(d) If the amount of trash collected is decreasing such that a longer 
interval between collections is warranted.  

At	the	end	of	the	implementation	period,	a	revised	MFAC/BMP	
program	may	be	required	if	the	Executive	Officer	determines	that	the	
amount of trash accumulating between collections is causing nuisance 
or	otherwise	adversely	affecting	beneficial	uses	.			

With	regard	to	(a),	(b)	or	(c),	above,	the	Executive	Officer	is	authorized	
to allow responsible jurisdictions to implement additional structural or 
non-structural BMPs in lieu of modifying the monitoring frequency.  
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Element Legg Lake Trash TMDL
Implementation (continued) Any	waivers	implementing	the	TMDL	shall	expire	pursuant	to	Water	

Code	section	13269	five	years	after	the	effective	date	of	this	TMDL,	
unless reissued.  The Regional Board may reissue this waiver through 
an order consistent herewith, instead of readopting these regulatory 
provisions. 

(2)	Alternatively,	responsible	jurisdictions	may	propose,	or	the	
Regional Board may impose, an alternative program which would 
be implemented through waste discharge requirements an individual 
waiver, a cleanup and abatement order, or any other appropriate order 
or orders, provided the program is consistent with the assumptions and 
requirements	of	the	reductions	described	in	Table	7-27.2b,	below.

Within six months of the effective date of this TMDL, the Executive 
Officer	shall	require	responsible	jurisdictions	to	submit	either	a	notice	
of intent to be regulated under the conditional waiver with their 
proposed	MFAC/BMP	Program	and	Trash	Monitoring	and	Reporting	
Plan (TMRP), or a report of waste discharge.

Monitoring and Reporting 
Plan

Responsible	jurisdictions	will	develop	a	TMRP	for	Executive	Officer	
approval that describes the methodologies that will be used to assess 
and monitor trash in Legg Lake and/or within responsible jurisdiction 
land areas.  The TMRP shall include a plan to establish the trash 
Baseline	WLAs	for	non-Caltrans	entities,	or	an	alternative	to	the	default	
trash baseline for Caltrans to prioritize installation of full capture 
devices.		The	default	trash	baseline	WLA	for	Caltrans	is	6677.4	gallons	
per square mile per year.

Requirements for the TMRP shall include, but are not limited to, 
assessment	and	quantification	of	trash	collected	from	the	surfaces	and	
shoreline of Legg Lake or from responsible jurisdiction land areas.  The 
monitoring plan shall provide details of the frequency, location, and 
reporting of trash monitoring. Responsible jurisdictions shall propose 
a metric (e.g., weight, volume, pieces of trash) to measure the amount 
of trash in Legg Lake and on the land area surrounding Legg Lake, as 
defined	in	the	Executive	Officer	approved	TMRP.		

The TMRP shall include a prioritization of areas that have the highest 
trash generation rates.  The TMRP shall give preference to this 
prioritization when scheduling the installation of full capture devices, 
BMPs, or trash collection programs.

The TMRP shall also include an evaluation of effectiveness of the 
MFAC/BMP	program	to	prevent	trash	from	accumulating	in	deleterious	
amounts	that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections,	proposals	to	enhance	BMPs,	and	a	revised	MFAC	for	
Executive	Officer	review.		

Responsible Jurisdictions may coordinate their TMRP activities for 
Legg Lake.

RB-AR36309



Basin Plan           7-�20   Total Maximum Daily Loads
Updated September 20��

Element Legg Lake Trash TMDL
Margin of Safety Zero is a conservative numeric target which contains an implicit margin 

of safety. 

Seasonal Variations and 
Critical Conditions

Discharge of trash from the conveyances occurs primarily during or 
shortly after a major rain event. Discharge of trash from nonpoint 
sources occurs during all seasons, but can be increased during or shortly 
after	high	wind	events,	which	are	defined	as	periods	of	wind	advisories	
issued by the National Weather Service.  
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Table 7-27.2a Legg Lake Trash TMDL: Implementation Schedule - Point Sources
Task
No. Task Responsible Jurisdiction Date

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan for 
defining	the	trash	
baseline	WLA	and	a	
proposed	definition	of	
“major rain event”. 

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, the Cities of El 
Monte and South El Monte, and Caltrans.

6 months from effective 
date of TMDL.  If a plan 
is not approved by the 
Executive	Officer	within	
9 months, the Executive 
Officer	will	establish	an	
appropriate monitoring 
plan.

2 Implement Trash 
Monitoring and 
Reporting Plan.

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, the Cities of El 
Monte and South El Monte, and Caltrans.

6 months from receipt of 
letter of approval from 
Regional Board Executive 
Officer,	or	the	date	a	
plan is established by the 
Executive	Officer.

3 Submit results of 
Trash Monitoring 
and Reporting Plan, 
recommend trash 
baseline	WLA,	and	
propose prioritization 
of Full Capture 
System installation 
or implementation 
of other measures to 
attain the required 
trash reduction.  

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, the Cities of El 
Monte and South El Monte, and Caltrans.

2 years from receipt of 
letter of approval for the 
Trash Monitoring and 
Reporting Plan from 
Regional Board Executive 
Officer.

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% reduction 
of trash from Baseline 
WLA*.	

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, the Cities of El 
Monte and South El Monte, and Caltrans.

Four years from effective 
date of TMDL.

5 Installation of Full 
Capture Systems or 
other measures to 
achieve	40%	reduction	
of trash from Baseline 
WLA*.	

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, the Cities of El 
Monte and South El Monte, and Caltrans.

Five years from effective 
date of TMDL.

6 Evaluate the 
effectiveness of Full 
Capture Systems or 
other measures, and 
reconsider	the	WLA*.

Regional Board. Five years from effective 
date of TMDL.
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Task
No. Task Responsible Jurisdiction Date

7 Installation of Full 
Capture Systems or 
other measures to 
achieve 60% reduction 
of trash from Baseline 
WLA*.	

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, the Cities of El 
Monte and South El Monte, and Caltrans

Six years from effective 
date of TMDL.

8 Installation of Full 
Capture Systems or 
other measures to 
achieve 80% reduction 
of trash from Baseline 
WLA*.	

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, the Cities of El 
Monte and South El Monte, and Caltrans

Seven years from 
effective date of TMDL.

9 Installation of Full 
Capture Systems 
or other measures 
to achieve 100% 
reduction of trash 
from	Baseline	WLA*.	

Los	Angeles	County,	Los	Angeles	County	
Flood Control Districts, the Cities of El 
Monte and South El Monte, and Caltrans.

Eight years from effective 
date of TMDL.

*	Compliance	with	percent	reductions	from	the	Baseline	WLA	will	be	assumed	wherever	full	capture	systems	are	installed	
in corresponding percentages of the conveyance discharging to the waterbody.  Installation will be prioritized based on 
the greatest point source loadings.
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Table 7-27.2b Legg Lake TMDL: Implementation Schedule -  
Minimum Frequency of Assessment and Collection Program *

Task
No.

Task Responsible Jurisdiction Date

1 Conditional Waiver in 
effect.

Los	Angeles	County,	City	of	South	El	
Monte, City of El Monte.

Regional Board adoption 
of TMDL.

2 Submit Notice of 
Intent to Comply 
with Conditional 
Waiver of Discharge 
Requirements, 
including	MFAC/
BMP Program and 
Trash Monitoring and 
Reporting Plan.  

Los	Angeles	County,	City	of	South	El	
Monte, City of El Monte.

Six months from TMDL 
effective date. 

3 Implement	MFAC/
BMP Program.

Los	Angeles	County,	City	of	South	El	
Monte, City of El Monte.

Six months from receipt 
of	Notice	of	Acceptance		
from Regional Board 
Executive	Officer.

4 Submit annual TMRP 
reports including 
proposal for revising 
MFAC/BMP	for	
Executive	Officer	
approval.

Los	Angeles	County,	City	of	South	El	
Monte, City of El Monte.

Two years from effective 
date of TMDL, and 
annually thereafter.

5 Reconsideration of 
Trash TMDL based 
on evaluation of 
effectiveness of 
MFAC/BMP	program.

Regional Board. Five years from effective 
date of TMDL.

*	At	Task	3,	all	Responsible	Jurisdictions	must	be	attaining	the	zero	trash	target	after	each	required	trash	assessment	
and	collection	event.		At	Task	4,	all	Responsible	Jurisdictions	must	demonstrate	full	compliance	and	attainment	of	
the	zero	trash	target’s	requirement	that	trash	is	not	accumulating	in	deleterious	amounts	between	the	required	trash	
assessment	and	collection	events.		Based	on	Responsible	Jurisdiction	monitoring	reports,	the	Executive	Officer	may	
adjust the minimum frequency of assessment and collection as necessary to ensure compliance between the required 
trash assessment and collection events.
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7-28  Harbor Beaches of Ventura County Bacteria TMDL

This TMDL was adopted by:
	 The	Regional	Water	Quality	Control	Board	on	November	1,	2007.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	October	7,	2008.
	 The	Office	of	Administrative	Law	on	December	9,	2008.
	 The	U.S.	Environmental	Protection	Agency	on	December	18,	2008.

The effective date of this TMDL is: December 18, 2008.  

The following table includes the elements of this TMDL.

Table 7-28.1. Harbor Beaches of Ventura County Bacteria TMDL: Elements
Element Findings and Regulatory Provisions
Problem Statement Elevated bacteria indicator densities are causing impairment of the 

water	contact	recreation	(REC-1)	beneficial	use	at	kiddie	Beach	
and Hobie Beach.  Kiddie and Hobie Beach are referenced in the 
Staff Report as the Harbor Beaches of Ventura County.  Swimming 
in marine waters with elevated bacteria indicator densities has been 
associated	with	adverse	health	effects.		Specifically,	local	and	national	
epidemiological studies compel the conclusion that there is a causal 
relationship between adverse health effects and recreational water 
quality, as measured by bacteria indicator densities.

Numeric Target 
(Interpretation of the numeric 
water quality objective, used 
to calculate allocations)

The TMDL has a multi-part numeric target based on the bacteriological 
water quality objectives for marine water to protect the water contact 
recreation use.  These targets are the most appropriate indicators of 
public health risk in recreational waters.

Bacteriological objectives are set forth in Chapter 3 of the Basin 
Plan.  The objectives are based on four bacteria indicators and include 
both geometric mean limits and single sample limits.  The Basin Plan 
objectives that serve as the numeric targets for this TMDL are:

1.	Rolling	30-day	Geometric	Mean	Limits
a. Total coliform density shall not exceed 1,000/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b.	 Fecal	coliform	density	shall	not	exceed	400/100	ml.
c.	 Enterococcus	density	shall	not	exceed	104/100	ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the 

ratio of fecal-to-total coliform exceeds 0.1.
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Element Findings and Regulatory Provisions
Numeric Target 
(Interpretation of the numeric 
water quality objective, used 
to calculate allocations)
(continued)

These objectives are based on health risk for marine recreational waters 
of 19 illnesses per 1,000 exposed individuals as set by the United States 
Environmental	Protection	Agency	(USEPA,	1986).		For	the	Harbor	
Beaches of Ventura County, the targets will apply at existing monitoring 
sites, with samples taken at ankle to knee-high depths.  These targets 
apply during both dry- and wet-weather.

This TMDL uses a “reference system/anti-degradation approach” which 
means that on the basis of historical exceedance levels at existing 
monitoring locations, including a local reference beach within the Los 
Angles	Region,	a	certain	number	of	daily	exceedances	of	the	single	
sample bacteria objectives are permitted.  The allowable number of 
exceedance days is set such that (1) bacteriological water quality at 
any site is at least as good as at a designated reference site within the 
watershed and (2) there is no degradation of existing bacteriological 
water quality.  This approach recognizes that there are natural sources 
of bacteria that may cause or contribute to exceedances of the 
bacteriological objectives and that it is not the intent of the Regional 
Board to require treatment or diversion of natural coastal creeks or to 
require treatment of natural sources of bacteria from undeveloped areas.

The geometric mean targets may not be exceeded at any time.  The 
rolling 30-day geometric mean will be calculated on each sample day.  
For the single sample targets, each existing monitoring site is assigned 
an allowable number of exceedance days for three time periods (1) 
summer	dry-weather	(April	1	to	October	31),	(2)	winter	dry-weather	
(November	1	to	March	31),	and	(3)	wet-weather	(defined	as	days	with	
0.1 inch of rain or greater and the three days following the rain event.)

Source Analysis Bacteria sources in the Harbor Beaches of Ventura County include 
anthropogenic and non-anthropogenic sources and point and non-point 
sources.  Each of these sources contributes to the elevated levels of 
bacteria indicator densities at the Harbor Beaches of Ventura County 
during	dry-	and	wet-weather.		As	of	December	2006,	there	are	four	
active, National Pollutant Discharge Elimination System (NPDES) 
permits or Waste Discharge Requirements (WDRs) for discharges to 
Channel Islands Harbor or Edison Canal.

Discharges	from	the	Statewide	MS4	Permit	for	the	California	
Department	of	Transportation	(Caltrans)	are	a	potentially	significant	
source of bacteria loading.

Discharges from general NPDES permits, individual NPDES permits, 
WDRs,	the	Statewide	Industrial	Storm	Water	General	Permit,	and	the	
Statewide	Construction	Activity	Storm	Water	General	Permit	are	not	
expected	to	be	a	significant	source	of	bacteria.
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Element Findings and Regulatory Provisions
Source Analysis (continued) While	a	source	identification	study	conducted	at	the	Channel	Islands	

Harbor indicated that local non-point sources are the majority 
contributor in summer dry-weather, high bacteria densities and 
exceedances during wet-weather may be more indicative of urban and 
agricultural run-off.

Potential non-point sources of bacteria contamination at the Harbor 
Beaches of Ventura County include: marina activities such as waste 
disposal from boats, boat deck and slip washing, swimmer “wash-off”, 
and restaurant washouts; natural sources including birds, waterfowl, 
and feral cat; and agricultural sources.  

Loading Capacity Loading	capacity	for	the	Harbor	Beaches	of	Ventura	County	is	defined	
in terms of bacteria indicator densities, which is the most appropriate 
for addressing public health risk, and is equivalent to the numeric 
targets,	listed	above.		As	the	numeric	targets	shall	be	met	at	the	specific	
sampling locations, which are representative of the corresponding 
beaches, no degradation or dilution allowance is provided.

Waste Load Allocations 
(for point sources)

Waste	load	allocations	(WLAs)	are	expressed	as	allowable	exceedance	
days.

The allowable number of exceedance days for a monitoring site for 
each time period is based on the more stringent of two criteria (1) 
exceedance days in the designated reference system and  
(2) exceedance days based on historical bacteriological data at the 
monitoring site.  This ensures that bacteriological water quality is at 
least as good as that of a largely undeveloped system and that there is 
no degradation of existing water quality.

For each beach, allowable exceedance days are set on an annual basis 
as well as for three time periods.  These three periods are:

1.	 Summer	dry-weather	(April	1	to	October	31)
2. Winter dry-weather (November 1 to March 31) 
3.	 Wet-weather	days	(defined	as	days	of	0.1	inch	of	rain	or	more	plus	

three days following the rain event)

For the Channel Islands Harbor Beaches, the County of Ventura, 
the Ventura County Watershed Protection District (VCWPD) and 
associated	Municipal	Separate	Storm	Sewer	System	(MS4)	permittees	
in the Channel Islands Harbor subwatershed, the City of Oxnard, and 
Caltrans	are	assigned	WLAs.		

All	WLAs	for	summer	dry-weather	single	sample	bacteria	densities	at	
the Harbor Beaches of Ventura County are zero (0) days of allowable 
exceedances. 
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Element Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued)

The	WLA	for	the	rolling	30-day	geometric	mean	during	any	time	period	
or monitoring site at the Harbor Beaches of Ventura County is zero (0) 
days of allowable exceedances.

The	WLA	for	winter	dry-weather	and	wet-weather	single	sample	
bacteria densities for Kiddie Beach and Hobie Beach are listed in Table 
7-28.2.

General	NPDES	permits,	individual	NPDES	permits,	the	Statewide	
Industrial	Storm	Water	General	Permit,	the	Statewide	Construction	
Activity	Storm	Water	General	Permit,	and	WDR	permittees	in	the	
Channel	Islands	Harbor	subwatershed	are	assigned	WLAs	of	zero	(0)	
days of allowable exceedances for all three time periods and for the 
single sample limits and the rolling 30-day geometric mean.

Any	future	enrollees	under	a	general	NPDES	permit,	individual	
NPDES	permit,	the	Statewide	Industrial	Storm	Water	General	Permit,	
the	Statewide	Construction	Activity	Storm	Water	General	Permit,	and	
WDR	will	also	be	subject	to	a	WLA	of	zero	(0)	days	of	allowable	
exceedances.

The	Harbor	Beaches	of	Ventura	County	are	assigned	interim	WLAs	
upon	the	effective	date	of	the	TMDL.		Interim	WLAs	for	single	sample	
and the 30-day rolling geometric mean are expressed in terms of an 
exceedance day and listed below.

Single Sample Exceedances:

Summer Dry-Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 54 8

Hobie Beach 40 6

Winter Dry-Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 23 4
Hobie Beach 25 4

Wet-Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 32 5

Hobie Beach 38 6
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Element Findings and Regulatory Provisions
Waste Load Allocations 
(for point sources)
(continued)

30-day Rolling Geometric Mean Exceedances:

Summer Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 55 8

Hobie Beach 80 12

Winter Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 92 14
Hobie Beach 91 13

Load Allocations 
(for non-point sources)

Load	allocations	(LAs)	are	expressed	as	the	number	of	daily	or	weekly	
sample	days	that	may	exceed	the	single	sample	targets	identified	under	
“Numeric Target” at a monitoring site.

For the Channel Islands Harbor Beaches, the County of Ventura and the 
City	of	Oxnard	are	assigned	LAs.		LAs	may	be	assigned	to	agricultural	
lands in the Channel Islands Harbor subwatershed during Regional 
Board Reconsideration based on monitoring data from the Conditional 
Waiver for Dischargers from Irrigated Lands.

All	LAs	for	summer	dry-weather,	single	sample	bacteria	densities	at	
the Harbor Beaches of Ventura County are zero (0) days of allowable 
exceedances.		The	LA	for	winter	dry-weather	and	wet-weather	single	
sample bacteria densities for Kiddie Beach and Hobie Beach are listed 
in	Table	7-28.2.

The	LA	for	the	rolling	30-day	geometric	mean	during	any	time	period	
or monitoring site at the Harbor Beaches of Ventura County is zero (0) 
days of allowable exceedances.

The	Harbor	Beaches	of	Ventura	County	are	assigned	interim	LAs	upon	
the	effective	date	of	the	TMDL.		Interim	LAs	for	single	sample	and	the	
30-day rolling geometric mean are expressed in terms of an exceedance 
day and listed below.

RB-AR36319



Basin Plan           7-��0   Total Maximum Daily Loads
Updated September 20��

Element Findings and Regulatory Provisions
Load Allocations
(for non-point sources)
(continued)

Single Sample Exceedances:

Summer Dry-Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 54 8

Hobie Beach 40 6

Winter Dry-Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 23 4
Hobie Beach 25 4

Wet-Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 32 5

Hobie Beach 38 6

30-day Rolling Geometric Mean Exceedances:

Summer Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 55 8

Hobie Beach 80 12

Winter Weather

Location Daily Sampling Weekly Sampling

Kiddie Beach 92 14
Hobie Beach 91 13

Implementation The regulatory mechanisms used to implement the TMDL will 
include general NPDES permits, individual NPDES permits, WDRs, 
the	Statewide	Industrial	Storm	Water	General	Permit,	the	Statewide	
Construction	Activity	Storm	Water	General	Permit,	the	Conditional	
Waiver	for	Dischargers	from	Irrigated	Lands,	the	Statewide	MS4	
Permit for Caltrans, and the authority contained in Sections 13263 and 
13267	of	the	Water	Code.		Each	NPDES	permit,	assigned	a	WLA,	shall	
be reopened or amended when the permit is reissued, in accordance 
with	applicable	laws,	to	incorporate	the	applicable	WLAs	as	a	permit	
requirement.		LAs	for	non-point	sources	will	be	implemented	within	the	
context of this TMDL.
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Element Findings and Regulatory Provisions
Implementation (continued) This TMDL will be implemented in accordance with the 

implementation schedule for the Harbor Beaches of Ventura County.

The	compliance	and	implementation	schedules	are	detailed	in	Table	7-
28.3.

Responsible	parties	are	not	specifically	required	to	conduct	pilot	
projects for Best Management Practices (BMPs), though conducting 
pilot projects is within their discretion.  The Regional Board recognizes 
the	long	duration	required	to	conduct	a	pilot	project.		As	such,	time	
is allocated in the implementation schedule for the option of piloting 
structural BMPs, which include but are not limited to enhanced 
circulation devices.  

Special studies are not required for implementation of the TMDL, 
though conducting special studies is within the discretion of the 
responsible parties.  

The Regional Board shall reconsider this TMDL four years after the 
effective date of the TMDL for the Harbor Beaches of Ventura County 
to	re-evaluate	WLAs	and	LAs	based	on	monitoring	data;	to	re-evaluate	
allowable exceedance levels, including whether the allowable number 
of exceedance days maybe adjusted based on a Ventura County rainfall 
record; to re-evaluate the selection of the reference beach if additional, 
appropriate reference beach options have been developed; to consider 
a natural source exclusion approach, subject to the antidegradation 
policy, if it can be demonstrated that such an approach is warranted by 
demonstration of the control of all anthropogenic sources of bacteria 
to	the	beaches,	and	demonstration	that	beneficial	uses	are	being	met;	
and	to	assign	LAs	to	agricultural	lands	in	the	Chanel	Islands	Harbor	
subwatershed based on monitoring in the Conditional Waiver for 
Dischargers from Irrigated Lands.

Five years after the effective date of the TMDL, there shall be no 
allowable exceedances of the single sample limits, in excess of the 
allowable	exceedances	listed	in	Table	7-28.2,	at	any	monitoring	
location at the Harbor Beaches of Ventura County during summer dry-
weather, winter dry-weather, and the rolling 30-day geometric mean 
targets shall be achieved.  Ten years after the effective date of the 
TMDL there shall be no allowable exceedances of the single sample 
limits,	in	excess	of	the	allowable	exceedances	listed	in	Table	7-28.2,	
at any monitoring location during dry-weather or wet-weather at the 
Harbor Beaches of Ventura County, and the rolling 30-day geometric 
mean targets shall be achieved.
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Element Findings and Regulatory Provisions
Margin of Safety An	implicit	margin	of	safety	is	included	through	several	conservative	

assumptions, such as the assumption that no dilution takes place 
between	the	on-shore	sources	and	where	the	effluent	initially	mixes	
with the receiving water, and that bacteria degradation rates are 
not	sufficient	to	affect	bacteria	densities	in	the	receiving	water.		In	
addition, an explicit margin of safety has been incorporated, as the 
load allocations will allow exceedances of the single sample targets no 
more than 5% of the time on an annual basis, based on the cumulative 
allocations for dry- and wet-weather.  The Water Quality Control 
Policy	for	Developing	California’s	Clean	Water	Act	Section	303(d)	List	
concludes that there are water quality impairments using a binomial 
distribution method which lists waterbodies when the exceedances are 
between approximately 8 and 10 percent.

Seasonal Variations and 
Critical Conditions

Seasonal variations are addressed by developing separate waste 
load allocations for summer dry-weather, winter dry-weather, and 
wet-weather based on public health concerns and observed natural 
background levels of exceedance of bacteria indicators.

Historic monitoring data for the Harbor Beaches of Ventura County 
and the reference beach indicate that the critical condition for bacteria 
loading is during wet-weather due to greater exceedance probabilities of 
the single sample bacteria objectives then during dry-weather.  To more 
specifically	identify	a	critical	condition	within	wet-weather,	in	order	
to	set	the	allowable	exceedance	days	shown	in	Table	7-28.2,	the	90th 
percentile	‘storm	year’1 in terms of wet days2 is used as the reference 
year for the reference system.  Selecting the 90th percentile year avoids 
a situation where the reference system is frequently out of compliance.  
Selecting the 90th percentile year is a more conservative approach that 
will	accommodate	a	‘worst-case’	scenario	resulting	in	fewer	exceedance	
days than the maximum allowed in drier years.  Conversely, in the 
10% of wetter years, there may be more than the allowable number of 
exceedance days.

Compliance Monitoring Compliance and monitoring for Harbor Beaches of Ventura County is 
based on existing monitoring protocols and locations.  

Monitoring shall continue at sampling locations (VCEHD 36000 and 
VCEHD	37000)	and	at	the	current	weekly	monitoring	frequency,	
consistent	with	AB411	compliance	monitoring.		Monitoring	shall	be	
conducted on a year-round basis at the current monitoring locations 
including	the	summer	months	(i.e.,	April	to	October)	and	winter	months	
(i.e., November to March).  Bacteria sampling shall be conducted 
in	ankle-	to	knee-high	water,	consistent	with	AB411.		However,	if	
additional monitoring stations are added or if changes are made to the 
sampling frequencies or existing monitoring locations, then submittal of 
a	monitoring	plan	is	required	for	Executive	Officer	approval.		
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Element Findings and Regulatory Provisions
Compliance Monitoring 
(continued)

For agricultural dischargers, the Conditional Waiver for Dischargers 
from Irrigated Lands shall be revised to include monitoring for 
enrollees in the Channel Islands Harbor subwatershed.

1		For	purposes	of	this	TMDL,	a	‘storm	year’	means	November	1	to	October	31.		The	90th	percentile	storm	year	was	1993			
				with	75	wet	days	at	the	LAX	meteorological	station.
2		A	wet	day	is	defined	as	a	day	with	rainfall	of	0.1	inch	or	more	plus	the	3	days	following	the	rain	event.		
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Table 7-28.3 Harbor Beaches of Ventura County Bacteria TMDL: Implementation Table 
Implementation Action Responsible Parties Date
Compliance	(WLAs): 
There	shall	be	no	exceedances	of	the	interim	WLAs	
(see	the	WLAs	section	in	Table	7-28.1).		

1. County of Ventura
2. Ventura County Watershed 

Protection District (VCWPD) 
and	associated	MS4	Co-
permittees in the Channel 
Islands Harbor (CIH) 
subwatershed3 

3. City of Oxnard
4.	 Caltrans

Effective date of 
the TMDL.

Compliance	(LAs): 
There	shall	be	no	exceedances	of	the	interim	LAs	
(see	the	LAs	section	in	Table	7-28.1).		

1. County of Ventura
2. City of Oxnard

Effective date of 
the TMDL.

Monitoring: 
Continue monitoring at stations VCEHD 36000 and 
VCEHD	37000,	at	a	weekly	monitoring	frequency,	
and on a year-round basis.  Extend the monitoring 
period for Hobie Beach to include winter months.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Effective date of 
the TMDL.

Monitoring4:  
Submit a monitoring plan for the Harbor Beaches 
of Ventura County (HBVC) for approval by the 
Executive	Officer.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Prior to the 
modification	
of existing 
monitoring 
locations or 
frequencies.

Implementation: 
Submit draft work plan to implement source control 
and BMPs, including but not limited to structural 
and non-structural BMPs, at the HBVC during dry-
weather	for	Executive	Officer	approval.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Six months after 
the effective date 
of the TMDL.

Monitoring: 
Submit monitoring plan for agricultural discharges 
into the Channel Islands Harbor subwatershed for 
approval	by	the	Executive	Officer.

1.	 Agricultural	Dischargers One year after 
the effective date 
of the TMDL.

Monitoring:  
Monitor agricultural discharges at the frequency 
and monitoring locations approved by the 
Executive	Officer	in	the	monitoring	plan.

1.	 Agricultural	Dischargers Six months after 
Executive	Officer	
approval of the 
monitoring plan 
for agricultural 
discharges.

Pilot Project:  
Submit a work plan piloting Structural BMPs, 
including but not limited to enhanced circulation 
devices,	for	Executive	Officer	approval	(optional).

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

One year and six 
months after the 
effective date of 
the TMDL.
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Table 7-28.3 Harbor Beaches of Ventura County Bacteria TMDL: Implementation Table 
Implementation Action Responsible Parties Date
Implementation: 
Submit draft work plan to implement source control 
and BMPs, including but not limited to structural 
and non-structural BMPs, at the HBVC during wet-
weather	for	Executive	Officer	approval.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

One year and six 
months after the 
effective date of 
the TMDL.

Pilot Project: 
Completion of Structural BMP pilot projects, 
including but not limited to enhanced circulation 
devices (optional).

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Two years and 
six months after 
the effective date 
of the TMDL.

Implementation: 
Submit	final	work	plan;	to	implement	source	
control and BMPs, including but not limited to 
structural and non-structural BMPs, at the HBVC 
during	dry-weather	for	Executive	Officer	approval.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Three years and 
six months after 
the effective date 
of the TMDL.

Regional Board Reconsideration:
a.	 Re-evaluate	WLAs	and	LAs	based	on	data.
b. Re-evaluate the implementation schedule based 

on results from pilot projects.
c. Re-evaluate allowable exceedance levels, 

including whether the allowable number of 
exceedance days maybe adjusted based on a 
Ventura County rainfall record.

d. Re-evaluate the selection of the reference 
beach if additional, appropriate reference 
beach options have been developed and if 
an appropriate reference system cannot be 
identified	for	this	enclosed	harbor,	evaluate	
using	the	‘natural	sources	exclusion’	approach	
subject to antidegradation policies rather 
than	the	‘reference	system/antidegradation’	
approach.

e.	 Assign	LAs	to	agricultural	lands	in	the	
Channel Islands Harbor subwatershed based 
on monitoring in the Conditional Waiver for 
Dischargers from Irrigated Lands.

Regional Board Four years after 
effective date of 
the TMDL.

Implementation: 
Submit	final	work	plan	to	implement	source	control	
and BMPs, including but not limited to structural 
and non-structural BMPs, at the HBVC during wet-
weather	for	Executive	Officer	approval.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Four years after 
the effective date 
of the TMDL.

RB-AR36326



Basin Plan           7-��7   Total Maximum Daily Loads
Updated September 20��

Table 7-28.3 Harbor Beaches of Ventura County Bacteria TMDL: Implementation Table 
Implementation Action Responsible Parties Date
Compliance	(WLAs):	 
There shall be no exceedances in excess of the 
numbers	in	Table	7-28.2	of	the	single	sample	limits	
at any location during dry-weather, and the rolling 
30-day geometric mean targets shall be achieved.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Five years after 
the effective date 
of the TMDL.

Compliance	(LAs):	 
There shall be no exceedances in excess of the 
numbers	in	Table	7-28.2	of	the	single	sample	limits	
at any location during dry-weather, and the rolling 
30-day geometric mean targets shall be achieved.

1. County of Ventura
2. City of Oxnard

Five years after 
the effective date 
of the TMDL.

Compliance:  
Submit	Compliance	Report	for	Executive	Officer	
approval.  The Compliance Report shall include 
an evaluation of compliance with dry-weather 
allocations, interim wet-weather allocations, and 
rolling 30-day geometric mean targets.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Six and Eight 
years after the 
effective date of 
the TMDL.

Compliance:  
Submit Final Compliance Report for Executive 
Officer	approval.		The	Compliance	Report	shall	
include an evaluation of compliance with dry-
weather allocations, wet-weather allocations, and 
the rolling 30-day geometric mean targets.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Ten years after 
the effective date 
of the TMDL.

Final	Compliance	(WLAs):	 
There shall be no allowable exceedances of single 
sample limits in excess of the numbers listed in 
Table	7-28.2	of	the	single	sample	limits	at	any	
location during any periods and the rolling 30-day 
geometric mean targets shall be achieved.

1. County of Ventura
2.	 VCWPD	and	associated	MS4	

Co-permittees in the CIH 
subwatershed

3. City of Oxnard
4.	 Caltrans

Ten years after 
the effective date 
of the TMDL.

Final	Compliance	(LAs):	 
There shall be no allowable exceedances of single 
sample limits in excess of the numbers listed in 
Table	7-28.2	of	the	single	sample	limits	at	any	
location during any periods and the rolling 30-day 
geometric mean targets shall be achieved.

1. County of Ventura
2. City of Oxnard

Ten years after 
the effective date 
of the TMDL.

3		Co-permittees	of	Municipal	Separate	Storm	Sewer	System	(MS4)	permit	for	Channel	Islands	Harbor	subwatershed	include	
    the County of Ventura and incorporated cities therein.  The incorporated cities for Channel Islands Harbor subwatershed 
    include the City of Oxnard.
4		Submittal	of	a	monitoring	plan	is	required	if	additional	monitoring	stations	are	added	or	if	changes	are	made	to	the	
				sampling	frequencies	or	existing	monitoring	locations	(VCEHD	36000	and	VCEHD	37000).
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7-29  Machado Lake Eutrophic, Algae, Ammonia, and Odors (Nutrient) TMDL  

This TMDL was adopted by:
The Regional Water Quality Control Board on May 1, 2008.

This TMDL was approved by:
The State Water Resources Control Board on December 2, 2008.
The	Office	of	Administrative	Law	on	February	19,	2009.
The	U.S.	Environmental	Protection	Agency	on	March	11,	2009.

The effective date of this TMDL is: March 11, 2009.

The	elements	of	the	TMDL	are	presented	in	Table	7-29.1	and	the	Implementation	Plan	in	Table	7-29.2

Table 7-29.1.  Machado Lake Eutrophic, Algae, Ammonia, and Odors (Nutrient) TMDL: Elements

TMDL Element Regulatory Provisions

Problem 
Statement

Excessive loadings of nutrients, in particular nitrogen (including ammonia) and 
phosphorus, cause eutrophic effects, including algae and odors, which impair the 
beneficial	uses	of	Machado	Lake.	 	The	nutrient	enrichment	 results	 in	high	algal	
productivity; algal blooms have been observed in the lake during summer months.  
In addition, high nutrient concentrations contribute to excessive and nuisance 
macrophyte	growth.		Algae	respiration	and	decay	depletes	oxygen	from	the	water	
column creating an adverse aquatic environment.  Machado Lake was placed on the 
Clean	Water	Act	303(d)	list	of	impaired	waterbodies	in	1998,	2002,	and	2006	for	
ammonia, algae, odors, and eutrophic.  

Applicable	 Water	 Quality	 Objectives	 for	 this	 TMDL	 are	 narrative	 objectives	
for Biostimulatory Substances and Taste and Odor; and numeric objectives for 
Dissolved	Oxygen	and	Ammonia.		

The	 beneficial	 uses	 of	 Machado	 Lake	 include	 beneficial	 uses	 associated	 with	
recreation	(REC	1	and	REC	2),	aquatic	 life	 (WARM,	WILD,	RARE,	and	WET)	
and water supply (MUN).  

This TMDL addresses the eutrophic, algae, ammonia, and odor listings which 
impair these uses.
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TMDL Element Regulatory Provisions

Numeric Targets The total phosphorus target for Machado Lake is 0.1 mg/L as a monthly average 
concentration	in	the	water	column,	which	is	based	upon	US	EPA	Nutrient	Criteria	
Technical	Guidance	Manual	for	Lakes	and	Reservoirs.		A	ratio	of	total	nitrogen	to	
total phosphorus of 10 is the basis for the total nitrogen (TKN + NO

3
-N + NO

2
 –N) 

numeric target of 1.0 mg/L as a monthly average concentration in the water column.  
The total nitrogen target incorporates all forms of nitrogen including TKN, which is 
the sum of organic nitrogen and ammonia nitrogen, nitrate nitrogen (NO

3
-N), and 

nitrite nitrogen (NO
2
-N).  The total nitrogen target expressed as a monthly average 

is protective of chronic aquatic life exposure for ammonia.  There is a separate 
numeric target for ammonia of 5.95 mg/L as an hourly average to be protective 
of acute aquatic life exposure. The chlorophyll a	target	is	20	ug/L	based	on	EPA	
guidance and the Carlson Trophic Status Index.  The dissolved oxygen target is a 
single sample concentration of no less than 5 mg/L measured at 0.3 meter above 
the sediments based on the Basin Plan objective.   The following table provides the 
numeric targets for the Machado Lake TMDL.

Indicator Numeric Target
Total Phosphorus 0.1 mg/L  monthly average

Total Nitrogen  
(TKN + NO

3
-N + NO

2
 –N)

1.0 mg/L monthly average

Ammonia - N - N 5.95 mg/L one-hour average

Ammonia - N - N 2.15 mg/L 30 day average

Dissolved Oxygen 5 mg/L single sample minimum 
measured 0.3 meter above the 
sediments.

Chlorophyll a 20	μg/L		monthly	average	

Source Analysis The point sources of nutrients into Machado Lake are stormwater discharges 
from	 the	municipal	 separate	 storm	 sewer	 system	 (MS4),	 California	Department	
of Transportation (Caltrans), and general construction and industrial discharges.  
Stormwater discharges to Machado Lake occur through the following subdrainage 
systems:	 Drain	 553,	 Wilmington	 Drain,	 Project	 77/510,	 and	 Walteria	 Lake.		
Discharges from Walteria Lake and Drain 553 are tributary to the Wilmington 
Drain, which then directly discharges in the northern portion of Machado Lake.  
Approximately,	88	%	of	the	discharge	into	the	lake	enters	through	the	Wilmington	
Drain. 

The major nonpoint source of nutrients to Machado Lake is internal nutrient loading 
(nutrient	flux	from	sediments).		Atmospheric	deposition	is	also	a	nonpoint	source	
of total nitrogen.  Nutrient loads from wind resuspension, bioturbation, birds, and 
general surface runoff are minor sources.  Special studies may be conducted to 
further evaluate sources.     
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TMDL Element Regulatory Provisions

Linkage Analysis The linkage analysis focuses on the relationship between the nutrient loading to 
the	 lake	and	 the	numeric	 targets	 established	 to	measure	 attainment	of	beneficial	
uses.		The	Nutrient	Numeric	Endpoints	BATHTUB	Spreadsheet	Model,	which	was	
developed	by	Tetra	Tech	for	US	EPA,	was	used	to	establish	the	linkage	between	
nutrient loading to Machado Lake and the predicted water quality response.  
The model performs water and nutrient balance calculations under steady-state 
conditions.  Eutrophication related water quality conditions are expressed in terms of 
total phosphorus, ortho-phosphourus, total nitrogen, inorganic nitrogen, chlorophyll 
a, transparency (Secchi depth), and hypolimnetic oxygen depletion rates.  The 
linkage analysis demonstrates that assigning waste load and load allocations for 
total nitrogen and total phosphorus will address eutrophication related water quality 
conditions.

Waste Load 
Allocations

Waste	load	allocations	are	assigned	to	urban	stormwater	dischargers	(MS4,	Caltrans,	
general	construction	and	general	industrial)	in	both	wet	and	dry	weather.		The	final	
waste load allocations are assigned as concentration based allocations of 0.1 mg/L 
and 1.0 mg/L as monthly averages  for total phosphorus and total nitrogen (TKN + 
NO

3
-N + NO

2
 –N), respectively. 

Interim	WLAs	 are	 based	 on	 current	 in-lake	 concentrations.	 	 The	 effective	 date	
interim total nitrogen and total phosphorus waste load allocations are set as the 95th 
percentile of current concentrations in the lake.  The 5 year interim total nitrogen 
WLAs	are	established	as	a	30	percent	reduction	from	current	in-lake	concentrations.		
Concentration-based	interim	and	final	WLAs	will	be	included	in	stormwater	permits	
in accordance with NPDES guidance and requirements.  The tables below present 
the	interim	and	final	waste	load	allocations	for	the	stormwater	discharges.		

Waste Load Allocations Total Phosphorus Total Nitrogen (TKN + 
NO3-N + NO2-N)

Final WLA (mg/L) Final WLA (mg/L)
MS4	Permittees1 Caltrans, 
General	Construction	and	
Industrial stormwater 
permits

0.1 1.0

  1				Municipal	Separate	Storm	Sewer	System	(MS4)	Permittees	that	are	responsible	for	
						discharges	to	Machado	Lake	include:	Los	Angeles	County,	Los	Angeles	County	Flood	
						Control	District,	and	the	Cities	of	Carson,	Lomita,	Los	Angeles,	Palos	Verdes	Estates,	
      Rancho Palos Verdes, Redondo Beach, Rolling Hills, Rolling Hills Estates, and 
      Torrance.  
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TMDL Element Regulatory Provisions

Waste Load 
Allocations 
(continued)

Waste Load 
Allocations

Years After 
Effective Date

Interim Total 
Phosphorus 

WLAs (mg/L)

Interim Total 
Nitrogen (TKN + 
NO3-N + NO2-N) 

WLAs (mg/L)
MS4	Permittees,	
Caltrans,	General	
Construction 
and Industrial 
Stormwater permits

	At	Effective	
Date1

 1.25  3.50

52  1.25 	2.45
9.5  

(Final	WLAs3)
0.10 1.00

    1			The	compliance	point	for	all	effective	date	interim	WLAs	is	measured	in	the	lake.		
       2			The	compliance	point	for	all	year	5	interim	WLAs	is	measured	as	specified	in	
									Implementation	Plan	Section	II	of	Table	7-29.1
       3			The	compliance	point	for	all	final	WLAs	is	measured	as	specified	in	Implementation	
								Plan	Section	II	of	Table	7-29-.1

Load Allocations Load allocations are assigned for nonpoint source discharges to the lake, primarily 
internal	loading	from	the	lake.		The	final	load	allocations	for	internal	loading	are	
concentration based allocations of 0.1 mg/L and 1.0 mg/L as monthly averages 
for total phosphorus and total nitrogen (TKN + NO

3
-N + NO

2
 –N), respectively.   

Concentration based load allocations are appropriate and can be evaluated by 
monitoring the nutrient concentrations in the water column. 

Interim	LAs	are	based	on	current	in-lake	concentrations.		The	effective	date	interim	
total nitrogen and phosphorus load allocations are set at the 95th percentile of current 
concentrations	in	the	lake.		The	5	year	interim	total	nitrogen	LAs	are	established	
as a 30 percent reduction from current in-lake concentrations.  The tables below 
present	the	final	and	interim	load	allocations	for	the	nonpoint	sources.		

Load Allocations Total Phosphorus Total Nitrogen  
(TKN + NO3-N + NO2-N)

Final LA (mg/L) Final LA (mg/L)
Internal Nutrient 
Load (City of Los 
Angeles	Department	of	
Recreation and Parks)

0.1 1.0

Load Allocations Years After 
Effective Date

Interim Total 
Phosphorus LAs 

(mg/L)

Interim Total 
Nitrogen (TKN + 
NO3-N + NO2-N) 

LAs (mg/L)
Internal Nutrient 
Load (City of 
Los	Angeles	
Department of 
Recreation and 
Parks)

	At	Effective	Date  1.25  3.50

5  1.25 	2.45

9.5	(Final	LAs)	 0.10 1.00
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TMDL Element Regulatory Provisions

Margin of Safety The uncertainties associated with this TMDL are due to limited data from the 
stormdrains entering the lake and the inherent seasonal and annual variability in 
delivery of phosphorus and nitrogen for external sources and nutrient cycling within 
the lake.  To address these uncertainties, conservative numeric targets were selected 
by establishing the targets under a critical lake volume.   Likewise, the waste load 
and load allocations are based on a constant value for internal loading.  Moreover, 
the lake conditions under which the load capacity was developed were based on 
dry weather critical conditions when the lake level is reduced and therefore loading 
capacity is reduced.  These conservative approaches provide an implicit margin of 
safety.  

Seasonal 
Variations 
and Critical 
Conditions

The external nutrient loading to Machado Lake generally occurs during winter and 
spring months, in conjunction with storm events.  During the dry season the lake 
receives minimal external loading.  In the summer there is the release of nutrients 
from	 the	 sediments.	 	At	 the	 same	 time	 there	 is	 very	 little	 water	 inflow	 and	 a	
decreased lake level due to evaporation. These seasonal variations cause increased 
nutrient concentrations.  Moreover, the reduced lake volume during the summer 
months provides less assimilative capacity.  The critical condition for the attainment 
of	beneficial	 uses	 at	Machado	Lake	occurs	during	 the	 summer	months.	 	 	 	Also,	
the critical conditions for dissolved oxygen impairments related to algae growth 
are during the warm dry summer months when algal respiration is highest.  The 
Machado Lake nutrient TMDL accounts for seasonal and critical conditions of the 
summer months by assigning a load allocation to the lake sediments and requiring 
a	reduction	in	this	source	of	nutrients	to	the	lake,	and	by	assigning	WLAs	to	urban	
stormwater dischargers year-round.  

Special Studies 
and Monitoring 
Plan

Special Studies

Additional	 monitoring	 and	 special	 studies	 may	 be	 undertaken	 by	 dischargers	
and responsible agencies to evaluate the uncertainties and assumptions made in 
the development of this TMDL.  (The results of special studies may be used to 
reevaluate waste load allocations and load allocations when the Machado Lake 
Nutrient TMDL is reconsidered.)  

Optional Study #1: Core	flux	study	to	estimate	the	nutrient	flux	from	sediments	
under	equilibrium	conditions.		Results	from	this	study	would	be	beneficial	to	
gauge the success of implementation measures such as aeration.   

Optional Study #2: A	 study	 to	 understand	 factors	 such	 as	 nitrogen	 and	
phosphorus sedimentation rates (particulate settling velocities), the overall 
lake sedimentation rate, and sediment resuspension rate.  These factors would 
be important for a Machado Lake nutrient budget and gauging the potential 
need for periodic hydraulic dredging.
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TMDL Element Regulatory Provisions

Special Studies 
and Monitoring 
Plan (continued)

Optional Study #3:	 	A	work	 plan	 for	 permittees	 to	 assess	 compliance	with	
TMDL	WLAs	on	a	mass	basis	for	total	nitrogen	and	total	phosphorous.		The	
work plan should detail testing methodologies, BMPs, and treatments to 
be implemented to attain and demonstrate a reduction of total nitrogen and 
phosphorous	loading	on	a	mass	basis.		A	final	report	including	the	results	shall	
be	submitted	to	the	Regional	Board	for	Executive	Officer	approval.		

Additional	 special	 studies	 proposed	 by	 stakeholders	 are	 optional	 and	 will	 be	
considered	at	the	7.5	year	TMDL	reconsideration.		All	proposed	special	study	work	
plans	and	documents	shall	be	submitted	to	the	Regional	Board	for	Executive	Officer	
approval prior to special studies being initiated.  

Monitoring Plan

A	 Monitoring	 and	 Reporting	 Program	 (MRP)	 plan	 to	 assess	 compliance	 with	
LAs	and	WLAs	measured	in	lake	must	be	submitted	to	the	Executive	Officer	for	
approval within one year of the effective date.  Monitoring will begin 60 days after 
the	Executive	Officer	has	approved	the	monitoring	plan.			

This MRP plan will be required as part of the Lake Water Quality Management Plan 
as discussed in the Implementation Section.

The MRP plan will be designed to monitor and implement this TMDL.  The 
monitoring plan is required to measure the progress of pollutant load reductions 
and improvements in water quality.  The monitoring plan shall  

	Determine attainment of total phosphorus, total nitrogen, ammonia, dissolved 
oxygen, and chlorophyll a numeric targets.

	Determine compliance with the waste load and load allocations for total 
phosphorus, and total nitrogen. 

	Monitor the effect of implementation actions on lake water quality

Responsible jurisdictions shall be required to begin monitoring sixty days after the 
Executive	Officer	approves	 the	MRP.	 	Field	samples	and	water	samples	shall	be	
collected bi-weekly on a year-round basis.  The lake sampling sites will be located 
in the open water portion of the lake with one in the northern portion and one in the 
southern portion of the lake.  In situ measurements of water quality shall be made.  

The water quality probes will be calibrated immediately prior to departure to the 
field	against	known	pH,	EC,	and	DO	solutions.		Secchi	depth,	a	measurement	of	
transparency, will also be measured with a standard Secchi disk or other approved 
method.		Additionally,	a	staff	gauge	shall	be	placed	in	an	appropriate	location	at	the	
lake to measure changes in lake elevation.      
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TMDL Element Regulatory Provisions

Special Studies 
and Monitoring 
Plan (continued)

The	monitoring	plan	shall	consider	stratification	for	the	collection	of	water	samples.		
Water samples shall be analyzed for constituents including but not limited to the 
following.

	Total nitrogen
	Total phosphorus
	Nitrate (NO

3
-N)

	Total ammonia (NH
3
-N)

	Ortho-phosphorus (PO4)
	Total Dissolved Solids
	Total Suspended Solids
	Chlorophyll a 
	Turbidity

Detection	limits	shall	be	less	than	the	numeric	targets	in	this	TMDL.		A	monitoring	
report shall be prepared and submitted to the Regional Board annually within six 
months	after	the	completion	of	the	final	sampling	event	of	the	year.		

If	an	alternative	WLA	compliance	option	is	selected,	an	appropriate	separate	TMDL	
compliance MRP Plan and TMDL Implementation Plan must be submitted for 
Executive	Officer	approval.		Annual	monitoring	reports	demonstrating	compliance	
or	non-compliance	with	WLAs	shall	be	submitted	for	Executive	Officer	approval.

All	 compliance	 monitoring	 must	 be	 conducted	 in	 conjunction	 with	 a	 Regional	
Board	approved	Quality	Assurance	Project	Plan	(QAPP).		The	QAPP	shall	include	
protocols for sample collection, standard analytical procedures, and laboratory 
certification.		

Implementation 
Plan

Compliance	with	the	TMDL	is	based	on	the	assigned	WLAs	and	LAs.		Compliance	
with this TMDL will require the implementation of NPDES stormwater permit 
limits and lake management activities to reduce nutrient loading to the lake, reduce 
nutrient concentrations in the lake, prevent excessive algal biomass growth, and 
maintain	 an	 adequate	 dissolved	 oxygen	 concentration.	 	 Table	 7-29.2	 contains	
a schedule for responsible jurisdictions to implement BMPs and a Lake Water 
Quality Management Plan to comply with the TMDL.  

I.	 	Implementation	and	Determination	of	Compliance	with	LAs

Compliance	with	the	LAs	will	be	measured	in	the	lake	and	will	be	achieved	through	
a combination of implementation of lake management projects and BMPs to reduce 
external and internal nutrient loading to the lake and to reduce and manage internal 
nutrient sources.  

RB-AR36335



Basin Plan           7-�46   Total Maximum Daily Loads
Updated September 20��

TMDL Element Regulatory Provisions

Implementation 
Plan (continued)

Load allocations will be implemented through the following:
 

(1)	Memorandum	of	Agreement	(MOA),	or
 
(2)	Clean	Up	and	Abatement	Order	or	Other	Regulatory	Order

The responsible jurisdictions for the load allocations shall be allowed one year 
from	the	effective	date	of	this	TMDL	to	enter	into	a	Memorandum	of	Agreement	
(MOA)	 with	 the	 Executive	 Officer,	 detailing	 the	 voluntary	 efforts	 that	 will	 be	
undertaken	to	attain	the	load	allocations.	The	MOA	shall	comply	with	the	Water 
Quality	Control	Policy	for	Addressing	Impaired	Waters:	Regulatory	Structure	and	
Options (“Policy”), including part II, section 2 c ii and related provisions, and shall 
be	consistent	the	requirements	of	this	TMDL.		If	the	MOA	is	timely	adopted,	and	
so	long	as	it	is	implemented,	the	program	described	in	the	MOA	shall	be	deemed	
“certified”,	 pursuant	 to	 the	 Policy,	 subject	 to	 the	 conditions	 of	 Policy	 section	 2	
e.	 	The	MOA	 shall	 include	 development	 of	 a	 Lake	Water	Quality	Management	
Plan	(LWQMP),	must	be	approved	by	the	Executive	Officer,	and	may	be	amended	
with	Executive	Officer	approval,	as	necessary.	 If	a	MOA	is	not	established	with	
responsible jurisdictions within one year or if responsible jurisdictions do not 
comply	with	 the	 terms	of	 the	MOA,	a	cleanup	and	abatement	order	pursuant	 to	
Water	Code	section	13304,	or	another	appropriate	regulatory	order,	shall	be	issued	
to implement the load allocations. 

Furthermore,	the	implementation	of	the	MOA	must	result	in	attainment	of	the	TMDL	
load	allocations.		If	the	MOA	and	LWQMP	are	not	implemented	or	otherwise	do	
not	result	in	attainment	of	load	allocations,	the	certification	shall	be	revoked,	the	
MOA	rescinded,	and	the	load	allocations	shall	be	implemented	through	a	cleanup	
and abatement order, or other order, as described above.  Implementation of the 
MOA	shall	be	reviewed	annually	by	the	Executive	Officer	as	part	of	the	Monitoring	
and Reporting Program (MRP) annual reports.  

To	the	satisfaction	of	the	Executive	Officer	the	LWQMP	shall	meet	the	following	
criteria: 
 
	 One and one half years from the effective date of the TMDL responsible 

jurisdictions	shall	submit	a	LWQMP,	MRP	Plan	and	QAPP	for	approval	by	
the	Executive	Officer.		

	 The LWQMP shall include a list of cooperating parties.  
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TMDL Element Regulatory Provisions

Implementation 
Plan (continued)

	 The LWQMP shall address appropriate water quality monitoring and 
a timeline for the implementation of management practices to reduce 
and manage nutrient loading to the lake.  The timeline shall ensure 
that the implementation actions are underway prior to Regional Board 
reconsideration of the TMDL.  The LWQMP shall present a comprehensive 
management	plan	and	strategy	for	achieving	the	LAs	at	Machado	Lake	and	
attaining	numeric	targets	and	beneficial	uses.		The	LWQMP	shall	include	a	
schedule for implementation actions.    

	 The LWQMP shall achieve compliance with the load allocations through 
the implementation of lake management strategies to reduce and manage 
internal nutrient sources.  The lake management implementation actions 
may include, but are not limited to the following:  

	 Wetland restoration
	 Aeration	system
	 Hydraulic Lake dredging
	 Hydroponic Islands
	 Alum	treatment
	 Fisheries Management 
	 Macrophyte Management and Harvesting
	 Maintain Lake Level – Supplemental Water 

	 The LWQMP shall include a MRP Plan.  The MRP shall include a 
requirement that the responsible jurisdictions report compliance and non-
compliance with load allocations as part of annual reports submitted to the 
Regional Board.  Compliance with the load allocations shall be measured 
in the lake at two locations, one in the north portion and one in the south.  
The average of these two sampling locations shall determine compliance 
with the load allocations.  MRP protocols may be based on Surface Water 
Ambient	 Monitoring	 Program	 (SWAMP)	 protocols	 for	 water	 quality	
monitoring or alternative protocols proposed by dischargers and approved 
by	the	Executive	Officer.

	 A	QAPP	shall	also	be	submitted	to	the	Regional	Board	for	approval	by	the	
Executive	Officer	to	ensure	data	quality.		The	QAPP	shall	include	protocols	
for sample collection, standard analytical procedures, and laboratory 
certification.	 	The	QAPP	may	be	based	on	SWAMP	protocols	 for	water	
quality monitoring and quality assurance or alternative protocols proposed 
by	dischargers	and	approved	by	the	Executive	Officer.		

	 The	MOA	and	LWQMP	program	shall	 include	assurances	 that	 it	will	be	
implemented by the responsible jurisdiction.
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TMDL Element Regulatory Provisions

Implementation 
Plan (continued)

	 Implementation of the LWQMP program should include a Health and 
Safety Plan to protect personnel.  

The	 Executive	 Officer	 may	 require	 a	 revised	 assessment	 under	 the	 MOA	 and	
LWQMP:

(a) To prevent nutrients from accumulating or recycling in the lake  in 
deleterious amounts that impair water quality, contribute to negative 
eutrophic	conditions	or	adversely	affect	beneficial	uses;

(b)	 To	reflect	the	results	of	nutrient	assessment	or	special	studies
  

Cleanup	and	Abatement	Order	or	Other	Regulatory	Order:

Alternatively,	responsible	 jurisdictions	may	propose,	or	 the	Regional	Board	may	
impose, an alternative program which would be implemented through a cleanup 
and abatement order, or any other appropriate order or orders, provided the program 
is	consistent	with	 the	allocations,	reductions,	and	schedule	described	in	Table	7-
29.2.

	Determination	of	Compliance	with	Interim	LAs

Responsible	parties	shall	comply	with	numeric	interim		LAs	or	may	be	deemed	
in	compliance	with	 the	 interim	LAs	through	implementation	of	 lake	sediment	
removal and/or lake management implementation actions in accordance with the 
LWQMP	schedule	as	approved	by	the	Regional	Board	Executive	Officer.	

II.	 Implementation	and	Determination	of	Compliance	with	WLAs

WLAs	will	be	incorporated	into	NPDES	stormwater	permits.					

Stormwater permittees may be deemed in compliance with waste load allocations 
by actively participating in a LWQMP and attaining the waste load allocations for 
Machado Lake.  Stormwater permittees and the responsible party for the lake may 
work together to implement the LWQMP and reduce external nutrient loading to 
attain the TMDL waste load allocations measured in the lake.     

Alternatively,	 MS4	 Permittees	 may	 be	 deemed	 in	 compliance	 with	 waste	 load	
allocations by demonstrating reduction of total nitrogen and total phosphorous 
on	 an	 annual	 mass	 basis	 measured	 at	 the	 stormdrain	 outfall	 of	 the	 permittee’s	
drainage area.  The annual mass based allocation shall be equal to a monthly 
average	concentration	of	0.1	mg/L	TP	and	1.0	mg/L	TN	based	on	approved	flow	
conditions.  Permittees must demonstrate total nitrogen and total phosphorous load 
reductions to be achieved in accordance with a special study workplan approved by 
the	Executive	Officer.		

Compliance may also be demonstrated as concentration based monthly averages 
for	TP	and	TN	measured	at	the	stormdrain	outfall	of	the	permittee’s	drainage	area.		
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TMDL Element Regulatory Provisions

Implementation 
Plan (continued)

MS4	 Permittees	 shall	 be	 required	 to	 develop	 and	 implement	 a	 MRP	 plan	 and	
TMDL Implementation Plan.  The MRP plan shall include a requirement that the 
responsible jurisdictions report compliance and non-compliance with waste load 
allocations as part of annual reports submitted to the Regional Board.

	Determination	of	Compliance	with	Interim	WLAs

Responsible	parties	may	comply	with	the	numeric	interim	WLAs	or	may	be	deemed	
in	compliance	with	the	interim	WLAs	through	implementation	of	external	nutrient	
source reduction projects in accordance with the TMDL Implementation Plan 
schedule	as	approved	by	the	Regional	Board	Executive	Officer.		

The	 Regional	 Board	 may	 revise	 these	WLAs	 and	 the	 compliance	 point	 based	
on the collection of additional information developed through special studies or 
monitoring conducted as part of this TMDL.

The	Regional	Board	will	reconsider	the	TMDL	at	7.5	years	from	the	effective	date	
based on water quality monitoring and special studies.  

III.	APPLICATION	OF	ALLOCATIONS	TO	RESPONSIBLE	JURISDICTIONS

Responsible	jurisdictions	to	attain	WLAs	for	this	TMDL	include	but	are	not	limited	
to: 

•	 Caltrans
•	 General	Stormwater	Permit	Enrollees
•	 MS4	Permittees	including:	

	Los	Angeles	County
	Los	Angeles	County	Flood	Control	District
	Cities of Carson, 
	City of Lomita, 
	City	of	Los	Angeles,	
	City of Palos Verdes Estates, 
	City of Rancho Palos Verdes,
	City of  Redondo Beach, 
	City of Rolling Hills, 
	City of Rolling Hills Estates, 
	City of Torrance. 

The	City	of	Los	Angeles,	Department	of	Recreation	and	Parks	is	responsible	
jurisdiction	to	implement	the	assigned	Load	Allocations	for	this	TMDL.		
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Table 7-29.2 Machado Lake Eutrophic, Algae, Ammonia, and Odors (Nutrient) TMDL:  
Implementation Schedule

Task 
Number Task Responsible Jurisdiction Date

1 Effective	date	interim	waste	load	(WLA)	and	
load	allocations	(LA)	for	total	nitrogen	and	
total phosphorus apply.  

California Department 
of Transportation 
(Caltrans), Municipal 
Separate Storm Sewer 
System  Permittees4	(MS4	
Permittees), City of Los 
Angeles	–	Department	of	
Recreation and Parks 

Effective Date of 
TMDL

2 Responsible jurisdictions shall enter into a 
Memorandum	of	Agreement	(MOA)	with	
the Regional Board to implement the load 
allocations.

City	of	Los	Angeles	–	
Department of Recreation 
and Parks

1 year from 
effective date of 
TMDL

3 Regional Board staff shall begin development 
of	a	Clean	Up	and	Abatement	Order	or	
other regulatory order to implement the load 
allocations	if	an	MOA	is	not	established	with	
responsible jurisdictions.  

Regional Board Staff 1 year from 
effective date of 
TMDL

4 Clean	Up	and	Abatement	Order	or	other	
regulatory order adopted by the Regional 
Board	if	an	MOA	is	not	established	with	
responsible jurisdictions.  The Clean Up and 
Abatement	Order	or	other	regulatory	order	
shall	reflect	the	TMDL	Implementation	
Schedule.  

Regional Board Staff 1.5 years from 
effective date of 
TMDL

5 Responsible jurisdictions whose compliance 
is	determined	as	concentration	based	WLAs	
measured at end of pipe shall submit a 
Monitoring and Reporting Program (MRP) 
Plan	to	the	Executive	Officer	for	approval.		

Caltrans,	MS4	Permittees	 One year from 
effective date of 
TMDL

6 Responsible jurisdictions shall submit a 
Lake Water Quality Management Plan, MRP 
Plan	and	Quality	Assurance	Project	Plan	for	
approval	by	the	Executive	Officer	to	comply	
with	MOA.

City	of	Los	Angeles	–	
Department of Recreation 
and Parks

1.5 years from 
effective date of 
TMDL

7 Responsible jurisdictions shall submit a 
work plan for optional special study #3 (if 
responsible jurisdictions choose to conduct 
this special study) for approval by the 
Executive	Officer.

Caltrans,	MS4	Permittees One year from 
effective date of 
TMDL

8 Responsible jurisdictions shall submit work 
plans for optional special studies #1 and #2 
(if responsible jurisdictions choose to conduct 
special studies) for approval by the Executive 
Officer.

Caltrans,	MS4	Permittees,	
City	of	Los	Angeles	–	
Department of Recreation 
and Parks

1.5 years from 
effective date of 
TMDL
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Task 
Number Task Responsible Jurisdiction Date

9 Responsible jurisdictions shall begin 
monitoring as outlined in the approved MRP 
plan.  

Caltrans,	MS4	Permittees,	
City	of	Los	Angeles	–	
Department of Recreation 
and Parks

Sixty days from 
date of MRP Plan 
approval

10 Responsible jurisdictions shall begin 
implementation of Lake Water Quality 
Management Plan.  

City	of	Los	Angeles	–	
Department of Recreation 
and Parks

Sixty days from 
date of Lake 
Water Quality 
Management Plan 
approval

11 Responsible jurisdictions whose compliance 
is	determined	as	concentration	based	WLAs	
measured at end of pipe shall submit a TMDL 
Implementation Plan including BMPs to 
address discharges from storm drains.  

Caltrans, 
MS4	Permittees	

Two years from 
effective date of 
TMDL

12 Responsible jurisdictions whose compliance 
is determined as concentration based 
WLAs	measured	at	end	of	pipe	shall	
begin implementation of BMPs to address 
discharges from stormdrains

Caltrans, 
MS4	Permittees

Sixty days 
from date of 
Implementation 
Plan approval

13 Responsible jurisdictions shall submit 
annual monitoring reports.  The monitoring 
reports shall include a requirement that 
the responsible jurisdictions demonstrate 
compliance	with	the	MOA.		If	the	MOA	and	
Lake Water Quality Management Plan are 
not implemented or otherwise do not result in 
attainment of load allocations, the Regional 
Board	shall	revoke	the	MOA	and	the	load	
allocations shall be implemented through 
a	Clean	Up	and	Abatement	Order	or	other	
regulatory order.   

City	of	Los	Angeles	–	
Department of Recreation 
and Parks

Annually	–	from	
date of Lake 
Water Quality 
Management Plan 
approval

14 Responsible jurisdictions whose compliance 
is	determined	as	concentration	based	WLAs	
measured at end of pipe shall submit annual 
monitoring reports.

Caltrans, 
MS4	Permittees

Annually	–	from	
date of MPR Plan 
approval

15 Optional Special Study #3 completed and 
final	report	submitted	for	Executive	Officer	
approval.   

Caltrans,	MS4	Permittees Within 2.5 years 
of effective date of 
TMDL

16 Responsible jurisdictions shall submit a MRP 
Plan and TMDL Implementation Plan for 
the	alternative	mass	based	WLA	compliance	
option	(if	selected),	to	the	Executive	Officer	
for approval. 

Caltrans,	MS4	Permittees Within 2.5 years 
of effective date of 
TMDL
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Task 
Number Task Responsible Jurisdiction Date

17 Responsible jurisdictions shall begin 
monitoring and implementing projects/
programs as outlined in the approved MRP 
and TMDL Implementation Plan for the 
alternative	mass	based	WLA	compliance	
option.    

Caltrans,	MS4	Permittees Sixty days from 
date of MRP/ 
Implementation 
Plan approval

18 Responsible jurisdictions whose compliance 
is	determined	as	mass	based	WLAs	measured	
at end of pipe shall submit annual monitoring 
reports.

Caltrans,	MS4	Permittees Annually	–	from	
date of MPR/ 
Implementation 
Plan approval

19 Optional Special Studies completed and 
Special	Study	final	reports	submitted	for	
Executive	Officer	approval.

Caltrans,	MS4	Permittees,	
City	of	Los	Angeles	–	
Department of Recreation 
and Parks

Within 6 years of 
effective date of 
TMDL

20 Regional Board staff and responsible 
jurisdictions will present an Information 
Item to the Regional Board on the progress 
of TMDL implementation efforts and 
compliance with implementation schedules.   

Regional Board staff and 
responsible jurisdictions

4	years	from	
effective date of 
TMDL

21 5	Year	interim	total	nitrogen	WLA	and	LA	
apply.

Caltrans,	MS4	permittees,	
City	of	Los	Angeles	
– Department Recreation 
and Parks

Within 5 years of 
effective date of 
TMDL

22 Regional Board  will reconsider the TMDL 
to include results of optional special studies 
and water quality monitoring data completed 
by the responsible jurisdictions and revise 
numeric	targets,	WLAs,	LAs,	and	the	
implementation schedule as needed.   

Regional Board 7.5	years	from	
effective date of 
TMDL

23 Responsible jurisdictions shall achieve
Final	WLAs	and	LAs	for	total	nitrogen	
(including ammonia) and total phosphorus 
and demonstrate attainment of numeric targets 
for total nitrogen, ammonia, total phosphorus, 
dissolved oxygen, and chlorophyll a.  
Responsible parties shall demonstrate 
attainment of water quality standards for 
total nitrogen, ammonia, total phosphorus, 
dissolved oxygen, and biostimulatory 
substances in accordance with federal 
regulations and state policy on water quality 
control.

Caltrans,	MS4	Permittees,	
City	of	Los	Angeles	–	
Department of Recreation 
and Parks

Within 9.5 years 
of effective date of 
TMDL

4			Municipal	Separate	Storm	Sewer	System	(MS4)	Permittees	that	are	responsible	for	discharges	to	Machado	Lake	include:	
				Los	Angeles	County,	Los	Angeles	County	Flood	Control	District,	and	the	Cities	of	Carson,	Lomita,	Los	Angeles,	Palos	
    Verdes Estates, Rancho Palos Verdes, Redondo Beach, Rolling Hills, Rolling Hills Estates, and Torrance.
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7-30  Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, and Metals TMDL  

This TMDL was adopted by:
The Regional Water Quality Control Board on October 1, 2009.

This TMDL was approved by:
The State Water Resources Control Board on November 16, 2010.
The	Office	of	Administrative	Law	on	May	6,	2011.
The	U.S.	Environmental	Protection	Agency	on	June	14,	2011.

The	effective	date	of	this	TMDL	is:	June	14,	2011.		

The	elements	of	the	TMDL	are	presented	in	Table	7-30.1	and	the	Implementation	Plan	in	Table	7-30.2

Table 7-30.1.  Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, and Metals TMDL:
Elements

TMDL Element Regulatory Provisions

Problem 
Statement

Colorado	Lagoon	is	identified	on	the	1998,	2002,	and	2006	Clean	Water	Act	Section	
303(d) lists of water-quality limited segments as impaired due to elevated levels of OC 
pesticides,	PCBs,	sediment	toxicity,	PAHs,	and	metals	in	fish	tissue	and	sediment.				

Applicable	fish	tissue,	sediment,	and	water	quality	objectives	for	this	TMDL	are	narrative	
objectives for chemical constituents, bioaccumulation, pesticides, and toxicity; and 
numeric objectives for metals and organic compounds.  

The	beneficial	uses	of	Colorado	Lagoon	include	water	contact	recreation	(REC-1)	and	
non-contact	water	recreation	(REC-2),	commercial	and	sport	fishing	(COMM),	warm	
freshwater	habitat	(WARM),	wildlife	habitat	(WILD),	and	shellfish	harvesting	(SHELL).		

The	goal	of	this	TMDL	is	to	protect	and	restore	fish	tissue	and	sediment	quality	in	
Colorado Lagoon by controlling the contaminated sediment loading and accumulation of 
contaminated sediment in the lagoon.
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TMDL Element Regulatory Provisions

Numeric Targets Colorado	Lagoon	is	listed	on	the	303(d)	list	for	sediment	toxicity,	PAHs,	lead,	and	zinc	
in	sediment;	DDT,	Dieldrin,	and	PCBs	in	fish	tissue;	and	chlordane	in	fish	tissue	and	
sediment.		In	order	to	address	these	listings,	water	column,	fish	tissue	and	sediment	
targets are selected.  The following table provides the numeric targets for the Colorado 
Lagoon	OC	Pesticides,	PCBs,	Sediment	Toxicity,	PAHs,	and	Metals	TMDL.

Numeric targets for water, fish tissue, and sediment for OC Pesticides, PCBs, PAHs, 
and metals
Constituents Water Quality Target1 

(ug/L)
Fish Tissue Target2 
(ug/kg)

ERL Sediment 
Target3 (ug/dry Kg)

Chlordane 0.00059 5.60 0.50

DDTs 0.00059 21.00 1.584

Dieldrin 0.00014 0.46 0.02

PCBs 0.000175 3.606 22.70
Total	PAHs7 0.0498 5.47 4,022.00
Total	LPAHs9 NA NA 552.00

Total	HPAHs10 NA NA 1,700.00
Lead 8.1011 NA 46,700.00
Zinc 81.0011 NA 150,000.00

1   The California Toxics Rule (CTR) water quality criteria for consumption of organisms only are applied as the numeric  
					targets	for	Chlordane,	4,4’	DDT,	Dieldrin,	and	PCBs	for	protection	of	human	health.	The	CTR	aquatic	life	criteria	for	
     saltwater are applied as the numeric targets for protection of aquatic life for lead and zinc.
2				Office	of	Environmental	Health	Hazard	Assessment	(OEHHA)	Fish	Contaminant	Goals	are	applied	as	numeric	targets	
					for	Chlordane,	DDTs,	Dieldrin,	and	PCBs.		The	U.S.	Environmental	Protection	Agency	(USEPA)	screening	value	is	
					applied	as	the	numeric	target	for	total	PAHs.	
3				Effect	Range	Low	(ERL)	sediment	criteria	from	National	Oceanic	and	Atmospheric	Administration	(NOAA)	Sediment	
					Quality	Guidelines	are	applied	as	numeric	targets.	
4			DDTs	in	sediment	are	measured	as	the	sum	of	DDT,	DDE,	and	DDD.
5   PCBs in water are measured as the sum of all congener or isomer or homolog or aroclor.
6			PCBs	in	fish	tissue	and	sediment	are	measured	as	sum	of	all	congeners.
7				PAHs:	Polycyclic	aromatic	hydrocarbons	(sum	of	acenaphthylene,	anthracene,	benz(a)anthracene,	benzo(b)fluoranthene,	
					benzo(k)fluoranthene,	benzo(g,h,i)perylene,	benzo(a)pyrene,	chrysene,	dibenz(a,h)anthracene,	fluorene,	indeno(1,2,3-
     c,d)pyrene, phenanthrene, and pyrene).
8			CTR	human	health	criteria	were	not	established	for	total	PAHs,	Therefore,	the	lowest	CTR	criteria	for	individual	PAHs	
					of	0.049	ug/L	is	applied	to	the	sum	of		benz(a)anthracene,	benzo(b)fluoranthene,	benzo(k)fluoranthene,	benzo(a)pyrene,	
					chrysene,	dibenz(a,h)anthracene,	and	indeno(1,2,3-c,d)pyrene.	Other	PAHs	compounds	in	the	CTR	shall	be	screened	as	
     part of the TMDL monitoring plan.
9				LPAHs:	Low	molecular	weight	PAHs.
10		HPAHs:	High	molecular	weight	PAHs.
11  Saltwater criteria for metals are expressed in terms of the dissolved fraction of metals in water column.
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TMDL Element Regulatory Provisions

Source Analysis Point sources

The	point	sources	of	OC	pesticides,	PCBs,	PAHs,	and	metals	discharged	to	Colorado	
Lagoon are urban runoff and stormwater discharges from the municipal separate storm 
sewer	systems	(MS4s)	and	California	Department	of	Transportation	(Caltrans).		The	
Colorado	Lagoon	watershed	is	divided	into	five	sub-basins	that	discharge	stormwater	
and urban dry weather runoff to Colorado Lagoon.  Each of the sub-basins is served by 
a major storm sewer trunk line and supporting appurtenances that collect and transport 
stormwater and urban dry weather runoff to Colorado Lagoon.  The sub-basins are as 
follows:

Sub-basin A.
Discharges to Colorado Lagoon via a 63-inch reinforced concrete pipe owned and 
operated	by	the	Los	Angeles	County	Flood	Control	District	(Project	452	Drain)	
discharging into the north part of the west arm. The drainage pattern is generally to 
the	south	and	east.	Sub-basin	A	contains	the	most	commercial	activities	mainly	along	
Anaheim	Street	and	the	northern	part	of	Redondo	Avenue.

Sub-basin B.
Discharges	to	Colorado	Lagoon	via	a	54-inch	reinforced	concrete	pipe	(Line	I	Storm	
Drain) discharging into the north part of the north arm. The drainage pattern is 
generally to the south and west. Sub-basin B is predominately park/golf course open 
space with some residential areas on the north east corner.

Sub-basin C.
Discharges	to	Colorado	Lagoon	via	a	48-inch	reinforced	concrete	pipe	(Line	k	
Storm Drain) discharging into the mid-point of the north arm. The drainage pattern is 
generally to the south and west. Sub-basin C is almost entirely residential with a few 
commercial activities at the eastern boundary.

Sub-basin D.
Discharges	to	Colorado	Lagoon	via	a	24-inch	reinforced	concrete	pipe	(Line	M	
Storm Drain) discharging into the south part of the west arm. The drainage pattern is 
generally to the north and east. Sub-basin D is almost entirely residential with schools 
and other public facilities.

Sub-basin E.
Discharges	to	Colorado	Lagoon	via	a	48-inch	reinforced	concrete	pipe	(Termino	
Avenue	Drain)	discharging	into	the	west	arm.	The	drainage	pattern	is	generally	to	the	
south and east. Sub-basin E is mainly residential with commercial activities located 
along	7th	Street,	Coronado	and	Redondo	Avenues	to	the	west,	and	public	facilities	to	
the north.

Several other smaller storm drains serve the areas immediately adjacent to the lagoon.
These	smaller	storm	drains	contribute	small	amounts	of	contaminants	relative	to	the	five	
sub-basin discharges described above.
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TMDL Element Regulatory Provisions

Source Analysis
(continued)

Non-point Sources

Sediment loading from non-point sources to Colorado Lagoon is mainly runoff from 
urban, recreational park areas including two golf courses and adjacent park areas, a 
right-of-way greenbelt, and the picnic and park areas surrounding Colorado Lagoon, and 
atmospheric deposition.

Linkage Analysis This TMDL analysis makes a simplifying assumption that the relationship between OC 
pesticides	and	PCBs	concentrations	in	fish	tissue	and	sediments	is	linear,	with	the	slope	of	
the	line	being	the	overall	sediment–organism	bioaccumulation	factor	(BAF).	

The	impairing	contaminants	in	sediment	are	associated	with	fine-grained	particles	that	are	
primarily delivered to the sediments through suspended solids in stormwater and urban 
runoff.  It is expected that reductions in loadings of these pollutants will lead to reductions 
in sediment concentrations over time.  The existing contaminants in surface sediments 
will be removed by dredging operations and reduced as sediments are scoured during 
storms.  For the legacy pollutants (chlordane and PCBs), some losses will also occur 
through the slow decay and breakdown of these organic compounds.  Concentrations in 
surface	sediments	will	be	reduced	through	mixing	with	cleaner	sediments.	Attenuation	
of	pollutant	concentration	levels	in	sediment	is	expected	to	translate	to	reductions	in	fish	
tissue contaminant levels.

The linkage analysis focuses on the relationship between source contributions and in-
lagoon water and sediment response.  The Environmental Fluid Dynamics Code (EFDC) 
model was selected to simulate source loadings and transport of the listed pollutants 
in	the	Colorado	Lagoon.	This	model	estimates	the	metals,	PAHs,	PCBs,	and	DDT	
concentrations in the receiving water to evaluate potential management scenarios and 
to identify waste load allocations to support water and sediment quality management 
decisions for Colorado Lagoon.  Hydrodynamic, water quality, and sediment transport 
was developed to simulate the dynamic interaction between Marine Stadium and 
Colorado Lagoon.  

Waste Load 
Allocations

Sediment Waste Load Allocations (WLAs) for MS4 Discharges:

Mass-based	WLAs	for	MS4	Discharges

Mass-based	waste	load	allocations	for	MS4	permittees	including	the	City	of	Long	
Beach,	Los	Angeles	County	Flood	Control	District,	and	Caltrans	are	allocated	to	
the	five	major	storm	drain	outfalls	that	currently	discharge	to	the	lagoon.		Because	
Colorado Lagoon is located completely within the jurisdictional boundaries of the 
City of Long Beach and land areas serviced by storm drains that currently discharge 
to	the	lagoon	are	under	the	jurisdiction	of	the	City	of	Long	Beach,	the	WLAs	are	
assigned to the City of Long Beach.  Caltrans and the City of Long Beach shall each 
be		responsible	for	achieving	the	WLAs	assigned	to	the	Line	I	Storm	Drain	as	it	
conveys	stormwater	from	both	Caltrans’	facilities	and	the	City	of	Long	Beach.		The	
Los	Angeles	County	Flood	Control	District	(District)	owns	and	operates	the	Project	
452	Storm	Drain;	therefore,	the	District	and	the	City	of	Long	Beach	shall	each	be	
responsible	for	achieving	the	WLAs	assigned	to	the	Project	452	Storm	Drain.		Mass-
based	WLAs	are	applied	as	annual	limits	and	compliance	with	the	mass-based	WLAs	
for sediment will be determined at the storm drain outfalls to the lagoon.
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Waste Load 
Allocations 
(continued)

Constituent
Final Mass-based WLAs (mg/yr)

Project 452 Line I Termino Ave Line K Line M 
Chlordane 5.10 3.65 12.15 1.94 0.73
Dieldrin 0.20 0.15 0.49 0.08 0.03

Lead 476,646.68 340,455.99 1,134,867.12 181,573.76 68,116.09

Zinc 1,530,985.05 1,093,541.72 3,645,183.47 583,213.37 218,788.29
PAHs 41,050.81 29,321.50 97,739.52 15,637.89 5,866.44
PCBs 231.69 165.49 551.64 88.26 33.11

DDT 16.13 11.52 38.40 6.14 2.30

Concentration-based	WLAs	for	MS4	Discharges	

Concentration-based	WLAs	for	sediment	are	assigned	to	MS4	permittees	including	
the	City	of	Long	Beach,	Los	Angeles	County	Flood	Control	District,	and	Caltrans.		
Concentration-based	WLAs	for	sediment	are	applied	as	average	monthly	limits.		
Compliance	with	the	concentration-based	WLAs	for	sediment	shall	be	determined	
by	pollutant	concentrations	in	the	sediment	in	the	lagoon	at	points	in	the	West	Arm,	
North	Arm,	and	Central	Arm	that	represent	the	cumulative	inputs	from	the	MS4	
drainage	system	to	the	lagoon.		Concentration-based	WLAs	for	sediment	are	also	
assigned	to	all	other	minor	storm	drains	discharging	from	the	MS4	to	the	lagoon.			

Concentration-based	interim	WLAs	for	sediment	are	set	to	allow	time	for	removal	
of	contaminated	sediment	through	proposed	implementation	actions.		Interim	WLAs	
are based on the 95th percentile value of sediment data collected from 2000 to 2008.   
The use of 95th percentile values to develop interim limits is consistent with current 
NPDES permitting methodology. If the 95th percentile is equal to or lower than 
the	numeric	target,	the	interim	limit	is	equal	to	the	final	WLAs.	Interim	and	final	
WLAs	will	be	included	in	MS4	permits	in	accordance	with	NPDES	guidance	and	
requirements. 

 

Constituent
Concentration-based WLAs

Interim WLAs  
(ug/dry kg)

Final WLAs  
(ug/dry kg)

Chlordane 129.65 0.50

Dieldrin 26.20 0.02

Lead 399,500.00 46,700.00
Zinc 565,000.00 150,000.00

PAHs 4,022.00 4,022.00
PCBs 89.90 22.7
DDT 149.80 1.58
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Waste Load 
Allocations 
(continued)

Sediment Waste Load Allocations for Other Point Sources

Concentration-based waste load allocations are assigned to minor NPDES permits, 
other	stormwater,	and	non-stormwater	permittees.	Any	future	minor	NPDES	permits	
or enrollees under a general non-stormwater NPDES permit, general industrial 
stormwater permit or general construction permit will also be subject to the 
concentration-based waste load allocations.

Constituents Waste Load Allocation  
(ug/dry kg)

Chlordane 0.50

Dieldrin 0.02

Lead 46,700.00
Zinc 150,000.00

PAHs 4,022.00
PCBs 22.70
DDT 1.58

Load Allocations A	mass-based	load	allocation	is	developed	for	direct	atmospheric	deposition.		An	estimate	
of direct atmospheric deposition was developed based on the percent area of surface water 
within the watershed, which is approximately 15 acres or 1.3% of the total watershed 
area.  The load allocation for atmospheric deposition is calculated by multiplying this 
percentage by the total loading capacity.    

Constituent Load Allocation  
(mg/year)

Chlordane 0.36

Dieldrin 0.014
Lead 33,217.48
Zinc 106,694.25
PAHs 2,860.83

PCBs 16.15

DDT 0.71

Margin of Safety An	implicit	margin	of	safety	exists	in	the	final	WLAs.		The	implicit	margin	of	safety	is	
based	on	the	selection	of	multiple	numeric	targets,	including	targets	for	water,	fish	tissue	
and sediment to protect human health, and the selection of ERLs as numeric targets for 
sediment, which are the most protective of the potentially applicable sediment guidelines 
available.  

Additionally,	to	address	sources	of	uncertainty	in	the	analysis,	particularly	the	assumption	
of natural removal of contaminated sediment at the northern arm of the lagoon, an explicit 
10% margin of safety is also included. 
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Seasonal 
Variations 
and Critical 
Conditions

No	correlation	with	flow	or	seasonality	(wet	vs.	dry	season)	was	found	to	exist	in	
sediment	or	tissue	data.	Given	that	allocations	for	this	TMDL	are	expressed	in	terms	of	
OC	pesticides,	PCBs,	PAHs,	and	metals	concentrations	in	sediment,	a	critical	condition	is	
not	identified	based	upon	flow	or	seasonality.

Because	the	adverse	effects	of	OC	pesticides,	PCBs,	PAHs,	and	metals	are	related	to	
sediment accumulation and bioaccumulation in the food chain over long periods of time, 
short	term	variations	in	concentrations	are	less	likely	to	cause	significant	impacts	upon	
beneficial	uses.	

Monitoring Plan The Colorado Lagoon TMDL Monitoring Plan (CLTMP) is designed to monitor and 
evaluate	implementation	of	this	TMDL,	and	refine	the	understanding	of	current	sediment	
loadings.  The goals of the CLTMP are:

To	determine	compliance	with	OC	pesticides,	PCBs,	metals,	and	PAHs	waste	load	and	
load allocations, 

To	monitor	the	effectiveness	of	implementation	actions	proposed	by	Los	Angeles	County	
Flood Control District and the City of Long Beach on water and sediment quality, 
including	the	potential	impacts	of	redirecting	discharges	from	the	Termino	Ave.	Drain	and	
from cleaning the culvert on Marine Stadium and Colorado Lagoon, 

To	monitor	contaminated	sediment	levels	in	the	Lagoon	especially	in	the	North	Arm	
of the Lagoon and determine if additional implementation action such as dredging are 
necessary to achieve the TMDL, and

To implement the CLTMP in a manner consistent with other TMDL implementation plans 
and regulatory actions within the Colorado Lagoon watershed.

Monitoring shall begin six months after the monitoring plan is approved by the Executive 
Officer.	Water	column	and	sediment	samples	will	be	collected	at	the	outlet	of	the	storm	
drains	discharging	to	the	lagoon,	while	water	column,	sediment,	and	fish	tissue	samples	
will	be	collected	in	the	West	Arm,	Central	Arm,	North	Arm,	at	the	outlet	of	the	lagoon	
to	Marine	Stadium	during	an	incoming	tide,	and	at	the	outfall	of	Termino	Ave.	Drain	
to	Marine	Stadium.		The	number	and	location	of	monitoring	sites	shall	be	specified	in	
the	monitoring	plan	to	be	approved	by	the	Executive	Officer.		The	City	of	Long	Beach,	
the	Los	Angeles	County	Flood	Control	District,	and	Caltrans	are	each	responsible	for	
conducting	water,	sediment,	and	fish	tissue	monitoring.		However,	they	are	encouraged	to	
collaborate or coordinate their efforts to avoid duplication and reduce associated costs.

Water quality samples and total suspended solids samples shall be collected quarterly 
in	the	first	year	and	semi-annually	thereafter	and	analyzed	for	chlordane,	dieldrin,	OC	
pesticides, and total PCBs at detection limits that are at or below the minimum levels.  
The minimum levels are those published by the State Water Resources Control Board in 
Appendix	4	of	the	Policy	for	the	Implementation	of	Toxic	Standards	for	Inland	Surface	
Water, Enclosed Bays, and Estuaries of California, 2005.  
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Monitoring Plan 
(continued)

Water	quality	samples	shall	also	be	collected	quarterly	in	the	first	year	and	semi-annually	
thereafter	and	analyzed	for	general	water	quality	constituents	(GWQC),	total	recoverable	
and	dissolved	PAHs,	lead,	and	zinc.		If	water	quality	objectives	are	exceeded	at	any	
time, sampling frequency shall be accelerated to quarterly thereafter until water quality 
objectives are not exceeded.  Total suspended solid samples shall also be collected to 
analyze	for	PAHs,	lead,	and	zinc.	For	metal	analysis,	methods	that	allow	for	(1)	the	
removal of salt matrix to reduce interference and avoid inaccurate results prior to the 
analysis; and (2) the use of trace metal clean sampling techniques, must be applied.  
Examples	of	such	methods	include	EPA	Method	1669	for	sample	collection	and	handling,	
and	EPA	Method	1640	for	sample	preparation	and	analysis.		

Sediment samples will be collected annually for analysis of general sediment quality 
constituents	(GSQC),	OC	pesticides,	PCBs,	PAHs,	and	metals.		Lead,	zinc,	chlordane,	
dieldrin, and total PCBs shall be analyzed at detection limits that are lower than the ERLs.  
The sediment toxicity testing shall include testing a minimum of three species for lethal 
and non-lethal endpoints.  Toxicity testing may include: the 28-day and 10-day amphipod 
mortality test, the sea urchin fertilization testing using sediment pore water, and the 
bivalve embryo testing of the sediment/water interface.  The chronic 28-day and shorter-
term	10-day	amphipod	tests	may	be	conducted	in	the	first	year.		If	there	is	no	significant	
difference in the tests, then the less expensive 10-day test can be used throughout the 
rest of the monitoring, with some periodic 28-day tests.  Sediment toxicity monitoring 
shall	be	conducted	annually	to	provide	sufficient	data	over	the	implementation	timeframe	
to evaluate changes in sediment quality due to implementation actions.  If sediment 
objectives are exceeded or sediment toxicity is observed at any time, sampling frequency 
for both sediment and sediment toxicity shall be accelerated to semi-annually thereafter 
until sediment objectives are not exceeded and sediment toxicity is not observed.  

Fish tissue samples will be collected annually and analyzed for chlordane, dieldrin, DDT, 
and PCBs to assess changes in concentrations of target organic constituents.  The same 
rationale	used	for	establishing	sampling	frequency	for	sediments	is	used	to	establish	fish	
tissue sample collection frequency.  For Colorado Lagoon, species with the potential for 
human and wildlife consumption will be targeted.     Fish targeted to evaluate potential 
impacts to human health will be limited to species more commonly consumed by humans.  
Tissues analyzed will be based on the most appropriate and common preparation for the 
selected	fish	species.		Tissues	from	resident	California	or	bay	mussels	shall	be	collected	
annually and analyzed to further assess and track impairment.  

Monitoring reports shall be prepared and submitted to the Regional Board annually within 
six	months	after	the	completion	of	the	final	sampling	event	of	the	year.		All	compliance	
monitoring must be conducted in conjunction with a Regional Board approved Quality 
Assurance	Project	Plan	(QAPP).		The	QAPP	shall	include	protocols	for	sample	collection,	
standard	analytical	procedures,	and	laboratory	certification.	
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Implementation 
Plan

The	City	of	Long	Beach,	Los	Angeles	County	Flood	Control	District,	and	California	
Department of Transportation (Caltrans) are each responsible for meeting the waste load 
allocations.	However,	to	the	extent	their	effluent	discharges	are	commingled,	they	will	be	
held jointly liable for abating the pollutants in the commingled discharge to the extent any 
of them are unable to disprove their own contribution of pollutants.

Compliance	with	the	TMDL	is	determined	based	on	the	assigned	WLAs.	NPDES	
permits will be amended to be consistent with the assumptions and requirements of the 
WLAs.	Responsible	agencies	are	required	to	implement	the	proposed	actions	to	remove	
contaminated sediment; control the discharges of pollutants in urban runoff, stormwater 
and	contaminated	sediments	to	Colorado	Lagoon;	attain	water,	fish	tissue,	and	sediment	
quality	standards;	and	protect	beneficial	uses.		Table	7-30.2	contains	a	schedule	for	
responsible agencies to implement BMPs and proposed implementation actions to comply 
with the TMDL.

Responsible agencies may employ a variety of implementation strategies such as non-
structural and structural best management practices (BMPs) to meet the required waste 
load allocations.  The implementation actions described in this section represent a range 
of	activities	that	are	proposed	by	the	Los	Angeles	County	Flood	Control	District	and	City	
of Long Beach in the Los Angeles County Termino Avenue Drain Project and Colorado 
Lagoon Restoration Project, respectively.  

Implementation and Determination of Compliance with the WLAs

The	WLAs	will	apply	to	all	NPDES	dischargers	in	the	Colorado	Lagoon	watershed.		The	
regulatory	mechanisms	used	to	implement	the	TMDL	include	the	Los	Angeles	County	
MS4	permit,	the	City	of	Long	Beach	MS4	permit,	the	Caltrans	stormwater	permit,	
and any future general industrial stormwater permits, general construction stormwater 
permits, minor NPDES permits, and general NPDES permits as well as any other 
appropriate regulatory mechanism, including Board orders, where required.  Each NPDES 
permit may be reopened immediately after the TMDL becomes effective, or amended at 
re-issuance, in accordance with applicable laws, to incorporate the waste load allocations 
and other provisions of this TMDL.

Compliance	with	the	WLAs	will	be	measured	at	the	storm	drain	outlets	and	in	the	lagoon	
and will be achieved through BMPs and a combination of proposed implementation 
actions provided in the Proposed Implementation section below to remove contaminated 
sediment and reduce loadings of contaminated sediment through the control of 
stormwater and contaminated sediments to Colorado Lagoon.

The	final	WLAs	will	be	included	for	permitted	MS4	discharges	and	other	NPDES	
discharges	in	accordance	with	the	compliance	schedules	provided	in	Table	7-30.2.		The	
Regional	Board	may	revise	these	WLAs	based	on	additional	information	developed	
through monitoring or special studies.
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Implementation 
Plan (continued)

The	WLAs	for	the	minor	NPDES	permits	and	general	non-stormwater	NPDES	permits	
will	be	implemented	through	effluent	limitations	consistent	with	the	assumptions	and	
requirements	of	the	WLAs.		Permit	writers	for	the	non-stormwater	permits	may	translate	
applicable	waste	load	allocations	into	effluent	limitations	for	the	minor	and	general	
NPDES permits by applying applicable engineering practices.
 
Proposed Implementation Actions

Non-Structural Best Management Practices

The	non-structural	BMPs	are	based	on	the	premise	that	specific	land	uses	or	
critical sources can be targeted to achieve the TMDL waste load allocations.  
Available	non-structural	BMPs	include	better	sediment	control	at	construction	
sites and improved street cleaning by upgrading to vacuum type sweepers, storm 
drain cleaning, and public education and out reach.  The lagoon is also impacted 
by irrigation runoff from the golf course located adjacent to the lagoon in the dry 
season.  Improvements to the golf course operation should also be considered to 
protect lagoon resources by reducing watering needs and eliminating pesticide and 
herbicide use.    

Site-Specific	Implementation	Actions:  
The Regional Board does not prescribe the methods of achieving compliance with the 
TMDL allocations.  However, described below are several implementation actions 
proposed by the responsible agencies.   

Relocation of the Termino Avenue Drain.

One	of	the	major	system	outfalls,	the	Termino	Avenue	Drain,	has	been	proposed	
by	the	Los	Angeles	County	Flood	Control	District	to	be	modified,	which	will	no	
longer	discharge	into	the	Lagoon.		As	proposed	in	the	Los	Angeles	County	Flood	
Control	District	Termino	Avenue	Drain	Project	(TADP)	the	drain	would	bypass	the	
Lagoon	and	discharge	stormwater	flows	into	Marine	Stadium.		Dry	weather	flows	
will be diverted into the sanitary sewer system.  This project would also redirect 
flows	from	three	other	storm	drains	located	on	the	south	shore	of	the	Lagoon	that	
currently discharge into the Lagoon. 
 

Low Flow Diversion and Trash Separation Device.

The City of Long Beach proposed in the Colorado Lagoon Restoration Project to 
divert	low	storm	drain	flows	from	other	three	major	storm	drain	system	outfalls	
and install trash separation devices to trap trash and debris prior to entering the 
wet well for the diverted runoff.   The Colorado Lagoon Restoration Project would 
redirect	or	treat	low	flows	from	these	drains	to	minimize	contamination	to	water	
and sediment.  
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Vegetated Bioswale Installation.

The	flows	from	the	remaining	four	local	storm	drains	would	be	treated	via	a	
vegetated	bioswale	as	proposed	in	the	Colorado	Lagoon	Restoration	Project.	A	
bioswale would also be developed on the north shore between the Lagoon and 
Recreation	Park	Golf	Course.	The	vegetated	bioswale	would	treat	stormwater	and	
dry	weather	runoff	through	filtration	to	remove	sediment	and	pollutants	prior	to	
discharging into the Lagoon.  

Clean Culvert, Repair Tidal Gates, and Remove Sill/Structural Impedances.

The	Colorado	Lagoon	is	connected	to	Alamitos	Bay	and	the	Pacific	Ocean	through	
an underground tidal culvert to Marine Stadium.  The existing culvert has not 
been	cleaned	since	it	was	built	in	the	1960s.		The	flow	in	the	culvert	is	impeded	
by sediment that has accumulated on the bottom, extensive marine growth that has 
accumulated on the sides and ceiling, and debris that is trapped within the trash 
racks on the tide gate screens at both ends of the culvert.  These existing conditions 
limit	the	Lagoon’s	tidal	range	and	tidal	flushing,	which	results	in	increased	
degradation	of	water	quality.		As	proposed	in	the	Colorado	Lagoon	Restoration	
Project, the City of Long Beach plans to clean the existing culvert and trash racks, 
repair the tidal gates, and remove the sill and structural impedances within and 
around the existing culvert. Implementation of this component of the Colorado 
Lagoon	Restoration	Project	would	result	in	increased	tidal	range,	tidal	flushing,	
and water circulation, and improvement of water and sediment quality.

Remove Contaminated Sediment in the Western Arm of the Lagoon.

OC	pesticides,	PCBs,	PAHs,	and	metals	were	deposited	over	time	from	the	
particulates in the runoff brought to the Lagoon through the existing storm drains. 
It	is	estimated	that	the	layer	of	contaminated	sediment	reaches	4	to	5	ft	deep.	The	
City of Long Beach proposes to remove sediment to a depth of 6 ft to provide 
a safeguard that only clean sediment remains.  The excavation depth gradually 
decreases toward the footbridge.  This component of the Colorado Lagoon 
Restoration Project would remove approximately 16,000 cubic yards (cy) of 
contaminated sediment within the western arm of the Lagoon.

Remove Contaminated Sediment in the Central Lagoon.

Similar to the sediment removal project above, the Colorado Lagoon Restoration 
Project would remove sediment and sand that has eroded and been deposited into 
the	Lagoon	over	years,	and	create	a	larger	subtidal	area.		Approximately	5,500	cy	
of sediment would be removed from the central Lagoon.  Sediment removal from 
the central area of the lagoon would create a channel through the center of the 
central Lagoon to connect the dredge areas in the western arm to the outlet at the 
existing culvert or proposed open channel. Removal of this sediment would also 
provide	additional	space	for	water	circulation	and	tidal	flushing.
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As	proposed	in	the	Colorado	Lagoon	Restoration	Project,	only	the	Western	Arm	
and the Central Lagoon are planned to be dredged based on the recommendation 
from the Sediment Testing and Disposal Report.  The TMDL monitoring program 
will determine if additional implementation actions such as dredging in the North 
Arm	will	be	required	to	remove	contaminated	sediment	in	the	Lagoon.

Build Alternate Channel or Underground Culvert between Lagoon and Marine Stadium.

City is considering an open channel or parallel underground culvert option to 
further improve water quality at the Colorado Lagoon.  However, this project was 
not	included	in	the	certified	EIR.		This	proposed	project	consists	of	replacing	the	
existing concrete box culvert with an open channel or new underground culvert 
that would run from the Lagoon through Marina Vista Park to Marine Stadium 
in a location generally parallel to the existing culvert.  Creating an open channel 
or	underground	culvert	would	improve	tidal	flushing	by	an	increase	in	the	tidal	
range, and result in a corresponding improvement of water and sediment quality. In 
addition,	it	would	provide	improved	flood	flow	conveyance.

Implementation of the proposed actions should result in attainment of the TMDL 
allocations.  If the proposed actions are not implemented or otherwise do not result in 
attainment of allocations, additional implementation actions shall be required. 
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Table 7-30.2 Colorado Lagoon OC Pesticides, PCBs, Sediment Toxicity, PAHs, and Metals TMDL: 
Implementation Schedule

Item Implementation Action Responsible Party Date
1 Effective date of interim waste load 

allocations	(WLAs).			
The City of Long Beach, the 
Los	Angeles	County	Flood	
Control District, and Caltrans

Effective date of the 
TMDL

2 Responsible agencies shall submit a 
monitoring	plan	to	the	Los	Angeles	
Regional	Board	for	Executive	Officer	
approval.

The City of Long Beach, the 
Los	Angeles	County	Flood	
Control District, and Caltrans

6 months after 
effective date of the 
TMDL

3 Responsible agencies shall begin 
monitoring as outlined in the approved 
monitoring plan.

The City of Long Beach, the 
Los	Angeles	County	Flood	
Control District, and Caltrans

6 months after 
monitoring plan 
approved by E.O.

4 Responsible agencies shall submit annual 
reports	to	the	Los	Angeles	Regional	Board	
for review. 

The City of Long Beach, the 
Los	Angeles	County	Flood	
Control District, and Caltrans

15 months after 
monitoring starts and 
annually thereafter 

5 Responsible agencies shall submit 
bi-annual progress reports to provide 
updates on the status of implementation 
actions performed under the TMDL. 
The plan shall contain mechanisms for 
demonstrating progress toward meeting 
the	assigned	WLAs.

The City of Long Beach, the 
Los	Angeles	County	Flood	
Control District, and Caltrans

Every 2 years after 
effective date of the 
TMDL

6 Responsible	agencies	shall	achieve	WLAs.	 The City of Long Beach, the 
Los	Angeles	County	Flood	
Control District, and Caltrans

7	years	after	effective	
date of the TMDL
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7-31  Malibu Creek Watershed Trash TMDL

This TMDL was adopted by:
 The Regional Water Quality Control Board on May 1, 2008.

This TMDL was approved by:
	 The	State	Water	Resources	Control	Board	on	March	17,	2009.
	 The	Office	of	Administrative	Law	on	June	16,	2009.
	 The	U.S.	Environmental	Protection	Agency	on	June	26,	2009.

The	effective	date	of	this	TMDL	is:	July	7,	2009.		

The	elements	of	the	TMDL	are	presented	in	Table	7-31.1	and	the	Implementation	Plan	in	Tables	7-31.2a	
and	7-31.2b.

Table 7-31.1  Malibu Creek Watershed Trash TMDL: Elements
Element Malibu Creek Watershed Trash TMDL
Problem Statement Discharges of trash into Malibu Creek, Malibu Lagoon, Malibou 

Lake, Medea Creek (Reach 1 and Reach 2), Lindero Creek (Reach 1 
and Reach 2), Lake Lindero, and Las Virgenes Creek violate water 
quality	objectives	and	impair	beneficial	uses.		The	waterbodies	above	
were	listed	in	the	1998,	2002,	2004,	and	2006	303(d)	lists	of	impaired	
waterbodies for trash.  Relevant water quality objectives in the Water 
Quality	Control	Plan	Los	Angeles	Region	include	Floating	Material	and	
Solid, Suspended, or Settleable Materials.  The following designated 
beneficial	uses	are	impaired	by	trash:		municipal	and	domestic	supply	
(MUN),	ground	water	recharge	(GWR),	contact	water	recreation	
(REC-1), non-contact water recreation (REC-2), warm freshwater 
habitat	(WARM),	cold	freshwater	habitat	(COLD),	migration	of	
aquatic	organisms	(MIGR),	wildlife	habitat	(WILD),	rare,	threatened,	
or	endangered	species	(RARE),	spawning,	reproduction,	and	or	early	
development (SPWN), and wetland habitat (WET).  

Numeric Target 
(Interpretation of the 
narrative water quality 
objective, used to calculate the 
load allocations)

Zero trash in the above listed subwatersheds of the Malibu Creek 
Watershed,	and	on	the	shorelines	of	those	waterbodies.		Zero	is	defined	
for nonpoint sources as no trash immediately following each assessment 
and collection event consistent with an established Minimum Frequency 
of	Assessment	and	Collection	Program	(MFAC	Program).		The	
MFAC	Program	is	established	at	an	interval	that	prevents	trash	from	
accumulating in deleterious amounts that cause nuisance or adversely 
affect	beneficial	uses	between	collections.		For	point	sources,	zero	is	
defined	as	no	trash	discharged	into	the	listed	waterbodies	of	the	Malibu	
Creek Watershed and on the shoreline of those waterbodies. 

Source Analysis Litter from adjacent land areas, roadways and direct dumping and 
deposition are sources of trash to Malibu Creek Watershed.  Point 
sources such as storm drains are also sources of trash discharged to 
Malibu Creek Watershed. 

Loading Capacity Zero,	as	defined	in	the	Numeric	Target.	
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Element Malibu Creek Watershed Trash TMDL
Waste Load Allocations 
(for point sources)

Waste	Load	Allocations	(WLAs)	are	assigned	to	the
California Department of Transportation (Caltrans, permittee for 
Statewide National Pollutant Discharge Elimination System (NPDES) 
Storm	Water	Permit,	No.	99-06-DWQ),	Los	Angeles	County	(principal	
permittee	for	NPDES	Los	Angeles	County	Municipal	Separate	Strom	
Sewer	System	(MS4)	permit,	No.	CAS004001),	and	the	Cities	of	
Agoura	Hills,	Calabasas,	Hidden	Hills,	Malibu,	and	Westlake	Village	
(co-permittees	for	NPDES	Los	Angeles	County	MS4	permit)	under	
the	NPDES	Los	Angeles	County	MS4	permit,	and	to	Ventura	County	
Watershed Protection District (principal permittee for NPDES Ventura 
County	MS4	permit,	No.	004002),	County	of	Ventura,	and	City	of	
Thousand	Oaks	(co-permittees	for	NPDES	Ventura	County	MS4	
permit)	under	the	NPDES	Ventura	County	MS4	permit.

WLAs	are	zero	trash.		WLAs	may	be	issued	to	additional	responsible	
jurisdictions	in	the	future	under	Phase	2	of	the	USEPA	Stormwater	
Permitting Program, or other applicable regulatory programs. 

Load Allocations 
(for nonpoint sources)

Load	Allocations	(LAs)	are	assigned	to	the	National	Park	Service,	
California	Department	of	Parks	and	Recreation,	County	of	Los	Angeles,	
County of Ventura, Ventura County Watershed Protection District, 
Santa	Monica	Mountains	Conservancy,	Cities	of	Malibu,	Agoura	Hills,	
Hidden Hills, Thousand Oaks, Westlake Village, and Calabasas, and 
land owners in the vicinity of listed waterbodies in the Malibu Creek 
Watershed.		LAs	are	zero	trash.	LAs	may	be	issued	to	additional	
responsible jurisdictions in the future under applicable regulatory 
programs. 

Implementation Implementation of the trash TMDL for Malibu Creek Watershed 
includes structural and non-structural best management practices 
(BMPs) and a program of minimum frequency of assessment and 
collection	(MFAC)	to	address	point	and	nonpoint	trash	sources.	

Point Sources

WLAs	shall	be	implemented	through	storm	water	permits	and	via	the	
authority	vested	in	the	Executive	Officer	by	section	13267	of	the	Porter-
Cologne	Water	Quality	Control	Act	(Water	Code	section	13000	et	seq.).

If	point	source	dischargers	comply	with	WLAs	by	implementing	an	
Executive	Officer	certified	full	capture	system	on	conveyances	that	
discharge to the listed subwatersheds of the Malibu Creek Watershed 
through a progressive implementation schedule of full capture devices, 
they	will	be	deemed	in	compliance	with	the	WLA.	
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Element Malibu Creek Watershed Trash TMDL
Implementation (continued) In	certain	circumstances,	(if	approved	by	the	Executive	Officer),	

point	source	dischargers	may	alternatively	comply	with	WLAs	by	
implementing a program for installing partial capture systems (PCS) 
in conjunction with best management practices.  Compliance through 
implementation of a PCS/BMP program must demonstrate attainment 
of	WLAs	through	trash	monitoring	in	accordance	with	the	Trash	
Monitoring and Reporting Plan (TMRP) approved by the Executive 
Officer.

1.	Compliance	with	the	final	WLA	may	be	achieved	through	an	
adequately sized and maintained full capture system, once the 
Executive	Officer	has	certified	that	the	system	meets	the	following	
minimum	criteria.	A	full	capture	system,	at	a	minimum,	consists	of		
any device or series of devices that traps all particles retained by a 5 
mm mesh screen and has a design treatment capacity of not less than 
the	peak	flow	rate	(Q)	resulting	from	a	one-year,	one-hour,	storm	in	
the sub-drainage area.  The rational equation is used to compute the 
peak	flow	rate:	 
						Q	=	C	×	I	×	A,	where	
				Q	=	design	flow	rate	(cubic	feet	per	second,	cfs); 
				C	=	runoff	coefficient	(dimensionless); 
					I	=	design	rainfall	intensity	(inches	per	hour);	and 
				A=	subdrainage	area	(acres).	

Point sources discharges that choose to comply via a full capture system 
must demonstrate a phased implementation of full capture devices over 
an	8-year	period	until	the	final	WLA	of	zero	is	attained.		Zero	will	be	
deemed to have been met if full capture systems have been installed on 
all conveyances discharging to the listed subwatersheds of the Malibu 
Creek Watershed. 

Irrespective of whether point sources employ a full capture system, they 
may	comply	with	the	WLA	in	any	lawful	manner.

2. Compliance through a PCS/BMP program  may be proposed to the 
Regional Board for incorporation into the relevant NPDES permit.  

Nonpoint Sources

LAs	shall	be	implemented	through	either	(1)	a	conditional	waiver	from	
waste discharge requirements, (2) an alternative program implemented 
through waste discharge requirements, or (3) an individual waiver or 
another appropriate order of the Regional Board. 
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Element Malibu Creek Watershed Trash TMDL
Implementation (continued) Non-point	source	dischargers	may	achieve	compliance	with	the	LAs	

by	implementing	a	MFAC/BMP	program	approved	by	the	Executive	
Officer.		Responsible	jurisdictions	that	are	responsible	for	both	point	
and nonpoint sources will be deemed in compliance with both the 
WLAs	and	LAs	if	an	MFAC/BMP	program,	approved	by	the	Executive	
Officer,	is	implemented.	

1) Conditional Waiver:  Pursuant to Water Code section 13269, waste 
discharge requirements are waived for any responsible jurisdiction that 
implements	a	MFAC/BMP	Program	which,	to	the	satisfaction	of	the	
Executive	Officer,	meets	the	following	criteria:

a)	 The	MFAC/BMP	Program	includes	an	initial	minimum	
frequency of trash assessment and collection and suite of 
structural	and/or	nonstructural	BMPs.		The	MFAC/BMP	
program shall include collection and disposal of all trash found 
in the water and on the shoreline.  Responsible jurisdictions 
shall implement an initial suite of BMPs based on current 
trash management practices in land areas that are found to be 
sources of trash to Malibu Creek Watershed.  For individual 
subwatershed in the Malibu Creek Watershed, the initial 
minimum frequency shall be set as follows:

Malibu Creek (from Malibu Lagoon to Malibou Lake)
1. Within City of Malibu, the waterbody, shorelines and 

areas adjacent to Malibu Creek: once per week and 
within	72	hours	after	critical	conditions.

2.		 Within	the	County	of	Los	Angeles	and	in	the	State	
Parks:	once	per	month,	and	within	72	hours	after	
critical conditions.

Malibu Lagoon
1. The waterbody, shorelines, beach and areas adjacent to 

Malibu Lagoon: twice per week during high visitation 
seasons from May 15 through October 15.

2. The waterbody, shorelines, beach and areas adjacent 
to Malibu Lagoon: once per week from October 15 
through	May	15,	and	within	72	hours	after	critical	
conditions.

Malibou Lake
Once per month for the waterbody, shorelines and 
the	adjacent	lands,	and	within	72	hours	after	critical	
conditions.
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Element Malibu Creek Watershed Trash TMDL
Implementation (continued) Medea	Creek	Reach	1	(Malibou	Lake	to	confluence	with	

Lindero Creek)
Twice per month for the waterbody, shorelines and 
the	adjacent	areas,	and	within	72	hours	after	critical	
conditions.

Medea	Creek	Reach	2	(above	confluence)
1. Once per week on the waterbody, shorelines and the 

adjacent	areas	from	the	confluence	with	Lindero	Creek	
to the intersection with Thousand Oaks Blvd., and 
within	72	hours	after	critical	conditions.

2. Twice per month above the intersection with Thousand 
Oaks	Blvd.,	and	within	72	hours	after	critical	
conditions.

Lindero	Creek	Reach	1	(Confluence	with	Medea	Creek	to	Lake	
Lindero)

Twice per month for Lindero Creek Reach 1 including 
the waterbody, shorelines and the adjacent areas, and 
within	72	hours	after	critical	conditions.

Lindero	Creek	Reach	2	(Above	Lake	Lindero)
Twice per month for Lindero Creek Reach 2 including 
the waterbody, shorelines and the adjacent areas, and 
within	72	hours	after	critical	conditions.

Lake Lindero
Twice per month for the waterbody, shorelines and 
the	adjacent	land,	and	within	72	hours	after	critical	
conditions.

Las Virgenes Creek
1. Within the State Parks northerly to the intersection with 

Mulholland	Highway:	once	per	month,	and	within	72	
hours after critical conditions.

2. Once per week for the waterbody, shorelines and the 
adjacent areas between Mulholland Highway and Juan 
Bautista	De	Anza	Park	at	Los	Hills	Road	in	the	City	of	
Calabasas,	and	within	72	hours	after	critical	conditions.		

3. Twice per week for the waterbody, shorelines and the 
adjacent areas for the rest of City of Calabasas.

4.	 Once	per	month	for	section	in	Los	Angeles	County	
along	Ventura	Freeway	and	within	72	hours	after	
critical conditions.

5. Within Ventura County, once every two months for 
the waterbody, shorelines and the adjacent areas, and 
within	72	hours	after	critical	conditions.
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Element Malibu Creek Watershed Trash TMDL
Implementation (continued) b)	 	The	MFAC/BMP	Program	includes	reasonable	assurances	that	

it will be implemented by the responsible jurisdiction.
c)	 The		MFAC/BMP	Program	includes	a		Trash	Monitoring	and	

Reporting Plan, as described below, and a requirement that the 
responsible jurisdictions will self-report any non-compliance 
with its provisions.  The results and report of the Trash 
Monitoring and Reporting Plan must be submitted to Regional 
Board on an annual basis.

d)	 MFAC	protocols	may	be	based	on	SWAMP	protocols	for	
rapid trash assessment, or alternative protocols proposed by 
dischargers	and	approved	by		the	Executive	Officer.

e)	 Implementation	of	the	MFAC/BMP	program	should	include	a	
Health	and	Safety	Plan	to	protect	personnel.		The	MFAC/BMP	
shall not require responsible jurisdictions to access and collect 
trash from areas where personnel are prohibited.

The	Executive	Officer	may	approve	or	require	a	revised	assessment	and	
collection	frequency,	location,	and	definition	of	the	critical	conditions	
under the waiver:

(a) To prevent trash from accumulating in deleterious amounts 
that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections;

(b)	 To	reflect	the	results	of	trash	assessment	and	collection;
(c) If the amount of trash collected does not show a decreasing 

trend, where necessary to prevent nuisance or adverse effects on 
beneficial	uses,	such	that	a	shorter	interval	between	collections	
is warranted; or

(d) If the amount of trash collected is decreasing such that a longer 
interval between collections is warranted.  

At	the	end	of	the	implementation	period,	a	revised	MFAC/BMP	
program	may	be	required	if	the	Executive	Officer	determines	that	the	
amount of trash accumulating between collections is causing nuisance 
or	otherwise	adversely	affecting	beneficial	uses.			

With	regard	to	(a),	(b)	or	(c),	above,	the	Executive	Officer	is	authorized	
to allow responsible jurisdictions to implement additional structural or 
non-structural BMPs in lieu of modifying the monitoring frequency.  

Any	waivers	implementing	the	TMDL	shall	expire	pursuant	to	Water	
Code	section	13269	five	years	after	the	effective	date	of	this	TMDL,	
unless reissued.  The Regional Board may reissue this waiver through 
an order consistent herewith, instead of readopting these regulatory 
provisions. 
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Element Malibu Creek Watershed Trash TMDL
Implementation (continued) (2)	Alternatively,	responsible	jurisdictions	may	propose,	or	the	

Regional Board may impose, an alternative program which would 
be implemented through waste discharge requirements, an individual 
waiver, a cleanup and abatement order, or any other appropriate order 
or orders, provided the program is consistent with the assumptions and 
requirements	of	the	reductions	described	in	Table	7-31.2b,	below.

Within six months of the effective date of this TMDL, the Executive 
Officer	shall	require	responsible	jurisdictions	to	submit	either	a	notice	
of intent to be regulated under the conditional waiver with their 
proposed	MFAC/BMP	Program	and	Trash	Monitoring	and	Reporting	
Plan (TMRP), or a report of waste discharge.

Monitoring and Reporting 
Plan

Responsible	jurisdictions	will	develop	a	TMRP	for	Executive	Officer	
approval that describes the methodologies that will be used to assess 
and monitor trash in the listed subwatersheds of the Malibu Creek 
Watershed and/or within responsible jurisdiction land areas.  The 
TMRP	shall	include	a	plan	to	establish	the	trash	Baseline	WLAs	for	
non-Caltrans entities, or an alternative to the default trash baseline for 
Caltrans to prioritize installation of full capture devices.  The default 
trash	baseline	WLA	for	Caltrans	is	2136	gallons	per	year.

Requirements for the TMRP shall include, but are not limited to, 
assessment	and	quantification	of	trash	collected	from	the	surfaces	and	
shoreline of the listed waterbodies in the Malibu Creek Watershed 
or from responsible jurisdiction land areas.  The monitoring plan 
shall provide details of the frequency, location, and reporting of trash 
monitoring. Responsible jurisdictions shall propose a metric (e.g., 
weight, volume, pieces of trash) to measure the amount of trash in the 
listed subwatersheds of the Malibu Creek Watershed and on the land 
area	surrounding		these	subwatersheds,	as	defined	in	the	Executive	
Officer	approved	TMRP.		

The TMRP shall include a prioritization of areas that have the highest 
trash generation rates.  The TMRP shall give preference to this 
prioritization when scheduling the installation of full capture devices, 
BMPs, or trash collection programs.  

The TMRP shall also include an evaluation of effectiveness of the 
MFAC/BMP	program	to	prevent	trash	from	accumulating	in	deleterious	
amounts	that	cause	nuisance	or	adversely	affect	beneficial	uses	between	
collections,	proposals	to	enhance	BMPs,	and	a	revised	MFAC	for	
Executive	Officer	review.		

Responsible	Jurisdictions	in	Table	7-31.2a	and	7-31.2b	may	cooperate	
and coordinate their TMRP activities for Malibu Creek Watershed.  

Margin of Safety Zero is a conservative numeric target which contains an implicit margin 
of safety. 
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Element Malibu Creek Watershed Trash TMDL
Seasonal Variations and 
Critical Conditions

Discharge of trash from the conveyances occurs primarily during or 
shortly after a major rain event. Discharge of trash from nonpoint 
sources occurs during all seasons, but can be increased during or shortly 
after	high	wind	events,	which	are	defined	as	periods	of	wind	advisories	
issued by the National Weather Service.
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Table 7-31.2a Malibu Creek Watershed Trash TMDL: Implementation Schedule - Point Sources
Task
No. Task Responsible Jurisdiction Date

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan for 
defining	the	trash	
baseline	WLA	and	a	
proposed	definition	of	
“major rain event”. 

California Department of Transportation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection	District,	Cities	of	Agoura	
Hills, Calabasas, Hidden Hills, Malibu, 
Westlake Village and Thousand Oaks.

6 months from effective 
date of TMDL.  If a plan 
is not approved by the 
Executive	Officer	within	
9 months, the Executive 
Officer	will	establish	an	
appropriate monitoring 
plan.

2 Implement Trash 
Monitoring and 
Reporting Plan.

California Department of Transportation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection	District,	Cities	of	Agoura	
Hills, Calabasas, Hidden Hills, Malibu, 
Westlake Village and Thousand Oaks.

6 months from receipt of 
letter of approval from 
Regional Board Executive 
Officer,	or	the	date	a	
plan is established by the 
Executive	Officer.

3 Submit results of 
Trash Monitoring 
and Reporting Plan, 
recommend trash 
baseline	WLA,	and	
propose prioritization 
of Full Capture 
System installation 
or implementation 
of other measures to 
attain the required 
trash reduction.  

California Department of Transportation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection	District,	Cities	of	Agoura	
Hills, Calabasas, Hidden Hills, Malibu, 
Westlake Village and Thousand Oaks.

One year from receipt 
of letter of approval for 
the Trash Monitoring 
and Reporting Plan from 
Regional Board Executive 
Officer,	and	annually	
thereafter.

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% reduction 
of trash from Baseline 
WLA*.	

California Department of Transportation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection	District,	Cities	of	Agoura	
Hills, Calabasas, Hidden Hills, Malibu, 
Westlake Village and Thousand Oaks.

Four years from effective 
date of TMDL.

5 Installation of Full 
Capture Systems or 
other measures to 
achieve	40%	reduction	
of trash from Baseline 
WLA*.	

California Department of Transportation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection	District,	Cities	of	Agoura	
Hills, Calabasas, Hidden Hills, Malibu, 
Westlake Village and Thousand Oaks.

Five years from effective 
date of TMDL.

6 Evaluate the 
effectiveness of Full 
Capture Systems or 
other measures, and 
reconsider	the	WLA*.

Regional Board. Five years from effective 
date of TMDL.
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Task
No. Task Responsible Jurisdiction Date

7 Installation of Full 
Capture Systems or 
other measures to 
achieve 60% reduction 
of trash from Baseline 
WLA*.	

California Department of Transportation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection	District,	Cities	of	Agoura	
Hills, Calabasas, Hidden Hills, Malibu, 
Westlake Village and Thousand Oaks.

Six years from effective 
date of TMDL.

8 Installation of Full 
Capture Systems or 
other measures to 
achieve 80% reduction 
of trash from Baseline 
WLA*.	

California Department of Transportation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection	District,	Cities	of	Agoura	
Hills, Calabasas, Hidden Hills, Malibu, 
Westlake Village and Thousand Oaks.

Seven years from effective 
date of TMDL.

9 Installation of Full 
Capture Systems 
or other measures 
to achieve 100% 
reduction of trash 
from	Baseline	WLA*.	

California Department of Transportation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection	District,	Cities	of	Agoura	
Hills, Calabasas, Hidden Hills, Malibu, 
Westlake Village and Thousand Oaks.

Eight years from effective 
date of TMDL.

*	Compliance	with	percent	reductions	from	the	Baseline	WLA	will	be	assumed	wherever	full	capture	systems	are	
installed in corresponding percentages of the conveyance discharging to Malibu Creek Watershed.  Installation will be 
prioritized based on the greatest point source loadings.
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Table 7-31.2b Malibu Creek Watershed Trash TMDL: Implementation Schedule

Minimum Frequency of Assessment and Collection Program * - Nonpoint Sources
Task
No. Task Responsible Jurisdiction Date

1 Conditional Waiver in effect. National Park Service, California 
Department of Parks and Recreation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection District, Santa Monica 
Mountains Conservancy, Cities of 
Agoura	Hills,	Calabasas,	Hidden	Hills,	
Malibu, Westlake Village, and Thousand 
Oaks, and land owners in the vicinity 
of the waterbodies addressed in the 
Nonpoint Source Implementation Section 
of	this	Basin	Plan	Amendment.

Regional Board 
adoption of TMDL.

2 Submit Notice of Intent to 
Comply with Conditional 
Waiver of Discharge 
Requirements, including 
MFAC/BMP	Program	
and Trash Monitoring and 
Reporting Plan.  

National Park Service, California 
Department of Parks and Recreation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection District, Santa Monica 
Mountains Conservancy, Cities of 
Agoura	Hills,	Calabasas,	Hidden	Hills,	
Malibu, Westlake Village, and Thousand 
Oaks, and land owners in the vicinity 
of the waterbodies addressed in the 
Nonpoint Source Implementation Section 
of	this	Basin	Plan	Amendment.

Six months from 
TMDL effective date. If 
a plan is not approved 
by the Executive 
Officer	within	9	
months, the Executive 
Officer	will	establish	an	
appropriate monitoring 
plan.

3 Implement	MFAC/BMP	
Program.

National Park Service, California 
Department of Parks and Recreation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection District, Santa Monica 
Mountains Conservancy, Cities of 
Agoura	Hills,	Calabasas,	Hidden	Hills,	
Malibu, Westlake Village, and Thousand 
Oaks, and land owners in the vicinity 
of the waterbodies addressed in the 
Nonpoint Source Implementation Section 
of	this	Basin	Plan	Amendment.

6 months from receipt 
of letter of approval 
from Regional Board 
Executive	Officer,	
or the date a plan is 
established by the 
Executive	Officer.
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Task
No. Task Responsible Jurisdiction Date

4 Submit annual TMRP 
reports including proposal 
for	revising	MFAC/BMP	for	
Executive	Officer	approval.

National Park Service, California 
Department of Parks and Recreation, 
County	of	Los	Angeles,	County	of	
Ventura, Ventura County Watershed 
Protection District, Santa Monica 
Mountains Conservancy, Cities of 
Agoura	Hills,	Calabasas,	Hidden	Hills,	
Malibu, Westlake Village, and Thousand 
Oaks, and land owners in the vicinity 
of the waterbodies addressed in the 
Nonpoint Source Implementation Section 
of	this	Basin	Plan	Amendment.

One year from receipt 
of letter of approval for 
the Trash Monitoring 
and Reporting Plan 
from Regional Board 
Executive	Officer,	and	
annually thereafter.

5 Reconsideration of Trash 
TMDL based on evaluation 
of	effectiveness	of	MFAC/
BMP program.

Regional Board. Five years from 
effective date of 
TMDL.

*	At	Task	3,	all	Responsible	Jurisdictions	must	be	attaining	the	zero	trash	target	after	each	required	trash	assessment	and	
collection	event.		At	Task	4,	all	Responsible	Jurisdictions	must	demonstrate	full	compliance	and	attainment	of	the	zero	
trash	target’s	requirement	that	trash	is	not	accumulating	in	deleterious	amounts	between	the	required	trash	assessment	and	
collection	events.		Based	on	Responsible	Jurisdiction	monitoring	reports,	the	Executive	Officer	may	adjust	the	minimum	
frequency of assessment and collection as necessary to ensure compliance between the required trash assessment and 
collection events.
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7-37  McGrath Lake PCBs, Pesticides and Sediment Toxicity TMDL    

This TMDL was adopted by:
The Regional Water Quality Control Board on October 1, 2009.

This TMDL was approved by:
The	State	Water	Resources	Control	Board	on	December	14,	2010.
The	Office	of	Administrative	Law	on	May	31,	2011.
The	U.S.	Environmental	Protection	Agency	on	June	30,	2011.

The effective date of this TMDL is: June 30, 2011.

The	elements	of	the	TMDL	are	presented	in	Table	7-37.1	and	the	Implementation	Plan	in	Table	7-37.2.

Table 7-37.1.   McGrath Lake PCBs, Pesticides and Sediment Toxicity TMDL: Elements

TMDL Element Regulatory Provisions

Problem 
Statement

McGrath	Lake	was	placed	on	the	Clean	Water	Act	Section	303(d)	list	in	1998,	2002,	and	
2006 as impaired for organochlorine pesticides (chlordane, dieldrin, DDT and derivatives) 
and polychlorinated biphenyls (PCBs) in sediment and for sediment toxicity.  These toxic 
organic chemicals bind to soil particles, are stored in the fat tissue of exposed organisms, 
and create long term environmental impairments.  Past studies concluded that sediment 
toxicity	in	McGrath	Lake	was	likely	due	to	the	elevated	concentrations	of	pesticides	and	
PCBs in sediment. 

Applicable	Water	Quality	Objectives	for	this	TMDL	are	narrative	water	quality	objectives	
for Chemical Constituents, Bioaccumulation, Pesticides and Toxicity contained in Chapter 
3, the numeric water quality objective for PCBs contained in Chapter 3 and the numeric 
water	quality	criteria	promulgated	in	40	CFR	131	(California	Toxics	Rule	(CTR)).

The	exposure	of	the	McGrath	Lake	ecosystem	to	chlordane,	DDT,	dieldrin,	and	PCBs	
in	amounts	exceeding	the	objectives	and	criteria	has	impaired	the	beneficial	uses	of	the	
lake, including aquatic life uses (rare, threatened or endangered species and estuarine, 
wildlife, and wetland habitat) and recreation uses (contact and non-contact recreation and 
commercial	and	sport	fishing).			
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TMDL Element Regulatory Provisions

Numeric Targets Water column targets for PCBs, chlordane, DDT, and dieldrin are based on the CTR water 
quality criteria for protection of human health (organisms only). These criteria are more 
stringent than those for the protection of aquatic life and thus will protect both aquatic 
life	and	fish	consumption	beneficial	uses.	The	sediment	numeric	targets	are	derived	from	
the Effects Range-Low (ER-Ls) guidelines compiled by the National Oceanographic and 
Atmospheric	Administration	(NOAA).	The	sediment	toxicity	impairment	is	addressed	by	
these numeric targets, which are protective of aquatic life in sediment.

Pollutant
Water Column 
Targets (µg/L)

Sediment  
Targets (ng/dry g)

Chlordane 0.00059 0.5

Dieldrin 0.00014 0.02

4,4’-DDT 0.00059 1

4,4’-DDE 0.00059 2.2

4,4’-DDD 0.00084 2

Total DDT -- 1.58

Total PCBs 0.00017 22.7

Source Analysis A	source	of	the	pesticide	and	PCB	loading	is	contaminated	surface	water	and	sediments	
flushing	into	McGrath	Lake	from	the	Central	Ditch,	which	drains	agriculture	and	other	
lands.		All	of	the	contaminants	included	in	this	TMDL	are	legacy	pollutants.	While	they	
are no longer legally sold or used, they remain ubiquitous in the environment, bound to 
fine-grained	particles.	Irrigation	and	rainfall	in	the	watershed	mobilize	these	particles,	
which	are	loaded	to	McGrath	Lake.	Surface	water	(stormwater	and	agricultural	drainage)	
accounts for almost half of the total recharge of the lake, while groundwater accounts for 
the rest of the recharge. Pesticides and PCBs have been detected in the surface water inlet 
to the lake (Central Ditch) but not in the groundwater from local monitoring wells. There 
are	no	point	sources	of	pesticides	or	PCBs	to	McGrath	Lake.	Atmospheric	deposition	may	
be contributing PCBs. 

In addition to external loading, the in-situ sediments are likely a source of contaminants to 
the lake water column due to the high concentrations of contaminants in the sediment.   

Linkage Analysis A	conceptual	model	identifies	the	assimilative	capacity	of	McGrath	Lake	and	links	
the source loading information to the numeric targets. The chemical properties of the 
pesticides and PCBs result in strong binding to particulate matter, therefore most of the 
incoming contaminants from the Central Ditch to the lake are bound to suspended solids. 
However,	pesticide	exceedances	are	observed	in	the	Central	Ditch	even	in	low-flow	
conditions, indicating that some of the contaminants are transported to the lake in the 
water fraction. Therefore, there are water column and suspended sediment allocations for 
the Central Ditch.

Once the suspended sediment settles to the lake bottom, desorption is possible due to 
the high contaminant concentrations, favorable environmental conditions and extended 
contact time (between the sediment and water).  The contaminated lake sediments are 
toxic to benthic organisms and may also be taken up through bioturbation and feeding 
processes. Therefore, both external loading sources from the lake subwatershed and 
internal loading from contaminated lake sediments are assigned load allocations. 
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TMDL Element Regulatory Provisions

Load Allocations
 

Load	allocations	(LAs)	addressing	non-point	sources	of	pesticides	and	PCBs	are	assigned	
to discharges from the Central Ditch to the lake and internal sources from the lake 
sediments.	The	lake	sediments	are	defined	as	bed	sediments	in	the	main	body	of	the	lake	
and the riparian corridor west of Harbor Boulevard. 

The	in-lake	LAs	are	for	concentrations	in	sediment	only.	

Pollutant Load	Allocation	for	
Concentration in  
Lake Sediment   
(µg/dry kg)

Chlordane 0.5

Dieldrin 0.02

4,4’-DDT 1

4,4’-DDE 2.2

4,4’-DDD 2

Total DDT 1.58

Total PCBs 22.7

The	Central	Ditch	LAs	are	for	concentrations	in	both	suspended	sediment	and	water.

Pollutant Water Column Load 
Allocation	(µg/L)

Load	Allocation	for	
Concentration in Suspended 
Sediment  (µg/dry kg)

Chlordane 0.00059 0.5

Dieldrin 0.00014 0.02

4,4’-DDT 0.00059 1

4,4’-DDE 0.00059 2.2

4,4’-DDD 0.00084 2

Total DDT -- 1.58

Total PCBs 0.00017 22.7

Margin of Safety The uncertainties associated with this TMDL are due to limited data on the amount and 
media by which PCBs and pesticides are entering the lake and the extent to which these 
contaminants are already in the lake. The seasonal and annual variability in the hydrologic 
budget also creates uncertainty. To address these uncertainties, an implicit margin of 
safety is applied. Conservative assumptions were used to calculate the loading to the lake 
and more the protective ER-L sediment quality guidelines were used for the sediment 
numeric targets. 
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TMDL Element Regulatory Provisions

Seasonal 
Variations 
and  Critical 
Conditions

As	the	contaminants	of	concern	for	this	TMDL	are	transported	to	the	lake	by	the	
mobilization	of	sediment,	it	is	expected	that	the	greatest	influx	of	PCBs	and	pesticides	
occurs	during	periods	of	increased	runoff	from	the	watershed.	Due	to	the	artificial	
interference in the watershed hydrologic cycle due to agricultural activities, peak runoff 
may not correspond to the southern California wet season.  Seasonal variations and 
critical conditions are addressed by the use of concentration-based load allocations. 
However, due to the bioaccumulative properties of the pollutants, effects occur over 
extended time periods, which minimizes the importance of seasonal variations.

Monitoring Monitoring Program

The monitoring program shall measure the progress of pollutant load reductions and 
improvements in water and sediment quality.  The monitoring program shall:  

• Determine attainment of numeric targets for PCBs and pesticides;
• Determine compliance with the load allocations for PCBs and pesticides; and
• Monitor the effect of implementation actions on lake water and sediment quality.

The	monitoring	program	shall	consist	of	two	phases.	The	first	phase	will	focus	on	
sampling	the	Central	Ditch	(for	the	first	10	years	of	the	TMDL	implementation	schedule)	
and	will	be	conducted	by	the	responsible	parties	for	the	Central	Ditch	LAs.	For	the	
remaining portion of the TMDL implementation schedule, required water and sediment 
samples will be collected from the Central Ditch by “responsible parties” for the Central 
Ditch	LAs,	while	required	water	and	sediment	samples	will	be	collected	from	the	
lake	as	prescribed	by	the	McGrath	Lake	Work	Plan	(MLWP)	developed	pursuant	to	a	
Memorandum	of	Agreement	(MOA)	entered	into	by	and	between	“cooperative	parties”	
and	the	Regional	Board.	The	“responsible	parties”	and	“cooperative	parties”	are	defined	
in the implementation section below.

Phase 1
Phase 1 requires the development of a monitoring and reporting plan (MRP) to comply 
with the TMDL requirements. The MRP shall propose a monitoring frequency for water 
and sediment sampling that will characterize the variability in water and sediment 
quality observed in the Central Ditch. Water samples will be analyzed for the following 
constituents:

• Total Organic Carbon
• Total Suspended Solids
• Total PCBs
• DDT and Derivatives
• Dieldrin
• Total Chlordane
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TMDL Element Regulatory Provisions

Monitoring 
(continued)

Sediment samples will be analyzed for the following constituents:

• Total Organic Carbon
• Total PCBs
• DDT and Derivatives
• Dieldrin
• Total Chlordane

The annual monitoring reports will summarize proposed changes to the MRP based 
on	the	results	of	the	previous	year’s	monitoring.	Sampling	frequency	may	be	reduced	
during future years once characterization of the variability in water and sediment quality 
has been achieved. In addition to the constituents above, general water chemistry 
(temperature,	dissolved	oxygen,	pH	and	electrical	conductivity)	and	a	flow	measurement	
will be required at each sampling event.

Responsible parties for phase 1 monitoring shall submit a MRP plan to assess compliance 
with	LAs	and	a	Quality	Assurance	Project	Plan	(QAPP).	The	MRP	and	QAPP	must	be	
submitted	to	the	Executive	Officer	for	approval	within	six	months	of	the	effective	date	of	
the	TMDL.	The	QAPP	shall	include	protocols	for	sample	collection,	standard	analytical	
procedures,	and	laboratory	certification.	All	samples	shall	be	collected	in	accordance	
with	Surface	Water	Ambient	Monitoring	Program	(SWAMP)	protocols,	where	available	
or	alternative	protocols	proposed	by	dischargers	and	approved	by	the	Executive	Officer.	
Monitoring	shall	begin	90	days	after	the	Executive	Officer	has	approved	the	MRP	and	
QAPP.			

At	the	time	of	TMDL	adoption,	several	of	the	constituents	of	concern	had	numeric	
targets	lower	than	the	laboratory	detection	limits.		As	analytical	methods	and	detection	
limits continue to improve (i.e. development of lower detection limits) and become more 
environmentally relevant, responsible parties shall incorporate new analytical methods 
with	lower	detection	limits	in	the	MRP	and	the	QAPP.			
       
A	monitoring	report	shall	be	prepared	and	submitted	to	the	Regional	Board	annually	
within	three	months	after	the	completion	of	the	final	sampling	event	of	the	year.		

Phase 2
The	sampling,	analysis	and	flow	measurements	begun	in	Phase	1	will	continue.	
Additionally,	samples	will	be	collected	from	within	the	lake.	Water	column	and	surficial	
sediment (top 2 cm) samples will be collected at the northern end of the lake and from 
the	deepest	portion	of	the	lake.	All	samples	will	be	collected	in	accordance	with	SWAMP	
protocols. Cooperative parties shall only commence, participate or fund the Phase 2 
monitoring as provided in the MLWP.
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TMDL Element Regulatory Provisions

Monitoring 
(continued)

Water samples will be analyzed for the following constituents:

• Total Organic Carbon
• Total Suspended Solids
• Total PCBs
• DDT and Derivatives
• Dieldrin
• Total Chlordane

Sediment samples will be analyzed for the following constituents:

• Total Organic Carbon
• Total PCBs
• DDT and Derivatives
• Dieldrin
• Total Chlordane
• Toxicity (if toxicity is determined, a TIE shall be completed to elucidate the cause of 

the toxicity)

Samples from the lake will be collected annually. The annual reports required for Phase 1 
will	continue	during	Phase	2.	Additional	monitoring	may	be	required	depending	on	which	
implementation option is chosen.

Three years from the effective date of the TMDL, cooperative parties must submit the 
MLWP as discussed in the implementation section below. 

At	the	time	of	TMDL	adoption,	several	of	the	constituents	of	concern	had	numeric	targets	
lower	than	the	laboratory	detection	limits.		All	required	monitoring	under	Phase	1	and	
Phase 2 shall incorporate new analytical methods, once commercially available with 
lower	detection	limits,	in	the	MRP	and	the	QAPP.	
       
A	monitoring	report	shall	be	prepared	and	submitted	to	the	Regional	Board	annually	
within	three	months	after	the	completion	of	the	final	sampling	event	of	the	year.		

Implementation 
Plan

Compliance with this TMDL will require the elimination of pollutant loads in toxic 
amounts	from	the	Central	Ditch	to	the	lake	and	identification	and	implementation	of	
strategies	to	remediate	the	contaminated	sediments	at	the	bottom	of	the	lake.	Table	7-
37.2	contains	a	schedule	for	cooperative	parties	to	implement	a	MOA	to	jointly	develop	
the MLWP to implement strategies to remediate the contaminated lake sediments and 
achieve lake sediment load allocations.  

I.		Implementation	and	Determination	of	Compliance	with	the	Central	Ditch	LAs	for	
Agricultural	Non-point	Source	Discharges

The Central Ditch load allocations assigned to agriculture non-point source dischargers 
will be implemented through the Conditional Waiver of Waste Discharge Requirements 
for Discharges from Irrigated Lands (Conditional Waiver) or other appropriate Regional 
Board Orders. The load allocations for the Central Ditch shall be incorporated into the 
Conditional Waiver or other appropriate Regional Board Orders. 
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TMDL Element Regulatory Provisions

Implementation 
Plan (continued)

It is likely that a combination of implementation measures will be needed to achieve the 
LAs.	The	Central	Ditch	implementation	actions	may	include,	but	are	not	limited	to	the	
following:  

• On-Farm BMPs
• Regional Sub-Watershed BMPs
• Regional Treatment System
•	 Redirect	Agriculture	Discharge

The	estimated	costs	for	on-farm	BMPs	such	as	buffer	crops,	filter	strips,	and	
sedimentation	basins	are	approximately	$373/acre	of	BMP,	$1002/acre	of	BMP,	and	
$10,000/acre of BMP, respectively.  The estimated costs for regional sub-watershed 
BMPs, such as converting the Central Ditch to a grassed waterway or converting the 
dirt	road	that	runs	along	the	Central	Ditch	into	a	filter	strip,	are	approximately	$1,288/
per acre of BMP and $1002/per acre of BMP, respectively. The estimated cost of a 
regional treatment system to address the Central Ditch water is about $151,536/year. The 
estimated costs to redirect the agriculture discharge toward a nearby canal are $612,611 
(open	ditch)	to	$1,287,402	(piped	diversion).	Potential	sources	of	financing	for	these	
implementation	alternatives,	such	as	Clean	Water	Act	section	319(h)	grant	funding,	are	
discussed	in	Chapter	4.	As	discussed	in	Chapter	4,	the	U.S.	Department	of	Agriculture	
Soil Conservation Service and the Resource Conservation Districts provide information 
on, and assistance in, implementing BMPs.

Agricultural	Dischargers	will	be	considered	in	compliance	with	the	TMDL	LAs	if	they	
comply	with	all	provisions	of	the	Conditional	Waiver	established	to	implement	the	LAs	,	
or  those of  any alternative regulatory order, if any, that may be established to implement 
the	LAs	in	lieu	of	the	Conditional	Waiver.

II.		Implementation	of	Memorandum	of	Agreement	to	Develop	McGrath	Lake	Work		
					Plan	and	Determination	of	Compliance	with	LAs	for	Contaminated	Lake	Sediments

The	contaminated	lake	sediment	LAs	may	be	implemented	through	a	MOA,	which	the	
Executive	Officer	is	authorized	to	negotiate	and	execute,	provided	it	is	consistent	with	the	
following:		The	MOA	shall	detail	the	voluntary	efforts	that	will	be	undertaken	to	attain	
the	load	allocations.	The	MOA	shall	comply	with	the	Water Quality Control Policy for 
Addressing	Impaired	Waters:	Regulatory	Structure	and	Options (“Policy”), including part 
II, section 2 (c)(ii) and related provisions, and shall be consistent with the requirements 
of	this	TMDL.		If	the	MOA	is	timely	adopted	in	accordance	with	the	implementation	
schedule	below,	the	program	described	in	the	MOA	shall	be	deemed	“certified”,	pursuant	
to	the	Policy,	subject	to	the	conditions	of	Policy	section	2	(e).		The	MOA	shall	include	
development	of	the	MLWP,	which	must	be	approved	by	the	Executive	Officer,	and	may	
be	amended	with	Executive	Officer	approval,	as	necessary.		Implementation	of	the	MOA	
shall	be	reviewed	annually	by	the	Executive	Officer	as	part	of	the	MRP	annual	reports.	
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TMDL Element Regulatory Provisions

Implementation 
Plan (continued)

The	purpose	of	the	MOA	is	not	to	create	evidence	of	responsibility	or	ascertain	legal	
liability for subsequent remediation of the lake sediments, but rather to organize 
stakeholders who have an interest in the remediation of the lake sediments.

To be a valid non-regulatory implementation program adopted by the Regional Board, the 
MOA	shall	include	the	following	requirements	and	conditions:

•	 The	MOA	shall	direct	development	of	a	MLWP	that	addresses	the	impaired	
waterbody	as	approved	by	the	Executive	Officer.

•	 The	MOA	shall	outline	the	roles	and	responsibilities	of	the	Regional	Board	and	
each cooperative party.

•	 The	MOA	shall	contain	conditions	that	require	trackable	progress	on	attaining	
load	allocations	and	numeric	targets.		A	timeline	shall	be	included	that	identifies	
the point(s) at which Regional Board regulatory intervention and oversight will be 
triggered if the pace of work lags or fails.

•	 The	MOA	shall	contain	a	provision	that	it	shall	be	revoked	based	upon	findings	
that the program has not been adequately implemented, is not achieving its goals, 
or is no longer adequate to restore water quality.

•	 The	MOA	shall	be	consistent	with	the	California Policy for Implementation and 
Enforcement of the Non-point Source Pollution Control Program, including 
but not limited to, the “Key Elements of a Non-point Source Pollution Control 
Implementation Program”.  

Pursuant	to	the	terms	of	the	MOA,	the	cooperative	parties	and	the	Regional	Board	will	
work jointly to develop the MLWP and remediate the lake sediments. The purpose of the 
MLWP is to set forth strategies to achieve lake sediment load allocations in a manner that 
is	beneficial	to	subwatershed	landowners	and	the	public	in	general.	To	the	satisfaction	of	
the	Executive	Officer,	the	MLWP	shall	meet	the	following	criteria:	
 

• Three years from the effective date of the TMDL cooperative parties shall submit 
a	MLWP	for	approval	by	the	Executive	Officer.		

•	 The	MLWP	shall	include	identification	of	implementation	measures	that	will	
achieve	lake	sediment	LAs.

• The MLWP shall include any additional monitoring needed to assess the 
effectiveness	of	the	MLWP’s	chosen	implementation	strategies.

•	 The	MLWP	shall	include	a	MRP	and	QAPP	for	phase	2	monitoring.

• The MLWP shall include a strategy to secure funds necessary to remediate the 
lake sediments and achieve lake sediment allocations.
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TMDL Element Regulatory Provisions

Implementation 
Plan (continued)

• The MLWP shall include tasks and a clear timeline for task completion leading 
to	attainment	of	lake	sediment	LAs.	The	roles	and	responsibilities	of	each	
cooperative party shall also be outlined in the MLWP.

• The MLWP shall consider and address the potential impacts of lake sediment 
remediation	strategies	on	the	implementation	of	the	McGrath	Beach	Bacteria	
TMDL	and	ongoing	restoration	efforts	at	McGrath	State	Beach.

• The MLWP shall achieve compliance with the load allocations through the 
implementation of lake management strategies to reduce and manage internal 
pesticide and PCBs sources from lake bed sediments.  The lake management 
implementation actions may include:  

• Sediment Capping;
• Dredging/Hydraulic Dredging;
•	 Monitored	Natural	Attenuation;	or
• Other appropriate means of implementation.

The	Executive	Officer	may	require	a	revised	MLWP	to	reflect	the	results	of	data	obtained	
through TMDL implementation. 

III.	 APPLICATION	OF	ALLOCATIONS

A.	Responsible	parties	for	the	Central	Ditch	LAs	are	the	agricultural	dischargers	in	the	
McGrath	Lake	sub-watershed.

B.	Responsible	parties	for	the	lake	sediment	LAs	have	not	yet	been	identified.	Instead,	
cooperative	parties	for	the	lake	sediment	LAs	are	identified,	not	as	responsible	
parties or as dischargers, but as landowners in the subwatershed who may execute a 
MOA	jointly	with	the	Regional	Board	for	the	development	of	the	MLWP	so	that	lake	
sediment allocations can be achieved in a manner that is in the best interest of both the 
subwatershed landowners and the public in general.

Cooperative	parties	for	the	lake	sediment	LAs	include:
• State of California Department of Parks and Recreation
•	 McGrath	Family	(owners	of	the	Central	Ditch	west	of	Harbor	Blvd	and	the	

northern end of the lake)
•	 Agricultural	Landowners	in	the	McGrath	Lake	sub-watershed
•	 Ventura	Regional	Sanitation	District	(Bailard	Landfill)
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TMDL Element Regulatory Provisions

Implementation 
Plan (continued)

If	a	MOA	is	not	established	by	and	between	cooperative	parties	and	the	Regional	Board	
within two years of the effective date of the TMDL, or the cooperative parties do not 
comply	with	the	terms	of	the	MOA,	or	if	the	MOA	and	MLWP	are	not	implemented	or	
otherwise do not result in attainment of load allocations consistent with the provisions and 
schedule	of	the	TMDL,	the	Executive	Officer	shall	initiate	an	investigation,	with	input	
from current landowners, to (1) identify the responsible parties, whether named in this 
TMDL or not, whose discharges of the legacy pollutants have caused or contributed to the 
impairment of the lake; (2) ascertain the whereabouts and capacities of those responsible 
parties and/or their successors; (3) determine the parties to whom responsibility for 
remediation	of	sediments	should	be	assigned;	and	(4)	issue	appropriate	regulatory	orders	
to those responsible parties.

In	addition,	a	comprehensive	review	of	the	MOA	by	the	Executive	Officer	shall	take	place	
five	years	from	the	effective	date	of	the	MOA.	The	purpose	of	this	review	is	to	ensure	
adequate	progress	pursuant	to	the	timeline	established	in	the	MOA	on	development	of	the	
MLWP and ultimately attainment of the lake sediment load allocations. If the Executive 
Officer	determines	that	adequate	progress	has	not	been	made,	the	Regional	Board	shall	
initiate the investigation described above.

If	the	Executive	Officer	is	unable	to	identify	the	responsible	parties	per	the	investigations	
above, then the TMDL shall be reconsidered.
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Table 7-37.2 McGrath Lake PCBs and Pesticides TMDL: Implementation Schedule
Task 

Number
Task Deadline

1 Responsible	parties	assigned	Central	Ditch	LAs	
shall submit a Monitoring and Reporting Plan 
(MRP)	to	the	Executive	Officer	for	review	and	
approval to address Phase 1 monitoring.  

6 months from the 
effective date of the 
TMDL

2 Responsible	parties	assigned	Central	Ditch	LAs	
shall begin monitoring as outlined in the approved 
MRP.

90 days from the date of 
MRP approval

3 Responsible	parties	assigned	Central	Ditch	LAs	
shall submit annual monitoring reports.  Reports 
shall be submitted within three months after the 
completion	of	the	final	sampling	event	of	the	year.

Annually	

4 Cooperative parties shall enter into a 
Memorandum	of	Agreement	(MOA)	with	the	
Regional Board to implement the lake sediment 
LAs.		

Two years from the 
effective date of the 
TMDL

5 Parties	subject	to	the	MOA	shall	submit	a	McGrath	
Lake Work Plan (MLWP) for review and approval 
by	the	Executive	Officer.		

Three years from the 
effective date of the 
TMDL

6 Parties	subject	to	the	MOA	shall	submit	annual	
progress reports.

Annually	from	the	date	
of MLWP approval

7 Responsible	parties	shall	attain	Central	Ditch	LAs.	 10 years from the 
effective date of the 
TMDL

8 Begin	implementation	of	McGrath	Lake	sediment	
remediation actions based on MLWP.

As	soon	as	possible,	but	
no later than 10 years 
from the effective date of 
the TMDL

9 Phase 2 monitoring shall begin as outlined in the 
MLWP. The results shall be included as part of the 
annual progress reports initiated in Task 6.

To be determined based 
on MLWP.

10 Lake	sediment	LAs	shall	be	achieved.	 14	years	from	the	
effective date of the 
TMDL

RB-AR36379



RB-AR36380



RB-AR36381



RB-AR36382



RB-AR36383



RB-AR36384



RB-AR36385



RB-AR36386



RB-AR36387



RB-AR36388



RB-AR36389



RB-AR36390



RB-AR36391



RB-AR36392



RB-AR36393



RB-AR36394



RB-AR36395



RB-AR36396



RB-AR36397



RB-AR36398



RB-AR36399



RB-AR36400



RB-AR36401



RB-AR36402



RB-AR36403



RB-AR36404



INTRODUCTION 1-1 January 24, 1995 
  Updated February 2008 

CHAPTER 1 
 

INTRODUCTION 
 

THE WATER QUALITY CONTROL PLAN (BASIN PLAN) FOR THE SANTA ANA 
RIVER BASIN 

 
The State Water Resources Control Board (SWRCB or State Board) and the nine 
Regional Water Quality Control Boards (RWQCBs or Regional Boards) are 
responsible for the protection and, where possible, the enhancement of the quality of 
California’s waters. The SWRCB sets statewide policy, and together with the 
RWQCBs, implements state and federal laws and regulations. Each of the nine 
Regional Boards adopts a Water Quality Control Plan, or Basin Plan, which recognizes 
and reflects regional differences in existing water quality, the beneficial uses of the 
region’s ground and surface waters, and local water quality conditions and problems. 
 
This document is the Basin Plan for the Santa Ana Region. The Santa Ana Regions 
includes the upper and lower Santa Ana River watersheds, the San Jacinto River 
watershed, and several other small drainage areas. The Santa Ana Region covers 
parts of southwestern San Bernardino County, western Riverside County, and 
northwestern Orange County. 
 

FUNCTION OF THE BASIN PLAN 
 
The Basin Plan for the Santa Ana Region is more than just a collection of water quality 
goals and policies, descriptions of conditions, and discussions of solutions. It is also 
the basis for the Regional Board’s regulatory programs. The Basin Plan establishes 
water quality standards for the ground and surface waters of the region. The term 
“water quality standards,” as used in the federal Clean Water Act, includes both the 
beneficial uses of specific waterbodies and the levels of quality which must be met and 
maintained to protect those uses. The Basin Plan includes an implementation plan 
describing the actions by the Regional Board and others that are necessary to achieve 
and maintain the water quality standards.     
 
The Regional Board regulates waste discharges to minimize and control their effects 
on the quality of the region’s ground and surface water. Permits are issued under a 
number of programs and authorities. The terms and conditions of these discharge 
permits are enforced through a variety of technical, administrative, and legal means. 
 
Water quality problems in the region are listed in the Basin Plan, along with the 
causes, where they are known. For waterbodies with quality below the levels 
necessary to allow all the beneficial uses of the water to be met, plans for improving 
water quality are included. 
 
In some cases, it has been necessary for the Regional Board to completely prohibit 
the discharge of certain materials. Some types of discharges are prohibited in specific 
areas. Details on these prohibitions also appear in the Basin Plan. 
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LEGAL BASIS AND AUTHORITIES 
 
The Basin Plan reflects, incorporates, and implements applicable portions of a number 
of national and statewide water quality plans and policies, including the California 
Water Code and the Clean Water Act. 
 
California Water Code 

 
California’s Porter-Cologne Water Quality Control Act (Section 13000 [“Water Quality”] 
et seq., of the California Water Code), which established both the State Water 
Resources Control Board and the present system of nine Regional Water Quality 
Control Boards, directs in Chapter 4, Article 3, “Regional Water Quality Control Plans,” 
that each Regional Board is to formulate and adopt water quality control plans for all 
areas within the region and is to periodically review and revise them as necessary. 
Each Regional Board is to set water quality objectives that will insure the reasonable 
protection of beneficial uses and the prevention of nuisance, with the understanding 
that water quality can be changed somewhat without unreasonably affecting beneficial 
uses. 
 
The California Water Code also lists the specific factors which are to be considered in 
establishing water quality objectives. A detailed listing appears in Chapter 4 (p. 4-1). 
 
Implementation plans are to include, but not limited to: 
 
(1) a description of the nature of the actions necessary to achieve the objective,       

including recommendations for appropriate action by any entity, public or 
private; 

 
(2)    a time schedule for the actions to be taken; and 
 
(3)   a description of the surveillance to be undertaken to determine compliance 

with the objectives. 
 
Clean Water Act 
 
The objective of the federal Clean Water Act is to “restore and maintain the chemical, 
physical and biological integrity of the Nation’s waters,” to make waters of the United 
States “fishable and swimmable.” The Clean Water Act includes several sections 
which relate to Basin Plans and the basin planning process, including sections on 
Areawide Waste Treatment Management, Basin Planning, and Water Quality 
Standards and Implementation Plans.    
 
The Clean Water Act requires that states adopt water quality standards, including 
standards for toxic substances. The states are also required to have a continuing 
planning process, which includes public hearings at least once every three years to 
review the water quality standards and revise them if necessary. 
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ENVIRONMENTAL SETTING 
 
The Santa Ana Region is the smallest of the nine regions in the state (2800 square 
miles) and is located in southern California, roughly between Los Angeles and San 
Diego. Although small, the region’s four million residents (1993 estimate) make it one 
of the most densely populated regions. People have come to southern California over 
the years for a wide variety of reasons. Once here, many decide to stay. Snow skiing 
areas in the mountains are as little as two hours from world-famous broad, sandy 
ocean beaches.   
 
The climate of the Santa Ana Regions is classified as Mediterranean: generally dry in 
the summer with mild, wet winters. The average annual rainfall in the region is about 
fifteen inches, most of it occurring between November and March. Much of the area 
would be near-desert were it not for the influence of modern civilization.  
 
Regional Boundaries and Geography 
 
In very broad terms, the Santa Ana Region is a group of connected inland basins and 
open coastal basins drained by surface streams flowing generally southwestward to 
the Pacific Ocean (See Figure 1-1). 
 
The boundaries between California’s nine regions are usually hydrologic divides that 
separate watersheds, but the boundary between the Los Angeles and Santa Ana 
Regions is the Los Angeles County Line. Since that county line only approximates the 
hydrologic divide, part of the Pomona area drains into the Santa Ana Region, and in 
Orange County, part of the La Habra drains into the Los Angeles Region. 
 
The east-west alignment of the crest of the San Gabriel and San Bernardino 
Mountains separates the Santa Ana River basin from the Mojave Desert, which is part 
of the Lahontan Basin (Region 6). 
 
In the south, the regional boundary divides the Santa Margarita River drainage area 
from that of the San Jacinto River, which normally terminates in Lake Elsinore.   
 
Near Corona, the Santa Ana River has cut through the Santa Ana Mountains and 
flows down onto the Orange County coastal plain. The Pacific Ocean coast of the 
Santa Ana Region extends from just north of Laguna Beach up to Seal Beach and the 
Los Angeles County line. Other features of the coast include Newport Bay, Anaheim 
Bay-Huntington Harbour, and the major coastal wetlands areas associated with those 
bays. 
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Geological Faults 
 
Southern California is a geologically active area. Major earthquake faults in the region 
include the San Andreas Fault and its large branch, the San Jacinto Fault; the 
Elsinore-Whittier Fault; and the Newport-Inglewood Fault. The San Andreas Fault 
divides the San Gabriel Mountains from the San Bernardino Mountains. The San 
Jacinto Fault, which splits off from the San Andreas Fault near San Bernardino, affects 
groundwater flows associated both with the Santa Ana and San Jacinto Rivers. The 
Elsinore-Whittier Fault passes under Prado Dam as it trends, like the others, from the 
northwest toward the southeast. The Newport-Inglewood Fault enters the region from 
the Los Angeles basin and passes offshore at Newport Beach. In addition to these 
major faults, there are many branching, connecting, and parallel faults in the region. 
 
HISTORY OF WATER DEVELOPMENT 
 
Early Settlement 
 
Following the Spanish Mission and Rancho Periods, early agriculture centered around 
horses and cattle. In the early 1800s, the increasing population required more farms 
and orchards to produce more food. The weather generally supported farming year-
round, but the dry summers made irrigation a necessity. Once water supplies became 
dependable, vast areas of citrus orchard and vineyards also followed. Today, the 
region still has strong ties to agriculture, including a large dairy industry, but much of 
what remains is under increasing development pressure. The future probably involves 
an even larger human population and much less commercial agriculture. 
 
Original Conditions 
 
Before this area was settled, it is thought that the Santa Ana River flowed from its 
headwaters in the San Bernardino Mountains to the Pacific Ocean throughout most of 
the year. The San Jacinto River, also a substantial surface stream, typically would 
have ended at Lake Elsinore, which acted as an inland sink. Once out of the 
sycamore-filled mountain canyon, these rivers meandered along in sandy streambeds, 
shaded by willows, cottonwoods, and live oaks, flows decreasing where water 
percolated, filling the groundwater basins, increasing where local geological features 
forced the groundwater to the surface. High groundwater made springs, swampy 
areas, marshes and bogs common. 
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Deep alluvial valley deposits made up large groundwater basins, both in the inland 
valleys and on the coastal plain, basins naturally full of fresh water. Along with its 
nearby tributaries, the Santa Ana River fed the Bunker Hill groundwater basin, the 
Colton and Riverside basins, and to a lesser extent, part of the Chino Basin. Streams 
in the San Gabriel Mountains recharged the Chino Basin. The San Jacinto River 
recharged a deep (over two thousand feet) graben, the San Jacinto groundwater 
basin, as it left the mountains, then several other basins in succession on its way to 
Lake Elsinore. When especially heavy rainfalls or a series of wet winters filled Lake 
Elsinore, overflows went down Temescal Creek to the Santa Ana River near Corona. 
The Santa Ana River entered Santa Ana Canyon and passed through the coastal 
mountains out onto the Orange County Plain, overlying another large, deep 
groundwater basin largely recharged by river flows. With the diversion of most of this 
natural surface flow for agricultural and domestic uses, creeks and rivers dried up, 
carrying only storm flows and runoff.  Eventually, treated wastewater replaced some of 
the flows in some streams.   
 
Irrigation 
 
The first irrigation diversions were made directly from the streams, often using crude 
brush and sand dams and hand-dug ditches to lead the water from the river to the 
fields. As more and more settlers arrived, the number of diversions increased. 
Eventually, all the surface flows were taken and groundwater recharge diminished 
sharply. 
 

Ground water pumping became necessary to provide water for irrigation and for the 
growing settlements. Windmills were followed by motor-driven pumps, and as 
groundwater levels fell, deep well turbines became necessary. Artesian areas, such as 
those near San Bernardino and in Fountain Valley, stopped flowing naturally. The 
springs, swamps, and other historically wet areas began drying up.   
 
The history of the San Jacinto River and its tributaries parallels that of the Santa Ana. 
The San Jacinto had historically kept all the groundwater basins in that part of the 
region full. Now, there is essentially no surface flow beyond the mouth of the canyon, 
where it exits the mountains; the riverbed is typically dry. Flood flows every five or ten 
years, however, produce a broad, shallow “Mystic Lake” in the riverbed near the town 
of Lakeview. 
  
Further downstream, the river is dammed to form Canyon Lake, just upstream from 
Lake Elsinore. As noted earlier, Lake Elsinore is normally a sink, with no outflow. High 
annual evaporation rates have historically limited the amount of water in the lake, 
which has gone dry several times in this century. Only torrential rains or extended wet 
cycles have produced the rare overflows down Temescal Creek to the Santa Ana 
River. Several projects to stabilize the level of Lake Elsinore are now being completed. 
 
When local water supplies inevitably ran short, the area’s economy, based on 
agriculture, was strong enough to help support the construction of large imported 
water projects. The Metropolitan Water District of Southern California (locally MWD-
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SC or “Met”) built and still operates the Colorado River Aqueduct, which has imported 
millions of acre-feet of water from the Colorado River across the Mojave Desert and 
into the region. A second, newer system, the California Water Project, pumps 
comparable volumes of water out of the Sacramento-San Joaquin Delta for delivery to 
the Santa Ana Region and other parts of Southern California. 
 
 
 
Santa Ana River Stipulated Judgement 
 
Despite the availability of imported water, legal arguments focused on locally available 
(generally cheaper) water supplies. Overuse of the upstream water by extensive 
recycling had reduced summer flows in the Santa Ana River to a trickle, and even that 
trickle was somewhat salty. The largest of these legal arguments pitted Orange 
County (the downstream users) against all of the upstream users in Riverside and San 
Bernardino Counties. When the case was settled through an engineered solution the 
four largest water districts - San Bernardino Valley Municipal Water District (MWD), 
Chino Basin MWD, Western MWD, and Orange County WD agreed to implement the 
court’s solution through a Santa Ana River Watermaster. 
 
Minimum average annual flows and guaranteed quality (total dissolved solids, or TDS) 
from the San Bernardino area to and through the Riverside Narrows were required, as 
well as flows from the upper basin to the lower basin (Orange County), measured at 
Prado Dam. The water required to meet the Stipulated Judgement can be made up of 
wastewater, imported water, dry weather runoff or some combination of these, with 
TDS the measure of minimum acceptable quality. 
 
Together, the four large water agencies affected by the judgement formed SAWPA, 
the Santa Ana Watershed Planning (later “Project”) Authority, a forum for discussion of 
water issues as well as a joint powers agency that can build projects of common 
interest to two or more members. 
 

BASIN PLANNING 
 
History 
 
In the 1950s and ‘60s, the Regional Boards were not actively involved in water quality 
planning. Water quality problems typically resulted in controls on waste discharges, 
usually including effluent limits for TDS and perhaps a few other parameters. Beyond 
that, the only serious restrictions prohibited the creation of a pollution or nuisance. By 
1970, however, the Regional Boards were actively involved in the formulation of plans 
to meet established water quality objectives. The federal Clean Water Act and the 
Porter-Cologne Act, which required basin-wide planning, plus the National Pollution 
Discharge Elimination System (NPDES), which empowers the states to set discharge 
standard, placed new tools in the hands of the Regional Boards and encouraged the 
development of new approaches to water quality management. With the development 
of the “1967 Standards,” applicable to interstate waters, came Water Quality Control 
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Policies for the San Gabriel Tidal Prism, for the Coastal Bays, Marinas and Sloughs, 
and for Pacific Ocean Coastal Waters. 
 
In the Santa Ana Region, the 1971 Interim Water Quality Control Plan incorporated the 
1967 Standards and set water quality objectives for the Santa Ana River at Prado 
Dam. After the State Board developed the Ocean Plan and the Thermal Plan, the 
revised Interim Water Quality Control Plan incorporated that information. 
 
Also in the early 1970s, the Santa Ana Regional Water Quality Control Board 
(Regional Board) was investigating the salt balance situation in the upper basin. An 
early computer model, primitive and slow by modern standards but providing answers 
of a kind never available before, had been used to assess the situation.  SAWPA was 
contracted to write the first (1975) essentially complete Basin Plan (Water Quality 
Control Plan) for the Regional Board, using an improved version of that model.   
 
The 1975 Basin Plan outlined a specific water quality management scheme designed 
to improve groundwater quality in the upper basin. Unfortunately, the kinds of large-
scale actions necessary to maintain the quality of the region’s ground and surface 
waters – basin management facilities, changes in water supply, regional wastewater 
treatment – were well beyond the regulatory powers of the Regional Board.   
 
One of the region’s major problems at that time was salt balance. Salt (TDS) buildup in 
the water results from excessive reuse of a given volume of water. Each cycle of use, 
whether in the home, in industry or use by irrigated agriculture, adds salts directly or 
indirectly, either through partial evaporation (or evapotranspiration) or direct addition of 
soluble materials. Typically, each use of water adds 200-300 parts per million (ppm) or 
milligrams per liter (mg/L) of TDS. TDS begins to interfere with the use of water 
somewhere between 500 and 1000 mg/L TDS; at 2000 mg/L, water is brackish and 
generally unusable.  In order to allow for subsequent use downstream and to keep 
ground and surface water bodies usable, careful management of water reuse was 
necessary. Unlimited recycling created water quality problems.  “Pumpback” schemes 
were strongly discouraged. 
 
Part of the 1975 Basin Plan’s solution to the salt balance problem, which seemed most 
acute in the Chino groundwater basin, was to import and recharge large volumes of 
low-TDS State Water Project (SWP) water. A second feature of the implementation 
plan was a large wellfield to extract poor quality water from the lower part of the basin. 
The third component was a pipeline to the sea to export brines from the upper basin. 
As years have passed, the list of projects has changed, with desalters replacing 
groundwater flushing projects. Most of the brine line (the Santa Ana River Interceptor 
or SARI Line) has been built and one groundwater desalter (Arlington) is now in place. 
Plans for two more desalters (East and West Chino Basin) in this area are still in 
design; at least one more is proposed in the San Jacinto watershed. 
 

The Santa Ana Regional Water Quality Control Board and SAWPA (now also including 
Eastern MWD as a member) have continued to work together toward a common goal 
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– a well-operated basin that meets reasonable standards in an economical manner 
and provides high-quality water supplies when and where they’re needed. 
 

 
 
 
 
 
THE SANTA ANA RIVER 
 
Reaches 
 
The mainstem of the Santa Ana River is divided into six reaches (Figure 1-2). Each 
reach is generally a hydrologic and water quality unit. 
 
Reach 6 includes the river upstream of Seven Oaks Dam, now under construction. 
Flows consist largely of snowmelt and storm runoff.  Water quality tends to be very 
high. 
 
Reach 5 extends from Seven Oaks Dam to San Bernardino, to the San Jacinto Fault 
(Bunker Hill Dike), which marks the downstream edge of the Bunker Hill groundwater 
basin. Most of this reach tends to be dry, except as a result of storm flows, and the 
channel is largely operated as a flood control facility. The extreme lower end of this 
reach includes rising water and intermittently, San Timoteo Creek flows. 
 
Reach 4 includes the river from the Bunker Hill Dike down to Mission Boulevard 
Bridge in Riverside. That bridge marks the upstream limit of rising water induced by 
the flow constriction in the Riverside Narrows. Until about 1985, rising water from 
upstream and wastewater discharges percolated and the lower part of the reach was 
dry. Flows are now perennial, but may not remain so as new projects are built. Much 
of this reach is also operated as a flood control facility. 
 
Reach 3 includes the river from Mission Bridge to Prado Dam. In the Narrows, rising 
water feeds several small tributaries (Sunnyslope Channel, Tequesquite Arroyo, and 
Anza Park Drain) which are important breeding and nursery areas for the native fish. 
Temescal, Chino, and Mill/Cucamonga Creeks in Prado Basin are also important river 
tributaries.   
 
Reach 2 carries all the upstream flows down through Santa Ana Canyon to Orange 
County where as much of the water as possible is recharged into the Orange County 
groundwater basin. The downstream end of the forebay/recharge area and, therefore, 
the ordinary limit of surface flows, is at 17th Street in Santa Ana. 
 
Reach 1 is a normally dry flood control facility, presently being expanded and 
improved even further as a part of the US Army Corps of Engineers’ Santa Ana River 
Project. This reach extends from 17th Street to the tidal prism at the ocean. 
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Flows and Water Quality 
 
When the Santa Ana River Stipulated Judgement was finalized in 1969, surface 
diversions and groundwater pumping had eliminated most of the dry weather surface 
flows in the river system between the mountains and Prado Dam. As the inland cities 
grew, wastewater flows increased. Between 1970 and 1990, the total volume rose 
from less than 50,000 to over 130,000 acre-feet per year. The river is effluent-
dominated, a rare circumstance outside the Southwest. Nevertheless, water quality in 
the river has improved steadily, due largely to the efforts of the dischargers action in 
response to the requirements of the Regional Board. 
 
In the 1970s, secondary treatment with disinfection was required in order to protect the 
health of the people who used it for contact recreation. These treatment requirements 
were further upgraded to include virus control: in-line coagulation and filtration and 
improved disinfection (or their equivalents) were then required. In the late 1980s, 
control of inorganic nitrogen levels was required to protect the aquatic habitat from un-
ionized ammonia toxicity and to manage nitrate levels in groundwater for subsequent 
municipal uses. Further controls on residual chlorine levels were also added. 
 
By 1991, when SAWPA’s Use-Attainability Analysis of the middle Santa Ana River was 
conducted; full compliance with all these requirements had not yet been achieved. The 
river was posted to warn against water contact recreation, because certain upstream 
dischargers had not achieved compliance with virus control requirements. Compliance 
is expected by the end of 1995. Other identifiable water quality problems in the river 
were restricted to parts of Reach 4 where ammonia and chlorine controls were not yet 
in place. No water quality impairment due to toxics was seen in other parts of the 
system. In those other areas, the kinds and numbers of aquatic organisms at any 
given location tend to be dictated by habitat conditions.   
 
Aquatic Environment in the Santa Ana River 
 
Because flows are limited or generally absent in several parts of the Santa Ana River, 
there is no sustained aquatic habitat in those areas. Even where there are perennial 
flows, the habitat is frequently harsh – warm, shallow water, shifting sand substrate, 
little or no instream cover, and no riparian vegetation or tree canopy for shade.   
 
There are no dependable flows from the mouth of the canyon, where the river leaves 
the mountains, for some distance downstream. In the canyon itself, the Corps of 
Engineers is presently building the Seven Oaks Dam, a large flood control structure. 
Groundwater recharge basins immediately downstream percolate flows from the river 
and its nearby tributaries. The river channel is operated as a typically dry flood control 
facility. 
 
In the San Bernardino area, the San Jacinto Fault (Bunker Hill Dike) forces 
groundwater to the surface. At present (1993), perennial flows in the middle Santa Ana 
River begin at the confluence with East Warm Creek, a short distance upstream. The 
rising water area associated with the fault, now relatively small, was historically a 
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much larger, swampy area with many large springs. San Timoteo Creek, which the 
Corps of Engineers plans to line with concrete in the near future, joins the river in this 
area, its flows predominantly reclaimed wastewater from Yucaipa and other upstream 
dischargers. 
 

East Warm Creek (near San Bernardino) carries small amounts of water from various 
non-point sources as well as some rising water. The San Bernardino Publicly-Owned 
Treatment Works (POTW) currently discharges to this creek just upstream of where it 
joins the river, but the city plans to move its point of discharge downstream in the near 
future. The river passes under several major highways and railroads in this area, and 
parts of the river bottom are lined with concrete. West Warm Creek, fully improved by 
the Corps for flood control but usually dry, also joins the river in this area. 
 
The Santa Ana River Use-Attainability Analysis (1991) found areas of relatively high 
habitat value downstream of La Cadena Avenue in Colton, but these areas were 
largely washed out during the wet 1992-93 winter. Aquatic biota in the stream in this 
part of Reach 4 were limited, however, because certain POTWs had not yet installed 
full tertiary treatment and because physical conditions downstream – high 
temperatures, lack of cover or shelter – strongly discouraged upstream or downstream 
migration. Recent flood control maintenance practices have included removal of all 
vegetation and straightening of the river channel, severely reducing the value of the 
habitat. Surface flows presently continue on down through Reach 4, though conditions 
are likely to change when San Bernardino and Colton effluents are diverted to the RIX 
(rapid infiltration and extraction) project further downstream. The City of Rialto may 
also change its point of discharge to the river.   
 
Near the Mission Boulevard Bridge and the upstream limit of Reach 3, rising water 
marks the Riverside Narrows area. Groundwater rises in the river channel and to 
either side as well. This water supports several small tributaries: Sunnyslope Channel, 
mostly improved for flood control; Tequesquite Arroyo Creek, which also drains 
Sycamore Canyon; and Anza Park Drain. In addition, the overflow from Lake Evans 
makes up a perennial tributary to the river in this area. These small streams form the 
present center of population of the Santa Ana Sucker, one of two remaining native 
species (in the Santa Ana River). 
 
The City of Riverside’s POTW on the south side of the river discharges in the Narrows, 
diverting all or part of its flows through the Hidden Valley Wildlife Area. Jurupa’s Indian 
Hills POTW on the north side is permitted to discharge under certain conditions as 
well, but typically reclaims all its flow for golf course landscape irrigation. 
 
From the Riverside Narrows area downstream to Prado Basin, the river is generally 
natural and unmodified.  Even here, however, the water is warm because the 
mainstem is generally shallow and has a limited canopy. The substrate is dominated 
by shifting sand, limiting the bottom habitat and available opportunities for attached 
algae and insects, with only occasional gravel bars and riffles. The Santa Ana River 
Use-Attainability Analysis demonstrated that these habitat limitations dictate the kinds 
of numbers of aquatic organisms found here. 
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The Prado Flood Control Basin is a largely undisturbed, dense riparian wetland. In this 
area, flows in tributaries from both north and south of the river are again augmented by 
rising water. Temescal Creek comes in from the south, also carrying Arlington Channel 
flows and the occasional overflows from Lake Elsinore mentioned previously. A short 
distance from the river, near the edge of Prado Flood Control Basin, a section of 
Temescal Creek is the breeding center of the local Arroyo Chub population, the 
second native fish species still present in the middle river system. All the other species 
of fish found in the Middle Santa Ana River, including mosquitofish, bass, carp, catfish, 
etc., are exotics, escaped or introduced species. 
 

All of the creeks draining Chino Basin come into the river on the north side, but the 
total dry-weather surface flow is negligible. Reclaimed wastewater from Chino Basin 
MWD’s Regional Plant 1 is discharged to Cucamonga Channel, concrete-lined, offers 
extremely limited aquatic habitat – some attached algae, a few worms and insects, but 
not resident finfish. The improved channel ends near Prado Basin, and the stream 
changes names to Mill Creek. Chino Basin MWD’s Regional Plant 2 discharges to 
Chino Creek near Prado Basin, some distance downstream of the discharge from the 
relatively new Carbon Canyon Plant. The lowest segments of Chino and Mill Creeks, 
down in Prado Basin, are quite different from most other streams in the watershed, 
with their muddy bottoms and deeper, slow-flowing water. 
 
Most of the rising Chino Basin groundwater in the Prado area is high in TDS, nitrate, 
and other constituents, largely reflecting heavy present and historic agricultural water 
use in the area. Much of the initial water development went to citrus irrigation. That 
was supplanted first by large-scale vineyards and then by dairies, which are now 
slowly yielding to urban development. 
 
Temescal Creek also carries reclaimed wastewater from the Lake Elsinore area, but 
most of that water percolates fairly quickly. Eastern MWD may discharge reclaimed 
wastewater to Temescal Creek in the future. 
 
Below Prado Dam, the aquatic habitat is again different.  The channel is deep in many 
places, with some rocky substrate and rapid sections.  It supports a variety of 
organisms. In contrast, other stretches are improved for flood control. The river slows 
as it reaches Anaheim, where Orange County Water District diverts and recharges 
essentially all the dry weather flows. Downstream from the groundwater recharge areas 
near Anaheim, the Santa Ana River is normally dry. 
 

WATER SUPPLY AND WASTEWATER RECLAMATION 
 
The most serious water-related problem in the Santa Ana River Basin at this time is 
water supply. This region now uses approximately twice as much water as is available 
from local sources. As a result, the quantity of water imported into this region each 
year now equals or exceeds the amount of ground and surface water utilized. 
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As noted earlier, the Colorado River Aqueduct delivers water to Lake Matthews, but 
the relatively high mineral content of this water limits its reuse in this area. The State 
Water Project likewise imports water from the Sacramento-San Joaquin Delta, water 
with lower levels of dissolved minerals. State Water Project water can be used and 
reused again. 
 

FLOOD CONTROL 
 
Most of the annual rainfall in the Santa Ana Region occurs in the winter, as noted 
earlier. Further, most of it can come in a day or two, resulting in major floods and 
widespread damage. The last of these was shortly before World War II – much of 
coastal Orange County was inundated, stimulating the construction of Prado Dam by 
the US Army Corps of Engineers (Corps). The subsequent further urbanization of 
Orange County has been accompanied by channelizing essentially all the surface 
steams in the area. 
 
The Corps is presently increasing the capacity of the main river channel through 
Orange County, and has begun construction of Seven Oak Dam in the San Bernardino 
Mountains, upstream of the mouth of Santa Ana River Canyon. Another of the Corps’ 
current projects involves increasing the height of the Prado dam. 
 
Flood control channels are typically designed to move large volumes of water from one 
place to another rapidly, without property damage. A fully improved channel is usually 
concrete, severely limiting the aquatic habitat beneficial uses. Partially improved 
channels may only have levees on either side, but other flood control activities (such 
as channel straightening, vegetation clearing, and weed control using copper or other 
toxic materials) can reduce or eliminate the aquatic habitat. Storm flows themselves, 
not necessarily part of flood events, can and do eliminate streamside habitat in parts of 
the river through sheer scouring force every few years. 
 
ADOPTION OF THE BASIN PLAN – AMENDMENTS TO THE BASIN PLAN 
 
As noted earlier, the California Water Code established the original requirements for 
the Basin Plan. After the necessary workshops and public hearings, the Regional 
Board formally adopts the Plan and forwards it to the State Board for their review and 
approval. 
 
Pursuant to the California Fish and Game Code, Section 2090, Article 4, the Regional 
Board is required to consult with the Department of Fish and Game with respect to 
addressing the potential impacts (a) Basin Plan provision(s) may have on rare, 
threatened or endangered species within the Region. A Basin Plan or amendment is 
not considered final until that consultation has occurred.   
 
After the State Board approval, the Office of Administrative Law (OAL) must review 
and approve any new regulatory provisions in the plan to assure that six specific 
standards are met: necessity (need for the regulation), authority (legislative or legal), 
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clarity (easily understood), consistency (with other regulations), reference (Water Code 
or other citation), and non-duplication (of existing regulations). 
 
The plan is also transmitted to EPA for review and approval of those parts of the plan 
that establish or modify water quality standards as defined in the Clean Water Act 
(CWA). 
 
 
CONTENTS OF THE BASIN PLAN 
 
Chapter 2 (Plans and Policies) describes some of the many statewide regulatory and 
guidance documents which apply to the shape and the Regional Board’s activities.  
 
Chapter 3 (Beneficial Uses) discusses the many beneficial uses of the various waters 
of the Santa Ana Region. Ground and surface waterbodies are identified and 
tabulated, showing the beneficial uses of each. 
 
Chapter 4 (Water Quality Objectives) also tabulates the region’s waterbodies, and lists 
the water quality objectives (levels of various water quality parameters which must be 
met) necessary to protect those beneficial uses. 
 
Chapter 5 (Implementation) details the Regional Board’s water quality regulations and 
protection programs, lists the region’s significant water quality problems and 
conditions, and describes approaches and solutions to them. 
 
Chapter 6 (Monitoring and Assessment) contains listings and discussions of the 
monitoring programs, agencies involved, sampling locations and parameters tested, as 
well as the programs which collect, manage and maintain the data bases. California’s 
statewide Water Quality Assessment is also described and referenced. 
 
Chapter 7 (Water Resources and Water Quality Management) covers topics of 
regional importance not addressed in the other chapters. 
 
 
REFERENCES 
 
California Water Code, Section 13000, “Water Quality” et seq. 
 
Clean Water Act, PL 92-500, as amended 
 
Annual Reports of the Santa Ana River Watermaster (Orange County Water District vs. City of Chino, et 
al.) Case No. 117628 – County of Orange 
 
Santa Ana Watershed Project Authority, Reports of the Santa Ana River Use-Attainability Analysis, 
1991-3 
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CHAPTER 4 
 

WATER QUALITY OBJECTIVES 
 

INTRODUCTION 
 
The Porter-Cologne Act defines water quality objectives as “…the limits or levels of 
water quality constituents or characteristics which are established for the reasonable 
protection of beneficial uses of water or the prevention of nuisance within a specific 
area” (§13050 (h)). Further, the Act directs (§13241) that: 
 
“Each regional board shall establish such water quality objectives in water quality control plans as in its 
judgment will ensure the reasonable protection of beneficial uses as the prevention of nuisance; 
however, it is recognized that it may be possible for the quality of water to be changed to some degree 
without unreasonably affecting beneficial uses. Factors to be considered by a regional board in 
establishing water quality objectives shall include, but not necessarily be limited to, all of the following: 
 

(a) Past, present, and probable future beneficial uses of water. 
 
(b) Environmental characteristics of the hydrographic unit under consideration, including the quality 

of water available thereto. 
 
(c) Water quality conditions that could reasonably be achieved through the coordinated control of all 

factors which affect water quality in the area. 
 
(d) Economic considerations. 
 
(e) The need for developing housing within the region. 
 
(f) The need to develop and use recycled water.” 

 
Two important additional factors which were also considered in setting the water 
quality objectives in this Plan are (1) historic and present water quality, and (2) the 
antidegradation policies cited in Chapter 2. 
 
The water quality objectives in this plan supersede and replace those adopted in the 
1983 Basin Plan. Perhaps the most significant difference between this and the prior 
Plan is the inclusion of new objectives for un-ionized ammonia and site-specific 
objectives for the middle Santa Ana River system for copper, cadmium, and lead.  
 
Some of these water quality objectives refer to “controllable sources” or “controllable 
water quality factors.” Controllable sources include both point and nonpoint source 
discharges, such as conventional discharges from pipes, as well as discharges from 
land areas or other diffuse sources. Controllable water quality factors are those 
characteristics of the discharge and/or the receiving water which can be controlled by 

RB-AR36421



WATER QUALITY OBJECTIVES 4-2 January 24, 1995 
  Updated February 2008 and June 2011  

treatment or management methods. Examples of other activities which may not 
involve waste discharges, but which also constitute controllable water quality factors, 
include the percolation of storm water, transport/delivery of water via natural stream 
channels, and stream diversions. 
 
The water quality objectives in this Plan are specified according to waterbody type: 
ocean waters; enclosed bays and estuaries; inland surface waters; and groundwaters. 
 
The narrative water quality objectives below are arranged alphabetically. They vary in 
applicability and scope, reflecting the variety of beneficial uses of water that have been 
identified (Chapter 3). Where numerical objectives are specified, they generally 
represent the levels that will protect beneficial uses. However, in establishing waste 
discharge requirements for specific discharges, the Regional Board may find that more 
stringent levels are necessary to protect beneficial uses.  In other cases, an objective 
may prohibit the discharge of specific substances, may tolerate natural or 
“background” levels of certain substances or characteristics but no increases over 
those values, or may express a limit in terms of not impacting other beneficial uses. An 
adverse effect or impact on a beneficial use occurs where there is an actual or 
threatened loss or impairment of that beneficial use. 
 
OCEAN WATERS (Amended by Resolution No. 97-20, April 18, 1997) 
 
Water quality objectives specified in the “Water Quality Control Plan for Ocean Waters 
of California” (Ocean Plan) and the “Water Quality Control Plan for Control of 
Temperature in the Coastal and Interstate Waters and Enclosed Bays and Estuaries of 
California” (Thermal Plan) are incorporated into this Basin Plan by reference. The 
provisions of the Ocean Plan and Thermal Plan apply to the ocean waters within this 
Region. (End of Resolution No. 97-20) 
 
ENCLOSED BAYS AND ESTUARIES 
 
“Enclosed bays” means indentations along the coast which enclose an area of oceanic 
water within distinct headlands or harbor works. “Estuaries” means waters, including 
coastal lagoons, located at the mouths of steams which serve as areas of mixing for 
fresh and ocean waters. Enclosed bays and estuaries do not include ocean waters or 
inland surface waters (see definition in the Inland Surface Waters section). 
 
The objectives which are included below apply to all enclosed bays and estuaries 
within the region. In addition to these parameter-specific objectives, the following 
narrative objective shall apply: 
 
Enclosed bay and estuarine communities and populations, including vertebrate, 
invertebrate, and plant species, shall not be degraded as a result of the discharge of 
waste. Degradation is damage to an aquatic community or population with the result 
that a balanced community no longer exists. A balance community is one that is (1) 
diverse, (2) has the ability to sustain itself through cyclic seasonal changes, (3) 
includes necessary food chain species, and (4) is not dominated by pollution-tolerant 
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species, unless that domination is caused by physical habitat limitations.  A balanced 
community also (5) may include historically introduced non-native species, but (6) 
does not include species present because best available technology has not been 
implemented, or (7) because site-specific objectives have been adopted, or (8) 
because of thermal discharges. 
 
Algae 
Excessive growth of algae and/or other aquatic plants can degrade water quality. Algal 
blooms sometimes occur naturally, but they are often the result of excess nutrients 
(i.e., nitrogen, phosphorus) from waste discharges or nonpoint sources. These blooms 
can lead to problems with tastes, odors, color, and increased turbidity and can depress 
the dissolved oxygen content of the water, leading to fish kills. Floating algal scum and 
algal mats are also an aesthetically unpleasant nuisance. 
 
Waste discharges shall not contribute to excessive algal growth in receiving waters. 
 
Bacteria, Coliform  
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence 
in bay and estuarine waters is an indicator of pollution. Total coliform is measured in 
terms of the number of coliform organisms per unit volume. Total coliform numbers 
can include non-fecal bacteria, so additional testing is often done to confirm the 
presence and numbers of fecal coliform bacterial. Water quality objectives for  
numbers of total and fecal coliform vary with the uses of the water, as shown below. 
 
Bays and Estuaries 
      

REC-1  Fecal coliform: log mean less than 200 organisms/100 mL based on five or 
more samples/30 day period, and not more than 10% of the samples 
exceed 400 organisms/100 mL for any 30-day period. 

 
SHEL   Fecal coliform: median concentration not more than 14 MPN (most probable   
  number )/100 ml and not more than 10% of samples exceed 43 mpn /  
 100 mL 
                                 

Chlorine, Residual 
Wastewater disinfection with chlorine usually produces a chlorine residual. Chlorine 
and its reaction products are toxic to aquatic life. 
 
To protect aquatic life, the chlorine residual in wastewater discharged to enclosed 
bays and estuaries shall not exceed 0.1 mg/L. 
 
Color  
Color in water may arise naturally, such as from minerals, plant matter or algae, or 
may be caused by industrial pollutants. Color is primarily an aesthetic consideration. 
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Waste discharges shall not result in coloration of the receiving waters which causes a 
nuisance or adversely affects beneficial uses. The natural color of fish, shellfish or 
other bay and estuarine water resources used for human consumption shall not be 
impaired. 
 
Floatables  
Floatables are an aesthetic nuisance as well as a substrate for algae and insect 
vectors.  
 
Waste discharges shall not contain floating materials, including solids, liquids, foam or 
scum, which cause a nuisance or adversely affect beneficial uses. 
 
Oil and Grease  
Oil and grease can be present in water as a result of the discharge of treated wastes 
and the accidental or intentional dumping of wastes into sinks and storm drains.  Oils 
and related materials have a high surface tension and are not soluble in water, 
therefore forming a film on the water’s surface. This film can result in nuisance 
conditions because of odors and visual impacts. Oil and grease can coat birds and 
aquatic organisms, adversely affecting respiration and/or thermoregulation. 
 
Waste discharges shall not result in deposition of oil, grease, wax or other materials in 
concentrations which result in a visible film or in coating objects in the water, or which 
cause a nuisance or adversely affect beneficial uses. 
 
Oxygen, Dissolved 
Adequate dissolved oxygen (D.O.) is vital for aquatic life. Depression of D.O. levels 
can lead to fish kills and odors resulting from anaerobic decomposition. Dissolved 
oxygen content in water is a function of water temperature and salinity. 
 
The dissolved oxygen content of enclosed bays and estuaries shall not be depressed 
to levels that adversely affect beneficial uses as a result of controllable water quality 
factors. 
 
pH 
pH is a measure of the hydrogen ion concentration of water. pH values generally 
range from 0 (most acidic) to 14 (most alkaline). Many pollutants can alter the pH, 
raising or lowering it excessively. These extremes in pH can have adverse effects on 
aquatic biota and can corrode pipes and concrete. Even small changes in pH can 
harm aquatic biota. 
 
The pH of bay or estuary waters shall not be raised above 8.6 or depressed below 7.0 
as a result of controllable water quality factors; ambient pH levels shall not be changed 
more than 0.2 units. 
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Radioactivity 
Radioactive materials shall not be present in the bay or estuarine waters of the region 
in concentrations which are deleterious to human, plant or animal life. 
 
Solids, Suspended and Settleable 
Settleable solids are deleterious to benthic organisms and may cause anaerobic 
conditions to form. Suspended solids can clog fish gills and interfere with respiration in 
aquatic fauna. They also screen out light, hindering photosynthesis and normal aquatic 
plant growth and development.   
 
Enclosed bays and estuaries shall not contain suspended or settleable solids in 
amounts which cause a nuisance or adversely affect beneficial uses as a result of 
controllable water quality factors. 
 
Sulfides 
Sulfides are generated by many industries and from the anaerobic decomposition of 
organic matter.  In water, sulfides can react to form hydrogen sulfide (H2S), commonly 
known for its “rotten egg” odor.  Sulfides in ionic form are also toxic to fish.  
 
The dissolved sulfide content of enclosed bays and estuaries shall not be increased as 
a result of controllable water quality factors. 
 
Surfactants (surface-active agents) 
This group of materials includes detergents, wetting agents, and emulsifiers. 
 
Waste discharges shall not contain concentrations of surfactants which result in foam 
in the course of flow or the use of the receiving water, or which adversely affect 
aquatic life. 
 
Taste and Odor 
Undesirable tastes and odors in water may be a nuisance and may indicate the 
presence of a pollutant(s). 
 
The enclosed bays and estuaries of the region shall not contain, as a result of 
controllable water quality factors, taste- or odor-producing substances at 
concentrations which cause a nuisance or adversely affect beneficial uses. The natural 
taste and odor of fish, shellfish or other enclosed bay and estuarine water resources 
used for human consumption shall not be impaired. 
 
Temperature 
Waste discharges can cause temperature changes in the receiving waters which 
adversely affect the aquatic biota. Discharges most likely to cause these temperature 
effects are cooling tower and heat exchanger blowdown. 
 
All bay and estuary waters shall meet the objective specified in the Thermal Plan. 
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Toxic Substances 
Toxic substances shall not be discharged at levels that will bioaccumulate in aquatic 
resources to level which are harmful to human health. 
 
The concentrations of toxic substances in the water column, sediments or biota shall 
not adversely affect beneficial uses. 
 
Turbidity 
Turbidity is a measure of light scattered due to particulates in water. 
 
Increases in turbidity which result from controllable water quality factors shall comply 
with the following: 
 
  Natural Turbidity    Maximum Increase 
       0-50 NTU                     20% 
     50-100 NTU          10 NTU 
           Greater than 100 NTU         10% 
 
All enclosed bay and estuaries of the region shall be free of changes in turbidity which 
adversely affect beneficial uses. 
 
INLAND SURFACE WATERS 
 
Inland surface waters include streams, rivers, lakes, and wetlands in the Region. 
Ocean waters and enclosed bays and estuaries are not considered inland surface 
waters. 
 
The narrative objectives which are included below apply to all inland surface waters 
within the region, including lakes, streams, and wetlands. In addition, specific 
numerical objectives are listed in Table 4-1. Where more than one objective is 
applicable, the stricter shall apply. In addition to these objectives, the following shall 
apply: 
 
Inland surface water communities and populations, including vertebrate, invertebrate, 
and plant species, shall not be degraded as a result of the discharge of waste. 
Degradation is damage to an aquatic community or population with the result that 
balanced community no longer exists. A balanced community is one that is (1) diverse, 
(2) has the ability to sustain itself through cyclic seasonal changes, (3) includes 
necessary food chain species, and (4) is not dominated by pollution-tolerant species, 
unless that domination is caused by physical habitat limitations. A balanced 
community also (5) may include historically introduced non-native species, but (6) 
does not include species present because best available technology has not been 
implemented, or (7) because site-specific objectives have been adopted, or (8) 
because of thermal discharges. 
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Algae 
Excessive growth of algae and/or other aquatic plants can degrade water quality. Algal 
blooms sometimes occur naturally, but they are often the result of excess nutrients 
(i.e., nitrogen, phosphorous) from waste discharges or nonpoint sources. These 
blooms can lead to problems with tastes, odors, color, and increased turbidity and can 
depress the dissolved oxygen content of the water, leading to fish kills. Floating algal 
scum and algal mats are also an aesthetically unpleasant nuisance. 
 
Waste discharges shall not contribute to excessive algal growth in inland surface 
receiving waters. 
 
Ammonia, Un-ionized 

Un-ionized ammonia (NH₃, or UIA) is toxic to fish and other aquatic organisms. In 
water, UIA exists in equilibrium with ammonium (NH4+) and hydroxide (OH) ions.  The 
proportions of each change as the temperature, pH, and salinity of the water change.  
 
The 1983 Basin Plan specified an UIA objective of 0.8 mg/L for waterbodies 
designated WARM. The SWRCB directed the Regional Board to review the 0.8 mg/L 
objective because of concerns that it is not stringent enough to protect aquatic wildlife. 
The USEPA concurred that this review was necessary. 
 
The Regional Board contracted with California State University, Fullerton to conduct a 
study of un-ionized ammonia in the Santa Ana River and to develop recommendations 
regarding the UIA objective. This study, which was conducted in 1985-87, was 
complemented by additional Regional Board staff analysis. The additional staff 
analysis focused on adjusting EPA’s national criteria for WARM waters (published in 
1984 and amended in 1992), using the recalculation procedure. With this procedure, 
cold and warmwater species not found in the Santa Ana Region’s WARM designated 
waters were deleted from the database used to derive the national criteria, and new 
criteria were calculated. 
 
Based on these analyses, this Plan specifies UIA objectives for WARM and COLD 
designated waterbodies in the Region. Note: site-specific objectives have been 
developed for the Santa Ana River and certain tributaries (see next page). 

 
Acute (1-hour) UIA-N Objectives 
For waterbodies designed COLD: 

Objective = 0.822 [0.52/FT/FPH/2], where 
 

FT = 10⁽⁰‧⁰³⁽²⁰־T⁾      0≤T≤20°C 
       FT = 1   20≤T≤30˚C 

 

FPH = 1+10⁽⁷·⁴־рн⁾ 6.5≤pH≤8 
1.25 

FPH = 1   8≤pH≤9 
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For waterbodies designated WARM: 
Objective = 0.822[0.87/FT/FPH/2], where 

 

FT = 10⁽⁰‧⁰³⁽²⁰־T⁾ 0≤T≤25°C 
FT = 0.7079  25≤T≤30˚C 

 

FPH = 1+10⁽⁷·⁴־pн⁾ 6.5≤pH≤8 
1.25 

FPH = 1   8≤pH≤9 
 

Chronic (4-day) UIA-N Objectives 
For waterbodies designated COLD: 

                                  Objective = 0.822[0.52/FT/FPH/RATIO], where 
 

FT = 10⁽⁰‧⁰³⁽²⁰־T⁾ 0≤T≤15°C 
FT = 1.4125  15≤T≤30˚C 

 

FPH = 1+10⁽⁷·⁴־pн⁾ 6.5≤pH≤8 
1.25 

FPH = 1   8≤pH≤9 
 

RATIO = 24[10⁽⁷·⁷־pн⁾] 6.5≤pH≤7.7 

 ⁽pн־⁴·⁷⁾1+10    
RATIO = 13.5  7.7≤pH≤9 
 
For waterbodies designed WARM: 
   Objective = 0.822[0.87/FT/FPH/RATIO], where 
 

FT = 10⁽⁰‧⁰³⁽²⁰־T⁾ 0≤T≤20°C 
FT = 1   20≤T≤30˚C 
 

FPH = 1+10⁽⁷·⁴־pн⁾ 6.5≤pH≤8 
 1.25 

FPH = 1   8≤pH≤9 
 

RATIO = 24[10⁽⁷·⁷־pн⁾] 6.5≤pH≤7.7 

 ⁽рн־⁴·⁷⁾1+10    
RATIO = 13.5  7.7≤pH≤9 

 
Calculated numerical UIA-N objectives as well as corresponding total ammonia 
nitrogen concentration for various pH and temperature conditions are shown in Tables 
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4-2 and 4-3. Table 4-4 lists the above equations in a form that can be entered into a 
computer or calculator program. 
 
Site-specific Un-ionized Ammonia Objective for the Santa Ana River System 
In addition to the un-ionized ammonia (UIA) objectives specified above, this Plan 
includes a chronic (4-day) site-specific UIA objective for the middle Santa Ana River, 
Chino Creek, Mill Creek (Prado Area), Temescal Creek, and San Timoteo Creek. This 
site-specific objective is based on carefully controlled chronic toxicity tests on Santa 
Ana River water conducted as part of the Santa Ana River Use-Attainability Analysis 
Study. The Santa Ana River water was spiked with UIA concentrations ranging from 
0.0 (control) to 1.0 mg/L. The No Observed Effect Level (NOEL) was found to be at a 
UIA concentration of 0.24 mg/L (or 0.19 mg/L as UIA-nitrogen). Using a 50% safety 
factor, the UIA objective developed is 0.12 mg/L (or 0.098 mg/L UIA-nitrogen). 
 
To prevent chronic toxicity to aquatic life in the Santa Ana River, Reaches 2, 3, and 4, 
Chino Creek, Mill Creek (Prado Area), Temescal Creek and San Timoteo Creek, 
discharges to these waterbodies shall not cause the concentration of un-ionized 
ammonia (as nitrogen) to exceed 0.098 mg/L ) (NH3-N) as a 4-day average. 
 
Bacteria, Coliform 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence 
in surface waters is an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include 
non-fecal bacteria, so additional testing is often done to confirm the presence and 
numbers of fecal coliform bacteria. Water quality objectives for numbers of total and 
fecal coliform vary with the uses of the water, as shown below. 
 
 
Lakes and Streams 
    MUN Total coliform: less than 100 organisms/100 mL 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on  
five or more samples/30 day period, and not more than 10% of the 
samples exceed 400 organisms/100 mL for any 30-day period 

 
REC-2 Fecal coliform: average less than 2000 organisms/100 mL and not more 

than 10% of samples exceed 4000 organisms/100 mL for any 30-day 
period 

 
Boron 
Boron is not considered a problem in drinking water supplies until concentrations of 
20-30 mg/L are reached. In irrigation, boron is an essential element. However, boron 
concentrations in excess of 0.75 mg/L may be deleterious to certain crops, particularly 
citrus. The maximum safe concentration of even the most tolerant plants is about 
4.0mg/L of boron. 
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Boron concentrations shall not exceed 0.75 mg/L in inland surface waters of the region 
as a result of controllable water quality factors.  
 
Chemical Oxygen Demand (COD) 
COD is a measure of the total amount of oxidizable material present in a sample, 
including stable organic materials which are not measured by the BOD test.  
 
Waste discharges shall not result in increases in COD levels in inland surface waters 
which exceed the values shown in Table 4-1 or which adversely affect beneficial uses. 
 
Chloride 
Excess chloride concentrations lead primarily to economic damage rather than public 
health hazards. Chlorides are considered to be among the most troublesome anions in 
water used for industrial or irrigation purposes since they significantly affect the 
corrosion rate of steel and aluminum and can be toxic to plants. A safe value for 
irrigation is considered to be less than 175 mg/L of chloride. Excess chlorides affect 
the taste of potable water, so drinking water standards are generally based on 
potability rather than on health. The secondary drinking water standard for chloride is 
500 mg/L. 
 
The chloride objectives listed in Table 4-1 shall not be exceeded as a result of 
controllable water quality factors. 
 
Chlorine, Residual 
Wastewater disinfection with chlorine usually produces a chlorine residual. Chlorine 
and its reaction products are toxic to aquatic life. 
 
To protect aquatic life, the chlorine residual in wastewater discharged to inland surface 
waters shall not exceed 0.1 mg/L. 
 
Color 
Color in water may arise naturally, such as from minerals, plant matter, or algae, or 
may be caused by industrial pollutants. Color is primarily an aesthetic consideration, 
although it can discolor clothes and food. The secondary drinking water standard for 
color is 15 color units. 
 
Waste discharges shall not result in coloration of the receiving waters which causes a 
nuisance or adversely affect beneficial uses. The natural color of fish, shellfish or other 
inland surface water resources used for human consumption shall not be impaired. 
 
Dissolved Solids, Total (Total Filtrable Residue) 
The department of Health Services recommends that the concentration of total 
dissolved solids (TDS) in drinking water be limited to 1000 mg/L (secondary drinking 
water standard) due to taste considerations. For most irrigation uses, water should 
have a TDS concentration under 700mg/L. Quality-related consumer cost analyses 
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have indicated that a benefit to consumers exist if water is supplied at or below 
500mg/L TDS. 
 
The dissolved mineral content of the waters of the region, as measured by the total 
dissolved solids test (“Standard Methods for the Examination of Water and 
Wastewater, 16th Ed.,” 1985: 209B (180˚C), p. 95), shall not exceed the specific 
objectives listed in Table 4-1 as a result of controllable water quality factors. 
 
Filtrable Residue, Total 
See Dissolved Solids, Total 
 
Floatables  
Floatables are an aesthetic nuisance as well as a substrate for algae and insect 
vectors. 
 
Waste discharges shall not contain floating materials, including solids, liquids, foam or 
scum, which cause a nuisance or adversely affect beneficial uses. 
 
Fluoride 
Fluoride in water supply used for industrial or irrigation purposes has certain 
detrimental effects. Fluoride in optimum concentrations in water supply (concentrations 
dependent upon the mean annual air temperature) is considered beneficial for 
preventing dental caries, but concentrations above approximately 1 mg/L, or its 
equivalent at a given temperature, are considered likely to increase the risk of 
occurrence of dental fluorosis. 
 
Fluoride concentrations shall not exceed values specified in the table below in inland 
surface waters designated MUN as a result of controllable water quality factors. 
 
Annual Average of Maximum Optimum Fluoride 
Daily Air Temperature (˚C)  Concentration (mg/L) 
 12.0 and below     1.2 
 12.1 to 14.6                1.1 
 14.7 to 17.6                1.0  
 17.7 to 21.4                0.9  
 21.5 to 26.2                0.8 
 26.3 to 32.5                0.7 
 

Hardness (as CaCO₃) 
The major detrimental effect of hardness is economic.  Any concentration (reported as 
mg/L CaCO3) greater than 100mg/L results in the increased use of soap, scale buildup 
in utensils, in domestic uses, and in plumbing.   Hardness in industrial cooling waters 
is generally objectionable above 50mg/L. 
   
The objectives listed in Table 4-1 shall not be exceeded as a result of controllable 
water quality factors. If no hardness objective is listed in Table 4-1, the hardness of 
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receiving waters used for municipal supply (MUN) shall not be increased as a result of 
waste discharges to levels that adversely affect beneficial uses. 
 
Inorganic Nitrogen, Total 
see Nitrogen, Total Inorganic 
 
Metals 
Metals can be toxic to human and animal life.  
 
In 1990, the Environmental Protection Agency (EPA) placed the Santa Ana River, 
reaches 2, 3, and 4, and Chino Creek on the §304(1) list of  “Waters Not Meeting 
Applicable Water Quality Standards” based on its review of data on certain metals in 
POTW discharges to the River. 
 
The Santa Ana River dischargers and the Regional Board disagreed with and objected 
to EPA’s §304(1) designation. To demonstrate whether or not the §304(1) designation 
is correct and what effects, if any, heavy metal levels may have on aquatic life in the 
Region, the Santa Ana River Dischargers Association and the Santa Ana Watershed 
Project Authority agreed to conduct a Use-Attainability Analysis (UAA). 
 
The purpose of a Use-Attainability Analysis is to evaluate the “physical, biological, 
chemical, and hydrological conditions of a river to determine what specific beneficial 
uses the waterbody can support.” If local conditions preclude full attainment of an 
aquatic life beneficial use for reasons unrelated to water quality, federal and state 
authorities may allow variances from the generic water quality criteria.  
 
The UAA began in February 1991 and concluded in March 1992. It provided detailed 
information on chemical, biological, and hydrologic conditions in the middle Santa Ana 
River aquatic system. Conclusions and recommendations were presented to the Board 
in June 1992. The information presented is reflected in the Santa Ana River discussion 
in Chapter 1 and in the new LWRM Beneficial Use designation (Chapter 3). Data 
provided by the UAA was also used to support the adoption of site-specific objectives 
for three metals, cadmium (Cd), copper (Cu), and lead (Pb) for the Santa Ana River 
(Reaches 2, 3, and 4) and the perennial portions of some tributaries (including Chino 
Creek, Cucamonga/Mill Creek, Temescal Creek, and creeks in the Riverside Narrows 
area). 
 
In adopting these SSOs the Regional Board found (RWQCB Resolution No. 94-1) that: 
 
a.    The Site-Specific Water Quality Objectives (SSOs) will protect the beneficial uses        

of the Santa Ana River. 
  
 b.     The SSOs are conservative. 

 
     c.     The SSOs, which represent higher quality than presently exists, will not result in  

    degradation of water quality. 
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d.   Existing levels of cadmium, copper, and lead in the Santa Ana River do not                  

contribute to toxicity in the Santa Ana River. 
 

 
The toxicity of these metals varies with water hardness. No fixed hardness value is 
assumed; objectives are calculated using the hardness of the collected sample. 
 
The following equations represent the SSOs which apply to these waterbodies. These 
SSOs are expressed as the dissolved form of the metals. 
 
SSO for cadmium:    

 Cd SSO = 0.85[e⁽⁰ּ⁷⁸⁵²*ln⁽TH⁾³ּ⁴⁹⁰־⁾] 
 
SSO for Copper 

 Cu SSO = 0.85[e⁽⁰ּ⁸⁵⁴⁵*ln⁽TH⁾¹ּ⁴⁶⁵־⁾] 
 
SSO for lead 

 Pb SSO = 0.25 [e⁽¹ּ²³⁷*ln⁽TH⁾³ּ⁹⁵⁸־⁾] 
 

where TH is the total hardness (as CaCO₃) in mg/L. 
 
The SSOs for cadmium and copper are simply the hardness-dependent formulas for 
calculating the objective (national criteria), corrected by the dissolved-to-total (metal) 
ratio. The SSO for lead is the recalculated* hardness-dependant formula, corrected by 
the dissolved-to-total ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Recalculation for lead was carried out by EPA-Region IX, using the lowest genus mean 
acute value (GMAV) as the final acute value (FAV) and an acute-to chronic ratio (ACR) of 
51.29, resulting in a final chronic value (FCV) of 2.78 and the SSO formula already shown.  
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The Table below shows the site-specific objectives for cadmium, copper, and lead that 
would apply to a water sample with 200 mg/L total hardness (as CaCO3). 
 
          EPA 
  Calculated Recalculated Correction 
Metal     WQO        Value         Factor        SSO  
 Cd                 2.0               NA                 0.85     1.7 
 Cu      21.4       NA        0.85     18.2 
 Pb                 7.7     16.2        0.25     4.1 
 
Toxicity testing performed as part of the Santa Ana River Use-Attainability Analysis 
(UAA) has demonstrated that the levels of dissolved metal shown below are safe and 
non-toxic in Santa Ana River water. 
   

Cadmium     4 μg/L 
  Copper   37 μg/L 
  Lead     28 μg/L 
 
There is also evidence that levels as much as 100% higher than those shown above 
do not result in chronic toxicity. 
 
Methylene Blue-Activated Substances (MBAS) 
The MBAS test is sensitive to the presence of detergents (see surfactants). Positive 
results may indicate the presence of wastewater. The secondary drinking water 
standard for MBAS is 0.05 mg/L. 
 
MBAS concentrations shall not exceed 0.05mg/L I inland surface waters designated 
MUN as a result of controllable water quality factors. 
 
Nitrate 
High nitrate concentrations in domestic water supplies can be toxic to human life. 
Infants are particularly susceptible and may develop methemoglobinemia (blue baby 
syndrome).  The primary drinking water standard for nitrate (as NO3) is 45 mg/L or 10 
mg/L (as N) in inland surface waters designated MUN as a result of controllable water 
quality factors.  
 

Nitrate-nitrogen concentrations shall not exceed 45 mg/L (as NOɜ) or 10 mg/L (as 
N) in inland surface waters designated MUN as a result of controllable water quality 
factors. 

 
 Nitrogen, Total Inorganic 
The objectives listed in Table 4-1 shall not be exceeded as a result of controllable 
water quality factors. 
 
 

RB-AR36434



WATER QUALITY OBJECTIVES 4-15 January 24, 1995 
  Updated February 2008 and June 2011  

Oil and Grease 
Oil and grease can be present in water as a result of the discharge of treated wastes 
and the accidental or intentional dumping of wastes into sinks and storm drains. Oils 
and related materials have a high surface tension and are not soluble in water, 
therefore forming a film on the water’s surface. This film can result in nuisance 
conditions because of odors and visual impacts. Oil and grease can coat birds and 
aquatic organisms, adversely affecting respiration and/or thermoregulation.  
 
Waste discharges shall not result in deposition of oil, grease, wax, or other material in 
concentrations which result in a visible film or in coating objects in the water, or which 
cause a nuisance or adversely affect beneficial uses. 

 
Oxygen, Dissolved 
Adequate dissolved oxygen (D.O.) is vital for aquatic life. Depression of D.O. levels 
can lead to fish kills and odors resulting from anaerobic decomposition. Dissolved 
oxygen content in water is a function of water temperature and salinity. 
 
The dissolved oxygen content of surface waters shall not be depressed below 5mg/L 
for waters designated WARM, or 6mg/L for waters designated COLD, as a result of 
controllable water quality factors. In addition, waste discharges shall not cause the 
median dissolved oxygen concentration to fall below 85% of saturation or the 95th 
percentile concentration or fall below 75% of saturation within a 30-day period. 
 
pH 
pH is a measure of the hydrogen ion concentration of water. pH values generally 
range from 0 (most acidic) to 14 (most alkaline). Many pollutants can alter the pH, 
raising or lowering it excessively. These extremes in pH can have adverse effects on 
aquatic biota and can corrode pipes and concrete. Even small changes in pH can 
harm aquatic biota. 
 
The pH of inland surface waters shall not be raised above 8.5 or depressed below 6.5 
as a result of controllable water quality factors. 
 
Radioactivity 
Radioactivity materials shall not be present in the waters of the region in 
concentrations which are deleterious to human, plant or animal life. Waters designated 
MUN shall meet the limits specified in the California Code of Regulations, Title 22, and 
listed here: 
 
Combined Radium-226 and Radium-228        5  pCi/L 
Gross Alpha particle activity         15  pCi/L 
Tritium                        20,000  pCi/L 
Strontium-90                              8  pCi/L 
Gross Beta particle activity       50  pCi/L 
Uranium                    20  pCi/L 
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Sodium 
The presence of sodium in drinking water may be harmful to persons suffering from 
cardiac, renal, and circulatory diseases. It can contribute to taste effects, with the taste 
threshold depending on the specific sodium salt. Excess concentrations of sodium in 
irrigation water reduce soil permeability to water and air. The deterioration of soil 
quality because of the presence of sodium in irrigation water is cumulative and is 
accelerated by poor drainage. 
 
The sodium objectives listed in Table 4-1 shall not be exceeded as a result of 
controllable water quality factors. 
 
Solids, Suspended and Settleable 
Settleable solids are deleterious to benthic organisms and may cause anaerobic 
conditions to form. Suspended solids can clog fish gill and interfere with respiration in 
aquatic fauna. They also screen out light, hindering photosynthesis and normal aquatic 
plant growth and development. 
 
Inland surface waters shall not contain suspended or settleable solids in amounts 
which cause a nuisance or adversely affect beneficial uses as a result of controllable 
water quality factors. 
 
Sulfate 

Excessive sulfate, particularly magnesium sulfate (MgSO₄) in potable waters can lead 
to laxative effects, but this effect is temporary. There is some taste effect from 
magnesium sulfate in the range of 400-600 mg/L as MgSO4.  The secondary drinking 
water standard for sulfate is 500 mg/L.  Sulfate concentrations in waters native to this 
region are normally low, less than 40 mg/L, but imported Colorado River water 
contains approximately 300 mg/L of sulfate.   
 
The objectives listed in Table 4-1 shall not be exceeded as a result of controllable 
water quality factors. 
 
Sulfides 
Sulfides are generated by many industries and from the anaerobic decomposition of 
organic matter.  In water, sulfides can react to form hydrogen sulfide (H2S), commonly 
known for its “rotten egg” odor.  Sulfides in ionic form are also toxic to fish.  
 
The dissolved sulfide content of inland surface waters shall not be increased as a 
result of controllable water quality factors. 
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Surfactants (surface-active agents) 
This group of materials includes detergents, wetting agents, and emulsifiers. See also 
Methylene Blue-Activated Substances (MBAS). 
 
Waste discharges shall not contain concentrations of surfactants which result in foam 
in the course of flow or use of the receiving water, or which adversely affect aquatic 
life. 
 
Taste and Odor 
Undesirable tastes and odors in water may be a nuisance and may indicate the 
presence of a pollutant(s). The secondary drinking water standard for odor (threshold) 
is about 3 odor units. 
 
The inland surface waters of the region shall not contain, as a result of controllable 
water quality factors, taste- or odor-producing substances at concentrations which 
cause a nuisance or adversely affect beneficial uses. The natural taste and odor of 
fish, shellfish or other regional inland surface water resources used for human 
consumption shall not be impaired. 
 
Temperature 
Waste discharges can cause temperature changes in the receiving waters which 
adversely affect the aquatic biota. Discharges most likely to cause these temperature 
effects are cooling tower and heat exchanger blowdown. 
 
The natural receiving water temperature of inland surface waters shall not be altered 
unless it can be demonstrated to the satisfaction of the Regional Board that such 
alteration in temperature does not adversely affect beneficial uses. The temperature of 
waters designated COLD shall not be increased by more than 5˚F as a result of 
controllable water quality factors. The temperature of waters designated WARM shall 
not be raised above 90˚F June through October or above 78˚F during the rest of the 
year as a result of controllable water quality factors. Lake temperatures shall not be 
raised more than 4˚F above established normal values as a result of controllable water 
quality factors. 
 
Total Dissolved Solids 
See Dissolved Solids, Total 
 
Total Filtrable Residue 
See Dissolved Solids, Total 
 
Total Inorganic Nitrogen 
See Nitrogen, Total Inorganic 
 
Toxic Substances 
Toxic substances shall not be discharged at levels that will bioaccumulate in aquatic 
resources to levels which are harmful to human health. 
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The concentrations of contaminants in waters which are existing or potential sources of 
drinking water shall not occur at levels that are harmful to human health. 
 
The concentrations of toxic pollutants in the water column, sediments or biota shall not 
adversely affect beneficial uses. 
 
Turbidity 
Turbidity is a measure of light scattered due to particulates in water. The secondary drinking 
water standard for turbidity is 5 NTU (nephelometric turbidity units). 
 
Increases in turbidity which result from controllable water quality factors shall comply with the 
following: 
 
  Natural Turbidity     Maximum Increase 
         0-50 NTU      20% 
      50-100 NTU      10 NTU 
         Greater than 100 NTU     10% 
 
All inland surface waters of the region shall be free of changes in turbidity which adversely 
affect beneficial uses. 
 
GROUNDWATERS 
 
The narrative objectives that are included below apply to all groundwaters, as noted. In 
addition, specific numerical objectives are listed in Table 4-1. With the exception of the 
“maximum benefit” objective identified in this Table (see further discussion below and in 
Chapter 5), where more than one objective is applicable, the stricter shall apply. 
 
Arsenic 
Arsenic concentrations shall not exceed 0.05 mg/L in groundwater designated MUN as a 
result of controllable water quality factors. 
 
 
Bacteria, Coliform 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in 
groundwater is an indicator of pollution. Total coliform is measured in terms of the number of 
coliform organisms per unit volume. Total coliform numbers can include non-fecal bacteria, 
so additional testing is often done to confirm the presence and numbers of fecal coliform 
bacteria. Water quality objectives for numbers of total fecal coliform vary with the uses of the 
water, as shown below. 
 
Total coliform numbers shall not exceed 2.2 organism/100 mL median over any seven-day 
period in groundwaters designated MUN as a result of controllable water quality factors. 
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Barium 
Barium concentrations shall not exceed 1.0mg/L in groundwaters designated MUN as 
a result of controllable water quality factors. 
 
Boron 
Boron is not considered a problem in drinking water supplies until concentrations of 
20-30 mg/L are reached. In irrigation, boron is an essential element. However, boron 
concentrations in excess of 0.75 mg/L may be deleterious to certain crops, particularly 
citrus. The maximum safe concentration of even the most tolerant plants is about 4.0 
mg/L of boron. 
 
Boron concentrations shall not exceed 0.75 mg/L in groundwaters of the region as a 
result of controllable water quality factors. 
 
Chloride 
Excess chloride concentrations lead primarily to economic damage rather than public 
health hazards. Chlorides are considered to be among the most troublesome anion in 
water used for industrial or irrigation purposes since they significantly affect the 
corrosion rate of steel and aluminum and can be toxic to plants. A safe value for 
irrigation is considered to be less than 175 mg/L of chloride. Excess chlorides affect 
the taste of potable water, so drinking water standards are generally based on 
potability rather than on health. The secondary maximum contaminant level range - 
upper for chloride is 500 mg/L (CCR, Division 4, Chapter 15, Article 16, § 64449). 
 
Chloride concentrations shall not exceed 500 mg/L in groundwaters of the region 
designated MUN as a result of controllable water quality factors. 
 
Color 
Color in water may arise naturally, such as from minerals, plant matter or algae, or 
may be caused by industrial pollutants. Color is primarily an aesthetic consideration, 
although it can discolor clothes and food. The secondary drinking water standard for 
color is 15 color units. 
 
Waste discharges shall not result in coloration of the receiving waters which causes a 
nuisance or adversely affects beneficial uses. 
 
Cyanide 
Cyanide concentrations shall not exceed 0.2mg/L in groundwaters designated MUN as 
a result of controllable water quality factors. 
 
Dissolved Solids, Total (Total Filtrable Residue) 
The Department of Health Services recommends that the concentration of total 
dissolved solids (TDS) in drinking water be limited to 500 mg/L (secondary maximum 
contaminant level) (CCR, Division 4, Chapter 15, Article 16, § 64449), due to taste 
considerations. For most irrigation uses, water should have a TDS concentration under 
700 mg/L. Quality-related consumer cost analyses have indicated that a benefit to 
consumers exists if water is supplied at or below 500 mg/L TDS². 
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 The dissolved mineral content of the waters of the region, as measured by the total 
dissolved solids test (“Standard Methods for the Examination of Water and 
Wastewater, 20th Ed.,” 1998: 2540C (180˚C), p.2-56), shall not exceed the specific 
objectives listed in Table 4-1 as a result of controllable water quality factors. (See also 
discussion of management zone TDS and nitrate nitrogen water quality objectives). 
 
Filtrable Residue, Total 
See Dissolved Solids, Total 
 
Fluoride 
Fluoride in water supply used for industrial or irrigation purposes has certain 
detrimental effects. Fluoride in optimum concentrations in water supply (concentration 
dependent upon the mean annual air temperature) is considered beneficial for 
preventing dental caries, but concentrations above approximately 1 mg/L, or its 
equivalent at a given temperature, are considered likely to increase the risk of 
occurrence of dental fluorosis. 
 
Fluoride concentrations shall not exceed 1.0 mg/L in groundwaters designated MUN 
as a result of controllable water quality factors. 
 

Hardness (as CaCO₃) 
The major detrimental effect of hardness is economic.  Any concentration (reported as 
mg/L CaCO3) greater than 100mg/L results in the increased use of soap, scale buildup 
in utensils in domestic uses, and in plumbing.  Hardness in industrial cooling waters is 
generally objectionable above 50 mg/L. 
 
The hardness of receiving waters used for municipal supply (MUN) shall not be 
increased as a result of waste discharges to levels that adversely affect beneficial 
uses. 
 
Metals 
Metals can be toxic to human and animal life. 
 
Metals concentrations shall not exceed the values listed below in groundwaters 
designated MUN as a result of controllable water quality factors. 
 
 
 
 
 

² These TDS values are noted for information purposes only.  For some management zones, the 
historic ambient quality, on which the TDS objectives are largely based (see also discussion of 
maximum benefit objectives for specific management zones), exceeds these recommended levels. 
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Metal       Concentration (mg/L) 
Cadmium     0.01 
Chromium     0.05 
Cobalt      0.2 
Copper      1.0 
Iron      0.3 
Lead      0.05 
Manganese     0.05 
Mercury      0.002 
Selenium      0.01 
Silver      0.05 
 
 
 
 
Methylene Blue-Activated Substances (MBAS) 
The MBAS test is sensitive to the presence of detergents (see surfactants in inland 
surface waters discussion). Positive results may indicate the presence of wastewater. 
The secondary drinking water standard for MBAS is 0.05 mg/L. 
 
MBAS concentrations shall not exceed 0.05 mg/L in groundwaters designated MUN as 
a result of controllable water quality factors. 
 
Nitrate 
High nitrate concentrations in domestic water supplies can be toxic to human life. 
Infants are particularly susceptible and may develop methemoglobinemia (blue baby  
syndrome).  The primary drinking water standard for nitrate (as NO3) is 45 mg/L or 10 
mg/L (as N).  
 
Nitrate-nitrogen concentrations listed in Table 4-1 shall not be exceeded as a result of 
controllable water quality factors. (See also discussion of management zone TDS and 
nitrate nitrogen water quality objectives below). 
 
Oil and Grease 
Oil and grease can be present in water as a result of the discharge of treated wastes 
and the accidental or intentional dumping of wastes into sinks and storm drains. Oils 
and related materials have a high surface tension and are not soluble in water, 
therefore forming a film on the water’s surface. This film can result in nuisance 
conditions because of odors and visual impacts. 
 
Waste discharges shall not result in deposition of oil, grease, wax or other materials in 
concentrations which cause a nuisance or adversely affect beneficial uses. 
 
pH 
pH is a measure of the hydrogen ion concentration of water. pH values generally 
range from 0 (most acidic) to 14 (most alkaline). Many pollutants can alter the pH, 
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raising or lowering it excessively. These extremes in pH can corrode pipes and 
concrete. 
 
The pH of groundwater shall not be raised above 9 or depressed below 6 as a result of 
controllable water quality factors. 
 
Radioactivity 
Radioactive materials shall not be present in the waters of the region in concentrations 
which are deleterious to human, plant or animal life. Groundwaters designated MUN 
shall meet the limits specified in the California Code of Regulations, Title 22, and listed 
here: 
 
Combined Radium-226 and Radium-228      5 pCi/L 
Gross Alpha particle activity                15 pCi/L 
Tritium                      20,000 pCi/L 
Strontium-90                              8 pCi/L 
Gross Beta particle activity                50 pCi/L 
Uranium                             20 pCi/L 
 
Sodium  
The presence of sodium in drinking water may be harmful to persons suffering from 
cardiac, renal and circulatory diseases. It can contribute to taste effects, with the taste 
threshold depending on the specific sodium salt (US Geological Survey, Resources 
Agency of California – State Water Resources Control Board). Excess concentrations 
of sodium in irrigation water reduce soil permeability to water and air. The deterioration 
of soil quality because of the presence of sodium in irrigation water is cumulative and 
is accelerated by poor drainage (California State Water Resources Control Board). 
 
The California Department of Health Services and the U.S. Environmental Protection 
Agency have not provided a limit on the concentration of sodium in drinking water. 
Sodium concentrations shall not exceed 180 mg/L in groundwaters designated MUN 
as a result of controllable water quality factors.   
 
Groundwaters designated AGR shall not exceed a sodium absorption ration (SAR³) of 
9 as a result of controllable water quality factors. 
   
 
³ Sodium absorption ratio (SAR)=  

 
2/1

2
1







 MgCa

Na  

 
 where Sodium (Na), Calcium (Ca) and Magnesium (Mg) are concentrations in milliequivalents per  liter                              
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Sulfate 

Excessive sulfate, particularly magnesium sulfate (MgSO₄) in potable waters can lead 
to laxative effects, but this effect is temporary. There is some taste effect from 
magnesium sulfate in the range of 400-600mg/L as MgSO4.  The secondary drinking 
water standard for sulfate is 500mg/L (CCR, Division 4, Chapter 15, Article 16, 
§64449).  Sulfate concentrations in waters native to this region are normally low, less 
than 40mg/L, but imported Colorado River water contains approximately 300mg/L of 
sulfate. 
 
Sulfate concentrations shall not exceed 500 mg/L in groundwaters of the region 
designated MUN as a result of controllable water quality factors.   
 
Taste and Odor 
Undesirable tastes and odors in water may be a nuisance and may indicate the 
presence of a pollutant(s). The secondary drinking water standard for odor (threshold) 
is 3 odor units. 
 
The groundwaters of the region shall not contain, as a result of controllable water 
quality factors, taste- or odor-producing substances at concentrations which cause a 
nuisance or adversely affect beneficial uses.   
 
Total Dissolved Solids 
See Dissolved Solids, Total 
 
Total Filtrable Residue 
See Dissolved Solids, Total 
 
Total Inorganic Nitrogen 
See Nitrogen, Total Inorganic 
 
Toxic Substances 
All waters of the region shall be maintained free of substances in concentrations which 
are toxic, or that produce detrimental physiological responses in human, plant, animal 
or aquatic life. 

 
Management Zone TDS and Nitrate-nitrogen Water Quality Objectives 
(Amended by Resolution No. R8-2004-0001, January 22, 2004) 

 
The TDS and nitrate-nitrogen objectives specified in the 1975 and 1984 Basin 
Plans, and initially in this 1995 Basin Plan, were based on an evaluation of 
groundwater samples from the five year period 1968 through 1972.  This period 
represented ambient quality at the time of preparation of the 1975 Basin Plan. As 
part of the 2004 update of the TDS/Nitrogen management plan in the Basin Plan, 
historical ambient quality was reviewed using additional data and rigorous statistical 
procedures.   This update also included characterization of current water quality.  A 
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comprehensive description of the methodology employed is published in the “Final 
Technical Memorandum for Phase 2A of the Nitrogen-TDS Study” (Wildermuth 
Environmental Inc., July 2000). This effort, coupled with “maximum benefit” 
demonstrations by certain agencies in the watershed (see further discussion below 
and in Chapter 5), culminated in the adoption of the TDS and nitrate-nitrogen 
objectives specified in Table 4-1.   

 
For the most part, the TDS and nitrate-nitrogen water quality objectives for each 
management zone are based on historical concentrations of TDS and nitrate-
nitrogen from 1954 through 1973 and are referred to herein as the “antidegradation” 
objectives.  This period brackets 1968, when the State Board adopted the state’s 
antidegradation policy in Resolution No. 68-16, “Policy with Respect to Maintaining 
High Quality Waters”.  This Resolution establishes a benchmark for assessing and 
considering authorization of degradation of water quality.  The 20-year period was 
selected in order to ensure that at least 3 data points in each management zone 
would be available to calculate historical ambient quality.  In general, the following 
steps were taken to calculate the TDS and nitrate objectives: 

 
a. Annual average TDS and nitrate-nitrogen data from 1954 – 1973 for each 

well in a management zone were compiled; 
b. For each well, the data were statistically analyzed.  The mean plus “t” 

(Student’s t) times the standard error of the mean was calculated;  
c. A rectangular grid across all management zones was overlaid.  

Groundwater storage within each grid was computed; and, 
d. The volume-weighted TDS and nitrate-nitrogen concentration for each 

management zone was computed.  These concentrations are the 
calculated historical ambient quality for each zone. 4 

 
These volume-weighted TDS and nitrate-nitrogen concentrations for each management 
zone were typically identified as the appropriate objectives.  However, it is important to 
note that if the calculated nitrate-nitrogen concentration exceeded 10 mg/L, the nitrate-
nitrogen objective was set to 10 mg/L to be consistent with the primary drinking water 
standard, or to current ambient quality if less than 10 mg/L.   

 
Finally, in some cases, certain agencies proposed alternative, less stringent TDS and 
nitrate-nitrogen objectives for specific management zones, based on additional 
consideration of antidegradation requirements and the factors specified in Water Code 
Section 13241 (see below and Chapter 5).  Table 4-1 includes both the historical 
ambient quality TDS and nitrate-nitrogen objectives (the “antidegradation” objectives) 
and the objectives based on this additional consideration (the “maximum benefit”  

 
4  In limited cases, data for ammonia-nitrogen and nitrite-nitrogen as well as nitrate-nitrogen were        
available and included in the analysis.  The ammonia-nitrogen and nitrite-nitrogen values were 
insignificant.  The objectives are thus expressed as nitrate-nitrogen, even where ammonia-nitrogen 
and nitrite-nitrogen data were included in the analysis.   
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objectives) for specific management zones.  Chapter 5 specifies detailed requirements 
noticed Public Hearing, the Regional Board finds that “maximum benefit” is not being 
demonstrated, then the “antidegradation” objectives apply for regulatory purposes. 
 
THE SANTA ANA RIVER 
 
Setting objectives for the flowing portions of the Santa Ana River is a significant 
feature of this Basin Plan. The River provides water for recreation and for aquatic and 
wildlife habitat. River flows are a significant source of groundwater recharges in lower 
basin, which provides domestic supplies for more than two million people. These flows 
account for about 70% of the total recharge. 
 
The dividing line between reaches 2 and 3 of the River, and between the upper and 
lower Santa Ana Basins, is Prado Dam, a flood control facility built and operated by 
the U.S. Army Corps of Engineers. The dam includes a subsurface groundwater 
barrier, and as a result all ground and surface waters form the upper basin are forced 
to pass through the dam (or over the spillway). For this reason, it is an ideal place to 
measure flows and monitor water quality. 
 
The Prado Settlement, a stipulated court judgement (Orange County Water District vs. 
City of Chino, et al), which requires that a certain minimum amount of water be 
released each year from the upper basin, is overseen by the Santa Ana River 
Watermaster. The U.S. Geologic Survey (USGS) operates a permanent continuous 
monitoring station immediately below Prado Dam, and the data collected there are 
utilized by the Watermaster. Orange County Water District (OCWD) samples the river 
monthly at the USGS gage and determines the water quality. Compliance with the 
objective for reaches 2 and 3 is monitored by the Regional Board, using the data and 
information available from the USGS gage and these sources, plus the data from its 
own specific sampling programs. (see Chapter 6). 
 
The quality of the Santa Ana River is a function of the quantity and quality of the 
various components of the flows. The two major components of total flow are storm 
flow and base flow. Storm flow is the water which results directly from rainfall (surface 
runoff) in the upper basin; it also includes the stormwater runoff form the San Jacinto 
Basin which may reach the River via Temescal Creek. Most storms occur during the 
winter rainy season (December through April). Base flow is composed of wastewater 
discharges, rising groundwater, and nonpoint source discharges. Wastewater 
discharges are the treated sewage effluents discharged by municipalities to the river 
and its tributaries. Rising groundwater occurs at a number of locations along the River, 
including the San Jacinto Fault, Riverside Narrows, and in or near the Prado flood 
Control Basin. Nonpoint source discharges include uncontrolled runoff from 
agricultural and urban areas which is not related to storm flows. 
 
Nontributary flow is a third element of total flow. It is generally imported water released 
in the upper basin, for recharge in the lower basin (Santa Ana Forebay).  
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The Santa Ana River Watermaster calculates the amount and quality of total flow for 
each water year (October 1 to September 30). The Watermaster’s Annual Report is 
used to determine compliance with the stipulated judgement referred to earlier, which 
set quality and quantity limits on the river. The Watermaster’s report presents 
summary data compiled from the continuous monitoring of flow in cfs (cubic feet per 
second) and salinity as EC (electrical conductivity) at the USGS Prado Gaging Station. 
The Watermaster’s annual determination of total flow quality will be used to determine 
compliance with the total flow objective in this Plan. In years of normal rainfall, most of 
the total flow of the river is percolated in the Santa Ana Forebay, and directly affects 
the quality of the groundwater. For that reason, compliance with the total dissolved 
solids (TDS) water quality objective for Reach 2 will be based on the five-year moving 
average of the annual TDS content of total flow. Use of this moving average allows the 
effects of wet and dry years to be smoothed out over the five-year period. 
 
As was noted earlier, the three components of base flow in the river are wastewater, 
rising water, and nonpoint source discharges. These three components are present in 
varying amounts throughout the year, and the contributions and quality of each can be 
affected by the regulatory activities of the Regional Board. The quantity of storm flow is 
obviously highly variable; programs to control its quality are in their nascent stages. 
For these reasons, water quality objectives for controllable constituents are set based 
on the base flow of the river, rather than on total flow. 
 
The regulatory activities of the Regional Board include setting waste discharge 
requirements on point source discharges. Waste discharges requirements are 
developed on the basis of the limited assimilative capacity of the river (see TDS and 
Nitrogen Wasteload Allocation, Chapter 5). Nonpoint source discharges, generally 
urban runoff (nuisance water) and agricultural tailwater, will be regulated by requiring 
compliance with Best Management Practices (BMPs), where appropriate. The rising 
water component of base flow will be affected by the extraction of brackish 
groundwater in several subbasins (a Basin Plan implementation action), by regulation 
of wastewater discharges, and other activities. 
 
In order to determine whether the water quality and quantity objectives for base flow 
in Reach 3 are being met, the Regional Board will collect a series of grab and 
composite samples when the influence of storm flows and nontributary flows is at a 
minimum.  This typically occurs during August and September.  At this time of year, 
there is usually no water impounded behind Prado Dam.  The volumes of storm 
flows, rising water and nonpoint source discharges tend to be low.  The major 
component of base flow at this time is municipal wastewater. The results of this 
sampling will be compared with the continuous monitoring data collected by USGS 
and data from other sources.  These data will be used to evaluate the efficacy of 
the Regional Board’s regulatory approach, including the TDS and nitrogen 
wasteload allocations (see Chapter 5). Additional sampling in Reach 3 by the Board 
and other agencies will help evaluate the fate and effects of the various constituents 
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of base flow, including the validity of the 50% nitrogen loss coefficient (discussed in 
Chapter 5). 

 
Future river flows and quality (TDS and TIN) were projected by computer models. The 
results indicate that the objectives for TDS and total nitrogen will be met. The 
objectives for individual mineral constituents are expected to be met if the TDS 
objective is met. 
 
Prado Basin Surface Water Management Zone 

 
As discussed in Chapter 3 – Beneficial Uses, the Prado Basin Management Zone 
(PBMZ) is generally defined as a surface water feature within the Prado Basin.  It is 
defined by the 566-foot elevation above mean sea level along the Santa Ana River 
and the four tributaries to the Santa Ana River in the Prado Basin (Chino Creek, 
Temescal Creek, Mill Creek and Cucamonga Creek).  Nitrogen, TDS and other 
water quality objectives that have been established for these surface waters that 
flow within the proposed PBMZ are shown in Table 4-1.  For the purpose of 
regulating discharges that would affect the PBMZ and downstream waters, these 
surface water objectives apply.   This application of the existing surface water 
objectives assures continued water quality and beneficial use protection for waters 
within and downstream of the PBMZ. 
 
“MAXIMUM BENEFIT” WATER QUALITY OBJECTIVES 

 
As part of the 2004 update of the TDS/Nitrogen Management plan in the Basin 
Plan, several agencies proposed that alternative, less stringent TDS and/or nitrate-
nitrogen water quality objectives be adopted for specific groundwater management 
zones and surface waters.  These proposals were based on additional 
consideration of the factors specified in Water Code Section 13241 and the 
requirements of the State’s antidegradation policy (State Board Resolution No. 68-
16).  Since the less stringent objectives would allow a lowering of water quality, the 
agencies were required to demonstrate that their proposed objectives would protect 
beneficial uses, and that water quality consistent with maximum benefit to the 
people of the state would be maintained (thus, the use of the term “maximum 
benefit” water quality objectives). 
 
Appropriate beneficial use protection/maximum benefit demonstrations were made 
by the Chino Basin Watermaster/Inland Empire Utilities Agency, the Yucaipa Valley 
Water District and the City of Beaumont/San Timoteo Watershed Management 
Authority to justify alternative “maximum benefit” objectives for the Chino North, 
Cucamonga, Yucaipa, Beaumont and San Timoteo groundwater management 
zones.  These “maximum benefit” proposals, which are described in detail in 
Chapter 5 – Implementation, entail commitments by the agencies to implement 
specific projects and programs.  While these agencies’ efforts to develop these 
proposals indicate their strong interest to proceed with these commitments,  
unforeseen circumstances may impede or preclude it.  To address this possibility, 
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this Plan includes both the “antidegradation” and “maximum benefit” objectives for 
the subject waters (See Table 4-1).  Chapter 5 specifies the requirements for 
implementation of these objectives.  Provided that these agencies’ commitments 
are met, then the agencies have demonstrated maximum benefit, and the 
“maximum benefit” objectives included in Table 4-1 for these waters apply for 
regulatory purposes.  However, if the Regional Board finds that these commitments 
are not being met and that “maximum benefit” is thus not demonstrated, then the 
“antidegradation” objectives for these waters will apply.  Chapter 5 also describes 
the mitigation requirements that will apply should discharges based on “maximum 
benefit” objectives occur unsupported by the demonstration of “maximum benefit”. 
 
COMPLIANCE WITH OBJECTIVES (Amended by Resolution No. 00-27, May 19, 
2000) 

 
“The Regional Board recognizes that immediate compliance with new, revised or 
newly interpreted water quality objectives adopted by the Regional Board or the 
State Water Resources Control Board, or with new, revised or newly interpreted 
water quality criteria promulgated by the U.S. Environmental Protection Agency, 
may not be feasible in all circumstances.  Where the Regional Board determines 
that it is infeasible for a discharger to comply immediately with effluent limitations 
specified to implement such objectives or criteria, compliance shall be achieved in 
the shortest practicable period of time, not to exceed ten years after the adoption or 
interpretation of applicable objectives or criteria. This provision authorizes 
schedules of compliance for objectives and criteria that are adopted or revised or 
newly interpreted after the effective date of this amendment July 15, 2002. 
 
REFERENCES 
 
The “Federal Clean Water Act,” 33 USC 466 et seq. 
 
California Water Code, Section 13000 “Water Quality,” et seq. 
 
California State Water Resources Control Board, “Water Quality Criteria, Second 
Edition,” 1963. 
 
US EPA, “Ambient Water Quality Criteria for Ammonia,” 1984. 
 
US EPA Memorandum, “Revised Tables for Determining Average Freshwater 
Ammonia Concentrations,” 1992. 
 
California State University, Fullerton, “Investigation of Un-ionized Ammonia in the 
Santa Ana River, Final Project Report,” February 1988. 
 
California Regional Water Quality Control Board, “Public Workshop – Review of the 
Un-ionized Ammonia Objective – Summary of Findings & Recommendations,” Staff 
Report, December 1988. 
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Table 4-1 WATER QUALITY OBJECTIVES   
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit OCEAN WATERS 

 

 

 

Total 
Dissolved 

Solids 
Hardness   Sodium 

 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

NEARSHORE ZONE*  

  
  San Gabriel River to Poppy Street in 
  Corona del Mar+ 
 

--- --- --- --- --- --- --- 801.11  

   
  Poppy Street to Southeast Regional 
  Boundary+ 
 

--- --- --- --- --- --- --- 801.11  

OFFSHORE ZONE  

   
   Waters Between Nearshore Zone  
   And Limit of State Waters+ 
 

--- --- --- --- --- --- ---   

 

* Defined by Ocean Plan Chapter II A.1.:  “Within a zone bounded by shoreline and a distance of 1000 feet from shoreline or the 30-foot depth  

 Contour, whichever is further from shoreline…” 

+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit 

BAYS, ESTUARIES, AND TIDAL 
PRISMS 

 

 

 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary     Secondary 

Anaheim Bay – Outer Bay+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Seal Beach National 
Wildlife Refuge+ 

--- --- --- --- --- --- --- 801.11  

Sunset Bay – Huntington Harbour+   
  

--- --- --- --- --- --- --- 801.11  

Bolsa Bay+   
    

--- --- --- --- --- --- --- 801.11  

Bolsa Chica Ecological Reserve+ --- --- --- --- --- --- --- 801.11  

Lower Newport Bay+ --- --- --- --- --- --- --- 801.11  

Upper Newport Bay+ --- --- --- --- --- --- --- 801.11  

Santa Ana River Salt Marsh+ --- --- --- --- --- --- --- 801.11  

Tidal Prism of Santa Ana River (to within 
1000’ of Victoria Street) and  
Newport Slough+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of San Gabriel River – River 
Mouth to Marina Drive+ 

--- --- --- --- --- --- --- 845.61  

Tidal Prisms of Flood Control Channels 
Discharging to Coastal or Bay Waters+ 

--- --- --- --- --- --- --- 801.11  

  

+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 

 

 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
Primary 
 

Secondary 

LOWER SANTA ANA RIVER BASIN   

  Santa Ana River   

     Reach 1 – Tidal Prism to 17
th
 Street 

     in Santa Ana+  
  

(Flood Flows Only) 801.11  

     Reach 2 -  17
th
 Street in Santa Ana to 

     Prado Dam 
    

650¹ --- --- --- --- --- --- 801.11 801.12 

     Aliso Creek+ --- --- --- --- --- --- --- 845.63  

     Carbon Canyon Creek+ --- --- --- --- --- --- --- 845.63  

  Santiago Creek Drainage  

    Santiago Creek  

       Reach 1 – below Irvine Lake 600 --- --- --- --- --- --- 801.12 801.11 

       Reach 2 -  Irvine Lake (see Lakes, 
       Pg. 4-46) 

 --- --- --- --- --- ---   

       Reach 3 – Irvine Lake to Modjeska 
       Canyon  

350 260 20 12 2 80 --- 801.12  

       Reach 4 – in Modjeska Canyon  350 260 20 12 2 80 --- 801.12  

    Silverado Creek 650 450 30 20 1 275 --- 801.12  

     Black Star Creek+ --- --- --- --- --- --- --- 801.12  

     Ladd Creek+ --- --- --- --- --- --- --- 801.12  

¹ Five-year moving average  

+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
Primary 
 

Secondary 

  San Diego Creek Drainage  

     San Diego Creek  

       Reach 1 – below Jeffrey Road 
    

1500 --- --- --- 13 --- 90 801.11  

       Reach 2 – above Jeffrey Road to  
       Headwaters 

720 --- --- --- 5 --- --- 801.11  

     Other Tributaries: Bonita Creek,  
     Serrano Creek, Peters Canyon Wash, 
     Hicks Canyon Wash, Bee Canyon  
     Wash, Borrego Canyon Wash, Agua 
     Chinon Wash, Laguna Canyon Wash, 
     Rattlesnake Canyon Wash, Sand  
     Canyon Wash and other Tributaries to  
     these Creeks+ 

     ---      ---     ---     ---     ---      ---     --- 801.11 

 

  San Gabriel River Drainage  

     Coyote Creek (within Santa Ana 
     Regional Boundary)+ 

   ---    ---    ---    ---    ---    ---    ---   

+ Numeric objectives have not been established; narrative objectives apply.      
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Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
Primary 
 

Secondary 

UPPER SANTA ANA RIVER BASIN  

  Santa Ana River   

     Reach 3 – Prado Dam to Mission  
     Blvd. in Riverside – Base Flow² 
    

700 350 110 140 10³ 150 30 801.21 801.27, 801.25 

     Reach 4 –  Mission Blvd. in Riverside 
     to San Jacinto Fault in San  
     Bernardino 

550 --- --- --- 10 --- 30 801.27 801.44 

     Reach 5 – San Jacinto Fault in San 
     Bernardino to Seven Oaks Dam 

300 190 30 20 5 60 25 801.52 801.57 

     Reach 6 – Seven Oaks Dam to 
     Headwaters (see also Individual 
     Tributary Streams) 

200 100 30 10 1 20 5 801.72  

  San Bernardino Mountain Streams  

     Mill Creek Drainage:  

        Mill Creek  

           Reach 1 – Confluence with Santa 
           Ana River to Bridge Crossing  
           Route 38 at Upper Powerhouse   

200 100 30 10 1 20 5 801.58  

           Reach 2 – Bridge Crossing Route 
           38 at Upper Powerhouse to  
           Headwaters 

110 100 25 5 1 15 5 801.58  

² Additional Objectives: Boron: 0.75 mg/l  
³ Total nitrogen, filtered sample  
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Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Mountain Home Creek 
    

200 100 30 10 1 20 5 801.58  

     Mountain Home Creek, East Fork 200 --- --- --- --- --- --- 801.70  

     Monkey Face Creek 200 100 30 10 1 20 5 801.70  

     Alger Creek 200 --- --- --- --- --- --- 801.70  

     Falls Creek 200 100 30 10 1 20 5 801.70  

     Vivian Creek 200 --- --- --- --- --- --- 801.70  

     High Creek 200 --- --- --- --- --- --- 801.70  

     Other Tributaries: Lost, Oak Cove, 
     Green, Skinner, Momyer, Glen Martin, 
     Camp, Hatchery, Rattlesnake, Slide, 
     Snow, Bridal Veil, and Oak Creeks,  
     and other Tributaries to these Creeks 

200 --- --- --- --- --- --- 801.70 

 

  Bear Creek Drainage:  

     Bear Creek  
    

175 115 10 10 1 4 5 801.71  

     Siberia Creek 200 --- --- --- --- --- --- 801.71  

     Slide Creek 175 --- --- --- --- --- --- 801.71  

     All other Tributaries to these Creeks+ --- --- --- --- --- --- --- 801.71  

    Big Bear Lake (see Lakes, pg. 4-46)          

+ Numeric objectives have not been established; narrative objectives apply.  . 
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Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Big Bear Lake Tributaries: 
    

 

        North Creek  175 --- --- --- --- --- --- 801.71  

        Metcalf Creek 175 --- --- --- --- --- --- 801.71  

        Grout Creek 150 --- --- --- --- --- --- 801.71  

        Rathbone (Rathbun) Creek 300 --- --- --- --- --- --- 801.71  

        Meadow Creek+ --- --- --- --- --- --- --- 801.71  

        Summit Creek+ --- --- --- --- --- --- --- 801.71  

        Other Tributaries to Big Bear Lake: 
        Knickerbocker, Johnson, Minnelusa, 
        Polique, and Red Ant Creeks, and  
        other Tributaries to these Creeks 

175 --- --- --- --- --- --- 801.71 

 

     Baldwin Lake (see Lakes, pg. 4-46)          

     Baldwin Lake Drainage:  

        Shay Creek+  
    

--- --- --- --- --- --- --- 801.73  

        Other Tributaries to Baldwin Lake: 
        Sawmill, Green, and Caribou  
        Canyons and other Tributaries to  
        these Creeks+ 

--- --- --- --- --- --- --- 801.73  

+ Numeric objectives have not been established; narrative objectives apply.  . 
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Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Other Streams Draining to Santa Ana 
  River (Mountain Reaches¹) 

 

        Cajon Creek 200 100 30 10 1 20 5 801.51  

        City Creek 200 115 30 10 1 20 5 801.57  

        Devil Canyon Creek 275 125 35 20 1 25 5 801.57  

        East Twin and Strawberry Creeks 475 --- --- --- --- --- --- 801.57  

        Waterman Canyon Creek 250 --- --- --- --- --- --- 801.57  

        Fish Creek 200 100 30 10 1 20 5 801.57  

        Forsee Creek 200 100 30 10 1 20 5 801.72  

        Plunge Creek  200 100 30 10 1 20 5 801.72  

        Barton Creek 200 100 30 10 1 20 5 801.72  

        Bailey Canyon Creek  200 --- --- --- --- --- --- 801.72  

        Kimbark Canyon, East Fork  
        Kimbark Canyon, Ames Canyon 
        And West Fork Cable Canyon  
        Creeks 

325 --- --- --- --- --- --- 801.52 

 

        Valley Reaches
‡
 of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.52  

‡
 The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

        Other Tributaries (Mountain 
        Reaches¹): Alder, Badger Canyon, 
        Bledsoe Gulch, Borea Canyon,  
        Breakneck, Cable Canyon, Cienega 
        Seca, Cold, Converse, Coon,  
        Crystal, Deer, Elder, Fredalba, Frog, 
        Government, Hamilton, Heart Bar,  
        Hemlock, Keller, Kilpecker, Little  
        Mill, Little Sand Canyon, Lost,  
        Meyer Canyon, Mile, Monroe  
        Canyon, Oak, Rattlesnake, Round 
        Cienega, Sand, Schneider,  
        Staircase, Warm Springs Canyon 
        And Wild Horse Creeks, and other 
        tributaries to those Creeks 

200 100 30 10 1 20 5 801.72 801.71, 
801.57 

   San Gabriel Mountain Streams 
   (Mountain Reaches

‡)
 

 

        San Antonio Creek 225 150 20 6 4 25 5 801.23  

        Lytle Creek (South, Middle, and  
        North Forks) and Coldwater 
        Canyon Creek 

200 100 15 4 4 25 5 801.41 
801.42, 
801.52, 
801.59 

        Day Creek 200 100 15 4 4 25 5 801.21  

        East Etiwanda Creek 200 100 15 4 4 25 5 801.21  

        Valley Reaches
‡
 of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.21  

‡
 The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

    Cucamonga Creek  

            Reach 1 – Confluence with Mill 
            Creek to 23

rd
 St. in Upland+ 

--- --- --- --- --- --- --- 801.21  

            Reach 2 ( Mountain Reach
‡
) –  

            23
rd

 St. in Upland to headwaters 
200 100 15 4 4 25 5 801.24  

    Mill Creek+ --- --- --- --- --- --- --- 801.25  

    Other Tributaries (Mountain  
    Reaches+): Cajon Canyon, San  
    Sevaine, Deer, Duncan Canyon,  
    Henderson Canyon, Bull, Fan,  
    Demens, Thorpe, Angalls,  
    Telegraph Canyon, Stoddard Canyon, 
    Icehouse Canyon, Cascade Canyon, 
    Cedar, Failing Rock, Kerkhoff and 
    Cherry Creeks, and other Tributaries 
    to these Creeks 

200 --- --- --- --- --- --- 801.21 801.23 

 San Timoteo Area Streams  

    San Timoteo Creek **   

        Reach 1A – Santa Ana River  
        Confluence to Barton Road 

--- --- --- --- --- --- --- 801.52 801.53 

        Reach 1B – Barton Road to Gage 
        at San Timoteo Canyon Rd. u/s of 
        Yucaipa Valley WD discharge  

--- --- --- --- --- --- --- 801.52 801.53 

        Reach 2 – Gage at San Timoteo 
        Canyon Road to Confluence with 
        Yucaipa Creek 

--- --- --- --- --- --- --- 801.52 801.62 

+ Numeric objectives have not been established; narrative objectives apply 
‡ 

The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains 
** Surface water objectives not established; underlying Management Zone objectives apply.  Biological quality protected by narrative objectives 
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

            Reach 2 – Gage at San Timoteo 
            Canyon Road to Confluence with 
            Yucaipa Creek 

--- --- --- --- --- --- --- 801.52 801.62 

            Reach 3** – Confluence with 
            Yucaipa Creek to confluence 
            with Little San Gorgonio and 
            Noble Creeks (Headwaters of  
            San Timoteo Creek)   

--- --- --- --- --- --- --- 801.62  

    Oak Glen, Potato Canyon and Birch 
    Creeks 

230 125 50 40 3 45 5 801.67  

    Little San Gorgonio Creek 230 125 50 40 3 45 5 801.69 801.62, 801.63 

    Yucaipa Creek 290 175 60 60 6 45 15 801.67 
801.61, 801.62 
801.64 

    Other Tributaries to these Creeks –  
     Valley Reaches +

‡
 

--- --- --- --- --- --- --- 801.62 801.52, 801.53 

     Other Tributaries to these Creeks –  
     Mountain Reaches

‡
 

290 --- --- --- --- --- --- 801.69 801.67 

     Anza Park Drain+ --- --- --- --- --- --- --- 801.27  

    Sunnyslope Channel+ --- --- --- --- --- --- --- 801.27  

    Tequesquite Arroyo (Sycamore  
    Creek)+ 

--- --- --- --- --- --- --- 801.27  

+ Numeric objectives have not been established; narrative objectives apply 
** Surface water objectives not established; underlying Management Zone objectives apply.  Biological quality protected by narrative objectives 
‡ 

The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

 Prado Area Streams  

   Chino Creek   

     Reach 1A – Santa Ana River  
     confluence to downstream of  
     confluence with Mill Creek (Prado  
     Area) – Base Flow* 

700 350 110 140 10** 150 30 801.21  

    Reach 1B – Confluence of Mill Creek 
    (Prado Area) to beginning of concrete- 
    lined channel south of Los Serranos 
    Road 

550 240 75 75 8 60 15 801.21  

    Reach 2 – Beginning of concrete lined 
    channel south of Los Serranos Road 
    to confluence with San Antonio Creek 

--- --- --- --- --- --- --- 801.21  

  Temescal Creek  

     Reach 1 – Lincoln Avenue to  
     Riverside Canal+ 

--- --- --- --- --- --- --- 801.25  

     Reach 2 – Riverside Canal to Lee  
     Lake+      

--- --- --- --- --- --- --- 801.32 801.25 

     Reach 3 – Lee Lake, (see Lakes,  
     Pg. 4-46) 

         

* Additional objective: Boron 0.75 mg/l     
** Total nitrogen, filtered sample 
+ Numeric objectives have not been established; narrative objectives apply 
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  Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

      Reach 4 – Lee Lake to Mid-section  
      line of Section 17 (downstream end 
      of freeway cut)+ 

--- --- --- --- --- --- --- 801.34  

      Reach 5 – Mid-section line of Section 
      17 (downstream end of freeway cut) 
      to Elsinore Groundwater Subbasin 
      Boundary+ 

--- --- --- --- --- --- --- 801.35  

      Reach 6 – Elsinore Groundwater 
      Subbasin Boundary to Lake Elsinore 
      Outlet+ 

--- --- --- --- --- --- --- 801.35  

  Coldwater Canyon Creek 250 --- --- --- --- --- --- 801.32  

  Bedford Canyon Creek+ --- --- --- --- --- --- --- 801.32  

  Dawson Canyon Creek+ --- --- --- --- --- --- --- 801.32  

  Other Tributaries to these Creeks 250 --- --- --- --- --- --- 801.32  

+ Numeric objectives have not been established; narrative objectives apply 
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

San Jacinto River Basin  

  San Jacinto River        

      Reach 1 – Lake Elsinore to Canyon 
      Lake 

450 260 50 65 3 60 15 802.32 802.31 

      Reach 2 – Canyon Lake (see Lakes, 
      Pg. 4-47) 

         

      Reach 3 – Canyon Lake to Nuevo  
      Road 

820 400 --- 250 6 --- 15 802.11  

      Reach 4 – Nuevo Road to North- 
      South Mid-Section Line,  
      T4S/R1W-38* 

500 220 75 125 5 65 --- 802.14 802.21 

      Reach 5 – North-South Mid-Section 
      Line, T4S/R1 W-SB, to Confluence 
      With Poppet Creek 

300 140 30 25 3 40 12 802.21  

      Reach 6 – Poppet Creek to Cranston 
      Bridge 

250 130 25 20 1 30 12 802.21  

      Reach 7 – Cranston Bridge to Lake 
      Hemet 

150 100 10 15 1 20 5 802.21  

   Bautista Creek – Headwaters to Debris 
   Dam 

250 130 25 20 1 30 5 802.21 802.23 

   Strawberry Creek and San Jacinto  
   River, North Fork 

150 100 10 15 1 20 5 802.21  

* Note the quality objective for Reach 4 is not intended to preclude transport of water supplies or delivery to Canyon Lake 
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit INLAND SURFACE STREAMS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Fuller Mill Creek 150 100 10 15 1 20 5 802.22  

  Stone Creek  150 100 10 15 1 20 5 802.21  

  Salt Creek+ --- --- --- --- --- --- --- 802.12  

  Other Tributaries: Logan, Black 
  Mountain, Juaro Canyon, Indian,  
  Hurkey, Poppet and Protrero Creeks, 
  and other Tributaries to these Creeks 

150 70 10 12 1 15 5 802.12 802.22 

+ Numeric objectives have not been established; narrative objectives apply. 
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit LAKES AND RESERVOIRS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

  Baldwin Lake*+   --- --- --- --- --- --- --- 801.73  

  Big Bear Lake** 175 125 20 10 0.15 10 --- 801.71  

  Erwin Lake+ --- --- --- --- --- --- --- 801.73  

  Evans Lake 490 --- --- --- --- --- --- 801.27  

  Jenks Lake 200 100 30 10 1 20 --- 801.72  

  Lee Lake+ --- --- --- --- --- --- --- 801.34  

  Mathews, Lake 700 325 100 90 --- 290 --- 801.33  

  Mockingbird Reservoir 650 --- --- --- --- --- --- 801.26  

  Norconian, Lake 1050 --- --- --- --- --- --- 801.25  

LOWER SANTA ANA RIVER BASIN    

  Anaheim Lake 600 --- --- --- --- --- --- 801.11  

  Irvine Lake (Santiago Reservoir) 730 360 110 130 6 310 --- 801.12  

  Laguna, Lambert, Peters Canyon, 
  Rattlesnake, Sand Canyon, and 
  Siphon Reservoirs 

720 --- --- --- --- --- --- 801.11  

* Fills occasionally with storm flows; may evaporate completely 
** Additional Objective: 0.15 mg/l Phosphorus 
+ Numeric objectives have not been established; narrative objectives apply. 
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit LAKES AND RESERVOIRS 

 
 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

SAN JACINTO RIVER BASIN  

  Canyon Lake (Railroad Canyon 
  Reservoir)***  

700 325 100 90 8 290 --- 802.11 802.12 

  Elsinore, Lake**** 2000 --- --- --- 1.5 --- --- 802.31  

  Fulmor, Lake 150 70 10 12 1 15 --- 802.21  

  Hemet, Lake 135 --- 25 20 1 10 --- 802.22  

  Perris, Lake 220 110 50 55 1 45 --- 802.11  

*** Note:  The quality objectives for Canyon Lake is not intended to preclude transport of water supplies or delivery to the Lake. 
**** Lake volume and quality highly variable 
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 
Hydrologic Unit WETLANDS (INLAND) 

 

 

 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  San Jacinto Freshwater Marsh** 2000 --- --- --- 13 --- 90 801.11  

  Shay Meadows+ --- --- --- ---  --- --- 801.73  

  Stanfield Marsh+** --- --- --- --- --- --- --- 801.71  

  Prado Basin Management Zone @ --- --- --- --- --- --- --- 801.21  

  San Jacinto Wildlife Preserve+** --- --- --- --- --- --- --- 802.11 802.14 

  Glen Helen+ --- --- --- --- --- --- --- 801.59  

** This is a created wetlands as defined in the wetlands discussion (see Chapter 3) 

+ Numeric objectives have not been established; narrative objectives apply 
@ includes the Prado Flood Control Basin, a created wetland as defined in the wetlands discussion (see Chapter 3).  Chino Creek, Reach 1A,  
 Chino Creek, 1B, Mill Creek (Prado Area) and Santa Ana River, Reach 3 TDS and TIN numeric objectives apply (see discussion). 
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 

 
Hydrologic Unit 

 

 
GROUNDWATER MANAGEMENT 

ZONES 

 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Nitrate as 
Nitrogen 

 
Sulfate   
 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN    

  Big Bear Valley 220 225 20 10 5.0 20 801.73  

  Beaumont “maximum benefit”++ 330 --- --- --- 5.0 --- 801.62 801.63, 801.69 

  Beaumont “antidegradation”++ 230 --- --- --- 1.5 --- 801.62 801.63, 801.69 

  Bunker Hill - A 310 --- --- --- 2.7 --- 801.51 801.52 

  Bunker Hill - B 330 --- --- --- 7.3 --- 801.52 
801.53, 801.54, 801.57 
801.58 

  Colton 410 --- --- --- 2.7 --- 801.44 801.45 

  Chino – North “maximum benefit”++ 420 --- --- --- 5.0 --- 801.21 
481.21, 481.23, 481.22 
801.21, 801.23, 801.24 

  Chino 1 – “antidegradation”++ 280 --- --- --- 5.0 --- 802.21 481.21 

  Chino 2 – “antidegradation”++ 250 --- --- --- 2.9 --- 801.21  

  Chino 3 – “antidegradation”++ 260 --- --- --- 3.5 --- 801.21  

  Chino – East @ 730 --- --- --- 10.0 --- 801.21 801.27 

  Chino – South @ 680 --- --- --- 4.2 --- 801.21 801.26 

  Cucamonga “maximum benefit”++ 380 --- --- --- 5.0 --- 801.24 801.21 

 
++ “Maximum benefit” objectives apply unless Regional Board determines that lowering of water quality is not of maximum benefit to the  
   people of the state; in that case, “antidegradation” objectives apply (for Chino North, antidegradation objectives for Chino 1, 2, 3 would apply 
 if maximum benefit is not demonstrated).  (see discussion in Chapter 5). 
@ Chino East and South are the designations in the Chino Basin Watermaster “maximum benefit” proposal (see Chapter 5) for the management 
 Zones identified by Wildermuth Environmental, Inc., (July 2000) as Chino 4 and Chino 5, respectively.   
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 

 
Hydrologic Unit 

 

 
GROUNDWATER MANAGEMENT 

ZONES 

 

 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Nitrate as 
Nitrogen 

 
Sulfate   
 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN    

  Cucamonga “antidegradation”++ 210 --- --- --- 2.4 --- 801.24 801.21 

   Lytle 260 --- --- --- 1.5 --- 801.41 801.42 

  Rialto 230 --- --- --- 2.0 --- 801.41 801.42 

  San Timoteo “maximum benefit”++ 400 --- --- --- 5.0 --- 801.62  

  San Timoteo “antidegradation”++ 300 --- ---  2.7 --- 801.62  

  Yucaipa “maximum benefit”++ 370 --- --- --- 5.0 --- 801.61 
801.55, 801.54, 801.56, 
801.63, 801.65, 801.66 
801.67 

  Yucaipa “antidegradation”++ 320 --- --- --- 4.2 --- 801.61 
801.55, 801.54, 801.56, 
801.63, 801.65, 801.66 
801.67 

MIDDLE SANTA ANA RIVER BASIN  

   Arlington 980 --- --- --- 10 --- 801.26  

  Bedford** --- --- --- --- --- --- 801.32  

  Coldwater 380 --- --- --- 1.5 --- 801.31  

  Elsinore 480 --- --- --- 1.0 --- 802.31  

  Lee Lake** --- --- --- --- --- --- 801.34  

. 

++ “Maximum benefit” objectives apply unless Regional Board determines that lowering of water quality is not of maximum benefit to the  

   people of the state; in that case, “antidegradation” objectives apply (for Chino North, antidegradation objectives for Chino 1, 2, 3 would apply 

 if maximum benefit is not demonstrated).  (see discussion in Chapter 5). 

** Numeric objectives not established; narrative objectives apply  
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 

 
Hydrologic Unit 

 

 
GROUNDWATER MANAGEMENT 

ZONES 

 

 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Nitrate as 
Nitrogen 

 
Sulfate   
 

Primary Secondary 

  Riverside - A 560 --- --- --- 6.2 --- 801.27  

  Riverside - B 290 --- --- --- 7.6 --- 801.27  

  Riverside - C 680 --- --- --- 8.3 --- 801.27  

  Riverside - D 810 --- --- --- 10.0 --- 801.27  

  Riverside - E 720 --- --- --- 10.0 --- 801.27  

  Riverside - F 660 --- --- --- 9.5 --- 801.27  

  Temescal 770 --- --- --- 10.0 --- 801.25  

SAN JACINTO RIVER BASIN  

  Gardner Valley 300 100 65 30 2.0 40 802.22  

  Idyllwild Area** --- --- --- --- --- --- 802.22 802.21 

  Canyon 230 --- --- --- 2.5 --- 802.21  

  Hemet - South 730 --- --- --- 4.1 --- 802.15 802.21 

  Lakeview – Hemet North 520 --- --- --- 1.8 --- 802.14 802.15 

.  

** Numeric objectives not established; narrative objectives apply  
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 Table 4-1 WATER QUALITY OBJECTIVES  - Continued  
 

 
WATER QUALITY OBJECTIVES 

(mg/l) 

 
Hydrologic Unit 

 

 
GROUNDWATER MANAGEMENT 

ZONES 

 
 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Nitrate as 
Nitrogen 

 
Sulfate   
 

Primary Secondary 

  Menifee 1020 --- --- --- 2.8 --- 802.13  

  Perris North 570 --- --- --- 5.2 --- 802.11  

  Perris South  1260 --- --- --- 2.5 --- 802.11 802.12, 802.13 

  San Jacinto - Lower 520 --- --- --- 1.0 --- 802.21  

  San Jacinto - Upper 320 --- --- --- 1.4 --- 802.21 802.23 

LOWER SANTA ANA RIVER BASIN  

  La Habra** --- --- --- --- --- --- 845.62  

  Santiago** --- --- --- --- --- --- 801.12  

  Orange 580 --- --- --- 3.4 --- 801.11 801.13, 845.61, 801.14 

  Irvine 910 --- --- --- 5.9 --- 801.11  

. 
** Numeric objectives not established; narrative objectives apply  
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    Table 4-2 
 

    

          

          

  4-Day Average Concentration for Ammonia      

   Salmonids or Other Sensitive Coldwater Species Present   

    (COLD)      

          

          

 Un-ionized    Temperature, C    

 Ammonia        

 (mg/liter N) 0 5 10 15 20 25 30 

          

  6.50 0.0004 0.0005 0.0007 0.0010 0.0010 0.0010 0.0010 

  6.75 0.0006 0.0009 0.0013 0.0018 0.0018 0.0018 0.0018 

  7.00 0.0011 0.0016 0.0022 0.0031 0.0031 0.0031 0.0031 

  7.25 0.0020 0.0028 0.0040 0.0056 0.0056 0.0056 0.0056 

  7.50 0.0035 0.0050 0.0070 0.0099 0.0099 0.0099 0.0099 

 pH 7.75 0.0069 0.0097 0.0137 0.0194 0.0194 0.0194 0.0194 

  8.00 0.0080 0.0112 0.0159 0.0224 0.0224 0.0224 0.0224 

  8.25 0.0080 0.0112 0.0159 0.0224 0.0224 0.0224 0.0224 

  8.50 0.0080 0.0112 0.0159 0.0224 0.0224 0.0224 0.0224 

  8.75 0.0080 0.0112 0.0159 0.0224 0.0224 0.0224 0.0224 

  9.00 0.0080 0.0112 0.0159 0.0224 0.0224 0.0224 0.0224 

          

          

          

          

Total Ammonia   Temperature, C    

(mg/liter N)  0 5 10 15 20 25 30 

  6.50 1.36 1.27 1.20 1.15 0.796 0.556 0.393 

  6.75 1.36 1.27 1.20 1.15 0.796 0.556 0.393 

  7.00 1.36 1.27 1.20 1.16 0.798 0.558 0.395 

  7.25 1.36 1.27 1.20 1.16 0.800 0.560 0.397 

  7.50 1.36 1.27 1.21 1.16 0.804 0.565 0.402 

 pH 7.75 1.49 1.40 1.33 1.28 0.890 0.627 0.448 

  8.00 0.974 0.913 0.871 0.844 0.589 0.418 0.302 

  8.25 0.551 0.519 0.497 0.484 0.341 0.245 0.179 

  8.50 0.313 0.297 0.286 0.282 0.202 0.147 0.111 

  8.75 0.180 0.172 0.168 0.169 0.123 0.093 0.072 

  9.00 0.105 0.101 0.101 0.105 0.079 0.062 0.050 
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    Table 4-3      

          

          

  4-Day Average Concentration for Ammonia     

 Salmonids or Other Sensitive Coldwater Species Absent 1     

    (WARM)      

          

          

 Un-ionized    Temperature, C    

 Ammonia        

 (mg/liter N) 0 5 10 15 20 25 30 

          

  6.50 0.0006 0.0008 0.0012 0.0017 0.0024 0.0024 0.0024 

  6.75 0.0010 0.0015 0.0021 0.0030 0.0042 0.0042 0.0042 

  7.00 0.0019 0.0026 0.0037 0.0053 0.0074 0.0074 0.0074 

  7.25 0.0033 0.0047 0.0066 0.0094 0.0132 0.0132 0.0132 

  7.50 0.0059 0.0083 0.0118 0.0166 0.0235 0.0235 0.0235 

       pH 7.75 0.0115 0.0162 0.0229 0.0324 0.0458 0.0458 0.0458 

  8.00 0.0133 0.0188 0.0265 0.0375 0.0530 0.0530 0.0530 

  8.25 0.0133 0.0188 0.0265 0.0375 0.0530 0.0530 0.0530 

  8.50 0.0133 0.0188 0.0265 0.0375 0.0530 0.0530 0.0530 

  8.75 0.0133 0.0188 0.0265 0.0375 0.0530 0.0530 0.0530 

  9.00 0.0133 0.0188 0.0265 0.0375 0.0530 0.0530 0.0530 

          

          

          

          

Total Ammonia   Temperature, C    

(mg/liter N)  0 5 10 15 20 25 30 

  6.50 2.27 2.12 2.01 1.93 1.88 1.31 0.928 

  6.75 2.27 2.12 2.01 1.93 1.88 1.31 0.930 

  7.00 2.27 2.12 2.01 1.93 1.89 1.32 0.933 

  7.25 2.27 2.12 2.01 1.94 1.89 1.32 0.939 

  7.50 2.27 2.13 2.02 1.95 1.90 1.33 0.949 

 pH 7.75 2.49 2.34 2.22 2.14 2.10 1.48 1.06 

  8.00 1.63 1.53 1.46 1.41 1.39 0.987 0.173 

  8.25 0.922 0.868 0.831 0.811 0.806 0.578 0.424 

  8.50 0.524 0.496 0.479 0.472 0.476 0.348 0.262 

  8.75 0.301 0.287 0.281 0.282 0.291 0.219 0.170 

  9.00 0.175 0.170 0.170 0.175 0.187 0.146 0.119 

          
1   The values may be conservative, however. If a more refined criterion is desired, EPA recommends a site-specific 

   Criteria modification.        
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               Table 4-4   
     
 Equations Used to Calculate UIA-N and Total Ammonia -N 
 Water Quality Objectives for COLD and WARM Waterbodies 
     
     

COLD-Chronic UIA-N  0≤T≤15   15<T<30  

         
 6.5<pH<7.7  0.0223   0.0158  
    10(8.3-.03T-pH)

    10(7.7-pH)
 

         
         
         
 7.7<pH<8   0.0396   0.0280  
    10(0.6-0.03T)+10(8.0-0.03T-pH)

  1+10(7.4-pH)
 

         
         
         
 8<pH<9   0.0317   0.0224  
    10(0.6-0.03T)

    
         
         

     
     

WARM-Chronic UIA-
N 

 0<T<15  15<T<30 

         
 6.5<pH<7.7  0.0372   0.0372  
    10(8.3-.03T-pH)

 10(7.7-pH)
 

         
         
         
 7.7<pH<8   0.0662   0.0662  
    10(0.6-0.03T)+10(8.0-0.03T-pH)

 1+10(7.4-pH)
 

         
         
         
 8<pH<9   0.0530   0.0530  
    10(0.6-0.03T)

    
         
         

     
Total Ammonia-N Objectives   

   NH3-N=UIA-N*[1+10(0.09018+    2729.92    
-pH)] 

   T+273.15   
Note: For all equations, T is the temperature in °C   
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California Regional Water Quality Control Board 

Santa Ana Region 


RESOLUTION NO. R8-2012-0001 


Resolution Approving Amendments to the Basin Plan Pertaining to Bacteria 

Quality Objectives and Implementation Strategies, Recreation Beneficial Uses, 


the Addition and Deletion of Certain Waters Listed in the Basin Plan and 

Designation of Appropriate Beneficial Uses, and Other Minor Modifications 


WHEREAS, the California Regional Water Quality Control Board, Santa Ana Region 
(hereinafter Regional Board), finds that: 

1. 	 An updated Water Quality Control Plan for the Santa Ana River Basin (Basin 
Plan) was adopted by the Regional Board on March 11, 1994, approved by the 
State Water Resources Control Board (SWRCB) on July 21, 1994, and approved 
by the Office of Administrative Law (OAL) on January 24, 1995. Subsequent 
amendments to the Basin Plan have been approved. 

2. 	 The Basin Plan identifies ground and surface waters within the Santa Ana 
Region (Region), designates beneficial uses for those waters, establishes water 
quality objectives for the protection of those IJses, prescribes implementation 
plans whereby the objectives are to be achieved, and establishes monitoring and 
surveillance programs. 

3. 	 Designated beneficial uses of surface waters in the Basin Plan include Water 
Contact Recreation (REC1) and Non-contact Water Recreation (REC2). REC1 is 
essentially equivalent to "primary contact recreation", the terminology employed 
by many states and accepted and used by the U.S. Environmental Protection 
Agency (USEPA). Similarly, REC2 is effectively equivalent to "secondary contact 
recreation", as this use is recognized and used by USEPA. 

4. 	 The federal Clean Water Act and implementing regulations establish the 
presumption that all surface waters support primary contact (water contact) 
recreation and should be designated. REC1. This presumption can be rebutted 
for one or more specific surface waters by demonstrating that: (a) REC1 is not an 
"existing" use, as defined in federal regulations (40 Code of Federal Regulations 
(CFR) 131.3); and, (b) a structured scientific assessment, known as a Use 
Attainability Analysis, demonstrates that attaining the use is not feasible based 
on one or more of the six factors identified in federal regulations (40 CFR 
131.10{g». 

5. 	 The Basin Plan establishes water quality objectives intended to protect both 
REC1 and REC2 uses of surface waters. These objectives were established in 
the 1975 Basin Plan, relying on federal guidance at that time that recommended 
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Resolution No. R8-2012-0001 
June 15,2012 

that fecal coliform bacteria be used to assess the sanitary quality of recreational 
waters and to assure the protection of public health and recreational uses. Fecal 
coliform are surrogate bacterial indicators of the presence of pathogens, such as 
viruses, that may cause disease in persons exposed, primarily via the ingestion 
of water. 

6. 	 In 1986, USEPA published revised guidance f'Ambient Water Quality Criteria for 
Bacteria - 1986") regarding the surrogate pathogen indicator bacteria that States 
should employ to assure the protection of primary contact recreation (REC1). For 
freshwaters, the revised guidance recommends that States adopt objectives 
based on E. coli or enterococcus. USEPA has acknowledged that there is no 
scientific basis for establishing pathogen indicator bacteria objectives to protect 
secondary contact (REC2) recreation, since the epidemiological data used by 
USEPA to derive the bacteria criteria were associated with swimming-related 
activities involving immersion, where the ingestion of water was likely. However, 
USEPA recommends that States set numeric objectives for secondary contact 
recreation based on multiplication (5X or 10X) of their primary contact recreation 
objectives. 

7. 	 USEPA expects States to adopt bacteria quality objectives that provide public 
health protection in primary contact recreation waters that is at least equivalent to 
that provided by the criteria in USEPA's 1986 criteria document. In 2004, USEPA 
promulgated bacteria criteria based on the 1986 guidance for the Great Lakes 
and for coastal recreation waters in those states that had not adopted equally 
protective objectives (Water Quality Standards for Coastal and Great Lakes 
Recreational Waters - Final Rule. 40 CFR 131.41). 

8. 	 Working with the Stormwater Quality Standards Task Force (SWQSTF; or Task 
Force). Regional Board staff developed recommendations for revising the Basin 
Plan fecal coliform objectives to implement USEPA's 1986 recommended 
criteria. As part of this process. the Task Force carefully considered the scientific 
basis of both the established fecal coliform objectives and the 1986 
recommended bacteria criteria. Based on detailed understanding of the scientific 
basis for these objectives and criteria, the Task Force determined that it would be 
appropriate to consider also the need for and nature of amendments to the Basin 
Plan recreational use definitions, recreational use designations for certain 
surface waters in the Region, and bacteria indicator objective implementation 
strategies, including monitoring. The suite of Basin Plan amendments delineated 
in Attachments 1 (underline-strikeout version) and 2 ("clean"version) to this 
resolution are the product of this consideration. 

9. 	 The proposed Basin Plan amendments include recommendations for changes to 
pathogen indicator bacteria objectives in freshwater. These include: (1) 
establishing new, numeric pathogen indicator objectives, based on E. coli, for 
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freshwaters designated both REC1 and REC2; (2) deleting the Basin Plan fecal 
coliform objectives for REC1 and REC2 in freshwaters; (3) establishing a new, 
narrative pathogen indicator objective; (4) establishing single sample maximum 
(SSM) values for E. coli that will be used, in part, to assess compliance with 
geometric mean objectives in the absence of sufficient data to calculate 
geometric means (and, principally, as public notification tools); (5) establishing 
numeric, antidegradation pathogen indicator bacteria targets (in lieu of 
objectives) for waters designated REC2 only, as justified by Use Attainability 
Analyses; and, (6) deleting the established total coliform objective for freshwaters 
designated MUN (municipal and domestic supply). 

10.Water Code Section 13241 requires that certain factors, including economics, be 
evaluated, at a minimum, when the Regional Board considers changes to water 
quality objectives. Pursuant to this requirement, analysis was conducted of the 
proposed changes to pathogen indicator objectives in freshwater described in the 
preceding Finding (#9). This analysis was conducted in the context of the 
proposed strategies for the application and implementation of the revised 
objectives. These implementation strategies include: the de-designation of the 
REC1 use for certain surface waters, based on Use Attainability Analyses; 
implementation of E. coli SSMs principally as public notification tools or to 
provide a surrogate measure of attainment when insufficient data are available to 
calculate a representative geometric mean; and, implementation of the proposed 
temporary, high flow suspension of pathogen indicator objectives. The costs of 
compliance with the proposed objectives are not likely to be significantly different 
than the cost of meeting the established fecal coliform objectives, provided that 
the proposed objectives are applied and implemented in accordance with the 
suite of strategies proposed in these amendments. If the suite of amendments is 
approved and the proposed objectives are applied and implemented in that 
context, then the costs of compliance may be red uced since the need for bacteria 
control facilities is expected to be reduced. The costs associated with meeting 
the proposed objectives are necessary to ensure the reasonable protection of 
beneficial uses and the prevention of nuisance. Should one or more elements of 
the suite of amendments proposed in the attachments to this resolution not be 
approved, then the Section 13241 analysis may be invalid and any future 
reliance on this analysis for regulatory purposes would be improper. Under these 
circumstances, additional Section 13241 analysis would be appropriate. 

11.Analysis of the proposed Basin Plan amendments was conducted to determine 
consistency with the antidegradation policy (SWRCB Resolution No. 68-16 
"Statement of Policy with Respect to Maintaining High Quality Waters in 
California" and 40 CFR 131.12). None of the proposed amendments is expected 
to result in the lowering of water quality. Thus, the proposed amendments 
conform to antidegradation policy requirements. 
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12. Pursuant to the requirements of the California Environmental Quality Act (CEQA) 
and implementing regulations, including those established by the SWRCB, 
analyses were conducted of the potential environmental effects of the proposed 
amendments. These analyses are presented in "Environmental Checklist and 
Analysis - Substitute Environmental Document for Proposed Amendments 
Related to Recreational Use Standards for Inland Fresh Waters within the Santa 
Ana Region", November 30,2011, which is attached (Attachment C) to the staff 
report prepared to describe the proposed Basin Plan amendments ("Staff Report, 
Basin Plan Amendments, Revisions to Recreational Standards for Inland Fresh 
Surface Waters in the Santa Ana Region", January 12,2012) and the 
Supplemental Staff Report (dated April 27, 2012). The 2012 staff reports, 
including a second Supplemental Staff Report (dated June 15, 2012), the draft 
Basin Plan amendments included as attachments to this resolution, and the 
environmental checklist and analysis document collectively comprise the 
Substitute Environmental Document (SED) required under CEQA for Basin Plan 
amendments. 

13.The analyses of the potential environmental effects of the proposed amendments 
were conducted on a programmatic level. Those entities subject to the 
amendments, if approved, are responsible for identifying specific compliance 
strategies and conducting required project-level CEQA analyses of the 
implementation of those strategies. 

14. Based on the environmental analyses described in the preceding Findings (#12 
and 13), Regional Board staff made the preliminary determination that the 
proposed amendments could not have a significant effect on the environment, 
and, therefore, no alternatives or mitigation measures are proposed. This 
includes the determination that the Basin Plan amendments would not have an 
impact on biological resources. On February 16, 2012, the California 
Department of Fish and Game issued a "No Effect Determination", confirming 
that the Basin Plan amendments have no potential effect on fish, wildlife and 
habitat. 

15. Health and Safety Code Section 57004 requires that all proposed rules, such as 
the proposed Basin Plan amendments, that have a scientific basis or 
components must be submitted for scientific peer review. The proposed 
amendments were submitted for scientific peer review in accordance with this 
requirement. The review was conducted in accordance with California 
Environmental Protection Agency guidelines. Peer reviewer comments were 
considered in recommendations regarding the proposed amendments. 

16.The proposed amendments meet the necessity standard of the Administrative 
Procedures Act, Government Code Section 11353, subdivision (b). The proposed 
amendments are required to fulfill the Regional Board's obligation pursuant to the 
California Water Code to exercise its full power and jurisdiction to protect the 

4 


RB-AR36479



Resolution No. RS-2012-0001 
June 15, 2012 

quality of waters in the state, including the duties to establish such objectives as 
will assure the reasonable protection of beneficial uses and to identify the 
program of implementation, including monitoring, needed to achieve those 
objectives. 

17.A CEQA Scoping Meeting was held on January 28,2010 to provide interested 
parties the opportunity to comment on the appropriate scope and content of the 
SED to be prepared for the proposed Basin Plan amendments. Written 
responses to comments provided were prepared and attached to the staff report 
(Attachment B). Periodic presentations to the Regional Board regarding the 
proposed amendments were made during the Board's regularly scheduled public 
meetings. Public and agency partiCipation in the consideration of the proposed 
amendments was actively sought. 

18.A Notice of Public Hearing/Notice of Filing and the SED, including the staff 
report, draft Basin Plan amendments and environmental checklist and analysis 
document, were prepared and distributed to interested individuals and public 
agencies for review and comment on January 12, 2012. Written responses to 
comments received by the date specified in the Public Hearing notice (February 
27,2012) were prepared and attached to the staff report (Attachment F). 
Attachment F also includes written responses to oral and written comments 
received after February 27, 2012. 

19.0n March 16,2012, the Regional Board held a Public Hearing to consider the 
proposed Basin Plan amendments. The Regional Board considered all testimony 
offered at the hearing and the written comments submitted by interested parties 
and public agencies. In order to obtain clarification of the February 23, 2012 
written comments on the proposed amendments that were submitted by the 
USEPA Region 9, the Board continued the public hearing. Regional Board staff 
and members of and consultants to the Stormwater Quality Standards Task 
Force met with USEPA Region 9 and State Water Board staff on April 10, 2012. 
Based on that discussion and further consideration of the proposed 
amendments, an Errata Sheet showing recommended changes to the proposed 
recreation standards amendments was prepared and presented at the 
continuation of the Public Hearing on the amendments at the Regional Board's 
April 27, 2012 meeting. This Errata sheet was attached to the Supplemental Staff 
Report (dated April 27, 2012) prepared for the proposed amendments. Action on 
the proposed amendments was delayed due to the lack of a quorum. Approval of 
the proposed amendments was considered at the continuation of the Public 
Hearing at the Regional Board's June 15, 2012 meeting. All oral and written 
comments were considered by the Regional Board before taking any final action. 

20. The Basin Plan amendments must be submitted for review and approval by the 
SWRCB, OAL and USEPA. The Basin Plan amendments will become effective 
upon approval by USEPA. A Notice of Decision will be filed. 
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NOW, THEREFORE, BE IT RESOLVED THAT: 

1. 	 The Regional Board has reviewed and considered the record of this matter, 
including the information contained in the SED, all written comments, and all oral 
testimony provided at the public hearing of this matter held on March 16,2012, 
April 27, 2012 and June 15, 2012. 

2. 	 The Regional Board confirms the preliminary determination by Regional Board 
staff that the proposed amendments could not have a significant effect on the 
environment and hereby certifies the environmental checklist and analysis 
document that is part of the SED. 

3. 	 The Regional Board hereby adopts the Basin Plan amendments delineated in 
Attachment 1 (underline/strike-out version) and Attachment 2 ("clean" version) to 
this Resolution, as modified by the Errata Sheet. 

4. 	 The Executive Officer is directed to forward copies of the Basin Plan 
amendments to the SWRCB in accordance with the requirements of Section 
13245 of the California Water Code. 

5. 	 The Regional Board requests that the SWRCB approve the Basin Plan 
amendments in accordance with the requirements of Sections 13245 and 13246 
of the California Water Code and, thereafter, forward the amendments to OAL 
and USEPA for their approval. 

6. 	 If during its approval process the SWRCB or OAL determine that minor, non
substantive corrections to the language of the amendments are needed for clarity 
or consistency, the Executive Officer may make such changes and shall inform 
the Regional Board forthwith. 

7. 	 The Executive Officer is directed, at the time of filing and posting the Notice of 
Decision, to file the No Effect Determination received from the Department of 
Fish and Game. 

I, Kurt V. Berchtold, Executive Officer, do hereby certify that the foregoing is a full, true 
and correct copy of a resolution adopted by the California Regional Water Quality 
Control Board - Santa Ana Region on June 15. 2012. 

. KurtV. Berchtold 
Executive Officer 
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ATTACHMENT 2 TO RESOLUTION NO. R8-2012-0001 

 
Proposed Basin Plan Amendments (“clean” version) 

 
(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation.  Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, changes in reach designations for one of the listed waters are 
proposed, and two reservoirs no longer in existence are proposed to be removed. Other 
changes are proposed. If the Basin Plan Amendment is approved, corresponding changes 
will be made as necessary to the Table of Contents, the List of Tables, page numbers, and 
page headers in the Plan.  Formatting changes, including page numbers, page headers and 
table and figure identifiers may be modified for the purposes of possible re-publication of the 
Basin Plan.  However, no substantive changes to the text, tables or figures would occur 
absent a Basin Plan amendment.)  
 
Attachment 1 to Resolution No. R8-2012-0001 shows the proposed amendments using 
underline/strike-out format. 
  
CHANGES TO CHAPTER 3 – BENEFICIAL USES 
 
Amend CHAPTER 3 – BENEFICIAL USES, INTRODUCTION, second paragraph: 
 
Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of the uses of the surface (navigable) waters involved, the water 
quality criteria which are applied to protect those uses and an antidegradation policy. Under 
the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, Chapter 2 
§ 13050) the uses of waters and water quality criteria are separately considered as 
beneficial uses and water quality objectives.  Beneficial uses and water quality objectives 
are to be established for all waters of the state, both surface and subsurface (groundwater). 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph; add new paragraph:  
 
Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing or potential (X), and the addition of more waterbodies (RWQCB Resolution No. 89-
99).  
 
In the update to the Basin Plan approved by the Regional Board in 1994 (RWQCB Resolution 
No. 94-1), further changes to the Beneficial Use table were made.  Significant waterbodies not 
previously identified were included and their beneficial uses were designated. Certain of these 
waters were excepted from the MUN designation. The designation RARE was added where 
substantial evidence indicated that the waterbody supports rare, threatened or endangered 
species (Appendix II). Certain known wetlands in the Region were listed in a new waterbody 
category (see wetlands discussion below). A revised list of Beneficial Uses was developed as 
part of a comprehensive statewide update of all Basin Plans. In all, twenty-three beneficial 
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uses were defined statewide. This list was used to update the list of beneficial use definitions 
in the Basin Plan. Nineteen of the beneficial uses were recognized. (The four not utilized are 
Migration of Aquatic Organisms, Freshwater Replenishment, Inland Saline Water Habitat and 
Aquaculture).  One beneficial use specific to the Region, Limited Warm Freshwater Habitat, 
was added, bringing the total number of beneficial uses recognized in the Santa Ana Region to 
twenty.  
 
In response to recommendations from the Stormwater Quality Standards Task Force, formed 
in response to the 2002 triennial review of the Basin Plan, changes to recreation water quality 
standards were approved by the Regional Board in 2012 (RWQCB Resolution No. R8-2012-
0001). These modifications included the addition of “Primary Contact Recreation” as an 
alternative name for the REC1 beneficial use (see BENEFICIAL USE DEFINITIONS, below) 
and added narrative clarifying the nature of REC1 activities and the bacteria objectives 
established to protect them (see RECREATION BENEFICIAL USES, below). The changes 
also included differentiating inland surface REC1 waters on the basis of frequency of use and 
other characteristics for the purposes of assigning applicable single sample maximum values 
(see Chapter 5). The REC1/REC2 designations for specific inland surface waters were revised 
based on the results of completed Use Attainability Analyses (see RECREATION BENEFICIAL 
USES, below).  Revised water quality objectives to protect the REC1 use of inland freshwaters 
were also approved (see Chapter 4), and criteria for temporary suspension of recreation use 
designations and objectives were identified (see RECREATION BENEFICIAL USES , below, 
and Chapter 5, Implementation, Recreation Water Quality Standards, High Flow Suspension).  
The 2012 Basin Plan revisions to incorporate the changes in recreation standards included the 
addition of certain waters to the list of the Region’s waters in Table 3-1 and the designation of 
beneficial uses for those waters. Where appropriate, the added waters were excepted from the 
MUN designation. Laguna and Lambert reservoirs, which no longer exist, were deleted from 
the list. 
 
The region’s beneficial uses are listed and described below. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1*):  

 
Water Contact Recreation (REC 1: Primary Contact Recreation*)  
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Non-
contact Water Recreation (REC 2*):  

 
 Non-contact Water Recreation (REC2: Secondary Contact Recreation*)  
 

Amend CHAPTER 3 – BENEFICIAL USES, footnote “*” (associated with REC1 and 
REC2  (i.e., REC1*, REC2*) beneficial use definitions):  
   
*  The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies in this 
Region should not be construed as encouraging or authorizing recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River and its tributaries, 
access to the waterbodies is prohibited by other agencies because of potentially hazardous 
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conditions and/or because of the need to protect other uses, such as municipal supply or 
sensitive wildlife habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, 
the designations are only intended to indicate that such uses may occur or that the water 
quality of the waterbody may be capable of supporting recreational uses unless a Use 
Attainability Analysis demonstrates otherwise and the Regional Board amends the Basin Plan 
accordingly. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES - add the following section after the 
BENEFICIAL USE DEFINITIONS section: 
 
RECREATION BENEFICIAL USES 

 
As part of the work that led to the adoption of recreation standards amendments in 2012, the 
Stormwater Quality Standards Task Force considered the merits of and various alternatives for 
modifying the REC1 definition to improve clarity and precision. This was based on careful 
consideration of the scientific basis of the 1986 USEPA bacteria criteria for REC1 waters and 
earlier criteria guidance. Specifically, as discussed in the 1986 criteria document and other 
USEPA guidance and regulation (see, for example, USEPA 2004), USEPA’s recommended 
bacteria quality criteria were intended to reduce the risk of waterborne illness to acceptable 
levels for those engaged in swimming or similar recreational activities where immersion and 
ingestion of water are likely.  The Stormwater Quality Standards Task Force documentation, 
which essentially comprised the administrative record for the 2012 recreation standards 
amendments, includes a memorandum to the Task Force that was prepared by Camp Dresser 
and McKee, Inc. (CDM), one of the Task Force consultants (“Scientific Basis for EPA 
Recommended Water Quality Objectives for Bacteria”, CDM, April 10, 2006).  This 
memorandum discusses the scientific basis of the criteria, as well as that of the Basin Plan 
water quality objectives for fecal coliform in freshwaters that were replaced by the E. coli 
objective in the 2012 Basin Plan amendments. The administrative record also documents the 
extensive consideration of alternatives appropriate to clarify the REC1 definition to reflect the 
underlying scientific assumptions of the USEPA criteria, and expectations regarding the 
likelihood of immersion and ingestion.   
 
In response to State Board staff comments that a consistent statewide definition for REC1 
should be maintained absent statewide consideration of revisions to the definition, the specific 
recommendations developed by the Task Force for refining the definition of that use were not 
included in the recreation standards amendments adopted by the Regional Board in 2012. 
These Task Force recommendations should be considered on a statewide basis. Until such 
time as such statewide consideration occurs, it was thought sufficient for the purposes of the 
2012 amendments to add reference to “primary contact recreation” in the name of the REC1 
use (see BENEFICIAL USE DEFINITIONS) and to incorporate the following clarifying 
discussion.   
 
USEPA has provided explicit direction regarding the types of recreational activities to which the 
USEPA bacteria guidance should be applied. Specifically, USEPA’s 1986 criteria (and prior 
bacteria criteria guidance) are intended for “Bathing (Full Body Contact) Recreational Waters”.  
The 1986 criteria document states:  
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"In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986.  This document 
contains EPA's current recommended water quality criteria for bacteria to protect people from 
gastrointestinal illness in recreational waters, i.e. waters designated for primary contact 
recreation or similar full body contact uses.  States and Territories typically define primary 
contact recreation to encompass recreational activities that could be expected to result in the 
ingestion of, or immersion in, water, such as swimming, water skiing, surfing, kayaking or any 
other recreational activity where ingestion of, or immersion in, the water is likely." 
 
As defined statewide, the REC1 use includes recreational activities involving body contact 
with water where ingestion of water is reasonably possible including, but not limited to: 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater activities, fishing 
and use of natural hot springs.  
 
The Regional Board has always considered the REC1 designation as functionally equivalent 
to USEPA’s description of primary contact recreation. In practice, the phrase “reasonably 
possible” is synonymous with the term “likely” when evaluating the probability of ingestion 
when persons swim or engage in similar body contact recreation. To reflect this, reference 
to “primary contact recreation” in the REC1 nomenclature was incorporated as part of the 
2012 recreation standards amendments, as noted above.  
 
USEPA’s rule promulgating E. coli objectives for recreational freshwaters in certain Great 
Lakes states (USEPA 2004, p. 67222) provides that the pathogen indicator objectives apply 
“only to those waters designated by a State or Territory for swimming, bathing, surfing or 
similar water contact recreation activities, not to waters designated for uses that only involve 
incidental contact.“  USEPA defines this “secondary contact” recreation as “those activities 
where most participants would have very little direct contact with the water and where 
ingestion of water is unlikely. Secondary contact activities may include wading, canoeing, 
motor boating, fishing, etc.” (USEPA 2002, p.39). 
 
The Basin Plan definition of the REC 2 beneficial use is functionally-equivalent to that 
described by USEPA as “Secondary Contact Recreation.” Therefore, the 2012 recreation 
standards amendments added “Secondary Contact Recreation” to the REC2 nomenclature 
(see BENEFICIAL USE DEFINITIONS).  The Regional Board will rely on federal regulation 
and guidance to determine which waterbodies should be designated REC 2. Relatively brief 
incidental or accidental water contact that is limited primarily to the body extremities (e.g., 
hands or feet) is generally deemed REC 2 because ingestion is not considered reasonably 
possible.  
 
Some confusion may arise as to whether wading and fishing should be considered primary 
contact recreation (REC1) activities or secondary contact recreation (REC2) activities.  
Wading and fishing cover a multitude of activities involving a wide range of potential water 
contact.  To avoid misapplication of the E. coli objectives, it is important to apply USEPA's 
recommended criteria for primary contact recreation only where ingestion of water is 
reasonably possible.  For example, fly-fishing in the middle of a stream or fishing from a 
float tube would be considered REC-1 activities as it is likely that the person fishing may 
ingest water.  On the other hand, fishing from a riverbank or lake dock is more appropriately 
deemed REC-2 activity because ingestion, while conceivable, is not considered reasonably 
possible.  Similarly, walking beside or crossing through a shallow creek and getting ones 
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feet wet is also not considered water contact recreation (REC-1.) This activity is more akin 
to beachcombing, a recognized "non-contact recreation" (or REC-2) activity.  It is not 
reasonably possible to ingest appreciable quantities of water by merely touching or being 
splashed by the water. The E. coli objectives established in this Basin Plan are not intended 
or needed to protect this and similar incidental contact. However, a child sitting in the middle 
of a low flow creek playing in the water represents the sort of activity that is encompassed 
by the REC-1 use designation. The Basin Plan E. coli objectives properly apply to this type 
of activity.  (State Board staff spoke to and confirmed these views in a message to Regional 
Board staff on April 12, 2012. This message is part of the administrative record for the 
recreation standards amendments approved in 2012.)  
 
The Regional Board's longstanding approach to determining appropriate recreational use 
classifications is entirely consistent with federal guidance.  A review of historical records 
indicates that USEPA relied heavily on pre-existing definitions to describe primary and 
secondary contact recreation: 
 
"The Subcommittee defines primary contact recreation as activities in which there is 
prolonged and intimate contact with the water involving considerable risk of ingesting water 
in quantities sufficient to pose a significant health hazard.  Examples include wading and 
dabbling by children, swimming, diving, water skiing, and surfing.  Secondary contact sports 
include those in which contact with the water is either incidental or accidental and the 
probability of ingesting appreciable quantities of water is minimal." (“Report of the 
Committee on Water Quality Criteria” (aka “Green Book”), US Department of Interior, 
Federal Water Pollution Control Administration, 1968, p. 11) 
 
In summary, some forms of wading and fishing are considered REC-1 because immersion is 
likely and ingestion is reasonably possible.  Other forms of wading and fishing, involving 
only limited incidental or accidental water contact (primarily to hands and feet) are 
considered REC-2 because immersion is unlikely and ingestion is not reasonably possible. 
 
Acknowledging that California’s REC1 definition has always been considered synonymous 
with the federal definition of Primary Contact Recreation ensures that the E. coli  objective, 
adopted as part of the 2012 recreation standards amendments, is applied in a manner that 
is neither more nor less stringent than the federal Clean Water  Act requires.  
 
Pursuant to the federal Clean Water Act and implementing regulation, all defined waters of the 
United States are presumed to be capable of supporting Primary Contact Recreation and shall 
be designated REC 1 unless a Use Attainability Analysis (UAA) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly.  A suite of 
factors must be considered when UAAs are conducted to determine whether to downgrade or 
delete the REC 1 use from any waterbody.  The relevant factors are identified in federal and 
state regulations.  
 
Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC 1 or REC1 
and REC 2 uses, that waterbody or portion of a waterbody will be identified with table note “u” 
in Table 3-1, below, and, for clarity, also listed in Table 3-2. Waters designated REC 2 but not 
REC 1, and waters not designated either REC1 or REC2, will be reassessed as part of the 
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Basin Plan triennial review process to determine whether conditions have changed sufficiently 
to warrant one or both of these recreation use designations.  This reassessment does not 
necessitate a new UAA; it is sufficient to determine whether there has been a significant 
change in the factor or factors on which the Regional Board originally relied to justify 
reclassifying each waterbody as something other than REC-1. Where such a change has 
occurred, revision of the recreational use designations will be considered through the Basin 
Planning process. 
 
Use Attainability Analyses were conducted for several stream segments as part of the work of 
the Stormwater Quality Standards Task Force. Technical reports to support these UAAs were 
prepared by CDM and are a part of the administrative record of the 2012 recreation standards 
amendments. These UAA reports were intended not only to provide the technical and factual 
data necessary to consider recreation standards changes for the waters evaluated, but also to 
serve as informal “templates” to guide similar stream assessment studies in the future.  In 
particular, the UAA reports illustrate the type of scientific and technical documentation needed 
to meet federal and state requirements for subcategorizing or reclassifying a recreational use.  
Regional Board staff relied heavily on the data and analyses provided in the CDM technical 
UAA reports in formulating specific recommendations for recreation beneficial use changes for 
these waters (CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, 
Revisions to Recreational Standards for Inland Fresh Waters in the Santa Ana Region”, 
January 12, 2012). The approved changes are summarized in Table 3-2 and reflected in Table 
3-1. 
 
Recreational use of certain inland surface waters is precluded under certain flow conditions 
that make recreational activities unsafe. Recreation use designations (and the applicable 
pathogen and pathogen indicator objectives) are temporarily suspended when such conditions 
exist. The criteria for suspension of recreation uses (and objectives), and for termination of the 
suspension, are described in detail in Chapter 5, Implementation, Recreation Water Quality 
Standards, High flow suspension of recreation standards). Temporary suspensions of 
recreation standards do not apply to waters other than the inland surface streams identified in 
Appendix VIII and Appendix IX.   
 

 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE TABLE, first and second 
paragraphs; add footnote; add new paragraph after the second paragraph: 
 
Table 3-1 lists the designated beneficial uses for waterbodies within the Santa Ana Region. In 
this table, an “X” indicates that the waterbody has an existing or potential use2. Many of the 
existing uses are well-known; some are not. Lakes and streams may have potential beneficial 
uses established because plans already exist to put the water to those uses, or because 
conditions (e.g., location, demand) make such future use likely. The establishment of a 
potential beneficial use serves to protect the quality of that water for such eventual use. 
 

Add footnote 2:  Water Code Section 13241 identifies the factors that the Regional 
Board must consider, at a minimum, when establishing water quality objectives to 
ensure the reasonable protection of beneficial uses and the prevention of nuisance. 
Among these factors are the “Past, present, and probable future beneficial uses of 
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water. (CWC 13241(a) [italics added] “Potential” beneficial uses are assumed to be the 
same as “probable future” beneficial uses.  

  
An “I” in Table 3-1 indicates that the waterbody has an intermittent beneficial use. This may be 
because water conditions do not allow the beneficial use to occur year-round. The most 
common example of this is an ephemeral stream. Ephemeral streams in this region include, at 
one extreme, those which flow only while it is raining or for a short time afterward, and at the 
other extreme, established streams which flow through part of the year but also dry up for part 
of the year. While such ephemeral streams are flowing, beneficial uses may be made of the 
water. Because such uses depend on the presence of water, they are intermittent. Waste 
discharges which could impair intermittent beneficial uses, whether they are made while those 
uses occur or not, are not permitted. 

 
As described above, Table 3-2 shows inland surface waters for which Use Attainability 
Analyses demonstrated that the REC1 or REC1 and REC2 uses are neither existing nor 
attainable. These waters, designated with a “u” in in the REC1 column and also, in some 
cases, the REC2 column in Table 3-1, will be evaluated at least once every three years to 
determine whether conditions have changed such that these use designations are applicable 
to these waters and that the Basin Plan should be amended accordingly.  
 
Amend CHAPTER 3 – BENEFICIAL USES, REFERENCES: 
 
CDM. Memorandum to Stormwater Quality Standards Task Force re “Scientific Basis for EPA Recommended 
Water Quality Objectives for Bacteria”, April 10, 2006 
 
CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, Revisions to Recreational Standards for 
Inland Fresh Waters in the Santa Ana Region”, January 12, 2012. 
 
City of Big Bear Department of Water and Power, “Final Report – Task 4, Revised Water Quality Objectives, Big 
Bear Ground Water Basins,” April 1993. 
 
United States Department of Interior. Federal Water Pollution Control Administration. Report of the Committee on 
Water Quality Criteria (aka “Green Book”). 1968.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 

 
United States Environmental Protection Agency. “Implementation Guidance for Ambient Water Quality Criteria for 
Bacteria [Draft]. May 2002. 
 
United States Environmental Protection Agency “National Guidance-Water Quality Standards for Wetlands,” EPA 
440/s-90-011, July 1990. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
Governor Pete Wilson, “California Wetlands Conservation Policy,” August, 1993. 
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CHAPTER 3 TABLES: Amend CHAPTER 3 – BENEFICIAL USES, TABLE 3-1, as shown in 
the following pages. 
 
Add Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-Designate 
Recreational Beneficial Uses in some Inland Waterbodies  
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Table 3-1  BENEFICIAL USES   
 

OCEAN WATERS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

NEARSHORE ZONE* 
 
 
 

   San Gabriel River to Poppy             
   Street in Corona Del Mar  
 

+  X   X  X X X     X X X X X  801.11  

   Poppy Street to Southeast 
   Regional Boundary 
 

+ 
  

  X  X X X    X X X X X X  801.11  

OFFSHORE ZONE  

    Waters Between Nearshore 
    Zone and Limit of State         

Waters 
        

+  X   X  X X X     X X X X       

 
X  Existing or Potential Beneficial Use               * Defined by Ocean Plan Chapter II B-1.: “Within a zone bounded by shoreline and a distance of 1000 feet from       
I    Intermittent Beneficial Use                           shoreline or the 30-foot depth contour, whichever is further from shoreline…” 
+  Excepted from MUN (see text)
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Table 3-1  BENEFICIAL USES - Continued  
 

BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

Los Cerritos Wetlands +       X X     X X X X X   801.11  

Anaheim Bay – Outer Bay   
 

+     X  X X     X X X X X   801.11  

Anaheim Bay – Seal Beach  
National Wildlife Refuge 
 

+ 
  

    X¹ X     X X X X X  X 801.11  

Sunset Bay – Huntington 
Harbor        

+     X  X X X     X X X X   801.11    

Bolsa Bay  +       X X X    X X X X X X  801.11  

Bolsa Chica Ecological Reserve +       X X     X X X X X  X 801.11  

Lower Newport Bay +     X  X X X     X X X X X  801.11  

Upper Newport Bay +       X X X    X X X X X X X 801.11  

 
X   Existing or Potential Beneficial Use               ¹ Access prohibited per agency with jurisdiction   
I    Intermittent Beneficial Use                            

+   Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 
 
 
BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

Santa Ana River Salt Marsh +       X X     X X X  X  X 801.11  

Huntington Beach Wetlands +       X X     X X X X X   801.11  

Tidal Prism of Santa Ana River  
(to within 1000’ of Victoria 
Street) and Newport Slough 

+       X X X     X X  X   801.11  

Tidal Prism of San Gabriel River  
 - River Mouth to Marina Drive 
    

+  X     X X X     X X  X X X 845.61  

Tidal Prism of Santa Ana-Delhi  
Channel – Bicycle Bridge at 
University Dr. at Upper Newport 
Bay to 1036 ft. upstream 

+       u X      X X  X   801.11  

Tidal Prism of Greenville-
Banning Channel – Santa Ana  
River Confluence to Inflatable 
Diversion Dam^ 

+       u X      X X  X   801.11  

Tidal Prisms of Flood Control  
Channels Discharging to 
Coastal or Bay Waters 

+       X X X     X   X   801.11  

 
X  Existing or Potential Beneficial Use              ¹   Access prohibited per agency with jurisdiction   
I    Intermittent Beneficial Use                           u  REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   

+  Excepted from MUN (see text)                             Recreation Beneficial Uses) 
^  The diversion dam is 0.23 mile downstream    
    of confluence with the Fairview Channel.                                                                                          
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

    Santa Ana River  

        Reach 1 – Tidal Prism to 17th 
        Street  in Santa Ana   
                     

+      
 

X² X  I    I  
  801.11  

        Reach 2 – 17th Street in Santa  
        Ana to Prado Dam  
 

+ X   X  
 

X X  X    X X 
  801.11 801.12 

        Aliso Creek X    X   X X  X    X X   845.63  

        Carbon Canyon Creek X    X   X X  X    X X   845.63  

    Santiago Creek Drainage  

        Santiago Creek  

        Reach 1 – below Irvine Lake X    X   X² X  X    X    801.12 801.11 

        Reach 2 – Irvine Lake (see  
        Lakes, pg. 3-xx       
    

      
 

         
    

        Reach 3 – Irvine Lake to 
        Modjeska Canyon 
 

I    I  
 

I I  I    I  
  801.12  

        Reach 4 – in Modjeska Canyon X    X   X X  X    X    801.12  

     Silverado Creek X    X   X X  X    X    801.12  

X  Existing or Potential Beneficial Use              2      Access prohibited in all or part per agency with jurisdiction                                                
I   Intermittent Beneficial Use                                               
+  Excepted from MUN (see text)                                       
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

   Santiago Creek Drainage  

        Black Star 
                     

I    I   I I  I    I    801.12  

        Ladd Creek 
 

I    I   I I  l    I I   801.12  

    San Diego Creek Drainage  

        San Diego Creek  
            Reach 1 – below Jeffrey  
            Road 

+       X² X  X    X    801.11  

            Reach 2 – above Jeffrey 
            Road to Headwaters    

+    I   
I I  I    I    801.11  

        Other Tributaries: Bonita Creek,     
        Serrano Creek, Peters Canyon   
        Wash, Hicks Canyon Wash,  
        Bee Canyon Wash, Borrego  
        Canyon Wash, Agua Chinon  
        Wash, Laguna Canyon Wash, 
        Rattlesnake Canyon Wash,    
        Sand Canyon Wash*, and other 
        Tributaries to these Creeks 

+ 

   

I 

 

 I I 

 

I 

   

I 

 

  801.11  

 
X  Existing or Potential Beneficial Use                 ²    Access prohibited in all or part per agency with jurisdiction 
I   Intermittent Beneficial Use                               *   Sand Canyon Wash also has RARE Beneficial Use                                                              
+  Excepted from MUN (see text)              
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

  San Gabriel River Drainage  
    Coyote Creek (within Santa Ana 
     Regional Boundary) 

X       X X  X    X    845.61                     

  

  Santa Ana-Delhi Channel  
     Reach 1 – upper boundary of   
     Tidal Prism to intersection of 
     Sunflower Ave./Flower St.                   

+       u u  X    X X   801.10  

     Reach 2 – Sunflower  
     Ave./Flower St. intersection to 
     Warner Avenue 

+       u X  X    X    801.10  

  

  Greenville Banning Channel  
    Reach 1- Inflatable Diversion Dam  
    to California Street 
                        

+      
 

u u  X    X  
  

 801.10 
 

UPPER SANTA RIVER BASIN  

  Santa Ana River  
     Reach 3 – Prado Dam to Mission 
     Blvd. in Riverside 

+ X   X   X X  X    X X X  801.21 
801.21, 
801.25 

 
X  Existing or Potential Beneficial Use                      u   REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,    
I   Intermittent Beneficial Use                                             Recreation Beneficial Uses) 
+  Excepted from MUN (see text)                                            
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

       Reach 4 – Mission Blvd. in     
       Riverside to San Jacinto Fault  
       in San Bernardino  
 

+    X  
 

X³ X  X    X X X 

 801.27 801.44 

       Reach 5 – San Jacinto Fault in 
       Bernardino to Seven Oaks Damt X* X   X   

X³ X  X    X X   801.52 801.57 

       Reach 6 – Seven Oaks Dam to 
       Headwaters (see also Individual  
       Tributary Streams) 

X X   X  
 
X 

 
X X    X  X  

 
X 

 801.72  

    San Bernardino Mountain Streams   

       Mill Creek Drainage:   

         Mill Creek  

           Reach 1 – Confluence with  
           Santa Ana River to Bridge  
           Crossing Route 38 at Upper 
           Powerhouse  

I I   I  

 

I I    I  I I 

  801.58  

          Reach 2 – Bridge Crossing  
           Route 38 at Upper  
           Powerhouse to Headwaters       
    

X X   X  X X X    X  X  

  801.58  

 
X   Existing or Potential Beneficial Use           *   MUN applies upstream of Orange Avenue (Redlands); downstream, water is excepted from MUN 
I    Intermittent Beneficial Use            t   Reach 5 uses are intermittent upstream of Waterman Avenue                      
+  Excepted from MUN (see text)                       ³   Access prohibited in some portions per agency with jurisdiction                     
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

       Mountain Home Creek X    X  X X X    X  X    801.58  
       Mountain Home Creek, East    
       Fork 

X    X X X X X    X  X  X  801.70  

              
       Monkeyface Creek             

X    X   X X    X  X    801.70  

       Alger Creek 
 

X    X   X X    X  X    801.70  

       Falls Creek X    X  X X X    X  X  X  801.70  

       Vivian Creek X    X  
 
 X X    X  X   

 
 801.70  

       High Creek X    X   X X    X  X    801.70  

       Other Tributaries: Lost, Oak  
       Cove, Green, Skinner, Momyer, 
       Glen Martin, Camp, Hatchery,    
       Rattlesnake, Slide, Snow,  
       Bridal Veil, and Oak Creeks 
       and other Tributaries to these 
       Creeks     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.71 

 

    Bear Creek Drainage:   

       Bear Creek X X   X  X X X    X  X  X  801.71  

      Siberia Creek X    X   X X    X  X  X  801.71  

      Slide Creek  I    I   I I    I  I    801.71  

      Johnson Creek  I    I   I I    I  I    801.71  

X  Existing or Potential Beneficial Use                                  
I   Intermittent Beneficial Use                                        
+  Excepted from MUN (see text)                                 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

       All other Tributaries to these  
       Creeks   I    I   I I    I  I    801.71  

       Big Bear Lake (see Lakes, pg.  
       3-xx) 

                    

    Big Bear Lake Tributaries:      
                     

 

       North Creek 
 

X    X   X X    X  X  X  801.71  

       Metcalf Creek X    X   X X    X  X  X  801.71  

       Grout Creek X    X   
 

X X    X  X  
X 
 

 801.71  

       Rathbone (Rathbun) Creek X    X   X X    X  X    801.71  

       Meadow Creek     X    X   X X    X  X    801.71  

       Summit Creek  I    I   I I    I  I    801.71  

       Knickerbocker Creek       

        Reach 1 – concrete channel, 
        the Lake to Village Dr. 

I    I   I I    I  I    801.71  

        Reach 2 – natural channel, 
         Village Dr. to headwater  

I    I   I I    I  I    801.71  

       Other Tributaries to Big Bear  
       Lake: Minnelusa, Poligue, and       
       Red Ant Creeks and other  
       Tributaries to these Creeks  

I    I   I I    I  I    801.71  

 
X   Existing or Potential Beneficial Use   
I     Intermittent Beneficial Use                                
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

    Baldwin Lake (see Lakes, pg. 
    3-xx)                        

    Baldwin Lake Drainage:  

       Shay Creek X    X   X X    X  X X   801.73  

       Other Tributaries to Baldwin 
       Lake: Sawmill, Green, and  
       Caribou Canyons and other 
       Tributaries to these Creeks      
                     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.73 

 

    Other Streams Draining to Santa                                    
    Ana River (Mountain Reaches‡)           
        

 

       Cajon Canyon Creek X    X   X X    X  X X   801.52 801.51 

       City Creek X X   X   
 

X X    X  X X X  801.57  

       Devil Canyon Creek X    X   X X    X  X    801.57  

       East Twin and Strawberry  
       Creeks                   

X X   X   X X    X  X  X  
801.57 

 

 
X   Existing or Potential Beneficial Use          ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
I    Intermittent Beneficial Use                           or San Gabriel Mountains 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
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Primary Secondary 

      Waterman Canyon Creek  X    X   X X    X  X    801.57  

      Fish Creek  X    X   X X    X  X  X  801.57  

      Forsee Creek X    X   X X    X  X  X  801.72  

      Plunge Creek  X X   X   X X    X  X X   801.72  

     Barton Creek X X   X   X X    X  X    801.72  

     Bailey Canyon Creek    
                     

I 
   

I 
  

I I 
   

I 
 

I 
   

801.72 
 

 
X   Existing or Potential Beneficial Use 
I    Intermittent Beneficial Use                                  
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
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Hydrologic Unit 
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Primary Secondary 

     Kimbark Canyon, East Fork 
     Kimbark Canyon, Ames   
     Canyon and West Fork Cable  
     Canyon Creeks 

X 

   

X   X X  X  X  X    801.52  

     Valley Reaches‡ of Above  
     Streams 

I    I   
 

I I  I    I  
 
 

 801.52  

     Other Tributaries (Mountain  
     Reaches‡): Alder, Badger  
     Canyon, Bledsoe Gulch, Borea 
     Canyon, Breakneck, Cable  
     Canyon, Cienaga Seca, Cold,  
     Converse, Coon, Crystal, Deer, 
     Elder, Fredalba, Frog,  
     Government, Hamilton, Heart      
     Bar, Hemlock, Keller, Kilpecker,   
     Little Mill, Little Sand Canyon,  
     Lost, Meyer Canyon, Mile,  
     Monroe Canyon, Oak,       
     Rattlesnake, Round Cienaga,     
     Sand, Schneider, Staircase,  
     Warm Springs Canyon, and    
     Wild Horse Creeks and other  
     Tributaries to these Creeks 

I 
 

   I   I I    I  I 

   

801.72 801.71, 801.57 

 
  X  Existing or Potential Beneficial Use            ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
  I   Intermittent Beneficial Use                              or San Gabriel Mountains 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

    San Gabriel Mountain Streams 
    (Mountain Reaches‡)     

       San Antonio Creek X X X X X  X X X    X  X    801.23  

       Lytle Creek (South, Middle,  
       and North Forks) and  
       Coldwater Canyon Creek      
                     

X X X X X  X X X    X  X X   

801.41 801.42, 801.52, 
801.59 

       Day Canyon Creek X   X X   X X    X  X    801.21  

       East Etiwanda Creek X   X X   
 

X X    X  X X 
 
 

 801.21  

       Valley Reaches ‡ of Above  
       Streams   

I    I   I I  I    I    801.21  

       Cucamonga Creek      

           Reach 1 – Confluence with  
           Mill Creek to 23rd St. in  
           Upland 

+    X   
 
u³ 

 
u   X   X    801.21  

 
X  Existing or Potential Beneficial Use                              ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the  
I   Intermittent Beneficial Use                                      San Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                     u    REC 1 and/or REC 2 are not attainable as determined by a UAA.(See Table 3-2 and  Chapter 3,      
                                                  Recreation Beneficial Uses) 
                                                                                                                                  ³    Access prohibited in some portions per agency with jurisdiction  
                                                                             
                 
                                                                                                          
                                                                                    

RB-AR36502



Attachment 2 to Resolution No. R8-2012-0001     Approved June 15, 2012 
 

Page 22 of 79 
 

Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

           Reach 2 (Mountain Reach‡)  
           - 23rd St. In Upland to 
           headwaters 

X  X X X  X X X    X  X  X  801.24 
 

       Mill Creek (Prado Area)      +       X X  X    X X   801.25  

     Other Tributaries (Mountain 
     Reaches ‡): San Sevaine, Deer, 
     Duncan Canyon, Henderson  
     Canyon, Bull, Fan, Demens, 
     Thorpe, Angalls, Telegraph 
     Canyon, Stoddard Canyon,  
     Icehouse Canyon, Cascade Canyon, 
     Cedar, Falling Rock, Kerkhoff,  
      and Cherry Creeks and other 
     Tributaries to these Creeks 

I    I   I I    I  I    801.21 801.23 

     Valley Reaches‡ of Above Streams I    I   I I  I    I    801.21 801.43 

         
San Timoteo Area Streams              

 

     San Timoteo Creek  

         Reach 1A – Santa Ana River 
         Confluence to Barton Road 

+ I      
 

I³ I  I    I  
 
 

 801.52  

 
X   Existing or Potential Beneficial Use                          ‡   The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I    Intermittent Beneficial Use                                         Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                        ³   Access prohibited in some portions per agency with jurisdiction                      
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Table 3-1 BENEFICIAL USES - Continued 
 

INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

       Reach 1B – Barton Road to  
       Gage at San Timoteo Canyon  
       Rd.    

+ I   I   I³ I  I    I    801.52  

       Reach 2–Gage at San Timoteo     
       Creek to Confluence with  
       Yucaipa Creek 

+    X   X X  X    X    801.61  

       Reach 3 – Confluence with  
       Yucaipa Creek to confluence 
       with little San Gorgonio and  
       Noble Creeks (Headwaters of  
       San Timoteo Creek) 

+    X   X X  X    X  

  

801.61  

    Oak Glen, Potato Canyon, and  
    Birch Creeks    

X    X   X X  X    X    801.67  

    Little San Gorgonio Creek X    X   
 

X X    X  X  
 
 

 801.69 801.62, 801.63 

    Yucaipa Creek   I    I   I I  I    I    801.67 
801.61, 801.62, 
801.64 

    Other Tributaries to these  
    Creeks-Valley Reaches‡ 

I    I   I I  I    I    801.62 801.52, 801.53 

    Other Tributaries to these  
    Creeks-Mountain Reaches‡ 

I 
   

I 
  

I I 
   

I 
 

I    801.69 801.67 

   Anza Park Drain X       X X  X    X  X  801.27  

 
X  Existing or Potential Beneficial Use                     ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I   Intermittent Beneficial Use                                    Bernardino or San Gabriel Mountains 
+  Excepted from MUN (see text)                   ³   Access prohibited in some portions per agency with jurisdiction               
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Table 3-1 BENEFICIAL USES - Continued 
 

INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

  Sunnyslope Channel X       X X  X    X X X  801.27  

  Tequesquite Arroyo (Sycamore 
  Creek) 

+    X   X X  X    X  X  
801.27 

 

  Prado Area Streams    

     Chino Creek  

         Reach 1A – Santa Ana River 
         confluence to downstream of  
         confluence with Mill Creek  
        (Prado Area)   

+       X X  X    X X   

801.21 

 

         Reach 1B – Confluence with 
         Mill Creek (Prado Area) to 
         beginning of concrete-lined 
         channel south of Los 
         Serranos Rd.*** 

+ 

      

X X 

 

X 

   

X X 

  

801.21  

 
X   Existing or Potential Beneficial Use                      ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
I    Intermittent Beneficial Use                                     Bernardino or San Gabriel Mountains 
+   Excepted from MUN (see text)                  *** The confluence of Mill Creek is in Chino Creek, Reach 1B 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

         Reach 2 – Beginning of  
         concrete-lined channel south   
         of Serranos Rd. to confluence  
         with San Antonio Creek 

+    X  

 
 

X³ X   X   X  
 
 

 
801.21 

 

    Temescal Creek    

        Reach 1a – Lincoln Ave. to  
        Arlington Channel confluence 

+       u³ X  X    X    801.25  

        Reach 1b – Arlington Channel 
        confluence to 1400 ft.  
        upstream of Magnolia Ave. 

+       u³ u  X    X    801.25  

        Reach 2 –1400 ft. upstream of 
        Magnolia Ave. to Lee Lake  
         

+ X X  X   X X  X    X    801.25  

 
X  Existing or Potential Beneficial Use                       ***  The confluence of Mill Creek is in Chino Creek, Reach 1B                
I    Intermittent Beneficial Use                                     ³    Access prohibited in some portions per agency with jurisdiction  
+   Excepted from MUN (see text)                    u    REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   

            Recreation Beneficial Uses)                                                                                                                                                                           
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

         Reach 3 – Lee Lakes (see Lakes, 
         Page 3-xx) 

                
   

 

         Reach 4 – Lee Lake to Mid-Section 
         Line of Section 17 (downstream end 
         of freeway cut) 

+ X   X   X X  X    X X 
  

801.34 
 

         Reach 5 – Mid-section line of  
         Section 17 (downstream end of  
         freeway cut) to Elsinore Ground- 
         water Subbasin Boundary   

+ X   X   X X  X    X X 

  
801.35 

 

         Reach 6 – Elsinore Groundwater 
         Subbasin Boundary to Lake  
         Elsinore Outlet 

+    I   I I  I    I 
   

801.35 
 

     Coldwater Canyon Creek X X   X   
 

X X  X    X  
 
 

 801.32 
 

     Bedford Canyon Creek +    I   I I  I    I    801.32  

     Dawson Canyon Creek I    I   I I  I    I    801.32  

     Other Tributaries to these Creeks I    I   I I  I    I    801.32  

  SAN JACINTO RIVER BASIN  

     San Jacinto River  

        Reach 1 – Lake Elsinore to Canyon  
        Lake  

I I   I   I I  I    I    801.32 802.31 

        Reach 2 – Canyon Lake (see Lakes  
        Pg. 3-xx) 

                    

 
X   Existing or Potential Beneficial Use             
I    Intermittent Beneficial Use                                   
+   Excepted from MUN (see text)                                      
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

         Reach 3 – Canyon Lake to Nuevo 
         Road 

+ I   I   I I  I    I 
   802.11  

        Reach 4 – Nuevo Road to North- 
        South Mid-Section Line, T4S/R1W-S8 

+ I   I   I I  I    I 
   802.21 802.21 

        Reach 5 – North-South Mid-Section 
        Line, T4S/R1 W-S8, to Confluence 
        With Poppet Creek  

+ I   I   I I  I    I 
   

802.21  

        Reach 6 – Poppet Creek to 
        Cranston Bridge 

I I   I   I I  I    I    802.21  

        Reach 7 – Cranston Bridge to Lake 
         Hemet 

X X   X   X X    X  X    801.21  

    Bautista Creek – Headwaters to Debris 
    Dam  

X X   X   X X    X  X    802.21 802.23 

    Strawberry Creek and San Jacinto 
    River, North Fork   

X X   X   X X    X  X    801.21  

    Fuller Mill Creek X X   X   X X    X  X    802.22  

    Stone Creek X X   X   X X    X  X    802.21  

    Other Tributaries:  Logan, Black 
    Mountain, Juaro Canyon, Indian,  
    Herkey, Poppet, and Potrero Creeks 
    and other Tributaries to these Creeks 

I I   I   I I  I    I    802.21 802.22 

    Salt Creek  +       I I  I    I    802.12  

    Goodhart Canyon, St. John’s Canyon,             
    and Cactus Valley Creeks 

I I      I I  I    X    802.15  

 
X  Existing or Potential Beneficial Use                                                          
I   Intermittent Beneficial Use                                              
+  Excepted from MUN (see text)                             
 

RB-AR36508



Attachment 2 to Resolution No. R8-2012-0001     Approved June 15, 2012 
 

Page 28 of 79 
 

Table 3-1  BENEFICIAL USES - Continued  
 
LAKES AND RESERVOIRS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

    Baldwin Lake +       
 

I I  I  I I I I 
 
 

 801.73 
 

    Big Bear Lake  X X   X   X X  X  X  X X   801.71  

    Erwin Lake  X       X X    X X X X   801.73  

    Evans, Lake   +       X X  X  X  X    801.27  

    Jenks Lake  X X   X   X X    X  X    801.72  

    Lee Lake + X X  X   X X  X    X    802.34  

    Mathews, Lake X X X X X   X4 X  X    X X   802.33  

    Mockingbird Reservoir + X      X4 X  X    X    802.26  

    Norconian, Lake  +       X X  X    X    802.25  

LOWER SANTA ANA RIVER BASIN  

    Anaheim Lake  +    X   X X  X    X    801.11  

    Irvine Lake (Santiago Reservoir) X X      X X  X  X  X    801.12  

    Peters Canyon, Rattlesnake, 
    Sand Canyon, and 
    Siphon Reservoirs                  

+ X      X4 X  X    X    801.11  

                                                                                                                                                                                                                                
X   Existing or Potential Beneficial Use             4  Access prohibited per agency/company with jurisdiction                                                 
I    Intermittent Beneficial Use                                    
+   Excepted from MUN (see text)                       
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Table 3-1  BENEFICIAL USES - Continued  
 
LAKES AND RESERVOIRS 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

SAN JACINTO RIVER BASIN  

    Canyon Lake (Railroad Canyon 
    Reservoir) 

X X   X   
 

X X  X    X  
 
 

 802.11 802.12 

    Elsinore, Lake  +       X X  X    X    802.31  

    Fulmor, Lake  X X      X X  X  X  X    802.21  

    Hemet, Lake  X X   X  X X X  X  X  X  X  802.22  

    Mystic Lake I       I I  I   X X X   802.11  

    Perris, Lake X X X X X   X X  X  X  X    802.11  

 
X  Existing or Potential Beneficial Use              .  
I   Intermittent Beneficial Use                            
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

WETLANDS (INLAND) 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

 San Joaquin Freshwater  
 Marsh** 

+       
 

X X  X   X X X 
 
 

 801.11 801.14 

 Shay Meadows I       I I    I  I    801.73  

 Stanfield Marsh** X       X X    X  X X   801.71  

 Prado Basin Management  
 Zone@  

+       X X  X    X X   802.21  

 San Jacinto Wildlife  
 Preserve** 

+       X X  X   X X X   802.21 802.14 

 Glen Helen X       X X  X    X    801.59  

       
X  Existing or Potential Beneficial Use             **  This is a created wetland as defined in the wetland discussion 
I   Intermittent Beneficial Use                          @  The Prado Basin Management Zone includes the Prado Flood Control Basin, a created wetland  
+  Excepted from MUN (see text)                  as defined in the Basin Plan (see Chapter 3, pages 3-4 through 3-7) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

UPPER SANTA ANA RIVER BASIN 
 
 
 

Big Bear Valley X   X               801.71 801.73 

Beaumont X X X X               801.62 801.63, 801.69 

Bunker Hill - A  X X X X               801.52 801.52 

Bunker Hill - B X X X X               802.52 
801.53, 801.54, 
801.57, 801.58 

Colton X X X X               801.44 801.45 

Chino North “maximum benefit”++ X X X X               801.21 481.21, 481.23 

Chino 1 – “antidegradation”++ X X X X               801.21 481.21 

Chino 2 – “antidegradation”++ X X X X               801.21  

Chino 3 – “antidegradation”++ X X X X               801.21  

Chino East @ X X X X               801.21 801.27 

Chino South @ X X X X               801.21 801.25, 801.26 

Cucamonga X X X X               801.24 801.21 

 
X   Existing or Potential Beneficial Use               ++  Chino North “maximum benefit” management zone applies unless Regional Board determines that lowering of   
I    Intermittent Beneficial Use                                water quality is not of maximum benefit to the people of the state; in that case, the Chino 1, 2, and 3  
+  Excepted from MUN (see text)                  “antidegradation” management zones would apply (see also discussion in Chapter 5). 
                                                                             @  Chino East and South are the designations in the Chino Basin Watermaster “maximum benefit” proposal 
                                                                      (see Chapter 5) for the management zones identified by Wildermuth Environmental , Inc. (July 2000) as 
                                                                                    Chino 4 and 5, respectively 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

Lytle X X X X               801.59 801.42 

Rialto X X X X               801.44 801.21, 801.43 

San Timoteo X X X X               801.62 801.61 

Yucaipa X X X X               801.61 
801.55, 801.63, 
801.67 

MIDDLE SANTA ANA RIVER BASIN  

Arlington X X X X               801.26  

Bedford X X X X               801.32 481.31 

Coldwater X X X X               801.31  

Elsinore X X  X               802.31  

Lee Lake  X X X X               801.34  

Riverside - A X X X X               801.27 801.44 

Riverside – B  X X X X               801.27 801.44 

Riverside - C  X X X X               801.27  

Riverside - D X X X X               801.27 801.26 

Riverside - E X X X X               801.27  

 
X  Existing or Potential Beneficial Use               
I   Intermittent Beneficial Use                               
+  Excepted from MUN (see text)                  
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

Riverside - F X X X X               801.27  

Temescal  X X X X               801.25  

SAN JACINTO RIVER BASIN  

Garner Valley X X                 802.22  

Idyllwild Area X  X                802.22 802.21 

Canyon  X X X X               802.21  

Hemet - South X X X X               802.15 802.13, 802.21 

Lakeview – Hemet North  X X X X               802.14 802.15 

Menifee X X  X               802.13  

Perris North  X X X X               802.11  

Perris South   X X                 802.11 802.12, 802.13 

San Jacinto - Lower X X X                802.21 802.11 

San Jacinto - Upper X X X X               802.27 802.23 

 
X  Existing or Potential Beneficial Use               
I   Intermittent Beneficial Use                               
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE 

Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER BASIN  

La Habra X X                 845.62  

Santiago  X X X                801.12 801.11 

Orange   X X X X               801.11 
801.13, 801.14 
845.61, 845.63 

Irvine X X X X               801.11  

 
X   Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+   Excepted from MUN (see text)  
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Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-designate Recreational Beneficial Uses in some Inland 
Waterbodies 

 
 
 

 
Waterbody 

 

Segment/ 
Reach 

Reach Description REC1 REC2 

Agency 
Approval 
Dates1 

Greenville-Banning 
Channel 

Tidal 
Prism 
 

Santa Ana River Confluence to Inflatable Diversion Dam 
( 0.23 mile downstream of Fairview Channel Confluence) 

(City of Costa Mesa) 

no X                        

Reach 1 Inflatable Diversion Dam to California Street.  
(City of Costa Mesa)  

 

no no  

Santa Ana Delhi 
Channel 

Tidal 
Prism 
 

Bicycle Bridge at University Dr. at Upper Newport Bay to 
1036 ft. upstream 

(City of Newport Beach) 

no X  

Reach 1 
 

Upper Boundary of Tidal Prism to immediately upstream 
of intersection of Sunflower Ave. and Flower Street  

(City of Santa Ana) 

no no  

Reach 2 Immediately upstream of intersection of Sunflower Ave. 
and Flower St. to Warner Ave 

(City of Santa Ana) 

no X  

Temescal Creek 

Reach 1a 
Lincoln Avenue to Arlington Channel Confluence 

(City of Corona) 
no  X  

Reach 1b 
Arlington Channel Confluence to 

1400 ft. upstream of Magnolia Avenue 
(City of Corona) 

no no 
 

Cucamonga Creek 
Reach 1 

Confluence with Mill Creek in Prado area 
 to near 23rd Street (City of Upland) 

 
no no 

 

 
X  Existing or Potential 
1   Date of Regional Board, State Board, USEPA approvals to be added 
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CHANGES TO CHAPTER 4- WATER QUALITY OBJECTIVES 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INTRODUCTION, third paragraph et 
seq.: 
 
The water quality objectives in this Plan are specified according to waterbody type:  ocean waters; 
enclosed bays and estuaries; inland surface waters; and, groundwaters. 
 
The narrative water quality objectives below are arranged alphabetically. They vary in applicability 
and scope, reflecting the variety of beneficial uses of water that have been identified (Chapter 3). 
Where numerical objectives are specified, they generally represent the levels that will protect 
beneficial uses. However, in establishing waste discharge requirements for specific discharges, the 
Regional Board may find that more stringent levels are necessary to protect beneficial uses.  In 
other cases, an objective may prohibit the discharge of specific substances, may tolerate natural or 
“background” levels of certain substances or characteristics but no increases over those values, or  
may express a limit in terms of not impacting other beneficial uses. An adverse effect or impact on 
a beneficial use occurs where there is an actual or threatened loss or impairment of that beneficial 
use.  
 
Some of these water quality objectives refer to “controllable sources” or controllable water quality 
factors.”  Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes and discharges from land areas or other diffuse sources.  
Controllable sources are predominantly anthropogenic in nature. Controllable water quality factors 
are those characteristics of the discharge and/or the receiving water that can be controlled by 
treatment or management methods. Examples of other activities that may not involve waste 
discharges, but which also constitute controllable water quality factors, include the percolation of 
storm water, transport/delivery of water via natural stream channels, and stream diversions.  
Uncontrollable sources of pollutants can occur naturally or as the result of anthropogenic activities. 
These sources are not readily managed through technological or natural mechanisms. 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES - 
insert the following between the Oxygen, Dissolved and pH objectives:   
 

Pathogen Indicator Bacteria 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is used as an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria, so additional testing is often done to confirm the presence and numbers of fecal coliform  
bacteria. Water quality objectives for numbers of total and fecal coliform vary with the uses of the 
water, as shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 
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Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single sample 
maximum enterococci values, which vary based on the frequency of use of the REC1 
waters.  The Regional Board intends to consider a Basin Plan amendment in the future 
to formally recognize the enterococci criteria established for enclosed bays and 
estuaries, to define an appropriate averaging period for the application of the geometric 
mean criterion, and to define appropriate application of the single sample maximum 
values to varying areas within enclosed bays and estuaries in the Region.  

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number)/100 mL and not more than 10% of samples exceed 43 mpn /100 mL. 

 
 

Amend Chapter 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS, 
Metals, as follows:  
 
The SSOs for cadmium and copper are simply the hardness-dependent formulae for calculating 
the objective (national criteria), corrected by the dissolved-to-total (metal) ratio. The SSO for 
lead is the recalculated1 hardness-dependent formula, corrected by the dissolved-to-total ratio.  

 
1 Recalculation for lead was carried out by EPA-Region IX, using the lowest mean genus acute 
value (GMAV) as the final acute value (FAV) and an acute-to-chronic ratio (ACR) of 51.29, 
resulting in a final chronic value (FCV) of 2.78 and the SSO formula already shown.  
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS - insert 
the following between the Oxygen, Dissolved and pH objectives:  
 
Pathogen Indicator Bacteria 
 
Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges.  Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons.  The main route of 
exposure to illness-causing organisms during primary water contact recreation is through 
accidental ingestion of fecally contaminated water. The presence of these pathogens in 
waterbodies may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful.  Therefore, the USEPA recommends using surrogate indicators, such as E. coli 
or enterococcus densities, to demonstrate that water quality is adequate to protect human health 
against excessive risk of illness to those making deliberate recreational contact with the water 
where ingestion of water is likely2.  
 
Over time, the recommended surrogate indicators to protect primary contact recreation have                                                                                             
changed from total and fecal coliform to E. coli or Enterococcus for freshwaters (USEPA, 1986).  
Ongoing epidemiological studies and laboratory research may someday identify better pathogen 
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indicators3 and USEPA may recommend revised numeric criteria based on those new indicators. 
New and/or improved analytical protocols for direct measurement of pathogens may also become 
available. This Plan addresses these circumstances as follows. The Plan specifies the following 
narrative objective and the numeric objectives for surrogate indicators in Table 4-pio – Pathogen 
Indicator Bacteria Objectives for Fresh Waters. The numeric objectives in Table 4-pio are 
intended to interpret the narrative objective, based on the best available science. These numeric 
objectives are based on the water quality criteria recommended by USEPA in 1986.  The 
narrative objective is intended to provide the permitting flexibility needed to accommodate 
appropriate regulatory actions to assure the protection of beneficial uses as water quality 
monitoring technology improves or USEPA revises the recommended bacteria criteria4.  This is 
consistent with the Regional Board’s obligation when establishing waste discharge requirements 
to impose limitations more stringent than established objectives if such more stringent limitations 
are necessary to protect beneficial uses. 

 
Lakes and Streams 

 
Waste discharges shall not cause or contribute to excessive risk of illness from microorganisms 
pathogenic to human beings.  Pathogen indicator concentrations shall not exceed the values 
specified in Table 4-pio below as a result of controllable water quality factors (see also Chapter 5, 
Recreation Water Quality Standards, Controllable and Uncontrollable Sources of Bacteria) unless 
it is demonstrated to the Regional Board’s satisfaction that the elevated indicator concentrations 
do not result in excessive risk of illness among people recreating in or near the water. In all 
cases, the level of water quality necessary to protect existing uses must be maintained. Where 
existing water quality is better than necessary to protect the designated use, the existing high   
level of water quality must be maintained unless it is demonstrated that existing or potential 
beneficial uses would be protected and that water quality consistent with maximum benefit to the 
people of California would be maintained, as specified in the state antidegradation policy 
(SWRCB Resolution No. 68-16).  The Regional Board may also require recycled water 
discharged to freshwaters designated REC 1 or REC 2 to comply with other limitations 
recommended by the California Department of Public Health (CDPH).    
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Table 4-pio - Pathogen Indicator Bacteria Objectives for Fresh Waters1 

Recreational Use 
 

Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period 
(running)2 

REC1-only or 
REC1 and REC2 

<126  E. coli organisms per 100 mL3 

REC2-only4 
N/A; see REC2 Only Freshwaters, below, and Chapter 5, 

Recreation Water Quality Standards, Antidegradation targets 
for REC2 only freshwaters 

 

1 The water quality objectives specified in Table 4-pio (and the alternate Single Sample Maximum 
values in Table 5-REC1-ssv) do not apply to a river or stream if and when the recreational uses 
are temporarily suspended due to unsafe flow conditions therein. (See Chapter 5- 
Implementation, Recreation Water Quality Standards, High Flow Suspension, Appendices VIII 
and IX, and Application of Single Sample Maximum Values).  
2  The Regional Board may adopt other alternative averaging periods, such as annual or seasonal 
averages, through the basin planning process. 
3 Where it is necessary to make public notification and/or beach closure decisions in the absence 
of sufficient data to calculate a representative geometric mean for E. coli, no single sample shall 
exceed the default value shown in Table 5-REC1-ssv or an alternative value calculated by using 
the formula shown in Table 5-REC1-ssv, note 2 (see also table note 5).  For all other purposes 
related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over 
a 30 day period (running) shall be less than the applicable Single Sample Maximum value, where 
X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the applicable Single 
Sample Maximum value shall not be used to assess compliance with the E. coli objective in 
Table 4-pio.  The intent of Single Sample Maximum values is to inform public notification 
decisions and to trigger additional follow-up monitoring (see Chapter 5, Recreation Water Quality 
Standards, Application of Single Sample Maximum Values in REC1 Freshwaters). 
4Waterbodies designated REC2 but not designated REC1.   

 
 

As discussed in Chapter 3 (RECREATION BENEFICIAL USES) and Chapter 5 
(RECREATION WATER QUALITY STANDARDS, High Flow Suspension) of this Plan, 
recreational standards are temporarily suspended in certain fresh surface waters during 
specific high flow conditions. This includes the temporary suspension of the pathogen 
indicator objectives established in Table 4-pio, and alternative Single Sample Maximum 
values, which apply under specified circumstances (See Chapter 5 RECREATION WATER 
QUALITY STANDARDS, Application of Single Sample Maximum values in REC1 
freshwaters.)  
 
 
REC2 Only Freshwaters 
 
Designation of a waterbody as REC2 but not REC1 requires a demonstration that the REC1 
use has not been attained and is not attainable, based on one or more of the Use Attainability 
Analysis (UAA) factors identified in federal regulations (40 CFR 131.10(g)(1-6)). Where water 
quality consistently meets the REC1 (or REC1 and REC2) pathogen indicator objectives in 
Table 4-pio, then it is unlikely that a UAA would successfully demonstrate that the REC1 use 
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is not attainable. Accordingly, the waterbody would likely be designated REC1 (and REC2), 
and the objectives in Table 4-pio would apply.  
 
REC2 activities involve proximity to water but not normally body contact such that the 
ingestion of water is reasonably possible. Water contact is incidental or accidental, relatively 
brief and limited primarily to body extremities.  There is no scientific basis to establish 
pathogen indicator objectives intended to protect human health as the result of such contact.  
 
While water quality objectives for REC2 only waters are not specified in this Plan, it is 
appropriate to take steps to assure that water quality conditions in these waters are not 
degraded as the result of controllable water quality factors, consistent with antidegradation 
policy requirements. Accordingly, bacteria quality targets for REC2 only waters have been 
identified (See Chapter 5, Recreation Water Quality Standards, Antidegradation targets for 
REC2 only freshwaters).   

 
Add the following footnotes and re-number subsequent footnotes in Chapter 4 
accordingly:  
 
[Footnote 2 is found above in “Pathogen Indicator Bacteria”, end of 2nd paragraph, p. 37 of 
79] 
 
2  As discussed in detail in USEPA’s 1986 bacteria criteria document (“Ambient Water Quality 
Criteria for Bacteria – 1986”), USEPA’s recommended E. coli criteria are based on the long-
accepted rate of 8 gastrointestinal illness per 1000 swimmers in freshwaters. USEPA believes 
that this illness rate is comparable to the estimated illness rate associated with the fecal 
coliform objectives that were used historically by states, and previously in this Basin Plan. 
Epidemiological studies were used to develop the 1986 criteria. The swimming-associated 
“excess” illness rate was determined by subtracting the gastrointestinal illness rate in 
nonswimmers from that for swimmers. Swimmers and nonswimmers were differentiated on the 
basis of exposure and the likelihood of ingestion of water. Swimmers were those who swam or 
otherwise got their head or face wet. Nonswimmers were those who did not go into the water, 
went into the water but did not get their head or face wet (waders), or were in the water for less 
than 10 minutes, whether or not they got their head or face wet. In short, the 1986 criteria were 
developed based on exposures during swimming with head immersion, where the ingestion of 
water was considered likely. Consistent with USEPA’s intent and the underlying science, the E. 
coli  objectives specified in this Basin Plan (Table 4-pio – Pathogen Indicator Bacteria 
Objectives for Fresh Waters), are intended to protect primary contact recreation.  
 
[Footnote 3 is found above in “Pathogen Indicator Bacteria”, first sentence, p. 38 of 79] 
 
3 See, for example, U.S. EPA. Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria.  June 15, 
2007 (EPA 823-R-07-006) 
 
 
[Footnote 4 is found above in “Pathogen Indicator Bacteria”, first paragraph, end of 2nd to last 
sentence, p. 38 of 79] 
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4 See, for example, U.S. EPA.  Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria.  August 31, 2007. (EPA 823-R-003) 

 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, GROUNDWATERS, Bacteria, 
Coliform, as follows: 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence groundwater 
is used as an indicator of pollution. 
 
Amend CHAPTER 4 – Table 4-1 WATER QUALITY OBJECTIVES, add and delete waters as 
shown in the following pages:  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Los Cerritos Wetlands+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Outer Bay+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Seal Beach National 
Wildlife Refuge+ 

--- --- --- --- --- --- --- 801.11  

Sunset Bay – Huntington Harbour+   
  

--- --- --- --- --- --- --- 801.11  

Bolsa Bay+   
    

--- --- --- --- --- --- --- 801.11  

Bolsa Chica Ecological Reserve+ --- --- --- --- --- --- --- 801.11  

Lower Newport Bay+ --- --- --- --- --- --- --- 801.11  

Upper Newport Bay+ --- --- --- --- --- --- --- 801.11  

  
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Santa Ana River Salt Marsh+ --- --- --- --- --- --- --- 801.11  

Huntington Beach Wetlands+ --- --- --- --- --- --- --- 801.11  

Tidal Prism of Santa Ana River (to within 
1000’ of Victoria Street) and  
Newport Slough+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of San Gabriel River – River 
Mouth to Marina Drive+ 

--- --- --- --- --- --- --- 845.61  

Tidal Prism of Santa Ana-Delhi Channel 
– Bicycle Bridge at University Dr. at 
Upper Newport Bay to 1036 ft. 
upstream+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of Greenville-Banning 
Channel – Santa Ana River Confluence 
to Inflatable diversion dam^+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prisms of Flood Control Channels 
Discharging to Coastal or Bay Waters+ 

--- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
^          The Inflatable Diversion Dam is ~0.23 mile downstream of confluence with the Fairview Channel.   
+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

    

Santa Ana-Delhi Channel  

       Reach 1 – upper boundary of Tidal  
       Prism to intersection of Sunflower  
       Ave./Flower St. Intersection to  
       Warner Avenue+       

--- --- --- --- --- --- --- 801.11  

       Reach 2 – above Sunflower Avenue 
       to Warner Avenue+ 

--- --- --- --- --- --- --- 801.11  

    

Greenville Banning Channel   

      Reach 1 – Inflatable diversion dam   
      to California Street+ 

--- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued 
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Mountain Home Creek 
    

200 100 30 10 1 20 5 801.58  

     Mountain Home Creek, East Fork 200 --- --- --- --- --- --- 801.70  

     Monkeyface Creek 200 100 30 10 1 20 5 801.70  

     Alger Creek 200 --- --- --- --- --- --- 801.70  

     Falls Creek 200 100 30 10 1 20 5 801.70  

     Vivian Creek 200 --- --- --- --- --- --- 801.70  

     High Creek 200 --- --- --- --- --- --- 801.70  

     Other Tributaries: Lost, Oak Cove, 
     Green, Skinner, Momyer, Glen Martin, 
     Camp, Hatchery, Rattlesnake, Slide, 
     Snow, Bridal Veil, and Oak Creeks,  
     and other Tributaries to these Creeks 

200 --- --- --- --- --- --- 801.70 

 

  Bear Creek Drainage:  

     Bear Creek  
    

175 115 10 10 1 4 5 801.71  

     Siberia Creek 200 --- --- --- --- --- --- 801.71  

     Slide Creek 175 --- --- --- --- --- --- 801.71  

     Johnson Creek 175 --- --- --- --- --- --- 801.71  

     All other Tributaries to these Creeks+ --- --- --- --- --- --- --- 801.71  

    Big Bear Lake (see Lakes, pg. 4-…          

 
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Big Bear Lake Tributaries: 
    

 

        North Creek  175 --- --- --- --- --- --- 801.71  

        Metcalf Creek 175 --- --- --- --- --- --- 801.71  

        Grout Creek 150 --- --- --- --- --- --- 801.71  

        Rathbone (Rathbun) Creek 300 --- --- --- --- --- --- 801.71  

        Meadow Creek+ --- --- --- --- --- --- --- 801.71  

        Summit Creek+ --- --- --- --- --- --- --- 801.71  

        Knickerbocker Creek  

Reach 1- concrete channel; the 
Lake to Village Dr. 

175 --- --- --- --- --- --- 801.71  

Reach 2- natural channel, Village 
Dr. to headwater 

175 --- --- --- --- --- --- 801.71  

        Other Tributaries to Big Bear Lake: 
        Minnelusa, Poligue, and Red Ant 
        Creeks, and other Tributaries 
        to these Creeks 

175 --- --- --- --- --- --- 801.71 

 

     Baldwin Lake (see Lakes, pg. 4-xx)          

     Baldwin Lake Drainage:  

        Shay Creek+  
    

--- --- --- --- --- --- --- 801.73  

        Other Tributaries to Baldwin Lake: 
        Sawmill, Green, and Caribou  
        Canyons and other Tributaries to  
        these Creeks+ 

--- --- --- --- --- --- --- 801.73  

+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Other Streams Draining to Santa Ana 
  River (Mountain Reaches‡ ) 

 

        Cajon Canyon Creek 200 100 30 10 1 20 5 801.51  

        City Creek 200 115 30 10 1 20 5 801.57  

        Devil Canyon Creek 275 125 35 20 1 25  5 801.57  

        East Twin and Strawberry Creeks 475 --- --- --- --- --- --- 801.57  

        Waterman Canyon Creek 250 --- --- --- --- --- --- 801.57  

        Fish Creek 200 100 30 10 1 20 5 801.57  

        Forsee Creek 200 100 30 10 1 20 5 801.72  

        Plunge Creek  200 100 30 10 1 20 5 801.72  

        Barton Creek 200 100 30 10 1 20 5 801.72  

        Bailey Canyon Creek  200 --- --- --- --- --- --- 801.72  

        Kimbark Canyon, East Fork  
        Kimbark Canyon, Ames Canyon 
        And West Fork Cable Canyon  
        Creeks 

325 --- --- --- --- --- --- 801.52 

 

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.52  
 

 
‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

        Other Tributaries (Mountain 
        Reaches¹): Alder, Badger Canyon, 
        Bledsoe Gulch, Borea Canyon,  
        Breakneck, Cable Canyon,  

  Cienaga Seca, Cold, Converse,             
         Coon, Crystal, Deer, Elder,  
        Fredalba, Frog, Government,  
        Hamilton, Heart Bar, Hemlock,  
        Keller, Kilpecker, Little Mill, 
        Little Sand Canyon, Lost,  
        Meyer Canyon, Mile, Monroe  
        Canyon, Oak, Rattlesnake, Round 
        Cienaga, Sand, Schneider,  
        Staircase, Warm Springs Canyon 
        And Wild Horse Creeks, and other 
        tributaries to those Creeks 

200 100 30 10 1 20 5 801.72 801.71, 
801.57 

   San Gabriel Mountain Streams 
   (Mountain Reaches‡) 

 

        San Antonio Creek 225 150 20 6 4 25 5 801.23  

        Lytle Creek (South, Middle, and  
        North Forks) and Coldwater 
        Canyon Creek 

200 100 15 4 4 25 5 801.41 
801.42, 
801.52, 
801.59 

        Day Canyon Creek 200 100 15 4 4 25 5 801.21  

        East Etiwanda Creek 200 100 15 4 4 25 5 801.21  

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.21  
 

‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

    Cucamonga Creek  

            Reach 1 – Confluence with Mill 
            Creek to 23rd St. in Upland+ 

--- --- --- --- --- --- --- 801.21  

            Reach 2 ( Mountain Reach‡) –  
            23rd St. in Upland to headwaters 

200 100 15 4 4 25 5 801.24  

    Mill Creek (Prado Area)+ --- --- --- --- --- --- --- 801.25  

    Other Tributaries (Mountain  
    Reaches):San Sevaine, Deer, Duncan 
    Canyon, Henderson Canyon, Bull, 
    Fan, Demens, Thorpe, Angalls, 
    Telegraph Canyon, Stoddard Canyon, 
    Icehouse Canyon, Cascade Canyon, 
    Cedar, Failing Rock, Kerkhoff and 
    Cherry Creeks, and other Tributaries 
    to these Creeks 

200 --- --- --- --- --- --- 801.21 801.23 

    Valley Reaches of Above Streams‡ --- --- --- --- --- --- --- 801.21  

 San Timoteo Area Streams  

    San Timoteo Creek   

        Reach 1A – Santa Ana River  
        Confluence to Barton Road** 

--- --- --- --- --- --- --- 801.52 801.53 

        Reach 1B – Barton Road to Gage 
        at San Timoteo Canyon Rd. u/s of 
        Yucaipa Valley WD discharge** 

--- --- --- --- --- --- --- 801.52 801.53 

 
+ Numeric objectives have not been established; narrative objectives apply 
‡ The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains 
** Surface water objectives not established; underlying Management Zone objectives apply.  Biological quality protected by narrative objectives  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

 Prado Area Streams  

   Chino Creek   

     Reach 1A – Santa Ana River  
     confluence to downstream of  
     confluence with Mill Creek (Prado  
     Area) – Base Flow* 

700 350 110 140 10** 150 30 801.21  

    Reach 1B – Confluence of Mill Creek 
    (Prado Area) to beginning of concrete- 
    lined channel south of Los Serranos 
    Rd. 

550 240 75 75 8 60 15 801.21  

    Reach 2 – Beginning of concrete-lined 
    channel south of Los Serranos Road 
    to confluence with San Antonio Creek+ 

--- --- --- --- --- --- --- 801.21  

  Temescal Creek  

     Reach 1a – Lincoln Avenue to  
     Arlington Channel confluence 

--- --- --- --- --- --- --- 801.27  

     Reach 1b – Arlington Channel   
      confluence to 1400 ft. upstream 
      upstream of Magnolia Avenue+ 

--- --- --- --- --- --- --- 801.27  

      Reach 2 – 1400 ft. upstream of 
      Magnolia Avenue to Lee Lakes+  

--- --- --- --- --- --- --- 801.27  

     Reach 3– Lee Lake, (see Lakes,  
     Pg. 4-xx) 

         

 
* Additional objective: Boron 0.75 mg/l     
** Total nitrogen, filtered sample 
+ Numeric objectives have not been established; narrative objectives apply 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Fuller Mill Creek 150 100 10 15 1 20 5 802.22  

  Stone Creek  150 100 10 15 1 20 5 802.21  

  Other Tributaries: Logan, Black 
  Mountain, Juaro Canyon, Indian,  
  Herkey, Poppet and Potrero Creeks, 
  and other Tributaries to these Creeks 

150 70 10 12 1 15 5 802.12 802.22 

  Salt Creek+ --- --- --- --- --- --- --- 802.12  

  Goodhart Canyon, St. John’s Canyon,    
   and Cactus Valley Creeks+ 

--- --- --- --- --- --- --- 802.15  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

  Baldwin Lake*+   --- --- --- --- --- --- --- 801.73  

  Big Bear Lake** 175 125 20 10 0.15 10 --- 801.71  

  Erwin Lake+ --- --- --- --- --- --- --- 801.73  

  Evans, Lake 490 --- --- --- --- --- --- 801.27  

  Jenks Lake 200 100 30 10 1 20 --- 801.72  

  Lee Lake+ --- --- --- --- --- --- --- 801.34  

  Mathews, Lake 700 325 100 90 --- 290 --- 801.33  

  Mockingbird Reservoir 650 --- --- --- --- --- --- 801.26  

  Norconian, Lake 1050 --- --- --- --- --- --- 801.25  

LOWER SANTA ANA RIVER BASIN    

  Anaheim Lake 600 --- --- --- --- --- --- 801.11  

  Irvine Lake (Santiago Reservoir) 730 360 110 130 6 310 --- 801.12  

  Peters Canyon, Rattlesnake,Sand 
  Canyon, and Siphon Reservoirs 

720 --- --- --- --- --- --- 801.11  

 
 
* Fills occasionally with storm flows; may evaporate completely 
** Additional Objective: 0.15 mg/l Phosphorus 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

SAN JACINTO RIVER BASIN  

  Canyon Lake (Railroad Canyon 
  Reservoir)***  

700 325 100 90 8 290 --- 802.11 802.12 

  Elsinore, Lake**** 2000 --- --- --- 1.5 --- --- 802.31  

  Fulmor, Lake 150 70 10 12 1 15 --- 802.21  

  Hemet, Lake 135 --- 25 20 1 10 --- 802.22  

  Mystic Lake+ --- --- --- --- --- --- --- 802.21  

  Perris, Lake 220 110 50 55 1 45 --- 802.11  

 
 
 
 
 
 
*** Note:  The quality objectives for Canyon Lake are not intended to preclude transport of water supplies or delivery to the Lake. 
**** Lake volume and quality highly variable 
+          Numeric objectives have not been established; narrative objectives apply.  
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, add REFERENCES: 

 
REFERENCES 
 

State Water Resources Control Board , “Water Quality Control Policy for Developing California’s Clean Water Act 
Section 303(d) List, September 2004.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
United States Environmental Protection Agency “Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria”.  June 15, 2007 (EPA 823-R-
07-006) 
 
United States Environmental Protection Agency  “Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria”  August 31, 2007. (EPA 823-R-003) 
 
 

 
 

CHANGES TO CHAPTER 5- IMPLEMENTATION 
  
 
Amend CHAPTER 5 – IMPLEMENTATION – insert the following between TOTAL DISSOLVED 
SOLIDS and NITROGEN MANAGEMENT and NONPOINT SOURCE PROGRAM 
 
Recreation Water Quality Standards 
 
Since the early 1970’s, this Basin Plan has specified recreation water quality standards for surface 
waters in the Region, including REC1 and/or REC2 beneficial use designations and water quality 
objectives intended to protect those uses. Because of analytical constraints that make routine 
direct measurement of pathogens impractical, these objectives have been and continue to be 
based on levels of surrogate bacteria indicators.  As noted in Chapter 4, the USEPA’s 
recommendations for surrogate indicators to protect primary contact recreation have changed from 
total and fecal coliform to E. coli or enterococcus for freshwaters, and to enterococcus for marine 
waters (USEPA 1986).  Epidemiological and laboratory investigations are ongoing and may lead to 
revised recommendations regarding the appropriate water quality criteria to protect recreation 
uses.  
 
In 2012, the Regional Board adopted changes to the recreation standards, based on the work and 
recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-2012-
0001). These changes included revised bacteria quality objectives applicable to freshwaters (see 
Chapter 4) and changes to the recreation use designations for specific fresh waters.  Specific 
implementation strategies pertaining to the revised standards for freshwaters were also approved. 
This section describes those implementation strategies, which include the following:  
 

• Intended application of Single Sample Maximum values in REC1 freshwaters  
• Antidegradation targets for REC2 only freshwaters 
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• Controllable and uncontrollable sources of bacteria 
• High flow suspension of recreation standards 
• Monitoring plan for pathogen indicator bacteria in freshwaters 
• POTW discharge requirements and implementation of recreational standards 
 
 

Application of Single Sample Maximum values in REC1 freshwaters   
 
It is recognized that a variety of factors affect the suitability of a water body for primary contact 
recreation, including the morphology of stream channels, the depth, velocity and aesthetic quality 
of the flows, access to the site by the public, and the extent to which recreational activity is actively 
encouraged by local authorities by providing parking, access, restrooms and other amenities.  
Federal guidance and regulation [United States Environmental Protection Agency, “Ambient Water 
Quality Criteria for Bacteria”, January 1986, and “Water Quality Standards for Coastal and Great 
Lakes Recreation Waters; Final Rule” (the so-called “BEACH Act Rule”), Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq.] directs states to differentiate primary contact 
waters on the basis of the intensity of use, and other conditions as states deem appropriate, for the 
purposes of assigning Single Sample Maximum pathogen indicator values. These Single Sample  
Maximum values are statistical constructs, designed to be used as an indicator of whether 
established pathogen objectives (typically expressed as geometric means, as in this Plan (see 
Chapter 4)) are being met when insufficient data are available to calculate a geomean. The Single 
Sample values are derived from the formula included in the USEPA criteria document and shown 
in Table 5-REC1-ssv, note 2 (also see note 5). The Single Sample Maximum values are intended 
to provide a timely measure of the apparent quality of the water for primary contact recreation for 
public notification (posting) and, where necessary, closure purposes.  States have discretion to 
employ the Single Sample Maximum values in the context of Clean Water Act programs, apart 
from their use for beach notification and closure purposes.   
 
This Plan includes Single Sample Maximum provisions that apply to the REC1 freshwaters in the 
Region and that are consistent with federal guidance and regulation.  These provisions are 
described below.  
 
First, based on the analyses and recommendations of the Stormwater Quality Standards Task 
Force, REC1 freshwater lakes and streams within the Region are identified as “Tier A”, “B”, “C” or 
“D”, based on the known or estimated actual or potential intensity of primary contact recreational 
use by the public, and other factors.  These Tiers are defined as follows:  
 

Tier A REC1 Waters:  includes freshwater lakes and streams that are or may be heavily-
used by the public for primary contact recreational activities, relative to other freshwater 
bodies in the Santa Ana Region.  Typical examples of Tier A waters include, but are not 
limited to:  Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 3 of the Santa 
Ana River, Reach 2 of Mill Creek (near Redlands) and Lytle Creek (Middle and North 
Forks).  Single Sample Maximum (SSM) values for Tier A waters are calculated using a 
75% statistical confidence factor. (See Table 5-REC1-ssv, below). 
 
Tier B REC1 Waters:  includes freshwater lakes and streams that are or may be 
moderately-used by the public for primary contact recreational activities.  Moderate use 
occurs where the number of people accessing the waterbody is approximately half that 
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which generally occurs in Tier A waters.  Typical examples of Tier B waters include, but are 
not limited to:  Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and Reaches 4 
and 6 of the Santa Ana River.  Single Sample Maximum values for Tier B waters are 
calculated using an 82% statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier C REC1 Waters: includes freshwater lakes and streams that are or may be lightly-used 
by the public for primary contact recreational activities.  Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier A 
waters.  Typical examples of Tier C waters include, but are not limited to: Reach 2 of the 
Santa Ana River, Bear Creek, Chino Creek Reach 1B, Anza Park Drain, and Sunnyslope 
Channel. Single Sample Maximum values for Tier C waters are calculated using a 90% 
statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier D REC1 Waters:  includes freshwater lakes and streams that are infrequently used by 
the public for primary contact recreational activities.  Infrequent use occurs where people 
only access the waterbody rarely or occasionally.  Typical examples of Tier D waters 
include, but are not limited to:  most concrete-lined storm water channels in the urbanized 
areas of the watershed and many of the ephemeral streams located in the undeveloped 
areas of the watershed.  Single Sample Maximum values for Tier D waters are calculated 
using a 95% statistical confidence factor.  (See Table 5-REC1-ssv, below). 
 

Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain waters 
assigned to Tier A, B, C, or D based on the known or anticipated frequency of use.  It is recognized 
that there are waters within the Region that are in undeveloped areas and are expected to have 
low natural bacteria levels. While use of these waters for primary contact recreation may or may 
not occur or may be limited due to difficulties in access, channel characteristics, flow conditions 
and the like, as reflected in the Tier assignments, it is also necessary and appropriate to assure 
the protection of the high quality of these waters. Accordingly, these “N” listed waters are assigned 
Single Sample Maximum values using the 75% confidence factor in the calculation, which is the 
same approach utilized with Tier A, heavily-used waters.  “N” listed waters are defined as follows: 

 
Natural Conditions (N):  includes freshwater lakes and streams located in largely 
undeveloped areas where ambient water quality is expected to be better than necessary to 
protect primary contact recreational activities regardless of whether such activities actually 
occur in these waterbodies.  Single Sample Maximum values for “N” waters are calculated 
using a 75% statistical confidence factor. (See Table 5-REC1-ssv, below). 

 
Use of the different statistical confidence factors (75%, 82%, 90% and 95%) to calculate SSM 
values results in a range in conservatism regarding the likelihood that the geometric mean is being 
met. A more conservative SSM value, based on the 75% confidence factor, is appropriate for 
waters that are heavily-used for primary contact recreation (Tier A). More people are likely to 
become ill if the bacteria quality of heavily-used waters is poor, so a higher degree of caution in 
evaluating quality conditions is appropriate. The more conservative SSM value is also appropriate 
where it is necessary to assure that existing high quality waters are protected (“N” waters). 
Progressively less conservative SSM values, calculated using the 82, 90 and 95% confidence 
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factors, are appropriate where there is declining frequency of existing or potential primary contact 
recreation (Tier B, C and D.)  
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Table 5- REC 1-Tiersx  
 

INLAND SURFACE STREAMS 
TIER 

A, B, C, OR D 
 

Rationale for Tier 
Assignment  

LOWER SANTA ANA RIVER   
  Santa Ana River   
    Reach 1 D Intermittent, low flow1 limited 

access2 

    Reach 2 C Low flows, limited access 
    Aliso Creek D (N) Natural condition, limited 

access 
    Carbon Canyon Creek D Low, intermittent flow, limited 

access 
  Santiago Creek Drainage   
    Santiago Creek       
    Reach 1 D Intermittent flow 
    Reach 2 – Irvine Lake (see Lakes)   
    Reach 3 -  D (N) Low flow 
    Reach 4 - D (N) Low flow 
    Silverado Creek     D (N) Low flow 
    Black Star Creek  D (N) Low flow 
    Ladd Creek D (N) Low flow, limited access 
San Diego Creek Drainage   
    San Diego Creek   
    Reach 1 C Low flow, no observed REC1 

use3; however fishing and 
children observed near water 

    Reach 2 D  Low flow, limited access 
Tributaries: Bonita Creek, Serrano 
Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, 
Borrego Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon, Sand Canyon 
Wash and other tributaries to these 
creeks.  

D Low flow, limited access 

San Gabriel River Drainage   
    Coyote Creek D Low flow/access prohibited 
Upper Santa Ana River   
 
x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

1   Low, intermittent or ephemeral flows limit opportunity for REC1 use. 
2 Access limited or precluded by prohibitions by agency/party with jurisdiction and/or physical constraints 

(fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation in/adjacent to the fresh 
water body, remote location, and the like) 

3 Photographic survey showed no REC1 use.  (See CDM Recreation Use Survey Reports) 
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Table 5- REC 1-Tiersx (Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
    Reach 3 A High use, wading and soaking, 

Reference condition for Tier 
A waters 

    Reach 4 B Access restricted, some water 
contact REC use observed 

    Reach 5 D Low/intermittent flow 
    Reach 6 B (N) Natural condition, fishing 

stream  
San Bernardino Mountain Streams   
  Mill Creek Drainage   
    Mill Creek   
    Reach 1 A High use, wading and soaking 
    Reach 2 A (N) Natural condition, wading and 

soaking  
    Mountain Home Creek  D (N) Natural condition, infrequent 

water contact REC use 
    Mountain Home Creek, East Fork D (N) Natural condition, remote 
Monkeyface Creek D (N) Natural condition, remote/low 

flow, light to infrequent water 
contact REC use 

Alger Creek D (N) 
Falls Creek D (N) 
Vivan Creek  D (N) 
High Creek D (N) 
Other Tributaries: Lost, Oak, Cove, 
Green, Skinner, Hatchery, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 

D (N) 

Bear Creek Drainage C (N) Natural condition, remote, light 
to infrequent water contact 
REC use. Fishing streams 

  Bear Creek  
  Siberia Creek 
  Slide Creek  
  Johnson Creek 
  All other tributaries to these Creeks 
Big Bear Lake Tributaries   
  North Creek D (N) Natural condition/low flows, 

infrequent water contact REC 
activities 

  Metcalf Creek 
  Grout Creek 
  Rathbone Creek 
  Meadow Creek 
  Summit Creek 
  Knickerbocker Creek /Reach 1 D Access prohibited, low flow, no 

REC 1 use observed4 

  Reach 2 D (N) Natural condition, low flow 
  Other tributaries: Minnelusa Canyon,       
Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

D (N) Natural condition, low flow 

x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 
for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

4  Photographic survey for one year period showed no REC1 use. 
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Table 5- REC 1-TiersX 

(Continued) 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou Canyon 
Creeks and other Tributaries to these 
Creeks 

D (N) Natural condition, low flow, 
remote 

Other Streams Draining to Santa Ana 
River (Mountain Reaches) 

 

Cajon Canyon Creek C (N) Natural condition, low flow 
City Creek D (N) Natural condition, low flow, 

limited access, remote 
Devil Canyon Creek D (N) Natural condition, low flow, 

limited access, remote 
East Twin and Strawberry Creeks D (N) Natural condition, low flow, 

limited access, remote 
Waterman Canyon Creek  D (N) Natural condition, low flow, 

limited access, remote 
Fish Creek D (N) Natural condition, low flow, 

limited access, remote 
Forsee Creek  D (N) Natural condition, low flow, 

limited access, remote 
Plunge Creek  D (N) Natural condition, low flow, 

limited access, remote 
Barton Creek D (N) Natural condition, low flow, 

limited access, remote 
Bailey Creek D (N) Natural condition, low flow, 

limited access, remote 
Kimbark Canyon, East Fork Kimbark  
Canyon, Ames Canyon and West Fork 
Cable Canyon Creeks 

D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low, flow, 
limited access 

Other Tributaries (Mountain Reaches): 
Alder, Badger Canyon, Bledsoe Gulch, 
Borea Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe Canyon, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
Springs Canyon and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 

D (N) Natural condition, low flow, 
limited access, remote 

San Gabriel Mountain Streams  
San Antonio Creek A (N) Natural condition, wading and 

soaking in summer months 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  

(Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Lytle Creek (Middle and North Forks)  A (N)  Natural condition, wading and 

soaking in summer months, 
fishing streams 

Tributaries to Lytle Creek (South Fork 
and Coldwater Canyon Creek) 

D (N) Natural condition, low flow 

Day Canyon Creek  D (N) Natural condition, low flow, 
remote, limited access 

East Etiwanda Creek D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low flow, 
limited access 

Cucamonga Creek / Reach 2 
(Mountain Reach) – 23rd St. in Upland 
to headwaters 

B (N) Natural condition, limited 
access 

Mill Creek (Prado Area) C  limited  access, low flow 
Other Tributaries (Mountain Reaches) 
San Sevaine, Deer Canyon, Duncan 
Canyon, Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these 
Creeks 

C (N) Natural condition, low flow, 
limited access, most creeks in 
remote areas 

Valley Reaches of Above Streams D   Low flow, limited access 
San Timoteo Creek   
Reach 1A – Santa Ana River 
Confluence to Barton Road 

D   Low flow, limited access 

Reach 1B – Barton Road to Gage at 
San Timoteo Canyon Rd. 

D   Low flow, limited access 

Reach 2 – gage at San Timoteo to 
confluence with Yucaipa Creek  

C   Low flow, limited access 

Reach 3 – Confluence with Yucaipa 
Creek to confluence with little San 
Gorgonio and Noble Creeks 

C   Low flow, limited access 

Oak Glen, Potato Canyon, and Birch 
Creeks 

D (N)  Natural condition, low flow, 
limited access 

Little San Gorgonio Creeks C (N) Natural condition, low flow, 
limited access, remote 

Yucaipa Creek D  Low flow, limited access 
Other Tributaries to these Creeks-
Valley Reaches 

D  Low flow, limited access 

 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 

Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  

(Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 

 
Rationale for Tier 

Assignment 
Other Tributaries to these Creeks 
(Mountain Reaches) 

C (N) Natural condition  

Anza Park Drain C  Low flow 
Sunnyslope Channel C  Low flow, limited access,  

Santa Ana sucker habitat 
Tequesquite Arroyo (Sycamore Creek) C   Low flow, limited access 
Prado Area Streams  
Chino Creek  
Reach 1A – Santa Ana River 
confluence to downstream of 
confluence with Mill Creek (Prado 
Area) 

D Low flow, limited access 

Reach 1B – Confluence with Mill Creek 
(Prado Area) to beginning of concrete 
lined channel south of Los Serranos 
Rd.   

C Low flow, limited access 

Reach 2 – Beginning of concrete-lined 
channel south of Los Serranos Rd. to 
confluence with San Antonio Creek  

D Low flow, limited access 

Temescal Creek5 
Reach 2 – 1400 ft. upstream of 
Magnolia Ave. to Lee Lake 

D Low flow, limited access 

Reach 3 – Lee Lakes (see Lakes)   
Reach 4 – Lee Lake to Mid-section 
Line of Section 17 

D Low flow, limited access 

Reach 5 – Mid-section line of Section 
17 to Elsinore Groundwater 
Management Zone  Boundary 

D Low flow, limited access 

Reach 6 – Elsinore Groundwater 
Management Zone Boundary to Lake 
Elsinore Outlet 

D Low flow 

Coldwater Canyon Creek C N) Natural condition, limited 
access, remote 

Bedford Canyon Creek  C (N) Natural condition, limited 
access, remote 

Dawson Canyon Creek C N) Natural condition, limited 
access, remote 

 
x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

5 Reach 1a and 1b not designated REC1 as determined through the UAA process. 
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Table 5- REC 1-TiersX 
(Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 

 
Rationale for Tier 

Assignment 

Other Tributaries to these Creeks 
C (N) Natural condition, limited 

access 
San Jacinto River   

Reach 1 – Lake Elsinore to Canyon 
Lake 

C Low flow 

Reach 2 – Canyon Lake (see Lakes)   
Reach 3 – Canyon Lake to Nuevo 
Road 

D Low / ephemeral flow, limited 
access 

Reach 4 – Nuevo Road to North-South 
Mid-Section Line, T4S/R1W-S8 

D Low / ephemeral flow, limited 
access 

Reach 5 – North-South Mid-Section 
Line, T4S/R1W-S8, to Confluence with 
Poppet Creek  

D Low / ephemeral flow, limited 
access 

Reach 6 – Poppet Creek to Cranston 
Bridge 

C Low flow 

Reach 7 – Cranston Bridge to Lake 
Hemet  

C (N) Natural condition, limited  
access, remote 

Bautista Creek - Headwaters to Debris 
Dam 

D (N) Low flow, agricultural lands in 
lower section 

Strawberry Creek and San Jacinto 
River, North Fork 

C (N) Low flow, limited access, 
some areas remote  

Fuller Mill Creek C (N) Low flow, limited access, 
remote 

Stone Creek C (N) Low flow, limited access, 
remote 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 
Herkey, Poppet, and Potrero Creeks 
and other Tribuarties to these Creeks 

D (N) Low flow, limited access, 
remote 

Salt Creek D  Low /  ephemeral flow 
Goodhart Canyon Creek, St. John’s 
Canyon, and Cactus Valley Creeks 

D Low / ephemeral flow, remote 

Lakes and Reservoirs  
Baldwin Lake D (N) Ephemeral / intermittent  
Big Bear Lake A Designated swimming areas 
Erwin Lake D Ephemeral / intermittent 
Evans Lake D Swimming prohibited by City 

Park officials  
Jenks Lake B (N) Mt. fishing lake, REC body 

contact activities discouraged 
Lee Lake C Swimming prohibited, float 

tube fishing allowed 
Lake Mathews D Drinking water reservoir, 

access prohibited 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  

(Continued) 
 

LAKES AND RESERVOIRS 
Tier A, B, C, OR 

D 

 
Rationale for Tier 

Assignment 

Mockingbird Reservoir 
D Limited access/ fenced and 

locked 

Lake Norconian  
D Access prohibited by U.S. 

Navy, no water contact REC 
activities allowed  

Anaheim Lake  C Fishing, GW recharge basin, 
water contact REC activities 
prohibited  

Irvine Lake B Fishing Lake, water contact 
REC activities prohibited. Float 
tube fishing allowed. 

Peters Canyon, Rattlesnake, Sand 
Canyon and Siphon Reservoirs 

D Water contact REC activities 
and/or access prohibited 

Canyon Lake A Water contact activities 
allowed 

Lake Elsinore  A Water contact activities 
allowed 

Lake Fulmor C Fishing allowed 
Lake Hemet C Fishing Lake, float tube fishing 

and water contact REC 
activities prohibited. 

Mystic Lake C Ephemeral lake, water fowl 
hunting allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS (INLAND) 
San Joaquin Freshwater Marsh D Access prohibited 
Shay Meadows D (N) Natural conditions, low flows 
Stanfield Marsh D Access prohibited  
Prado Basin Management Zone C Access prohibited, thick 

vegetation limits accessibility  
San Jacinto Wildlife Preserve  C Hunting ponds filled with 

treated effluent 
Glen Helen C Low flow, County Park 
   
   

 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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It is important to note that the freshwaters listed in Table 5-REC1-Tiers were not assessed 
comprehensively in detail to determine whether primary contact recreation actually takes place or 
has taken place in the past, and at what intensity. The assignments to different Tiers are based on 
Board staff and stakeholder knowledge of the characteristics of these waters, evidence regarding 
existing or probable future primary contact recreational activity, and anecdotal information, all 
compiled by the Stormwater Quality Standards Task Force and during public review of the 
recreation standards amendments in 2012. Therefore, if and as knowledge of each of these waters 
is obtained in the future, the Tier assignments are subject to change. Further, Use Attainability 
Analyses may be conducted in the future for one or more of these waters, which may lead to 
changes in REC1 designations (see Chapter 3, Recreation Beneficial Uses). Inclusion of a 
waterbody in Table 5- REC1-Tiers does not denote a determination that REC1 is, in fact, an 
existing use for that waterbody.  
 
In accordance with federal regulation (the “BEACH Act Rule”), an heavily used primary contact 
freshwater (Reach 3 of the Santa Ana River) was used as the baseline for identifying other Tier A 
waters within the  Region. Then, Reach 3 and other Tier A waters were used to categorize other 
freshwaters in the Region based on their relative known or estimated intensity of primary contact 
use.   
 
Table 5-REC1-ssv shows maximum expected Single Sample values for E. coli for Tier A, B, C and 
D freshwaters. The values shown are based on a default log standard deviation, derived from the 
epidemiological studies USEPA used to formulate the 1986 national criteria, and on alternative log 
standard deviations. The equation used to calculate these Single Sample Maximum values is 
included in the Table and may be used to derive site-specific SSMs, under certain conditions (see 
table notes 2 and 5). As stated above, these Single Sample Maximum values were derived from 
USEPA’s recommended bacteria criteria (USEPA 1986). Again as stated previously, the Single 
Sample values for waters denoted as “N” in Table 5-REC1-Tiers are calculated using the 75% 
confidence factor, like Tier A waters.  
 
As specified in Table 4-pio (note 3) and Table 5-REC1-ssv (note 1), where there are sufficient data 
to calculate a representative geometric mean for E. coli, the Single Sample Maximum values 
specified in Table 5-REC1-ssv shall not be used to assess compliance with the geometric mean E. 
coli objective specified in Table 4-pio. Geometric mean objectives are the more reliable measure of 
long-term water body conditions and are thus strongly preferred for use in water body assessment 
decisions, including the development of the Clean Water Act section 303(d) list of impaired waters.  
The use of only Single Sample Maximum bacterial data is generally inappropriate for such 
assessments unless there is a limited data set, the water is subject to short-term spikes in bacteria 
concentrations, or there are other circumstances that justify the use of only single sample 
maximum data. The expected principal use of Single Sample Maximum values for the freshwaters 
of this Region is to implement public notification programs and/or to trigger additional monitoring 
and investigation to determine whether there are controllable sources of pathogen input that pose 
a public health concern. Where it is necessary to make public notification and/or beach closure 
decisions in the absence of sufficient data to calculate a representative geometric mean for E. coli, 
no single sample shall exceed the default value shown in Table 5-REC1-ssv or an alternative value 
calculated by using the formula shown in table note 2 (see also table note 5).  For all other 
purposes related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
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30 day period (running) shall be less than the default value specified in this Table or the alternative 
calculated value, where X% is the statistical confidence level assigned to a particular waterbody.  
 
A monitoring program designed to assure that sufficient data are collected to determine geometric 
means and/or to provide sufficient data necessary to assess trends in bacteria water quality will be 
implemented. The expected elements of that program, which is subject to approval by the Regional 
Board through the normal public participation process, are described below (Monitoring plan for 
pathogen indicator bacteria in freshwaters). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

RB-AR36547



Attachment 2 to Resolution No. R8-2012-0001     Approved June 15, 2012 
 

Page 67 of 79 
 

Table 5-REC1-ssv:  Alternative Method for Assessing Probable Compliance with the E. coli 
Objective in Freshwaters Designated REC1 when Insufficient Data are Available to Calculate 

a Geometric Mean
1
 

 

 

Maximum Expected Single Value for E. coli² 
(assuming true geometric mean is = 126 

organism/mL 
Standard Deviation 
of Log-transformed 
E. coli data 

Tier A3: 
75% C.L4. 

Tier B3: 
82% C.L. 

Tier C3: 
90% C.L. 

Tier D3: 
95% C.L. 

0.10 147 156 169 184 
0.20 172 194 227 269 
0.30 201 240 305 394 

0.40(default)5 235 298 409 575 
0.50 274 370 550 842 
0.60 320 459 739 1,231 
0.70 374 569 992 1,801 
0.80 437 705 1,332 2,633 
0.90 510 875 1,788 3,849 
1.00 596 1,085 2,401 5,629 
1.10 696 1,346 3,224 8,230 
1.20 814 1,669 4,329 12,034 

 
1 
This table shows single sample values calculated using the formula identified in table note 2.  Default values 

for each Tier are calculated using 0.4 as the log standard deviation (LSD). Alternative values calculated using 
different LSD values are also shown. See table note 5 for discussion of these alternative LSD values. Where it 
is necessary to make public notification and/or beach closure decisions in the absence of sufficient data to 
calculate a representative geometric mean for E. coli, no single sample shall exceed the default value shown 
in this table or an alternative value calculated by using the formula shown in table note 2 (see also table note 
5).  For all other purposes related to implementing the Clean Water Act, if there are insufficient data to 
calculate a representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
30 day period (running) shall be less than the default value specified in this Table or the alternative calculated 
value, where X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the default or calculated single sample 
maximum value shall not be used to assess compliance with the E. coli objective in Table 4-pio.  The intent of 
single sample maximum values is to inform public notification decisions and to trigger additional follow-up 
monitoring.  
2
 EPA's recommended formula for calculating the maximum expected single sample value is: 

SSM = ECO * 10
(SCF * LSD)

, where… 
ECO = E. coli Objective expressed as geometric mean of a minimum number of samples; Assumed ECO=126 
based on a minimum of 5 samples over a 30-day period (rolling average) (see Table 4-pio). 
SCF = the appropriate Statistical Confidence Level Factor for the given waterbody; SCF=0.675 corresponds 
with the 75% confidence level; SCF=0.935 corresponds with the 82% confidence level; SCF=1.28 corresponds 
with the 90% confidence level; SCF=1.65 corresponds with the 95% confidence level. 
LSD = the Log Standard Deviation of measured E. coli densities. 
3
 Single Sample Maximum values for Tier A, B, C or D waters that are also denoted with an “N” in Table 5-

REC1-Tiers shall be calculated as for Tier A waters. 
4 C.L. = Confidence Level 
5 
Variability is calculated as the standard deviation of the log-transformed E. coli data.  In the absence of 

adequate representative data to estimate E. coli variability, the maximum expected single sample value will be 
calculated based on the assumption that the LSD = 0.4, as recommended by EPA [40 CFR 131.41 (69 Fed. 
Reg. 220, 67242; Nov. 16, 2004 (”BEACH Act Rule”))].  Application of an alternative LSD value(s) must be 
approved by the Regional Board through the normal public notice and comment process.  Per USEPA 
requirements identified in the BEACH Act Rule (69 Fed. Reg. 220, 67227), at least 30 samples must be 
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collected in a single recreation season to calculate a statistically valid site-specific log standard deviation that 
can be used to calculate a corresponding single sample maximum . Data acceptability shall generally be 
determined using the guidelines described in the Water Quality Control Policy for Developing California's 
Clean Water Act Section 303(d) List [Sept., 2004].   
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Antidegradation targets for REC2 only freshwaters 
 
As discussed in Chapter 4 (Pathogen Indicator Bacteria, REC2 Only Freshwaters), this Plan does 
not specify bacteria quality objectives for freshwaters designated REC2 only. However, it is 
appropriate to take steps to assure that bacteria quality conditions in these waters do not degrade 
as the result of controllable water quality factors, consistent with antidegradation policy 
requirements.  
 
For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs; see 
discussion in Chapter 3 and Table 3-1), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions may 
have declined, then additional monitoring and investigation will be initiated and corrective action 
taken if and as appropriate. Requirements pertaining to monitoring and follow-up investigation and 
action are identified below (Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters).  

 
The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted as 
part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of the 
geometric mean, median, standard deviation, coefficient-of-variation, maximum value, upper 75th 
percentile value and sample size for the dataset. The upper 75th percentile density will serve as 
the antidegradation target, that is, the trigger threshold for further investigation and possible 
corrective action. As new data become available pursuant to requisite monitoring, they will be 
compared to this antidegradation target to determine whether further investigation or action is 
needed. The additional monitoring results must be sufficiently robust to assess whether a lowering 
of water quality has occurred. 

 
In general, the following method will be used to estimate the upper 75th percentile densities: 

 
Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75% 

Upper Confidence Level. 
 

Using the 75th percentile to assess water quality trends and as a trigger for further monitoring is 
conceptually similar to U.S. EPA’s recommended approach for using Single Sample Maximums 
(see Application of Single Sample Maximum values in REC1 freshwaters, above), and to the 
approach used to characterize ambient TDS and nitrogen quality in the groundwater management 
zones throughout the Santa Ana Region (see Chapter 4, Management Zone TDS and Nitrate-
nitrogen Water Quality Objectives). 
 
 
Where 75% of the new data is less than or equal to the antidegradation target, no degradation will 
be inferred.  However, if more than 25% of the samples exceed the target, additional samples must 
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be collected and analyzed to determine whether the elevated values are anomalous (verified by 
formal outlier analysis) or if there is a true trend toward water quality degradation.   
 
Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW.  For each of these 
waters, this Table shows the antidegradation indicator bacteria targets, based on the 75% upper 
confidence level of data obtained as part of the UAAs:  
 
 

Table 5-REC2 Only Targets-FW1  

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Geometric 
Mean 

Std. 
Dev. 

N 
Max. 

Observed 
75% 
UCL3 

      
Temescal Creek, Reach 1b 198 34 119 9,2002 374 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 1231 

UCL= Upper Confidence Level; 75% upper confidence level is the antidegradation target 

1 CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
April 24, 2012. 
2 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an outlier. 
3  Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions. 

 

 
Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels).  Antidegradation targets for these waters, though not freshwater 
bodies, are shown in Table 5-REC2 Only Targets-Other Waters, below.  
 

Table 5-REC2 Only Targets- Other Waters1 

REC2 Only Waterbody 
 

Enterococcus Densities  (cfu/100 mL) 
Geometric 

Mean 
Std. 
Dev. 

N 
Max. 

Observed 
75% 
UCL 

      
Greenville-Banning Channel, Tidal Prism 44 2041 116 22,000 133 
Santa Ana-Delhi Channel, Tidal Prism 439 4852 65 28,600 1320 
UCL= Upper Confidence Level; 75% upper confidence level is the antidegradation target 
  

1 California Regional Water Quality Control Board, Santa Ana Region.  Memorandum prepared by David 
Woelfel, Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms. April 24, 2012. 

2 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions. 

 
Controllable and Uncontrollable Sources of Bacteria 

 
As described in Chapter 4, certain water quality objectives established in this Basin Plan refer to 
“controllable sources” or “controllable water quality factors”.   Whether or not sources are 
“controllable” affects the ability of the Regional Board and dischargers to assure that waste 
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discharges are regulated and controlled so as to assure the reasonable protection of beneficial 
uses.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
 
Uncontrollable bacteria sources refer to contributions of bacteria within the watershed from 
nonpoint sources that are not readily managed through technological or natural mechanisms or 
through source control and that may result in exceedances of water quality objectives for indicator 
bacteria. Specific uncontrollable indicator bacteria sources within the Santa Ana Region may 
include:  

• Wildlife activity and waste 
• Bacterial regrowth within sediment or biofilm 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentrations (flocks) of semi-wild waterfowl 
• Shedding during swimming 

 
Controllable bacteria sources refer to any bacteria indicator source that can be controlled by 
treatment or management methods. Requirements for the application of Best Available Treatment 
technology (BAT) and Best Conventional Treatment technology (BCT) apply to some of these 
sources (e.g., POTWs) ;  in other cases, such as discharges regulated under the areawide 
municipal separate storm system permits (“MS4” permits), reasonable actions to reduce or 
eliminate the contribution of these sources to the maximum extent practicable are required. These 
include the implementation of best management practices or other mechanisms.  Controllable 
sources are predominantly anthropogenic in nature and can be reduced in varying degrees.  
 
Specific anthropogenic controllable indicator bacteria sources within the Santa Ana Region may 
include:  

• Improper use of fertilizers on residential and commercial properties and agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste 
• Improper management of CAFO waste and washwater 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Homeless encampments 
 

Certain techniques are available to identify human sources; when practical, those techniques 
should be used in areas where persistent exceedances of bacteria objectives occur.  
 
These source definitions and categories may be further refined as more science becomes 
available.  
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High flow suspension of recreation standards  
 

In semi-arid areas like much of the Santa Ana Region, intermittent but sometimes intense rains 
pose a serious risk of flash flooding. Stormwater runoff significantly increases the volume and 
velocity of local stream flows. Dam releases and other irregular sources, such as imported water 
transfers, can also result in dramatic, though transitory, increases in stream flow and velocity. Such 
flows create a severe hazard to public safety and temporarily preclude attainment of recreational 
uses in or near the water. 
 
These hazards are exacerbated in urban streams that have been engineered or heavily modified to 
provide essential flood protection during and immediately following storm events.  Channel 
straightening, bank stabilization, substantial vegetation removal and flow diversions are all 
intended to convey stormwater runoff to a suitable discharge location as rapidly as possible while 
minimizing the risk of flooding and erosion.  However, these common flood control construction 
practices and maintenance procedures significantly increase the volume and velocity of flow in 
urban channels during wet weather conditions.  The danger inherent in recreating under such 
conditions is well-recognized by other Regional Boards and reflected in the suspension of 
recreational beneficial uses and applicable bacteria quality objectives during specific high flow 
conditions in other urban areas (see, for example, Resolution No. 2003-010 of the Los Angeles 
Regional Board, subsequently affirmed by State Board Resolution No. 2003-0071).  
 
This Plan recognizes these circumstances and specifies that the recreational use designations 
(REC1 and REC2), the narrative pathogen objective and the numeric pathogen indicator objectives 
shown in  Table 4-pio are temporarily suspended when high flows preclude safe recreation in or 
near freshwater stream channels that have been engineered, heavily modified or maintained to 
serve as temporary flood control facilities. Temporary suspensions of recreation standards do not 
apply to freshwater lakes or ocean beaches. 
 
 
Definition of Unsafe Flows.  Flow conditions in freshwater streams in the Santa Ana watershed 
are presumptively unsafe if either of the following conditions occurs:  (1) stream velocity is greater 
than 8 feet-per-second (fps); or, (2) the product of stream depth (feet) and stream velocity (fps) 
(the depth-velocity product) is greater than 10 ft2/s+. Where representative stream gauge data are 
not available, unsafe flows are presumed to exist in stream channels that have been engineered or 
heavily modified for flood control purposes when rainfall in the area tributary to the stream is 
greater than or equal to 0.5 inches in 24 hours. Rainfall measurements may be estimated using 
gauges, Doppler radar data, or other scientifically defensible methods. 
 
It is recognized that, because of channel morphology, substrate type or other conditions, it may be 
unsafe to engage in recreational activities under lower flow conditions in stream channels. The fact 
that recreational standards may be suspended under some but not all flow conditions does not 
imply that it is safe to recreate in or near a waterbody when the high flow suspension is not in force 
(see, for example, discussion of reaches 2 and 3 of the Santa Ana River, below).  
 
+ The depth-velocity product criterion is not intended to apply to normal dry weather flows contained within low-flow 
pilot channels within engineered or heavily modified channels.   
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Termination of Temporary Suspension.  Stream flows will be presumed to return to safe 
conditions and the temporary suspension of recreation standards will cease 24-hours after the end 
of the storm event, unless actual flow data demonstrate that the suspension should terminate 
sooner or later than the default period. In such cases, the suspension terminates once stream 
flows (measured as cubic-feet/second or (cfs) have returned to the range of normal pre-storm 
conditions (cfs<98th percentile as calculated from a calibrated hydrograph for the stream). 
 
 
Site-Specific Flow Triggers.  The hydrology of individual freshwater streams varies greatly. 
Therefore, the thresholds and presumptions related to rainfall and stream flow identified above 
may be adjusted based on site-specific data analysis and/or runoff models, subject to approval by 
the Regional Board through the normal public participation process. 

 
Definition of Engineered or Heavily Modified Channels.  The temporary suspension of 
recreational uses and related water quality objectives during unsafe flow conditions applies only to 
streams that have been engineered or heavily modified to enhance flood control protection.  
Engineered streams include all man-made flood control facilities with a box-shaped, V-shaped or 
trapezoidal configuration that have been lined on the side(s) and/or bottom with concrete or similar 
channel-hardening materials.  Heavily modified channels include once natural streams that have 
been substantially re-engineered, using levees, bank stabilization (rip-rap), channel straightening, 
vegetation removal and other similar practices, to facilitate rapid evacuation of increased urban 
runoff during storm events. 
 
Delineation of Engineered or Modified Channels.  The very large number of engineered and 
modified flood control facilities in the Santa Ana Region makes it difficult to individually identify all 
such channels by name.  Therefore, Appendix VIII provides maps of the waterbody segments that 
have been engineered or modified in the manner described above and that, therefore, qualify for 
the temporary suspension of recreational standards under specific high flow conditions.1  Appendix 
IX contains ARC-GIS files that identify each of these same waterbodies in a more precise, high-
resolution format.  The engineered flood control channels identified in these Appendices will be 
updated annually via the annual report submitted by the MS4 permittees for each county in the 
Region. Additions or deletions to the list of waters identified in these Appendices will also be 
considered during the triennial review process or on a case-by-case basis upon request by an 
interested party to do so. Any such request must be supported by substantial evidence. 

 
It is important to recognize that while these channels have been engineered or modified for 
flood control purposed, these changes do not necessarily preclude the support of habitat in and 
adjacent to the channels, or the use of that habitat by aquatic, avian and terrestrial wildlife. 
There may be opportunities for habitat and/or species restoration projects in or adjacent to 
these channels. The temporary suspension of recreation standards in these channels would 
have no effect on the ability to implement such projects.   

                                                 
1 U.S. EPA.  Water Quality Standards Handbook.  Sept. 15, 1993.  Section 2.9:  "States may also conduct 
generic use attainability analyses for groups of water body segments provided that the circumstances relating 
to the segments in question are sufficiently similar to make the results of the generic analyses reasonably 
applicable to each segment."  (pg. 2-9). 
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Site-Specific Eligibility for Temporary Suspension.  The Regional Board may determine that it 
is appropriate to apply the temporary suspension to additional waters that may not be engineered 
or modified. Such waters may be added provided that it is demonstrated that high hazardous flow 
conditions preclude attainment of the use and that such recreational uses are not “existing” uses 
during high flow conditions. Such a demonstration will require that a Use Attainability Analysis 
(UAA) be performed in accordance with federal regulations. The Regional Board may also 
determine that recreation standards should not be suspended in some specific streams if it is 
demonstrated that stream channel conditions or flow controls effectively eliminate any safety 
hazard to the public.  

 
Special Case:  Santa Ana River- Reach 2.  Reach 2 of the Santa Ana River extends from Prado 
Dam near Corona downstream to 17th Street in Santa Ana.  This segment of the river has been 
heavily modified and re-engineered to provide greater flood control protection to the residents of 
Orange County.  Although flow control at Prado Dam minimizes the risk of flash flooding in Reach 
2, the volume of water passing through the deep and narrow channel near Featherly Park, just 
downstream of the Dam, often exceeds the default threshold that triggers application of the high 
flow suspension.2  The temporary high flow suspension is intended to apply on a limited basis to 
transient conditions.  It is not intended to de-designate recreational uses where elevated flows 
represent the normal baseline condition even during dry weather conditions.  Consequently, the 
flow-based threshold will not be used to trigger application of the high flow suspension in Reach 2 
of the Santa Ana River.  Instead, the temporary high flow suspension will only be applied using the 
rainfall criteria described above or when the Army Corps of Engineers is releasing excess flows 
stored behind Prado Dam in response to previous rain events as described in their Standard 
Operating Procedures.3 

 
Special Case:  Santa Ana River- Reach 3.  Reach 3 of the Santa Ana River extends upstream 
from Prado Dam to Mission Avenue in Riverside.  While the upper half of this segment has been 
channelized with reinforced levees armored by rip-rap, the lower half of Reach 3 (below Van Buren 
Avenue) remains largely natural.  Nevertheless, the construction of Prado Dam and significant 
urbanization in the area tributary to Reach 3 have fundamentally altered the natural hydrology of 
the entire segment.  Nearly all of the stormwater runoff in the developed areas of San Bernardino 
and Riverside counties eventually makes its way to Reach 3 of the Santa Ana River.  As such, the 
baseflow will swell from an average of approximately 90 cfs to over 10,000 cfs during extreme wet 
weather conditions.4  The historical record contains several accounts of accidental death and injury 
to persons trapped by such flows in the Santa Ana River.5 

  

                                                 
2 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 
3 United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, 
Santa Ana River, California.  1994. 
4 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows for Reach 3 are charted in Fig. 2-12 of the Report). 
5 See the Administrative Record for the recreation standards amendments adopted pursuant to Resolution No. 
R8-2012-0001. 
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As with Reach 2, the baseflow in Reach 3 may exceed the default high flow suspension trigger 
even during dry weather conditions.  However, it would be inappropriate to suspend recreational 
uses and related pathogen objectives at such times because the ambient flow spreads out over a 
sufficiently wide area to minimize the force exerted on persons recreating in the water.  But, it 
remains appropriate to apply the high flow suspension during wet weather conditions when 
elevated stormwater runoff in Reach 3 precludes safe recreation in or near the river.  REC1 and 
REC2 uses will be temporarily suspended in Reach 3 when rainfall exceeds 0.5" in a 24-hour 
period or when flows at MWD crossing are greater than 100 cfs (measured at the USGS gauge).  
The 100 cfs threshold provides an objective metric to distinguish between reasonably safe dry 
weather flows and the more hazardous high flow conditions that arise during wet weather events.6 
 
 
Limitations of the Temporary High Flow Suspension.  It is important to emphasize that 
temporary suspensions of recreation standards in specific waters do not nullify the obligation to 
meet downstream standards, unless the recreation standards have also been suspended for those 
waters at the same time. Further, temporary suspensions of recreation standards do not relieve 
Publicly Owned Treatment Works (POTWs) of the obligation to continue to comply with effluent 
limitations established to assure the protection of recreation beneficial uses in the receiving waters.  
These effluent limitations take into account the dilution that may be made available by stormwater 
flows. (See also POTW Discharge Requirements and Implementation of Recreational Standards, 
below). 

 
 

Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters 
 

Monitoring of pathogen indicator bacteria in fresh surface waters in the Region is conducted by a 
variety of agencies in response to statutory and regulatory requirements. This includes monitoring 
of stormwater at selected locations within Orange, Riverside and San Bernardino counties, as 
required by the areawide urban stormwater permits. Monitoring is also conducted to address 
pathogen indicator TMDL requirements (e.g, the Middle Santa Ana River TMDL) and to support the 
assessment of surface waters, which may lead to the listing or delisting of these waters on the 
Clean Water Section 303(d) list of impaired waters. These monitoring efforts have been conducted 
independently to a large degree to respond to individual agency needs. 
 
Some of these monitoring programs have evolved from focus on fecal and total coliform bacteria, 
on which bacteria quality objectives have been based historically, to include other pathogen 
indicators, such as E. coli and enterococcus. Measurement of these other indicators was prompted 
by changes in USEPA’s recommended bacteria quality criteria for recreation waters, published in 
1986. These criteria changes also led to the modification of the Basin Plan in 2012 to incorporate 
revised pathogen indicator objectives and implementation triggers (single sample maximum 
values), all based on E. coli, to protect recreation uses in inland surface waters (see Chapter 4 
WATER QUALITY OBJECTIVES; CHAPTER 5 IMPLEMENTATION, Application of Single Sample 
Maximum Values in REC1 freshwaters). 
 

                                                 
6 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows for Reach 3 are charted in Fig. 2-12 of the Report). 
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The E. coli objectives and single sample maximum values that are specified in this Basin Plan 
implement the public health risk management approach employed in USEPA’s 1986 national 
criteria. Pathogen indicator monitoring should also reflect this risk-based approach. Because 
monitoring resources are limited, the highest priority should be given to REC1 waters where 
primary contact recreation is most likely to occur, i.e. Tier A REC1 waters.  Lower priority should be 
assigned to waters where primary contact recreation occurs infrequently or not at all. 
 
As part of the Stormwater Quality Standards Task Force efforts that led to the adoption of the E. 
coli objectives for inland fresh surface waters, the three principal funding members,  
i.e., the Orange, Riverside and San Bernardino county stormwater agencies, committed to 
participate in the development and implementation of a comprehensive, watershed-wide bacteria 
quality monitoring program. Other dischargers who contribute or may contribute to pathogen 
indicator bacteria inputs to surface waters will be required to conduct bacteria quality monitoring, 
individually or in concert with this comprehensive program. It is expected that participation in the 
comprehensive effort would result in cost savings to individual dischargers and would be the most 
effective way to collect data necessary to assess the receiving water quality effects of discharges.  
 
A proposed comprehensive monitoring program is to be submitted by the Orange, Riverside and 
San Bernardino county stormwater agencies no later than [1 year from the date of Regional Board 
approval of the new E. coli objectives – insert date certain once amendment is approved by 
Regional Board], except that the Quality Assurance Project Plan (QAPP) shall be submitted no 
later than [90 days after EPA approval of the new E. coli objectives – insert date certain once 
amendment is approved]. The proposed program shall meet the following: (1) all water quality 
monitoring for pathogen indicator bacteria must be conducted in accordance with a QAPP that has 
been approved by the Regional Board's Quality Assurance Officer; (2) bacteria monitoring data 
must be compatible with the state's Surface Water Ambient Monitoring Program (SWAMP); (3) 
waterbodies proposed as a high priority for monitoring shall be identified and the rationale for their 
selection documented; (4)  each identified high priority waterbody must be sampled for pathogen 
indicator bacteria sufficient to provide a minimum of 5 samples per 30 day period, year-round, 
unless documented waterbody conditions (e.g,. water temperature, ice on the surface of lakes, 
high risk of flash flooding, etc.) exist that justify a reduced frequency; (5) the designated sampling 
locations must be selected so as to characterize bacteria concentrations immediately upstream of 
areas where the greatest level of recreational activity normally occurs; (6) the monitoring plan must 
identify the latitude and longitude of routine sampling location(s), the rationale for selecting each 
location, other locations considered but rejected, and the agency responsible for collecting and 
analyzing the sample from each high priority location; (7) the monitoring plan must describe the 
sampling locations and frequency for collecting pathogen indicator bacteria data in lakes and 
streams designated REC-1 but where recreational activities are far less likely to occur (i.e., Tier B, 
C or D waterbodies); (8) the monitoring plan must include a proposal for periodic bacteria 
monitoring of waters designated REC2 in order to confirm that there is no significant degradation of 
the quality of these waters; (9) results from the comprehensive bacteria monitoring program must 
be submitted annually. The agencies implementing the program may submit the report collectively 
or on an individual basis; and, (10) the data must be put into the CEDEN (SWAMP) database 
and/or the database maintained by the Santa Ana Watershed Project Authority.  
 
The comprehensive program is to be implemented upon the approval of the Regional Board.  The 
program will be reviewed and may be revised at least once every three years. This includes 
consideration of the waterbodies deemed high and low priority for monitoring purposes. Monitoring 
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programs specified as part of NPDES permits, Waste Discharge Requirements and other orders of 
the Regional Board will be considered in light of the comprehensive program being implemented. 
As appropriate, dischargers in addition to the stormwater agencies will be required to conduct 
bacteria quality monitoring of the receiving waters. Such monitoring may be conducted 
independently by these other dischargers, but participation in and coordination with the 
comprehensive program will be strongly encouraged.  The goal is to integrate all monitoring efforts 
to the extent feasible and reasonable to reduce or eliminate redundancy and maximize the efficacy 
of the monitoring effort. Requirements pertaining to data quality assurance, SWAMP compatibility, 
reporting and database entry will also be specified in individual requirements issued by the 
Regional Board.  
 
Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, agencies discharging to that waterbody must submit a plan to the 
Regional Board to identify the pollutant source(s) unless monitoring data show that their particular 
discharge is not causing or contributing to the exceedance.  The source evaluation plan must be 
implemented upon approval by the Executive Officer. 
 
Where water quality monitoring data, collected through the approved comprehensive monitoring 
program or by interested agencies, organizations or individuals, indicate that a single sample 
maximum value assigned to a Tier B, C or D REC1 water, or the bacteria target assigned to a 
REC2 only water, is being exceeded, then the Regional Board will require agencies discharging to 
that waterbody to submit a plan for investigation into the bacteria quality of that waterbody, 
including monitoring.  Where the investigation shows that the bacteria quality of the waterbody is 
adversely affected by a controllable source, then a corrective action plan and schedule will be 
required. Both the investigation plan and, as necessary, corrective action plan, must be 
implemented upon approval by the Regional Board’s Executive Officer. Such follow-up 
investigation and corrective action will be triggered only upon the demonstration of credible 
evidence documenting a potential bacterial quality problem. Credible evidence shall consist of at 
least two consecutive samples that exceed the SSM/REC2 target.  It is expected that the proposed 
schedule for any needed corrective action will be as soon as practicable but no longer than two 
years from the date that the controllable source(s) is identified.  
 
The Regional Board acknowledges that the obligation to gather, analyze and report water quality 
data does not, by itself, establish any specific liability for pollutant remediation.  That responsibility 
depends on identifying the source(s) of bacterial contamination.  The Regional Board strongly 
supports proactive voluntary efforts organized through local Task Forces to accomplish these 
objectives.  However, where necessary, the Regional Board will continue to impose monitoring and 
remediation requirements through the permitting, enforcement and TMDL processes in order to 
protect water quality for recreational uses. 
 
To begin the development of a comprehensive bacteria quality monitoring program, the 
Stormwater Quality Standards Task Force considered the waterbodies that should be considered 
high priority for monitoring and identified a tentative list, shown in Table 5-REC-Potential High 
Priority Waters, below. The waterbodies identified in Table 5- REC-Potential High Priority Waters 
should be considered in the development of the proposed comprehensive monitoring program.  
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Table 5-REC-Potential High Priority Waters for Monitoring of Pathogen Indicator 
Bacteria in Freshwaters 

 
LAKES STREAMS 

Big Bear Lake Lytle Creek – Middle and North 
Forks 

Lake Perris Mill Creek – Reach 2 
Lake Elsinore Santa Ana River – Reach 3 
Canyon Lake San Antonio Creek  
  

 
 
POTW discharge requirements and implementation of recreation standards 
 
As discussed in Chapter 4 – WATER QUALITY OBJECTIVES, this Basin Plan establishes 
water quality objectives that are intended to protect beneficial uses. These include the 
narrative pathogen objective and numeric pathogen indicator objectives for freshwaters 
(Table 4-pio) that are specified for the protection of primary contact recreation in surface 
waters. However, in issuing waste discharge requirements that assure beneficial use 
protection, the Regional Board must consider not only the established objectives but also 
whether case-specific circumstances warrant the application of limitations more stringent 
than those necessary to implement the objectives. Such special consideration applies to 
discharges of treated sewage to surface waters by Publicly Owned Treatment Works 
(POTWs) or other entities and the protection of public health and primary contact recreation 
in those receiving waters. 
 
The California Department of Public Health (CDPH) has found that in most instances, in 
order to protect the health of members of the public who engage in primary contact 
recreation in surface waters that receive treated sewage discharges, treatment of the 
discharges must be provided so as to achieve an approximate 5 log reduction in the virus 
content of the wastewater. The efficacy of the treatment process in achieving this reduction 
is reflected, in part, by measurements of total coliform bacteria.  
 
Based on these recommendations and relevant regulations established by CDPH in the 
California Code of Regulations (Title 22, Division 4, Chapter 3, Section 60301 et seq.), 
waste discharge requirements issued by the Regional Board to POTWs and other entities 
for discharges of treated sewage to surface waters include stringent total coliform 
limitations. The Fact Sheets accompanying these waste discharge requirements provide 
detailed explanation of the rationale for these effluent limitations and related discharge 
specifications. The salient point here is that these waste discharge requirements do not 
include effluent limitations based on the numeric objectives for E. coli that are specified in 
Table 4-pio. The Regional Board has found that the total coliform limitations are necessary 
to assure adequate treatment of sewage before discharge to surface waters and thereby, to 
assure protection of public health and primary contact recreation uses.  
 
The temporary suspension of recreation standards in certain surface waters (see High flow 
suspension of recreation standards, above) under high flow conditions does not obviate the 
need for POTWs and other entities discharging treated sewage (recycled water) to surface 
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waters to continue to meet the coliform limitations specified in their waste discharge 
requirements. To implement the narrative pathogen objective (see Chapter 4, WATER 
QUALITY OBJECTIVES, INLAND SURFACE WATERS, Pathogen Indicator Bacteria), the 
Regional Board may also require recycled water discharged to freshwaters designated 
REC1 or REC2 to comply with other limitations, including those recommended by CDPH.  
 
Amend CHAPTER 5 – IMPLEMENTATION – add references 
 
33. United States Environmental Protection Agency, “Water Quality Standards for Coastal 
and Great Lakes Recreation Waters; Final Rule”, 40 CFR 131.41. Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq 
 
34.  CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 
Only Freshwaters. December 30, 2011. 
 
35. California Regional Water Quality Control Board, Santa Ana Region.  Memorandum 
prepared by David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-
Tidal Prisms.  December 30, 2011 
 
36. U.S. EPA.  Water Quality Standards Handbook.  Sept. 15, 1993.  
 
37. United States Army Corps of Engineers. Water Control Manual: Prado Dam and 
Reservoir, Santa Ana River, California.  1994. 
 
38. Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model 
Report.  Prepared for the Santa Ana Watershed Project Authority's (SAWPA) Basin 
Monitoring Program Task Force.  May, 2009    
 
39. State Water Resources Control Board.. “Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List”. September 2004 
 
 
 
 
 
 

RB-AR36560



Total Maximum Daily Loads for Nutrients 
Malibu Creek Watershed 

US Environmental Protection Agency 
Region 9 

Established by:


_________________________ __________

Catherine Kuhlman Date

Acting Director

Water Division

EPA Region 9


RB-AR36561



Table of Contents 

1. Introduction……………………………………………………………… 3


2.
 Problem Statement ……………………………………………………… 9 

3. Numeric Targets ………………………………………………………... 17


4. Source Assessment …………………………………………………….. 22


5. Linkage Analysis …………………………………………………….… 36


6. TMDLs and Allocations …………………………………………….…. 38


7. Implementation Recommendations ………………………………….… 46


8. Monitoring Recommendations ………………………………………… 48


9. References ……………………………………………………………… 50


10. Appendix (Figures and Tables A-1--A-4)…………………….… 54


2


RB-AR36562



1. Introduction 

This document describes the Total Maximum Daily Loads (TMDLs) for nutrient compounds for 
the Malibu Creek watershed, which includes Malibu Lagoon, Malibu Creek and its tributaries, 
and four urban lakes. The nutrient compounds addressed in these TMDLs are nitrogen and 
phosphorus. Malibu Creek and three of its tributaries (Las Virgenes Creek, Medea Creek, and 
Lindero Creek) exceed the water quality objectives (WQOs) for nuisance effects such as algae, 
odors, and scum (RWQCB, 1996). Additionally, Malibu Lagoon and four urban lakes (Lindero, 
Westlake, Sherwood, and Malibou) within the watershed exceed the WQOs for nutrient related 
effects (i.e., ammonia, dissolved oxygen, or eutrophication). The TMDLs identify the amounts of 
nitrogen and phosphorous that can be discharged to the water bodies in the Malibu Creek 
watershed without causing violations of applicable water quality standards, and allocate 
allowable nutrient loads among different discharge sources. 

These TMDLs comply with 40 CFR 130.2 and 130.7, Section 303(d) of the Clean Water Act and 
U.S. Environmental Protection Agency (EPA) guidance for developing TMDLs in California 
(U.S. EPA, 2000). This document summarizes the information used by the EPA and the 
California Regional Water Quality Control Board, Los Angeles Region (Regional Board) to 
develop TMDLs for nitrogen and phosphorus compounds. The TMDLs are expressed 
differently for summer and winter conditions because flows, nutrient loads, and nutrient effects 
vary substantially in different seasons. In this document, the term “summer” is defined as the 
period between April 15-November 15 and “winter” is defined as the period between November 
16-April 14. These two seasonal periods are distinguished in order to account for: 

•	 the winter period in which the Tapia Water Reclamation Facility (WRF) is authorized to 
discharge most of its treated effluent, which results in substantial differences in flows and 
nutrient loads between summer and winter, and 

•	 rainfall and runoff patterns (most rainfall and precipitation-related nutrient loading occurs 
during the winter period). 

TMDLs are being established for the following segments within the Malibu Creek Watershed 
which have been included on the Section 303(d) list as impaired due to effects of nutrients: Lake 
Sherwood, Westlake Lake, Lake Lindero, Las Virgenes Creek, Lindero Creek, Medea Creek, 
Malibou Lake, Malibu Creek, Malibu Lagoon. In addition, we have determined that it is 
necessary to set load allocations and wasteload allocations to limit nutrient discharges to 
upstream, hydrologically-connected segments within the watershed in order to achieve 
compliance with water quality standards in the downstream impaired segments for which 
TMDLs are being established. Allocations are being established for sources that discharge to all 
of the waters that are tributary to Malibu Creek and Lagoon, including the following upstream 
water bodies: Hidden Valley Creek, Triunfo Creek, Potrero Canyon Creek, Palo Comado Creek, 
Cheesebro Creek, Stokes Creek, and Cold Creek. There is some evidence that water quality is 
impaired due to nutrient effects in some of these upstream tributaries and we believe the loading 
reductions that will occur pursuant to the load and wasteload allocations established in these 
TMDLs should be sufficient to address potential nutrient-related impairment in these tributaries. 
Figure A-1 shows all waterbodies in the Malibu watershed and impaired waters addressed in 
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these TMDLs. Figure A-2 shows the subwatersheds within Malibu Creek watershed as several 
impaired waters have been grouped together in these TMDLs. (see Appendix for figures) 

a. Regulatory Background 

Section 303(d) of the Clean Water Act (CWA) requires that each State “shall identify those 
waters within its boundaries for which the effluent limitations are not stringent enough to 
implement any water quality standard applicable to such waters.” The CWA also requires states 
to establish a priority ranking for waters on the 303(d) list of impaired waters and establish 
TMDLs for such waters. 

The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the 
CWA, as well as in U.S. Environmental Protection Agency guidance (U.S. EPA, 1991 and 
2000a). A TMDL is defined as the “sum of the ind ividual waste load allocations (WLAs) for 
point sources and load allocations (LAs) for nonpoint sources and natural background” (40 CFR 
130.2) such that the capacity of the waterbody to assimilate pollutant loading (the Loading 
Capacity) is not exceeded. A TMDL is also required to account for seasonal variations and 
include a margin of safety to address uncertainty in the analysis (USEPA, 2000a). 

The Environmental Protection Agency has oversight authority for the 303(d) program and is 
required to review and either approve or disapprove the TMDLs submitted by states. In 
California, the State Water Resources Control Board (State Board) and the nine Regional Boards 
are responsible for preparing lists of impaired waterbodies under the 303(d) program and for 
preparing TMDLs, both subject to EPA approval. If EPA does not approve a TMDL submitted 
by a state, EPA is required to establish a TMDL for that waterbody. The Regional Boards also 
hold regulatory authority for many of the instruments used to implement the TMDLs, such as the 
National Pollutant Discharge Elimination System (NPDES) and state-specified Waste Discharge 
Requirements (WDRs). 

The State of California identified over 700 waterbody-pollutant combinations in the Los Angeles 
Region where TMDLs would be required (SWRCB, 1998; RWCQB 1996, 1998). These are 
referred to as “listed” or “303(d) listed” waterbodies. A schedule for development of TMDLs in 
the Los Angeles Region was established in a consent decree (Heal the Bay Inc., et al. v. Browner 
C 98-4825 SBA) approved on March 22, 1999. For the purpose of scheduling TMDL 
development, the decree combined the more than 700 waterbody-pollutant combinations into 92 
TMDL analytical units. 

These TMDLs address Analytical Unit 50 specified in the Consent Decree, which consists of 
Malibu Lagoon, segments of the Malibu Creek and tributaries, and urban lakes impaired by 
nutrient compounds and effects that appear to be caused by those compounds. The nutrient 
impairments include ammonia and nutrients (nitrogen and phosphorus) and nuisance effects 
(dissolved oxygen, algae, scum, and odor). Table 1 identifies the listed waterbodies, the 
nutrient-related impairments for which each is listed, and the number of linear miles of 
waterbody in Analytical Unit 50 impaired by each. The consent decree schedule requires that 
these TMDLs be approved or established by EPA by March 22, 2003. EPA is establishing these 
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TMDLs at the request of the Regional Board and in order to meet its obligations under the 
consent decree, because the State was unable to establish these TMDLs in time to meet the 
consent decree deadlines. 

This report presents the nutrient TMDLs and summarizes the analyses performed by EPA and 
the Regional Board to develop these TMDLs. 

Table 1. Malibu Creek Watershed 303(d) listed Waterbodies for Nutrients 
(streams = linear miles listed; lakes = acres listed) 
Waterbody Algae Eutrophy Scum/ 

Odors 
Ammonia Organic 

enrichment 
Dissolved 
Oxygen 

Lake Sherwood 213 213 213 213 213 
Westlake Lake 186 186 186 186 186 
Lake Lindero 14 14 14 14 
Las Virgenes Creek 11.25 11.25 11.25 
Lindero Creek 6.56 6.56 
Medea Creek 7.56 
Malibou Lake 69 69 69 69 
Malibu Creek 8.43 8.43 
Malibu Lagoon 33 

b. Environmental Setting: The Malibu Creek Watershed 

These TMDLs addresses nutrient-related impairments for waterbodies within the Malibu Creek 
watershed (Table 1). There are a number of waterbodies which were not listed or were not 
assessed during the 303(d) listing process but were included in the modeling effort since they are 
hydrologically connected to the impaired waterbodies. These include Hidden Valley Creek, 
Triunfo Creek, Potrero Canyon Creek, Palo Comado Creek, Cheesebro Creek, Stokes Creek, and 
Cold Creek. Three of the seven lakes in the Malibu Creek watershed (Lake Eleanor, Las 
Virgenes Reservoir, and Century Lake) were not addressed in this analysis because they were not 
listed as impaired and they were not crucial to understanding the hydrology of the watershed. 

The Malibu Creek watershed, located about 35 miles west of Los Angeles, California, includes 
several streams, lakes, and a lagoon that are on the 303(d) list for algae/nutrient impairments. 
The watershed is 109 square miles and extends from the Santa Monica Mountains and adjacent 
Simi Hills to the Pacific coast at Santa Monica Bay. Several creeks and lakes are located in the 
upper portions of the watershed, and these ultimately drain into Malibu Creek at the downstream 
end of the watershed. Historically, there is little flow in the summer months; much of the natural 
flow that does occur in the summer in the upper tributaries comes from springs and seepage 
areas. Malibu Creek drains into Malibu Lagoon, a 13-acre tidal lagoon, which in turn drains into 
Santa Monica Bay when the entrance to the lagoon is open. 

Lake Sherwood is a 213-acre private lake located in the 10,864-acre Hidden Valley 
subwatershed. Although the lake itself is surrounded by a residential community, it receives the 
drainage from mostly agricultural and undeveloped lands in its drainage area. The lake is 
hydraulically connected to a bowl-shaped groundwater aquifer, which is an additional source of 
summer flows. Fishing, boating and swimming are allowed at the lake and there is a golf course 
at the west end of the lake. Lake Sherwood was listed as impaired due to problems associated 
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with high algal abundances, organic enrichment, eutrophic conditions and low dissolved oxygen 
in the lake. Lake water quality was also listed for ammonia toxicity suggesting that excess 
nitrogen may be the cause of the eutrophication. The lake has a maximum depth of 30 feet. The 
average lake inflow rate is 2.66 cfs and the residence time is 493 days (Lund et al., 1994). The 
lake discharges to Potrero Creek. 

Westlake Lake is a 186-acre man-made lake, which was constructed in 1976 to provide a private 
setting for homes and to provide opportunities for boating and fishing to the residents of 
Westlake Lake. Like Lake Sherwood, Westlake Lake is listed for algae, eutrophic conditions and 
ammonia toxicity. The primary source of water to Westlake Lake is Potrero Creek that contains 
flow from Lake Sherwood as well as drainage from Potrero Creek watershed (NRCS, 1995). 
The lake also receives drainage from the surrounding mountains in the Westlake subwatershed as 
well as six storm drains (Lund et al., 1994). The lake has a maximum depth of 18 feet. The 
average lake inflow rate is 9.97 cfs. A minimum flow of 1 cfs is required to be discharged in the 
summer months for fish. The lake residence time is 40 days (Lund et al., 1994). Flows from 
Westlake Lake are discharged into Triunfo Creek. 

Both Lindero Creek and Lake Lindero are listed for algae and eutrophic conditions. In addition 
Lake Lindero is listed for organic enrichment and scum/odors. Lake Lindero is a small urban 
lake that was constructed in 1964. Because flows in the upper reaches of Lindero Creek are 
relatively small, the main sources of water are runoff from the adjacent lots, a golf course and the 
streets. Residential areas make up about 37% of the land use pattern in the 5,460-acre Lindero 
Creek subwatershed. Another 6% is commercial and industrial. The rest is undeveloped or 
vacant land. The 13.6 acre lake has a maximum depth of 20 feet. The average lake inflow rate is 
1.51 cfs with a residence time of 30 days (Lund et al., 1994). Water exits the lake spillway to the 
lower Lindero Creek and eventually flows to Medea Creek. 

Medea Creek has a total length of 7.56 miles. Land use in the Medea Creek subwatershed 
contains a mix of open space area (61%), residential use (31%) and commercial use (3%). 
Medea Creek also receives drainage from the subwatersheds associated with Palo Comado Creek 
and Cheeseboro Creek. 

Malibou Lake is listed for both algae and eutrophic conditions. Malibou Lake receives the 
drainage from most of the subwatersheds in the upper portion of the watershed. The lake has a 
drainage area of 64 square miles which represents almost 60% of the entire watershed. Water 
flows from Triunfo and Medea Creek into the lake. The lake was constructed in 1922 for 
swimming, boating and fishing by members and guests of the Malibou Lake Mountain Club, Ltd. 
The maximum depth of this 69-acre lake is about 20 feet (Lund et al., 1994). Malibou Lake has 
mud bottom that is dredged on a continual basis because of sediment loadings from upstream 
sources. The outflow from the lake discharges into Malibu Creek. 

Malibu Creek is listed for algae and scum/foam. The 10-mile creek runs from Malibu Lake to 
Malibu Lagoon and has an estimated winter mean flow of about 15 cfs and a dry weather 
average base flow of 2.5 cubic feet per second (cfs). The predominant land use in the Malibu 
Creek subwatershed is open space (94%). Residential uses make up 1% percent of the 
subwatershed acreage and commercial/industrial uses make up 3% of the total land use. The 
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Tapia Water Reclamation Facility (Tapia WRF) is located in this subwatershed and contributes 
significant flow in the winter months. Malibu Creek also receives flow from Las Virgenes 
Creek, Cold Creek and Stokes Creek. 

Las Virgenes Creek is listed for algae, eutrophic conditions, and low dissolved oxygen. Eleven 
miles in length, the creek receives drainage from a 12,456-acre area. The land use in the Las 
Virgenes Creek subwatershed is predominantly open space (83%). Residential land use accounts 
for 6% of the land use area. Commercial/industrial land use accounts for another 3%. The 
proposed Ahmanson Ranch development is located in the upper watershed. This proposed 
project would add 1,097 acres of residential land use and 390 acres of golf course to the land use 
mix in the watershed. Neither Stokes Creek nor Cold Creek are listed for nutrient related 
impairments. Both creeks flow through relatively undeveloped areas and water quality in these 
creeks is presumed to be high. 

Malibu Lagoon, located at the bottom of the watershed, is listed for eutrophic conditions. The 
lagoon is at the receiving end of the drainage from all upstream subwatersheds. Water quality 
problems occur especially in the summer months when the lagoon is closed. During the winter 
months higher flows can cause the lagoon to breach, flushing out much of the water and 
sediments. Land use in the 681-acre Malibu Lagoon subwatershed consists of a mix of open 
space (34%), residential areas (36%), and commercial uses (15%). 

c. TMDL ELEMENTS 

Guidance from USEPA (2000a) identifies seven elements of a TMDL. Sections 2 through 8 of 
this document are organized such that each section describes one of the elements, with the 
analysis and findings of these TMDLs for that element. The seven elements are: 

1. Problem Statement. This section reviews the evidence used to include the water body 
on the 303(d) list, and summarizes existing conditions using that evidence along with any 
new information acquired since the listing. For these TMDLs, the problem encompasses 
nutrients, which result in excessive algae proliferation and related effects. The problem 
identification reviews: those reaches that fail to support all designated beneficial uses, 
the beneficial uses that are not supported for each reach, the water quality objectives 
(WQOs) designed to protect those beneficial uses and, in summary, the data and 
information regarding the decision to list each reach, such as the number and severity of 
exceedances observed. 

2. Numeric Targets. For these TMDLs, the numeric targets are based on the numeric and 
narrative water quality objectives in the Basin Plan. Load reductions and pollutant 
allocations in the TMDL are developed to ensure that these numeric targets for the 
impaired waterbodies are met. 

3. Source Assessment. This step is a quantitative estimate of point sources and non-
point sources of nutrient compounds into the Malibu Creek watershed. The source 
assessment considers seasonality and flow. 
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4. Linkage Analysis. This analysis demonstrates how the sources of nutrient compounds 
(nitrogen and phosphorus) in the waterbody are linked to the observed conditions in the 
impaired waterbody. The linkage analysis includes an assessment of critical conditions, 
which are periods when the changing pollutant sources and changing assimilative 
capacity of the waterbody combine to produce either extreme impairment conditions or 
conditions especially resistant to improvement. Separate TMDLs may be defined for each 
critical condition/season. 

5. TMDLs and Pollutant Allocations. The total loading capacity for each waterbody is 
determined. The TMDL is set at the loading capacity. Each pollutant source is allocated 
an allowed quantity of nitrogen and phosphorus compounds that it may discharge. 
Allocations are designed such that the waterbody will not exceed numeric targets for any 
of the compounds or effects in any of its reaches. Point sources are given waste load 
allocatio ns, and non-point sources are given load allocations. Allocations need to 
consider worst-case conditions, so that the pollutant loads may be expected to remove the 
impairment under critical conditions. 

6. Implementation Recommendations. This section describes the plans, regulatory tools, 
or other mechanisms by which the waste load allocations and load allocations may be 
achieved. 

7. Monitoring Recommendations. These TMDLs recommend monitoring the waterbody 
to ensure that the Waste Load Allocations and Load Allocations are achieved and remove 
the impairment so that numeric targets are no longer exceeded and that the nutrient-
related effects intended to be addressed by these TMDLs also are removed. 
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2. Problem Statement 

Excessive algae in the Malibu Creek watershed has resulted in several waterbodies not 
supporting their designated beneficial uses associated with aquatic life and recreation (RWQCB, 
1996). Algal biomass can lead to impairment of swimming and wading activities. In addition, 
the proliferation of algae can result in loss of invertebrate taxa through habitat alteration (Biggs, 
2000). Algal growth in some instances has produced algal mats in the lakes (Lund et al., 1994), 
creeks (Ambrose et al., 1995, Kamer et al., 2002, CH2MHill, 2000, Heal the Bay, 2002), and 
lagoon (Ambrose et al., 2000); these mats may result in eutrophic conditions where dissolved 
oxygen concentration is low (Briscoe, et al., 2002), and negatively affect aquatic life in the 
waterbody (Ambrose et al., 2000). The decay of these mats may also cause problems with scum 
and odors that affect recreational uses of the affected waterbody. In addition, the concentration of 
ammonia, a nitrogen compound, has been present in concentrations exceeding objectives 
designed to protect aquatic life (RWQCB, 1996). 

This section provides a review of the data used by the Regional Board to list the waterbodies 
within the Malibu Creek watershed for nutrient-related impacts. Where appropriate the data has 
been updated with more recent information. As the Regional Board’s listing decisions are based 
on impairments to water quality, and TMDLs are designed to attain water quality standards, it is 
appropriate to begin this section with a discussion of the applicable water quality standards. 

a. Applicable Water Quality Standards 

California state water quality standards consist of the following elements: 1) beneficial uses, 2) 
narrative and/or numeric water quality objectives and 3) an antidegradation policy. In 
California, beneficial uses are defined by the Regional Water Quality Control Boards (Regional 
Boards) in the Water Quality Control Plans (Basin Plans). Numeric and narrative objectives are 
specified in each Region’s Basin Plan, designed to be protective of the beneficial uses in each 
waterbody in the region. The Water Quality Control Plan for the Los Angeles Region (Basin 
Plan, 1994) defines 14 beneficial uses for the Malibu Creek watershed. These uses are identified 
as existing (E), potential (P), or intermittent (I) uses. We have identified ten of the beneficial 
uses that are sensitive to nutrient compounds and related effects, such that protecting these uses 
will serve to protect all others too. Therefore this document focuses discussion on these ten use 
designations: REC1, REC2, WARM, COLD, EST, MAR, WILD, RARE, MIGR, and SPWN. 
Table 2 contains the beneficial use designations relevant to this TMDL. 

Table 2. Malibu Creek Watershed Beneficial Uses 
RECREATION AQUATIC LIFE USE SUPPORT 
REC1 REC2 WILD WARM RARE COLD MIGR SPWN EST MAR 

Malibu Lagoon E E E E E E E E 
Malibu Creek E E E E E E E E 
Las Virgenes Creek E E E E E P P P 
Malibou Lake E E E E E 
Lower Medea Creek I I E I E P 
Upper Medea Creek E E E E 
Lindero Creek I I E I 
Lake Lindero I I E I 
Westlake Lake E E E E 
Lake Sherwood E E E E 
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Recreational uses for body contact (REC1) and secondary contact (REC2) apply to all the listed 
waterbodies as existing, potential or intermittent. These uses apply even if access is prohibited 
to portions of the waterbody. Objectives designed to protect human health (e.g., bacterial 
objectives) and the aesthetic qualities of the resource (e.g., visual, taste and odors) are 
appropriate to protect recreational uses of the river. 

The use designation for warm water fish (WARM) exists in most of the impaired creeks, with the 
exception of Medea Creek (Reach 1), and Lindero Creek. This use designation does not apply to 
the lakes, or the lagoon. The cold-water fisheries designated use (COLD) applies to Malibu 
Creek, Cold Creek, and Las Virgenes Creek. The Wildlife use designation (WILD) is for the 
protection of fish and wildlife. This use applies to all impaired waterbodies within the Malibu 
Creek watershed. 

Ammonia. The Basin Plan establishes numeric objectives for ammonia which are protective of 
fish (COLD), (WARM) and wildlife (WILD) (see Plan Tables 3-1 through 3-4). The numeric 
objectives for ammonia in the Basin Plan were updated by the Regional Board in April 2002. 
The objective for chronic exposure is based on a four-day average concentration. The objective 
for acute toxicity is based on a one-hour average concentration. These objectives are expressed 
as a function of pH and temperature because un- ionized ammonia (NH3) is toxic to fish and other 
aquatic life. 

Dissolved Oxygen. Adequate dissolved oxygen levels are required to support aquatic life. 
Dissolved oxygen requirements are dependent on the beneficial uses of the waterbody for the 
Malibu Creek watershed. The Basin Plan states “At a minimum (see specifics below) the mean 
annual dissolved oxygen concentrations of all waters shall be greater than 7 mg/l, and no single 
determinations shall be less than 5.0 mg/l except when natural conditions cause lesser 
concentrations.” 

In addition, the Basin Plan states, "the dissolved oxygen content of all surface waters designated 
as WARM shall not be depressed below 5 mg/l as a result of waste discharges."  The WARM 
designation applies to all listed waters except Lake Lindero. 

The Basin Plan also states, "the dissolved oxygen content of all surface waters designated as 
both COLD and SPAWN shall not be depressed below 7 mg/l as a result of waste discharges." 
The COLD and SPAWN designation applies to Malibu Lagoon, Malibu Creek, and Lake 
Lindero. COLD and SPAWN also apply as a potential use for Las Virgenes Creek. 

Nitrogen (Nitrate, Nitrite). Nitrogen requirements are dependent on the beneficial uses of the 
waterbody for the Malibu Creek watershed. Excess nitrogen in surface waters also leads to 
excessive aquatic growth and can contribute to elevated levels of nitrate in groundwater as well. 
The Basin Plan states, “Waters shall not exceed 10 mg/L nitrogen as sum of nitrate-nitrogen and 
nitrite-nitrogen, 10 mg/L nitrate-nitrogen (NO3-N), 45 mg/L nitrate or 1 mg/L as nitrite-nitrogen 
(NO2-N).” The Basin Plan also states 10 mg/L nitrogen [sum of nitrate-nitrogen and nitrite-
nitrogen] is the water quality objective for Malibu Creek watershed (see Plan Table 3-8).” 
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Biostimulatory Substances: Nutrients. The Basin Plan addresses excess aquatic growth in the 
form of a narrative objective for nutrients. Excessive nutrient (e.g. nitrogen and phosphorous) 
concentrations in a waterbody can lead to nuisance effects such as algae, odors, and scum.  The 
objective specifies, “waters shall not contain biostimulatory substances in concentrations that 
promote aquatic growth to the extent that such growth causes nuisance or adversely affects 
beneficial uses.” To implement this narrative objective, we have evaluated available data, 
studies, and other information to estimate the levels of nitrogen and phosphorus that can be 
present without causing violations of this objective. 

Floating Materials: Scum/Foam. The Basin Plan expresses a narrative objective for floating 
material requiring that the waters should be free of floating material, including foams and scum 
“in concentrations that cause nuisance or adversely affect beneficial uses." 

b. Assessment of existing conditions relative to numeric and narrative standards 

This section describes conditions in the Malibu Creek watershed, which resulted in the inclusion 
of waterbodies as impaired on the 1996 Water Quality Assessment (WQA) which formed the 
basis for the 1996 and 1998 303(d) listings. We also have incorporated new information that 
was gathered as part of the submittal process for the 2002 303(d) listing process. 

Ammonia as Nitrogen. Lake Sherwood and Westlake Lake are the only two waterbodies within 
the Malibu Creek watershed identified on the 1996 303(d) list as impaired due to ammonia 
concentrations. The data reviewed for the assessment were collected as part of a Regional Board 
study entitled, "Evaluation of Water Quality for Selected Lakes in the Los Angeles Hydrological 
Basin." (Lund et al., 1994). The data were collected between July 1992 and March 1993. 

Table 3. Ammonia Concentrations (mg/l) for Lake Sherwood and Westlake Lake 
Waterbody Name Number of samples Mean (Std Dev) Range 
Lake Sherwood 59 0.99 (1.28) 0.10 – 6.00 
Westlake Lake 52 0.35 (0.35) 0.10 – 1.34 

These data were evaluated against the updated ammonia criteria in the Basin Plan. Relative to 
the acute criteria, two of the Lake Sherwood samples exceeded the criteria (3%), and none (0%) 
of the Westlake Lake samples exceeded the criteria. Relative to the chronic criteria, seven of the 
Lake Sherwood samples (12%) exceeded the criteria and one of the Westlake Lake samples (2%) 
exceeded the criteria. There is no more recent data to assess the lakes for ammonia. 

We also evaluated the available ammonia data for streams in the Malibu Creek watershed 
collected by Tapia as part of their NPDES monitoring program from 1991 to 1999. These data 
represent close to 800 samples. As can be seen in Table 4 below, the ammonia concentrations in 
the river were generally low. The median concentrations were typically below 0.1 mg/l. Ninety 
percent of the samples had concentrations below 0.2 mg/l. 
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Table 4. Summary of ammonia data from Tapia (1991 to 1999) 
Lower 

Las 
Virgenes 

Creek 

Upper 
Malibu 
Creek 

Middle 
Malibu 
Creek 

Middle 
Malibu 
Creek 

Lower 
Malibu 
Creek 

Lower 
Malibu 
Creek 

Malibu 
Lagoon 

Malibu 
Lagoon 

Station R6 R9 R1 R2 R13 R3 R4 R11 
Count 84 98 96 100 108 108 100 102 
Average 0.07 0.03 0.15 0.21 0.05 0.05 0.07 0.06 
Median 0.04 0.03 0.06 0.13 0.04 0.04 0.04 0.04 
90th 

percentile 
0.09 0.06 0.20 0.21 0.10 0.08 0.12 0.12 

Max 1.20 0.18 1.00 4.00 0.23 0.90 1.00 0.53 

In the 2002 303(d) listing process, the Regional Board staff re-evaluated the monthly ammonia 
data collected between November 1988 to December 2000 from Malibu Creek, Cold Creek, 
Cheeseboro Creek, Medea Creek and Malibu Lagoon relative to the toxicity standard corrected 
for temperature and pH. When adjusted for pH there were no exceedances of the acute criteria in 
any of these reaches. There were also no exceedances of the chronic criteria adjusted for 
temperature and pH in any of the rivers. In summary there is some limited evidence of ammonia 
toxicity in the lakes and no data to suggest that the streams or lagoons are experiencing ammonia 
toxicity. 

Dissolved Oxygen. Las Virgenes Creek was listed in the 1996 WQA as impaired due to 
depressed dissolved oxygen concentrations that do not meet the recommended water criteria for 
protection of fresh water aquatic life.  This assessment was based on a total of eleven data points 
sampled over a two-week period in the fall of 1995. Six of the eleven data points were below 7 
mg/l. To supplement this assessment, we reviewed data collected by Tapia WRF as part of their 
NPDES monitoring program of the data from January 1994 to June 1999. These data represent 
close to 2000 samples. 

Table 5. Summary of dissolved oxygen concentrations (mg/l) from Tapia stations (1994-1999) 
Lower 

Las 
Virgenes 

Creek 

Upper 
Malibu 
Creek 

Middle 
Malibu 
Creek 

Middle 
Malibu 
Creek 

Lower 
Malibu 
Creek 

Lower 
Malibu 
Creek 

Malibu 
Lagoon 

Malibu 
Lagoon 

Station R6 R9 R1 R2 R13 R3 R4 R11 
Count 210 200 248 248 247 242 227 247 
Average 7.12 7.64 9.57 8.79 9.27 11.66 12.38 10.87 
Median 6.95 7.85 9.70 8.75 9.20 11.50 11.60 10.70 
Minimum 4.3 3 5 5.9 6.8 5.3 7.1 0 
# <5 mg/l 1 4 0 0 0 0 0 1 

Based on these data there does not appear to be a problem with dissolved oxygen concentrations 
in the Las Virgenes Creek, Malibu Creek or the Lagoon. One criticism of the monitoring effort 
is that the sampling begins in the upper watershed and ends later in the day at the lagoon. Since 
DO concentrations are typically higher in the afternoon, this time differential might bias the 
results. To assess the potential for this bias the Regional Board contracted with SCCWRP to 
perform a pre-dawn survey at 17 sites in the watershed on September 22-23, 2001 (Briscoe et al, 
2002). DO concentrations were less than 7.0 mg/l at 6 of 17 sites. These were generally sites 
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with more developed land use. The average DO was greater than 5.0 mg/l at all sites except 
Malibu Lagoon where DO concentrations were very low (1.2 mg/l). The diel pattern for in-
stream DO concentrations is a natural occurrence and there is insufficient evidence to suggest the 
DO concentrations in these streams are depressed as a result of waste discharges. On the other 
hand there is ample evidence that eutrophic conditions in the lagoon can lead to low DO values 
(Ambrose et al., 1995, Briscoe et al., 2002). Therefore we conclude that the data indicate that 
Malibu Lagoon does not meet applicable DO objectives. Available data for streams within the 
watershed are inconclusive as to whether DO objectives are attained in these streams. 

The lakes study (Lund et al., 1994) suggested that there might be impairments in three lakes due 
to low DO. The waters of Sherwood Lake were generally anoxic below the hypolimnion (3 
meters) from April to October. Westlake Lake was weakly stratified, but had low DO at depths 
below 4 meters in the summer. Malibu Lake was generally anoxic below 2.5 meters (April 
through October). No DO problems were observed in the relatively shallow Lake Lindero. 

Biostimulatory Substances: Algae. For the 1996 WQA, impairment decisions were based on 
observations for the presence of these nuisance effects (also known as aesthetic stressors). Algae 
observed in "high" amounts were considered to be an exceedance of the narrative standard for 
floating material and biostimulatory substance. The results of observations made between 1991 
and 1995 are summarized below (Table 6). Malibu Creek and three of its tributaries (Las 
Virgenes Creek, Lindero Creek, and Medea Creek) were listed as impaired due to observations 
of excessive algal growth. 

Table 6. Summary of algae data in 1996 WQA listing. 
Stream Reach # of Observations High amounts of algae 
Malibu Creek 28 4 
Las Virgenes Creek 15 5 
Lindero Creek R1 2 2 
Lindero Creek R2 7 4 
Medea Creek R2 8 3 

To supplement this data we analyzed the long-term data set from Tapia on percent algal cover in 
various reaches of Malibu Creek and Las Virgenes Creek (summarized in Table 7). We also 
reviewed data that was submitted from Heal the Bay (discussed below). 
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Table 7. Summary of Percent algal coverage for  Tapia Data set (1983 to 1999) 
All Seasons Number of samples Median #>30% %>30% 
Las Virgenes 426 12.5 77 18% 
Upstream of Tapia (R9) 393 12.5 140 36% 
Immediately above Tapia discharge (R1) 442 12.5 118 27% 
Immediately below Tapia (R2) 439 12.5 26 6% 
County Gaging Station (R13) 444 12.5 57 13% 
Malibu Canyon area (R3) 422 12.5 124 29% 
Cross Creek Road (R4) 407 12.5 80 20% 
Lagoon (R11) 434 12.5 39 9% 
Summer Months (May - Oct) Number of samples Median # >30% %>30% 
Las Virgenes 240 12.5 65 27% 
Upstream of Tapia (R9) 210 31.25 105 50% 
Immediately above Tapia discharge (R1) 251 12.5 95 38% 
Immediately below Tapia (R2) 247 12.5 24 10% 
County Gaging Station (R13) 252 12.5 37 15% 
Malibu Canyon area (R3) 241 12.5 95 39% 
Cross Creek Road (R4) 220 12.5 74 34% 
Lagoon (R11) 248 12.5 32 13% 
Winter Months (Nov - Apr) Number of samples Median #>30% %>30% 
Las Virgenes 186 12.5 12 6% 
Upstream of Tapia (R9) 183 12.5 35 19% 
Immediately above Tapia discharge (R1) 191 12.5 23 12% 
Immediately below Tapia (R2) 192 0 2 1% 
County Gaging Station (R13) 192 12.5 20 10% 
Malibu Canyon area (R3) 181 12.5 29 16% 
Cross Creek Road (R4) 187 12.5 6 3% 
Lagoon (R11) 186 0 7 4% 

To assist in determining where and when algae were present at levels that cause violations of 
applicable water quality standards, the Regional Board applied algae assessment guidelines 
based on a New Zealand Study in the 2002 Section 303(d) listing process (Biggs, 2000). Based 
on its interpretation of the Biggs report, the Regional Board recommended that waters be 
considered impaired by algae if algae cover exceeded 30% in more than 10% of available 
samples. In its comments on EPA’s draft TMDLs, the Regional Board also recommended 
application of this assessment criterion in considering seasonal variations in algae problems as 
part of TMDL development. 

As indicated in Table 7, high algal abundances (i.e., greater than 30% cover) can be observed at 
many sites on a relatively frequent basis. These data also suggest that high algal abundances are 
most predominant in the summer months as all eight sites had coverages greater than 30% in 
10% of the samples. During the winter months four of the sites had exceedance frequencies at or 
greater than 10%. The percentage of observations exceeding the 30% target was substantially 
lower in winter than summer at all eight sites. 

As part of the 2002 303 (d) assessment, Regional Board staff analyzed data from 1997 to 1999, a 
subset of the data summarized above. These data reflect more accurately the recent condition. 
The patterns are basically similar with the exception that the percent coverage values have 
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increased over this three year time period (CH2MHill, 2000). Although there are some instances 
in which the % algal cover exceeded 30% in the winter months, the problem is predominantly a 
dry-weather phenomenon. 

We believe it was appropriate to apply the Biggs guidelines in the screening- level exercise 
entailed by the Section 303(d) listing process; however, it is unclear whether it is appropriate to 
apply Biggs’ recommended guidelines in the manner suggested by the Regional Board to 
develop the Malibu Creek TMDLs for nutrients to address algal impacts. Based on our review of 
the Biggs report cited by the State, we believe it is appropriate to consider the Biggs guidelines 
in the TMDLs but to apply them in a manner somewhat different than applied by the State in the 
listing process. 

We note that Biggs recommended a threshold of 30% cover for filamentous (floating) algae 
greater than 2 cm in length and a threshold of 60% cover for bottom algae greater than 0.3 cm 
thick. Biggs did not recommend application of a 10% frequency of exceedance for these cover 
algae guidelines as suggested by the State. Biggs recommended application of the algae cover 
guidelines “during summer low flows” and noted that the aesthetics/recreation guidelines are 
“only expected to be applied over the summer months”. Biggs generally recommended 
evaluation of mean nutrient and biomass levels over relatively long averaging periods (monthly, 
seasonally, or annually). 

Based on these considerations, EPA re-evaluated the Tapia algae data on a seasonal basis and 
evaluated both the mean values and the range of values at each sampling locations. We 
compared the seasonal mean values to the guidelines recommended by Biggs for filamentous 
algae (30%). The Tapia data set is based primarily on floating algae and indicates that mean 
algal cover at most stations is closer to 30% in the summer than in the winter months. 

We also analyzed the data submittal from Heal the Bay that provided data from seven creek 
stations in the watershed (Cheeseboro Creek, 2 in Cold Creek, 2 in Malibu Creek, Las Virgenes 
Creek and Medea Creek) (See Appendix Figure A-3 which indicates the seasonal averages and 
range of values for each station). The data for floating algae was compared to the 30% 
threshold. The data for mat algae was compared to the 60% threshold. Based on Heal the Bay’s 
floating algae data, average cover is generally less than 30% in both summer and winter. 
Assessment of the mat algae data indicates average cover near 60% at most sites in the summer. 
The winter values for mat algae are somewhat less than in the summer. 

Our review of available, taken together, indicates that there is evidence of alga l impairment in 
Malibu Creek throughout the year. Our review of the algae data available for Malibu Creek and 
Lagoon indicates algae are clearly present at levels of concern during the summer season (as 
defined in the TMDL) throughout the Malibu Creek watershed, and present at levels of potential 
concern during the winter months at several watershed locations. EPA believes these data 
support the decision to focus this TMDL primarily on algae impairment in the summer season 
and secondarily on algae problems in the winter season. 

To better quantify the extent of algae coverage and the associated impact on the beneficial uses 
within the watershed, studies were conducted by SCCWRP and the University of California at 
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Santa Barbara to address existing data gaps in the knowledge of the spatial extent of algal 
coverage, and chlorophyll-a data, as well as, the species of algae present and which conditions 
limit the growth of algae in the streams. 

The Chlorophyll-a (Chl-a) concentrations were generally below 50 mg/l at sites in Cold Creek, 
Palo Comado Creek and Triunfo. The Chl-a concentrations were higher (greater than 100 mg/l) 
at more developed sites such as Lindero Creek, Medea Creek and Malibu Creek. These sites also 
had higher percent cover of macroalgae and diatom films. In general the concentrations were 
higher in October than in August 2001. (see Appendix, Figures A-4, A-5) 

The information used to list the lakes as impaired comes from observations by Lund et al. (1994) 
that suggested that there were problems with algae in all four lakes and macrophytes in Malibu, 
Sherwood and Lindero. There is no more recent data to evaluate the listing. 

In conclusion, there is evidence of algal impairment in Malibu Creek throughout the year. Our 
review of the algae data available for Malibu Creek, Malibu Lagoon, and the tributaries indicates 
algae are clearly present at levels of concern during the summer at many locations in the Malibu 
Creek watershed, and present at levels of potential concern during the winter months at several 
watershed locations. 

Floating Materials: Scum. As indicated in Table 4, Malibu Creek, Las Virgenes Creek, and 
Lindero Creek R2 are listed on the 1996 305(b) water quality assessment as impaired due to 
observations of scum and foam. These waterbodies are "Not Supporting" the Basin Plan 
narrative standard for floating materials. The beneficial uses that are affected by this impairment 
relate to recreation. The data for the observations were collected between 1991 and 1995. For the 
most part the observations of scum and odors correspond to areas of high algal abundance. 

Table 9. Scum/Odor Observations 
River Reach # of Observations High 
Malibu Creek 23 3 
Las Virgenes Creek 15 5 
Lindero Creek R2 7 2 

Summary of assessment. High levels of algae in the lagoon and streams have the potential to 
cause problems with DO, aquatic life and aesthetics. The percent algal cover is often greater 
than 30% in Malibu Creek, Las Virgenes Creek and Medea Creek. Total chlorophyll 
concentrations can be greater than 100 mg/l in the reaches of the more developed watersheds 
(Malibu Creek, Medea Creek and Lindero Creek). There is no demonstration that algae in these 
reaches is affecting dissolved oxygen concentration. However, taken together, the data on the 
types of algae in the watershed, the coverage of the mats, and total chlorophyll a concentrations 
observed indicate that streams are near conditions where one would expect eutrophy. These 
conditions appear to be more predominant in the summer months. This is consistent with the 
lakes study (Lund et al., 1994) that suggested that nutrients from runoff contribute to algae and 
macrophytes result in anoxic conditions concentrations in the summer season. 
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3. Numeric Targets 

The streams, lakes and lagoon in the Malibu Creek watershed are 303(d) listed for exceedance of 
narrative criteria associated with excessive algal and periphyton growth, and associated water 
quality problems. The pollutants responsible for these conditions are nitrogen and phosphorus, 
thus the numeric targets for nitrogen and phosphorus are defined and used to calculate the 
TMDL, as discussed below. Other numeric targets are also developed for in-stream parameters 
such as dissolved oxygen, ammonia, algal cover and biomass. These other targets serve as 
indicators of the desired condition for the waterbody. EPA expects these indicators will provide 
a useful reference in determining the effectiveness of the TMDL in attaining water quality 
standards, although they are not directly enforceable by EPA. 

a. Dissolved oxygen (DO) 

The target for the mean annual dissolved oxygen concentration is 7 mg/l for all waters in the 
Malibu watershed (Table 10). A more restrictive target is required for Lake Lindero, Las 
Virgenes Creek and Malibu Lagoon to protect existing and potential uses associated with cold-
water fisheries and spawning. The Basin Plan standard for waters designated as WARM is that 
no single determination be below 5.0 mg/l as a result of waste discharges. Recognizing that diel 
fluctuations in DO are a natural occurrence, we propose that 7.0 mg/l minimum for waters with 
uses associated with cold water fisheries and spawning be interpreted as an average daily value. 

Table 10. Summary of numeric targets for dissolved oxygen 
Waterbody Annual average Minimum conc. 

(mg/l) 
Malibu Lagoon 7 7 
Malibu Creek 7 7 
Las Virgenes Creek 7 7 
Lindero Creek Reach 1and 2 7 5 
Medea Creek Reach 1 and 2 7 5 
Malibou Lake 7 5 
Lake Lindero 7 7 
Westlake Lake 7 5 
Lake Sherwood 7 5 

b. Ammonia toxicity 

Numeric targets for ammonia are based on the water quality standards in the Basin Plan and are 
set for the two lakes listed on the Section 303(d) list as well as for Malibu Creek itself in order to 
provide an additional indicator of whether future nutrient reductions result in attainment of 
ammonia objectives in the Creek. The acute criteria are dependent on pH and the chronic criteria 
are dependent on pH and temperature. Data on pH and temperature for the creeks and lagoon are 
based on long-term temperature and pH data collected by Tapia between 1998 and 1995. Targets 
for lakes are based on data from July 1992 to March 1993 (Lund et al., 1994). The target values 
for the acute criteria were calculated using the 90th percentile of pH and the 50th percentile of 
temperature and pH for the chronic criteria. 
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Table 11. Targets for ammonia toxicity for listed waterbodies 
Waterbody Target NH4 

Acute criteria 
Target NH4 

Chronic criteria 
Malibu Creek 2.59 mg/l 1.75 mg/l 
Lake Sherwood 6.7 mg/l 2.1 mg/l 
Westlake Lake 8.5 mg/l 1.5 mg/l 

c. Algae/Chlorophyll a 

The Regional Board has not established numeric values for nuisance levels of aquatic growth 
such as algae. These TMDLs establish numeric targets for percent algal cover and algal biomass 
for the entire Malibu Creek watershed. 

Percent cover (Algae). The Regional Board has used 30% cover (with greater than 10 
frequency) as an indicator for evaluating excessive nuisance algae for listing purposes based on 
recommendations from Biggs (2000). We will use 30% algal cover for floating algae 
(filamentous algae greater than 2 cm in length) and 60% algal cover for bottom algae (diatoms 
and blue green algae mats greater than 0.3 cm in thickness) expressed seasonal mean as targets in 
this TMDL for the creeks and lagoon. EPA believes these targets are more consistent with the 
recommendations found in the Biggs report. 

Algal biomass- Chlorophyll a (Chl-a). There is relatively little information on targets for algal 
biomass in streams or lagoons. Studies by Dodds et al., 1988 suggested that a mean of 70 mg/m2 

Chl-a and a maximum of 200 mg/m2 Chl-a might be used as a dividing point between 
mesotrophic and eutrophic conditions. Others have suggested values between 50 and 100 mg/m2 

Chl-a as targets for the mean and values between 100 and 200 mg/m2 as targets maximum Chl-a. 
In these TMDLs, we use 50 mg/m2 for the mean and 150 mg/m2 for the maximum as numeric 
targets for in-stream chlorophyll-a concentration. This is based on our review of the data for 
Malibu Creek watershed which indicates that streams in undeveloped areas are generally below 
50 mg/m2 Chl-a and that values in developed areas are frequently above 150 mg/m2 Chl-a 
(Kamer et al., 2002). The value of 150 mg Chl-a/m2 is within biomass range of “critical level[s] 
for an aesthetic nuisance” as provided by EPA (1999a). The target for lakes of 10 ug/l Chl-a is 
based on EPA guidance (EPA, 1999a). 

Table 12. Summary of numeric targets for algae 
Waterbody Type Chlorophyll-a Algae (% coverage) 
Lakes 10 ug/l 30 
Streams 150 mg/m2 30 for floating algae, 60 for bottom 

algae 
Lagoon 150 mg/m2 30 for floating algae, 60 for bottom 

algae 

d. Nitrogen and Phosphorus 

EPA is applying numeric targets for nutrients during two seasons. During the summer (April 15-
November 15), total N (nitrate-nitrite) and total P targets are 1.0 and 0.1 mg/l respectively for all 
water bodies. 
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In the winter months (November 16-April 14), the total N target is 8 mg/l (nitrate-nitrite) for all 
water bodies. No total P target is applied during the winter months. Table 13 summarizes these 
targets for each season and each waterbody type. The basis for these targets is discussed below. 

EPA stresses that these numeric target values are proposed only for waters in the Malibu Creek 
watershed. The inclusion of these numeric target values for Malibu watershed is not intended to 
reflect any judgements about the numeric targets needed for other nutrient TMDLs needed in 
California. 

Table 13. Summary of numeric targets for nitrogen and phosphorus as monthly averages 
Waterbody Type Summer 

(April 15 to Nov. 15) 
Winter 

(Nov. 16 to April 14) 
Total Nitrogen 

(mg/l) 
Total Phosphorous 

(mg/l) 
Total Nitrogen 

(mg/l) 
Lakes 1.0 0.1 8.0 
Streams 1.0 0.1 8.0 
Lagoon 1.0 0.1 8.0 

e. Basis for Summer Nitrogen and Phosphorus Numeric Targets 

Streams At the present time there are no numeric nutrient criteria for general waters of 
California. States are being asked to develop nutrient criteria and Regional Board 4 staff is 
participating in the EPA and State work groups to development eco-regional specific nutrient 
criteria. Although studies are underway in a number of watersheds, the deadline for 
development and implementation of nutrient criteria is several years away. 

EPA concluded that it is necessary to set numeric targets more stringent than the existing 
numeric objectives for total nitrogen in order to ensure attainment of the narrative objective that 
addresses Biostimulatory Substances. Our review of available data, studies, and information 
indicate that the numeric objectives are not sufficiently protective during the summer months 
when algae problems are most pronounced. 

In the 1970s there was a recommendation of the use of 0.1 mg/l as a standard for total 
phosphorous, and many States and some Regional Boards have adopted this as a nutrient 
standard. Others (including San Diego Regional Board) have also used this number to develop a 
nitrogen value of 1 mg/l assuming a 10:1 nitrogen to phosphorous (N:P) ratio. EPA and NOAA 
have recommended values of 0.1 to 1.0 mg/l for nitrogen and 0.01 to 0.1 mg/l for phosphorous as 
guidelines for evaluating eutrophic conditions in coastal estuaries (NOAA/EPA 1988). Dodds et 
al. (1998) suggested thresholds of 1.5 mg/l nitrogen and 0.075 mg/l for distinguishing between 
mesotrophic and eutrophic conditions in streams based on a review of stream data from various 
locations around the world. However based on the work of Kamer et al. (2002) these values 
have little predictive power in explaining the patterns in algal abundance or biomass within the 
Malibu Creek watershed. 

There is uncertainty as to what factors control algal abundances in the Malibu Creek watershed 
(Ambrose et al., 1995, CH2MHill, 2000, Ambrose et al., 2000, Kamer et al., 2002). Working in 
a number of creeks within the Malibu Creek watershed, Kamer et al. (2002) found that total 
phosphorus could explain 70% of the variability in benthic Chlorophyll a, and the combination 
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of total phosphorus plus light could explain 68% of the variability in total chlorophyll a 
concentration. However their data on nitrogen to phosphorus (N:P) ratios were inconclusive 
suggesting that both N and P may be limiting or alternately that neither N nor P were limiting. 
Their experiments in the field were also inconclusive, some tests suggesting nitrogen limitation 
at undeveloped sites and P limitation at the more developed sites. They indicated that there 
might be other factors such as light and flow that may help to better explain the patterns in algal 
abundances. The nutrient limitation studies that have been done in the streams are equivocal for 
setting numeric targets. 

Studies were inconclusive in large part due to the destruction of a large number of nutrient 
diffusers within the field. A follow-up nutrient diffuser study was conducted in the fall of 2002 
and the final results are expected to be available by mid-2003. This study is expected to provide 
more definitive data regarding the relationship between nutrients and algal impairment. The 
Regional Board should carefully consider the results of this study, which may provide a basis for 
determining whether the TMDLs need to be revised. 

Some efforts have been made to use N:P ratios to identify limiting nutrients in the lagoon. The 
N:P ratios reported by Ambrose et al. (1995) varied widely with time. The results suggested that 
averaged over the course of the year the upstream area near the Malibu Creek inlet tended to be 
more phosphorus limited (general norm for streams) while the central and downstream areas 
tended to be more nitrogen limited (the general norm of coastal waters). Ambrose et al. (2000) 
suggested that N was probably more limiting than P based on N:P ratios . However, others 
(CH2MHill, 2000) have pointed out that although the N:P ratios are suggestive of nitrogen 
limitation there is very little positive relationship between chemical concentrations and algal 
abundances in the lagoon. Indeed, in the summer time there is a negative relationship as algae 
take up nutrients. In addition, a review of the Tapia data indicates that reductions in Tapia 
loadings in the summer have not had any measurable effect on reducing algal abundances in the 
Lagoon. 

Therefore, when establishing a numeric target to control algal biomass and chlorophyll a 
concentrations, it is important to consider the factors limiting algal growth. No single study 
element was identified as the factor most likely limiting algal growth (Ambrose et al., 2000; 
Kamer et al, 2002). In the absence of conclusive information on limiting factors, the EPA will 
target both nitrogen and phosphorus for the summer period. The target values (Table 13) and the 
rationale used to develop these targets are presented below. However, it is anticipated that the 
limiting condition will be determined prior to full implementation of these TMDLs. Studies are 
underway to: 1) assess the dissolved oxygen levels within the watershed, 2) assess the level of 
impairment due to excessive algae, and 3) evaluate the relationship between nutrient water 
quality and aquatic life impacts. After these determinations, the Regional Board may need to 
revise these TMDLs. 

EPA has utilized the reference waterbody approach to develop numeric targets for impaired 
streams and lakes within the Malibu watershed. This approach is described in EPA guidance 
(EPA 2000a, 2000b). For streams, the reference approach involves using relatively undisturbed 
stream segments to serve as examples of background nutrient concentrations (EPA 2000). Data 
were reviewed from three locations upstream of the Tapia treatment plant where we have long-
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term data sets (see Figure A-1 and Table 14). The stations are located in Upper Malibu Creek 
(R9), Middle Malibu Creek (R1) and Lower Las Virgenes Creek (R6). 

Table 14. Median Concentration Values (mg/l) from Tapia Monitoring stations (1991 to 1999) 
NUTRIENT 
COMPOUND 

Upper Malibu 
Creek (R9) 

Middle Malibu 
Creek (R1) 

Lower Las 
Virgenes Creek 

(R6) 

Proposed 
Target 

NO3-N 0.1 0.8 2.61 
TN 0.71 1.51 3.41 1.0 
PO4-P 0.08 0.11 0.23 
TP 0.1 

The concentrations for both nitrogen and phosphorus at the Upper Malibu Creek and Middle 
Malibu Creek stations were much lower than at the Las Virgenes Creek station. Data from 
stations R9 and R1 are believed to be more appropriate for setting target values using the 
reference approach. Based on data from these stations, the proposed targets are 1.0 mg/l for total 
nitrogen and 0.1 mg/l as a target for total phosphorus for the summer period. These values are 
consistent with EPA coastal values (NOAA/EPA 1998) and similar to the values for the 
eutrophic/mesotrophy proposed by Dodds et al. (2000) (1.5 mg/l TN and 0.075 mg/l TP). 

Lakes. Lund et al. (1994) was the primary data source for establishing reference conditions for 
the lakes. This study evaluated trophic status, including nutrients and effects, for twenty-three 
lakes within the Los Angeles Region and was the same study used to list the four lakes in the 
Malibu Creek watershed as impaired. Ideally, reference conditions (nitrogen and phosphorus) 
are concentrations representative of lake conditions in the absence of anthropogenic pollution 
sources. However, since most lakes have been impacted by human activity to some measure, 
reference conditions represent the least impacted or most attainable lake cond itions for a specific 
region (EPA, 2000b). Based on the evaluation, Crystal Lake, an alpine lake in the Los Angeles 
National Forest, was the least impaired. Nutrient concentrations at Crystal Lake were low, and 
these concentrations are felt to represent the most attainable nutrient and effects target. 

Table 15. Summary of nutrient concentrations (mg/l) for five lakes (adapted from Lund et al., 1994) 
Nutrient Lake 

Sherwood 
Westlake 

Lake 
Malibu 
Lake 

Lake 
Lindero 

Crystal 
Lake 

Proposed 
Lake 

Targets 
NO3 0.5 0.3 0.5 0.4 <0.1 
NH4 0.8 0.4 0.1 0.1 0.2 
TKN 1.7 1.3 1.2 1.1 0.2 
TN 2.23 1.69 1.78 1.58 <0.3 1.0 
TP 0.25 0.16 0.14 0.13 <0.1 0.1 
PO4 0.25 0.16 0.13 0.09 <0.1 
Chl-a 16 14 44 23 4 

The proposed targets for these TMDLs are 1.0 mg/l for total N and 0.1 mg/l for total P for the 
summer period. The TP value of 0.1 mg/l is based on concentration at Crystal Lake. The TN 
value of 1.0 mg/l is derived from the Crystal Lake TP value assuming an N:P ratio of 10 to 1 
ratio. The lake report (Lund et al., 1994) indicated that there were excessively high nitrogen 
values at Lake Sherwood, Westlake, Malibu Lake and Lake Lindero and high phosphorus values 
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at Sherwood Lake and Lake Lindero. They suggested that Lake Sherwood and Westlake Lake 
were both N and P limited and that Malibou Lake and Lake Lindero might be P limited. 
Compliance with these targets will result in significant improvements in nitrogen concentrations 
in all four lakes, significant improvement in phosphorus concentrations in Sherwood Lake and 
Westlake Lake and minor improvements in phosphorus concentrations in Malibou Lake and 
Lake Lindero. 

Lagoon. Targets for the Lagoon were derived from the EPA/NOAA guidance for estuaries 
(NOAA/EPA 1988). The targets are 1.0 mg/l for nitrogen and 0.1 mg/l phosphorus for the 
summer period. We used the high-end range for these values because of the uncertainty 
regarding which factors are limiting algal abundances. For comparison, average lagoon values 
during the summer were 1.39 mg/l for nitrogen and 0.49 mg/l (Ambrose et al., 2000). The 
average winter concentrations measured by Ambrose et al were 4.0 mg/l for nitrogen and 0.63 
mg/l for phosphorus. 

f. Basis for Winter Season Nitrogen Numeric Targets 

The Regional Board’s Basin Plan includes a numeric objective for Malibu Creek of 10 mg/l of 
nitrogen (sum of nitrate-nitrogen and nitrite-nitrogen). As discussed in the problem statement, 
Section 2, there is clear evidence of algae problems in the summer months and some evidence of 
algae problems in the winter months. In EPA’s judgment, it would be unwarranted to apply the 
summer season numeric target values for nitrogen and phosphorus at this time given the 
significant uncertainty concerning the existence and degree of algae problems as well as the 
uncertainty concerning the relationship between algae growth and nutrient levels in the winter 
months. However, EPA has concluded that it is necessary and appropriate to set numeric targets 
for total nitrogen because the Basin Plan specifies numeric objectives for total nitrogen that 
apply throughout the year and because there is some evidence of algae problems in the winter. 
To account for these uncertainties, EPA is setting numeric targets for the winter months that are 
less stringent than the nitrogen targets selected for the summer season but more stringent than the 
Basin Plan numeric objective for total nitrogen. EPA is incorporating a 20% explicit margin of 
safety in the winter season numeric targets for total nitrogen in order to help address uncertainty 
concerning algal growth problems in winter and to ensure that the 10 mg/l numeric objective is 
met in all waterbodies during the winter months. Therefore, the numeric targets for the winter 
season are 8 mg/l for the streams, lakes, and lagoon. 

4. Source Assessment 

An inventory of possible sources of nutrients to the waterbody was compiled, and both simple 
methods and computer modeling were used to estimate nutrient loads for those sources. Provided 
below is a description of the sources and a summary of the load estimates. For more detailed 
information on the source assessment, please refer to the modeling report (Tetra Tech, 2002). 
The Tetra Tech analysis provided both annual and summer loading estimates for nitrogen and 
phosphorus. The summer analysis covered May 1 to October 31 and included storm events 
during that period. 
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For purposes of allocations among nutrient sources, federal regulations distinguish between 
allocations for point sources regulated under NPDES permits (for which wasteload allocations 
are established) and nonpoint sources not regulated through NPDES permits (for which load 
allocations are established) (see 40 CFR 130.2). 

Sources of nutrient discharges to waters in the Malibu Creek watershed that are regulated in 
whole or in part through NPDES permits include direct discharges from the Tapia WRF and 
urban stormwater discharges regulated under municipal stormwater permits. As discussed 
further in the allocation section below, for some source categories, it is difficult to distinguish 
between discharges regulated under stormwater permits and discharges that are not subject to 
permit requirements. In the source assessment section, source categories are discussed based on 
the physical characteristics of the discharge rather than their regulatory status. 

Nutrient loads for storm water runoff were estimated by using the Hydrodynamic Simulation 
Program Fortran, a computer model (Tetra Tech, 2002). Loads from nonpoint sources discussed 
in this section were estimated using simple mass balance calculations. 

The major categories of nutrient sources in the Malibu Creek watershed are: 

• direct and indirect discharges from Tapia WRF 
• septic systems 
• runoff from residential and commercial areas 
• runoff and erosion from undeveloped areas 
• runoff associated with agricultural/livestock 
• golf course irrigation and fertilization 
• groundwater 
• atmospheric deposition 

a. Tapia Water Reclamation Facility (WRF) 

There are two types of discharges from the Tapia WRF operated by the Las Virgenes Municipal 
Water District (LVMWD). Direct discharges include discharges of treated effluent directly to 
Malibu Creek and effluent discharges to percolation beds and then to Malibu Creek. Indirect 
discharges include loads associated with effluent irrigation and sludge disposal, which may reach 
water bodies through surface runoff or subsurface flows. 

Direct discharges. The discharges from Tapia WRF and the percolation beds were calculated 
from TWRF monitoring data and represented in the linkage analysis as a direct discharge into 
middle Malibu Creek. 

The Tapia WRF was built in 1965 (RWQCB, 1997). The facility has been expanded several 
times over the years as increasing urbanization and population growth in the watershed has 
increased wastewater flows. The plant capacity was expanded from 10 mgd to 16.1 mgd in 1994 
(RWQCB, 1997). In 1984, the plant was converted from secondary to tertiary treatment. 
Currently, discharge to Malibu Creek is not allowed during the summer season when the sand 
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berm forms and closes off the entrance to Malibu Lagoon from the ocean. Regional Board Order 
No. 97-135 was adopted on November 3, 1997, and requires a discharge prohibition to the creek 
from April 15 through November 15 (RWQCB, 2000). Previously, discharges to Malibu Creek 
were fair ly low during the season, when there is demand for the reclaimed wastewater. The 
mean summer effluent discharge rates during April to September ranged from <0.1 to 0.6 mgd. 
In comparison, the mean discharge rates during the winter months (October to February) were 
approximately 8 to 10 mgd (LVMWD, 1996-2000). 

The treated effluent from Tapia has one of two end destinations. The effluent is either reclaimed 
for irrigation and industrial uses, or is discharged to streams. Effluent is discharged to Malibu 
Creek or Las Virgenes Creek through discharge points 001 and 002 (Table 16). No discharge is 
currently routed to the percolation ponds. The 004 discharge point was eliminated in 1999. 

Table 16. Tapia Effluent Discharge Points 
Discharge No. Description Subwatershed Receiving Water 

1 Primary outfall pipe Middle Malibu Creek Malibu Creek 
2 Reservoir No. 2 outfall Lower Las Virgenes Creek Las Virgenes Creek 

The primary discharge outfall into Malibu Creek is Discharge No. 001, which is located about 
0.3 mile upstream of the confluence with Cold Creek (about 5 miles upstream of the lagoon). 
Discharge No. 002 flows into lower Las Virgenes Creek, and is used to release surplus effluent 
from Las Virgenes Reservoir No. 2, which is used for distribution of the reclaimed water system. 

The effluent concentrations of nutrients discharged to Malibu Creek from 1992 to 2000 for 
phosphate-P concentrations ranged from 1.9 to 2.9 mg/l, and averaged 2.6 mg/l. Nitrate-N was 
the dominant nitrogen species, with concentrations ranging from 8 mg/l to 19 mg/l, and 
averaging 14 mg/l. Nitrite-N was negligible and was generally below the detection limit of 0.01 
mg/l. Ammonia-N was generally below the detection limit of 0.2 mg/l. Organic-N 
concentrations ranged from 0.4 mg/l to 0.8 mg/l, and averaged 0.6 mg/l. The total nitrogen 
concentration averaged 14.6 mg/l, and the N/P ratio of the effluent was 5.6. (LVMWD, 1993-
2000). 

The nutrient loads discharged to Malibu Creek from Tapia were estimated from the monthly flow 
and concentration measurements collected by the Las Virgenes Municipal Water District for 
their NPDES monitoring reports (LVMWD, 1993-2000). The discharge prohibition was initiated 
in water year 1998. 

Table 17. Annual nitrogen and phosphorus loadings from Tapia (1992-1999) 
Year 1992 1993 1994 1995 1996 1997 1998 1999 
Total Nitrogen 155,058 128,284 114,527 137,788 92,365 79,208 185,407 95,788 
Total Phosphorus 
(PO4) 

46,728 39,032 18,295 19,623 15,833 9,092 29,620 16,104 

The facility represents 30% of the nitroge n and 48% of the phosphorus loadings to the Malibu 
Creek watershed on an annual basis. Prior to the discharge prohibition, Tapia loadings 
represented 4.6% of the summer season loadings for nitrogen and 8% of the summer season 
loadings for phosphorus. 
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Indirect Discharges of Reclaimed Wastewater and Sludge Disposal. The Las Virgenes 
Municipal Water District (LVMWD) sells approximately 4,000 acre-feet per year of reclaimed 
wastewater from its Tapia WRF that is used for irrigating open space and landscaping 
(Abramson et al., 1998). In addition, Tapia composts the solid wastes from its treatment facility 
into fertilizer at their Rancho Las Virgenes Compost Facility (LVMWD, 1994; RWQCB, 1997; 
Abramson et al., 1998). Another portion of the sludge from Tapia is digested and pumped to 
their Rancho Las Virgenes Farm for subsurface injection. The sludge is used to fertilize the oat, 
barley, Sudan grass, silage corn, and Sudan hybrid crops that are grown during the various 
seasons at the 91-acre site (RWQCB, 1997). While these practices make good use of the 
reclaimed wastewater, they are essentially the same as fertilization and will add nonpoint sources 
of nutrients if the nutrient application rates are higher than the plant uptake rates. The excess 
nutrients will migrate to waterways through shallow groundwater flows, or increase the nutrient 
loads in surface runoff during storms (Tetra Tech, 2002). 

Tables 18 and 19 present total loads of nitrogen and phosphorus, respectively, produced by 
effluent irrigation in the Malibu Creek Watershed. During model calibration, net loading of 
nitrogen was reduced to 25% of total produced loads due to plant uptake and soil retention, 
except for Tapia percolation beds that have no adjustments since they flow into Malibu Creek. 
During calibration, net phosphorus loads were reduced to 10% of total produced loads due to 
plant uptake and soil retention, except for the Tapia percolation beds that have no adjustments 
since they flow into Malibu Creek. In contrast to the common assumption that phosphorus is 
relatively immobile in soils, phosphorus loads from effluent irrigation were necessary to explain 
the observed concentrations in the waterways. 

Table 18. Annual Nitrogen Loads associated with effluent irrigation in the Malibu Creek Watershed 
Source 1992 1993 1994 1995 1996 1997 1998 1999 
Triunfo Sanitation District 21,109 9,120 17,762 21,588 50,743 53,342 38,652 63,649 
Western Las Virgenes 
Municipal Water District 

117,522 75,110 80,883 98,653 80,737 94,253 81,021 100,741 

Calabasas 46,673 38,975 56,946 60,743 60,080 50,754 46,498 60,749 
Las Virgenes Valley 4,865 8,294 11,854 10,947 10,988 6,534 5,613 9,795 
Rancho Las Virgenes 4,018 2,632 2,324 925 2,591 2,375 1,820 3,487 
Rancho Las Virgenes 
Composting 

0 0 0 0 0 0 148 150 

Tapi a Percolation Beds 46,585 20,185 69,882 91,645 69,745 72,300 0 0 
Malibu Creek Park 0 0 0 0 0 0 0 40 
Tapia Spray Fields and 
Wastewater Reclamation 
Facility 

2,320 825 2,742 1,165 719 27,796 148 150 

Tapia Yard 27,576 19,854 21,177 21,113 24,131 0 0 0 
TOTAL 272,660 176,988 265,564 308,774 301,730 309,351 175,898 240,760 

Table 19. Annual Phosphorus Loads associated with effluent irrigation in the Malibu Creek Watershed 
Source 1992 1993 1994 1995 1996 1997 1998 1999 
Triunfo Sanitation District 6,568 2,504 2,768 2,456 8,569 10,137 5,987 10,667 
Western Las Virgenes 
Municipal Water District 

36,704 21,302 12,374 11,721 13,637 14,793 14,563 17,221 

Calabasas 14,554 10,981 8,978 7,204 10,241 8,063 8,395 10,747 
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Las Virgenes Valley 1,535 2,688 2,003 1,023 1,880 868 1,028 1,703 
Rancho Las Virgenes 1,218 1,248 338 52 439 390 351 580 
Rancho Las Virgenes 
Composting 

0 0 0 0 0 0 25 25 

Tapi a Percolation Beds 14,348 5,902 10,741 12,372 11,972 8,741 0 0 
Malibu Creek Park 0 0 0 0 0 0 0 10 
Tapia Spray Fields and 
Wastewater Reclamation 
Facility 

722 293 511 106 145 4,086 25 25 

Tapia Yard 8,356 6,115 3,898 2,774 3,678 0 0 0 
TOTAL 85,997 53,026 43,605 39,703 52,557 49,075 32,372 42,977 

Table 20. Sludge injection loads at Rancho Las Virgenes Farm 
Year Sludge biosolids 

loading 
(ton/yr) 

Total Nitrogen 
load 

(lb/yr) 

Total Phosphorus 
Load 
(lb/yr) 

Net Nitrogen 
Load to waters 

(lb/yr) 
1997 307 49,120 6,140 24,560 
1998 90 14,400 1,800 7,200 
1999 1 160 20 80 

Effluent irrigation and sludge injection are estimated to contribute 9% of the annual nitrogen 
load and 6% of the annual phosphorus load (Tetra Tech, 2002). These sources are estimated to 
contribute 15% of the nitrogen and 13% of the phosphorus loadings (Tetra Tech, 2002) during 
the summer season. 

b. Septic Systems 

Septic systems can be significant sources of nutrients, even when they are well sited and 
functioning properly, since they introduce nutrients to shallow groundwater that may eventually 
enter surface waters. Nitrogen is particularly mobile in groundwater, while phosphorus has a 
tendency to be adsorbed by the soils. 

Except for the city of Malibu, most of the medium to high-density residential developments in 
the watershed are on sewer systems. However, septic systems are still used in lower density rural 
residential areas and in a few communities. The total number of septic systems in the watershed 
was estimated at 2,300 in the mid-1990s (NRCS, 1995). 

The City of Malibu has about 6,000 septic systems, of which about 200 are estimated to be 
within the watershed boundaries based on information compiled by the Regional Board 
(RWQCB, 2000a). An estimated 70,000 to 80,000 gallons of septic effluent per day are 
discharged from about 20 commercial septic systems in shopping centers and commercial areas 
in the vicinity of Malibu Lagoon. Several hundred thousands of gallons per day are estimated to 
be discharged from private residences in the Malibu area of the lower watershed. Septic system 
discharges within the Malibu city limits (including areas outside of the watershed) are estimated 
to range from 840,000 to 1,200,000 gallons per day. 

Although anecdotal reports indicate that illicit "greywater" discharges are a source of nutrient 
loads in areas where septic systems are utilized (LACDHS, 2001), the extent of the loading could 
not be quantified from available data. 
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Table 21 presents the total annual nutrient loads generated from septic systems in the Malibu 
Creek watershed. It was assumed that normal operating septic systems would remove 50 percent 
of the nitrogen and 90 percent of the phosphorous, that short-circuited systems would remove 
none of the nitrogen and 30% of the phosphorous, and that failing systems would not remove any 
of the nitrogen or phosphorous. The septic system nutrient loads were then adjusted to account 
for grass uptake, which resulted in about 13 percent removal for both nitrogen and phosphorus. 
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Table 21. Total Annual Nutrient Loads (lbs/yr) Generated from Septic Systems 
Subwatershed Total 

number 
of 

septics 

Normal 
Septics 

Failed 
Septics 

Short-
Circuite 

d 
Septics 

Comm
ercial 

Septics 

Total 
effluent 

flow 
(gal/day 

) 

Nitroge 
n Load 
(lbs/yr) 

Phos 
phorus 
Load 

(lbs/yr) 

Hidden Valley Creek 625 500 125 171,250 30,879 5,147 
Potrero Cyn Creek 
Westlake Lake 60 48 12 16,440 2,957 493 
Upper Lindero Creek 
Lower Lindero Creek 
Upper Medea Creek 
Palo Comado Creek 
Cheeseboro Creek 
Lower Medea Creek 110 88 22 30,140 5,439 905 
Triunfo Creek 820 656 164 224,680 40,515 6,753 
Upper Malibu Creek 95 76 19 26,030 4,709 781 
Upr L.Virgenes Crk 
Lwr L.Virgenes Crk 50 40 10 13,700 2,482 412 
Stokes Creek 85 68 17 23,290 4,198 701 
Middle Malibu Creek 50 40 10 13,700 2,482 412 
Cold Creek 300 240 60 82,200 14,819 2,471 
Lower Malibu Creek 5 4 1 1,370 256 40 
Malibu Lagoon 
Above Lagoon 170 136 34 46,580 8,395 1,398 
Adjacent to Lagoon 30 30 8,220 1,497 248 
Commercial near 
lagoon 

20 20 75,000 
13,542 2,256 

Total 2420 1896 474 30 20 732,600 132,094 22,017 
Note: The Regional Board report (2000a) provided descriptions of various septic categories. Normal systems 
represent the majority of the septic systems that are properly sited and are functioning according to normal design 
standards. Failing systems represent septic systems that are not operating properly due to a variety of reasons. 
Failing systems include systems that have backed up or that have surfacing effluent, as well as systems that routinely 
have poorly functioning leach fields. Estimates of septic system failure rates ranged from 20 to 30 percent in the 
Malibu Creek watershed. A 20 percent maximum failure rate was assumed for the modeling, and was applied to 
each subwatershed that has septic systems. Short-circuited systems represent septic systems that are sited close to 
waterways and that have very shallow groundwater tables so that little nutrient or pathogen removal takes place. 
This category was used for the residential septic systems in Malibu Colony and the commercial septic systems in the 
Cross Creek shopping center that have been shown to influence Malibu Lagoon. 

We estimate that on an annual basis septic systems contribute about 10% of the nitrogen loadings 
and 10% of the phosphorus loadings. During the summer season septic systems contribute about 
22% of the nitrogen and 21% of phosphorus loadings. We understand that the City of Malibu is 
conducting a risk assessment to accurately characterize the impact of septic systems on 
groundwater in the Lower Malibu Creek and Malibu Lagoon watershed (Cit y of Malibou, 2001). 
Data from this study will provide greater certainty on the estimates of actual loadings from septic 
systems to the creek and lagoon. 

c. Runoff from Residential and Commercial Areas 

Runoff from residential and commercial areas can be important sources of nutrients and bacteria. 
Most of the major residential and commercial areas are in the cities of Westlake Village, 
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Thousand Oaks, Agoura Hills, Calabasas, and Malibu. Lower density residential areas are 
scattered in many areas of the watershed, and include the communities around Lake Sherwood 
and Malibou Lake, the Hidden Valley area, the Palo Comado Creek area east of Agoura Hills, 
and the community of Monte Nido. The potential nutrient sources include fertilizer used for 
lawns and landscaping; organic debris from gardens, landscaping, and parks; phosphorus in 
detergents used to wash cars or driveways; trash such as food wastes; domestic animal waste; 
and human waste from areas inhabited by homeless. Human and domestic animal waste are also 
sources of bacteria. These pollutants build up, particularly on impervious surfaces, and are 
washed into the waterways through storm drains when it rains. These loads are typically highest 
during the first major storms after extended dry periods, when the pollutants have accumulated. 

Activities such as watering lawns and landscaping, washing cars, and washing parking lots and 
driveways can contribute pollutants between storms. A portion of the nutrients from all of the 
above sources will also infiltrate into the soils of pervious areas, and may enter the waterways 
through shallow groundwater flows (Tetra Tech, 2002). 

On an annual basis runoff from developed land areas contributes 13% of the total nitrogen load 
and 10% of the total phosphorus loads. During the summer season these land uses contribute 
19% of the nitrogen loadings and 17% of the phosphorus loadings. 

d. Runoff from Undeveloped Areas 

More than 75% of the Malibu Creek watershed is undeveloped land (open space) consisting 
primarily of chaparral, scrub, and woodlands, with smaller areas of grasslands and forests. 
Runoff from these areas contributes nutrients to the waterways in both particulate and soluble 
forms. Particulate forms generally predominate and are introduced through the erosion of soils 
that contain organic litter from the overlying vegetation. Soluble nutrients are released during 
litter decomposition and may enter the waterways as a component of surface runoff or through 
shallow groundwater transport. 

In addition, wildlife wastes may contribute to the nutrient loads from the large undeveloped 
portions of the watershed. The abundance of wildlife varies among the different habitat and 
vegetation types. Approximately 50 species of mammals and 380 species of birds occur in the 
watershed (NRCS, 1995). The important mammals include mule deer, hares, rabbits, squirrels, 
foxes, bobcats, badgers, ring-tailed cats, weasels, coyotes, raccoons, skunks, mountain lions, and 
a variety of small rodents (rats, mice, gophers, voles). 

Waterfowl are important components of the Malibu Lagoon ecosystem, and may also contribute 
nutrients and bacteria to the various lakes in the watershed. Waterfowl were considered as a 
separate loading source only for Malibu Lagoon, since birds may be an important source of 
nutrients in the lagoon (Warshall et al., 1992). Waterfowl loads were not evaluated for the lakes 
since bird counts were not available. Table 22 presents the annual nutrient loads produced by 
waterfowl near Malibu Lagoon. 
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Table 22. Nutrient loadings (lbs) produced by waterfowl in Malibu Lagoon 
(Reference: Topanga-Las Virgenes Resource Conservation District) 

Month Bird Population Nitrogen (lbs/mo) Phosphorus (lbs/mo) 
January 1000 237 85 
February 1500 290 104 

March 1630 293 105 
April 400 54 19 
May 300 42 15 
June 320 43 16 
July 230 105 38 

August 200 42 15 
September 400 54 19 

October 750 105 38 
November 780 297 107 
December 1100 209 75 

Annual Total (lbs/yr) 1771 637 

Runoff from undeveloped land contributes 20% of the nitrogen and 17% of the phosphorus on an 
annual basis. The percent contribution during the summer is 9% for nitrogen and 11% for 
phosphorus. Birds contribute a relatively small fraction of the annual nitrogen load (0.3%) and 
phosphorus load (0.7%). The summer contribution is also a small percentage (0.5%) about 2% 
of phosphorus. The effects of birds and may be more significant on a local scale. 

e. Agriculture/Livestock 

Most of the agricultural activity in the Malibu Creek watershed is concentrated in the Hidden 
Valley area and consists primarily of pastures and grazing. Smaller agricultural areas are found 
in parts of the Stokes Creek, Lower Las Virgenes Creek, and Triunfo Creek subwatersheds. 
Orchards or vineyards occur in a few areas of the Triunfo Creek, Hidden Valley, Lower Malibu 
Creek, and Malibu Lagoon subwatersheds. Agricultural lands introduce nutrients to waterways 
through both surface runoff and erosion during storms and through shallow groundwater flows. 
The nutrient sources include fertilizers applied during cultivation; organic litter from the plants, 
grasses, or trees; erosion of the surface soils; waste accumulation from grazing animals; and 
soluble nutrients released during the decomposition and mineralization of plant litter and animal 
waste. 

Manure produced by horses, cattle, sheep, goats, birds, and other wildlife in the Malibu Creek 
watershed are sources of both nutrients and bacteria. These loads can be introduced directly to 
the receiving waters in the case of waterfowl or cattle wading in streams, or they may occur as 
nonpoint sources during storm runoff. Horses are the most prevalent livestock in the watershed. 
Although horses are scattered throughout much of the watershed, most of the horses are 
concentrated in a few areas. These are Hidden Valley, the Palo Comado Creek area east of 
Agoura Hills, the Triunfo Creek and Lower Medea Creek areas in the vicinity and upstream of 
Malibou Lake, and the Cold Creek area around the community of Monte Nido. Cattle grazing is 
confined primarily to the Hidden Valley area in the upper western portion of the watershed. 
Approximately 250 cattle are estimated to reside in this area. Approximately 200 sheep and 
goats reside in the Ahmanson Ranch and pasture area north and east from the Rancho Las 
Virgenes. In the past years, cattle grazing also has occurred on the Rancho Las Virgenes 
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property of the upper Las Virgenes Creek subwatershed. The Natural Resources Conservation 
Service study provided the above estimates (NRCS, 1995). 

Tables 23 and 24 present gross nutrient loads from horse and livestock manure, respectively, in 
the Malibu Creek watershed. The horse loads are reduced by forty percent for input into the 
model, due to collection of horse manure from stables, except for Hidden Valley subwatershed 
where there are many open pastures. Additionally, loads were reduced by twenty percent for 
horses and thirty percent for cows and sheep because these percentages were assumed to occur as 
urine and instead contribute nutrients to shallow groundwater (ASAE, 1998). Because horse and 
livestock loads occur as non-point sources in the model, there is a buildup of the nutrients during 
the dry periods and thus reduced contribution of the nutrients to the stream reaches during these 
periods. 

Table 23- Gross Annual Horse Nutrient Loads 
Subwatershed Number of Horses Total N 

(lbs/yr) 
Total P 
(lbs/yr) 

Hidden Valley Creek 920 100,740 23,842 
Portereo Canyon Creek 40 4,380 1,037 
Westlake Lake 
Upper Lindero Creek 
Lower Lindero Creek 5 548 131 
Upper Medea Creek 20 2,190 518 
Palo Comado Creek 100 10,950 2,592 
Cheeseboro Creek 
Lower Medea Creek 140 15,330 3,628 
Triunfo Creek 160 17,520 4,146 
Upper Malibu Creek 
Upper Las Virgenes Creek 15 1,643 391 
Lower Las Virgenes Creek 5 548 131 
Stokes Creek 45 4,928 1,168 
Middle Malibu Creek 30 3,285 777 
Cold Creek 115 12,593 2,982 
Lower Malibu Creek 
Malibu Lagoon 100 10,950 2,592 
Total 1695 185,603 43,928 

Table 24. Gross Annual Other Livestock Nutrient Loads 
Subwatershed Cattle Sheep/Goats Total N 

(lbs/yr) 
Total P 
(lbs/yr) 

Hidden Valley Creek 250 24,820 6,716 
Upper Las Virgenes Creek 15 1,489 402 
Upper Las Virgenes Creek 200 1,840 380 
Total 265 200 28,149 7,501 

On an annual basis, agriculture/livestock contribute about 5% of nitrogen and about 2% of 
annual phosphorus. During the summer season the percent contribution increases to about 8% 
for nitrogen and about 4% for phosphorus. 
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f. Golf Courses 

Golf courses can be major sources of nutrients since the typical fertilization and watering rates 
are generally much greater than the amounts utilized by the golf course grasses. The excess 
nutrients accumulate in the soils and can be transported to waterways in shallow groundwater 
flows and stormwater runoff. Most of the golf courses are adjacent to waterways. Both Lake 
Sherwood and Lake Lindero have golf courses just upstream of the lakes, and Westlake Lake has 
a golf course about 0.6 miles northeast of the lake. In addition, two golf courses are located in 
the upper portions of the Westlake and Upper Lindero Creek watersheds near perennial or 
intermittent streams. There is also a small private golf course on the west side of Malibu Lagoon 
in the Malibu Colony area. 

Table 25 presents golf course total nutrient loads and those rema ining after grass uptake. During 
model calibration, it was assumed that fifty percent of the net nitrogen loads and ten percent of 
the net phosphorus loads reached the waterways because of reductions from processes such as 
plant uptake and soil retention (Reed et al., 1988). For the Hidden Valley golf course, it was 
assumed that 100% of the net nitrogen load and twenty percent of the net phosphorus load 
reached Lake Sherwood because the golf course is adjacent to the lake. In contrast to the 
common assumption that phosphorus is relatively immobile in soils, phosphorus loads from golf 
courses were necessary to explain the observed concentrations in the waterways. 

Table 25. Golf Course Total and Net Nutrient Loads (lbs/yr) after Grass Uptake 
Subwatershed Adjacent Tributary Total 

acres 
Gross N 
Loading 
(lbs/yr) 

Gross P 
Loading 
(lbs/yr) 

Net N 
Loading 
(lbs/yr) 

Net P 
Loading 
(lbs/yr) 

Hidden Valley Creek Lake Sherwood 150.6 47,172 20,604 15,552 14,568 
Westlake 
(2 courses) 

Westlake Tributary 
Triunfo Creek Trib 

199.2 66,708 27,996 24,876 20,016 

Upper Lindero Creek 
(2 courses) 

Lake Lindero 
Upper Lindero Creek 

103.6 32,556 14,196 10,800 10,044 

Malibu Lagoon Malibu Lagoon 10.5 3,288 1,440 1,080 1,020 
Total 149,724 64,236 52,308 45,648 

On an annual basis, golf course contributes 5% of the total nitrogen and 7% of the total 
phosphorus loadings. During the summer the percentages increase to 9% for nitrogen and 16% 
for phosphorus. 

g. Groundwater 

Shallow groundwater provides the base flows to the streams and is a major source of water 
during the summer season. Therefore, dissolved nutrients in groundwater can be important 
sources during dry periods. The nutrient concentrations in groundwater depend on the nature of 
the soils, geology, vegetation type and coverage, and nutrient sources such as septic systems and 
fertilization (Flowers, 1972). 

Information on nitrate concentrations in groundwater is available from detection monitoring 
programs at the Rancho Las Virgenes Farm and the Calabasas Landfill. Background nitrate 
concentrations can be estimated from the monitoring locations that are either upgradient of the 
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sites, or that have been determined to be unimpacted by the site operations. The average nitrate 
nitrogen concentration at the upgradient wells was 1.58 mg/l during 1997 to 2000 (CSDLC, 
2000). The range at these wells was 0.05 to 12.3 mg/l. In the impacted area downgradient of 
Rancho Las Virgenes Farm, the average nitrate nitrogen concentration in monitoring wells was 
153 mg/l, and the range was 0.3 to 370 mg/l (Tetra Tech, 2002). See Table 26 for groundwater 
summary data. 

Table 26. Nitrate Concentrations in Groundwater 
Well location - Watershed Sample 

Period 
No. of wells 
with data 

No. of 
analyses 

Average NO3-
N (mg/l) 

Malibu Creek Pre-1973 40 46 1.9 
Malibu Creek Pre-1973 20 53 1.6 
Las Virgenes Pre-1973 6 7 1.6 
Lindero Canyon Pre-1973 14 17 3.4 
Triunfo Canyon Pre-1973 6 7 0.9 
Russell Valley Pre-1973 4 16 3.25 
Sherwood Pre-1973 21 40 1.3 
Up gradient RLV Farm 1997-2000 3 58 1.58 
Down gradient RLV Farm 1997-2000 5 49 153.4 

Background nutrient loads from the shallow groundwater were estimated using flow rates 
simulated by HSPF and the average nitrate concentration (1.0 mg/l) from the upgradient well 
datasets from Rancho Las Virgenes Farm and the Calabasas landfill. The concentration of 
phosphorus was estimated at 0.13 mg/l. The concentration was based on the measurements in 
some upstream tributaries during base flow periods (Tetra Tech, 2002). It is not known whether 
these “background” groundwater nutrient levels are naturally occurring or are also influenced by 
anthropogenic inputs. We estimate that on an annual basis, groundwater loadings represent 
about 6% of the nitrogen and phosphorus to the watershed. During the summer season 
groundwater loadings represent about 9% of the nitrogen and about 12% of the phosphorus. 

g. Atmospheric Deposition 

Atmospheric deposition rates for nitrogen in the Malibu Creek watershed were estimated from 
recent measurements and modeling conducted by Ambrose et al., 2000 and the Southern 
California Coastal Water Research Project (SCCWRP). 

The total nutrient loads from atmospheric deposition can be substantial since they are applied to 
the whole watershed. However, much of these nutrients are taken up and cycled by plants in the 
large vegetated areas of the watershed, so only a small portion of the deposited nutrients actually 
enters the waterways. In urbanized or agricultural areas, other activities such as fertilization or 
detergent use provide larger loads on a per unit area basis. Therefore, atmospheric deposition of 
nutrients was considered as a separate nonpoint source loading category only to the surfaces of 
receiving waters. Atmospheric deposition to land was included in the total nutrient build-up and 
washoff parameters that were defined for each land use and vegetation type that was modeled 
with HSPF (Tetra Tech, 2002). Table 27 summarizes the atmospheric deposition loads to 
Malibu Lagoon and the four study lakes. 
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Table 27. Nutrient loads from atmospheric deposition 
Waterbody Surface area 

(acres) 
Nitrogen Load 

(lb/yr) 
Phosphorus Load 

(lb/yr) 
Lake Sherwood 163 3602 43.7 
Westlake Lake 95 2100 25.5 
Lake Lindero 12 265 3.2 
Malibou Lake 55 1216 14.7 
Malibu Lagoon 13 287 3.5 

In summary, direct atmospheric deposition accounts for about 1% of the total nitrogen and a 
much smaller fraction (0.1%) of the total phosphorus on an annual basis. Atmospheric 
deposition contributes a larger percentage of the summer period loadings representing about 5% 
of the nitrogen and 0.5% of the phosphorus. 

h. Sediments 

Nutrient loads from sediment release and aquatic plant decomposition were considered for the 
four lakes and Malibu lagoon. Nitrogen and phosphorus loadings from Malibu Lagoon 
sediments were based on measurements and estimates performed by UCLA (Ambrose et al., 
1995 and 2000). Nitrogen and phosphorus release rates from the sediments of the four lakes 
were estimated using typical release rates measured in other lakes (Tetra Tech, 2002 and 
references therein). 

Estimates of nutrient loads associated with sediments are relatively minor on a watershed basis 
(about 3% of the annual nitrogen and about 4% of the total phosphorus). In places like Malibu 
Lagoon and perhaps Malibou Lake, the release from the sediments may have a major effect on 
nitrogen and phosphorus concentrations. We estimate that in the summer, when the algae 
problem is the worst, sediments account for about 16% of the nitrogen and phosphorus loaded to 
the lagoon. Although there is ample evidence that sediments are scoured out of the lagoon 
during heavy winter storms (Ambrose et al., 2000), little is known about how much of the annual 
nitrogen and phosphorus loads to Malibu Lagoon are deposit ed and retained in the sediments. 

i. Tidal Inflow 

Tidal inflow loads of nutrients were calculated from estimated tidal inflow rates from the UCLA 
study (Ambrose et al., 2000) and nutrient concentrations in coastal waters measured during the 
Malibu Technical investigation (RWQCB, 2000). The concentrations were averaged from 
measurements at all beach surf zone stations. The average concentration for phosphorus was 
0.03 mg/l. and 0.47 mg/l for nitrogen. 

Tidal inflow accounts for 4% of the annual nitrogen and 2% of the annual phosphorus loadings 
for the entire watershed. During the summer season, tidal inflow accounts for 5% of the nitrogen 
loads and about 3% of the phosphorus loads. These loadings affect the lagoon only. 

j. Dry Weather Storm Drain Loads to Malibu Lagoon 

Three major storm drains discharge to Malibu Lagoon. The Civic Center drain collects runoff 
from much of the floodplain, nearby hillsides, and the Civic Center area northwest of the lagoon 
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(Warshall et al., 1992; Ambrose et al., 2000) and discharges to Malibu Creek near the entrance to 
Malibu Lagoon. The Cross Creek Road drains the Cross Creek Plaza shopping center and 
surrounding commercial areas, and discharges to Malibu Lagoon next to the highway. The 
Malibu Colony drain collects runoff from the areas around Malibu Colony Plaza and Malibu 
Road and discharges into the western edge of the lagoon. 

Dry weather nutrient loads from the two drains were calculated in the UCLA study using 
measured nutrient concentrations in washwater from the commercial parking lots (16 mg/l N and 
0.36 mg/l P), estimates of the amount of wash water used, and the acreages of the washed 
commercial areas determined from field observations (Ambrose et al., 2000). From a watershed 
basis, the loadings from these sources were almost negligible. They represent less than 0.1% of 
the total annual nitrogen and 0.01% of the total annual phosphorus. Even on a local scale the 
contribution is small representing less than half a percent of the summer nitrogen load and 0.1% 
of the summer phosphorus load from the Malibu Lagoon subwatershed. 

k. Summary of source assessment 

Based on watershed modeling study (Tetra Tech, 2002) the following conclusions are provided. 
On an annual basis, Tapia WRF contributes a large percentage of the nitrogen and phosphorus 
loadings. High nitrogen and phosphorus loadings are also associated with wet-weather runoff 
associated with commercial and residential land uses and also with wet-weather runoff from 
undeveloped areas (see Appendix, Figure A-6). The loadings during the summer (defined by 
Tetra Tech as May to October) are at least an order of magnitude lower, partly due to the Tapia 
discharge prohibition, but primarily due to the decrease in runoff associated with large storms. 
During the summer, sources like septic systems, golf course irrigation and fertilization, and 
urban runoff provide a greater percentage of the load (see Appendix, Figure A-7). Sources and 
associated loadings are not distributed evenly throughout the watershed, so that reductions made 
at local scales (subwatersheds) are likely to have immediate effects on water quality even though 
they may represent a small fraction of the overall loadings to the watershed. Distribution of 
estimated loads for each nutrient by watershed are shown in Tables A-1 through A-4 (see 
Appendix). 
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5. Linkage Analysis: Linking Sources with Water Quality Targets 

Information on sources of pollutants provides one part of the TMDL analysis. To determine 
whether those pollutants impair a waterbody, it is also necessary to determine the assimilative 
capacity of the receiving water under critical conditions. This section describes the methods 
used to determine the nutrient loadings that can be assimilated by the receiving waters and 
ensure attainment of the numeric targets (described in Section 2). In this section, we also 
describe the approaches for defining the critical conditions and developing an appropriate 
Margin of Safety (MOS) to ensure that water quality standards will be met. (Reminder these 
nutrient TMDLs define summer as April 15 to November 15 and winter as November 16 to April 
14.) 

To assist in analyzing these TMDLs, EPA and its contractors used receiving water quality 
models to estimate pollutant loads and predict the nutrient concentrations in the various streams, 
lakes, and lagoon in the watershed. The models assisted in the analysis of linkages between 
sources of pollutants to in-stream water quality concentrations and impacts in receiving waters 
(rivers, lakes and lagoon). The models also assisted in evaluating the relationship between 
pollutant loads and the in-stream water quality targets for the listed reaches (Tetra Tech, 2002). 

The Hydrodynamic Simulation Program FORTRAN (HSPF) model selected for the watershed 
loading analyses includes a receiving water model applicable to both streams and well-mixed 
lakes. The HSPF model includes different forms of the limiting nutrients for algal growth 
(phosphorus and nitrogen), nutrient cycles, phytoplankton, and other water quality variables such 
as dissolved oxygen and biochemical oxygen demand (BOD). HSPF was selected since it could 
be linked directly with the watershed and stream-modeling framework and would apply to both 
rivers and the lagoon system. 

The BATHTUB model was used to develop the linkage between loadings to the lakes, nutrient 
concentrations and algal biomass. BATHTUB also uses mass balance models to predict 
phosphorus and nitrogen concentrations in the water column as functions of loading rates, 
outflow (flushing) loss rates, and internal loss rates. Phytoplankton concentrations were 
estimated based on steady-state relationships that include processes such as photosynthesis, 
settling, respiration, grazing mortality, and flushing (Tetra Tech, 2002). 

a. Critical conditions and seasonality 

EPA has reviewed available monitoring data and has concluded the most critical time period for 
impairment is during the summer months when the potential for eutrophication and hypoxia are 
the greatest. Based on comparison of impairments in surface waters and local rainfall data, the 
“summer” time period corresponds to April 15 to November 15. For the lakes, this is the period 
when the percent algal coverage and biomass appear to be the greatest (see Problem Statement 
section). The summer also reflects the critical period for exceedance of the ammonia toxicity 
standard because of higher lake temperatures. For Malibu Lagoon, the algae problem appears 
greatest during the summer months since the lagoon is impounded and the streams have areas of 
little flow which allows algal growth to proliferate due to minimal flushing combined with 
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longer daylight levels and warmer waters. Therefore, TMDLs are being established for both 
nutrients—total Nitrogen and total Phosphorus during the summer in all water bodies. 

Some evidence of excessive algae also exists in streams and lakes during the winter months 
(November 16 to April 14). However the percent algae coverage is much less in the winter than 
during the summer months and given the fairly high degree of subjectivity for making these 
algae assessments, there is uncertainty regarding the degree of impairment. As previously 
discussed several studies within the watershed have not clarified the issue of nutrient limitation 
nor direct effect of nutrients on algae growth. EPA is establishing only nitrogen TMDLs for the 
winter months because the Basin Plan contains a numeric objective for total nitrogen which the 
TMDLs must meet, and because the need for phosphorus TMDLs during the winter has not been 
firmly established. 

The best information currently available to EPA indicates that exceedances of standards during 
the summer period are not exacerbated by nutrient discharges during the winter period that might 
remain in the system during summer (CH2MHill, 2000). Therefore, EPA has concluded that it is 
not necessary to reduce the loading capacity estimates (particularly during the wetter winter 
period) to account for potentially delayed effects during summer associated with winter nutrient 
discharges. 

Summer. For the summer season, the loading capacity was calculated by determining the median 
flow value at the Malibu Creek gaging station (below Cold Creek, LACPWD site #F130-R) 
during the summer season and multiplying that median flow by the concentration-based numeric 
targets for total nitrogen and total phosphorous and a units correction factor to yield daily 
loading capacities. The loading capacity estimate is based on median flow values for the 1998-
2001 period, which is the period following the imposition of new permit requirements for the 
direct Tapia WRF discharge that essentially prohibit discharge from Tapia between April 15-
November 15. EPA concluded that it is appropriate to base the loading capacity estimate on 
median flow because summer season nutrient effects in the Malibu Creek watershed are 
principally associated with algae growth which occurs over relatively long time periods (more 
than a week) that are best represented by the median flow values rather than mean flows. EPA 
also rejected the 90th percentile flow level (2.5 cfs) because that flow level does not account for 
periodic wet weather-related loads in the summer season which could cause substantial nutrient 
loads. Applying the 90th percentile flow would result in TMDLs that are more stringent than 
necessary to implement the applicable water quality standards and that may not be attainable. 
The selection of summer median flows as the appropriate critical flows is also based on the 
consideration that the TMDL addresses algae growth in several lakes and the Malibu Lagoon, 
which are less sensitive to short term variations in flows and nutrient loads than are most 
streams. 

The long-term median summer flow value was approximately 5.2 cfs. This value was 
multiplied by the numeric target values of 1.0 mg/l total nitrogen and 0.1 mg/l total phosphorus 
and an appropriate correction factor to yield loading capacity estimates of 77.1 lbs/day of total 
nitrogen and 7.7 lbs/day of total phosphorus for the summer season. These loading capacities are 
expressed as average daily values yet can be easily converted to monthly or summer values by 
multiplying by the appropriate number of days. 
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Winter.  For the winter season, EPA considered applying a similar mass load based approach to 
calculating loading capacities for nitrogen. However, because flows and loads vary much more 
in Malibu Creek during the winter season in response to much more frequent wet weather events, 
EPA concluded that it would be more appropriate to identify concentration-based loading 
capacities (which are more sensitive to variations in flow levels) than to estimate mass based 
loading capacities based on simplified critical flow estimates. Based on these considerations, the 
winter season loading capacity for nitrogen is 8 mg/l of nitrate-N plus nitrite-N for all water 
bodies in the watershed, which is equivalent to the numeric target for total nitrogen in the winter 
season. 

6. TMDLs and Pollutant Allocations 

a. TMDLs 

These TMDLs are set equivalent to the loading capacities (i.e., the assimilative capacities) for 
the water bodies addressed in these TMDLs. The loading capacity calculations were discussed 
in the preceding section. Table 28 summarizes the TMDLs. 

Table 28: TMDLs for Nitrogen and Phosphorus 
Season Total Nitrogen Total Phosphorus 

Summer (April 15- November 15) 27 lbs/day 2.7 lbs/day 
Winter (November 16- April 14) 8 mg/l* n/a 
* nitrate-N+nitrite-N 

b. Allocations 

Consistent with the TMDLs defined above, EPA has defined allocations for each pollutant 
source for the winter and summer seasons. Each pollutant source is allocated a quantitative load 
of nitrogen and phosphorus compounds for summer and nitrogen for winter. Allocations are 
designed such that each waterbody will not exceed the seasonal TMDLs, and not exceed numeric 
targets for any of the nutrient compounds or effects in any of the listed reaches. Consequently 
each waterbody will attain water quality standards. As required by EPA regulations, the TMDL 
is the sum of the wasteload allocations and load allocations, including natural background. 

Point sources are given wasteload allocations, and non-point sources are given load allocations. 
The direct discharges from the Tapia WRF are regulated through an NPDES permit; therefore, 
this source is assigned wasteload allocations in this TMDL. In addition, EPA recognizes that 
discharges of stormwater and other runoff from some urbanized areas in the watershed are 
regulated pursuant to the Los Angeles and Ventura County municipal stormwater permits. 
Discharges in the following allocation categories likely include some discharges regulated 
through these stormwater permits: 

• Runoff from developed lands, 
• Golf courses, 
• Dry weather urban runoff, and 
• other source categories. 
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EPA was unable to specifically distinguish the amounts of pollutant loads from each of these 
allocation categories associated with areas regulated by the stormwater permits. Therefore, 
allocations for the source categories other than the direct Tapia WRF discharge are termed load 
allocations in these TMDLs. If it is later determined that nutrient loads associated with any of 
these load allocation categories are actually subject to regulation through NPDES permits, these 
allocations are to be considered wasteload allocations for purposes of implementing the 
permitting provisions of 40 CFR 122.44(d). 

Tables 29, 30, 31 identify the specific wasteload and load allocations proposed for total nitrogen 
and total phosphorus during the summer and winter periods. Details concerning the calculation 
of these allocations are discussed below. 
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Table 29. Summer nitrogen allocations by source category 
Load 

Target
Source Category 

Existing 
% of existing Reduction 

Allocation 
Loads (lbs/day, 

(lbs/day) load (%) except Tapia) 
Wasteload Allocations 

Tapia Direct Discharge 19 5% 100% 0* 
Load Allocations 

Septic Systems 91 22% 93 6 
Effluent Irrigation/Sludge 61 15% 100 0 
Runoff from developed areas 26 6% 90 3 
Golf Course Fertilization 37 9% 100 0 
Agriculture/Livestock 32 8% 90 3 
Dry Weather Urban Runoff 52 13% 90 5 
Runoff from undeveloped land 37 9% 90 4 
Other 56 14% 85 8 

Total 411 100% 93% 27 
Existing Loads determined from Tetra Tech, 2002

Developed areas = sum of commercial/industrial, high/medium density residential, low density residential, and rural residential.

Undeveloped areas = sum of vacant, chaparral/sage scrub, grasslands, and woodlands.

Other = sum of atmospheric deposition, lagoon drains, birds, tidal inflow, groundwater, and sediment release.

*See text for discussion of Tapia allocation.


Table 30. Summer phosphorus allocations by source category 
Load 

Source Category 
Existing 
Loads % of 

Target 
Reduction 

Allocation 
(lbs/day, 

(lbs/day) existing load (%) except Tapia) 
Wasteload Allocations 

Tapia Discharge 3.5 8 100 0* 
Load Allocations 

Septic Systems 8.9 21 90 0.9 
Effluent Irrigation/Sludge 5.3 13 100 0 
Runoff from developed lands 2.6 6 90 0.3 
Golf Course Fertilization 6.6 16 100 0 
Agriculture/Livestock 1.7 4 90 0.2 
Dry Weather Urban Runoff 4.6 11 90 0.5 
Runoff from undeveloped lands 4.8 11 90 0.5 
Other 4.1 10 90 0.6 

Total 42.3 100% 94% 2.7 
Existing Loads determined from Tetra Tech, 2002

Other footnotes see Table 29

*See text for discussion of Tapia allocation
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Table 31. Winter concentration-based nitrogen allocations by source category 

Source Category 
Wasteload Allocations 

Tapia Discharge

Load Allocations

Septic Systems

Effluent Irrigation/Sludge

Runoff from Developed Areas

Golf Course Fertilization

Agriculture/Livestock

Dry Weather Urban Runoff

Runoff from undeveloped land

Other


Existing Loads % of Existing Daily Load 
(lbs/6 mo) Load Allocation (mg/l)* 

187,508 34% 8 

47,285 9% 8 
44,298 8% 0 
59,030 11% 8 
27,141 5% 8 
27,343 5% 8 
8,500 2% 8 

123,933 22% 8 
27,637 5% 8 

Total 552,675 100% 8 

*nitrate-N+nitrite-N

Existing Loads determined from Tetra Tech, 2002

Other footnotes see Table 29


Waste Load Allocations 

Tapia’s Direct Discharge. Seasonal wasteload allocations are proposed for Tapia. Order No. 99-
142 prohibits discharge from Tapia to Malibu Creek from April 15 to November 15, with minor 
exceptions during storm flow events and minimal (<2.5 cfs) stream flow conditions. The summer 
Tapia WLA is set at zero; however, this WLA is not intended to negate these exceptions. We 
understand that to date, Tapia has not had to discharge in the summer, and we expect that such 
discharges would be very sporadic in the future. We believe these discharges will have an 
insignificant effect on average summer loads and that it is therefore unnecessary to account for 
them in the cumulative loading allowed under the TMDL. The State should ensure that these 
discharges do not result in exceedances of any applicable water quality standards. 

During the winter period, Tapia’s wasteload allocation is 8 mg/l total nitrogen, equal to the 
numeric target established in the TMDL It will be necessary for Tapia to reduce nitrogen loads 
from their historical levels of about 14 mg/l by approximately 43% to meet the new winter 
wasteload allocation. 

These wasteload allocations apply during wet and dry weather conditions during the respective 
summer and winter periods. EPA proposes these allocations be set as average daily values, to be 
averaged over no more than a one-month period. 

Load Allocations 

Load allocations (LAs) are set based on source categories evaluated in the source analysis. This 
approach of setting LAs for different source categories is consistent with the requirements of 40 
CFR 130.2(g), which authorizes establishment of LAs as “gross allotments”. The LAs apply to 
all discharges from these source categories to listed segments and to upstream, hydrologically 
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connected segments within the Malibu Creek watershed. This means that LAs apply both to 
discharges to segments for which TMDLs are being established, as well as to discharges to 
segments that are tributary to the segments for which TMDLs are established. It is necessary and 
appropriate to set LAs for discharges to the upstream tributaries in order to meet water quality 
standards in the downstream-impaired segments in the Malibu Creek watershed. These upstream 
tributaries flow into and contribute to impairment of Section 303(d)- listed segments. TMDLs 
and associated LAs and WLAs must be set at levels that will implement applicable water quality 
standards for the listed water bodies (40 CFR 130.7(c)(1)). 

Effluent irrigation and sludge disposal. The waste discharge requirements issued by the 
Regional Board that regulate effluent irrigation and sludge disposal prohibit application of 
effluent or sludge at levels that would result in pollutant discharges to receiving waters (RWQCB 
Order No. 87-86, 94-055). The effluent irrigation waste discharge requirements require 
application of reclaimed water at agronomic rates that do not result in percolation of nutrients to 
groundwater. Based on these requirements, the load allocations for discharges to surface waters 
associated with effluent irrigation and sludge disposal during both the winter and summer 
periods are zero. We understand that sludge is no longer being applied and the only on-going 
nutrient applications in this category are associated with effluent irrigation. If reclaimed water is 
used for irrigation consistent with the requirements of the existing waste discharge requirements, 
there should be no nutrient loading to surface waters associated with this activity. 

Septic Systems. The load allocations for this source category are set at levels that will require 
large reductions in nutrient loading from septic tanks throughout the watershed. Implementation 
of the load allocation will probably necessitate aggressive actions to identify and repair all septic 
systems that do not function properly. The highest priority for implementation is to ensure that 
discharges from commercial septic systems do not cause nutrient discharges to surface waters, 
particularly in the Malibu Lagoon area. We expect that actions taken to address septic systems 
will provide improvements in discharge quality throughout the year; therefore, the winter LAs 
should be met if the summer LAs are met. 

Urban runoff. Although runoff from commercial and residential areas can contribute large loads 
of nitrogen and phosphorus to the system on an annual basis, the critical time period is the 
summer period. In addition, work by Kamer et al. (2002) indicates there are higher algal 
problems in developed urban areas. The summer load allocations would necessitate large 
reductions in nutrient loads from this source category. We expect tha t measures implemented to 
reduce urban runoff will provide improvements in discharge quality during dry periods 
throughout the year. Because total nitrogen levels in wet weather stormwater runoff are usually 
below the proposed WLA, we do not expect that extensive work will be needed to address wet 
weather nutrient loads from this source category. 

Golf Course. The load allocation for golf course irrigation in the summer is zero. The goal is to 
allow effluent irrigation only for fertilization in amounts that plants can utilize. In practice we 
would assume that once implemented these practices would be applied year round, so that 
substantial nutrient reductions may also be obtained during the winter period. It is unknown 
whether additional controls will be needed to implement the winter LA for this source category. 
Reduction in the excess nutrients from golf course fertilization in the Hidden Valley, Westlake, 
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and Lindero Creek subwatersheds will particularly improve water quality in Lake Sherwood, 
Westlake Lake and Lake Lindero. 

Agriculture/Livestock. Load reductions of approximately 90% of excess nutrients from 
agriculture and livestock discharges during the summer are established for the Malibu Creek 
watershed. The goal is to effectively eliminate runoff of manure from stables and to minimize 
nutrient contaminated runoff both from stables and manure piles. In practice we would assume 
that once implemented these practices would be applied year round, so that substantial nutrient 
reductions may also be obtained during the winter period. It is unknown whether additional 
controls will be needed to implement the winter LA for this source category. 

Runoff from undeveloped land.  The load allocations provide for reductions of 90% in nutrient 
loading from undeveloped land areas. These reductions are needed in order to set TMDLs that 
will meet applicable water quality standards. It is reasonable to provide for some nutrient 
loading reductions from undeveloped land because nutrient loadings from these lands are likely 
affected by some controllable factors including atmospheric deposition of nutrients onto land 
surfaces as well illicit dumping of trash and other material that could yield nutrient loads. 
Moreover, runoff from some undeveloped areas is channeled to developed areas that are 
expected to benefit from runoff management practices that should reduce nutrient concentrations. 
Therefore, actions to control nutrient loads from developed areas should result in some reduction 
in runoff from undeveloped land areas. 

Other sources.  This source category includes direct atmospheric deposition to water surfaces, 
discharges from stormdrains to Malibu Lagoon, fecal material from birds, tidal inflow, 
groundwater releases, and sediment releases. EPA acknowledges that the proposed load 
reductions are aggressive (90% in summer). However, we believe these reductions should be 
feasible because: 

•	 actions to reduce nutrient inputs from other anthropogenic sources should eventually bring 
about substantial reductions in loadings from groundwater and sediment, and 

•	 direct stormdrain discharges to Malibu Lagoon can be effectively eliminated during the 
summer season. 

c. Margin of safety 

The Clean Water Act and federal regulations require that TMDLs provide a margin of safety to 
account for uncertainty concerning the relationship between pollution controls and water quality 
responses (see 40 CFR 130.7(c)(1)). The Malibu Creek watershed nutrient TMDLs provide both 
implicit and explicit margins of safety to account for several types of uncertainty in the analysis. 
This section discusses analytical factors that are uncertain and describes how the TMDL 
provides the requisite margin of safety. 

Relationship between algae growth and nutrient loading.  Although there is strong evidence of 
excessive algal growth in summer and some evidence of excessive algal growth in winter, the 
degree of algae-related impairment in winter and the degree to which nitrogen, phosphorus, or 
both are limiting factors in algae production throughout the year are uncertain. 
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The summer season TMDLs and allocations account for this uncertainty by setting conservative 
numeric target values for total nitrogen and total phosphorus. Our review of the available data 
suggests that there is a closer relationship between nutrient levels and algae production in 
summer than was observed in the winter. Attainment of these conservative summer target values 
should ensure that nitrogen and phosphorus are not critical limiting factors in algae production 
and should result in reductions in algae growth. 

The winter season numeric targets, associated TMDLs and allocation are less stringent than the 
summer because available data and research studies do not clearly demonstrate that nutrient 
levels are likely to cause excessive algae growth. The TMDLs are designed to ensure 
implementation of the Basin Plan numeric objective for total nitrogen while acknowledging 
uncertainty concerning winter algae problems and associated attainment of the narrative 
objective for biostimulatory effects. The TMDLs account for this winter period uncertainty by 
incorporating a 20% margin of safety (setting the nitrogen numeric target at 8 mg/l instead of 10 
mg/l, which is the applicable numeric objective). 

Nutrient loading during the winter period, stream flows, and nutrient loading capacity vary more 
during the winter period than the summer period because most precipitation related changes in 
runoff, loads, and flows occurs during the winter period. Winter period loads and flows change 
quickly in response to unpredictable precipitation events. High velocity stream flows are likely 
to scour filamentous algae and carry it out of the watershed; these high flows also flush nutrient 
compounds through the watershed and into the ocean. We are accounting for the uncertainty 
associated with winter season variability in loads, flows, and loading capacity by setting the 
winter season TMDLs and allocations on a concentration basis instead of a mass-loading basis. 

Studies are currently underway to improve our understanding of the relationship between 
nutrient levels in the watershed and algal growth. EPA strongly recommends that these studies 
be completed and additional studies carried out if necessary to characterize the limiting factors 
that control algae growth in the Malibu Creek watershed. These studies need to focus both on 
the winter and summer periods. Additional study is needed to reconcile conflicting data and 
research concerning the degree to which algae growth in the winter period is causing impairment 
and violation of narrative water quality objectives. Based on results from these studies, the State 
should consider reviewing and, if necessary, revising the TMDLs, allocations, and/or 
implementation provisions. 

Uncertainty in nutrient loading estimates. Although we used established methods for estimating 
nutrient loads from different sources including relatively sophisticated modeling tools, it is not 
certain that these estimates are accurate. To help account for this uncertainty, the watershed 
loadings were based on a four-year period (1992 -1995) that included a wide range of hydrologic 
variability, and was coincidentally weighted more toward wet years. This approach yields 
conservatively high runoff estimates from different land uses. 

We also made conservative assumptions in the estimation of loadings from septic systems, 
effluent irrigation, and golf course runoff. All of the excess nitrogen loads (87%) not utilized by 
plants from septic systems near Malibu Lagoon were assumed to enter the lagoon. Similarly 
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conservative estimates were made in estimating phosphorus delivery from septic systems. 
Approximately 10 percent of the phosphorus loads from effluent irrigation and golf course 
fertilization were assumed to enter waterways, an assumption that is conservative because it is 
usually assumed that phosphorus compounds are highly sorbed to particles and therefore 
relatively immobile in soils. 

These conservative loading estimates were used to estimate the percentage reductions needed to 
attain the individual allocations during the summer period. Use of conservatively high runoff 
estimates results in conservative percent reduction estimates for each source category (i.e., 
implementation of these percentage reductions is highly likely to result in attainment of the 
individual allocations and the TMDLs). 

Additional studies of loadings from nonpoint source categories would be warranted in the future 
to better characterize loadings during wet weather periods from polluted runoff as well as loads 
associated with septic system operation. 

d. Summary of pollutant allocations 

These TMDLs establish seasonal waste load allocations for the Tapia WRP. Seasonal load 
allocations are established for several source categories including effluent irrigation, 
commercial/multi- family septic systems in Malibu Lagoon, urban runoff, golf course runoff, 
livestock/agricultural runoff, and other land uses. During the summer period, large reductions in 
loads from all anthropogenic sources are needed. During the winter, substantial reductions in 
Tapia’s discharge and modest reductions from other source categories are needed in nitrogen 
loading to ensure attainment of the concentration-based allocations. Actual reductions attained 
in winter should be greater since in practice a number of the load reduction efforts proposed in 
the implementation recommendations (below) are likely to result in year round reductions rather 
than just summer season reductions. 

There is uncertainty in some aspects of the TMDL analysis. Implicit and explicit margins of 
safety are provided to account for these uncertainties. Additional monitoring and studies 
currently underway and recommended below should help address these areas of uncertainty and 
provide a basis for considering whether TMDL revisions are warranted. 
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7. Implementation Recommendations 

This section describes the plans, regulatory tools, or other mechanisms by which the waste load 
allocations and load allocations may be achieved. The main responsibility for water quality 
management and monitoring resides with the State. EPA fully expects the State to develop 
implementation and monitoring measures for these TMDLs. Following are EPA's 
recommendations for implementing these TMDLs. 

a. Implementing waste load allocations to permitted point source dischargers 

Tapia Water Reclamation Facility.  EPA anticipates that the WLAs established in these TMDLs 
will be implemented through the NPDES permit for the Tapia Water Reclamation Facility. It 
appears that Tapia needs to substantially decrease nutrient loads in order to meet both its existing 
winter period effluent limitations and its WLA. The Regional Board will need to determine 
whether the permit needs to be modified to be consistent with the WLAs and when the 
modifications would occur. When the permit is next revised, we recommend inclusion of re-
opener language that provides to review of the permit if necessary following completion of 
monitoring and research studies designed to further characterize nutrient and algae issues in the 
watershed and determine the need for further reductions in nutrient loading from Tapia. 

b. Implementing Load Allocations to nonpoint sources. 

Effluent Irrigation. The usage of reclaimed water is regulated under water reclamation 
requirements contained in Regional Board Resolutions 87-86 and 94-055. This should be 
modified if necessary to be consistent with these TMDLs. 

Septic Systems. The highest priority for implementation actions in this source category is 
commercial septic systems. In particular, actions are needed to ensure that commercial septic 
systems located in the Malibu Lagoon subwatershed, specifically in the areas of the Malibu 
Colony Plaza, Cross Creek Plaza, and Malibu Civic Center do not contribute to nutrient loading 
to the Lagoon. These systems may have been improperly sited and appear to be located adjacent 
to the lagoon, in a groundwater table with historic levels that do not allow as least 10 feet 
between the groundwater and septic system. 

These commercial septic systems were the focus of Regional Board Resolution 98-023. This 
resolution provided direction to the Executive Officer to require the submittal of Reports of 
Waste Discharge for all discharges from multi- family and commercial septic systems located in 
the Malibu Creek watershed. Therefore, EPA’s understanding is that a mechanism for 
implementation for the septic system Waste Load Allocations (WLAs) derived from these 
TMDLs has already been established. EPA anticipates that the WLAs developed for these 
TMDLs will be established as WDR permit limits for the individual septic systems. In addition, 
the WDRs have specific prohibitions on septic systems within 10 feet of the highest historical 
groundwater levels. The actual implementation date on the WLAs will depend on 
implementation schedules established by the Regional Board. 
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Septic systems that are poorly sited will have options available for meeting the LAs under these 
TMDLs. One possible method of compliance is pretreatment via Nitrogen Reduction Systems 
(NRS) of effluent to remove nutrients prior to leachfield discharge (USEPA, 1999b). The 
principal treatment mechanism for these systems would be biological nitrification-denitrification. 

Golf Course Irrigation. Golf courses and users of recycled water can implement management 
practices to minimize the potential for nutrients entering surface water. Potential management 
practices may include: 

•	 Applications of fertilizers and recycled water at agronomic rates to ensure that the total 
nitrogen and phosphorus loads do not exceed the daily vegetative requirements of the 
turf. 

•	 Use of irrigation systems that will minimize the potential for application of excess 
recycled water that would result in surface runoff. 

•	 The design of recycled water irrigation systems to cease operation under anticipated 
storm events. 

Some of the management strategies outlined above have been proposed by the Ahmanson Ranch 
Specific Area Plan for implementation in the master planed community for Ahmanson Ranch 
(VCRMA, 2002). The BMPs outlined above are administrative BMPs, which will involve 
changes in operational practices, but not necessarily result in capital expenditure. 

Horses and Livestock. Load reductions are proposed for horse stables and livestock pastures. It 
is estimated that 40% of the manure is already removed from stables. Additional manure 
management measures will be needed to implement the allocations. Additional BMPs may also 
be necessary to mitigate the impacts from this source category. For examples, measures could be 
taken to keep animals away from the streams in Hidden Valley and other tributaries, and manure 
could be removed more frequently from stables. It is important to ensure that manure from 
stables is managed properly throughout the year and that animal waste is not allowed to runoff 
into streams at any time. 
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8. Monitoring Recommendations 

Follow-up monitoring and evaluation is recommended to validate the TMDL, and to assess 
whether the implementation measures are adequate to attain water quality standards. 

a. Water quality monitoring 

A watershed-scale monitoring program should be established at key compliance points along the 
river. Samples should also be collected at the upstream and downstream ends of the listed 
tributaries. Sample results should be compared to the numeric in-stream targets identified in 
Section 2c for dissolved oxygen, ammonia, nitrate, total nitrogen, percent algal cover and 
Chlorophyll a. 

Much of this data is already being collected as part of the Tapia WRP monitoring program. 
However there is only limited data available for the upper portion of the watershed and selected 
tributaries of Malibu Creek. EPA recommends that these watersheds be surveyed in order to 
more fully understand the natural conditions, and how the impaired waterbodies compare to 
natural conditions. Heal the Bay has a network of monitoring stations throughout the watershed 
including a number of potential reference sites. These sites should be considered in future 
monitoring and assessment plans for the watershed. 

The Malibu Creek Advisory Committee, Modeling and Monitoring Subcommittee has developed 
a Watershed-Wide Monitoring Program (1999). The program addresses the watershed-scale 
monitoring needed to evaluate the effectiveness of the TMDLs. The data could be used to 
provide further verification of the model and refine the TMDLs as appropriate. 

b. Pollutant source monitoring 

Monitoring of pollutant sources is needed to ensure that required reductions are being achieved 
and if necessary, to refine the allocations presented in these TMDLs. 

Treated and reclaimed wastewater. Tapia WRP should continue to monitor effluent 
concentrations of nitrogen and phosphorus for the purpose of verifying loads to the watershed. 
Tapia WRP should also continue to monitor the quality and quantity of reclaimed water used in 
the system. Special monitoring should be conducted to evaluate the quantity and quality of 
reclaimed water that re-enters the system via surface runoff or through groundwater. 

Septic systems. According to the Regional Board, the WDRs will have a monitoring program 
component to estimate concentrations from the septic systems. In addition, we recommend 
special studies be conducted for better certainty in the number of septic systems and the 
distribution of the systems within the Malibu Creek watershed. 

Horses and livestock. Monitoring is needed to ensure that recommended load reductions are 
being achieved. This could be established through random inspections of horse and livestock 
facilities. 
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Monitoring of urban sources. A special monitoring program should be established to evaluate 
effectiveness of actions to reduce both dry and wet weather urban runoff. 

c. Special studies—Recommendations 

There are uncertainties in the numeric target and winter wet season impact of source loading 
from the treatment plant to Malibu Lagoon. The following studies are recommended to address 
these uncertainties. 

Extent of algal impairment. EPA recommends studies to investigate the current extent of 
impairment due to excessive algal growth in the creek by surveying algal biomass and species 
composition at multiple sites within the creek. This data will provide information regarding the 
present degree of excessive algal biomass in the stream as well as determining any relationships 
between land uses, water column nutrient concentrations, and resulting impacts on stream 
periphyton biomass and communities. 

Limiting factor analysis. EPA recommends further study to assess whether total nitrogen or total 
phosphorus or other parameters such as flow and light limit algal growth in the Malibu Creek 
watershed. This information will assist Regional Board staff in determining watershed specific 
nutrient targets which are linked to algal nutrient requirements. 

Fate of nutrients in Malibu Lagoon. These TMDLs are based on the assumption that the summer 
nutrient concentrations control algal abundances. Another critical assumption is that summer 
period nutrient concentrations are related to summer period loadings. This may not be the case 
in the Lagoon where some fraction of the total nitrogen and phosphorus loadings may be retained 
in the sediments and ultimately serve as a source of nutrients during summer periods when algae 
is more abundant. Thus, EPA recommends a study to determine if the expected upstream 
reductions in nutrient loadings do not result in desired improvements in water quality in the 
lagoon. 

d. Summary of TMDL Monitoring 

The TMDL monitoring program should be designed to provide information that will assure that 
water quality objectives are being met throughout the watershed and to refine the source loading 
estimates. These efforts will provide information on the success of the TMDLs to address the 
nutrient related problems in the creek, lagoon and listed tributaries. Information generated by 
this program may be used by the Regional Board to revise the TMDLs, NPDES permits, WDRs, 
and other control actions if necessary. 
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10. Appendix 

Figures A-1 to A-12


Tables A-1 to A-4
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Figure A-1. Nutrient Impaired Waters of Malibu Creek

Also shown: Tapia WRF (square) and 6 monitoring sites along Malibu Creek (open circles with squares).
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Figure A-2. Subwatersheds for Malibu Creek Nutrient TMDLs 
(source: Tetra Tech report, 2002) 
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Mean and standard deviation of percent algal cover 
during summer (Tapia 1983-1999) 
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Figure A-3. Percent coverage of floating algae in Malibu Creek watershed and tributaries during the summer months. 
(source: Tapia, 1983 to 1999) 
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Mean and standard deviation of percent algal cover 
during winter (Tapia 1983 - 1999) 
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Figure A-4. Percent coverage of floating algae in Malibu Creek watershed and tributaries during the winter months. 
(source: Tapia, 1983 to 1999) 
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Mean and standard deviation in floating algal cover 
during summer (Heal the Bay, 1999-2002) 
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Figure A-5. Percent coverage of floating algae in Malibu Creek watershed and tributaries during the summer months. 
(source: Heal the Bay data, 1999 to 2002) 
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Mean and standard deviation in floating algal cover 
during winter (Heal the Bay, 1999-2002) 
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Figure A-6. Percent coverage of floating algae in Malibu Creek watershed and tributaries during winter months. 
(source: Heal the Bay data, 1999 to 2002) 
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Mean and standard deviation in percent algal cover of 
mat algae during summer (Heal the Bay, 1999-2002) 
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Figure A-7. Percent coverage of mat algae in Malibu Creek watershed and tributaries during summer months. 
(source: Heal the Bay data, 1998 to 2000) 
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Mean and standard deviation in percent algal cover of 
mat algae during winter (Heal the Bay, 1999-2002) 
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Figure A-8. Percent coverage of mat algae in Malibu Creek watershed and tributaries during winter. 
(source: Heal the Bay data, 1998 to 2000) 

%
 C

ov
er

 

62


RB-AR36622



Algal Biomass in Malibu Creek Watershed at 11 stations measured in August 
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Figure A-9. August 2001 measurements of Algal biomass concentrations (mg/m2) at 11 stations in Malibu Creek watershed. 
(Source: Kamer et al., 2002) 
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Algal biomass measurments at 11 Stations in Malibu Creek Watershed in October 2001 (from 
Kamer et al, 2002) 
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Figure A-10. October measurements of algal biomass concentrations (mg/m2) at 11 stations in Malibu Creek watershed. 
(Source: Kamer et al., 2002) 
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Estimated annual nitrogen and phosphorus loadings to the Malibu Creek 
Watershed 
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Figure A-11. Annual N (dark) and P (light) loads in pounds per year to Malibu Creek watershed by source category. 
(source: Tetra Tech Report, 2002) 
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Estimated dry-weather nitrogen and phosphorus loadings to the Malibu Creek 
Watershed 
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Figure A-12. Summer N (dark) and P (light) loads in pounds per year to Malibu Creek watershed by source category. 
(source: Tetra Tech Report, 2002) 
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Table A-1. Distribution of Summer Total Nitrogen Loads by Watershed and Source 1993 – 1995 

Cold Creek 0.1% 0.0% 0.0% 

Lower Malibu Creek 0.0% 0.0% 

Malibu Lago on 0.0% 0.0% 0.0% 0.2% 0% 5% 3% 

Total 2.8% 0.4% 0.4% 1.1% 9.5% 1.7% 0% 0% 5% 3% 
(source: Tetra Tech report, 2002) 
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Table A-2. Distribution of Summer Total Phosphorus Loads by Watershed and Source 1993 – 1995 

Hidden Valley 0.0% 0.1% 0.1% 0.1% 8.2% 

Potrero Canyon Creek 0.0% 0.1% 0.3% 

Westlake 0.7% 0.1% 0.1% 5.6% 

Upper Lindero Creek 0.4% 0.0% 0.1% 2.8% 

Lower Lindero Creek 0.3% 0.0% 0.0% 0.0% 

Upper Medea Creek 0.7% 0.0% 0.0% 

Palo Comado Creek 0.0% 0.1% 

Cheeseboro Creek 0.1% 

Lower Medea Cree k 0.0% 0.0% 0.0% 

Triunfo Creek 0.0% 0.1% 0.0% 0.0% 

Upper Malibu Creek 0.0% 0.0% 

Upper Las Virgenes Creek 0.2% 0.0% 0.3% 

Lower Las Virgenes Creek 0.3% 0.0% 0.0% 0.2% 1.7% 

Stokes Creek 0.0% 0.0% 0.1% 

Middle Malibu Creek 0.0% 0.0% 0.0% 0.2% 

Cold Creek 0.1% 0.0% 0.0% 

Lower Malibu Creek 0.0% 0.0% 

Malibu Lagoon 0.0% 0.0% 0.0% 0.3% 0.0% 3.5% 4.4% 

Total 2.6% 0.4% 0.4% 1.3% 16.9% 1.7% 0.2% 0.0% 3.5% 4.4% 
(source: Tetra Tech report, 2002) 
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Table A-3. Distribution of Average Annual Total Nitrogen Loads by Watershed and Source 1993 – 1995 

Hidden Valley 0.0% 0.1% 0.2% 0.1% 2.5% 0.0% 0.0% 0.0% 0.0% 0.0% 

Potrero Canyon Creek 0.5% 0.0% 0.2% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Westlake 1.2% 0.0% 0.2% 0.2% 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Upper Lindero Creek 0.6% 0.0% 0.1% 0.1% 0.9% 0.0% 0.0% 0.0% 0.0% 0.0% 

Lower Lindero Creek 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Upper Medea Creek 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Palo Comado Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Cheeseboro Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Lower Medea Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Triunfo Creek 0.1% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Upper Malibu Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Upper Las Virgenes Creek 0.2% 0.0% 0.1% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Lower Las Virgenes Creek 0.4% 0.0% 0.0% 0.4% 0.0% 1.0% 0.0% 0.0% 0.0% 0.0% 

Stokes Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Middle Malibu Creek 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 

Cold Creek 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Lower Malibu Creek 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Malibu Lagoon 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 3.8% 0.7% 

Total 4.7% 0.9% 0.9% 1.7% 5.4% 1.0% 0.2% 0.0% 3.8% 0.7% 
(source: Tetra Tech report, 2002) 
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Table A-4. Distribution of Average Annual Total Phosphorus Loads by Watershed and Source 1993 – 1995 

Lower Malibu Creek 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Malibu Lagoon 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 1.8% 0.7% 

Total 4.0% 0.7% 0.7% 1.5% 7.0% 0.7% 0.1% 0.0% 1.8% 0.7% 

(source: Tetra Tech report, 2002) 
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0.0% 0.0% 0.0% 0.5% 0.1% 48.3% 0.7% 0.0% 0.0% 0.0% 

0.0% 0.3% 0.1% 2.0% 0.0% 0.4% 0.0% 0.0% 0.0% 0.0% 

0.0% 0.0% 0.0% 0.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

0.1% 0.1% 0.1% 0.1% 0.0% 2.7% 0.0% 0.0% 0.7% 0.0% 

2.3% 1.3% 2.5% 14.8% 0.7% 53.9% 4.9% 1.5% 0.7% 0.1% 

0.0% 0.1% 0.2% 0.1% 3.4% 0.0% 0.0% 0.0% 0.0% 0.0% 
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Potrero Canyon Creek 0.5% 0.0% 0.2% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Westlake 1.0% 0.0% 0.1% 0.2% 2.3% 0.0% 0.0% 0.0% 0.0% 0.0% 

Upper Lindero Creek 0.5% 0.0% 0.1% 0.1% 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 

Lower Lindero Creek 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Upper Medea Creek 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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Palo Comado Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Cheeseboro Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Lower Medea Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Triunfo Creek 0.1% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Upper Malibu Creek 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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Upper Las Virgenes Creek 0.2% 0.0% 0.1% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Lower Las Virgenes Creek 0.4% 0.0% 0.0% 0.3% 0.0% 0.7% 0.0% 0.0% 0.0% 0.0% 

Stokes Creek 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Middle Malibu Creek 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 

Cold Creek 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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1 INTRODUCTION

Many segments of the Los Angeles River and its tributaries contain elevated levels of

nutrients that adversely impact the water and contribute to algae, odors, scum, foam, and

toxicity.  These impaired segments exceed water quality objectives (WQOs) for

ammonia, pH, nutrients (including nitrogen compounds such as nitrite and nitrate), algae,

odors, scum/foam and toxicity, which appears to be primarily related to ammonia.

Impaired segments (i.e. reaches) of the Los Angeles River were included on the 1998

California 303(d) list of impaired waterbodies (LARWQCB, 1998a).  To address these

impairments, the Clean Water Act requires a Total Maximum Daily Load (TMDL) be

developed to restore impaired waterbodies, including the Los Angeles River, to their full

beneficial uses.  Table 1 summarizes the segments of the Los Angeles River included on

the 1998 California 303(d) list for ammonia, nutrients, algae, odors, scum/foam, and pH.

Ammonia, pH, nutrients (including nitrogen compounds such as nitrite and nitrate),

algae, odors, scum/foam can be addressed through limitations on nitrogen compounds.

The goal of this TMDL is to develop wasteload allocations for nitrogen compounds and

an implementation plan to meet the water quality objectives in the Los Angeles River.

Attaining the nitrogen compound objectives is intended to address impairments caused by

pH, scum/foam, and algae as these effects are related to the presence of nitrogen in the

waterbody.  The TMDL implementation plan requires continued studies to verify this

assumption, including special studies to assess the effectiveness of the nitrogen

compound wasteload allocations established by this TMDL in eliminating pH, algae,

odor, scum and foam impairments.  The implementation plan includes a provision to

revise nitrogen compound targets and wasteload allocations to address the nutrient, algae,

foam, scum/odor and pH impairments, if required.
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TABLE 1. SEGMENTS OF THE LOS ANGELES RIVER AND TRIBUTARIES L ISTED AS

IMPAIRED FOR NITROGEN , PH, OR EUTROPHIC EFFECTS (U.S. EPA, 1998)
Miles of Impairment for Each Type of Nitrogen-

Related Impairment
Listed Waterbody Segment

Hydro
Unit No

Ammonia Nutrients Algae Odors
Scum/
Foam

pH

Los Angeles River (at Sepulveda Basin) 405.21 1.9 1.9 NL 1.9 1.9 NL

Los Angeles River (from Sepulveda Dam to Sepulveda
Blvd.)

405.21 11.8 11.8 NL 11.8 11.8 NL

Los Angeles River (from Riverside Dr. to Figueroa St.) 405.21 7.2 7.2 NL 7.2 7.2 NL

Tujunga Wash (from Hansen Dam to Los Angeles River) 405.21 9.7 NL NL 9.7 9.7 NL

Burbank Western Channel 405.21 6.4 NL 6.4 6.4 6.4 NL

Verdugo Wash (from Verdugo Rd. to Los Angeles River) 405.24 NL NL 3.4 NL NL NL

Arroyo Seco (from West Holly Ave. to Los Angeles River) 405.15 NL NL 7.0 NL NL NL

Los Angeles River (from Figueroa St. to Carson St.) 405.15 19.4 19.4 NL 19.4 19.4 NL

Rio Hondo (at the Spreading Grounds) 405.15 2.7 NL NL NL NL NL

Rio Hondo (from the Santa Ana Fwy. to Los Angeles
River)

405.15 4.2 NL NL NL NL 4.2

Compton Creek 405.15 NL NL NL NL NL 8.5

Los Angeles River (From Carson St. to estuary) 405.12 2.0 2.0 NL NL 2.0 2.0

Total miles affected 65.3 42.4 16.8 56.4 58.4 14.7

NL: Not listed as impaired

This TMDL addresses the requirements prescribed by Section 303(d) of the Clean

Water Act, 40 CFR 130.2 and 130.7, and U.S. Environmental Protection Agency

guidance (U.S. EPA, 2000a).  This TMDL is based on the analysis provided by the U.S.

EPA of nitrogen sources in the Los Angeles River watershed.  The Modeling Analysis for

the Development of TMDLs for Nitrogen Compounds in the Los Angeles River and

Tributaries by Tetra Tech, Inc. was used to analyze the assimilative capacity, seasonality,

critical conditions and the linkage of nitrogen sources to in-stream water quality.  These

analyses formed the basis of the wasteload allocations to be established by this TMDL.
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The Implementation Plan of this TMDL is designed to attain water quality objectives

for oxidized nitrogen, and ammonia (collectively the nitrogen compound objectives) in

the Los Angeles River.  Attaining the nitrogen compound objectives will likely address

ancillary nutrient effects, including dissolved oxygen and algal growth.  The

implementation plan requires continued studies to verify this assumption.  The

Implementation Plan includes special studies to assess both wet-weather and dry-weather

runoff loads in the watershed, including residential, commercial, and industrial land uses

and other sources.  Should these studies demonstrate that eutrophic impairments would

not be eliminated through attainment of the nitrogen targets proposed in this TMDL, the

California Regional Water Quality Control Board, Los Angeles Region (Regional Board)

may revise targets and reallocate loads through a reevaluation included in the

Implementation Plan.  Additional discussion is provided in the Implementation Plan of

this document.

1.1 REGULATORY B ACKGROUND

Section 303(d) of the Clean Water Act (CWA) requires that each State “shall identify

those waters within its boundaries for which the effluent limitations are not stringent

enough to implement any water quality objective applicable to such waters.”  The CWA

also requires states to establish a priority ranking for waters on the 303(d) list of impaired

waters and establish TMDLs for such waters.

The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section

303(d) of the CWA, as well as in the U.S. Environmental Protection Agency guidance

(U.S. EPA, 2000a).  A TMDL is defined as the “sum of the individual waste load

allocations for point sources and load allocations for nonpoint sources and natural

background” (40 CFR 130.2) such that the capacity of the waterbody to assimilate

pollutant loads (the loading capacity) is not exceeded.  A TMDL is also required to

account for seasonal variations and include a margin of safety to address uncertainty in

the analysis (U.S. EPA, 2000).
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States must develop water quality management plans to implement TMDLs (40 CFR

130.6).  The Environmental Protection Agency has oversight authority for the 303(d)

program and is required to review and either approve or disapprove TMDLs submitted by

states.  In California, the State Water Resources Control Board (State Board) and the nine

Regional Water Quality Control Boards are responsible for preparing lists of impaired

waterbodies under the 303(d) program and for preparing TMDLs, both subject to U.S.

EPA approval.  If U.S. EPA disapproves a TMDL submitted by a state, U.S. EPA is

required to establish a TMDL for that waterbody.  The Regional Boards also hold

regulatory authority for many of the instruments used to implement the TMDLs, such as

the National Pollutant Discharge Elimination System (NPDES) permits and state-

specified Waste Discharge Requirements (WDRs).

The Regional Board identified over 700 waterbody-pollutant combinations in the Los

Angeles Region where TMDLs would be required (LARWCQB, 1996, 1998a).  These

are referred to as “listed” or “303(d) listed” waterbodies or waterbody segments.  A

schedule for development of TMDLs in the Los Angeles Region was established in a

consent decree (Consent Decree) approved on March 22, 1999 (Heal the Bay Inc., et al.

v. Browner, C 98-4825 SBA).  For the purpose of scheduling TMDL development, the

decree combined the more than 700 waterbody-pollutant combinations into 92 TMDL

analytical units.

This TMDL addresses Analytical Unit 11 of the Consent Decree.  Analytical Unit 11

consists of segments of the Los Angeles River and tributaries with impairments from

ammonia, nutrients, algae, pH values outside of the allowable range, odors, foam and

scum.  Table 1 identifies the listed waterbodies, the nitrogen-related impairments for

which each is listed, and the number of miles of waterbody impaired by each.  This

TMDL also addresses oxidized nitrogen compounds (i.e.. nitrite and nitrate) because

these compounds are related to the other nitrogen impairments and can be formed by

oxidation of ammonia in the environment.  Moreover the oxidized nitrogen compounds

exceed the Water Quality Control Plan for the Coastal Watersheds of Los Angeles and
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Ventura Counties (Basin Plan) objectives in certain reaches of the Los Angeles River.

The Consent Decree schedule requires that U.S. EPA establish this TMDL by March 22,

2004.  This report presents the TMDL for nitrogen and summarizes the analyses

performed by U.S. EPA and the Regional Board to develop this TMDL.

The Basin Plan includes an ammonia objective and a criterion specific compliance

schedule provision that requires publicly owned treatment works (POTWs) that discharge

to inland surface waters until June 13, 2002 to: 1) make the necessary adjustments and

improvements to meet the water quality objectives for ammonia or 2) conduct studies

leading to an approved site-specific objective for ammonia.

At public hearings on January 11, 2001 and May 31, 2001, the Regional Board heard

status reports on “Publicly Owned Treatment Works’ (POTWs’) Progress toward

Compliance with Inland Surface Water Ammonia Objectives” from Regional Board staff.

The status report indicated that two of the major POTWs that discharge to the Los

Angeles River, the Donald C. Tillman Water Reclamation Plant and the Los Angeles-

Glendale Water Reclamation Plant, have initiated pilot tests with a target compliance date

of 2005.  The City of Los Angeles Bureau of Sanitation (City) reported that it could not

meet the 2002 target compliance date because completion of a downstream relief sewer,

scheduled for November 2005, is required to account for the anticipated derating of the

Donald C. Tillman and Los Angeles-Glendale POTWs.  The treatment capacity of these

two POTWs will be reduced due to implementation of nitrification/denitrification

processes to meet the ammonia objective.  The target compliance date for the Burbank

POTW is 2003.

The Regional Board approved a Basin Plan amendment to update the ammonia

objectives in inland surface waters on April 25, 2002.  The revised ammonia objectives

apply to waters with beneficial uses pertaining to aquatic life such as wildlife habitat

(WILD) or warm freshwater habitat (WARM).  This update was based on the U.S. EPA

“1999 Update of Ambient Water Quality Criteria for Ammonia” (U.S. EPA, 1999).  The

revised objectives will be finalized once the State Board, the Office of Administrative
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Law, and U.S. EPA approve the amendment.  This TMDL has been developed to be

consistent with the updated objectives.

1.2 ENVIRONMENTAL SETTING: THE LOS ANGELES RIVER

This TMDL addresses the loading of nitrogen compounds to five reaches and twelve

tributaries to the Los Angeles River.  The Los Angeles River flows for 55 miles from the

Santa Monica Mountains at the western end of the San Fernando Valley to the Pacific

Ocean at San Pedro Bay.  It drains a watershed with an area of 834 square miles.  Figure

1 shows the location of the waterbodies addressed by this TMDL.  The main stem of the

Los Angeles River runs from the upstream end of the Sepulveda Basin downstream to the

beginning of San Pedro Bay, a total of five reaches.  The seven listed reaches of

tributaries are: Tujunga Wash below Hansen Dam; Burbank Western Channel Verdugo

Wash from Verdugo Road to the Los Angeles River confluence; Arroyo Seco below

Devils Gate Dam; Rio Hondo at the spreading grounds; Rio Hondo downstream of the

spreading grounds, from the Santa Ana Freeway to the Los Angeles River confluence;

and Compton Creek.

Approximately 44% of the watershed area can be classified as forest or open space.

These areas are primarily within the headwaters of the Los Angeles River in the Santa

Monica, Santa Susana, and San Gabriel Mountains.  There is little agricultural activity in

these areas.  Approximately 36% of the land use can be categorized as residential, 10% as

industrial, 7.5% as retail commercial, and 3% as other.  Most of the area devoted to these

more urban uses is found in the lower portions of the watershed.

The natural hydrology of the river and many of its tributaries have been altered for

flood control purposes.  Many stretches of the river and its tributaries have been

channelized and flood control reservoirs have been constructed.  Most of the main stem

of the Los Angeles River is lined with concrete, and most tributaries are lined with

concrete for most or all of their lengths.  However, soft-bottomed segments of the river
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occur where groundwater upwelling prevented armoring of the river bottom.  These areas

support riparian habitat in many areas this habitat is quite extensive.

The main stem of the Los Angeles River begins by definition at the confluence of

Arroyo Calabasas (which drains northeastern portion of the Santa Monica Mountains)

and Bell Creek (which drains the Simi Hills) at mile 55 (i.e. 55 miles upstream of San

Pedro Bay).  The river flows east from its origin along the southern edge of the San

FernandoValley.  In this region, the Los Angeles River receives flow from Browns

Canyon, Aliso Creek and Bull Creek, non-listed tributaries that drain the Santa Susana

Mountains.  The lower portions of Arroyo Calabasas and Bell Creek are channelized.

Browns Canyon, Aliso Creek and Bull Creek are completely channelized.  This portion

of the Los Angeles River is not listed for nitrogen compounds or related effects.

The river enters the Sepulveda Basin at mile 41.  Sepulveda Basin is a 2,150-acre

open space designed to collect floodwaters during major storms.  Because the area is

periodically inundated, it remains in natural or semi-natural conditions and supports a

variety of low-intensity land uses. Sepulveda Basin and Glendale Narrows supports

various beneficial uses.  The wildlife habitat (WILD) beneficial use applies to the

Sepulveda Basin and Glendale Narrows.  The water contact recreation (REC1) beneficial

use applies to the Sepulveda Basin.  The Donald C. Tillman Wastewater Reclamation

Plant, a POTW operated by the City of Los Angeles, discharges directly to the Los

Angeles River within the basin and also via two lakes in the Sepulveda Basin that are

used for recreational and wildlife habitat.  The POTW has a capacity of 80 million

gallons per day (mgd) and contributes a substantial flow to the Los Angeles River.  The

average monthly flow for the period 1995 to 2000 was approximately 53 mgd (i.e.. 80

cubic feet per second (ft3/s)).  During storm runoff, POTW effluent accounts for 15-40%

of the total flow in the river at this point.  During dry weather, the discharge from Donald

C. Tillman constitutes a large proportion of the flow in the river.

Below the Sepulveda Basin, Pacoima Wash and Tujunga Wash enter the Los Angeles

River.  Both tributaries drain portions of the Angeles National Forest in the San Gabriel
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Mountains.  Pacoima Wash is channelized below Lopez Dam to the Los Angeles River;

that reach is listed for nitrogen or related effects.  Tujunga Wash is listed for the 10-mile

reach below Hansen Dam.  It is entirely channelized in this reach.  Some of the discharge

from Hansen Dam is diverted to spreading grounds for groundwater recharge, but most of

the flow enters the channelized portion of the stream.

Further downstream, where the Los Angeles River continues flowing east in the San

Fernando Valley, Burbank Western Channel and Verdugo Wash enter at mile 30 and mile

28 respectively.  Both are channelized streams that drain the Verdugo Mountains.

Verdugo Wash is listed for algae.  The Western Channel is listed for multiple nitrogen-

related effects below the point where it receives flow from the Burbank Water

Reclamation Plant, a POTW with a design capacity of 9 mgd.  Average monthly flows

from this POTW in the period 1995 to 2000 were about 4 mgd, or about 6 ft3/s.  During

the periods of wet weather when the flow exceeds the Los Angles Zoo’s wastewater

retention basin capacity, excess flow from the wastewater facility is discharged through

North and/or South bypasses to a paved channel adjacent to Golden State Freeway (I-5),

which is tributary to Los Angeles River at Colorado Street in Glendale.

At the eastern end of the San Fernando Valley, the Los Angeles River turns south at

the eastern end of the Hollywood Hills and flows through Griffith Park and Elysian Park

in an area known as the Glendale Narrows.  This area is fed by natural springs during

periods of high groundwater.  This potential source was analyzed and found to have a

negligible contribution of nitrogen compounds during critical conditions.  The river is

channelized and the sides are lined with concrete, but the river bottom in this area is

unlined because the water table is high and groundwater routinely discharges into the

channel, in varying volumes depending on the varying water table.  The Los

Angeles/Glendale Water Reclamation Plant, operated by the City of Los Angeles, is a 20-

mgd POTW, which discharges to the Los Angeles River in the Narrows (at mile 29).  The

monthly average effluent discharge in the period 1995 to 2000 from this plant area was

approximately 13 mgd, or 19 ft3/s.
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Another factor affecting hydrologic conditions in the Los Angeles River Narrows has

been the increasing releases of reclaimed water.  Reclaimed water releases from the Los

Angeles-Glendale WRP were started in 1976-1977 and from the Donald C. Tillman WRP

in 1985-1986.  These year-round releases tend to keep the alluvium of the Los Angeles

River Narrows saturated, even in dry years.  Also there is up to 3,000 acre-feet of

recharge from delivered water within the Los Angeles Narrows-Pollock Well Field area

that adds to the rising groundwater.  Rising groundwater also occurs above the Verdugo

Narrows and in the reach upgradient from Gage F-57C-R (Figure 2).  During dry periods,

conditions in the unlined reach are stabilized with regard to percolation and rising water

by releases of treated wastewater.  In wet periods, rising groundwater above Gage F-57C-

R has been related to the increase of rising groundwater above the Verdugo Narrows.  For

2000-01 the total rising groundwater flow at Gage F-57C-R and F-252-R was estimated

at 3,900 acre-feet (ULARA Watermaster Report, 2000-2001 Water Year, May 2002).

The first major tributary below the Narrows is Arroyo Seco (mile 24), which drains

areas of Pasadena and portions of the Angeles National Forest in the San Gabriel

Mountains.  The 10-mile length of the Arroyo below Devils Gate Dam to the Los

Angeles River is channelized, and is listed for algae.

The Rio Hondo is a channelized tributary and joins the Los Angeles River at mile 10.

The Rio Hondo and its tributaries drain a large area in the eastern portion of the

watershed.  Flow in the Rio Hondo is managed by the County Sanitation Districts of Los

Angeles County (CSDLAC).  At the Whittier Narrows the Rio Hondo and the adjacent

San Gabriel River both enter a large spreading grounds, managed by the CSDLAC.  Flow

from the two rivers intermingles during storm events, producing substantial flows in the

Los Angeles River downstream of the spreading grounds.  During other periods,

especially during dry weather, virtually all the water in Rio Hondo goes to groundwater

recharge, so little or no flow exits the spreading grounds into the Los Angeles River.  Rio

Hondo is listed for ammonia both at the spreading grounds and downstream, in the reach

from the Santa Ana Freeway to the Los Angeles River confluence.
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Compton Creek is the last large tributary to the system, entering the Los Angeles

River at mile 6.  Compton Creek is channelized for most of its 8.5-mile length.

Impairments to Compton are related to pH that is outside of the allowable range in the

Basin Plan.

The tidal portion of the Los Angeles River begins in Long Beach at Willow Street

(mile 3) and runs approximately three miles before joining with Queensway Bay located

between the Port of Long Beach and the City of Long Beach.  In this reach, the channel

has a soft bottom with concrete-lined sides.  Sandbars accumulate in the portion of the

river where tidal influence is limited.  Compton Creek receives up to 720 mgd of

hydrotest and stormwater from Southern California Edison Company on an intermittent

basis.  The wastewater then flows to the Los Angeles River about ¼-mile downstream

from Del Amo Boulevard, above the tidal prism.  This discharge is not a significant

source of nitrogen compounds discharged to Compton Creek.  The ammonia load from

Compton Creek was analyzed and found to be negligible.

During dry weather, most of the flow in the Los Angeles River is comprised of

wastewater effluent from three POTWs in the Los Angeles River watershed: The Donald

C. Tillman Water Reclamation Plant, the Los Angeles-Glendale Water Reclamation

Plant, and the Burbank Water Reclamation Plant.  In most months the mean monthly

discharge in the river is approximately equal to the sum of the measured effluent from the

Donald C. Tillman, Los Angeles-Glendale, and Burbank POTWs.  During periods of

storm runoff, however, the river’s flow is much greater, by as much as two to three orders

of magnitude.  The river’s mean monthly discharge greatly exceeds the POTW effluent

volume during months with substantial rainfall, such as December 1996; January,

November, and December 1997; February through May 1998; and others.  In dry-weather

months such as February through October 1997, POTW mean monthly discharges totaled

70% to 100% of the monthly average flow in the river.  In months with major rain events,

such as February through May 1998, POTW monthly average discharges together was

less than 20% of the monthly average flow in the river.
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The high flows in the wet season originate as storm runoff both from the large areas

of undeveloped open space in the mountains of the tributaries’ headwaters, and from the

equally large urban land uses in the flat low-lying areas of the watershed.  Rainfall in the

headwaters flows rapidly because the watershed and stream channels for the most part are

steep.  In the urban areas, about 5,000 miles of storm drains in the watershed convey

urban runoff to the Los Angeles River.  Those storm drains are designed to convey

stormwater flows rapidly through the system.  Altogether, the watershed produces storm

flow in the river with a sharply peaked hydrographic, where flow increases quite rapidly

after the beginning of rain events in the watershed, and declines rapidly after rainfall

ceases.  The Los Angeles River TMDL therefore needs to account for differences in flow

between wet and dry seasons; for differences between storm runoff and periods of no

runoff, both during wet seasons and dry seasons; and also for differences in the relative

contributions from point sources and urban runoff.

1.3 ELEMENTS OF A TMDL; ORGANIZATION OF THIS DOCUMENT

Guidance from U.S. EPA (1991) identifies seven elements of a TMDL.  Sections 2

through 8 of this document are organized such that each section describes one of the

elements, with the analysis and findings of this TMDL for that element.  Section 9

includes an analysis of costs that may be incurred to meet the TMDL.  The elements are:

• Section 2: Problem Identification.  This section reviews the data used to add the

waterbody to the 303(d) list, and summarizes existing conditions using that

evidence along with any new information acquired since the listing.  For this

TMDL, the problem encompasses nitrogen compounds (ammonia, nitrite and

nitrate), and effects which may be caused by nitrogen loading: pH outside of the

allowable range, algae, foam/scum, and odors.  This element identifies those

reaches that fail to support all designated beneficial uses; the beneficial uses that

are not supported for each reach; the water quality objectives (WQOs) designed to

protect those beneficial uses; and, in summary, the evidence supporting the

decision to list each reach, such as the number and severity of excellencies

observed.
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• Section 3: Numeric Targets.  For this TMDL, the numeric targets consist of

WQOs described in the Basin Plan.  The implementation Plan includes studies to

verify that attainment of the WQOs for constituents having numeric criteria will

address impairments by constituents having narrative objectives, such as algae,

scum/foam, and odors.

• Section 4: Source Assessment.  This section develops the quantitative estimate of

nitrogen loadings from point sources and non-point sources into the Los Angeles

River.

• Section 5: Linkage Analysis.  This analysis shows how the sources of nitrogen

compounds into the waterbody are linked to the observed conditions in the

impaired waterbody.  The linkage analysis addresses the critical conditions of

stream flow, loading, and water quality parameters.

• Section 6: Pollutant Allocation.  Each pollutant source is allocated a quantitative

load of nitrogen compounds that it can discharge to meet the numeric targets.

Allocations are designed such that the waterbody will not exceed numeric targets

for the nitrogen compounds or related effects.  Allocations are based on critical

conditions, so that the allocated pollutant loads may be expected to remove the

impairments at all times.

• Section 7: Implementation.  This section describes the plans, regulatory tools, or

other mechanisms by which the wasteload allocations and load allocations are to

be achieved.  This section contains a cost analysis.  The TMDL provides cost

estimates to implement effluent treatment (nitrification/denitrification) at the

major Publicly Owned Treatment Works (POTWs) discharging to the Los

Angeles River.  The cost estimates were developed by stakeholders.

• Section 8: Monitoring.  This TMDL includes a requirement for monitoring the

waterbody to ensure that the water quality standards for nitrogen compounds are

attained and that related impairments such as pH, algae, odor, and foam/scum also

are removed.  If the monitoring results demonstrate the TMDL has not succeeded

in removing the impairments, then revised allocations will be developed.
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2 PROBLEM IDENTIFICATION

This section provides an overview of water quality standards for the Los Angeles

River and reviews water quality data used in the 1998 water quality assessment and

additional data used to analyze sources in this TMDL.

2.1 WATER QUALITY STANDARDS

California state water quality standards consist of the following elements: 1)

beneficial uses; 2) narrative and/or numeric water quality objectives; and 3) an

antidegradation policy.  For inland surface waters in the Los Angeles Region, beneficial

uses are identified in the Basin Plans.  Numeric and narrative objectives are specified in

the Basin Plan, designed to be protective of the beneficial uses in each waterbody in the

region or State Water Quality Control Plans.  The Basin Plan for the Los Angeles

Regional (1994) defines 13 beneficial uses for the Los Angeles River.  Table 2

summarizes these beneficial uses.  Other waterbodies within the watershed have a

conditional designation for MUN.  These waterbodies are indicated with an asterisk in the

Basin Plan.  Conditional designations are not recognized are under federal law and are

not considered water quality standards requiring TMDL development to protect at this

time.  (See Letter from Alexis Strauss [U.S. EPA] to Celeste Cantú [State Board], Feb.

15, 2002.)
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TABLE 2. BENEFICIAL USES IN 303 (D) L ISTED REACHES OF THE LOS ANGELES RIVER

(LARWQCB, 1994.)

STREAM
REACH

Hydro
Unit
No.

MUN GWR REC1 REC2 WILD WARM SHELL RARE MIGR SPWN WET MAR IND PROC

Los Angeles
River to Estuary 405.12 P* E Es E E E Ps E P P E P P

Los Angeles
River 405.15 P* E Es E P E P

Los Angeles
River 405.21 P* E E E E E P

Compton Creek 405.15 P* E Es E E E E

Rio Hondo
Spreading
Grounds and
below

405.15 P* I Pm E I P

Rio Hondo 405.41 P* I Im E I P E E

Arroyo Seco S.
of Devils Gate
(L)

405.15 P* I I P P

Arroyo Seco S.
of Devils Gate
(U)

405.31 P* Im I P P E

Verdugo Wash 405.24 P* I Pm I P P

Burbank
Western
Channel

405.21 P* Pm I P
P

Tujunga Wash 405.21 P* I Pm I P P

E: Existing beneficial use
P: Potential beneficial use
I: Intermittent beneficial use
s: Access prohibited by Los Angeles County DPW
m: Access prohibited by Los Angeles County DPW in the concrete-channelized area
* Conditional designation which may be considered for exemption at a later date
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2.1.1 Beneficial Uses

Nitrogen loadings to the Los Angeles River may result in impairments of beneficial

uses associated with aquatic life (WILD1, WARM2, RARE3, WET4, MAR5), recreation

(REC16 and REC27) and water supply (GWR8).  The Basin Plan (1994) identifies

beneficial uses as existing (E), potential (P), or intermittent (I) uses.  Several potential

beneficial uses could be impacted, including SHELL9, MIGR10, SPWN11, IND12, and

PROC13.  Concentration of ammonia, a nitrogen compound, often exceeds water quality

objectives for chronic and acute toxicity to aquatic life.  Nitrate and nitrite, two oxidized

nitrogen compounds, have, on infrequent occasions, been present in concentrations

exceeding water quality objectives in the Basin Plan.  All three of these nitrogen

compounds may stimulate the production of algae that can impair aquatic life, water

supply and recreational beneficial uses.  Algal growth in some instances has produced

algal mats in the waterbody that can result in eutrophic conditions where low dissolved

oxygen concentration can harm aquatic life.  The decay of these mats may also cause

impairments by scum, odors, and foam that affect recreational uses of the river.

Analysis indicates that six of the beneficial uses are the most sensitive to nitrogen

compounds and related effects such that protecting those uses will serve to protect all

related beneficial uses.  Therefore, this document focuses on key beneficial use

designations, including WARM, WILD, WET, RARE, GWR, REC1, and REC2.

                                                
1 WILD: wildlife habitat
2 WARM: warm freshwater habitat
3 RARE: rare, threatened, or endangered species
4 WET: wetland habitat
5 MAR: marine habitat
6 REC-1: water contact recreation
7 REC-2: non-contact water recreation
8 GWR: ground water recharge
9 SHELL: shellfish harvesting
10 MIGR: migration of aquatic organisms
11 SPWN: spawning, reproduction, and/or early development
12 IND: industrial service supply
13 PROC: Industrial service supply
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Existing use designations for warm freshwater, wildlife, wetland, and rare, threatened

or endangered species (WARM, WILD, WET, and RARE) habitats apply over much of

the main stem and Compton Creek in the lower part of the watershed.  The WARM

designation applies as a potential use to the remaining listed tributaries.  The Wildlife use

designation (WILD) is for the protection of fish and wildlife.  This use applies to most of

the main stem of the Los Angeles River, as an intermittent use in Rio Hondo, and as

potential use in the remainder of the tributaries.  Water quality objectives developed for

the protection of fish and wildlife are applicable to the reaches with the WARM, WILD,

WET and RARE designations.

The municipal supply (MUN) use designation applies to several tributaries to the Los

Angeles River and all groundwater in the Los Angeles River watershed.  Other

waterbodies within Region 4 also have a conditional designation for MUN.  These

waterbodies are indicated with an asterisk in the Basin Plan.  However, conditional

designations are not recognized are under federal law and are not water quality standards

requiring TMDL development at this time.  (See Letter from Alexis Strauss [U.S. EPA]

to Celeste Cantú [State Board], Feb. 15, 2002.)

The ground water recharge (GWR) use designation applies to the Los Angeles River

and its tributaries as either an existing or intermittent beneficial use.  The Basin Plan

provides a nitrogen (nitrate, nitrite) objective for groundwater: “Ground waters shall not

exceed 10 mg/L nitrogen as nitrate-nitrogen plus nitrite-nitrogen (NO3-N + NO2-N), 45

mg/L as nitrate (NO3), 10 mg/L as nitrate-nitrogen (NO3-N), or 1 mg/L as nitrate-

nitrogen (NO2-N).”

Recreational uses for body contact (REC1) and secondary contact (REC2) apply to

almost all the listed river segments and tributaries as either existing, potential or

intermittent.  Although access to the Los Angeles River and the concrete-channelized

areas of Tujunga, Verdugo, Burbank Western Channel, Arroyo Seco, and Rio Hondo is

limited by Los Angeles County Department of Public Works, people are still observed

using the Los Angeles River for recreational purposes.  Recreational activities have been
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observed along the Los Angeles River include bird watching, jogging, hiking, soccer

playing, and bicycling.  Currently, public access is restricted along most of the main

stems of the Los Angles River.  This restriction is for public safety reasons.  Water flows

in the concrete channel can be 20 to 40 cubic feet per second (CFAs) and are able to

sweep away people who are in close proximity.  In spite of the posted prohibition signs,

homeless people and others come in direct contact with the river’s water for wading,

bathing or other purposes.  In 1990, it was estimated that 150 homeless individuals lived

along the downtown portion of the river (Beneficial Uses of the LA and San Gabriel

Rivers – May 2001).  Objectives designed to protect human health (e.g., bacterial

objectives), and the aesthetic quality of the resource (e.g., visual, tastes and odors) is

appropriate to protect recreational uses of the river.

2.1.2 Water Quality Objectives (WQOs)

The Basin Plan provides WQOs for nitrogen compounds and their related effects,

including numeric and narrative objectives discussed below.  Both types of objectives are

used in developing numeric targets and wasteload allocations.

2.1.2.1 Objectives for Ammonia

Water quality objectives for ammonia are based on the “U.S. EPA 1999 Update of

Ambient Water Quality Criteria for Ammonia (U.S. EPA 1999).  Although the updated

EPA criteria have not yet been incorporated into the Basin Plan, these criteria have been

adopted by the Regional Board.  The Resolution adopted by the Regional Board that

amended the Basin Plan to include the updated ammonia objective is currently under

review by the State Board.
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2.1.2.1.1 Basic for evaluation and proposed ammonia objective for Los Angeles River

The neutral, un-ionized ammonia species (NH3) is highly toxic to fish and other

aquatic life.  The ratio of toxic NH3 to total ammonia (NH4
+ + NH3) is primarily a

function of pH, but is also affected by temperature and other factors.  Additional impacts

can occur as the oxidation of ammonia lowers the dissolved oxygen content of the water,

further stressing aquatic organisms.  Ammonia also combines with chlorine (often both

are present) to form chloramines – persistent toxic compounds that extend the effects of

ammonia and chlorine downstream.

Oxidation of ammonia to nitrate may lead to groundwater impacts in the area of

recharge.

In order to protect aquatic life, ammonia concentrations in receiving waters shall not

exceed the values listed for the corresponding in-stream conditions in Tables 3-1 to 3-4

of the Basin Plan.

In order to protect underlying groundwater basins, ammonia shall not be present at

levels that, when oxidized to nitrate, pose a threat to groundwater.

On April 25, 2002 the Los Angeles Regional Water Quality Control Board approved

a basin plan amendment to update the ammonia objectives in inland surface waters

(Resolution No. 2002-011).  This update was based on the U.S. EPA “1999 Update of

Ambient Water Quality Criteria for Ammonia” (U.S. EPA 1999).  The revised objectives

will be finalized once the Office of Administrative Law has approved them.  This TMDL

has been developed to be consistent with these updated objectives.

The U.S. EPA’s revised ammonia criteria reflect research and data analyzed since

1985, and represent a revision of several elements in the 1984 guidance, including the

relationship between ammonia toxicity, pH and temperature, and the recognition of

increased sensitivity of early life stage forms of fish to ammonia toxicity.  The 1984
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criteria were based on un-ionized ammonia (NH3), while the 1999 criteria are expressed

only as total (un-ionized plus ionized or NH3 + NH4
+) ammonia.  The criteria apply to

freshwater and do not impact the Ammonia Water Quality Objectives contained in the

California Ocean Plan.

The most significant differences in the 1999 U.S. EPA guidance relative to the

existing Basin Plan objectives for ammonia are:

1. Acute criteria are no longer temperature-dependent but remain dependent on pH
and fish species present.

2. A greater recognition of the temperature dependence of the chronic criteria,
especially at low temperatures.

3. An Early Life Stage (ELS) chronic criterion was introduced.

4. Chronic criteria are no longer dependent on the presence or absence of specified
fish species, but remain dependent on pH and temperature.

5. A 30-day averaging period for the ammonia chronic criteria replaced the 4-day
averaging period.

Additional information about the updated criteria, including technical rationale and

comparisons to existing objectives, is found in the RWQCB Draft Staff Report,

“Proposed Amendment of the Water Quality Control Plan, Los Angeles Region, to

Revise Ammonia Objectives, April 24, 2002,” which is provided in Appendix 1.

The revised objectives are not yet approved by the Office of Administrative Law

(OAL), but the TMDL has been developed to be consistent with the updated objectives.

Further, the Regional Board’s resolution adopting the TMDL will specify that the TMDL

will take effect following the approval of the revised criteria by OAL.  Reaches listed for

ammonia are: several reaches of the Los Angeles River main stem; the Burbank Western

Channel; Tujunga Wash; and Rio Hondo at and below the spreading grounds.

Calculation of ammonia objectives as reflected in the April 25, 2002, Basin Plan

amendment approved by the Regional Board:
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1 The one-hour average concentration of total ammonia as nitrogen (in mg N/L) does

not exceed (more than once every three years on average) the CMC (acute criteria)

calculated using the following equations.

Where salmonid fish are present:
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+
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CMC (Equation 1a)

Or where salmonid fish are not present:
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2 The thirty-day average concentration of total ammonia nitrogen (in mg N/L) does not

exceed (more than once every three years on the average) the CCC (chronic criteria)

calculated using the following equations.

Where early life stage fish are present:
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−− 
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where MIN indicates use of the lesser of the two values contained within the parentheses.

Or where early life stage fish are not present:

( )( )7,25*028.0
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101
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101

0577.0 TMAX
pHpH

CCC −
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+
+

+
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where MAX indicates use of the greater of the two values contained within the parentheses  and,

T = temperature expressed in °C.
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The highest four-day average within the 30-day period should not exceed 2.5 times

the CCC.

In addition to the ammonia objectives for surface waters, the Basin Plan states,

“ammonia shall not be present at levels that, when oxidized to nitrate, pose a threat to

groundwater” (LARWQCB, 1994).  The primary drinking water Maximum Contaminant

Level (MCL) is 45 mg/L for nitrate (NO3), 10 mg/L for nitrite-nitrogen (NO3 -N), and 1

mg/L for nitrite-nitrogen (NO2-N).  These MCLs are relevant to the extent that portions

of the Los Angeles River recharge underlying groundwater.

Currently, the City of Los Angeles, City of Burbank, and the County Sanitation Districts

of Los Angeles County are conducting a water effects ratio (WER) study for ammonia in

the Los Angeles River.  The objective of the study is to support development of a site-

specific objective for ammonia in the Los Angeles River.  If the WER study results in a

revised ammonia objective, this TMDL will need to be revised to reflect the new

ammonia target.  A change in the levels of ammonia will require a reevaluation of the

wasteload allocation for all of the nitrogen compounds because ammonia is converted to

nitrite and nitrate in the Los Angeles River.  Similarly, nitrate, nitrite, and organic

nitrogen are converted to ammonia.

2.1.2.1.2 Alternatives Considered

Two alternatives were considered for developing of an appropriate water quality

objective for ammonia in the Los Angeles River: 1) Using existing Basin Plan objectives;

2) Applying the “1999 Update of Ambient Water Quality Criteria for Ammonia”

developed by U.S. EPA in developing ammonia objectives for Los Angeles River.  The

criteria used for selecting the recommended alternative included:

Ø  consistency with State and federal water quality laws and policies;

Ø  level of beneficial use protection; and

Ø  consistency with the current science regarding water quality necessary to

reasonably protect the beneficial uses.
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a) Alternative 1 – Using existing Basin Plan objectives

Under this alternative the existing Basin Plan water quality objective for ammonia

would remain unchanged and would continue to apply to Los Angeles River

without consideration of the updated criteria for ammonia.

b) Alternative 2 – Applying the “1999 Update of Ambient Water Quality Criteria for

Ammonia”

Under this alternative the 1999 Update of Ambient Water Quality Criteria for

Ammonia would be applied to Los Angeles River as a water quality objective.

2.1.2.1.3 Recommended Alternative

Alternative 2 is the recommended alternative since the action would:

a) be consistent with State and federal water quality laws and policies;

b) facilitate development of an objective that would be protective of Los Angeles

River’s beneficial uses; and

c) improve the scientific basis upon which the water quality objective is based.

Adoption of Alternative 1 (Using existing Basin Plan objectives) would be

inconsistent with the updated objectives

2.1.2.2 Objectives for nitrate, nitrite, and total nitrogen

Nitrate, nitrite, and total nitrogen are considered nutrients that are known to promote

plant and algae growth.  This TMDL proposes a numeric target for oxidized nitrogen

compounds that is based on existing objectives in the Basin Plan.  For the main stem of

the Los Angeles River and the Rio Hondo, the Basin Plan provides objectives for nitrate-

nitrogen + nitrite-nitrogen (NO3-N+NO2-N) of 8 mg/L above Figueroa Street, between

Figueroa Street and Los Angles River Estuary including Rio Hondo below Santa Ana

Freeway, and Rio Hondo above Santa Ana Freeway, and 10 mg/L for other tributary

reaches including Santa Anita Creek, Eaton Canyon Creek, Arroyo Seco, Big Tujunga
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Creek, and Pacoima Wash.  Also, the Basin Plan designates ground water recharge

(GWR) as a beneficial use of the main stem of the Los Angeles River.  The Basin Plan

designates municipal supply (MUN) as a beneficial use for ground waters of the San

Fernando Basin and Central Basin that underlie the Los Angeles River.  The following

objective applies to all ground waters of the Region:  “Ground waters shall not exceed 10

mg/L nitrogen as nitrate-nitrogen plus nitrite-nitrogen (NO3-N+NO2-N), 45 mg/L as

nitrate (NO3), 10 mg/L as nitrate-nitrogen (NO3-N), or 1 mg/L as nitrite-nitrogen (NO2-

N).”

2.1.2.3 Objective for pH

The Basin Plan specifies a numeric objective for pH, stating that pH “shall not be

depressed below 6.5 or raised above 8.5 as a result of waste discharges” and a narrative

objective, stating that ambient pH levels “shall not be changed more than 0.5 units from

natural conditions as a result of waste discharge.”  The pH of the impaired waterbody

relates to this TMDL in a number of other ways.  High pH may be due to respiration of

algae which is a reflection of nuisance biomass, as noted below.  pH also has a major

effect on ammonia toxicity.  As reflected in Appendix 1, increasing pH greatly increases

ammonia toxicity, so the numeric objective for ammonia sharply declines with increasing

pH.

2.1.2.4 Objective for Toxicity

For toxicity, the Basin Plan specifies that all waters shall be maintained free of toxic

substances in concentrations that are toxic to, or that produce detrimental physiological

responses in, human, plant, animal, or aquatic life.  Compliance with this objective will

be determined by use of indicator organism, analyses of species diversity, population

density, growth anomalies, bioassays of appropriate duration or other appropriate

methods as specified by the Regional Board.  The survival of aquatic life in surface

waters subjected to a waste discharge or other controllable water quality factors, shall not
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be less than that of the same waterbody in areas unaffected by the waste discharge, or

when necessary, other control water.

The acute toxicity objective for discharges indicates that the average survival in

undiluted effluent for any three consecutive 96-hour static or continuous flow bioassay

tests shall be at least 90%, with no single test having less than 70% survival when using

an established U.S. EPA, State Board, or other protocol authorized by the Regional

Board.  To determine compliance with chronic toxicity, critical life stage tests for at least

three species with approved testing protocols shall be used to screen for the most

sensitive species.  The test species used for screening shall include a vertebrate, an

invertebrate, and an aquatic plant.  The sensitive species shall then be used for routine

monitoring.

2.1.2.5 Objectives for nutrients, algae, odors, foam and scum

The Basin Plan addresses provides narrative objectives for biostimulatory substances,

color, solid, suspended, or settleable materials, taste and odor, and floating material

which applies to nutrients, algae, odor, scum, and foam.  The objective for biostimulatory

substances specifies, “waters shall not contain biostimulatory substances in

concentrations that promote aquatic growth to the extent that such growth causes

nuisance or adversely affects beneficial uses.”  The Basin Plan also recognizes that such

excessive growth can cause water quality problems (e.g.  pH altered beyond the

acceptable range) and aesthetic problems (e.g., odor, scum).  Other problems associated

with excessive algae growth include decreased flow velocity and reduction of recreation

uses.  The narrative objective for scum requires that the waters should be free of foams

and scum “in concentrations that cause nuisance or adversely affect beneficial uses.”

2.1.3 Antidegradation

State Board Resolution 68-16, “Statement of Policy with Respect to Maintaining

High Quality Water” in California, known as the "Antidegradation Policy," protects
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surface and ground waters from degradation.  Any actions that can adversely affect water

quality in all surface and ground waters must be consistent with the maximum benefit to

the people of the state, must not unreasonably affect present and anticipated beneficial

use of such water, and must not result in water quality less than that prescribed in water

quality plans and policies.  Furthermore, any actions that can adversely affect waters of

the United States are also subject to the federal Antidegradation Policy (40 CFR 131.12).

The proposed TMDL will not degrade water quality, and will in fact improve water

quality as it is designed to achieve compliance with existing water quality standards.

2.2 WATER QUALITY DATA SUMMARY

This section summarizes water quality data for the Los Angeles River pertaining to

nitrogen compounds and their effects.  The summary includes data considered by the

Regional Board and U.S. EPA in developing the 1998 303(d) list for nitrogen compounds

and their effects in addition to more recent data that was used to develop the source

assessment and linkage analysis for this TMDL.

2.2.1 Ammonia

The ammonia data used in the Regional Board’s water quality assessment of the Los

Angeles River are summarized in Table 3.  These data are from Regional Board studies

and data collected by the Los Angeles Department of Public Works between 1988 and

1994.  For the purpose of the 303(d) listing, a reach was considered to be non-supporting

if greater than 10% of the samples exceeded the criterion.

For Tujunga Wash, the maximum reported ammonia concentration was 2.4 mg/L, and

the variation of the ammonia concentration data did not suggest ammonia concentration

routinely exceeded the standard.  Recent data for Rio Hondo reflected the changes in the

major source for this reach.  The Whittier Narrows Wastewater Reclamation Facility

(WNWRRF) implemented a nitrification-denitrification process in 1997.  Concentration

of ammonia in the WNWRRF effluent has decreased; the mean concentration prior to
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1997 was about 13 mg/L, and since 1997 is about 2.4 mg/L.  The State Board has

recommended that the Rio Hondo be delisted for ammonia and placed on the enforceable

program list.  Additional investigation and monitoring will be conducted during the

implementation of this TMDL to more accurately quantify ammonia  sources and

instream concentrations in Tujunga Wash.  Therefore, this TMDL does not provide

ammonia wasteload allocations in Tujunga Wash or Rio Hondo.  If the results from the

monitoring program show that wasteload allocations are required to meet water quality

standards, establishment of wasteload allocations will be considered by the Regional

Board through a revision of the TMDL.

TABLE 3. SUMMARY OF AMMONIA DATA USED IN LISTING PROCESS.

Waterbody Name
Number of
Samples

Mean (Std Dev)
(mg/L)

Range
(mg/L)

Listed for
Ammonia

Los Angeles River (at Sepulveda Basin) 10 8.8  (6.0) 2.2 – 20.1 yes
Los Angeles River (Dam to Riverside Dr.) 95 10.7  (4.8) ND – 34.9 yes
Los Angeles River (Riverside Dr. to Figueroa St.) 20 9.1  (2.7) 2.2 – 14.9 yes
Tujunga Wash (up to Hansen Dam) 7 0.6  (0.8) ND – 2.4 yes
Burbank Western Channel 11 12.0  (2.7) 8.3 – 16.3 yes
Verdugo Wash (up to Verdugo Rd.) 8 0.3  (0.4) ND – 1.3 no
Arroyo Seco (up to Devils Gate Dam) 10 0.5  (0.9) ND – 3.0 no
Los Angeles River (Figueroa St. to Carson St.) 162 6.0  (4.5) ND – 29.8 yes
Rio Hondo (at Spreading Grounds) 65 4.4  (4.6) ND – 18.2 yes
Rio Hondo (below spreading grounds, to Santa Ana Fwy) 57 0.3 (0.5) ND – 2.6 yes
Compton Creek 58 0.7 (1.7) ND – 12.1 no
Los Angeles River (Carson St. to Estuary) 94 6.0 (4.5) ND – 29.8 yes

Table 4 displays more recent data on ammonia for six monitoring locations, four in

the Los Angeles River and two in the Burbank Western Channel.  These data were

collected by the three major POTWs discharging to the Los Angeles River, whose

NPDES permits specify quarterly sampling of the receiving water upstream and

downstream of the treatment plant discharge points.  These data were compared to the

updated ammonia objective in the Basin Plan after adjusting for pH and temperature.

The adjustments were made using the pH and temperature data collected concomitantly

with the ammonia data.  Most of these data exceeded the 30-day chronic objective

(bolded in Table 4).  A subset of these values also exceeds the 1-hour acute objective

(underlined in Table 4).
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TABLE 4. AMMONIA CONCENTRATIONS (MG/L) IN LOS ANGELES RIVER RELATIVE TO
MAJOR POTWS (SOURCES: CITY OF BURBANK 1998-2000; CITY OF LOS ANGELES
1998A-2000A, 1999B-2000B.)

Sample
date

Burbank
Western
Channel:
headwaters

Burbank Western
Channel: below
Burbank WRP

Los Angeles River
headwaters
(entering
Sepulveda Basin)

Los Angeles River:
exiting Sepulveda
Basin

Los Angeles
River:
Glendale
Narrows

Los Angeles
River: below
Glendale WRP

Feb. 98 <0.1 10 NA NA 10.3 NA

May 98 <0.1 4.0 NA NA 3.0 NA

Aug. 98 0.1 11 NA NA 4.3 NA

Nov. 98 <0.1 11 <dl 5.4 3.5 2.2

Feb. 99 0.2 16 <dl 6.9 7.2 6.7

May 99 0.2 19 <dl 5.8 7.6 5.6

Aug. 99 0.2 13 0.1 8.0 7.5 5.7

Nov. 99 0.1 16 0.3 10.4 7.8 5.6

Feb. 00 <5 15 0.8 11.8 7.7 7.5

May 00 <1 19 0.5 9.5 9.5 7.6

Aug. 00 0.8 10 0.5 10.9 9.6 9.0

Nov. 00 0.1 21 <dl 10.9 7.1 8.5

Feb. 01 0.3 22 1.9 17.4 11.4 11.8

May. 01 0.2 13 ND 12.3 8.2 8.3

Aug. 01 0.32 11 0.3 6.2 4.8 3.5

Nov. 01 0.09 18 ND 4.5 3.1 3.6

Samples in bold exceeded 30-day chronic criterion for ammonia in the “1999 Update of Ambient
Water Quality Criteria for Ammonia”; samples underlined exceeded both chronic and 1-day acute criterion;
dl: detection limit, NA: not available

The POTW effluent data indicate that the treatment plants are a significant source of

ammonia, one of the primary causes of impairment in the Los Angeles River.  Table 5

summarizes ammonia concentration data for POTW effluent and the Los Angeles River

in locations upstream and downstream of the POTWs’ discharge points.
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TABLE 5. AMMONIA CONCENTRATIONS (MG/L) IN LOS ANGELES RIVER RELATIVE TO
POTWS  (SOURCES: CITY OF BURBANK 1998-2000; CITY OF LOS ANGELES 1998A-
2000A, 1999B-2000B.)

Tillman

Upstream

Tillman

WRP

Effluent

Tillman

Downstream

Burbank

Upstream

Burbank

WRP

Effluent

Burbank

Downstream

Glendale

Upstream

Glendale

WRP

Effluent

Glendale

Downstream

Feb-98 NA 2.2 NA <0.1 13.0 10.0 10.3 13.7 NA

May-98 NA 6.1 NA <0.1 12.0 4.0 3.0 7.7 NA

Aug-98 NA 5.0 NA 0.1 15.0 11.0 4.3 9.2 NA

Nov-98 <dl 0.5 5.4 <0.1 12.0 11.0 3.5 4.5 2.2

Feb-99 <dl 2.8 6.9 0.2 20.0 16.0 7.2 9.4 6.7

May-99 <dl 0.3 5.8 0.2 22.0 19.0 7.6 9.1 5.6

Aug-99 0.1 3.5 8.0 0.2 14.0 13.0 7.5 8.1 5.7

Nov-99 0.3 5.9 10.4 0.1 1.8 16.0 7.8 7.2 5.6

Feb-00 0.8 5.0 11.8 <5 13.8 15 7.7 8.2 7.5

May-00 0.5 7.5 9.5 <1 18 19 9.5 9.0 7.6

Aug-00 0.5 8.1 10.9 0.8 15 10 9.6 8.9 9.0

Nov-00 <dl 3.8 10.9 0.1 25 21 7.1 9.5 8.5

Feb. 01 1.9 11.9 17.4 0.3 25 22 11.4 14.7 11.8

May. 01 ND 7.3 12.3 0.2 17 13 8.2 10.3 8.3

Aug. 01 0.3 2.1 6.2 0.32 15 11 4.8 5.3 3.5

Nov. 01 ND 0.9 4.5 0.09 16 18 3.1 6.5 3.6

Samples in bold exceeded 30-day chronic criterion for ammonia in the “1999 Update of Ambient

Water Quality Criteria for Ammonia”; samples underlined exceeded both chronic and 1-day acute

criterion; dl: detection limit, NA: not available

Ammonia concentrations in the POTW effluent are often as much as 10 times greater

than the WQO for chronic toxicity, and in many cases exceeds the WQO for acute

toxicity.  Ammonia concentration in the receiving water shows similar exceedances.  In

some cases, ammonia concentration downstream of the Donald C. Tillman POTW is

greater than the upstream concentration and effluent concentration.  The data also show

the ammonia concentration in the effluent of the Los Angeles-Glendale POTW is in some

cases greater than the upstream concentration while the downstream concentration is less

than the upstream concentration.  These data may result from sampling and analytical

variability or may suggest the presence of some other influence, such as additional
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ammonia sources and transformation of other substances in the POTW effluent, such as

organic nitrogen, into ammonia.  This issue is further addressed in the Linkage Analysis.

The ammonia problem appears to be limited to the main stem of the Los Angeles River

and the Burbank Western Channel.  Therefore this TMDL addresses those reaches for

ammonia.

2.2.2 Toxicity

Toxicity tests performed by the POTWs indicated chronic toxicity in the Los Angeles

River and Burbank Western Channel both upstream and downstream of these treatment

plants (Table 6).  There was also acute toxicity in a smaller number of samples.  Effluent

toxicity tests performed by the POTWs as part of their NPDES monitoring requirements

indicated both acute and chronic toxicity in the effluent, and results of a Toxic

Identification Evaluation (TIE) showed that the toxicity was caused by ammonia.

Additionally, results from the Los Angeles River Toxicity Testing Project (UC Davis,

2002.) indicate that ammonia was the cause or a contributor to the toxicity in the majority

of samples from Reaches 3, 4, and 5.  Therefore it is reasonable to assume the toxicity in

receiving water may be related to ammonia concentrations in the river.  Table 6 compares

the toxicity data from the Los Angeles River upstream and downstream of the POTWs

and the POTW effluent toxicity data.  The presence of toxicity upstream of the POTWs in

some of the samples suggests that additional factors may also be contributing to the

observed toxicity.
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TABLE 6. TOXICITY IN LOS ANGELES RIVER (SOURCES: CITY OF BURBANK 1998-
2000; CITY OF LOS ANGELES 1998A-2000A, 1999B-2000B.)
 Chronic toxicity (TUc).

  Tillman

Upstream

 Tillman

POTW

Effluent

 Tillman

Downstream

 Burbank

 Upstream

 Burbank

POTW

Effluent

 Burbank

Downstream

 Glendale

Upstream

 Glendale

POTW

Effluent

 Glendale

Downstream

 Feb-98  NA  NA  NA  1.0  1.0  1.0  >10  >10  1.3

 May-98  NA  NA  NA  5.6  1.0  1.8  10  10  10

 Aug-98  NA  NA  NA  1.0  1.8  1.0  4.0  10  10

 Nov-98  10  <1.0  4.0  1.0  1.0  1.0  >10  >10  >10

 Feb-99  >10  <1.0  4.0  1.0  1.0  1.0  10  >10  10

 May-99  10  1.3  2.0  1.0  1.0  1.0  2.0  1.3  <1.0

 Aug-99  >10  >10  4.0  1.0  1.0  1.0  1.3  1.3  1.3

 Nov-99  4.0  4.0  1.3  3.1  1.0  5.6  1.3  <1.0  <1.0

 Feb-00  10  4.0  4.0  1.8  1.8  1.8  >10  4.0  >10

 May-00  2  >10  >10  5.6  1.8  1.0  1.0  1.0  1.0

 Aug-00  NA  NA  NA  5.6  1.0  1.0  10  2.0  2.0

 Nov-00  7.0  7.0  7.0  1.0  1.0  1.0  >10  10  10

 Feb. 01  >10  >10  4  1  1.8  3.13  10  10  4

 May. 01  >16  >16  >16  1  1  1  >10  >10  >10

 Aug. 01  >16  >16  16  1  1.8  1.8  16  16  16

 Nov. 01  >16  >16  >16  1  1.8  1.8  2  4  4

 * Samples in bold exceeded 30-day chronic criterion; TUc: toxicity units for chronic toxicity; NA: not available

 Acute toxicity (% Survival).

 Tillman

Upstream

 Tillman

POTW

 Tillman

Downstream

 Burbank

 Upstream

 Burbank

POTW

 Burbank

Downstream

 Glendale

Upstream

 Glendale

POTW

 Glendale

Downstream

Feb-98 NA NA NA 100 100 100 100 100 100

May-98 NA NA NA 100 100 50 NA NA NA

Nov-98 NA NA NA NA NA NA 100 5 100

Dec-98 NA NA NA NA NA NA 100 95 100

Jan-99 NA NA NA NA NA NA 100 90 95

Feb-99 NA NA NA 100 0 0 85 100 100

May-99 NA NA NA 75 0 0 90 100 95

Aug-99 NA NA NA 100 90 100 0 0 0

Nov-99 NA NA NA 100 100 0 100 100 100

Feb-00 NA NA NA 80 70 70 40 30 85
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 Chronic toxicity (TUc).

  Tillman

Upstream

 Tillman

POTW

Effluent

 Tillman

Downstream

 Burbank

 Upstream

 Burbank

POTW

Effluent

 Burbank

Downstream

 Glendale

Upstream

 Glendale

POTW

Effluent

 Glendale

Downstream

May-00 NA NA NA 80 0 0 70 95 95

Aug-00 NA NA NA 85 0 0 93 98 93

Nov-00 NA NA NA 100 0 0 55 65 88

Feb. 01 NA NA NA 95 95 95 60 15 55

May. 01 NA NA NA 100 0 0 88 95 98

Aug. 01 NA NA NA 100 0 0 98 100 98

Nov. 01 NA NA NA 47.5 0 12.5 70 40 43

* Exceedances in bold type

2.2.3 Oxidized Nitrogen Compounds: nitrate and nitrite

The NO3-N + NO2-N data used in the Regional Board’s water quality assessment of

the Los Angeles River are summarized in Table 7.  The ranges of reported data indicate

that  water quality concentrations in the Los Angeles River, Burbank Western Channel,

and Rio Hondo (at the spreading grounds) exceed the objective (8mg/L for most of the

Los Angeles River) for nitrite + nitrate.

TABLE 7. SUMMARY OF NO3-N+NO2-N DATA (MG/L) USED IN LISTING PROCESS
Waterbody Name Number of

Samples
Mean
(Std Dev)

Range Listed for
Nutrients

Los Angeles River (at Sepulveda Basin)1 10 3.8 (4.1) 0.5 – 15.7 yes
Los Angeles River (Dam to Riverside Dr.)1 92 4.7 (3.9) 0.03 –

20.42
yes

Los Angeles River (Riverside Dr. to Figueroa St.)1 20 4.5 (1.1) 3.1 – 7.6 yes
Tujunga Wash (up to Hansen Dam) 7 0.1 (0.1) ND – 0.22 no
Burbank Western Channel 11 3.9 (3.0) 0.4 – 11.7 no
Verdugo Wash (up to Verdugo Rd.) 8 2.6 (0.8) 1.1 –3.8 no
Arroyo Seco (up to Devil Gates Dam) 10 3.7 (1.5) 1.8 – 6.5 no
Los Angeles River (Figueroa St. to Carson St.)1 160 6.2 (3.8) 0 – 19.2 yes
Rio Hondo (at Spreading Grounds)1 64 2.7 (3.2) 0.2 – 14.5 no
Rio Hondo (up to Santa Ana Fwy)1 57 0.7 (1.1) ND - 5 no
Compton Creek 57 0.4 (1.1) ND – 7.6 no
Los Angeles River (Carson St. to Estuary)1 94 4.6 (2.4) 0.01 –

13.16
yes

1Objective for nitrate-nitrite in these reaches is 8 mg/L.
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These data were analyzed relative to the WQOs for nitrate and for nitrite at four locations

in the Los Angeles River, where the WQO for NO3-N is 8 mg/L and the WQO for NO2-N

is 1 mg/L.  Table 8 shows results.  Approximately 20% of the samples at Tujunga and

Arroyo Seco exceeded the nitrate objective.  The percentage of exceedances was lower

further down the river near Firestone Blvd (5%) and Wardlow Rd (1%).  The mean NO2-

N concentration exceeded the 1 mg/L objective in about 40% of the samples, and did not

change appreciably with distance down the river.  The Tujunga Wash appears to have a

nitrate and nitrite loading to the Los Angeles River.  The Monitoring Program proposed

by this TMDL includes further studies to investigate nitrogen compounds in Tujunga

Wash.

TABLE 8. STATISTICAL SUMMARY OF NITRATE AND NITRITE DATA FOR LOS ANGELES
RIVER 1988-95 (LACDPW) AS COMPARED TO THE BASIN PLAN OBJECTIVES
Nitrate-N (mg/L)

Station Los Angeles River at
Tujunga

Los Angeles River at
Arroyo Seco

Los Angeles River at
Firestone Blvd

Los Angeles River at
Wardlow Rd

No. of  Samples 82 85 109 108
Ave. (SD) 4.65 (4.37) 6.41 (4.28) 3.79 (3.36) 3.15 (2.32)
Range 0.00 – 16.02 0.00 – 17.61 0.00 – 24.61 0.00 – 10.60
%>10 mg/L 17% 20% 5% 1%
Nitrite-N (mg/L)

Station Los Angeles River at
Tujunga

Los Angeles River at
Arroyo Seco

Los Angeles River at
Firestone

Los Angeles River at
Wardlow

No. of samples 82 83 107 106
Ave. (SD) 1.01 (1.30) 1.09 (1.36) 1.00 (1.35) 1.07 (1.35)
Range 0.00 – 7.68 0.00 – 8.70 0.00 – 6.33 0.00 – 7.41
%>1mg/L 38% 42% 38% 42%

More recent data from the wastewater treatment plant NPDES monitoring programs

(Table 9) show that, although the POTWs contribute nitrite and nitrate to the receiving

water, the concentrations in the effluent are generally not in exceedance of the 8 mg/L

objective for NO3-N + NO2-N; however, nitrite and nitrate are also loaded to the Los

Angeles River by conversion of ammonia and organic nitrogen that is discharged by the

POTWs.
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TABLE 9. NITRATE-N PLUS NITRITE-N CONCENTRATIONS IN THE LOS ANGELES RIVER
(MG/L) RELATIVE TO MAJOR POTWS (SOURCES: CITY OF BURBANK 1998-2000;
CITY OF LOS ANGELES 1998A-2000A, 1999B-2000B.)

 Tillman

Upstream

Tillman

POTW

Effluent

Tillman

Downstream

Burbank

Upstream

Burbank

POTW

Effluent

Burbank

Downstream

Glendale

Upstream

Glendale

POTW

Effluent

Glendale

Downstream

Feb-98 NA 2.5 NA 3.9 3.2 3.3 2.4 2 NA

May-98 NA 3.8 NA 20.0 3.6 4.8 2.7 2.6 NA

Aug-98 NA 1.2 NA 1.9 4.36 2.7 3.0 2.4 NA

Nov-98 NA 7.7 NA 7.3 3.3 3.1 10.6 5.4 5.4

Feb-99 6.0 6.1 4.7 5.3 1.26 1.67 5 4.1 5.5

May-99 4.0 7.9 5.9 2.4 0.49 1.22 5.4 4.1 5.7

Aug-99 4.2 3.7 2.5 2.0 2.32 3.85 2.6 3.4 4.0

Nov-99 4.0 5.0 3.7 4.2 1.59 4.18 4.6 3.8 5.7

Feb-00 5.1 5.8 3.6 2.0 5.6 5.5 4.0 3.3 4.3

May-00 4.1 2.3 1.8 0.5 2.4 1.9 2.9 3.3 4.2

Aug-00 2.3 1.8 2.0 0.6 3.9 6.5 2.8 2.4 3.2

Nov-00 5.2 6.0 3.3 2.1 0.6 1.0 4.9 3.7 4.7

Feb. 01 5.8 2.7 2.1 3 0.7 0.9 3.8 3.3 4.6

May. 01 4.7 2.3 1.7 1.5 0.8 1.8 3.4 3.4 4.2

Aug. 01 2.7 4.2 3.1 1.8 2.2 2.4 3.7 3.5 4.1

Nov. 01 3.9 6 6.4 3.2 4.7 0.7 6.6 4.7 5.9

Values greater than 8 mg/L are in bold; NA: not available

2.2.4 pH

The water column pH data reviewed by the Regional Board in the listing process

suggest impairments in the lower portion of the Los Angeles River, Compton Creek and

the lower portion of the Rio Hondo (Table 10).  The fact that high pH values co-occur

with high ammonia levels in the Los Angeles River and Rio Hondo suggest that ammonia

toxicity is a problem in these areas.

RB-AR36667



34

TABLE 10. SUMMARY OF PH DATA REVIEWED USED IN THE LISTING PROCESS
Waterbody Name Number of

Samples
Range Mean (Std

Dev)
Listed for
pH

Rio Hondo (up to Santa Ana Fwy) 57 7.3 – 9.9 8.1 (0.6) yes
Compton Creek 59 6.9 – 9.9 8.1 (0.6) yes
Los Angeles River (Carson St. to Estuary) 148 7.0 – 10.6 9.2 (0.9) yes

A review of more recent pH data from the receiving water programs for the three

large wastewater reclamation plants indicated several pH values greater than 8.5.  The pH

values tended to be higher upstream of the plants (Table 11).  The pH values in effluent

from the three wastewater plants were consistently around 7.2, lower than the ambient

pH.  Although the source of the elevated pH is not determined, nitrate and nitrite loading

can result in increased algae photosynthesis that might cause the pH level to increase.

The Implementation Plan includes a monitoring program to assure that the nitrogen

wasteload allocations will result in attainment of the pH objectives.

TABLE 11. SUMMARY OF PH DATA IN THE LOS ANGELES RIVER (MG/L) RELATIVE TO
MAJOR POTWS (SOURCES: CITY OF BURBANK 1998-2000; CITY OF LOS ANGELES
1998A-2000A, 1999B-2000B.)

 Tillman
Upstream

Tillman
POTW

Tillman
Downstream

Burbank
Upstream

Burbank
POTW

Burbank
Downstream

Los Angeles-
Glendale
Upstream

Glendale
POTW

Los Angeles-
Glendale
Downstream

50th

percentile
8.2 8.1 8.0 8.4 7.7 8.0 8.0 7.7 7.6

90th

percentile
8.4 8.4 8.5 8.7 8.0 8.3 8.3 8.0 7.8

2.2.5 Nuisance effects: algae, odors, foam, and scum

The listings for algae, odors, foam and scum were based primarily on visual

observations made by Regional Board staff during the 1996 listing process.  To further

investigate the 1996 listings, a survey of the algal biomass in the Los Angeles River was

conducted in September 2000 (Characterization of Water Quality in the Los Angeles

River, Ackerman, D., SCCWRP, 2000).  The investigation provides some limited data on

the distribution and abundance of algae along 30-m transects at four locations along the

River and at two tributaries (Bell Creek and Arroyo Seco).  Biomass measurements

ranged from 0 to 3 kg/m2.  Values were lowest at Bell Creek and highest at the bottom of

Arroyo Seco.  There were essentially two types of algae observed in the river.  One type

RB-AR36668



35

was the long filamentous algae (Rhizoclonium spp.) that forms thick mats and is

considered to be nuisance algae.  The other type was the blue-green algae

(Cyanobacteria) that forms a thin film on hard substrate.  Rhizoclonium spp. was

observed at high densities at the bottom of Arroyo Seco, its distribution was patchier in

the River at Bell/Calabasas and at the Sepulveda Dam.  This species was virtually absent

at Bell Creek, near the Burbank Western Channel and above Arroyo Seco.  Table 12

summarizes the data regarding algae distribution in the Los Angeles River watershed.

Bell Creek and Los Angeles River at Bell Creek are above the Donald C. Tillman WRP.

Sepulveda Dam is below the Donald C. Tillman WRP.  Los Angeles River at Burbank

Western Channel is below Burbank WRP.  Los Angeles River above Arroyo Seco and

Bottom of Arroyo Seco are below LA Glendale WRP.

TABLE 12. DISTRIBUTION AND ABUNDANCE OF ALGAL BIOMASS IN THE LOS ANGELES
RIVER (SEPTEMBER 2000)  (BIOMASS VALUES ARE EXPRESSED AS GRAMS/M2 WET
WEIGHT (AND GRAMS /M2 DRY WEIGHT))
Station/
Transect
number

Bell Creek Los Angeles
River at Bell/
Calabasas

Los Angeles
River at
Sepulveda
Dam

Los Angeles
River at
Burbank
Western
Channel

Los Angeles
River above
Arroyo Seco

Bottom of
Arroyo Seco

1 0 0 303 (2) BG film* BG film 1156 (191)
2 0 0 2 (0) BG film BG film 1450 (124)
3 0 0 77 (11) BG film BG film 1894 (301)
4 0 1425  ( 94) 207 (0) BG film BG film 2981 (367)
5 0 2339 (120) 0 BG film 243 (4) 2034 (225)
Average --- 753 (43) 118 (3) --- --- 1903 (242)

* BG film: Blue green algae film

Although this data set is limited, there appears to be a high degree of variability

among stations (compare Los Angeles River above Arroyo Seco to the values at the

bottom of Arroyo Seco) and within stations (e.g., Los Angeles River at Bell Calabasas or

Los Angeles River at Sepulveda Dam).

In summary, the data reviewed as part of this TMDL confirms the listings made by

the Regional Board in 1998.  Water quality concentrations around the POTWs exceed the

chronic water quality criteria for ammonia and to a lesser extent the acute water quality

criteria.  Toxicity tests also indicate both acute and chronic toxicity that appears to be

related to ammonia.  There are exceedances of the nitrate and nitrite objectives in the
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ambient waters of the Los Angeles River.  The percentage of these exceedances appeared

to be higher in the upper reaches of the River than in the lower reaches of the river.  More

monitoring surveys are needed to evaluate the extent and magnitude of the algae in the

reaches listed for algae.

3 NUMERIC TARGETS

Numeric targets for this TMDL are the target conditions in the waterbody necessary

to support the beneficial uses.  Numeric targets for this TMDL are have been selected

based on the water quality objectives in the Basin Plan discussed in Section 2 and listed

in Table 13.

For this TMDL, the ammonia targets are based on the criteria developed by U.S.

EPA, in the “1999 Update of Ambient Water Quality Criteria for Ammonia,” December

1999 and adopted by the Regional Board in 2002.  The 1999 Update contains U.S. EPA’s

most recent freshwater aquatic life criteria for ammonia and supersedes all previous

freshwater aquatic life criteria for ammonia.  In this revision the acute criteria is

dependent on pH and the chronic criteria is based on pH and temperature of the receiving

water.  A review of pH data does not show evidence of a seasonal signal.  However,

dischargers have noted that there may be a seasonal variation in temperature.  This effect

will be subject of a special study by the dischargers to determine ammonia targets.  The

1999 U.S. EPA Ambient Water Quality for Ammonia acknowledges that ammonia

toxicity may be dependent on the ionic composition of the waterbody.  This issue can be

addressed by performing a water effects ratio (WER) study or other site-specific

approaches, if approved by the Regional Board through the Basin Plan amendment

process.  The Basin Plan outlines the requirements for development of a Site-Specific

Objective (SSO).  At this time, stakeholders have initiated a WER study for ammonia in

the Los Angeles River in conformance with a workplan that has been approved by

Regional Board staff.  It is anticipated that the WER study will serve as the basis for

development of a proposed SSO and revised effluent limits, as appropriate, for Regional

Board approval.  A SSO based on a WER for ammonia would be implemented as a Basin

Plan Amendment that, if approved, would amend both the Basin Plan and this TMDL.
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The SSO would be required to demonstrate that both the ammonia objectives would be in

conformance with the Antidegradation Policy (State Board Resolution 68-16) and that

any increase in ammonia effluent limits would not cause exceedances of the water quality

objectives for nitrate or nitrite + nitrate.

For ammonia, numeric targets that are pH and temperature dependent will be applied

to protect water quality criteria for aquatic life.  Numeric targets for this TMDL are

concentration based.  Since most of Los Angeles River watershed listed segments are not

designated in the Basin Plan as “COLD,” “MIGR,” and “SPWN,” it is assumed that

salmonids are absent and early life stages needing special protection are not present in

Los Angles watershed.  The acute numeric target and chronic numeric target for ammonia

will be calculated using the equations set forth in Resolution No. 2002-11before the

interim effluent limits set forth in the implementation Plan of this TMDL expire (Section

7).

However, for illustrative purposes, based on the pH and temperature data downstream

of the POTW outfalls from the last five years, one-hour ammonia targets range from 2.65

mg/L to 22.97 mg/L for the Donald C. Tillman WRP; 3.88 mg/L to 22.97 mg/L for the

Burbank WRP; and 0.61 mg/L to 3.71 mg/L the Los Angeles-Glendale WRP.  Thirty-day

ammonia targets range from 0.47 mg/L to 2.87 mg/L for the Donald C. Tillman WRP;

1.01 mg/L to 2.12 mg/L for the Burbank WRP; and 0.61 mg/L to 3.71 mg/L for the Los

Angeles-Glendale WRP.  These numeric targets do not assume application of an

ammonia water effects ratio.

The numeric targets for nitrate, nitrite, and nitrate + nitrite are based on the water

quality objectives provided in the Basin Plan for the Los Angeles River.  Dischargers

have expressed concerns regarding several issues with the numeric targets for nitrate,

nitrite, and nitrate + nitrite, including the appropriateness of an averaging period and

establishment of a mixing zone downstream of the POTWs for compliance purposes.

These issues will be addressed through special studies to be conducted by the Dischargers

during the Implementation period at which time interim effluent limits apply.  The
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Regional Board will consider the results of those studies to determine if water quality

objective modifications and site specific objectives are appropriate.

TABLE 13. SUMMARY OF NUMERIC TARGETS FOR THE LOS ANGELES RIVER NITROGEN
TMDL
Parameter Beneficial uses/

Basin Plan
Numeric target

Ammonia-nitrogen
(NH3-N)

WILD, WARM Temp and pH dependent
Based on the last two years of temperature and pH data
provided by the dischargers, the ammonia numeric targets for
the major POTWs are provided below:

POTWs                          One-hour average    Thirty-day average
                                              (mg/L)                        (mg/L)
D.C. Tillman                            4.7                              1.6
Los Angeles-Glendale              8.7                              2.4
Burbank                                   10.1                             2.3

Nitrate-nitrogen (NO3-N) Basin Plan 8 mg/L
Nitrite-nitrogen (NO2 - N) GWR 1 mg/L
(NO 3 N + NO 2 N) Basin Plan 8 mg/L above Figueroa Street, between Figueroa Street and Los

Angles River Estuary including Rio Hondo below Santa Ana
Freeway, and Rio Hondo above Santa Ana Freeway
10 mg/L in other tributaries

Targets are also required for constituents with narrative objectives, and those also are

addressed below to the extent feasible.  The numeric targets in this TMDL reflect the

total pollutant loading capacity of the water body for the nitrogen compounds, accounting

for seasonal variations, future growth and margin of safety.

The Basin Plan contains narrative objectives for color, exotic vegetation, floating

material, solid, suspended, or settleable materials, and taste and odor that apply to algae,

foam/scum, and odor.  These narrative objectives prohibit materials that cause nuisance

or adversely affect beneficial uses.  One mechanism by which excess algal biomass can

adversely impact beneficial uses is through eutrophication that results in low dissolved

oxygen (DO) concentrations.  Another mechanism of impairment of REC-1 and REC-2

occurs when excess algal biomass results in unpleasant odors and scum.
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Numeric targets for algae, scum/foam, and odor are not readily definable.  The

specific quantity of algal biomass that produces scum and odors varies with many factors

including algal type, season, consumption by other organisms, and other factors not

widely measured or quantified.  There is literature from other parts of the U.S. to suggest

a target for nuisance algae at 100 to 200 mg/m2 for chlorophyll a (Biggs, 2000, Dodds

and Welch, 2000); Dodds et al., 1997).  No such data relating chlorophyll-a

concentrations to nuisance conditions are known for the Los Angeles River, and the

relevance of values reported in other parts of the U.S. is unknown.

Because data are not sufficient to develop and implement a target for algae in this

TMDL, algal biomass and DO concentrations will be measured as part of the TMDL

monitoring plan, and observations will be recorded of odors and scum during monitoring.

It is anticipated that reductions in nitrogen compounds implemented as part of this

TMDL will reduce algal biomass.  If those measures serve to ameliorate problems with

scums and odors, then the impairment will be considered to be removed.  That approach

is a reasonable alternative to a specific numeric target in this case.

4 SOURCE ASSESSMENT

Pollutant sources include two categories: point sources and nonpoint sources.  Point

sources typically include discharges for which there are defined outfalls such as

wastewater treatment plants and industrial discharges.  These discharges are regulated

through a permit such as the federal National Pollution Discharge Elimination System

(NPDES) permit or the State of California issued Waste Discharge Requirements

(WDRs).  Stormwater runoff in the Los Angeles River watershed is regulated as a point

source under the municipal separate stormwater sewer system (MS4) permit.  Nonpoint

sources include pollutants that reach waters from a number of land uses and source

activities, but that are not conveyed through a storm sewer system.  During dry weather,

nitrogen sources conveyed to the Los Angeles River through the stormwater system can

also be significant.
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Urban runoff in Los Angeles County is regulated under two stormwater NPDES

permits.  The first is the Los Angeles County Municipal Storm Water NPDES permit

which the Regional Board has recently renewed.  There are 86 co-permittees covered

under this permit including 85 cities and the County of Los Angeles.  The second is a

separate storm water permit for the California Department of Transportation (Caltrans).

Runoff from industrial facilities is subject to a statewide NPDES permit for industry.

The permitting process defines these discharges as point sources because the storm water

discharges from the end of a storm water conveyance system.  Because stormwater

discharges are permitted under NPDES permits, they are treated as point sources in this

TMDL.  Data from the stormwater programs are used, to the extent possible, to estimate

loadings associated with urban runoff.  There are also a large number of small industrial

wastewater dischargers with NPDES and WDR permits throughout the watershed.  These

are individual point sources, but together make up such a small proportion of the total

load of nitrogen compounds that they are considered here in the aggregate as a single

source category.

4.1 POINT SOURCES

The Regional Board’s Characterization of the Los Angeles River Watershed

(LARWQCB, 1998) identified six major point source discharges and 145 minor point

source discharges permitted under the National Pollutant Discharges Elimination System

(NPDES).  There are six wastewater reclamation plants that either discharge, or have the

potential to discharge into the Los Angeles River or its tributaries.  Five are POTWs:

Donald C. Tillman Water Reclamation Plant (WRP), Los Angeles-Glendale WRP,

Burbank WRP, Tapia Water Reclamation Facility (TWRF), and Whittier Narrows WRP.

The other is a wastewater reclamation plant located at the Los Angeles Zoo and operated

by the City of Los Angeles Department of Parks.

4.1.1 Major nitrogen sources
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The three largest POTWs (Donald C. Tillman Water Reclamation Plant, Los Angeles-

Glendale Water Reclamation Plant, and Burbank Water Treatment Plant) constitute the

major sources of nitrogen in the watershed.

• Donald C. Tillman is a tertiary treatment plant with a design capacity of 80 mgd.

Most of the flow is discharged directly into the Los Angeles River.  However, a

portion of the flow goes into a recreation lake, which then drains into Bull Creek

and Hayvenhurst Channel and back into the Los Angeles River.  Another portion

of the flow goes to a wildlife lake, which then drains into Haskel Channel and

ultimately back into the Los Angeles River.  The Donald C. Tillman plant

discharges around 53 mgd to the Los Angeles River.

• Burbank has a design capacity of 9 mgd.  Around 4 mgd is discharged directly

into the Burbank Western Channel.  The City of Burbank and CalTrans reclaim a

portion of the effluent for irrigation (freeway landscapes, golf courses, parks etc.).

Treated water from the plant is also used as cooling water for the Burbank Steam

Power Plant.

• The Los Angeles-Glendale POTW is a 20 mgd plant that discharges around 13

mgd directly into the Los Angeles River in the Glendale Narrows.  Around 4 mgd

of the treated wastewater is used for irrigation and industrial uses.

 

Table 14 summarizes nitrogen loading from the major POTWs.  The loads from the

Donald C. Tillman, Burbank and Glendale POTWs were estimated using monthly flow

and effluent concentration data provided as part of the annual self monitoring reports

(City of Los Angeles, 2000a, 2000b, 1999a, 1999b, 1998a, 1998b, 1997a, 1997b, 1996a,

1996b, 1995a, 1995b; City of Burbank, 2000, 1999, 1998, 1997, 1996, 1995).  The total

annual nitrogen load from these three POTWs was 2,140 MT/yr in 2000.  The total

nitrogen load averaged 2,243 MT/yr from 1995 – 2000.
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TABLE 14. NITROGEN LOADINGS FROM MAJOR POINT SOURCES (MT/YR).
 Source  Constituent  1995  1996  1997  1998  1999  2000

 Ammonia-N  1426  1191  1401  1421  1134  1530

 Nitrate-N  190  278  152  95  81  33

 Nitrite-N  47  53  63  62  28  50

 Organic-N  177  212  200  179  149  141

Donald C.

Tillman

POTW

 TOTAL-N  1840  1734  1817  1758  1392  1754

 Ammonia-N  169  92  126  144  117  115

 Nitrate-N

+Nitrite-N

 20  46  29  19  16  24

 Organic-N  34  39  35  15  13  43

Burbank

POTW

 TOTAL-N  223  178  190  178  147  181

 Ammonia-N  286  296  333  300  161  137

 Nitrate-N  45  79  53  37  25  29

 Nitrite-N  15  11  12  9  11  11

 Organic-N  40  39  39  52  31  28

Los Angeles -

Glendale

POTW

 TOTAL –N  386  426  436  397  228  205

 TOTAL

POTW

 TOTAL-N  2449  2338  2433  2333  1767  2140

4.1.2 Minor nitrogen sources

 Minor nitrogen sources include other POTWs, permitted dischargers, tributaries and

urban runoff.  Three POTWs listed below are considered minor sources of nitrogen

compounds:

• Tapia Water Reclamation Facility: Most of the effluent from the Tapia WRF

is either reclaimed or discharged into Malibu Creek.  However, due to a

discharge prohibition in Malibu Creek from April 15 to November 15, the

permittee is allowed to discharge up to 2 mgd of wastewater to the Los

Angeles River.  However, this discharge is infrequent.  Because the

permitted flow from Tapia is less than 2% of the mean flows from the major

POTWs discharging to the Los Angeles River, the nitrogen compound loads

are considered minor.
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• Whittier Narrows WRP: Treated wastewater from this WRP discharges to

the Rio Hondo above the Whittier Narrows Dam, into spreading grounds

where most of the effluent enters the groundwater.  It has been estimated that

less than 1% (0.1mgd) of Whittier Narrows WRP effluent remains in the

channel downstream of the spreading grounds.  Further, the Whittier

Narrows WRP has implemented nitrification and denitrification and nitrogen

compound loadings from this facility are considered minor.

• Los Angeles Zoo WRP: The Los Angeles Zoo WRP has a 1.8 million-gallon

retention basin, and discharges into the Los Angeles River near the Glendale

Narrows only during wet weather when the retention capacity is exceeded.

Consequently, the nitrogen compound loads are considered minor during

critical conditions for this TMDL.

The contribution of these plants to the overall nitrogen loadings in the Los Angeles

River is minimal, so the quantification of sources addresses the loadings of the major

largest POTWs.  The Monitoring program of this TMDL will include data collection to

quantify loadings from these sources, if necessary.

 
Other minor sources of nitrogen are storm water and urban runoff from municipal

separate storm sewer systems (MS4s) and 145 minor dischargers listed with NPDES or

WDR permits in the Los Angeles River Watershed Characterization Report

(LARWQCB, 1998), including:

 

 - 63 permits to discharge miscellaneous wastes.  These include waste from

dewatering, recreational lake overflow, swimming pool wastes, water ride

wastewater, ground water seepage, and others

 - 34 permits to discharge treated contaminated ground water with hazardous

materials

 - 23 permits to discharge non-contact cooling water

 - 12 permits to discharge stormwater

 - 5 permits to discharge contaminated ground water
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 - 3 permits to discharge contact cooling water

 - 2 permits to discharge process waste water

 - 2 permits to discharge product wash water waste

 - 1 permit to discharge filter backwash brine waters

These permitted discharges are not considered major sources of nitrogen to the Los

Angeles River for the following reasons.  First, the discharge flows associated with these

permits are generally small.  More than half of these permitted discharges are for design

flows of less than 0.1 mgd.  Second, many of these permits are for episodic discharges

rather than continuous flows, so the total annual flow is much less than the permitted

design flow.  Finally, although there are limited monitoring data to characterize these

discharges, none of these are of types that may be expected to contain large loads or high

concentrations of nitrogen.  The expected small role of these discharges is supported by

mass balance approximations described in the Summary to this section.  The Monitoring

program of this TMDL will include data collection to quantify loadings from these

sources,  and concentration based wasteload allocations based on water quality objectives

will be established for these sources.

4.1.3 Dry-weather loading assessment

During low flow periods the three major POTWs typically account for 60% to 80% of

the total volume of discharge in the river.  The remaining 20% to 40% of the dry weather

flow represents a combination of tributary flows, flows from other permitted

NPDES/WDRs discharges within the watershed, and urban dry weather runoff.

To estimate the relative magnitude of loads from these sources during non-storm

periods, recent data from the LADPW mass emission station in the LA River as well as

previous estimates of stormwater loadings from the Regional Board (Corado, 1998) and

from SCCWRP  (Characterization of Water Quality in the Los Angeles River, Ackerman,

D., SCCWRP, 2000) were evaluated.  Additionally, monitoring was undertaken for this

TMDL.  The monitoring consisted of synoptic sampling within a single day of flow from

the three POTWs, the headwaters of the tributaries, and more than 60 storm drains on

September 11, 2000.  The goal of the monitoring was to quantify the relative
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contributions from storm drains in dry weather to support the model.  This was followed

up by another synoptic survey in July 2001 to validate the model.  The monitoring

reflects one of the most complete efforts to identify and quantify dry weather flows from

storm drains in Southern California.  The data collected during the two surveys were

consistent in terms of flows and nitrogen compound concentrations.  The data were also

consistent with data collected by LADPW as part of their on-going dry weather

monitoring studies and appear to be representative of the dry-weather contributions from

storm drains.  Results are shown in Table 15.

TABLE 15. RELATIVE LOADING  (% ) OF NITROGEN FROM MAJOR POTWS,
TRIBUTARIES, AND STORM DRAINS TO THE LOS ANGELES RIVER DURING DRY WEATER
CONDITIONS (CHARACTERIZATION OF WATER QUALITY IN THE LOS ANGELES RIVER,
ACKERMAN, D., SCCWRP, 2000).

Percent Loading (%)Constituent Total load

(kg/day) Major POTWs Tributaries Storm Drains

Ammonia-N 3357 85 14 0

Nitrate-N 361 32 35 34

Total Organic Nitrogen 4066 82 17 2

The data also show that about 43% of the total dry weather nitrogen load is ammonia,

4.6% of the total dry weather nitrogen load is oxidized nitrogen, and 52% of the total dry

weather nitrogen load is total organic nitrogen.  The major POTWs contribute 84.1% of

the total nitrogen load.  The stormwater system contributes a significant portion of the

oxidized nitrogen load, 45MT/yr (123 kg/day).  Because these estimates are based on a

single sampling event, additional monitoring to estimate dry weather inputs from

tributaries and the stormwater system may be justified if wasteload allocations to point

sources do not succeed in removing the impairments to the listed waterbodies.

4.1.4 Loading assessment from runoff for wet and dry weather

The sources of nitrogen compounds, assimilative capacity of the Los Angeles River,

and impairment by related effects can be strongly affected by variations between wet and

dry weather.  More specifically, high-volume flows during storm events (which are

typically concentrated in the wet weather season) are very different in character than non-
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storm flows, which may occur in the wet season as well as the dry season.  The nitrogen

sources most strongly affected by wet and dry weather variations are runoff from land

surfaces.  In the Los Angeles River watershed, most of the runoff is conveyed to the Los

Angeles River and its tributaries is conveyed through the municipal separate storm

systems and are regulated under NPDES permits.  Consequently, nitrogen loads

conveyed through these systems are considered point sources.  This section addresses

sources of nitrogen from runoff .

The  source assessment from runoff is based on land use data and nitrogen export

coefficients.  Runoff from various parts of the watershed may vary according to land use

type.  The Regional Board (1998) estimated total source loadings for total nitrogen to the

Los Angeles River watershed, using watershed nitrogen export coefficients for

waterbodies in the western United States.  Table 16 summarizes results by source type,

and shows the estimated total annual loading was 404 metric tons of nitrogen.  This

analysis suggested that 78% of the loads from the storm drain system was associated with

urban runoff, 315 MT/yr.  This load includes both dry and wet weather.

TABLE 16. ESTIMATES OF ANNUAL  NITROGEN LOADINGS FROM RUNOFF IN THE LOS
ANGELES RIVER WATERSHED BY LAND USE (LARWQCB, 1998)

Land Use Area

(sq miles)

Unit area loads

(g/m2/y)

Annual Nitrogen Load

(Mt/yr)

Urban 487 0.25 315

Rural/Agricultural 2 0.2 1

Forest 324 0.1 84

Atmosphere (receiving water) 2 1 4

Estimated total nitrogen annual load 404

A second study yielded similar results.  SCCWRP (Characterization of Water Quality

in the Los Angeles River, Ackerman, D., SCCWRP 2000) estimated nitrogen loads using

export coefficients developed specifically for Southern California.  That study also used

more specific land use designations, and finer resolution for the watershed boundaries.

Table 17 shows results, with a comparable estimated total annual load of 417 MT/yr.

The study indicated urban sources in the lower part of the watershed, including
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residential, commercial, and industrial land uses, are the major contributor of the nitrogen

loads from stormwater runoff.
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TABLE 17. ESTIMATES OF  NITROGEN LOADING (MT/YR) IN THE LOS ANGELES RIVER
WATERSHED BY LAND USE (CHARACTERIZATION OF WATER QUALITY IN THE L OS

ANGELES RIVER, ACKERMAN, D., SCCWRP, 2000)
Land Use NH3-N NO3-N NO2-N
Agriculture 0.5 3.0 0.0
Commercial 20.6 60.9 3.2
Industrial 14.8 72.6 2.6
Open 0.9 28.5 0.2
Residential 27.7 173.6 6.2
Other 0.3 1.6 0.1
TOTAL 64.9 340.1 12.2

More than one thousand industrial facilities in the Los Angeles River watershed are

enrolled under the statewide NPDES general industrial stormwater permit.  Those

facilities are required to sample runoff and report monitoring data twice annually, but the

data collected under this program are not of sufficient frequency or quality to be used to

estimate loadings (Duke et al., 1998).  Therefore those discharges are not quantified

individually, but are included among the land use categorizations above.  The analysis

shows those activities are not major sources of nitrogen to the Los Angeles River and an

aggregate assessment of total load is adequate based on review of previous estimates,

assessment of dry weather storm system sources, and synoptic surveys.

The Los Angeles County Department of Public Works (LACDPW) estimated

nitrogen loads to the Los Angeles River as part of its stormwater monitoring program

(LACDPW, 2000).  Nitrogen concentrations in samples collected from the Los Angeles

River downstream of the POTWs during storm events were used to estimate the annual

nitrogen load from 1996-2000 (LADPW, 2000).  Table 18 summarizes the annual

nitrogen loadings in metric tons (MT) per year that range from 75 MT/yr to 1900 MT/yr

(LADPW, 2000).  The annual nitrogen load estimate is a function of the total rainfall and

runoff in a given year.  Therefore, these estimates are subject to verification through

continued monitoring and source assessment.
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TABLE 18. ANNUAL NITROGEN LOADINGS (MT/YR).
Constituent 96-97 97-98 98-99 99-00
NH3-N 38.5 332.7 10.8 3.1
NO3-N 101.8 242.3 30.6 17.9
NO2-N 8.0 41.5 17.0 2.9
TKN 339.5 1609.0 181.4 54.1
TOTAL 449.3 1892.8 220 74.9

Total nitrogen is equal to TKN + Nitrate + Nitrite; TKN = Total Kjeldahl Nitrogen

The effect of storm water loadings on in-stream concentrations of ammonia, nitrate

and nitrite during storm discharge may be evaluated using storm water concentration data

collected by the Los Angeles Department of Public Works over the five year period 1994

through 1999.  Table 19 summarizes those data.  The data were collected in storm runoff

from a number of monitoring stations at relatively small catchments in Los Angeles

selected to represent various types of land uses in the city.

TABLE 19. SUMMARY OF CONCENTRATION OF NITROGEN COMPOUNDS IN
STORMWATER RUNOFF BY LAND USE TYPES.
Land Use NH3-N NO3-N NO2-N

Vacant land 0.2  (0.4) 0.1  (0.4) 1.0  (1.6)

Education 0.4  (0.7) 0.4  (0.7) 0.4  (0.9)

High Density Residential 0.3  (1.2) 0.3  (1.2) 0.7  (0.6)

Light Industrial 0.5  (0.9) 0.4  (0.9) 0.9  (1.0)

Retail/Commercial 1.2  (0.5) 1.0  (0.5) 0.6  (1.3)

Transportation 0.3  (1.2) 0.2  (1.2) 0.6  (0.8)

Multi-family Residential 0.6  (0.8) 0.5  (0.8) 0.9  (0.8)

Mixed Residential 0.6  (1.0) 0.5  (1.0) 0.4  (1.0)

Note: Values in tables are in mg/L, showing flow-weighted means and coefficient of variations (in
parentheses) of multiple samples over five years.

These data suggest that the concentrations of ammonia, nitrate and nitrite in

stormwater runoff from urban land uses are low relative to water quality objectives.  The

data also suggest that the largest contribution of nitrogen from runoff sources is

residential.  The MS4 permitees are currently undertaking special studies to address these

loadings through Best Management Practices.  Although the total load of nitrogen in
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stormwater discharge might be substantial, the load occurs entirely during periods of

storm runoff when the large volume of water greatly increases assimilative capacity.  To

verify this assumption, additional analyses are required to measure the concentration of

nitrogen compounds during storm events.  However, since it is known that storm runoff

strongly dominates flow during storm periods, and since the above data show

concentration in the storm runoff is routinely well below the WQOs, it is reasonable to

assume that the WQO is not exceeded during storm discharge in the Los Angeles River

or its tributaries.

The relative load of oxidized nitrogen contributed from groundwater flow to surface

water should be considered in Verdugo Basin.  Groundwater data show the nitrate

concentrations in this area exceed the numeric target of 45 mg-NO3/L.  Based on the

estimated total flow of rising water at Gage F57C-R at 3900 acre-feet (1999-00 to 2000-

01) with concentration ranging from 17 to 53 mg-NO3/L, the oxidized nitrogen load from

groundwater was estimated at 16.8 tons.  The implementation plan addresses this source

with special studies to assess if groundwater discharge is responsible for the elevation of

the surface water nitrate concentrations.

4.2 NONPOINT SOURCES

As discussed in Section 4.1.4, the nitrogen contributions from runoff are mostly

conveyed to the Los Angeles River and it’s tributaries through the municipal separate

storm sewer system and are considered point sources.  The magnitude of the nonpoint

source nitrogen contributions to the Los Angeles River is minimal.

4.3 SOURCE ASSESSMENT OVERVIEW AND SUMMARY

The three major POTWs comprise the largest source of nitrogen to the Los Angeles

River, providing an average of 2,243 MT/yr in total nitrogen loadings.  Urban runoff

contributes a smaller fraction of the total nitrogen loadings.  Although estimates to the

Los Angeles River vary greatly between years (LADPW, 2000), the nitrogen loadings

RB-AR36684



51

from the storm drain system in a typical rainfall year appear to be less than 500 MT/yr

(LARWQCB, 1998; Characterization of Water Quality in the Los Angeles River,

Ackerman, D., SCCWRP, 2000).

5 LINKAGE ANALYSIS

Information on sources of pollutants provides one part of the TMDL equation.  To

determine the effects of these sources on groundwater quality, it is also necessary to

determine the carrying capacity of the receiving water, in this case the waterbody’s

ability to assimilate nitrogen loadings.  This section describes the use of a hydrodynamic

and water quality model to assess the effects of nitrogen loadings in the Los Angeles

River on water quality.

The goal was to develop a model that can link sources of pollutants to in-stream water

quality concentrations and impacts.  This model will be used to establish the relationship

between pollutant loads and the in-stream water quality targets for the listed reaches.  The

Environmental Fluid Dynamics Code 1-D (EFDC1D) was used to model the

hydrodynamic characteristics of the river.  The Water Quality Analysis Simulation

Program (WASP) was used to model water quality.

5.1 MODEL DEVELOPMENT

To support the model development a comprehensive set of in-stream hydrodynamic

and water quality data were collected over a two-day period in the late summer of 2000

(September 11-12) by SCCWRP.  These data were reflective of low flow/dry weather

conditions in the Los Angeles River Basin.  This sampling effort was part of an overall

program that was to include two additional sampling efforts under low flow conditions.

This series of measurements was to be utilized to provide dynamic simulation of dry-

weather conditions over a period of 30 to 60- days.  Following the first sampling event,

weather conditions changed and rain events made further dry weather sampling

impossible.  Therefore, the model calibrations presented herein were based on
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comparison of the model to the relatively steady state conditions that existed over the

two-day period.  These calibrations represent the critical condition for nitrogen related

impairments is during the dry weather season.

Two special studies were also conducted in September 2000 to evaluate key

processes.  The first was a time of travel to evaluate the rate with which water flows

through the system (Ackerman et al., In Prep).  The second study evaluated the nutrient

uptake rates by the algae Rhizoclonium spp. (Kamer, In Prep).  Rhizoclonium was

identified as the dominant algal species in the LA River.  Studies were undertaken in

2000 and 2001 to quantify the algal biomass at certain locations to support the model.  A

more extensive monitoring effort was conducted in July 2001 to better understand  the

distribution and biomass of the algae in various parts of the watershed.  The monitoring

program recommendations for future studies to better define algae impairments and the

relationships between algal biomass and environmental conditions.

The development and calibration of the model system is presented in detail in a report

entitled “Modeling Approach and Calibration Report for the Los Angeles River Basin

Nutrient and Fecal Coliform TMDLs” (Tetra Tech, 2002).  The linkage analysis is briefly

summarized below.

The hydrodynamic model (EFDC) was utilized to simulate the flow and temperature

within the 303(d) listed segments of the Los Angeles River and tributaries (Table 20)

under dry-weather conditions.  EFDC1D is a one dimensional variable cross-section

model for flow and transport in surface water systems.

TABLE 20. LOS ANGELES RIVER SEGMENTS MODELED FOR LINKAGE ANALYSIS
Los Angeles River Mainstem Los Angeles River Tributaries
Reach 6:  above Sepulveda Flood Control Basin Bell Creek
Reach 5:  within Sepulveda Basin Tujunga Wash
Reach 4:  Sepulveda Dam to Sepulveda Dr Burbank Western Channel
Reach 3:  Riverside Drive to Figueroa St Verdugo Wash
Reach 2:  Figueroa St to Carson St Arroyo Seco
Reach 1:  Carson St to Estuary Rio Hondo River

Compton Creek
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The river system was divided into a total of 302 grid cells averaging 600 meters in

length.  Detailed cross-sections of the 303(d) listed rivers and tributaries were input into

the model.  Typical measured flows at the downstream end of the Los Angeles River

range from 100 to 125 ft3/sec.  The point source discharges contribute approximately 80

to 100 ft3/sec.  For the purpose of the model a non-WRP base flow was established to

account for flows from headwaters, storm drains, groundwater discharge near the

Glendale Narrows and other unknown sources.

Figures 3-13 and 3-14 in Attachment 1 present comparisons of the measured versus

simulated flows at four stations locations along the main stem of the Los Angeles River

for the 2000 and 2001 low flow period (April to September).  The simulated and

measured flows ranged from 15 to 110 ft3/sec at the upper most station to 165 to 200

ft3/sec at the lowest station.  The lowest station (designated F319-R) is below the

confluence of all tributaries within the Los Angeles River and all simulated point source

discharges (Figure 3-4 of Attachment 1).  This station reflects the total water “mass

balance” within the system under the relatively steady low flow condition.  Comparison

of the simulated flows shows that the model is simulating the flows relatively well.

Above the Arroyo Seco, significant deviations between the model and measured flow

values were observed (overestimates as high as 20%, underestimates of 30% not

uncommon).  It is noted that flow differences on the order of 20% to 30% are not

uncommon in water quality models.  Some of the factors contributing to accurate flow

measurements include stream flow gauges that have large errors at low flow.  In general

the model predicts the peak flows fairly well.

The EFDC hydrodynamic model was calibrated to the September 2000 data set for

flow and velocity.  The values utilized for the non-WRP base flows were determined

from measurements made throughout the system on September 10-11, 2000 for

tributaries and storm drains.  The flow data were validated using the July 2001 data set.

For simulation of the water quality within the Los Angeles River, the EFDC model

was linked to the Water Quality Analysis Simulation Program (WASP5).  Nutrient
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cycling and algal growth were simulated using the EUTRO5 component of the WASP5

model system which simulates the transport and transformation of the nitrate/nitrite,

ammonia, organic nitrogen, organic phosphorus, orthophosphate, carbonaceous oxygen

demand, attached algae, and dissolved oxygen.  The model considers four interacting

systems, algal kinetics (attached algae), the phosphorus cycle, the nitrogen cycle, and the

dissolved oxygen balance.  Inputs from point sources (mainly POTWs) were obtained

directly from the POTWs measurements.  Table 21 summarizes in part the parameters

used in the model.

TABLE 21. CONCENTRATIONS AND FLOW FOR POINT SOURCE DISCHARGES LOADED
INTO THE MODEL
Point Source
Discharge

Flows
(mgd)

NH3-N
(mg/L)

NO3-N+NO2-N
(mg/L)

Organic-N
(mg/L)

Ortho-
phosphate
(mg/L)

Organic
Phosphorous
(mg/L)

Donald C. Tillman
POTW
     Direct Discharge 34.4 13.40 0.10 1.80 1.56 0.15
     Japanese Gardens 4.8 12.50 0.90 3.10 1.59 0.15
     Recreation Lake 17.4 4.35 7.55 4.30 0.96 0.15
     Wildlife Lake 5.9 12.50 0.90 3.10 1.59 0.15
Glendale POTW 9.3 3.67 2.69 1.00 1.62 0.01
Burbank POTW 9.2 19.00 0.50 2.00 0.50 0.50

In-stream concentrations and boundary conditions were collected during a field

survey.  The dry weather water quality model was calibrated using field measurements

collected on September 10 and 11, 2000.  The storm drain flows and concentration data

used in the model are summarized in the Tetra Tech report (Attachment 1.).  Table 22

summarizes the nitrogen and phosphorous concentrations and flows for the Los Angeles

River tributaries used in the model.  The values presented for each of the tributaries

reflect the data that was collected in September 2000 to support the model calibration.

These data reflect the critical condition of dry weather flows and reflect the concentration

within the ranges shown in Tables 3 and 5, except for the Burbank Western Channel,

which has implemented nitrification/denitrification and reduced ammonia concentrations

discharged.

TABLE 22. CONCENTRATIONS AND FLOW FOR EACH TRIBUTARY LOADED INTO THE
MODEL
Tributary Flows (mgd) NH3-N NO3-N+NO2-N Organic-N Total P
Bell Creek 6.7 0.2 2.4 3.3 0.46
Tujunga Wash 1.0 0 0 2.2 0.27
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Burbank Western Channel 2.2 16.3 1.5 2.0 0.94
Verdugo Wash 4.4 0.2 1.4 0.9 0.70
Arroyo Seco 5.8 0.2 2.8 2.3 0.66
Compton Creek 4.8 0.4 0.3 1.5 1.06

For the main stem of the Los Angeles River the model shows that total nitrogen

increases sharply at Donald C. Tillman plant then decreases slowly downstream with a

slight increase in the area near Burbank Western Channel ( 3-34, Attachment 1).  Most of

the nitrogen is in the form of ammonia.  Ammonia concentrations gradually decreased

downstream of the treatment plants to values less than 1 mg/L (Figure 3-31, Attachment

1).  The linkage analysis suggests that this is largely due to nitrification (i.e. the

conversion of ammonia to nitrate) and volatilization of un-ionized ammonia.  NO3-N +

NO2-N concentrations increase at Donald C. Tillman from less than 1 mg/L to around 3

mg/L and continue to increase gradually downstream as a result of nitrification to a

maximum concentration of 7 mg/L (Figure 3-32, Attachment 1).

The model predictions of in-stream chemistry can be compared to the range of values

(indicated on the charts in Attachment 1 by triangle symbols) measured at the seven in-

stream locations (Figures 3-31 through 3-38, Attachment 1).  The model is capturing the

general pattern but tending to over predict the actual measured concentrations.  The range

in values from three composite samples collected within an hour of each other also

provides perspective on the short-term variability associated with the field measurements.

Compared to the maximum concentrations for ammonia, nitrate and nitrite, the model

underestimates the levels of ammonia in the Los Angeles River.  However, compared to

the concentration range, the model generally predicts higher concentrations than were

measured in the field and the concentrations predicted by the model are consistent with

the values typical of the main stem of the Los Angeles River.  The monitoring data

collected in September 2000 and July 2001 appear representative data of dry weather

conditions.

The modeled concentrations of the different nitrogen species in the river are generally

low in the tributaries and similar to the mean concentrations presented in Table 4.  The

predicted concentrations for Bell Creek, Tujunga Wash, Verdugo Wash, Arroyo Seco and
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Compton Creek were low relative to the water quality objectives.  Concentrations in

Burbank Western Channel were high relative to the targets due to the influence of the

Burbank POTW.  Rio Hondo was not modeled in the analysis because almost all of the

dry-weather flow is diverted to the spreading grounds and there was no measurable flow

during the field survey

Total phosphorous concentrations in the Los Angeles River  are low upstream of

Donald C. Tillman (around 0.2 to 0.3 mg/L).  Downstream of Donald C. Tillman, the

concentrations increase to around 1.3 mg/L and are relatively stable along the river.  The

model results are similar to the measured concentrations from the calibration data set

with the exception of the lower portion of the River below Rio Hondo where the model

appears to be over predicting the actual concentration.

Algal biomass predicted by the model ranged from 40 to around 80 g/m2.  The model

does not reflect the very patchy distribution of algae in the river.  The model shows a

general relationship between algal biomass and nutrient concentrations.  However, this

relationship is difficult to quantify because nutrient concentrations exceed what is

generally considered limiting for algae species.  There did not appear to be any

relationship between algal biomass and nutrient concentrations (total nitrogen or total

phosphorous) in either the Los Angeles River of the Burbank Western Channel.  The

inability of the model to accurately predict algal biomass reflects the limitations in our

understanding of the physical and biological processes that control algal biomass in the

Los Angeles River and the complexity of other characteristics such as canopy cover,

temperature, substrate availability, or turbidity have in controlling algae growth.  It is also

possible that the reductions in ammonia and phosphate concentrations in the lower

portion of the river may be controlled by biological processes that are not well quantified

(e.g., bacterial uptake).

The model generally reflects the general patterns and approximates the actual

concentration of the different nitrogen compounds in the Los Angeles River and listed

tributaries.  Recognizing the inherent uncertainties in any water quality model, and the
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combination of other characteristics in controlling algae growth, the model was used to

assess the effectiveness of various load reduction strategies to meet numeric targets for

ammonia and nitrate + nitrite.  The model allocation scenarios and the process for

selecting the preferred allocation scenario used in this TMDL are discussed in the next

section.

5.2 VALIDATION OF THE MODEL

The linkage analysis was validated by comparing simulation results to measured data.

For the low flow simulations the comparisons included the flow rate throughout the

system (1997 and 2000), time of travel (2000), and in-stream nitrogen concentrations

(2000).

General results of the model comparison verify the model accuracy for

hydrodynamics, and flow velocity.  The water quality comparison shows that the

simulated values are generally greater than the average measured results in the Los

Angeles River main stem and tributaries, except for organic nitrogen in the Western

Burbank Channel.  The simulation adds a degree of conservatism to the load allocation

scheme.  The implementation plan includes further validation of the model as additional

data is collected.

5.3 EVALUATION OF POTENTIAL REMEDIES

The model was used to evaluate four potential management options for reducing

nitrogen loadings to the system.  The first option (Scenario 1) involves nitrification and

denitrification (N/DN) at the three major POTWs.  Scenario 2 is based on the N/DN of

Scenario 1, but evaluates the effect of 10 mgd of water reclamation at the Donald C.

Tillman POTW to further reduce nitrogen loadings.  Scenario 3 also involves N/DN at

the major POTWs, but evaluates the effect treating 30 mgd of effluent through a

constructed wetland at the Donald C. Tillman POTW.  Scenario 4 is the same as scenario
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3 (N/DN at the three POTWs with 30 mgd of constructed wetlands treatment)and also

assumes 10 mgd of water reclamation at the Donald C. Tillman POTW.

The flow estimates are based on a reduction of plant capacity by 13% for N/DN

facilities.  The effluent quality for the N/DN process was based on estimates from pilot

testing at the Los Angeles-Glendale POTW provided by the City of Los Angeles.  The

effluent quality represents water quality that can be met on a monthly average.  These

concentrations were applied in the model to all three POTWs.

The predicted in-stream concentrations are presented for each of the segments of the

river modeled (Table 23).  The scenario evaluation assumed an effluent concentration of

2 mg/L for ammonia and 2.2 mg/L for nitrate.    It is noted that the scenario evaluation

utilized an ammonia load in the POTW effluent that may exceed the ammonia target for

the Donald C. Tillman POTW.  All four scenarios result in substantial reduction in

ammonia, nitrate-nitrite and total nitrogen for the main stem and Burbank Western

Channel.  Under Scenario 1, total nitrogen loadings would be reduced by approximately

50% (from 4,375 kg/d to 2419 kg/d) over the existing condition and there would be an

almost five-fold reduction of ammonia loads (from 3,328 kg/d to 722 kg/d).  The 10-mgd

of water reclamation would remove an additional 253 kg/d of total nitrogen from the

system and the wetland option would remove an additional 602 kg/d of total nitrogen

from the system.

The predicted water quality concentrations were evaluated to determine the

effectiveness of each management scenario to meet the water quality objectives for

ammonia and nitrate-nitrite in the Los Angeles River and tributaries along the entire

length of the Los Angeles River.  The model also provides output to evaluate changes in

total nitrogen, phosphate, and algal biomass.
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TABLE 23. COMPARISON OF FLOWS, NITROGEN CONCENTRATIONS, AND NITROGEN
LOADINGS FOR FOUR MANAGEMENT SCENARIOS TO EXISTING CONDITION
Existing condition Concentrations (mg/L) Loading (kg/d)
Donald C. Tillman

Flow (mgd)
NH3 NO3-NO2 Org-N Total N NH3 NO3-NO2 Org-N Total N

     Direct Discharge 34.4 13.4 0.1 1.8 15.3 1745 13 234 1992
     Japanese Gardens 4.8 12.5 0.9 3.1 16.5 227 16 56 300
     Recreation Lake 17.4 4.4 7.6 4.3 16.2 286 497 283 1067
     Wildlife Lake 5.9 12.5 0.9 3.1 16.5 279 20 69 368
Glendale POTW 9.3 3.7 2.7 1.0 7.4 129 95 35 259
Burbank POTW 9.2 19.0 0.5 2.0 21.5 662 17 70 749

81.0 3328 659 748 4735
Concentrations (mg/L) Loadings (kg/d)

Scenario 1 Flow (mgd)
NH3 NO3-NO2 Org-N Total N NH3 NO3-NO2 Org-N Total N

Donald C. Tillman 70.0 2.0 2.7 2.0 6.7 530 715 530 1775
Burbank 8.0 2.0 2.7 2.0 6.7 61 82 61 203
Glendale 17.4 2.0 2.7 2.0 6.7 132 178 132 441

95.4 722 975 722 2419
Concentrations (mg/L) Loadings (kg/d)

Scenario 2 Flow (mgd)
NH3 NO3-NO2 Org-N Total N NH3 NO3-NO2 Org-N Total N

Donald C. Tillman 60.0 2.0 2.7 2.0 6.7 454 613 454 1522
Burbank 8.0 2.0 2.7 2.0 6.7 61 82 61 203
Glendale 17.4 2.0 2.7 2.0 6.7 132 178 132 441

85.4 646 873 646 2166
Concentrations (mg/L) Loadings (kg/d)

Scenario 3 Flow (mgd)
NH3 NO3-NO2 Org-N Total N NH3 NO3-NO2 Org-N Total N)

Donald C. Tillman 40.0 2.0 2.7 2.0 6.7 303 409 303 1014
Tillman Wetland 30.0 1.6 2.0 0.1 1.4 182 227 11 159
Burbank 8.0 2.0 2.7 2.0 6.7 61 82 61 203
Glendale 17.4 2.0 2.7 2.0 6.7 132 178 132 441

95.4 677 895 506 1817
Concentrations (mg/L) Loadings (kg/d)

Scenario 4 Flow (mgd)
NH3 NO3-NO2 Org-N Total N NH3 NO3-NO2 Org-N Total N

Donald C. Tillman 30.0 2.0 2.7 2.0 6.7 227 307 227 761
Tillman Wetland 30.0 1.6 2.0 0.1 1.4 182 227 11 159
Burbank 8.0 2.0 2.7 2.0 6.7 61 82 61 203
Glendale 17.4 2.0 2.7 2.0 6.7 132 178 132 441

85.4 601 793 431 1564

Table 24 presents a summary of the modeling results in terms of the extent of the

ammonia plume concentration downstream of the Tillman WRP as a function of the

ammonia as nitrogen concentration.  The model indicates that the maximum instream

ammonia concentration is 1.8 mg/L based on a discharge of 2.0 mg/L.
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TABLE 24. MAGNITUDE (MG/L) AND EXTENT (MILES) OF AMMONIA SIGNAL
DOWNSTREAM OF DONALD C. TILLMAN WRP UNDER FOUR  NITROGEN REDUCTION
SCENARIOS
NH3-N concentration (mg/L) Scenario 1 Scenario 2 Scenario 3 Scenario 4

1.8 0 0 0 0

1.7 1.88 0.75 0 0

1.6 5.26 4.13 0 0

1.5 9.37 7.52 3.75 1.88

1.4 10.81 10.11 7.89 5.26

1.3 14.37 13.27 10.86 9.75

1.2 16.57 16.20 14.73 12.62

1.1 18.41 17.51 16.94 16.20

1.0 19.14 19.14 18.77 18.04

In the model, algal biomass in the Los Angeles River was not sensitive to nitrogen

reduction scenarios.  There was only a slight reduction in algal biomass in Burbank

Western Channel.  This is consistent with special studies performed by SCCWRP

(Kamer, In Prep) that suggest that nitrogen may not be limiting algae in the Los Angeles

River.  A sensitivity analysis was run to estimate the concentration at which phosphorous

became limiting in the model.  Phosphorous was not limiting at concentrations as low as

0.3 mg/L.  This analysis suggests that algal biomass in the Los Angeles River may be

controlled by other processes, such as flow, substrate, turbidity, canopy cover,

phosphorous and temperature, in addition to nitrogen concentrations.

Further research is needed to determine whether nitrogen compounds are controlling

algal biomass in the river and if so what levels of reductions would be necessary to limit

algal biomass.  Due to this uncertainty, the implementation plan includes monitoring to

observe changes in algae mass.  If algal growth is not sufficiently reduced to meet targets,

further analysis will be conducted to revise this TMDL for nitrogen compounds and

include other pollutants that affect algal growth.
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6 ALLOCATIONS

In this section, wasteload allocations for nitrogen compounds from point sources, and

allocations for nitrogen compounds from nonpoint sources to the Los Angeles River are

developed.  The wasteload allocations discussed below are based on Scenario 2, which

was selected by stakeholders as the preferred scenario.

6.1 WASTELOAD ALLOCATIONS

U.S. EPA regulations require that a TMDL include wasteload allocations (WLAs),

which identify the portion of the loading capacity allocated to existing and future point

sources (40 CFR 130.2(h)).  It is not necessary that every individual point source have a

portion of the allocation of pollutant loading capacity.  It is necessary, however, to

allocate the loading capacity among individual point sources as necessary to meet the

water quality objective.

This TMDL defines ammonia WLAs in accordance with Resolution No. 2002-11 and

the Policy for Implementation of Toxics Objectives for Inland Surface Waters, Enclosed

Bays, and Estuaries.  The ammonia Waste Load Allocation for this TMDL is equivalent

to the Effluent Concentration Allowance (ECA) as defined in the Policy for

Implementation of Toxics Objectives.  The ECA is based on the ammonia WQOs and

provides the basis, along with an analysis of the variability in POTW denitrification

performance, for determining effluent limits for ammonia in NPDES permits.  Because

the dischargers have not yet implemented nitrification at the major POTWs, it is difficult

to quantify the variability in nitrification performance that is necessary to determine the

ammonia effluent limits.  Consequently, the POTW effluent limits for ammonia

necessary to implement the WLAs for this TMDL will be specified in the NPDES permit.
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6.1.1 Wasteload Allocations for Major Point Sources

WLAs have been developed for the Donald C. Tillman, Los Angeles-Glendale and

Burbank POTWs because they represent approximately 85% of the total nitrogen

loadings to the system.  Wasteload allocations for Donald C. Tillman, Los Angeles-

Glendale and Burbank POTWs are based on concentrations needed to meet in-stream

water quality objectives for ammonia, nitrate-N + nitrite-N, nitrate, and nitrite.  The

WLAs are set at levels necessary to attain and maintain the applicable narrative and

numerical water quality objectives.  A 20 percent explicit margin of safety has been

included for nitrate, nitrite, and nitrate + nitrite to account for any lack of knowledge

concerning the relationships between effluent limitations and water quality.

WLAs for ammonia are based on Resolution No. 2002-11 which establishes the

relationship between water quality objectives and the beneficial uses of inland

waterbodies.  Since most of Los Angeles River listed segments are not designated in the

Basin Plan as “COLD,” “MIGR,” and “SPWN,” it is assumed that salmonids are absent

and early life stages are not present in Los Angles River.  WLAs for ammonia (NH3)

include one-hour and thirty day averages and are based on the pH and temperature data

downstream from the POTWs for the past five years.  The 90th percentile of pH data is

used to establish the one-hour average WLA, and the medians of pH and temperature

data are used to establish the thirty-day average WLA.  WLAs for Donald C. Tillman,

Los Angeles-Glendale, and Burbank POTWs are provided in Table 25.  The ammonia

WLA for the Donald C. Tillman WRP has been modified to account for increased

assimilative capacity from discharge into the Los Angeles River that passes through the

Wildlife and Recreational Lakes where ammonia is converted to oxidized nitrogen.  The

magnitude of the increased assimilative capacity is based on the product of a ratio of the

total effluent to the effluent directly discharged through the Lakes (80 MGD/63 MGD)

and an estimate of the magnitude of ammonia conversion from 2001 monitoring data.

The estimate of ammonia conversion is based on the average ammonia concentration in

the effluent to the average concentration in the Wildlife Lake Receiving Water Station

W-3 (16.2 mg/L and 14.7 mg/L, respectively), i.e. 9% conversion.  Therefore, WLA for
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ammonia at the Tillman WRP is adjusted by a factor of 1.05.  If the water effect ratio

study results in a revised ammonia objective, this TMDL will be revised to reflect the

new ammonia target and correspondent WLA.

TABLE 25. AMMONIA (NH3) WASTELOAD ALLOCATION FOR MAJOR POTWS IN LOS
ANGELES RIVER WATERSHED

POTWS One-hour average WLA

(mg/L)

Thirty-day average WLA

(mg/L)

Donald C. Tillman WRP 4.2 1.4

Los Angeles-Glendale WRP 7.8 2.2

Burbank WRP 9.1 2.1

Table 26 shows the WLAs for nitrate-nitrogen (NO3-N), nitrite-nitrogen (NO2-N),

and nitrate-nitrogen plus nitrite-nitrogen (NO3-N + NO2-N) for major POTWs in the Los

Angeles River watershed.

TABLE 26. NITRATE-NITROGEN, NITRITE-NITROGEN, AND NITRATE-NITROGEN +
NITRITE-NITROGEN WASTELOAD ALLOCATIONS FOR MAJOR POTWS

Thirty-day Average WLA* (mg/L)
POTWs

NitrateNO 3-N NitriteNO 2-N NitrateNO 3-N +NitriteNO 2-N

Donald C. Tillman WRP 7.2 0.9 7.2

Los Angeles-Glendale WRP 7.2 0.9 7.2

Burbank WRP 7.2 0.9 7.2

*Receiving water monitoring is required on a weekly basis to ensure compliance with the water quality

objective

These limits will be sufficient to meet the water quality objectives.  This assertion is

based on two key findings from the Source Analysis and Linkage Analysis.  The first

finding is that there are no other point sources with sufficient loads to increase nitrogen

compound concentrations above the WQO.  This finding is reasonable warranted based

on the Source Analysis, however it is conceivable that this could change in the future.

For this reason it may be prudent to develop wasteload allocations for the minor NPDES

dischargers.  This will require development of improved monitoring programs to

establish the baseline from these sources.  The second finding is that there are no sinks in

the system that would allow for the accumulation of nitrogen.  This also appears to be

warranted since most of the river is channelized and sediments that may accumulate in
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these channels are likely to be flushed out during major storms.  The one possible

exception would be in the vicinity of the Glendale Narrows where willow trees and other

vegetation have taken root.  This area is a relatively small portion of the river and the

overall effect on the nitrogen budget for the river is probably negligible.

6.1.2 Wasteload Allocations for Minor Point Sources

Ammonia WLAs for minor point sources will be set at levels necessary to maintain

the applicable water quality objective.  WLAs for minor point sources will be established

in accordance to the reach into which a minor point source discharges based on instream

pH and temperature of the last five years data set.  Ammonia WLAs for minor point

source discharges are listed in Table 27.

TABLE 27. AMMONIA WASTE LOAD ALLOCATIONS FOR MINOR POINT SOURCES IN LOS
ANGELES WATERSHED

Water Body One-hour average WLA

(mg/L)

Thirty-day average WLA

(mg/L)

Los Angeles River above Los

Angeles-Glendale WRP

4.7 1.6

Los Angeles River below Los

Angeles-Glendale WRP

8.7 2.4

Los Angeles River Tributaries 10.1 2.3

WLAs for nitrate-nitrogen, nitrite-nitrogen, and nitrate-nitrogen plus nitrite-nitrogen

are set equal to numeric targets as listed in Table 28.  Monitoring requirements will be

placed on minor NPDES and WDR dischargers to refine the estimates of nitrogen

loadings.  Wasteload allocations for these minor point sources will be revised and  in the

future if monitoring data indicates that loads are greater than assumed in this assessment

and the prescribed wasteload allocations do not result in attainment of water quality

objectives.
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TABLE 28. NO3-N, NO2-N, AND NO3-N + NO2-N WASTE LOAD ALLOCATIONS FOR
MINOR POINT SOURCES IN LOS ANGELES WATERSHED
Constituent Thirty-day Average Wasteload allocation

NO3-N 8 mg/L

NO2-N 1 mg/L

NO3-N + NO2-N 8 mg/L

6.1.3 WLA for municipal storm water and urban runoff from municipal separate storm

sewer systems (MS4s)

As discussed in Section 4, Source Assessment, the concentrations of ammonia, nitrate

and nitrite in runoff from land uses objectives during both dry and wet weather are low

relative to water quality.  Table 17 indicates no significant loads of ammonia from runoff

sources in the watershed.  The dry-weather flows measured from individual storm drains

represent 7 to 15% of total nitrogen loadings to the Los Angeles River.  It is believed that

WLAs for the POTWs, which represent 85% of the total nitrogen loadings and 97% of

the ammonia loadings, will result in the attainment of water quality objectives.  This

assumes that nitrogen loadings estimate associated with runoff flows are accurate and that

they will not increase over time.  Based on the 1998 Regional Board Staff Report, the

estimated annual nitrogen load is 315 MT/year from run off through the stormwater

system.  The WLAs for ammonia, nitrate, nitrite, and nitrate + nitrite are based on the

numeric targets and are listed as WLAs for minor point sources in Tables 27 and 28.

Additional source monitoring information is needed to refine the estimates of nitrogen

contributions from urban runoff and determine the sources.  Measures should also be

taken by MS4 permittees to ensure that loadings from nuisance flows do not increase in

the future.  This might involve best management practices (BMPs) to address dry weather

runoff from residential areas (e.g., runoff of fertilizers from lawns).  Waste load

allocations for MS4s may be revised in the future if monitoring data indicate that loads

are higher than assumed in this assessment and the prescribed WLAs for POTWs do not

result in attainment.
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6.2 LOAD ALLOCATIONS

The Source Assessment indicates that nitrogen loads from nonpoint sources are not

significant relative to the loads from point sources.  Consequently, load allocations will

not be developed at this time.  Load allocations may be developed if it is determined they

are necessary after load reductions are effected through implementation of the wasteload

allocations.

6.3 CRITICAL CONDITIONS AND SEASONALITY

The critical condition for this TMDL is low flow (dry weather) during summer.

Summer reflects the critical condition for nitrogen compounds because the ammonia

toxicity objective is lower at higher temperatures.  In addition, the combination of

warmer temperatures and stable low-flow conditions in the summer is also likely to

create conditions conducive for algal growth and the build up of mats in certain portions

of the river.  The assessment of critical conditions for this TMDL is based on analysis of

long-term data reflecting river flow and in-stream measurements of temperature and pH.

During low flow periods wastewater treatment plants make up most of the baseflow

to the system (typically 80%) and contribute most of the nitrogen loadings (roughly

85%).  Consequently there is minimal dilution during this critical period.  Storms may

increase total loadings to the system but these periods are not considered to be critical for

the following reasons: 1) the magnitude of storm-water contribution is small relative to

annual loadings from point sources; 2) there is ample dilution during storm events; and

stormwater is rapidly moved through and exported out of the river system.

The major and minor point sources are all expected to be relatively constant

throughout the year, so the critical period for impacts on the Los Angeles River and

tributaries is times when storm runoff is absent or small because low flow in the river

allows less assimilative capacity for pollutants.  Periods of low flow are not restricted to a

particular season, such as months commonly defined as “dry weather” in southern
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California, when virtually no storm runoff occurs for an entire season.  The low-flow

conditions described in this dry weather mass balance can also occur during months when

monthly average rainfall and runoff may be substantial, because low flow commonly

occurs at periods between storms in wet seasons.

6.4 MARGIN OF SAFETY

The statute and regulations require that a TMDL include a margin of safety to account

for any lack of knowledge concerning the relationships between effluent limitations and

water quality, and uncertainty in the source and linkage analyses.  The margin of safety is

largely based on the following factors:

• Use of modified design flows rather than actual flows in the model.  Average

flows from Donald C. Tillman are around 53 mgd or 76% of the modified

design flows (70 mgd).  Average flows from Glendale are 13 mgd or 75% of

the design flow of 17.4 mgd.  Average flows at Burbank were 5 mgd or 63%

of the modified design flow of 8 mgd.

• An explicit margin of safety of 10 percent is included for NH3, NO3-N, NO2-

N, and NO3-N + NO2-N WLAs provided in Tables 25 and 26 to address

uncertainty in the sources and linkage analyses.  The target for these nitrogen

compounds is based on the WQOs for the Los Angeles River.

6.5 SUMMARY OF TMDL

This TMDL sets wasteload allocations for ammonia, nitrite and nitrate + nitrite for

the Donald C. Tillman WRP, Los Angeles-Glendale WRP and the Burbank WRP.  The

WLAs are designed to ensure compliance with the water quality objectives for ammonia

based on both the chronic and acute criteria and nitrite and nitrate + nitrite.  Under this

TMDL the monthly ammonia loadings will be reduced from around 143,500 kg/month to

around 19,700 kg/month.  This represents an 86% reduction in the total ammonia loads.
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This TMDL places a limit and requires a reduction of ammonia and nitrite + nitrate

mass discharged from the three major POTWs in the Los Angeles River watershed.

Under these allocations the mass emissions for nitrate-nitrite can increase to a limited

extent without causing exceedances of water quality objectives for these compounds.

However, conversion of the ammonia load in POTWs effluent to nitrate + nitrite through

nitrification will likely result in exceedances of nitrate + nitrite water quality objectives

unless the nitrified effluent is subsequently denitrified.

The degree of ammonia, nitrate, nitrite, and nitrite + nitrate reduction specified in this

TMDL is subject to modification if it is determined that additional reductions in nitrogen

concentrations are required to meet algae, foam/scum, odor, pH or DO target.  Presently,

there are insufficient data for defining such a target.

Available data suggest that the nitrogen loadings from the minor NPDES dischargers and

dry-weather nuisance flows are insignificant relative to the major NPDES dischargers.

Based on available data, literature, analysis, models, and conservative assumptions built

into models, the Regional Board anticipates that implementation of this TMDL will result

in compliance with the water quality objectives.  Additional WLAs or LAs may be

developed or implemented at a future date should the monitoring data indicate non-

attainment of water quality objectives or other in-stream targets.

7 IMPLEMENTATION

The WLAs established in this TMDL will be established as NPDES permit effluent

limits for the three major POTWs and other NPDES dischargers.  The renewal of the

NPDES permits for the D.C. Tillman and Los Angeles-Glendale POTWs is tentatively

scheduled for September 2003.  At that time, an updated data set for pH and temperature

will be available that can be considered in establishing this TMDL’s WLA in the NPDES

permits, upon approval by the Regional Board.
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The City of Los Angeles reports that additional time is required to implement the

nitrification and denitrification facilities required to meet the WLAs.  This

Implementation Plan provides interim limits for ammonia and nitrate during construction

and start-up of nitrification/denitrification processes.

7.1 ALTERNATIVES CONSIDERED

Two alternatives were considered for developing an appropriate implementation

schedule to meet the ammonia, nitrate, nitrite, nitrate + nitrite objectives.  The details are

discussed  in section 7.2 and 7.3

Ø  Alternative 1 – Waste load allocations would be applied to POTWs on the

effective date of the TMDL

Ø  Alternative 2 – Under this alternative, the interim waste load allocation would be

considered in interim period before WLAs for nitrate-N, nitrite-N, nitrate-N +

nitrite-N apply to POTWs

7.2 RECOMMENDED ALTERNATIVE

Alternative 2 is the recommended alternative since this alternative would allow the

dischargers to complete the implementation of nitrification/denitrification facilities

without increasing current ammonia, nitrate and nitrite loads in the interim period.  As the

nitrification/denitrification facilities are commissioned, the reductions in ammonia and

nitrate loads will reduce impairments caused by nutrient effects.  Alternative 1 would not

provide time needed for the dischargers to complete implementation of

nitrification/denitrification facilities.

7.3 EVALUATION AND BASIS FOR THE IMPLEMENTATION PLAN

This TMDL provides the Regional Board discretion to establish interim wasteload

allocations for ammonia + nitrite + nitrate for a period not to exceed three years beyond

the effective date of the TMDL.  These interim wasteload allocations will allow the
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dischargers to complete implementation of nitrification/denitrification facilities without

increasing current ammonia, nitrate and nitrite loads.  After the

nitrification/denitrification facilities are in place, it is anticipated that the reductions in

ammonia and nitrate loads will reduce impairments caused by nutrient effects, including

algae, odor, and scum.  The Implementation Plan includes the following elements:

∗ nitrification and denitrification process to remove ammonia and oxidized nitrogen

from POTW effluent

∗ interim limits for POTWs implementing nitrification and denitrification

processes;

∗ water effects ratio (WER) studies to determine site-specific objectives for

ammonia;

∗ special studies to address issues pertaining to water quality objectives for nitrate

and nitrite

∗ continued and additional monitoring for nutrients and their effects in Los Angeles

River; implementation and evaluation of residential best management practices

(BMPs) in the Los Angeles River watershed;

∗ implementation and evaluation of residential best management practices (BMPs)

in the Los Angeles River watershed; and

∗ additional studies to address issues for which the data is insufficient to assess the

nutrient loading from groundwater.

Table 29 provides the Implementation Schedule for this TMDL.
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TABLE 29. LOS ANGELES RIVER NITROGEN TMDL IMPLEMENTATION SCHEDULE

Table 7-8.2. IMPLEMENTATION SCHEDULE

Implementation Tasks Completion Date

1. Apply interim limits for NH3-N and NO3-N + NO2-N to major Publicly

Owned Treatment Works (POTWs).

2. Apply Waste Load Allocations (WLAs) to minor point source dischargers

and MS4 permittees.

3. Include monitoring for nitrogen compounds in NPDES permits for minor

NPDES dischargers above 0.1 mgd as permits are renewed.

Effective Date of TMDL

4. Submittal of a Monitoring Work Plan by MS4 permittees to estimate

ammonia and nitrogen loadings associated with runoff loads from the

storm drain system for approval by the Executive Officer of the Regional

Board.  The Work Plan will include monitoring for ammonia, nitrate, and

nitrite.  The Work Plan may include a phased approach wherein the first

phase is based on monitoring from the existing mass emission station in

the Los Angeles River.  The results will be used to calibrate the linkage

analysis.

The Work Plan will also contain protocol and a schedule for implementing

additional monitoring if necessary.  The Work Plan will also propose

triggers for conducting source identification and implementing BMPs, if

necessary.  Source identification and BMPs will be in accordance with the

requirements of MS4 permits.

1 year after the Effective

Date of TMDL

5. Submittal of a Workplan by major NPDES permittees  to evaluate the

effectiveness of nitrogen reductions on removing impairments from algae

odors, scums, and pH for approval by the Executive Officer of the

Regional Board.  The monitoring program will include instream

monitoring of algae, foam, scum, and odors in the Los Angeles River.  A

key objective of these studies will be to determine the effectiveness of

nitrogen reductions on removing impairments related to algae, foam, odor,

scum and pH.  In addition, groundwater discharge to Los Angeles River

will also be analyzed for nutrients to determine the magnitude of these

loadings and the need for load allocations.  The Workplan will include

protocol and schedule for development of appropriate numeric targets for

1 year after the Effective

Date of TMDL
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Table 7-8.2. IMPLEMENTATION SCHEDULE

Implementation Tasks Completion Date

nutrients and algae in the Los Angeles River.  The Workplan will also

contain protocol and a schedule for identification of limiting nutrients.

6. Submission of a special studies Workplan by the City of Los Angeles to

evaluate site-specific objectives for ammonia, nitrate, and nitrite,

including the following issues: pH and temperature distribution

downstream of  the D.C. Tillman WRP to determine the point of

compliance for ammonia, establishment of  ammonia WLAs based on

seasonality, and revision of the water quality objectives for nitrate and

nitrite based on averaging of the numeric objective.

1 years after Effective Date

of TMDL

7. Submission of results from water effects ratio study for ammonia and

special studies by the City of Los Angeles including pH and temperature

distribution downstream of D.C. Tillman WRP.

No later than 2.5 years after

Effective Date of TMDL.

8. Regional Board considers site-specific objective for ammonia, nitrate,

nitrite and nitrite + nitrate and revision of wasteload allocations based on

results from Tasks 6 and 7.  The site specific objective will consider

factors including but not limited to seasonality, averaging periods, and the

WER for ammonia.  If a site specific objective is adopted by the Regional

Board, approved by State Board and Office of Administrative Law and

established by US EPA, for ammonia then the WQO are revised and as

such the numeric target and waste load allocations would need to be

revised to reflect the revised WQO.

No later than 3.5 years after

Effective Date of TMDL.

9. Interim limits for ammonia and nitrate + nitrite expire and WLAs for

ammonia, nitrate, nitrite, and nitrate + nitrite apply to POTWs.

3.5 years after Effective

Date of TMDL

10. Complete evaluation of monitoring for nutrient effects and determine

need for revising wasteload allocations, including but not limited to

establishing new WLAs for other nutrient and related effects such as algal

growth

4 years after Effective Date

of TMDL

11. Regional Board considers results of Tasks 5 and 10 and revises or

establishes WLAs as appropriate.

5 years after Effective Date

of TMDL
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7.3.1 Nitrification and Denitrification

This section provides a brief overview of the processes available for the POTWs to

achieve the WLAs.  Nitrification removes ammonia and a portion of organic nitrogen

from wastewater treatment plant effluent by converting these nitrogen compounds to

other nitrogen forms, such as nitrite and nitrate.  Denitrification converts the oxidized

nitrogen forms into gaseous nitrogen that is released from the effluent.

Two different categories of nitrification and denitrification processes can be

implemented.  The first involves converting existing facilities to provide nitrification and

denitrification.  The second requires the construction of new facilities for nitrification and

denitrification.

Conversion of existing facilities to provide nitrogen removal involves modifying

existing activated sludge processes by adjusting the amount of aeration, the types of

bacteria present in the sludge, and the solids residence time.  The benefit of converting

existing facilities relative to constructing new nitrogen removal facilities is that it is cost

effective, involves minimal new construction, and does not significantly change existing

operations and maintenance costs.  However, nitrogen removal processes based on

conversion of existing facilities are more difficult to control than new facilities

specifically designed to remove nitrogen compounds.  If a large amount of ammonia

enters the treatment plant unexpectedly, it is possible that the ammonia will pass through

the plant without being treated.  As such, meeting instantaneous maximum effluent limits

with this process could be difficult.  Achieving consistent levels of nitrate and nitrite

significantly below 10 mg/L-N is difficult in converted facilities.  And finally, this

process adds some organic nitrogen to the effluent.

The costs for construction of new facilities for nitrification and denitrification are

significantly greater than the conversion of existing facilities.  However, the new

facilities allow significantly more control over the nitrogen removal processes.
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Additionally, the new facilities can be designed to achieve significantly more overall

nitrogen removal than the converted facilities.

A monitoring program will be developed to assess compliance with in-stream targets

identified in Table 13.  Monitoring requirements will also be established to evaluate

changes (if any) to algal biomass and the presence of scum and odors.  Monitoring

requirements will also be established to refine source estimates from minor NPDES

dischargers, dry-weather flows from storm drains and stormflow.  In addition, receiving

water quality and algae should be monitored weekly.  These data will be reviewed prior

to the next permit cycle (5-years) to evaluate the effectiveness of this TMDL and to

determine if additional WLAs or LAs are required for other constituents.

7.3.2 Interim Discharge Limit

As POTWs implement nitrification/denitrification processes to comply with the

ammonia-nitrogen, nitrate-nitrogen, nitrite-nitrogen, and nitrate-nitrogen + nitrite-

nitrogen objectives, implementation of nitrification/denitrification facilities requires time

for planning, design, and construction.  POTWs in the Los Angeles River watershed may

require additional time to meet the ammonia-nitrogen, nitrate-nitrogen, nitrite-nitrogen,

and nitrate-nitrogen + nitrite-nitrogen WLAs.  To allow time for completion of the

nitrification/denitrification facilities which are integral to this TMDL, the amendment to

the Basin Plan made by this TMDL provides the authority for the Regional Board to

grant compliance schedules, at the Regional Board’s discretion, based on higher interim

loads which translate as interim effluent limits in Tables 30 and 31 for a period not to

exceed three years from the effective date of the TMDL at the discretion of the Regional

Board.  The thirty-day average and daily maximum interim limits for total ammonia as

nitrogen are based on the 95th and 99th percentiles of effluent performance data reported

by dischargers from 1998 to 2002.   These interim limits will apply to NH3-N, and  NO3-

N + NO2-N.  Effluent limits for the individual compounds NH3-N, NO3-N, and NO2-N

are not required during the interim period.
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TABLE 30. INTERIM LIMITS FOR TOTAL AMMONIA AS NITROGEN (NH3-N)
POTWs Daily Maximum Interim Limits

(mg/l)

Monthly Average Interim Limits

(mg/l)

Donald C. Tillman WRP 21.7 21.0

Los Angeles-Glendale WRP 19.4 16.5

Burbank WRP 24.1 22.7

TABLE 31. INTERIM LIMITS FOR NH3-N + NO3-N + NO2-N
POTWs Monthly Average Interim Limits

(mg/l)

Donald C. Tillman WRP 8.0

Los Angeles-Glendale WRP 8.0

Burbank WRP 8.0

7.3.3 Special Studies

Special studies can be conducted by the dischargers to address concerns regarding

water quality objectives, numeric targets, and wasteload allocations.  Dischargers have

already undertaken WER studies to address the ammonia water quality objective.  This

study will be augmented by a detailed profile of pH, temperature and mixing of the

effluent discharge into the receiving water downstream from the Donald C. Tillman

POTW.  The Dischargers may also undertake studies to address issues regarding

ammonia, nitrate, nitrite, and nitrate+nitrite, including compliance points and averaging

periods for interpreting water quality objectives.

These studies will be conducted in accordance with Workplans submitted by the

Discharger and approved by the Executive Officer.  The results from the special studies

will be used as the basis for a Regional Board Staff recommendation for modification of

the water quality objectives and wasteload allocations.  After consideration and approval

by the Regional Board, a water quality objective modification or site specific objective

would be established as a Basin Plan Amendment.  The Implementation Plan schedules a

Regional Board hearing to consider special studies 3 years after the effective date of the

TMDL.
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7.4 COST ANALYSIS

This section summarizes the cost analysis associated with the Los Angeles River

Nitrogen TMDL.  The cost analysis includes a capital cost estimate for denitrification

facilities based on information provided by the City of Los Angeles.

The cost for Nitrification/Denitrification (N/DN) at Donald C. Tillman and Glendale

is estimated at $21.3 M and $10.8 M respectively based on communication from the City

of Los Angeles City.  The cost for N/DN at Burbank is estimated to be $8.5 million.  No

additional cost is considered for the 10 mgd of water reclamation because significant

infrastructure is in place.  The total cost for Scenarios 1 and 2 is approximately $40.6

million.  The cost estimates were provided by the City of Los Angeles.   

Scenarios 3 and 4 require constructed wetlands at Donald C. Tillman.  The cost for

construction of the 30-acre wetland has been estimated at $56 million.  The total cost for

scenarios 3 and 4 is $96.6 million.  Modeling shows that options listed under Scenario 2

(N/DN with 10 mgd reclamation at Donald C. Tillman) are sufficient to meet the in-

stream water quality objectives.  Monitoring  of the river will be required to determine

the need additional level of treatment.

It is noted that the costs for implementation of nitrification/denitrification of the

POTW effluent are required by the criterion specific water quality objective for ammonia

in the Basin Plan.  The costs attributable to this TMDL only include the costs for

monitoring and special studies in the Implementation Plan.

8 MONITORING

The details of the monitoring plan to measure the effectiveness of the TMDL will be

developed by the Regional Board as part of the NPDES permitting process for the

POTWs and include the following components: 1) a core compliance monitoring
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program designed to ensure that effluent limitations and water quality objectives are

being met by the POTWs; 2) a source monitoring program to better identify sources and

refine loading estimates; and 3)  watershed-scale monitoring to ensure compliance at key

compliance points along the river and listed tributaries for both nitrogen compounds and

effects such as algae, foam, scum, odors, and pH.

8.1 COMPLIANCE MONITORING FOR WASTEWATER RECLAMATION PLANTS

Effluent monitoring requirements will be developed for the POTWs to ensure

compliance with the daily and monthly limits for nitrogen species (ammonia, nitrate, and

nitrite).  The frequency of sampling should be on a daily basis until there is sufficient

data to statistically demonstrate that some other frequency of monitoring is adequate to

ensure that the daily objective is being met.  Organic nitrogen should also be measured at

these times to keep track of total nitrogen loadings.

Receiving water monitoring requirements should include water column measurements

of temperature, pH and DO (on at least a weekly basis) ammonia, nitrate, nitrite, organic

nitrogen (on at least a monthly basis) and acute and chronic toxicity (on at least a

quarterly basis).  Observations for the presence of scum, odors, and the presence and

extent of algal mats should be recorded at the same time the receiving waters are

sampled.

8.2 ADDITIONAL SOURCE MONITORING

Additional monitoring and special studies are needed to refine the source loading

estimates.  There are uncertainties in the assessment of source loadings from the upstream

tributaries to the Los Angeles River, the minor permitted discharges and the non-

permitted dry-weather flows from the stormwater system.  The following

recommendations are designed to address these uncertainties.
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A requirement for minor NPDES dischargers above 0.1 mgd to monitor nitrogen

loadings on a monthly basis will be considered as the NPDES permits are revised by the

Regional Board.  The loadings from these sources will be used to re-evaluate the need for

additional reductions in the Wasteload Allocations at the time of permit renewal of the

large POTWs.

This TMDL will include monitoring to evaluate sources of loadings associated with

nonpoint sources, specifically dry weather discharges from urban sources delivered to the

Los Angeles River through storm drains.  A special study on groundwater in Verdugo

Basin should also be conducted to assess if groundwater discharge is responsible for the

elevation of the surface water nitrate concentrations in Verdugo Basin.

8.2.1 Watershed Monitoring

A watershed scale monitoring program will be implemented through major

dischargers’ monitoring programs.  The watershed monitoring program will include key

compliance points along the river and the upstream and downstream ends of the listed

tributaries.  Sample results should be compared to the numeric in-stream targets

identified in Table 13.  Data on the extent and distribution of algal mats, scum and odors

should also be compiled.  The data could also be used to provide further verification of

the model and refine the TMDL as appropriate.

A special watershed-wide study should also be conducted to assess extent and

magnitude of algae problem within the Los Angeles River Watershed.  Should it be

determined that algae is indeed a problem, this would trigger additional studies in the Los

Angeles River Watershed in the next phase of permit renewal to: 1) define the targets for

algal abundance, scum and odors; 2) address factors controlling algal abundances; and 3)

develop an implementation process.

8.3 SUMMARY OF MONITORING
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The TMDL monitoring program is designed to provide information that will assure

that water quality objectives are being met throughout the watershed and to refine the

source loading estimates.  These efforts will provide information on the success of the

TMDL to address the nitrogen related problems in the River and listed tributaries.

Information generated by this program may be used to revise the TMDL at the next

NPDES permit cycle.
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I. Introduction – Legal Background 
 
 The California Regional Water Quality Control Board, Los Angeles Region (hereinafter 
referred to as the “Regional Board”) has developed this total maximum daily load (TMDL) 
designed to attain the water quality standards for trash in Ballona Creek.  The TMDL has been 
prepared pursuant to state and federal requirements to preserve and enhance water quality in 
the Los Angeles Basin River Watershed. 

 
 The California Water Quality Control Plan, Los Angeles Region, also known as the 
Basin Plan, sets standards for surface waters and groundwaters in the regions.  These standards 
are comprised of designated beneficial uses for surface and ground water, and numeric and 
narrative objectives necessary to support beneficial uses and the state’s antidegradation policy.  
Such standards are mandated for all waterbodies within the state under the Porter-Cologne 
Water Quality Act. In addition, the Basin Plan describes implementation programs to protect 
all waters in the region.  The Basin Plan implements the Porter-Cologne Water Quality Act 
(also known as the “California Water Code”) and serves as the State Water Quality Control 
Plan applicable to the Los Angles River, as required pursuant to the federal Clean Water Act 
(CWA). 
 
 Section 305(b) of the CWA mandates biennial assessment of the nation’s water 
resources, and these water quality assessments are used to identify and list impaired waters.  
The resulting list is referred to as the 303(d) list.  The CWA also requires states to establish a 
priority ranking for impaired waters and to develop and implement TMDLs.  A TMDL 
specifies the maximum amount of a pollutant that a waterbody can receive and still meet water 
quality standards, and allocates pollutant loadings to point and non-point sources.   
 
 The United States Environmental Protection Agency (USEPA) has oversight authority 
for the 303(d) program and must approve or disapprove the state’s 303(d) lists and each 
specific TMDL.  USEPA is ultimately responsible for issuing a TMDL, if the state fails to do 
so in a timely manner.   
 
 As part of California’s 1996 and 1998 303(d) list submittals, the Regional Board 
identified the reaches of Ballona Creek as being impaired due to trash. 
 
 A consent decree between the USEPA, the Santa Monica BayKeeper and Heal the Bay 
Inc., represented by the Natural Resources Defense Council (NRDC), was signed on March 22, 
1999. This consent decree requires that all TMDLs for the Los Angeles Region be adopted 
within 13 years. The consent decree also prescribed schedules for certain TMDLs, including a 
Trash TMDL for Ballona Creek , including the Ballona Creek Estuary, and Ballona Wetland. 

 
 This Trash TMDL is based on existing, readily available information concerning the 
conditions in the Ballona Creek watershed and other watersheds in Southern California, as well 
as TMDLs previously developed by the State and USEPA.   
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II. Definitions 
 

The definitions of terms as used in this TMDL are provided as follows: 
 
Baseline Waste Load Allocation. The Baseline Waste Load Allocation is the Waste Load 
Allocation assigned to a permittee before reductions are required.  The progressive reductions in 
the Waste Load Allocations will be based on a percentage of the Baseline Waste Load 
Allocation.  The Baseline Waste Load Allocation will be calculated based on the annual average 
amount of trash discharged to the storm drain system from a representative sampling of land use 
areas, as determined during the Baseline Monitoring Program.  Ballona Creek watershed 
permittees have the option to pool their resources with Los Angeles River watershed permittees 
into a single baseline monitoring program.  If all permittees chose to share the same monitoring 
program, the same Baseline Waste Load Allocation will be assigned to all permittees in both the 
Los Angeles River and the Ballona Creek watershed. 

 
Daily Generation Rate (DGR). The DGR is the average amount of litter deposited to land or 
surface water during a 24-hour period, as measured in a specified drainage area.  
 
Full Capture Device or System. A full capture device system is any device or series of devices 
system that traps all particles retained by a 5 mm mesh screen and has a design treatment 
capacity of not less than the peak flow rate (Q) resulting from a one-year, one-hour, storm in the 
subdrainage area.  Rational equation is used to compute the peak flow rate: Q = C × I × A, 
where Q = design flow rate (cubic feet per second, cfs); C = runoff coefficient (dimensionless); 
I = design rainfall intensity (inches per hour, as determined per the rainfall isohyetal map in 
Figure A),1  and A= subdrainage area (acres)(determined to be 0.6 inch per hour for the Los 
Angeles River watershed, and assumed to be similar for the Ballona Creek watershed). 
 
Monitoring Entity.  The Monitoring Entity is the permittee or one of multiple permittees and/or 
co-permittees that has been authorized by all the other affected permittees or co-permittees to 
conduct baseline monitoring on their behalf.        

 
Permittee.  The term “permittee” refers to any permittee or co-permittee of a stormwater 
permit. 
 
Trash. In this document, we are defining “trash” as man-made litter, as defined in California 
Government Code Section 68055.1(g): 
 

“Litter means all improperly discarded waste material, including, but 
not limited to, convenience food, beverage, and other product packages 
or containers constructed of steel, aluminum, glass, paper, plastic, and 
other natural and synthetic materials, thrown or deposited on the lands 
and waters of the state, but not including the properly discarded waste 
of the primary processing of agriculture, mining, logging, sawmilling or 
manufacturing [….].” 

                                                           
1 The isohyetal map may be updated annually by the Los Angeles County hydrologist to reflect additional rain data 
gathered during the previous year.  Annual updates published by the Los Angeles County Department of Public 
Works are prospectively incorporated by reference into this TMDL and accompanying Basin Plan amendment. 
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For purposes of this TMDL, we will consider trash to consist of litter and particles of litter, 
including cigarette butts that are retained by a 5-mm mesh screen.  These particles of litter are 
referred to as “gross pollutants” in European and Australian scientific literature.  This definition 
excludes sediments, and it also excludes oil and grease, and vegetation, except for yard waste 
that is illegally disposed of in the storm drain system.  Additional TMDLs for sediments2 and 
oil and grease may be required at a later date.  
 

Urbanized Portion of the Watershed.  For the purposes of this TMDL, the urban portion of the 
watershed includes the sum total area of the incorporated cities and the unincorporated portion 
of Los Angeles County which are located on the Ballona Creek watershed.3  The estimated area 
of the “urbanized” portion of the watershed is 129 square miles4.  

                                                           
2 Sediments which may be addressed in a separate TMDL are natural particulate matters such as silt and sand.  
Sediments result from erosion and are deposited at the bottom of a stream.  Sediments do not refer to the 
decomposition of settleable litter into small particulate matters, which this TMDL is trying to prevent. 
3 The Regional Board recognizes that some areas within the unincorporated sections of Los Angeles County are 
actually suburban or rural. 
4 As determined by the Regional Board from GIS mapping. 
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Figure A. Isohyetal Map of Rainfall Intensities in Portions of Los Angeles County (LADPW, 2003). 
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III. Problem Statement 
 

The problem statement consists of a description of the watershed, beneficial uses, water 
quality objectives, and a description of the impairment to the watershed caused by trash. 

 
A. Description of the Watershed 

 
 Ballona Creek flows slightly over 10 miles from Los Angeles (South of Hancock Park) 
through Culver City, reaching the ocean at Playa del Rey.  Except for the estuary of Ballona 
Creek5, which is trapezoidal composed of grouted rip-rap side slopes and an earth bottom, 
Ballona Creek is entirely lined in concrete and extends into a complex underground network of 
stormdrains which reaches to Beverly Hills and West Hollywood, draining 130 square miles of 
highly developed land, with both residential and commercial land uses.  Tributaries of Ballona 
Creek include Centinela Creek, Sepulveda Canyon Channel, Benedict Canyon Channel, and 
numerous other storm drains.  All of these tributaries are either concrete channels or covered 
culverts.  Cities on this small coastal watershed are Culver City, Beverly Hills, West 
Hollywood, parts of Santa Monica, parts of Inglewood, parts of Los Angeles, and some 
unincorporated areas of Los Angeles County.   
 

Adjacent to the downstream channel of Ballona Creek are the Marina del Rey Harbor, 
Ballona Lagoon and Venice Canals, Del Rey Lagoon and Ballona Wetlands.  Although they do 
not discharge directly into the Creek, they are grouped as waterbodies in this subwatershed 
because of their proximity and various forms of hydrological connection to Ballona Creek. 
 

 
 

                                                           
5 The estuary reaches up to Centinela Boulevard.   Ballona Creek is concrete-lined upstream of Centinela 
Boulevard. 
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Figure AB. Waterbodies in Ballona Creek Watershed. 

 
While at one time it drained into a large wetlands complex6, since its chanellization by the US 
Corps of Engineers in 1935, Ballona Creek has lost its direct connection to the Ballona 
Wetlands in spite of the tidal gates which connect both ecosystems. Ballona Creek has been 
designated as a Significant Ecological Area within the Los Angeles County in its general plan 
(Los Angeles County, 1976).  Although Ballona Creek and the Ballona Wetlands used to share 
a 2100-acre coastal estuary, the degraded wetlands that remain encompass only 186 acres.  

 
 

B. Beneficial Uses of the Watershed 
 

A brief description of the beneficial uses most likely to be impaired due to trash in 
Ballona Creek is provided in this section. 
 

Beneficial uses impaired by trash in Ballona Creek are conditional Municipal and 
Domestic Supply (MUN), Water Contact Recreation (REC1), Non-Contact Recreation (REC2), 
Warm Freshwater Habitat (WARM), Wildlife Habitat (WILD). Other beneficial uses impaired 
by trash are estuarine habitat (EST) and marine habitat (MAR); rare, threatened or endangered 
species (RARE); migration of aquatic organisms (MIGR) and spawning, reproduction and early 
development of fish (SPWN); Commercial and sport fishing (COMM);  Shellfish harvesting 
(SHELL); and Wetland Habitat (WET).  Ballona Creek is fenced off from riparian access on all 
                                                           
6 Ballona Creek and the Ballona Wetlands used to be home to the Gabrielino and Shoshonean peoples. The Ballona 
Wetlands have been considered sacred ground by native peoples for thousands of years. 
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of its length, but children age 2 to 14 are regularly observed bathing in the Creek during hot 
afternoons.  On a peaceful Sunday afternoon, families of ducks can also be observed frolicking 
at many points on the creek.  The bicycle path, shaded in places by riparian trees, along the 
creek is used extensively. 

 
 

 
Figure BC.  Flycatcher7 

  
In addition, several federal and state listed endangered species inhabit the Ballona 

Wetlands Ecosystem, including the Southwestern Willow Flycatcher. 

                                                           
7 Source: Ballona Wetlands Land Trust. 
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Beneficial uses of Ballona Creek watershed are summarized in Table 1, excerpted from the 
1994 Basin Plan. These are the designated beneficial uses that must be protected.8 
 

Table 1. Beneficial Uses of Surface Waters of Ballona Creek. 

 Hydro 
Unit  #

MUN NAV REC1 REC2 COMM WARM EST MAR WILD RARE MIGR SPWN SHELL WETb

BALLONA CREEK  
WATERSHED 

               

Ballona Creek Estuary w 405.13 E E E E E E E Ee Ef Ef E
Ballona Wetlands 405.13 E E E E Ee Ef Ef E
Ballona Creek to Estuary 405.13 P* Ps E P P
Ballona Creek 405.15 P* Ps E P E

 
Beneficial use designations apply to all tributaries to the indicated waterbody, if not listed separately. 
E:  Existing beneficial use 
P:  Potential beneficial use 
* Conditional designations  Asterixed MUN designations are designated under SB 88-63 and RB 89-03.   
 
b  Waterbodies designated as WET may have wetlands habitat associated with only a portion of the 
waterbody. Any regulatory action would require a detailed analysis of the area.    
e  One or more rare species utilize all ocean, bays, estuaries,  
f  Aquatic organisms utilize all bays, estuaries, lagoons and coastal wetlands, to a certain extent, for 
spawning and early development. This may include migration into areas which are heavily influenced by 
freshwater inputs. 
w  These areas are engineered channels.  All references to Tidal Prisms in Regional Board documents  
are functionally equivalent to estuaries. 
s  Access prohibited by Los Angeles County DPW. 

 

BENEFICIAL USE CODES (see Basin Plan for more details): 
MUN - Municipal and Domestic Water Supply EST – Estuarine Habitat 
REC1 - Water Contact Recreation  WILD – Wildlife Habitat  
REC2 - Non-Contact Water Recreation  RARE – Rare, Threatened or Endangered Species 
COMM - Commercial and Sport Fishing SPWN – Spawning, Reproduction, and/or Early Development 
WARM - Warm Freshwater Habitat  SHELL – Shellfish Harvesting 
COLD - Cold Freshwater Habitat WET – Wetland Habitat 
MAR - Marine Habitat 

   

                                                           
8 Water Quality Control Plan, Los Angeles Region, California Regional Water Quality Control Board,  
Los Angeles Region, 1994, p. 2-10. 

RB-AR36728



 
 
 

January 16, 2004   Ballona Creek Trash TMDL 9

C. Water Quality Objectives 
 

Water quality standards consist of a combination of beneficial uses, water quality 
objectives and the State’s Antidegradation Policy.  The Regional Board has determined that the 
narrative water quality objectives applicable to this TMDL are floating materials: “Waters 
shall not contain floating materials, including solids, liquids, foams, and scum, in 
concentrations that  cause nuisance or adversely affect beneficial uses”9 and solid, suspended, 
or settleable materials: “Waters shall not contain suspended or settleable material in 
concentrations that cause nuisance or adversely affect beneficial uses.”10  The States’ 
Antidegradation Policy is formally referred to as the Statement of Policy with Respect to 
Maintaining High Quality Waters in California (State Board Resolution No. 68-16). 
 

D. Impairment of Beneficial Uses 
 

Existing beneficial uses impaired by trash in Ballona Creek are contact recreation (REC 
1) and non-contact recreation such as fishing (REC 2) (trash is aesthetically displeasing and 
deters recreational use and tourism); warm fresh water habitat (WARM); wildlife habitat 
(WILD); estuarine habitat (EST) and marine habitat (MAR); rare, threatened or endangered 
species (RARE); migration of aquatic organisms (MIGR) and spawning, reproduction and 
early development of fish (SPWN); Commercial and sport fishing (COMM);  Shellfish 
harvesting (SHELL); Wetland Habitat (WET).  These beneficial uses in Ballona Creek are 
impaired by large accumulations of suspended and settled debris throughout the river system. 
Common items that have been observed by Regional Board staff include Styrofoam cups, 
Styrofoam food containers, glass and plastic bottles, toys, balls, motor oil containers, antifreeze 
containers, construction materials, plastic bags, and cans.  Heavier debris can be transported 
during storms as well.  
 
 Trash in waterways causes significant water quality problems.  Small and large 
floatables can inhibit the growth of aquatic vegetation, decreasing spawning areas and habitats 
for fish and other living organisms.  Wildlife living in rivers and in riparian areas can be 
harmed by ingesting or becoming entangled in floating trash.  Except for large items such as 
shopping carts, settleables are not always obvious to the eye.  They include glass, cigarette 
butts, rubber, construction debris and more.  Settleables can be a problem for bottom feeders 
and can contribute to sediment contamination.  Some debris (e.g. diapers, medical and 
household waste, and chemicals) are a source of bacteria and toxic substances. Floating debris 
that is not trapped and removed will eventually end up on the beaches or in the open ocean, 
repelling visitors away from our beaches and degrading coastal waters.  
 

A major trash problem experienced in Ballona Creek and Wetland contributes to a 
broader phenomenon that affects ocean waters, as small pieces of plastic called “nurdles” 
(defined as pre-production virgin material from plastic parts manufacturers, as well as post-
production discards that are occasionally recycled) float at various depths in the ocean and 
affect organisms at all levels of the food chain.  As sunlight and UV radiation render plastic 
brittle, wave energy pulverizes the brittle material, with a subsequent chain of nefarious effects 

                                                           
9 Water Quality Control Plan (“Basin Plan”), p. 3-9. 
10 Ibid., pp. 3-16. 
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on the various filter feeding organisms found near the ocean’s surface.  Studies in the North 
Pacific indicate that both large floating plastic and smaller fragments are increasing.  As a 
result of increased reports of resin pellet ingestion by aquatic wildlife and evidence that the 
ingested pellets are harming wildlife, the Interagency Task Force on Persistent Marine Debris 
(ITF) identified resin pellets, also know as plastic pellets, as a debris of special concern.11  
When released into the environment, these pellets either may float on or near the water surface, 
may become suspended at mid-depths, or may sink to the bottom of a water body.  Whether a 
specific pellet floats or sinks depends on the type of polymer used to create the pellet, on 
additives used to modify the characteristics of the resin, and on the density of the receiving 
water. 
 

A 1999 study of Marine Debris in the Mid-Pacific Gyre in an attempt to assess the 
potential effects of ocean particles on filter feeding marine organisms, collected plankton 
samples at various locations throughout the gyre.  The results were stunning: the mass of 
plastic particles collected was six times higher than the mass of plankton (841 g/km2), 
although the number of planktonic organisms (1,837,342/km2) was five times the number of 
plastic pieces.  The distribution of the sampling points allows one to assume that these 
numbers can be safely extrapolated to the breadth of the Mid-Pacific Gyre.  A remarkable 
finding was that the number of particles did not increase in successively smaller size classes 
as expected, indicating there may be non-selective removal by mucus web-feeding jellies and 
salp.  In this study, the most common type of identifiable particle, thin plastic film, accounted 
for 29% of the total.  Many birds will die from ingesting this non-nutritive plastic.12 

 
The prevention and removal of trash in Ballona Creek ultimately will lead to improved 

water quality and protection of aquatic life and habitat, expansion of opportunities for public 
recreational access, enhancement of public interest in the rivers and public participation in 
restoration activities, and propagation of the vision of the river as a whole and enhancement 
of the quality of life of riparian residents. 

 
E. Extent of the Trash Problem in  Ballona Creek 

 
 Trash is a water quality problem throughout  Ballona Creek.  The Regional Board has 
determined that current levels of trash exceed the existing Water Quality Objectives necessary 
to protect the beneficial uses of the river. 

 
For many years, Los Angeles County and other cities have recognized that trash is a 

problem.13  The Los Angeles County Department of Public Works is reporting a “30% 
decrease in roadway trash on unincorporated County roads and a 50% decrease in trash 
                                                           
11 US Environmental Protection Agency (US EPA) (1992) Plastic Pellets in the Aquatic Environment: 
Sources and Recommendations. 
12 Moore, C.J. et al.  Marine Debris in the North Pacific Gyre, 1999, with a Biomass Comparison of 
Neustonic Plastic and Plankton. (in preparation) 
13See comments from Los Angeles County, Agoura Hills, Artesia, Beverly Hills, Hermosa Beach, Hidden Hills, 
Carson, Diamond Bar, La Habra Heights, La Mirada, La Puente, Monrovia, Norwalk, Rancho Palos Verdes, 
Rolling Hills, San Fernando, San Marino, West Hollywood, Westlake Village, and the Executive Advisory 
Committee (Stormwater Program - Los Angeles County) on behalf of all the Los Angeles County cities, 
submitted in response to the first draft of this Trash TMDL for the Los Angeles River Watershed. 
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entering catchbasins since adoption of the current National Pollutant Discharge Elimination 
System (NPDES) Permit”.14  However, trash in  Ballona Creek continues to be a serious 
problem.  
 

Every city in the watershed agrees that the amount of trash found in the waterways is 
excessive.  Although the Regional Board has not yet received the data that the Los Angeles 
County Department of Public Works used for its findings, Regional Board staff regularly 
observe trash in the waterways of this watershed.  Non-profit organizations such as Santa 
Monica BayKeeper or Heal the Bay, and others, organize volunteer clean-ups periodically, 
and document the amount of trash that was removed on such days, but these data do not 
indicate how long the trash had been accumulating at that particular site, only the amount that 
was picked up by the volunteers on a given day.   

 
For example, at Coastal Clean-up Day in 1996, 26,300 lbs of trash were collected in 

Los Angeles County.  During the September 18, 1999, California Coastal Clean up organized 
by Heal the Bay, a total of 60,711 lbs of trash were collected in Los Angeles County.15   

 
Earthday clean ups results in large amounts of trash being removed from the Creek. 

Meanwhile, the purpose of volunteer clean-ups is to visibly clean the river and its banks, not 
to quantify debris.  As a result, it is likely that some of the debris collected during those events 
are not recorded.  In addition, volunteers traditionally focus on larger, more visible debris to 
the exclusion of smaller debris which are commonly encountered, such as cigarette butts.  
Table 2 shows the tonnage of trash collected at 3 sites along Ballona Creek.  These figures 
show a portion of the trash existing along the creek. 

Table 2.  Ballona Creek Tonnage:  Yearly Tonnage.16 

 In conjunction with Coastal Clean Up Day 
 September 1994 32.8 tons 
 September 1995 20 tons 
 September 1996 24.94 tons 
 September 1997 unknown 
 September 1998 20 tons 
 September 1999 17 tons 
 September 2000 18.67 tons 

In conjunction with Earth Day 
April 1995 7 tons 
April 1996 8.74 tons 
April 1997 21.67 tons 
April 1998 3.5 tons 
April 1999 7 tons 
April 2000 8 tons  

 

                                                           
14Comment letter from County of Los Angeles, Department of Public Works, May 15, 2000, p. 1.  
15 Alix Gerosa, Heal the Bay, November 22, 1999. 
16 City of Culver City. 
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Several studies which attempted to quantify trash generated from discreet areas have 
been completed, but these concern relatively small areas, or relatively short periods, or both.  
The findings of some of these studies are discussed below. 

 
The City of Calabasas cleaned out the Continuous Deflective Separation (CDS) Unit 

they had installed in December of 1998, on September 28, 1999.  This CDS unit, located in 
Calabasas at the intersection of Las Virgenes Road and Agoura Road, collects trash from the 
runoff of a small storm drain, as well as part of the runoff from Calabasas Park Hills (Santa 
Monica Mountains), and eventually empties to Las Virgenes Creek.  It is assumed that this 
CDS unit prevented all trash from passing through.  The calculated area drained by this CDS 
Unit, as provided to the Regional Board by Los Angeles County Department of Public Works 
staff, amounts to 12.8 square miles.  The urbanized area was estimated by Regional Board 
staff to amount to 0.10 square miles of the total area.  The result of this clean-out, which 
represents approximately half of the 1998-1999 rainy season, was 2,000 gallons of sludgy 
water and a 64-gallon bag about two-third full of plastic food wrappers.  It is assumed that 
part of the trash that accumulated in the CDS unit over roughly half of the rainy season had 
decomposed in the unit, hence the absence of paper products.  Given the CDS unit was 
cleaned out after slightly more than nine months of use, it was assumed that this 0.10 square 
mile urbanized area produced a volume of 64 gallons of trash over one year.  This datum will 
be used as the default value for the implementation plan.  Although other studies are 
informative, studies currently available to the Regional Board provide insufficient data and 
could not be applied directly to establishing trash generation rates. 

 
The City of Los Angeles conducted an Enhanced Catch Basin Cleaning Pilot Project in 

compliance with a consent decree between the United States Environmental Protection 
Agency, the State of California, and the City of Los Angeles.  The project goals were to 
determine debris loading rates, characterize the debris, and find an optimal cleaning schedule 
through enhancing catch basin cleaning.  The project evaluated trash loading at two drainage 
basins:   

• The Hollywood Basin (1,366 acres and 793 catch basins) includes much of 
Hancock Park and is mostly residential with some commercial and open space, and 
no industrial land; 

• The Sawtelle Basin (2,267 acres and 502 catch basins) includes residential areas 
with some commercial, industrial and transportation-related uses, and some open 
space. 

 
The catch basins are inlet structures without a sump below the level of the outlet pipe 

to capture solids and trash washed down by the stormwater.17  These inlets also collect trash, 
grass clippings and animal wastes during dry weather.  Catch basins were cleaned 3-4 times 
from March 1992 to December 1994 and yielded approximately 0.79 yd3 (160 Gal) of debris 
per cleaning (Sawtelle – 1.04 yd3 (210 Gal) and Hollywood – 0.61 yd3 (123 Gal)), 
characterized as paper (26%), plastic wastes (10%), soil (33%), and yard trimmings (31%). 

 

                                                           
17 Such structures are usually termed catchments, but the term catch basin is used throughout Southern 
California.  The absence of flow during dry weather allows trash to collect at the inlet.  (Phone conversation with 
Wing Tam, City of Los Angeles, November 10, 1999.) 
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The study also observed that the amount of plastic waste was less in residential areas 
and greater in non-residential areas, that paper waste was greater in commercial areas, and 
that soil and yard waste was greater in residential areas and open spaces.18 

 
IV. Numeric Target 

 
The numeric target for this TMDL is 0 (zero) trash in the water.  The numeric target is 

staff’s interpretation of derived from the narrative water quality objectives, including an 
implicit margin of safety.  Although a substantial number of comments were received in 
response to the March 17, 2000 Draft TMDL, no information was provided to justify any 
other number for the final TMDL target that would fully support the designated beneficial 
uses.  The numeric target was used to calculate the Waste Load Allocations as described in 
the Implementation Plan (see Section VIII.)  

 
V. Source Analysis 
 

The major source of trash in the river results from litter, which is intentionally or 
accidentally discarded in watershed drainage areas. Transport mechanisms include the 
following: 

 
1. Storm drains: trash is deposited throughout the watershed and is carried to the 
various reaches of the river and its tributaries during and after significant rainstorms 
through storm drains.  
 
2. Wind action: trash can also blow into the waterways directly. 
 
3. Direct disposal: direct dumping also occurs. 

 
Extensive research has not been done on trash generation or the precise relationship 

between rainfall and its deposition in waterways.  However, it has been found that the amount 
of gross pollutants entering the stormwater system is rainfall dependent but does not 
necessarily depend on the source (Walker and Wong, December 1999). The amount of trash 
which enters the stormwater system depends on the energy available to re-mobilize and 
transport deposited gross pollutants on street surfaces rather than on the amount of available 
gross pollutants deposited on street surfaces.  The exception to this finding of course would be 
in the event that there is zero gross pollutants deposited on the street surfaces or other 
drainages tributary to the storm drain. Where gross pollutants exist, a clear relationship 
between the gross pollutant load in the stormwater system and the magnitude of the storm 
event has been established.  The limiting mechanism affecting the transport of gross pollutants, 
in the majority of cases, appears to be re-mobilization and transport processes (i.e., stormwater 
rates and velocities). 

 

                                                           
18 This information and all of the above concerning the City of Los Angeles Enhanced Catch Basin Cleaning was 
found in: City of Los Angeles Department of Public Works, Bureau of Sanitation: Consent Decree Report, 
Enhanced Catch Basin Cleaning, April 1999.  (Unpublished report.) 
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Several studies conclude that urban runoff is the dominant source of trash. Ballona 
Creek collects runoff from several partially urbanized canyons on the south slopes of the Santa 
Monica Mountains as well as form intensely urbanized areas of West Los Angeles, Culver 
City, Beverly Hills, Hollywood, and parts of Central Los Angeles. The large amounts of trash 
conveyed by urban storm water to Ballona Creek and the Wetland is evidenced by the amount 
of as trash that accumulates at the base of storm drains.  The amount and type of trash that is 
washed into the storm drain system appears to be a function of the surrounding land use. 

 
A number of studies (Walker and Wong, 1999, Allison, 1995), have shown that 

commercial land-use catchments generate more pollutants than residential land use catchments, 
and as much as three times the amount generated from light industrial land use catchment.  It is 
generally accepted that commercial land uses tend to contribute larger loads of gross pollutants 
per area compared to residential and mixed land-use areas.  This is in spite of daily street 
sweeping in the commercial sub-catchment compared to once every two weeks in residential 
and mixed land use areas. 
 
VI. Waste Load Allocations 
 

Storm drains have been identified as a major source of trash in the Los Angeles River.  
The strategy for meeting the water quality objective will focus on reducing the trash 
discharged via municipal storm drains.  
 

Waste Load Allocations will be assigned to the Permittees and Co-permittees of the 
Los Angeles County Municipal Stormwater Permit (hereinafter referred to as Permittees) and 
Caltrans.  In addition, Waste Load Allocations may be issued to additional facilities in the 
future under Phase II of the US EPA Stormwater Permitting Program.  Waste Load 
Allocations assigned under the MS4 permit and the Caltrans permit will be based on a phased 
reduction from the estimated current discharge (i.e., baseline) over a 10-year period until the 
final Waste Load Allocation (currently set at zero) is met.  The baseline allocation for the 
MS4 Permittees and Co-permittees (referred to hereinafter as the “Permittees”) will be 
derived from currently available data (i.e., default baseline allocations) or refined data 
collected during the Baseline Monitoring Program.   

 
A. Reconsideration and Refinement Provision 

 
Upon completion of the baseline monitoring, staff shall report to the Board the results 

of such baseline monitoring.  The Regional Board will review and reconsider the final Waste 
Load Allocations once a reduction of 50% of the Baseline Waste Load Allocation has been 
achieved. This means that the final Waste Load Allocation will be reviewed only reconsidered 
after substantial reductions are achieved.  This reconsiderationA review of the Waste Load 
Allocation will be based on the findings of future studies regarding the threshold levels 
needed for protecting beneficial uses.  The threshold level is presumed to be specific to all 
categories of trash.  

 
AB. Default Baseline Waste Load Allocation 
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The Default Baseline Waste Load Allocation for the municipal stormwater permittees 
is equal to 640 gallons (86 cubic feet) of uncompressed trash per square mile per year.  No 
differentiation will be applied for different land uses in the Default Baseline Waste Load 
Allocation.  This value is based on data provided by the City of Calabasas, as described 
previously.  In the event that the permittees elect to rely on the Default Baseline Waste Load 
Allocation, they must first establish a conversion factor translating uncompressed volume to a 
standardized compacted volume and/or dry weight.  The final Default Baseline Waste Load 
Allocation, as described in compressed volume and/or dry weight, will be specified in the 
stormwater permit.   
 
BC. Refined Baseline Waste Load Allocations 
 

The municipal stormwater permittees may opt to seek refinement of the Default 
Baseline Waste Load Allocation by implementing an approved “Baseline Monitoring Plan,” 
as described in Section VII.  The goal of the Baseline Monitoring program is to derive a 
representative trash generation rate for various land uses from across the Los Angeles River 
watershed.  The Baseline Waste Load Allocation for any single city will be the sum of the 
products of each land use area multiplied by the Waste Load Allocation for the land use area, 
as shown below: 

 
( )∑ •= useslandtheseforsallocationuseslandbyareacityeachforLA

 
 

The urban portion of the Los Angeles River watershed was divided into twelve types 
of land uses for every city and unincorporated area in the watershed.  Similar land use 
classifications already exist on the land use maps used by L.A. County Department of Public 
Works to assess the generation of certain pollutants by land use.19  The land use categories 
are: (1) high density residential20, (2) low density residential21, (3) commercial and services, 
(4) industrial, (5) public facilities22, (6) educational institutions23, (7) military installations, (8) 
transportation24, (9) mixed urban25, (10) open space and recreation26, (11) agriculture27, and 

                                                           
19 The land use classification was developed by Aerial Information Systems as a modified Anderson Land Use 
Classification and originally included 104 categories.  The land use coverages were donated for GIS library use 
by Southern California Association of Governments (SCAG), and show land use for 1990 and for 1993.  The 
coverages were mapjoined into a single coverage by Teale Data Center.  The Regional Board layers were 
aggregated from the TDC coverage into the land uses shown above. 
20 High Density Residential includes High Density Single Family Residential and all Multi Family Residential, 
Mobile Homes, Trailer Parks and Rural Residential High Density. 
21 Under 2 units per acre. 
22 Public facilities include government centers, police and sheriff stations, fire stations, medical health care 
facilities, religious facilities large enough to be distinguished on an aerial photograph, libraries, museums, 
community centers, public auditoriums, observatories, live indoor and outdoor theaters, convention centers 
which were built prior to 1990, communication facilities, and utility facilities (electrical, solid waste, liquid 
waste, water storage and water transfer, natural gas and petroleum). 
23 Preschools and daycare centers, elementary schools, high schools, colleges and universities, and trade schools, 
including police academies and fire fighting training schools. 
24 Airports, railroads, freeways and major roads (that meet the minimum mapping resolution of 2.5 acres), park 
and ride lots, bus terminals and yards, truck terminals, harbor facilities, mixed transportation and mixed 
transportation and utility. 
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(12) water28. Given that the minimum mapping resolution is 2.5 acres, a non-critical land use 
unit may not be mapped if it is less than 2.5 acres in size29.  

 
The appendix contains a table which shows the square mileage for each land use for 

each city and unincorporated areas in the watershed.  Cities on the Ballona Creek watershed 
are Culver City, Beverly Hills, West Hollywood, parts of Santa Monica, parts of Inglewood, 
parts of Los Angeles, and some unincorporated areas of Los Angeles County. For cities that 
are only partially located on the watershed, the square mileage indicated is for the part of this 
city that is in the watershed only.  

 
Land uses that are not under municipal jurisdiction, such as military installations, will 

be dealt with through separate permits, and will thus be monitored separately. 
 
Each permittee will be allowed 90% of their baseline Waste Load Allocation during 

the first year of implementation, and the allocation will be reduced from the baseline by an 
average 10% through every year of implementation. 

 
 

CD. Baseline Waste Load Allocations for Caltrans 
 
A Litter Management Pilot Study (LMPS)30 was conducted to evaluate the effectiveness 

of several litter management practices in reducing litter that is discharged from Caltrans storm 
water conveyance systems.  The LMPS employed four field study sites, each of which was used 
to test a separate BMP.  Each site included three replicate testing pairs, consisting of one site 
designed to measure the amount of trash produced when treatment was applied, and one control 
with no treatment site.  The LMPS averages the data collected at the control outfalls in order to 
obtain the annual litter loads.  The average combined total loads for the three control outfalls at 
each site normalized by the total area of control catchments is presented in the following table, 
adapted from the LMPS report31: 
 

Table 3. Average Combined Total Loads for Control Outfalls at 3 Litter Management Pilot Study (LMPS) Sites. 

Site Weight lbs/sq mi Volume cu ft/sq mi 

1E 10584.00 1312.97 

1W 7479.36 971.73 
                                                                                                                                                                                        
25 Mixed commercial, industrial and/or residential, and areas under construction or vacant in 1990. 
26 Golf courses, local and regional parks and recreation, cemeteries, wildlife preserves and sanctuaries, botanical 
gardens, beach parks. 
27 Orchards and vineyards, nurseries, animal intensive operations, horse ranches. 
28 Open water bodies, open reservoirs larger than 5 acres, golf course ponds, lakes, estuaries, channels, detention 
ponds, percolation basins, flood control and debris dams. 
29 Critical land uses were mapped regardless of resolution limits.  Critical land use units below 1 acre in size 
were mapped as 1-acre units. 
30 California Department of Transportation District 7 Litter Management Pilot Study, June 2000.  This study 
defined litter in stormwater as “manufactured items that can be retained by ¼-inch mesh made from paper, 
plastic, cardboard, etc.”, and “that are not of natural origin (i.e. does not include sand, soil, gravel, vegetation, 
etc.)”  (p. 1-2). 
31 Ibid., Table 6-8. 
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6 7479.36 881.34 

8 4374.72 404.51 

A preliminary baseline Waste Load Allocation for weight and volume load generation for 
freeways is arrived at by averaging weight and volume columns. (see Table 4.) 
 

Table 4. A Preliminary Baseline Waste Load Allocation 
for Weight and Volume for Freeways. 

Weight lbs/sq mi Volume cu ft/sq mi 

7479.36 892.64 

 
This is a default allocation which can be refined through baseline monitoring following 

the protocol previously indicated for baseline monitoring.  It is to be noted that control site 1E 
already had one BMP in place before testing of the other BMPs, as it was cleaned monthly 
through an “Adopt a Highway” program. 

 
Average Annual Daily Traffic (AADT) for all control sites in the study ranged from 

216,000 to 238,000.32  Considering AADT on Los Angeles County freeways may be close to 
300,000 on some sections33, the chosen sites, although typical freeway outfalls, are not 
distributed throughout the whole AADT range.  As the purpose of the study was to assess the 
effectiveness of specific BMPs, not to assess a trash generation factor, sites were chosen with 
similar characteristics.   
 

DE. Baseline Waste Load Allocations for Municipal Permittees 
 

Watershed wide default allocations for the ten-year implementation period are presented in 
Table 5. Using a default baseline load allocation of 86 cubic feet per square mile for the 
municipal permittees and 893 cubic feet per square mile for Caltrans34, the default annual 
baseline Waste Load Allocation for the municipal permittees is 11,094 cubic feet (expressed as 
uncompressed volume) and 1,635 cubic feet for Caltrans.35  The Waste Load Allocations 
represent a progressive reduction in the baseline Waste Load Allocation over a period of 10 
years, and apply except in areas serviced by Full Capture Systems.  The volumes shown, in 
cubic feet, are in uncompressed volumes, but in the event that the permittees elect to rely on 
the default baseline Waste Load Allocations, this unit of measure will be converted to an 
equivalent unit expressed in cubic yards based on a standardized compaction rate or dry 
weight. 
 
 
 
 
 
                                                           
32 Ibid., Table 6-8.   
33 Information on AADT on select freeways can be found on Caltrans’ website: http://www.caltrans.ca.gov/. 
34 The default allocation used here, based on the discussions mentioned above, is the same as the default allocation 
used for the Trash TMDL for the Los Angeles River watershed. 
35 This figure assumes Caltrans covers an area of 1.83 square miles, taking into account 329,600 linear feet of 
highway, 6 maintenance stations and 1 Park & Ride (Information provided by Caltrans.) 
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Table 5. Default Waste Load Allocations.  
(Expressed as cubic feet of uncompressed trash and % reduction.)36 

Year of 
Implementation37 

Municipal Stormwater 
Default Waste Load Allocation  

CalTrans Default Waste 
Load Allocation 

Year One 
 

  9,985 or 90% of the baseline load   1,472 or 90% of the baseline load 

Year Two 
 

  8,875 or 80% of the baseline load   1,308 or 80% of the baseline load 

Year Three 
 

 7,776 or 70% of the baseline load  1,146 or 70% of the baseline load 

Year Four 
 

 6,656 or 60% of the baseline load   981 or 60% of the baseline load  

Year Five 
 

 5,547 or 50% of the baseline load   818 or 50% of the baseline load38  

Year Six 
 

4,438 or 40% of the baseline load  654 or 40% of the baseline load  

Year Seven39 
 

3,328 or 30% of the baseline load  491 or 30% of the baseline load  

Year Eight 
 

2,218 or 20% of the baseline load  327 or 20% of the baseline load  

Year Nine 
 

1,110 or 10% of the baseline load  164 or 10% of the baseline load  

Year Ten 
 

0 or 0% of the baseline load 0 or 0% of the baseline load 

 

VII. Baseline Monitoring 
 

The goal of the Baseline Monitoring Program is to collect representative data from 
across the watershed that can be used to refine the default Waste Load Allocations.  Two 
Baseline Monitoring Strategies are outlined herein.  The first is the program presented in the 
March 17, 2000, Draft Los Angeles River Trash TMDL.  The second is an Alternative 
Baseline Monitoring Program based on a plan presented by the Los Angeles County, 
Department of Public Works, in a letter dated August 30, 2000.  Baseline monitoring will be 
required via Section 13267 of the Porter-Cologne Water Quality Control Act (hereinafter 
referred to as “Porter-Cologne”). 

 

                                                           
36 Table has been simplified to show default watershed wide allocations for municipal permittees only. 
37 Year of implementation subsequent to the two-year baseline monitoring program. 
38 A review of the current target will be undertaken once a reduction of 50% has been achieved and sustained. 
39 A review of the current target will be allowed once a reduction of  50% has been achieved and sustained. 

RB-AR36738



 
 
 

January 16, 2004   Ballona Creek Trash TMDL 19

A number of permittees objected to the Baseline Monitoring Plan as presented in the 
March 17, 2000, Draft TMDL.  Most of the objections were based on the cost of employing 
full-capture monitoring systems across 10% of the watershed.  In addition, finding a 
watershed that drains a single land use also was problematic.  In an effort to arrive at a less 
costly plan that would still provide representative data sufficient for use in deriving Baseline 
Waste Load Allocations, the Los Angeles County Department of Public Works convened a 
committee of the municipal permittees to evaluate alternative strategies.  Regional Board 
staff met with the committee on nine occasions to establish the minimum requirements for an 
Alternative Baseline Monitoring Plan and to review various strategies.  The minimum 
requirements established were: 

 
! The plan would provide representative data from across the watershed. 
! The plan would provide data in units that were easily 

reproduceablereproducible and would be comparable with data to be collected 
during the Implementation Phase (i.e., we would be comparing apples with 
apples). 

! The permittees agreed that Baseline Waste Load Allocations would be derived 
from data generated from the plan. 

 
One issue of concern was whether representative data could be collected if rainfall was 

below normal during the Baseline Monitoring period.  Staff has addressed this concern by 
specifying that the Permittees may elect to continue the Baseline Monitoring for an additional 
two years.  However, the Implementation Schedule will not be delayed as a result of the 
extended Baseline Monitoring.  
 
A. Land Use Areas to be Monitored 
 

Monitoring data will be used to establish specific trash generation rates per land use.  
Thus, all monitoring will be designed according to land use.  Some of the land uses will be 
monitored by the Los Angeles County Department of Public Works (LACDPW), possibly in 
association with the cities located on  Ballona Creek watershed, while other land uses which 
are outside the jurisdiction of the municipalities, such as airports, will be monitored using 
similar methods by the appropriate permittees, and the resulting baseline monitoring results 
will then be applied as these entities are permitted under EPA Phase II Storm Water 
regulations. City and County streets are included in each land use as they are monitored. 

 
The land use categories that will be monitored by the LACDPW baseline monitoring 

group (in order to determine land use based generation rates) are: 
 
! High density residential,  
! Low density residential, 
! Commercial and services,  
! Industrial, and 
! Open space and recreation. 

 
Certain land uses will be exempt from monitoring:  
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! public facilities,  
! mixed urban,  
! agriculture, and 
! water.   
 

 Public facilities (except educational institutions) will not be monitored because their 
diversity makes it difficult to obtain a representative generation rate.  Thus, their generation 
rate will be assumed to be the highest between residential, commercial and industrial. 
 
 Mixed urban will not be monitored, instead the generation rate for mixed urban will 
again be assumed to be the highest between residential, commercial and industrial.  
  

Agricultural land uses will be exempt from monitoring because they represent such a 
small percentage of the total watershed.  The assigned generation rate will be that of the 
geographically closest land use. 
  

Water will be exempt from monitoring because it is not considered a generator of 
trash. 

 
Transportation land use, as defined by the Regional Board, includes airports, railroads, 

freeways and major roads (that meet the minimum mapping resolution of 2.5 acres), park and 
ride lots, bus terminals and yards, truck terminals, harbor facilities, mixed transportation and 
mixed transportation and utilities.  Of that land use, what is under Caltrans’ jurisdiction will 
be covered under Caltrans’ permit.  Caltrans will be required to submit a monitoring plan for 
that land use, and will be assigned a Waste Load Allocation as well.  Major boulevards that 
are currently under Caltrans’ jurisdiction, but are affected by trash generated on municipal 
sites, such as Santa Monica Boulevard, will be addressed by the cities concerned.  Baseline 
monitoring for airports will be done separately and airports will be permitted separately. 

 
 Under EPA Phase II of the Storm Water Regulations, separate permits will be written 
for state and federal facilities.  Thus, public educational institutions and military installations 
will be covered under separate permits under Phase II.  Again, these entities covered under 
separate permits will have to conduct baseline monitoring as well in order to arrive at a trash 
generation factor.  Private education facilities, however, are under cities’ jurisdiction and are 
part of the city.  Thus, private educational institutions will be assigned the rate of the 
geographically closest land use. 

 
Each of the permittees and co-permittees are responsible for monitoring land uses 

within their jurisdiction.  However, monitoring responsibilities may be delegated to a third-
party monitoring entity such as LACDPW, or other permittees or co-permittees as 
appropriate. 
 
B. General Baseline Monitoring Plan Requirements 
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The following general requirements will apply during Baseline Monitoring, regardless 
of the monitoring plan employed. 

 
• Monitoring Plan. The permittee will submit a monitoring plan with the proposed 

monitoring sites and at least two alternate monitoring locations for each site.  The 
plan must include maps of the drainage and storm drain data for each proposed and 
alternate monitoring location.  The monitoring plan(s) will be submitted to the 
Regional Board within 30 days after receipt of the Executive Officer’s letter 
requesting such a plan.  Such a request is authorized pursuant to Section 13267 of 
the Porter-Cologne.  The Regional Board’s Executive Officer will have full 
authority to review the monitoring plan(s), to modify the plan, to select among the 
alternate monitoring sites, and to approve or disapprove the plan(s).   

 
• Jurisdiction. While each city, and Los Angeles County for non-incorporated areas, 

will receive an allocation based on the trash generation factors for its land uses, the 
areas not regulated under municipal or industrial storm water permits may be 
permitted separately.  For this reason, each city must provide the Regional Board 
with a list of entities located within their municipal boundaries that are outside of 
their jurisdiction including state or federal lands and facilities, within 120 days of 
the effective date of this TMDL.  The Regional Board will review the lists of state 
and federal entities and issue permits as warranted. 

 
• Data Collection. Baseline data will be collected over a period of at least two years. 

Although the amount of trash deposited into the waterways through the 
conveyance of a storm drain is dependent on rainfall patterns, and larger amounts 
of trash are typically deposited into the channels as a result of the first storm of the 
season, monitoring will include dates in both the rainy season and the dry season.  
The Los Angeles County Department of Public Works defines the rainy season as 
spanning from October 15 to April 15.  In the event that precipitation during the 
two years of Baseline Monitoring is below average, the permittees may elect to 
extend the monitoring plan for another two years.  However, an extension of the 
Baseline Monitoring program, shall not cause a delay in the commencement of the 
Implementation Plan as described in Section VIII. 

 
• Unit of Measure. Data will be reported in a single unit of measure that is 

reproduceable and measures the amount of trash, irrespective of water content 
(e.g., compacted volume based on a standardized compaction rate, dry weight, 
etc.).  The permittees may select the unit, but all permittees must use the same unit 
of measure.  The unit of measure used during Baseline Monitoring also will be 
used during Implementation for determining compliance with Waste Load 
Allocations.   

 
• Sampling Frequency. During wet weather, all sampling devices will be emptied 

within 72 hours of every precipitation event of 0.25 inch.  During dry weather, 
sampling devices will be emptied and analyzed every three months in the absence 
of precipitation.  
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• Vegetation.  The permittees may exclude vegetation from their reported discharge 

except where there is evidence that the vegetation is the result of the illegal 
discharge of yard waste.  However, all monitoring data must be reported uniformly 
(either with or without vegetation).  If the permittees include vegetation in the 
discharges reported during Baseline Monitoring, they will be obligated to include 
natural vegetation in their reports of discharge during Implementation.  

• Disposal of Collected Trash.  Trash captured during the monitoring program must 
be disposed of in accordance with all applicable laws and regulations.  

 
A summary of the requirements and milestone dates related to the Baseline Monitoring 

Program are summarized in Table 6. 
 

Table 6.  Baseline Monitoring Plan Due Dates. 

Due Date Requirement 

30 days after receipt of the Executive Officer’s 
request as authorized by Section 13267 of Porter-
Cologne. 

Submit baseline monitoring plan(s). 

120 days after receipt of the Executive Officer’s 
request as authorized by Section 13267 of Porter-
Cologne. 

List  facilities that are outside of the permittee’s 
jurisdiction but drain to a portion of the the 
permittee’s storm drain system, which discharges 
to  Ballona Creek.  

First 2 years after approval of this amendment; to 
be extended to 4 years at the option of the 
Permittees 

Collect Baseline Data 

72 hours after each rain event Clean out and measure trash retained 

Every 3 months during dry weather Clean out and measure  trash retained 

 
C. Baseline Monitoring Plan 

 
During the first year of baseline monitoring, permittees or groups thereof will capture 

and quantify trash from an area of no less than 10% of the total land area over which they 
have jurisdiction and that drains to  Ballona Creek. The monitoring areas will also represent 
10% of every land use the group has jurisdiction over.  If storm drain configuration vs. land 
use make the representation of 10% of a land use unfeasible, the permittees or groups thereof 
can choose areas that their land uses as representatively as possible, as long as the extent of 
the surface being monitored represents 10%.  

 
For the purposes of developing monitoring data for the establishment of Waste Load 

Allocations, the Regional Board will accept “full capture” as defined in Section II herein.  
This level of treatment will capture 100% of the trash mobilized by a one-year storm and 
nearly all of the trash generated from a more intense storm.  This is because most pollutants 
occur in the first flush of the runoff and would thus be intercepted by a structural treatment 
device prior to the crest of the runoff  flow resulting from a more intense storm. 
 

RB-AR36742



 
 
 

January 16, 2004   Ballona Creek Trash TMDL 23

D. Alternative Baseline Monitoring Plan 
 
For each land use monitored, a minimum of ten representative sites will be sampled.  

For each sampling site, a minimum of five catch basins will be fitted with inserts, for a total of 
not less than 50 catch basin inserts per land use monitored.  The existing litter removal 
practices that are employed by the cities will remain in place, so that baseline monitoring will 
evaluate how much trash is washed into the system under current practices.  

 
 In addition, the Regional Board will require a structural, full capture device system 
downstream of at least one sampling site for each land use monitored.  For this sampling site, 
all of the catch basins that are upstream of the full capture-monitoring device must be fitted 
with inserts.  This configuration will provide information on the relative effectiveness of the 
catch basin inserts as opposed to the full capture systems in varying land uses and under 
varying weather conditions. 

 
Ballona Creek watershed permittees have the option to pool their resources with Los 

Angeles River watershed permittees into a single baseline monitoring program.  With this 
option, a minimum of ten representative sites per land use would be sampled throughout the 
two watersheds, and data obtained from the Los Angeles River watershed could be used to 
document generation rates in the Ballona Creek watershed, and vice versa.  If all permittees 
choose to share the same monitoring program, the same generation rate will be used to 
determine the Baseline Waste Load Allocation for all permittees in both the Los Angeles River 
and the Ballona Creek watershed. 
 
VIII. Implementation and Compliance  
 

As required by the Clean Water Act, discharges of pollutants to surface waters from 
storm water are prohibited, unless the discharges are in compliance with a National Pollutant 
Discharge Elimination System (NPDES) Permit.  Discharge of trash to  Ballona Creek will 
be regulated via the Municipal NPDES Storm Water Permits and the Caltrans stormwater 
permit.  In addition, USEPA Phase II stormwater permits, general permits, and industrial 
permits may also be used to regulate discharges of trash to the river. 

 
In June 1990, the first Municipal NPDES Storm Water Permit was issued jointly to 

Los Angeles County and 84 cities as co-permittees.  A separate NPDES Storm Water Permit 
was issued to the City of Long Beach on June 30, 1999. Storm water municipal permits will 
be one of the implementation tools of this Trash TMDL, and will include the allocations as 
effluent limits or other permit requirements.  Thus, future storm water permits will be 
modified to incorporate the Waste Load Allocations and to address monitoring and 
implementation of this TMDL.  

 
A. Compliance Determination 
 

During the Baseline Monitoring Program that occurs prior to the commencement of 
the Implementation Phase, cities will be deemed in compliance with the Waste Load 
Allocations provided that all of the trash collected during the monitoring program is disposed 
of in compliance with all applicable regulations.  Thereafter, for those areas not covered by 
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Full Capture Systems, compliance with the Waste Load Allocations will be calculated as a 
running three-year average.  Other measures of compliance will relate to the implementation 
and reporting as required under the approved Baseline Monitoring Program. 

 
The first compliance point during the Implementation Phase will be September 30, 

2006. Compliance will be evaluated based on the total load discharged to the river during the 
period October 1, 2003 through September 30, 2006, divided by three.  Compliance thereafter 
will be evaluated at the end of each successive storm season and will be based on a rolling 
three-year average (see Table 7).  This method will provide allowances for variability due to 
rainfall.  Exceedance of the 3-year rolling average discharge will subject the permittee to 
enforcement action.  A summary of the schedule for determining compliance with the Waste 
Load Allocations is presented in Table 7. 

 
The final waste load allocation will be considered complied with when the Executive Officer 
finds that:  Structural devices or systems, and/or institutional controls have removed effectively 
100% of the trash from the storm drain system discharge to the Ballona Creek or its listed 
tributaries.  
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Table 7.  Compliance Schedule.40 
(Default waste load allocations expressed as cubic feet of uncompressed trash and % reduction.) 

Year Baseline Monitoring/ 
Implementation 

Waste Load Allocation  Compliance Point 

1 
10/1/01--
9/30/02 

Baseline Monitoring  
 

No allocation specified. Trash will be reduced 
by levels collected during the baseline 

monitoring program. 

Achieved through timely compliance with 
baseline monitoring program. 

2 
10/1/02--
9/30/03 

Baseline Monitoring 
 

No allocation specified. Trash will be reduced 
by levels collected during the baseline 

monitoring program. 

Achieved through timely compliance with 
baseline monitoring program. 

3 
10/1/03--
9/30/04 

Baseline Monitoring 
(optional)/  
Implementation: Year 1 

90% (9,985 for the Municipal permittees, 
1,472 for Caltrans) 

No compliance point (target of 90%) 
 

4 
10/1/04--
9/30/05 

Baseline Monitoring 
(optional)/ 
Implementation: Year 2 

80% (8,875 for the Municipal permittees,  
1,308 for Caltrans)  

No compliance point (target of 80%) 
 

5 
10/1/05--
9/30/06 

Implementation:  
Year 3 
 

70% (7,776 for the Municipal permittees;  
1,146 for Caltrans)  

Compliance is 80% of the baseline load 
calculated as a rolling 3-year annual average 

(8,875 for the Municipal permittees;  
1,308 for Caltrans). 

6 
10/1/06--
9/30/07 

Implementation:  
Year 4 
 

60% (6,656 for the Municipal permittees;  
981 for Caltrans)  

70% of the baseline load the baseline load 
calculated as a rolling 3-year annual average 

(7,776 for the Municipal permittees; 1,146 for 
Caltrans). 

7 
10/1/07--
9/30/08 

Implementation:  
Year 541 
 

50% (5,547 for the Municipal permittees;  
818 for Caltrans)  

60% of the baseline load calculated as a rolling 
3-year annual average (6,656 for the Municipal 

permittees; 981 for Caltrans) 

8 
10/1/08--
9/30/09 

Implementation:  
Year 6 

40% (4,438 for the Municipal permittees;  
654 for Caltrans)  

50% of the baseline load calculated as a rolling 
3-year annual average (5,547 for the Municipal 

permittees; 818 for Caltrans). 

9 
10/1/09--
9/30/10 

Implementation:  
Year 7 
 

30% (3,328 for the Municipal permittees;  
491 for Caltrans)  

40% of the baseline load calculated as a rolling 
3-year annual average (4,438 for the Municipal 

permittees; 654 for Caltrans). 

10 
10/1/10--
9/30/11 

Implementation:  
Year 8  
 

20% (2,218 for the Municipal permittees; 
327 for Caltrans)  

30% of the baseline load calculated as a rolling 
3-year annual average (3,328 for the Municipal 

permittees; 491 for Caltrans). 

11 
10/1/11--
9/30/12 

Implementation:  
Year 9 
 

10% (1,110 for the Municipal permittees;  
164 for Caltrans) 

20% of the baseline load calculated as a rolling 
3-year annual average (2,218 for the Municipal 

permittees; 327 for Caltrans). 

12 
10/1/12--
9/30/13 

Implementation:  
Year 10 

0 or 0 % of the baseline load.  10% of the baseline load calculated as a rolling 
3-year annual average (1,110 for the Municipal 

permittees; 164 for Caltrans). 

13 
10/1/13--
9/30/14 

Implementation:  
Year 11 

0 or 0 % of the baseline load . 3.3 % of the baseline load calculated as a 
rolling 3-year annual average (366 for the 

Municipal permittees, 54 for Caltrans)  

                                                           
40 Notwithstanding the zero trash target and the default waste load allocations shown below in Table 7, a 
Permittee will be deemed in compliance with the Trash TMDL in areas serviced by a Full Capture Systems within 
the Ballona Creek and Estuary Watershed. 
41 As specified in Section VI.A., the Regional Board will review and reconsider the final Waste Load Allocations 
A review of the current target will be allowed once a reduction of  50% has been achieved and sustained. 
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14 
10/1/14--
9/30/15 

Implementation:  
Year 12 
 

0 or 0 % of the baseline. 0 or 0 % of the baseline. 
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B. Compliance Strategies  
 

Permittees may employ a variety of strategies to meet the progressive reductions in 
their Waste Load Allocations.  These strategies may be broadly classified as either: 

 
! End-of-pipe fFull capture systems, structural controls or 
! Partial capture control systems and/or 
! Institutional controls. 
 
A permittee could comply with the successive reduction in Waste Load Allocations by 

installing fFull cCapture Systems devices progressively throughout the watershed until all of 
the outlets to  Ballona Creek system are covered.  This approach may be best suited for open 
space areas, where low levels of trash may accumulate over large vegetated drainage areas.  
However, in more urban settings, institutional controls including enforcement of litter laws 
and more frequent street sweeping may be preferred. 

 
It is to be noted that ordinances that prohibit litter are already in place in most cities.  

For example, the Los Angeles City Code of Regulations recognizes that trash becomes a 
pollutant in the storm drain system when exposed to storm water or any runoff and prohibits 
the disposal of trash on public land: 

 
No person shall throw, deposit, leave, cause or permit to be thrown, deposited, 
placed, or left, any refuse, rubbish, garbage, or other discarded or abandoned 
objects, articles, and accumulations, in or upon any street, gutter, alley, 
sidewalk, storm drain, inlet, catch basin, conduit or other drainage structures, 
business place, or upon any public or private lot of land in the City so that such 
materials, when exposed to storm water or any runoff, become a pollutant in 
the storm drain system.  (City Code of Regulations, §64.70.02.C.1(a).) 

 
Institutional controls provide several advantages over structural full capture systems.  

Foremost, institutional controls offer other societal benefits associated with reducing litter in 
our city streets, parks and other public areas. The capital investment required to implement 
institutional controls is generally less than for full -capture systems.  However, the labor costs 
associated with institutional controls may be higher, and institutional controls may be more 
costly in the long-term. 

 
There have been a number of discussions as to how permittees may best implement 

the gradual reductions required by this Trash TMDL, and as to the types of devices or best 
management practices they should elect.  The permittees will be free to implement trash 
reduction in any manner that they choose. 

 
A discussion of the means for determining compliance for various implementation 

strategies is presented in the following subsections. 
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1. Full Capture Treatment Systems  
 

The amount of trash discharged to the river by an area serviced by a fFull -cCapture 
device or sSystem will be considered to be in compliance with the final Waste Load 
Allocation for the drainage area, provided that the fFull cCapture sSystems are adequately 
sized, maintained and maintenance records are available for inspection by the Regional Board.  
Compliance with the final Waste Load Allocation will be assumed wherever Full Capture 
Systems are installed in the Ballona Creek and Estuary Watershed.  The installation of a Full 
Capture System by a discharger does not establish any presumption that the system is 
adequately sized, and the Regional Board reserves the right to review sizing and other data in 
the future to validate that a system satisfies the criteria established in this TMDL for a Full 
Capture System, for full capture systems with a design treatment capacity of  not less than the 
peak flow resulting from a one-year storm  (determined to be 0.6 inch of rain per hour and 
assumed to be similar for the Ballona Creek watershed).  

 
The permittees may employ devices or systems other than the vortex separation system 

to meet the final Waste Load Allocations.  However, such systems must be approved by the 
Executive Officer to attain removal credit.  Before approving a full-capture system, the 
Executive Officer must make the following findings: 

 
�The device or system will capture all particles retained by a 5 mm mesh screen from 

all runoff generated from a one-year storm (determined to be 0.6 inch per hour) and  
 
• The device or system is designed to prevent plugging or blockage of the screening 

module. 
 

2. Partial Capture Treatment Systems and Institutional Controls 
 

Measuring the effectiveness of partial-capture systems and institutional controls is 
more complicated.  The discharge resulting from an area addressed by partial capture and/or 
institutional controls will be estimated using a mass balance approach, based on the daily 
generation rate (DGR) for the specific area. [Note: The DGR should not be confused with the 
trash generation rates obtained during baseline monitoring.  The baseline monitoring program 
is designed to obtain “typical” trash generation rates for a given land use.  Those values are 
then used to calculate a Permittee’s baseline load allocation.  The DGR is the average amount 
of trash deposited within a specified drainage area over a 24-hour period.  The DGR will be 
used in a mass balance equation to estimate the amount of trash discharged during a rain 
event.] (See Example 1.) 

 
Annual re-calculation of the DGR will serve as a measure of the effectiveness of 

source reduction measures including public education, enforcement of litter laws, etc.  Source 
reduction measures will be accredited based on an annual recalculation of the DGR to allow 
for progressive improvement and/or to account for backsliding.   
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The DGR will be determined from direct measurement of trash deposited in the 
drainage area during the month of July42, and re-calculated every year thereafter.  July was 
assumed to be a month characterized by high outdoor activity when trash is most likely to be 
deposited on the ground.  The recommended method for measuring trash during this time 
period is to close the catch basins in a manner that prevents trash from being swept into the 
catch basins and then to collect trash on the ground via street sweeping, manual pickup, or 
other comparable means. The DGR will be calculated as the total amount of trash collected 
during the month divided by 31 (the number of days in the month).   

 
Accounting of DGR and trash removal via street sweeping, catch basin clean outs, etc. 

will be tracked in a central spreadsheet or database to facilitate the calculation of discharge for 
each rain event.  The spreadsheet and/or database  will be available to the Regional Board for 
inspection during normal working hours.  The database/spreadsheet system will allow for the 
computation of calculated discharges and can be coordinated with enforcement.  This database 
will be developed by cities or groups of cities. 

 
The Executive Officer may approve alternative compliance monitoring programs other than 
those described above, upon finding that the program will provide a scientifically-based 
estimate of the amount of trash discharged from the storm drain system. 
 

 
 

3. Examples of Implementation Strategies 
 

Two example control strategies for municipal stormwater discharges are described in 
this section. 
 

Example 1. 
 

A permittee installs catch basin inserts and “dry weather trash door” devices of the 
type that maintains the catch basin shut during dry weather, and implements regular street 
sweeping.  After each storm of 0.25 inch or greater, the catch basin inserts are emptied.  In 
this case, the DGR was calculated during the month of July as follows:43  

 
DGR = (Volume of trash collected via street sweeping during the month of July/31 days.)  

The stormwater discharge for a given rain event then would be calculated by 
multiplying the number of days since the last street sweeping by the DGR and subtracting the 
volume of trash recovered in the catch basin inserts. 

 
Stormwater Discharge = [(Days since last street sweeping) (DGR)] –  
  [Volume of trash recovered from catch basin inserts] 

Example 2. 
 

                                                           
42 Provided no special events are schedule that may affect the representativity representative nature of that month. 
43 In the event that trash generation rates differ between weekday and weekends, a distinction in the DGRs may be 
warranted.  
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City X is comprised of three land use areas (Land Uses A, B, and C).  The city has 
adopted an implementation strategy using a combination of full capture structural and 
institutional controls.  As of year five, the city has installed full capture structural controls 
systems in Area A and institutional controls in Area B.  City X has not yet taken any action to 
control trash in Area C.  The watershed-wide baseline Waste Load Allocation have been 
established at 100 lbs per square mile for Land Uses A and B, and at 200 lbs per square mile 
for land use C.  The full capture treatment system is assumed to meet the final Waste Load 
Allocation.  The city’s mass balance calculations show that 100 lbs of trash was discharged 
from Land Use Area B.  The discharge from Land Use Area C is assumed to be the base load 
allocation since no controls were implemented and the daily generation rate has not been 
established.  As shown in Figure D, City X’s discharge for the year was 1,100 lbs, and the 3-
year rolling average discharge was less than the 5-Year Waste Load Allocation.  Therefore, 
the city was found to be in compliance with its discharge loading unit. 
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Land Use B: 
5 sq miles treated via 
institutional controls 
and partial capture 
 
Baseline Waste Load 
Allocation: 
100 lbs/sq mi/year 

Land Use A: 
10 sq miles treated by a 
full capture system 
 
Baseline Waste Load 
Allocation: 

100 lbs/sq mi/year  

Land Use C: 
5 sq miles - No 
treatment applied 
 
Baseline Waste Load 
Allocation: 
200 lbs/sq mi/year 

 
 
Baseline Waste Load Allocation for each land use in 
City X: 
A=(100 lbs/sq mi/yr) (10 sq mi)=1000 lbs 
B=(100 lbs/sq mi/yr) (5 sq mi)=500 lbs 
C=(200 lbs/sq mi/yr) (5 sq mi)=1000 lbs 
Total baseline Waste Load Allocation = 
2,500 lbs 
Year 5 Waste Load Allocation = 2,000 lbs*   
*An 80% reduction based on a 3-year rolling 
average. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Previous Years’ Discharge: 
Year 3 = 2,400 lbs 
Year 4 = 2,000 lbs 
 
Trash Discharge for Year 5: 
A=0 
B=100 lbs (Determined by mass 
balance) 
C=1,000 lbs (No reduction) 
Total Discharge (Year 5) = 1,100 
lbs 
 
Three-Year Rolling Average 
Discharge 
Year 3 = 2,400 lbs 
Year 4 = 2,000 lbs 
Year 5 = 1,100 lbs 
3-year rolling average discharge = 1,833 lbs 

 

 

Figure CD. Example 2, City X After Year 5. 
 

Compliance is achieved: Discharge (1,833 lbs) < Waste Load Allocation (2,000 lbs). 
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A summary of implementation strategies and compliance assurance methods is 
provided in Table 8. 

Table 8.  Summary of Possible Trash Reduction Implementation Measures. 

Treatment Applied Measure of Effectiveness Compliance Determination 

Source Control:  
Public education, 
enforcement of litter 
laws, container 
redemption programs, 
etc. 

Daily Generation 
Rate:  

Amount of trash collected 
via street sweeping and or 
from catch basin inserts 
divided by the number of 
days provides a measure of 
source control measure 
effectiveness 

DGR used in mass balance 
calculation of discharge: 
Discharge = [DGR (x) Days 
since last street sweeping] (-) 
[Catch basin cleanouts] 

 

Partial Capture: 
(Catch basin inserts, 
trash excluder doors, 
etc.) 

 

Mass Balance:  
Discharge =  
[DGR (x) Days since last 
street sweeping] (-) [Catch 
basin cleanouts] 
_____________________ 
OR 
 
Downstream Monitoring w/ 
Full Capture System 
 

Discharge based on mass 
balance calculation: 
Discharge =  
[DGR (x) Days since last 
street sweeping] (-) [Catch 
basin cleanouts] 
_______________________
OR 

 
Monitoring Results 

Full Capture System: 
Any single device or 
series of devices that 
traps all particles 
retained by a 5 mm 
mesh screen and has a 
design treatment 
capacity of not less 
than the peak Capture 
100% of particles 
retained by a 5 mm 
mesh screen. from 
flow rate (Q) resulting 
from a one-year, one-
hour storm in a sub 
drainage area.  
Rational equation is 
used to compute the 
peak flow rate: 
Q = C × I × A, where 
Q = design flow rate 
(cubic feet per second, 
cfs); C = runoff 
coefficient 
(dimensionless); I = 
design rainfall 

Effectiveness verified by 
literature 

Final Waste Load Allocation 
Achieved: 
Provided system is 
adequately sized, maintained 
and maintenance records are 
available for Regional Board 
inspection 
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intensity (inches per 
hour, as determined 
per the rainfall 
isohyetal map in 
Figure A),* and A= 
subdrainage area 
(acres)0.6 inches 
rain/hr 
 
*  The isohyetal map may be updated annually by the Los Angeles County hydrologist to reflect 
additional rain data gathered during the previous year.  Annual updates published by the Los 
Angeles County Department of Public Works are prospectively incorporated by reference into this 
TMDL and accompanying Basin Plan amendment. 
 

IX. Cost Considerations 
 
The Porter-Cologne Section 13241(d), requires staff to “consider costs” 

associated with the establishment of water quality objectives.  The TMDL does not 
establish water quality objectives, but is merely a plan for achieving the existing water 
quality objectives.  Therefore cost considerations required in Section 13241 are not 
required for this TMDL.  
 

The purpose of this cost analysis is to provide the Regional Board with information 
concerning the potential cost of implementing this TMDL and to addresses concerns about costs 
that have been raised by stakeholders.  This section takes into account a reasonable range of 
economic factors in fulfillment of the applicable provisions of the California Environmental 
Quality Act (Public Resources Code Section 21159.) 

 
An evaluation of the costs of implementing this Trash TMDL amounts to evaluating the 

costs of preventing trash from getting from the storm drains to the river.  This brief report gives 
a summary overview of the costs associated with the most likely ways the permittees will 
achieve the required reduction in discharges to the storm drain system.  Such an analysis would 
be incomplete if it failed to consider the existing cost that presently is transferred to “innocent” 
downstream communities. Approximately 1,620 tons of litter are estimated to be discharged to  
Ballona Creek annually, requiring costly removal measures.  In addition there is an unquantified 
cost to aquatic life within the River and the Ocean. 
 

The Regional Board has some information about various facets of the costs of 
preventing trash from getting into the storm drains.  However, exact information on 
infrastructure currently in place and current structural projects being undertaken is currently not 
available to the Board.  Furthermore, lack of complete information on existing costs precludes a 
comparison between costs of compliance with existing costs.   
 
A. Current Cost of Trash Clean-Ups 
 

Cleaning up the river, its tributaries and the beaches is a costly endeavor.  In Los 
Angeles County, the Los Angeles County Department of Public Works contracts out the 
cleaning of over 75,000 catchments (catch basins) for a total cost of slightly over $1 million 
per year, billed to 42 municipalities.  Each catch basin is cleaned once a year before the rainy 

RB-AR36753



 
 
 

January 16, 2004   Ballona Creek Trash TMDL 34

season, except for 1,700 priority catch basins that fill faster and have to be cleaned out more 
frequently. 

 
Over 4,000 tons of trash are collected from Los Angeles County beaches annually, at a 

cost of $3.6 million to Santa Monica Bay communities in fiscal year 1988-89 alone.  In 1994 
the annual cost to clean the 31 miles of beaches (19 beaches) along Los Angeles County was 
$4,157,388.  

 
B. Cost of Implementing Trash TMDL 
 

The cost of implementing this TMDL will range widely, depending on the method that 
the Permittees select to meet the Waste Load Allocations.  Arguably, enforcement of existing 
litter ordinances could be used to achieve the final Waste Load Allocations at minimal or no 
additional cost.  The most costly approach in the short-term is the installation of full -capture 
structural treatment devices systems on all discharges to the Ballona Creek and Estuary river.  
However, in the long term, this approach would result in lower labor costs and may be less 
expensive than some other approaches. 

 
Most of the information presented herein consists of catch basin inserts, structural vortex 

separation devices, and end of pipe nets.  We are considering the costs associated with 
preventing the disposal of trash into the storm drain system over the whole watershed.  For all 
calculations, the urbanized portions of  Ballona Creek watershed is assumed to span an area of   
129 square miles. 
 

Regardless of the method(s) used, costs associated with the gradual decrease of the 
amount of trash in the waterways, and the maintenance of  Ballona Creek and its tributaries free 
of trash include monitoring and implementation costs.  Any device chosen for monitoring trash 
or removing trash from storm drain, regardless of its installation costs, will also be associated 
with labor costs. 
 

We are looking at several methods separately, from retrofitting all the catch basins in the 
urbanized portion of the watershed, to using solely structural full capture methods.   
 
1. Catch Basin Inserts 
 

At a cost of around $800 per insert, catch basin inserts are the least expensive structural 
treatment device in the short term.  However, because they are not a full capture method, they 
must be monitored frequently and must be used in conjunction with frequent street sweeping.  
We assumed that approximately 33,710 catch basins would have to be retrofitted with inserts to 
cover 129 square miles of the watershed.  A summary of estimated costs for using catch basin 
inserts across the entire watershed is provided in Table 9. 

Table 9. Costs of retrofitting the urban portion of the watershed with catch basin inserts. (amounts in millions) 

Number of years into the program 1 2 3 4 5 6 7 8 9 10 11 12 

Operations & Maintenance costs 
(yearly) 

1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.0 11.3 12.5 12.5 12.5

Capital costs (yearly) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 0.0 0.0 
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Costs per year (servicing + capital 
costs) 

3.8 5.0 6.3 7.5 8.8 10.0 11.3 12.5 13.8 15.0 12.5 12.5

 

The total capital costs required for retrofitting the whole watershed would be $25 million, while 
the yearly maintenance costs after full implementation would be $12.5 million. 
 
2. Full Capture Vortex Separation Systems (VSS) 

 
Permanent structural devices can be used to trap gross pollutants for monitoring 

purposes as well as implementation. Among those “litter control devices” are structural vortex 
separation systems (VSS), floating debris traps, end-of-pipe nets, and trash racks.  VSS units 
appear to be among the best alternatives to evaluate or remove the amount of trash generated 
throughout a particular drainage area. 
 

An ideal way to capture trash deposited into a storm drain system would be to install a 
VSS unit.  This device diverts the incoming flow of storm water and pollutants into a pollutant 
separation and containment chamber.  Solids within the separation chamber are kept in 
continuous motion, and are prevented from blocking the screen so that water can pass through 
the screen and flow downstream.  This is a permanent device that can be retrofitted for oil 
separation as well.  Studies have shown that VSS systems remove virtually all of the trash 
contained in the treated water.  The cost of installing a VSS is assumed to be high, so limited 
funds will place a cap on the number of units which can be installed during any single fiscal 
year. 

 
Table 10 shows estimated costs associated with retrofitting the watershed with low 

capacity vortex separation systems progressively over ten years. 
Table 10. Costs Associated with Low Capacity Vortex Gross Pollutant Separation Systems. 

(amounts rounded in millions) 

Number of years 
into the program 1 2 3 4 5 6 7 8 9 10 11 12 

Operations & 
Maintenance costs 
(yearly) 

3.3 6.6 9.9 13.2 16.5 19.8 23.1 26.4 29.7 33.0 33.0 33.0 

Capital costs 
(yearly) 

21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 0.0 0.0 

Costs per year 
(servicing + capital 
costs) 

24.4 27.7 31.0 34.3 37.6 40.9 44.3 47.6 50.9 54.2 33.0 33.0 

 
Similarly, Table 11 provides estimates of costs associated with the installation of large 

capacity VSS systems.  
 

Table 11. Costs Associated with Large Capacity Vortex Gross Pollutant Separation Systems. 
(amounts in millions) 

Number of years 
into the program 

1 2 3 4 5 6 7 8 9 10 11 12 
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Operations & 
Maintenance costs 
(yearly) 

0.2 0.3 0.5 0.7 0.8 1.0 1.2 1.3 1.5 1.6 1.7 1.7 

Capital costs 
(yearly) 

7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 0.0 0.0 

Costs per year 
(servicing + capital 
costs) 

7.6 7.7 7.9 8.1 8.3 8.4 8.6 8.8 8.9 9.0 1.7 1.7 

 
As shown in Table 12, outfitting a large drainage with a number of large VSS systems 

may be less costly than using a larger number of small VSS systems.  Maintenance costs 
decrease dramatically as the size of the system increases.  Topographical and geotechnical 
considerations also should come into play when choosing VSS systems or other structural 
systems or devices. 

Table 12.  Costs Associated with VSS. 

Capacity Acres (average) Number of devices needed 
on urban portion of 

watershed 

Capital costs Yearly costs for 
servicing all 

devices 

1 to 2 cfs 5 16,700 210 33 

6 to 8 cfs 30 2,800 120 5.5 

19 to 24 cfs 100 800 74 1.7 

 
For this table, we have assumed the cost of yearly servicing of a VSS unit to be $2000 per year. 
 
 
 
3. End of Pipe Nets 
 

“Release nets” are a relatively economical way to monitor trash loads from municipal 
drainage systems.  However, in general they can only be used to monitor or intercept trash at 
the end of a pipe and are considered to be partial capture systems, as the nets are usually sized 
at a 1/2” to 1” mesh.  These nets are attached to the end of pipe systems.  The nets remain in 
place on the end of the drains until water levels upstream of the net rise sufficiently to release a 
catch that holds the net in place.  The water level may rise from either the bag being too full to 
allow sufficient water to pass, or from a disturbance during very high flows.  When the nets 
release they are attached to the side of the pipe by a steel cable and as they are washed 
downstream (a yard or so) are tethered off so that no pollutants from within the bags are 
washed out. 
 

Preliminary observations suggest that the nets rarely fill sufficiently to cause the bags to 
release. And therefore, if they are cleaned after a storm event, the entire quantity of material is 
captured and can be measured for monitoring purposes using two bags per trap.  This makes it 
easy to replace the full or partially full bag with an empty one, so that the first bag can be taken 
to a laboratory for analysis without manual handling of the material it contains.   
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The net are valid devices because of the ease of maintenance and also because the 
devices can be relocated after a set period at one location (provided the pipe diameters are the 
same).  With limited funding, installation could be spread over several land uses and lead to 
valuable monitoring results. 
 

Because the devices require attachment to the end of a pipe, this can severely reduce the 
number of locations within a drainage system that can be monitored.  In addition, these nets 
cannot be installed on very large channels (7 feet in diameter is the maximum), while the largest 
outlets into  Ballona Creek are 10 feet in diameter.  Thus costs shown in Table 13 are given per 
pipe, and no drainage coverage is given. 

Table 13. Sample Costs for End of Pipe Nets. 

Pipe Size Release nets 
(cost estimates) 

End of 3 ft pipe $10,000 

End of 4 ft pipe $15,000 

End of 5 ft pipe $20,000 

In 3 ft pipe network $40,000 

In 4 ft pipe network $60,000 

In 5 ft pipe network $80,000 

 
4. Cost Comparison 
 

A comparison of costs between strategies based on catch basin inserts (CBIs), low 
capacity VSS, high capacity VSS systems, and enforcement of litter laws is presented in Table 
14. 

Table 14.  Cost Comparison (amounts in millions)44 

 CBI Only Low capacity 
VSS units 

Large capacity 
VSS units 

Enforcement of 
Litter Laws 

Cumulative capital 
over 10 years 

25.0 211.4 74.3 <1 

Cumulative maintenance 
& capital costs after 10 
years 

93.9 393.0 83.4 <1 

Annual servicing costs 
after full implementation 

12.5 33.0 1.7 <1 

 
Trash abatement in the Ballona Creek system may be expensive; the costs will differ depending 
on the options selected by the permittees. 
 

                                                           
44 Revenues from fines assessed to offset increased law enforcement cost.  The cost of a database system used to 
calculate trash discharges estimated to be less than $250,000. 
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Appendix I 
 

This table shows the square mileage for “high density residential”, “low density residential”, “commercial and services”, 
“industrial”, “public facilities”, “educational institutions”, “military institutions”, “transportation and utilities”, “mixed urban”, “open 
space and recreation”, “agriculture” and “water” land uses for every city and incorporated areas in the watershed.  The “water” land 
use of water is not in itself a source of trash, and will therefore not receive an allocation.   For cities that are only partially located on 
the watershed, the square mileage indicated is for the portion located in the watershed. 

 

SQUARE MILEAGE ESTIMATED FOR EACH LAND USE FOR CITIES IN THE WATERSHED, AND FOR UNINCORPORATED AREAS. 
 
 
City 

N
o 

D
at

a 
A

va
ila

bl
e 

H
ig

h 
D

en
si

ty
 

R
es

id
en

tia
l 

Lo
w

 D
en

si
ty

 
R

es
id

en
tia

l 

C
om

m
er

ci
al

 

In
du

st
ria

l 

P
ub

lic
 F

ac
ili

tie
s 

E
du

ca
tio

na
l 

In
st

itu
tio

ns
 

M
ili

ta
ry

 In
st

itu
tio

ns
 

T
ra

ns
po

rt
at

io
n 

M
ix

ed
 U

rb
an

 

O
pe

n 
S

pa
ce

 &
 

R
ec

re
at

io
n 

A
gr

ic
ul

tu
re

 

W
at

er
 

T
ot

al
 

Beverly Hills 0.00 2.33 2.17 0.61 0.00 0.04 0.09 0.00 0.00 0.01 0.35 0.00 0.00 5.60
Culver City 0.01 2.49 0.02 0.97 0.66 0.07 0.13 0.00 0.16 0.09 0.32 0.00 0.12 5.04
Inglewood 0.02 1.86 0.00 0.32 0.22 0.09 0.07 0.01 0.13 0.02 0.24 0.00 0.00 2.98
Los Angeles 0.39 61.46 2.27 11.22 3.53 1.57 3.33 0.00 2.13 1.46 19.05 0.06 0.69 107.16
Los Angeles County 0.01 2.64 0.00 0.32 1.33 0.63 0.19 0.01 0.08 0.07 1.51 0.00 0.01 6.80
Santa Monica 0.00 0.25 0.00 0.03 0.06 0.01 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.38
West Hollywood 0.02 1.27 0.01 0.45 0.04 0.01 0.01 0.00 0.01 0.00 0.02 0.00 0.00 1.84
Totals 0.45 72.30 4.47 13.92 5.84 2.42 3.82 0.02 2.54 1.65 21.49 0.06 0.82 129.80
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California Regional Water Quality Control Board
Santa Ana Region

RESOLUTION NO. R8-2005-0001

Resolution Amending the Water Quality Control Plan for the Santa Ana River Basin to
Incorporate Bacterial Indicator Total Maximum Daily Loads (TMDLs) for Middle Santa Ana

River Watershed Waterbodies

WHEREAS, the California Regional Water Quality Control Board, Santa Ana Region (hereinafter,
Regional Board), finds that:

1. An updated Water Quality Control Plan for the Santa Ana River Basin (Basin Plan) was adopted by
the Regional Board on March 11, 1994, approved by the State Water Resources Control Board
(SWRCB) on July 21, 1994, and approved by the Office of Administrative Law (OAL) on January
24, 1995.

2. The waterbodies within the Middle Santa Ana River Watershed listed on the Clean Water Act
Section 303(d) list for bacterial contamination are as follows: Santa Ana River, Reach 3; Chino
Creek, Reach 1; Chino Creek, Reach 2; Mill Creek (Prado Area); Cucamonga Creek, Reach 1; and
Prado Park Lake.

3. Water contact recreation (RECI) and non water contact recreation (REC2) are among the beneficial
uses designated in the Basin Plan for the Santa Ana River, Reach 3, Chino Creek, Reaches 1 and 2,
Mill Creek (Prado Area), Cucamonga Creek, Reach 1, and Prado Park Lake.

4. For the protection of RECI beneficial uses of inland surface waters, including the Middle Santa
Ana River Watershed Waterbodies, the Basin Plan specifies the following numeric water quality
objectives for fecal coliform indicator bacteria: log mean less than 200 organisms/lOO mL based on
five or more samples per 30 day period, and not more than 10% of the samples exceed 400
organisms/l 00 mL for any 30--day period.

5. The numeric fecal coliform water quality objectives are not being met in Middle Santa Ana River
Watershed Waterbodies. The beneficial use adversely affected by elevated fecal coliform densities
in Middle Santa Ana River Watershed Waterbodies is RECI.

6. As a result of violations of the fecal coliform objectives and beneficial use impacts to the Middle
Santa Ana River waterbodies, the Regional Board listed these waterbodies as water quality limited
in accordance with Section 303(d) of the Clean Water Act. Section 303(d) requires the
establishment of a Total Maximum Daily Load (TMDL) for the pollutant(s) causing surface water
impairment. The purpose of the TMDL is to assure that water quality standards are achieved.
TMDLs to address fecal coliform impairment of the Middle Santa Ana River Watershed
Waterbodies are required. Section 303(d) also requires the allocation of each TMDL among the
sources of fecal coliform inputs.. State law requires an implementation plan and schedule to ensure
that the TMDL is met.

7. The TMDLslBasin Plan amendment shown in the attachment to this Resolution was developed in
accordance with Clean Water Act Section 303(d) and Water Code Section 13240 et seq. The
TMDLs/Basin Plan amendment include background information concerning the water quality
impairment being addressed, and the sources of fecal coliform to Middle Santa Ana River
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waterbodies. The proposed TMDLs are supported by a detailed report prepared by Regional Board
staff and titled "Total Maximum Daily Loads for Bacterial Indicators in the Middle Santa Ana
River Watershed", February 3,2005.

8. The TMDLsl Basin Plan amendment will be incorporated into Chapter 5 "Implementation", of the
Basin Plan.

9. The TMDLs/Basin Plan amendment specifies numeric targets for fecal coliform to be achieved in
all Middle Santa Ana River Waterbodies. Control of fecal coliform is needed to ensure compliance
with relevant numeric water quality objectives specified in the Basin Plan.

10. The U.S. Environmental Protection Agency (USEPA) has required the states to evaluate and
incorporate more appropriate bacterial indicators, including Escherichia coliform (E. coli) as water
quality standards based on its "Ambient Water Quality Criteria for Bacteria - 1986". The
TMDLs/Basin Plan amendment specify alternative numeric targets for E. coli to be achieved in all
Middle Santa Ana River Waterbodies. The E. coli targets are based on USEPA E. coli criteria that
roughly correspond to the health risk level associated with the existing Basin Plan fecal coliform
objectives.

11. The TMDLs/Basin Plan amendment specify Dry Season TMDLs, wasteload allocations for point
source discharges (WLAs) and load allocations for nonpoint source discharges (LAs) for fecal
coliform and E. coli in Middle Santa Ana River Watershed waterbodies. Compliance with the Dry
Season TMDLs, wasteload allocations and load allocations is to be achieved as soon as possible,
but no later than December 31, 2015.

12. In recognition of the difficulties associated with the control of stormwater discharges, the
TMDLslBasin Plan amendment specify Wet Season TMDLs, waste load allocations for point
source discharges and load allocations for nonpoint source discharges for fecal coliform and E. coli
in Middle Santa Ana River Watershed waterbodies. Compliance with the Wet Season TMDLs,
waste load allocations and load allocations is to be achieved as soon as possible, but no later than
December 31, 2025.

13. To account for unknowns such as bacterial re-growth, die-off and dilution, the TMDLslBasin Plan
amendment specify an explicit margin of safety of 10% applied to the TMDLs, waste load
allocations and load allocations.

14. The TMDLs/Basin Plan amendment specify an implementation plan for bacteria reduction. The
implementation plan includes compliance schedules for achieving the numeric targets, TMDLs,
wasteload allocations and load allocations, as well as a monitoring program to track progress
toward compliance.

15. Stakeholders throughout the Santa Ana Region have formed the Storm Water Quality Standards
Task Force (SWQSTF) to evaluate USEPA's bacterial indicator recommendations and appropriate
recreational beneficial use designations for waterbodies throughout the Region..The SWQSTF is
expected to make recommendations for the adoption of alternative bacterial quality indicators such
as E.coli, based on USEPA's "Ambient Water Quality Criteria for Bacteria - 1986". These and
other recommendations of the SWQSTF for revisions to recreational beneficial use designations
will be considered through the Basin Planning process. When and if the Basin Plan is amended to
incorporate new bacterial indicators, these TMDLs will be revised as appropriate.
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16. The TMDLs/Basin Plan amendment will assure the reasonable protection of the beneficial uses of
surface waters within the Region and is consistent with the state's antidegradation policy (SWRCB
Resolution No. 68-16).

17. The Regional Board has considered the costs associated with implementation of this amendment, as
well as costs resulting from failure to implement bacteria control measures necessary to prevent
adverse effects on beneficial uses. The implementation plan in the TMDLs/Basin Plan amendment,
which includes extended compliance schedules and employs a phased TMDL approach to provide
for refinement based on additional studies and analyses, will ensure that implementation
expenditures are reasonable and fairly apportioned among responsible parties.

18. The proposed amendment results in no potential for adverse effects, either individually or
cumulatively, on fish and/or wildlife species.

19. The adoption of these TMDLs is necessary to reduce loadings of fecal coliform to Middle Santa
Ana River waterbodies and to address water quality impairments that arise therefrom.

20. The proposed amendment meets the "Necessity" standard of the Administrative Procedure Act,
Government Code, Section 11352, subdivision (b).

21. The Regional Board submitted the relevant technical documents that serve as the basis for the
proposed amendment to an external scientific peer reviewer and has considered the comments and
recommendations of the peer reviewer in drafting the amendment. The peer reviewer found the
TMDLs to be scientifically valid.

22. The Regional Board discussed this matter at workshops conducted on February 3,2005 and June
24,2005 after notice was given to all interested persons in accordance with Section 13244 of the
California Water Code. Based on the discussion at these workshops, the Board directed staff to
prepare the appropriate Basin Plan amendment and related documentation to incorporate the Middle
Santa Ana River Bacterial Indicator TMDLs.

23. The Regional Board prepared and distributed written reports (staff reports) regarding adoption of
the TMDLs/Basin Plan amendment in accordance with applicable state and federal environmental
regulations (California Code of Regulations, Section 3775, Title 23, and 40 CFR Parts 25 and 131).

24. The process of basin planning has been certified by the Secretary for Resources as exempt from the
requirement of the California Environmental Quality Act (Public Resources Code Section 21000 et
seq.) to prepare an Environmental Impact Report or Negative Declaration. The TMDLs/Basin Plan
amendment package includes staff reports, an Environmental Checklist, an assessment of the
potential environmental impacts of the TMDLs/Basin Plan amendment, and a discussion of
alternatives. The TMDLs/Basin Plan amendment, Environmental Checklist, staff reports, and
supporting documentation are functionally equivalent to an Environmental Impact Report or
Negative Declaration.

25. On August 26,2005, the Regional Board held a Public Hearing to consider the TMDLs/Basin Plan
amendment. Notice of the Public Hearing was given to all interested persons and published in
accordance with Water Code Section 13244.

26. The TMDLs/Basin Plan amendment must be submitted for review and approval by the State Water
Resources Control Board (SWRCB), Office of Administrative Law (OAL) and U.S. Environmental
Protection Agency (USEPA). Once approved by the SWRCB, the amendment is submitted to OAL

Page 3 of4

RB-AR36907



and USEPA. The TMDLs/Basin Plan amendment will become effective upon approval by OAL
and USEPA. A Notice of Decision will be filed.

27. The Notice of Filing, the TMDL Report, environmental checklist, and the draft amendment were
prepared and distributed to interested individuals and public agencies for review and comment, in
accordance with state and federal regulations (23 CCR §3775, 40 CFR 25 and 40 CFR 131).

28. For the purposes of specifying compliance schedules in NPDES permits for effluent limitations
necessary to implement these TMDLs, the schedule(s) specified in these TMDLs shall govern,
notwithstanding other compliance schedule authorization language in the Basin Plan.

NOW, THEREFORE BE IT RESOLVED THAT:

1. The Regional Board adopts the amendment to the Water Quality Control Plan for the Santa Ana
River Basin (Region 8), as set forth in the attachment.

2. The Executive Officer is directed to forward copies of the TMDLs/Basin Plan amendment to the
SWRCB in accordance with the requirements of Section §13245 of the California Water Code.

3. The Regional Board requests that the SWRCB approve the TMDLs/Basin Plan amendment, in
accordance with Sections §13245 and §13246 of the California Water Code, and forward it to the
OAL and U.S. EPA for approval.

4. If, during its approval process, the SWRCB or OAL determines that minor, non-substantive
corrections to the language ofthe amendment are needed for clarity or consistency, the Executive
Officer may make such changes, and shall inform the Board of any such changes.

5. The Executive Officer is authorized to sign a Certificate of Fee Exemption in lieu of payment of the
California Department ofFish and Game filing fee.

I, Gerard J. Thibeault, Executive Officer, do hereby certify that the foregoing is a full, true, and correct
copy of a resolution adopted by the California Regional Water Quality Control Board, Santa Ana Region,
on August 26,2005.
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ATTACHMENT TO RESOLUTION NO. R8-2005–0001 
 
Amendment to the Santa Ana Region Basin Plan 
 
Chapter 5 - Implementation Plan 
(NOTE:  The following language is to be added in Chapter 5 of the Basin Plan. If the amendments are 
approved, corresponding changes will be made to the Table of Contents, the List of Tables, page 
numbers, and page headers in the plan. Due to the two-column page layout of the Basin Plan, the 
location of tables in relation to text may change during final formatting of the amendments. For 
formatting purposes, the maps may be redrawn for inclusion in the Basin Plan, and the final layout may 
differ from that of the draft.) 
 
 
Middle Santa Ana River Watershed 
The Middle Santa Ana River Watershed covers approximately 488 square miles and lies largely in the 
southwestern corner of San Bernardino County, and the northwestern corner of Riverside County.  A 
small part of Los Angeles County (Pomona/Claremont area) is also included.  This watershed is 
comprised of three sub–watersheds. The first sub-watershed is the Chino Basin Watershed, which  
includes portions of San Bernardino County, Los Angeles County, and Riverside County.  Surface 
drainage in this area is directed to Chino Creek and Cucamonga/Mill Creek and is generally southward, 
from the San Gabriel Mountains toward the Santa Ana River and the Prado Flood Control Basin.  The 
second sub–watershed, the Riverside Watershed, is located in Riverside County.  Surface drainage in this 
area is generally westward from the City of Riverside to the Santa Ana River, Reach 3.  The third sub–
watershed, the Temescal Canyon Watershed, is also located in Riverside County.  Surface drainage in this 
area is generally northward to Temescal Creek. 
 
Land uses in the Middle Santa Ana River watershed include urban, agriculture, and open space.  Although 
originally developed as an agricultural area, the watershed is being steadily urbanized.  Incorporated cities 
in the Middle Santa Ana River watershed include Pomona, Chino Hills, Upland, Montclair, Claremont, 
Ontario, Rancho Cucamonga, Rialto, Chino, Fontana, Norco, Corona, and Riverside.  In addition, there 
are several pockets of urbanized unincorporated areas.  The current population of the watershed, based 
upon 2000 census data, is approximately 1.4 million people.  The principal remaining agricultural area in 
the watershed is the area formerly known as the Chino Dairy Preserve.  This area is located in the south–
central part of the Chino Basin watershed and contains approximately 300,000 cows, which generate the 
waste equivalent of more than two million people.  Recently, the cities of Ontario and Chino annexed the 
San Bernardino County portions of this area.  The remaining portion of the former preserve, which is in 
Riverside County, remains unincorporated.  Open space areas include National Forest lands and State 
Parks lands. 
 
 
Middle Santa Ana River Watershed Bacterial Indicator Total Maximum Daily Loads(TMDLs) 
 
Middle Santa Ana River Watershed waterbodies listed on the Clean Water Act Section 303(d) list of 
impaired waters due to violations of REC1 fecal coliform bacteria objectives are shown in Table 5-9w.  
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Table 5-9w – Middle Santa Ana River Watershed Waterbodies on the 303(d) List Due to Bacterial 
Contamination 

 
Waterbody, Reach 

Santa Ana River, Reach 3 
Chino Creek, Reach 1 
Chino Creek, Reach 2 
Mill Creek (Prado Area) 
Cucamonga Creek, Reach 1 
Prado Park Lake 

 
 
During storm events, these waterbodies receive and transport runoff from urban, agricultural, and open 
space areas.  During dry weather, these waterbodies receive and transport nuisance runoff, primarily from 
urban areas.   Based on monitoring results, and observed waterbody conditions (fish kills and waste-laden 
stormflows), the Regional Board placed these waterbodies on the 303(d) list of impaired waters due to 
levels of bacterial indicators that exceeded established objectives for REC1 uses.  The listings took place 
from 1988 to 1998. 

A TMDL technical report prepared by Regional Board staff describes the bacterial indicator related 
problems in the Middle Santa Ana River Watershed waterbodies in greater detail and discusses the 
technical basis for the TMDLs that follow [Ref. # 1]. 
 
 

A.  Middle Santa Ana River Watershed Bacterial Indicator TMDL Numeric Targets 

Bacterial indicator numeric targets for the Middle Santa Ana River Watershed waterbodies shown in 
Table 5-9x are based, in part, on the fecal coliform water quality objective specified in Chapter 4 for 
the protection of body-contact recreation (REC1) in inland surface waters. 
 
Recognizing that, in the future, Escherichia coli (E. coli) may be incorporated into the Basin Plan as 
new bacterial water quality objectives for REC1, alternative numeric targets for E. coli are also 
specified1.  These targets are based on E. coli criteria recommended by the U.S. Environmental 
Protection Agency [Ref #2].  The E. coli levels were chosen to roughly correspond to the health risk 
level associated with the fecal coliform objectives.  
 
The numeric targets for both bacterial indicators incorporate an explicit 10% margin of safety to 
address uncertainties recognized in the development of the TMDLs. 
 
 
 
 
 

                                                           
1  USEPA is requiring the states to evaluate and incorporate more appropriate bacterial indicators, including E. coli, 

as water quality standards based on its Ambient Water Quality Criteria for Bacteria – 1986.  The Regional Board 
is participating in the efforts of the Storm Water Quality Standards Task Force (SWQSTF), which is evaluating 
USEPA’s bacterial indicator recommendations and REC1 beneficial use designations for waterbodies within the 
Santa Ana Region, including the Middle Santa Ana River watershed waterbodies.  This numeric target and 
resulting TMDLs, WLAs and LAs will be adjusted accordingly when and if recommendations from the SWQSTF 
are incorporated into the Basin Plan. 
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These numeric targets are specified as follows:  
 
Fecal coliform: log mean less than 200 organisms/100 mL based on five or more samples 
per 30 day period, and not more than 10% of the samples exceed 400 organisms/100 mL 
for any 30–day period. 
 
E. coli: log mean less than 126 organisms/100 mL based on five or more samples per 30–
day period, and not more than 10% of the samples exceed 235 organisms/100mL for any 
30 day period. 

 
The fecal coliform numeric targets (and other fecal coliform related provisions of these TMDLs) will 
become ineffective upon the replacement of the fecal coliform REC1 objectives in the Basin Plan 
with REC1 objectives based on E. coli Incorporation of new E. coli objectives will be considered 
through the Basin Planning process. 
 
 
B.  Middle Santa Ana River Watershed Bacterial Indicator TMDLs, Wasteload Allocations, 

Load Allocations and Compliance Dates 
 

As discussed in the technical TMDL Report, the bacterial indicator TMDLs are expressed in terms of 
density since it is the number of organisms in a given volume of water (i.e., their density), and not 
their mass that is significant with respect to public health and the protection of beneficial uses.  
Similarly, the wasteload allocations for point source discharges (WLAs) and load allocations for 
nonpoint source discharges (LAs) are also based on density.  The density–based WLAs and LAs do 
not add up to equal the TMDLs, since this is not scientifically valid.  To achieve the density–based 
TMDLs, each WLA and LA must meet the density–based TMDL.  As indicated in Table 5-9x, the 
TMDLs, WLAs and LAs also include a 10% margin of safety (see C., below) applied to the existing 
Basin Plan fecal coliform objective for REC1 for inland surface waters and to the alternative indicator 
E. coli criteria recommended by the U.S. Environmental Protection Agency.  Again, the E. coli was 
chosen to correspond with the health risk level associated with the fecal coliform objectives.   

WLAs are specified for urban discharges and discharges from Confined Animal Feeding Operations, 
including stormwater.  LAs are specified for runoff from other types of agriculture and from natural 
sources (open space/undeveloped forest land).  TMDLs, WLAs and LAs are specified for both dry 
weather discharges and wet weather discharges, with separate compliance schedules.  An extended 
schedule for compliance with the wet weather TMDLs is specified in light of the expected increased 
difficulty in achieving compliance under these conditions.  
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Table 5-9x – Total Maximum Daily Loads, Waste Load Allocations, and Load Allocations for Bacterial Indicators in  

Middle Santa Ana River Waterbodiesa,b,c 

 
 
 
Indicator 

 
Total Maximum Daily Loads 
for Bacterial Indicators 

Waste Load Allocation for 
Bacterial Indicators in Urban 
Runoff including stormwater 
discharges  

Waste Load Allocation for 
Bacterial Indicators in 
Confined Animal Feeding 
Operations discharges  

Load Allocation for Bacterial 
Indicators in Agricultural 
runoff discharges  

Load Allocation for Bacterial 
Indicators from Natural 
Sources  

Dry Summer Conditions: April 1 through October 31, as soon as possible, but no later than December 31, 2015 
Fecal 
coliform 

5–sample/30–day Logarithmic 
Mean less than 180 
organisms/100mL, and not more 
than 10% of the samples exceed 
360 organisms/100mL for any 30–
day period. 

5–sample/30–day Logarithmic 
Mean less than 180 
organisms/100mL, and not 
more than 10% of the samples 
exceed 360 organisms/100mL 
for any 30–day period. 

5–sample/30–day Logarithmic 
Mean less than 180 
organisms/100mL, and not more 
than 10% of the samples exceed 
360 organisms/100mL for any 
30–day period. 

5–sample/30–day Logarithmic 
Mean less than 180 
organisms/100mL, and not more 
than 10% of the samples exceed 
360 organisms/100mL for any 
30–day period. 

5–sample/30–day Logarithmic 
Mean less than 180 
organisms/100mL, and not 
more than 10% of the samples 
exceed 360 organisms/100mL 
for any 30–day period. 

E. coli 5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 10% of 
the samples exceed 212 
organisms/100mL for any 30–day 
period. 

5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 
10% of the samples exceed 
212 organisms/100mL for any 
30–day period. 

5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 10% 
of the samples exceed 212 
organisms/100mL for any 30–
day period. 

5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 10% 
of the samples exceed 212 
organisms/100mL for any 30–
day period. 

5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 
10% of the samples exceed 
212 organisms/100mL for any 
30–day period. 

Wet Winter Conditions: November 1 through March 31, as soon as possible, but no later than December 31, 2025 
Fecal 
coliform 

5–sample/30–day Logarithmic 
Mean less than  180 
organisms/100ml, and not more 
than 10% of the samples exceed 
360 organisms/100ml for any 
30–day period. 

5–sample/30–day Logarithmic 
Mean less than  180 
organisms/100ml, and not more 
than 10% of the samples exceed 
360 organisms/100ml for any 
30–day period. 

5–sample/30–day Logarithmic 
Mean less than  180 
organisms/100ml, and not more 
than 10% of the samples exceed 
360 organisms/100ml for any 
30–day period. 

5–sample/30–day Logarithmic 
Mean less than 180 
organisms/100ml, and not more 
than 10% of the samples exceed 
360 organisms/100ml for any 
30–day period. 

5–sample/30–day Logarithmic 
Mean less than  180 
organisms/100ml, and not 
more than 10% of the samples 
exceed 360 organisms/100ml 
for any 30–day period. 

E. coli 5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 10% 
of the samples exceed 212 
organisms/100mL for any 30–
day period. 

5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 10% 
of the samples exceed 212 
organisms/100mL for any 30–
day period. 

5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 10% 
of the samples exceed 212 
organisms/100mL for any 30–
day period. 

5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 10% 
of the samples exceed 212 
organisms/100mL for any 30–
day period. 

5–sample/30–day Logarithmic 
Mean less than 113 organisms/ 
100mL, and not more than 
10% of the samples exceed 
212 organisms/100mL for any 
30–day period. 

a  To be achieved as soon as possible, but no later than dates specified. 
b  TMDLs, WLAs and LAs, include a 10% Margin of Safety 
c  The fecal coliform TMDLs, WLAs and LAs become ineffective upon the replacement of the REC1 fecal coliform objectives in the Basin Plan by approved 

REC1 objectives based on E. coli.  
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C.  Margin of Safety 
 

A 10% margin of safety is explicitly incorporated into the Bacterial Indicator TMDLs for the Middle 
Santa Ana River Watershed to account for unknowns, such as bacterial regrowth, bacteria dilution 
and organism die–off.    As additional data on bacterial dynamics in the Middle Santa Ana River 
watershed are developed, the margin of safety can be adjusted accordingly. 

 
D.  Seasonal Variations/Critical Conditions 
 
The Basin Plan REC1 fecal coliform objectives apply year-round; no distinctions based on climate or 
other conditions that may affect actual REC1 use are specified2.    As shown in Table 5-9x, different 
compliance dates are specified for dry season discharges and wet season discharges.  This ensures 
that dry season recreational beneficial uses are addressed on a priority basis.  Additional time is 
allowed to address complexities associated with the control of wet weather discharges.   

 
E. TMDL Implementation 
 
Implementation is expected to result in compliance with the water quality objectives/numeric targets 
for fecal coliform and with the numeric targets for E. coli.  The intent is to ensure protection of the 
REC1 beneficial uses of Middle Santa Ana River Watershed waterbodies.  Collection of additional 
monitoring data is critical to developing long-term solutions for bacterial indicator control, as well as 
to consider whether changes to the TMDL are appropriate.  With that in mind, the requirements for 
submittal of plans and schedules to implement the TMDLs take into consideration the need to develop 
and implement effective short-term solutions, as well as allow for the development of long-term 
solutions once additional data have been generated. 
 
Implementation of tasks and schedules as specified in Table 5-9y is expected to achieve compliance 
with the TMDLs and, thereby, water quality standards.  Each of these tasks is described below. 

 
 

                                                           
2  The SWQSTF may recommend changes to the REC1 objectives to reflect conditions, such as high flows, that 

affect REC1 use.  Any such changes will be considered through the Basin Planning process.  
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Table 5-9y – Middle Santa Ana River Watershed Bacterial Indicator TMDL Implementation 
Plan/Schedule Due Dates 

 
 

Task 

 

Description 

Compliance Date-As soon As Possible but No 
Later Than 

TMDL Phase 1 

Task 1 Revise Existing Waste Discharge Requirements  (*9 months after BPA approval*) 

Task 2 Identify Agricultural Operators  (*1 month after BPA approval*) 

Task 3 Develop Watershed-Wide Bacterial Indicator Water 
Quality Monitoring Program 

Implement Watershed-Wide Bacterial Indicator 
Water Quality Monitoring Program 
 

(* 6 months after BPA approval*) 

 
Upon Regional Board approval 

 

Seasonal reports due May 31 and December 31 of 
each year 

Triennial reports due every 3 years beginning with 
first report due February 15, 2007. 

Task 4 Urban Discharges 

4.1 Develop and Implement Bacterial Indicator 
Urban Source Evaluation Plan 

4.2 San Bernardino County MS4:  Revise Municipal 
Storm Water Management Program (MSWMP) 

4.3 Riverside County MS4: Revise Drainage Area 
Management Plan (DAMP) 

4.4 San Bernardino County MS4:  Revise Water 
Quality Management Plan (WQMP) 

4.5 Riverside County MS4:  Revise Water Quality 
Management Plan (WQMP) 

 

Plan/schedule due  
4.1 (* 6 months after BPA approval*);  
 
 
4.2  Dependent on Task 4.1 results (see text) 
 
4.3  Dependent on Task 4.1 results (see text) 
 
4.4  Dependent on Task 4.1 results (see text) 
 
4.5  Dependent on Task 4.1 results (see text) 
 

Task 5 Agricultural Discharges  

5.1 Develop and Implement Bacterial Indicator 
Agricultural Source Evaluation Plan 

5.2 Develop and Implement Bacterial Indicator 
Agricultural Source Management Plan 

Plan/schedule due  

5.1 (*6 months after BPA approval*); 

 

5.2 Dependent on Task 5.1 results (see text) 

Task 6 Review of TMDLs/WLAs/LAs Once every 3 years to coincide with the Regional 
Board’s triennial review, or more frequently as 
warranted  

[Note:  BPA => Basin Plan Amendment] 
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Task 1:  Review and/or Revise Existing Waste Discharge Requirements 
 
There are three Waste Discharge Requirements (WDRs) issued by the Regional Board regulating 
discharge of various types of wastes in the watershed.  On or before (*9 months from the effective date of 
this Basin Plan amendment*), each of these WDRs shall be reviewed and revised as necessary to 
implement the TMDLs, including the appropriate wasteload allocations, compliance schedules and/or 
monitoring program requirements. 
 
1.1 Waste Discharge Requirements for the San Bernardino County Flood Control and Transportation 

District, the County of San Bernardino and the Incorporated Cities of San Bernardino County 
within the Santa Ana Region, Areawide Urban Runoff, NPDES No. CAS 618036 (Regional 
Board Order No. R8-2002-0012).  The current Order has provisions to address TMDL issues (see 
Task 4, below).  In light of these provisions, revision of the Order may not be necessary to 
address TMDL requirements. 

 
1.2 Waste Discharge Requirements for the Riverside County Flood Control and Water Conservation 

District, the County of Riverside and the Incorporated Cities of Riverside County within the 
Santa Ana Region, Areawide Urban Runoff, NPDES No. CAS 618033 (Regional Board Order 
No. R8-2002-0011).  The current Order has provisions to address TMDL issues (see Task 4, 
below).  In light of these provisions, revision of the Order may not be necessary to address 
TMDL requirements. 

 
1.3 General Waste Discharge Requirements for Concentrated Animal Feeding Operations (Dairies 

and Related Facilities) within the Santa Ana Region, NPDES No. CAG018001 (Regional Board 
Order No. 99-11).  Updated waste discharge requirements for Concentrated Animal Feeding 
Operations are expected to be considered by the Regional Board in 2005. These requirements will 
include appropriate TMDL requirements. 

 
Other waste discharge requirements may be reviewed and/or revised to address bacterial indicator 
discharges as appropriate.   
 
Task 2:   Identify Agricultural Operators 
 
On or before (*1 month from the effective date of this BPA), the Regional Board shall develop a list of all 
known agricultural owners/operators in the Middle Santa Ana River watershed that will be responsible for 
implementing requirements of these TMDLs.  The Regional Board will send a notice to these operators 
informing them of their TMDL responsibility and alerting them to the potential regulatory consequences 
of failure to comply. 
 
To implement the agricultural load allocations for non-Concentrated Animal Feeding Operations, 
monitoring program requirements specified in Task 3 and the agricultural source evaluation studies (Task 
5), the Regional Board may issue waste discharge requirements or a waiver of such waste discharge 
requirements that is conditioned on satisfactory compliance with these TMDL elements. 
 
Task 3:    Watershed-Wide Bacterial Indicator Water Quality Monitoring Program 
 
No later than (* 6 months from effective date of this Basin Plan amendment *), the US Forest Service, the 
County of San Bernardino, the County of Riverside, the cities of Ontario, Chino, Chino Hills, Montclair, 
Rancho Cucamonga, Upland, Rialto, Fontana, Norco, Riverside, and Corona, Pomona and Claremont and 
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agricultural operators in the watershed, shall as a group, submit to the Regional Board for approval a 
proposed watershed-wide monitoring program that will provide data necessary to review and update the 
TMDLs. Data to be collected and analyzed shall address, at a minimum, determination of compliance 
with the TMDLs, WLAs and LAs.  
 
At a minimum, the stations specified in Tables 5-9z and 5-9aa and shown in Figure 5-6, at the frequency 
specified in Tables 5-9z and 5-9aa, shall be considered for inclusion in the proposed monitoring plan.  If 
one or more of these monitoring stations are not included, the rationale shall be provided and proposed 
alternative monitoring locations shall be identified in the proposed monitoring plan.  The proposed 
monitoring plan shall also include a plan to compile streamflow measurements at existing USGS stream 
gauging stations. 
 
At a minimum, samples shall be analyzed for the following constituents: 
  

• Fecal Coliform • Temperature 
• Escherichia Coliform (E. coli) • Electrical Conductivity  
• Total Suspended Solids • Dissolved Oxygen 
• pH • Turbidity 
 

The proposed monitoring plan shall be implemented upon Regional Board approval at a duly noticed 
public meeting.  Seasonal reports summarizing and including copies of the data collected during the dry 
season and wet season monitoring periods shall be submitted by May 31 and December 31 of each year.  
In order to facilitate review and update of the numeric targets and/or the TMDLs, WLAs, LAs, a triennial 
report summarizing the data collected for the preceding 3 year period and evaluating compliance with the 
WLAs/LAs shall be submitted every three years, beginning with the first report due February 15, 2007. 
 
In lieu of this coordinated monitoring plan, one or more of the parties identified above may submit a 
proposed individual or group monitoring plan for Regional Board approval.  Any such individual or 
group monitoring plan is due no later than (* 6 months from effective date of this Basin Plan 
amendment*) and shall be implemented upon Regional Board approval at a duly noticed public meeting.  
Seasonal reports summarizing and including copies of the data collected during the dry season and wet 
season monitoring periods shall be submitted by May 31 and December 31 of each year.  In order to 
facilitate review and update of the numeric targets and/or the TMDLs, WLAs, LAs, a triennial report 
summarizing the data collected for the preceding 3 year period and evaluating compliance with the 
WLAs/LAs shall be submitted every three years, beginning with the first report due February 15, 2007. 
 
It may be that implementation of these monitoring requirements will be required through the issuance of 
Water Code Section 13267 letters to the affected parties.  The monitoring plan(s) will be considered by 
the Regional Board and shall be implemented upon the Regional Board’s approval. 
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Table 5-9z – Watershed Minimum Required Weekly Sampling Station Locations 
 

Station  
Number 

 
Station Description 

C1 Icehouse Canyon Creek 

C2 Chino Creek at Schaeffer Avenue 

C3 Prado Park Lake at lake outlet 

C7 Chino Creek at Central Avenue 

C8 Chino Creek at Prado Golf Course 

M2 Cucamonga Creek at Regional Plant No. 1 

M5 Mill Creek at Chino–Corona Road 

S1 Santa Ana River at MWD Crossing 

S3 Santa Ana River at Hamner Avenue 

T1 Temescal Wash at Lincoln Avenue 

TQ1 Tequesquite Arroyo at Palm Avenue 
Frequency of sampling:  
dry season:  weekly 
wet season:  two 30-day sampling periods during which a 
minimum of 5 samples are to be collected  (at least one sample 
weekly) and if possible, a minimum of 5 of those samples must 
be from storm events.  

 

 
Table 5-9a-a --Additional Watershed Storm Event Sampling Locations 

 
Station  
Number 

 
Station Description 

M3 Bon View Avenue @ Merrill Avenue 

M4 Archibald Avenue @ Cloverdale Avenue 

G1 Grove Channel @ Pine Avenue 

E1 Euclid Avenue Channel @ Pine Avenue 

Frequency of sampling: wet weather – one sample/storm 
event for 5 storm events/year;  dry weather – none.
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Task 4:   Urban Discharges 
 
Phase I urban discharges, including stormwater runoff, include those from the cities and unincorporated 
communities in the Middle Santa Ana River Watershed.  These discharges are regulated under the MS4 
NPDES permits identified in Tasks 1.1 and 1.2 (Review and Revise Existing Waste Discharge 
Requirements), above.  The requirements of these NPDES permits differ somewhat and therefore the 
TMDL implementation requirements that pertain to the permittees under each permit also vary slightly, as 
shown below3.  
 
4.1 Develop and Implement Bacterial Indicator Urban Source Evaluation Plans  

On or before (*6 months from the effective date of this Basin Plan amendment*), the County of 
San Bernardino, the County of Riverside, the cities of Ontario, Chino, Chino Hills, Montclair, 
Rancho Cucamonga, Upland, Rialto, Fontana, Norco, Riverside, and Corona, Pomona and 
Claremont shall develop a Bacterial Indicator Urban Source Evaluation Plan(s) (USEP).  This 
plan shall include steps needed to identify specific activities, operations, and processes in urban 
areas that contribute bacterial indicators to Middle Santa Ana River Watershed waterbodies.  The 
plan shall also include a proposed schedule for completion of each of the steps identified.  The 
proposed schedules can include contingency provisions that reflect uncertainty concerning the 
schedule for completion of the SWQSTF work and/or other investigations that may affect the 
steps that are proposed.  The USEP shall be implemented upon Regional Board approval at a duly 
noticed public meeting. 

 
4.2 Revise the San Bernardino County Municipal Storm Water Management Program 

(MSWMP) 
Provision XVI.3. of Order No. R8-2002-0012 (see 1.1, above) requires the permittees to revise 
their Municipal Storm Water Management Program (MSWMP) to include TMDL requirements.  
Revisions to the MSWMP may be necessary based on the results of Task 4.1, Basin Plan 
amendments to address recommendations of the SWQSTF, or other investigations.  Because of 
uncertainties regarding the timing of completion of these studies, it is not feasible to identify an 
explicit date whereby the revision of the MSWMP is to be accomplished.  Instead, the Executive 
Officer shall notify the permittees of the need to revise the MSWMP. Within 90 days of 
notification by the Executive Officer, the permittees shall submit for Regional Board approval, a 
plan and schedule to review and revise the MSWMP as necessary to incorporate measures to 
address the results of the USEP and/or other studies.  Further review and revision of the MSWMP 
needed to address these TMDLs shall be completed in accordance with the requirements of Order 
No. R8-2002-0012 or amendments thereto that are adopted by the Regional Board at a public 
hearing. The MSWMP revisions shall include schedules for meeting the bacterial indicator 
wasteload allocations based on the schedule established in these TMDLs.  In order to facilitate 
any needed update of the numeric targets and/or the TMDLs and urban discharge WLAs, the 
proposed schedule shall take into consideration the Regional Board’s triennial review schedule.  
The permittees shall also provide a proposal and schedule for 1) evaluating the effectiveness of 
BMPs and other control actions implemented and 2) evaluating compliance with the bacterial 
indicator waste load allocations for urban runoff. The plan and schedule to review the MSWMP 
must be implemented upon approval by the Regional Board after public notice and public 
hearing, or upon approval by the Executive Officer if no significant comments are received 
during the public notice period.   

                                                           
3 The San Bernardino MS4 permit requires the development and implementation of a Municipal Stormwater 

Management Program (MSWMP) to address stormwater discharges from existing urban activities.  For the 
Riverside County MS4 permit, the Drainage Area Management Plan (DAMP) addresses stormwater discharges 
from existing urban activities. 
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4.3 Revise the Riverside County Drainage Area Management Plan (DAMP) 
Provision XIII.B. of Order No. R8-2002-0011 (see 1.2, above) requires the permittees to revise 
their Drainage Area Management Plan (DAMP) to include TMDL requirements.   Revisions to 
the DAMP may be necessary based on the results of Task 4.1, Basin Plan amendments to address 
recommendations of the SWQSTF, or other investigations.  Because of uncertainties regarding 
the timing of completion of these studies, it is not feasible to identify an explicit date whereby the 
revision of the DAMP is to be accomplished.  Instead, the Executive Officer shall notify the 
permittees of the need to revise the DAMP. Within 90 days of notification by the Executive 
Officer, the permittees shall submit for Regional Board approval, a plan and schedule to review 
and revise the DAMP as necessary to incorporate measures to address the results of the USEP 
and/or other studies.  Further review and revision of the DAMP needed to address these TMDLs 
shall be completed in accordance with the requirements of Order No. R8-2002-0011 or 
amendments/updates thereto that are adopted by the Regional Board at a public hearing. The 
DAMP revisions shall include schedules for meeting the bacterial indicator wasteload allocations 
based on the schedule established in these TMDLs.  In order to facilitate review and update of the 
numeric targets and/or the TMDLs and urban discharge WLAs, the proposed schedule shall take 
into consideration the Regional Board’s triennial review schedule.  The revised DAMP shall also 
include a proposal and schedule for 1) evaluating the effectiveness of BMPs and other control 
actions implemented and 2) evaluating compliance with the bacterial indicator waste load 
allocations for urban runoff.  The plan and schedule to review and revise the DAMP must be 
implemented upon approval by the Regional Board after public notice and public hearing, or 
upon approval by the Executive Officer if no significant comments are received during the public 
notice period.   
 

4.4 Revise the San Bernardino County Water Quality Management Plan (WQMP) 
Provision XII.B. 1. of Order No. R8-2002-0012 requires the permittees to develop and submit a 
WQMP for new developments and significant redevelopments by January 2004 for the Executive 
Officer’s approval.  Revisions to the WQMP may be necessary based on the results of Task 4.1, 
Basin Plan amendments to address recommendations of the SWQSTF, or other investigations.  
Because of uncertainties regarding the timing of completion of these studies, it is not feasible to 
identify an explicit date whereby the revision of the WQMP is to be accomplished.  Instead, the 
Executive Officer shall notify the permittees of the need to revise the WQMP.  Within 90 days of 
notification by the Executive Officer, the permittees shall submit for Regional Board approval a 
plan and schedule to review and revise the WQMP that addresses the bacterial indicator input 
from new developments and significant redevelopments to assure compliance with the bacterial 
indicator wasteload allocations for urban runoff.   Further review and revision of the WQMP 
necessary to address TMDL requirements, shall be completed in accordance with the 
requirements of Order No. R8-2002-0012 or amendments/updates thereto that are adopted by the 
Regional Board at a public hearing. 

 
4.5 Revise the Riverside County Water Quality Management Plan (WQMP) 

Provision VIII.B. of Order No. R8-2002-0011 (see 1.2, above) requires the permittees to develop 
and submit a WQMP for new developments and significant redevelopments by June 2004 for 
approval.  On September 17, 2004, the Board approved a WQMP developed by the permittees.  
The approved WQMP includes source control BMPs, design BMPs and treatment control BMPs.  
Further revisions to the WQMP may be necessary to meet the WLA for urban runoff.   Such 
revisions may be necessary based on the results of Task 4.1, Basin Plan amendments to address 
recommendations of the SWQSTF, or other investigations.  Because of uncertainties regarding 
the timing of completion of these studies, it is not feasible to identify an explicit date whereby the 
revision of the WQMP is to be accomplished.  Instead, the Executive Officer shall notify the 
permittees of the need to revise the WQMP.  Within 90 days of notification by the Executive 
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Officer, the permittees shall submit for Regional Board approval a plan and schedule for review 
and revision of the WQMP that addresses the bacterial indicator input from new developments 
and significant redevelopments to assure compliance with the bacterial indicator wasteload 
allocations for urban runoff.   Further review and revision of the WQMP necessary to address 
TMDL requirements, shall be completed in accordance with the requirements of Order No. R8-
2002-0011 or amendments/updates thereto that are adopted by the Regional Board at a public 
hearing. 
 

If the results of studies conducted pursuant to Tasks 3 and 4.1 above demonstrate that either the Phase II 
non-traditional small MS4 discharges covered under the statewide Waste Discharge Requirements for 
Stormwater Discharges from Small Municipal Separate Storm Systems (Order No. 2003-0005-DWQ) or 
industrial discharges from facilities covered by the statewide Industrial Stormwater General Permit (Order 
97-03-DWQ) or any Regional Board individual industrial permit, are responsible, to a significant degree, 
for exceedances of the urban WLAs, the Regional Board will take the appropriate regulatory steps to 
address these discharges. 
 
Task 5:  Agricultural Discharges 
 
Agricultural discharges include stormwater runoff, wastewater release and tailwater runoff from 
agricultural land uses.  Tailwater runoff is irrigation water that runs off of agricultural land.  Agricultural 
land uses include concentrated animal feeding operations and irrigated and dry-land farming in the 
Middle Santa Ana River Watershed.  Concentrated animal feeding operations are regulated under WDRs 
(see Task 1.3,above); irrigated agriculture and dry-land farming are not currently regulated.   
 
5.1  Develop and Implement Bacterial Indicator Agricultural Source Evaluation Plans  

On or before (*6 months from the effective date of this Basin Plan amendment*), concentrated 
animal feeding facility operators and agricultural operators in the Middle Santa Ana River 
Watershed shall develop and implement Bacterial Source Agricultural Source Evaluation Plans 
(AGSEP).  These plans shall include steps needed to identify specific activities, operations, and 
processes in agricultural areas that contribute bacterial indicators to Middle Santa Ana River 
Watershed waterbodies.  The plan shall also include a proposed schedule for completion of each 
of the steps identified.  The proposed schedules can include contingency provisions that reflect 
uncertainty concerning the schedule for completion of the SWQSTF work and/or other 
investigations that may affect the steps that are proposed.  The AGSEP shall be implemented 
upon Regional Board approval at a duly noticed public meeting. 

 
The Regional Board expects that the AGSEP will be submitted and implemented pursuant to these 
TMDL requirements.  Where and when necessary to implement these requirements, the Regional 
Board will utilize appropriate waste discharge requirements including those for concentrated animal 
feeding operations (see 1.3, above), or other Water Code authorities. 
 
In lieu of a coordinated source evaluation plan, one or more of the parties identified above may submit 
a proposed individual or group AGSEP to conduct the above studies for areas within their jurisdiction.  
Any such individual or group plan shall also be submitted for Regional Board approval no later than. 
(*6 months from the effective date of this Basin Plan amendment*).  This AGSEP shall be 
implemented upon Regional Board approval at a duly noticed public meeting. 
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5.2 Develop and Implement a Bacterial Indicator Agricultural Source Management Plan 

Based on the results of Task 5.1 or other studies conducted in the watershed, concentrated animal 
feeding operators and agricultural operators within the Middle Santa Ana River Watershed shall, 
as a group, submit a proposed Bacterial Indicator Agricultural Source Management Plan 
(BASMP).  Because of uncertainties regarding the timing of completion of these studies and in 
recognition that readily identifiable steps may be taken to reduce bacterial discharges from 
agricultural lands, it is not feasible to identify an explicit date whereby the development and 
implementation of the BASMP is to be accomplished.  Instead, the Executive Officer shall notify 
agricultural operators of the need to submit the proposed BASMP in whole or to submit plans and 
schedule to address a subset of tasks identified in the AGSEP.  Within 90 days of notification by 
the Executive Officer, the proposed BASMP, or a subset thereof, shall be submitted.  The 
BASMP, or subset thereof, shall be implemented upon Regional Board approval at a duly noticed 
public meeting.  At a minimum, the BASMP shall include, plans and schedules for the following: 
 

 A. implementation of bacterial indicator controls, BMPs and reduction strategies designed to 
meet load allocations; 

 B. evaluation of effectiveness of BMPs; and 
C. development and implementation of compliance monitoring program(s). 

 
The Regional Board expects that the BASMP will be submitted and implemented pursuant to these 
TMDL requirements.  Where and when necessary to implement these requirements, the Regional 
Board will utilize appropriate waste discharge requirements or other Water Code authorities.  
 
In lieu of a coordinated plan, one or more of the parties identified above may submit a proposed 
individual or group BASMP to develop and implement the above plan for areas within their 
jurisdiction.  Any such individual or group plan shall also be submitted for Regional Board approval.  
Because of uncertainties regarding the timing of completion of these studies and in recognition that 
readily identifiable steps may be taken to reduce bacterial discharges from agricultural lands, it is not 
feasible to identify an explicit date whereby the development and implementation of the BASMP is to 
be accomplished.  Instead, the Executive Officer shall notify agricultural operators of the need to 
submit the proposed BASMP in whole or to submit plans and schedule to address a subset of tasks 
identified in the AGSEP.  Within 90 days of notification by the Executive Officer, the proposed 
BASMP, or a subset therefore, shall be submitted.   This BASMP, or a subset thereof, shall be 
implemented upon Regional Board approval at a duly noticed public meeting. 

 
Task 6:    Review/Revision of the Bacterial Indicator TMDL  (TMDL “Re-opener”) 
 
The basis for the TMDLs and implementation schedule will be re-evaluated at least once every three 
years4 to determine the need for modifying the load and wasteload allocations, numeric targets and 
TMDLs.  Regional Board staff will continue to review all data and information generated pursuant to the 
TMDL requirements on an ongoing basis.  Based on results generated through the monitoring programs, 
special studies, modeling analysis, efforts of the Storm Water Quality Standards Task Force5 and/or 
                                                           
4 The three-year schedule will coincide with the Regional Board’s triennial review schedule. 

5  Stakeholders formed the Storm Water Quality Standards Task Force (Task Force) in 2002 to support review and 
update of the bacterial quality objectives for REC1 waters and to review the REC1 designations themselves to 
assure their accuracy.  Participants include representatives from the Santa Ana Watershed Project Authority, 
(SAWPA) flood control agencies from the 3 counties within the Santa Ana Region, POTW dischargers and 
stormwater staff from various municipalities in the watershed.   Environmental groups, Regional Board staff and 
USEPA staff are also participants.   SAWPA staff serve as facilitators for the Task Force. 
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special studies by one or more responsible parties, changes to the TMDLs, including revisions to the 
numeric targets, WLAs and LAs, may be warranted. Such changes would be considered through the Basin 
Plan Amendment process.  
 
The Regional Board is committed to the review of this TMDL every three years, or more frequently if 
warranted by the results of monitoring and/or other relevant studies 
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LIST OF ACRONYMS 

µg/L Micrograms per liter 
ACF Acute Conversion Factor 
AGR Agricultural Supply 
BAT Best Available Technology 
BMP Best Management Practice 
CCC Criteria Continuous Concentration 
CCF Chronic Conversion Factor 
CFR Code of Federal Regulations 
cfs cubic feet per second 
COMM Commercial and Sport Fishing 
CMC Criteria Maximum Concentration 
CTR California Toxics Rule 
CWA Clean Water Act 
EMC Event Mean Concentration 
EST Estuarine Habitat 
FHWA Federal Highway Administration 
GIS Geographic Information System 
GWR Ground Water Recharge 
IND Industrial Service Supply 
JWPCP Joint Water Pollution Control Plant 
LAs Load Allocations 
LACSD Los Angeles County Sanitation Districts 
LADWP Los Angeles Department of Water and Power 
LADPW Los Angeles County Department of Public Works  
LARWQCB Los Angeles Regional Water Quality Control Board 
LSPC Loading Simulation Program in C++ 
MAR Marine Habitat 
MCLs Maximum Contaminant Levels 
MGD Million Gallons Per Day 
MIGR Migration of Aquatic Organisms 
MS4 Municipal Separate Storm Sewer System 
MUN Municipal Supply 
NAV Navigation 
NPDES National Pollutant Discharge Elimination System 
POTW Publicly Owned Wastewater Treatment Works 
PROC Industrial Process Supply 
RECI Water Contact Recreation 
RECII Non-contact Water Recreation 
SARWQCB Santa Ana Regional Water Quality Control Board 
SCAG Southern California Association of Governments 
SCCWRP Southern California Coastal Water Research Project 
SHELL Shellfish Harvesting 
SIP State Implementation Plan 
SPWN Spawning, Reproduction, and/or Early Development 
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SWRCB State Water Resources Control Board 
TMDL Total Maximum Daily Loads 
USACE United States Army Corps of Engineers 
U.S. EPA United States Environmental Protection Agency 
USGS United States Geological Survey 
VOCs Volatile Organic Compounds 
WDRs Waste Discharge Requirements 
WER Water Effect Ratio 
WET  Wetland Habitat 
WLA Waste Load Allocation 
WRP Water Reclamation Plant 
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1. INTRODUCTION 

Segments of the San Gabriel River and its tributaries exceed water quality objectives for copper, 
lead, selenium, and zinc. These segments (i.e., reaches) of the San Gabriel River have been 
identified as impaired under Section 303(d) of the Clean Water Act. The Clean Water Act 
requires that Total Maximum Daily Loads (TMDLs) be developed to address these impairments. 
Table 1 summarizes the waterbody impairments that are addressed by these TMDLs.    

Table 1.  Waterbodies identified as impaired for metals in the San Gabriel River watershed  

Impaired Reach Copper Lead Zinc Selenium 

San Jose Creek Reach 1 X 

San Gabriel River Reach 2 X 

Coyote Creek X X X 

San Gabriel River Estuary X 

This document provides the background information used by the U.S. Environmental Protection 
Agency (EPA) and the California Regional Water Quality Control Board, Los Angeles Region 
(Los Angeles Regional Board) in the development of TMDLs for metals to the San Gabriel River 
Watershed. 

1.1 Regulatory Background 

Section 303(d) of the Clean Water Act (CWA) requires that each State “shall identify those 
waters within its boundaries for which the effluent limitations are not stringent enough to 
implement any water quality standard applicable to such waters.”  The CWA also requires states 
to establish a priority ranking for waters on the 303(d) list of impaired waters and establish 
TMDLs for such waters. 

The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the 
CWA, as well as in EPA guidance (U.S. EPA, 2000a).  A TMDL is defined as the “sum of the 
individual waste load allocations for point sources and load allocations for nonpoint sources and 
natural background” (40 CFR 130.2) such that the capacity of the waterbody to assimilate 
pollutant loadings (the Loading Capacity) is not exceeded.  A TMDL is also required to account 
for seasonal variations and include a margin of safety to address uncertainty in the analysis. 

States must develop water quality management plans to implement the TMDL (40 CFR 130.6).  
EPA has oversight authority for the 303(d) program and is required to review and either approve 
or disapprove the TMDLs submitted by states.  In California, the State Water Resources Control 
Board (State Board) and the nine Regional Water Quality Control Boards are responsible for 
preparing lists of impaired waterbodies under the 303(d) program and for preparing TMDLs, 
both subject to EPA approval.  If EPA disapproves a TMDL submitted by a state, EPA is 
required to establish a TMDL for that waterbody.  The regional boards also hold regulatory 
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authority for many of the instruments used to implement the TMDLs such as the National 
Pollutant Discharge Elimination System (NPDES) permits and state-specified Waste Discharge 
Requirements (WDRs). 

The Los Angeles Regional Board identified over 700 waterbody-pollutant combinations in the 
Los Angeles Region where TMDLs would be required (LARWCQB, 1996, 1998).  These are 
referred to as “listed” or “303(d) listed” waterbodies or waterbody segments.  A schedule for 
development of TMDLs in the Los Angeles Region was established in a consent decree approved 
on March 22, 1999 (Heal the Bay Inc., et al. v. Browner C 98-4825 SBA). 

For the purpose of scheduling TMDL development, the decree combined the over 700 
waterbody-pollutant combinations into 92 TMDL analytical units.  Analytical unit 39 was 
designed to address metals in the San Gabriel River watershed.  Under the consent decree, 
TMDLs are required to be established for metals in this analytical unit by March 2007.  The 
Regional Board public noticed these TMDLs on May 5, 2006 and adopted them on July 13, 
2006. However, because the State will not be able to complete its process for adopting these 
TMDLs and obtaining EPA approval in time to meet the consent decree deadline, EPA has 
agreed to establish them.   

Analytical unit 39 included impairments of lead in San Jose Creek Reach 2, arsenic in the San 
Gabriel River Estuary, and silver in Coyote Creek.  In 2002, California updated its 303(d) list 
and removed the listings for arsenic for the San Gabriel River Estuary and silver for Coyote 
Creek. Under the consent decree, TMDLs are not necessary for waterbody/pollutant 
combinations that have been delisted.  Therefore, these TMDLs do not address arsenic or silver. 
Additionally, on review of Analytical unit 39, it appears that the lead impairment was wrongly 
assigned to San Jose Creek Reach 2.  This was likely a typographical error in the consent decree 
as the lead impairment should have been assigned to San Gabriel River Reach 2 in order to be 
consistent with the 1998 list.  These TMDLs address the lead impairment in San Gabriel River 
Reach 2. 

The 303(d) list was updated again in 2006. The only current metals listings are for lead in San 
Gabriel River Reach 2 and for copper in Coyote Creek.  Additional impairments were identified 
during the preparation of these TMDLs. These include impairments for lead and zinc in Coyote 
Creek, for selenium in San Jose Creek Reach 1, and for copper in the estuary.  These 
impairments were identified by the State during the preparation of these TMDLs.  The Regional 
Board identified these segments as impaired and took public comment on the these 
determinations during its public review process. These metals TMDLs will address the new 
impairments as well as those listed formally in the 2006 303(d) list1. 

1 The 303(d) list was updated by California in 2004-2006 and submitted to EPA for approval under CWA 
303(d). All the waterbody-pollutant combinations addressed in these TMDLs were either included on 
California's 2004-2006 list and approved by EPA, or added by EPA to the list in its partial disapproval of 
March 8, 2007. As all these waterbody-pollutant combinations are on the 303(d) list, all require TMDLs. 
. 
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1.2 Environmental Setting 

The San Gabriel River receives drainage from a 682 square mile area of eastern Los Angeles 
County and has a main channel length of approximately 58 miles. Its headwaters originate in the 
San Gabriel Mountains with the East, West, and North Forks. The river flows through a heavily 
developed commercial and industrial area before emptying into the Pacific Ocean in Long 
Beach. The main tributaries of the river are Walnut Creek, San Jose Creek, and Coyote Creek 
(LARWQCB, 2000). A map of the watershed is presented in Figure 1 and the predominant land 
uses are shown in Figure 2. 

Reach 5. The San Gabriel River Main Stem. The upper watershed consists of extensive areas of 
undisturbed riparian and woodland habitats in its upper reaches, much of which were set aside as 
wilderness areas by the U.S. Congress in 1968 as Public law 90-318, designating the San Gabriel 
Wilderness, within and as apart of the Angeles National Forest. Other areas in the upper 
watershed are subject to heavy recreational use. The upper watershed also contains a series of 
reservoirs with flood control dams (Cogswell, San Gabriel, and Morris Dams). Below Morris 
Dam, the river flows out of the San Gabriel Canyon and into the San Gabriel Valley.    

About four miles downstream from the mouth of the San Gabriel Canyon is the Santa Fe Dam 
and Reservoir flood control project. Los Angeles County Department of Public Works 
(LACDPW) operates and maintains the Santa Fe Reservoir Spreading Grounds through an 
easement with the United States Army Corps of Engineers (USACE). The spreading grounds 
recharge water to the Main San Gabriel Basin underlying the San Gabriel Valley and are 
bounded by the San Gabriel Mountains on the north, the Puente Hills on the south, the San Jose 
Hills to the east, and the San Rafael Hills to the west. Flow from the upper part of the watershed 
often does not get past the Santa Fe Dam and its spreading grounds. 

The Rio Hondo branches from the San Gabriel River just below Santa Fe Dam and flows 
westward to Whittier Narrows Reservoir. Flows from the San Gabriel River and Rio Hondo 
merge at this reservoir during larger flood events.  From Whittier Narrows Reservoir, the Rio 
Hondo flows southwestward towards the Los Angeles River. 

Reaches 3 and 4. The area between Santa Fe and Whittier Narrows Dam. The San Gabriel River 
between Santa Fe Dam and the Whittier Narrows Basin is soft-bottomed with riprap sides.  This 
area is used for infiltration and is primarily dry during most of the year. Reach 4 of the San 
Gabriel River runs from the Santa Fe Dam to Ramona Boulevard.  Reach 3 of the San Gabriel 
River runs from Ramona Boulevard to the Whittier Narrows Dam. 

Walnut Creek is a tributary to San Gabriel River Reach 3. Puddingstone Reservoir is located on 
upper Walnut Creek and is operated for flood control, water conservation, and recreation. 
Immediately below Puddingstone Reservoir, the creek is soft-bottomed. The rest of the creek is 
concrete lined until its confluence with the San Gabriel River. Walnut Creek also receives inputs 
from Big Dalton Wash. 

San Jose Creek enters San Gabriel River Reach 3 below Walnut Creek. The upper portion of San 
Jose Creek (Reach 2) extends from White Avenue to Temple Avenue. San Jose Creek Reach 1 
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extends from Temple Avenue to the confluence with the San Gabriel River. Tributaries to San 
Jose Creek Reach 1 include the South Fork, Diamond Bar Creek, and Puente Creek. The Pomona 
Water Reclamation Plant (WRP) discharges to the South Fork. San Jose Creek Reach 1 is 
concrete lined in its upper portion and soft bottomed just before it joins the San Gabriel River. 
The San Jose Creek WRP discharges to the soft-bottomed portion of the reach.  

Waters entering the mainstem from San Jose and Walnut Creeks may be diverted through 
Whittier Narrows area to the Los Angeles River.  Those waters remaining in the San Gabriel 
River will often recharge at the downstream spreading grounds. 

Whittier Narrows Dam. The Whittier Narrows are a natural gap in the hills along the southern 
boundary of the San Gabriel Valley. The Whittier Narrows Dam is a flood control and water 
conservation project constructed and operated by the USACE. The Rio Hondo and San Gabriel 
Rivers flow through Narrows and are impounded by the Dam. The purpose of the project is to 
collect upstream runoff and releases from the Santa Fe Dam for flood control and water 
conservation. If the inflow to the reservoir exceeds the groundwater recharge capacity of the 
spreading grounds or the storage capacity of the water conservation or flood control pools, water 
is released into the San Gabriel River. 

Reach 2. Below Whittier Narrows Dam. The Montebello Forebay is a recharge facility located 
immediately downstream of Whittier Narrows Dam and allows infiltration into the Central Basin 
aquifer. It runs from just below the Narrows to Firestone Boulevard (essentially all of Reach 2). 
Groundwater is recharged either by percolation through the unlined bottom of the river or by the 
diversion of water to the San Gabriel Coastal Basin Spreading Grounds by way of rubber dams. 
Water that is not captured in these spreading facilities flows to Reach 1 and the estuary.  

Reach 1 and Estuary. The Lower Watershed. The lower part of the river flows through a 
concrete-lined channel in a heavily urbanized portion of the county. Reach 1 extends from 
Firestone Boulevard to the Estuary, just above the confluence with Coyote Creek.  

Coyote Creek is a concrete-lined channel that flows along the Los Angeles/Orange County 
border. The upper portion of Coyote Creek is located in Orange County and is under the 
jurisdiction of the Santa Ana Regional Water Quality Control Board (SARWQCB). The Coyote 
Creek subwatershed is largely urbanized, but there are areas of open space in the upper 
watershed, which are mostly used for oil production. (SARWQCB, 2004). Coyote Creek joins 
the San Gabriel River above the tidal prism in Long Beach south of Willow Street. 

The Estuary is approximately 3.4 miles long with a soft bottom and concrete and riprap sides. 
The Estuary receives flow from San Gabriel Reach 1 and Coyote Creek, tidal exchange, and 
cooling water discharged from two power plants. 

1.3 Sections of this TMDL Report 

Sections 2 through 8 of this document are organized as follows: 

•	 Section 2: Problem Identification. This section reviews the metals data used to identify 
the waterbody as impaired under section 303(d) of the Clean Water Act, and summarizes 
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existing conditions using that evidence along with any new information acquired since 
the listing. This element identifies those reaches that fail to support all designated 
beneficial uses; the beneficial uses that are not supported for each reach; the water quality 
objectives designed to protect those beneficial uses; and, in summary, the evidence 
supporting the decision to list each reach, such as the number and severity of exceedances 
observed. 

•	 Section 3: Numeric Targets.  For these TMDLs, the numeric targets are based upon the 
water quality objectives described in the California Toxics Rule (CTR). 

•	 Section 4: Source Assessment.  This section estimates metals loadings from point 
sources and non-point sources to the San Gabriel River and listed tributaries.  

•	 Section 5: Linkage Analysis.  This analysis shows how the sources of metals 
compounds into the waterbody are linked to the observed conditions in the impaired 
waterbody. The linkage analysis addresses the critical conditions of stream flow, 
loading, and water quality parameters.   

•	 Section 6: TMDLs and Pollutant Allocations. This section identifies the total allowable 
loads that can be discharged without causing water quality exceedances.  Each pollutant 
source is allocated a quantitative load of metals that it can discharge without exceeding 
numeric targets.  Allocations are designed such that the waterbody will not exceed 
numeric targets for any of the compounds or related effects.  Allocations are based on 
critical conditions, so that the allocated pollutant loads may be expected to achieve water 
quality standards at all times.   

•	 Section 7: Implementation Recommendations.  This section describes the plans, 
regulatory tools, or other mechanisms by which the waste load allocations and load 
allocations may be achieved.  

•	 Section 8: Monitoring.  When the Regional Board adopted metals TMDLs for this 
watershed, they included a requirement for monitoring the waterbody to ensure that the 
water quality standards are attained.  They also describes special studies to address 
uncertainties in assumptions made in the development of these TMDLs and the process 
by which new information may be used to refine the TMDL.   
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2. PROBLEM IDENTIFICATION   

This section presents a review of the data used by the Los Angeles Regional Board to identify 
the San Gabriel River for metals. Where available, additional pertinent data were used to assess 
the condition of the watershed as impaired. 

2.1 Water Quality Standards 
California water quality standards consist of the following elements: 1) beneficial uses, 2) 
narrative and/or numeric water quality objectives, and 3) an antidegradation policy.  In 
California, beneficial uses are defined by the regional boards in their Water Quality Control 
Plans (Basin Plans).  Numeric and narrative objectives are designed to be protective of the 
beneficial uses specified in the Basin Plan. 

2.1.1 Beneficial Uses 
The Basin Plan for the Los Angeles Regional Board (LARWQCB, 1994) defines 22 beneficial 
uses for the San Gabriel River (Table 2-1).  These uses are recognized as existing (E), potential 
(P) or intermittent (I) uses. Metals loading to the San Gabriel River watershed may result in 
impairments of beneficial uses associated with aquatic life (WILD, WARM, COLD, RARE, 
EST, MAR, MIGR, SPWN, and WET) and water supply (MUN, IND, AGR, GWR, and PROC). 
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Table 2-1.  Beneficial uses in the San Gabriel River watershed. (LARWQCB, 1994) 

Reach MUN GWR REC1 REC2 WILD WARM COLD RARE WET IND AGR PROC IND SHELL 
NAV/ 

COMM 
EST/ 
MAR 

MIGR/ 
SPWN 

San Gabriel River 
Reach 5 (Mainstem) 

E E E E E E E E E E 

San Gabriel River 
Reach 4 (Santa Fe E E E E E E E E E E 
Dam to Ramona) 

San Gabriel River 
Reach 3 (Ramona to P1 I I2 I E I 
Whittier Narrows) 

Walnut Creek P1 I I2 I E I I 

San Jose Creek 
Reach 2 (Temple 
Street to 

P1 I P2 I E I 

I-10 at White Ave) 
San Jose Creek 
Reach 1 (Confluence P1 I P2 I E I 
to Temple Street) 

San Gabriel River  
Reach 2 (Whittier P1 I E2 E E I E P P 
Narrows to Firestone) 

San Gabriel River 
Reach 1 (Firestone to P1  E2 E P P 
Estuary) 

Coyote Creek P1  P2 I P P E P P 

Estuary E E E E E E P E E E 

1.  Use may be reviewed by SWRCB 
2.  Access restricted by LACDPW 

The Basin Plan for the Santa Ana Regional Board (SARWQCB, 1995) defines five beneficial 
uses for upper Coyote Creek (Table 2-2).  These uses are recognized as present or potential uses. 

Table 2-2.  Beneficial uses in upper Coyote Creek. (SARWQCB, 1995) 

Reach MUN AGR IND GWR REC1 REC2 COMM WARM COLD BIOL WILD RARE 

Coyote Creek x x x x x 
(within Santa Ana 
Regional Boundary) 

2.1.2. Water Quality Objectives 
Narrative water quality objectives are specified by the 1994 Los Angeles Regional Board Basin 
Plan. The following narrative objectives are most pertinent to the metals TMDL: 

Surface waters shall not contain concentrations of chemical constituents in amounts that 
adversely affect any designated beneficial use. 
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All waters shall be maintained free of toxic substances in concentrations that are toxic to or that 
produce detrimental physiological responses in human, plant, animal, or aquatic life. 

Toxic substances shall not be present at levels that will bioaccumulate in aquatic life resources 
to levels which are harmful to aquatic life or human health. 

The Los Angeles Regional Board’s narrative toxicity objective reflects and implements national 
policy set by Congress. The Clean Water Act states that, “it is the national policy that the 
discharge of toxic pollutants in toxic amounts be prohibited.”  (33 U.S.C. 1251(a)(3)). In 2000, 
EPA established numeric criteria for certain toxic pollutants, including the metals subject to 
these TMDLs, in the California Toxics Rule (CTR) (U.S. EPA 2000b). The federal water quality 
criteria established by the CTR serve as the numeric water quality objectives for the Los Angeles 
Region. The CTR criteria apply at all times during wet and dry weather to inland surface waters. 
(See, 40 CFR 131.38(a), (c)(1), and (d)(1).) There is no exception for wet-weather conditions. 
Aquatic life is present in wet weather conditions and the CTR is legally necessary to protect 
these uses. In high-volume, wet-weather conditions, if the concentration of a toxic pollutant in a 
water body exceeds the CTR criterion, the water body is toxic.  

The TMDLs for metals in the San Gabriel River are based on the CTR criteria for the protection 
of aquatic life. The CTR aquatic life criteria for copper (Cu), lead (Pb), selenium (Se), and zinc 
(Zn) are presented in Table 2-3. The aquatic life-based criteria will ensure that both the aquatic 
life and water supply beneficial uses for the San Gabriel River are protected. The CTR human 
health criterion for copper is less stringent than the aquatic life criteria. There are no CTR human 
health criteria for lead, selenium, or zinc, to compare with aquatic life criteria. However, the 
CTR aquatic life criteria are at least or more protective than the primary or secondary drinking 
water limits set forth in Title 22 of the California Code of Regulations. 

The CTR establishes short-term (acute) and long-term (chronic) aquatic life criteria for metals in 
both freshwater and saltwater. The acute criterion, defined in the CTR as the Criteria Maximum 
Concentration (CMC), equals the highest concentration of a pollutant to which aquatic life can 
be exposed for a short period of time (one hour) without deleterious effects. The chronic 
criterion, defined in the CTR as the Criteria Continuous Concentration (CCC), equals the highest 
concentration of a pollutant to which aquatic life can be exposed for an extended period of time 
(4 days) without deleterious effects. The criteria for copper, lead and zinc in freshwater and 
saltwater and the criterion for selenium in saltwater are based on the dissolved fraction of metals 
in water. The criterion for selenium in freshwater is based on the total recoverable fraction. 

Freshwater criteria apply to waters in which the salinity is equal to or less than 1 part per 
thousand (ppt) 95 percent or more of the time.  Saltwater criteria apply to waters in which 
salinity is equal to or greater than 10 ppt 95 percent or more of the time.  For waters in which the 
salinity is between 1 and 10 ppt, the more stringent of the two criteria apply. 
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Table 2-3.  Water quality objectives established in the California Toxic Rule (CTR).  Values in table are 
based on a hardness value of 100 mg/l as CaCO3. (U.S. EPA, 2000b) 

Metal 
Freshwater 

Chronic (μg/l) 
Freshwater 
Acute (μg/l) 

Saltwater 
Chronic (μg/l) 

Saltwater Acute 
(μg/l) 

Copper  9* 13* 3.1 4.8 
Lead  2.5* 65* 8.1 210 
Selenium  5** Reserved 71 290 

Zinc 120* 120* 81 90 


 *Freshwater criteria for dissolved copper, lead, and zinc are hardness dependent. 
**Freshwater criterion for selenim is for total recoverable metals 

The CTR allows for the adjustment of freshwater and saltwater criteria with a water-effect ratio 
(WER) to account for site-specific chemical conditions. A WER represents the ratio of metals 
that are measured to metals that are biologically available and toxic to aquatic life. A WER is a 
measure of the toxicity of a material in site water divided by the toxicity of the same material in 
laboratory dilution water.  The adjusted criteria are equal to the values in Table 2-3 multiplied by 
a WER. No site-specific WER has been developed for the San Gabriel River; therefore, a WER 
default value of 1.0 is assumed. 

The freshwater criteria for copper, lead, and zinc are expressed as a function of hardness.  
Increasing hardness generally has the effect of decreasing the toxicity of metals. The CTR lists 
criteria based on a hardness value of 100 mg/L as CaCO3 (Table 2-3) and provides hardness 
dependent equations to calculate the criteria using site-specific hardness data (up to 400 mg/L as 
CaCO3), as follows: 

CMC = WER * ACF * EXP[(ma)(ln(hardness)+ba] Equation (1) 
CCC = WER * CCF * EXP[(mc)(ln(hardness)+bc] Equation (2) 

Where: 

CMC = Criteria Maximum Concentration 
CCC = Criteria Continuous Concentration 
WER = Water Effects Ratio (assumed to be 1) 
ACF = Acute conversion factor (to convert from total recoverable to dissolved metals) 
CCF = Chronic conversion factor (to convert from total recoverable to dissolved metals) 
mA = slope factor for acute criteria 
mC = slope factor for chronic criteria 
bA = y intercept for acute criteria 
bC = y intercept for chronic criteria 

The coefficients needed for the calculation of freshwater objectives are provided in the CTR 
(Table 2-4). The conversion factors for lead are hardness-dependent.  The following equations 
can be used to calculate the lead conversion factors based on site-specific hardness data: 

Lead ACF = 1.46203 - [(ln{hardness})(0.145712)] Equation (3) 
Lead CCF = 1.46203 - [(ln{hardness})(0.145712)] Equation (4) 

Table 2-4.  Coefficients used in formulas for calculating freshwater CTR standards. (U.S. EPA, 2000b) 
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Metal Freshwater 
ACF 

Saltwater 
ACF 

mA BA Freshwater 
CCF 

Saltwater 
CCF 

mC bC 

Copper 0.960 0.83 0.9422 -1.700 0.960 0.83 0.8545 -1.702 
Lead 0.791* 0.951 1.2730 -1.460 0.791* 0.951 1.2730 -4.705 
Selenium n/a 0.998 n/a n/a n/a 0.998 n/a n/a 
Zinc 0.978 0.946 0.8473 0.884 0.986 0.946 0.8473 0.884 
* The Freshwater ACF and CCF for lead are hardness dependent. Conversion factors in this table are based on a 
hardness value of 100 mg/L as CaCO3. 

2.1.3. Antidegradation 

State Board Resolution 68-16, “Statement of Policy with Respect to Maintaining High Quality 
Water” in California, known as the "Antidegradation Policy," protects surface and ground waters 
from degradation.  Any actions that can adversely affect water quality in all surface and ground 
waters must be consistent with the maximum benefit to the people of the state, must not 
unreasonably affect present and anticipated beneficial use of such water, and must not result in 
water quality less than that prescribed in water quality plans and policies.  Furthermore, any 
actions that can adversely affect surface waters are also subject to the federal Antidegradation 
Policy (40 CFR 131.12).  The TMDL will not degrade water quality, and will in fact improve 
water quality as it is designed to achieve compliance with existing, numeric water quality 
standards. 

2.2 Water Quality Data Summary 
This section summarizes water quality data pertaining to metals for the San Gabriel River and its 
tributaries. This section assesses the storm water data that were used in the 2002 and 2006 303(d) 
listing process, more recent storm water data, and additional dry-weather data. Data were 
evaluated based on the “Water Quality Control Policy for Developing California’s Clean Water 
Act Section 303(d) List” (SWRCB, 2004). Sources of metals and conditions in the river vary 
dramatically between wet and dry weather (see Section 4). It is therefore essential to conduct the 
data assessment separately for wet and dry weather. 

2.2.1. Dry-weather Data Summary 

There are two sources of data that were evaluated to assess dry-weather water quality. The first 
source is the ambient monitoring data collected by the Los Angeles County Sanitation Districts 
(LACSD) for the five WRPs located in the San Gabriel River. Locations of the receiving water 
monitoring stations for the five plants are listed in Table 2-5.   

10 Final: 3/26/07 

RB-AR36938



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

Table 2-5.  Location of LACSD ambient monitoring stations. 

San Jose Creek 

Reach 
1 

Station 
R-A-P 

Description 

Below Pomona WRP discharge, at San Jose Street, downstream of Old Brea Road 

1 R-C Below the intersection of the north and south forks of San Jose Creek 

1 R-D End of concrete-lined portion of San Jose Creek -200 yards downstream of 3rd Ave 

1 C-1 Above the San Jose Creek WRP discharge point 002 

1 C-2 Below the San Jose Creek WRP discharge point 002 

San Gabriel River 

Reach Station Description 

3 R-10 Above the confluence with San Jose Creek 

3 R-11 Upstream of the Whittier Narrows WRP discharge points 001 and 002 
3 R-A-WN Downstream of the Whittier Narrows WRP discharge point 001, approximately 150 

feet upstream of Whittier Narrows Dam 

1 R-2 Below the San Jose Creek WRP discharge point 001, near Firestone Blvd 

1 R-3-1 Upstream of the Los Coyotes WRP 

1 R-4 Downstream of the Los Coyotes WRP, at Artesia Boulevard 

1 R-9W At the end of the western low flow channel, near Atherton Street 

Estuary R-A-2 Downstream of the confluence of the eastern and western low flow channels 
Estuary R-6 At Seventh Street 
Estuary R-7 At Westminster Avenue 
Estuary R-8 At Marina Avenue 

Coyote Creek 

Reach Station Description 

R-A-1 Upstream of the discharge from Long Beach WRP 

R-A Downstream of the discharge from Long Beach WRP 

R-9E At the end of the eastern low flow channel, near Atherton Street 

Evaluation of LACSD Data 

Data from LACSD samples were compared to chronic CTR criteria. LACSD analyzes for 
concentrations of total recoverable metals; therefore, CTR criteria were converted to total 
recoverable metals using default chronic conversion factors (Table 2-4). Data collected from 
freshwater stations were compared to freshwater CTR criteria, which were adjusted for site-
specific hardness values. Where possible, data were compared to criteria that had been adjusted 
for actual hardness values measured for each sample. Metals data from samples without reported 
hardness values were compared to CTR criteria based on median hardness values for those 
sampling stations. Samples from the Estuary were compared to saltwater criteria, which are 
independent of hardness. These monitoring data provide water quality information for the San 
Gabriel River Reaches 1 and 3, San Jose Creek, Coyote Creek, and the Estuary (Table 2-6). 
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Table 2-6. Summary dry-weather ambient data assessment (LACSD data 1995 through 2005). Values in 
table are the number of samples exceeding chronic CTR criteria over the number of metals samples. Non 
detects treated as zero. 

Reach Median 
Hardness 

Copper  Lead Zinc Selenium1 

San Jose Creek Reach 1 
R-A-P (below Pomona WRP) 202 1/12 2/12 1/12 0/12 
R-C (below Pomona WRP) 373 0/19 0/19 0/19 0/12 
R-D (End of concrete-lined portion of Creek) 5342 1/19 1/19 0/19 5/12 
C-1 (above SJWRP 002) 5152 0/33 0/33 0/32 4/30 
C-2 (below SJWRP 002) 296 0/12 0/12 0/5 2/12 
Total  2/95 3/95 1/82 11/78 
San Gabriel Reach 3 
R-10 (above confluence with San Jose Creek) 131 0/3 0/3 0/3 0/3 
R-11 (above WNWRP) 250 0/49 0/49 0/48 0/38 
R-A-WN (below WNWRP) 212 0/24 0/24 0/24 0/10 
Total  0/76 0/76 0/75 0/51 
Coyote Creek 
RA1 (above LBWRP) 417 0/49 0/49 0/49 0/29 
RA (below LBWRP) 249 0/42 0/42 0/42 0/14 
R-9E 278 2/20 1/20 1/20 0/12 
Total  2/111 1/111 1/111 0/55 
San Gabriel Reach 1 
R-2 (below SJWRP 001) 204 0/12 0/12 0/5 0/12 
R-3-1 196 1/20 0/20 0/20 0/21 
R-4 (below LCWRP) 217 0/11 0/11 0/11 0/12 
R-9W 211 0/19 0/19 0/19 0/12 
Total 1/62 0/62 0/55 0/57 
Estuary1 

R-A-2 2/19 0/19 2/19 0/12 
R-6 1/11 0/11 0/11 0/12 
R-7 1/11 0/11 0/11 0/12 
R-8 1/20 2/19 0/19 0/12 
Total 5/61 2/60 2/60 0/48 
1) Criteria are independent of hardness. 

2) Maximum allowable hardness value to adjust criteria is 400 mg/L as CaCO3.


12 Final: 3/26/07 

RB-AR36940



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

Dry-Weather Results for San Jose Creek Reach 1 

There were occasional exceedances of chronic copper, lead, and selenium criteria in San Jose 
Creek Reach 1. Two out of 95 samples exceeded the adjusted chronic copper criterion.  This 
does not indicate an impairment in San Jose Creek. 

Three out of 95 samples exceeded the adjusted chronic lead criterion. Fourteen of the 95 samples 
had detection limits greater than adjusted CTR criterion, so it is possible that samples with non-
detectable values exceeded the criterion. However, these samples were taken prior to 2001. Since 
LACSD lowered their detection limits, only three out of 81 samples exceeded the criterion. 
Three exceedances out of 81 do not indicate an impairment in San Jose Creek.  

There were 11 out of 78 samples exceeding the chronic selenium criterion. Detection limits were 
not an issue for the selenium assessment. This exceedance percentage indicates an impairment. A 
dry-weather TMDL is required for selenium in San Jose Creek Reach 1. 

Dry-Weather Results for San Gabriel River Reach 3 

There were no exceedances of chronic copper, lead, zinc or selenium criteria in San Gabriel 
River Reach 3. Four of the older lead samples had detection limits greater than adjusted CTR 
criterion, so it is possible that samples with non-detectable values exceeded the criterion. 
However, no samples have exceeded the criterion since LACSD lowered their detection limits in 
2001. There is no evidence of impairments for any metals. No dry-weather TMDLs are required 
for this reach. 

Dry-Weather Results for San Gabriel River Reach 1 

There were no exceedances of chronic criteria for lead, zinc, or selenium criteria in San Gabriel 
River Reach 1. One out of 62 samples exceeded the copper criterion. This exceedance percentage 
does not indicate an impairment. There were no exceedances of lead criteria in the 62 samples. 
Eight of these samples had detection limits above CTR criterion, so it is possible that samples 
with non-detectable values of metals exceeded the criterion. However these samples were taken 
prior to 2002. Since LACSD lowered their detection limits, none of the 54 samples exceeded the 
criterion. With zero exceedances, there is no evidence of impairment in this reach and no dry-
weather TMDLs are required. 

Dry-Weather Results for Coyote Creek 

There were few to no exceedances of the chronic selenium criteria and a few exceedances of the 
chronic for copper, lead and zinc, or selenium criteria in Coyote Creek. Two out of 111 samples 
exceeded the copper criterion, which does not indicate an impairment. One out of 111 samples 
exceeded the chronic zinc criterion, which does not indicate an impairment. One out of 111 
samples exceeded the chronic lead criterion. Twenty of the lead samples had detection limits 
above CTR criterion, so it is possible that samples with non-detectable values of metals exceeded 
the criterion. Twenty of these samples were taken prior to 2002. Since LACSD lowered their 
detection limits, one out of 91 samples exceeded the criterion for lead.  With one exceedance, 
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there is no evidence of impairment in this reach. No dry-weather TMDLs are required for this 
reach. 

Dry-Weather Results for the Estuary 

There are occasional exceedances of copper, lead, and zinc in samples from the Estuary. There 
were no exceedances of the selenium criteria.  Two out of the 60 samples exceeded the chronic 
lead criterion for saltwater. Twenty-two of these samples had detection limits (or estimated 
values) greater than the CTR criterion.  When the detection limits were less than CTR, one out of 
38 samples exceeded the criterion.  The data do not indicate an impairment for lead. 

Two out of 60 samples exceeded the chronic zinc criterion for saltwater. Seven of the 60 samples 
had detection limits greater than CTR criterion. When the detection limits were less than CTR, 
two out of 40 samples exceeded the criterion. The data do not indicate an impairment for zinc.  

Five out of 61 samples exceeded the chronic copper criterion for saltwater. Fifty-four of these 
samples had detection limits greater than CTR criterion. In 2003, the detection limits were 
lowered from 80 μg/L to 8 μg/L, which is still greater than the adjusted CTR saltwater criterion 
(3.7μg/L). Since LACSD lowered their detection limits to 8 μg/L, five out of 40 samples exceed 
the criterion. It cannot be assumed that nondetectable values in the older data were less than CTR 
criterion. More weight is therefore given to the more recent data. Furthermore, when copper was 
detected in the samples, the criterion was exceeded by three to eight times, which demonstrates 
that the magnitude of exceedances is significant. Five out of 40 exceedances indicates an 
impairment for copper in the Estuary. Based on the weight of evidence, a dry-weather TMDL is 
required for copper in the Estuary. 

Evaluation of Los Angeles County Department of Public Works (LACDPW) 
Dry-Weather Data 

The second source of dry-weather water quality data is the Los Angeles County Department of 
Public Works (LACDPW) storm water mass emission stations at Coyote Creek (S13) and San 
Gabriel River Reach 2 (S14).  LACDPW collects composite samples during storm events and 
dry weather for hardness, dissolved metals, and total recoverable metals. Dissolved metals data 
collected during dry weather were compared to hardness adjusted chronic CTR criteria to assess 
dry-weather impairments (Table 2-7). 

Table 2-7.  Summary of chronic metals criteria exceedances in LACDPW dry-weather data for San Gabriel 
River Reach 2 (Station S14) and Coyote Creek (Station S13) from October 1997 to June 2005. 

San Gabriel Reach 2 Number of Samples Exceedances of Chronic Criteria 
Copper (dissolved) 10 0 
Lead (dissolved) 10 0 
Selenium (total recoverable) 10 0 
Zinc (dissolved) 10 0 

Coyote Creek Number of Samples Exceedances of Chronic Criteria 

Copper (dissolved) 8 0 
Lead (dissolved) 8 0 
Selenium (total recoverable) 8 1 
Zinc (dissolved) 8 0 
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Based on the LACDPW dry-weather data, there are a no exceedances of chronic copper, lead, or 
zinc criteria in San Gabriel River Reach 2 or Coyote Creek. There is one exceedance of the 
selenium criterion in Coyote Creek. There are no impairments for any of these metals and no 
dry-weather TMDLs are required for these reaches. 

2.2.2 Wet-weather Data Summary 

To assess wet-weather water quality, LACDPW storm water data were evaluated. Dissolved 
metals data from storm events were compared to hardness adjusted dissolved chronic and acute 
CTR criteria to assess wet-weather impairments (Table 2-8). 

Table 2-8. Summary of acute and chronic criteria exceedances in LACDPW storm water data for San 
Gabriel River Reach 2 (Station S14) and Coyote Creek (Station S13) from November 1997 to January 2005. 

San Gabriel Reach 2 Number of Samples 
Exceedances of Acute 

Criteria 
Exceedances of Chronic 

Criteria 
Copper (dissolved) 58 2 4 
Lead (dissolved) 58 0 5 

Selenium (total recoverable) 58 - 1 
Zinc (dissolved) 58 3 3 

Coyote Creek Number of Samples 
Exceedances of Acute 

Criteria 
Exceedances of Chronic 

Criteria 
Copper (dissolved) 62 9 19 
Lead (dissolved) 62 0 7 

Selenium (total recoverable) 62 - 4 
Zinc (dissolved) 62 6 6 

Detection limits for all metals were below the CTR acute and chronic criteria. Therefore, if 
metals were not detected in a sample, CTR criteria were not exceeded. 

Wet-Weather Results for San Gabriel River Reach 2 

There were five out of 58 samples that exceeded the chronic lead criterion, which indicates an 
impairment. There were four out of 58 exceedances of the chronic copper criterion and three out 
of 58 exceedances of the chronic zinc criterion. This does not indicate impairments for these 
metals. A wet-weather TMDL is required for lead in San Gabriel River Reach 2. 

Wet-Weather Results for Coyote Creek 

In Coyote Creek, there were 19 out of 62 samples exceeding the chronic copper criterion, seven 
out of 62 samples exceeding the chronic lead criterion, and six out of 62 samples exceeding the 
chronic zinc criterion. This indicates impairments for these metals. There were four out of 62 
exceedances of the chronic selenium criteria. This does not indicate an impairment. Wet-weather 
TMDLs are required for copper, lead, and zinc in Coyote Creek.  

2.2.3. Conclusions 

The available data provide an overall picture of water quality during both dry and wet weather. 
The data review confirms the existence of impairments for some of the metals identified in the 
1998 and 2002 303(d) lists. The more recent data indicate additional dry-weather impairments 
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not included on the 303(d) list. Based on the conclusions drawn from the data review, TMDLs 
are developed for the pollutant-water body combinations shown in Table 2-9. 

Table 2-9. Summary of dry-weather and wet-weather impairments. 

Reaches Copper Lead Zinc Selenium 

San Jose Creek Reach 1 Dry 
San Gabriel River Reach 2 Wet 
Coyote Creek Wet Wet Wet 
Estuary Dry 

Dry-weather TMDLs will be developed for copper in the Estuary and selenium in San Jose 
Creek Reach 1. Allocations will be developed for upstream reaches and tributaries to meet 
TMDLs in downstream reaches.  Discharges to upstream reaches can cause or contribute to 
exceedances of water quality standards and contribute to impairments downstream. Dry-weather 
allocations will be assigned to San Gabriel River Reach 1 and Coyote Creek and its tributaries to 
meet the copper TMDL in the Estuary. No dry-weather copper allocations are required for San 
Gabriel River Reaches 2, 3, 4, 5, San Jose Creek, or Walnut Creek because they do not drain to 
the Estuary during dry weather. Dry-weather allocations will be assigned to San Jose Creek 
Reach 2 to meet the selenium TMDL in San Jose Creek Reach 1. 

Wet-weather TMDLs will be developed for lead in San Gabriel River Reach 2 and for copper, 
lead, and zinc in Coyote Creek. Wet-weather allocations will be developed for all upstream 
reaches and tributaries in the watershed that drain to impaired reaches during wet weather. 
Discharges to these upstream reaches can cause or contribute to exceedances of water quality 
standards in San Gabriel River Reach 2 and Coyote Creek and thus contribute to impairments. 

There are no available data to assess water quality in Reaches 4, or 5 of the San Gabriel River or 
Walnut Creek. There are no wet-weather data for Reach 1 and it is not possible to assess wet-
weather water quality at the bottom of the watershed. Additional data representing wet-weather 
conditions in Reach 1 and the Estuary are needed. No TMDLs or waste load allocations have 
been developed for Reach 1 or the Estuary during wet-weather, but wet-weather monitoring is 
recommended as part of the implementation of these TMDLs. 
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3.  NUMERIC TARGETS 

Numeric targets for the TMDL are based on CTR criteria. As stated in section 2.1.2, CTR criteria 
are expressed as dissolved metals because dissolved metals more closely approximate the 
bioavailable fraction of metals in the water column. However, sources of metals loading to the 
watershed include metals associated with particulate matter. Once discharged to the river, 
particulate metals could dissolve, causing the criteria to be exceeded. The TMDL targets, and 
resulting waste load allocations, are expressed in terms of total recoverable metals to address the 
potential for dissolution of particulate metals in the receiving water. Attainment of numeric 
targets expressed as total recoverable metals will ensure attainment of the dissolved CTR criteria. 

Separate numeric targets are developed for dry and wet weather because hardness values and the 
fractionation between total recoverable and dissolved metals vary between dry and wet weather. 
As in other TMDLs (e.g., the Los Angeles River Metals TMDL), the distinction between wet and 
dry weather is operationally defined as the 90th percentile flow in the river. Because separate 
wet-weather TMDLs are required for San Gabriel Reach 2 and Coyote Creek, the distinction 
between wet- and dry-weather is separately defined for these two reaches. 

To determine the distinction between wet and dry weather, historical flows were obtained from 
flow gauge stations located in the watershed (Figure 3). LACDPW flow gauge station F262C-R 
is located in San Gabriel River Reach 2. Very little flow is measured at this gauge because much 
of Reach 2 is used for groundwater recharge; the median flow is 0.0 cubic feet per second (cfs) 
and the 90th percentile flow is 1.0 cfs based on flow records from 1990 to 2005.  There is a 
United States Geological Survey (USGS) gauge station located at the bottom of Reach 3 just 
above Whittier Narrows Dam (station 1108500).  The flow gauge above the dam is the best 
indicator of wet-weather conditions (i.e., sufficient runoff is generated to cause a response in the 
river flow and to wash off pollutants from the watershed land surface).  Furthermore, when 
flows reach the 90th percentile at USGS station 11085000, the upper and lower portions of the 
watershed are most likely connected (i.e., flows of this magnitude will likely exceed the dam’s 
capacity). The 90th percentile flow based on flow records from 1990 to 2005 is 260 cfs (Figure 
4). Wet-weather targets for Reach 2 will apply when the maximum daily flow is equal to or 
greater than 260 cfs. 

In Coyote Creek, the delineation between wet and dry weather occurs when the maximum daily 
flow at LACDPW flow gauge station F354-R, located at the bottom of the creek is 156 cfs. This 
is the 90th percentile flow based on flow records from 1990 to 2005 (Figure 5).  Wet-weather 
targets for Coyote Creek will apply when the maximum daily flow in the creek is equal to or 
greater than 156 cfs. 

3.1 Dry-Weather Targets 

Dry-weather numeric targets are developed for copper in the Estuary and selenium in San Jose 
Creek Reach 1 (Table 3-1). Numeric targets are based on chronic CTR criteria because these are 
the most protective criteria and the most applicable during dry-weather conditions. The dry
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weather target for selenium in San Jose Creek Reach 1 is based on the freshwater CTR value of 5 
ug/l. 

The target for copper in the estuary is based on CTR saltwater criteria because the salinity in the 
estuary is greater than 10 parts per thousand 95% or more of the time. A CTR default conversion 
factor is applied as a translator to convert the copper target from dissolved to total recoverable 
metals.  

Table 3-1. Dry-weather numeric targets expressed as μg/L total recoverable metals.  

Copper Selenium 

Reach 

Chronic Saltwater 
Criteria 

(μg/L dissolved) 

CCF Numeric 
Target 

(μg/L total) 

Chronic Freshwater 
Criteria 

(μg/L total) 

CCF Numeric 
Target 

(μg/L total) 
San Jose Creek -- -- -- 5 -- 5 
Reach 1 
San Gabriel River 3.1 0.83 3.7 -- -- --
Estuary 

Based on monitoring conducted by City of Los Angeles Watershed Monitoring Program data in 
Los Angeles River, which has similar watershed characteristics and sources of flow and pollutant 
loading, the default conversion factors tend to overestimate the fraction of copper that is in the 
dissolved form. The use of the default conversion factors is applied to the margin of safety. 

3.2 Wet Weather Targets 
CTR acute criteria are the basis for the wet-weather targets because they are protective of aquatic 
life during the generally short-term and episodic storm conditions that exist in the San Gabriel 
River watershed. Median hardness values from LACDPW storm water data (Table 3-2) were 
used to calculate reach specific targets for lead in San Gabriel River Reach 2 and copper, lead 
and zinc in Coyote Creek. 

Table 3-2. Wet-weather hardness values (mg/L as CaCO3) from LACDPW storm water data (1997-2005). 

Reach Number of samples 10th percentile 
hardness 

50th percentile 
hardness 

90th percentile 
hardness 

San Gabriel Reach 2 58 99 175 282 
Coyote Creek 61 51 105 210 

The data collected by LACDPW were also used to evaluate the relationship between dissolved 
and total recoverable metals in storm water.  Figures 6 through 9 plot measured values of 
dissolved metals against measured values of total metals.  Most of the measured values fell 
below the line CTR-based trend lines indicating that use of CTR default conversion factors 
would overestimate the dissolved portion of metals in storm water samples.  Data from literature 
confirm this and suggest that there is an even smaller portion of dissolved metals in wet weather.  
Young et al. 1980 estimated that only 10% of the cadmium, copper, lead, and zinc in storm water 
samples were dissolved.  McPherson et al. 2004 found similar results in storm water from nearby 
Ballona Creek. In that study, only 17% of the cadmium, 37% of the copper, and 14% of the lead 
were dissolved. Regressions generally suggest a relationship between the total and dissolved 
fraction. The slope of the regressions reflects the ratio of the dissolved to total recoverable 
concentration.  The R2 value gives an indication of the strength of the relationship.  The results 
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of the regression analyses are presented in Table 3-3.  We found reasonable relationships for 
copper, lead and zinc in Coyote Creek and these were used translators in the TMDL.  The 
relationship for lead in San Gabriel was very weak and not suitable for developing a translator.   

Table 3-3. Relationship between dissolved and total recoverable metals in storm water data in San Gabriel 
River Reach 2 and Coyote Creek (1997-2005) and CTR default conversion factors. 

LACDPW Storm water data in 
SGR Reach 2 

ACF LACDPW Storm water data in 
Coyote Creek 

ACF Metal 

N Slope R2 N Slope R2 

Copper 27 0.31 0.09 0.960 44 0.53 0.62 0.960 
Lead 11 0.39 0.28 0.709* 15 0.64 0.99 0.784* 
Zinc 24 0.47 0.25 0.978 26 0.78 0.73 0.978 
*ACF for cadmium and lead are hardness dependent and were calculated based on the hardness in SGR Reach 2 
(175 mg/L as Ca CO3) and Coyote Creek (105 mg/L as Ca CO3). 

The translators should be viewed as provisional since they are based on limited data.  The site-
specific translators will, on average, overestimate the dissolved fraction since a number of 
samples a number of samples with measurable total recoverable values but reported undetectable 
dissolved concentrations were eliminated from the regression analysis.  This represented roughly 
30% to 40% of the samples from Coyote Creek and roughly 40% to 50% of the samples from 
San Gabriel River. In this sense the translators will provide a conservative margin of safety.  
Further study is recommended to revisit the development and application of site-specific 
translators.  The resulting wet-weather numeric targets are presented in Table 3-4.  

Table 3-4. Wet-weather numeric targets expressed as μg/L total recoverable metals. 
Copper Lead Zinc 

Reach 
Median Hardness 
(mg/L as CaCO3) 

Translator Numeric 
Target 
(μg/L) 

Translator Numeric 
Target 
(μg/L) 

Translator Numeric 
Target 
(μg/L) 

San Gabriel Reach 2 175 -- -- 0.709 166 -- --
Coyote Creek 105 0.53 27 0.64 106 0.78 158 

*Site-specific translators used for copper, lead and zinc in Coyote Creek.  ACF used for translator for lead in San 
Gabriel Reach 2 assuming hardness value of 175. 
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4. SOURCE ASSESSMENT 

This section identifies the potential sources of metals in the San Gabriel River watershed. In the 
context of TMDLs, pollutant sources are either point sources or nonpoint sources. Point sources 
include discharges for which there are defined outfalls such as wastewater treatment plants, 
industrial discharges, and storm drain outlets.  These discharges are regulated through National 
Pollutant Discharge Elimination System (NPDES) permits.  Nonpoint sources, by definition, 
include pollutants that reach waters from a number of diffuse land uses and source activities that 
are not regulated through NPDES permits. 

4.1 Point Sources 

The NPDES permits in the San Gabriel River Watershed include municipal separate storm sewer 
system (MS4) permits, the Caltrans storm water permit, general construction storm water 
permits, general industrial storm water permits, major NPDES permits (including publicly 
owned treatment works), minor NPDES permits, and general NPDES permits. The permits under 
the jurisdiction of the Los Angeles Regional Board are presented in Table 4-1.  

Table 4-1. Summary of Los Angeles Regional Board issued NPDES permits in San Gabriel River watershed. 
(SOURCE: LARWQCB, 2006).  

Type of Discharge Estuary Reach 1 Coyote 
Creek 

Reach 2 San 
Jose 
Creek 

Reach 3 
and 

Above 

Total 
Permits 

Municipal Storm Water*  2 2 2 2 2 2 2 

Caltrans Storm Water* 1 1 1 1 1 1 1 

Industrial Storm Water  - 45 203 8 177 166 599 

Construction Storm Water  2 20 36 18 136 132 344 

Publicly Owned Treatment Works -- 1 1 -- 2 1 5 

Major NDPES Discharges  2 -- -- -- -- -- 2 

Minor NPDES Discharges  -- -- 5 1 3 2 11 

General NPDES Discharges  5 7 22 4 11 7 56 

    Construction Dewatering 1 2 4 -- 8 1 16 

    Petroleum Fuel Cleanup Sites -- -- 4 1 -- -- 5 
    VOC Cleanup Sites -- 1 2 -- -- 1 4 
    Hydrostatic Test Water 2 -- 1 -- 1 -- 4 
    Non-Process Wastewater -- -- 3 -- -- -- 3 

Potable Water 2 4 8 3 2 5 24 
*Municipal and Caltrans permits discharge to all reaches. 

The upper portion of Coyote Creek and a portion of the watershed draining to the Estuary are 
located in Orange County and are under the jurisdiction of the Santa Ana Regional Board. The 
permits under the jurisdiction of the Santa Ana Regional Board are presented in Table 4-2.  
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Table 4-2. Summary of Santa Ana Regional Board issued NPDES permits in the Coyote Creek and Estuary 
subwatersheds (SOURCE: SARWQCB, 2006).  

Type of Discharge No. of 
Permits 

Municipal Storm Water  1 

Caltrans Storm Water 1 

Industrial Storm Water  207 

Construction Storm Water  184 

Publicly Owned Treatment Works 0 

Major NDPES Discharges  0 

Minor NPDES Discharges  2 

General NPDES Discharges  

De Minimus Discharges 2 

Petroleum and Solvents Cleanup Sites 3 

4.1.1. Storm water Permits 

Storm water runoff in the San Gabriel River Watershed is regulated through the Los Angeles 
County MS4 permit, the Long Beach MS4 permit, the Orange County MS4 permit, the statewide 
storm water permit issued to Caltrans, the statewide Construction Activities Storm Water 
General Permit and the statewide Industrial Activities Storm Water General Permit. 

MS4 Storm Water Permits 

In 1990, EPA developed rules establishing Phase I of the NPDES storm water program, designed 
to prevent pollutants from being washed by storm water runoff into the MS4 (or from being 
discharged directly into the MS4) and then discharged into local waterbodies. Phase I of the 
program required operators of medium and large MS4s (those generally serving populations of 
100,000 or more) to implement a storm water management program as a means to control 
polluted discharges. Individual sources of metals within the watershed, which are collected by 
MS4s and discharged to the river, include automobile break pads, vehicle wear, building 
materials, pesticides, erosion of paint and deposition of air emissions from fuel combustion and 
industrial facilities. 

The Los Angeles County MS4 permit was renewed in December 2001 as Order No. R4-01-182 
and is on a five-year renewal cycle. There are 85 co-permittees covered by this permit, including 
84 incorporated cities and the County of Los Angeles. The City of Long Beach MS4 permit was 
renewed on June 30, 1999 as Order No. R4-99-060 and is on a five-year renewal cycle. It solely 
covers the City of Long Beach. The Orange County MS4 permit was renewed on January 18, 
2002 as Order No. R8-2002-0010. Co-permittees covered by this permit include 25 incorporated 
cities and Orange County. 

Caltrans Storm Water Permit 

Caltrans is regulated by a statewide storm water discharge permit that covers all municipal storm 
water activities and construction activities (State Board Order No. 99-06-DWQ).  The Caltrans 
storm water permit authorizes storm water discharges from Caltrans properties such as the state 

21 Final: 3/26/07 

RB-AR36949



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

highway system, park and ride facilities, and maintenance yards.  The storm water discharges 
from most of these Caltrans properties and facilities eventually end up in either a city or county 
storm drain which are then discharged to the river.  

General Storm Water Permits 

In 1990, EPA issued regulations for controlling pollutants in storm water discharges from 
industrial sites (40 CFR Parts 122, 123, and 124) equal to or greater than five acres. The 
regulations require discharges of storm water associated with industrial activity to obtain an 
NPDES permit and to implement Best Available Technology Economically Achievable (BAT) 
to reduce or prevent nonconventional and toxic pollutants associated with industrial activity, 
including metals, in storm water discharges and authorized non-storm discharges. In 1999, EPA 
expanded the program to include storm water discharges from construction sites that resulted in 
land disturbances equal to or greater than one acre (40 CFR Parts 122, 123, and 124).  

On April 17, 1997, State Board issued a statewide general NPDES permit for Discharges of 
Storm Water Associated with Industrial Activities Excluding Construction Activities Permit 
(Order No. 97-03-DWQ, NPDES Permit Nos. CAS000001).  As of the writing of these TMDLs, 
there are approximately 804 dischargers enrolled under the general industrial storm water permit 
in this watershed (596 under the jurisdiction of the Los Angeles Board and 208 under the 
jurisdiction of the Santa Ana Regional Board). The potential for metals loading via runoff from 
these sites is high, especially at metal plating, transit, and recycling facilities. Stenstrom et al. 
(2005) found that although the data collected by the industrial monitoring program were highly 
variable, the mean values for copper, lead and zinc were 1010, 2960, and 4960 µg/L, 
respectively, greatly exceeding applicable CTR values. However, during dry weather, the 
potential contribution of metals loading from industrial sites is low, because non-storm water 
discharges are prohibited or controlled by the permit.  

On August 19, 1999, State Board issued a statewide general NPDES permit for Discharges of 
Storm Water Runoff Associated with Construction Activities (Order No. 99-08-DQW, NPDES 
Permit Nos. CAS000002). As of the writing of these TMDLs, there are 537 dischargers enrolled 
under the general construction storm water permit in the watershed (350 under the jurisdiction of 
the Los Angeles Board and 187 under the jurisdiction of the Santa Ana Regional Board). Sources 
of metals from construction sites include sediment containing metals, construction materials, and 
equipment used on construction sites. Raskin et al. (2004) found that building materials and 
construction waste exposed to storm water can leach metals and contribute metals to waterways. 
However, during dry weather, the potential contribution of metals loading is low because non-
storm water discharges are prohibited or controlled by the permit. 

4.1.2. Publicly Owned Treatment Works (POTWs) 

The LACSD Joint Outfall System is an integrated network of facilities that includes seven 
treatment plants, five of which are associated with the San Gabriel River Watershed.  These five 
treatment plants (Whittier Narrows, Pomona, Long Beach, Los Coyotes, and San Jose Creek) are 
connected to the Joint Water Pollution Control Plant (JWPCP) which discharges off of the Palos 
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Verdes Peninsula. This system allows for the diversion of desired flows into or around each 
“upstream” plant. 

•	 The most upstream plant is the Pomona WRP (Order No. R4-2004-0099). It has a design 
capacity of 15 million gallons per day (MGD) and discharges tertiary-treated municipal and 
industrial wastewater to the South Fork of San Jose Creek. During dry weather, virtually all 
of the treated effluent is reclaimed for landscape and crop irrigation, as well as for industrial 
processes. 

•	 The San Jose Creek WRP (Order No. R4-2004-0097) has a design capacity of 100 MGD. It 
discharges an average of 80 MGD of tertiary-treated municipal and industrial wastewater via 
three discharge points. Discharge No. 001 to San Gabriel River Reach 1 is the primary 
discharge outfall for both east and west plants, which is eight miles south of the plant near 
Firestone Blvd. The river is concrete-lined from the discharge point to the Estuary, about 
nine miles downstream. A turnout located approximately midway down the pipe is used to 
divert reclaimed water to spreading grounds. Discharge No. 002 to San Jose Creek is used for 
groundwater recharge at Rio Hondo and the San Gabriel Coastal Spreading Grounds. San 
Jose Creek is unlined from the discharge point to the San Gabriel River. Discharge No. 003 
delivers treated effluent to the unlined portion of the San Gabriel River Reach 3 as well as 
the Rio Hondo and San Gabriel Coastal Spreading Grounds. 

•	 The Whittier Narrows WRP (Order No. R4-2002-0142) has a design capacity of 15 MGD. 
There is one discharge point to the San Gabriel River. Discharge No. 001 discharges to the 
river about 700 feet upstream from the Whittier Narrows Dam. The tertiary-treated municipal 
and industrial wastewater generally flows down the river to the San Gabriel River Spreading 
Grounds. 

•	 The Los Coyotes WRP (Order No. R4-2002-0121) has a design capacity of 37.5 MGD. 
Tertiary-treated municipal and industrial wastewater is discharged into the San Gabriel River 
Reach 1, 1,230 feet upstream of the Artesia freeway. About 12% of the total treated effluent 
is reclaimed for irrigation.  

•	 The Long Beach WRP (Order No. R4-2002-0123) has a design capacity of 25 MGD. 
Tertiary-treated municipal and industrial wastewater is discharged to Coyote Creek at a point 
2,200 feet upstream from the confluence with the San Gabriel River, above the Estuary. A 
portion of the treated effluent is reclaimed for irrigation. 

4.1.3 Major Individual NPDES Permits 

Major discharges are POTWs with yearly average flows over 0.5 MGD, industrial sources with 
yearly average flows over 0.1 MGD, and those with lesser flows but with acute or potential 
adverse environmental impacts.  In addition to the POTWs, there are two major discharges in the 
watershed, the Haynes generating station, operated by the City of Los Angeles Department of 
Water and Power (LADWP) and the generating station operated by AES Alamitos, L.L.C. Both 
plants draw in water from the nearby Los Cerritos Watershed Management Area and discharge 
into the tidal prism just north of Second St. (Westminster Ave.). The Alamitos plant draws in 
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water from Los Cerritos Channel and is permitted to discharge up to 1,283 MGD. The Haynes 
plant draws in water from Alamitos Bay and is permitted to discharge up to 1,014 MGD. The 
Alamitos and Haynes stations have limits for copper, lead, selenium, and zinc, but they are based 
on California Ocean Plan objectives. The Ocean Plan objectives are less stringent than the CTR 
saltwater criteria so there is the potential for the facilities to discharge metals in exceedance of 
the numeric targets. A memorandum sent from the State Board to the Los Angeles Regional 
Board (SWRCB 2002) redefined the two power plants as falling under the jurisdiction of the 
Policy for Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, and 
Estuaries of California (SIP) and the CTR. These permits are scheduled for renewal in 2006. 

4.1.4 Minor Individual NPDES Permits 

Minor discharges are all other discharges that are not categorized as a Major. Many of these 
permits are for episodic discharges rather than continuous flows.  Minor permits cover 
miscellaneous wastes such as ground water dewatering, swimming pool wastes, and ground 
water seepage. Some of these permits contain effluent limits for metals. However, some of these 
permits were issued prior to the adoption of CTR and there is the potential for these facilities to 
discharge metals in exceedance of the numeric targets in these TMDLs.  There are 11 minor 
NPDES permits in the San Gabriel River watershed. 

4.1.5 General NPDES Permits 

Pursuant to 40 CFR parts 122 and 123, the State Board and the Regional Boards have the 
authority to issue general NPDES permits to regulate a category of point sources if the sources: 
involve the same or substantially similar types of operations; discharge the same type of waste; 
required the same type of effluent limitations; and require similar monitoring.  The Los Angeles 
Regional Board has issued general NPDES permits in the San Gabriel River watershed for the 
following categories of discharges: construction dewatering, non-process wastewater; petroleum 
fuel cleanup sites; VOC cleanup sites; potable water; and hydrostatic test water. 

There are 16 discharges enrolled under Los Angeles Regional Board Order Nos. R4-2003-0111, 
97-043, and 97-045 for construction dewatering. There are three discharges enrolled under Los 
Angeles Regional Board Order Nos. R4-2004-0058 and 98-055 for non-process wastewater. 
These permits include CTR-based effluent limitations for metals. 

There are five dischargers enrolled under Los Angeles Regional Board Order No. R4-2002-0125 
for treated groundwater and other wastewaters from petroleum fuel-contaminated sites.  There 
are four dischargers enrolled under Los Angeles Regional Board Order No. R4-2002-0107 for 
treated groundwater from VOC-contaminated sites. To enroll under these permits, dischargers 
must demonstrate that treated groundwater does not exceed the CTR-based water quality criteria 
for metals. Once enrolled under the permit, dischargers must continue to demonstrate compliance 
with CTR-based effluent limitations for lead. 

There are 24 dischargers enrolled under Los Angeles Regional Board Order No. R4-2003-0108 
for groundwater from potable water supply wells. There are four dischargers enrolled under Los 
Angeles Regional Board Order Nos. R4-2004-0109 and 97-047 for low threat hydrostatic test 
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water. Discharges enrolled under these permits must meet maximum contaminant levels (MCLs) 
adopted by the California Department of Health Services. In general, the MCLs for metals are 
greater than the numeric targets. 

The Santa Ana Regional Board has issued general NPDES permits in the Coyote Creek 
subwatershed for de minimus discharges and for petroleum and solvent cleanup sites. There are 
two discharges enrolled under Santa Ana Regional Board Order No.03-061 for de minimus 
threats to water quality. The order states that discharges enrolled under the general permit are not 
expected to cause toxicity; therefore no toxicity limits are included in the general permit. There 
are three discharges enrolled under Santa Ana Regional Board Order No. 02-007 for discharges 
of extracted and treated groundwater from petroleum and solvent cleanup sites. The Order 
includes CTR-based effluent limitations for lead for freshwater and saltwater discharges from 
those sites polluted with leaded gasoline. 

4.2 Non-point Sources 
Atmospheric deposition is a potential nonpoint source of metals to the watershed. Sabin et al. 
estimated the mass of dry-atmospheric deposition for the Los Angeles River watershed (Sabin et 
al., 2004). For the purpose of this source assessment, the numbers for the Los Angeles River 
watershed were extrapolated to the San Gabriel River watershed based on the relative area of 
each watershed and the relative amount of surface water in each watershed (Table 4-2). Direct 
atmospheric deposition is the amount of metals deposited directly onto the surface of the river. 
These numbers are generally small because the actual surface area of the river system is small. 
Indirect deposition is the amount of metals deposited onto the entire watershed. Metals deposited 
on the land surface of the watershed may be washed off during rain events and delivered to the 
river system. The amount of deposited metals available for transport to the river (i.e., not 
infiltrated) is unknown. In a separate study, Sabin et al. found that for a small impervious 
catchment, atmospheric deposition could potentially account for 57-100% of the metals in storm 
runoff generated in the study area (Sabin et al., 2005). This study assumes that all the metals 
deposited on the catchment were available for removal. However, in large, varied watersheds, 
such as the Los Angeles River and San Gabriel River watersheds, not all metals deposited on the 
land surface may be available for removal by runoff. Estimates of metals deposited on land 
(Table 4-3) are much higher than estimates of storm water loading to the river system (Table 4
10). The loading of metals associated with indirect atmospheric deposition are accounted for in 
the estimates of the storm water loading. Once metals are deposited on land under the 
jurisdiction of a storm water permittee, they are within a permittee’s control.  
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Table 4-3. Estimates of dry weather direct and indirect deposition (derived from Sabin et al., 2004). 

Area 
(square miles) 

% 
Water 

Copper 
(kg/year) 

Lead 
(kg/year) 

Zinc 
(kg/year) 

Los Angeles River Watershed 834 0.21% 

Indirect Deposition  16,000 12,000 80,000 

Direct Deposition 3 2 10 

San Gabriel River Watershed 682 0.36% 

Indirect Deposition 13,084  9,813 65,419 

Direct Deposition 4.1 2.8 13.8 

Natural background loading of metals is another potential source. This is an unlikely source 
during dry weather. Natural or open spaces are primarily located in the upper portion of the 
watershed in the Angeles National Forest (Figure 2). The flow from these areas is relatively 
small during dry weather and much of it is captured behind dams. The levels of metals 
concentrations in flow from these areas are also likely to be low. Stein and Yoon (2005) found 
that metals concentrations from natural areas in Southern California, including two sites in the 
upper San Gabriel watershed, were below CTR criteria and below concentrations found at 
developed sites. The mean concentrations for the natural areas were 0.465 μg/L copper, 0.052 
μg/L lead, 0.618 μg/L selenium, and 0.471 μg/L zinc during dry weather. 

During wet-weather, flow from the upper portion of the watershed can potentially reach the 
lower portion of the watershed. Stein and Yoon (2005) also found that metals concentrations 
from natural areas in wet-weather were below CTR criteria and below concentrations found at 
developed sites. During wet weather, the mean concentrations for the natural areas were 5.27 
μg/L copper, 1.42 μg/L lead, 0.77 μg/L selenium, and 21.5 μg/L zinc. Natural sources will be 
assigned load allocations to address any potential loading during dry and wet weather. 

4.3 Quantification of Sources 
The San Gabriel River has two distinct flow conditions. During wet-weather periods, flow in the 
river is generated by storm water runoff in the watershed, which can quickly reach thousands of 
cubic feet per second. During dry weather, flows are significantly lower and less variable. The 
major sources of flow are point source discharges, urban runoff, and groundwater baseflow.   

4.3.1. Dry-Weather Loading 

The total metals loads from the San Jose, Pomona, Whittier Narrows, Los Coyotes, and Long 
Beach WRPs were estimated using monthly flow and effluent concentration data provided as 
part of the annual self monitoring reports (Table 4-4). On an annual basis, these POTWs 
contribute approximately 1,781 kg/year of copper, 1,477 kg/year of lead, 188 kg/year of 
selenium and 10,992 kg/year of zinc to the San Gabriel River. Much of the water from the 
Pomona, Whittier Narrows, and San Jose Creek WRPs is recharged; thus, while these values 
reflect metals loading to the system, some of the metal loadings are lost to recharge. 
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Table 4-4. Total annual metals loading from POTWs (kg/yr).  Data are from LACSD. 
Facility Reach 1997 1998 1999 2000 2001 2002 2003 2004 Ave 

Pomona 
San Jose Creek 001e 

and 002 
San Jose Creek 001w 

and 003 

SJC 
SGR 1 

SJC 
SGR 1 
SGR 3 

36 

703 

399 

30 

736 

403 

Copper 

31 

711 

398 

44 

784 

410 

42 

695 

326 

26 

656 

189 

22 

655 

282 

32 

651 

359 

33 

699 

346 

Whittier Narrows* SGR 3 119 139 141 104 109 110 106 85 114 

Los Coyotes SGR 1 450 483 462 437 410 310 328 330 401 

Long Beach 

Total  WRP  

CC 181 236 197 218 218 136 158 161 188 

1781 

Lead 

Pomona SJC 40 30 63 44 42 5 5 12 30 

San Jose Creek 001e SGR 1 
and 002 SJC 703 515 711 784 417 131 131 130 440 

San Jose Creek 001w SGR 1 
and 003 SGR 3 359 282 398 410 195 38 56 72 226 

Whittier Narrows* SGR 3 131 97 141 104 87 22 32 21 79 

Los Coyotes SGR 1 900 967 923 437 455 116 82 83 495 

Long Beach CC 362 472 296 218 194 34 40 40 207 

Total  WRP  1477 

Selenium 

Pomona SJC 4 3 3 4 4 3 3 4 3 

San Jose Creek 001e SGR 1 
and 002 SJC 77 74 71 78 70 66 66 65 71 

San Jose Creek 001w SGR 1 
and 003 SGR 3 60 40 40 41 33 19 28 36 37 

Whittier Narrows* SGR 3 12 14 14 10 11 11 11 11 12 

Los Coyotes SGR 1 45 48 46 44 46 39 41 41 44 

Long Beach CC 18 24 20 22 24 17 20 20 21 

Total  WRP  188 

Zinc 

Pomona SJC 253 182 315 264 210 157 247 373 250 

San Jose Creek 001e SGR 1 
and 002 SJC 4217  3678 3556 3919 3477 3278  5241  4554 3990 

San Jose Creek 001w SGR 1 
and 003 SGR 3 3587  2417 2788 2869 1955 1324  2822  2869 2579 

Whittier Narrows* SGR 3 535 1039 988 832 761 767 1064 844 854 

Los Coyotes SGR 1 3601 3866 2769 3062 2732 2713 4506 3300 3319 

Long Beach CC 1321 1062 1379 1306 1211 1020 1960 1471 1341 

Total  WRP  10,992 
*The majority of Whittier Narrows flow is discharged to the Rio Hondo, which is part of the Los Angeles River 

watershed.
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The amount of metals loading from POTWs is well defined. The amount of metals loading from 
storm drains and dry weather runoff is not well defined. In order to evaluate all dry-weather 
sources of metals in the San Gabriel River watershed, the Southern California Coastal Research 
Project (SCCWRP) conducted two monitoring events in September 2002 and September 2003 
(Ackerman et al., 2004a). The monitoring consisted of synoptic sampling of flow and metals 
concentrations from WRPs, storm drains and open channels. The first monitoring event was 
conducted on September 29 and 30, 2002, and the second was conducted on September 14 
through 16, 2003. The data collected represent snapshots of the flow distribution and water 
quality conditions throughout the watershed. During the sampling events, all observed sources of 
flow to the San Gabriel River system were from storm drains, tributaries, and the Los Coyotes, 
Long Beach, San Jose, and Pomona WRPs (Table 4-5).  

Table 4-5. Measured flow inputs (cfs) to the San Gabriel River (Ackerman et al, 2004a). 

Coyote Creek San Gabriel San Jose Creek Walnut Creek Total 

2002  

Storm drains 10.6 3.1 14.3 1.2 29.2 

Tributaries 8.30 - 1.0 6.0 15.3 

WRPs 0.04 97.5 58.3 - 155.8 

Total 19.0 100.5 73.7 7.23 200.3 

2003  

Storm drains 11.9 1.6 13.5 1.7 28.7 

Tributaries 7.44 - 6.66 3.9 18.0 

WRPs 18.7 104.4 87.3 - 210.4 

Total 38.0 106.0 107.4 5.64 257.1 

Overall, WRPs contribute about 80% of the flow in the river system during dry-weather. Walnut 
Creek receives no WRP flow. The Whittier Narrows WRP did not contribute to flow in the San 
Gabriel River during the two dry-weather sampling events. 

The measured concentrations of metals varied between storm drains, open channels, and WRPs 
(Table 4-6). The concentrations of all metals were greater in storm drains than in WRP 
discharges. The concentrations of all metals except zinc were greater in open channels than in 
WRP discharges. This indicates that dry-weather runoff or nuisance flow and/or discharges from 
other NPDES permitted sources are a significant source of metals in the San Gabriel watershed. 

Table 4-6. Mean observed metals concentrations by source (Ackerman et al., 2004a). 

Detection 
Limit (μg/L) 

Storm Drains 
(μg/L) 

Open Channels 
(μg/L) WRPs (μg/L) 

2002 
Copper 8 15 7.0 nd 
Lead 2 2.6 3.0 nd 
Selenium 1 1.3 1.9 nd 
Zinc 10 134 28 45 

Copper 8 8.0 3.0 nd 
Lead 2 1.6 1.9 nd 
Selenium 1 1.4 2.7 nd 
Zinc 10 99 57 72 

nd = non-detectable value 
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The average concentrations reported in Table 4-6 for copper, lead, and nickel are sometimes less 
than the detection limit because non-detectable concentrations were treated as zero. Loads were 
calculated by multiplying the measured flows and concentrations at each sample location. Table 
4-7 provides the summary results in terms of total mass emissions of each metal and the relative 
contribution from each major source. 

Table 4-7. Metals loading by source. Samples with non-detectable values treated as zero (Ackerman et al., 
2004a).  

Storm Drains Large Tributaries WRPs 

2002 
Copper 38% 62% 0% 
Lead 29% 71% 0% 
Selenium 57% 43% 0% 
Zinc 14% 8% 78% 
2003 
Copper 100% 0% 0% 
Lead 25% 75% 0% 
Selenium 69% 31% 0% 
Zinc 11% 7% 82% 

The SCCWRP study assumed all non-detectable values were zero. For WRPs, which contribute 
the dominant source of flow in the river, minor changes in concentrations can have a major effect 
on loading estimates. If non-detectable values were treated as ½ the detection limit, for example, 
the WRPs would appear as the dominant source of loading.  

Table 4-8 provides the SCCWRP study results in terms of total mass emissions of each metal and 
the relative emissions to the four streams in the San Gabriel River system. According to the 
SCCWRP study, Walnut Creek contributes a large percentage of copper and lead loading. This 
indicates that additional monitoring is needed for Walnut Creek. There was not enough data to 
assess potential metals impairments in Walnut Creek (Section 2.2.1). 

Table 4-8. Metals loading by reach/tributary Samples with non-detectable values treated as zero 
(Ackerman et al., 2004a). 

Coyote Creek 
(%) 

San Gabriel 
River (%) 

San Jose Creek 
(%) Walnut Creek (%) 

2002 

Copper 22% 12% 20% 46% 

Lead 55% 14% 8% 24% 

Selenium 43% 1% 51% 6% 

Zinc 8% 53% 36% 3% 

2003 

Copper 49% 2% 29% 20% 

Lead 11% 1% 39% 50% 

Selenium 4% 0% 93% 2% 

Zinc 16% 43% 38% 3% 
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4.3.2. Dry-Weather Loading to the Estuary 

Sources of flow to the Estuary include upstream inputs to Reach 1 and Coyote Creek, the two 
generating stations, and tidal exchange with the ocean. Upstream sources were evaluated in 
section 4.3.1. The total metals loads from the Los Alamitos and Haynes generating stations were 
estimated using effluent monitoring from the two plants (Table 4-9). Both plants sample for 
monthly flow and semi-annual metals concentrations. Annual average flows were calculated 
from the monthly average maximum flows, then multiplied by the average effluent concentration 
to estimate annual loading. On an annual basis, the generating stations contribute approximately 
20,000 kg/year of copper, 2,700 kg/year of lead, and 56,000 kg/year of zinc to the Estuary.  

Table 4-9. Metals loading to the San Gabriel River Estuary (kg/year total recoverable metals) from the Los 
Alamitos and Haynes generating stations. 

Haynes Station 2000 2001 2002 2003 2004 Average 

Flow (MGD) 729 779 848 761* 689 761 

Copper (kg/year) ND 26,583 23,621 10,419 16,752 15,475 

Lead (kg/year) 5,238 1,864 ND 1,016 832 1,790 

Zinc (kg/year) 16,620 16,334 18,370 21,815 72,489 29,126 

Alamitos Station 2000 2001 2002 2003 2004 Average 

Flow (MGD) 914 981 735 680 953 853 

Copper (kg/year) 6,690 4,200 3,800 3,701 3,972 4,473 

Lead (kg/year) ND 986 841 1,626 1,152 921 

Zinc (kg/year) 42,204 23,111 14,359 37,076 15,729 26,496 

Total - Both Plants 2000 2001 2002 2003 2004 Average 

Copper (kg/year) 6,690 30,784 27,422 14,120 20,725 19,948 

Lead (kg/year) 5,238 2,850 841 2,642 1,984 2,711 

Zinc (kg/year) 58,824 39,445 32,729 58,891 88,218 55,621 

*Flow unavailable for 2003. Average flow used. 

Metals loadings from the power plants are approximately ten times greater than the metals 
loading from POTWs that discharge to Coyote Creek and Reach 1 (Table 4-4). 

4.3.4. Wet-Weather Loading 

Wet-weather sources of metals are generally associated with the accumulation and wash-off of 
metals on the land surface during rain events. Metals washed off the land surface are delivered to 
the river through creeks and storm water collection systems. Wet-weather loading varies 
depending on the amount of rainfall and size of storms in a given year. 
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Wet-weather pollutant loading is estimated from the storm water monitoring data collected at the 
mass emission stations in Coyote Creek and San Gabriel River Reach 2 (LACDPW, 2000-2005). 
The total runoff volume for a storm season is multiplied by the average metals concentrations for 
that season (Table 4-10). 

Table 4-10.  Wet-weather storm water metals loading to the San Gabriel River watershed (kg total 
recoverable metals).  Data are from LACDPW. 

San Gabriel River Reach 2 97/98 98/99 99/00 00/01 01/02 02/03 03/04 Average 

No. storms sampled for metals 9 13 10 9 6 4 3 -- 

Total runoff volume (acre-ft) 32,800 12,700 3,777 8,404 3,258 9,684 25,694 -- 

Copper loading (kg) 990 115 34 89 51 323 403 286 

Lead loading (kg) 607 -- -- 29 8 161 57 172 

Selenium loading (kg) -- -- -- 26 7 32 69 33 

Zinc loading (kg) 6,708 785 -- 406 120 1,528 1,664 1,868 

Coyote Creek 97/98 98/99 99/00 00/01 01/02 02/03 03/04 Average 

No. storms sampled for metals 10 14 12 10 5 4 3 --

Total runoff volume (acre-ft) 60,500 11,500 22,937 14,616 3,672 26,608 43,689 --

Copper loading (kg) 3,224 201 291 166 77 578 1,746 898 

Lead loading (kg) 2,166 -- -- 45 10 150 850 644 

Selenium loading (kg) -- 68 -- 45 11 78 195 80 

Zinc loading (kg) 25,656 946 1,027 647 203 2,563 7,965 5,573 

Average annual metals loading from WRPs (Table 4-4) can be compared to average wet-weather 
storm water loading (Table 4-10) to provide an indication of the relative contributions from these 
sources. This comparison can only be made in Coyote Creek because it is the only reach that 
receives direct POTW discharge (Long Beach WRP) and has a LACDPW storm water mass 
emission station.  On an annual basis, storm water contributes about 83% of the copper loading, 
76% of the lead loading, 80% of the zinc loading, and 79% of the selenium loading in Coyote 
Creek. Wet-weather storm water runoff is thus the dominant source of annual metals loading, 
which agrees with previous studies in the Los Angeles River and Ballona Creek watersheds 
(Stein et al., 2003). 
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5. LINKAGE ANALYSIS 

Information on sources of pollutants provides one part of the TMDL equation. To determine the 
effects of these sources on water quality, it is necessary to determine the assimilative capacity of 
the receiving water. Variations between wet and dry weather can strongly affect the delivery of 
metals to the San Gabriel River and the assimilative capacity of the river to accommodate this 
loading so that water quality standards are met. Therefore, two distinct approaches for the 
linkage analysis were taken for wet and dry weather. Hydrodynamic and water quality models 
were used to assess the effects of metals loadings in the San Gabriel River on water quality under 
both dry- and wet- weather conditions. To estimate the assimilative capacity of the Estuary, a 
linkage is made based on the volume of water in the Estuary and the influence of tidal exchange. 

5.1 Development of the Dry-Weather Model   

The dry-weather model was developed to assess in-stream concentrations and sources of copper, 
lead, and zinc in low-flow conditions. It is included as Appendix I (Tetratech, 2005a). The 
modeling system consisted of a hydrodynamic model linked with a separate water quality model 
of the river system.  For simulation of hydrodynamics, the one-dimensional (1-D) version of the 
Environmental Fluid Dynamics Code (EFDC) was used. Stream channel geometry, topographic 
data, meteorological data, and sources of flow and metals loading were input into the model. 
Model setup of the river system included the following reaches:  

• San Gabriel River 
• Coyote Creek 
• San Jose Creek 
• Walnut Creek 

During low-flow conditions, these reaches are rarely linked due to various controls and features 
in the watershed that impede or divert flows. Therefore, these river reaches were modeled 
independently for the dry-weather simulation periods. 

Data from the two synoptic monitoring events conducted by SCCWRP in September 2002 and 
September 2003 were used to support the model development. The data were used as model 
input as well as for comparison to model results. Flow and water quality measurements taken 
from the storm drains and WRPs were used as inputs to the hydrodynamic and water quality 
model simulations. The resulting simulated in-stream water quality results were compared with 
the measured in-stream water quality at corresponding locations from the SCCWRP study.  

5.2 Dry-Weather Model Results 
Model predictions of in-stream water quality were compared to observed in-stream water quality 
data, without any additional calibration of modeling parameters to improve the comparison.  
Based on the comparison, the model was considered successful if the magnitudes and trends of 
the simulated and observed water quality were similar.  
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The model results were noticeably impacted by input data with non-detectable values of metals. 
For the purposes of modeling, inflow data with non-detected metals were assigned values equal 
to half the detection limit. A sensitivity analysis was then performed in which the data were 
assigned a value of zero. Assigning values of zero to non-detectable metals in inflow data 
resulted in lower simulated concentrations of metals in the river.  

Overall, the magnitude of simulated in-stream concentrations was similar to the magnitude of 
observed in-stream concentrations. However, the simulated concentrations do not always 
compare consistently with the observed in-stream concentrations. This may be due to observed 
in-stream concentrations that were below detection limits or due to the influence of other factors 
and sources that are not accounted for in the model.  

5.3 Development of the Wet-Weather Model 
The wet-weather modeling report is included as Appendix II (Tetratech, 2005b). Metals loading 
can be associated with sediment loading because of the sorptive properties of metals. To assess 
the link between sources of metals and the impairment of waters during wet weather, a modeling 
system was developed to simulate land-use-based sources of sediment and associated metals 
loads and the hydrologic and hydraulic processes that affect their delivery to the San Gabriel 
River system. EPA’s Loading Simulation Program in C++ (LSPC) was selected to simulate the 
hydrologic water quality conditions in the San Gabriel River watershed. 

The San Gabriel River watershed was divided into 139 sub-watersheds for appropriate 
hydrologic connectivity and representation (Figure 10). Meteorological data, soils data, stream 
reach characteristics, hydrologic data, and land use coverage were input into the model. The 
model was used to simulate total suspended solids and then to simulate metals associated with 
total suspended solids using potency factors equal to the ratio of metals to total suspended solids. 
These potency factors were successfully applied in Ballona Creek (Ackerman et al., 2004b) and 
the Los Angeles River (Tetra Tech, Inc, 2004) and are considered regionally calibrated. 

5.4 Wet Weather Model Results 
Hydrology is the first model component that was calibrated and validated because an estimation 
of wet-weather metals loading relies heavily on flow prediction. January 1990 through December 
2002 was selected as the hydrology simulation period.  Twelve LACDPW and USGS flow 
gauging stations were used for calibration and/or validation of the model (Figure 3). To account 
for the extensive hydrological alterations in the watershed, the model was first calibrated for 
minimally controlled subwatersheds, then calibrated for more controlled subwatersheds, so that 
observed flow variability could be attributed to man-made alterations. Calibration was assessed 
through graphical comparison, regression analysis, and relative error in volume of model results 
and observed data. The model accurately predicted average monthly flow patterns and predicted 
total and seasonal volumes within an acceptable range of error for the relatively unaltered 
subwatersheds. The model over-predicted flow in certain cases and under-predicted flow in the 
more controlled subwatersheds due to hydraulic controls, localized rainfall events, and 
unaccounted flow discharges from dams. 
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After calibration, a validation of hydrologic parameters was made through a comparison of 
model output to observed flows and volumes at selected gages. As was the case for calibration, 
validation results were assessed through graphical comparison, regression analysis, and relative 
error in volume of model results and observed data. Overall, the model accurately predicted 
storm peaks in minimally controlled river segments.  For the more-controlled river segments, 
model results were less accurate due to the lack of data on hydraulic controls in these sub 
watersheds. In addition, because runoff and resulting flow are highly dependent on rainfall, 
occasional storms were over-predicted or under-predicted depending on the distance between 
meteorological and flow gauge stations.   

The water quality model was calibrated by comparing model output with pollutographs (plots of 
concentration vs. time) for total suspended solids, copper, lead, and zinc observed at the 
LACDPW mass emission stations in San Gabriel River Reach 2 (S14) and Coyote Creek (S13). 
To assess the predictive capability of the model, the output was graphically compared to 
observed data. (Attachment C to Appendix II) Pollutographs indicated that the model generally 
captured the range of observed values for a storm event, but did not always predict the shape of 
the pollutograph. Misrepresentation of flows in the hydrology model affected predictions of 
pollutographs and resulting event mean concentrations (EMCs) in the water quality model. To 
provide additional assessment, observed EMCs were compared to EMCs calculated using hourly 
model output. 

Once calibrated, the water quality model was validated by comparing predicted EMCs with 
historically observed EMCs at the two LACDPW mass emission stations. During certain periods, 
observed values of zinc, lead and copper appeared to stay constant because they were reported as 
non-detects. Non-detects were replaced with one-half the detection limit for comparison with 
modeled data. Overall, the magnitude of predicted concentrations was similar to the magnitude 
of observed concentrations. Deviations from the observed data may be caused by localized 
storms that resulted in higher or lower metals loading, which is determined by the associated 
modeled flow. This flow is dependent on the proximity of the storm to the meteorological 
station and model subwatersheds. The model is adequate for predicting EMCs but not refined 
enough for predicting changes in concentration that occur over the course of the storm. 

5.5 Linkage Analysis for the Estuary 
The data assessment only indicates the need for water column TMDLs (section 2.2). There is no 
evidence of sediment impairment in the Estuary. Therefore, if discharges to the Estuary are 
limited by concentration-based waste load allocations, water quality numeric targets for the 
Estuary will be attained. 

The assimilative capacity of the Estuary is a function of the volume of the Estuary and the tidal 
prism, which is the volume of water exchanged between an Estuary and the open sea during one 
tidal period. The head of the Estuary was considered at the 405 freeway, 4900 ft upstream of 7th 

Street. The tidal range was considered to vary linearly from zero at this location to a maximum 
of 3.4 ft at the mouth.  The tide at the mouth was assumed the same as the Los Patos station ID 
427 (Tides & Currents, 2005). Based on the LACDPW Estuary profile plan in Figure 11, the 
Estuary was divided into two reaches.  The first reach is from the mouth, considered at Ocean 
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Avenue Bridge, to 7th Street. The second reach is between 7th Street and the 405 freeway. The 
characteristics of the reaches estimated from Figure 11 are presented in Table 5-1. 

Table 5-1.  San Gabriel River Estuary geometry. 

Reach Length (ft) 
L 

Bottom width (ft) 
B 

Average water 
depth (ft) 

H 

Levee slope 
S 

1 13000 300 15 3:1 
2 4900 300 10 2:1 

Based on the data in Table 5-1, the volume of the Estuary is calculated as V = H*L*(B+S*H), 
giving the volume of each reach as: 

V1 = 6.73 x 107 ft3 

V2 = 1.57 x 107 ft3 

With a total average volume of: 

V = 8.3 x 107 ft3 

Based on the assumption that the tidal range varies linearly from a maximum at the mouth of 3.4 
feet to no tide at the 405 freeway, and considering the relative length of each reach, the average 
tidal ranges (i.e., tidal range at the center of each reach) are: 

R1 = 2.17 ft 
R2 = 0.47 ft 

With the information in Table 5-1, the water surface area for each reach, A = L*(B+2*H*S), is: 

A1 = 5.07 x 106 ft2 

A2 = 1.67 x 106 ft2 

The tidal prism, P, calculated as P = A*R (equation (II-6-12) in USACE’s Coastal Engineering 
Manual), at each reach was estimated as: 

P1 = 1.1 x 107 ft3 

P2 = 0.78 x 106 ft3 

Giving a total tidal prism for the Estuary of: 

P = 1.18 x 107 ft3 

The volume at high tide, VHT = V +  P/2, is therefore:  

VHT = 8.89 x 107 ft3, or 665 million gallons 

And the volume at low tide, VLT = V -  P/2, is therefore: 
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VLT = 7.71 x 107 ft3, or 576 million gallons. 

Given the flow from the power plants (1614 MGD from Table 4-9) and the volume of water in 
Estuary at low tide, it can be assumed that the power plant flow displaces all ocean water in the 
Estuary at the critical condition and that ocean water provides no excess assimilative capacity. 

These findings are consistent with findings in Flow Science (2007), USGS (Rosenberger et al., 
2007) and SCCWRP (Ackerman and Stein., In Prep).  The conclusions of these studies suggest 
that most of the flow in the estuary is from the power plant, there is little dilution from ocean 
water, the net flow is largely unidirectional toward the ocean, and the residence time for a parcel 
of water is short. USGS estimated the tidal prism to be roughly 2.78 x 107 cubic feet. This 
corresponds to a tidal flow of 1236 cfs over the course of a 6.21 tidal cycle.  The mean discharge 
from the power plants during the study was 777 cfs but could be as high as 3560 cfs (based on a 
design flow of 2.3 billion gallons per day).  Since dry-weather lows from the rivers are around 
156 cfs, the power plant discharge represents about 80 to 95% of the flow. 

More sophisticated models may be developed in the future which will account for upstream 
inputs, tidal exchange, and mixing and will help to better characterize the relative sources and 
fate and transport of metals loading to the Estuary. The Southern California Coastal Water 
Research Project is developing a watershed model that may be useful in verifying the loading 
capacities determined in this TMDL. However until that time the simplest and most straight 
forward approach to ensuring water quality standards are attained is to ensure that effluent 
concentrations from the power plants are at or below the water quality standard. 

5.6 Summary of Linkage Analysis 
The dry- and wet-weather models provide an understanding of the relationship between metals 
loading and targets. The dry-weather model is able to predict the overall magnitude of in-stream 
concentrations but not able to consistently predict the instantaneous concentrations at any given 
time. The wet-weather model was able to predict flow and magnitudes of concentrations in the 
minimally controlled river segments but less able in the more-controlled river segments. Because 
they could not predict concentrations on short time scales, neither the dry- or wet-models were 
used to develop loading capacity, but they provide an understanding of the relationship between 
metals loading and targets. While not used to develop loading capacity, the models should prove 
useful in evaluating management scenarios to help achieve load reductions in TMDL 
implementation. For the Estuary, the linkage analysis demonstrates that power plant flow 
comprises the majority of the volume of water in the Estuary and that the ocean water provides 
no excess assimilative capacity.  
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6. TOTAL MAXIMUM DAILY LOADS 

This section explains the development of the loading capacities (i.e., TMDLs) and allocations for 
metals in the San Gabriel River watershed. EPA regulations require that a TMDL include waste 
load allocations (WLAs), which identify the portion of the loading capacity allocated to existing 
and future point sources (40 CFR 130.2(h)) and load allocations (LAs), which identify the 
portion of the loading capacity allocated to nonpoint sources (40 CFR 130.2(g)). As appropriate, 
waste load allocations are assigned to wastewater treatment plants, storm water discharges, and 
other NPDES discharges.  Load allocations are assigned to open space and atmospheric 
deposition. As discussed in previous sections, the flows, sources, and the relative magnitude of 
inputs vary between dry-weather and wet-weather conditions. TMDLs are therefore developed to 
address dry- and wet-weather conditions separately. 

6.1 Wet-Weather TMDLs for Copper, Lead and Zinc 
During wet weather, the allowable load is a function of the volume of water in the river.  Given 
the variability in wet-weather flows, the concept of a single critical flow is not justified.  Instead, 
a load-duration curve approach is used to establish the wet-weather loading capacity.  A load-
duration curve is developed by multiplying the wet-weather flows by the in-stream numeric 
target. The result is a curve that identifies the allowable load for a given flow. Table 6-1 presents 
the equations used to calculate the load duration curves. The wet-weather TMDLs for metals are 
defined by these load-duration curves. 

Separate wet-weather TMDLs are developed for San Gabriel Reach 2 and Coyote Creek. In San 
Gabriel River Reach 2, wet-weather TMDLs apply when the maximum daily flow in the river is 
equal to or greater than 260 cfs as measured at USGS station 11085000, located at the bottom of 
Reach 3 just above the Whittier Narrows Dam (see Section 3, Numeric Targets). In Coyote 
Creek, wet-weather TMDLs apply when the maximum daily flow in the creek is equal to or 
greater than 156 cfs as measured at LACDPW flow gauge station F354-R, located at the bottom 
of the creek, just above the Long Beach WRP. 

Table 6-1.  Wet-weather loading capacities (TMDLs) for metals (total recoverable metals). 

Reach 
Copper 
(kg/day) 

Lead 
(kg/day) 

Zinc 
(kg/day) 

San Gabriel Reach 2 --
Daily storm volume  

--
x 166 μg/L 

Coyote Creek Daily storm volume Daily storm volume  Daily storm volume  
x 27 μg/L x 106 μg/L x 158 μg/L 

The daily storm volume is equal to the total daily flow either in San Gabriel River Reach 2 or Coyote Creek.  

Wet-weather allocations are assigned to all upstream reaches and tributaries of San Gabriel River 
Reach 2 and Coyote Creek because they potentially drain to these impaired reaches during wet 
weather. Allocations are assigned to both point and nonpoint sources. Concentration-based waste 
load allocations are developed for the POTWs and other non-storm water point sources. Mass
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based load allocations are developed for open space and direct atmospheric deposition. A 
grouped mass-based waste load allocation is developed for storm water permittees (MS4s, 
Caltrans, General Industrial, and General Construction) by subtracting the load allocations from 
the total loading capacity.  These wet-weather allocations are presented in tables 6-2 and 6-3. 

Table 6-2. Wet-weather allocations for lead in San Gabriel River Reach 2.  Concentration-based allocations apply to non-
stormwater NPDES discharges.  Stormwater allocations are expressed as a percent of load duration curve. Mass-based 
values presented in table are based on a flow of 260 cfs (daily storm volume = 6.4 x108 liters). 
Waste Load Allocations 
(San Gabriel River Reach 2) 

Percent area Lead Allocations Mass- based 
Values 

POTWs  NA 166 ug/l 0.7 kg/d 
Other NPDES NA 166 ug/l NA 
Municipal Stormwater 49% 49% * 166 ug/l * Daily Storm Volume 51.8 kg/d 
Industrial Stormwater 2.2% 2.2% * 166 ug/l * Daily Storm Volume 2.3 kg/d 
Construction Stormwater 0.7% 0.7% * 166 ug/l * Daily Storm Volume 0.8 kg/d 
Load Allocations 
(San Gabriel River Reach 2) 
Open Space 48% 48% * 166 ug/l * Daily Storm Volume 50.2 kg/d

Air Deposition 0.4% 0.4% * 166 ug/l * Daily Storm Volume 0.4 kg/d


Table 6-3. Wet-weather allocations for copper lead and zinc in Coyote Creek.  Concentration-based allocations apply to 
non-stormwater NPDES discharges.  Stormwater allocations are expressed as a percent of load duration curve.  Mass-
based values presented in table are based on a flow of 156 cfs (daily storm volume = 3.8 x108 liters). 
Waste Load Allocations (Coyote 
Creek) 

Percent 
area Copper Lead Zinc 

POTWs NA 27 ug/l 106 ug/l 158 ug/l 
Other NPDES NA 27 ug/l 106 ug/l 158 ug/l 
Municipal Stormwater 91.5% 9.41 kg/d 36.9 kg/d 55.0 kg/d 
Industrial Stormwater 3.5% 0.356 kg/d 1.40 kg/d 2.1 kg/d 
Construction Stormwater 5.0% 0.513 kg/d 2.07 kg/d 3.0 kg/d 
Load Allocations (Coyote Creek) 
Open Space 0% 0 0 0 
Air Deposition 0.2% 0.022 kg/d 0.09 kg/d 0.1 kg/d 

6.1.1. Wet-weather load allocations 

An estimate of direct atmospheric deposition is developed based on the percent area of surface 
water in the watershed. Approximately 0.4% of the watershed area draining to San Gabriel River 
Reach 2 is comprised of water and approximately 0.2% of the watershed area draining to Coyote 
Creek is comprised of water. The load allocation for atmospheric deposition is calculated by 
multiplying these percentages by total loading capacities. The loadings associated with indirect 
deposition are included in the wet-weather storm water waste load allocations. Once metals are 
deposited on land under the jurisdiction of a storm water permittee, they are within a permittee’s 
control. As was done for dry-weather, open space load allocations are calculated by multiplying 
the percent area of open space in the watershed not served by storm drains by the total loading 
capacity. Open space comprises 0% of the Coyote Creek subwatershed and approximately 47% 
of the San Gabriel River watershed that drains to Reach 2 2. 

2 As determined by Regional Board staff through GIS mapping using County storm drain layers. 
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6.1.2. Wet-weather waste load allocations for storm water permittees 

Wet-weather waste load allocations for storm water permittees are calculated by subtracting the 
load allocations for open space and direct air deposition from the total loading capacity 
Allocations for NPDES-regulated municipal storm water discharges from multiple point sources 
can be expressed as a single categorical waste load allocation when data and information are 
insufficient to assign each source or outfall an individual allocation. The storm water allocations 
may be fairly rudimentary because of data limitations and variability in the system. The 
combined storm water waste load allocation is further allocated to the general industrial, general 
construction, MS4 and Caltrans permits based on their percent area of the developed portion of 
the watershed. The developed portion of the watershed includes all land uses except open space 
and water. The total area covered by facilities enrolled under the general construction and 
industrial storm water permits was obtained from the State Board database. This was subtracted 
from the total developed area to obtain a rough estimate of the area covered by the MS4 and 
Caltrans permittees. The areas associated with each permit type were then divided by the total 
developed area to obtain the percentages in Tables 6-2 and 6-3. The MS4 permittees and Caltrans 
share a waste load allocation because there is not enough data on the relative reach-specific 
extent of MS4 and Caltrans areas. 

6.1.3. Wet-weather waste load allocations for POTWs and other NPDES permits. 

Concentration-based WLAs (Table 6-2 and 6-3) are established for the POTWs and other non-
storm water permits to ensure that these sources do not contribute to exceedances of wet-weather 
numeric targets. 

6.2 Dry-Weather TMDL for Copper in San Gabriel River Estuary 
Dry-weather allocations are assigned to sources that discharge directly to the estuary and to 
upstream sources that discharge indirectly to the estuary via San Gabriel River Reach 1 and 
Coyote Creek (Table 6-4). 

Table 6-4. Direct and indirect sources discharging to the San Gabriel River Estuary 

Upstream Sources 
(San Gabriel River Reach 1 and Coyote Creek) 

Direct Sources 
(Estuary) 

WRPs Power Plants 
Non-Storm Water Point Sources Non-Storm Water Point Sources 
Storm Water Storm Water 
Direct Air Direct Air 

The dry-weather TMDL for the estuary is calculated by multiplying the numeric target by the 
volume of flow to the estuary.  Tidal exchanges provide limited if any assimilative capacity 
because the flow from the power plants is sufficient to displace all ocean water in the estuary.  
Therefore, the concentration of total copper in the estuary is a function of upstream and direct 
sources (Equation 5). 

TMDL = Ct*Qt = Cus*Qus + Cds*Qds    Equation (5) 

Where: 
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Ct = Numeric target for total copper in the estuary = 3.7 μg/L 
Qt  = Total flow to estuary 
Cus = Concentration of copper in upstream sources 
Qus = Upstream flow 
Cds = Concentration of copper in direct sources 
Qds = Direct source flow 

Concentration-based allocations were first developed for upstream source which discharge to the 
estuary indirectly based on the freshwater CTR criteria for San Gabriel Reach 1 and Coyote 
Creek (discussed in 6.2.1). Concentrations-based allocations for direct sources were back-
calculated using equation 5 (discussed in 6.2.2). 

6.2.1	 Upstream Sources: Dry-weather Copper Allocations for San Gabriel River Reach 1 
and Coyote Creek 

San Gabriel River Reach 1 and Coyote Creek discharge to the estuary.  Waste load allocations 
and load allocations for copper are developed to address point and nonpoint sources which 
discharge into these reaches. 

Non-storm water point sources that discharge to Reach 1 and Coyote Creek receive copper 
allocations based on freshwater criteria and upstream median dry-weather hardness values3 to 
ensure that these sources do not contribute to copper exceedances in the estuary while 
considering their relative contribution of flow. This results in concentration-based copper 
allocations equal to 18 µg/L for Reach 1 sources and 20 µg/L for Coyote Creek sources.  

Storm water permittees that discharge to San Gabriel Reach 1 are assigned the same 
concentration-based copper allocations as the non-storm water discharges (18µg/L) because flow 
in Reach 1 is comprised almost entirely of WRP flow and any non-WRP urban runoff is 
insignificant4. In Coyote Creek the non-WRP urban runoff is much more significant. The median 
non-WRP Coyote Creek flow is equal to 19 cfs, measured at LACDPW Station F354-R.  A 
mass-based loading capacity of 0.943 kg/d was calculated by multiplying the target of 20 ug/l by 
by the median non-WRP flow.  A dry-weather stormwater allocation of 0.941 kg/d was assigned 
after accounting for potential loadings from direct atmospheric deposition. 

3 Median dry-weather hardness at receiving water station R-4, below San Jose Creek and Los Coyotes 
WRP outfalls in Reach 1 is 217 mg/L as CaCO3. Median dry-weather hardness at receiving water station 
R-A, below Long Beach WRP outfall in Coyote Creek is 249 mg/L as CaCO3. 

4 Reach 1 flows were obtained from long-term flow records (1990-2005) at LACDPW station F42B-R, 
located just above Spring Street and below the Los Coyotes and San Jose Creek outfalls. The median flow 
at this gauge is 114 cfs. Since the gauge is below the WRP outfalls, the average annual WRP flow 
(obtained from San Jose Creek and Los Coyotes 2000-2005 annual reports) is subtracted from the median 
gauge flow to obtain the non-WRP flow. The total average annual flow from the WRPs is 115 cfs, which 
is greater than the flow measured at station F42B-R. The difference between the WRP flow and the 
measured flow is within the error of the flow gauge. 
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As shown in Table 4-3, dry-weather direct atmospheric deposition rates for copper were 
extrapolated to the San Gabriel River watershed based on previous studies in the Los Angeles 
River watershed (Sabin et al., 2004). To calculate reach-specific direct deposition, direct 
deposition for the entire watershed (0.0113 kg/day) is multiplied by the relative area of water in 
the Reach 1 and Coyote Creek subwatersheds as compared to the area of water in the entire 
watershed5. Indirect deposition of metals is accounted for in the allocations to storm water. Once 
metals are deposited on land under the jurisdiction of a storm water permittee, they are within a 
permittee’s control.  

“Open space” refers to opens space that discharges directly to the river and not through the storm 
drain system. Once drainage from open space is collected by the storm drain system it becomes a 
point source and is included with the storm water allocation. There is no open space in the Reach 
1, or Coyote Creek subwatersheds that is not served by storm drains 6. Open space therefore 
receives a load allocation equal to zero. Copper allocations for all sources in Reach 1 and Coyote 
Creek are shown in Table 6-5. 

Table 6-5 Dry-weather copper waste load and load allocations for San Gabriel Reach 1, and Coyote Creek 
(total recoverable metals). 

Waste Load Allocations 
San Gabriel 

River Reach 1 
Coyote Creek 

POTWs 18 ug/l 20 ug/l 
Other NPDES 18 ug/l 20 ug/l 
Municipal Stormwater 18 ug/l 0.941 kg/d 
Industrial Stormwater 0 0 kg/d 
Construction Stormwater 0 0 kg/d 
Load Allocations 
Open Space 0 kg/d 0 kg/d 
Air Deposition 0.0027 kg/d 0.002 kg/d 
TMDL 0.943 kg/d 
*Also applies to storm water sources in San Gabriel River Reach 1. 

For accounting purposes, it is assumed that Caltrans and the general storm water permittees 
discharge entirely to the MS4 system.  This assumption has been supported though review of the 
permits.  A zero waste load allocation is assigned to all industrial and construction stormwater 
permits during dry weather. NPDES Permit Nos. CAS000001 and CAS000002 already prohibit 
non-storm water discharges with few exceptions as discussed in Section 4.1.1.  The dry-weather 
storm water allocation is shared by the MS4 permittees and Caltrans. It is not possible to divide 
this allocation because there are not enough data on the relative reach-specific extent of MS4 and 
Caltrans areas.  

5 There are 1555 acres of water in the entire watershed, 37.4 acres of water in the Reach 1 subwatershed 
(2.4%), and 269 acres in the Coyote Creek subwatershed (17%). 

6 As determined through GIS mapping using County storm drain layers. 
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6.2.2 Direct Sources: Dry-weather Allocations for Sources that discharge to the Estuary  

The upstream indirect dischargers’ relative contribution of flow is small compared to the power 
plants, which discharge directly to the Estuary.  Upstream flow is approximately 157 cfs or 101 
MGD7. The combined power plant design flow is 2297 MGD.  Due to their differences in flow, 
the metals loading from the power plants is approximately ten times greater than the metals 
loading from the WRPs.  Based on Equation 5, given the allocations assigned to upstream 
sources and a combined power plant design flow of 2297 MGD, the power plants must receive a 
concentration-based waste load allocation for copper equal to 3.1 µg/L in order to meet the 
numeric target of 3.7 µg/L for the estuary. 

It is possible that the source water used by the plant may be the source of the copper 
contamination.  For the Alamitos plant, which draws in once-through cooling water from Los 
Cerritos Channel, the intake water has an average copper concentration of 2.1 µg/L.  Three out of 
22 samples of intake water (from 2000-2004) had copper concentrations greater than the waste 
load allocation of 3.1 µg/L. For the Haynes plant, which draws in once-through cooling water 
from Alamitos Bay, the concentration of copper in the intake water averaged 12.2 µg/L, with all 
samples (from 2001-2005) exceeding the waste load allocation of 3.1 µg/L.  Special studies 
could be conducted to assess the quality of the source water and identify ways to alleviate the 
problem.  Special studies may also be conducted to develop a site-specific water effects ratio for 
copper in the estuary. 

The other direct discharges to the Estuary, including storm water and non-storm water point 
sources, are assigned concentration-based waste load allocations equal to the Estuary copper 
numeric target of 3.7 µg/L. Their relative flow of these sources is unknown, so it is not possible 
to assign them mass-based waste load allocations. 

Atmospheric deposition can be calculated from previous studies and scaled to the estuary 
subwatershed based on the relative area of water in the Estuary as compared to the area of water 
in the entire watershed (6.8 %), resulting in an allocation of 7.75x10-4 kg/day. This load 
allocation is insignificant compared to loading from other sources. For example, if the power 
plants were assigned a mass-based allocation based on their design flow (3560 cfs), the 
allocation would be 27 kg/day. The load allocation for direct air is essentially zero. 

There is no open space in the Estuary subwatershed that is not served by storm drains 8. Open 
space therefore receives a load allocation equal to zero. A zero waste load allocation is assigned 
to all industrial and construction stormwater permits during dry weather. The dry-weather storm 
water allocation is shared by the MS4 and Caltrans permittees.  Dry-weather allocations for all 
sources in the San Gabriel River Estuary are presented in Table 6-6. 

7 Equal to the combined median flow at LACDPW gauge F42B-R (114 cfs), located at the bottom of 
Reach 1 (below the San Jose Creek and Los Coyotes Outfalls), median flow at LACDPW flow gauge 
F354-R (19 cfs), located near the bottom of Coyote Creek (above the Long Beach WRP outfall), and 
median Long Beach WRP flow (24 cfs).
8 As determined through GIS mapping using County storm drain layers. 
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Table 6-6 Dry-weather copper waste load and load allocations for the Estuary (total recoverable metals). 

Point Sources (San Gabriel River Estuary) 
Waste Load Allocations 

Power Plants 3.1 ug/l 
Other NPDES 3.7 ug/l 
Municipal Stormwater 3.7 ug/l 
Industrial Stormwater 0 
Construction Stormwater 0 
Non Point Sources (San Gabriel River Estuary) Load Allocations 
Open Space 0 kg/d 
Air Deposition <0.001 kg/d 

6.3 Dry-Weather Selenium TMDL for San Jose Creek 
The dry-weather selenium TMDL for San Jose Creek is concentration based.  Concentrations 
based allocations are assigned to point and nonpoint sources in San Jose Creek Reach 1 and 
Reach 2 to meet the selenium target of 5 ug/l in San Jose Creek Reach 1. This approach was 
taken because selenium is a naturally occurring element that is present in marine sedimentary 
soils that are present in the area (Orange County 2006). In addition, many of the non-storm water 
point sources have intermittent flow making calculation of mass-based allocations difficult.  The 
lack of consistent dry-weather flows throughout the reach and the number of episodic discharges 
make the application of mass-based allocations for this reach impractical. Providing 
concentration-based limits are designed to ensure that numeric targets will be attained. 

The LACDPW flow gauge F312B-R was used to estimate dry-weather flows in San Jose Creek 
Reach 1. This gauge is located at 7th Avenue, above San Jose Creek WRP outfall No. 002 but 
well below the Pomona WRP which discharges to the South Fork of San Jose Creek.  During 
dry-weather most of the effluent flow from the Pomona plant is reclaimed for landscape, crop 
irrigation, or industrial processes. The median flow at this station is 19 cfs.  This station is dry 
about 10% of the time. Since nearly all Pomona flow is reused and does not enter San Jose 
Creek, the long-term median flow at this station 19cfs provides an estimate of dry-weather urban 
runoff. 

Concentration-based waste load allocations of 5 ug/l are assigned to the Pomona WRP, the San 
Jose Creek WRP and to all other non-storm water point sources. Selenium concentrations in the 
effluent from these two WRP are generally less than 1 ug/l.  The permit for Pomona does not 
currently have an effluent limit for selenium.  This was based on an analysis of effluent data that 
show no reasonable potential for exceedances of the selenium criteria.  Selenium concentrations 
from the San Jose WRP effluent are also low.  However, selenium concentrations in the 
receiving water near the plant at times will exceed the selenium criteria (See Table 2-6).  
Therefore, effluent limits for selenium have been established for the San Jose Creek WRP.  The 
use of concentration-based allocations allows the two WRPs to expand to their design capacity 
while meeting numeric targets.  

A mass-based loading capacity for the non-WRP dry-weather urban runoff can be calculated by 
multiplying the selenium target of 5 ug/l by a median flow of 19 cfs obtained from long-term 
flow data at LACDPW flow gauge F312B-R to obtain a value of 0.232 kg/d.  The contribution 
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from open space which represents about 1.8% of the area with the San Jose Creek subwatershed9 

is estimated to be 0.004 kg/d.  The remainder of the loadings (0.228 kg/d) are attributed to dry-
weather urban runoff from stormwater which are regulated through stormwater permits (MS4s, 
Caltrans, General Industrial, and General Construction).  As discussed in Section 4.1.1, the 
stormwater permits for general industrial and construction activities (NPDES Nos. CAS000001 
and CAS000002) generally prohibit dry-weather discharges.  

No studies on atmospheric deposition of selenium have been conducted, but it is believed to be 
an insignificant source. Selenium is present in local marine sedimentary rocks (Orange County, 
2006). It is presumed that much of the selenium results from natural soils in the watershed. This 
assumption is corroborated by the fact that many of the impairments in San Jose Creek occur 
after the channel becomes soft-bottomed.   

Special studies will allow further assessment of sources of selenium in San Jose Creek.  Other 
potential sources of selenium include activities that mobilize groundwater to the surface (e.g. 
dewatering activities), irrigation of soils that are naturally high in selenium, and discharges from 
petroleum-related activities (EPA, 2000).  

In the interim, concentration-based wasteload allocations are assigned to all point sources.  The 
resulting allocations for all sources in San Jose Creek Reach 1 and Reach 2 are presented in 
Table 6-7. 

Table 6-7 Selenium allocations for San Jose Creek Reach 1 and Reach 2 (total recoverable metals). 

Point Sources (San Jose Creek Reach 1 and 2) 
Waste Load 
Allocations  

POTWs 5 ug/l 
Other NPDES 5 ug/l 
Municipal Stormwater 5 ug/ll 
Industrial Stormwater 5 ug/l 
Construction Stormwater 5 ug/l 
Nonpoint Sources (San Jose Creek Reach 1 and 2) Load Allocations 
Open Space 5 ug/l 
Air Deposition 0 

6.4 Margin of Safety 
TMDLs must include a margin of safety to account for any lack of knowledge concerning the 
relationships between pollutant loads and their effect on water quality. This uncertainty is limited 
because the TMDLs are simply equal to the numeric targets multiplied by the median flow in dry 
weather and the numeric targets multiplied by actual flow in wet-weather. The primary sources 
of uncertainty are related to assumptions made in developing numeric targets. The use of default 
conversion factors is an implicitly conservative assumption, which is applied to the margin of 
safety. The conversion factors are defined as the fraction of dissolved metals divided by the total 
metals concentration.  For the dry-weather copper target, it has been shown in previous TMDLs 
that the default conversion factor overestimates the fraction of copper in the dissolved form. For 
the wet-weather copper, lead, and zinc targets, evaluation of the storm water data compared to 

9 As determined through GIS mapping using County storm drain layers. 
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the default conversion factor showed that the default conversion factor overestimates the fraction 
of metal in the dissolved form.  The default translator was applied to wet-weather in San Gabriel 
Reach 2. The site specific translators are developed in this TMDL for copper, lead and zinc in 
Coyote Creek are somewhat less conservative than the default CTR values.  However based on 
studies from the scientific literature they also tend to overestimate the dissolved fraction in 
stormwater.  This difference provides an implicit margin of safety.  
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7. IMPLEMENTATION RECOMMENDATIONS 

This section describes the implementation procedures and regulatory mechanisms that could be 
used to provide reasonable assurances that water quality standards will be met.   

7.1. Nonpoint Sources 
Nonpoint sources may be regulated through the authority contained in sections 13263 and 13269 
of the Water Code, in conformance with the State Water Resources Control Board’s Nonpoint 
Source Implementation and Enforcement Policy, and the Conditional Waiver for Discharges 
from Irrigated Lands, adopted by the Los Angeles Regional Water Quality Control Board on 
November 3, 2005. 

7.2. POTWs and Other Non-storm Water NPDES Permits 
NPDES permit limitations will need to be consistent with the concentration-based WLAs 
established for the POTWs and other point sources in these TMDLs. Permit limits would need to 
meet the water quality targets established in these TMDLs and maintain water quality standards 
in the San Gabriel River. Permit writers could translate waste load allocations into effluent limits 
by applying the SIP procedures or other applicable engineering practices authorized under 
federal regulations.  Wet-weather WLAs will not be used to determine monthly permit limits but 
will only be used in a determination of a daily limit.  For permits subject to both dry- and wet-
weather WLAs, EPA expects that permit writers would write a monthly limit based on the dry-
weather WLA and two separate daily maximum limits based on dry- and wet-weather WLAs. 

7.3 General Industrial Storm Water Permits 

The dry-weather waste load allocation equal to zero applies to unauthorized non-storm water 
flows, which are prohibited by NPDES Permit Nos. CAS000001. It is anticipated that the dry-
weather waste load allocations will be implemented in future general permits through the 
requirement of improved BMPs to eliminate the discharge of non-storm water flows. 

The wet-weather mass-based waste load allocations for the general industrial storm water 
permittees may be incorporated into the State Board general permit upon renewal or into a 
watershed-specific general permit developed by the Regional Board 

7.4 General Construction Storm Water Permits 
Waste load allocations for the general construction storm water permits may be incorporated into 
the State Board general permit upon renewal or into a watershed-specific general permit 
developed by the Regional Board. 

7.5 MS4 and Caltrans Storm Water Permits 
Grouped dry-weather and wet-weather waste load allocations apply to the MS4 and Caltrans 
permits (Tables 6-1, 6-2, 6-3, 6-5, 6-6 and 6-7). EPA regulation allows allocations for NPDES-
regulated storm water discharges from multiple point sources to be expressed as a single 
categorical waste load allocation when the data and information are insufficient to assign each 
source or outfall individual WLAs.  The shared allocations could be incorporated into the 
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Caltrans permit and all NPDES-regulated municipal storm water discharges in the San Gabriel 
River watershed, including municipalities enrolled under the Los Angeles County MS4 permit, 
the City of Long Beach MS4 permit, and the Orange County MS4 permit. Figure 12 shows the 
municipalities located in each San Gabriel River subwatershed.  Table 7-1 identifies the cities in 
the San Gabriel Watershed by watershed subbasin. 
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Table 7-1.  List of cities in San Gabriel Watershed by watershed subbasin. 
Walnut 
Creek 

San Jose 
Creek 

San 
Gabriel 
Reach 5 

San 
Gabriel 
Reach 4 

San 
Gabriel 
Reach 3 

San 
Gabriel 
Reach 2 

San 
Gabriel 
Reach 1 

Coyote 
Creek 

Anaheim  X  
Arcadia X 
Artesia X X 
Azusa X X 
Baldwin Park X X X 
Bellflower X 
Brea  X  
Buena  Park  X  
Cerritos X X 
Chino Hills X 
Claremont X X 
Covina X 
Cypress  X  
Diamond Bar X X 
Downey X X 
Duarte X 
El Monte X X 
Fullerton  X  
Garden Grove X X 
Glendora X X 
Hacienda Heights X 
Hawaiian Gardens X 
Industry X X X X 
Irwindale X X X X 
La  Habra  X  
La Habra Heights X X 
La  Mirada  X  
La  Palma  X  
La Puente X X X 
La Verne X X 
Lakewood X X 
Long Beach X X 
Los Alamitos X X 
Norwalk X X 
Paramount X 
Pico Rivera X X 
Placentia X 
Pomona X X 
San Dimas X X 
Santa Fe Springs X X X 
Seal Beach X 
South El Monte X 
Walnut X X 
West Covina X X 
Whittier X X X X 
Yorba Linda X 
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8. MONITORING 

When the Regional Board adopted metals TMDLs for this watershed, they included a monitoring 
plan. We consider the monitoring plan to be appropriate and recommend that the Regional 
Board implement it.  Under the Regional Board plan, there are three objectives of monitoring 
associated with the TMDL.  The first is to collect data (e.g., hardness, flow, and background 
concentrations) to evaluate the uncertainties and assumptions made in development of the 
TMDL. The second is to collect data to assess compliance with the waste load allocations.  The 
third is to collect data to evaluate potential management scenarios.  To achieve these objectives, 
a monitoring program will need to be developed for the TMDL that consists of three 
components: (1) ambient monitoring, (2) compliance assessment monitoring and (3) special 
studies. 

8.1 Ambient Monitoring 
According to the Regional Board, an ambient monitoring program throughout the San Gabriel 
River and its tributaries is necessary to ensure that water quality standards are attained and to 
track trends in water quality improvements. Another goal is to provide background information 
on hardness values and the partitioning of metals between the total recoverable and dissolved 
fraction to refine load and waste load allocations. 

The MS4 and Caltrans NPDES permittees assigned waste load allocations are jointly responsible 
for implementing the ambient monitoring program.  The ambient monitoring program shall 
contain monitoring in all reaches and major tributaries of the San Gabriel River, including but 
not limited to additional dry- and wet-weather monitoring in the San Gabriel River Reaches 4 
and 5 and Walnut Creek, additional dry-weather monitoring in San Gabriel River Reach 2, and 
additional wet-weather monitoring in San Jose Creek, San Gabriel River Reaches 1 and 3, and 
the Estuary.  

Ambient monitoring efforts are already underway in the watershed. As part of their NPDES 
permit requirements for the Long Beach, Los Coyotes, Whittier Narrows, San Jose Creek and 
Pomona WRPs, LACSD developed a watershed-wide monitoring program for the San Gabriel 
River watershed. The project is funded by LACSD and managed through SCCWRP and the Los 
Angeles and San Gabriel Rivers Watershed Council with participation of a multistakeholder 
workgroup. Participants in the workgroup include LACDPW and other Los Angeles and Orange 
County MS4 permittees. The program design includes expanded ambient monitoring, 
coordinated multi-agency monitoring efforts, and a framework for periodic and comprehensive 
assessments of conditions in the watershed. These efforts are being coordinated and integrated 
with LACSD’s ongoing NPDES sampling in San Jose Creek, San Gabriel River Reach 3 and 
Reach 1 and Coyote Creek (Table 2-5).  Integration of monitoring programs to reduce 
redundancy and increase efficiency is a major goal of the San Gabriel watershed-wide program. 
The MS4 and Caltrans NPDES permittees are encouraged to participate in the San Gabriel 
watershed-wide monitoring program efforts to leverage resources. 
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8.2 TMDL Effectiveness Monitoring 

TMDL effectiveness monitoring requirements should be specified in permits to determine if the 
waste load allocations are achieved. For the POTWs and power plants, daily and monthly 
effluent monitoring requirements should be developed to ensure compliance with waste load 
allocations. 

Stormwater permittees should be encouraged to develop a monitoring program that will not only 
assess individual compliance, but will assess the effectiveness of chosen BMPs to reduce 
pollutant loading on an industry-wide or permit category basis. MS4 permittees and those 
enrolled under industrial and construction stormwater permits should be encouraged to 
participate in such programs. Responsible parties are encouraged to coordinate with the San 
Gabriel watershed-wide monitoring program to avoid duplication and reduce costs. 

8.2.1 Dry-weather TMDL Effectiveness Monitoring 

Under the Regional Board plan, the storm water NPDES permittees will be found to be 
effectively meeting the dry-weather waste load allocations if the in-stream pollutant 
concentration or load at the first downstream effectiveness monitoring location is equal to or less 
than the corresponding concentration- or load-based waste load allocation.  Alternatively, 
effectiveness of the TMDL may be assessed at the storm drain outlet based on the numeric target 
for the receiving water. For storm drains that discharge to other storm drains, effectiveness will 
be based on the waste load allocation for the ultimate receiving water for that storm drain 
system. The final dry-weather monitoring stations shall be located in San Jose Creek Reach 1 
and the Estuary. At a minimum the sampling frequency should be sufficient to generate enough 
samples to evaluate status of the waterbody relative to the State Board listing policy. 

8.2.2 Wet-weather TMDL Effectiveness Monitoring 

Under the Regional Board plan, the storm water NPDES permittees will be found to be 
effectively meeting wet-weather waste load allocations if the load at the downstream monitoring 
location is equal to or less then the loading capacity (Table 6-1).  For practical purposes, this is 
when the EMC for a flow-weighted composite is less than or equal to the numeric target. 
Responsible agencies shall sample at least 4 wet-weather events where flow meets wet-weather 
conditions (260 cfs in San Gabriel River Reach 2 and 156 cfs in Coyote Creek) in a given storm 
season (November to March).  Final wet-weather TMDL effectiveness monitoring stations may 
be located at the existing LACDPW mass emission sites in San Gabriel Reach 2 and Coyote 
Creek. 

8.3 Special Studies 
Additional monitoring and special studies may be needed to evaluate the uncertainties and the 
assumptions made in development of these TMDLs. The results of special studies may be used to 
reevaluate waste load allocations if the TMDLs are reconsidered by the Regional Board. 

Special studies may be warranted to evaluate the numeric targets.  Studies on background 
concentrations of total recoverable versus dissolved metals concentrations, total suspended 
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solids, and organic carbon will help with the refinement of metals conversion factors. A WER 
study may be warranted to calculate a site-specific copper objective for the Estuary. 

Special studies may be warranted to better characterize sources.  Studies may be developed to 
refine estimates of metals loading from open space and natural sources. Studies may also be 
developed to assess natural soils as a potential background source of selenium in San Jose Creek 
Reach 1. Studies should be considered to evaluate the potential contribution of atmospheric 
deposition to metals loading and sources of atmospheric deposition in the watershed. 

Special studies may be warranted to refine some of the assumptions used in the modeling, 
specifically source representation in dry-weather, the relationship between total recoverable and 
dissolved metals in storm water, the assumption that metals loading are closely associated with 
suspended sediments, the accuracy and robustness of the potency factors, the uncertainties in the 
understanding sediment washoff and transport, and the representation of reservoirs, spreading 
grounds, and other hydromodifications in the watershed.  The assumptions made in model 
development are detailed in Appendices I and II. 

A study should be designed to better understand the mixing of fresh and salt waters in the 
Estuary and to assess the effect of upstream freshwater discharges on water quality and aquatic 
life beneficial uses in the Estuary. The purpose of the study would be to refine the assumptions 
made in establishing the copper waste load allocations for discharges to the Estuary and 
discharges to those reaches tributary to the Estuary. Special studies may be conducted to assess 
sources of copper in power plant intake water and possible source reduction strategies. 

Special studies should be considered to evaluate the effectiveness of various structural and non-
structural BMPs in removing metals and meeting waste load allocations. 
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Figure 1. San Gabriel River Watershed Impaired Reaches 
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Figure 2. Land Use Distribution in the San Gabriel River Watershed 
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Figure 3. Flow Gauge Stations the San Gabriel River watershed 
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Figure 4. Flows at USGS Station 11085000 in San Gabriel River Reach 3 (1990-2005) 
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Figure 5. Flows at LACDPW Station F354-R in Coyote Creek (1990-2005) 
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Figure 6. Total vs. Dissolved Lead in San Gabriel River Storm Water 
(LADPW, 1997-2005) 
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Figure 7. Total vs. Dissolved Copper in Coyote Creek Storm Water 
(LADPW, 1997-2005) 
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Figure 8.  Total vs. Dissolved Lead in Coyote Creek Storm Water 

(LADPW 1997-2005)
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Figure 9.  Total vs. Dissolved Zinc in Coyote Creek Storm Water

(LADPW, 1997-2005)
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Figure 10. Subwatershed Delineation for the San Gabriel River Watershed 
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Figure 11. San Gabriel River Estuary Cross-sections and Channel Plan 
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Figure 12. Municipalities Located in the San Gabriel River Watershed 
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Figure 13.a. Estimated Lead Reductions to Meet Wet-Weather Grouped Storm Water 
Waste Load Allocations for San Gabriel River Reach 2 and Upstream Reaches and 
Tributaries. 
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Load Reduction Wasteload Allocation Load Capacity 

Computed Load Indicators: Value Units 
Total Storms Over 12-Year Period 262 none 
Total Below Load Capacity Curve: 485,461 kg 
Existing Condition (Red and Blue) 34,453 kg 
Existing Load Below Load Capacity Curve (Blue): 34,453 kg 
Existing Load Above Load Capacity Curve (Red): 0 kg 
TMDL Wasteload Reduction: 0.0% none 
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Figure 13b. Estimated Copper Reductions to Meet Wet-Weather Grouped Storm 
Water Waste Load Allocations for Coyote Creek and Tributaries. 
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Load Reduction Wasteload Allocation Load Capacity 

Computed Load Indicators: Value Units 
Total Storms Over 12-Year Period 283 none 
Total Below Load Capacity Curve: 14,173 kg 
Existing Condition (Red and Blue) 58,304 kg 
Existing Load Below Load Capacity Curve (Blue): 13,159 kg 
Existing Load Above Load Capacity Curve (Red): 45,145 kg 
TMDL Wasteload Reduction: 77.4% none 
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Figure 13.c. Estimated Lead Reductions to Meet Wet-Weather Grouped Storm Water 
Waste Load Allocations for Coyote Creek and Tributaries. 
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Load Reduction Wasteload Allocation Load Capacity 

Computed Load Indicators: Value Units 
Total Storms Over 12-Year Period 283 none 
Total Below Load Capacity Curve: 84,729 kg 
Existing Condition (Red and Blue) 33,879 kg 
Existing Load Below Load Capacity Curve (Blue): 28,464 kg 
Existing Load Above Load Capacity Curve (Red): 5,415 kg 
TMDL Wasteload Reduction: 16.0% none 
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Figure 13.d. Estimated Zinc Reductions to Meet Wet-Weather Grouped Storm Water 
Waste Load Allocations for Coyote Creek and Tributaries. 
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Load Reduction Wasteload Allocation Load Capacity 

Computed Load Indicators: Value Units 
Total Storms Over 12-Year Period 283 none 
Total Below Load Capacity Curve: 120,991 kg 
Existing Condition (Red and Blue) 440,298 kg 
Existing Load Below Load Capacity Curve (Blue): 112,130 kg 
Existing Load Above Load Capacity Curve (Red): 328,168 kg 
TMDL Wasteload Reduction: 74.5% none 
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I. Introduction 
 

The California Regional Water Quality Control Board, Los Angeles Region (Regional 
Board) has developed this total maximum daily load (TMDL) to attain the water quality 
standards for trash in Lake Elizabeth, Munz Lake, and Lake Hughes in the Santa Clara River 
Watershed.  The TMDL has been prepared pursuant to state and federal requirements to 
preserve and enhance water quality for impaired waterbodies within Coastal Watersheds of Los 
Angeles and Ventura Counties.   
 
 The California Water Quality Control Plan, Los Angeles Region (Basin Plan) sets 
standards for surface waters and ground waters in the Coastal Watersheds of Los Angeles and 
Ventura Counties.  These standards are comprised of designated beneficial uses for surface and 
ground water, numeric and narrative objectives necessary to support beneficial uses, and the 
state’s antidegradation policy.  Such standards are mandated for all waterbodies within the state 
under the Porter-Cologne Water Quality Act. In addition, the Basin Plan describes 
implementation programs to protect all waters in the region.  The Basin Plan implements the 
Porter-Cologne Water Quality Act (also known as the “California Water Code”) and serves as 
the State Water Quality Control Plan applicable to the lakes mentioned above, as required 
pursuant to the federal Clean Water Act (CWA). 
 
 Section 305(b) of the CWA mandates biennial assessment of the nation’s water 
resources, and these water quality assessments are used to identify and list impaired waters.  
The resulting list is referred to as the 303(d) list.  The CWA also requires states to establish a 
priority ranking for impaired waters and to develop and implement TMDLs.  A TMDL specifies 
the maximum amount of a pollutant that a waterbody can receive and still meet water quality 
standards, and allocates pollutant loadings to point and non-point sources.   
 
 The United States Environmental Protection Agency (USEPA) has oversight authority 
for the 303(d) program and must approve or disapprove the state’s 303(d) lists and each specific 
TMDL.  USEPA is ultimately responsible for issuing a TMDL, if the state fails to do so in a 
timely manner.   
 
 As part of California’s 1996, 1998, and 2002 303(d) list submittals, the Regional Board 
identified Lake Elizabeth, Munz Lake and Lake Hughes in the Santa Clara River Watershed as 
being impaired due to trash. 
 
 A consent decree between the USEPA, the Santa Monica BayKeeper and Heal the Bay 
Inc., represented by the Natural Resources Defense Council (NRDC), was signed on March 22, 
1999. This consent decree requires that all TMDLs for the Los Angeles Region be adopted 
within 13 years. The consent decree also prescribed schedules for certain TMDLs. This TMDL 
for Lake Elizabeth, Munz Lake and Lake Hughes fulfills Analytical Unit No. 36 of the Consent 
Decree.   
 

This TMDL staff report and accompanying Basin Plan Amendment incorporate the 
numeric targets, Baseline Waste Load Allocations for point sources and Baseline Load 
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Allocations for nonpoint sources, margin of safety and implementation and compliance 
schedules. 

 
 The Trash TMDLs for Lake Elizabeth, Munz Lake and Lake Hughes will be 
implemented by Basin Plan Amendments and are therefore subject to Public Resources Code 
Section 21083.9 that requires California Environmental Quality Act (CEQA) Scoping and 
Analysis to be conducted for Regional Projects. CEQA Scoping involves identifying a range of 
project/program related actions, alternatives, mitigation measures, and significant effects to be 
analyzed in an EIR or its Substitute Environmental Documents (SEDs). On December 5, 2006 a 
CEQA Scoping meeting was held to present and discuss the foreseeable potential environmental 
impacts of compliance with the Trash TMDL at City of Santa Clara for Lake Elizabeth, Munz 
Lake and Lake Hughes in the Santa Clara River watershed.  Notices of the CEQA Scoping 
hearing were posted in the Signal Newspaper on November 9, 2006 and on Regional Board’s 
website.  Electronic mails were also sent to interested parties including cities and/or counties 
with jurisdiction in or bordering the watersheds of concerns. Input from all stakeholders and 
interested parties was solicited for consideration in the development of the CEQA document. 
 
 This Trash TMDL is based on existing, readily available information concerning the 
conditions in the CWA 303(d) listed watershed in Southern California, as well as TMDLs 
previously developed by the State and USEPA.   
 
 

II. Problem Statement 
 

The problem statement consists of descriptions of the watershed, climate, beneficial 
uses, water quality objectives, and impairments caused by trash to Lake Elizabeth, Munz Lake, 
and Lake Hughes.   

 

A. Description of the Santa Clara River Watershed 
 

The Santa Clara River, approximately one hundred miles long, is the largest river system 
in southern California and was selected by American Rivers as one of the nation’s most 
endangered rivers in 2005.  The river originates in the northern slope of the San Gabriel 
Mountains in Los Angeles County, traverses Ventura County and flows into the Pacific Ocean 
halfway between the cities of San Buenaventura and Oxnard. (LARWQCB, 2006)  
 

Lake Elizabeth, Munz Lake and Lake Hughes, at the elevation of 3,300 feet above mean 
sea level (MSL), are near the headwater of Lake Elizabeth Canyon Creek in the unincorporated 
community of Lake Hughes.  From the fringe of the Mojave Desert, Lake Elizabeth Canyon 
Creek winds southwest through chaparral-studded hills for approximately 15 miles before 
reaching Castaic Lake.  Castaic Lake is a reservoir for drinking water with capacity of 323,700 
acre-feet.  Water, combined with water from California Aqueduct, travels through Castaic Lake, 
continues to be released to Castaic Lagoon, and thereafter enters Castaic Creek.  Castaic Creek 
flows southerly for roughly 5 miles to the City of Santa Clarita where the creek confluences 
with the Santa Clara River.  
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Lake Elizabeth 
 

Lake Elizabeth is in northern Los Angeles County near the village of Lake Elizabeth.  
Lake Elizabeth is a 123.2 acre natural basin approximately 3 miles wide oriented east-westerly.  
The depth of the lake varies between wet and dry seasons; generally along the perimeter it 
ranges from 6 feet to 15 feet, and from 18 feet to 20 feet toward the middle of the lake. (Lund, 
Anderson and Amrhein, 1994) The eastern portion of Lake Elizabeth is private property, while 
the western shores are under the jurisdiction of the Forest Service, U.S. Department of 
Agriculture (Forest Service).  The privately owned eastern portion of the lake has  grassy areas 
and water tanks, and is fenced in and posted as private property; however sections of fence were 
damaged and could allow public access.  The Angeles National Forest of USDAFS allows the 
access to Lake Elizabeth via trails and has a recreational area on the northwestern shore of the 
lake.  
 

The primary water source of Lake Elizabeth is the rainfall and runoff from surrounding 
areas.  During the wet season, mostly in the winter, the water flows out at the west end to Munz 
Lake.  
 
Munz Lake 
 

Munz Lake, approximately 3,500 feet west of Lake Elizabeth, was built by farming 
families prior to 1934. This small 6.5 acre, 5 feet deep irregularly shaped lake is completely 
enclosed by private property, The Painted Turtle, with limited access.  The owners have 
obtained the conditional certification, issued by Los Angeles Water Board on June 2002 for the 
construction and land use around the lake to host camping and activities for children with 
terminal illnesses.  Munz Lake is surrounded by a grassy yard with boat house on the south 
shore.  Water in the lake mainly comes from wells, rain and runoff, partially from Lake 
Elizabeth.  Munz Lake discharges to Lake Hughes at its west end. 
 
Lake Hughes 
 

Lake Hughes, located in the county unincorporated community of Lake Hughes and 
approximately 2,500 feet west of Munz Lake, is a natural basin with surface area of 21.4 acres.  
The depth of the lake ranges from 3 feet near the perimeter to 18 feet at the center during the 
wet season.  The north shore and southwestern shore is occupied by private residential areas, 
and the remaining shore is covered by vegetation.  Most of the residents have direct access to 
Lake Hughes in their backyards or via alleys among houses.  In addition to rain, street runoff 
and water from Lake Elizabeth and Munz Lake, Lake Hughes is also replenished by 
underground springs.   
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Figure 1. Lake Elizabeth, Munz Lake and Lake Hughes in the Santa Clara River Watershed. 

 

B. Climate 
 

The climate in the upper Santa Clara River Watershed is typical southern California 
weather.  Summers are relatively warm and dry and winters are mildly wet. Averagely seven 
inches of  rainfall occurs in the peak months of the winter (LACDPW, 2006).  Storm events and 
the resulting high stream flows are highly seasonal, grouped heavily in the months of October 
through March, with an occasional major storm as early as September and as late as April.  
Rainfall is rare in other months, and major storm flows historically have not been observed 
outside of the wet-weather season. 
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Figure 2. Isohyetal Map of Rainfall Intensities in Portions of Los Angeles County Prepared by Los Angeles 

County Department of Public Works, 2003. 

 
 

C. Beneficial Uses of Lake Elizabeth, Munz Lake, and Lake 
Hughes 

 
The various uses of waters in the Los Angeles Region, referred as beneficial uses, are 

designated in the Basin Plan.  These beneficial uses are the cornerstone of the State and Los 
Angeles Water Board’s effort to protect water quality, as water quality objectives are set at 
levels that will protect the most sensitive beneficial use of a waterbody.  Brief descriptions of 
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the beneficial uses most likely to be impaired due to trash in the watersheds or waterbodies of 
concern are provided in this section. 
 

Lake Elizabeth, Munz Lake, and Lake Hughes are hydraulically connected by channels 
and groundwater.  The lakes discharge water via Lake Elizabeth Canyon Creek to Castaic Lake.  
Water along every section is designated for multiple beneficial uses, including Municipal and 
Domestic Supply (MUN), Industrial Service Supply (IND), Industrial Process Supply (PROC), 
Agricultural Supply (AGR), Ground Water Recharge (GWR) and Freshwater Replenishment 
(FRSH).   The lakes are located in the Angeles National Forest, where many recreational 
activities occur, including boating, fishing on or along the lake shores, picnicking and hiking.  
These activities are supported by existing beneficial uses of Water Contact Recreation (REC-1), 
Non-contact Water Recreation (REC-2). (LARWQCB, 1994)  There are also private residences 
along the lake shores. 
 

The thick growth of riparian plants, including Typha latifolia, Populus fremontii, 
Southern Willow Scrub, Valley Needlegrass grassland, and Chorizanthe parryi var. Fernandina, 
commonly known as San Fernando Valley Spineflower, provides suitable habitat for a variety 
of wildlife and support the beneficial uses of Warm Freshwater Habitat (WARM) and Wildlife 
Habitat (WILD). (Saint, Hanes and Lloyd, 1993) 
 

Rare, Threatened, or Endangered Species (RARE) include those listed, or candidates for 
listing by the United States Fish and Wildlife Service (USFWS), California Department of Fish 
and Game (CDFG), and California Native Plant Society (CNPS).  These species include, but are 
not limited to Nevin’s barberry, short joint beavertail, Pierson’s morning glory, alkali mariposa 
lily, California red-legged frog, southwestern pond turtle, California horned lizard, coast patch-
nosed snake, two-striped garter snake, merlin, prairie falcon, mountain plover, burrowing owl, 
California spotted owl, southwestern willow flycatcher, California condor, Mojave ground 
squirrel, and southern grasshopper mouse. (CDFG, 2006)  
 

All beneficial uses for lakes in the Santa Clara River Watershed are summarized in 
Table 1.  
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Surface Waters 
Hydro 
Unit 

M
U
N 

I
N
D

P
R
O
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W
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F
R
S
H 

R 
E
C 
1 

R
E
C 
2 

W
A
R 
M 

W
I 
L 
D 

R
A
R
E 

Santa Clara River                   

  
Lake 
Elizabeth 403.51 P P P P P P E E E E E 

  Lake Hughes 403.51 P P P P P P E E E E   

  Munz Lake 403.51
P
* P P P E P E E E E   

             
  E Existing beneficial use 
  P Potential beneficial use 

  * 
MUN designation under SB 88-63 and RB 89-
03.  Some may be exempt. 

Table 1. Beneficial Uses of Surface Waters of Lake Elizabeth, Munz Lake and Lake Hughes. 

 

D. Water Quality Objectives 
 

Water quality standards consist of a combination of beneficial uses, water quality 
objectives and the State’s Antidegradation Policy.  Regional Board staff finds that the narrative 
water quality objectives applicable to this TMDL are floating materials: “Waters shall not 
contain floating materials, including solids, liquids, foams, and scum, in concentrations that 
cause nuisance or adversely affect beneficial uses” and solid, suspended, or settleable materials: 
“Waters shall not contain suspended or settleable material in concentrations that cause nuisance 
or adversely affect beneficial uses.”   The States’ Antidegradation Policy is formally referred to 
as the Statement of Policy with Respect to Maintaining High Quality Waters in California (State 
Board Resolution No. 68-16). 
 

E. Impairment of Beneficial Uses 
 

Existing beneficial uses impaired by trash in the Lake Elizabeth, Munz Lake and Lake 
Hughes are contact recreation (REC 1) and non-contact recreation (REC 2) such as fishing 
(trash is aesthetically displeasing and deters recreational use and tourism); warm fresh water 
habitat (WARM); wildlife habitat (WILD); and particularly for Lake Elizabeth only: rare, 
threatened or endangered species (RARE).  These beneficial uses in these lakes are impaired by 
accumulations of suspended and settled debris.  Common items that have been observed by 
Regional Board staff include styrofoam cups, styrofoam food containers, glass and plastic 
bottles, paper cartons, packaging materials, plastic bags, and cans.  Heavier debris can be 
transported during storms as well.  
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 Trash in waterways causes significant water quality problems.  Small and large 
floatables can inhibit the growth of aquatic vegetation, decreasing spawning areas and habitats 
for fish and other living organisms.  Wildlife living in lakes and in riparian areas can be harmed 
by ingesting or becoming entangled in floating trash.  Except for large items, settleables are not 
always obvious to the eye.  They include glass, cigarette butts, rubber, construction debris and 
more.  Settleables can be a problem for bottom feeders and can contribute to sediment 
contamination.  Some debris (e.g. diapers, medical and household waste, and chemicals) are a 
source of bacteria and toxic substances.  
 

For aquatic life, buoyant (floatable) elements tend to be more harmful than settleable 
elements, due to their ability to be transported throughout the water body and ultimately to the 
marine environment. Persistent elements such as plastics, synthetic rubber and synthetic cloth 
tend to be more harmful than degradable elements such as paper or organic waste. Glass and 
metal are less persistent, even though they are not biodegradable, because wave action and 
rusting can cause them to break into smaller pieces that are less sharp and harmful. Natural 
rubber and cloth can degrade but not as quickly as paper (U.S. EPA, 2002). Smaller elements 
such as plastic resin pellets (a by-product of plastic manufacturing) and cigarette butts are often 
more harmful to aquatic life than larger elements, since they can be ingested by a large number 
of small organisms which can then suffer malnutrition or internal injuries. Larger plastic 
elements such as plastic grocery bags are also harmful to larger aquatic life such as sea turtles, 
which can mistake the trash for floating prey and ingest it, leading to starvation or suffocation.  
 

Trash in water bodies can threaten the health of people who use them for wading or 
swimming. Of particular concern are the bacteria and viruses associated with diapers, medical 
waste (e.g., used hypodermic needles and pipettes), and human or pet waste. Additionally, 
broken glass or sharp metal fragments in streams can cause puncture or laceration injuries. Such 
injuries can then expose a person’s bloodstream to microbes in the stream’s water that may 
cause illness. Also, some trash items such as containers or tires can pond water and support 
mosquito production and associated risks of diseases such as encephalitis and the West Nile 
virus. 
  

Leaf litter is considered trash when there is evidence of intentional dumping. Leaves and 
pine needles in streams provide a natural source of food for organisms, but excessive levels due 
to human influence can cause nutrient imbalance and oxygen depletion in streams, to the 
detriment of the aquatic ecosystem. Clumps of leaf litter and yard waste from trash bags should 
be treated as trash in the water quality assessment, and not confused with natural inputs of 
leaves to streams. If there is a question in the field, check the type of leaf to confirm that it 
comes from a nearby riparian tree. In some instances, leaf litter may be trash if it originates 
from dense ornamental stands of nearby human planted trees that are overloading the stream’s 
assimilative capacity for leaf inputs. Other biodegradable trash, such as food waste, also exerts a 
demand on dissolved oxygen, but aquatic life is unlikely to be adversely affected unless the 
dumping of food waste is substantial and persistent at a given location. 
 

Wildlife impacts due to trash occur in creeks, lakes, estuaries, and ultimately the ocean. 
The two primary problems that trash poses to wildlife are entanglement and ingestion, with 
entanglement the more common documented effect (Laist and Liffmann, 2000). Marine 
mammals, turtles, birds, fish, and crustaceans all have been affected by entanglement in or 

RB-AR37007



 

July 11, 2007 12     Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL 
 

ingestion of floatable debris. Many of the species most vulnerable to the problems of floatable 
debris are endangered or threatened by extinction. 
 

Entanglement results when an animal becomes encircled or ensnared by debris. It can 
occur accidentally, or when the animal is attracted to the debris as part of its normal behavior or 
out of curiosity. Entanglement is harmful to wildlife for several reasons. Not only can it cause 
wounds that can lead to infections or loss of limbs; it can also cause strangulation or 
suffocation. In addition, entanglement can impair an animal's ability to swim, which can result 
in drowning, or in difficulty in moving, finding food, or escaping predators (U.S. EPA, 2001). 
 

Ingestion occurs when an animal swallows floatable debris. It sometimes occurs 
accidentally, but usually animals feed on debris because it looks like food (e.g., plastic bags 
look like jellyfish, a prey item of sea turtles). Ingestion can lead to starvation or malnutrition if 
the ingested items block the intestinal tract and prevent digestion, or accumulate in the digestive 
tract, making the animal feel "full" and lessening its desire to feed. Ingestion of sharp objects 
can damage the mouth, digestive tract and/or stomach lining and cause infection or pain. 
Ingested items can also block air passages and prevent breathing, thereby causing death (U.S. 
EPA, 2001). 
 

Common settled debris includes glass, cigarettes, rubber, construction debris and more. 
Settleables are a problem for bottom feeders and dwellers and can contribute to sediment 
contamination. Larger settleable items such as automobiles, shopping carts, and furniture can 
redirect stream flow and destabilize the channel. 
 

In conclusion, trash in water bodies can adversely affect humans, fish, and wildlife. Not 
all water quality effects of trash are equal in severity or duration.  The water quality effects of 
trash depend on individual items and their buoyancy, degradability, size, potential health 
hazard, and potential hazards to fish and wildlife.  
 

The prevention and removal of trash in lakes upstream of Santa Clara River ultimately 
will lead to improved water quality and protection of aquatic life and habitat, expansion of 
opportunities for public recreational access, enhancement of public interest in the lakes and 
public participation in restoration activities, and propagation of the vision of the watershed as a 
whole and enhancement of the quality of life of riparian residents. 
 

F. Trash Impairments of Lake Elizabeth, Munz Lake, and Lake 
Hughes 

 
The following section summarizes data and staff observations regarding trash 

impairments of Lake Elizabeth, Munz Lake, and Lake Hughes. 
 
Lake Elizabeth 

Trash has been documented as a water quality issue for Lake Elizabeth since the 1990s.  
“Evaluation of Water Quality for Selected lakes in the Los Angeles Hydrologic Basin,” dated 
December 1994, prepared by Department of Soil and Environmental Science, University of 
California, Riverside for the Regional Board, described the scattering of diapers, cans and 
plastic bags in the vicinities of Lake Elizabeth.  Similar observations were documented during 
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site visits conducted by Los Angeles Regional Board staff (see Picture 2 below).  Although the 
privately owned eastern part of the lake is fenced, trash such as paper plates, water bottles and 
disposable styrofoam cups were found at multiple locations along the lakeshore.   
 

Los Angeles County maintains the sole storm drain and five catch basins in the area of 
Lake Elizabeth.  The catch basins are cleaned out annually.  Inspection to the surrounding 
communities’ road culverts, which pass localized storm flow under the roads around the 
perimeter of Lake Elizabeth, found some aluminum and plastic water bottles.  Other than storm 
drains, a ditch which extends approximately 100 yards from an estimated 18-inch culvert at the 
intersection of Ranch Club Rd. and Sandrock Dr. to the lake, contained trash including bicycle 
parts, scooter parts, plastic bottles and paperboard.   
 

The county fence ends where Sandrock Dr. stops, and the surroundings of Lake 
Elizabeth become Angeles National Forest, which has trails leading to immediate lakeshore that 
allow public access.  A minor amount trash was observed along trails; however, no trash was 
found on the lake.  There is no trash receptacle available by trails.  
 

The picnic/recreation area is on the north shore of Lake Elizabeth with parking lot, 
public bathrooms, boating docks and picnic tables.  Activities such as fishing, boating and 
kayaking categorized under REC2 occur.  During a Regional Board staff inspection on 
September 29, 2006, water was clear but with substantial amount of algae. Water bottles, soft 
drink cans, and disposable food containers were on the lake and picnic areas although trash cans 
are available.  

 
 

 

 
Figure 3. Water quality impaired by trash such as paper and plastic bottle at Lake Elizabeth 

 
 
Munz Lake 
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Munz Lake is enclosed by private property, The Painted Turtle, which is a medical 
facility for children with terminal illnesses according to the assistant facility manager.  Doctors 
and other medical specialists volunteer to host a summer camp at The Painted Turtle at certain 
times for children with alike diseases.  Munz Lake, renamed Lake Wendy by the facility owner, 
is used for some water activities.  A boat house with boats and paddlers is located at the west 
side of the lake.  Water is clear without floating algae.  No trash was found either on the lake or 
on the grassy area within property perimeter during a Regional Board staff inspection on 
September 29, 2006 and March 8, 2007.  A channel seems to connect Lake Elizabeth, Munz 
Lake and Lake Hughes during wet season.   
 
Lake Hughes 
 

Lake Hughes is accessible directly from some private residences back yard and from 
alleys among houses.  During the inspection on September 29, 2006, the lake appeared to be 
clean with no algae on the surface.  Trash such as cigarette boxes, disposable food containers, 
plastic bags and paper boards were observed along the lake shore near residential areas and in 
the dry channel between Munz Lake and Lake Hughes.  A metal screen was found in the dry 
channel.  Another dry ditch from a culvert at the intersection of Newvale Dr. and Albyn Ct. to 
the lake also contained trash.   
 
 

III. Numeric Target 
 

The numeric target is derived from the narrative water quality objective in the Basin 
Plan for floating material: 

 
“Waters shall not contain floating materials, including solids, liquids, foams, and scum, 
in concentrations that cause nuisance or adversely affect beneficial uses”; 

  
and for solid, suspended, or settleable materials: 
 

“Waters shall not contain suspended or settleable material in concentrations that cause 
nuisance or adversely affect beneficial uses.” 

 
The numeric target for the Lake Elizabeth, Munz Lake and Lake Hughes TMDL is 0 

(zero) trash in or on the water.  Regional Board staff has not found information to justify any 
value other than zero that would fully support the designated beneficial uses.  Further, court 
rulings have found that a numeric target of zero trash is legally valid.  The numeric target was 
used to calculate the Load Allocations for nonpoint sources and Waste Load Allocations for 
point sources, as described in the following sections of this Staff Report.   
 
 

IV. Source Analysis 
 

The major source of trash in the lakes results from litter, which is intentionally or 
accidentally discarded in watershed drainage areas and in the vicinity of Lake Elizabeth, Munz 
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Lake and Lake Hughes. These potential sources can be categorized as point sources and 
nonpoint sources depending on the transport mechanisms which include: 
 

1. Storm drains: trash that is deposited throughout the watershed is carried to the various 
sections of the lakes during and after rainstorms through storm drains.  This is a point source.  
 

2. Wind action: trash can also blow into the lakes directly.  This is a nonpoint source. 
 

3. Direct disposal: direct dumping or litter into the lakes.  This is a nonpoint source. 
 
 According to the characteristics of the land uses which mainly are open space and parks 
over 85% of the entire areas of concern as defined, the nonpoint sources will dominant in 
contributing the trash to Lake Elizabeth, Munz Lake, and Lake Hughes, comparing with point 
sources.   
 

A. Point Sources 
 

Trash conveyed by storm water through storm drains to Lake Elizabeth and Lake 
Hughes is evidenced by trash accumulation at the base of storm drains discharging to the lakes 
and catch basins which collect runoff from surrounding lands.   

 
Based on reports and research on other watersheds, the amount and type of trash washed 

into the storm drain system appears to be a function of the surrounding land use.  The City of 
Long Beach has recorded trash quantity collected at the mouth of the Los Angeles River; the 
result suggested that the total trash amount is somewhat linearly correlated with the 
precipitation (see the table below).  A similar conclusion was also found that the amount of 
gross pollutants entering the stormwater system is rainfall dependent but does not necessarily 
depend on the source (Walker and Wong, December 1999). The amount of trash which enters 
the stormwater system depends on the energy available to re-mobilize and transport deposited 
gross pollutants on street surfaces rather than on the amount of available gross pollutants 
deposited on street surfaces. Where gross pollutants exist, a clear relationship between the gross 
pollutant load in the stormwater system and the magnitude of the storm event has been 
established.  The limiting mechanism affecting the transport of gross pollutants, in the majority 
of cases, appears to be re-mobilization and transport processes (i.e., stormwater rates and 
velocities). 

 
 

Year Trash (Tons) Precipitation (inches) 
95-96 4162 12.44 
96-97 3993 12.4 
97-98 9290 31.01 
98-99 3091 9.09 
99-00 3844 11.57 
00-01 4437 17.94 
01-02 1858 4.42 
02-03 4630 16.42 
03-04 2636 9.25 
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04-05 12225 37.25 
05-06 1059 13.19 

Table 2. Storm Debris Collection Summary for Long Beach: Debris is measured in Tonnage. (Signal Hill 
2006) 

 
To estimate trash generation rates, research from other watersheds was analyzed by 

Regional Board staff.  The most relevant watershed to the watersheds surrounding Lake 
Elizabeth, Munz Lake and Lake Hughes was done by the City of Calabasas for Continuous 
Deflective Separation (CDS) installed in December of 1998 for runoff from Calabasas Park 
Hills to Las Virgenes Creek.  It is assumed that this CDS unit prevented all trash from passing 
through.  The calculated area drained by this CDS Unit is approximately 12.8 square miles.  
The urbanized area estimated by Regional Board staff is 0.10 square miles.  The result of this 
clean-out, which represents approximately half of the 1998-1999 rainy season, was 2,000 
gallons of sludgy water and a 64-gallon bag about two-third full of plastic food wrappers.  It is 
assumed that part of the trash accumulated in the CDS unit over roughly half of the rainy 
season had decomposed in the unit due to the absence of paper products.  Given the CDS unit 
was cleaned out after slightly more than nine months of use, it was assumed that this 0.10 
square mile urbanized area produced a volume of 64 gallons of trash over one year.  This data 
will also be referenced at the consideration of Baseline Waste Load Allocation.  

 

B. Nonpoint Sources 
 
 Nonpoint source pollution is commonly caused by a wide range of activities including 
urban development, agriculture, and recreation, and is identified as a parallel attribute to the 
trash problem at the Lake Elizabeth, Munz Lake and Lake Hughes.  The location of these 
waterbodies in the National Forest area, or immediately adjacent to residential properties allows 
access to the lakes and shores and supports recreational activities such as picnicking, boating, 
fishing, and camping.  The trash deposited in the lake resulting from nonpoint sources is 
functions of transport mechanisms including wind and stormwater.   
 
 There are limited studies particularly to define the relationship between the strength of 
winds and movement of trash from land surface to a waterbody. Lighter trash with sufficient 
surface area to sail with wind, such as plastic bags, beverage containers, paper or plastic 
convenient food containers are easily lifted, and carried to waterbodies.  Also, as described in 
the point source section, stormwater carries trash from lakeshores to waterbodies.  
Transportation of pollutants from one location to another is determined by the energy of both 
wind and stormwater.   
 
 In consideration of transport mechanisms, existing trash in the environment nearby lakes 
is the fundamental cause of nonpoint sources trash loading. Based on observation, land use can 
be generally divided into categories of low density single-family residential and open 
space/parks areas. Residents may accidentally discard trash to the backyard, grass or trails in the 
parks, or roads which initiate the journey of trash to waterbodies via wind or stormwater. 
Different use of the open space/park may be responsible for different degrees of trash 
impairment.  For example, areas with picnic tables closer to the lake have a higher likelihood to 
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have more trash on the ground near the lake than in parking lots.  Visitation rates also appear to 
be correlated to the amount of trash from nonpoint source. 
 
 Most of the nonpoint source trash along lakeshores eligible to travel with wind or 
stormwater is the result of human activities.  Records of cleanup days at Lake Erie in 2006 
indicate that the top items found were cigarette butts, beverage containers, food 
wrappers/containers, caps and lids, and eating utensils (Pennsylvania, 2006).  The findings are 
consistent with the item found around Lake Elizabeth and Lake Hughes during site inspections.   
 
 

V. Linkage Analysis 
 

This TMDL is based on numeric targets derived from narrative water quality objectives 
for floating materials and solid, suspended, or settleable materials.  The narrative objectives 
prescribe that waters shall not contain these materials in concentrations that cause nuisance or 
adversely affect beneficial uses.  Based on these targets, staff finds the capacity of Lake 
Elizabeth, Munz Lake, and Lake Hughes to accumulate trash is zero.   
 
 

VI. Waste Load and Load Allocations 
 

Both point sources and nonpoint sources are identified as sources of trash in Lake 
Elizabeth, Munz Lake and Lake Hughes.  For point sources, the strategy for attaining water 
quality standards focuses on assigning Waste Load Allocations (WLAs) to the Permittees and 
Co-Permittees of the Los Angeles County Municipal Separate Storm Sewer System (MS4) 
Permit (hereinafter referred to as Permittees).  The WLAs will be implemented through permit 
requirements.  For nonpoint sources, the strategy for attaining water quality standards focuses 
on assigning Load Allocations (LAs) to land owners and agencies in the vicinity of Lake 
Elizabeth, Munz Lake and Lake Hughes.  Final WLAs and LAs are zero trash.  The LAs will be 
implemented through regulatory mechanisms that implement the State Board’s 2004 Nonpoint 
Source Policy such as conditional waivers., waste discharge requirements, or prohibitions.   

 
WLAs and LAs are based on a phased reduction from the Baseline Waste Load and 

Load Allocations, estimated as the current discharge, over an eight-year period for Full Capture 
compliance, and five years for Minimum Frequency of Assessment and Collection (MFAC) 
compliance, as discussed below, when the final WLA and LA are attained.  WLA assignees 
may comply with WLAs through implementation of full capture systems or implementation of 
partial capture systems and nonstructural BMPs.  LA assignees may comply with LAs through 
implementation of nonstructural BMPs or a program of Minimum Frequency of Assessment and 
Collection.  

 
The Baseline Waste Load Allocations for the responsible jurisdictions, and Baseline 

Load Allocations for nonpoint source responsible jurisdictions are based on data from recent 
trash generation studies from the City of Calabasas.  The Executive Officer of Los Angeles 
Regional Board may revise the Baseline Waste Load and Load Allocation based on studies 
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provided by responsible jurisdictions within the first two years after the effectiveness of this 
Trash TMDL. 
 

A. Waste Load Allocations 
 

Waste Load Allocations for point sources are assigned to the responsible jurisdictions.  
WLAs may be issued to additional responsible jurisdictions in the future under Phase II of the 
US EPA Stormwater Permitting Program, and other applicable regulatory programs.  The 
Baseline Waste Load and Load Allocations for Permittees may be based on the studies from the 
City of Calabasas or on data collected during the Trash Monitoring and Reporting Plan at the 
first two years of the implementation period. 
 
 Baseline Waste Load Allocations for MS4 Permittees 
 

Municipal stormwater permittees may implement their TMRPs to obtain site specific 
trash generation rates for the first two years of the implementation period, and, if approved by 
the Regional Board’s Executive Officer, ultimately define the trash Baseline Waste Load 
Allocations.  The TMRP will derive a representative trash generation rate for various land uses 
from responsible permittees discharging stormwater to the waterbodies.  This TMRP shall 
include, but is not limited to, assessment and quantification of trash collected from the surfaces 
and shoreline of Lake Elizabeth, Munz Lake, and Lake Hughes or from responsible jurisdiction 
land areas.  The monitoring plan shall provide details of the frequency, location, and reporting 
of trash monitoring. Responsible jurisdictions shall propose a metric (e.g., weight, volume, 
pieces of trash) to measure the amount of trash in Lake Elizabeth, Munz Lake, and Lake Hughes 
and on the land area surrounding the lakes.  The derived trash generation rate may be used to 
define an appropriate Waste Load Allocation, which will be implemented upon approval by the 
Executive Officer.   

 
Based on the study conducted by the City of Calabasas, 640 gallons of uncompressed 

trash per square mile per year may be used as trash generation rate for MS4 permittees, or the 
municipality may choose to propose site specific data based on the trash generation rate derived 
from two years of data collected from the TMRP.   No differentiation is applied for different 
land uses in the Baseline Waste Load Allocation.  Municipal stormwater permittees may 
implement a Trash Monitoring and Reporting Plan(TMRP) to refine the Baseline Waste Load 
Allocation.  The goal of the Trash Monitoring and Reporting Plan is to derive a representative 
trash generation rate for various land uses from responsible permittees discharging stormwater 
to the waterbodies.  The Baseline Waste Load Allocation for any single permittee is the sum of 
the products of each land use area multiplied by the Waste Load Allocation for the land use 
area, as shown below: 
 

 ( )∑ •= uselandthisforsallocationuseslandbyareacityeachforWLA  
 

Southern California Association of Governments (SCAG) classified twelve types of land 
uses for every city and unincorporated area in the watershed.  The land use categories are: (1) 
high density residential , (2) low density residential , (3) commercial and services, (4) industrial, 
(5) public facilities, (6) educational institutions , (7) military installations, (8) transportation , 
(9) mixed urban , (10) open space and recreation , (11) agriculture , and (12) water . Given that 
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the minimum mapping resolution is 2.5 acres, a non-critical land use unit may not be mapped if 
it is less than 2.5 acres in size.  The details of land use categories are provided in the Appendix 
I. 

 
Data collected during Trash Monitoring and Reporting Plan will be used to establish 

specific trash generation rates per land use. The land use categories that are used by the Los 
Angeles County Department of Public Works relevant to Lake Elizabeth, Munz Lake and Lake 
Hughes are: 

 
! Low density residential, 
! Open space and recreation. 

 
 Land uses for Public facilities, Educational Institutions, Mixed urban, Agriculture, and 
Water were exempt from monitoring based on the assumption made by Los Angeles County 
that the public facilities and mixed urban land uses have the same litter generation rate.  It also 
applies to transportation and industrial land uses, and agricultural and open space land uses.   
 

Responsible jurisdictions may provide acreage of above mentioned land uses within 
their jurisdictions in order to revise their contributions from their assigned Baseline Waste Load 
Allocations.  The Baseline Waste Load Allocations for responsible jurisdictions are presented in 
Table 3.  The values shown are uncompressed volumes in gallons. A more detailed breakdown 
along land uses is provided in Appendix II and III. The appendices contain tables which show 
the square mileage for each land use for each responsible jurisdiction in watershed, and a list of 
maps showing land uses for each responsible jurisdiction.  For responsible jurisdictions that are 
only partially located in the watershed, the square mileage indicated is for the portion in the 
watershed only. 
 
 

Table 3. Lake Elizabeth, Munz Lake and Lake Hughes Trash TMDL Baseline Waste Load Allocations, 
assuming a trash generation rate of 640 (gallons of uncompressed litter) 

Responsible jurisdictions Point Source Area (Mile2) Baseline WLA (gals/year) 
Los Angeles County 0.83 529 
Local land owners Point source area and the corresponding Baseline WLAs will be 

individually identified by operators or land owners that discharge to 
Lake Elizabeth, Munz Lake and Lake Hughes 

 
Table 3 shows the Baseline WLAs for all point sources, in gallons per year, assuming a 

trash generation rate of 640 gallons of uncompressed trash per square mile per year.  If the 
responsible jurisdiction uses its TMRP to derive a site specific trash generation rate, the 
Baseline WLA will be calculated by multiplying the point source area by the derived trash 
generation rate.   
 
 

B. Load Allocations 
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Load Allocations (LAs) for nonpoint sources also follow phased reduction from 
Baseline Load Allocations.  Load Allocations may be issued to additional responsible 
jurisdictions under Phase II of the US EPA Stormwater Permitting Program, or other applicable 
regulatory programs.  According to the Porter-Cologne Act, Load Allocations may be addressed 
by conditional Waivers of WDRs. 
 

Responsible jurisdictions shall monitor the trash quantity deposited in the vicinities of 
the waterbodies of concern as well as that on the waterbody to comply with Baseline Load 
Allocation.  Data collected through Trash Monitoring and Reporting Plan may define the 
percentage of trash migrating from land to waterbodies.   
  
 The area adjacent to the waterbody, or defined as nonpoint source, is the composition of 
multiple land uses.  There are parking lots, recreational area, picnic area, hiking area under the 
jurisdiction of National Forest Service.  The county’s unincorporated land includes residential 
area, commercial area, public services, roads, and open space/park area. Each sub-area 
described above may contribute at different levels of trash to the lakes.  By applying the similar 
concept that was applied for the Waste Load Allocation, the Load Allocation for any designated 
nonpoint source area is the sum of the products of each land use subarea multiplied by the Load 
Allocation for the land use aubarea, as shown below: 
 

( )∑ •= uselandthisforsallocationuseslandbysubareasourceNonpeachforLA oint  
  

The boundary of the areas considered as point source and nonpoint source, surrounding 
Lake Elizabeth, Munz Lake, and Lake Hughes is defined for this TMDL northerly to the edge of 
the Santa Clara River Watershed, southerly to the ridge where stormwater runoff in the National 
Forest or through backyards of residential areas where storm drains are not available may 
discharge to the lakes, westerly and easterly to the extent of the community (see Figure 3 
below). Due to the transportation mechanism by wind and stormwater to relocate trash from 
land to waterbodies, the potential nonpoint source area may be smaller than the defined 
subwatershed.  For the magnitude of surface area around Lake Elizabeth, Munz Lake and Lake 
Hughes, it may not be necessary to divide into parcels with different land uses.  The figure 
below shows the area used to calculated Baseline Load and Waste Load Allocations. 
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Figure 4. Areas used to determine Baseline Waste Load and Load Allocations for point and nonpoint 

sources trash at Lake Elizabeth, Munz Lake and Lake Hughes. 

 
Based on a study by the City of Calabasas, the trash generation rate from nonpoint 

sources areas, including open space and parks areas, is 640 gallons per square mile per year.  
Responsible jurisdictions may implement their TMRPs to obtain site specific trash generation 
rates for the first two years of the implementation period, and, if approved by the Regional 
Board’s Executive Officer, ultimately define the trash Baseline Load Allocations.  Responsible 
jurisdictions shall develop a plan for nonpoint source trash monitoring in the TMRP, which 
needs to be approved by the Executive Officer of the Regional Board.  The data collected shall 
include, but is not limited to, the details of the frequency, location, and reporting of trash 
monitoring, as well as a metric (e.g., weight, volume, pieces of trash) to measure the amount of 
trash in Lake Elizabeth and Lake Hughes and on the land area surrounding Lake Elizabeth and 
Lake Hughes.  Data collected shall include the trash in Lake Elizabeth and Lake Hughes and 
trash accumulated in the vicinities of the lakes which could possibly be carried directly to the 
surface water by stormwater, wind, or human activities.  Analyzing data may define the 
relationship between the trash quantities in the water to that on the surrounding environment.  
The derived trash generation rate may be used to define an appropriate Load Allocation, which 
will be implemented upon approval by the Executive Officer of the Regional Board.   

 
Assuming that trash within a reasonable distance from the waterbodies of concern has 

high potentiality to be in the waterbodies and excluding the areas addressed by NPDES or any 
other existing permits for point sources, the nonpoint source surface areas along the waterbody 
perimeter are calculated and separated by the following categories:  

 
• Parks including picnic areas, trails, 
• Parking lots, and 
• National Forest 
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Table 4summarizes the area and the tentative Baseline Load Allocations for responsible 
jurisdictions, assuming a trash generation rate of 640 gallons of uncompressed trash per square 
mile per year.  If data collected from the Trash Monitoring and Reporting Plan is used to define 
a site specific trash generation rate, the Baseline Load Allocation will be calculated by 
multiplying the nonpoint source area by the trash generation rate.     

 

Table 4. Lake Elizabeth, Munz Lake and Lake Hughes Trash TMDL Baseline Load 
Allocations, assuming a trash generation rate of 640 (gallons of uncompressed litter) 

Responsible Jurisdictions Nonpoint Source Area (Mile2) Baseline LA (Gals/year) 
Forest Service 5.40 3456 

Local Land Owners Nonpoint source area and the corresponding Baseline LAs will 
be individually identified by operators or land owners that 
discharge to Lake Elizabeth, Munz Lake and Lake Hughes 

 
 
 

VII. Margin of Safety 
 
 A margin of safety (MOS) accounts for uncertainties in the TMDL analysis.  The MOS 
can be expressed as an explicit mass load that is not allocated to responsible jurisdictions, or 
included implicitly in the WLAs and LAs that are allocated.  Because this TMDL sets WLAs 
and LAs as zero trash, staff finds the TMDL includes an implicit MOS and that an explicit MOS 
is not necessary for this TMDL. 
 
 

VIII. Critical Conditions 
 

Critical conditions for the Lake Elizabeth, Munz Lake, and Lake Hughes are based on 
three conditions that correlate with loading conditions: 
 
• Major Storm (as proposed by responsible jurisdictions in the Trash Monitoring and 

Reporting Plan and approved by the Executive Officer); 
 
• Wind advisories issued by the National Weather Service for the Angeles National Forest 

area or by the California Highway Patrol for Highway 5 in the Santa Clarita Valley 
(responsible jurisdiction may propose any proper, more specific reference for Executive 
Officer approval);  

 
• High visitation – On weekends and holidays from May 15 to October 15. 
 

Critical conditions are used as a basis to establish the frequency of trash monitoring and 
the final Load and Waste Load Allocations. 
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IX. TMDL Implementation and Compliance 
 

This section describes TMDL implementation programs for compliance with the TMDL.  
Compliance with the TMDL is based on the Numeric Target and the Waste Load and Load 
Allocations which are defined as zero trash in and on the shorelines of Lake Elizabeth, Munz 
Lake and Lake Hughes.  Consequently, compliance is based on implementing a program for 
trash assessment and collection, or alternatively for point source dischargers, full capture 
devices, to attain a progressive reduction in the amount of trash in Lake Elizabeth and Lake 
Hughes.  Munz Lake is assessed as not impaired and the local landowner will continue to 
implement its current trash abatement program and report results to the Regional Board for 
review.  The Regional Board will consider formal delisting of Munz Lake based on the results 
of the program.  Dischargers who do not implement full capture devices shall propose a 
program of Minimum Frequency of Assessment and Collection (MFAC).  The MFAC program 
is required to attain a progressive reduction in the amount of trash collected from the lake 
surface or lakeshore through implementation of BMPs.  Dischargers may implement structural 
or nonstructural BMPs as required to attain a progressive reduction in the amount of trash in 
Lake Elizabeth and Lake Hughes.  

 
The TMDL Implementation Plan provides a schedule for responsible jurisdictions to 

implement full capture systems, MFAC programs, and BMPs to comply with the progressive 
trash reduction schedule.  Key provisions of the Implementation Plan include:  

 
• Baseline Waste Load and Load Allocations based on a reference/antidegradation 

approach;   
• Trash monitoring to provide data to revise Baseline Waste Load and Load 

Allocations, assess effectiveness of  BMPs and trash abatement programs, and 
assess levels of trash in Lake Elizabeth, Munz Lake and Lake Hughes; 

• A conditional waiver of waste discharge requirements for nonpoint source 
dischargers who implement MFAC programs; and 

• TMDL Reconsideration by the Regional Board to revise Baseline Waste Load 
and Load Allocations and the minimum frequency of the MFAC program. 

 
TMDL compliance is assessed in accordance with Dischargers’ implementation of 

programs for full capture or MFAC and attainment of the progressive trash reductions in 
accordance with the schedules below (Tables 7 and 8).  
 

Baseline Waste Load and Load Allocations 
 
If responsible jurisdictions do not use their TMRP to derive a new trash generation rate 

and acceptable Baseline Waste Load and Load Allocations, the WLAs and LAs may be  based 
on a reference system/antidegradation approach using data from the City of Calabasas, 
normalized to the subwatershed area in the vicinity of Lake Elizabeth and Lake Hughes.  The 
"reference system/anti-degradation approach" means that on the basis of historical trash 
generation rates at an existing monitoring location most similar to Lake Elizabeth and Lake 
Hughes, an amount of trash discharged to Lake Elizabeth and Lake Hughes is permitted initially 
under the TMDL schedule.  The allowable amount of trash is set such that (1) water quality at 
any site is at least as good as at the designated reference site and (2) there is no degradation of 
existing water quality based on existing amounts of trash. 
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Trash Monitoring 
 
The TMDL includes monitoring based on a plan developed by responsible jurisdictions 

and approved by the Executive Officer of the Regional Board. Minimum requirements for trash 
monitoring include assessment and quantification of trash collected from the surfaces and 
shoreline of Lake Elizabeth and Lake Hughes.   The monitoring plan shall provide details of the 
frequency, location, and reporting of trash monitoring for each lake. Responsible jurisdictions 
shall propose a metric (e.g., weight, volume, pieces of trash) to measure the amount of trash in 
the lake and on the land area surrounding the lake.  Responsible jurisdictions may include other 
metrics to provide data for revision of the Baseline Waste Load and Load Allocations, 
determine effectiveness of BMPs, and assess compliance with the TMDL.  Responsible 
Jurisdictions may coordinate their trash monitoring activities for Lake Elizabeth and Lake 
Hughes.  Monitoring requirements are described in greater detail in Section X. 

 
Reconsideration of Revised Baseline Waste Load and Load Allocations 
 
Baseline Waste Load and Load Allocations may be based on a reference approach.  Data 

from a City of Calabasas study in which trash recovered from a continuous deflector system 
were quantified.  Site-specific conditions at Lake Elizabeth and Lake Hughes may differ from 
conditions of the Calabasas Study.  As a result, it is recommended that responsible jurisdictions 
use the data from their TMRP in order to derive a site specific trash generation rate and 
Baseline Waste Load and Load Allocations.  The Baseline Waste Load and Load Allocations 
are used as the basis for the progressive reduction of trash in the lakes for both point and 
nonpoint sources and represent the maximum amount of trash that can be discharged in 
conjunction with partial capture systems for point sources and the programs for minimum 
frequency of assessment and collection for nonpoint sources.  
 

Implementation of Load and Waste Load Allocations 
 
TMDL implementation may require BMPs to meet the progressive trash schedule. 

BMPs may be implemented through stormwater permits or a conditional waiver from waste 
discharge requirements for nonpoint source dischargers.  Point source dischargers will 
implement BMPs in accordance with Waste Load Allocations incorporated into MS4 permits. 
Point sources may alternatively implement full capture systems or a program for minimum 
frequency of trash assessment and collection to be deemed in compliance with Waste Load 
Allocations. 
 

A. Implementation and Compliance for Point Sources 
 

Discharge of trash from conveyances to Lake Elizabeth and Lake Hughes will be 
regulated through the Municipal NPDES Storm Water Permit for Los Angeles County (Table 
5).   
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Table 5. Point Source Responsible Jurisdictions – Lake Elizabeth and Lake Hughes 

Watershed Analytical Units Responsible Jurisdictions 
1. Lake Elizabeth Los Angeles County       Santa Clara 

River 2. Lake Hughes Los Angeles County       
 
 

There are two alternatives for responsible jurisdictions to achieve compliance with waste 
load allocations.  As established in the Los Angeles River trash TMDL, point source dischargers 
can implement full capture systems to comply with the TMDL.  Point source discharges may 
also implement a MFAC program. 
 
1. Full Capture Treatment Systems  
 

The amount of trash discharged to the lakes by an area serviced by a full capture system 
will be considered to be in compliance with the final Waste Load Allocation for the drainage 
area, provided that the Full Capture Systems are adequately sized, maintained and maintenance 
records are available for inspection by the Regional Board.   

 
A full capture system is any single device or series of devices that traps all particles 

retained by a 5 mm mesh screen and has a design treatment capacity of not less than the peak 
flow rate Q resulting from a one-year, one-hour storm in the subdrainage area.  Rational 
equation is used to compute the peak flow rate: Q = C × I × A, where Q = design flow rate 
(cubic feet per second, cfs); C = runoff coefficient (dimensionless); I = design rainfall intensity 
(inches per hour, as determined per the rainfall isohyetal map in Figure 2), and A= subdrainage 
area (acres).  

 
Compliance with TMDL schedule for full capture systems will be based on a percentage 

of the Elizabeth Lake and Lake Hughes subwatershed that are drained by storm drain systems 
(i.e., point source area).  The TMDL Implementation Plan provides a total of eight years to 
install full capture systems (Table 7).  Compliance with the final Waste Load Allocation will be 
assumed wherever Full Capture Systems are installed in the storm drains discharging to the 
lakes.  The installation of a Full Capture System by a discharger does not establish any 
presumption that the system is adequately sized, and the Regional Board will review sizing and 
other data in the future to validate that a system satisfies the criteria established in this TMDL 
for a Full Capture System.  

 
2. Program for Minimum Frequency of Assessment and Collection (MFAC) 

 
Compliance with the final waste load allocations may also be attained whenever the 

Minimum Frequency for Assessment and Collection is implemented by responsible jurisdictions 
in conjunction with implementation of BMPs that attain the Baseline Waste Load Allocations. 
For the Lake Elizabeth and Lake Hughes TMDL, the minimum frequency is once per week and 
within 48-hours of critical conditions defined as significant rainfall or wind advisories.  
Assessment will be conducted at accessible areas and the outlet of each of the lakes as defined 
in the Trash Monitoring and Reporting Plan.  Collection is defined as removing 100% of the 
trash found on the lake and lakeshore and depositing it in a trash receptacle for proper disposal.  
If amount of trash collected exceeds Baseline Waste Load Allocations, then responsible 
jurisdictions must implement structural and/or non-structural BMPs to ensure that trash loaded 
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to lakes is not increasing over time. Progressive reductions in trash will be calculated as 
follows: 
 

At the effective date of the TMDL, the Baseline Waste Load Allocations will apply 
based on data collected by City of Calabasas. The first compliance point will be at the end of 
the third year with Waste Load Allocations equal to a 10% reduction of the amount of trash in 
the Baseline Waste Load Allocation.  Compliance thereafter will be evaluated at the end of each 
successive storm season with Waste Load allocations equal to successive 20% reductions of the 
Baseline Waste Load Allocation (Table 8).  

 
Dischargers will be deemed in compliance with the final Waste Load Allocation upon 

results of the trash monitoring and reporting program demonstrating that any trash accumulating 
between MFAC events is not causing deleterious effects on the beneficial uses of Lake 
Elizabeth and Lake Hughes.  The amount of trash accumulated on the lake and lakeshore 
between MFAC events must progressively decline by 50% from the baseline WLA over eight 
years. If the amount of trash accumulated does not progressively decrease, then responsible 
jurisdictions must implement additional structural and/or non-structural BMPs or increase 
frequency of MFAC to ensure reductions. 

 
The Regional Board may revise the TMDL schedule and the minimum frequency of the 

MFAC program based on the results of the trash monitoring and reporting program.  
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Figure 5. Implementation Flowchart for Point Sources 

 
 

B. Implementation and Compliance for Nonpoint Sources 
 

Two primary federal statutes establish framework in California for addressing nonpoint 
source (NPS) water pollution: Section 319 of the Clean Water Act (CWA) of 1987 and Section 
6217 of the Coastal Zone Act Reauthorization Amendments of 1990 (CZARA).  In accordance 
with these statutes, the state assesses water quality associated with nonpoint source pollution  
and develops programs to address NPS.  In 2004, The State Water Resource Control Board 
(SWRCB), in its continuing efforts to control NPS pollution in California, adopted the Plan for 
California’s Nonpoint Source Pollution Control Program (NPS Program Plan).  The NPS 
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Program Plan prescribes implementation and monitoring of Best Management Practices to 
address nonpoint source pollution. 
 

To implement this TMDL for nonpoint source dischargers, the Regional Board, with the 
adoption of this TMDL, waives waste discharge requirements for nonpoint source dischargers 
who submit a MFAC program for approval by the Executive Officer.  The MFAC program 
includes a trash assessment of trash on the surface or shoreline of Lake Elizabeth and Lake 
Hughes, collection of all visible trash that accumulates on the surface or shoreline of Lake 
Elizabeth and Lake Hughes, implementation of BMPs to attain a progressive reduction of the 
amount of trash collected at each collection event.  Conditional waivers identify areas where 
best management practices need to be upgraded to attain water quality objectives in receiving 
waters. The monitoring plan submitted by responsible jurisdictions (Table 6) will provide data 
that may be used to propose an appropriate Baseline Load Allocation.  The annual reduction 
from the Baseline Load Allocation serves as the criteria of allowable trash to be collected from 
the lakes.   

 
 

Table 6. Nonpoint Source Responsible Jurisdictions – Lake Elizabeth and Lake Hughes 

Watershed Analytical Units Responsible Jurisdictions 
1. Elizabeth Lake 1. Forest Service 

2. Local land owners  
Santa Clara 
River 

2. Lake Hughes 1. Forest Service 
2. Local land owners  

 
 
Load Allocations shall be implemented through either (1) a conditional waiver from 

waste discharge requirements, or (2) an alternative program implemented through waste 
discharge requirements or an individual waiver or another appropriate order of the Regional 
Board.  

 
Non-point source dischargers may achieve compliance with the Load Allocations by 

implementing a MFAC/BMP program approved by the Executive Officer.  Responsible 
jurisdictions that are listed as both point and nonpoint sources will be deemed in compliance 
with both the Waste Load and Load Allocations if an MFAC/BMP program, approved by the 
Executive Officer, is implemented.  

 
The MFAC/BMP Program includes an initial minimum frequency of trash assessment 

and collection and suite of structural and/or nonstructural BMPs.  The MFAC/BMP program 
shall include collection and disposal of all trash found in the water and on the shoreline.  
Responsible jurisdictions shall implement an initial suite of BMPs based on current trash 
management practices in land areas that are found to be sources of trash to Lake Elizabeth and 
Lake Hughes.  For Lake Elizabeth and Lake Hughes, the initial minimum frequency shall be set 
as follows: 
 

1. Once per week on the water, shoreline and the adjacent land areas of Lake Elizabeth 
and Lake Hughes where they are publicly accessible during May 15 through October 
15.  Once per month for areas with limited access. 
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2. Once per month on the water, shoreline and the adjacent land areas for Lake 
Elizabeth and Lake Hughes from October 15 to May 15. 

3. Within one week on the water, shoreline and the adjacent land areas of Lake 
Elizabeth and Lake Hughes after each storm event with one inch of rain or greater, 
and after each wind advisory. 

 
Assessment will be conducted at accessible areas and the outlet of each of the lakes as 

defined in the Trash Monitoring and Reporting Plan.  Collection is defined as picking up 100% 
of trash and depositing it in a trash receptacle for proper disposal. All trash collected during the 
implementation of the MFAC, including trash from any channel cleaning and dredging 
operations, will be disposed of properly according to existing policies and regulations. 

 
At the end of the implementation period, a revised MFAC/BMP program may be required if the 
Executive Officer determines that the amount of trash accumulating between collections is 
causing nuisance or otherwise adversely affecting beneficial uses.  Specifically, the Executive 
Officer may approve or require a revised assessment and collection frequency and definition of 
the critical conditions under the waiver: 

(a) To prevent trash from accumulating in deleterious amounts that cause nuisance or 
adversely affect beneficial uses between collections; 

(b) To reflect the results of trash assessment and collection; 
(c) If the amount of trash collected does not show a decreasing trend, where necessary, such 

that a shorter interval between collections is warranted; or 
(d) If the amount of trash collected is decreasing such that a longer interval between 

collections is warranted.   
  
With regard to (a), (b) or (c), above, the Executive Officer is authorized to allow 

responsible jurisdictions to implement additional structural or non-structural BMPs in lieu of 
modifying the monitoring frequency.   

 
Alternatively, responsible jurisdictions may propose, or the Regional Board may 

impose, an alternative program which would be implemented through waste discharge 
requirements an individual waiver, a cleanup and abatement order, or any other appropriate 
order or orders, provided the program is consistent with the assumptions and requirements of 
the reductions described in Table 8, below. 

 
 
The Regional Board is adopting a Conditional Waiver for trash in Lake Elizabeth and 

Lake Hughes at the same time as this TMDL.  The Conditional Waiver provides a regulatory 
structure whereby continued monitoring and iterative BMPs are deployed to attain zero trash 
within the TMDL Implementation Schedule.  Based on the trash generation rate derived from 
the TMRP after the second year of implementation, the Regional Board will consider the 
proposal of a site specific Load Allocation for Lake Elizabeth and Lake Hughes (Table 8).   
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Figure 6. Implementation Flowchart for Nonpoint Sources 

 
 

C. Coordinated Compliance  
 

Responsible jurisdictions for this TMDL include both point source and nonpoint source 
dischargers.  Compliance with the TMDL may be based on a coordinated Monitoring and 
Reporting work plan that outlines TMDL responsibilities for each responsible jurisdiction.  
Dischargers interested in coordinated compliance shall submit a Coordinated Monitoring and 
Reporting Compliance plan that outlines BMPs that will be implemented and the schedule for 
implementing the BMPs and MFAC program.    
 

D. Non-Structural BMPs 

  
A wide variety of methods possibly alleviating trash impairment to Lake Elizabeth and 

Lake Hughes are listed below.  Responsible jurisdictions shall propose the monitoring plan as 

Baseline LAs Effective or propose Trash Monitoring 
and Reporting Plan (TMRP) for Executive Officer 

approval 

Implement TMRP  

Submit results of TMRP with Baseline LA 
recommendation and Full Capture System (FCS) 

Prioritization

Regional Board evaluates the effectiveness of FCS and 
consideration of proposed Baseline LAs 

Program for Minimum Frequency of 
Assessment and Collection 

Structural and/or Non-Structural BMP required 
if Baseline LAs and Progressive Reduction 

Schedule are attained 
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well as the mitigation measures incorporating an individual method or combinations to 
progressively reduce nonpoint source trash.  Non-structural BMPs may provide advantages over 
structural full capture systems in areas that are not extensively drained by municipal separate 
stormwater sewer systems.  Foremost, institutional controls offer other societal benefits 
associated with reducing litter in our city streets, parks and other public areas. The capital 
investment required to implement non-structural BMPs is generally less than for full capture 
systems.   

 
Litter Control 

It is noted that ordinances prohibiting littering are already in place in the areas of Lake 
Elizabeth and Lake Hughes.  For example, the Los Angeles County, the Board of Supervisors 
has just adopted the Trash Responsibility Ordinance on January 9, 2007 to mandate trash 
service for residents of the unincorporated parts near Lake Elizabeth, Munz Lake and Lake 
Hughes:  
 

“It is found and determined that the unlawful disposal of solid waste is widespread in the 
unincorporated High Desert Area of the Los Angeles County with associated public 
health hazards, and that the required periodic collection of solid waste from all occupied 
properties in High Desert Area protects the health and safety of all owners and 
occupants of High Desert Area properties and premises, protects the environment, and 
improves the quality of life in the High Desert Area for all occupied properties.” (Los 
Angeles County Code, Title 20, Section 20.58.010) 
 
“For all occupied properties in the High Dessert Area, where the county does not 
otherwise provide solid waste collection services, it is mandatory for the owner and /or 
occupant of the property to utilize the solid waste collection services of a permitted 
waste collector at least once weekly or, alternatively, to obtain a self-hauler permit and 
transport, at least once weekly, all solid waste accumulated or stored on the property, 
except for inert materials as defined in t Title 27, Section 20230 of the California Code 
of Regulations, to a solid waste facility hat is legally authorized to accept such waste” 
(Los Angeles County Code, Title 20, Section 20.58.020) 

 
Trash Receptacles 

Most of trash disposed of on the ground may result from the lack of trash receptacles.  
Installing trash receptacles can reduce nonpoint trash loadings.  The receptacles shall be visible 
and conveniently reachable for all park users. During the picnic seasons, sufficient trash and hot 
coal receptacles in the picnic area should be provided.  Receptacles shall equip with lids to 
prevent the wildlife browsing through or the wind re-mobilizing the trash inside.   Receptacles 
may be decorated but shall not cause visual intrusion to the background environment. 

  
Varieties of land uses determine the proper locations and necessary density of the trash 

receptacles.  More receptacles are needed along trails, near park entrances and exits, adjacent to 
picnic areas or areas with higher activity frequencies.  Sanitation should be maintained to avoid 
nuisances. 

 
Enforcement of Litter Laws 

The existing litter laws shall be post in the prominent location for the park users or 
resident to understand the regulations.  It is to be noted that ordinances that prohibit litter are 
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already in place in most cities because cities recognize that trash has become a pollutant in the 
storm drain system when exposed to storm water or any runoff, and prohibit the disposal of 
trash on public land.   

 
Patrolling or designated personnel shall have authorities to illustrate, execute, and 

enforce the litter laws.  The effectiveness of enforcement should be monitored. 
 

Trash Bags 
Trash bags may be provided at the park entrance for visitors to keep their trash 

contained.  Trash bags should be available at designated locations for park users to collect after 
their activities or pets.   

 
The concept of trash bags originates from the trash bags offered in the Los Angeles mass 

transportation system which provides trash bags in the buses for passengers to keep the buses 
clean.  This program may be more effective if it combines with other encouragement.  The 
effectiveness shall be monitored by finding the use of these trash bags in the trash collectors or 
trash receptacles. 

 
Street Sweeping 

Street sweeping is one of most effective methods to keep debris, vegetation wastes, and 
trash away from catch basins.  Although the correlation between street sweeping frequency and 
amount of trash collected in the waterbody is not confirmed in the Lake Elizabeth, Munz Lake 
and Lake Hughes area, it is convincing that more street sweeping will allow less trash to be 
flushed by stormwater to the catch basins, and to be discharged to waterbodies of concern.   

 
Most responsible jurisdictions have been undergoing or have had contracts with Los 

Angeles County for street sweeping program. In the County’s unincorporated areas, street 
sweeping frequency may be increased to reduce trash loading.   

   
Public Education 

Public education refers to posting information, giving presentation, or conducting direct 
or indirect communication with individuals.  This outreach should be applied to public entities 
such as city halls, schools, community centers, senior centers, and to private meeting/activity 
locations. 

 
The educational materials should include the relevant ordinances, the importance of 

protecting environment, possible environmental and biological impacts from pollution, and the 
necessary response if pollution occurs.   

 
Community Involvement 

Involving communities may be more effective in promoting the importance of protecting 
water quality and environment.  The bonding between residents and community makes the 
community more influential in educating residents of right concepts.  Communities can 
organize activities to illustrate that environmental protection involves every individual’s 
continuous efforts. 

 
Recycling Program 
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A Recycling program shall be developed to minimize trash sources in the vicinity of the 
waterbody of concern.   

  
Reporting System 

Patrol personnel, park users, or residents should report accumulation of trash or illegal 
disposal of trash to the waterbodies and their adjacent areas.  Information with a toll-free 
number and communication devise shall be conveniently available near the waterbodies for 
timely reporting.  Responsible jurisdictions, after receiving reports, should conduct inspections 
to formulate proper cleanup actions. 

 
Stencil 

Stencils are to remind the residents and park users of the importance of maintaining 
water quality and of the existing ordinances.  Signs should be placed in prominent locations 
where most people will view them, and should contain appropriate symbols as well as clear 
written messages, and cite the appropriate federal, state and county codes including the largest 
possible penalty amount for violation of codes. 

  
Consideration of Picnic Area Relocation 

Trash found in the waterbodies may be the results of stormwater flushing or wind re-
mobilizing trash originally disposed of around picnic areas.  If stormwater or wind is the 
dominant factor causing trash impairment, and trash is constantly found near picnic areas, it 
may be a solution to reconsider the proper location of picnic area.   

 
The further the picnic area away from waterbodies, the longer time or more mobilization 

energy it needs from stormwater or wind to carry trash to waterbodies of concerns.  Trash may 
be cleaned before reaching waterbodies.  A proper monitoring period to analyze the cause of 
trash is necessary prior to considering this option.    

 
Imposition of Trash Tax 

The trash often discovered on or adjacent to the waterbodies is convenient paper or 
plastic food or beverage containers, plastic bottles, paper plates, aluminum cans, or plastic bags.  
This trash shares the same characteristics as packaging utilized in the fast food stores.  The 
evidence of trash causing the waterbody impairment may be used to justify an increase in retail 
price of disposable food or beverage packaging to compensate the potential environmental 
impacts.  The additional tax income can contribute to preventive or cleanup actions for the 
designated waterbody of concern.   

 
Cooperation of Potential Sources of Trash 

Stores carrying goods considered potential sources of trash to the waterbody or its 
adjacent areas can advise their patrons to handle the packaging, residuals or any trash parts in an 
environmentally friendly manner.  Similar to the stencils, signs with clear language containing 
ordinances, and a penalty of violation should be posted near the cashier, exit and parking lot. 

 
Surveillance Camera 

Surveillance cameras can be installed to monitor the water quality and any illegal 
disposal which may require immediate cleanup.  They can also be used to enforce the littering 
laws if necessary.  
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Tax Benefit by Adopting Waterbodies, Parks, etc. 
This concept is adapted from “adopt a highway” program.  The participation from 

industries in the vicinity of lakes, rivers, or creeks, will help the responsible jurisdictions to 
maintain the cleanliness of the environment, and increase the cleaning frequency.  Industries or 
any entities that contribute resources, time, or efforts to keep the environment clean could be 
encouraged by having tax benefit. 
 

E. Implementation Schedule 
 

The TMDL Implementation Schedule is designed to provide responsible jurisdictions 
flexibility to implement structural and non-structural BMPs to address trash impairments of 
Lake Elizabeth and Lake Hughes.  Implementation consists of development of monitoring plans 
by responsible jurisdictions and implementation of the Executive Officer approved Trash 
Monitoring and Reporting Plan. 
 
 

Table 7 Full Capture Implementation Schedule. 
Task 
No. 

Task Responsible Jurisdiction Date 

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan 
for defining the 
trash baseline 
WLA and a 
proposed 
definition of 
“major rain event”.  

Los Angeles County and local land 
owners with conveyances that 
discharge to Lake Elizabeth and 
Lake Hughes. 

6 months from 
effective date of 
TMDL.  If a plan 
is not approved 
by the Executive 
Officer within 9 
months, the 
Executive Officer 
will establish an 
appropriate 
monitoring plan. 

2 Implement Trash 
Monitoring and 
Reporting Plan. 

Los Angeles County and local land 
owners with conveyances that 
discharge to Lake Elizabeth and 
Lake Hughes. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

3 Submit results of 
Trash Monitoring 
and Reporting 
Plan, recommend 
trash baseline 
WLA, and propose 
Full Capture 
System 
prioritization.   

Los Angeles County and local land 
owners with conveyances that 
discharge to Lake Elizabeth and 
Lake Hughes. 

2 years from 
receipt of letter of 
approval for the 
Trash Monitoring 
and Reporting 
Plan from 
Regional Board 
Executive Officer. 
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4 
 

Installation of Full 
Capture Systems 
to achieve 20% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County, Los Angeles 
County Flood Control Districts, 
and local land owners with 
conveyances that discharge to 
Lake Elizabeth and Lake Hughes. 

Four years from 
effective date of 
TMDL. 

5 
 

Installation of Full 
Capture Systems 
to achieve 40% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County and local land 
owners with conveyances that 
discharge to Lake Elizabeth and 
Lake Hughes. 

Five years from 
effective date of 
TMDL. 

6 Evaluate the 
effectiveness of 
Full Capture 
Systems, and 
reconsider the 
WLA. 

Regional Board. Five years from 
effective date of 
TMDL. 

7 
 

Installation of Full 
Capture Systems 
to achieve 60% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County and local land 
owners with conveyances that 
discharge to Lake Elizabeth and 
Lake Hughes 

Six years from 
effective date of 
TMDL. 

8 
 

Installation of Full 
Capture Systems 
to achieve 80% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County and local land 
owners with conveyances that 
discharge to Lake Elizabeth and 
Lake Hughes. 

Seven years from 
effective date of 
TMDL. 

9 
 

Installation of Full 
Capture Systems 
to achieve 100% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County and local land 
owners with conveyances that 
discharge to Lake Elizabeth and 
Lake Hughes. 

Eight years from 
effective date of 
TMDL. 

*Compliance with percent reductions from the Baseline WLA will be assumed 
wherever full capture systems are installed in corresponding percentages of the 
conveyance discharging to the waterbody.  Installation will be prioritized based on the 
greatest point source loadings. 
 
 

Table 8.  Minimum Frequency Assessment and Collection Implementation Schedule 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Conditional 
Waiver in effect. 
 

National Forest Service; Land 
owners in the vicinity of Lake 
Elizabeth and Lake Hughes. 

Regional Board 
adoption of 
TMDL. 

2 Submit Notice of 
Intent to Comply 

National Forest Service; Land 
owners in the vicinity of Lake 

Six months from 
TMDL effective 
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with Conditional 
Waiver of 
Discharge 
Requirements, 
including 
MFAC/BMP 
Program and 
Trash Monitoring 
and Reporting 
Plan.   

Elizabeth and Lake Hughes. date.  

3 Implement 
MFAC/BMP 
Program. 

National Forest Service; Land 
owners in the vicinity of Lake 
Elizabeth and Lake Hughes. 

Six months from 
receipt of Notice 
of Acceptance  
from Regional 
Board Executive 
Officer. 

4 Submit annual 
TMRP reports 
including proposal 
for revising 
MFAC/BMP for 
Executive Officer 
approval. 

National Forest Service; Land 
owners in the vicinity of Lake 
Elizabeth and Lake Hughes. 

Two years from 
effective date of 
TMDL, and 
annually 
thereafter. 

5 
 

Reconsideration of 
Trash TMDL 
based on 
evaluation of 
effectiveness of 
MFAC/BMP 
program. 

Regional Board. Five years from 
effective date of 
TMDL. 

* At Task 3, all Responsible Jurisdictions must be attaining the zero trash target after 
each required trash assessment and collection event.  At Task 4, all Responsible 
Jurisdictions must demonstrate full compliance and attainment of the zero trash 
target between the required trash assessment and collection events.  Based on 
Responsible Jurisdiction monitoring reports, the Executive Officer may adjust the 
minimum frequency of assessment and collection as necessary to ensure compliance 
between the required trash assessment and collection events. 
 
 

F. Reasonably Foreseeable Environmental Impacts from TMDL 
Implementation 

 
An accompanying CEQA Substitute Environmental Document (SED) analyzes the 

potential negative environmental impacts of compliance with the trash TMDL based on the 
implementation strategies discussed above. According to responsible jurisdictions implementing 
previous Trash TMDL requirements by installing catch basin inserts and vortex separation 
devices, it was found the most significant environmental impacts result from construction 
activities associated with installation and maintenance activities.  The primary construction 
impacts are caused by concrete and electrical work, and in some areas, earth work associated 
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with structural improvements.  The environmental impacts are resulting from maintaining, 
removing and disposing trash from structural treatment systems. Both constructional and 
environmental impacts may be mitigated by available technologies.   
 

Regarding cumulative impacts, it is noted that both the construction and maintenance 
activities are in small, discrete, discontinuous areas over a short duration.  Consequently, 
cumulative impacts are not significantly exacerbated from the sum of individual project 
impacts.  Project level environmental analysis for implementation of structural methods will 
likely be conducted by responsible jurisdictions and responsible jurisdictions under notices of 
exemption.  Categorical exemptions will be based on the nature of the projects including: 
 

-Minor alteration of existing public structures involving negligible expansion of an 
existing facility. 
-Modifications of existing storm drain system and addition of environmental protection 
devices in existing structures with negligible or no expansion of use. 
-Modifications to sewers constructed to alleviate a high potential or existing public 
health hazard.   

 
The analysis concludes that the implementation of this TMDL will result in water 

quality improvement in Lake Elizabeth, Munz Lake and Lake Hughes, but may be associated 
with temporary or permanent localized adverse impacts to the environment. While specific 
projects employed to implement the TMDL may have significant impacts, these impacts may be 
limited, short-term or mitigated through effective design and scheduling. Under circumstances 
that none of alternatives or mitigation measures is available to mitigate the environmental 
impact caused by implementation of this Trash TMDL, implementing this Trash TMDL would 
outweigh the unavoidable adverse environmental effects because the minimum foreseeable 
environmental impacts shall be addressed by project level planning, construction, and operation 
methods as described in the CEQA SED.   

 
 

X. Monitoring 
 

Assessment and monitoring of trash are key components of the TMDL.  The goal of 
trash monitoring is to collect representative data from across the watershed that can be used to 
refine Baseline Load and Waste Load Allocations, effectively site and design BMPs, 
including full capture systems, and determine compliance with Waste Load and Load 
Allocations. Monitoring activities and results, including implementation and effectiveness of 
BMP implementation, will be reported and submitted to the Regional Board on an annual 
basis. Responsible jurisdictions will be required to propose and implement a Trash Monitoring 
and Reporting Plan approved by the Executive Officer.  

 
The Trash Monitoring and Reporting Plan will describe the methodologies that will be 

used to assess and monitor trash in Lake Elizabeth and Lake Hughes, and if applicable land 
areas in the vicinity of Lake Elizabeth and Lake Hughes.  Regional Board staff finds that 
monitoring protocols prescribed by the Rapid Trash Assessment are appropriate for this 
TMDL.  Elements of the trash Monitoring and Reporting Plan are described below. 
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• Monitoring Plan. Responsible jurisdictions will submit a Trash Monitoring and 
Reporting Plan with the proposed monitoring sites and at least two additional 
alternate monitoring locations.  The Work Plan must include maps of the drainage 
and storm drain data, and locations where most trash accumulated on the waterbody 
and on the vicinities for nonpoint sources for each proposed and alternate 
monitoring location.  The monitoring plan(s) will be submitted to the Regional 
Board according the TMDL Implementation Schedule.  The Regional Board's 
Executive Officer will have full authority to review the monitoring plan(s), to 
modify the plan, to select among the alternate monitoring sites, and to approve or 
disapprove the plan(s).   

 
• Jurisdiction. Allocations will be permitted through storm water permits or by a 

Conditional Waiver.  For this reason, each responsible jurisdiction must provide the 
Regional Board list of entities located within their municipal boundaries that are 
outside of their jurisdiction including state or federal lands and facilities.  

 
• Data Collection. Baseline data may be collected over a period of two years. 

Although the amount of trash deposited into the waterbodies through storm drains 
or from nonpoint sources may depend on rainfall patterns and winds, monitoring 
will include dates in both the rainy season and the dry season.  The Los Angeles 
County Department of Public Works defines the rainy season as spanning from 
October 15 to April 15.   

 
• Unit of Measure. Data will be reported in a single unit of measure that is 

reproducible and measures the amount of trash, irrespective of water content (e.g., 
compacted volume based on a standardized compaction rate, dry weight, etc.).  The 
responsible jurisdictions may select the unit.  The unit of measure used during 
Baseline Monitoring also will be used during Implementation for determining 
compliance with Waste Load Allocations and Load Allocations.   

 
• Vegetation.  The responsible jurisdictions may exclude vegetation from their 

reported discharge except where there is evidence that the vegetation is the result of 
the illegal discharge of yard waste.  However, all monitoring data must be reported 
uniformly (either with or without vegetation).  If the responsible jurisdictions 
include vegetation in the discharges reported during Baseline Monitoring, they will 
be obligated to include natural vegetation in their reports of discharge during 
Implementation.  

 
• Disposal of Collected Trash.  Trash captured during the monitoring plan must be 

disposed of in accordance with all applicable laws and regulations.  
 

• Location.  Trash monitoring on the surface and lake shores of Lake Elizabeth and 
Lake Hughes shall be focus on visible trash at representative and critical locations 
determined by the Discharger and approved by the Executive Officer in the Trash 
Monitoring and Reporting Plan.  Locations for trash assessment shall include, but 
not be limited to locations where trash enters and exits the lakes, accumulates on the 
lakeshore, and areas of recreational access and wildlife habitat.  Trash assessment 
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of the lake and lakeshore shall include the type of trash, amount of trash according 
to a metric proposed and approved in the Monitoring and Reporting Workplan.   

 
• Representative Data.  In an effort to provide representative data in deriving Baseline 

Waste Load Allocation and Baseline Load Allocation, the minimum requirements 
to establish the Trash Monitoring and Reporting Plan include: 

 
• The plan would provide representative data from across the watershed. 
• The plan would provide data in units that were easily reproducible and 

would be comparable with data to be collected during the 
Implementation Phase. 

• The Baseline Waste Load Allocation and Baseline Load Allocation may 
be revised from data generated from the plan. 

 
• Land Use Areas.  Dischargers may propose trash monitoring according to Land Use 

Areas in the vicinity of Lake Elizabeth and Lake Hughes.  Monitoring data can be 
used to establish specific trash generation rates per land use for siting and design of 
BMPs.  For Lake Elizabeth and Lake Hughes the land use categories that can be 
monitored are: 

 
• Low density residential, 
• Open space and recreation. 
 

The requirements and milestone dates related to the Trash Monitoring and Reporting 
Plan are summarized in Table 9. 

 
Table 9.  Trash Monitoring and Reporting Plan Due Dates. 

Task Completion Date 

Submit Trash Monitoring and Reporting 
Plan, including a plan for defining the 
trash baseline WLA and a proposed 
definition of “major rain event”.  

6 months from effective 
date of TMDL.  If a plan is 
not approved by the 
Executive Officer within 9 
months, the Executive 
Officer will establish an 
appropriate monitoring 
plan. 

Implement Trash Monitoring and 
Reporting Plan. 

6 months from receipt of 
letter of approval from 
Regional Board Executive 
Officer, or date a plan is 
established by the 
Executive Officer. 

Submit results of Trash Monitoring and 
Reporting Plan, recommend trash 
baseline WLA, and propose Full 
Capture System prioritization.   

2 years from receipt of letter 
of approval for the Trash 
Monitoring and Reporting 
Plan from Regional Board 
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Executive Officer. 
 
 

In addition to the general monitoring requirements, two TMDL Monitoring Strategies 
are outlined below for the proposed compliance options. 

 
 

1. Monitoring of full capture devices. 
 

Monitoring of full capture devices focuses on description and quantification of trash 
collected by the full capture devices and assessment of full capture device effectiveness in 
reducing trash in and on the shoreline of Lake Elizabeth and Lake Hughes.  The Monitoring and 
Reporting Plan will describe how trash collected from full capture devices will be quantified 
and how trash reductions in the lakes and on the lakeshore will be assessed.   

 
 
2. Minimum Frequency of Assessment and Collection  
 

Responsible jurisdictions must identify at least 5 monitoring locations within the 
perimeter of the lakes, including two (2) locations where trash was always present according to 
the records.  The plan should describe how proposed monitoring locations will demonstrate how 
all visible trash on the lake and lakeshore can be assessed and collected. These observation 
locations must be inspected weekly and within 48 hours after critical conditions.   
 

An additional 5 locations on the lake vicinity or in the park that are suspected to have 
the most trash deposited on the ground shall also be checked on a weekly basis and the day after 
long weekends or holidays during peak usage seasons (May through September), and weekly 
for the rest of the year. Responsible jurisdictions must collect 100% of the trash accumulated 
between MFAC events. 
 

The report submitted for Regional Board’s review must contain information, including 
but not limited to dates of inspection, descriptions of trash types, estimate of trash quantity if 
weighting is not available, and immediate action of trash removal.  At least one photo at each 
designated observation location per month must be taken and attached in the report to support 
the observation. 
 

XI. Future Growth 
 

Northern Los Angeles County is growing rapidly, with thousands of new homes planned 
for the Santa Clarita Valley over the next decades.  It is reasonably foreseeable that as the 
population density in areas near Lake Elizabeth, Munz Lake and Lake Hughes increases, the 
trash loads to the lakes will also increase.  The TMDL addresses potential increased trash 
loading from future growth through several mechanisms including a numeric target of zero 
trash, WLAs and LAs of zero trash, and TMDL compliance mechanisms such as full capture 
systems and a specified minimum frequency of patrolling and trash collection.   
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XII. Cost Considerations 
 

Porter-Cologne Section 13241(d) requires staff to consider costs associated with the 
establishment of water quality objectives.  The TMDL does not establish water quality 
objectives, but is merely a plan for achieving existing water quality objectives.  Therefore cost 
considerations required in Section 13241 are not required for this TMDL.  
 

The purpose of this cost analysis is to provide the Regional Board with information 
concerning the potential cost of implementing this TMDL and to addresses concerns about costs 
that have been raised by responsible jurisdictions.  This section takes into account a reasonable 
range of economic factors in fulfillment of the applicable provisions of the California 
Environmental Quality Act (Public Resources Code Section 21159.) 
 

An evaluation of the costs of implementing this Trash TMDL amounts to evaluating the 
costs of preventing trash from getting from the storm drain to Lake Elizabeth, Munz Lake and 
Lake Hughes.  This brief report gives a summary overview of the costs associated with the most 
likely ways the responsible jurisdictions will achieve the required reduction in discharges to the 
storm drain system.  Such an analysis would be incomplete if it failed to consider the existing 
cost that presently is transferred to "innocent" downstream communities. There is an 
unquantified cost to aquatic life within Lake Elizabeth, Munz Lake and Lake Hughes. 
 

Cost of Implementing Trash TMDL 
 

The reference provided by Los Angeles County indicated that it cost more than 4 
million dollars to clean trash from 31-mile beaches annually.  City of Long Beach, at the 
mouth of the Los Angeles River, also spent almost 1 million dollars annually for storm debris 
accumulated in the Long Beach Harbor.  These expenses should be taken into consideration 
while calculating the potential cost of implementing Trash TMDL. 

 
The cost of implementing this TMDL will range widely, depending on the method that 

the responsible jurisdictions select to meet the Waste Load and Load Allocations.  Arguably, 
enforcement of existing litter ordinances could be used to achieve the final Waste Load 
Allocations at minimal or no additional cost.  The most costly approach in the short-term is 
the installation of full capture systems on all discharges to Lake Elizabeth, Munz Lake and 
Lake Hughes.   

 
Most of the information presented herein consists of catch basin inserts, structural vortex 

separation devices and end of pipe nets.  We are considering the costs associated with 
preventing the disposal of trash into the waterbodies of concern.   
 

Regardless of the method(s) used, costs associated with the gradual decrease of the 
amount of trash in the waterbodies, and the maintenance of the Lake Elizabeth, Munz Lake and 
Lake Hughes and its tributaries free of trash include monitoring and implementation costs.  Any 
device chosen for monitoring trash or removing trash from storm drain, regardless of its 
installation costs, will also be associated with labor costs. 
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We are looking at several methods separately, from retrofitting all the catch basins in the 
urbanized portion of the watershed, to using solely structural full capture methods.   

 
1.  Catch Basin Inserts 
 

At a cost of around $800 per insert, catch basin inserts are the least expensive structural 
treatment device in the short term.  However, because they are not a full capture method, they 
must be monitored frequently and must be used in conjunction with street sweeping.   

 
Based on the site inspection on March 8, 2007, there are 5 111 catch basins in this 

subwatershed.  Assuming all catch basin insert will be installed in the first year after the 
effective date of this TMDL, and the operation and maintenance expense is 50% of the 
installation cost.  

Table 10. Costs of retrofitting the catch basin inserts. (Dollars in thousands) 

Number of years in 
the program 

1 2 3 4 5 6 7 8 

Operations and 
Maintenance (yearly, 
cumulative) 

$2 $2 $2 $2 $2 $2 $2 $2 

Capital Cost (yearly) $4 
 

$0 
 

$0 $0 $0    

Annual Costs per year 
(Capital + Operation and 
Maintenance) 

$6 $2 $2 $2 $2 $2 $2 $2 

 
2. Full Capture Vortex Separation Systems (VSS) 

 
Permanent structural devices can be used to trap gross pollutants for monitoring 

purposes as well as implementation. Among those “litter control devices” are structural vortex 
separation systems (VSS), floating debris traps, end-of-pipe nets and trash racks.  VSS units 
appear to be among the best alternatives to evaluate or remove the amount of trash generated 
throughout a particular drainage area. 
 

An ideal way to capture trash deposited into a storm drain system would be to install a 
VSS unit.  This device diverts the incoming flow of storm water and pollutants into a pollutant 
separation and containment chamber.  Solids within the separation chamber are kept in 
continuous motion, and are prevented from blocking the screen so that water can pass through 
the screen and flow downstream.  This is a permanent device that can be retrofitted for oil 
separation as well.  Studies have shown that VSS systems remove virtually all of the trash 
contained in the treated water.  The cost of installing a VSS is assumed to be high, so limited 
funds will place a cap on the number of units which can be installed during any single fiscal 
year. 
 

The point sources area is approximately 580 acres.  The following table provides 
capacities and the associated costs of various sizes of VSS. Staff assumes the cost of yearly 
servicing of a VSS unit to be $2000. 
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Table 11. Costs Associated with VSS. 

Capacity Acres 
(average) 

Unit Capital Cost Number of devices 
needed on urban 

portion of watershed

Capital costs Yearly costs for 
servicing all 

devices 

1 to 2 cfs 5 $12,800 116 $1,484,800 $232,000 
6 to 8 cfs 30 $45,000 19 $855,000 $38,000 

19 to 24 cfs 100 $90,000 5 $450,000 $10,000 
 
 
 Table 12 and 13 compare the estimated costs of retrofitting the point source areas with 
low capacity VSS (1 to 2 cfs) and large capacity VSS (19 to24 cfs), given that VSS will be 
installed within the first five years after the effective date of this TMDL. 

 

Table 12. Costs Associated with Low Capacity Vortex Gross Pollutant Separation Systems. (Dollars in 
thousands) 

Number of years in 
the program 

1 2 3 4 5 6 7 8 

Units Installed 23 23 23 23 23    
Operations and 
Maintenance (yearly, 
cumulative) $46 $92 $138 $184 $230 $230 $230 $230 
Capital Cost (yearly) $294 $294 $294 $294 $294    
Annual Costs per 
year (Capital + 
Operation and 
Maintenance) $340 $386 $432 $478 $524 $230 $230 $230 

 
 

Table 13. Costs Associated with Large Capacity Vortex Gross Pollutant Separation Systems. (Dollars in 
thousand) 

Number of years in 
the program 

1 2 3 4 5 6 7 8 

Units Installed 1 1 1 1 1    
Operations and 
Maintenance (yearly, 
cumulative) $2 $4 $6 $8 $10 $10 $10 $10 
Capital Cost (yearly) $90 $90 $90 $90 $90    
Annual Costs per 
year (Capital + 
Operation and 
Maintenance) $92 $94 $96 $98 $100 $10 $10 $10 
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Outfitting a large drainage with a number of large VSS systems may be less costly than 
using a larger number of small VSS systems.  Maintenance costs decrease dramatically as the 
size of the system increases.  Topographical and geotechnical considerations also should come 
into play when choosing VSS systems or other structural systems or devices.   
 
3. End of Pipe Nets 
 

“Release nets” are a relatively economical way to monitor trash loads from municipal 
drainage systems.  However, in general, they can only be used to monitor or intercept trash at 
the end of a pipe and are considered to be partial capture systems, as the nets are usually sized 
at a 1/2" to 1" mesh.  These nets are attached to the end of pipe systems.  The nets remain in 
place on the end of the drain until water levels upstream of the net rise sufficiently to release a 
catch that holds the net in place.  The water level may rise from either the bag being too full to 
allow sufficient water to pass, or from a disturbance during very high flows.  When the nets 
release they are attached to the side of the pipe by a steel cable and as they are washed 
downstream (a yard or so) are tethered off so that no pollutants from within the bags are 
washed out. 
 

Preliminary observations suggest that the nets rarely fill sufficiently to cause the bags to 
release. And therefore, if they are cleaned after a storm event, the entire quantity of material is 
captured and can be measured for monitoring purposes using two bags per trap.  This makes it 
easy to replace the full or partially full bag with an empty one, so that the first bag can be taken 
to a laboratory for analysis without manual handling of the material it contains.   
 

The nets are valid devices because of the ease of maintenance and also because the 
devices can be relocated after a set period at one location (provided the pipe diameters are the 
same).  With limited funding, installation could be spread over several land uses and lead to 
valuable monitoring results. 
 

Because the devices require attachment to the end of a pipe, this can severely reduce the 
number of locations within a drainage system that can be monitored.  In addition, these nets 
cannot be installed on very large channels (7 feet in diameter is the maximum).  Thus costs 
shown in Table 14 are given per pipe, and no drainage coverage is given. 
 

Table 14.  Sample Costs for End of Pipe Nets. 

Pipe Size Release nets 
(cost estimates) 

End of 3 ft pipe $10,000 

End of 4 ft pipe $15,000 

End of 5 ft pipe $20,000 

In 3 ft pipe network $40,000 

In 4 ft pipe network $60,000 

In 5 ft pipe network $80,000 
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4.  Cost Consideration – Minimum Frequency Trash Assessment and Collection  
 

This section provides a brief estimate of costs to comply with the minimum frequency 
trash Assessment and Collection for nonpoint source responsible jurisdictions.  The cost 
estimate is based on the minimum frequency of assessment and collection of once per week, 
including an additional weekly assessment and collection during the summer months from April 
15 until October 1 to account for high visitation. 

 
It is also assumed that the personnel for trash assessment and collection will be 

employed by one of the agencies that provide services to the area of Lake Elizabeth, Munz Lake 
and Lake Hughes.  As such, equipment and vehicles are available and costs for these items are 
assumed to be included in the estimate below.  It is also assumed that a single person can 
conduct the complete trash assessment and collection in eight hours at each cleanup.  
Consequently, the total time per year to conduct the minimum frequency of assessment and 
collection is 106 days. 

 
Assuming a burdened hourly rate of $37.50 per hour, the estimated annual costs to the 

minimum frequency trash assessment and collection is $31,800 for Lake Elizabeth, Munz Lake 
and Lake Hughes. 

 
 
5. Cost Comparison 
 

A comparison of costs between strategies based on catch basin inserts (CBIs), low 
capacity VSS, high capacity VSS systems, and enforcement of litter laws is presented in Table 
15.  This comparison was completed for a trash TMDL in the Los Angeles River watershed.  
Staff assumes the relative magnitude of the costs for the different options is applicable for the 
Lake Elizabeth, Munz Lake and Lake Hughes TMDL, with an addition of the cost resulting 
from minimum frequency trash assessment and collection. 
 

Table 15.  Cost Comparison (amounts in millions) 

 CBI only Low capacity  
VSS Units 

Large capacity 
VSS Units 

Minimum Frequency 
Trash Assessment and 

Collection 

Enforcement of 
Litter Laws1 

Cumulative capital 
costs over 8 years 
 

$0.004 $1.47 $0.06 $0 $0 

Cumulative 
maintenance and 
capital costs after 8 
years 

$0.02 $2.85 $0.45 $0.25 $0 

Annual servicing $0.002 $0.23 $0.51 $0.03 $0 

                                                 
1 Revenues from fines assessed to offset increased law enforcement cost.  The cost of a database system used to 
calculate trash discharges estimated to be less than $250,000. 

RB-AR37041



 

July 11, 2007 46     Lake Elizabeth, Munz Lake, and Lake Hughes Trash TMDL 
 

costs after full 
implementation 

 
Trash abatement in the Lake Elizabeth, Munz Lake and Lake Hughes will differ depending on 
the options selected by the responsible jurisdictions. 
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XIV. Appendix I 

 

The land use classification was developed by Aerial Information Systems as a modified 
Anderson Land Use Classification and originally included 104 categories.  The land use 
coverages were donated for GIS library use by Southern California Association of 
Governments (SCAG), and show land use for 2005.  The coverages were map-joined into a 
single coverage by Teale Data Center.  The Regional Board layers were aggregated from the 
TDC coverage into the land uses shown above. 
 
Critical land uses were mapped regardless of resolution limits.  Critical land use units below 1 
acre in size were mapped as 1-acre units. 

 

Land Uses Description and subcategories of Each Land Use 
High Density 
Residential 

High density single family residential and all multi family residential, mobile 
homes, trailer parks and rural residential high density. 

Low Density 
Residential 

Under 2 units per acre. 

Public 
Facilities 

government centers, police and sheriff stations, fire stations, medical health 
care facilities, religious facilities large enough to be distinguished on an aerial 
photograph, libraries, museums, community centers, public auditoriums, 
observatories, live indoor and outdoor theaters, convention centers which 
were built prior to 1990, communication facilities, and utility facilities 
(electrical, solid waste, liquid waste, water storage and water transfer, natural 
gas and petroleum) 

Education Preschools and daycare centers, elementary schools, high schools, colleges 
and universities, and trade schools, including police academies and fire 
fighting training schools. 

Transportation Airports, railroads, freeways and major roads (that meet the minimum 
mapping resolution of 2.5 acres), park and ride lots, bus terminals and yards, 
truck terminals, harbor facilities, mixed transportation and mixed 
transportation and utility. 

Mixed Urban Mixed commercial, industrial and/or residential, and areas under construction 
or vacant in 1990. 

Open Space 
and Recreation 

Golf courses, local and regional parks and recreation, cemeteries, wildlife 
preserves and sanctuaries, botanical gardens, beach parks. 

Agriculture Orchards and vineyards, nurseries, animal intensive operations, horse ranches. 
Water Open water bodies, open reservoirs larger than 5 acres, golf course ponds, 

lakes, estuaries, channels, detention ponds, percolation basins, flood control 
and debris dams. 
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XV. Appendix II 
 

 

This table shows the square mileage for “high density residential”, “low density residential”, “commercial”, “industrial”, 
“public facilities”, “education”, “transportation”, “mixed urban”, “open space”, “agriculture”, “water” and “recreation” land uses for 
every city and incorporated areas in the watershed.  The “water” land use of water is itself a nonpoint source of trash, and will 
therefore receive a combined Load Allocation.   For cities that are only partially located on the watershed, the square mileage 
indicated is for the portion located in the watershed. 

 
SQUARE MILEAGE ESTIMATED FOR EACH LAND USE FOR CITIES IN THE WATERSHED, AND FOR UNINCORPORATED AREAS. 

 
Responsible 
jurisdictions 

High 
Density 
Residential 

Low 
Density 
Residential

Commercial Industrial Public 
Facilities

Education Transportation Mixed 
Urban

Open 
Space and 
Recreation 

Agriculture Water Total for 
all classes

Los Angeles County 0.418 0.281 0.017 0.000 0.079 0.016 0.000 0.033 5.76 0.269 0.257 7.126 
Forest Service 0.003 0.018 0.000 0.000 0.043 0.000 0.000 0.000 3.58 0.000 0.117 3.764 
Totals 0.420 0.299 0.017 0.000 0.122 0.016 0.000 0.033 9.34 0.269 0.374 10.890 
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XVI. Appendix III 
 

This table shows the Waste Load and Load Allocations for trash per land use in each city base on square mileage.  Waste Load 
Allocations are assigned to point source areas including high and low density residential, commercial, industrial, public Facilities, 
education, transportation and mixed urban land uses.  Others of open space, agriculture, water and recreation land uses are considered 
as nonpoint sources and assigned with Load Allocation.  For cities that are only partially located on the watershed, the square mileage 
indicated is for the portion located in the watershed. 

 

WASTE LOAD ALLOCATIONS FOR TRASH  PER LAND USE IN EACH CITY  (GALLONS OF UNCOMPRESSED VOLUME) 

Responsible 
jurisdictions 

High 
Density 

Residential 

Low 
Density 

Residential Commercial Industrial
Public 

Facilities Education
Trans-

portation 
Mixed 
Urban 

Open 
Space and 
Recreation Agriculture Water 

Total for all
classes 

Los Angeles 
County 267.26 179.58 10.69 0 50.37 10.18 0 21.12 3684.61 172.29 164.35 4560.45 
Forest 

Service 1.66 11.78 0 0 27.58 0 0 0.06 2293.12 0.000 74.75 2408.96 
Totals 268.93 191.36 10.69 0 77.95 10.18 0 21.18 5977.28 172.29 239.10 6969.41 
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XVII. Definitions 
 

The definitions of terms as used in this TMDL are provided as follows: 
 
Beneficial Uses.  Beneficial Uses form the cornerstone of water quality protection under 
the Basin Plan.  Once beneficial uses are designated, appropriate water quality objectives 
can be established and programs that maintain or enhance water quality can be 
implemented to ensure the protection of beneficial uses.  The designated beneficial uses, 
together with water quality objectives (referred to as criteria in federal regulations), form 
water quality standards.  Such standards are mandated for all waterbodies within the state 
under the California Water Code.  In addition, the federal Clean Water Act mandates 
standards for all surface waters, including wetlands.  Beneficial uses for waterbodies of 
Lake Elizabeth, Munz Lake, and Lake Hughes are listed and defined below: 
 

Municipal and Domestic Supply (MUN) - Uses of water for community, 
military, or individual water supply systems including, but not limited to , 
drinking water supply. 

Industrial Service Supply (IND) - Uses of water for industrial activities that do 
not depend primarily on water quality including, but not limited to, mining, 
cooling water supply, hydraulic conveyance, gravel washing, fire protection, or 
oil well re-pressurization. 

Industrial Process Supply (PROC) - Uses of water for industrial activities that 
depend primarily on water quality. 

Agricultural Supply (AGR) - Uses of water for farming, horticulture, or 
ranching including, but not limited to, irrigation, stock watering, or support of 
vegetation for range grazing. 

Ground Water Recharge (GWR) - Uses of water for natural or artificial 
recharge of ground water for purposes of future extraction, maintenance of water 
quality, or halting of saltwater intrusion into freshwater aquifers. 

Freshwater Replenishment (FRSH) - Uses of water for natural or artificial 
maintenance of surface water quantity or quality (e.g., salinity). 

Water Contact Recreation (REC-1) - Uses of water for recreational activities 
involving body contact with water, where ingestion of water is reasonably 
possible. These uses include, but are not limited to, swimming, wading, water-
skiing, skin and scuba diving, surfing, white water activities, fishing, or use of 
natural hot springs. 

Non-contact Water Recreation (REC-2) - Uses of water for recreational 
activities involving proximity to water, but not normally involving body contact 
with water, where ingestion of water is reasonably possible. These uses include, 
but are not limited to, picnicking, sunbathing, hiking, beachcombing, camping, 
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boating, tide pool and marine life study, hunting, sightseeing, or aesthetic 
enjoyment in conjunction with the above activities. 

Warm Freshwater Habitat (WARM) - Uses of water that support warm water 
ecosystems including, but not limited to, preservation or enhancement of aquatic 
habitats, vegetation, fish, or wildlife, including invertebrates. 

Wildlife Habitat (WILD) - Uses of water that support terrestrial ecosystems 
including, but not limited to, preservation and enhancement of terrestrial habitats, 
vegetation, wildlife (e.g., mammals, birds, reptiles, amphibians, invertebrates), or 
wildlife water and food sources. 

Rare, Threatened, or Endangered Species (RARE) - Uses of water that support 
habitats necessary, at least in part, for the survival and successful maintenance of 
plant or animal species established under state or federal law as rare, threatened, 
or endangered. 

 
Best Management Practices (BMPs).  BMPs are the practice or combination of practices 
that are determined to be the most effective, practicable means of preventing or reducing 
the amount of pollution generated by point and nonpoint sources to a level compatible 
with water quality goals (including technological, economic, and institutional 
considerations). BMPs are defined in 40 CFR 122.2 as schedules of activities, 
prohibitions of practices, maintenance procedures, and other management practices to 
prevent or reduce the pollution of waters of the United States.  In this TMDL, two general 
categories of structural BMPs and non-structural BMPs are discussed as possible means 
to reach “zero” trash goal. 
 
Daily Generation Rate (DGR). The DGR is the average amount of litter deposited to land 
or surface water during a 24-hour period, as measured in a specified drainage area.  
 
Full Capture Device. A full capture system is any single device or series of devices that 
traps all particles retained by a 5 mm mesh screen and has a design treatment capacity of 
not less than the peak flow rate Q resulting from a one-year, one-hour storm in the 
subdrainage area.  Rational equation is used to compute the peak flow rate: Q = C × I × 
A, where Q = design flow rate (cubic feet per second, cfs); C = runoff coefficient 
(dimensionless); I = design rainfall intensity (inches per hour, as determined per the 
rainfall isohyetal map in Figure A),2  and A= subdrainage area (acres). 
 
Baseline Load Allocation. The Baseline Load Allocation is analogous to the Baseline 
Waste Load Allocation for point sources, instead it is for nonpoint sources.  Baseline 
Load Allocation is derived from the existing data, i.e. trash types and quantities, collected 
by responsible jurisdictions for various land uses.  The progressive reductions in the Load 
Allocation will be determined based on the Baseline Load Allocation. 
 

                                                 
2 The isohyetal map may be updated by the Los Angeles County hydrologist to reflect additional rain data.  
Updates published by the Los Angeles County Department of Public Works are prospectively incorporated 
by reference into this TMDL and accompanying Basin Plan amendment. 
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Baseline Waste Load Allocation. The Baseline Waste Load Allocation is the Waste Load 
Allocation assigned to a permittee before reductions are required.  The progressive 
reductions in the Waste Load Allocations could be based on a percentage or variable 
percentages of the Baseline Waste Load Allocation.  The Baseline Waste Load 
Allocation was calculated based on the annual average amount of trash discharged to the 
storm drain system from a representative sampling of land use areas, as determined 
during the Trash Monitoring and Reporting Plan.   
 

Monitoring Entity.  The Monitoring Entity is the permittee or one of multiple permittees 
and/or co-permittees that has been authorized by all the other affected permittees or co-
permittees to conduct baseline monitoring on their behalf.        
 
Nonpoint Source.  It refers to diffuse, widespread sources of pollution. These sources 
may be large or small, but are generally numerous throughout a watershed. Nonpoint 
Sources include but are not limited to urban, agricultural, or industrial areas, roads, 
highways, construction sites, communities served by septic systems, recreational boating 
activities, timber harvesting, mining, livestock grazing, as well as physical changes to 
stream channels, and habitat degradation. NPS pollution can occur year round any time 
rainfall, snowmelt, irrigation, or any other source of water runs over land or through the 
ground, picks up pollutants from these numerous, diffuse sources and deposits them into 
rivers, lakes, and coastal waters or introduces them into ground water. 
 
Permittee.  The term "permittee" refers to any permittee or co-permittee of a stormwater 
permit. 
 
Point Source.  The term “point Source” means any discernible, confined and discrete 
conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, well, 
discrete fissure, container, rolling stock, concentrated animal feeding operation, or 
vessel or other floating craft, from which pollutants are or may be discharged.  This term 
does not include agricultural storm water discharges and return flows from irrigated 
agriculture. 
 
Trash. In this document, we are defining “trash” as man-made litter, as defined in 
California Government Code Section 68055.1(g): 
 

“Litter means all improperly discarded waste material, including, 
but not limited to, convenience food, beverage, and other product 
packages or containers constructed of steel, aluminum, glass, 
paper, plastic, and other natural and synthetic materials, thrown 
or deposited on the lands and waters of the state, but not 
including the properly discarded waste of the primary processing 
of agriculture, mining, logging, sawmilling or manufacturing." 

 
 For purposes of this TMDL, we will consider trash to consist of litter and particles 
of litter, including cigarette butts.  These particles of litter are referred to as “gross 
pollutants” in European and Australian scientific literature.  This definition excludes 
sediments, and it also excludes oil and grease, and vegetation, except for yard waste that 
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is illegally disposed of in the storm drain system.  Additional TMDLs for sediments3 and 
oil and grease may be required at a later date.  
 

Urbanized Portion of the Watershed.  For the purposes of this TMDL, the urban portion 
of the watershed includes the sum of total areas of the incorporated cities and the partial 
unincorporated portion, which comprise of high and low density residential, commercial, 
industrial, mixed urban areas in Los Angeles County.4  The estimated areas of the 
“urbanized” portion of the watershed are summarized in the Appendix II.5 The remainder 
of the watershed is made up of the Angeles National Forest, agriculture and other open 
space. 
 

                                                 
3 Sediments which may be addressed in a separate TMDL are natural particulate matters such as silt and 
sand.  Sediments result from erosion and are deposited at the bottom of a stream.  Sediments do not refer to 
the decomposition of settleable litter into small particulate matters, which this TMDL is trying to prevent. 
4 The Regional Board recognizes that some areas within the unincorporated sections of Los Angeles 
County are actually suburban or rural. 
5 As determined by the Regional Board from GIS mapping. (Other minor differences in figures are due to 
rounding.) 

RB-AR37052



Trash Total Maximum Daily Load 
 

for 
 

Legg Lake 
 

 
 

 
July 11, 2007 

 
California Regional Water Quality Control Board 

Los Angeles Region 
320 West Fourth Street, Suite 200 

Los Angeles, California 90013 
 
 

RB-AR37053



July 11, 2007                                                   2     Legg Lake Trash TMDL 
  

TABLE OF CONTENTS 
I. INTRODUCTION.........................................................................................................................................6 
II. PROBLEM STATEMENT ..........................................................................................................................7 

A. Description of the San Gabriel River Watershed and Legg Lake....................................... 7 
B. Climate................................................................................................................................ 8 
C. Beneficial Uses of Legg Lake........................................................................................... 10 
D. Water Quality Objectives.................................................................................................. 11 
E. Impairment of Beneficial Uses ......................................................................................... 11 
F. Trash Impairments of Legg Lake...................................................................................... 13 

III. NUMERIC TARGET .................................................................................................................................14 
IV. SOURCE ANALYSIS.................................................................................................................................15 

A. Point Sources .................................................................................................................... 15 
B. Nonpoint Sources.............................................................................................................. 16 

V. LINKAGE ANALYSIS...............................................................................................................................17 
VI. WASTE LOAD AND LOAD ALLOCATIONS .......................................................................................17 

A. Waste Load Allocations.................................................................................................... 18 
B. Load Allocations............................................................................................................... 21 

VII. MARGIN OF SAFETY ..............................................................................................................................23 
VIII. CRITICAL CONDITIONS ........................................................................................................................23 
IX. TMDL IMPLEMENTATION AND COMPLIANCE .............................................................................23 

A. Implementation and Compliance for Point Sources ......................................................... 25 
B. Implementation and Compliance for Nonpoint Sources................................................... 28 
C. Coordinated Compliance .................................................................................................. 31 
D. Non-Structural BMPs........................................................................................................ 31 
A wide variety of methods possibly alleviating trash impairment to Legg Lake are listed 
below.  Responsible jurisdictions shall propose the monitoring plan as well as the mitigation 
measures incorporating an individual method or combinations to progressively reduce 
nonpoint source trash.  Non-structural BMPs may provide advantages over structural full 
capture systems in areas that are not extensively drained by municipal separate storm water 
sewer systems.  Foremost, institutional controls offer other societal benefits associated with 
reducing litter in our city streets, parks and other public areas. The capital investment required 
to implement non-structural BMPs is generally less than for full capture systems.................. 31 
E. Implementation Schedule.................................................................................................. 35 
F. Reasonably Foreseeable Environmental Impacts from TMDL Implementation.............. 38 

X. MONITORING ...........................................................................................................................................39 
XI. FUTURE GROWTH ..................................................................................................................................42 
XII. COST CONSIDERATIONS ......................................................................................................................42 
XIII. BIBLIOGRAPHY .........................................................................................................................................48 
XIV. APPENDIX I ................................................................................................................................................51 
XV. APPENDIX II ...............................................................................................................................................52 

RB-AR37054



July 11, 2007                                                   3     Legg Lake Trash TMDL 
  

XVI. APPENDIX III ..............................................................................................................................................53 
XVII. DEFINITIONS..............................................................................................................................................54 

 

RB-AR37055



July 11, 2007                                                   4     Legg Lake Trash TMDL 
  

LIST OF TABLES 
TABLE 1. BENEFICIAL USES OF LEGG LAKE................................................................................... 11 
TABLE 2. STORM DEBRIS COLLECTION SUMMARY FOR LONG BEACH: DEBRIS MEASURED IN 

TONNAGE (SIGNAL HILL 2006) ............................................................................................... 16 
TABLE 3. AVERAGE COMBINED TOTAL LOADS FOR CONTROL OUTFALLS AT 3 LITTER 

MANAGEMENT PILOT STUDY SITES ........................................................................................ 20 
TABLE 4. BASELINE WASTE LOAD ALLOCATION FOR WEIGHT AND VOLUME FOR FREEWAYS...... 20 
TABLE 5. LEGG LAKE BASELINE WASTE LOAD ALLOCATIONS (GALLONS OF UNCOMPRESSED 

LITTER).................................................................................................................................... 20 
TABLE 6. LAKE LEGG LAKE TRASH TMDL BASELINE LOAD ALLOCATIONS (GALLONS OF 

UNCOMPRESSED LITTER) ......................................................................................................... 23 
TABLE 7. POINT SOURCE RESPONSIBLE JURISDICTIONS – LEGG LAKE .......................................... 26 
TABLE 8. NONPOINT SOURCE RESPONSIBLE JURISDICTIONS – LEGG LAKE ................................... 29 
TABLE 9. FULL CAPTURE IMPLEMENTATION SCHEDULE................................................................ 35 
TABLE 10. MINIMUM FREQUENCY ASSESSMENT AND COLLECTION IMPLEMENTATION SCHEDULE 37 
TABLE 11. TRASH MONITORING AND REPORTING PLAN DUE DATES ............................................ 40 
TABLE 12. COSTS OF RETROFITTING THE CATCH BASIN INSERTS (DOLLARS IN THOUSANDS) ......... 43 
TABLE 13. COSTS ASSOCIATED WITH VSS .................................................................................... 44 
TABLE 14. COSTS ASSOCIATED WITH LOW CAPACITY VORTEX GROSS POLLUTANT SEPARATION 

SYSTEMS (DOLLARS IN THOUSANDS) ...................................................................................... 44 
TABLE 15. COSTS ASSOCIATED WITH LARGE CAPACITY VORTEX GROSS POLLUTANT SEPARATION 

SYSTEMS (DOLLARS IN THOUSANDS) ...................................................................................... 45 
TABLE 16. SAMPLE COSTS FOR END OF PIPE NETS ........................................................................ 46 
TABLE 17. COST COMPARISON (AMOUNTS IN MILLIONS) ............................................................... 47 
 

RB-AR37056



July 11, 2007                                                   5     Legg Lake Trash TMDL 
  

LIST OF FIGURES 
FIGURE 1. LEGG LAKE IN THE SAN GABRIEL RIVER WATERSHED ................................................... 8 
FIGURE 2. ISOHYETAL MAP OF RAINFALL INTENSITIES IN PORTIONS OF LOS ANGELES COUNTY .... 9 
FIGURE 3. BLUE HERON AND COOTS AT LEGG LAKE ...................................................................... 10 
FIGURE 4. LEGG LAKE IMPAIRED BY TRASH................................................................................... 14 
FIGURE 5. AREAS USED TO DETERMINE BASELINE WASTE LOAD AND LOAD ALLOCATIONS FOR 

POINT AND NONPOINT SOURCES TRASH AT LEGG LAKE ........................................................... 22 
FIGURE 6. IMPLEMENTATION FLOWCHART FOR POINT SOURCES ................................................... 28 
FIGURE 7. IMPLEMENTATION FLOWCHART FOR NONPOINT SOURCES ............................................ 31 
 

RB-AR37057



July 11, 2007                                                   6     Legg Lake Trash TMDL 
  

 

I. Introduction 
 

The California Regional Water Quality Control Board, Los Angeles Region (Regional 
Board) has developed this total maximum daily load (TMDL) to attain the water quality 
standards for trash Legg Lake in the San Gabriel River Watershed.  The TMDL has been 
prepared pursuant to state and federal requirements to preserve and enhance water quality for 
impaired waterbodies within Coastal Watersheds of Los Angeles and Ventura Counties.   
 
 The California Water Quality Control Plan, Los Angeles Region (Basin Plan) sets 
standards for surface waters and ground waters in the Coastal Watersheds of Los Angeles and 
Ventura Counties.  These standards are comprised of designated beneficial uses for surface and 
ground water, numeric and narrative objectives necessary to support beneficial uses, and the 
state’s antidegradation policy.  Such standards are mandated for all waterbodies within the state 
under the Porter-Cologne Water Quality Act. In addition, the Basin Plan describes 
implementation programs to protect all waters in the region.  The Basin Plan implements the 
Porter-Cologne Water Quality Act (also known as the “California Water Code”) and serves as 
the State Water Quality Control Plan applicable to the lakes mentioned above, as required 
pursuant to the federal Clean Water Act (CWA). 
 
 Section 305(b) of the CWA mandates biennial assessment of the nation’s water 
resources, and these water quality assessments are used to identify and list impaired waters.  The 
resulting list is referred to as the 303(d) list.  The CWA also requires states to establish a priority 
ranking for impaired waters and to develop and implement TMDLs.  A TMDL specifies the 
maximum amount of a pollutant that a waterbody can receive and still meet water quality 
standards, and allocates pollutant loadings to point and non-point sources.   
 
 The United States Environmental Protection Agency (USEPA) has oversight authority for 
the 303(d) program and must approve or disapprove the state’s 303(d) lists and each specific 
TMDL.  USEPA is ultimately responsible for issuing a TMDL, if the state fails to do so in a 
timely manner.   
 
 As part of California’s 1996, 1998, and 2002 303(d) list submittals, the Regional Board 
identified Legg Lake as being impaired due to trash. 
 
 A consent decree between the USEPA, the Santa Monica BayKeeper and Heal the Bay 
Inc., represented by the Natural Resources Defense Council (NRDC), was signed on March 22, 
1999. This consent decree requires that all TMDLs for the Los Angeles Region be adopted 
within 13 years. The consent decree also prescribed schedules for certain TMDLs. This TMDL 
for Legg Lake fulfills Analytical Unit No. 40 of the Consent Decree. 
 
 

This TMDL staff report and accompanying Basin Plan Amendment incorporate the 
numeric targets, Baseline Waste Load Allocations for point sources and Baseline Load 
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Allocations for nonpoint sources, margin of safety and implementation and compliance 
schedules. 

 
 The Trash TMDL for Legg Lake will be implemented by a Basin Plan Amendment and 
are therefore subject to Public Resources Code Section 21083.9 that requires California 
Environmental Quality Act (CEQA) Scoping and Analysis to be conducted for Regional 
Projects. CEQA Scoping involves identifying a range of project/program related actions, 
alternatives, mitigation measures, and significant effects to be analyzed in an EIR or its 
Substitute Environmental Documents (SEDs). On December 6, 2006 a CEQA Scoping meeting 
was held at the Regional Board office to present and discuss the foreseeable potential 
environmental impacts of compliance with the Legg Lake Trash TMDL.  Notices of the CEQA 
Scoping hearing were posted in the Los Angeles Times Newspaper on November 3, 2006 and on 
Regional Board’s website.  Electronic mails were also sent to interested parties including cities 
and/or counties with jurisdiction in or bordering the watersheds of concerns. Input from all 
stakeholders and interested parties was solicited for consideration in the development of the 
CEQA document. 
 
 This Trash TMDL is based on existing, readily available information concerning the 
conditions in the CWA 303(d) listed watershed in Southern California, as well as TMDLs 
previously developed by the State and USEPA.   
 

II. Problem Statement 
 

The problem statement consists of descriptions of the watershed, climate, beneficial uses, 
water quality objectives, and impairments caused by trash to Legg Lake.   

 

A. Description of the San Gabriel River Watershed 
and Legg Lake 

 
The San Gabriel River receives drainage from a large area of eastern Los Angeles 

County; its headwaters originate in the San Gabriel Mountains. The watershed consists of 
extensive areas of undisturbed riparian and woodland habitats in its upper reaches. Much of the 
watershed of the West Fork and East Fork of the river is set aside as a wilderness area; other 
areas in the upper watershed are subject to heavy recreational use. The upper watershed also 
contains a series of flood control dams. Further downstream, towards the middle of the 
watershed, are large spreading grounds used for groundwater recharge. The watershed is 
hydraulically connected to the Los Angeles River through the Whittier Narrows Flood Control 
Basin in the following manner: The Rio Hondo branches from the San Gabriel River just below 
Santa Fe Dam and flows westward to Whittier Narrows Flood Control Basin.  Flows from the 
San Gabriel River and Rio Hondo can merge at this reservoir during larger flood events.  From 
Whittier Narrows, the Rio Hondo flows southwestward and merges with the Los Angeles River, 
while the San Gabriel River becomes a concrete-lined channel and discharges to the Pacific 
Ocean near the City of Long Beach. 
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Legg Lake, built in 1963, is located in the Whittier Narrows Flood Control Basin. 
Whittier Narrows Dam is to the south of the Lake. The Rio Hondo and the San Gabriel River 
flow by the lake’s east and west boundaries, respectively (Figure 1).  Legg Lake has an average 
depth of 3 feet along the edge of the Lake and up to 10 feet near the center of the Lake. Whittier 
Narrows is managed by the Los Angeles County Department of Parks and Recreation for park 
and recreational purposes.  

 
 
The primary sources of water in Legg Lake are runoff from the San Gabriel River and 

nearby wells because the flood control basin also serves as a conservation pool for groundwater 
recharge. In addition, two storm drains collecting runoff from the cities of El Monte and South El 
Monte discharge to Legg Lake at its northeast end.   

 

 
Figure 1. Legg Lake in the San Gabriel River Watershed 

B. Climate 
 
The climate in the San Gabriel River watershed is typical of southern California.  Summers are 
relatively warm and dry and winters are mildly wet. Storm events and the resulting high stream 
flows are highly seasonal, grouped heavily in the months of October through March, with an 
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occasional major storm as early as September and as late as April.  Rainfall is rare in other 
months, and major storm flows historically have not been observed outside of the wet-weather 
season. An Isohyetal Map of Rainfall Intensities in Portions of Los Angeles County is presented 
in Figure 2. 

 
 

 
 

Figure 2. Isohyetal Map of Rainfall Intensities in Portions of Los Angeles County  

Prepared by Los Angeles County Department of Public Works, 2003. Map may be updated by the Los 
Angeles County hydrologist to reflect additional rain data. Data published by the Los Angeles County 
Department of Public Works are prospectively incorporated by reference into this TMDL and accompanying 
Basin Plan amendment. 
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C. Beneficial Uses of Legg Lake 
 

The various uses of waters in the Los Angeles Region, referred as beneficial uses, are 
designated in the Basin Plan. These beneficial uses are the cornerstone of the State and Los 
Angeles Regional Water Board’s effort to protect water quality, as water quality objectives are 
set at levels that will protect the most sensitive beneficial use of a waterbody.  Brief descriptions 
of beneficial uses most likely to be impaired by trash in Legg Lake are provided in this section. 

 
 

 
 

Figure 3. Blue heron and coots at Legg Lake 

 
Legg Lake is designated for multiple beneficial uses, including Municipal and Domestic 

Supply (MUN), Ground Water Recharge (GWR) Water Contact Recreation (REC-1), Non-
Contact Water Recreation (REC-2), Warm Freshwater Habitat (WARM), Cold Freshwater 
Habitat (COLD), Wildlife Habitat (WILD), and Wetland Habitat (WET). (LARWQCB, 1994) 
See Table 1.   

 
The Los Angeles County Department of Parks and Recreation operates production wells 

within Whittier Narrows that are used to supply Legg Lake and for irrigation and drinking water 
use in the recreation areas. Waterfowl and shorebirds use the lake as do various fish species. The 
lakes may also provide habitat for several amphibian and reptile species. There is extensive 
recreational use, including swimming, at and around the lake. (USEPA, 1999) The lakes are 
stocked with fish by the Department of Fish and Game. Fish caught at Legg Lake include 
Rainbow trout (stocked), catfish, bass, and sunfish (LACSD, 2006). 
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Table 1. Beneficial Uses of Legg Lake 

Surface Waters 
Hydro 
Unit 

M
U 
N 

G
W
R 

R 
E 
C 
1 

R 
E 
C 
2 

W
A 
R 
M 

C 
O 
L 
D 

W 
I 
L 
D 

W
E 
T 

  Legg Lake 405.41 P* E E E E E E E 
              
E  Existing beneficial use 
P  Potential beneficial use 
*  MUN designation under SB 88-63 and RB 89-03. Some may be exempt. 

 

D. Water Quality Objectives 
 

Water quality standards consist of a combination of beneficial uses, water quality 
objectives and the State’s Antidegradation Policy.  Regional Board staff finds that the narrative 
water quality objectives applicable to this TMDL are floating materials: “Waters shall not 
contain floating materials, including solids, liquids, foams, and scum, in concentrations that 
cause nuisance or adversely affect beneficial uses” and solid, suspended, or settleable materials: 
“Waters shall not contain suspended or settleable material in concentrations that cause nuisance 
or adversely affect beneficial uses.”   The State’s Antidegradation Policy is formally referred to 
as the Statement of Policy with Respect to Maintaining High Quality Waters in California (State 
Board Resolution No. 68-16). 
 

E. Impairment of Beneficial Uses 
 

Existing beneficial uses impaired by trash in the Legg Lake are REC-1 and REC-2 uses 
such as fishing (trash is aesthetically displeasing and deters recreational use and tourism) and 
WARM and COLD (impaired by accumulations of suspended and settled debris).  Common 
items that have been observed by Regional Board staff include styrofoam cups, styrofoam food 
containers, glass and plastic bottles, paper cartons, packaging materials, plastic bags, and cans.  
Heavier debris can be transported during storms as well.  
 
 Trash in waterways causes significant water quality problems.  Small and large floatables 
can inhibit the growth of aquatic vegetation, decreasing spawning areas and habitats for fish and 
other living organisms.  Wildlife living in lakes and in riparian areas can be harmed by ingesting 
or becoming entangled in floating trash.  Except for large items, settleables are not always 
obvious to the eye.  They include glass, cigarette butts, rubber, construction debris and more.  
Settleables can be a problem for bottom feeders and can contribute to sediment contamination.  
Some debris (e.g. diapers, medical and household waste, and chemicals) are a source of bacteria 
and toxic substances.  
 

RB-AR37063



July 11, 2007                                                   12     Legg Lake Trash TMDL 
  

For aquatic life, buoyant (floatable) elements tend to be more harmful than settleable 
elements, due to their ability to be transported throughout the water body. Persistent elements 
such as plastics, synthetic rubber and synthetic cloth tend to be more harmful than degradable 
elements such as paper or organic waste. Glass and metal are less persistent, even though they 
are not biodegradable, because wave action and rusting can cause them to break into smaller 
pieces that are less sharp and harmful. Natural rubber and cloth can degrade but not as quickly as 
paper (U.S. EPA, 2002). Smaller elements such as plastic resin pellets (a by-product of plastic 
manufacturing) and cigarette butts are often more harmful to aquatic life than larger elements, 
since they can be ingested by a large number of small organisms which can then suffer 
malnutrition or internal injuries. Larger plastic elements such as plastic grocery bags are also 
harmful to larger aquatic life, which can mistake the trash for floating prey and ingest it, leading 
to starvation or suffocation.  
 

Trash in water bodies can threaten the health of people who use them for wading or 
swimming. Of particular concern are the bacteria and viruses associated with diapers, medical 
waste (e.g., used hypodermic needles and pipettes), and human or pet waste. Additionally, 
broken glass or sharp metal fragments in streams can cause puncture or laceration injuries. Such 
injuries can then expose a person’s bloodstream to microbes in the stream’s water that may cause 
illness. Also, some trash items such as containers or tires can pond water and support mosquito 
production and associated risks of diseases such as encephalitis and the West Nile virus. 
  

Leaf litter is considered trash when there is evidence of intentional dumping. Leaves and 
pine needles in lakes and streams provide a natural source of food for organisms, but excessive 
levels due to human influence can cause nutrient imbalance and oxygen depletion in streams, to 
the detriment of the aquatic ecosystem. Clumps of leaf litter and yard waste from trash bags 
should be treated as trash in the water quality assessment, and not confused with natural inputs of 
leaves to streams. If there is a question in the field, check the type of leaf to confirm that it comes 
from a nearby riparian tree. In some instances, leaf litter may be trash if it originates from dense 
ornamental stands of nearby human planted trees that are overloading the stream’s assimilative 
capacity for leaf inputs. Other biodegradable trash, such as food waste, also exerts a demand on 
dissolved oxygen, but aquatic life is unlikely to be adversely affected unless the dumping of food 
waste is substantial and persistent at a given location. 
 

The two primary problems that trash poses to wildlife are entanglement and ingestion, 
with entanglement the more common documented effect (Laist and Liffmann, 2000). 
Entanglement results when an animal becomes encircled or ensnared by debris. It can occur 
accidentally, or when the animal is attracted to the debris as part of its normal behavior or out of 
curiosity. Entanglement is harmful to wildlife for several reasons. Not only can it cause wounds 
that can lead to infections or loss of limbs; it can also cause strangulation or suffocation. In 
addition, entanglement can impair an animal's ability to swim, which can result in drowning, or 
in difficulty in moving, finding food, or escaping predators (U.S. EPA, 2001). Ingestion occurs 
when an animal swallows floatable debris. It sometimes occurs accidentally, but usually animals 
feed on debris because it looks like food. Ingestion can lead to starvation or malnutrition if the 
ingested items block the intestinal tract and prevent digestion, or accumulate in the digestive 
tract, making the animal feel "full" and lessening its desire to feed. Ingestion of sharp objects can 
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damage the mouth, digestive tract and/or stomach lining and cause infection or pain. Ingested 
items can also block air passages and prevent breathing, thereby causing death (U.S. EPA, 2001). 
 

In conclusion, trash in water bodies can adversely affect humans, fish, and wildlife. Not 
all water quality effects of trash are equal in severity or duration.  The water quality effects of 
trash depend on individual items and their buoyancy, degradability, size, potential health hazard, 
and potential hazards to fish and wildlife.  
 

The prevention and removal of trash in Legg Lake will ultimately lead to improved water 
quality and protection of aquatic life and habitat, expansion of opportunities for public 
recreational access, enhancement of public interest in the lakes and public participation in 
restoration activities, and propagation of the vision of the watershed as a whole and enhancement 
of the quality of life of riparian residents. 
 

F. Trash Impairments of Legg Lake 
 

Trash is a water quality and aesthetic problem in Legg Lake.  The Regional Board has 
determined that current levels of trash exceed the Water Quality Objectives necessary to protect 
the beneficial uses of the lake. 

 
The County of Los Angeles has observed the presence of trash in the waterbody.  

According to staff of the Department of Parks and Recreation, Legg Lake is skimmed on a 
weekly basis during peak seasons until late September and the shoreline is cleaned two or three 
times a week.  Overall, the trash collected from picnic areas is approximately 40 cubic yards per 
day.  Trash could be carried by stormwater flowing over grounds, or by wind, and may 
accumulate in the Legg Lake.  

  
A site visit was conducted on November 16, 2006 to confirm the trash impairment. The 

site visit focused on trash observations in Los Angeles County Whittier Narrows Regional Park, 
which includes Legg Lake. Legg Lake is in a highly populated area with high recreational use. 
The trash impairment was confirmed during the site visit as evidenced by many aluminum cans, 
paper and plastic cups, snack bags, plastic bags, balloons, styrofoam convenience food 
containers, and beverage bottles floating in the lake or caught among waterweeds. Similar types 
of trash in a larger quantity and other paper trash, such as napkins and tissues, were also found 
on the ground, especially the picnic areas and at the primary park entrance at the southeast end of 
the north lake. In the picnic areas, each picnic table is paired with a trash can without a lid. One 
trash can was found tumbled on the ground and spilling trash.  

  
A culvert with metal screen releasing water from the edge of Freeway 60 was found at 

the northwest end near the parking area.  A substantial amount of trash was observed 
accumulating inside the culvert. Two outfalls of storm drains collecting runoff from the cities of 
El Monte and South El Monte separately discharge to north lake and south lake. These outfalls 
were found with trash, including styrofoam convenience food containers, plastic bags, snack 
bags, plastic trays, and utensils.  The trash that had drifted and accumulated near the storm drain 
outfalls may be the result of the water current.  There was no trash observed being directly 
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discharged from the outfalls to the lake.  According to the weather records, it had not rained 
within two weeks prior to the inspection.  

 
The characteristics of trash in this park indicate that most trash is contributed by park 

users. The photo below (Figure 4) was taken near the storm drain outfall at South Lake. 
 

 

 
Figure 4. Legg Lake impaired by trash 

 
 

III. Numeric Target 
 

The numeric target is derived from the narrative water quality objective in the Basin Plan 
for floating material: 

 
“Waters shall not contain floating materials, including solids, liquids, foams, and scum, 
in concentrations that cause nuisance or adversely affect beneficial uses”; 

  
and for solid, suspended, or settleable materials: 
 

“Waters shall not contain suspended or settleable material in concentrations that cause 
nuisance or adversely affect beneficial uses.” 

 
The numeric target for this TMDL is 0 (zero) trash in or on Legg Lake and on the 

shoreline.  Zero is defined as no trash immediately following each collection and assessment 
consistent with an established Minimum Frequency.  The Minimum Frequency is established at 
an interval that prevents trash from accumulating in deleterious amounts in between collections. 
Regional Board staff has not found information to justify any value other than zero that would 
fully support the designated beneficial uses.  Further, court rulings have found that a numeric 
target of zero trash is legally valid.  The numeric target was used to calculate the Load 
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Allocations for nonpoint sources and Waste Load Allocations for point sources, as described in 
the following sections of this Staff Report.   
 

IV. Source Analysis 
 

The major source of trash in the lake results from litter, which is intentionally or 
accidentally discarded in watershed drainage areas and in the vicinity of Legg Lake. These 
potential sources can be categorized as point sources and nonpoint sources depending on the 
transport mechanisms which include: 
 

1. Storm drains: trash that is deposited throughout the watershed is carried to the various 
sections of the lake during and after rainstorms through storm drains.  This is a point source.  
 

2. Wind action: trash can also blow into the lake directly.  This is a nonpoint source. 
 

3. Direct disposal: direct dumping or litter into the lake.  This is a nonpoint source. 
 
 Based on the land uses in the vicinity of the lake, the observed trash characteristics at the 
lake during the site visit, and the fact that only two storm drains discharge to the Lake, it is 
determined that nonpoint sources are the dominant source of trash to Legg Lake.   
 

A. Point Sources 
 

Trash conveyed by storm water through storm drains to Legg Lake is evidenced by trash 
accumulation at the base of storm drains discharging to the lake and catch basins which collect 
runoff from surrounding lands.   

 
Based on reports and research on other watersheds, the amount and type of trash washed 

into the storm drain system appears to be a function of the surrounding land use.  The City of 
Long Beach has recorded trash quantity collected at the mouth of the Los Angeles River; the 
result suggested that the total trash amount is somewhat linearly correlated with the precipitation 
(see Table 2).  A similar conclusion was also found that the amount of gross pollutants entering 
the storm water system is rainfall dependent but does not necessarily depend on the source 
(Walker and Wong, December 1999). The amount of trash which enters the storm water system 
depends on the energy available to re-mobilize and transport deposited gross pollutants on street 
surfaces rather than on the amount of available gross pollutants deposited on street surfaces. 
Where gross pollutants exist, a clear relationship between the gross pollutant load in the storm 
water system and the magnitude of the storm event has been established.  The limiting 
mechanism affecting the transport of gross pollutants, in the majority of cases, appears to be re-
mobilization and transport processes (i.e., storm water rates and velocities). 
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Table 2. Storm Debris Collection Summary for Long Beach: Debris measured in Tonnage (Signal Hill 2006) 

Year Trash (Tons) Precipitation (inches) 
95-96 4162 12.44 
96-97 3993 12.4 
97-98 9290 31.01 
98-99 3091 9.09 
99-00 3844 11.57 
00-01 4437 17.94 
01-02 1858 4.42 
02-03 4630 16.42 
03-04 2636 9.25 
04-05 12225 37.25 
05-06 1059 13.19 

 
To estimate trash generation rates, research from other watersheds was analyzed by 

Regional Board staff.  The most comparable watershed study to the point source land uses 
surrounding Legg Lake was done by Los Angeles County Department of Public Works during 
the 2002/03 and 2003/04 storm years for Los Angeles River and Ballona Creek Watersheds.  
Los Angeles County, under the conditional approval by Executive Officer of Los Angeles 
Regional Board, implemented Los Angeles Litter Monitoring Plan incorporating trash quantity 
analysis from land uses of high density residential, low density residential, commercial, 
industrial and open space/park.  Trash collected from catch basins or CDS units, excluding 
sediment and vegetation from man-made trash, was weighed after “drip dry” process.   

 

B. Nonpoint Sources 
 
 Nonpoint source pollution is commonly caused by a wide range of activities including 
urban development, agriculture, and recreation, and is identified as a parallel attribute to the trash 
problem at Legg Lake.  This waterbody supports recreational activities such as picnicking, 
boating, and fishing. The trash deposited in the lake resulting from nonpoint sources is a function 
of transport mechanisms including wind and storm water.   
 
 There are limited studies particularly to define the relationship between the strength of 
winds and movement of trash from land surface to a waterbody. Lighter trash with sufficient 
surface area to sail with wind, such as plastic bags, beverage containers, paper or plastic 
convenient food containers are easily lifted, and carried to waterbodies.  Also, as described in the 
point source section, storm water carries trash from lakeshores to waterbodies.  Transportation of 
pollutants from one location to another is determined by the energy of both wind and storm 
water.   
 
 In consideration of transport mechanisms, existing trash in the environment nearby the 
lake is the fundamental cause of nonpoint sources trash loading. The lake is completely 
surrounded by a park. Different uses of the park may be responsible for different degrees of trash 
impairment.  For example, areas with picnic tables closer to the lake have a higher likelihood to 
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generate trash in the lake than parking lots. Visitation rates also appear to be correlated to the 
amount of trash from nonpoint sources. In the surrounding residential areas, residents may 
accidentally discard trash to neighborhoods and roads, which can then be transported to the lake 
via wind or storm water. 
 
 Most of the nonpoint source trash along the lakeshore eligible to travel with wind or 
storm water to the lake is the result of human activities.  Records of cleanup days at Lake Erie in 
2006 indicate that the top items found were cigarette butts, beverage containers, food 
wrappers/containers, caps and lids, and eating utensils (Pennsylvania, 2006).  These findings are 
consistent with the items found around Legg Lake during site inspections.   
 

V. Linkage Analysis 
 

This TMDL is based on numeric targets derived from narrative water quality objectives 
for floating materials and solid, suspended, or settleable materials.  The narrative objectives 
prescribe that waters shall not contain these materials in concentrations that cause nuisance or 
adversely affect beneficial uses.  Based on these targets, staff finds the capacity of Legg Lake to 
accumulate trash is zero.   
 

VI. Waste Load and Load Allocations 
 

Both point sources and nonpoint sources are identified as sources of trash in Legg Lake.  
For point sources, the strategy for attaining water quality standards focuses on assigning a Waste 
Load Allocation (WLA) to the California Department of Transportation (Caltrans) and the 
Permittees and Co-Permittees of the Los Angeles County Municipal Separate Storm Sewer 
System (MS4) Permit (hereinafter referred to as Permittees).  The WLA will be implemented 
through permit requirements.  For nonpoint sources, the strategy for attaining water quality 
standards focuses on assigning a Load Allocation (LA) to the Los Angeles County Department 
of Parks and Recreation.  The LA will be implemented through regulatory mechanisms that 
implement the State Board’s 2004 Nonpoint Source Policy such as waste discharge requirements 
or waivers.  The final WLA and LA are zero trash. 

 
WLAs and LAs are based on a phased reduction from Baseline WLAs and LAs, 

estimated as the current discharge, over an eight-year period for the full capture compliance 
option and a five-year period for the MFAC compliance option, as discussed below.  Permittees 
may comply with the WLA through implementing full capture systems on storm drains through a 
progressive implementation schedule or implementing a program for Minimum Frequency of 
Assessment and Collection (MFAC) in conjunction with a progressive trash reduction schedule.  
LA assignees may comply with LAs through implementation of a conditional waiver that 
implements a MFAC program or an alternative program subject to individual waste discharge 
requirements or an individual waiver thereof.   

 
The Baseline WLA for the MS4 Permittees is based on a study conducted as part of the 

Los Angeles River Trash TMDL. The Baseline WLA for Caltrans is based on their Litter 

RB-AR37069



July 11, 2007                                                   18     Legg Lake Trash TMDL 
  

Management Pilot Study.  The Baseline LA for nonpoint sources is based on data from recent 
trash generation studies from the City of Calabasas.  The Regional Board may revise the 
Baseline WLAs and LAs based on studies provided by Responsible Jurisdictions within the first 
two years of the TMDL implementation period.   
 

A. Waste Load Allocations 
 

Waste Load Allocations for point sources are assigned to the Permittees of MS4 and 
Caltrans. WLAs may be issued to additional facilities in the future under Phase II of the US EPA 
Stormwater Permitting Program.  The Baseline Waste Load and Load Allocations for Permittees 
may be revised with data collected during the Trash Monitoring and Reporting Plan (TMRP) in 
the first two years of the implementation period. 
 

Baseline Waste Load Allocations for MS4 Permittees 
 

Municipal stormwater permittees may implement their TMRPs to obtain site specific trash 
generation rates for the first two years of the implementation period, and, if approved by the 
Regional Board’s Executive Officer, ultimately define the trash Baseline Waste Load 
Allocations.  The TMRP will derive a representative trash generation rate for various land uses 
from responsible permittees discharging stormwater to the waterbodies.  This TMRP shall 
include, but is not limited to, assessment and quantification of trash collected from the surfaces 
and shoreline of Legg Lake or from responsible jurisdiction land areas.  The monitoring plan 
shall provide details of the frequency, location, and reporting of trash monitoring. Responsible 
jurisdictions shall propose a metric (e.g., weight, volume, pieces of trash) to measure the amount 
of trash in Legg Lake and on the land area surrounding the lake.  The derived trash generation 
rate may be used to define an appropriate Waste Load Allocation, which will be implemented 
upon approval by the Executive Officer.   

   
Los Angeles County, under the conditional approval by Executive Officer of Los Angeles 

Regional Board, implemented the Los Angeles Litter Monitoring Plan incorporating trash 
quantity analysis from land uses of high density residential, low density residential, commercial, 
industrial and open space/park.   The Los Angeles Litter Monitoring Plan Study (LMPS) was 
implemented by the Los Angeles Department of Public Works during the 2002/03 and 2003/04 
storm years for the Los Angeles River and Ballona Creek Watersheds.  Trash collected from 
catch basins or CDS units, excluding sediment and vegetation from man-made trash, was 
weighed after a “drip dry” process.  The Baseline Waste Load Allocation is calculated by 
averaging the total trash amount measured in a 2-year period divided by all drainage areas for all 
land uses. However, no differentiation is applied for different land uses in the MS4 Baseline 
Waste Load Allocation. 

 
Based on the LMPS, MS4 Permittees may use the trash generation rate of 5334 gallons of 

uncompressed trash per square mile per year.  Responsible jurisdictions may also choose to 
propose site specific data based on the trash generation rate derived from two years of data 
collected from the TMRP.   
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MS4 Permittees shall implement a Trash Monitoring and Reporting Plan, and may use the 
data collected in two years after the effective date of this Trash TMDL to refine the Baseline 
Waste Load Allocation.  One of the goals of the Trash Monitoring and Reporting Plan is to 
derive a representative trash generation rate for various land uses from responsible jurisdictions 
discharging stormwater to Legg Lake.  The Baseline Waste Load Allocation for any single 
permittee is the sum of the products of each land use area multiplied by the Waste Load 
Allocation for the land use area, as shown below: 

 
 ( )∑ •= uselandthisforsallocationuseslandbyareacityeachforWLA  

 
Southern California Association of Governments (SCAG) classified twelve types of land 

uses for every city and unincorporated area in the watershed.  The land use categories are: (1) 
high density residential , (2) low density residential , (3) commercial and services, (4) industrial, 
(5) public facilities, (6) educational institutions , (7) military installations, (8) transportation , (9) 
mixed urban , (10) open space and recreation , (11) agriculture , and (12) water . Given that the 
minimum mapping resolution is 2.5 acres, a non-critical land use unit may not be mapped if it is 
less than 2.5 acres in size.  The details of land use categories are provided in the Appendix I. 

 
Data collected during Trash Monitoring and Reporting Plan may be used to establish 

specific trash generation rates per land use. Land uses for Public facilities, Educational 
Institutions, Mixed urban, Agriculture, and Water were exempt from monitoring based on the 
assumption made by Los Angeles County that the public facilities and mixed urban land uses 
have the same litter generation rate.  It also applies to transportation and industrial land uses, and 
agricultural and open space land uses.  Transportation land use under Caltrans’ jurisdiction will 
be covered under Caltrans’ permit.  Caltrans will be required to submit a monitoring plan for that 
land use, and will be assigned a Waste Load Allocation.  Major boulevards that are currently 
under Caltrans’ jurisdiction, but are affected by trash generated on municipal sites will be 
addressed by the cities concerned.   
 

  Permittees may provide acreage of above mentioned land uses within their jurisdiction in 
order to revise their contributions from their assigned Baseline Waste Load Allocations.  The 
Baseline Waste Load Allocations for all point sources are presented in Table 5.  The values 
shown are uncompressed volumes in gallons. A more detailed breakdown along land uses is 
provided in Appendix II and III. The appendices contain tables which show the square mileage 
for each land use for each responsible jurisdiction in watershed, and a list of maps showing land 
uses for each permittee.  For permittees that are only partially located in the watershed, the 
square mileage indicated is for the portion in the watershed only.   
 

Baseline Waste Load Allocations for Caltrans 
 

Under the Los Angeles River TMDL, a Litter Management Pilot Study (LMPS) was 
conducted to evaluate the effectiveness of several litter management practices in reducing litter 
that is discharged from Caltrans storm water conveyance systems.  The LMPS employed four 
field study sites, each of which was used to test a separate BMP.  Each site included three 
replicate testing pairs, consisting of one site designed to measure the amount of trash produced 
when treatment was applied, and one control with no treatment site.  The LMPS averaged the 
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data collected at the control outfalls in order to obtain the annual litter loads.  The average 
combined total loads for the three control outfalls at each site normalized by the total area of 
control catchments is presented in Table 3, adapted from the LMPS report: 
 
Table 3. Average Combined Total Loads for Control Outfalls at 3 Litter Management Pilot Study Sites 

Site Weight lbs/sq mi Volume cu ft/sq mi 
1E 10584.00 1312.97 
1W 7479.36 971.73 
6 7479.36 881.34 
8 4374.72 404.51 

 
 
The Baseline Waste Load Allocation for weight and volume load generation for freeways 

is arrived at by averaging weight and volume columns (Table 4).   It is to be noted that control 
site 1E already had one BMP in place before testing of the other BMPs, as it was cleaned 
monthly through an “Adopt a Highway” program. 
 

Table 4. Baseline Waste Load Allocation for Weight and Volume for Freeways 

Weight lbs/sq mi Volume cu ft/sq mi
7479.36 892.64 

 
 

Baseline Waste Load Allocations for MS4 and Caltrans Permittees 
 
Table 5 shows the Baseline WLAs for all point sources, in gallons per year, assuming a 

trash generation rate of 5334 gallons of uncompressed trash per square mile per year.  If the MS4 
Permittees use their TMRPs to derive site specific trash generation rates, the Baseline WLAs will 
be calculated by multiplying the point source areas by the derived trash generation rates.  The 
point source area for Los Angeles County is determined by the surface area of Whittier Narrows 
Regional Park that drains to existing conveyances, while the surface area for Los Angeles 
County Flood Control District is an estimate of the County-maintained storm drain system.  The 
Baseline WLA for Caltrans was based on a trash generation rate of 6677 gallons of 
uncompressed trash per square mile per year as determined by LMPS studies. 
 
Table 5. Legg Lake Baseline Waste Load Allocations, assuming the existing trash generation rates  

Responsible Jurisdictions Point Source Area (Mile2) Baseline WLA (gals/year) 
Los Angeles County 0.45 2400.03 

Los Angeles County Flood 
Control District 0.005 24.05 
City of El Monte 0.10 509.48 

City of South El Monte 0.73 3896.76 
Caltrans 0.09 586.92 
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B. Load Allocations 
 

Load Allocations for nonpoint sources also follow phased reduction from Baseline Load 
Allocations.  According to the Porter Cologne Act, Load Allocations may be addressed by 
conditional waivers of WDRs. 
 

Responsible jurisdictions shall monitor the trash quantity deposited on the lake and the 
shoreline and in the vicinities of the lake.  Data collected through Trash Monitoring and 
Reporting Plan may define the percentage of trash migrating from land to the lake.   
  
 The area adjacent to the lake, or defined as the nonpoint source area, is the composition 
of multiple land uses.  There are parking lots, recreational areas, and picnic areas under the 
jurisdiction of the Los Angeles County Department of Parks and Recreation.  Each sub-area 
described above may contribute at different levels of trash to the lake.  By applying the similar 
concept that was applied for the Waste Load Allocation, the Load Allocation for any designated 
nonpoint source area is the sum of the products of each land use sub area multiplied by the Load 
Allocation for the land use sub area, as shown below: 
 

( )∑ •= uselandthisforsallocationuseslandbysubareasourceNonpeachforLA oint  
  

The boundary of point source areas for Legg Lake is defined by the extent of storm drains 
discharging to the Lake, which includes parts of the Cities of El Monte and South El Monte at 
the north and west ends of Legg Lake.  Nonpoint source areas are defined as areas where trash 
may be carried over ground by stormwater, wind or park users to the Lake.  Generally, the entire 
Whittier Narrows Regional Park is considered as the nonpoint source area.  Figure 5 illustrates 
the subwatershed areas used to calculate Baseline Waste Load and Load Allocation by each land 
use’s surface.   

 
 Due to the transportation mechanism by wind and stormwater to relocate trash from land to 

waterbodies, the potential nonpoint source area may be smaller than the defined subwatershed.  
For the magnitude of surface area around Legg Lake, it may not be necessary to divide into 
parcels with different land uses.  Appendix II also shows the surface areas of various types of 
land use considered potential nonpoint sources. 
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Figure 5. Areas used to determine Baseline Waste Load and Load Allocations for point and nonpoint sources 
trash at Legg Lake.  

 
 
Based on a study by the City of Calabasas, the trash generation rate from nonpoint 

sources areas, including open space and parks areas, is 640 gallons per square mile per year.  
Responsible jurisdictions may implement their TMRPs to obtain site specific trash generation 
rates for the first two years of the implementation period, and, if approved by the Regional 
Board’s Executive Officer, ultimately define the trash Baseline Load Allocations.  Responsible 
jurisdictions shall develop a plan for nonpoint source trash monitoring in the TMRP, which 
needs to be approved by the Executive Officer of the Regional Board.  The data collected shall 
include, but is not limited to, the details of the frequency, location, and reporting of trash 
monitoring, as well as a metric (e.g., weight, volume, pieces of trash) to measure the amount of 
trash in Legg Lake and on the land area surrounding the lake.  Data collected shall include the 
trash in Legg Lake, and trash accumulated in the vicinities of the lake which could possibly be 
carried directly to the surface water by stormwater, wind, or human activities.  Analyzing data 
may define the relationship between the trash quantities in the water to that on the surrounding 
environment.  The derived trash generation rate may be used to define an appropriate Load 
Allocation, which will be implemented upon approval by the Executive Officer of the Regional 
Board.   

.   
 
Assuming that trash within a reasonable distance from the waterbodies of concern has 

high potentiality to be in the waterbodies and excluding the areas addressed by NPDES or any 
other existing permits for point sources, the nonpoint source surface areas along the waterbody 
perimeter are calculated and separated by the following categories:  

 
• Parks including picnic areas and trails 
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• Parking lots 
 
Table 6 summarizes the area and the Baseline Load Allocations for responsible 

jurisdictions, assuming a trash generation rate of 640 gallons of uncompressed trash per square 
mile per year.  If data collected from the Trash Monitoring and Reporting Plan is used to define a 
site specific trash generation rate, the Baseline Load Allocation will be calculated by multiplying 
the nonpoint source area by the trash generation rate.   

 

Table 6. Lake Legg Lake Trash TMDL Baseline Load Allocations, assuming a trash generation rate 
of 640 gallons per square mile per year of uncompressed litter 

Responsible Jurisdictions Nonpoint Source Area (Mile2) Baseline LA (Gals/year) 
Los Angeles County 0.45 286.05 

 
 

VII. Margin of Safety 
 
 A margin of safety (MOS) accounts for uncertainties in the TMDL analysis.  The MOS 
can be expressed as an explicit mass load that is not allocated to responsible jurisdictions, or 
included implicitly in the WLAs and LAs that are allocated.  Because this TMDL sets WLAs and 
LAs as zero trash, staff finds the TMDL includes an implicit MOS and that an explicit MOS is 
not necessary for this TMDL. 
 

VIII. Critical Conditions 
 

Critical conditions for Legg Lake are based on three conditions that correlate with 
loading conditions: 
 
• Major Storm (as proposed by permittees and responsible jurisdictions in the Trash 

Monitoring and Reporting Plan and approved by the Executive Officer); 
 
• Wind advisories issued by the National Weather Service for the Angeles National Forest 

area or by the California Highway Patrol for Highway 5 in the Santa Clarita Valley; 
 
• High visitation – On weekends and holidays from May 15 to October 15. 
 

Critical conditions are used as a basis to establish the frequency of trash monitoring and 
the final Load and Waste Load Allocations. 
 
 

IX. TMDL Implementation and Compliance 
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This section describes TMDL implementation programs for compliance with the TMDL.  
Compliance with the TMDL is based on the Numeric Target and the Waste Load and Load 
Allocations which are defined as zero trash in and on the shoreline of Legg Lake.  Consequently, 
compliance is based on implementing a program for trash assessment and collection, or 
alternatively for point source dischargers, full capture devices, to attain a progressive reduction 
in the amount of trash in Legg Lake.  Dischargers who do not implement full capture devices 
shall propose a MFAC program.  The MFAC program is required to attain a progressive 
reduction in the amount of trash collected from the lake surface or lakeshore through 
implementation of BMPs.  Dischargers may implement structural or nonstructural BMPs as 
required to attain a progressive reduction in the amount of trash in Legg Lake.  

 
 The TMDL Implementation Plan provides a schedule for responsible jurisdictions to 

implement full capture systems, MFAC programs, and BMPs to comply with the progressive 
trash reduction schedule.  Key provisions of the Implementation Plan include:  

 
• Baseline Waste Load and Load Allocations based on a reference/antidegradation 

approach;   
• Trash monitoring to provide data to revise Baseline Waste Load and Load 

Allocations, assess effectiveness of  BMPs and trash abatement programs, and 
assess levels of trash in Legg Lake; 

• A conditional waiver of waste discharge requirements for nonpoint source 
dischargers who implement MFAC programs; and 

• TMDL Reconsideration by the Regional Board to revise Baseline Waste Load and 
Load Allocations and the Minimum Frequency of the MFAC program. 

 
TMDL compliance is assessed in accordance with Dischargers’ implementation of 

programs for full capture or MFAC and attainment of the progressive trash reductions in 
accordance with the schedules in Tables 9 and 10.  

 
 
Baseline Waste Load and Load Allocations 
 
If responsible jurisdictions do not use their TMRP to derive a new trash generation rate 

and acceptable Baseline Waste Load Allocation, the WLA may be based on a reference 
system/antidegradation approach using data from the Los Angeles Litter Monitoring Plan, 
normalized to the subwatershed area in the vicinity of Legg Lake.  Similarly, Baseline Load 
Allocations may be based on data collected by the City of Calabasas. The "reference system/anti-
degradation approach" means that on the basis of historical trash generation rates at an existing 
monitoring location most similar to Legg Lake is permitted initially under the TMDL schedule.  
The allowable amount of trash is set such that (1) water quality at any site is at least as good as at 
the designated reference site and (2) there is no degradation of existing water quality based on 
existing amounts of trash. 

 
Trash Monitoring 
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The TMDL includes monitoring based on a work plan developed by responsible 
jurisdictions and approved by the Executive Officer of the Regional Board. Minimum 
requirements for trash monitoring include assessment and quantification of trash collected from 
the surfaces and shoreline of Legg Lake. The Trash Monitoring and Reporting Plan shall provide 
details of the frequency, location, and reporting of trash monitoring for each lake. Responsible 
jurisdictions shall propose a metric (e.g., weight, volume, pieces of trash) to measure the amount 
of trash in the lake and on the land area surrounding the lake.  Responsible jurisdictions may 
include other metrics to provide data for revision of the Baseline Waste Load and Load 
Allocations, determine effectiveness of BMPs, and assess compliance with the TMDL.  
Responsible Jurisdictions may coordinate their trash monitoring activities for Legg Lake.  
Monitoring requirements are described in greater detail in Section X. 

 
Reconsideration of Revised Baseline Waste Load and Load Allocations 
 
Baseline Waste Load and Load Allocations may be based on a reference approach.  For 

Baseline Waste Load Allocations, data from the Los Angeles Litter Management Plan in which 
trash recovered from a continuous deflector system were quantified.  For Baseline Load 
Allocations, data from a City of Calabasas study in which trash recovered from a continuous 
deflector system were quantified.  Site-specific conditions at Legg Lake may differ from 
conditions of the Los Angeles River Trash TMDL study and Calabasas Study.  As a result, it is 
recommended that responsible jurisdictions use the data from their TMRP in order to derive a 
site specific trash generation rate and Baseline Waste Load and Load Allocations.  The Baseline 
Waste Load and Load Allocations are used as the basis for the progressive reduction of trash in 
the lake for both point and nonpoint sources and represent the maximum amount of trash that can 
be discharged in conjunction with partial capture systems for point sources and the MFAC 
program for nonpoint sources.  
 

Implementation of Load and Waste Load Allocations 
 
TMDL implementation may require BMPs to meet the progressive trash schedule. BMPs 

may be implemented through storm water permits or a conditional waiver from waste discharge 
requirements for nonpoint source dischargers.  Point source dischargers will implement BMPs in 
accordance with Waste Load Allocations incorporated into MS4 permits. Point sources may 
alternatively implement full capture systems or a MFAC program to be deemed in compliance 
with Waste Load Allocations. 
 

A. Implementation and Compliance for Point Sources 
 

Discharge of trash from storm drains to Legg Lake will be regulated through the 
Municipal NPDES Storm Water Permit for Los Angeles County and Caltrans (Table 7).   
 
 
 

RB-AR37077



July 11, 2007                                                   26     Legg Lake Trash TMDL 
  

Table 7. Point Source Responsible Jurisdictions – Legg Lake 

Watershed Analytical Unit Responsible Jurisdictions 
San Gabriel 
River 

Legg Lake (405.41) 1. Los Angeles County       
2.  Los Angeles County 
Flood Control District 

3.  City of El Monte 

4.  City of South El Monte 
5.  Caltrans 
 

 
 
 
There are two alternatives for responsible jurisdictions to achieve compliance with waste 

load allocations (Figure 6).  As established in the Los Angeles River trash TMDL, point source 
dischargers can implement full capture systems to comply with the TMDL.  Point source 
discharges may also implement a MFAC program. 
 
1. Full Capture Treatment Systems  
 

The amount of trash discharged to the lake by an area serviced by a full-capture system 
will be considered to be in compliance with the final Waste Load Allocation for the drainage 
area, provided that the Full Capture Systems are adequately sized, maintained and maintenance 
records are available for inspection by the Regional Board.   

 
A full capture system is any single device or series of devices that traps all particles 

retained by a 5 mm mesh screen and has a design treatment capacity of not less than the peak 
flow rate Q resulting from a one-year, one-hour storm in the subdrainage area.  Rational equation 
is used to compute the peak flow rate: Q = C × I × A, where Q = design flow rate (cubic feet per 
second, cfs); C = runoff coefficient (dimensionless); I = design rainfall intensity (inches per 
hour, as determined per the rainfall isohyetal map in Figure 2), and A= subdrainage area (acres).  

 
Compliance with TMDL schedule for full capture systems will be based on a percentage 

of the Legg Lake subwatershed that are drained by storm drain systems (i.e., point source area).  
The TMDL Implementation Plan provides a total of eight years to install full capture systems 
(Table 9).  Compliance with the final Waste Load Allocation will be assumed wherever Full 
Capture Systems are installed in the storm drains discharging to the lake.  The installation of a 
Full Capture System by a discharger does not establish any presumption that the system is 
adequately sized, and the Regional Board will review sizing and other data in the future to 
validate that a system satisfies the criteria established in this TMDL for a Full Capture System.  
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2. Program for Minimum Frequency of Assessment and Collection (MFAC) 
 

Compliance with the final waste load allocations may also be attained whenever the 
minimum frequency for assessment and collection is implemented by responsible jurisdictions in 
conjunction with implementation of BMPs that attain the Baseline waste load allocations. For the 
Legg Lake TMDL, the minimum frequency is once per day.  Assessment will be conducted at 
accessible areas and the outlet of the lake as defined in the Trash Monitoring and Reporting Plan.  
Collection is defined as removing 100% of the trash found on the lake and lakeshore and 
depositing it in a trash receptacle for proper disposal.  If amount of trash collected exceeds 
Baseline Waste Load Allocations, then responsible jurisdictions must implement structural 
and/or non-structural BMPs to ensure that trash loaded to the lake is not increasing over time. 
Progressive reductions in trash will be calculated as follows: 
 

At the effective date of the TMDL, the Baseline Waste Load Allocations will apply based 
on data collected by the Los Angeles Litter Management Plan. The first compliance point will be 
at the end of the third year with Waste Load Allocations equal to a 10% reduction of the amount 
of trash in the Baseline Waste Load Allocation.  Compliance thereafter will be evaluated at the 
end of each successive storm season with Waste Load allocations equal to successive 20% 
reductions of the Baseline Waste Load Allocation (Table 10).  

 
Dischargers will be deemed in compliance with the final Waste Load Allocation upon 

results of the trash monitoring and reporting program demonstrating that any trash accumulating 
between MFAC events is not causing deleterious effects on the beneficial uses of Legg Lake.  
The amount of trash accumulated on the lake and lakeshore between MFAC events must 
progressively decline by 50% from the Baseline WLA over eight years. If the amount of trash 
accumulated does not progressively decrease, then responsible jurisdictions must implement 
additional structural and/or non-structural BMPs or increase frequency of MFAC to ensure 
reductions. The Regional Board may revise the TMDL schedule and the Minimum Frequency of 
the MFAC program based on the results of the trash monitoring and reporting program.  
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Figure 6. Implementation Flowchart for Point Sources 

 

B. Implementation and Compliance for Nonpoint Sources 
 

Two primary federal statutes establish framework in California for addressing nonpoint 
source (NPS) water pollution: Section 319 of the Clean Water Act (CWA) of 1987 and Section 
6217 of the Coastal Zone Act Reauthorization Amendments of 1990 (CZARA).  In accordance 
with these statutes, the state assesses water quality associated with nonpoint source pollution 
(NPS) and develops programs to address NPS.  In 2004, The State Water Resource Control 
Board (SWRCB), in its continuing efforts to control NPS pollution in California, adopted the 
Plan for California’s Nonpoint Source Pollution Control Program (NPS Program Plan).  The 
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NPS Program Plan prescribes implementation and monitoring of Best Management Practices to 
address nonpoint source pollution. 
 

To implement this TMDL for nonpoint source dischargers, the Regional Board, with the 
adoption of this TMDL, waives waste discharge requirements for nonpoint source dischargers 
who submit a MFAC program for approval by the Executive Officer.  The MFAC program 
includes a trash assessment of trash on the surface or shoreline of Legg Lake, collection of all 
visible trash that accumulates on the surface or shoreline of Legg Lake, and implementation of 
BMPs to attain a progressive reduction of the amount of trash collected at each collection event.  
Conditional waivers identify areas where best management practices need to be upgraded to 
attain water quality objectives in receiving waters. The monitoring plan submitted by responsible 
jurisdictions (Table 8) will provide data that may be used to propose an appropriate  Baseline 
Load Allocation.  The annual reduction from the Baseline Load Allocation serves as the criteria 
of allowable trash to be collected from the lake.   
 

Table 8. Nonpoint Source Responsible Jurisdictions – Legg Lake 

Watershed Analytical Units Responsible Jurisdictions 
San Gabriel 
River 

Legg Lake (405.41) Los Angeles County  

 
 
Load Allocations shall be implemented through either (1) a conditional waiver from 

waste discharge requirements, or (2) an alternative program implemented through waste 
discharge requirements or an individual waiver or another appropriate order of the Regional 
Board.  

 
Non-point source dischargers may achieve compliance with the Load Allocations by 

implementing a MFAC/BMP program approved by the Executive Officer.  Responsible 
jurisdictions that are listed as both point and nonpoint sources will be deemed in compliance 
with both the Waste Load and Load Allocations if an MFAC/BMP program, approved by the 
Executive Officer, is implemented.  

 
The MFAC/BMP Program includes an initial minimum frequency of trash assessment 

and collection and suite of structural and/or nonstructural BMPs.  The MFAC/BMP program 
shall include collection and disposal of all trash found in the water and on the shoreline.  
Responsible jurisdictions shall implement an initial suite of BMPs based on current trash 
management practices in land areas that are found to be sources of trash to Legg Lake.  For Legg 
Lake, the initial minimum frequency shall be set as follows: 

1. Five days per week on the shoreline and on the Whittier Narrow Recreation Park 
Area. 

2. Once per week on waters of Legg Lake.   
 
 
Assessment will be conducted at accessible areas and the outlet of the lake as defined in 

the Trash Monitoring and Reporting Plan.  Collection is defined as picking up 100% of trash and 
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depositing it in a trash receptacle for proper disposal. All trash collected during the 
implementation of the MFAC, including trash from any channel cleaning and dredging 
operations, will be disposed of properly according to existing policies and regulations.   

 
At the end of the implementation period, a revised MFAC/BMP program may be required if 

the Executive Officer determines that the amount of trash accumulating between collections is 
causing nuisance or otherwise adversely affecting beneficial uses.   Specifically, the Executive 
Officer may approve or require a revised assessment and collection frequency and definition of 
the critical conditions under the waiver: 

(a) To prevent trash from accumulating in deleterious amounts that cause nuisance or 
adversely affect beneficial uses between collections; 

(b) To reflect the results of trash assessment and collection; 
(c) If the amount of trash collected does not show a decreasing trend, where necessary, such 

that a shorter interval between collections is warranted; or 
(d) If the amount of trash collected is decreasing such that a longer interval between 

collections is warranted.   
 

With regard to (a), (b) or (c), above, the Executive Officer is authorized to allow 
responsible jurisdictions to implement additional structural or non-structural BMPs in lieu of 
modifying the monitoring frequency.   
 

Alternatively, responsible jurisdictions may propose, or the Regional Board may impose, 
an alternative program which would be implemented through waste discharge requirements an 
individual waiver, a cleanup and abatement order, or any other appropriate order or orders, 
provided the program is consistent with the assumptions and requirements of the reductions 
described in Table 10, below. 
 

 
The Regional Board is adopting a Conditional Waiver for trash in Legg Lake at the same 

time as this TMDL.  The Conditional Waiver provides a regulatory structure whereby continued 
monitoring and iterative BMPs are deployed to attain zero trash within the TMDL 
Implementation Schedule.  Based on the trash generation rate derived from the TMRP after the 
second year of implementation, the Regional Board will consider the proposal of a site specific 
Load Allocation for Legg Lake (Table 10).   
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Figure 7. Implementation Flowchart for Nonpoint Sources 

 

C. Coordinated Compliance  
 

Responsible jurisdictions for this TMDL include both point source and nonpoint source 
dischargers.  Compliance with the TMDL may be based on a coordinated Monitoring and 
Reporting work plan that outlines TMDL responsibilities for each responsible jurisdiction.  
Dischargers interested in coordinated compliance shall submit a Coordinated Monitoring and 
Reporting Compliance plan that outlines BMPs that will be implemented and the schedule for 
implementing the BMPs and MFAC program.    
 

D. Non-Structural BMPs 

A wide variety of methods possibly alleviating trash impairment to Legg Lake are listed 
below.  Responsible jurisdictions shall propose the monitoring plan as well as the mitigation 
measures incorporating an individual method or combinations to progressively reduce nonpoint 
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source trash.  Non-structural BMPs may provide advantages over structural full capture systems 
in areas that are not extensively drained by municipal separate storm water sewer systems.  
Foremost, institutional controls offer other societal benefits associated with reducing litter in our 
city streets, parks and other public areas. The capital investment required to implement non-
structural BMPs is generally less than for full capture systems.   

 
Litter Control 

It is noted that ordinances prohibiting littering are already in place in the area of Legg 
Lake.  For example, Los Angeles County Ordinance No. 12.80.440, “Littering and Other 
Discharge of Polluting or Damaging Substances Prohibited,” states 

“No person shall cause any refuse, rubbish, food waste, garbage, or any other discarded 
or abandoned objects to be littered, thrown, deposited, placed, left, accumulated, 
maintained or kept in or upon any street, alley, sidewalk, storm drain, inlet, catch basin, 
conduit, drainage structure, place of business, or upon any public or private property 
except when such materials are placed in containers, bags, recycling bins, or other 
lawfully established waste disposal facilities protected from stormwater or runoff.” 

 
In addition, Caltrans Ordinance No. D1.02, “Laws That Pertain to Litter, Debris,” states, 
 

“A. Throwing Lighted Substances 
Vehicle Code Section 23111 provides that no one may throw or discharge onto the 
highway or adjacent area any lighted or unlighted cigarette, cigar, match, or flaming or 
glowing substance.” 
 
“B. Disposing of Litter or Garbage on Highway 

Vehicle Code Section 23112 provides that no one may throw or deposit on the 
highway any garbage or substance likely to injure or damage traffic using the 
highway, or any noisome, nauseous, or offensive matter of any kind.  It also prohibits 
the placement of any rock, refuse, or dirt within the highway right of way.” 

 
Trash Receptacles 

Most of trash disposed of on the ground may result from the lack of trash receptacles.  
Installing trash receptacles can reduce nonpoint trash loadings.  The receptacles shall be visible 
and conveniently reachable for all park users. During the picnic seasons, sufficient trash and hot 
coal receptacles in the picnic area should be provided.  Receptacles shall equip with lids to 
prevent the wildlife browsing through or the wind re-mobilizing the trash inside.   Receptacles 
may be decorated but shall not cause visual intrusion to the background environment. 

  
Varieties of land uses determine the proper locations and necessary density of the trash 

receptacles.  More receptacles are needed along trails, near park entrances and exits, adjacent to 
picnic areas or areas with higher activity frequencies.  Sanitation should be maintained to avoid 
nuisances. 
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Enforcement of Litter Laws 
The existing litter laws shall be post in the prominent location for the park users or 

resident to understand the regulations.  It is to be noted that ordinances that prohibit litter are 
already in place in most cities because cities recognize that trash has become a pollutant in the 
storm drain system when exposed to storm water or any runoff, and prohibit the disposal of trash 
on public land.  Patrolling or designated personnel shall have authorities to illustrate, execute, 
and enforce the litter laws.  The effectiveness of enforcement should be monitored. 

 
Trash Bags 

Trash bags may be provided at the park entrance for visitors to keep their trash contained.  
Trash bags should be available at designated locations for park users to collect after their 
activities or pets. The concept of trash bags originates from the trash bags offered in the Los 
Angeles mass transportation system which provides trash bags in the buses for passengers to 
keep the buses clean.  This program may be more effective if it combines with other 
encouragement.  The effectiveness shall be monitored by finding the use of these trash bags in 
the trash collectors or trash receptacles. 

 
Street Sweeping 

Street sweeping is one of most effective methods to keep debris, vegetation wastes, and 
trash away from catch basins.  Although the correlation between street sweeping frequency and 
amount of trash collected in the waterbody is not confirmed in the Legg Lake area, it is 
convincing that more street sweeping will allow less trash to be flushed by storm water to the 
catch basins, and to be discharged to waterbodies of concern.   

 
Most municipalities have been undergoing or have had contracts with Los Angeles 

County for street sweeping program. In the County’s unincorporated areas, street sweeping 
frequency may be increased to reduce trash loading.   

   
Public Education 

Public education refers to posting information, giving presentation, or conducting direct 
or indirect communication with individuals.  This outreach should be applied to public entities 
such as city halls, schools, community centers, senior centers, and to private meeting/activity 
locations. The educational materials should include the relevant ordinances, the importance of 
protecting environment, possible environmental and biological impacts from pollution, and the 
necessary response if pollution occurs.   

 
Community Involvement 

Involving communities may be more effective in promoting the importance of protecting 
water quality and environment.  The bonding between residents and community makes the 
community more influential in educating residents of right concepts.  Communities can organize 
activities to illustrate that environmental protection involves every individual’s continuous 
efforts. 

 
Recycling Program 

A Recycling program shall be developed to minimize trash sources in the vicinity of the 
waterbody of concern.   
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Reporting System 

Patrol personnel, park users, or residents should report accumulation of trash or illegal 
disposal of trash to the waterbodies and their adjacent areas.  Information with a toll-free number 
and communication devise shall be conveniently available near the waterbodies for timely 
reporting.  Responsible jurisdictions, after receiving reports, should conduct inspections to 
formulate proper cleanup actions. 

 
Stencil 

Stencils are to remind the residents and park users of the importance of maintaining water 
quality and of the existing ordinances.  Signs should be placed in prominent locations where 
most people will view them, and should contain appropriate symbols as well as clear written 
messages, and cite the appropriate federal, state and county codes including the largest possible 
penalty amount for violation of codes. 

  
Consideration of Picnic Area Relocation 

Trash found in the waterbodies may be the results of storm water flushing or wind re-
mobilizing trash originally disposed of around picnic areas.  If storm water or wind is the 
dominant factor causing trash impairment, and trash is constantly found near picnic areas, it may 
be a solution to reconsider the proper location of picnic area.   

 
The further the picnic area away from waterbodies, the longer time or more mobilization 

energy it needs from storm water or wind to carry trash to waterbodies of concerns.  Trash may 
be cleaned before reaching waterbodies.  A proper monitoring period to analyze the cause of 
trash is necessary prior to considering this option.    

 
Imposition of Trash Tax 

The trash often discovered on or adjacent to the waterbodies is convenient paper or 
plastic food or beverage containers, plastic bottles, paper plates, aluminum cans, or plastic bags.  
This trash shares the same characteristics as packaging utilized in the fast food stores.  The 
evidence of trash causing the waterbody impairment may be used to justify an increase in retail 
price of disposable food or beverage packaging to compensate the potential environmental 
impacts.  The additional tax income can contribute to preventive or cleanup actions for the 
designated waterbody of concern.   

 
Cooperation of Potential Sources of Trash 

Stores carrying goods considered potential sources of trash to the waterbody or its 
adjacent areas can advise their patrons to handle the packaging, residuals or any trash parts in an 
environmentally friendly manner.  Similar to the stencils, signs with clear language containing 
ordinances, and a penalty of violation should be posted near the cashier, exit and parking lot. 

 
Surveillance Camera 

Surveillance cameras can be installed to monitor the water quality and any illegal 
disposal which may require immediate cleanup.  They can also be used to enforce the littering 
laws if necessary.  
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Tax Benefit by Adopting Waterbodies, Parks, etc. 
This concept is adapted from “adopt a highway” program.  The participation from 

industries in the vicinity of lakes, rivers, or creeks, will help the responsible jurisdictions to 
maintain the cleanliness of the environment, and increase the cleaning frequency.  Industries or 
any entities that contribute resources, time, or efforts to keep the environment clean could be 
encouraged by having tax benefit. 
 

E. Implementation Schedule 
 

The TMDL Implementation Schedule is designed to provide permittees and responsible 
jurisdictions flexibility to implement structural and non-structural BMPs to address the trash 
impairment of Legg Lake.  Implementation consists of development of monitoring plans by 
permittees and responsible jurisdictions and implementation of the Executive Officer approved 
TMRP. 
 

Table 9. Full Capture Implementation Schedule 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan 
for defining the 
trash baseline 
WLA and a 
proposed 
definition of 
“major rain event”.  

Los Angeles County, Los Angeles 
County Flood Control Districts, 
the Cities of El Monte and South 
El Monte, and Caltrans. 

6 months from 
effective date of 
TMDL.  If a plan 
is not approved 
by the Executive 
Officer within 9 
months, the 
Executive Officer 
will establish an 
appropriate 
monitoring plan. 

2 Implement Trash 
Monitoring and 
Reporting Plan. 

Los Angeles County, Los Angeles 
County Flood Control Districts, 
the Cities of El Monte and South 
El Monte, and Caltrans. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

3 Submit results of 
Trash Monitoring 
and Reporting 
Plan, recommend 
trash baseline 
WLA, and propose 
Full Capture 
System 

Los Angeles County, Los Angeles 
County Flood Control Districts, 
the Cities of El Monte and South 
El Monte, and Caltrans. 

2 years from 
receipt of letter of 
approval for the 
Trash Monitoring 
and Reporting 
Plan from 
Regional Board 
Executive Officer. 
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prioritization.   
4 

 
Installation of Full 
Capture Systems 
to achieve 20% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County, Los Angeles 
County Flood Control Districts, 
the Cities of El Monte and South 
El Monte, and Caltrans. 

Four years from 
effective date of 
TMDL. 

5 
 

Installation of Full 
Capture Systems 
to achieve 40% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County, Los Angeles 
County Flood Control Districts, 
the Cities of El Monte and South 
El Monte, and Caltrans. 

Five years from 
effective date of 
TMDL. 

6 Evaluate the 
effectiveness of 
Full Capture 
Systems, and 
reconsider the 
WLA. 

Regional Board. Five years from 
effective date of 
TMDL. 

7 
 

Installation of Full 
Capture Systems 
to achieve 60% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County, Los Angeles 
County Flood Control Districts, 
the Cities of El Monte and South 
El Monte, and Caltrans 

Six years from 
effective date of 
TMDL. 

8 
 

Installation of Full 
Capture Systems 
to achieve 80% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County, Los Angeles 
County Flood Control Districts, 
the Cities of El Monte and South 
El Monte, and Caltrans 

Seven years from 
effective date of 
TMDL. 

9 
 

Installation of Full 
Capture Systems 
to achieve 100% 
reduction of trash 
from Baseline 
WLA*.  

Los Angeles County, Los Angeles 
County Flood Control Districts, 
the Cities of El Monte and South 
El Monte, and Caltrans. 

Eight years from 
effective date of 
TMDL. 

*Compliance with percent reductions from the Baseline WLA will be assumed wherever 
full capture systems are installed in corresponding percentages of the conveyance 
discharging to the waterbody.  Installation will be prioritized based on the greatest 
point source loadings. 
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Table 10. Minimum Frequency Assessment and Collection Implementation Schedule 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Conditional 
Waiver in effect. 
 

Los Angeles County, City of South 
El Monte, City of El Monte. 

Regional Board 
adoption of 
TMDL. 

2 Submit Notice of 
Intent to Comply 
with Conditional 
Waiver of 
Discharge 
Requirements, 
including 
MFAC/BMP 
Program and 
Trash Monitoring 
and Reporting 
Plan.   

Los Angeles County, City of South 
El Monte, City of El Monte. 

Six months from 
TMDL effective 
date.  

3 Implement 
MFAC/BMP 
Program. 

Los Angeles County, City of South 
El Monte, City of El Monte. 

Six months from 
receipt of Notice 
of Acceptance  
from Regional 
Board Executive 
Officer. 

4 Submit annual 
TMRP reports 
including proposal 
for revising 
MFAC/BMP for 
Executive Officer 
approval. 

Los Angeles County, City of South 
El Monte, City of El Monte. 

Two years from 
effective date of 
TMDL, and 
annually 
thereafter. 

5 
 

Reconsideration of 
Trash TMDL 
based on 
evaluation of 
effectiveness of 
MFAC/BMP 
program. 

Regional Board. Five years from 
effective date of 
TMDL. 

* At Task 3, all Responsible Jurisdictions must be attaining the zero trash target after 
each required trash assessment and collection event.  At Task 4, all Responsible 
Jurisdictions must demonstrate full compliance and attainment of the zero trash 
target between the required trash assessment and collection events.  Based on 
Responsible Jurisdiction monitoring reports, the Executive Officer may adjust the 
minimum frequency of assessment and collection as necessary to ensure compliance 
between the required trash assessment and collection events. 
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F. Reasonably Foreseeable Environmental Impacts from TMDL 
Implementation 

 
An accompanying CEQA Substitute Environmental Document (SED) analyses the 

potential negative environmental impacts of compliance with the trash TMDL based on the 
implementation strategies discussed above. According to municipalities implementing previous 
Trash TMDL requirements by installing catch basin inserts and vortex separation devices, it was 
found the most significant environmental impacts result from construction activities associated 
with installation and maintenance activities.  The primary construction impacts are caused by 
concrete and electrical work, and in some areas, earth work associated with structural 
improvements.  The environmental impacts are resulting from maintaining, removing and 
disposing trash from structural treatment systems. Both constructional and environmental 
impacts may be mitigated by available technologies.   
 

Regarding cumulative impacts, it is noted that both the construction and maintenance 
activities are in small, discrete, discontinuous areas over a short duration.  Consequently, 
cumulative impacts are not significantly exacerbated from the sum of individual project impacts.  
Project level environmental analysis for implementation of structural methods will likely be 
conducted by municipalities and responsible jurisdictions under notices of exemption.  
Categorical exemptions will be based on the nature of the projects including: 
 

-Minor alteration of existing public structures involving negligible expansion of an 
existing facility. 
-Modifications of existing storm drain system and addition of environmental protection 
devices in existing structures with negligible or no expansion of use. 
-Modifications to sewers constructed to alleviate a high potential or existing public health 
hazard.   

 
The analysis concludes that the implementation of this TMDL will result in water quality 

improvement in Legg Lake, but may be associated with temporary or permanent localized 
adverse impacts to the environment. While specific projects employed to implement the TMDL 
may have significant impacts, these impacts may be limited, short-term or mitigated through 
effective design and scheduling. Under circumstances that none of alternatives or mitigation 
measures is available to mitigate the environmental impact caused by implementation of this 
Trash TMDL, implementing this Trash TMDL would outweigh the unavoidable adverse 
environmental effects because the minimum foreseeable environmental impacts shall be 
addressed by project level planning, construction, and operation methods as described in the 
CEQA SED.   
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X. Monitoring 
 

Assessment and monitoring of trash are key components of the TMDL.  The goal of 
trash monitoring is to collect representative data from across the watershed that can be used to 
refine Baseline Load and Waste Load Allocations, effectively site and design BMPs, including 
full capture systems, and determine compliance with Waste Load and Load Allocations. 
Monitoring activities and results, including implementation and effectiveness of BMP 
implementation, will be reported and submitted to the Regional Board on an annual basis. 
Responsible jurisdictions will be required to propose and implement a Trash Monitoring and 
Reporting Plan approved by the Executive Officer.  

 
The Trash Monitoring and Reporting Plan will describe the methodologies that will be 

used to assess and monitor trash in Legg Lake, and if applicable land areas in the vicinity of 
Legg Lake.  Regional Board staff finds that monitoring protocols prescribed by the Rapid Trash 
Assessment are appropriate for this TMDL.  Elements of the trash Monitoring and Reporting 
Plan are described below. 

 
• Monitoring Plan. Responsible jurisdictions will submit a Trash Monitoring and 

Reporting Plan with the proposed monitoring sites and at least two additional 
alternate monitoring locations.  The Work Plan must include maps of the drainage 
and storm drain data, and locations where most trash accumulated on the waterbody 
and on the vicinities for nonpoint sources for each proposed and alternate monitoring 
location.  The monitoring plan(s) will be submitted to the Regional Board according 
the TMDL Implementation Schedule.  The Regional Board's Executive Officer will 
have full authority to review the monitoring plan(s), to modify the plan, to select 
among the alternate monitoring sites, and to approve or disapprove the plan(s).   

 
• Jurisdiction. Allocations will be permitted through storm water permits or by a 

Conditional Waiver.  For this reason, each responsible jurisdiction must provide the 
Regional Board list of entities located within their municipal boundaries that are 
outside of their jurisdiction including state or federal lands and facilities.  

 
• Data Collection. Baseline data may be collected over a period of two years. 

Although the amount of trash deposited into the waterbodies through storm drains or 
from nonpoint sources may depend on rainfall patterns and winds, monitoring will 
include dates in both the rainy season and the dry season.  The Los Angeles County 
Department of Public Works defines the rainy season as spanning from October 15 
to April 15.   

 
• Unit of Measure. Data will be reported in a single unit of measure that is 

reproducible and measures the amount of trash, irrespective of water content (e.g., 
compacted volume based on a standardized compaction rate, dry weight, etc.).  The 
responsible jurisdictions may select the unit.  The unit of measure used during 
Baseline Monitoring also will be used during Implementation for determining 
compliance with Waste Load Allocations and Load Allocations.   
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• Vegetation.  The responsible jurisdictions may exclude vegetation from their 
reported discharge except where there is evidence that the vegetation is the result of 
the illegal discharge of yard waste.  However, all monitoring data must be reported 
uniformly (either with or without vegetation).  If the permittees include vegetation in 
the discharges reported during Baseline Monitoring, they will be obligated to include 
natural vegetation in their reports of discharge during Implementation.  

 
• Disposal of Collected Trash.  Trash captured during the monitoring plan must be 

disposed of in accordance with all applicable laws and regulations.  
 

• Location.  Trash monitoring on the surface and lakeshore of Legg Lake shall be 
focus on visible trash at representative and critical locations determined by the 
Discharger and approved by the Executive Officer in the Trash Monitoring and 
Reporting Workplan.  Locations for trash assessment shall include, but not be 
limited to locations where trash enters and exits the lake, accumulates on the 
lakeshore, and areas of recreational access and wildlife habitat.  Trash assessment of 
the lake and lakeshore shall include the type of trash, amount of trash according to a 
metric proposed and approved in the Monitoring and Reporting Workplan.   

 
• Representative Data.  In an effort to provide representative data in deriving Baseline 

Waste Load Allocation and Baseline Load Allocation, the minimum requirements to 
establish the Trash Monitoring and Reporting Plan include: 

 
• The plan would provide representative data from across the watershed. 
• The plan would provide data in units that were easily reproducible and 

would be comparable with data to be collected during the Implementation 
Phase. 

• The Baseline Waste Load Allocation and Baseline Load Allocation may 
be revised from data generated from the plan. 

 
• Land Use Areas.  Dischargers may propose trash monitoring according to Land Use 

Areas in the vicinity of Legg Lake.  Monitoring data can be used to establish specific 
trash generation rates per land use for siting and design of BMPs.   

 
The requirements and milestone dates related to the Trash Monitoring and Reporting  

Plan are summarized in Table 11. 
 

Table 11. Trash Monitoring and Reporting Plan Due Dates 
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Task Completion Date 

Submit Trash Monitoring and Reporting 
Plan, including a plan for defining the 
trash baseline WLA and a proposed 
definition of “major rain event”.  

6 months from effective 
date of TMDL.  If a plan is 
not approved by the 
Executive Officer within 9 
months, the Executive 
Officer will establish an 
appropriate monitoring 
plan. 

Implement Trash Monitoring and 
Reporting Plan. 

6 months from receipt of 
letter of approval from 
Regional Board Executive 
Officer, or date a plan is 
established by the 
Executive Officer. 

Submit results of Trash Monitoring and 
Reporting Plan, recommend trash 
baseline WLA, and propose Full 
Capture System prioritization.   

2 years from receipt of letter 
of approval for the Trash 
Monitoring and Reporting 
Plan from Regional Board 
Executive Officer. 

 
 
 

In addition to the general monitoring requirements, two TMDL Monitoring Strategies are 
outlined below for the proposed compliance options. 

 
 
 
 

1. Monitoring of full capture devices. 
 

Monitoring of full capture devices focuses on description and quantification of trash 
collected by the full capture devices and assessment of full capture device effectiveness in 
reducing trash in and on the shoreline of Legg Lake.  The Monitoring and Reporting Plan will 
describe how trash collected from full capture devices will be quantified and how trash 
reductions in the lake and on the lakeshore will be assessed.   

 
 
2. Minimum Frequency of Assessment and Collection  
 

Responsible jurisdictions must identify at least 5 monitoring locations within the 
perimeter of the lake, including two (2) locations where trash was always present according to 
the records.  The plan should describe how proposed monitoring locations will demonstrate how 
all visible trash on the lake and lakeshore can be assessed and collected. These observation 
locations must be inspected daily.   
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An additional 5 locations on the lake vicinity or in the park that are suspected to have the 

most trash deposited on the ground shall also be checked on a daily basis. Responsible 
jurisdictions must collect 100% of the trash accumulated at the monitoring locations between 
MFAC events. 
 

The report submitted for Regional Board’s review must contain information, including 
but not limited to dates of inspection, descriptions of trash types, estimate of trash quantity if 
weighting is not available, and immediate action of trash removal.  At least one photo at each 
designated observation location per month must be taken and attached in the report to support the 
observation. 
 

XI. Future Growth 
 

It is reasonably foreseeable that as the population density in areas near Legg Lake 
increases, the trash loads to the lake will also increase.  The TMDL addresses potential increased 
trash loading from future growth through several mechanisms including a numeric target of zero 
trash, WLAs and LAs of zero trash, and TMDL compliance mechanisms such as full capture 
systems and a specified MFAC program.   
 
 

XII. Cost Considerations 
 

Porter-Cologne Section 13241(d) requires staff to consider costs associated with the 
establishment of water quality objectives.  The TMDL does not establish water quality 
objectives, but is merely a plan for achieving existing water quality objectives.  Therefore cost 
considerations required in Section 13241 are not required for this TMDL.  
 

The purpose of this cost analysis is to provide the Regional Board with information 
concerning the potential cost of implementing this TMDL and to addresses concerns about costs 
that have been raised by responsible parties.  This section takes into account a reasonable range 
of economic factors in fulfillment of the applicable provisions of the California Environmental 
Quality Act (Public Resources Code Section 21159.) 
 

An evaluation of the costs of implementing this Trash TMDL amounts to evaluating the 
costs of preventing trash from getting from the storm drain to Legg Lake.  This brief report gives 
a summary overview of the costs associated with the most likely ways the responsible 
jurisdictions will achieve the required reduction in discharges to the storm drain system.  Such an 
analysis would be incomplete if it failed to consider the existing cost that presently is transferred 
to "innocent" downstream communities. There is an unquantified cost to aquatic life within Legg 
Lake. 
 
Cost of Implementing Trash TMDL 
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The reference provided by Los Angeles County indicated that it cost more than 4 million 
dollars to clean trash from 31-mile beaches annually.  City of Long Beach, at the mouth of the 
Los Angeles River, also spent almost 1 million dollars annually for storm debris accumulated 
in the Long Beach Harbor.  These expenses should be taken into consideration while 
calculating the potential cost of implementing Trash TMDL. 

 
The cost of implementing this TMDL will range widely, depending on the method that 

the responsible parties select to meet the Waste Load and Load Allocations.  Arguably, 
enforcement of existing litter ordinances could be used to achieve the final Waste Load 
Allocations at minimal or no additional cost.  The most costly approach in the short-term is the 
installation of full capture systems on all discharges to Legg Lake.   

 
Most of the information presented herein consists of catch basin inserts, structural vortex 

separation devices and end of pipe nets.  We are considering the costs associated with preventing 
the disposal of trash into the waterbodies of concern.   
 

Regardless of the method(s) used, costs associated with the gradual decrease of the 
amount of trash in the waterbodies, and the maintenance of the Legg Lake and its tributaries free 
of trash include monitoring and implementation costs.  Any device chosen for monitoring trash 
or removing trash from storm drain, regardless of its installation costs, will also be associated 
with labor costs. 
 

We are looking at several methods separately, from retrofitting all the catch basins in the 
urbanized portion of the watershed, to using solely structural full capture methods.   

 
1.  Catch Basin Inserts 
 

At a cost of around $800 per insert, catch basin inserts are the least expensive structural 
treatment device in the short term.  However, because they are not a full capture method, they 
must be monitored frequently and must be used in conjunction with street sweeping.   

 
Due to the lack of numbers of catch basins in the vicinity of Legg Lake, the average 

density of 123 catch basin per square miles based on the reference provided by Los Angeles 
County Department of Public Works was applied to this subwatershed. 

 
Approximately 125 catch basins are estimated in this subwatershed.  Assuming all catch 

basin insert will be installed in five years after the effective date of this TMDL, and the operation 
and maintenance expense is 50% of the installation cost, the costs in Table 12 are calculated.  

 

Table 12. Costs of retrofitting the catch basin inserts (Dollars in thousands) 

Number of years in 
the program 

1 2 3 4 5 6 7 8 

Operations and 
Maintenance (yearly, 

$10 $20 $30 $40 $50 $50 $50 $50 
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cumulative) 
Capital Cost (yearly) $20 $20 $20 $20 $20    
Annual Costs per 
year (Capital + 
Operation and 
Maintenance) 

$30 $40 $50 $60 $70 $50 $50 $50 

 
 
2. Full Capture Vortex Separation Systems (VSS) 

 
Permanent structural devices can be used to trap gross pollutants for monitoring 

purposes as well as implementation. Among those “litter control devices” are structural vortex 
separation systems (VSS), floating debris traps, end-of-pipe nets and trash racks.  VSS units 
appear to be among the best alternatives to evaluate or remove the amount of trash generated 
throughout a particular drainage area. 
 

An ideal way to capture trash deposited into a storm drain system would be to install a 
VSS unit.  This device diverts the incoming flow of storm water and pollutants into a pollutant 
separation and containment chamber.  Solids within the separation chamber are kept in 
continuous motion, and are prevented from blocking the screen so that water can pass through 
the screen and flow downstream.  This is a permanent device that can be retrofitted for oil 
separation as well.  Studies have shown that VSS systems remove virtually all of the trash 
contained in the treated water.  The cost of installing a VSS is assumed to be high, so limited 
funds will place a cap on the number of units which can be installed during any single fiscal 
year. 

The point sources area is approximately 650 acres.  Table 13 provides capacities and the 
associated costs of various sizes of VSS.  Staff assumes the cost of yearly servicing of a VSS 
unit to be $2000. 
 

Table 13. Costs Associated with VSS 

Capacity Acres 
(average) 

Unit Capital Cost Number of devices 
needed on urban 

portion of watershed

Capital costs Yearly costs for 
servicing all 

devices 

1 to 2 cfs 5 $12,800 129 $1,651,200 $258,000 

6 to 8 cfs 30 $45,000 21 $945,000 $42,000 

19 to 24 cfs 100 $90,000 6 $540,000 $12,000 

 
 Tables 14 and 15 compare the estimated costs of retrofitting the point source areas with 
low capacity VSS (1 to 2 cfs) and large capacity VSS (19 to24 cfs), given that VSS will be 
installed within the first five years after the effective date of this TMDL. 

 
Table 14. Costs Associated with Low Capacity Vortex Gross Pollutant Separation Systems 
(Dollars in thousands) 
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Number of years in 
the program 

1 2 3 4 5 6 7 8 

Units Installed 25 25 25 25 25    
Operations and 
Maintenance (yearly, 
cumulative) 

$50 $100 $150 $200 $250 $250 $250 $250 

Capital Cost (yearly) $320 $320 $320 $320 $320    
Annual Costs per 
year (Capital + 
Operation and 
Maintenance) 

$370 $420 $470 $520 $570 $250 $250 $250 

 
Table 15. Costs Associated with Large Capacity Vortex Gross Pollutant Separation Systems 
(Dollars in thousands) 

Number of years in 
the program 

1 2 3 4 5 6 7 8 

Units Installed 1 1 1 1 1    
Operations and 
Maintenance (yearly, 
cumulative) 

$2 $4 $6 $8 $10 $10 $10 $10 

Capital Cost (yearly) $90 $90 $90 $90 $90    
Annual Costs per 
year (Capital + 
Operation and 
Maintenance) 

$92 $94 $96 $98 $100 $10 $10 $10 

Outfitting a large drainage with a number of large VSS systems may be less costly than 
using a larger number of small VSS systems.  Maintenance costs decrease dramatically as the 
size of the system increases.  Topographical and geotechnical considerations also should come 
into play when choosing VSS systems or other structural systems or devices.   
 
3. End of Pipe Nets 
 

“Release nets” are a relatively economical way to monitor trash loads from municipal 
drainage systems.  However, in general, they can only be used to monitor or intercept trash at 
the end of a pipe and are considered to be partial capture systems, as the nets are usually sized at 
a 1/2" to 1" mesh.  These nets are attached to the end of pipe systems.  The nets remain in place 
on the end of the drain until water levels upstream of the net rise sufficiently to release a catch 
that holds the net in place.  The water level may rise from either the bag being too full to allow 
sufficient water to pass, or from a disturbance during very high flows.  When the nets release 
they are attached to the side of the pipe by a steel cable and as they are washed downstream (a 
yard or so) are tethered off so that no pollutants from within the bags are washed out. 
 

Preliminary observations suggest that the nets rarely fill sufficiently to cause the bags to 
release. And therefore, if they are cleaned after a storm event, the entire quantity of material is 
captured and can be measured for monitoring purposes using two bags per trap.  This makes it 
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easy to replace the full or partially full bag with an empty one, so that the first bag can be taken 
to a laboratory for analysis without manual handling of the material it contains.   
 

The nets are valid devices because of the ease of maintenance and also because the 
devices can be relocated after a set period at one location (provided the pipe diameters are the 
same).  With limited funding, installation could be spread over several land uses and lead to 
valuable monitoring results. 
 

Because the devices require attachment to the end of a pipe, this can severely reduce the 
number of locations within a drainage system that can be monitored.  In addition, these nets 
cannot be installed on very large channels (7 feet in diameter is the maximum).  Thus costs 
shown in Table 16 are given per pipe, and no drainage coverage is given. 
 

Table 16. Sample Costs for End of Pipe Nets 

Pipe Size Release nets 
(cost estimates) 

End of 3 ft pipe $10,000 

End of 4 ft pipe $15,000 

End of 5 ft pipe $20,000 

In 3 ft pipe network $40,000 

In 4 ft pipe network $60,000 

In 5 ft pipe network $80,000 
  
4. Cost Consideration – Minimum Frequency  ofTrash Assessment and Collection  
 

This section provides a brief estimate of costs to comply with the Minimum Frequency of 
Assessment and Collection.  The cost estimate is based on the Minimum Frequency of 
Assessment and Collection on a daily bases including weekends. It is also assumed that the 
personnel for trash assessment and collection will be employed by one of the agencies that 
provide services to the area of Legg Lake.  As such, equipment and vehicles are available and 
costs for these items are assumed to be included in the estimate below.  It is also assumed that a 
single person can conduct the complete trash assessment and collection in four hours at each 
cleanup.  Consequently, the total time per year to conduct the Minimum Frequency of 
Assessment and Collection is 182.5 days. 

 
Assuming a burdened hourly rate of $37.50 per hour, the estimated annual costs to the 

Minimum Frequency Assessment and Collection is $54,600 for Legg Lake. 
 

5. Cost Comparison 
 

A comparison of costs between strategies based on catch basin inserts (CBIs), low 
capacity VSS, high capacity VSS systems, and enforcement of litter laws is presented in Table 
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17.  This comparison was completed for a trash TMDL in the Los Angeles River watershed.  
Staff assumes the relative magnitude of the costs for the different options is applicable for the 
Legg Lake TMDL, with an addition of the cost resulting from Minimum Frequency of 
Assessment and Collection. 
 

Table 17. Cost Comparison (amounts in millions) 

 CBI only Low capacity  
VSS Units 

Large capacity 
VSS Units 

Minimum Frequency 
Trash Assessment and 

Collection 

Enforcement of 
Litter Laws1 

Cumulative capital 
costs over 8 years 

$0.1 $1.6 $0.06 $0 $0 

Cumulative 
maintenance and 
capital costs after 8 
years 

$0.4 $3.1 $0.45 $0.44 $0 

Annual servicing 
costs after full 
implementation 

$0.05 $0.25 $0.51 $0.05 $0 

 
Trash abatement in the Legg Lake will differ depending on the options selected by the 
responsible jurisdictions. 

                                                 
1 Revenues from fines assessed to offset increased law enforcement cost.  The cost of a database system used to 
calculate trash discharges estimated to be less than $250,000. 
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XIV. Appendix I 

 

The land use classification was developed by Aerial Information Systems as a modified 
Anderson Land Use Classification and originally included 104 categories.  The land use 
coverages were donated for GIS library use by Southern California Association of Governments 
(SCAG), and show land use for 2005.  The coverages were map-joined into a single coverage 
by Teale Data Center.  The Regional Board layers were aggregated from the TDC coverage into 
the land uses shown above. 
 
Critical land uses were mapped regardless of resolution limits.  Critical land use units below 1 
acre in size were mapped as 1-acre units. 

 

Land Uses Description and subcategories of Each Land Use 
High Density 
Residential 

High density single family residential and all multi family residential, mobile 
homes, trailer parks and rural residential high density. 

Low Density 
Residential 

Under 2 units per acre. 

Public 
Facilities 

government centers, police and sheriff stations, fire stations, medical health 
care facilities, religious facilities large enough to be distinguished on an aerial 
photograph, libraries, museums, community centers, public auditoriums, 
observatories, live indoor and outdoor theaters, convention centers which 
were built prior to 1990, communication facilities, and utility facilities 
(electrical, solid waste, liquid waste, water storage and water transfer, natural 
gas and petroleum) 

Education Preschools and daycare centers, elementary schools, high schools, colleges 
and universities, and trade schools, including police academies and fire 
fighting training schools. 

Transportation Airports, railroads, freeways and major roads (that meet the minimum 
mapping resolution of 2.5 acres), park and ride lots, bus terminals and yards, 
truck terminals, harbor facilities, mixed transportation and mixed 
transportation and utility. 

Mixed Urban Mixed commercial, industrial and/or residential, and areas under construction 
or vacant in 1990. 

Open Space 
and Recreation 

Golf courses, local and regional parks and recreation, cemeteries, wildlife 
preserves and sanctuaries, botanical gardens, beach parks. 

Agriculture Orchards and vineyards, nurseries, animal intensive operations, horse ranches. 
Water Open water bodies, open reservoirs larger than 5 acres, golf course ponds, 

lakes, estuaries, channels, detention ponds, percolation basins, flood control 
and debris dams. 
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XV. Appendix II 
 

 

This table shows the square mileage for “high density residential”, “low density residential”, “commercial”, “industrial”, 
“public facilities”, “education”, “transportation”, “mixed urban”, “open space”, “agriculture”, “water” and “recreation” land uses for 
every city and incorporated areas in the watershed.  The “water” land use of water is itself a nonpoint source of trash, and will 
therefore receive a combined Load All ocation.   For cities that are only partially located on the watershed, the square mileage 
indicated is for the portion located in the watershed. 

 
SQUARE MILEAGE ESTIMATED FOR EACH LAND USE FOR CITIES IN THE WATERSHED, AND FOR UNINCORPORATED AREAS. 

 
 

Responsible Jurisdiction 
High Density 
Residential 

Low Density 
Residential Commercial Industrial

Public 
Facilities Education Military Transportation

Mixed 
Urban 

Open 
Space and 

Parks Agriculture Water 
Total for 
all classes 

Los Angeles County 0.00 0.00 0.00 0.02 0.01 0.00 0.02 0.07 0.00 0.33 0.07 0.12 0.63 
El Monte 0.08 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.11 
South El Monte 0.36 0.01 0.03 0.31 0.03 0.04 0.00 0.02 0.00 0.07 0.01 0.00 0.88 
Totals 0.44 0.01 0.04 0.34 0.04 0.05 0.02 0.09 0.00 0.40 0.08 0.12 1.61 
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XVI. Appendix III 
 

This table shows the Waste Load and Load Allocations for trash per land use in each city base on square mileage.  Waste Load Allocations are 
assigned to point source areas including high and low density residential, commercial, industrial, public Facilities, education, transportation and mixed 
urban land uses.  Others of open space, agriculture, water and recreation land uses are considered as nonpoint sources and assigned with Load Allocation.  
For cities that are only partially located on the watershed, the square mileage indicated is for the portion located in the watershed. 

 

WASTE LOAD ALLOCATIONS FOR TRASH  PER LAND USE IN EACH CITY  (GALLONS OF UNCOMPRESSED VOLUME) 
 

Responsible 
Jurisdiction 

High 
Density 

Residential 

Low 
Density 

Residential Commercial Industrial 
Public 

Facilities Education Military Transportation 
Mixed 
Urban 

Open 
Space 
and 

Parks Agriculture Water 

Total 
for all 
classes 

Los Angeles County 10.17 0.48 0.65 123.47 30.47 0.00 86.30 445.95 0.00 209.48 42.79 76.57 1026.33 
El Monte 424.93 0.00 53.00 31.55 0.00 54.17 0.00 0.00 0.00 0.00 0.00 0.00 563.65 
South El Monte 1918.77 30.11 138.99 1649.25 159.65 224.11 11.84 140.97 0.00 43.36 9.17 0.00 4326.21 
Totals 2353.87 30.59 192.64 1804.26 190.12 278.29 98.14 586.92 0.00 252.85 51.96 76.57 5916.19 
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XVII. Definitions 
 

The definitions of terms as used in this TMDL are provided as follows: 
 
Beneficial Uses.  Beneficial Uses form the cornerstone of water quality protection under 
the Basin Plan.  Once beneficial uses are designated, appropriate water quality objectives 
can be established and programs that maintain or enhance water quality can be 
implemented to ensure the protection of beneficial uses.  The designated beneficial uses, 
together with water quality objectives (referred to as criteria in federal regulations), form 
water quality standards.  Such standards are mandated for all waterbodies within the state 
under the California Water Code.  In addition, the federal Clean Water Act mandates 
standards for all surface waters, including wetlands.  Beneficial uses for Legg Lake are 
listed and defined below: 
 

Municipal and Domestic Supply (MUN) - Uses of water for community, 
military, or individual water supply systems including, but not limited to , 
drinking water supply. 

Ground Water Recharge (GWR) - Uses of water for natural or artificial 
recharge of ground water for purposes of future extraction, maintenance of water 
quality, or halting of saltwater intrusion into freshwater aquifers. 

Water Contact Recreation (REC-1) - Uses of water for recreational activities 
involving body contact with water, where ingestion of water is reasonably 
possible. These uses include, but are not limited to, swimming, wading, water-
skiing, skin and scuba diving, surfing, white water activities, fishing, or use of 
natural hot springs. 

Non-contact Water Recreation (REC-2) - Uses of water for recreational 
activities involving proximity to water, but not normally involving body contact 
with water, where ingestion of water is reasonably possible. These uses include, 
but are not limited to, picnicking, sunbathing, hiking, beachcombing, camping, 
boating, tide pool and marine life study, hunting, sightseeing, or aesthetic 
enjoyment in conjunction with the above activities. 

Warm Freshwater Habitat (WARM) - Uses of water that support warm water 
ecosystems including, but not limited to, preservation or enhancement of aquatic 
habitats, vegetation, fish, or wildlife, including invertebrates. 

Cold Freshwater Habitat (COLD) – Uses of water that support cold water 
ecosystems including, but not limited to, preservation or enhancement of aquatic 
habitats, vegetation, fish or wildlife, including invertebrates. 

Wetland Habitat (WET) – Uses of water that support wetland ecosystems, 
including, but not limited to, preservation or enhancement of wetland habitats, 
vegetation, fish, shellfish, or wildlife, and other unique wetland functions which 
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enhance water quality, such as providing flood and erosion control, stream bank 
stabilization, and filtration and purification of naturally occurring contaminants. 

Wildlife Habitat (WILD) - Uses of water that support terrestrial ecosystems 
including, but not limited to, preservation and enhancement of terrestrial habitats, 
vegetation, wildlife (e.g., mammals, birds, reptiles, amphibians, invertebrates), or 
wildlife water and food sources. 

 
Best Management Practices (BMPs).  BMPs are the practice or combination of practices 
that are determined to be the most effective, practicable means of preventing or reducing 
the amount of pollution generated by point and nonpoint sources to a level compatible 
with water quality goals (including technological, economic, and institutional 
considerations). BMPs are defined in 40 CFR 122.2 as schedules of activities, 
prohibitions of practices, maintenance procedures, and other management practices to 
prevent or reduce the pollution of waters of the United States.  In this TMDL, two general 
categories of structural BMPs and non-structural BMPs are discussed as possible means 
to reach “zero” trash goal. 
 
Full Capture Device. A full capture system is any single device or series of devices that 
traps all particles retained by a 5 mm mesh screen and has a design treatment capacity of 
not less than the peak flow rate Q resulting from a one-year, one-hour storm in the 
subdrainage area.  Rational equation is used to compute the peak flow rate: Q = C × I × 
A, where Q = design flow rate (cubic feet per second, cfs); C = runoff coefficient 
(dimensionless); I = design rainfall intensity (inches per hour, as determined per the 
rainfall isohyetal map in Figure 2),2  and A= subdrainage area (acres). 
 
Baseline Load Allocation. The Baseline Load Allocation is analogous to the Baseline 
Waste Load Allocation for point sources, instead it is for nonpoint sources.  Baseline 
Load Allocation is derived from the existing data, i.e. trash types and quantities, collected 
by responsible jurisdictions for various land uses.  The progressive reductions in the Load 
Allocation will be determined based on the Baseline Load Allocation. 
 
Baseline Waste Load Allocation. The Baseline Waste Load Allocation is the Waste Load 
Allocation assigned to a permittee before reductions are required.  The progressive 
reductions in the Waste Load Allocations could be based on a percentage or variable 
percentages of the Baseline Waste Load Allocation.  The Baseline Waste Load 
Allocation was calculated based on the annual average amount of trash discharged to the 
storm drain system from a representative sampling of land use areas, as determined 
during the Trash Monitoring Plan.   
 

Monitoring Entity.  The Monitoring Entity is the permittee or one of multiple permittees 
and/or co-permittees that has been authorized by all the other affected permittees or co-
permittees to conduct Baseline monitoring on their behalf.        

                                                 
2 The isohyetal map may be updated by the Los Angeles County hydrologist to reflect additional rain data.  
Updates published by the Los Angeles County Department of Public Works are prospectively incorporated 
by reference into this TMDL and accompanying Basin Plan amendment. 
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Nonpoint Source.  It refers to diffuse, widespread sources of pollution. These sources 
may be large or small, but are generally numerous throughout a watershed. Nonpoint 
Sources include but are not limited to urban, agricultural, or industrial areas, roads, 
highways, construction sites, communities served by septic systems, recreational boating 
activities, timber harvesting, mining, livestock grazing, as well as physical changes to 
stream channels, and habitat degradation. NPS pollution can occur year round any time 
rainfall, snowmelt, irrigation, or any other source of water runs over land or through the 
ground, picks up pollutants from these numerous, diffuse sources and deposits them into 
rivers, lakes, and coastal waters or introduces them into ground water. 
 
Permittee.  The term "permittee" refers to any permittee or co-permittee of a stormwater 
permit. 
 
Point Source.  The term “point Source” means any discernible, confined and discrete 
conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, well, 
discrete fissure, container, rolling stock, concentrated animal feeding operation, or 
vessel or other floating craft, from which pollutants are or may be discharged.  This term 
does not include agricultural storm water discharges and return flows from irrigated 
agriculture. 
 
Trash. In this document, we are defining “trash” as man-made litter, as defined in 
California Government Code Section 68055.1(g): 
 

“Litter means all improperly discarded waste material, including, 
but not limited to, convenience food, beverage, and other product 
packages or containers constructed of steel, aluminum, glass, 
paper, plastic, and other natural and synthetic materials, thrown 
or deposited on the lands and waters of the state, but not 
including the properly discarded waste of the primary processing 
of agriculture, mining, logging, sawmilling or manufacturing." 

 
 For purposes of this TMDL, we will consider trash to consist of litter and particles 
of litter, including cigarette butts.  These particles of litter are referred to as “gross 
pollutants” in European and Australian scientific literature.  This definition excludes 
sediments, and it also excludes oil and grease, and vegetation, except for yard waste that 
is illegally disposed of in the storm drain system.  Additional TMDLs for sediments3 and 
oil and grease may be required at a later date.  
 

Urbanized Portion of the Watershed.  For the purposes of this TMDL, the urban portion 
of the watershed includes the sum of total areas of the incorporated cities and the partial 
unincorporated portion, which comprise of high and low density residential, commercial, 

                                                 
3 Sediments which may be addressed in a separate TMDL are natural particulate matters such as silt and 
sand.  Sediments result from erosion and are deposited at the bottom of a stream.  Sediments do not refer to 
the decomposition of settleable litter into small particulate matters, which this TMDL is trying to prevent. 
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industrial, mixed urban areas in Los Angeles County.4  The estimated areas of the 
“urbanized” portion of the watershed are summarized in the Appendix II.5 The remainder 
of the watershed is made up of the Angeles National Forest, agriculture and other open 
space. 
 

                                                 
4 The Regional Board recognizes that some areas within the unincorporated sections of Los Angeles 
County are actually suburban or rural. 
5 As determined by the Regional Board from GIS mapping. (Other minor differences in figures are due to 
rounding.) 
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I. Introduction 
 

The California Regional Water Quality Control Board, Los Angeles Region (Regional 
Board) has developed this total maximum daily load (TMDL) to attain the water quality 
standards for trash in Machado Lake in the Dominguez Channel Watershed.  The TMDL has 
been prepared pursuant to state and federal requirements to preserve and enhance water quality 
for impaired waterbodies within Coastal Watersheds of Los Angeles and Ventura Counties.   
 
 The California Water Quality Control Plan, Los Angeles Region (Basin Plan) sets 
standards for surface waters and ground waters in the Coastal Watersheds of Los Angeles and 
Ventura Counties.  These standards are comprised of designated beneficial uses for surface and 
ground water, numeric and narrative objectives necessary to support beneficial uses, and the 
state’s antidegradation policy.  Such standards are mandated for all waterbodies within the state 
under the Porter-Cologne Water Quality Act. In addition, the Basin Plan describes 
implementation programs to protect all waters in the region.  The Basin Plan implements the 
Porter-Cologne Water Quality Act (also known as the “California Water Code”) and serves as 
the State Water Quality Control Plan applicable to the lake mentioned above, as required 
pursuant to the federal Clean Water Act (CWA). 
 
 Section 305(b) of the CWA mandates biennial assessment of the nation’s water 
resources, and these water quality assessments are used to identify and list impaired waters.  
The resulting list is referred to as the 303(d) list.  The CWA also requires states to establish a 
priority ranking for impaired waters and to develop and implement TMDLs.  A TMDL specifies 
the maximum amount of a pollutant that a waterbody can receive and still meet water quality 
standards, and allocates pollutant loadings to point and non-point sources.   
 
 The United States Environmental Protection Agency (USEPA) has oversight authority 
for the 303(d) program and must approve or disapprove the state’s 303(d) lists and each specific 
TMDL.  USEPA is ultimately responsible for issuing a TMDL, if the state fails to do so in a 
timely manner.   
 
 As part of California’s 1996, 1998, and 2002 303(d) list submittals, the Regional Board 
identified Machado Lake in the Dominguez Channel Watershed as being impaired due to trash. 
 
 A consent decree between the USEPA, the Santa Monica BayKeeper and Heal the Bay 
Inc., represented by the Natural Resources Defense Council (NRDC), was signed on March 22, 
1999. This consent decree requires that all TMDLs for the Los Angeles Region be adopted 
within 13 years. The consent decree also prescribed schedules for certain TMDLs.  This TMDL 
for Machado Lake (Harbor Lake) fulfills Analytical Unit No. 81 of the Consent Decree. 
  
 

This TMDL staff report and accompanying Basin Plan Amendment incorporate the 
numeric targets, Baseline Waste Load Allocations for point sources and Baseline Load 
Allocations for nonpoint sources, margin of safety and implementation and compliance 
schedules. 
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 The Trash TMDLs for Machado Lake will be implemented by Basin Plan Amendments 
and are therefore subject to Public Resources Code Section 21083.9 that requires California 
Environmental Quality Act (CEQA) Scoping and Analysis to be conducted for Regional 
Projects. CEQA Scoping involves identifying a range of project/program related actions, 
alternatives, mitigation measures, and significant effects to be analyzed in an EIR or its 
Substitute Environmental Documents (SEDs). On December 6, 2006 a CEQA Scoping meeting 
was held to present and discuss the foreseeable potential environmental impacts of compliance 
with the Trash TMDL at the Los Angeles Regional Water Quality Control Board for Machado 
Lake in the Dominguez Channel Watershed.  Notices of the CEQA Scoping hearing were 
posted in the Los Angeles Times on November 3, 2006 and on Regional Board’s website.  
Electronic mails were also sent to interested jurisdictions including cities and/or counties with 
jurisdiction in or bordering the watersheds of concerns. Input from all stakeholders and 
interested parties was solicited for consideration in the development of the CEQA document. 
 
 This Trash TMDL is based on existing, readily available information concerning the 
conditions in the CWA 303(d) listed watershed in Southern California, as well as TMDLs 
previously developed by the State and USEPA.   
 

II. Problem Statement 
 

The problem statement consists of descriptions of the watershed, climate, beneficial 
uses, water quality objectives, and impairments caused by trash to Machado Lake.   

 

A. Description of the Dominguez Channel Watershed 
 

Machado Lake is located within the Dominguez Channel watershed bordered by 
Rosecrans and Dominguez Hills with an elevation of 200 feet at the north and east, by Palos 
Verdes Hills with an elevation of 1,480 feet at the southwest, and by Port of Los Angeles and 
Port of Long Beach to the south.  The lake, formerly known as Harbor Park Lake in Ken Malloy 
Harbor Regional Park (KMHRP) overseen by Los Angeles City Department of Recreation and 
Parks, was original used for flood control serving Wilmington and Harbor City areas, and for 
boating and fishing.  KMHRP is west of the Harbor Freeway and East of Vermont Avenue 
between Tosco Refinery on the south and Pacific Coast Highway on the north.   
 

The 40 acre, averagely 3 feet deep kidney shape Machado Lake runs approximately 
3,000 feet north-southerly embracing Harbor Park Municipal Golf course and Los Angeles 
Harbor College to the east. A marsh area at the north end of the lake that has shallow water less 
than 1 foot deep or may be dry during summer consists of a large amount of cattails and reed 
plants.  Trails on mostly grassy lawns, a boat house, gardens, parking lots, and where the 
majority of activities occur, are at the west of the lake.  A concrete dam at the south end of 
Machado Lake separates the lake from a lower wetland which is about 63.5 acres and one of the 
last wetlands in the Los Angeles.  The depth of the lake near the dam is roughly 10 feet.  
Overall the lake surface is at 10 feet above MSL. 
 

Machado Lake is a receiving body of urban and storm water runoff from storm drain 
system covering an approximately 20 square mile watershed.  Wilmington Drain collects runoff 
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from the surrounding cities of Lomita, Torrance, Carson, and Los Angeles, and then discharges 
over 50 percent of the water into Machado Lake at northeast corner.  The rest of the water enters 
the lake through other storm drains including Project No. 77 channel, Harbor City Relief Drain 
located at the west end of the lake, City of Los Angeles drains for runoff from streets and 
Harbor Park Municipal Golf Course.  Wilmington Drain, Project 77 and Harbor City Relief 
Drain collect storm water from communities of Harbor City, Lomita, Carson, Torrance and 
Wilmington, and from Walteria Lake drainage area.  In addition, two Project 643 outlets 
discharge to the wetland area.  During the dry season, Machado Lake is replenished via a City 
of Los Angeles Department of Water And Power (LADWP) potable water pipeline and dry 
weather runoff.  

 
Water from the lake overflows the dam to the wetland area prior to flowing out to the 

ocean through the Harbor Outflow located at the southeast corner or the park.  The harbor 
Outflow structure is connected to the West Basin of Los Angeles Harbor. 
 

 
Figure 1.  Machado Lake and Wilmington Drain Subwatershed 

 
 

RB-AR37115



 

July 11, 2007 7    Machado Lake Trash TMDL 
  

B. Climate 
The climate in the Dominguez Channel Watershed is typical southern California 

weather.  Summers are relatively warm and dry and winters are mildly wet. Averagely seven 
inches of rainfall occurs in the peak months of the winter (LACDPW, 2006).  Storm events and 
the resulting high stream flows are highly seasonal, grouped heavily in the months of October 
through March, with an occasional major storm as early as September and as late as April.  
Rainfall is rare in other months, and major storm flows historically have not been observed 
outside of the wet-weather season. 

 
Figure 2.  Isohyetal Map of Rainfall Intensities in Portions of Los Angeles County Prepared by Los Angeles 

County Department of Public Works, 2003. 

* The isohyethal map may be updated by the Los Angeles County hydrologist to reflect 
additional rain data. Data published by the Los Angeles County Department of Public Works 
are prospectively incorporated by reference into this TMDL and accompanying Basin Plan 
amendment. 
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C. Beneficial Uses of Machado Lake 
 

The various uses of waters in the Los Angeles Region, referred as beneficial uses, are 
designated in the Basin Plan.  These beneficial uses are the cornerstone of the State and Los 
Angeles Water Board’s effort to protect water quality, as water quality objectives are set at 
levels that will protect the most sensitive beneficial use of a waterbody.  Brief descriptions of 
the beneficial uses most likely to be impaired due to trash in the watersheds or waterbodies of 
concern are provided in this section. 
 

The Basin Plan for the Los Angeles Regional Board (1994) defines 7 types of beneficial 
uses for Machado Lake in the City of Los Angeles, which are rated as existing (E) or potential 
(P) as shown in Table 1. 
 
Surface 
Waters 

Hydro. 
Unit # MUN REC1 REC2 WARM WILD RARE WET 

Machado 
Lake 405.12 P* E E E E E E 

 
E = Existing beneficial use 
P = Potential beneficial use 
* = MUN designation under SB 88-63 and RB 89-03.  Some may be exempt. 

Table 1.  Beneficial Uses of Machado Lake 

 
 Machado Lake has a potential beneficial use of Municipal and Domestic Supply (MUN),  
and six existing beneficial uses including Water Contact Recreation (REC-1), Non-contact 
Water Recreation (REC-2), Warm Freshwater Habitat (WARM), Wildlife Habitat (WILD),   
Rare, Threatened, or Endangered Species (RARE), and Wetland Habitat (WET).  The 
designated beneficial uses for Machado Lake are briefly described below. All beneficial uses 
must be protected. 
 
 Machado Lake (40 acres) and associated wetlands (64 acres) serve as flood retention 
basins for approximately 20 square miles of the Dominguez Watershed. Discharges from the 
lake and wetlands enter the West Basin of the Los Angeles Harbor through the Harbor Outflow 
structure.  
 
 The Machado Lake ecosystem supports both terrestrial and aquatic wildlife. In general, 
native species dominate the terrestrial wildlife community, while non-native species dominate 
the aquatic community. The riparian woodland, seasonal wetland, and scrub upland that 
surrounds the lake supports hundreds of bird species, including sensitive, threatened and 
endangered species, such as the brown pelican, California least tern, western least bittern, 
American peregrine falcon, coastal California gnatcatcher, western snowy plover, white-tailed 
kite, yellow warbler, and tri-colored blackbird.  
 
 Fish species currently found in the lake are primarily introduced, non-native species, 
including, large mouth bass, bluegill, green sunfish, channel catfish, black bullhead, carp, 
goldfish, and mosquito fish. Not much is known about amphibians and reptiles found in this 
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ecosystem; however western toad, Pacific tree frog, leopard frog, and bullfrog have been 
documented in the park. 
 

D. Water Quality Objectives 
 

Water quality standards consist of a combination of beneficial uses, water quality 
objectives and the State’s Antidegradation Policy.  Regional Board staff finds that the narrative 
water quality objectives applicable to this TMDL are floating materials: “Waters shall not 
contain floating materials, including solids, liquids, foams, and scum, in concentrations that 
cause nuisance or adversely affect beneficial uses” and solid, suspended, or settleable materials: 
“Waters shall not contain suspended or settleable material in concentrations that cause nuisance 
or adversely affect beneficial uses.”   The State’s Antidegradation Policy is formally referred to 
as the Statement of Policy with Respect to Maintaining High Quality Waters in California (State 
Board Resolution No. 68-16). 
 

E. Impairment of Beneficial Uses 
 

Existing beneficial uses impaired by trash in Machado Lake are Water Contact 
Recreation (REC-1), Non-contact Water Recreation (REC-2), Warm Freshwater Habitat 
(WARM), Wildlife Habitat (WILD),   Rare, Threatened, or Endangered Species (RARE), and 
Wetland Habitat (WET).  These beneficial uses in Machado Lake are impaired by 
accumulations of suspended and settled debris.  Common items that have been observed by 
Regional Board staff include styrofoam cups, styrofoam food containers, glass and plastic 
bottles, paper cartons, packaging materials, plastic bags, and cans.  Heavier debris can be 
transported during storms as well.  
 
 Trash in waterways causes significant water quality problems.  Small and large 
floatables can inhibit the growth of aquatic vegetation, decreasing spawning areas and habitats 
for fish and other living organisms.  Wildlife living in lakes and in riparian areas can be harmed 
by ingesting or becoming entangled in floating trash.  Except for large items, settleables are not 
always obvious to the eye.  They include glass, cigarette butts, rubber, construction debris and 
more.  Settleables can be a problem for bottom feeders and can contribute to sediment 
contamination.  Some debris (e.g. diapers, medical and household waste, and chemicals) are a 
source of bacteria and toxic substances. Floating debris that is not trapped and removed will 
eventually end up on the beaches or in the open ocean, repelling visitors away from our beaches 
and degrading coastal waters.  
 

For aquatic life, buoyant (floatable) elements tend to be more harmful than settleable 
elements, due to their ability to be transported throughout the waterbody and ultimately to the 
marine environment. Persistent elements such as plastics, synthetic rubber and synthetic cloth 
tend to be more harmful than degradable elements such as paper or organic waste. Glass and 
metal are less persistent, even though they are not biodegradable, because wave action and 
rusting can cause them to break into smaller pieces that are less sharp and harmful. Natural 
rubber and cloth can degrade but not as quickly as paper (U.S. EPA, 2002). Smaller elements 
such as plastic resin pellets (a by-product of plastic manufacturing) and cigarette butts are often 
more harmful to aquatic life than larger elements, since they can be ingested by a large number 
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of small organisms which can then suffer malnutrition or internal injuries. Larger plastic 
elements such as plastic grocery bags are also harmful to larger aquatic life such as sea turtles, 
which can mistake the trash for floating prey and ingest it, leading to starvation or suffocation.  
 

Trash in waterbodies can threaten the health of people who use them for wading or 
swimming. Of particular concern are the bacteria and viruses associated with diapers, medical 
waste (e.g., used hypodermic needles and pipettes), and human or pet waste. Additionally, 
broken glass or sharp metal fragments in streams can cause puncture or laceration injuries. Such 
injuries can then expose a person’s bloodstream to microbes in the stream’s water that may 
cause illness. Also, some trash items such as containers or tires can pond water and support 
mosquito production and associated risks of diseases such as encephalitis and the West Nile 
virus. 
  

Leaf litter is considered trash when there is evidence of intentional dumping. Leaves and 
pine needles in streams provide a natural source of food for organisms, but excessive levels due 
to human influence can cause nutrient imbalance and oxygen depletion in streams, to the 
detriment of the aquatic ecosystem. Clumps of leaf litter and yard waste from trash bags should 
be treated as trash in the water quality assessment, and not confused with natural inputs of 
leaves to streams. If there is a question in the field, check the type of leaf to confirm that it 
comes from a nearby riparian tree. In some instances, leaf litter may be trash if it originates 
from dense ornamental stands of nearby human planted trees that are overloading the stream’s 
assimilative capacity for leaf inputs. Other biodegradable trash, such as food waste, also exerts a 
demand on dissolved oxygen, but aquatic life is unlikely to be adversely affected unless the 
dumping of food waste is substantial and persistent at a given location. 
 

Wildlife impacts due to trash occur in creeks, lakes, estuaries, and ultimately the ocean. 
The two primary problems that trash poses to wildlife are entanglement and ingestion, with 
entanglement the more common documented effect (Laist and Liffmann, 2000). Marine 
mammals, turtles, birds, fish, and crustaceans all have been affected by entanglement in or 
ingestion of floatable debris. Many of the species most vulnerable to the problems of floatable 
debris are endangered or threatened by extinction. 
 

Entanglement results when an animal becomes encircled or ensnared by debris. It can 
occur accidentally, or when the animal is attracted to the debris as part of its normal behavior or 
out of curiosity. Entanglement is harmful to wildlife for several reasons. Not only can it cause 
wounds that can lead to infections or loss of limbs; it can also cause strangulation or 
suffocation. In addition, entanglement can impair an animal's ability to swim, which can result 
in drowning, or in difficulty in moving, finding food, or escaping predators (U.S. EPA, 2001). 
 

Ingestion occurs when an animal swallows floatable debris. It sometimes occurs 
accidentally, but usually animals feed on debris because it looks like food (e.g., plastic bags 
look like jellyfish, a prey item of sea turtles). Ingestion can lead to starvation or malnutrition if 
the ingested items block the intestinal tract and prevent digestion, or accumulate in the digestive 
tract, making the animal feel "full" and lessening its desire to feed. Ingestion of sharp objects 
can damage the mouth, digestive tract and/or stomach lining and cause infection or pain. 
Ingested items can also block air passages and prevent breathing, thereby causing death (U.S. 
EPA, 2001). 
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Common settled debris includes glass, cigarettes, rubber, construction debris and more. 
Settleables are a problem for bottom feeders and dwellers and can contribute to sediment 
contamination. Larger settleable items such as automobiles, shopping carts, and furniture can 
redirect stream flow and destabilize the channel. 
 

In conclusion, trash in waterbodies can adversely affect humans, fish, and wildlife. Not 
all water quality effects of trash are equal in severity or duration.  The water quality effects of 
trash depend on individual items and their buoyancy, degradability, size, potential health 
hazard, and potential hazards to fish and wildlife.  
 

The prevention and removal of trash in Machado Lake will ultimately lead to improved 
water quality and protection of aquatic life and habitat, expansion of opportunities for public 
recreational access, enhancement of public interest in the lake and public participation in 
restoration activities, and propagation of the vision of the watershed as a whole and 
enhancement of the quality of life of riparian residents. 
 

F. Trash Impairments of Machado Lake 
 
 Trash impairment of Machado Lake was confirmed by the inspection on September 21, 
2006 by the Regional Board staff.  During the boat tour which started at approximately 
9:00AM, staff found trash including styrofoam cups, paper plates, convenient food containers, 
and plastic beverage bottles drifting at several locations on the lake.  The trash accumulated 
near the boat house, along the shore, and by a fence where water overflows to the wetland area 
at the south end of the lake.   
 
 Most grass areas between parking lots and Machado Lake did not have too much trash 
due to the availability of trash cans along hiking/walking trails, except that next to the office of 
day labors in the parking lot at the northwest end of the lake.  The most commonly found trash 
in this area was cigarette buds and boxes, plastic beverage bottles, Styrofoam food or beverage 
containers.  Similar types of trash were also observed near picnic tables.  Other more unusual 
items discovered here are some mechanic oil containers. 
 
 According to staff of Los Angeles City, Department of Recreation and Parks, there are 
large transient populations at the northeast portion of the Ken Malloy Harbor Regional Park 
between Pacific Coast Highway (PCH) and Machado Lake.  On the entrance to the suspected 
camp ground of the transient populations, substantial amount of trash, mostly newspapers, 
plastic bags, garments, plastic or Styrofoam beverage or food containers, etc., were randomly 
discarded everywhere.  This entrance is on the discharge pathway of Wilmington Drains coming 
from the north side of PCH.  The stormwater discharged into the Wilmington Drain will flood 
this area and carry trash to Machado Lake during wet seasons.  
 
 
 It was almost dry at where Wilmington Drain enters Ken Malloy Harbor Regional Park 
(KMHRP).  Water level was also low but not dry at the Wilmington Drain.  There was a boom 
system across the entire Wilmington Drain.  The yellow boom system is a floating devise with 
nets underneath.  It serves as a barricade to prevent floating objects from flowing further 
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downstream.  Minor trash was observed in the Wilmington Drain.  But large settleable items 
such as shopping cart and parts were found at the nearly dry bottom of the drain.   
 
 

 
Figure 3.  Photo of Machado Lake near boat house. 

 
 Although metal screens were placed at the outlets of project 77 and Harbor City storm 
drains at the west side of Machado Lake, aluminum cans, cigarettes butts and boxes, Styrofoam 
beverage and food containers and plastic bottles were discovered on the lake and scattered along 
the paths between outlets and the lake.   
 

III. Numeric Target 
 

The numeric target is derived from the narrative water quality objective in the Basin 
Plan for floating material: 

 
“Waters shall not contain floating materials, including solids, liquids, foams, and scum, 
in concentrations that cause nuisance or adversely affect beneficial uses”; 

  
and for solid, suspended, or settleable materials: 
 

“Waters shall not contain suspended or settleable material in concentrations that cause 
nuisance or adversely affect beneficial uses.” 

 
The numeric target for this TMDL is zero trash in Machado Lake and on the shoreline.  

Zero is defined as no trash immediately following each collection and assessment consistent 
with an established minimum frequency.  The minimum frequency is established at an interval 
that prevents trash from accumulating in deleterious amounts in between collections.  Regional 
Board staff has not found information to justify any value other than zero that would fully 
support the designated beneficial uses.  Further, court rulings have found that a numeric target 
of zero trash is legally valid.  The numeric target was used to calculate the Load Allocations for 
nonpoint sources and Waste Load Allocations for point sources, as described in the following 
sections of this Staff Report.   
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IV. Source Analysis 
 

The major source of trash in the lake results from litter, which is intentionally or 
accidentally discarded in watershed drainage areas and in the vicinity of Machado Lake. These 
potential sources can be categorized as point sources and nonpoint sources depending on the 
transport mechanisms which include: 
 

1. Storm drains: trash that is deposited throughout the watershed is carried to the various 
sections of the lake during and after rainstorms through storm drains.  This is a point source.  
 

2. Wind action: trash can also blow into the lake directly.  This is a nonpoint source. 
 

3. Direct disposal: direct dumping or litter into the lake.  This is a nonpoint source. 
 
 Although the land use area around the vicinity of Machado Lake is mainly high density 
residential, the major contributor of trash to the lake is nonpoint sources due to the open space 
and park. 
 

A. Point Sources 
 

Trash conveyed by storm water through storm drains to Machado Lake is evidenced by 
trash accumulation at the base of storm drains discharging to the lake and catch basins which 
collect runoff from surrounding lands.   

 
Based on reports and research on other watersheds, the amount and type of trash washed 

into the storm drain system appears to be a function of the surrounding land use.  The City of 
Long Beach has recorded trash quantity collected at the mouth of the Los Angeles River; the 
result suggested that the total trash amount is somewhat linearly correlated with the 
precipitation (see the table below).  A similar conclusion was also found that the amount of 
gross pollutants entering the stormwater system is rainfall dependent but does not necessarily 
depend on the source (Walker and Wong, December 1999). The amount of trash which enters 
the stormwater system depends on the energy available to re-mobilize and transport deposited 
gross pollutants on street surfaces rather than on the amount of available gross pollutants 
deposited on street surfaces. Where gross pollutants exist, a clear relationship between the gross 
pollutant load in the stormwater system and the magnitude of the storm event has been 
established.  The limiting mechanism affecting the transport of gross pollutants, in the majority 
of cases, appears to be re-mobilization and transport processes (i.e., stormwater rates and 
velocities). 

 
Year Trash (Tons) Precipitation (inches) 
95-96 4162 12.44 
96-97 3993 12.4 
97-98 9290 31.01 
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98-99 3091 9.09 
99-00 3844 11.57 
00-01 4437 17.94 
01-02 1858 4.42 
02-03 4630 16.42 
03-04 2636 9.25 
04-05 12225 37.25 
05-06 1059 13.19 

Table 2.  Storm Debris Collection Summary for Long Beach: Debris is measured in Tonnage. (Signal Hill 
2006) 

 
To estimate trash generation rates, research from other watersheds was analyzed by 

Regional Board staff.  The most relevant watershed to the watersheds surrounding Machado 
Lake was done by Los Angeles County Department of Public Works. Under the conditional 
approval by Executive Officer of Los Angeles Regional Board, Los Angeles County 
implemented Los Angeles Litter Monitoring Plan incorporating trash quantity analysis from 
land uses of high density residential, low density residential, commercial, industrial and open 
space/park in the watersheds of Los Angeles River and Ballona Creek.  The plan consisted of 
installing a minimum of 500 catch basin insert with a minimum of 10 sites per land use.  The 
plan also included the installation of 5 continuous Deflective Separator (CDS) units in the two 
watershed.  One CDS unit was placed in each land use with all of the upstream catch basins 
fitted with insert. This data will be also be referenced at the consideration of Baseline Load 
Allocation.  

 

B. Nonpoint Sources 
 
 Nonpoint source pollution is commonly caused by a wide range of activities including 
urban development, agriculture, and recreation, and is identified as a parallel attribute to the 
trash problem at the Machado Lake.  The location of these waterbodies immediately adjacent to 
residential properties allows access to the lake and shores and supports recreational activities 
such as picnicking and fishing.  The trash deposited in the lake resulting from nonpoint sources 
is functions of transport mechanisms including wind and stormwater.   
 
 There are limited studies particularly to define the relationship between the strength of 
winds and movement of trash from land surface to a waterbody. Lighter trash with sufficient 
surface area to sail with wind, such as plastic bags, beverage containers, paper or plastic 
convenient food containers are easily lifted, and carried to waterbodies.  Also, as described in 
the point source section, stormwater carries trash from lakeshores to waterbodies.  
Transportation of pollutants from one location to another is determined by the energy of both 
wind and stormwater.   
 
 In consideration of transport mechanisms, existing trash in the environment nearby a 
lake is the fundamental cause of nonpoint sources trash loading. Based on observation, land use 
can be generally be divided into categories of high density residential and open space/parks 
areas. Residents may accidentally discard trash to the backyard, grass or trails in the parks, or 
roads which initiate the journey of trash to waterbodies via wind or stormwater. Different use of 
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the open space/park may be responsible for different degrees of trash impairment.  For example, 
areas with picnic tables closer to the lake have a higher likelihood to have more trash on the 
ground near the lake than in parking lots.  Visitation rates also appear to be correlated to the 
amount of trash from nonpoint source. 
 
 Most of the nonpoint source trash along lakeshores eligible to travel with wind or 
stormwater is the result of human activities.  Records of cleanup days at Lake Erie in 2006 
indicate that the top items found were cigarette butts, beverage containers, food 
wrappers/containers, caps and lids, and eating utensils (Pennsylvania, 2006).  The findings are 
consistent with the item found around Machado Lake during site inspections.   
 

V. Linkage Analysis 
 

This TMDL is based on numeric targets derived from narrative water quality objectives 
for floating materials and solid, suspended, or settleable materials.  The narrative objectives 
prescribe that waters shall not contain these materials in concentrations that cause nuisance or 
adversely affect beneficial uses.  Based on these targets, staff finds the capacity of Machado 
Lake to accumulate trash is zero.   
 

VI. Waste Load and Load Allocations 
 

Both point sources and nonpoint sources are identified as sources of trash in Machado 
Lake.  For point sources, the strategy for attaining water quality standards focuses on assigning 
Waste Load Allocations (WLAs) to the Permittees and Co-Permittees of the Los Angeles 
County Municipal Separate Storm Sewer System (MS4) Permit (hereinafter referred to as 
Permittees).  The WLAs will be implemented through permit requirements.  For nonpoint 
sources, the strategy for attaining water quality standards focuses on assigning Load Allocations 
(LAs) to land owners and agencies in the vicinity of Machado Lake.  Final WLAs and LAs are 
zero trash.  The LAs will be implemented through regulatory mechanisms that implement the 
State Board’s 2004 Nonpoint Source Policy such as conditional waivers, waste discharge 
requirements, or prohibitions.   

 
WLAs and LAs are based on a phased reduction from the Baseline Waste Load and 

Load Allocations, estimated as the current discharge, over an eight-year period for full-capture 
compliance option, and a five-year period for MFAC compliance option, as discussed below.  
WLA assignees may comply with WLAs through implementation of full capture systems or 
implementation of partial capture systems and nonstructural BMPs.  LA assignees may comply 
with LAs through implementation of nonstructural BMPs or a program of minimum frequency 
of trash assessment and collection.  

 
The Baseline Load Allocations for nonpoint source responsible jurisdictions are based 

on data from recent trash generation studies from the City of Calabasas.  The Baseline Waste 
Load Allocations for responsible jurisdictions are based on studies conducted as part of the LA 
River Trash TMDL.   The Baseline WLAs for California Department of Transportation 
(Caltrans) are based on their Litter Management Pilot Study.  The Regional Board may revise 
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the Baseline WLAs and LAs based on studies provided by responsible jurisdictions within the 
first two years of the TMDL implementation period.  

 

A. Waste Load Allocations 
 

Waste Load Allocations for point sources are assigned to the responsible jurisdictions.  
WLAs may be issued to additional responsible jurisdictions in the future under Phase II of the 
US EPA Stormwater Permitting Program, or other applicable regulatory programs.  The 
Baseline Waste Load Allocation is calculated based on data collected by Los Angeles County 
Department of Public Works during the 2002/03 and 2003/04 storm years for Los Angeles 
River and Ballona Creek Watersheds.  Responsible jurisdictions may also use data collected 
during the first two years of implementation of their Trash Monitoring and Reporting Plan 
(TMRP) to derive a trash generation rate, and if approved by the Regional Board’s Executive 
Officer,  a waste load allocation. 

 
The TMRP will derive a representative trash generation rate for various land uses from 

responsible permittees discharging stormwater to the waterbodies.  This TMRP shall include, 
but is not limited to, assessment and quantification of trash collected from the surfaces and 
shoreline of Machado Lake or from responsible jurisdiction land areas.  The monitoring plan 
shall provide details of the frequency, location, and reporting of trash monitoring.  Responsible 
jurisdictions shall propose a metric (e.g., weight, volume, pieces of trash) to measure the 
amount of trash in Machado Lake and on the land area surrounding the lake.  The derived trash 
generation rate may be used to define an appropriate Waste Load Allocation, which will be 
implemented upon approval by the Executive Officer.   
 

Los Angeles County, under the conditional approval by Executive Officer of Los 
Angeles Regional Board, implemented Los Angeles Litter Monitoring Plan incorporating trash 
quantity analysis from land uses of high density residential, low density residential, commercial, 
industrial and open space/park.    

 
If Responsible Jurisdictions use the data from Los Angeles County, the Baseline Waste 

Load Allocation for the responsible jurisdictions is equal to 5334 gallons of uncompressed trash 
per square mile per year.  Trash collected from catch basins or CDS units, excluding sediment 
and vegetation from man-made trash, was weighed after “drip dry” process.  The Baseline 
Waste Load Allocation is calculated by averaging total trash amount measured in 2-year period 
divided by all drainage areas for all land uses.  However, no differentiation is applied for 
different land uses in the Baseline Waste Load Allocation. 

 
One of the goals of the Trash Monitoring and Reporting Plan is to derive a 

representative trash generation rate for various land uses from responsible jurisdictions 
discharging stormwater to the waterbodies.  The Baseline Waste Load Allocation for any single 
responsible jurisdiction is the sum of the products of each land use area multiplied by the Waste 
Load Allocation for the land use area, as shown below: 

 
 ( )∑ •= uselandthisforsallocationuseslandbyareacityeachforWLA  
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Southern California Association of Governments (SCAG) classified twelve types of land 
uses for every city and unincorporated area in the watershed.  The land use categories are: (1) 
high density residential , (2) low density residential , (3) commercial and services, (4) industrial, 
(5) public facilities, (6) educational institutions , (7) military installations, (8) transportation , 
(9) mixed urban , (10) open space and recreation , (11) agriculture , and (12) water . Given that 
the minimum mapping resolution is 2.5 acres, a non-critical land use unit may not be mapped if 
it is less than 2.5 acres in size.  The details of land use categories are provided in the Appendix 
I. 

 
Data collected during Trash Monitoring and Reporting Plan will be used to establish 

specific trash generation rates per land use. The land use categories that are used by the Los 
Angeles County Department of Public Works relevant to Machado Lake are: 

 
! High density residential, 
! Low density residential, 
! Commercial, 
! Industrial, 
! Public Facilities, 
! Education, 
! Military,  
! Transportation, 
! Mixed Urban, 
! Open space and parks, 
! Agriculture, 
! Water. 

 
Transportation land use under Caltrans’ jurisdiction will be covered under Caltrans’ permit.  
Caltrans will be required to submit a monitoring plan for that land use, and will be assigned a 
Waste Load Allocation.  Major boulevards that are currently under Caltrans’ jurisdiction, but 
are affected by trash generated on municipal sites will be addressed by the cities concerned.   

 
 Land uses for Public facilities, Educational Institutions, Mixed urban, Agriculture, and 
Water were exempt from monitoring based on the assumption made by Los Angeles County 
that the public facilities and mixed urban land uses have the same litter generation rate.  It also 
applies to transportation and industrial land uses, and agricultural and open space land uses.   
 

 Responsible jurisdictions may provide acreage of above mentioned land uses within 
their jurisdiction in order to revise their contributions from their assigned Baseline Waste Load 
Allocations.  The Baseline Waste Load Allocations for responsible jurisdictions are presented in 
Table 5.  The values shown are uncompressed volumes in gallons. A more detailed breakdown 
along land uses is provided in Appendix II and III. The appendices contain tables which show 
the square mileage for each land use for each responsible jurisdiction in watershed, and a list of 
maps showing land uses for each permittee.  For permittees that are only partially located in the 
watershed, the square mileage indicated is for the portion in the watershed only. 
 

The appendix contains a table which shows the square mileage for each land use for 
responsible jurisdiction in the target section of the watershed, and a list of maps showing land 
uses for each permittee.  For responsible jurisdictions that are only partially located on the 
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watershed, the square mileage indicated is for the part of this permittee that is in the watershed 
only. 

 
Baseline Waste Load Allocations for Caltrans Stormwater Permit 
 

Under the Los Angeles River TMDL, a Litter Management Pilot Study (LMPS) was 
conducted to evaluate the effectiveness of several litter management practices in reducing litter 
that is discharged from Caltrans storm water conveyance systems.  The LMPS employed four 
field study sites, each of which was used to test a separate BMP.  Each site included three 
replicate testing pairs, consisting of one site designed to measure the amount of trash produced 
when treatment was applied, and one control with no treatment site.  The LMPS averaged the 
data collected at the control outfalls in order to obtain the annual litter loads.  The average 
combined total loads for the three control outfalls at each site normalized by the total area of 
control catchments is presented in the following table, adapted from the LMPS report : 
 

Site Weight lbs/sq mi Volume cu ft/sq mi 
1E 10584.00 1312.97 
1W 7479.36 971.73 
6 7479.36 881.34 
8 4374.72 404.51 

Table 3.  Average Combined Total Loads for Control Outfalls at 3 Litter Management Pilot Study (LMPS) 
Sites. 

 
The Baseline Waste Load Allocation for weight and volume load generation for 

freeways is arrived at by averaging weight and volume columns. (see Table 4.)   It is to be noted 
that control site 1E already had one BMP in place before testing of the other BMPs, as it was 
cleaned monthly through an “Adopt a Highway” program. 
 

Weight lbs/sq mi Volume cu ft/sq mi
7479.36 892.64 

Table 4  A Preliminary Baseline Waste Load Allocation for Weight and Volume for Freeways. 

 
Responsible Jurisdiction Point Source Area (Mile2) Baseline WLA (gals/year) 

Carson 1.53 8141.47 
Lomita 1.76 9392.99 

City of Los Angeles 2.31 12331.17 
Los Angeles County 1.56 8304.02 

Los Angeles County Flood 
Control District 0.03 16.41 

Palos Verdes Estates 0.37 1976.33 
Rancho Palos Verdes 0.98 5226.71 

Redondo Beach 0.00 18.16 
Rolling Hills 0.56 3001.09 

Rolling Hills Estates 1.22 6498.83 
Torrance 6.53 34808.97 
Caltrans 0.63 4215.84 

Table 5.  Machado Lake Trash TMDL Baseline Waste Load Allocations, assuming a trash generation rate of 
5334 (gallons of uncompressed litter) 
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Table 5 shows the Baseline WLAs for all point sources, in gallons per year, assuming a 

trash generation rate of 5334 gallons of uncompressed trash per square mile per year.  If the 
MS4 Permittees use their TMRPs to derive site specific trash generation rates, the Baseline 
WLAs will be calculated by multiplying the point source areas by the derived trash generation 
rates. 
 

B. Load Allocations 
 

Load Allocations (LAs) for nonpoint sources are assigned to the responsible 
jurisdictions.  LAs may be issued to additional responsible jurisdictions in the future under 
Phase II of the US EPA Stormwater Permitting Program, or other applicable regulatory 
programs.  Load Allocations for nonpoint sources also follow phased reduction from Baseline 
Load Allocations.  According to the Porter-Cologne Act, Load Allocations may be addressed by 
conditional Waivers of WDRs. 
 

Responsible jurisdictions shall monitor the trash quantity deposited in the vicinities of 
Machado Lake as well as on the lake to comply with the Baseline Load Allocation.  Data 
collected through the Trash Monitoring and Reporting Plan may define the percentage of trash 
migrating from land to waterbodies.   
  
 The area adjacent to the waterbody, or defined as nonpoint source, is the composition of 
multiple land uses.  There are parking lots, recreational area, picnic area, hiking area under the 
jurisdiction of the City of Los Angeles.  The county’s unincorporated land includes residential 
area, commercial area, public services, roads, and open space/park area. Each sub-area 
described above may contribute at different levels of trash to the lake.  By applying the similar 
concept that was applied for the Waste Load Allocation, the Load Allocation for any designated 
nonpoint source area is the sum of the products of each land use subarea multiplied by the Load 
Allocation for the land use subarea, as shown below: 
 

( )∑ •= uselandthisforsallocationuseslandbysubareasourceNonpeachforLA oint  
  

The boundary of point sources for Machado Lake is defined by extent of storm drains 
discharging to the waterbodies of concern, which includes drainage areas of Wilmington Drains 
and Project 77.  Nonpoint source areas are where trash may be carried over ground by 
stormwater, wind or park users to waterbodies.  Generally, the entire Ken Malloy Regional 
Harbor Park is considered as the nonpoint source area.  Figure 4, below, illustrates the 
subwatershed used to calculate Baseline Waste Load and Load Allocations by each land use’s 
surface.   
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Figure 4.  Areas used to determine Baseline Waste Load and Load Allocations for point and nonpoint 

sources trash at Machado Lake. 

 
Based on a study by the City of Calabasas, the trash generation rate from nonpoint 

sources areas, including agricultural areas, open space and parks areas, is 640 gallons per square 
mile per year.  Responsible jurisdictions may implement their TMRPs to obtain site specific 
trash generation rates for the first two years of the implementation period, and, if approved by 
the Regional Board’s Executive Officer, ultimately define the trash Baseline Load Allocations.  
Responsible jurisdictions shall develop a plan for nonpoint source trash monitoring in the 
TMRP, which needs to be approved by the Executive Officer of the Regional Board.  The data 
collected shall include, but is not limited to, the details of the frequency, location, and reporting 
of trash monitoring, as well as a metric (e.g., weight, volume, pieces of trash) to measure the 
amount of trash in Machado Lake and on the land area surrounding the lake.  Data collected 
shall include the trash in Machado Lake, and trash accumulated in the responsible jurisdiction 
land areas which could possibly be carried directly to the surface water by stormwater, wind, or 
human activities.  Analyzing data may define the relationship between the trash quantities in the 
water to that on the surrounding environment.  The derived trash generation rate may be used to 
define an appropriate Load Allocation, which will be implemented upon approval by the 
Executive Officer of the Regional Board.   

 
Assuming that trash within a reasonable distance from the waterbodies of concern has 

high potentiality to be in the waterbodies and excluding the areas addressed by NPDES or any 
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other existing permits for point sources, the nonpoint source surface areas along the waterbody 
perimeter are calculated and separated by the following categories:  

 
• Parks including picnic areas and trail 
• Parking lots 

 
Table 6 summarizes the area and the tentative Baseline Load Allocations for responsible 

jurisdictions, assuming a trash generation rate of 640 gallons of uncompressed trash per square 
mile per year.  If data collected from the Trash Monitoring and Reporting Plan is used to define 
a site specific trash generation rate, the Baseline Load Allocation will be calculated by 
multiplying the nonpoint source area by the trash generation rate.   

 
Responsible 
Jurisdictions 

Nonpoint Source Area (Mile2) Baseline LA (Gals/year) 

City of Los Angeles 0.68 435.20 

Table 6.  Machado Lake Trash TMDL Baseline Load Allocations, assuming a trash generation rate of 640 
(gallons of uncompressed litter) 

 

VII. Margin of Safety 
 
 A margin of safety (MOS) accounts for uncertainties in the TMDL analysis.  The MOS 
can be expressed as an explicit mass load that is not allocated to responsible jurisdictions, or 
included implicitly in the WLAs and LAs that are allocated.  Because this TMDL sets WLAs 
and LAs as zero trash, staff finds the TMDL includes an implicit MOS and that an explicit MOS 
is not necessary for this TMDL. 
 

VIII. Critical Conditions 
 

Critical conditions for the Machado Lake are based on three conditions that correlate 
with loading conditions: 
 
• Major Storm (as proposed by responsible jurisdictions in the Trash Monitoring and 

Reporting Plan and approved by the Executive Officer); 
 
• Wind advisories issued by the National Weather Service; 
 
• High visitation – On weekends and holidays from May 15 to October 15. 
 

IX. TMDL Implementation and Compliance 
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This section describes TMDL implementation programs for compliance with the TMDL.  
Compliance with the TMDL is based on the Numeric Target and the Waste Load and Load 
Allocations which are defined as zero trash in and on the shorelines of Machado Lake.  
Consequently, compliance is based on implementing a program for trash assessment and 
collection, or alternatively for point source dischargers, full capture devices, to attain a 
progressive reduction in the amount of trash in Machado Lake.  Dischargers who do not 
implement full capture devices shall propose a program for a Minimum Frequency of 
Assessment and Collection (MFAC).  The MFAC program is required to attain a progressive 
reduction in the amount of trash collected from the lake surface or lakeshore through 
implementation of BMPs.  Dischargers may implement structural or nonstructural BMPs as 
required to attain a progressive reduction in the amount of trash in Machado Lake.  

 
 The TMDL Implementation Plan provides a schedule for responsible jurisdictions to 

implement full capture systems, MFAC programs, and BMPs to comply with the progressive 
trash reduction schedule.  Key provisions of the Implementation Plan include:  

 
• Baseline Waste Load and Load Allocations based on a reference/antidegradation 

approach;   
• Trash monitoring to provide data to revise Baseline Waste Load and Load 

Allocations, assess effectiveness of  BMPs and trash abatement programs, and 
assess levels of trash in Machado Lake; 

• A conditional waiver of waste discharge requirements for nonpoint source 
dischargers who implement MFAC programs; and 

• TMDL Reconsideration by the Regional Board to revise Baseline Waste Load 
and Load Allocations and the minimum frequency of the MFAC program. 

 
TMDL compliance is assessed in accordance with Dischargers’ implementation of 

programs for full capture or MFAC and attainment of the progressive trash reductions in 
accordance with the schedules below (Tables 9 and 10).  
 

Baseline Waste Load and Load Allocations 
 
If responsible jurisdictions do not use their TMRP to derive a new trash generation rate 

and acceptable Baseline Load Allocations, the LAs may be based on a reference 
system/antidegradation approach using data from the City of Calabasas, normalized to the 
subwatershed area in the vicinity of Machado Lake.  Similarly, if responsible jurisdictions do 
not use their TMRP to derive a new trash generation rate and acceptable Baseline Waste Load 
Allocations, WLAs may be based on studies conducted as part of the LA River Trash TMDL.  
The "reference system/anti-degradation approach" means that on the basis of historical trash 
generation rates at an existing monitoring location most similar to Machado Lake, an amount of 
trash discharged to Machado Lake is permitted initially under the TMDL schedule.  The 
allowable amount of trash is set such that (1) water quality at any site is at least as good as at the 
designated reference site and (2) there is no degradation of existing water quality based on 
existing amounts of trash. 

 
Trash Monitoring 
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The TMDL includes monitoring based on a plan developed by responsible jurisdictions 
and approved by the Executive Officer of the Regional Board. Minimum requirements for trash 
monitoring include assessment and quantification of trash collected from the surfaces and 
shoreline of Machado Lake.   The monitoring plan shall provide details of the frequency, 
location, and reporting of trash monitoring for each lake. Responsible jurisdictions shall propose 
a metric (e.g., weight, volume, pieces of trash) to measure the amount of trash in the lake and on 
the land area surrounding the lake.  Responsible jurisdictions may include other metrics to 
provide data for revision of the Baseline Waste Load and Load Allocations, determine 
effectiveness of BMPs, and assess compliance with the TMDL.  Responsible Jurisdictions may 
coordinate their trash monitoring activities for Machado Lake.  Monitoring requirements are 
described in greater detail in Section X. 

 
Reconsideration of Revised Baseline Waste Load and Load Allocations 
 
Baseline Waste Load and Load Allocations may be based on a reference approach.  For 

responsible jurisdictions, Baseline Waste Load Allocations may be based on studies conducted 
as part of the LA River Trash TMDL.  The Baseline Load Allocations for nonpoint source 
responsible jurisdictions may be based on data from recent trash generation studies from the 
City of Calabasas.  Site-specific conditions at Machado Lake may differ from conditions of the 
LA River Trash TMDL Study and the City of Calabasas studies.  As a result, it is recommended 
that responsible jurisdictions use the data from their TMRP in order to derive a site specific 
trash generation rate and Baseline Waste Load and Load Allocations.  The Baseline Waste Load 
and Load allocations are used as the basis for the progressive reduction of trash in the lake for 
both point and nonpoint sources and represent the maximum amount of trash that can be 
discharged in conjunction with partial capture systems for point sources and the programs for 
Minimum Frequency of Assessment and Collection for nonpoint sources.  
 

Implementation of Load and Waste Load Allocations 
 
TMDL implementation may require BMPs to meet the progressive trash schedule. 

BMPs may be implemented through stormwater permits or a conditional waiver from waste 
discharge requirements for nonpoint source dischargers.  Point source dischargers will 
implement BMPs in accordance with Waste Load Allocations incorporated into MS4 permits. 
Point sources may alternatively implement full capture systems or a program for minimum 
frequency of trash assessment and collection to be deemed in compliance with Waste Load 
Allocations. 
 

A. Implementation and Compliance for Point Sources 
 

Discharge of trash from storm drains to Machado Lake will be regulated through the 
Municipal NPDES Storm Water Permit for Los Angeles County and the Caltrans stormwater 
Permit (Table 7).   
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Table 7.  Point Source Responsible Jurisdictions – Machado Lake 

 
There are two alternatives for responsible jurisdictions to achieve compliance with waste 

load allocations.  As established in the Los Angeles River trash TMDL, point source dischargers 
can implement full capture systems to comply with the TMDL.  Point source discharges may 
also implement a MFAC program. 
 
1. Full Capture Treatment Systems  
 

The amount of trash discharged to the lake by an area serviced by a full-capture system 
will be considered to be in compliance with the final Waste Load Allocation for the drainage 
area, provided that the Full Capture Systems are adequately sized, maintained and maintenance 
records are available for inspection by the Regional Board.   

 
A full capture system is any single device or series of devices that traps all particles retained by 
a 5 mm mesh screen and has a design treatment capacity of not less than the peak flow rate Q 
resulting from a one-year, one-hour storm in the subdrainage area.  Rational equation is used to 
compute the peak flow rate: Q = C × I × A, where Q = design flow rate (cubic feet per second, 
cfs); C = runoff coefficient (dimensionless); I = design rainfall intensity (inches per hour, data 
collected by Ventura County Watershed Protection District, available at 
www.vcwatershed.org/hydrodata/htdocs/static, may be referenced), and A= subdrainage area 
(acres). 

 
Compliance with TMDL schedule for full capture systems will be based on a percentage 

of the Machado Lake subwatershed that are drained by storm drain systems (i.e., point source 
area).  The TMDL Implementation Plan provides a total of eight years to install full capture 
systems (Table 9).  Compliance with the final Waste Load Allocation will be assumed wherever 
Full Capture Systems are installed in the storm drains discharging to the lake.  The installation 
of a Full Capture System by a discharger does not establish any presumption that the system is 
adequately sized, and the Regional Board will review sizing and other data in the future to 
validate that a system satisfies the criteria established in this TMDL for a Full Capture System.  
 

 

Watershed Analytical Units Responsible Jurisdictions 
Dominguez 
Channel 

Machado Lake 1.  Carson 
2.  Lomita 
3.  City of Los Angeles 
4.  Los Angeles County 
5.  Los Angeles County 
Flood Control District 
6.  .  Palos Verdes Estates 
7.  Rancho Palos Verdes 
8.  Redondo Beach 
9.  Rolling Hills 
10.  Rolling Hills Estates 
11.  Torrance 
12.  Caltrans 
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2. Program for Minimum Frequency of Assessment and Collection (MFAC) 
 

Compliance with the final waste load allocations may also be attained whenever the 
minimum frequency for assessment and collection is implemented by responsible jurisdictions 
in conjunction with implementation of BMPs that attain the baseline waste load allocations. For 
the Machado Lake, the minimum frequency is daily.  Assessment will be conducted at 
accessible areas and the outlet of the lake as defined in the Trash Monitoring and Reporting 
Plan.  Collection is defined as removing 100% of the trash found on the lake and lakeshore and 
depositing it in a trash receptacle for proper disposal.  If amount of trash collected exceeds 
Baseline Waste Load Allocations, then responsible jurisdictions must implement structural 
and/or non-structural BMPs to ensure that trash loaded to lake is not increasing over time. 
Progressive reductions in trash will be calculated as follows: 
 

At the effective date of the TMDL, the Baseline Waste Load Allocations will apply 
based on data collected in the LA River Trash TMDL Study. The first compliance point will be 
at the end of the third year with Waste Load Allocations equal to a 10% reduction of the amount 
of trash in the Baseline Waste Load Allocation.  Compliance thereafter will be evaluated at the 
end of each successive storm season with Waste Load allocations equal to successive 20% 
reductions of the Baseline Waste Load Allocation (Table 10).  

 
Dischargers will be deemed in compliance with the final Waste Load Allocation upon 

results of the trash monitoring and reporting program demonstrating that any trash accumulating 
between MFAC events is not causing deleterious effects on the beneficial uses of Machado 
Lake.  The amount of trash accumulated on the lake and lakeshore between MFAC events must 
progressively decline by 50% from the baseline WLA over eight years. If the amount of trash 
accumulated does not progressively decrease, then responsible jurisdictions must implement 
additional structural and/or non-structural BMPs or increase frequency of MFAC to ensure 
reductions. 

 
The Regional Board may revise the TMDL schedule and the minimum frequency of the 

MFAC program based on the results of the trash monitoring and reporting program.  
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Figure 5.  Implementation Flowchart for Point Sources 

 

B. Implementation and Compliance for Nonpoint Sources 
 

Two primary federal statutes establish framework in California for addressing nonpoint 
source (NPS) water pollution: Section 319 of the Clean Water Act (CWA) of 1987 and Section 
6217 of the Coastal Zone Act Reauthorization Amendments of 1990 (CZARA).  In accordance 
with these statutes, the state assesses water quality associated with nonpoint source pollution 
(NPS) and develops programs to address NPS.  In 2004, The State Water Resource Control 
Board (SWRCB), in its continuing efforts to control NPS pollution in California, adopted the 
Plan for California’s Nonpoint Source Pollution Control Program (NPS Program Plan).  The 
NPS Program Plan prescribes implementation and monitoring of Best Management Practices to 
address nonpoint source pollution. 

Full Capture 
Treatment 

System 

Program for Minimum 
Frequency of Assessment 

and Collection 

Baseline WLAs Effective or propose Trash 
Monitoring and Reporting Plan (TMRP) for 

Executive Officer approval 

Implement TMRP  

Submit results of TMRP with Baseline 
WLA recommendation and Full Capture 

System (FCS) Prioritization 

Regional Board evaluates the 
effectiveness of FCS and consideration 

of proposed Baseline WLAs 

BMPs or increased frequency of 
MFAC required if no reduction in 

Baseline WLAs 
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To implement this TMDL for nonpoint source dischargers, the Regional Board, with the 

adoption of this TMDL, waives waste discharge requirements for nonpoint source dischargers 
who submit a MFAC program for approval by the Executive Officer.  The MFAC program 
includes a trash assessment of trash on the surface or shoreline of Machado Lake, collection of 
all visible trash that accumulates on the surface or shoreline of Machado Lake, implementation 
of BMPs to attain a progressive reduction of the amount of trash collected at each collection 
event.  Conditional waivers identify areas where best management practices need to be 
upgraded to attain water quality objectives in receiving waters. The monitoring plan submitted 
by responsible jurisdictions will provide data to revise the Baseline Load Allocation.  The 
annual reduction from the Baseline Load Allocation serves as the criteria of allowable trash to 
be collected from the lake.   

 
 
   

Watershed Analytical Units Responsible Jurisdictions 
Dominguez 
Channel 

Machado Lake 1.  City of Los Angeles 
  

Table 8.  Nonpoint Source Responsible Jurisdictions – Machado Lake 

 
 
Load Allocations shall be implemented through either (1) a conditional waiver from 

waste discharge requirements, or (2) an alternative program implemented through waste 
discharge requirements or an individual waiver or another appropriate order of the Regional 
Board.  
 

Non-point source dischargers may achieve compliance with the LAs by implementing a 
MFAC/BMP program approved by the Executive Officer.  Responsible jurisdictions that are 
listed as both point and nonpoint sources will be deemed in compliance with both the WLAs 
and LAs if an MFAC/BMP program, approved by the Executive Officer, is implemented.  

 
The MFAC/BMP Program includes an initial minimum frequency of trash assessment 

and collection and suite of structural and/or nonstructural BMPs.  The MFAC/BMP program 
shall include collection and disposal of all trash found in the water and on the shoreline.  
Responsible jurisdictions shall implement an initial suite of BMPs based on current trash 
management practices in land areas that are found to be sources of trash to Machado Lake.  For 
Machado Lake, the initial minimum frequency shall be set as follows: 

1. Five days per week on the shoreline and in the Ken Malloy Harbor Regional Park. 
2. Twice per week on waters of Machado Lake.   

 
Assessment will be conducted at accessible areas and the outlet of the lake as defined in 

the Trash Monitoring and Reporting Plan.  Collection is defined as picking up 100% of trash 
and depositing it in a trash receptacle for proper disposal.  All trash collected during the 
implementation of the MFAC, including trash from any channel cleaning and dredging 
operations, will be disposed of properly according to existing policies and regulations.   
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At the end of the implementation period, a revised MFAC/BMP program may be 
required if the Executive Officer determines that the amount of trash accumulating between 
collections is causing nuisance or otherwise adversely affecting beneficial uses.   Specifically, 
the Executive Officer may approve or require a revised assessment and collection frequency and 
definition of the critical conditions under the waiver: 

(a) To prevent trash from accumulating in deleterious amounts that cause nuisance or 
adversely affect beneficial uses between collections; 

(b) To reflect the results of trash assessment and collection; 
(c) If the amount of trash collected does not show a decreasing trend, where necessary, such 

that a shorter interval between collections is warranted; or 
(d) If the amount of trash collected is decreasing such that a longer interval between 

collections is warranted.   
  
With regard to (a), (b) or (c), above, the Executive Officer is authorized to allow 

responsible jurisdictions to implement additional structural or non-structural BMPs in lieu of 
modifying the monitoring frequency.   
 

Alternatively, responsible jurisdictions may propose, or the Regional Board may 
impose, an alternative program which would be implemented through waste discharge 
requirements an individual waiver, a cleanup and abatement order, or any other appropriate 
order or orders, provided the program is consistent with the assumptions and requirements of 
the reductions described in Table 10, below. 

 
The Regional Board is adopting a Conditional Waiver for trash in Machado Lake at the 

same time as this TMDL.  The Conditional Waiver provides a regulatory structure whereby 
continued monitoring and iterative BMPs are deployed to attain zero trash within the TMDL 
Implementation Schedule.  Based on the trash generation rate derived from the TMRP after the 
second year of implementation, the Regional Board will consider the proposal of a site specific 
Load Allocation for Machado Lake (Table 10).    
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Figure 6.  Implementation Flowchart for Nonpoint Sources 

 

C. Coordinated Compliance  
 

Responsible jurisdictions for this TMDL include both point source and nonpoint source 
dischargers.  Compliance with the TMDL may be based on a coordinated Monitoring and 
Reporting work plan that outlines TMDL responsibilities for each responsible jurisdiction.  
Dischargers interested in coordinated compliance shall submit a Coordinated Monitoring and 
Reporting Compliance plan that outlines BMPs that will be implemented and the schedule for 
implementing the BMPs and MFAC program.    
 

D. Non-Structural BMPs 

  
A wide variety of methods possibly alleviating trash impairment to Machado Lake are listed 
below.  Responsible jurisdictions shall propose the monitoring plan as well as the mitigation 
measures incorporating an individual method or combinations to progressively reduce nonpoint 

Baseline LAs Effective or propose Trash Monitoring 
and Reporting Plan (TMRP) for Executive Officer 

approval 

Implement TMRP  

Submit results of TMRP with Baseline LA 
recommendation and Full Capture System (FCS) 

Prioritization

Regional Board evaluates the effectiveness of FCS and 
consideration of proposed Baseline LAs 

Program for Minimum Frequency of 
Assessment and Collection 

Structural and/or Non-Structural BMP required 
if Baseline LAs and Progressive Reduction 

Schedule are attained 
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source trash.  Non-structural BMPs may provide advantages over structural full capture systems 
in areas that are not extensively drained by municipal separate stormwater sewer systems.  
Foremost, institutional controls offer other societal benefits associated with reducing litter in 
our city streets, parks and other public areas. The capital investment required to implement non-
structural BMPs is generally less than for full capture systems.   

 
Litter Control 

It is noted that ordinances prohibiting littering are already in place in the area of 
Machado Lake.  For example, Los Angeles County, Caltrans, and the California Vehicle Code 
prohibit littering on public and private properties, including highways and streets.  
 

“No person shall cause any refuse, rubbish, food waste, garbage, or any other discarded 
or abandoned objects to be littered, thrown, deposited, placed, left, accumulated, 
maintained or kept in or upon any street, alley, sidewalk, storm drain, inlet, catch basin, 
conduit, drainage structure, place of business, or upon any public or private property 
except when such materials are placed in containers, bags, recycling bins, or other 
lawfully established waste disposal facilities protected from stormwater or runoff.” (Los 
Angeles County Ordinance 12.80.440) 

 
“No one may throw or discharge onto the highway or adjacent area any lighted or 
unlighted cigarette, cigar, match, or flaming or glowing substance.” (Caltrans Vehicle 
Code, Section 23111) 
 
 “No one may throw or deposit on the highway any garbage or substance likely to injure 
or damage traffic using the highway, or any noisome, nauseous, or offensive matter of 
any kind.  It also prohibits the placement of any rock, refuse, or dirt within the highway 
right of way.” (Caltrans Vehicle Code, Section 23112) 

 
“No person in any vehicle and no pedestrian shall throw or discharge from or upon any 
road or highway or adjoining area, public or private, any lighted or nonlighted cigarette, 
cigar, match, or any flaming or glowing substance.” (California Vehicle Code, Section 
23111) 
 
“No person shall throw or deposit, nor shall the registered owner or the driver, if such 
owner is not then present in the vehicle, aid or abet in the throwing or depositing upon 
any highway any bottle, can, garbage, glass, nail, offal, paper, wire, any substance likely 
to injure or damage traffic using the highway, or any noisome, nauseous, or offensive 
matter of any kind.”  (California Vehicle Code, Section 23112) 

“No person shall place, deposit or dump, or cause to be placed, deposited or dumped, 
any rocks, refuse, garbage, or dirt in or upon any highway, including any portion of the 
right-of-way thereof, without the consent of the state or local agency having jurisdiction 
over the highway.”  (California Vehicle Code, Section 23112)  

 
Trash Receptacles 

Most of trash disposed of on the ground may result from the lack of trash receptacles.  
Installing trash receptacles can reduce nonpoint trash loadings.  The receptacles shall be visible 
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and conveniently reachable for all park users. During the picnic seasons, sufficient trash and hot 
coal receptacles in the picnic area should be provided.  Receptacles shall equip with lids to 
prevent the wildlife browsing through or the wind re-mobilizing the trash inside.   Receptacles 
may be decorated but shall not cause visual intrusion to the background environment. 

  
Varieties of land uses determine the proper locations and necessary density of the trash 

receptacles.  More receptacles are needed along trails, near park entrances and exits, adjacent to 
picnic areas or areas with higher activity frequencies.  Sanitation should be maintained to avoid 
nuisances. 

 
 

Enforcement of Litter Laws 
The existing litter laws shall be post in the prominent location for the park users or 

resident to understand the regulations.  It is to be noted that ordinances that prohibit litter are 
already in place in most cities because cities recognize that trash has become a pollutant in the 
storm drain system when exposed to storm water or any runoff, and prohibit the disposal of 
trash on public land.   

 
Patrolling or designated personnel shall have authorities to illustrate, execute, and 

enforce the litter laws.  The effectiveness of enforcement should be monitored. 
 

Trash Bags 
Trash bags may be provided at the park entrance for visitors to keep their trash 

contained.  Trash bags should be available at designated locations for park users to collect after 
their activities or pets.   

 
The concept of trash bags originates from the trash bags offered in the Los Angeles mass 

transportation system which provides trash bags in the buses for passengers to keep the buses 
clean.  This program may be more effective if it combines with other encouragement.  The 
effectiveness shall be monitored by finding the use of these trash bags in the trash collectors or 
trash receptacles. 

 
Street Sweeping 

Street sweeping is one of most effective methods to keep debris, vegetation wastes, and 
trash away from catch basins.  Although the correlation between street sweeping frequency and 
amount of trash collected in the waterbody is not confirmed in the Machado Lake area, it is 
convincing that more street sweeping will allow less trash to be flushed by stormwater to the 
catch basins, and to be discharged to waterbodies of concern.   

 
Most responsible jurisdictions have been undergoing or have had contracts with Los 

Angeles County for street sweeping program. In the County’s unincorporated areas, street 
sweeping frequency may be increased to reduce trash loading.   

   
Public Education 

Public education refers to posting information, giving presentation, or conducting direct 
or indirect communication with individuals.  This outreach should be applied to public entities 
such as city halls, schools, community centers, senior centers, and to private meeting/activity 
locations. 
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The educational materials should include the relevant ordinances, the importance of 

protecting environment, possible environmental and biological impacts from pollution, and the 
necessary response if pollution occurs.   

 
Community Involvement 

Involving communities may be more effective in promoting the importance of protecting 
water quality and environment.  The bonding between residents and community makes the 
community more influential in educating residents of right concepts.  Communities can 
organize activities to illustrate that environmental protection involves every individual’s 
continuous efforts. 

 
Recycling Program 

A Recycling program shall be developed to minimize trash sources in the vicinity of the 
waterbody of concern.   

  
Reporting System 

Patrol personnel, park users, or residents should report accumulation of trash or illegal 
disposal of trash to the waterbodies and their adjacent areas.  Information with a toll-free 
number and communication devise shall be conveniently available near the waterbodies for 
timely reporting.  Responsible jurisdictions, after receiving reports, should conduct inspections 
to formulate proper cleanup actions. 

 
Stencil 

Stencils are to remind the residents and park users of the importance of maintaining 
water quality and of the existing ordinances.  Signs should be placed in prominent locations 
where most people will view them, and should contain appropriate symbols as well as clear 
written messages, and cite the appropriate federal, state and county codes including the largest 
possible penalty amount for violation of codes. 

  
Consideration of Picnic Area Relocation 

Trash found in the waterbodies may be the results of stormwater flushing or wind re-
mobilizing trash originally disposed of around picnic areas.  If stormwater or wind is the 
dominant factor causing trash impairment, and trash is constantly found near picnic areas, it 
may be a solution to reconsider the proper location of picnic area.   

 
The further the picnic area away from waterbodies, the longer time or more mobilization 

energy it needs from stormwater or wind to carry trash to waterbodies of concerns.  Trash may 
be cleaned before reaching waterbodies.  A proper monitoring period to analyze the cause of 
trash is necessary prior to considering this option.    

 
Imposition of Trash Tax 

The trash often discovered on or adjacent to the waterbodies is convenient paper or 
plastic food or beverage containers, plastic bottles, paper plates, aluminum cans, or plastic bags.  
This trash shares the same characteristics as packaging utilized in the fast food stores.  The 
evidence of trash causing the waterbody impairment may be used to justify an increase in retail 
price of disposable food or beverage packaging to compensate the potential environmental 
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impacts.  The additional tax income can contribute to preventive or cleanup actions for the 
designated waterbody of concern.   

 
Cooperation of Potential Sources of Trash 

Stores carrying goods considered potential sources of trash to the waterbody or its 
adjacent areas can advise their patrons to handle the packaging, residuals or any trash parts in an 
environmentally friendly manner.  Similar to the stencils, signs with clear language containing 
ordinances, and a penalty of violation should be posted near the cashier, exit and parking lot. 

 
Surveillance Camera 

Surveillance cameras can be installed to monitor the water quality and any illegal 
disposal which may require immediate cleanup.  They can also be used to enforce the littering 
laws if necessary.  

 
Tax Benefit by Adopting Waterbodies, Parks, etc. 

This concept is adapted from “adopt a highway” program.  The participation from 
industries in the vicinity of lakes, rivers, or creeks, will help the responsible jurisdictions to 
maintain the cleanliness of the environment, and increase the cleaning frequency.  Industries or 
any entities that contribute resources, time, or efforts to keep the environment clean could be 
encouraged by having tax benefit. 
 

E. Implementation Schedule 
 

The TMDL Implementation Schedule is designed to provide responsible jurisdictions 
flexibility to implement structural and non-structural BMPs to address trash impairments of 
Machado Lake.  Implementation consists of development of monitoring plans by responsible 
jurisdictions, implementation of the Executive Officer approved Trash Monitoring and 
Reporting Plan, development of a Trash BMP Implementation Plan, implementation of the 
Executive Officer approved Trash BMP Implementation Plan.  The Regional Board will 
reconsider the Baseline Waste Load and Load Allocation two years after the effective date of 
the TMDL. 

 
Table 9.  Full Capture Implementation Schedule 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan 
for defining the 
trash baseline 
WLA and a 
proposed 
definition of 
“major rain event”.  

California Department of 
Transportation (Caltrans) and 
Municipal Separate Storm Sewer 
System (MS4) Permittees including: Los 
Angeles County, Los Angeles County 
Flood Control District, and the Cities of 
Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, and Torrance  

6 months 
from effective 
date of TMDL.  
If a plan is not 
approved by 
the Executive 
Officer within 
9 months, the 
Executive 
Officer will 
establish an 
appropriate 
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monitoring 
plan. 

2 Implement Trash 
Monitoring and 
Reporting Plan. 

California Department of 
Transportation (Caltrans) and 
Municipal Separate Storm Sewer 
System (MS4) Permittees including: Los 
Angeles County, Los Angeles County 
Flood Control District, and the Cities of 
Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, and Torrance 

6 months 
from receipt of 
letter of 
approval from 
Regional 
Board 
Executive 
Officer, or the 
date a plan is 
established by 
the Executive 
Officer. 

3 Submit results of 
Trash Monitoring 
and Reporting 
Plan, recommend 
trash baseline 
WLA, and propose 
Full Capture 
System 
prioritization.   

California Department of 
Transportation (Caltrans) and 
Municipal Separate Storm Sewer 
System (MS4) Permittees including: Los 
Angeles County, Los Angeles County 
Flood Control District, and the Cities of 
Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, and Torrance 

2 years from 
receipt of 
letter of 
approval for 
the Trash 
Monitoring 
and Reporting 
Plan from 
Regional 
Board 
Executive 
Officer. 

4 
 

Installation of Full 
Capture Systems 
to achieve 20% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation (Caltrans) and 
Municipal Separate Storm Sewer 
System (MS4) Permittees including: Los 
Angeles County, Los Angeles County 
Flood Control District, and the Cities of 
Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, and Torrance 

Four years 
from effective 
date of TMDL. 

5 
 

Installation of Full 
Capture Systems 
to achieve 40% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation (Caltrans) and 
Municipal Separate Storm Sewer 
System (MS4) Permittees including: Los 
Angeles County, Los Angeles County 
Flood Control District, and the Cities of 
Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, and Torrance 

Five years 
from effective 
date of TMDL. 

6 Evaluate the 
effectiveness of 
Full Capture 
Systems, and 
reconsider the 

Regional Board. Five years 
from effective 
date of TMDL. 
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WLA. 
7 

 
Installation of Full 
Capture Systems 
to achieve 60% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation (Caltrans) and 
Municipal Separate Storm Sewer 
System (MS4) Permittees including: Los 
Angeles County, Los Angeles County 
Flood Control District, and the Cities of 
Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, and Torrance 

Six years from 
effective date 
of TMDL. 

8 
 

Installation of Full 
Capture Systems 
to achieve 80% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation (Caltrans) and 
Municipal Separate Storm Sewer 
System (MS4) Permittees including: Los 
Angeles County, Los Angeles County 
Flood Control District, and the Cities of 
Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, and Torrance 

Seven years 
from effective 
date of TMDL. 

9 
 

Installation of Full 
Capture Systems 
to achieve 100% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation (Caltrans) and 
Municipal Separate Storm Sewer 
System (MS4) Permittees including: Los 
Angeles County, Los Angeles County 
Flood Control District, and the Cities of 
Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, and Torrance 

Eight years 
from effective 
date of TMDL. 

*Compliance with percent reductions from the Baseline WLA will be assumed 
wherever full capture systems are installed in corresponding percentages of the 
conveyance discharging to Machado Lake.  Installation will be prioritized based on the 
greatest point source loadings 
 
 
 
 

Table 10.  Minimum Frequency Assessment and Collection Implementation Schedule 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Conditional 
Waiver in effect. 
 

City of Los Angeles Regional Board 
adoption of 
TMDL. 

2 Submit Notice of 
Intent to Comply 
with Conditional 
Waiver of 
Discharge 

City of Los Angeles  Six months from 
TMDL effective 
date.  
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Requirements, 
including 
MFAC/BMP 
Program and 
Trash Monitoring 
and Reporting 
Plan.   

3 Implement 
MFAC/BMP 
Program. 

City of Los Angeles  Six months from 
receipt of Notice 
of Acceptance  
from Regional 
Board Executive 
Officer. 

4 Submit annual 
TMRP reports 
including proposal 
for revising 
MFAC/BMP for 
Executive Officer 
approval. 

City of Los Angeles  Two years from 
effective date of 
TMDL, and 
annually 
thereafter. 

5 
 

Reconsideration of 
Trash TMDL 
based on 
evaluation of 
effectiveness of 
MFAC/BMP 
program. 

Regional Board. Five years from 
effective date of 
TMDL. 

* At Task 3, all Responsible Jurisdictions must be attaining the zero trash target after 
each required trash assessment and collection event.  At Task 4, all Responsible 
Jurisdictions must demonstrate full compliance and attainment of the zero trash 
target between the required trash assessment and collection events.  Based on 
Responsible Jurisdiction monitoring reports, the Executive Officer may adjust the 
minimum frequency of assessment and collection as necessary to ensure compliance 
between the required trash assessment and collection events. 
 
 
 
 
 

F. Reasonably Foreseeable Environmental Impacts from 
TMDL Implementation 

 
An accompanying CEQA Substitute Environmental Document (SED) analyses the 

potential negative environmental impacts of compliance with the trash TMDL based on the 
implementation strategies discussed above. According to responsible jurisdictions implementing 
previous Trash TMDL requirements by installing catch basin inserts and vortex separation 
devices, it was found the most significant environmental impacts result from construction 
activities associated with installation and maintenance activities.  The primary construction 
impacts are caused by concrete and electrical work, and in some areas, earth work associated 
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with structural improvements.  The environmental impacts are resulting from maintaining, 
removing and disposing trash from structural treatment systems. Both constructional and 
environmental impacts may be mitigated by available technologies.   
 

Regarding cumulative impacts, it is noted that both the construction and maintenance 
activities are in small, discrete, discontinuous areas over a short duration.  Consequently, 
cumulative impacts are not significantly exacerbated from the sum of individual project 
impacts.  Project level environmental analysis for implementation of structural methods will 
likely be conducted by responsible jurisdictions and responsible jurisdictions under notices of 
exemption.  Categorical exemptions will be based on the nature of the projects including: 
 

-Minor alteration of existing public structures involving negligible expansion of an 
existing facility. 
-Modifications of existing storm drain system and addition of environmental protection 
devices in existing structures with negligible or no expansion of use. 
-Modifications to sewers constructed to alleviate a high potential or existing public 
health hazard.   

 
The analysis concludes that the implementation of this TMDL will result in water 

quality improvement in Machado Lake, but may be associated with temporary or permanent 
localized adverse impacts to the environment. While specific projects employed to implement 
the TMDL may have significant impacts, these impacts may be limited, short-term or mitigated 
through effective design and scheduling. Under circumstances that none of alternatives or 
mitigation measures is available to mitigate the environmental impact caused by 
implementation of this Trash TMDL, implementing this Trash TMDL would outweigh the 
unavoidable adverse environmental effects because the minimum foreseeable environmental 
impacts shall be addressed by project level planning, construction, and operation methods as 
described in the CEQA SED.   

 
 

X. Monitoring 
 

Assessment and monitoring of trash are key components of the TMDL.  The goal of 
trash monitoring is to collect representative data from across the watershed that can be used to 
refine Baseline Load and Waste Load Allocations, effectively site and design BMPs, 
including full capture systems, and determine compliance with Waste Load and Load 
Allocations. Monitoring activities and results, including implementation and effectiveness of 
BMP implementation, will be reported and submitted to the Regional Board on an annual 
basis. Responsible jurisdictions will be required to propose and implement a Trash Monitoring 
and Reporting Plan approved by the Executive Officer.  

 
The Trash Monitoring and Reporting Plan will describe the methodologies that will be 

used to assess and monitor trash in Machado Lake, and if applicable land areas in the vicinity 
of Machado Lake.  Regional Board staff finds that monitoring protocols prescribed by the 
Rapid Trash Assessment are appropriate for this TMDL.  Elements of the trash Monitoring and 
Reporting Plan are described below. 
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• Monitoring Plan. Responsible jurisdictions will submit a Trash Monitoring and 
Reporting Plan with the proposed monitoring sites and at least two additional 
alternate monitoring locations.  The Work Plan must include maps of the drainage 
and storm drain data, and locations where most trash accumulated on the waterbody 
and on the vicinities for nonpoint sources for each proposed and alternate 
monitoring location.  The monitoring plan(s) will be submitted to the Regional 
Board according the TMDL Implementation Schedule.  The Regional Board's 
Executive Officer will have full authority to review the monitoring plan(s), to 
modify the plan, to select among the alternate monitoring sites, and to approve or 
disapprove the plan(s).   

 
• Jurisdiction. Allocations will be permitted through storm water permits or by a 

Conditional Waiver.  For this reason, each responsible jurisdiction must provide the 
Regional Board list of entities located within their municipal boundaries that are 
outside of their jurisdiction including state or federal lands and facilities.  

 
• Data Collection. Baseline data may be collected over a period of two years. 

Although the amount of trash deposited into the waterbodies through storm drains 
or from nonpoint sources may depend on rainfall patterns and winds, monitoring 
will include dates in both the rainy season and the dry season.  The Los Angeles 
County Department of Public Works defines the rainy season as spanning from 
October 15 to April 15.   

 
• Unit of Measure. Data will be reported in a single unit of measure that is 

reproducible and measures the amount of trash, irrespective of water content (e.g., 
compacted volume based on a standardized compaction rate, dry weight, etc.).  The 
responsible jurisdictions may select the unit.  The unit of measure used during 
Baseline Monitoring also will be used during Implementation for determining 
compliance with Waste Load Allocations and Load Allocations.   

 
• Vegetation.  The responsible jurisdictions may exclude vegetation from their 

reported discharge except where there is evidence that the vegetation is the result of 
the illegal discharge of yard waste.  However, all monitoring data must be reported 
uniformly (either with or without vegetation).  If the responsible jurisdictions 
include vegetation in the discharges reported during Baseline Monitoring, they will 
be obligated to include natural vegetation in their reports of discharge during 
Implementation.  

 
• Disposal of Collected Trash.  Trash captured during the monitoring plan must be 

disposed of in accordance with all applicable laws and regulations.  
 

• Location.  Trash monitoring on the surface and lake shore of Machado Lake shall 
be focused on visible trash at representative and critical locations determined by the 
Discharger and approved by the Executive Officer in the Trash Monitoring and 
Reporting Plan.  Locations for trash assessment shall include, but not be limited to 
locations where trash enters and exits the lake, accumulates on the lakeshore, and 
areas of recreational access and wildlife habitat.  Trash assessment of the lake and 
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lakeshore shall include the type of trash, amount of trash according to a metric 
proposed and approved in the Monitoring and Reporting Workplan.   

 
• Representative Data.  In an effort to provide representative data in revising Baseline 

Waste Load Allocation and Baseline Load Allocation, the minimum requirements 
to establish the Trash Monitoring and Reporting Plan include: 

 
• The plan would provide representative data from across the watershed. 
• The plan would provide data in units that were easily reproducible and 

would be comparable with data to be collected during the 
Implementation Phase. 

• The Baseline Waste Load Allocation and Baseline Load Allocation may 
be revised from data generated from the plan. 

 
• Land Use Areas.  Dischargers may propose trash monitoring according to Land Use 

Areas in the vicinity of Machado Lake.  Monitoring data can be used to establish 
specific trash generation rates per land use for siting and design of BMPs.  For 
Machado Lake the land use categories that can be monitored are: 

 
• High density residential, and 
• Open space and recreation. 
 

The requirements and milestone dates related to the Trash Monitoring and Reporting 
Plan are summarized in Table 11. 

 

Task Completion Date 

Submit Trash Monitoring and Reporting 
Plan, including a plan for defining the 
trash baseline WLA and a proposed 
definition of “major rain event”.  

6 months from effective 
date of TMDL.  If a plan is 
not approved by the 
Executive Officer within 9 
months, the Executive 
Officer will establish an 
appropriate monitoring 
plan. 

Implement Trash Monitoring and 
Reporting Plan. 

6 months from receipt of 
letter of approval from 
Regional Board Executive 
Officer, or date a plan is 
established by the 
Executive Officer. 

Submit results of Trash Monitoring and 
Reporting Plan, recommend trash 
baseline WLA, and propose Full 
Capture System prioritization.   

2 years from receipt of letter 
of approval for the Trash 
Monitoring and Reporting 
Plan from Regional Board 
Executive Officer. 
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Table 11.  Trash Monitoring and Reporting Plan Due Dates 

 
In addition to the general monitoring requirements, two TMDL Monitoring Strategies 

are outlined below for the proposed compliance options. 
 
 

1. Monitoring of full capture devices. 
 

Monitoring of full capture devices focuses on description and quantification of trash 
collected by the full capture devices and assessment of full capture device effectiveness in 
reducing trash in and on the shoreline of Machado Lake.  The Monitoring and Reporting Plan 
will describe how trash collected from full capture devices will be quantified and how trash 
reductions in the lake and on the lakeshore will be assessed.   

 
 
2. Minimum Frequency of Assessment and Collection  
 

Responsible jurisdictions must identify at least 5 monitoring locations within the 
perimeter of the lake, including two (2) locations where trash was always present according to 
the records.  The plan should describe how proposed monitoring locations will demonstrate how 
all visible trash on the lake and lakeshore can be assessed and collected. The MFAC is daily for 
Machado Lake 
 

An additional 5 locations on the lake vicinity or in the park that are suspected to have 
the most trash deposited on the ground shall also be checked on a daily basis. Responsible 
jurisdictions must collect 100% of the trash accumulated between MFAC events. 
 

The report submitted for Regional Board’s review must contain information, including 
but not limited to dates of inspection, descriptions of trash types, estimate of trash quantity if 
weighting is not available, and immediate action of trash removal.  At least one photo at each 
designated observation location per month must be taken and attached in the report to support 
the observation. 
 

XI. Future Growth 
 

It is reasonably foreseeable that as the population density in areas near Machado Lake 
increases, the trash loads to the lake will increase.  The TMDL addresses potential increased 
trash loading from future growth through several mechanisms including a numeric target of zero 
trash, WLAs and LAs of zero trash, and TMDL compliance mechanisms such as full capture 
systems and a specified minimum frequency of patrolling and trash collection.   
 

XII. Cost Considerations 
 

Porter-Cologne Section 13241(d) requires staff to consider costs associated with the 
establishment of water quality objectives.  The TMDL does not establish water quality 
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objectives, but is merely a plan for achieving existing water quality objectives.  Therefore cost 
considerations required in Section 13241 are not required for this TMDL.  
 

The purpose of this cost analysis is to provide the Regional Board with information 
concerning the potential cost of implementing this TMDL and to addresses concerns about costs 
that have been raised by responsible parties.  This section takes into account a reasonable range 
of economic factors in fulfillment of the applicable provisions of the California Environmental 
Quality Act (Public Resources Code Section 21159.) 
 

An evaluation of the costs of implementing this Trash TMDL amounts to evaluating the 
costs of preventing trash from getting from the storm drain to Machado Lake.  This brief report 
gives a summary overview of the costs associated with the most likely ways the responsible 
jurisdictions will achieve the required reduction in discharges to the storm drain system.  Such 
an analysis would be incomplete if it failed to consider the existing cost that presently is 
transferred to "innocent" downstream communities. There is an unquantified cost to aquatic life 
within Machado Lake and the Ocean. 
 

Cost of Implementing Trash TMDL 
 

The reference provided by Los Angeles County indicated that it cost more than 4 
million dollars to clean trash from 31-mile beaches annually.  City of Long Beach, at the 
mouth of the Los Angeles River, also spent almost 1 million dollars annually for storm debris 
accumulated in the Long Beach Harbor.  These expenses should be taken into consideration 
while calculating the potential cost of implementing Trash TMDL. 

 
The cost of implementing this TMDL will range widely, depending on the method that 

the responsible parties select to meet the Waste Load and Load Allocations.  Arguably, 
enforcement of existing litter ordinances could be used to achieve the final Waste Load 
Allocations at minimal or no additional cost.  The most costly approach in the short-term is 
the installation of full capture systems on all discharges to Machado Lake.   

 
Most of the information presented herein consists of catch basin inserts, structural vortex 

separation devices and end of pipe nets.  We are considering the costs associated with 
preventing the disposal of trash into the waterbodies of concern.   
 

Regardless of the method(s) used, costs associated with the gradual decrease of the 
amount of trash in the waterbodies, and the maintenance of the Machado Lake and its tributaries 
free of trash include monitoring and implementation costs.  Any device chosen for monitoring 
trash or removing trash from storm drain, regardless of its installation costs, will also be 
associated with labor costs. 
 

We are looking at several methods separately, from retrofitting all the catch basins in the 
urbanized portion of the watershed, to using solely structural full capture methods.   

 
1.  Catch Basin Inserts 
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At a cost of around $800 per insert, catch basin inserts are the least expensive structural 
treatment device in the short term.  However, because they are not a full capture method, they 
must be monitored frequently and must be used in conjunction with street sweeping.   

 
Due to the lack of numbers of catch basins in the vicinity of Beardsley Wash and 

Revolon Slough, the average density of 123 catch basin per square miles based on the reference 
provided by Los Angeles County Department of Public Works was applied to this 
subwatershed. 

 
Approximately 2,255 catch basins are estimated in this subwatershed.  Assuming all 

catch basin insert will be installed in five years after the effective date of this TMDL, and the 
operation and maintenance expense is 50% of the installation cost.  

 

Number of years in 
the program 

1 2 3 4 5 6 7 8 

Operations and 
Maintenance (yearly, 
cumulative) 

$180 $361 $541 $722 $902 $902 $902 $902 

Capital Cost (yearly) $361 $361 $361 $361 $361    
Annual Costs per 
year (Capital + 
Operation and 
Maintenance) 

$541 $722 $902 $1,082 $1,263 $902 $902 $902 

Table 12.  Costs of retrofitting the catch basin inserts. (Dollars in thousands) 

2. Full Capture Vortex Separation Systems (VSS) 
 
Permanent structural devices can be used to trap gross pollutants for monitoring 

purposes as well as implementation. Among those “litter control devices” are structural vortex 
separation systems (VSS), floating debris traps, end-of-pipe nets and trash racks.  VSS units 
appear to be among the best alternatives to evaluate or remove the amount of trash generated 
throughout a particular drainage area. 
 

An ideal way to capture trash deposited into a storm drain system would be to install a 
VSS unit.  This device diverts the incoming flow of storm water and pollutants into a pollutant 
separation and containment chamber.  Solids within the separation chamber are kept in 
continuous motion, and are prevented from blocking the screen so that water can pass through 
the screen and flow downstream.  This is a permanent device that can be retrofitted for oil 
separation as well.  Studies have shown that VSS systems remove virtually all of the trash 
contained in the treated water.  The cost of installing a VSS is assumed to be high, so limited 
funds will place a cap on the number of units which can be installed during any single fiscal 
year. 
 

The point sources area is approximately 11,722 acres.  The following table provides 
capacities and the associated costs of various sizes of VSS. Staff assumes the cost of yearly 
servicing of a VSS unit to be $2000. 
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Capacity Acres 
(average) 

Unit Capital Cost Number of devices 
needed on urban 

portion of watershed

Capital costs Yearly costs for 
servicing all 

devices 

1 to 2 cfs 5 $12,800 2344 $30,003,200 $4,688,000 

6 to 8 cfs 30 $45,000 390 $17,550,000 $780,000 

19 to 24 cfs 100 $90,000 117 $10,530,000 $234,000 

Table 13.  Costs Associated with VSS 

 
 Table 13 and 14 compare the estimated costs of retrofitting the point source areas with 
low capacity VSS (1 to 2 cfs) and large capacity VSS (19 to24 cfs), given that VSS will be 
installed within the first five years after the effective date of this TMDL. 

 
Number of years in 
the program 

1 2 3 4 5 6 7 8 

Units Installed 468 468 468 468 468    
Operations and 
Maintenance (yearly, 
cumulative) 

$936 $1,872 $2,808 $3,744 $4,680 $4,680 $4,680 $4,680 

Capital Cost (yearly) $5,990 $5,990 $5,990 $5,990 $5,990    
Annual Costs per 
year (Capital + 
Operation and 
Maintenance) 

$6,926 $7,862 $8,798 $9,734 $10,670 $4,680 $4,680 $4,680 

Table 14.  Costs Associated with Low Capacity Vortex Gross Pollutant Separation Systems. (Dollars in 
thousands) 

 
 

Number of years in 
the program 

1 2 3 4 5 6 7 8 

Units Installed 23 23 23 23 23    
Operations and 
Maintenance (yearly, 
cumulative) 

$46 $92 $138 $184 $230 $230 $230 $230 

Capital Cost (yearly) $2,070 $2,070 $2,070 $2,070 $2,070    
Annual Costs per 
year (Capital + 
Operation and 
Maintenance) 

$2,116 $2,162 $2,208 $2,254 $2,300 $230 $230 $230 

Table 15.  Costs Associated with Large Capacity Vortex Gross Pollutant Separation Systems. (Dollars in 
thousand) 

 
Outfitting a large drainage with a number of large VSS systems may be less costly than 

using a larger number of small VSS systems.  Maintenance costs decrease dramatically as the 

RB-AR37152



 

July 11, 2007 44    Machado Lake Trash TMDL 
  

size of the system increases.  Topographical and geotechnical considerations also should come 
into play when choosing VSS systems or other structural systems or devices.   
 
 
3. End of Pipe Nets 
 

“Release nets” are a relatively economical way to monitor trash loads from municipal 
drainage systems.  However, in general, they can only be used to monitor or intercept trash at 
the end of a pipe and are considered to be partial capture systems, as the nets are usually sized 
at a 1/2" to 1" mesh.  These nets are attached to the end of pipe systems.  The nets remain in 
place on the end of the drain until water levels upstream of the net rise sufficiently to release a 
catch that holds the net in place.  The water level may rise from either the bag being too full to 
allow sufficient water to pass, or from a disturbance during very high flows.  When the nets 
release they are attached to the side of the pipe by a steel cable and as they are washed 
downstream (a yard or so) are tethered off so that no pollutants from within the bags are 
washed out. 
 

Preliminary observations suggest that the nets rarely fill sufficiently to cause the bags to 
release. And therefore, if they are cleaned after a storm event, the entire quantity of material is 
captured and can be measured for monitoring purposes using two bags per trap.  This makes it 
easy to replace the full or partially full bag with an empty one, so that the first bag can be taken 
to a laboratory for analysis without manual handling of the material it contains.   
 

The nets are valid devices because of the ease of maintenance and also because the 
devices can be relocated after a set period at one location (provided the pipe diameters are the 
same).  With limited funding, installation could be spread over several land uses and lead to 
valuable monitoring results. 
 

Because the devices require attachment to the end of a pipe, this can severely reduce the 
number of locations within a drainage system that can be monitored.  In addition, these nets 
cannot be installed on very large channels (7 feet in diameter is the maximum).  Thus costs 
shown in Table 15 are given per pipe, and no drainage coverage is given. 
 

 

Pipe Size Release nets 
(cost estimates) 

End of 3 ft pipe $10,000 

End of 4 ft pipe $15,000 

End of 5 ft pipe $20,000 

In 3 ft pipe network $40,000 

In 4 ft pipe network $60,000 

In 5 ft pipe network $80,000 

Table 16.  Sample Costs for End of Pipe Nets 
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4.  Cost Consideration – Minimum Frequency Trash Assessment and Collection  
 

This section provides a brief estimate of costs to comply with the minimum frequency 
trash Assessment and Collection for nonpoint source responsible parties.  The cost estimate is 
based on the Minimum Frequency of Assessment and Collection on the daily bases including 
weekends. 

 
It is also assumed that the personnel for trash assessment and collection will be 

employed by one of the agencies that provide services to the area of Machado Lake.  As such, 
equipment and vehicles are available and costs for these items are assumed to be included in the 
estimate below.  It is also assumed that a single person can conduct the complete trash 
assessment and collection in four hours at each cleanup.  Consequently, the total time per year 
to conduct the Minimum Frequency of Assessment and Collection is 182.5 days. 

 
Assuming a burdened hourly rate of $37.50 per hour, the estimated annual costs to the 

minimum frequency trash assessment and collection is $54,600 for Machado Lake. 
 

 
5. Cost Comparison 
 

A comparison of costs between strategies based on catch basin inserts (CBIs), low 
capacity VSS, high capacity VSS systems, and enforcement of litter laws is presented in Table 
16.  This comparison was completed for a trash TMDL in the Los Angeles River watershed.  
Staff assumes the relative magnitude of the costs for the different options is applicable for the 
Machado Lake TMDL, with an addition of the cost resulting from minimum frequency trash 
assessment and collection. 
 

 CBI only Low capacity  
VSS Units 

Large capacity 
VSS Units 

Minimum Frequency 
Trash Assessment and 

Collection 

Enforcement of 
Litter Laws1 

Cumulative capital 
costs over 8 years 
 

$1.8 $30.0 $10.4 $0 $0 

Cumulative 
maintenance and 
capital costs after 8 
years 

$7.2 $58.0 $11.7 $0.44 $0 

Annual servicing 
costs after full 
implementation 

$0.9 $4.7 $0.23 $0.05 $0 

                                                 
1 Revenues from fines assessed to offset increased law enforcement cost.  The cost of a database system used to 
calculate trash discharges estimated to be less than $250,000. 
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Table 17.  Cost Comparison (amounts in millions) 

 
Trash abatement in the Machado Lake will differ depending on the options selected by the 
responsible jurisdictions. 

RB-AR37155



 

July 11, 2007 47    Machado Lake Trash TMDL 
  

 
 

XIII. Bibliography 

 Allison, R.A., Chiew, F.H.S., and McMahon, T.A. (1998) A Decision-Support-System for 
Determining Effective Trapping Strategies for Gross Pollutants. Cooperative Research Centre 
for Catchment Hydrology. Victoria. 
 

 Allison, R.A., Walker, T.A., Chiew, F.H.S., O’Neill, I.C., McMahon, T.A. (1998) From 
Roads to Rivers, Gross Pollutant Removal From Urban Waterways. Cooperative Research 
Centre for Catchment Hydrology. Victoria. 
 
California Department of Fish and Game, California Natural Diversity Database, updated 
October 2006.  Http://www.dfg.ca.gov/bdb/html/cnddb_info.html  Original Access  
November 15, 2006. 
 

 California State Water Resources Control Board, Environmental Protection Agency, Policy 
for Implementation and Enforcement of the Nonpoint Source Pollution Control Program, May 
2004. 
 

 California Water Boards. (2007)  A Rapid Trash Method Applied to Waters of the San 
Francisco Bay Region:  Trash Measurement in Streams.  Surface Water Ambient Monitoring 
Program. 
 
Danza, Jim. (1994) Water Quality and Beneficial Use Investigation of the Los Angeles River: 
Prospects for Restored Beneficial Uses. Masters Thesis, California State University. 
Fullerton. 
 

 Durrum, Emmett:  The Control of Floating Debris in an Urban River.  In Marine Debris:  
Sources, Impacts, and Solutions, Coe, James and Rogers, Donald, Eds.  New York:  Springer-
Verlag, 1997. 
 

 Garrett, K.L. (1993) The Biota of the Los Angeles River. Los Angeles County Natural 
History Museum. 
 
Laist, D.W., and Liffmann, M., 2000.  Impacts of Marine Debris: Research and Management 
Needs.  Issue papers of the International Marine Debris Conference.  Aug. 6-11, 2000.  
Honolulu, HI, pp16-29. 
 
Long Beach, Memorandum from Geoffrey Hall, Parks, Recreation and Marine, to Ed Putz, 
City Engineer. 
 
Los Angeles County, Department of Public Works, Precipitation Report at Munz Valley 
Ranch for Water Year from October 1, 2004 through September 30, 2005.  
Http://www.ladpw.org/wrd/report/0405/precip.  Original Access on October 26, 2006 
 
Los Angeles County, An Ordinance Amending Title 20 – Utilities of the Los Angeles County 

RB-AR37156



 

July 11, 2007 48    Machado Lake Trash TMDL 
  

Code, Adopted by Board of Supervisors on January 9, 2007.   
 
Los Angeles Regional Water Quality Control Board, Conditional Waiver of Waste Discharge 
Requirements fro Discharges from Irrigated Land within the Los Angeles Region, 2005 
 
Los Angeles Regional Water Quality Control Board, State of the Watershed – Report on 
Surface Water Quality, The Dominguez Channel Watershed, April 2006. 
 
Los Angeles Regional Water Quality Control Board, Water Quality Control Plan – Basin Plan 
for the Coastal Watersheds of Los Angeles and Ventura Counties, June 1994. 
 
Lund, L.J., Anderson, M.A., and Amrhein, C. (December 1994), Evaluation of Water Quality 
for Selected Lake in the Los Angeles Hydrologic Basin, Department of Soil and 
Environmental Sciences, University of California, Riverside. 
 

 Moore, C.J. (Algalita Marine Research Foundation), Moore, S.L., Leecaster, M.K., and 
Weisberg, S.B.(Southern California Coastal Water Research Project)  Marine Debris in the 
North Pacific Gyre, 1999, with a Biomass Comparison of Neustonic Plastic and Plankton. (In 
preparation.) 
 

 Moore, S. L., D. Gregorio, M. Carreon, S. B. Weisberg, and M. K. Leecaster. In press. 
Composition and distribution of beach debris in Orange County, California. In: S.B. Weisberg 
(ed.), Southern California Coastal Water Research Project Annual Report 1999-2000. 
Southern California Coastal Water Research Project. Westminster, CA. 
 

 Moore, S.L. and Allen, M.J. (2000) Distribution of Anthropogenic and Natural Debris on the 
Mainland Shelf of the Southern California Bight. Marine Pollution Bulletin 40:83-88. 
 
Pennsylvania State, Department of Environmental Protection, Lake Erie Cleanup Inventories, 
Clears 7,700 Pounds of Trash from Shoreline, October 5, 2006. 
Http://www.depweb.state.pa.us/news/cwp 
 

 Ribic, C.A., Johnson, S.W., and Cole, C.A. (1997) Distribution, Type Accumulation, and 
Source of Marine Debris in the United States, 1989-1993. Pp. 35-47 in: Coe, J.M., and 
Rogers, D.B. (eds.), Marine debris: Sources, impacts, and solutions. Springer-Verlag. New 
York, NY. 
 
Saint, P.K., Hanes, T.L., Lloyd, W.J., Waterbodies, Wetlands and their Beneficial Uses in the 
Los Angeles Region (July 1993), California State University, Fullerton. 
 
Signal Hill, Comments on the Los Angeles River Trash TMDL and CEQA Document, 
August 21, 2006. 
 

 US Environmental Protection Agency (US EPA) (1992) Plastic Pellets in the Aquatic 
Environment: Sources and Recommendations. Washington D.C. EPA 842-B-92-010. 
 
US Environmental Protection Agency (US EPA) 2001. Draft Assessing and Monitoring 
Floatable Debris. 

RB-AR37157



 

July 11, 2007 49    Machado Lake Trash TMDL 
  

 
US Environmental Protection Agency (US EPA) 2002.  The definition, Characterization and 
Sources of Marine Debris.  Unite 1 of Turning the Tide on Trash, a Learning Guide on 
Marine Debris. 
 
US Environmental Protection Agency (US EPA) 2006, Region 9 Website, California 
Nonpoint Source Program, http://www.epa.gov/region09/water/nonpoint/cal/index.html 
 

 Walker, T.A., Allison, R.A., Wong, T.H.F., and Wooton, R.M (1999) Removal of Suspended 
Solids and Associated Pollutants by a CDS Gross Pollutant Trap. Cooperative Research 
Centre for Catchment Hydrology. Victoria. 
 

 Walker, T.A., Wong, T.H.F. (1999) Effectiveness of Street Sweeping for Stormwater 
Pollution Control, Technical Report, Report 99/8, December 1999. Cooperative Research 
Centre for Catchment Hydrology. Victoria. 

 
 
 

RB-AR37158



 

July 11, 2007 50    Machado Lake Trash TMDL 
  

XIV. Appendix I 

 

The land use classification was developed by Aerial Information Systems as a modified 
Anderson Land Use Classification and originally included 104 categories.  The land use 
coverages were donated for GIS library use by Southern California Association of 
Governments (SCAG), and show land use for 2005.  The coverages were map-joined into a 
single coverage by Teale Data Center.  The Regional Board layers were aggregated from the 
TDC coverage into the land uses shown above. 
 
Critical land uses were mapped regardless of resolution limits.  Critical land use units below 1 
acre in size were mapped as 1-acre units. 

 

Land Uses Description and subcategories of Each Land Use 
High Density 
Residential 

High density single family residential and all multi family residential, mobile 
homes, trailer parks and rural residential high density. 

Low Density 
Residential 

Under 2 units per acre. 

Public 
Facilities 

government centers, police and sheriff stations, fire stations, medical health 
care facilities, religious facilities large enough to be distinguished on an aerial 
photograph, libraries, museums, community centers, public auditoriums, 
observatories, live indoor and outdoor theaters, convention centers which 
were built prior to 1990, communication facilities, and utility facilities 
(electrical, solid waste, liquid waste, water storage and water transfer, natural 
gas and petroleum) 

Education Preschools and daycare centers, elementary schools, high schools, colleges 
and universities, and trade schools, including police academies and fire 
fighting training schools. 

Transportation Airports, railroads, freeways and major roads (that meet the minimum 
mapping resolution of 2.5 acres), park and ride lots, bus terminals and yards, 
truck terminals, harbor facilities, mixed transportation and mixed 
transportation and utility. 

Mixed Urban Mixed commercial, industrial and/or residential, and areas under construction 
or vacant in 1990. 

Open Space 
and Recreation 

Golf courses, local and regional parks and recreation, cemeteries, wildlife 
preserves and sanctuaries, botanical gardens, beach parks. 

Agriculture Orchards and vineyards, nurseries, animal intensive operations, horse ranches. 
Water Open waterbodies, open reservoirs larger than 5 acres, golf course ponds, 

lake, estuaries, channels, detention ponds, percolation basins, flood control 
and debris dams. 
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XV. Appendix II 
 

 

This table shows the square mileage for “high density residential”, “low density residential”, “commercial”, “industrial”, “public facilities”, 
“education”,  “military”, “transportation”, “mixed urban”, “open space”, “agriculture”, and “water”  land uses for every city and incorporated area in 
the watershed.  The “water” land use of water is itself a nonpoint source of trash, and will therefore receive a combined Load Allocation.   For cities 
that are only partially located on the watershed, the square mileage indicated is for the portion located in the watershed. 

 
SQUARE MILEAGE ESTIMATED FOR EACH LAND USE FOR CITIES IN THE WATERSHED, AND FOR UNINCORPORATED AREAS. 

 
Responsible 
Jurisdiction 

High 
Density 

Residential 

Low 
Density 

Residential 

Commercial Industrial Public 
Facilities 

Education Military Transpor-
tation 

Mixed 
Urban 

Open 
Space 

and 
Parks 

Agriculture Water Total for 
all 

classes 

Carson 0.96 0.00 0.12 0.10 0.35 0.03 0.00 0.05 0.00 0.16 0.07 0.00 1.84 
Lomita 1.45 0.00 0.27 0.01 0.04 0.05 0.01 0.01 0.00 0.01 0.00 0.00 1.84 
Los Angeles 
City 

1.61 0.00 0.25 0.35 0.08 0.24 0.02 0.03 0.01 0.57 0.00 0.06 3.24 

Los Angeles 
County 

1.28 0.00 0.14 0.13 0.01 0.05 0.00 0.04 0.00 0.28 0.02 0.00 1.96 

Palos Verdes 
Estates 

0.35 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.42 

Rancho Palos 
Verdes 

0.81 0.12 0.01 0.00 0.04 0.06 0.00 0.00 0.00 0.15 0.00 0.00 1.18 

Redondo 
Beach 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Rolling Hills 0.04 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.02 0.00 0.94 
Rolling Hills 
Estates 

0.91 0.02 0.16 0.08 0.04 0.11 0.00 0.00 0.00 0.46 0.03 0.00 1.81 

Torrance 4.53 0.00 1.32 0.46 0.18 0.29 0.00 0.49 0.04 0.40 0.01 0.04 7.77 
Totals 11.94 0.67 2.28 1.13 0.75 0.83 0.04 0.63 0.05 2.44 0.16 0.10 21.02 
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XVI. Appendix III 
 

The table and figure below show the Waste Load and Load Allocations for trash per land use in each city base on square mileage.  Waste 
Load Allocations are assigned to point source areas including high and low density residential, commercial, industrial, public facilities, education, 
military, transportation,  and mixed urban land uses.  Others of open space, agriculture, and water land uses are considered as nonpoint sources and 
assigned with Load Allocation.  For cities that are only partially located on the watershed, the square mileage indicated is for the portion located in 
the watershed. 

 

WASTE LOAD ALLOCATIONS FOR TRASH  PER LAND USE IN EACH CITY  (GALLONS OF UNCOMPRESSED VOLUME) 
Responsible 
Jurisdiction 

High Density 
Residential 

Low 
Density 

Resident-
ial 

Commercial Industrial Public 
Facilities 

Education Military Transpor-
tation 

Mixed 
Urban 

Open 
Space 

and 
Parks 

Agricul
ture 

Water Total for 
all classes 

Carson 5129.30 0.00 662.41 509.14 1840.62 157.01 0.00 362.54 0.00 104.79 44.17 0.00 8809.98 
Lomita 7711.79 0.00 1442.08 51.41 187.70 251.88 57.02 71.19 0.00 8.14 1.42 0.00 9782.64 
Los Angeles 
City 

8601.04 0.00 1359.10 1880.69 430.19 1275.52 130.47 219.43 60.15 364.97 0.00 36.81 14358.39 

Los Angeles 
County 

6803.69 2.30 739.11 694.73 64.19 291.63 0.00 289.14 0.00 179.68 12.95 0.00 9077.43 

Palos Verdes 
Estates 

1877.53 2.65 0.00 0.00 96.16 0.00 0.00 0.00 0.00 31.54 3.11 0.00 2010.99 

Rancho Palos 
Verdes 

4302.33 638.77 70.86 0.00 214.76 300.73 0.00 0.00 0.00 94.90 0.00 0.00 5622.34 

Redondo 
Beach 

7.10 0.00 0.00 0.00 11.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.16 

Rolling Hills 203.59 2789.26 0.00 0.00 8.25 14.38 0.00 0.06 0.00 227.45 11.37 0.00 3254.35 
Rolling Hills 
Estates 

4864.35 131.53 848.96 424.35 229.64 574.90 0.00 0.00 0.00 292.92 19.63 0.00 7386.28 

Torrance 24175.13 0.00 7048.16 2444.64 942.08 1552.16 26.42 3273.47 198.97 258.92 7.53 27.40 39954.89 
Totals 63675.85 3564.49 12170.67 6004.96 4024.66 4418.21 213.91 4215.84 259.13 1563.33

 
100.18 64.22 100275.44 

   

RB-AR37161



 

    53 Machado Lake Trash TMDL    53 Machado Lake Trash TMDL 
    

 Calculations of surface area of each land use category were based on the information provided by The Southern California Aerial Land Use 

Consortium, 1993 Land Use Classification 
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XVII. Definitions 
 

The definitions of terms as used in this TMDL are provided as follows: 
 
Beneficial Uses.  Beneficial Uses form the cornerstone of water quality protection under 
the Basin Plan.  Once beneficial uses are designated, appropriate water quality objectives 
can be established and programs that maintain or enhance water quality can be 
implemented to ensure the protection of beneficial uses.  The designated beneficial uses, 
together with water quality objectives (referred to as criteria in federal regulations), form 
water quality standards.  Such standards are mandated for all waterbodies within the state 
under the California Water Code.  In addition, the federal Clean Water Act mandates 
standards for all surface waters, including wetlands.  Beneficial uses for waterbodies of 
Machado Lake are listed and defined below: 
 

Municipal and Domestic Supply (MUN) 
Uses of water for community, military, or individual water supply systems 
including, but not limited to, drinking water supply. 
 
Water Contact Recreation (REC-1) 
Uses of water for recreational activities involving body contact with water, where 
ingestion of water is reasonably possible. These uses include, but are not limited 
to, swimming, wading, water-skiing, skin and scuba diving, surfing, white water 
activities, fishing, or use of natural hot springs. 
 
Non-contact Water Recreation (REC-2) 
Uses of water for recreational activities involving proximity to water, but not 
normally involving body contact with water, where ingestion of water is 
reasonably possible. These uses include, but are not limited to, picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life 
study, hunting, sightseeing, or aesthetic enjoyment in conjunction with the above 
activities. 
 
Warm Freshwater Habitat (WARM) 
Uses of water that support warm water ecosystems including, but not limited to, 
preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, 
including invertebrates. 
 
Wildlife Habitat (WILD) 
Uses of water that support terrestrial ecosystems including, but not limited to, 
preservation and enhancement of terrestrial habitats, vegetation wildlife (e.g., 
mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food 
sources. 
 
Rare, Threatened, or Endangered Species (RARE) 
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Uses of water that support habitats necessary, at least in part, for the survival and 
successful maintenance of plant or animal species established under state or 
federal law as rare, threatened, or endangered. 
 
Wetland Habitat (WET) 
Uses of water that support wetland ecosystems, including, but not limited to, 
preservation or enhancement of wetland habitats, vegetation, fish, shellfish, or 
wildlife, and other unique wetland functions which enhance water quality, such as 
providing flood and erosion control, stream bank stabilization, and filtration and 
purification of naturally occurring contaminants. 
 

 
Best Management Practices (BMPs).  BMPs are the practice or combination of practices 
that are determined to be the most effective, practicable means of preventing or reducing 
the amount of pollution generated by point and nonpoint sources to a level compatible 
with water quality goals (including technological, economic, and institutional 
considerations). BMPs are defined in 40 CFR 122.2 as schedules of activities, 
prohibitions of practices, maintenance procedures, and other management practices to 
prevent or reduce the pollution of waters of the United States.  In this TMDL, two general 
categories of structural BMPs and non-structural BMPs are discussed as possible means 
to reach “zero” trash goal. 
 
Full Capture Device. A full capture system is any single device or series of devices that 
traps all particles retained by a 5 mm mesh screen and has a design treatment capacity of 
not less than the peak flow rate Q resulting from a one-year, one-hour storm in the 
subdrainage area.  Rational equation is used to compute the peak flow rate: Q = C × I × 
A, where Q = design flow rate (cubic feet per second, cfs); C = runoff coefficient 
(dimensionless); I = design rainfall intensity (inches per hour, as determined per the 
rainfall isohyetal map in Figure A),2  and A= subdrainage area (acres). 
 
Baseline Load Allocation. The Baseline Load Allocation is analogous to the Baseline 
Waste Load Allocation for point sources, instead it is for nonpoint sources.  Baseline 
Load Allocation is derived from the existing data, i.e. trash types and quantities, collected 
by responsible jurisdictions for various land uses.  The progressive reductions in the Load 
Allocation will be determined based on the Baseline Load Allocation. 
 
Baseline Waste Load Allocation. The Baseline Waste Load Allocation is the Waste Load 
Allocation assigned to a responsible jurisdiction before reductions are required.  The 
progressive reductions in the Waste Load Allocations could be based on a percentage or 
variable percentages of the Baseline Waste Load Allocation.  The Baseline Waste Load 
Allocation was calculated based on the annual average amount of trash discharged to the 
storm drain system from a representative sampling of land use areas, as determined 
during the Trash Monitoring and Reporting Plan.   

                                                 
2 The isohyetal map may be updated by the Los Angeles County hydrologist to reflect additional rain data.  
Updates published by the Los Angeles County Department of Public Works are prospectively incorporated 
by reference into this TMDL and accompanying Basin Plan amendment. 
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Monitoring Entity.  The Monitoring Entity is the responsible jurisdiction or one of 
multiple responsible jurisdictions and/or co-responsible jurisdictions that has been 
authorized by all the other affected responsible jurisdictions or co-responsible 
jurisdictions to conduct baseline monitoring on their behalf.        
 
Nonpoint Source.  It refers to diffuse, widespread sources of pollution. These sources 
may be large or small, but are generally numerous throughout a watershed. Nonpoint 
Sources include but are not limited to urban, agricultural, or industrial areas, roads, 
highways, construction sites, communities served by septic systems, recreational boating 
activities, timber harvesting, mining, livestock grazing, as well as physical changes to 
stream channels, and habitat degradation. NPS pollution can occur year round any time 
rainfall, snowmelt, irrigation, or any other source of water runs over land or through the 
ground, picks up pollutants from these numerous, diffuse sources and deposits them into 
rivers, lake, and coastal waters or introduces them into ground water. 
 
Responsible jurisdiction.  The term "responsible jurisdiction" refers to any responsible 
jurisdiction or co-responsible jurisdiction of a stormwater permit. 
 
Point Source.  The term “point Source” means any discernible, confined and discrete 
conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, well, 
discrete fissure, container, rolling stock, concentrated animal feeding operation, or 
vessel or other floating craft, from which pollutants are or may be discharged.  This term 
does not include agricultural storm water discharges and return flows from irrigated 
agriculture. 
 
Trash. In this document, we are defining “trash” as man-made litter, as defined in 
California Government Code Section 68055.1(g): 
 

“Litter means all improperly discarded waste material, including, 
but not limited to, convenience food, beverage, and other product 
packages or containers constructed of steel, aluminum, glass, 
paper, plastic, and other natural and synthetic materials, thrown 
or deposited on the lands and waters of the state, but not 
including the properly discarded waste of the primary processing 
of agriculture, mining, logging, sawmilling or manufacturing." 

 
 For purposes of this TMDL, we will consider trash to consist of litter and particles 
of litter, including cigarette butts.  These particles of litter are referred to as “gross 
pollutants” in European and Australian scientific literature.  This definition excludes 
sediments, and it also excludes oil and grease, and vegetation, except for yard waste that 
is illegally disposed of in the storm drain system.  Additional TMDLs for sediments3 and 
oil and grease may be required at a later date.  
 

                                                 
3 Sediments which may be addressed in a separate TMDL are natural particulate matters such as silt and 
sand.  Sediments result from erosion and are deposited at the bottom of a stream.  Sediments do not refer to 
the decomposition of settleable litter into small particulate matters, which this TMDL is trying to prevent. 
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Urbanized Portion of the Watershed.  For the purposes of this TMDL, the urban portion 
of the watershed includes the sum of total areas of the incorporated cities and the partial 
unincorporated portion, which comprise of high and low density residential, commercial, 
industrial, mixed urban areas in Los Angeles County.4  The estimated areas of the 
“urbanized” portion of the watershed are summarized in the Appendix II.5 The remainder 
of the watershed is made up of the Angeles National Forest, agriculture and other open 
space. 
 

                                                 
4 The Regional Board recognizes that some areas within the unincorporated sections of Los Angeles 
County are actually suburban or rural. 
5 As determined by the Regional Board from GIS mapping. (Other minor differences in figures are due to 
rounding.) 
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I. Introduction – Legal Background 
 

 The California Regional Water Quality Control Board, Los Angeles Region (hereinafter 

referred to as the “Regional Board”) has developed this total maximum daily load (TMDL) 

designed to attain the water quality standards for trash in the Los Angeles River.  The TMDL 

has been prepared pursuant to state and federal requirements to preserve and enhance water 

quality in the Los Angeles Basin River Watershed. 
 

 The California Water Quality Control Plan, Los Angeles Region, also known as the 

Basin Plan, sets standards for surface waters and ground waters in the regions.  These 

standards are comprised of designated beneficial uses for surface and ground water, and 

numeric and narrative objectives necessary to support beneficial uses and the state’s 

antidegradation policy.  Such standards are mandated for all waterbodies within the state under 

the Porter-Cologne Water Quality Act. In addition, the Basin Plan describes implementation 

programs to protect all waters in the region.  The Basin Plan implements the Porter-Cologne 

Water Quality Act (also known as the “California Water Code”) and serves as the State Water 

Quality Control Plan applicable to the Los Angles River, as required pursuant to the federal 

Clean Water Act (CWA). 

 

 Section 305(b) of the CWA mandates biennial assessment of the nation’s water 

resources, and these water quality assessments are used to identify and list impaired waters.  

The resulting list is referred to as the 303(d) list.  The CWA also requires states to establish a 

priority ranking for impaired waters and to develop and implement TMDLs.  A TMDL 

specifies the maximum amount of a pollutant that a waterbody can receive and still meet water 

quality standards, and allocates pollutant loadings to point and non-point sources.   

 

 The United States Environmental Protection Agency (USEPA) has oversight authority 

for the 303(d) program and must approve or disapprove the state’s 303(d) lists and each 

specific TMDL.  USEPA is ultimately responsible for issuing a TMDL, if the state fails to do 

so in a timely manner.   

 

 As part of California’s 1996 and 1998 303(d) list submittals, the Regional Board 

identified the reaches of the Los Angeles River at the Sepulveda Flood Basin and downstream 

as being impaired due to trash. 

 

 A consent decree between the USEPA, the Santa Monica BayKeeper and Heal the Bay 

Inc., represented by the Natural Resources Defense Council (NRDC), was signed on March 22, 

1999. This consent decree requires that all TMDLs for the Los Angeles Region be adopted 

within 13 years. The consent decree also prescribed schedules for certain TMDLs.  According 

to this schedule, a Trash TMDL for the Los Angeles River watershed had to be approved 

before March 2001.   

 

 On September 19, 2001, the Regional Board adopted a Trash TMDL for the Los Angeles 

River Watershed. The TMDL was subsequently approved by the State Water Resources 

Control Board on February 19, 2002 and by the Office of Administrative Law on July 16, 

2002.  The United States Environmental Protection Agency approved the Los Angeles River 

Trash TMDL on August 1, 2002. 
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 The City of Los Angeles and the County of Los Angeles both filed petitions and 

complaints in Los Angeles Superior Court challenging the Los Angeles River Trash TMDL. 

Subsequent negotiations led to a settlement agreement, which became effective on September 

23, 2003. Twenty-two other cities
1
 (“Cities”) sued the Regional Board  and State Water 

Resources Control Board (State Water Board) to set aside the TMDL, on several grounds. The 

trial court entered an order deciding some claims in favor of the Los Angeles Water Board 

and State Water Board (collectively “California Water Boards”), and some in favor of the 

Cities.  Both sides appealed, and on January 26, 2006, the Court of Appeal decided every one 

of the Cities’ claims in favor of the California Water Boards, except with respect to CEQA 

compliance.  (City of Arcadia et al., Los Angeles Regional Water Quality Control Board et al. 

(2006) 135 Cal.App.4th 1392.)  The Cities filed a petition for review by the California 

Supreme Court, but on April 19, 2006, the Supreme Court declined to hear any of the Cities’ 

claims. 

 

The Appellate Court found that the California Water Boards did not adequately 

complete the environmental checklist, and that evidence of a “fair argument” of significant 

impacts existed such that the California Water Boards should have performed an EIR level of 

analysis through an EIR or its functional equivalent.  (135 Cal.App.4
th

 at 1420-26.)  The 

Court therefore affirmed a writ of mandate issued by the trial court, which orders the 

California Water Boards to set aside and not implement the TMDL, until it has been brought 

into compliance with California Environmental Quality Act (CEQA). 

 

On June 8, 2006 the Regional Board set aside the trash TMDL and resolution # 01-013 

which established it, pursuant to the writ of mandate and to sections 13240 and 13242 of the 

Water Code. Setting aside the TMDL was not deemed a repudiation of the settlement 

agreement entered into between the Los Angeles Regional Water Quality Control Board and 

the City of Los Angeles and the County of Los Angeles, which was executed on September 

24, 2003, and the Los Angeles Water Board expressed its continued intent to be bound by that 

agreement. The Regional Board also directed staff to revise the CEQA documentation as 

directed by the writ of mandate, and to prepare and submit for the Regional Board’s 

reconsideration, a TMDL for Trash in the Los Angeles River Watershed, consistent with the 

requirements of the writ.  Staff was also directed to incorporate into its proposed revised 

TMDL the changes agreed upon in the settlement with the City of Los Angeles, Los Angeles 

County and the Los Angeles County Flood Control District. 

 

This TMDL staff report and accompanying Basin Plan Amendment incorporate, the 

changes agreed upon in the settlement with the City of Los Angeles, Los Angeles County and 

the Los Angeles County Flood Control District. Additional revisions have been made to the 

TMDL to update the Implementation and Compliance schedules and include city-specific 

baseline waste load allocations derived from results of the baseline monitoring program 

                                                           
1
  The cities include Arcadia, Baldwin Park, Bellflower, Cerritos, Commerce, Diamond Bar, Downey, Irwindale, 

Lawndale, Monrovia, Montebello, Monterey Park, Pico Rivera, Rosemead, San Gabriel, Santa Fe Springs, Sierra 

Madre, Signal Hill, South Pasadena, Vernon, West Covina, and Whittier.  They are members of a group that refers 

to itself as “The Coalition for Practical Regulation.” 
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conducted by the Los Angeles County Department of Public Works (LACDPW).  In addition, 

the CEQA checklist has been revised as directed by the writ of mandate.  

 

  The Los Angeles River Trash TMDL is a Basin Plan Amendment and is therefore 

subject to the 2001 provision of the Public Resources Code Section 21083.9 that requires a  

CEQA Scoping to be conducted for Regional Projects. CEQA Scoping involves identifying a 

range of project/program related actions, alternatives, mitigation measures, and significant 

effects to be analyzed in an EIR or its functionally equivalent document. On June 28, 2006 a 

CEQA Scoping hearing was held to present and discuss the foreseeable potential environmental 

impacts of  compliance with the Los Angeles River Trash TMDL. A notice of the CEQA 

Scoping hearing was sent to interested parties including cities and/or counties with jurisdiction 

in or bordering the Los Angeles River watershed. Input from all stakeholders and interested 

parties was solicited for consideration in the development of the CEQA document 

 

 This Trash TMDL is based on existing, readily available information concerning the 

conditions in the Los Angeles River watershed and other watersheds in Southern California, as 

well as TMDLs previously developed by the State and USEPA.   

 

II. Definitions 
 

The definitions of terms as used in this TMDL are provided as follows: 

 

Baseline Waste Load Allocation. The Baseline Waste Load Allocation is the Waste Load 

Allocation assigned to a permittee before reductions are required.  The progressive reductions in 

the Waste Load Allocations will be based on a percentage of the Baseline Waste Load 

Allocation.  The Baseline Waste Load Allocation was calculated based on the annual average 

amount of trash discharged to the storm drain system from a representative sampling of land use 

areas, as determined during the Baseline Monitoring Program.   

 

Daily Generation Rate (DGR). The DGR is the average amount of litter deposited to land or 

surface water during a 24-hour period, as measured in a specified drainage area.  

 

Full Capture System. A full capture system is any single device or series of devices that traps 

all particles retained by a 5 mm mesh screen and has a design treatment capacity of not less 

than the peak flow rate Q resulting from a one-year, one-hour, storm in the subdrainage area.  

Rational equation is used to compute the peak flow rate: Q = C × I × A, where Q = design flow 

rate (cubic feet per second, cfs); C = runoff coefficient (dimensionless); I = design rainfall 

intensity (inches per hour, as determined per the rainfall isohyetal map in Figure A),
2
  and A= 

subdrainage area (acres). 

 

                                                           
2
 The isohyetal map may be updated annually by the Los Angeles County hydrologist to reflect additional rain data 

gathered during the previous year.  Annual updates published by the Los Angeles County Department of Public 

Works are prospectively incorporated by reference into this TMDL and accompanying Basin Plan amendment. 
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Monitoring Entity.  The Monitoring Entity is the permittee or one of multiple permittees 

and/or co-permittees that has been authorized by all the other affected permittees or co-

permittees to conduct baseline monitoring on their behalf.        

 

Permittee.  The term "permittee" refers to any permittee or co-permittee of a stormwater 

permit. 
 

Trash. In this document, we are defining “trash” as man-made litter, as defined in California 

Government Code Section 68055.1(g): 

 
“Litter means all improperly discarded waste material, including, but 

not limited to, convenience food, beverage, and other product packages 

or containers constructed of steel, aluminum, glass, paper, plastic, and 

other natural and synthetic materials, thrown or deposited on the lands 

and waters of the state, but not including the properly discarded waste 

of the primary processing of agriculture, mining, logging, sawmilling or 

manufacturing." 

 

 For purposes of this TMDL, we will consider trash to consist of litter and particles of 

litter, including cigarette butts.  These particles of litter are referred to as “gross pollutants” in 

European and Australian scientific literature.  This definition excludes sediments, and it also 

excludes oil and grease, and vegetation, except for yard waste that is illegally disposed of in 

the storm drain system.  Additional TMDLs for sediments
3
 and oil and grease may be required 

at a later date.  

 

  Urbanized Portion of the Watershed.  For the purposes of this TMDL, the urban portion 

of the watershed includes the sum total area of the incorporated cities and the unincorporated 

portion of Los Angeles County which are located on the Los Angeles River watershed.
4
  The 

estimated area of the “urbanized” portion of the watershed is   609 square miles
5
. The remainder 

of the watershed is made up of the Los Angeles National Forest and other open space. 

 

                                                           
3
 Sediments which may be addressed in a separate TMDL are natural particulate matters such as silt and sand.  

Sediments result from erosion and are deposited at the bottom of a stream.  Sediments do not refer to the 

decomposition of settleable litter into small particulate matters, which this TMDL is trying to prevent. 
4
 The Regional Board recognizes that some areas within the unincorporated sections of Los Angeles County are 

actually suburban or rural. 
5
 As determined by the Regional Board from GIS mapping. (Other minor differences in figures are due to 

rounding.) 
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Figure A: Isohyethal Map of Rainfall Intensities in Portions of Los Angeles County  

(LADPW, 2003). 
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III. Problem Statement 
 

The problem statement consists of a description of the watershed, beneficial uses, water 

quality objectives, and a description of the impairment to the watershed caused by trash. 

 

A. Description of the Watershed 
 

 The Los Angeles River flows 51 miles from the western end of the San Fernando Valley 

to the Queensway Bay and Pacific Ocean at Long Beach (see Figure B). The headwaters are at 

the confluence of Arroyo Calabasas and Bell Creek.  Arroyo Calabasas drains Woodland Hills, 

Calabasas, and Hidden Hills in the Santa Monica Mountains.  Bell Creek drains the Simi Hills 

and receives flows from Chatsworth Creek.  From the confluence of Arroyo Calabasas and 

Bell Creek, the Los Angeles River flows east through the southern portion of the San Fernando 

Valley, bends around the Hollywood Hills before it turns south onto the broad coastal plain of 

the Los Angeles Basin, eventually discharging into Queensway Bay and thence into San Pedro 

Bay West of Long Beach Harbor.  Together with its several major tributaries, notably the 

Tujunga Wash, Burbank Western Channel, Arroyo Seco, Rio Hondo, and Compton Creek, the 

Los Angeles River drains an area of about 834
6
 square miles.  Of this area, the incorporated 

cities and unincorporated portion of Los Angeles County comprise 599 square miles.  The 

remaining acreage consists of the Los Angeles National Forest and other uses. 

 

 In the San Fernando Valley, the river flows east for approximately 16 miles along the 

base of the Santa Monica Mountains. Most of the Los Angeles River channel was lined with 

concrete between 1935 and 1959 for flood control purposes
7
.  This reach is lined in concrete 

except for a section of the river with a soft bottom at the Sepulveda Flood Control Basin.  The 

Sepulveda Basin is a 2,150-acre open space, located upstream of the Sepulveda Dam.  It is 

designed to collect flood waters during major storms.  Because the area is periodically 

inundated, it remains in natural or semi-natural conditions and supports a variety of low-

intensity uses.  The US Army Corps of Engineers owns the entire basin and leases most of the 

area to the City of Los Angeles Department of Recreation and Parks, which has developed a 

multi-use recreational area that includes a golf course, playing fields, hiking trails, and bicycle 

paths.   

 

 The river is again lined in concrete for most of its course except for a seven-mile soft-

bottomed segment between the confluence of the Burbank/Western Channel near Riverside 

Drive and north of the Arroyo Seco confluence. Three miles of this segment border Griffith 

Park (encompassing 4,217 acres).  Four miles downstream, the river flows parallel to Elysian 

Park (585 acres in size).  The original Pueblo de Los Angeles was founded just east of the 

river “to take advantage of the river’s dependable supply of water.”
8
 Early this century, the 

progressive pumping of ground water, together with major diversions of water for irrigation 

and other uses throughout the watershed, contributed to a decreased flow in the River. From 

                                                           
6
 As determined by the Regional Board from GIS mapping. 

7
 Gumprecht, Blake  (1999) The Los Angeles River:  Its Life, Death, And Possible Rebirth, p. 206. 

8
 Los Angeles River Master Plan, June 1996, p. 211. 
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Willow Street all the way through the estuary, the river is soft bottomed with areas of riparian 

vegetation.  This unlined section is about three miles long.  Also part of the watershed are a 

number of lakes including Peck Road Park Lake, Echo Park Lake, and Lincoln Park Lake. 

Figure B. Waterbodies in the Los Angeles River Watershed. 

 
B. Beneficial Uses of the Watershed 
 

 A brief description of the beneficial uses most likely to be impaired due to trash in the Los 

Angeles River is provided in this section. 

 

 The upper reaches of the Los Angeles River include Sepulveda Basin, a soft-bottomed 

area that is designed as a flood control basin.  Designated beneficial uses for the upper reaches 

are Municipal and Domestic Supply (MUN) (although most reaches only have conditional 

MUN designations), Ground Water Recharge (GWR), Water Contact Recreation (REC1), Non-

Contact Water Recreation (REC2), Warm Freshwater Habitat (WARM), Wildlife Habitat 

(WILD), and Wetland Habitat (WET).  The arroyo chub is also found in the Sepulveda Basin 

area, and cannot survive on the flat surfaces on the concrete-lined portions of the Los Angeles 

River.  The thick growth of riparian plants in this area provides habitat for a variety of wildlife.  

Native oaks grow along stretches of Valleyheart Drive in Studio City and Sherman Oaks.  The 

river levees along this reach are accessible and neighborhood residents use them for walking 

and jogging.  

 

 Three native species of fish (the south coast minnow-sucker community) are found in 

Big Tujunga Creek from Big Tujunga Dam downstream to upper Hansen Dam.  These are the 

Santa Ana sucker (Catastomus santaanae), which is listed as a federally endangered species, 

the Santa Ana speckled dace (Rhinichthys osculus) and the arroyo chub (Gila orcutti), both of 
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which are State Species of Special Concern.  They thrive in the moderate to fast cool or cold 

flows in gravelly and rocky riffles (suckers and dace), alternating with slower pools (chubs)
9
. 

  

 Glendale Narrows, from Riverside Drive to Arroyo Seco (Figueroa Street), with the 

longest soft-bottomed segment (seven miles), supports many beneficial uses and is designated 

accordingly in the Basin Plan.  This portion of the Los Angeles River is designated as open space 

in the various community general plans.  Dense riparian vegetation provides habitat for wildlife 

including birds, ducks, frogs and turtles.  Several small pocket parks are found along this section 

of the River, many of which were designed by North East Trees (NET), sometimes in 

partnership with the Mountains Recreation and Conservation Authority (MRCA), such as a small 

park South and North of Los Feliz Boulevard sometimes referred to as the “Los Angeles 

RiverWalk”
10

 and Sunnynook park on the Atwater side, and Rattlesnake Park and Zanja Madre 

Park on the Silver Lake side.  Another example of a pocket park, designed by MRCA, is Knox 

Park
11

, at the end of Knox Avenue.  The riparian vegetation closely mimics the historical 

“willow sloughs” that once dotted the basin
12

.  The relatively lush environment in this reach 

attracts people who enjoy many forms of recreation including walking, jogging, horseback 

riding, bicycling, bird watching, photography and crayfishing.  There are several access points in 

this reach, including the pedestrian bridge over the Golden State Freeway from Griffith Park 

near Los Feliz Boulevard (Sunnynook Bridge).  This whole section is lined with a maintained 

bike path, and many bicyclists use the path, which is cooled in places by the riparian trees.  In 

addition, cut fences provide easy access for the many people who use this section of the river, 

including the homeless who have set up camp under some of the bridges within this reach or on 

the vacant land between Highway 5 and the fence to the river. 

 

 

Figure C. Fletcher Drive: Great Egret, October 26, 1999. 

                                                           
9
 Camm Swift, Emeritus Natural History Museum of Los Angeles County, California Academy of Sciences,  

May 20, 2000. 
10

 Nishith Dhandha, North East Trees, August 24, 2000. 
11

 Ibid. 
12

 Dan Cooper, Audubon Society, California Academy of Sciences, May 20, 2000. 
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 From Figueroa Street to Washington Boulevard, the river supports several beneficial 

uses, including the Downtown Channel, which is used by many for recreation and bathing, in 

particular by homeless people who seek shelter there.   

 

 The mid-cities reach (11½ miles from Washington Boulevard to Atlantic Avenue), has 

several beneficial uses.  The western levee is available for trail use from Atlantic Boulevard in 

Vernon to Firestone Boulevard in South Gate.  There is a county bike path on the eastern levee 

(the Lario Trail) and a county equestrian and hiking trail adjacent to the levee.  Continuous 

access to the Lario Trail is provided below each street bridge crossing.  Several parks have 

been developed adjacent to the river on the east side, some of which provide access to the river 

trail (Cudahy Park).  In Vernon, the channel invert is used for lunchtime soccer games, and 

people walk or jog on the river maintenance roads mostly during the week at lunchtime.  The 

utility easement in Bell is used partly for small, informal vegetable gardening.
13

  South of the 

confluence of the Los Angeles River and the Rio Hondo Channel in South Gate, increasing 

numbers of birds can be seen using the channel and adjacent lands.
14

 
 

The nine-mile reach from Atlantic Avenue to the ocean supports some of the most 

abundant bird life found on the Los Angeles River.  The parks, spreading grounds, utility 

easements and vacant land adjacent to the river provide roosting and feeding habitat.   Many 

species of birds also feed in the concrete channel, where algae grow in the warm, shallow 

water, and in the estuary South of Willow Street, including fish-eaters like waders (herons, 

egrets, occidental bitterns and rails), terns, osprey (a fish-eating hawk), pelicans and 

cormorants.  California Brown Pelican and California Least Tern are Federally Endangered 

Species.
15

  

 

The water in the estuary pools is deep and slow enough to support an abundant fish 

community as well.  In addition to gobies and tilapia (mostly Tilapia mozambica)
16

, which are 

very abundant in the Los Angeles River, especially South of Willow Street, many species of 

fish are found in the estuary of the Los Angeles River.  As an example, the following species 

have been found between the Ocean boulevard bridge and Queensway Bay bridge: California 

tonguefish, California halibut, specklefin midshipman, California lizardfish, diamond turbot, 

barcheek pipefish, and Pacific staghorn sculpin  (bottom feeders), as well as white croaker, 

queenfish, deepbody anchovy, white seaperch, slough anchovy, barred sand bass, shiner perch, 

California grunion, and striped mullet (midwater feeders, often associated with bottom 

environment).  This area also has harbored some pelagic fish, some of which will venture up an 

undetermined portion of the estuary: northern anchovy, Pacific sardine, Pacific pompano, 

Pacific barracuda, topsmelt, jacksmelt, white seabass, barred pipefish, giant kelpfish, and bay 

pipefish.
17

 

   

                                                           
13

 Los Angeles River Master Plan, p. 99. 
14

 At the confluence there is a ten-acre site (approx.) owned by the City of South Gate that contains an abandoned 

landfill which is vegetated with grasses, shrubs and trees (Los Angeles River Master Plan). 
15

 Dan Cooper, California Audubon Society, December 17, 1999. 
16

 Charles Mitchell, MBC Applied Environmental Sciences, December 19, 1999. 
17

 Marine Biological Baseline Study of Queensway Bay, Long Beach Harbor, MBC Applied Environmental 

Sciences, 1994. 
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Beneficial uses of the Los Angeles River watershed are summarized in Table 1, excerpted from the 1994 Basin Plan.  

These are the designated beneficial uses that must be protected.
18

 

 

 

Table 1. Beneficial Uses of Surface Waters of the Los Angeles River. 

Surface Waters  
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Los Angeles River Estuary 405.12  E   E E E E   E E E E E E P E 

Los Angeles River to  Estuary 405.12 P* P P E  E E  E   E E E P P P  

Los Angeles River  405.15 P* P  E  E E  E    P      

Los Angeles River  405.21 P* P  E  E E  E    E     E 

Compton Creek  405.15 P*   E  E E  E    E     E 

Rio Hondo downstream Spreading Grounds 405.15 P*   I  P E  P    I      

Rio Hondo   405.41 P*   I  I E  P    I E    E 

 Alhambra Wash 405.41 P*   I  P I  P    P E     

 Rubio Wash 405.41 P*   I  I I  I    E P     

  Rubio Canyon 405.31 P*   E  I I  I    E E    E 

 Eaton Wash 405.41 P*   I  I I  I    E      

  Eaton Wash 

(downstream dam) 

405.31 P*   I  I I  I    E      

  Eaton Wash (upstream 

dam) 

405.31 P*   I  I I  I    E      

  Eaton Dam and 

Reservoir 

405.31 P*   I  P I  I    E      

  Eaton Canyon Creek 405.31 P*   E  E E  E    E E  E  E 

 Arcadia Wash (lower) 405.41 P*   I  P I  P    P      

 Arcadia Wash (upper) 405.33 P*   I  P I  P    P      

 Santa Anita Wash (lower) 405.41 P*   I  P E  P    P E     

 Santa Anita Wash (upper) 405.33 P*   E  E E  E    E E     

  Little Santa Anita 

Canyon Creek 

405.33 P*   I  I I  I    E      

  Big Santa Anita 

Reservoir 

405.33 P*   E  P E  E E   E      

                                                           
18

 Water Quality Control Plan, Los Angeles Region, California Regional Water Quality Control Board, Los Angeles Region, 1994, p. 2-10. 
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  Santa Anita Canyon 

Creek 

405.33 E*   E  E E  E E   E E  E  E 

  Winter Creek 405.33 P*   I  I E  I    E     E 

  East Fork Santa Anita 

Canyon 

405.33 P*   E  E E  E E   E   E  E 

 Sawpit Wash 405.41 I   I  I I  I    E      

 Sawpit Canyon Creek 405.41 P*   I  I I  I    E E     

 Sawpit Dam and Reservoir 405.41 P*   I  P I  I    E      

  Monrovia Canyon Creek 405.41 I   I  I I  I    E     E 

Arroyo Seco downstream Devil's Gate R. (L)       405.15 P*     I I  P    P      

                    

Arroyo Seco downstream Devil's Gate R. (U)  405.31 P*     I I  P    P E     

 Devil's Gate Reservoir (L) 405.31 P*   I  I I  I    E      

 Devil's Gate Reservoir (U) 405.32 I*   I  I I  I    E      

Arroyo Seco upstream Devil's Gate R. 405.32 E E E E  E E  E E   E     E 

 Millard Canyon Creek 405.32 E* E E E  E E  E    E E    E 

 El Prieto Canyon Creek 405.32 I I I I  I I  I    E      

 Little Bear Canyon Creek 405.32 P*   I  I I  I I   E     E 

Verdugo Wash  405.24 P*   I  P I  P    P      

 Halls Canyon Channel 405.24 P* I I I  I I  I    E      

  Snover Canyon 405.32 I I I I  I I  I    E      

 Pickens Canyon 405.24 I*   I  I I  I    E      

 Shields Canyon 405.24 I I I I  I I  I    E      

 Dunsmore Canyon Creek 405.24 I I I I  I I  I    E      

Table 1. Beneficial Uses of Surface Waters of the Los Angeles River, continued. 
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Burbank Western Channel 405.21 P*     P I  P    P      

 La Tuna Canyon Creek 405.21 P*   I  I I  I    E      

Tujunga Wash  405.21 P*   I  P I  P P   P      

 Hansen Flood Control Basin & 

Lakes 

405.23 P*   E  E E  E E   E E     

  Lopez Canyon Creek 405.21 P*   I  I I  I    E      

  Little Tujunga Canyon 

Creek 

405.23 P*   I  I E  I I   E E     

  Kagel Canyon Creek 405.23 P*   I  I I  I    E      

 Big Tujunga Canyon Creek 405.23 P*   E  E E  E E   E E  E  E 

 Upper Big Tujunga Canyon Creek 405.23 P*   E  E E  I P   E     E 

  Haines Canyon Creek 405.23 P*   I  I I  I    E E     

  Vasquez Creek 405.23 P*   E  E E  P P   E     E 

  Clear Creek 405.23 P*   E  E E  E E   E     E 

  Big Tujunga Reservoir 405.23 P*   E  P E  E P   E   E   

  Mill Creek 405.23 P*   E  E E  E E   E     E 

 Pacoima Wash 405.21 P*   E  P E  E    E E     

 Pacoima Reservoir 405.22 P*   E  E E  E    E      

 Pacoima Canyon Creek 405.22 P*   E  E E  E E   E E  E  E 

 Stetson Canyon Creek 405.22 P*   I  P E  P    P      

 Wilson Canyon Creek 405.22 P*   I  E E  I    E      

 May Canyon Creek 405.22 P*   I  I E  I    E      

Sepulveda Flood Control Basin 405.21 P*   E  E E  E    E     E 

Bull Creek   405.21 P*   I  I I  I    E      

 Los Angeles Reservoir 405.21 E E E P  P E  E    E E     

 Lower Van Norman Reservoir 405.21 E* E E E  E E  E    E E     

 Solano Reservoir 405.21 E*     P   P    E      

Caballero Creek  405.21 P*   I  I I  I    E      

Aliso Canyon Wash and Creek 405.21 P*   I  I I  I    E      

 Limeklin Canyon Wash 405.21 P*   I  I I  I    E      

Table 1. Beneficial Uses of Surface Waters of the Los Angeles River, continued. 
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Table 1. Beneficial Uses of Surface Waters of the Los Angeles River, concluded. 
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Browns Canyon Wash and Creek 405.21 P*   I  I I  I    E      

Arroyo Calabasas  405.21 P*     P I  P    P      

 McCoy Canyon Creek 405.21 P*   I  I I  I    E      

 Dry Canyon Creek 405.21 P*   I  I I  I    E      

Bell Creek   405.21 P*   I  I I  I    E      

 Chatsworth Reservoir  405.21 E E E   P E  E    E      

 Dayton Canyon Creek 405.21 P*   I  I I  I    E      

Echo Lake  405.15 P*     P E  P    E      

Lincoln Park Lake 405.15 P*     P E  P    E      
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E:  Existing beneficial use                                                                                        

P:  Potential beneficial use 

I:  Intermittent beneficial use 

 

BENEFICIAL USE CODES (see Basin Plan for more details): 

MUN - Municipal and Domestic Water Supply 

IND - Industrial Service Supply 

PROC - Industrial Process Supply 

GWR - Ground Water Recharge 

REC1 - Water Contact Recreation  

REC2 - Non-Contact Water Recreation  

COMM - Commercial and Sport Fishing 

 

 

 

 

 

 

*: Conditional designation: the waters designated with an “*” in the table do 

not have MUN as a designated use until such time as the Basin Plan is 

modified based on additional study. In the interim, no new effluent 

limitations will be placed in Waste Discharge Requirements as a result of 

these designations until the Regional Board adopts an amendment that 

identifies those waters in the Region that should be excepted from the MUN 

designation. 

 

 

 

 

WARM - Warm Freshwater Habitat  

COLD - Cold Freshwater Habitat 

EST - Estuarine Habitat 

MAR - Marine Habitat 

WILD - Wildlife Habitat  

RARE - Rare, Threatened or Endangered Species 

SPWN - Spawning, Reproduction, and/or Early Development 

SHELL - Shellfish Harvesting 

WET - Wetland Habitat 
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C. Water Quality Objectives 
 

Water quality standards consist of a combination of beneficial uses, water quality 

objectives and the State’s Antidegradation Policy.  The Regional Board has determined that the 

narrative water quality objectives applicable to this TMDL are floating materials: “Waters shall 

not contain floating materials, including solids, liquids, foams, and scum, in concentrations that 

cause nuisance or adversely affect beneficial uses”
19

 and solid, suspended, or settleable 

materials: “Waters shall not contain suspended or settleable material in concentrations that 

cause nuisance or adversely affect beneficial uses.”
20

  The States’ Antidegradation Policy is 

formally referred to as the Statement of Policy with Respect to Maintaining High Quality Waters 

in California (State Board Resolution No. 68-16). 

 

D. Impairment of Beneficial Uses 
 

Existing beneficial uses impaired by trash in the Los Angeles River are contact recreation 

(REC 1) (contact sports: swimmers are spotted regularly in the Los Angeles River at Glendale 

Narrows and also at Willow Street in Long Beach) and non-contact recreation such as fishing 

(REC 2) (trash is aesthetically displeasing and deters recreational use and tourism); warm fresh 

water habitat (WARM); wildlife habitat (WILD); estuarine habitat (EST) and marine habitat 

(MAR); rare, threatened or endangered species (RARE); migration of aquatic organisms (MIGR) 

and spawning, reproduction and early development of fish (SPWN); Commercial and sport 

fishing (COMM); Wetland Habitat (WET), and Cold freshwater habitat (COLD).  These 

beneficial uses in the Los Angeles River are impaired by large accumulations of suspended and 

settled debris throughout the river system.  The problem is even more acute in Long Beach 

where debris flushed down from the upper reaches of the river collects.  Common items that 

have been observed by Regional Board staff include Styrofoam cups, Styrofoam food containers, 

glass and plastic bottles, toys, balls, motor oil containers, antifreeze containers, construction 

materials, plastic bags, and cans.  Heavier debris can be transported during storms as well.  

 

Reaches of the Los Angeles River that are impaired by trash, and listed on the 303(d) list 

for such, are Tujunga Wash (downstream Hansen Dam to Los Angeles River), Los Angeles 

River Reach 5 (within Sepulveda Basin), Los Angeles River Reach 4 (Sepulveda Dam to 

Riverside Dr.), Los Angeles River Reach 3 (Riverside Dr. to Figueroa St.), Los Angeles River 

Reach 2 (Figueroa St. to upstream Carson St.), Los Angeles River Reach 1 (upstream Carson 

St. to estuary), Burbank Western Channel, Verdugo Wash (Reaches 1 & 2), Arroyo Seco 

Reach 1 (downstream Devil's Gate Dam) & Reach 2 (W. Holly Ave. to Devil's Gate), and Rio 

Hondo Reach 1 (Santa Ana Fwy to Los Angeles River).  In addition, Peck Road Lake, Echo 

Park Lake and Lincoln Park Lake are listed as impaired for trash. 

 

 Trash in waterways causes significant water quality problems.  Small and large 

floatables can inhibit the growth of aquatic vegetation, decreasing spawning areas and habitats 

for fish and other living organisms.  Wildlife living in rivers and in riparian areas can be harmed 

by ingesting or becoming entangled in floating trash.  Except for large items such as shopping 

carts, settleables are not always obvious to the eye.  They include glass, cigarette butts, rubber, 

                                                           
19

 Water Quality Control Plan (“Basin Plan”), p. 3-9. 
20

 Ibid., pp. 3-16. 
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construction debris and more.  Settleables can be a problem for bottom feeders and can 

contribute to sediment contamination.  Some debris (e.g. diapers, medical and household waste, 

and chemicals) are a source of bacteria and toxic substances. Floating debris that is not trapped 

and removed will eventually end up on the beaches or in the open ocean, repelling visitors away 

from our beaches and degrading coastal waters.  
 

A major trash problem experienced in the Los Angeles River Watershed contributes to a 

broader phenomena that affects ocean waters, as small pieces of plastic called “nurdles” 

(defined as pre-production virgin material from plastic parts manufacturers, as well as post-

production discards that are occasionally recycled) float at various depths in the ocean and 

affect organisms at all levels of the food chain.  As sunlight and UV radiation render plastic 

brittle, wave energy pulverizes the brittle material, with a subsequent chain of nefarious effects 

on the various filter feeding organisms found near the ocean’s surface.  Studies in the North 

Pacific indicate that both large floating plastic and smaller fragments are increasing.  As a result 

of increased reports of resin pellet ingestion by aquatic wildlife and evidence that the ingested 

pellets are harming wildlife, the Interagency Task Force on Persistent Marine Debris (ITF) 

identified resin pellets, also know as plastic pellets, as a debris of special concern.
21

  When 

released into the environment, these pellets either may float on or near the water surface, may 

become suspended at mid-depths, or may sink to the bottom of a water body.  Whether a 

specific pellet floats or sinks depends on the type of polymer used to create the pellet, on 

additives used to modify the characteristics of the resin, and on the density of the receiving 

water. 

 

A 1999 study of Marine Debris in the Mid-Pacific Gyre in an attempt to assess the 

potential effects of ocean particles on filter feeding marine organisms, collected plankton 

samples at various locations throughout the gyre.  The results were stunning: the mass of plastic 

particles collected was six times higher than the mass of plankton (841 g/km2), although the 

number of planktonic organisms (1,837,342/km2) was five times the number of plastic pieces.  

The distribution of the sampling points allows one to assume that this number can be safely 

extrapolated to the breadth of the Mid-Pacific Gyre.  A remarkable finding was that the number 

of particles did not increase in successively smaller size classes as expected, indicating there 

may be non-selective removal by mucus web-feeding jellies and salp.  In this study, the most 

common type of identifiable particle, thin plastic film, accounted for 29% of the total.  Many 

birds will die from ingesting this non-nutritive plastic.
22

 

 

The prevention and removal of trash in the Los Angeles River ultimately will lead to 

improved water quality and protection of aquatic life and habitat, expansion of opportunities 

for public recreational access, enhancement of public interest in the rivers and public 

participation in restoration activities, and propagation of the vision of the river as a whole and 

enhancement of the quality of life of riparian residents. 

 
 
                                                           
21

 US Environmental Protection Agency (US EPA) (1992) Plastic Pellets in the Aquatic Environment: Sources 

and Recommendations. 
22

 Moore, C.J. et al.  Marine Debris in the North Pacific Gyre, 1999, with a Biomass Comparison of Neustonic 

Plastic and Plankton. (in preparation) 
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E. Extent of the Trash Problem in the Los Angeles River 

 

 Trash is a water quality problem throughout the Los Angeles River.  The Regional 

Board has determined that current levels of trash exceed the existing Water Quality Objectives 

necessary to protect the beneficial uses of the river. 

 

For many years, Los Angeles County and other cities have recognized that trash is a 

problem.23  The Los Angeles County Department of Public Works is reporting a "30% decrease 

in roadway trash on unincorporated County roads and a 50% decrease in trash entering 

catchbasins since adoption of the current National Pollutant Discharge Elimination System 

(NPDES) Permit".24  However, trash in the Los Angeles River continues to be a serious 

problem.  

 

Every city in the watershed agrees that the amount of trash found in the waterways is 

excessive, and that trash is found in all reaches of the river from Calabasas to Long Beach, and 

in all tributaries.  Although the Regional Board has not yet received the data that the Los 

Angeles County Department of Public Works used for its findings, Regional Board staff 

regularly observe trash in the waterways of this watershed.  Non-profit organizations such as 

Heal the Bay, Friends of the Los Angeles River (FoLAR) and others, organize volunteer clean-

ups periodically, and document the amount of trash that was removed on such days, but these 

data do not indicate how long the trash had been accumulating at that particular site, only the 

amount that was picked up by the volunteers on a given day.   

 

For example, at Coastal Clean-up Day in 1996, 26,300 lbs of trash were collected in Los 

Angeles County.  During the September 18, 1999, California Coastal Clean up organized by 

Heal the Bay, a total of 60,711 lbs of trash were collected.
25

   

 

At a clean-up organized during the Sacred Music Festival on Saturday, October 16, 

1999, between Los Feliz Boulevard and Fletcher Drive over a distance of slightly under 1.5 

miles, eleven shopping carts and six 40-gallon bags of trash were removed (see Figure D).  

However, this was not the total amount of trash on site, as Regional Board staff noticed more 

shopping carts and more trash on the same site the very next afternoon.
26

  Meanwhile, the 

purpose of volunteer clean-ups is to visibly clean the river and its banks, not to quantify debris.  

As a result, it is likely that some of the debris collected during those events are not recorded.  In 

                                                           
23

See comments from Los Angeles County, Agoura Hills, Artesia, Beverly Hills, Hermosa Beach, Hidden Hills, 

Carson, Diamond Bar, La Habra Heights, La Mirada, La Puente, Monrovia, Norwalk, Rancho Palos Verdes, 

Rolling Hills, San Fernando, San Marino, West Hollywood, Westlake Village, and the Executive Advisory 

Committee (Stormwater Program - Los Angeles County) on behalf of all the Los Angeles County cities, submitted 

in response to the first draft of this Trash TMDL for the Los Angeles River Watershed. 
24

Comment letter from County of Los Angeles, Department of Public Works, May 15, 2000, p. 1.  
25

 Alix Gerosa, Heal the Bay, November 22, 1999. 
26

 Trash observed by Regional Board staff on October 17, 1999, included mixed polystyrene waste (cups, plates 

and others), plastic bags, cement, sound boards, large clusters of cigarette butts, disposable plastic glass lids, 

aluminum wrappers, balloons, medications, plastic bottles, clothing, books, and aerosol paint cans. 
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addition, volunteers traditionally focus on larger, more visible debris to the exclusion of smaller 

debris which are commonly encountered, such as cigarette butts.   

 

 
Figure D. Trash waiting for pick-up at Los Feliz Boulevard after the Sunday, October 16, 1999 river clean-up. 

 

Several studies which attempted to quantify trash generated from discreet areas have 

been completed, but they concern relatively small areas, or relatively short periods, or both.  

The findings of some of these studies are discussed below. 

 

The City of Calabasas cleaned out the Continuous Deflective Separation (CDS) Unit 

they had installed in December of 1998, on September 28, 1999.  This CDS unit, located in 

Calabasas at the intersection of Las Virgenes Road and Agoura Road, collects trash from the 

runoff of a small storm drain, as well as part of the runoff from Calabasas Park Hills (Santa 

Monica Mountains), and eventually empties to Las Virgenes Creek.  It is assumed that this 

CDS unit prevented all trash from passing through.  The calculated area drained by this CDS 

Unit, as provided to the Regional Board by Los Angeles County Department of Public Works 

staff, amounts to 12.8 square miles.  The urbanized area was estimated by Regional Board staff 

to amount to 0.10 square miles of the total area.  The result of this clean-out, which represents 

approximately half of the 1998-1999 rainy season, was 2,000 gallons of sludgy water and a 64-

gallon bag about two-third full of plastic food wrappers.  It is assumed that part of the trash that 

accumulated in the CDS unit over roughly half of the rainy season had decomposed in the unit, 

hence the absence of paper products.  Given the CDS unit was cleaned out after slightly more 

than nine months of use, it was assumed that this 0.10 square mile urbanized area produced a 

volume of 64 gallons of trash over one year.  This datum will be used as the default value for 

the implementation plan.  Although other studies are informative, studies currently available to 

the Regional Board provide insufficient data and could not be applied directly to establishing 

trash generation rates. 

 

The City of Los Angeles conducted an Enhanced Catch Basin Cleaning Pilot Project in 

compliance with a consent decree between the United States Environmental Protection 

Agency, the State of California, and the City of Los Angeles.  The project goals were to 
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determine debris loading rates, characterize the debris, and find an optimal cleaning schedule 

through enhancing catch basin cleaning.  The project evaluated trash loading at two drainage 

basins:   

-The Hollywood Basin (1,366 acres and 793 catch basins) includes much of Hancock 

Park and is mostly residential with some commercial and open space, and no industrial land; 

-The Sawtelle Basin (2,267 acres and 502 catch basins) includes residential areas with 

some commercial, industrial and transportation-related uses, and some open space. 

 

The catch basins are inlet structures without a sump below the level of the outlet pipe to 

capture solids and trash washed down by the stormwater.
27

  These inlets also collect trash, 

grass clippings and animal wastes during dry weather.  Catch basins were cleaned 3-4 times 

from March 1992 to December 1994 and yielded approximately 0.79 yd
3
 (160 Gal) of debris 

per cleaning (Sawtelle – 1.04 yd
3
 (210 Gal) and Hollywood – 0.61 yd

3
 (123 Gal)), 

characterized as paper (26%), plastic wastes (10%), soil (33%), and yard trimmings (31%). 

 

The study also observed that the amount of plastic waste was less in residential areas and 

greater in non-residential areas, that paper waste was greater in commercial areas, and that soil 

and yard waste was greater in residential areas and open spaces.
28

 

 

Long Beach collects large amounts of trash at the mouth of the Los Angeles River, as 

much of the trash carried down the Los Angeles River ends up at the river’s mouth in Long 

Beach.  Debris tonnage at the mouth of the Los Angeles River is listed in Table 2. 

Table 2. Storm Debris Collection Summary for Long Beach: Debris is measured in Tonnage.
29

 

Storm Year First Quarter 

(July-Sept.) 

Second Quarter 

(Oct.-Dec.) 

Third Quarter 

(Jan.-March) 

Fourth Quarter 

(April-June) 

Total 

1994-95 436 509 3,576 702 5,224 

1995-96 504 344 3,100 645 4,593 

1996-97 350 2,361 601 681 3,993 

1997-98 647 3,650 4,016 977 9,290 

1998-99 565 720 532 1,274 3,091 

1999-00 781 176 1,664 1,223 3,844 

2000-01 757 581 2,625 474 4,437 

2001-02 424 739 288 407 1,858 

2002-03 430 752 2,564 884 4,630 

2003-04 299 779 607 951 2,636 

                                                           
27

 Such structures are usually termed catchments, but the term catch basin is used throughout Southern California.  

The absence of flow during dry weather allows trash to collect at the inlet.  (Phone conversation with Wing Tam, 

City of Los Angeles, November 10, 1999.) 
28

 This information and all of the above concerning the City of Los Angeles Enhanced Catch Basin Cleaning was 

found in: City of Los Angeles Department of Public Works, Bureau of Sanitation: Consent Decree Report, 

Enhanced Catch Basin Cleaning, April 1999.  (Unpublished report.) 
29

 City of Long Beach L.A. River Debris Summary (as of June 2006). 
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Storm Year First Quarter 

(July-Sept.) 

Second Quarter 

(Oct.-Dec.) 

Third Quarter 

(Jan.-March) 

Fourth Quarter 

(April-June) 

Total 

2004-05 273 4,390 6,176 1,416 12,255 

2005-06 561 495 862 670 2,591 

 

IV. Numeric Target 
 

The numeric target for this TMDL is 0 (zero) trash in the water.  The numeric target is 

derived from the narrative water quality objectives, including an implicit margin of safety.  

Although a substantial number of comments were received in response to the March 17, 2000 

Draft TMDL, no information was provided to justify any other number for the final TMDL 

target that would fully support the designated beneficial uses.  The numeric target was used to 

calculate the Waste Load Allocations as described in the Implementation Plan (see Section 

VIII.)  
 

V. Source Analysis 
 

The major source of trash in the river results from litter, which is intentionally or 

accidentally discarded in watershed drainage areas. Transport mechanisms include the following: 

 

1. Storm drains: trash is deposited throughout the watershed and is carried to the various 

reaches of the river and its tributaries during and after significant rainstorms through 

storm drains.  

 

2. Wind action: trash can also blow into the waterways directly. 

 

3. Direct disposal: direct dumping also occurs. 

 

Extensive research has not been done on trash generation or the precise relationship 

between rainfall and its deposition in waterways.  However, it has been found that the amount of 

gross pollutants entering the stormwater system is rainfall dependent but does not necessarily 

depend on the source (Walker and Wong, December 1999). The amount of trash which enters the 

stormwater system depends on the energy available to re-mobilize and transport deposited gross 

pollutants on street surfaces rather than on the amount of available gross pollutants deposited on 

street surfaces.  The exception to this finding of course would be in the event that there is zero 

gross pollutants deposited on the street surfaces or other drainages tributary to the storm drain. 

Where gross pollutants exist, a clear relationship between the gross pollutant load in the 

stormwater system and the magnitude of the storm event has been established.  The limiting 

mechanism affecting the transport of gross pollutants, in the majority of cases, appears to be re-

mobilization and transport processes (i.e., stormwater rates and velocities). 

 

Several studies conclude that urban runoff is the dominant source of trash. The large 

amounts of trash conveyed by urban storm water to the Los Angeles River is evidenced by the 

amount of as trash that accumulates at the base of storm drains.  The amount and type of trash 

that is washed into the storm drain system appears to be a function of the surrounding land use. 
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A number of studies (Walker and Wong, 1999, Allison, 1995), have shown that 

commercial land-use catchments generate more pollutants than residential land use catchments, 

and as much as three times the amount generated from light industrial land use catchment.  It is 

generally accepted that commercial land uses tend to contribute larger loads of gross pollutants 

per area compared to residential and mixed land-use areas.  This is in spite of daily street 

sweeping in the commercial sub-catchment compared to once every two weeks in residential and 

mixed land use areas. 

 

 

 

 

VI. Waste Load Allocations 
 

Storm drains have been identified as a major source of trash in the Los Angeles River.  

The strategy for meeting the water quality objective will focus on reducing the trash discharged 

via municipal storm drains.  

 

Waste Load Allocations are assigned to the Permittees and Co-permittees of the Los 

Angeles County Municipal Stormwater Permit (hereinafter referred to as Permittees) and 

Caltrans.  In addition, Waste Load Allocations may be issued to additional facilities in the 

future under Phase II of the US EPA Stormwater Permitting Program. Waste Load Allocations 

assigned under the MS4 permit and the Caltrans permit will be based on a phased reduction 

from the estimated current discharge (i.e., baseline) over a 9-year period until the final Waste 

Load Allocation (currently set at zero) is met. Permittees under the Phase II Stormwater 

Permitting Program will also be assigned a final WLSA of zero trash discharge. The baseline 

allocation for the MS4 Permittees and Co-permittees (referred to hereinafter as the 

"Permittees") is derived from data collected during the Baseline Monitoring Program.   

 

A.  Reconsideration and Refinement Provision 
 

The baseline Waste Load Allocations for the MS4 Permittees and Co-permittees have 

been modified from that assigned in the earlier trash TMDL.  The Regional Board will review 

and reconsider the final Waste Load Allocations once a reduction of 50% of the Baseline Waste 

Load Allocation has been achieved.  This means that the final Waste Load Allocation will be 

reviewed only after substantial reductions are achieved.  This reconsideration of the Waste Load 

Allocation will be based on the findings of future studies regarding the threshold levels needed 

for protecting beneficial uses.   

 

B. Default Baseline Waste Load Allocation 
 

The Default Baseline Waste Load Allocation for the municipal stormwater permittees, in 

the earlier version of the trash TMDL was equal to 640 gallons of uncompressed trash per 

square mile per year.  No differentiation was applied for different land uses in the Default 

Baseline Waste Load Allocation.   
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C. Refined Baseline Waste Load Allocations 
 

The municipal stormwater permittees opted to seek refinement of the Default Baseline 

Waste Load Allocation by implementing a "Baseline Monitoring Plan."  The goal of the 

Baseline Monitoring program was to derive a representative trash generation rate for various 

land uses from across the Los Angeles River watershed.  The Baseline Waste Load Allocation 

for any single city is the sum of the products of each land use area multiplied by the Waste 

Load Allocation for the land use area, as shown below: 

 

( )∑ •= uselandthisforsallocationuseslandbyareacityeachforLA  

 

The urban portion of the Los Angeles River watershed was divided into twelve types of 

land uses for every city and unincorporated area in the watershed.  Similar land use 

classifications already exist on the land use maps used by L.A. County Department of Public 

Works to assess the generation of certain pollutants by land use.
30

  The land use categories are: 

(1) high density residential
31

, (2) low density residential
32

, (3) commercial and services, (4) 

industrial, (5) public facilities
33

, (6) educational institutions
34

, (7) military installations, (8) 

transportation
35

, (9) mixed urban
36

, (10) open space and recreation
37

, (11) agriculture
38

, and (12) 

water
39

. Given that the minimum mapping resolution is 2.5 acres, a non-critical land use unit 

may not be mapped if it is less than 2.5 acres in size
40

.  

 

The appendix contains a table which shows the square mileage for each land use for 

each city and unincorporated areas in the watershed, and a list of maps showing land uses for 

each city.  Unincorporated areas include areas such as Altadena, East Compton, East Los 
                                                           
30

 The land use classification was developed by Aerial Information Systems as a modified Anderson Land Use 

Classification and originally included 104 categories.  The land use coverages were donated for GIS library use by 

Southern California Association of Governments (SCAG), and show land use for 1990 and for 1993.  The 

coverages were map-joined into a single coverage by Teale Data Center.  The Regional Board layers were 

aggregated from the TDC coverage into the land uses shown above. 
31

 High Density Residential includes High Density Single Family Residential and all Multi Family Residential, 

Mobile Homes, Trailer Parks and Rural Residential High Density. 
32

 Under 2 units per acre. 
33

 These include government centers, police and sheriff stations, fire stations, medical health care facilities, 

religious facilities large enough to be distinguished on an aerial photograph, libraries, museums, community 

centers, public auditoriums, observatories, live indoor and outdoor theaters, convention centers which were built 

prior to 1990, communication facilities, and utility facilities (electrical, solid waste, liquid waste, water storage and 

water transfer, natural gas and petroleum). 
34

 Preschools and daycare centers, elementary schools, high schools, colleges and universities, and trade schools, 

including police academies and fire fighting training schools. 
35

 Airports, railroads, freeways and major roads (that meet the minimum mapping resolution of 2.5 acres), park and 

ride lots, bus terminals and yards, truck terminals, harbor facilities, mixed transportation and mixed transportation 

and utility. 
36

 Mixed commercial, industrial and/or residential, and areas under construction or vacant in 1990. 
37

 Golf courses, local and regional parks and recreation, cemeteries, wildlife preserves and sanctuaries, botanical 

gardens, beach parks. 
38

 Orchards and vineyards, nurseries, animal intensive operations, horse ranches. 
39

 Open water bodies, open reservoirs larger than 5 acres, golf course ponds, lakes, estuaries, channels, detention 

ponds, percolation basins, flood control and debris dams. 
40

 Critical land uses were mapped regardless of resolution limits.  Critical land use units below 1 acre in size were 

mapped as 1-acre units. 
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Angeles, East Pasadena, East San Gabriel, Florence, La Crescenta, Mayflower Village, North El 

Monte, South San Gabriel, Walnut Park, Westmount and Willowbrook.  For cities that are only 

partially located in the watershed, the square mileage indicated is for the part of this city that is 

in the watershed only. 

 

Land uses that are not under municipal jurisdiction, such as military installations, will be 

dealt with through separate permits, and were thus not included in the calculation of the 

baseline Waste Load Allocations. 

 

Each permittee will be allowed 60% of their baseline Waste Load Allocation during the 

first year of implementation, and subsequent annual reductions of 10% of from the baseline 

will be required through every year of implementation. 

 

 

D. Baseline Waste Load Allocations for Caltrans 
 

A Litter Management Pilot Study (LMPS)
41

 was conducted to evaluate the effectiveness 

of several litter management practices in reducing litter that is discharged from Caltrans storm 

water conveyance systems.  The LMPS employed four field study sites, each of which was used 

to test a separate BMP.  Each site included three replicate testing pairs, consisting of one site 

designed to measure the amount of trash produced when treatment was applied, and one control 

with no treatment site.  The LMPS averages the data collected at the control outfalls in order to 

obtain the annual litter loads.  The average combined total loads for the three control outfalls at 

each site normalized by the total area of control catchments is presented in the following table, 

adapted from the LMPS report
42

: 
 

Table 3. Average Combined Total Loads for Control Outfalls at 3 Litter Management Pilot Study (LMPS) Sites. 

Site Weight lbs/sq mi Volume cu ft/sq mi 

1E 10584.00 1312.97 

1W 7479.36 971.73 

6 7479.36 881.34 

8 4374.72 404.51 

 

The baseline Waste Load Allocation for weight and volume load generation for freeways 

is arrived at by averaging weight and volume columns. (see Table 4.)   It is to be noted that 

control site 1E already had one BMP in place before testing of the other BMPs, as it was cleaned 

monthly through an “Adopt a Highway” program. 

 

 

                                                           
41

 California Department of Transportation District 7 Litter Management Pilot Study, June 2000.  This study 

defined litter in stormwater as “manufactured items that can be retained by ¼-inch mesh made from paper, plastic, 

cardboard, etc.”, and “that are not of natural origin (i.e. does not include sand, soil, gravel, vegetation, etc.)”  (p. 1-

2). 
42

 Ibid., Table 6-8. 
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Table 4. A Preliminary Baseline Waste Load Allocation for Weight and Volume for Freeways. 

Weight lbs/sq mi Volume cu ft/sq mi 

7479.36 892.64 

 

 

Average Annual Daily Traffic (AADT) for all control sites in the study ranged from 

216,000 to 238,000.
43

  Considering AADT on Los Angeles County freeways may be close to 

300,000 on some sections
44

, the chosen sites, although typical freeway outfalls, are not distributed 

throughout the whole AADT range.  As the purpose of the study was to assess the effectiveness of 

specific BMPs, not to assess a trash generation factor, sites were chosen with similar 

characteristics.   

 
E. Baseline Waste Load Allocations for Municipal Permittees 
 

Baseline Monitoring was conducted by the Los Angeles County Department of Public 

Works, as prescribed in the September 19, 2001 Los Angeles River Trash TMDL. The goal of 

the Baseline Monitoring Program was to collect representative data from across the watershed 

to refine the default Waste Load Allocations presented in the 2001 Los Angeles River Trash 

TMDL. Monitoring data was used to establish specific trash generation rates per land use. The 

land use categories that were monitored by the LACDPW baseline monitoring group (to 

determine land use based generation rates) were: 

 

� High density residential,  

� Low density residential, 

� Commercial and services,  

� Industrial, and 

� Open space and recreation. 

Public facilities-, Educational Institutions-, Mixed urban-, Agricultural-, and Water- land uses 

were exempt from monitoring.  

 

 In the analysis of the monitoring results provided by LACDPW, staff assumed the litter 

generation rate from public facilities and mixed urban landuse to be equivalent to that from the 

industrial land use. The transportation land use was equated with industrial land use, and 

agricultural land use was equated to open space. Water was assigned a litter generation rate of 

zero since it is not considered a generator of trash. The portion of the transportation land use 

that is under Caltrans’ jurisdiction will be covered under Caltrans’ permit.  Major boulevards 

that are currently under Caltrans’ jurisdiction, but are affected by trash generated on municipal 

sites, such as Santa Monica Boulevard, will be addressed by the cities concerned. 

 

  Military Installations were not included in the Waste Load Allocations of the cities that 

had this land use. Under EPA Phase II of the Storm Water Regulations, separate permits will be 

written for these facilities. While public educational institutions will also be covered under 

separate permits under Phase II, the analysis did not differentiate between public and private 

                                                           
43

 Ibid., Table 6-8.   
44

 Information on AADT on select freeways can be found on Caltrans’ website: http://www.caltrans.ca.gov/. 
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educational facilities under this landuse. Therefore, the cities have the option of providing 

information on the acreage of such land uses within their jurisdiction in order that contributions 

from these facilities be removed from their assigned baseline waste load allocations.  

 

The baseline Waste Load Allocations for the municipal permittees is presented on a city 

by city basis in Table 5. A more detailed breakdown along land uses is provided in Appendix II. 

The Waste Load allocations for the first year of compliance will be a 40% reduction in the 

baseline Waste Load Allocation. The subsequent annual Waste Load Allocations will be a 

progressive 10% reduction in the baseline Waste Load Allocations over a period of 6 years, and 

apply except in areas serviced by Full Capture Systems.  The values shown, in gallons, are in 

uncompressed volumes.  
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Table 5. Los Angeles River Trash TMDL Baseline Waste Load Allocations (gallons and lbs 

of trash) *Military Installations were not included in calculation of Baseline WLA 

City WLA (gals) WLA (Ibs) 

Alhambra 39903 68761 

Arcadia 50108 93036 

Bell* 16026 25337 

Bell Gardens 13500 23371 

Bradbury 4277 12160 

Burbank* 92590 170389 

Calabasas 22505 52230 

Carson 6832 10208 

Commerce 58733 85481 

Compton* 53191 86356 

Cudahy 5935 10061 

Downey 39063 68507 

Duarte 12210 23687 

El Monte 42208 68267 

Glendale* 140314 293498 

Hidden Hills 3663 10821 

Huntington Park 19159 30929 

Irwindale 12352 17911 

La Cañada Flintridge 33496 73747 

Long Beach* 87135 149759 

Los Angeles* 1374845 2572500 

Los Angeles County* 310223 651806 

Lynwood 28201 46467 

Maywood 6129 10549 

Monrovia 46687 100988 

Montebello 50369 83707 

Monterey Park 38899 70456 

Paramount 27452 44490 

Pasadena* 111998 207514 

Pico Rivera 13953 22549 

Rosemead 27305 47378 

San Fernando 13947 23077 

San Gabriel 20343 36437 

San Marino 14391 29147 

Santa Clarita 901 2326 

Sierra Madre 11611 25192 

Signal Hill 9434 14220 

Simi Valley 137 344 

South El Monte 15999 24319 

South Gate 43904 72333 

South Pasadena 14907 28357 

Temple City 17572 31819 

Vernon 47203 66814 

Caltrans 59421 66566 
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VII. Implementation and Compliance  
 

As required by the Clean Water Act, discharges of pollutants to surface waters from 

storm water are prohibited, unless the discharges are in compliance with a National Pollutant 

Discharge Elimination System (NPDES) Permit.  Discharge of trash to the Los Angeles River 

will be regulated via the Municipal NPDES Storm Water Permits and the Caltrans stormwater 

permit.  In addition, USEPA Phase II stormwater permits, general permits, and industrial 

permits may also be used to regulate discharges of trash to the river. 

 

In June 1990, the first Municipal NPDES Storm Water Permit was issued jointly to Los 

Angeles County and 84 cities as co-permittees.  A separate NPDES Storm Water Permit was 

issued to the City of Long Beach on June 30, 1999. Storm water municipal permits will be one 

of the implementation tools of this Trash TMDL, and will include the allocations as effluent 

limits or other permit requirements.  Thus, future storm water permits will be modified to 

incorporate the Waste Load Allocations and to address monitoring and implementation of this 

TMDL.  

 

The implementation and compliance schedule is designed to accommodate trash reduction 

efforts that have been conducted by several cities and the county throughout the Los Angeles 

River Watershed, in response to the previously adopted trash TMDL. The calculated baseline 

waste load allocations are derived from data collected during the 2002/03 and 2003/04 storm 

years. The initial compliance requirement of a 40% reduction from baseline trash levels assumes 

a 10% reduction per year in trash discharges from the end of the baseline monitoring period. 

Flexibility is provided by determining compliance based on a 2-year average in the second year 

and 3-year rolling averages in subsequent years until the numeric target of a zero discharge is 

attained. The purpose of the rolling averages is to account for fluctuations in trash discharge rates 

that may occur as a result of variations in annual rainfall patterns and/or littering and trash 

removal. This approach ensures that measurable reductions to the trash impairment will be 

achieved in a timely manner, while flexibility in implementation is provided for the responsible 

agencies 
 

 
 
 

A. Compliance Determination 
 

For those areas not covered by Full Capture Systems, compliance with the Waste Load 

Allocations will be calculated as follows: 

 

The first compliance date during the Implementation Phase will be September 30, 2007. 

Compliance will be evaluated based on the total load discharged to the river during the period 

October 1, 2007 through September 30, 2008.  The second compliance date will be based on the 

average annual load discharged to the river from October1 2007 through September 30, 2009. 

Compliance thereafter will be evaluated at the end of each successive storm season and will be 

based on a rolling three-year average (see Table 6).  This method will provide allowances for 

variability due to rainfall.  Exceedance of the allowable discharges will subject the permittee to 
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enforcement action.  A summary of the schedule for determining compliance with the Waste 

Load Allocations is presented in Table 6. 

 

The final waste load allocation will be considered complied with when the Executive Officer 

finds that devices or systems and/or institutional controls have removed effectively 100% of the 

trash from the storm drain system discharge to Los Angeles River or its listed tributaries. 
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Table 6. Los Angeles River Trash TMDL: Implementation Schedule.
45

  

(Required percent reductions based on initial baseline wasteload allocation of each city) 

Year Implementation Waste Load Allocation  Compliance Point 

1 

Sept 2008 

Implementation: Year 1 60% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 60% of the baseline load 

 

2 

Sept 2009 

Implementation: Year 2 50% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 55% of the baseline load 

calculated as a 2-year annual average 

 

3 

Sept 2010 

Implementation: Year 346    

 

40% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 50% of the baseline load 

calculated as a rolling 3-year annual average 

4 

Sept 2011 

Implementation: Year 4  

 

30% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 40% of the baseline load 

calculated as a rolling 3-year annual average 

5 

Sept 2012 

Implementation: Year 5  

 

20% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 30% of the baseline load 

calculated as a rolling 3-year annual average 

6 

Sept 2013 

Implementation: Year 6 

 

10% of Baseline Waste Load Allocations  for 

the Municipal permittees; and  Caltrans 

Compliance is 20% of the baseline load 

calculated as a rolling 3-year annual average 

7 

Sept 2014 

Implementation: Year 7 

 

0% of Baseline Waste Load Allocations  for the 

Municipal permittees; and  Caltrans 

Compliance is 10% of the baseline load 

calculated as a rolling 3-year annual average 

8 

Sept 2015 

Implementation: Year 8 0% of Baseline Waste Load Allocations  for the 

Municipal permittees; and  Caltrans 

Compliance is 3.3% of the baseline load 

calculated as a rolling 3-year annual average 

9 

Sept 2016 

Implementation: Year 9 0% of Baseline Waste Load Allocations  for the 

Municipal permittees; and  Caltrans 

Compliance is 0% of the baseline load 

calculated as a rolling 3-year annual average 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

                                                           
45

 “Notwithstanding the zero trash target and the baseline waste load allocations shown in Table 5, a Permittee will 

be deemed in compliance with the Trash TMDL in areas served by a Full Capture System within the Los Angeles 

River Watershed.” 
46

 As specified in Section VI.A., the Regional Board will review and reconsider the final Waste Load Allocations 

once a reduction of 50% has been achieved and sustained in the watershed. 
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B. Compliance Strategies  
 

Permittees may employ a variety of strategies to meet the progressive reductions in their 

Waste Load Allocations.  These strategies may be broadly classified as either: 

 

� Full capture systems or 

� Partial capture control systems and/or 

� Institutional controls. 

 

A permittee could comply with the successive reduction in Waste Load Allocations by 

installing Full Capture Systems progressively throughout the watershed until all of the outlets to 

the Los Angeles River system are covered.  This approach may be best suited for open space 

areas, where low levels of trash may accumulate over large vegetated drainage areas.  However, 

in more urban settings, institutional controls including enforcement of litter laws and more 

frequent street sweeping may be preferred. 

 

It is to be noted that ordinances that prohibit litter are already in place in most cities.  

For example, the Los Angeles City Code of Regulations recognizes that trash becomes a 

pollutant in the storm drain system when exposed to storm water or any runoff and prohibits 

the disposal of trash on public land: 

 

No person shall throw, deposit, leave, cause or permit to be thrown, deposited, 

placed, or left, any refuse, rubbish, garbage, or other discarded or abandoned 

objects, articles, and accumulations, in or upon any street, gutter, alley, sidewalk, 

storm drain, inlet, catch basin, conduit or other drainage structures, business 

place, or upon any public or private lot of land in the City so that such materials, 

when exposed to storm water or any runoff, become a pollutant in the storm 

drain system.  (City Code of Regulations, §64.70.02.C.1(a).) 

 

Institutional controls provide several advantages over structural full capture systems.  

Foremost, institutional controls offer other societal benefits associated with reducing litter in 

our city streets, parks and other public areas. The capital investment required to implement 

institutional controls is generally less than for full capture systems.  However, the labor costs 

associated with institutional controls may be higher, and institutional controls may be more 

costly in the long-term. 

 

There have been a number of discussions as to how permittees may best implement the 

gradual reductions required by this Trash TMDL, and as to the types of devices or best 

management practices they should elect.  The permittees will be free to implement trash 

reduction in any manner that they choose. 

 

A discussion of the means for determining compliance for various implementation 

strategies is presented in the following subsections. 
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1. Full Capture Treatment Systems  
 

The amount of trash discharged to the river by an area serviced by a full-capture system 

will be considered to be in compliance with the final Waste Load Allocation for the drainage 

area, provided that the Full Capture Systems are adequately sized, maintained and maintenance 

records are available for inspection by the Regional Board.  Compliance with the final Waste 

Load Allocation will be assumed wherever Full Capture Systems are installed in the Los 

Angeles River Watershed.  The installation of a Full Capture System by a discharger does not 

establish any presumption that the system is adequately sized, and the Regional Board reserves 

the right to review sizing and other data in the future to validate that a system satisfies the 

criteria established in this TMDL for a Full Capture System.  

 
 

 
2. Partial Capture Treatment Systems and Institutional Controls 
 

Measuring the effectiveness of partial-capture systems and institutional controls is more 

complicated.  The discharge resulting from an area addressed by partial capture and/or 

institutional controls will be estimated using a mass balance approach, based on the daily 

generation rate (DGR) for the specific area. [Note: The DGR should not be confused with the 

trash generation rates obtained during baseline monitoring.  The baseline monitoring program is 

designed to obtain "typical" trash generation rates for a given land use.  Those values are then 

used to calculate a Permittee's baseline load allocation.  The DGR is the average amount of 

trash deposited within a specified drainage area over a 24-hour period.  The DGR will be used 

in a mass balance equation to estimate the amount of trash discharged during a rain event.] (See 

Example 1.) 

 

Annual re-calculation of the DGR will serve as a measure of the effectiveness of source 

reduction measures including public education, enforcement of litter laws, etc.  Source 

reduction measures will be accredited based on an annual recalculation of the DGR to allow for 

progressive improvement and/or to account for backsliding.   

 

The DGR will be determined from direct measurement of trash deposited in the drainage 

area during any 30-day period from June 22
nd

 to September 22
nd

 of a given year
47

, and re-

calculated every year thereafter.  This three-month period was assumed to be a time 

characterized by high outdoor activity when trash is most likely to be deposited on the ground.  

The recommended method for measuring trash during this time period is to close the catch 

basins in a manner that prevents trash from being swept into the catch basins and then to collect 

trash on the ground via street sweeping, manual pickup, or other comparable means. The DGR 

will be calculated as the total amount of trash collected divided by 30 (the required duration of 

trash collection ).   

 

                                                           
47

 Provided no special events are schedule that may affect the representative nature of this period. 
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Accounting of DGR and trash removal via street sweeping, catch basin clean outs, etc. 

will be tracked in a central spreadsheet or database to facilitate the calculation of discharge for 

each rain event.  The spreadsheet and/or database will be available to the Regional Board for 

inspection during normal working hours.  The database/spreadsheet system will allow for the 

computation of calculated discharges and can be coordinated with enforcement.  This database 

will be developed by cities or groups of cities. 

 

The Executive Officer may approve alternative compliance monitoring programs other 

than those described above, upon finding that the program will provide a scientifically-based 

estimate of the amount of trash discharged from the storm drain system. 
 

 

 

 

3. Examples of Implementation Strategies 
 

Two example control strategies for municipal stormwater discharges are described in 

this section. 

 

Example 1. 

 

A permittee installs catch basin inserts and "dry weather trash door" devices of the type 

that maintains the catch basin shut during dry weather, and implements regular street sweeping.  

After each storm of 0.25 inch or greater, the catch basin inserts are emptied.  In this case, the 

DGR was calculated during the month of July as follows:
48

  

 
DGR  = (Volume of trash collected via street sweeping during the month of July / 31 days.)  

The stormwater discharge for a given rain event then would be calculated by multiplying 

the number of days since the last street sweeping by the DGR and subtracting the volume of 

trash recovered in the catch basin inserts. 

 
Stormwater Discharge = [(Days since last street sweeping) (DGR)] –  

  [Volume of trash recovered from catch basin inserts] 

Example 2. 
 

City X is comprised of three land use areas (Land Uses A, B, and C).  The city has 

adopted an implementation strategy using a combination of full capture structural and 

institutional controls.  As of year five, the city has installed full capture systems in Area A and 

institutional controls in Area B.  City X has not yet taken any action to control trash in Area C.  

The watershed-wide baseline Waste Load Allocation have been established at 100 lbs per 

square mile for Land Uses A and B, and at 200 lbs per square mile for landuse C.  The full 

capture system is assumed to meet the final Waste Load Allocation.  The city’s mass balance 

calculations show that 100 lbs of trash was discharged from Land Use Area B.  The discharge 

from Land Use Area C is assumed to be the base load allocation since no controls were 

                                                           
48

 In the event that trash generation rates differ between weekday and weekends, a distinction in the DGRs may be 

warranted.  
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implemented and the daily generation rate has not been established.  As shown in Figure E City 

X's discharge for the year was 1,100 lbs, and the 3-year rolling average discharge was less than 

the 5-Year Waste Load Allocation.  Therefore the city was found to be in compliance with its 

discharge loading unit. 

 

 

4. Potential Environmental Impact of Implementation Strategies 
 

An accompanying CEQA Checklist document analyses the potential negative 

environmental impacts of compliance with the trash TMDL based on the implementation 

strategies discussed above. The previous Los Angeles River Trash TMDL became effective in 

2002 and several municipalities have completed projects in which storm sewer catchment basins 

were retrofitted with inserts and vortex separation devices were installed within storm drain 

systems.  The most significant environmental impacts have proved to be construction activities 

associated with the installation of these devices, and maintenance activities.  Construction 

impacts from structural measures are similar to those of small scale public works projects that 

are sited in previously developed areas.  The major construction activities appear to be concrete 

and electrical work, and in some areas, earth work associated with structural improvements.  The 

environmental impacts and mitigation methods for these types of activities are well known.  The 

environmental impacts from maintenance of the structural measures are associated with 

removing and disposing trash collected from the structural devices.   

 

Regarding cumulative impacts, it is noted that both the construction and maintenance 

activities are in small, discrete, discontinuous areas over a short duration.  Consequently, 

cumulative impacts are not significantly exacerbated from the sum of individual project impacts.  

Project level environmental analysis, by municipalities and responsible agencies for 

implementation of structural methods, were conducted under notices of exemption.  Categorical 

exemptions were based on the nature of the projects including: 

 

-Minor alteration of existing public structures involving negligible expansion of an 

existing facility. 

-Modifications of existing storm drain system and addition of environmental protection 

devices in existing structures with negligible or no expansion of use. 

-Modifications to sewers constructed to alleviate a high potential or existing public health 

hazard.   

 

The analysis concludes that the implementation of this TMDL will result in improved 

water quality in the Los Angeles River Watershed, but may result in temporary or permanent 

localized significant adverse impacts to the environment. While specific projects employed to 

implement the TMDL may have significant impacts, these impacts are expected to be limited, 

short-term or may be mitigated through careful design and scheduling. Furthermore, to the extent 

the alternatives, mitigation measures, or both, are not deemed feasible by those agencies, the 

necessity of implementing the federally required TMDL and removing the trash impairment from 

the Los Angeles River the Watershed (an action required to achieve the express, national policy 

of the Clean Water Act) outweigh the unavoidable adverse environmental effects, as they will be 

minimal because project level planning, construction, and operation methods are available to 
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mitigate foreseeable environmental impacts from implementing the TMDL as described in the 

CEQA checklist. 

 

Figure E. Example 2, City X After Year 5. 

 

Land Use B: 

5 sq miles treated via 

institutional controls 

and partial capture 

 

Baseline Waste Load 

Allocation: 

100 lbs/sq mi/year 

Land Use A: 

10 sq miles treated by a 

full capture system 

 

Baseline Waste Load 

Allocation: 

100 lbs/sq mi/year  

Land Use C: 

5 sq miles - No 

treatment applied 

 

Baseline Waste Load 

Allocation: 

200 lbs/sq mi/year 

 

Baseline Waste Load Allocation for each land use in 

City X: 

A=(100 lbs/sq mi/yr) (10 sq mi)=1000 lbs 

B=(100 lbs/sq mi/yr) (5 sq mi)=500 lbs 

C=(200 lbs/sq mi/yr) (5 sq mi)=1000 lbs 

Total baseline Waste Load Allocation = 

2,500 lbs 

Year 5 Waste Load Allocation = 2,000 lbs*   

*An 80% reduction based on a 3-year rolling 

average. 

 

Previous Years' Discharge: 

Year 3 = 2,400 lbs 

Year 4 = 2,000 lbs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trash Discharge for Year 5: 

A=0 

B=100 lbs (Determined by mass balance) 

C=1,000 lbs (No reduction) 

Total Discharge (Year 5) = 1,100 lbs 

 

 

Three-Year Rolling Average Discharge 

Year 3 = 2,400 lbs 

Year 4 = 2,000 lbs 

Year 5 = 1,100 lbs 

3-year rolling average discharge = 1,833 lbs 

 

 

Compliance is achieved: Discharge (1,833 lbs) < 

Waste Load Allocation (2,000 lbs). 
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A summary of implementation strategies and compliance assurance methods is 

provided in Table 7. 

Table7.  Summary of Possible Trash Reduction Implementation Measures. 

Treatment Applied Measure of Effectiveness Compliance Determination 

Source Control:  

Public education, 

enforcement of litter laws, 

container redemption 

programs, etc. 

Daily Generation Rate:  

Amount of trash collected 

via street sweeping and or 

from catch basin inserts 

divided by the number of 

days provides a measure of 

source control measure 

effectiveness 

DGR used in mass balance 

calculation of discharge: 

Discharge = [DGR (x) Days 

since last street sweeping] (-) 

[Catch basin cleanouts] 

 

Partial Capture: 

(Catch basin inserts, trash 

excluder doors, etc.) 

 

Mass Balance:  

Discharge =  

[DGR (x) Days since last 

street sweeping] (-) [Catch 

basin cleanouts] 

______________________

OR 

 

Downstream Monitoring w/ 

Full Capture System 

 

Discharge based on mass 

balance calculation: 

Discharge =  

[DGR (x) Days since last 

street sweeping] (-) [Catch 

basin cleanouts] 

_______________________

OR 

 

Monitoring Results 

Full Capture System: 

Any single device or series 

of devices that traps all 

particles retained by a 5 mm 

mesh screen and has a design 

treatment capacity of not less 

than the peak flow rate Q 

resulting from a one-year, 

one-hour storm in a sub 

drainage area.  Rational 

equation is used to compute 

the peak flow rate: 

Q = C × I × A, where Q = 

design flow rate (cubic feet 

per second, cfs); C = runoff 

coefficient (dimensionless); I 

= design rainfall intensity 

(inches per hour, as 

determined per the rainfall 

isohyetal map in Figure A),
*
 

and A= subdrainage area 

(acres). 

 

Effectiveness verified by 

literature 

Final Waste Load Allocation 

Achieved: 

Provided system is 

adequately sized, maintained 

and maintenance records are 

available for Regional Board 

inspection 

* The isohyethal map may be updated annually by the Los Angeles County hydrologist to reflect additional rain data 

gathered during the previous year. Annual updates published by the Los Angeles County Department of Public 

Works are prospectively incorporated by reference into this TMDL and accompanying Basin Plan amendment. 

. 
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VIII. Cost Considerations 

 

The Porter-Cologne Section 13241(d), requires staff to "consider costs" associated 

with the establishment of water quality objectives.  The TMDL does not establish water 

quality objectives, but is merely a plan for achieving existing water quality objectives.  

Therefore cost considerations required in Section 13241 are not required for this TMDL.  

 

The purpose of this cost analysis is to provide the Regional Board with information 

concerning the potential cost of implementing this TMDL and to addresses concerns about costs 

that have been raised by stakeholders.  This section takes into account a reasonable range of 

economic factors in fulfillment of the applicable provisions of the California Environmental 

Quality Act (Public Resources Code Section 21159.) 

 

An evaluation of the costs of implementing this Trash TMDL amounts to evaluating the 

costs of preventing trash from getting from the storm drains to the river.  This brief report gives a 

summary overview of the costs associated with the most likely ways the permittees will achieve 

the required reduction in discharges to the storm drain system.  Such an analysis would be 

incomplete if it failed to consider the existing cost that presently is transferred to "innocent" 

downstream communities. Approximately 1,620 tons of litter are estimated to be discharged to 

the Los Angeles River annually, requiring costly removal measures.  In addition there is an 

unquantified cost to aquatic life within the River and the Ocean. 

 

The Regional Board has some information about various facets of the costs of preventing 

trash from getting into the storm drains.  However, exact information on infrastructure currently 

in place and current structural projects being undertaken is currently not available to the Board.  

Furthermore, lack of complete information on existing costs precludes a comparison between 

costs of compliance with existing costs.   

 

A. Cost of Trash Clean-Ups 
 

Cleaning up the river, its tributaries and the beaches is a costly endeavor.  The Los 

Angeles County Department of Public Works contracts out the cleaning of over 75,000 

catchments (catch basins) for a total cost of slightly over $1 million per year, billed to 42 

municipalities.  Each catch basin is cleaned once a year before the rainy season, except for 1,700 

priority catch basins that fill faster and have to be cleaned out more frequently. 

 

Over 4,000 tons of trash is collected from Los Angeles County beaches annually, at a 

cost of $3.6 million to Santa Monica Bay communities in fiscal year 1988-89 alone.  In 1994 

the annual cost to clean the 31 miles of beaches (19 beaches) along Los Angeles County was 

$4,157,388.  

 

Long Beach bears a large part of the financial burden for cleaning up trash from the Los 

Angeles River watershed, which is disproportionate to the amount actually produced by this 
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city.
49

  The costs of gathering and disposing of trash at the mouth of the Los Angeles River 

during the rainy season are listed on Table 8. 

Table 8.  Storm Debris Summary for Long Beach: Billings.
50

 

 First Quarter 

(July-Sept.) 

Second Quarter 

(Oct.-Dec.) 

Third Quarter 

(Jan.-March) 

Fourth Quarter 

(April-June) 

Total 

1995-96 $44,152
51

 $130,986 $224,023 $126,416 $525,577 

1996-97 $102,055 $187,344 $88,180 $122,416 $499,995 

1997-98 $158,612 $268,594 $282,988 $169,340 $879,534 

1998-99 $247,986 $198,147 $185,179 $246,950 $878,262 

 

 

B. Cost of Implementing Trash TMDL 
 

The cost of implementing this TMDL will range widely, depending on the method that 

the Permittees select to meet the Waste Load Allocations.  Arguably, enforcement of existing 

litter ordinances could be used to achieve the final Waste Load Allocations at minimal or no 

additional cost.  The most costly approach in the short-term is the installation of full capture 

systems on all discharges to the river.  However, in the long term this approach would result in 

lower labor costs and may be less expensive than some other approaches. 

 

Most of the information presented herein consists of catch basin inserts, structural vortex 

separation devices and end of pipe nets.  We are considering the costs associated with preventing 

the disposal of trash into the storm drain system over the whole watershed.  For all calculations, 

the urbanized portion of the Los Angeles River watershed is estimated to span an area of 599 

square miles
52

. 

 

Regardless of the method(s) used, costs associated with the gradual decrease of the 

amount of trash in the waterways, and the maintenance of the Los Angeles River and its 

tributaries free of trash include monitoring and implementation costs.  Any device chosen for 

monitoring trash or removing trash from storm drain, regardless of its installation costs, will also 

be associated with labor costs. 

 

We are looking at several methods separately, from retrofitting all the catch basins in the 

urbanized portion of the watershed, to using solely structural full capture methods.   

 

                                                           
49

 However, the cost to the City of Long Beach is offset somewhat by an annual reimbursement from Los Angeles 

County in the amount of $500,000.  (Written comment from The City of Los Angeles, June 23, 2000.) 
50

 Memorandum from Geoffrey Hall; City of Long Beach;  Parks and Recreation. 
51

 9/95 only. 
52

 Although the urbanized portion of the watershed is 609 square miles, about 10 square miles are covered with water. 
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1. Catch Basin Inserts 
 

At a cost of around $800 per insert, catch basin inserts are the least expensive structural 

treatment device in the short term.  However, if they are not a full capture method, they must be 

monitored frequently and must be used in conjunction with frequent street sweeping.  We 

assumed that approximately 150,000 catch basins would have to be retrofitted with inserts to 

cover   574 square miles of the watershed.  A summary of estimated costs for using catch basin 

inserts across the entire watershed is provided in Table 9. 

 

The analysis includes capital costs for catch basin improvements and increases to the annual 

operating costs for additional street sweeping that may be incurred to ensure that catch basins are 

kept free from debris.  It is assumed that the current annual street sweeping in the Los Angeles 

River watershed  is on a monthly basis and will be increased to twice per month to implement the 

trash TMDL.  Costs for street sweeping are estimated from a range of costs derived from a 

nationwide study of seven municipalities that are normalized to a “curb-mile” basis.  The low and 

high costs range from $12 to $60 per curb-mile with a median cost of $20 per curb-mile  

(SWRCB NPDES Stormwater Cost Survey (Cal State Sacramento), www.owp.csus.edu/research/ 

npdes/costsurvey.pdf) 

 

The curb-miles of the Los Angeles River watershed are estimated from the area of the developed 

portion of the Los Angeles River watershed.  Based on an estimated area of 589 square miles, and 

an assumption that streets are spaced an average of 300-feet apart, and there are two curbs per 

street, the estimated number of curb-miles is approximately 440,000.  On an annual basis, it is 

assumed that the streets are swept on a monthly basis to yield a total of 5,280,000 curb miles 

annually.  For TMDL implementation, it is assumed that street sweeping will be increased to 

semi-monthly.  It is assumed that the number of curb miles subject to increased street sweeping 

will increase on an annual basis of 10% as more catch basin improvements are installed.  Finally, 

the annual costs are normalized to an estimated 2 million households in the Los Angeles River 

watershed. 

 

Table 9. Costs of retrofitting the urban portion of the watershed with catch basin inserts. (amounts in millions) 

Number of years into the 

program 
1 2 3 4 5 6 7 8 9 10 11 12 

Capital costs (yearly) $12 $12 $12 $12 $12 $12 $12 $12 $12 $12 $00 $00 

Operation & Maintenance costs 

(yearly, cumulative) 

$5.1 $10.2 $15.4 $20.5 $25.6 $30.1 $35.9 $41.0 $46.2 $51.3 $51.3 $51.3 

Costs per year (servicing + 

capital costs) 

$17.1 $22.2 $27.4 $32.5 $37.6 $42.1 $47.9 $53 $58.2 $51.3 $51.3 $51.3 
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The total capital costs required for retrofitting the whole watershed would be $120 million, while 

the yearly maintenance costs after full implementation would be $51.3 million. 

 

2. Full Capture Vortex Separation Systems (VSS) 
 

Permanent structural devices can be used to trap gross pollutants for monitoring purposes 

as well as implementation. Among those “litter control devices” are structural vortex separation 

systems (VSS), floating debris traps, end-of-pipe nets and trash racks.  VSS units appear to be 

among the best alternatives to evaluate or remove the amount of trash generated throughout a 

particular drainage area. 

 

An ideal way to capture trash deposited into a storm drain system would be to install a 

VSS unit.  This device diverts the incoming flow of storm water and pollutants into a pollutant 

separation and containment chamber.  Solids within the separation chamber are kept in 

continuous motion, and are prevented from blocking the screen so that water can pass through 

the screen and flow downstream.  This is a permanent device that can be retrofitted for oil 

separation as well.  Studies have shown that VSS systems remove virtually all of the trash 

contained in the treated water.  The cost of installing a VSS is assumed to be high, so limited 

funds will place a cap on the number of units which can be installed during any single fiscal 

year. 

 

 

 

Table 10 shows estimated costs associated with retrofitting the watershed with low 

capacity vortex separation systems progressively over ten years. 

 
 

 

Table 10. Costs Associated with Low Capacity Vortex Gross Pollutant Separation Systems.  

(amounts in millions) 

Number of years 

into the program 
1 2 3 4 5 6 7 8 9 10 11 12 

Operations and 

Maintenance 

(yearly, cumulative) 

$14.8 $29.5 $44.3 $59.1 $73.9 $88.6 $103.4 118.2 

 

$132.9 $147.7 $147.7 $147.7 

Capital costs 

(yearly) 

$94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $94.5 $0.0 $0.0 

Annual costs per 

year (capital costs + 

Operation and 

Maintenance) 

$109.3 $124.1 $138.8 $153.6 $168.4 $183.2 $197.9 $212.7 $227.5 $242.2 $147.7 $147.7 

 

 

Similarly, Table 11 provides estimates of costs associated with the installation of large capacity 

VSS systems.  
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Table 11. Costs Associated with Large Capacity Vortex Gross Pollutant Separation Systems.  

(amounts in millions) 

Number of years 

into the program 
1 2 3 4 5 6 7 8 9 10 11 12 

Operations and 

Maintenance 

(yearly, cumulative) 

$0.7 $1.5 $2.2 $3.0 $3.7 $4.4 $5.2 $5.9 $6.6 $7.4 $7.4 $7.4 

Capital costs 

(yearly) 

$33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $33.2 $0.0 $0.0 

Annual costs per 

year (capital costs + 

Operation and 

Maintenance) 

$34.0 $34.7 $35.5 $36.2 $36.9 $37.7 $38.4 $39.1 $39.9 $40.6 $7.4 $7.4 

 

As shown in Table 12, outfitting a large drainage with a number of large VSS systems 

may be less costly than using a larger number of small VSS systems.  Maintenance costs 

decrease dramatically as the size of the system increases.  Topographical and geotechnical 

considerations also should come into play when choosing VSS systems or other structural 

systems or devices. 

 

 

Table 12.  Costs Associated with VSS. 

Capacity Acres (average) Number of devices needed on 

urban portion of watershed 

Capital costs Yearly costs for 

servicing all 

devices 

1 to 2 cfs 5 73,856 $945,356,800 $147,712,000 

6 to 8 cfs 30 12,309 $553,920,000 $24,618,000 

19 to 24 cfs 100 3,693 $332,352,000 $7,386,000 

 

For this table, we have assumed the cost of yearly servicing of a VSS unit to be $2000 per year. 

 

 
3. End of Pipe Nets 
 

“Release nets” are a relatively economical way to monitor trash loads from municipal 

drainage systems.  However, in general, they can only be used to monitor or intercept trash at the 

end of a pipe and are considered to be partial capture systems, as the nets are usually sized at a 

1/2" to 1" mesh.  These nets are attached to the end of pipe systems.  The nets remain in place on 

the end of the drains until water levels upstream of the net rise sufficiently to release a catch that 

holds the net in place.  The water level may rise from either the bag being too full to allow 

sufficient water to pass, or from a disturbance during very high flows.  When the nets release 

they are attached to the side of the pipe by a steel cable and as they are washed downstream (a 

yard or so) are tethered off so that no pollutants from within the bags are washed out. 
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Preliminary observations suggest that the nets rarely fill sufficiently to cause the bags to 

release. And therefore, if they are cleaned after a storm event, the entire quantity of material is 

captured and can be measured for monitoring purposes using two bags per trap.  This makes it 

easy to replace the full or partially full bag with an empty one, so that the first bag can be taken 

to a laboratory for analysis without manual handling of the material it contains.   

 

The nets are valid devices because of the ease of maintenance and also because the 

devices can be relocated after a set period at one location (provided the pipe diameters are the 

same).  With limited funding, installation could be spread over several land uses and lead to 

valuable monitoring results. 

 

Because the devices require attachment to the end of a pipe, this can severely reduce the 

number of locations within a drainage system that can be monitored.  In addition, these nets 

cannot be installed on very large channels (7 feet in diameter is the maximum), while the largest 

outlets into the Los Angeles River are 10 feet in diameter.  Thus costs shown in Table 13 are 

given per pipe, and no drainage coverage is given. 

 
 

 

Table 13.  Sample Costs for End of Pipe Nets. 

Pipe Size Release nets 

(cost estimates) 

End of 3 ft pipe $10,000 

End of 4 ft pipe $15,000 

End of 5 ft pipe $20,000 

In 3 ft pipe network $40,000 

In 4 ft pipe network $60,000 

In 5 ft pipe network $80,000 

 
 
 
 
 
 
4. Cost Comparison 
 

A comparison of costs between strategies based on catch basin inserts (CBIs), low 

capacity VSS, high capacity VSS systems, and enforcement of litter laws is presented in Table 14. 
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Table 14.  Cost Comparison (amounts in millions) 

 CBI only Low capacity  VSS 

Units 

Large capacity  

VSS Units 

Enforcement of 

Litter Laws
53

 

Cumulative capital 

costs over 10 years 

 

$120 $945 $332 <$1 

Cumulative 

maintenance and capital 

costs after 10 years 

$450 $1,758 $373 <$1 

Annual servicing costs 

after full 

implementation 

$51.3 $148 $7.4 <$1 

 

Costs to implement the Los Angeles River trash TMDL will depend on the BMPs selected by the 

permittees. 

 

5. Implementation Costs per Household 
 

In order to estimate the magnitude of fiscal impact that may be incurred to households in the Los Angeles 

River watershed, the estimated capital, operation and maintenance costs for implementation of the trash 

TMDL are normalized on an annual per household basis.  This analysis of household costs is based on the 

capital costs for catch basin improvements,  and annual operation and maintenance costs, estimated above.  

The analysis assumes that 50% of the costs of installing, operating and maintaining catch basins 

improvements will be incurred by households in the Los Angeles River watershed.  The remaining costs 

are estimated to be incurred by commercial, industrial, municipal and public agencies.  The  methodology 

for the household cost analysis is to normalize the estimated annual costs of TMDL compliance to the 

number of households in the Los Angeles River watershed.   
 

It is assumed that there are approximately 3.3 million households in Los Angeles County (SCAG 

-2000 Census Data) and 2 million households in the Los Angeles River watershed.  It is also 

assumed that household fees will fund approximately 50% of the trash TMDL costs.  Based on 

these assumptions, the costs for implementing the trash TMDL initially are on the order of $3.00 

per year per household and increases to approximately $14.55 per year per household.   

 

                                                           
53

 Revenues from fines assessed to offset increased law enforcement cost.  The cost of a database system used to 

calculate trash discharges estimated to be less than $250,000. 

RB-AR37212



 

August  9, 2007                                     43               Los Angeles River Watershed Trash TMDL 

 

 

Bibliography 

 Allison, R.A., Chiew, F.H.S., and McMahon, T.A. (1998) A Decision-Support-System for 

Determining Effective Trapping Strategies for Gross Pollutants. Cooperative Research Centre for 

Catchment Hydrology. Victoria. 

 

 Allison, R.A., Walker, T.A., Chiew, F.H.S., O’Neill, I.C., McMahon, T.A. (1998) From Roads to 

Rivers, Gross Pollutant Removal From Urban Waterways. Cooperative Research Centre for 

Catchment Hydrology. Victoria. 

 

 California Department of Transportation (Caltrans). (1999) California Department of 

Transportation District 7 Litter Management Pilot Study. Sacramento. Caltrans CT-SW-RT-00-

013. 

 

 California State Water Resources Control Board. (2005). NPDES Stormwater Cost Survey. 

Prepared by Office of Water Programs, California State University, Sacramento, January 2005. 

 

 Durrum, Emmett:  The Control of Floating Debris in an Urban River.  In Marine Debris:  Sources, 

Impacts, and Solutions, Coe, James and Rogers, Donald, Eds.  New York:  Springer-Verlag, 1997. 

 

 Garrett, K.L. (1993) The Biota of the Los Angeles River. Los Angeles County Natural History 

Museum. 

 

 Moore, C.J. (Algalita Marine Research Foundation), Moore, S.L., Leecaster, M.K., and Weisberg, 

S.B.(Southern California Coastal Water Research Project)  Marine Debris in the North Pacific 

Gyre, 1999, with a Biomass Comparison of Neustonic Plastic and Plankton. (In preparation.) 

 

 Moore, S. L., D. Gregorio, M. Carreon, S. B. Weisberg, and M. K. Leecaster. In press. Composition 

and distribution of beach debris in Orange County, California. In: S.B. Weisberg (ed.), Southern 

California Coastal Water Research Project Annual Report 1999-2000. Southern California 

Coastal Water Research Project. Westminster, CA. 

 

 Moore, S.L. and Allen, M.J. (2000) Distribution of Anthropogenic and Natural Debris on the 

Mainland Shelf of the Southern California Bight. Marine Pollution Bulletin 40:83-88. 

 

 Ribic, C.A., Johnson, S.W., and Cole, C.A. (1997) Distribution, Type Accumulation, and Source of 

Marine Debris in the United States, 1989-1993. Pp. 35-47 in: Coe, J.M., and Rogers, D.B. (eds.), 

Marine debris: Sources, impacts, and solutions. Springer-Verlag. New York, NY. 

 

 US Environmental Protection Agency (US EPA) (1992) Plastic Pellets in the Aquatic Environment: 

Sources and Recommendations. Washington D.C. EPA 842-B-92-010. 

 

 Walker, T.A., Allison, R.A., Wong, T.H.F., and Wooton, R.M (1999) Removal of Suspended Solids 

and Associated Pollutants by a CDS Gross Pollutant Trap. Cooperative Research Centre for 

Catchment Hydrology. Victoria. 

 

 Walker, T.A., Wong, T.H.F. (1999) Effectiveness of Street Sweeping for Stormwater Pollution 

Control, Technical Report, Report 99/8, December 1999. Cooperative Research Centre for 

Catchment Hydrology. Victoria. 

RB-AR37213



 

August  9, 2007                                     44               Los Angeles River Watershed Trash TMDL 

 

Appendix I 
 

This table shows the square mileage for “high density residential”, “low density residential”, “commercial and services”, 

“industrial”, “public facilities”, “educational institutions”, “military institutions”, “transportation and utilities”, “mixed urban”, “open 

space”, “agriculture”, “water” and “recreation” land uses for every city and incorporated areas in the watershed.  The “water” land use 

of water is not in itself a source of trash, and will therefore not receive an allocation.   For cities that are only partially located on the 

watershed, the square mileage indicated is for the portion located in the watershed. 

 

SQUARE MILEAGE ESTIMATED FOR EACH LAND USE FOR CITIES IN THE WATERSHED, AND FOR UNINCORPORATED AREAS. 

Jurisdiction 
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Alhambra 5.12 0.01 0.89 0.29 0.23 0.32 0.00 0.39 0.01 0.04 0.00 0.02 0.29 7.61 

Arcadia 6.55 0.97 1.28 0.23 0.23 0.22 0.00 0.23 0.01 0.34 0.00 0.19 0.68 10.94 

Bell 1.21 0.00 0.27 0.45 0.20 0.08 0.04 0.20 0.00 0.02 0.00 0.27 0.01 2.74 

Bell Gardens 1.41 0.00 0.32 0.26 0.03 0.16 0.00 0.02 0.00 0.03 0.09 0.05 0.12 2.49 

Bradbury 0.03 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.59 0.18 0.02 0.01 1.41 

Burbank 8.03 0.01 1.56 1.27 0.43 0.35 0.01 1.28 0.07 3.72 0.01 0.06 0.56 17.36 

Calabasas 2.05 0.12 0.21 0.00 0.02 0.12 0.00 0.04 0.02 2.59 0.03 0.03 0.35 5.58 

Carson 0.26 0.00 0.01 0.51 0.00 0.02 0.00 0.06 0.00 0.00 0.00 0.01 0.01 0.88 

Commerce 0.65 0.00 0.55 3.73 0.26 0.04 0.00 1.09 0.03 0.07 0.01 0.02 0.11 6.57 

Compton 4.43 0.01 0.73 1.58 0.16 0.71 0.01 0.53 0.03 0.14 0.06 0.09 0.12 8.60 

Cudahy 0.76 0.00 0.09 0.16 0.01 0.06 0.00 0.00 0.00 0.00 0.00 0.01 0.02 1.12 

Downey 5.29 0.02 0.76 0.16 0.47 0.39 0.00 0.15 0.00 0.02 0.00 0.11 0.43 7.80 

Duarte 0.74 0.01 0.21 0.11 0.18 0.06 0.00 0.09 0.01 0.85 0.00 0.01 0.05 2.30 

El Monte 3.74 0.00 1.06 0.98 0.15 0.31 0.00 0.43 0.03 0.03 0.00 0.18 0.07 6.97 

Glendale 12.54 0.13 1.87 0.72 1.08 0.44 0.00 0.67 0.12 11.99 0.01 0.10 0.95 30.63 

Hidden Hills 0.01 1.29 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.23 0.01 0.00 0.00 1.57 

Huntington Park 1.60 0.00 0.53 0.50 0.05 0.16 0.00 0.11 0.03 0.00 0.00 0.00 0.06 3.03 

Irwindale 0.02 0.00 0.06 1.00 0.07 0.00 0.00 0.09 0.01 0.08 0.00 0.57 0.00 1.89 
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SQUARE MILEAGE ESTIMATED FOR EACH LAND USE FOR CITIES IN THE WATERSHED, AND FOR UNINCORPORATED AREAS, 

CONTINUED. 
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La Cañada Flintridge 2.94 2.03 0.18 0.15 0.23 0.17 0.00 0.25 0.00 2.16 0.06 0.04 0.37 8.58 

Long Beach 9.56 0.02 1.76 1.08 0.41 0.53 0.00 1.16 0.08 0.32 0.26 0.81 0.69 16.67 

Los Angeles 146.95 6.86 17.04 16.81 8.83 7.72 0.13 11.66 2.16 45.85 2.61 5.11 9.77 281.49 

Los Angeles County 24.75 2.20 2.35 4.39 1.39 1.01 0.02 1.88 0.18 25.59 0.76 0.66 2.99 68.16 

Lynwood 2.99 0.00 0.49 0.44 0.09 0.24 0.00 0.47 0.05 0.03 0.00 0.00 0.05 4.86 

Maywood 0.85 0.00 0.15 0.08 0.01 0.04 0.00 0.02 0.01 0.01 0.00 0.00 0.01 1.19 

Monrovia 3.26 0.30 0.57 0.56 0.11 0.16 0.00 0.16 0.03 4.94 0.00 0.08 0.16 10.34 

Montebello 3.86 0.00 0.71 1.68 0.40 0.33 0.00 0.31 0.01 0.22 0.12 0.21 0.51 8.37 

Monterey Park 4.63 0.00 0.64 0.22 0.52 0.28 0.00 0.20 0.03 0.81 0.14 0.01 0.18 7.67 

Paramount 1.89 0.00 0.44 0.99 0.08 0.22 0.00 0.24 0.04 0.06 0.17 0.14 0.08 4.35 

Pasadena 11.93 1.19 2.28 0.30 1.02 0.98 0.02 0.89 0.06 2.63 0.09 0.25 1.06 22.71 

Pico Rivera 1.17 0.02 0.21 0.54 0.02 0.06 0.00 0.12 0.02 0.01 0.02 0.89 0.04 3.13 

Rosemead 3.31 0.00 0.73 0.15 0.13 0.28 0.00 0.19 0.02 0.07 0.11 0.01 0.15 5.14 

San Fernando 1.43 0.00 0.42 0.30 0.06 0.08 0.00 0.03 0.01 0.01 0.00 0.03 0.04 2.42 

San Gabriel 2.86 0.01 0.54 0.09 0.09 0.14 0.00 0.05 0.02 0.02 0.07 0.00 0.23 4.12 

San Marino 2.21 0.87 0.07 0.00 0.12 0.11 0.00 0.08 0.00 0.01 0.00 0.00 0.30 3.77 

Santa Clarita 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.20 0.00 0.00 0.00 0.21 

Sierra Madre 1.71 0.06 0.05 0.01 0.05 0.06 0.00 0.00 0.00 0.93 0.01 0.06 0.04 3.00 

Signal Hill 0.19 0.00 0.18 0.55 0.02 0.03 0.00 0.05 0.04 0.04 0.00 0.00 0.04 1.14 

Simi Valley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03 

South El Monte 0.58 0.00 0.15 1.14 0.03 0.04 0.00 0.01 0.02 0.05 0.03 0.02 0.02 2.10 

South Gate 3.92 0.00 0.78 1.25 0.18 0.26 0.00 0.40 0.07 0.04 0.10 0.22 0.27 7.48 

South Pasadena 2.43 0.13 0.20 0.00 0.06 0.10 0.00 0.09 0.02 0.24 0.01 0.01 0.13 3.43 

Temple City 3.44 0.00 0.27 0.08 0.07 0.12 0.00 0.01 0.00 0.00 0.00 0.00 0.03 4.02 

Vernon 0.00 0.00 0.02 3.85 0.09 0.00 0.00 0.82 0.01 0.06 0.00 0.23 0.00 5.09 

Totals 291.54 18.09 40.62 46.86 17.58 16.39 0.22 24.52 3.28 113.46 5.01 10.52 21.02 598.95 
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Appendix II 
 

This table shows the Waste Load Allocations for trash per land use in each city base on square mileage.  The “water” land use 

of water is not in itself a source of trash, and therefore did not receive an allocation.  Contributions from Military Installations were 

not included in the Waste Load Allocations of the cities that had this land use.  For cities that are only partially located on the 

watershed, the square mileage indicated is for the portion located in the watershed. 

 

WASTE LOAD ALLOCATIONS FOR TRASH PER LAND USE IN EACH CITY (GALLONS OF UNCOMPRESSED VOLUME) 
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Alhambra 18264 23 8380 2816 2262 2983 0 3865 92.2 135 15 0 1067 39903 
 

Arcadia 23362 1879 12106 2265 2243 2113 0 2274 64.8 1266 0 0 2535 50108 

Bell 4305 0 2508 4396 1993 740 0 1953 3.9 71 0 0 55 16026 

Bell Gardens 5024 0 3033 2503 323 1502 0 235 0.0 108 343 0 429 13500 

Bradbury 99 1102 0 0 39 0 0 0 137 2198 659 0 42 4277 

Burbank 28637 12 14703 12477 4187 3305 0 12592 707 13850 44 0 2077 92590 

Calabasas 7323 232 1964 0 211 1169 0 411 163 9643 105 0 1284 22505 

Carson 940 0 108 5019 0 157 0 563 0 0 0 0 44 6832 

Commerce 2320 0 5178 36590 2505 371 0 10717 319 268 52 0 415 58733 

Compton 15810 25 6919 15462 1545 6727 0 5218 273 527 239 0 447 53191 

Cudahy 2718 0 831 1531 85 613 0 47 25 0 0 0 85 5935 

Downey 18865 46 7187 1548 4599 3657 0 1519 0 57 0 0 1586 39063 

Duarte 2625 25 1944 1059 1745 523 0 864 83 3158 0 0 183 12210 

El Monte 13332 2 10050 9568 1501 2904 0 4199 270 121 0 0 261 42208 

Glendale 44697 250 17678 7088 10552 4131 0 6560 1171 44593 52 0 3544 140314 

Hidden Hills 40 2511 9 0 0 122 0 70 0 857 55 0 0 3663 

Huntington Park 5692 0 5004 4880 504 1481 0 1060 309 0 0 0 229 19159 

Irwindale 58 0 550 9771 676 0 0 900 90 307 0 0 0 12352 
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            WASTE LOAD ALLOCATIONS FOR TRASH PER LAND USE IN EACH CITY (GALLONS OF UNCOMPRESSED VOLUME) - CONTINUED 
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La Canada Flintridge 10494 3943 1685 1502 2273 1565 0 2409 0 8027 210 0 1387 33496 

Long Beach 34085 36 16609 10563 4009 4973 0 11355 757 1207 964 0 2577 87135 

Los Angeles 523851 13302 161072 164951 86603 72974 0 114426 21170 170494 9692 0 36310 1374845 

Los Angeles County 88236 4265 22185 43081 13654 9511 0 18407 1799 95145 2840 0 11100 310223 

Lynwood 10671 0 4612 4347 859 2290 0 4587 529 118 0 0 187 28201 

Maywood 3023 0 1401 771 96 367 0 225 146 55 0 0 45 6129 

Monrovia 11624 577 5432 5526 1097 1522 0 1616 323 18375 13 0 584 46687 

Montebello 13743 0 6751 16486 3935 3121 0 3071 105 811 441 0 1905 50369 

Monterey Park 16521 4 6067 2157 5071 2609 0 1957 310 3011 511 0 680 38899 

Paramount 6729 0 4157 9705 832 2072 0 2397 392 239 631 0 297 27452 

Pasadena 42519 2315 21595 2929 9970 9281 0 8694 616 9783 339 0 3957 111998 

Pico Rivera 4154 48 1998 5317 224 596 0 1146 214 22 75 0 159 13953 

Rosemead 11814 0 6859 1442 1279 2673 0 1842 175 249 419 0 552 27305 

San Fernando 5093 9 3933 2979 598 796 0 289 57 54 0 0 140 13947 

San Gabriel 10178 14 5139 893 868 1327 0 530 183 79 262 0 870 20343 

San Marino 7863 1690 621 0 1205 1054 0 830 0 26 0 0 1101 14391 

Santa Clarita 0 0 0 0 12 0 0 158 0 731 0 0 0 901 

Sierra Madre 6112 121 500 132 523 529 0 5 39 3471 27 0 151 11611 

Signal Hill 679 0 1659 5379 207 313 0 513 407 136 0 0 140 9434 

Simi Valley 0 0 0 0 0 0 0 32 0 105 0 0 0 137 

South El Monte 2084 0 1410 11161 332 340 0 130 178 177 105 0 82 15999 

South Gate 13965 0 7367 12284 1724 2424 0 3941 693 147 363 0 997 43904 

South Pasadena 8670 254 1897 39 616 939 0 847 232 897 38 0 479 14907 

Temple City 12256 5 2595 770 639 1104 0 74 0 0 15 0 114 17572 

Vernon 12 0 145 37816 881 45 0 8004 63 234 3 0 0 47203 
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Appendix III 
CALCULATION OF LITTER GENERATION RATE PER LAND USE 

 

 

 

Land Use 
Drainage 

Area* Litter (gallons) 
LGR 

(gals/acre) 
LGR (gals/sq 

mi) 

  (acres) 2002-03* 2003-04* Average (gallons)     

Commenrcial 104.46 1591.92 1494.09 1543 14.77 9453 
High Density Single Family 
Residential 113.98 423.07 846.85 635 5.57 3565 

Industrial 119.88 2159.82 1517.7 1839 15.33 9811 
Low Density Single Family 
Residential 164.36 173 822.75 498 3.03 1939 

Open Space & Parks  128.89 509.55 988.15 749 5.81 3718 

Total 631.56 4857.36 5669.54 5263 8.33 5334 

 

 

Land Use 
Drainage 

Area* Litter (lbs) LGR (lbs/acre) LGR (lbs/sq mi) 

  (acres) 2002-03* 2003-04* Average (lbs)     

Commenrcial 104.46 1924.96 2697.04 2311 22.12 14157 
High Density Single Family 
Residential 113.98 480.20 1986.3 1233 10.82 6925 

Industrial 119.88 2586.60 2586.96 2587 21.58 13811 
Low Density Single Family 
Residential 164.36 124.08 2989.71 1557 9.47 6061 

Open Space & Parks  128.89 549.79 3723.72 2137 16.58 10611 

Total 631.56 5665.63 13983.73 9825 15.56 9956 

 
*Data provided by the Los Angeles County Department of Public Works - Baseline Monitoring Program 
 
LGR: Litter Generation Rate 

 
Baseline Waste Load Allocation per City = � Landuse Area X Litter Generation Rate 
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I. Introduction 
 

The California Regional Water Quality Control Board, Los Angeles Region (Regional 

Board) has developed this total maximum daily load (TMDL) to attain the water quality 

standards for trash in Malibu Creek from Malibu Lagoon to Malibou Lake, Medea Creek, 

Lindero Creek, Lake Lindero, and Las Virgenes Creek in the Malibu Creek Watershed.  The 

TMDL has been prepared pursuant to state and federal requirements to preserve and enhance 

water quality for impaired waterbodies within Coastal Watersheds of Los Angeles and Ventura 

Counties.   

 

The California Water Quality Control Plan, Los Angeles Region (Basin Plan) sets 

standards for surface waters and ground waters in the Coastal Watersheds of Los Angeles and 

Ventura Counties.  These standards are comprised of designated beneficial uses for surface and 

ground water, numeric and narrative objectives necessary to support beneficial uses, and the 

state’s antidegradation policy.  Such standards are mandated for all waterbodies within the state 

under the Porter-Cologne Water Quality Act. In addition, the Basin Plan describes 

implementation programs to protect all waters in the region.  The Basin Plan implements the 

Porter-Cologne Water Quality Act (also known as the “California Water Code”) and serves as 

the State Water Quality Control Plan applicable to the Malibu Creek Watershed, as required 

pursuant to the federal Clean Water Act (CWA). 

 

Section 305(b) of the CWA mandates biennial assessment of the nation’s water 

resources, and these water quality assessments are used to identify and list impaired waters.  

The resulting list is referred to as the 303(d) list.  The CWA also requires states to establish a 

priority ranking for impaired waters and to develop and implement TMDLs.  A TMDL specifies 

the maximum amount of a pollutant that a waterbody can receive and still meet water quality 

standards, and allocates pollutant loadings to point and non-point sources.   

 

The United States Environmental Protection Agency (USEPA) has oversight authority 

for the 303(d) program and must approve or disapprove the state’s 303(d) lists and each specific 

TMDL.  USEPA is ultimately responsible for issuing a TMDL, if the state fails to do so in a 

timely manner.   

 

As part of California’s 1996, 1998, and 2002 303(d) list submittals, the Regional Board 

identified Malibu Creek from Malibu Lagoon to Malibou Lake, Medea Creek, Lindero Creek, 

Lake Lindero, and Las Virgenes Creek in the Malibu Creek Watershed as being impaired by 

trash. 

 

A consent decree between the USEPA, the Santa Monica BayKeeper and Heal the Bay 

Inc., represented by the Natural Resources Defense Council (NRDC), was signed on March 22, 

1999. This Consent Decree requires that all TMDLs for the Los Angeles Region be adopted 

within 13 years. The consent decree also prescribed schedules for certain TMDLs.  This TMDL 

for the Malibu Creek Watershed fulfills Analytical Unit #63 of the Consent Decree. 

 

This TMDL staff report and accompanying Basin Plan Amendment incorporate the 

numeric targets, Baseline and Final Waste Load Allocations for point sources, and Baseline and 
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Final Load Allocations for nonpoint sources, margin of safety and implementation and 

compliance schedules. 

 

The Trash TMDL for the Malibu Creek Watershed will be implemented by Basin Plan 

Amendments and are therefore subject to Public Resources Code Section 21083.9 that requires 

California Environmental Quality Act (CEQA) Scoping and Analysis to be conducted for 

Regional Projects. CEQA Scoping involves identifying a range of project/program related 

actions, alternatives, mitigation measures, and significant effects to be analyzed in an EIR or its 

Substitute Environmental Documents (SEDs). On December 13, 2007 a CEQA Scoping 

meeting was held at the City of Calabasas Council Chamber to present and discuss the 

foreseeable potential environmental impacts of compliance with the Trash TMDL for the 

Malibu Creek Watershed.  Notices of the CEQA Scoping hearing were posted in the Ventura 

County Star on November 13, 2006, in the Los Angeles Times on November 9, 2007 and on 

Regional Board’s website.  Electronic mail was also sent to interested parties including cities 

and/or counties with jurisdiction in or bordering the watershed of concern. Input from all 

stakeholders and interested parties was solicited for consideration in the development of the 

CEQA document. 

 

This Trash TMDL is based on existing, readily available information concerning the 

conditions in the CWA 303(d) listed watershed in Southern California, as well as TMDLs 

previously developed by the State and USEPA.   

 

II. Problem Statement 
 

The problem statement consists of descriptions of the watershed, climate, beneficial 

uses, water quality objectives, and impairments caused by trash to the listed waterbodies in the 

Malibu Creek Watershed. 

 

A. Description of the Malibu Creek Watershed 
The Malibu Creek Watershed is located roughly 35 miles west of Los Angeles.  Approximately 

two-thirds of the watershed is in northwestern Los Angeles County, and the remaining third is 

in southeastern Ventura County.  The watershed contains about 69,900 acres, and drains a 109 

square mile area.  Malibu Creek drains into Malibu Lagoon, and then into Santa Monica Bay.   

 

The Malibu Creek Watershed is the most ecologically significant watershed in Los 

Angeles County and the Santa Monica Mountains National Recreation Area (SMMNRA). The 

Malibu Creek Watershed provides a wide variety of habitats for threatened and endangered 

species and has long been a popular locale for public access and public recreation. Some animal 

species, such as the steelhead trout, tidewater goby and brown pelican are endangered. Many 

others, such as the snowy plover and peregrine falcon, are threatened.  A large percentage of the 

watershed remains in natural habitat. It encompasses unincorporated portions of Ventura and 

Los Angeles Counties, and seven cities—Malibu, Calabasas, Agoura Hills, Thousand Oaks, and 

Westlake Village and portions of Simi Valley and Hidden Hills. The Malibu Creek Watershed 

extends north from Santa Monica Bay and through the Santa Monica Mountains to the Simi 
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Hills and Santa Susanna Mountains providing a vital habitat and species corridor of regional 

and statewide significance. 

 

The watershed is defined by US Highway 101 (Ventura Freeway) and California 

Highway 1 (Pacific Coast Highway).  Malibu Canyon Road/Las Virgenes Road is the main 

north/south route through the watershed.  Highway 101 is a well traveled corridor for 

commuters.  Pacific Coast Highway and Malibu Canyon-Mulholland Highway are the main 

corridors for commuting within the watershed and between the cities of Ventura and Los 

Angeles.    

 

The Santa Monica Mountains are part of the Transverse Ranges, which are primarily 

underlain by marine sandstones and shales deposited 70 to 20 million years ago.  The watershed 

ranges in elevations from over 3,100 feet at Sandstone Peak in Ventura County, to sea level at 

Santa Monica Bay.   

 

The larger tributaries to Malibu Creek have become perennial through most or all of the 

year since irrigation and the increased use of reclaimed water.  The flows have also increased in 

average volume.  (Topanga-Las Virgenes Resource Conservation District).  Prior to irrigation 

and the widespread use of reclaimed water, most streams were intermittent to ephemeral with 

the exception of Las Virgenes Creek, lower Medea Creek, and Cold Creek, which were 

historically perennial to intermittent.   

 

Malibu Creek 

Malibu Creek flows year-round, beginning at Malibou Lake and ending at Malibu 

Lagoon, where Malibu Creek meets the Pacific Ocean in Santa Monica Bay.  Malibu Creek is 

approximately 11 miles long, and is the catch point of all drainage in the watershed. The creek 

contains a good mixture of sand, gravel, large rocks and boulders. The banks are heavily 

vegetated with willows and cottonwoods, as well as exotic species. Malibu Creek meets Cross 

Creek at a bridge in a private neighborhood, which allows access for residents.  Further north, 

Malibu Canyon Road runs along Malibu Creek.  There is no large barrier between the road and 

the creek, and in some areas, the creek is far below the road along dense vegetation.  Malibu 

Creek extends past Tapia County Park near Piuma Road, where the area is well vegetated, and 

the creek is not visible.  Further north, Malibu Creek extends through Malibu Creek State Park 

to where it originates at Malibou Lake.  Malibu Creek is home to endangered steelhead. 

 

Malibu Lagoon 

Malibu Creek outlets to Santa Monica Bay through Malibu Lagoon.  Malibu Lagoon is 

closed most of the year by a sand and gravel bar.  This opens up only when large storm flows 

come down the creek or when the lagoon overflows from continuous smaller flows.  The lagoon 

is breached mechanically when the low flows have occurred for a long period of time.  It only 

takes a few weeks for the bar to be replaced by the currents in the bay.   

 

 

Malibou Lake 

Lakes in the watershed are relatively small in surface area and depth.  Most of the lakes 

are manmade, to be used for water supply or recreation.  Las Virgenes Reservoir is currently 

used for regular water supply.  Malibou Lake flows over the dam into Malibu Creek.  Malibou 

Lake began in 1922 as a get away location for fishing and swimming in the great outdoors. 
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Malibou Lake is adjacent to Malibu Creek State Park and just over the hill from Malibu itself.  

Malibou Lake is primarily surrounded by private properties.  There is a small bridge that crosses 

where Malibou Lake and Medea Creek meet. 

 

Medea Creek Reach 1 

Medea Creek Reach 1 is a moderate size stream that starts at the confluence with 

Lindero Creek, and ends at Malibou Lake.  Reach 1 is approximately 2.6 miles, and runs 

parallel to Cornell Road, between Mulholland Highway and Kanan Road.   

 

Medea Creek Reach 2 

Medea Creek Reach 2 is north of the confluence with Lindero Creek, and extends into 

Ventura County.  The majority of the approximately 5.4 mile reach of the creek is left natural 

but portions (areas that flow under road bridges or adjacent to private properties) are concrete 

lined. Portions of the creek banks are left natural.  Oak Canyon Community Park is located near 

the north end of Medea Creek Reach 2.  

 

Lindero Creek Reach 1 

Lindero Creek Reach 1 starts at Lake Lindero and ends at the confluence with Medea 

Creek Reach 2.  Lindero Creek Reach 1 is approximately three miles long, and flows from a 

concrete ramp off Lake Lindero Dam, which continues into a concrete lined channel. The creek 

eventually flows into an underground tunnel where it meets Medea Creek Reach 2. The creek is 

lacking in vegetation due to concrete channeling.  

 

Lindero Creek Reach 2 

Lindero Creek Reach 2 is approximately 4.5 miles, and is north of Lake Lindero.  

Lindero Creek Reach 2 is a small creek that runs through property owned and managed by the 

Lindero Country Club and through residential areas. Portions of the creek along the golf course 

are concrete lined, which changes to soft creek bottom just before the sampling site. The creek 

continues down through the golf course, crosses Thousand Oaks Blvd. and eventually flows into 

Lake Lindero. Stream-side and in-stream vegetation consist of Cattails and Willows. During 

dryer months the stream may not be visible due to overgrowth of vegetation. 

 

Las Virgenes Creek 

Las Virgenes Creek joins Malibu Creek in Malibu State Park.  The creek is 

approximately 12 miles long and flows along Las Virgenes Road.  Las Virgenes Creek flows 

through two counties (Ventura and Los Angeles), as well as Malibu Creek State Park and along 

the Santa Monica Mountains National Recreation Area.  Further north, Las Virgenes Creek 

flows through Juan Bautista de Anza Park.  The park has a trail and playgrounds.  The creek is 

below the trail approximately 25 feet.  Rare and endangered species in this area are: Steelhead 

Trout, Southwestern Pond Turtle, Least Bell's Vireo, Yellow Billed Cuckoo. 

 

Evidence indicates that the Malibu coast has been inhabited by humans for more than 

10,000 years.  Grazing was a predominant land use in the watershed.  With the expansion and 

urbanization, the development pressures have reduced grazing and increased recreational 

activities and urban development.   

 

The Malibu Creek Watershed still includes large areas of open space.  A significant 

portion of the watershed lies within the Santa Monica Mountains National Recreation Area and 
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other park areas.  The numerous parklands within the Recreation Area’s boundary provide 

several recreational opportunities such as hiking, mountain biking, fishing, horseback riding 

trails, camping, birdwatching, and other outdoor activities.   

 

Although there are still large areas of open space in the watershed, recent development 

has converted some open space into urban areas.  The watershed includes the Cities of Malibu, 

Calabasas, Agoura Hills, Westlake Village, and Thousand Oaks, all of which have expanded 

significantly in population.   

 

The National Park Service’s Santa Monica Mountains National Recreation Area holds 

6,740 acres in the Malibu Creek Watershed, and the California State Parks and Recreation 

Department holds 8,510 acres in the watershed.  Each of the counties and cities also holds title 

to land for parks, schools, and other public uses. 

 

B. Climate 
Malibu Creek Watershed is located in the Southern California coastal belt and has a 

warm, Mediterranean climate.  Summer is typically hot inland, and winter is mild.  The average 

January air temperature is 53 degrees Fahrenheit, while the average July air temperature is 71 

degrees Fahrenheit.  The average annual air temperature is 61 degrees Fahrenheit with an 

average frost free season of 275 to 325 days.   

 

Storm events and the resulting high stream flows are highly seasonal, grouped heavily in 

the months between November and April.  Rainfall is rare in other months, and major storm 

flows historically have not been observed outside of the wet-weather season.  Average rainfall 

is about 24 inches in the southern half of the watershed and 14 inches in the northern half 

(Topanga-Las Virgenes Resource Conservation District, 1995). 

 

A “marine layer” or ocean haze of water droplets exists in the summer, which may 

decrease visibility.  Coastal fog is common during the morning hours, but usually dissipates by 

early afternoon. 

 

C. Beneficial Uses of Malibu Creek 
The various uses of waters in the Los Angeles Region, referred as beneficial uses, are 

designated in the Basin Plan.  These beneficial uses are the cornerstone of the State and Los 

Angeles Regional Water Quality Control Board’s effort to protect water quality, as water 

quality objectives are set at levels that will protect the most sensitive beneficial use of a 

waterbody.  Brief descriptions of the beneficial uses most likely to be impaired due to trash in 

the watersheds or waterbodies of concern are provided in this section.   

 

The Basin Plan for the Los Angeles Regional Board defines several beneficial uses in 

the Malibu Creek Watershed.  These uses are recognized as existing (E), potential (P) or 

intermittent (I) uses.  Trash loading to the waterbodies in the Malibu Creek Watershed may 

result in impairments of beneficial uses associated with Municipal and Domestic Supply 

(MUN), Ground Water Recharge (GWR), Water Contact Recreation (REC-1), Non-contact 

Water Recreation (REC-2), Warm Freshwater Habitat (WARM), Cold Freshwater Habitat 
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(COLD), Wildlife Habitat (WILD), Rare, Threatened, or Endangered Species (RARE), 

Migration of Aquatic Organisms (MIGR), Spawning, Reproduction, and/or Early Development 

(SPWN), and Wetland Habitat (WET) (Table 1). 

 
Table 1.  Beneficial Uses in the Listed Waterbodies in the Malibu Creek Watershed. 

Surface Water Beneficial  
Uses 

M 
U 
N 

G 
W 
R 

R 
E 
C 
1 

R 
E 
C 
2 

W 
A 
R 
M 

C 
O 
L 
D 

W 
I 
L 
D 

R 
A 
R 
E 

M 
I 
G 
R 

S 
P 
W 
N 

W 
E 
T 

Malibu Creek Watershed Hydro Unit            

Malibu Creek 

Lagoon to Malibou Lake 
404.21 P*  E E E E E E E E E 

Medea Creek Reach 1 

Malibou Lake to confluence 
with Lindero Creek 

404.23 P* I Im I I P E E   E 

Medea Creek Reach 2 

Above confluence 
404.24 I* I E

m 

E E  E    E 

Lindero Creek Reach 1 and 2, 

and Lake Lindero 

404.23 P*  I I I  E     

Las Virgenes Creek 404.22 P*  E

m 

E E P E E P P E 

             

E Existing beneficial use. 

P Potential beneficial use. 

I Intermittent beneficial use. 

* MUN designation under SB88-63 and RB89-03.  Some may be 

exempt. 

m Access prohibited by LAC DPW in the concrete-channelized area. 

  

 

 

The Malibu Creek Watershed includes large areas of open space.  A large part of the 

watershed lies within the Santa Monica Mountains National Recreation Area and other park 

areas.  The numerous parklands within the Recreation Area’s boundary provide opportunities 

for hiking, mountain biking, fishing, horseback riding trails, camping, birdwatching, and other 

outdoor activities (Topanga-Las Virgenes Resource Conservation District, 1995).  In addition, 

Malibu Beach is a popular spot for vacationers, beachgoers, and surfers.  The Malibu Creek 

Watershed has also been the location of many movie studio sets. 

 

The Malibu Creek Watershed contains more than 450 vertebrate species, including 50 

mammals, 384 birds, and 36 reptiles and amphibians.  It is estimated that 117 of the bird species 

are resident in the watershed, at least to breed and raise young.  Thirteen raptors are known to 

breed in the area.  Raptors include the golden eagle, red-tailed hawk, red-shouldered hawk, 

Cooper’s hawk, prairie falcon, American kestrel, black-shouldered kite, barn owl, great horned 

owl, western screech owl, burrowing owl, short-eared owl, and turkey vulture.   
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There are 25 species of reptiles in the watershed.  This includes two turtles, seven 

lizards, and sixteen snakes.  The southwestern pond turtle is considered rare.  There are other 

reptiles that may no longer exist in the area.   

 

Malibu Lagoon offers many recreational opportunities, as well as habitat for rare and 

endangered species.  The estuarine habitat in Malibu Lagoon is one of the last remaining 

estuaries in Los Angeles County.  It is an important habitat for fish species including the 

tidewater goby, steelhead, California killifish, top smelt, and arrow goby.  Several bird species 

are also attracted to the lagoon area, including gulls, coots, ducks, geese, snowy plovers, 

sandpipers, and least terns.   

 

Approximately 134 acres of intermittent wetlands and 95 acres of perennial wetlands 

have been found in the Malibu Watershed.  The largest areas of freshwater wetlands occur in 

upper Medea Creek, around the various reservoirs, and along creeks in the watershed.   Wildlife 

that uses this habitat includes the great blue heron, American peregrine falcon, red-winged 

blackbird, and western aquatic garter snake.   

 

D. Water Quality Objectives 
Narrative water quality objectives are specified by the 1994 Los Angeles Regional 

Board Basin Plan.  Water quality standards consist of a combination of beneficial uses, water 

quality objectives, and the State’s Antidegradation Policy.  Regional Board staff finds that the 

following narrative objectives are most pertinent to the Malibu Creek Trash TMDL: 

 

Floating Materials:  “Waters shall not contain floating materials, including solids, 
liquids, foams, and scum, in concentrations that cause nuisance or adversely affect beneficial 
uses.” 

 

Solid, Suspended, or Settleable Materials:  “Waters shall not contain suspended or 
settleable material in concentrations that cause nuisance or adversely affect beneficial uses.” 

 

State Board Resolution No. 68-16, “Statement of Policy with Respect to Maintaining 

High Quality Water” in California, known as the “Antidegradation Policy,” protects surface and 

ground waters from degradation.  Any actions that can adversely affect water quality in all 

surface and ground waters must be consistent with the maximum benefit to the people of the 

state, must not unreasonably affect present and anticipated beneficial use of such water, and 

must not result in water quality less than that prescribed in water quality plans and policies.  

Furthermore, any actions that can adversely affect surface waters are also subject to the federal 

Antidegradation Policy (40 CFR 131.12).  The proposed TMDL will not degrade water quality, 

and will in fact improve water quality as it is designed to achieve compliance with existing 

water quality standards.     

 

E. Impairment of Beneficial Uses 
Existing beneficial uses listed above are impaired by the accumulation of suspended and 

settled debris.  Common items that have been observed by Regional Board staff include plastic 
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bags, aluminum cans, paper items, plastic and glass bottles, styrofoam, and construction debris.  

Heavier debris can also be transported during storms. 

 

Trash in waterways causes significant water quality problems.  Small and large 

floatables can inhibit the growth of aquatic vegetation, decreasing spawning areas and habitats 

for fish and other living organisms.  Wildlife living in lakes and in riparian areas can be harmed 

by ingesting or becoming entangled in floating trash.  With the exception of large items, 

settleables are not always obvious to the eye.  This includes glass, cigarette butts, rubber, 

construction debris, and more.  Settleables can be a problem for bottom feeders and can 

contribute to sediment contamination.  Some debris (e.g. diapers, medical and household waste, 

and chemicals) are sources of bacteria and toxic substances.   

 

For aquatic life, buoyant (floatable) elements tend to be more harmful than settleable 

elements, due to their ability to be transported throughout the water body and ultimately to the 

marine environment. Persistent elements such as plastics, synthetic rubber and synthetic cloth 

tend to be more harmful than degradable elements such as paper or organic waste. Glass and 

metal are less persistent, even though they are not biodegradable, because wave action and 

rusting can cause them to break into smaller pieces that are less sharp and harmful. Natural 

rubber and cloth can degrade but not as quickly as paper (U.S. EPA, 2002). Smaller elements 

such as plastic resin pellets (a by-product of plastic manufacturing) and cigarette butts are often 

more harmful to aquatic life than larger elements, since they can be ingested by a large number 

of small organisms which can then suffer malnutrition or internal injuries. Larger plastic 

elements such as plastic grocery bags are also harmful to larger aquatic life such as sea turtles, 

which can mistake the trash for floating prey and ingest it, leading to starvation or suffocation.  

 

Trash in water bodies can threaten the health of people who use them for wading or 

swimming. Of particular concern are the bacteria and viruses associated with diapers, medical 

waste (e.g., used hypodermic needles and pipettes), and human or pet waste. Additionally, 

broken glass or sharp metal fragments in streams can cause puncture or laceration injuries. Such 

injuries can then expose a person’s bloodstream to microbes in the stream’s water that may 

cause illness. Also, some trash items such as containers or tires can pond water and support 

mosquito production and associated risks of diseases such as encephalitis and the West Nile 

virus. 

  

Leaf litter is considered trash when there is evidence of intentional dumping. Leaves and 

pine needles in streams provide a natural source of food for organisms, but excessive levels due 

to human influence can cause nutrient imbalance and oxygen depletion in streams, to the 

detriment of the aquatic ecosystem. Clumps of leaf litter and yard waste from trash bags should 

be treated as trash in the water quality assessment, and not confused with natural inputs of 

leaves to streams. If there is a question in the field, check the type of leaf to confirm that it 

comes from a nearby riparian tree. In some instances, leaf litter may be trash if it originates 

from dense ornamental stands of nearby human planted trees that are overloading the stream’s 

assimilative capacity for leaf inputs. Other biodegradable trash, such as food waste, also exerts a 

demand on dissolved oxygen, but aquatic life is unlikely to be adversely affected unless the 

dumping of food waste is substantial and persistent at a given location. 

 

Wildlife impacts due to trash occur in Malibu Lagoon, Malibu Creek and its tributaries 

and lakes, and ultimately the ocean. The two primary problems that trash poses to wildlife are 
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entanglement and ingestion, with entanglement the more common documented effect (Laist and 

Liffmann, 2000). Marine mammals, turtles, birds, fish, and crustaceans all have been affected 

by entanglement in or ingestion of floatable debris. Many of the species most vulnerable to the 

problems of floatable debris are endangered or threatened by extinction. 

 

Entanglement results when an animal becomes encircled or ensnared by debris. It can 

occur accidentally, or when the animal is attracted to the debris as part of its normal behavior or 

out of curiosity. Entanglement is harmful to wildlife for several reasons. Not only can it cause 

wounds that can lead to infections or loss of limbs; it can also cause strangulation or 

suffocation. In addition, entanglement can impair an animal's ability to swim, which can result 

in drowning, or in difficulty in moving, finding food, or escaping predators (U.S. EPA, 2001). 

 

Ingestion occurs when an animal swallows floatable debris. It sometimes occurs 

accidentally, but usually animals feed on debris because it looks like food (e.g., plastic bags 

look like jellyfish, a prey item of sea turtles). Ingestion can lead to starvation or malnutrition if 

the ingested items block the intestinal tract and prevent digestion, or accumulate in the digestive 

tract, making the animal feel "full" and lessening its desire to feed. Ingestion of sharp objects 

can damage the mouth, digestive tract and/or stomach lining and cause infection or pain. 

Ingested items can also block air passages and prevent breathing, thereby causing death (U.S. 

EPA, 2001). 

 

Common settled debris includes glass, cigarettes, rubber, construction debris and more. 

Settleables are a problem for bottom feeders and dwellers and can contribute to sediment 

contamination.  

 

In conclusion, trash in water bodies can adversely affect humans, fish, and wildlife. Not 

all water quality effects of trash are equal in severity or duration.  The water quality effects of 

trash depend on individual items and their buoyancy, degradability, size, potential health 

hazard, and potential hazards to fish and wildlife.  

 

The prevention and removal of trash in the waterbodies in the Malibu Creek Watershed 

will ultimately lead to improved water quality and protection of aquatic life and habitat, 

expansion of opportunities for public recreational access, enhancement of public interest in the 

creeks and lakes and public participation in restoration activities, and propagation of the vision 

of the watershed as a whole and enhancement of the quality of life of riparian residents. 

 

F. Trash Impairments of the Waterbodies in the Malibu Creek 
Watershed 
According to the 1998 EPA 303(d) List, trash poses a water quality problem in the 

waterbodies in the Malibu Creek Watershed.  Although Regional Board staff has not received 

any data chronically monitoring quantities of trash in the watershed by municipalities, site 

visits to several areas in the Malibu Creek Watershed were conducted to confirm the trash 

problem. 

 

On November 5, 2007, initial site visits were made to the Malibu Creek Watershed by 

Regional Water Quality Control Board staff.  These site visits were the initial step towards the 
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development of a Trash TMDL.  Numerous photographs were taken at the following sites along 

the creeks and lakes in the Malibu Creek Watershed: 

 

• Malibu Creek (from Malibu Lagoon to Malibou Lake); 

• Medea Creek Reach 1 (from Malibou Lake to the confluence with Lindero 

Creek); 

• Medea Creek Reach 2 (above the confluence); 

• Lindero Creek Reach 1 (from Lake Lindero to the confluence with Medea 

Creek); 

• Lindero Creek Reach 2 (above the confluence); 

• Lake Lindero; and  

• Las Virgenes Creek. 

 

The overall observations included some trash in the creeks, along shores, fences, and 

roads surrounding the channels, and at the outlet of storm drains discharging into the channels. 

 

The site visits focused on several areas in the Malibu Creek Watershed to observe the 

trash problem attributed to surrounding businesses, recreational uses, and urban runoff. 

 

Malibu Creek extends from Malibu Lagoon north to Malibou Lake.  A shopping center 

and parking lot allowed access to Malibu Creek in the area of Malibu Lagoon. A block wall 

fence approximately two and a half feet tall separated the parking lot from Malibu Lagoon.  

Within the parking lot, there were several trash dumpsters behind a restaurant.  This access was 

on the west side of the lagoon.  There was no trash observed in Malibu Lagoon, however 

walking from Malibu Lagoon to Malibu Creek, the presence of trash increased.  Trash included 

aluminum beverage cans, paper, human waste, plastic bags, Styrofoam, fishing line, clothing, 

plastic water bottles, paper beverage cups, and the illegal disposal of plastic waste (multiple 

audio tapes).  Malibu Creek meets Cross Creek at a bridge in a private neighborhood, which 

allows access for residents.  There was no trash observed in this neighborhood, on the bank, or 

in the water, but there was a presence of algae.  Further north, Malibu Canyon Road runs along 

Malibu Creek.  There is no large barrier between the road and the creek, but in some areas, the 

creek is far below the road along dense vegetation, which may limit public access.  Along 

Malibu Canyon Road traveling north along Malibu Creek, more trash was observed on the road 

side, including styrofoam food containers, paper and plastic cups, plastic bags and bottles, 

napkins, glass bottles, cardboard, and construction waste.  Trash was also found along Piuma 

road, but similar to Malibu Canyon Road, the dense vegetation between the road and the creek 

make parts of the creek inaccessible and the visibility of Malibu Creek difficult from the road 

side.  There is a trail along Malibu Creek behind Tapia County Park, however the area is well 

vegetated, and the creek is not visible.  There was no trash visible along the trail.  There was 

trash present in and along Malibu Creek from Malibu Lagoon to Malibou Lake, with a higher 

occurrence at areas of easy public access and along roads adjacent to the creek. 

 

Medea Creek Reach 1 extends from Malibou Lake north to the confluence with Lindero 

Creek.  Malibou Lake is primarily surrounded by private properties.  There is a small bridge that 

crosses where Malibou Lake and Medea Creek meet.  At this point, the lake and creek are very 

accessible with little vegetation.  At the beginning of reach 1, just outside of Malibou Lake, 

there was no trash observed in the creek or on shore.  Staff walked approximately 100 yards 
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from the lake up into the creek and observed no trash in or around the creek.  Medea Creek 

Reach 2 is north of the confluence with Lindero Creek.  At Cornell Road and Kanan Road, there 

is a corrugated pipe under Cornell Road.  No trash was observed in the creek, but there was 

trash on the shore and the road side.  Trash included plastic bags, aluminum foil and beverage 

cans, cardboard, and abandoned appliances.  Further north, Medea Creek Reach 2 becomes a 

concrete channel surrounded by a chain linked fence without public access, adjacent to private 

properties.  There was minor trash observed, including plastic bags and aluminum cans.  In 

addition, there was a stormwater outlet.  Medea Creek Reach 2 becomes a natural creek further 

north.  At Fountainwood Street there is a chain link fence along the road with public access.  

Minor trash was observed here, including aluminum cans.  There was no trash observed on 

shore.  Oak Canyon Community Park is at the north end of Medea Creek Reach 2.  No trash 

was observed in or around the water at the park.  There were several trash cans present around 

the park.  There was a school nearby, and some students were observed at the park feeding the 

ducks. 

 

Lindero Creek Reach 1 is from the confluence with Medea Creek Reach 2 to Lake 

Lindero.    Where the creek passes Agoura Road, it changes from a concrete channel to a natural 

channel.  The concrete channel is approximately ten feet wide, and is north of the natural 

channel.  Where the concrete channel becomes the natural channel, there is a bar screen with a 

mesh size of approximately six inches.  The water in the natural channel was murky, with 

vegetation and algae.  Plastic trash was observed on the bar screen, in the creek, and along the 

shore.   

 

Lake Lindero is surrounded by private property and tall walls with limited access.  There 

was no trash observed in the lake.  On one side of Lake Lindero is a dam that is approximately 

100 feet wide.  There was no trash observed above the dam.  The dam leads into a rectangular 

concrete channel.  Inside the channel, there were aluminum cans, toys, beverage cups, and 

plastic bags.  The channel flows into an underground conveyance with a screen at the entrance.  

Trash was accumulated on and at the screen. 

 

Lindero Creek Reach 2 is north of Lake Lindero.  Where Hackers Lane crosses with 

Lindero Creek, there is no public access, and it is not possible to see the creek.  There was no 

trash observed here on the surrounding bank or in the neighborhood.  At Bowfield Street, 

Lindero Creek Reach 2 is a natural creek about five feet wide.  There is public access here, as 

there is no fence surrounding the creek.  Minor trash was observed in the creek and on the 

shore, including a cup, lid, and plastic bag.  At the north end of Lindero Creek, where Kanan 

Road and Collingswood Court meet, the creek cannot be identified.  There was no trash 

observed in this area.   

 

Las Virgenes Creek joins Malibu Creek in Malibu State Park.  The creek flows along 

Las Virgenes Road.  Mulholland Highway has a chain linked fence where it crosses over Las 

Virgenes Creek.  Trash was observed trapped against this fence, but no trash was observed in 

the creek or on the shore.  Mulholland Highway is approximately 25 feet above Las Virgenes 

Creek.  The area is densely vegetated.  Further north, Las Virgenes Creek flows through Juan 

Bautista de Anza Park.  The park has a trail and playgrounds.  The creek is below the trail 

approximately 25 feet.  No trash was observed in or around the creek within the park area.  On 

the trail itself, plastic bags were observed hanging on trees, and a couple of napkins were on the 

trail.     
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Another site visit was conducted on January 7, 2008 after a major rain event occurred on 

January 5 and 6.  Based on the data provided by Los Angeles County Department of Public 

Works, the rain gauge recorded approximately 0.85 inches of rain at the Big Rock Mesa Station.  

Most of the creeks did not appear to have trash accumulated along shorelines or in the water 

since the rain event took place for multiple days.  However, there was still trash observed in 

creeks adjacent to commercial areas or areas with busy traffic.  Particularly at Malibu Lagoon 

where Malibu Creek exits to the Pacific Ocean, a substantial amount of trash was found on the 

beach. 

 

Between year 2001 and 2004, Heal the Bay has documented the dump site conditions 

along Malibu Creek in almost all subwatershed.  There were 742 dump sites located and is 

measured by the surface areas covered by trash (square feet).  The results shown in the map 

below identified the similar trash impaired areas (Figure 1).   

 

Proposition 13, Malibu Creek Watershed Monitoring Program funded by stakeholders 

including Los Angeles County, Ventura County, Cities of Calabasas, Malibu Agoura Hills and 

Westlake Village also selected multiple sites, LIN1 and LIN2 adjacent to Lake Lindero 

separately for Reach 2 and Reach 1 of Lindero Creek, MED2 for Medea Creek Reach 1, MED 1 

for Medea Creek Reach 2, LV1 and LV2 for Las Virgenes Creek, and MAL for Malibu Creek 

near the City of Malibu, for trash impairment monitoring between 2005 and 2007.  Locations of 

the monitoring sites are shown in the map below (Figure 1). 
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Figure 1 Trash Impacted Areas and Monitoring Locations in the Malibu Creek Watershed by Heal the Bay 
and Malibu Creek Watershed Monitoring Program. 

 

III. Numeric Target 
 

The numeric target is derived from the narrative water quality objective in the Basin 

Plan for floating material: 

 

“Waters shall not contain floating materials, including solids, liquids, foams, and scum, 
in concentrations that cause nuisance or adversely affect beneficial uses”; 

  

and for solid, suspended, or settleable materials: 

 

“Waters shall not contain suspended or settleable material in concentrations that cause 
nuisance or adversely affect beneficial uses.” 
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The numeric target for the Malibu Creek Watershed Trash TMDL is 0 (zero) trash in or 

on the water and on the shoreline.  Zero is defined as, for nonpoint sources, no trash 

immediately following each collection and assessment event consistent with an established 

Minimum Frequency.  The Minimum Frequency is established at an interval that prevents trash 

from accumulating in deleterious amounts in between collections.  For point sources, zero 

means that no trash is discharged into the waterbody of concern, shoreline, and channels.  

Regional Board staff has not found information to justify any value other than zero that would 

fully support the designated beneficial uses.  Further, court rulings have found that a numeric 

target of zero trash is legally valid.  The numeric target was used to calculate the Load 

Allocations for nonpoint sources and Waste Load Allocations for point sources, as described in 

the following sections of this Staff Report.   

 

IV. Source Analysis 
 

The major source of trash in the creeks and lakes of the Malibu Creek Watershed results 

from litter, which is intentionally or accidentally discarded to the channels, creeks, and lakes. 

These potential sources can be categorized as point sources and nonpoint sources depending on 

the transport mechanisms which include: 

 

1. Storm drains: trash that is deposited throughout the watershed is carried to the various 

sections of the creeks and lakes during and after rainstorms through storm drains.  This is a 

point source.  

 

2. Wind action: trash can also blow into the channels, creeks and lakes directly.  This is 

a nonpoint source. 

 

3. Direct disposal: direct dumping or litter into the channels, creeks and lakes.  This is a 

nonpoint source. 

 

 According to the characteristics of the land uses which include high and low residential 

areas, open space and parks, both point and  nonpoint sources contributetrash to the waterbodies 

in the Malibu Creek Watershed.  However, more accurate information will be provided by 

responsible jurisdictions in the Los Angeles and Ventura counties. 

 

A. Point Sources 
 

Trash conveyed by storm water through storm drains to the creeks and lakes in the 

Malibu Creek Watershed is evidenced by trash accumulation at the base of storm drains 

discharging to the creek and catch basins which collect runoff from surrounding lands.   

 

Based on reports and research on other watersheds, the amount and type of trash washed 

into the storm drain system appears to be a function of the surrounding land use.  The City of 

Long Beach has recorded trash quantity collected at the mouth of the Los Angeles River; the 

result suggested that the total trash amount is somewhat linearly correlated with the 

precipitation (see the table below).  A similar conclusion also found that the amount of gross 
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pollutants entering the stormwater system is rainfall dependent but does not necessarily depend 

on the source (Walker and Wong, December 1999). The amount of trash which enters the 

stormwater system depends on the energy available to re-mobilize and transport deposited gross 

pollutants on street surfaces rather than on the amount of available gross pollutants deposited on 

street surfaces. Where gross pollutants exist, a clear relationship between the gross pollutant 

load in the stormwater system and the magnitude of the storm event has been established.  The 

limiting mechanism affecting the transport of gross pollutants, in the majority of cases, appears 

to be re-mobilization and transport processes (i.e., stormwater rates and velocities). 

 

Year Trash (Tons) Precipitation (inches) 

95-96 4162 12.44 

96-97 3993 12.4 

97-98 9290 31.01 

98-99 3091 9.09 

99-00 3844 11.57 

00-01 4437 17.94 

01-02 1858 4.42 

02-03 4630 16.42 

03-04 2636 9.25 

04-05 12225 37.25 

05-06 1059 13.19 

Table 2 Storm Debris Collection Summary for Long Beach: Debris is measured in Tons (Signal Hill 2006)   

 

To estimate trash generation rates, research from other watershed was analyzed by 

Regional Board staff.  The most relevant study to the Malibu Creek Watershed was done by 

the City of Calabasas for Continuous Deflective Separation (CDS) installed in December of 

1998 for runoff from Calabasas Park Hills to Las Virgenes Creek.  It is assumed that this CDS 

unit prevented all trash from passing through.  The calculated area drained by this CDS Unit is 

approximately 12.8 square miles.  The urbanized area estimated by Regional Board staff is 

0.10 square miles.  The result of this clean-out, which represents approximately half of the 

1998-1999 rainy season, was 2,000 gallons of sludgy water and a 64-gallon bag about two-

third full of plastic food wrappers.  It is assumed that part of the trash accumulated in the CDS 

unit over roughly half of the rainy season had decomposed in the unit due to the absence of 

paper products.  Given the CDS unit was cleaned out after slightly more than nine months of 

use, it was assumed that this 0.10 square mile urbanized area produced a volume of 64 gallons 

of trash over one year.  This data will be referenced for the consideration of the Baseline 

Waste Load Allocation.  

 

B. Nonpoint Sources 
 

 Nonpoint source pollution is commonly caused by a wide range of activities including 

urban development, agriculture, and recreation, and is identified as a parallel attribute to the 

trash problem in the waterbodies in the Malibu Creek Watershed.  The creeks and lakes in the 

Malibu Creek Watershed support recreational activities such as picnicking, boating, fishing, and 
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camping.  The trash deposited in the creeks and lakes resulting from nonpoint sources is a 

function of transport mechanisms including wind and stormwater.   

 

 There are limited studies, particularly to define the relationship between the strength of 

winds and movement of trash from a land surface to a waterbody. Lighter trash with a sufficient 

surface area to sail with the wind, such as plastic bags, beverage containers, paper or plastic 

convenient food containers are easily lifted and carried to waterbodies.  Also, as described in the 

point source section, stormwater carries trash from shore areas to waterbodies.  Transportation 

of pollutants from one location to another is determined by the energy of both wind and 

stormwater.   

 

 In consideration of transport mechanisms, existing trash in the environment nearby the 

creeks and lakes is the fundamental cause of nonpoint sources trash loading.  Based on 

observation, land use can be generally divided into categories of low density single-family 

residential and open space/parks areas. Residents may accidentally discard trash to the 

backyard, grass or trails in the parks, or roads which initiate the journey of trash to waterbodies 

via wind or stormwater.  Different use of the open space/park may be responsible for different 

degrees of trash impairment.  For example, areas with picnic tables closer to the creeks and 

lakes have a higher likelihood of having more trash on the ground near the waterbodies than in 

parking lots.  Visitation rates also appear to be correlated to the amount of trash from nonpoint 

source. 

 

 Most of the nonpoint source trash that is eligible to travel with wind or stormwater into 

the waterbodies is the result of human activities.  Records of cleanup days at Lake Erie in 2006 

indicate that the top items found were cigarette butts, beverage containers, food 

wrappers/containers, caps and lids, and eating utensils 
 
(Pennsylvania, 2006).  The findings are 

consistent with the items found in the Malibu Creek Watershed during site inspections.   

 

V. Linkage Analysis 
 

This TMDL is based on numeric targets derived from narrative water quality objectives 

for floating materials and solid, suspended, or settleable materials.  The narrative objectives 

prescribe that waters shall not contain these materials in concentrations that cause nuisance or 

adversely affect beneficial uses.  Based on these targets, staff finds the capacity of the 

waterbodies in the Malibu Creek Watershed to accumulate trash is zero.   

 

VI. Waste Load and Load Allocations 
 

Both point sources and nonpoint sources are identified as sources of trash in the 

waterbodies in the Malibu Creek Watershed.  For point sources, the strategy for attaining water 

quality standards focuses on assigning Waste Load Allocations (WLAs) to the Principal 

Permittee and Permittees of the Los Angeles County Municipal Separate Storm Sewer System 

(MS4) Permit, and the Ventura County MS4 Permit (hereinafter referred to as Responsible 

jurisdictions).  The WLAs will be implemented through permit requirements.  For nonpoint 

sources, the strategy for attaining water quality standards focuses on assigning Load Allocations 
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(LAs) to land owners, municipalities and agencies having jurisdictions over the waterbodies of 

concern and  the vicinity of the listed watersheds.  Final WLAs and LAs are zero trash.  The 

LAs will be implemented through regulatory mechanisms that implement the State Board’s 

2004 Nonpoint Source Policy such as conditional waivers, waste discharge requirements, or 

prohibitions.   

 

WLAs and LAs are based on a phased reduction from the Baseline Waste Load and 

Load Allocation, estimated as the current discharge, over an eight-year period for point source 

trash reduction compliance, and five-year period for nonpoint source trash reduction compliance 

by using a program of minimum frequency of trash assessment and collection (MFAC) program 

discussed below.  WLA assignees may comply with WLAs through implementation of full 

capture systems, partial capture systems, nonstructural BMPs, or any lawful methods with 

Regional Board Executive Officer approval.  LA assignees may comply with LAs through 

implementation of Regional Board Executive Officer approved nonstructural BMPs or an 

MFAC program.  

 

Waste Load Allocations for point sources are assigned to the Principal Permittees and 

Permittees of MS4 permits and Caltrans. WLAs may be issued to additional facilities in the 

future under Phase II of the US EPA Stormwater Permitting Program.  The Baseline Waste 

Load and Load Allocations for Permittees may be revised with data collected during the Trash 

Monitoring and Reporting Plan (TMRP) in the first two years of the implementation period. 

 

A. Waste Load Allocations 
Baseline Waste Load Allocation for MS4 Responsible jurisdictions 

 

Municipal stormwater permittees may implement their TMRPs to obtain site specific 

trash generation rates for the first two years of the implementation period, and, if approved by 

the Regional Board’s Executive Officer, ultimately define the trash Baseline Waste Load 

Allocations.  The TMRP will derive a representative trash generation rate for various land uses 

from responsible permittees discharging stormwater to the waterbodies.  This TMRP shall 

include, but is not limited to, assessment and quantification of trash collected from the surfaces 

and shoreline of listed reaches and waterbodies of Malibu Creek Watershed and from 

responsible jurisdiction land areas where stormwater discharges to any type of conveyance 

leading to the waterbodies of concern.  The monitoring plan shall provide details of the 

frequency, location, and reporting of trash monitoring. Responsible jurisdictions shall propose a 

metric (e.g., weight, volume, pieces of trash) to measure the amount of trash in the listed 

waterbodies in the Malibu Creek Watershed and on the surrounding land areas.  The derived 

trash generation rate may be used to define an appropriate Waste Load Allocation, which will 

be implemented upon approval by the Executive Officer.   

 

Based on the study conducted by the City of Calabasas, 640 gallons of uncompressed 

trash per square mile per year may be used as trash generation rate for MS4 permittees, or the 

municipality may choose to propose and implement a TMRP with Regional Board Executive 

Officer approval, to establish a site specific trash generation rate.   The derived trash generation 

rates from areas where responsible permittees discharging stormwater to the waterbodies in the 
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first two years of the TMRP implementation, may be specifically for various land uses, or for all 

land uses if applicable.   

The Baseline Waste Load Allocation for any single permittee is the sum of the products 

of each land use area multiplied by the Waste Load Allocation for the land use area, as shown 

below: 

 

 ( )� •= uselandthisforsallocationuseslandbyareacityeachforWLA  

 

Southern California Association of Governments (SCAG) classified twelve types of land 

uses for every city and unincorporated area in the watershed.  The land use categories are: (1) 

high density residential , (2) low density residential , (3) commercial and services, (4) industrial, 

(5) public facilities, (6) educational institutions , (7) military installations, (8) transportation , 

(9) mixed urban , (10) open space and recreation , (11) agriculture , and (12) water . Given that 

the minimum mapping resolution is 2.5 acres, a non-critical land use unit may not be mapped if 

it is less than 2.5 acres in size.  The details of land use categories are provided in the Appendix 

I. 

 

Data collected during implementation of the Trash Monitoring and Reporting Plan will 

be used to establish specific trash generation rates for various or all land uses. The land use 

categories relevant to the Malibu Creek Watershed are: 

 

� Low density residential, 

� High density residential,  

� Commercial,  

� Educational institutions, and  

� Open space and recreation. 

 

 Transportation land use under Caltrans’ jurisdiction will be covered under Caltrans’ 

permit.  Caltrans will be required to submit a monitoring plan for that land use, and will be 

assigned a Waste Load Allocation.  Major boulevards that are currently under Caltrans’ 

jurisdiction, but are affected by trash generated on municipal sites will be addressed by the 

cities concerned. 

 

 All different land uses may be assumed to have the same litter generation rate unless 

data is collected separately for specific land uses.     

 

  Responsible jurisdictions may provide acreage of above mentioned land uses within 

their jurisdiction in order to revise their contributions from their assigned Baseline Waste Load 

Allocations.  The Baseline Waste Load Allocations for Responsible jurisdictions are presented 

in Table 5.  The values shown are uncompressed volumes in gallons. A more detailed 

breakdown along land uses is provided in Appendix II and III. The appendices contain tables 

which show the square mileage for each land use for each responsible jurisdiction in the 

watershed, and a list of maps showing land uses for each responsible jurisdiction.  For 

responsible jurisdictions that are only partially located in the watershed, the square mileage 

indicated is for the portion in the watershed only.  
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Baseline Waste Load Allocations for Caltrans Stormwater Permit 

 

Under the Los Angeles River Trash TMDL, a Litter Management Pilot Study (LMPS) 

was conducted to evaluate the effectiveness of several litter management practices in reducing 

litter that is discharged from Caltrans storm water conveyance systems.  The LMPS employed 

four field study sites, each of which was measured with the amount of trash produced when 

separate BMPs were applied. The average total loads for each site normalized by the total area 

of control catchments is presented in  Table 3, adapted from the LMPS report: 

 

Table 3.  Preliminary Weight and Volume for Freeways by Litter Management Pilot Study (LPMS) 

Weight lbs/sq mi/year Volume cu ft/sq mi/year 

7,479.36 892.64 

 

Subsequently, Caltrans launched a Gross Solid Removal Devices (GSRDs) Pilot 

Program to study trash removal efficiencies of various systems installed along freeways in 

2000.  Three preliminary designs for different GSRDs which are the Linear Radial, the Inclined 

Screen, and the Baffle Box were developed.  These GSRDs fulfill the criteria of being certified 

as Full Capture Systems, to be drained within 72 hours, requiring cleanup once a year, and 

needing no maintenance throughout the storm season.   

 

The Linear Radial utilizes a casing with louvers to serve as screens or mesh screen.  

Flows are routed through the louvers and into a vault.  The Inclined Screen uses wedge-wire 

screen with the slotting perpendicular or parallel to the direction of flow.  This device is 

configured with an influent trough to allow solids to settle.  The Baffle Box applies a two-

chamber concept: the first chamber utilizes an underflow weir to trap floatable solids, and the 

second chamber uses a bar rack to capture material.  All of these designs were certified as Full 

Capture Systems by the Executive Officer of the Regional Board on October 7, 2004.  

 

Table 4 below summarizes the annual trash loads normalized with the drainage areas at 

multiple sites for years 2000-2001 and 2001-2002.  The average weight and volume will be 

used as the Baseline Waste Load Allocation for Caltrans.   

 

Table 4.  Average Weight and Volume of Trash for Freeways by Caltrans Phase I Gross Solids Removal 
Devices Pilot Study at Year 2000 through 2002 

Year Weight lbs/sq mi/year* Volume cu ft/sq mi/year 

2000-2001 157,240 4,184 

2001-2002 146,280 4,760 

Average 151,760 4,472 

*The trash weight was measured after drip dry. 

 

 

Baseline Wasteload Allocation  

 

Table 5 shows the Baseline WLAs for all point sources, in gallons per year, assuming a 

trash generation rate of 640 gallons of uncompressed trash per square mile per year.  If the MS4 

Permittees use their TMRPs to derive site specific trash generation rates, the Baseline WLAs 
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will be calculated by multiplying the point source areas by the derived trash generation rates.  

The Baseline WLA for Caltrans was based on a trash generation rate of 6,677 gals per square 

mile per year as determined by LMPS studies. 

 

Areas under jurisdiction of Ventura County Watershed Protection District are assessed 

based on the length recorded in the GIS system, multiplied with width which is estimated 

approximately 10 feet since these creeks in the Ventura County are considered headwaters.   

 

Table 5. Malibu Creek Watershed Trash TMDL Baseline Waste Load Allocations, assuming a trash 
generation rate of 640 (gallons of uncompressed litter) 

Responsible Parties Point Source Area 
(Mile2) 

Baseline WLA 
(gals/year) 

Agoura Hills 2.83 1810 

Calabasas 1.05 673 

Hidden Hills 0.11 71 

Los Angeles County 1.75 1117 

Malibu 0.35 226 

Thousand Oaks 0.87 555 

Ventura County 1.69 1081 

Ventura County Watershed 

Protection District 

0.03 20 

Westlake Village 0.22 142 

Caltrans 0.32 10813 

 

 

B. Load Allocations 
 

Load Allocations (LAs) for nonpoint sources also follow phased reduction from 

Baseline Load Allocations.  According to the Porter-Cologne Act, Load Allocations may be 

addressed by the conditional Waivers of WDRs, or WDRs.   

 

Responsible jurisdictions shall monitor the trash quantity deposited in the vicinities of 

the waterbodies of concern as well as that on the waterbody to comply with Baseline Load 

Allocation.  Data collected through Trash Monitoring and Reporting Plan may define the 

percentage of trash migrating from land to waterbodies.   

  

 The area adjacent to the waterbody, or defined as nonpoint source, is the composition of 

multiple land uses.  There are parking lots, recreational areas, picnic areas, and hiking areas 

under the jurisdictions of municipalities, California Department of Parks and Recreation, and 

National Forest Services.  Other land uses such as residential areas, commercial areas, public 

services, roads, educational institutions, and open space/park areas in Los Angeles County’s and 

Ventura County’s unincorporated lands, school districts, and municipalities also contribute trash 

to the creeks and lakes.  By applying the similar concept that is applied for the Waste Load 

Allocation calculation, the Load Allocation for any designated nonpoint source area is the sum 
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of the products of each land use subarea multiplied by the Load Allocation for the land use 

subarea, as shown below: 

 

( )� •= uselandthisforsallocationuseslandbysubareasourceNonpeachforLA oint  

 

It may be appropriate to assume the same trash generation rate or allocation for different 

types of land uses. 

 

The boundary of point sources for the Malibu Creek Watershed is defined by areas 

which contain conveyances discharging to the waterbodies of concern.  Conveyances include, 

but are not limited to, natural and channelized tributaries, and stormwater drains.  Nonpoint 

source areas are where trash may be carried over ground by stormwater or wind to waterbodies.  

Due to the transportation mechanism by wind and stormwater to relocate trash from land to 

waterbodies, the potential nonpoint source area may be smaller than the defined subwatershed.  

Figure 2 below illustrates the subwatershed used to calculate Baseline Waste Load and Load 

Allocation by each land use’s surface. 

 

The appendix I also shows the surface areas of various types of land use considered 

potential nonpoint sources. 
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Figure 2. Areas of the Malibu Creek Watershed  

 

 

Further imply the study by the City of Calabasas, the trash generation rate from nonpoint 

sources areas, including, but not limited to, schools, commercial areas, residential areas, public 

services, road, open space and parks areas, is 640 gallons per square mile per year.  Responsible 

jurisdictions may propose and implement the Regional Board Executive Officer approved 

TMRPs to obtain site specific trash generation rates for the first two years of the 

implementation period. The data collected  including, but not limited to, the details of the 

frequency, location, and reporting of trash monitoring, as well as a metric (e.g., weight, volume, 

pieces of trash) to measure the amount of trash in Malibu Creek Watershed and on the land area 

surrounding Malibu Creek Watershed may be used to ultimately define the trash Baseline Load 

Allocations, if approved by the Executive Officer of the Regional Board.  Data collected shall 
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include the trash at the creeks and lakes, their shorelines, and trash accumulated in the vicinities 

of the waterbodies of concern, which could possibly be carried directly to the surface water by 

stormwater, wind, or human activities.  Analyzing data may define the relationship between the 

trash quantities in the water and the shorelines of the surrounding environment.   

 

Assuming that trash within a reasonable distance from the waterbodies of concern has a 

high potential to reach the waterbodies and excluding the areas addressed by NPDES or any 

other existing permits for point sources, the nonpoint source surface areas along the waterbody 

perimeter are calculated and separated by the following categories:  

 

• Parks including picnic areas, trails, 

• Schools, 

• Commercial areas immediately adjacent to waterbodies 

• Open channels/waterbodies allowing deposition of nonpoint source trash, and  

• Open space. 

 

Based on the information collected, some permittees or entities such as Las Virgenes 

Unified School District (LVUSD) already have programs including a routine schedule of trash 

removal from school premises six days per week, continuous education programs which discuss 

the importance of recycling and inform students of littering ordinances and environmental 

protection activities, and maintenance of sufficient exclusion from school properties to 

waterbodies, to minimize the possibility of being nonpoint source of trash.  The effectiveness of 

trash abatement programs may be monitored.  Entities currently undergoing programs may be 

considered as responsible jurisdictions if it is demonstrated that the entities actually contribute 

nonpoint source trash to the waterbodies of concern. 

 

On January 16, 2008, Los Angeles Regional Board staff conducted a site inspection in 

response to the City of Simi Valley’s request brought during the CEQA Scoping meeting.  The 

City of Simi Valley requested that Regional Board staff evaluates the responsibilities of the City 

as a responsible jurisdiction of the Malibu Creek Watershed Trash TMDL.  Based on 

geographical information system (GIS) data, Simi Valley has approximately 118 acres of 

property within the upper Las Virgenes Creek subwatershed.  According to the 1991 land use 

data published by the Southern California Association of Governments (SCAG), all of the 

subject land area is undeveloped open space.  Access to the area is limited to two fire roads, and 

is restricted because the entrance is within gated private properties.  During the inspection, there 

was no trash found along the road and within the range of visibility.  Given these findings, the 

Regional Board staff considers removing Simi Valley from the list of Responsible Jurisdictions 

since the responsibilities of Simi Valley related to the Malibu Creek Watershed Trash TMDL is 

minimal, if any.  However, if there are any changes in land use in the portion of the City within 

the upper Las Virgenes Creek subwatershed, the Los Angeles Regional Board reserves the right 

to reconsider the City’s responsibility under this TMDL, and to impose TMDL requirements on 

Simi Valley to ensure that water quality is protected. 

 

Regional Board staff has investigated the Calabasas Landfill as a potential source of 

trash to Malibu Creek and its tributaries.  The Calabasas landfill operates under the Waste 

Discharge Requirements for Discharges of Storm Water Associated with Industrial Activities 

Excluding Construction Activities (General Industrial Storm Water Permit).  Water Quality 
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Order No. 97-03-DWQ.  Receiving Water Limitation C.2. states that storm water discharges 

shall not cause or contribute to an exceedance of any applicable water quality standards 

contained in a Statewide Water Quality Control Plan or the applicable Regional Water Board’s 

Basin Plan. 

 

In addition, the Los Angeles County Sanitation District (Sanitation District) operates under a 

Solid Waste Facility Permit, issued by Los Angeles County Department of Public Health 

(LACDPH), and National Park Service (NPS) Special Use Permit.  LACDPH is the Local 

Enforcement Agency (LEA) for the California Integrated Waste Management Board on issues 

related to the Calabasas Landfill.  These permits contain conditions and require trash best 

management practices (BMPs) for the control of litter from the landfill as described below:   

 

Solid Waste Facility Permit  (19-AA-0056), Part II. “Conditions”, A. “Requirements”, 

Item 6: 

 

“The Operator shall comply with an established Customer Litter Control Program.” 
 

National Park Service Special Use Permit (DOC# 826152), Item (4) “Litter Removal” 

states as follows: 

 

“The Permittee shall prepare a litter control protocol which shall be submitted for NPS 
Review and Approval within three months of the effective date of the Permit.  This Protocol 
shall, at a minimum, require the Permittee to patrol areas immediately adjacent to the landfill 
property at lease twice a month to remove litter and to have personnel available at all times 
during landfill operating hours to respond to unusual litter situations (e.g. during and 
immediately following Santa Ana wind conditions).” 

 

The Sanitation Districts prepared a litter control protocol and submitted it to the NPS on 

February 16, 1999.  After receiving comments from NPS, the revised protocol was submitted to 

the NPS on April 6, 1999. 

 

The litter control measures are described in the Report of Disposal Site Information 

(RDSI) dated January 2008.  The RDSI is similar in nature to a Report of Waste Discharge 

(ROWD) in that it is the basis for the Solid Waste Facility Permit.   

• Daily inspection of the entrance area, all interior roads and the access 

roads for litter and debris. 

• Litter is controlled at the landfill working face by the daily application of 

cover material and the use of portable litter fences at the perimeter. 

• Active disposal area is confined to as small an area as possible and is 

moved to a more sheltered location based on wind conditions. 

• All potential litter-producing loads received are required to be covered.  

A surcharge is levied for uncovered loads arriving at the site with the potential to cause 

litter. 
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Litter Control Protocol per the NPS Special Use Permit 
 

• Approximately five workers are assigned each day for litter patrol and 

removal. 

• Visual inspection of adjacent properties in the Santa Monica Mountains 

National Recreation Area (SMMNRA) is made every two weeks.  All litter is removed 

to the extent feasible. 

• During high wind conditions, a litter crew is dispatched to remove any 

litter to the extent possible that has blown to the edge of the landfill or offsite. 

• Litter removal is also performed within 48 hours of excessive litter 

notification from the NPS. 

• Notification to the Sanitation Districts regarding offsite litter in adjacent 

park areas will be responded to on or before the next operating day. 

 

Based on the above conditions and staff inspections, Staff has not assigned WLAs to the 

Calabasas Landfill.  If during the implementation of the TMDL such allocations are deemed 

necessary by staff, staff can reconsider the TMDL to assign WLAs. 

 

Table 6 summarizes the area and the tentative Baseline Load Allocations for responsible 

jurisdictions, assuming a trash generation rate of 640 gallons of uncompressed trash per square 

mile per year.  If data collected from the Trash Monitoring and Reporting Plan is used to define 

a site specific trash generation rate, the Baseline Load Allocation will be calculated by 

multiplying the nonpoint source area by the trash generation rate.   

 

Areas under the jurisdiction of the Ventura County Watershed Protection District are 

assessed based on the length recorded in the GIS system, multiplied by the width, which is 

estimated approximately 10 feet since the creeks in Ventura County are considered to be 

headwaters.   
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Table 6. The Malibu Creek Watershed Trash TMDL Baseline Load Allocations, assuming a trash 
generation rate of 640 (gallons of uncompressed litter)* 

Responsible Jurisdictions Nonpoint Source 
Area (Mile2) 

Baseline Load 
Allocations 
(Gals/year) 

Agoura Hills 3.28 2098 

Calabasas 3.00 1923 

California Department of 

Parks and Recreation 

9.79 6263 

Santa Monica Mountains 

Conservancy 

0.31 198 

Los Angeles County 8.71 5571 

Malibu 0.43 277 

National Park Service 1.41 904 

Hidden Hills 0.04 25 

Thousand Oaks 1.52 971 

Ventura County 10.18 6513 

Ventura County Watershed 

Protection District 

0.03 20 

Westlake Village 0.23 146 

*Not including nonpoint source areas and load allocations for local 

land owners. 

 

Staff notes that there are a number of private land owners and residences in the vicinity 

of Malibu Lagoon, Malibu Creek, Malibou Lake, Medea Creek, Lindero Creek, Lake Lindero, 

Las Virgenes Creek and other tributaries of Malibu Creek.  In some cases, these land owners 

may own or operate drainage systems to the waterbodies in the Malibu Creek Watershed.  

However, trash from these land owners has not been assessed or quantified.  The TMDL may be 

reconsidered to allocate trash loads to these private property owners if necessary to attain 

numeric targets. 

 

VII. Margin of Safety 
 

 A margin of safety (MOS) accounts for uncertainties in the TMDL analysis.  The MOS 

can be expressed as an explicit mass load that is not allocated to responsible parties, or included 

implicitly in the WLAs and LAs that are allocated.  Because this TMDL sets WLAs and LAs as 

zero trash, staff finds the TMDL includes an implicit MOS and that an explicit MOS is not 

necessary for this TMDL. 

 

VIII. Critical Conditions 
 

Critical conditions for the Malibu Creek Watershed are based on three conditions that 

correlate with loading conditions: 
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• Major Storm (as proposed by responsible jurisdictions and responsible parties in the 

Trash Monitoring and Reporting Plan and approved by the Executive Officer); 

 

• Wind advisories issued by the National Weather Service for the Angeles National Forest 

area or by the California Highway Patrol for Highway 5 in the Santa Clarita Valley; 

 

• High visitation – On weekends and holidays from May 15 to October 15. 

 

 Critical Conditions are considered while establishing the minimum frequency of trash 

monitoring, assessment and collection. 

 

IX. TMDL Implementation and Compliance 
 

This section describes TMDL implementation programs for compliance with the TMDL.  

Compliance with the TMDL is based on the Numeric Target and the Waste Load and Load 

Allocations which are defined as zero trash in and on the shorelines of the listed reaches and 

lakes of the Malibu Creek Watershed.  Consequently, compliance is based on installation of 

structural best management practices such as full capture or partial capture systems, or 

implementing a program for trash assessment and collection, or any best management practices 

approved by the Executive Officer of the Regional Board, to attain a progressive reduction in 

the amount of trash in the waterbodies of concern.  Nonpoint source trash dischargers may 

propose a program for a minimum frequency of assessment and collection in conjunction with 

best management practices (MFAC/BMP program).  The MFAC/BMP program is required to 

attain a progressive reduction in the amount of trash collected from the water surface and 

shorelines through routine trash removal and implementation of BMPs.  Dischargers may 

implement structural and/or nonstructural BMPs as required to attain a progressive reduction in 

the amount of trash in the listed waterbodies in the Malibu Creek Watershed.  

 

The TMDL Implementation Plan provides separate schedules for responsible 

jurisdictions to achieve zero trash for point sources by implementing full capture systems or 

other structural and/or nonstructural BMPs, and for nonpoint sources by using MFAC/BMP 

programs.  Key provisions of the Implementation Plan include:  

 

• Baseline Waste Load and Load Allocations based on a reference/antidegradation 

approach;   

• Trash monitoring to provide data to revise Baseline Waste Load and Load 

Allocations, assess effectiveness of BMPs and trash abatement programs, and 

assess levels of trash in the listed waterbodies in the Malibu Creek Watershed; 

• A conditional waiver of waste discharge requirements for nonpoint source 

dischargers who implement MFAC/BMP programs; and 

• TMDL Reconsideration by the Regional Board to revise Baseline Waste Load 

and Load Allocations and the minimum frequency of the MFAC program. 

 

TMDL compliance is assessed in accordance with Dischargers’ implementation of 

programs for point and nonpoint source trash abatement and attainment of the progressive trash 

reductions in accordance with the schedules below (Tables 7 and 8). 
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Baseline Waste Load and Load Allocations 

 

If responsible jurisdictions do not use their TMRP to derive a new trash generation rate 

and acceptable Baseline Waste Load and Load Allocations, the WLAs and LAs may be based 

on a reference system/antidegradation approach using data from the City of Calabasas, 

normalized to the subwatershed area in the vicinity of the Malibu Creek Watershed.  The 

"reference system/anti-degradation approach" means that on the basis of historical trash 

generation rates at an existing monitoring location most similar to the Malibu Creek Watershed, 

an amount of trash discharged to the listed waterbodies in the Malibu Creek Watershed is 

permitted initially under the TMDL schedule.  The allowable amount of trash is set such that (1) 

water quality at any site is at least as good as at the designated reference site and (2) there is no 

degradation of existing water quality based on existing amounts of trash. 

 

Trash Monitoring 

 

The TMDL includes monitoring based on a Trash Monitoring and Reporting Plan 

(TMRP) developed by responsible jurisdictions and approved by the Executive Officer of the 

Regional Board.  Minimum requirements for trash monitoring include assessment and 

quantification of trash collected from the surfaces and shoreline of the waterbodies listed in the 

Malibu Creek Watershed.   The monitoring plan shall provide details of the frequency, location, 

and reporting of trash monitoring for the creeks and lakes. Responsible jurisdictions shall 

propose a metric (e.g., weight, volume, pieces of trash) to measure the amount of trash in the 

creeks, lakes, and on the surrounding land areas.  Responsible jurisdictions may include other 

metrics to provide data for revision of the Baseline Waste Load and Load Allocations, 

determine effectiveness of BMPs, and assess compliance with the TMDL.  Responsible 

Jurisdictions may coordinate their trash monitoring activities for the Malibu Creek Watershed.  

Monitoring requirements are described in greater detail in Section X. 

 

Reconsideration of Revised Baseline Waste Load and Load Allocations 

 

Baseline Waste Load and Load Allocations may be based on a reference approach.  Data 

from a City of Calabasas study in which trash recovered from a continuous deflector system 

were quantified.  Site-specific conditions at the Malibu Creek Watershed may differ from 

conditions of the Calabasas Study.  As a result, it is recommended that responsible jurisdictions 

use the data from their TMRP in order to derive a site specific trash generation rate and 

Baseline Waste Load and Load Allocations.  The Baseline Waste Load and Load Allocations 

are used as the basis for the progressive reduction of trash in the creeks and lakes for both point 

and nonpoint sources and represent the maximum amount of trash that can be discharged in 

conjunction with partial capture systems or any other BMPs for point sources and the programs 

for minimum frequency of assessment and collection for nonpoint sources.  

 

Implementation of Load and Waste Load Allocations 

 

TMDL implementation may require BMPs to meet the progressive trash schedule. 

BMPs may be implemented through stormwater permits or a conditional waiver from waste 

discharge requirements for nonpoint source dischargers.  Point source dischargers will 

implement BMPs in accordance with Waste Load Allocations incorporated into MS4 permits. 
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Point sources may alternatively implement full capture systems or any other structural or non-

structural BMPs to be deemed in compliance with Waste Load Allocations. 

 

A. Implementation and Compliance for Point Sources 
 

Discharge of trash from stormdrains and conveyances to waterbodies in the Malibu 

Creek Watershed will be regulated through the Municipal NPDES Storm Water Permits for Los 

Angeles County and for Ventura County, and the Caltrans stormwater Permit.   

 

There are alternatives for responsible jurisdictions to achieve compliance with waste 

load allocations.  As established in the Los Angeles River Trash TMDL, point source 

dischargers can implement full capture systems to comply with the TMDL.  Point source 

dischargers may also implement other structural and/or non-structural BMPs.   

 

1. Full Capture Treatment Systems  

 

The amount of trash discharged to the creeks and lakes by an area serviced by a full-

capture system will be considered to be in compliance with the final Waste Load Allocation for 

the drainage area, provided that the Full Capture Systems are adequately sized, maintained and 

maintenance records are available for inspection by the Regional Board.   

 

A full capture system is any single device or series of devices that traps all particles 

retained by a 5 mm mesh screen and has a design treatment capacity of not less than the peak 

flow rate Q resulting from a one-year, one-hour storm in the subdrainage area.  Rational 

equation is used to compute the peak flow rate: Q = C × I × A, where Q = design flow rate 

(cubic feet per second, cfs); C = runoff coefficient (dimensionless); I = design rainfall intensity 

(inches per hour) Compliance with the TMDL schedule for full capture systems will be based 

on a percentage of the Malibu Creek subwatersheds that are drained by storm drain systems 

(i.e., point source area).  The TMDL Implementation Plan provides a total of eight years to 

install full capture systems.  Compliance with the final Waste Load Allocation will be assumed 

wherever Full Capture Systems are installed in the storm drains discharging to the creeks and 

lakes.  The installation of a Full Capture System by a discharger does not establish any 

presumption that the system is adequately sized, and the Regional Board will review sizing and 

other data in the future to validate that a system satisfies the criteria established in this TMDL 

for a Full Capture System. 

 

2. Structural and/or Non-structural Best Management Practices (BMPs) 

 

Compliance with the final waste load allocations may also be attained by implementing 

other structural and/or non-structural BMPs.  Responsible jurisdictions shall propose structural 

and/or non-structural BMPs incorporated with the TMRP for Regional Board Executive Officer 

approval.  These BMPs should be applied to prevent trash from entering the waterbodies of 

concern. (Figure 3)  For example, street sweeping or partial capture systems installed in the 

catch basins or stormdrains or their combination, with the conditions that the trash in the 

waterbodies does not exceed Baseline Waste Load Allocation.  Progressive reductions in trash 

will be calculated as follows: 

RB-AR37250



 

 

February 14, 2008                                    33 Malibu Creek Watershed Trash TMDL 

  

 

At the effective date of the TMDL, the Baseline Waste Load Allocations will apply 

based on data collected by City of Calabasas, or responsible jurisdiction may propose a TMRP 

for Regional Board Executive Officer approval, which will collect site specific trash generation 

data to establish Baseline Waste Load Allocations.  The first compliance point will be at the end 

of the forth year with Waste Load Allocations equal to a 20% reduction of the amount of trash 

in the Baseline Waste Load Allocation.  Compliance thereafter will be evaluated at the end of 

each successive storm season with Waste Load allocations equal to successive 20% reductions 

of the Baseline Waste Load Allocation (Table 7).  

 

Dischargers will be deemed in compliance with the final Waste Load Allocation upon 

results of the trash monitoring and reporting plan demonstrating that no trash greater than 5 mm 

in size is discharged to listed waterbodies in the Malibu Creek Watershed through point sources.  

If the amount of trash from point sources does not progressively decrease, then responsible 

jurisdictions must implement additional structural and/or non-structural BMPs to ensure 

reductions. 

 

The Regional Board may revise the TMDL schedule and the Executive Officer approved 

TMRP based on the results of the trash monitoring and reporting program. 
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Figure 3. Flowchart for Point Source Implementation  

 

B. Implementation and Compliance for Nonpoint Sources 
 

Two primary federal statutes establish framework in California for addressing nonpoint 

source (NPS) water pollution: Section 319 of the Clean Water Act (CWA) of 1987 and Section 

6217 of the Coastal Zone Act Reauthorization Amendments of 1990 (CZARA).  In accordance 

with these statutes, the state assesses water quality associated with nonpoint source pollution 

(NPS) and develops programs to address NPS.  In 2004, The State Water Resource Control 

Board (SWRCB), in its continuing efforts to control NPS pollution in California, adopted the 

Plan for California’s Nonpoint Source Pollution Control Program (NPS Program Plan).  The 
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Structural and/or Non-structural BMPs 

Baseline WLAs Effective or propose Trash 

Monitoring and Reporting Plan (TMRP) for 
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Implement TMRP  
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FCS or BMPs, and consideration of proposed 
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More BMPs required if no reduction 
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NPS Program Plan prescribes implementation and monitoring of Best Management Practices to 

address nonpoint source pollution. 

 

To implement this TMDL for nonpoint source dischargers, the Regional Board, with the 

adoption of this TMDL, waives waste discharge requirements for nonpoint source dischargers 

who submit a MFAC/BMP program for approval by the Executive Officer.  The MFAC/BMP 

program includes a trash assessment of trash on the surface or shoreline of the waterbodies of 

concern in the Malibu Creek Watershed, collection of all visible trash that accumulates on the 

surface or shoreline of listed waterbodies, implementation of BMPs to attain a progressive 

reduction of the amount of trash collected at each collection event.  Conditional waivers identify 

areas where BMPs need to be upgraded to attain water quality objectives in receiving waters. 

The Trash Monitoring and Reporting Plan submitted by responsible jurisdictions (also see Table 

6) will provide data that may be used to propose an appropriate Baseline Load Allocation.  The 

compliance of attaining zero trash from nonpoint sources is determined by the trash that does 

not accumulate in a deleterious amount on the surface and the shorelines to adversely affect the 

beneficial uses and cause the nuisance of the waterbodies.  

 
LAs shall be implemented through either (1) a conditional waiver from waste discharge 

requirements, or (2) an alternative program implemented through waste discharge requirements 

or an individual waiver or another appropriate order of the Regional Board.  

 

Nonpoint source dischargers may achieve compliance with the LAs by implementing a 

MFAC/BMP program approved by the Executive Officer.  The MFAC/BMP Program includes 

an initial minimum frequency of trash assessment and collection and suite of structural and/or 

non-structural BMPs.  The MFAC/BMP program shall include collection and disposal of all 

trash found in the water, shoreline, and the channel.  Responsible jurisdictions shall implement 

an initial suite of BMPs based on current trash management practices in land areas that are 

found to be sources of trash to the listed waterbodies in the Malibu Creek Watershed.  For each 

individual subwatershed, the initial minimum frequency shall be set as follows: 

 

Malibu Creek (from Malibu Lagoon to Malibou Lake) 

1. Within City of Malibu premises, the shorelines and areas adjacent to Malibu 

Creek need to be cleaned once per week and within 72 hours after critical 

conditions. 

2.  In the County of Los Angeles areas and in the State Park areas, once per month 

and within 72 hours after critical conditions. 

Malibu Lagoon 

1. The waterbody, shorelines, beach and areas adjacent to Malibu Lagoon need to 

be cleaned twice per week during high visitation seasons from May 15 to 

October 15. 

2. The waterbody, shorelines, beach and areas adjacent to Malibu Lagoon shall be 

cleaned once per week for the rest of the year, and within 72 hours after critical 

conditions. 
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Malibou Lake 

Once per month for the waterbody, shorelines and the adjacent lands, and within 

72 hours after critical conditions. 

 

Medea Creek Reach 1 (Malibou Lake to confluence with Lindero Creek) 

Twice per month for the waterbody, shorelines and the adjacent areas, and within 

72 hours after critical conditions.   

 

Medea Creek Reach 2 (above confluence) 

1. Once per week on the waterbody, shorelines and the adjacent areas from the 

confluence with Lindero Creek to the intersection with Thousand Oaks Blvd., 

and within 72 hours after critical conditions. 

2. Twice per month above the intersection with Thousand Oaks Blvd., and within 

72 hours after critical conditions. 

 

Lindero Creek Reach 1 (Confluence with Medea Creek to Lake Lindero) 

Twice per month for Lindero Creek Reach 1 including the waterbody, shorelines 

and the adjacent areas, and within 72 hours after critical conditions. 

 

Lindero Creek Reach 2 (Above Lake Lindero) 

Twice per month for Lindero Creek Reach 2 including the waterbody, shorelines 

and the adjacent areas, and within 72 hours after critical conditions. 

 

Lake Lindero 

Twice per month for the waterbody, shorelines and the adjacent land, and within 

72 hours after critical conditions. 

 

Las Virgenes Creek 

1. In the State Park areas northerly to the intersection with Mulholland Highway, 

once per month, and within 72 hours after critical conditions. 

2. Once per week for the waterbody, shorelines and the adjacent areas between 

Mulholland Highway and Juan Bautista De Anza Park at Los Hills Road in the 

City of Calabasas, and within 72 hours after critical conditions.   

3. Twice per week for the waterbody, shorelines and the adjacent areas for the rest 

of City of Calabasas. 

4. Once per month for the section in Los Angeles County along Ventura Freeway 

and within 72 hours after critical conditions. 

5. In Ventura County once every two months for the waterbody, shorelines and the 

adjacent areas, and within 72 hours after critical conditions. 

 

Assessment will be conducted at accessible areas as defined in the Trash Monitoring and 

Reporting Plan.  Collection is defined as picking up 100% of trash and depositing it in a trash 

receptacle for proper disposal.  All trash collected during the implementation of the MFAC, 

including trash from any channel cleaning and dredging operations, will be disposed of properly 

according to existing policies and regulations. 

 

At the end of the implementation period, a revised MFAC/BMP program may be required if 

the Executive Officer determines that the amount of trash accumulating between collections is 
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causing nuisance or otherwise adversely affecting beneficial uses.  Specifically, the Executive 

Officer may approve or require a revised assessment and collection frequency and definition of 

the critical conditions under the waiver: 

(a) To prevent trash from accumulating in deleterious amounts that cause nuisance or 

adversely affect beneficial uses between collections; 

(b) To reflect the results of trash assessment and collection; 

(c) If the amount of trash collected does not show a decreasing trend, where necessary, such 

that a shorter interval between collections is warranted; or 

(d) If the amount of trash collected is decreasing such that a longer interval between 

collections is warranted.   

  

With regard to (a), (b) or (c), above, the Executive Officer is authorized to allow 

responsible jurisdictions to implement additional structural and/or non-structural BMPs in lieu 

of modifying the monitoring frequency.   

 

Alternatively, responsible jurisdictions may propose, or the Regional Board may 

impose, an alternative program which would be implemented through waste discharge 

requirements an individual waiver, a cleanup and abatement order, or any other appropriate 

order or orders, provided the program is consistent with the assumptions and requirements of 

the reductions described in Table 7, below. 

 

The Regional Board is adopting a Conditional Waiver for trash in the listed waterbodies 

in the Malibu Creek Watershed at the same time as this TMDL.  The Conditional Waiver 

provides a regulatory structure whereby continued monitoring and iterative BMPs are deployed 

to attain zero trash within the TMDL Implementation Schedule (Figure 4).  Based on the trash 

generation rate derived from the TMRP after the first year of implementation, the Regional 

Board will consider the proposal of a site specific Load Allocation for individual waterbody in 

the Malibu Creek Watershed (Table 8).   
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Figure 4. Implementation Schematic for Nonpoint Sources 
 

C. Coordinated Compliance 
 

Responsible jurisdictions for this TMDL include both point source and nonpoint source 

dischargers.  Compliance with the TMDL may be based on a coordinated Monitoring and 

Reporting work plan that outlines TMDL responsibilities for each responsible jurisdiction.  

Dischargers interested in coordinated compliance shall submit a Coordinated Monitoring and 

Reporting Compliance plan that outlines BMPs that will be implemented and the schedule for 

implementing the BMPs and MFAC program.   

 

The Counties of Los Angeles and Ventura will act as third parties to identify private 

property dischargers in unincorporated county lands.  Private land owners subject to this TMDL 

may participate with the Counties in implementing an MFAC/BMP program to comply with 

TMDL load allocations.  Dischargers shall cooperate with responsible jurisdictions in the 

Baseline LAs effective or propose Trash Monitoring 

and Reporting Plan (TMRP) including the MFAC/BMP 

program for Executive Officer approval 

 

Implement TMRP  

Submit results of TMRP with Baseline LA 

recommendation  

Regional Board evaluates the effectiveness of MFAC/BMP 

program and consideration of proposed Baseline LAs 

 

Maintain or revise the MFAC/BMP program 

 

More structural and/or non-structural BMPs 

required if Baseline LAs and Progressive 

Reduction Schedule are not attained 
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vicinity of Malibu Lagoon (City of Malibu and State Parks), Malibu Creek and its tributaries 

and lakes in developing and implementing the trash monitoring and reporting plan. 

 

D. Non-Structural BMPs 
 

A wide variety of methods possibly alleviating trash impairment to the waterbodies in 

the Malibu Creek Watershed are listed below.  Responsible jurisdictions shall propose the 

monitoring plan as well as the mitigation measures incorporating an individual method or 

combinations to progressively reduce nonpoint source trash.  Non-structural BMPs may provide 

advantages over structural full capture systems in areas that are not extensively drained by 

municipal separate stormwater sewer systems.  Foremost, institutional controls offer other 

societal benefits associated with reducing litter in our city streets, parks and other public areas. 

The capital investment required to implement non-structural BMPs is generally less than that 

for structural BMPs.   

 

Litter Control 
It is noted that ordinances which prohibit littering are already in place in the areas of the 

Malibu Creek Watershed and listed below: 

 

� City of Ventura (i.e., San Buenaventura), Sec. 8.250.030. Littering; fine; picking up 
litter (Code 1971, § 4362) 

 
“It is unlawful to litter or cause to be littered in or upon any public or private property, or in 

any container, as described in this chapter, of another person without their permission.” 

 

� Ventura County (6923 Litter.) 
 

“No Person shall throw, deposit, leave, maintain, keep, or permit to be thrown, deposited, 

kept, or maintained, in or upon any public or private driveway, parking area, street, alley, 

sidewalk, or component of the Storm Drain System or any Watercourse, any refuse, rubbish, 

garbage, litter, or other discarded or abandoned objects, articles, accumulations, and/or 

Pollutants so that the same may cause or contribute to pollution. Any Owner or Occupant of 

the property or responsible person who fails to remove pollutants within a reasonable time, 

as determined by the Director, may be charged with a violation of this Chapter.” 

 

� Caltrans, D1.02 Laws That Pertain to Litter, Debris 

 
A.) Throwing Lighted Substances 

Vehicle Code Section 23111 provides that no one may throw or discharge onto the highway 

or adjacent area any lighted or unlighted cigarette, cigar, match, or flaming or glowing 

substance. 

B.) Disposing of Litter or Garbage on Highway 

Vehicle Code Section 23112 provides that no one may throw or deposit on the highway any 

garbage or substance likely to injure or damage traffic using the highway, or any noisome, 

nauseous, or offensive matter of any kind.  It also prohibits the placement of any rock, 

refuse, or dirt within the highway right of way. 
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� California Vehicle Code 
 

Throwing Substances on Highways or Adjoining Areas 
23111.   No person in any vehicle and no pedestrian shall throw or discharge from or upon 

any road or highway or adjoining area, public or private, any lighted or nonlighted cigarette, 

cigar, match, or any flaming or glowing substance. This section shall be known as the Paul 

Buzzo Act. (Amended Ch. 1548, Stats. 1970. Effective November 23, 1970) 

  

Throwing, Depositing, or Dumping Matter on Highway 
23112.   (a) No person shall throw or deposit, nor shall the registered owner or the driver, if 

such owner is not then present in the vehicle, aid or abet in the throwing or depositing upon 

any highway any bottle, can, garbage, glass, nail, offal, paper, wire, any substance likely to 

injure or damage traffic using the highway, or any noisome, nauseous, or offensive matter of 

any kind.  

(b) No person shall place, deposit or dump, or cause to be placed, deposited or dumped, any 

rocks, refuse, garbage, or dirt in or upon any highway, including any portion of the right-of-

way thereof, without the consent of the state or local agency having jurisdiction over the 

highway. (Amended Ch. 74, Stats. 1980. Effective January 1, 1981)  

 
Trash Receptacles 

Most trash disposed of on the ground may result from the lack of trash receptacles.  

Installing trash receptacles can reduce nonpoint source trash loadings.  The receptacles shall be 

visible and conveniently reachable for all park users. During the picnic seasons, sufficient trash 

and hot coal receptacles in the picnic area should be provided.  Receptacles shall be equipped 

with lids to prevent wildlife from digging through trash or the wind from re-mobilizing the trash 

inside.   Receptacles may be decorated but shall not cause visual intrusion to the background 

environment. 

  

Varieties of land uses determine the proper locations and necessary density of the trash 

receptacles.  More receptacles are needed along trails, near park entrances and exits, adjacent to 

picnic areas or areas with higher activity frequencies.  Sanitation should be maintained to avoid 

nuisances. 

 

Enforcement of Litter Laws 
The existing litter laws shall be posted in the prominent location for visitors or resident 

to understand the regulations.  It is to be noted that ordinances that prohibit litter are already in 

place in most cities because cities recognize that trash has become a pollutant in the storm drain 

system when exposed to storm water or any runoff, and prohibit the disposal of trash on public 

land.   

 

Patrolling or designated personnel shall have authorities to illustrate, execute, and 

enforce the litter laws.  The effectiveness of enforcement should be monitored. 
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Trash Bags 
Trash bags may be provided at the park entrance for visitors to keep their trash 

contained.  Trash bags should be available at designated locations for park users to collect after 

their activities or pets.   

 

The concept of trash bags originates from the trash bags offered in the Ventura County 

mass transportation system which provides trash bags in the buses for passengers to keep the 

buses clean.  This program may be more effective if it is combined with other efforts.  The 

effectiveness shall be monitored by checking the use of these trash bags in the trash collectors 

or trash receptacles. 

 

Street Sweeping 
Street sweeping is one of most effective methods to keep debris, vegetation wastes, and 

trash away from catch basins.  Although the correlation between street sweeping frequency and 

amount of trash collected in the waterbody is not confirmed in the Malibu Creek Watershed 

area, it is convincing that more street sweeping will allow less trash to be flushed by stormwater 

to the catch basins, and to be discharged to the waterbodies of concern.   

 

Most municipalities have been undergoing or have had contracts with Ventura County 

for a street sweeping program. In the County’s unincorporated areas, street sweeping frequency 

may be increased to reduce trash loading.   

   

Public Education 
Public education refers to posting information, giving a presentation, or conducting 

direct or indirect communication with individuals.  This outreach should be applied to public 

entities such as city halls, schools, community centers, senior centers, and to private 

meeting/activity locations. 

 

The educational materials should include the relevant ordinances, the importance of 

protecting the environment, possible environmental and biological impacts from pollution, and 

the necessary response if pollution occurs.   

 

Community Involvement 
Involving communities may be more effective in promoting the importance of protecting 

water quality and the environment.  The bonding between residents in the community makes the 

community more influential in educating residents about right concepts.  Communities can 

organize activities to illustrate that environmental protection involves every individual’s 

continuous efforts. 

 

Recycling Program 
A recycling program shall be developed to minimize trash sources in the vicinity of the 

waterbody of concern.   

  

Reporting System 
Patrol personnel, park users, or residents should report accumulation of trash or illegal 

disposal of trash to the waterbodies and their adjacent areas.  Information with a toll-free 

number and communication devise shall be conveniently available near the waterbodies for 
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timely reporting.  Responsible jurisdictions, after receiving reports, should conduct inspections 

to formulate proper cleanup actions. 

 

Stencil 
Stencils are to remind the residents and park users of the importance of maintaining 

water quality and of the existing ordinances.  Signs should be placed in prominent locations 

where most people will view them, and should contain appropriate symbols as well as clear 

written messages, and cite the appropriate federal, state and county codes including the largest 

possible penalty amount for violation of codes. 

  

Consideration of Picnic Area Relocation 
Trash found in the waterbodies may be the results of stormwater flushing or wind re-

mobilizing trash originally disposed of around picnic areas.  If stormwater or wind is the 

dominant factor causing trash impairment, and trash is constantly found near picnic areas, it 

may be a solution to reconsider the proper location of picnic area.   

 

The further the picnic area away from waterbodies, the longer time or more mobilization 

energy it needs from stormwater or wind to carry trash to waterbodies of concerns.  Trash may 

be cleaned before reaching waterbodies.  A proper monitoring period to analyze the cause of 

trash is necessary prior to considering this option.    

 

Imposition of Trash Tax 
The trash often discovered on or adjacent to the waterbodies is convenient paper or 

plastic food or beverage containers, plastic bottles, paper plates, aluminum cans, or plastic bags.  

This trash shares the same characteristics as packaging utilized in the fast food stores.  The 

evidence of trash causing the waterbody impairment may be used to justify an increase in the 

retail price of disposable food or beverage packaging to compensate for the potential 

environmental impacts.  The additional tax income can contribute to preventive or cleanup 

actions for the designated waterbody of concern.   

 

Cooperation of Potential Sources of Trash 
Stores carrying goods considered potential sources of trash to the waterbody or its 

adjacent areas can advise their patrons to handle the packaging, residuals or any trash parts in an 

environmentally friendly manner.  Similar to the stencils, signs with clear language containing 

ordinances, and a penalty of violation should be posted near the cashier, exit and parking lot. 

 

Surveillance Camera 
Surveillance cameras can be installed to monitor the water quality and any illegal 

disposal which may require immediate cleanup.  They can also be used to enforce the littering 

laws if necessary.  

 

Tax Benefit by Adopting Waterbodies, Parks, etc. 
This concept is adapted from the “adopt a highway” program.  The participation from 

industries in the vicinity of lakes, rivers, or creeks, will help the responsible jurisdictions to 

maintain the cleanliness of the environment, and increase the cleaning frequency.  Industries or 

any entities that contribute resources, time, or efforts to keep the environment clean could be 

encouraged by having tax benefit. 
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E. Implementation Schedule 
 

The TMDL Implementation Schedule is designed to provide responsible jurisdictions 

flexibility to implement structural and non-structural BMPs to address trash impairments in the 

listed waterbodies in the Malibu Creek Watershed.  Implementation consists of development of 

monitoring plans by responsible jurisdictions and implementation of the Executive Officer 

approved Trash Monitoring and Reporting Plan. 

 

Table 7. Implementation Schedule for Point Sources 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Submit Trash 
Monitoring and 
Reporting Plan, 
including a plan 
for defining the 
trash baseline 
WLA and a 
proposed 
definition of 
“major rain event”.  

California Department of 
Transportation, County of Los 
Angeles, County of Ventura, 
Ventura County Watershed 
Protection District, Cities of 
Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village 
and Thousand Oaks. 

6 months from 
effective date of 
TMDL.  If a plan 
is not approved 
by the Executive 
Officer within 9 
months, the 
Executive Officer 
will establish an 
appropriate 
monitoring plan. 

2 Implement Trash 
Monitoring and 
Reporting Plan. 

California Department of 
Transportation, County of Los 
Angeles, County of Ventura, 
Ventura County Watershed 
Protection District, Cities of 
Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village 
and Thousand Oaks. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

3 Submit results of 
Trash Monitoring 
and Reporting 
Plan, recommend 
trash baseline 
WLA, and propose 
prioritization of 
Full Capture 
System 
installation or 
implementation of 
other measures to 
attain the required 
trash reduction.   

California Department of 
Transportation, County of Los 
Angeles, County of Ventura, 
Ventura County Watershed 
Protection District, Cities of 
Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village 
and Thousand Oaks. 

One year from 
receipt of letter of 
approval for the 
Trash Monitoring 
and Reporting 
Plan from 
Regional Board 
Executive Officer, 
and annually 
thereafter. 

4 
 

Installation of Full 
Capture Systems 

California Department of 
Transportation, County of Los 

Four years from 
effective date of 
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or other measures 
to achieve 20% 
reduction of trash 
from Baseline 
WLA*.  

Angeles, County of Ventura, 
Ventura County Watershed 
Protection District, Cities of 
Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village 
and Thousand Oaks. 

TMDL. 

5 
 

Installation of Full 
Capture Systems 
or other measures 
to achieve 40% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation, County of Los 
Angeles, County of Ventura, 
Ventura County Watershed 
Protection District, Cities of 
Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village 
and Thousand Oaks. 

Five years from 
effective date of 
TMDL. 

6 Evaluate the 
effectiveness of 
Full Capture 
Systems or other 
measures, and 
reconsider the 
WLA*. 

Regional Board. Five years from 
effective date of 
TMDL. 

7 
 

Installation of Full 
Capture Systems 
or other measures 
to achieve 60% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation, County of Los 
Angeles, County of Ventura, 
Ventura County Watershed 
Protection District, Cities of 
Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village 
and Thousand Oaks. 

Six years from 
effective date of 
TMDL. 

8 
 

Installation of Full 
Capture Systems 
or other measures 
to achieve 80% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation, County of Los 
Angeles, County of Ventura, 
Ventura County Watershed 
Protection District, Cities of 
Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village 
and Thousand Oaks. 

Seven years from 
effective date of 
TMDL. 

9 
 

Installation of Full 
Capture Systems 
or other measures 
to achieve 100% 
reduction of trash 
from Baseline 
WLA*.  

California Department of 
Transportation, County of Los 
Angeles, County of Ventura, 
Ventura County Watershed 
Protection District, Cities of 
Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village 
and Thousand Oaks. 

Eight years from 
effective date of 
TMDL. 

*Compliance with percent reductions from the Baseline WLA will be assumed 
wherever full capture systems are installed in corresponding percentages of the 
conveyance discharging to the listed waterbodies.  Installation will be prioritized 
based on the greatest point source loadings. 
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Table 8.  Minimum Frequency Assessment and Collection Implementation Schedule for Nonpoint Sources 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Conditional 
Waiver in effect. 
 

National Park Service, California 
Department of Parks and Recreation, 
Santa Monica Mountains 
Conservancy, County of Los Angeles, 
County of Ventura, Ventura County 
Watershed Protection District, Cities 
of Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village, and 
Thousand Oaks, and land owners in 
the vicinity of listed waterbodies in 
the Malibu Creek Watershed. 

Regional Board 
adoption of TMDL. 

2 Submit Notice of 
Intent to Comply 
with Conditional 
Waiver of 
Discharge 
Requirements, 
including 
MFAC/BMP 
Program and 
Trash 
Monitoring and 
Reporting Plan.   

National Park Service, California 
Department of Parks and Recreation, 
Santa Monica Mountains 
Conservancy, County of Los Angeles, 
County of Ventura, Ventura County 
Watershed Protection District, Cities 
of Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village, and 
Thousand Oaks, and land owners in 
the vicinity of listed waterbodies in 
the Malibu Creek Watershed. 

Six months from 
TMDL effective date. If 
a plan is not approved 
by the Executive 
Officer within 9 
months, the Executive 
Officer will establish 
an appropriate 
monitoring plan. 

3 Implement 
MFAC/BMP 
Program. 

National Park Service, California 
Department of Parks and Recreation, 
Santa Monica Mountains 
Conservancy, County of Los Angeles, 
County of Ventura, Ventura County 
Watershed Protection District, Cities 
of Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village, and 
Thousand Oaks, and land owners in 
the vicinity of listed waterbodies in 
the Malibu Creek Watershed. 

6 months from receipt 
of letter of approval 
from Regional Board 
Executive Officer, or 
the date a plan is 
established by the 
Executive Officer. 

4 Submit annual 
TMRP reports 
including 
proposal for 
revising 
MFAC/BMP for 
Executive Officer 
approval. 

National Park Service, California 
Department of Parks and Recreation, 
Santa Monica Mountains 
Conservancy, County of Los Angeles, 
County of Ventura, Ventura County 
Watershed Protection District, Cities 
of Agoura Hills, Calabasas, Hidden 
Hills, Malibu, Westlake Village, and 
Thousand Oaks, and land owners in 
the vicinity of listed waterbodies in 
the Malibu Creek Watershed. 

One year from receipt 
of letter of approval for 
the Trash Monitoring 
and Reporting Plan 
from Regional Board 
Executive Officer, and 
annually thereafter. 

5 
 

Reconsideration 
of Trash TMDL 

Regional Board. Five years from 
effective date of TMDL. 
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based on 
evaluation of 
effectiveness of 
MFAC/BMP 
program. 

* At Task 3, all Responsible Jurisdictions must be attaining the zero trash target after 
each required trash assessment and collection event.  At Task 4, all Responsible 
Jurisdictions must demonstrate full compliance and attainment of the zero trash 
target’s requirement that trash is not accumulating in deleterious amounts between 
the required trash assessment and collection events.  Based on Responsible 
Jurisdiction monitoring reports, the Executive Officer may adjust the minimum 
frequency of assessment and collection as necessary to ensure compliance between 
the required trash assessment and collection events. 
 

F. Reasonably Foreseeable Environmental Impacts from TMDL 
Implementation 

 

An accompanying CEQA Substitute Environmental Document (SED) analyzes the 

potential negative environmental impacts of compliance with the trash TMDL based on the 

implementation strategies discussed above. According to municipalities implementing previous 

Trash TMDL requirements by installing catch basin inserts and vortex separation devices, it was 

found the most significant environmental impacts result from construction activities associated 

with installation and maintenance activities.  The primary construction impacts are caused by 

concrete and electrical work, and in some areas, earth work associated with structural 

improvements.  The environmental impacts are resulting from maintaining, removing and 

disposing trash from structural treatment systems. Both constructional and environmental 

impacts may be mitigated by available technologies.   

 

Regarding cumulative impacts, it is noted that both the construction and maintenance 

activities are in small, discrete, discontinuous areas over a short duration.  Consequently, 

cumulative impacts are not significantly exacerbated from the sum of individual project 

impacts.  Project level environmental analysis for implementation of structural methods will 

likely be conducted by municipalities and responsible jurisdictions under notices of exemption.  

Categorical exemptions will be based on the nature of the projects including: 

 

-Minor alteration of existing public structures involving negligible expansion of an 

existing facility. 

-Modifications of existing storm drain system and addition of environmental protection 

devices in existing structures with negligible or no expansion of use. 

-Modifications to sewers constructed to alleviate a high potential or existing public 

health hazard.   

 

The analysis concludes that the implementation of this TMDL will result in water 

quality improvement in the creeks and lakes in the Malibu Creek Watershed, but may be 

associated with temporary or permanent localized adverse impacts to the environment. While 

specific projects employed to implement the TMDL may have significant impacts, these 

impacts may be limited, short-term or mitigated through effective design and scheduling. Under 
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circumstances that none of alternatives or mitigation measures is available to mitigate the 

environmental impact caused by implementation of this Trash TMDL, implementing this Trash 

TMDL would outweigh the unavoidable adverse environmental effects because the minimum 

foreseeable environmental impacts shall be addressed by project level planning, construction, 

and operation methods as described in the CEQA SED.   

 

X. Monitoring 
 

Assessment and monitoring of trash are key components of the TMDL.  The goal of 

trash monitoring is to collect representative data  across the watershed that can be used to 

refine Baseline Load and Waste Load Allocations, effectively site and design BMPs, 

including full capture systems, and determine compliance with Waste Load and Load 

Allocations. Monitoring activities and results, including implementation and effectiveness of 

BMP implementation, will be reported and submitted to the Regional Board on an annual 

basis, as described in the Implementation schedule. Responsible jurisdictions will be required 

to propose and implement a Trash Monitoring and Reporting Plan approved by the Executive 

Officer.  

 

The Trash Monitoring and Reporting Plan will describe the methodologies that will be 

used to assess and monitor trash in the listed waterbodies in the Malibu Creek Watershed, and 

if applicable land areas in the vicinity of the Malibu Creek Watershed.  Regional Board staff 

finds that monitoring protocols prescribed by the Rapid Trash Assessment are appropriate for 

this TMDL.  Elements of the trash Monitoring and Reporting Plan are described below. 

 

• Monitoring Plan. Responsible jurisdictions will submit a Trash Monitoring and 

Reporting Plan with the proposed monitoring sites and at least two additional 

alternate monitoring locations.  The Work Plan must include maps of the drainage 

and storm drain data, and locations where most trash accumulated on the 

waterbodies and on the vicinities for nonpoint sources for each proposed and 

alternate monitoring location.  The monitoring plan(s) will be submitted to the 

Regional Board according the TMDL Implementation Schedule.  The Regional 

Board's Executive Officer will have full authority to review the monitoring plan(s), 

to revise the plan, to select among the alternate monitoring sites, and to approve or 

disapprove the plan(s).   

 

• Jurisdiction. Allocations will be permitted through stormwater permits or by a 

Conditional Waiver.  For this reason, each responsible jurisdiction must provide the 

Regional Board list of entities located within their municipal boundaries that are 

outside of their jurisdiction including state or federal lands and facilities.  

 

• Data Collection. Baseline data may be collected over a period of two years. 

Although the amount of trash deposited into the waterbodies through storm drains 

or from nonpoint sources may depend on rainfall patterns and winds, monitoring 

will include dates in both the rainy season and the dry season.  The rainy season is 

defined as a period from October 15 to April 15.   
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• Unit of Measure. Data will be reported in a single unit of measure that is 

reproducible and measures the amount of trash, irrespective of water content (e.g., 

compacted volume based on a standardized compaction rate, dry weight, etc.).  The 

responsible jurisdictions may select the unit.  The unit of measure used during 

baseline monitoring also will be used during implementation for determining 

compliance with Waste Load Allocations and Load Allocations.   

 

• Vegetation.  The responsible jurisdictions may exclude vegetation from their 

reported discharge except where there is evidence that the vegetation is the result of 

the illegal discharge of yard waste.  However, all monitoring data must be reported 

uniformly (either with or without vegetation).  If the responsible jurisdictions 

include vegetation in the discharges reported during baseline monitoring, they will 

be obligated to include natural vegetation in their reports of discharge during 

implementation.  

 

• Disposal of Collected Trash.  Trash captured during the monitoring plan must be 

disposed of in accordance with all applicable laws and regulations.  

 

• Location.  Trash monitoring on the surface and shores of the waterbodies of 

concern in the Malibu Creek Watershed shall be focused on visible trash at 

representative and critical locations determined by the responsible jurisdictions and 

approved by the Executive Officer in the Trash Monitoring and Reporting Plan.  

Locations for trash assessment shall include, but not be limited to locations where 

trash enters and exits the waterbodies, accumulates on the water and shorelines, and 

areas of recreational access and wildlife habitat.  Trash assessment on the water and 

shorelines shall include the type of trash, amount of trash according to a metric 

proposed and approved in the Monitoring and Reporting Work plan.   

 

• Representative Data.  In an effort to provide representative data in deriving Baseline 

Waste Load Allocation and Baseline Load Allocation, the minimum requirements 

to establish the Trash Monitoring and Reporting Plan include: 

 

• The plan would provide representative data  across the subwatershed. 

• The plan would provide data in units that were easily reproducible and 

would be comparable with data to be collected during the 

Implementation Phase. 

• The Baseline Waste Load Allocation and Baseline Load Allocation may 

be revised from data generated from the plan. 
 

• Land Use Areas.  Dischargers may propose trash monitoring according 

to Land Use Areas in the vicinity of the Malibu Creek Watershed.  

Monitoring data can be used to establish specific trash generation rates 

per land use for siting and design of BMPs.   

 

In addition to the general monitoring requirements, two TMDL monitoring strategies are 

outlined below for the proposed compliance options. 
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1. Monitoring of Point Source Trash Discharges. 

 

Monitoring of full capture devices, other structural and/or non-structural BMPs for point 

source focuses on description and quantification of trash collected by the proposed devices and 

BMPs, and assessment of effectiveness in reducing trash prior to discharge to  the waterbodies 

in the Malibu Creek Watershed.  The Monitoring and Reporting Plan will describe how trash 

collected from full capture devices and other structural and/or non-structural BMPs will be 

quantified and how trash reductions in the creeks, lakes, and on the shoreline will be assessed.   

 

2. Monitoring of Nonpoint Source Trash Discharge 

 

Responsible jurisdictions must identify at least 5 monitoring locations within the 

perimeter of the listed waterbodies, including two (2) locations where trash was always present 

according to the records.  The TMRP should describe how proposed monitoring locations will 

demonstrate how all visible trash in the creeks, lakes, and on the shoreline can be assessed and 

collected. The minimum frequency of assessment and collection (MFAC) depends on the 

composition of land uses along the waterbodies.  The detail MFAC for each specific listed 

waterbody is provided in Section ***.   

 

An additional 5 locations in the vicinity along the creeks and lakes that are assessed to 

have the most trash deposited on the ground shall also be inspected and cleaned at a frequency 

that no trash will accumulate in these areas and deposit in the water. Responsible jurisdictions 

must collect 100% of the trash accumulated between MFAC events. 

 

The report submitted for Regional Board’s review must contain information, including 

but not limited to dates of inspection, descriptions of trash types, estimate of trash quantity if 

weighting is not available, and immediate action of trash removal.  At least one photo at each 

designated observation location per assessment and collection event, and as needed must be 

taken and attached in the report to support the observation. 

 

XI. Cost Considerations 
 

Porter-Cologne Section 13241(d) requires staff to consider costs associated with the 

establishment of water quality objectives.  The TMDL does not establish water quality 

objectives, but is merely a plan for achieving existing water quality objectives.  Therefore cost 

considerations required in Section 13241 are not required for this TMDL.  

 

The purpose of this cost analysis is to provide the Regional Board with information 

concerning the potential cost of implementing this TMDL and to addresses concerns about costs 

that have been raised by responsible jurisdictions.  This section takes into account a reasonable 

range of economic factors in fulfillment of the applicable provisions of the California 

Environmental Quality Act (Public Resources Code Section 21159.) 

 

An evaluation of the costs of implementing this Trash TMDL amounts to evaluating the 

costs of preventing trash from being deposited to and accumulating in the waterbodies of 

concerns in the Malibu Creek Watershed.  This brief report gives a summary overview of the 
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costs associated with the most likely ways the responsible jurisdictions will achieve the required 

reduction in discharges via the storm drain system and in accumulation resulting from the 

potential nonpoint source areas.  Such an analysis would be incomplete if it failed to consider 

the existing cost that presently is transferred to "innocent" downstream communities. There is 

an unquantified cost to aquatic life within the creeks and lakes in the Malibu Creek Watershed 

and Ocean. 

 

Cost of Implementing Trash TMDL 
 

The reference provided by Los Angeles County indicated that it cost more than 4 

million dollars to clean trash from 31-mile beaches annually.  City of Long Beach, at the 

mouth of the Los Angeles River, also spent almost 1 million dollars annually for storm debris 

accumulated in the Long Beach Harbor.  These expenses should be taken into consideration 

while calculating the potential cost of implementing Trash TMDL. 

 

The cost of implementing this TMDL will range widely, depending on the method that 

the responsible jurisdictions select to meet the Waste Load and Load Allocations.  Arguably, 

enforcement of existing litter ordinances could be used to achieve the final Waste Load and 

Load Allocations at minimal or no additional cost.  The most costly approach in the short-

term is the installation of full capture systems on all discharges to the waterbodies in the 

Malibu Creek Watershed.   

 

Most of the information presented herein consists of catch basin inserts, structural vortex 

separation devices, end of pipe nets and a MFAC/BMP program.  The associated cost of 

preventing trash from being disposed of into waterbodies is included.   

 

Regardless of the method(s) used, costs associated with the gradual decrease of the 

amount of trash in the waterbodies, and the maintenance of all waterbodies of concerns in the 

Malibu Creek Watershed and its tributaries free of trash include monitoring and implementation 

costs.  Any practice chosen for monitoring trash or removing trash from waterbody, shorelines 

or source areas, regardless of its installation costs, will also be associated with labor costs. 

 

The followings are general cost analysis separately for retrofitting all the catch basins in 

the urbanized portion of the watershed, using solely structural full capture methods, and 

implementing a MFAC/BMP program.   

 

1. Catch Basin Inserts 

Catch basin insert is to install a screen at catch basin inlet facing streets, and a finer 

mesh with opening less than 5 mm for being eligible to be certified by the Executive Officer of 

Regional Board to be full capture system, inside catch basins.  The screen at the inlet can be 

metal screens open as stormwater flow pressures them, or brushes.  The purpose of the inlet 

screen is to exclude trash with larger size to stay on street for sweeping and to avoid causing 

clogging inside catch basins.   

At a cost of around $800 per insert, catch basin inserts are the least expensive structural 

treatment device in the short term.  However, because they may be considered as a full capture 

method or not depending on the design and obtaining a certification from the Executive Officer 
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of Regional Board, they shall be monitored frequently and used in conjunction with street 

sweeping.   

There are approximately 1572 catch basins in the listed subwatersheds within Los 

Angeles County, estimated by Los Angeles County Department of Public Works, and about *** 

catch basins in Ventura County provided by Ventura County Watershed Protection District.  

Assuming all catch basin insert will be installed in five years after the effective date of this 

TMDL, and the operation and maintenance expense is 50% of the installation cost.  

 

Table 9.. Costs of retrofitting the catch basin inserts. (Dollars in thousands) 

Number of years in 

the program 

1 2 3 4 5 6 7 8 

Operations and 

Maintenance (yearly, 

cumulative) 

$157.1 $314.2 $471.4 $628.5 $785.6 $785.6 $785.6 $785.6 

Capital Cost (yearly) $314.2 $314.2 $314.2 $314.2 $314.2    

Annual Costs per 

year (Capital + 

Operation and 

Maintenance) 

$471.4 $628.5 $785.6 $942.7 $1,099.8 $785.6 $785.6 $785.6 

 

2. Full Capture Vortex Separation Systems (VSS) 

 

Permanent structural devices can be used to trap gross pollutants for monitoring 

purposes as well as implementation. Among those “litter control devices” are structural vortex 

separation systems (VSS), floating debris traps, end-of-pipe nets and trash racks.  VSS units 

appear to be among the best alternatives to evaluate or remove the amount of trash generated 

throughout a particular drainage area. 

 

An ideal way to capture trash deposited into a storm drain system would be to install a 

VSS unit.  This device diverts the incoming flow of storm water and pollutants into a pollutant 

separation and containment chamber.  Solids within the separation chamber are kept in 

continuous motion, and are prevented from blocking the screen so that water can pass through 

the screen and flow downstream.  This is a permanent device that can be retrofitted for oil 

separation as well.  Studies have shown that VSS systems remove virtually all of the trash 

contained in the treated water.  The cost of installing a VSS is assumed to be high, so limited 

funds will place a cap on the number of units which can be installed during any single fiscal 

year. 

 

The point sources area is approximately 6,100 acres.  The following table provides 

capacities and the associated costs of various sizes of VSS.  Staff assumes the cost of yearly 

servicing of a VSS unit to be $2000. 
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Table 10.  Costs Associated with VSS. 

Capacity Acres 

(average) 

Unit Capital Cost Number of devices 

needed on urban 

portion of watershed 

Capital costs Yearly costs for 

servicing all 

devices 

1 to 2 cfs 5 $12,800 1225 $15,680,000 $2,450,000 

6 to 8 cfs 30 $45,000 204 $9,180,000 $408,000 

19 to 24 cfs 100 $90,000 60 $720,000 $120,000 

 

 

 Table 13 and 14 compare the estimated costs of retrofitting the point source areas with 

low capacity VSS (1 to 2 cfs) and large capacity VSS (19 to24 cfs), given that VSS will be 

installed within the first five years after the effective date of this TMDL. 

 

Table 11. Costs Associated with Low Capacity Vortex Gross Pollutant Separation Systems. (Dollars in 
thousands) 

Number of years in 

the program 

1 2 3 4 5 6 7 8 

Units Installed 245 245 245 245 245    

Operations and 

Maintenance (yearly, 

cumulative) 

$490 $980 $1,470 $1,960 $2,450 $2,450 $2,450 $2,450 

Capital Cost (yearly) $3,136 $3,136 $3,136 $3,136 $3,136    

Annual Costs per 

year (Capital + 

Operation and 

Maintenance) 

$3,626 $4,116 $4,606 $5,096 $5,586 $2,450 $2,450 $2,450 

 

 

Table 12. Costs Associated with Large Capacity Vortex Gross Pollutant Separation Systems. (Dollars in 
thousand) 

Number of years in 

the program 

1 2 3 4 5 6 7 8 

Units Installed 12 12 12 12 12    

Operations and 

Maintenance (yearly, 

cumulative) 

$24 $48 $72 $96 $120 $120 $120 $120 

Capital Cost (yearly) $1,080 $1,080 $1,080 $1,080 $1,080    

Annual Costs per 

year (Capital + 

Operation and 

Maintenance) 

$1,104 $1,128 $1,152 $1,176 $1,200 $120 $120 $120 
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Outfitting a large drainage with a number of large VSS systems may be less costly than 

using a larger number of small VSS systems.  Maintenance costs decrease dramatically as the 

size of the system increases.  Topographical and geotechnical considerations also should come 

into play when choosing VSS systems or other structural systems or devices.   

 

3. End of Pipe Nets 

 

“Release nets” are a relatively economical way to monitor trash loads from municipal 

drainage systems.  However, in general, they can only be used to monitor or intercept trash at 

the end of a pipe and are considered to be partial capture systems, as the nets are usually sized 

at a 1/2" to 1" mesh.  These nets are attached to the end of pipe systems.  The nets remain in 

place on the end of the drain until water levels upstream of the net rise sufficiently to release a 

catch that holds the net in place.  The water level may rise from either the bag being too full to 

allow sufficient water to pass, or from a disturbance during very high flows.  When the nets 

release they are attached to the side of the pipe by a steel cable and as they are washed 

downstream (a yard or so) are tethered off so that no pollutants from within the bags are 

washed out. 

 

Preliminary observations suggest that the nets rarely fill sufficiently to cause the bags to 

release. And therefore, if they are cleaned after a storm event, the entire quantity of material is 

captured and can be measured for monitoring purposes using two bags per trap.  This makes it 

easy to replace the full or partially full bag with an empty one, so that the first bag can be taken 

to a laboratory for analysis without manual handling of the material it contains.   

 

The nets are valid devices because of the ease of maintenance and also because the 

devices can be relocated after a set period at one location (provided the pipe diameters are the 

same).  With limited funding, installation could be spread over several land uses and lead to 

valuable monitoring results. 

 

Because the devices require attachment to the end of a pipe, this can severely reduce the 

number of locations within a drainage system that can be monitored.  In addition, these nets 

cannot be installed on very large channels (7 feet in diameter is the maximum).  Thus costs 

shown in Table 15 are given per pipe, and no drainage coverage is given. 

 

Table 13.  Sample Costs for End of Pipe Nets. 

Pipe Size Release nets 

(cost estimates) 

End of 3 ft pipe $10,000 

End of 4 ft pipe $15,000 

End of 5 ft pipe $20,000 

In 3 ft pipe network $40,000 

In 4 ft pipe network $60,000 

In 5 ft pipe network $80,000 
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4. Cost Consideration – Minimum Frequency Trash Assessment and Collection  

 

This section provides a brief estimate of costs to comply with the Minimum Frequency 

of Assessment and Collection for nonpoint source responsible jurisdictions.  The cost estimate 

is based on the minimum frequencies of assessment and collection prescribed in the section of 

Implementation for separate reaches and locations, and four additional  assessment and 

collection event after major storms.   

 

It is also assumed that the personnel for trash assessment and collection will be 

employed by one of the agencies that provide services to the area of the Malibu Creek 

Watershed.  As such, equipment and vehicles are available and costs for these items are 

assumed to be included in the estimate below.  It is also assumed that a single person can 

conduct the complete trash assessment and collection in four hours at each.  Consequently, the 

total time per year to conduct the minimum frequency of assessment and collection is 64 days. 

 

 

Table 14. Estimation of Hours for Implementing Minimum Frequency of Assessment and Collection Program 

Sub- 
Watersheds 

MFAC Descriptions MFAC 
(per 
year) 

Critical 
Conditions 
(per year) 

Hours 
per 

Event 

Total 
Hours 

1. Within City of Malibu premises, the waterbody, 

shorelines and areas adjacent to Malibu Creek need 

to be cleaned once per week and within 72 hours 

after critical conditions. 

52 4 8 448 Malibu 
Creek 

2. In the County of Los Angeles areas and in the 

State Park areas, once per month, and within 72 

hours after critical conditions. 

12 4 8 448 

1. The waterbody, shorelines, beach and areas 

adjacent to Malibu Lagoon need to be cleaned 

twice per week during high visitation seasons from 

May 15 through October 15. 

44  8 352 Malibu 
Lagoon 

2. The waterbody, shorelines, beach and areas 

adjacent to Malibu Lagoon shall be cleaned once 

per week for the rest of the year, and within 72 

hours after critical conditions. 

30 4 8 272 

Malibou 
Lake 

Once per month for the waterbody, shorelines and 

the adjacent lands, and within 72 hours after critical 

conditions. 

12 4 8 128 

Medea 
Creek  
Reach 1 

Twice per month for the on the waterbody, 

shorelines and the adjacent areas, and within 72 

hours after critical conditions. 

24 4 8 224 

1. Once per week on the waterbody, shorelines and 

the adjacent areas from the confluence with 

Lindero Creek to the intersection with Thousand 

Oaks Blvd., and within 72 hours after critical 

conditions. 

52 4 4 224 Medea 
Creek  
Reach 2 

2. Twice per month above the intersection with 

Thousand Oaks Blvd., and within 72 hours after 

critical conditions. 

24 4 8 224 

Lindero Twice per month on the waterbody, shorelines and 

the adjacent areas, and within 72 hours after critical 
24 4 4 112 
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Creek 
Reach 1 

conditions. 

Lindero 
Creek 
Reach 2 

Twice per month on the waterbody, shorelines and 

the adjacent areas, and within 72 hours after critical 

conditions. 

24 4 8 224 

Lake 
Lindero 

Twice per month on the waterbody, shorelines and 

the adjacent land, and within 72 hours after critical 

conditions. 

24 4 4 112 

1 In the State Park areas northerly to the 

intersection with Mulholland Highway, once per 

month, and within 72 hours after critical conditions. 

12 4 8 128 

2. Once per week for the waterbody, the shorelines 

and the adjacent areas between Mulholland 

Highway and Juan Bautista De Anza Park at Los 

Hills Road in the City of Calabasas, and within 72 

hours after critical conditions. 

52 4 8 448 

3. Twice per week for the waterbody, the shorelines 

and the adjacent areas for the rest of City of 

Calabasas. 

104  8 832 

4. Once per month for section in Los Angeles 

County along Ventura Freeway and within 72 hours 

after critical conditions. 

12 4 4 64 

Las Virgenes 
Creek 

5. In Ventura County, once every two months for 

the waterbody, the shorelines and the adjacent 

areas, and within 72 hours after critical conditions. 

6 4 8 80 

Total     4000 
 

Assuming a burdened hourly rate of $37.50 per hour, the estimated annual costs to 

conduct the Minimum Frequency of Assessment and Collection program is approximately 

$150,000 for the Malibu Creek Watershed. 

 

5. Cost Comparison 

 
A comparison of costs between strategies based on catch basin inserts (CBIs), low 

capacity VSS, high capacity VSS systems, and enforcement of litter laws is presented in Table 

15.  This comparison was completed previously for a trash TMDL in the Los Angeles River 

watershed.  Staff assumes the relative magnitude of the costs for the different options is 

applicable for the Malibu Creek Watershed Trash TMDL, with an addition of the cost resulting 

from minimum frequency trash assessment and collection. 
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Table 15.  Cost Comparison (amounts in millions) 

 CBI only Low capacity  

VSS Units 

Large capacity  

VSS Units 

Minimum Frequency 

Trash Assessment and 

Collection 

Enforcement of 

Litter Laws
1
 

Cumulative capital 

costs over 8 years 

 

$1.57 $15.68 $5.4 $0 $0 

Cumulative 

maintenance and 

capital costs after 8 

years 

$4.7 $14.7 $0.72 $1.2 $0 

Annual servicing 

costs after full 

implementation 

$0.79 $2.45 $0.12 $0.15 $0 

 

Trash abatement in the Malibu Creek Watershed will differ depending on the options selected 

by the responsible jurisdictions. 

                                                 
1
 Revenues from fines assessed to offset increased law enforcement cost.  The cost of a database system used to 

calculate trash discharges estimated to be less than $250,000. 
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XIII. Appendix I Land Use Classification 
 

The land use classification was developed by Aerial Information Systems as a modified 

Anderson Land Use Classification and originally included 104 categories.  The land use 

coverages were donated for GIS library use by Southern California Association of 

Governments (SCAG), and show land use for 2005.  The coverages were map-joined into a 

single coverage by Teale Data Center.  The Regional Board layers were aggregated from the 

TDC coverage into the land uses shown above. 

 

Critical land uses were mapped regardless of resolution limits.  Critical land use units below 1 

acre in size were mapped as 1-acre units. 

 

Land Uses Description and subcategories of Each Land Use 

High Density 

Residential 

High density single family residential and all multi family residential, mobile 

homes, trailer parks and rural residential high density. 

Low Density 

Residential 

Under 2 units per acre. 

Public 

Facilities 

government centers, police and sheriff stations, fire stations, medical health 

care facilities, religious facilities large enough to be distinguished on an aerial 

photograph, libraries, museums, community centers, public auditoriums, 

observatories, live indoor and outdoor theaters, convention centers which 

were built prior to 1990, communication facilities, and utility facilities 

(electrical, solid waste, liquid waste, water storage and water transfer, natural 

gas and petroleum) 

Education Preschools and daycare centers, elementary schools, high schools, colleges 

and universities, and trade schools, including police academies and fire 

fighting training schools. 

Transportation Airports, railroads, freeways and major roads (that meet the minimum 

mapping resolution of 2.5 acres), park and ride lots, bus terminals and yards, 

truck terminals, harbor facilities, mixed transportation and mixed 

transportation and utility. 

Mixed Urban Mixed commercial, industrial and/or residential, and areas under construction 

or vacant in 1990. 

Open Space 

and Recreation 

Golf courses, local and regional parks and recreation, cemeteries, wildlife 

preserves and sanctuaries, botanical gardens, beach parks. 

Agriculture Orchards and vineyards, nurseries, animal intensive operations, horse ranches. 

Water Open water bodies, open reservoirs larger than 5 acres, golf course ponds, 

lakes, estuaries, channels, detention ponds, percolation basins, flood control 

and debris dams. 
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XIV. Appendix II Surface Areas of Land Uses 
 

 

This table shows the square mileage for “high density residential”, “low density residential”, “commercial”, “industrial”, 

“public facilities”, “education”, “transportation”, “mixed urban”, “open space”, “agriculture”, “water” and “recreation” land uses for 

every city and incorporated areas in the watershed.  The “water” land use of water is itself a nonpoint source of trash, and will 

therefore receive a combined Load Allocation.   For cities that are only partially located on the watershed, the square mileage 

indicated is for the portion located in the watershed. 

 
Square mileage estimated for each land use for cities in the watershed, and for unincorporated areas. 

Responsible 
Jurisdictions 

High 
Density 

Residential 

Low 
Density 

Residential Commercial Industrial 
Public 

Facilities Education 
Transpor-

tation 
Mixed 
Urban 

Open and 
Recreation Agriculture Water 

Total 
for all 

classes 
Agoura Hills 2.30 0.14 0.27 0.05 0.04 0.13 0.14 0.02 3.25 0.01 0.03 6.39 
Calabasas 0.73 0.01 0.18 0.04 0.08 0.04 0.08 0.01 3.00 0.13 0.00 4.30 
CA Dept of 
Parks and 
Recreation 0.01 0.03 0.00 0.00 0.01 0.00 0.00 0.00 9.79 0.02 0.00 9.86 
Hidden Hills 0.00 0.11 0.00 0.00 0.00 0.01 0.00 0.00 0.04 0.00 0.00 0.16 
Los Angeles 

County 0.54 0.66 0.04 0.01 0.35 0.01 0.09 0.14 8.68 0.13 0.02 10.68 
Malibu 0.02 0.22 0.03 0.05 0.03 0.00 0.00 0.00 0.43 0.05 0.00 0.84 

National Park 
Service 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.41 0.00 0.00 1.42 

Simi Valley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.18 
Thousand Oaks 0.50 0.31 0.03 0.00 0.02 0.00 0.00 0.00 1.52 0.00 0.00 2.38 
Ventura County 1.58 0.06 0.02 0.00 0.02 0.14 0.00 0.00 10.16 0.00 0.01 12.01 

Westlake 
Village 0.15 0.00 0.07 0.00 0.00 0.00 0.01 0.00 0.23 0.00 0.00 0.46 
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XV. Appendix III Wasteload and Load Allocations for Land Uses 
 

This table shows the Waste Load and Load Allocations for trash per land use in each city base on square mileage.  Waste Load 

Allocations are assigned to point source areas including high and low density residential, commercial, industrial, public Facilities, 

education, transportation and mixed urban land uses.  Others of open space, agriculture, water and recreation land uses are considered 

as nonpoint sources and assigned with Load Allocation.  For cities that are only partially located on the watershed, the square mileage 

indicated is for the portion located in the watershed. 
 

Wasteload and Load Allocations for Trash per Land Use in each CITY (Gallons of Uncompressed Volume) 

Responsible 
Jurisdiction 

High 
Density 

Residential 

Low 
Density 

Residential 
Commer-

cial Industrial 
Public 

Facilities Education 
Transpo
r-tation 

Mixed 
Urban 

Open 
Space 

and 
Parks 

Agricul-
ture Water 

Agoura Hills 1473.00 89.18 173.57 30.03 27.90 85.15 4803.49 15.86 2080.47 8.32 17.34 
Calabasas 468.26 7.59 118.32 24.12 49.70 25.64 2614.34 5.43 1921.15 81.83 1.41 
CA Dept of 
Parks and 
Recreation 4.02 20.65 0.10 0.00 6.70 0.00 0.00 0.71 6262.90 14.84 0.09 
Hidden Hills 0.00 70.90 0.00 0.00 0.00 8.28 0.00 0.00 25.31 0.42 0.00 
Los Angeles 
County 343.77 424.21 28.35 5.45 224.96 5.71 2966.93 90.42 5556.90 84.03 14.30 
Malibu 14.84 139.00 21.48 29.61 21.39 0.00 82.63 0.00 277.25 31.29 0.00 
National 
Park Service 0.00 2.34 0.00 0.00 0.07 0.00 0.00 0.00 903.60 0.00 0.00 
Simi Valley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 118.18 0.00 0.00 
Thousand 
Oaks 318.82 200.17 22.25 0.00 13.89 0.00 0.00 0.00 970.66 0.00 0.00 
Ventura 
County 1010.50 39.26 15.72 0.00 15.53 92.68 0.00 0.00 6503.87 0.00 8.68 
Westlake 
Village 96.02 0.00 44.64 0.00 2.32 0.00 345.57 0.00 145.73 0.00 0.01 
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XVI. Appendix IV Definitions 
 

The definitions of terms as used in this TMDL are provided as follows: 
 

Beneficial Uses.  Beneficial Uses form the cornerstone of water quality protection under 

the Basin Plan.  Once beneficial uses are designated, appropriate water quality objectives 

can be established and programs that maintain or enhance water quality can be 

implemented to ensure the protection of beneficial uses.  The designated beneficial uses, 

together with water quality objectives (referred to as criteria in federal regulations) form 

water quality standards.  Such standards are mandated for all waterbodies within the state 

under the California Water Code.  In addition, the federal Clean Water Act mandates 

standards for all surface waters, including wetlands.  Beneficial uses for waterbodies in 

the Malibu Creek Watershed are listed and defined below: 

 

Navigation (NAV) 
Uses of water for shipping, travel, or other transportation by private, military, or 

commercial vessels. 

 

Water Contact Recreation (REC-1) 
Uses of water for recreational activities involving body contact with water, where 

ingestion of water is reasonably possible. These uses include, but are not limited 

to, swimming, wading, water-skiing, skin and scuba diving, surfing, white water 

activities, fishing, or use of natural hot springs. 

 

Non-contact Water Recreation (REC-2) 
Uses of water for recreational activities involving proximity to water, but not 

normally involving body contact with water, where ingestion of water is 

reasonably possible. These uses include, but are not limited to, picnicking, 

sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life 

study, hunting, sightseeing, or aesthetic enjoyment in conjunction with the above 

activities. 

 

Commercial and Sport Fishing (COMM) 
Uses of water for commercial or recreational collection of fish, shellfish, or other 

organisms including, but not limited to, uses involving organisms intended for 

human consumption or bait purposes. 

 

Warm Freshwater Habitat (WARM) 
Uses of water that support warm water ecosystems including, but not limited to, 

preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, 

including invertebrates. 

 

Estuarine Habitat (EST) 
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Uses of water that support estuarine ecosystems including, but not limited to, 

preservation or enhancement of estuarine habitats, vegetation, fish, shellfish, or 

wildlife (e.g., estuarine mammals, waterfowl, shorebirds). 

 

Marine Habitat (MAR) 
Uses of water that support marine ecosystems including, but not limited to, 

preservation or enhancement of marine habitats, vegetation such as kelp, fish, 

shellfish, or wildlife (e.g., marine mammals, shorebirds). 

 

Wildlife Habitat (WILD) 
Uses of water that support terrestrial ecosystems including, but not limited to, 

preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g., 

mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food 

sources. 

 

Rare, Threatened, or Endangered Species (RARE) 
Uses of water that support habitats necessary, at least in part, for the survival and 

successful maintenance of plant or animal species established under state or 

federal law as rare, threatened, or endangered. 

 

Migration of Aquatic Organisms (MIGR) 
Uses of water that support habitats necessary for migration, acclimatization 

between fresh and salt water, or other temporary activities by aquatic organisms, 

such as anadromous fish.  

 

Spawning, Reproduction, and/or Early Development (SPWN) 
Uses of water that support high quality aquatic habitats suitable for reproduction 

and early development of fish. 

 

Shellfish Harvesting (SHELL) 
Uses of water that support habitats suitable for the collection of filter-feeding 

shellfish (e.g., clams, oysters, and mussels) for human consumption, commercial, 

or sports purposes. 

 

Wetland Habitat (WET) 
Uses of water that support wetland ecosystems, including, but not limited to, 

preservation or enhancement of wetland habitats, vegetation, fish, shellfish, or 

wildlife, and other unique wetland functions which enhance water quality, such as 

providing flood and erosion control, stream bank stabilization, and filtration and 

purification of naturally occurring contaminants. 

 

 

Best Management Practices (BMPs).  BMPs are the practice or combination of practices 

that are determined to be the most effective, practicable means of preventing or reducing 

the amount of pollution generated by point and nonpoint sources to a level compatible 

with water quality goals (including technological, economic, and institutional 
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considerations). BMPs are defined in 40 CFR 122.2 as schedules of activities, 

prohibitions of practices, maintenance procedures, and other management practices to 

prevent or reduce the pollution of waters of the United States.  In this TMDL, two general 

categories of structural BMPs and non-structural BMPs are discussed as possible means 

to reach “zero” trash goal. 

 
Full Capture Device. A full capture system is any single device or series of devices that 

traps all particles retained by a 5 mm mesh screen and has a design treatment capacity of 

not less than the peak flow rate Q resulting from a one-year, one-hour storm in the 

subdrainage area.  Rational equation is used to compute the peak flow rate: Q = C × I × 

A, where Q = design flow rate (cubic feet per second, cfs); C = runoff coefficient 

(dimensionless); I = design rainfall intensity (inches per hour),  and A= subdrainage area 

(acres). 

 

Baseline Load Allocation. The Baseline Load Allocation is analogous to the Baseline 

Waste Load Allocation for point sources, instead it is for nonpoint sources.  Baseline 

Load Allocation is derived from the existing data, i.e. trash types and quantities, collected 

by municipalities for various land uses.  The progressive reductions in the Load 

Allocation will be determined based on the Baseline Load Allocation. 

 

Baseline Waste Load Allocation. The Baseline Waste Load Allocation is the Waste Load 

Allocation assigned to a responsible jurisdiction before reductions are required.  The 

progressive reductions in the Waste Load Allocations could be based on a percentage or 

variable percentages of the Baseline Waste Load Allocation.  The Baseline Waste Load 

Allocation was calculated based on the annual average amount of trash discharged to the 

storm drain system from a representative sampling of land use areas, as determined 

during the Trash Monitoring and Reporting Plan.   

 

Monitoring Entity.  The Monitoring Entity is the responsible jurisdiction or one of 

multiple responsible jurisdictions and/or co-responsible jurisdictions that has been 

authorized by all the other affected responsible jurisdictions or co-responsible 

jurisdictions to conduct baseline monitoring on their behalf.        

 

Nonpoint Source.  It refers to diffuse, widespread sources of pollution. These sources 

may be large or small, but are generally numerous throughout a watershed. Nonpoint 

Sources include but are not limited to urban, agricultural, or industrial areas, roads, 

highways, construction sites, communities served by septic systems, recreational boating 

activities, timber harvesting, mining, livestock grazing, as well as physical changes to 

stream channels, and habitat degradation. NPS pollution can occur year round any time 

rainfall, snowmelt, irrigation, or any other source of water runs over land or through the 

ground, picks up pollutants from these numerous, diffuse sources and deposits them into 

rivers, lakes, and coastal waters or introduces them into ground water. 

 

Responsible jurisdiction.  The term "responsible jurisdiction" refers to any responsible 

jurisdiction or co-responsible jurisdiction of a stormwater permit. 
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Point Source.  The term “point Source” means any discernible, confined and discrete 

conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, well, 

discrete fissure, container, rolling stock, concentrated animal feeding operation, or 

vessel or other floating craft, from which pollutants are or may be discharged.  This term 

does not include agricultural storm water discharges and return flows from irrigated 

agriculture. 

 

Trash. In this document, we are defining “trash” as man-made litter, as defined in 

California Government Code Section 68055.1(g): 

 
“Litter means all improperly discarded waste material, including, 

but not limited to, convenience food, beverage, and other product 

packages or containers constructed of steel, aluminum, glass, 

paper, plastic, and other natural and synthetic materials, thrown 

or deposited on the lands and waters of the state, but not 

including the properly discarded waste of the primary processing 

of agriculture, mining, logging, sawmilling or manufacturing." 

 

 For purposes of this TMDL, we will consider trash to consist of litter and particles 

of litter, including cigarette butts.  These particles of litter are referred to as “gross 

pollutants” in European and Australian scientific literature.  This definition excludes 

sediments, and it also excludes oil and grease, and vegetation, except for yard waste that 

is illegally disposed of in the storm drain system.  Additional TMDLs for sediments
2
 and 

oil and grease may be required at a later date.  

 

Urbanized Portion of the Watershed.  For the purposes of this TMDL, the urban portion 

of the watershed includes the sum of total areas of the incorporated cities and the partial 

unincorporated portion, which comprise of high and low density residential, commercial, 

industrial, mixed urban areas in Los Angeles County.
3
  The estimated areas of the 

“urbanized” portion of the watershed are summarized in the Appendix II.
4
 The remainder 

of the watershed is made up of the Angeles National Forest, agriculture and other open 

space. 

 

                                                 
2
 Sediments which may be addressed in a separate TMDL are natural particulate matters such as silt and 

sand.  Sediments result from erosion and are deposited at the bottom of a stream.  Sediments do not refer to 

the decomposition of settleable litter into small particulate matters, which this TMDL is trying to prevent. 
3
 The Regional Board recognizes that some areas within the unincorporated sections of Los Angeles 

County are actually suburban or rural. 
4
 As determined by the Regional Board from GIS mapping. (Other minor differences in figures are due to 

rounding.) 
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1 I NT R ODUC T I ON 

This report presents the required elements of the Total Maximum Daily Loads (TMDLs) for 
metals in Los Cerritos Channel and summarizes the technical analyses performed by the United 
States Environmental Protection Agency (USEPA), Region IX, to develop the TMDLs.  The goal 
of these TMDLs is to determine the amount of copper, zinc and lead the Los Cerritos Channel 
can receive and still meet water quality standards.  Los Cerritos Channel (Figure 1) is located 
within the jurisdiction of the California Regional Water Quality Control Board, Los Angeles 
Region (Regional Board). 

Los Cerritos Channel was included on the 1998, 2002 and 2006 California 303(d) lists as an 
impaired waterbody for copper, zinc, and lead. (Regional Board, 1998 and California State 
Water Resources Control Board, 2002 and 2006.) The Clean Water Act (CWA) requires 
TMDLs be set at levels necessary to achieve all applicable water quality standards in Los 
Cerritos Channel.  

These TMDLs comply with 40 CFR 130.2 and 130.7, Section 303(d) of the CWA and USEPA 
guidance for developing TMDLs in California (USEPA, 2000a).  This document summarizes the 
information used by USEPA to develop TMDLs for metals. USEPA was assisted in this effort 
by the Regional Board.  Because an implementation plan is not considered a required element of 
a TMDL established by USEPA, these TMDLs do not include an implementation plan to achieve 
the waste load allocations (WLAs) and attain water quality objectives (WQOs); however, 
implementation recommendations are included.  An implementation plan will be developed by 
the Regional Board when it incorporates these TMDLs into its Basin Plan. 

1.1 R E G UL A T OR Y  B A C K G R OUND 

Section 303(d) of the CWA requires that each State “shall identify those waters within its 
boundaries for which the effluent limitations are not stringent enough to implement any water 
quality objective applicable to such waters.”  The CWA also requires states to establish a priority 
ranking for waters on the 303(d) list of impaired waters and establish TMDLs for such waters. 

The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the 
CWA, as well as in the USEPA guidance (USEPA, 2000a).  A TMDL is defined as the “sum of 
the individual waste load allocations for point sources and load allocations for nonpoint sources 
and natural background” (40 CFR 130.2) such that the capacity of the waterbody to assimilate 
pollutant loads (the loading capacity) is not exceeded.  A TMDL is also required to account for 
seasonal variations and include a margin of safety to address uncertainty in the analysis (CWA 
303(d)(1)(C) (USEPA, 2000). 

States must develop water quality management plans to implement the TMDL (40 CFR 130.6). 
USEPA has oversight authority for the 303(d) program and is required to review and either 
approve or disapprove the TMDLs submitted by states.  In California, the State Water Resources 
Control Board (State Board) and the nine Regional Water Quality Control Boards are responsible 
for preparing lists of impaired waterbodies under the 303(d) program and for preparing TMDLs, 
both subject to USEPA approval.  If USEPA disapproves a TMDL submitted by a state, it is 
required to establish a TMDL for that waterbody.  The Regional Boards hold regulatory 
authority for many of the instruments used to implement the TMDLs, such as the National 
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Pollutant Discharge Elimination System (NPDES) permits and state-specified Waste Discharge 
Requirements (WDRs). 

As part of its 1996 and 1998 regional water quality assessments, the Regional Board identified 
over 700 waterbody-pollutant combinations in the Los Angeles Region where TMDLs would be 
required (LARWQCB, 1996, 1998a).  These are referred to as “listed” or “303(d) listed” 
waterbodies or waterbody segments.  A 13-year schedule for development of TMDLs in the Los 
Angeles Region was established in a consent decree approved between USEPA and several 
environmental groups on March 22, 1999 (Heal the Bay Inc., et al. v. Browner, et al. C 98-4825 
SBA). 

For the purpose of scheduling TMDL development, the consent decree combined the more than 
700 waterbody-pollutant combinations into 92 TMDL analytical units. Analytical Unit 84 is for 
metals listings in Los Cerritos Channel. Under the consent decree, USEPA must establish those 
TMDLs by March 2012.  Therefore, the TMDLs for Analytical Unit 84 must be adopted by 
2012. The State is unlikely to complete adoption of the TMDLs for Analytical Unit 84 in time to 
meet the consent decree deadline; therefore, USEPA is establishing these TMDLs. 

The TMDLs will establish waste load allocations (WLAs) and total maximum daily loads for 
copper, lead, and zinc to the water column in Los Cerritos Channel.  The TMDLs meet the 
requirement in the consent decree to develop TMDLs for Los Cerritos Channel under Analytical 
Unit 84. 

1.2 E NV I R ONM E NT A L  SE T T I NG 

Los Cerritos Channel is an open channel situated within the cities of Long Beach, Lakewood, 
Bellflower, Paramount, Downey, Signal Hill and Cerritos, as well as a small portion of Los 
Angeles County.  The Channel is a concrete-lined conduit for freshwater until approximately 
Anaheim Road, where the Channel’s tidal prism1 begins.  From there it connects with Alamitos 
Bay through the Marine Stadium.  Wetlands connect to the Channel a short distance from its 
lower end.  The wetlands and portion of the Channel near the wetlands constitute an 
overwintering site for a great diversity of birds (up to 50 species).  An endangered bird species, 
the Belding’s Savannah Sparrow, may nest there and an area adjacent to the wetlands is a 
historic least tern colony site.  One small marina is located in the Channel which is used by 
rowing teams and is a popular fishing area. 

Average dry-weather flows in Los Cerritos Channel are 2.35 cubic feet per second (cfs). Storm 
event flows can be as high as 1,460 cfs (historical maximum).  (Appendix F.)  Los Cerritos 
Channel was structured to quickly convey stormwater to its terminus in Alamitos Bay. 
Therefore, the relationship between rain events in the Watershed and increased flow in the 
Channel is strong and immediate. 

The portion of Los Cerritos Channel listed as impaired for metals that these TMDLs address is 
the freshwater portion above the tidal prism, 2.1 miles in length (shown in Figure 4). The Los 
Cerritos Channel above the tidal prism drains a relatively small (17,711 acre) densely urbanized 
area, hereafter referred to as the Los Cerritos Channel Freshwater Watershed (Figure 1). 
Geographic Information System coverage for the freshwater portion of Los Cerritos Channel 

1 Tidal prism is the volume of water drawn into the channel from the ocean through tides. 
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watershed was provided by the Regional Board.  This watershed boundary was modified, to 
exclude areas draining to other watersheds, based on field reconnaissance by the City of Downey 
(personal communication, G. Greene, City of Downey to K. Graves, USEPA Region 9, October 
26, 2009). 

Figure 1.  Los Cerritos Channel Freshwater Watershed 

Note: A 5.05 acre area in the City of Downey drains to the Los Angeles River watershed.  While 
this area is included in this and other maps throughout this document; it has been excluded from 
TMDL calculations, allocations and other tables and text (except those presenting model results) 
for the Los Cerritos Channel metals TMDLs. 

Approximately 45 percent of the Watershed is located in east Long Beach while 55 percent is 
located outside the City of Long Beach, in cities including Lakewood, Bellflower, Paramount, 
Downey, Signal Hill, and Cerritos. 

Land use within the Watershed is 93% urban (approximately 59% residential, 9% mixed urban, 
15% commercial, and 9% industrial).  Open space accounts for 6% of land use and agriculture is 
<1% of land use.  (Appendix E, Table 1.) Table 1-1 shows the estimated number of acres for 
seven land use categories in the Watershed, depicted pictorially in Figure 2. 

Los Cerritos Channel Metals TMDLs 3 

RB-AR37293



      
 
 

          
      

 
         
      

        
      

        
      

      
            
   

 
 

         

 

Table 1-1. Land use types and acreage in the Los Cerritos Channel Freshwater Watershed. 
Land Cover Type No. of Acres Percentage of 

Watershed 
Agriculture 137.1 0.8% 
Commercial 2,668.6 15.1% 
High Density Residential 1,228.5 6.9% 
Industrial 1,615.0 9.1% 
Low Density Residential 9,278.9 52.4% 
Mixed Urban 1,665.8 9.4% 
Open Space 1,097.9 6.2% 
Water 18.9 0.1% 
Total 17,710.7 100% 

Figure 2. Land use representation in the Los Cerritos Channel Freshwater Watershed 
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1.3 OR G A NI Z A T I ON OF  T H I S DOC UM E NT 

Guidance from USEPA (1991) identifies several elements of a TMDL.  Sections 2 through 8 of 
this document are organized such that each section describes one of the elements, with the 
analysis and findings of these TMDLs for that element.  The elements are as follows: 

•	 Section 2: Problem Identification. Describes the water quality objectives (WQOs) 
designed to protect beneficial uses and reviews monitoring data for the metals for which 
Los Cerritos Channel is listed as impaired. 

•	 Section 3: Numeric Targets. Sets numeric targets based upon the WQOs described in 
the California Toxics Rule. 

•	 Section 4: Source Assessment. Describes what is currently understood about the 
sources of metals impairment in the Los Cerritos Channel Freshwater Watershed and 
discusses the number and type of permitted sources located in the Watershed. 

•	 Section 5: Linkage Analysis. Provides an analysis of the relationship between sources 
and in-stream water quality impairment. The linkage analysis addresses the critical 
conditions of stream flow, loading, and water quality parameters. 

•	 Section 6: TMDLs and Pollutant Allocations. Identifies the quantitative load of 
metals that can be delivered to Los Cerritos Channel without causing a violation of water 
quality standards and apportions Waste Load Allocations to permittees and Load 
Allocations to nonpoint sources. 

•	 Section 7: Implementation. Not considered a required element of a TMDL established 
by USEPA; contains recommendations to the State regarding implementation of the 
TMDLs. 

•	 Section 8: Monitoring. Not considered a required element of a TMDL established by 
USEPA; contains recommendations to the State regarding monitoring related to the 
TMDLs. 

References are included in Section 9. 
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2 PR OB L E M  I DE NT I F I C A T I ON 

This section provides an overview of water quality standards for Los Cerritos Channel and 
reviews water quality data used in the 1998 water quality assessment (WQA), the 2002 and 
2004-2006 303(d) listings, and additional data used to analyze sources in these TMDLs. 

2.1 W A T E R  QUA L I T Y  ST A NDA R DS 

California state water quality standards consist of the following elements: 1) beneficial uses; 2) 
narrative and/or numeric water quality objectives; and 3) an antidegradation policy.  In 
California, the Regional Boards define beneficial uses in their Basin Plans. Numeric and 
narrative objectives designed to be protective of these beneficial uses are specified in each 
Region’s Basin Plan, or State Water Quality Control Plans. 

For certain toxic pollutants, USEPA has established numeric criteria that serve as water quality 
standards for California’s inland surface waters.  (California Toxics Rule (CTR), 40 CFR 
131.38.) In other words, if a pollutant is present in a surface waterbody at a level higher than a 
CTR criterion, then the surface waterbody is toxic.  The federal water quality criteria established 
by the CTR are equivalent to state water quality objectives and they serve the same purpose.  For 
the Los Angeles region, numeric objectives for toxics can be found in the CTR. 

2.1.1 B eneficial Uses 

The Basin Plan for the Los Angeles Regional Board (1994) defines one existing (E) and two 
intermittent (I) beneficial uses for Los Cerritos Channel.  Metals loading to the Channel may 
result in impairments of the beneficial uses. 

Table 2-1 Los Cerritos Channel beneficial uses. 
Type of Beneficial Use Beneficial Use Acronym 

Existing Wildlife Habitat WILD 

Intermittent Noncontact Water Recreation REC2 

Intermittent Warmwater Habitat WARM 

2.1.2 W ater  Quality Objectives 

As stated in the Basin Plan, water quality objectives (WQOs) are intended to protect the public 
health and welfare and to maintain or enhance water quality in relation to the designated existing 
and potential beneficial uses of the water.  Narrative WQOs are specified in the 1994 Regional 
Board Basin Plan. The following narrative objective is most pertinent to the metals TMDLs. 

All waters shall be maintained free of toxic substances in concentrations that are 
toxic to, or that produce detrimental physiological responses in human, plant, 
animal, or aquatic life. 
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The Regional Board’s narrative toxicity objective reflects and implements national policy set by 
Congress.  The Clean Water Act states that, “it is the national policy that the discharge of toxic 
pollutants in toxic amounts be prohibited.” (33 U.S.C. 1251(a)(3).) In 2000, USEPA established 
numeric water quality objectives for pollutants addressed in these TMDLs in the CTR.  The CTR 
establishes freshwater and saltwater aquatic life criteria for 23 priority toxic pollutants and 
numeric human health criteria for 57 priority toxic pollutants. 

USEPA expressed the CTR criteria as concentrations.  Therefore, whenever a pollutant is present 
in a surface waterbody at a concentration in excess of a CTR criterion, the criterion is considered 
to be exceeded, and the surface waterbody is generally considered to be toxic.  USEPA did not 
differentiate between wet-weather conditions and dry-weather conditions in establishing the 
CTR.  The CTR criteria therefore apply at all times to inland surface waters.  This result is 
reached on both legal and technical grounds.  Legally, the result is compelled because the CTR 
establishes water quality criteria (called “objectives” in California) to protect aquatic life in all of 
California’s inland surface waters.  (See, 40 CFR 131.38(a), (c)(1), and (d)(1).)  There is no 
exception for wet-weather conditions in the CTR.  Moreover, aquatic life is also present in wet-
weather conditions. The CTR is legally necessary to protect these uses in wet-weather 
conditions.  It would be illogical and illegal to conclude that the CTR does not apply in wet 
weather. 

From a technical perspective, it would be equally inappropriate to find a wet-weather exception 
in the CTR.  Because the CTR criteria are expressed as concentrations, the volume of water is 
irrelevant. The concentration-based criteria essentially account for dilution in wet-weather 
conditions.  In high-volume, wet-weather conditions, if the concentration of a toxic pollutant in a 
water body exceeds the CTR criterion, the water body is toxic. 

The CTR establishes short-term (acute) and long-term (chronic) aquatic life criteria for metals in 
both freshwater and saltwater.  The acute criterion, defined in the CTR as the Criteria Maximum 
Concentration, equals the highest concentration of a pollutant to which aquatic life can be 
exposed for a short period of time without deleterious effects. The chronic criterion, defined in 
the CTR as the Criteria Continuous Concentration, equals the highest concentration of a pollutant 
to which aquatic life can be exposed for an extended period of time (4 days) without deleterious 
effects.  Freshwater aquatic life criteria apply to waters in which the salinity is equal to or less 
than 1 part per thousand (ppt) 95 percent or more of the time.  Saltwater aquatic life criteria 
apply to waters in which salinity is equal to or greater than 10 ppt 95 percent or more of the time. 
For waters in which the salinity is between one and 10 ppt, the more stringent of the freshwater 
or saltwater aquatic life criteria apply. 

CTR freshwater aquatic life criteria for certain metals are expressed as a function of hardness 
because hardness and/or water quality characteristics that are usually correlated with hardness 
can reduce or increase the toxicity of some metals.  Hardness is used as a surrogate for a number 
of water quality characteristics, which affect the toxicity of metals in a variety of ways. 
Increasing hardness generally has the effect of decreasing the toxicity of metals.  Water quality 
criteria to protect aquatic life may be calculated at different concentrations of hardness measured 
in milligrams per liter (mg/L) as calcium carbonate (CaCO3).  The CTR lists freshwater aquatic 
life criteria based on a hardness value of 100 mg/L and provides hardness dependent equations to 
calculate the freshwater aquatic life metals criteria using site-specific hardness data. 
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In the CTR, freshwater and saltwater criteria for metals are expressed in terms of the dissolved 
fraction of the metal in the water column.  These criteria were calculated based on methods in 
USEPA guidance (USEPA, 1985) developed under Section 304(a) of the CWA.  This 
methodology is used to calculate the total recoverable fraction of metals in the water column and 
then appropriate conversion factors, included in the CTR, are applied to calculate the dissolved 
criteria. 

Table 2-2 summarizes the applicable aquatic life criteria for metals in the freshwater portion of 
Los Cerritos Channel addressed by these TMDLs.  The criteria are expressed in terms of the 
dissolved fraction of the metal in the water column. 

Table 2-2. Water quality objectives for copper, lead, and zinc established in the CTR for the protection of 
aquatic life. Objectives are established for dissolved metals concentrations. 

Metal Freshwater Acute* 
(µg/L) 

Freshwater 
Chronic* 

(µg/L) 
Copper 13 9.0 
Lead 65 2.5 
Zinc 120 120 

* Criteria are hardness-dependent. Values in the table are based on a hardness of 100 mg/L. 

The CTR allows for the adjustment of criteria through the use of a water-effect ratio (WER) to 
assure that the metals criteria are appropriate for the site-specific chemical conditions under 
which they are applied.  A WER represents the ratio between metals that are measured and 
metals that are biologically available and toxic.  A WER is a measure of the toxicity of a material 
in site water divided by the toxicity of the same material in laboratory dilution water.  No site-
specific WER has been developed for Los Cerritos Channel.  Therefore, a WER default value of 
1.0 is assumed. 

The equations for calculating the freshwater criteria for metals are: 

Acute Criterion = WER x ACF x EXP[(ma)(ln(hardness))+ba] 
Chronic Criterion = WER x CCF x EXP[(m c)(ln(hardness))+bc] 

Where: WER = Water-Effect Ratio (assumed to be 1) 
ACF = Acute conversion factor (to convert from the total to the dissolved fraction) 
CCF = Chronic conversion factor (to convert from the total to the dissolved fraction) 
ma = slope factor for acute criteria 
mc = slope factor for chronic criteria 
ba = y intercept for acute criteria 
bc = y intercept for chronic criteria 

The coefficients needed for the calculation are provided in the CTR (Table 2-3).  The conversion 
factor for lead in freshwater is dependent on hardness.  The following equations can be used to 
calculate the conversion factors based on site-specific hardness data: 

Lead ACF = 1.46203 - [(ln{hardness})(0.145712)] 
Lead CCF = 1.46203 - [(ln{hardness})(0.145712)] 
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Table 2-3. Coefficients used in formulas for calculating CTR freshwater criteria for metals. 
Metal ACF ma ba CCF mc bc 

Copper 0.960 0.9422 -1.700 0.960 0.8545 -1.702 
Lead 0.791* 1.273 -1.460 0.791* 1.273 -4.705 
Zinc 0.978 0.8473 0.884 0.986 0.8473 0.884 
* The ACF and CCF for lead are hardness-dependent. Conversion factors presented here are based on a hardness 
of 100 mg/L. 

2.1.3 A ntidegr adation 

State Board Resolution 68-16, “Statement of Policy with Respect to Maintaining High Quality 
Water in California,” known as the "Antidegradation Policy," protects surface and ground waters 
from degradation.  Any actions that can adversely affect water quality in all surface and ground 
waters must be consistent with the maximum benefit to the people of the state, must not 
unreasonably affect present and anticipated beneficial use of such water, and must not result in 
water quality less than that prescribed in water quality plans and policies.  Furthermore, any 
actions that can adversely affect surface waters are also subject to the federal Antidegradation 
Policy (40 CFR 131.12).  The proposed TMDLs will not degrade water quality, and will in fact 
improve water quality as they will lead to meeting the numeric water quality standards. 

2.2 W A T E R  QUA L I T Y  DA T A  R E V I E W  

Water quality was assessed using data from the City of Long Beach stormwater program and 
using 5 additional samples provided by Kinnetics Laboratories, Inc., to assess both dry-weather 
and wet-weather conditions. 

The metals data were collected from the City’s Los Cerritos Channel monitoring site, located in 
the east central portion of Long Beach at Stearns Street (see Figure 1).  The site is bound on the 
north, south, east, and west by Spring Street, Rendina Street, the San Gabriel River, and 
Bellflower Boulevard, respectively. The stormwater monitoring station was installed in a steel 
utility box located on the west side of the channel south of Stearns Street.  (City of Long Beach 
Stormwater Monitoring Report, 2001-2002, pg. 17).  Four of the five additional samples were 
collected at the Stearns Street intersection, and one was collected at East Willow Street, just 
upstream from Stearns Street, in the impaired segment of Los Cerritos Channel, (submitted via 
email from M. Stevenson, Kinnetics Laboratories, Inc., to K. Graves, USEPA Region 9, October 
21, 2009).    
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Figure 3. City of Long Beach Stearns Street sampling site 

Photo from City of Long Beach Stormwater Monitoring Report 2006/2007 

The Stearns Street sampling site is above tidewater in Los Cerritos Channel, and thus represents 
the freshwater portion of the Channel listed for metals impairment on the California 303(d) list. 
The drainage pattern is to the east and south on the west side of the Los Cerritos Channel and to 
the west and south on the east side.  Eight major storm drain systems with a total of three major 
storm drain lines contribute runoff into the Channel. Flow sensors and sampling tubing were 
installed on the bottom of the concrete-lined channel.  Flow rates based upon flow velocity and 
channel dimensions are used to control the composite sampler, and to calculate total flow at the 
end of every storm event. 

In order to assess the frequency of exceedances of the CTR acute and chronic criteria for copper, 
lead, and zinc in Los Cerritos Channel, dry-weather and wet-weather metals concentrations were 
compared to CTR values using actual hardness measured for each sampling event. 

2.2.1 Data Summar y 

In dry weather, the evidence indicates water column exceedances for copper but not for lead and 
zinc.  In wet weather, the evidence indicates water column exceedances for all three metals. 

Table 2-4 summarizes dry-weather exceedances and Table 2-5 summarizes wet-weather 
exceedances.  A detailed data assessment is provided in Appendix A (dry-weather data) and 
Appendix B (wet-weather data). 
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Table 2-4. Summary of 2001-2009 Los Cerritos Channel dry-weather metals data relative to freshwater CTR 
criteria. Data are based on dissolved metals concentrations. 

Metal No. of 
Samples DL/RL (µg/L) # > DL/RL # > Acute # > Chronic 

Copper 21 0.5 21 2 9 

Lead 16 0.5* 15 0 0 

Zinc 16 1 16 0 0 

DL/RL reported as the maximum of the detection limit (DL) or the reporting limit (RL). 
* For 2001 samples, DL = 1. 

Table 2-5. Summary of 2001-early 2009 Los Cerritos Channel wet-weather metals data relative to 
freshwater CTR criteria. Data are based on dissolved metals concentrations. 

Metal No. of 
Samples DL/RL (µg/L) # > DL/RL # > Acute # > Chronic 

Copper 31 0.5 31 25 28 

Lead** 31 0.5* 24 0 22 

Zinc 31 1 31 21 21 

DL/RL reported as the maximum of the detection limit (DL) or the reporting limit (RL). 
* For 2001 samples, DL = 1.
 
** For approx. 2/3 of the samples, the CTR chronic criterion was higher than the DL.
 

2.2.2 C onclusions on W ater  Quality A ssessment 

This re-assessment confirms the existence of metals impairments identified in the 2004-2006 
303(d) list. In dry weather, only copper exceeds the criteria (43% of all dissolved copper 
samples) so a dry-weather TMDL is developed for copper but not for lead or zinc.  

In wet weather, all three metals exceed the criteria in the majority of samples collected, although 
lead exceeds only the chronic criteria and not the acute.  The lead exceedances reflect generally 
low hardness values during wet weather which, in turn, result in low CTR chronic criteria. 
Approximately 81% of dissolved copper samples exceed the acute criteria and 90% exceed the 
chronic criteria; 71% of dissolved lead samples exceed the chronic criteria; and 68% of dissolved 
zinc samples exceed the acute and chronic criteria.  Therefore, wet-weather TMDLs are 
developed for copper, lead, and zinc. 
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3 NUM E R I C  T A R G E T S  

Numeric targets for the TMDLs have been calculated based on the numeric objectives in the 
CTR. By applying the CTR criteria, these TMDLs also address the narrative objective (section 
2.1.2).  (See 62 FR 42160, 42189, August 5, 1997.) The numeric objectives in the CTR are 
expressed in terms of dissolved metals (USEPA 2000a) because the dissolved forms are the most 
bioavailable to aquatic organisms.   

USEPA and the Regional Board recognize the potential for transformation between total 
recoverable metals and the dissolved metals fraction.  The partitioning between dissolved and 
particulate phases of total recoverable metals is highly dependent upon the conditions observed 
during the period of sampling.  During dry conditions, metals are primarily in the dissolved state, 
which is consistent with default conversion factors defined in the CTR.  For wet conditions, the 
partitioning between particulate and dissolved metals often does not achieve equilibrium as the 
metals are transported with storm flows.  Conversion factors are used to convert the dissolved 
metal numeric targets to total recoverable metals for calculation of the WLAs in these TMDLs.  
The linkage analysis and pollutant allocations to meet the numeric targets (Section 5 and 6) will 
be based on total recoverable metals. 

Separate numeric targets are developed for dry and wet weather because hardness values and 
flow conditions in Los Cerritos Channel differ significantly between these conditions.  

Dry-weather flow is estimated to be 2.35 cfs, which is the average flow measured by the City of 
Long Beach for 19 dry-weather sampling events in the 2001-2009 time frame.  

For the purpose of these TMDLs, wet weather is defined in terms of flow rather than rainfall. 
Wet weather is defined as any day when the maximum daily flow is equal to or greater than 23 
cfs. (Appendix F, Table 1.) This is based on the estimated 90th percentile of daily average flows 
measured at the Los Cerritos Channel monitoring site from 2001 to early 2008.  (Appendix F.) 
Since the Los Cerritos Channel monitoring site only records flows of 18.8 cfs or higher, the 90th 

percentile wet-weather flow is estimated by substituting the dry-weather average flow of 2.35 cfs 
for unrecorded flows less than 18.8 cfs. 

3.1 DR Y -W E A T H E R  T M DL  T A R G E T  

As discussed in Section 2, the freshwater aquatic life criteria for metals in the CTR are expressed 
as a function of hardness of the receiving water. Dry-weather hardness data reported by the City 
of Long Beach for Los Cerritos Channel were analyzed and a median hardness value of 170 
mg/L was determined.  The chronic criterion is the most appropriate value for dry weather 
conditions, therefore, it is used as the basis for the copper dry-weather numeric target and waste 
load allocations. 

The numeric target in Table 3-1 requires conversion to a total recoverable concentration for 
comparison to existing conditions for TMDL development. To evaluate the potential use of site-
specific dry-weather factors for converting the chronic CTR criteria from dissolved metals 
concentrations to total recoverable concentrations, dry weather data collected by the City of 
Long Beach at the Stearns Street sampling site from 2001-2009, and data collected in 2009 by 
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Kinnetics Laboratories, Inc. from within the impaired, freshwater portion of Los Cerritos 
Channel were evaluated. 

USEPA utilized its guidance on translators, The Metals Translator: Guidance For Calculating A 
Total Recoverable Permit Limit From A Dissolved Criterion (USEPA, 1996), to evaluate the 
potential for a site-specific dry weather translator for copper.  The guidance describes methods to 
analyze local water-body data and determine translators to convert dissolved loads into 
equivalent total loads.  In addition to using default CTR translators, USEPA guidance describes 
three options for deriving a site-specific translator:  

1.	 Direct Measurement - Assuming no Relationship to Total Suspended Solids (TSS), uses 
descriptive statistics and may be developed directly as the ratio of dissolved to total 
recoverable metal; 

2.	 Direct Measurement - Based upon Relationship to TSS, uses regression equations to 
evaluate correlations and yield r2 values, which indicate the strength of the relationship 
with TSS and fraction of particulate metals;  

3.	 Partition coefficient – Based on relationship to TSS and is functionally related to the 
number of metal binding sites on the particulate surfaces in the water column (i.e., 
concentrations of TSS, TOC, or humic substances), and r 2 values also indicate the 
strength of the relationships and the conversion factor (fraction of particulate metals).  

USEPA considered the three options, and selected Option 1, Direct Measurement Assuming no 
Relationship to TSS, with selection of the median value for the translator.  Analysis via Options 
2 and 3 revealed a very poor correlation of particulate metals fractions with TSS (r2 values 
ranged from 0.345 - 0.378). Without any reliable relationship with TSS, translators derived from 
Options 2 and 3 were disregarded. 

Direct measurement (Option 1) was selected as the preferred method to determine the copper site 
specific translator for dry weather in Los Cerritos watershed for two reasons. Dry weather paired 
metals data in Los Cerritos show dissolved to total ratios ranging from 23% - 94%; whereas the 
CTR conversion value for copper is 96%.  Thus the local dry weather dissolved fractions do not 
resemble the dissolved fractions defined by CTR conversion values.  For translation of chronic 
metals criteria, the median value was determined, which is consistent with the State’s 
Implementation Policy (SIP) for CTR (SWRCB, 2005).  

Table 3-1. Dry-weather numeric target expressed in terms of dissolved and total recoverable fraction. 

Metal Target* (µg/L) 
Dissolved 

Site Specific 
Translator 

Target (µg/L) 
Total Recoverable 

Copper 14.1 0.737 19.1 
* Freshwater target based on a median hardness of 170 mg/L (calculated using 21 dry weather samples). 

3.2 W E T -W E A T H E R  T M DL  T A R G E T S  

As discussed above, the freshwater aquatic life criteria for metals in the CTR are expressed as a 
function of hardness of the receiving water.  Wet-weather hardness values reported by the City of 
Long Beach for Los Cerritos Channel were analyzed.  These data represent 31 stormwater 
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composite samples collected between 2001 and 2009.  The median hardness value of this dataset 
is 27 mg/L, a value significantly lower relative to the CTR default hardness of 100 mg/L.  Using 
the default hardness value of 100 mg/L may not be fully protective.  Therefore, the median 
hardness of 27 mg/L is assumed to be representative of wet-weather conditions, as well as fully 
protective of aquatic life. 

The chronic criteria are typically based on exposures, which occur over a 4-day time interval. 
Storms of this duration are a rare occurrence in Southern California.  Most storms are of shorter 
duration.  City of Long Beach data shows that the average duration of storms affecting Los 
Cerritos Channel is 1 day (ranging from 10 to 39 hours over 17 storm events evaluated). [City of 
Long Beach Stormwater Monitoring Reports (five reports covering 2002-2007).] Hardness 
values in Los Cerritos Channel are generally significantly lower in wet weather than in dry 
weather.  Decreasing hardness has the effect of increasing the toxicity of metals such as copper, 
lead, and zinc, resulting in more stringent wet-weather criteria relative to dry-weather criteria.  
However, given the relatively short duration of storms in the area, the hardness-dependent wet-
weather chronic criteria may not represent a full 4-day time interval.  Furthermore, unlike 
pollutants such as mercury, the metals of concern here do not bioaccumulate over time in fish. 
The acute criteria are based on a shorter time interval and are more appropriate for setting 
numeric targets for wet-weather conditions. 

To evaluate the potential for use of site-specific wet-weather factors for converting the acute 
CTR criteria from dissolved metals concentrations to total recoverable concentrations, 
stormwater data collected by the City of Long Beach were evaluated.  Dissolved metals 
concentrations were compared to total recoverable metals concentrations in a regression analysis 
for the 31 monitored wet-weather events from January 2001 through February 2009.  The 
regression analysis is provided in Appendix C.  Table 3-2 shows the results of the regression 
analysis, along with the default CTR conversion factors for comparison.  The CTR conversion 
factor for lead was calculated based on a median hardness of 27 mg/L. 

Table 3-2. Wet-weather conversion factors for total recoverable metals to dissolved metals concentrations. 

Metal 
CTR Conversion Factor 

for Freshwater Acute 
Criteria 

Wet-Weather Data (City of Long Beach) 

No. of 
Samples 

Conversion Factor 
Slope r2** 

Copper 0.96 31 0.027 0.11 

Lead 0.982 * 31 0.006 0.11 

Zinc 0.978 30 0.029 0.17 
* Conversion factor is hardness-dependent, based on a hardness of 27 mg/L. 
** r2 is the fraction of the variance explained by the regression. 

These regressions suggest that the CTR default conversion factors overestimate the dissolved 
portion of metals in stormwater.  This is particularly evident with respect to lead concentrations, 
in which the dissolved fraction of total recoverable values is 5% or smaller in all but 7 of the 31 
City of Long Beach wet-weather samples. However, the low r-squared values for all three 
metals suggest a very weak linear relationship between actual dissolved and total recoverable 
values, i.e., the relationship across the dataset is scattered and difficult to predict. Therefore, the 
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slope of the regression is not used to convert the CTR dissolved criteria to total recoverable 
metals targets.  As with dry weather data, USEPA used the Metals Translator guidance (USEPA, 
1996) to evaluate the potential for a site specific translator for wet weather. USEPA evaluated 
the analytical results after applying the same three options described above. Again, Options 2 
and 3 yielded very poor to marginal correlation of particulate metals fractions with TSS (r2 

values ranged from 0.07 - 0.579).  Without any reliable relationship with TSS, translators derived 
from Options 2 and 3 were disregarded.  USEPA opted for Option 1, Direct Measurement 
Assuming no Relationship to TSS, and selected the 90th percentile value as designated in the 
CTR SIP for the translation of acute criteria. 

Evaluation of the wet weather paired metals data in Los Cerritos Channel shows that dissolved to 
total ratios are not similar to those suggested by the CTR conversion values.  For lead, the 
percent of total to dissolved values fell below 15% in 30 of the 31 samples evaluated (See 
Appendix C; this is drastically different from the CTR conversion value (97%)). For copper and 
zinc dissolved to total ratios range from 4% to 88%; whereas the default CTR conversion values 
are closer to 96% or more. 

The wet-weather numeric targets used to calculate these TMDLs and allocations are provided in 
Table 3-3. 

Table 3-3. Wet-weather numeric targets expressed as dissolved and total recoverable values. 

Metal Target* (µg/L) 
Dissolved 

Site Specific 
Translator 

Target (µg/L) 
Total Recoverable 

Copper 3.9 0.400 9.8 

Lead 15.1 0.071 213.2 

Zinc 38.6 0.404 95.6 
* Targets are based on a median hardness of 27mg/L (31 total samples). 

4 SOUR C E  A SSE SSM E NT 

This section identifies the potential sources of copper, lead, and zinc that discharge into Los 
Cerritos Channel.  In general, pollutants can enter surface waters from both point and nonpoint 
sources.  Point sources include discharges from a discrete human-engineered outfall.  These 
discharges are regulated through National Pollutant Discharge Elimination System (NPDES) 
permits. Nonpoint sources, by definition, include pollutants that reach surface waters from a 
number of diffuse land uses and activities that are not regulated through NPDES permits.  In Los 
Angeles County, urban runoff to Los Cerritos Channel is regulated under stormwater NPDES 
permits as a point source discharge.  In this section, we discuss both point source and nonpoint 
source contributions to metals loading in Los Cerritos Channel. 

4.1 POI NT  SOUR C E S 

The NPDES permits in the Los Cerritos Channel Freshwater Watershed include municipal 
separate storm sewer system (MS4) permits, the California Department of Transportation 
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(Caltrans) stormwater permit, general construction stormwater permits, general industrial 
stormwater permits, minor NPDES permits, and general NPDES permits (Table 4-1). 

Table 4-1. NPDES Permits in the Los Cerritos Channel Freshwater Watershed. 
Type of NPDES Permit Number of Permits 

Municipal Stormwater 2 

California Department of Transportation Stormwater 1 

General Construction Stormwater 23 

General Industrial Stormwater 33 

Individual NPDES Permits (Minor) 2 

General NPDES Permits: 7 

Construction and Project Dewatering 2 

Petroleum Fuel Cleanup Sites 1 

Potable Water 2 

Non-Process Wastewater 1 

Hydrostatic Test Water 1 

Total 68 

The locations of discharges authorized under the general construction stormwater, general 
industrial stormwater, individual NPDES, and general NPDES permits are shown in Figure 4. 
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Figure 4. Map of point sources in the Los Cerritos Channel Freshwater Watershed 

Individual sources of metals in stormwater include automobile brake pads, vehicle wear, building 
materials, pesticides, erosion of paint and deposition of air emissions from fuel combustion and 
industrial facilities. 
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A Southern California stormwater study conducted between 2001-2005 found that industrial land 
use sites contributed substantially higher fluxes2 and event mean concentrations (EMCs)3 of 
copper and zinc relative to other land use site categories (e.g., residential, commercial, etc…) 
(Tiefenthaler et. al, 2007, pgs. 13-29.)  In contrast, the highest fluxes for lead were associated 
with agriculture, high density residential, and recreational land use sites, while the highest EMCs 
for lead related to high density residential and industrial land use sites. Industrial sites typically 
have >70% impervious cover as well as on-site sources of metals which may explain the higher 
loadings of copper and zinc from industrial land use sites observed in the study. In addition, 
industrial land use sites were found to contribute substantially higher fluxes of Total Suspended 
Solids (TSS) relative to other land uses (along with agriculture land use sites). In the Los 
Cerritos Channel Freshwater Watershed, industrial land use only constitutes 9% of total land use. 

The contribution of automobile brake pads to copper levels in Los Cerritos Channel could be 
significant. Deposited onto roads by vehicles, copper from brake pad use is transported through 
stormwater into water bodies. The Brake Pad Partnership, a multi-stakeholder effort to 
understand the environmental impacts that may arise from brake pad wear debris from passenger 
vehicles, conducted a watershed modeling study of copper from brake pads affecting water 
quality in South San Francisco Bay, as an example area.  The study determined that copper from 
brake pads accounts for up to half of the anthropogenic copper discharged from highly urbanized 
areas to the San Francisco Bay.  (Brake Pad Partnership Update, 2007, pg. 1.) Since the Los 
Cerritos Channel Freshwater Watershed is highly urbanized, it is likely that brake pads are the 
largest single contributor to copper in stormwater runoff to the Channel. 

4.1.1 Stor mwater Per mits 

Stormwater runoff in the Los Cerritos Channel Freshwater Watershed is regulated through the 
City of Long Beach MS4 permit, the Los Angeles County MS4 permit, the statewide stormwater 
permit issued to Caltrans, the statewide Construction Activities Stormwater General Permit and 
the statewide Industrial Activities Stormwater General Permit.  The permitting process defines 
these discharges as point sources because the stormwater discharges from the end of a 
stormwater conveyance system.  Since the industrial and construction stormwater discharges are 
enrolled under NPDES permits, these discharges are treated as point sources in these TMDLs. 

4.1.1.1 MS4 Stormwater Permits 

In 1990, USEPA developed rules establishing Phase I of the NPDES stormwater program, 
designed to prevent pollutants from being washed by stormwater runoff into MS4s (or from 
being discharged directly into the MS4s) and then discharged into local waterbodies.  Phase I of 
the program required operators of medium and large MS4s (those generally serving populations 
of 100,000 or more) to implement a stormwater management program as a means to control 
polluted discharges. 

Approved stormwater management programs for medium and large MS4s are required to address 
a variety of water quality-related issues, including roadway runoff management, municipally 
owned operations, and hazardous waste treatment.  Large and medium MS4 operators are 

2 Flux = the total mass loading of a storm divided by the total catchment size.
 
3 EMC = the total mass load of a contaminant divided by the total runoff water volume discharged during a storm.
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required to develop and implement Stormwater Management Plans that address, at a minimum, 
the following elements: 

• Structural control maintenance 
• Areas of significant development or redevelopment 
• Roadway runoff management 
• Flood control related to water quality issues 
• Municipally owned operations such as landfills, and wastewater treatment plants 
• Municipally owned hazardous waste treatment, storage, or disposal sites 
• Application of pesticides, herbicides, and fertilizers 
• Illicit discharge detection and elimination 
• Regulation of sites classified as associated with industrial activity 
• Construction site and post-construction site runoff control 
• Public education and outreach 

The Los Angeles County MS4 Permit was renewed in December 2001 (Regional Board Order 
No. 01-182) and is on a five-year renewal cycle. There are 85 co-permittees covered under this 
permit, including 84 incorporated cities and the County of Los Angeles.  The City of Long Beach 
MS4 permit was renewed on June 30, 1999 as Order No. R4-99-060 and is on a five-year 
renewal cycle.  It solely covers the City of Long Beach. 

4.1.1.2 Caltrans Stormwater Permit 

Caltrans is regulated by a statewide stormwater discharge permit that covers all municipal 
stormwater activities and construction activities (State Board Order No. 99-06-DWQ).  The 
Caltrans stormwater permit authorizes stormwater discharges from Caltrans properties such as 
the state highway system, park and ride facilities, and maintenance yards. 

The stormwater discharges from most of these Caltrans properties and facilities eventually end 
up in either a city or county storm drain.  The metals loading specifically from Caltrans 
properties have not been determined in the Los Cerritos Channel Freshwater Watershed.  
However, we can estimate the quantity of acres covered by state highways in the Watershed. A 
conservative estimate is 140 acres, or approximately 0.79% of the Watershed. This area 
represents Caltrans’ right-of-way that drains to the portion of Los Cerritos Channel subject to 
these TMDLs.  This percentage does not represent all of the Watershed area that Caltrans is 
responsible for under its stormwater permit.  For example, park and ride facilities and 
maintenance yards were not included in the estimate. 

4.1.1.3 General Stormwater Permits 

In 1990, USEPA issued regulations for controlling pollutants in stormwater discharges from 
industrial sites (40 Code of Federal Regulations [CFR] Parts 122, 123, and 124) equal to or 
greater than five acres.  The regulations require dischargers of stormwater associated with 
industrial activity to obtain a NPDES permit and to implement Best Available Technology 
Economically Achievable (BAT) to reduce or prevent non-conventional and toxic pollutants, 
including metals, in stormwater discharges and authorized non-storm discharges. On December 
8, 1999, USEPA expanded the NPDES program to include stormwater discharges from 
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construction sites that resulted in land disturbances equal to or greater than one acre (40 CFR 
Parts 122, 123, and 124). 

On April 17, 1997, State Board issued a statewide general NPDES permit for Discharges of 
Stormwater Associated with Industrial Activities Excluding Construction Activities Permit 
(Order No. 97-03-DWQ).  This Order regulates stormwater discharges and authorized non
stormwater discharges from ten specific categories of industrial facilities, including but not 
limited to, manufacturing facilities, oil and gas mining facilities, landfills, and transportation 
facilities.  As of the writing of these TMDLs, there are 33 dischargers enrolled under the general 
industrial stormwater permit within the Los Cerritos Channel Freshwater Watershed.  Potential 
pollutants from an industrial site will depend on the type of facility and operations that take place 
at that facility. Industrial sites in the Los Cerritos Channel Freshwater Watershed with 
stormwater permits include trucking and warehousing, transportation equipment, fabricated 
metal products, petroleum and coal products, rubber and miscellaneous plastics products, oil and 
gas extraction, and other miscellaneous industries.  There is a potential for metals loadings from 
these types of facilities, especially transportation and manufacturing facilities. 

During wet weather, runoff from industrial sites has the potential to contribute metals loadings to 
the Channel.  During dry weather, the potential contribution of metals loadings from industrial 
stormwater is low because non-stormwater discharges are prohibited or authorized by the permit 
only under the following circumstances: when they do not contain significant quantities of 
pollutants; where Best Management Practices (BMPs) are in place to minimize contact with 
significant materials and reduce flow; and when they are in compliance with Regional Board and 
local agency requirements. 

On August 19, 1999, State Board issued a statewide general NPDES permit for Discharges of 
Stormwater Runoff Associated with Construction Activities (Order No. 99-08-DQW).  As of the 
writing of these TMDLs, there are 23 construction sites enrolled under the general construction 
stormwater permit within the Los Cerritos Channel Freshwater Watershed.  Sources of metals 
from construction sites include sediment-containing metals, construction materials, and 
equipment used on construction sites.  In addition, in the highly urbanized Los Cerritos Channel 
Freshwater Watershed, re-development of former industrial sites has a higher potential to 
discharge sediments laden with metals.  During wet weather, runoff from construction sites has 
the potential to contribute metals loadings to the Channel.  Raskin et al. (2004) found that 
building materials and construction waste exposed to stormwater can leach metals and contribute 
metals to waterways.  During dry weather, the potential contribution of metals loadings is low 
because discharges of non-stormwater are authorized by the permit only where they do not cause 
or contribute to a violation of any water quality standard and are controlled through 
implementation of appropriate BMPs for elimination or reduction of pollutants. 

4.1.2 Other  NPDE S Per mits 

There are two types of NPDES permits: individual and general permits.  An individual NPDES 
permit is classified as either a major or a minor permit. Other than the MS4 and Caltrans 
stormwater permits, there are no major individual NPDES permits in the Los Cerritos Channel 
Freshwater Watershed.  The discharge flows associated with minor individual NPDES permits 
and general NPDES permits are typically less than 1 million gallons per day (MGD).  General 
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NPDES permits often regulate episodic discharges (e.g. dewatering operations) rather than 
continuous flows.  

4.1.2.1 Minor Individual NPDES Permits 

There are 2 minor individual dischargers to Los Cerritos Channel:  Paramount Petroleum 
Corporation and BP West Coast Products LLC, Hathaway Terminal Tank Farm. Paramount 
Petroleum Corporation’s permitted discharge flow is a maximum of 400,000 gallons per day of 
treated storm water; however recent discharge data (2008) shows 20 gallons per day.   Paramount 
Petroleum Corporation’s permit effluent limitations for copper and zinc exceed the numeric 
targets shown in Table 3-3.  BP West Coast Products’ permitted discharge flow is a maximum of 
50,000 gallons per day of treated storm water; however recent discharge data (2004-2009) shows 
30,000 gallons per day on average. Both facilities are permitted for intermittent discharges, and 
discharges during dry weather are not permitted. 

4.1.2.2 General NPDES Permits 

Pursuant to 40 CFR parts 122 and 123, the State Board and the Regional Boards have the 
authority to issue general NPDES permits to regulate a category of point sources if the sources: 
involve the same or substantially similar types of operations; discharge the same type of waste; 
require the same type of effluent limitations; and require similar monitoring.  The Regional 
Board has issued general NPDES permits for six categories of discharges: construction and 
project dewatering; petroleum fuel cleanup sites; volatile organic compounds (VOCs) cleanup 
sites; potable water; non-process wastewater; and hydrostatic test water. There are 7 facilities 
with General NPDES permits in the Los Cerritos Channel Freshwater Watershed. Five of the six 
categories apply to one or more of these facilities (there are no VOC cleanup sites in the 
Watershed). 

The general NPDES permit for Discharges of Groundwater from Construction and Project 
Dewatering to Surface Waters (Order No. R4-2008-0032) covers wastewater discharges, 
including but not limited to, treated or untreated groundwater generated from permanent or 
temporary dewatering operations.  Currently, there are 2 dischargers enrolled under this Order in 
the Los Cerritos Channel Freshwater Watershed (Note:  Order No. R4-2008-0032, effective on 
July 5, 2008, has replaced Order R4-2003-0111 which is referenced in the two permits). The 
applicable effluent limitations for copper and zinc exceed the numeric targets shown in Table 3
3. 

The general NPDES permit for Treated Groundwater and Other Wastewaters from Investigation 
and/or Cleanup of Petroleum Fuel-Contaminated Sites to Surface Waters (Order No. R4-2002
0125) covers discharges, including but not limited to, treated groundwater and other wastewaters 
from the investigation, dewatering, or cleanup of petroleum contamination arising from current 
and former leaking underground storage tanks or similar petroleum contamination.  Currently, 
there is 1 discharger enrolled under this Order in the Los Cerritos Channel Freshwater 
Watershed.  There are no numeric effluent limitations for copper, lead, or zinc in the permit or 
Order No. R4-2002-0125.  However, to enroll for this permit, dischargers must demonstrate that 
treated groundwater does not exceed the CTR-based water quality criteria for metals.  Once 
enrolled under the permit, dischargers must continue to demonstrate compliance with CTR-based 
effluent limitations for lead. 
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The general NPDES permit for Discharges of Groundwater from Potable Water Supply Wells to 
Surface Waters (Order No. R4-2003-0108) covers discharges of groundwater from potable 
supply wells generated during well purging, well rehabilitation and redevelopment, and well 
drilling, construction and development.  Currently, there are 2 dischargers enrolled under this 
Order in the Los Cerritos Channel Freshwater Watershed.  The applicable numeric effluent 
limitations for these facilities can be found in Order No. R4-2003-0108.  The effluent limitations 
for copper and lead in the Order exceed the numeric targets in Table 3-3.  The Order does not 
contain a numeric effluent limitation for zinc. 

The general NPDES permit for Discharges of Nonprocess Wastewater to Surface Waters (Order 
No. R4-2004-0058) covers waste discharges, including but not limited to, noncontact cooling 
water, boiler blowdown, air conditioning condensate, water treatment plant filter backwash, filter 
backwash, swimming pool drainage, and/or groundwater seepage.  Currently, there is 1 
discharger enrolled under this Order in the Los Cerritos Channel Freshwater Watershed.  The 
permit effluent limitations for copper and zinc exceed the numeric targets shown in Table 3-3. 

The general NPDES permit for Discharges of Low Threat Hydrostatic Test Water to Surface 
Waters (Order No. R4-2004-0109) covers waste discharges from hydrostatic testing of pipes, 
tanks, and storage vessels using domestic/potable water.  Currently, there is 1 discharger enrolled 
under this Order in the Los Cerritos Channel Freshwater Watershed.  There are no numeric 
effluent limitations for copper, lead, or zinc in the permit or in Order No. R4-2004-0109.  
However, potential for exceeding the numeric targets is low since the discharge is domestic or 
potable water. 

4.1.3 Summar y of Point Sour ces 

The total loading of metals reflects the sum of inputs from urban runoff and multiple NPDES 
permits within the Los Cerritos Channel Freshwater Watershed (Table 4-2).  In the Watershed, 
stormwater discharges are regulated under the two MS4 permits, the Caltrans permit, the general 
industrial stormwater permit and the general construction stormwater permit.  There is 1 minor 
NPDES permit with the potential to contribute loadings to the system.  There are also 7 facilities 
with non-stormwater general permits that have low individual potential to contribute significant 
loadings to the system but may in the aggregate contribute significantly. 
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Table 4-2. Summary of permits in Los Cerritos Channel Freshwater Watershed. 
Type of NPDES Permit Number 

of 
Permits 

Permitted 
Volume 

(gpd) 

Screening 
for 

pollutants? 

Permit 
Limits for 

metals? 

Potential for 
significant 

contribution? 
Municipal Stormwater 2 NA Yes No High 
Caltrans Stormwater 1 NA Yes No High 
General Construction Stormwater 23 NA Yes No High 
General Industrial Stormwater 33 NA Yes No High 
Individ. NPDES permit (CA0056065) 1 400,000 Yes Yes Medium 
Individ. NPDES permit (CA0058343) 1 50,000 Yes No Low 
Other General Permits 
Construction and Project Dewatering 2 NA Yes Yes Low 
Petroleum Fuel Cleanup Sites 1 NA Yes No Low 
Potable Water 2 NA Yes Yes (Cu, Pb) Low 
Non-Process Wastewater 1 NA Yes Yes Low 
Hydrostatic Test Water 1 NA Yes No Low 

4.2 QUA NT I F Y I NG POI NT  SOUR C E  R UNOF F 

Urban stormwater has been recognized as a substantial source of metals (Characklis and Wiesner 
1997, Davis et al. 2001, Buffleben et al. 2002).  The most prevalent metals in urban stormwater 
(copper, lead, and zinc) are consistently associated with the suspended solids portion of sediment 
loads (Sansalone and Buchberger 1997, Davis et al. 2001).  These metals are typically associated 
with fine particles in stormwater runoff (Characklis and Wiesner 1997, Liebens 2001). Metals 
loadings are attributable to ongoing activities in the Watershed. This is reflected in routine 
stormwater monitoring performed by the City of Long Beach under its MS4 permit.  

4.2.1 Dr y-W eather L oading 

Dry-weather urban runoff is a significant source of copper loading in the Los Cerritos Channel 
Freshwater Watershed. During dry weather, the metals concentrations are predominantly in the 
dissolved phase and may be more bioavailable (SCCWRP, 2004). Dry-weather watershed flows 
in the Los Cerritos Channel are dominated by groundwater inflow and discharges to the 
stormwater conveyance system from illicit connections, excess irrigation, and other residential 
and commercial practices (McPherson et al., 2005; Stein and Ackerman, 2007).   

Dry-weather monitoring data for the Los Cerritos Channel were analyzed to estimate existing dry 
weather metals loading in the freshwater portion of the watershed.  Specifically, dissolved 
metals, total recoverable metals, and instantaneous flow collected at the Stearns site for 21 dry-
weather events were used to calculate flow-weighted average concentrations for total and 
dissolved copper.  (See Appendix D.)  The flow-weighted mean concentrations are 12.54 µg/L 
(dissolved) and 17.74 ug/L (total). These values translate into existing dry-weather copper loads 
of 0.159 lbs/day (dissolved) and 0.225 lbs/day (total). 

4.2.2 W et-W eather L oading 

Wet-weather sources of metals are generally associated with the accumulation and wash-off of 
metals on the land surface during rain events. Metals washed off the land surface are delivered 
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to the river through creeks and stormwater collection systems. Wet-weather loading varies 
depending on the amount of rainfall and size of storms in a given year. 

Wet-weather loads were estimated by using a model (USEPA’s Loading Simulation Program 
C++) which is discussed in detail in Section 5.2 and Appendix E.  For modeling purposes, the 
Los Cerritos Channel Freshwater Watershed was divided into 10 sub-basins based on 
sewersheds, monitoring locations, and field reconnaissance by the City of Downey (personal 
communication, G. Greene, City of Downey to K. Graves, USEPA Region 9, October 26, 2009).  
Land use in each sub-basin was categorized by the number of acres that are commercial, high 
density residential, industrial, etc. The urban land uses were then divided into separate pervious 
and impervious land units.  (Appendix E, Table 1 and Figure 3.) Precipitation data from the 
Long Beach weather station was input into the model to estimate wet-weather flows.  The model 
generates pollutant load estimates based on applying assumptions of sediment and metals 
loadings from different land uses in several modeling modules.  The modeling modules include 
SEDMNT (simulates removal of sediment from pervious land; SOLIDS (simulates removal of 
sediment/solids from impervious land); SEDTRN (simulates transport, deposition, and scour of 
sediment in stream channels), and a water quality module to represent the metals’ association 
with sediment.  

The model’s accuracy was compared to City of Long Beach flow data and observed 
concentrations of total recoverable metals during wet-weather events.  (Appendix E, Figures 9, 
11, and 13 illustrate the copper, lead, and zinc results, respectively.)  The model captured the 
magnitude of observed data reasonably well with results within acceptable modeling ranges.  
Summary statistics were also calculated comparing mean metals concentrations and loads for the 
monitored wet-weather events to modeled predictions of concentrations and loads for these 
events.  (Appendix E, Tables 5 and 6.)  While some variation was observed, the model predicted 
observed flow, sediment, copper, lead, and zinc within acceptable modeling ranges. Table 4-3 
shows modeled annual wet-weather loadings of copper, lead, and zinc compared to observed 
loadings. 

Table 4-3. Typical annual wet-weather loading (lb/day) to Los Cerritos Channel. 

Metal Observed 
Mean 

Modeled 
Mean 

Observed 
Median 

Modeled 
Median 

Total Copper 72 65 51 29 

Total Lead 78 49 43 21 

Total Zinc 705 528 469 248 

Table 4-4 shows modeled annual average loading rates by overall land use in the Watershed for 
copper, lead, and zinc.  The high density residential land use has the highest loadings for lead, 
while the industrial land use has the highest loading for copper and zinc. 
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Table 4-4. Average annual modeled loading rates by land use. 

Land Cover Category 
Copper Lead Zinc 
(lb/ac/yr) (lb/ac/yr) (lb/ac/yr) 

Agriculture 3.170E 5.283E-09 1.321E-07 
Commercial 7.094E 7.094E-02 7.236E-01 
High Density Residential 7.970E 1.063E-01 9.963E-01 
Industrial 8.182E 4.091E-02 1.091E+00 
Low Density Residential 4.250E 2.834E-02 1.700E-01 
Mixed Urban 4.081E 1.275E-02 2.551E-01 
Open 8.031E 5.354E-08 1.338E-06 

4.3 NONPOI NT  SOUR C E S 

A nonpoint source is a source that discharges via sheet flow or natural discharges. Nonpoint 
source loadings represent a diffuse form of water pollution from various natural and 
anthropogenic sources that accumulate in a watershed and are most often transported to the 
waterbody via runoff from rainfall. Examples of nonpoint sources include agricultural practices, 
atmospheric deposition, weathering and erosion of susceptible materials (including mine tailings 
and waste rock), animal wastes, and, street and urban debris. 

Atmospheric deposition is a potential nonpoint source of metals to the Los Cerritos Channel 
Freshwater Watershed.  Sabin et al. (2004) estimated the mass of dry atmospheric deposition for 
the Los Angeles River Watershed.  For the purpose of this source assessment, the numbers for 
the Los Angeles River Watershed were extrapolated to the Los Cerritos Channel Freshwater 
Watershed based on the relative area of each watershed and the relative amount of surface water 
in each watershed (Table 4-5). 

Direct atmospheric deposition is the amount of airborne metals deposited directly onto the 
surface of a water body.  Direct atmospheric deposition during dry weather was quantified by 
multiplying the surface area of the Los Cerritos Channel (freshwater portion) times the rate of 
atmospheric deposition recommended by Sabin et al.  These numbers are generally small 
because the portion of Los Cerritos Channel Freshwater Watershed that is covered by water is 
small, approximately 19 acres or 0.11% of the watershed. (Appendix E, Table 1.) Therefore, 
direct deposition of metals is insignificant relative to the annual dry-weather loading or the total 
annual loading. Small load allocations are established for direct air deposition in the dry and wet 
weather TMDLs (see Section 6). 

Indirect atmospheric deposition is the amount of airborne metals deposited on land surface that 
may be washed into a water body during storm events.  The amount of deposited metals 
available for transport to Los Cerritos Channel (i.e., not infiltrated) is unknown.  In a separate 
study, Sabin et. al. found that for a small impervious catchment, atmospheric deposition could 
potentially account for 57-100% of the metals in storm runoff generated in the study area (Sabin 
et. al., 2005). This study assumes that all the metals deposited on the catchment were available 
for removal.  However, in large, varied watersheds, not all metals deposited on the land surface 
may be available for removal by runoff. In any case, the loadings of metals associated with 
indirect atmospheric deposition are accounted for in the estimates of stormwater loading to Los 
Cerritos Channel.  Once metals are deposited on land under the jurisdiction of a stormwater 
permittee, they are within a permittee’s control. 
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Table 4-5. Estimate of direct and indirect atmospheric deposition (kg/year). 
Los Angeles River 
Watershed 

Area (square 
miles) 

% Water Copper 
(kg/year) 

Lead 
(kg/year) 

Zinc 
(kg/year) 

834 0.21% 

Indirect Deposition 16,000 12,000 80,000 

Direct Deposition 3 2 10 
Los Cerritos Channel 
Freshwater Watershed 27.7 0.11% 

Indirect Deposition 531 398 2,655 

Direct Deposition 0.05 0.03 0.17 

Natural background, e.g., national forest, loading of metals is another potential source.  The Los 
Cerritos Channel Freshwater Watershed does not contain state or national parkland, therefore, no 
load allocations for natural background are necessary. Open space areas, e.g., golf courses or 
small neighborhood parks, disturbed by human activity are not considered natural background.    
Discharges from open space areas drain to the storm drain system before reaching the Channel, 
and thus are addressed in the WLAs for MS4 permittees. 
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5 L I NK A G E  A NA L Y SI S 

Information on sources of pollutants provides one part of the TMDL equation.  To determine the 
effects of these sources on water quality, it is also necessary to determine the assimilative 
capacity of the receiving water. The delivery of metals to Los Cerritos Channel and the 
assimilative capacity of the Channel to accommodate these loadings can be strongly affected by 
variations between dry and wet weather. 

5.1 DR Y -W E A T H E R  A NA L Y SI S  

Metals loadings during dry weather were estimated by calculating flow-weighted average 
concentrations for total and dissolved copper, lead, and zinc from City of Long Beach 
monitoring data.  No model simulation was performed due to limited data availability.  Analysis 
of empirical data is determined sufficient in developing a TMDL for copper during dry weather 
for the Los Cerritos Channel Freshwater Watershed. 

5.2 W E T  -W E A T H E R  M ODE L I NG  A NA L Y SI S 

To assess the link between sources of sediment, metals, and the impaired waters, a modeling 
system was utilized that simulates land-use based sources of sediment and associated metals 
loads and the hydrologic and hydraulic processes that affect delivery.  

USEPA’s Loading Simulation Program C++ (LSPC) (Shen et al., 2004; USEPA, 2003) was used 
to represent the hydrologic and water quality conditions in the Los Cerritos Channel watershed. 
LSPC is a component of USEPA’s TMDL Modeling Toolbox (USEPA, 2003b), which has been 
developed through a joint effort between USEPA and Tetra Tech, Inc.  It integrates a 
comprehensive data storage and management capability, a dynamic watershed model (a re-coded 
version of USEPA’s Hydrological Simulation Program – FORTRAN [HSPF] [Bicknell et al., 
2001]), and a data analysis/post-processing system into a convenient PC-based windows 
interface that dictates no software requirements. 

LSPC is capable of representing loading and both flow and water quality from non-point and 
point sources as well as simulating in-stream processes.  LSPC can simulate flow, sediment, 
metals, nutrients, pesticides, and other conventional pollutants for pervious and impervious lands 
and waterbodies.  The model has been successfully applied and calibrated in Southern California 
for the Los Angeles River (LAR), the San Gabriel River (SGR), Dominguez Creek (DC) 
(original model by SCCWRP), the near-shore watersheds draining to Los Angeles/Long Beach 
Harbor (LA/LB Harbor), the San Jacinto River, and multiple watersheds draining to impaired 
beaches of the San Diego Region.  For Los Cerritos Channel, LSPC was used to simulate metals 
(copper, lead, and zinc) for determining loads. 

Previous wet-weather watershed modeling and TMDL efforts by Tetra Tech and SCCWRP have 
led to the development of a regional watershed modeling approach to simulate hydrology, 
sediment, and metals transport in the Los Angeles Region.  The regional modeling approach 
assumes that metals loadings can be dynamically simulated based on hydrology and sediment 
transported from land uses in a watershed.  Development of the approach resulted from 
application and testing of models for multiple small-scale land use sites and larger watersheds in 
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the Los Angeles Region.  SCCWRP developed watershed models, based on HSPF (Bicknell et 
al., 2001), of multiple homogeneous land use sites in the region.  Sufficient stormflow and water 
quality data were available at these locations to facilitate calibration of land-use-specific HSPF 
modeling parameters.  These parameters were validated in an additional HSPF model of Ballona 
Creek (Ackerman et al., 2005; SCCWRP, 2004), and similar models of LAR (Tetra Tech, Inc., 
2004), SGR (Tetra Tech, Inc, 2005), and LA/LB Harbor (Tetra Tech, Inc, 2006) using LSPC. 
These models were used to calculate TMDLs for each of these waterbodies (LARWQCB, 2005a, 
2005c, 2006; draft LA/LB Harbor TMDLs currently under development).   

In general, the methods used for previous modeling studies of LAR, SGR, DC, and LA/LB 
Harbor were applied for freshwater portion of the Los Cerritos Channel watershed.  The 
differences between the regional approach and the Los Cerritos Channel model include: 
modifications to the land use groupings based on stakeholder comments, changes to the 
designation of percent impervious, and the use of revised copper potency factors (these three 
changes are described in detail in Appendix E). The watershed model represented the variability 
of wet-weather runoff source contributions through dynamic representation of hydrology and 
land practices.  It included all point and non-point source contributions.  Key components of the 
watershed modeling include: 

• Watershed segmentation 
• Meteorological data 
• Land use representation 
• Soils 
• Reach characteristics 
• Point source discharges 
• Hydrology representation 
• Pollutant representation 
• Flow data 

These components provided the basis for the model’s ability to estimate flow and pollutant 
loading.  The model was configured for ten sub-basins of the Los Cerritos Channel Freshwater 
Watershed as shown in Figure 5.  (Appendix E, Figure 15.) 
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Figure 5. Model sub-basins and monitoring stations 

Loading processes for metals (copper, lead, and zinc) for each land use were represented through 
their associations with sediment.  The accumulation and washoff of sediments were modeled 
using the SEDMNT module for pervious lands and the SOLIDS module for impervious lands.  
Sediments washed off by rain are delivered to the stream channel by overland flow.  Processes 
such as transport, deposition and scour of sediments in the stream channels were modeled using 
the SEDTRN module. These processes depend on sediment characteristics such as particle size 
distribution (which define settling velocities and the critical shear stresses for deposition and re-
suspension), and the bottom shear stress predicted by the model.  

The model was then used to simulate the in-stream TSS concentrations.  The relationships 
between sediment and total recoverable metals (copper, lead and zinc) were parameterized in the 
water quality module as potency factors developed by SCCWRP.  Potency factors were defined 
from the regional modeling approach for copper, lead and zinc for each of seven land-uses 
categories (agriculture, commercial, high-density residential, industrial, low-density residential, 
mixed urban and open) (Ackerman et al., 2005). Copper potency factors were subsequently 
updated by SCCWRP (Ackerman and Weisberg, 2006) and these updated values were used in 
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the Los Cerritos Channel model.  After the model was configured, model validation was 
performed.  This is generally a two-phase process, with hydrology calibration and validation 
completed before repeating the process for water quality.  Model calibration was not performed 
since the hydrologic, sediment, and water quality parameters from the LA/LB Harbor model 
were applied to the Los Cerritos Channel model without further calibration. The Los Cerritos 
Channel model was used to further validate the previously calibrated parameters.  Model 
validation essentially confirmed the applicability of the watershed-based parameters derived 
during the calibration process.  However, it is important to note that there are a few differences 
between the regional approach and the Los Cerritos Channel model: modifications to the land 
use groupings based on stakeholder comments, changes to the designation of percent impervious, 
and the use of revised copper potency factors.  A detailed description of the wet-weather 
watershed model developed for the Los Cerritos Channel Freshwater Watershed, including these 
modifications, is contained in Appendix E. 

The results of the model were used to estimate copper, lead, and zinc loading rates by sub-basin 
in pounds per acre per year, as shown in Figure 6.  (Appendix E, Figure 15.) The northernmost 
sub-basin (sub-basin #9 in Figure 5) has highest loading rates for copper (and is second-highest 
for lead and zinc).  This sub-basin is primarily low density residential, commercial, high density 
residential, and industrial land use (presented as highest to lowest acreage). The north-central 
sub-basin has the highest loading rate for lead (and second-highest for copper) (sub-basin #8 in 
Figure 5).  In this sub-basin, land use is primarily low density residential with some commercial 
and high density residential.  The southwestern-most sub-basin, which is mostly industrial and 
mixed urban, has the highest loading rate for zinc (sub-basin #4 in Figure 5).   
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Figure 6. Estimated metals loadings by sub-basin 
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6 T OT A L  M A X I M UM  DA I L Y  L OA DS 

In this section, we develop the loading capacity, pollutant allocations and margin of safety for 
metals in the freshwater portion of Los Cerritos Channel.  USEPA regulations require that a 
TMDL include waste load allocations (WLAs), which identify the portion of the loading capacity 
allocated to existing or future point sources (40 CFR 130.2(h)) and load allocations (LAs), which 
identify the portion of the loading capacity allocated to nonpoint sources (40 CFR 130.2(g)) 
along with a margin of safety. 

As discussed in previous sections, the sources of metals and the relative magnitude of the inputs 
vary between dry-weather and wet-weather periods.  In these TMDLs, concentration-based and 
mass-based waste load allocations were developed for dry-weather urban runoff and mass-based 
waste load allocations for stormwater runoff.  Concentration-based waste load allocations are 
developed for all other NPDES permitted discharges based on dry- and wet-weather conditions. 

6.1 DR Y -W E A T H E R  L OA DI NG  C A PA C I T Y  A ND T M DL F OR  C OPPE R 

Los Cerritos Channel is listed as an impaired waterbody due to metals.  Based on an assessment 
of recent water quality data, we have determined that a dry-weather TMDL is needed for copper.  
The dry-weather copper loading capacity is used to establish a dry-weather TMDL. 

The dry-weather copper loading capacity was derived by multiplying the hardness-adjusted dry-
weather numeric target expressed as total recoverable (Table 3-1) by the critical dry-weather 
flow assigned to Los Cerritos Channel.  The loading capacity is presented as total recoverable 
copper for quantification of total recoverable copper loads. 

Dry-weather flow is estimated by averaging instantaneous dry-weather flows monitored by the 
City of Long Beach on 19 days between 2001 and 2009 (see Table 2 in Appendix D).  The 
resulting average dry-weather flow is 2.35 cfs. This flow was used to define the critical dry-
weather flow for Los Cerritos Channel.  (Note:  while the City of Long Beach has daily flow data 
records beginning in 2001, the gage at the Los Cerritos Channel monitoring site can only record 
flows greater than approximately 18.8 cfs.  This data, therefore, does not represent low flow 
conditions.) 

The copper dry-weather loading capacity (TMDL) for Los Cerritos Channel is 19.1 µg/L X 2.35 
cfs X 0.00539 (conversion factor) = 0.242 lbs/day, which is 109.7 grams/day, expressed as total 
recoverable metals. 

6.2 DR Y -W E A T H E R  A L L OC A T I ONS 

Allocations are assigned to point and nonpoint sources throughout the watershed in order to meet 
the copper TMDL. The following TMDL equation applies: 

TMDL = WLA Stor mwater  per mittees + WLA Other permittees + LA Dir ect A tmospher ic Deposition + LA Open 

Space 

Mass-based allocations are assigned to all of these sources except for minor NPDES permittees 
and general non-stormwater NPDES permittees that discharge to Los Cerritos Channel. 
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Concentration-based waste load allocations are applied as these point sources have intermittent 
flows and calculation of mass-based waste load allocations is not possible.  These “other 
permittees” will have a minor impact on metals loadings if they are limited by concentration to 
the applicable CTR-based waste load allocations.  

“Open Space” refers to opens space that discharges directly to Los Cerritos Channel and not 
through the storm drain system.  In the Los Cerritos Channel Freshwater Watershed, there is no 
allocation for open space because the limited open space in this watershed drains to the storm 
drain system before reaching the Channel and is included in stormwater WLAs.  Therefore, the 
equation for calculating mass-based dry loads becomes: 

TMDL = WLA Stor mwater permittees + LA Dir ect A tmospher ic Deposition 

Mass-based load allocations are developed for direct atmospheric deposition and stormwater 
permittees (Los Angeles County MS4, City of Long Beach MS4, Caltrans, General Industrial 
and General Construction). 

6.2.1 Dr y-W eather  L oad A llocations for  Dir ect A tmospher ic Deposition 

Dry-weather load allocations for direct atmospheric deposition are based on the calculations by 
Sabin et al. and allocated to Los Cerritos Channel based on the percentage of the Los Cerritos 
Channel Freshwater Watershed covered by water.  As shown in Table 4-5, direct deposition of 
copper expressed as total recoverable metals is estimated to be 0.05 kg/year, or 0.14 grams/day. 

6.2.2 Dr y-W eather  W aste L oad A llocation for Stor mwater Per mits 

A dry-weather mass-based waste load allocation for copper is developed for the stormwater 
permittees according to the following equation: 

TMDL – LA Dir ect A tmospher ic Deposition = WLA Stor mwater  per mittees 

109.7 grams/day – 0.14 grams/day = 109.58 grams/day 

For accounting purposes, it is assumed that Caltrans and the general stormwater permittees 
discharge entirely to the MS4 system. A zero waste load allocation is assigned to all general 
industrial and construction stormwater permits during dry weather.  Order Nos. 97-03 DWQ and 
99-08 DWQ already prohibit non-stormwater discharges with few exceptions as discussed in 
Section 4.1.1.3.  Therefore, the entire dry-weather waste load allocation for stormwater 
permittees of 109.58 grams/day, expressed as total recoverable metals, is shared by the two MS4 
permittees (Los Angeles County and City of Long Beach) and Caltrans. 

USEPA regulation allows allocations for NPDES-regulated municipal stormwater discharges 
from multiple point sources to be expressed as a single categorical waste load allocation when 
data and information are insufficient to assign each source or outfall an individual allocation. 
We recognize that these municipal stormwater allocations may be rudimentary because of data 
limitations and variability in the system. The combined stormwater waste load allocation is 
partitioned among the Los Angeles County MS4 permittee (9,470 acres), City of Long Beach 
MS4 permittee (5,840 acres) and Caltrans (140 acres) based on an estimate of the percentage of 
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land area covered under each permit (Table 6-6). Based on these areas, the waste load 
allocations for Caltrans and the MS4 permittees are presented in Table 6-1. 

Table 6-1. Dry-weather mass-based waste load allocations for Caltrans and MS4 permittees expressed as 
total recoverable metals (grams/day). 

Pollutant Caltrans Los Angeles County MS4 
Permittee 

City of Long Beach MS4 
Permittee 

Copper 1.0 67.2 41.4 

6.2.3 Dr y-W eather  W aste L oad A llocation for  other  NPDE S Per mits 

Concentration-based waste load allocations are established for the minor NPDES permits and 
general non-stormwater NPDES permits that discharge to Los Cerritos Channel to ensure that 
these do not contribute to exceedances of the CTR limits.  The concentration-based waste load 
allocations are equal to the 19.1 µg/L dry-weather numeric target for copper expressed as total 
recoverable metals as provided in Table 3-1. 

Monitoring requirements will be placed on these discharges as appropriate in their respective 
NPDES permits.  Any future minor NPDES permits or enrollees under a general non-stormwater 
NPDES permit will also be subject to the concentration-based waste load allocations. 

6.3	 W E T  -W E A T H E R  L OA DI NG  C A PA C I T Y  (L OA D-DUR A T I ON C UR V E S) A ND 
T M DL S F OR  C OPPE R , L E A D A ND ZI NC 

Based on an assessment of recent water quality data, we have determined that wet-weather 
TMDLs are needed for copper, lead and zinc. 

During wet weather, the allowable load is a function of the volume of water in the Channel.  
Given the variability in wet-weather flows, the concept of a single critical flow is not justified. 
Instead, a load duration curve approach is used to establish the wet-weather loading capacity.  In 
brief, a load duration curve is developed by multiplying the wet-weather flows by the in-stream 
numeric target.  The result is a curve, which identifies the allowable load for a given flow.  The 
wet-weather TMDLs for copper and zinc are defined by these load-duration curves. The lead 
TMDL is defined by the average existing load, which is lower than the allowable load. 

TMDL (g/day) = loading capacity = daily storm volume (liters) X numeric target (µg/L) / 1,000,000 

The LSPC model was used to simulate flows and metals concentrations in Los Cerritos Channel 
from 2000-2007, providing daily flow volume and estimates of existing metals loads.  By 
including all storm flows over the 2000-2007 period, analysis of critical conditions was included. 
Loading capacities were calculated by multiplying the daily storm volume by the appropriate 
numeric water quality target or observed average concentration representing existing conditions, 
whichever is lower (Table 6-2).  The wet-weather loading capacity applies to any day when the 
maximum daily flow measured at a location within the Los Cerritos Channel above the tidal 
prism (see Stearns Street Monitoring Station, Figure 1) is equal to or greater than 23 cfs, which is 
the estimated 90th percentile flow. 
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Identification of each metal-specific TMDL is based on a comparison of the existing loads with 
the loading capacity.  For lead, where existing loads (based on the observed average 
concentration of 55.8 µg/L), are less than the loading capacity (based on the translated CTR total 
lead concentration of 213.2 µg/L), the TMDL and allocations are set at the existing load level 
(See Table 6-2 and Figure 8).  USEPA is defining the lead TMDL and allocations based on the 
existing loads in Los Cerritos Channel in order to ensure that freshwater quality for this pollutant 
does not degrade below current levels, and to ensure that lead levels in downstream sediments do 
not increase in the future. 

Table 6-2. Wet-weather load capacity (TMDLs) for metals expressed in terms of total recoverable metals. 
Metal 1 Load Capacity 

Copper Daily storm volume x 9.8 µg/L 

Lead Daily storm volume x 55.8 µg/L 

Zinc Daily storm volume x 95.6 µg/L 
1 Copper and zinc load capacities are based on the total wet weather numeric targets presented in Table 3-3. The lead 
load capacity is based on the observed average total concentration representing existing conditions. 

These TMDLs are based on total recoverable metals concentrations.  Copper and zinc targets 
expressed as dissolved metals concentrations were converted to total recoverable metals 
concentrations using site-specific translators shown in Table 3-3.  While a numeric target for 
lead is presented in Table 3-3, the lead concentration used to calculate the loading capacity is 
based on the observed average total concentration (see Table 6-2), which represents existing 
conditions. 

Based on modeling of the average annual loading capacity for each metal during wet weather 
(Appendix E), Table 6-3 compares the annual existing load to the allowable load using the 
numeric targets.  (Source:  Tetra Tech spreadsheet, February 5, 2010).   

Table 6-3. Average annual loads and percent reduction required. 

Metal 
Allowable 

load 
(kg) 

Existing 
load 
(kg) 

Percent reduction 
required 

Copper1 68 266 74.7% 
Lead 1,489 212 0.0% 
Zinc1 669 2,127 69.2% 

1 The numeric targets presented in Table 3-3 (based on CTR) were used to determine 
percent reductions in the watershed model. 

Figures 7, 8, and 9 show the wet-weather load-duration curves for each metal, along with the 
2000-2007 modeled existing load.  For practical purposes of comparing stormwater data to the 
TMDLs, the wet-weather load for a day is calculated based on the stormwater event mean 
concentration (EMC) from a flow-weighted composite: 

Wet-weather load (g/day) = daily storm volume (liters) X EMC (µg/L) / 1,000,000 

These figures illustrate the load capacity, wasteload allocations (i.e., allowable load; blue bars 
below the load capacity curve), and required reductions (red bars above the load capacity curve). 
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Model results indicated that no lead reductions are required using the translated CTR-based 
numeric target (Figure 8).  As previously noted, to ensure that freshwater quality for this 
pollutant does not degrade below current levels, and to ensure that lead levels in downstream 
sediments do not increase in the future, the average observed concentration for total lead, 
representing existing conditions, was used for TMDL calculation (represented by an orange line 
in Figure 8).  Given this is an average condition; some daily loads are expected to be above this 
load, while others will fall below (see Section 8.2 for a discussion of meeting wet-weather waste 
load allocations).  

Figure 7. Modeled copper load and load capacity by daily storm volume 

10 

100 

1,000 

10,000 

100,000 

1,000,000 

D
ai

ly
 L

oa
d 

(g
ra

m
s)

 

Daily Volume (Liters) 

Load Reduction Wasteload Allocation Load Capacity 

Figure 8. Modeled lead load and load capacity by daily storm volume 
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Note: The blue loading capacity line was based on the total recoverable lead concentration calculated from the 
dissolved CTR water quality criteria using a site-specific translator. The orange loading capacity line was 
calculated using the average observed total lead concentration, which represents existing conditions, and was 
used for TMDL calculations and allocations. 
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Figure 9. Modeled zinc load and load capacity by daily storm volume 
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6.4 W E T -W E A T H E R  A L L OC A T I ONS  

Wet-weather allocations are assigned in the same manner as the dry-weather allocations, but also 
include a 10% explicit margin of safety.  The wet-weather allocations are based on flows 
measured at the Stearns Street sampling site operated by the City of Long Beach.  

6.4.1 W et-W eather  L oad A llocations 

An estimate of direct atmospheric deposition is developed based on the percent area of surface 
water in the watershed.  Approximately 0.11% of the watershed area draining to the freshwater 
portion of Los Cerritos Channel is comprised of water. 

The load allocation for atmospheric deposition is calculated by multiplying this percentage by 
the total loading capacity, according to the following equation: 

LA Dir ect A tmospher ic Deposition  = 0.0011 x TMDL 

The wet-weather TMDLs are shown in Table 6-2.  The loadings associated with indirect 
deposition are included in the wet-weather stormwater waste load mass-based allocations (See 
Table 6-4).

6.4.2 W et-W eather  W aste L oad A llocation for Stor mwater Per mits 

Wet-weather waste load allocations for the stormwater permittees are calculated in the same 
manner as the dry-weather allocation.  Since the direct atmospheric deposition is calculated as a 
percentage of the TMDL, the equation becomes: 

WLA Stor mwater permittees = TMDL (numeric target x daily storm volume) – MOS – LA Dir ect Atmospher ic Deposition 
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Allocations for direct atmospheric deposition and stormwater permittees are presented in 
Table 6-4.  For example, a daily flow of 40 cfs (daily storm volume = 9.8 x 107 liters) results in 
the allocations presented in Table 6-5. 

Table 6-4. Wet-weather mass-based allocations. 

Metal 10% Margin of Safety 
(g/day) 

Direct Atmospheric Deposition 
(g/day) 

Combined Stormwater 
Permittees (g/day) 

Copper 0.978 µg/L * daily 
storm volume (L) * 10 -6 

0.0097 µg/L * daily storm 
volume (L) * 10 -6 

8.796 µg/L * daily storm 
volume (L) * 10 -6 

Lead 5.58 µg/L * daily storm 
volume (L) * 10 -6 

0.0552 µg/L * daily storm 
volume (L) * 10 -6 

50.165 µg/L * daily storm 
volume (L) * 10 -6 

Zinc 9.565 µg/L * daily 
storm volume (L) * 10 -6 

0.0947 µg/L * daily storm 
volume (L) * 10 -6 

85.987 µg/L * daily storm 
volume (L) * 10 -6 

L = Liters 

Table 6-5. Wet-weather mass-based allocations based on a daily flow equal to 40 cfs. 

Metal 1 Loading Capacity 
(g/day) 

10% Margin of 
Safety (g/day) 

Direct Atmospheric 
Deposition (g/day) 

Combined Stormwater 
Permittees (g/day) 

Copper 958.9 95.9 0.9 862.0 

Lead 5,468.4 546.8 5.4 4,916.1 

Zinc 9,373.3 937.3 9.3 8,426.7 
1 Copper and zinc load capacities are based on the total wet weather numeric targets presented in Table 3-3. The lead 
load capacity is based on the observed average total concentration representing existing conditions. 

The combined stormwater waste load allocation is partitioned among the five stormwater 
permittees (City of Long Beach MS4, Los Angeles County MS4, Caltrans, general industrial and 
general construction) based on an estimate of the percentage of land area covered under each 
permit (Table 6-6). 

Table 6-6. Areal extent of watershed and percent area covered under stormwater permits. 

Category Permit # Area in acres Percent area of Watershed 

Los Angeles County MS4 Permit CAS004001 9,470 53.5% 

City of Long Beach MS4 Permit CAS004003 5,840 33.0% 

General Industrial Stormwater Permit CAS000001 1,740 9.8% 

General Construction Stormwater Permit CAS000002 502 2.8% 

Caltrans Stormwater Permit 
State Board Order 
No. 99-06-DWQ 140 0.8% 

Water - 19 0.1% 

Total - 17,711 100% 

Based on these areas (excluding the Water category), the waste load allocations for each 
stormwater permittee are presented in Table 6-7. 
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Table 6-7. Wet-weather combined stormwater allocations apportioned based on percent of watershed. 

Metal 
General 
Construction 
permittees (g/day) 

General Industrial 
permittees (g/day) 

Caltrans 
(g/day) 

City of Long Beach 
MS4 Permittee 
(g/day) 

Los Angeles County 
MS4 Permittee 
(g/day) 

Copper 0.250 * daily storm 
volume (L) * 10 -6 

0.865 * daily storm 
volume (L) * 10 -6 

0.070 * daily storm 
volume (L) * 10 -6 

2.904 * daily storm 
volume (L) * 10 -6 

4.709 * daily storm 
volume (L) * 10 -6 

Lead 1.423 * daily storm 
volume (L) * 10 -6 

4.933 * daily storm 
volume (L) * 10 -6 

0.397 * daily storm 
volume (L) * 10 -6 

16.560 * daily storm 
volume (L) * 10 -6 

26.852 * daily storm 
volume (L) * 10 -6 

Zinc 2.440 * daily storm 
volume (L) * 10 -6 

8.455 * daily storm 
volume (L) * 10 -6 

0.680 * daily storm 
volume (L) * 10 -6 

28.385 * daily storm 
volume (L) * 10 -6 

46.027 * daily storm 
volume (L) * 10 -6 

For example, a daily flow of 40 cfs (daily storm volume = 9.8x107 liters) results in the 
stormwater waste load allocations presented in Table 6-8. 

Table 6-8. Wet-weather waste load allocations for stormwater based on a daily flow of 40 cfs. 

Metal 
General 
Construction 
permittees (g/day) 

General Industrial 
permittees (g/day) 

Caltrans 
(g/day) 

City of Long 
Beach MS4 
Permittee (g/day) 

Los Angeles County 
MS4 Permittee (g/day) 

Copper 24.5 84.8 6.8 284.6 461.4 

Lead 139.5 483.4 38.9 1,622.8 2,631.5 

Zinc 239.1 828.6 66.7 2,781.7 4,510.7 

Each stormwater permittee enrolled under the general construction or industrial stormwater 
permits will receive an individual waste load allocation per acre based on the total acreage of 
general permits as presented in Table 6-9. 

Table 6-9. Wet-weather waste load allocations for enrollees under general construction or industrial 
stormwater permits (total recoverable metals). 

Metal 
Individual General Construction or 
Individual General Industrial Permittee 
(g/day/ac) 

Copper 0.497 * 10-3 * daily storm volume (L) 

Lead 2.835 * 10-3 * daily storm volume (L) 

Zinc 4.860 * 10-3 * daily storm volume (L) 
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For example, a daily flow of 40 cfs (daily storm volume = 9.8x107 liters) results in the general 
construction and industrial stormwater waste load allocations presented in Table 6-10. 

Table 6-10. Wet-weather per acre waste load allocations for an individual general construction or industrial 
stormwater permittee (g/day/acre) based on a daily flow of 40 cfs. 

Metal 
Individual General Construction or 
Individual General Industrial Permittee 
(g/day/ac) 

Copper 0.05 

Lead 0.28 

Zinc 0.48 

6.4.3 W et-W eather  W aste L oad A llocation for  other  NPDE S Per mits 

Concentration-based waste load allocations are established for the minor NPDES permittees and 
general non-stormwater NPDES permittees that discharge to Los Cerritos Channel to ensure that 
these point sources do not contribute to exceedances of the CTR limits. The concentration-based 
waste load allocations are equal to the wet-weather numeric targets for copper and zinc or 
average daily existing concentration for lead expressed as total recoverable metals as provided in 
Table 6-2. Any future minor NPDES permits or enrollees under a general non-stormwater 
NPDES permit will also be subject to the concentration-based waste load allocations. 

6.5 M A R G I N OF  SA F E T Y 

The federal statute and regulations require that TMDLs include a margin of safety to account for 
any lack of knowledge concerning the relationships between effluent limitations and water 
quality.  The required MOS may be provided explicitly by reserving (not allocating) a portion of 
available pollutant loading capacity and/or implicitly by making environmentally conservative 
analytical assumptions in the supporting analysis.    

The dry weather TMDL includes an implicit margin of safety, while the wet weather TMDLs 
include both implicit and explicit margins of safety.  Specifically, the TMDLs include an implicit 
margin of safety by evaluating dry-weather and wet-weather conditions separately and assigning 
allocations based on two disparate critical conditions.   

To account for any additional uncertainty in the wet-weather TMDLs, USEPA has included an 
explicit MOS equal to 10% of the loading capacity or existing load available for wet-weather 
allocations.  The 10% MOS was subtracted from the loading capacity or existing load, which 
ever is smaller. Applying an explicit margin of safety is reasonable because a number of 
uncertain estimates are offset by the explicit margin of safety. While the observed dissolved-to
total metals ratios are not similar to CTR default conversion values, we also note there appears to 
be very poor correlation between the fraction of particulate metals and TSS.  There is added 
uncertainty of stream flow rates during wet weather conditions, when the highest metal loads 
occur, thus an explicit margin of safety is justified. 
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6.6 SUM M A R Y  OF  T M DL S 

The TMDLs are based on pollutant loadings to the water column in Los Cerritos Channel above 
the tidal prism.  For dry weather, the allowable copper load is based on the average dry-weather 
volume in the Channel.  For wet-weather, allowable loads for copper, zinc, and lead are 
expressed as a function of stormwater volume using load-duration curves.  An implicit margin of 
safety is provided through the use of conservative conversion factors for the translation of total 
recoverable metals to dissolved metals concentration. In addition, a 10% explicit margin of 
safety was assigned for the wet weather TMDLs to address any additional uncertainty. A dry-
weather mass-based waste load allocation for copper has been developed for Caltrans and for the 
MS4 permittees. A wet-weather mass-based waste load allocation has been developed for the 
general industrial and construction stormwater permittees as a group, Caltrans, and the two MS4 
permittees.  Concentration-based WLAs will also be applied to the other non-stormwater NPDES 
permittees. 
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7 I M PL E M E NT A T I ON  R E C OM M E NDA T I ONS 

Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits or non-point source enforcement.  This section describes 
USEPA’s recommendations to the Regional Board as to the implementation procedures and 
regulatory mechanisms that could be used to provide reasonable assurances that water quality 
standards will be met. 

7.1. Nonpoint Sources 
Regional Board may regulate nonpoint pollutant sources through the authority contained in 
sections 13263 and 13269 of the California Water Code, in conformance with the State Water 
Resources Control Board’s Nonpoint Source Implementation and Enforcement Policy, and the 
Conditional Waiver for Discharges from Irrigated Lands, adopted by the Los Angeles Regional 
Water Quality Control Board on November 3, 2005.  

7.2. Non-stormwater NPDES Permits 
NPDES permit limitations will need to be consistent with the concentration-based WLAs 
established for non-stormwater point sources in these TMDLs. Permit limits will need to meet 
the water quality targets established in these TMDLs and maintain water quality standards in Los 
Cerritos Channel. Permit writers can translate waste load allocations into effluent limits by 
applying the SIP procedures or other applicable engineering practices authorized under federal 
regulations. For permits subject to both dry- and wet-weather WLAs, USEPA expects that 
permit writers will write a monthly limit based on the dry-weather WLA and two separate daily 
maximum limits based on dry- and wet-weather WLAs. 

7.3 General Industrial Stormwater Permits 
The dry-weather waste load allocation equal to zero applies to unauthorized non-stormwater 
flows, which are prohibited by statewide General NPDES Permit No. CAS000001. We 
anticipate that any dry-weather discharges (allowed under special circumstances within the 
existing permit issued by the LA Regional Board) will be consistent with the assumptions and 
requirements within these TMDLs. 

Wet-weather mass-based waste load allocations for the general industrial stormwater permittees 
(Table 6-9) will be incorporated into the State Board general permit upon renewal or into a 
watershed-specific general permit developed by the Regional Board. 

7.4 General Construction Stormwater Permits 
Waste load allocations for the general construction stormwater permits (Table 6-9) will be 
incorporated into the State Board general NPDES permit No. CAS000002 upon renewal or into a 
watershed-specific general permit developed by the Regional Board.  

7.5 MS4 and Caltrans Stormwater Permits 
Dry-weather and wet-weather waste load allocations apply to the MS4s and Caltrans permits 
(Tables 6-1 and 6-7). These mass-based waste load allocations will be incorporated into the 
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Caltrans permit and all NPDES-regulated municipal stormwater discharges in the Los Cerritos 
Channel Freshwater Watershed, including the City of Long Beach MS4 permit and all 
municipalities enrolled under the Los Angeles County MS4 permit.  (See Figure 1.) 

7.6 TMDL Compliance 

While the mass-based allocations for the stormwater NPDES permittees are expressed in grams 
per day (Table 6-8), USEPA recommends the allocations be incorporated into permits to protect 
both in-stream and down-stream uses. The concentration-based waste load allocations are 
established for the minor NPDES permittees and general non-stormwater NPDES permittees that 
discharge to Los Cerritos Channel to ensure that these point sources do not contribute to 
exceedances of the CTR limits.  For dry weather the concentration-based waste load allocations 
are equal to the dry weather numeric target for copper, and for wet weather the concentration-
based waste load allocations are equal to the wet-weather numeric targets for total recoverable 
metals as provided in Table 6-2.  USEPA recommends that monitoring requirements be placed 
on these discharges as appropriate in their respective NPDES permits. 

We anticipate that implementation for stormwater discharges will be determined by the LA 
Regional Board and be consistent with assumptions and requirements within these TMDLs, (see 
40 C.F.R. § 122.44(d)(1)(vii)(B)). Allocations for all three metals were calculated using ambient 
water quality monitoring data from Stearns Street sampling site operated by the City of Long 
Beach (see Figure 1). We expect that the effectiveness of implementation measures to meet the 
targets will be assessed through evaluation of ambient water quality monitoring data for dry 
weather and wet weather, collected at this site. 

7.7 Source Control Alternatives 
A known source of copper loading in urban areas is from automobile brake pads.  The use of 
alternative materials or reduced-copper in brake pads would help to reduce the discharge of 
copper into Los Cerritos Channel.  The Brake Pad Partnership conducted a watershed modeling 
study of copper from brake pad wear and debris into the South San Francisco Bay, concluding 
that in highly urbanized watersheds (such as the Los Cerritos Channel Freshwater Watershed), 
brake pads are likely the single largest contributor to copper loadings. (Brake Pad Partnership 
Update, 2007.) The Brake Pad Partnership is seeking reductions in the levels of copper used in 
brake pads, but acknowledges that reducing copper concentrations in waterways by reducing 
copper in brake pads is a long-term process that may not be accomplished within 10-year TMDL 
compliance timeframes. 

An alternative approach to reducing metals concentrations from the source is to reduce the 
volume of stormwater that reaches water bodies.  When infiltrated into soil, stormwater is 
retained as groundwater rather than carried through storm drains.  Stormwater captured onsite 
(e.g., by rooftop rain gardens or constructed vegetated swales) offers a means to prevent it from 
reaching paved streets or other surfaces that are sources of metals.  Such techniques are generally 
referred to as “green infrastructure” or “low impact development” (LID).  The City of Downey 
has already modified 215 acres using LID techniques on individual parcels and estimates they 
capture approximately 1% of runoff from a 0.75” rain event, thereby recycling some stormwater 
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and reducing metal loads from entering the Los Cerritos Channel. (G. Greene, personnal 
communication, February 2, 2010.) USEPA encourages these approaches to reducing 
stormwater pollution. Information is provided on USEPA’s website at: 
http://cfpub.epa.gov/npdes/home.cfm?program_id=298 and www.epa.gov/nps/lid/. 

Green infrastructure projects adjacent to roads may be beneficial in reducing stormwater metals 
loads, including copper from brake pads, lead from tire weights, and zinc from tire wear.  Also, 
green infrastructure projects could be prioritized for sub-basins within the Los Cerritos Channel 
Freshwater Watershed that contribute the highest wet-weather metals loadings (see Figure 6), 
such as the northernmost sub-basins. 

The Los Angeles County Department of Public Works is currently developing a watershed 
management modeling system for water quality improvements that can be used for all areas 
covered by the Los Angeles MS4 permit and City of Long Beach MS4 permit.  One of the 
objectives of this system is to identify cost-effective pollution reduction projects to address urban 
runoff and stormwater quality, making use of USEPA’s watershed/Best Management Practice 
modeling system.  The system also provides a technical framework for LID implementation by 
parcel- or watershed-scale planning. This will enable identification of locations in which LID 
retrofits could be implemented for maximum effect in reducing stormwater volumes and 
associated pollutant loads.  Scheduled milestones for this project are in the 2010-2011 
timeframe. (Y. Sim, personnal communication, November 6, 2008.) 
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8 M ONI T OR I NG 

When the Regional Board adopts metals TMDLs, they will include a monitoring plan.  USEPA 
expects the monitoring plan to include two objectives.  The first is to collect additional water 
quality data (e.g., hardness, flow, and background total recoverable metals and dissolved metals 
concentrations) to evaluate the assumptions made in the TMDL, including the frequency and 
extent of exceedences. The second is to collect data to assess compliance with the TMDL’s 
waste load allocations.  

8.1 A M B I E NT  M ONI T OR I NG  

USEPA recommends an ambient monitoring program in order to track trends in water quality 
improvements in Los Cerritos Channel.  Another goal is to provide background information on 
hardness values and the partitioning of metals between the total recoverable and dissolved 
fraction to refine load and waste load allocations. The MS4 and Caltrans stormwater NPDES 
permittees are jointly responsible for implementing the ambient monitoring program.  

The City of Long Beach currently collects water quality data in Los Cerritos Channel at the 
Stearns Street sampling site.  The City monitors metals concentrations and hardness for two dry-
weather events per year and four wet-weather events per year, on average. 

8.2 T M DL  E F F E C T I V E NE SS M ONI T OR I NG  

TMDL effectiveness monitoring requirements should be specified in permits to determine if 
the waste load allocations are achieved. 

Stormwater permittees should be encouraged to develop a monitoring program that will not only 
assess individual compliance, but will assess the effectiveness of chosen BMPs to reduce 
pollutant loading on an industry-wide or permit category basis. MS4 permittees and those 
enrolled under industrial and construction stormwater permits should be encouraged to 
participate in such programs.  For practical purposes, effectively meeting wet-weather waste load 
allocations is when the measured EMC multiplied by the daily storm volume is less than or equal 
to the loading capacity (minus the margin of safety) for any given storm.  Responsible agencies 
shall sample at least 4 wet weather-events where flow meets wet-weather conditions (>23 cfs in 
Los Cerritos Channel above the tidal prism) in a given storm season.  

Typically, monitoring options to assess whether the stormwater NPDES permittees are 
effectively meeting their waste load allocations include:  1) if the in-stream pollutant 
concentration or load at the first downstream effectiveness monitoring location is equal to or less 
than the corresponding concentration- or load-based waste load allocation or; 2) if sampling at 
the storm drain outlet shows that the numeric target for the receiving water is being met. 
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Proposed Amendment to the Water Quality Control Plan – Los Angeles Region 

 
to Incorporate the 

 
Total Maximum Daily Load for Pesticides and PCBs in Machado Lake 

 
 
Proposed for adoption by the California Regional Water Quality Control Board, Los 
Angeles Region on September 2, 2010 
 
Amendments 
 
Table of Contents 
Add: 
 
Chapter 7. Total Maximum Daily Loads (TMDLs)  
 

7-38 Machado Lake Pesticides and PCBs TMDL 
 
List of Figures, Tables, and Inserts 
Add: 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) 
Tables 

7-38     Machado Lake Pesticides and PCBs TMDL       
7-38.1  Machado Lake Pesticides and PCBs TMDL - Elements 
7-38.2  Machado Lake Pesticides and PCBs TMDL - Implementation Schedule 

 
Chapter 7.  Total Maximum Daily Loads (TMDLs)  
 Machado Lake Pesticides and PCBs TMDL     
 
This TMDL was adopted by: 
 

The Regional Water Quality Control Board on September 2, 2010. 
 
This TMDL was approved by: 
 

The State Water Resources Control Board on [insert date]. 
The Office of Administrative Law on [insert date]. 
The U.S. Environmental Protection Agency on [insert date]. 

 
This TMDL is effective on [insert date]. 
 
The elements of the TMDL are presented in Table 7-38.1 and the Implementation Plan 
in Table 7-38.2. 
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Table 7-38.1.  Machado Lake Pesticides and PCBs TMDL: Elements 
 

TMDL Element Regulatory Provisions 

Problem 
Statement 

Machado Lake is identified on the 1998, 2002, 2006, and 2008 Federal Clean 
Water Act Section 303(d) lists of impaired waterbodies due to chlordane, DDT, 
dieldrin, Chem A, and PCBs in fish tissue.   
 
Chem A (the abbreviation for ‘chemical group A’) is a suite of bio-accumulative 
pesticides that includes chlordane and dieldrin.  The 1998 303(d) listing (and 
subsequent listings) for Chem A was predominately based on fish tissue 
concentrations of chlordane and dieldrin; there was only minimal detection of 
other Chem A pollutants in 1983 and 1984.  Chlordane and dieldrin have been 
recently detected in fish tissue, while other Chem A pollutants have not been 
detected in 25 years.  Therefore, this TMDL only addresses the Chem A 
pollutants (chlordane and dieldrin) that are causing impairment. 
 
Because of potential harm to human health and the environment, the use of 
these pollutants has been banned for many years; however, the physio-
chemical properties of the pollutants cause them to persist in the environment.  
These pollutants, bound to soil particles, are easily transported with surface 
runoff to waterbodies.  Contaminated sediments accumulate in the receiving 
waterbodies and aquatic organisms are exposed to the toxic pollutants.  
Sediment toxicity has been documented at Machado Lake, and it is likely that 
pesticides and PCBs contribute to the toxic condition of the sediments. 
Moreover, all of these pollutants biomagnify as they move up the food chain, 
thereby increasing concentrations in higher trophic-level aquatic organisms and 
wildlife.   
 
The exposure of the Machado Lake ecosystem to chlordane, DDT, dieldrin, and 
PCBs has impaired the aquatic life (WARM, WILD, RARE, WET) and recreation 
(REC-1, REC-2), including fishing, designated beneficial uses of the lake.  This 
TMDL addresses these impairments. 
 
Applicable water quality objectives for this TMDL are narrative objectives for 
Chemical Constituents, Bioaccumulation, Pesticides, and Toxicity in the Basin 
Plan and the numeric water quality criteria promulgated in 40 CFR section 
131.38 (the California Toxics Rule (CTR)).   
 
 

Numeric 
Targets 

 
Numeric targets are for pesticides and PCBs in water, sediment, and fish tissue 
to protect aquatic life, fishing, and other recreational uses in the lake.  The CTR 
criteria for human health (including protection for consumption of organisms) 
are the numeric targets for the water column.  These targets will protect both 
aquatic life and human health because the CTR human health criteria are more 
stringent than the aquatic life criteria. 
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TMDL Element Regulatory Provisions 

 
 

Pollutant Water Column 
Target (µg/L) 

Total PCBs 0.00017 

4,4’ DDT 0.00059 

4,4’ DDE 0.00059 

4,4’ DDD 0.00084 

Chlordane 0.00059 

Dieldrin 0.00014 

 
The sediment numeric targets are based on the freshwater Threshold Effect 
Concentration (TEC) guidelines compiled by the National Oceanic and 
Atmospheric Administration (NOAA).  The fish tissue numeric targets are based 
on the Office of Environmental Health Hazard Assessment (OEHHA) Fish 
Contaminant Goals (FCGs).  
 

Pollutant 
Sediment Target     

(µg/kg dry weight) 
Fish Tissue Target         
(ng/g wet weight) 

Total PCBs 59.8 3.6 

DDT (all congeners) 4.16 No target 

DDE (all congeners) 3.16 No target 

DDD (all congeners) 4.88 No target 

Total DDT 5.28 21.0 

Chlordane 3.24 5.6 

Dieldrin 1.9 0.46 
 

Source 
Analysis 

 
The point sources of pesticides and PCBs into Machado Lake are stormwater 
and urban runoff discharges from the municipal separate storm sewer system 
(MS4), California Department of Transportation (Caltrans), and general 
construction and industrial dischargers.  Stormwater and urban runoff 
discharges to Machado Lake occur through the following subdrainage systems: 
Wilmington Drain, Project 77 and Project 510.   
 
PCBs, DDT, dieldrin, and chlordane are no longer legally sold or used, yet, they 
remain ubiquitous in the environment, bound to fine-grained particles.  When 
these particles become waterborne, the chemicals are ferried to new locations. 
The more recent small discharges of pesticides and PCBs to Machado Lake 
most likely come from the erosion of pollutant-laden sediment further up in the 
watershed. Urban runoff and rainfall higher in the watershed mobilize the 
particles, which are then washed into storm drains and channels that discharge 
to the lake.   
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TMDL Element Regulatory Provisions 

The major nonpoint source of pesticides and PCBs to Machado Lake is the 
internal lake sediments.  The contaminated lake sediments are a reservoir of 
historically deposited pollutants.  The resuspension of these sediments 
contributes to the fish tissue impairment in the lake.  Additionally, the feeding 
behaviors of fish expose them to contaminated sediments.  Therefore, a load 
allocation is assigned to the existing reservoir of contaminated sediment.     
 
The estimated contribution of pesticides and PCBs from point sources is much 
smaller than the estimated contribution from internal lake sediments.  However, 
a waste load allocation is assigned to ongoing point source discharges to the 
lake.      

Linkage 
Analysis 

 
A conceptual model links the source loading information to the numeric targets.   
 
The chemical properties of pesticides and PCBs result in strong binding to 
particulate matter; therefore, most of the incoming contaminants from the 
watershed are bound to suspended sediment particles.  When the contaminated 
suspended sediment settles to the lake bottom, pesticides and PCBs 
accumulate in the lake sediments.  These pollutants are available to migrate to 
the water column and ultimately to the food web. Through bioturbation and 
feeding processes the contaminants may be taken up by benthic organisms. 
Once the sediment-bound PCBs and pesticides contaminate benthic organisms, 
the contaminants may move out of the lake sediments through each trophic 
level.  Thus, the contaminated lake sediments are an important source.  It is 
expected that if sediments within the lake and those loaded to the lake meet 
sediment numeric targets, then the fish tissue targets will be met as well.  The 
monitoring program will consist of water, sediment, and fish tissue monitoring to 
assess this assumption.                  
 

Loading 
Capacity 
 
 
 
 
 
 
 
 
 

The loading capacity is calculated as the volume of the active layer of sediment 
in the lake multiplied by the sediment numeric target.       
 

Pollutant Loading Capacity = Volume Active Sediment x Target Concentration 
 

However, in the case that the existing load is less than the loading capacity 
(dieldrin and PCBs); the loading capacity is set at the existing load.   The 
existing load is calculated as the volume of the active layer of sediment in the 
lake multiplied by the observed pollutant concentration.   
 
Existing Pollutant Load = Volume Active Sediment x Pollutant Concentration.   
The loading capacity for each pollutant is presented as follows.   

Pollutant 
Loading Capacity 

(g) 

Chlordane 1,275 

Total DDT 2,078 

Dieldrin 519 

PCBs 14,049  
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TMDL Element Regulatory Provisions 

Waste Load 
Allocations 

 
Waste load allocations (WLAs) for contaminants associated with suspended 
sediment are assigned to stormwater dischargers (MS4, Caltrans, general 
construction and general industrial dischargers) in both wet and dry weather.  
 

Responsible Party Pollutant 

WLA for Suspended 
Sediment-
Associated 

Contaminants
1
 

(µg/kg dry weight) 

Total PCBs 59.8 

DDT (all congeners) 4.16 

DDE (all congeners) 3.16 

DDD (all congeners) 4.88 

Total DDT 5.28 

Chlordane 3.24 

MS4 Permittees
1
, 

Caltrans, General 

Construction and 

Industrial Stormwater 

Permittees, Other 

Non-stormwater 

NPDES Permittees Dieldrin 1.9 

1 
WLAs are applied with a 3-year averaging period. 

 
 

Load 
Allocations  

Load allocations (LAs) addressing nonpoint sources of pesticides and PCBs are 
assigned to the existing lake sediments.  The LAs are set to attain the lake 
loading capacity, including a 10% margin of safety.     
 
   
 
 

Responsible Party Pollutant 
LA     

(grams)              

Chlordane 1,147 

Total DDT 1,870 

Dieldrin 467 

City of Los Angeles, 
Department of 
Recreation and Parks  

PCBs 12,644 

 
 

                                                 
1
 Municipal Separate Storm Sewer System (MS4) Permittees include: Los Angeles County, Los Angeles 

County Flood Control District, and the Cities of Carson, Lomita, Los Angeles, Palos Verdes Estates, Rancho 
Palos Verdes, Redondo Beach, Rolling Hills, Rolling Hills Estates, and Torrance.   
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TMDL Element Regulatory Provisions 

Margin of 
Safety 

The uncertainties associated with this TMDL are due to:  
 

�    Limited data on the amount of pesticides and PCBs residing within 
the lake sediments 

�    Limited data on the amount of pesticides and PCBs entering the 
lake 

�    Estimated information on the volume of the active layer of 
sediment in Machado Lake 

�    Estimated information on the watershed sediment deposition rate 

� Constant bulk density, sediment density, and sediment porosity 
values used to calculate the load associated with deposited 
sediment 

 
To address these uncertainties, an implicit margin of safety is included by 
employing conservative assumptions in the TMDL analysis.  Additionally, an 
explicit 10 % margin of safety is applied to the loading capacity for this TMDL. 
 

Pollutant 
Loading 

Capacity (g) 

Loading Capacity 
with 10 % Margin 

of Safety 

Chlordane 1,275 1,147 

Total DDT 2,078 1,870 

Dieldrin 519 467 

PCBs 14,049 12,644  
Seasonal 
Variations and  
Critical 
Conditions 

 
Pesticides and PCBs in fish tissue are a concern in Machado Lake due to long-
term loading and bioaccumulation and biomagnification.  Wet-weather events 
may produce extensive sediment redistribution and transport sediments to the 
lake.  This would be considered the critical condition for loading and the CTR-
based water column targets are protective of this condition.  However, the 
effects of pesticides and PCBs in sediment and fish tissue are manifested over 
long time periods.  The TMDL is established in a manner that accounts for the 
longer time periods in which ecological effects may occur. 
 

Monitoring Plan  
Responsible parties assigned both WLAs and LAs may submit one document 
that addresses the monitoring requirements (as described below) and 
implementation activities for both WLAs and LAs. 
 
Waste Load Allocation Compliance Monitoring 
 
Responsible parties assigned WLAs shall conduct monitoring to determine 
compliance with the WLAs.  Samples will be analyzed for total suspended 
solids.  Sampling shall be designed to collect sufficient volumes of suspended 
solids to allow for analysis of the following pollutants in the bulk sediment: 
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TMDL Element Regulatory Provisions 

 
� Total Organic Carbon 
� Total PCBs 
� DDT and Derivatives 
� Dieldrin 
� Total Chlordane 

 
In addition to TMDL constituents, general water chemistry (temperature, 
dissolved oxygen, pH, and electrical conductivity) and a flow measurement will 
be required at each sampling event.  General chemistry measurements may be 
taken in the laboratory immediately following sample collection, if auto samplers 
are used for sample collection or if weather conditions are unsuitable for field 
measurements.     
 
The monitoring shall be conducted in two phases at appropriate locations in the 
subwatershed. 
  
     Phase 1 
 
Phase 1 monitoring will be conducted for a two-year period. Samples will be 
collected during three wet weather events each year.  The first large storm 
event of the season shall be included as one of the monitoring events.       
 
     Phase 2  
 
Phase 2 monitoring will commence once Phase 1 monitoring has been 
completed.  Samples will be collected during one wet weather event every other 
year.   
 
Monitoring shall be conducted under a technically appropriate Monitoring and 
Reporting Plan (MRP) and Quality Assurance Project Plan (QAPP).  The MRP 
shall include a requirement that the responsible parties report compliance and 
non-compliance with waste load allocations as part of annual (or biennial during 
Phase 2 monitoring) reports submitted to the Regional Board.  The QAPP shall 
include protocols for sample collection, standard analytical procedures, and 
laboratory certification.  All samples shall be collected in accordance with 
SWAMP protocols.  Phase 1 sampling shall begin within 60 days of Executive 
Officer approval of the MRP and QAPP.   
 
Stormwater dischargers that fully divert a stormwater discharge to the sanitary 
sewer may document the diversion as a wet-weather monitoring event and 
report both the flow and pollutant concentration as zero.  Unless all stormwater 
discharges are fully diverted to the sanitary sewer, at least one wet-weather 
event must be sampled according to the monitoring requirements above.  
Stormwater discharges that are not fully diverted are subject to the WLA 
compliance monitoring described above.  The reported pollutant concentration 
of zero may be combined with other measured sample concentrations (from 
stormwater discharges that are not fully diverted) when demonstrating 
compliance with the WLA over the 3-year averaging period.   
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TMDL Element Regulatory Provisions 

 
 
The Regional Board’s Executive Officer may reduce, increase, or modify Phase 
2 monitoring and reporting requirements, as necessary, based on the results of 
Phase 1 monitoring.  Currently, several of the constituents of concern have 
numeric targets that are lower than the readily available detection limits.  As 
analytical methods and detection limits continue to improve (i.e., development 
of lower detection limits) and become more environmentally relevant, 
responsible parties shall incorporate new method detection limits in the MRP 
and QAPP. 
 
The Regional Board may reconsider the TMDL WLAs based on the results of 
Phase 1 and 2 monitoring, if necessary. 
 
Load Allocation Compliance and Numeric Target Assessment Monitoring  
 
Monitoring to determine compliance with the TMDL load allocations and 
attainment of numeric targets shall be conducted as part of the Lake Water 
Quality Management Plan (LWQMP).  This monitoring shall commence 
following the remediation of lake sediments as presented in the LWQMP.   
 
Lake sediment samples will be collected from three locations in the lake 
(northern end, mid point, southern end). Immediately following remediation of 
lake sediments, samples will be collected at a frequency appropriate to assess 
post remediation conditions and demonstrate compliance with LAs.  Thereafter, 
samples will be collected every three years to assess attainment of numeric 
targets.  All samples shall be collected in accordance with SWAMP protocols.  
Sediment samples will be analyzed for: 
 

� Total Organic Carbon 
� Total PCBs 
� DDT and Derivatives 
� Dieldrin 
� Total Chlordane 

 
A water sample will be collected every three years from the mid point of the 
lake.  Sample collection shall be associated with wet-weather conditions. 
Samples will be collected as a depth integrated water column sample and/or a 
bottom sample (collected near the sediments) as appropriate based on lake 
depth.  All samples shall be collected in accordance with SWAMP protocols.  
Samples (unfiltered) will be analyzed for: 
 

� Total PCBs 
� DDT and Derivatives 
� Dieldrin 
� Total Chlordane 

 
Fish shall be collected for tissue analysis every 3 years.  Fish tissue samples 
will be analyzed for: 
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TMDL Element Regulatory Provisions 

 
� Total PCBs 
� DDT and Derivatives 
� Total Chlordane 
� Dieldrin 
 

The fish collection and analysis shall be conducted in accordance with the U.S. 
EPA Guidance for Assessing Chemical Contaminant Data for Use in Fish 
Advisories: Volume 1 Fish Sampling and Analysis (EPA 823-B-00-0007) or 
updates.   
 
In addition to TMDL constituents, general water chemistry (temperature, 
dissolved oxygen, pH, and electrical conductivity) will be required at each 
sampling event.  The Executive Officer may require additional monitoring 
depending on which implementation alternatives are pursued by the responsible 
parties.     
 
Currently, several of the constituents of concern have numeric targets that are 
lower than the readily available detection limits.  As analytical methods and 
detection limits continue to improve (i.e., development of lower detection limits) 
and become more environmentally relevant, responsible parties shall 
incorporate new method detection limits in the MRP and QAPP. 
 
Wilmington Drain Monitoring  
 
The Los Angeles County Flood Control District shall monitor Wilmington Drain 
to demonstrate that Wilmington Drain is not re-contaminating Machado Lake.  
Monitoring shall include bed sediment sampling and visual inspection of 
channel maintenance and operation of best management practices (BMPs).  
Monitoring shall be required by Regional Board order or a conditional Water 
Quality Certification under section 401 of the Clean Water Act.  This monitoring 
shall be initiated at the same time as all other required WLA monitoring. 
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TMDL Element Regulatory Provisions 

Implementation 
Plan 

Compliance with the TMDL is based on the assigned WLAs and LAs.  
Compliance with this TMDL will require the implementation of NPDES permit 
limitations for urban runoff and stormwater discharges and cleanup of 
contaminated lake sediments.  Table 7-38.2 contains a schedule for 
responsible parties to implement BMPs and a LWQMP to comply with the 
TMDL.   
 
I. Implementation of WLAs 
 
The TMDL WLAs shall be incorporated into the MS4, Caltrans, and general 
construction and industrial stormwater NPDES permits and any other non-
stormwater NPDES permits.   
 
Permitted stormwater dischargers can implement a variety of implementation 
strategies to meet the required WLAs, such as non-structural and structural 
BMPs, and/or diversion and treatment to reduce sediment transport from the 
watershed to the lake.   
 
II.  Implementation of LAs 
 
Load allocations shall be implemented through the following: 
  

(1) Memorandum of Agreement (MOA), or 
  
(2) Cleanup and Abatement Order or Other Regulatory Order. 
 

The responsible parties for the load allocations shall be allowed one year from 
the effective date of this TMDL to enter into a Memorandum of Agreement 
(MOA) with the Regional Board, detailing the voluntary efforts that will be 
undertaken to attain the load allocations.  The MOA shall include development 
of a LWQMP. The MOA shall comply with the Water Quality Control Policy for 
Addressing Impaired Waters: Regulatory Structure and Options (“Policy”), 
including part II, section 2.c.ii. and related provisions, and shall be consistent 
with the requirements of this TMDL.  If the MOA is timely adopted, and so long 
as it is implemented, the program described in the MOA shall be deemed 
“certified”, pursuant to the Policy, subject to the conditions of section 2.e. of the 
Policy.  The MOA must be approved by the Executive Officer, and may be 
amended with Executive Officer approval, as necessary. If an MOA is not 
established with responsible parties within one year or if responsible parties do 
not comply with the terms of the MOA, a cleanup and abatement order pursuant 
to California Water Code section 13304 or another appropriate regulatory order 
shall be issued to implement the load allocations.   
 
Furthermore, the implementation of the MOA must result in attainment of the 
TMDL load allocations.  If the MOA and LWQMP are not implemented or 
otherwise do not result in attainment of load allocations, the certification shall be 
revoked, the MOA rescinded, and the load allocations shall be implemented 
through a cleanup and abatement order or other order as described above.  
Implementation of the MOA shall be reviewed annually by the Executive Officer 
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TMDL Element Regulatory Provisions 

as part of the MRP annual reports.   
 
Responsible parties entering into an MOA with the Regional Board shall submit 
and implement a LWQMP.  The LWQMP must be approved by the Executive 
Officer and may be amended by Executive Officer approval, as necessary.  The 
LWQMP shall include an MRP to address appropriate monitoring and a clear 
timeline for the implementation of measures that will achieve the lake sediment 
LAs.  The LWQMP shall include annual reporting requirements.  In addition to 
the LWQMP and MRP, a QAPP shall also be submitted to the Regional Board 
for approval by the Executive Officer to ensure data quality.       
 
One and one half years from the effective date of the TMDL, the responsible 
parties entering into the MOA shall submit a letter of intent, LWQMP, MRP, and 
QAPP for approval by the Executive Officer in order to be in compliance with 
the MOA adopted as part of this TMDL.  If there is already an MOA, LWQMP, 
MRP, and QAPP in place to implement the Machado Lake Nutrient TMDL, 
these documents may be amended to implement and attain the load allocations 
of this TMDL.   
 
The Executive Officer may require a revised assessment under the MOA and 
LWQMP: 
 

(a) To prevent pesticides and PCBs from accumulating or recycling in the 
lake in deleterious amounts that impair water quality and/or adversely 
affect beneficial uses; 

(b) To reflect the results of special studies. 
 
   

Cleanup and Abatement Order or Other Regulatory Order: 
 
Alternatively, responsible parties may propose or the Regional Board may 
impose an alternative program that would be implemented through a cleanup 
and abatement order, or any other appropriate order or orders, provided the 
program is consistent with the allocations and schedule described in Table 7-
38.2. 
 
III. Compliance with Allocations and Attainment of Numeric Targets 
 

TMDL effectiveness will be determined through water, sediment, and fish tissue 
monitoring and comparison with the TMDL waste load and load allocations and 
numeric targets.  The compliance point for the stormwater WLA is at the storm 
drain outfall of the permittee’s drainage area.  Alternatively, if stormwater 
dischargers select a coordinated compliance option, the compliance point for 
the stormwater WLA may be at storm drain outfalls which suitably represent the 
combined discharge of cooperating parties discharging to Machado Lake.   
Depending on potential BMPs implemented, alternative stormwater compliance 
points may be proposed by responsible parties subject to approval by the 
Regional Board Executive Officer.  The compliance point for responsible parties 
receiving a load allocation is in Machado Lake. 
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Stormwater dischargers may coordinate compliance with the TMDL.  
Compliance with the TMDL may be based on a coordinated MRP and 
implementation plan.  Dischargers interested in coordinated compliance shall 
submit a coordinated MRP and implementation plan that identifies stormwater 
BMPs and monitoring to be implemented by the responsible parties.    
 
After lake remediation activities, to address existing sediment contamination, 
are complete and LAs are attained, if Machado Lake is recontaminated as a 
result of continued polluted discharge from the surrounding watershed, the WLA 
compliance monitoring data will be used, along with other available information, 
to assess the relative contribution of watershed dischargers and determine their 
responsibility for secondary lake remediation activities. If a significant amount of 
contaminated sediment is transported to Machado Lake from the surrounding 
watershed after lake remediation actives are completed, but before monitoring 
is conducted to confirm attainment of LAs, Regional Board staff shall consider 
all information related to watershed discharges and lake conditions when 
assessing responsibility for secondary lake remediation activities. 
 
IV. Application of Allocations to Responsible Parties 
 
Responsible parties to attain WLAs for this TMDL include but are not limited to:  

• Caltrans 

• General Stormwater Permit Enrollees 

• MS4 Permittees including:  
� Los Angeles County 
� Los Angeles County Flood Control District 
� City of Carson  
� City of Lomita  
� City of Los Angeles  
� City of Palos Verdes Estates  
� City of Rancho Palos Verdes 
� City of  Redondo Beach  
� City of Rolling Hills  
� City of Rolling Hills Estates  
� City of Torrance  

• Other Non-stormwater Permittees 
 

The City of Los Angeles is the responsible jurisdiction to implement the 
assigned Load Allocations for this TMDL.   
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Table 7-38.2. Machado Lake Pesticides and PCBs TMDL: Implementation Schedule 
 

Task 
Number 

Task Responsible Party Deadline 

Load Allocation Requirements 

1 

Enter into a Memorandum of 
Agreement (MOA) with the Regional 

Board to implement the load 
allocations.  If there is already an 
MOA in place to implement the 

Machado Lake Nutrient TMDL, the 
current MOA may be amended to 
address the requirements of this 

TMDL. 

City of Los Angeles, 
Department of 

Recreation and Parks 

1 year from 
effective date of 

TMDL 

2 

Begin development of a Cleanup and 
Abatement Order or other regulatory 

order to implement the load 
allocations if an MOA is not 

established with responsible parties. 

Regional Board  
1 year from 

effective date of 
TMDL 

3 

Issue a Cleanup and Abatement 
Order or other regulatory order if an 

MOA is not established with 
responsible parties.  The Cleanup 

and Abatement Order or other 
regulatory order shall reflect the 
TMDL Implementation Schedule. 

Regional Board 
1.5 years from 

effective date of 
TMDL 

4 

Submit a LWQMP
2
, MRP

3
 Plan, and 

QAPP
4
 for approval by the Executive 

Officer to comply with the MOA.  If 
there is already a LWQMP, MRP 

Plan, and QAPP in place to 
implement the Machado Lake 

Nutrient TMDL, these documents 
may be amended to address the 

requirements of this TMDL. 

City of Los Angeles, 
Department of 

Recreation and Parks 

1.5 years from the 
effective date of the 

TMDL 

5 
Begin implementation of the 

LWQMP. 

City of Los Angeles, 
Department of 

Recreation and Parks 

60 days from date 
of LWQMP 
approval 

6 
Achieve LAs for Pesticides and 
PCBs and assess attainment of 

numeric targets. 

City of Los Angeles, 
Department of 

Recreation and Parks 
 

September 30, 
2019 

Waste Load Allocation Requirements 

7 
Submit a MRP and QAPP for 
Executive Officer approval

6
. 

Caltrans, MS4 
Permittees

5
, General 

Construction and 

6 months from 
effective date of 

TMDL or 

                                                 
2
 Lake Water Quality Management Plan 

3
 Monitoring Reporting Program 

4
 Quality Assurance Project Plan 

5
 Municipal Separate Storm Sewer System (MS4) Permittees include: Los Angeles County, Los Angeles 

County Flood Control District, and the Cities of Carson, Lomita, Los Angeles, Palos Verdes Estates, Rancho 
Palos Verdes, Redondo Beach, Rolling Hills, Rolling Hills Estates, and Torrance.   
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Task 
Number 

Task Responsible Party Deadline 

Industrial Stormwater 
Permittees 

September 11, 
2011 whichever 

date is later 

8 
Begin monitoring as outlined in the 

approved MRP and QAPP. 

Caltrans, MS4 
Permittees, General 

Construction and 
Industrial Stormwater 

Permittees 

60 days from date 
of approval 

9 Conduct Phase 1 Monitoring 

Caltrans, MS4 
Permittees, General 

Construction and 
Industrial Stormwater 

Permittees 

2 year monitoring 
period 

10 

Based on the results of Phase 1 
Monitoring, submit an 

implementation plan to attain WLAs 
or document that WLAs are attained. 

Caltrans, MS4 
Permittees, General 

Construction and 
Industrial Stormwater 

Permittees 

 
6 months from 
completion of 

Phase 1 Monitoring           
(Submit Draft Plan) 

 
 

1 year from 
completion of 

Phase 1 Monitoring           
(Submit Final Plan) 

11 
Begin implementation actions to 

attain WLAs, as necessary. 

Caltrans, MS4 
Permittees, General 

Construction and 
Industrial Stormwater 

Permittees 

60 days from date 
of plan approval 

12 
Achieve WLAs for Pesticides and 

PCBs  

Caltrans, MS4 
Permittees, General 

Construction and 
Industrial Stormwater 

Permittees  

September 30, 
2019 

6
The deadline for Responsible Parties assigned both WLAs and LAs to submit one document to address 

both WLA and LA monitoring requirements and implementation activities shall be 1.5 years from the 
effective date.   
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Introduction 
 

The California Regional Water Quality Control Board, Los Angeles Region 

(Regional Board) has developed this total maximum daily load (TMDL) to attain the 

water quality standards for debris in the nearshore and offshore areas of Santa Monica 

Bay (Santa Monica Bay Debris TMDL).  The TMDL has been prepared pursuant to state 

and federal requirements to preserve and enhance water quality for impaired waterbodies 

within the Coastal Watersheds of Los Angeles and Ventura Counties.   

 

The California Water Quality Control Plan, Los Angeles Region (Basin Plan) sets 

standards for surface waters and ground waters in the Coastal Watersheds of Los Angeles 

and Ventura Counties.  These standards are comprised of designated beneficial uses for 

surface and ground water, numeric and narrative objectives necessary to support 

beneficial uses, and the state’s antidegradation policy.  Such standards are mandated for 

all waters of the state under the Porter-Cologne Water Quality Act, and for waters of the 

U.S. under the Federal Clean Water Act. In addition, the Basin Plan describes 

implementation programs to protect all waters in the region.  The Basin Plan implements 

the Porter-Cologne Water Quality Act (also known as the “California Water Code”) and 

serves as the State Water Quality Control Plan applicable to the Santa Monica Bay, as 

required pursuant to the federal Clean Water Act (CWA). The Porter-Cologne Water 

Quality Control Act specifically addresses preproduction plastic debris (plastic resin 

pellets and powdered coloring for plastics).  Chapter 5.2, Section 13367, requires the 

State and Regional Boards to implement a program for the control of preproduction 

plastics from point and nonpoint sources. 

 

Section 305(b) of the CWA mandates biennial assessment of the nation’s water 

resources, and these water quality assessments are used to identify and list impaired 

waters.  The resulting list is referred to as the 303(d) list.  The CWA also requires states 

to establish a priority ranking for impaired waters and to develop and implement TMDLs.  

A TMDL specifies the maximum amount of a pollutant that a waterbody can receive and 

still meet water quality standards, and allocates pollutant loadings to point and nonpoint 

sources.   

 

The United States Environmental Protection Agency (USEPA) has oversight 

authority for the 303(d) program and must approve or disapprove the state’s 303(d) lists 

and each specific TMDL.  USEPA is ultimately responsible for issuing a TMDL, if the 

state fails to do so in a timely manner.   

 

As part of California’s 1998, 2002, and 2006 303(d) list submittals, the Regional 

Board identified the nearshore and offshore areas of Santa Monica Bay as being impaired 

by debris. 

 

A consent decree between the USEPA, the Santa Monica BayKeeper and Heal the 

Bay Inc., represented by the Natural Resources Defense Council (NRDC), was signed on 

March 22, 1999. The Consent Decree requires that all TMDLs for the Los Angeles 

Region be addressed within 13 years. The consent decree also prescribes schedules for 
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certain TMDLs.  The TMDL for the nearshore and offshore areas of Santa Monica Bay 

corresponds to Analytical Unit #66 of the Consent Decree. 

 

This TMDL staff report and accompanying Basin Plan amendment establish the 

numeric targets for trash and plastic pellet discharges, baseline and final waste load 

allocations for point source trash and plastic pellets, and baseline and final load 

allocations for nonpoint source trash, a margin of safety, a program of implementation for 

point and nonpoint sources, an implementation schedule, and monitoring requirements. 

 

The Debris TMDL for the nearshore and offshore areas of Santa Monica Bay will 

be adopted as an amendment to the Basin Plan and is therefore subject to Public 

Resources Code Section 21083.9 that requires California Environmental Quality Act 

(CEQA) Scoping and Analysis to be conducted for Regional Projects. CEQA Scoping 

involves identifying a range of project/program related actions, alternatives, mitigation 

measures, and significant effects to be analyzed in an EIR or its Substitute Environmental 

Documents (SEDs). On March 23, 2010 a CEQA Scoping meeting was held at the 

Hyperion Treatment Plant to present and discuss the foreseeable potential environmental 

impacts of compliance with the Debris TMDL for the nearshore and offshore areas of 

Santa Monica Bay.  Notice of the CEQA Scoping meeting was circulated in the Los 

Angeles Times on February 19, 2010 and posted on the Regional Board’s website.  

Electronic notification was also sent to interested parties including cities and/or counties 

with jurisdiction in or bordering the watershed of concern. Input from all stakeholders 

and interested parties was solicited for consideration in the development of the CEQA 

documents. 

 

The Santa Monica Bay Debris TMDL is based on existing, readily available 

information concerning the conditions in Santa Monica Bay and the contributing 

watershed areas, as well as TMDLs previously developed by the State and USEPA.   
 

I. Problem Statement 
 

The problem statement consists of descriptions of the waterbody and watershed, 

the waterbody’s designated beneficial uses, applicable water quality objectives, and 

impairments caused by debris to the nearshore and offshore areas of the Santa Monica 

Bay. 
 

A. Description of the Santa Monica Bay Watershed 
 

The Santa Monica Bay is an integral part of the larger geographic region 

commonly known as the Southern California Bight.  It is bordered offshore by the Santa 

Monica Basin, to the north by the rocky headlands of Point Dume and to the south by the 

Palos Verdes Peninsula, and onshore by the Los Angeles Coastal Plain and the Santa 

Monica Mountains.  The 414 square mile area of land that drains naturally to the Bay, 

known as the Santa Monica Bay watershed, is bordered on the north by the Santa Monica 

Mountains from the Ventura-Los Angeles County line to Griffith Park, extending south 
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and west across the Los Angeles coastal plain to include the area east of Ballona Creek 

and north of Baldwin Hills.  South of Ballona Creek, a narrow coastal strip between 

Playa del Rey and the Palos Verdes Peninsula forms the southern boundary of the 

watershed.  Figure 1 illustrates the county lines and the boundaries of the Santa Monica 

Bay Watershed. 
 

Figure 1.  Santa Monica Bay Watershed Management Area 

 

Santa Monica Bay WMA 

Los Angeles Co . Ventura 
Co. 

 
 

 

 

The Santa Monica Bay itself is the submerged portion of the Los Angeles Coastal 

Plain. The continental shelf extends seaward to the shelf break about 265 feet underwater, 

then drops steeply to the Santa Monica Basin at about 2,630 feet.   

 

The Debris TMDL addresses nearshore and offshore Santa Monica Bay.  

Nearshore Santa Monica Bay is defined by the Ocean Plan as, within a zone bounded by 

the shoreline and a distance of 1,000 feet from the shoreline or the 30-foot contour, 

whichever is further from the shoreline.  Offshore is defined as the waters between the 

nearshore zone and the limit of state waters.  Lastly, state waters, according to section 

13200 of the California Water Code, extend three nautical miles into the Pacific Ocean 

from the line of mean lower low water marking the seaward limits of inland waters and 

three nautical miles from the line of mean lower low water on the mainland and each 

offshore island. 

 

The Santa Monica Bay watershed has an estimated population of 1,950,265 based 

on the 2000 U.S. Census. Open space represents the primary land use in the watershed 

(55%), while high-density residential areas represent the largest developed area (25% of 

the total watershed). Low-density residential constitutes 5% of the land area. 

Commercial, industrial and mixed urban areas cover 10%. The remaining 5% of land area 

is covered by transportation (1.7%), educational institutions (1.6%), agriculture (0.8%), 
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recreational uses (0.8%), public facilities and military installations (0.2%), and water 

(0.4%).    

 

In general, the northern part of the Santa Monica Bay (northwest of Santa Monica 

subwatershed) is not as highly developed and urbanized as the southern part of the Bay 

(southeast of Santa Monica Canyon subwatershed).  Subwatersheds in the northern part 

of the Bay have on average 85% of their land area in open space. Subwatersheds in the 

central and southern portion of the Bay have on average 16% of their area in open space. 

 

A.1  Santa Monica Bay Subwatersheds 

 

Table 1 lists the 28 separate sub-watersheds and associated cities within the larger 

Santa Monica Bay watershed (Figure 2).  The three largest are Ballona Creek, Malibu 

Creek, and Topanga Canyon watershed.  There are existing trash TMDLs for the Ballona 

Creek Watershed and the Malibu Creek Watershed.  The Ballona Creek Trash TMDL 

became effective on August 11, 2005, and the Malibu Creek Trash TMDL became 

effective on March 17, 2009. 

 

Table 1.  Subwatersheds of the Santa Monica Bay 

Subwatershed City 

Arroyo Sequit Malibu, Los Angeles County Unincorporated 

Ballona Creek 

Culver City, Inglewood, Los Angeles, Beverly Hills, West 

Hollywood, Marina del Rey, Santa Monica, Los Angeles County 

Unincorporated 

Carbon Canyon Malibu, Los Angeles County Unincorporated 

Castle Rock Los Angeles, Los Angeles County Unincorporated 

Corral Canyon Malibu, Los Angeles County Unincorporated 

Dockweiler 

El Segundo, Los Angeles, Manhattan Beach, Los Angeles County 

Unincorporated 

Encinal Canyon Malibu, Los Angeles County Unincorporated 

Escondido Canyon Malibu, Los Angeles County Unincorporated 

Hermosa El Segundo, Hermosa Beach, Manhattan Beach, Redondo Beach 

Las Flores Canyon Malibu, Los Angeles County Unincorporated 

Latigo Canyon Malibu, Los Angeles County Unincorporated 

Los Alisos Canyon Malibu, Los Angeles County Unincorporated 

Malibu Creek 

Agoura Hills, Calabasas, Hidden Hills, Simi Valley, Thousand Oaks, 

Westlake Village, Malibu, Los Angeles County Unincorporated, 

Ventura County Unincorporated 

Nicholas Canyon Malibu, Los Angeles County Unincorporated 

Palos Verdes 

Los Angeles, Palos Verdes Estates, Rancho Palos Verdes, Redondo 

Beach, Rolling Hills, Rolling Hills Estates, Torrance, Los Angeles 

County Unincorporated 

Pena Canyon Malibu, Los Angeles County Unincorporated 

Piedra Gorda Canyon Malibu, Los Angeles County Unincorporated 

Pulga Canyon Los Angeles 

Ramirez Canyon Malibu, Los Angeles County Unincorporated 
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Redondo 

Hermosa Beach, Manhattan Beach, Redondo Beach, Torrance, Los 

Angeles County Unincorporated 

Santa Monica Los Angeles, Santa Monica, Los Angeles County Unincorporated 

Santa Monica Canyon Los Angeles, Santa Monica 

Santa Ynez Los Angeles 

Solstice Canyon Malibu, Los Angeles County Unincorporated 

Topanga Canyon Calabasas, Los Angeles, Los Angeles County Unincorporated 

Trancas Canyon Malibu, Los Angeles County Unincorporated 

Tuna Canyon Malibu, Los Angeles County Unincorporated 

Zuma Canyon Malibu, Los Angeles County Unincorporated 

 

 

Figure 2.  Cities in the Santa Monica Bay Watershed 

 
 

 

A.1.1  Ballona Creek Subwatershed 

The largest subwatershed of Santa Monica Bay is the Ballona Creek Watershed, 

which covers approximately 130 square miles, and is located in the coastal plain of the 

Los Angeles Basin (Figure 3).  Its boundaries are defined by the Santa Monica Mountains 

to the north, the Harbor Freeway (110) to the East, and Baldwin Hills to the south.  

Ballona Creek Watershed includes the Cities of Beverly Hills and West Hollywood, and 

portions of the cities of Culver City, Inglewood, Los Angeles, Santa Monica, and 

unincorporated areas of Los Angeles County.  The Ballona Creek Watershed is highly 
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developed with high-density single family residential, multiple family residential, and 

mixed residential areas as the primary land uses in the watershed.   

 

Ballona Creek is a concrete-lined, open channel for just under 10 miles which 

flows from Los Angeles (south of Hancock Park) through Culver City, eventually 

transitioning to the Ballona Creek Estuary, where concrete is replaced by grouted riprap 

side slopes and a natural bottom.  Ballona Creek Estuary empties into the Pacific Ocean 

at Dockweiler Beach in Playa del Rey.  Ballona Creek is fed by a complex underground 

network of storm drains, which reaches north to Beverly Hills and West Hollywood.  

Tributaries of the creek and estuary include Centinela Creek, Sepulveda Canyon Channel, 

Benedict Canyon Channel, and numerous storm drains.  Ballona Creek is designed to 

discharge to Santa Monica Bay approximately 71,400 cubic feet per second from a 50-

year frequency storm event (LADPW).  

 

A.1.2  Malibu Creek Subwatershed 

The next largest subwatershed of the Santa Monica Bay watershed is the Malibu 

Creek watershed.  The Malibu Creek Watershed is 109 square miles, and is located 

roughly 35 miles west of Los Angeles.  The Malibu Creek Watershed extends north from 

Santa Monica Bay and through the Santa Monica Mountains to the Simi Hills and Santa 

Susanna Mountains.  The watershed is defined by US Highway 101 (Ventura Freeway) 

and California Highway 1 (Pacific Coast Highway).  The Malibu Creek watershed 

encompasses unincorporated portions of Ventura and Los Angeles Counties, and seven 

cities including Malibu, Calabasas, Agoura Hills, Thousand Oaks, and Westlake Village 

and portions of Simi Valley and Hidden Hills. The dominant land use in this 

subwatershed is open space.  Other land uses include: agriculture, recreation, and 

urbanized land uses including high and low density residential areas and commercial and 

industrial areas.  Malibu Creek State Park is located in the Malibu Creek watershed.   

 

Malibu Creek flows year-round, beginning at Malibou Lake and ending at Malibu 

Lagoon, where Malibu Creek empties into the Pacific Ocean in Santa Monica Bay.  

Malibu Creek is approximately 11 miles long, and is a receiving water body of urban and 

stormwater runoff from a network of storm drains and various types of open space 

throughout the watershed.  Tributaries of Malibu Creek start in the Santa Monica 

Mountains and include the following: Lindero Canyon Creek, Lake Lindero, Medea 

Creek, Palo Comado Canyon Creek, Cheeseboro Canyon Creek, Las Virgenes Creek, 

Hidden Valley Creek, Lake Sherwood, Potrero Valley Creek, Westlake Lake, Triunfo 

Creek, Lake Enchanto, Malibou Lake, Malibu Creek, Las Virgenes Creek, Malibu 

Lagoon and Cold Creek.  Malibu Creek outlets to the Santa Monica Bay through Malibu 

Lagoon at Surfrider Beach.   

 

A.1.3  Topanga Canyon Subwatershed 

The other major subwatershed in the Santa Monica Bay watershed is the Topanga 

Canyon watershed, which covers approximately 18 square miles.  It is bounded on three 

sides by State Park or conservancy lands, and on the south by the Pacific Ocean and a 

small strip of Malibu, and Pacific Palisades to the east.  Topanga Beach is on the coast at 

the outlet of Topanga Creek, just south of Malibu.  Topanga Canyon contains lands of 
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both Topanga State Park, which is the largest park in the Santa Monica Mountains, and 

the Santa Monica Mountains Conservancy.  Topanga State Park is part of the Santa 

Monica Mountains National Recreation Area.  Although there are residential areas in the 

Topanga Canyon watershed, a large portion of the watershed is undeveloped.   

 

Topanga Creek drains Topanga Canyon, and is one of the few remaining 

undammed waterways in the area.  Topanga Canyon Boulevard is the main thoroughfare 

connecting the Ventura Freeway (US 101) with Pacific Coast Highway (SR 1).  The 

southern portion of the boulevard largely parallels Topanga Creek.   

   

Figure 3.  Major Subwatersheds, Streams, and Lakes of the Santa Monica Bay Watershed 

 
 

 

A.2  Santa Monica Bay Beaches 

 

Santa Monica Bay is surrounded by fifty-five miles of shoreline and numerous 

public beaches.  As there are differences in the characteristics and land uses of the 

beaches along the Santa Monica Bay, in this TMDL the beaches have been separated into 

north bay and south bay beaches.  The north bay beaches are located north of the City of 

Santa Monica, while those referred to as south bay beaches are south of Santa Monica.   

 

The north bay beaches are generally flanked by more open space and roads, as the 

northern Santa Monica Bay watershed is not as urbanized as the southern part of the 

watershed.  North of Santa Monica, Pacific Coast Highway parallels the coastline and the 

beaches along the bay.   
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The beaches located in the south Santa Monica Bay area are commonly adjacent 

to residential areas.  For example, there are high-density residences along The Strand 

directly adjacent to Redondo, Hermosa, and Manhattan Beach.   

 

Dockweiler State Beach, located in mixed areas containing residences and open 

space, is the largest beach in both length and acreage in the south bay.  It stretches 3.8 

miles, and covers 255 acres (County of Los Angeles, Department of Beaches and 

Harbors). 

 

There are numerous storm drains and 40 dry weather diversions and three 

treatment facilities that end at the beaches of the Santa Monica Bay.  Refer to the point 

sources section of the Source Analysis chapter for a map and list of locations. 

 

Los Angeles County Department of Beaches and Harbors, California Department 

of Parks and Recreation, City of Los Angeles, City of Santa Monica, and City of 

Hermosa Beach own and/or operate a majority of the beaches along the Santa Monica 

Bay, as seen in Table 2 and Figure 4.   
 

Table 2.  Management of Santa Monica Bay Beaches 

Beaches Operated by Los Angeles County  

Department of Beaches and Harbors 

 Latigo Shores County Beach 

 Dan Blocker Memorial Beach 

 Malibu Lagoon (Surfrider) Beach 

 Las Tunas Beach 

 Topanga Beach 

 Will Rogers State Beach (owned by the State of California) 

 Venice Beach (owned by the City of Los Angeles) 

 Marina Beach 

 Dockweiler State Beach (owned by the State of California) 

 Manhattan Beach 

 Hermosa Beach (owned by the City of Hermosa Beach) 

 Redondo Beach 

 Torrance Beach 

 Royal Palms Beach 

 White Point Beach 

 Point Fermin Beach 

Beach Operated by City of Santa Monica 

 Santa Monica State Beach (owned by the State of California) 
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Figure 4.  Beaches owned or operated by Los Angeles County 

 
 

 

A.3  Santa Monica Bay 

 

Santa Monica Bay is comprised of different geological substrate types within 

nearshore and offshore areas: rocky intertidal, soft bottom, and hard bottom.  Figure 5 

shows a map of the landmarks described in the various substrate types, below.  The 

shaded subwatersheds represent areas that are covered by the Santa Monica Bay Debris 

TMDL.  Unshaded subwatersheds are either covered by the existing Malibu Creek and 

Ballona Creek Trash TMDLs, or not included in the Santa Monica Bay Debris TMDL.   

 

Rocky intertidal areas and areas of mixed rocky and sandy shoreline cover 

approximately 30% or 20 miles (32 km) of the Bay’s coastline. Exposed bedrock forms 

the rocky intertidal from the Ventura County line to Pulga Canyon in Malibu and from 

Malaga Cove to Point Fermin on the Palos Verdes shelf (MBC Applied Environmental 

Sciences 1993). Artificial rocky intertidal—jetties, breakwater, rip rap—exist in Marina 

del Rey; the mouth of Ballona Creek; and King Harbor (MBC Applied Environmental 

Sciences 1988). 

 

Unconsolidated, soft sediment, generally with the composition of sand, silt, and 

clay, makes up most of the Bay’s seafloor.  Silty sand is found over the central plateau 

and the Palos Verdes Shelf. The soft-bottom in Santa Monica Bay ranges in depth from 

the mean lower low water line (MLLW) to deeper than 500 meters in the outer portions 

of the bay and the submarine canyons (Robbins, 2006). 
 
Hard bottom environments in Santa Monica Bay include the shallow kelp-covered 

areas adjacent to rocky headlands, submarine canyon walls, and the deep-water plateau 

called Short Bank. A large gravel bed surrounds the rocky outcrops of Short Bank.  
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Additionally, man-made features such as wastewater treatment plant outfall pipes, 

artificial reefs, and breakwaters are part of the hard bottom. (MBC Applied 

Environmental Sciences 1993).  
 

Figure 5.  Landmarks of the Santa Monica Bay 

 

B. Climate 
 

The Santa Monica Bay Watershed is located in the Southern California coastal 

belt and has a warm, Mediterranean climate.  Summer is typically hot inland, and winter 

is mild.  The average January air temperature is 53 degrees Fahrenheit, while the average 

July air temperature is 71 degrees Fahrenheit.  The average annual air temperature is 61 

degrees Fahrenheit with an average frost free season of 275 to 325 days.   

 

Storm events and the resulting high stream flows are highly seasonal, grouped 

heavily in the months between November and April.  Rainfall is rare in other months, and 

major storm flows historically have not been observed outside of the wet-weather season.   
 

C. Beneficial Uses of Santa Monica Bay 
 

The various uses of waters in the Los Angeles Region, referred as beneficial uses, 

are designated in the Basin Plan.  These beneficial uses are the cornerstone of the State 

and Los Angeles Regional Water Quality Control Board’s effort to protect water quality, 

as water quality objectives are set at levels that will protect the most sensitive beneficial 

use of a waterbody.    
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The Basin Plan for the Los Angeles Regional Board defines several beneficial 

uses in the Santa Monica Bay Watershed.  Debris loading to the Santa Monica Bay 

causes impairments to beneficial uses associated with industrial service supply (IND), 

navigation (NAV), water contact recreation (REC-1), non-contact water recreation (REC-

2), commercial and sport fishing (COMM), estuarine habitat (EST), marine habitat 

(MAR), preservation of biological habitats (BIOL), migration of aquatic organisms 

(MIGR), wildlife habitat (WILD), rare, threatened, or endangered species (RARE), 

spawning, reproduction, and or early development (SPWN), shellfish harvesting 

(SHELL), and wetland habitat (WET).  These beneficial uses are summarized in Table 3. 

 

The diverse ecosystems within the Santa Monica Bay Watershed provide a variety 

of habitats for more than five thousand species of plants, fish, birds, mammals, and other 

wildlife. The Bay’s terrestrial habitats include riparian woodlands, coastal sage scrub, oak 

woodlands, coastal sand dunes, salt and brackish marshes, lagoons, and mudflats. Marine 

habitats include soft and hard bottom, sandy and rocky intertidal, pelagic, and kelp and 

seagrass beds (Santa Monica Bay Restoration Plan, 1994).   

 

C.1  Santa Monica Bay 

 

The Santa Monica Bay itself provides habitat for several different species.  Below 

is a description of some of the specific aquatic life and recreational beneficial uses of the 

various marine habitats in the Bay.   

 

C.1.1  Rocky Intertidal 

The rocky intertidal areas are an important interface between the sea and the land, 

providing habitat for numerous and diverse species in the Bay.  Various species of 

rockfish, such as the grass rockfish, kelp rockfish, and olive rockfish live and forage in 

rocky intertidal areas.  In addition, the black abalone is a rocky intertidal species that has 

faced a rapid decline.  Rocky intertidal areas can also have a recreational use, as people 

visit tidepools to explore and enjoy the life this habitat provides. 

 

C.1.2  Soft Bottom Habitat 

Fish use soft bottom habitat for all life stages.  Soft bottom habitat supports a 

large number of organisms, including more than 100 species of demersal or bottom-

dwelling fish, including White croaker, Queenfish, Surfperch, California halibut, and 

Barred sandbass. Eelgrass grows in the soft bottom habitat of Santa Monica Bay, and 

provides several fish species a food source and shelter (Allen 1999).  Bocaccio, lingcod, 

California halibut, Pacific sanddab, and several species of rockfish also associate with the 

soft bottom habitat. 

 

C.1.3  Hard Bottom Habitat 

Although hard bottom habitat is scarce in the Bay, it supports a unique and 

productive ecosystem.  Bocaccio, lingcod, and several species of rockfish live and forage 

in natural and artificial hard bottom habitats.  In addition, kelp beds are associated with 
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hard bottom habitats.  Hard bottom habitat also includes commercial and recreational 

uses, such as commercial and recreational fishing, and scuba diving. 

 

C.1.4  Kelp Beds 

Kelp beds extend low relief, hard bottom habitat from the seafloor to the surface, 

creating a vertically structured habitat.  Fish may inhabit one of more of the following 

region of the kelp bed: holdfast, stipe, or canopy (MBC Applied Environmental 

Sciences).  The giant kelp beds off of southern California are one of the most biodiverse 

communities known to exist in our world’s oceans. In California, kelp beds provide 

protection and habitat for more than 800 species of fishes and invertebrates, many of 

which are uniquely adapted for life in kelp forests. One-fourth of California marine 

organisms depend on the kelp forests for some part of their life cycle. The survival of the 

threatened bocaccio, giant black sea bass, and entire industries are dependent on large, 

stable kelp beds (Santa Monica BayKeeper website, 2010). 

 

Because most established kelp beds occur over hard bottom substrate, giant kelp 

beds in Santa Monica Bay are limited to two areas, the Palos Verdes Shelf and the area 

from Malibu west to Point Dume.  Kelp beds grow on hard bottoms at depths ranging 

from 8 to 18 meters (Allen, 1985).  

  

C.1.5  Pelagic  

Pelagic, or open water, habitat is the most extensive of any of the coastal and 

marine habitats in the Bay.  The pelagic habitat is from the sea surface to the ocean 

bottom, and is free of direct influence from the shore or ocean bottom. 

 

The vast majority of life in the Bay depends either directly or indirectly on 

phytoplankton found in the pelagic realm. Phytoplankton forms the base of the food web 

– they support grazing zooplankton, fish, and marine bacteria. In the Southern California 

Bight, the pelagic realm is home to 40% of the total fish species.  Small fish, such as 

northern anchovies, pacific sardines, and pacific mackerel school and reside in the 

pelagic realm, as well.  In addition, several species of rockfish release larvae in pelagic 

waters.  The open Bay also supports numerous species of seabirds, including the 

endangered California brown pelican and California least tern.  Furthermore, several 

species of marine mammals are frequently observed in the open Bay. 

 

C.2  Santa Monica Bay Beaches 

 

Santa Monica Bay’s sandy beaches are heavily used as a recreational resource by 

residents of Los Angeles and Ventura Counties, and visitors from around the world.  Bay 

beaches attract, on average, 50-60 million visitors per year and generate significant 

revenue for the local economy.  The intense recreational use of Santa Monica Bay’s 

beaches has impacted both the habitat and the associated species.  Sandy beaches are 

important foraging and nesting grounds for many shore bird species. The protection of 

this habitat is central to the population recovery of two endangered species, the California 

least tern and Western snowy plover.  Although the snowy plover no longer nests along 

Santa Monica Bay beaches due to habitat loss/degradation as well as human disturbance, 
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the plover still winters on Bay beaches and is therefore still vulnerable (Santa Monica 

Bay Restoration Commission website, 2010). 
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Table 3.  Beneficial Uses of Coastal Features, Santa Monica Bay. 

Coastal Featurea Beneficial Uses 
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Los Angeles County Coastal Hydro Unit #               

Nearshore Zone*  E E E E E  E E Ean Ee Ef Ef Ear  

Offshore Zone  E E E E E  E E  Ee Ef Ef E  

Escondido Beach 404.34  E E E E  E E    P E  

Dan Blocker Memorial (Corral) Beach 404.31  E E E E  E E    P E  

Puerco Beach 404.31  E E E E  E E    P E  

Amarillo Beach 404.21  E E E E  E E    P E  

Malibu Beach 404.21  E E E E  E E   E Eas Ear  

Malibu Lagoon 404.21  E E E  E E E  Ee Ef Ef  E 

Carbon Beach 404.16  E E E E  E E    P E  

La Costa Beach 404.16  E E E E  E E    P E  

Las Flores Beach 404.15  E E E E  E E    P E  

Las Tunas Beach 404.12  E E E E  E E    P E  

Topanga Beach 404.11  E E E E  E E    P E  

Topanga Lagoon 405.11  E E E E E  E  Ee Ef Ef  E 

Will Rogers State Beach 405.13  E E E E  E E    P E  

Santa Monica Beach 405.13  E E E E  E E   E Eas E  

Venice Beach 405.13  E E E E  E E  E E Eas E  

Marina Del Rey    E            

 Harbor 405.13  E E E E  E E     E  

 Public Beach Areas 405.13  E E E E  E E  E     

 All other Areas 405.13  E P E E  E E  E   E  

 Entrance Channel 405.13  E E E E  E E  E   E  

Ballona Creek Estuary 405.13  E E E E E E E  Ee Ef Ef E  

Ballona Lagoon/Venice Canals 405.13  E E E E E E E  Ee Ef Ef E E 

Ballona Wetlands 405.13   E E  E  E  Ee Ef Ef  E 

Del Rey Lagoon 405.13   E E  E  E  Ee Ef Ef  E 

Dockweiler Beach 405.12 E E E E E  E E    P   

Manhattan Beach 405.12  E E E E  E E    P E  

Hermosa Beach 405.12  E E E E  E E    Eas E  

King Harbor 405.12 E E E E E  E E  E     

Redondo Beach 405.12 E E E E E  E E  E E Eas E  

Torrance Beach 405.12  E E E E  E E   E Eas E  

Point Vicente Beach 405.11  E E E E  E E    P E  

 

E:  Existing beneficial use 
P:  Potential beneficial use 

I:  Intermittent beneficial use 

a:  Waterbodies are listed multiple times if they cross hydrologic area or subarea boundaries.  Beneficial use designations apply to all tributaries to the indicated waterbody, if not listed separately. 

b:  Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody.  Any regulatory action would require a detailed analysis of the area. 
e:  One or more rare species utilize all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting.   

f:  Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early development.  This may include migration into areas which are heavily influenced by freshwater inputs. 

an:  Areas of Special Biological Significance (along coast from Latigo Point to Laguna Point) and Big Sycamore Canyon and Abalone Cove Ecological Reserves and Point Fermin Marine Life Refuge. 
ar:  Areas exhibiting large shellfish populations include Malibu, Point Dume, Point Fermin, White Point, and Zuma Beach. 

as:  Most frequently used grunion spawning beaches.  Other beaches may be used as well. 

*  Nearshore is defined as the zone bounded by the shoreline and a line 1000 feet from the shoreline or the 30-foot contour, whichever is further from the shore line.
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C.3  Santa Monica Bay Subwatersheds 

 

The Ballona Creek Subwatershed, Malibu Creek Subwatershed, and Topanga Canyon 

Subwatershed are all ecologically significant watersheds located within the Santa Monica Bay 

Watershed.   

 

C.3.1  Ballona Creek Subwatershed 

Ballona Creek, the largest subwatershed in the Santa Monica Bay watershed, is ecologically 

and recreationally significant.  The bike path along the creek provides opportunities for recreation in 

the area.  This path extends almost seven miles from Ballona Creek at National Boulevard in Culver 

City, to the end of Ballona Creek Estuary in Marina del Rey.  The bike path is connected to another 

path along Dockweiler Beach by the Pacific Bridge, which links Marina del Rey to Playa del Rey.  

Biking, walking, drawing and painting are common practices that take place along the bikepath. 

 

In addition to biking, hiking and bird watching are common practices in the watershed.  About 

300 bird species have been recorded in the Ballona Creek Subwatershed, including water, marsh, 

shore, and sea birds. Some of these birds are threatened and endangered species.  For example, the 

California least tern is an endangered species that forages at the freshwater marsh during the breeding 

season, and raises its young in the sand dunes at Venice Beach.  The great blue heron nests in tall trees 

in upland areas of Ballona, and forages along Ballona Creek.  The Belding’s savannah sparrow, a State 

listed endangered species, forages and breeds primarily in high salt marsh habitat.  The least bittern, a 

State Species of Special Concern, breeds at the Freshwater Marsh.   

 

C.3.2  Malibu Creek Subwatershed  

The second largest of Santa Monica Bay’s subwatersheds, the Malibu Creek Watershed, is the 

most ecologically significant watershed in Los Angeles County and the Santa Monica Mountains 

National Recreation Area (SMMNRA). The Malibu Creek Watershed provides a wide variety of 

habitats for threatened and endangered species and has long been a popular locale for public access and 

public recreation. Some animal species, such as the steelhead trout, tidewater goby, and brown pelican 

are endangered. Many others, such as the snowy plover and peregrine falcon, are threatened.  As a 

large percentage of the Malibu Creek Watershed includes large areas of open space and natural habitat, 

it also provides many recreational opportunities.  Hiking, mountain biking, fishing, horseback riding 

trails, camping, swimming and birdwatching are all common activities.  In addition, Malibu Beach is a 

popular spot for vacationers, beachgoers, and surfers.  The Malibu Creek Watershed has also been the 

location of many movie studio sets. 

 

C.3.3  Topanga Canyon Subwatershed 

The third largest subwatershed of the Santa Monica Bay watershed, Topanga Canyon 

watershed, is a favorite spot for hikers, bikers, and motorcycle riders because of its location in the 

Santa Monica Mountains.  Biodiversity in Topanga watershed is quite high, with many species present 

that are rare in other areas of the Santa Monica Mountains.  Sensitive plant species found in Topanga 

include Braunton’s milkvetch, Santa Monica Mountains Dudleya, and Santa Susana Tarplant.  Several 

sensitive animal species have been found in Topanga, including the steelhead trout, California newt, 

Arboreal salamander, and the California Red-legged frog. 
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D. Water Quality Objectives 
 

Narrative water quality objectives are specified by the 1994 Los Angeles Regional 

Board Basin Plan.  Water quality standards consist of a combination of beneficial uses, water 

quality objectives, and the State’s Antidegradation Policy.  Regional Board staff finds that the 

following narrative objectives are most pertinent to the Santa Monica Bay Debris TMDL: 

 

Floating Materials:  “Waters shall not contain floating materials, including solids, 
liquids, foams, and scum, in concentrations that cause nuisance or adversely affect beneficial 
uses.” 

 

Solid, Suspended, or Settleable Materials:  “Waters shall not contain suspended or 
settleable material in concentrations that cause nuisance or adversely affect beneficial uses.” 

 
In addition, the 2005 Water Quality Control Plan for Ocean Waters of California 

(California Ocean Plan) establishes water quality objectives, as well.  This narrative objective is 

applicable to both trash and plastic pellets: 

 

“Floating particulates and grease and oil shall not be visible.” 
 

Moreover, in 2007 AB 258 was signed into law, which added Chapter 5.2 to Division 7 

of the California Water Code, section 13367.  Chapter 5.2 is called “Preproduction Plastic 

Debris Program,” and requires the Regional Boards to implement a program to control the 

discharges of preproduction plastic pellets from point and nonpoint sources.  The program 

requires plastic manufacturing, handling, and transportation facilities to implement best 

management practices to control discharges of preproduction plastics, including:  appropriate 

containment systems; sealed containers durable enough so as not to rupture during transfer and 

storage; use of capture devices during loading, unloading, and transferring; and the availability 

of a vacuum or vacuum like system to clean up loose pellets.    

 

State Board Resolution No. 68-16, “Statement of Policy with Respect to Maintaining 

High Quality Water” in California, known as the “Antidegradation Policy,” protects high 

quality surface and ground waters from degradation.  Any actions that can adversely affect 

water quality in all surface and ground waters must be consistent with the maximum benefit to 

the people of the state, must not unreasonably affect present and anticipated beneficial use of 

such water, and must not result in water quality less than that prescribed in water quality plans 

and policies.  Furthermore, any actions that can adversely affect surface waters are also subject 

to the federal Antidegradation Policy (40 CFR 131.12).  The proposed TMDL will not degrade 

water quality, and will in fact improve water quality as it is designed to achieve compliance 

with existing water quality standards.     
 

E. Impairment of Beneficial Uses 
 

The beneficial uses described above are impaired by the accumulation of suspended and 

settleable debris.  Common items that have been observed by Regional Board staff include 
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plastic bags, aluminum cans, paper items, plastic and glass bottles, styrofoam, plastic pellets, 

cigarette butts, and construction debris.  Heavier debris can also be transported during storms. 

 

Marine debris
1
 has impacted at least 267 species worldwide, primarily through ingestion 

and entanglement (Heal the Bay, 2007).  Marine debris and beach litter kills marine wildlife, 

damages the Bay’s aesthetic qualities, and is expensive for coastal communities to clean up. 

Items like fishing line and six-pack rings can entangle marine animals. Entanglement results 

when an animal becomes encircled or ensnared by debris. It can occur accidentally, or when the 

animal is attracted to the debris as part of its normal behavior or out of curiosity. Entanglement 

is harmful to wildlife for several reasons. Not only can it cause wounds that can lead to 

infections or loss of limbs; it can also cause strangulation or suffocation. In addition, 

entanglement can impair an animal's ability to swim, which can result in drowning, or in 

difficulty in moving, finding food, or escaping predators (U.S. EPA, 2001).  Once entangled, 

animals have trouble eating, breathing or swimming, all of which can have fatal results.  

 

For aquatic life, buoyant (floatable) elements tend to be more harmful than settleable 

elements, due to their ability to be transported throughout the water body and ultimately to the 

marine environment. Birds, fish and mammals often mistake plastic for food. With plastic 

filling their stomachs, animals have a false feeling of being full, and may die of starvation. Sea 

turtles mistake plastic bags for jellyfish, one of their favorite foods. Even gray whales have been 

found dead with plastic bags and sheeting in their stomachs.  Smaller elements such as plastic 

resin pellets (a by-product of plastic manufacturing) and cigarette butts are often more harmful 

to aquatic life than larger elements, since they can be ingested by a large number of small 

organisms which can then suffer malnutrition or internal injuries. In addition to malnutrition, 

plastic pellets may contain chemicals that are toxic (e.g. persistent organic pollutants).  These 

toxic substances may be additives that were intentionally mixed into the resin to achieve 

specific properties, or contaminants that were adsorbed by the pellets from the environment 

(U.S. EPA, 1992). 

 

 Ingestion of sharp objects can damage the mouth, digestive tract and/or stomach lining 

and cause infection or pain. Ingested items can also block air passages and prevent breathing, 

thereby causing death (U.S. EPA, 2001).  Many of the species most vulnerable to the problems 

of floatable debris are endangered or threatened by extinction. 

 

Trash and plastic pellets in waterways causes other significant water quality problems.  

Small and large floatables can inhibit the growth of aquatic vegetation, decreasing spawning 

areas and habitats for fish and other living organisms.  With the exception of large items, 

settleables are not always obvious to the eye.  This includes plastic pellets, glass, cigarette butts, 

rubber, construction debris, and more.  Settleables can be a problem for bottom feeders and can 

contribute to sediment contamination.   

 

                                                                                              

 
1
 According to the National Oceanic and Atmospheric Administration (NOAA) Marine Debris Program, debris is 

defined as “any persistent solid material that is manufactured or processed and directly or indirectly, intentionally 

or unintentionally, disposed of or abandoned into the marine environment” (NOAA 2010).  In this TMDL, trash 

does not include naturally occurring vegetation waste.  Plastic pellets, also known as plastic resin pellets, are small, 

round pellets that are the raw form of plastic. These pellets are melted down to form plastic products. 
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Persistent elements such as plastics, synthetic rubber and synthetic cloth tend to be more 

harmful than degradable elements such as paper or organic waste. Glass and metal are less 

persistent, even though they are not biodegradable, because wave action and rusting can cause 

them to break into smaller pieces that are less sharp and harmful. Natural rubber and cloth can 

degrade but not as quickly as paper (U.S. EPA, 2002).  

 

Debris in water bodies can threaten the health of people who use them for wading or 

swimming. Of particular concern are the bacteria and viruses associated with diapers, medical 

waste (e.g., used hypodermic needles and pipettes), and human or pet waste. Additionally, 

beachgoers can cut themselves on glass and metal left on the beach.  Such injuries can then 

expose a person’s bloodstream to microbes in the stream’s water that may cause illness. Also, 

some debris, such as containers or tires, can pond water and support mosquito production and 

associated risks of diseases such as encephalitis and the West Nile virus. 

  

Marine debris also endangers the safety and livelihood of fishermen and recreational 

boaters. Nets and monofilament fishing line can obstruct propellers and plastic sheeting and 

bags can block cooling intakes. 

 

Most of the effects listed above are related to the health of marine life and people.  

However, marine debris is also a nuisance.  Debris is not aesthetically pleasing to the eye, and 

can also affect tourism if people do not want to spend time at a beach filled with trash and 

plastic pellets.   

 

In conclusion, debris in Santa Monica Bay can adversely affect humans, fish, and 

wildlife. Not all water quality effects of debris are equal in severity or duration.  The water 

quality effects of debris depend on individual items and their buoyancy, degradability, size, 

potential health hazard, and potential hazards to fish and wildlife. The prevention and removal 

of trash and plastic pellets in the Santa Monica Bay and their possible source areas will 

ultimately lead to improved water quality and protection of aquatic life and habitat, expansion 

of opportunities for recreation, enhancement of public interest in Santa Monica Bay, and public 

participation in restoration activities, and propagation of the vision of the watershed as a whole 

and enhancement of the quality of life of those who use the Bay. 

 

F. Debris Impairments of Santa Monica Bay 
 

F.1  Site Inspections 

 

According to the 1998, 2002, and 2006 303(d) lists, debris is impairing beneficial uses 

in the Santa Monica Bay.  On October 16, 2008 and August 10, 2009, Regional Board staff 

conducted site visits along the beaches in the southern and northern parts of the Santa Monica 

Bay, respectively, to document the trash problem.  The Rapid Trash Assessment method was 

used to measure and document trash at sites in Redondo Beach, Hermosa Beach, Manhattan 

Beach, Dockweiler Beach, Venice Beach, Santa Monica Beach, Will Rogers State Beach, 

Topanga County Beach, Dan Blocker County Beach, Paradise Cove, and Zuma County Beach. 
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 During the site inspection, trash was found at all beaches along the Santa Monica Bay.  

Common items found on every beach included:  plastic bags, candy wrappers, cigarette butts, 

styrofoam, beverage containers, straws, and paper.   

 

Areas along the beaches north of Santa Monica Beach had much more trash beside 

Pacific Coast Highway (PCH) and other roads.  Many pocket areas were observed with no 

gutter or other mechanism that would catch the trash from the roadway, through the parking 

lots, and to the beach.  Most of the trash on the roadside consisted of plastic bags, plastic and 

paper wrappers, and cigarette butts.  Along a 100-foot stretch of PCH in Zuma Beach, 52 plastic 

wrappers, over 100 cigarette butts, and over 60 pieces of paper trash were counted.  There were 

no trash cans observed in this area.   

 

The south bay beaches (south of Santa Monica Beach) are located in more urban areas, 

and did not have as much trash on the roadside.  Since these areas are equipped with catch 

basins and attached to the municipal separate storm sewer system (MS4), trash does not tend to 

remain on the roadside.  Although there was not much trash observed along the roads, there was 

trash observed on all south bay beaches.   

 

In general, there was more trash at the beaches with more visitation, such as Santa 

Monica by the pier, and Venice Beach by the boardwalk.  Among the trash found in a 100-foot 

transect of Santa Monica Beach, there were 43 cigarette butts, 19 pieces of styrofoam, 18 pieces 

of plastic, and one diaper.  There was also a considerable amount of trash found floating in the 

surf zone near the outfall at Dockweiler Beach, and on the beach itself.   

 

F.2  Other Studies 

 

Data provided by Heal the Bay from the Coastal Cleanup Day in 2009 shows the 

significant amount of trash that is present on coastal beaches.  Volunteers collected 2,750 

pounds of trash from Dockweiler State Beach, while 848 pounds were collected at Santa 

Monica Beach, and approximately 650 pounds at Will Rogers State Beach.  At the south bay 

beaches, approximately 550 pounds were collected at Redondo Beach, 300 pounds at 

Manhattan Beach, 193 pounds at Torrance Beach, and 160 pounds at Hermosa Beach. 

 

According to Heal the Bay, a majority of marine debris is comprised of plastic material.  

An estimated 60 to 80 percent of all marine debris (and 90 percent of floating debris) is plastic 

(Heal the Bay, 2007).   

 

Several studies have investigated the presence of plastics in the waters off of southern 

California.  Plastic pellets, polystyrene, hard plastic fragments, thin films, and line have all been 

documented in the Santa Monica Bay.  A study conducted by Algalita Marine Research 

Foundation found that plastics were present not only at surface levels, but also in mid-water 

depths, and at the bottom of the Santa Monica Bay (Gwen L. Lattin et al., 2001). 

 

Two separate studies conducted by UCLA students in 2010 quantitatively and 

qualitatively examined marine debris distribution on the beaches along the Santa Monica Bay.  

One of the studies evaluated debris among four Los Angeles County Beaches: Malibu-Surfrider 

Beach, Venice Beach, Dockweiler State Beach, and Redondo Beach.  The other study looked at 

debris at Topanga Beach and Topanga Canyon Creek.  Both studies found that plastics were 
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present in abundance on all beaches.   Many plastic pieces were degraded, suggesting that they 

had originated in upstream waterways for a significant amount of time before accumulating on 

beaches.  In addition to plastic, styrofoam was prevalent in the mouth of Topanga Canyon 

Creek and on Topanga Beach.  Furthermore, the original use of most debris items found on 

beaches was associated with food and beverages.   

 

The Ocean Conservancy uses annual data collected during International Coastal Cleanup 

(ICC), and the National Marine Debris Monitoring Program (NMDMP) to evaluate the sources 

of marine debris.  ICC data collected over several years has indicated that over 60% of debris 

collected from beaches on Coastal Cleanup Day in the United States is comprised of plastic 

materials.  The primary items from land based sources on the Pacific Coast included food 

wrappers, beverage containers, cigarettes, and smoking-related materials.  The primary items of 

ocean-related debris included fishing nets and gear.  The Ocean Conservancy uses the ICC data 

to assess the sources of the debris.  Data collected during the 2004 California Coastal Cleanup 

Day revealed the following sources (by number of pieces): shoreline and recreational activities - 

48%; Smoking-related activities - 44.2%; Ocean waterway activities - 4.5% (Gordon, 2006). 

 

While there are numerous studies documenting visible and identifiable plastic objects, 

another study conducted by Algalita Marine Research Foundation and Southern California 

Coastal Water Research Project (SCCWRP) focused on miniscule plastic fragments, and 

showed that these fragments of less than 5mm in size have a mass that is 30% of the mass of the 

associated zooplankton in the Northern Pacific Central Gyre. 

 

A more localized study conducted in the summer of 1998 by SCCWRP examined the 

composition and distribution of beach debris on Orange County beaches.  The study found over 

105 million pre-production plastic pellets, weighing more than 4,700 pounds. 

 

II. Numeric Target 
 

The numeric target is derived from the narrative water quality objectives in the Basin 

Plan for the Los Angeles Region and the California Ocean Plan, including: 

 

“Floating Material” 

 

“Waters shall not contain floating materials, including solids, liquids, foams, and scum, 
in concentrations that cause nuisance or adversely affect beneficial uses”; 

  

“Solid, suspended, or settleable materials” 

 

“Waters shall not contain suspended or settleable material in concentrations that cause 
nuisance or adversely affect beneficial uses.” 

 
“Floating particulates” 

  
“Floating particulates and grease and oil shall not be visible.” 
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A. Numeric Target for Trash 

The numeric target for the Santa Monica Bay Debris TMDL is zero trash in Santa 

Monica Bay.  For point sources, zero trash is defined as no trash discharged into waterbodies 

within the Santa Monica Bay Watershed and into Santa Monica Bay or on the shoreline of Santa 

Monica Bay.  For nonpoint sources, zero trash is defined as no trash on the shoreline or beaches, 

or in harbors adjacent to Santa Monica Bay, immediately following each assessment and 

collection event consistent with an established Minimum Frequency of Assessment and 

Collection Program (MFAC Program).  Regional Board staff has not found information to 

justify any value other than zero that would fully support the designated beneficial uses.  

Further, court rulings have found that a numeric target of zero trash is legally valid.  The 

numeric target was used to calculate the Load Allocations for nonpoint sources and Waste Load 

Allocations for point sources, as described in the following sections of this Staff Report.   
 

B. Numeric Target for Plastics 

The numeric target for plastic pellets in the Santa Monica Bay Debris TMDL is zero 

plastic pellets in Santa Monica Bay.  For point source dischargers of plastic pellets, zero plastic 

pellets is defined as no plastic pellets discharged from the premises of industrial facilities that 

import, manufacture, process, transport, store, recycle or otherwise handle plastic pellets. 

Similar to trash, this numeric target supports the designated beneficial uses, as stated above.   
 

III. Source Analysis 
 

Contaminants that enter the Bay may originate on land, in the air, or at sea outside of the 

Bay itself.  Although the sources of pollutants are numerous and disparate, they are ultimately 

the product of all the people who live, work, and play in the region.  Countless human activities 

directly influence the amount and types of pollutants that enter the Bay.  Along the West Coast, 

land-based debris comprises over half of the debris observed in the marine environment 

followed by undetermined sources of debris, while ocean-based debris comprises only 

approximately one-tenth of the debris observed in the marine environment (Sheavly, 2007).  

 
 

Trash Sources 

 

The major source of trash in the Santa Monica Bay results from litter, which is 

intentionally or accidentally discarded by people and ends up in the Santa Monica Bay. Over 

4,000 tons of trash is collected from Bay beaches annually and a 1994 survey found that one-

quarter of the ocean bottom surveyed contained man-made materials (Santa Monica Bay 

Restoration Plan).  The potential trash sources can be categorized as point sources and nonpoint 

sources depending on the transport mechanisms, which include: 

 

1. Storm drains: trash that is deposited throughout the watershed is carried to the various 

beaches and Santa Monica Bay during and after rainstorms through storm drains.  This is a 

point source.  
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2.  Marine vessels/ships:  trash can be deposited into the Santa Monica Bay directly from 

marine vessels and ships.  This is a nonpoint source. 

 

3. Wind/wave action: trash can be blown or washed into the Santa Monica Bay directly.  

This is a nonpoint source. 

 

4. Direct disposal: direct dumping or littering into the Santa Monica Bay.  This is a 

nonpoint source. 

 

 According to the characteristics of the land uses which include high and low density 

residential areas, open space and parks, both point and nonpoint sources contribute trash to the 

Santa Monica Bay.   

 

Plastic Pellet Sources 

 

 Approximately 60 billion pounds of plastic pellets are manufactured annually in the 

United States, where they are frequently discharged to waterways during the transport, 

packaging, and processing of plastics (Heal the Bay, 2007).  Like trash, the plastic pellets can 

reach Santa Monica Bay via storm drains, wind, or direct spills.  Plastic pellets are transported 

through ships, trucks, and trains from plastic manufacturers to plastic industries.  Once 

discharged, the pellets are easily blown by wind or carried by stormwater through the storm 

drain system and to the beaches and water of the Santa Monica Bay.  Since the plastic pellets 

are very small (less than 5 millimeters), they will not be captured by most trash capture devices.  

Studies in New York, Boston, and Houston showed that combined sewer overflows and storm 

drains were sources of pellets in the aquatic environment (U.S. EPA, 1992).   

 

A.  Point Sources 
There are several point sources that contribute to Santa Monica Bay and its watershed.  

Municipal storm drains and discharges from industrial facilities that manufacture, transport or 

otherwise handle plastic pellets will be the major focus of point sources in this Debris TMDL.   

 

Land Based Point Sources of Trash 

 

Trash conveyed by urban runoff and storm water through storm drains to the Santa 

Monica Bay is evidenced by trash accumulation at the base of storm drains discharging to the 

beaches and catch basins, which collect runoff from surrounding lands.   

 

Urban and storm water runoff, carried to the Bay through the region’s massive storm 

drain systems and streams, is a serious, year-round concern. Each year, an average of 30 billion 

gallons of storm water and urban runoff are discharged through more than 200 outlets. Even in 

dry weather, ten to 25 million gallons of water flow through storm drains into Santa Monica 

Bay every day.  Table 4 and Figure 6 show the major storm drains that empty into Santa Monica 

Bay.� 

 

Runoff flows over rooftops, parking lots, roadways and freeways, sidewalks, 

commercial areas, construction sites, industrial facilities, and other impervious surfaces, picking 

up trash and transporting it through open channels and underground pipes directly to the Bay. 
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Because the region’s 5,000-mile network of storm drains was built to convey flood waters to the 

ocean as quickly as possible, all wet-weather flows and most dry-weathers flow bypass 

wastewater treatment facilities and discharge directly to the Bay.  However, some facilities treat 

runoff on-site, such as those at Malibu Lagoon, Marie Canyon, Paradise Cove and the Santa 

Monica Pier. 

 

Table 4.  Major creeks, open channel, and storm drains in Santa Monica Bay beach cities and Los Angeles County. 

 
 

Low Flow Diversion Subwatershed 
Boone Olive PP Ballona 

Washington Blvd Ballona 

Oxford Basin (Berkley at Yale) Ballona 

Playa del Rey El Segundo-LAX 

Westchester El Segundo-LAX 

Pershing Drive, Line C El Segundo-LAX 

Arena Pump Plant El Segundo-LAX 

El Segundo Pump Plant El Segundo-LAX 

Imperial Highway El Segundo-LAX 

Malibu Civic Center Treatment Facility Malibu 

Paradise Cove Treatment Facility North Coast 

Marie Canyon Treatment facility North Coast 

Avenue I Palos Verdes 

Alta Vista Park Palos Verdes 

Rose Avenue (phase 2) Pico Kenter 

Ashland Avenue (phase 2) Pico Kenter 

Electric Avenue Pump Plant Pico Kenter 

Thornton Avenue Pico Kenter 

Venice Pavilion (Windward Ave Pump Station) Pico Kenter 

Montana Avenue Pico Kenter 

Wilshire Avenue Pico Kenter 

Santa Monica Pier Pico Kenter 

Pico-Kenter Pico Kenter 

Santa Monica Canyon Santa Monica Cyn 

Manhattan Beach Pump Plant South Bay 

Manhattan Beach at 28th Street (The Strand) South Bay 

Herondo Street South Bay 

South of Dockweiler Jetty South Bay 

Manhattan Beach Pier South Bay 

Hermosa Beach Pier South Bay 

Redondo Beach Pier South Bay 

Sapphire (at Esplanade Ave) South Bay 

Bryant and Voorhees Sump South Bay 

Parker Mesa/Castlerock Topanga 

Santa Ynez Topanga 

Pulga Canyon Topanga 

Palisades Park Topanga 

Bay Club Drive Topanga 

Temescal Canyon Topanga 

Marquez Avenue Topanga 
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Figure 6.  Low flow diversions and treatment facilities in the Santa Monica Bay Watershed Management Area 

 
 

 

 

Extensive research has not been done on trash generation or the precise relationship 

between rainfall and its deposition in waterways.  However, it has been found that the amount 

of gross pollutants entering the stormwater system is rainfall dependent but does not necessarily 

depend on the source (Walker and Wong, December 1999). The amount of trash which enters 

the stormwater system depends on the energy available to re-mobilize and transport deposited 

gross pollutants on street surfaces rather than on the amount of available gross pollutants 

deposited on street surfaces.  Where gross pollutants exist, a clear relationship between the 

gross pollutant load in the stormwater system and the magnitude of the storm event has been 

established.  The limiting mechanism affecting the transport of gross pollutants, in the majority 

of cases, appears to be re-mobilization and transport processes (i.e., stormwater rates and 

velocities). 

 

Several studies conclude that urban runoff is the dominant source of trash. The large 

amount of trash conveyed by urban storm water to the Los Angeles River is evidenced by the 

trash that accumulates at the base of storm drains.  The amount and type of trash that is washed 

into the storm drain system appears to be a function of the surrounding land use. 
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A number of studies (Walker and Wong, 1999, Allison, 1995), have shown that 

commercial land-use catchments generate more pollutants than residential land-use catchments, 

and as much as three times the amount generated from light industrial land-use catchments.  It is 

generally accepted that commercial land uses tend to contribute larger loads of gross pollutants 

per area compared to residential and mixed land-use areas.  This is in spite of the typical daily 

street sweeping in the commercial sub-catchment compared to the typical frequency of once 

every two weeks in residential and mixed land use areas. 

 

Based on reports and research on other watersheds, the amount and type of trash washed 

into the storm drain system appears to be a function of the surrounding land use.  The City of 

Long Beach has recorded trash quantity collected at the mouth of the Los Angeles River; the 

result suggested that the total trash amount is somewhat linearly correlated with the 

precipitation (see Table 5). 

 

Table 5.  Storm Debris Collection Summary for Long Beach: (Signal Hill, 2006). 

Year Trash (Tons) Precipitation (inches) 

95-96 4162 12.44 

96-97 3993 12.4 

97-98 9290 31.01 

98-99 3091 9.09 

99-00 3844 11.57 

00-01 4437 17.94 

01-02 1858 4.42 

02-03 4630 16.42 

03-04 2636 9.25 

04-05 12225 37.25 

05-06 1059 13.19 

 

The City of Calabasas conducted a study for Continuous Deflective Separation (CDS) 

units installed in December of 1998 for runoff from Calabasas Park Hills to Las Virgenes 

Creek.  It is assumed that this CDS unit prevented all trash from passing through.  The 

calculated area drained by this CDS Unit is approximately 12.8 square miles.  The urbanized 

area estimated by Regional Board staff is 0.10 square miles.  The result of this clean-out, which 

represents approximately half of the 1998-1999 rainy season, was 2,000 gallons of sludgy 

water and a 64-gallon bag about two-third full of plastic food wrappers.  It is assumed that part 

of the trash accumulated in the CDS unit over roughly half of the rainy season had decomposed 

in the unit due to the absence of paper products.  Given the CDS unit was cleaned out after 

slightly more than nine months of use, it was assumed that this 0.10 square mile urbanized area 

produced a volume of 64 gallons of trash over one year.   

 

To estimate trash generation rates, studies from other watersheds were analyzed by 

Regional Board staff.  The County of Los Angeles conducted a trash baseline study in 2003-

2004 in the Los Angeles River Watershed and the Ballona Creek Watershed.  The study 

examined different land uses, such as: high-density single-family residential, low-density 

single-family residential, commercial, industrial, and open space/parks.  The County of Los 

Angeles installed 250 catch basin inserts in the Los Angeles River Watershed, and 250 catch 

basin inserts in the Ballona Creek Watershed, with a minimum of 10 sites per land use having 

at least 5 catch basins per site.  They also installed five Continuous Deflective Separator units.  

The results of the study indicated an average of 5,741.34 pounds per square mile per year 
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generated from the Los Angeles River Watershed, and 3,663.55 pounds per square mile per 

year from the Ballona Creek Watershed.   

 

Land Based Point Sources of Plastic Pellets 

 

Industries that manufacture, store, process, and otherwise handle plastic pellets as raw 

material are sources of pellets in the environment.  Although the plastic pellets ultimately make 

their way to the beaches of Santa Monica Bay through storm drain systems, they originate on 

the premises of the plastic industries and discharges from these facilities are regulated through 

separate regulatory mechanisms.  When industries release plastic pellets onto the ground and 

adjacent areas of the site, they are responsible for ensuring that the plastic pellets are not 

transported off-site via runoff and stormwater.     

 

Marine Based Point Sources of Plastic Pellets 

 

 Researchers have suggested possible sources of plastic pellets in the marine 

environment, which include direct discharges and improper waste water disposal by the plastics 

industry, spillage from ships during loading, transport, and unloading, and improper use of 

pellets (i.e., for bearings to facilitate movement of cargo boxes and heavy objects).  Other 

studies showed spillage at loading and shipping docks as a source of plastic pellets to the marine 

environment (U.S. EPA, 1992).   
 

B. Nonpoint Sources 
 

Nonpoint source pollution is commonly caused by a wide range of activities including 

urban development, agriculture, and recreation. The trash deposited in the Santa Monica Bay 

resulting from nonpoint sources is a function of transport mechanisms including wind, wave 

action, stormwater, and visitation, as they relate to open space, beaches, state parks, harbors and 

marinas, boating, and roadways.   

 

There are limited studies, particularly to define the relationship between the strength of 

winds and movement of trash from a land surface to a waterbody. Lighter trash with a sufficient 

surface area to sail with the wind, such as plastic bags and pellets, beverage containers, paper or 

plastic convenient food containers are easily lifted and carried to the Santa Monica Bay.  Also, 

as described in the point source section, stormwater carries trash from shore areas and beaches 

to waterbodies.  Transportation of pollutants from one location to another is determined by the 

energy of wind, wave action, stormwater, and visitation.   

 

Land Based Nonpoint Sources of Trash 

 

In consideration of transport mechanisms, existing trash in the environment near the 

Santa Monica Bay is a fundamental cause of nonpoint sources trash loading.  Based on 

observation, land use can be generally divided into categories of low density single-family 

residential, open space/parks, and beach areas. Residents may accidentally discard trash to the 

backyard, grass, or roads along the beach, which initiates the journey of trash to the Santa 

Monica Bay via wind or stormwater.  Different uses of the open space may be responsible for 

different degrees of trash impairment.  For example, areas with picnic tables closer to the bay 
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have a higher likelihood of having more trash on the ground near the water than in parking lots.  

Visitation rates also appear to be correlated with the amount of trash from nonpoint sources. 

 

Large areas such as beaches and parks are especially prone to transport mechanisms 

such as wind and wave action.  Pier fishermen and beach visitors generate trash that, if not 

properly disposed of, can be blown or washed directly into the Bay.  In addition, trash can be 

blown or taken out of trash receptacles by birds if they are not covered.   

 

Review of beach clean up data provided by Heal the Bay shows that the three most 

common trash types found on beaches surrounding the Santa Monica Bay are: plastic, 

styrofoam, and cigarette butts.  Site visits support this data, and suggest that a large portion of 

the trash found on beaches is directly deposited by beach visitors.  The areas that have high 

visitation tend to have more trash.  Venice Beach by the board walk and Santa Monica Beach by 

the Santa Monica Pier are two examples.   

 

Harbors and the marinas located within them are large areas that attract recreational and 

commercial boaters.  Wind and stormwater can sweep any nearby trash into the harbor waters, if 

there is trash present in adjacent areas.  Table 6 lists the marinas and yacht clubs in the Santa 

Monica Bay.   

Table 6.  Marinas and Yacht Clubs in Santa Monica Bay 

Marinas, Anchorages, and Yacht Clubs Managed by  
County of Los Angeles Department of Beaches and Harbors 
Anchorage 47 

Bar Harbor Marina 

Bay Club Marina 

Boat Yard 

Burton Chace Park Transient Boat Docks 

California Yacht Club 

Del Rey Yacht Club 

Dolphin Marina 

Esprit (formerly Deauville Marina) 

Holiday Harbor Marina 

Marina City Club 

Marina del Rey Marina 

Marina Harbor Anchorage 

Mariner’s Bay Anchorage 

Neptune Marina 

Pier 44 Marina 

Public Boat Launch Ramp 

Tahiti Marina 

Villa del Mar Marina 

Windward yacht Repair 

Marina Venice Yacht Club 

Pacific Mariner’s Yacht Club 

Santa Monica Windjammers Yacht Club 

South Coast Corinthian Yacht Club 

Marina del Rey Sportfishing 

Marina Fuels and Service 

Marinas Managed by City of Redondo Beach Harbor Department 
King Harbor Marina 

California Yacht Marina 

Portofino Marina 

Redondo Beach Marina 

King Harbor Yacht Club 
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Marine Based Nonpoint Sources of Trash 

 

Commercial and recreational fishing boats, sailboats, cruise ships, and import/export 

container ships are also nonpoint sources.  In addition to trash being blown overboard, the 

passengers on these vessels may be depositing trash into the Bay.  According to a study 

conducted as part of the Southern California Bight Pilot Project, entitled “Distribution of 

Anthropogenic and Natural Debris on the Mainland Shelf to the Southern California Bight,” 

anthropogenic debris was most commonly found in the urbanized regions, on the outer shelf, 

and in areas near publicly owned treatment works (POTWs).  Fishing gear was the most 

common type of anthropogenic debris in the urban and outer shelf zone, whereas glass bottles 

and plastic were most common in POTW areas.  Glass bottles and cans are too large to pass 

through the screens covering POTW outfall pipes, so it was concluded that they were not 

discharged from this source.  However, these outfall pipes are essentially artificial reefs, and are 

popular fishing spots for recreational anglers.  As a result, the study suggested that marine 

vessels and fishing activities are a likely source of anthropogenic debris in the Santa Monica 

Bay (Moore, Shelly L. and Allen, M. James, 1994). 

 

Land Based Nonpoint Sources of Plastic Pellets 

 

 Although plastic industries are the primary point source for plastic pellets, it is likely 

that any spills that happen during transport, transfer, or handling may release loose plastic 

pellets to the MS4 and eventually to the beach and the Santa Monica Bay.   Any such spills will 

be addressed by the previously mentioned land based point source of plastic pellets or the MS4 

Permittees.   
 

IV. Linkage Analysis 
 

This TMDL is based on numeric targets derived from narrative water quality objectives 

for floating materials and particulates and solid, suspended, or settleable materials.  The 

narrative objectives prescribe that waters shall not contain these materials in concentrations that 

cause nuisance or adversely affect beneficial uses.  Based on these targets, staff finds the 

capacity of the Santa Monica Bay to accumulate trash is zero.  Similarly, the Santa Monica Bay 

should accumulate no plastic pellets. 
 

V. Waste Load and Load Allocations 
 

Waste Load and Load Allocations for Trash 

 

Both point sources and nonpoint sources are identified as sources of trash in the Santa 

Monica Bay.  For point sources, the strategy for attaining water quality standards focuses on 

assigning Waste Load Allocations (WLAs) to the Permittees of the Los Angeles County 

Municipal Separate Storm Sewer System (MS4) Permit, and the Ventura County MS4 Permit 

(hereinafter referred to as Responsible Jurisdictions).  The WLAs will be implemented through 

permit requirements.  For nonpoint sources, the strategy for attaining water quality standards 

focuses on assigning Load Allocations (LAs) to municipalities, and agencies having jurisdiction 

over the beaches, harbors, parks and open space, and the vicinities surrounding these beaches 
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and harbors.  Final WLAs and LAs are zero trash.  The LAs will be implemented through 

regulatory mechanisms that implement the State Board’s 2004 Nonpoint Source Policy, which 

may include but are not limited to conditional waivers, waste discharge requirements, or 

prohibitions.   

 

WLAs and LAs are based on a phased reduction from the Baseline Waste Load and 

Load Allocation, estimated as the current discharge, over an eight-year period for point source 

trash reduction compliance, and a five-year period for nonpoint source trash reduction 

compliance by using a program of minimum frequency of trash assessment and collection 

(MFAC) program discussed below.  Responsible agencies and jurisdictions assigned a WLA 

may achieve WLAs through the use of full capture systems, partial capture systems, 

institutional controls, nonstructural BMPs, or any other lawful methods.  Responsible agencies 

and jurisdictions assigned a LA may achieve LAs through implementation of a Regional Board 

Executive Officer approved MFAC program in conjunction with BMPs.  

 

Waste Load Allocations for trash are assigned to the California Department of 

Transportation (Caltrans, permittee for Statewide National Pollutant Discharge Elimination 

System (NPDES) Storm Water Permit, No. 99-06-DWQ);  Los Angeles County, and the Cities 

of Agoura Hills, Calabasas, Culver City, El Segundo, Hermosa Beach, Los Angeles, Malibu, 

Manhattan Beach, Palos Verdes Estates, Rancho Palos Verdes, Redondo Beach, Rolling Hills, 

Rolling Hills Estates, Santa Monica, Torrance, and Westlake Village (co-permittees within the 

Santa Monica Bay WMA under the Los Angeles County MS4 NPDES Permit); and County of 

Ventura, and City of Thousand Oaks (co-permittees within the Santa Monica Bay WMA under 

the Ventura County MS4 NPDES Permit No. CAS 004002). 

 

Responsible agencies and jurisdictions covered by the Ballona Creek Watershed Trash 

TMDL including Caltrans, County of Los Angeles, and the Cities of Beverly Hills, Culver City, 

Inglewood, Los Angeles, Santa Monica, and West Hollywood, and responsible agencies and 

jurisdictions identified in the Malibu Creek Trash TMDL including Caltrans, Los Angeles 

County, Ventura County, Ventura County Watershed Protection District, and the Cities of 

Agoura Hills, Calabasas, Hidden Hills, Malibu, Thousand Oaks, and Westlake Village are also 

responsible for point source discharges of trash into the Santa Monica Bay via open channels 

and storm drains.  The WLA applicable to MS4 Permittees that is established in the Santa 

Monica Bay Debris TMDL, and the associated requirements for these responsible agencies and 

jurisdictions shall be addressed through the Ballona Creek Trash TMDL (Regional Board 

Resolution No. R01-014 and any amendments thereto) and the Malibu Creek Trash TMDL 

(Regional Board Resolution No. R08-007 and any amendments thereto).  Therefore, compliance 

with the existing Malibu Creek and Ballona Creek Trash TMDLs will constitute compliance 

with the trash related requirements of the Santa Monica Bay Debris TMDL.   

The Regional Board’s approach to regulating trash in the context of a TMDL is unique 

and unlike that used for other pollutants. Trash is generally visible and easily containable, and 

these attributes make it a pollutant that is readily controllable within its area of origin through 

proper and frequent collection and disposal by municipalities and the public. Also, the 

feasibility of containing this pollutant allows for determining compliance within a jurisdiction 

prior to discharge to the MS4. The LA Region trash TMDLs take this into account in 

identifying responsible jurisdictions and agencies and their points of compliance, and in 

assigning waste load allocations.  
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The TMDL is designed to assign all responsibility for trash generated within a land area to 

the responsible jurisdictional agency. The intent of the TMDL is to control the trash prior to its 

being discharged to the MS4 and from there to impaired waters. In this manner, responsible 

jurisdictions within the watershed are assigned waste load allocations and should be responsible 

for controlling all potential trash discharges from their area. The flood control districts are not 

assigned waste load allocations. However, the Regional Board recognizes the flood control 

districts’ authority over the MS4 and the fact that some of the key compliance strategies for the 

trash TMDL rely on installations within the flood control districts’ infrastructure. Because of 

this, flood control districts may be held responsible with a jurisdiction and/or agency for non-

compliance where the flood control district has either: 

 

(i) without good cause denied entitlements or other necessary authority to a responsible 

jurisdiction or agency for the timely installation and/or maintenance of full and/or 

partial capture trash control devices for purposes of TMDL compliance in parts of 

the MS4 physical infrastructure that are under its authority, or  

(ii) not fulfilled its obligations regarding proper BMP installation, operation and 

maintenance for purposes of TMDL compliance within the MS4 physical 

infrastructure under its authority, 

 

thereby causing or contributing to a responsible jurisdiction and/or agency to be out of 

compliance with its interim or final Waste Load Allocations. 

 

Under these circumstances, the flood control district’s responsibility shall be limited to 

non-compliance related to the drainage area(s) within the jurisdiction where the flood control 

district has authority over the relevant portions of the MS4 physical infrastructure. 

 

The WLA may be assigned to additional responsible jurisdictions discharging urban 

runoff and stormwater in the future under Phase II of the National Stormwater Permitting 

Program, or other applicable regulatory programs. 

 

On January 16, 2008, Los Angeles Regional Board staff conducted a site inspection in 

response to the City of Simi Valley’s request brought during the CEQA Scoping meeting for the 

Malibu Creek Watershed Trash TMDL.  The City of Simi Valley requested that Regional Board 

staff evaluate the responsibilities of the City as a responsible jurisdiction.  Based on 

geographical information system (GIS) data, Simi Valley has approximately 118 acres of 

property within the upper Las Virgenes Creek Subwatershed.  According to the 1991 land use 

data published by the Southern California Association of Governments (SCAG), all of the 

subject land area is undeveloped open space.  Access to the area is limited to two fire roads, and 

is restricted because the entrance is within gated private properties.  During the inspection, there 

was no trash found along the road and within the range of visibility.  Given these findings, the 

Regional Board staff did not include Simi Valley on the list of Responsible Jurisdictions for the 

Malibu Creek Watershed Trash TMDL, since the responsibility of Simi Valley is minimal, if 

any.  The area within the City of Simi Valley that is part of the watershed addressed by this 

TMDL continues to have the same consideration.  Therefore, the City of Simi Valley is not 

included as a responsible jurisdiction in this Santa Monica Bay Debris TMDL.  However, if 

there are any changes in land use in the portion of the City within this TMDL, the Los Angeles 
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Regional Board reserves the right to reconsider the City’s responsibility under this TMDL, and 

to impose TMDL requirements on Simi Valley to ensure that water quality is protected. 

 

Load Allocations are assigned to jurisdictions that own and/or manage beaches and 

harbors along Santa Monica Bay, which include California Department of Parks and Recreation, 

County of Los Angeles Department of Beaches and Harbors, Cities of Hermosa Beach, Los 

Angeles, Santa Monica, and Redondo Beach.   

 

The National Park Service, California Department of Parks and Recreation, County of 

Los Angeles, County of Ventura, and State Lands Commission, which have jurisdiction over 

non-beach open space and/or parks are assigned LAs. The LA may be assigned to additional 

responsible jurisdictions and/or agencies in the future under appropriate regulatory programs.  
  

Waste Load Allocations for Plastic Pellets 

 

The WLA for plastic pellets is zero discharge from the premises of industrial facilities 

that import, manufacture, process, transport, store, recycle or otherwise handle plastic pellets. 

The WLA is consistent with Cal. Water Code § 13367 and 40 CFR 122.26(b)(12).   

 

For point sources of plastic pellets, the strategy for attaining water quality standards 

focuses on assigning WLAs to industries engaged in the manufacture, transport or handling of 

plastic pellets.  The WLAs will be implemented through permit requirements.    

 

WLAs for plastic pellets are assigned to permittees of the Industrial Storm Water 

General Permit (Order No. 97-03-DWQ, and NPDES Permit No. CAS 000001) within the Santa 

Monica Bay WMA.  The Standard Industry Classification (SIC) codes associated with industrial 

activities involving plastic pellets may include, but are not limited to, 282X, 305X, 308X, 

39XX, 25XX, 3261, 3357, 373X, and 2893. Additionally, industrial facilities with the term 

“plastic” in the facility or operator name, regardless of the SIC code, may be subject to the 

WLA for plastic pellets.  Other industrial permittees within the Santa Monica Bay WMA that 

fall within the above categories, but are regulated through other general permits and/or 

individual industrial storm water permits are also required to comply with the WLA for plastic 

pellets.   

A. Waste Load Allocations 
 

A.1  Baseline Waste Load Allocation for Trash for MS4 Responsible Jurisdictions 

 

The Baseline Waste Load Allocation for any single permittee is the sum of the products 

of each land use area multiplied by the Waste Load Allocation for the land use area, as shown 

below: 

 

 ( )� •= uselandthisforsallocationuseslandbyareacityeachforWLA  
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Southern California Association of Governments (SCAG) classified twelve types of land 

uses for every city and unincorporated area in the watershed.  The land use categories are: (1) 

high density residential, (2) low density residential, (3) commercial and services, (4) industrial, 

(5) public facilities, (6) educational institutions, (7) military installations, (8) transportation, (9) 

mixed urban, (10) open space and recreation, (11) agriculture, and (12) water.  

 

Data collected during implementation of the Trash Monitoring and Reporting Plan can 

be used to establish specific site trash generation rates for various or all land uses. The land use 

categories relevant to the Santa Monica Bay are: 

 

� High density residential, 

� Low density residential,  

� Commercial, 

� Industrial, 

� Military, 

� Public Facilities, 

� Transportation,  

� Agriculture, 

� Educational institutions, and  

� Open space and recreation. 

 

 Transportation land use under Caltrans’ jurisdiction will be covered under Caltrans’ 

permit.  Caltrans will be required to submit a monitoring plan for that land use, and will be 

assigned a Waste Load Allocation.  Major boulevards that are currently under Caltrans’ 

jurisdiction, but are affected by trash generated on municipal sites will be addressed by the 

cities concerned. 

 

 All different land uses may be assumed to have the same litter generation rate unless 

data is collected separately for specific land uses.     

 

  Responsible jurisdictions may provide acreage of above mentioned land uses within 

their jurisdiction in order to revise their contributions from their assigned Baseline Waste Load 

Allocations.  The Baseline Waste Load Allocations for responsible jurisdictions are presented in 

Table 9.  For responsible jurisdictions that are only partially located in the watershed, the square 

mileage indicated is for the portion in the watershed only.  The values shown are uncompressed 

volume in gallons. A more detailed breakdown along land uses is provided in Appendix II.  

 

A.1.1  Baseline WLAs for Trash for MS4 Responsible Jurisdictions North and West of 

the Malibu Creek Watershed 

 

The Santa Monica Bay Debris TMDL includes some jurisdictions that have been 

identified as responsible jurisdictions under the existing Malibu Creek Trash TMDL.  The 

Malibu Creek Trash TMDL only addresses limited reaches in the Malibu Creek Watershed.  

However, the remaining part of the Malibu Creek Watershed is to be incorporated into this 

TMDL.  To be consistent, responsible jurisdictions in the Malibu Creek Watershed and areas at 

the west end of the Santa Monica Bay Watershed will be assigned the same Waste Load 
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Allocation that was established in the Malibu Creek Trash TMDL.  The Waste Load Allocation 

is 640 gallons of trash per square mile per year.   

 

As discussed in the Problem Statement chapter of this report, the northern portion of the 

Santa Monica Bay Watershed is characteristically different from the southern portion of the 

watershed.  The Malibu Creek Subwatershed and the areas north and west of the Malibu Creek 

Subwatershed are typically not as developed, and have more open space than the areas to the 

south and east.  As the City of Calabasas is located in the Malibu Creek Subwatershed, which is 

in the northern part of the Santa Monica Bay Watershed and is characteristically similar to other 

areas north and west of the Malibu Creek Subwatershed, Regional Board staff concludes that it 

is appropriate for the jurisdictions north and west of the Malibu Creek Subwatershed to have a 

Baseline Waste Load Allocation based on the trash generation rate derived from the City of 

Calabasas study.   

 

A.1.2  Baseline WLAs for Trash for MS4 Responsible Jurisdictions South and East of 

the Malibu Creek Watershed 

 

 The area of the Santa Monica Bay Watershed to the south and east of the Malibu Creek 

Subwatershed is highly developed and urbanized.  In 2003 and 2004, the County of Los 

Angeles documented the trash generation rates in the Ballona Creek Watershed to fulfill the 

requirements of the Ballona Creek Trash TMDL.  The data collected from the Ballona Creek 

Watershed, which was from multiple land uses, is appropriate as the Baseline Waste Load 

Allocation.  The Waste Load Allocation from this study is 807 gallons per square mile per year.  

 

Municipal stormwater permittees may implement their TMRPs to obtain site specific 

trash generation rates during the first two years of the implementation period and, if approved 

by the Regional Board’s Executive Officer, ultimately use these data to define the trash 

Baseline Waste Load Allocations.  The TMRP will derive a representative trash generation rate 

from various land uses of responsible agencies and jurisdictions discharging stormwater to the 

Santa Monica Bay.  This TMRP shall include, but is not limited to, assessment and 

quantification of trash collected from responsible jurisdiction land areas where urban runoff and 

stormwater discharges to the MS4, which leads to the beaches and the Santa Monica Bay.  The 

monitoring plan shall provide details of the frequency, location, and reporting of trash 

monitoring.  Responsible jurisdictions shall propose a metric (e.g., weight, volume, pieces of 

trash) to measure the amount of trash accumulated in the MS4 from the surrounding land areas.  

The derived trash generation rate may be used to refine the Waste Load Allocation when the 

TMDL is reconsidered. 

 

A.2  Baseline Waste Load Allocations for Caltrans Stormwater Permit 

 

During the 1998/1999 and 1999/2000 rain seasons, a Litter Management Pilot Study 

(LMPS) was conducted by Caltrans to evaluate the effectiveness of several litter management 

practices in reducing litter that is discharged from Caltrans storm water conveyance systems.  

The LMPS employed four field study sites; at each site, the amount of trash produced using 
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different BMPs was measured. The average total loads for each site normalized by the total area 

of control catchments is presented in Table 7, adapted from the LMPS report: 
 

Table 7.  Preliminary weight and volume for freeways by Litter Management Pilot Study (LMPS). 

Weight lbs/sq mi/year Volume cu ft/sq mi/year Volume gal/sq mi/year 

7,479.36 892.64 6,677.39 

 

Subsequently, Caltrans launched a Gross Solid Removal Devices (GSRDs) Pilot 

Program to study trash removal efficiencies of various systems installed along freeways in 

2000.  Three preliminary designs for different GSRDs which are the Linear Radial, the Inclined 

Screen, and the Baffle Box were developed.  These GSRDs fulfill the criteria of being certified 

as Full Capture Systems, to be drained within 72 hours, requiring cleanup once a year, and 

needing no maintenance throughout the storm season.   

 

The Linear Radial utilizes a casing with louvers to serve as screens or mesh screen.  

Flows are routed through the louvers and into a vault.  The Inclined Screen uses wedge-wire 

screen with the slotting perpendicular or parallel to the direction of flow.  This device is 

configured with an influent trough to allow solids to settle.  The Baffle Box applies a two-

chamber concept: the first chamber utilizes an underflow weir to trap floatable solids, and the 

second chamber uses a bar rack to capture material.  All of these designs were certified as Full 

Capture Systems by the Executive Officer of the Regional Board on October 7, 2004.  

 

Table 8 below summarizes the annual trash loads normalized with the drainage areas at 

multiple sites for years 2000-2001 and 2001-2002.   
 

 

Table 8.  Average weight and volume for trash for freeways by Caltrans Phase I Gross Solids Removal 
Devices Pilot Study at Year 2000 through 2002. 

Year Weight lbs/sq 

mi/year* 

Volume cu ft/sq 

mi/year 

Volume gal/sq 

mi/year 

2000-2001 157,240 4,184 31,298.41 

2001-2002 146,280 4,760 35,607.18 

Average 151,760 4,472 33,452.8 

*The trash weight was measured after drip drying. 

 

According to the GSRD phase I study, the baseline WLA for Caltrans is 4,472 ft
3
/mi

2
/yr, 

or 33,452.8 gallons/mi
2
/yr.  The GSRD study has more recent data, and is applicable to the 

Santa Monica Bay Watershed based on the land use, population density, and average daily 

traffic conditions.   

 

A.3  Baseline Waste Load Allocation Assignments for Trash 

 

Table 9 shows the Baseline WLAs for all point source dischargers, in gallons per year, 

assuming a trash generation rate of 640 gallons/mi
2
/yr in the Malibu Creek Subwatershed and 

areas north and west of the Malibu Creek Subwatershed, or 806.9 gallons/mi
2
/yr in areas south 

and east of the Malibu Creek Watershed.  If the MS4 Permittees use their respective TMRPs to 

derive site specific trash generation rates, the Baseline WLAs will be calculated by multiplying 

the point source areas by the derived trash generation rates.  The Baseline WLA for Caltrans 
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was based on a trash generation rate of 33,452.8 gallons/mi
2
/yr, as determined by the GSRD 

study. 
 

Table 9.  Baseline Waste Load Allocations for trash, assuming corresponding trash generation rates. 

Responsible Parties 
 

Point Source Area (Mile2) Baseline WLA 
(gals/year) 

County of Los Angeles  

 

6.37 5,137.8 

County of Ventura 1.11 710.1 

Caltrans 1.08 36,129.0 

Cities of: 
Agoura Hills 1.63 1,044.0 

Calabasas 2.59 1656.4 

Thousand Oaks 7.25 4,640.4 

Westlake Village 4.89 3,130.9 

Malibu 9.08 5,809.4 

Culver City 0.06 51.9 

Los Angeles 31.12 25,112.2 

Santa Monica 7.03 5,671.5 

El Segundo 3.39 2,732.2 

Manhattan Beach 3.10 2,501.4 

Hermosa Beach 1.38 1,117.3 

Redondo Beach 3.96 3,196.9 

Torrance 3.08 2,483.6 

Palos Verdes Estates 4.15 3,345.8 

Rancho Palos Verdes 8.99 7,254.3 

Rolling Hills Estates 0.45 364.7 

Rolling Hills 0.64 515.1 

 

   

B. Load Allocations 
 

Load Allocations (LAs) for nonpoint sources follow phased reduction from Baseline 

Load Allocations.  According to the State’s Nonpoint Source Policy, Load Allocations may be 

addressed by the Statewide General Permits, conditional waivers of WDRs, or individual WDRs 

among other implementation mechanisms.   

 

Responsible jurisdictions shall monitor the trash quantity deposited in the vicinities of 

the Santa Monica Bay and its beaches to comply with Baseline Load Allocation.  Data collected 

through the Trash Monitoring and Reporting Plan may define the quantity of trash migrating 

from land to the Bay.   

  

B.1  Load Allocation for Nonpoint Source Areas Excluding Beaches 

 

 The areas adjacent to the Santa Monica Bay, or defined as nonpoint sources, are 

composed of multiple land uses.  There are parking lots, recreational areas, picnic areas, and 

hiking areas in the open space/park areas under the jurisdictions of Los Angeles County, 

Ventura County, National Park Service, California Department of Parks and Recreation, and 

California State Lands Commission.  By applying the similar concept that is applied for the 

Waste Load Allocation calculation, the Load Allocation for any designated nonpoint source area 
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is the sum of the products of each land use subarea multiplied by the Load Allocation for the 

land use subarea, as shown below: 

 

( )� •= uselandthisforsallocationuseslandbysubareasourceNonpeachforLA oint  

 

It may be appropriate to assume the same trash generation rate or allocation for different 

types of land uses. 

 

By applying the study by the City of Calabasas, the trash generation rate from nonpoint 

sources areas for open space and parks areas is 640 gallons per square mile per year.  Table 10 

represents the baseline load allocations for nonpoint source areas of parks and open space in the 

Santa Monica Bay Watershed.  Responsible Jurisdictions may propose and implement the 

Regional Board Executive Officer approved TMRPs to obtain site-specific trash generation 

rates for the first two years of the implementation period. The data collected including, but not 

limited to, the details of the frequency, location, and reporting of trash monitoring, as well as a 

metric (e.g., weight, volume, pieces of trash) to measure the amount of trash in the nonpoint 

source areas of the Santa Monica Bay may be used to refine the trash Baseline Load Allocations 

when the TMDL is reconsidered.  Data collected shall include the trash accumulated on the 

open space and park areas, which could possibly be carried directly to Santa Monica Bay by 

sheetflow, wind or wave action, or human activities.   

 

Table 10.  Baseline Load Allocations for nonpoint source areas of parks and open space (excluding beaches), 
assuming a trash generation rate of 640 (gallons of uncompressed litter). 

Responsible Parties Nonpoint Source Area 
(Mile2) 

Baseline Load Allocation 
(gals/year) 

County of Los Angeles 47.32 30,287.0 

Ventura County 8.53 5,459.1 

National Park Service 11.72 7,498.1 

California Department of  

Parks and Recreation 

19.05 12,190.9 

State Lands Commission 1.37 879.8 

 

B.2  Load Allocations for Beaches 

 

 The load allocation for beaches is zero trash.  Current practices employed by the Los 

Angeles County Department of Beaches and Harbors (LACDBH) and the City of Santa Monica 

include daily cleanup on the beaches in their respective jurisdictions.  Based on the quantity of 

trash collected by LACDBH, the daily cleanup has reduced approximately 8.4 million pounds 

of trash per year from the beaches managed by LACDBH.  Additional cleanup schedules or 

BMPs may be necessary to achieve the load allocation.  As such, responsible jurisdictions for 

beaches will instead be assigned a benchmark.   

 

B.2.1  Benchmark for Beaches 

 

 The 55-miles of beaches along Santa Monica Bay, with parking lots, bike paths, and 

recreational parks, are major nonpoint source areas for trash.  According to Los Angeles County 

Department of Beaches and Harbors staff, current practices include collecting trash and cleaning 
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beaches in their jurisdiction daily in the morning.  These practices involve both heavy 

equipment and manual labor.  In the past 20 years, Los Angeles County Department of Beaches 

and Harbors has collected more than 84,000 tons of debris with the most trash littered after July 

4
th

 weekend in 1992 (101 tons).  Environmental groups host annual Coastal Cleanup Day 

activities, in which volunteers help to collect trash and debris along stretches of selected 

beaches in the Santa Monica Bay.  Although LACDBH cleans the beach daily in the morning, 

visitors continue to litter on the beach throughout the day.  As the Coastal Cleanup Day 

activities were usually conducted after LACDBH’s daily cleanup for the rest of the day, the data 

may represent the trash that is deposited on the beach within a day.  In determining the 

benchmark for beaches in the Santa Monica Bay, Regional Board staff considered the current 

practices of the Los Angeles County Department of Beaches and Harbors, and efforts put forth 

by volunteers and environmental organizations.  As such, the Regional Board has used four 

years of Coastal Cleanup data from 2006-2009 to analyze the trash load to the beach by 

normalizing the pounds of trash collected per miles of beach that were cleaned per day, and 

extrapolating it to the pounds of trash per miles of beach per year (Table 11).  The benchmark 

for beaches based on the Coastal Cleanup data is 113,150 lbs/mi/yr, or 24,941.91 gal/mi/yr.  
 

Table 11.  Average volume of trash collected from Coastal Cleanup Day from year 2006-2009. 

Year Trash 

Collected 

(pounds) 

Length 

of 

Beach 

Cleaned 

(miles) 

Pounds  

Collected/mile 

of Beach/day 

2006 7,428 27 275.11 

2007 16,727 40.75 410.48 

2008 7,102 32.35 219.53 

2009 8,463 25 335.03 

Pounds 

Collected/ 

mile/year 

Gallons 

Collected/ 

mile/year 

Average 310.04 113,150 24,941.91 

 

 

Table 12 summarizes the beaches and the tentative benchmarks for responsible 

jurisdictions, assuming a trash generation rate of 24,941.91 gal/mi/yr for beaches.  The length of 

the beaches is determined based on Geographic Information Systems (GIS) data, and the Load 

Allocation is calculated by multiplying the length of the beach with 24,941.91 gal/mi/yr, or 

113,150 lbs/mi/yr.  In some cases, certain beaches are owned by one entity, and managed by 

another.  Agencies and jurisdictions that own and/or manage the beach are jointly responsible to 

achieve LAs.   
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Table 12.  Benchmarks for beaches, assuming a trash generation rate of 24,941.91 gal/mi/yr. 

Responsible Parties Nonpoint Source Area (Mile2) Baseline Load Allocation 
(gals/year) 

Los Angeles County Department of Beaches and Harbors (joint responsibility is denoted below per 

individual beach, where applicable) 

 Latigo Shores 0.04 997.7 

 Dan Blocker 1.05 26,147.3 

 Malibu  0.87 21,731.0 

 Las Tunas 1.40 34,935.0 

 Topanga 0.96 24,013.0 

 Will Rogers State Beach 

 (Jointly responsible with 

 California Department 

 of Parks and Recreation) 

2.62 65,227.8 

 Venice 

 (Jointly responsible with 

 the City of Los Angeles) 

2.74 68,294.2 

 Marina Beach 0.28 6,978.6 

 Dockweiler State Beach 

 (Jointly responsible with 

 California Department 

 of Parks and Recreation) 

4.46 111,249.1 

 Manhattan Beach 2.04 50,922.8 

 Hermosa Beach 

 (Jointly responsible with 

 the City of Hermosa 

 Beach) 

1.90 47,321.2 

 Redondo Beach 1.57 39,066.4 

 Torrance 0.74 18,526.8 

 Royal Palms Beach 1.09 27,186.7 

 White Point Beach 0.60 14,965.1 

 Point Fermin Park 

 Beach 

0.25 6,235.5 

City of Santa Monica (joint responsibility is denoted below) 

 Santa Monica Beach 

 (Jointly responsible with 

 California Department 

 of Parks and Recreation) 

3.05 76,019.3 

 

VI. Margin of Safety 
 

 A margin of safety (MOS) accounts for uncertainties in the TMDL analysis.  The MOS 

can be expressed as an explicit mass load that is not allocated to responsible parties, or included 

implicitly in the WLAs and LAs that are allocated.  Because this TMDL sets WLAs and LAs as 

zero trash and plastic pellets, staff finds the TMDL includes an implicit MOS and that an 

explicit MOS is not necessary for this TMDL. 
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VII. Critical Conditions 
 

Critical conditions for the Santa Monica Bay Watershed are based on three conditions 

that correlate with loading conditions: 

 

• Major Storm (as proposed by responsible jurisdictions and responsible parties in the 

Trash Monitoring and Reporting Plan and approved by the Executive Officer); 

 

• Wind advisories issued by the National Weather Service or by the California Highway 

Patrol; 

 

• High visitation – On weekends and holidays year-round, and on days with special events 

scheduled at the beach.   

 

 Critical conditions must be considered when developing plans for monitoring, 

assessment and collection for trash and plastic pellet discharges. 
 

VIII. TMDL Implementation and Compliance 
 

This section describes TMDL implementation programs for compliance with the TMDL.  

Compliance with the TMDL is based on the Numeric Target and the Waste Load and Load 

Allocations which are defined as zero trash in and on the shorelines of the Santa Monica Bay, 

and no plastic pellets discharged from plastic manufacturers and facilities.  

 

TMDL compliance is assessed in accordance with Dischargers’ implementation of 

programs for point and nonpoint source trash and plastic pellet abatement, and attainment of the 

progressive trash reductions in accordance with the schedules below (Tables 13 and 14).   

 

 

A. Implementation and Compliance for Trash 
 

Compliance with the Santa Monica Bay Debris TMDL is based on installation of 

structural best management practices such as full capture or partial capture systems, institutional 

controls, or any best management practices, to attain a progressive reduction in the amount of 

trash in the Santa Monica Bay.   

 

For responsible jurisdictions and agencies that are also listed in the Malibu Creek or 

Ballona Creek Trash TMDLs, compliance with the existing Trash TMDLs will constitute 

compliance with the trash related requirements of the Santa Monica Bay Debris TMDL.   

 

Nonpoint source trash dischargers may propose a program for a minimum frequency of 

assessment and collection in conjunction with best management practices (MFAC/BMP 

program).  The MFAC/BMP program is required to attain a progressive reduction in the amount 

of trash collected from the water surface and shorelines through routine trash removal and 
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implementation of BMPs.  Dischargers may implement structural and/or nonstructural BMPs as 

required to attain a progressive reduction in the amount of trash and in the Santa Monica Bay.  

The TMDL Implementation Plan provides separate schedules for responsible jurisdictions to 

achieve zero trash for point sources by implementing full capture systems or other structural 

and/or nonstructural BMPs, and for nonpoint sources by using MFAC/BMP programs.  Key 

provisions of the Implementation Plan include:  

 

• Trash monitoring to provide data to revise Baseline Waste Load and Load 

Allocations, assess the effectiveness of BMPs and trash abatement programs, and 

assess the levels of trash on the Santa Monica Bay shorelines and its source area; 

• TMDL Reconsideration by the Regional Board to revise Baseline Waste Load 

and Load Allocations and the minimum frequency of the MFAC program, if 

warranted. 

 

The TMDL includes monitoring based on a Trash Monitoring and Reporting Plan 

(TMRP) developed by responsible jurisdictions and approved by the Executive Officer of the 

Regional Board.  The minimum requirement for trash monitoring includes the assessment and 

quantification of trash collected from source areas of the Santa Monica Bay.  The monitoring 

plan shall provide details on the frequency, location, and reporting of trash monitoring.  

Responsible jurisdictions shall propose a metric (e.g., weight, volume, pieces of trash) to 

measure the amount of trash in storm drains, and on the surrounding land areas.  Responsible 

jurisdictions may include other metrics to provide data for revision of the Baseline Waste Load 

and Load Allocations, determine effectiveness of BMPs, and assess compliance with the 

TMDL.  Responsible Jurisdictions may coordinate their trash monitoring activities for the Santa 

Monica Bay Watershed.  Monitoring requirements are described in greater detail in Section IX 

and X. 

 

If responsible jurisdictions do not use their TMRP to derive a new trash generation rate 

and accept Baseline Waste Load and Load Allocations, the WLAs and LAs may be based on 

appropriate data, either from the City of Calabasas, or the County of Los Angeles, normalized to 

the subwatershed area.  The City of Calabasas study quantified trash recovered from a 

continuous deflector system.  The County of Los Angeles study quantified trash collected from 

catch basin inserts and Continuous Deflective Separator (CDS) units in the Ballona Creek 

Watershed.  The data that is referenced is based on historical trash generation rates at an 

existing monitoring location most similar to the Santa Monica Bay Watershed, where an amount 

of trash discharged to the Santa Monica Bay is permitted initially under the TMDL schedule.   

 

Site-specific conditions for the Santa Monica Bay Watershed may differ from conditions 

of the Calabasas Study or the Ballona Creek Watershed study.  As a result, responsible 

jurisdictions may use the data from their TMRP in order to derive a site-specific trash 

generation rate and Baseline Waste Load and Load Allocations.  The Baseline Waste Load and 

Load Allocations are used as the basis for the progressive reduction of trash in the storm drains 

and tributaries for both point and nonpoint sources and represent the maximum amount of trash 

that can be discharged in conjunction with partial capture systems, institutional controls, or any 

other BMPs for point sources and the programs for minimum frequency of assessment and 

collection for nonpoint sources.  

 

Implementation of Load and Waste Load Allocations for Trash 
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TMDL implementation may require BMPs to meet the progressive trash schedule. 

BMPs may be implemented through stormwater permits or through a variety of mechanisms 

such as a general WDR, a conditional waiver from waste discharge requirements, an individual 

WDR, prohibitions, among others for nonpoint source dischargers.  Point source dischargers 

will implement BMPs in accordance with Waste Load Allocations incorporated into MS4 

permits. Point sources may implement full capture systems, partial capture systems or any other 

structural or non-structural BMPs (e.g. institutional controls) to achieve Waste Load 

Allocations. 
 

A.1  Point Sources Trash 

 

Discharge of trash from stormdrains and conveyances to the Santa Monica Bay will be 

regulated through the MS4 NPDES Permits for Los Angeles County and for Ventura County, 

and the Caltrans Statewide Stormwater Permit.    

 

There are alternatives for responsible jurisdictions to achieve compliance with waste 

load allocations.  As established in the Los Angeles River Trash TMDL, point source 

dischargers can implement full capture systems to comply with the TMDL.  Point source 

dischargers may also implement other structural and/or non-structural BMPs, sometimes 

referred to as partial capture systems and institutional controls.    

 

A.1.1  Full Capture Treatment Systems  

 

The amount of trash discharged to the Santa Monica Bay by an area serviced by a full-

capture system will be considered to be in compliance with the final Waste Load Allocation for 

the drainage area, provided that the Full Capture Systems are adequately sized, maintained and 

maintenance records are available for inspection by the Regional Board.   

 

A full capture system is any single device or series of devices that traps all particles 

retained by a 5 mm mesh screen and has a design treatment capacity of not less than the peak 

flow rate Q resulting from a one-year, one-hour storm in the subdrainage area.  The Rational 

equation is used to compute the peak flow rate: Q = C × I × A, where Q = design flow rate 

(cubic feet per second, cfs); C = runoff coefficient (dimensionless); I = design rainfall intensity 

(inches per hour). Compliance with the TMDL schedule for full capture systems will be based 

on the percentage of the Santa Monica Bay watershed area that is outfitted with full capture 

systems.  Alternatively, compliance will be based on the percentage of total catch basins 

outfitted with full capture systems.  The TMDL Implementation Plan provides a total of eight 

years to install full capture systems.  Compliance with the final Waste Load Allocation will be 

assumed wherever Full Capture Systems are installed in the storm drains discharging to Santa 

Monica Bay.  The installation of a Full Capture System by a discharger does not establish any 

presumption that the system is adequately sized or maintained, and the Regional Board will 

review sizing and other data in the future to validate that a system satisfies the criteria 

established in this TMDL for a Full Capture System. 

 

A.1.2  Structural and/or Non-structural Best Management Practices (BMPs) 
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Compliance with the final waste load allocations may also be attained by implementing 

other structural and/or non-structural BMPs.  Responsible jurisdictions shall propose structural 

and/or non-structural BMPs which will be identified in the Regional Board Executive Officer 

approved TMRP.  These BMPs should be applied to prevent trash from entering the Santa 

Monica Bay (Figure 7).  For example, street sweeping or partial capture systems installed in the 

catch basins or stormdrains or their combination, can be used to prevent trash from being 

discharged into the Santa Monica Bay at levels that exceed the Baseline Waste Load Allocation.  

Progressive reductions in trash will be achieved over eight years.   

 

Measuring the effectiveness of partial-capture systems and institutional controls is more 

complicated. The discharge resulting from an area addressed by partial capture and/or 

institutional controls will be estimated using a mass balance approach, based on the daily 

generation rate (DGR) for the specific area. [Note: The DGR should not be confused with the 

trash generation rates obtained during baseline monitoring. The baseline monitoring program is 

designed to obtain "typical" trash generation rates for a given land use. Those values are then 

used to calculate a Permittee's baseline load allocation. The DGR is the average amount of 

trash deposited within a specified drainage area over a 24-hour period. The DGR will be used 

in a mass balance equation to estimate the amount of trash discharged during a rain event.]  

 

Annual re-calculation of the DGR will serve as a measure of the effectiveness of source 

reduction measures including public education, enforcement of litter laws, etc. Source 

reduction measures will be accredited based on an annual recalculation of the DGR to allow for 

progressive improvement and/or to account for backsliding. 

 

The DGR will be determined from direct measurement of trash deposited in the drainage 

area during any 30-day period from June 22nd to September 22nd of a given year
2
, and 

recalculated every year thereafter. This three-month period was assumed to be a time 

characterized by high outdoor activity when trash is most likely to be deposited on the ground. 

The recommended method for measuring trash during this time period is to close the catch 

basins in a manner that prevents trash from being swept into the catch basins and then to collect 

trash on the ground via street sweeping, manual pickup, or other comparable means. The DGR 

will be calculated as the total amount of trash collected divided by 30 (the required duration of 

trash collection ). 

 

Accounting of DGR and trash removal via street sweeping, catch basin clean outs, etc. 

will be tracked in a central spreadsheet or database to facilitate the calculation of discharge for 

each rain event. The spreadsheet and/or database will be available to the Regional Board for 

inspection during normal working hours. The database/spreadsheet system will allow for the 

computation of calculated discharges and can be coordinated with enforcement. This database 

will be developed by cities or groups of cities. 

 

The Executive Officer may approve alternative compliance monitoring programs other 

than those described above, upon finding that the program will provide a scientifically-based 

estimate of the amount of trash discharged from the storm drain system. 

 

                                                                                              

 
2
 Provided no special events are schedule that may affect the representative nature of this period. 
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Baseline Waste Load Allocations will apply at the effective date of the Santa Monica 

Bay Debris TMDL.  Alternatively, responsible jurisdictions may propose a TMRP for Regional 

Board Executive Officer approval, which will collect site specific trash generation data to 

establish Baseline Waste Load Allocations.  The first compliance point will be at the end of the 

fourth year with Waste Load Allocations equal to a 20% reduction of the amount of trash from 

the Baseline Waste Load Allocation.  Compliance thereafter will be evaluated at the end of each 

successive storm season with Waste Load allocations equal to successive 20% reductions of the 

Baseline Waste Load Allocation (Table 14).  

 

Responsible jurisdictions will be deemed in compliance with the final Waste Load 

Allocation upon results of the trash monitoring and reporting plan demonstrating that no trash 

greater than 5 mm in size is discharged to the Santa Monica Bay through point sources.  If the 

amount of trash from point sources does not progressively decrease, then responsible 

jurisdictions must implement additional structural and/or non-structural BMPs to ensure 

reductions.  

 

The Regional Board may revise the TMDL schedule and the Executive Officer approved 

TMRP based on the results of the trash monitoring and reporting program. 
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A.2  Nonpoint Source Trash 
 

Two primary federal statutes establish framework in California for addressing nonpoint 

source (NPS) water pollution: Section 319 of the Clean Water Act (CWA) of 1987 and Section 

6217 of the Coastal Zone Act Reauthorization Amendments of 1990 (CZARA).  In accordance 

with these statutes, the state assesses water quality associated with nonpoint source pollution 

(NPS) and develops programs to address NPS.  In 2004, The State Water Resource Control 

Board (SWRCB), in its continuing efforts to control NPS pollution in California, adopted the 

Plan for California’s Nonpoint Source Pollution Control Program (NPS Program Plan).  The 

NPS Program Plan prescribes implementation and monitoring of Best Management Practices to 

address nonpoint source pollution. 

 

LAs shall be implemented consistent with the Statewide Policy for Implementation and 

Enforcement of the Nonpoint Source Pollution Control Program through  a general waiver of 

Full Capture 

Treatment System 

Structural and/or Non-structural BMPs 

Baseline WLAs Effective or propose Trash Monitoring and 

Reporting Plan (TMRP) for Executive Officer approval 

Implement TMRP  

Submit results of TMRP with Baseline WLA recommendation.  Propose Full 

Capture System (FCS) Prioritization or Structural and/or Non-structural 

BMPs 

Regional Board evaluates the effectiveness of FCS or 

BMPs, and consideration of proposed Baseline WLAs 

More BMPs required if no reduction from 

Baseline WLAs 

Figure 7.  Flowchart for Point Source Implementation for Trash. 
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waste discharge requirements (WDR), individual waivers, a general WDR, an individual WDR, 

a memorandum of understanding (MOU), a cleanup and abatement order, or any other 

appropriate order or orders, provided the program is consistent with the assumptions and 

requirements of the reductions described in Table 7-34.3, below. 

 

Nonpoint source dischargers may achieve the LAs by implementing an MFAC/BMP 

program approved by the Executive Officer.  Responsible jurisdictions will be deemed in 

compliance with the LAs if an MFAC/BMP program, approved by the Executive Officer, 

demonstrates that there is no accumulation of trash, as defined in “Numeric Targets”.   The 

MFAC/BMP Program must include an initial minimum frequency of trash assessment and 

collection and suite of structural and/or nonstructural BMPs.  The MFAC/BMP program shall 

include collection and disposal of all trash found in the source areas and along the shoreline.  

Responsible jurisdictions shall implement an initial suite of BMPs based on current trash 

management practices in land areas that are found to be sources of trash to waterbodies within 

the Santa Monica Bay WMA and to Santa Monica Bay.   

 

The report submitted as a result of implementing the Trash Monitoring and Reporting 

Plan by responsible jurisdictions (also see Table 16) will provide data that may be used to 

propose an appropriate Baseline Load Allocation.  Nonpoint source dischargers will be 

considered in compliance of attaining zero trash if trash does not accumulate in a deleterious 

amount on the surface and the shorelines to adversely affect the beneficial uses and cause 

nuisance to the Santa Monica Bay.  

 

Responsible jurisdictions shall propose their initial minimum frequencies for clean up 

events in their respective Trash Monitoring and Reporting Plans, which must be approved by 

the Executive Officer of the Regional Board.  In subsection A.2, below, cleanup frequencies are 

prescribed for open space and parks areas.  In addition, as a general guideline for cleanup 

frequencies of beach and harbor areas, the Regional Board recommends the initial minimum 

frequencies for each responsible jurisdiction. 

 
LAs will be implemented through a regulatory structure that provides for continued 

monitoring and iterative implementation of BMPs to attain zero trash within the TMDL 

Implementation Schedule (Figure 8).  Based on the trash generation rate derived from the 

TMRP during the first two years of implementation, the Regional Board will consider the 

proposal of a site specific Load Allocation for individual waterbodies in the Santa Monica Bay 

Watershed (Table 14).   
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A.2.1 Responsible Jurisdictions for Non-Beach Open Space/Parks in the Santa Monica 

Bay Watershed 

 

For each responsible jurisdiction, the initial minimum frequency shall be set as follows: 

 

County of Los Angeles, County of Ventura, National Park Service, California 

Department of Parks and Recreation, and State Lands Commission are required to identify 

locations where the most trash is littered and accumulated within their jurisdictional areas in the 

proposed TMRP.  These identified locations shall be cleaned with a frequency of no less than 

once per month throughout the year.  The identified locations shall also be cleaned within 72 

hours after critical conditions when safety hazards are removed, and immediately after special 

events held on the grounds of any responsible jurisdiction. 

 

A.2.2  Beaches Along Santa Monica Bay 

 

California Department of Parks and Recreation, Los Angeles County Department of 

Beaches and Harbors and the Cities of Hermosa Beach, Los Angeles, Santa Monica, and 

Baseline LAs effective or propose Trash Monitoring and 

Reporting Plan (TMRP) including the MFAC/BMP program for 

Executive Officer approval 

 

Implement TMRP  

Submit results of TMRP with Baseline LA recommendation  

Regional Board evaluates the effectiveness of MFAC/BMP program 

and consideration of proposed Baseline LAs 

 

Maintain or revise the MFAC/BMP program 

 

More structural and/or non-structural BMPs required if 

Baseline LAs and Progressive Reduction Schedule are not 

attained 

Figure 8.  Implementation Schematic for Nonpoint Sources. 
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Redondo Beach may achieve compliance with the Load Allocations by implementing an 

MFAC/BMP program approved by the Executive Officer.  The MFAC/BMP Program includes 

an initial minimum frequency of trash assessment and collection and suite of structural and/or 

non-structural BMPs.  The MFAC/BMP program shall include collection and disposal of all 

trash found on the shoreline and beach parking lots, or in areas close enough in proximity to the 

Santa Monica Bay such that wind or stormwater runoff may carry the trash into the bay.  

 

For the beaches along the Santa Monica Bay, the Regional Board recommends that the 

Los Angeles County Department of Beaches and Harbors, and City of Santa Monica, together 

with the respective owners of specific beaches, including California Department of Parks and 

Recreation, and the Cities of Hermosa Beach, and Los Angeles: 

1. Remove trash on the shorelines, beach and areas adjacent to Santa Monica Bay 

on a daily basis throughout the entire year. 

2. Clean the shorelines, beach and areas adjacent to Santa Monica Bay immediately 

after critical conditions and after special events held at the beach, when no safety 

hazards are present. 

 

Compliance Assessments 

Assessment will be conducted at accessible areas as defined in the approved Trash 

Monitoring and Reporting Plan.  Collection is defined as picking up 100% of trash and 

depositing it in a trash receptacle for proper disposal.  All trash collected during the 

implementation of the MFAC, including trash from any beach raking and sanitizing operations, 

will be disposed of properly according to existing policies and regulations. 

 

Compliance will be measured by quantifying trash left on the beaches between the high 

water line and the water immediately following the collection event.  Zero trash must be 

demonstrated following collection events in order to be in compliance with the Santa Monica 

Bay Debris TMDL.  Regional Board staff suggests that monitoring, based on the Rapid Trash 

Assessment protocol developed by the Storm Water Ambient Monitoring Program (SWAMP), 

be done once per beach per year during the hot season at a minimum of three locations per 

beach.  Prioritization of the monitoring locations should be made by the responsible jurisdiction 

based on possible “hot spots” where trash may have a tendency to collect. 

 

Afternoon Evaluations 

In addition to compliance monitoring immediately following the collection event, the 

Regional Board recommends that the responsible jurisdictions for beaches also monitor twelve 

beaches per year (at least three locations per beach) at a given time in the afternoon to determine 

whether trash is showing a decreasing trend on the beaches.  The same afternoon evaluation also 

applies to the beach under the management of the City of Santa Monica.  Similar to the 

compliance monitoring following cleanup events, the locations chosen by the responsible 

jurisdiction will be prioritized based on possible “hot spots” where trash tends to collect on the 

beach.  These monitoring events will include the shoreline and parking lots, or areas close 

enough in proximity to the Santa Monica Bay.  If the afternoon monitoring does not show a 

decreasing trend of trash left on the beach, the responsible jurisdiction must implement further 

BMPs in order to remain in compliance with the Santa Monica Bay Debris TMDL.   
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The trash quantity collected from representative beaches in the afternoon is to compare 

with the benchmark established by data from Coastal Cleanup Days.  The temporal data shall 

exhibit a decreasing trend which indicates the effectiveness of implementing structural or non-

structural BMPs.  If a decreasing trend is not observed, the responsible jurisdiction shall 

implement additional BMPs. 

 

A.2.3  Harbors in the Santa Monica Bay 

 

The State Water Resources Control Board is currently developing a statewide Marina 

Permit, which intends to regulate marinas and mooring fields in coastal regions of California 

that contain slips or mooring locations for 10 or more boats.  The tentative requirements may be 

applied to discharges from general marina operations that result in the deposition of debris on 

the ground and light enough to be swept away by flowing storm water and/or air currents into 

marina waters.  The Santa Monica Bay Debris TMDL will be consistent with the final 

requirements of the Statewide Marina Permit.  Responsible jurisdictions shall fulfill the 

requirements set forth in this Santa Monica Bay Debris TMDL and continue to comply with 

both the TMDL and permit requirements once the permit becomes effective. 

 

Los Angeles County Department of Beaches and Harbors and the City of Redondo 

Beach are responsible jurisdictions for harbors in the Santa Monica Bay.  The responsible 

jurisdictions can achieve compliance with the Santa Monica Bay Debris TMDL by 

implementing an MFAC/BMP program that shall include collection and disposal of all trash 

found on harbor property (land) in areas close enough in proximity to the Santa Monica Bay 

such that wind or stormwater sheet flow may carry the trash into the bay, and in the water where 

it is accessible and safe to collect trash. 

 

For harbors in the Santa Monica Bay, the Regional Board recommends that the Los 

Angeles County Department of Beaches and Harbors and the City of Redondo Beach:  

 

1. Remove trash from the land areas of the harbors that are adjacent to the Santa 

Monica Bay on a daily basis throughout the year.  

2. Remove trash on the accessible water areas of the harbors on a weekly basis 

throughout the year.  

3. Clean the land areas of the harbors that are adjacent to the Santa Monica Bay, 

and clean accessible water areas of the harbors immediately after critical 

conditions and after special events held at the harbors, when no safety hazards 

are present. 

 

The TMRP will define accessible areas where the assessment will take place, both on 

the water, and on the land areas of the harbors.  Collection is defined as picking up and properly 

disposing of 100% of the trash. 

 

Los Angeles County Department of Beaches and Harbors and the City of Redondo 

Beach shall also conduct compliance assessment and afternoon evaluations for harbors as 

described in A.2.2. 
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At the end of the implementation period, a revised MFAC/BMP program may be 

required if the Executive Officer determines that the amount of trash accumulating between 

collections is causing nuisance or otherwise adversely affecting beneficial uses.  Specifically, 

the Executive Officer may approve or require a revised assessment and collection frequency and 

definition of the critical conditions: 

(a) To prevent trash from accumulating in deleterious amounts that cause nuisance or 

adversely affect beneficial uses between collections; 

(b) To reflect the results of trash assessment and collection; 

(c) If the amount of trash collected does not show a decreasing trend, where necessary, such 

that a shorter interval between collections is warranted; or 

(d) If the amount of trash collected is decreasing such that a longer interval between 

collections is warranted.   

  

With regard to (a), (b) or (c), above, the Executive Officer is authorized to allow 

responsible jurisdictions to implement additional structural and/or non-structural BMPs in lieu 

of modifying the monitoring frequency.   

 

Alternatively, responsible jurisdictions may propose, or the Regional Board may 

impose, an alternative program, provided the program is consistent with the assumptions and 

requirements of the reductions described in Table 16, below. 

 

B. Implementation and Compliance for Plastic Pellets 
 

As the Debris TMDL is inclusive of plastic pellets, industries that manufacture, store, 

transport, or otherwise handle plastic pellets as raw material must comply with a WLA of zero 

plastic pellets.  The zero WLA for the plastic pellets requires that no plastic pellets are allowed 

to be released, found, or accumulated outside of the premises of the industries or in any 

stormwater capture device that may be connected with the MS4.  Consistent with California 

Water Code § 13367 and 40 CFR 122.26(b)(12).  WLAs for plastic pellets are assigned to 

permittees of the Industrial Storm Water General Permit (Order No. 97-03-DWQ, and NPDES 

Permit No. CAS 000001) within the Santa Monica Bay WMA.  The Standard Industry 

Classification (SIC) codes associated with industrial activities involving plastic pellets may 

include, but are not limited to, 282X, 305X, 308X, 39XX, 25XX, 3261, 3357, 373X, and 2893. 

Additionally, industrial facilities with the term “plastic” in the facility or operator name, 

regardless of the SIC code, may be subject to the WLA for plastic pellets.  Other industrial 

permittees within the Santa Monica Bay WMA that fall within the above categories, but are 

regulated through other general permits and/or individual industrial storm water permits are also 

required to comply with the WLA for plastic pellets.   

 

Industries must comply with the Statewide Industrial Permit or other general or 

individual industrial permits, which require a Stormwater Pollution Prevention Plan (SWPPP) to 

be prepared and kept onsite at all times.  The SWPPP should address the areas where pellets 

tend to spill, as well as an overall plan to keep plastic pellets from being released off of the 

premises.  The SWPPP shall incorporate structural and nonstructural BMPs that are 

implemented to keep pellets on site, including specific practices that are used to clean up 

incidental or large spills.  
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Jurisdictions and agencies identified as responsible jurisdictions for point sources of 

trash in this Santa Monica Bay Debris TMDL and in the existing Malibu Creek and Ballona 

Creek Trash TMDLs shall either prepare a Plastic Pellet Monitoring and Reporting Plan 

(PMRP), or demonstrate that a PMRP is not required under certain circumstances.  The PMRP 

will serve to monitor the amount of plastic pellets being discharged from the MS4, establish 

triggers for a possible need to increase industrial facility inspections and enforcement of  

SWPPP requirements for industrial facilities identified as responsible for the plastic pellet 

WLA, and address possible plastic pellet spills.  In the event of a plastic pellet spill, the 

Regional Board shall be notified by the agency or jurisdiction within 24 hours of the responsible 

agency or jurisdiction becoming aware of the spill.  The PMRP shall include protocols for a 

timely and appropriate response to possible plastic pellets spills within their jurisdictional area, 

and a comprehensive plan to ensure that plastic pellets are contained.   

 

Responsible jurisdictions that have industrial facilities or activities related to the 

manufacturing, handling, or transportation of plastic pellets within their jurisdiction must 

prepare a PMRP.    

 

Responsible jurisdictions that have no industrial facilities or activities related to the 

manufacturing, handling, or transportation of plastic pellets may not be required to conduct 

monitoring at MS4 outfalls, but must have a response plan in place to address plastic pellet 

spills.  If satisfactory documentation is provided that shows there are no industrial facilities or 

activities related to plastic pellets within the jurisdiction, the responsible jurisdiction may be 

excused of the requirement to monitor MS4 outfalls. 

 

Responsible jurisdictions that only have residential areas within their respective 

jurisdictions, and have limited commercial or industrial transportation corridors (including 

railways and roadways), may be exempted from the requirements of preparing a PMRP.  In 

order for a responsible jurisdiction to be exempted from this requirement, sufficient 

documentation including municipal zoning plans must be submitted to the Regional Board and 

approved by the Executive Officer.   

 

If a jurisdiction changes its zoning and land use plans, or issues operating licenses to 

industries that import, manufacture, process, transport, store, recycle, or otherwise handle 

plastic pellets within its jurisdiction, then it must submit a PMRP within 90 days of the above 

actions. 

 

 

The foreseeable methods of compliance with the plastic pellet Waste Load Allocation 

assigned to industrial permittees, include the implementation of best management practices such 

as appropriate containment systems, sealed containers, vacuum devices for cleaning, and 

frequent inspection and cleaning at operational areas and outlets of water discharge, to 

effectively control and prevent discharges of pre-production plastics pellets.  In addition, 

necessary best management practices shall be exercised to eliminate spillage of plastic pellets 

during transportation that could be later mobilized and transported to waters of the State. 

These BMPs are discussed further in Sections F and G, below. 
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The TMDL implementation plan provides a total of five years from the effective date of the 

TMDL for industrial facilities with the given SIC codes or any facilities that handle plastic 

pellets to comply with the final Waste Load Allocation.  The requirements of the California 

Water Code, Chapter 5.2, section 13367 (discussed in section I, D) have been in place for 

almost three years (since January 1, 2008), and given their nature (i.e., installation of 

containment, capture, and cleanup systems), Regional Board staff find that it is appropriate to 

limit the implementation schedule for compliance with the plastic pellet WLA to no more than 

five years from the effective date of the TMDL. 

C. Coordinated Compliance 
 

Responsible jurisdictions for this TMDL include both point source and nonpoint source 

dischargers.  Compliance with the TMDL may be based on a coordinated Monitoring and 

Reporting work plan that outlines TMDL responsibilities for each responsible jurisdiction.  

Dischargers interested in coordinated compliance shall submit a Coordinated Monitoring and 

Reporting Compliance plan that outlines BMPs that will be implemented and the schedule for 

implementing the BMPs and MFAC program.   
 

D. Structural BMPs 
A wide variety of methods that can reduce and eliminate trash impairment in Santa 

Monica Bay are listed below. Structural full capture systems can be put in areas that are 

extensively drained by municipal separate stormwater sewer systems.   

 

D.1  Structural BMPs for Trash 

 

Catch Basins and Catch Basin Inserts 

A catch basin or storm drain inlet is an inlet to the storm drain system that typically 

includes a grate or curb opening where stormwater enters the catch basin and a sump to capture 

sediment, debris and associated pollutants. They are also used in combined sewer watersheds to 

capture floatables and settle some solids. Catch basins act as pretreatment for other treatment 

practices by capturing large particles. The performance of catch basins at removing sediment 

and other pollutants depends on the design of the catch basin, and routine maintenance to retain 

the storage available in the sump to capture sediment.  

Within a catch basin a "catch basin insert," may also be used to filter runoff entering the 

catch basin. There are several types of catch basin inserts. Catch basin and storm drain inserts 

may rely on screens, filters, bags, trays, and diversion chambers to collect and divert trash and 

debris.  

 

Vortex Separation Systems 

Vortex Separation Systems (VSS) units capture almost all trash deposited into a storm 

drain system. A VSS unit diverts the incoming flow of storm water and pollutants into a 

pollutant separation and containment chamber. Solids within the separation chamber are kept in 

continuous motion, and are prevented from blocking the screen so that water can pass through 

the screen and flow downstream. Solid pollutants including trash, debris and coarse sediments 

are retained in a centrally located solids catchment chamber with the heavier solids ultimately 
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settling into the base of the unit or sump. This is a permanent device that can be retrofitted for 

oil separation as well. Outfitting a large drainage with a number of large VSS units may be less 

costly than using a larger number of small VSS units.   

 

Trash Nets 

Trash nets are devices using the natural energy of the flow to trap trash, floatables and 

solids in disposable mesh nets.  Trash nets can be placed in different ways, such as a retrofit on 

the end of an outfall, in line with an outfall pipe (underground), or floating at the end of an 

outfall. 

“Release nets” are a relatively economical way to monitor trash loads from municipal 

drainage systems.  However, in general, they can only be used to monitor or intercept trash at 

the end of a pipe and are considered to be partial capture systems, as the nets are usually sized 

at a 1/2" to 1" mesh.  These nets are attached to the end of pipe systems.  The nets remain in 

place on the end of the drain until water levels upstream of the net rise sufficiently to release a 

catch that holds the net in place.  The water level may rise from either the bag being too full to 

allow sufficient water to pass, or from a disturbance during very high flows.  When the nets 

release they are attached to the side of the pipe by a steel cable and as they are washed 

downstream (a yard or so) are tethered off so that no pollutants from within the bags are 

washed out. 

 

Preliminary observations suggest that the nets rarely fill sufficiently to cause the bags to 

release. And therefore, if they are cleaned after a storm event, the entire quantity of material is 

captured and can be measured for monitoring purposes using two bags per trap.  This makes it 

easy to replace the full or partially full bag with an empty one, so that the first bag can be taken 

to a laboratory for analysis without manual handling of the material it contains.   

 

The nets are valid devices because of the ease of maintenance and also because the 

devices can be relocated after a set period at one location (provided the pipe diameters are the 

same).   

 

Gross Solids Removal Devices 

Several Gross Solids Removal Devices (GSRDs) were developed by the California 

Department of Transportation (Caltrans) to be retrofitted into existing highway drainage 

systems or implemented in future highway drainage systems.  GSRDs are structures that remove 

litter and solids 5 mm (0.25 inch nominal) and larger from the stormwater runoff using various 

screening technologies.  Overflow devices are incorporated, and the usual design of the 

overflow release device is based upon the design storm for the roadway.  Though designed to 

capture litter, the devices can also capture some of the vegetative debris.  

The Caltrans’ GSRD Pilot Program consists of multiple phases with each phase 

representing one pilot study. A pilot study generally consists of one or more devices that are 

developed from concept, advanced through design and installation, and placed in service for 

two years of testing to evaluate overall performance. Three types of GSRDs have been shown 

the most promising: linear radial and two versions using an inclined screen.   
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Harbor Trash Skimmer Units 

 A harbor trash skimmer is a unit that is partially submerged in the water, and anchored 

to a dock.  It uses a motor to displace water, and traps floating trash and debris, as it is sucked 

into the unit.  The unit retains floating trash, and must be emptied.   

 

Marine Trash Skimmer Boats 

  
Marine trash skimmer boats consist of a catamaran type, twin hull vessel on which are 

mounted hydraulically powered and controlled open mesh conveyor systems to move 

materials.  Twin, over-the-rear hydraulically powered propellers are used to clear debris 

without the need to take the vessel out of the water. A front mounted continuous conveyor can 

be lowered into the water and is capable of skimming floating debris off the surface to depths 

of up to 2-1/2 feet below the surface, 16 feet wide.  

Debris coming up the main pickup conveyor dumps into the vessel's storage area which, 

with its sidewalls, can retain and store up to 12,000 pounds or 700 cubic feet of material.  Once 

fully loaded, the vessel heads back to shore, where the operator offloads the material into 

dumpsters or dump trucks for off-site disposal.  

 
D.2  Structural BMPs for Plastic Pellets 

 

Plastic industries can utilize BMPs to ensure the complete containment of plastic pellets 

on site.   

Containment Systems 

Appropriate containment systems can be installed at all onsite storm drain discharge 

locations that are down-gradient of areas where preproduction plastic is present or transferred.  

A containment system can be a device or series of devices that traps all particles retained by a 

one millimeter mesh screen and has a design treatment capacity of not less than the peak 

flowrate resulting from a one-year, one-hour storm in each of the down-gradient drainage areas.   

Capture Devices 

At all points of storage and transfer of preproduction plastic, capture devices can be put 

in place under transfer valves and devices used in loading, unloading, or other transfer of 

preproduction plastic. 

D.2.1  Landscape BMPs 

Catch Basin Inserts 

Most existing curb inlets can be retrofitted with filters to catch debris.  Although many 

catch basin inserts capture particles larger than 5 millimeters, some technologies have been 

developed that will capture everything larger than fine sand.  The screen creates a shearing 

action, and water flows across the surface which has small openings.   The water can penetrate 

through, and the dewatered debris gets filtered out into a debris compartment. 
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Grading/Berms 

Grading floors and parking lots of the facilities, or adding berms can ensure that plastic 

pellets will not be discharged.  These BMPs keep pellets on site by not allowing them to be 

taken by stormwater or wind across a large area, where they can be dispersed and end up in the 

MS4.  Berms and grading can allow the pellets to be directed and stormwater to flow to a 

smaller area, where they can be filtered out by other BMPs.   

Retaining Walls 

Short retaining walls can keep pellets on site.  Similarly to grading and berms, retaining 

walls can enclose a facility and keep a specific area open, where other BMPs can catch and 

filter out plastic pellets.  

 

E. Non-Structural BMPs 
 

A wide variety of methods to address the trash impairment in Santa Monica Bay are 

listed below.  Responsible jurisdictions shall propose the monitoring plan as well as the 

mitigation measures incorporating an individual method or combinations to progressively 

reduce nonpoint source trash.  Non-structural BMPs may provide advantages over structural full 

capture systems in areas that are not extensively drained by municipal separate stormwater 

sewer systems.  Foremost, institutional controls offer other societal benefits associated with 

reducing litter in our city streets, parks and other public areas. The capital investment required 

to implement non-structural BMPs is generally less than that for structural BMPs.   

 

E.1  Non-structural BMPs for Trash 

 

Litter Control 

It is noted that ordinances which prohibit littering are already in place, listed below: 

 

� County of Los Angeles (12.80.440 Littering and other discharge of polluting or damaging 

substances prohibited.) 

 

“No Person shall cause any refuse, rubbish, food waste, garbage, or any other discarded or 

abandoned objects to be littered, thrown, deposited, placed, left, accumulated, maintained or 

kept in or upon any street, alley, sidewalk, storm drain, inlet, catch basin, conduit, drainage 

structure, place of business, or upon any public or private property except when such 

materials are placed in containers, bags, recycling bins, or other lawfully established waste 

disposal facilities protected from stormwater or runoff.” 

 

� City of Ventura (i.e., San Buenaventura), Sec. 8.250.030. Littering; fine; picking up litter 

(Code 1971, § 4362) 

 

“It is unlawful to litter or cause to be littered in or upon any public or private property, or in 

any container, as described in this chapter, of another person without their permission.” 

 

� Ventura County (6923 Litter.) 
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“No Person shall throw, deposit, leave, maintain, keep, or permit to be thrown, deposited, 

kept, or maintained, in or upon any public or private driveway, parking area, street, alley, 

sidewalk, or component of the Storm Drain System or any Watercourse, any refuse, rubbish, 

garbage, litter, or other discarded or abandoned objects, articles, accumulations, and/or 

Pollutants so that the same may cause or contribute to pollution. Any Owner or Occupant of 

the property or responsible person who fails to remove pollutants within a reasonable time, 

as determined by the Director, may be charged with a violation of this Chapter.” 

 

 

� California Vehicle Code 

 
Throwing Substances on Highways or Adjoining Areas 

23111. No person in any vehicle and no pedestrian shall throw or discharge from or upon 

any road or highway or adjoining area, public or private, any lighted or nonlighted cigarette, 

cigar, match, or any flaming or glowing substance. This section shall be known as the Paul 

Buzzo Act. (Amended Ch. 1548, Stats. 1970. Effective November 23, 1970) 

  

Throwing, Depositing, or Dumping Matter on Highway 

23112. (a) No person shall throw or deposit, nor shall the registered owner or the driver, if 

such owner is not then present in the vehicle, aid or abet in the throwing or depositing upon 

any highway any bottle, can, garbage, glass, nail, offal, paper, wire, any substance likely to 

injure or damage traffic using the highway, or any noisome, nauseous, or offensive matter of 

any kind.  

(b) No person shall place, deposit or dump, or cause to be placed, deposited or dumped, 

any rocks, refuse, garbage, or dirt in or upon any highway, including any portion of the 

right-of-way thereof, without the consent of the state or local agency having jurisdiction 

over the highway. (Amended Ch. 74, Stats. 1980. Effective January 1, 1981)  

 

� Fish and Game Code (Division 6, Part 1, Chapter 2, Article 1)  

 
5650.  …It is unlawful to deposit in, permit to pass into, or place where it can pass into the 

waters of this state any of the following: 

(1) Any petroleum, acid, coal or oil tar, lampblack, aniline, asphalt, bitumen, or residuary 

product of petroleum, or carbonaceous material or substance. 

(2) Any refuse, liquid or solid, from any refinery, gas house, tannery, distillery, chemical 

works, mill, or factory of any kind. 

   (3) Any sawdust, shavings, slabs, or edgings. 

   (4) Any factory refuse, lime, or slag. 

   (5) Any cocculus indicus. 

   (6) Any substance or material deleterious to fish, plant life, or bird life. 

 

5652.  It is unlawful to deposit, permit to pass into, or place where it can pass into the waters 

of the state, or to abandon, dispose of, or throw away, within 150 feet of the high-water 

mark of the waters of the state, any cans, bottles, garbage, motor vehicle or parts thereof, 

rubbish, or the viscera or carcass of any dead mammal, or the carcass of any dead bird. 

 

Boating Laws 
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� International Treaty to Prevent Pollution from Ships (MARPOL Annex V) 

All ships of 400 gross tonnage and above and every ship certified to carry 15 persons or 

more will have to carry a Garbage Management Plan, to include written procedures for 

collecting, storing, processing and disposing of garbage, including the use of equipment on 

board. The Garbage Management Plan should designate the person responsible for carrying 

out the plan and should be in the working language of the crew. 

 

Every ship of 12 metres or more in length must also display placards notifying passengers 

and crew of the disposal requirements of the regulation; the placards should be in the 

official language of the ship's flag State and also in English or French for ships travelling to 

other States' ports or offshore terminals.  

 

� 1899 Rivers and Harbors Act/Federal Refuse Act (1899 33 U.S.C. §407) 

Prohibits discharging or depositing any refuse matter of any kind into United States waters.  

Refuse includes: garbage, trash, oil and other liquid pollutants. 

 

� Marine Plastic Pollution Research and Control Act  

 
33 CFR 151.57.  Requires all oceangoing vessels 40 feet or more in length used in 

commerce or equipped with a galley and berthing to have a written waste management plan.  

The Master or person in charge of the vessel is responsible for ensuring that a written waste 

management plan is on board, and that each person handling garbage follows that plan.  The 

plan must describe the vessel’s procedures for collecting, processing, storing and 

discharging garbage, and designate the person who is in charge of carrying out the plan.  

Garbage (including food wastes) may not be thrown overboard on inland waters or in the 

ocean within three miles of land.  Plastic may not be thrown overboard anywhere. 

 
33 CFR 151.59. Requires all vessels, 26 feet or longer to display, in a prominent place 

where the crew and the passengers can read it, an informational placard that notifies the 

reader of the following: 

(1) The discharge of plastic or garbage mixed with plastic into any waters is prohibited. 

(2) The discharge of all garbage is prohibited in the navigable waters of the United States 

and, in all other waters, within three nautical miles of the nearest land. 

(3) The discharge of dunnage, lining, and packing materials that float is prohibited within 25 

nautical miles of the nearest land. 

  

� California Health and Safety Code Section 117475-117500 (Pollution of navigable waters) 

117480.  Every person who places, deposits, or dumps any garbage in or upon the navigable 

waters of this state, or who places, deposits, or loads it upon any vessel, with intent that it 

shall be dumped or deposited in or upon the navigable waters of this state, or at any point in 

the ocean within twenty miles of any point on the coast line of the state, is guilty of a 

misdemeanor. 

 

� California Health and Safety Code Section 117550-117560 (Prohibited Waste Disposal) 
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117555.  A person who places, deposits, or dumps, or who causes to be placed, deposited, or 

dumped, or who causes or allows to overflow, sewage, sludge, cesspool or septic tank 

effluent, accumulation of human excreta, or solid waste, in or upon a street, alley, public 

highway, or road in common use or upon a public park or other public property other than 

property designated or set aside for that purpose by the governing board or body having 

charge of the property, or upon private property without the owner's consent, is guilty of a 

misdemeanor. 

 

Trash Receptacles 

Most trash disposed of on the ground may result from the lack of trash receptacles.  

Installing trash receptacles can reduce nonpoint source trash loadings.  The receptacles shall be 

visible and conveniently reachable for all park users. During the picnic seasons, sufficient trash 

and hot coal receptacles in the picnic area should be provided.  Receptacles shall be equipped 

with lids to prevent wildlife from digging through trash or the wind from re-mobilizing the trash 

inside.   Receptacles may be decorated but shall not cause visual intrusion to the background 

environment. 

  

Varieties of land uses determine the proper locations and necessary density of the trash 

receptacles.  More receptacles are needed along trails, near park entrances and exits, adjacent to 

picnic areas or areas with higher activity frequencies.  Sanitation should be maintained to avoid 

nuisances. 

 

Smoking Bans 

 
� Santa Monica Municipal Code (Article 4, Chapter 4.44, Regulation of Smoking) 

 

“It is unlawful to smoke in the following places:…Any public beach; anywhere on the Santa 

Monica Pier; except in designated areas;…” 

 

“Disposal of Smoking Waste.  No person shall dispose of any cigarette, cigar or tobacco, or 

any part of a cigarette or cigar, in any place where smoking is prohibited under this Chapter, 

except in a designated waste disposal container.” 

 

� City of Malibu Municipal Code (12.08.035  Smoking prohibited on beaches.) 

(Ord. 265 § 1, 2004) 

 

“Notwithstanding the provisions of Section 12.08.020(A), it is unlawful to smoke on any 

public beach or any area of the Malibu Pier not designated for smoking within the city of 

Malibu. For the purpose of this section, "smoking" means inhaling, exhaling, burning, or 

carrying any lighted cigarette, cigar or pipe. For the purpose of this section, beach shall not 

include parking lots or roadways.” 

 

Plastic Bag Bans 

  

� City of Malibu Municipal Code (9.28.020  Plastic shopping bags prohibited.) 

(Ord. 323 § 1 (part), 2008) 
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“A. No affected retail establishment, restaurant, vendor or nonprofit vendor shall provide 

plastic bags or compostable plastic bags to customers. 

B.   Nothing in this section shall be read to preclude affected retail establishments, vendors 

and nonprofit vendors from making recyclable paper bags available to customers. 

C.   No person shall distribute plastic bags or compostable plastic bags at any city facility or 

any event held on city property. 

D.   This chapter shall apply only to plastic bags or compostable plastic bags provided at the 

point of sale for the purpose of carrying away goods. This chapter shall not apply to single-

use plastic produce bags distributed in a grocery store exclusively for the purpose of 

transporting produce to the point of sale.” 

 

Polystyrene Bans 

 
� City of Malibu Municipal Code (9.24.020  Food packaging prohibitions.) 

(Ord. 286 § 1 (part), 2005) 

 

“A.   No restaurant, food packager, retail food vendor, vendor or nonprofit food provider 

shall provide prepared food to its customers in any food packaging that utilizes expanded 

polystyrene. 

B.   The city of Malibu shall prohibit the use of expanded polystyrene food packaging at all 

city facilities. The city of Malibu shall not purchase or acquire expanded polystyrene food 

packaging. 

C.   The use or distribution of expanded polystyrene food packaging at special events 

sponsored or co-sponsored by the city of Malibu shall be prohibited. This prohibition shall 

apply to the event organizers, agents of the event organizers, event food vendors and any 

other party (including nonprofit organizations) who enter into an agreement with one or 

more of the co-sponsors of the event to sell prepared food at the event or otherwise provide 

an event-related service. 

D.   All facility rental agreements for any city-owned property or facility shall include a 

provision requiring contracting parties to assume responsibility for preventing the utilization 

and/or distribution of expanded polystyrene food packaging at the associated function. The 

facility rental agreement shall indicate that the violating contractor's security deposit will be 

forfeited if the parks and recreation director, or his or her designee, determines that 

expanded polystyrene food packaging was utilized in violation of the rental agreement.” 

 
Enforcement of Litter Laws 

The existing litter laws shall be posted in the prominent location for visitors or resident 

to understand the regulations.  It is to be noted that ordinances that prohibit litter are already in 

place in most cities because cities recognize that trash has become a pollutant in the storm drain 

system when exposed to storm water or any runoff, and prohibit the disposal of trash on public 

land.   

 

Patrolling or designated personnel shall have authorities to illustrate, execute, and 

enforce the litter laws.  The effectiveness of enforcement should be monitored. 

 

Garbage Collection 

 Increasing the frequency of garbage collection may keep trash cans and receptacles from 

overflowing.  An overflowing trash may cause the lid to be propped open, or may prevent a lid 
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from being used to cover the trash can.  This can lead to trash being blown away, or wildlife 

taking trash out of the receptacles.  An increase in the frequency of collection would help to 

ensure that trash was not accessible to wind or wildlife. 

 

Street Sweeping 
Street sweeping is one of most effective methods to keep debris, vegetation wastes, and 

trash away from catch basins.  Although the correlation between street sweeping frequency and 

amount of trash collected in the waterbody has not been confirmed in the Santa Monica Bay 

Watershed area, it is convincing that more street sweeping will prevent more trash from being 

flushed by stormwater to the catch basins, and from being discharged to the waterbodies of 

concern.   

 

Most municipalities have been undergoing or have had contracts with Los Angeles 

County and Ventura County for street sweeping programs. In the counties’ unincorporated 

areas, street sweeping frequency may be increased to reduce trash loading.   

   

Public Education 

Public education refers to posting information, giving a presentation, or conducting 

direct or indirect communication with individuals.  This outreach should be applied to public 

entities such as city halls, schools, community centers, senior centers, and to private 

meeting/activity locations. 

 

The educational materials should include the relevant ordinances, the importance of 

protecting the environment, possible environmental and biological impacts from pollution, and 

the necessary response if pollution occurs.   

 

Community Involvement 

Involving communities may be more effective in promoting the importance of protecting 

water quality and the environment.  The bonding between residents in the community makes the 

community more influential in educating residents about right concepts.  Communities can 

organize activities to illustrate that environmental protection involves every individual’s 

continuous efforts. 

 

Beach Cleanups/Coastal Cleanup Day 

 Organizations such as Heal the Bay host voluntary beach cleanups throughout the year.  

The cleanups are hands-on opportunities for volunteers to take ownership and directly improve 

the condition of Santa Monica Bay beaches.   

 

Recycling Program 

A recycling program shall be developed to minimize trash sources in the vicinity of the 

Santa Monica Bay.   

  

Reporting System 

Patrol personnel, park and beach users, or residents should report accumulation of trash 

or illegal disposal of trash to the waterbodies and their adjacent areas.  Information with a toll-

free number and communication devise shall be conveniently available near the waterbodies for 

timely reporting.  Responsible jurisdictions, after receiving reports, should conduct inspections 

to formulate proper cleanup actions. 
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Stenciling 

Stencils are to remind the residents and park users of the importance of maintaining 

water quality and of the existing ordinances.  Signs should be placed in prominent locations 

where most people will view them, and should contain appropriate symbols as well as clear 

written messages, and cite the appropriate federal, state and county codes including the largest 

possible penalty amount for violation of codes. 

  

Consideration of Picnic Area Relocation 

Trash found in the waterbodies may be the result of stormwater flushing or wind re-

mobilizing trash originally disposed of around picnic areas.  If stormwater or wind is the 

dominant factor causing trash impairment, and trash is constantly found near picnic areas, it 

may be a solution to reconsider the proper location of picnic area.   

 

The further the picnic area away from waterbodies, the longer time or more mobilization 

energy it needs from stormwater or wind to carry trash to waterbodies of concerns.  Trash may 

be cleaned before reaching waterbodies.  A proper monitoring period to analyze the cause of 

trash is necessary prior to considering this option.    

 

Imposition of Trash Tax 

Trash often discovered on source areas in the Santa Monica Bay Watershed is paper or 

plastic food or beverage containers, plastic bottles, paper plates, aluminum cans, or plastic bags.  

This trash shares the same characteristics as packaging utilized in the fast food stores.  The 

evidence of trash causing the Santa Monica Bay trash impairment may be used to justify an 

increase in the retail price of disposable food or beverage packaging to compensate for the 

potential environmental impacts.  The additional tax income can contribute to preventive or 

cleanup actions for the Santa Monica Bay.   

The City of Oakland enacted the first tax on fast food restaurants and convenience stores 

in the nation.  They are using the money they raise from the litter tax to hire crews to clean up 

litter. 

 

Cooperation of Potential Sources of Trash 

Stores carrying goods considered potential sources of trash to the waterbody or its 

adjacent areas can advise their patrons to handle the packaging, residuals or any trash parts in an 

environmentally friendly manner.  Similar to the stencils, signs with clear language containing 

ordinances, and a penalty of violation should be posted near the cashier, exit and parking lot. 

 

Surveillance Camera 

Surveillance cameras can be installed to monitor the water quality and any illegal 

disposal which may require immediate cleanup.  They can also be used to enforce the littering 

laws if necessary.  

 

Programs of Adopting Waterbodies, Parks, etc. 

This concept is adapted from the “adopt a highway” program.  The participation from 

industries in the Santa Monica Bay Watershed will help the responsible jurisdictions to maintain 

the cleanliness of the environment, and increase the cleaning frequency.  Industries or any 

entities that contribute resources, time, or efforts to keep the environment clean may be 

encouraged by being acknowledged publicly or financially. 
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E.2  Non-structural BMPs for Plastic Pellets 
 

� Zero Pellet Loss Programs 

Operation Clean Sweep is a program developed by the Society of the Plastics 

Industry and the American Plastics Council.  The program focuses on zero pellet loss, and 

involves BMP training and education for industries.  Issues that may be addressed in these 

programs include: 

 

Education and Training in the Workplace 

Plastic industries can hold training for new employees and refresher courses for 

existing employees every year, which address specific non-structural BMPs that should 

be applied in the workplace.  At the end of the training, employees could sign 

agreements that ensure that they will carry out these BMPs on a daily basis. 

 

Sweeping, Vacuuming 

Industries should have the proper equipment present and in working order so that 

employees can clean large or incidental plastic pellet spills as they occur.  For example, 

brooms, dust pans, and vacuums with the proper attachments should be available and 

utilized immediately after each transfer of pellets or anytime there are pellets released 

onto the premises.   

 

 Bins and Trays to Catch Pellets 

Placing bins or trays underneath transfer points while transferring pellets can 

ensure that no loose pellets fall onto the ground.  Plastic pellets that are spilled will be 

caught in the bins or on the trays. 

 

 Sealing and Double Bagging Pellets 

Keeping plastic pellets double bagged and sealed during transport or when stored 

will keep pellets from being unnecessarily spilled.  In addition, at all points of 

preproduction plastic storage and transfer, measures can be taken to prevent discharge 

by making sure that sealed containers or bags are durable enough so as not to rupture 

under typical loading and unloading activities.   

 

 Sealing Transport Cars/Carriers 

When plastic pellets are being transported, completely sealing railroad cars and 

trucks will keep pellets from escaping.   

   

F. Implementation Schedule 
 

The TMDL Implementation Schedule is designed to provide responsible jurisdictions 

flexibility to implement structural and non-structural BMPs to address trash and plastic pellets 

in the source areas of the Santa Monica Bay Watershed.  Implementation consists of 

implementing a suite of the aforementioned BMPs and development of monitoring plans by 

responsible jurisdictions and implementation of the Executive Officer approved Trash 

Monitoring and Reporting Plan. 
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Table 13. Implementation Schedule for Point Sources for Trash 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Submit Trash 
Monitoring and 
Reporting Plan (TMRP), 
including a plan for 
defining the trash 
baseline WLA, a 
proposed definition of 
“major rain event,” and 
either a Plastic Pellet 
Monitoring and 
Reporting Plan (PMRP) 
for monitoring plastic 
pellet discharges from 
the MS4, increased 
industrial facility 
inspections and 
enforcement, and 
response to possible 
plastic pellet spills, or a 
demonstration that a 
PMRP is not required3.  

California Department of 
Transportation, Los Angeles 
County Flood Control District, 
Los Angeles County, Ventura 
County Watershed Protection 
District, County of Ventura, 
and Cities of Agoura Hills, 
Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los 
Angeles, Malibu, Manhattan 
Beach, Palos Verdes Estates, 
Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, 
Thousand Oaks, Torrance, and 
Westlake Village. 
For PMRP ONLY4 
The Cities of Beverly Hills, 
Inglewood, West Hollywood, 
and Hidden Hills. 

6 months from 
effective date of 
TMDL.  If a plan is 
not approved by 
the Executive 
Officer within 9 
months, the 
Executive Officer 
will establish 
appropriate 
monitoring plans. 

2 Implement TMRP and 
PMRP. 

California Department of 
Transportation, Los Angeles 
County Flood Control District, 
Los Angeles County, Ventura 
County Watershed Protection 
District, County of Ventura, 
and Cities of Agoura Hills, 
Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los 
Angeles, Malibu, Manhattan 
Beach, Palos Verdes Estates, 
Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, 
Thousand Oaks, Torrance, and 
Westlake Village. 
For PMRP ONLY4 
The Cities of Beverly Hills, 
Inglewood, West Hollywood, 
and Hidden Hills. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

3 Submit results of 
implementing TMRP and 

California Department of 
Transportation, Los Angeles 

Twenty (20) 
months from 

                                                                                              

 
3
 The responsible jurisdictions and agencies shall provide documentation as specified in Table 7-34.1. 

4
 The monitoring and reporting requirements under the Ballona Creek Trash TMDL and Malibu Creek Trash 

TMDL for areas within those subwatersheds fulfill the requirement herein to prepare and implement a TMRP.  

Therefore, only a PMRP is required from these jurisdictions. 
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PMRP, recommend trash 
baseline WLA, and 
propose prioritization of 
Full Capture System 
installation or 
implementation of other 
measures to attain the 
required trash and 
plastic pellet reduction.   

County Flood Control District, 
Los Angeles County, Ventura 
County Watershed Protection 
District, County of Ventura, 
and Cities of Agoura Hills, 
Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los 
Angeles, Malibu, Manhattan 
Beach, Palos Verdes Estates, 
Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, 
Thousand Oaks, Torrance, and 
Westlake Village. 
For PMRP ONLY4 
The Cities of Beverly Hills, 
Inglewood, West Hollywood, 
and Hidden Hills. 

receipt of letter of 
approval for the 
Trash Monitoring 
and Reporting 
Plan and PMRP 
from Regional 
Board Executive 
Officer, and 
annually 
thereafter. 

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% reduction 
of trash from Baseline 
WLA5.  

California Department of 
Transportation, Los Angeles 
County, County of Ventura, 
and Cities of Agoura Hills, 
Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los 
Angeles, Malibu, Manhattan 
Beach, Palos Verdes Estates, 
Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, 
Thousand Oaks, Torrance, and 
Westlake Village.6 

Four years from 
effective date of 
TMDL. 

                                                                                              

 
5
 Compliance with percent reductions from the Baseline WLA will be assumed wherever properly-sized full 

capture systems are installed and properly operated and maintained in corresponding percentages of the 

conveyance discharging to waterbodies within the Santa Monica Bay Watershed or directly to Santa Monica Bay. 
6
 Each responsible jurisdiction and agency, identified above, shall comply with the interim or final Waste Load 

Allocations for trash assigned to it and, therefore, should utilize all compliance strategies within its authority to 

achieve these allocations. 

 

Flood control districts, such as the Los Angeles County Flood Control District or Ventura County Watershed 

Protection District, may be held responsible with a jurisdiction and/or agency for non-compliance where the flood 

control district has either: 

 

(i) without good cause denied entitlements or other necessary authority to a responsible jurisdiction or 

agency for the timely installation and/or maintenance of full and/or partial capture trash control 

devices for purposes of TMDL compliance in parts of the MS4 physical infrastructure that are under 

its authority, or  

(ii) not fulfilled its obligations regarding proper BMP installation, operation and maintenance for 

purposes of TMDL compliance within the MS4 physical infrastructure under its authority, 

 

thereby causing or contributing to a responsible jurisdiction and/or agency to be out of compliance with its interim 

or final Waste Load Allocations. 
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5 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 40% reduction 
of trash from Baseline 
WLA5.  

California Department of 
Transportation, Los Angeles 
County, County of Ventura, 
and Cities of Agoura Hills, 
Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los 
Angeles, Malibu, Manhattan 
Beach, Palos Verdes Estates, 
Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, 
Thousand Oaks, Torrance, and 
Westlake Village.6 

Five years from 
effective date of 
TMDL. 

6 Compliance with 
General or Individual 
Industrial NPDES 
permit requirements to 
achieve the plastic pellet 
WLA. 

Permittees of the Industrial 
Storm Water General Permit 
(NPDES Permit No. CAS 
000001), other general permits, 
or individual industrial storm 
water permits for industrial 
activities with SIC codes that 
may include, but are not 
limited to, 282X, 305X, 308X, 
39XX, 25XX, 3261, 3357, 
373X, 2893, or with the term 
“plastic” in the facility or 
operator name, regardless of 
SIC code.   

Five years from 
the effective date 
of TMDL. 

7 1. Evaluate 
the effectiveness of Full 
Capture Systems or 
other measures to 
achieve trash WLA,  
2. Evaluate BMPs 
implemented at 
industrial facilities for 
effectiveness in 
achieving plastic pellet 
WLA,  
3. Reconsider the trash 
and plastic pellet WLAs, 
if warranted, and  
4. Consider extension of 
final compliance 
deadline for 
municipalities if local 
ordinances banning the 

Regional Board. Five years from 
effective date of 
TMDL. 

                                                                                                                                                                                                                                                                                                           

 
Under these circumstances, the flood control district’s responsibility shall be limited to non-compliance related to 

the drainage area(s) within the jurisdiction where the flood control district has authority over the relevant portions 

of the MS4 physical infrastructure.  
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use of the most 
commonly found types 
of trash are adopted and 
in effect within five (5) 
years from adoption of 
this TMDL. 

8 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 60% reduction 
of trash from Baseline 
WLA5.  

California Department of 
Transportation, Los Angeles 
County, County of Ventura, 
and Cities of Agoura Hills, 
Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los 
Angeles, Malibu, Manhattan 
Beach, Palos Verdes Estates, 
Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, 
Thousand Oaks, Torrance, and 
Westlake Village.6 

Six years from 
effective date of 
TMDL. 

9 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 80% reduction 
of trash from Baseline 
WLA5.  

California Department of 
Transportation, Los Angeles 
County, County of Ventura, 
and Cities of Agoura Hills, 
Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los 
Angeles, Malibu, Manhattan 
Beach, Palos Verdes Estates, 
Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, 
Thousand Oaks, Torrance, and 
Westlake Village.6 

Seven years from 
effective date of 
TMDL. 

10 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 100% reduction 
of trash from Baseline 
WLA5.  

California Department of 
Transportation, Los Angeles 
County, County of Ventura, 
and Cities of Agoura Hills, 
Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los 
Angeles, Malibu, Manhattan 
Beach, Palos Verdes Estates, 
Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, 
Thousand Oaks, Torrance, and 
Westlake Village.6 

Eight years from 
effective date of 
TMDL. 
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Minimum Frequency of Assessment and Collection Program7 - Trash from Nonpoint 
Sources 
Task 
No. 

Task Responsible Jurisdiction Date 

1 Submit a TMRP including 
an MFAC/BMP Program.   

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Six months from 
TMDL effective 
date. If a plan is 
not approved by 
the Executive 
Officer within 9 
months, the 
Executive Officer 
will establish an 
appropriate 
monitoring plan. 

2 Implement the TMRP and 
the MFAC/BMP Program. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

3 Achieve LA immediately 
after each collection and 
assessment event. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

4 Submit annual TMRP 
reports including 
proposal for revising 
MFAC/BMP for Executive 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 

Twenty (20) 
months from 
receipt of letter of 
approval for the 

                                                                                              

 
7
 Based on annual reports, the Executive Officer may adjust the minimum frequency of assessment and collection 

as necessary to ensure compliance between the required trash assessment and collection events. 
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Task 
No. 

Task Responsible Jurisdiction Date 

Officer approval. Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Trash Monitoring 
and Reporting Plan 
from Regional 
Board Executive 
Officer, and 
annually 
thereafter. 

5 Demonstrate full 
compliance by achieving 
LA between required 
trash collection and 
assessment events. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Five years from 
effective date of 
TMDL. 

6 
 

Reconsider the TMDL 
based on evaluation of 
effectiveness of 
MFAC/BMP program, if 
warranted, and consider 
extending final 
compliance deadline for 
municipalities if local 
ordinances banning the 
use of the most 
commonly found types of 
trash are adopted and in 
effect within five (5) years 
from adoption of this 
TMDL. 

Regional Board. Five years from 
effective date of 
TMDL. 
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G. Reasonably Foreseeable Environmental Impacts from TMDL 
Implementation 

 

An accompanying CEQA Substitute Environmental Document (SED) analyzes the 

potential negative environmental impacts of compliance with the Debris TMDL based on the 

implementation strategies discussed above. According to municipalities implementing previous 

Trash TMDL requirements by installing structural full capture systems, it was found the most 

significant environmental impacts result from construction activities associated with installation 

and maintenance activities.  The primary construction impacts are caused by concrete and 

electrical work, and in some areas, earth work associated with structural improvements.  The 

environmental impacts are resulting from maintaining, removing and disposing trash from 

structural treatment systems. Both construction and environmental impacts may be mitigated by 

available technologies.   

 

Regarding cumulative impacts, it is noted that both the construction and maintenance 

activities are in small, discrete, discontinuous areas over a short duration.  Consequently, 

cumulative impacts are not significantly exacerbated from the sum of individual project 

impacts.  Project level environmental analysis for implementation of structural methods will 

likely be conducted by municipalities and responsible jurisdictions under notices of exemption.  

Categorical exemptions will be based on the nature of the projects including: 

 

-Minor alteration of existing public structures involving negligible expansion of an 

existing facility. 

-Modifications of existing storm drain system and addition of environmental protection 

devices in existing structures with negligible or no expansion of use. 

-Modifications to sewers constructed to alleviate a high potential or existing public 

health hazard.   

 

The analysis concludes that the implementation of this TMDL will result in water 

quality improvement in Santa Monica Bay, but may be associated with temporary or permanent 

localized adverse impacts to the environment. While specific projects employed to implement 

the TMDL may have significant impacts, these impacts may be limited, short-term or mitigated 

through effective design and scheduling. Under circumstances that none of the alternatives or 

mitigation measures is available to mitigate the environmental impact caused by 

implementation of this Debris TMDL, implementing this Debris TMDL would outweigh the 

unavoidable adverse environmental effects because the minimum foreseeable environmental 

impacts shall be addressed by project level planning, construction, and operation methods as 

described in the CEQA SED.   
 

IX. Monitoring 
 

Assessment and monitoring of trash and plastic pellets are key components of the 

TMDL.  The goal of trash and plastic pellet monitoring is to collect representative data across 

the watershed that can be used to refine Baseline Load and Waste Load Allocations, effectively 

site and design BMPs, including full capture systems, partial capture systems, or any other 

structural or non-structural BMPs, and determine compliance with Waste Load and Load 
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Allocations. Monitoring activities and results, including implementation and effectiveness of 

BMPs, will be reported to the Regional Board on an annual basis, as described in the 

Implementation schedule. Responsible jurisdictions will be required to propose and implement 

a Trash Monitoring and Reporting Plan approved by the Executive Officer.  

 

A. Trash Monitoring 
 

The Trash Monitoring and Reporting Plan will describe the methodologies that will be 

used to assess and monitor trash in the source areas within and, if applicable, in the vicinity of 

the Santa Monica Bay.  Regional Board staff finds that monitoring protocols prescribed by the 

SWAMP Rapid Trash Assessment protocol are appropriate for this TMDL.  Elements of the 

Trash Monitoring and Reporting Plan are described below. 

 

• Monitoring Plan. Responsible jurisdictions shall submit a Trash Monitoring and 

Reporting Plan with the proposed monitoring sites.  The TMRP must include, for 

each proposed monitoring location, maps of the drainage area and storm drains and 

locations where most trash accumulates on the beaches, in the harbors, and in the 

vicinity of the bay (for nonpoint sources).  The TMRP will be submitted to the 

Regional Board according the TMDL Implementation Schedule.  The Regional 

Board's Executive Officer will have full authority to review the monitoring plans, to 

revise the plans, to select among the alternate monitoring sites, and to approve or 

disapprove the plans.   

 

• Jurisdiction. Allocations will be implemented through stormwater permits, 

prohibitions, or by Conditional Waivers.  For this reason, each responsible 

jurisdiction must provide the Regional Board a list of entities, if any, located within 

their geographical boundary that are outside of their jurisdiction, including state or 

federal lands and facilities.  

 

• Data Collection. Baseline data must be collected during the first two years of 

implementation. Because the amount of trash deposited into the Santa Monica Bay 

through storm drains or from nonpoint sources may depend on rainfall patterns and 

winds, monitoring will include dates in both the rainy season and the dry season.  

The rainy season is defined as the period from October 15 to April 15.   

 

• Unit of Measure. Data will be reported in a single unit of measure that is 

reproducible and measures the amount of trash, irrespective of water content (e.g., 

compacted volume based on a standardized compaction rate, dry weight, etc.).  The 

responsible jurisdictions may select the unit.  The unit of measure used during 

baseline monitoring also will be used during implementation for determining 

compliance with Waste Load Allocations and Load Allocations.   

 

• Vegetation.  The responsible jurisdictions may exclude vegetation from their 

reported discharge except where there is evidence that the vegetation is the result of 

the illegal discharge of yard waste.  However, all monitoring data must be reported 

uniformly (either with or without vegetation).  If the responsible jurisdictions 

include vegetation in the discharges reported during baseline monitoring, they will 
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be obligated to include natural vegetation in their reports of discharge during 

implementation.  

 

• Disposal of Collected Trash.  Trash captured during the monitoring plan must be 

disposed of in accordance with all applicable laws and regulations.  

 

• Location.  Trash monitoring in the source areas and on the shores of the Santa 

Monica Bay shall focus on visible trash at representative and critical locations and 

hot spots determined by the responsible jurisdictions and approved by the Executive 

Officer in the Trash Monitoring and Reporting Plan.  Locations for trash assessment 

shall include, but not be limited to, (1) locations where trash enters the Santa 

Monica Bay and beaches along the Santa Monica Bay and accumulates in the 

harbors and shorelines, and (2) areas of recreational access and wildlife habitat.  

Trash assessment on the water and shorelines shall include the type of trash and 

amount of trash according to a metric proposed and approved in the Monitoring and 

Reporting Plan.   

 

• Representative Data.  In order to provide representative data to be used in deriving 

the baseline Waste Load Allocation and baseline Load Allocation, the minimum 

requirements for the Trash Monitoring and Reporting Plan include: 

 

• The plan shall provide representative data across the subwatershed. 

• The plan shall provide data in units that are easily reproducible and 

comparable with data to be collected during the implementation phase. 

• The baseline Waste Load Allocation and baseline Load Allocation may 

be revised based on data generated from the plan. 
 

• Land Use Areas.  Dischargers may propose trash monitoring according to Land Use 

Areas in the Santa Monica Bay Watershed.  Monitoring data can be used to 

establish specific trash generation rates per land use for siting and design of BMPs.   

 

In addition to the general monitoring requirements, two TMDL monitoring strategies are 

outlined below for the proposed point and nonpoint compliance options. 

 

1. Monitoring of Point Source Trash Discharges 

 

Monitoring of full capture devices and other structural and/or non-structural BMPs for 

point sources focuses on the description and quantification of trash collected by the proposed 

devices and BMPs, and an assessment of their effectiveness in reducing trash.  The Monitoring 

and Reporting Plan will describe how trash collected from full capture devices and other 

structural and/or non-structural BMPs will be quantified and how trash reductions in the Santa 

Monica Bay and on the beaches and shorelines will be assessed.   

 

2. Monitoring of Nonpoint Source Trash Discharges 

 

Responsible jurisdictions must identify monitoring locations that are considered “hot 

spots” within the vicinities surrounding the Santa Monica Bay.  The TMRP should describe 

how proposed monitoring locations will demonstrate that all visible trash on the beaches and 
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open spaces within the Santa Monica Bay Watershed can be assessed and collected. 

Responsible jurisdictions must collect 100% of the trash accumulated between MFAC events.  

The MFAC depends on the composition of land uses along the waterbodies.  The detailed 

MFAC for each specific nonpoint source area is provided in Section VIII.A.2.   

 

The County of Los Angeles, County of Ventura, National Park Service, California 

Department of Parks and Recreation, and State Lands Commission will monitor open space 

areas in their respective jurisdictions.   California Department of Parks and Recreation, Los 

Angeles County Department of Beaches and Harbors and the Cities of Hermosa Beach, Los 

Angeles, Santa Monica, and Redondo Beach will monitor the beaches in their jurisdictions 

along the Santa Monica Bay. Los Angeles County Department of Beaches and Harbors and the 

City of Redondo Beach will monitor harbors within their jurisdiction in the Santa Monica Bay.   

 

The reports submitted for Regional Board review must contain information, including 

but not limited to, dates of inspection, descriptions of trash type, estimates of trash quantity if 

weighting is not available, and immediate action of trash removal.  At least one photo at each 

designated observation location per assessment and collection event, and as needed, must be 

taken and attached to the report to support the observation. 

 

B. Plastic Pellet Monitoring 
 

MS4 permittees identified as responsible jurisdictions for point sources of trash in the 

Santa Monica Bay Debris TMDL and in the existing Malibu Creek and Ballona Creek Trash 

TMDLs shall either prepare a Plastic Pellet Monitoring and Reporting Plan (PMRP), or 

demonstrate that a PMRP is not required, under certain circumstances listed in Section VIII, B 

(Implementation and Compliance for Plastic Pellets).  The PMRP will be used to monitor the 

amount of plastic pellets being discharged from the MS4 at critical locations and times, 

establish triggers for the possible need for increased industrial facility inspections and 

enforcement of  SWPPP requirements for industrial facilities identified as responsible for the 

plastic pellet WLA, and address possible plastic pellet spills.  The PMRP shall include protocols 

for a timely and appropriate response to possible plastic pellets spills within a Permittee’s 

jurisdictional area, and a comprehensive plan to ensure that plastic pellets are contained.   

 

• Monitoring Plan. Responsible jurisdictions shall submit a Plastic Pellet Monitoring 

and Reporting Plan that will address monitoring of plastic pellets at all outfalls in 

the MS4 under their respective jurisdictions.  The PMRP shall also include 

protocols for a timely and appropriate response to possible plastic pellets spills 

within a Permittee’s jurisdictional area, and a comprehensive plan to ensure that 

plastic pellets are contained.  The PMRP will be submitted to the Regional Board 

according to the TMDL Implementation Schedule.  The Regional Board's Executive 

Officer will have full authority to review, revise, approve, or disapprove the 

monitoring plans.   

 

• Data Collection. Because the amount of plastic pellets deposited into the Santa 

Monica Bay through storm drains may depend on rainfall patterns, monitoring will 

include events at a minimum of once in the rainy season and once in the dry season 

every year.  The rainy season is defined as the period from October 15 to April 15.   
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• Unit of Measure. The amount of plastic pellets discharged at storm drain outfalls 

shall be reported in a single unit of measure.  The responsible jurisdictions may 

select the unit.  The unit of measure will be used to establish triggers for the 

possible need for increased industrial facility inspections and enforcement of  

SWPPP requirements for industrial facilities identified as responsible for the plastic 

pellet WLA.   

 

• Disposal of Collected Plastic Pellets.  Plastic pellets captured during the monitoring 

plan must be disposed of in accordance with all applicable laws and regulations.  

 

• Location.  Plastic pellets will be monitored at the selected outfalls of storm drains 

within the Santa Monica Bay watershed, where industrial permittees are located. 

 

X. Cost Considerations 
 

Porter-Cologne Section 13241(d) requires staff to consider costs associated with the 

establishment of water quality objectives.  The TMDL does not establish water quality 

objectives, but is merely a plan for achieving existing water quality objectives.  Therefore cost 

considerations required in Section 13241 are not required for this TMDL.  

 

The purpose of this cost analysis is to provide the Regional Board with information 

concerning the potential cost of implementing this TMDL and to addresses concerns about costs 

that have been raised by responsible jurisdictions.  This section takes into account a reasonable 

range of economic factors in fulfillment of the applicable provisions of the California 

Environmental Quality Act (Public Resources Code Section 21159.) 

 

An evaluation of the costs of implementing this Debris TMDL amounts to evaluating the 

costs of preventing trash and pellets from being deposited to and accumulating in the Santa 

Monica Bay.  This brief report gives a summary overview of the costs associated with the most 

likely ways the responsible jurisdictions will achieve the required reduction in discharges via 

the storm drain system and reduction in accumulation resulting from the potential nonpoint 

source areas.  Such an analysis would be incomplete if it failed to consider the existing cost that 

presently is transferred to "innocent" downstream communities; there is an unquantified cost to 

aquatic life within the Santa Monica Bay caused by the existing debris impairments. 

 

Cost of Implementing Trash TMDL 
 

The reference provided by Los Angeles County indicated that it costs more than 4 

million dollars to clean trash from 31-miles of beach annually.  The city of Long Beach, at the 

mouth of the Los Angeles River, also spends almost $1 million annually to clean up storm 

debris accumulated in the Long Beach Harbor.  These expenses should be taken into 

consideration when calculating the potential cost of implementing the Debris TMDL. 

 

The cost of implementing this TMDL will range widely, depending on the method that 

the responsible jurisdictions select to meet the Waste Load and Load Allocations.  
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Alternatives for implementing the Debris TMDL include enforcement of existing litter 

ordinances to achieve the final Waste Load and Load Allocations at minimal cost and 

installation and maintenance of full capture systems on all MS4 catch basins that discharge to 

the Santa Monica Bay.   

 

The following discussion consists of general cost analyses for retrofitting all the catch 

basins in the urbanized portion of the watershed with structural full capture methods and for 

implementing an MFAC/BMP program. The costs are not additive and should be considered 

separately depending on the implementation strategy chosen.  

 

1. Catch Basin Inserts 

 

At a cost of approximately $200 - 800 per insert, catch basin inserts are the least 

expensive structural treatment device in the short term.  At the lesser cost estimate of $200 per 

catch basin insert, it is assumed that responsible jurisdictions would be fully implementing 

institutional controls.  It is assumed that all catch basins will be monitored frequently and used 

in conjunction with street sweeping.   

 

The 2006 Compliance Report prepared by the County of Los Angeles for the Ballona 

Creek and Wetland Trash TMDL provides the number of catch basins per high, medium, and 

low trash generation areas for both the Los Angeles River Watershed and the Ballona Creek 

Watershed.      

  

As discussed earlier, the areas to the south and east of the Malibu Creek Subwatershed 

have a high trash generation rate.  Therefore, these areas are similar to the high and medium 

trash generation areas of the Los Angeles River and Ballona Creek Watersheds.  The catch 

basin density for the areas to the south and east of the Malibu Creek Subwatershed was 

calculated by taking the average of the catch basin densities in high and medium trash 

generation areas in both the Los Angeles River and Ballona Creek Watersheds.  Likewise, the 

catch basin density in the Malibu Creek Subwatershed and the areas to the north and west of the 

Malibu Creek Subwatershed was calculated using the average of the catch basin densities in 

medium and low trash generation areas for the Los Angeles River and Ballona Creek 

Watersheds.   

 

It was calculated that there are approximately 286 catch basins per square mile in the 

areas to the south and east of the Malibu Creek Subwatershed, and 170 catch basins per square 

mile in the Malibu Creek Subwatershed and the areas to the north and west of the Malibu Creek 

Subwatershed.   Since responsible jurisdictions have existing schedules to maintain catch basins 

as required by MS4 permits, each catch basin may need an additional budget of $100 per year in 

response to the requirement of this TMDL.  The cost of installing catch basin inserts ranges 

from $200 per catch basin to $800.  WLAs require the compliance to be achieved in 8 years, 

with 5 years for retrofitting catch basins.  Table 15 presents the costs of installing catch basin 

inserts.   
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Table 14.  Cost range for retrofitting catch basin inserts at a cost of $200-$800 per insert.  (Dollars in 
thousands) 

Number of years 

in the program 

1 2 3 4 5 6 7 8 

Operations and 

Maintenance 

(yearly, 

cumulative) 

$550 $1,099 

 

$1,649 $2,198 $2,748 $2,748 $2,748 $2,748 

Capital Cost 

(yearly) 

$1,099 - 

$4,397 

$1,099 - 

$4,397 

$1,099 - 

$4,397 

$1,099 - 

$4,397 

$1,099 - 

$4,397 

   

Annual Costs per 

year (Capital + 

Operation and 

Maintenance) 

$1,649 - 

$4,946 

 

$2,198 - 

$5,496 

$2,748 - 

$6,046 

$3,298 - 

$6,595 

$3,847 - 

$7,145 

$2,748  $2,748 $2,748 

 

 

2. Full Capture Vortex Separation Systems (VSS) 

 

The cost of installing a VSS is higher than a catch basin insert, so the number of units 

which can be installed during any single fiscal year may be limited by funding.  

 

The point source area in this TMDL is approximately 68,539 acres.  Table 16 provides 

capacities and the associated costs of various sizes of VSS units.  Staff assumes the cost of 

yearly servicing of a VSS unit to be $2000. 
 

Table 15.  Costs associated with utilizing vortex separation systems (VSS). 

Capacity Acres 

Treated 

(average) 

Unit Capital Cost Number of devices 

needed on urban portion 

of watershed 

Capital costs Yearly costs for 

servicing all devices 

1 to 2 cfs 5 $12,800 13,707 $175,424,000 $164,460,000 

19 to 24 cfs 100 $90,000 685 $61,650,000 $8,220,000 

 

 

 Tables 17 and 18 compare the estimated costs of retrofitting the point source areas with 

low capacity VSS (1 to 2 cfs) and large capacity VSS (19 to 24 cfs), given that the VSS units 

will be installed within the first five years after the effective date of this TMDL. 

 

Table 16.  Costs associated with low capacity vortex gross pollutant separation systems. (Dollars in 
thousands) 

Number of years in the 

program 

1 2 3 4 5 6 7 8 

Units Installed 2,741 2,741 2,741 2,741 2,741    

Operations and 

Maintenance (yearly, 

cumulative) 

$5,482 $10,964 

 

$16,446 $21,928 $27,410 $27,410 $27,410 $27,410 

Capital Cost (yearly) $35,085 $35,085 $35,085 $35,085 $35,085    

Annual Costs per year 
(Capital + Operation and 

Maintenance) 

$40,567 $46,049 $51,531 $57,013 $62,495 $27,410 $27,410 $27,410 
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Table 17.  Costs associated with large capacity vortex gross pollutant separation systems. (Dollars in 
thousands) 

Number of years in the 

program 

1 2 3 4 5 6 7 8 

Units Installed 137 137 137 137 137    

Operations and 

Maintenance (yearly, 

cumulative) 

$274 $548 $822 $1,096 $1,370 $1,370 $1,370 $1,370 

Capital Cost (yearly) $12,330 $12,330 $12,330 $12,330 $12,330    

Annual Costs per year 
(Capital + Operation and 

Maintenance) 

$12,604 $12,878 $13,152 $13,426 $13,700 $13,700 $13,700 $13,700 

 

 

Outfitting a large drainage area with a small number of large VSS systems may be less 

costly than using a larger number of small VSS systems.  Maintenance costs decrease 

dramatically as the size of the system increases.  Topographical and geotechnical 

considerations also should come into play when choosing VSS systems or other structural 

systems or devices.   

 

3. End of Pipe Nets 

 

Because end of pipe nets require attachment to the end of a pipe, the number of locations 

within a drainage system that can be treated are limited.  In addition, these nets cannot be 

installed on very large channels (7 feet in diameter is the maximum).  Thus, the costs shown in 

Table 19 are given per pipe, and no drainage coverage is given. 
 

Table 18.  Sample Costs for End of Pipe Nets. 

Pipe Size Release nets 

(cost estimates) 

End of 3 ft pipe $10,000 

End of 4 ft pipe $15,000 

End of 5 ft pipe $20,000 

In 3 ft pipe network $40,000 

In 4 ft pipe network $60,000 

In 5 ft pipe network $80,000 

 

Actual costs for implementation of structural BMPs can be optimized through consideration of 

site specific considerations when selecting the appropriate equipment and methods.  Capital 

costs can also be off set through grants and loans from state and federal agencies, as available.   

 

 4.  Cost Consideration – Plastic Pellet Monitoring 

 

 In order to comply with the Santa Monica Bay Debris TMDL, MS4 Permittees must 

implement a Regional Board Executive Officer approved Plastic Pellet Monitoring and 
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Reporting Plan.  This section approximates the cost of monitoring at the 40 storm drain outfalls 

along the Santa Monica Bay beaches.   

 

 Responsible jurisdictions may monitor each of the 40 storm drain outfalls twice per year 

(one dry event, and one wet event per year).    Assuming that each event takes one staff person 

four hours to conduct at a burdened hourly rate of $37.50 per hour, the total cost of 

implementing the PMRP is $12,000 per year (Table 20). 

 

Table 19.  Estimation of costs associated with implementing the plastic pellet monitoring and reporting plan. 

Monitoring Events  
per Year 

Hours per Event Rate Total Cost per Year 

80 4 $37.50 $12,000 

 

5. Cost Consideration – Minimum Frequency Trash Assessment and Collection  

 

This section provides an estimate of costs to comply with the Minimum Frequency of 

Assessment and Collection program for nonpoint source responsible jurisdictions.  The cost 

estimate is based on the minimum frequency of assessment, collection (including cleanup after 

critical conditions) and evaluation monitoring recommended in section VIII.A.2.   

 

It is assumed that the personnel for trash assessment and collection will be employed by 

one of the agencies that provide services to the nonpoint source area of the Santa Monica Bay 

Watershed.  As such, equipment and vehicles are available and costs for these items are 

assumed to be included in the estimate below.  It is also assumed that a single person can 

conduct the complete critical conditions clean up in eight hours per event, and the morning trash 

assessment and afternoon evaluation in two hours per event.   

 

An estimation of the total number of hours per year to implement critical conditions 

cleanup events is provided in Table 21.  Critical conditions take into account the 27 weekends 

between April 15 and October 15, plus four major storms.  These 31 critical conditions can be 

directly applied to the City of Santa Monica.  For LACDBH, this number is multiplied by the 14 

beaches along the Santa Monica Bay that fall within their jurisdiction.  In addition, since 

LACDBH also manages Marina del Rey Harbor, the 31 critical conditions is multiplied by the 

eight basins in the harbor.  Similarly, since the City of Redondo Beach manages King Harbor, 

the 31 critical conditions are multiplied by five areas in the harbor.  For the five other open 

space nonpoint sources, the critical conditions only take into account the four major storm 

events. 

 

Table 20. Estimation of Critical Condition hours for Implementing Minimum Frequency of Assessment and 
Collection Program 

 
Jurisdiction 

 

Critical 
Conditions 
(per year) 

Hours 
per 

Event 

Total 
Hours 

Beaches 
Los Angeles County Department of Beaches and 

Harbors (jointly with other agencies and jurisdictions 

for specific beaches, as defined in Section V, Table 

12)  

434 8 3,472 
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City of Santa Monica (jointly with other agencies and 

jurisdictions for specific beaches, as defined in 

Section V, Table 12) 

31 8 248 

Harbors 

Los Angeles County Department of Beaches and 

Harbors  

248 8 1,984 

City of Redondo Beach 155 8 1,240 

Open Space/Parks 
County of Los Angeles, County of Ventura, National 

Park Service, California Department of Parks and 

Recreation, State Lands Commission  

20 8 160 

 

 

Currently, LACDBH and the City of Santa Monica conduct daily cleanup events along 

the beaches of the Santa Monica Bay.  As a result, the cost for these jurisdictions to comply 

with the MFAC program will not include the current practices of daily cleanup, and will only 

include the additional costs of trash compliance assessment and afternoon evaluation.  The 

estimated hours needed to conduct assessment, collection, and evaluation events that are 

required through this TMDL are summarized in Table 22, below.  For beaches managed by 

LACDBH, the number of MFAC events per year were calculated by adding the 14 compliance 

assessments per year to the twelve afternoon evaluations per year, and multiplying this by the 

three locations per beach that will be assessed/evaluated at each event.  For the harbors 

managed by LACDBH and the City of Redondo Beach, the MFAC events were calculated by 

adding the four morning assessments per year to the two afternoon evaluations per year, and 

multiplying this by the 39 locations within the harbors (13 basins/areas x 3 locations).   
 

Table 21.  Estimation of Assessment, Collection, and Evaluation hours for implementing MFAC program 

Jurisdiction MFAC Description MFAC 
(per year) 

Hours 
per 

Event 

Total 
Hours 

Beaches 
County of Los Angeles Department 

of Beaches and Harbors 

1.  Assessment once per year per beach (at three 

sites per beach) in the morning, immediately 

following cleanup event.  

 

2.  Evaluation once per year at 12 beaches (at 

three sites per beach) at a given time in the 

afternoon. 

78 2 156 

City of Santa Monica 1.  Assessment four times per year at Santa 

Monica Beach (at 3 sites) in the morning. 

 

2.  Evaluation four times per year at Santa 

Monica Beach (at 3 sites) in the afternoon. 

24 2 48 

Harbors 
Los Angeles County Department of 

Beaches and Harbors and City of 

Redondo Beach 

1.  Assessment four times per year at harbors (at 

3 sites) in the morning 

 

2.  Evaluation two times per year at harbors (at 3 

sites) in the afternoon. 

234 2 468 

Open Space/Parks 
County of Los Angeles, County of 

Ventura, National Park Service, 

California Department of Parks and 

Recreation, State Lands 

Commission 

1.   Assessment once per month immediately 

following cleanup event. 

60 2 120 
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The costs per year to implement the Santa Monica Bay Debris TMDL are summarized in 

Table 23.  Assuming a burdened hourly rate of $37.50 per hour, the estimated annual costs to 

conduct the Minimum Frequency of Assessment and Collection program is approximately 

$296,100 for the Santa Monica Bay Watershed. 

Table 22.  Costs per year from implementing MFAC Program 

Jurisdiction Critical 
Condition 
Hours/yr 

Assessment 
and 

Collection 
Hours/yr 

Total 
Hours/yr 

Rate Total 
Cost/yr 

Los Angeles County 

Department of Beaches and 

Harbors 

5,456 444 5,900 $37.50 $221,250 

City of Santa Monica 248 48 296 $37.50 $11,100 
City of Redondo Beach 1,240 180 1,420 $37.50 $53,250 
County of Los Angeles, County of 

Ventura, National Park Service, 

California Department of Parks and 

Recreation, State Lands 

Commission 

160 120 280 $37.50 $10,500 

Total     $296,100 

 

6. Cost Comparison 

 
A comparison of costs between strategies based on catch basin inserts (CBIs), low 

capacity VSS, high capacity VSS, and enforcement of litter laws is presented in Table 24.  This 

comparison was completed previously for a trash TMDL in the Los Angeles River watershed.  

Staff assumes the relative magnitude of the costs for the different options is applicable for the 

Santa Monica Bay Debris TMDL, with an additional cost resulting from the minimum 

frequency of trash assessment and collection program.  
 

Table 23.  Cost Comparison (amounts in millions) 

 CBI only Low capacity  

VSS Units 

Large capacity  

VSS Units 

Plastic Pellet 

Monitoring  

Minimum Frequency Trash 

Assessment and Collection 

Enforcement of 

Litter Laws

Cumulative capital 

costs over 8 years 

 

$5.5 – $22.0 $175.4 $61.7 $0 $0 

Cumulative 

maintenance and 

capital costs after 8 

years 

$22.0 – 38.5 $339.9 $69.9 .012 $0.30 

Annual servicing costs 

after full 

implementation 

$2.7 $27.4 $1.37 .012 $0.30 

                                                                                              

 
8
 Revenues from fines assessed to offset increased law enforcement cost.  The cost of a database system used to 

calculate trash discharges estimated to be less than $250,000. 
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Trash abatement in the Santa Monica Bay Watershed will differ depending on the options selected by the 

responsible jurisdictions. 
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Appendix I Land Use Classification 

 

The land use classification was developed by Aerial Information Systems as a modified Anderson Land Use 

Classification and originally included 104 categories.  The land use coverages were donated for GIS library 

use by Southern California Association of Governments (SCAG), and show land use for 2005.  The 

coverages were map-joined into a single coverage by Teale Data Center.  The Regional Board layers were 

aggregated from the TDC coverage into the land uses shown above. 

 

Critical land uses were mapped regardless of resolution limits.  Critical land use units below 1 acre in size 

were mapped as 1-acre units. 

 

Land Uses Description and subcategories of Each Land Use 

High Density 

Residential 

High density single family residential and all multi family residential, mobile homes, 

trailer parks and rural residential high density. 

Low Density 

Residential 

Under 2 units per acre. 

Public Facilities government centers, police and sheriff stations, fire stations, medical health care 

facilities, religious facilities large enough to be distinguished on an aerial photograph, 

libraries, museums, community centers, public auditoriums, observatories, live indoor 

and outdoor theaters, convention centers which were built prior to 1990, communication 

facilities, and utility facilities (electrical, solid waste, liquid waste, water storage and 

water transfer, natural gas and petroleum) 

Education Preschools and daycare centers, elementary schools, high schools, colleges and 

universities, and trade schools, including police academies and fire fighting training 

schools. 

Transportation Airports, railroads, freeways and major roads (that meet the minimum mapping 

resolution of 2.5 acres), park and ride lots, bus terminals and yards, truck terminals, 

harbor facilities, mixed transportation and mixed transportation and utility. 

Mixed Urban Mixed commercial, industrial and/or residential, and areas under construction or vacant 

in 1990. 

Open Space and 

Recreation 

Golf courses, local and regional parks and recreation, cemeteries, wildlife preserves and 

sanctuaries, botanical gardens, beach parks. 

Agriculture Orchards and vineyards, nurseries, animal intensive operations, horse ranches. 

Water Open water bodies, open reservoirs larger than 5 acres, golf course ponds, lakes, 

estuaries, channels, detention ponds, percolation basins, flood control and debris dams. 
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Appendix III Definitions 
 

The definitions of terms as used in this TMDL are provided as follows: 
 

Beneficial Uses.  Beneficial Uses form the cornerstone of water quality protection under the Basin Plan.  Once 

beneficial uses are designated, appropriate water quality objectives can be established and programs that maintain or 

enhance water quality can be implemented to ensure the protection of beneficial uses.  The designated beneficial uses, 

together with water quality objectives (referred to as criteria in federal regulations) form water quality standards.  

Such standards are mandated for all waterbodies within the state under the California Water Code.  In addition, the 

federal Clean Water Act mandates standards for all surface waters, including wetlands.  Beneficial uses for 

waterbodies in the Malibu Creek Watershed are listed and defined below: 

 

Municipal and Domestic Supply (MUN) 
Uses of water for community, military, or individual water supply systems including, but not limited to, 

drinking water supply. 

 

Industrial Service Supply (IND) 
Uses of water for industrial activities that do not depend primarily on water quality including, but not limited 

to, mining, cooling water supply, hydraulic conveyance, grabel washing, fire protection, or oil well re-

pressurization. 

 

Ground Water Recharge (GWR) 
Uses of water for natural or artificial recharge of ground water for purposes of future extraction, maintenance 

of water quality, or halting of saltwater intrusion into freshwater aquifers. 

 
Navigation (NAV) 
Uses of water for shipping, travel, or other transportation by private, military, or commercial vessels. 

 

Water Contact Recreation (REC-1) 
Uses of water for recreational activities involving body contact with water, where ingestion of water is 

reasonably possible. These uses include, but are not limited to, swimming, wading, water-skiing, skin and 

scuba diving, surfing, white water activities, fishing, or use of natural hot springs. 

 

Non-contact Water Recreation (REC-2) 
Uses of water for recreational activities involving proximity to water, but not normally involving body 

contact with water, where ingestion of water is reasonably possible. These uses include, but are not limited 

to, picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life study, hunting, 

sightseeing, or aesthetic enjoyment in conjunction with the above activities. 

 

Commercial and Sport Fishing (COMM) 
Uses of water for commercial or recreational collection of fish, shellfish, or other organisms including, but 

not limited to, uses involving organisms intended for human consumption or bait purposes. 

 

Warm Freshwater Habitat (WARM) 
Uses of water that support warm water ecosystems including, but not limited to, preservation or enhancement 

of aquatic habitats, vegetation, fish, or wildlife, including invertebrates. 

 

Cold Freshwater Habitat (COLD) 
 

Estuarine Habitat (EST) 
Uses of water that support estuarine ecosystems including, but not limited to, preservation or enhancement of 

estuarine habitats, vegetation, fish, shellfish, or wildlife (e.g., estuarine mammals, waterfowl, shorebirds). 
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Marine Habitat (MAR) 
Uses of water that support marine ecosystems including, but not limited to, preservation or enhancement of 

marine habitats, vegetation such as kelp, fish, shellfish, or wildlife (e.g., marine mammals, shorebirds). 

 

Preservation of Biological Habitats (BIOL) 
Uses of water that support designated areas or habitats, such as Areas of Special Biological Significance 

(ASBS), established refuges, parks, sanctuaries, ecological reserves, or other areas where the preservation or 

enhancement of natural resources requires special protection.   

 
Migration of Aquatic Organisms (MIGR)  
Uses of water that support habitats necessary for migration, acclimatization between fresh and salt water, or 

other temporary activities by aquatic organisms, such as anadromous fish.  

 

Wildlife Habitat (WILD) 
Uses of water that support terrestrial ecosystems including, but not limited to, preservation and enhancement 

of terrestrial habitats, vegetation, wildlife (e.g., mammals, birds, reptiles, amphibians, invertebrates), or 

wildlife water and food sources. 

 

Rare, Threatened, or Endangered Species (RARE) 
Uses of water that support habitats necessary, at least in part, for the survival and successful maintenance of 

plant or animal species established under state or federal law as rare, threatened, or endangered. 

 

Spawning, Reproduction, and/or Early Development (SPWN) 
Uses of water that support high quality aquatic habitats suitable for reproduction and early development of 

fish. 

 

Shellfish Harvesting (SHELL) 
Uses of water that support habitats suitable for the collection of filter-feeding shellfish (e.g., clams, oysters, 

and mussels) for human consumption, commercial, or sports purposes. 

 

Wetland Habitat (WET) 
Uses of water that support wetland ecosystems, including, but not limited to, preservation or enhancement of 

wetland habitats, vegetation, fish, shellfish, or wildlife, and other unique wetland functions which enhance 

water quality, such as providing flood and erosion control, stream bank stabilization, and filtration and 

purification of naturally occurring contaminants. 

 

 

Best Management Practices (BMPs).  BMPs are the practice or combination of practices that are determined to be the 

most effective, practicable means of preventing or reducing the amount of pollution generated by point and nonpoint 

sources to a level compatible with water quality goals (including technological, economic, and institutional 

considerations). BMPs are defined in 40 CFR 122.2 as schedules of activities, prohibitions of practices, maintenance 

procedures, and other management practices to prevent or reduce the pollution of waters of the United States.  In this 

TMDL, two general categories of structural BMPs and non-structural BMPs are discussed as possible means to reach 

“zero” trash goal. 

 
Full Capture Device. A full capture system is any single device or series of devices that traps all particles retained by 

a 5 mm mesh screen and has a design treatment capacity of not less than the peak flow rate Q resulting from a one-

year, one-hour storm in the subdrainage area.  Rational equation is used to compute the peak flow rate: Q = C × I × A, 

where Q = design flow rate (cubic feet per second, cfs); C = runoff coefficient (dimensionless); I = design rainfall 

intensity (inches per hour),  and A= subdrainage area (acres). 
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Baseline Load Allocation. The Baseline Load Allocation is analogous to the Baseline Waste Load Allocation for 

point sources, instead it is for nonpoint sources.  Baseline Load Allocation is derived from the existing data, i.e. trash 

types and quantities, collected by municipalities for various land uses.  The progressive reductions in the Load 

Allocation will be determined based on the Baseline Load Allocation. 

 

Baseline Waste Load Allocation. The Baseline Waste Load Allocation is the Waste Load Allocation assigned to a 

responsible jurisdiction before reductions are required.  The progressive reductions in the Waste Load Allocations 

could be based on a percentage or variable percentages of the Baseline Waste Load Allocation.  The Baseline Waste 

Load Allocation was calculated based on the annual average amount of trash discharged to the storm drain system 

from a representative sampling of land use areas, as determined during the Trash Monitoring and Reporting Plan.   

 

Monitoring Entity.  The Monitoring Entity is the responsible jurisdiction or one of multiple responsible jurisdictions 

and/or co-responsible jurisdictions that has been authorized by all the other affected responsible jurisdictions or co-

responsible jurisdictions to conduct baseline monitoring on their behalf.        

 

Nonpoint Source.  It refers to diffuse, widespread sources of pollution. These sources may be large or small, but are 

generally numerous throughout a watershed. Nonpoint Sources include but are not limited to urban, agricultural, or 

industrial areas, roads, highways, construction sites, communities served by septic systems, recreational boating 

activities, timber harvesting, mining, livestock grazing, as well as physical changes to stream channels, and habitat 

degradation. NPS pollution can occur year round any time rainfall, snowmelt, irrigation, or any other source of water 

runs over land or through the ground, picks up pollutants from these numerous, diffuse sources and deposits them into 

rivers, lakes, and coastal waters or introduces them into ground water. 

 

Responsible jurisdiction.  The term "responsible jurisdiction" refers to any responsible jurisdiction or co-responsible 

jurisdiction of a stormwater permit. 

 

Point Source.  The term “point Source” means any discernible, confined and discrete conveyance, including but not 

limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated 

animal feeding operation, or vessel or other floating craft, from which pollutants are or may be discharged.  This 

term does not include agricultural storm water discharges and return flows from irrigated agriculture. 

 

Plastic Pellets.  A plastic resin pellet that is the preproduction or raw material that is used to manufacture plastics.  

Plastic pellets are usually less than 5mm in diameter.  

 

Standard Industrial Classification Codes.  Four digit numerical codes assigned by the U.S. government to business 

establishments to identify the primary business of the establishment. 

 

Trash. In this document, we are defining “trash” as man-made litter, as defined in California Government Code 

Section 68055.1(g): 

 
“Litter means all improperly discarded waste material, including, but not limited to, 

convenience food, beverage, and other product packages or containers constructed of steel, 

aluminum, glass, paper, plastic, and other natural and synthetic materials, thrown or 

deposited on the lands and waters of the state, but not including the properly discarded 

waste of the primary processing of agriculture, mining, logging, sawmilling or 

manufacturing." 

 

 For purposes of this TMDL, we will consider trash to consist of litter and particles of litter, including 

cigarette butts.  These particles of litter are referred to as “gross pollutants” in European and Australian scientific 

literature.  This definition excludes sediments, and it also excludes oil and grease, and vegetation, except for yard 

waste that is illegally disposed of in the storm drain system.  Additional TMDLs for sediments
9
 and oil and grease 

may be required at a later date.  

                                                                                              

 
9
 Sediments which may be addressed in a separate TMDL are natural particulate matters such as silt and sand.  Sediments 

result from erosion and are deposited at the bottom of a stream.  Sediments do not refer to the decomposition of settleable 

litter into small particulate matters, which this TMDL is trying to prevent. 
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Appendix IV Standard Industrial Classification Codes 
 

2511 Wood Household Furniture, Except Upholstered 

2512 Wood Household Furniture, Upholstered 

2514 Metal Household Furniture 

2515 Mattresses, Foundations, and Convertible Beds 

2517 Wood Television, Radio, Phonograph, and Sewing Machine Cabinets 

2519 Household Furniture, NEC 

2521 Wood Office Furniture 

2522 Office Furniture, Except Wood 

2531 Public Building and Related Furniture 

2541 Wood Office and Store Fixtures, Partitions, Shelving, and Lockers  

2542 Office and Store Fixtures, Partitions, Shelving, and Lockers, Except Wood 

2591 Drapery Hardware and Window Blinds and Shades 

2599 Furniture and Fixtures, NEC 

2821 Plastics Materials, Synthetic and Resins, and Nonvulcanizable Elastomers 

2822 Synthetic Rubber 

2823 Cellulosic Manmade Fibers 

2824 Manmade Organic Fibers, Except Cellulosic 

2893 Printing Ink 

3052 Rubber and Plastics Hose and Belting 

3053 Gaskets, Packing, and Sealing Devices 

3081 Unsupported Plastics Film and Sheet 

3082 Unsupported Plastics Profile Shapes 

3083 "Laminated Plastics Plate, Sheet, and Profile Shapes" 

3084 Plastics Pipe 

3085 Plastics Bottles 

3086 Plastics Foam Products 

3087 Custom Compounding of Purchased Plastics Resins 

3088 Plastics Plumbing Fixtures 

3089 "Plastics Products, NEC (plastics sausage casings)" 

3089 Plastics Products, NEC 

3261 Vitreous China Plumbing Fixtures and China and Earthenware Fittings and Bathroom Accessories 

3357 Drawing and Insulating of Nonferrous Wire 

3731 Ship Building and Repairing 

3732 Boat Building and Repairing (boat building) 

3911 Jewelry, Precious Metal 

3914 Silverware, Plated Ware, and Stainless Steel Ware 

3915 Jewelers Findings and Materials and Lapidary Work 

3944 Games, Toys, and Children’s Vehicles, Except Dolls and Bicycles (metal tricycles) 

3949 Sporting and Athletic Goods, NEC 

3952 Lead Pencils and Art Goods 

3961 Costume Jewelry and Costume Novelties, Except Precious Metal (except cuff links) 

3993 Signs and Advertising Specialties (screen printing purchased advertising specialties) 

3996 Linoleum, Asphalted-Felt-Base, and Other Hard Surface Floor Coverings, NEC 

3999 

Manufacturing Industries, NEC  

(burnt wood articles, matches, plastic products, hair clippers for humans, tape measures, flocking metal 

products, beauty and barber shop equipment, lamp shades or paper or textile, electric hair clippers, beauty 

and barber chairs, fur dressing and finishing) 
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 Amendments: 
 

Table of Contents 

Add:  
 
Chapter 7. Total Maximum Daily Loads (TMDLs)  

    7-34 Santa Monica Bay Nearshore and Offshore Debris TMDL 

 
List of Figures, Tables and Inserts 
Add: 

Chapter 7. Total Maximum Daily Loads (TMDLs) 
Tables 
7-34  Santa Monica Bay Nearshore and Offshore Debris TMDL 
 7-34.1. Santa Monica Bay Nearshore and Offshore Debris TMDL, 

Elements 
  

7-34.2. Santa Monica Bay Nearshore and Offshore Debris TMDL, 
Implementation Schedule – Trash and Plastic Pellets from Point 
Sources 
 
7-34.3. Santa Monica Bay Nearshore and Offshore Debris TMDL, 
Implementation Schedule – Minimum Frequency of Assessment and 
Collection Program for Trash from Nonpoint Sources 
 

 
 
Chapter 7. Total Maximum Daily Loads (TMDLs)  
Santa Monica Bay Nearshore and Offshore Debris TMDL 
 
This TMDL was adopted by: 
 
The Regional Water Quality Control Board on November 4, 2010. 
 
This TMDL was approved by: 
 
The State Water Resources Control Board on [Insert Date]. 
The Office of Administrative Law on [Insert Date]. 
The U.S. Environmental Protection Agency on [Insert Date]. 
 
The elements of the TMDL are presented in Table 7-34.1 and the 

Implementation Plan in Tables 7-34.2 and 7-34.3. 
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Table 7-34.1  Santa Monica Bay Nearshore and Offshore Debris TMDL: 

Elements 

Elements Santa Monica Bay Nearshore and Offshore Debris TMDL 

Problem Statement  
Discharges of debris1, including trash and plastic pellets, 
into Santa Monica Bay violate water quality objectives, 
impair beneficial uses, and cause pollution and nuisance.  
Nearshore and offshore areas of the Santa Monica Bay 
were listed on the 1998, 2002, and 2006 Federal Clean 
Water Act Section 303(d) lists of impaired waterbodies for 
debris.  The water quality objectives applicable to debris 
include “Floating Material” and “Solid, Suspended, or 
Settleable Materials” in Chapter 3, and “Floating 
Particulates” in the California Ocean Plan (2005).  The 
following designated beneficial uses of Santa Monica Bay 
are impaired by debris:  industrial service supply (IND), 
navigation (NAV), water contact recreation (REC-1), non-
contact water recreation (REC-2), commercial and sport 
fishing (COMM), estuarine habitat (EST), marine habitat 
(MAR), preservation of biological habitats (BIOL), migration 
of aquatic organisms (MIGR), wildlife habitat (WILD), rare, 
threatened, or endangered species (RARE), spawning, 
reproduction, and or early development (SPWN), shellfish 
harvesting (SHELL), and wetland habitat (WET).   

Numeric Target  
(interpretation of the 
narrative water quality 
objectives for floating 
materials/particulates, 
and solid, suspended, or 
settleable materials2, 
used to calculate the load 
allocations) 

Trash 

Zero trash in Santa Monica Bay.   
 
Plastic Pellets 

Zero plastic pellets in Santa Monica Bay.   

Source Analysis Along the West Coast, land-based debris comprises more 
than half of the debris observed in the marine 
environment, undetermined sources of debris comprise 
less than half of the debris observed in the marine 
environment, and ocean-based debris comprises only 

                                                           
1
 According to the National Oceanic and Atmospheric Administration (NOAA) Marine Debris Program, debris 

is defined as “any persistent solid material that is manufactured or processed and directly or indirectly, 

intentionally or unintentionally, disposed of or abandoned into the marine environment” (NOAA 2010).  In this 

TMDL, trash does not include naturally occurring vegetation waste.  Plastic pellets, also known as plastic resin 

pellets, are small, round pellets that are the raw form of plastic. These pellets are melted down to form plastic 

products. 
2
 Narrative objectives are specified in the 1994 Los Angeles Regional Board Basin Plan, and in the 2005 

California Ocean Plan. 
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approximately one-tenth of the debris observed in the 
marine environment.3  
 
Most of the land-based debris is discharged to the marine 
environment through storm drains. The primary sources of 
debris discharged from storm drains include litter, debris 
from commercial establishments and public venues, 
industrial discharges, garbage transportation, landfills, 
and construction debris.  
 
The principal source of plastic pellets is point source 
discharges through storm drains from industry that 
imports, manufactures, processes, transports, stores, 
recycles or otherwise handles plastic pellets. Accidental 
spills during transfer and transportation also contribute to 
plastic pellets entering storm drains and, ultimately, the 
Santa Monica Bay. 

Land-based nonpoint sources of debris include 
inappropriate disposal of debris at land areas such as 
beaches and marinas adjacent to Santa Monica Bay or 
waterbodies within the Santa Monica Bay WMA. Other 
nonpoint sources of debris include direct deposition and 
dumping.  

Marine-based sources of trash include boats and vessels. 

Loading Capacity 
Zero for both trash and plastic pellets, as defined in the 
Numeric Target.  

Margin of Safety 
Zero is a conservative numeric target for both trash and 
plastic pellets, which contains an implicit margin of safety.  

Seasonal Variations 
and Critical Conditions 

Discharge of trash and plastic pellets from storm drains 
and open channels occurs primarily during or shortly after 
a major rain event.  Discharge of trash from nonpoint 
sources occurs during all seasons, but can increase during 
high wind events, which are defined as periods of wind 
advisories issued by the National Weather Service.  
Additionally weekends and holidays, particularly those 
between April 15 through October 15, result in a 
substantial increase of trash littered on beaches, open 
space and parks.  

 

                                                           
3 S.B. Sheavly. 2007. “National Marine Debris Monitoring Program: Final Program Report, Data Analysis and 

Summary.” Prepared for U.S. Environmental Protection Agency by Ocean Conservancy, Grant Number 

X83053401-02. 76 pp. 
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Waste Load Allocations 
(for point sources) 

Trash 

The WLA is zero trash.  Zero trash is defined as no trash 
discharged into waterbodies within the Santa Monica Bay 
Watershed Management Area (WMA) and then into Santa 
Monica Bay or on the shoreline of Santa Monica Bay.   

Waste Load Allocations for trash (WLAs) are assigned to 
the California Department of Transportation (Caltrans, 
permittee for Statewide National Pollutant Discharge 
Elimination System (NPDES) Storm Water Permit, No. 99-
06-DWQ); Los Angeles County and the Cities of Agoura 
Hills, Calabasas, Culver City, El Segundo, Hermosa Beach, 
Los Angeles, Malibu, Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, Santa Monica, Torrance, and 
Westlake Village (co-permittees within the Santa Monica 
Bay WMA under the Los Angeles County MS4 NPDES 
Permit, No. CAS004001); and County of Ventura, and City 
of Thousand Oaks (co-permittees within the Santa Monica 
Bay WMA under the Ventura County MS4 NPDES Permit, 
No. CAS 004002). 
 
Responsible agencies and jurisdictions covered by the 
Ballona Creek Watershed Trash TMDL including Caltrans, 
County of Los Angeles, and the Cities of Beverly Hills, 
Culver City, Inglewood, Los Angeles, Santa Monica, and 
West Hollywood, and responsible agencies and 
jurisdictions identified in the Malibu Creek Trash TMDL 
including Caltrans, Los Angeles County, Ventura County, 
Ventura County Watershed Protection District, and the 
Cities of Agoura Hills, Calabasas, Hidden Hills, Malibu, 
Thousand Oaks, and Westlake Village are also responsible 
for point source discharges of trash into the Santa Monica 
Bay via open channels and storm drains.  The WLA 
applicable to MS4 Permittees that is established herein, 
and the associated requirements for these responsible 
agencies and jurisdictions shall be complied with through 
the Ballona Creek Trash TMDL (Regional Board Resolution 
No. R01-014 and any amendments thereto) and the Malibu 
Creek Trash TMDL (Regional Board Resolution No. R08-
007 and any amendments thereto).  
 
Each responsible jurisdiction and agency, identified above, 
shall comply with the interim or final Waste Load 
Allocations for trash assigned to it and, therefore, should 
utilize all compliance strategies within its authority to 
achieve these allocations. If these strategies include 
installation of full or partial capture systems in the 
infrastructure of a flood control district, the jurisdiction is 
responsible for obtaining all necessary permits to do so. 
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Elements Santa Monica Bay Nearshore and Offshore Debris TMDL 

 
Flood control districts, such as the Los Angeles County 
Flood Control District or Ventura County Watershed 
Protection District, are not assigned Waste Load 
Allocations, based on jurisdictional area, if channel 
maintenance is performed in compliance with the 
municipal stormwater permit. However, they may be held 
responsible with a jurisdiction and/or agency for non-
compliance where the flood control district has either: 
 

(i) without good cause denied necessary authority 
to a responsible jurisdiction or agency for the 
timely installation and/or maintenance of full 
and/or partial capture trash control devices for 
purposes of TMDL compliance in parts of the 
MS4 physical infrastructure that are under its 
authority, or  

(ii) not fulfilled its obligations under its MS4 permit 
regarding proper BMP installation, operation and 
maintenance for purposes of TMDL compliance 
within the MS4 physical infrastructure under its 
authority, 

 
thereby causing or contributing to a responsible 
jurisdiction and/or agency to be out of compliance with its 
interim or final Waste Load Allocations. 
 
Under these circumstances, the flood control district’s 
responsibility shall be limited to non-compliance related to 
the drainage area(s) within the jurisdiction where the flood 
control district has authority over the relevant portions of 
the MS4 physical infrastructure.  
 
The WLA may be assigned to additional responsible 
jurisdictions or agencies discharging urban runoff and 
stormwater in the future.  
 
Plastic Pellets 

The WLA for plastic pellets is zero.  Zero plastic pellets is 
defined as no discharge of plastic pellets from the premises 
of industrial facilities that import, manufacture, process, 
transport, store, recycle or otherwise handle plastic pellets. 
The WLA is consistent with Cal. Water Code § 13367 and 
40 CFR 122.26(b)(12).   

WLAs for plastic pellets are assigned to permittees of the 
Industrial Storm Water General Permit (Order No. 97-03-
DWQ, and NPDES Permit No. CAS 000001) within the 
Santa Monica Bay WMA.  The Standard Industry 
Classification (SIC) codes associated with industrial 
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activities involving plastic pellets may include, but are not 
limited to, 282X, 305X, 308X, 39XX, 25XX, 3261, 3357, 
373X, and 2893. Additionally, industrial facilities with the 
term “plastic” in the facility or operator name, regardless of 
the SIC code, may be subject to the WLA for plastic pellets.  
Other industrial permittees within the Santa Monica Bay 
WMA that fall within the above categories, but are 
regulated through other general permits and/or individual 
industrial storm water permits are also required to comply 
with the WLA for plastic pellets.   

Load Allocations (for 
nonpoint sources) 

The Load Allocation (LA) is zero trash.  Zero trash is 
defined for nonpoint sources as no trash on the shoreline 
or beaches, or in harbors adjacent to Santa Monica Bay, 
immediately following each assessment and collection 
event consistent with an established Minimum Frequency 
of Assessment and Collection Program (MFAC Program).  
The MFAC Program is established at an interval that 
prevents trash from accumulating in deleterious amounts 
that cause nuisance or adversely affect beneficial uses 
between collections.   
 
LAs are assigned to jurisdictions that own and/or manage 
beaches and harbors along Santa Monica Bay, which 
include California Department of Parks and Recreation, 
County of Los Angeles Department of Beaches and 
Harbors, and Cities of Hermosa Beach, Los Angeles, Santa 
Monica, and Redondo Beach.   
 
The National Park Service, California Department of Parks 
and Recreation, County of Los Angeles, County of Ventura, 
and State Lands Commission, which have jurisdiction over 
non-beach open space and/or parks are assigned LAs. The 
LA may be assigned to additional responsible jurisdictions 
and/or agencies in the future under appropriate regulatory 
programs.  
 

Implementation Point Sources 
 
Trash 
WLAs for trash shall be implemented through municipal 
separate storm sewer system (MS4) permits and via the 
authority vested in the Executive Officer by California 
Water Code sections 13267 and/or 13383. Dischargers 
may comply with the WLA in any lawful manner, including 
the use of full capture systems; partial capture systems; 
and/or institutional controls.  
 
(1) Compliance with the final WLA may be achieved 
through an adequately sized and maintained full capture 
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system, once the Executive Officer has certified that the 
system meets the following minimum criteria. A full 
capture system, at a minimum, consists of any device or 
series of devices that traps all particles retained by a 5 mm 
mesh screen and has a design treatment capacity of not 
less than the peak flow rate (Q) resulting from a one-year, 
one-hour, storm in the subdrainage area.  The rational 
equation is used to compute the peak flow rate:  

Q = C × I × A, where  
    Q = design flow rate (cubic feet per second, cfs); 
    C = runoff coefficient (dimensionless); 
     I = design rainfall intensity (inches per hour); and 
    A= subdrainage area (acres).  
 
Point source discharges that choose to comply using full 
capture systems must demonstrate a phased 
implementation of full capture devices over an 8-year 
period until the final WLA of zero is attained.  Zero will be 
deemed to have been met if full capture systems have been 
installed on all conveyances discharging to the waterbodies 
within the Santa Monica Bay WMA and the Santa Monica 
Bay.  
 
(2) Responsible agencies and jurisdictions may achieve 
compliance by using partial capture systems and/or 
institutional controls.  Point source dischargers that elect 
to use partial capture systems or institutional controls 
shall use a mass balance approach based on the trash 
daily generation rate (DGR)4, to demonstrate compliance.   
 
Plastic Pellets 

The WLA of no discharge of plastic pellets shall be 
implemented through the statewide Waste Discharge 
Requirements for Discharges of Storm Water Associated 
with Industrial Activity (NPDES Permit No. CAS00001) 
(IGP), other general permits, individual industrial 
stormwater permits, or other Regional Board orders, 
consistent with California Water Code § 13367 and 40 CFR 
122.26(b)(12).   
 

Jurisdictions and agencies identified as responsible 
jurisdictions for point sources of trash in this Santa 
Monica Bay Debris TMDL and in the existing Malibu Creek 
and Ballona Creek Trash TMDLs, including the Los 
Angeles County Flood Control District and the Ventura 
County Watershed Protection District, shall either prepare 
a Plastic Pellet Monitoring and Reporting Plan (PMRP), or 

                                                           
4
 The DGR is the average amount of trash deposited during a 24-hour period, as measured in a specified 

drainage area.   
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demonstrate that a PMRP is not required under certain 
circumstances, as follows:   

(1) Responsible jurisdictions that have industrial 
facilities or activities related to the manufacturing, 
handling, or transportation of plastic pellets within 
their jurisdiction shall prepare a PMRP to (i) monitor 
the amount of plastic pellets being discharged from 
the MS4; (ii) establish triggers for increased 
industrial facility inspections and enforcement of 
SWPPP requirements for industrial facilities 
identified as responsible for the plastic pellet WLA 
herein; and (iii) address possible plastic pellet spills.  

(2) Responsible jurisdictions that have no industrial 
facilities or activities related to the manufacturing, 
handling, or transportation of plastic pellets, may 
not be required to conduct monitoring at MS4 
outfalls, but shall be required to include a response 
plan in the PMRP.  In order to be absolved of the 
requirement to conduct monitoring at MS4 outfalls, 
documentation of the absence of industrial facilities 
and activities within the jurisdiction that are related 
to the manufacturing, handling and transportation 
of plastic pellets must be provided in the proposed 
PMRP.  

(3) A MS4 Permittee may demonstrate to the Regional 
Board that it has only residential areas within its 
jurisdiction, and that it has limited commercial or 
industrial transportation corridors (rail and 
roadway), such that it is not considered a potential 
source of plastic pellets to Santa Monica Bay.  Such 
demonstration may be submitted in lieu of a PMRP 
and must include the municipal zoning plan and 
other appropriate documentation.  The Executive 
Officer may approve an exemption from the 
requirement to prepare a PMRP for the MS4 
Permittee on the basis of this demonstration, if 
appropriate.   

If a jurisdiction changes its zoning and land use plans, or 
issues operating licenses to industries that import, 
manufacture, process, transport, store, recycle or 
otherwise handle plastic pellets within its jurisdiction, 
then it shall be subject to the requirement to submit a 
PMRP, if it has not already done so, within 90 days of any 
one of those actions. 

The Regional Board shall be notified by the agency or 
jurisdiction within 24 hours of the responsible agency or 
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jurisdiction becoming aware of a spill.  The PMRP shall 
include protocols for a timely and appropriate response to 
possible plastic pellets spills within their jurisdictional 
area, and a comprehensive plan to ensure that plastic 
pellets are contained.   

The Regional Board may reconsider the TMDL to assign 
the WLA for plastic pellets to additional jurisdictions and 
agencies including, but not limited to, industrial 
permittees, MS4 permittees, and any agencies or 
jurisdictions which are responsible for discharging plastic 
pellets to the Santa Monica Bay. 

 
Nonpoint Sources 
 
LAs shall be implemented consistent with the Statewide 
Policy for Implementation and Enforcement of the 
Nonpoint Source Pollution Control Program through  a 
general waiver of waste discharge requirements (WDR), 
individual waivers, a general WDR, an individual WDR, a 
memorandum of understanding (MOU), a cleanup and 
abatement order, or any other appropriate order or orders, 
provided the program is consistent with the assumptions 
and requirements of the reductions described in Table 7-
34.3, below. 
 
Nonpoint source dischargers may achieve the LAs by 
implementing an MFAC/BMP program approved by the 
Executive Officer.  Responsible jurisdictions will be 
deemed in compliance with the LAs if an MFAC/BMP 
program, approved by the Executive Officer, demonstrates 
that there is no accumulation of trash, as defined in 
“Numeric Targets”.  
 
An MFAC/BMP Program must, to the satisfaction of the 
Executive Officer, meet the following criteria: 

a) The MFAC/BMP Program includes an initial 
minimum frequency of trash assessment and 
collection and suite of structural and/or 
nonstructural BMPs.  The MFAC/BMP program 
shall include collection and disposal of all trash 
found in the source areas and along the shoreline.  
Responsible jurisdictions shall implement an initial 
suite of BMPs based on current trash management 
practices in land areas that are found to be sources 
of trash to waterbodies within the Santa Monica 
Bay WMA and to Santa Monica Bay.   
 
Beaches and Harbors along Santa Monica Bay  
For beaches and harbors along Santa Monica Bay, 
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the initial minimum frequency shall be set as follows: 

1. The trash source areas of beaches and 
harbors shall be cleaned on a daily basis year 
round.   

2.  Trash on Santa Monica Bay shorelines shall 
be collected daily.  An assessment shall 
immediately follow at the frequency specified 
in the TMRP.   

3. The assessment performed immediately after 
the collection events shall focus on the 
shorelines or interface along Santa Monica 
Bay.   

4.  The protocol for conducting the assessment 
immediately after the collection event shall 
include methods and frequencies of 
assessment, specific locations on the beaches 
and harbors, in the TMRP. 

5. Responsible jurisdictions for beaches and 
harbors shall conduct routine trash 
generation rate evaluation on the nonpoint 
source areas at selected beaches or harbors 
under their management.  Protocols, as 
specified in the TMRP, for this evaluation 
include: 

 i) The evaluation shall be performed in the 
late afternoon before dusk.  Data collected 
may represent the daily trash quantity 
littered or deposited on the nonpoint source 
areas. 

 ii) Methods, locations and frequencies of 
evaluation on the beaches and harbors shall 
be included in the TMRP. 

6.  Water in harbors shall be inspected and all 
trash found on the water shall be removed at 
a frequency and during critical conditions as 
defined in the approved TMRP.   

7. Compliance for jurisdictions responsible for 
nonpoint source trash at areas where daily 
cleanup is implemented, is determined by the 
following conditions: 

 i) The assessment conducted immediately 
after cleanup shall demonstrate that all trash 
on the shoreline or harbor is 100% removed 
and no trash remains. 

 ii) Responsible jurisdictions for beaches and 
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harbors where daily cleanup is performed, 
shall demonstrate that the trash generation 
rate of the source areas does not show an 
increasing trend and does not exceed the 
benchmark of 310 pounds (lbs) per mile of 
beach/harbor per day, or 113,150 
lbs/mile/year.   

8. Responsible jurisdictions shall initiate 
additional BMPs as specified in the TMRP, 
should trash amounts collected during 
evaluation at the source areas exceed 
113,150 lbs/mile/year, or not indicate a 
decreasing trend.   

 
Non-Beach Open Space and Parks 
For open space and parks within the Santa Monica 
Bay WMA other than beaches and harbors, the initial 
minimum frequency shall be as follows: 

1. Trash in open space and parks managed by 
responsible jurisdictions and agencies 
identified in the LA section of this table shall 
be 100% removed at each assessment and 
collection event as specified in the TMRP, 
within 72 hours after critical conditions, and 
immediately after special events when no 
safety hazards exist. 

2. The TMRP shall include protocols for trash 
assessment immediately after each cleanup 
event, assessment locations and frequencies.  

3. Compliance for jurisdictions responsible for 
open space and parks is determined by the 
following criteria: 

i) The assessment performed immediately 
after each cleanup event shall demonstrate 
that no trash remains. 

ii) The trash amount accumulated between 
cleanup events in open space and parks 
shall not exceed the LAs of 640 gallons per 
square mile per year (gal/mi2/yr), or 
162,468 lbs/ mi2/yr, and shall show a 
decreasing trend.   

iii) Responsible jurisdictions shall increase 
the frequency of collection and/or implement 
additional BMPs, should trash amounts 
collected at cleanup events not indicate a 
decreasing trend.   
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b)  The MFAC/BMP Program includes assurances that 
it will be implemented by the responsible 
jurisdictions. 

c) The TMRP includes a MFAC/BMP Program, as 
described below, and a requirement that the 
responsible jurisdictions will self-report any non-
compliance with its provisions.  The results and 
report of the TMRP must be submitted to Regional 
Board on an annual basis. 

d) MFAC protocols may be based on SWAMP protocols 
for rapid trash assessment, or alternative protocols 
proposed by dischargers and approved by the 
Executive Officer of the Regional Board. 

e) Implementation of the MFAC/BMP program should 
include a Health and Safety Plan to protect 
personnel.  The MFAC/BMP shall not require 
responsible jurisdictions to access and collect trash 
from areas where access by personnel is prohibited. 

 
The Executive Officer may approve or require a revised 
assessment and collection frequency and definition of the 
critical conditions: 

(a) To prevent trash from accumulating in deleterious 
amounts that cause nuisance or adversely affect 
beneficial uses between collections; 

(b) To reflect the results of trash assessment and 
collection; 

(c) If the amount of trash collected does not show a 
decreasing trend, where necessary to prevent 
nuisance or adverse effects on beneficial uses, such 
that a shorter interval between collections is 
warranted; or 

(d) If the amount of trash collected is decreasing such 
that a longer interval between collections is 
warranted.   

 
At the end of the implementation period, a revised 
MFAC/BMP program may be required if the Executive 
Officer determines that the amount of trash accumulating 
between collections is causing pollution or nuisance or 
otherwise adversely affecting beneficial uses.    
 
With regard to (a), (b) or (c), above, the Executive Officer is 
authorized to allow responsible jurisdictions to implement 
additional structural or non-structural BMPs in lieu of 
modifying the monitoring frequency.   
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Monitoring and 
Reporting Plan 

Trash 

Responsible agencies and jurisdictions shall develop a 
Trash Monitoring and Reporting Plan (TMRP) for Executive 
Officer approval that describes the methodologies that will 
be used to assess and monitor trash in their responsible 
areas within the Santa Monica Bay WMA or along Santa 
Monica Bay.   
 
For purposes of compliance determination, the default 
Baseline WLA for County of Ventura, Cities of Agoura Hills, 
Calabasas, Malibu, Thousand Oaks, and Westlake Village 
is 640 gal/mi2/yr, which is the same Baseline WLA set 
forth in the Malibu Creek Trash TMDL (Regional Board 
Resolution No. R08-007) for responsible jurisdictions of 
Los Angeles County, Ventura County, Ventura County 
Watershed Protection District, the Cities of Agoura Hills, 
Calabasas, Hidden Hills, Malibu, Thousand Oaks, and 
Westlake Village. 
 
The default Baseline WLA for Los Angeles County, Cities of 
Los Angeles, Culver City, Santa Monica, El Segundo, 
Manhattan Beach, Hermosa Beach, Redondo Beach, 
Torrance, Palos Verdes Estates, Rancho Palos Verdes, 
Rolling Hills, and Rolling Hills Estates is 807 gal/mi2/ yr.  
 
The default Baseline WLA for Caltrans is 33,452.8 
gal/mi2/yr excluding Caltrans’ jurisdictional area in the 
Ballona Creek Watershed. 
 
The existing Ballona Creek Trash TMDL assigned a 
Baseline WLA of 86 cubic feet per square mile per year 
(ft3/mi2/yr) (equivalent to 643.3 gal/mi2/yr) to 
jurisdictions including the County of Los Angeles, the 
Cities of Beverly Hills, Culver City, Inglewood, Los Angeles, 
Santa Monica, and West Hollywood, and 893 ft3/mi2/yr (or 
6,679.6 gal/mi2/yr) to Caltrans for their jurisdictional 
areas within the Ballona Creek Watershed.   
 
The TMRP shall include a plan to establish a site specific 
trash Baseline WLA if responsible agencies and 
jurisdictions elect to not use the default Baseline WLAs 
assigned above.   
 
Requirements for the TMRP shall include, but are not 
limited to, assessment and quantification of trash collected 
from source areas in the Santa Monica Bay WMA, and 
shoreline of the Santa Monica Bay.  The monitoring plan 
shall provide details on the frequency, location, and 
reporting format.  Responsible jurisdictions shall propose 
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a metric (e.g., weight, volume, pieces of trash) to measure 
the amount of trash discharged from their jurisdictional 
areas.   
 
The TMRP shall include a prioritization of areas that have 
the highest trash generation rates.  The TMRP shall give 
preference to this prioritization when scheduling the 
installation of full capture devices, BMPs, or trash 
assessment and collection (MFAC) programs.  The TMRP 
shall also evaluate and identify the most appropriate BMPs 
to implement given the nature of the trash impairment. 
 
The TMRP shall also include an evaluation of effectiveness 
of the MFAC/BMP program to prevent trash from 
accumulating in deleterious amounts that cause pollution 
or nuisance or adversely affect beneficial uses between 
collections, proposals to enhance BMPs, and a revised 
MFAC for Executive Officer review.   
 
Responsible agencies and jurisdictions in Tables 7-34.2 
and 7-34.3 may cooperate and coordinate their TMRP 
activities to fulfill requirements in this Santa Monica Bay 
Debris TMDL.   
 
Consistent with the requirements of their respective MS4 
permits, the flood control districts, including the Los 
Angeles County Flood Control District and the Ventura 
County Watershed Protection District, and other MS4 
Permittees are responsible for visually monitoring and 
removing trash and debris from all open channels and 
other MS4 drainage structures under their ownership. 
These requirements are intended to address fugitive trash 
and debris that has been deposited either illegally or 
through wind transport into the open channels. The flood 
control districts and other MS4 Permittees shall also 
identify and prioritize problem areas of illicit discharge. 
For these problem areas, the flood control districts and 
other MS4 Permittees shall propose a more frequent 
schedule of inspection and removal beyond the standard 
requirements of their MS4 permits. Alternatively, the flood 
control districts and other MS4 Permittees shall 
demonstrate that fugitive trash and debris is captured or 
removed prior to its discharge from the MS4 to Santa 
Monica Bay.  
 
Plastic Pellets 

Industries responsible for discharge of plastic pellets shall 
enroll with the California State Water Resources Control 
Board (State Board) as a permittee of the statewide Waste 
Discharge Requirements for Discharges of Storm Water 
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Associated with Industrial Activity (IGP) or apply for a 
general permit or an individual industrial stormwater 
permit from the Regional Board.  Permittees of the IGP 
shall prepare a SWPPP and keep it onsite for inspection.  
Permittees for other general permits or individual 
industrial stormwater permits shall submit a Best 
Management Practices Plan and/or SWPPP to the Regional 
Board.  All responsible permittees as defined under the 
Waste Load Allocation section are required to prepare and 
submit annual monitoring reports with monitoring 
designed to ensure compliance with the assigned WLAs, to 
the Regional Board.  The requirements for the monitoring 
report preparation shall be consistent with provisions 
specified in the IGP, any appropriate general permit, or 
individual industrial permit.   

MS4 permittees identified as responsible jurisdictions and 
agencies for point sources of trash in this Santa Monica 
Bay Debris TMDL and in the existing Malibu Creek and 
Ballona Creek Trash TMDLs, including the Los Angeles 
County Flood Control District and the Ventura County 
Watershed Protection District, shall either prepare a 
Plastic Pellet Monitoring and Reporting Plan (PMRP) , or 
demonstrate that a PMRP is not required under certain 
circumstances, as follows:   

(1) Responsible jurisdictions that have industrial 
facilities or activities related to the manufacturing, 
handling, or transportation of plastic pellets within 
their jurisdiction shall prepare a PMRP to (i) monitor 
the amount of plastic pellets being discharged from 
the MS4 at critical locations and times (including, at 
a minimum, once during the dry season and once 
during the wet season); (ii) establish triggers for 
increased industrial facility inspections and 
enforcement of  SWPPP requirements for industrial 
facilities identified as responsible for the plastic 
pellet WLA herein; and (iii) address possible plastic 
pellet spills.   

(2) Responsible jurisdictions that have no industrial 
facilities or activities related to the manufacturing, 
handling, or transportation of plastic pellets, may 
not be required to conduct monitoring at MS4 
outfalls, but shall be required to include a response 
plan in the PMRP.  In order to be absolved of the 
requirement to conduct monitoring at MS4 out falls, 
documentation of the absence of industrial facilities 
and activities within the jurisdiction that are related 
to the manufacturing, handling and transportation 
of plastic pellets must be provided in the proposed 
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PMRP.  

(3) A MS4 Permittee may demonstrate to the Regional 
Board that it has only residential areas within its 
jurisdiction, and that it has limited commercial or 
industrial transportation corridors (rail and 
roadway), such that it is not considered a potential 
source of plastic pellets to Santa Monica Bay.  Such 
demonstration may be submitted in lieu of a PMRP 
and must include the municipal zoning plan and 
other appropriate documentation.  The Executive 
Officer may approve an exemption from the 
requirement to prepare a PMRP for the MS4 
Permittee on the basis of this demonstration, if 
appropriate.   

The PMRP shall include protocols for a timely and 
appropriate response to possible plastic pellets spills 
within a Permittee’s jurisdictional area, and a 
comprehensive plan to ensure that plastic pellets are 
contained. 
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Table 7-34.2 Santa Monica Bay Nearshore and Offshore Debris TMDL: 
Implementation Schedule - Trash and Plastic Pellets from Point Sources 

 

Task 
No. 

Task Responsible Jurisdiction Date 

1a Submit Trash 
Monitoring and 
Reporting Plan 
(TMRP), including a 
plan for defining the 
trash baseline WLA, 
a proposed definition 
of “major rain event” 
and “proper 
operation and 
maintenance”.  

California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Calabasas, 
Culver City, El Segundo, Hermosa 
Beach, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, and Torrance. 
 

6 months 
from effective 
date of TMDL.  
If a plan is not 
approved by 
the Executive 
Officer within 
9 months, the 
Executive 
Officer will 
establish 
appropriate 
monitoring 
plans. 

1b Submit a Plastic 
Pellet Monitoring 
and Reporting Plan 
(PMRP) for 
monitoring plastic 
pellet discharges 
from the MS4, 
increased industrial 
facility inspections 
and enforcement, 
and response to 
possible plastic 
pellet spills, or a 
demonstration that 
a PMRP is not 
required5.  

California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Beverly 
Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Hidden 
Hills, Inglewood, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, Thousand 
Oaks, Torrance, West Hollywood, and 
Westlake Village. 

18 months 
from effective 
date of this 
TMDL. 

2a Implement TMRP. California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Calabasas, 
Culver City, El Segundo, Hermosa 
Beach, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, and Torrance. 
 

6 months 
from receipt of 
letter of 
approval from 
Regional 
Board 
Executive 
Officer, or the 
date a plan is 
established by 
the Executive 
Officer. 

2b Implement PMRP. California Department of 4 years from 

                                                           
5
 The responsible jurisdictions and agencies shall provide documentation as specified in Table 7-34.1. 
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Task 
No. 

Task Responsible Jurisdiction Date 

Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Beverly 
Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Hidden 
Hills, Inglewood, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, Thousand 
Oaks, Torrance, West Hollywood, and 
Westlake Village. 

Effective Date 
of TMDL. 

3 Submit results of 
implementing TMRP 
and PMRP, 
recommend trash 
baseline WLA, and 
propose 
prioritization of Full 
Capture System 
installation or 
implementation of 
other measures to 
attain the required 
trash and plastic 
pellet reduction.   

California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Calabasas, 
Culver City, El Segundo, Hermosa 
Beach, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, , and Torrance. 
For PMRP ONLY6 
The Cities of Beverly Hills, Inglewood, 
West Hollywood, Hidden Hills, 
Thousand Oaks, and Westlake Village. 

Twenty (20) 
months from 
receipt of 
letter of 
approval for 
the Trash 
Monitoring 
and Reporting 
Plan and 
PMRP from 
Regional 
Board 
Executive 
Officer, and 
annually 
thereafter. 

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% 
reduction of trash 
from Baseline 
WLA67.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.78 

Four years 
from effective 
date of TMDL. 

                                                           
6
 The monitoring and reporting requirements under the Ballona Creek Trash TMDL and Malibu Creek Trash 

TMDL for areas within those subwatersheds fulfill the requirement herein to prepare and implement a TMRP.  

Therefore, only a PMRP is required from these jurisdictions. 
7
 Compliance with percent reductions from the Baseline WLA will be assumed wherever 

properly-sized full capture systems are installed and properly operated and maintained in 
corresponding percentages of the conveyance discharging to waterbodies within the Santa 
Monica Bay Watershed or directly to Santa Monica Bay. 
8
 Each responsible jurisdiction and agency, identified above, shall comply with the interim 
or final Waste Load Allocations for trash assigned to it and, therefore, should utilize all 
compliance strategies within its authority to achieve these allocations. 
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Task 
No. 

Task Responsible Jurisdiction Date 

5 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 40% 
reduction of trash 
from Baseline WLA7.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.8 

Five years 
from effective 
date of TMDL. 

6 Compliance with 
General or 
Individual Industrial 
NPDES permit 
requirements to 
achieve the plastic 
pellet WLA. 

Permittees of the Industrial Storm 
Water General Permit (NPDES Permit 
No. CAS 000001), other general 
permits, or individual industrial storm 
water permits for industrial activities 
with SIC codes that may include, but 
are not limited to, 282X, 305X, 308X, 
39XX, 25XX, 3261, 3357, 373X, 2893, 
or with the term “plastic” in the facility 
or operator name, regardless of SIC 
code.   

Five years 
from the 
effective date 
of TMDL. 

7 1. Evaluate 
the effectiveness of 
Full Capture 
Systems or other 
measures to achieve 
trash WLA,  
2. Evaluate BMPs 
implemented at 

Regional Board. Five years 
from effective 
date of TMDL. 

                                                                                                                                                                                    

Flood control districts, such as the Los Angeles County Flood Control District or Ventura 
County Watershed Protection District, may be held responsible with a jurisdiction and/or 
agency for non-compliance where the flood control district has either: 
 

(i) without good cause denied necessary authority to a responsible jurisdiction or 
agency for the timely installation and/or maintenance of full and/or partial 
capture trash control devices for purposes of TMDL compliance in parts of the 
MS4 physical infrastructure that are under its authority, or  

(ii) not fulfilled its obligations under its MS4 permit regarding proper BMP 
installation, operation and maintenance for purposes of TMDL compliance 
within the MS4 physical infrastructure under its authority, 

 
thereby causing or contributing to a responsible jurisdiction and/or agency to be out of 
compliance with its interim or final Waste Load Allocations. 
 
Under these circumstances, the flood control district’s responsibility shall be limited to 
non-compliance related to the drainage area(s) within the jurisdiction where the flood 
control district has authority over the relevant portions of the MS4 physical infrastructure.  
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Task 
No. 

Task Responsible Jurisdiction Date 

industrial facilities 
for effectiveness in 
achieving plastic 
pellet WLA,  
3. Reconsider the 
trash and plastic 
pellet WLAs, if 
warranted. 

8 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 60% 
reduction of trash 
from Baseline WLA7.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.8 

Six years from 
effective date 
of TMDL. 

9 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 80% 
reduction of trash 
from Baseline WLA7.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.8 

Seven years 
from effective 
date of TMDL. 

10 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 100% 
reduction of trash 
from Baseline WLA7.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.8 

Eight years 
from effective 
date of TMDL. 

11 If within three (3) 
years of Regional 
Board adoption date 
of this TMDL, a city 
or county voluntarily 
adopts local 
ordinances to ban 
plastic bags, 
smoking in public 
places and single 
use expanded 
polystyrene food 

California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Beverly 
Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Hidden 
Hills, Inglewood, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 

11 years from 
effective date 
of TMDL. 
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Task 
No. 

Task Responsible Jurisdiction Date 

packaging, it shall 
receive a three-year 
extension of the final 
compliance date. 

Estates, Santa Monica, Thousand 
Oaks, Torrance, West Hollywood, and 
Westlake Village. 
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Table 7-34.3 Santa Monica Bay Nearshore and Offshore Debris TMDL: Implementation 
Schedule 
Minimum Frequency of Assessment and Collection Program89 - Trash from Nonpoint 
Sources 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Submit a TMRP including 
an MFAC/BMP Program.   

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Six months from 
TMDL effective 
date. If a plan is 
not approved by 
the Executive 
Officer within 9 
months, the 
Executive Officer 
will establish an 
appropriate 
monitoring plan. 

2 Implement the TMRP and 
the MFAC/BMP Program. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

3 Achieve LA immediately 
after each collection and 
assessment event. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

4 Submit annual TMRP 
reports including 

National Park Service, California 
Department of Parks and 

Twenty (20) 
months from 

                                                           
9
 Based on annual reports, the Executive Officer may adjust the minimum frequency of 
assessment and collection as necessary to ensure compliance between the required trash 
assessment and collection events. 
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Task 
No. 

Task Responsible Jurisdiction Date 

proposal for revising 
MFAC/BMP for Executive 
Officer approval. 

Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

receipt of letter of 
approval for the 
Trash Monitoring 
and Reporting Plan 
from Regional 
Board Executive 
Officer, and 
annually 
thereafter. 

5 Demonstrate full 
compliance by achieving 
LA between required 
trash collection and 
assessment events. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Five years from 
effective date of 
TMDL. 

6 
 

Reconsider the TMDL 
based on evaluation of 
effectiveness of 
MFAC/BMP program, if 
warranted. 

Regional Board. Five years from 
effective date of 
TMDL. 

7 If within three (3) years of 
Regional Board adoption 
date of this TMDL, a city 
or county voluntarily 
adopts local ordinances 
to ban plastic bags, 
smoking in public places 
and single use expanded 
polystyrene food 
packaging, it shall receive 
a three-year extension of 
the final compliance date. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Eight (8) years from 
effective date of 
TMDL. 
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Attachment A to Resolution No. R11-008 

 - 1 - May 5, 2011 

    Amendment to the Water Quality Control Plan – Los Angeles Region 
 

to Incorporate the 
 

Total Maximum Daily Load for Toxic Pollutants in Dominguez Channel and Greater Los 
Angeles and Long Beach Harbor Waters 

 

Adopted by the California Regional Water Quality Control Board, Los Angeles Region on May 

5, 2011 

 

Amendments 
 

Table of Contents 
Add: 

 

Chapter 7. Total Maximum Daily Loads (TMDLs)  

7-40 Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic 

Pollutants TMDL 

 

List of Figures, Tables, and Inserts 
Add: 

 

Chapter 7. Total Maximum Daily Loads (TMDLs) 

Tables 

7-40     Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic 

Pollutants TMDL       

7-40.1  Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic 

Pollutants TMDL – Elements  

7-40.2  Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic 

Pollutants TMDL – Implementation Schedule 

 

Chapter 7.  Total Maximum Daily Loads (TMDLs)  
 Dominguez Channel and Greater Los Angeles and Long Beach Harbor Waters 

Toxic Pollutants TMDL     
 

This TMDL was adopted by: 

The Regional Water Quality Control Board on May 5, 2011. 
 

This TMDL was approved by: 

The State Water Resources Control Board on [Insert date]. 
The Office of Administrative Law on [Insert date]. 
The U.S. Environmental Protection Agency on [Insert date]. 
This TMDL is effective on [Insert date]. 
 

The elements of the TMDL are presented in Table 7-40.1 and the Implementation Plan in Table 

7-40.2. 
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 - 2 - May 5, 2011 

7-40.1  Dominguez Channel and Greater Los Angeles and Long Beach Harbor 
Waters Toxic Pollutants TMDL – Elements 
 

TMDL Element Regulatory Provisions 
Problem 
Statement 

The waters of Dominguez Channel and the Greater Los Angeles and Long Beach Harbor area
1
 

are impaired by heavy metals and organic pollutants.   These water bodies are included on the 

State’s Clean Water Act 303(d) impaired waters list for one or more of the following pollutants: 

cadmium, chromium, copper, mercury, lead, zinc, chlordane, dieldrin, toxaphene, DDT, PCBs, 

certain PAH compounds, benthic community effects and toxicity.  These impairments exist in 

one or more environmental media—water, sediment, or tissue.  Impairments in fish tissue are 

for DDT, PCBs, toxaphene, chlordane and dieldrin. 

 

Beneficial uses designated in these waters to protect aquatic life include the marine habitat use 

(MAR) and rare, threatened or endangered species habitat use (RARE). In addition, the 

estuaries (EST) are recognized as areas for spawning, reproduction and/or early development 

(SPWN), migration of aquatic organisms (MIGR), and wildlife habitat (WILD).  Dominguez 

Channel also has an existing designated use of warm freshwater habitat (WARM) and the Los 

Angeles River Estuary has the designated use of wetland habitat (WET).  Beneficial uses 

associated with human use of these waters include recreational use for water contact (REC1), 

non-contact water recreation (REC2), industrial service supply (IND), navigation (NAV), 

commercial and sport fishing (COMM), and shellfish harvesting (SHELL). 

 

Because of the impairments, these waterbodies fail to fully support the designated beneficial 

uses.  The goal of this TMDL is to protect and restore fish tissue, water and sediment quality in 

Dominguez Channel and Greater Los Angeles and Long Beach Harbor waters by remediating 

contaminated sediment and controlling the sediment loading and accumulation of contaminated 

sediment in the Harbors. 

 

Numeric 
Targets 

Applicable water quality objectives for this TMDL are narrative objectives for Chemical 

Constituents, Bioaccumulation, Pesticides, and Toxicity in the Basin Plan and the numeric 

water quality criteria promulgated in 40 CFR section 131.38 (the California Toxics Rule 

(CTR)).  In addition, sediment condition objectives were determined using the State Water 

Quality Control Plan for Enclosed Bays and Estuaries – Part 1 Sediment Quality (SQO Part 1) 

and the sediment quality guidelines.
2
   

 

The following tables provide the water, sediment and fish tissue targets for the Dominguez 

Channel and Greater Los Angeles and Long Beach Harbor Waters Toxic Pollutants TMDLs. 

 

Water Column Targets 
Water targets were determined by this Basin Plan and the California Toxics Rule (CTR).  Site-

specific conversion factors were developed to convert CTR acute dissolved metal criteria to 

total recoverable metals using The Metals Translator Guidance for Calculating a Total 

Recoverable Permit Limit From a Dissolved Criterion EPA 823-B-96-007.   

 

Because exceedances of CTR criteria were only observed in freshwaters of the Dominguez 

                                                 
1
 Dominguez Channel includes the Dominguez Channel Estuary and Torrance Lateral Channel and Greater 

Los Angeles/Long Beach Harbor waters include Inner and Outer Harbor, Main Channel, Consolidated Slip, 

Southwest Slip, Fish Harbor, Cabrillo Marina, Inner Cabrillo Beach, Los Angeles River Estuary, and San 

Pedro Bay. 
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 - 3 - May 5, 2011 

TMDL Element Regulatory Provisions 
Channel during wet weather, targets are set for wet weather only.  Site-specific wet-weather 

conversion factors were calculated using paired dissolved and total metals data and the 

statistical method outlined in the Guidance.  
 

Dissolved Metals and Organic Compounds Targets 

Criteria for the Protection of Aquatic Life 
(µg/L) 

Criteria for 
Protection of 
Human Health 
(µg/L) 
For consumption 
of:  

Freshwater Saltwater 

Pollutant 

Acute  Chronic  Acute  Chronic  

Organisms only 

Dissolved Metals 
Copper 6.99* 4.95* 4.8 3.1 - 

Lead 30.14* 1.17* 210 8.1 - 

Zinc 65.13* 65.66* 90 81 - 

Mercury - - - - 0.051 

Organic Compounds 
Chlordane n/a n/a 0.09 0.004 0.00059 

4,4’-DDT
 

1.1 0.001 0.13 0.001 0.00059 

Total PCBs - 0.014 - 0.03 0.00017 

Benzo[a]pyrene** - - - - 0.049 

Dieldrin 0.24 0.056 0.71 0.0019 0.00014 
*Freshwater aquatic life criteria for Cu, Pb and Zn are expressed as a function of total hardness (mg/L) in the water 

body. Values presented correspond to median hardness from 2002 to 2010 of 50 mg/L based upon Los Angeles 

County Department of Public Works data from Station ID S28 (n = 35). 

- means that no criteria were established for California. 

 
**CTR human health criteria were not established for total PAHs. Therefore, the CTR criteria for individual PAHs of 

0.049 µg/L are applied individually to benzo(a)pyrene, benzo(a)anthracene, and chrysene. The CTR human health 

criterion for Pyrene is 11,000 µg/L. Other PAH compounds in the CTR shall be screened as part of the TMDL 

monitoring. 
 

Total Recoverable Metals, Freshwater Targets  

Metal Acute Dissolved 
CTR Criteria 

Conversion 
Factor* 

Acute Total 
Recoverable Metals 

Copper 6.99 0.722 9.7 

Lead 30.14 0.706 42.7 

Zinc 65.13 0.935 69.6 
* Site-specific conversion factors were calculated using Los Angeles County Department of Public Works data from 

Station ID S28 using the data record 2002-2010 (n = 35), which had a median hardness of 50 mg/L. Site-specific 

conversion factors maybe recalculated based on updated data at the time of permit issuance, modification, or 

renewal. 

                                                                                                                                                 
2
 Long, ER, LJ Field and DD MacDonald. 1998. Predicting Toxicity in Marine Sediments with Numerical 

Sediment Quality Guidelines, Environ. Toxicol. Chem. 17:4, 714-727. MacDonald, DD, CG Ingersoll and 

TA Berger. 2000. Development and evaluation of consensus-based sediment quality guidelines for 

freshwater ecosystems. Arch. Environ. Contam. Toxicol. 39:20-31. 
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Freshwater toxicity target: This TMDL also establishes a numeric toxicity target of 1.0 toxicity 

unit, chronic (1.0 TUc) to address toxicity.   

 

TUc = Toxicity Unit, chronic = 100/NOEC (no observable effects concentration) 

  

Targets based on new toxicity criteria that achieve the narrative Toxicity objective of Chapter 3 

of this Basin Plan may substitute for the TUc of 1, when those new criteria are adopted and in 

effect.  

 

Sediment Targets 
 

Sediment targets were determined by the narrative standards of this Basin Plan, the SQO Part 1 

and the sediment quality guidelines of Long et al. (1998) and MacDonald et al. (2000), which 

are recommended by the State Listing Policy.  The fresh water sediment numeric targets for 

Dominguez Channel are based on the freshwater Threshold Effect Concentration (TEC) 

sediment guidelines compiled by the National Oceanic and Atmospheric Administration 

(NOAA) in the Screening Quick Reference Tables (SQuiRTs). The marine sediment quality 

guidelines of Effect Range Low (ERL), also from NOAA SQuiRTs, were used to establish the 

numeric targets for marine sediment for the greater Los Angeles and Long Beach Harbor 

waters.  These TECs and ERLs are set as the sediment quality thresholds for the calculation of 

loading capacity and allocations.  This TMDL anticipates that revisions to specific sediment 

quality targets may be determined by development of site-specific sediment quality values 

(SQV). 

 

Sediment targets 

Metals Freshwater Sediment  
(mg/kg) 

Marine Sediment 
 

(mg/kg) 
Cadmium n/a 1.2 

Copper 31.6 34 

Lead 35.8 46.7 

Mercury n/a 0.15 

Zinc 121 150 

Chromium n/a 81 

Organics 
Marine Sediment 

 
(µg/kg) 

Chlordane, total 0.5 

Dieldrin 0.02 

Toxaphene 0.10* 

Total PCBs 22.7 

Benzo[a]anthracene 261 

Benzo[a]pyrene 430 

Chrysene 384 

Pyrene 665 

2-methylnaphthalene 201 

Dibenz[a,h]anthracene 260 

Phenanthrene 240 
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Hi MW PAHs 1700 

Lo MW PAHs 552 

Total PAHs 4,022     

Total DDT 1.58 

*Toxaphene value from Technical Guidance for Screening Contaminated Sediments, New York State, Department of 

Environmental Conservation, Division of Fish, Wildlife and Marine Resources (1999), assumes 1% TOC. 

n/a indicates that a fresh water sediment target is not established in this TMDL for this constituent, since 

impairments for the constituent is in saltwater only.  

 

These sediment targets are not intended to be used as ‘clean-up standards’ for navigational, 

capital or maintenance dredging or capping activities; rather they are long-term sediment 

concentrations that should be attained after reduction of external loads, targeted actions 

addressing internal reservoirs of contaminants, and environmental decay of contaminants in 

sediment. In addition, the categories designated in the SQO Part 1 as Unimpacted and Likely 
Unimpacted by the interpretation and integration of multiple lines of evidence shall be 

considered as the protective narrative objective for sediment toxicity and benthic community 

effects. The thresholds established in the SQO Part 1 are based on statistical significance and 

magnitude of the effect. Therefore, this TMDL implicitly includes sediment toxicity and 

benthic community targets by its use of the SQO Part 1.  

 

Fish Tissue and Associated Sediment Targets 
Fish tissue targets were determined from Fish Contaminant Goals and Advisory Tissue Levels 

for Common Contaminants in California Sport Fish: Chlordane, DDTs, Dieldrin, 

Methylmercury, PCBs, Selenium, and Toxaphene, developed by OEHHA (2008) to assist 

agencies in developing fish tissue-based criteria for pollution mitigation or elimination and to 

protect humans from consumption of contaminated fish.  Associated sediment targets required 

to achieve the fish tissue targets were determined from several sources depending on the 

contaminant.   

 

Fish Tissue and Associated Sediment Targets 

Pollutant Fish Tissue Target 
(µg/kg wet) 

Associated Sediment Target 
(µg/kg dry) 

Chlordane  5.6 1.3 b 

Dieldrin 0.46 n/a 

Total DDT 21 1.9 b 

Total PCBs 3.6 3.2 c 

Total PAHs 5.47a n/a 

Toxaphene 6.1 0.1 d 
a Total PAHs in fish from EPA screening value. 
b Chlordane and total DDT associated sediment values from SFEI (2007) “Indicator development and framework for 

assessing indirect effects of sediment contaminants”, SFEI Contribution #524. 
c Total PCBs - associated sediment target from Gobas, F. and J. Arnot (2010) “Food Web Bioaccumulation Model 

for Polychlorinated Biphenyls in San Francisco Bay, California, USA”, ET&C 29:6, 1385-95. 
d Toxaphene value from New York State (1999), assumes 1% TOC. 

n/a indicates that an associated sediment target is not established in this TMDL at this time because there is no BSAF 

in literature to use in the calculation. If BSAFs are developed in the future, associated sediment targets for dieldrin 

and/or PAHs may be added during reconsideration of the TMDL. 

 

Source Analysis Monitoring data from NPDES discharges and land use runoff coefficients were used to estimate 

the magnitude of metals, organo-chlorine pesticides, PCBs, and PAHs loads to Dominguez 
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Channel and Greater Los Angeles and Long Beach Harbor waters. 

 

PCBs, DDT, dieldrin, and chlordane are legacy pollutants for the most part, yet, they remain 

present in the environment, bound to fine-grained particles. Because they are legacy pollutants 

and are subject to environmental decay, their concentrations are gradually decreasing over time. 

When these particles become waterborne, the chemicals are ferried to new locations. Urban 

runoff and rainfall higher in the watersheds mobilize the particles, which are then washed into 

storm drains and channels that discharge to the Dominguez Channel and greater Harbor waters.  

Metals and PAHs are currently generated or deposited in the watersheds and are then washed 

into storm drains and channels that discharge to the Dominguez Channel and greater Harbor 

waters. 

 

Briefly there are several categories of pollutant sources to the waters of concern in these 

TMDLs.  Point sources include stormwater and urban runoff (MS4) and other NPDES 

discharges, including but not limited to Port operations, Terminal Island Water Reclamation 

Plant (TIWRP), refineries, and generating plants.  Nonpoint sources include existing 

contaminated sediments and direct (air) deposition. 

 

Dominguez Channel waters: The major point sources of organo-chlorine pesticides, PCBs, 

and metals into Dominguez Channel are stormwater and urban runoff discharges.  Nonpoint 

sources include atmospheric deposition and fluxes from contaminated sediments into the 

overlying water.   

 

Current loads of metals into Dominguez Channel were estimated using Loading Simulation 

Program in C++ (LSPC) model output from simulated flows for 1995-2005.  Monitoring data 

from NPDES discharges and land use runoff coefficients were analyzed along with Channel 

stream flow rates to estimate the magnitude of metal loadings.  In recognition of the wide 

variety of stream flow rates generated by various rainfall conditions, flow duration curves were 

utilized to analyze the metals loading during wet weather.   

 

Greater Los Angeles and Long Beach Harbor waters: A variety of activities over the past 

decades in the four contributing watersheds (Dominguez Channel, Los Angeles River, San 

Gabriel River and the nearshore watershed) and in the Harbors themselves have contributed to 

the sediment contamination.  The contaminated sediments are a reservoir of historically 

deposited pollutants. Stormwater runoff from manufacturing, military facilities, fish processing 

plants, wastewater treatment plants, oil production facilities, and shipbuilding or repair yards in 

both Ports discharged untreated or partially treated wastes into Harbor waters.  Current 

activities also contribute pollutants to Harbor sediments. In particular, stormwater runoff from 

port facilities, commercial vessels (ocean going vessels and harbor craft), recreational vessels, 

and the re-suspension of contaminated sediments via natural processes and/or anthropogenic 

activities including (ship) propeller wash within the Ports also contributes to transport of 

pollutants within the Harbors.  Loadings from the four contributing watersheds are also 

potential sources of metals, pesticides, PCBs, and PAHs to the Harbors.  

 

The major nonpoint source of pesticides and PCBs to the greater Harbor waters is the current 

sediments.  The re-suspension of these sediments contributes to the fish tissue impairments.  In 

addition, atmospheric deposition may be a potential nonpoint source of metals to the watershed, 

through either direct deposition or indirect deposition. 
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Current loading of metals, PAHs, DDT and PCBs to contaminated sediments within the 

Dominguez Channel Estuary and Greater Harbor waters was estimated using monitoring data 

from special studies and water body surface area for air deposition; discharge results for 

refineries and TIWRP; and Environmental Fluid Dynamics Code (EFDC) model output for 

2002-2005.  Model inputs included the existing average sediment concentration in the top 5 cm 

of bed sediments and the total sediment deposition rate per waterbody. 

     

Linkage 
Analysis 

The linkage analysis connects pollutant loads to the numeric targets and protection of beneficial 

uses of Dominguez Channel and Greater Los Angeles and Long Beach Harbor waters. To 

represent the linkage between source contributions and ambient water and sediment response, 

two dynamic water quality models were developed to simulate source loadings and transport of 

the listed pollutants in Dominguez Channel and Greater Los Angeles and Long Beach Harbor 

waters.  The Environmental Fluid Dynamics Code (EFDC) and Loading Simulation Program in 

C++ (LSPC) models were selected to simulate the pollutants in this TMDL.  

 

LSPC for freshwater loadings of metals and total PAHs, DDT, and PCBs.  LSPC was 

developed for Dominguez Channel based on information initially provided by SCCWRP for 

this watershed.  In addition, Los Angeles River and San Gabriel River LSPC models were 

updated from earlier TMDL models. Model development throughout the Los Angeles Region 

relies on Event Mean Concentrations (EMC) as well as simulated flows to estimate pollutant 

loadings.  Flow data records for 1995-2005 were used to calibrate LSPC models for each 

watershed; similar simulation time frames were used to generate simulated flows for each 

watershed.   Dominguez Channel freshwater metals TMDLs examined only wet weather flows; 

however, LSPC output for dry and wet weather conditions was applied to all estuarine and 

marine receiving waters.  

 

The nearshore watershed was analyzed and modeled using LSPC by breaking it into 67 

subwatersheds that discharge directly to the Greater Los Angeles and Long Beach Harbor 

waters.  These sub-watersheds were then aggregated by receiving waterbody; e.g. nearshore 

contributions to Inner Harbor consisted of stormdrains and surface (sheet) flows that discharge 

directly into the Inner Harbor.   

 

The table below shows total loads from the four contributing watersheds to the Greater Harbor 

waters.  Overall, the Los Angeles River is the largest freshwater contributor of pollutants to the 

greater Harbor waters; flows from the Los Angeles River primarily impact water quality in 

eastern San Pedro Bay. The Inner Harbor receives the bulk of the loading from the nearshore 

watershed. 

 

Comparative Watershed Loading to Greater Harbor Waters 
LSPC Modeled Existing Loading by Watershed (1995-2005) 

Dominguez Channel Los Angeles River San Gabriel River Nearshore Watershed 

Contaminant 

Percent 
of Total 
Loading 

Average 
Daily Load 

(kg/day) 

Percent 
of Total 
Loading 

Average 
Daily Load 

(kg/day) 

Percent 
of Total 
Loading 

Average 
Daily Load 

(kg/day) 

Percent 
of Total 
Loading 

Average 
Daily Load 

(kg/day) 
Wet Conditions 

Sediment 5.6% 1.88E+05 72.0% 2.79E+06 20.4% 4.90E+05 1.9% 6.54E+04 

Total Copper 4.3% 3.58E+01 81.1% 7.85E+02 12.5% 7.51E+01 2.1% 1.78E+01 

Total Lead 3.0% 2.08E+01 71.5% 5.67E+02 23.3% 1.15E+02 2.2% 1.53E+01 
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Total Zinc 5.0% 3.56E+02 72.2% 5.89E+03 20.2% 1.02E+03 2.6% 1.84E+02 

Total DDT 9.2% 2.20E-02 89.5% 2.46E-01 0.7% 1.15E-03 0.7% 1.59E-03 

Total PAH 8.0% 2.04E+00 70.2% 2.07E+01 16.1% 2.95E+00 5.8% 1.50E+00 

Total PCB 2.3% 1.38E-02 97.5% 6.86E-01 0.1% 3.11E-04 0.2% 9.92E-04 

Dry Conditions 

Sediment 0.7% 8.57E+01 19.0% 2.27E+03 80.1% 1.01E+04 0.1% 1.54E+01 

Total Copper 2.6% 2.56E-01 48.7% 4.69E+00 40.8% 4.18E+00 8.0% 7.78E-01 

Total Lead 0.9% 3.48E-02 19.8% 7.86E-01 72.9% 3.07E+00 6.5% 2.59E-01 

Total Zinc 0.9% 5.65E-01 30.4% 1.90E+01 62.6% 4.15E+01 6.2% 3.89E+00 

Total DDT 7.7% 1.90E-05 83.0% 2.01E-04 9.3% 2.38E-05 0.0% 2.88E-10 

Total PAH 6.8% 7.06E-02 62.7% 6.39E-01 30.4% 3.29E-01 0.0% 4.18E-05 

Total PCB 1.8% 1.06E-05 97.1% 5.59E-04 1.1% 6.43E-06 0.0% 1.45E-10 

 

The EFDC was used to model hydrodynamics and water and sediment quality of the greater 

Los Angeles and Long Beach Harbor waters.  The EFDC model applied a simulated time 

period of 2002-2005.  The model was calibrated with numerous sediment monitoring studies, 

including Los Angeles and Long Beach Harbor’s 2006 sediment characterization study, which 

yielded sediment, porewater and overlying water concentrations as well as results from highly 

sensitive monitoring devices for detecting DDT, PCBs, and PAHs in the water column.  The 

EFDC model also considered ocean water (outside breakwater) conditions and fine and coarse 

sediment transport and deposition. Ultimately the EFDC model was integrated with LSPC 

output – hourly for three watersheds, daily for nearshore watersheds – to model metals, PAHs, 

PCBs, and DDT (total) sediment concentrations in the receiving waters.  The annual total 

(clean) sediment deposition rate for the top 5 cm (active sediment layer) was multiplied by the 

corresponding existing sediment pollutant level or the TMDL sediment quality target to yield 

pollutant load within each waterbody.  

 

Annual (clean) Sediment Deposition Rates per (salt)Waterbody 

Waterbody Name TMDL Zone Area (acres)1 Area (m2)1 
Total Deposition 

(kg/yr)2 

Dominguez Channel Estuary 01        140   567,900   2,470,201  

Consolidated Slip 02         36       147,103   355,560  

Inner Harbor - POLA 03    1,539  6,228,431   1,580,809  

Inner Harbor - POLB 08    1,464    5,926,130   674,604  

Fish Harbor 04          91       368,524   30,593  

Cabrillo Marina 05          77       310,259   38,859  

Cabrillo Beach 06          82       331,799   27,089  

Outer Harbor - POLA 07     1,454  5,885,626   572,349  

Outer Harbor - POLB 09     2,588  10,472,741   1,828,407  

Los Angeles River Estuary 10        207       837,873  21,610,283  

San Pedro Bay 11    8,173  33,073,517  19,056,271  
1 Area obtained from GIS layer of the 2006 303(d) list. Available at: 

http://www.waterboards.ca.gov/water_issues/programs/tmdl/303d_lists2006_gis.shtml  
2 Sediment deposition rates were calculated by approximating the average mass of total sediment (fine and coarse 

particles) deposited in each waterbody annually based on 2002-2005 EFDC output.  Sediment flux for each grid cell, 
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which is dependent on watershed inputs as well as tidal movements between waterbodies, was obtained from the 

EFDC model output.  These values were summarized across each TMDL waterbody, resulting in the average 

deposition of both sediment fines and sand by waterbody.  The total deposition rate is simply the sum of the rates for 

fines and sand and this value is the waterbody-specific average annual (clean) sediment deposition rate. 
   

 

The EFDC model was used to evaluate several management scenarios and relative 

contributions from various inputs to support water quality management decisions in Dominguez 

Channel and Greater Los Angeles and Long Beach Harbor waters. Preliminary results for two 

scenarios indicate that reducing freshwater input loads may not be sufficient to achieve target 

concentrations in water and sediments; thus reductions in contaminant levels in bed sediments 

may be required.  

 

Loading 
Capacity 
 

Loading capacity was calculated for both Dominguez Channel (wet weather) and in the 

Dominguez Channel Estuary and Greater Harbor waters (dry and wet weather). 

 

Dominguez Channel wet weather metals TMDLs:   

During wet weather, the loading capacity is a function of the volume of water in the Channel.  

Given the variability in wet-weather flows, the concept of a single critical flow was not 

justified.  Instead, a load duration curve approach was used to establish the wet-weather loading 

capacity.  The load duration curve was developed by multiplying the wet-weather flows by the 

in-stream numeric targets.  The resulting curves identify the allowable load for a given flow.  

The wet-weather TMDLs for copper and zinc are defined by these load duration curves.   

 

Loading capacities were calculated by multiplying the daily volume by the appropriate numeric 

water quality target or, in the case of lead, the observed existing average concentration.  The 

wet-weather loading capacity applies to any day when the maximum daily flow measured at a 

location within the Dominguez Channel is equal to or greater than 62.7 cfs, which is the 90
th
 

percentile of annual flow rates from estimated/modeled flow rates. 

 

The freshwater toxicity TMDL is equal to 1 TUc. 

  

Dominguez Channel Estuary and Greater Harbor waters, metals and organics in sediment 

TMDLs: 

Loading capacities for Dominguez Channel Estuary and Greater Harbor waters were calculated 

by estimating the sediment load (based on modeled sediment deposition rates) multiplied by the 

sediment quality target.  The active sediment layer was defined as the top 5 cm of sediment; the 

habitat of approximately 95% of benthic organisms.  

 

In addition, chlordane, dieldrin, toxaphene and mercury TMDLs were defined for specific 

waterbodies as equivalent to the concentration-based sediment quality target. 

 

Waste Load and 
Load 
Allocations 

Final waste load allocations (WLA) are assigned to stormwater dischargers (MS4, California 

Department of Transportation (Caltrans), general construction and general industrial 

dischargers), and other NDPES dischargers. Final load allocations (LAs) are assigned to direct 

atmospheric deposition and bed sediments in both wet and dry weather.  Dominguez Channel 

freshwater allocations are set for wet weather only because exceedances have only been 

observed in wet weather.  Mass-based allocations have been set where sufficient data was 

available to calculate mass-based allocations, otherwise, concentration-based allocations have 
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been set.   

 

Interim WLA and LA are intended to not allow any decrease in current facility performance.  

Interim allocations shall be met upon the effective date of the TMDL. 

 

Interim and final WLAs and LAs shall be included in permits and/or other Board orders in 

accordance with state and federal regulations and guidance.   

 
INTERIM ALLOCATIONS   
 

1. Dominguez Channel Freshwater Interim Allocations 
A. Freshwater Toxicity Interim Allocation wet weather 

An interim allocation of 2 TUc applies to each source, including all point sources assigned a 

WLA and all nonpoint sources assigned a LA. The freshwater toxicity interim allocation is set 

at 2 TUc based on current monitoring results performed by the Los Angeles County 

Department of Public Works, which have shown average values of less than 2 TUc.  The fresh 

water interim allocation shall be implemented as a trigger requiring initiation and 

implementation of the TRE/TIE process as outlined in US EPA’s “Understanding and 

Accounting for Method Variability in Whole Effluent Toxicity Applications Under the National 

Pollutant Discharge Elimination System Program” (2000) and current NPDES permits. The 

fresh water interim allocation shall be implemented in accordance with US EPA, State Board 

and Regional Board resolutions, guidance and policy at the time of permit issuance, 

modification or renewal. 

 

B. Freshwater Metals Interim Allocations - wet weather only 
Interim water allocations are assigned to stormwater dischargers (MS4, Caltrans, general 

construction and general industrial stormwater dischargers) and other NPDES dischargers.  

Interim water allocations are based on the 95
th
 percentile of total metals data collected from 

January 2006 to January 2010 using a log-normal distribution. The use of 95
th
 percentile values 

to develop interim allocations is consistent with NPDES permitting methodology. Regardless of 

the interim allocations below, permitted dischargers shall ensure that effluent concentrations 

and mass discharges do not exceed levels that can be attained by performance of the facility’s 

treatment technologies existing at the time of permit issuance, reissuance or modification.  

 

Concentration-based Dominguez Channel and Torrance Lateral freshwater interim metal 

allocations  
 Total Copper  Total Lead  Total Zinc 

allocation (µg/L) 207.51 122.88 898.87 

 

2. Dominguez Channel Estuary and Greater Los Angeles and Long Beach Harbor 
Waters: 

 

Interim sediment allocations are assigned to stormwater dischargers (MS4, Caltrans, general 

construction and general industrial stormwater dischargers) and other NPDES dischargers.  

Interim sediment allocations are based on the 95
th
 percentile of sediment data collected from 

1998-2006. The use of 95
th
 percentile values to develop interim allocations is consistent with 

NPDES permitting methodology.  For waterbodies where the 95
th
 percentile value has been 

equal to, or lower than, the numeric target, then the interim allocation is set equal to the final 

allocation.  Regardless of the interim sediment allocations below, permitted dischargers shall 
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ensure that effluent concentrations and mass discharges do not exceed levels that can be 

attained by performance of the facility’s treatment technologies existing at the time of permit 

issuance, reissuance or modification. 

 

Sediment, interim concentration-based allocations 
Pollutant (mg/kg sediment) 

Waterbody Copper Lead Zinc DDT PAHs PCBs 
Dominguez Channel Estuary 220.0 510.0 789.0 1.727 31.60 1.490 
Long Beach Inner Harbor 142.3 50.4 240.6 0.070 4.58 0.060 
Los Angeles Inner Harbor 154.1 145.5 362.0 0.341 90.30 2.107 
Long Beach Outer Harbor 

(inside breakwater) 67.3 46.7 150 0.075 4.022 0.248 
Los Angeles Outer Harbor 

(inside breakwater) 104.1 46.7 150 0.097 4.022 0.310 
Los Angeles River Estuary 53.0 46.7 183.5 0.254 4.36 0.683 
San Pedro Bay Near/Off Shore 

Zones 76.9 66.6 263.1 0.057 4.022 0.193 
Los Angeles Harbor - Cabrillo 

Marina 367.6 72.6 281.8 0.186 36.12 0.199 
Los Angeles Harbor - 

Consolidated Slip 1470.0 1100.0 1705.0 1.724 386.00 1.920 
Los Angeles Harbor - Inner 

Cabrillo Beach Area 129.7 46.7 163.1 0.145 4.022 0.033 
Fish Harbor 558.6 116.5 430.5 40.5 2102.7 36.6 
Numbers in bold are also the final allocation. 

 
Compliance with the interim concentration-based sediment allocations may be demonstrated 

via any one of three different means:  

1. Demonstrate that the. sediment quality condition of Unimpacted or Likely 

Unimpacted via the interpretation and integration of multiple lines of evidence as 

defined in the SQO Part 1, is met; or 

2. Meet the interim allocations in bed sediment over a three-year averaging period; or 

3. Meet the interim allocations in the discharge over a three-year averaging period. 

 
 
FINAL ALLOCATIONS 
 

1. Dominguez Channel Freshwater Allocations 
A. Freshwater Toxicity Allocation in wet weather 

A final allocation of 1 TUc, or its equivalent based on any Statewide Toxicity Policy, applies to 

each source, including all point sources assigned a WLA and all nonpoint sources assigned a 

LA. 
 

B. Freshwater Metals Allocations in wet weather 
Wet-weather allocations are assigned to Dominguez Channel and all upstream reaches and 

tributaries of Dominguez Channel (above Vermont Avenue).   

 

Allocations are assigned to both point (WLA) and nonpoint sources (LA).  A mass-based LA 

has been developed for direct atmospheric deposition. A mass-based waste load allocation 

(WLA) is divided between the MS4 permittees and Caltrans under its NPDES stormwater 
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permit by subtracting the other stormwater or NPDES waste load allocations, air deposition and 

the margin of safety from the total loading capacity.  Concentration-based WLAs are assigned 

for the other point sources including but not limited to General Construction, General 

Industrial, Power Generating stations, minor permits and irregular dischargers, and other 

NPDES dischargers.    

 

Mass-based Dominguez Channel Wet-weather Final Allocations  

 Total Copper 
(g/day) 

Total Lead 
(g/day) 

Total Zinc 
(g/day) 

TMDL 1,485.1 6,548.8 10,685.5 

Waste Load Allocations:    

MS4 – LA County Permittees 1,300.3 5,733.7 9,355.5 

MS4 - Caltrans 32.3 142.6 232.6 

Load Allocations:    

Air Deposition 4.0 17.7 28.9 

Margin of Safety    

MOS (10%) 148.5 654.9 1,069.6 
Based on total recoverable metal targets, a hardness of 50 mg/L, and 90th percentile of annual flow rates 

(62.7 cfs) in Dominguez Channel. Recalculated mass-based allocations using ambient hardness and flow 

rate at the time of sampling are considered consistent with the assumptions and requirements of these 

waste load allocations. In addition to the wasteload allocations above, samples collected during flow 

conditions less than the 90th percentile of annual flow rates must demonstrate that the acute and chronic 

hardness dependent water quality criteria provided in the CTR are achieved. 

 
Concentration-based Dominguez Channel Wet-weather Final Allocations (µg/L) 

 Total Copper Total Lead Total Zinc 
Other stormwater/NPDES 9.7 42.7 69.7 

Based on hardness = 50 mg/L. Recalculated concentration-based allocations using ambient hardness at the 

time of sampling are considered consistent with the assumptions and requirements of these waste load 

allocations. In addition to the wasteload allocations above, samples collected during flow conditions less 

than the 90th percentile of annual flow rates must demonstrate that the acute and chronic hardness 

dependent water quality criteria provided in the CTR are achieved. 

 
2. Torrance Lateral Freshwater and Sediment Allocations 
Torrance Lateral is a subwatershed that flows directly into Dominguez Channel Estuary.  

Allocations are assigned to the ExxonMobil Torrance Refinery and all other dischargers.  Mass-

based sediment allocations are assigned to the ExxonMobil Torrance Refinery.  This allocation 

has been developed based on an average discharge frequency of once every 7 years. If, at the 

end of Phase I of implementation, due to an increase in discharge frequency or volumes, it 

appears that the allocations are not supportive of the TMDL, these allocations may be revised. 

Sediment waste load allocations are assigned to all other dischargers to Torrance Lateral equal 

to the concentration-based sediment targets. 

 

Torrance Lateral Wet-weather Waste Load Allocations and Sediment Waste Load 

Allocations, concentration-based 
Media Total Copper Total Lead Total Zinc 

Water (unfiltered) (µg/L) 9.7  42.7  69.7  

Sediment (mg/kg dry) 31.6  35.8  121  

Hardness = 50 mg/L. Recalculated concentration-based allocations using ambient hardness at 

the time of sampling are considered consistent with the assumptions and requirements of these 
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waste load allocations. In addition to the wasteload allocations above, samples collected during 

flow conditions less than the 90
th

 percentile of annual flow rates must demonstrate that the acute 

and chronic hardness dependent water quality criteria provided in the CTR are achieved. 

 
Waste Load Allocations for ExxonMobil Torrance Refinery into Torrance Lateral, mass-

based 
Media Total Copper Total Lead Total Zinc 

Water (unfiltered) (kg/yr) 1.36 5.98 9.75 

Based on Q = 3.7 MGD for 7 days/year; and total metals targets  

No allocation for PAHs is assigned to ExxonMobil; however, discharges should not exceed 

existing water quality criteria for those compounds and monitoring shall continue.   

    

Compliance with the freshwater metals allocations for Dominguez Channel and Torrance 

Lateral may be demonstrated via any one of three different means:  

a. Final allocations are met. 

b. CTR total metals criteria are met instream. 

c. CTR total metals criteria are met in the discharge. 

 

Dominguez Channel Estuary and Greater Harbor Waters Allocations 
 
Concentration-based WLAs for point sources in Dominguez Channel Estuary and 
Greater Harbor Waters (including refineries) for metals, PAHs, and bioaccumulative 
compounds in water.   
 

Non-MS4 point sources such as General Construction, General Industrial, individual industrial 

permittees, including power generating stations, minor permits and irregular dischargers into 

Dominguez Channel Estuary and Greater Harbor Waters are assigned concentration-based 

allocations.  Mass-based WLA for other refineries based on appropriate data maybe considered 

during the TMDL reconsideration.  (Refineries which have provided discharge flow data along 

with monitoring results are assigned mass-based allocations, whereas other refineries are 

assigned concentration-based allocations because no discharge flow data has been provided.) 

Any future minor NPDES permits or enrollees under a general NPDES permit are also assigned 

the concentration-based waste load allocations.  The allocations are set equal to the saltwater 

targets for metals and equal to the human health targets for the organic compounds in CTR.  

The averaging period for the concentration-based WLAs shall be consistent with that specified 

in the regulation establishing the criterion or objective or relevant implementation guidance 

published by the establishing agency.  

 

Receiving (salt) Water Column Concentration-Based Waste Load Allocations 

Constituents Copper* 
(µg/L) 

Lead* 
(µg/L) 

Zinc* 
(µg/L) 

PAHs 
(µg/L) 

Chlordane 
(µg/L) 

4,4’-
DDT 

(µg/L) 

Dieldrin 
(µg/L) 

Total PCBs 
(µg/L) 

Dominguez 
Channel 
Estuary 

3.73 8.52 85.6 0.049** 0.00059 0.00059 0.00014 0.00017 

Greater 
Harbor 
Waters 

3.73 8.52 85.6   0.00059  0.00017 

* Total Concentration-based WLAs for metals are converted from saltwater dissolved CTR criteria using CTR 

saltwater default translators.   
** CTR human health criteria were not established for total PAHs. Therefore, the CTR criterion for individual PAHs 

of 0.049 µg/L is applied individually to benzo(a)anthracene, benzo(a)pyrene, and chrysene. The CTR criterion for 
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Pyrene of 11,000 µg/L is assigned as an individual WLA to Pyrene. Other PAH compounds in the CTR shall be 

screened as part of the TMDL monitoring. 
 

A. Mass-based allocations for metals and PAHs compounds  
Mass-based WLAs are assigned to the Terminal Island Water Reclamation Plant (TIWRP) 

(based on current discharge volume) and other point sources that have sufficient discharge flow 

data.  Municipal stormwater sources, including the Los Angeles, Long Beach, Caltrans and 

other MS4 co-permittees, are assigned a mass-based allocation for each permit in place at the 

time of TMDL adoption, depending on the waterbody.  Discharges from the Port of Los 

Angeles (POLA) and Port of Long Beach (POLB) are grouped with the MS4 dischargers. 

Mass-based WLAs are applied as annual limits. Individual mass-based WLAs for an individual 

MS4 Permittee will be calculated based on its share, on an area basis, of the mass-based WLA or other 

approved approach available at the time final mass-based WLAs are in effect and incorporated into the 

permit. TMDLs and allocations were developed based on existing sediment concentrations in 

the active sediment layer defined herein as the top 5 cm of bed sediment concentrations.  

 

Load Allocations are assigned to existing sediments and direct air deposition.  All allocations 

assigned to point sources and non-point sources are subtracted from the loading capacity and 

the remaining allocatable amount is assigned to the bed sediments.  Direct air deposition 

allocations have been set equal to existing load estimates for Cu, Zn and PAHs based on 

atmospheric monitoring results collected in 2006.  The Pb air deposition allocation has been 

developed by using the SCAQMD air quality Pb criteria (2010) multiplied by the surface area 

of each waterbody to produce direct air deposition allocations.  Future changes to Cu, Zn and 

PAH air quality criteria, other regulation such as brake pad requirements, or other improvement 

in air quality may allow for re-calculations of air deposition allocations in future revisions to 

the TMDL.  If, at some point in the future, a nonpoint source is considered subject to NPDES or 

WDR regulations, then the corresponding load allocation established herein may be considered 

a waste load allocation for purposes of implementation and enforcement through a permit or 

other Board order. 

 

Air deposition allocations for copper and zinc are based on existing loads; by assuming no 

direct deposition reductions, this consumes or partially consumes the available loading 

capacity. As a result, copper and zinc load allocations for bed sediments are negative values, in 

Inner and Outer Harbor, indicating that copper and zinc loads must be reduced. (Each negative 

copper and zinc bed sediment allocation may alternatively be interpreted as zero, or not 

adversely affecting benthic organisms.) The amount of copper and zinc load reduction may be 

revised based on future monitoring results. If future air deposition studies show lower existing 

air deposition copper and zinc loads, or if future copper and zinc sediment characterization 

studies show lower bed sediment copper and zinc loads, then copper and zinc allocations may 

be adjusted. 

 

The bed sediment LA is assigned to the City of Los Angeles (including the Port of Los 

Angeles), the City of Long Beach (including the Port of Long Beach) and the State Lands 

Commission. After remediation activities that address existing sediment contamination are 

complete and when LAs are attained, if bed sediments are recontaminated as a result of 

continued polluted discharge from the surrounding watersheds, the WLA compliance 

monitoring data will be used, along with other available information, to assess the relative 

contribution of watershed dischargers and determine their responsibility and allocations for 

secondary remediation activities. 
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Final, mass-based TMDLs and Allocations for metals and PAHs (Kg/year) 

Waterbody/source Total Cu Total Pb Total Zn 
Total 

PAHs  

DomCh Estuary - TMDL 84 115.4 370.5 9.94 

WLAs 

  MS4- LA County et al. 22.4 54.2 271.8 0.134 

  MS4- City of Long Beach 0.6 1.52 7.6 0.0038 

  MS4- CalTrans 0.384 0.93 4.7 0.0023 

LAs 

  Air deposition  4.6 0.031 33.2 0.051 

  Bed sediments   56.0 58.7 53.3 9.7 

Current Load 327.6 457.9 1799.0 28.1 

Overall reduction 74% 75% 79% 65% 

Consolidated Slip - TMDL 12.1 16.6 53.3 1.43 

WLAs 

  MS4- LA County et al. 2.73 3.63 28.7 0.0058 

  MS4  CalTrans 0.043 0.058 0.5 0.00009 

LAs 

  Air deposition  1.2 0.008 8.6 0.013 

  Bed sediments   8.13 12.9 15.57 1.41 

Current Load 92.1 127.3 398.9 11.5 

Overall reduction 87% 87% 87% 88% 

Inner Harbor - TMDL 76.7 105.3 338.3 9.1 

WLAs 

  MS4- LA County et al. 1.7 34.0 115.9 0.088 

  MS4  City of Long Beach 0.463 9.31 31.71 0.024 

  MS4  CalTrans 0.032 0.641 2.18 0.0017 

LAs 

  Air deposition  97.6 0.67 710 1.08 

  Bed sediments   (23.1) 60.7 (521.3) 7.88 

Current Load 178.4 105.9 542.1 3.524 

Overall reduction 57% 1% 38% 0% 

Outer Harbor - TMDL 81.6 112.1 360.1 9.7 

WLAs 

  MS4- LA County et al. 0.91 26.1 81.5 0.105 

  MS4  City of Long Beach 0.63 18.1 56.4 0.073 

  MS4  CalTrans 0.0018 0.052 0.162 0.00021 

TIWRP = POTW  
80.4 183.6 1845 1.056 
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(CTR & MGD

***
) 

LAs 

  Air deposition  17.9 0.9 108.1 1.5 

  Bed sediments   (18.2) (116) (1731) 6.964 

Current Load 119.0 66.7 403.4 0.626 

Overall reduction 31% 0% 11% 0% 

Fish Harbor - TMDL 1.04 1.43 4.59 0.123 

WLAs 

  MS4- LA County et al. (POLA) 0.00017 0.54 1.62 0.007 

  MS4 CalTrans  0.0000005 0.00175 0.0053 0.000021 

LAs 

  Air deposition  0.4 0.02 2.4 0.033 

  Bed sediments   0.636 0.87 0.5 0.084 

Current Load 1.43 0.60 4.2 0.003 

Overall reduction 27% 0% 0% 0% 

Cabrillo Marina -TMDL 1.32 1.81 5.8 0.156 

WLAs 

  MS4- LA County et al. (POLA) 0.0196 0.289 0.74 0.00016 

  MS4 CalTrans  0.00019 0.0028 0.007 0.0000016 

LAs 

  Air deposition  0.34 0.017 2.05 0.028 

  Bed sediments   1.0 1.506 3.03 0.1285 

Current Load 9.2 2.3 9.14 0.236 

Overall reduction 86% 21% 36% 34% 

San Pedro Bay - TMDL 648 890 2858 76.6 

WLAs 

  MS4- LA County et al. 20.3 54.7 213.1 1.76 

  MS4  City of Long Beach 137.9 372.2 1449.7 12.0 

  MS4  CalTrans 0.88 2.39 9.29 0.077 

  MS4  Orange County** 9.8 26.4 102.9 0.85 

LAs 

  Air deposition  36 1.8 219 2.9 

  Bed sediments   442.9 432 865 59.0 

Current Load 1251 1737 8167 3.63 

Overall reduction 48% 49% 65% 0% 

LA River Estuary - TMDL 735 1009 3242 86.9 

WLAs 

  LAR Estuary dischargers* [Cu  SQV] [Pb  SQV] [Zn  SQV] [PAH  SQV] 

RB-AR37484



Attachment A to Resolution No. R11-008 

 - 17 - May 5, 2011 

TMDL Element Regulatory Provisions 
  MS4- LA County et al. 35.3 65.7 242.0 2.31 

  MS4  City of Long Beach 375.8 698.9 2572.7 24.56 

  MS4  CalTrans 5.1 9.5 34.8 0.333 

LAs 

  Air deposition  6.7 0.046 48.9 0.075 

  Bed sediments   311.8 235.0 343.0 59.6 

Current Load 1612 2641 20096 8.72 

Overall reduction 54% 62% 84% 0% 

Note: Cu and Zn air deposition load allocations are set equal to existing load with no reductions anticipated. 

Negative (values) for bed sediments indicate that bed sediment loads are expected to be reduced; the amount of 

reduction may be revised with additional monitoring results. 

  

*SQVs are currently set at ERLs  

**Orange County MS4 Permit is issued by the Santa Ana Regional Board.  The allocations included, here, for the 

Seal Beach nearshore area, are for TMDL calculation purposes only, and an allocation is not assigned. 

***For TIWRP, the discharge volume at the time of permit modification or reissuance shall be used to calculate the 

mass-based effluent limitations consistent with the assumptions and requirements of these WLAs. Studies may be 

conducted to determine the portion of the discharged pollutants that is deposited on bed sediment. The results of any 

such Executive Officer approved studies shall be evaluated at the TMDL reconsideration to modify these WLAs as 

appropriate. 

 

Consolidated Slip and Fish Harbor are impaired for mercury in sediments and the average 

sediment concentration (1.1 mg/kg dry) is significantly higher than the target concentration 

(0.15 mg/kg dry).  Consolidated Slip and Dominguez Channel Estuary are impaired for 

cadmium in sediments, and Consolidated Slip is also impaired for chromium in sediments.   

 

Final Concentration-Based Sediment WLAs for metals in Dominguez Channel Estuary, 
Consolidated Slip and Fish Harbor 

Concentration-based Sediment WLAs (mg/kg dry sediment) 
Cadmium Chromium Mercury 

1.2 81 0.15 

Mercury applies to both Consolidated Slip and Fish Harbor; Cd applies to Dominguez Channel Estuary 

and Consolidated Slip, and Cr applies to Consolidated Slip only. 

 

Compliance with these sediment TMDLs for Cu, Pb, Zn, Cd, Cr, Hg and total PAHs may be 

demonstrated via any one of three different means:  

a. Final sediment allocations, as presented above, are met. 

b. The qualitative sediment condition of Unimpacted or Likely Unimpacted via the 

interpretation and integration of multiple lines of evidence as defined in the SQO Part 

1, is met, with the exception of Cr, which is not included in the SQO Part 1. 

c. Sediment numeric targets are met in bed sediments over a three-year averaging period. 

 

Compliance with mass-based WLAs shall be measured at designated discharge points.  

Compliance with concentration-based WLAs for existing sediment shall be determined by 

pollutant concentrations in ambient sediment in each waterbody.  The average ambient bulk 

sediment level within a waterbody at or below the sediment quality target is considered 

compliance with these TMDLs.   
 

B. Mass-based Allocations for Bioaccumulative Compounds  
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Fish tissue levels of certain bioaccumulative compounds are above desired numeric targets. 

These TMDLs are designed to reduce contaminated sediment levels, which will result in lower 

corresponding pollutant levels in fish tissue.  These sediment allocations have been derived to 

support lowering fish tissue levels using biota-sediment accumulation factors (BSAFs) or 

ERLs, whichever is more protective. For chlordane and dieldrin, the ERL values are lower and 

more protective than BSAF values.  The DDT sediment values are comparable (ERL = 1.58, 

BSAF = 1.9); the more stringent one was used for calculation.  The PCBs sediment value 

associated with fish tissue is more stringent than the ERL sediment value for PCBs.  

 

Mass-based WLAs are assigned for TIWRP and other point sources that have sufficient 

discharge flow data.  Municipal stormwater sources, including the Los Angeles, Long Beach, 

Caltrans and other MS4 co-permittees, are assigned a single, mass-based allocation by permit, 

depending on the waterbody.  Discharges from the Port of Los Angeles (POLA) and Port of 

Long Beach (POLB) are grouped with the MS4 dischargers.  Mass-based WLAs are applied as 

annual limits.   

 

Individual mass-based WLAs for an individual MS4 Permittee will be calculated based on its 

share, on an area basis, of the mass based WLA or other approved approach available at the time final 

mass-based WLAs are in effect and incorporated into the permit.  Mass-based LAs are identified for 

bed sediments and direct air deposition. Direct air deposition allocations for total DDT are 

based on estimates of existing loads using atmospheric monitoring results collected close to Los 

Angeles/Long Beach Harbor at SCAQMD Wilmington Station in 2006.  Pollutant-specific air 

deposition values (DDT = 29 ng/m2/day) were multiplied by the surface area of each 

waterbody to produce direct deposition allocations.  Direct deposition allocations for PCBs are 

not included since air deposition has been measured to be less than water-to-air fluxes.   

 

DDT load allocations for bed sediments are negative values, with the exception of those for the 

Los Angeles River Estuary, indicating that DDT loads must be reduced. (Each negative DDT 

bed sediment allocation may alternatively be interpreted as zero, or interpreted as minimal 

bioaccumulation into the food web.) The amount of DDT load reduction may be revised based 

on future monitoring results.  If future air deposition studies show lower existing air deposition 

DDT loads, or if future DDT sediment characterization studies show lower bed sediment DDT 

loads, then DDT load allocations may be adjusted.  

 

The Greater Harbor Waters (excluding LA River Estuary and Consolidated Slip) bed sediment 

LA is assigned to the City of Los Angeles (including the Port of Los Angeles), the City of Long 

Beach (including the Port of Long Beach) and the State Lands Commission. After remediation 

activities that address existing sediment contamination are complete and when LAs are attained, 

if bed sediments are recontaminated as a result of continued polluted discharge from the 

surrounding watersheds, the WLA compliance monitoring data will be used, along with other 

available information, to assess the relative contribution of watershed dischargers and 

determine their responsibility and allocations for secondary remediation activities. 

 

DDT and PCBs (total) TMDLs apply to all estuarine and marine waters in Greater Harbor area, 

including Inner Cabrillo Beach, Los Angeles River Estuary and Eastern San Pedro Bay.  
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Final mass-based TMDLs and Allocations for total DDT and total PCBs (g/yr) 

Waterbody/source DDT total PCBs total 

DomCh Estuary – TMDL 3.90 7.90 

WLAs 

  MS4- LA County et al 0.250 0.207 

  MS4  City of Long Beach 0.007 0.006 

  MS4  CalTrans 0.004 0.004 

LAs 

  Air deposition   6.01  n/a 

  Bed sediments  (2.4) 7.7  

Current Load 54.0 57.5 

Overall reduction 93% 86% 

Consolidated Slip - TMDL 0.56 1.14 

WLAs 

  MS4- LA County et al 0.009 0.004 

  MS4  CalTrans 0.00014 0.00006 

LAs 

  Air deposition   1.56 n/a 

  Bed sediments  (1.00) 1.13  

Current Load 49.0 83.9 

Overall reduction 99% 99% 

Inner Harbor - TMDL 3.56 7.22 

WLAs 

  MS4- LA County et al 0.051 0.059 

  MS4  City of Long Beach 0.014 0.016 

  MS4  CalTrans 0.0010 0.0011 

LAs 

  Air deposition   129  n/a 

  Bed sediments  (125) 7.14  

Current Load 21.67 29.51 

Overall reduction 84% 76% 

Outer Harbor - TMDL 3.79 7.68 

WLAs 

  MS4- LA County et al 0.005 0.020 

  MS4  City of Long Beach 0.004 0.014 

  MS4  CalTrans 0.000010 0.00004 

  TIWRP = POTW  

(CTR & MGD
***

) 
12.7 0.37 

RB-AR37487



Attachment A to Resolution No. R11-008 

 - 20 - May 5, 2011 

TMDL Element Regulatory Provisions 

LAs 

  Air deposition   173 n/a 

  Bed sediments  (182) 7.28 

Current Load 30.8 34.7 

Overall reduction 88% 78% 

Fish Harbor - TMDL 0.048 0.098 

WLAs 

  MS4- LA County et al 0.0003 0.0019 

  MS4  CalTrans 0.0000010 0.000006 

LAs 

  Air deposition   3.9 n/a 

  Bed sediments  (3.85) 0.10  

Current Load 0.168 0.075 

Overall reduction 71% 0% 

Cabrillo Marina -TMDL 0.061 0.124 

WLAs 

  MS4- LA County et al 0.000028 0.000025 

  MS4  CalTrans 0.00000028 0.00000024 

LAs 

  Air deposition   3.3  n/a 

  Bed sediments  (3.22) 0.12  

Current Load 1.66 1.06 

Overall reduction 96% 88% 

Inner Cabrillo Beach - 

TMDL 
0.04 0.09 

WLAs 

  MS4- LA County et al 0.0001 0.0003 

LAs 

  Air deposition   3.5  n/a 

  Bed sediments  (3.5) 0.09  

Current Load 0.98 0.31 

Overall reduction 96% 72% 

San Pedro Bay - TMDL 30.1 61.0 

WLAs 

  MS4- LA County et al 0.049 0.44 

  MS4  City of Long Beach 0.333 3.01 

  MS4  CalTrans 0.002 0.019 

  MS4  Orange County** 0.024 0.213 

LAs 
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  Air deposition   350 n/a 

  Bed sediments  (320) 57.3  

Current Load 205.2 110.7 

Overall reduction 85% 45% 

LA River Estuary - TMDL 34.1 69.2 

WLAs 

  MS4- LA County et al 0.100 0.324 

  MS4  City of Long Beach 1.067 3.441 

  MS4  CalTrans 0.014 0.047 

LAR Estuary dischargers [DDT SQV] [PCBs SQV] 

LAs 

  Air deposition   8.9 n/a 

  Bed sediments 24.09  65.3  

Current Load 231.6 402.2 

Overall reduction 85% 83% 

Note: DDT air deposition load allocation is set equal to existing load with no reductions anticipated. Negative values 

for bed sediments indicate that DDT bed sediment loads are expected to be reduced; the amount of reduction may be 

revised with additional monitoring results. 

*SQVs are currently set at the more protective of ERLs or fish tissue associated sediment targets.  

**Orange County MS4 Permit is issued by the Santa Ana Regional Board.  The allocations included, here, for the 

Seal Beach nearshore area, are for TMDL calculation purposes only, and an allocation is not assigned. 

***For TIWRP, the discharge volume at the time of permit modification or reissuance shall be used to calculate the 

mass-based effluent limitations consistent with the assumptions and requirements of these WLAs. Studies may be 

conducted to determine the portion of the discharged pollutants that is deposited on bed sediment. The results of any 

such Executive Officer approved studies shall be evaluated at the TMDL reconsideration to modify these WLAs as 

appropriate. 

 
In addition, bed sediment concentration-based allocations are assigned for chlordane in 

Dominguez Channel Estuary, Consolidated Slip, Fish Harbor, Los Angeles River Estuary and 

Eastern San Pedro Bay.  Bed sediment concentration-based allocations are also assigned for 

dieldrin in Dominguez Channel Estuary and Consolidated Slip.  Bed sediment concentration 

allocations are also assigned for toxaphene in Consolidated Slip.  The TMDLs and allocations 

are set at target sediment concentrations:  chlordane = 0.5,   dieldrin = 0.02,   toxaphene = 0.10 

µg/kg dry sediment.    

 
Compliance with these bioaccumulative TMDLs may be demonstrated via any of four different 

means:  

a. Fish tissue targets are met in species resident to the TMDL waterbodies
3
. 

b. Final sediment allocations, as presented above, are met. 

c. Sediment numeric targets to protect fish tissue are met in bed sediments over a three-

year averaging period. 

d. Demonstrate that the sediment quality condition protective of fish tissue is achieved per 

the Statewide Enclosed Bays and Estuaries Plan, as amended to address contaminants 

in resident finfish and wildlife. 

 
3 A site-specific study to determine resident species shall be submitted to the Executive Officer for 

approval. 
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3. Diazinon 
 

Los Angeles County monitoring data in Dominguez Channel freshwaters show diazinon 

exceedences from 2002-2005, but none from 2006-2010.  This timing is concurrent with EPA’s 

ban on urban use of diazinon, effective Dec. 31, 2005. Based these results, no diazinon TMDLs 

are developed at this time.  
Margin of 
Safety 

The Dominguez Channel freshwater allocations included an explicit margin of safety (MOS) 

equal to 10% of the loading capacity or existing load to account for any additional uncertainty 

in the wet-weather TMDLs.  The 10% MOS was subtracted from the loading capacity or 

existing load, whichever was smaller.  Applying an explicit margin of safety is reasonable 

because a number of uncertain estimates are offset by the explicit margin of safety. While the 

observed dissolved-to-total metals ratios are not similar to CTR default conversion values, there 

appears to be very poor correlation between the fraction of particulate metals and TSS.  Also, 

there is added uncertainty regarding stream flow rates during wet weather conditions, when the 

highest metal loads occur, thus an explicit margin of safety is justified. 

  

An implicit margin of safety exists in the final allocations to Dominguez Channel Estuary and 

Greater Harbor waters.  The implicit margin of safety is based on the selection of multiple 

numeric targets, including targets for water, fish tissue and sediment among other conservative 

modeling assumptions.  An additional explicit margin of safety must be considered and may be 

applied if any chemical-specific sediment quality target is revised or updated contingent on 

future sediment quality studies.  That is, there may be uncertainty associated with revised 

sediment quality values, which may warrant including an additional explicit margin of safety. 

 

Seasonal 
Variations and 
Critical 
Conditions 

Wet weather events may produce extensive sediment redistribution and transport sediments to 

the harbors and the CTR-based water column targets are protective of this condition.  This 

would be considered the critical condition for loading. 

 

No correlation with flow or seasonality (wet vs. dry season) was found to exist in sediment or 

tissue data. Given that allocations for this TMDL are expressed in terms pesticides, PCBs, 

PAHs, and metals concentrations in sediment, a critical condition is not identified based upon 

flow or seasonality. 

 

Because the adverse effects of pesticides, PCBs, PAHs, and metals are related to sediment 

accumulation and bioaccumulation in the food chain over long periods of time, short term 

variations in concentrations are less likely to cause significant impacts upon beneficial uses. 

Monitoring 
Plan 

Monitoring by assigned responsible parties is required in three waterbody areas: 

1. Dominguez Channel, Torrance Lateral, and Dominguez Channel Estuary 

2. Greater Los Angeles and Long Beach Harbor Waters (including Consolidated Slip) 

3. Los Angeles River and San Gabriel River 

 

Monitoring shall be conducted under technically appropriate Monitoring and Reporting Plans 

(MRPs) and Quality Assurance Project Plans (QAPPs).  The MRPs shall include a requirement 

that the responsible parties report compliance and non-compliance with waste load and load 

allocations as part of annual reports submitted to the Regional Board.  The QAPPs shall include 

protocols for sample collection, standard analytical procedures, and laboratory certification.  

All samples shall be collected in accordance with SWAMP protocols.  Monitoring Plans shall 

be submitted twenty (20) months after the effective date of the TMDL for public review and, 
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subsequently, Executive Officer approval. 

 

Monitoring shall begin six months after the monitoring plan is approved by the Executive 

Officer.  Responsible parties assigned both WLAs and LAs may submit one document that 

addresses the monitoring requirements (as described below) and implementation activities for 

both WLAs and LAs.  Responsible parties shall submit annual monitoring reports. 

 

The Regional Board Executive Officer may reduce, increase, or modify monitoring and 

reporting requirements, as necessary, based on the results of the TMDL monitoring program.  

Currently, several of the constituents of concern have numeric targets that are lower than the 

readily available detection limits.  As analytical methods and detection limits continue to 

improve (i.e., development of lower detection limits) and become more environmentally 

relevant, responsible parties shall incorporate new method detection limits in the MRP and 

QAPP. 

 

1. Dominguez Channel, Torrance Lateral, and Dominguez Channel Estuary Compliance 

Monitoring Program 

 

For Dominguez Channel, Dominguez Channel Estuary, and Torrance Lateral, water and 

total suspended solids samples shall be collected at the outlet of the storm drains 

discharging to the channel and the estuary.  Fish tissue samples shall be collected in 

receiving waters of the Dominguez Channel Estuary.  Sediment samples shall also be 

collected in the estuary. 

 

• Water Column Monitoring 

Water samples and total suspended solids samples shall be collected during two wet 

weather events and one dry weather event each year.  The first large storm event of the 

season shall be included as one of the wet weather monitoring events.  Water samples and 

total suspended solid samples shall be analyzed for a suite of compounds including, at a 

minimum, metals, including lead, zinc, and copper, DDT, PCBs, Benzo[a] anthrancene, 

Benzo[a]pyrene, Chrysene, Phenanthrene, and Pyrene.  Sampling shall be designed to 

collected sufficient volumes of suspended solids to allow for analysis of the pollutants in 

the bulk sediment. 

 

In addition to TMDL constituents, general water chemistry (temperature, dissolved 

oxygen, pH, and electrical conductivity) and a flow measurement will be required at each 

sampling event.  General chemistry measurements may be taken in the laboratory 

immediately following sample collection, if auto samplers are used for sample collection 

or if weather conditions are unsuitable for field measurements.  In addition, toxicity shall 

be tested for in the freshwater portion of Dominguez Channel. 

 

• Sediment Monitoring 

A sediment monitoring program shall be developed consistent with the selected method for 

compliance and all samples shall be collected in accordance with SWAMP protocols. 

 

a) If compliance will be determined based on achieving sediment quality targets, sediment 

chemistry samples shall be collected every two years for analysis of general sediment 

quality constituents and the full chemical suite as specified in SQO Part 1.  In addition, 

benthic community effects shall be assessed in the Dominguez Channel Estuary.   
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TMDL Element Regulatory Provisions 
b) If compliance will be determined based on the SQO compliance method, sediment 

chemistry samples shall also be collected every five years (in addition to, and in 

between, the sediment triad sampling events as described below), beginning after the 

first sediment triad event, to evaluate trends in general sediment quality constituents 

and listed constituents relative to sediment quality targets.  Chemistry data without 

accompanying sediment triad data shall be used to assess sediment chemistry trends and 

shall not be used to determine compliance.     

 

Sediment quality objective evaluation as detailed in the SQO Part 1 (sediment triad 

sampling) shall be performed every five years in coordination with the Biological Baseline 

and Bight regional monitoring programs, if possible.  Sampling and analysis for the full 

chemical suite, two toxicity tests and four benthic indices as specified in SQO Part 1 shall 

be conducted and evaluated.  If moderate toxicity as defined in the SQO Part 1 is 

observed, results shall be highlighted in annual reports and further analysis and evaluation 

to determine causes and remedies shall be required in accordance with the EO approved 

monitoring plan.  Locations for sediment triad assessment and the methodology for 

combining results from sampling locations to determine sediment conditions shall be 

specified in the MRP to be approved by the Executive Officer. The sampling design shall 

be in compliance with the SQO Part 1 Sediment Monitoring section (VII.E.). 

  

• Fish Tissue Monitoring 

Fish tissue samples shall be collected every two years from the Dominguez Channel 

Estuary and analyzed for chlordane, dieldrin, toxaphene, DDT, and PCBs.  The target 

species in the Dominguez Channel Estuary shall be selected based on residency, local 

abundance and fish size at the time of field collection. Tissues analyzed shall be based on 

the most common preparation for the selected fish species. 

 

The Dominguez Channel responsible parties are each individually responsible for conducting 

water, sediment, and fish tissue monitoring.  However, they are encouraged to collaborate or 

coordinate their efforts to avoid duplication and reduce associated costs.  Dischargers 

interested in coordinated monitoring shall submit a coordinated MRP that identifies 

monitoring to be implemented by the responsible parties.   Under the coordinated monitoring 

option, the compliance point for the stormwater WLAs shall be storm drain outfalls or a 

point(s) in the receiving water that suitably represents the combined discharge of cooperating 

parties. 

 

The details of the monitoring program including sampling locations and all methods shall be 

specified in the MRP to be approved by the Executive Officer. 

 

2. Greater Los Angeles and Long Beach Harbor Waters Compliance Monitoring Program 

 

At a minimum, compliance monitoring shall be conducted at the locations and for the 

constituents listed in the table below for water column, total suspended solids, and sediment.  

The exact locations of monitoring sites shall be specified in the MRP to be approved by the 

Executive Officer.  During aspects of the remedial action(s) for the Montrose Superfund Site 

that may mobilize sediments and associated pollutants from the on- or near-property soils or 

“Neighborhood Areas”, it is recommended that US EPA, as the regulatory oversight agency, 

require that Potentially Responsible Parties (PRP) implement monitoring to evaluate pollutant 

loads and concentrations leaving the site and surrounding area, as well as pollutant 
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TMDL Element Regulatory Provisions 
concentrations in the bed sediments of Dominguez Channel Estuary and Consolidated Slip and 

coordinate such monitoring with other TMDL compliance monitoring. 

 

• Water Column Monitoring 

Water samples and total suspended solids samples shall be collected during two wet 

weather events and one dry weather event each year.  TSS shall be collected at several 

depths during wet weather events. The first large storm event of the season shall be 

included as one of the wet weather monitoring events.  General water chemistry 

(temperature, dissolved oxygen, pH, and salinity) and a flow measurement shall be 

required at each sampling event.   

 

• Sediment Monitoring 

Sediment chemistry samples shall be collected every five years (in addition to, and in 

between, the sediment triad sampling events as described below), beginning after the first 

sediment triad event, to evaluate trends in general sediment quality constituents and listed 

constituents relative to sediment quality targets.  Chemistry data without accompanying 

sediment triad data shall be used to assess sediment chemistry trends and shall not be used 

to determine compliance.   

 

Sediment chemistry monitoring requirements 
Sample Media Water Body 

Name 

Station 

Id 
Station Location 

WATER/TSS SEDIMENT 

Consolidated 

Slip 
01 

Center of 

Consolidated Slip 

Metals, PCBs, 

DDT  
Metals, Chlordane, DDT PCBs, PAHs  

Los Angeles 

Inner Harbor 
02 East Turning Basin 

Metals, PCBs, 

DDT 

 03 
Center of  the POLA 

West Basin 

Metals, PCBs, 

DDT 

 04 

Main Turning Basin 

north of Vincent 

Thomas Bridge 

Metals, PCBs, 

DDT 

Metals, Toxicity, Benthic Community 

Effect 

 05 
Between Pier 300 

and Pier 400 

Metals, PCBs, 

DDT 

Metals, Toxicity, Benthic Community 

Effect  

 06 
Main Channel south 

of Port O’Call 

Metals, PCBs, 

DDT 

Metals, Toxicity, Benthic Community 

Effect 

Fish Harbor 07 

Center of inner 

portion of Fish 

Harbor 

Metals, PCBs, 

DDT 

Metals, Toxicity, PCBs, DDT, 

Chlordane, PAHs  

Los Angeles 

Outer Harbor 
08 

Los Angeles Outer 

Harbor between Pier 

400 and middle 

breakwater 

Metals, PCBs, 

DDT 
Toxicity 

 09 

Los Angeles Outer 

Harbor between the 

southern end of the 

reservation point and 

the San Pedro 

breakwater 

Metals, PCBs, 

DDT 
Toxicity 

Cabrillo Marina 10 
Center of west 

Channel 

Metals, PCBs, 

DDT 
 

Inner Cabrillo 11 Center of Inner Metals, PCBs, Metals 
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TMDL Element Regulatory Provisions 
Beach Cabrillo Beach DDT 

Long Beach 

Inner Harbor 
12 

Cerritos Channel 

between the Heim 

Bridge and the 

Turning Basin 

Metals, PCBs, 

DDT 

Metals, Toxicity, Benthic Community 

Effect 

 13 

Back Channel 

between Turning 

Basin and West 

Basin 

Metals, PCBs, 

DDT 

Metals, Toxicity, Benthic Community 

Effect 

 14 
Center of West 

Basin 

Metals, PCBs, 

DDT 

Metals, Toxicity, Benthic Community 

Effect 

 15 
Center of Southeast 

Basin 

Metals, PCBs, 

DDT 

Metals, Toxicity, Benthic Community 

Effect 

Long Beach 

Outer Harbor 
16 

Center of Long 

Beach Outer Harbor 

Metals, PCBs, 

DDT 
Toxicity 

 17 

Between the 

southern end of Pier 

J and the Queens 

Gate 

Metals, PCBs, 

DDT 
Toxicity 

San Pedro Bay 18 

Northwest of San 

Pedro Bay near Los 

Angeles River 

Estuary 

Metals, PCBs, 

DDT 
Metals, Chlordane,  PAHs, Toxicity 

 19 
East of San Pedro 

Bay 

Metals, PCBs, 

DDT 
Metals, Chlordane,  PAHs, Toxicity 

 20 

South of  San Pedro 

Bay inside 

breakwater 

Metals, PCBs, 

DDT 
Metals, Chlordane,  PAHs, Toxicity 

Los Angeles 

River Estuary 
21 

Los Angeles  River 

Estuary Queensway 

Bay 

Metals, PCBs, 

DDT 
Metals, Chlordane, DDT, PCBs 

 22 
Los Angeles  River 

Estuary  

Metals, PCBs, 

DDT 
Metals, Chlordane, DDT, PCBs 

 

 

Sediment quality objective evaluation as detailed in the SQO Part 1 (sediment triad 

sampling) shall be performed every five years in coordination with the Biological Baseline 

and Bight regional monitoring programs, if possible.  Sampling and analysis for the full 

chemical suite, two toxicity tests and four benthic indices as specified in SQO Part 1 shall 

be conducted and evaluated.  If moderate toxicity as defined in the SQO Part 1 is 

observed, results shall be highlighted in annual reports and further analysis and evaluation 

to determine causes and remedies shall be required in accordance with the EO approved 

monitoring plan. Locations for sediment triad assessment and the methodology for 

combining results from sampling locations to determine sediment conditions shall be 

specified in the MRP to be approved by the Executive Officer. The sampling design shall 

be in compliance with the SQO Part 1 Sediment Monitoring section (VII.E.). 

 

• Fish Tissue Monitoring 

Fish tissue samples shall be collected every two years in San Pedro Bay, Los Angeles 

Harbor, and Long Beach Harbor, and analyzed for chlordane, dieldrin, toxaphene, DDT, 

and PCBs. At a minimum, three species shall be collected, including white croaker, a sport 
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TMDL Element Regulatory Provisions 
fish, and a prey fish. 

 

The Greater Los Angeles and Long Beach Harbors
3
 responsible parties are each individually 

responsible for conducting water, sediment, and fish tissue monitoring.  However, they are 

encouraged to collaborate or coordinate their efforts to avoid duplication and reduce associated 

costs.  Dischargers interested in coordinated compliance monitoring shall submit a coordinated 

MRP that identifies monitoring to be conducted by the responsible parties.  Under the 

coordinated compliance monitoring option, the compliance point for the stormwater WLAs 

shall be storm drain outfalls or a point(s) in the receiving water that suitably represents the 

combined discharge of cooperating parties. 

 

The Consolidated Slip sub-group responsible parties are responsible for conducting water, 

sediment, and fish tissue monitoring in Consolidated Slip. 

 

The details of the monitoring program including sampling locations and all methods shall be 

specified in the MRP to be approved by the Executive Officer. 

 

3. Los Angeles River and San Gabriel River Compliance Monitoring Program 

 

Los Angeles River Watershed and San Gabriel River Watershed responsible parties identified 

in effective metals TMDLs for Los Angeles River and San Gabriel River are responsible for 

conducting water and sediment monitoring above the Los Angeles River Estuary and at the 

mouth of the San Gabriel River, respectively, to determine the Rivers’ contribution to the 

impairments in the Greater Harbor waters.  

 

• Water Column Monitoring 

Water samples and total suspended solids samples shall be collected at, at least one site 

during two wet weather events and one dry weather event each year.  The first large storm 

event of the season shall be included as one of the wet weather monitoring events.  Water 

samples and total suspended solid samples shall be analyzed for metals, DDT, PCBs, and 

PAHs.  Sampling shall be designed to collect sufficient volumes of suspended solids to 

allow for analysis of the listed pollutants in the bulk sediment. 

 

General water chemistry (temperature, dissolved oxygen, pH, and electrical conductivity) 

and a flow measurement shall be required at each sampling event.  General chemistry 

measurements may be taken in the laboratory immediately following sample collection if 

auto samplers are used for sample collection or if weather conditions are unsuitable for 

field measurements. 

 

• Sediment Monitoring 

For sediment chemistry, sediment samples shall be collected at, at least one site every two 

years for analysis of general sediment quality constituents and the full chemical suite as 

specified in SQO Part 1.  All samples shall be collected in accordance with SWAMP 

protocols.   

 

The details of the monitoring program including sampling locations and all methods shall 

be specified in the MRP to be approved by the Executive Officer. 
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Implementation 
Plan 

The regulatory mechanisms to implement the TMDL include, but are not limited to, general 

NPDES permits, individual NPDES permits, MS4 Permits covering jurisdictions and flood 

control districts within these waters, the Statewide Industrial Storm Water General Permit, the 

Statewide Construction Activity Storm Water General Permit, the Statewide Stormwater Permit 

for Caltrans Activities, and the authority contained in Sections 13263, 13267 and 13383 of the 

Cal. Water Code.  For each discharger assigned a WLA, the appropriate Regional Board Order 

shall be reopened or amended when the order is reissued, in accordance with applicable laws, to 

incorporate the applicable WLA(s) as a permit requirement consistent with federal regulation 

and related guidance (40 CFR 144.22(d)(1)(vii)(B); US EPA Memorandum “Revisions to the 

November 22, 2002 Memorandum ‘Establishing Total Maximum Daily Load (TMDL) 

Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements 

Based on Those WLAs’” (November 12, 2010)).  LAs will be implemented in a manner 

consistent with federal and state laws, regulations and policies, including the Nonpoint Source 

Implementation and Enforcement Policy. 

 

Implementation by assigned responsible parties is required in three waterbody areas: 

1. Dominguez Channel, Torrance Lateral, and Dominguez Channel Estuary 

2. Greater Los Angeles and Long Beach Harbor waters (including Consolidated Slip) 

3. Los Angeles River and San Gabriel River 

 

Actions to achieve WLA and LA may be implemented in phases with information from each 

phase being used to inform the implementation of the next phase. These sediment targets are not 

intended to be used as ‘clean-up standards’ for navigational, capital or maintenance dredging or 

capping activities; rather they are long-term sediment concentrations that should be attained 

after reduction of external loads, targeted actions addressing internal reservoirs of contaminants, 

and environmental decay of contaminants in sediment. The implementation may be adjusted, as 

necessary, based on information gained during each phase.  Table 7-40.2 contains the schedule 

for responsible parties to develop and implement TMDL implementation plans and sediment 

management plans to comply with the TMDL.   
 

1. Dominguez Channel, Torrance Lateral, and Dominguez Channel Estuary 
 

Responsible parties can implement a variety of implementation strategies to meet the required 

WLAs and LAs, such as non-structural and structural BMPs, diversion and treatment to reduce 

sediment transport from the watershed to Dominguez Channel and Greater Harbor waters, and 

sediment removal activities.   

 

Nonpoint source elements include legacy sediments and air deposition across Dominguez 

Channel and Harbor waters.  The responsible parties identified in the Allocation section and in 

part 6.  Application of Allocations to Responsible Parties of this section are assigned sediment 

load allocations and responsibility for remediation of the contaminated sediments to attain the 

load allocations. 

 

� Phase I  

 

The purpose of the Phase I implementation is to reduce the amount of sediment transport 

from point sources that directly or indirectly discharge to Dominguez Channel and the 

Harbor waters.  Phase I should include watershed-wide implementation actions. Important 

components of Phase I should be to secure the relationships and agreements between 

cooperating parties and to develop a detailed scope of work with priorities.   
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Potential watershed-wide non-structural BMPs include more frequent and appropriately 

timed storm drain catch basin cleaning, improved street cleaning by upgrading to vacuum 

type sweepers, and educating residents and industries about good housekeeping practices. 

Structural BMPs may include the placement of stormwater treatment devices designed to 

reduce sediment loading, such as infiltration trenches, vegetated swales, and/or filter strips 

at critical points in the watershed.  Structural BMPs may also include diversion and 

treatment facilities to divert runoff directly, or provide capture and storage of runoff and 

then diversion to a location for treatment.  Treatment options to reduce sediment could 

include sand or media filters.     

 

The Los Angeles County Flood Control District (District) owns and operates Dominguez 

Channel; therefore, the District and the cities that discharge to Dominguez Channel shall 

each be responsible for conducting implementation actions to address contaminated 

sediments in Dominguez Channel.  Responsible parties in Dominguez Channel shall 

develop a Sediment Management Plan to address contaminated sediment in Dominguez 

Channel and Dominguez Channel Estuary. 

 

Sediment conditions shall be evaluated through the Sediment Quality Objective (SQO) 

process detailed in the SQO Part 1.  If chemicals within sediments are contributing to an 

impaired benthic community or toxicity, then causative agent(s) shall be determined using 

SQO recommended procedures, SQO Part 1 (VII.F.).  Impacted sediments shall be included 

in the list of sites to be managed.   

 

� Phase II  

 

Phase II should include the implementation of additional BMPs and site remedial actions, as 

determined to be effective based on the success of upstream source control, evaluation of 

TMDL monitoring data  collected during Phase I, and targeted source reduction activities as 

identified in Phase I.  Regional responsible parties should develop, prioritize, and 

implement Phase II elements based on data from the TMDL monitoring program and other 

available information from special studies.  Possible actions include implementation of 

additional structural and non-structural BMPs throughout the watershed by municipalities, 

LA County, Caltrans, and others.  Phase II should include the implementation of site-

specific cleanup actions for areas identified as high priority in the Dominguez Channel 

Estuary and in accordance with the Sediment Management Plan. 

 

- As management actions are planned for a contaminated site, site-specific cleanup 

criteria should be determined following protocols that are consistent with state 

and national guidance.  The site improvements should be confirmed through a 

sediment monitoring program. 

- There are two Superfund sites located within Dominguez Channel Watershed: the 

Montrose Superfund Site and the Del Amo Superfund Site. The US EPA has not 

yet reached a final remedial decision with respect to certain of the Montrose 

Superfund Site Operable Units (OUs) that remain contaminated with DDT, 

including the on- and near-property soils (OU1), the current storm water pathway 

(OU2), and the “Neighborhood Areas” (OU4 and OU6).  The TMDL, its waste 

load and load allocations, and other regulatory provisions of this TMDL may be 

applicable or relevant and appropriate requirements (ARARs) as set forth in 

Section 121(d) of the Comprehensive Environmental Response, Compensation, 

and Liability Act (42 U.S.C. §§ 9621(d)) for those OUs. Whether provisions 

within the TMDL are ARARs will be determined in accordance with CERCLA 
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when US EPA develops Records of Decision for the Superfund sites. The TMDL 

for DDT should be taken into account in the course of the remedial decision-

making process. The City of Los Angeles and/or Los Angeles County, should 

they decide to take action that impacts one of the OUs, shall consult with US 

EPA’s Superfund Division in advance of such action. Detection of DDT 

compounds in water or sediment samples collected within Torrance Lateral shall 

trigger additional monitoring, by parties to be determined by the Executive 

Officer, in coordination with EPA, to evaluate potential contribution from 

contaminated soils related to upstream Montrose operable units discharging via 

the Kenwood storm drain. Upon reconsideration of the TMDL, all monitoring 

results for DDT compounds collected by responsible parties or other entities shall 

be considered as part of source analysis and to determine potential future 

allocation(s) that may be necessary to minimize impacts to downstream waters 

and restore beneficial uses in TMDL waterbodies. 

 

� Phase III  

 

Phase III should include implementation of secondary and additional remediation actions as 

necessary to be in compliance with final allocations by the end of the implementation 

period. TMDLs to allocate additional contaminant loads between dischargers in the 

Dominguez Channel, Torrance Lateral and Dominguez Channel Estuary subwatersheds 

may also be developed, if necessary.   

 

2. Greater Los Angeles and Long Beach Harbor Waters (including Consolidated Slip) 
 

Responsible parties can implement a variety of implementation strategies to meet the required 

WLAs, such as non-structural and structural BMPs, and/or diversion and treatment to reduce 

sediment transport from the nearshore watershed to the Greater Harbor waters.   

 

� Phase I  

 

The purpose of Phase I implementation is to reduce the amount of sediment transport from 

point sources that directly or indirectly discharge to the Harbor waters.  Phase I should 

include actions to be implemented throughout the nearshore watershed and specific 

implementation actions at the Ports.  Important components of Phase I should be to secure 

the relationships and agreements between cooperating parties and to develop a detailed 

scope of work with priorities.   

 

Potential watershed-wide non-structural BMPs include more frequent and appropriately 

timed storm drain catch basin cleaning, improved street cleaning by upgrading to vacuum 

type sweepers, and educating residents and industries about good housekeeping practices. 

Structural BMPs may include the placement of stormwater treatment devices designed to 

reduce sediment loading, such as infiltration trenches, vegetated swales, and/or filter strips 

at critical points in the watershed.  Structural BMPs may also include diversion and 

treatment facilities to divert runoff directly, or provide capture and storage of runoff and 

then diversion to a location for treatment.  Treatment options to reduce sediment could 

include sand or media filters.  

 

Implementation actions at the Ports should be developed to address different sources that 

contribute loading to the Harbors such as Port-wide activities and associated control 

measures for water and sediment, control measures to reduce the discharges from various 
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land uses in the Harbors, nearshore discharges, and on-water discharges.  The 

implementation actions described in the Water Resources Action Plan (WRAP) adopted by 

the Port of Los Angeles and the Port of Long Beach represent a range of activities that 

could be conducted to control discharges of polluted stormwater and contaminated 

sediments to the Harbors.   

 

To meet necessary reductions in sediment bed loads, a Sediment Management Plan shall be 

developed by the dischargers assigned a sediment bed load LA, the Cities of Los Angeles 

and Long Beach and the State Lands Commission.  Phase I implementation elements for the 

improvement of the Harbors’ sediment quality should be conducted through the 

continuation of source reduction, source control, and sediment management.  Below are 

proposed implementations actions that may be implemented in Phase I to improve sediment 

quality at the ports: 

 

- Removal of Contaminated Sediment within Areas of Known Concern.  Planned 

removal programs are in place for IR Site 7 (former Navy facility in the Port of Long 

Beach) and Berth 240 (former Southwest Marine facility in the Port of Los Angeles).  

Contaminated sediment will be removed by Port of Long Beach and Port of Los 

Angeles. 

 

- Sediment Management Plan, Prioritization Assessment for Contaminated Sediment 

Management.  Sediment will be evaluated through the Sediment Quality Objective 

(SQO) process detailed in the Enclosed Bays and Estuaries Plan (i.e., SQO Part 1 as 

amended).  If chemicals within sediments are contributing to an impaired benthic 

community or toxicity, or fish tissue, then causative agent(s) will be determined using 

SQO recommended procedures, including SQO Part I (VII. F.). Impacted sediments 

will be included in the list of sites to be managed.  The sites to be managed by the 

responsible parties will be prioritized for management and coupled with other planned 

projects when feasible.  Prioritized sites shall include known hot spots, including but 

not limited to Consolidated Slip and Fish Harbor. For these prioritized sites, the 

sediment management plan shall include concrete actions and milestones, including 

numeric estimates of load reductions or removal, to remediate these priority areas and 

shall demonstrate that actions to address prioritized hot spots will be initiated and 

completed as early as possible during the 20-year TMDL implementation period.  This 

process will prioritize management efforts on sites that have the greatest impact to the 

overall health of the benthic community and fish tissue, and allow sites with lower 

risks to be addressed in later phases when opportunities can be coupled to capital 

projects.  As management actions are planned for a contaminated site, site-specific 

cleanup criteria will be determined following established protocols that are consistent 

with state and national policy and guidance.  The site will then be managed and the 

improvements confirmed through a sediment monitoring program. 

 

- Superfund Sites. Two Superfund sites are located in Dominguez Channel Watershed: 

the Montrose Superfund Site (DDT) and the Del Amo Superfund Site (benzene). 

Montrose Superfund Site includes multiple operable units (OUs), which are identified 

as investigation areas potentially containing site-related contamination. These 

Superfund Sites are located in a community known as Harbor Gateway, which is 

situated mostly in the City of Los Angeles and partially in unincorporated land in Los 

Angeles County. Harbor Gateway lies within the Kenwood Drain subwatershed, which 

discharges stormwater into Torrance Lateral which flows downstream into saline 

waters of Dominguez Channel Estuary and Consolidated Slip. The Torrance Lateral, 
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Dominguez Channel Estuary and Consolidated Slip (OU2) contain sediments 

contaminated with multiple pollutants including DDT (potentially from various 

sources). The US Environmental Protection Agency (US EPA) has been working with 

other government agencies and local agencies including the City of Los Angeles and 

Los Angeles County to ensure the protection of both the environment and public 

health in the areas surrounding these Superfund sites.  

 

In August 1999, USEPA and the State of California, which includes the Regional 

Board, entered into a consent decree concerning the Montrose Superfund site in a case 

entitled United States of America and State of California versus Montrose Chemical 

Corporation of California, et al., United States District Court Central District of 

California, Case No. CV 90-3122-AAH (JRx). 

 

The US EPA has not yet reached a final remedial decision with respect to certain of 

the Montrose Superfund Site Operable Units (OUs) that remain contaminated with 

DDT, including the on- and near-property soils (OU1), the current storm water 

pathway (OU2), and the “Neighborhood Areas” (OU4 and OU6).  The TMDL, its 

waste load and load allocations, and other regulatory provisions of this TMDL may be 

applicable or relevant and appropriate requirements (ARARs) as set forth in Section 

121(d) of the Comprehensive Environmental Response, Compensation, and Liability 

Act (42 U.S.C. §§ 9621(d)) for those OUs. Whether provisions within the TMDL are 

ARARs will be determined in accordance with CERCLA when USEPA develops 

Records of Decision for the Superfund sites. The TMDL for DDT should be taken into 

account in the course of the remedial decision-making process. US EPA Superfund 

does not need to make a remedial decision prior to individual or collective action (by 

City of LA and/or County of LA) to clean up sediments within the OU2 pathway. The 

City of Los Angeles and/or Los Angeles County, should they decide to take action that 

impacts one of the OUs, shall consult with US EPA’s Superfund Division in advance 

of such action. The goal of consultation is to ensure the proposed sediment cleanup 

will not aggravate the situation or further interfere with the OU2 site. Detection of 

DDT compounds in water or sediment samples collected within Torrance Lateral shall 

trigger additional monitoring, by parties to be determined by the Executive Officer, in 

coordination with EPA, to evaluate potential contribution from contaminated soils 

related to upstream Montrose operable units discharging via the Kenwood storm drain. 

Upon reconsideration of the TMDL, all monitoring results for DDT compounds 

collected by responsible parties or other entities shall be considered as part of source 

analysis and to determine potential future allocation(s) that may be necessary to 

minimize impacts to downstream waters and restore beneficial uses in TMDL 

waterbodies.   

 

� Phase II  

 

Phase II should include the implementation of additional BMPs and site remedial actions in 

the nearshore watershed and in the Harbors, as determined to be effective based on the 

success of upstream source control, TMDL monitoring data evaluations, WRAP activities 

implemented during Phase I, and targeted source reduction activities as identified in Phase 

I.  Responsible parties should develop, prioritize, and implement Phase II elements based on 

data from the TMDL monitoring program and other available information from special 

studies.  Possible actions include additional structural and non-structural BMPs throughout 

the watershed.   
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Phase II should include the implementation of site-specific cleanup actions for areas 

identified as high priority in the Harbor waters and per the Sediment Management Plan.   

 

� Phase III  

 

The purpose of Phase III is to implement secondary and additional remediation actions as 

necessary to be in compliance with final waste load and load allocations by the end of the 

TMDL implementation period.  
 

3. Los Angeles River and San Gabriel River  

 
Responsible parties in these watersheds are implementing other TMDLs, which will directly or 

indirectly support the goals of this TMDL. 

 

� Phase I  

 

Responsible parties for each watershed shall submit a Report of Implementation to describe 

how current activities support the downstream TMDL. 

 

� Phases II and III  

 

Implementation actions may be developed and required in Phases II and III as necessary to 

meet the targets in the Greater Harbor waters.  TMDLs to allocate contaminant loads 

between dischargers in the Los Angeles and San Gabriel Rivers watersheds may also be 

developed, if necessary.   

 

4. Special Studies and Reconsideration of TMDL Targets, Allocations, and Schedule 

 

This TMDL recognizes that as work to understand these waters and the chemical, physical and 

biological processes, continues, the targets, allocations, and the flow threshold for wet-weather 

conditions and the implementation actions to reach those targets and allocations may need to be 

adjusted.  Furthermore, if impairments are identified during flow conditions less than the 90
th
 

percentile flow in Dominguez Channel and/or Torrance Lateral, additional allocations for those 

flow conditions will be developed and applied at the TMDL reconsideration.  In addition, it may 

be necessary to make adjustments to the TMDL to be responsive to new State policies 

including, but not limited to, SQO Part II; toxicity policy; possible changes to air quality criteria 

and other regulations affecting air quality. 

 

Optional special studies, which could result in changes to these TMDLs, include but are not 

limited to: studies to further refine the site specific link between sediment pollutant 

concentrations, depth of bed sediment contamination and fish tissue concentrations; 
foraging ranges of targeted fish; additional data to refine watershed and hydrodynamic models, 

including that collected pursuant to this TMDL; additional data on contaminant contributions of 

the Los Angeles River or San Gabriel River to Greater Harbor waters; stressor identifications; 

and additional diazinon data.  Completion of studies to further refine the site specific link 

between sediment pollutant concentrations and fish tissue pollutant concentrations and 

evaluate the range and habitat of specific fish populations will be used to evaluate 

changes in TMDL targets, WLAs and LAs, and to guide future implementation actions.  
In addition, further characterization of direct air deposition loadings for heavy metals and 

legacy pesticides is an optional special study. Allocations of certain pollutants in certain 

RB-AR37501



Attachment A to Resolution No. R11-008 

 - 34 - May 5, 2011 

waterbodies are confounded by the existing estimates of pollutant loading via direct air 

deposition onto the waterbodies. Additional monitoring of these pollutants at air sampling sites 

more closely resembling the respective waterbodies will help characterize these loadings. 

Limited data exist for dry deposition so this study could be extended over longer timeframes. 

Measurements of wet deposition for each pollutant may also be appropriate to estimate air 

deposition more completely. Study results could provide data to reconsider pollutant-specific 

allocations in this TMDL. 

 

Detection of DDT compounds in water or sediment samples collected within Torrance Lateral 

shall trigger additional monitoring, by parties to be determined by the Executive Officer, in 

coordination with EPA, to evaluate potential contribution from contaminated soils related to 

upstream Montrose operable units discharging via the Kenwood storm drain. Upon 

reconsideration of the TMDL, all monitoring results for DDT compounds collected by 

responsible parties or other entities shall be considered as part of source analysis and to 

determine potential future allocation(s) that may be necessary to minimize impacts to 

downstream waters and restore beneficial uses in TMDL waterbodies. 

 

As allocation-specific data are collected, interim targets for the end of Phase II may be 

identified.   

 

The TMDL will be reconsidered by the Regional Board at the end of Phase I to consider 

completed special studies or policy changes. 

 

5. Compliance with Allocations and Attainment of Numeric Targets 

 

Compliance with the TMDL shall be determined through water, sediment, and fish tissue 

monitoring and comparison with the TMDL waste load and load allocations and numeric 

targets.  Compliance with the sediment TMDL for metals and PAH compounds shall be based 

on achieving the loads and waste load allocations or, alternatively, demonstrating attainment of 

the SQO Part 1 through the sediment triad/multiple lines of evidence approach outlined therein.  

Compliance with the TMDLs for bioaccumulative compounds shall be based on achieving the 

assigned loads and waste load allocations or, alternatively, by meeting fish tissue targets.  If at 

any point during the implementation plan, monitoring data or special studies indicate that load 

and waste load allocations will be attained, but fish tissue targets may not be achieved, the 

Regional Board shall reconsider the TMDL to modify the waste load and load allocations to 

ensure that the fish tissue targets are attained.  

 

The compliance point for the stormwater WLAs shall be at the storm drain outfall of the 

permittee’s drainage area.  Alternatively, if stormwater dischargers select a coordinated 

compliance monitoring option, the compliance point for the stormwater WLA may be at storm 

drain outfalls or at a point in the receiving water, which suitably represents the combined 

discharge of cooperating parties discharging to Dominguez Channel and Greater Los Angeles 

and Long Beach Harbor waters.   Depending on potential BMPs implemented, alternative 

stormwater compliance points may be proposed by responsible parties subject to approval by 

the Regional Board Executive Officer.  The compliance point(s) for responsible parties 

receiving load allocations shall be in the receiving waters or the bed sediments of the 

Dominguez Channel and the Greater Los Angeles and Long Beach waters. 

 

6. Application of Allocations to Responsible Parties 
 

Responsible parties for monitoring and to attain LAs and WLAs for this TMDL include but are 

RB-AR37502



Attachment A to Resolution No. R11-008 

 - 35 - May 5, 2011 

not limited to:  

 

1. Dominguez Channel Responsible Parties 

• Dominguez Channel, Torrance Lateral, and Dominguez Channel Estuary MS4 

Permittees  

� Los Angeles County 

� Los Angeles County Flood Control District 

� Caltrans 

� City of Carson 

� City of Compton  

� City of El Segundo  

� City of Gardena 

� City of Hawthorne 

� City of Inglewood 

� City of Lawndale 

� City of Long Beach 

� City of Los Angeles 

� City of Manhattan Beach 

� City of Redondo Beach  

� City of Torrance  

• Individual and General Stormwater Permit Enrollees 

• Other Non-stormwater Permittees 

• Dominguez Channel Estuary Subgroup for bed sediment and fish: 

� Los Angeles County 

� Los Angeles County Flood Control District 

� Caltrans 

� City of Carson  

� City of Compton 

� City of Gardena 

� City of Los Angeles 

� City of Long Beach 

� City of Torrance 

 

2. Greater Los Angeles and Long Beach Harbor Waters Responsible Parties 

• Greater Los Angeles and Long Beach Harbor Waters MS4 Permittees  

� Los Angeles County 

� Los Angeles County Flood Control District 

� Caltrans 

� Bellflower 

� City of Lakewood 

� City of Long Beach  

� City of Los Angeles  

� City of Paramount 

� City of Signal Hill 

� City of Rolling Hills 

� City of Rolling Hills Estates 

� Rancho Palos Verdes  

• City of Los Angeles (including the Port of Los Angeles) 

• City of Long Beach (including the Port of Long Beach) 

• State Lands Commission 
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• Individual and General Stormwater Permit Enrollees   

• Other Non-stormwater Permittees, including City of Los Angeles (TIWRP) 

• Los Angeles River Estuary Subgroup for bed sediment and fish: 

� Los Angeles County 

� Los Angeles County Flood Control District 

� City of Long Beach  

� City of Los Angeles 

� City of Signal Hill 

� Caltrans 

• Consolidated Slip Responsible Parties subgroup
4
 

� Consolidated Slip MS4 Permittees 

� Los Angeles County 

� Los Angeles County Flood Control District 

� City of Los Angeles 

 

3. Los Angeles River and San Gabriel River Watershed TMDLs Responsible Parties 

� Los Angeles River and San Gabriel River metals TMDLs responsible parties 

(For list of responsible parties, see Chapter 7-13 herein and US EPA, “Total 

Maximum Daily Loads for Metals and Selenium: San Gabriel River and 

Impaired Tributaries”, March 26, 2007.) 

 
4 US EPA is the regulatory oversight agency pursuant to CERCLA with respect to the two Superfund sites within the Consolidated 

Slip subarea, but is not identified as a Responsible Party under the TMDL.  As the regulatory oversight agency, US EPA is responsible 

for choosing an appropriate remedy for these sites. Furthermore, under CERCLA, US EPA is responsible for assuring that the 

CERCLA PRPs clean up the site in compliance with CERCLA and applicable or relevant and appropriate requirements (ARARs) 

(CERCLA section 121(d)). 
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Table 7-40.2 Dominguez Channel and Greater Los Angeles and Long Beach Harbor 
Waters Toxic Pollutants TMDL: Implementation Schedule 
 

Task 
Number Task Responsible Party Deadline 

1 Interim allocations are achieved.    All Responsible Parties Effective date of 

the TMDL 

2 Submit a Monitoring Plan to the Los Angeles 

Regional Board for Executive Officer approval.  

Dominguez Channel 

Responsible parties; Greater 

Harbors Responsible Parties; 

Consolidated Slip Responsible 

Parties subgroup; Los Angeles 

and San Gabriel River 

Responsible Parties 

20 months after 

effective date of 

the TMDL 

3 Implement Monitoring Plan Dominguez Channel 

Responsible parties; Greater 

Harbors Responsible Parties; 

Consolidated Slip Responsible 

Parties subgroup; Los Angeles 

and San Gabriel River 

Responsible Parties 

6 months after 

monitoring plan 

approved by 

Executive 

Officer. 

4 Submit annual monitoring reports to the Los 

Angeles Regional Board.  

All Responsible parties 15 months after 

monitoring starts 

and annually 

thereafter  

5 Submit an Implementation Plan and Contaminated 

Sediment Management Plan (CSMP).  The 

Implementation Plan and CSMP shall be 

circulated for public review for 30 days. The 

CSMP shall include concrete milestones with 

numeric estimates of load reductions or removal, 

including milestones for remediating hot spots, 

including but not limited to Dominguez Channel 

Estuary, Consolidated Slip and Fish Harbor, for 

Executive Officer approval.  The Executive 

Officer shall consider the Consent Decree for the 

Montrose Superfund site in determining whether 

to approve the CSMPs. 

Dominguez Channel 

Responsible parties; Greater 

Harbors Responsible Parties; 

Consolidated Slip Responsible 

Parties subgroup 

2 years after 

effective date of 

the TMDL 

6 Submit Report of Implementation to the Los 

Angeles Regional Board. 

Los Angeles and San Gabriel 

River Responsible Parties  

2 years after 

effective date of 

the TMDL 

7 Submit annual implementation reports to the Los 

Angeles Regional Board. Report on 

implementation progress and demonstrate progress 

toward meeting the assigned LAs and WLAs. 

All Responsible parties 3 years after 

effective date of 

the TMDL and 

annually 

thereafter 

8  Complete Phase I of TMDL Implementation Plan 

and Sediment Management Plan.  

Dominguez Channel 

Responsible parties; Greater 

Harbors Responsible Parties; 

5 years after 

effective date of 

the TMDL 
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Task 
Number Task Responsible Party Deadline 

Consolidated Slip Responsible 

Parties subgroup 

9 Submit updated Implementation Plan and 

Contaminated Sediment Management Plan.  

Dominguez Channel 

Responsible parties; Greater 

Harbors Responsible Parties; 

Consolidated Slip Responsible 

Parties subgroup 

5 years after 

effective date of 

the TMDL 

10 Regional Board will reconsider targets, WLAs, 

and LAs based on new policies, data or special 

studies.  Regional Board will consider 

requirements for additional implementation or 

TMDLs for Los Angeles and San Gabriel Rivers 

and interim targets and allocations for the end of 

Phase II.  

Regional Board 6 years after the 

effective date of 

the TMDL 

11 Report on status of implementation and scope and 

schedule of remaining Phase II implementation 

actions to Regional Board. 

All Responsible parties 10 years after 

the effective date 

of the TMDL 

12 Complete Phase II of TMDL Implementation Plan 

and Sediment Management Plan. 

Dominguez Channel 

Responsible parties; Greater 

Harbors Responsible Parties; 

Consolidated Slip Responsible 

Parties subgroup 

15 years after 

effective date of 

the TMDL  

13 Complete Phase III of TMDL Implementation 

Plan and Sediment Management Plan. 

Dominguez Channel 

Responsible parties; Greater 

Harbors Responsible Parties; 

Consolidated Slip Responsible 

Parties subgroup 

20 years after 

effective date of 

the TMDL  

14 Demonstrate attainment of LAs and WLAs using 

the means identified under Waste Load and Load 

Allocations in Table 7-40.1  

All Responsible parties 20 years after 

effective date of 

the TMDL  
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Amendment to the Water Quality Control Plan – Los Angeles Region to incorporate the 

TMDL for Indicator Bacteria in the Santa Clara River Estuary and Reaches 3, 5, 6, and 7   

 

Adopted by the California Regional Water Quality Control Board, Los Angeles Region on July 8, 2010.   

Amendments: 
 

Table of Contents 
Add: 

Chapter 7.  Total Maximum Daily Loads (TMDLs) Summaries 

7-36 Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL 

 

List of Figures, Tables, and Inserts 

Add: 

Chapter 7.  Total Maximum Daily Loads (TMDLs) 

Tables 

7-36 Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL  

7-36.1  Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL:   

Elements  

7-36.2. Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL: 

Allowable Exceedance Days    

7-36.3. Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL: 

Interim Allowable Exceedance Days 

7-36.4. Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL: 

Implementation Schedule 

 

Chapter 7.  Total Maximum Daily Loads (TMDLs)  

                Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL  
  

This TMDL was adopted by the Regional Water Quality Control Board on July 8, 2010. 

 

This TMDL was approved by: 

 

The State Water Resources Control Board on October 4, 2011. 

The Office of Administrative Law on December 19, 2011. 

The U.S. Environmental Protection Agency on January 13, 2012. 

 

This TMDL is effective on [Insert Date]. 

 

 

The following tables include the elements of this TMDL. 
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Table 7-36.1.  Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL: 

Elements  

Element Key Findings and Regulatory Provisions 

Problem Statement Elevated bacterial indicator densities are causing impairment of the 

water contact recreation (REC-1) beneficial use designated for the 

Santa Clara River (SCR) Estuary and Reaches 3, 5, 6,  and 7.  

Recreating in waters with elevated bacterial indicator densities has long 

been associated with adverse human health effects. Specifically, local 

and national epidemiological studies demonstrate that there is a causal 

relationship between adverse health effects and recreational water 

quality, as measured by bacterial indicator densities. 

Numeric Target  

(Interpretation of the numeric 

water quality objective, used to 

calculate the waste load and 

load allocations) 

The TMDL will have multi-part numeric targets based on the bacteria 

water quality objectives for marine and fresh waters designated for 

water contact recreation (REC-1) set forth in Chapter 3. Both single-

sample and geometric mean objectives apply.   

Numeric Targets 
SCR Estuary 

(Marine REC-1) 

SCR  

Reaches 3, 5, 6 and 7 

(Freshwater REC-1) 

Single Sample 

E. coli 

Fecal coliform 

Enterococcus 

Total coliform* 

 

NA 

400/100ml 

104/100ml 

10,000/100ml 

 

235/100ml 

NA 

NA 

NA 

Geometric mean 

E. coli 

Fecal coliform 

Enterococcus 

Total coliform 

 

NA 

200/100ml 

35/100ml 

1,000/100ml 

 

126/100ml 

NA 

NA 

NA 
*Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-

to-total coliform exceeds 0.1. 

NA: not applicable. 

The Basin Plan objectives and these targets are based on an acceptable 

health risk for recreational waters of 8-19 illnesses per 1,000 exposed 

individuals, as recommended by the US EPA (USEPA, 1986).  

To implement the single sample bacteria objectives for waters 

designated REC-1, and to set allocations based on the single sample 

targets, an allowable number of exceedance days is set for marine and 

fresh waters. The numeric targets in the TMDL are expressed as 

‘allowable exceedance days’ since bacterial density and the frequency 

of exceedances is most relevant to public health. 

The allowable number of exceedance days is based on the more 

stringent of two criteria (1) exceedance days in the designated reference 

system and (2) exceedance days based on historical bacteriological data 

in the subject reach.  This ensures that bacteriological water quality is at 
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Element Key Findings and Regulatory Provisions 

least as good as that of a largely undeveloped system and that there is 

no degradation of existing water quality. This approach recognizes that 

there are natural sources of bacteria that may cause or contribute to 

exceedances of the single sample objectives and that it is not the intent 

of the Regional Board to require treatment or diversion of natural 

creeks or to require treatment of natural sources of bacteria from 

undeveloped areas. 

For the single sample targets, the Estuary and Reaches 3, 5, 6, and 7 are 

assigned an allowable number of exceedance days for dry weather and 

wet weather (defined as days with 0.1 inch of rain or greater and the 

three days following the rain event) as set forth in Table 7-36.2 

The geometric mean targets may not be exceeded at any time.  

Source Analysis The significant contributors of bacteria loading to the SCR and Estuary 

are dry- and wet-weather urban runoff discharges from the storm water 

conveyance system.  Mass emission data collected by MS4 Permittees 

show elevated levels of bacteria in the river. Data from natural 

landscapes in the region indicate that open space loading is not a 

significant source of bacteria. Data from storm drains and channels 

draining urban areas show elevated levels of bacteria, indicating that 

urban areas are a source. Data from throughout the Los Angeles Region 

further demonstrate that bacteria concentrations are significantly greater 

in developed areas. Based on this information, staff concludes that 

runoff from urban areas served by the storm drain system is a 

significant source of bacteria. 

Other point and nonpoint sources were analyzed and found to be less 

significant or there were not enough data to quantify their contribution.  

However, all sources are considered potential sources and are assigned 

allocations accordingly.   

Waste Load Allocations (for 

point sources) 

MS4 permittees are assigned wasteload allocations (WLAs) equal to 

allowable exceedances days listed in Table 7-36.2 and interim WLAs 

equal to allowable exceedance days listed in Table 7-36.3.  Compliance 

with interim WLAs will be assessed using in-stream monitoring.  

Compliance with final WLAs will be assessed using both in-stream 

monitoring and outfall monitoring as described in the monitoring 

section. 

Permittees that discharge to Reaches 1 and 2 have WLAs based on 

allowable exceedance days for the Estuary.  Permittees that discharge to 

Reach 3 or above have WLAs based on allowable exceedance days for 

Reaches 3, 5, 6, and 7.  

The WLAs for the Saugus water reclamation plant (WRP), Valencia 

WRP, Fillmore wastewater treatment plant (WTP), Santa Paula water 

reclamation facility (WRF), and Newhall WRP are set equal to a 7-day 
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Element Key Findings and Regulatory Provisions 

median of 2.2 MPN/100 mL of E. coli and a daily max of 235 

MPN/100 mL of E. coli to ensure zero (0) allowable exceedance days. 

No exceedances of the geometric mean targets shall be permitted.  

The WLAs for the Ventura WRF are set equal to a 7-day median of 2.2 

MPN/100 mL of total coliform to ensure zero (0) allowable exceedance 

days. No exceedances of the geometric mean targets shall be permitted. 

General NPDES permits, individual NPDES permits, the Statewide 

Industrial Stormwater General Permit, the Statewide Construction 

Activity Stormwater General Permit, and the Statewide Stormwater 

Permit for Caltrans Activities are assigned WLAs of zero (0) allowable 

exceedance days of the single sample targets for both dry and wet 

weather and no exceedances of the geometric mean targets.  

Compliance with an effluent limit based on the bacteria water quality 

objectives will be used to demonstrate compliance with the WLA.  

Load Allocations (for 

nonpoint sources) 

Load allocations (LAs) are equal to allowable exceedance days listed in 

Table 7-36.2.  Interim LAs are equal to allowable exceedance days 

listed in Table 7-36.3. 

Sources that discharge to Reaches 1 and 2 have LAs based on allowable 

exceedance days for the Estuary.  Sources that discharge to Reach 3 or 

above have LAs based on allowable exceedance days for Reaches 3, 5, 

6, and 7. 

Margin of Safety 
An implicit margin of safety was assumed by directly applying the 

water quality standards and implementation procedures as WLAs and 

LAs.  This ensures that there is little uncertainty about whether meeting 

the TMDLs will result in meeting the water quality standards.  An 

implicit margin of safety is incorporated in the allocations through the 

use of a conservative assumption of no (0) bacterial decay in discharges 

from storm drain to the receiving water when determining compliance 

with allocations. 

Seasonal Variations and 

Critical Conditions 

Seasonal variations are addressed by developing separate allocations for 

dry weather and wet weather based on public health concerns and 

observed natural background levels of exceedance of bacterial 

indicators.  

The critical condition for bacteria loading is during wet weather.  This 

is because intermittent or episodic loading from sources such as urban 

runoff can have maximal impacts at high (i.e. storm) flows.  Local and 

Bight-wide shoreline monitoring data show a higher percentage of daily 

exceedance of the single sample targets during wet weather, as well as 

more severe bacteriological impairments indicated by higher magnitude 

exceedances and exceedances of multiple indicators. Based on 

monitoring, this also appears to be the case for the SCR Estuary and 

Reaches 3, 5, 6, and 7.    
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Element Key Findings and Regulatory Provisions 

The 90th percentile storm year in terms of wet days at a rain gage in the 

SCR watershed was used as the reference year. The 90th percentile year 

was selected for several reasons.  First, selecting the 90th percentile 

year avoids an untenable situation where the reference system is 

frequently out of compliance.  Second, selecting the 90th percentile 

year allows responsible jurisdictions and responsible agencies to plan 

for a ‘worst-case scenario’, as a critical condition is intended to do.   

Implementation The regulatory mechanisms used to implement the TMDL will include 

general NPDES permits, individual NPDES permits, MS4 Permits 

covering jurisdictions within the SCR watershed, the Statewide 

Industrial Storm Water General Permit, the Statewide Construction 

Activity Storm Water General Permit, the Statewide Stormwater Permit 

for Caltrans Activities, the Conditional Waiver for Irrigated Lands, 

WDRs, waivers of WDRs, the authority contained in Sections 13263, 

13267, and 13269 of the Cal. Water Code, and other appropriate 

mechanisms.   

WLAs for point sources will be implemented through NPDES permits.  

Each NPDES permit assigned a WLA shall be reopened or amended at 

re-issuance, in accordance with applicable laws, to incorporate the 

assumptions and requirements of applicable WLAs as permit 

requirements. 

MS4 Permittees 

The cities of Santa Clarita, Fillmore, Santa Paula, and Ventura, and the 

Counties of Los Angeles and Ventura are responsible for MS4 WLAs.  

Cities and counties that have co-mingled storm water in the MS4 are 

jointly and severally responsible for meeting the WLAs assigned to 

MS4 discharges, unless the dischargers demonstrate that their 

discharges did not cause or contribute to the exceedances. Consistent 

with 40 C.F.R. § 122.26(a)(3)(vi), each co-permittee is only responsible 

for discharges from the municipal separate storm sewers for which they 

are operators. Responsible parties must provide an Implementation Plan 

to the Regional Board outlining how each intends to individually or 

cooperatively achieve compliance with the WLAs. The report shall 

include implementation methods, an implementation schedule, 

proposed milestones, and proposed outfall monitoring to determine 

compliance.  Proposed milestones will be considered by the Regional 

Board as potential permit conditions when the MS4 is reopened or 

reissued.  For responsible jurisdictions and agencies who will be 

proposing wet-weather load-based compliance at MS4 outfalls, the plan 

shall include an estimate of existing load and the allowable load from 

MS4 outfalls to attain the allowable number of exceedance days in-

stream.  The plan shall include a technically defensible quantitative 

linkage to the WLAs. The plan shall include quantitative estimates of 

the water quality benefits provided by the proposed implementation 

approach.  
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Element Key Findings and Regulatory Provisions 

Non-MS4 Permittees and Caltrans Permit 

Other dischargers are individually responsible for their WLAs.  

Nonpoint Sources  

LAs for irrigated agricultural lands will be implemented through 

requirements in the Conditional Waiver for Irrigated Lands (Order No. 

R4-2005-0080) or other order that are consistent with the LAs.  LAs for 

onsite wastewater treatment systems will be implemented through 

WDRs or waivers of WDRs. LAs for other nonpoint sources, such as 

horses/livestock, aquaculture, onsite wastewater treatment systems, and 

golf courses, will be implemented through the Nonpoint Source 

Implementation and Enforcement Policy. 

The LAs for irrigated agricultural lands can be achieved by the 

implementation of on-farm best management practices (BMPs), which 

may include buffer crops, filter strips and sedimentation basins.  The 

estimated costs for buffer crops, filter strips, and sedimentation basins 

are $373/acre, $1002/acre, and $10,000/acre, respectively.  There may 

be funding available through the Natural Resources Conservation 

Service for the BMPs listed and others developed for the region, as well 

as technical advice for implementation. There is also funding available 

through CWA Section 319h grants.  For the LAs issued to 

horses/livestock, land managers can use various incentives and 

regulatory approaches to encourage riders to use and abide by local 

restrictions and regulations. 

Monitoring 

 

 

 

 

 

 

 

 

MS4 Permittees 

Responsible jurisdictions and agencies for the MS4 WLAs are jointly 

responsible for developing and implementing a comprehensive in-

stream monitoring plan. The monitoring plan should include all 

applicable bacteria water quality objectives and the sampling frequency 

must be adequate to assess compliance with the 30-day geometric mean 

objectives. Responsible jurisdictions and agencies may build upon 

existing monitoring programs in the SCR watershed when developing 

the bacteria water quality monitoring plan. At a minimum, at least one 

sampling station shall be located in each impaired reach. 

Responsible jurisdictions and agencies for the MS4 WLAs shall submit 

an outfall monitoring plan as part of their implementation plan.  The 

outfall monitoring plan shall propose an adequate number of 

representative outfalls to be sampled, a sampling frequency, and 

protocol for enhanced outfall monitoring as a result of an in-stream 

exceedance.  Responsible jurisdictions and agencies can use existing 

outfall monitoring station in the Ventura MS4 permit, where 

appropriate for both the permit and TMDL objectives. 
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Element Key Findings and Regulatory Provisions 

Monitoring to Determine Compliance 

Responsible jurisdictions and agencies shall assess compliance at the 

outfall monitoring sites identified in the implementation plan.  

Compliance shall be based on the allowable number of exceedance 

days, except in wet-weather, compliance can alternatively be based on 

an allowable load. 

Responsible jurisdictions and agencies must also assess compliance at 

in-stream monitoring sites.  If the number of exceedance days is greater 

than the allowable number of exceedance days, then the responsible 

jurisdictions and agencies shall conduct additional outfall monitoring, 

beyond the routine outfall monitoring proposed in the implementation 

plan.  If the collective outfall monitoring shows attainment of WLAs, 

then MS4 discharges shall not be held responsible for in-stream 

exceedances for this time period.  

Non-MS4 Permittees and Caltrans Permit 

NPDES Permittees other than MS4 dischargers shall conduct 

monitoring for all applicable bacteria water quality objectives to ensure 

that they are attaining WLAs and water quality objectives are being 

met.  NPDES permits for the Saugus and Valencia WRPs shall include 

effluent monitoring for E. coli and the NPDES permit for the Ventura 

WRF shall include effluent monitoring for total coliform, fecal 

coliform, and enterococcus.  

Nonpoint Sources  

The Conditional Waiver for Irrigated Lands shall require bacteria 

monitoring for discharges from irrigated agricultural lands.  

Monitoring shall be implemented as part of WDR and waiver 

requirements, and through implementation of the Nonpoint Source 

Implementation and Enforcement Policy, for other nonpoint sources.  
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Table 7-36.2 Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL: 

Allowable Exceedance Days
1,2,3

. 

 

1 Allowable exceedance days calculated by the following equation: Allowable Exceedance Days = WQO Exceedance Probability 

in Reference System(s) x Number of Days during 1995. 

2 Consistent with the Santa Monica Bay Beaches TMDL, where the fractional remainder for the calculated allowable exceedance 

days exceeds 1/10th then the number of days are rounded up (e.g., 4.12 is rounded up to 5). In instances where the tenth decimal 

place for the allowable exceedance days (or weeks or months) is lower than 1/10th then the number of days are rounded down 

(e.g., 4.02 is rounded down to 4). 

3 The calculated number of exceedance days assumes that daily sampling is conducted. To determine the number of allowable 

exceedances for less frequent sampling, a ratio is used. 

 

Time Period 
Santa Clara River 

Reaches 3, 5, 6, & 7 

Santa Clara River 

Estuary 

Dry Weather 

5 allowable exceedance days 

of single sample objectives 

 

0  allowable exceedances of 

geometric mean objectives 

Not Applicable 

Wet Weather 

16  allowable exceedance days 

of single sample objectives 

 

0  allowable exceedances of  

geometric mean objectives 

25 allowable exceedance days 

of single sample objectives 

 

0 allowable exceedances of  

geometric mean objectives 

Summer Dry Weather 

(April 1 – October 31) 
Not Applicable 

10 allowable exceedance days 

of single sample objectives 

 

0 allowable exceedances of  

geometric mean objectives 

Winter Dry Weather 

(November 1 – March 31) 
Not Applicable 

12 allowable exceedance days 

of single sample objectives 

 

0 allowable exceedances of  

geometric mean objectives 
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Table 7-36.3 Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL: 

Interim Allowable Exceedance Days
1,2,3

. 

 

1 Allowable exceedance days calculated by the following equation: Allowable Exceedance Days = Current WQO Exceedance 

Probability x Number of Days during 1995. 

2 Consistent with the Santa Monica Bay Beaches TMDL, where the fractional remainder for the calculated allowable exceedance 

days exceeds 1/10th then the number of days are rounded up (e.g., 4.12 is rounded up to 5). In instances where the tenth decimal 

place for the allowable exceedance days (or weeks or months) is lower than 1/10th then the number of days are rounded down 

(e.g., 4.02 is rounded down to 4). 

3 The calculated number of exceedance days assumes that daily sampling is conducted. To determine the number of allowable 

exceedances for less frequent sampling, a ratio is used.  

Time Period 
Santa Clara River 

Reaches 3, 5, 6, & 7 

Santa Clara River 

Estuary 

Dry Weather 

17 allowable exceedance days 

of single sample objectives 

 

Not Applicable 

Wet Weather 

61  allowable exceedance days 

of single sample objectives 

 

62 allowable exceedance days 

of single sample objectives 

 

Summer Dry Weather 

(April 1 – October 31) 
Not Applicable 

150 allowable exceedance 

days of single sample 

objectives 

 

Winter Dry Weather 

(November 1 – March 31) 
Not Applicable 

49 allowable exceedance days 

of single sample objectives 
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Table 7-36.4 Santa Clara River Estuary and Reaches 3, 5, 6, and 7 Indicator Bacteria TMDL: 

Implementation Schedule 

Deadline Task 

Effective date of the TMDL WLAs assigned to non-MS4 point sources and the Caltrans 

permit must be attained.   

1 year after the effective date of 

the TMDL 

Responsible jurisdictions and agencies for the MS4 WLAs 

must submit a comprehensive in-stream bacteria water 

quality monitoring plan for the SCR Watershed. The plan 

must be approved by the Executive Officer before the 

monitoring data can be considered during the 

implementation of the TMDL. Once the coordinated 

monitoring plan is approved by the Executive Officer, 

monitoring shall commence within 6 months.  

3 years after the effective date of 

this TMDL 

Responsible jurisdictions and agencies for the MS4 WLAs 

shall submit a draft Implementation Plan to the Regional 

Board outlining how each intends to cooperatively or 

individually achieve compliance with the WLAs. The 

report shall include implementation methods, an 

implementation schedule, proposed milestones, and outfall 

monitoring. 

4 years after the effective date of 

this TMDL  
Interim LAs and MS4 WLAs apply. 

No longer than 4 years after the 

effective date of this TMDL  

The Regional Board shall reconsider this TMDL if: 

(1)  monitoring and any voluntary local reference system 

studies justify a revision, or  

(2)  US EPA publishes revised recommended bacteria 

criteria, or 

(3) the Regional Board adopts a separate Basin Plan 

amendment, suspending recreational uses during high 

flows. 

5 years after the effective date of 

this TMDL  

Responsible jurisdictions and agencies for the MS4 WLAs 

shall provide a verbal update to the Regional Board on the 

progress of TMDL implementation. 

6 months after receipt of Regional 

Board comments on the draft 

Implementation Plan 

Responsible jurisdictions and agencies for the MS4 WLAs 

shall submit a final Implementation Plan and begin 

additional outfall monitoring. 
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11 years after effective date of this 

TMDL 

For SCR Estuary: Achieve compliance with the applicable 

LAs and MS4 WLAs, expressed in terms of geometric 

mean objectives and allowable exceedance days of the 

single sample objectives for summer dry weather (April 1 

to October 31) and winter dry weather (November 1 to 

March 31). 

For SCR Reaches 3, 5, 6, and 7:  Achieve compliance with 

the applicable LAs and MS4 WLAs, expressed in terms of 

geometric mean objectives and allowable exceedance days 

of the single sample objectives and for dry weather. 

17 years after the effective date of 

this TMDL 

 

For SCR Estuary and Reaches 3, 5, 6, and 7: Achieve 

compliance with the applicable LAs and MS4 WLAs, 

expressed in terms of geometric mean objectives and 

allowable exceedance days of the single sample objectives 

for wet weather. 
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Amendment to the Water Quality Control Plan - Los Angeles Region to incorporate the 
Los Angeles River Watershed Bacteria TMDL 
 
Proposed for adoption by the California Regional Water Quality Control Board, Los Angeles 
Region on July, 9, 2010. 
 
 
Amendments: 
 
Table of Contents 
Add: 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries 

7-39 Los Angeles River Watershed Bacteria TMDL 
 
List of Figures, Tables and Inserts 
Add: 

Chapter 7. Total Maximum Daily Loads (TMDLs) 
Tables 
7-39 Los Angeles River Watershed Bacteria TMDL 

7-39.1. Los Angeles River Watershed Bacteria TMDL:  Elements 
7-39.2. Los Angeles River Watershed Bacteria TMDL:  Responsible Parties for Waste 

Load Allocations Assigned in the Los Angeles River Watershed Bacteria TMDL 
7-39.3. Los Angeles River Watershed Bacteria TMDL:  Implementation Schedule 
 

 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries 
Add: 
 
7-39 Los Angeles River Watershed Bacteria TMDL 
 
This TMDL was adopted by: 

The Regional Water Quality Control Board on July 09, 2010. 
 
This TMDL was approved by: 
 

The State Water Resources Control Board on November 1, 2011. 
The Office of Administrative Law on March 21, 2012. 
The U.S. Environmental Protection Agency on March 23, 2012. 

 
The following table includes the elements of this TMDL. 
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Table 7-39.1. Los Angeles River Watershed Bacteria TMDL: Elements 

Element Findings and Regulatory Provisions 
Problem Statement Elevated bacteria indicator densities are causing impairment of the water 

contact recreation (REC-1) beneficial use at the 303(d) listed 
waterbodies within the Los Angeles River Watershed.  Recreating in 
waters with elevated bacteria indicator densities has been associated 
with adverse health effects.  Specifically, local and national 
epidemiological studies demonstrate a causal relationship between 
adverse health effects and recreational water quality, as measured by 
bacteria indicator densities. 
 

Numeric Target  
(Interpretation of the 
numeric water quality 
objective, used to 
calculate allocations) 

The TMDL has a multi-part numeric target based on the bacteriological 
water quality objectives for fresh water to protect the water contact 
recreation use set forth in Chapter 3.  These targets are the most 
appropriate indicators of public health risk in recreational waters. 
 
The numeric targets for this TMDL are: 
 
1. Geometric Mean Target 

a. E. coli density shall not exceed 126/100 mL. 
 

2. Single Sample Target 
b. E. coli density shall not exceed 235/100 mL. 

 
The Basin Plan includes objectives for both E. coli and fecal coliform. 
Fecal coliform objectives were retained in Chapter 3 after adoption of 
the E. coli objective.  However, it has been demonstrated that E. coli 
comprise the majority of fecal coliform and the numeric targets for this 
TMDL are only the Basin Plan objectives for E. coli. 
 
The Basin Plan objectives and these targets are based on an acceptable 
health risk for fresh recreational waters of eight illnesses per 1,000 
exposed individuals as recommended by the US EPA (USEPA, 1986).   
 
This TMDL uses a “reference system/anti-degradation approach” to 
implement the water quality objectives per the implementation 
provisions in Chapter 3. On the basis of the historical exceedance 
frequency at Southern California reference reaches, a certain number of 
daily exceedances of the single sample bacteria objectives are permitted.  
The allowable number of exceedance days is set such that (1) 
bacteriological water quality at any site is at least as good as at the 
reference site(s) and (2) there is no degradation of existing 
bacteriological water quality.  This approach recognizes that there are 
natural sources of bacteria that may cause or contribute to exceedances 
of the single sample objectives and that it is not the intent of the 
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Element Findings and Regulatory Provisions 
Regional Board to require treatment or diversion of natural coastal 
creeks or to require treatment of natural sources of bacteria from 
undeveloped areas. 
 
For the single sample target, each river segment and tributary is assigned 
an allowable number of exceedance days for dry weather and wet 
weather (defined as days with 0.1 inch of rain or greater and the three 
days following the rain event.) 
 
The geometric mean target may not be exceeded at any time.  

Source Analysis Bacteria sources in the Los Angeles River Watershed include 
anthropogenic and non-anthropogenic sources and point and non-point 
sources.  Each of these sources contributes to the elevated levels of 
bacteria indicator densities in the Los Angeles River Watershed during 
dry and wet weather.  There are currently five major National Pollutant 
Discharge Elimination System (NPDES) permits or Waste Discharge 
Requirements (WDRs) for discharges to the Los Angeles River 
Watershed.  Of these, three are Water Reclamation Plants (WRPs), 
including the Donald C. Tillman WRP, Los Angeles-Glendale WRP, 
and Burbank WRP. 
 
There are three Municipal Separate Storm Sewer System (MS4) NPDES 
permits in the watershed, including the County of Los Angeles and the 
Incorporated Cities Therein, except the City of Long Beach; the City of 
Long Beach; and the California Department of Transportation (Caltrans) 
(referenced hereafter as the MS4 Permittees), which regulate municipal 
stormwater and urban runoff discharges. 
 
Discharges from storm drains and tributaries contribute roughly 13% of 
the flow in the Los Angeles River, while the three WRPs contribute 
roughly 72% of the flow in the river during dry weather. However, 
discharges from storm drains contribute almost 90% of the E. coli 
loading from point sources to the river during dry weather.  During wet 
weather, WRP discharges may account for as little as 1% of the total 
flow in the river. While there are many sources of indicator bacteria to 
the MS4, discharges from the MS4 are the principal source of bacteria to 
the Los Angeles River and its tributaries in both dry weather and wet 
weather.   
 
Discharges from general NPDES permits, general industrial stormwater 
permits, general construction stormwater permits, industrial waste water 
permits, and WDR permits are not a significant source of bacteria to the 
river. 
 
Non-point sources include wildlife, direct human discharges, septic 
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Element Findings and Regulatory Provisions 
systems, equestrian activities, and birds.  Though sanitary sewer 
overflows are frequent within the watershed they are estimated to 
account for only 2% of the total dry-weather load and a small portion of 
the wet-weather load. Non-point sources may also include in-channel 
sources such as re-growth or re-suspension from sediments; the relative 
contribution of such sources is unknown.   
 

Waste Load 
Allocations (for point 
sources) 

Waste load allocations (WLAs) are expressed as allowable exceedance 
days. 
 
The allowable number of exceedance days for dry weather and wet 
weather is based on the more stringent of two criteria (1) exceedance 
days in the designated reference system and (2) exceedance days based 
on historical bacteriological data in the subject reach.  This ensures that 
bacteriological water quality is at least as good as that of a largely 
undeveloped system and that there is no degradation of existing water 
quality. 
 
For this TMDL, the mainstem of the Los Angeles River was broken 
down into segments for allocations due to the availability of flow data.   
 

 Segment A includes Reaches 1 and a portion of Reach 2   
 Segment B includes a portion of Reach 2 
 Segment C includes Reach 3 and a portion of Reach 4 
 Segment D includes a portion of Reach 4 and Reach 5 
 Segment E includes Reach 6  
 

For each segment and tributary, allowable exceedance days are set on an 
annual basis as well as for dry weather and wet weather days. 
 
Certain reaches and tributaries of the Los Angeles River are subject to a 
High Flow Suspension (HFS) of the recreational beneficial uses as 
identified in Chapter 2.  The HFS applies during specified conditions as 
defined in Chapter 2.  During these conditions, the REC-1 and REC-2 
beneficial uses are suspended for the affected reaches and tributaries.     
 
For MS4 dischargers, the final dry-weather WLAs and wet-weather 
WLAs for the single sample targets are listed below. 
 

Allowable Number of 
Exceedance Days Daily Sampling Weekly Sampling 
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Element Findings and Regulatory Provisions 
Dry Weather   5 1 
Non-HFS1 Waterbodies 
Wet Weather   

15 2 

HFS Waterbodies  
Wet Weather   

10 (not including 
HSF days) 

2 (not including HSF 
days) 

 
The final WLAs for the geometric mean target during any time at any 
river segment and tributary in the Los Angeles River Watershed is zero 
(0) days of allowable exceedances.In addition, MS4 dischargers are 
assigned interim WLAs for dry weather.  Interim dry weather WLAs are 
assigned for specific river segments and tributaries and are listed in the 
table, below. 
 

River Segment or Tributary E. coli Load (109 
MPN2/Day) 

Los Angeles River Segment3 A 301 
Los Angeles River Segment B 518 
Los Angeles River Segment C 463 
Los Angeles River Segment D 454 
Los Angeles River Segment E 32 
Aliso Canyon Wash 23 
Arroyo Seco 24 
Bell Creek 14 
Bull Creek 9 
Burbank Western Channel 86 
Compton Creek 7 
Dry Canyon 7 
McCoy Canyon 7 
Rio Hondo  2 
Tujunga Wash 10 
Verdugo Wash 51 

 
Unexpectedly high-loading outfalls may be excluded from interim 
compliance calculations under the following circumstances:  If an 
outfall which was 1) loading E. coli at a rate less than the 25th percentile 
of outfalls during the monitoring events used to develop the “MS4 Load 
Reduction Strategy” (LRS), but, at the time of compliance monitoring, 
is 2) loading E. coli at a rate greater than the 90th percentile of outfalls, 

                                                 
1 HFS stands for high flow suspension as defined in Chapter 2. 
2 MPN stands for most probable number. 
3 The segments are defined in the Staff Report. 
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Element Findings and Regulatory Provisions 
and 3) actions are taken prior to the end of the first phase (i.e. 10 years 
after the beginning of the segment or tributary specific phase) such that 
the outfall is returned to a loading less than the 50th percentile of the 
outfalls at compliance monitoring, then the 90th percentile data from the 
outfall can be excluded from the compliance loading calculations.  
Likewise, if an outfall which was 1) the subject of a dry weather 
diversion is found, at the time of compliance monitoring, to be 2) 
contributing greater than the 90th percentile loading rate, and 3) actions 
are taken such that the outfall is returned to a loading less than the 50th 
percentile of the outfalls at compliance monitoring, and a maintenance 
schedule for the diversion is submitted with the compliance report, then 
the 90th percentile data from the outfall can be excluded from the 
compliance loading calculations. 
 
MS4 dischargers can demonstrate compliance with the final dry weather 
WLAs by demonstrating that final WLA are met instream or by 
demonstrating one of the following conditions at outfalls to the 
receiving waters: 

1.  Flow-weighted concentration of E. coli in MS4 discharges 
during dry weather is less than or equal to 235 MPN/100mL, based 
on a weighted-average using flow rates from all measured outfalls;  
2.  Zero discharge during dry weather; 
3.  Demonstration of compliance as specified in the MS4 NPDES 
permit which may include the use of BMPs where the permit‟s 
administrative record supports that the BMPs are expected to be 
sufficient to implement the WLA in the TMDL, the use of 
calculated loading rates such that loading of E. coli to the segment 
or tributary during dry weather is less than or equal to a calculated 
loading rates that would not cause or contribute to exceedances 
based on a loading capacity representative of conditions in the 
River at the time of compliance or other appropriate method.   

 
In addition, individual or subgroups of MS4 dischargers can 
differentiate their dry weather discharges from other dischargers or 
upstream contributions by demonstrating one of the following 
conditions at outfalls to the receiving waters or at segment, tributary or 
jurisdictional boundaries:  

1.  Flow-weighted concentration of E. coli in individual or 
subgroup MS4 discharge during dry weather is less than or equal 
to 235 MPN/100mL, based on a weighted-average using flow rates 
from all measured outfalls;  
2.  Zero discharge from individual or subgroup MS4 dischargers 
during dry weather; 
3.  Demonstration that the MS4 loading of E. coli to the segment or 
tributary during dry weather is less than or equal to a calculated 
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Element Findings and Regulatory Provisions 
loading rates that would not cause or contribute to exceedances 
based on the loading capacity representative of conditions in the 
River at the time of compliance. 
 

The interim and final WLAs are group-based, shared among all MS4s 
that drain to a segment or tributary.  However, WLA may be distributed 
based on proportional drainage area, upon approval of the Executive 
Officer.  
 
General NPDES permits, individual NPDES permits, the Statewide 
Industrial Storm Water General Permit, the Statewide Construction 
Activity Storm Water General Permit, and WDR permittees in the Los 
Angeles River Watershed are assigned WLAs of zero (0) days of 
allowable exceedances of the single sample target for both dry and wet 
weather and no exceedances of the geometric mean target.  Compliance 
with an effluent limit based on the water quality objective can be used to 
demonstrate compliance with the WLA.  In addition, permits which 
include stormwater effluent limitations for sites, which are measured in 
receiving waters, are assigned WLA for those sites in accordance with 
the table for MS4 dischargers listed above, where the subwatershed 
drained is open natural land and a demonstration has been made to the 
Regional Board that any exceedances are due to natural sources. 
 
The WLAs for the three WRPs in the watershed, which include D.C. 
Tillman, Los Angeles-Glendale, and Burbank WRP, are set equal to a 7-
day median of 2.2 MPN/100 mL of E. coli or a daily max of 235 
MPN/100mL to ensure zero (0) days of allowable exceedances.  No 
exceedances of the geometric mean target shall be permitted.   

Load Allocations 
(for non-point 
sources) 

Load allocations (LAs) are expressed as the number of daily or weekly 
sample days that may exceed the single sample target identified under 
“Numeric Target.” 
 
Lands not covered by a MS4 permit, such as the US Forest Service 
lands, California Department of Parks and Recreation lands, or National 
Park Service lands are assigned LAs.  The dry-weather LAs and wet-
weather LAs for the single sample target are listed in the table, below.  

Allowable Number of 
Exceedance Days Daily Sampling Weekly Sampling 

Dry Weather   5 1 
Non-HFS4 Waterbodies 
Wet Weather   

15 2 

                                                 
4 HFS stands for high flow suspension as defined in Chapter 2. 
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Element Findings and Regulatory Provisions 
HFS Waterbodies  
Wet Weather   

10 (not including 
HSF days) 

2 (not including HSF 
days) 

 
Onsite Wastewater Treatment Systems are assigned LAs of zero (0) 
days of allowable exceedances for both dry and wet weather for the 
single sample target and geometric mean target. 
 
In addition, sewer collection systems are assigned LAs of zero (0) days 
of allowable exceedances for both dry and wet weather for the single 
sample target and the geometric mean target. 
 
The LAs for the geometric mean target for any responsible party during 
any time at any river segment and tributary in the Los Angeles River 
Watershed is zero (0) days of allowable exceedances. 

Implementation The regulatory mechanisms used to implement the TMDL will include 
general NPDES permits, individual NPDES permits, MS4 Permits 
covering jurisdictions within the Los Angeles River Watershed, the 
Statewide Industrial Storm Water General Permit, the Statewide 
Construction Activity Storm Water General Permit, the Statewide 
Stormwater Permit for Caltrans Activities, and the authority contained in 
Sections 13263 and 13267 of the Cal. Water Code.  For each discharger 
assigned a WLA, the appropriate Regional Board Order shall be 
reopened or amended when the order is reissued, in accordance with 
applicable laws, to incorporate the applicable WLA as a permit 
requirement.   
 
LAs for onsite wastewater treatment systems will be implemented 
through WDRs or waivers of WDRs. LAs for other nonpoint sources 
such as horses/livestock, aquaculture, irrigated agriculture,and golf 
courses, will be implemented through the Nonpoint Source 
Implementation and Enforcement Policy. 
 
This TMDL will be implemented through the mechanisms above in 
accordance with the implementation schedule.  The implementation 
schedule is detailed in Table 7-39.3. 
 
MS4 Permittees may achieve the WLAs by employing any viable and 
legal implementation strategy.  A recommended implementation 
approach is the LRS approach and requires coordinated effort by all 
MS4 Permittees within a segment or tributary.  Each LRS must 
quantitatively demonstrate that the actions contained within the LRS are 
sufficient to result in attainment of the final WLAs.  The interim WLAs 
represent a minimum threshold that must be attained after those actions 
are taken, per the implementation schedule.  An LRS shall be approved 
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Element Findings and Regulatory Provisions 
by the Regional Board Executive Officer prior to implementation.   
 
Individual MS4 Permittees or subgroups of MS4 Permittees may choose 
to develop and implement alternative implementation strategies for dry 
weather implementation, then the group-based WLAs may be 
distributed based on proportional drainage area, upon approval of the 
Executive Officer.  The implementation approaches herein, including 
the use of an MS4 Load Reduction Strategy, can still be followed based 
on the proportional WLAs.  For MS4 Permittees that choose to not 
follow a MS4 Load Reduction Strategy, the compliance schedule to 
attain final WLAs is shorter because only one implementation phase is 
allowed.   
 
For the wet weather WLA, responsible parties must provide an 
Implementation Plan to the Regional Board outlining how each intends 
to cooperatively achieve compliance with the wet-weather WLAs.  The 
report shall include implementation methods, an implementation 
schedule, and proposed milestones.  The plan shall include a technically 
defensible quantitative linkage to the final wet-weather WLAs. The 
linkage should include target reductions in stormwater runoff and/or E. 
coli. The plan shall include quantitative estimates of the water quality 
benefits provided by the proposed structural and non-structural BMPs. 
Responsible parties may propose wet-weather load-based compliance at 
MS4 outfalls, which shall include an estimate of existing load and the 
allowable load from MS4 outfalls to attain the allowable number of 
exceedance days instream. 
 
Twenty-five years after the effective date of the TMDL, final WLAs and 
LAs shall be achieved at all segments and tributaries for dry and wet 
weather.   
Regional Board staff shall convene and oversee a workgroup, or shall 
participate in a stakeholder-led workgroup, to address technical and 
regulatory issues associated with the Los Angeles River Bacterial 
TMDL, which may include, where appropriate a re-evaluation of 
recreational uses in the Los Angeles River, re-evaluation of the high 
flow suspension on a site specific basis, prioritization of bacteria risk, 
re-evaluation of bacteria objectives for fresh water, re-evaluation of 
implementation provisions and compliance metrics.  These re-
evaluations support both this TMDL and also support many of the 
current triennial review priorities identified by the Board.   
 
The workgroup shall provide technical input for stakeholder-led 
technical studies and may serve to provide technical input during the 
scoping and development of related Basin Plan Amendments that will be 
considered by the Regional Board.  
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Element Findings and Regulatory Provisions 
 
Over the course of TMDL implementation, the TMDL shall be re-
considered to incorporate new information from these stakeholder-led 
technical studies, or other scientific studies, or to address revisions to 
water quality standards, such as adoption of revised water quality 
objectives based on recommendations from USEPA, or a revised 
implementation schedule.  The schedule in Table 7-39.3 includes several 
specific re-consideration opportunities.   
 

Margin of Safety An explicit margin of safety is included in the allocations.  
Cumulatively, the dry-weather and wet-weather WLAs and LAs allow 
exceedances of the single sample target no more than 5% of the time on 
an annual basis.  The Water Quality Control Policy for Developing 
California’s Clean Water Act Section 303(d) List concludes that there 
are water quality impairments using a binomial distribution method, 
which lists waterbodies as impaired when the exceedances are between 
approximately 8 and 10 percent. 
 
An implicit margin of safety is incorporated in the interim allocations 
through the use of a conservative assumption of no (0) bacterial decay in 
discharges from storm drains to the receiving water when determining 
the assimilative capacity of the river segments and tributaries.   
 

Seasonal Variations 
and Critical 
Conditions 

Seasonal variations are addressed by developing separate allocations for 
dry weather and wet weather based on observed natural background 
levels of exceedance of bacteria indicators. 
 
Historic monitoring data for the Los Angeles River Watershed indicate 
that the critical condition for bacteria loading is during wet weather due 
to greater exceedance probabilities of the single sample bacteria 
objective than during dry weather.  The 90th percentile „storm year‟5 in 
terms of wet days6 is used as the reference year.  Selecting the 90th 
percentile year is a conservative approach that will accommodate a 
„worst-case‟ scenario resulting in fewer exceedance days than the 
maximum allowed in drier years.  Conversely, in the 10% of wetter 
years, there may be more than the allowable number of exceedance 
days. 

Compliance 
Monitoring 

For MS4 Permittees, monitoring shall entail compliance monitoring to 
assess attainment of WLAs and monitoring in support of Load 
Reduction Strategies or alternative compliance strategy and wet-weather 
implementation plans. 

                                                 
5 For purposes of this TMDL, a „storm year‟ means November 1 to October 31.  The 90th percentile storm year was 1993 with 75 
wet days at the LAX meteorological station. 
6 A wet day is defined as a day with rainfall of 0.1 inch or more plus the 3 days following the rain event. 
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Element Findings and Regulatory Provisions 
 
An ambient water quality monitoring program shall be conducted by 
responsible parties as set forth in a Bacteria Coordinated Monitoring 
Plan (CMP), which shall be submitted for Executive Officer approval 
per the TMDL implementation schedule.  The CMP shall detail: the 
number and location of sites, including at least one monitoring station 
per each river segment, reach and tributary addressed under this TMDL; 
measurements and sample collection methods; and monitoring 
frequencies.  Responsible parties may also include in the CMP, for 
Executive Officer consideration, other meteorological stations which 
may be more representative of the existing hydrology and climate. 
 
Each segment, reach, and tributary addressed under this TMDL shall be 
monitored at least monthly until the subject segment, reach or tributary 
is at the end of the execution part of its first implementation phase (i.e. 7 
years after beginning the segment or tributary-specific phase), to 
determine compliance with the interim WLA.  Each segment, reach and 
tributary addressed under this TMDL shall be monitored at least weekly 
to determine compliance with the instream targets after the first 
implementation phase. 
 
For parties pursuing an LRS, intensive outfall monitoring will be 
conducted before and after implementation of the LRS. Pre-LRS 
monitoring will be used to estimate the E. coli loading from MS4 
outfalls to the segment or tributary, and identify the outfalls and types of 
implementation actions that are expected to be necessary to attain the 
WLAs.  Post-LRS monitoring will be used to evaluate compliance with 
the interim WLA and to plan for additional implementation actions to 
meet the final WLAs, in a second implementation phase, if necessary.  

When applicable, outfall monitoring shall including E. coli by USEPA-
approved methods and flow rate at all MS4 outfalls (“snapshots”) that 
are discharging to a segment or tributary or across jurisdictional 
boundaries during a given monitoring event.  For each Load Reduction 
Strategy, at least six (6) snapshots shall be conducted for pre-LRS 
monitoring, and at least three (3) snapshots shall be conducted for post-
LRS monitoring.  For MS4s that choose to follow a non-LRS 
implementation approach, but choose to demonstrate compliance with 
Equivalent Conditions, at least six (6) snapshots shall be conducted.  
 
Responsible parties pursuing an alternative compliance strategies shall 
propose monitoring to support the plan. 
 
The Wet Weather Implementation Plans shall propose monitoring to 
support the Wet Weather Implementation Plans. 
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Element Findings and Regulatory Provisions 
Monitoring for dischargers other than MS4 permittees to determine 
compliance with WLAs and LAs shall be established through 
monitoring and reporting programs conducted as part of the discharger‟s 
permit/waste discharge/waiver requirements and through 
implementation of the Nonpoint Source Implementation and 
Enforcement Policy, for nonpoint sources. 
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7-39.2. Los Angeles River Bacteria TMDL:  Responsible Parties for Waste Load or Load Allocations  

Responsible 
Entity 

Los Angeles 
River Segment Los Angeles River Tributary 

A B C D E 
Aliso 

Canyon 
Wash 

Arroyo 
Seco 

Bell 
Creek 

Bull 
Creek 

Burbank 
Western 
Channel 

Compton 
Creek 

Dry 
Canyon 
Creek 

McCoy 
Canyon 
Creek 

Rio 
Hondo 

Tujunga 
Wash 

Verdugo 
Wash 

Alhambra   √            √   
Arcadia               √   
Bell  √               
Bell Gardens  √            √   
Bradbury               √   
Burbank  √ √       √       
Bureau of 
Land 
Management 

    √            

Calabasas     √       √ √    
CA Dept. of 
Parks and 
Recreation 

   √ √            

Caltrans √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 
Carson            √      
Commerce  √            √   
Compton √ √         √      
Cudahy  √               
Downey  √            √   
Duarte              √   
El Monte                √   
Glendale  √ √    √   √     √ √ 
Hidden Hills          √     √    
Huntington 
Park   

 √         √      
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Responsible 
Entity 

Los Angeles 
River Segment Los Angeles River Tributary 

A B C D E 
Aliso 

Canyon 
Wash 

Arroyo 
Seco 

Bell 
Creek 

Bull 
Creek 

Burbank 
Western 
Channel 

Compton 
Creek 

Dry 
Canyon 
Creek 

McCoy 
Canyon 
Creek 

Rio 
Hondo 

Tujunga 
Wash 

Verdugo 
Wash 

Irwindale                √   
La Cañada 
Flintridge   

  √    √         √ 

Lakewood √                
Long Beach √          √      
Los Angeles   √ √ √ √ √ √ √ √ √ √ √ √  √ √ 
Los Angeles 
County 

√ √ √  √ √ √ √ √  √ √ √ √ √ √ 

LA County 
Flood 
Control 

√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

Lynwood   √ √         √      
Maywood    √               
Monrovia                √   
Montebello    √            √   
Monterey 
Park   

 √            √   

National 
Park Service 

   √ √            

Paramount   √ √               
Pasadena  √ √    √       √  √ 
Pico Rivera                √   
Rosemead                √   
San 
Fernando 

              √  

San Gabriel                √   
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Responsible 
Entity 

Los Angeles 
River Segment Los Angeles River Tributary 

A B C D E 
Aliso 

Canyon 
Wash 

Arroyo 
Seco 

Bell 
Creek 

Bull 
Creek 

Burbank 
Western 
Channel 

Compton 
Creek 

Dry 
Canyon 
Creek 

McCoy 
Canyon 
Creek 

Rio 
Hondo 

Tujunga 
Wash 

Verdugo 
Wash 

San Marino                √   
Santa Clarita           √        
Sierra 
Madre 

             √   

Signal Hill   √                
South El 
Monte   

             √   

South Gate    √         √   √   
South 
Pasadena   

 √     √       √   

State Land 
Commission 

    √            

Temple City                √   
U.S. Forest 
Service 

      √  √     √ √ √ 

Vernon  √         √      
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7-39.3. Los Angeles River Bacteria TMDL:  Implementation Schedule 
Italics in this Table refer to Permittees using an alternative compliance plan instead of an LRS. 
Implementation Action Responsible Parties Deadline 

Segment by Segment Schedule Dry Weather (Schedule for all river and wet weather is at the end of the Table) 

SEGMENT B (upper and middle Reach 2 – Figueroa Street to Rosecrans Avenue) Dry Weather 

First  phase – Segment B 

Submit a Load Reduction Strategy 
(LRS) for Segment B (or submit an 
alternative compliance plan) 

MS4 and Caltrans NPDES Permittees 
discharging to Segment B 

2.5 years after effective date of 
the TMDL 

Approve LRS (or alternative 
compliance plan) 

Regional Board, Executive Officer 6 months after submittal of 
LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment B, if using LRS 

7 years after effective date of 
the TMDL 

Achieve interim (or final) WLA and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment B, if using LRS 

10 years after effective date of 
the TMDL 

Achieve final WLA or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment B, if using 
alternative compliance plan 

10 years after effective date of 
the TMDL 

Second phase, if necessary – Segment B (LRS only)  

Submit a new LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment B 

11 years after effective date of 
the TMDL 

Approve LRS Regional Board, Executive Officer 6 months after submittal of a 
second LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment B, if using LRS 

14.5 years after effective date 
of the TMDL 

Achieve final WLAs in Segment B or 
demonstrate that non-compliance is 
only due to upstream contributions 
and submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment B, if using LRS 

16.5 years after effective date 
of the TMDL 

SEGMENT B TRIBUTARIES (Rio Hondo and Arroyo Seco) Dry Weather 

First phase – Segment B Tributaries (Rio Hondo and Arroyo Seco) 

Submit a Load Reduction Strategy 
(LRS) for Segment B tributaries (or 
submit an alternative compliance 
plan) 

MS4 and Caltrans NPDES Permittees 
discharging to Segment B tributaries 

4 years after effective date of 
the TMDL 

Approve LRS (or alternative 
compliance plan) 

Regional Board, Executive Officer 6 months after submittal of 
LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment B tributaries, if 
using LRS 

8.5 years after effective date of 
the TMDL 
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Implementation Action Responsible Parties Deadline 

Achieve interim (or final) WLA and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment B tributaries, if 
using LRS 

11.5 years after effective date 
of the TMDL 

Achieve final WLA or demonstrate 
that non-compliance is only due to 
upstream contributions and submit 
report to Regional Board  

MS4 and Caltrans NPDES Permittees 
discharging to Segment B tributaries, if 
using alternative compliance plan 

11.5 years after effective date 
of the TMDL 

Second phase, if necessary – SEGMENT B TRIBUTARIES (Rio Hondo and Arroyo Seco) (LRS only) 

Submit a new LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment B tributaries 

12.5 years after effective date 
of the TMDL 

Approve LRS Regional Board, Executive Officer 6 months after submittal of a 
second LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment B tributaries, if 
using LRS 

16 years after effective date of 
the TMDL 

Achieve final WLAs Segment B 
tributaries or demonstrate that non-
compliance is due to upstream 
contributions and submit report to 
Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment B tributaries, if 
using LRS 

18 years after effective date of 
the TMDL 

SEGMENT A (lower Reach 2 and Reach 1 – Rosecrans Avenue to Willow Street) Dry Weather 

First phase – Segment A 

Submit a Load Reduction Strategy 
(LRS) for Segment A (or submit an 
alternative compliance plan) 

MS4 and Caltrans NPDES Permittees 
discharging to Segment A 

4.5 years after effective date of 
the TMDL 

Approve LRS (or alternative 
compliance plan) 

Regional Board, Executive Officer 6 months after submittal of 
LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment A, if using LRS 

9 years after effective date of 
the TMDL 

Achieve interim (or final) WLA and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment A, if using LRS 

12 years after effective date of 
the TMDL 

Achieve final WLA or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment A, if using 
alternative compliance plan 

12 years after effective date of 
the TMDL 

Second phase, if necessary – Segment A   (LRS only) 

Submit a new LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment A 

13 years after effective date of 
the TMDL 

Approve LRS Regional Board, Executive Officer 6 months after submittal of a 
second LRS 

RB-AR37534



Attachment A to Resolution No. R10-007 

18 

T 

E 

N 

T 

A 

T 

I 

V 

E 

Implementation Action Responsible Parties Deadline 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment A, if using LRS 

17.5 years after effective date 
of the TMDL 

Achieve final WLAs in Segment A or 
demonstrate that non-compliance is 
due to upstream contributions and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment A, if using LRS 

19.5 years after effective date 
of the TMDL 

SEGMENT A TRIBUTARY (Compton Creek) Dry Weather 

First phase – Segment A Tributary 

Submit a Load Reduction Strategy 
(LRS) for Segment A tributary (or 
submit an alternative compliance plan) 

MS4 and Caltrans NPDES Permittees 
discharging to Segment A tributary 

6 years after effective date of 
the TMDL 

Approve LRS (or alternative 
compliance plan) 

Regional Board, Executive Officer 6 months after submittal of 
LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment A tributary if 
using LRS 

10.5 years after effective date 
of the TMDL 

Achieve interim (or final) WLA and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment A tributary if 
using LRS 

13.5 years after effective date 
of the TMDL 

Achieve final WLA or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment A tributary, if 
using alternative compliance plan 

13.5 years after effective date 
of the TMDL 

Second phase, if necessary – Segment A tributary  (LRS only) 

Submit a new LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment A tributary 

14.5 years after effective date 
of the TMDL 

Approve LRS  Regional Board, Executive Officer 6 months after submittal of a 
second LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment A tributary, if 
using LRS 

18 years after effective date of 
the TMDL 

Achieve final WLAs in Segment A 
tributary or demonstrate that non-
compliance is due to upstream 
contributions and submit report to 
Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment A tributary, if 
using LRS 

20 years after effective date of 
the TMDL 

SEGMENT E (Reach 6 – LA River headwaters [confluence with Bell Creek and Calabasas Creek] to Balboa 
Boulevard) Dry Weather 

First phase – Segment E 
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Implementation Action Responsible Parties Deadline 

Submit a Load Reduction Strategy 
(LRS) for Segment E (or submit an 
alternative compliance plan) 

MS4 and Caltrans NPDES Permittees 
discharging to Segment E 

5.5 years after effective date of 
the TMDL 

Approve LRS (or alternative 
compliance plan) 

Regional Board, Executive Officer 6 months after submittal of 
LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment E, if using LRS 

10 years after effective date of 
the TMDL 

Achieve interim (or final) WLA and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment E, if using LRS 

13 years after effective date of 
the TMDL 

Achieve final WLA or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment E, if using 
alternative compliance plan 

13 years after effective date of 
the TMDL 

Second phase, if necessary –Segment E, (LRS only) 

Submit a new LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment E 

14 years after effective date of 
the TMDL 

Approve LRS Regional Board, Executive Officer 6 months after submittal of a 
second LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment E, if using LRS 

17.5 years after effective date 
of the TMDL 

Achieve final WLAs in Segment E or 
demonstrate that non-compliance is 
due to upstream contributions and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment E, if using LRS 

19.5 years after effective date 
of the TMDL 

SEGMENT E TRIBUTARIES (Dry Canyon Creek, McCoy Creek, Bell Creek, and Aliso Canyon Wash) Dry 
Weather 

First phase – Segment E Tributaries 

Submit a Load Reduction Strategy 
(LRS) for Segment E tributaries (or 
submit an alternative compliance plan) 

MS4 and Caltrans NPDES Permittees 
discharging to Segment E tributaries 

9.5 years after effective date of 
the TMDL 

Approve LRS (or alternative 
compliance plan) 

Regional Board, Executive Officer 6 months after submittal of 
LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment E tributaries if 
using LRS 

14 years after effective date of 
the TMDL 

Achieve interim (or final) WLA and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment E tributaries, if 
using LRS 

17 years after effective date of 
the TMDL 
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Implementation Action Responsible Parties Deadline 

Achieve final WLA or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment E tributaries, if 
using alternative compliance plan 

17 years after effective date of 
the TMDL 

Second phase, if necessary – Segment E tributaries  (LRS only) 

Submit a new LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment E tributaries 

18 years after effective date of 
the TMDL 

Approve LRS  Regional Board, Executive Officer 6 months after submittal of a 
second LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment E tributaries, if 
using LRS 

21.5 years after effective date 
of the TMDL 

Achieve final WLAs in Segment E 
tributaries or demonstrate that non-
compliance is due to upstream 
contributions and submit report to 
Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment E tributaries, if 
using LRS 

23.5 years after effective date 
of the TMDL 

Segment C (lower Reach 4 and Reach 3 – Tujunga Avenue to Figueroa Street) Dry Weather 
Segment C Tributaries (Tujunga Wash, Burbank Western Channel, and Verdugo Wash) Dry Weather 
Segment D (Reach 5 and upper Reach 4 – Balboa Boulevard to Tujunga Avenue) Dry Weather 
Segment D Tributaries (Bull Creek) Dry Weather 
First phase – Segment C, Segment C Tributaries, Segment D, Segment D tributaries 

Submit a Load Reduction Strategies 
(LRS) for Segment C, Segment C 
tributaries, Segment D, Segment D 
tributaries (or submit an alternative 
compliance plan) 

MS4 and Caltrans NPDES Permittees 
discharging to Segment C, Segment C 
tributaries, Segment D, Segment D 
tributaries 

11 years after effective date of 
the TMDL 

Approve LRS (or alternative 
compliance plan) 

Regional Board, Executive Officer 6 months after submittal of 
LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment C, Segment C 
tributaries, Segment D, Segment D 
tributaries, if using LRS 

15.5 years after effective date 
of the TMDL 

Achieve interim (or final) WLA and 
submit report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment C, Segment C 
tributaries, Segment D, Segment D 
tributaries, if using LRS 

18.5 years after effective date 
of the TMDL 

Achieve final WLA or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Board  

MS4 and Caltrans NPDES Permittees 
discharging to Segment C, Segment C 
tributaries, Segment D, Segment D 
tributaries, if using alternative 
compliance plan 

18.5 years after effective date 
of the TMDL 

Second phase, if necessary - Segment C, Segment C Tributaries, Segment D, Segment D Tributaries  
(LRS only) 
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Implementation Action Responsible Parties Deadline 

Submit a new LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment C, Segment C 
tributaries, Segment D, Segment D 
tributaries 

19.5 years after effective date 
of the TMDL 

Approve LRS  Regional Board, Executive Officer 6 months after submittal of a 
second LRS 

Complete implementation of LRS MS4 and Caltrans NPDES Permittees 
discharging to Segment C, Segment C 
tributaries, Segment D, Segment D 
tributaries if using LRS 

23 years after effective date of 
the TMDL 

Achieve final WLAs in Segment C, 
Segment C tributaries, Segment D, 
Segment D tributaries or demonstrate 
that non-compliance is due to 
upstream contributions and submit 
report to Regional Board 

MS4 and Caltrans NPDES Permittees 
discharging to Segment C, Segment C 
tributaries, Segment D, Segment D 
tributaries if using LRS 

25 years after effective date of 
the TMDL 

All Los Angeles River Segments and Tributaries   

Submit a Bacteria Coordinated 
Monitoring Plan (CMP)   

All responsible parties 1 year after the effective date 
of the TMDL 

Conduct ambient water quality 
monitoring set forth in the CMP 

All responsible parties 6 months after approval of the 
CMP 

Reconsider TMDL based upon 
technical studies or policy changes, 
including but not be limited to: 
(1) Alterations to recreational 
beneficial use designations  
(2) Revision of US EPA 
recommended bacteria criteria, 
Regional Board or State Board 
bacteria standards 
(3) Expansion of the High Flow 
Suspension provisions of Chapter 2 
(i.e. extension in duration or spatial 
extent). 

Regional Board 4 years after the effective date 
of the TMDL 
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Implementation Action Responsible Parties Deadline 

Reconsider TMDL based upon 
technical studies or policy changes, 
including but not be limited to: 
(1) Alterations to recreational 
beneficial use designations  
(2) Revision of US EPA 
recommended bacteria criteria, 
Regional Board or State Board 
bacteria standards 
(3) Expansion of the High Flow 
Suspension provisions of Chapter 2 
(i.e. extension in duration or spatial 
extent). 
(4) Technical evaluations of natural 
and anthropogenic sources of bacteria, 
including viable alternatives to 
defining natural or anthropogenic 
sources of bacteria 
(5) Wet weather compliance options 

Regional Board 10 years after the effective date 
of the TMDL 

Reconsider TMDL based upon 
technical studies or policy changes, 
including but not be limited to: 
(1)  Natural sources exclusion  

Regional Board Within one year of a 
demonstration that interim 
limits are met in a segment 

Submit implementation plan for wet 
weather with interim milestones 

All responsible parties Within 10 years of the effective 
date of the TMDL 

   

Achieve final wet-weather WLAs and 
LAs and submit report to Regional 
Board demonstrating wet weather and 
dry weather compliance. 

All responsible parties 25 years after effective date of 
the TMDL 
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Executive Summary  
The Ballona Creek Wetlands are diminishing and deteriorating due to the presence of legacy 

sediment and invasive exotic vegetation.  This has severely impacted the wetland habitats and 

the wildlife and aquatic organisms dependent on the wetlands.  Ballona Creek Wetlands is one of 

the TMDLs identified on the Consent Decree between USEPA and local environmental groups 

(Heal the Bay Inc., et al. v. Browner, et al. C 98-4825 SBA, March 22, 1999).  The State or 

USEPA must complete TMDLs for all waterbodies identified on California‟s 1998 303(d) 

Impaired Waterbody List for the Los Angeles Region by March 24, 2012.  These TMDLs 

address the sediment and exotic vegetation impairments by setting targets to restore a diverse 

composition of healthy wetland habitats and to eliminate the presence of invasive exotic 

vegetation that overwhelms the highly sensitive native habitats.  These specific goals will ensure 

water quality standards are met in Ballona Creek Wetlands.  

 

This TMDL covers approximately 600 acres of wetland habitat to match the area identified by 

the California Coastal Conservancy and California Department of Fish and Game as an 

ecological reserve of critical importance (the Ballona Wetlands Ecological Reserve).  The 

Ballona Creek Wetlands are located downstream of the Ballona Creek Watershed, sandwiched 

between Marina del Rey and upstream urban development.  This site has been physically 

impacted by dredge spoils, fill, creek channelization, roads, Marina del Rey, and other 

modifications to the hydrology of the wetlands.  The Ballona Creek Wetlands is the last 

remaining major coastal wetland in Los Angeles County and lies along the Pacific Migratory 

pathway, a critical habitat for hundreds of bird species visiting from the Northern and Southern 

hemispheres. 

  

The critical stressors causing impacts to the Ballona Creek Wetlands are excessive sediment on-

site that has raised the mean elevation and buried critical habitat. Excess sediment has also 

created conditions to support highly invasive exotic vegetation that crowd out native species.  

Based on a highly detailed hand-drawn historical map of the extent of natural habitats in Ballona 

Creek Wetlands, specific target habitat acreages for intertidal, subtidal, salt pan, and vegetated 

marsh
1
 were established to achieve a healthy functioning wetland.   

 

Load allocations (LA) for legacy sediment were set at zero and approximately 3.1 million cubic 

yards of excess sediment have been identified to be removed from the sensitive habitat to restore 

beneficial uses. The legacy sediment must be removed; however, it can be maintained on site to 

be reused and support future restoration efforts.  This load allocation is assigned jointly to 

Cooperative Parties that have a stake in the future restoration actions planned for Ballona Creek 

Wetlands.  An existing combined wasteload allocation (WLA) of 58,354 cubic yards per year of 

                                                 
1
 For this TMDL, vegetated marsh refers to multiple habitat types, including salt, brackish, and freshwater marsh. 
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incoming sediment load is given to the County of Los Angeles and its Co-Permittees, as part of 

their municipal Separate Storm Sewer System permit.  The WLA and LA are set at zero for 

invasive exotic vegetation species on the California Noxious Weed List or  rated as “high” or 

“moderate” on the California Invasive Plant Council‟s Inventory List.  For exotic vegetation 

species rated as “low” on the CA IPC list, the WLA and LA are set at 10% cover. 
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1 Introduction 
The U.S. Environmental Protection Agency (USEPA) Region IX is establishing Total Maximum 

Daily Loads (TMDLs) for the Ballona Creek Wetlands to address the following impairments: 

habitat alteration, reduced tidal flushing, hydromodification and exotic vegetation.  The State of 

California identified these impairments and placed the Ballona Creek Wetlands on its Section 

303(d) Impaired Waters List in 1996.  USEPA concludes the critical stressors causing the above 

impairments are legacy sediment and invasive exotic vegetation; therefore, USEPA is 

establishing TMDLs for sediment and invasive exotic vegetation to address habitat alteration, 

reduced tidal flushing, hydromodification and exotic vegetation. 

 

These TMDLs comply with 40 Code of Federal Regulations (CFR) 130.2 and 130.7, Section 

303(d) of the Clean Water Act (CWA) and USEPA guidance for developing TMDLs in 

California (USEPA, 2000). Information used by USEPA to develop sediment TMDLs to address 

habitat alteration, exotic vegetation, hydromodification and reduced tidal flushing is summarized 

throughout this document. USEPA was assisted in this effort by the California Regional Water 

Quality Control Board, Los Angeles Region (Regional Board).  Because an implementation plan 

is not a required element of a TMDL established by USEPA, these TMDLs do not include an 

implementation plan to achieve the waste load allocations (WLAs), load allocations (LAs) and 

water quality standards (WQSs).  The Regional Board has the regulatory authority to develop 

Implementation Plans for TMDLs in its Water Quality Control Plan (Basin Plan). 

 

1.1 REGULATORY BACKGROUND 

Section 303(d) of the CWA requires that each State “shall identify those waters within its 

boundaries for which the effluent limitations are not stringent enough to implement any water 

quality objective applicable to such waters.”  The CWA also requires states to establish a priority 

ranking for waters on the 303(d) list of impaired waters and establish TMDLs for such waters.  

 

The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the 

CWA, as well as in the USEPA Region IX‟s Guidance for Developing TMDLs in California 

(USEPA, 2000).  A TMDL is defined as the “sum of the individual waste load allocations for 

point sources and load allocations for nonpoint sources and natural background” (40 CFR 130.2) 

such that the capacity of the waterbody to assimilate pollutant loads (the loading capacity) is not 

exceeded.  A TMDL is also required to account for seasonal variations and include a margin of 

safety to address uncertainty in the analysis (CWA 303(d)(1)(C) (USEPA, 2000). 

 

States must develop water quality management plans to implement the TMDL (40 CFR 130.6).  

USEPA has oversight authority for the 303(d) program and is required to review and either 
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approve or disapprove the TMDLs submitted by states.  In California, the State Water Resources 

Control Board (SWRCB) and the nine Regional Water Quality Control Boards are responsible 

for preparing lists of impaired waterbodies under the 303(d) program and for preparing TMDLs, 

both subject to USEPA approval.  If USEPA disapproves a TMDL submitted by a State, or if a 

State does not develop a TMDL in a timely manner, USEPA is required to establish a TMDL for 

that waterbody. The California Regional Water Quality Control Boards (Regional Boards) hold 

regulatory authority for many of the instruments used to implement the TMDLs, such as the 

National Pollutant Discharge Elimination System (NPDES) permits and state-specified Waste 

Discharge Requirements (WDRs). 

 

As part of its 1996 and 1998 regional water quality assessments, the LARWQCB identified over 

700 waterbody-pollutant combinations in the Los Angeles Region where TMDLs would be 

required (LARWQCB, 1996, 1998).  These are referred to as “listed” or “303(d) listed” 

waterbodies or waterbody segments.  A 13-year schedule for development of TMDLs in the Los 

Angeles Region was established in a consent decree approved between USEPA and several 

environmental groups on March 22, 1999 (Heal the Bay Inc., et al. v. Browner, et al. C 98-4825 

SBA). Under the consent decree, USEPA must establish these TMDLs by March 24, 2012.  For 

the purpose of scheduling TMDL development, the consent decree combined the more than 700 

waterbody-pollutant combinations into 92 TMDL analytical units.  These TMDLs address all of 

the waterbody-pollutant combinations in analytical unit 65, which includes habitat alteration, 

exotic vegetation, hydromodification and reduced tidal flushing impairments for Ballona Creek 

Wetlands.  USEPA is establishing these TMDLs at the request of the Regional Board, and to 

meet its obligations under the consent decree.   

 

1.2 ELEMENTS OF A TMDL 

Guidance from USEPA (1991) identifies several elements of a TMDL. Sections 3 through 7 of 

this document are organized such that each section describes one of the elements, with the 

analysis and findings of these TMDLs for that element. Additionally, implementation and 

monitoring recommendations are provided in Section 8.  TMDL sections are as follows: 

 

 Section 3:  Problem Identification. Presents the data used to add the waterbody to the 

303(d) list, and summarizes existing conditions using that evidence along with any new 

information acquired since the listing.  This element identifies portions of the waterbody that 

fail to support all designated beneficial uses; the criteria designed to protect those beneficial 

uses; and, in summary, the evidence supporting the decision to list, such as the number and 

severity of impact observed.   

 Section 4:  Numeric Targets. Sets numeric targets based upon the water quality standards 

(WQS) described in the Los Angeles Region Water Quality Control Plan (Basin Plan).       
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 Section 5:  Source Assessment. Describes and identifies the potential point sources and 

nonpoint sources of sediment and impact to the Ballona Creek Wetlands. 

 Section 6:  Linkage Analysis. Provides an analysis of the relationship between sources and 

the receiving water quality impairment. The linkage analysis addresses the critical 

conditions, loading, and water quality parameters.  Allocations are designed to protect the 

waterbody from conditions that exceed the applicable numeric target.  The allocations are 

based on critical conditions to ensure protection of the waterbody under all conditions. 

 Section 7: TMDLs and Pollutant Allocations. Identifies the quantitative load or in this 

case, the necessary numeric habitat proportions and tidal elevations that need to be achieved 

to ensure protection of the identified beneficial uses in Ballona Creek Wetlands. 

 Section 8:  Implementation. Not considered a required element of a TMDL established by 

USEPA; contains recommendations to the State regarding implementation and monitoring 

for this TMDL. 
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2 Wetland Characteristics 
In California, the total wetland loss is estimated at 4.6 million acres, which is approximately 91% 

of the acreage present before European settlement; these wetland losses is directly attributable to 

human activities (CCC 1994).  A large variety of activities have caused the dramatic loss and 

alterations of wetlands in California.  These include agricultural use and development; residential 

development; commercial and industrial development; oil and gas development; roads, highways 

and railways, port and marina development and flood control.  All of these activities have led to 

dredging and filling of wetlands, removal of vegetation, increased sediment discharge into 

wetlands, and exposure to polluted runoff. 

  

2.1 ENVIRONMENTAL SETTING 

The Ballona Creek Wetlands are located in Southern California at the western edge of the Los 

Angeles Metropolitan area. To the south of the wetlands are the Westchester and Playa del Rey 

bluffs, to the northwest is Marina Del Rey and to the north lie the towns of Vista del Mar and 

Culver City.  The wetlands are completely surrounded by the highly urbanized metropolitan area 

of Los Angeles and other cities upstream (Figure 1).   

 

The Ballona Creek Wetlands are currently located within the area identified as the Ballona 

Wetlands Ecological Reserve (BWER), which is located at the mouth of Ballona Creek in west 

Los Angeles, California (Figure 2).  The Ballona Creek Wetlands encompass approximately 600 

acres and is the last remaining major coastal wetland in the Santa Monica Bay.  At one time over 

2000 acres, the site has been impacted by fill, creek channelization, and development of roads, 

railways, a marina, natural gas infrastructure, housing and businesses.  The Ballona Creek 

Wetlands are comprised of salt marsh and freshwater wetlands, coastal bluffs, dunes, and upland 

habitats.  The site supports several state- and federally-listed species of concern.  The Ballona 

Creek Wetlands lies along the Pacific Migratory Pathway and hosts bird species from the 

Northern and Southern hemispheric extremes.   
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Figure 1.  Map of Ballona Creek Wetlands and the major cities draining the Ballona Creek 
Watershed.  Marina del Rey is shaded green and north of Ballona Creek Wetlands. 
 

 

The Ballona Creek Wetlands, lying to the south of Marina Del Rey and Ballona Creek, currently 

includes tidal salt marsh receiving muted tidal flows and freshwater habitat receiving seasonal 

flow.  It is the last remaining major coastal wetland in Los Angeles County (West, 2001). 

Extensively developed urban areas surrounding the wetlands, as well as many other human 

activities have significantly impacted the wetlands. Historically, rail and roadways have 

fragmented the wetlands since the 1800‟s. In 1937, the US Army Corps of Engineers (USACE 

constructed the Ballona Creek flood control channel that diverted water from the creek straight to 

the Santa Monica Bay, thus severely limiting tidal flow to the salt marsh. Today, the water 

entering the wetlands is mainly from Ballona Creek via a single tide gate and from Marina del 

Rey into Fiji Ditch. Other sources of freshwater would include intermittent flows of runoff from 

residential areas on the southern bluffs and storm runoff from Culver Boulevard flowing through 

the wetland area (PWA, 2006).  In 2004, the State of California took title to approximately 600-

acres of the wetlands consisting of three areas (Figure 2) with Area B encompassing the main 

saltwater marsh. Funding for the acquisition was provided by the Wildlife Conservation Board 
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and the State Coastal Conservancy. The property is owned by the State Lands Commission 

(SLC) and managed by the California Department of Fish and Game (CDFG). A third agency, 

the California State Coastal Conservancy, has funding for developing a plan to restore the 

wetlands to a more natural condition. Together, the three agencies are working with a large 

group of stakeholders and other agencies to develop and implement the restoration plan. The 

Conservancy provides funding for the planning effort and manages the work plan, budget, and 

schedule. As the landowner, CDFG will be the applicant for any permits needed for the 

restoration project and the lead agency for purposes of CEQA. Planning is being conducted 

within the wider framework of the Ballona Creek Watershed, incorporating adjacent and 

ecologically related resources. (Dorsey & Berquist 2007). 

 

 
Figure 2.  Map of Ballona Creek Wetlands, Ballona Creek and Marina Del Rey.  Ballona 
Creek Wetlands is shaded in green. 
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2.2 WETLAND AREAS 

Due to the impacts of anthropogenic activities in the past, the current delineation of Ballona 

Creek Wetlands is divided into three primary areas, each with distinct characteristics and history.  

Ballona Creek Wetlands is composed of Areas A, B, and C.  CDFG has informed USEPA that it 

owns 523 acres and that SLC owns 60 acres in the Ballona Wetlands area (See CDFG Comment 

Letter , January 26, 2012).  Of the 60 acres owned by SLC, 24 acres are included in Ballona 

Wetlands Ecological Reserve (named the Expanded Wetlands parcel), resulting in a total of 547 

acres.  The remaining 36 acres owned by SLC is the Freshwater Marsh mitigation site 

constructed for the Playa Vista Development to the east, and is not part of the Ballona Wetlands 

Ecological Reserve.  The Expanded Wetlands parcel is under lease from SLC to CDFG and is 

included in the Ballona Creek Wetlands.  USEPA has calculated that the area encompassed by 

the Ballona Wetlands Ecological Reserve is approximately 626 acres, of which an estimated 85 

acres are roads, levees, parking lots and other structures, and the remaining 541 acres are open 

water, wetlands and uplands within Areas A, B, and C.
 2

   See Section 3.4 and Table 5.    

 

2.2.1 Area A 
Area A is approximately 139 acres in size and lies north of Ballona Creek, west of Lincoln 

Boulevard and south of Fiji Way (Figure 2). Elevations range between approximately nine and 

17 feet relative to mean sea level (MSL); fill was placed on Area A during the excavations of 

Ballona Creek and Marina Del Rey. Area A is undeveloped with the exception of a parking area 

along the western boundary and a drainage channel along the northern boundary. In addition, the 

Southern California Gas Company (SoCalGas) currently maintains five monitoring well sites in 

the western end of this area (Ballona Creek Wetlands Existing Conditions Report, 2006). 

 

2.2.2 Area B 
Area B, approximately 338 acres in size, lies south of Ballona Creek and west of Lincoln 

Boulevard. Area B extends south to Cabora Drive, a utility access road near the base of the Playa 

Del Rey Bluffs (Figure 2). To the west, Area B extends into the dunes that border homes along 

Vista Del Mar. Elevations across Area B range between approximately two and five feet MSL in 

the lower flat portions, and up to 50 feet MSL below the Del Rey Bluffs. Area B contains the 

largest area of remnant unfilled wetlands with abandoned agricultural lands to the southwest, and 

the Freshwater Marsh to the northeast. The SoCalGas Company has easements for 12 well sites 

(1 injection/withdrawal well and 11 monitoring wells) that support access routes in Area B 

(Ballona Creek Wetlands Existing Conditions Report, 2006).  The 24-acre Expanded Wetlands 

parcel owned by SLC and managed by CDFG is included in Area B. 

 

                                                 
2
  There are small differences in the total acreage calculations due to uncertainties inherent in interpreting maps at 

this scale, estimating boundaries between ground features, and rounding of calculated estimates.     
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2.2.3 Area C 
Area C is to the east of A and contains baseball fields and associated minor structures with more 

than half of the remaining area being undeveloped.   Area C is north of Ballona Creek and east of 

Lincoln Boulevard in the City of Los Angeles (Figure 2). The Marina Freeway forms the 

northeastern border of Area C. The area is approximately 64 acres in size and is traversed in an 

east-west direction by Culver Boulevard. Area C contains fill from the construction of the 

Ballona Creek flood control channel, and developments such as Marina Del Rey, the Pacific 

Electric Railroad, the raising of Culver Boulevard and the Marina Freeway. Elevations within 

Area C range from approximately 4.5 to 25 feet MSL. Area C is mostly undeveloped with the 

exception of the ball fields and supporting minor structures (Ballona Creek Wetlands Existing 

Conditions Report, 2006).  SoCalGas Company has no facilities in Area C.  

 

2.2.4 Constructed Freshwater Marsh 
The Freshwater Marsh is not part of the Ballona Wetlands Ecological Reserve and sits west of 

Lincoln Boulevard and south of Jefferson Boulevard, adjacent to Area B in the City of Los 

Angeles (Figure 2). The Freshwater Marsh was constructed between 2001 and 2003. The 

Freshwater Marsh treats urban runoff and stormwater from the Playa Vista development (central 

inlet) and from Jefferson Boulevard (Jefferson inlet). It is operated and managed by the Ballona 

Wetlands Conservancy, a non-profit organization established for that purpose. A riparian 

corridor east of Lincoln Boulevard and outside of the project area connects to the southern end of 

the Freshwater Marsh (Ballona Creek Wetlands Existing Conditions Report, 2006). The 

Freshwater Marsh maintains its own treatment. 

 

2.2.5 Ballona Creek Channel 
The channel is trapezoidal, with bottom widths varying from 80 to 200 feet and depths varying 

from 19 to 23 feet from the top of the levee. The side slopes are lined with concrete, paving 

stones and riprap; the channel bottom is not armored. Culverts with flap gates allow only limited 

amounts of sea water into the marsh via Ballona Creek. There are two self-regulating tide gates 

and one flap gate that lead to Area B.  Area B receives the greatest amount of tidal water, but 

tidal range rarely exceeds one meter. Fiji Ditch, a drainage ditch on the northern border of area A 

and connected by a culvert to Marina del Rey, does get tidal exchange, but only within the ditch 

itself; exchange does not impact the surrounding habitat areas.     

 

2.3 PHYSICAL CHARACTERISTICS 

The physical characteristics of a wetland are complex and include the geographical setting of the 

area, in addition to the habitat types, soil saturation, tidal flushing, freshwater inputs, salinity, 

tidal elevation.  These are some of the most critical components that help define a wetland. 
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2.3.1 Habitat, Flora, Fauna 
Wetlands are loosely defined as lands that are covered by shallow water or by water part of the 

time. They include prairie potholes, vernal pools, bogs, fens, swamps, marshes, floodplains, and 

shallow lakes. Some are coastal (brackish or salt) and some are inland (usually freshwater).  For 

regulatory purposes under the Clean Water Act, the term wetlands means "those areas that are 

inundated or saturated by surface or groundwater at a frequency and duration sufficient to 

support, and that under normal circumstances do support, a prevalence of vegetation typically 

adapted for life in saturated soil conditions. Wetlands generally include swamps, marshes, bogs 

and similar areas." Wetlands are often incredibly rich in wildlife, partly because of the 

complexity of the habitat and partly because of the abundant nutrients provided by runoff from 

the land.   

 

Tidal (coastal) marshes occur along coastlines and are influenced by tides and often by 

freshwater from runoff, rivers, or ground water. Salt marshes are the most prevalent types of tidal 

marshes and are characterized by salt tolerant plants such as smooth cord grass, saltgrass, and 

glasswort. Salt marshes have one of the highest rates of primary productivity associated with 

wetland ecosystems because of the inflow of nutrients and organics from surface and/or tidal 

water. Tidal freshwater marshes are located upstream of estuaries. Tides influence water levels 

but the water is fresh. The lack of salt stress allows a greater diversity of plants to thrive. Cattail, 

wild rice, pickelweed, and arrowhead are common and help support a large and diverse range of 

bird and fish species, among other wildlife (USEPA 2001). 

 

The State-listed endangered Belding‟s savannah sparrow (Passerculus sandwichensis beldingi) 

resides in the Ballona Creek Wetlands. The Federal and State listed endangered California least 

tern (Sterna antillarum browni) breeds on nearby Venice Beach (within a fenced reserve area) 

and forages in the lagoons and channels of the Ballona wetlands. Other listed species that do not 

breed in the area but forage in the Ballona wetlands include the Federal listed threatened western 

snowy plover (Charadrius alexandrinus nivosus), and the State listed endangered American 

peregrine falcon (Falco peregrinus anatum) (for more extensive list, see Section 3.2.1.1.2). 

 

2.3.2 Wetland Hydrologic Processes 
The Ballona Creek Wetlands are bisected by a channelized and armored portion of Ballona 

Creek, with limited hydrologic connection to the adjacent historic floodplains, tidal and 

freshwater flow; the presence of tide gates at various points along Ballona Creek allow muted 

tidal flows into the Wetlands. Ballona Creek Wetlands receive flows from Ballona Creek 

including surface runoff and groundwater inputs from the entire watershed, through a tide gate in 

the south levee of Ballona Creek, direct runoff from the bluffs along the southern border of the 

wetlands, overflow runoff from Playa Vista Development as well as parts of Jefferson and 
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Lincoln Boulevards. Water from the Freshwater Marsh flows through a culvert at its northern 

end, under Jefferson and Culver Boulevards, and out to Ballona Creek during large storm events.  

 

2.4 HISTORICAL WETLAND CONDITION 

California has lost over 90% of its wetlands, more than any other state. Birds wintering in 

California's wetlands have declined from 60 million to 2 million, largely because of the 

destruction of this habitat (Bryant 2003).  Based on Shreiber‟s (1981) study, approximately 2,120 

acres made up a part of the greater Ballona Wetland marsh complex at one time.  Since a 

significant proportion of naturally functioning wetlands have been lost in California, and 

perhaps, even more so in southern California, it was difficult to find comparable conditions from 

similar coastal wetlands.  Consequently, this TMDL assessed the natural conditions of a 

functioning wetland by considering the historical ecology and hand drawn maps of Ballona 

Wetlands and the Southern California wetlands.  These maps provide the basis for supporting the 

designated uses expected from a naturally functioning coastal wetland. 

 

The historic hydrologic condition of Ballona Wetlands was highly dynamic, as characteristic of 

all Southern California coastal wetlands. Ballona Wetlands were likely influenced by both 

freshwater and tidal flows, and maintained both open and closed connections to the ocean as a 

function of the annual precipitation and other watershed variables.  Some evidence suggest that 

approximately half of the larger Ballona Wetland complex historically experienced freshwater 

and tidally affected saltmarsh and brackish habitats that transitioned into a more freshwater 

system about 1.5 miles inland (Dark et al. 2011).  One of the most comprehensive and detailed 

source of evidence documenting the wetland condition of the Ballona Wetlands are the presence 

of hand drawn T-Sheet maps describing the specific habitats and hydrologic conditions in the 

Wetland.   

 

2.4.1 Historical T-Sheet Maps 
From 1851-1900, the US Coast Survey produced maps of coastal features at a large scale 

(1:10,000) which were referred to as T-sheets. They depict the distribution and abundance of 

different wetland habitat types along the coast of southern California prior to major coastal 

development by Europeans. The T-sheets were difficult to access in the past because of their 

accessibility via the National Archives and the lack of high-quality digital reproductions.  

Recently, historical ecology scientists were able to obtain high-quality digital reproductions, and 

interpret the original T-sheets with the aid of other historical texts and drawings to provide 

reliable data on historic wetland habitat types.   This report, “Historical Wetlands of the Southern 

California Coast:  An Atlas of US Coast Survey T-sheets, 1851-1889” provided a rare and 

invaluable source of information for evaluating the habitats of a once natural functioning wetland 

in Ballona (Figure 3). 
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Figure 3. Map of Ballona Creek Wetlands in 1876 and 1903 (PWA, 2006).  The source of 
maps are from the U.S. Coast Survey, 1876 “Topography from West Beach to Vicinity of 
Santa Monica” and USGS Quad and Soil Survey, 1903 
 

The T-sheets demonstrate that current southern California coastal wetlands are greatly reduced in 

size. At the current Ballona Creek Wetlands, only about 600 acres of open space remain where a 

2000+ acre wetlands complex once existed (Figure 4). The full wetlands complex included a 

variety of habitat types that were interdependent, i.e., ecological function depends on the 

presence of different habitat types and in different proportions.  
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Figure 4. Map of historical extent of the Ballona Creek Wetlands complex. 
 

To achieve beneficial uses at Ballona Creek Wetlands, the historic wetlands habitat diversity 

should be re-established so that interdependent ecological functions are restored on the site. The 

T-sheet data were used to document the proportions of different habitat types that existed prior to 

major impacts from human activities. The analysis includes data from Ballona Creek Wetlands 

and other historically similar wetlands, i.e. those defined in the T-sheets atlas as tidal marsh-tidal 

flat dominant wetland systems. These included Ballona Creek Wetlands, Seal Beach, Bolsa 

Chica, Carpinteria, Newport Bay, Alamitos Bay, Tijuana Estuary and Mugu Lagoon. Data on 

each habitat type from each of these wetlands were pooled and an average value was calculated, 

to obtain average proportions of each habitat type in historical tidal marsh-tidal flat wetlands in 

southern California.  

 

The use of these maps does not negate the possibility that other habitat vegetation, habitat extent 

and hydrologic conditions may have occurred.  Instead, the T-Sheet maps provide the best 

available defined and quantitative information, reflecting a period in which the wetlands were 

functioning naturally.  Consequently, it is appropriate to use this source as a point of reference.   
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2.5 HISTORICAL USE 

During the late 1800's the wetland area was used by several hunting lodges and resorts. Rail lines 

were constructed through the marsh in the 1880's and roadways were built in 1900 and 1910. Oil 

and gas exploration and production began in the 1930's and in 1934 Ballona Creek was 

channelized to the ocean. The wetland acreage was greatly reduced with the construction of 

Marina Del Rey in the 1960's. 

 

From the middle of the 1800's, farming began replacing cattle ranching. Urban development 

began in the early 1900's catering to recreational activities in the area of Venice Beach. By 1924 

the area to the west and northwest had become a densely developed part of the greater 

metropolitan Los Angeles area.  In addition, real estate developments in Venice and Playa del 

Rey began encroaching into the wetland region.  The channelization of Ballona Creek in 1935 

caused limited flow to the wetlands and lagoons, drying them up.  Between 1930s to 1950s, oil 

derricks were built throughout the wetland areas causing them to be diked, drained or developed 

into artificial ponds.  The development of Marina del Rey in the late 1950s removed a large portion 

of the remaining wetlands. As a result, the wetlands shrank to less than 200 acres, about 10 percent of 

the original area (Ballona Creek Task Force, 2004).  

 

As many reports and assessments have determined, the precise extent of Ballona Creek Wetlands 

is complex.  Until about 2004, only the undeveloped Area B (south of Ballona Creek and north 

of Culver Boulevard) was traditionally identified as the Ballona Creek Wetlands.  The 

construction of tide gates between the late 1990‟s to early 2000 restored some tidal flushing to 

the central portion of Area B.  In 2001, the State of California retained Area C (north of Ballona 

Creek and east of Lincoln Boulevard) as part of a tax settlement.  Area C is composed of fill 

material deposited during construction of Marina del Rey.  After extensive local environmental 

battles, a Freshwater Marsh was completed in 2008 (south of Jefferson Boulevard and west of 

Lincoln Boulevard), where storm water runoff from the Playa Vista development and Jefferson 

Drain is discharged.  The State of California recently purchased 483 acres, which is planned for 

expanding the wetland area for restoration (Figure 5).  Please see Section 2.2 for more 

description of the Wetland acreage and ownership. 

 

 
 

RB-AR37562



Ballona Creek Wetlands TMDLs for Sediment and Invasive Exotic Vegetation 16 

 

 
Figure 5.  Map of Ballona Creek Wetlands Acquisition status (CA Department of Fish and 
Game). 
 

 

Due to the varied modification of the wetland region, invasive exotic species have limited the 

extent of native vegetation.  The history of development have also greatly reduced the extensive 

network of tidal lagoons (Figure 6), leaving only Ballona Lagoon (which provides a water 

connection to the Venice Canals) and Del Rey Lagoon, south of the Ballona Creek channel. 

Tidal flushing to both lagoons is constrained to reduce high water during flood events (Ballona 

Creek Task Force 2004).  The report completed by the Ballona Creek Task Force (2004) further 

states that “the lack of tidal flushing in the lagoons and associated water bodies, and poor water 

quality in Marina del Rey and Ballona Creek, limits the number and diversity of fish, birds, and 

other creatures supported by these aquatic habitats. The discharge of stormwater and urban 

runoff from Ballona Creek into Santa Monica Bay reduces water quality and clarity within the 

nearshore areas of the bay and results in the deposition of sediment (with varying toxicity) at the 

mouth of the creek.”   
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Figure 6.  Historic Ballona Creek Watershed Drainage Area Overlap Map, 1896 and 1986.  
(Braa et al. 2001). 
 

2.6 NATIVE AMERICAN CULTURAL RESOURCE 

According to the Gabrielino Tongva tribe, portions of the Ballona Creek Wetlands are 

considered a State registered sacred site, known as the Saangna area (Personal Communication, 

Johntommy Rosas).  It is USEPA‟s understanding that this State recognized tribe is currently 

working with the State (i.e., California State Coastal Conservancy) to address issues related to 

cultural resources on site. 

 

2.7 SUMMARY OF PAST IMPACTS 

Beginning about 200 years before present, human actions caused significant changes in the size 

and functions of coastal wetlands at Ballona. An overlapping series of anthropogenic changes to 

the Ballona Creek Wetlands have cumulatively had an enormous effect on the landscape and 

hydrology of the area (Table 1). The overall effect has been extensive burial and shifting of 

natural habitats and reduction of tidal influence throughout the Ballona Creek Wetlands, with the 

exception of muted tidal flows through a self-regulating tide gate, and a large reduction in 

freshwater flooding of the wetlands.  
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Table 1. Summary of anthropogenic activities to the Ballona Creek Wetlands since 1900. 
Areas A, B, C and D refer to contemporary designations within the Ballona Creek 
Wetlands.  

Time period Anthropogenic Activity Impact 

Early 1900s Pacific Electric railroad tracks built on earthen berms 

altered tidal flows in areas A, B and C 

Sediment deposition; habitat 

alteration; reduced tidal 

flushing  

1918 Lincoln and Jefferson Blvds. were constructed, and flows 

from eastern portions of wetlands routed into culverts 

under Culver Blvd. in area B 

Sediment movement; habitat 

alteration; reduced and/or 

restricted freshwater flows 

1920s Fill was dumped in several places to construct oil and gas 

drilling platforms and protect them from extreme tides, 

and to build berms for access roads for the platforms;  

SoCalGas Company Rd. in Area B especially restricts 

flows from the east, and platforms and access roads in 

Area A created depressions where water continues to pond 

sporadically 

Sediment deposition; habitat 

alteration; reduced tidal 

flushing and/or restricted 

freshwater flows 

1930-1958 Farming of lima beans and barley in Areas B (east of 

SoCalGas Company Rd.) and C resulted in filling of many 

natural tidal channels 

Sediment deposition and 

transport; habitat burial 

1930s Ballona Creek was straightened and channelized in 

concrete levees by the USACE; culverts with flap gates 

allowed drainage from Area B but prevented tidal inflows 

(except when gates malfunctioned) 

Sediment deposition; habitat 

alteration; reduced and/or 

restricted freshwater flows 

and tidal flushing 

1950s-60s Centinela Ditch was excavated through Area B before 

1950, directing freshwater flows from east of Lincoln 

Blvd. along the south border of the wetlands area. In 1962, 

Centinela Creek was fully channelized in concrete and 

diverted to Ballona Creek channel at Centinela Ave., at 

the then-eastward extent of the remaining wetlands. 

Sediment deposition and 

removal; reduced and/or 

restricted freshwater flows 

 

1960s The southwest portion of the extant wetlands in 1960 was 

dredged to create Marina Del Rey.  The dredged mud was 

deposited on what is now Area A, and raised the land 

surface 12 – 15 feet above previous mean sea level. 

Sediment deposition; 

reduced tidal flushing 

1950s-

present 

Urbanization of surrounding land has increased volume of 

storm runoff, while burying and channelizing of natural 

streams has confined the routes of stormwater runoff into 

and through the wetlands to very few concrete or 

straightened man-made channels. 

Sediment deposition, 

transport; habitat buried; 

reduced and/or restricted 

freshwater flows 

 

2003 A Freshwater Marsh was constructed along Lincoln Blvd. 

in Area B, as a stormwater treatment wetland to mitigate 

impacts of development in Area D; this diverted flows 

from Centinela Ditch and local streets through the 

constructed marsh and directly to Ballona Creek channel, 

away from the rest of Area B. 

Reduced and/or restricted 

freshwater flows 

 

2003 Flap gates in the south levee of Ballona Creek channel, 

which allowed no tidal influence,  were replaced with self-

regulating tide gates, which allow a muted tidal regime in 

Area B. 

Reduced tidal flushing 
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3 Problem Identification 
Ballona Creek Wetlands is listed as impaired for habitat alteration, hydromodification, reduced 

tidal flushing, and exotic vegetation on the State‟s Section 303(d) Impaired Waters List 

(SWRCB, 2010).   

 

This section reviews the listing status of the Ballona Creek Wetlands, includes a description of 

the applicable water quality standards for the Ballona Creek Wetlands, the causes of the water 

quality impairments, the biological and hydrological responses to the impairments, and 

summarizes the existing conditions of the Ballona Creek Wetlands.  

 

The State has referred to and named this wetland area in their administrative documents (e.g., 

State‟s biannual Clean Water Act Section 303(d) List of Water Quality Limited Segments 

Reports and associated documents) as the “Ballona Wetlands” or “Ballona Creek Wetlands”.  

This TMDL is established for the wetland area identified as either “Ballona Wetlands” or 

“Ballona Creek Wetlands”. For reasons of consistency, this document will refer to the impaired 

wetland area as Ballona Creek Wetlands. 

 

This TMDL defines Ballona Creek Wetlands as the area encompassing the Ballona Wetlands 

Ecological Reserve (BWER), rather than the entire existing and historical greater Ballona 

Wetlands complex.  Based on available data, historical ecology, relevant studies and monitoring 

results for Ballona Creek Wetlands, USEPA has determined that all wetland habitats within the 

626 acres of the BWER are impaired.  This corresponds with the State‟s goal of returning the 

area identified as the Ballona Wetlands Ecological Reserve “into a thriving ecological 

reserve…to create a diverse, resilient, and dynamic ecosystem” that can support the intrinsic 

structure and function, and recovery of native species in the Wetlands
3
.  Figure 7 shows a map of 

the Ballona Wetlands Ecological Reserve that reflects the land area owned by the State and 

managed by the CDFG. 

 

 

 

 

 

 

    

                                                 
3
 The State of California owns Ballona Creek Wetlands and the California Department of Fish and Game manages 

the Wetlands as a State ecological reserve.  The California Coastal Conservancy and California State Lands 

Commission are partners in planning efforts to restore the Wetlands. 
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Figure 7. California Department of Fish and Game’s delineation of the Ballona Creek 
Wetlands Ecological Reserve, Los Angeles County. 
 

 

3.1 WATER QUALITY STANDARDS 

In accordance with the Clean Water Act (CWA), TMDLs are set at levels necessary to achieve 

the applicable water quality standards.  Under the federal CWA, water quality standards consist 

of designated uses, water quality criteria to protect those uses, and an antidegradation policy.  

California similarly defines beneficial uses, water quality objectives, and state antidegradation 

policy in the Basin Plans of each Regional Board.  The Basin Plan describes numeric and 

narrative water quality objectives for beneficial uses in the Los Angeles Region (LARWQCB, 

1994).  This section describes the State‟s water quality standards applicable to the Ballona 

Wetland TMDLs. 

 

3.1.1 Beneficial Uses 
The Los Angeles Region Basin Plan designates beneficial uses for water bodies in the Los 

Angeles Region, where the uses are recognized as existing (E), intermittent (I), or potential (P) 

uses.  According to the Water Quality Control Plan for the Los Angeles Region (the Basin Plan) 
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(LARWQCB, 1994), the designated beneficial uses for Ballona Creek Wetlands include (Table 

2):  

 

EST – Estuarine Habitat. Uses of water that support estuarine ecosystems including, but not 

limited to, preservation or enhancement of estuarine habitats, vegetation, fish, shellfish, or 

wildlife (e.g., estuarine mammals, waterfowl, shorebirds). 

 

MIGR – Migration of Aquatic Organisms.  Uses of water that support habitats necessary for 

migration, acclimatization between fresh and salt water, or other temporary activities by aquatic 

organisms, such as anadromous fish. 

 

RARE - Rare, Threatened, or Endangered Species.  Uses of water that support habitats 

necessary, at least in part, for the survival and successful maintenance of plant or animal species 

established under state or federal law as rare, threatened, or endangered. 

 

REC1 - Water Contact Recreation.  Uses of water for recreational activities involving body 

contact with water, where ingestion of water is reasonably possible.  These uses include, but are 

not limited to, swimming, wading, waterskiing, skin and scuba diving, surfing, white water 

activities, fishing, or use of natural hot springs. 

 

REC2 - Non-contact Water Recreation.  Uses of water for recreational activities involving 

proximity to water, but not normally involving body contact with water, where ingestion of water 

is reasonably possible.  These uses include, but are not limited to, picnicking, sunbathing, hiking, 

beachcombing, camping, boating, tide pool and marine life study, hunting, sightseeing, or 

aesthetic enjoyment in conjunction with the above activities. 

 

SPWN - Spawning, Reproduction and/or Early Development.  Uses of water that support 

high quality aquatic habitats suitable for reproduction and early development of fish. 

 

WET - Wetland Habitat.  Uses of water that support wetland ecosystems, including, but not 

limited to, preservation or enhancement of wetland habitats, vegetation, fish, shellfish, or 

wildlife, and other unique wetland functions which enhance water quality, such as providing 

flood and erosion control, stream bank stabilization, and filtration and purification of naturally 

occurring contaminants. 

 

WILD - Wildlife Habitat.  Uses of water that support terrestrial ecosystems including, but not 

limited to, preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g., 

mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources. 
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Table 2. Beneficial use designations for Ballona Creek Wetlands, Hydrologic Sub Area 
405.13  (LARWQCB 1994).   
 

Beneficial Use Designation 

EST Existing 

MIGR Existing
f
 

RARE Existing
e
 

REC-1 Existing 

REC-2 Existing 

SPAWN Existing
f
 

WET Existing 

WILD Existing 
 

e One or more rare species utilize all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 

f Aquatic organisms utilize all bays, estuaries, lagoons and coastal wetlands, to a certain extent, for spawning and early 

development.  This may include migration into areas which are heavily influenced by freshwater inputs. 

 

3.1.2 Water Quality Objectives  
The Los Angeles Regional Board Water Quality Control Plan states that coastal waters, such as 

that of Ballona Creek Wetlands, are often impacted by a variety of activities including 

“…dredging, increased development and loss of habitat…” (LARWQCB, 1994).  The Basin Plan 

includes clearly defined narrative water quality objectives designed to protect the designated 

beneficial uses.  This TMDL addresses the water quality objectives for wetland, exotic 

vegetation, and solid, suspended or settleable materials: 

 

The narrative objective for Wetlands includes hydrology and habitat components: 

 

Hydrology 

Natural hydrologic conditions necessary to support the physical, chemical, and biological 

characteristics present in wetlands shall be protected to prevent significant adverse effects on:  

Natural temperature, pH, dissolved oxygen, and other natural physical/chemical conditions, 

Movement of aquatic fauna 

Survival and reproduction of aquatic flora and fauna, and  

Water levels. 

 

Habitat 

Existing habitats and associated populations of wetlands fauna and flora shall be maintained by:  

Maintaining substrate characteristics necessary to support flora and fauna which would be 

present naturally, 

Protecting food supplies for fish and wildlife, 

Protecting reproductive and nursery areas, and  

Protecting wildlife corridors 
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Exotic Vegetation 

Exotic (non-native) vegetation introduced in and around stream courses is often of little value as 

habitat (food and cover) for aquatic-dependent biota.  Exotic plants can quickly out-complete 

native vegetation and cause other water quality impairments.  Exotic vegetation shall not be 

introduced around stream courses to the extent that such growth causes nuisance or adversely 

affects beneficial uses. 

 

Solid, Suspended, or Settleable Materials: 

“Surface waters carry various amounts of suspended settleable materials from both natural and 

human sources.  Suspended sediments limit the passage of sunlight into waters, which in turn 

inhibits the growth of aquatic plants.  Excessive deposition of sediments can destroy spawning 

habitat, blanket benthic (bottom dwelling) organisms, and abrade the gills of larval fish. Waters 

shall not contain suspended or settleable materials in concentrations that cause nuisance or 

adversely affect beneficial uses.” 

 

3.1.3 Ecologically Functioning Wetland 
In order to meet water quality standards, Ballona Creek Wetlands must be an ecologically 

functioning wetland.  The definition of an ecologically functioning coastal wetland is based on 

the designated uses defined in the State‟s Basin Plan for Ballona Creek Wetlands, studies and 

evaluations of other similar work on wetlands (Bedford 1999; Mitsch 1998; Streever 1999; 

Zedler 1999 and 2000; Ballona Creek Wetlands Restoration Plan (2006)
4
).   

 

The beneficial uses describe the need for the wetland to support a natural range of habitats and 

functions, especially as related to estuarine dependent plants and animals.  This section describes 

the characteristics of an ecologically functioning wetland that would support the hydrology, 

physical, chemical, and biological features critical to maintaining a healthy flora and fauna.  A 

healthy wetland should maintain a diverse habitat that is historically associated with Ballona 

Creek Wetlands and other similar wetlands in the Southern California region.  An ecologically 

functioning wetland supporting the designated beneficial uses should aim to have a diverse 

composition of habitats, adequate tidal inundation and maintain the substrate characteristics 

necessary to support flora and fauna; these should include considerations of elevation, 

hydroperiod and salinity.  This is critical to supporting aquatic life health, including fish and 

benthic organisms.  For Ballona Creek Wetlands to support wetland and aquatic health, it is 

necessary to increase the diversity and population of plant and animal species, which is directly 

dependent on the physical habitat structure health, and the tidal and freshwater flows. 

 

                                                 
4
 The goals for achieving an ecologically functioning coastal wetland is based on the extended evaluation and 

recommendations of the Ballona Creek Wetlands Restoration Scientific Advisory Committee.   
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The condition of wetlands and the consequences of future restoration activities are strongly 

reflected in hydraulic, topographic, and edaphic (soil) variables.  These variables, in turn, exert a 

strong influence on and are modified by a variety of biological variables such as vegetation 

development, plant diversity and composition.  The distribution of water and sediment are 

critical variables in determining the changes to the marsh form, function and extent (Siegel et al. 

2005).  The distribution, abundance, and habits of living organisms utilizing tidal marshes are 

linked to the spatial and temporal variations in the physical parameters of the wetlands.  Both 

physical and ecological processes form the basis of a functioning wetland.   

 

3.1.4 Impairment Listing 
Ballona Creek Wetlands was first identified as impaired on California‟s 1996 303(d) list for not 

meeting beneficial uses due to poor condition of the wetland‟s “physical, chemical, and 

biological” characteristics, and due to the poor health of the habitat and its “flora and fauna”.   

The Los Angeles  Regional Water Quality Control Board‟s 1996 “Water Quality Assessment and 

Documentation” Report, identified Ballona Wetland as impaired for habitat alteration, exotic 

vegetation, reduced tidal flushing, and hydromodification; the report identified the following 

potential sources of impairment:  urban runoff, natural sources, flow modification, habitat 

alteration, construction runoff, hydromodification, periodic stagnation, and recreation.  The State 

continued to include Ballona Creek Wetlands on its Impaired Waterbodies 303(d) list in 1998, 

2002, 2006 and 2010.  

 

California‟s 1996 303(d) list estimated 86 acres of the Ballona Creek Wetlands as the affected 

size based on state and private property boundaries (Nancy Kapellas, CA State Water Resources 

Control Board, personal communication).  The State and local stakeholders recognized the 

important value of these wetland habitats and over the years worked with private entities to 

purchase and restore more wetlands acreages.  Consequently, wetland acreage increased to 289 

acres in 2000 and the State Water Resources Control Board adjusted the affected size area in 

their 2002 State Impaired Waters 303(d) List.  In 2004, the State negotiated purchase of 

additional wetland acres in the Ballona Creek Wetlands area with the goal of restoring a critical 

coastal wetland habitat in Los Angeles County and southern California 

(http://resources.ca.gov/ballona_wetlands/ballona_wetlands_summaries.pdf).  This led to the 

establishment of the Ballona Wetland Ecological Reserve and approximately 626 acres slotted 

for wetland restoration.  USEPA has determined that all wetland habitats within the 626 acres are 

impaired based on available data, historical ecology, relevant studies and monitoring results for 

Ballona Creek Wetlands.  This determination matches the State‟s goals for Ballona Creek 

Wetlands. 

 

The State‟s water quality objectives are narrative, but specifically require the protection of 

natural hydrologic conditions to support natural chemical levels (e.g., pH, Temperature, DO, 

etc.), movement of aquatic fauna, survival and reproduction of aquatic flora and fauna, and water 
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levels.  The condition of the habitat and the populations of wetland fauna and flora need to be 

sufficiently robust to maintain the necessary substrate characteristics that support a functioning 

wetland, protect food supplies for fish and wildlife, protect reproductive and nursery areas, and 

the wildlife corridors.  Ballona Creek Wetlands is also listed for having excessive invasive exotic 

vegetation introduced in and around the waterways that have negatively impacted the beneficial 

uses. 

 

The CDFG, in their report on the vegetation mapping (CDFG 2007), supported this finding and 

cited the Coastal Conservancy‟s conclusion that the Ecological Reserve has undergone 

significant disturbance and fragmentation as a result of the alteration caused by human activity 

which include: active oil extraction on the wetlands causing changes to the landscape; 

channelization of Ballona Creek;  construction of Marina del Rey, which converted coastal dunes 

and wetlands into a marina; dredge spoils from marina construction were deposited on the 

undeveloped portions of the Ballona wetlands, which raised the elevation of the site and altered 

the soil profile; construction of the Little League baseball fields; the Jefferson, Culver, Lincoln 

boulevard infrastructures which significantly impacted the hydrologic and habitat connectivity.  

The CDFG and GreenInfo Network created a vegetation map of Ballona Creek Wetlands 

Ecological Reserve in 2007 with the goals to assist restoration planning for the Ballona Wetland 

Enhancement Project. The Project goals include the restoration and enhancement of native 

habitats on the site and provision for public access and recreational opportunities. 

 

Ballona Creek Wetlands are not supporting the identified beneficial uses (see Section 3.1.1).  

Ballona Creek Wetlands suffer from physical modification of the landscape (i.e., 

hydromodification) due primarily to the addition of sediment or fill over wetland space, 

channelization on site, and construction of roadways in and around the wetland area.  These 

activities have caused further habitat alteration and significantly impacted tidal flushing in the 

wetland.  

 

3.2 OVERVIEW OF STRESSORS & IMPAIRMENT CONDITION 

This section describes the evidence and potential causes of the impairment condition.  USEPA 

assessed the available data and information to evaluate the current condition of the Ballona 

Creek Wetlands. The evidence for the impairment is based on available information, data and 

reports available for the Ballona Creek Wetlands.  These include, but are not limited to, studies 

and reports from California Department of Fish and Game, California Coastal Conservancy, 

County of Los Angeles, City of Los Angeles, Santa Monica Bay Restoration Commission, 

Ballona Creek Watershed Task Force, and the USACE. 
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3.2.1 Stressor Identification 
This TMDL used USEPA‟s guidance on identifying key stressors (USEPA Stressor 

Identification Guidance Document 2000) to identify the impairments and the principal causes, or 

stressors, of the impairments.  The available data and best professional judgment of the State 

Coastal Conservancy‟s Ballona Creek Wetlands Science Advisory Committee were considered 

in identifying the critical stressors in the Ballona Creek Wetlands.   

 

This evaluation followed the steps identified in the US EPA Stressor Identification Guidance 

Document.  The following steps were used to consider the available information for this 

waterbody: 

 

1. Identify all possible impairments 

2. List the candidate causes of impairments 

3. Analyze the evidence for each candidate cause 

4. Characterize causes 

5. Identify or Apportion sources, if applicable 

6. Describe management actions, if applicable 

 

3.2.1.1 Impairment Identification 
USEPA‟s evaluation of the available information and data showed critical impairments to the 

Wetland habitat and flow (Table 3).  The sections below highlight and summarize the 

impairments observed in the Ballona Creek Wetlands. 

 

Table 3.  List of impairments identified for Ballona Creek Wetlands. 
 

Loss of Wetland Habitat 

Altered Habitat Composition 

Loss  & Modification of Species Diversity & Abundance (Exotic species increase) 

Reduced tidal and freshwater flow to support habitat & aquatic life 

This list of impairments was developed by following USEPA‟s Stressor Identification Approach (USEPA 2000).  

 

3.2.1.1.1 Loss of wetland  habitat and alteration of habitat composition 

The proportion of the site area identified as wetlands is much smaller than observed in historical 

maps (i.e. 1870s USGS T-sheets, Figure 4).  Comparing present day habitat maps to the 

historical T-sheet maps indicates that much of the Ballona wetlands have been converted from 

wetland to upland habitat, and or other surfaces.  Vegetated wetland from the earliest historical 

map shows a decrease from 413 acres to -258 current acres of vegetated wetland;  upland habitat 

area shows an increase from 19 acres to 272 current acres of upland habitat.  This dramatic 

change from wetland habitat to upland habitat results in different species living in the current 
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habitat.  For example, species that are wetland dependent such as Salicornia virginica, Jaumea 

carnosa, or even the endangered Belding‟s Savannah Sparrow, are now restricted to a much 

smaller habitat area than historically in the wetland region.  The large quantities of sediment 

placed in the Wetlands over the years have caused a shift from wetland to upland vegetation 

species and a corresponding change to the aquatic life inhabiting them.  Although upland habitats 

are critical to the ecological health of a functioning wetland, upland habitats should be in 

reasonable proportions relative to other habitat types (e.g., salt marsh, mudflat, freshwater marsh, 

etc.) in a coastal wetland, such as Ballona Creek Wetlands. 

 

3.2.1.1.2 Loss & Modification of species abundance & composition  

This description of the species loss and modification is not comprehensive, but instead illustrates 

some of the main findings to date.  The diversity of bird, plant, and mammal species 

compositions have decreased compared to other southern California wetlands.   

 

Vegetation 

Studies have also shown a dramatic reduction in seed bank diversity compared to other southern 

California wetlands.  The most recent available surveys indicate low native plant species richness 

(i.e., the number of different species in a given area) in the Ballona Creek Wetlands, particularly 

in the salt marsh, seasonal wetland and upland habitats.  In contrast, the upland habitats in 

Ballona Creek Wetlands showed higher non-native plant species richness.  Species richness is an 

informative indicator in which to assess the sensitivity of ecosystems and their resident species.   

Figure 8 and Figure 9 provide an example of this observed shift in species richness for the salt 

marsh and non-salt marsh habitats in Ballona Creek Wetlands [Note: these figures indicate 

relative species richness based on representative transect areas in the Wetland].  Soil cores also 

indicate low species richness in the seed banks (i.e. seeds stored in shallow soils for later 

germination), as defined by the number of seedlings germinated per m
3
 in each habitat, in 

Ballona Creek Wetlands relative to other southern California wetlands (Johnston et al. 2011). 
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Figure 8. Plant species richness in marsh habitats on the Ballona Creek  
Wetlands (Johnston et al. 2011). 
 

 

  
Figure 9. Plant species  richness in non-salt marsh habitats on the Ballona  
Creek Wetlands (Johnston et al. 2011). 
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Data also show a decreased diversity of plants and an increased dominance of exotic plant 

species compared to other southern California wetlands.  Plant diversity is an indicator of both 

species richness and abundance.  Furthermore, plant species diversity and presence of non-native 

plant species are important measures of community structure because plants are important 

sources of food and shelter for many other organisms.  Surveys over the last 10-20 years show a 

low diversity of plants and an increased dominance of exotic and invasive plant species at the 

Ballona Creek Wetlands compared to other southern California wetlands (Figure 10 and Figure 

11).  In particular, the percentage of non-native species in the non-salt marsh vegetation cover is 

between 40-80% of the dune, freshwater marsh and upland habitats (Figure 11) [Note: these data 

are based on transects surveys].  Furthermore, vegetation and habitat monitoring in the wetland 

have shown there is clear competition between native species, Salicornia, and exotic species, 

Polypogon.  The greater increase of the exotic Polypogon  in 2011, compared with 2009, was 

likely due to the increase in freshwater input (e.g., rainfall) for the last two years.  As a result, 

salt tolerant species (e.g., Salicornia) were out-competed.   

 

 
Figure 10. Vegetation cover of native and non-native species in salt marsh  
habitats at the Ballona Creek Wetlands (Johnston et al. 2011). 
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Figure 11. Vegetation cover of native and non-native species in non-salt marsh  
habitats at the Ballona Creek Wetlands (Johnston et al. 2011). 
 

 

Invertebrates 

The Ballona Creek Wetlands are an important site for coastal saltmarsh insects due to the rarity 

of this type of habitat in Southern California; there are few studies of invertebrates in the region, 

but the assumption is that the populations of native species declined along with nearly all coastal 

wildlife in the 20
th

 century. (PWA 2006).  The Ballona Creek Wetlands also is home to many 

special species of invertebrates (e.g., endangered, threatened, rare or nearly extirpated): 

butterflies (Wandering skipper, Monarch, El Segundo blue, Quino checkerspot), Belkin‟s dune 

tabanid fly, Dorothy‟s El Segundo dune weevil, globose dune beetle, Lange‟s El Segundo dune 

weevil, and brackish water snail (Tryonia imitator). This indicates threatened or loss of viable 

habitat to support these species in Ballona Creek Wetlands. 

 

Fish 

Similarly, the Ballona Creek Wetland fish community has been highly impacted.  At one point, 

when the Los Angeles River emptied into the Ballona Creek Wetlands during flood events, the 

fish assemblage would have included all the species know to have inhabited the River.  Since the 

1950‟s, most of these species have been absent from the project area (Swift et al. 1993); this is 

primarily due to the redirection of the Los Angeles River drainage, which is maintained to the 

south and away from Ballona Creek since 1884 (PWA 2006).  Although a few studies of the fish 

assemblage has been conducted to date, a detailed comparison of the historical presence of fish 

compared with the current fish population species has not been completed.  However, due to the 

modification of the hydrologic regime and the loss of habitat in the Wetland, fish species 
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richness and abundance have been affected.  For instance, the federally endangered tidewater 

goby should occur in Area B under more natural conditions (Swift et al. 1993); as should the 

federally endangered steelhead trout and unarmored threespine stickleback, the federally 

threatened Santa Ana sucker, and two California species of concern, arroyo chub and Santa Ana 

speckled dace, if the Los Angeles River still emptied into the Ballona Creek Wetlands.  These 

fish species need very unique coastal wetland habitats during each life stage (i.e., reproduction, 

juvenile, adult).  Each of these species were found to be absent in the area, with no potential of 

occurrence at the site due to the lack of suitable habitat and absence of species during past 

surveys of the area (Psomas 2001; Psomas and Lockhart 2001). 

 

Birds  

Ballona Wetlands used to support many species of breeding birds that are less common today 

because of the loss or degradation of coastal wetlands in California.  There are many extensive 

surveys of birds in the Ballona Creek Wetland region.  This TMDL presents only a brief 

summary of those bird species that are impacted by the impairment conditions observed.  

Although there are a large number of migratory birds that winter in Ballona Creek Wetlands, 

there are also many bird species that used to inhabit year round in the Wetland.  For instance, 

Belding‟s savannah sparrow nested in extensive pickleweed that was present before significant 

human disturbance.    

 

Currently, Ballona Creek Wetlands include the following endangered species: Belding‟s 

savannah sparrow, California Least Tern, Peregrine Falcon; species of special concern:  Elegant 

Tern, Burrowing Owl, Northern Harrier, White-Tailed Kite, Cooper‟s Hawk, Osprey, 

Loggerhead Shrike.  The following special-status bird species either occur during the day or only 

has potential for occurring at Ballona Wetlands with restored habitat composition: black rail, 

light-footed clapper rail, 34 western snowy plover, California least tern, whitetailed kite, 

northern harrier, peregrine falcon, Cooper‟s hawk, osprey, long-eared owl (Asio otus), short-

eared owl (Asio flammeus), burrowing owl, southwestern willow flycatcher (Empidonax trailii 

extimus), California gnatcatcher (Polioptila californica californica), Least Bell‟s vireo (Vireo 

belli pusillus), and Belding‟s savannah sparrow.  This loss of available habitat for the many bird 

species illustrates the Wetland‟s impairment condition.  For a more comprehensive discussion on 

bird surveys in Ballona Creek Wetlands and adjacent habitats, please refer to the Ballona 

Wetlands Draft Existing Conditions Report (PWA 2006). 

 

3.2.1.1.3 Alteration of ecosystem functions  

A natural coastal wetland, influenced by both tidal currents and freshwater inputs, supports 

multiple functions, such as flood control, trapping of sediments (maintaining natural sediment 

elevations), retaining or transforming nutrients, and water quality maintenance.  Due to the loss 

of floodplain connectivity as a result of physical habitat modification and effects of 

channelization, the current wetland condition has reduced its ability to store floodwaters and 
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accumulate sediments compared to its historical capacity, as depicted in the 1870s T-sheet maps 

(Figure 4). The concrete levees currently separate the majority of the Ballona Creek Wetlands 

from tidal influence and freshwater input from Ballona Creek.  A muted tidal connection to 

several tidal channels is the only remaining direct water connection to the larger watershed.  This 

separation of the tidal waters from the once-wetland habitats causes both a habitat shift and a 

change in hydrology.  The effects of habitat alteration and channelization of the creek directly 

led to reduced and modified wetland habitat acreage and a smaller tidal prism; these physical 

changes in the wetland impacted the wetland‟s ability to support critical ecosystem functions, 

which in turn impact the wildlife and aquatic life viability. 

 

Ballona Creek Wetlands receive flow from both freshwater inputs and tidal flows.  The 303(d) 

list specifically identifies “reduced tidal flushing” as an impairment.  This listing does not 

suggest that the Wetland does not receive freshwater inputs, but instead, indicate that the more 

limiting factor, comparatively, is a significant reduction in tidal flow.  Due to development, 

modification and loss of the wetland habitats, the Ballona Creek Channel and tide gate 

restrictions limit flow into the Wetlands.   

 

3.2.1.2 Causes of Impairments 
USEPA considered all potential activities or actions leading to the observed impairment, and 

found several key variables critical to explaining the current condition (Table 4).  This section 

describes the causes of the impairments observed and provides the evidence for each potential 

cause.  This section details out the evidence for the causes of the impairment and provides the 

association between cause and effect. 
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Table 4.  Stressors causing the observed impairment in Ballona Creek Wetlands. 
 

Cause (Stressor) Result (Effect) 

Excess deposition of sediment       

Raises elevation above tidal influence 

Converted wetland to non-functional upland; reduced 

native plan and seed back species diversity; 

increased invasive and exotic species 

Levees        Prevents connection to creek 

with floodplain 

Reduced ability to store floodwaters and accrete 

sediment; caused impacts to nutrient cycling, salinity 

gradients, and water column circulation. 

Tide Gates      Prevents full tidal range 

within existing tidal channels   

Reduced native wetland plant and seed bank 

diversity;  a muted system, in combination with the 

steep slopes of the tide channels, eliminates mud flat 

and other low marsh habitats important for fish 

nursery and bird feeding functions. 

Exotic plant species      Prevents native 

species to inhabit 

Exotic plant species out-competing native plants; 

Creates less suitable habitat for other native species 

including rare, threatened and endangered species. 

Bacteria, metals, trash and other 

pollutants flowing from Ballona Creek 

into Wetland 

Impacts to wetland habitat, wildlife and aquatic life 

health, in addition to impacting public health and 

recreational use 

This list of stressors was developed by following USEPA‟s Stressor Identification Approach (USEPA 2000).  

 

3.2.1.2.1 Sediment 

A spatial link exists between the presence of sediment that was discharged and placed into the 

wetland in the past and the shrinkage of wetland habitats relative to historic maps. Locations that 

once supported salt marsh and other intertidal wetlands habitats are now buried under excess 

sediment due to the increased elevations caused by deposition and retention of sediment from 

outside sources. Several areas contain sediment 15-20 ft higher in elevation than those of a 

natural salt marsh.  This sediment altered the marsh, prevented the growth of wetland species, 

raised the elevation to an unnatural height typical for marsh systems in southern California, 

affected the groundwater storage, and blocked tidal and freshwater flow influence to the majority 

of the site.  For example, when comparing current acreages to historical maps: intertidal mudflat 

habitat decreased 25%, freshwater wetlands decreased 61%, vegetated wetland decreased 62%, 

salt pan decreased over 80%, while subtidal channel area increased by 174% and upland habitat 

area increased over 1000%.  These changes in percentage habitat area are useful in showing the 

overall changes in the landscape acreages over time.  Upland habitats should be in reasonable 

proportions relative to other habitat types (e.g., salt marsh, mudflat, intertidal, etc.) in coastal 

Ballona Creek Wetlands. 
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This TMDL is only addressing those affected habitat areas within the Ballona Wetlands 

Ecological Reserve that are necessary to re-establish a functioning coastal marsh wetland, with 

consideration of the current landscape modifications upstream and adjacent to the Ballona Creek 

Wetlands; these critical wetland habitats include intertidal, mudflat, salt flat, subtidal, salt marsh, 

and seasonal fresh water habitat.  This TMDL does not negate the importance of upland habitats, 

but instead point to the significant loss of coastal wetland habitats in the Ballona Creek 

Wetlands.  Although many studies have pointed to the critical importance of upland habitat to 

wetland habitat function, few can provide a specific ratio of upland to wetland habitat required in 

an area to maintain wetland health.  Consequently, a target acreage is not provided for upland 

habitat.  USEPA expects the future restoration effort to include the necessary upland and 

transition habitats for Ballona Creek Wetlands that balance the other Numeric Target habitat 

acreages.  

 

3.2.1.2.2 Levees and tide gates 

The modified wetland habitats in Ballona Creek Wetlands are spatially influenced by the 

presence of the Ballona Creek levees. Due to the barrier formed by the levees, locations that once 

supported salt marsh and other intertidal wetlands habitats now support upland habitats, and are 

no longer influenced by tidal inflows and outflows, or by freshwater inputs from Ballona Creek.  

Levees create physical barriers in the Wetland, preventing tidal influence from ocean seawater 

and freshwater input from the watershed and Ballona Creek.  These barriers block water 

movement through the wetlands, restrict the ability of the wetlands to act as filtration systems, 

block floodwater capabilities of a functioning estuarine system and prevent natural accretion of 

sediment to maintain habitat health.  These barriers also serve to prevent the natural transition 

zones found within southern California estuaries (e.g. block the transition from intertidal 

habitats, to mudflats and low marsh). 

 

The tide gates allow some muted tidal flushing of the existing tidal channels at Ballona Creek 

Wetlands (i.e. in Area B, on the south side of the Ballona Creek Wetlands), but prevent full tidal 

flushing. The tide gates are set to prevent tides above 1.1 m above sea level and restrict flow 

considerably. The resulting lack of higher tide heights in the wetlands decreases the diversity of 

mud flat habitats and inhibits propagation of wetland plants that require a variety of tide heights 

for optimal seed dispersal. The muted conditions allow for less water, less inundation, restricted 

water movement, prevent natural erosion and bank modification processes, and limit the lower 

marsh habitat acreages.  They also provide a physical barrier to fish species.  These restrictions, 

combined with a much smaller acreage of intertidal, subtidal, and mudflat habitats, reduced the 

value of the wetlands as a nursery habitat to ecologically and economically important fish 

species. 
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3.2.1.2.3 Exotic plant species 

The presence of exotic plant species and the lack of habitat for native species are interconnected.  

Exotic species often out compete native species, causing a decline in the habitat value for native 

species utilizing those habitats.  In addition to competition, exotic species can be toxic, propagate 

quickly, reduce and affect groundwater movement and recharge (e.g. Arundo donax), modify the 

subground biomass and root structures, alter nutrient uptake abilities, change the three-

dimensional structure and canopy structure of a habitat, and reduce the native plant species 

diversity.  Exotic plant species dominate upland areas that were impacted by dumping of excess 

sediment. Exotic species do not provide appropriate habitat for numerous native animals 

including some rare, threatened and endangered species that were historically present at Ballona 

Wetlands. Exotic species can be invasive and create significant disturbance to the existing habitat 

as a result of vigorous growers that outcompete and eliminate native plant species. 

 

3.2.1.2.4 Bacteria, metals, trash and other pollutants 

These impairments are currently being addressed by the Regional Board adopted TMDLs for the 

Ballona Creek and Estuary (see adopted Regional Basin Plan Orders: Resolution No. 2007-015; 

Resolution No. 2006-011; Resolution No. 2005-008; Resolution No. 2004-023; and Resolution 

No. 2001-014). 

 

3.2.1.2.5 Relationship between causes and responses 

To illustrate the interrelationships between stressors, i.e., causes, and responses, i.e., 

impairments, a conceptual model of the causes and its impact on the wetlands was created 

(Figure 12).  All the responses of impact can be tied back to habitat alteration, which are linked 

directly to the impact of excess sediment deposition.  The conceptual model also shows the 

beneficial uses impacted by the causes. 
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Figure 12.  A conceptual model of the interrelationships between impairments and the 
causes of the impairments in the Ballona Creek Wetlands.  The beneficial uses impacted 
by the activities are shown. 
 

The straightening and armoring of Ballona Creek from its outlet to the Pacific Ocean, through 

the Ballona Creek Wetlands and continuing upstream, has reduced the area and quality of 

estuarine habitat, habitat for spawning and migration of aquatic organisms in the Ballona Creek 

Wetlands by altering the habitats and constraining freshwater flows to a relatively narrow and 

straight path, eliminating tidal channels, burying intertidal wetlands and raising the land surface 

above tidal elevations. As a result, estuarine vegetation is reduced or absent from areas where it 

previously existed, and fish and shellfish that depend on estuarine processes or habitats are 

reduced or absent. Similarly, waterfowl and shorebirds that depend on estuarine habitats 

including mudflats and wetlands vegetation, are also greatly reduced or absent. This condition 

reduces the ability of migrating species to move through the estuary, reduces the ability of 

species to spawn in the habitat conditions, and impairs the MIGR and SPWN beneficial uses.    

 

A number of rare, threatened and endangered species have been eliminated from the Ballona 

Creek Wetlands through loss of habitat, habitat alteration, and reduced habitat condition through 

the straightening and armoring of Ballona Creek from its outlet to the Pacific Ocean, eliminating 

tidal channels, burying intertidal wetlands and raising the land surface above tidal elevations.  

Thirteen species of rare plants may have occurred in the Ballona Creek Wetlands, 12 of which 
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are believed to have been extirpated.  The Ballona Creek Wetlands does not currently support 

any rare, threatened or endangered fish species, but may have supported seven and has the 

potential to support three.  

  

The modification to Ballona Creek, its hydrologic disconnection, and the excess addition of 

sediment prevent natural inundation, from Ballona Creek and ocean tides, of the floodplain and 

former wetland areas. The ability of the Wetlands to provide flood control is reduced because the 

hydraulic disconnection prevents floodwaters in Centinela and Ballona creeks and the estuary 

from spreading out over the floodplain and filtering into floodplain soils for storage. The ability 

of the Wetlands to filter and purify naturally occurring contaminants is also reduced because the 

hydraulic disconnection prevents movement of water through the floodplain soils where this 

function would normally occur.   

 

Terrestrial ecosystems in the Ballona Creek Wetlands have been impacted by filling (burying) 

and by the proliferation of invasive plants and resulting lack of native plant communities. 

Population sizes and species diversity of birds, fish, mammals, reptiles and amphibians are 

impacted compared to early surveys due to lack of suitable vegetation to provide food and shelter 

or nesting sites (Johnston et al. 2011).  

 

3.3 PRIMARY CAUSE OF IMPAIRMENT 

In evaluating all the candidate causes considered in this TMDL, USEPA concludes that historical 

loading of sediment to the Ballona Wetland has resulted in impacts to natural wetland functions.  

The excess deposition and movement of sediment within Ballona Creek has greatly altered the 

natural conditions. Urbanized development of the Ballona Creek watershed and the channel 

straightening has modified both the sediment supply and the ability of flows to transport 

sediments. Additionally, channelization of the creek has cut off the banks and floodplains of the 

natural river. Sediments carried in flows are not stored within the banks but are rather transported 

to the outlet of Ballona Creek where they are deposited. The US Army Corp of Engineers 

(USACE) periodically dredges the mouth of Ballona Creek and the Marina del Rey entrance 

channel to prevent sediment build-up.  Currently, the habitats are fragmented by existing roads, 

infrastructure and surrounding development.   

 

The impairments for Ballona Creek Wetlands reflect the long-term input of sediment, reshaping 

of the Ballona Creek Channel and the construction of major and minor roadways. These are 

referred to as stressors rather than pollutants of concern. The applicable water quality standards 

for these stressors are defined in the Basin Plan‟s narrative standards.  The primary pollutant of 

concern that directly links the impacts of these multiple stressors is the legacy of anthropogenic 

sediment deposition and placement. 
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A consequence of the placed sediment, in addition to the reshaping of the Ballona Creek 

Channel, is the muted tidal conditions.  Flap gates were installed in the late 1990‟s to allow some 

flow between Ballona Creek and the wetland region (i.e. in Area B and on the south side of the 

Ballona Creek Wetlands).  These were switched to self-regulating tide gates in 2003 to prevent 

tides greater than 1.1 m above sea level.  Both types of gates led to a modified tidal regime in the 

Wetlands by restricting full tidal inundation and viability of diverse composition of habitat types.  

The tides in the Wetland are restricted, resulting in highly variable pressure, depth, temperature, 

salinity, and most critically, limited inundation.   

 

Tidal inundation is the rise of tidal water overflowing onto wetland, in addition to reflecting the 

characteristics of frequency, duration and depth of water reaching the tidal marsh.  It is a critical 

variable in determining the chemical, physical properties of wetland marsh soils in addition to 

accompanying changes in the biological community (Siegel et. al 2005) 

(http://www.irwm.org/files/IRWM-PhysProc-Poster_SciConf_2005-1003trc.pdf).  Monitoring in 

Ballona Creek Wetlands has shown that inundated vegetated wetland areas have higher coverage 

or percent cover of native species.  The relationship between species distribution and elevation 

dependent tidal inundation is important and cannot be excluded in our understanding of the 

ecological response to the intertidal conditions.  Many studies have shown that variations in 

inundation patterns under varying tidal phases influence the physiological and biological 

conditions throughout the wetland (Hickney and Bruce 2010).  If the wetland experienced a full 

natural tidal cycle, the banks would slough off, allowing physical creation of gradual slopes, and 

this variable tidal inundation would lead to a higher variety of habitats (i.e., mudflats, low marsh, 

and gradual transitions) (Personal Communication Karina Johnson, Santa Monica Bay 

Restoration Commission).  Thus, the lack of higher tide heights in the wetlands results in lower 

diversity of wetland habitats and greater inhibition of optimal seed dispersal of native wetland 

plants species. 

   

3.4 CURRENT HABITAT CONDITION 

This section evaluates the changes to the habitat distribution and areas.  The comparison between 

current habitat composition and historic Ballona Wetlands is based on historical ecology and 

mapping data and recent information evaluated (extensive summaries of data before 2006 are 

described in “Ballona Creek Wetlands Existing Conditions Draft Report” (PWA 2006) and 

summarized here as they apply to the stressors listed in Section 3.2). 

 

The beneficial uses of the Ballona Creek Wetlands depend on the presence of a diverse 

composition of habitat types that are interconnected to allow for hydrologic flow and aquatic and 

wildlife movement. Since the impact of sediment dumping, channelizing and/or armoring of 

creeks and wetlands, reduced tidal and freshwater flushing, and proliferation of invasive plant 

species, Ballona Creek Wetlands currently have significantly reduced habitat areas, limited 
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interconnectedness and modified habitats. The current habitat distributions are presented in Table 

5; these are based on elevations within the tidal regime and plant community maps developed by 

the California Department of Fish and Game (Figure 13) (CDFG 2011).  The dominating habitat 

type currently in Ballona Creek Wetlands is upland habitat.  Although upland habitats are 

naturally important to a wetland region, it is critically important to have a balance of diverse 

habitats to support a functioning wetland.  Currently, Ballona Creek Wetlands have limited or 

connected salt marsh, subtidal, and intertidal habitats, as would be expected from a Southern 

California coastal wetland. 

 

 

 
Table 5. Distribution of habitat types in present-day Ballona Creek Wetlands by area  
 and percent of total (CDFG 2007).   
 

Habitat type Area (acres) % of Total Area (acres) 

Subtidal channel 39 5.9 

Intertidal (mudflat and channel) 19 2.9 

Vegetated wetland 155 23.4 

Salt pan 22 3.4 

Freshwater wetland 1 4.3 

Riparian  23 3.5 

Upland 282 44.0 

Unvegetated (roads, etc.) 85 12.6 

Total 626 100.0 
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Figure 13.  Current habitats observed in Ballona Wetland Ecological Reserve (CDFG 
2007).  The unvegetated area includes, but not limited, the SoCalGas Company roads, 
levees, other roads, and parking lots. 
 

 

The total acreage currently in Ballona Creek Wetlands is 626 acres (not including the Freshwater 

Marsh), of which 85 acres of consist of roads, levees, Southern California Edison roads and 

platforms, etc.  This is a significant change when compared with the greater Ballona Wetlands 

complex historically. 

 

Based on the T-Sheet maps detailing the vegetation habitat types and extent, the total acreage of 

wetland habitats across the entire area of the historic Ballona Creek Wetlands was approximately 

1762 acres of wetlands (Table 6). Other sources have estimated that the entire wetland region 

covered approximately 2100 acres (Schreiber 1981).  Historically, the greater Ballona Wetland 

complex encompassed Marina del Rey, Ballona Lagoon, Del Rey Lagoon, and additional areas 

north of Marina del Rey.  Since the State identified each waterbody separately, this TMDL only 

addresses the area referred to as Ballona Creek Wetlands or Ballona Wetlands; this excludes 

Marina del Rey, Ballona Lagoon, Del Rey Lagoon and the Freshwater Marsh.  
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Table 6. Distribution of habitat acreages in Historic Greater Ballona Wetlands complex 
(Grossinger et al. 2011).  
 

Habitat type Historic Greater Ballona 

Wetlands 

 

     Acres                        % 

Freshwater Marsh --
1
 --

1
 

Intertidal Flat  281 16 

Riparian  5.3 0.3 

Salt Flat  135 7.7 

Subtidal Water  103 5.8 

Unvegetated 0 0 

Upland  0 0 

Vegetated Wetland (Salt Marsh) 1238 70.3 

Grand Total 1762 100 
1
The T-Sheet maps identified vegetated wetland as a unique habitat category to include primarily salt and brackish 

marsh habitats; however, analysis of the historical ecology of Ballona Creek Watershed suggest these habitats are 

dynamic and freshwater marsh may have shifted into areas identified as vegetated wetland (Dark et al. 2011).  The 

subtidal water category includes both open and subtidal water areas.  The riparian category includes channel and 

woody habitats. 

 

Our review of past and current available studies focused on the significant habitat modifications 

due to anthropogenic activities.  USEPA evaluated the habitat acreage changes in two ways: (1) a  

comparison between the historical, greater Ballona Wetlands complex (1762 acres) and present-

day Ballona Creek Wetlands (626 acres); and (2) a comparison between historical Ballona 

Wetlands, bounded by the current 626 acres area and present-day Ballona Creek Wetlands (626 

acres). The results showed large habitat differences for  both comparisons.  This is illustrated by 

the estimated proportion of each habitat type observed from the 1762-acre greater Ballona 

Wetlands complex observed historically; 626-acre are of Ballona Creek Wetlands currently; and 

626-acre bounded area overlaid on top of the historical Ballona Wetlands complex (Figure 14).  

For instance, comparing the habitat proportions of the bounded historical Ballona Wetlands with 

present day Ballona Creek Wetlands, salt marsh habitat declined from 412 to 155 acres while 

upland-like habitat increased from 19 to 282 acres, and salt pan habitat declined from 155 to 22 

acres (Table 7).  Although this directly compares a historical and current Ballona Creek 

Wetlands with the same exact geographical location and size, it does not adequately account for 

the importance of evaluating a wetland as a complete dynamic region; a functional wetland 

region maintains a natural balance of diverse habitats and their areas; by cutting out a portion of 

the historical extent of Ballona Wetlands, it can be challenging to evaluate the proportional loss 

of specific habitat types.   
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Table 7. Comparison of habitat acreages between historical Ballona Creek Wetlands 
within current boundary and present-day Ballona Creek Wetlands by area and percent of 
total (CDFG 2006).  
 

Habitat type Historic Ballona Creek 

Wetlands w/current 

Boundary 

 

     Acres                % 

Current Ballona Creek 

Wetlands 

 

 

     Acres                     % 

Freshwater Wetland  73
1
 11.1 1 0.2 

Intertidal Flat  26 3.9 19 3.1 

Riparian  1 0.2 24 3.8 

Salt Flat  115 17.4 22 3.6 

Subtidal Water  14 2.1 39 6.2 

Unvegetated 0 0 85 13.5 

Upland  19 2.9 282 45.1 

Vegetated Wetland (Salt Marsh) 413 62.5 155 24.7 

Grand Total 661
2
 100 626 100 

1 T
he T-Sheet maps (Grossinger et al. 2011) and historical ecology (Dark et al. 2011) of Ballona Creek Watershed 

were used to identify the habitats that historically existed within present-day Ballona Creek Wetlands boundary. 

2  
The difference between the total acreages for Historic Ballona Creek Wetlands (661 acres) and Current Ballona 

Creek Wetlands (626 acres) is due to the specific way Area C is apportioned.  Only a portion of Area C is identified 

as impaired for this TMDL and thus, only this portion is required to meet the numeric targets and allocations 

outlined in this TMDL.   

 

It may be more relevant to evaluate the habitat proportions of the historically greater Ballona 

Wetlands complex with the habitat proportions of the current Ballona Creek Wetlands area.  

Historically, approximately 70% of the greater Ballona Wetlands complex was composed of 

vegetated marsh (i.e., salt, brackish, fresh, seasonal wetlands).  Currently, vegetated marsh 

habitat makes up approximately 25% and upland makes up 45% of the total Ballona Creek 

Wetland area.  These results are indicative of the current condition of Ballona Creek Wetlands, 

which is disconnected from adjacent waterbodies (Marina del Rey, Ballona Lagoon, Del Rey 

Lagoon) that used to  part of a larger wetland complex.  These habitat changes provide a general 

account of the types of natural functioning wetland habitats lost due to anthropogenic activities.   
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Figure 14.  Habitat Proportions for the Greater Ballona Wetlands Complex (1762 acres), 
Current Ballona Creek Wetland area, and Historical Ballona Creek Wetlands (626 acres).  
Percentage of freshwater wetland, intertidal, riparian, salt flat, salt marsh, subtidal, 
unvegetated, and upland estimated from historical and current maps.  
 

In general, these percentage comparisons are an indication of the impairment of overall wetland 

functions.  The largest difference is the conversion of those diverse wetland habitats to primarily 

upland habitat and a marina.  This represents the impact of depositing excess sediment and 

modifying tidal and freshwater flow in the Ballona Creek Wetlands area. 

 

3.5 INVASIVE EXOTIC VEGETATION CONDITION 

The proliferation of exotic vegetation, especially invasive species, has altered habitats 

throughout the Ballona Creek Wetlands. Exotic vegetation impairs WILD and RARE beneficial 

uses by displacing and out-competing the native plants that birds and wildlife rely on for food 

and shelter.  

 

A total of 171 species of exotic vegetation has been identified within the Ballona Creek 

Wetlands.  Exotic vegetation is present throughout the Ballona Creek Wetlands, and often 

represents the dominant species in areas with limited tidal inundation or excess fill placement.  

Plant community mapping by the California Department of Fish and Game (CDFG) in 2007 

identified 229 acres of habitat dominated by exotic species (a total of 476 acres were surveyed by 

the CDFG 2007).  Detailed vegetation surveys conducted during 2009-2010 by the Santa Monica 

Restoration Commission (SMBRC) identified similar exotic species distributions as the previous 
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CDFG plant community mapping in 2007, and added further detail including percent cover of 

native and exotic vegetation by habitat type (Table 8, Figure 15, Figure 16).  

 
 
Table 8. Percent cover of native and exotic vegetation at Ballona Creek Wetlands by 
habitat1. 
 

Habitat Type % Native  % Exotic 

Low Marsh 91.0 ± 5.2 2.9 ± 2.1 

Mid Marsh  60.4 ± 12.9 34.2 ± 12.5 

High Marsh  62.3 ± 9.1 25.5 ± 8.0 

Seasonal Marsh (Area B) 60.6 ± 8.5 16.7 ± 5.0 

Seasonal Marsh on Fill (Area A) 25.6 ± 7.0 45.3 ± 8.5 

Freshwater Marsh 76.8 ± 2.3 39.5 ± 2.0 

Brackish Marsh  55.0 ± 2.4 11.5 ± 0.4 

Dune 25.0 ± 0.6 45.0 ± 1.1 

Coastal Grassland  3.5 ± 0.1 77.1 ± 1.1 

Coastal Scrub 11.6 ± 0.2 58.8 ± 1.1 
1
The sum of native and exotic vegetation is not equal to 100% because of the presence of bare ground. 

 

 

 
Figure 15. Average percent cover of non-native vegetation on each surveyed transect. 
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Figure 16. Cover of non-native vegetation averaged by habitat polygon.  Black numbers 
indicate the number of transects used in calculating the average.  
 

Exotic vegetation at the Ballona Creek Wetlands alters both the habitat composition and 

structure, which results in loss of plant and wildlife species. Exotic vegetation can dominate 

habitats limiting food support, and necessary habitat structure to support wildlife species, 

including mammals, birds, reptiles, amphibians and invertebrates.   

 

3.6 SEDIMENT CONDITION 

The soils of the Ballona Creek Wetlands originally derived from fluvial and marine 

environments (PWA 2006).  The Ballona Creek Wetlands was subsequently overlain by fill 

dredged during the construction of Marina del Rey and excavated during flood management 

projects along Ballona Creek (PWA 2006).  Fill materials were comprised mostly of clay, silt, 

silty sand, and sand and ranged in depth from zero feet in several parts of Area B to 18 feet deep 

in Areas A and C (Law and Crandall, Inc. 1991a, 1991b).  The City of Los Angeles (1992) also 

provided estimates of the sediment characteristics in the area and found the sediment in the area 

mostly composed of fill overlying alluvial deposits, ranging from 4 to 17 feet in depth and 

consisting mostly of silts and clays; these were likely imported from a variety of sources, 

including the result of dredging Marina del Rey.   
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3.7 HYDROLOGIC CONDITION 

Since the early 1900‟s and the large-scale modification of Ballona Creek Watershed, its 

tributaries, and the Wetland, the natural hydrologic functions have been significantly reduced.  

Approximately 40% of the watershed is covered with impervious surfaces, leading to larger and 

faster flow of runoff entering the creek, tributaries, and wetland area (Ballona Creek Watershed 

Task Force, Chapter 2, 2004).  As a result, infiltration of precipitation to groundwater has been 

reduced along with the alteration of the natural processes of erosion and sedimentation due to the 

lining of the channels.  Eroded sediment is transported along Ballona Creek Channel, through the 

wetland region and ending in the mouth of Ballona Creek, where it periodically leads to a partial 

closure of the boat entrance to the Marina del Rey.  The construction of levees on Ballona Creek 

and Marina del Rey has significantly reduced the extent of tidal wetlands and tidal flushing in the 

estuary and adjacent lagoons (i.e., Del Rey Lagoon and Ballona Lagoon) (Ballona Creek 

Watershed Task Force, 2004).  Imported water and extensive landscaping, along with other non-

point source flows, have led to year-round flows in most channels, which were historically dry 

most of the year. 

 

There are four main potential sources of hydrologic inflows to the Ballona Creek Wetlands: (1) 

Freshwater and marine inflows from Ballona Creek and the Santa Monica Bay to the muted tidal 

channels of Area B, (2) Marina del Rey inflows to the Fiji Ditch in Area A, (3) urban runoff, and 

(4) groundwater.  Urban runoff and groundwater enter the Ballona Creek Wetlands from many 

sources.  The influence of Ballona Creek is restricted to the muted tidal portion of the southwest 

corner of Area B, accessible through the eastern self-regulating tide gate.  The Ballona Creek 

Watershed drains approximately 130 square miles of land, about 80% of which is urbanized, 

while the remaining 20% are composed of partially developed foothills and mountains (Figure 

17; PWA 2006).  The majority of the Ballona Creek drainage network has been modified into 

underground pipes and culverts, and open concrete channels.   

 

Marina del Rey is the largest artificial small-craft harbor in the U.S. and accommodates more 

than 5,000 privately owned pleasure crafts (PWA 2006, Kearney et al. 2010).  The Marina was 

developed in the late 1950s and early 1960s on parts of the former Ballona Creek Wetlands 

complex.   The Marina Del Rey watershed is approximately 2.9 square miles and is highly 

urbanized. The Fiji Ditch in the northern portion of Area A connects to Marina del Rey through a 

box culvert.  

 

Groundwater is present in all three Areas (i.e. A, B, and C) (Straw 1987).  Historically, the 

Ballona Creek Wetlands received water through artesian upwellings (Henrickson 1991), 

although current conditions indicate much lower levels, with ranges in elevation depending on 

the specific location (Diaz, Yourman, and Associates 2010; Weston Solutions 2009).   
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Figure 17.  Ballona Creek watershed (reproduced from DPW 2004). 
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4 Numeric Targets 
This section analyzes the linkage between the impairments and the observed conditions in the 

Ballona Creek Wetlands, and defines numeric targets that will achieve the water quality 

standards and lead to protection of the designated beneficial uses.  

 

4.1 SELECTION OF WATER QUALITY TARGETS 

These TMDLs include numeric targets based on the Basin Plan‟s water quality objectives for a 

wetland and the designated beneficial uses referenced in Section 3.1.1 and  3.1.2.  Clean Water 

Act 40 CFR 122.2 defines "Pollutant" (to) mean dredged spoil, solid waste, incinerator residue, 

filter backwash, sewage, garbage, sewage sludge, munitions, chemical wastes, biological 

materials, radioactive materials (except those regulated under the Atomic Energy Act of 1954, as 

amended (42 USC 2011 et seq.)), heat, wrecked or discarded equipment, rock, sand, cellar dirt 

and industrial, municipal, and agricultural waste discharged into water.  In Ballona Creek 

Wetlands, deposited sediment is a pollutant that impairs that impaired the identified beneficial 

uses. 

 

Following review of the available data, studies and reports for the Ballona Creek Wetlands, 

USEPA concurs with the State‟s determination that Ballona Creek Wetlands is impaired for 

wetland habitat alteration, hydromodification, reduced tidal flushing, and exotic vegetation.  

These impairments are a direct result of past activities which added excess sediment and altered 

the physical transport of sediment in and out of the Ballona Creek Wetlands, and allowed for the 

introduction and proliferation of exotic vegetation.  These historic anthropogenic inputs of 

sediment and effect of impervious surfaces within the watershed have caused significant habitat 

alteration, allowed exotic species to flourish and contributed a reduction in tidal flushing.  

Therefore, USEPA is addressing habitat alteration, hydromodification, reduced tidal flushing, 

and exotic vegetation by establishing TMDLs for sediment and invasive exotic vegetation.   

 

The primary stressors identified by USEPA are sediment input, sediment reshaping, the tide 

gates, levees, and invasive exotic vegetation.  TMDL development requires the determination of 

endpoints, or water quality targets, to address the stressors of the impaired waterbody.  The 

TMDL targets are the conditions that support attainment of applicable water quality standards for 

Ballona Creek Wetlands.  The translation of the State‟s narrative water quality standards to 

numeric targets that will achieve the protection of the beneficial uses for the wetland is 

accomplished by setting targets for an ecologically functioning wetland that will support the 

designated beneficial uses.  The numeric targets representative of an ecologically functioning 

wetland should ensure the presence of diverse habitat types in appropriate proportions and at 

reasonable elevations for those habitat types.  In an ecologically functioning wetland, there is a 
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direct relationship between the diverse composition of habitats in a wetland and its support of the 

flora and fauna.  Beford (1999) concludes that wetland function is closely related to landscape, 

and therefore, cumulative alteration of landscapes is the greatest constraint on restoring wetlands. 

Thus, restoring the ecological functions lost due to the impacts from sediment should address the 

impairments of habitat alteration hydromodification, and reduced tidal flushing.  Exotic 

vegetation will be addressed by minimizing the invasive exotic species. 

 

4.2 BASIS FOR THE WETLAND REFERENCE  

Estuarine wetland systems include a variety of different habitats; each contributes to a unique 

ecological function and is therefore necessary to restore the beneficial uses at the Ballona Creek 

Wetlands. Without the presence of diverse habitats, wetlands may not be capable of healthy 

ecological function. Some habitat types are now absent or significantly reduced from the Ballona 

Creek Wetlands area and need to be re-established to achieve the habitat-related beneficial uses.  

In addition to past activities altering habitats, existing wetland habitat conditions exacerbate the 

impaired condition.  Specifically, habitat patchiness and connectivity decrease a region‟s ability 

to effectively restore habitat beneficial uses.  Numerous, small patches of habitat areas tend to 

increase edge effects that degrade habitat quality (e.g. colonization by invasive exotic plants is 

greater on habitat edges). Connectivity of similar habitat types allows migration of plant and 

animal species, which can be important to survival when local conditions change.  Therefore, in 

restoring habitat beneficial uses at the Ballona Creek Wetlands, larger and continuous habitat 

areas are generally preferable to smaller discrete habitat areas, which are representative of 

current conditions in Ballona Creek Wetlands.   

 

Since the majority of southern California coastal wetlands have been significantly altered or 

reduced, it was not possible to identify another Southern California coastal wetland as the basis 

for comparison.  There are several coastal wetlands in Southern California currently undergoing 

restoration and the ecological functions identified as appropriate goals are similar to those 

considered in this TMDL (e.g., San Dieguito Wetland Restoration Project; Ormond Beach 

Wetland Restoration Project, South San Diego Bay Wetlands Restoration Project).   

 

USEPA evaluated the available historical information for Ballona Creek Wetlands and found that 

the best information indicative of the characteristics of an ecologically functional Ballona Creek 

Wetlands is the study on the historical T-Sheet maps for California coastal areas, which show 

specific habitats hand drawn and observed by scientists of the US Coastal Survey (Gosselinger 

2011) (see Section 2.4.1).  Based on T-Sheet maps, habitat composition and proportions 

reflective of a once functioning Ballona Wetlands were evaluated.  The habitat composition, 

proportion and extent of other Southern California coastal wetlands were also assessed to 

determine the appropriate habitat composition for Ballona Creek Wetlands.  Historic habitat 

distributions are known and can be discussed in terms of percent areal distribution.  Hand drawn 
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maps from 1870‟s were used to identify the habitat distributions representative of a period before 

the large-scale anthropogenic activities began to affect the waterbody.   

 

4.3 BASIS FOR NUMERIC TARGETS 

The T-sheet maps establish a reference point for Ballona Creek Wetlands. By establishing 

comparable habitat distributions observed in historically functioning Ballona Wetlands and other 

Southern California coastal wetlands, ecological function and beneficial uses similar to a natural 

ecologically functioning coastal wetland can be restored in the current Ballona Creek Wetlands. 

The targets for achieving habitat-related beneficial uses can be estimated by examining the 

historic habitat distributions at the historic 1762-acre greater Ballona Wetland complex, and at 

other similar tidal marsh-tidal flat dominant Southern California wetlands (referred to as 

“Southern California Historic”).  The historic habitat distributions were then proportionally 

applied to the existing area of the Ballona Creek Wetlands Ecological Reserve. For example, 

analysis of T-sheet data from Southern California Historic and from the historic greater Ballona 

Wetlands provided area proportions of each habitat type (e.g., subtidal, intertidal, mudflat, 

vegetated/salt marsh, etc.)  (Table 6; Table 9).   

 

USEPA‟s extensive analysis and assessment of appropriate wetland habitat goals included 

consideration of the following factors and references: 

 

1. Historical extent of the greater Ballona Wetlands complex and its habitat proportions;  

2. Historical habitat proportions observed in eight Southern California coastal wetlands; 

3. Present-day boundary of habitat area available for restoration; 

4. Current landscape modifications to the Ballona Creek Wetlands region and its environs. 

 

The historical extent of the greater Ballona Wetlands complex (based on the T-Sheet maps) 

included approximately 1762 acres of diverse wetland habitats and dynamic hydrologic 

conditions.  Over the years, this wetland area has shrunk as a result of anthropogenic activities. 

The current property boundary of Ballona Wetlands Ecological Reserve includes roughly 626 

acres; this boundary area was overlaid on top of the historical extent of Ballona Wetlands to 

calculate the areal extent of habitats observed within the present day boundary to show the types 

of habitats that existed in the same area historically (Figure 18; Table 7).   
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Figure 18.  Historical habitat composition of Ballona Creek Wetlands within present-day 
boundary (modified from Grossinger et al. 2011 and Dark et al. 2011). 
 

 

Since present-day Ballona Creek Wetlands is a remnant of a larger wetlands complex, this 

TMDL also considered and evaluated the habitat compositions and associated proportions of the 

historic southern California wetlands.  The data calculated from the historic southern California 

wetlands T-Sheet mapping provide the overall habitat types and associated proportions for all of 
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southern California.  Analysis of historic T-sheet data
5
 from tidal marsh-tidal flat dominated 

wetlands in southern California provides the percent area of each habitat type present in those 

wetlands. 

 

According to CDFG‟s estimates of the different habitat types and landuses in the property 

boundary of the Ballona Creek Wetlands Ecological Reserve, the approximate acreage of roads, 

levees, parking lots, So CA Edison roads and plant facilities total 85 acres.  In developing 

functioning wetland habitat targets to establish a healthy wetland ecosystem in the current 

boundary area, it was appropriate to consider the current landscape of the wetland area, which 

includes roads and other uses that will be minimally to moderately modified.  Consequently, to 

account for these uncertainties in the future restoration efforts, we subtracted 85 acres from the 

total of 626 acres to estimate the available habitat acreage to be addressed or restored with a high 

level of certainty; this resulted in approximately 541 acres that can be addressed by restoration, 

best management practices or relevant activities.   

 

USEPA considered multiple methods of computing target habitat percentages that evaluated both 

the naturally diverse reference habitat composition observed from the T-Sheet maps and the 

current areal limitations of the remaining Ballona Creek Wetland region.  The purpose of habitat 

targets is to provide goals that would lead to a functioning wetland ecosystem that meets the 

water quality objectives identified in the State‟s basin plan and supports the multiple beneficial 

uses listed in Section 3.  To achieve this wetland goal, the available reference information on 

habitat proportions was applied to the available habitat acreage in the current Ballona Creek 

Wetlands.  By establishing a diverse habitat composition as the goal, this will ensure a healthy 

functioning wetland ecosystem in the Ballona Creek Wetlands.   

 

The methods considered primarily apply a historical habitat proportion to the current available 

wetland acreage for restoration.  These include the following: 

 

1. Use habitat proportions from the greater historical Ballona Wetlands complex (1762 acres).  

2. Use habitat proportions from the historical Ballona Wetlands bounded by current property 

boundary (626 acres).  

3. Use habitat proportions calculated from the specific habitat means averaged across eight 

Southern California wetlands, which would inherently include the range of variability 

observed at these wetlands. 

                                                 
5
 Grossinger et al. 2011.  Historical Wetlands of the Southern California Coast: An Atlas of US Coast Survey T-

Sheets 1851-1889. Accessed online May 2011 at http://www.sfei.org/projects/SoCalTSheets. From 1851-1900, the 

US Coast Survey produced maps of coastal features at a large scale (1:10,000) which were referred to as T-sheets. 

They depict the distribution and abundance of different wetland habitat types along the coast of southern California 

prior to major coastal development by Europeans. The T-sheets were difficult to access in the past because they are 

stored in the National Archives and high-quality digital reproductions did not exist. The report referenced here 

obtained high-quality digital reproductions, and interprets the original T-sheets with the aid of other historical tests 

and drawings. 
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The first method referenced a larger wetland complex that would be challenging to achieve under 

current conditions.  Although habitat proportions would be used and not the actual historical 

acreages, there is a large uncertainty with the assumption of a linear relationship between habitat 

size and habitat proportions.  In addition, this approach assumes actual acreage size is 

independent of habitat proportions.  Since wetland ecosystems are highly dynamic, in particular 

coastal wetlands, we expect the natural areal extent of the coastal wetland to change with tides, 

precipitation, and other hydrological variables.  Although T-Sheet maps are useful and 

appropriate as a resource for providing a reference condition for a healthy functioning ecosystem 

in Ballona Creek Wetlands, the map for Ballona Wetlands complex is a snapshot in time and 

does not show the variability of the areal extent and hydrological conditions that affect the 

habitat compositions.  The second method harbors similar uncertainties as the first method.  In 

addition, the smaller area does not capture the large variability expected from a whole 

functioning wetland. 

 

To address the natural variability expected from a dynamic coastal wetland with the best 

available reference data to date, we examined the habitat proportions for eight Southern 

California coastal wetlands and computed average percentage of total found for each habitat 

observed across eight Southern CA wetlands (Table 9).   

 

Expected range of natural variability was captured by evaluating multiple wetlands.  

Furthermore, to increase our understanding of the variability expected from wetlands, the 

standard errors were calculated for the habitat means of four distinct habitats (e.g., intertidal, 

subtidal, vegetated (salt marsh) and salt flat) and eight Southern California coastal wetlands.  To 

ensure confidence in the selected target habitat proportions, the 95% confidence interval was 

calculated (this is roughly equivalent to two standard deviations from the mean); this resulted in 

a range for each habitat type (Table 9).  This TMDL set targets based on the lower range of the 

CI to provide the minimum target acreage set for each habitat (Table 10); a maximum was not 

set since higher wetland acreage is encouraged.  USEPA believes that setting these minimum 

critical wetland habitat target acreages for intertidal, subtidal, salt flat and vegetated wetland will 

lead to a healthy and functional wetland ecosystem.  Due to the modified environment 

surrounding Ballona Creek Wetlands today, it was appropriate to expand the vegetated wetland 

category to include salt, brackish, and freshwater marsh.  This increased scope recognizes the 

naturally dynamic climatic condition (i.e., precipitation pattern) which can influence tidal and 

seasonal flow.   The goal of the TMDL is to establish a diverse composition of wetland habitats 

that reflects a healthy, functioning wetland region.   
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Table 9. Habitat percentages based on Ballona Historic and average of 8 Southern CA 
wetlands’ habitat proportions (Gossinger et al. 2011). 
 
Habitat Type Habitat Distributions 

Average Habitat % 

of 8 So CA Historic Wetlands
1,2 

 

Average Range  

of 8 So CA Historic Wetlands
4 
 

(%)
 

 

Subtidal
3
 9 4 – 11 

 

Intertidal  20.2 16 – 25 

 

Vegetated Wetland 

(Salt Marsh)
5
 

67.8 64 – 72 

 

Salt Flat 3 1– 6 

 

TOTAL 100 NA 
1
 These eight Southern California coastal wetlands include Alamitos Bay, Ballona, Bolsa Chica, Carpinteria, Mugu, 

Newport Beach, Seal Beach, and Tijuana. 
2 

For comparative purposes, the habitat proportions estimated from the greater Ballona Wetland complex of 1762 

acres are 6% subtidal; 16% intertidal channel/mudflat; 70% vegetated (salt) marsh; and 8% salt flat. 
3 

The subtidal habitat includes the sum of subtidal water and open water because both categories are similar and not 

easily distinguishable. 
4
 Range is based on calculating the 95% Confidence Interval which generated a range; this provides a 95% 

confidence that the applicable percentage is in this range.  Percentages are rounded up for the final report.  

NA Since this column shows the lower and upper range of the 95% confidence interval, the sum of the categories 

does not necessarily add to 100%. 
5
 The T-Sheet maps identified vegetated wetland as a unique habitat category to include primarily salt and brackish 

marsh habitats; however, analysis of the historical ecology of Ballona Creek Watershed suggest these habitats are 

dynamic and freshwater marsh may have shifted into areas identified as vegetated wetland (Dark et al. 2011). 
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Table 10.  Habitat Acreage Numeric Targets. 
 

Habitat Type Habitat Numeric Targets
2
 Applicable 

 (Acres) % 

Subtidal  22 4 

Intertidal  87 16 

Vegetated Wetland
1
 346 64 

Salt Flat 5 1 

TOTAL 460
3
  

1 
For this Ballona Creek Wetlands TMDL, vegetated wetland includes the following habitat types: salt marsh, 

brackish marsh, freshwater wetland, seasonal wetland, and low, mid, and high marsh.   
2 
The specific habitat numeric targets are calculated by applying the applicable % to 541 acres available for 

restoration (difference between 626 total acres in Ballona Creek Wetlands and 85 acres of roads, etc.).   
3
 The total amount of 460 acres does not account for upland and transitional habitats, which are expected to make up 

the additional habitat acres. 

 

4.4 TIDAL ELEVATION 

Tidal inundation regime is defined as the frequency, duration and depth of water reaching the 

plain of estuarine tidal marshes. Inundation regime exerts significant control across the marsh 

plain in the chemical and physical properties of marsh soils with accompanying changes in the 

biological community.  The depth and period of tidal inundation are major influences on the 

types of habitats a wetland supports.  Restoring the beneficial uses at the Ballona Creek 

Wetlands likely requires establishing inundation frequencies and times that reflect natural tide 

cycles and rainfall patters in the Ballona Creek Wetlands and the upstream watershed. This may 

occur by achieving appropriate grade elevations.  Elevations associated with wetlands habitat 

types in southern California are known from various hydrological studies (Table 11). The areal 

extent of numeric targets for elevations to reduce impacts of hydromodification would be similar 

to the habitat areas previously described, but defined by elevations rather than plant species 

assemblages.   
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Table 11. Elevation ranges associated with wetland habitat types in Southern  
California tidal wetlands (based on Zedler 2001 and modified from PWA 2008). 
 

Habitat Type Elevation (ft NAVD) 

Lower Range Upper Range 

Subtidal  -3.0 -0.2 

Intertidal  -0.2 3.6 

Low Marsh 3.6 4.6 

Mid Marsh 4.6 6.3 

High Marsh 6.3 7.3 

Transition Zone 7.3 9.6 

Upland 9.6 NA 
NA – an upper range for elevation is not expected for upland habitats. 

 

The targets for achieving habitat-related beneficial uses can be expressed in terms of elevations 

associated with different habitat types, and based on either the historic distributions of habitats at 

the historic 2000 acre wetlands, or historic southern California wetlands. The preferred 

distributions as percent areas of a wetland system can then be applied to the existing area of the 

Ballona Creek Wetlands. The T-sheet analysis used to provide the percent area of each habitat 

type in Ballona Historic and Southern California Historic can also provide the elevation ranges 

needed to achieve those habitat types (Table 12). The necessary habitat distributions would be 

determined by taking the lesser values of the two provided in order to obtain conservative 

estimates of the elevation ranges that would be needed to achieve the desired habitat types and 

restore ecological function and beneficial uses at the Ballona Creek Wetlands.  The final habitat 

proportional acreages and associated elevations are the numeric targets in this TMDL (Table 12).  

For clarification, this TMDL is addressing those increased upland habitat areas that are 

undeveloped and currently located in the Ballona Wetland Ecological Reserve slated for 

restoration. 
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Table 12. Target Elevation and Habitat Acreage for Ballona Creek Wetlands. 
 

Elevation Range  

(ft NAVD) 

Habitat Distributions
1
 

 

Applicable % Habitat   (Acres) 

-3.0 to -0.2 (Subtidal)  4 22 

-0.2 to 3.6 (Intertidal) 16 87 

3.6 to 9.6 (Vegetated Wetland)
2
 64 346 

6.3 to 9.6 (Salt Flat) 1 5 

TOTAL >85%  460 
1
Historic proportions based on average historic habitat proportions of eight Southern CA wetlands (Gossinger et al. 

2011).   
2 
For this Ballona Creek Wetlands TMDL, vegetated wetland includes the following habitat types: salt marsh, 

brackish marsh, freshwater wetland, seasonal wetland, and low, mid, and high marsh.   

 

 

4.5 EXOTIC VEGETATION  

Exotic vegetation impairs the habitat-related beneficial uses of the Ballona Creek Wetlands. To 

reverse the loss of habitat available to support the WILD, RARE, MIGR, SPWN, and WET 

beneficial uses at Ballona Creek Wetlands, invasive exotic vegetation should be eliminated. This 

TMDL is addressing invasive exotic vegetation species since these are the species most 

detrimental to the support of a functioning habitat and related beneficial uses.  Invasive plant 

species have an extremely high rate of growth and reproduction in the Wetland and can lead to 

significant proliferation, water quality impairment, and elimination of native habitat.  

Furthermore, invasive species often are transported from other waterbodies or habitats, can 

quickly establish new populations of nuisance wetland species, and thus, contribute to non-

attainment of the designated uses.  To facilitate the removal of highly invasive exotic vegetation 

from the Ballona Creek Wetlands, this TMDL identifies invasive exotic vegetation species by 

referencing two California exotic plant lists.   

 

This TMDL is setting a goal of zero or 10% extent of coverage of invasive exotic plant species 

for those species listed on either the California Invasive Plant Council‟s (CA IPC) Invasive Plant 

Inventory List or the California Noxious Weed List.  For those species listed on the California 

Noxious Weed List or rated as a “high” or “moderate” on the CA IPC List, numeric target is set 

at zero.  For those species rated as “low” on the CA IPC List, the numeric target is set at 10% to 

accommodate situations in which removal of these particular species would cause more 

disturbances to the habitat.  These numeric targets for invasive exotic vegetation are set because 

the presence of these species quickly results in habitat loss and impairment of beneficial uses.  
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5 Source Assessment 
This section describes the source of the pollutant impact to Ballona Creek Wetlands.   

 

5.1 POINT SOURCES 

Point sources, according to 40 CFR 122.3, are defined as direct discharges of a pollutant from an 

identifiable, confined, and discrete conveyance point into a waterbody (e.g., pipe, ditch, 

channel).  These discharges are regulated through the federal National Pollutant Discharge 

Elimination System (NPDES) program, which is delegated to the state of California and 

implemented by the Regional Boards through the issuance of Waste Discharge Requirements 

(WDRs).  Urban runoff is considered a point source and regulated under stormwater NPDES 

permits. 

 

5.1.1 Stormwater 
The Ballona Creek Watershed drains into Ballona Wetland and Estuary; the NPDES permits in 

the watershed includes the Municipal Separate Storm Sewer System (MS4) permit issued to the 

County of Los Angeles, the Statewide stormwater permit issued to the California Department of 

Transportation (Caltrans), the statewide Construction Activities Stormwater General Permit, and 

the statewide Industrial Activities Stormwater General Permit.  These stormwater discharges are 

considered point sources because they flow into a stormwater conveyance system that ends in 

Ballona Creek and Ballona Creek Wetlands.  The MS4 permit was last renewed in December 

2001 (Regional Board Order No. 01-182) and is on a five-year renewal cycle.  Currently, the 

MS4 permit is in its renewal stage and the Regional Board plans to issue a revised MS4 permit in 

May 2012 (Regional Board Hearing Workshop Item November 10, 2011).       

 

The MS4 system collect commingled discharges from the Ballona Creek Watershed and drain 

into the Ballona Creek and Wetland receiving waterbodies.  The MS4 permit covers multiple 

jurisdictions, which are responsible for discharges into Ballona Creek and Wetland.  The cities of 

Los Angeles, Culver City, Beverly Hills, Inglewood, West Hollywood, and Santa Monica are the 

responsible jurisdictions and responsible agencies for the Ballona Creek Watershed. These cities 

are jointly responsible for complying with the existing Ballona Creek and Estuary waste load 

allocations in each reach and estuary draining into the wetland. Sources covered by the general 

construction and general industrial stormwater NPDES permits also discharge flows which reach 

Ballona Creek and Wetland (typically less than 1 MGD) and have direct discharges further 

upstream in the watershed.   
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5.1.2 Caltrans 
The California Department of Transportation (Caltrans), a department of the State of California 

Business, Transportation, and Housing Agency, is responsible for operating and maintaining the 

state highway system within the State of California. Caltrans is regulated by a statewide storm 

water discharge permit covering all municipal storm water and construction activities (California 

State Water Resources Board Order No. 99-06-DWQ).  This statewide permit authorizes storm 

water discharges from Caltrans properties such as the state highway system, rights-of-ways 

facilities, and construction activities.  Caltrans has developed a Storm Water Management 

Program to comply with statewide NPDES stormwater permitting requirements.  The permit is 

currently undergoing the process of being reissued and will be superseded by a new permit when 

the Tentative Order is adopted by the State Water Board and approved by the USEPA (State 

Board Order No. 2011-XX-DWQ).  The discharges from Caltrans properties and facilities flow 

into a City or County storm drain and similar to the Ballona Creek TMDL for metals (State 

Water Board Resolution No. 2005-0078).  However, Caltrans is responsible for the maintenance, 

and in some cases construction, of roads and highways in the Ballona Creek Wetland and 

Watershed.   

 

5.1.3 Ballona Creek Watershed Sediment Loading 
The Ballona Creek watershed covers approximately 130 square miles (340 km

2
) with landuse 

areas dominated by urban use: 64% residential, 8% commercial, 4% industrial, and 17% open 

space.  Ballona Creek is an 8.8 mile (14.2 Km) long waterway, whose watershed drains some of 

the major cities in the Los Angeles County.  Ballona Creek is one of the largest drainage 

channels that discharges into Santa Monica Bay.  The potential for sediment loading into the 

Wetland is associated with the flow coming down the watershed.  Sediment moves from the 

watershed down the drainage channels or MS4 system as a result of storms, wind and land based 

runoff.  Major storms usually take place in winter and are responsible for major movements of 

sediment, both transport and deposition down the watershed into Ballona Creek, Ballona 

Wetland towards the coastal waterbodies.  These activities can lead to discharge of large 

quantities of sediments in runoff from rivers and flood control channels (USACE 2003).  

 

USEPA principally considered two available estimates of Ballona Creek Watershed sediment 

loading to Ballona Creek and Wetlands: Inman and Jenkins (1999) and USACE (2003a, 2003b). 

Inman and Jenkins (1999) estimated the watershed sediment loading in Ballona Creek, based on 

flow and total suspended sediment data to be approximately 10,800 m
3
/yr (14,126 yd

3
/yr) (Inman 

and Jenkins reported a total mean annual sediment flux of 0.014 x 10
6
 tons/yr; to calculate the 

comparable volumetric sediment loading, a typical sediment density of 1.3 MT/m
3
 was used). 

One USGS gage (USGS 11103500) was used to determine sediment loading in Ballona Creek. 

The drainage area of the gage is 232 km
2
 (draining about two-thirds of the Ballona Creek 
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watershed) and the period of record used was 1928-1995 with only one year of break (1968-

1969). The watershed is considered to be extensively developed.  

 

According to the study, the annual net yield (mean TSS load over the drainage area) is 0.6 

(ton/yr)/ha. Individual drainage areas were considered by breaking the study streams into 

regional provinces. These analyses illustrated that urbanized areas with extensively modified 

river channels had the lowest sediment loading. Therefore, the low yield in Ballona Creek is 

attributed to the extensive impervious cover and river channels. 

 

The sediment fluxes recorded characterize the flux of load material measured (or assumed to 

occur) within the streamflow from 10 centimeters above the streambed to the surface. This 

suspended load includes the wash load of silt and clay sized material and some sand. Estimates 

of the coarser bed load material are not included in these suspended load estimates. Bed load is 

difficult to measure directly and is often inferred from material retained in river deltas and debris 

basins. In Inman and Jenkins (1999), it is assumed that rivers with drainage basins greater than 

500 km
2
 had 10 percent bed load relative to the total load and that for smaller streams the 

percentage of bed load is 15 percent or more. No direct measurements of total load transport on 

the rivers were presented in this study. 

 

The other significant study considered by USEPA was published by the USACE (2003a, 2003b). 

According to the Draft EIR/EIS Ballona Creek Sediment Control Management Plan (USACE 

2003a) and the Marina Del Rey and Ballona Creek Feasibility Study, Supplemental Analyses 

Appendix (USACE 2003b), the estimated amount of sediment discharged by the Ballona Creek 

Watershed is approximately 58,354 yd
3
/yr (44,615 m

3
/yr). This loading consisted of 39,760 m

3
 

of sand and 4,855 m
3
 of silt and is based on the total sediment load accumulated at the channel 

mouth. In a more recent USACE report (Coastal Engineering Appendix of the 2009 Ballona 

Creek Ecosystem Restoration Feasibility Study), the USACE‟s 1998 Marina Del Rey Shoaling 

and Disposal Feasibility Study is cited and presents an average annual sand yield of Ballona 

Creek of 52,004 yd
3
/yr (39,760 m

3
/yr) (USACE 2009). According to the 1998 feasibility study, 

the primary sources of sediment loading are sediment yield from Ballona Creek and longshore 

transport (USACE 2009). 

 

In addition to the two studies described above, several other reports were reviewed to determine 

whether they had pertinent, numerical loading values to characterize the current sediment load 

from the Ballona Creek Watershed. For instance, the results were consistent when suspended 

sediment sampling data from County of Los Angeles and Southern California Coastal Water 

Resources Project (SCCWRP) were compared to Inman and Jenkin‟s Ballona Creek sediment 

flux estimates.  Some additional studies were identified with numerical information; however, 

the scale of their drainage area and/or the portion of the total sediment load presented was 

determined to be too small to fully represent the total loading from the entire drainage area.  
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Specifically, sediment transport is defined by bed load, suspended load, settleable load, and wash 

load, where bed load is the part of the total load that is in frequent contact with the bed during 

transport and suspended load describes the part of the total load that moves without frequent 

contact with the bed (wash load is frequently included with suspended load) (Schwartz 2005). 

Furthermore, sediment production is highly dynamic and dependent on the variable conditions of 

land use, water management, and hydrological conditions with the Ballona Creek Watershed. As 

such, USEPA believes the more conservative USACE sediment load estimate of 58,354 yd
3
/yr, 

based on suspended sediment, settleable load, and bed load, is more reflective of the total load 

that is transported from the Ballona Creek Watershed to the Creek and Wetland.  For a list of the 

studies and reports that USEPA used to assess the sediment loading into Ballona Creek and 

Wetlands, see Appendix A. 

 

5.1.3.1 Ballona Creek Watershed Sediment Yield    
Watershed modifications, including urbanization, influence downstream suspended sediment 

concentrations. Although, it is difficult to attribute specific changes in concentrations to specific 

land use changes, studies in California have demonstrated that land use composition of 

watersheds influence trends in downstream suspended sediment concentration.  For instance, 

Willis and Griggs concluded that many rivers in California are experiencing lower sediment 

supply and decreased sediment loads for equivalent discharge events (2003). Particularly, the 

Los Angeles urban area was found to have the lowest sediment yield, despite having the highest 

rainfall, when compared to nearby areas.  Inman and Jenkins‟ (1999) estimates of streamflow 

and sediment flux for 20 rivers in Southern California showed that Ballona Creek had the second 

lowest total sediment flux.  Inman and Jenkins suggested that this low yield is associated with 

the extensive hard cover (streets and river channels) (1999).  They also found that sediment flux 

during wet periods is approximately five times higher than during dry periods (Inman and 

Jenkins, 1999).    

 

While these studies were not specific to the Ballona Creek Watershed, they did include nearby 

watersheds with similar land use and impervious cover characteristics; therefore, their 

conclusions are expected to apply to Ballona Creek. Studies in the Ballona Creek Watershed 

show that seven percent of the watershed is impounded by a dam; however, this does not appear 

to impact the overall sediment load (Willis and Griggs, 2003). Other factors in the watershed do 

impact the sediment load, including the extensively developed area (over 80% of the watershed 

is developed) and lining of the channel. The increased urban area reduces the amount of pervious 

cover that is subject to erosion. Urbanization also increases the velocity of flow, which would 

typically cause scouring in natural channels, thereby increasing the sediment load; however, the 

Ballona Creek is largely a lined channel so the natural bottom is not present to contribute 

additional sediment load. Sedimentation rates to the Ballona Creek Wetland are slow due to low 

sediment supply from the Ballona Creek Watershed (PWA, 2008).  These estimates support the 

low sediment yield from Balllona Creek Watershed into the Wetlands. 
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5.1.4 Playa Vista Freshwater Marsh 
The Playa Vista Freshwater Marsh is also a potential source of sediment loading into the wetland 

during high storm events when sediment is transported along with flow.  The Freshwater Marsh 

was designed to capture all flow up to a 1-year storm flow, which represents approximately 90% 

of all flows.  For storm events greater than the 1-year storm flow, the freshwater will spill over 

into Area B.  (Playa Vista built a sluice gate that can be opened and lead to continuous 

freshwater flow to Ballona). The Freshwater Marsh diverts freshwater flows from existing and 

new development away from the existing Ballona Creek Wetlands salt marsh. During most 

runoff events, the Freshwater Marsh will discharge into Ballona Channel directly through flap-

gated culverts; however, an overflow spillway is provided into the Ballona Creek Wetlands to 

divert major storm flows (over 1-year storm levels). The Freshwater Marsh is divided from the 

Ballona Creek Wetlands by a berm.  Under normal conditions, storm flows greater than a 1-year 

storm will flow over the overflow spillway into the existing Ballona Creek Wetlands. The storm 

overflow drains through the East, South, and North Wetland portions of the Ballona Creek 

Wetlands and outlets into Ballona Channel.  

 

USEPA does not expect the Freshwater Marsh to be a significant source of sediment loading into 

the wetland.  However, since the Freshwater Marsh is only designed to treat 1-year storm events, 

storm events greater than 1-yr storm flows will lead to overflow into Ballona Creek Wetlands 

Area B.  A load allocation (LA) for invasive exotic vegetation will be given to the Freshwater 

Marsh.  This LA will control for invasive exotic vegetation that may be transported from the 

Freshwater Marsh into Ballona Creek Wetlands.  Furthermore, in the Purchase Agreement 

Summary between the State and relevant entities, it states, “The State is not releasing Playa from 

any liability for the clean up of hazardous materials, if any, required under applicable law” 

(California Resources Agency 2003).   

 

The Playa Vista development applied and received a 404 permit from the Army Corp of 

Engineers.  The 404 Permit recognizes the Freshwater Wetlands System as having multiple 

purposes and states that those purposes are: (1) improve the quality of urban runoff entering the 

Ballona Creek Wetlands and Santa Monica Bay, reducing existing water quality impacts to the 

area and aiding in the national program for improvement of water quality from urban runoff; (2) 

provided ecologically-sound flood control facilities for the Playa Vista First Phase Project; and 

(3) provide wildlife habitat enhancement in an area where severe habitat degradation had 

occurred.  The 404 Permit, the 401 Certification, the CCC Certification, CDP, and the HMMP 

established performance criteria that are designed to take into account the specific conditions of 

the adjacent Playa Vista First Phase Project and the Proposed Project and allow the Freshwater 

Wetlands System to function in its water quality, flood control, and habitat enhancement 

capacities (Performance Criteria).  These performance Criteria are conditions and requirements 
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of the 404 Permit, the 401 Certification, and the CCC Certification and , as such, are “regulatory 

standards” as that term is used in the Draft Los Angeles CEQA Thresholds Guide.  The 

constructed Freshwater Marsh, managed by the Ballona Wetlands Conservancy, is not part of the 

Ballona Wetlands Ecological Reserve property.  It maintains separate treatment from Ballona 

Creek Wetlands and is covered under the Los Angeles County MS4 Permit.   

 

5.1.5 Sanitary Storm Drains and Sewers 
There is evidence of a 20-ft wide sanitary sewer and storm drain easement to the City of Los 

Angeles that runs north to south through Area A and Area B west of the SoCalGas Company 

Road.  This line was closed in 1958  and likely not causing discharge from the storm drain into 

portions of the Wetland (PWA 2010). 

 

5.2 NON-POINT SOURCES 

A nonpoint source is any source of water pollution that does not meet the definition of a point 

source, such as runoff, drainage, seepage, atmospheric deposition, and discharges to water of the 

US and/or State via natural overland flow or discharge.  In the Ballona Wetland area, non-point 

sources are the primary sources of pollutant loading and impact.  The largest source of impact is 

due to historical developmental activities that have led to a legacy of excess sediment loading in 

the wetland areas. 

 

5.2.1 Historic Sources 
The physical and ecological habitat of Ballona Creek Wetlands has suffered the largest impact in 

the last century.  Hydromodifications and discharges of dredged spoils and fill have caused 

significant changes in the size and function of the coastal wetland in Ballona.  Perhaps the largest 

modifications to the physical make-up of the wetland have been the construction of the Ballona 

Creek Flood Control channel, conversion of saltmarsh to agricultural areas in Area B, 

construction of Culver Boulevard through Area B, and the deposition of dredged and fill 

sediment on Area A during the construction of the Marina del Rey Harbor.    

 

The construction of railroad tracks and roads has bisected the wetland and consequently, altered 

the natural dynamic flow behavior of both freshwater and tidal flow.  In the 1900‟s, the Pacific 

Electric Railroad to Playa Del Rey was extended through parts of Areas A, B and C (Sanders, 

2000).  The impact of this was the placement of fill sediment to elevate the tracks above the tidal 

elevation.  Since then, the railroad tracks have been removed, but the fill remains, creating 

upland areas within the wetland.  The commercial agricultural activities from the 1930‟s up to 

1985 caused the filling in of tidal channels with farming operations, and thus, excess sediment 

and agricultural spoils.  When oil and gas production began in the 1920‟s, sediment fill was 
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placed in the wetlands to construct and raise platforms to protect oil and gas facilities from 

extreme tides.  This resulted in burying pockets of the habitat areas which created depressions 

that pond water (Straw, 2000).   

 

The US Army Corp of Engineers constructed the Ballona Creek flood control channel in the 

1930‟s.  During the extensive construction and channelization of the Ballona Creek, the wetland 

experienced significant impact due to sediment accretion, deposit of dredge spoils, and the 

alteration of the natural hydrology of the Creek and wetland.  The straightening of Ballona Creek 

by the Army Corps of Engineers (USACE) in the 1930‟s significantly altered the freshwater and 

tidal flow in Ballona Creek Wetlands.  But, more important for this TMDL was the addition of 

sediment material (i.e., dredge spoils) from the construction of the channel, which was than 

“sidecast” north of the channel in a broad band approximately 300-400 feet wide.  The 

excavation of Marina del Rey and the disposal of the dredged sediment fill from that project to 

the remaining wetlands north of Ballona Creek (Areas A and C) buried the marsh surface and 

drainage channels and raised the land 12 to 15 feet above mean sea level (MSL), above the 

elevation of tidal inundation (PWA 2006).These anthropogenic activities have left a legacy load 

of sediment in the former and existing wetland, and has eliminated and reduced the natural 

ecological functions of a coastal wetland.   

 

This TMDL addresses the impact of excess sediment placed in the Wetlands during the 

construction activity of the Channel.  The operation and maintenance of the flood control 

channel was subsequently transferred to the LACFCD.  The LACFCD is responsible for 

providing regional flood protection through the maintenance and operation of the flood control 

facilities under its jurisdiction.     

 

The 1998 Marina Del Rey Shoaling and Disposal Feasibility Study (cited by USACE 2009) 

analyzed historic shoaling rates in the Marina Del Rey entrance channel for three periods of 

time; July 1965 to July 1991, July 1991 to August 1997, and July 1965 to August 1997 (Note: 

shoaling is the buildup of sediment that forms sandbars). Based on hydrographic survey data and 

dredging records, the total volume of sediment input into the Wetlands from July 1965 to July 

1991 was 949,973 yd
3
 (USACE 2009). Additional data from USACE showed that approximately 

1,557,000 cubic yds of material was removed from Marina del Rey and placed in Area A of 

Ballona Creek Wetlands.  

 

The largest source of sediment to Ballona Creek Wetlands is due to anthropogenic placement of 

fill in Areas A, B and C. Since data associated with sediment loading from each historic 

anthropogenic activity (i.e., railroad construction, agriculture, Marina Del Rey excavation, etc.) 

do not exist and is very difficult to determine, USEPA believes that an aggregate approach is 

sufficient to comprehensively estimate the accretion of anthropogenic sediment in the wetland. 
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An assessment of the historic volume was completed by comparing the difference in sediment 

volume between the 1870s and 2005. These sediment volumes and areas were estimated by 

comparing wetland elevations in the late 1800s with the current elevations in the wetland area. 

Specifically, historic sediment volume was determined in GIS by calculating the volume 

between the existing topography (from PSOMAS 2005) and mean higher high water (5.2 ft 

NAVD). The mean higher high water was used as the typical historic elevation of a vegetated 

high marsh wetland habitat. Historically, this vegetated high marsh wetland habitat dominated 

the Ballona Wetlands Area according to Historic Wetlands of Southern California Coast Atlas 

(Grossinger et al. 2011). The estimated sediment volume is limited to the extent of historic 

wetlands mapped. Therefore, since the eastern portion of Area C is not mapped as historic 

wetland, legacy sediment placed in that area is not included (PWA 2011). The total estimated 

volume of legacy sediment volume placed in the Ballona Creek Wetlands between the 1870s and 

2005 is 3.1 million cubic yards (2.1 million cubic yards for Area A; 700,000 cubic yards for Area 

B; and 300,000 cubic yards for Area C) (Table 13).  These estimates are comparable with the 

USACE (2003a; 2003b) report stating approximately 1,557,000 cubic yards were removed from 

Marina del Rey and deposited in Area A, and 942,000 cubic yards of material deposited in Area 

C (only a portion of Area C is identified as requiring restoration to wetland habitats).   

 

USEPA believes these are the best available estimates of the deposited sediment volume into 

Ballona Creek Wetlands.  Although this is a common technique and provides a reasonable best 

estimate of the sediment accretion, USEPA recognizes there are inherent assumptions and 

uncertainties with these estimates.  For instance, studies evaluating the accuracy of historical 

maps, digital renditions and aerial photographs across different years can lead to error estimates 

that range between 10% to 20% (Halls and Kraatz 2006; Ellis and Wang 2006).   These spatial 

error analyses suggest these type of calculations capture 80-90% of the real geographical 

changes or landscape information.  This is due to uncertainties and assumptions associated 

computing and quantifying spatial variability and accuracy of historical maps, current 

geographical information, and aerial photographs (i.e., true map class categories).  Since Ballona 

Creek Wetlands are modified and surrounded by a highly urbanized watershed, the relationship 

between current hydrologic conditions, a changing tidal range, future storm frequency, sediment 

watershed supply, and expected sea level rise need to be quantified.   

 

Consequently, USEPA believes it is critically important to conduct field verification monitoring 

during and after restoration planning to evaluate further the specific applicable amount of legacy 

sediment load to be removed from the each section of Wetland Areas A, B and C, that will result 

in achieving the habitat target acreages.  Specifically, a detailed error analysis and field 

validation for Ballona Creek Wetlands should be performed to elucidate presently unknown 

variables, such as compaction and settlement over time, change in vegetation patterns, explicit 

sediment supply and loss for Areas A, B and C, and influence of other historic activities (e.g., 

agriculture and railroad construction).    USEPA encourages a detailed monitoring study that 
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evaluates the relationship between wetland habitat function, wetland stability, and excess 

sediment removal.  

 

The legacy sediment volume is estimated as the volume of sediment placed in historic wetland 

areas in Areas A, B and C of the Ballona Creek Wetlands, including sediment placed across 

these areas and for levees, roads, and embankments.  Table 13 shows the volumes and areas of 

legacy sediment placed in Ballona Creek Wetlands.  Area A shows that the legacy sediment was 

placed in 139 acres, which covers 100% of the current total area; Area B shows that legacy 

sediment was placed on 166 acres or 50% of the total current areas; and Area C shows placement 

of excess sediment on 17 acres or 25% of the total current wetland area. 

 

 

Table 13.  Estimated volumes and areas of legacy sediment deposited in Areas A, B and 
C of Ballona Creek Wetlands (PWA 2011). 
 

 Legacy 

sediment 

volume 

(cubic yards) 

Area of legacy sediment 

placement (acres) 

Total area 

(acres) 

% of total area 

Area A 2,100,000 139 139 100% 

Area B 700,000 166 338 50% 

Area C 300,000 17 64 25% 

Total 3,100,000 323 541 60% 

 

 

5.2.2 Southern California Gas Company 
The Southern California Gas Company (SoCalGas) infrastructure includes 19 on-site wells, 

roads, underground gas pipelines and off-site facilities at the base of the Westchester Bluff.  The 

presence of these infrastructure lead to some disturbance and impact to the Wetland habitat.  

Existing roads can lead to erosion and provide opportunities for invasive exotic vegetation to 

flourish if not maintained. This is further supported by the State‟s agreement with SoCalGas 

Company.  In the Purchase Agreement Summary between the State and relevant entities, it 

states, “Southern California Gas Company is liable under existing law for contamination on the 

property, if any, associated with its wells and operations” (California Resources Agency 2003).   

 

5.2.3 Fiji Ditch 
Other current sediment loading sources potentially include Fiji Ditch.  Fiji Ditch is located in the 

northwest edge of Area A, just below Fiji Way Road, and connects flow from the Marina del 
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Rey waters underneath Dock 52 and Fiji Way and along east of Fiji Way.  There is another 

stormwater drainage ditch where flow from Marina del Rey passes underneath Lincoln 

Boulevard; it is not clear if this flows to Area A.  After the dredging of Marina del Rey, water 

saturated soil was dumped into Area A, and the ditch allowed water flow between the Marina del 

Rey and Ballona Creek Wetlands.  Fish species found in the salt marsh of Area B are also found 

here.  According to Karina Johnston, biologist at Santa Monica Bay Restoration Commission, 

Round stingrays have been found in the ditch during certain tides and seasons to feed on 

invertebrates in the sediment.  Currently, a portion of this ditch experiences tidal flow, but it is 

not clear how much flow, if any, passes between the Ballona Creek Wetlands and Marina del 

Rey.   

 

The current tidal flow from Fiji Ditch potentially provides tidal flushing to Areas A, and is thus, 

beneficial to the functions of the Wetland, which currently receive little, if any, tidal flow.  We 

conclude that the source of loading from Fiji Ditch is a minimal portion of the loading, if any 

exists.  If flow does pass between the Marina del Rey and Ballona Creek Wetlands, this may 

support Wetland functions because it provides a source of tidal flow with limited suspended 

sediment.   
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6 Linkage Analysis 
This section discusses how elevation and tidal inundation are linked directly to the target habitat 

composition and the respective proportions of habitat acres needed to achieve an ecologically 

functional wetland that supports the designated beneficial uses.  The background discussion on 

the foundation of the scientific linkages between elevation and habitat represents a summary of 

the primary points reported in the Ballona Creek Wetlands Restoration Feasibility Report (PWA 

2008). 

 

Elevation is a major determining factor of habitat composition in wetlands. The hydrology of a 

given area within a wetland represents the water quality, salinity, hydroperiod and circulation 

patterns (Sullivan 2001). Hydrology is largely determined by the elevation, which is directly 

related to the frequency and duration of tidal inundation (Bockelman et al. 2002). Tidal 

inundation was one of the major determining factors of large scale spatial vegetation patterns in 

mediterranean-climate salt marshes (Pennings and Callaway 1992); the other determining factor 

was soil salinity, which was inversely correlated to tidal inundation. Both these factors were 

more important than interspecies competition in determining plant zonation.  

 

Small variations in elevation occur across natural wetlands, creating habitat heterogeneity based 

on things like hummocks or depressions that drain/retain water at different rates, or soil texture 

and organic matter content which also affect drainage rates along with interaction with 

underlying soil layers (e.g. a sand or clay lens) (Sullivan 2001). This small-scale heterogeneity is 

important in providing the variety of microhabitats that result in diverse plant communities in 

wetlands; however, elevation more broadly does integrate hydrology of the site with several 

other factors that are important in wetland plant community function and is a good indicator of 

where particular plant species, i.e. habitats, will thrive (Sullivan 2001, Haltiner et al 1997, 

Pennings and Callaway 1992).  

 

Elevation is also a major determining factor in benthic and fish community diversity (Williams 

and Desmond 2001). Several studies show that crustacean densities and fish use were lower in 

created marshes than in natural marshes, where the created marshes had higher elevations than 

the natural marshes. These differences were linked to water depth and submergence time, as well 

as biotic factors including competition and predation, which are controlled largely by marsh 

elevations (Williams and Desmond 2001).  

 

At Ballona Creek Wetlands, habitat alteration has been mainly in the form of conversion from 

wetlands habitats to upland habitats or other non-wetland surfaces. In the historic salt marsh and 

other wetland habitats, elevations were at various levels below the highest high tide (Grossinger 

et al 2011). In the existing upland habitats, elevations are increased above historical and are 
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generally above the highest high tides (PWA 2006). The conversion of varied wetlands habitats 

to fairly uniform uplands habitats occurred at Ballona largely as a result of two major influences: 

sediment accumulation resulting in increased elevations over large areas of the wetland, and 

channelization and bank hardening of Ballona Creek resulting in reduced tidal flushing and the 

lack of physical connection with the creek. As a result, the habitat diversity, ecological functions 

and beneficial uses at Ballona Creek Wetlands are severely impaired.  

 

Historic T-sheet maps of Ballona and other southern California wetlands are described above 

(see Section 2.4.1). The T-sheets depict coastal wetlands as they existed prior to major 

modifications by European settlers. Various tidally influenced habitats such as salt marsh and 

intertidal mud flats provided beneficial uses including EST, WILD, RARE, MIGR, SPWN and 

WET, which are now impaired at Ballona Creek Wetlands due to the absence of those habitats.  

 

To best characterize the linkage between sediment accretion, tidal elevation and critical 

importance of the diversity of habitat types, the following is included from the Ballona Wetland 

Feasibility Report (PWA, 2008): 

 

 The degree of tidal inundation is a major factor in influencing habitat type at Ballona and other 

wetlands. “The period, depth, and frequency of inundation by tidal water are dependent upon the 

tidal range, density of soil, degree of slope, and ground elevation.” The ground elevations relate 

to particular habitat types as shown in Table 14 below.  

 

Table 14.  Elevation of the different habitat types (PWA 2008). 
 

Habitat type Lower Upper Lower Upper 

 NAVD (ft) NAVD (ft) % time tide 

exceeds 

% time tide 

exceeds 

Subtidal -5.0 -3.0 100 100 

Intertidal 

channel/mudflat 

-3.0 1.0 100 90 

Salt pan 4.5 5.5 28 14 

Low marsh 1.0 2.5 90 74 

Mid marsh 2.5 3.5 74 50 

High marsh  3.5 4.5 50 28 

Transition zone 4.5 5.5 28 14 

 

Shallow subtidal habitats, including channels, basins and other features, do not drain with the 

outgoing tides even at extreme low water. This estuarine water regime results in permanently 

flooded habitats and permanent open water bodies. These habitats are generally considered truly 

aquatic systems and are adjacent to and downslope from tidal estuarine wetlands.  Intertidal 
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channels and creeks support a complex assemblage of plants and animals in salt marshes. They 

also convey tidal waters with dissolved and particulate nutrients and dissolved gases and 

influence the species composition, distribution, and population dynamics of the channel fauna. 

 

“Intertidal mudflats are situated low in the intertidal zone, between subtidal open water and 

vegetated salt marsh (low marsh), at the open water edge and along channel banks. Mudflats are 

inundated and exposed during most tide cycles. Mudflat habitat support invertebrate population 

and provides valuable foraging habitat, particularly for shorebirds. 

 

Intertidal salt marsh ranges from low marsh, dominated by California cordgrass (Spartina 

foliosa), to a diverse mosaic of species that comprises the mid-marsh, to very high marsh species 

that transition to upland. Salt marsh vegetation changes gradually with elevation. Nearly every 

species has its peak occurrence at its unique elevational band and the vegetation forms a 

continuum rather than a set of zones. However, the presence of shrub-like succulents at the 

uppermost elevations and tall cordgrass at the lowest elevations helps to delineate low to high 

marsh. 

 

Low salt marsh is regularly inundated by tides and is dominated by California cordgrass that 

forms dense monotypic stands. At its lower elevation, cordgrass intergrades with mudflat 

habitat; 

at its upper elevation it intergrades with a mosaic of mid-marsh species. This highly productive 

species decomposes to form the base of the detrital food chain that supports many lower order 

estuarine consumers. Many of the animals of the low marsh are adapted to periods of frequent 

inundation. 

 

Intermediate elevations within the salt marsh are inundated irregularly by tides but at a greater 

frequency than are higher elevations. As a result, the plant species that inhabit this elevation are 

adapted to highly saline soil conditions due to long periods of exposure. The animals of the 

midmarsh are abundant and diverse. Food is abundant in the form of algae and the epifaunal 

invertebrates and insects that feed on algae. In addition, when flooded by the tides, fish move 

into the marsh plain to forage on these abundant invertebrates. Several bird species such as the 

Beldings’ savannah sparrow and light footed clapper rail also forage in this zone. 

 

High marsh habitats are also irregularly to intermittently inundated by tidal water and generally 

range from saline to hypersaline conditions. The vegetation varies depending on the density of 

the soil (i.e. ratio of clay to sand), which often is correlated with salinity. 

 

Salt pans form in the high marsh where drainage is poor. These higher elevation areas along the 

upland edge are only inundated during the highest spring tides and typically have no tidal 

channels. As a result, ponded areas are formed that become hypersaline as water evaporates, 
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thereby inhibiting vegetation establishment. These salt pans provide habitat diversity and have 

habitat value for foraging and refugia. 

 

The wetland transitional zone represents that area where the halophytic (salt-tolerant) and 

hydrophytic salt marsh vegetation overlaps with upland communities. Scrub-shrub plant species 

of the transition zone overlap with the highest of the salt marsh species. The animals at the 

higher elevations of the transition zone are primarily terrestrial species. The transitional zone 

may also include nontidal palustrine habitats both salt influenced and non-saline types. Seeps 

from perched water tables on deltas and the toe of slopes and along dune transitions often 

support a variety of palustrine emergent and scrub-shrub types. Seasonal wetlands also occur in 

this area, especially in low-gradient deltaic deposits and may include salt pans. Transitional 

zones provide refugia during extreme weather or tides, as well as foraging opportunities. These 

areas also support a unique set of plant species, which may only occur or coexist in the habitat 

conditions provided in these transition zones.” 

 

Restoring the proportional mix of wetland habitat types at Ballona Creek Wetlands will provide 

the connectivity needed for interdependent wetland ecosystem to function and achieve the 

beneficial uses that are currently impaired. The land elevations in the table above relate to 

specific wetland habitat types and can be achieved in proportions that are similar to average 

proportions in historic tidal marsh-tidal flat wetlands of the region. To achieve these elevations, 

accumulated sediment would have to be removed from the site or shifted from one location to 

another on the site. This TMDL addresses the impact of sediment accumulation due to the 

increased and changed elevation over large portions of the wetland.  Addressing the sediment 

accretion will significantly reduce the impacts of hydromodification, habitat alteration and 

reduced tidal flushing. The process of restoring the natural habitat composition and elevations 

will also support native vegetation viability and prevent invasive exotic vegetation. 
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7 Total Maximum Daily Loads and Allocations 
Federal regulations (40 CFR 130.7) require that TMDLs include load allocations (LAs) and 

waste load allocations (WLAs), and that the individual sources for each be identified and 

enumerated. The TMDL for a given pollutant and waterbody is the total amount of pollutant that 

can be assimilated by the receiving water while still achieving water quality standards. Once 

calculated, the TMDL is equal to the sum of individual WLAs for point sources, and LAs for 

both nonpoint sources and natural background levels. In addition, the TMDL must include a 

margin of safety (MOS), either implicitly or explicitly, to account for the uncertainty in the 

relationship between pollutant loads and the quality of the receiving water. Conceptually, this 

definition is represented by the equation: 

 

TMDL = ∑ WLAs + ∑ LAs + MOS 

 

The regulations governing TMDL development provide for the expression of TMDLs as either 

mass per time, concentration per time or other appropriate measures (40 CFR 130.2(h)). USEPA 

is establishing two TMDLs for the Ballona Creek Wetlands, which is currently owned by the 

state of California and managed by the California Department of Fish and Game as a state 

ecological reserve.  These TMDLs are calculated to address habitat alteration and exotic 

vegetation that result from the non-natural, large scale changes to the sediment inputs in the 

wetland as well as hydrological modifications and anthropogenic changes to the tidal flushing. 

As such, the TMDLs are written to attain habitat proportions and tidal elevations expected from a 

functioning coastal wetland that supports the following designated uses: wildlife habitat, 

estuarine habitat, migration of aquatic organisms, rare, threatened or endangered species, 

recreation, habitat for spawning and reproduction, wetland habitat.   

 

Sediment is the identifiable pollutant in this waterbody causing habitat alteration and 

contributing to the spread of exotic vegetation and the negative impacts of hydromodification 

and reduced tidal flushing.  The impact of sediment in a wetland is complex and influences many 

core variables/factors, such as habitat structure, geomorphology, hydrology and vegetation.  

Human or anthropogenic sources of sediment historically have led to significant alteration of the 

habitat structure, composition and acreage, in addition to excessive exotic vegetation and 

hydrologic modification of the tidal and freshwater flow.  The pollutant targeted in this TMDL is 

sediment from the dredging of Marina Del Rey, sediment removal and movement due to road 

and levee
6
 construction, and the channelization of Ballona Creek.  The channelization of Ballona 

Creek exacerbated an already impacted problem due to the deposition of sediment from Marina 

                                                 
6
  Levees were identified as critical stressor in this TMDL during USEPA‟s stressor identification analyses.  USEPA 

discusses the impact of the stressor, but does not necessarily suggest that restoration of Ballona Creek Wetlands 

would require the removal of the levees.   
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Del Rey.  Deposition of these sediments from historic development, referred to hereafter as 

legacy sediments, have built up and altered (i.e., filled in, raised, shifted, etc.) the natural wetland 

area.  The current sediment loading entering Ballona Creek Wetland from other parts of Ballona 

Creek Watershed are believed to be lower than the natural concentrations that existed before the 

large-scale development activities, and are likely not contributing to the impairments of the 

waterbody.  Due to the extensive urbanization and development of Ballona Creek Watershed 

(80% of the watershed is developed with 40% of the watershed area covered with impervious 

surfaces), the watershed system is suffering from limited suspended sediment draining into the 

Wetland (Personal Communication Karina Johnston, October 20, 2011).   

 

USEPA finds that the current habitat proportions, tidal elevation regime and sediment accretions 

are not reflective of a functioning wetland that meets the existing water quality objectives (See 

Section 3 for WQSs).  This TMDL expresses the allocations in terms of proportion of habitat 

with needed tidal elevations and the amount of sediment loading that would have to be removed 

or reconfigured to attain water quality standards and protection of beneficial uses.   

 

As such, this TMDL sets sediment wasteload allocations (WLAs) and load allocations (LAs) that 

are designed to meet the numeric targets for habitat acreage and tidal elevation and the water 

quality standards. See sections 7.1 and 7.2 for specific allocations. Allocations for invasive 

exotic vegetation are expressed as percentage of invasive exotic vegetation to be removed.  

Where applicable, federal regulations require that NPDES permits incorporate water quality 

based effluent limitations (WQBELs) consistent with the requirements and assumptions of any 

available WLAs. 

 

7.1 WASTELOAD ALLOCATIONS FOR SEDIMENT 

These TMDLs establish wasteload allocations (WLAs) for sediment to address the impairments 

identified for the Ballona Creek Wetlands.  WLAs are assigned to the Los Angeles County MS4 

and their co-permittees, and Caltrans who are responsible for the loading of sediment into 

Ballona Creek and Wetland.  The WLAs are the total allowable sediment load that can be 

discharged into Ballona Creek Wetlands (Table 15).  This total sediment load includes both 

suspended sediment and sediment bed load that are transported from Ballona Creek Watershed 

into Ballona Creek Wetlands. 
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Table 15.  Sediment Wasteload Allocations for Ballona Creek Wetlands. 
 

Responsible 

Jurisdiction 

Input Sediment 

Wasteload 

Allocation
1
 

(yd
3
/yr) 

Existing Total 

Sediment Load 

(yd
3
/yr) 

Los Angeles County 

MS4 and co-permittees;  

Caltrans  

Ballona 

Creek 

Watershed 

58,354 58,354 

1 
This is a combined WLA for all identified parties. 

 

Since the current existing discharge of sediment load is not contributing to the listed impairments 

or otherwise causing a negative impact to Ballona Creek Wetlands, this TMDL establishes 

WLAs based on existing conditions.  The allowable WLA is set at 58,354 yd
3
/yr (or 44,615 

m
3
/yr).   

 

The WLAs are set for the following NPDES permits: 

 

County of Los Angeles & Co-Permittees   CAS004001 

Caltrans (MS4)      CAS000003 

 

It is also important to consider that functioning wetland systems require a constant input of 

sediment. Specifically, without the influx of sediment and freshwater from an upstream river, 

wetlands will slowly erode (essentially sediment deposition from a watershed offsets any 

sediment losses due to erosion). Therefore, sediment loading to the Ballona Creek Wetlands is an 

important part of restoring a balanced system and, at the current rates, we expect minimal 

adverse impact on the Wetland (note: impairments could be caused by sediment-borne 

contaminants associated with current loading; however, these loads are already addressed in 

existing TMDLs) (See Section 5.1.3).  

  

7.2 LOAD ALLOCATIONS FOR SEDIMENT 

These TMDLs establish LAs and alternative LAs for the legacy sediment placed in Ballona 

Creek Wetlands.  The alternative LAs will supersede the LAs listed in  

Table 16 if the conditions described in Section 7.2.1 are met. 

 

These LAs are set at levels that allow for restoration of the wetlands and are capable of 

addressing the impairments of habitat alteration, reduced tidal flushing, hydromodification and 

exotic vegetation.  LAs are established for each of the three wetland areas within the Ballona 
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Creek Wetlands.  If the LAs are achieved, the ongoing point and nonpoint sources of sediment 

loading to the Wetlands are not expected to contribute to the listed impairments.  

 

The LAs are calculated to remove the legacy sediment deposits from the currently defined 

wetland areas (see Section 2.2.1, 2.2.2, and 2.2.3 for description of Areas A, B and C) in the 

Ballona Creek Wetlands.  The removal of this excess pollutant sediment load will lead to the 

attainment of the beneficial uses
7
.   

 

USEPA is aware that the SLC, CDFG, California Coastal Conservancy and the Santa Monica 

Restoration Commission are working towards restoration of Ballona Creek Wetlands.  This 

TMDL does not stipulate the specific actions required to achieve the LAs, but instead provides 

the sediment load reductions calculated to achieve water quality standards.   

 

The following list of entities are identified as Cooperative Parties because they are either:  (a) 

current owners or managers of portions of the Ballona Creek Wetlands, or (b) current owners or 

managers of facilities in proximity to the Ballona Creek Wetlands which have, or are expected to 

have in the future, an impact on the management of legacy sediment within the Ballona Creek 

Wetlands (Table 16).  These are joint LAs because it is not feasible at this time to divide 

responsibilities for removal of the legacy sediments among the cooperative parties. 

 

 Caltrans  

 US Army Corp of Engineers 

 California Department of Fish and Game 

 State Lands Commission 

 LA County (Flood Control District, Beaches and Harbors) 

 The Southern California Gas Company 

 

 

                                                 
7
 Removal of legacy sediment in Ballona Creek Wetlands include removal of material offsite, transport of the 

“removed” material from the targeted restored habitat area to an on-site location, or storage of the “removed” 

material on-site for future use.  Since offsite removal of sediment material can be costly and a potential source of 

impact at other off-site areas, USEPA encourages re-use of the “removed” sediment on-site where applicable.  The 

term “on-site” refers to Ballona Creek Wetlands in this TMDL.  
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Table 16.  Legacy Sediment Deposit Load Allocations for Ballona Creek Wetlands. 
 

Cooperative Parties 

Wetland 

Area 

Legacy Sediment 

Load Allocation 

(yd
3
)
2
 

Legacy Sediment 

Deposits To Be 

Removed
3
 

(yd
3
) 

CDFG; USACE; Caltrans; 

County of Los Angeles; 

SoCalGas Company 

A 0 2,100,000 

CDFG; USACE; SLC; 

Caltrans; County of Los 

Angeles; SoCalGas Company 

B 0 700,000 

CDFG; USACE; Caltrans; 

County of Los Angeles 

C
1
 0 300,000 

1
 Only a portion of Area C is identified as requiring legacy sediment be removed. 

2 The load allocation is set as zero in this TMDL to indicate that additional sediment load cannot be deposited or 

transported, in any manner, to the Ballona Creek Wetlands; the Wetlands is significantly impaired and has no 

capacity to support additional sediment loading.   
3
 Removal of legacy sediment in Ballona Creek Wetlands include removal of material offsite, transport of the 

“removed” material from the targeted restored habitat area to an on-site location, or storage of the “removed” 

material on-site for future use.  The term “on-site” refers to Ballona Creek Wetlands in this TMDL. 

 

7.2.1 Alternative Load Allocations 
Since the attainment of the beneficial uses for the Ballona Creek Wetlands require not just the 

removal of legacy sediment, but the restoration of adequate wetland conditions, USEPA 

establishes alternative LAs, listed in Table 17 for elevation and habitat acreages.  These 

alternative LAs supersede the sediment LAs defined in Table 16 if: 

 

1. Cooperative parties submit a proposal to implement the alternative LAs to USEPA and the 

Los Angeles Regional Water Quality Control Board, which describes how the alternatives 

LAs will adequately address the impairments; and 

2. The Executive Officer of the Regional Board approves the request and notifies USEPA of the 

approval. 

3. USEPA does not object to the Regional Board‟s determination within sixty days of receiving 

notice of it. 
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Table 17. Alternatove Sediment Deposit Load Allocations for Ballona Creek Wetlands. 
 

Cooperative Parties Elevation Range  

(ft NAVD) 

Elevation & Habitat Acreage 

LAs (acres)
1
 

CDFG; USACE; SLC; 

Caltrans; County of Los 

Angeles, The SoCalGas 

Company  

-3.0 to -0.2 (Subtidal) 22 

-0.2 to 3.6 (Intertidal) 87 

3.6 to 9.6 (Vegetated Wetland) 346 

6.3 to 9.6 (Salt Flat) 5 
1
These habitat acreage load allocations are based on the lesser of historic elevation ranges at Ballona Creek 

Wetlands and similar tidal marsh-tidal flat dominant wetland systems in Southern California. 

 

7.3 LOAD & WASTELOAD ALLOCATIONS FOR INVASIVE EXOTIC 

VEGETATION 

The loading capacity for invasive exotic vegetation is zero for “highly” and “moderately” 

invasive vegetation species and 10% for other exotic vegetation linked to the California Invasive 

Plant Council‟s Plant Inventory (CA IPC) and California Noxious Weed List.  Invasive species 

have an extremely high rate of growth, therefore invasive exotic vegetation, biomass should be 

controlled to levels that will avoid reintroduction and regrowth and protect beneficial uses. This 

TMDL identifies those specific vegetation species on the CA IPC and the CA Noxious Weed 

List as ones most invasive and harmful to the wetlands.  Invasive exotic vegetation species listed 

on the CA Noxious Weed list are given a WLA and LA of zero.  Invasive exotic vegetation 

species rated as “high” or “moderate” on the CA IPC Inventory list is given a WLA and LA of 

zero.  Invasive exotic vegetation species rated as “low” on the CA IPC Inventory list are given a 

WLA and LA of 10%.  This WLA and LA is expressed as an average daily rate.  This latter 

category allows the less invasive exotic vegetation species, that may function similarly to a 

native plant, to be controlled but not eradicated to avoid situations where complete eradication of 

certain species would cause greater disturbance to the local habitat. 

 

The WLA for invasive exotic vegetation in the Ballona Creek Wetlands are assigned to entities 

identified below: 

 

 Los Angeles County MS4 and its Co-Permittees 

 

The LA for invasive exotic vegetation in the Ballona Creek Wetlands and the Freshwater Marsh 

is assigned to the entities identified below: 

 

 Caltrans 

 US Army Corp of Engineers 

 California Department of Fish and Game 
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 CA State Lands Commission
8
 (for Area B and Freshwater Marsh) 

 LA County (Flood Control District, Beaches and Harbors) 

 The Southern California Gas Company 

 

7.4 DAILY LOAD EXPRESSION OF TOTAL MAXIMUM DAILY LOADS 

USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 

2006 D.C. Circuit Court of Appeals decision for the Anacostia River. These TMDLs present a 

maximum daily load estimated according to the guidelines provided by USEPA (2007). 

 

For the Ballona Creek Wetlands, the primary existing sediment loading into the Wetlands is from 

the MS4 stormwater permittees.  The allowable daily mass load of sediment into the Wetland is 

calculated from the annual allowable sediment load (58,354 yd
3
/yr or 44,615 m

3
/yr) divided by 

the 365 days in a year.  The allowable average daily mass load of sediment from the Ballona 

Creek Watershed into the Wetland is 160 yd
3
/day (or 122 m

3
/day).  The WLA of 10% allowable 

invasive exotic vegetation for those vegetation species rated as “low” on the CA IPC List are 

expressed as an average daily rate which complies with EPA guidance on “daily loads.  

 

7.5 SEASONAL VARIATION & CRITICAL CONDITION 

TMDLs are required to consider critical conditions and seasonal variation for streamflow, 

loading, and water quality parameters.  The critical condition is the set of environmental 

conditions for which controls designed to protect water quality will ensure attainment of water 

quality standards for all other conditions.  The intent of this requirement is to ensure protection 

of water quality in waterbodies during periods when they are most vulnerable.  Ballona Creek 

Wetlands experiences large dynamic variations to the flow of water, and thus transport of 

sediment, during the year.  The numeric targets and wasteload and load allocations established in 

this TMDL conservatively address all seasons in the Ballona Creek Wetlands.  Since the WLA 

and LA for invasive exotic vegetation are set at zero, additional consideration of seasonal 

variation was not made.  Although a specific critical condition was not specified for the purposes 

of meeting the WLA, LA and numeric targets, we note that the condition of limited tidal flows is 

significantly impacting the Wetland‟s ability to support natural functions.  Ballona Creek 

Wetland receives freshwater flow via Ballona Creek Channel, stormdrains, and overflows from 

the bluffs and the Freshwater Marsh (future investigation is warranted to determine if these 

freshwater flows are sufficient to support the long term sustainability of the Wetland).  However, 

due to the restrictions established for the tide gates, the Wetland system evidently does not 

                                                 
8
 The California State Lands Commission is the property owner of the Freshwater Marsh and the adjacent Expanded 

Wetlands Parcel, and does not own any property in Areas A or C.  The Freshwater Marsh is operated and maintained 

by the Ballona Wetlands Conservancy.    
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receive sufficient tidal flows to support a functioning wetland with diverse habitat (i.e., salt 

marsh, mudflats, etc. and associated vegetation species). 

 

7.6 MARGIN OF SAFETY 

The federal statute and regulations require that TMDLs include a margin of safety (MOS) to 

account for any lack of knowledge concerning the relationships between effluent limitations and 

water quality.  The required MOS may be provided explicitly by reserving (not allocating) a 

portion of available pollutant loading capacity and/or implicitly by making environmentally 

conservative analytical assumptions in the supporting analysis.   This TMDL includes an implicit 

margin of safety.  An implicit MOS was included in the following ways: 

 

 The TMDL used T-Sheet maps from the late 1880‟s as the point of reference for 

determining the type of habitats expected from a functioning coastal wetland. 

 The TMDL selected conservative habitat target acreages when considering the historic 

Southern California and Ballona wetland habitat proportions. 

 

Although the use of GIS to calculate land areas and elevation at different points in time based on 

multiple map sources is a common and effective approach, USEPA recognizes there are some 

inherent assumptions and uncertainties associated with the calculations.  For example, these 

estimates assumed that the GIS map layers and past aerial photographs captured all the 

variability of historical Ballona Wetlands.  Although these are the best available information and 

estimates, USEPA acknowledges some inherent limitations with regards to the map‟s accuracy 

and the available data‟s representation of the full range of natural variability.  Consequently, this 

TMDL included a conservative implicit MOS in our estimates of the legacy sediment accretion 

in Ballona Creek Wetlands.  

 

7.7 FUTURE GROWTH  

If any currently assigned load allocations are later determined to be point sources requiring 

NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 

determining appropriate water quality-based effluent limitations pursuant to 40 CFR 

122.44(d)(1). 
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8 Implementation Recommendations 
This section recommends monitoring and implementation activities that will mitigate the 

impairments and achieve beneficial uses in the Ballona Creek Wetlands.  

 

8.1 BALLONA WETLAND RESTORATION PROJECT 

The current wetland complex known as the Ballona Creek Wetlands or the Ballona Wetlands 

Ecological Reserve is owned by the state of California and managed by the California 

Department of Fish and Game.  The California State Coastal Conservancy and California State 

Lands Commission are partners in the planning and restoration of the wetlands.  The State‟s goal 

is to restore the Ballona Creek Wetland into “a thriving ecological reserve” that is will restore the 

loss of its ecological and native species.  The Ballona Wetland Restoration Project is a long-term 

project overseen by the Ballona Wetland Restoration Project Management Team, which includes 

the Coastal Conservancy, the Department of Fish and Game, the State Lands Commission and 

the Santa Monica Bay Restoration Commission. In addition, the Ballona Wetlands Restoration 

Working Group, the Ballona Wetlands Science Advisory Committee and the Agency Advisory 

Committee provide project review, direction and recommended project goals. 

 

Furthermore, the USACE includes an on-going Federal Ballona Creek Ecosystem Restoration 

Study.  In 2005, SMBRC entered into a feasibility cost-sharing agreement with the USACE in 

the Los Angeles District to study alternatives for restoring the Ballona Creek ecosystem, and 

related purposes within the Ballona Creek watershed.  The purpose of the Study is to identify 

opportunities to restore degraded habitat and ecosystem function of the Ballona Creek Channel 

and the Ballona Wetlands. The project addresses degradation and loss of habitat due to decreased 

tidal exchange and circulation; decreased biodiversity and overall ecological health; and lack of 

recreational opportunities of the creek and wetlands. This feasibility study includes 

investigations related to ecosystem restoration, a USACE high priority mission, in addition to 

other beneficial uses such as recreation, and water quality which are also of interest. 

 

Currently, the Ballona Wetland Restoration Project has identified five different restoration 

options, “Alternatives”, to restore the Ballona Creek Wetlands with the additional goal of 

providing greater opportunities public access.  The Restoration Project is still in the development 

phase and plans to identify the best Alternative that will achieve the project goals.  These project 

goals are ecosystem restoration; habitat preservation and enhancement; maintenance of the 

physical and chemical processes; biodiversity; sustainability; creation of opportunities for 

cultural, recreational and educational use; and  enhanced public access. 
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USEPA supports all restoration efforts and planning that would achieve the numeric targets and 

allocations established in this TMDL.  USEPA recommends that the State Coastal Conservancy, 

California Department of Fish and Game, all identified relevant cooperative parties, and the 

Regional Board work collaboratively to achieve this TMDL.  This may include multiple and 

varied implementation actions (i.e., permit issuance to support restoration, sediment dredging, 

removal of invasive exotic species, improvement of flow, etc.).  For example, for invasive exotic 

plant species, additional control methods are needed to reduce the noxious wetland plant species 

growth necessary to meet the water quality standards.  These may include plant harvesting and 

active re-introduction of native plant species more hospitable to the wetland ecosystem. 

 

In achieving the habitat acreage and elevation numeric targets, USEPA understands it may be 

necessary to increase natural upland habitats in certain areas to compensate for loss of those 

habitats in the surrounding landscape due to urban development.  Furthermore, a naturally 

functioning wetland may have regional habitat linkages and corridors that bridge the fragmented 

sites, along with transitional habitats to link upland habitats with wetlands.   

 

8.2 COOPERATIVE PARTIES 

USEPA identified cooperative parties to reflect the intent of the State‟s overall restoration effort 

and goals for the Ballona Creek Wetlands.  In keeping with the Regional Board‟s approach 

towards similar legacy TMDLs in the Los Angeles region, cooperative parties for this TMDL are 

identified, not as responsible parties or as dischargers, but as landowners or managers in the 

Ballona Creek Wetlands region.  USEPA supports the State‟s implementation option to establish 

a Memorandum of Agreement between all entities identified as having some part in supporting 

the goals of this TMDL.  These entities may execute a MOA jointly with the Regional Board for 

the development of a work plan for Ballona Creek Wetlands so that allocations can be achieved 

in a manner that is in the best interest of both the subwatershed landowners and the public in 

general.  

 

In absence of a collaborative approach (i.e., MOA established by and between cooperative 

parties and the Regional Board), the Regional Board can use other regulatory tools to implement 

this TMDL, which may include investigative and regulatory orders. 

 

8.3 SEA LEVEL RISE  

In the State‟s effort towards restoration of Ballona Creek Wetlands, State agencies must consider 

and accommodate for sea level rise.  USEPA understands this is a critical factor in the State‟s 

long-term planning and supports the assessment of the restoration actions in combination with 

the predicted sea level rise for the coasts of California.  For instance, long-term impacts of sea 
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level rise are of concern because sediment loading from Ballona Creek Watershed to the 

Wetlands downstream is low compared to more natural conditions, due to the highly modified 

impervious watershed surfaces (See Section 5.1.3.1).  Ballona Creek Wetlands may become 

sediment limited and water inundated if the rate of vertical sediment accretion does not equal or 

exceed sea level rise. The risk of inundation is associated with the rate of sea level rise. To be 

conservative, rapid sea-level rise scenarios should be evaluated during future assessments. 

   

At a minimum, monitoring should occur to monitor sea level rise and the change in mean higher 

high water. If significant changes in mean higher high water are observed near the Ballona Creek 

Wetlands, a study may be required to determine if the habitat acres associated with the numeric 

targets are still protective of the beneficial uses. It is expected that, in the short-term, sea level 

rise may help increase the soil salinity, creating an environment more conducive to native 

wetlands flora. 

 

Based on The Pacific Institute report (2009), “The Impacts of Sea-Level Rise on the California 

Coast”, a 55-inch sea-level rise with a 100-yr storm event along the California coast is predicted.  

In response, the Governor issued an Executive Order in 2008 directing state agencies to develop 

a climate adaptation strategy and consider multiple sea-level scenarios for years 2050 and 2100 

to “assess project vulnerability and reduce expected risks, and increase resiliency to sea-level 

rise”.  Consequently, sediment re-use in Ballona Creek Wetlands is being considered by the State 

and other entities currently evaluating restoration options.  For example, in future scenarios 

accounting for sea level rise, the “removed” sediment could be stored on-site for beneficial 

replenishment of sediment loss in Ballona Creek Wetlands.  USEPA supports the State‟s goal to 

consider sea-level rise in coastal projects. 

 

8.4 MONITORING  

USEPA supports the baseline monitoring effort currently underway in the Ballona Wetlands 

conducted by scientists in the Santa Monica Bay Restoration Commission.  Their baseline 

monitoring program includes the collection of physical, chemical, biological and human use date 

at the Ballona Wetlands.  The continued monitoring of Ballona Creek Wetlands is necessary to 

support the development of restoration actions to meet this TMDL, show improvement and 

confirm that the water quality standards and allocations, as established in this TMDL is achieved.  

USEPA supports continued monitoring for those biological and physical variables collected 

during the baseline monitoring at Ballona Creek Wetlands.  This is critical to increasing our 

knowledge of the wetland condition. 

To track the progress of future restoration activities in achieving the habitat targets, it will be 

critical to include, at minimum, monitoring of the wetland habitats in Ballona Creek Wetlands, 

which should include habitat mapping on an annual basis.  For the invasive exotic vegetation in 
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Ballona Creek Wetlands, tracking and monitoring of the invasive species should be conducted, at 

minimum, on an annual basis. 

USEPA used the best available information to calculate the excess sediment deposited in the 

three wetland areas in Ballona Creek Wetlands. However, USEPA acknowledges there are some 

assumptions inherent in mapping the changes over time to a specific area.  Based on examples 

from other countries and states of similar mapping comparisons for an area at different points in 

time (Halls and Kraatz 2006; Ellis and Wang 2006), error estimates can range between 10-20%.  

USEPA believes it is critically important to conduct field verification monitoring during and 

after restoration planning to evaluate further the specific applicable amount of legacy sediment 

load to be removed from the each section of Wetland Areas A, B and C, that will result in 

achieving the habitat target acreages.  Specifically, a detailed error analysis and field validation 

for Ballona Creek Wetlands should be performed to elucidate presently unknown variables, such 

as compaction and settlement over time, explicit sediment supply and loss, and influence of other 

historic activities (e.g., agriculture and railroad construction).    USEPA encourages a detailed 

monitoring study that evaluates the relationship between wetland habitat function and excess 

sediment removal.  

Sediment monitoring to quantify the load of sediment from the Ballona Creek Watershed will be 

useful to ensure the amount of sediment entering the Wetlands is adequate. Similar monitoring is 

ongoing to support other TMDL and MS4 permit requirements (i.e., Ballona Creek Estuary 

Toxics TMDL).  These existing efforts should also consider the impact of sediment loading into 

Ballona Creek Wetlands; slight modifications or additions to these monitoring programs may be 

useful to ensure all sediment inputs from the watershed into the Ballona Creek Wetlands and 

adjacent waterbodies are characterized. This TMDL provides a WLA for sediment loading from 

Ballona Creek and Watershed.  These sediment loading estimates are based on a 10-year average 

of sediment discharge from Ballona Creek collected previously; in determining monitoring for 

compliance purposes, it may be appropriate to evaluate the WLA based on a 10-year averaging 

period in order to generate data that are comparable with the initial sediment loading estimate 

and to capture the representative temporal variation in sediment loads.  USEPA recommends that 

monitoring of the sediment loads in the watershed should be on an annual basis. 

 

8.5 FUTURE STUDY 

Given that ongoing sediment flux is critical to a functioning wetland, it is particularly important 

to understand the amount of sediment loading to the Ballona Creek Wetlands. Implementation of 

metals and toxics TMDLs may involve best management practices (BMP) to control sediment-

associated pollutants; however, contribution of clean sediment is necessary for healthy wetlands. 

Therefore, it would be useful to design and conduct a study to evaluate the sediment loading 

rates associated with anticipated and ongoing implementation of metals and toxics TMDLs in the 
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Ballona Creek watershed. A calibrated watershed model that considers sediment load reductions 

from various BMPs could be a useful tool for such a study. In addition, such a model could be 

linked with the receiving water model of the Ballona Creek Wetlands area that has been used to 

evaluate various restoration options. 
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Appendix A 
 

References and Studies Reviewed to Investigate Current and Historic Sediment Loading 
Values to the Ballona Creek Wetlands 
Author (Year) Reference Title 
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DRAFT EIR/EIS for the Ballona Creek Sediment Control 

Management Plan 

USACE (2003b) 
Marina Del Rey and Ballona Creek Feasibility Study, 

Supplemental Analyses Appendix, DRAFT 

PWA (2011) 
Memorandum of Legacy Sediment volume and area 

estimates for the Ballona Wetlands TMDL 

Ballona Creek Watershed 

Task Force (2004) 
Ballona Creek Watershed Management Plan 

Inman and Jenkins (1999) 
Climate Change and the episodicity of sediment flux of 

small California Rivers 

Stein et al. (2003) 
Watershed-based sources of contaminants to San Pedro 

Bay and Marina Del Rey: Patterns and Trends 

Willis and Griggs (2003) 

Reductions in Fluvial Sediment Discharge by Coastal 

Dams in California and Implications for Beach 

Sustainability 

PWA (2006) 
Ballona Creek Watershed Draft Existing Conditions Draft 

Report 

USACE (2009) 

Ballona Creek Ecosystem Restoration Feasibility Study, 

Coastal Engineering Appendix DRAFT, F3 - Without 

Project Coastal Engineering Analysis 

PWA (2008) Ballona Wetlands Restoration Feasibility Report 

California Coastal Sediment 

Management Workgroup 

(2006) 

California Coastal Sediment Master Plan Status Baseline 

Report 2006 

California Coastal Sediment 

Management Workgroup 

(2009) 

California Coastal Sediment Master Plan Status Report 

2008 

USACE (2002) 
Lower Ballona Creek Watershed Ecosystem Restoration 

905(b) Reconnaissance Report 

USACE (2005) Los Angeles District Coastal Planning Program 

USGS (2007) 
Sources, dispersal, and fate of fine sediment supplied to 

coastal California 

Patsch and Griggs (2007) 
Development of sand budgets for California's major littoral 

cells 

USACE (2003) 

Marina del Rey and Ballona Creek Feasibility Study, 

Ballona Creek Sediment Control Management Plan, 

Coastal Engineering Appendix (1 of 2a) 

RB-AR37636



Ballona Creek Wetlands TMDLs for Sediment and Invasive Exotic Vegetation 90 

 

Author (Year) Reference Title 

USACE (2003) 

Marina Del Rey and Ballona Creek Feasibility Study. 
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Draft F4 Documentation. Hydrology and Hydraulics 

Analyses for Sediment Basin. (2 of 2a) 

USACE (2010) 
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1 EXECUTIVE SUMMARY 

The Long Beach City Beaches (LBC beaches) were identified on the 2006 and 2010 California 

303(d) list of impaired waters as requiring a Total Maximum Daily Load (TMDL) due to 

exceedances in concentrations of indicator bacteria (SWRCB, 2006a, 2010). In addition, a 

recent review of bacteria data identified an impairment of the Los Angeles River (LAR) Estuary 

from Willow Street, to the mouth of the estuary.  These impaired segments are located in the 

jurisdiction of the California Regional Water Quality Control Board, Los Angeles Region 

(LARWQCB). 


A 13-year schedule for development of TMDLs in the Los Angeles Region was established in a 

consent decree approved between USEPA and several environmental groups on March 22, 1999 

(Heal the Bay Inc., et al. v. Browner, et al. C 98-4825 SBA). The consent decree was revised in 

the spring of 2010, extending the deadline of the TMDLs to be established and adding the LBC 

Beach Bacteria TMDLs, among others.  To meet the consent decree deadline, USEPA is 

establishing TMDLs for the Long Beach City Beaches and the Los Angeles River Estuary. 


The LBC beaches and the LAR Estuary are contaminated by bacteria which is of great concern 

as it poses a potential health risk to those recreating in these water bodies.  Flow from the LAR 

contributes significant concentrations of bacteria to the estuary and, ultimately, the LBC beaches. 

These TMDLs address sources in the direct drainage areas of the LAR Estuary and LBC 

beaches, as the Los Angeles River is addressed under a separate bacteria TMDL (LARWQCB, 

2010).
 

To implement the single sample bacteria water quality objectives (total coliform, fecal coliform, 

enterococcus, and fecal-to-total coliform ratio) for waters designated REC-1, an allowable 

number of exceedance days for three seasons (summer dry, winter dry and winter wet) is set for 

marine waters using a reference system/antidegradation approach.  This approach ensures that 

bacteriological water quality is at least as good as that of a reference system and that no 

degradation of the existing bacteriological water quality is permitted where the existing condition 

is better than that of the selected reference system(s). The exceedance days are used to set load 

allocations (LA) and waste load allocations (WLAs) in these TMDLs.  


Stormwater systems covered under the City of Long Beach, Los Angeles County and Caltrans 

MS4 permits are assigned WLAs in the form of exceedance days.  During summer dry 

conditions, reductions in exceedance days are estimated to be 13-120 days during a 120 day 

period (11% – 100% of the time), depending on the location of the monitoring site.  During 

winter wet conditions, reductions in exceedance days are estimated to be 11-45 days during a 75- 

day period (15% – 60% of the time) depending on the location of the monitoring site.  During 

winter dry conditions, reductions in exceedance days are estimated to be 0-11 days during an 80 

day period (0% – 14% of the time) depending on the location of the monitoring site. 


WLAs of zero (0) exceedance days are set for other permitted dischargers in the watershed 

(general and individual NPDES permits, statewide industrial, construction and sanitary systems 

permits).  The TMDLs recommend monitoring, and controlling both point and nonpoint sources 

(e.g., beachside dog zone, marina, and a recreational vehicle park).
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2 INTRODUCTION 

This technical report presents the required elements of the Total Maximum Daily Loads (TMDL) 
developed to address elevated concentrations of indicator bacteria at the Long Beach City 
Beaches (LBC beaches) and the Los Angeles River (LAR) Estuary and summarizes the technical 
analyses performed by the United States Environmental Protection Agency (USEPA), Region 
IX, to develop the TMDLs.  Indicator bacteria represent a risk to public health and can impair 
recreational beneficial uses through beach closings. Health risks associated with indicator 
bacteria are discussed in more detail in Section 3.2. The goal of this TMDL is to determine the 
amount of indicator bacteria the LBC beaches and the LAR Estuary can receive and still meet 
water quality standards in the receiving waters. 

Because monitoring for all potential waterborne pathogens is impracticable, water quality 
standards have been developed for select indicator bacteria (e.g., E. coli, enterococci, total 
coliform, and fecal coliform). Concentrations of indicator bacteria are used to indicate the risk 
associated with the presence of fecal material and associated pathogens. Currently, recreational 
water quality standards are based on epidemiological studies that simultaneously measured 
densities of fecal indicator bacteria (FIB) and the rates of gastrointestinal illness or other adverse 
health effects in swimmers (Cabelli, 1983; Dufour, 1984; Haile et al., 1999).  

The LBC Beaches were identified on the 2006 and 2010 California 303(d) lists as impaired due 
to exceedances in concentrations of indicator bacteria (SWRCB, 2006a, 2010). In addition, a 
recent review of bacteria data identified an impairment of the LAR Estuary from Willow Street, 
to the mouth of the estuary (refer to Appendix A).  These impaired segments (Figure 3-1) are 
located in the jurisdiction of the California Regional Water Quality Control Board, Los Angeles 
Region (LARWQCB). 

These TMDLs comply with 40 Code of Federal Regulations (CFR) 130.2 and 130.7, Section 
303(d) of the Clean Water Act (CWA) and USEPA guidance for developing TMDLs in 
California (USEPA, 2000). Information used by USEPA to develop TMDLs for bacteria is 
summarized throughout this document. USEPA was assisted in this effort by the LARWQCB.  
Because an implementation plan is not considered a required element of a TMDL established by 
USEPA, these TMDLs do not include an implementation plan to achieve the waste load 
allocations (WLAs) and attain water quality objectives (WQOs).  Alternatively, USEPA expects 
an implementation plan will be developed by the LARWQCB when it incorporates these TMDLs 
into its Water Quality Control Plan (Basin Plan). 

2.1 REGULATORY BACKGROUND 
Section 303(d) of the CWA requires that each State “shall identify those waters within its 
boundaries for which the effluent limitations are not stringent enough to implement any water 
quality objective applicable to such waters.” The CWA also requires states to establish a priority 
ranking for waters on the 303(d) list of impaired waters and establish TMDLs for such waters. 
The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the 
CWA, as well as in the USEPA guidance (USEPA, 2000). A TMDL is defined as the “sum of 
the individual waste load allocations for point sources and load allocations for nonpoint sources 
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and natural background” (40 CFR 130.2) such that the capacity of the waterbody to assimilate 
pollutant loads (the loading capacity) is not exceeded.  A TMDL is also required to account for 
seasonal variations and include a margin of safety to address uncertainty in the analysis (CWA 
303(d)(1)(C) (USEPA, 2000). 

States must develop water quality management plans to implement the TMDL (40 CFR 130.6). 
USEPA has oversight authority for the 303(d) program and is required to review and either 
approve or disapprove the TMDLs submitted by states. In California, the State Water Resources 
Control Board (SWRCB) and the nine Regional Water Quality Control Boards are responsible 
for preparing lists of impaired waterbodies under the 303(d) program and for preparing TMDLs, 
both subject to USEPA approval.  If USEPA disapproves a TMDL submitted by a state, it is 
required to establish a TMDL for that waterbody. The California Regional Water Quality Control 
Boards (Regional Boards) hold regulatory authority for many of the instruments used to 
implement the TMDLs, such as the National Pollutant Discharge Elimination System (NPDES) 
permits and state-specified Waste Discharge Requirements (WDRs). 

As part of its 1996 and 1998 regional water quality assessments, the LARWQCB identified over 
700 waterbody-pollutant combinations in the Los Angeles Region where TMDLs would be 
required (LARWQCB, 1996, 1998). These are referred to as “listed” or “303(d) listed” 
waterbodies or waterbody segments.  A 13-year schedule for development of TMDLs in the Los 
Angeles Region was established in a consent decree approved between USEPA and several 
environmental groups on March 22, 1999 (Heal the Bay Inc., et al. v. Browner, et al. C 98-4825 
SBA). The consent decree was revised in the spring of 2010, extending the deadline of the 
TMDLs to be established, and adding the LBC Beach Bacteria TMDLs among others. Under the 
consent decree, USEPA must establish LBC Beach Bacteria TMDLs by March 2012.  The State 
is unlikely to complete adoption of these TMDLs in time to meet the consent decree deadline; 
therefore, USEPA is establishing these TMDLs. 

2.2 OVERVIEW OF TMDL APPROACH 
To establish this TMDL, a reference system/antidegradation approach was used. Although 
somewhat unique, this method has been utilized for other bacteria TMDLs such as the Santa 
Monica Bay Beaches Bacteria TMDL (LARWQCB, 2002a, 2002b) and, more recently, the Los 
Angeles River Watershed Bacteria TMDL (LARWQCB, 2010a). The reference 
system/antidegradation approach permits a number of single sample exceedances, based on 
historical monitoring data from a local reference beach. For these TMDLs, Leo Carillo Beach is 
selected as the reference system since, with 98% open space and little evidence of human impact, 
it represents an undeveloped watershed in the region (LARWQCB, 2002a). 

The reference system/antidegradation approach is appropriate for bacteria TMDLs since the 
approach recognizes the fact that there are natural sources of bacteria that likely contribute to 
elevated concentrations of bacteria. To account for natural sources, this approach allows a certain 
number of days (based on historical levels at a reference location) when the single sample 
bacteria objective may be exceeded. To ensure that anthropogenic sources of bacteria do not 
cause or contribute to exceedances in bacteria water quality standards, this TMDL establishes 
WLAs for all controllable point sources identified impacting the impaired drainages and load 
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allocations for all identified nonpoint sources of pollution. Finally, in compliance with state and 
federal antidegradation policies, this method requires that if water quality is better than that of 
the reference system, then no degradation of existing conditions is permitted. This approach is 
discussed in more detail in Section 4. 

2.3 ORGANIZATION OF THIS DOCUMENT 
Guidance from USEPA (1991) identifies several elements of a TMDL. Sections 3 through 7 of 
this document are organized such that each section describes one of the elements, with the 
analysis and findings of these TMDLs for that element. Additionally, implementation and 
monitoring recommendations are provided in Section 8. TMDL sections are as follows: 

•	 Section 3: Problem Identification. Describes the geographical setting and discusses the 
risk associated with the presence of indicator bacteria, and applicable WQOs designed to 
protect beneficial uses present in the impaired waterbodies. 

•	 Section 4: Numeric Targets. Sets numeric targets based upon the WQOs described in 
the Los Angeles Regional Water Quality Control Plan (Basin Plan).  

•	 Section 5: Source Assessment. Describes what is currently understood about the 
sources of bacteria to the LBC beaches and LAR Estuary and discusses the number and 
type of permitted sources located in the watersheds. 

•	 Section 6: Linkage Analysis. Provides an analysis of the relationship between sources 
and the receiving water quality impairment. The linkage analysis addresses the critical 
conditions, loading, and water quality parameters. 

•	 Section 7: TMDLs and Pollutant Allocations. Identifies the quantitative load of 
bacteria that can be delivered to LBC beaches and LAR Estuary without causing a 
violation of water quality standards and apportions WLAs to permittees and LAs to 
nonpoint sources. 

•	 Section 8: Implementation and Monitoring Recommendations. Not considered a 
required element of a TMDL established by USEPA; contains recommendations to the 
State regarding implementation and monitoring for this TMDL. 

3 PROBLEM IDENTIFICATION 

The LBC Beaches and LAR Estuary are contaminated by fecal pollution. This section provides 
background information on the waterbodies and confirms their impairments through an 
explanation of the applicable water quality standards and waterbody-specific data analyses. 
Specifically, Section 3.1 provides a description of the geographical setting, Section 3.2 presents a 
brief summary of health risks associated with the presence of indicator bacteria, Section 3.3 
identifies the water quality standards and beneficial uses, and Section 3.4 describes the water 
quality conditions along the impaired segments. 
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3.1 GEOGRAPHICAL SETTING 
The LBC beaches and LAR Estuary are located within Los Angeles County in southern 
California. Jurisdictions draining directly to these impairments include the cities of Long Beach 
and Signal Hill.  Other surrounding jurisdictions, such as Los Angeles County and several 
incorporated cities within the County, drain to the Los Angeles River (LAR) which ultimately 
drains to the LAR Estuary. Additionally, parts of Orange County and, specifically, the City of 
Seal Beach drain to the San Gabriel River (SGR), which discharges southeast of the LBC 
beaches. The general location of the impairments and jurisdictions within the region are shown 
in Figure 3-1. 

Located along the shorelines of the San Pedro Bay, the LBC beaches and LAR Estuary serve as 
an important recreation and tourism resource for the City of Long Beach and the greater Los 
Angeles region. In total, the impairment of the LBC beaches affects 13 beaches and extends 4.7 
miles along the coastline between the LAR Estuary and SGR Estuary. The impaired segment of 
the LAR Estuary includes lands draining south of Willow Street to the mouth of the estuary 
(note: this TMDL applies to the LAR Estuary segment as defined in the Basin Plan). The LBC 
beaches and LAR Estuary are further defined by hydrological unit 405.12 in the Basin Plan. 

Figure 3-1. General location of the Long Beach City Beaches and Los Angeles River Estuary 
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3.1.1 Drainage Area Delineation 
Figure 3-2 and Figure 3-4 define the drainage areas within the TMDL project area, based on 
detailed subwatershed boundaries provided by the County of Los Angeles and the City of Long 
Beach. There are two primary drainages addressed by this TMDL: referred to as the direct 
drainages, these include the LAR Estuary direct drainage and the LBC beaches direct drainage. 
In addition to the direct drainages, adjacent drainages include the SGR and LAR drainages. The 
SGR discharges to the San Pedro Bay southeast of the impairments addressed in this TMDL. 
When conditions (e.g., winds from the southeast) result in currents flowing north-northwest 
towards the LBC beaches, the SGR may contribute bacteria concentrations to the impaired 
segments. More directly, the LAR drains to the LAR Estuary and directly contributes both flow 
and bacteria loads to the LAR Estuary and, ultimately, the LBC beaches.  A TMDL was recently 
developed to address bacteria in the LAR watershed (LARWQCB, 2010a). However, that TMDL 
did not consider land draining directly to the LAR Estuary. Although implementation efforts to 
minimize the effects of the LAR on the LBC beaches were given highest priority and scheduled 
to be completed within eight years of the LAR TMDL effective date, discharges to the LAR 
Estuary, unless otherwise addressed, will likely continue to cause, or contribute, to impairment 
of the estuary itself, and the LBC beaches. Source loading potential from the rivers is discussed 
in Section 5.1, while the direct drainages are discussed here. 

3.1.1.1 LBC Direct Drainage 
The impaired stretch of recreational, open coast beach sits within the San Pedro Bay and is 
nestled between the LAR on the west, and Alamitos Bay and SGR to the east. As shown in 
Figure 3-2, only a small area drains directly to the LBC beaches; this area is referred to as the 
LBC beaches direct drainage. In total, this direct drainage covers an area of approximately 505 
acres, and is entirely within the jurisdiction of the City of Long Beach. The LBC direct drainage 
is situated within a predominately residential area with an economically important commercial 
region centered on the shoreline and Belmont Pier (Figure 3-3). This area in particular, serves as 
an important recreational and tourism resource for the City of Long Beach since tens of 
thousands of people visit the beach during summer months.  

Within the LBC beaches direct drainage, there are five sewersheds, or storm drain basins, that 
collect, convey and discharge stormwater and dry weather flows from these basins, to the 
impaired beaches. Storm drain outlets are located on the beach 100-200 feet above the water’s 
edge.  Flows from other, adjacent areas are directed away from the LBC beaches. Corresponding 
to discharge locations, the five storm drain basins are: Molino Avenue, Redondo Street, 9th 

Place, 36th Place, and West Belmont Pier. Figure 3-2 identifies each of the five sewersheds.   

Long Beach City Beaches and Los Angeles River Estuary Bacteria TMDLs 6 

RB-AR37649



            
 

 
       

 
         

Figure 3-2. LBC 
beaches direct drainage delineation of storm drain basins 

Figure 3-3. Land uses in the LBC beaches direct drainage 
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3.1.1.2 Los Angeles River Estuary 
The LAR Estuary connects the Los Angeles River to San Pedro Bay. It begins where the 
concrete-lined river ends near Willow Street and flows to Queensway Bay before entering San 
Pedro Bay (see the Basin Plan for additional waterbody description) . Estuaries are transition 
zones between freshwater and salt water (including both intertidal and sub-tidal lands).  Due to 
this diverse environment, estuaries provide habitat to a wide variety of wildlife. In the LAR 
Estuary, the soft bottom and rock rip-rap used to stabilize banks, offer one of the more diverse 
environments within the LAR system. For this reason, bird watching is a common activity in the 
estuary, particularly in the Golden Shore Marine Biological Reserve, located along the eastern 
bank of the LAR Estuary. This nine-acre reserve, developed in 1997 as mitigation for 
surrounding development, offers unique habitat and has been identified as one of the best bird-
watching locations in the region.   

During high tide, the LAR Estuary receives most of its flow from either the LAR or San Pedro 
Bay.  A relatively small area along either bank drains directly to the LAR Estuary 
(approximately 6,000 acres in total land area). This area, referred to as the ‘LAR Estuary direct 
drainage’, is shown in Figure 3-4. Within this drainage, storm water is collected, conveyed, and 
discharged to the estuary through the MS4 system shown in Figure 3-4. MS4 jurisdictions in this 
area include the cities of Long Beach and Signal Hill (Figure 3-1), which encompass 
approximately 90 percent and 10 percent of the direct drainage area, respectively. Land use in 
the area is largely residential and commercial (Figure 3-5). 

Figure 3-4. LAR 
Estuary direct drainage delineation of storm drain basins 
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Figure 3-5. Land 
uses in the LAR Estuary direct drainage 

The LAR Estuary is heavily impacted by the LAR, so much that large booms have been installed 
with the intention to collect trash before LAR flow enters the estuary. Along with the flow, it can 
be assumed that the LAR contributes significant concentrations of bacteria to the estuary and 
ultimately, the LBC beaches. Other than the LAR, sources of bacteria to the estuary include 
wildlife (predominately birds and waterfowl) and MS4 dischargers. Although the estuary has not 
been identified as impaired by the LARWQCB, it has been confirmed as impaired through data 
analyses (Appendix A) and is included in this TMDL as an unaddressed source of bacteria that 
has the potential to impact the LBC beaches. 

3.1.2 Climate 
The Los Angeles region has a mild, Mediterranean climate defined by three dominating weather 
patterns: wet weather (any day with 0.1 inches of rain or more and the following three days), 
winter dry (any non-wet weather day from November 1st through March 31st), and summer dry 
(any non-wet weather day from April 1st through October 31st). On average, fewer than 13 
inches of rainfall occurs in the City of Long Beach, primarily between the months of November 
and March. To represent loading capacities of these seasons, this TMDL includes separate 
allocations for summer dry, winter dry, and wet weather conditions. This process, discussed in 
more detail in Section 4, is consistent with other TMDLs completed in the Los Angeles region 
(LARWQCB, 2002a, 2002b, 2007). 
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3.2 HEALTH RISKS ASSOCIATED WITH INDICATOR BACTERIA 
Exposure to water contaminated with human sewage has long been associated with 
gastroenteritis including symptoms such as fever, vomiting, stomach pain and diarrhea and other 
negative health effects such as eye, ear, and skin infections, and respiratory disease. Numerous 
epidemiological studies investigating the association between the risk of illness and density of 
FIB have been conducted (Cabelli, 1983; USEPA, 1986; Haile et al., 1999; Wade et al., 2006; 
USEPA, 2009). It is important to note that most of these studies investigated waters impacted or 
influenced primarily by wastewater effluent, yet the weight of evidence indicates that FIB are 
able to predict gastrointestinal and respiratory illnesses (USEPA, 2009). 

More recently, epidemiological studies have sought to evaluate the health risk of marine waters 
contaminated by urban runoff discharged from storm water outfalls. Two particular studies, the 
Santa Monica Bay epidemiological study and the Southern California Coastal Water Research 
Project (SCCWRP) epidemiological study, have been conducted along beaches in southern 
California. Due to their close proximity to the LBC beaches, these studies offer an indication of 
the risks associated with bacteria concentration in storm drain discharges to the LBC beaches. 
The two studies are summarized here. 

The Santa Monica Bay epidemiological study was the first large epidemiological investigation to 
evaluate the risk associated with urban runoff rather than effluent discharged from sewage 
treatment plants. To do so, the study compared people swimming near storm drain discharges to 
other swimmers 400 yards away from the storm drain. Results from this study included a 
statistically significant increase in fever, chills, ear discharge, cough and phlegm, and respiratory 
disease in people who swam at a storm drain compared to those over 400 yards away (Haile et. 
al., 1999). An increased health risk was associated with increasing densities of bacteria. In 
conclusion, the authors indicated that there may be an increased risk of a broad range of adverse 
health effects associated with swimming in ocean water impacted by urban runoff (USEPA, 
2009). 

SCCWRP is also currently conducting a series of epidemiological studies to assess the risk in 
recreational waters in California with various sources of bacteria other than wastewater effluent. 
Preliminary results from research conducted at Dohney State Park, located south of the LBC 
beaches in Orange County, offers potential indication of the risks associated with water contact 
recreation along southern California’s beaches. Preliminary results indicate an increased chance 
of diarrhea with increased water contact, as well as increased incidence of skin rash, and earache 
with varying levels of water (or storm water) contact (Griffith, 2011). 

3.3 WATER QUALITY STANDARDS 
California state water quality standards consist of the following elements: 1) beneficial uses; 2) 
narrative and/or numeric WQOs; and 3) an antidegradation policy. In California, the Regional 
Boards define beneficial uses in their respective Basin Plans. Numeric and narrative objectives 
designed to be protective of these beneficial uses are specified in each Region’s Basin Plan, or 
State Water Quality Control Plans. These three elements are described below. 
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3.3.1 Beneficial Uses 
According to the Basin Plan, beneficial uses form the cornerstone of water quality protection 
since, once beneficial uses are designated, appropriate WQOs can be established. The Basin Plan 
for the Los Angeles Regional Board (LARWQCB, 1994) defines eight existing (E) beneficial 
uses for the LBC beaches and one potential (P) and 12 existing (E) beneficial uses for the LAR 
Estuary. Loading of indicator bacteria to the impaired segments can result in impairments of 
these beneficial uses. Table 3-1 presents all beneficial uses.  

Table 3-1. Beneficial Uses at the Long Beach City Beaches and Los Angeles River Estuary 

Waterbody Name Hydrologic Unit Beneficial Uses1 

Long Beach City Beaches 405.12 REC 1 (E); REC 2 (E); NAV (E); COMM (E); MAR (E); 
WILD (E); SPWN (Eas)2; SHELL (E) 

Los Angeles River Estuary 405.12 
IND (E); REC 1 (E); REC 2 (E); NAV (E); COMM (E); 

EST (E); MAR (E); WILD (E); RARE (Ee) 2; MIGR (Ef) 2; 
SPWN (Ef) 2; SHELL (P); WET (E) 

1 Beneficial uses include: Industrial Service Supply (IND), Navigation (NAV), Contact (REC-1) and Non-contact 
Recreation (REC-2), Commercial and Sport Fishing (COMM), Estuarine Habitat (EST), Marine Habitat (MAR), 
Wildlife Habitat (WILD), Rare, Threatened, or Endangered Species Habitat (RARE), Migration of Aquatic Organisms 
(MIGR), Spawning, Reproduction and/or Early Development (SPWN), Shellfish Harvesting (SHELL) and Associated 
Wetlands (WET). 

2 Eas: Early spawning; Ee: one or more rare species utilize for foraging and/or nesting; Ef: aquatic organisms utilize 
for spawning and early development (including migration areas which are heavily influenced by freshwater inputs). 

The bacterial impairment in the LAR Estuary and the LBC beaches is of great concern as it poses 
a potential health risk to those recreating in these waterbodies.  The Basin Plan has designated 
existing contact (REC-1) and noncontact recreation (REC-2) designated uses for the LAR 
Estuary and LBC beaches.  Specifically, the REC-1 beneficial use is designated to protect: uses 
of water for recreational activities involving body contact with water, where ingestion of water is 
reasonably possible. These uses include, but are not limited to swimming, wading, water-skiing, 
skin and scuba diving, surfing, white water activities, fishing or use of natural hot springs. An 
example of a REC-1 activity is shown in Figure 3-6. In addition, the REC-2 beneficial use 
protects: uses of water for recreational activities involving proximity to water, but not normally 
involving body contact, where ingestion of water is not reasonably possible. These uses include, 
but are not limited to, picnicking, sunbathing, tidepool and marine life study, hunting, 
sightseeing, or aesthetic enjoyment in conjunction with the above activities (LARWQCB, 1994). 
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Figure 3-6.  Fishing on a pier in the Golden Shore Marine Biological Preserve 

3.3.2 Water Quality Objectives 
As stated in the Basin Plan, WQOs are intended to protect the public health and welfare and to 
maintain or enhance water quality in relation to the designated existing and potential beneficial 
uses of the water. The Basin Plan contains bacteria water quality objectives to protect the REC-1 
and REC-2 beneficial uses and the Ocean Plan also contains bacteria water quality objectives. 
On October 25, 2001, the LARWQCB adopted a Basin Plan Amendment updating the bacteria 
objectives for waters designated as REC-1 (LARWQCB, 2001). The SWRCB approved the 
LARWQCB’s Basin Plan amendment on July 18, 2002 (State Board Resolution 2002-0142), the 
Office of Administrative Law approved the amendment on September 19, 2002 (OAL File No. 
02-0807-01-S), and the USEPA approved the amendment on September 25, 2002. The amended 
objectives include geometric mean limits and single sample bacteria indicator limits: including 
total coliform, fecal coliform, the fecal-to-total coliform ratio, and enterococcus. 

The Ocean Plan’s standards for “Water-Contact” are: “within a zone bounded by the shoreline 
and a distance 1,000 feet from the shoreline or the 30-foot depth contour, whichever is further 
from the shoreline and in areas outside this zone used for water contact sports, as determined by 
the Regional Board (i.e., waters designated as REC-1) but including all kelp beds, the following 
bacteria objects shall be maintained throughout the water column…” 

The 2005 Ocean Plan (SWRCB, 2005) mirrors the Basin Plan water quality objectives 
(LARWQCB, 2001). These objectives are the same as those contained in state regulations (17 
CCR §7958) implementing state Assembly Bill No. 411 (1997), which relied upon the Santa 
Monica Bay epidemiological study (see Section 1.3.1). AB411 resulted in changes to 
Department of Health and Safety regulations for public beaches and public water contact sports 
areas. These changes included (1) setting minimum protective bacteriological standards for 
waters adjacent to public beaches and public water contact sports areas based on four bacteria 
indicators (total coliform, fecal coliform, enterococcus, and fecal-to-total coliform ratio) and (2) 
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altering the requirements for monitoring, posting, and closing certain coastal beaches based on 
these four single sample bacteria indicator limits. The objectives are also consistent with, but 
augment, USEPA guidance (1986), which recommends the use of enterococcus in marine water 
based on national epidemiological studies (LARWQCB, 2001; Cabelli, 1983). 

An update to bacteria objectives for freshwaters designated for water contact recreation was 
provided in the Basin Plan Amendment-Resolution No. R10-005 (LARWQCB, 2010b). This 
resolution removed redundancy in sampling and selected Escherichia coli (E. coli) as the sole 
indicator bacteria for freshwater. Both marine and freshwater Basin Plan WQOs are shown in 
Table 3-2. It should be noted that all four indicator bacteria are used in analyses throughout this 
report. In most cases, the selection of the appropriate indicator bacteria is associated with the 
type of waterbody being assessed. Specifically, discussion of beach or marine water conditions 
focus on enterococcus (and, to a lesser extent, fecal coliform and total coliform), while 
freshwater characterization or loading analyses are based on E. coli. While concentrations of the 
different indicator bacteria are not necessarily directly comparable, it is assumed their sources 
are similar. 

The REC-1 bacteria objectives also state that “[t]he geometric mean values should be calculated 
based on a statistically sufficient number of samples (generally not less than 5 samples equally 
spaced over a 30-day period)” (LARWQCB, 2001). Single sample bacteria exceedances are used 
to determine impairments. This method is practical and appropriate in issuing warnings and 
postings. 30-day rolling geometric mean limits are also used to determine impairments. 
Protecting REC-1 beneficial uses will result in the protection of REC-2 beneficial uses because 
REC-1 bacteria objectives are more stringent than REC-2 bacteria objectives. 

Table 3-2. Water Quality Objectives Established for the Long Beach City Beaches and LAR Estuary 

Water Quality Objectives Marine REC-1 Freshwater REC-1 

Single Sample 

E. coli N/A 235 CFU/100 mL 

Fecal coliform 400 CFU/100 mL N/A 

Enterococcus 104 CFU/100 mL N/A 

Total coliform* 10,000/100 mL N/A 

30-day Geometric Mean 

E. coli N/A 126 CFU/100 mL 

Fecal coliform 200 CFU/100 mL N/A 

Enterococcus 35 CFU/100 mL N/A 

Total coliform 1,000 CFU/100 mL N/A 
*Total coliform shall not exceed 1,000/100 mL, if the ratio of fecal to total coliform exceeds 0.1 (this is an additional single 
sample limit for REC-1 marine waters; presented in the Basin Plan). 
N/A: not applicable 

Implementation provisions for the water contact recreation bacteria objectives, defined in the 
Basin Plan Resolution 2001-018, are listed below (LARWQCB, 2001). 
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“The geometric mean values should be calculated based on a statistically sufficient 
number of samples (generally not less than 5 samples equally spaced over a 30-day 
period). 

If any of the single sample limits are exceeded, the Regional Board may require repeat 
sampling on a daily basis until the sample falls below the single sample limit or for five 
days, whichever is less, in order to determine the persistence of the exceedance. 

When repeat sampling is required because of an exceedance of any one single sample 
limit, values from all samples collected during that 30-day period will be used to 
calculate the geometric mean.” 

In addition, implementation provisions for the water contact recreational bacteria objectives 
associated with Basin Plan Resolution 2002-22 are as follows (LARWQCB, 2001): 

“The single sample of bacteriological objectives shall be strictly applied except when 
provided for in a TMDL. In all circumstances, including the context of a TMDL, the 
geometric mean objectives shall be strictly applied. In the context of a TMDL, the 
Regional Board may implement the single sample objectives in fresh and marine waters 
by using a ‘reference system/antidegradation approach’ or ‘natural sources exclusion’ 
approach subject to the antidegradation polices as discussed below. A reference system 
is define as an area and associated monitoring point that is not impacted by human 
activities that potentially affect bacteria densities in the receiving water body. 

These approaches recognize that there are natural sources of bacteria, which may cause 
or contribute to exceedances of the single sample objectives for bacterial indicators. 
They also acknowledge that it is not the intent of the Regional Board to require 
treatment or diversion of natural water bodies or to require treatment of natural sources 
of bacteria from undeveloped areas. Such requirements, if imposed by the Regional 
Board, could adversely affect the valuable aquatic life and wildlife beneficial uses 
supported by natural water bodies in the Region. 

Under the reference system/antidegradation implementation procedure, a certain 
frequency of exceedance of the single sample objectives shall be permitted on the basis 
of the observed exceedance frequency in the selected reference system(s) or the targeted 
water body. The reference system/antidegradation approach ensures that bacteriological 
water quality is at least as good as that of a reference system and that no degradation of 
the existing bacteriological water quality is permitted where existing bacteriological 
water quality is better than that of the selected reference system(s). 

Under the natural sources exclusion implementation procedure, after all anthropogenic 
sources of bacteria have been controlled such that they do not cause or contribute to an 
exceedance of the single sample objectives and natural sources have been identified and 
quantified, a certain frequency of exceedance of the single sample objectives shall be 
permitted based on the residual exceedance frequency in the specific water body. The 
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residual exceedance frequency shall define the background level of exceedance due to 
natural sources. The ‘natural sources exclusion approach subject to the antidegradation 
policies may be used if an appropriate reference system cannot be identified due to 
unique characteristics of the target water body. These approaches are consistent with the 
State antidegradation requirements (State Board Resolution No. 68-16) and with federal 
antidegradation requirements (40 CFR 131.12).” 

3.3.3 Antidegradation 
Both the State of California and the federal government have antidegradation policies for water 
quality. State Board Resolution 68-16, “Statement of Policy with Respect to Maintaining High 
Quality Water in California,” known as the "Antidegradation Policy," protects surface and 
ground waters from degradation. Any actions that can adversely affect water quality in all 
surface and ground waters must be consistent with the maximum benefit to the people of the 
state, must not unreasonably affect present and anticipated beneficial use of such water, and must 
not result in water quality less than that prescribed in water quality plans and policies. 
Furthermore, any actions that can adversely affect surface waters are also subject to the federal 
Antidegradation Policy (40 CFR 131.12). The proposed TMDLs will not degrade water quality, 
and will in fact improve water quality by not setting any wasteload allocations and load 
allocations above existing numbers of exceedance days. 

3.4 OVERVIEW OF CONDITIONS IN IMPAIRED DRAINAGES 
As discussed in Section 3.1.1 (and illustrated in Figure 3-2 and Figure 3-4), two primary 
drainage areas are considered in these TMDLs, the LBC beaches direct drainage and the LAR 
Estuary direct drainage. Available water quality data were compiled and analyzed during the 
early stages of TMDL development. Three primary datasets (shown in Table 3-3) were used to 
evaluate general trends, extent of impairment, and to identify potential sources of bacteria 
(discussed in further detail in Section 5). A summary of findings is included below for both 
impaired segments, while a full analysis of data is included in Appendix A.  

Table 3-3. Data Sources Used to Evaluate Trends and Extent of Impairment 

Data Source Available Data 

City of Long Beach Routine weekly monitoring conducted at select locations along the LBC 
beaches during dry and wet weather (2000 - 2010 data). 

City of Long Beach and Kinnetic 
Laboratories Inc. 

Microbial source tracking (MST) conducted in 2008-2009, including dry 
weather storm drain outfall monitoring and analysis of 24-hour and 30-day 
bacteria concentrations and flow (e.g., fecal coliform, total coliform, 
enterococci, and E. coli) and salinity levels. Concentrations of 
Bacteroidales were also monitored during both high and low tide. 

Council for Watershed Health 
Routine monitoring conducted several days per week at a single location 
in the LAR Estuary from May to September (2009-2010 data) for total 
coliform, E. coli, and enterococci. 
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3.4.1 LBC Beaches Data Review and Overview of Conditions 
Analysis of weekly beach monitoring conducted by the City of Long Beach identified spatial and 
temporal trends of impairment. Spatially, monitoring sites located closer to the Los Angeles 
River and Estuary generally had higher bacteria (enterococcus, fecal coliform and total coliform) 
geometric means compared to monitoring sites farther from the Los Angeles River and Estuary. 
Temporally, wet months of September through February were found to have higher geometric 
means when compared to March through October, suggesting that rainfall-runoff contributes 
significant concentrations of bacteria to the LBC beaches. Exceedance rates ranged from 36 to 
81 percent during wet weather periods, 6 to 23 percent during summer dry periods, and 6 to 25 
percent during winter dry periods when compared to the single sample maximum WQOs. 
Appendix A includes a detailed review of the weekly monitoring data and Figure 3-7 illustrates 
the spatial distribution of enterococcus geometric mean exceedances along the LBC beaches. 

Figure 3-7. Enterococcus exceedances of the geometric mean standard at beach monitoring stations 

A microbial source tracking (MST) study conducted by the City of Long Beach, in collaboration 
with Kinnetic Laboratories Inc., also identified a general spatial trend with monitoring locations 
closer to the Los Angeles River being more impacted by FIB compared to those sites farther east 
(southeast). Additionally, concentrations of E. coli within storm drains ranged from 
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approximately 1,300 CFU/100 mL to nearly 9,000 CFU/100 mL and concentrations of E. coli 
measured in ponding water in front of the Molino storm drain were roughly ten times higher than 
water coming directly out of the storm drain, likely due to bird activity (City of Long Beach, 
2009). Furthermore, E. coli geometric means were elevated at beach locations near major storm 
drains (these results are generally corroborated by the data analyses on other bacteria types 
presented in Appendix A). As part of the MST study, sampling included the analysis of trends 
over a 24-hour period. Through decreased levels of salinity, this investigation confirmed 
freshwater intrusion from the Los Angeles River, to select locations along the LBC beaches. In 
comparison to the eastern sites, a trend of decreasing salinity was seen in the western-most 
sampling locations. Finally, the MST study included screening for Bacteriodales during both 
high and low tide conditions; however, neither of the two initial water quality surveys showed 
evidence of human, dog, or cow markers. It should be noted that screening for Bacteriodales 
corresponded with conditions of high salinity, suggesting that the contribution of Los Angeles 
River was minimal during this specific study period (City of Long Beach, 2009). 

3.4.2 LAR Estuary Data Review and Overview of Conditions 
Bi-weekly (or more frequent) data for the LAR Estuary were provided for May – September in 
2009 and 2010 by the Council for Watershed Health. These data represented a single monitoring 
location, near the lower end of the estuary. This site represents the overall contribution of 
bacteria from the watershed and is not within a recreational swimming area; however, the LAR 
Estuary does have a REC-1 beneficial use. All sampling was conducted during the summer dry 
period and had a 57 percent exceedance probability based on the single sample maximum 
WQOs. The total coliform geometric mean WQO was exceeded 100 percent of the time, while 
the enterococcus geometric mean WQO exceedance rate was 31 percent. Data were also 
provided for E. coli, which is the basis of the freshwater WQO. Even though the marine WQOs 
apply to the LAR Estuary, the E. coli data were compared to the freshwater WQO for 
comparison. The geometric mean E. coli WQO was exceeded 28 percent of the time while the 
single sample maximum WQO was exceeded by 16 percent of the samples. Given the limited 
spatial and seasonal representation of available data, trend analyses were not possible. Many 
storm drains contribute directly to the LAR estuary; however, flow from the LAR itself is the 
primary source of loading to the estuary. 

4 NUMERIC TARGETS 

These TMDLs include several numeric targets based on the Basin Plan bacteria objectives for 
marine waters designated for water contact recreation (REC-1) (LARWQCB, 2001). The 
objectives include geometric mean and single sample limits for indicator bacteria including fecal 
coliform, Enterococcus, and total coliform in marine waters.  Both single sample and geometric 
mean targets apply.   

The numeric targets for the Long Beach City Beaches and the LAR Estuary are the same as the 
adopted Basin Plan objectives for REC-1 in marine waters. All applicable numeric targets are 
contained in Table 3-1. These objectives are the same as those specified in the California Code 
of Regulations, Title 17, Section 7958 “Bacteriological Standards” and consistent with those 
recommended by the USEPA in “Ambient Water Quality for Bacteria – 1986” (USEPA, 1986). 
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Table 4-1. TMDL Numeric Targets 

Water Quality Objectives Marine REC-1 

Single Sample 

E. coli N/A 

Fecal coliform 400 CFU/100 mL 

Enterococcus 104 CFU/100 mL 

Total coliform* 10,000/100 mL 

Rolling 30-day Geometric Mean 

E. coli N/A 

Fecal coliform 200 CFU/100 mL 

Enterococcus 35 CFU/100 mL 

Total coliform 1,000 CFU/100 mL 
*Total coliform shall not exceed 1,000/100 mL, if the ratio of fecal to total 
coliform exceeds 0.1 (this is an additional single sample limit for REC-1 marine 
waters; presented in the Basin Plan). 
N/A: not applicable 

For the TMDL, USEPA recommends the numeric targets apply to existing monitoring sites as 
well as any new monitoring locations in the ambient water. For the estuary, USEPA 
recommends the numeric targets apply in the ambient water.  These targets should apply during 
both dry and wet-weather since there is water contact recreation throughout the year. 

4.1 IMPLEMENTATION OF THE NUMERIC TARGETS 
To implement the single sample bacteria objectives for waters designated REC-1, and to set 
allocations based on the single sample targets, an allowable number of exceedance days is 
set for marine waters. See Section 6 for exceedance day calculations. The numeric targets in the 
TMDLs are translated to ‘allowable exceedance days’ since bacterial density and the frequency 
of exceedances is most relevant to public health. The US EPA allows states to select the most 
appropriate measure to express the TMDL, and allowable exceedance days are considered an 
‘appropriate measure’ consistent with the definition in 40 CFR 130.2(i).  

The number of allowable single sample maximum exceedance days is based on two criteria: (1) 
bacteriological water quality at any site is at least as good as at a designated reference site, and 
(2) there is no degradation of existing bacteriological water quality if historical water quality at a 
particular site is better than the designated reference site. Applying these two criteria allows the 
Regional Board to avoid imposing requirements to treat natural sources of bacteria from 
undeveloped areas. This approach, including the allowable exceedance levels during dry weather 
and wet weather, is consistent with that used in other bacteria TMDLs previously approved in 
this region. The geometric mean targets, which are based on a 30- day period, must be strictly 
adhered to and may not be exceeded at any time. 
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4.2 CONSIDERATION OF OTHER ALTERNATIVES 
Consistent with other bacteria TMDLs previously approved in this region, the exceedance day 
approach is one of three alternatives considered for setting allocations to achieve the water 
quality standards.  Some of these alternatives recognize that there are natural sources of bacteria, 
which may cause or contribute to exceedances of the water quality objectives for bacteria 
indicators (Schiff et al., 2005). The Regional Board acknowledges in the implementation 
provisions for the bacteria objectives in the Basin Plan that it is not the intention of the Regional 
Board to require treatment or diversion of natural water bodies or to require treatment of natural 
sources of bacteria from undeveloped areas. 

Alternative 1 requires strict application of the water quality objectives as listed in the Basin Plan 
with no allowable exceedances. This alternative is not recommended. Strict application of 
objectives would fail to consider natural sources of bacteria and require treatment in excess of 
natural water quality levels. 

Alternative 2 is a natural sources exclusion approach. Based on the implementation provisions 
for the bacteria objectives contained in the Basin Plan, this approach requires an identification 
and quantification of naturally-occurring sources of bacteria. Additionally, prior to applying this 
implementation approach, all anthropogenic sources must be controlled such that they do not 
cause or contribute to exceedances of the bacteria objectives. Once quantified, natural source 
levels become the baseline bacteria level. The exceedances caused by natural sources are used to 
quantify the allowable exceedance frequency and becomes the allowable exceedance frequency. 
However, information sufficient to quantify all naturally-occurring sources of indicator bacteria 
does not exist at this time. 

For this TMDL, we chose alternative (3), the exceedance day approach.  Alternative (3) is the 
recommended alternative because this alternative allows the Regional Board to avoid imposing 
requirements to divert natural coastal creeks or treat natural sources of bacteria from 
undeveloped areas. This approach includes allowable exceedance levels during dry weather and 
wet weather. This approach will be explored in greater detail in latter parts of the TMDL.  The 
number of allowable exceedance days is calculated from reference reaches while observing strict 
antidegradation policies. Targets will apply at compliance monitoring locations (17 CCR 
§7961(b)). 

5 SOURCE ASSESSMENT 

The objective of the source assessment is to identify potential sources of bacteria to the impaired 
waterbodies. Generally, sources of bacteria are consistent during both wet and dry weather 
conditions; however, transport mechanisms vary between the two conditions. For example, 
bacteria deposited on surfaces can accumulate during dry weather, but during runoff events (e.g. 
rainfall events or due to irrigation overspray), bacteria can wash from surfaces and ultimately 
into receiving waters. Pollutants can enter surface waters from both point and nonpoint sources. 
Point sources include discharges from a discrete human-engineered outfall. These discharges are 
regulated through NPDES permits. Nonpoint sources, by definition, include pollutants that reach 
surface waters from a number of diffuse land uses and activities that are not regulated through 
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NPDES permits. In Los Angeles County, urban runoff is regulated through stormwater NPDES 
permits and, since it is collected, conveyed and discharged through the municipal separate storm 
sewer system (MS4), urban runoff is considered point source pollution.  

To assist with the source assessment, a regional hydrodynamic computer model, originally 
developed for the Los Angeles/Long Beach Harbor TMDLs (LARWQCB, 2011), was used to 
evaluate regional sources of freshwater (and pollutants) to the LBC beaches. This model was 
used to identify conditions during which nearby waterbodies have the potential to impact the 
impaired LBC beaches. The regional modeling analysis of adjacent watersheds is presented 
below, followed by a discussion of local sources of bacteria to the LBC beaches and the LAR 
Estuary, including an identification of point and nonpoint sources located in the direct drainage 
areas. 

5.1 REGIONAL ANALYSIS OF ADJACENT DRAINAGES 
Due to its close proximity, the LBC beaches have the potential to be impacted by other 
waterbodies discharging to the San Pedro Bay. Specifically, the SGR, LAR, and Alamitos Bay 
watersheds (collectively termed ‘adjacent drainages’) discharge not directly to, but in close 
proximity to, the LBC beaches, as does the LAR Estuary direct drainage (Figure 5-1 [note: 
Alamitos Bay watershed is located within the nearshore watershed on this map; the nearshore 
watershed also includes the LBC beaches and LAR Estuary direct drainages]). To evaluate this 
potential relationship, recent modeling efforts associated with the Los Angeles/Long Beach 
(LA/LB) Harbors toxics TMDLs (Tetra Tech, 2011; LARWQCB, 2011) were used to evaluate 
conditions in the receiving waters near the LBC beaches. Specifically, the receiving water 
hydrodynamics including freshwater inflows were simulated and bacteria concentrations were 
qualitatively evaluated to identify regional sources of bacteria to the LBC beaches for TMDL 
source assessment. This analysis provided an important tool in determining the conditions during 
which the LAR and SGR watersheds could potentially contribute bacteria loadings to the LBC 
beaches.  

The model used in this TMDL source assessment effort was originally developed and calibrated 
for the LA/LB Harbor toxics TMDLs (LARWQCB, 2011) using the Environmental Fluids 
Dynamic Code (EFDC) (Hamrick, 1992; Hamrick and Wu; 1997; Park et al., 1995). EFDC is a 
general purpose modeling package for simulating one-, two-, and three-dimensional flow, 
transport, and bio-geochemical processes in surface water systems including rivers, lakes, 
estuaries, reservoirs, wetlands, and coastal regions. EFDC has been used extensively to support 
TMDL development throughout the country and it is capable of simulating hydrodynamics as 
well as pollutant fate and transport for bacteria as well as many other pollutants. The LA/LB 
Harbors model was calibrated for hydrodynamics, but not bacteria. To support these bacteria 
TMDLs, bacteria were added to the model using concentrations from recent monitoring by the 
County of Los Angeles, Department of Public Works. The purpose was to qualitatively simulate 
water circulation and the fate and transport of bacteria from the rivers to the beaches and identify 
conditions during which loads from the major rivers are influencing bacteria water quality at the 
LBC beaches. This process is described in more detail in Appendix D. 
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Figure 5-1. Watersheds draining to the Los Angeles/Long Beach Harbors and San Pedro Bay 
(note: impaired LBC beaches and LAR Estuary segments shown in red) 

5.1.1 Los Angeles River 
Located west of the LBC direct drainage and immediately upstream of the LAR Estuary direct 
drainage, the LAR watershed (over 800 square miles) is a potential source of bacteria to the 
impaired beaches and is most certainly a source of loading to the LAR Estuary. EFDC model 
output was evaluated for the three different TMDL seasons (both maximum and average 
conditions were reviewed for the wet weather season). These results suggest that loading from 
the LAR passes through the LAR Estuary and can reach the LBC beaches during wet weather 
events (especially extremely large events), depending on wind and tidal influences (Appendix 
D). Figure 5-2 illustrates the extent of enterococcus loading from the LAR and SGR/Alamitos 
Bay watersheds during the maximum wet weather event, including the surface concentrations 
along the LBC beaches. The red and orange shades have the highest concentrations. During the 
maximum wet weather event, the concentrations from the LAR were high and they ultimately 
reached the western LBC beaches with little dilution. The dry weather model results indicate that 
LAR bacteria concentrations during summer- and winter-dry weather conditions are relatively 
small and do not appear to reach the impaired beach segment. The model was not calibrated for 
bacteria, consequently there is uncertainty associated with the interpretation of these results 
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which were based on a visual evaluation of the continuous simulation periods.  See Appendix D 
for further description of the modeling results. 

Figure 5-2. Simulated enterococcus concentration (MPN/100mL) during maximum wet weather event 

A TMDL was recently developed for the LAR watershed to address elevated concentrations of 
indicator bacteria (LARWQCB, 2010a). In the LAR watershed bacteria TMDL, the potential 
impact by the LAR to the LBC beaches was acknowledged (note: this corroborates information 
presented in the City of Long Beach source tracking study [2009]) and implementation efforts to 
minimize its impact on the LBC beaches were given highest priority for TMDL implementation. 
Significantly improved water quality is expected at the LBC beaches well before the complete 
implementation of the LAR TMDL since implementation efforts identified to have positive 
impacts on the LBC beaches are scheduled to be completed within eight years of the effective 
Los Angeles River TMDL date (LARWQCB, 2010a). These implementation efforts are also 
expected to improve water quality in the LAR Estuary.  
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5.1.2 San Gabriel River and Alamitos Bay 
The San Gabriel River discharges to the southeast of the impaired beaches and drains a 
watershed of nearly 500 square miles. The Alamitos Bay watershed is a relatively small drainage 
of approximately 30 square miles located in between the LAR and SGR watersheds (to the 
northwest and east, respectively), east of the LAR Estuary direct drainage, and due north of the 
LBC direct drainage. This watershed ultimately drains to Alamitos Bay. Alamitos Bay and the 
SGR Estuary discharges are adjacent to one another and are located southeast of the impaired 
beaches. A breakwater separates the LBC beaches from the Alamitos Bay and SGR Estuary 
mouths (which are located on the east side of the breakwater; Figure 5-3). Alamitos Bay and the 
SGR Estuary are both currently listed as impaired by indicator bacteria. 

Based on the EFDC modeling results, the breakwater is shown to direct flow to the southeast, 
away from the LBC beaches during both summer- and winter-dry weather conditions. Even 
during wet weather events, the majority of the loading from the SGR Estuary and Alamitos Bay 
move towards the east and away from the LBC beaches. However, during extremely high flow 
events, especially if the wind and tidal influences are pushing towards the west and north, the 
loads from the SGR Estuary and Alamitos Bay may reach the eastern portion of the LBC 
beaches, thereby potentially contributing to the impairment. These results are discussed in more 
detail in Appendix D. 

Los Angeles Long Beach 
River Estuary Long Beach City Beaches 

Shoreline Marina 

Alamitos 
Bay San 

Gabriel 
River Breakwater 

Figure 5-3. Breakwater and Long Beach Shoreline Marina 
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5.2 IDENTIFICATION OF SOURCES IN THE DIRECT DRAINAGES 
A number of point and nonpoint sources have the potential to contribute bacterial loading to the 
impaired drainage areas. Point sources typically discharge at a specific location from pipes, 
outfalls, and conveyance channels (e.g., wastewater treatment plants or Municipal Separate 
Storm Sewer System (MS4s)). Point discharges into surface waters are regulated by the 
LARWQCB or SWRCB through WDRs which implement federal NPDES requirements. 
Nonpoint sources on the other hand are diffuse sources such as park lands or open space that 
have multiple routes of entry into surface waters (i.e., not through the MS4). 

Specific point sources potentially impacting the impaired drainage areas include: Phase II MS4s, 
Caltrans MS4 facilities, facilities operating under the Statewide General Industrial and 
Construction Stormwater Permits, and vessel discharges. Nonpoint sources may include: a 
beachside dog zone, waterfowl, re-growth and re-suspension, a marina and other human sources. 
Each of these sources is discussed in more detail in this section. 

5.2.1 Point Sources 
Point source pollution is defined by the Federal CWA § 502(14) as: any discernible, confined 
and discrete conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, 
well, discrete fissure, container, rolling stock, concentrated animal feeding operation, or vessel 
or other floating craft, from which pollutants are or may be discharged. 

Within the LBC beaches and LAR Estuary direct drainages, NPDES permits include MS4 
permits (for the County of Los Angeles and the City of Long Beach), the California Department 
of Transportation (Caltrans) stormwater permit, general construction stormwater permits, general 
industrial stormwater permits and general NPDES permits (Table 5-1). The locations of 
discharges authorized under the general construction stormwater, general industrial stormwater, 
and general NPDES permits are shown in Figure 5-4. In addition, the Vessel General Permit 
(VGP) applies to certain boats that may be present in and near the impaired waters.  Each point 
source is summarized below. 

Table 5-1. NPDES Permits Located in the Direct Drainages to the LBC beaches and LAR Estuary 

Number of Permits 
Type of NPDES Permit LBC Beaches Direct LAR Estuary Direct 

Drainage Drainage 

Municipal Stormwater 1 2 

California Department of Transportation 
Stormwater 0 1 

General Construction Stormwater 1 23 

General Industrial Stormwater 0 20 

Individual NPDES Permits (Minor) 0 0 

General NPDES Permits 0 3 

Vessel General Permit 1 1 

Total 3 50 
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Figure 5-4. Map of point sources in the LBC beaches and LAR Estuary direct drainages 

5.2.1.1 Stormwater Permits 
Stormwater runoff in the direct drainages is regulated through the City of Long Beach MS4 
permit, the Los Angeles County MS4 permit, the statewide stormwater permit issued to Caltrans, 
the statewide Construction Activities Stormwater General Permit, and the statewide Industrial 
Activities Stormwater General Permit. Additionally, the Los Angeles County MS4 permit 
regulates stormwater runoff in areas that surround the City of Long Beach and drain to either the 
Los Angeles or San Gabriel Rivers. The permitting process defines these discharges as point 
sources because the stormwater discharges from the end of a stormwater conveyance system (see 
Figure 5-5 for images of storm drains discharging near the LBC beaches). Since the industrial 
and construction stormwater discharges are enrolled under NPDES permits, these discharges are 
treated as point sources in these TMDLs. 
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Figure 5-5. Images of storm drains between South 5th Place and South 16th Place on Long Beach City 

Beaches from November 13, 2011 


5.2.1.1.1 MS4 Stormwater Permits 
In 1990, USEPA developed rules establishing Phase I of the NPDES stormwater program, 
designed to prevent pollutants from being washed by stormwater runoff into MS4s (or from 
being discharged directly into the MS4s) and then discharged into local waterbodies. Phase I of 
the program required operators of medium and large MS4s (those generally serving populations 
of 100,000 or more) to implement a stormwater management program as a means to control 
polluted discharges. 

Approved stormwater management programs for medium and large MS4s are required to address 
a variety of water quality-related issues, including roadway runoff management, municipally 
owned operations, and hazardous waste treatment. Large and medium MS4 operators are 
required to develop and implement Stormwater Management Plans that address, at a minimum, 
the following elements: 

• Structural control maintenance 
• Areas of significant development or redevelopment 
• Roadway runoff management 
• Flood control related to water quality issues 
• Municipally owned operations such as landfills, and wastewater treatment plants 
• Municipally owned hazardous waste treatment, storage, or disposal sites 
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• Application of pesticides, herbicides, and fertilizers 
• Illicit discharge detection and elimination 
• Regulation of sites classified as associated with industrial activity 
• Construction site and post-construction site runoff control 
• Public education and outreach 

City of Long Beach MS4 permit was revised on June 30, 1999 as Order No. R4-99-060 and is on 
a five-year renewal cycle. It solely covers the City of Long Beach and, therefore, all stormwater 
discharged within the LBC beaches direct drainage and much of the area draining to the LAR 
Estuary direct drainage. Additionally, the Los Angeles County MS4 Permit was renewed in 
December 2001 (Regional Board Order No. 01-182) and is on a five-year renewal cycle. There 
are 85 co-permittees covered under this permit, including 84 incorporated cities and the County 
of Los Angeles.  The Los Angeles County MS4 permit applies to stormwater discharged within 
the LAR Estuary direct drainage from the City of Signal Hill.  

5.2.1.1.2 Caltrans Stormwater Permit 
Caltrans is regulated by a statewide stormwater discharge permit that covers all municipal 
stormwater activities and construction activities (State Board Order No. 99-06-DWQ). The 
Caltrans stormwater permit authorizes stormwater discharges from Caltrans properties such as 
the state highway system, park and ride facilities, and maintenance yards. Caltrans has 
jurisdiction of some areas in the LAR Estuary direct drainage, but not in the LBC beaches direct 
drainage. 

The stormwater discharges from most of these Caltrans properties and facilities eventually end 
up in either a city or county storm drain. The loading of bacteria specifically from Caltrans 
properties have not been determined in the LAR Estuary direct drainage. However, USEPA can 
estimate the quantity of acres covered by state highways in the drainage. A conservative estimate 
is 128 acres, or approximately two percent of the LAR Estuary drainage area. This area 
represents Caltrans’ right-of-way that drains to the impaired areas subject to these TMDLs. This 
percentage does not represent all of the areas that Caltrans is responsible for under its stormwater 
permit. For example, park and ride facilities and maintenance yards were not included in the 
estimate; however, none of these facilities have been identified in the direct drainages using the 
GIS layers available from Caltrans.  

5.2.1.1.3 General Stormwater Permits 
In 1990, USEPA issued regulations for controlling pollutants in stormwater discharges from 
industrial sites (40 Code of Federal Regulations [CFR] Parts 122, 123, and 124) equal to or 
greater than five acres. The regulations require dischargers of stormwater associated with 
industrial activity to obtain a NPDES permit and to implement Best Available Technology 
Economically Achievable (BAT) to reduce or prevent non-conventional and conventional 
pollutants in stormwater discharges and authorized non-storm discharges. On December 8, 1999, 
USEPA expanded the NPDES program to include stormwater discharges from construction sites 
that resulted in land disturbances equal to or greater than one acre (40 CFR Parts 122, 123, and 
124). 
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On April 17, 1997, State Board issued a statewide general NPDES permit for Discharges of 
Stormwater Associated with Industrial Activities Excluding Construction Activities Permit 
(Order No. 97-03-DWQ). This Order regulates stormwater discharges and authorized non
stormwater discharges from ten specific categories of industrial facilities, including but not 
limited to, manufacturing facilities, oil and gas mining facilities, landfills, and transportation 
facilities. As of the writing of these TMDLs, there are 20 dischargers enrolled under the general 
industrial stormwater permit within the direct drainages (all drain to the LAR Estuary; Figure 
5-4). Potential pollutants from an industrial site will depend on the type of facility and 
operations that take place at that facility; however, industrial facilities are generally not expected 
to be significant sources of bacteria.   

During wet weather, runoff from industrial sites has increased potential to contribute pollutant 
loadings to the impaired areas. During dry weather, the potential contribution of bacteria 
loadings from industrial stormwater is low since non-stormwater discharges are prohibited or 
authorized by the permit only under the following circumstances: when they do not contain 
significant quantities of pollutants; where Best Management Practices (BMPs) are in place to 
minimize contact with significant materials and reduce flow; and when they are in compliance 
with Regional Board and local agency requirements. 

On August 19, 1999, State Board issued a statewide general NPDES permit for Discharges of 
Stormwater Runoff Associated with Construction Activities (Order No. 99-08-DQW).  On 
September 2, 2009 the State Board updated the permit (Order No. 2009-009-DWQ). As of the 
writing of these TMDLs, there are 23 construction sites enrolled under the general construction 
stormwater permit within the direct drainages (22 drain to the LAR Estuary and one site drains to 
the LBC beaches; Figure 5-4). Construction sites are generally not expected to be significant 
sources of bacteria; however, they are sources of sediment, which can transport bacteria. During 
wet weather, runoff from construction sites has the potential to contribute bacteria loadings; 
however, during dry weather, the potential contribution of bacteria loadings is low because 
discharges of non-stormwater are authorized by the permit only where they do not cause or 
contribute to a violation of any water quality standard and are controlled through implementation 
of appropriate BMPs for elimination or reduction of pollutants. 

5.2.1.2 Vessel General Permit 
The Vessel General Permit (VGP) was issued in response to a District Court ruling that vacated, 
as of February 6, 2009, a long-standing USEPA regulation that excluded the discharges 
incidental to the normal operation of a vessel from the need to obtain an NPDES permit (USEPA 
2010). Under the VGP, all non-recreational, non-military vessels must have a NPDES permit 
before they can legally discharge (and operate) in waters of the State. Specifically, the VGP 
applies to all non-recreational vessels of less than 79 feet or commercial fishing vessels of any 
size that discharge ballast water. Furthermore, if a vessel is greater than or equal to 300 gross 
tons or, has a capacity to hold or discharge more than eight cubic meters (2,113 gallons) of 
ballast water, they must submit a Notice of Intent (NOI), while vessels under this limit 
automatically receive coverage. Ultimately, the VGP incorporates the USCG’s mandatory ballast 
water management and exchange standards, adds additional ballast water management practices 
and provides effluents limits for other discharges (USEPA 2010). In total, the VGP applies to 26 
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discharges that are incidental to the normal operation of a vessel, including storm water run-off 
from the deck, graywater from showers, sinks and laundry, ballast water and bilgewater. 

More recently, in 2010 the USEPA and the USCG signed a memorandum of understanding 
(MOU) that outlined steps the agencies would take to coordinate efforts to prevent and enforce 
illegal discharges of pollutants from vessels including cruise ships and oil tankers. Under the 
MOU, the USCG has incorporated inspection protocols and procedures to address vessel 
discharge including a framework for data tracking, training, monitoring, enforcement and 
industry outreach (USEPA, 2010). 

Specific to this TMDL, the discharge of bilgewater and ballast water has the potential to 
contribute concentrations of bacteria to the receiving waters, and nearby beaches. Large ship 
docking areas are located near the southern corner of the LAR Estuary/Queensway Bay.  
Discharge, however, of bilgewater and ballast water to Harbor waters is prohibited. 

5.2.1.3 Other NPDES Permits 
There are two types of NPDES permits: individual and general permits.  An individual NPDES 
permit is classified as either a major or a minor permit.  Other than the MS4 and Caltrans 
stormwater permits, there are no major individual NPDES permits in the direct drainages.  The 
discharge flows associated with minor individual NPDES permits and general NPDES permits 
are typically less than 1 million gallons per day (MGD). General NPDES permits often regulate 
episodic discharges (e.g., dewatering operations) rather than continuous flows.  

5.2.1.3.1 Minor Individual NPDES Permits 
There are no minor individual dischargers to the LCB beaches and LAR Estuary. 

5.2.1.3.2 General NPDES Permits 
Pursuant to 40 CFR parts 122 and 123, the State Board and the Regional Boards have the 
authority to issue general NPDES permits to regulate a category of point sources if the sources: 
involve the same or substantially similar types of operations; discharge the same type of waste; 
require the same type of effluent limitations; and require similar monitoring.  The Regional 
Board has issued general NPDES permits for six categories of discharges: construction and 
project dewatering; petroleum fuel cleanup sites; volatile organic compounds (VOCs) cleanup 
sites; potable water; non-process wastewater; and hydrostatic test water.  There are 3 facilities 
with General NPDES permits in the direct drainages.  Only one of the six categories, 
construction and project dewatering, apply to these facilities. 

5.2.1.4 Sanitary Sewer Overflows and Private Lateral Sewer Discharges 
Sanitary sewer overflows (SSOs) and private lateral sewer discharges (PLSDs) are regulated 
under NPDES permits, and are considered point sources.  Overflows from the sanitary sewer 
systems, referred to SSOs, are regulated by the Statewide General Waste Discharge 
Requirements for Sanitary Systems (WQO No. 2006-0003-DWQ). Depending on the pattern of 
land use in the area serviced by the sanitary sewer system, SSOs contain domestic wastewater or 
industrial and commercial wastewater. Containing high levels of suspended solids, pathogenic 
organisms such as bacteria, toxic pollutants, nutrients, oxygen-demanding organic compounds, 
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oil and grease and other pollutants, SSOs can cause a public nuisance, particularly when raw 
untreated wastewater is discharged to areas with high public exposure (SWRCB, 2006b). There 
are two classifications of SSOs, Category 1 and Category 2. A Category 1event is defined by a 
discharge of sewage which (1) equals or exceeds 1,000 gallons, or (2) a discharge of sewage to a 
surface water and/or drainage channel, or (3) a discharge of sewage to a storm drain that was not 
fully captured and returned to the sanitary sewer system. A Category 2 event is defined as any 
discharge of sewage which does not meet the criteria for Category 1. Category 1 spills represent 
a greater threat to public health relative to Category 2 spills (SWRCB, 2011). As an example of 
the frequency and potential impact of SSOs, from January 1, 2011 to December 31, 2011, there 
were a total of six SSOs reported in the LAR Estuary direct drainage (none in the LBC beaches 
direct drainage) (Figure 5-6 and Table 5-2). One of these was a Category 1 spill, from which 
6,000 gallons of untreated sewage was discharged into surface waters, while the remaining five 
were Category 2 spills, totaling 1,520 gallons of untreated sewage (SWRCB, 2011). 

Figure 5-6. 2011 SSOs and PLSDs in the direct drainages 
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Table 5-2. Summary of SSO and PLSD Events in the Direct Drainages (2011) 
Event 
Type 

Event 
Category 

Spill 
Date Latitude Longitude 

Spill Volume 
(gallons) 

Percent 
Recovered Spill Cause 

PLSD 2 01/09/11 33.778224 -118.187048 100 100% Root intrusion 

SSO 2 01/23/11 33.780741 -118.166016 150 100% Grease deposition 

SSO 1 01/29/11 33.795897 -118.176375 6,000 100% Grease deposition 

SSO 2 02/20/11 33.780753 -118.170318 195 100% Grease deposition 

SSO 2 04/05/11 33.786254 -118.195709 875 100% Grease deposition 

SSO 2 04/20/11 33.778872 -118.188014 100 100% Debris-General 

SSO 2 06/18/11 33.789939 -118.194444 200 100% Grease deposition 

According to the SWRCB, PLSDs are spill incidents reported by the sewer collection system 
operators for which the collect systems are not legally responsible (e.g. third-party source spills 
which enter the collection system pipelines) (SWRCB, 2011). Similar to SSOs, there are two 
classifications of PLSDs, Category 1 and Category 2. A Category 1event is defined by a 
discharge of sewage which (1) equals or exceeds 1,000 gallons, or (2) a discharge of sewage to a 
surface water and/or drainage channel, or (3) a discharge of sewage to a storm drain that was not 
fully captured and returned to the sanitary sewer system. A Category 2 event is defined as any 
discharge of sewage which does not meet the criteria for Category 1. Category 1 PLSDs 
represent a greater threat to public health relative to Category 2 spills (SWRCB, 2011). From 
January 1, 2011 to December 31, 2011, there was one Category 2 PLSO reported in the LAR 
Estuary direct drainage (none in the LBC beaches direct drainage), from which 100 gallons of 
untreated sewage was discharged into surface waters (Figure 5-6 and Table 5-2) (SWRCB, 
2011). 

5.2.2 Nonpoint Sources 
A nonpoint source is a source of pollution that discharges via sheet flow or natural discharges. 
Nonpoint source loadings represent a diffuse form of water pollution from various natural and 
anthropogenic sources that accumulate in a watershed and are most often transported to the 
waterbody via runoff from rainfall. Examples of typical nonpoint sources include agricultural 
practices, atmospheric deposition, weathering and erosion of susceptible materials (including 
mine tailings and waste rock), animal wastes, and, street and urban debris. Nonpoint sources of 
bacteria identified in the LBC direct drainage to the LBC beaches include natural sources, a 
beachside dog zone, a marina, waterfowl, sediment re-growth and persistence and human sources 
(recreators or homeless persons). These potential sources are summarized below. 

5.2.2.1 Dog Zone 
Recreational uses within the impaired LBC beaches include a “dog zone” or dog-friendly beach 
area located near the Belmont Pier, between Roycroft and Argonne Avenue. The dog zone is 
neither fenced nor dedicated solely as a ‘dog beach’ and so, poor pet-waste management within 
the dog zone is a potential source of bacteria to the LBC beaches. 
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5.2.2.2 Recreational Vehicle Park 
The Golden Shores recreational vehicle (RV) park is located next to the Golden Shore Marine 
Biological Preserve and offers 80 sites for RVs (Figure 5-7).  The mobile home park also has a 
picnic area and accommodates up to two dogs per RV.  Direct waste disposal from the kitchens 
and bathrooms of the RVs, and improper pet waste management on site is a potential source of 
bacteria to the LAR Estuary. 

Figure 5-7. View of Golden Shores RV Park next to LAR Estuary 

5.2.2.3 Marina 
The Long Beach Shoreline Marina is a 1,764 slip marina for recreational boaters (Figure 5-8) 
located near the mouth of the LAR Estuary and immediately west of the LBC beaches (Figure 
5-3). Activities at the marina can cause bacteria loading, which may impact the LAR Estuary and 
the LBC beaches, depending on tides, currents, wind, and freshwater inflow conditions. These 
activities include boat deck and slip washing, which results in washing bird feces off the docks 
and into receiving waters. Direct waste disposal from boats are another potential source of 
bacteria. Specifically, if boats do not use pump-out facilities (which are available free of charge 
and open 24 hours per day) to manage their septic and holding tanks, they may discharge into the 
marina waters, which could then contribute loading to the LAR Estuary and the LBC beaches. 
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Figure 5-8. Long Beach Shoreline Marina 

5.2.2.4 Waterfowl 
Birds were identified as a potential source of bacteria to lower reaches of the Los Angeles River. 
Specifically, the TMDL states that the lower seven-miles of the River are one of the most 
important shorebird stopover sites in southern California (LARWQCB, 2010a). In addition, bird 
watching is a common activity in the LAR Estuary, particularly in the Golden Shore Marine 
Biological Reserve, located along the eastern bank of the estuary. This nine-acre reserve, 
developed in 1997 as mitigation for surrounding development, offers unique habitat and has been 
identified as one of the best bird-watching locations in the region. Due to the proximity to these 
areas, it is likely that birds are also a potential source of bacteria to the LBC beaches. In addition, 
research has documented the presence of FIB in feces of seagulls (Grant et al., 2001) and pigeons 
(Oshiro et al., 1995) that tend to congregate near shorelines. Furthermore, research conducted in 
Avalon Bay indicated bird feces as a potentially significant source of bacteria relative to other 
nuisance flows (Boehm et al., 2003) and research conducted on LBC beaches concluded that 
ponds fronting storm drains along the impaired LBC beaches were found to be heavily utilized 
by birds which contributed to significant increase in concentrations of enterococcus bacteria 
(City of Long Beach, 2009). Accordingly, waterfowl are a potential source of bacteria to the 
LBC beaches and LAR Estuary; however, natural sources (such as waterfowl) of bacteria are 
accounted for under the reference system approach for bacteria. 

5.2.2.5 Re-growth, Resuscitation and Persistence 
Research has identified re-growth and/or persistence of FIB in beach sand in southern California 
as a potential source of FIB to beach water (Lee et al., 2006; Yamahara et al., 2007). Specific to 
the LBC beaches, concentrations of total coliform in LBC beach sand were found to be elevated 
relative to other published studies, and concentrations of E. coli were found to be consistent with 
these studies (City of Long Beach, 2009). Additionally, resuscitation is the process of a viable
but-nonculturalable bacteria becoming culturable. Resuscitation can occur after injury (but not 
death) by treatment or other environmental stressors.  For example, a field study in Orange 
County concluded that bacteria were resuscitated to a degree after dry weather runoff was UV-
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treated (LARWQCB, 2010a). Moreover, the extended persistence of bacteria has also been 
demonstrated in beach sand and elevated concentrations found in algal mats (Whitman et al, 
2003). Specific to the LBC beaches duckweed was shown to harbor concentrations of E. coli and 
enterococcus roughly three to six orders of magnitude greater than the respective underlying 
water (City of Long Beach, 2009). Although contribution from re-growth/resuscitation and 
persistence are a potential source of bacteria to the LBC beaches, the reference system process 
used to develop this TMDL considers natural sources. 

5.2.2.6 Human Sources 
The LBC beaches are completely accessible to the public; including both the LBC beaches and 
the Alamitos Bay, there are approximately seven miles of public beach that may be visited by 
over 50,000 people during the summer months. Water contact can wash bacteria from skin and 
into the receiving water. In addition, direct human waste may be discarded occasionally by 
recreational users, children and/or transient populations. Improperly discarded or managed trash 
can also contribute bacteria loading. Restroom facilities are available in several locations along 
the beach, but depending on the type and frequency of maintenance procedures they are a 
potential source of bacteria (Figure 5-9). Due to the number of beach visitors, human sources of 
bacteria likely contribute to elevated concentrations bacteria. 

Figure 5-9. Bathroom facilities near Long Beach Lifeguard Headquarters 

5.3 SUMMARY OF BACTERIA SOURCES TO THE IMPAIRED DRAINAGES 
Sources contributing to the LBC beaches and LAR Estuary include MS4 permittees, Caltrans 
facilities, vessels covered under the VGP, facilities operating under the Statewide General 
Industrial and Construction Storm Water permits, general NPDES permits, and various nonpoint 
sources. Sources such as runoff from urban development, commercial shipping, and potential 
discharges from the industrial or construction permittees along the waterfront have been 
identified as likely sources of toxic pollutants in the impaired drainage areas.  Table 5-3 provides 
a summary of likely sources contributing to the impairments in both shoreline areas. 
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Table 5-3. Summary of Sources within the TMDL Impaired Drainage Areas 

Point Source 

Impaired Drainage 

LBC Beaches Direct 
Drainage 

LAR Estuary Direct 
Drainage 

MS4 Dischargers w w

Caltrans w

Vessel Discharge Permit w w

General Industrial & Construction 
Storm Water Dischargers w w

General NPDES w

Sanitary and Private Lateral Sewer 
Overflows w w

Various Nonpoint Sources w w

LINKAGE ANALYSIS 

Information regarding the sources of bacteria provides but one part of the TMDL equation. To 
determine the effects of these sources on the quality of receiving waters, it is necessary to 
determine the assimilative capacity of the receiving water. The technical analysis of the 
relationship between pollutant loading from identified sources and the response of the waterbody 
to this loading is referred to as the linkage analysis. The purpose of the linkage analysis is to 
quantify the maximum allowable bacteria loading that can be received and assimilated at the 
LBC beaches and LAR Estuary, thus ensuring the beaches will still attain the WQOs associated 
with their applicable beneficial uses. This numeric value is represented by the TMDL.  

Since the transport of bacteria to receiving waters varies between wet and dry conditions, 
different technical approaches were developed to be consistent with the processes occurring 
during either condition; this process is consistent with other TMDLs adopted in the Los Angeles 
Region (LARWQCB, 2002a, 2002b, 2005a, 2005b, 2006). These TMDLs are split into three 
weather conditions and the appropriate wet or dry weather approach is applied to each condition. 
Specifically, wet weather is defined as any day with 0.1 inches of rain or more and the following 
three days. The wet-weather linkage analysis described below for this TMDL applies to this 
condition and is based on computer models that simulated watershed loading based on land use 
(see Appendix B for additional detail). Alternatively, the dry-weather linkage presented below 
applies to all remaining days and is based on an area-weighted equation related to total drainage 
area and dry weather flow (see Appendix C for additional detail). Specifically, dry weather 
periods are defined as winter dry (any non-wet weather day from November 1st through March 
31st) or summer dry (any non-wet weather day from April 1st through October 31st). The 
following sections provide a discussion regarding the approaches selected for analysis of both 
dry and wet conditions.  
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6.1 DRY-WEATHER ANALYSIS 
Dry weather flows to the LBC beaches and LAR Estuary are likely dominated by groundwater 
inflow and discharges to the stormwater conveyance system from illicit connections, excess 
irrigation, and other residential and commercial practices (since no waste water reclamation 
plants (WWRPs) exist within the LBC direct drainage). Although dry-weather flows are 
substantially less than stormflows in the region, their long-term contribution of pollutants can be 
substantial (McPherson et al., 2005; Stein and Ackerman, 2007). 

Flow measurements were non-existent at storm drains discharging to the LAR Estuary and 
limited at the storm drains draining to the LBC beaches. Because the available data covered such 
a brief period of time, a technical approach based on more data covering a broader time period 
was identified. The City of Long Beach provided new data associated with dry weather flow 
studies to the Colorado Lagoon and Belmont Pump (City of Long Beach, 2006; Stevenson, 
2012). These data were originally collected to evaluate the potential installation of dry weather 
flow diversions. The Colorado Lagoon and Belmont Pump dry weather data were collected from 
2005 (Colorado Lagoon) to 2011 (Belmont Pump had data from 2009-2011), representing a total 
of four dry weather seasons. The 2005 data for Colorado Lagoon were based on the sum of the 
daily dry weather flow collected at four stations over a 20-day period (City of Long Beach, 
2006). For the Belmont Pump station, the total gallons discharged over several dry season (2009
2011) months were divided by the associated dry weather days, resulting in an average flow in 
gallons per day (Stevenson, 2012). Both the Colorado Lagoon and Belmont Pump data were 
presented on an area-weighted basis (gallons per acre per day), by dividing the average flow 
rates by the associated drainage areas (1,172 acres for Colorado Lagoon and 203 acres for 
Belmont Pump) (see Appendix C).  

The median of these area-weighted flow rates is 104.3 gallons per acre per day. This value was 
used to calculate dry weather flows from each of the basins in the direct drainages. Specifically, 
dry-weather flows for all direct drainage areas were estimated based on the following equation 
(5.1), which uses the median area-weighted dry weather flow rate: 

Flow = 104.3 (Total Area) (Equation 5.1) 

where, Flow is in gallons per day and Total Area is in acres. Additional details regarding specific 
land use in the LBC beaches and LAR Estuary direct drainages are provided in Appendix C.  

Using the flow estimates derived from the equation above (5.1) and bacteria concentrations 
associated with monitoring data, the dry weather existing bacteria loading to the LBC beaches 
and LAR Estuary were quantified using equation 5.2 below. 

Bacteria concentration Flow (cfs) Conversion factor = Load (CFU) per day (Equation 5.2) 

Where, the bacteria concentration equals the observed geometric mean (in CFU/100 mL), the 
Flow (in cubic feet per second [cfs]) is derived from regression above (5.1), and the conversion 
factor below (5.3) is used to convert the product of these values to CFU/day: 

24,465,888 = Conversion Factor (Equation 5.3) 
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Table 6-1. Calculated Dry Weather Flows and Existing Loads for the LBC Beaches and LAR Estuary Direct 
Drainages 

Direct Drainage 
(Storm Drain Outfall) Flow (cfs) Geomean 

(CFU/100 mL) 
Existing Load 

(E. coli CFU/day) 

LBC Beaches 

9th Place (SD-3) 0.008 8,947 1.65E+09 

Molino Avenue (SD-1) 0.033 4,507 3.61E+09 

Redondo Street (SD-2) 0.020 1,316 6.42E+08 

36th Place (SD-4) 0.003 6,680a 4.68E+08 

West Belmont (SD-5) 0.018 9,085 4.09E+09 

LAR Estuary 
LARE-1 0.010 6,680a 1.66E+09 

LARE-2 0.025 6,680a 4.10E+09 

LARE-3 0.002 6,680a 2.89E+08 

LARE-4 0.021 6,680a 3.39E+09 

LARE-5 0.028 6,680a 4.59E+09 

LARE-6 0.068 6,680a 1.12E+10 

LARE-10 0.176 6,680a 2.87E+10 

LARE-11 0.002 6,680a 3.78E+08 

LARE-12 0.301 6,680a 4.91E+10 

LARE-13 0.203 6,680a 3.32E+10 

LARE-14 0.092 6,680a 1.50E+10 

LARE-15 0.051 6,680a 8.28E+09 
a Geometric mean of all available storm drain data (at four sampled locations) used to represent existing concentrations at SD-4 and 
LARE 1-15 

The results of the analyses were used to estimate dry weather bacteria loading rates by subbasin 
in number of bacteria (CFU) per day, as shown in Figure 6-1 (see also Appendix C). Of concern, 
in the LBC beaches direct drainage, despite not having the largest flow, the West Belmont Pier 
drainage is estimated to discharge the greatest dry weather load due to its high geometric mean 
concentration. That location is followed closely, in terms of dry weather loading, by the Molino 
Avenue drainage. Since dry weather loading from the West Belmont Pier does not relate to flow 
as well as the loadings from other subbasins do, it is likely that other localized sources of 
bacteria exist within this drainage (e.g., dog parks, cross connections, etc.). 

No monitoring data were available for the individual LAR Estuary subbasins; therefore, the 
loading potential is directly related to total land area. For this reason, the largest subbasins 
resulted in the greatest dry weather loading. As an example, subbasin 12 has the largest total 
area, and therefore, was simulated to create the greatest discharge of both flow and bacteria. 
Subbasins with the greatest loading potential are shown in dark red in Figure 6-2. It is important 
to note that the loading presented in this map is cumulative, so the load associated with a 
downstream subbasin includes the loading from all upstream subbasins; however, as previously 
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discussed, these loads do not include loading from the freshwater Los Angeles River (which are 
addressed in a separate TMDL [LARWQCB, 2010]). Dry weather existing loads of E. coli from 
the LAR Estuary direct drainage are approximately 1% of the dry weather loads from the Los 
Angeles River, which is expected given the difference in land area (6,065 acres for the LAR 
Estuary direct drainage compared to 528,000 acres for the freshwater drainage of the Los 
Angeles River). 

Figure 6-1. LBC 
beaches direct drainage dry weather loading 
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Figure 6-2. LAR 
Estuary direct drainage dry weather loading 

6.2 WET-WEATHER ANALYSIS 
Water quality monitoring data alone were not sufficient to fully characterize all sources of 
bacteria in the impaired watershed. Urban runoff is considered a controllable source of pollutants 
to the impaired LBC beaches; therefore, an accurate representation of watershed sources was an 
important consideration in selecting the appropriate modeling framework. The model selected to 
develop this TMDL addresses the major source categories for effective TMDL implementation.  

To assess the link between sources of bacteria and impairment of the receiving waters, a 
modeling system was utilized that simulates land-use based sources of bacteria and the 
hydrologic and hydraulic processes that affect delivery. 

USEPA’s Loading Simulation Program C++ (LSPC) (Shen et al., 2004; USEPA, 2003a) was 
used to represent the hydrologic and water quality conditions in the LBC beaches and LAR 
Estuary direct drainages. LSPC is a component of USEPA’s TMDL Modeling Toolbox (USEPA, 
2003b), which has been developed through a joint effort between USEPA and Tetra Tech, Inc. It 
integrates a comprehensive data storage and management capability, a dynamic watershed model 
(a re-coded version of USEPA’s Hydrological Simulation Program – FORTRAN [HSPF] 
[Bicknell et al., 2001]), and a data analysis/post-processing system into a convenient PC-based 
windows interface that dictates no software requirements. 
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LSPC is capable of representing loading, in-stream processes, and both flow and water quality 
from non-point and point sources. LSPC can simulate flow, sediment, bacteria, nutrients, 
pesticides, and other conventional pollutants for pervious and impervious lands and waterbodies. 
The model has been successfully applied and calibrated in Southern California for the Los 
Angeles River, the San Gabriel River, Dominguez Creek (original model by SCCWRP), the 
direct shore watersheds draining to Los Angeles/Long Beach Harbor, the San Jacinto River, and 
multiple watersheds draining to impaired beaches of the San Diego Region. For the LBC beaches 
and LAR Estuary, LSPC was used to simulate bacteria and determine loads. 

Previous wet-weather watershed modeling and TMDL efforts by Tetra Tech and the SCCWRP 
have led to the development of a regional watershed modeling approach to simulate hydrology 
and pollutant transport in the Los Angeles Region. The regional modeling approach assumes that 
pollutant loadings can be dynamically simulated based on hydrology and fate and transport from 
land uses in a watershed. Both small-scale land use sites and, larger watersheds in the Los 
Angeles Region were used to develop the regional modeling approach. SCCWRP developed 
watershed models, based on HSPF (Bicknell et al., 2001), of multiple homogeneous land use 
sites in the region. Sufficient stormflow and water quality data were available at these locations 
to facilitate calibration of land-use-specific HSPF modeling parameters. These parameters were 
validated in an additional HSPF model of Ballona Creek (Ackerman et al., 2005; SCCWRP, 
2004), and similar models of the Los Angeles River (Tetra Tech, Inc., 2004), San Gabriel River 
(Tetra Tech, Inc., 2005), and the Los Angeles/Long Beach Harbor (Tetra Tech, Inc., 2006) using 
LSPC. These models were used to calculate TMDLs for each of these waterbodies (LARWQCB, 
2005a, 2005b, 2006, 2011). 

The watershed model represented the variability of wet-weather runoff source contributions 
through dynamic representation of hydrology and land practices. It included all point and non-
point source contributions. Key components of the watershed modeling include: 

• Watershed segmentation/delineation 
• Meteorological data 
• Land use representation 
• Soils 
• Reach characteristics 
• Point source discharges 
• Hydrology representation 
• Pollutant representation 

These components provided the basis for the model’s ability to estimate flow and bacteria 
loading; refer to Appendix B for complete discussion of the components. The model was 
configured for sub-basins draining to the LBC beaches and LAR Estuary as shown in Figure 3-2 
and Figure 3-4, respectively. 

Loading processes for bacteria (E. coli) were represented for each subbasin through the 
simulation of quality constituents for pervious (PQUAL) and impervious (IQUAL) land 
segments within each respective subbasin.  Consistent with the LAR freshwater bacteria TMDL, 
event mean concentrations for E. coli, based on historical monitoring, were applied as surface 

Long Beach City Beaches and Los Angeles River Estuary Bacteria TMDLs 40 

RB-AR37683



            
 

        
         

               
 

                
           

               
              
    

 

         

     

 

      

      

      

      

     

        

 

               
          

            
            

             
            

             
           
           

            
          

             
           

            
                

             
       

 
 

outflow and interflow concentrations (LARWQCB, 2010a). Additionally, consistent with recent 
studies (Cleaner Rivers through Effective Stakeholder TMDLs [CREST], 2010), a decay rate of 
0.2 per day was applied to bacteria concentrations to account for decay and die-off of bacteria. 

The results of the model were used to estimate wet weather bacteria loading rates by sub-basin in 
number of bacteria (MPN) per day. Specifically, Table 6-2 presents results from the modeled 
daily wet weather bacteria loading rates in number of bacteria (MPN) per day (note: only the 
total loading to the LAR Estuary is presented because the modeled loads are cumulative to the 
final discharge point). 

Table 6-2. Existing Daily Wet-Weather E. coli Load (Modeled) within Direct Drainage Subbasins 

Direct Drainage Subbasin Wet Weather E. coli Load 
(MPN/day) 

LBC Beaches 

9th Place 4.40 x 1010 

Molino Avenue 1.66 x 1011 

Redondo Street 1.50 x 1011 

36th Place 1.12 x 1010 

West Belmont Pier 1.03 x 1011 

LAR Estuary Total Direct Drainage 1.21 x 1014 

Figure 6-3 and Figure 6-4 illustrate a cumulative gradient of loading by model subbasin for the 
LBC beaches and LAR Estuary, respectively (see also Appendix B). As shown, for the LBC 
beaches the model quantified the greatest wet weather loadings from the Molino Avenue 
subbasin. That particular subbasin comprises the largest area and also has the highest flow; 
therefore, this watershed is expected to produce the greatest bacteria load of the five subbasins. 
Alternatively, the 36th Place drainage represents the smallest area and least amount of flow and, 
as expected, is modeled to produce the smallest wet weather bacteria load of the five drainages. 
The total existing load to the LAR Estuary is approximately three orders of magnitude above 
LBC beaches drainages, which is expected given its larger size (and therefore, higher flow) and 
greater proportion of commercial land, which had the highest E. coli EMC values based on 
historical monitoring. In addition, the LAR Estuary direct drainage loads do not include loading 
from the freshwater Los Angeles River (which are addressed in a separate TMDL [LARWQCB, 
2010]). Similar to the dry weather loading comparisons presented above, wet weather existing 
loads of E. coli from the LAR Estuary direct drainage are approximately 1% of the wet weather 
loads from the Los Angeles River. This is expected due to the difference in land area between the 
two drainages (6,065 acres for the LAR Estuary direct drainage compared to 528,000 acres for 
the freshwater drainage of the Los Angeles River). 
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Figure 6-3. LBC beaches direct drainage wet weather loading 
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Figure 6-4. LAR 
Estuary direct drainage wet weather loading 

TOTAL MAXIMUM DAILY LOADS AND ALLOCATIONS 

Federal regulations (40 CFR 130.7) require that TMDLs include load allocations (LAs) and 
waste load allocations (WLAs), and that the individual sources for each must be identified and 
enumerated. The TMDL for a given pollutant and waterbody is the total amount of pollutant that 
can be assimilated by the receiving water while still achieving WQOs. Once calculated, the 
TMDL is equal to the sum of individual WLAs for point sources, and LAs for both nonpoint 
sources and natural background levels. In addition, the TMDL must include a margin of safety 
(MOS), either implicitly or explicitly, to account for the uncertainty in the relationship between 
pollutant loads and the quality of the receiving water. Conceptually, this definition is represented 
by the equation: 

TMDL = ∑ WLAs + ∑ LAs + MOS 

Waste Load Allocations (WLAs) are allocations of bacteria loads to point sources and Load 
Allocations (LAs) are allocations of bacteria loads to nonpoint sources. WLAs and LAs are 
expressed as the number of daily or weekly sample days that may exceed single sample targets at 
appropriate monitoring sites.  In this TMDL, WLAs and LAs set the allowable exceedance days 
for each existing or future compliance monitoring location for: 1) Summer Dry (April 1 to 
October 31); 2) Winter Dry (November 1-March 31) and; 3) Wet Weather (defined as days of 
0.1 inch of rain or more plus three days following the rain event). 

Long Beach City Beaches and Los Angeles River Estuary Bacteria TMDLs 43 

RB-AR37686



            
 

  
             

           
              

 
            

              
         

       
              

            
          

 

   

 
 

              
           

       
 

 
 

  
              

              
                

            
            

           
          

           
            

   

 

    

  

   

   

    

  

    

7.1 LOAD ALLOCATIONS 
Lands not covered by a MS4 permit, such as the US Forest Service lands, California Department 
of Parks and Recreation lands, or National Park Service lands are assigned LAs. The summer 
dry, winter dry and wet weather LAs for single sample limits are listed in Table 6-3. 

Areas near onsite waste treatment systems are assigned LAs of zero (0) days of allowable 
exceedances for both dry and wet weather for the single sample and rolling 30-day geometric 
mean limits. In addition, non-point sources such as natural sources, a beachside dog zone, a 
marina, waterfowl, sediment re-growth and persistence and human sources (recreators or 
homeless persons) are assigned LAs of zero (0) days of allowable exceedances for both dry and 
wet weather for the single sample and rolling 30-day geometric mean limits.  These LAs are thus 
equal to the applicable water quality objectives listed below in Table 6-1. 

Table 7-1. TMDL Numeric Targets 

Water Quality Objectives Marine REC-1 

Single Sample 

E. coli N/A 

Fecal coliform 400 CFU/100 mL 

Enterococcus 104 CFU/100 mL 

Total coliform* 10,000/100 mL 

Rolling 30-day Geometric Mean 

E. coli N/A 

Fecal coliform 200 CFU/100 mL 

Enterococcus 35 CFU/100 mL 

Total coliform 1,000 CFU/100 mL 
*Total coliform shall not exceed 1,000/100 mL, if the ratio of fecal to total 
coliform exceeds 0.1 (this is an additional single sample limit for REC-1 marine 
waters; presented in the Basin Plan). 
N/A: not applicable 

7.2 WASTELOAD ALLOCATIONS 
WLAs for the MS4 permittees will be equal to allowable exceedance days of the single sample 
maximum, discussed below and listed in Table 6-3. All WLAs for summer dry weather are zero 
(0) exceedance days.  WLAs for winter dry weather vary by location from a maximum of 9 to 5 
exceedance days.  WLAs for winter wet weather are 17 exceedance days at all locations.  
Furthermore, the WLAs include no allowable exceedances of the geometric mean targets. There 
are currently three municipal separate storm sewer system (MS4) NPDES permits that cover 
discharges in the LBC beaches and LAR Estuary direct drainages. These include the Los 
Angeles County Permittees (excluding the City of Long Beach), City of Long Beach, and 
Caltrans permits, which are listed in Table 5-1. The Caltrans permit is a statewide storm water 
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permit.  These allocations apply during both dry and wet-weather at all existing and future 
monitoring sites, since there is water contact recreation throughout the year.  Federal regulations 
require that NPDES permits incorporate water quality based effluent limitations (WQBELs) 
consistent with the requirements and assumptions of any available WLAs.  

General NPDES permits, individual NPDES permits, the Statewide Industrial Storm Water 
General Permit, the Statewide Construction Activity Storm Water General Permit, the Statewide 
General Waste Discharge Requirements for Sanitary Systems, and the Vessel General Permit in 
the Long Beach City Beaches Watershed are assigned WLAs of zero (0) days of allowable 
exceedances for all time periods for the single sample targets and no exceedances of the 30-day 
geometric mean targets because they are not expected to be a significant source of indicator 
bacteria.  The WLAs are thus equal to the applicable water quality objectives listed above in 
Table 6-1. Federal regulations require that NPDES permits incorporate water quality based 
effluent limitations (WQBELs) consistent with the requirements and assumptions of any 
available WLAs.  

7.3 ALLOWABLE EXCEEDANCE DAYS 
This TMDL sets the number of allowable exceedance days for each monitoring site to 
ensure that two criteria are met (1) bacteriological water quality is at least as good as that of a 
largely undeveloped system, and (2) there is no degradation of existing bacteriological water 
quality. Previously adopted bacteria TMDLs in the Region, which include the Santa Monica Bay 
Bacteria TMDLs among others, have employed Leo Carrillo Beach and its drainage area, Arroyo 
Sequit subwatershed, as the reference system (LARWQCB, 2002a; 2002b; 2004a). The number 
of allowable exceedance days is based on the single sample exceedance frequency at the 
reference system, Leo Carrillo Beach. 

The two criteria above are met by using the smaller of two exceedance probabilities for any 
monitoring site multiplied by the number of dry days or wet days for the critical condition (see 
Section 7.3.4). An exceedance probability, P(E), is simply the probability that one or more single 
sample limits, described in Table 4-1, will be exceeded at a particular monitoring site, based on 
historical data.  The flow diagram below illustrates the decision-making process for determining 
allowable exceedance days at a monitoring site (Figure 7-1). 

For any one monitoring site, two exceedance probabilities are compared and the lowest one is 
selected (1) the dry-weather or wet-weather exceedance probability in the reference system, 
P(E)R and (2) the dry-weather or wet-weather exceedance probability based on historical 
bacteriological data at that particular site, P(E)i. If the P(E)R is greater than P(E)i, then P(E)i will 
apply to that particular site (i.e., the site-specific exceedance probability would override the 
“default” exceedance probability of the reference system). Next, the chosen dry weather or wet 
weather exceedance probability is multiplied by the dry or wet days in the reference year of the 
reference system as measured at the LAX meteorological station if the P(E)R is lower than P(E)i. 
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Reference Site 
(Undeveloped watershed)

Targeted Site 

Calculate Dry and Wet Calculate Dry and Wet 

Weather Exceedance Weather Exceedance 


Probability Probability 


SSEELLEECCTT TTHHEE LLOOWWEESSTT EEXXCCEEEEDDAANNCCEE PPRROOBBAABBIILLIITTYY
 

Allowable Exceedance Days =
 
P(E) * Winter Dry Days (80) or Wet 

Days (75) in 1993 as measured at 


LAX Rain Gage 


Figure 7-1. Decision-making process for determining Waste Load Allocations 
(expressed as allowable exceedance days) 

Listed in the following sections is the background information and justification for the two steps 
in the process described above. First, the dry and wet-weather exceedance probabilities for the 
monitoring sites were calculated. Then these exceedance probabilities were translated into 
allowable exceedance days for each time period at the targeted monitoring site, including 
justifications for the proposed reference beach and reference year. 

7.3.1 Calculating dry weather and wet weather exceedance probabilities 
The dry weather exceedance probability is simply the probability that the sample limit will be 
exceeded on a dry weather day at a particular location. The wet weather exceedance probability 
is simply the probability that the sample limit will be exceeded on a wet weather day (see 
Section 3.4) at a particular location. 

Monitoring data from November 2004 to December 2010 were used to determine the exceedance 
probability of the Leo Carrillo Beach reference system for dry and wet weather. Samples were 
identified as dry or wet weather samples using rainfall data from LAX. In Table 7-2 (below) the 
exceedance probability of the reference system is compared to the exceedance rates of the 
monitoring locations 

The Regional Board is in the process of revising the exceedance rates for the Leo Carrillo Beach 
reference system using more recent data collected from Leo Carrillo Beach. The new 
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exceedance rates are reflective of a more accurate dataset that was collected from November 
2004 through October 2012 at a “point zero” monitoring location.  Exceedance rates for all three 
seasons increased with the new data. USEPA has incorporated the revised exceedance rates for 
winter dry weather and wet weather into the exceedance day calculations for this TMDL. 

The 0% exceedance rate for summer dry weather and a corresponding WLAs of zero (0) 
exceedance days for summer dry-weather was not changed.  A 0% exceedance rate is supported 
by the fact that the California Department of Health Services has established minimum 
protective bacteriological standards, the same as the numeric targets listed in this TMDL. When 
standards are exceeded in Summer Dry Weather, from April 1 through October 31, beaches are 
posted with health hazard warnings (17 § 7958(a)). In order to fully protect public health and 
prevent beach postings during this period, the zero exceedance rate during summer dry-weather 
remains in effect. 

Table 7-2. Summary of Calculated Exceedance Probabilities 

Exceedance Probability Rate based on Single Sample Exceedances 

Site Id Monitoring Location Summer Dry* Winter Dry Wet 

DHS (010)4 Leo Carrillo Beach 0.00% 10.42% 22.45% 

LARE Los Angeles River Estuary 56.82% no data no data 

B63 Long Beach City Beach, 
projection of 3rd Place 16.84% 20.44% 56.76% 

B5 Long Beach City Beach, 
projection of 5th Place 16.34% 16.03% 51.02% 

B56 Long Beach City Beach, 
projection of 10th Place 17.09% 12.67% 48.00% 

B6 Long Beach City Beach, 
projection of 16th Place 15.52% 20.14% 36.84% 

B60 Long Beach City Beach, 
projection of Molino Av. 13.96% 24.84% 51.02% 

B7 Long Beach City Beach, 
projection of Coronado Ave. 11.11% 16.03% 48.98% 

B62 Long Beach City Beach, 
projection of 36th Place 14.14% 14.29% 45.95% 

B8 LBCB - W/side of Belmont Pier 22.83% 14.29% 81.48% 

B3 LBCB - E/side of Belmont Pier 14.81% 15.09% 58.82% 

B9 Long Beach City Beach, 
projection of Prospect Av. 11.14% 10.14% 39.58% 

B64 Long Beach City Beach, 
projection of Granada Av. 12.64% 7.59% 45.83% 

B65 Long Beach City Beach, 
projection of 54th Place 9.71% 6.92% 36.11% 

B10 Long Beach City Beach, 
projection of 55th Place 6.12% 5.63% 36.17% 

B66 Long Beach City Beach, 
projection of 62nd Place 6.59% 8.53% 37.84% 

B11 Long Beach City Beach, 
projection of 72nd Place 9.79% 15.65% 44.90% 

*The Department of Health Services has established minimum protective bacteriological standards, the 
same as the numeric targets listed in this TMDL. In order to fully protect public health during summer 
months when recreation is high, USEPA has chosen to use a zero exceedance percentage rate during 
summer dry-weather.  
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7.3.2	 Calculating Allowable Exceedance Days at a Targeted Location 
As in previous bacterial TMDLs in the Los Angeles Region, allowable exceedance days were 
calculated with the smaller of the two exceedance probabilities, that of the targeted site or the 
reference site. 

7.3.3	 Reference System 
As discussed above and in sections 2.2 and 3.3.2, the reference system/antidegradation approach 
is the recommended alternative; this approach ensures that water quality is at least comparable to 
that of the reference system and is also consistent with state and federal antidegradation policies. 
The reference system approach uses both the water quality objective exceedance probability for 
the reference system and reference dry and wet weather days from the reference year (see section 
7.3.1) to determine the allowable number of exceedances days allocated. 

7.3.4	 Critical condition (reference year) 
Based on an examination of historical rainfall data from the Los Angeles International Airport 
(LAX) meteorological station, USEPA proposes using the 90th percentile storm year in terms of 
wet weather days as the critical condition for determining the allowable wet weather exceedance 
days.  The reference year of 1993 was chosen because it is the 90th percentile year in terms of 
wet weather days, based on 54 storm years (1948-2001) of rainfall data from LAX (see 
Appendix A).  In the 1993 storm year, there were 75 wet weather days; therefore, there were 290 
dry days, 80 of which occurred during the winter months.  By selecting the 90th percentile year, 
we avoid creating a situation where the reference beach frequently exceeds its allowable 
exceedance days (i.e., 9 years out of 10, the number of exceedance days at the reference beach 
should be less than the “allowable” exceedance days at the reference beach). 

7.3.5	 Translating exceedance probabilities into estimated exceedance days during the 
critical condition 

The estimated number of exceedance days during the critical condition (reference year) was 
calculated for each site by multiplying the site-specific exceedance probability by the estimated 
number of dry or wet days in the reference year.  The site-specific exceedance probability is 
taken directly from the historical data analysis, as listed in Table 7-2.  Based on 54 storm years 
of rainfall data from LAX meteorological station, 1993 is the reference year for both dry and 
wet-weather. 

ECC = P(E)i * days1993	 (Equation 6.1) 

Where ECC is the estimated number of exceedance days under the critical condition and P(E)i is 
the average probability of exceedance for any site.  The average exceedance probability is 
appropriate since the weekly sampling is systematic and the rain events are randomly distributed; 
therefore, sampling will be evenly spread over the dry-weather and wet-weather events (i.e., the 
rain day, day after, 2nd day after, 3rd day after)1. 

1 Also, note that the Southern California Coastal Water Research Project found no correlation between the day 
of the week and the percentage of samples exceeding the single sample objectives (Schiff et al., 2002). 
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To estimate the number of exceedance days during the reference year given a weekly sampling 
regime, the number of days was adjusted by solving for x in the following equation: 

days1993 x 
= (Equation 6.2) 

365 days 52 weeks 

Using Equation 6.1 and Equation 6.2, the exceedance probability of the reference beach is 
translated to exceedance days as follows.  Analysis of historical monitoring data for Leo Carrillo 
Beach, the reference beach, shows that summer dry-weather exceedance probability is 0.00, the 
winter dry-weather exceedance probability is 0.1042, and the wet-weather exceedance 
probability is 0.2245. Per Equation 6.1, the number of summer dry-weather exceedance days is 
zero (0) at LCB, therefore, no exceedances are allowed at any site during summer dry-weather.  
The exceedance probability of 0.1042, for winter dry-weather, is multiplied by 80 days, the 
number of winter dry-weather days in the 1993 storm year, per Equation 6.1 resulting in nine (9) 
exceedance days when daily sampling is conducted.  The exceedance probability of 0.2245, for 
wet-weather, is multiplied by 75 days, the number of wet-weather days in the 1993 storm year at, 
per Equation 6.1 resulting in 17 exceedance days when daily sampling is conducted. 

USEPA recognizes that the number of winter dry-weather days and wet-weather days will 
change from year-to-year and, therefore, the exceedance probabilities of 0.1042 for winter dry-
weather and 0.2245 for wet-weather will not always equate to 9 or 17 days, respectively.  
However, USEPA proposes setting the allowable number of exceedance days based on the 
reference year rather than adjusting the allowable number of exceedance days annually based on 
the number of dry or wet days in a particular year.  This is because it would be difficult to design 
diversion or treatment facilities to address such variability from year to year.  USEPA expects 
that by designing facilities for the 90th percentile storm year, during drier years there will most 
likely be fewer exceedance days than the maximum allowable. 

To estimate the number of exceedance days at LCB in the reference year under a weekly 
sampling regime for winter dry-weather and wet-weather, the number of days was adjusted by 
solving for x in Equation 6.2 as follows: 

80 days x 
= (Equation 6.2 for winter dry-weather) 

365 days 52 weeks 

75 days x 
= (Equation 6.2 for wet-weather) 

365 days 52 weeks 

For winter dry-weather, solving for x equals 11.4, which is then multiplied by 0.1042, resulting 
in two (2) exceedance day during winter dry-weather when weekly sampling is conducted. For 
wet-weather, x equals 10.7 multiplied by 0.2245, results in three (3) exceedance days during wet-
weather when weekly sampling is conducted. 
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The estimated exceedance days for the sites in the project area are calculated, in the same 
manner as described above, using the site-specific exceedance probabilities for each time period. 

Table 7-3 (below) shows the calculated allowable exceedance days, as described above, for daily 
and weekly sampling for each existing monitoring site.  For any future monitoring sites, the 
calculated allowable exceedance day would be based on the reference beach allowable 
exceedance days for daily and weekly sampling. Table 7-4 shows the estimated exceedance day 
reductions for daily and weekly sampling based on the reference year. 

Table 7-3. Allowable Exceedance Days of the Single Sample Maximum for Daily and Weekly Sampling based 
on the Reference Year 

Site Id Monitoring Location 

Summer Dry* Winter Dry* Wet* 

Daily Weekly Daily Weekly Daily Weekly 
DHS (010)4 Leo Carrillo Beach 0 0 9 2 17 3 

LARE LA River Estuary 0 0 9 2 17 3 

B63 Long Beach City Beach, 3rd 
Place 0 0 9 2 17 3 

B5 Long Beach City Beach, 
projection of 5th Place 0 0 9 2 17 3 

B56 Long Beach City Beach, 
projection of 10th Place 0 0 9 2 17 3 

B6 Long Beach City Beach, 
projection of 16th Place 0 0 9 2 17 3 

B60 Long Beach City Beach, 
projection of Molino Av. 0 0 9 2 17 3 

B7 Long Beach City Beach, 
projection of Coronado Ave. 0 0 9 2 17 3 

B62 Long Beach City Beach, 
projection of 36th Place 0 0 9 2 17 3 

B8 LBCB - W/side of Belmont 
Pier 0 0 9 2 17 3 

B3 LBCB - E/side of Belmont 
Pier 0 0 9 2 17 3 

B9 Long Beach City Beach, 
projection of Prospect Av. 0 0 9 2 17 3 

B64 Long Beach City Beach, 
projection of Granada Av. 0 0 7 1 17 3 

B65 Long Beach City Beach, 
projection of 54th Place 0 0 6 1 17 3 

B10 Long Beach City Beach, 
projection of 55th Place 0 0 5 1 17 3 

B66 Long Beach City Beach, 
projection of 62nd Place 0 0 7 1 17 3 

B11 Long Beach City Beach, 
projection of 72nd Place 0 0 9 2 17 3 

*All Exceedance Day calculations are rounded up to the next whole number (i.e., 0.2 days = 1 full exceedance day) 

**No allowable exceedances of the geometric mean numeric target. 

***For Permittees other than the MS4 permittees and Caltrans, they are assigned zero (0) days of allowable exceedance days for all 

time periods for all monitoring locations and no allowable exceedances of the geometric mean numeric target
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Table 7-4. Estimated Exceedance Day Reductions for Daily and Weekly Sampling based on the Reference 
Year 

Site Id Monitoring Location 

Summer Dry* Winter Dry* Wet* 

Daily Weekly Daily Weekly Daily Weekly 
LARE Los Angeles River Estuary 120 17 ** ** ** ** 

B63 Long Beach City Beach, 
projection of 3rd Place 36 6 8 1 26 4 

B5 Long Beach City Beach, 
projection of 5th Place 35 5 4 0 22 3 

B56 Long Beach City Beach, 
projection of 10th Place 36 6 2 0 19 3 

B6 Long Beach City Beach, 
projection of 16th Place 33 5 8 1 11 1 

B60 Long Beach City Beach, 
projection of Molino Av. 30 5 11 1 22 3 

B7 Long Beach City Beach, 
projection of Coronado Ave. 24 4 4 0 20 3 

B62 Long Beach City Beach, 
projection of 36th Place 30 5 3 0 18 2 

B8 LBCB - W/side of Belmont Pier 48 7 3 0 45 6 

B3 LBCB - E/side of Belmont Pier 32 5 4 0 28 4 

B9 Long Beach City Beach, 
projection of Prospect Av. 24 4 0 0 13 2 

B64 Long Beach City Beach, 
projection of Granada Av. 27 4 0 0 18 2 

B65 Long Beach City Beach, 
projection of 54th Place 21 3 0 0 11 1 

B10 Long Beach City Beach, 
projection of 55th Place 13 2 0 0 11 1 

B66 Long Beach City Beach, 
projection of 62nd Place 14 2 0 0 12 2 

B11 Long Beach City Beach, 
projection of 72nd Place 21 3 4 0 17 2 

*All Exceedance Day calculations are rounded up to the next whole number (i.e., 0.2 days = 1 full exceedance day) 
**Reductions unknown since winter dry and wet data do not yet exist for the Estuary 

7.4 CRITICAL CONDITIONS 
TMDLs are required to consider critical conditions and seasonal variation for streamflow, 
loading, and water quality parameters.  The critical condition is the set of environmental 
conditions for which controls designed to protect water quality (e.g., WLAs) will ensure 
attainment of water quality standards for all other conditions.  The intent of this requirement is to 
ensure protection of water quality in waterbodies during periods when they are most vulnerable.   

The critical condition is wet weather and, in particular, the 90th percentile storm year is the 
critical wet weather year. The critical condition in a TMDL defines an extreme condition for the 
purpose of setting allocations to meet the TMDL numeric targets. The critical condition may also 
be thought of as an additional margin of safety because the allocations are set to meet the 
numeric target during an extreme (or above average) condition. Unlike many TMDLs, the 
critical condition for bacteria loading is not during low-flow conditions or summer months, but 
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rather during wet weather. This is because intermittent loading sources such as surface runoff 
will have the greatest impacts at high (i.e., storm) flows (USEPA, 2001). As discussed in Section 
3.4, waters tend to exceed water quality standards more frequently in wet weather compared to 
dry weather. 

To identify the critical condition within wet weather, in order to set the allowable number of 
exceedance days, described in Section 7, the 90th percentile storm year in terms of wet days is 
proposed. The 90th percentile year was selected for several reasons. First, selecting the 90th 

percentile year avoids an untenable situation where the reference system is frequently out of 
compliance. Second, selecting the 90th percentile year allows responsible jurisdictions and 
responsible agencies to plan for a ‘worst-case scenario’, as a critical condition is intended to 
allow. Finally, it is expected that there will be fewer exceedance days in drier years, since 
structural controls will be designed for the 90th percentile year. 

The 90th percentile storm year in terms of wet days was identified by constructing a cumulative 
frequency distribution of annual wet weather days using historical rainfall data from the Los 
Angeles International Airport (LAX) from 1947-2008. This rainfall database was chosen due to 
the extent of the database and to maintain consistency with the other bacteria TMDLs in the Los 
Angeles Region. With a 90th percentile storm year, only 10% of years should have more wet days 
than the 90th percentile year. The 90th percentile year in terms of wet days was 1993, which had 
75 wet days. The number of wet days was selected instead of total rainfall because the TMDL’s 
numeric target is based on number of days of exceedance, not on the magnitude of the 
exceedance. 

7.5 MARGIN OF SAFETY 
The federal statute and regulations require that TMDLs include a margin of safety to account for 
any lack of knowledge concerning the relationships between effluent limitations and water 
quality.  The required MOS may be provided explicitly by reserving (not allocating) a portion of 
available pollutant loading capacity and/or implicitly by making environmentally conservative 
analytical assumptions in the supporting analysis.  

The dry and wet weather TMDLs includes an implicit margin of safety.  An implicit MOS was 
included in a number of ways: 

•	 The TMDLs include an implicit MOS by evaluating dry-weather and wet-weather 

conditions separately and assigning allocations based on three associated weather 

conditions.   


•	 Interpreting dry weather existing bacterial results with geometric means, decreases the 
variability seen in single sample grabs. In addition, no decay is included in the dry 
weather analyses. 

•	 The wet weather model assumes no dilution between the storm drain and the wave wash. 
In addition, a conservative decay rate was also applied in the wet weather modeling 
analyses. 
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8 IMPLEMENTATION AND MONITORING RECOMMENDATIONS 

Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits or non-point source enforcement. This section describes 
USEPA’s recommendations to the Regional Board as to the implementation procedures, 
regulatory mechanisms, and monitoring that could be used to provide reasonable assurances that 
water quality standards will be met. 

8.1 CONSISTENCY WITH REGIONAL TMDLS 
The Los Angeles River Bacteria impairment is addressed under a separate TMDL and has been 
incorporated into the Basin Plan Amendment with a schedule to meet compliance in 25 years 
(Resolution Number R10-007, approved by the State Board on November 1, 2011). USEPA 
recommends that waste load allocations and load allocations (expressed as allowable exceedance 
days) are achieved in a timeline consistent with the lower segments of the Los Angeles River 
Bacteria TMDL, and that the Regional Board consider options for providing time to comply, 
absent a state adopted implementation schedule, and consistent with the State Water Board’s 
compliance schedule policy.  Interim milestones should be linked to localized efforts to reduce 
bacteria loading in the direct drainage areas included in these TMDLs, and should consider the 
influence of upstream bacteria sources to the LAR Estuary and to the LBC Beaches. 

The Regional Board is in the process of reconsidering a number of bacteria TMDLs and may 
revise them to include new time periods and methods.  USEPA’s expectation is that if adopted, 
the same new time periods and calculations methods will be used in the evaluation of these 
TMDLs.  

8.2 PRIORITIZATION OF AREAS FOR IMPLEMENTATION 
The TMDLs include the Long Beach dog zone as a potential source of bacteria. USEPA 
recommends better monitoring at this location to properly assess the impacts of the dog zone to 
the beach. Also, we recommend the City of Long Beach require dogs to be kept on a leash, and 
build an enclosed fence around the dog zone. This will help manage the dog zone as a potential 
source of bacteria to the beaches. 

For any implementation plan, identification of appropriate management measures and 
prioritization of areas for implementation are critical steps prior to beginning implementation. 
Local stakeholder involvement and a schedule for implementation are also integral to any plan. 
Interim measureable milestones for assessing implementation effectiveness should be 
incorporated into a regular monitoring and adaptive management program aimed at determining 
whether load reductions are being achieved, and whether progress is being made towards 
attaining water quality standards. More information on watershed-based planning can be found 
in the EPA publication “Handbook for Developing Watershed Plans to Restore and Protect Our 
Waters” (2008). 
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8.3 COMPLIANCE MONITORING 
To evaluate compliance with numeric targets, USEPA recommends that monitoring take place at 
existing monitoring sites as well as any new monitoring locations in the ambient water. 

For beach monitoring locations, daily or systematic weekly sampling in the wave wash at all major 
drains and creeks, existing monitoring stations at beaches without storm drains, and freshwater 
outlets is recommended to evaluate compliance. At all beach locations, samples should be taken at 
ankle depth and on an incoming wave, consistent with 17 CCR 7961(b). At locations where there is 
a freshwater outlet, during wet weather, samples should be taken as close as possible to the wave 
wash, and no further away than 10 meters down current of the storm drain or outlet. 

USEPA recommends that a robust monitoring program be developed for the LAR Estuary.  Available 
data includes bi-weekly monitoring from May through September of 2009, and 2010.  USEPA 
recommends that monitoring be expanded to include year round monitoring requirements, and at 
least three monitoring locations within the Estuary. We understand that adequate data to establish a 
reference estuary approach is currently not available.  If in the future, adequate data from reference 
estuary studies become available, it may be appropriate to consider a reference estuary approach to 
evaluate compliance with these TMDLs. 

8.4 NONPOINT SOURCES 
Regional Board may regulate nonpoint pollutant sources through the authority contained in 
sections 13263 and 13269 of the California Water Code, in conformance with the State Water 
Resources Control Board’s Nonpoint Source Implementation and Enforcement Policy, and the 
Conditional Waiver for Discharges from Irrigated Lands, adopted by the Los Angeles Regional 
Water Quality Control Board on November 3, 2005. 

The Regional Board should consider working with municipalities to assess likely sources of 
bacterial loadings. Identification of specific management actions to minimize NPS inputs from 
beaches, marinas, animal and human, sources is required under the Nonpoint Source 
Implementation and Enforcement Policy. Development of education and outreach materials and 
consideration of local ordinances may be necessary to control NPS loads. 

8.5 NON-STORMWATER NPDES PERMITS 
NPDES permit limitations shall be consistent with the concentration-based WLAs established for 
non-stormwater point sources in these TMDLs (Table 6-1). Permit limits will need to meet the 
water quality targets established in these TMDLs and maintain water quality standards in the 
direct drainages.  For permits subject to both dry- and wet-weather WLAs, USEPA expects that 
permit writers will write a monthly limit based on the dry-weather WLA and two separate daily 
maximum limits based on dry- and wet-weather WLAs.  

8.6 GENERAL INDUSTRIAL STORMWATER PERMITS 
Waste load allocations for the general construction stormwater permits (Table 6-1) should be 
incorporated into the statewide General NPDES Permit No. CAS000001 upon renewal or into a 
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watershed-specific general permit developed by the Regional Board.  The dry-weather waste 
load allocation equal to zero applies to unauthorized non-stormwater flows, which are prohibited 
by statewide General NPDES Permit No. CAS000001. We anticipate that any dry-weather 
discharges (allowed under special circumstances within the existing permit issued by the LA 
Regional Board) will be consistent with the assumptions and requirements within these TMDLs.  

Wet-weather waste load allocations for the general industrial stormwater permittees should be 
incorporated into the State Board general permit upon renewal or into a watershed-specific 
general permit developed by the Regional Board. Compliance monitoring should be in the 
receiving water for numeric targets. The permitting agency may impose additional monitoring 
requirements to determine compliance in context with the appropriate permit.  USEPA suggests 
that compliance with the WLAs for the existing Long Beach City Beach ocean sites and the 
estuary be demonstrated by meeting exceedance day targets at the point of discharge.  These 
targets apply during both dry and wet-weather at all existing and future monitoring sites, since 
there is water contact recreation throughout the year. 

8.7 GENERAL CONSTRUCTION STORMWATER PERMITS 
Waste load allocations for the general construction stormwater permits (Table 6-1) should be 
incorporated into the State Board general NPDES permit No. CAS000002 upon renewal or into a 
watershed-specific general permit developed by the Regional Board. Compliance monitoring 
should be in the receiving water for numeric targets. The permitting agency may impose 
additional monitoring requirements to determine compliance in context with the appropriate 
permit.  USEPA suggests that compliance with the WLAs for the existing Long Beach City 
Beach ocean sites and the estuary be demonstrated by meeting exceedance day targets at the 
point of discharge.  These targets apply during both dry and wet-weather at all existing and 
future monitoring sites, since there is water contact recreation throughout the year. 

8.8 MS4 AND CALTRANS STORMWATER PERMITS 
Dry-weather and wet-weather waste load allocations apply to the MS4s and Caltrans permits 
(Table 6-3). These exceedance day-based waste load allocations should be incorporated into the 
Caltrans permit and all NPDES-regulated municipal stormwater discharges in the direct 
drainages, including the City of Long Beach MS4 permit and the City of Signal Hill, enrolled 
under the Los Angeles County MS4 permit.  Compliance monitoring should be in the receiving 
water for numeric targets.  The permitting agency may impose additional monitoring 
requirements to determine compliance in context with the appropriate permit.  USEPA suggests 
that compliance with the WLAs for the existing Long Beach City Beach ocean sites and the 
estuary be demonstrated by meeting exceedance day targets at the point of discharge.  These 
targets apply during both dry and wet-weather at all existing and future monitoring sites, since 
there is water contact recreation throughout the year. 
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Executive Summary 
The Los Angeles Regional Board identified 10 lakes in the Los Angeles region as impaired by algae, 
ammonia, chlordane, copper, DDT, eutrophication, lead, organic enrichment/low dissolved oxygen, 
mercury, odor, PCBs, pH and/or trash and placed them on California’s 303(d) list of impaired waters 
requiring a Total Maximum Daily Load (TMDL) (LARWCQB, 1998).  The United States Environmental 
Protection Agency (USEPA) Region IX subsequently entered into a consent decree with several 
environmental groups on March 22, 1999 that required development of TMDLs for these waterbody 
pollutant combinations by March 2012 (Heal the Bay Inc., et al. v. Browner C 98-4825 SBA).  To meet 
the consent decree deadline, USEPA is establishing Total Maximum Daily Loads (TMDLs) in nine of 
these lakes in the Los Angeles region.  For several lakes, USEPA concluded that ammonia, pH, copper 
and/or lead are currently meeting water quality standards and TMDLs are not required at this time.  In 
other lakes, recent chlordane and dieldrin data indicate additional impairment.  USEPA is establishing  
33 TMDLs in all, as follows:   

NITROGEN AND PHOSPHORUS TMDLS 
EPA is establishing eight total nitrogen and eight total phosphorus TMDLs for Peck Road Park Lake, 
Lincoln Park Lake, Echo Park Lake, Lake Calabasas, El Dorado Park Lakes, Legg Lakes, Puddingstone 
Reservoir and Santa Fe Dam Park Lake.  The Los Angeles Regional Board identified eight lakes as 
impaired by algae, ammonia, eutrophication, organic enrichment/low dissolved oxygen, odor and/or pH.  
These various impairments stem from excess nitrogen and phosphorus in the lake, causing excess algae 
growth, which then impairs aquatic life and recreation uses.  Chlorophyll a is used as an indicator of algal 
density and a target of 20 micrograms per liter was set in these TMDLs to protect beneficial uses.  The 
impacts of nutrient loading on each impaired lake were estimated through scientific modeling of lake-
specific conditions.  This model generates site-specific nutrient loadings required to attain the chlorophyll 
a target at each lake.  Data currently indicate Echo Park Lake, Peck Road Park Lake, Santa Fe Dam Park 
and the southern lake system of El Dorado Park Lakes are meeting the chlorophyll a target.  In these 
lakes, USEPA is therefore assigning wasteload and load allocations to the responsible jurisdictions based 
on existing loading of nitrogen and phosphorus to each lake.  Lake Calabasas, Legg Lakes, Lincoln Park 
Lake, Puddingstone Reservoir and the northern lake system of El Dorado Park Lakes are assigned 
wasteload and load allocations based on model outputs.  To allow flexibility in implementing the nutrient 
TMDLs, responsible jurisdictions receiving required reductions have the option to submit a request to the 
Regional Board for alternative concentration-based wasteload allocations, with a Lake Management Plan 
to show how the water quality standards, chlorophyll a target and the concentration-based wasteload 
allocations will be achieved by improved lake management practices.  These jurisdictions can receive 
alternative concentration-based wasteload allocations not to exceed 1.0 and 0.1 milligrams per liter total 
nitrogen and total phosphorus, respectively.  For lakes not currently attaining the chlorophyll a target, this 
TMDL includes required reductions in total loading of 45 percent to 71 percent for total nitrogen and 23 
percent to 62 percent for total phosphorus, depending on the lake.   

MERCURY TMDLS 
EPA is establishing three mercury TMDLs for El Dorado Park Lakes, Puddingstone Reservoir and Lake 
Sherwood.  Elevated fish tissue concentrations of methylmercury are impairing beneficial uses at Lake 
Sherwood, El Dorado Park Lakes and Puddingstone Reservoir.  The concentrations of these pollutants in 
fish tissue exceed the State of California’s Fish Contaminant Goals (FCGs) to protect human health.  
Mercury is a heavy metal that bioaccumulates and biomagnifies up the food chain.  As fish grow, they 
accumulate more methylmercury in their tissue such that older and larger fish have higher concentrations 
of methylmercury than younger and smaller fish.  The fish tissue target for these TMDLs, 0.22 parts per 
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million methylmercury, is based on a 350 mm largemouth bass which is the most common size and the 
most common species caught by anglers in these lakes.  These TMDLs assign wasteload and load 
allocations to responsible jurisdictions for total mercury as a mass per year.  These TMDLs include a 
dissolved methylmercury target of 0.081 nanograms per liter based on a calculation of the maximum 
allowable concentration in the water column to attain the largemouth bass fish tissue target using 
nationally derived bioaccumulation factors.  Required reductions in total mercury loading range from  
47 percent to 72 percent, depending on the lake.   

CHLORDANE, DIELDRIN, TOTAL DDTS, AND TOTAL PCBS TMDLS 
EPA is establishing 11 TMDLs for chlordane, dieldrin, total DDTs and total PCBs at Peck Road Park 
Lake, Echo Park Lake and Puddingstone Reservoir.  Elevated fish tissue concentrations of organochlorine 
pesticides and PCBs are impairing the beneficial uses at Echo Park Lake, Peck Road Park Lake and 
Puddingstone Reservoir.  The concentrations of these pollutants in fish tissue exceed the State of 
California’s FCG targets.  These types of pollutants have low solubility and a high affinity for organic 
solids and lipids, and tend to bioaccumulate and biomagnify up the food chain from sediment to fish 
tissue.  Water column concentrations of these pollutants are extremely low and currently attaining water 
quality criteria.  Wasteload and load allocations are therefore assigned as a concentration of a pollutant 
associated with suspended sediments.  USEPA set sediment targets by calculating the maximum 
allowable concentrations in sediment to attain the fish tissue targets and choosing the lower of this value 
or a target to protect benthic organisms.  In all but one case, the sediment value calculated to attain the 
fish tissue targets is lower and wasteload and load allocations are assigned to responsible jurisdictions 
based on that calculated value.  Additionally, if responsible jurisdictions demonstrate that fish tissue 
targets are being attained, alternative sediment wasteload allocations, based on the target used to protect 
benthic organisms, go into effect.  Required reductions in pollutant concentrations in sediment range from 
5.2 percent to 99 percent depending on the particular pollutant and lake.  

TRASH TMDLS 
EPA is establishing three trash TMDLs in Peck Road Park Lake, Lincoln Park Lake and Echo Park Lake. 
Trash in lakes causes water quality problems including reduced habitat for aquatic life, direct harm to 
wildlife from ingestion or entanglement, and health impacts to people recreating near trash potentially 
contaminated with human or pet wastes.  Since any amount of trash causes impairment, wasteload and 
load allocations assigned to responsible jurisdictions are set at zero trash.   
 
The following TMDLs are included in this document:  

• Peck Road Park Lake: nitrogen, phosphorus, chlordane, DDT, dieldrin, PCBs, trash 
• Lincoln Park Lake: nitrogen, phosphorus, trash 
• Echo Park Lake: nitrogen, phosphorus, chlordane, dieldrin, PCBs, trash 
• Lake Calabasas: nitrogen, phosphorus 
• El Dorado Park Lakes: nitrogen, phosphorus, mercury 
• Legg Lakes (North, Center and Legg): nitrogen, phosphorus 
• Puddingstone Reservoir: nitrogen, phosphorus, chlordane, DDT, PCBs, mercury, dieldrin 
• Santa Fe Dam Park: nitrogen, phosphorus 
• Lake Sherwood: mercury 
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Figure ES-1.  Location of Ten Lakes in the Los Angeles Region 
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1 Introduction 
The United States Environmental Protection Agency (USEPA) Region IX is establishing Total Maximum 
Daily Loads (TMDLs) in nine lakes in the Los Angeles Region.  USEPA was assisted in this effort by the 
Los Angeles Water Quality Control Board (Regional Board).  Tetra Tech produced the Technical Support 
Document to aid in the development of these TMDLs.   

Numerous impaired lakes are addressed by these TMDLs.  Each lake is located in the Los Angeles River 
Basin, San Gabriel River Basin, or Santa Monica Bay Basin (Figure 1-1).  The identified pollutants are 
either categorized or individual; e.g., trash or mercury.  Chlordane, dieldrin and DDT are organochlorine 
(OC) pesticides and have been grouped together with PCBs.  Nutrient TMDLs are defined to address:  
algae, ammonia, eutrophication, low dissolved oxygen/organic enrichment, odor, and/or pH.   

 

Figure  1-1. Location of Ten Lakes in the Los Angeles Region 

 

The TMDLs included in this document are summarized below:  

• Peck Road Park Lake: nitrogen, phosphorus, chlordane, DDT, dieldrin, PCBs, trash 

• Lincoln Park Lake: nitrogen, phosphorus, trash 

• Echo Park Lake: nitrogen, phosphorus, chlordane, dieldrin, PCBs, trash 

• Lake Calabasas: nitrogen, phosphorus 

• El Dorado Park Lakes: nitrogen, phosphorus, mercury 
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• Legg Lakes (North, Center and Legg): nitrogen, phosphorus 

• Puddingstone Reservoir: nitrogen, phosphorus, chlordane, DDT, PCBs, mercury, dieldrin 

• Santa Fe Dam Park: nitrogen, phosphorus 

• Lake Sherwood: mercury 

USEPA determined some lakes were not impaired for copper or lead, therefore we did not develop 
TMDLs for those metals.  Information related to our findings of non-impairment is included within the 
lake specific sections as well as Appendix G (Monitoring Data).  A full list of specific waterbody-
pollutant combinations addressed by this document is included in Table 2-31. 

This document is organized into the following sections and appendices to address the multiple 
lake/impairment combinations included in these TMDLs:  

• Section 1 contains the introductory material, regulatory background, and description of the 
elements of a TMDL.   

• Section 2 describes the problem statement in terms of water quality standards, beneficial uses, 
water quality objectives, and numeric targets.  The 1998 basis of 303(d) listing and summary of 
impairments for each lake are also included in this section. 

• Section 3 summarizes the approach that was used for the source assessment and linkage analysis 
for each impairment.   

• Sections 4 through 13 contain the lake specific TMDL information including the environmental 
setting and the summaries of impairments, monitoring data, pollutant loading, and TMDL 
allocations.   

• Section 14 contains references for this document. 

• Appendix A (Nutrient TMDL Development) describes the model input and output for application 
of the NNE BATHTUB model in relation to the nutrient impairments.  

• Appendix B (Internal Loading) describes the processes of internal loading, wind mixing, and 
bioturbation of the lake sediments. 

• Appendix C (Mercury TMDL Development) explains the load allocation determinations for the 
mercury impairments. 

• Appendix D (Wet Weather Loading) describes wet weather pollutant loading.  

• Appendix E (Atmospheric Deposition) describes the estimation of pollutant loading from 
atmospheric deposition. 

• Appendix F (Dry Weather Loading) describes dry weather pollutant loading. 

• Appendix G (Monitoring Data) contains the monitoring data relevant to each lake and 
impairment. 

• Appendix H (Organochlorine Compounds TMDL Development) describes the steady-state model 
for Organochlorine (OC) Pesticides (including chlordane, DDT, and dieldrin) and PCBs. 

1.1 REGULATORY BACKGROUND 
Section 303(d) of the Clean Water Act (CWA) requires that each state “shall identify those waters within 
its boundaries for which the effluent limitations are not stringent enough to implement any water quality 
standard applicable to such waters.”  The CWA also requires states to establish a priority ranking for 
waters on the 303(d) list of impaired waters and establish TMDLs for such waters.  
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The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the CWA, as 
well as in U.S. Environmental Protection Agency (USEPA) guidance (USEPA, 2000b).  A TMDL is 
defined as the “sum of the individual waste load allocations (WLAs) for point sources and load 
allocations (LAs) for nonpoint sources and natural background” (40 CFR 130.2) such that the capacity of 
the waterbody to assimilate pollutant loads (the Loading Capacity) is not exceeded.  A TMDL is also 
required to account for seasonal variations and include a margin of safety to address uncertainty in the 
analysis.  

The USEPA has oversight authority for the 303(d) program and is required to review and either approve 
or disapprove the TMDLs submitted by states.  In California, the State Water Resources Control Board 
(State Board) and the nine Regional Boards are responsible for preparing lists of impaired waterbodies 
under the 303(d) program and for preparing TMDLs, both subject to USEPA approval.  If USEPA does 
not approve a TMDL submitted by a state, USEPA is required to establish a TMDL for that waterbody.  
The Regional Boards also hold regulatory authority for many of the instruments used to implement the 
TMDLs, such as National Pollutant Discharge Elimination System (NPDES) permits and state-specified 
Waste Discharge Requirements (WDRs).  

As part of its 1998 regional water quality assessments, the Regional Board identified over 700 waterbody-
pollutant combinations in the Los Angeles Region where TMDLs would be required (LARWCQB, 1998).  
These are referred to as “listed” or “303(d) listed” waterbodies.  A 13-year schedule for development of 
TMDLs in the Los Angeles Region was established in a consent decree approved between USEPA and 
several environmental groups on March 22, 1999 (Heal the Bay Inc., et al. v. Browner C 98-4825 SBA).  
For the purpose of scheduling TMDL development, the decree combined the more than 700 waterbody-
pollutant combinations into 92 TMDL analytical units.  

This report addresses waterbody impairment combinations identified in Analytical Units 16, 17, 19, 20, 
41, 42, 44, and 68 of the Consent Decree.  Under the consent decree, USEPA must approve or establish 
these TMDLs by March 2012.  The State is unlikely to complete adoption of these TMDLs in time to 
meet the consent decree deadline; therefore, USEPA is establishing these TMDLs. 

USEPA performed a review and analysis of available monitoring data and information for pollutants and 
waterbodies within the analytical units in the consent decree described above.  Historic data related to the 
1998 list and current data related to the current 303(d) list were evaluated to determine if any water 
quality conditions had changed (either from impaired to non-impaired or vice versa). In certain cases, 
USEPA concluded that ammonia, pH, and metals (copper and lead) are currently achieving numeric 
targets and TMDLs are not required for these pollutants.  These analyses and determinations of non-
impairment are presented in the lake-specific chapters.  Establishment of the TMDLs in this document 
thereby completes the requirement in the consent decree to address Analytical Units 16, 17, 19, 20, 41, 
and 42.  It also partially addresses analytical units 44 and 68.  In addition, these TMDLs incorporate 
impairments not included in the consent decree.  There are several impairments for these waterbodies 
included on the 2008-2010 303(d) list (SWRCB, 2010), which was developed after the consent decree, as 
well as newly identified impairments not currently on the 303(d) list.  USEPA is including TMDLs to 
address these additional impairments to more efficiently use agency resources and encourage expediency 
of restoration of water quality in these lakes.   

Overall, this report includes an evaluation of available data to either confirm, establish, or refute 
impairment(s) for each waterbody.  TMDLs have been developed to address the impairments.  Table 2-31 
summarizes the waterbody impairment combinations addressed by this report. 

1.2 ELEMENTS OF A TMDL 
Guidance from USEPA (2000b) identifies seven elements of a TMDL. This report contains these seven 
elements in the following Sections or Appendices:  
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1. Problem Statement.  Section 2 reviews the evidence used to include each waterbody on the 303(d) 
list.  A description of the water quality standards, beneficial uses, water quality objectives, and numeric 
targets that form the basis for each listing was reviewed.    

2. Numeric Targets.  Section 2 also includes the numeric targets based on the numeric and narrative 
water quality objectives stated in the Basin Plan as well fish tissue guidelines and sediment quality 
guidelines.  These targets are used for confirmation of impairments and calculation of TMDLs for 
mercury, OC Pesticides and PCBs, and trash.  For the nutrient impairments, lake specific total nitrogen 
and total phosphorus targets are developed using the NNE BATHTUB model (described in Appendix A, 
Nutrient TMDL Development).  Appendix C (Mercury TMDL Development) and Appendix H 
(Organochlorine Compounds TMDL Development) include additional details on the mercury and OC 
Pesticides and PCBs targets.  Load reductions and pollutant allocations in these TMDLs are developed to 
ensure that these numeric targets for the impaired waterbodies are met.  

3. Source Assessment.  This step is a quantitative estimate of point sources and nonpoint sources of 
pollutant loading in each watershed.  The source assessment considers seasonality and flow.  The general 
approach for determining source assessments by pollutant is summarized in Section 3.  Lake specific 
loading summaries by pollutant are included in the individual lake sections (Sections 4 through 13).  
More detailed information regarding modeling input and data sets used to quantify pollutant loading are 
described in Appendices B, C, D, F, and H.   

4. Linkage Analysis.  This analysis demonstrates how the sources of pollutant compounds in each 
waterbody are linked to the observed conditions in the impaired waterbody.  The linkage analysis includes 
an assessment of critical conditions, which are periods when the changing pollutant sources and changing 
assimilative capacity of the waterbody combine to produce either extreme impairment conditions or 
conditions especially resistant to improvement.  Section 3 describes the linkage analysis for each 
impairment, and more details are provided in the appendices. 

5. TMDLs and Pollutant Allocations.  The total loading capacity for each waterbody is determined as 
the amount of pollutant loading a waterbody can receive without causing impairment.  A Margin of 
Safety (MOS) is set aside to account for inherent variability in modeling assumptions and datasets.  The 
TMDL is set as the loading capacity minus the MOS.  Each pollutant source is allocated an allowed 
quantity of pollutant loading that it may discharge.  Allocations are designed such that the waterbody will 
not exceed numeric targets for any of the compounds or effects in any of its reaches.  Point sources and 
areas draining to municipal separate stormwater systems (MS4s) are given waste load allocations, and 
nonpoint sources are given load allocations.  TMDLs and pollutant allocations are described for each lake 
and impairment in Sections 4 through 13. 

6. Implementation Recommendations.  This element describes the plans, regulatory tools, or other 
mechanisms by which the waste load allocations and load allocations may be achieved.  The Regional 
Board has responsibility to implement these TMDLs and incorporate them into permits.  They may 
choose to develop implementation plans in a separate document(s) in the future.  

7. Monitoring Recommendations.  Monitoring each waterbody is recommended to ensure that the 
wasteload allocations and load allocations are achieved, that numeric targets are no longer exceeded, and 
that the secondary effects intended to be addressed by these TMDLs are being addressed.  
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2 Problem Statement 
The lakes covered by this document are impacted by numerous impairments including nutrient-related 
impairments (algae, ammonia, eutrophication, low dissolved oxygen/organic enrichment, odor, pH), 
metals (copper and lead), mercury, trash, and OC Pesticides (chlordane, DDT, and dieldrin) and PCBs.  
This section describes the beneficial uses identified in the Water Quality Control Plan (Basin Plan) for 
each waterbody and discusses the applicable numeric targets for each beneficial use.   It also includes 
water quality information (wherever possible) to describe the basis for each listing as provided by the 
Regional Board for the 1998 303(d) list.  The reader will find discussion and summary of more recent 
monitoring data for each waterbody in the lake-specific chapters.  

2.1 WATER QUALITY STANDARDS 
California state water quality standards include of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives and numeric water quality criteria, and 3) an antidegradation 
policy.  In California, beneficial uses are defined by the Regional Boards in the Basin Plans.  Numeric 
and narrative objectives are specified in each region’s Basin Plan and numeric criteria are included in the 
California Toxics Rule (CTR), designed to be protective of the beneficial uses.   

2.1.1 Beneficial Uses 
The Water Quality Control Plan for the Los Angeles Region (LARWQCB, 1994) defines 11 beneficial 
uses for the 10 lakes addressed by this report: 

AGR - Agricultural Supply.  Uses of water for farming, horticulture, or ranching including, but not 
limited to, irrigation, stock watering, or support of vegetation for range grazing. 

COLD - Cold Freshwater Habitat.  Uses of water that support cold water ecosystems including, but not 
limited to, preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, including 
invertebrates. 

GWR - Ground Water Recharge.  Uses of water for natural or artificial recharge of ground water for 
purposes of future extraction, maintenance of water quality, or halting of saltwater intrusion into 
freshwater aquifers. 

MUN - Municipal and Domestic Supply.  Uses of water for community, military, or individual water 
supply systems including, but not limited to, drinking water supply. 

NAV - Navigation.  Uses of water for shipping, travel, or other transportation by private, military, or 
commercial vessels. 

RARE - Rare, Threatened, or Endangered Species.  Uses of water that support habitats necessary, at 
least in part, for the survival and successful maintenance of plant or animal species established under state 
or federal law as rare, threatened, or endangered. 

REC1 - Water Contact Recreation.  Uses of water for recreational activities involving body contact 
with water, where ingestion of water is reasonably possible.  These uses include, but are not limited to, 
swimming, wading, waterskiing, skin and scuba diving, surfing, white water activities, fishing, or use of 
natural hot springs. 

REC2 - Non-contact Water Recreation.  Uses of water for recreational activities involving proximity to 
water, but not normally involving body contact with water, where ingestion of water is reasonably 
possible.  These uses include, but are not limited to, picnicking, sunbathing, hiking, beachcombing, 
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camping, boating, tidepool and marine life study, hunting, sightseeing, or aesthetic enjoyment in 
conjunction with the above activities.  

WARM - Warm Freshwater Habitat.  Uses of water that support warm water ecosystems including, but 
not limited to, preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, including 
invertebrates. 

WET - Wetland Habitat.  Uses of water that support wetland ecosystems, including, but not limited to, 
preservation or enhancement of wetland habitats, vegetation, fish, shellfish, or wildlife, and other unique 
wetland functions which enhance water quality, such as providing flood and erosion control, streambank 
stabilization, and filtration and purification of naturally occurring contaminants. 

WILD - Wildlife Habitat.  Uses of water that support terrestrial ecosystems including, but not limited to, 
preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g., mammals, birds, reptiles, 
amphibians, invertebrates), or wildlife water and food sources. 

These uses are identified as existing (E), potential (P), or intermittent (I) uses.  Table 2-1 contains the 
beneficial use designations relevant to this report (LARWQCB, 1994).  All 10 lakes are designated REC1, 
REC2, and WARM.  The majority are also designated WILD and MUN.  Other uses include WET, GWR, 
COLD, RARE, AGR, and NAV.  Potential beneficial uses marked with an asterisk (P*) in the Basin Plan 
(and in the table below) are indicted as a conditional use.  Conditional designations are not recognized 
under federal law and are not water quality standards requiring TMDL development at this time.  (See 
letter from Alexis Strauss [US EPA] to Celeste Cantú [State Board], Feb. 15, 2002.) 

Table 2-1. Beneficial Uses Designations for the Ten Lakes 

Lake/Reservoir REC1 REC2 WARM WILD MUN WET GWR COLD RARE AGR NAV 

Peck Road Park Lake Pm 1 E P I P*  I     

Lincoln Park Lake P E P E P*       

Echo Park Lake P E P E P*       

Lake Calabasas Pm 2 I P P P*       

El Dorado Park Lakes E E P E P* E      

North, Center, and 
Legg Lakes 

E E E E P* E E E    

Puddingstone Reservoir E E E E E*  E E E E  

Santa Fe Dam Park 
Lake 

P I I E P* E I     

Lake Sherwood E E E E P* E E    E 

Westlake Lake E E E E P*      E 
1 Beneficial uses were not identified in the Basin Plan for Peck Road Park Lake.  Therefore, the downstream 
segment’s uses (Rio Hondo below Spreading Grounds) apply (Regional Board, personal communication, 
12/22/2009). 

2

* Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some designations may be 
considered for exemptions at a later date. 

 Beneficial uses were not identified in the Basin Plan for Lake Calabasas.  Therefore, the downstream segment’s 
uses (Arroyo Calabasas) apply (Regional Board, personal communication, 2/24/2009). 

m Access prohibited by Los Angeles County DPW in concrete-channelized areas. 
E - Existing; P - Potential; I - Intermittent 
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2.1.2 Water Quality Objectives and Criteria 
The Basin Plan describes numeric and narrative water quality objectives for beneficial uses in the Los 
Angeles Region (LARWQCB, 1994).  The California Toxics Rule (CTR) includes numeric water quality 
criteria for certain human health and aquatic life designated uses.  The objectives and criteria for the 
impairments addressed in this document are described below.  

2.1.2.1 Ammonia 
The Basin Plan establishes numeric objectives for ammonia which are protective of fish (COLD and 
WARM), and wildlife (WILD) (see Basin Plan Tables 3-1 through 3-4).  The objective for chronic 
exposure is based on a four-day average concentration while the objective for acute toxicity is based on a 
one-hour average concentration.  These objectives are expressed as a function of pH and temperature 
because un-ionized ammonia (NH3

2.1.2.2 Bioaccumulation 

) is toxic to fish and other aquatic life.  

The Basin Plan states that “toxic pollutants shall not be present at levels that will accumulate in aquatic 
life to levels which are harmful to aquatic life or human health.”  To implement this narrative objective, 
the fish contaminant goals defined by the California Office of Environmental Health Hazard Assessment 
(OEHHA, 2008) were used to set numeric targets for mercury, chlordane, DDTs, dieldrin, and PCBs.    

2.1.2.3 Biostimulatory Substances (nutrients) 
The Basin Plan addresses excess aquatic growth in the form of a narrative objective for nutrients.  
Excessive nutrient (e.g., nitrogen and phosphorous) concentrations in a waterbody can lead to nuisance 
effects such as algae, odors, and scum.  The objective specifies, “waters shall not contain biostimulatory 
substances in concentrations that promote aquatic growth to the extent that such growth causes nuisance 
or adversely affects beneficial uses.”  To implement this narrative objective, the Numeric Nutrient 
Endpoint (NNE) BATHTUB model was used to define nitrogen and phosphorus target concentrations on 
a site specific basis that will not lead to nuisance conditions in the waterbody, such as excessive 
chlorophyll a concentrations. 

2.1.2.4 Chemical Constituents 
The Basin Plan states that “chemical constituents in excessive amounts in drinking water are harmful to 
human health” and “surface waters shall not contain concentrations of chemical constituents in amounts 
that adversely affect any designated beneficial use.”  Specifically, waters designated MUN shall not have 
concentrations exceeding the following maximum contaminant levels: mercury, 0.002 mg/L; nitrate as 
NO3

2.1.2.5

, 45 mg/L; nitrate plus nitrite as N, 10 mg/L; nitrite as nitrogen, 1 mg/L; chlordane, 0.0001 mg/L; 
PCBs, 0.0005 mg/L. The Basin Plan provides maximum contaminant levels for additional pollutants; 
however, no others are relevant for these TMDLs.  The CTR also includes criteria for some of these 
pollutants (see Section ).  

2.1.2.5 California Toxics Rule  
The CTR includes numeric water quality criteria for certain human health and aquatic life designated 
uses.  The strictest applicable targets from those identified in the Basin Plan and CTR apply to the 
waterbodies in this report.  The CTR includes criteria applicable to these lakes for: chlordane, copper, 
dieldrin, DDT, lead, mercury and PCBs.  The specific criteria are described in Section 2.2. 
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2.1.2.6 Dissolved Oxygen 
Adequate dissolved oxygen levels are required to support aquatic life.  Dissolved oxygen requirements 
are dependent on the beneficial uses of the waterbody.  The Basin Plan states “At a minimum (see 
specifics below) the mean annual dissolved oxygen concentrations of all waters shall be greater than  
7 mg/L, and no single determinations shall be less than 5.0 mg/L except when natural conditions cause 
lesser concentrations.”  In addition, the Basin Plan states, “the dissolved oxygen content of all surface 
waters designated as WARM shall not be depressed below 5 mg/L as a result of waste discharges” and 
“the dissolved oxygen content of all surface waters designated as COLD shall not be depressed below  
6 mg/L as a result of waste discharges.”   

2.1.2.7 Floating Material (trash) 
The Basin Plan specifies that “waters shall not contain floating materials including solids, liquids, foams, 
and scum, in concentrations that cause nuisance or adversely affect beneficial uses.” 

2.1.2.8 Pesticides 
The Basin Plan states that “no individual pesticide or combination of pesticides shall be present in 
concentrations that adversely affect beneficial uses.  There shall be no increase in pesticide concentrations 
found in bottom sediments or aquatic life.”  To implement this narrative objective, the fish contaminant 
goals defined by the California Office of Environmental Health Hazard Assessment (OEHHA, 2008) 
were used to set numeric targets for chlordane, DDTs, and dieldrin. The CTR also includes criteria for 
some of these pollutants (see Section 2.1.2.5).  

2.1.2.9 pH 
The Basin Plan states that “the pH of inland surface waters shall not be depressed below 6.5 or raised 
above 8.5 as a result of waste discharges.  Ambient pH levels shall not be changed more than 0.5 units 
from natural conditions as a result of waste discharge.”  This narrative objective will be achieved, in 
nutrient- impaired lakes, by applying the Numeric Nutrient Endpoint (NNE) BATHTUB model, which 
was used to define nitrogen and phosphorus target concentrations on a site specific basis that will not lead 
to fluctuations of pH due to excessive algal growth in the waterbody.   

2.1.2.10 Polychlorinated Biphenyls (PCBs) 
The Basin Plan states that “the purposeful discharge of PCBs to waters of the Region, or at locations 
where the waste can subsequently reach waters of the Region, is prohibited.  Pass-through or 
uncontrollable discharges to waters of the Region, or at locations where the waste can subsequently reach 
water of the Region, are limited to 70 pg/L (30-day average) for protection of human health and 14 ng/L 
and 30 ng/L (daily average) to protect aquatic life in inland fresh waters and estuarine waters 
respectively.”  In addition, OEHHA (2008) has published fish consumption guidelines for PCBs that were 
used to set fish tissue targets.  The CTR also includes a criterion for PCBs (see Section 2.1.2.5).  

2.1.2.11 Taste and Odor 
The Basin Plan states that “waters shall not contain taste or odor-producing substances in concentrations 
that impart undesirable tastes or odors to fish flesh or other edible aquatic resources, cause nuisance, or 
adversely affect beneficial uses.”  This narrative objective will be achieved, as it relates to nutrient-related 
odor impairments, by applying the Numeric Nutrient Endpoint (NNE) BATHTUB model, which was 
used to define nitrogen and phosphorus target concentrations on a site specific basis that will not lead to 
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nuisance algal growth in the waterbody.  Additionally, trash TMDLs will further address this impairment 
in applicable lakes. 

2.1.2.12 Toxicity 
The Basin Plan states that “all waters shall be maintained free of toxic substances in concentrations that 
are toxic to, or that produce detrimental physiological response in human, plant, animal, or aquatic life.”   

2.1.2.13 Antidegradation 
State Board Resolution 68-16, “Statement of Policy with Respect to Maintaining High Quality Water in 
California,” known as the “Antidegradation Policy,” protects surface and ground waters from 
degradation.  Any actions that can adversely affect water quality in all surface and ground waters must be 
consistent with the maximum benefit to the people of the state, must not unreasonably affect present and 
anticipated beneficial use of such water, and must not result in water quality less than that prescribed in 
water quality plans and policies.  Furthermore, any actions that can adversely affect surface waters are 
also subject to the federal Antidegradation Policy (40 CFR 131.12).  The proposed TMDLs will not 
degrade water quality, and will in fact improve water quality as they will lead to meeting the numeric 
water quality standards. 

2.2 NUMERIC TARGETS  
Numeric targets represent water column, sediment, or fish tissue concentrations that result in attainment 
of the water quality standards.  For the TMDLs in this document, the targets are assigned based on either:  
1) numeric water quality objectives outlined in the Basin Plan, 2) fish contaminant goals (FCG) defined 
by the Office of Environmental Health Hazard Assessment, 3) water concentrations defined by the 
California Toxics Rule (CTR), 4) consensus-based sediment quality guidelines defined by MacDonald et 
al. (2000), 5) bioaccumulation factor (BAF) or biota-sediment accumulation factor (BSAF) calculations to 
translate the FCGs into water and sediment targets respectively, or 6) interpretation of the Regional Board 
regarding narrative water quality objectives.     

2.2.1 Ammonia 
The Basin Plan expresses ammonia targets as a function of pH and temperature because un-ionized 
ammonia (NH3) is toxic to fish and other aquatic life.  In order to assess compliance with the standard, 
pH, temperature, and ammonia must be determined at the same time.  The toxicity of ammonia increases 
with increasing pH and temperature; therefore, ammonia targets depend on the site specific pH and 
temperature as well as the presence or absence of early life stages (ELS) of aquatic life.  For the purpose 
of this report, pH and temperature samples at the surface (less than 0.5 meters of depth) were used to 
determine the median temperature and 95th percentile pH, which were then used to calculate chronic 
targets.  Acute values were based entirely on the 95th

A December 2005 Amendment to the Basin Plan assumes that ELS are present in any waterbody 
designated as COLD.  Designated uses applied in the calculation of site-specific ammonia targets are 
presented in 

 percentile pH.  Any single day sample without a 
depth was assumed to be sampled at the surface and included within the target calculation. 

Table 2-2.  The 30-day average target concentrations (criterion continuous concentration 
(CCC)) of ammonia for waterbodies with and without ELS can be calculated using Equations 2-1 and 2-2, 
respectively.  Concentration targets are also presented in Tables 3-1 through 3-4 of the Basin Plan 
(LARWQCB, 1994).  The four-day maximum average concentrations shall not exceed 2.5 times the  
30-day average objective, while the one-hour acute level, with and without ELS, can be calculated with 
Equations 2-3 and 2-4, respectively (USEPA, 1999).  
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Table 2-2. Temperature and pH Dependent Acute and Chronic Total Ammonia Targets  
(un-ionized ammonia target) 

Lake (designated use) 

Median 
Temperature  
(n = number 
of samples) 

95th% pH 
Values  

(n = number 
of samples) 

Acute (1-hr 
Maximum 

Concentration) 
(mg-N/L)1 

Four-day 
Ammonia 

Max Average 
(mg-N/L)2 

Chronic 
Ammonia 

Target  
(mg-N/L)

Lincoln Park (WARM, 
WILD) 

3 

19.0             
(n=8) 

9              
(n=22) 

1.32 0.91 0.36 

Echo Park (WARM, WILD) 19.7          
(n=44) 

9.1         
(n=60) 

1.14 0.76 0.30 

Calabasas (WARM) 21.8          
(n=144) 

9.4         
(n=172) 

0.78 0.46 0.19 

El Dorado Park (WARM, 
WILD) 

16.2          
(n=46) 

8.5           
(n=46) 

3.20 2.44 0.98 

Legg (COLD)** 16             
(n=14) 

9.6           
(n=30) 

0.42** 0.56** 0.23** 

Note:  The median temperature and 95th percentile pH values were calculated from the observed surface depth data 
and used in the calculation of ammonia targets. These are presented as example calculations since the actual target 
is the water quality objective which is dependent on pH and temperature.  When assessing compliance refer to the 
water quality objective as expressed in the Basin Plan. 

1 The acute criterion represents a short term one-hour maximum concentration.   
2 The four-day criterion is the maximum average concentration allowed in a four-day period. 
3 

**ELS assumed to be present. 
The chronic criterion is the maximum 30 day average. 

 

Equation 2-1: 30-day average total ammonia concentration for waterbodies with ELS present. 

 
Equation 2-2: 30-day average total ammonia concentration for waterbodies with ELS absent. 

 
Equation 2-3: Acute criteria for total ammonia-nitrogen for waterbodies with ELS absent (USEPA, 
1999). 

 

Acute Limit =  

 

Equation 2-4: Acute criteria for total ammonia-nitrogen for waterbodies with ELS present (USEPA, 
1999). 

Acute Limit =  
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2.2.2 Chlordane 
Targets associated with OC Pesticides and PCBs are provided to ensure protection of both human health 
and wildlife, consistent with the beneficial uses associated with the OC Pesticides and PCBs-impaired 
waterbodies.  The OC Pesticides and PCBs targets considered for use in calculating the TMDLs are 
discussed below by media.  

2.2.2.1 Selection of Water Quality Targets 
Water column targets for OC Pesticides and PCBs are based on beneficial use.  For waters designated 
MUN, the Basin Plan lists a maximum contaminant level associated with chlordane and PCBs.  The Basin 
Plan also requires that toxic chemicals not be present at levels that are toxic or detrimental to aquatic life 
(LARWQCB, 1994).  Each waterbody addressed in this document is designated WARM, at a minimum, 
and must meet this requirement.  The WQOs intended to protect these beneficial uses defer to numeric 
water quality criteria included in the California Toxics Rule (CTR) (USEPA, 2000a).  To meet the 
designated beneficial uses, the aquatic life and human health criteria must be met.  Acute and chronic 
criterion in freshwater systems are considered protective of aquatic life.  However, the most stringent 
water column targets are the criteria for protection of human health.  The “water and organisms” criterion 
is applicable to Puddingstone Reservoir, where there is an existing MUN use, while the “organisms only” 
criterion is applicable to Echo Park Lake and Peck Road Park Lake.  The CTR criteria for “water and 
organisms” or “organisms only” both account for human health risk associated with bioaccumulation 
directly from the water column. 

2.2.2.2 Selection of Sediment Quality Targets 
OC Pesticides and PCBs have an affinity for organic matter and will partition from water to organic 
substances such as sediment, benthic organisms, and fish.  The levels of contamination in sediment are 
important because they are a crucial pathway for pollutant accumulation in fish and other edible species 
(such as clams and mussels).  Partitioning of OC Pesticides and PCBs from water through fish skin is also 
important, but does not result in the high accumulation caused by the continuous ingestion of 
contaminated organisms in most fish species.  Two target sediment concentrations have been identified 
that consider the protection of sediment biota and the potential for bioaccumulation in aquatic organisms, 
as well as the associated hazards to the species that consume aquatic organisms.  Consensus-based 
threshold effect levels are described in Section 2.2.2.2.1 and are designed to protect benthic biota from 
excessive toxic pollutants.  These sediment targets have been used in similar freshwater OC Pesticides 
and PCBs TMDLs in the Los Angeles region.  The other type of sediment targets, included in section 
2.2.2.2.2, were calculated to attain the fish tissue target based on a biota-sediment accumulation factor 
(BSAF).  The lower value of the consensus-based TEC target or the BSAF-derived target is selected as 
the final sediment target for each lake.  Additionally, these TMDLs include alternative wasteload 
allocations to be applied when a sufficient demonstration has been made that the fish tissue targets are 
met.  These targets are based on the consensus-based TEC values described below.  Details on when each 
set of targets apply are included in the wasteload allocation section of each relevant lake chapter.   

2.2.2.2.1 Consensus-Based Sediment Quality Guidelines Threshold Effects 
Concentrations (consensus-based TECs)  

There are no WQOs in the Basin Plan for OC Pesticides and PCBs in sediments.  Instead, the Regional 
Board assesses the quality of the lake sediments using the Probable Effects Concentration (PEC) values 
for the consensus-based sediment quality guidelines published by MacDonald et al. (2000).  The 
consensus-based guidelines have been incorporated into the most recent set of NOAA Screening Quick 
Reference Tables (SQuiRT) (Buchman, 2008).  Sediment quality guidelines (SQGs) are developed from 
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field and laboratory studies to predict the toxicity of pollutants on sediment-dwelling organisms.  
MacDonald et al. (2000) compiled a set of all published SQGs and used the resulting geometric mean 
value to establish CBSQGs for threshold and probable effect concentrations of individual contaminants.  
The PEC is the concentration at which harmful effects on sediment-dwelling organisms are expected to 
occur, whereas the threshold effect concentration (TECs) describes the level of contaminant that is not 
expected to have harmful effects on sediment-dwelling organisms.  PECs are appropriate when assessing 
impairments, while TECs are more conservative and best used as the targets for the TMDLs.  The 
consensus-based sediment quality guidelines are designed to protect benthic dwelling organisms. 

2.2.2.2.2 Biota-Sediment Accumulation Factor (BSAF) 
To ensure protection of both human health and wildlife, it is also important to consider the potential for 
bioaccumulation in aquatic organisms and the associated hazards to the species that consume aquatic 
organisms (i.e., wildlife and humans).   Thus a separate target calculation was conducted to ensure that 
fish tissue concentration goals are supported by sediment concentration.  The fish goals may be translated 
through biota-sediment accumulation factor (BSAF) calculations to estimate associated sediment targets.  
This is done on a site-specific basis.  

Specifically, a sediment target to achieve FCGs (see Selection of Fish Targets below) can be calculated 
based on biota-sediment bioaccumulation (a BSAF approach), using the ratio of the FCG to existing fish 
tissue concentrations.  This ratio is applied to the observed in-lake sediment concentration to obtain the 
site-specific sediment target concentration to achieve fish tissue goals.  The fish tissue-based target 
concentrations were calculated using only recent data (collected in the past 10 years) because the loads 
and exposure concentrations are likely to have declined steadily since the cessation of production and use 
of the OC Pesticides and PCBs.   

2.2.2.3 Selection of Fish Tissue Targets 
Beneficial uses may also be impaired if concentrations of OC Pesticides and PCBs in fish tissue are 
sufficiently high to pose potential adverse health impacts from the ingestion of sport-caught or local fish.  
Tissue concentrations of OC Pesticides and PCBs biomagnify in the food chain.  OC Pesticides and PCBs 
levels increase with the species’ trophic level and organisms at the top of a food chain system will have 
the highest accumulation of OC Pesticides and PCBs (note: trophic levels describe the position an 
organism occupies in the food chain [i.e., what the organism eats and what eats the organism] and are 
described in greater detail below).  The OC Pesticides and PCBs accumulation also increases with the age 
of the organisms and resides mostly in the lipid portions of the fish.  The top predators and fatty fish 
species in a given lake system tend to have the highest concentrations of OC Pesticides and PCBs, but 
concentrations are also elevated in fish that feed directly in contaminated sediment.  Top predators (such 
as bass) are often target species for sport fishermen.  Risks to human health from the consumption of 
contaminated fish are based on long-term, cumulative effects, rather than concentrations in individual 
fish.  Therefore, the criterion should not be applied to the extreme case of the most-contaminated fish 
within a target species; instead, the criterion is most applicable to average concentrations in top predator 
species and fish that are popular for consumption. 

The Office of Environmental Health Hazard Assessment (OEHHA) describes fish contaminant goals 
(FCGs) as pollutant levels in fish that “pose no significant health risk to individuals consuming sport fish 
at a standard consumption rate of eight ounces per week (32 g/day), prior to cooking, over a lifetime…”  
OEHHA also states that FCGs provide a reasonable starting point for criteria development (OEHHA, 
2008). 

FCGs for OC Pesticides and PCBs are defined for carcinogenic and non- carcinogenic risks.  The 
OEHHA (2008) applied the following methodology to calculate the two sets of FCGs:  
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For each chemical, the toxicological literature was reviewed to establish an acceptable non-
cancer reference dose (RfD; an estimate of daily human exposure to a chemical that is likely to 
be without significant risk of adverse effects during a lifetime) and/or a cancer slope factor (an 
upper-bound estimate of the probability that an individual will develop cancer over a lifetime as 
a consequence of exposure to a given dose of a specific carcinogen). 

For all the OC Pesticides and PCBs of concern in these TMDLs, the FCG based on cancer risk is the 
lower of the two FCG sets and is selected as the target.   

2.2.2.4 Chlordane Numeric Targets  
Total chlordane consists of a family of related chemicals, including cis- and trans-chlordane, 
oxychlordane, trans-nonachlor, and cis-nonachlor.  As described above, water column targets for 
chlordane are based on beneficial use.  For waters designated MUN, the Basin Plan lists a maximum 
contaminant level of 0.0001 mg/L, or 0.1 μg/L (100 ng/L).  The Basin Plan also requires that toxic 
chemicals not be present at levels that are toxic or detrimental to aquatic life (LARWQCB, 1994).  This 
objective is addressed through the CTR water quality criteria. 

Acute and chronic criteria for chlordane in freshwater systems are defined by the California Toxics Rule 
as 2.4 μg/L (2,400 ng/L) and 0.0043 μg/L (4.3 ng/L), respectively (USEPA, 2000a).  CTR criteria are 
considered protective of aquatic life.  The CTR also includes human health criteria for the consumption of 
water and organisms and for the consumption of organisms only as 0.00057 μg/L (0.57 ng/L) and 
0.000059 μg/L (0.59 ng/L), respectively (USEPA, 2000a).  California often implements these values on a 
30 day average.  Because the human health criterion for the consumption of water and organisms is the 
most restrictive criterion, a water column target of 0.00057 μg/L (0.57 ng/L)  is the appropriate target for 
waterbodies with the MUN designated use (Puddingstone Reservoir).  The human health criterion for the 
consumption of organisms only (0.000059 μg/L [0.59 ng/L]) is appropriate for waterbodies without an 
existing MUN designation (Echo Park Lake and Peck Road Park Lake). 

Two target sediment concentrations for chlordane have been identified as potential targets (Section 
2.2.2.2).  There are no Basin Plan Objectives for toxicity levels in sediment; however sediment quality 
guidelines are reported by multiple agencies for the protection of sediment biota.  MacDonald et al. 
(2000) compiled and evaluated the guidelines and derived consensus-based sediment quality guidelines 
that incorporate multiple recommendations.  For chlordane, the consensus-based threshold effect 
concentration (TEC) is 3.24 μg/kg dry weight.  The consensus-based guidelines have been incorporated 
into the most recent set of NOAA Screening Quick Reference Tables (SQuiRT) (Buchman, 2008) and are 
recommended by the State Water Resources Control Board for interpretation of narrative sediment 
objectives under the 303(d) listing policy.  An additional sediment target based on bioaccumulation in 
fish was also calculated for each impaired lake to ensure that the FCG is met using the BSAF approach 
described in Section 2.2.2.2.2.  The lower of the two sediment target values is applied in each lake.   

Fish tissue targets are described above in Section 2.2.2.3.  The fish contaminant goal for chlordane 
defined by the California Office of Environmental Health Hazard Assessment (OEHHA, 2008) is 5.6 ppb 
based on cancer risk (the FCG based on non-cancer risk is 100 ppb).  The resulting total chlordane targets 
for each lake are shown in Table 2-3.  
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Table 2-3. Total Chlordane Targets 
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Echo Park Lake NA 2,400 4.3 0.57 0.59 3.24 2.10 5.6 

Peck Road Park Lake NA 2,400 4.3 0.57 0.59 3.24 1.73 5.6 

Puddingstone Reservoir 100 2,400 4.3 0.57 0.59 3.24 0.75 5.6 

Note:  Shaded cells represent the selected targets for each waterbody. 
1 The acute criterion is a short term average not to be exceeded more than once every three years on the average. 
2 The chronic criterion is the highest four day average not to be exceeded more than once every three years on 
average. 

3

2.2.3 Chlorophyll a, Total Nitrogen, and Total Phosphorus  

The consensus-based TEC sediment target value was used for setting alternative wasteload allocations when 
sufficient demonstration that the fish tissue targets are met has been made.  Details on when each set of targets 
apply are included in the wasteload allocation sections of each relevant lake chapter.   

To address the water quality standard for biostimulatory substances (nitrogen and phosphorus), the 
Regional Board and USEPA have determined that an average summer (May – September) and annual 
mean chlorophyll a concentration of 20 μg/L will protect each waterbody from nuisance aquatic growth.  
For lakes that are not meeting the chlorophyll a target, the NNE BATHTUB model was used to assess 
target concentrations of nitrogen and phosphorus in each waterbody that will not result in an average 
summer (May – September) and annual mean chlorophyll a concentration exceeding 20 μg/L.  The 
unique conditions in each lake result in unique total nitrogen and total phosphorus targets for each lake 
that will result in the targeted chlorophyll a concentration.  For lakes where currently available data 
indicate the chlorophyll a target is being met, the total nitrogen and total phosphorus targets are set at 
existing nutrient levels.  More information on nutrient targets is included below.  

2.2.3.1 Chlorophyll a Numeric Targets 
A summer mean chlorophyll a concentration of 25 µg/L represents a general consensus for the boundary 
between eutrophic and degraded hypereutrophic conditions (Welch and Jacoby, 2004), and average 
concentrations should be maintained below this level to protect WARM uses.  Impairment of recreational 
uses can occur at somewhat lower levels.  Carlson (1977) shows that an average chlorophyll a 
concentration of around 20 µg/L corresponds to a Secchi disc depth of 3 m.  The work of Walker (1987) 
suggests that a mean chlorophyll a concentration of 25 µg/L is associated with severe algal blooms 
(concentration greater than 30 µg/L) occurring about one quarter of the time, while a mean concentration 
of 20 µg/L should reduce the frequency of severe blooms to about 15-20 percent of the time.  Lake 
aesthetics and recreation potential are generally found to be impaired above about 20 or 25 µg/L 
chlorophyll a (Bachmann and Jones, 1974; Heiskary and Walker, 1988).  Based on these and other lines 
of evidence, Tetra Tech (2006) recommended to the State Water Quality Control Board that summer 
average chlorophyll a concentrations be not greater than 25 µg/L to support WARM uses and not greater 
than 20 µg/L to support REC-1 uses. 
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2.2.3.2 Total Nitrogen and Total Phosphorus Numeric Targets 
As mentioned above the NNE BATHTUB Tool was used to calculate total nitrogen and total phosphorus 
targets for each lake.  Appendix A (Nutrient TMDL Development) provides more details but a brief 
description is included here.  The NNE BATHTUB tool finds combinations of N and P loading that result 
in predicted chlorophyll a being equal to the selected target.  Similar to the chlorophyll a targets, the total 
nitrogen and total phosphorus targets are average summer (May – September) and annual mean values.  
Because algal growth can be limited by either N or P there is not a unique solution, and the Tool output 
supplies the user with a curve representing the loading combinations that will result in attainment of the 
selected chlorophyll a target.  The loading combination that is predicted to result in an in-lake ratio of 
total nitrogen concentration to total phosphorus concentration close to 10 was selected.  This ratio was 
chosen to match that typically observed in natural systems and to balance biomass growth and prevent 
limitation by one nutrient (Thomann and Mueller, 1987).  A ratio of 10 typically limits the growth 
nuisance species, such as cyanobacteria (blue green algae) (Welch and Jacoby, 2004).  For lakes with 
required reductions in loadings, maximum allowable alternative “Approved Lake Management Plan 
Wasteload Allocations” are also included.  These alternative wasteload allocations are concentration-
based and are based on USEPA’s technical guidance to States not to set phosphorus criteria for lakes and 
reservoirs any higher than 0.1 mg/L total phosphorus (USEPA, 2000d).  A ratio of 10 was then applied to 
select the corresponding maximum allowable total nitrogen target.   

For lakes where the currently available data indicate that the chlorophyll a target is being met, the total 
nitrogen target is based on the existing conditions and the total phosphorus target is based on the typical 
ratio of 10 between phosphorus and nitrogen in natural systems.  The in-lake nitrogen and phosphorus 
targets as well as the chlorophyll a target are summer (May – September) and annual average values.  
However, compliance with these targets for the lakes that are receiving targets based on existing 
conditions will be based on a three year average to account for year to year variability. Table 2-4 presents 
the total phosphorous and total nitrogen targets associated with each lake. 

Measuring compliance with the nitrogen and phosphorus targets will occur differently for three categories 
of lakes.  The first category includes lakes where the currently available data indicate that the chlorophyll 
a target is being met.  In these lakes compliance with the total phosphorus and total nitrogen allocations is 
based on a three year average rather than a one year value.  Additionally, if applicable water quality 
criteria for ammonia, dissolved oxygen, and pH and the chlorophyll a target are met then the total 
phosphorus and total nitrogen allocations are considered attained.  The second category includes lakes 
that require reductions to achieve the chlorophyll a target and are heavily managed lakes that receive the 
majority of their water from supplemental water additions to the lake.  Responsible jurisdictions that 
discharge to these lakes may opt to request that alternative wasteload and load allocations apply to them if 
they develop a lake management plan.  In this scenario if applicable water quality criteria for ammonia, 
dissolved oxygen, and pH and the chlorophyll a target are met then the total phosphorus and total 
nitrogen allocations are considered attained.  Finally, the third category of lake is for lakes that require 
reductions to achieve the chlorophyll a target but are not heavily managed lakes and do not receive the 
majority of their water from supplemental water additions.  The only lake in this category is Puddingstone 
Reservoir.  Responsible jurisdictions that discharge to this lake must meet the total phosphorus and total 
nitrogen allocations as well as the applicable water quality criteria for ammonia, dissolved oxygen, and 
pH and the chlorophyll a target in order to demonstrate compliance.  Details are included in the individual 
lake chapters.  
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Table 2-4. Total Phosphorus and Total Nitrogen Targets 

Lake/Reservoir 

Total 
Phosphorus 

Target   
(mg-P/L) 

Total 
Nitrogen 
Target    

(mg-N/L) 

Maximum Allowable 
Alternative target for 

Total Phosphorus 
(mg-P/L) 

Maximum Allowable 
Alternative target 

Total Nitrogen       
(mg-N/L) 

Peck Road Park Lake 0.071 1 0.71 NA NA 

Lincoln Park Lake 0.088 0.88 0.1 1.02 

Echo Park Lake

2 

0.12 1 1.20 NA NA 

Lake Calabasas 0.066 0.66 0.1 1.02 

El Dorado Park Lakes 
Northern System 

2 

0.069 0.69 0.1 1.02 

El Dorado Park Lakes 
Southern System

2 

0.125 
1 

1.25 NA NA 

Legg Lakes 0.065 0.65 0.1 1.02 

Puddingstone Reservoir 

2 

0.071 0.71 0.1 1.0 

Santa Fe Dam Park Lake 0.063 1 0.63 NA NA 
1 Limited data indicate these lakes are meeting the chlorophyll a target so the total nitrogen and total phosphorus 
targets are based on existing conditions.  In these lakes compliance with the total phosphorus and total nitrogen 
allocations is based on a three year average rather than a one year value.  Additionally, if applicable water quality 
criteria for ammonia, dissolved oxygen, and pH and the chlorophyll a target are met then the total phosphorus and 
total nitrogen allocations are considered attained.   

2 

2.2.4 Copper 

In these lakes responsible jurisdictions can request that these alternative allocations are applied to them based on 
factors set out in the individual lake chapters’ wasteload and load allocation sections.  Additionally, if applicable 
water quality criteria for ammonia, dissolved oxygen, and pH and the chlorophyll a target are met then the total 
phosphorus and total nitrogen allocations under the alternative allocations scenario are considered attained.   

The Basin Plan requires that toxic chemicals not be present at levels that are toxic or detrimental to 
aquatic life (LARWQCB, 1994).  Acute and chronic criterion for copper and lead in freshwater systems 
are included in the California Toxics Rule (CTR) 40 CFR 131.38. (USEPA, 2000a).  The CTR establishes 
short-term (acute) and long-term (chronic) aquatic life criteria for metals in both freshwater and saltwater.  
The acute criterion, defined in the CTR as the Criteria Maximum Concentration, equals the highest 
concentration of a pollutant to which aquatic life can be exposed for a short period of time without 
deleterious effects.  The chronic criterion, defined in the CTR as the Criteria Continuous Concentration, 
equals the highest concentration of a pollutant to which aquatic life can be exposed for an extended period 
of time (4 days) without deleterious effects.   

CTR freshwater aquatic life criteria for certain metals are expressed as a function of hardness because 
hardness and/or water quality characteristics that are usually correlated with hardness can reduce or 
increase the toxicity of some metals.  In order to assess compliance with the standards, copper and 
hardness should be determined at the same time.  Hardness is used as a surrogate for a number of water 
quality characteristics, which affect the toxicity of metals in a variety of ways.  Increasing hardness 
generally has the effect of decreasing the toxicity of metals.  Water quality criteria to protect aquatic life 
may be calculated at different concentrations of hardness measured in milligrams per liter (mg/L) as 
calcium carbonate (CaCO3).  The CTR lists freshwater aquatic life criteria based on a hardness value of 
100 mg/L and provides hardness dependent equations to calculate the freshwater aquatic life metals 
criteria using site-specific hardness data. 
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In the CTR, freshwater criteria for metals are expressed in terms of the dissolved fraction of the metal in 
the water column.  These criteria were calculated based on methods in USEPA guidance (USEPA, 1985) 
developed under Section 304(a) of the CWA.  This methodology is used to calculate the total recoverable 
fraction of metals in the water column and then appropriate conversion factors, included in the CTR, are 
applied to calculate the dissolved criteria. 

The CTR allows for the adjustment of criteria through the use of a water-effect ratio (WER) to assure that 
the metals criteria are appropriate for the site-specific chemical conditions under which they are applied.  
A WER represents the ratio between metals that are measured and metals that are biologically available 
and toxic.  The WER is used to account for site specific conditions that may alter the bioavailability of a 
toxicant with respect to laboratory water.  For impaired waterbodies where no site specific data are 
available, a default WER of 1 can be assumed.  The coefficients needed for hardness-based calculations 
are provided in the CTR and listed below in Table 2-5.    

The equations for calculating the freshwater criteria for metals are: 

 Acute Criterion = WER x ACF x EXP[(ma)(ln(hardness))+ba

  Chronic Criterion = WER x CCF x EXP[(m

] Equation 2-5 

c)(ln(hardness))+bc

Where: WER = Water-Effect Ratio (assumed to be 1) 

] Equation 2-6  
 

 ACF  = Acute conversion factor (to convert from the total to the dissolved fraction) 

 CCF  =  Chronic conversion factor (to convert from the total to the dissolved fraction) 

 ma

 m

  =  slope factor for acute criteria 

c

 b

  =  slope factor for chronic criteria 

a

 b

  =  y intercept for acute criteria 

c

Table 2-5. Coefficients used in Formulas for Calculating CTR Freshwater Criteria for Copper 

  =  y intercept for chronic criteria 

Metal ACF m ba CCF a m bC 

Copper 

C 

0.960 0.9422 -1.700 0.960 0.8545 -1.702 

 

Chronic copper freshwater targets for each lake are calculated based on the 50th percentile of hardness 
values measured during copper sampling events, while the acute targets are calculated using the 90th

Table 2-6

 
percentile hardness (Appendix G, Monitoring Data).  These are presented as example calculations since 
the actual target varies with the hardness value measured during sample collection.   summarizes 
the acute and chronic criteria, as well as the human health criterion for the consumption of water and 
organisms from a waterbody, for each lake impaired by copper.        
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Table 2-6. Hardness-Dependent Acute and Chronic Copper Targets 

Lake WER 

90th 
Percentile 
Hardness  
(mg/L as 
CaCO3) 

Acute 
Criterion1 

(μg/L 
dissolved 
fraction) 

50th 
Percentile 
Hardness  
(mg/L as 
CaCO3) 

Chronic 
Criterion2  

(μg/L 
dissolved 
fraction) 

Human Health 
Criterion3

Echo Park Lake 

 
(μg/L total 
fraction) 

1 231 29.58 208 16.75 1,300 

El Dorado Park Lakes 1 124 16.46 95 8.57 1,300 

Legg Lakes 1 246 31.38 182 14.94 1,300 

Santa Fe Dam Park Lake 1 131 17.33 100 8.96 1,300 

Note:  The median and 90th percentile hardness values were calculated from the observed data and used in the 
calculation of the chronic and acute targets, respectively. These are presented as example calculations since the 
actual target varies with the hardness value determined during sample collection. 

1 The acute criterion is a short term average not to be exceeded more than once every three years on the average. 
2 The chronic criterion is the highest four day average not to be exceeded more than once every three years on 
average. 

3

2.2.5 Dieldrin 

The human health criterion was specified for consumption of water and organisms.  A human health criterion was 
not specified for consumption of organisms only. 

Selection of applicable OC Pesticides and PCBs targets are described above in Section 2.2.2.1 through 
Section 2.2.2.3.  Water column targets for dieldrin are based on beneficial use (Section 2.2.2.1).  Only one 
of the three dieldrin-impaired waters has an MUN designated use.  The Basin Plan requires that toxic 
chemicals not be present at levels that are toxic or detrimental to aquatic life (LARWQCB, 1994).  This 
objective is addressed through the CTR water quality criteria. 

Acute and chronic criteria for the protection of aquatic life in freshwater systems are included in the CTR 
for dieldrin as 0.24 μg/L (240 ng/L) and 0.056 μg/L (56 ng/L), respectively (USEPA, 2000a).  CTR 
criteria are considered protective of aquatic life.  The CTR also includes human health criterion for the 
consumption of organisms only and for the consumption of organisms and water as 0.00014 μg/L (0.14 
ng/L) (USEPA, 2000a).  California often implements these values on a 30 day average.  Because the 
human health criterion for the consumption of organisms only is the most restrictive criterion, a water 
column target of 0.00014 μg/L (0.14 ng/L) is the appropriate target for waterbodies without an existing 
MUN designated use (Echo Park Lake and Peck Road Park Lake).  For the MUN use specified in 
Puddingstone Reservoir the CTR criterion is based on consumption of organisms and water, but is also 
equal to 0.00014 μg/L (0.14 ng/L). 

Two target sediment concentrations for dieldrin have been identified (Section 2.2.2.2).  There are no 
Basin Plan Objectives for toxicity levels in sediment; however sediment quality guidelines are reported by 
multiple agencies for the protection of sediment biota.  MacDonald et al. (2000) compiled and evaluated 
the guidelines and derived consensus-based sediment quality guidelines that incorporate multiple 
recommendations.  For dieldrin, the consensus-based threshold effect concentration (TEC) is 1.9 μg/kg 
dry weight.  The consensus-based guidelines have been incorporated into the most recent set of NOAA 
Screening Quick Reference Tables (SQuiRT) (Buchman, 2008) and are recommended by the State Water 
Resources Control Board for interpretation of narrative sediment objectives under the 303(d) listing 
policy.  An additional sediment target based on bioaccumulation in fish was also calculated for each 
impaired lake to ensure that the FCG is met using the BSAF approach described in Section 2.2.2.2.2.  The 
lower of the two sediment target values is applied in each lake.  Additionally, these TMDLs include 
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alternative wasteload allocations to be applied when a sufficient demonstration has been made that the 
fish tissue targets are met.  These targets are based on the consensus-based TEC values.  Details on when 
each set of targets apply are included in the wasteload allocation section of each relevant lake chapter.   

Fish tissue targets are described above in Section 2.2.2.3.  The fish contaminant goal for dieldrin defined 
by the California Office of Environmental Health Hazard Assessment (OEHHA, 2008) is 0.46 ppb based 
on cancer risk (the FCG based on non-cancer risk is 160 ppb).  Similar to the sediment targets, the lowest 
fish tissue target value is applied in each lake.  Table 2-7 summarizes the applicable targets for the two 
waterbodies listed for dieldrin addressed by this document.   

Table 2-7. Dieldrin Targets 
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Echo Park Lake 240 56 0.14 1.90 0.80 0.46 

Peck Road Park Lake 240 56 0.14 1.90 0.43 0.46 

Puddingstone Reservoir 240 56 0.14 1.90 0.22 0.46 

Note: Shaded cells represent the selected targets for each waterbody. 
1 The acute criterion is a short term average not to be exceeded more than once every three years on the average. 
2 The chronic criterion is the highest four day average not to be exceeded more than once every three years on 
average. 

3

2.2.6 Dissolved Oxygen 

The consensus-based TEC sediment target value was used for setting alternative wasteload allocations when 
sufficient demonstration that the fish tissue targets are met has been made.  Details on when each set of targets 
apply are included in the wasteload allocation sections of each relevant lake chapter.   

Targets for dissolved oxygen (DO) depend on whether or not the waterbody is designated COLD in 
addition to the minimum designation of WARM, as is the case with Puddingstone Reservoir.  
Waterbodies designated COLD have more stringent dissolved oxygen targets.  Table 2-8 summarizes the 
DO targets for each lake listed as impaired by low DO.  Targets are specified as minimum values not to 
be depressed due to waste discharges.  Target depths for each lake were set by the Regional Board and 
USEPA based on site specific conditions.  Shallow, well mixed lakes must meet the target in the water 
column from the surface to 0.3 meters above the bottom of the lake.  Deeper lakes that thermally stratify 
during the summer months, such as Peck Road Park Lake and Puddingstone Reservoir, must meet the DO 
target throughout the epilimnion of the water column.   

The epilimnion is the upper stratum of more or less uniformly warm, circulating, and fairly turbulent 
water during summer stratification.  The epilimnion floats above a cold relatively undisturbed region 
called the hypolimnion.  The stratum between the two is the metalimnion and is characterized by a 
thermocline, which refers to the plane of maximum rate of decrease of temperature with respect to depth. 
For the purposes of these TMDLs, the presence of stratification will be defined by whether there is a 
change in lake temperature greater than 1 degree Celsius per meter.  Deep lakes must meet the DO target 
in the water column from the surface to 0.3 meters above the bottom of the lake when the lake is not 
stratified. However, when stratification occurs (i.e., a thermocline is present) then the DO target must be 
met in the epilimnion, the portion of the water column above the thermocline. 
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Table 2-8. Dissolved Oxygen Targets 

Lake/Reservoir 
Minimum Mean 

Annual DO (mg/L)

Minimum 
Instantaneous DO 

(mg/L)1 Target Depth (m) 2 

Peck Road Park Lake 7.0 5.0 Throughout the epilimnion 

Lincoln Park Lake 7.0 5.0 Surface to 0.3 meters above the bottom 

Echo Park Lake 7.0 5.0 Surface to 0.3 meters above the bottom 

Lake Calabasas 7.0 5.0 Surface to 0.3 meters above the bottom 

El Dorado Park Lakes 7.0 5.0 Surface to 0.3 meters above the bottom 

Legg Lakes 7.0 6.0 Surface to 0.3 meters above the bottom 

Puddingstone Reservoir 7.0 6.0 Throughout the epilimnion 

Santa Fe Dam Park Lake 7.0 5.0 Surface to 0.3 meters above the bottom 
1 The mean annual dissolved oxygen concentration shall be greater than 7 mg/L except when natural conditions 
cause lesser concentrations.   

2 

2.2.7 DDT 

The dissolved oxygen content shall not be depressed below this level as a result of waste discharges. 

Dichlorodiphenyltrichloroethane (DDT) is a synthetic organochlorine insecticide once used throughout 
the world to control insects.  Technical DDT consists of two isomers, 4,4’-DDT and 2,4’-DDT, of which 
the former is most toxic.  In the environment, DDT breaks down to form two related compounds: DDD 
(tetrachlorodiphenylethane) and DDE (dichlorodiphenyl-dichloroethylene).  DDD and DDE often 
predominate in the environment and USEPA (2000c) recommends that fish consumption guidelines be 
based on the sum of DDT, DDD, and DDE – collectively referred to as total DDTs.  

Selection of applicable OC Pesticides and PCBs targets are described above in Section 2.2.2.1 through 
Section 2.2.2.3.  Water column targets for DDT are based on beneficial use (Section 2.2.2.1).  The Basin 
Plan requires that toxic chemicals not be present at levels that are toxic or detrimental to aquatic life 
(LARWQCB, 1994).  This objective is addressed through the CTR water quality criteria.  Acute and 
chronic criteria for 4,4’-DDT in freshwater systems are included in the CTR as 1.1 μg/L (1,100 ng/L) and 
0.001 μg/L (1 ng/L), respectively (USEPA, 2000a).  CTR criteria are considered protective of aquatic life.  
Acute and chronic values for other DDT compounds were not specified.    

The CTR also includes human health criteria for the consumption of water and organisms or organisms 
only in several DDT compounds, but does not specify a target for total DDTs (USEPA, 2000a).  
California often implements these values on a 30 day average.  These values include a water column 
target of 0.00059 μg/L (0.59 ng/L) for 4,4’-DDT for consumption of water and organisms as well as 
organisms only.  The CTR also specifies a criterion of 0.00059 μg/L (0.59 ng/L) for 4,4’-DDE (for both 
consumption of water and organisms or organisms only), while for 4,4’-DDD the criteria are 0.00083 
μg/L (0.83 ng/L) for consumption of water and organisms and 0.00084 μg/L (0.84 ng/L) for consumption 
of organisms only.  The lowest applicable DDT target is selected for the purposes of representing Total 
DDTs.  If analytical results that resolve individual DDT compounds are available, all of the CTR criteria 
should be applied individually.  Because the human health criterion for the consumption of water and 
organisms is the most restrictive criterion, a water column target of 0.00059 μg/L (0.59 ng/L) is the 
appropriate target for waterbodies with the MUN designated use (Puddingstone Reservoir). The human 
health criterion for the consumption of organisms only (0.00059 μg/L [0.59 ng/L]) is appropriate for 
waterbodies without an existing MUN designated use (Peck Road Park Lake).   
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Two target sediment concentrations for total DDT have been identified (Section 2.2.2.2).  There are no 
Basin Plan Objectives for toxicity levels in sediment; however sediment quality guidelines are reported by 
multiple agencies for the protection of sediment biota.  MacDonald et al. (2000) compiled and evaluated 
the guidelines and derived consensus-based sediment quality guidelines that incorporate multiple 
recommendations.  The consensus-based TEC for total DDTs is 5.28 μg/kg dry weight (MacDonald el al., 
2000).  Most data are provided for the total compound; therefore, the total DDTs TEC value is applicable 
for TMDL analyses.  If data for individual compounds are available, separate TECs are also provided: for 
4,4’- plus 2,4’-DDT the TEC is 4.16 μg/kg dry weight, for total DDE the TEC is 3.16 μg/kg dry weight, 
and the TEC for total DDD is 4.88 μg/kg dry weight.  The consensus-based guidelines have been 
incorporated into the most recent set of NOAA Screening Quick Reference Tables (SQuiRT) (Buchman, 
2008) and are recommended by the State Water Resources Control Board for interpretation of narrative 
sediment objectives under the 303(d) listing policy.  An additional sediment target based on 
bioaccumulation in fish was also calculated for each impaired lake to ensure that the FCG is met using the 
BSAF approach described in Section 2.2.2.2.2.  The lower of the two sediment target values is applied in 
each lake.  Additionally, the Puddingstone Reservoir DDT TMDL includes alternative wasteload 
allocations to be applied when a sufficient demonstration has been made that the fish tissue targets are 
met.  This target is based on the consensus-based TEC values.  Details on when each set of targets apply 
are included in the wasteload allocation section of the Puddingstone Reservoir DDT impairment chapter.   

Fish tissue targets are described above in Section 2.2.2.3.  The fish contaminant goal for total DDT 
defined by the OEHHA is 21 ppb (OEHHA, 2008) based on cancer risk (the FCG based on non-cancer 
risk is 1,600 ppb).  The advisory tissue levels are based on various levels of fish consumption.  Table 2-9 
summarizes the applicable targets for the two waterbodies listed for DDT addressed by this document.  

Table 2-9. DDT Target 
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Peck Road Park Lake 1,100 1 0.59 0.59 5.28 3 6.90 21 

Puddingstone 
Reservoir 

1,100 1 0.59 0.59 3 5.28 3.94 4 21 

Note:  Shaded cells represent the selected targets for each waterbody. 
1 The acute criterion is a short term average not to be exceeded more than once every three years on the average. 
2 The chronic criterion is the highest four day average not to be exceeded more than once every three years on the 
average. 

3 The target water column concentration of 0.59 ng/L specified in the CTR is for 4,4’-DDT.  The CTR also specifies 
targets for DDE and DDD, but does not specify a target for total DDTs.  The lowest DDT target is selected for the 
purposes of representing Total DDTs in this table.  If analytical results that resolve individual DDT compounds are 
available, all of the CTR criteria should be applied individually. 

4For Puddingstone Reservoir, the consensus-based TEC sediment target value was used for setting alternative 
wasteload allocations when sufficient demonstration that the fish tissue targets are met has been made.  Details on 
when each set of targets apply are included in the wasteload allocation sections of the Puddingstone Reservoir DDT 
impairment chapter.   
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2.2.8 Lead 
The Basin Plan requires that toxic chemicals not be present at levels that are toxic or detrimental to 
aquatic life (LARWQCB, 1994).  CTR 40 CFR 131.38 establishes short-term (acute) and long-term 
(chronic) aquatic life criteria for metals in both freshwater and saltwater (USEPA, 2000a).  Refer to 
Section 2.2.4 for a detailed explanation of the procedure used to calculate metal targets.  Coefficients for 
calculating lead criteria are listed in Table 2-10. 

In addition to the CTR discussion in Section 2.2.4, the chronic and acute conversion factors for lead in 
freshwater are dependent on hardness and, therefore, should be calculated for each waterbody evaluated.  
In order to assess compliance with the standards, lead and hardness should be determined at the same 
time.  The following equations can be used to calculate the acute and chronic lead conversion factors 
based on site-specific hardness data:      

 Lead ACF = 1.46203 - [(ln{hardness})(0.145712)] Equation 2-7 

 Lead CCF = 1.46203 - [(ln{hardness})(0.145712)] Equation 2-8 

Table 2-10. Coefficients Used in Formulas for Calculating CTR Freshwater Criteria for Lead 

Metal ACF m ba CCF a m bC 

Lead 

C 

* 1.273 -1.460 * 1.273 -4.705 

* The ACF and CCF for lead are hardness-dependent, and are therefore calculated for each lake specifically (see 
Table 2-11). 

Chronic lead freshwater targets for each lake are calculated based on the 50th percentile of hardness values 
measured during lead sampling events, while the acute targets are calculated using the 90th

Table 2-11

 percentile 
hardness (Appendix G, Monitoring Data).  These are presented as example calculations since the actual 
target varies with the hardness value measured during sample collection.   summarizes the 
acute and chronic criterion for each lake impaired by lead (note that CTR does not include a human health 
criterion for lead).   
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Table 2-11.  Hardness-Dependent Acute and Chronic Lead Targets 

Lake WER 

90th 
Percentile 
Hardness 
(mg/L as 
CaCO3) ACF4 

Acute Criterion1 
(μg/L dissolved 

fraction) 

50th 
Percentile 
Hardness 
(mg/L as 
CaCO3) CCF4 

Chronic 
Criterion2

Peck Road Park Lake 

  
(μg/L 

dissolved 
fraction) 

1 121 0.763 79.43 84 0.816 2.08 

Lincoln Park Lake 1 332 0.616 231.75 315 0.624 8.55 

Echo Park Lake 1 231 0.669 158.58 208 0.684 5.53 

El Dorado Park Lakes 1 124 0.760 81.56 95 0.798 2.38 

Legg Lakes 1 246 0.660 169.44 182 0.704 4.80 

Santa Fe Dam Park 
Lake 

1 131 0.752 86.54 100 0.791 2.52 

Westlake Lake 1 468 0.589 3 280.85 336 0.614 9.14 

Note:  The median and 90th percentile hardness values were calculated from the observed data and used in the 
calculation of the chronic and acute targets, respectively. These are presented as example calculations since the 
actual target varies with the hardness value measured during sample collection. 
1 The acute criterion is a short-term average not to be exceeded more than once every three years on the average. 
2 The chronic criterion is the highest four-day average not to be exceeded more than once every three years on 
average. 

3 The 90th percentile hardness was greater than 400 mg/L. According to CTR, if hardness is over 400 mg/L, a 
hardness of 400 mg/L should be used with a default WER of 1.0. Therefore, hardness of 400 mg/L was used in the 
acute target calculations for Westlake Lake. 

4

2.2.9 Mercury 

 Conversion factors are hardness dependent.  Refer to Equation 2-7 and Equation 2-8 to calculate the ACF and 
CCF, respectively. 

Mercury targets are provided to ensure protection of both human health and wildlife, consistent with the 
beneficial uses associated with the mercury-impaired waterbodies.  As discussed below, the human health 
targets are considered protective of wildlife; therefore, the values presented in Table 2-13 are used for 
TMDL calculations and confirmation of impairments. 

Table 2-12. Mercury Targets 

Lake/Reservoir 

Total 
Mercury 

Maximum 
Contaminant 
Level (μg/L) 

Total Mercury 
Human Health 
Criterion for 

Consumption of 
Water and 

Organisms (μg/L 
total fraction) 

Total Mercury 
Human Health 
Criterion for 

Consumption 
of Organisms 

Only (μg/L 
total fraction) 

Dissolved 
Methyl-
mercury 

Water 
Quality 
Targets 
(ng/L) 

Methylmercury 
Fish Tissue 

Concentration 
in 350 mm 

(average length) 
Largemouth 
Bass (ppm) 

El Dorado Park Lakes 2.0 0.050 0.051 0.081 0.22 

Puddingstone Reservoir 2.0 0.050 0.051 0.081 0.22 

Lake Sherwood 2.0 0.050 0.051 0.081 0.22 

Note: Shaded cells represent the selected targets for each waterbody. 
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2.2.9.1 Protection of Human Health 
Fish tissue and water column targets for methylmercury and mercury are chosen based on applicable 
beneficial uses.  For waters designated MUN, the Basin Plan lists a water column maximum contaminant 
level of 0.002 mg/L, or 2 μg/L.  The California Toxics Rule (CTR) includes human health criteria for the 
consumption of water and organisms or organisms only as 0.050 μg/L and 0.051 μg/L, respectively 
(USEPA, 2000a).  California often implements these values on a 30 day average.  Because the human 
health criterion for the consumption of water and organisms is the most restrictive criterion, a water 
column target of 0.050 μg/L is the appropriate target for waterbodies with the MUN designated use 
(Puddingstone Reservoir).  The human health criterion for the consumption of organisms only (0.051 
μg/L) is appropriate for waterbodies without the MUN designated use (El Dorado Park lakes and Lake 
Sherwood).   

The fish contaminant goal for methylmercury defined by the California Office of Environmental Health 
Hazard Assessment (OEHHA, 2008) is 220 ppb or 0.22 ppm.  This concentration is a chronic target 
designed to protect human health from the cumulative effects of long-term exposure to contaminated fish.  
It is based on a consumption rate of 8 ounces of fish per week, prior to cooking and is more restrictive 
than the federal Clean Water Act (CWA) 304(a) guidance criterion for the protection of human health of 
0.3 ppm (USEPA, 2001a).  The assessment data available for the three mercury impaired lakes report 
concentrations of total mercury in fish tissue, of which most is in the form of methylmercury.  
Comparison of the assessment data to the methylmercury fish contaminant goal results in slightly 
conservative TMDL calculations and is considered part of the implicit margin of safety. 

In addition, a water column target for dissolved methylmercury of 0.081 ng/L is applicable for all three 
mercury-impaired lakes.  This value is calculated by dividing the fish contaminant goal (0.22 ppm) with a 
national bioaccumulation factor (for dissolved methylmercury) of 2,700,000 applicable for trophic level 4 
fish (and multiplying by a factor of 106

The applicable numeric targets for these TMDLs are the California ambient water quality criterion of 50 
ng/L or 51 ng/L total mercury in the water column, the calculated dissolved methylmercury water column 
concentration of 0.081 ng/L, and the OEHHA fish contaminant goal of 0.22 ppm methylmercury in fish 
tissue.  As it is primarily methylmercury that accumulates in fish, the 0.22 ppm target may be applied to 
the total mercury concentration in the edible portion of fish.  Total mercury concentrations in edible fish 
from each lake exceed the contaminant goal.  Fish in each lake accumulate unacceptable tissue 
concentrations of mercury even though the ambient water column criterion appears to be met.  The most 
restrictive target is the fish contaminant goal of 0.22 ppm methylmercury, and is selected as the primary 
numeric target for calculating these TMDLs.     

 to convert from milligrams to nanograms) (USEPA, 2001a, 
Appendix A).  A bioaccumulation factor or BAF is the ratio of the concentration of a chemical in the 
water column to the concentration of the chemical in fish tissue and are in units of liters per kilograms 
(L/kg). 

Mercury bioaccumulates in the food chain, which means larger fish that consume smaller fish have higher 
concentrations.  Within a lake fish community, top predators usually have higher mercury concentrations 
than forage fish, and size and tissue concentrations generally increase with age.  Top predator fish (such 
as bass) are often target species for sport fishermen.  Risks to human health from the consumption of 
mercury-contaminated fish are based on long-term, cumulative effects, rather than concentrations in 
individual fish.  Therefore, the target is not applied to the extreme case of the most-contaminated fish 
within a target species; instead, the target is applied to average concentrations in a top predator species of 
a size likely to be caught and consumed.   

Within each of the mercury-impaired lakes, the top predator sport fish, and also the fish with the highest 
reported tissue methylmercury body burden, is largemouth bass (Micropterus salmoides).  Largemouth 
bass continue to bioaccumulate mercury with increasing size and age.  The California Department of Fish 
and Game requires that anglers release largemouth bass less than 12 inches (305 mm) in length and that 
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each angler keep no more than five fish per day.  The largemouth bass caught for determination of fish 
tissue contaminant concentrations in these three lakes ranged in size from 200 to 598 mm in length, and 
exceedances of the fish contaminant goal occurred in largemouth bass ranging in length from 286 to 598 
mm (Appendix G, Monitoring Data).   

The range of length for assessing compliance with this fish tissue target is 325-375 mm for largemouth 
bass.  However, an average of 350 mm largemouth bass is used for TMDL calculations.  This length has 
been identified by two separate studies as the average length of largemouth bass caught with fishing lines 
from California lakes (personal communication, Aroon Melwani, San Francisco Estuary Institute (SFEI), 
to Valentina Cabrera-Stagno, US EPA Region IX, October 22, 2009).  Setting the fish tissue target to this 
length protects human health over the average range of fish caught.  Setting the fish tissue target to the 
minimum length where exceedances have been detected will be less protective of human health because 
all fish greater than that length may exceed the criterion.  Setting the fish tissue target to the maximum 
length  may be overly protective since most fish that are caught will be less than the maximum length.   

Error! Reference source not found. above summarizes the applicable targets for the three waterbodies 
listed for mercury addressed by this document.  The shaded cells in this table represent the selected 
targets for each waterbody.  The fish tissue concentration targets are consistent; however, the water 
column targets differ.  Specifically, Puddingstone Reservoir has an MUN designated use; therefore, the 
human health criterion for the consumption of water and organisms is appropriate (0.50 μg/L), while the 
target for El Dorado Park lakes and Lake Sherwood is 0.051 μg/L, associated with consumption of 
organisms only because these lakes do not have an existing MUN designated use so the criterion 
consistent with the REC-1 beneficial use is selected.  The dissolved methylmercury water column target 
of 0.081 ng/L is applicable for all three lakes. 

2.2.9.2 Protection of Wildlife 
Wildlife species that eat fish or other aquatic organisms containing mercury are potentially at risk from 
the toxic effects of mercury.  This risk is a function of ecosystem dynamics and understanding the risk 
requires evaluation of the potential for contaminants to move through an ecosystem via trophic levels.  
Trophic levels describe the position an organism occupies in the food chain (i.e., what the organism eats 
and what eats the organism).  In a simple example of an aquatic ecosystem, plants (or primary producers) 
are at the base of the food chain (trophic level 1), followed by primary consumers in trophic level 2  
(i.e., herbivorous organisms (fish, snails, macroinvertebrates, etc.)), secondary consumers in trophic level 
3 (i.e., invertebrate feeding fish, predatory macroinvertebrates, etc.), and tertiary consumers in trophic 
level 4 (i.e., fish-eating fish, water snakes, etc.).  The top-level consumers are followed by top-level 
predators, such as eagles, raccoons, and other carnivorous animals.  It is important to note that organisms 
above trophic level 1 (plants) often occupy a number of trophic levels.  For example, turtles are 
considered trophic level 2 when they feed on vegetation, trophic level 3 when they eat herbivorous 
invertebrates and fish, and trophic level 4 when they feed on predatory fish.  Generally, the trophic level 
for a carnivore is one level higher than the trophic level of the animal it eats. 

To evaluate risk associated with the toxic effects of mercury, the fish tissue concentration target of  
0.22 ppm methylmercury in largemouth bass (a trophic level 4 fish) of 350 mm in length was analyzed to 
see whether it is protective of wildlife species (Note:  this is the average size largemouth bass caught by 
humans with fishing lines in California lakes based on a minimum catch size of 305 mm; therefore,  
350 mm  is considered a large fish because many smaller fish [less than 305 mm] are also part of trophic 
level 4).  The analysis draws on previous studies conducted by US Fish and Wildlife Service (USFWS) to 
determine safe levels of mercury in fish tissue for wildlife in California and looks at both generic wildlife 
receptor categories and specific threatened and endangered species found at the mercury-impaired lakes.  
USFWS recommended that the analysis include the following six receptor categories: fish, small 
piscivorous birds, large piscivorous birds, insectivorous passerine birds, carnivorous waterfowl, and 
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piscivorous mammals (personal communication, Katie Zeeman, USFWS Carlsbad Office, to Valentina 
Cabrera-Stagno, USEPA Region IX, October 1, 2009).  The target was found to be protective of wildlife, 
as described below. 

In deriving the national CWA 304(a) guidance criterion to protect human health, USEPA developed draft 
national bioaccumulation factors (BAFs) that describe the bioaccumulation and biomagnifications 
between trophic levels (USEPA, 2001a).  The national BAFs are ratios (in L/kg) which relate the 
concentration of dissolved methylmercury in the water column to its expected concentration in commonly 
consumed aquatic organisms in a specified trophic level.  In addition, food chain multipliers can be 
calculated from the national BAFs.  Food chain multipliers are the ratio of the BAF for one trophic level 
to the BAF for the trophic level directly below (for example, the food chain multiplier from trophic level 
3 to 4 is the BAF for trophic level 4 divided by the BAF for trophic level 3 (2,700,000/680,000 = 4)).  
The BAFs and calculated food chain multipliers are shown Table 2-13.  Using the food chain multipliers, 
one can calculate trophic level 3 and 2 concentrations from a trophic level 4 target.  The methylmercury 
concentrations calculated for trophic levels 2 and 3 based on the trophic level 4 target in these TMDLs  
(0.22 ppm methylmercury) are shown in Table 2-13 (i.e., trophic level 3 concentration is the trophic level 
4 target divided by the food chain multiplier from trophic level 3 to 4 (0.22 ppm/4 = 0.055 ppm)).  The 
target in trophic level 4 is set for a large sized fish and is lower for the trophic level as a whole. Using this 
number to estimate trophic level 3 and 2 concentrations is highly conservative and leads to overestimates 
of the trophic level 3 and 2 concentrations.  

Table 2-13. National Bioaccumulation Factors (BAFs) and Food Chain Multipliers 

Bioaccumulation Factors and Food Chain Multipliers Value 

Draft National BAF for Trophic Level 4 2,700,000 L/kg 

Draft National BAF for Trophic Level 3 680,000 L/kg 

Draft National BAF for Trophic Level 2 120,000 L/kg 

Food chain multiplier from trophic level 3 to 4 biota 4 

Food chain multiplier from trophic level 2 to 3 biota 5.7 

 

Table 2-14. Trophic Level Concentrations 

Trophic Level 
Methylmercury Fish Tissue 

Concentration (ppm wet weight) 

Trophic Level 4 target concentration* 0.22 

Calculated corresponding trophic level 3 concentration 0.055 

Calculated corresponding trophic level 2 concentration 0.0096 

*Note: The TMDL target is actually set for a large sized fish (350 mm) not for the trophic level as a whole. The trophic 
level concentration as a whole is lower and consequently the trophic level 3 and 2 levels will be lower than the 
values presented above.  
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2.2.9.2.1 Generic Wildlife Receptor Category Analysis 

2.2.9.2.1.1 Fish 

When USFWS evaluated the USEPA national CWA 304(a) human health 0.3 ppm methylmercury 
criterion, it found that threatened and endangered fish species in California were not likely to be adversely 
affected (USFWS, 2003).  Since the USEPA criterion is higher than the selected target (0.22 ppm 
methylmercury fish tissue guideline (OEHHA, 2008)), these TMDLs are protective of threatened and 
endangered freshwater fish species, and thus, in general protective of any freshwater fish species, that 
may be living in the mercury-impaired lakes. 

2.2.9.2.1.2 Small Piscivorous Birds 

The Belted Kingfisher is a small piscivorous bird that has been previously evaluated by USFWS for a safe 
level of mercury.  In the analysis of the numeric wildlife targets for the Guadalupe River Watershed 
TMDL, USFWS found that concentrations of 0.05 ppm methylmercury in 50-150 mm trophic level 3 fish 
would be protective of the Belted Kingfisher (USFWS, 2005).  The fish tissue target in these TMDLs is 
expected to be as protective as those found necessary in the Guadalupe River Watershed TMDL analysis, 
for fish in the same size range and trophic level.  

2.2.9.2.1.3 Large Piscivorous Birds 

The Bald Eagle is a large piscivorous bird that has been sighted (albeit rarely) at these mercury-impaired 
lakes.  When USFWS evaluated the USEPA national CWA 304(a) human health 0.3 ppm methylmercury 
criterion, it found that a target of 0.3 ppm methylmercury in trophic level 4 fish would be protective of 
bald eagles (USFWS, 2003).  The target for these TMDLs (0.22 ppm methylmercury fish contaminant 
goal (OEHHA, 2008)) is lower than the CWA 304(a) human health criterion and is therefore considered 
protective of large piscivorous birds. 

2.2.9.2.1.4 Insectivorous Passerine Birds 

No studies on fish tissue mercury concentration impacts to insectivorous passerine bird species were 
readily available, so this endpoint was not assessed.  The level of mercury anticipated to be in trophic 
level two species is very low (0.0096 ppm wet weight; Table 2-13.) and it is not expected to be a concern 
for insect-eating birds.  

2.2.9.2.1.5 Carnivorous Waterfowl  

The Common Merganser is a carnivorous waterfowl that has been evaluated in previous USFWS studies 
for a safe level of mercury.  In the evaluation of numeric wildlife targets for the Guadalupe River 
Watershed TMDL, USFWS found that concentrations of 0.1 ppm methylmercury in 150-350 mm trophic 
level 3 fish would be protective of the Common Merganser (USFWS, 2005).  The level anticipated in 
these TMDLs for trophic level 3 fish (0.055 ppm; Table 2-13.) is about half of that number and is 
therefore protective of the Common Merganser and other carnivorous waterfowl.  

2.2.9.2.1.6 Piscivorous Mammals  

Mink is a piscivorous mammal species that has been evaluated previously.  USFWS previously evaluated 
mink.  In its analysis of numeric wildlife targets for the Cache Creek and Sacramento-San Joaquin Delta 
Watersheds TMDL, USFWS found that concentrations of 0.077 ppm methylmercury in trophic level 3 
fish smaller than 150 mm would be protective of mink (USFWS, 2004).  The methylmercury level 
anticipated in these TMDLs for trophic level 3 fish (0.055 ppm; Table 2-13.) is well below that number 
and is therefore protective of piscivorous mammals.  
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2.2.9.2.2 Specific Threatened and Endangered Species Analysis  
Threatened and endangered species are considered separately for Lake Sherwood, Puddingstone 
Reservoir, and El Dorado Park lakes.  Species lists were requested from USFWS for each of the mercury-
impaired lakes.  Audubon Society bird lists and the California Department of Fish and Game’s California 
Natural Diversity Database were also consulted.  

2.2.9.2.2.1 Lake Sherwood 

The USFWS Ventura Office indicated that the only federally listed or candidate species that may occur in 
proximity to Lake Sherwood is the endangered plant Pentachaeta lyonii (Lyon’s pentachaeta) (Dellith, 
2009).  Additionally, a bird list provided by lake resident Mary Hansen did not include any federally 
listed or candidate species  (personal communication, Mary Hansen to Valentina Cabrera-Stagno, USEPA 
Region IX, September 7, 2010). Plants will not be impacted by this fish tissue target.  

2.2.9.2.2.2 Puddingstone Reservoir  

The USFWS Carlsbad Office indicated that the federally threatened fish species Santa Ana sucker 
(Catostomus santaanae) may exist in San Dimas Creek and feed in Puddingstone Reservoir.  As 
explained in the generic wildlife receptor category analysis above (Section 2.2.9.2.1.1), fish species are 
not anticipated to be adversely affected by the proposed mercury target. In addition, the federally 
threatened coastal California Gnatcatcher (Polioptila californica californica) occupies habitat 
surrounding the reservoir and feeds on insects that could be affected by water quality (personal 
communication, Christine Medak, USFWS Carlsbad Office, to Valentina Cabrera-Stagno, USEPA 
Region IX, November 24, 2009).  The coastal California Gnatcatcher has not been specifically analyzed. 
Of the species that USFWS has analyzed previously, its life history is most similar to California Clapper 
Rail another invertivore.  When USFWS evaluated the USEPA CWA 304(a) human health 0.3 ppm 
methylmercury criterion, it found that a target of 0.3 ppm methylmercury in trophic level 4 fish would be 
protective of California Clapper Rail (USFWS, 2003).  The target for these TMDLs (0.22 ppm 
methylmercury fish tissue guideline (OEHHA, 2008)) is lower than the CWA 304(a) criterion and is 
therefore considered to be protective of California Clapper Rail and likely of the coastal California 
Gnatcatcher. 

2.2.9.2.2.3 El Dorado Park Lakes 

The USFWS Carlsbad Office did not respond to a request for species of concern at El Dorado Park lakes. 
The California Department of Fish and Game’s California Natural Diversity Database (accessed on 
August 21, 2009) indicated the California Least Tern (Sterna antillarum Browni) may be the only rare or 
endangered avian species living in the area of the lakes.  The Least Tern is also identified on the El 
Dorado Audubon Society’s bird list as occasionally present in the summer (El Dorado Audubon Society, 
2003).  Fortunately, the California Least Tern was evaluated by USFWS in their 2003 evaluation of the 
USEPA CWA 304(a) human health 0.3 ppm methylmercury criterion.  USFWS found that safe dietary 
levels for California Least Tern would be 0.005 ppm methylmercury wet weight for trophic level 2 fish, 
0.03 ppm for trophic level 3 fish, and 0.12 ppm for trophic level 4 fish (USFWS, 2003).  At first glance 
the trophic level 4 dietary value for California Least Tern looks lower than the chosen target of 0.22 ppm; 
however, terns are small birds that feed on small fish. The NatureServe Explorer online encyclopedia 
(accessed on November 24, 2009) indicates that this bird is both insectivorous and piscivorous and feeds 
on small fish generally less than 9 cm in length such as anchovy, topsmelt, surf-perch, killifish, and 
mosquitofish (NatureServe, 2009). No data exist for current concentrations of mercury in trophic level 4 
fish in such a small size range (less than 90 mm) because the minimum fish size for the 2007 lakes survey 
was 200 mm.  However, analyses have shown that fish size and mercury concentration generally have a 
linear relationship (Appendix C, Mercury TMDL Development), so smaller size fish will have lower 
mercury concentrations.  Table 2-15 lists the concentration of mercury in all fish tissue samples less 250 
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mm in length at El Dorado Park lakes.  Only total mercury was analyzed so the corresponding 
methylmercury concentrations will be slightly lower.   

Table 2-15. El Dorado Park Lakes Fish Tissue Concentrations for Fish <250 mm in Length 

Fish Length (mm) Total Mercury Concentration (ppm wet weight) 

206 0.15 

219 0.13 

 

As indicated in this table, existing concentrations for fish more than twice the size of the 90 mm 
California Least Tern’s maximum prey size are close to the 0.12 ppm methylmercury safe level 
indentified by USFWS.  Fish that are 90 mm in length or shorter are likely already meeting this target at 
El Dorado Park lakes.  Additionally, the target for 350 mm trophic level 4 fish in these TMDLs will 
reduce mercury levels in all size classes.  This will lead to even lower concentrations in these small size 
class fish.  USFWS found that safe dietary levels for California Least Tern would be 0.005 ppm 
methylmercury wet weight for trophic level 2 fish and 0.03 ppm for trophic level 3 fish (USFWS, 2003).  
As described above, given that the trophic level 4 fish target is likely already being met at El Dorado Park 
lakes, it is likely that trophic levels 2 and 3 fish targets for tern are also being met in the small size class 
that California Least Tern prey upon.  

2.2.10 PCBs 
Polychlorinated biphenyls (PCBs) consist of a family of many related congeners.  The individual 
congeners are often referred to by their “BZ” number.  Environmental analyses may address individual 
congeners, homologs (groups of congeners with the same number of chlorine atoms), equivalent 
concentrations of the commercial mixtures of PCBs known as Aroclors, or total PCBs.  The 
environmental measurements and targets described in this document are in terms of total PCBs, defined as 
the “sum of all congener or isomer or homolog or aroclor analyses” (CTR, 40 CFR 131.38(b)(1)  
footnote v). 

Selections of applicable OC Pesticides and PCBs targets are described above in Section 2.2.2.1 through 
Section 2.2.2.3.  Water column targets for PCBs are based on beneficial use (Section 2.2.2.1).  For waters 
designated MUN, the Basin Plan lists a maximum contaminant level of 0.0005 mg/L, or 500 ng/L.  The 
Plan also requires that toxic chemicals not be present at levels that are toxic or detrimental to aquatic life 
(LARWQCB, 1994).  This objective is addressed through the CTR water quality criteria.  

A chronic criterion for the sum of PCB compounds in freshwater systems is included in the CTR as  
0.014 μg/L (14 ng/L; USEPA, 2000a).  The CTR also provides a human health criterion for the 
consumption of both water and organisms and organisms only of 0.00017 μg/L (0.17 ng/L).  California 
often implements these values on a 30 day average.  The human health criterion is the most restrictive of 
the criterion specified for water column concentrations and was selected as the target concentration for 
Echo Park Lake, Peck Road Park Lake, and Puddingstone Reservoir.  CTR criteria are considered 
protective of aquatic life.   

Two target sediment concentrations for total PCBs have been identified (Section 2.2.2.2).  There are no 
Basin Plan Objectives for toxicity levels in sediment; however sediment quality guidelines are reported by 
multiple agencies for the protection of sediment biota.  MacDonald et al. (2000) compiled and evaluated 
the guidelines and derived consensus-based sediment quality guidelines that incorporate multiple 
recommendations.  The consensus-based TEC for total PCBs is 59.8 μg/kg dry weight, defined by 
CBSQG (MacDonald el al., 2000).  The consensus-based guidelines have been incorporated into the most 
recent set of NOAA Screening Quick Reference Tables (SQuiRT) (Buchman, 2008) and are 
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recommended by the State Water Resources Control Board for interpretation of narrative sediment 
objectives under the 303(d) listing policy.  An additional sediment target based on bioaccumulation in 
fish was also calculated for each impaired lake to ensure that the FCG is met using the BSAF approach 
described in Section 2.2.2.2.2.  The lower of the two sediment target values is applied in each lake.  
Additionally, these TMDLs include alternative wasteload allocations to be applied when a sufficient 
demonstration has been made that the fish tissue targets are met.  These targets are based on the 
consensus-based TEC values.  Details on when each set of targets apply are included in the wasteload 
allocation section of each relevant lake chapter.   

Fish tissue targets are described above in Section 2.2.2.3.  The fish contaminant goal for PCBs defined by 
the OEHHA (2008) is 3.6 ppb based on cancer risk (the FCG based on non-cancer risk is 63 ppb).  Table 
2-16 summarizes the applicable targets for the three waterbodies listed for total PCBs addressed by this 
document.  

Table 2-16. Total PCB Targets 
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Echo Park Lake 500 14 0.17 59.8 1.77 3.6 

Peck Road Park Lake 500 14 0.17 59.8 1.29 3.6 

Puddingstone Reservoir 500 14 0.17 59.8 0.59 3.6 

Note: Shaded cells represent the selected targets for each waterbody. 
1The chronic criterion is the highest four day average not to be exceeded more than once every three years on the 
average. 

2The human health criterion applies to both consumption of water and organisms and organisms only. 
3

2.2.11 pH 

The consensus-based TEC sediment target value was used for setting alternative wasteload allocations when 
sufficient demonstration that the fish tissue targets are met has been made.  Details on when each set of targets 
apply are included in the wasteload allocation sections of each relevant lake chapter.   

As specified in the Basin Plan, lake waters must not be depressed below 6.5 or raised above 8.5 as a result 
of waste discharges or be changed by more than 0.5 units from the natural conditions as a result of waste 
discharges.  These serve as the numeric targets for pH in these TMDLs.   

Lakes listed as impaired by pH include Echo Park Lake, Lake Calabasas, El Dorado Park lakes, Legg 
Lake, and Santa Fe Dam Park Lake.  Target depths for each lake were set by the Regional Board and 
USEPA based on site specific conditions.  Shallow, well mixed lakes must meet the target in the water 
column from the surface to 0.3 meters above the bottom of the lake.  Deeper lakes that thermally stratify 
during the summer months, such as Peck Road Park Lake and Puddingstone Reservoir, must meet the pH 
target throughout the epilimnion of the water column.   

The epilimnion is the upper stratum of more or less uniformly warm, circulating, and fairly turbulent 
water during summer stratification.  The epilimnion floats above a cold relatively undisturbed region 
called the hypolimnion.  The stratum between the two is the metalimnion and is characterized by a 
thermocline, which refers to the plane of maximum rate of decrease of temperature with respect to depth. 
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For the purposes of these TMDLs, the presence of stratification will be defined by whether there is a 
change in lake temperature greater than 1 degree Celsius per meter.  Deep lakes must meet the pH target 
in the water column from the surface to 0.3 meters above the bottom of the lake when the lake is not 
stratified. However, when stratification occurs (i.e., a thermocline is present) then the pH target must be 
met in the epilimnion, the portion of the water column above the thermocline. 

2.2.12 Trash 
The target for trash is “zero trash.”  Lakes listed as impaired by trash include Echo Park Lake, Peck Road 
Park Lake, Lincoln Park Lake, and Legg Lake.  Legg Lake has an existing TMDL for trash, the remaining 
three lakes are addressed in this document. 

2.3 BASIS FOR LISTING 
The Los Angeles Regional Board provided the basis for listing each of the 10 lakes addressed in this 
document on the State’s 303(d) list in its Water Quality Assessment & Documentation Report 
(LARWQCB, 1996).  Waterbody-pollutant combinations found to be either not supporting or partially 
supporting a beneficial use were identified as impairments on the 303(d) list.  Impairments in the Water 
Quality Assessment & Documentation Report (LARWQCB, 1996) are described relative to the USEPA 
305(b) beneficial uses, which are broad federal beneficial use categories described under the federal 
guidance for 305(b) reporting.  For consistency with the state of California beneficial use categories, the 
California beneficial uses for the waterbodies addressed in this document are related to federal beneficial 
uses as shown in Table 2-17.  The California use “NAV” was not assessed in the report (LARWQCB, 
1996).  It should be noted that the water quality standards or assessment methodology used in the 1996 
assessment report are often not the same as current standards used to confirm impairments and calculate 
TMDLs in this report.  Current standards and targets selected in these TMDLs are summarized in Section 
2.2 and included in specific lake chapters.  Regional Board currently follows California’s Impaired 
Waters Guidance (SWRCB, 2005) in making 303(d) listing and delisting decisions (SWRCB, 2005).  One 
of the major differences between the assessment methodology employed in developing the 1996 Water 
Quality Assessment & Documentation Report and current practice is that the partially supporting category 
no longer exists. 

Table 2-17. Linkage Between California and Federal Beneficial Uses 

Federal Beneficial Use California Beneficial Use Code 

Aquatic Life WARM, WILD, WET, COLD, RARE 

Primary Contact Recreation REC1 

Secondary Contact Recreation REC2 

Drinking Water Supply MUN, GWR (where appropriate) 

Agriculture AGR, GWR (where appropriate) 

Fish Consumption REC1 

 

This section summarizes the listing information by impairment.  In some cases, more recent data may 
have resulted in additional impairments included on the 2008-2010 303(d) list (SWRCB, 2010) or 
identification of new impairments not currently on the 303(d) list.  Data collected after the original listing 
are not included in this section, but are discussed in lake-specific sections of the report and are included in 
the summary in Table 2-31.   
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2.3.1 Algae 
According to the Water Quality Assessment & Documentation Report, a waterbody was listed as impaired 
by algae if field observations indicated excessive growth impacting the primary or secondary contact 
recreation use (LARWQCB, 1996).  Visual observations of algae were classified either as “none” or 
“significant amount observed.”  Waterbodies were considered “not supporting” these uses if field 
observations indicated impairment in more than 25 percent of observations.  Waterbodies were considered 
“partially supporting” if field observations indicated impairment in 11 to 25 percent of observations.  
“Fully supporting” waterbodies had indications of impairment in less than 11 percent of observations.  
Lake assessments were completed during the University of California, Riverside urban lakes study (UC 
Riverside, 1994).   

Two of the lakes addressed by this document were listed for impairment due to algae (Table 2-18).  Both 
are listed as “not supporting” the primary and secondary contact recreation uses.  

Table 2-18. Listing Information for Lakes Impaired by Algae 

Lake Use: Support Status 

Echo Park Lake Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

El Dorado Park Lakes Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

2.3.2 Ammonia 
Ammonia impairments in these lakes were based on the support status for aquatic life use, primary 
recreation, and secondary recreation (LARWQCB, 1996).  Lakes classified as “not supporting” the 
aquatic life use were found to exceed the temperature/pH-based ammonia criteria in more than 10 percent 
of samples.  Those classified as “partially supporting” exceeded criteria more than twice within a 6-year 
period, but in fewer than 10 percent of samples.  A status of “fully supporting” resulted from no more 
than two violations of chronic criteria (acute criteria if no chronic criteria were available) within a 6-year 
period based on at least 20 grab or 1-day composite samples; if fewer than 20 samples were available, 
then best professional judgment was used considering the number of pollutants having violations and the 
magnitudes of the exceedance(s). 

Lakes classified as not supporting the primary or secondary contact recreation use due to ammonia 
exceeded the taste and odor criterion of 0.037 mg/L in more than 25 percent of measurements.  Partially 
supporting lakes exceeded the criterion in 11 to 25 percent of samples, and fully supporting lakes 
exceeded the criterion in less than 11 percent of samples.  

Table 2-19 summarizes the federal beneficial uses and support status of the lakes impaired by ammonia.  
Summary statistics reported in the assessment report (LARWQCB, 1996) are also included.  A value of 
“ND” indicates the sample concentration was non detect.  The symbol “#” denotes that no standard 
deviation has been calculated because there was not a normal distribution or because there were less than 
three samples. 
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Table 2-19. Listing Information for Lakes Impaired by Ammonia 

Lake Use: Support Status 
Number of Samples, Range (mg/L), 

Average ± Standard Deviation (mg/L) 

Lincoln Park 
Lake 

Aquatic Life: Not Supporting 

Primary Contact Recreation: Not Supporting 

28, ND - 1.14,  

0.34 ± 0.32 

Echo Park 
Lake 

Aquatic Life: Not Supporting 

Primary Contact Recreation: Not Supporting 

31, ND - 0.71,  

0.11# 

Lake 
Calabasas 

Aquatic Life: Not Supporting 

Primary Contact Recreation: Not Supporting 

28, ND - 0.45,  

0.06# 

El Dorado 
Park Lakes 

Aquatic Life: Not Supporting 

Primary Contact Recreation: Not Supporting 

45, ND - 1.92,  

0.30# 

Legg Lakes Aquatic Life: Partially Supporting 43, ND - 0.35,  

0.05# 

2.3.3 Chlordane 
Chlordane impairments were assessed for both the aquatic life use and the fish consumption use against 
the Maximum Tissue Residue Level (MTRL) of 1.1 ppb (LARWQCB, 1996).  MTRLs were established 
for fish filet samples by multiplying the human health water quality criteria in the CTR and the 
bioconcentration factor (BCF) for each substance.  Waters with a support status of “not supporting” the 
fish consumption use were supposedly under a “no consumption” ban for fish and shellfish.  Each water 
was also listed as “not supporting” the aquatic life use, indicating impairment of at least one assemblage 
of the biological community.   

Fish tissue monitoring was conducted as part of the Toxic Substances Monitoring Program (TSMP).  
Summary data in the assessment report included the sample type, the year of sample collection, and the 
criterion exceeded by the sample (Table 2-20).  Chlordane fish tissue samples were comprised of seven-
fish composites for Peck Road Park Lake and six-fish composites for Puddingstone Reservoir.  Samples 
from Peck Road Park Lake exceeded the MTRL in 1991 (14.1 ppb); samples from Puddingstone 
exceeded the MTRL in both 1991 (16.1 ppb) and 1992 (31.7 ppb).   

Table 2-20. Listing Information for Lakes Impaired by Chlordane 

Lake/Reservoir Use: Support Status Sample Type (Year): Impairment (Criterion) 

Peck Road Park Lake  Aquatic Life: Not Supporting 

Fish Consumption: Not Supporting 

Tissue ('91): chlordane (MTRLs) 

Tissue ('92):  No organic chemicals at elevated levels  

Puddingstone 
Reservoir 

Aquatic Life: Not Supporting 

Fish Consumption: Not Supporting 

Tissue ('91): chlordane (MTRLs) 

Tissue ('92): chlordane (MTRLs) 

2.3.4 Copper 
Copper impairments were assessed in relation to the aquatic life use.  The criterion was based on a four-
day average total recoverable copper concentration calculated from the following equation, which was 
based on USEPA National Ambient Water Quality Criteria published in 1986: 

 }465.1)][ln(8545.0{exp)/( −= hardnessLgrTotalCoppe µ  Equation 2-9  

Four lakes addressed by this document were classified as “not supporting” the aquatic life use, indicating 
the criterion was exceeded in more than 10 percent of samples.  The summary table provided in the Water 
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Quality Assessment & Documentation Report lists the maximum total recoverable copper concentration 
observed at each lake; corresponding hardness values were not provided (Table 2-21) (LARWQCB, 
1996). 

Table 2-21. Listing Information for Lakes Impaired by Copper 

Lake Use: Support Status 
Maximum Concentration of Total 

Recoverable Copper (μg/L) 

Echo Park Lake Aquatic Life: Not Supporting 105 

El Dorado Park Lakes Aquatic Life: Not Supporting 99 

Legg Lakes Aquatic Life: Not Supporting 97 

Santa Fe Dam Park Lake Aquatic Life: Not Supporting 56 

2.3.5 Dieldrin 
Dieldrin impairments were not identified in the assessment report (LARWQCB, 1996), but were 
subsequently observed after sample collection and analyses.  These impairments and analyses are 
discussed in greater detail in the Peck Road Park Lake, Echo Park Lake, and Puddingstone Reservoir 
sections. 

2.3.6 Dissolved Oxygen 
Dissolved oxygen impairments were assessed relative to the aquatic life use.  A support status of “not 
supporting” was assigned to waterbodies where more than 25 percent of measurements exceeded the 
criteria; “partially supporting” waterbodies had exceedances observed in 11 to 25 percent of 
measurements.   

Table 2-22 summarizes the beneficial uses and support status of the lakes impaired by dissolved oxygen.  
Summary statistics reported in the assessment report (LARWQCB, 1996) are also included.     

Table 2-22. Listing Information for Lakes Impaired by Low Dissolved Oxygen 

Lake/Reservoir Use: Support Status 
Number of Samples, Range (mg/L), 

Average ± Standard Deviation (mg/L) 

Peck Road Park Lake Aquatic Life: Not Supporting 195, 0.2 – 15.2, 

6.0 ± 4.0 

Lincoln Park Lake Aquatic Life: Partially Supporting 78, 0.1 - 13.7, 

6.9 ± 3.3 

Lake Calabasas Aquatic Life: Partially Supporting 92, 0.2-15.7, 

8.7 ± 3.3 

Puddingstone Reservoir Aquatic Life: Not Supporting 187, 0.1-14.9, 

4.3 ± 3.5 

2.3.7 DDT 
DDT impairments were assessed for both the aquatic life use and the fish consumption use against the 
MTRL for DDT (32 ppb) (LARWQCB, 1996).  Waters with a support status of “not supporting” the fish 
consumption use were supposedly under a “no consumption” ban for fish and shellfish.  Each water was 
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also listed as “not supporting” the aquatic life use, indicating impairment of at least one biological 
community assemblage.   

Fish tissue monitoring was conducted as part of the TSMP.  Summary data in the assessment report 
included the sample type, the year of sample collection, and the criterion exceeded by the sample  
(Table 2-23).  The DDT seven-fish composite tissue sample from Peck Road Park Lake exceeded the 
MTRL in 1991 with a concentration of 39 ppb; the six-fish composite sample from Puddingstone 
exceeded the MTRL in 1992 (36 ppb).   

Table 2-23. Listing Information for Lakes Impaired by DDT 

Lake/Reservoir Use: Support Status Sample Type (Year): Impairment (Criterion) 

Peck Road Park 
Lake 

Aquatic Life: Not Supporting 

Fish Consumption: Not Supporting 

Tissue ('91): DDT (MTRLs) 

Tissue ('92):  No organic chemicals at elevated levels  

Puddingstone 
Reservoir 

Aquatic Life: Not Supporting 

Fish Consumption: Not Supporting 

Tissue ('91): DDT not at elevated levels 

Tissue ('92): DDT (MTRLs) 

2.3.8 Eutrophication 
The eutrophication impairment was based on an assessment of the aquatic life use.  An assessment of 
“fully supporting” indicated functioning, sustainable biological communities (e.g., macroinvertebrates, 
fish, or algae) none of which had been modified significantly beyond the natural range of the reference 
condition.  “Partially supporting” waterbodies had at least one assemblage that indicated less than full 
support with slight to moderate modification of the biological community noted.  Waterbodies listed as 
“not supporting” had at least one assemblage indicating nonsupport with data clearly indicating severe 
modification of the biological community (LARWQCB, 1996).   

Further information regarding the eutrophication impairment was not specified in the Water Quality 
Assessment & Documentation Report.  Four lakes addressed by this document were considered impaired 
by eutrophication (Table 2-24).  

Table 2-24. Listing Information for Lakes Impaired by Eutrophication 

Lake Use: Support Status 

Lincoln Park Lake Aquatic Life: Not Supporting 

Echo Park Lake Aquatic Life: Not Supporting 

Lake Calabasas Aquatic Life: Not Supporting 

El Dorado Park Lakes Aquatic Life: Not Supporting 

2.3.9 Lead 
Lead impairments were assessed in relation to the aquatic life use.  The criterion was based on a four-day 
average total recoverable lead concentration calculated from the following equation, which was based on 
USEPA National Ambient Water Quality Criteria published in 1986: 

 }705.4)][ln(273.1{exp)/( −= hardnessLgTotalLead µ  Equation 2-10  

Seven lakes addressed by this document were classified as “not supporting” the aquatic life use, 
indicating the criterion was exceeded in more than 10 percent of samples.  The summary table provided in 
the Water Quality Assessment & Documentation Report, lists the maximum total recoverable lead 
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concentration observed at each lake; corresponding hardness values were not provided (Table 2-25) 
(LARWQCB, 1996). 

Table 2-25. Listing Information for Lakes Impaired by Lead 

Lake Use: Support Status 
Maximum Concentration of Total 

Recoverable Lead (μg/L) 

Peck Road Park Lake Aquatic Life: Not Supporting 73 

Lincoln Park Lake Aquatic Life: Not Supporting 94 

Echo Park Lake Aquatic Life: Not Supporting 105 

El Dorado Park Lakes Aquatic Life: Not Supporting 108 

Legg Lakes Aquatic Life: Not Supporting 70 

Santa Fe Dam Park Lake Aquatic Life: Not Supporting 51 

Westlake Lake Aquatic Life: Not Supporting 91 

2.3.10 Mercury 
Mercury impairments were assessed for the aquatic life use and fish consumption use.  Three waterbodies 
were listed as “not supporting” the aquatic life use due to mercury impairment, indicating the criterion 
was exceeded in more than 10 percent of samples.  Summary data for water column measurements were 
not provided in the assessment report.   

Three criteria were used to assess the fish consumption use.  The Water Quality Assessment & 
Documentation Report lists a Food and Drug Administration (FDA) action level for freshwater and 
marine fish of 1,000 ppb (1 ppm), a MTRL for inland surface waters of 1,000 ppb (1 ppm), and a range of 
Median International Standards (MIS) for freshwater fish and marine shellfish of 100 to 1,000 ppb  
(0.1 to 1 ppm) (LARWQCB, 1996).  Three of the waterbodies addressed by this document were found 
“not supporting” the fish consumption use, indicating that a “no consumption” ban for fish or shellfish is 
in effect for the general population, or a subpopulation that could be at potentially greater risk, for one or 
more fish or shellfish species; or a commercial fishing or shellfishing ban is in effect. 

Waterbodies designated MUN were also assessed for drinking water use against a criterion of 2 μg/L of 
total mercury.  Each waterbody was found “fully supporting” this use, indicating that the median value of 
total mercury concentrations was less than the criterion. 

Table 2-26 summarizes the listing information for the lakes addressed by this document that are impaired 
by mercury.   

Table 2-26. Listing Information for Lakes Impaired by Mercury 

Lake/Reservoir Use: Support Status 
Sample Type (Year): Impairment 

(Criterion) 

El Dorado Park Lake Aquatic Life: Not Supporting NA 

Puddingstone Reservoir  Aquatic Life: Not Supporting 

Fish Consumption: Not Supporting 

Tissue ('91): mercury (MIS) 

Lake Sherwood Aquatic Life: Not Supporting 

Fish Consumption: Not Supporting 

Tissue ('91): mercury (MIS) 

Tissue ('92): mercury (MTRLs,FDA) 

NA: Information not included for this waterbody. 
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2.3.11 Odor 
The Water Quality Assessment & Documentation Report (LARWQCB, 1996) says that the odor 
impairments were based on observations recorded during the University of California, Riverside urban 
lakes study (UC Riverside, 1994).  Waterbodies listed as “not supporting” either recreational beneficial 
use noted the “presence” of odor in more than 25 percent of observations.   

Table 2-27 summarizes the support status for the lakes addressed by this document that are listed as 
impaired by odor.  The University of California, Riverside urban lakes study (UC Riverside, 1994) 
described odors at each of these lakes as either fishy or related to ducks.   

Table 2-27. Listing Information for Lakes Impaired by Odor 

Lake Use: Support Status Odor Description (UC Riverside, 1994) 

Peck Road Park 
Lake 

Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

Fishy 

Lincoln Park 
Lake 

Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

Ducks 

Echo Park Lake Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

Duck feces 

Lake Calabasas Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

Ducks 

Legg Lakes Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

Ducks 

2.3.12 PCBs 
PCB impairments were assessed for both the aquatic life use and the fish consumption use against the 
MTRL of 2.2 ppb (LARWQCB, 1996).  Waters with a support status of “not supporting” the fish 
consumption use were supposedly under a “no consumption” ban for fish and shellfish.  Each water was 
also listed as “not supporting” the aquatic life use, indicating impairment of at least one biological 
community assemblage.   

Fish tissue monitoring was conducted as part of the TSMP.  Summary data in the assessment report 
included the sample type, the year of sample collection, and the criterion exceeded by the sample  
(Table 2-28).  PCB fish tissue composite samples were comprised of three fish at each of the waterbodies 
impaired by PCBs addressed by this document.  Samples collected at Puddingstone Reservoir exceeded 
the MTRL in both 1991 and 1992.  Samples collected at Echo Park Lake exceeded the MTRLs in 1987 
and 1992.  The 1991 composite sample from Echo Park Lake did not have detectable levels of PCBs. 

Table 2-28. Listing Information for Lakes Impaired by PCBs 

Lake/Reservoir Use: Support Status Sample Type (Year): Impairment (Criterion) 

Echo Park Lake Aquatic Life: Not Supporting 

Fish Consumption: Not Supporting 

Tissue ('91):  No PCBs detected 

Tissue ('92):  PCBs (MTRLs) 

Puddingstone 
Reservoir 

Aquatic Life: Not Supporting 

Fish Consumption: Not Supporting 

Tissue ('91):  PCBs (MTRLs) 

Tissue ('92):  PCBs (MTRLs) 
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2.3.13 pH 
In the 1996 Water Quality Assessment & Documentation Report, the criterion for assessing the aquatic 
life use with respect to pH was a range of 6.5 to 9.0 (LARWQCB, 1996).  Five waterbodies addressed by 
this document were listed as “partially supporting” the aquatic life use, indicating that pH measurements 
were out of the allowable range in 11 to 25 percent of measurements.  This report also presented a 
criterion for assessing the primary contact recreation use based on secondary MCLs for drinking water 
(ranging from pH of 6.5 to 8.5).  Three of the five waterbodies were listed as “not supporting” this use, 
indicating that more than 25 percent of measurements were outside the allowable range.  Three 
waterbodies were also listed as “not supporting” the drinking water use based on secondary MCL criteria.  
Table 2-29 summarizes the listing information for the five lakes addressed by this document that were 
impaired by pH.   

Table 2-29. Listing Information for Lakes Impaired by pH 

Lake Use: Support Status 

Number of Samples, Range (mg/L), 
Average ± Standard Deviation 

(mg/L) 

Echo Park Lake Aquatic Life: Partially Supporting 

Primary Contact Recreation: Not Supporting 

69, 7.0-9.4,  

8.5 ± 0.5 

Lake Calabasas Aquatic Life: Partially Supporting 

Drinking Water: Not Supporting 

85, 7.4-9.3,  

8.6 ± 0.4 

El Dorado Park 
Lakes 

Aquatic Life: Partially Supporting 

Primary Contact Recreation: Not Supporting 

116, 6.9-9.4,  

8.5 ± 0.6 

Legg Lakes Aquatic Life: Partially Supporting 

Drinking Water: Not Supporting 

84, 7.6-8.9,  

8.3 ± 0.3 

Santa Fe Dam 
Park Lake 

Aquatic Life: Partially Supporting 

Primary Contact Recreation: Not Supporting 

Drinking Water: Not Supporting 

95, 7.5-9.6,  

8.7 ± 0.3 

2.3.14 Trash 
Trash impairments were assessed for the primary and secondary contact recreation uses.  Four lakes 
addressed by this document were listed as “not supporting” both recreation uses (Table 2-30), indicating 
that the presence of trash was observed during at least 25 percent of field observations (LARWQCB, 
1996).  The Regional Board has adopted a TMDL for trash for Legg Lake (LARWQCB, 2007). 

Table 2-30. Listing Information for Lakes Impaired by Trash 

Lake Use: Support Status 

Peck Road Park 
Lake 

Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

Lincoln Park Lake Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

Echo Park Lake Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 

Legg Lakes Primary Contact Recreation: Not Supporting 

Secondary Contact Recreation: Not Supporting 
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2.4 SUMMARY OF IMPAIRMENTS 
This TMDL document addresses impairments for 10 lakes in the Los Angeles Region.  Table 2-31 
identifies the waterbody-pollutant combinations addressed by this document.  Table 2-31 also identifies 
for each lake:  the impairments governed by the consent decree entered in Heal the Bay Inc. v. Browner; 
impairments addressed by a previous TMDL; and impairments listed in a prior 303(d) list but not listed 
on the current 303(d) list.  Table 2-31 also identifies five impairments (Peck Road Park Lake, for dieldrin 
and PCBs; Echo Park Lake, for chlordane and dieldrin; and Puddingstone Reservoir for dieldrin) which 
are not on the current 303(d) list but which, after consideration of more recent data, USEPA has 
determined to address by this TMDL document.  Further, Table 2-31 identifies 15 listings on the current 
303(d) list which, after consideration of more recent data, USEPA believes no longer meet the Federal 
requirements for listing; USEPA is recommending that those listings be omitted from the next 303(d) list.  
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Table 2-31. Waterbody-pollutant Combinations for Ten Los Angeles Region Lakes  
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Peck Road 
Park Lake    ●    ●   ○   ●   ●   ◑    ●   ○    ●  

Lincoln Park 
Lake   ●       ●   ●   ◑    ●     ●  

Echo Park 
Lake  ●   ●   ○   ●    ○   ●   ●     ◑   ●   ●   ●  

Lake 
Calabasas   ●     ●    ●    ◑    ●    ●   

El Dorado Park 
Lakes  ●   ●    ●     ●   ●    ●     ●   

Legg Lakes   ●    ●      ●     ●    ●   ◑  

Puddingstone 
Reservoir    ●    ●  ○     ●   ●    ●    

Santa Fe Dam 
Park Lake     ●      ●       ●   

Lake 
Sherwood   ●   ●       ●    ●   ●      

Westlake Lake  ●   ●   ●     ●   ●    ●       

●  Impairment included in the consent decree. 

◑  Impairment listed since the consent decree and included in the 2008-2010 303(d) list. 

○ Impairment identified by new data analyses (after the 2008-2010 303(d) list data cutoff). 
 

Impairment is no longer identified as impaired and not included on the 303(d) list. 
 
Impairment is addressed by another TMDL. 

 
No longer showing impairment in recent data analyses (see lake-specific chapters); USEPA recommends these 
impairments not be included in California’s next 303(d) list. 
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3 Summary of Approach 
The United States Environmental Protection Agency (USEPA) Region IX is establishing Total Maximum 
Daily Loads (TMDLs) for impairments in nine lakes in the Los Angeles Region.  USEPA was assisted in 
this effort by the Los Angeles Water Quality Control Board (Regional Board).  These lakes are currently 
on the State’s 303(d) list for nutrient related impairments, mercury, OC Pesticides and PCBs, and trash 
and TMDLs have been developed to address these impairments.   

This section of the TMDL report describes the general approach that was used to develop the TMDLs for 
each impairment.  Lake specific information is contained in the individual sections devoted to each 
impaired lake.  

3.1 GENERAL SOURCE ASSESSMENT 
This section identifies the potential sources of pollutants that discharge into the impaired lakes.  In 
general, pollutants can enter surface waters from both point and nonpoint sources.  Point sources include 
discharges from a discrete human-engineered outfall.  These discharges are regulated through National 
Pollutant Discharge Elimination System (NPDES) permits.  Nonpoint sources, by definition, include 
pollutants that reach surface waters from a number of diffuse land uses and activities that are not 
regulated through NPDES permits.  Specific sources for each lake are described in the lake chapters, 
while pollutant-specific sources are discussed in the appendices; the discussion below presents general 
information for point and nonpoint sources. 

3.1.1 Point Sources 
The NPDES permits in the watersheds draining to impaired lakes include municipal separate storm sewer 
system (MS4) permits, a California Department of Transportation (Caltrans) stormwater permit, general 
construction stormwater permits, general industrial stormwater permits, and a general NPDES permit 
(Table 3-1).  Point sources associated with each lake are presented in the lake-specific chapters. 
 

Table 3-1. NPDES Permits in the Watersheds Draining to Impaired Lakes 

Type of NPDES Permit Number of Permits 

Municipal Separate Storm Sewer System (MS4) 3 

California Department of Transportation Stormwater 1 

General Construction Stormwater 1 

General Industrial Stormwater 66 

General NPDES Permits (Groundwater Discharges) 1 

Total 72 

3.1.1.1 Stormwater Permits 
Stormwater runoff is regulated through the City of Long Beach MS4 permit, the Los Angeles County 
MS4 permit, the Ventura County MS4 permit, the statewide stormwater permit issued to Caltrans, the 
statewide Construction Activities Stormwater General Permit, and the statewide Industrial Activities 
Stormwater General Permit.  The permitting process defines these discharges as point sources because the 
stormwater is discharged from the end of a stormwater conveyance system.  Since the industrial and 
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construction stormwater discharges are governed under NPDES permits, these discharges are treated as 
point sources in these TMDLs. 

3.1.1.1.1 MS4 Stormwater Permits 
In 1990, USEPA developed rules establishing Phase I of the NPDES stormwater program, designed to 
prevent pollutants from being washed by stormwater runoff into MS4s (or from being discharged directly 
into the MS4s) and then discharged into local waterbodies.  Phase I of the program required operators of 
medium and large MS4s (those generally serving populations of 100,000 or more) to implement a 
stormwater management program as a means to control polluted discharges. 

• Structural control maintenance 

Approved stormwater management programs for medium and large MS4s are required to address a 
variety of water quality-related issues, including roadway runoff management, municipally owned 
operations, and hazardous waste treatment.  Large and medium MS4 operators are required to develop 
and implement Stormwater Management Plans that address, at a minimum, the following elements: 

• Areas of significant development or redevelopment 

• Roadway runoff management 

• Flood control related to water quality issues 

• Municipally owned operations such as landfills and wastewater treatment plants 

• Municipally owned hazardous waste treatment, storage, or disposal sites 

• Application of pesticides, herbicides, and fertilizers 

• Illicit discharge detection and elimination 

• Regulation of sites classified as associated with industrial activity 

• Construction site and post-construction site runoff control 

• Public education and outreach 

The Los Angeles County MS4 Permit was renewed in December 2001 (Regional Board Order No. 01-
182; CAS004001) and is on a five-year renewal cycle.  There are 85 co-permittees covered under this 
permit, including 84 incorporated cities and the County of Los Angeles.  The City of Long Beach MS4 
permit was renewed on June 30, 1999 (Order No. R4-99-060; CAS004003) and is on a five-year renewal 
cycle.  It solely covers the City of Long Beach.  The Ventura County MS4 Permit was renewed in July 
2010 (Order R4 2010-0108; CAS004002

3.1.1.1.2 Caltrans Stormwater Permit 

) and is on a five-year renewal cycle.  This permit covers 12 co-
permittees, including 10 incorporated cities, the County of Ventura, and the Ventura County Flood 
Control District (Principal Permittee). 

 Caltrans is regulated by a statewide stormwater discharge permit that covers all municipal stormwater 
activities and construction activities (State Board Order No. 99-06-DWQ; CAS000003).  The Caltrans 
stormwater permit authorizes stormwater discharges from Caltrans properties such as the state highway 
system, park and ride facilities, and maintenance yards.  The stormwater discharges from most of these 
Caltrans properties and facilities eventually end up in either a city or county storm drain.   
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3.1.1.1.3 General Stormwater Permits 
In 1990, USEPA issued regulations for controlling pollutants in stormwater discharges from industrial 
sites (40 Code of Federal Regulations [CFR] Parts 122, 123, and 124) equal to or greater than five acres.  
The regulations require dischargers of stormwater associated with industrial activity to obtain an NPDES 
permit and to implement Best Available Technology Economically Achievable (BAT) to reduce or 
prevent nonconventional and toxic pollutants, including metals, in stormwater discharges and authorized 
non-storm discharges.  On December 8, 1999, USEPA expanded the NPDES program to include 
stormwater discharges from construction sites that resulted in land disturbances equal to or greater than 
one acre (40 CFR Parts 122, 123, and 124). 

On April 17, 1997, the State Board issued a statewide general NPDES permit for Discharges of 
Stormwater Associated with Industrial Activities Excluding Construction Activities Permit (Order No. 
97-03-DWQ; CAS000002).  This Order regulates stormwater discharges and authorized non-stormwater 
discharges from 10 specific categories of industrial facilities, including but not limited to, manufacturing 
facilities, oil and gas mining facilities, landfills, and transportation facilities.  Potential pollutants from an 
industrial site will depend on the type of facility and operations that take place at that facility.   

During wet weather, runoff from industrial sites has the potential to contribute pollutant loadings.  During 
dry weather, the potential contribution of pollutant loadings from industrial stormwater is low because 
non-stormwater discharges are prohibited or authorized by the permit only under the following 
circumstances: when they do not contain significant quantities of pollutants, where Best Management 
Practices (BMPs) are in place to minimize contact with significant materials and reduce flow, and when 
they are in compliance with Regional Board and local agency requirements. 

3.1.1.2 Other NPDES Permits 

On September 2, 2009, the State Board adopted the statewide general NPDES permit for Discharges of 
Stormwater Associated with Construction and Land Disturbance Activities (Order No. 2009-0009-
DQW;CAS000002).  This General Construction Permit became effective on July 1, 2010. During wet 
weather, runoff from construction sites has the potential to contribute pollutant loadings.  During dry 
weather, the potential contribution of pollutant loadings is low because discharges of non-stormwater are 
authorized by the permit only where they do not cause or contribute to a violation of any water quality 
standard and are controlled through implementation of appropriate BMPs for elimination or reduction of 
pollutants. 

There are two types of non-stormwater NPDES permits: individual and general permits.  An individual 
NPDES permit is classified as either a major or a minor permit.  Other than the MS4 and Caltrans 
stormwater permits, there are no major individual NPDES permits in the watersheds draining to the 
impaired lakes.  The discharge flows associated with minor individual NPDES permits and general 
NPDES permits are typically less than 1 million gallons per day (MGD).  General NPDES permits often 
regulate episodic discharges (e.g., dewatering operations) rather than continuous flows.  

Pursuant to 40 CFR parts 122 and 123, the State Board and the regional boards have the authority to issue 
general NPDES permits to regulate a category of point sources if the sources involve the same or 
substantially similar types of operations, discharge the same type of waste, require the same type of 
effluent limitations, and require similar monitoring.  The Regional Board has issued general NPDES 
permits for six categories of discharges: construction and project dewatering, petroleum fuel cleanup 
sites, volatile organic compounds (VOCs) cleanup sites, potable water, non-process wastewater, and 
hydrostatic test water.   

There is one facility in the Peck Road Park Lake watershed associated with the potable water general 
NPDES permit.  The general NPDES permit for Discharges of Groundwater from Potable Water Supply 
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Wells to Surface Waters (Order No. R4-2003-0108; CAG994005) covers discharges of groundwater from 
potable supply wells generated during well purging, well rehabilitation and redevelopment, and well 
drilling, construction and development.  The applicable numeric effluent limitations for these facilities 
can be found in Order No. R4-2003-0108.   

3.1.2 Nonpoint Sources 

3.2 POLLUTANT-SPECIFIC APPROACH 

A nonpoint source is a source that discharges via sheet flow or natural discharges, as well as agricultural 
stormwater discharges and return flows from irrigated agriculture.  Nonpoint sources include atmospheric 
deposition directly onto lakes, areas that do not drain to a storm drain system, irrigation of parkland, and 
agricultural flows.  Specific sources are described in the lake-specific chapters. 

This section provides a brief description of the technical approach used to develop TMDLs for nutrient-
related, mercury, OC Pesticides and PCBs, and trash impairments.  More details on the nutrient, mercury, 
and OC Pesticides and PCBs analyses are provided in Appendix A (Nutrient TMDL Development), 
Appendix C (Mercury TMDL Development), and Appendix H (Organochlorine Compounds TMDL 
Development), respectively. 

3.2.1 Nutrient-related Impairments 
Excessive algae in the urban lakes of the Los Angeles Region has resulted in several waterbodies not 
supporting their designated beneficial uses associated with aquatic life and recreation (LARWQCB, 
1996).  Algal biomass can lead to impairment of swimming and wading activities.  In addition, the 
proliferation of algae can result in loss of invertebrate taxa through habitat alteration (Biggs, 2000).  Algal 
growth in some instances has produced algal mats in the lakes (UC Riverside, 1994); these mats may 
result in eutrophic conditions where fluctuations in dissolved oxygen concentration and pH negatively 
affect aquatic life in the waterbody.  The decay of these mats may also cause problems with scum and 
odors that affect recreational uses of the affected waterbody.  In addition, the concentration of ammonia, a 
nitrogen compound, has been present in concentrations exceeding objectives designed to protect aquatic 
life (LARWQCB, 1996). 

3.2.1.1 Source Assessment  
Sources of nutrient loading to a lake may include both point and nonpoint sources.  For purposes of 
allocations among nutrient sources, federal regulations distinguish between allocations for point sources 
regulated under NPDES permits (for which wasteload allocations are established) and nonpoint sources 
that are not regulated through NPDES permits (for which load allocations are established) (see 40 CFR 
130.2).  Point sources are discharges that occur at a defined point, or points, such as a pipe or storm drain 
outlet.  Most point sources are regulated through the NPDES permitting process.  Point sources include 
MS4 dischargers and other NPDES discharges as well as additional inputs such as groundwater wells or 
potable water sources.  Nutrient loading from nonpoint sources originates from sources that do not 
discharge at a defined point, including direct atmospheric deposition and watershed loadings not 
associated with an MS4 system.  Appendices D and F (Wet and Dry Weather Loading, respectively) 
describe how loading from these point and nonpoint sources was estimated. 
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3.2.1.2 Linkage Analysis 
To simulate the impacts of nutrient loading on each impaired lake, the Nutrient Numeric Endpoints 
(NNE) BATHTUB model was set up and calibrated to lake specific conditions (Appendix A, Nutrient 
TMDL Development, provides additional details).  The NNE BATHTUB model is a risk-based approach 
for estimating site-specific nutrient numeric endpoints (NNE) for California waters (Tetra Tech, 2006).  
In recognizing the limitation of using ambient nutrient concentrations alone in predicting the impairment 
of beneficial uses, this approach uses secondary indicators.  Secondary indicators are defined as 
parameters that are related to nutrient concentrations, but are more directly linked to beneficial uses than 
nutrient levels alone.  The tool has been tested for several waterbodies in California as a series of case 
studies.  The secondary indicator chosen to support TMDL development for these eight waterbodies is 
algal density, represented by chlorophyll a. 

The NNE BATHTUB Tool was set up individually for each impaired lake.  Bathymetry data for each lake 
were acquired from various sources to represent the general characteristics of the waterbody, such as 
surface area, volume, and average depth.   

Cumulative nitrogen and phosphorus loads were input to each lake model as a sum of all known, 
quantifiable sources.  Sources of loading resulting from wet weather are discussed in Appendix D; 
Appendix F summarizes the loading originating during dry weather conditions.  Atmospheric deposition 
to each lake surface is quantified in Appendix E.  Internal nutrient loading is discussed in Appendix B, 
but is not quantified directly due to lack of data (the BATHTUB model accounts for internal loading 
indirectly by using a net sedimentation rate (sedimentation minus resuspension)).   

Once the bathymetry and loading inputs were set up, each model was calibrated to fit observed summer 
(May – September) mean concentrations of phosphorus, nitrogen, and chlorophyll a.  The calibrated 
models were then used to determine the allowable loads of nitrogen and phosphorus that result in 
attainment of the chlorophyll a target concentration.  Allowable loads were allocated among the 
wasteload allocations, load allocations, and margins of safety. 

For Santa Fe Dam Park Lake, which is impaired by pH, the NNE BATHTUB Tool indicated that it is not 
directly impaired by elevated nutrient loads or excessive algal growth.  To investigate the likely source of 
the pH impairment, a steady-state, chemical equilibrium model was also set up.  Specifically, the 
geochemical speciation model, Visual MINTEQ V2.61 (Gustafsson, 2009), was used to investigate the 
pH conditions in the lake.  The model was selected to perform pH simulation based on the available data 
for Santa Fe Dam Park Lake.  The model requires total analytical concentrations and physical inputs to 
evaluate various geochemical reactions.  The results were used to evaluate whether elevated pH was due 
to natural conditions, algal impacts, or the addition of chlorine in the form of sodium hypochlorite 
(NaOCl), for disinfection of the swim beach area. 

3.2.2 Mercury Impairment 
Mercury, like other metals, has great persistence due to its inability to be broken down.  However, 
because bacterial processes can methylate it to create methylmercury, it also has some properties of a 
bioaccumulative organic chemical.  Methylmercury is easily taken up by organisms and tends to 
bioaccumulate; it is very effectively transferred through the food web, magnifying at each trophic level.  
This can result in high levels of mercury in organisms high on the food chain, despite nearly 
unmeasurable quantities of mercury in the water column.  While mercury can be toxic to fish and other 
aquatic organisms at high levels, the primary concerns at the levels found in these lakes are neurological 
and developmental effects in higher animals and humans.  The two primary endpoints of concern are 
wildlife species that eat fish and people that consume sport fish. 

Methylmercury is highly toxic to mammals, including people, and causes a number of adverse effects. 
Health studies and information showing neurotoxicity, particularly in developing organisms, are most 
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abundant.  The brain is the most sensitive organ for which suitable data are available to quantify a dose-
response relationship.  A study by the National Academy of Science (NRC, 2000) concluded that the 
population at highest risk is the children of women who consume large amounts of fish and seafood 
during pregnancy, and that the risk to that population may result in an increase in the number of children 
struggling to keep up in school and requiring remedial classes or special education (USEPA, 2001a).  
Each of the three lakes impaired by mercury have mercury levels in largemouth bass, a trophic level four 
species (see Section 2.2.9), above the recommended fish consumption guideline (OEHHA, 2008).  
Methylmercury is also toxic to fish-eating wildlife, including both mammals and birds.  In addition to 
neurotoxic effects, methylmercury is implicated in reduced reproductive success in wildlife such as 
eagles, osprey, otter, and mink (Wiener et al., 2002).   

3.2.2.1 Source Assessment  
Sources of mercury loading to a lake may include both point and nonpoint sources.  For purposes of 
allocating among mercury sources, federal regulations distinguish between allocations for point sources 
regulated under NPDES permits (for which wasteload allocations are established) and nonpoint sources 
that are not regulated through NPDES permits (for which load allocations are established) (see 40 CFR 
130.2).  The most significant source of mercury in point source discharges is wastewater associated with 
the placement or removal of mercury amalgam dental fillings.  Significant sources in the watershed 
include junkyards housing automobiles where mercury-containing switches have not been removed prior 
to crushing, and landfills where fluorescent light bulbs have not been properly disposed.  Significant 
releases to the atmosphere may occur from coal-power plants, cement manufacturing facilities, oil 
refineries, and chlor-alkali plants. 

Point sources are discharges that occur at a defined point, or points, such as a pipe or storm drain outlet.  
Most point sources are regulated through the NPDES permitting process.  Point sources include MS4 
dischargers and other NPDES discharges as well as additional inputs such as groundwater wells or 
potable water sources.  Mercury loading from nonpoint sources originates from sources that do not 
discharge at a defined point, including direct atmospheric deposition, watershed loadings not associated 
with an MS4 system, methylation, and direct and indirect geologic sources.  Appendices D and F (Wet 
and Dry Weather Loading, respectively) describe how loading from these point and nonpoint sources was 
estimated. 

3.2.2.2 Linkage Analysis 
The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  Specifically, models of watershed loading of mercury are 
combined with an estimated rate of bioaccumulation in the lake.  This enables a translation between the 
numeric target (expressed as a fish tissue concentration of mercury) and mercury loading rates.  The 
loading capacity is then determined via the linkage analysis as the mercury loading rate that is consistent 
with meeting the target fish tissue concentration.  This process is described in detail in Appendix C 
(Mercury TMDL Development) and summarized below.   

For the three mercury-impaired lakes addressed by this document, models of lake response and fish 
bioaccumulation have not been created at this time.  Rather, it is assumed that, in the long term, fish tissue 
concentrations will respond approximately linearly to reductions in mercury load (see Appendix C, 
Mercury TMDL Development).  Calculating the loading capacity first requires an estimate of the existing 
mercury concentration in largemouth bass, the predominant trophic level 4 fish in each waterbody.  To do 
this, a linear regression analysis was performed on tissue concentrations versus length from data collected 
in each lake, which was then used to predict the existing concentration associated with the target size fish.   
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Both the observed data and the predicted concentrations show that mercury concentrations in largemouth 
bass typically exceed the target of 0.22 ppm in each lake.  The target is established for a 350 mm 
largemouth bass to be measured in fish 325-375 mm in length.  The predicted mercury concentration 
based on a one-sided 95 percent upper confidence limit on mean predictions about the regression line  
(95 percent UCL) for this length is compared to the target fish concentration to determine the required 
reduction in mercury loading, which includes a margin of safety as described in Appendix C (Mercury 
TMDL Development).   

3.2.3 Organochlorine Pesticides and PCBs Impairments 
Organochlorine (OC) Pesticides and PCBs are chemical substances that persist in the environment, 
bioaccumulate through the food web, and pose a risk of causing adverse effects to human health and the 
environment.  In particular, they include a number of chlorinated legacy pollutants known or suspected to 
be carcinogenic and/or toxic to humans and wildlife.  OC Pesticides and PCBs include a number of now-
banned chlorinated pesticides (e.g., chlordane, dieldrin, and DDT) and polychlorinated biphenyls (PCBs) 
that are causes of impairment in Los Angeles Region lakes.  OC Pesticides and PCBs are problematic 
because they do not break down easily, concentrate in organisms, and can be transported great distances.  
The primary concerns for the listed lakes are the high levels found in popularly consumed fish.  Their 
continuous cycling in the food chain and accumulation in sediments creates difficulties in their removal 
from lake systems.  While concentration in sediment and organisms may be high, concentrations in the 
water column are often undetectable.  

The US has banned the manufacture or use of all the pollutants considered OC Pesticides (chlordane, 
DDT, and dieldrin) and PCBs that are listed as causes of impairment in the lakes.  However, the past use 
of these chemicals was so widespread and unrestricted that there are still loads of these chemicals coming 
from waste and storage facilities as well as old equipment that used or contained the contaminants.  
Chlordane, DDT, and dieldrin were also widely applied for agricultural and domestic pest control 
purposes. Continued research and findings repeatedly demonstrate that these pollutants are ubiquitous. 

3.2.3.1 Source Assessment  
Sources of OC Pesticides and PCBs loading to a lake may include both point and nonpoint sources.  All 
OC Pesticides and PCBs listed for the impaired lakes were banned from domestic and industrial use by 
the 1980s.  Areas of concern include waste facilities that may contain old transformers, industrial sites, 
agriculture lands, and some residences that were treated heavily for pests (for example: chlordane was a 
popular termiticide in the 1970s).  Even areas that do not have a history of OC Pesticides and PCBs use or 
storage are vulnerable due to atmospheric deposition, often derived from transcontinental transport.   

Point sources are discharges that occur at a defined point, or points, such as a pipe or storm drain outlet.  
Most point sources are regulated through the NPDES permitting process.  Point sources include MS4 
dischargers and other NPDES discharges, as well as additional inputs such as groundwater wells or 
potable water sources.  Loading from nonpoint sources originates from sources that do not discharge at a 
defined point, including direct atmospheric deposition and watershed loadings not associated with an 
MS4 system.  The only sources of OC Pesticides and PCBs in the local area are watershed loadings, 
which were divided into wasteload allocations or load allocations, depending on the presence of storm 
drain systems in the drainage areas (i.e., areas draining to a storm drain will receive wasteload 
allocations).  Atmospheric deposition is incorporated into the indirect loading from watershed runoff.  
Direct deposition to the lake surface is considered negligible.  Appendix D (Wet Weather Loading) 
describes how loading from these point and nonpoint sources was estimated, and the calculated loadings 
and allocations are described in detail in Appendix H (Organochlorine Compounds TMDL Development). 
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3.2.3.2 Linkage Analysis 
The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  Specifically, equilibrium models of watershed loading of OC 
Pesticides and PCBs, lake processes, and pollutant bioaccumulation in the fish have been developed.  
This enables a translation between numeric targets (expressed as a fish tissue concentration for each listed 
contaminant) and loading rates.  This process is described in detail in Appendix H (Organochlorine 
Compounds TMDL Development) and summarized below.   

The OC Pesticides and PCBs of concern have low solubility and a high affinity for organic solids and 
lipids.  Thus, concentrations present in the sediment can result in unacceptable concentrations in fish 
tissue, due to food chain accumulation pathways that lead back to the lake sediment, even when 
concentrations in the water column are below criteria or non-detectable.  The sediment concentration 
target is estimated using the Biota-Sediment Accumulation Factor (BSAF) of each contaminant.  Starting 
from the fish tissue concentration target, the BSAF allows calculation of the necessary sediment 
concentration to support uses, and the allowable load to achieve the target sediment concentration.  This is 
explained in detail in Appendix H (Organochlorine Compounds TMDL Development).  

The target for fish tissue is provided by the 2008 Office of Environmental Health Hazard Assessment 
(OEHHA) Fish Contaminant Goal (FCG).  The target fish concentrations are discussed further in Section 
2 and Appendix H (Organochlorine Compounds TMDL Development).  Addressing the fish tissue 
concentrations as the assessment endpoint also achieves most other applicable targets for sediment and 
water concentrations.  The loading capacity for sediment-associated OC Pesticides and PCBs is then 
determined from the lower of the sediment concentration target to meet the FCG and any other applicable 
targets for sediment, such as the consensus-based sediment quality guidelines (MacDonald et al., 2000) 
designed to protect benthic organisms.  This loading capacity is expressed as a sediment concentration (ng 
of pollutant per gram of dry sediment), which is applicable to both sediments already stored in the lake 
and new sediment washed into the lake.  Runoff from the watershed must achieve this sediment 
concentration to satisfy the TMDL.  Both wasteload allocations and load allocations may be translated 
into pollutant mass units by multiplying the OC Pesticides and PCBs concentration on sediment times the 
sediment load.    

3.2.4 Trash Impairment 
Trash in waterways causes significant water quality problems.  Small and large floatables can inhibit the 
growth of aquatic vegetation, leading to shrinking spawning areas and habitats for fish and other living 
organisms.  Wildlife living in lakes and riparian areas can be harmed by ingesting or becoming entangled 
in floating trash.  With the exception of large items, settleables are not always obvious to the eye.  This 
includes glass, cigarette butts, rubber, and construction debris.  Settleables can be a problem for bottom 
feeders and can contribute to sediment contamination.  Some debris (e.g., diapers, medical and household 
waste, and chemicals) are sources of bacteria and toxic substances.   

For aquatic life, buoyant (floatable) materials tend to be more harmful than settleable elements, due to 
their ability to be transported throughout the waterbody and ultimately to the marine environment. 
Persistent elements such as plastics, synthetic rubber and synthetic cloth tend to be more harmful than 
degradable elements such as paper or organic waste.  Glass and metal are less persistent because wave 
action and rusting can cause them to break into smaller pieces that are less sharp and harmful.  Natural 
rubber and cloth can degrade but not as quickly as paper (USEPA, 2002).  Smaller elements such as 
plastic resin pellets (a byproduct of plastic manufacturing) and cigarette butts can be ingested by a large 
number of small organisms which can then suffer malnutrition or internal injuries.  Larger plastic 
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elements such as plastic grocery bags are also harmful to larger aquatic life, which can mistake the trash 
for floating prey and ingest it, leading to starvation or suffocation.  

Trash impaired waterbodies can threaten the health of people who swim and recreate in them. Of 
particular concern are bacteria and viruses associated with diapers, medical waste (e.g., used hypodermic 
needles and pipettes), and human or pet waste.  Additionally, broken glass or sharp metal fragments in 
streams can cause puncture or laceration injuries.  Such injuries can expose a person’s bloodstream to 
microbes in the stream’s water causing serious illnesses.  Some trash items such as containers or tires can 
cause a pooling of water and create opportunities for mosquito production and increase health risks, such 
as encephalitis and West Nile virus. 

Leaf litter is considered trash when there is evidence of intentional dumping.  Leaves and pine needles in 
streams provide a natural source of food for organisms, but excessive amounts due to human influence 
can cause nutrient imbalance and oxygen depletion in streams.  Clumps of leaf litter and yard waste from 
trash bags should be treated as trash during water quality assessments, and should not be confused with 
natural inputs of leaves to streams.  In some instances, leaf litter may be trash if it originated from dense 
ornamental stands of nearby human planted trees that are overloading the stream’s assimilative capacity 
for leaf inputs.  Other biodegradable trash, such as food waste, can also negatively impact natural 
dissolved oxygen levels in the waterbodies. 

Wildlife impacts due to trash occur in Peck Road Park Lake, Lincoln Park Lake, and Echo Park Lake. 
The two primary problems that trash poses to wildlife are entanglement and ingestion, with entanglement 
being the more common documented effect (Laist and Liffmann, 2000).  Marine mammals, turtles, birds, 
fish, and crustaceans all have been affected by entanglement or ingestion of floatable debris.  The most 
vulnerable species to floatable debris are those endangered or threatened by extinction. 

Entanglement results when an animal becomes encircled or ensnared by debris. It can occur accidentally, 
or when the animal is attracted to the debris.  Entanglement is harmful to wildlife for several reasons.  Not 
only can it cause wounds leading to infections or loss of limbs, it can also cause strangulation or 
suffocation.  In addition, entanglement can impair an animal's ability to swim, which can result in 
drowning, difficulty in moving, finding food, or escaping predators (USEPA, 2001a). 

Ingestion occurs when an animal swallows floatable debris.  It sometimes occurs accidentally, but usually 
animals feed on debris because it looks like food (e.g., plastic bags look like jellyfish, a prey item of sea 
turtles).  Ingestion can lead to starvation or malnutrition if the ingested items block the intestinal tract and 
prevent digestion, or accumulate in the digestive tract, making the animal feel “full” and lessening its 
desire to feed.  Ingestion of sharp objects can damage the mouth, digestive tract and/or stomach lining and 
cause infection or pain.  Ingested items can also block air passages and prevent breathing, thereby causing 
death (USEPA, 2001a). 

Common settled debris includes glass, cigarettes, rubber, and construction debris.  Settleables are a 
problem for bottom feeders and dwellers and can contribute to sediment contamination.  

In conclusion, trash in waterbodies can adversely affect humans, fish, and wildlife.  Not all water quality 
effects of trash are equal in severity or duration.  The water quality effects of trash depend on individual 
items and their buoyancy, degradability, size, potential health hazard, and potential hazards to fish and 
wildlife.  

The prevention and removal of trash in waterbodies will ultimately lead to improved water quality, 
protection of aquatic life and habitat, improved opportunities for public recreational access and restoration 
activities, enhancement of public interest in the lakes, propagation of the vision of the watershed as a 
whole, and enhancement of the quality of life of riparian residents. 
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3.2.4.1 Source Assessment  
The major source of trash in these lakes is due to litter, which is intentionally or accidentally discarded to 
the lake and watershed.  Potential sources can be categorized as point sources and nonpoint sources 
depending on the transport mechanisms.  For example: 

1. Storm drains: trash deposited throughout the watershed and carried to various sections of the lake 
during and after rainstorms via storm drains.  This is a point source.  

2. Wind action: trash blown into the lake directly.  This is a nonpoint source. 

3. Direct disposal: direct dumping or littering into the lake.  This is a nonpoint source. 

3.2.4.1.1 Point Sources 
Litter is the primary source of trash for point sources.  This includes trash deposited throughout the 
watershed and carried to the waterbodies during and after rain events via storm drains. 

3.2.4.1.2 Nonpoint Sources  
Litter is also intentionally or accidentally discarded to the lake and shoreline.  Trash deposited near the 
lake has the potential to be blown or transported by wildlife or overland flow into the lake.  Trash directly 
dumped into the lake is also a nonpoint source. 

3.2.4.2 Linkage Analysis  
These TMDLs are based on numeric targets derived from narrative water quality objectives in the Los 
Angeles Basin Plan (LARWQCB, 1994) for floating materials and solid, suspended, or settleable 
materials.  The narrative objectives state that waters shall not contain these materials in concentrations 
that cause nuisance or adversely affect beneficial uses.  Since any amount of trash impairs beneficial uses, 
the loading capacity of all waterbodies is set to zero allowable trash.    
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4 Peck Road Park Lake TMDLs 
Peck Road Park Lake (#CAL4053100020000303195323) is listed as impaired for chlordane, DDT, 
eutrophication (originally on the consent decree, but not on current 303(d) list), lead, odor, organic 
enrichment/ low dissolved oxygen, and trash (SWRCB, 2010).  In addition, dieldrin and PCB 
impairments have been identified by new data analyses since the 2008-2010 303(d) list data cut off.  This 
section of the TMDL report describes the impairments and the TMDLs developed to address them: 
nutrients (see Section 4.2), organochlorine (OC) pesticides and PCBs (Sections 4.4 through 4.7), and trash 
(Section 4.8).  Nutrient TMDLs are identified here based on existing conditions since nitrogen and 
phosphorus levels are achieving the chlorophyll a target level.  Comparison of metals data to their 
associated hardness-dependent water quality objectives indicates that lead is currently achieving numeric 
targets at Peck Road Park Lake; therefore, a TMDL is not included for this pollutant.  Analyses for lead 
are presented below (Section 4.3).    

4.1 ENVIRONMENTAL SETTING 
Peck Road Park Lake is located in the Los Angeles River Basin (HUC 18070105) in the city of Arcadia 
(Figure 4-1).  The lake was originally a gravel pit that was converted to a lake and park in 1975 by the 
Los Angeles County Parks and Recreation Department (Figure 4-2).  Recreation is primarily limited to 
fishing; trout are periodically stocked by the California Department of Fish and Game (CDFG, 2009).  
Visitors are not allowed to boat or swim in the lake.  Bird feeding is another recreational activity at Peck 
Road Park Lake.  While no bird feeding has been observed during recent fieldwork, birds do feed from 
trash cans and food litter at the park.  The Arcadia Golf Course is located on the northwest shoreline and a 
recreational path encircles the lake.  Restrooms in the park are connected to the city sewer system.  

 
Figure  4-1. Location of Peck Road Park Lake 
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Two basins (north and south) connected by a narrow waterway have a surface area of 87.4 acres (based 
on Southern California Association of Governments [SCAG] 2005 land use), average depth of 30 feet 
(depth was calculated as an average of 2008 and 2009 sampling depths), and total volume of 2,622 acre-
feet (calculated from the land use estimated surface area and average sampling depths).  Inflows to the 
Lake include Sawpit Wash (Figure 4-3), Santa Anita Wash (Figure 4-4), and diversions from the Santa Fe 
Flood Control Basin.  Water leaving Peck Road Park Lake discharges into Rio Hondo Wash.  There is no 
known use of algaecide in this lake.  Additional characteristics of the watershed are summarized below. 

 

   
Figure  4-2. Views of Peck Road Park Lake (Northern end on left; Southern lobe on right) 

 

 
Figure  4-3. Sawpit Wash  

 

RB-AR37784



Peck Road Park Lake TMDLs March 2012 

 
 4-3 

 
Figure  4-4. Santa Anita Wash 

4.1.1 Elevation, Storm Drain Networks, and TMDL Subwatershed 
Boundaries 

The Peck Road Park Lake watershed (23,564 total acres) ranges in elevation from 74 meters to 1,738 
meters.  The TMDL subwatershed boundaries selected for Peck Road Park Lake were based on more 
discrete boundaries obtained from the county of Los Angeles that were aggregated to three larger 
drainages.  The subwatershed draining the western part of the watershed via Santa Anita Wash is 12,686 
acres; the eastern subwatershed draining to Sawpit Wash is 10,557 acres.  There is a mining operation in 
the southern part of the eastern watershed that has been removed from the loading analysis as it acts like a 
sink and does not drain towards the lake.  The area surrounding the lake comprises 321 acres.  Each 
subwatershed drains to a storm sewer system so all allocations except for trash will be wasteload 
allocations (Figure 4-5) (note: atmospheric deposition will be included as a load allocation).  The spatial 
coverage for the storm drain network was obtained from the county of Los Angeles and is labeled on the 
figure accordingly.  The trash TMDL includes load allocations due to direct dumping of trash along the 
shoreline and in the water by park visitors in the park area indicated in Figure 4-16 in the trash TMDL 
section.  
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Figure  4-5. Elevation, Storm Drain Networks, and TMDL Subwatershed Boundaries for Peck 

Road Park Lake   

4.1.2 MS4 Permittees 
Figure 4-6 shows the MS4 stormwater permittees in the Peck Road Park Lake watershed.  The western 
subwatershed is comprised of the county of Los Angeles, Sierra Madre, Arcadia, Monrovia, Angeles 
National Forest, and Caltrans areas.  The eastern subwatershed is comprised of the county of Los 
Angeles, Monrovia, Duarte, Bradbury, Arcadia, Irwindale, Angeles National Forest, and Caltrans areas.  
The county of Los Angeles, Monrovia, Irwindale, Arcadia, and El Monte comprise the drainage around 
the lake.  The park area is comprised of 152 acres adjacent to the lake. 
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Figure  4-6. MS4 Permittees and the Storm Drain Network in the Peck Road Park Lake 

Subwatersheds 

4.1.3 Non-MS4 NPDES Dischargers 
There are several additional NPDES permits (non-MS4) in the Peck Road Park Lake watershed  
(Table 4-1).  These include 53 dischargers covered under a general industrial stormwater permit (see 
Section 3.1 for a detailed discussion of these permit types) located throughout the watershed (Figure 4-7) 
that result in 510 disturbed acres.  These permits were identified by querying excel files of permits from 
the Regional Board website (Excel files for each watershed are available from this link, 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/index.shtml#watershed, 
accessed on October 5, 2009). Specific information is not available regarding these dischargers; however, 
they are assigned existing loads and wasteload allocations based on their area (industrial stormwater) and 
their disturbed area (construction stormwater).  There is one general NPDES permit for discharge of 
groundwater from potable water well maintenance activities, which will receive a concentration-based 
wasteload allocation.  

Table 4-1. Non-MS4 Permits in the Peck Road Park Lake Watershed 

Type of NPDES Permit 

Number 
of 

Permits Subwatershed Jurisdiction 
Disturbed 

Area 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000001) 

24 Eastern Duarte 33.0 
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Type of NPDES Permit 

Number 
of 

Permits Subwatershed Jurisdiction 
Disturbed 

Area 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000001) 

10 Eastern Irwindale 19.5 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000001) 

16 Eastern Monrovia 133.5 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000001) 

1 Near Lake Arcadia 14 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000001) 

1 Western Arcadia 310 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000001) 

1 Western Sierra Madre 0 

General NPDES Permit for Potable 
Groundwater Well Discharges to Surface Water  
(Order No. R4-2003-0108, CAG994005) 

1 Eastern Arcadia 

 

0 

 

 
Figure  4-7. Non-MS4 Permits in the Peck Road Park Lake Subwatersheds 
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4.1.4 Land Uses and Soil Types 
Several of the analyses for the Peck Road Park Lake watershed include source loading estimates obtained 
from the Los Angeles River Basin LSPC Model discussed in Appendix D (Wet Weather Loading) of this 
TMDL report.  Land uses identified in the Los Angeles River Basin LSPC model are shown in  
Figure 4-8.  Upon review of the SCAG 2005 database as well as current satellite imagery, it was evident 
that a portion of the areas classified by the LSPC model as agriculture were inaccurate.  Land use 
classifications were changed to accurately reflect the conditions identified in the more recent data.  
Approximately 82 acres classified by LSPC as agriculture corresponded to orchards, vineyards, and horse 
farms and were not altered.  However, approximately 27 acres of agriculture were reclassified as open 
space and 28 acres were reclassified as residential.  All areas within the Caltrans jurisdiction were 
simulated as industrial since the Los Angeles River Basin LSPC model grouped transportation uses into 
the industrial category.  Table 4-2, Table 4-3, and Table 4-4 summarize the land use areas for each TMDL 
subwatershed and jurisdiction.   

  

 
Figure  4-8. LSPC Land Use Classes for the Peck Road Park Lake Subwatersheds 
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Table 4-2. Land Use Areas (ac) Draining from Western Subwatershed of Peck Road Park Lake  

Land Use 

County of 
Los 

Angeles 
Sierra 
Madre Arcadia Monrovia Caltrans 

Angeles 
National 
Forest Total 

Agriculture 0 4.19 0 0 0 0 4.19 

Commercial 34.8 2.62 124 13.0 0 0 175 

Industrial 0 0 70.4 0.319 16.9 0 87.6 

Open 3.50 377 319 483 0 9,104 10,286 

Other Urban 0 0 0.053 0 0 0 0.053 

Residential 207 296 1,516 114 0 0 2,133 

Total 245 679 2,030 611 16.9 9,104 12,686 

 

Table 4-3. Land Use Areas (ac) Draining from Eastern Subwatershed of Peck Road Park Lake  

Land Use 

County 
of Los 

Angeles Monrovia Duarte Bradbury Arcadia Irwindale Caltrans 

Angeles 
National 
Forest Total 

Agriculture 0 0 0  78.1  0 0 0 0  78.1  

Commercial  24.8   430   232  0  33.9   12.7  0 0  733  

Industrial  1.27   407  107 0 0  180  78.4  0  774 

Open 5.29  1,419  53.5   229   16.0   274  0 3,511  5,508 

Other Urban 0  51.0   1.74   2.90   1.71  0 0 0  57.3  

Residential  467   2,149   424   193   158   15.5  0 0  3,406  

Total 499  4,456   818   503   209   483  78.4  3,511  10,557  

 

Table 4-4. Land Use Areas (ac) Draining from Near Lake Subwatershed of Peck Road Park Lake  

Land Use 
County of 

Los Angeles Monrovia Irwindale Arcadia El Monte Total 

Agriculture 0 0 0 0 0 0 

Commercial 7.10 7.90 0 3.86 0 18.9 

Industrial 0.0003 14.4 13.9 69.7 10.2 108 

Open 0.233 24.6 0.187 61.6 0.984 87.5 

Other Urban 0 0 0 0 0 0 

Residential 60.4 1.30 0 4.18 40.9 107 

Total 67.7 48.1 14.1 139 52.1 321 
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There are four Resource Conservation and Recovery Act (RCRA) cleanup sites within the Peck Road 
Park Lake watershed, and an additional RCRA cleanup site is located within 0.3 miles of the watershed.  
None of the active sites are expected to contribute to the existing nutrient, OC pesticides and PCBs, or 
trash impairments; however, some of the previously remediated locations may have historically 
contributed PCB loadings.  In addition, as identified in Table 4-5, several facilities have the potential to 
discharge lead, but lead is currently meeting numeric targets in Peck Road Park Lake (Section 4.3).  Table 
4-5 summarizes the available information regarding these sites, which are illustrated in Figure 4-8.  

Table 4-5. RCRA Cleanup Sites Located within or near the Peck Road Park Lake Watershed 

Envirostor # Facility Name Cleanup Status 
Potential Contaminants 

of Concern 

19750076 Alpha II/Irwindale No further action Lead, polychlorinated biphenyls 
(PCBs), cadmium 

60000166 Metric Machining Active Arsenic, motor oil, polycyclic 
aromatic hydrocarbons (PAHs) 

19490222 So Cal Gas/Monrovia Mgp Active Lead, arsenic, polycyclic aromatic 
hydrocarbons (PAHs), cyanide 

19340773 Southwest Products/Irwindale No further action Benzene 

19000008 Trotter Apartments Certified Lead 

 

Figure 4-9 shows the predominant soils identified by STATSGO in the Peck Road Park Lake 
subwatersheds.  The most predominant soil type is Sobrante-Exchequer-Cieneba (MUKEY 660501), 
which is a hydrologic group C soil characterized as moderately-fine to fine-textured soils having low 
infiltration rates when wet and consisting chiefly of soils having a layer that impedes downward 
movement of water.  In the headwaters of the watershed there is a small area of Tollhouse-Rock outcrop-
Etsel family-Bakeoven soil, a hydrologic group D soil (MUKEY 660505), which has high runoff 
potential, very low infiltration rates, and consists chiefly of clay soils.  The middle section of the 
watershed is comprised of Zamora-Urban land-Ramona soil (MUKEY 660480) for which the STATSGO 
database does not list the hydrologic soil group.  Soil Urban land-Sorrento-Hanford (MUKEY 660473) 
makes up the southern part of the watershed.  This soil is a hydrologic group B soil, which has moderate 
infiltration rates and moderately coarse textures.  
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Figure  4-9. STATSGO Soil Types Present in the Peck Road Park Lake Subwatersheds 

4.1.5 Additional Inputs 
The 1994 Urban Lakes Study identified diversions of flow from the San Gabriel River as the primary 
source of water to Peck Road Park Lake.  Based on data provided by the Los Angeles County Public 
Works Department, diversions provide an average of 8,737 ac-ft of water to Peck Road Park Lake 
annually. A small area of parkland is irrigated; however, it is greater than 600 ft from the lake and all of 
the water is expected to percolate into the ground and not reach the lake.  It is therefore not included in 
the analysis. 

4.2 NUTRIENT-RELATED IMPAIRMENTS 
A number of the assessed impairments for Peck Road Park Lake may be associated with nutrients and 
eutrophication.  Nutrient-related impairments for Peck Road Park Lake include odor and organic 
enrichment/low dissolved oxygen (DO) (SWRCB, 2010).  The loading of excess nutrients enhances algal 
growth (eutrophication).  Algae produce oxygen during photosynthesis but remove oxygen during 
respiration processes that occur in the absence of sunlight.  Death and decay of large amounts of algae 
may cause odor problems by creating an anoxic environment that results in the release of sulfuric 
compounds.   

4.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
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Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Peck Road Park Lake 
was not identified specifically in the Basin Plan; therefore, the beneficial uses associated with the 
downstream segment (Rio Hondo below Spreading Grounds) apply:  REC1, REC2, WARM, WILD, 
MUN, and GWR (personal communication, Regional Board, December 22, 2009).  Descriptions of these 
uses are listed in Section 2 of this TMDL report.  Elevated nutrient levels are currently impairing the 
REC1, REC2, and WARM uses by stimulating algal growth that may form mats that impede recreational 
and drinking water use, alter pH and dissolved oxygen (DO) levels alter biology that impair the aquatic 
life use, and cause odor and aesthetic problems.  At high enough concentrations WILD and MUN uses 
could become impaired. 

4.2.2 Numeric Targets 
The Basin Plan for the Los Angeles Region (LARWQCB, 1994) outlines the numeric targets and 
narrative criteria that apply to Peck Road Park Lake.  The following targets apply to the odor and organic 
enrichment/low DO (see Section 2 for additional details and Table 4-6 for a summary): 

• The Basin Plan addresses excess aquatic growth in the form of a narrative objective for nutrients.  
Excessive nutrient (e.g., nitrogen and phosphorous) concentrations in a waterbody can lead to 
nuisance effects such as algae, odors, and scum.  The objective specifies, “waters shall not 
contain biostimulatory substances in concentrations that promote aquatic growth to the extent that 
such growth causes nuisance or adversely affects beneficial uses.”  The Regional Board has not 
adopted numeric targets for biostimulatory nutrients or chlorophyll a in Peck Road Park Lake; 
however, as described in Tetra Tech (2006), summer (May – September) mean and annual mean 
chlorophyll a concentrations of 20 µg/L are selected as the maximum allowable level consistent 
with full support of contact recreational use and is also consistent with supporting warm water 
aquatic life.  The mean chlorophyll a target must be met at half of the Secchi depth during the 
summer (May – September) and annual averaging periods.  

• The Basin Plan states that “waters shall not contain taste or odor-producing substances in 
concentrations that impart undesirable tastes or odors to fish flesh or other edible aquatic 
resources, cause nuisance, or adversely affect beneficial uses.” 

• The Basin Plan states “at a minimum the mean annual dissolved oxygen concentrations of all 
waters shall be greater than 7 mg/L, and no single determinations shall be less than 5.0 mg/L, 
except when natural conditions cause lesser concentrations.”  In addition, the Basin Plan states, 
“the dissolved oxygen content of all surface waters designated as WARM shall not be depressed 
below 5 mg/L as a result of waste discharges.”  Deep lakes that thermally stratify during the 
summer months, such as Peck Road Park Lake, must meet the DO target in the epilimnion of the 
water column.   

The epilimnion is the upper stratum of more or less uniformly warm, circulating, and fairly 
turbulent water during summer stratification.  The epilimnion floats above a cold relatively 
undisturbed region called the hypolimnion.  The stratum between the two is the metalimnion and 
is characterized by a thermocline, which refers to the plane of maximum rate of decrease of 
temperature with respect to depth.  For the purposes of these TMDLs, the presence of 
stratification will be defined by whether there is a change in lake temperature greater than 1 
degree Celsius per meter.  Deep lakes, such as Peck Road Park Lake, must meet the DO and pH 
targets in the water column from the surface to 0.3 meters above the bottom of the lake when the 
lake is not stratified.  However, when stratification occurs (i.e., a thermocline is present) then the 
DO and pH targets must be met in the epilimnion, the portion of the water column above the 
thermocline. 
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• The Basin Plan states that “the pH of inland surface waters shall not be depressed below 6.5 or 
raised above 8.5 as a result of waste discharges.  Ambient pH levels shall not be changed more 
than 0.5 units from natural conditions as a result of waste discharge.”  Deep lakes that thermally 
stratify during the summer months, such as Peck Road Park Lake, must meet the pH target in the 
epilimnion of the water column.   

Nitrogen and phosphorus target concentrations within the lake are based on existing conditions as 
explained in Sections 4.2.5 and 4.2.6: 

• 0.76 mg-N/L summer season average (May – September) and annual average 

• 0.076 mg-P/L summer season average (May – September) and annual average 

Table 4-6. Nutrient-Related Numeric Targets for Peck Road Park Lake   

Parameter Numeric Target Notes 

Chlorophyll a 20 µg/L summer average (May – September) and 
annual average 

 

Dissolved 
Oxygen 

7 mg/L minimum mean annual concentrations and 

5 mg/L single sample minimum except when natural 
conditions cause lesser concentrations 

 

pH The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a result 
of waste discharges.  Ambient pH levels shall not be 
changed more than 0.5 units from natural conditions 
as a result of waste discharge. (Basin Plan)  

6.5 – 9.0 (EPA’s 1986 Recommended Criteria) 

The existing water quality criteria for pH 
is very broad and in cases where waste 
discharges are not causing the alteration 
of pH it allows for a wider range of pH 
than EPA’s recommended criteria.  For 
this reason, EPA’s recommended criteria 
is included as a secondary target for pH.    

Total Nitrogen 0.76 mg-N/L summer average (May – September) 
and annual average 

Conservatively based on existing 
conditions, which are maintaining 
chlorophyll a levels below the target of 
20 µg/L 

Total 
Phosphorous 

0.076 mg-P/L summer average (May – September) 
and annual average 

Based on an in-lake TN to TP ratio of 10, 
typical of natural systems 

4.2.3 Summary of Monitoring Data 
Water quality in Peck Road Park Lake has been monitored since the early 1990s.  This section 
summarizes the monitoring data relevant to the nutrient impairments.  Additional details regarding 
monitoring are discussed in Appendix G (Monitoring Data).   

The southern basin was sampled during the 1992-93 monitoring period in support of the Urban Lakes 
Study.  Nutrient levels were analyzed at relatively high detection limits.  Of the 90 orthophosphate 
samples collected, only one exceeds the detection limit of 0.1 mg-P/L.  This measurement was collected 
at a depth of 8 meters and had a value of 0.4 mg-P/L.  Only 1 of 90 total phosphorus samples exceeded 
the detection limit of 0.1 mg-P/L: at a depth of 5 meters the TP measurement was 0.9 mg-P/L.  Three 
nitrite samples exceeded the detection limit for this dataset of 0.1 mg-N/L.  All three had values of  
0.2 mg-N/L and were located at depths ranging from 7 to 14 meters.  For nitrate, 23 samples were less 
than the detection limit (0.1 mg-N/L) and the maximum nitrate concentration measured was 1.1 mg-N/L.  
Twelve measurements of Total Kjeldahl Nitrogen (TKN), which includes the organic and ammonia 
species of nitrogen, were less than the detection limit (0.1 mg-N/L) and the maximum TKN concentration 
observed was 2.0 mg-N/L.  For ammonium, 55 out of 90 measurements were less than the detection limit 
(0.1 mg-N/L) and 35 samples ranged from 0.1 mg-N/L to 1.2 mg-N/L.  pH ranged from 7.3 to 8.8.  The 
summary table lists chlorophyll a concentrations ranging from <1 μg/L to 19 μg/L with an average of  
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8 μg/L.  The graphs displaying the depth profile data for Peck Road Park Lake show that dissolved 
oxygen typically declines to 0 mg/L during the summer months at depths greater than 5 meters.  At depths 
less than 5 meters, dissolved oxygen concentrations were typically around 7 mg/L during the summer 
months.  The study reported a “fishy” smell around the lake. 

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The summary table for Peck Road Park Lake 
states that dissolved oxygen (DO) was not supporting the aquatic life use: 195 measurements of DO were 
collected in the lake with concentrations ranging from 0.2 mg/L to 15.2 mg/L.  The accompanying 
database does not contain the raw data associated with these measurements, so depth, temperature, date, 
and time cannot be established.  The summary table also lists the odor impairment as not supporting both 
contact and non-contact recreation uses.   

On June 17, 2008, the Regional Board sampled water quality from the middle of each lobe of Peck Road 
Park Lake (shoreline sampling is not discussed in this section but is described in Appendix G, Monitoring 
Data).  Ammonia concentrations ranged from less than the detection limit (0.1 mg-N/L) to 0.437 mg-N/L.  
TKN ranged from 1.2 mg-N/L to 2.08 mg-N/L.  Nitrite concentrations were less than the detection limit 
(0.1 mg-N/L) in both basins; nitrate was less than the detection limit (0.1 mg-N/L) in the southern basin 
and 0.24 mg-N/L in the northern basin.  Orthophosphate and total phosphate measurements in both basins 
were less than the detection limits (0.4 mg-P/L and 0.5 mg-P/L, respectively).  Field data were collected 
in both basins at depths ranging from the water surface to 2.5 meters.  Temperature varied by 
approximately 1 ºC in the south basin and approximately 4 ºC in the north basin over the sampling depth.  
Dissolved oxygen in the lake was greater than 17 mg/L at all depths except in the northern basin at a 
depth of 2.5 meters where the concentration was 3 mg/L.  pH measurements in the lake ranged from 8.0 
to 9.4, although the meter was not calibrated due to equipment malfunction.  Chlorophyll a measurements 
in the lake ranged from 4.0 μg/L to 11.4 μg/L.  The field notes for this event did not mention odor. 

Four sites were sampled by the Regional Board on December 11, 2008; samples were collected from the 
surface at each site.  Measurements of TKN, nitrite, orthophosphate, and total phosphate were less than 
the detection limits at each site (1.0 mg-N/L, 0.1 mg-N/L, 0.4 mg-P/L, and 0.5 mg-P/L, respectively).  
Ammonia concentrations ranged from 0.209 mg-N/L to 0.273 mg-N/L; nitrate ranged from 0.162 mg-N/L 
to 0.287 mg-N/L.  Chlorophyll a ranged from 1.8 μg/L to 4.0 μg/L.  Field data were collected from the 
surface to 2.0 meters.  DO ranged from 2.21 mg/L to 6.20 mg/L (field notes indicate that the meter was 
not calibrated prior to sampling and field team questioned accuracy of these readings).  pH ranged from 
7.47 to 7.81. 

Water quality monitoring was also conducted by the USEPA and Regional Board on August 5, 2009 in 
both basins.  Ammonia, TKN, nitrate, and nitrite were less than the detection limits (0.03 mg-N/L,  
0.456 mg-N/L, 0.01 mg-N/L, and 0.01 mg-N/L, respectively).  Orthophosphate ranged from  
0.0112 mg-P/L to 0.0135 mg-P/L, and total phosphorus ranged from 0.022 mg-P/L to 0.116 mg-P/L.  
Chlorophyll a ranged from 5.3 μg/L to 8.0 μg/L.  DO in the epilimnion was greater than 8 mg/L in both 
basins.  pH ranged from 8.17 to 8.71 in the epilimnion.  Field notes report “an unappealing smell that is 
hard to describe in both the channel connecting the northern and southern lobes and in the northern lobe 
of Peck Road Park Lake.  This smell could possibly be coming from the water or from the industry 
buildings which are close to the shore of the northern lobe of the lake.” 

On September 30, 2010, additional sampling was conducted at the mid-lake sites.  Ammonia 
concentrations were below the detection limit of 0.03 mg-N/L.  Nitrite ranged from 0.041 to 0.043 mg-
N/L, and nitrate was below the detection limit of 0.01 mg-N/L.  TKN ranged from 0.562 to 0.634 mg-
N/L. Orthophosphate and total phosphorus ranged from 0.02 mg-P/L to 0.04 mg-P/L.  Chlorophyll a 
ranged from 6.7 μg/L to 13.4 μg/L.  During this event, two continuous monitoring probes were deployed 
over a 24-hour period.  At an average depth of 0.6 meters, DO concentrations during the 24-hour period 
ranged from 8.6 mg/L to 10.1 mg/L.  pH ranged from about 8.5 to 8.8.  On September 30, 2010, DO 
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measurements collected from the surface of the lake ranged from 8.5 mg/L to 10.9 mg/L. At 2 meters 
above the bottom, DO ranged from 0.2 to 4.0 mg/L.   

In summary, Peck Road Park Lake has been sampled several times over the past two decades.  Slight 
exceedances of the pH target have been observed in the lake and may be due to natural conditions.  DO 
levels in the epilimnion are typically greater than 7 mg/L and impairment due to low DO is not evident in 
either the historic or recent sampling events (DO levels do approach zero in the deeper waters but no 
exceedances have been observed relative to the target depths).  Readings collected in December 2008 
were collected with an uncalibrated meter.  Chlorophyll a concentrations are relatively low and no 
measurements greater than 19 μg/L (historic data) have been reported.  The maximum chlorophyll a 
concentration measured recently is 13.4 μg/L and the average concentration is 6.2 μg/L.  It does not 
appear, based on these data, that excessive nutrient loading is causing an impairment.  It is unlikely that 
the source of the odor reported at Peck Road Park Lake is due to elevated nutrient and algal biomass 
levels.  They are likely associated with the trash impairment addressed in Section 4.8.  The nutrient 
TMDLs for Peck Road Park Lake presented in Section 4.2.6 are based on existing conditions.  

4.2.4 Source Assessment 
The source assessment for Peck Road Park Lake includes load estimates from the surrounding watershed 
(Appendix D, Wet Weather Loading; Appendix F, Dry Weather Loading) and atmospheric deposition 
(Appendix E, Atmospheric Deposition) (Table 4-7).  Watershed loading accounts for 55.5 percent of the 
total nitrogen load and 80.2 percent of the total phosphorus load.  Diversions from the San Gabriel River 
to Peck Road Park Lake (via the eastern subwatershed) contribute 41.1 percent of the total nitrogen load 
and 15.3 percent of the total phosphorus load.  All existing loads to Peck Road Park Lake are summarized 
in Table 4-7.  

Table 4-7. Summary of Average Annual Flows and Nutrient Loading to Peck Road Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Flow  
(ac-ft/yr) 

Total 
Phosphorus  

(lb-P/yr) (percent 
of total load) 

Total Nitrogen  
(lb-N/yr) 

(percent of 
total load) 

Eastern Arcadia MS4 Stormwater  206  1  383 (2.0) 2,320 (1.2) 

Eastern Bradbury MS4 Stormwater  291  1  497 (2.6) 3,223 (1.7) 

Eastern Caltrans State Highway 
Stormwater

99.9  
1 

 158 (0.8) 1,165 (0.6) 

Eastern Duarte MS4 Stormwater 850 1 1,540 (8.0) 9,616 (5.1) 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater 

(in the city of Duarte) 

 34.9  
1 

 55.1 (0.3) 432 (0.2) 

Eastern  Irwindale MS4 Stormwater  325 1  496 (2.6) 3,487 (1.9) 

Eastern  General Industrial 
Stormwater Permittees 
(in the city of Irwindale) 

General Industrial 
Stormwater

 20.6  
1 

 32.5 (0.2) 255 (0.1) 

Eastern  County of Los Angeles MS4 Stormwater  488  1  924 (4.8) 5,532 (2.9) 

Eastern  Monrovia MS4 Stormwater  3,527  1  6,243 (32.3) 38,736 (20.7) 
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Subwatershed 
Responsible 
Jurisdiction Input 

Flow  
(ac-ft/yr) 

Total 
Phosphorus  

(lb-P/yr) (percent 
of total load) 

Total Nitrogen  
(lb-N/yr) 

(percent of 
total load) 

Eastern  General Industrial 
Stormwater Permittees 
(in the city of Monrovia) 

General Industrial 
Stormwater

 141  
1 

 223 (1.2) 1,748 (0.9) 

Eastern Angeles National Forest Stormwater 309 1 92.5 (0.5) 2,692 (1.4) 

Diversion Los Angeles County 
Department of Public 
Works 

Water Diversion  8,737   2,960 (15.3) 76,970 (41.1) 

Near Lake Arcadia MS4 Stormwater  102  1  158 (0.8) 1,115 (0.6) 

Near Lake General Industrial 
Stormwater Permittees 
(in the city of Arcadia) 

General Industrial 
Stormwater

 14.8  
1 

 23.4 (0.1) 183 (0.1) 

Near Lake El Monte MS4 Stormwater  52.8  1  96.2 (0.5) 602 (0.3) 

Near Lake Irwindale MS4 Stormwater  17.8  1  28.2 (0.1) 207 (0.1) 

Near Lake County of Los Angeles MS4 Stormwater  68.1  1  129 (0.7) 773 (0.4) 

Near Lake Monrovia MS4 Stormwater  38.0  1  60.4 (0.3) 415 (0.2) 

Western Arcadia MS4 Stormwater  1,493  1  2,840 (14.7) 16,334 (8.7) 

Western General Industrial 
Stormwater Permittees 
(in the city of Arcadia) 

General Industrial 
Stormwater

 328  
1 

 517 (2.7) 4,058 (2.2) 

Western Caltrans State Highway 
Stormwater

 21.6  
1 

 34.2 (0.2) 251 (0.1) 

Western County of Los Angeles MS4 Stormwate1  248  r  467 (2.4) 2,818 (1.5) 

Western Monrovia MS4 Stormwater  275  1  425 (2.2) 2,678 (1.4) 

Western Sierra Madre MS4 Stormwater  406  1  695 (3.6) 4,254 (2.3) 

Western Angeles National Forest Stormwater 802 1 240 (1.2) 6,981 (3.7) 

Lake Surface  Atmospheric 
Deposition

 139  
3 

NA 69 (0.04) 

Total 19,034 19,319 186,914 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are located in the Cities 
of Arcadia, Duarte, Irwindale and Monrovia.  The disturbed area associated with general construction and general 
industrial stormwater permittees (510 acres) was subtracted out of the appropriate city areas and allocated to these 
permits.  

3 

4.2.5 Linkage Analysis 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
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numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions. 

To simulate the impacts of nutrient loading on Peck Road Park Lake, the nutrient numeric endpoints 
(NNE) BATHTUB Tool was set up and calibrated to lake-specific conditions.  The NNE BATHTUB 
Tool is a version of the US Army Corps of Engineers (USACE) BATHTUB model and was developed to 
support risk-based nutrient numeric endpoints in California (Tetra Tech, 2006).   

BATHTUB is a steady-state model that calculates nutrient concentrations, chlorophyll a concentration (or 
algal density), turbidity, and hypolimnetic oxygen depletion based on nutrient loadings, hydrology, lake 
morphometry, and internal nutrient cycling processes.  BATHTUB uses a typical mass balance modeling 
approach that tracks the fate of external and internal nutrient loads between the water column, outflows, 
and sediments.  External loads can be specified from various sources including stream inflows, nonpoint 
source runoff, atmospheric deposition, groundwater inflows, and point sources.  Internal nutrient loads 
from cycling processes may include sediment release and macrophyte decomposition.  The net 
sedimentation rates for nitrogen and phosphorus reflect the balance between settling and resuspension of 
nitrogen and phosphorus within the waterbody.  Thus, internal loading is implicitly accounted for in the 
model.  Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than 
day-to-day variations in water quality.  

Target nutrient loads and resulting allocations are determined based on the secondary target – summer 
mean chlorophyll a concentration.  The NNE spreadsheet tool allows the user to specify a chlorophyll a 
target and predicts the probability that current conditions will exceed the target, as well as showing a 
matrix of allowable nitrogen and phosphorus loading combinations to meet the target.  The user-defined 
chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in water transparency measured as Secchi depth.  Appendix A (Nutrient TMDL Development) describes 
additional details on the NNE BATHTUB Tool and its use in determining allowable loads of nitrogen and 
phosphorus.      

In addition to loading rates of nitrogen and phosphorus, the NNE BATHTUB Tool requires basic 
bathymetry data for the simulation of chlorophyll a during the summer.  For Peck Road Park Lake, the 
following inputs apply: surface area of 87.4 acres, average depth of 30 ft, and volume of 2,622 ac-ft.  
Based on the phosphorus turnover ratio for this lake (Walker, 1987), the summer averaging period is 
appropriate (i.e., loads delivered from May through September are input to the model rather than annual 
loads).  Without adjusting calibration factors in the model (calibration factors on net sedimentation rates 
set to 1), the average annual loads presented in Section 4.2.4 yield total nitrogen, total phosphorus, and 
chlorophyll a concentrations of 1.19 mg-N/L, 0.077 mg-P/L, and 12.8 µg/L, respectively.   

Average conditions for Peck Road Park Lake with regard to algal stimulation are assessed based on 
measurements collected between the surface and twice the observed Secchi depth.  Average annual 
observed total nitrogen, total phosphorus, and chlorophyll a concentrations over the assessment depth  
(4.2 meters) are 0.76 mg-N/L, 0.05 mg-P/L, and approximately 6 µg/L, respectively, assuming 
measurements less than detection are equal to half the detection limit.  Even with simulated nitrogen and 
phosphorus concentrations 2 to 3 times higher than those observed in the lake (i.e., calibration factors left 
at 1), simulated chlorophyll a (12.8 µg/L) remains below the target concentration of 20 µg/L.  Calibrating 
the NNE BATHTUB Tool would result in lower simulated concentrations of nitrogen, phosphorus, and 
chlorophyll a.  Thus, the NNE BATHTUB Tool indicates that Peck Road Park Lake is not directly 
impaired by elevated nutrient loads or excessive algal growth.  (Since the calibration factor on the net 
phosphorus sedimentation rate would have been adjusted even lower during calibration, the method 
described in Appendix A (Nutrient TMDL Development) was used to estimate internal loading.  Based on 
the inflow concentrations, in-lake concentrations, and residence time of this system, the internal loading 
calculation resulted in a negative number which indicates that settling is more dominant than 
resuspension, and internal loading of phosphorus is insignificant relative to other sources.)   
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Based on historic and recent monitoring data, Peck Road Park Lake is not impaired by low DO or 
excessive nutrient loading (Section 4.2.3).   Though odor has been noted as a problem at the lake, it is 
likely not due to eutrophication as no algal blooms have been observed in the lake and chlorophyll a 
concentrations are relatively low.  To protect Peck Road Park Lake from degradation, nutrient loading 
should remain at or below existing levels as an antidegradation measure to ensure future loading does not 
increase the chlorophyll a concentration.   

4.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum nutrient load 
consistent with meeting the numeric target of 20 µg/L of chlorophyll a as a summer average.  The 
methodology for determining the loading capacity is described briefly in this section.  For more detail, 
refer to Appendix A (Nutrient TMDL Development). 

Based on observed levels of chlorophyll a and DO in Peck Road Park Lake, existing levels of nitrogen 
and phosphorus loading are resulting in attainment of both the chlorophyll a and DO targets.  Monitoring 
data indicate that the average in-lake total nitrogen concentration is 0.76 mg-N/L (Appendix G, 
Monitoring Data).  Because the majority of in-lake phosphorous samples have been less than the detection 
limits for the analytical laboratory, the phosphorus target concentration is based on an in-lake ratio of 
total nitrogen concentration to total phosphorus concentration close to 10.  This ratio was selected to 
match that typically observed in natural systems and to balance biomass growth and prevent limitation by 
one nutrient (Thomann and Mueller, 1987).  The corresponding in-lake concentrations of nitrogen and 
phosphorus are 

• 0.76 mg-N/L summer average (May – September) and annual average 

• 0.076 mg-P/L summer average (May – September) and annual average 

To prevent degradation of this waterbody, nutrient TMDLs will be allocated based on existing loading.  
These TMDLs are broken down into wasteload allocations (WLAs), load allocations (LAs), and Margins 
of Safety (MOS) using the general TMDL equation.  Note that the MOS is zero because these TMDLs are 
equal to the existing load.   

 

 
For total nitrogen, the allocatable load is equal to the existing load and is divided among WLAs and LAs.  
The resulting TMDL equation for total nitrogen is then:    

186,914 lb-N/yr = 186,845 lb-N/yr + 69.3 lb-N/yr + 0 lb-N/yr 

For total phosphorus, the allocatable load is equal to the existing load and allocated to WLAs only: LAs 
are zero as explained in Section 4.2.6.2.  The resulting TMDL equation for total phosphorous is then: 

19,319 lb-P/yr = 19,319 lb-P/yr + 0 lb-P/yr + 0 lb-P/yr 

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources.  
Details associated with WLAs, LAs, and MOS are presented in the following three sections.  

As previously mentioned, in-lake concentrations of nitrogen and phosphorus have been determined for the 
lake based on recent and historical monitoring data (see Section 4.2.5).  These in-lake concentrations 
reflect internal cycling processes (see Appendix A, Nutrient TMDL Development) and, therefore, differ 
from concentrations associated with various inflows.  Nutrient concentrations associated with the WLA 
and LA inputs are described below.  These values are provided as examples as they are calculated based 
on existing flow volumes (and will need to be recalculated if flow volumes change).  Because the input 

∑ ++= MOSLAWLATMDL
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concentrations do not consider internal cycling processes and are based on existing flow volumes, they do 
not match the allowable in-lake nitrogen and phosphorous concentrations. 

4.2.6.1 Wasteload Allocations  
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention or treatment options) to treat the stormwater and supplemental water flows entering the 
lake, as well as stormwater diversion and infiltration using methods such as porous pavements and rain 
gardens.  Implementing these options can reduce the lake’s nutrient loads and, in the case of recirculation 
through constructed wetlands, reduce in-lake nutrient concentrations.  Additionally, persons that apply 
algaecides as part of an overall lake management strategy must comply with the Aquatic Pesticide 
General Permit (General Permit Order No. 2004-0009-DWQ, CAG990005). 

Local jurisdictions have performed studies on nearby waterbodies that may be considered when 
evaluating nutrient-reduction strategies for this lake. For example, the City of Los Angeles has modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from constructed 
wetlands, and construction is currently underway.  Information about this and other City of Los Angeles 
water quality improvement projects are available on Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm.  The Peck Road Park Lake watershed drains to a series of 
storm drains prior to discharging to the lake.  Therefore, all nutrient loads associated with the surrounding 
drainage area are assigned wasteload allocations (WLAs).  The Caltrans areas and facilities that operate 
under a general industrial stormwater permit also receive WLAs.   

Relevant permit numbers are  

• County of Los Angeles (including the cities of Arcadia, Bradbury, Duarte, Irwindale, Monrovia, 
and Sierra Madre):  Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-
0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

WLAs are presented in Table 4-8.  Federal regulations require that NPDES permits incorporate water 
quality based effluent limitations (WQBELs) consistent with the requirements and assumptions of any 
available WLAs.  These TMDLs establish WLAs at their point of discharge.  Note that WLAs are equal 
to existing loading rates because no reductions in loading are required.  These loading values (in pounds 
per year) represent the TMDLs wasteload allocations (Table 4-8). All responsible jurisdictions must meet 
the WLAs as a mass load except for storm water permittees under the general industrial stormwater 
permit and the general NPDES permit for the Colorado Well Aquifer (Order No. R4-2003-0108, 
CAG994005), that are receiving concentration-based WLAs.  In Table 4-8 below, permittees under these 
general permits must meet the concentration values to achieve compliance with the WLAs. The 
phosphorous and nitrogen WLA concentrations are based on the average targeted concentrations of 
nutrients (allowable load divided by inflow volume): 0.37 mg-P/L and 3.61 mg-N/L.  Each wasteload 
allocation must be met at the point of discharge. A three-year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the 
chlorophyll a target are met in the lake, then the total phosphorous and total nitrogen allocations are 
considered attained. 
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Table 4-8. Wasteload Allocations of Phosphorus and Nitrogen Loading to Peck Road Park Lake 

Subwatershed Responsible Jurisdiction Input 

Wasteload 
Allocation Total 

Phosphorus  
(lb-P/yr)4 

Wasteload 
Allocation Total 

Nitrogen  
(lb-N/yr)

Eastern 

4 

Arcadia MS4 Stormwater  383  1 2,320 

Eastern Bradbury MS4 Stormwater  497  1 3,223 

Eastern Caltrans State Highway 
Stormwater

 158  
1 

1,165 

Eastern Duarte MS4 Stormwater 1,540 1 9,616 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater (in 

the city of Duarte) 

 55.1  
1 

(0.37 mg/L P)

432 
2 (3.61 mg/L N)

Eastern 

2 

General Groundwater 
Discharge Permittees

Groundwater 
Discharge 3 

0.37 mg/L P3 3.61 mg/L N
  

3

Eastern  

  

Irwindale MS4 Stormwater  496  1 3,487 

Eastern  General Industrial 
Stormwater Permittees (in 
the city of Irwindale)

General Industrial 
Stormwater

3 

 32.5  
1 

(0.37 mg/L P)

255 
2 (3.61 mg/L N)

Eastern  

2 

County of Los Angeles MS4 Stormwater 924  1 5,532 

Eastern  Monrovia MS4 Stormwater  6.243  1 38,736 

Eastern  General Industrial 
Stormwater Permittees (in 
the city of Monrovia)

General Industrial 
Stormwater

3 

 223  
1 

1,748 

Eastern Angeles National Forest Stormwater 92.5 1 2,692 

Diversion Los Angeles County 
Department of Public Works 

Water Diversion  2,960  76,970 

Near Lake Arcadia MS4 Stormwater  158  1 1,115 

Near Lake General Industrial 
Stormwater Permittees (in 
the city of Arcadia)

General Industrial 
Stormwater

3 

 23.4  
1 

(0.37 mg/L P)

183 
2 (3.61 mg/L N)

Near Lake 

2 

El Monte MS4 Stormwater  96.2  1 602 

Near Lake Irwindale MS4 Stormwater  28.2  1 207 

Near Lake County of Los Angeles MS4 Stormwater  129  1 773 

Near Lake Monrovia MS4 Stormwater  60.4  1 415 

Western Arcadia MS4 Stormwater  2,840  1 16,334 

Western General Industrial 
Stormwater Permittees (in 
the city of Arcadia)

General Industrial 
Stormwater

3 

 517  
1 

(0.37 mg/L P)

4,058 
2 (3.61 mg/L N)

Western 

2 

Caltrans State Highway 
Stormwater

 34.2  
1 

251 
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Subwatershed Responsible Jurisdiction Input 

Wasteload 
Allocation Total 

Phosphorus  
(lb-P/yr)4 

Wasteload 
Allocation Total 

Nitrogen  
(lb-N/yr)

Western 

4 

County of Los Angeles MS4 Stormwater 467  1 2,818 

Western Monrovia MS4 Stormwater 425  1 2,678 

Western Sierra Madre MS4 Stormwater  695  1 4,254 

Western Angeles National Forest Stormwater 240 1 6,981 

Total 19,319 186,845 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  The disturbed area associated with general construction and 
general industrial stormwater permittees (510 acres) was subtracted out of the appropriate city areas and allocated 
to these permits.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations (see footnote #3). 

3 For these responsible jurisdictions, the concentration-based WLA will be used to evaluate compliance.  
4

4.2.6.2 Load Allocations  

 Each wasteload allocation must be met at the point of discharge. A three year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll 
a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered attained.  

Atmospheric deposition of nitrogen to the lake surface is a nonpoint source and is assigned a load 
allocation (LA).  Table 4-9 presents the LAs for atmospheric deposition, which are equivalent to existing 
loading rates because no reductions in loading are required.  Atmospheric deposition does not contribute 
significant loads of phosphorus (Appendix E, Atmospheric Deposition).  These loading values (in pounds 
per year) represent the TMDL load allocations (Table 4-9).  Each load allocation must be met at the point 
of discharge. A three-year average will be used to evaluate compliance. However, if applicable water 
quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll a target are met in the lake, 
then the total phosphorous and total nitrogen allocations are considered attained. 

Table 4-9. Load Allocations of Nitrogen Loading to Peck Road Park Lake 

Input Load Allocation Total 
Phosphorus (lb-P/yr)

Load Allocation Total 
Nitrogen (lb-N/yr)1 

Atmospheric Deposition (to the lake surface)

1 

NA 2 69 

Total NA 69 
1 Each load allocation must be met at the point of discharge. A three year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll 
a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered attained.  

2

4.2.6.3 Margin of Safety 

 Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This lake is currently achieving the in-lake chlorophyll a 
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target and TMDLs are being established at the existing loads.  This conservative anti-degradation measure 
is the implicit margin of safety for these TMDLs.  

4.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  Critical conditions for nutrient impaired lakes typically 
occur during the warm summer months when water temperatures are elevated and algal growth rates are 
high.  Elevated temperatures not only reduce the saturation levels of DO, but also increase the toxicity of 
ammonia and other chemicals in the water column.  Excessive rates of algal growth may cause large 
swings in DO, elevated pH, odor, and aesthetic problems.  Loading of nutrients to lakes during winter 
months are often biologically available to fuel algal growth in summer months.  These nutrient TMDLs 
account for summer season critical conditions by using the NNE Bathtub model to calculate possible 
annual loading rates consistent with meeting the summer chlorophyll a target concentration of 20 µg/L.  
These TMDLs are based on existing conditions as an anti-degradation measure since nitrogen and 
phosphorus levels are currently achieving the chlorophyll a target level.  These TMDLs therefore protect 
for critical conditions. 

4.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  These TMDLs present a maximum daily load 
according to the guidelines provided by USEPA (2007).  Because the majority of nutrient loading to Peck 
Road Park Lake occurs during wet weather events that deliver pollutant loads from both the surrounding 
watershed and diversions from the San Gabriel River, the daily maximum allowable loads of nitrogen and 
phosphorus are calculated from the maximum daily storm flow rate (estimated from the 99th

No USGS gage currently exists in the Peck Road Park Lake watershed, but there is a gage downstream.  
USGS Station 11101250, Rio Hondo above Whittier Narrows Dam, was selected as a surrogate for flow 
determination.  The 99

 percentile 
flow) to the Lake multiplied by the average allowable concentrations consistent with achieving the long-
term loading targets.  These maximum loads must be met each day of the year because the annual loads 
specified by the TMDLs must also be achieved.  The WLA and LA loads presented above are annual 
loading caps that cannot be exceeded. 

th percentile flow was chosen to represent the peak flow for this drainage.  
Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates errors due to outliers and is reasonable for development of a 
daily load expression.   

th percentile flow for Rio Hondo  
(952 cfs) (Wolock, 2003).  To estimate the peak flow to Peck Road Park Lake from the surrounding 
watershed, the 99th percentile flow for Rio Hondo was scaled down by the ratio of drainage areas (23,564 
acres/58,368 acres; Peck Road Park Lake watershed area/Rio Hondo watershed area at the gage).  The 
resulting peak flow estimate for Peck Road Park Lake is 384 cfs.  The 99th

The average allowable concentrations of phosphorus and nitrogen were calculated from the allowable 
loads (19,319 lb-P/yr and 186,914 lb-N/yr, respectively) divided by the total volume reaching the lake 
from runoff and diversions (19,034 ac-ft) (

 percentile diverted flow from 
the San Gabriel River to Peck Road Park Lake is 328 cfs.  Therefore, the total peak daily flow rate is  
712 cfs.   

Table 4-7).  Multiplying the average allowable concentrations 
(0.37 mg-P/L for phosphorous and 3.61 mg-N/L for nitrogen) by the 99th percentile peak daily flow (712 
cfs) yields the daily maximum load associated with wet weather runoff.  The wet weather runoff daily 
maximum allowable loads of phosphorus and nitrogen for Peck Road Park Lake are 1,433 lb-P/d and 
13,868 lb-N/d, respectively.  These loads are associated with the MS4 stormwater permittees and the 
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water diversion.  As described above, in order to achieve in-lake nutrient targets as well as annual load-
based allocations, the maximum allowable daily loads cannot be discharged to the lake every day.  The 
WLA and LA loads presented above are annual loading caps that cannot be exceeded.    

4.2.6.6 Future Growth 
Much of the Peck Road Park Lake watershed remains in forested and other undisturbed land uses.  As 
development occurs in this watershed, best management practices (BMPs) will be required such that 
loading rates are consistent with the allocations established by these TMDLs.  Therefore, no load 
allocation has been set aside for future growth.  It is unlikely that any dischargers of significant nutrient 
loading will be permitted in the watershed. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

4.3 LEAD IMPAIRMENT 
Peck Road Park Lake was listed as impaired for lead in 1996 based on an assessment in the Regional 
Board's Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with 
project plan recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), 
USEPA and local agencies collected 30 additional samples (12 wet weather) between December 2008 and 
September 2010 to evaluate current water quality conditions.  There were zero dissolved lead 
exceedances in 30 samples (Appendix G, Monitoring Data).  USEPA also collected two sediment samples 
during September 2010 to further evaluate lake conditions. There were zero sediment lead exceedances of 
the 128 ppm freshwater (Probable Effect Concentrations) sediment target (Appendix G, Monitoring 
Data). Therefore, Peck Road Park Lake meets lead water quality standards, and USEPA concludes that 
preparing a TMDL for lead is unwarranted at this time.  USEPA recommends that Peck Road Park Lake 
not be identified as impaired by lead in California’s next 303(d) list. 

4.4 PCB IMPAIRMENT 
Polychlorinated biphenyls (PCBs) consist of a family of many related congeners.  The individual 
congeners are often referred to by their “BZ” number.  Environmental analyses may address individual 
congeners, homologs (groups of congeners with the same number of chlorine atoms), equivalent 
concentrations of the commercial mixtures of PCBs known by the trade name Aroclors, or total PCBs.  
The environmental measurements and targets described in this section are in terms of total PCBs, defined 
as the “sum of all congener or isomer or homolog or Aroclor analyses” (CTR, 40 CFR 131.38(b)(1)  
footnote v). 

The PCB impairment of Peck Road Park Lake affects beneficial uses related to recreation, municipal 
water supply, wildlife health, and fish consumption.  PCBs are no longer in production.  While some 
loading of PCBs continues to occur in watershed runoff, the primary source of PCBs in the water column 
and aquatic life in Peck Road Park Lake is from historic loads stored in the lake sediments.  Like other 
organochlorine compounds, PCBs accumulate in aquatic organisms and biomagnify in the food chain.  As 
a result, low environmental exposure concentrations can result in unacceptable levels in higher trophic 
level fish in the lake.  
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4.4.1 Problem Statement 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Peck Road Park Lake 
was not identified specifically in the Basin Plan; therefore, the beneficial uses associated with the 
downstream segment (Rio Hondo below Spreading Grounds) apply:  REC1, REC2, WARM, WILD, 
MUN, and GWR (personal communication, Regional Board, December 22, 2009).  Descriptions of these 
uses are listed in Section 2 of this TMDL report.  Elevated levels of PCBs potentially impair the REC1, 
REC2, WARM, WILD, and MUN uses by causing toxicity to aquatic organisms and raising fish tissue 
concentrations to levels that are unsafe for human consumption (which can result in fish consumption 
advisories) and impairing sport fishing recreational uses. 

4.4.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of PCBs in the 
Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are based on 
the consensus-based sediment quality guidelines defined in MacDonald et al. (2000) and the fish tissue 
concentration goal, referred to as the fish contaminant goal (FCG), defined by OEHHA (2008) for fish 
consumption.  The numeric targets used for PCBs are listed below.  The fish tissue concentration goal 
was also used to back calculate site-specific targets in sediment, with the most stringent target applying.  
See Section 2 of this TMDL report for additional details. 

The water column criteria for PCBs in the Basin Plan are associated with a specific beneficial use.  For 
waters designated MUN, the Basin Plan lists a maximum contaminant level of 0.0005 mg/L, or 0.5 μg/L, 
total PCBs in water.  The Plan also contains a narrative criterion that toxic chemicals not be present at 
levels that are toxic or detrimental to aquatic life (LARWQCB, 1994).  Each waterbody addressed in this 
report is designated WARM, at a minimum, and must meet this requirement.  A chronic criterion for the 
sum of PCB compounds in freshwater systems to protect aquatic life is included in the CTR as  
0.014 μg/L (USEPA, 2000a).  The CTR also provides a human health-based water quality criterion for the 
consumption of both water and organisms and organisms only of 0.00017 μg/L (0.17 ng/L).  The human 
health criterion of 0.17 ng/L is the most restrictive applicable criteria specified for water column 
concentrations and is selected as the water column target.  

For sediment, the consensus-based sediment quality guidelines provided in MacDonald et al. (2000) for 
the threshold effects concentration (TEC) for total PCBs in sediment is 59.8 μg/kg dry weight.   The 
consensus-based guidelines have been incorporated into the most recent set of NOAA Screening Quick 
Reference Tables (SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources 
Control Board for interpretation of narrative sediment objectives under the 303(d) listing policy.  This 
target is designed to protect benthic dwelling organisms and explicitly does not consider “the potential for 
bioaccumulation in aquatic organisms nor the associated hazards to the species that consume aquatic 
organisms (i.e., wildlife and humans).”  The existing sediment PCB concentrations in Peck Road Park 
Lake are lower than the consensus-based TEC target, and existing fish tissue concentrations are higher 
than the fish tissue target.  Thus, a separate sediment target calculation based on a biota-sediment 
accumulation factor (BSAF) is carried out to ensure that fish tissue concentration goals are met.   

The fish contaminant goal for PCBs defined by OEHHA (2008) is 3.6 ppb wet weight in muscle tissue 
(filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation derived 
from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is appropriate to 
correlate sediment and fish tissue targets.  For total PCBs, the corresponding sediment concentration 
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target determined using the BSAF is 1.29 µg/kg dry weight, as described in detail in Section 4.4.5.  All 
applicable targets are shown below in Table 4-10.  For sediment, the lower value of the consensus-based 
TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 4-10. PCB Targets Applicable to Peck Road Park Lake 

Medium Source Target 

Fish (ppb wet weight) OEHHA FCG 3.6 

Sediment (μg/kg dry weight) Consensus-based TEC 59.8 

Sediment (μg/kg dry weight) BSAF-derived target 1.29 

Water (ng/L) CTR  0.17 

Note:  Shaded cells represent the selected targets for this TMDL. 

4.4.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Peck Road Park Lake related to the PCB impairment.  
Additional details regarding monitoring data are discussed in Appendix G (Monitoring Data).   

For PCBs, as well as other organochlorine compounds, sample analyses include both a detection limit and 
a method reporting limit.  For example, a typical detection limit for total PCBs in sediment reported by 
UCLA is 0.53 μg/kg dry weight, while the reporting limit is 15 μg/kg dry weight.   

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the summer of 2008 at five locations (six samples) and again in 
the fall of 2008 at two locations (three samples) in Peck Road Park Lake and its tributaries.  Three of the 
samples collected during the summer were below detectable levels (1.5 – 1.58 ng/L; which is greater than 
the ambient water quality criterion of 0.17 ng/L), while two samples collected in the summer of 2008 and 
both samples collected in the fall of 2008 had detections of PCB congeners, but at levels too low to be 
quantified (at reporting limits of 15 – 16.67 ng/L).  As the detection limit is greater than the CTR target 
these samples are greater than the ambient water quality criterion of 0.17 ng/L.   

Additional water column sampling was conducted by the Regional Board on December 11, 2008 at four 
in-lake locations in Peck Road Park Lake.  All four sites sampled were below detectable concentrations of 
PCBs (1 ng/L; the detection limit is above the water quality criterion).  A summary of the water column 
data is shown in Table 4-11. 

Table 4-11. Summary of Water Column Samples for PCBs in Peck Road Park Lake 

Station 

Average Water 
Concentration 

(ng/L)1 
Number of 
Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection and 

Reporting Limits 

Sawpit Wash [8.64] 2 2 2 

Santa Anita Wash [4.31] 3 2 2 

North Basin Outfall (0.76) 2 0 0 

North Basin (0.60) 2 0 0 

South Basin [2.30] 2 1 1 

South Basin East (0.50) 1 0 0 
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Station 

Average Water 
Concentration 

(ng/L)1 
Number of 
Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection and 

Reporting Limits 

South Basin West Side (0.50) 1 0 0 

In-Lake Average [2.37] 2 

Water Column Target 0.17 
1 Total PCBs in a sample represents the sum of all quantified PCB congeners, including results reported below the 
method reporting limit.  If all congeners were non-detect, the total is represented as one-half the detection limit.  
Results of any laboratory duplicate analyses of the same sample were averaged.  Results for each station represent 
the average of individual samples.  Results in parentheses indicate that the sample average is based only on the 
detection limits of the samples and that no PCBs were quantified in any of the collected samples.  Sample averages 
based only on detected results below the reporting limit plus non-detects are shown in square brackets. 

2 

 

Overall average is the average of individual station averages (excludes the tributary samples). 

Concentrations of PCBs on suspended sediment were also analyzed at two in-lake stations during the 
summer and fall of 2008 as part of the UCLA study; one location was analyzed during the summer and 
two during the fall.  During the summer event, PCB congener BZ-110 was detected below reporting 
limits (51.35 μg/kg dry weight), and the fall sampling detected congeners, including BZ-138 and BZ-180, 
but each was below reporting limits (23.63 μg/kg to 144.23 μg/kg dry weight). 

Porewater was sampled as part of the UCLA study in the summer and fall of 2008.  During the summer 
event, two of the four PCB samples were less than the detection limit of 15 ng/L, while the other two 
samples had detected, but not reportable concentrations (<150 ng/L).  The three sites sampled for 
porewater during the fall of 2008 were all below the detection limit of 15 ng/L for total PCBs.  Three 
porewater suspended sediment samples collected in the summer of 2008 were below reportable levels for 
total PCBs (22.55 μg/kg to 66.03 μg/kg dry weight), and one sample was below the detection limit of 9.25 
μg/kg dry weight. 

Suspended solids (TSS) from Peck Road Park Lake were collected in the summer and fall of 2008.  In 
summer of 2008, only one station had enough suspended matter to perform the analysis.  None of the 
pesticides were detected in the sample (detection limit of 5.14 μg/kg dry weight).  PCB-110 was detected, 
but not within reportable limits (reporting limit of 51.35 μg/kg dry weight).  In fall 2008, samples were 
analyzed at two stations with detection limits ranging from 2.36 μg/kg to 20.41 μg/kg dry weight. In one 
sample, PCB congener BZ-138 was detected, but not within reportable limits (reporting limit of 23.63 
μg/kg dry weight), while BZ-180 was detected in the other sample, but below reporting limits (reporting 
limit of 144.23 μg/kg dry weight). 

UCLA also collected bed sediment samples at four locations in Peck Road Park Lake in summer and fall 
2008.  Samples related to tributaries were collected in the lake near the tributary outfall.  Two of the nine 
lake sediment samples collected during 2008 had reportable levels of PCBs, with a maximum of 276 
μg/kg dry weight (in excess of the consensus-based TEC value of 59.8 μg/kg dry weight).  Four in-lake 
locations were sampled by USEPA and the county of Los Angeles on November 16, 2009; total PCB 
concentrations ranged from 1.0 μg/kg to 23.3 μg/kg dry weight.  All lake stations were averaged to 
estimate an exposure concentration of 12.28 μg/kg dry weight total PCBs (with non-detects included at 
one-half the detection limit for each sample).  Stations located near outfalls, are taken as an estimate of 
the concentrations on incoming sediment.  A summary of the sediment data is shown in Table 4-12. 

Fish tissue concentrations of total PCBs from Peck Road Park Lake have been analyzed in largemouth 
bass (SWAMP and TSMP) by composite samples consisting of filet tissue from five fish.  Total PCB 
concentrations in the fish tissue resulted in concentrations of 22.7 and 55.3 ppb, in two largemouth bass 
composite samples taken during the summer of 2007, while an April 2010 composite resulted in a 
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concentration of 25.3 ppb total PCBs, both in excess of the fish tissue target for total PCBs (FCG of 3.6 
ppb).  Earlier analyses for PCB Aroclor analyzed from 1986-1992 resulted in nondetectable 
concentrations (at an unreported detection limit) in all four largemouth bass samples.  Considering only 
data collected in the past 10 years, the average concentration of PCBs in largemouth bass was 34.4 ppb. 
This average is based on the three largemouth bass composite samples collected in 2007 and 2010 with an 
average lipid fraction of 0.54 percent.  Recent fish-tissue data for Peck Road Park Lake are summarized 
in Table 4-13.  Bottom-feeding fish data (e.g., carp) are not available for Peck Road Park Lake. 

Table 4-12. Summary of Sediment Samples for PCBs in Peck Road Park Lake, 2008-2009 

Station 

Average Sediment 
Concentration (µg/kg 

dry weight)1 
Number of 
Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection 

and Reporting Limits 

Near Sawpit Wash 5.89 1 1 0 

Near Santa Anita Wash 49.52 3 2 0 

North Basin 7.12 4 3 1 

South Basin [5.07] 3 2 2 

North Inlet [1.00] 1 1 1 

South Inlet [5.10] 1 1 1 

In-Lake Average 12.28 2 

Influent Average 15.38 

Consensus-based TEC 59.8 
1 Total PCBs in a sample represents the sum of all quantified PCB congeners, including results reported below the 
method reporting limit.  If all congeners were non-detect, the total is represented as one-half the detection limit.  
Results of any laboratory duplicate analyses of the same sample were averaged.  Results for each station represent 
the average of individual samples.  Results in parentheses indicate that the sample average is based only on the 
detection limits of the samples and that no PCBs were quantified in any of the collected samples.  Sample averages 
based only on detected results below the reporting limit plus non-detects are shown in square brackets. 

2  

Table 4-13. Summary of Recent Fish Tissue Samples for PCBs in Peck Road Park Lake 

Overall average is the average of individual station averages. 

Sample Date Fish Species Total PCBs  
(ppb wet weight)

6 June 2007 

1 

Largemouth Bass 55.3 

6 June 2007 Largemouth Bass 22.7 

19 April 2010 Largemouth Bass 25.3 

2007 – 2010 Average 34.4 

FCG 3.6 
1 

In sum, recent fish tissue samples collected from Peck Road Park Lake are an order of magnitude greater 
than the OEHHA fish consumption guidelines for total PCBs.  Measured concentrations in sediment are 
below the consensus-based TEC.  Concentrations in water have not exceeded method reporting limits; 
however, several recent samples were above detection limits that themselves exceed the CTR criterion. 

Composite samples of filet from five individuals. 
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4.4.4 Source Assessment 
PCBs in Peck Road Park Lake are primarily due to historical loading and storage within the lake 
sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather loading is 
assumed to be negligible because hydrophobic contaminants primarily move with particulate matter that 
is mobilized by higher flows.  Stormwater loads from the watershed were estimated based on simulated 
sediment load and observed PCB concentrations on sediment near inflows to the lake.   

Watershed loads of PCBs may arise from spills from industrial and commercial uses, improper disposal, 
and atmospheric deposition.  Industrial and commercial spills will tend to be associated with specific land 
areas, such as older industrial districts, junk yards, and transformer substations.  Improper disposal could 
have occurred at various locations (indeed, waste PCB oils were sometimes used for dust control on dirt 
roads in the 1950s).  Atmospheric deposition occurs across the entire watershed.   

There is no definitive information on specific sources of elevated PCB load within the watershed at this 
time.  Therefore, an average concentration of sediment is applied to all contributing areas.  The average 
concentration of PCBs on incoming sediment was estimated to be 15.38 μg/kg dry weight  and the 
estimated annual sediment load to Peck Road Park Lake is 990.3 tons/yr, including sediment delivered 
through the water diversion (see Appendix D, Wet Weather Loading).  The resulting estimated wet 
weather load of PCBs is approximately 13.8 g/yr.  Table 4-14 shows the annual PCB load estimated from 
each jurisdiction.   

Table 4-14. Total PCB Loads Estimated for Each Jurisdiction and Subwatershed in the Peck 
Road Park Watershed (g/yr) 

Subwatershed Responsible Jurisdiction Input 

Sediment 
Load 

(tons/yr) 

Total PCB 
Load 
(g/yr) 

Percent 
of Total 

Load 

Eastern Arcadia MS4 Stormwater 12.1 1 0.17 1.22% 

Eastern Bradbury MS4 Stormwater 44.4 1 0.62 4.48% 

Eastern Caltrans State Highway 
Stormwater 9.6 1 0.13 0.96% 

Eastern Duarte MS4 Stormwater 57.2 1 0.80 5.78% 

Eastern General Industrial Stormwater 
Permittees2

General Industrial 
Stormwater (in the city of Duarte) 0.8 1 0.01 0.08% 

Eastern  Irwindale MS4 Stormwater 23.3 1 0.33 2.36% 

Eastern  General Industrial Stormwater 
Permittees (in the city of Irwindale) 

General Industrial 
Stormwater 1.6 1 0.02 0.16% 

Eastern  County of Los Angeles MS4 Stormwater 28.6 1 0.40 2.89% 

Eastern  Monrovia MS4 Stormwater 200 1 2.80 20.24% 

Eastern  General Industrial Stormwater 
Permittees (in the city of 
Monrovia) 

General Industrial 
Stormwater

16.3 

1 
0.23 1.65% 

Eastern Angeles National Forest Stormwater 12.1 1 0.17 1.22% 

Diversion Los Angeles County Department 
of Public Works 

Water Diversion 
379 5.29 38.31% 

Near Lake Arcadia MS4 Stormwater 7.6 1 0.11 0.77% 

Near Lake General Industrial Stormwater 
Permittees (in the city of Arcadia) 

General Industrial 
Stormwater 1.7 1 0.02 0.17% 
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Subwatershed Responsible Jurisdiction Input 

Sediment 
Load 

(tons/yr) 

Total PCB 
Load 
(g/yr) 

Percent 
of Total 

Load 

Near Lake El Monte MS4 Stormwater 3.5 1 0.05 0.36% 

Near Lake Irwindale MS4 Stormwater 1.7 1 0.02 0.17% 

Near Lake County of Los Angeles MS4 Stormwater 4.0 1 0.06 0.41% 

Near Lake Monrovia MS4 Stormwater 2.6 1 0.04 0.26% 

Western Arcadia MS4 Stormwater 68.1 1 0.95 6.88% 

Western General Industrial Stormwater 
Permittees (in the city of Arcadia) 

General Industrial 
Stormwater 37.8 1 0.53 3.82% 

Western Caltrans State Highway 
Stormwater 2.1 1 0.03 0.21% 

Western County of Los Angeles MS4 Stormwater 14.7 1 0.21 1.49% 

Western Monrovia MS4 Stormwater 9.3 1 0.13 0.94% 

Western Sierra Madre MS4 Stormwater 19.9 1 0.28 2.01% 

Western Angeles National Forest Stormwater 31.4 1 0.44 3.18% 

Total Load from Watershed 990.3 13.7 100% 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
PCBs directly to the lake surface is estimated to be close to zero, with deposited loads balanced by 
volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates of 
watershed load.   

Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  The disturbed area associated with general construction and 
general industrial stormwater permittees (510 acres) was subtracted out of the appropriate city areas and allocated 
to these permits.  

4.4.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of PCBs into 
Peck Road Park Lake consistent with achieving water quality standards.  The loading capacity is used to 
calculate the TMDL and corresponding allocations of that load to permitted point sources (wasteload 
allocations) and nonpoint sources (load allocations).   

Lake sediments are often the predominant source of PCBs in biota.  The bottom sediment serves as a sink 
for organochlorine compounds that can be recycled through the aquatic life cycle.  PCBs are strongly 
sorbed to sediments and have long half-lives in sediment and water.  Incoming loads of PCBs will mainly 
be adsorbed to particulates from stormwater runoff (eroded sediments from legacy contamination sites or 
from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data in Peck Road Park Lake are discussed in 
detail in Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring 
Data), respectively.  The existing sediment PCB concentrations in Peck Road Park Lake are lower than 
the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue 
target.  Therefore, a sediment target to achieve FCGs is calculated based on biota-sediment 
bioaccumulation (a BSAF approach), using the ratio of the FCG to existing fish tissue concentrations of 
3.6/34.4 = 0.105.  This ratio is applied to the observed in-lake sediment concentration of 12.28 μg/kg dry 
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weight to obtain the site-specific sediment target concentration to achieve fish tissue goals of 1.29 μg/kg 
dry weight.  The fish tissue-based target concentrations were calculated using only recent data (collected 
in the past 10 years) because the loads and exposure concentrations of PCBs are likely to have declined 
steadily since the cessation of production and use of the chemical.  The resulting fish-tissue based 
concentration of PCBs in the sediment of Peck Road Park Lake is shown in Table 4-15. 

The BSAF-derived sediment target is less than the consensus-based sediment quality guideline TEC of 
59.8 μg/kg dry weight.  (The consensus-based sediment quality guideline is for the protection of benthic 
organisms, and explicitly does not address bioaccumulation and human-health risks from the consumption 
of contaminated fish.)  The lower value of the consensus-based TEC target or the BSAF-derived target is 
selected as the final sediment target.  In addition, the CTR criterion for human health (0.17 ng/L) is the 
selected numeric target for the water column and protects both aquatic life and human health. 

Table 4-15. Fish Tissue-Based Total PCB Concentration Targets for Sediment in Peck Road Park 
Lake 

Total PCB Concentration Sediment (µg/kg dry weight) 

Existing 12.28 

BSAF-derived target 1.29 

Required Reduction 89.5% 

 

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate that would be required to yield the existing sediment 
concentration under steady-state conditions.  This yields an estimate that a load of 1,005 g/yr would be 
required to maintain observed sediment concentrations under steady-state conditions.  The estimated 
current watershed loading rate is 13.8 g/yr, or 1.4 percent of this amount.  Therefore, impairment due to 
elevated fish tissue concentrations of PCBs in Peck Road Park Lake is primarily due to the storage of 
historic loads of PCBs in the lake sediment. 

4.4.6  TMDL Summary 
Because PCB impairment in Peck Road Park Lake is predominantly due to historic loads stored in the 
lake sediment, this impairment is not amenable to a direct calculation of loading capacity expressed as 
mass per unit time.  Instead, allocations are first assigned on a concentration basis, with the goal of 
attaining the concentrations identified above for water and sediment, as well as fish tissue.  The 
concentration targets apply to water and sediment entering the lake and within the lake.   

The PCB TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are broken 
down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety (MOS) using 
the general TMDL equation.   

 

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 1.29 μg/kg dry weight total PCBs.  The wasteload allocations and load allocations are 
also equal to 1.29 μg/kg dry weight total PCBs in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections. 

∑ ++= MOSLAWLATMDL
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4.4.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for total PCBs (“Alternative WLAs if the Fish Tissue Target is Met”) 
described in Section 4.4.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 4.4.6.1.1 if the conditions described in Section 4.4.6.1.2 are met.  

4.4.6.1.1 Wasteload Allocations 
The entire watershed of Peck Road Park Lake is contained in MS4 jurisdictions, and watershed loads are 
therefore assigned WLAs.  The Caltrans areas and facilities that operate under a general industrial 
stormwater permit also receive WLAs.   

Relevant permit numbers are  

• County of Los Angeles (including the cities of Arcadia, Bradbury, Duarte, Irwindale, Monrovia, 
and Sierra Madre):  Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-
0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

PCBs in water flowing into Peck Road Park Lake are below detection limits, and most PCB load is 
expected to move in association with sediment.  Therefore, no separate wasteload allocation or reduction 
is explicitly assigned to the Colorado Well Aquifer (Order No. R4-2003-0108, CAG994005) as it is not 
expected to deliver sediment loads.  The suspended sediment in water flowing into the lake is assigned 
wasteload allocations.  Additionally, the TMDL establishes wasteload allocations for PCBs in the water 
column equal to the CTR based water column target.  The CTR based water column target includes both 
dissolved PCBs and PCBs associated with suspended sediment.  The existing concentration of sediment 
entering the lake is 15.38 μg/kg dry weight.  Therefore, a reduction of 91.6 percent [(15.38 – 1.29)/ 
15.38*100] is required on the sediment-associated load from the watershed.  

The wasteload allocations are shown in Table 4-16 and each wasteload allocation must be met at the point 
of discharge. 

Table 4-16. Wasteload Allocations for Total PCBs in Peck Road Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for PCBs Associated 

with Suspended 
Sediment3  

(μg/kg dry weight) 

Wasteload 
Allocation for 

PCBs in the Water 
Column3

Eastern 

 (ng/L) 

Arcadia MS4 Stormwater 1.29 1 0.17 

Eastern Bradbury MS4 Stormwater 1.29 1 0.17 

Eastern Caltrans State Highway 
Stormwater

1.29 
1 

0.17 

Eastern Duarte MS4 Stormwater 1.29 1 0.17 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater 

(in the city of Duarte) 

1.29 
1 

0.17 

Eastern  Irwindale MS4 Stormwater 1.29 1 0.17 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for PCBs Associated 

with Suspended 
Sediment3  

(μg/kg dry weight) 

Wasteload 
Allocation for 

PCBs in the Water 
Column3

Eastern  

 (ng/L) 

General Industrial 
Stormwater Permittees (in 
the city of Irwindale) 

General Industrial 
Stormwater

1.29 
1 

0.17 

Eastern  County of Los Angeles MS4 Stormwater 1.29 1 0.17 

Eastern  Monrovia MS4 Stormwater 1.29 1 0.17 

Eastern  General Industrial 
Stormwater Permittees (in 
the city of Monrovia) 

General Industrial 
Stormwater

1.29 
1 

0.17 

Eastern Angeles National Forest Stormwater 1.29 1 0.17 

Diversion Los Angeles County 
Department of Public 
Works 

Water Diversion 1.29 0.17 

Near Lake Arcadia MS4 Stormwater 1.29 1 0.17 

Near Lake General Industrial 
Stormwater Permittees (in 
the city of Arcadia) 

General Industrial 
Stormwater

1.29 
1 

0.17 

Near Lake El Monte MS4 Stormwater 1.29 1 0.17 

Near Lake Irwindale MS4 Stormwater 1.29 1 0.17 

Near Lake County of Los Angeles MS4 Stormwater 1.29 1 0.17 

Near Lake Monrovia MS4 Stormwater 1.29 1 0.17 

Western Arcadia MS4 Stormwater 1.29 1 0.17 

Western General Industrial 
Stormwater Permittees (in 
the city of Arcadia) 

General Industrial 
Stormwater

1.29 
1 

0.17 

Western Caltrans State Highway 
Stormwater

1.29 
1 

0.17 

Western County of Los Angeles MS4 Stormwater 1.29 1 0.17 

Western Monrovia MS4 Stormwater 1.29 1 0.17 

Western Sierra Madre MS4 Stormwater 1.29 1 0.17 

Western Angeles National Forest Stormwater 1.29 1 0.17 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  Any future discharges governed by the general construction 
and general industrial stormwater permits will receive the same concentration-based wasteload allocations. 

3 

4.4.6.1.2 Alternative Wasteload Allocations if the Fish Tissue Target is Met 

Each wasteload allocation must be met at the point of discharge. 

The wasteload allocations listed in Table 4-16 will be superseded, and the wasteload allocations in Table 
4-17 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 3.6 ppb wet weight has been met for the preceding three or more years.  A 
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demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 4-17, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each wasteload allocation must be met at the point of discharge. 

Table 4-17. Alternative Wasteload Allocations for Total PCBs in Peck Road Park Lake if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for PCBs Associated 

with Suspended 
Sediment3 (μg/kg dry 

weight) 

Wasteload 
Allocation for 

PCBs in the Water 
Column3

Eastern 

 (ng/L) 

Arcadia MS4 Stormwater 59.8 1 0.17 

Eastern Bradbury MS4 Stormwater 59.8 1 0.17 

Eastern Caltrans State Highway 
Stormwater

59.8 
1 

0.17 

Eastern Duarte MS4 Stormwater 59.8 1 0.17 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater 

(in the city of Duarte) 

59.8 
1 

0.17 

Eastern  Irwindale MS4 Stormwater 59.8 1 0.17 

Eastern  General Industrial 
Stormwater Permittees (in 
the city of Irwindale) 

General Industrial 
Stormwater

59.8 
1 

0.17 

Eastern  County of Los Angeles MS4 Stormwater 59.8 1 0.17 

Eastern  Monrovia MS4 Stormwater 59.8 1 0.17 

Eastern  General Industrial 
Stormwater Permittees (in 
the city of Monrovia) 

General Industrial 
Stormwater

59.8 
1 

0.17 

Eastern Angeles National Forest Stormwater 59.8 1 0.17 

Diversion Los Angeles County 
Department of Public 
Works 

Water Diversion 59.8 0.17 

Near Lake Arcadia MS4 Stormwater 59.8 1 0.17 

Near Lake General Industrial 
Stormwater Permittees (in 
the city of Arcadia) 

General Industrial 
Stormwater

59.8 
1 

0.17 

Near Lake El Monte MS4 Stormwater 59.8 1 0.17 

Near Lake Irwindale MS4 Stormwater 59.8 1 0.17 

Near Lake County of Los Angeles MS4 Stormwater 59.8 1 0.17 

Near Lake Monrovia MS4 Stormwater 59.8 1 0.17 

Western Arcadia MS4 Stormwater 59.8 1 0.17 

Western General Industrial 
Stormwater Permittees (in 

General Industrial 
Stormwater

59.8 
1 

0.17 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for PCBs Associated 

with Suspended 
Sediment3 (μg/kg dry 

weight) 

Wasteload 
Allocation for 

PCBs in the Water 
Column3

the city of Arcadia) 

 (ng/L) 

Western Caltrans State Highway 
Stormwater

59.8 
1 

0.17 

Western County of Los Angeles MS4 Stormwater 59.8 1 0.17 

Western Monrovia MS4 Stormwater 59.8 1 0.17 

Western Sierra Madre MS4 Stormwater 59.8 1 0.17 

Western Angeles National Forest Stormwater 59.8 1 0.17 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  Any future discharges governed by the general construction 
and general industrial stormwater permits will receive the same concentration-based wasteload allocations. 

3 

4.4.6.2 Load Allocations 

Each wasteload allocation must be met at the point of discharge. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for total PCBs (“Alternative LAs if the Fish Tissue Target is Met”) described 
in Section 4.4.6.2.2. The alternative load allocations will supersede the load allocations in Section 
4.4.6.2.1 if the conditions described in Section 4.4.6.2.2 are met. 

4.4.6.2.1 Load Allocations 
No part of the watershed of Peck Road Park Lake is outside MS4 jurisdiction; therefore no LAs are 
assigned to watershed loads.  No load is allocated to atmospheric deposition of PCBs.   

The legacy PCB stored in lake sediment is the major cause of use impairment due to elevated fish tissue 
concentrations, and is assigned a load allocation.  The in-lake allocation is in concentration terms: 
specifically, the responsible jurisdiction (County of Los Angeles) should achieve a PCB concentration of 
1.29 μg/kg dry weight in lake bottom sediments (Table 4-18). 

Table 4-18. Load Allocations for Total PCBs in Peck Road Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface County of Los Angeles  Lake bottom sediments 1.29 

 

4.4.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 
The load allocations listed in Table 4-18 will be superseded, and the load allocations in Table 4-19 will 
apply, if: 

1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 3.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length, 
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2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 4-19, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Table 4-19. Alternative Load Allocations for Total PCBs in Peck Road Park Lake if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface County of Los Angeles  Lake bottom sediments 59.8 

 

4.4.6.3 Margin of Safety 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  

4.4.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate PCBs, concentrations in tissues of edible sized game fish integrate exposure over a number 
of years.  As a result, overall average loading is more important for the attainment of standards than 
instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations and 
protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects for 
critical conditions. 

4.4.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the PCB WLAs are expressed as concentrations on sediment, the daily maximum allowable load 
is calculated from the maximum daily sediment load multiplied by the TMDL WLA concentration.  The 
maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Peck Road Park Lake watershed.  USGS Station 11101250, on the 
Rio Hondo River above the Whittier Narrows Dam, was selected as a surrogate for flow determination.  
The 99

 percentile daily flow and the sediment event 
mean concentration that yields the estimated annual sediment load.   

th percentile flow was chosen to represent the peak flow for this drainage.  Choosing the 99th 
percentile flow eliminates errors due to outliers and is reasonable for development of a daily load 
expression. 
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The USGS StreamStats program was used to determine the 99th percentile flow for the Rio Hondo  
(952 cfs) (Wolock, 2003).  To estimate the peak flow to Peck Road Park Lake, the 99th percentile flow for 
the Rio Hondo was scaled down by the ratio of drainage areas (23,564 acres/58,368 acres; Peck Road 
Park Lake watershed area/Rio Hondo watershed area at the gage).  The resulting peak flow estimate for 
Peck Road Park Lake is 384 cfs.  The 99th

The event mean concentration of sediment in stormwater (71.7 mg/L) was calculated from the estimated 
existing watershed sediment load of 990.3tons/yr (

 percentile diverted flow from the San Gabriel River to Peck 
Road Park Lake is 328 cfs.  Therefore, the total peak daily flow rate is 712 cfs.   

Table 4-14) divided by the stormwater flow volume 
entering the lake (10,158 ac-ft, Table 4-7).  Multiplying the sediment event mean concentration by the 
99th

4.4.6.6 Future Growth 

 percentile peak daily flow (712 cfs) yields a daily maximum sediment load from stormwater of 137.7 
tons/d.  Applying the wasteload allocation concentration of 1.29 ng total PCBs per dry g of sediment 
yields the stormwater daily maximum allowable load of 0.161 g/d of total PCBs.  This load is associated 
with the MS4 stormwater permittees and the water diversion.  The maximum allowable daily load must 
be met on all days, and the concentration-based WLAs must be met to ensure compliance with the 
TMDL. 

USEPA regulates PCBs under the Toxic Substances Control Act (TSCA), which generally bans the 
manufacture, use, and distribution in commerce of the chemicals in products at concentrations of 50 parts 
per million or more, although TSCA allows USEPA to authorize certain uses, such as to rebuild existing 
electrical transformers during the transformers’ useful life.  Therefore, no additional allowance is made 
for future growth in the PCB TMDL. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

4.5 CHLORDANE IMPAIRMENT 
Total chlordane consists of a family of related chemicals, including cis- and trans-chlordane, 
oxychlordane, trans-nonachlor, and cis-nonachlor.  Observations and targets discussed in this section all 
refer to total chlordane.  Chlordane was used as a pesticide in field, commercial, and residential uses.  
Chlordane is no longer in production, but persists in the environment from legacy loads. 

The chlordane impairment of Peck Road Park Lake affects beneficial uses related to recreation, municipal 
water supply, wildlife health, and fish consumption.  While some loading of chlordane continues to occur 
in watershed runoff, the primary source of chlordane in the water column and aquatic life in Peck Road 
Park Lake is from historic loads stored in the lake sediments.  Chlordane, like other organochlorine 
compounds, accumulates in aquatic organisms and biomagnifies in the food chain.  As a result, low 
environmental concentrations can result in unacceptable levels in higher trophic level fish in the lake.  
The approach for chlordane is similar to that for PCBs. 

4.5.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Peck Road Park Lake 
was not identified specifically in the Basin Plan; therefore, the beneficial uses associated with the 
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downstream segment (Rio Hondo below Spreading Grounds) apply:  REC1, REC2, WARM, WILD, 
MUN, and GWR (personal communication, Regional Board, December 22, 2009).  Descriptions of these 
uses are listed in Section 2 of this TMDL report.  Elevated levels of chlordane are currently impairing the 
REC1, REC2 and WARM uses by causing toxicity to aquatic organisms and raising fish tissue 
concentrations to levels that are unsafe for human consumption (which can result in fish consumption 
advisories) and impairing sport fishing recreational uses.  At high enough concentrations WILD and 
MUN uses could become impaired. 

4.5.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of chlordane listed 
in the Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are 
based on the consensus-based sediment quality guidelines defined in MacDonald et al. (2000) and the fish 
tissue concentration goal, referred to as the fish contaminant goal (FCG), for chlordane defined by the 
Office of Environmental Health Hazard Assessment (OEHHA) for fish consumption.  The numeric 
targets used for chlordane are listed below.  The fish tissue concentration goal was also used to back 
calculate site-specific targets in sediment, with the most stringent target applying.  See Section 2 of this 
TMDL report for additional details. 

The water column criteria for chlordane in the Basin Plan are associated with a specific beneficial use.  
For waters designated MUN, the Basin Plan lists a maximum contaminant level of 0.0001 mg/L, or  
0.1 μg/L.  The Basin Plan also contains a narrative criterion that toxic chemicals not be present at levels 
that are toxic or detrimental to aquatic life (LARWQCB, 1994).  Acute and chronic criterion for 
chlordane in freshwater systems are defined by the California Toxics Rule as 2.4 μg/L and 0.0043 μg/L, 
respectively (USEPA, 2000a).  The CTR also includes human health criteria for the consumption of water 
and organisms and for the consumption of organisms only as 0.00057 μg/L and 0.00059 μg/L, 
respectively (USEPA, 2000a).  For Peck Road Park Lake, the Regional Board has determined that the 
appropriate human health criterion is 0.00059 μg/L (0.59 ng/L) as the MUN use is not an existing use and 
may be removed. 

For sediment, the consensus-based sediment quality guidelines provided in Macdonald et al. (2000) for 
the threshold effects concentration (TEC) for chlordane is 3.24 µg/kg dry weight.  The consensus-based 
guidelines have been incorporated into the most recent set of NOAA Screening Quick Reference Tables 
(SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources Control Board for 
interpretation of narrative sediment objectives under the 303(d) listing policy.  This target is designed to 
protect benthic dwelling organisms and explicitly does not consider “the potential for bioaccumulation in 
aquatic organisms nor the associated hazards to the species that consume aquatic organisms (i.e., wildlife 
and humans).”  The existing sediment chlordane concentrations in Peck Road Park Lake are lower than 
the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue 
target.  Thus, a separate sediment target calculation based on a biota-sediment accumulation factor 
(BSAF) is carried out to ensure that fish tissue concentration goals are met. 

The fish contaminant goal for chlordane defined by OEHHA (2008) is 5.6 ppb wet weight in muscle 
tissue (filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation 
derived from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is 
appropriate to correlate sediment and fish tissue targets.  For chlordane, the corresponding sediment 
concentration determined using the BSAF is 1.73 μg/kg dry weight, as described in Section 4.5.5.  All 
applicable targets are shown below in Table 4-20.  For sediment, the lower value of the consensus-based 
TEC target or the BSAF-derived target is selected as the final sediment target. 
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Table 4-20. Total Chlordane Targets Applicable to Peck Road Park Lake 

Medium Source Target 

Fish (ppb wet weight) OEHHA FCG 5.6 

Sediment (ng /dry g) Consensus-based TEC 3.24 

Sediment (μg/kg dry weight) BSAF-derived target 1.73 

Water (ng/L) CTR  0.59 

Note:  Shaded cells represent the selected targets for this TMDL. 

4.5.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Peck Road Park Lake related to the chlordane 
impairment.  Additional details regarding monitoring data are discussed in Appendix G (Monitoring 
Data).  

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the summer of 2008 at five locations (six samples) and again in 
the fall of 2008 at two locations (three samples) in Peck Road Park Lake.  These samples measured cis- 
and trans-chlordane, but not oxychlordane or nonachlor.  All of these samples were less than sample 
detection limits (1.5 – 1.67 ng/L; note that the detection limit for chlordane is higher than the water 
quality criterion of 0.59 ng/L).  Additional water column sampling was conducted by the Regional Board 
on December 11, 2008 at four in-lake locations in Peck Road Park Lake, including the oxychlordane and 
nonachlor components.  All four samples were below the detection limit (1 ng/L, which is also above the 
water quality criterion).  A summary of the water column data is shown in Table 4-21.  (Note that these 
results are identical to those shown for PCBs because all samples were non-detect and the detections 
limits were the same for chlordane and PCBs.) 

Table 4-21. Summary of Water Column Samples for Total Chlordane in Peck Road Park Lake 

Station 
Average Water 

Concentration (ng/L) 
Number of 
Samples 

Number of Samples 
Above Detection Limits

Sawpit Wash 

1 

(0.81) 2 2 0 

Santa Anita Wash (0.78) 3 0 

North Basin Outfall (0.76) 2 0 

North Basin (0.60) 2 0 

South Basin (0.60) 2 0 

South Basin East (0.50) 1 0 

South Basin West Side (0.50) 1 0 

In-Lake  Average (0.60) 3 

Water Column Target 0.59 
1 Non-detect samples were included in reported averages at one-half of the sample detection limit. 
2 Numbers in parentheses indicate that the sample is based only on the detection limits of the samples, and that no 
chlordane were detected in any of the collected samples.  

3 Overall average is the average of individual station averages. 
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In 2008, concentrations of chlordane on suspended sediment were analyzed in the summer at one location 
and in the fall at two locations as part of the UCLA study.  All three samples were below detectable limits 
(2.26 μg/kg to 20.41 μg/kg dry weight).  Porewater was sampled by UCLA in both the summer and fall of 
2008.  Specifically, chlordane concentrations in the porewater sampled at four sites during the summer of 
2008 and three sites during the fall were all less than the detection limit of 15 ng/L.  All four porewater 
suspended sediment samples collected in the summer of 2008 were below detectable levels (2.26 μg/kg to 
9.25 μg/kg dry weight). 

UCLA also collected sediment samples at four locations in Peck Road Park Lake in summer and fall 
2008.  As with the water column analyses by UCLA, these report cis- and trans-chlordane, but not 
oxychlordane or nonachlor.  Only one of nine lake sediment samples was above the detection limit (which 
ranged from 0.34 μg/kg to 0.72 μg/kg dry weight) with a maximum of 7.1 μg/kg dry weight (in excess of 
the consensus-based TEC for sediment of 3.24 μg/kg dry weight).   

Four in-lake sediment locations were sampled by USEPA and the county of Los Angeles on November 
16, 2009, resulting in concentrations from 1.0 μg/kg to 19.5 μg/kg dry weight, with three of the four 
samples exceeding the consensus-based TEC of 3.24 μg/kg dry weight.  These analyses do include 
oxychlordane and nonachlor.  All lake stations were averaged to estimate an exposure concentration for 
chlordane in Peck Road Park Lake sediments of 4.14 μg/kg dry weight (with non-detects included at one-
half the detection limit for each sample).  Stations located near outfalls, are taken as an estimate of the 
concentrations on incoming sediment.  A summary of the sediment data is shown in Table 4-22. 

Table 4-22. Summary of Sediment Samples for Total Chlordane in Peck Road Park Lake 

Station 

Average Sediment 
Concentration (ng 

dry/g)1 
Number of 
Samples 

Number of Samples 
above Detection 

Limits 

Number of Samples 
between Detection 

Limit and Reporting 
Limit 

Near Sawpit Wash (0.19) 1 0 0 

Near Santa Anita Wash (0.23) 3 0 0 

North Basin 5.96 4 2 0 

South Basin 6.30 3 1 0 

North Inlet [1.00] 1 1 1 

South Inlet 11.20 1 1 0 

In-Lake Average 4.14 2 

Influent Average 3.15 

Consensus-based TEC 3.24 
1 Total chlordane in a sample represents the sum of all reported measurements for alpha and gamma chlordane, 
oxychlordane, and cis- and trans-nonachlor, including results reported below the method reporting limit.  If all 
components were non-detect, the total is represented as one-half the detection limit.  Results of any laboratory 
duplicate analyses of the same sample were averaged.  Results for each station represent the average of individual 
samples.  Results in parentheses indicate that the sample average is based only on the detection limits of the 
samples and that no chlordane quantified in any of the collected samples.  Sample averages based only on detected 
results below the reporting limit plus non-detects are shown in square brackets. 

2 

 
Overall average is the average of individual station averages.  

Fish tissue concentrations of total chlordane from Peck Road Park Lake have been analyzed in 
largemouth bass (SWAMP and TSMP).  Four largemouth bass samples collected between 1986 and 1992 
ranged from non-detect to 42 ppb with an average of 21 ppb, well in excess of the FCG for chlordane  
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(5.6 ppb).  Because chlordane is no longer in use, fish tissue concentrations are likely to have declined 
since these samples were taken.  Recent fish tissue concentrations of chlordane have been analyzed in 
largemouth bass in two composite samples of filet tissue from five fish collected in summer 2007 and 
another composite sample collected in April 2010 (Table 4-23).  These had an average total chlordane 
concentration of 13.44 ppb, in excess of the FCG.  The average lipid fraction was 0.54 percent.  Data 
from bottom-feeding fish (e.g., carp) are not available for Peck Road Park Lake.  

Table 4-23. Summary of Recent Fish Tissue Samples for Total Chlordane in Peck Road Park 
Lake 

Sample Date Fish Species Total Chlordane (ppb wet weight)

6 June 2007 

1 

Largemouth Bass 19.212 

6 June 2007 Largemouth Bass 8.637 

19 April 2010 Largemouth Bass 12.465 

2007 - 2010 Average 13.44 

FCG 5.6 
1

In sum, recent fish tissue concentrations in Peck Road Park Lake are consistently above the FCG in the 
three available largemouth bass composite samples.  The average concentration in sediment is below the 
consensus-based TEC, although individual samples exceed the TEC.  Water column samples have all 
been below detection limits.  

Composite sample of filets from five individuals. 

4.5.4 Source Assessment 
Chlordane in Peck Road Park Lake is primarily due to historical loading and storing within the lake 
sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather loading is 
assumed to be negligible because hydrophobic contaminants primarily move with particulate matter that 
is mobilized by higher flows.  Stormwater loads from the watershed were estimated based on simulated 
sediment load and observed chlordane concentrations on sediment near inflows to the lake.  Watershed 
loads of chlordane may arise from past pesticide applications, improper disposal, and atmospheric 
deposition.  Pesticide applications were most likely associated with agricultural, commercial, and 
residential areas.  Improper disposal could have occurred at various locations, while atmospheric 
deposition occurs across the entire watershed.   

There is no definitive information on specific sources within the watershed at this time.  Therefore, an 
average concentration of sediment is applied to all contributing areas.  The average concentration of 
chlordane on incoming sediment was estimated to be 3.15 μg/kg dry weight (Table 4-22), and the annual 
sediment load to Peck Road Park Lake is 990.3 tons/yr, including sediment delivered through the water 
diversion (see Appendix D, Wet Weather Loading).  The resulting estimated wet weather load of 
chlordane is approximately 2.83 g/yr (Table 4-24). 
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Table 4-24. Total Chlordane Loads Estimated for Each Jurisdiction and Subwatershed in the 
Peck Road Park Lake Watershed (g/yr) 

Subwatershed Responsible Jurisdiction Input 
Sediment 
(tons/yr) 

Total 
Chlordane 
Load (g/yr) 

Percent of 
Total Load 

Eastern Arcadia MS4 Stormwater 12.1 1 0.034 1.22% 

Eastern Bradbury MS4 Stormwater 44.4 1 0.127 4.48% 

Eastern Caltrans State Highway 
Stormwater 9.6 1 

0.027 0.96% 

Eastern Duarte MS4 Stormwater 57.2 1 0.163 5.78% 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater  

(in the city of Duarte) 0.8 

1 
0.002 0.08% 

Eastern  Irwindale MS4 Stormwater 23.3 1 0.067 2.36% 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Irwindale) 

General Industrial 
Stormwater

1.6 

1 
0.005 0.16% 

Eastern  County of Los Angeles MS4 Stormwater 28.6 1 0.082 2.89% 

Eastern  Monrovia MS4 Stormwater 200 1 0.573 20.24% 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Monrovia) 

General Industrial 
Stormwater

16.3 

1 
0.047 1.65% 

Eastern Angeles National Forest Stormwater 12.1 1 0.035 1.22% 

Diversion Los Angeles County 
Department of Public Works 

Water Diversion 
379 

1.084 38.31% 

Near Lake Arcadia MS4 Stormwater 7.6 1 0.022 0.77% 

Near Lake General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

1.7 

1 
0.005 0.17% 

Near Lake El Monte MS4 Stormwater 3.5 1 0.010 0.36% 

Near Lake Irwindale MS4 Stormwater 1.7 1 0.005 0.17% 

Near Lake County of Los Angeles MS4 Stormwater 4.0 1 0.012 0.41% 

Near Lake Monrovia MS4 Stormwater 2.6 1 0.007 0.26% 

Western Arcadia MS4 Stormwater 68.1 1 0.195 6.88% 

Western General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

37.8 

1 
0.108 3.82% 

Western Caltrans State Highway 
Stormwater 2.1 1 

0.006 0.21% 

Western County of Los Angeles MS4 Stormwater 14.7 1 0.042 1.49% 

Western Monrovia MS4 Stormwater 9.3 1 0.026 0.94% 
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Subwatershed Responsible Jurisdiction Input 
Sediment 
(tons/yr) 

Total 
Chlordane 
Load (g/yr) 

Percent of 
Total Load 

Western Sierra Madre MS4 Stormwater 19.9 1 0.057 2.01% 

Western Angeles National Forest Stormwater 31.4 1 0.090 3.18% 

Total Load from Watershed 990.3 2.83 100% 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
chlordane directly to the lake surface is estimated to be close to zero, with deposited loads balanced by 
volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates of 
watershed load.   

Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  The disturbed area associated with general construction and 
general industrial stormwater permittees (510 acres) was subtracted out of the appropriate city areas and allocated 
to these permits.  

4.5.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of total 
chlordane into Peck Road Park Lake.  The loading capacity is used to estimate the TMDL and 
corresponding allocations of that load to permitted point sources (wasteload allocations) and other 
nonpoint sources (load allocations).   

Lake sediments are often the predominant source of total chlordane in biota.  The bottom sediment serves 
as a sink for organochlorine compounds that can be recycled through the aquatic life cycle.  Chlordanes 
are strongly sorbed to sediments and have long half-lives in sediment and water.  Incoming loads of total 
chlordane will mainly be adsorbed to particulates from stormwater runoff (eroded sediments from legacy 
contamination sites or from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data in Peck Road Park Lake are discussed in 
detail in Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring 
Data), respectively.  The existing sediment chlordane concentrations in Peck Road Park Lake are lower 
than the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue 
target.  Therefore, a sediment target to achieve FCGs is calculated based on biota-sediment 
bioaccumulation (a BSAF approach), using the ratio of the FCG to existing fish tissue concentrations of 
5.6/13.44 = 0.417.  This ratio is applied to the observed sediment concentration of 4.14 μg/kg dry weight 
to obtain the site-specific sediment target concentration to achieve fish tissue goals of 1.73 μg/kg dry 
weight.  The fish tissue-based target concentrations were calculated using only recent data (collected in 
the past 10 years) because the loads and exposure concentrations of chlordane are likely to have declined 
steadily since the cessation of production and use of the chemical.  The resulting target concentration of 
chlordane in the sediment in Peck Road Park Lake is shown in Table 4-25. 
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Table 4-25. Fish Tissue-Based Chlordane Concentration Targets for Sediment in  
Peck Road Park Lake 

Total Chlordane Concentration Sediment (μg/kg dry weight) 

Existing 4.14 

BSAF-derived Target  1.73 

Required Reduction 58.2% 

 

The BSAF-derived sediment target is less than the consensus-based TEC of 3.24 μg/kg dry weight.  (The 
consensus-based sediment quality guideline is for the protection of benthic organisms, and explicitly does 
not address bioaccumulation and human-health risks from the consumption of contaminated fish.)  The 
lower value of the consensus-based TEC target or the BSAF-derived target is selected as the final 
sediment target.  In addition, the CTR criterion for human health (0.59 ng/L) is the selected numeric 
target for the water column and protects both aquatic life and human health. 

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate required to yield the existing sediment concentration under 
steady-state conditions.  This yields an estimate that a load of 696 g/yr would be required to maintain 
observed sediment concentrations under steady state conditions.  The estimated watershed loading rate is 
2.83 g/yr, or 0.4 percent of this amount.  Therefore, impairment due to elevated fish tissue concentrations 
of chlordane in Peck Road Park Lake is primarily due to the storage of historic loads of chlordane in the 
lake sediment. 

4.5.6  TMDL Summary 
Because chlordane impairment in Peck Road Park Lake is predominantly due to historic loads stored in 
the lake sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, 
allocations are first assigned on a concentration basis, with the goal of attaining the concentrations 
identified above for water and sediment, as well as fish tissue (The concentration targets apply to water 
and sediment entering the lake and within the lake.   

The chlordane TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are 
broken down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety 
(MOS) using the general TMDL equation.   

 

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 1.73 μg/kg dry weight chlordane.  The wasteload allocations and load allocations are 
also equal to 1.73 μg/kg dry weight chlordane in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections. 

4.5.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for chlordane (“Alternative WLAs if the Fish Tissue Target is Met”) 

∑ ++= MOSLAWLATMDL

RB-AR37824



Peck Road Park Lake TMDLs March 2012 

 
 4-43 

described in Section 4.5.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 4.5.6.1.1 if the conditions described in Section 4.5.6.1.2 are met.  

4.5.6.1.1 Wasteload Allocations 
The entire watershed of Peck Road Park Lake is contained in MS4 jurisdictions, and therefore receives 
WLAs.  The Caltrans areas and facilities that operate under a general industrial stormwater permit also 
receive WLAs.   

Relevant permit numbers are  

• County of Los Angeles (including the cities of Arcadia, Bradbury, Duarte, Irwindale, Monrovia, 
and Sierra Madre):  Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-
0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

Total chlordane concentrations in water flowing into Peck Road Park Lake are below detection limits, and 
most chlordane load is expected to move in association with sediment.  Therefore no separate wasteload 
allocation or reduction is explicitly assigned to the Colorado Well Aquifer (Order No. R4-2003-0108, 
CAG994005) as it is not expected to deliver sediment loads.  On the other hand, the suspended sediment 
in the water flowing into the lake is assigned wasteload allocations.  Additionally, the TMDL establishes 
wasteload allocations for chlordane in the water column equal to the CTR based water column target.  
The CTR based water column target includes both dissolved chlordane and chlordane associated with 
suspended sediment.  The existing concentration of sediment entering the lake is 3.15 μg/kg dry weight.  
Therefore, a reduction of (3.15 – 1.73)/3.15 = 45.1 percent is required on the sediment-associated load 
from the watershed. 

The wasteload allocations are shown in Table 4-26 and each wasteload allocation must be met at the point 
of discharge. 

Table 4-26. Wasteload Allocations for Total Chlordane in Peck Road Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Total Chlordane 

Associated with 
Suspended Sediment3 

(μg/kg dry weight) 

Wasteload 
Allocation for 

Chlordane in the 
Water Column3

Eastern 

 
(ng/L) 

Arcadia MS4 Stormwater 1.73 1 0.59 

Eastern Bradbury MS4 Stormwater 1.73 1 0.59 

Eastern Caltrans State Highway 
Stormwater

1.73 
1 

0.59 

Eastern Duarte MS4 Stormwater 1.73 1 0.59 

Eastern General Industrial 
Stormwater 
Permittees2

General Industrial 
Stormwater

  
(in the city of Duarte) 

1.73 
1 

0.59 

Eastern  Irwindale MS4 Stormwater 1.73 1 0.59 

Eastern  General Industrial 
Stormwater 
Permittees  
(in the city of 
Irwindale) 

General Industrial 
Stormwater

1.73 
1 

0.59 

Eastern  County of Los MS4 Stormwater 1.73 1 0.59 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Total Chlordane 

Associated with 
Suspended Sediment3 

(μg/kg dry weight) 

Wasteload 
Allocation for 

Chlordane in the 
Water Column3

Angeles 

 
(ng/L) 

Eastern  Monrovia MS4 Stormwater 1.73 1 0.59 

Eastern  General Industrial 
Stormwater 
Permittees  
(in the city of 
Monrovia) 

General Industrial 
Stormwater

1.73 
1 

0.59 

Eastern Angeles National 
Forest 

Stormwater 1.73 1 0.59 

Diversion Los Angeles County 
Department of Public 
Works 

Water Diversion 1.73 0.59 

Near Lake Arcadia MS4 Stormwater 1.73 1 0.59 

Near Lake General Industrial 
Stormwater 
Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

1.73 
1 

0.59 

Near Lake El Monte MS4 Stormwater 1.73 1 0.59 

Near Lake Irwindale MS4 Stormwater 1.73 1 0.59 

Near Lake County of Los 
Angeles 

MS4 Stormwater 1.73 1 0.59 

Near Lake Monrovia MS4 Stormwater 1.73 1 0.59 

Western Arcadia MS4 Stormwater 1.73 1 0.59 

Western General Industrial 
Stormwater 
Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

1.73 
1 

0.59 

Western Caltrans State Highway 
Stormwater

1.73 
1 

0.59 

Western County of Los 
Angeles 

MS4 Stormwater 1.73 1 0.59 

Western Monrovia MS4 Stormwater 1.73 1 0.59 

Western Sierra Madre MS4 Stormwater 1.73 1 0.59 

Western Angeles National 
Forest 

Stormwater 1.73 1 0.59 

1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  Any future discharges governed by the general construction 
and general industrial stormwater permits will receive the same concentration-based wasteload allocations. 

3 

4.5.6.1.2 Alternative Wasteload Allocations if the Fish Tissue Target is Met 

Each wasteload allocation must be met at the point of discharge. 

The wasteload allocations listed in Table 4-26 will be superseded, and the wasteload allocations in Table 
4-27 will apply, if: 
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1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 5.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 4-27, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each wasteload allocation must be met at the point of discharge. 

Table 4-27. Alternative Wasteload Allocations for Total Chlordane in Peck Road Park Lake if the 
Fish Tissue Target is are Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Total Chlordane 

Associated with 
Suspended Sediment3 

(μg/kg dry weight) 

Wasteload 
Allocation for 

Chlordane in the 
Water Column3

Eastern 

 
(ng/L) 

Arcadia MS4 Stormwater 3.24 1 0.59 

Eastern Bradbury MS4 Stormwater 3.24 1 0.59 

Eastern Caltrans State Highway 
Stormwater

3.24 
1 

0.59 

Eastern Duarte MS4 Stormwater 3.24 1 0.59 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater  

(in the city of Duarte) 

3.24 
1 

0.59 

Eastern  Irwindale MS4 Stormwater 3.24 1 0.59 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Irwindale) 

General Industrial 
Stormwater

3.24 
1 

0.59 

Eastern  County of Los Angeles MS4 Stormwater 3.24 1 0.59 

Eastern  Monrovia MS4 Stormwater 3.24 1 0.59 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Monrovia) 

General Industrial 
Stormwater

3.24 
1 

0.59 

Eastern Angeles National Forest Stormwater 3.24 1 0.59 

Diversion Los Angeles County 
Department of Public 
Works 

Water Diversion 3.24 0.59 

Near Lake Arcadia MS4 Stormwater 3.24 1 0.59 

Near Lake General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

3.24 
1 

0.59 

Near Lake El Monte MS4 Stormwater 3.24 1 0.59 

Near Lake Irwindale MS4 Stormwater 3.24 1 0.59 

Near Lake County of Los Angeles MS4 Stormwater 3.24 1 0.59 

Near Lake Monrovia MS4 Stormwater 3.24 1 0.59 

Western Arcadia MS4 Stormwater 3.24 1 0.59 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Total Chlordane 

Associated with 
Suspended Sediment3 

(μg/kg dry weight) 

Wasteload 
Allocation for 

Chlordane in the 
Water Column3

Western 

 
(ng/L) 

General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

3.24 
1 

0.59 

Western Caltrans State Highway 
Stormwater

3.24 
1 

0.59 

Western County of Los Angeles MS4 Stormwater 3.24 1 0.59 

Western Monrovia MS4 Stormwater 3.24 1 0.59 

Western Sierra Madre MS4 Stormwater 3.24 1 0.59 

Western Angeles National Forest Stormwater 3.24 1 0.59 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  Any future discharges governed by the general construction 
and general industrial stormwater permits will receive the same concentration-based wasteload allocations. 

3 

4.5.6.2 Load Allocations 

Each wasteload allocation must be met at the point of discharge. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for chlordane (“Alternative LAs if the Fish Tissue Target is Met”) described 
in Section 4.5.6.2.2. The alternative load allocations will supersede the load allocations in Section 
4.5.6.2.1 if the conditions described in Section 4.5.6.2.2 are met. 

4.5.6.2.1 Load Allocations 
No part of the Peck Road Park Lake watershed is located outside of an MS4 jurisdiction; therefore no 
LAs are assigned to watershed loads.  No load is allocated to net direct atmospheric deposition of 
chlordane.  The legacy chlordane stored in lake sediment is the major cause of use impairment due to 
elevated fish tissue concentrations, and is assigned a load allocation.  The in-lake allocation is in 
concentration terms: specifically, the responsible jurisdictions (County of Los Angeles) should achieve a 
total chlordane concentration of 1.73 μg/kg dry weight of lake bottom sediments  
(Table 4-28). 

Table 4-28. Load Allocations for Total Chlordane in Peck Road Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(μg/kg dry weight) 

Lake Surface County of Los Angeles Lake bottom sediments 1.73 
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4.5.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 
The load allocations listed in Table 4-28 will be superseded, and the load allocations in Table 4-29 will 
apply, if: 

1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 5.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 4-29, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Table 4-29. Alternative Load Allocations for Total Chlordane in Peck Road Park Lake if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface County of Los Angeles  Lake bottom sediments 3.24 

 

4.5.6.3 Margin of Safety 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  

4.5.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate chlordane, concentrations in tissues of edible sized game fish integrate exposure over a 
number of years.  As a result, overall average loading is more important for the attainment of standards 
than instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations 
and protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects 
for critical conditions. 

4.5.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   
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Because the PCB WLAs are expressed as concentrations on sediment, the daily maximum allowable load 
is calculated from the maximum daily sediment load multiplied by the TMDL WLA concentration.  The 
maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Peck Road Park Lake watershed.  USGS Station 11101250, on the 
Rio Hondo River above the Whittier Narrows Dam, was selected as a surrogate for flow determination.  
The 99

 percentile daily flow and the sediment event 
mean concentration that yields the estimated annual sediment load.   

th percentile flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 
percentile flow eliminates errors due to outliers and is reasonable for development of a daily load 
expression. 

th percentile flow for the Rio Hondo  
(952 cfs) (Wolock, 2003).  To estimate the peak flow to Peck Road Park Lake, the 99th percentile flow for 
the Rio Hondo was scaled down by the ratio of drainage areas (23,564 acres/58,368 acres; Peck Road 
Park Lake watershed area/Rio Hondo watershed area at the gage).  The resulting peak flow estimate for 
Peck Road Park Lake is 384 cfs.  The 99th

The event mean concentration of sediment in stormwater (71.7 mg/L) was calculated from the estimated 
existing watershed sediment load of 990.3tons/yr (

 percentile diverted flow from the San Gabriel River to Peck 
Road Park Lake is 328 cfs.  Therefore, the total peak daily flow rate is 712 cfs.   

Table 4-14) divided by the stormwater flow volume 
reaching the lake (10,158 ac-ft, Table 4-7).  Multiplying the sediment event mean concentration by the 
99th

4.5.6.6 Future Growth 

 percentile peak daily flow (712 cfs) yields a daily maximum sediment load from stormwater of  
137.7 tons/d.  Applying the wasteload allocation concentration of 1.73 ng total chlordane per dry g of 
sediment yields the stormwater daily maximum allowable load of 0.216 g/d of total chlordane.  This load 
is associated with the MS4 stormwater permittees and the water diversion.  The maximum allowable daily 
load must be met on all days, and the concentration-based WLAs must be met to ensure compliance with 
the TMDL. 

The manufacture and use of chlordane is currently banned.  Therefore, no additional allowance is made 
for future growth in the chlordane TMDL. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

4.6 DDT IMPAIRMENT 
Dichlorodiphenyltrichloroethane (DDT) is a synthetic organochlorine insecticide once used throughout 
the world to control insects.  Technically DDT consists of two isomers, 4,4’-DDT and 2,4’-DDT, of 
which the former is the most toxic.  In the environment, DDT breaks down to form two related 
compounds: DDD (tetrachlorodiphenylethane) and DDE (dichlorodiphenyl-dichloroethylene).  DDD and 
DDE often predominate in the environment and USEPA (2000c) recommends that fish consumption 
guidelines be based on the sum of DDT, DDD, and DDE – collectively referred to as total DDTs. 

The DDT impairment of Peck Road Park Lake affects beneficial uses related to recreation, municipal 
water supply, wildlife health, and fish consumption.  DDT, like PCBs and chlordane, is an organochlorine 
compound that is strongly sorbed to sediment and lipids, and is no longer in production.  As such, the 
approach for the DDT impairment is similar to that for PCBs and chlordane.   
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4.6.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Peck Road Park Lake 
was not identified specifically in the Basin Plan; therefore, the beneficial uses associated with the 
downstream segment (Rio Hondo below Spreading Grounds) apply:  REC1, REC2, WARM, WILD, 
MUN, and GWR (personal communication, Regional Board, December 22, 2009).  Descriptions of these 
uses are listed in Section 2 of this TMDL report.  Elevated levels of DDT are currently impairing the 
REC1, REC2 and WARM uses by causing toxicity to aquatic organisms and raising fish tissue 
concentrations to levels that are unsafe for human consumption (which can result in fish consumption 
advisories) and impair sport fishing recreational uses. At high enough concentrations WILD and MUN 
uses could become impaired. 

4.6.2 Numeric Targets 
Targets for DDT are complex because of the many different ways in which the compound is measured.  
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses for several DDTs.  There are no numeric criteria specified for sediment or fish tissue concentrations 
of DDTs listed in the Basin Plan.  For the purposes of this TMDL, additional numeric targets for these 
endpoints are based on the consensus-based sediment quality guidelines defined in MacDonald et al. 
(2000) and the fish tissue concentration goal, referred to as the fish contaminant goal (FCG), defined by 
OEHHA (2008) for fish consumption.  The numeric targets used for DDTs are listed below.  The fish 
tissue concentration goal was also used to back calculate site-specific targets in sediment, with the most 
stringent target applying.  See Section 2 of this TMDL report for additional details. 

The water column criteria for DDT in the Basin Plan are associated with a specific beneficial use.  The 
Basin Plan also contains a narrative criterion that toxic chemicals not be present at levels that are toxic or 
detrimental to aquatic life (LARWQCB, 1994).  Each waterbody addressed in this report is designated 
WARM, at a minimum, and must meet this requirement.  Acute and chronic criteria for 4,4’-DDT in 
freshwater systems are included in the CTR as 1.1 μg/L and 0.001 μg/L, respectively (USEPA, 2000a).  
CTR criteria are considered protective of aquatic life.  Acute and chronic values for other DDT 
compounds were not specified.  The CTR also includes human health criteria for 4,4’-DDT for the 
consumption of water and organisms or organisms only as 0.00059 μg/L for both uses (USEPA, 2000a).  
Because the human health criterion is the most restrictive applicable criterion, a water column target of 
0.00059 μg/L (0.59 ng/L) for 4,4’-DDT is the appropriate target.  The CTR also specifies a criterion of 
0.59 ng/L for 4,4’-DDE (for both consumption of water and organisms or organisms only), while for 4,4’-
DDD the criteria are 0.83 ng/L for consumption of water and organisms and 0.84 ng/L for consumption of 
organisms only.  For Peck Road Park Lake, the Regional Board has determined that the appropriate 
human health criterion for 4,4’-DDD is 0.00084 μg/L (0.84 ng/L) as the MUN use is not an existing use.  
The CTR does not specify a criterion for total DDTs.  For this TMDL  the DDT, DDD, and DDE targets 
in CTR are selected as water column targets.   

For sediment, the consensus-based sediment quality guidelines provided in MacDonald et al. (2000) for 
the threshold effects concentration (TEC) for 4,4’- plus 2,4’-DDT is 4.16 μg/kg dry weight, and the TEC 
for total DDTs is 5.28 μg/kg dry weight.  The consensus-based guidelines have been incorporated into the 
most recent set of NOAA Screening Quick Reference Tables (SQuiRT) (Buchman, 2008) and are 
recommended by the State Water Resources Control Board for interpretation of narrative sediment 
objectives under the 303(d) listing policy.  These targets are designed to protect benthic dwelling 
organisms and explicitly do not consider “the potential for bioaccumulation in aquatic organisms nor the 
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associated hazards to the species that consume aquatic organisms (i.e., wildlife and humans).”  Thus, a 
separate sediment target calculation based on a biota-sediment accumulation factor (BSAF) is carried out 
to ensure that fish tissue concentration goals are met. 

The fish contaminant goal for total DDTs defined by OEHHA (2008) is 21 ppb wet weight in muscle 
tissue (filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation 
derived from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is 
appropriate to correlate sediment and fish tissue targets.  For DDTs, the corresponding sediment 
concentration target determined using the BSAF is 6.90 μg/kg dry weight, as described in further detail in 
Section 4.6.5.  All applicable targets are shown below in Table 4-30.  For sediment, the lower value of the 
consensus-based TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 4-30. DDT Targets Applicable to Peck Road Park Lake 

Medium Source 4,4’-DDT 
4,4’-DDT + 
2,4’-DDT DDE DDD1 

Total 
DDTs 1 

Fish (ppb wet weight) OEHHA FCG     21 

Sediment (μg/kg dry 
weight) 

Consensus-based 
TEC  4.16 3.16 4.881 5.28 1 

Sediment (μg/kg dry 
weight) BSAF-derived target     6.90 

Water (ng/L) CTR 0.59  0.59 0.841  1 

1

Note:  Shaded cells represent the selected targets for this TMDL. 

 CBSQG specifies sediment targets for total DDE and total DDD.  The CTR specifies water column targets 
specifically for 4,4’-DDE and 4,4’-DDD. 

4.6.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Peck Road Park Lake related to the DDT impairment.  
Additional details regarding monitoring data are discussed in Appendix G (Monitoring Data).  

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the summer of 2008 at five locations (six samples) and again in 
the fall of 2008 at two locations (three samples) in Peck Road Park Lake.  These analyses quantified only 
the 4,4’ isomers of DDT, DDD, and DDE.  All samples collected as part of the UCLA study during the 
summer and fall, were less than the sample detection limits (3.0 – 3.3 ng/L, all higher than the water 
quality criteria of 0.59 – 0.84 ng/L).  Additional water column sampling was conducted by the Regional 
Board on December 11, 2008 at four in-lake locations in Peck Road Park Lake, including both the 4,4’ 
and 2,4’ isomers.  All four sites sampled were below detectable levels of DDT (1 ng/L, which is also 
higher than the water quality criterion).  A summary of the water column data is shown in Table 4-31. 

Table 4-31. Summary of Water Column Samples for Total DDTs in Peck Road Park Lake 

Station 
Average Water 

Concentration (ng/L) Number of Samples 
Number of Samples 

Above Detection Limits

Sawpit Wash 

1 

(1.62) 2 1 0 

Santa Anita Wash (1.56) 3 0 

North Basin Outfall (1.52) 2 0 

North Basin (1.0) 2 0 

South Basin (1.0) 2 0 
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Station 
Average Water 

Concentration (ng/L) Number of Samples 
Number of Samples 

Above Detection Limits

South Basin East 

1 

(0.50) 1 0 

South Basin West Side (0.50) 1 0 

In-Lake Average (0.80) 3 

Water Column Target 0.59 
1 Non-detect samples were included in reported averages at one-half of the sample detection limit. 
2 Numbers in parentheses indicate that sample is based only on the detection limits of the samples, and that no DDTs 
were detected in any of the collected samples.  

3 

Concentrations of total DDTs on suspended sediment were also analyzed by UCLA in the summer and 
fall of 2008.  One in-lake location was analyzed in the summer and two in the fall; all three samples were 
below detectable limits for DDT (4.73 μg/kg to 40.82 μg/kg dry weight).  Porewater samples were 
collected during the summer and fall of 2008; DDT concentrations in all of the porewater samples were 
less than the detection limit of 30 ng/L.  All four porewater suspended sediment samples collected in the 
summer of 2008 were below detectable levels (4.51 μg/kg to 18.50 μg/kg dry weight).  

Overall average is the average of individual station averages (excludes the tributary samples). 

UCLA also collected bed sediment samples at four locations in Peck Road Park Lake in summer and fall 
2008.  As with the UCLA water column samples, these included only the 4,4’ isomers.  Only one of nine 
sediment samples collected in 2008 (average of 10.2 μg/kg dry weight) was above method reporting 
limits for DDTs; two samples were detected at less than the reporting limits (which ranged from 6.87 
μg/kg to 13.06 μg/kg dry weight).  Four in-lake locations were sampled by USEPA and the county of Los 
Angeles on November 16, 2009.  Three of four samples were above the detection limit (1 μg/kg dry 
weight), with a maximum of 11.8 μg/kg dry weight (in excess of the consensus-based TEC for sediment 
of 4.16 μg/kg dry weight). 

All lake stations were averaged to estimate an exposure concentration of 5.09 μg/kg dry weight total 
DDTs (with non-detects included at one-half the detection limit for each sample).  Stations located near 
outfalls are taken as an estimate of the concentrations on incoming sediment.  The lake-wide average of 
5.09 μg/kg dry weight is slightly less than the consensus-based TEC of 5.28 μg/kg dry weight.  A 
summary of the sediment data is shown in Table 4-32. 

Table 4-32. Summary of Sediment Samples for Total DDTs in Peck Road Park Lake, 2008-2009 

Station 

Average Sediment 
Concentration 

(μg/kg dry 
weight)1 

Number of 
Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection and 

Reporting Limits 

Near Sawpit Wash 10.22 1 1 0 

Near Santa Anita Wash [0.54] 3 1 1 

North Basin 3.94 4 2 1 

South Basin 4.32 3 1 0 

North Inlet (0.50) 1 0 0 

South Inlet 11.0 1 1 0 
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Station 

Average Sediment 
Concentration 

(μg/kg dry 
weight)1 

Number of 
Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection and 

Reporting Limits 

In-Lake Average 5.09 2 

Influent Average 5.57 

Consensus-based TEC 5.28 
1 Total DDT in a sample represents the sum of all reported measurements for DDT, DDE, and DDD isomers, including 
results reported below the method reporting limit.  If all components were non-detect, the total is represented as 
one-half the detection limit.  Results of any laboratory duplicate analyses of the same sample were averaged.  
Results for each station represent the average of individual samples.  Results in parentheses indicate that the 
sample average is based only on the detection limits of the samples and that no chlordane quantified in any of the 
collected samples.  Sample averages based only on detected results below the reporting limit plus non-detects are 
shown in square brackets. 

2 

 
Overall average is the average of individual station averages. 

Fish tissue concentrations of DDT from Peck Road Park Lake have been analyzed in largemouth bass (by 
TSMP and SWAMP).  Total DDT concentrations in fish tissue collected between 1986 and 1992 ranged 
up to 39 ppb, with an average of 26.5 ppb, in excess of the FCG of 21 ppb.  Because DDT is no longer in 
use, fish tissue concentrations are likely to have declined since these samples were taken.  Considering 
only data collected in the past 10 years, the average concentration of total DDTs in largemouth bass was  
15.5 ppb, at an average lipid content of 0.54 percent.  This average is based on two largemouth bass 
composite samples (each containing filets from five individual fish) collected by SWAMP in the summer 
of 2007 and an additional composite collected in April 2010.  Based on the current data, average fish 
tissue levels of total DDTs are less than the FCG of 21 ppb (Table 4-33).  Data from bottom-feeding fish 
(e.g., carp) are not available for Peck Road Park Lake. 

Table 4-33. Summary of Recent Fish Tissue Samples for Total DDTs in Peck Road Park Lake 

Sample Date Fish Taxa Total DDTs (ppb wet weight)

6 June 2007 

1 

Largemouth Bass 24.4 

6 June 2007 Largemouth Bass 9.0 

19 April 2010 Largemouth Bass 13.109 

2007 Average 15.5 

FCG 21 
1 

In sum, the average of recent fish tissue samples collected from Peck Road Park Lake is approximately  
25 percent lower than the FCG, although one of three composite samples exceeded the FCG.  Measured 
concentrations in sediment are within 2 percent of the consensus-based TEC with several samples based 
on half of the detection limit.  However, individual stations had concentrations well above the TEC, 
indicating that the lake continues to be impaired by DDT.  Concentrations in water were less than the 
detection limits. 

Composite sample of filets from five individuals. 

4.6.4 Source Assessment 
Total DDTs present in Peck Road Park Lake are primarily due to historical loading and storage within the 
lake sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather loading is 
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assumed to be negligible because hydrophobic contaminants primarily move with particulate matter that 
is mobilized by higher flows.  Stormwater loads from the watershed were estimated based on simulated 
sediment load and observed DDT concentrations on sediment data near inflows to the lake.  Watershed 
loads of DDT may arise from past pesticide applications, improper disposal, and atmospheric deposition.  
Pesticide applications were most likely associated with agricultural, commercial, and residential areas.  
Improper disposal could have occurred at various locations, while atmospheric deposition occurs across 
the entire watershed.   

There is no definitive information on specific sources of elevated DDT load within the watershed at this 
time.  Therefore, an average concentration on sediment is applied to all contributing areas.  The average 
concentration of total DDTs on incoming sediment was estimated to be 5.57 μg/kg dry weight (Table 4-
32), and the annual sediment load to Peck Road Park Lake is 990.3 tons/yr, including sediment delivered 
through the water diversion (see Appendix D, Wet Weather Loading).  The resulting estimated wet-
weather load of total DDTs is approximately 5.0 g/yr (Table 4-34). 

Table 4-34. Total DDTs Loads Estimated for Each Jurisdiction and Subwatershed in the Peck 
Road Park Lake Watershed (g/yr) 

Subwatershed Responsible Jurisdiction Input 
Sediment 
(tons/yr) 

Total DDTs 
Load (g/yr) 

Percent of 
Total Load 

Eastern Arcadia MS4 Stormwater 12.1 1 0.061 1.22% 

Eastern Bradbury MS4 Stormwater 44.4 1 0.224 4.48% 

Eastern Caltrans State Highway 
Stormwater 9.6 1 

0.048 0.96% 

Eastern Duarte MS4 Stormwater 57.2 1 0.289 5.78% 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater  

(in the city of Duarte) 0.8 

1 
0.004 0.08% 

Eastern  Irwindale MS4 Stormwater 23.3 1 0.118 2.36% 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Irwindale) 

General Industrial 
Stormwater 1.6 1 

0.008 0.16% 

Eastern  County of Los Angeles  MS4 Stormwater 28.6 1 0.145 2.89% 

Eastern  Monrovia MS4 Stormwater 200 1 1.013 20.24% 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Monrovia) 

General Industrial 
Stormwater 16.3 1 

0.061 1.22% 

Eastern Angeles National Forest Stormwater 12.1 1 1.917 38.31% 

Diversion Los Angeles County 
Department of Public Works 

Water Diversion 379 0.038 0.77% 

Near Lake Arcadia MS4 Stormwater 7.6 1 0.009 0.17% 

Near Lake General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater 1.7 1 

0.018 0.36% 

Near Lake El Monte MS4 Stormwater 3.5 1 0.009 0.17% 

Near Lake Irwindale MS4 Stormwater 1.7 1 0.020 0.41% 

Near Lake County of Los Angeles MS4 Stormwater 4.0 1 0.013 0.26% 

RB-AR37835



Peck Road Park Lake TMDLs March 2012 

 
 4-54 

Subwatershed Responsible Jurisdiction Input 
Sediment 
(tons/yr) 

Total DDTs 
Load (g/yr) 

Percent of 
Total Load 

Near Lake Monrovia MS4 Stormwater 2.6 1 0.344 6.88% 

Western Arcadia MS4 Stormwater 68.1 1 0.191 3.82% 

Western General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater 37.8 1 

0.010 0.21% 

Western Caltrans State Highway 
Stormwater 2.1 1 

0.074 1.49% 

Western County of Los Angeles MS4 Stormwater 14.7 1 0.047 0.94% 

Western Monrovia MS4 Stormwater 9.3 1 0.100 2.01% 

Western Sierra Madre MS4 Stormwater 19.9 1 0.159 3.18% 

Western Angeles National Forest Stormwater 31.4 1 0.061 1.22% 

Total Load from Watershed 990.3 5.00 100% 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
DDTs directly to the lake surface is estimated to be close to zero, with deposited loads balanced by 
volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates of 
watershed load.   

Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  The disturbed area associated with general construction and 
general industrial stormwater permittees (510 acres) was subtracted out of the appropriate city areas and allocated 
to these permits.  

4.6.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity for DDTs in 
Peck Road Park Lake consistent with achieving water quality standards.  The loading capacity is used to 
calculate the TMDL and corresponding allocations of that load to permitted point sources (wasteload 
allocations) and nonpoint sources (load allocations).   

Lake sediments are often the predominant source of DDT in biota.  The bottom sediment serves as a sink 
for organochlorine compounds that can be recycled through the aquatic life cycle.  DDT is strongly 
sorbed to sediment and has a long half-life in sediment and water.  Incoming loads of DDT will mainly be 
adsorbed to particulates from stormwater runoff (eroded sediments from legacy contamination sites or 
from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data in Peck Road Park Lake are discussed in 
detail in Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring 
Data), respectively.  A sediment target to achieve FCGs is calculated based on biota-sediment 
bioaccumulation (a BSAF approach), using the ratio of the FCG to existing fish tissue concentrations of 
21/15.5 = 1.355.  This ratio is applied to the estimated lake sediment concentration of 5.09 μg/kg dry 
weight to obtain the site-specific sediment target concentration to maintain fish tissue goals of 6.90 μg/kg 
dry weight.  The BSAF-derived sediment target is greater than the estimated existing sediment 
concentration because the average recent fish tissue concentration does not exceed the fish tissue based 
target concentration. 

The fish tissue-based target concentrations were calculated using only recent data (collected in the past 10 
years) because the loads and exposure concentrations of total DDT are likely to have declined steadily 
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since the cessation of production and use of the chemical.  The resulting fish tissue-based target 
concentrations of DDT in sediment of Peck Road Park Lake are shown in Table 4-35. 

Table 4-35. Fish Tissue-Based Total DDTs Concentration Targets for Sediment in Peck Road 
Park Lake 

Total DDTs Concentration Sediment (μg/kg dry weight) 

Existing 5.09 

BSAF-derived Target  6.90 

Required Reduction 0% 

 

The BSAF-derived sediment target is greater than the consensus-based TEC for total DDTs of 5.28 μg/kg 
dry weight.  The consensus-based TEC of 5.28 μg/kg dry weight is therefore the most restrictive target 
and is used as the target in this TMDL.  Selection of the consensus-based TEC target protects the benthic 
biota and ensures continued attainment of the fish tissue based target concentration.  The estimated 
existing concentration in lake of 5.09 µg/kg is less than the TEC, which would imply that no reduction 
from existing in-lake sediment concentrations may be needed.  However, the estimated influent 
concentration is greater than the TEC.   

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate that would be required to yield the existing sediment 
concentration under steady-state conditions.  This yields an estimate that a load of 84 g/yr would be 
required to maintain observed sediment concentrations under steady-state conditions.  The estimated 
current watershed loading rate is 5 g/yr, or 6 percent of this amount.  Thus, concentrations of total DDTs 
in fish tissue in Peck Road Park Lake appear to be primarily due to the storage of historic loads of DDT in 
the lake sediment. 

4.6.6 TMDL Summary 
Because DDT impairment in Peck Road Park Lake is predominantly due to historic loads stored in the 
lake sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, 
allocations are first assigned on a concentration basis, with the goal of maintaining the existing 
concentrations identified above for water and sediment, as well as fish tissue.  The concentration targets 
apply to water and sediment entering the lake and within the lake. 

The DDT TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are broken 
down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety (MOS) using 
the general TMDL equation.   

 

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 5.28 μg/kg dry weight total DDTs.  The wasteload allocations and load allocations are 
also equal to 5.28 μg/kg dry weight total DDTs in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections. 

∑ ++= MOSLAWLATMDL
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4.6.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  The entire watershed of Peck Road Park Lake is contained in MS4 jurisdictions, and watershed 
loads are therefore assigned WLAs.  The Caltrans areas and facilities that operate under a general 
industrial stormwater permit also receive WLAs.   

Relevant permit numbers are  

• County of Los Angeles (including the cities of Arcadia, Bradbury, Duarte, Irwindale, Monrovia, 
and Sierra Madre):  Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-
0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

DDT in water flowing into Peck Road Park Lake is below detection limits, and most DDT load is 
expected to move in association with sediment.  Therefore, no separate wasteload allocation or reduction 
is explicitly assigned to the Colorado Well Aquifer (Order No. R4-2003-0108, CAG994005)as it is not 
expected to deliver sediment loads.  On the other hand, the suspended sediment in water flowing into the 
lake is assigned wasteload allocations.  Additionally, the TMDL establishes wasteload allocations for 
DDT in the water column equal to the CTR based water column target.  The CTR based water column 
target includes both dissolved DDT and DDT associated with suspended sediment.  Each wasteload 
allocation applies at the point of discharge.  The existing concentration of sediment entering the lake is 
5.57 μg/kg dry weight.  Therefore, a reduction of 5.2 percent [(5.57 – 5.28)/5.57*100] is required on the 
sediment-associated load from the watershed.   

The wasteload allocations are shown in Table 4-36 and each wasteload allocation must be met at the point 
of discharge. 

Table 4-36. Wasteload Allocations for Total DDTs in Peck Road Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for DDT Associated 

with Suspended 
Sediment3  

(μg/kg dry weight) 

Wasteload 
Allocation for 4-4’ 
DDT in the Water 
Column (ng/L)

Eastern 

3,4 

Arcadia MS4 Stormwater 5.28 1 0.59

Eastern 

3 

Bradbury MS4 Stormwater 5.28 1 0.59 

Eastern Caltrans State Highway 
Stormwater

5.28 
1 

0.59 

Eastern Duarte MS4 Stormwater 5.28 1 0.59 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater 

(in the city of Duarte) 

5.28 
1 

0.59 

Eastern  Irwindale MS4 Stormwater 5.28 1 0.59 

Eastern  General Industrial 
Stormwater Permittees 
(in the city of Irwindale) 

General Industrial 
Stormwater

5.28 
1 

0.59 

Eastern  County of Los Angeles MS4 Stormwater 5.28 1 0.59 

Eastern  Monrovia MS4 Stormwater 5.28 1 0.59 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for DDT Associated 

with Suspended 
Sediment3  

(μg/kg dry weight) 

Wasteload 
Allocation for 4-4’ 
DDT in the Water 
Column (ng/L)

Eastern  

3,4 

General Industrial 
Stormwater Permittees 
(in the city of Monrovia) 

General Industrial 
Stormwater

5.28 
1 

0.59 

Eastern Angeles National Forest Stormwater 5.28 1 0.59 

Diversion Los Angeles County 
Department of Public 
Works 

Water Diversion 5.28 0.59 

Near Lake Arcadia MS4 Stormwater 5.28 1 0.59 

Near Lake General Industrial 
Stormwater Permittees 
(in the city of Arcadia) 

General Industrial 
Stormwater

5.28 
1 

0.59 

Near Lake El Monte MS4 Stormwater 5.28 1 0.59 

Near Lake Irwindale MS4 Stormwater 5.28 1 0.59 

Near Lake County of Los Angeles MS4 Stormwater 5.28 1 0.59 

Near Lake Monrovia MS4 Stormwater 5.28 1 0.59 

Western Arcadia MS4 Stormwater 5.28 1 0.59 

Western General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

5.28 
1 

0.59 

Western Caltrans State Highway 
Stormwater

5.28 
1 

0.59 

Western County of Los Angeles MS4 Stormwater 5.28 1 0.59 

Western Monrovia MS4 Stormwater 5.28 1 0.59 

Western Sierra Madre MS4 Stormwater 5.28 1 0.59 

Western Angeles National Forest Stormwater 5.28 1 0.59 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  Any future discharges governed by the general construction 
and general industrial stormwater permits will receive the same concentration-based wasteload allocations.  

3 Each wasteload allocation must be met at the point of discharge.  
4

4.6.6.2 Load Allocations  

The target water column concentration of 0.59 ng/L specified in the CTR is for 4,4’-DDT.  The CTR also specifies 
targets for DDE and DDD, but does not specify a target for total DDTs.  The lowest DDT target is selected for the 
purposes of representing Total DDTs in this table.  If analytical results that resolve individual DDT compounds are 
available, all of the CTR criteria should be applied individually.  

This TMDL establishes load allocations (LAs) at their point of discharge. No part of the Peck Road Park 
Lake watershed is outside MS4 jurisdiction; therefore no LAs are assigned to watershed loads.  No load is 
allocated to atmospheric deposition of DDTs.  The legacy DDT stored in lake sediment is the major cause 
of exposure to aquatic organisms and sport fish, and is assigned a load allocation.  The in-lake allocation 
is in concentration terms: specifically, the responsible jurisdictions (County of Los Angeles) should 
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achieve or maintain a total DDTs concentration of 5.28 μg/kg dry weight or less in lake bottom sediments 
(Table 4-37). 

Table 4-37. Load Allocations for Total DDT in Peck Road Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(μg/kg dry weight) 

Lake Surface County of Los Angeles Lake bottom sediments 5.28 

4.6.6.3 Margin of Safety 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected consensus-based TEC concentration in sediment is considerably lower 
than the BSAF-derived target.  

4.6.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate DDT, concentrations in tissues of edible sized game fish integrate exposure over a number 
of years.  As a result, overall average loading is more important for the attainment of standards than 
instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations and 
protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects for 
critical conditions. 

4.6.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the DDT WLAs are expressed as concentrations on sediment, the daily maximum allowable load 
is calculated from the maximum daily sediment load multiplied by the TMDL WLA concentration.  The 
maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Peck Road Park Lake watershed.  USGS Station 11101250, on the 
Rio Hondo River above the Whittier Narrows Dam, was selected as a surrogate for flow determination.  
The 99

 percentile daily flow and the sediment event 
mean concentration that yields the estimated annual sediment load.   

th percentile flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 
percentile flow eliminates errors due to outliers and is reasonable for development of a daily load 
expression. 

th percentile flow for the Rio Hondo  
(952 cfs) (Wolock, 2003).  To estimate the peak flow to Peck Road Park Lake, the 99th percentile flow for 
the Rio Hondo was scaled down by the ratio of drainage areas (23,564 acres/58,368 acres; Peck Road 
Park Lake watershed area/Rio Hondo watershed area at the gage).  The resulting peak flow estimate for 
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Peck Road Park Lake is 384 cfs.  The 99th

The event mean concentration of sediment in stormwater (71.7 mg/L) was calculated from the estimated 
existing watershed sediment load of 990.3 tons/yr (

 percentile diverted flow from the San Gabriel River to Peck 
Road Park Lake is 328 cfs.  Therefore, the total peak daily flow rate is 712 cfs.   

Table 4-14) divided by the stormwater volume 
reaching the lake (10,158 ac-ft, Table 4-7).  Multiplying the sediment event mean concentration by the 
99th

4.6.6.6 Future Growth 

 percentile peak daily flow (712 cfs) yields a daily maximum sediment load from stormwater of 137.7 
tons/d.  Applying the wasteload allocation concentration of 5.28 ng total DDT per dry g of sediment 
yields the stormwater daily maximum allowable load of 0.659 g/d of total DDT.  This load is associated 
with the MS4 stormwater permittees and the water diversion.  The maximum allowable daily load must 
be met on all days, and the concentration-based WLAs must be met to ensure compliance with the 
TMDL. 

The manufacture and use of DDT is currently banned.  Therefore, no additional allowance is made for 
future growth in the DDT TMDL. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

4.7 DIELDRIN IMPAIRMENT 
Dieldrin is a chlorinated insecticide originally developed as an alternative to DDT and was in wide use 
from the 1950s to the 1970s.  Dieldrin in the environment also arises from use of the insecticide aldrin.  
Aldrin is not itself toxic to insects, but is metabolized to dieldrin in the insect body.  The use of both 
dieldrin and aldrin was discontinued in the 1970s. 

The dieldrin impairment of Peck Road Park Lake affects beneficial uses related to recreation, municipal 
water supply, wildlife health, and fish consumption.  Dieldrin, like PCBs, chlordane and DDT, is an 
organochlorine compound that is strongly sorbed to sediment and lipids and is no longer in production.  
As such, the approach for dieldrin impairment is similar to that for PCBs, chlordane, and DDT. 

4.7.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Peck Road Park Lake 
was not identified specifically in the Basin Plan; therefore, the beneficial uses associated with the 
downstream segment (Rio Hondo River below Spreading Grounds) apply:  REC1, REC2, WARM, 
WILD, MUN, and GWR (personal communication, Regional Board, December 22, 2009).  Descriptions 
of these uses are listed in Section 2 of this TMDL report.  Elevated levels of dieldrin are currently 
impairing the REC1, REC2 and WARM uses by causing toxicity to aquatic organisms and raising fish 
tissue concentrations to levels that are unsafe for human consumption (which can result in fish 
consumption advisories) and impair sport fishing recreational uses.  At high enough concentrations WILD 
and MUN uses could become impaired. 
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4.7.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of dieldrin in the 
Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are based on 
the consensus-based sediment quality guidelines defined in MacDonald et al. (2000) and the fish tissue 
concentration goal, referred to as the fish contaminant goal (FCG), defined by OEHHA (2008) for fish 
consumption.  The numeric targets for dieldrin are listed below.  The fish tissue concentration goal was 
also used to back calculate site-specific targets in sediment, with the most stringent target applying.  See 
Section 2 of this TMDL report for additional details. 

The water column criteria for dieldrin in the Basin Plan are associated with a specific beneficial use.  The 
Basin Plan also contains a narrative criterion that toxic chemicals not be present at levels that are toxic or 
detrimental to aquatic life (LARWQCB, 1994).  Acute and chronic criterion for the protection of aquatic 
life and wildlife in freshwater systems are included in the CTR for dieldrin as 0.24 μg/L and  
0.056 μg/L, respectively (USEPA, 2000a).  CTR criteria are considered protective of aquatic life.  The 
CTR also provides a human health-based water quality criterion for the consumption of organisms only 
and the consumption of water and organisms as 0.00014 μg/L (0.14 ng/L).  The human health criterion of 
0.00014 µg/L (0.14 ng/L) is the most restrictive of the applicable criteria specified for water column 
concentrations and is selected as the water column target. 

For sediment, the consensus-based sediment quality guidelines provided in MacDonald et al. (2000) for 
the threshold effects concentration (TEC) of dieldrin in sediment is 0.46 μg/kg.  The consensus-based 
guidelines have been incorporated into the most recent set of NOAA Screening Quick Reference Tables 
(SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources Control Board for 
interpretation of narrative sediment objectives under the 303(d) listing policy.  This target is designed to 
protect benthic dwelling organisms and explicitly does not consider “the potential for bioaccumulation in 
aquatic organisms nor the associated hazards to the species that consume aquatic organisms (i.e., wildlife 
and humans).”  The estimated existing sediment dieldrin concentrations in Peck Road Park Lake are 
lower than the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish 
tissue target.  Thus, a separate sediment target calculation based on a biota-sediment accumulation factor 
(BSAF) is carried out to ensure that fish tissue concentration goals are met. 

The fish contaminant goal for dieldrin defined by the OEHHA (2008) is 0.46 ppb wet weight in muscle 
tissue (filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation 
derived from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is 
appropriate to correlate sediment and fish tissue targets.  For dieldrin, the corresponding sediment 
concentration target is estimated using the BSAF approach is 0.43 μg/kg dry weight, as described in detail 
in Section 4.7.5.  All applicable targets are shown below in Table 4-38.  For sediment, the lower value of 
the consensus-based TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 4-38. Dieldrin Targets Applicable to Peck Road Park Lake 

Medium Source Target 

Fish (ppb wet weight) OEHHA FCG 0.46 

Sediment (μg/kg dry 
weight) Consensus-based TEC 1.9 

Sediment (μg/kg dry 
weight) BSAF-derived target 0.43 

Water (ng/L) CTR 0.14 

Note:  Shaded cells represent the selected targets for this TMDL. 
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4.7.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Peck Road Park Lake related to the dieldrin impairment.  
Additional details regarding monitoring data are discussed in Appendix G (Monitoring Data).  

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the summer of 2008 at five locations (six samples) and again in 
the fall of 2008 at two locations (three samples) in Peck Road Park Lake.  All samples collected as part of 
the UCLA study during the summer and fall, were less than the sample detection limit (3.0 ng/L to  
3.3 ng/L; all greater than the water quality criterion of 0.14 ng/L).  Additional water column sampling was 
conducted by the Regional Board on December 11, 2008 at four in-lake locations in Peck Road Park 
Lake.  All four sites sampled had non-detectable concentrations of dieldrin (less than 1 ng/L, also greater 
than the water column criterion).  A summary of the water column data is shown in Table 4-39. 

Table 4-39. Summary of Water Column Samples for Dieldrin in Peck Road Park Lake 

Station 

Average Water 
Concentration 

(ng/L)2 
Number of 
Samples 

Number of 
Samples Above 

Detection Limits

Sawpit Wash 

1 

(1.62) 2 0 

Santa Anita Wash (1.56) 3 0 

North Basin Outfall (1.52) 2 0 

North Basin (1.0) 2 0 

South Basin (1.0) 2 0 

South Basin East (0.50) 1 0 

South Basin West Side (0.50) 1 0 

In-Lake Average (0.80) 3 

Water Column Target 0.17 
1 Non-detect samples were included in reported averages at one-half of the sample detection limit. 
2 Numbers in parentheses indicate that sample is based only on the detection limits of the samples, and that no 
dieldrin was detected in any of the collected samples. 

3 

Concentrations of dieldrin on suspended sediment were also analyzed by UCLA in the summer and fall of 
2008.  One in-lake location was analyzed in the summer and two were sampled in the fall, all three 
samples were below detectable limits for dieldrin (4.73 μg/kg to 40.83 μg/kg dry weight).  Porewater was 
sampled by UCLA in both the summer and fall of 2008.  Specifically, dieldrin concentrations in the 
porewater sampled at four sites during the summer of 2008 were all less than the detection limit of 30 
ng/L; three sites sampled during the fall of 2008 were also below the detection limit of 30 ng/L.  All four 
porewater suspended sediments collected in the summer of 2008 were below detectable levels (4.51 μg/kg 
to 18.50 μg/kg dry weight). 

Overall average is the average of individual station averages (excludes the tributary samples). 

UCLA also collected bed sediment samples at four locations in Peck Road Park Lake in summer and fall 
2008 (Table 4-40).  All nine sediment samples collected during 2008 resulted in dieldrin concentrations 
below the detection limit (which ranged from 0.69 μg/kg to 1.44 μg/kg dry weight).  Four in-lake 
sediment locations were sampled by USEPA and the county of Los Angeles on November 16, 2009; all 
were below detection limit (1 μg/kg dry weight).  The average of all samples with non-detects set equal to 
one-half of the individual sample detection limit is 0.49 μg/kg dry weight.  Because dieldrin does appear 
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in fish at levels greater than the FCG, and because these body burdens of dieldrin are believed to arise 
from the sediment, EPA decided to represent statistical estimates for the sediment concentrations of 
dieldrin by setting the concentration of non-detected samples to the detection limit.  For an upper bound 
analysis the average with all samples set equal to the detection limit is 0.98 μg/kg dry weight.  Stations 
located near outfalls are taken as an estimate of the concentrations on incoming sediment.  The lake-wide 
average of <0.98 μg/kg dry weight for dieldrin is still less than the consensus-based TEC of 5.28 μg/kg 
dry weight. 

Table 4-40. Summary of Sediment Samples for Dieldrin in Peck Road Park Lake, 2008-2009 

Station 

Average Sediment 
Concentration 

(μg/kg dry weight)
Number of 
Samples 1 

Number of 
Samples Above 

Detection 
Limits

Near Sawpit Wash 

1 

(0.74) 1 0 

Near Santa Anita Wash (0.90) 3 0 

North Basin (1.13) 4 0 

South Basin (1.11) 3 0 

North Inlet (1.00) 1 0 

South Inlet (1.00) 1 0 

In-Lake Average (0.98) 2 

Influent Average (0.91) 

Consensus-based TEC 1.9 
1 Non-detect samples are included in reported averages at the detection limit.  Numbers in round parentheses 
indicate a result is based only on the detection limits of the samples, and that no dieldrin was detected in any of the 
samples collected at that station. 

2 

 
Overall average is the average of individual station averages. 

Fish tissue concentrations for dieldrin from Peck Road Park Lake have been analyzed in largemouth bass 
(TSMP and SWAMP).  Dieldrin concentrations in the fish tissue ranged from non-detect to 0.97 ppb.   
Two of the four samples of largemouth bass were taken in 1991 and 1992 and both were below detection 
limits (value not stated).  Considering only data collected in the past 10 years, the average concentration 
of dieldrin in largemouth bass was 1.06 ppb, in excess of the FCG of 0.46 ppb.  This average is based on 
the two largemouth bass composite samples (each containing filet tissue from five individual fish) 
collected by SWAMP in the summer of 2007 and an additional composite sample collected in April 2010, 
with an average lipid fraction of 0.54 percent.  Recent fish-tissue data for Peck Road Park Lake are 
summarized in Table 4-41.  Data from bottom-feeding fish (e.g., carp) are not available for Peck Road 
Park Lake. 
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Table 4-41. Summary of Recent Fish Tissue Samples for Dieldrin in Peck Road Park Lake 

Sample Date Fish Taxa Dieldrin (ppb wet weight)

6 June 2007 

1 

Largemouth Bass 0.965 

6 June 2007 Largemouth Bass 0.542 

19 April 2010 Largemouth Bass 1.66 

2007 - 2010 Average 1.06 

FCG 0.46 
1 

In sum, recent fish tissue concentrations in Peck Road Park Lake are consistently above the FCG in 
largemouth bass composite samples.  Sediment and water column concentrations have all been below 
detection limits. 

Composite sample of filets from five individuals. 

4.7.4 Source Assessment 
Dieldrin in Peck Road Park Lake is primarily due to historical loading and storage within the lake 
sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather loading is 
assumed to be negligible because hydrophobic contaminants primarily move with particulate matter that 
is mobilized by higher flows.  Stormwater loads from the watershed could not be directly estimated 
because all sediment and water samples were below detection limits.  Watershed loads of dieldrin may 
arise from past pesticide applications, improper disposal, and atmospheric deposition.  Pesticide 
applications were most likely associated with agricultural, commercial, and residential areas.  Improper 
disposal could have occurred at various locations.   

There is no definitive information on specific sources within the watershed at this time.  Therefore, an 
average concentration of sediment is applied to all contributing areas. 

An upper-bound analysis for dieldrin is performed using the simulated sediment load and detection limit 
to determine the maximum potential loading rate of dieldrin from the watershed.  The dieldrin sediment 
concentration is assigned as the upper bound estimate of concentration on influent sediment (0.91 μg/kg 
dry weight, calculated with non-detects set equal to the individual sample detection limits).  The annual 
sediment load to Peck Road Park Lake, including sediment delivered through the water diversion (see 
Appendix D, Wet Weather Loading) is 990.3 tons/yr,.  The resulting estimated upper bound on wet-
weather load of dieldrin from the watershed is 0.82 g/yr or less (Table 4-42).  

Table 4-42. Maximum Potential Dieldrin Loads for Each Jurisdiction and Subwatershed in the 
Peck Road Park Lake Watershed (g/yr) 

Subwatershed 
Responsible 
Jurisdiction Input 

Sediment 
(tons/yr) 

Total Dieldrin 
Load (g/yr) 

Percent of 
Total Load 

Eastern Arcadia MS4 Stormwater 12.1 1 <0.010 1.22% 

Eastern Bradbury MS4 Stormwater 44.4 1 <0.037 4.48% 

Eastern Caltrans State Highway 
Stormwater

9.6 
1 

<0.008 0.96% 

Eastern Duarte MS4 Stormwater 57.2 1 <0.047 5.78% 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
  

0.8 <0.001 0.08% 
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Subwatershed 
Responsible 
Jurisdiction Input 

Sediment 
(tons/yr) 

Total Dieldrin 
Load (g/yr) 

Percent of 
Total Load 

(in the city of Duarte) Stormwater

Eastern  

1 

Irwindale MS4 Stormwater 23.3 1 <0.019 2.36% 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Irwindale) 

General Industrial 
Stormwater

1.6 
1 

<0.001 0.16% 

Eastern  County of Los Angeles MS4 Stormwater 28.6 1 <0.024 2.89% 

Eastern  Monrovia MS4 Stormwater 200.5 1 <0.165 20.24% 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Monrovia) 

General Industrial 
Stormwater

16.3 

1 
<0.013 1.65% 

Eastern  Angeles National Forest Stormwater 12.1 1 <0.010 1.22% 

Diversion Los Angeles County 
Department of Public 
Works 

Water Diversion 

379 

<0.313 38.31% 

Near Lake Arcadia MS4 Stormwater 7.6 1 <0.006 0.77% 

Near Lake General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

1.7 

1 
<0.001 0.17% 

Near Lake El Monte MS4 Stormwater 3.5 1 <0.003 0.36% 

Near Lake Irwindale MS4 Stormwater 1.7 1 <0.001 0.17% 

Near Lake County of Los Angeles MS4 Stormwater 4.0 1 <0.003 0.41% 

Near Lake Monrovia MS4 Stormwater 2.6 1 <0.002 0.26% 

Western Arcadia MS4 Stormwater 68.2 1 <0.056 6.88% 

Western General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

37.8 

1 
<0.031 3.82% 

Western Caltrans State Highway 
Stormwater 2.1 1 

<0.002 0.21% 

Western County of Los Angeles MS4 Stormwater 14.7 1 <0.012 1.49% 

Western Monrovia MS4 Stormwater 9.3 1 <0.008 0.94% 

Western Sierra Madre MS4 Stormwater 19.9 1 <0.016 2.01% 

Eastern  Angeles National Forest Stormwater 31.4 1 <0.026 3.18% 

Total Load from Watershed 990.3 <0.818 100% 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
dieldrin directly to the lake surface is estimated to be close to zero, with deposited loads balanced by 
volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates of 
watershed load.   

Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  The disturbed area associated with general construction and 
general industrial stormwater permittees (510 acres) was subtracted out of the appropriate city areas and allocated 
to these permits.  
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4.7.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of dieldrin into 
Peck Road Park Lake consistent with achieving water quality standards.  The loading capacity is used to 
calculate the TMDL and corresponding allocations of that load to permitted point sources (wasteload 
allocations) and nonpoint sources (load allocations).   

Lake sediments are often the predominant source of dieldrin in biota.  The bottom sediment serves as a 
sink for organochlorine compounds that can be recycled through the aquatic life cycle.  Dieldrin is 
strongly sorbed to sediments and has a long half-life in sediment and water.  Incoming loads of dieldrin 
will mainly be adsorbed to particulates from stormwater runoff (eroded sediments from legacy 
contamination sites or from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data in Peck Road Park Lake are discussed in 
detail in Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring 
Data), respectively.  The estimated existing sediment dieldrin concentrations in Peck Road Park Lake are 
lower than the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish 
tissue target.  Therefore, a sediment target based on biota-sediment bioaccumulation (a BSAF approach) 
is calculated using ratio of the FCG to existing fish tissue concentrations in largemouth bass of 0.46/1.06 
= 0.434.  Sediment concentrations of dieldrin in Peck Road Park Lake are reported as below detection 
limits ranging from 0.7 to 1.44 μg/kg dry weight.  However, dieldrin is highly bioaccumulative, and low 
sediment concentrations can lead to unacceptable fish tissue concentrations (see Appendix H, 
Organochlorine Compounds TMDL Development).  Using an estimated concentration of 0.98 μg/kg dry 
weight based on the average of the sample detection limits, the resulting target concentration would be 
0.43 μg/kg dry weight to obtain FCGs.  Calculation with a literature-based BSAF (Appendix G, 
Monitoring Data) suggests that even lower concentrations might be needed.  However, the literature-
based BSAF is highly uncertain and may not be directly applicable to conditions in Peck Road Park Lake.  
Therefore, the target based on the detection limits is used, with acknowledgment that the estimate may 
need to be refined if additional data are collected at lower detection limits. The resulting fish tissue-based 
target concentration of dieldrin in the sediment of Peck Road Park Lake is shown in Table 4-43. 

 
Table 4-43. Fish Tissue-Based Dieldrin Concentration Targets for Sediment in  

Peck Road Park Lake 

Total Dieldrin Concentration Sediment (μg/kg dry weight) 

Existing < 0.98 

BSAF-derived Target 0.43 

Required Reduction < 56.1% 

 

The BSAF-derived sediment target is less than the consensus-based sediment quality guideline of  
1.9 μg/kg dry weight.  (The consensus-based sediment quality guideline is for the protection of benthic 
organisms, and explicitly does not address bioaccumulation and human-health risks from the consumption 
of contaminated fish.)  The lower value of the consensus-based TEC target or the BSAF-derived target is 
selected as the final sediment target.  In addition, the CTR criterion for human health (0.14 ng/L) is the 
selected numeric target for the water column and protects both aquatic life and human health. 

4.7.6 TMDL Summary 
Dieldrin was below detection limits in both water and sediment samples of Peck Road Park Lake and its 
tributaries.  The concentration observed in fish is most likely due to historic loads stored in the lake 

RB-AR37847



Peck Road Park Lake TMDLs March 2012 

 
 4-66 

sediment, which is not amenable to a standard, load-based TMDL analysis.  Instead, allocations are first 
assigned on a concentration basis, with the goal of attaining the concentrations identified above for water 
and sediment, as well as fish tissue concentrations.  The concentration targets apply to water and sediment 
entering the lake and within the lake.   

The dieldrin TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are broken 
down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety (MOS) using 
the general TMDL equation.   

 

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 0.43 μg/kg dry weight dieldrin.  The wasteload allocations and load allocations are 
also equal to 0.43 μg/kg dry weight dieldrin in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections. 

4.7.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for dieldrin (“Alternative WLAs if the Fish Tissue Target is Met”) 
described in Section 4.7.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 4.7.6.1.1 if the conditions described in Section 4.7.6.1.2 are met.  

4.7.6.1.1 Wasteload Allocations 
The entire watershed of Peck Road Park Lake is contained in MS4 jurisdictions, and watershed loads are 
therefore assigned WLAs.  The Caltrans areas and facilities that operate under a general industrial 
stormwater permit also receive WLAs. 

Relevant permit numbers are  

• County of Los Angeles (including the cities of Arcadia, Bradbury, Duarte, Irwindale, Monrovia, 
and Sierra Madre):  Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-
0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

Measurements of dieldrin in sediment and water flowing into Peck Road Park Lake are below detection 
limits, but most dieldrin load is expected to move in association with sediment.  Therefore no separate 
wasteload allocation or reduction is assigned to the Colorado Well Aquifer (Order No. R4-2003-0108, 
CAG994005) as it is not expected to deliver sediment loads.  On the other hand, the suspended sediment 
in water flowing into the lake is assigned wasteload allocations.  Additionally, the TMDL establishes 
wasteload allocations for dieldrin in the water column equal to the CTR based water column target.  The 
CTR based water column target includes both dissolved dieldrin and dieldrin associated with suspended 
sediment.  Comparing the sediment concentration target to the average detection limit for the influent 
samples of 0.91 μg/kg dry weight suggests that a reduction of approximately 53 percent in dieldrin loads 
is needed. 

The wasteload allocations are shown in Table 4-44 and each wasteload allocation must be met at the point 
of discharge. 

∑ ++= MOSLAWLATMDL
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Table 4-44. Wasteload Allocations for Dieldrin in Peck Road Park Lake 

Sub-
watershed Responsible Jurisdiction Input 

Wasteload Allocation 
for Dieldrin Associated 

with Suspended 
Sediment3  

(μg/kg dry weight) 

Wasteload 
Allocation for 
Dieldrin in the 
Water Column3

Eastern 

 
(ng/L) 

Arcadia MS4 Stormwater 0.43 1 0.14 

Eastern Bradbury MS4 Stormwater 0.43 1 0.14 

Eastern Caltrans State Highway 
Stormwater

0.43 
1 

0.14 

Eastern Duarte MS4 Stormwater 0.43 1 0.14 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater  

(in the city of Duarte) 

0.43 
1 

0.14 

Eastern  Irwindale MS4 Stormwater 0.43 1 0.14 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Irwindale) 

General Industrial 
Stormwater

0.43 
1 

0.14 

Eastern  County of Los Angeles MS4 Stormwater 0.43 1 0.14 

Eastern  Monrovia MS4 Stormwater 0.43 1 0.14 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Monrovia) 

General Industrial 
Stormwater

0.43 
1 

0.14 

Eastern  Angeles National Forest Stormwater 0.43 1 0.14 

Diversion Los Angeles County 
Department of Public Works 

Water Diversion 0.43 0.14 

Near Lake Arcadia MS4 Stormwater 0.43 1 0.14 

Near Lake General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

0.43 
1 

0.14 

Near Lake El Monte MS4 Stormwater 0.43 1 0.14 

Near Lake Irwindale MS4 Stormwater 0.43 1 0.14 

Near Lake County of Los Angeles MS4 Stormwater 0.43 1 0.14 

Near Lake Monrovia MS4 Stormwater 0.43 1 0.14 

Western Arcadia MS4 Stormwater 0.43 1 0.14 

Western General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

0.43 
1 

0.14 

Western Caltrans State Highway 
Stormwater

0.43 
1 

0.14 

Western County of Los Angeles MS4 Stormwater 0.43 1 0.14 

Western Monrovia MS4 Stormwater 0.43 1 0.14 
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Sub-
watershed Responsible Jurisdiction Input 

Wasteload Allocation 
for Dieldrin Associated 

with Suspended 
Sediment3  

(μg/kg dry weight) 

Wasteload 
Allocation for 
Dieldrin in the 
Water Column3

Western 

 
(ng/L) 

Sierra Madre MS4 Stormwater 0.43 1 0.14 

Western  Angeles National Forest Stormwater 0.43 1 0.14 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  Any future discharges governed by the general construction 
and general industrial stormwater permits will receive the same concentration-based wasteload allocations. 

3 

4.7.6.1.2 Alternative Wasteload Allocations if the Fish Tissue Target is Met 

Each wasteload allocation must be met at the point of discharge. 

The wasteload allocations listed in Table 4-44 will be superseded, and the wasteload allocations in Table 
4-45 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 0.46 ppb wet weight has been met for the preceding three or more years.  
A demonstration that the fish tissue target has been met in any given year must at minimum 
include a composite sample of skin off fillets from at least five largemouth bass each measuring 
at least 350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 4-45, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each wasteload allocation must be met at the point of discharge. 

Table 4-45. Alternative Wasteload Allocations for Dieldrin in Peck Road Park Lake if the Fish 
Tissue Target is Met 

Sub-
watershed Responsible Jurisdiction Input 

Wasteload Allocation 
for Dieldrin Associated 

with Suspended 
Sediment3  

(μg/kg dry weight) 

Wasteload 
Allocation for 
Dieldrin in the 
Water Column3

Eastern 

 
(ng/L) 

Arcadia MS4 Stormwater 1.90 1 0.14 

Eastern Bradbury MS4 Stormwater 1.90 1 0.14 

Eastern Caltrans State Highway 
Stormwater

1.90 
1 

0.14 

Eastern Duarte MS4 Stormwater 1.90 1 0.14 

Eastern General Industrial 
Stormwater Permittees2

General Industrial 
Stormwater  

(in the city of Duarte) 

1.90 
1 

0.14 

Eastern  Irwindale MS4 Stormwater 1.90 1 0.14 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Irwindale) 

General Industrial 
Stormwater

1.90 
1 

0.14 

RB-AR37850



Peck Road Park Lake TMDLs March 2012 

 
 4-69 

Sub-
watershed Responsible Jurisdiction Input 

Wasteload Allocation 
for Dieldrin Associated 

with Suspended 
Sediment3  

(μg/kg dry weight) 

Wasteload 
Allocation for 
Dieldrin in the 
Water Column3

Eastern  

 
(ng/L) 

County of Los Angeles MS4 Stormwater 1.90 1 0.14 

Eastern  Monrovia MS4 Stormwater 1.90 1 0.14 

Eastern  General Industrial 
Stormwater Permittees  
(in the city of Monrovia) 

General Industrial 
Stormwater

1.90 
1 

0.14 

Eastern  Angeles National Forest Stormwater 1.90 1 0.14 

Diversion Los Angeles County 
Department of Public Works 

Water Diversion 1.90 0.14 

Near Lake Arcadia MS4 Stormwater 1.90 1 0.14 

Near Lake General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

1.90 
1 

0.14 

Near Lake El Monte MS4 Stormwater 1.90 1 0.14 

Near Lake Irwindale MS4 Stormwater 1.90 1 0.14 

Near Lake County of Los Angeles MS4 Stormwater 1.90 1 0.14 

Near Lake Monrovia MS4 Stormwater 1.90 1 0.14 

Western Arcadia MS4 Stormwater 1.90 1 0.14 

Western General Industrial 
Stormwater Permittees  
(in the city of Arcadia) 

General Industrial 
Stormwater

1.90 
1 

0.14 

Western Caltrans State Highway 
Stormwater

1.90 
1 

0.14 

Western County of Los Angeles MS4 Stormwater 1.90 1 0.14 

Western Monrovia MS4 Stormwater 1.90 1 0.14 

Western Sierra Madre MS4 Stormwater 1.90 1 0.14 

Western  Angeles National Forest Stormwater 1.90 1 0.14 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the Cities of Arcadia, Duarte, Irwindale and Monrovia.  Any future discharges governed by the general construction 
and general industrial stormwater permits will receive the same concentration-based wasteload allocations. 

3 

4.7.6.2 Load Allocations  

Each wasteload allocation must be met at the point of discharge. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for dieldrin (“Alternative LAs if the Fish Tissue Target is Met”) described in 
Section 4.7.6.2.2. The alternative load allocations will supersede the load allocations in Section 4.7.6.2.1 
if the conditions described in Section 4.7.6.2.2 are met. 
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4.7.6.2.1 Load Allocations 
No part of the watershed of Peck Road Park Lake is outside MS4 jurisdiction; therefore no LAs are 
assigned to watershed loads.  No load is allocated to atmospheric deposition of dieldrin.  The legacy 
dieldrin stored in lake sediment is the major cause of impairment associated with elevated fish tissue 
concentrations, and is assigned a load allocation.  The in-lake allocation is in concentration terms: 
specifically, the responsible jurisdictions (County of Los Angeles) should achieve a dieldrin concentration 
of 0.43 μg/kg dry weight in lake bottom sediments (Table 4-46). 

Table 4-46. Load Allocations for Dieldrin in Peck Road Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(μg/kg dry weight) 

Lake Surface County of Los Angeles Lake bottom sediments 0.43 

 

4.7.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 
The load allocations listed in Table 4-46 will be superseded, and the load allocations in Table 4-47 will 
apply, if: 

1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 0.46 ppb wet weight has been met for the preceding three or more years.  
A demonstration that the fish tissue target has been met in any given year must at minimum 
include a composite sample of skin off fillets from at least five largemouth bass each measuring 
at least 350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 4-47, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Table 4-47. Alternative Load Allocations for Dieldrin in Peck Road Park Lake if the Fish Tissue 
Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface County of Los Angeles  Lake bottom sediments 1.90 

 

4.7.6.3 Margin of Safety 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target. 
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4.7.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate dieldrin, concentrations in tissues of edible sized game fish integrate exposure over a 
number of years.  As a result, overall average loading is more important for the attainment of standards 
than instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations 
and protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects 
for critical conditions. 

4.7.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the dieldrin WLAs are expressed as concentrations on sediment, the daily maximum allowable 
load is calculated from the maximum daily sediment load multiplied by the TMDL WLA concentration.  
The maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Peck Road Park Lake watershed.  USGS Station 11101250, on the 
Rio Hondo River above the Whittier Narrows Dam, was selected as a surrogate for flow determination.  
The 99

 percentile daily flow and the sediment event 
mean concentration that yields the estimated annual sediment load.   

th percentile flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 
percentile flow eliminates errors due to outliers and is reasonable for development of a daily load 
expression. 

th percentile flow for the Rio Hondo  
(952 cfs) (Wolock, 2003).  To estimate the peak flow to Peck Road Park Lake, the 99th percentile flow for 
the Rio Hondo was scaled down by the ratio of drainage areas (23,564 acres/58,368 acres; Peck Road 
Park Lake watershed area/Rio Hondo watershed area at the gage).  The resulting peak flow estimate for 
Peck Road Park Lake is 384 cfs.  The 99th

The event mean concentration of sediment in stormwater (71.7 mg/L) was calculated from the estimated 
existing watershed sediment load of 990.3 tons/yr (

 percentile diverted flow from the San Gabriel River to Peck 
Road Park Lake is 328 cfs.  Therefore, the total peak daily flow rate is 712 cfs.   

Table 4-14) divided by the total stormflow volume 
reaching the lake (10,158 ac-ft, Table 4-7).  Multiplying the sediment event mean concentration by the 
99th

4.7.6.6 Future Growth 

 percentile peak daily flow (712 cfs) yields a daily maximum sediment load from stormwater of 137.7 
tons/d.  Applying the wasteload allocation concentration of 0.43 ng dieldrin per dry g of sediment yields 
the stormwater daily maximum allowable load of 0.054 g/d of dieldrin.  This load is associated with the 
MS4 stormwater permittees and the water diversion.  The maximum allowable daily load must be met on 
all days, and the concentration-based WLAs must be met to ensure compliance with the TMDL. 

The manufacture and use of dieldrin is currently banned.  Therefore, no additional allowance is made for 
future growth in the dieldrin TMDL. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 
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4.8 TRASH IMPAIRMENT 

4.8.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Peck Road Park Lake 
was not identified specifically in the Basin Plan; therefore, the beneficial uses associated with the 
downstream segment (Rio Hondo below Spreading Grounds) apply:  REC1, REC2, WARM, WILD, 
MUN, and GWR (personal communication, Regional Board, December 22, 2009).  Descriptions of these 
uses are listed in Section 2 of this TMDL report.  Trash can potentially impair the REC1, REC2, and 
WARM in a variety of ways, including causing toxicity to aquatic organisms, damaging habitat, 
impairing aesthetics, and impeding recreation. 

4.8.2 Numeric Targets 
The numeric target is derived from the narrative water quality objective in the Los Angeles Basin Plan 
(LARWQCB, 1994) for floating material: 

“Waters shall not contain floating materials, including solids, liquids, foams, and scum, in 
concentrations that cause nuisance or adversely affect beneficial uses” 

 and for solid, suspended, or settleable materials: 

“Waters shall not contain suspended or settleable material in concentrations that cause nuisance 
or adversely affect beneficial uses.” 

The numeric target for the Peck Road Park Lake Trash TMDL is 0 (zero) trash in or on the water and on 
the shoreline.  Zero trash is defined as no allowable trash discharged into the waterbody of concern, 
shoreline, and channels.  No information has been found to justify any value other than zero that would 
fully support the designated beneficial uses.  Furthermore, court rulings have found that a numeric target 
of zero trash is legally valid (City of Arcadia et al. v. Los Angeles Regional Water Quality Control Board 
et al. (2006) 135 Cal.App.4th 1392).  The numeric target was used to calculate the waste load allocations 
for point sources and load allocations for nonpoint sources, as described in the following sections of this 
report.   

4.8.3 Summary of Monitoring Data 
The existing beneficial uses are impaired by the accumulation of suspended and settled debris.  Common 
items that were observed include plastic bags, plastic pieces, paper items, plastic and glass bottles, 
Styrofoam, bottle caps, and cigarette butts.  Heavier debris has also been transported during storms or 
dumped on the shoreline or in the lake. 

According to California’s 2006 303(d) Impaired Waterbodies List, trash is causing water quality 
problems in Peck Road Park Lake.  USEPA and Regional Water Quality Control Board staff confirmed 
the trash impairment during a site visit to Peck Road Park Lake on March 9, 2009.  Staff conducted 
quantitative trash assessments and documented the trash impairment with photographs.  Trash was 
observed in the lake, along shores and fences surrounding the lake, and at the outlet of storm drains 
discharging into the lake.  Trash of major concern, found on March 9, 2009, included a chicken carcass 
with numerous egg shells (a biohazard) near the industrial facilities, furniture in the water, a large 
tattered blanket near the park, and a decomposing animal near Sawpit Wash.  
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Three quantitative trash assessments were conducted according to the Rapid Trash Assessment protocol 
which gives each shoreline a numeric score out of a possible 120 points (SWAMP, 2007). Higher scores 
correspond to cleaner areas, with 120 points representing a clean area.  The severity of the trash problem 
was scored based upon the condition of the following parameters: level of trash, actual number of trash 
items found, threat to aquatic life, threat to human health, illegal dumping and littering, and 
accumulation of trash.  Trash assessments were conducted within a 100 ft long by 10 ft wide area. If the 
shoreline was too steep, trash was observed from a distance.  Any piece of trash visible from greater than 
10 ft away was considered a large piece of trash.  The site visit evaluated different land use types 
surrounding Peck Road Park Lake, including recreational use, industrial businesses, and urban runoff.  

4.8.3.1 Peck Road Park 
In the park area near the parking lot were roughly 20 picnic tables with barbeque grills and four trash 
cans.  More trash cans were placed near the bathroom but none were observed near the trail.  These 
uncovered trash cans can be a source of trash because animals or wind may transport trash from the cans 
to the shoreline or lake.  People were observed to be fishing, walking around the lake, sitting at picnic 
tables, and recreating near the water. Approximately 50 birds were observed in the park portion of Peck 
Road Park Lake.  A 100-foot trash assessment was conducted on the beach near the bathroom and parking 
lot.  The area scored a 48/120 with some trash items found in the water.  Because this area is more 
accessible to the public, it might lead to greater picnicking activities and trash littering (Figure 4-10). 

 

 
Figure  4-10. Picnic Area near Quantitative Assessment Location #1 

4.8.3.2 Industrial Area 
Between 50-300 large pieces of trash were observed along 100 ft of shoreline in the industrial area 
surrounding Peck Road Park Lake.  The area was too steep to appropriately conduct a quantitative trash 
assessment, but items observed from a distance included plastic bags, milk jugs, a tire, a cooler, metal 
cable, and industrial scraps.  Figure 4-11 shows an example of the trash impairment along the 
northeastern shore of the lake.  A chain link fence surrounds the industrial facilities, which acts as a buffer 
to trash entering the park.  The trash accumulated near the fence does not appear to have been removed 
for a long period. Many dumpsters at the industrial sites were uncovered or overflowing with debris. 
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Some companies were notably tidier than others.  A transient tarp shelter with over 100 pieces of large 
visible trash within 100 ft of the shelter was also noted.  

 
Figure  4-11. Evidence of Dumping near the Industrial Facilities 

4.8.3.3 Sawpit Wash 
The second quantitative trash assessment was conducted near the inlet of Sawpit Wash.  This area scored 
a 12/120 due to a heavy accumulation of trash, evidence of trash dumping, and much trash debris found in 
the water.  Water levels in the past were probably higher (i.e., during storm events) as evidenced by trash 
being stuck higher in branches (Figure 4-12).  Specific items found included a semiconductor, pepper 
spray, a spray paint can, cigarette butts, furniture, and Styrofoam and plastic pieces. 

 
Figure  4-12. A Bird Lives amongst Trash near the Sawpit Wash Inlet to  

Peck Road Park Lake 
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4.8.3.4 Santa Anita Wash and Adjacent Area to the South 
In general, the Santa Anita Wash area has a terraced grading.  Visual assessment showed less than five 
larger pieces of trash per 100 ft.  Residential homes, a school, and golf course were tidy and had fences 
enclosing their property.  Dog excrement was observed along the bike trail.  Although a large sediment 
buildup was observed next to a shopping cart, the amount of large visible trash was low near the lake 
inlet. 

The third quantitative trash assessment was completed near Santa Anita Wash, which scored a 49/120. 
Grading was similar along most of the western shore except for a short beach area which was included in 
this assessment. Along this portion of the shore, a tree provided a physical space for trash to become 
entangled (Figure 4-13).  Shorelines without any physical obstruction allowed trash to blow directly into 
the lake.  Some trash items were observed in the water.  

Locations of the three quantitative trash assessments are shown in Figure 4-14.  

 

 
Note: Trash accumulates where physical space for entanglement such as branches are present, but 
likely blows directly into the lake along barren portions of the eastern shore of Peck Road Park Lake. 

Figure  4-13. Trash Accumulates near Santa Anita Wash 
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Figure  4-14. Quantitative Monitoring Locations at Peck Road Park Lake 

 

During a follow-up visit to Peck Road Park Lake on August 5, 2009, trash was similarly observed in the 
lake and on the shore.  No quantitative surveys were conducted.  

In summary, trash was present in and along the shore of Peck Road Park Lake during all visits.  The main 
trash problems were near the park, industrial facilities, and storm drain outfalls.  

4.8.4 Source Assessment 
The major source of trash in Peck Road Park Lake is due to litter, which is intentionally or accidentally 
discarded in the lake and watershed.  Potential sources can be categorized as point sources and nonpoint 
sources depending on the transport mechanisms.  For example: 

1. Storm drains: trash is deposited throughout the watershed and carried to various sections of the 
lake during and after rainstorms via storm drains.  This is a point source.  

2. Wind action: trash blown into the lake directly.  This is a nonpoint source. 

3. Direct disposal: direct dumping or littering into the lake.  This is a nonpoint source. 

Since the Peck Road Park Lake watershed includes residential areas, open space, parks, roads, and storm 
drains, both point and nonpoint sources contribute trash to the lake.  

4.8.4.1 Point Sources 
Trash conveyed by stormwater through storm drains to Peck Road Park Lake is evidenced by trash 
accumulation at the end of storm drains discharging to the lake.    
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Based on reports from similar watersheds, the amount and type of trash transported is a function of the 
surrounding land use.  The city of Long Beach recorded trash quantity collected at the mouth of the Los 
Angeles River; the results suggest total trash amount is linearly correlated with precipitation (Figure 4-15, 
R2

 

=0.90, Signal Hill, 2006).  A similar study found that the amount of gross pollutants entering the 
stormwater system is rainfall dependent but does not necessarily depend on the source (Walker and 
Wong, 1999).  The amount of trash entering the stormwater system depends on the energy available to re-
mobilize and transport deposited gross pollutants on street surfaces, rather than the amount of available 
gross pollutants deposited on street surfaces.  Where gross pollutants exist, a clear relationship is 
established between the gross pollutant load in the stormwater system and the magnitude of the storm 
event.  The limiting mechanism affecting the transport of gross pollutants, in the majority of cases, 
appears to be re-mobilization and transport processes (i.e., stormwater rates and velocities). 

 
Figure  4-15. Storm Debris Collection Summary for Long Beach (Signal Hill, 2006) 

 

In order to estimate trash generation rates, data from a comparable watershed were analyzed.  The city of 
Calabasas completed a study on a Continuous Deflective Separation (CDS) unit installed to catch runoff 
from Calabasas Park Hills to Las Virgenes.  The CDS unit is a hydrodynamic separator that uses vortex 
settling to remove sediment, trap debris and trash, and separate floatables such as oil and grease.  It is 
assumed that this CDS unit prevented all trash from passing through.  The calculated area drained by this 
CDS Unit is approximately 12.8 square miles.  Regional Board staff estimated the waterbody’s urbanized 
area to be 0.10 square miles.  The results of this clean-out, which represents approximately half of the 
1998-1999 rainy season, were 2,000 gallons of sludgy water and a 64-gallon bag two-thirds full of plastic 
food wrappers.  Part of the trash accumulated in this CDS unit for over half of the rainy season is assumed 
to have decomposed due to the absence of paper products.  Since the CDS unit was cleaned out after 
slightly more than nine months of use, it was assumed that this 0.10 square mile urbanized area produced 
a volume of 64 gallons of trash.  Therefore, 640 gallons of trash were generated per square mile per year.  
This estimate is used to determine trash loads.  

During the 1998/1999 and 1999/2000 rainy seasons, a Litter Management Pilot Study (LMPS) was 
conducted by Caltrans to evaluate the effectiveness of several litter management practices in reducing 
litter discharged from Caltrans stormwater conveyance systems.  The LMPS employed four field study 
sites, each of which was measured with the amount of trash produced when separate BMPs were applied. 
The average total load for each site normalized by the total area of control catchments was 6,677 
gallons/mi2/yr. Other trash generation rates and studies exist, but the LMPS study is the most applicable 
to Peck Road Park Lake because of similar land use, population density, and average daily traffic 
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conditions.  Therefore, this analysis will use 6,677 gallons/mi2

Table 4-48

/yr as the baseline estimate of trash for 
Caltrans roads. 

 shows the current estimated volume of trash deposited within each of the responsible 
jurisdictions, in gallons per year, assuming a trash generation rate of 6,677 gallons of uncompressed 
trash/mi2

Table 4-48. Peck Road Park Lake Estimated Point Source Trash Loads 

/yr for Caltrans and a trash generation rate of 640 gallons of uncompressed trash per square mile 
per year for other jurisdictions.  For responsible jurisdictions that are only partially located in the 
watershed, the square mileage indicated is for the portion in the watershed only.  The current loads need 
to be reduced 100 percent to meet the TMDL target of zero trash. 

Responsible Jurisdictions Point Source Area (mi2
Current Point Source Trash 

Load (gal/yr) ) 

Arcadia 3.5 2300 

Bradbury 0.79 500 

CA DOT (Caltrans) 0.14 950 

Duarte 1.7 1100 

El Monte 0.077 49 

Irwindale 0.78 500 

County of Los Angeles 16 10000 

Monrovia 13 8000 

Sierra Madre 1.1 680 

Note:  For Caltrans:  Current Point Source Trash Load (gal/yr) = Point Source Area (mi2) * 6,677 (gal/ mi2/yr).  For all 
other jurisdictions:  Current Point Source Trash Load (gal/yr) = Point Source Area (mi2) * 640 (gal/ mi2

4.8.4.2 Nonpoint Sources 

/yr) 

Nonpoint source pollution is a source of trash in Peck Road Park Lake.  Trash deposited in the lake from 
nonpoint sources is a function of transport via wind, wildlife, overland flow, and direct dumping.  

Few studies have evaluated the relationship between wind strength and movement of trash from land 
surfaces to a waterbody.  Lighter trash with a sufficient surface area to be blown in the wind, such as 
plastic bags, beverage containers, and paper or plastic food containers, are easily lifted and carried to 
waterbodies.  Also, overland flow carries trash from the shoreline to waterbodies.  Transportation of 
pollutants from one location to another is determined by the energy of both wind and overland stormwater 
flow.   

Existing trash surrounding the lake is the fundamental cause of nonpoint source trash loading.  Land use 
directly surrounding Peck Road Park Lake is low density single-family residential, industrial, and open 
space and recreational areas.  Visitors may intentionally or accidentally discard trash to grass or trails in 
the park, which initiate the journey of trash to waterbodies via wind or overland water flow.  Industrial 
facilities can contribute nonpoint sources of trash especially if dumpsters are overflowing and trash is not 
confined within a given area.  Varying uses of the park are responsible for different degrees of trash 
impairment.  For example, areas with picnic tables generate more trash than parking lots. Visitation rates 
are also likely linked to the amount of trash from nonpoint sources. 

Table 4-49 summarizes the nonpoint source area and current estimate of nonpoint source trash loads for 
responsible jurisdictions (the park area and responsible jurisdictions are illustrated in Figure 4-16), 
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assuming a trash generation rate of 640 gallons of uncompressed trash per square mile per year.  The 
current loads need to be reduced 100 percent to meet the TMDL target of zero trash. 

Table 4-49. Peck Road Park Lake Estimated Nonpoint Source Trash Loads 

Responsible Jurisdictions Nonpoint Source Area (mi2
Current Nonpoint Source 

Trash Load (gal/year) ) 

Arcadia 0.18 118.0 

El Monte 0.0048 3.1 

Irwindale 0.00031 0.2 

County of Los Angeles 0.00031 0.2 

Monrovia 0.048 31 

Note:  Current Nonpoint Source Trash Load (gal/yr) = Nonpoint Source Area (mi2) * 640 (gal/mi2

 

/yr) 

 

Figure  4-16. Park Area Associated with Peck Road Park Lake 

4.8.5 Linkage Analysis 
These TMDLs are based on numeric targets derived from narrative water quality objectives in the Los 
Angeles Basin Plan (LARWQCB, 1994) for floating materials and solid, suspended, or settleable 
materials.  The narrative objectives state that waters shall not contain these materials in concentrations 
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that cause nuisance or adversely affect beneficial uses.  Since any amount of trash impairs beneficial uses, 
the loading capacity of Peck Road Park Lake is set to zero allowable trash.   

4.8.6 TMDL Summary 
Both point sources and nonpoint sources are identified as sources of trash in Peck Road Park Lake.  For 
point sources, water quality standards are attained by assigning waste load allocations (WLAs) to 
permittees of the Los Angeles County Municipal Separate Storm Sewer System (MS4) Permit and 
Caltrans (hereinafter referred to as responsible jurisdictions); these WLAs will be implemented through 
permit requirements.  For nonpoint sources, water quality standards are attained by assigning load 
allocations (LAs) to municipalities and agencies having jurisdictions over Peck Road Park Lake and its 
subwatershed.  These LAs may be implemented through regulatory mechanisms that implement the State 
Board’s 2004 Nonpoint Source Policy such as conditional waivers, waste discharge requirements, or 
prohibitions.  

The TMDL of zero trash requires that current loads are reduced by 100%.  Final WLAs and LAs are zero 
trash (Table 4-50).   

Table 4-50. Peck Road Park Lake Trash WLAs and LAs 

Peck Road Park Lake Allocation 

Trash WLA 0 

Trash LA 0 

4.8.6.1 Wasteload Allocations 
The geographical boundary contributing to point sources is defined by watershed areas which contain 
conveyances discharging to the waterbodies of concern.  Conveyances include, but are not limited to, 
natural and channelized tributaries, and stormwater drains and conveyances.  Federal regulations require 
that NPDES permits incorporate water quality based effluent limitations (WQBELs) consistent with the 
requirements and assumptions of any available wasteload allocations (WLAs).   

Wasteload allocations are set to zero allowable trash.  

The permits affected are 

• County of Los Angeles (includes all cities in Los Angeles County except Long Beach):  Board 
Order 01-182 (as amended by Board Orders R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Industrial Stormwater: Order No 97-03-DWQ, CAS000001 

4.8.6.2 Load Allocations  
Nonpoint source areas refer to locations where trash may be carried by overland flow, wildlife, or wind to 
waterbodies.  Due to the transportation mechanism by wind, wildlife, and overland flow to relocate trash 
from land to waterbodies, the nonpoint source area may be smaller than the watershed.  In addition, trash 
loadings frequently occur immediately around or directly into the lake making the load allocation a 
significant source of trash.  According to the study by the city of Calabasas, the trash generation rate is 
640 gallons per square mile per year from nonpoint sources areas (including, but not limited to, schools, 
commercial areas, residential areas, public services, roads, and open space and parks areas).  Current trash 
rates were calculated in the nonpoint source section. 
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Load allocations (LAs) for nonpoint sources are zero trash.  Zero is defined as no allowable trash found in 
and on the lake, and along the shoreline.  According to the Porter-Cologne Act, load allocations may be 
addressed by the conditional waivers of WDRs, or WDRs.  Responsible jurisdictions should monitor the 
trash quantity deposited in the vicinities of the waterbodies of concern as well as on the waterbody to 
comply with the load allocation. 

The area adjacent to Peck Road Park Lake or defined as nonpoint sources includes parking lots, 
recreational areas, picnic areas, hiking trails, residential, commercial, industrial, roads, public facilities, 
and open space areas.  Assuming that trash within a reasonable distance from Peck Road Park Lake has a 
high potential to reach the waterbody, the nonpoint source jurisdictions are Arcadia, El Monte, Irwindale, 
the county of Los Angeles, and Monrovia.  All load allocations are set to zero allowable trash. 

4.8.6.3 Margin of Safety 
A margin of safety (MOS) accounts for uncertainties in the TMDL analysis.  The MOS can be expressed 
as an explicit mass load, or included implicitly in the WLAs and LAs that are allocated.  Because this 
TMDL sets WLAs and LAs as zero trash, the TMDL includes an implicit MOS.  Therefore, an explicit 
MOS is not necessary. 

4.8.6.4 Critical Conditions/Seasonality 
Critical conditions for Peck Road Park Lake are based on three conditions that correlate with loading 
conditions: 

• Major storms 

• Wind advisories issued by the National Weather Service 

• High visitation – On weekends and holidays from May 15 to October 15.  

Critical conditions do not affect wasteload or load allocations because zero trash is a conservative target. 
However, implementation efforts should be heightened during critical conditions in order to ensure that 
no trash enters the waterbody. 

4.8.6.5 Future Growth 
If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

4.9 IMPLEMENTATION RECOMMENDATIONS 
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits, or non-point source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that can reduce 
pollutant loading to lakes include but are not limited to:  increasing the volume of the lake that is aerated; 
installing hydroponic islands to remove nutrients; increasing flow volume or circulation in the lake; 
reducing stormwater discharges by improved infiltration; treating stormwater or supplemental water 
inputs with a wetland system; alum treatment to immobilize nutrients in sediments; dredging in lake 
sediments; and/or fisheries management actions to reduce nutrient availability from sediments. 
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Additionally, responsible jurisdictions implementing these TMDLs are encouraged to utilize Los Angeles 
County’s Structural Best Management Practice (BMP) Prioritization Methodology which helps identify 
priority areas for constructing BMP projects.  The tool is able to prioritize based on multiple pollutants.  
The pollutants that it can prioritize includes bacteria, nutrients, trash, metals and sediment.  Reducing 
sediment loads would reduce OC pesticides and PCBs delivery to the lake in many instances. More 
information about this prioritization tool is available at: labmpmethod.org. 

If necessary, these TMDLs may be revised as the result of new information (See Section 4.10 Monitoring 
Recommendations). 

4.9.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy.  Additionally, South Coast Air 
Quality Management District has authority to regulate air emissions throughout the basin that affect air 
deposition.  Load allocations are expressed in Table 4-9, Table 4-18, Table 4-28, Table 4-37, Table 4-46, 
and Table 4-50 for nutrients, PCBs, chlordane, DDT, dieldrin, and trash, respectively.  

4.9.2 Point Sources and the Implementation of Wasteload Allocations  
Wasteload allocations apply to MS4, Caltrans, and General Industrial Stormwater permits as well as the 
San Gabriel River Water Diversion.  Wasteload allocations are expressed in Table 4-8, Table 4-16, Table 
4-26, Table 4-36, Table 4-44, and Table 4-50 for nutrients, PCBs, chlordane, DDT, dieldrin, and trash, 
respectively.  The concentration and mass-based wasteload allocations will be incorporated into the 
Caltrans and Los Angeles County MS4 permits.  Concentration-based wasteload allocations will be 
incorporated into the General Industrial Stormwater permit. 

4.9.3 Source Control Alternatives 
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention or treatment options) to treat the stormwater and supplemental water flows entering the 
lake, as well as stormwater diversion and infiltration using methods such as porous pavements and rain 
gardens.  Implementing these options can reduce the lake’s nutrient loads and, in the case of recirculation 
through constructed wetlands, reduce in-lake nutrient concentrations.  The City of Los Angeles has 
modeled expected nutrient concentration reductions to stormwater flows to Echo Park Lake from 
constructed wetlands, and construction is currently underway.  Information about this and other City of 
Los Angeles water quality improvement projects are available on Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

Peck Road Park Lake has nutrient-related, chlordane, dieldrin, DDT, PCBs, and trash impairments.  
While there are some management strategies that would address multiple impairments (i.e., sediment 
removal BMPs in upland areas), their differences warrant separate implementation and monitoring 
discussions.   

4.9.3.1 Nutrient-Related Impairments 
To prevent degradation of this waterbody due to nutrient loading that may be associated with future land 
use changes, source reduction and pollutant removal BMPs, designed to reduce sediment loading, could 
be implemented throughout the watershed as these management practices will also reduce the nutrient 
loading associated with sediments.  Dissolved loading associated with dry and wet weather runoff also 
contributes nutrient loading to Peck Road Park Lake.  Some of the sediment reduction BMPs may also 
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result in decreased concentrations of nitrogen and phosphorus in the runoff water.  Storage of storm flows 
in wet or dry ponds may allow for adsorption and settling of nutrients from the water column.  BMPs that 
provide filtration, infiltration, and vegetative uptake and removal processes may retain nutrient loads in 
the upland areas.   

Education of park maintenance staff regarding the proper placement, timing, and rates of fertilizer 
application will also result in reduced nutrient loading to the lake.  Staff should be advised to follow 
product guidelines regarding fertilizer amounts and to spread fertilizer when the chance of heavy 
precipitation in the following days is low.  Encouraging pet owners to properly dispose of pet wastes will 
also reduce nutrient loading associated with fecal material that may wash directly into the lake or into 
storm drains that eventually discharge to the lake.  Discouraging feeding of birds at the lake will reduce 
nutrient loading associated with excessive bird populations.   

In order to meet the fine particulate (PM2.5) and ozone (O3) national ambient air quality standards by their 
respective attainment dates of 2015 and 2024, the South Coast Air Quality Management District and the 
California Air Resources Board have prepared an air quality management plan that commits to reducing 
nitrogen oxides (NOx, a precursor to both PM2.5

4.9.3.2 Organochlorine Pesticides and PCBs Impairments 

 and ozone) by over 85 percent by 2024.  These 
reductions will come largely from the control of mobile sources of air pollution such as trucks, buses, 
passenger vehicles, construction equipment, locomotives, and marine engines.  These reductions in NOx 
emissions will result in reductions of ambient NOx levels and atmospheric deposition of nitrogen to the 
lake surface.   

The manufacture and use of chlordane, DDT, dieldrin, and PCBs are currently banned in the U.S. except 
for certain limited uses of PCBs authorized by USEPA.  Therefore, no additional allowances for future 
growth are needed in the TMDLs.  Source control BMPs and pollutant removal are the most suitable 
courses of action to reduce OC pesticides and PCBs in Peck Road Park Lake.  The TMDL calculations 
performed for each pollutant (described above in their individual sections) indicated internal lake storage 
as the greatest contributing source and driving factor affecting fish tissue concentrations.  Additionally, 
the current watershed loads are a small fraction of the total loading that would be required to maintain the 
current sediment concentrations in the lake under steady-state conditions.  This indicates that historic 
loading is causing the elevated fish tissue concentrations.  It also suggests that concentrations in fish will 
decline over time.  The most effective remedial actions and/or implementation efforts will focus on 
addressing the internal lake storage, such as capping or removal of contaminated lake sediments.  For 
chlordane and dieldrin, the current watershed loads may not need any further reduction from current 
levels. 

When properly conducted, removal of contaminated lake sediments, or dredging, can be an effective 
remediation option.  The object of sediment dredging is to eliminate the pollutants that have accumulated 
in sediments at the lake bottom.  Dredging is optimal in waterbodies with known spatial distribution of 
contamination because sediment removal can focus on problem areas.  However, no spatial pattern of 
pollutant contamination was apparent in Peck Road Park Lake.  Removal of the contaminated sediments 
reduces the pollutants available to in-lake cycling by discontinuing exposure to benthic organisms and 
reducing water column loading, resulting in reduced bioaccumulation in higher trophic level fish.  
Potential negative effects of dredging include increased turbidity and lowered dissolved oxygen 
concentrations in the short term, and disturbance to the benthic community and reactivation of buried 
sediment and any associated pollutants.  

In some cases, sediment capping may be appropriate to sequester contaminated sediments below an 
uncontaminated layer of sediment, clay, gravel, or media material.  Capping is effective in restricting the 
mobility of OC pesticides and PCBs; however, it is most useful in deep lakes and is likely not a viable 
solution for some parts of Peck Road Park Lake.  Capping implementation should be restricted to areas 
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with sediments that can support the weight of a capped layer, and to areas where hydrologic conditions of 
the waterbody will not disturb the cap. 

The in-lake options for remediation are costly, but would be the only way to achieve full use support in a 
short timeframe.  It is, however, also true that the OC pesticides and PCBs in question are no longer 
manufactured and will tend to decline in concentration due to dilution by clean sediment and natural 
attenuation.  Natural attenuation includes the chemical, biological, and physical processes that degrade 
compounds, or remove them from lake sediments in contact with the food chain, and reduce the 
concentrations and bioavailability of contaminants.  These processes occur naturally within the 
environment and do not require additional remediation efforts; however, the half-lives of OC pesticides 
and PCBs in the environment are long, and natural attenuation often requires decades before observing 
significant improvement. 

Loading from the watershed can also be expected to decline over time due to natural attenuation and 
gradual reduction in atmospheric deposition rates.  While reductions are called for in watershed loads, 
these loads are a small fraction of the historic loads already stored in the lakes.  Limited sampling has not 
identified any hotspots of elevated loading under current conditions.  It may, however, be necessary to 
further investigate potential sources of OC pesticides and PCBs loading in the watershed, such as active 
and abandoned industrial sites, waste disposal areas, former chemical storage areas, and other potential 
hotspots. 

4.9.3.3 Trash Impairment  
WLA may be complied with via full capture systems, partial capture systems, nonstructural BMPs, or any 
other lawful method which meets the target of zero trash.  USEPA recommends the installation of full 
capture systems throughout the watershed.  The Linear Radial, Inclined Screen, Baffle Box, and Catch 
Basin Insert are examples of full capture systems that fulfill the criteria of capturing all trash greater than 
5 mm during flow less than the 1-year 1-hour storm.  The Linear Radial utilizes a casing with louvers to 
serve as screens or mesh screen.  Flows are routed through the louvers and into a vault.  The Inclined 
Screen uses wedge-wire screen with the slotting perpendicular or parallel to the direction of flow.  This 
device is configured with an influent trough to allow solids to settle.  The Baffle Box applies a two-
chamber concept: the first chamber utilizes an underflow weir to trap floatable solids, and the second 
chamber uses a bar rack to capture material.  The catch basin has an opening cover screen which is a 
coarse mesh screen at street level that is paired with a catch basin insert, a 5 mm screen inside the catch 
basin which filters out smaller trash. USEPA recommends implementation plans be consistent with the 
Los Angeles River trash TMDL. A monitoring plan should be developed in order to understand the 
effectiveness of the implementation efforts.  

LA may be complied with through the implementation of nonstructural BMPs or any other lawful 
methods which meet the target of zero trash.  A minimum frequency of trash collection and assessment 
should be established at an interval that prevents trash from accumulating in deleterious amounts in 
between collections.   

Trash should be prevented by providing effective public education about littering impacts.  Signs 
dissuading littering and wildlife feeding along roadways and around the lake are recommended.  

A city ban, tax, or incentive program reducing single-use plastic bags, Styrofoam containers, and other 
commonly discarded items which cannot decompose is recommended (Los Angeles County Department 
of Public Works, 2007).  

Peck Road Park’s grounds and facilities are maintained by the Los Angeles County Department of Parks 
and Recreation.  Trash is currently collected and removed from the park twice a week.  However, trash is 
not collected in locations unsafe to reach with court referral labor, such as steep slopes.  The Los Angeles 
County Department of Parks and Recreation should continue to expand the current trash pickup program. 
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In particular, trash should be collected from all areas of the lake including shorelines with steeper slopes 
(e.g., northeastern region). 

The Los Angeles County Flood Control District is responsible for the trash in the lake.  Currently, no 
method exists to remove trash from the middle of the lake.  Therefore, a regular in-lake trash pickup 
schedule should be implemented, in addition to reporting and scheduling immediate trash collection of 
dangerous items.  

The prevention and removal of trash in Peck Road Park Lake will lead to enhanced aesthetics, improved 
water quality, and the protection of habitat.  

4.10  MONITORING RECOMMENDATIONS 
Although estimates of the loading capacity and allocations are based on best available data and 
incorporate a MOS, these estimates may potentially need to be revised as additional data are obtained.  
The mass-based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.   

To provide reasonable assurances that the assigned allocations will result in compliance with the 
chlorophyll a, fish tissue and trash targets, a commitment to continued monitoring and assessment is 
warranted.  The purposes of such monitoring will be: 1) to determine compliance with wasteload and load 
allocations, 2) to determine if numeric targets are being attained, 3) to evaluate whether numeric targets 
and allocations need to be adjusted to attain beneficial uses, 4) to evaluate the efficacy of control 
measures instituted to achieve the needed load reductions, and 5) to document trends over time in algal 
densities and bloom frequencies, fish tissue organochlorine compounds concentrations and trash levels.     

4.10.1 Nutrient Related Impairments 
To assess compliance with the nutrient TMDLs, monitoring for nutrients and chlorophyll a should occur 
at least twice during the summer months and once in the winter.  At a minimum, compliance monitoring 
should measure the following in-lake water quality parameters: ammonia, TKN or organic nitrogen, 
nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 
chlorophyll a.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should 
also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement.  All parameters must meet target levels at half the Secchi depth.  Deep lakes, such as Peck 
Road Park Lake, must meet the DO and pH targets in the water column from the surface to 0.3 meters 
above the bottom of the lake when the lake is not stratified.  However, when stratification occurs (i.e., a 
thermocline is present) then the DO and pH targets must be met in the epilimnion, the portion of the water 
column above the thermocline.  Additionally, in order to accurately calculate compliance with wasteload 
allocations to the lake expressed in yearly loads, monitoring should include flow estimation or monitoring 
as well as the water quality concentration measurements.  Wasteload allocations are assigned to 
stormwater inputs and the San Gabriel River Water Diversion. These sources should be measured near the 
point where they enter the lakes twice a year for at minimum: ammonia, TKN or organic nitrogen, nitrate 
plus nitrite, orthophosphate, total phosphorus, total suspended solids and total dissolved solids.   

The nutrient-response analysis for Peck Road Park Lake indicates that existing levels of nitrogen and 
phosphorus loading are resulting in attainment of the summer average chlorophyll a target concentration 
of 20 µg/L and are not significantly impacting DO levels in the waterbody.  As an antidegradation 
measure, nitrogen and phosphorus TMDLs are allocated based on existing loading.  As an example of 
concentrations that responsible jurisdiction may need to target in order to meet and comply with the mass-
based WLAs and LAs, this discussion provides concentrations calculated based on existing flow volumes 
(a recalculation is needed if flow volumes change).  Assuming flow volumes remain at existing levels 
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(Table 4-7), the targeted concentrations of total phosphorus and total nitrogen may be 0.62 mg-P/L and 
4.04 mg-N/L at the outlet of the eastern subwatershed and 0.54 mg-P/L and 3.85 mg-N/L at the outlet of 
the western subwatershed.  Targeted concentrations in the runoff from the near lake subwatershed may be 
0.62 mg-P/L and 4.13 mg-N/L.  The targeted concentration for San Gabriel River diversion waters may 
be 0.12 mg-P/L and 3.24 mg-N/L.  Assuming average precipitation depths, the targeted concentration of 
nitrogen in precipitation may be 0.182 mg-N/L.  As stated above, these concentrations are provided as 
guidelines; however, mass-based WLAs must be achieved.  

4.10.2 Organochlorine Pesticides and PCB Impairments 
To assess compliance with the organochlorine compounds TMDLs, monitoring should include 
monitoring of fish tissue at least every three years as well as once yearly sediment and water column 
sampling.  For the OC pesticides and PCBs TMDLs a demonstration that fish tissue targets have been met 
in any given year must at minimum include a composite sample of skin off fillets from at least five 
common carp each measuring at least 350mm in length.  At a minimum, compliance monitoring should 
measure the following in-lake water quality parameters: total suspended sediments, total PCBs, total 
chlordane, total DDTs, and dieldrin; as well as the following in-lake sediment parameters: total organic 
carbon, total PCBs, total chlordane, total DDTs and dieldrin.  Environmentally relevant detection limits 
should be used (i.e. detection limits lower than applicable target), if available at a commercial laboratory.   
Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should also be taken 
throughout the water column with a water quality probe along with Secchi depth measurement.  
Wasteload allocations are assigned to stormwater inputs and the San Gabriel River Water Diversion.  
These sources should be measured near the point where they enter the lakes once a year during a wet 
weather event.  Sampling should be designed to collect sufficient volumes of suspended solids to allow 
for the analysis of at minimum: total organic carbon, total suspended solids, total PCBs, total chlordane, 
total DDTs and dieldrin.  Measurements of the temperature, dissolved oxygen, pH and electrical 
conductivity should also be taken. 

WLAs and LAs for each pollutant were assigned to the sediment-associated load from the watershed as 
well as the lake sediments.  The concentration-based WLAs and LAs for chlordane, total DDTs, dieldrin, 
and total PCBs are 4.14 μg/kg dry weight, 5.28 g/dry g, 0.43 g/dry g, and 1.29 μg/kg dry weight, 
respectively.  The associated reductions from the watershed load needed to meet the WLAs are 45.1 
percent for total chlordane, 5.2 percent for total DDTs, and 91.6 percent for total PCBs.  A quantitative 
percent reduction cannot be estimated for dieldrin because all sediment samples were below detection 
limits (which are greater than the TMDL target concentration); however, the needed reduction appears to 
be on the order of 53 percent.   

4.10.3 Trash 
Responsible jurisdictions should monitor the trash quantity deposited in the vicinity of Peck Road Park 
Lake as well as on the waterbody to comply with the load allocation and to understand the effectiveness 
of various implementation efforts.  Quarterly monitoring using the Rapid Trash Assessment Method is 
recommended.  The trash TMDL target is zero trash; a 100 percent reduction is required. 
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5 Lincoln Park Lake TMDLs 
Lincoln Park Lake (#CAL4051501020000303205453) is listed for ammonia, eutrophication, lead, odor, 
organic enrichment/low dissolved oxygen, and trash (SWRCB, 2010).  This section of the TMDL report 
describes the impairments and the TMDLs developed to address nutrients (Section 5.2) and trash (Section 
5.4).  Nutrient load reductions are required to achieve the chlorophyll a target; these reductions are also 
expected to alleviate pH, odor, DO and ammonia problems.  Comparison of metals data to their 
associated hardness-dependent water quality objectives indicates that lead is currently achieving numeric 
targets at Lincoln Park Lake; therefore, a TMDL is not included for this pollutant.  Analyses for lead are 
presented below (Section 5.3).  

5.1 ENVIRONMENTAL SETTING 
Lincoln Park Lake is located in the Los Angeles River Basin (HUC 18070105) within the city of Los 
Angeles (Figure 5-1).  The Urban Lakes Study (UC Riverside, 1994) reported that the area was dedicated 
for park purposes on August 18, 1883, and that the lake and surrounding park were developed sometime 
in the early 1890s. The small urban lake has a surface area of 4.9 acres (based on Southern California 
Association of Governments [SCAG] 2005 land use), an average depth of approximately four feet as 
estimated from 2009 sampling events and the Urban Lakes Study (UC Riverside, 1994), and a total 
volume of approximately 19.6 acre-feet (volume calculated from estimated depth and surface area 
estimated from land use data).  The lake is filled primarily with potable water and the park restrooms are 
connected to the city sewer system.  Recreation includes catch and release fishing and there is a fountain 
near the center of the lake (Figure 5-2).  According to the California Department of Fish and Game, trout 
are stocked periodically (CDFG, 2009).  Visitors are not allowed to boat or swim in the lake.  Bird 
feeding is another recreational activity at Lincoln Park Lake, and heavy feeding has been observed during 
recent fieldwork, likely contributing to larger bird populations.  Lake managers use algaecides to control 
algal growth in the lakes on an as needed basis.  Additional characteristics of the watershed are 
summarized below.   

 
Figure 5-1. Location of Lincoln Park Lake 
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Figure 5-2. View of Lincoln Park Lake from the West Shore Boat Ramp 

5.1.1 Elevation, Storm Drain Networks, and TMDL Subwatershed 
Boundaries 

The Lincoln Park watershed is 37.1 acres and ranges in elevation from 104 meters to 132 meters (Figure 
5-3).  Though the lake appears to be connected to a storm drain network (coverage provided by the county 
of Los Angeles), this system actually passes under Lincoln Park Lake and does not discharge stormwater 
to the lake (personal communication, Shoukofe Marashi, city of Los Angeles, to Anna Sofranko, USEPA 
Region 9, September 25, 2009).  Overflow from the lake discharges to the storm drain system (Figure 5-
4).  The subwatershed boundary for Lincoln Park Lake is comprised only of the surrounding parklands.  
The TMDL subwatershed boundary was manually delineated based on the digital elevation data.  The 
resulting area is assigned load allocations for TMDL development; the supplemental water additions are 
assigned wasteload allocations.   
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Figure 5-3. Elevation, Storm Drain Networks, and TMDL Subwatershed Boundary for Lincoln 

Park Lake   

 

 
Figure 5-4. Lincoln Park Lake Outflow  

5.1.2 MS4 Permittee 
Figure 5-5 shows the municipal separate storm sewer system (MS4) stormwater permittee in the Lincoln 
Park Lake watershed.  The watershed is entirely within the city of Los Angeles; however, the lake does 
not receive drainage from the MS4.  The storm drain coverage was provided by the county of Los 
Angeles and is labeled accordingly. 
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Figure 5-5. MS4 Permittee and the Storm Drain Network for the Lincoln Park Lake Subwatershed 

5.1.3 Non-MS4 NPDES Dischargers 
As of the writing of these TMDLs, there are no additional (non-MS4) NPDES permits in the Lincoln Park 
Lake watershed.  This includes non-stormwater discharges (individual and general permits) as well as 
general stormwater permits associated with construction and industrial activities. 

5.1.4 Land Uses and Soil Types 
The analysis for the Lincoln Park Lake watershed includes source loading estimates obtained from the 
Los Angeles River Basin LSPC Model discussed in Appendix D (Wet Weather Loading) of this TMDL 
report.  Land uses identified in the Los Angeles River LSPC model are shown in Figure 5-6.  The 
watershed is comprised of open space and industrial areas.  Table 5-1 summarizes the land use areas for 
the subwatershed. 
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Figure 5-6. LSPC Land Use Classes for the Lincoln Park Lake Subwatershed 

 

Table 5-1. Land Use Areas (ac) Draining from the Lincoln Park Lake Subwatershed 

Land Use Los Angeles 

Agriculture 0 

Commercial 0 

Industrial 3.40 

Open 33.7 

Other Urban 0 

Residential 0 

Total 37.1 

 

There are no Resource Conservation and Recovery Act (RCRA) contaminated industrial facilities located 
near the Lincoln Park Lake watershed.  Figure 5-7 shows the predominant soils identified by STATSGO 
in the Lincoln Park Lake subwatershed.  The soil type is identified as Urban land-Lithic Xerorthents-
Hambright-Castaic (MUKEY 660489), a hydrologic group D soil, which has high runoff potential, very 
low infiltration rates, and consists chiefly of clay soils.    
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Figure 5-7. STATSGO Soil Types Present in the Lincoln Park Lake Subwatershed 

5.1.5 Additional Inputs 
Lincoln Park Lake receives supplemental flows from a potable water source to maintain lake levels and 
irrigate parkland.  Two years of monthly usage data were used to estimate the average annual volume 
pumped into the lake (30.8 ac-ft/yr).  An additional 1 foot of potable water is used annually to irrigate  
32 acres of surrounding parkland.  Some of this irrigation water may reach the lake (5.6 percent of the 
total irrigation volume is assumed to reach the lake).     

5.2 NUTRIENT RELATED IMPAIRMENTS 
A number of the assessed impairments for Lincoln Park Lake are associated with nutrients and 
eutrophication.  Nutrient related impairments for Lincoln Park Lake include ammonia, eutrophication, 
odor, and organic enrichment/low dissolved oxygen (SWRCB, 2010).  The loading of excess nutrients 
enhances algal growth (eutrophication).  Algal photosynthesis removes carbon dioxide from the water, 
which can lead to elevated pH in poorly buffered systems.  Respiration during nighttime hours may cause 
decreased dissolved oxygen (DO) concentrations.  Algal blooms may also contribute to odor problems. 

5.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Lincoln Park Lake include REC1, REC2, WARM, WILD, and MUN.  Descriptions of 
these uses are listed in Section 2 of this TMDL report.  Elevated nutrient levels are currently impairing 
the REC1, REC2, and WARM uses by stimulating algal growth that may form mats that impede 
recreational and drinking water use, alter pH and dissolved oxygen (DO) levels and alter biology that 
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impair the aquatic life use, and cause odor and aesthetic problems.  At high enough concentrations WILD 
and MUN uses could become impaired. 

5.2.2 Numeric Targets 
The Basin Plan for the Los Angeles Region (LARWQCB, 1994) outlines the numeric targets and 
narrative criteria that apply to Lincoln Park Lake.  The following targets apply to the ammonia, 
eutrophication, odor, and organic enrichment/low dissolved oxygen impairments (see Section 2 for 
additional details and Table 5-2 for a summary): 

• Ammonia toxicity to aquatic life is caused primarily by the un-ionized form (NH3), while most 
ammonia in water is present in the ionic form of ammonium (NH4

+).  The Basin Plan expresses 
ammonia targets as a function of pH and temperature because these determine the un-ionized 
fraction.  To assess compliance with the standard, the pH, temperature and ammonia must be 
determined at the same time.  For the purposes of setting a target for Lincoln Park Lake in these 
TMDLs, a median temperature of 19.0 ºC and a 95th percentile pH of 9.0 were used, as explained 
in Section 2.  The resultant acute (one-hour) ammonia target is 1.32 mg-N/L, the four-day 
average is 0.91 mg-N/L, and the 30-day average (chronic) target is 0.36 mg-N/L (Note: the 
median temperature and 95th

• The Basin Plan addresses excess aquatic growth in the form of a narrative objective for nutrients.  
Excessive nutrient (e.g., nitrogen and phosphorous) concentrations in a waterbody can lead to 
nuisance effects such as overgrowth of algae, odors, and scum.  The narrative objective specifies, 
“waters shall not contain biostimulatory substances in concentrations that promote aquatic growth 
to the extent that such growth causes nuisance or adversely affects beneficial uses.”  The 
Regional Board has not adopted numeric targets for biostimulatory nutrients or chlorophyll a in 
Lincoln Park Lake; however, as described in Tetra Tech (2006), summer (May – September) 
mean and annual mean chlorophyll a concentrations of 20 µg/L are selected as the maximum 
allowable level consistent with full support of contact recreational use and is also consistent with 
supporting warm water aquatic life.  The mean chlorophyll a target is specified at half of the 
Secchi depth during the summer (May – September) and annual averaging periods.  

 percentile pH values were calculated from the observed data and 
used in the calculation of the acute and chronic targets. These are presented as example 
calculations since the actual target varies with the values determined during sample collection.).   

• The Basin Plan states that “waters shall not contain taste or odor-producing substances in 
concentrations that impart undesirable tastes or odors to fish flesh or other edible aquatic 
resources, cause nuisance, or adversely affect beneficial uses.” 

• The Basin Plan states “at a minimum the mean annual dissolved oxygen concentrations of all 
waters shall be greater than 7 mg/L, and no single determinations shall be less than 5.0 mg/L, 
except when natural conditions cause lesser concentrations.”  In addition, the Basin Plan states, 
“the dissolved oxygen content of all surface waters designated as WARM shall not be depressed 
below 5 mg/L as a result of waste discharges.”  Shallow, well-mixed lakes, such as Lincoln Park 
Lake, must meet the DO target in the water column from the surface to 0.3 meters above the 
bottom of the lake.   

• The Basin Plan states that “the pH of inland surface waters shall not be depressed below 6.5 or 
raised above 8.5 as a result of waste discharges.  Ambient pH levels shall not be changed more 
than 0.5 units from natural conditions as a result of waste discharge.”  Shallow, well-mixed lakes, 
such as Lincoln Park Lake, must meet the pH target in the water column from the surface to  
0.3 meters above the bottom of the lake.     
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Nitrogen and phosphorus target concentrations are based on simulation of nutrient concentrations and 
chlorophyll a response with the NNE BATHTUB model (see Section 5.2.5).  Based on the calibrated 
model for Lincoln Park Lake, the target nutrient concentrations consistent with achieving the mean 
chlorophyll a target within the lake are: 

• 0.88 mg-N/L summer average (May – September) and annual average 

• 0.088 mg-P/L summer average (May – September) and annual average 

Table 5-2. Nutrient-Related Numeric Targets for Lincoln Park Lake 

Parameter Numeric Target Notes 

Ammonia 1.32 mg-N/L acute (one-hour)  1 

0.91 mg-N/L four-day average  

0.36 mg-N/L chronic (30-day average) 

Based on median temperature and 95th

Chlorophyll a 

 
percentile pH 

20 µg/L summer average (May – September) and 
annual average 

 

Dissolved 
Oxygen 

7 mg/L minimum mean annual concentrations and 

5 mg/L single sample minimum except when natural 
conditions cause lesser concentrations 

 

pH The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a result 
of waste discharges.  Ambient pH levels shall not be 
changed more than 0.5 units from natural conditions 
as a result of waste discharge. (Basin Plan)  

6.5 – 9.0 (EPA’s 1986 Recommended Criteria) 

The existing water quality criteria for pH 
is very broad and in cases where waste 
discharges are not causing the 
alteration of pH it allows for a wider 
range of pH than EPA’s recommended 
criteria.  For this reason, EPA’s 
recommended criteria is included as a 
secondary target for pH. 

Total Nitrogen 0.88 mg-N/L summer average (May – September) 
and annual average 

Based on simulation of allowable loads 
from the NNE BATHTUB model 

Total 
Phosphorous 

0.088 mg-P/L summer average (May – September) 
and annual average 

Based on simulation of allowable loads 
from the NNE BATHTUB model 

1 The median temperature and 95th

5.2.3 Summary of Monitoring Data 

 percentile pH values were calculated from the observed data and used in the 
calculation of the acute and chronic targets. These are presented as example calculations since the actual target is 
the water quality objective which is dependent on pH and temperature.  When assessing compliance refer to the 
water quality objective as expressed in the Basin Plan. 

This section summarizes the in-lake water quality data for Lincoln Park Lake related to the nutrient 
impairments.  Shoreline sampling is not included in this discussion.  Appendix G (Monitoring Data) 
provides more detail regarding sampling events and monitoring results.   

In 1992 and 1993, the lake was sampled from a station located in the western half of the lake (UC 
Riverside, 1994).  Sampling occurred from the surface to over 2 meters of depth on 12 sampling days.  
Total Kjeldahl nitrogen (TKN) ranged from 0.3 mg-N/L to 2.8 mg-N/L.  Eight of 28 samples for 
ammonium were less than the detection limit (0.01 mg-N/L), and the maximum observed ammonium 
concentration was 1.1 mg-N/L which is less than the acute target assuming the analysis methodology 
converted all ammonia to ammonium.  All nitrite samples were less than the detection limit (0.01 mg-
N/L), and 17 of 28 nitrate samples were less than the detection limit (0.01 mg-N/L).  The maximum 
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nitrate concentration was 0.3 mg-N/L.  Orthophosphate concentrations in 1992 were less than or 
equivalent to the detection limit (0.01 mg-P/L), while concentrations in 1993 ranged from 0.2 mg-P/L to 
0.3 mg-P/L.  Total phosphorus was also higher in 1993 with concentrations ranging from 0.2 mg-P/L to 
0.5 mg-P/L compared to concentrations in 1992 of which nine samples were less than the detection limit 
(0.01 mg-P/L), and the maximum observed concentration was 0.2 mg-P/L.  pH measurements ranged 
from 7.7 to 9.1 throughout the water column.  Total organic carbon (TOC) ranged from 6.0 mg/L to  
14.5 mg/L, with one outlier of 132 mg/L.  The summary table from the 1994 Lakes Study Report (UC 
Riverside, 1994) lists chlorophyll a concentrations ranging from <1 μg/L to 97 μg/L with an average of 
33 μg/L.  For this data set, exceedances of the pH and chlorophyll a targets were observed. 

The Water Quality Assessment Report (LARWQCB, 1996) states that DO was partially supporting the 
aquatic life use with 78 measurements of dissolved oxygen ranging from 0.1 mg/L to 13.7 mg/L.  
Ammonia was listed as not supporting the aquatic life or contact recreation uses.  Twenty-eight 
ammonium samples were reported ranging from non-detect to 1.14 mg-N/L which is less than the acute 
target, but greater than the chronic target for total ammonia N (assuming the analytical method converted 
all ammonia to ammonium).  Raw data are not available to assess location, date, time, depth, temperature, 
or pH with regard to these samples. 

In 2009, the city of Los Angeles Bureau of Sanitation, Watershed Protection Division began collecting 
water quality samples approximately monthly at three locations in Lincoln Park Lake.  The nitrate in the 
lake at all locations and sampling times was below the detection level (0.02 mg-N/L).  Nitrite samples 
ranged from below the detection level (0.02 mg-N/L) to 0.13 mg-N/L.  Ammonia samples ranged from 
below the detection limit (0.05 mg-N/L) to 0.27 mg-N/L, with all observations less than the chronic 
target.  Chlorophyll a concentrations ranged from 13 µg/L to 47 µg/L and exceeded the average summer 
target with an average of 34 µg/L. 

Vertical profile data using datasondes were also collected by the city of Los Angeles Bureau of Sanitation 
during 2003.  For a given collection day, there was little variability between the stations or depths for 
temperature, specific conductivity, dissolved oxygen, or pH, indicating absence of significant 
stratification.  Dissolved oxygen concentrations ranged from 6.49 mg/L to 9.19 mg/L; pH ranged from 
8.16 to 8.72.  There were no exceedances of the DO target during these events; 20 percent of pH 
measurements exceeded the maximum allowable value (all were recorded on one sampling day in July 
over the entire lake depth). 

On March 10, 2009, the Regional Board and USEPA sampled water quality in Lincoln Park Lake at two 
sites that were accessed by wading in from boat access ramps located on either side of the lake.  Samples 
were collected 1 foot from the surface at each site and the total depth at each site was approximately  
2.2 feet.  Ammonia concentrations ranged from 1.2 mg-N/L to 1.26 mg-N/L; TKN was 2.2 mg-N/L at 
both stations.  Nitrate and nitrite concentrations were 0.07 mg-N/L and 0.04 mg-N/L, respectively.  
Orthophosphate concentrations were approximately 0.08 mg-P/L at both stations, and total phosphorus 
concentrations were approximately 0.126 mg-P/L.  Chlorophyll a concentrations at both sites were less 
than the detection limit of 1 μg/L.  DO concentrations in the lake generally ranged from 5.9 mg/L to 6.2 
mg/L with one reading of 7.0 mg/L from a surface sample.  pH ranged from 6.7 to 7.0.  The Secchi depth 
was greater than the total depth at both stations.  No exceedances of targets for this lake were observed 
during this event.  Field notes for the March 2009 sampling event indicate the presence of large numbers 
of birds (100 to 150 pigeons and ducks) and the presence of food left on the boat ramps by visitors to feed 
the birds.   

Profile data were collected at one station on May 10, 2009.  The DO concentration ranged from 8.32 to 
10.19 mg/L over the depth of the lake.  The total depth at this station was 1.7 meters, and the Secchi depth 
was 0.66 meters.  The pH was approximately 9.1 at all depths, which exceeds the target for this 
parameter, but may not be due to waste discharges so may not represent an exceedance of the standard.  
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On August 4, 2009, USEPA and the Regional Board collected additional nutrient samples from Lincoln 
Park Lake.  Ammonia, TKN, nitrite, and nitrate were all less than the detection limits of 0.03 mg-N/L, 
0.456 mg-N/L, 0.01 mg-N/L, and 0.01 mg-N/L, respectively.  Orthophosphate was less than the detection 
limit (0.0075 mg-P/L), and total phosphorus was 0.182 mg-P/L.  The chlorophyll a concentration was 
27.3 μg/L.  The chlorophyll a concentration exceeds the target value of 20 μg/L.  At the time of this 
sampling event, the potable water input had been turned off for approximately 2.5 weeks due to water 
shortages and budget cuts.  Field notes also indicate that submerged plants were visible. 

In summary, exceedances of the pH and chlorophyll a targets have been observed in Lincoln Park Lake.  
The 1994 Urban Lakes Study suggested that the lake liner and aeration system appear to be effective in 
suppressing excessive algal growth in the lake; however, the lake did not meet the chlorophyll a target 
during that study (UC Riverside, 1994) nor during more recent sampling.  DO concentrations do appear to 
be successfully managed by the aeration system and annual averages were greater than the target of  
7 mg/L.  No odors were observed during four recent sampling events by USEPA and/or the Regional 
Board.  There were no exceedances of the acute or chronic ammonia criteria during any recent sampling 
events with associated pH and temperature measurements.  The nutrient TMDLs for Lincoln Park Lake 
presented in Section 5.2.6 account for summer season critical conditions by assessing loading rates 
consistent with meeting the summer chlorophyll a target concentration of 20 μg/L.  These reductions in 
nutrient loading are expected to alleviate any pH, odor, DO, and ammonia problems associated with 
excessive nutrient loading and eutrophication. 

5.2.4 Source Assessment 
The source assessment for Lincoln Park Lake includes load estimates from the surrounding watershed 
(Appendix D, Wet Weather Loading; Appendix F, Dry Weather Loading) including irrigation (5.6 percent 
of the total irrigation volume is assumed to reach the lake), potable water used for supplemental water 
additions to the lake  (Appendix F, Dry Weather Loading), and atmospheric deposition (Appendix E, 
Atmospheric Deposition).  In addition to these sources, there are other sources of loading to Lincoln Park 
Lake associated with the parkland area for which loading estimates were not available (Appendix F, Dry 
Weather Loading).  These include excessive fertilization relative to product recommendations, internal 
loading from lake sediments, natural wildlife populations, excessive bird populations caused by the 
improper disposal of food waste (Figure 5-8), and pet wastes.  Loads in the additional parkland loading 
category were quantified using the NNE BATHTUB model by increasing the inputs until simulated 
concentrations of total phosphorus and total nitrogen matched those observed (see Section 5.2.5).  For this 
waterbody, the additional parkland loading comprises 56 percent of the total phosphorus load and  
35 percent of the total nitrogen load.  All existing loads to Lincoln Park Lake are summarized in  
Table 5-3.   

Precise bird counts for Lincoln Park Lake are not available; however, field notes indicate excess bird 
populations which are likely a significant portion of the nutrient loading associated with additional 
parkland areas.  At Echo Park Lake, total phosphorus and total nitrogen loads of 78 lb-P/yr and 780 lb-
N/yr were estimated for the approximately 1,000 birds observed to reside at that lake (Black and Veatch, 
2010).  The bird population at Lincoln Park Lake is likely one-half to one-quarter of that.  Thus total 
phosphorus loads due to the bird population at Lincoln Park Lake likely range from 19.5 lb-P/yr to 39 lb-
P/yr; total nitrogen loads range from 195 lb-N/yr to 390 lb-N/yr.  The estimated loading from the resident 
bird population at Lincoln Park Lake is greater than the additional parkland loading estimated from the 
BATHTUB model.  This overestimation may be due to 1) an inaccurate estimate of the bird population at 
Lincoln Park Lake, and 2) the conservative assumption that 100 percent of bird waste and associated 
nutrient loading reach the lake.  Regardless of the accuracy of the estimated loading associated with bird 
waste, this analysis indicates that nutrient loading associated with the excess bird population comprises a 
significant portion of the additional parkland loading.  If the resident bird population is reduced to 100 
birds their total phosphorus loads would be only 7.8 lb-P/yr and 78 lb-N/yr.  
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Table 5-3. Summary of Average Annual Flows and Nutrient Loading to Lincoln Park Lake 

Responsible Jurisdiction Input 
Flow 
(ac-ft) 

Total 
Phosphorus 

(lb-P/yr) 
(percent of 
total load) 

Total Nitrogen  
(lb-N/yr) 

(percent of 
total load) 

City of Los Angeles Runoff 4.15 4.72 (13.6) 46.1 (23.3) 

City of Los Angeles Supplemental Water 
Additions (Potable Water) 

30.8 9.88 (28.4) 74.6 (37.7) 

City of Los Angeles Parkland Irrigation 1.80 0.577 (0.02) 4.36 (2.20) 

City of Los Angeles Additional Parkland Loading NA 19.6 (56.3) 70 (35.4) 

 Atmospheric Deposition (to 
the lake surface)* 

6.25 NA 3.10 (1.57) 

Total 43.1 34.8 198 

* Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

 
Figure 5-8. Inappropriate Bird Feeding Maintains an Excessive Bird Population  

at Lincoln Park Lake 

5.2.5 Linkage Analysis 
The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  To simulate the impacts of nutrient loading on Lincoln Park 
Lake, the nutrient numeric endpoints (NNE) BATHTUB Tool was set up and calibrated to lake-specific 
conditions.  The NNE BATHTUB Tool is a version of the US Army Corps of Engineers (USACE) 
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BATHTUB model and was developed to support risk-based nutrient numeric endpoints in California 
(Tetra Tech, 2006).   

BATHTUB is a steady-state model that calculates nutrient concentrations, chlorophyll a concentration (or 
algal density), turbidity, and hypolimnetic oxygen depletion based on nutrient loadings, hydrology, lake 
morphometry, and internal nutrient cycling processes.  BATHTUB uses a typical mass balance modeling 
approach that tracks the fate of external and internal nutrient loads between the water column, outflows, 
and sediment.  External loads can be specified from various sources including stream inflows, nonpoint 
source runoff, atmospheric deposition, groundwater inflows, and point sources.  Internal nutrient loads 
from cycling processes may include sediment release and macrophyte decomposition.  The net 
sedimentation rates for nitrogen and phosphorus reflect the balance between settling and resuspension of 
nitrogen and phosphorus within the waterbody.  Thus, internal loading is implicitly accounted for in the 
model.  Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than 
day-to-day variations in water quality.  

Target nutrient loads and resulting allocations are determined based on the secondary target – summer 
mean chlorophyll a concentration.  The NNE spreadsheet tool allows the user to specify a chlorophyll a 
target and predicts the probability that current conditions will exceed the target, as well as showing a 
matrix of allowable nitrogen and phosphorus loading combinations to meet the target.  The user-defined 
chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in water transparency measured as Secchi depth.  Appendix A (Nutrient TMDL Development) describes 
additional details on the NNE BATHTUB Tool and its use in determining allowable loads of nitrogen and 
phosphorus.     

In addition to loading rates of nitrogen and phosphorus, the NNE BATHTUB Tool requires basic 
bathymetry data for the simulation of chlorophyll a during the summer.  For Lincoln Park Lake, the 
following inputs apply: surface area of 4.9 acres, average depth of 4 ft, and volume of 19.6 ac-ft.  Based 
on the turnover ratio for the limiting nutrient for this lake (nitrogen) (Walker, 1987), the annual averaging 
period is most appropriate (i.e., annual loads are input to the model rather than summer season loads).   

The NNE BATHTUB Tool was calibrated to average summer season water quality data observed over 
twice the Secchi depth (2*0.66 m = 1.32 m).  Both nitrogen and phosphorus concentrations were 
underpredicted when the calibration factors were adjusted within normal range.  To predict the average 
summer concentrations of total phosphorus (0.14 mg-P/L) and total nitrogen (1.29 mg-N/L), loads from 
additional parkland sources were increased to 23.5 lb-P/yr and 70 lb-N/yr, respectively with calibration 
factors on the sedimentation rates set to 1.  The amount of the additional parkland loading of phosphorus 
due to internal recycling was calculated with the method discussed in Appendix A (Nutrient TMDL 
Development) and is 3.93 lb-P/yr.  This portion of the phosphorus load was subtracted out of the 
additional parkland sources category, and the model was recalibrated with a loading of 19.6 lb-P/yr.  The 
resulting calibration factor on the net phosphorus settling rate is 0.82 which allows the model to account 
for internal loading implicitly.  Though internal loading is not explicitly assigned a load allocation, 
reductions in external loading of phosphorous will ultimately result in reductions of internal cycling 
processes.  Internal loading of nitrogen was not calculated because 1) internal loading is typically 
insignificant relative to external loading, and 2) empirical relationships for the estimation of internal 
nitrogen loading have not been developed.  Thus, the additional parkland source loading and calibration 
factor for nitrogen were not changed.  To simulate the average observed chlorophyll a concentration, the 
calibration factor on concentration was set to 0.62 for a predicted concentration of 32.6 µg/L. 

5.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum nutrient load 
consistent with meeting the numeric target of 20 µg/L of chlorophyll a as a summer average.  The 
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methodology for determining the loading capacity is described briefly in this section.  For more detail, 
refer to Appendix A (Nutrient TMDL Development). 

Following calibration of the NNE BATHTUB Tool (Section 5.2.5), the allowable loading combinations 
of nitrogen and phosphorus were calculated using Visual Basic’s GoalSeek function (Appendix A, 
Nutrient TMDL Development).  The loading combination that is predicted to result in an in-lake ratio of 
total nitrogen concentration to total phosphorus concentration close to 10 was selected to match that 
typically observed in natural systems and to balance biomass growth and prevent limitation by one 
nutrient (Thomann and Mueller, 1987).  The corresponding in-lake concentrations of nitrogen and 
phosphorus are 

• 0.88 mg-N/L summer average (May – September) and annual average 

• 0.088 mg-P/L summer average (May – September) and annual average 

The loading capacities for total nitrogen and total phosphorus are 120 lb-N/yr and 17.0 lb-P/yr, 
respectively.  These loading capacities can be further broken down into wasteload allocations (WLAs), 
load allocations (LAs), and Margin of Safety (MOS) using the general TMDL equation: 

 

 

For total nitrogen, the allocatable load (divided among WLAs and LAs) is 54.5 percent of the existing 
load of 198 lb-N/yr, or 108 lb-N/yr.  This value represents 90 percent of the loading capacity, while the 
MOS is 10 percent of the loading capacity.  WLAs and LAs are developed assuming an equal percent 
load reductions in all sources. The resulting TMDL equation for total nitrogen is then: 

120 lb-N/yr = 40.7 lb-N/yr + 67.4 lb-N/yr + 12.0 lb-N/yr 

For total phosphorus, the allocatable load (divided among WLAs and LAs) is 44.0 percent of the existing 
load of 34.8 lb-P/yr, or 15.3 lb-P/yr.  This value represents 90 percent of the loading capacity, while the 
MOS is 10 percent of the loading capacity.  The resulting TMDL equation for total phosphorous is then: 

17.0 lb-P/yr = 4.34 lb-P/yr + 10.9 lb-P/yr + 1.70 lb-P/yr 

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources.  
Details associated with the WLAs, LAs, and MOS are presented in the following three sections. 

As previously mentioned, in-lake concentrations of nitrogen and phosphorus have been determined based 
on simulation of allowable loads with the NNE BATHTUB model (see Section 5.2.5).  These in-lake 
concentrations are calculated from a complex set of equations that consider internal cycling processes (see 
Appendix A, Nutrient TMDL Development) and, therefore, differ from concentrations associated with 
various inflows.  Nutrient concentrations associated with the WLA and LA inputs are described below.  
These values are provided as examples as they are calculated based on existing flow volumes (and will 
need to be recalculated if flow volumes change).  Because the input concentrations do not consider 
internal cycling processes and are based on existing flow volumes, they do not match the allowable in-
lake nitrogen and phosphorous concentrations. 

5.2.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  These TMDLs establish WLAs and alternative WLAs for total phosphorous and total nitrogen.  

∑ ++= MOSLAWLATMDL
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The alternative WLAs will be effective and supersede the WLAs listed in Table 5-4 if the conditions 
described in Section 5.2.6.1.2 are met.   

Under either wasteload allocation scheme responsible jurisdictions are encouraged to consider the 
construction of wetland systems and bioswales (or other retention or treatment options) to treat the 
stormwater and supplemental water flows entering the lake, as well as stormwater diversion and 
infiltration using methods such as porous pavements and rain gardens.  Implementing these options can 
reduce the lake’s nutrient loads and, in the case of recirculation through constructed wetlands, reduce in-
lake nutrient concentrations.  Additionally, persons that apply algaecides as part of an overall lake 
management strategy must comply with the Aquatic Pesticide General Permit (General Permit Order No. 
2004-0009-DWQ, CAG990005). 

Local jurisdictions have performed studies on nearby waterbodies that may be considered when 
evaluating nutrient-reduction strategies for this lake.  For example, the City of Los Angeles has modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from constructed 
wetlands, and construction is currently underway.  Information about this and other City of Los Angeles 
water quality improvement projects are available on the Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

5.2.6.1.1 Wasteload Allocations 
There are no MS4 discharges to Lincoln Park Lake and no other (non-MS4) permitted dischargers in the 
watershed.  The supplemental water addition used to maintain the lake level is the only source of nutrient 
loading to Lincoln Park Lake that is assigned a WLA (Table 5-4).  Total phosphorus WLAs represent a 
56.0 percent reduction in existing loading, and total nitrogen WLAs represent a 45.5 percent reduction in 
existing loading.  These loading values (in pounds per year) represent the TMDLs wasteload allocations.  
The wasteload allocations must be met at the point of discharge.   

Table 5-4. Wasteload Allocations of Phosphorus and Nitrogen Loading to Lincoln Park Lake 

Responsible 
Jurisdiction Input 

Existing Total 
Phosphorus 

Load  
(lb-P/yr) 

Wasteload 
Allocation Total 

Phosphorus1
Existing Total 
Nitrogen Load  

(lb-N/yr) 
  

(lb-P/yr) 

Wasteload 
Allocation Total 

Nitrogen1

City of Los 
Angeles 

 
(lb-N/yr) 

Supplemental  
Water Additions 

9.88 4.34 74.6 40.7 

Total 9.88 4.34 74.9 40.7 
1

 
 The wasteload allocation must be met at the point of discharge. 

5.2.6.1.2 Alternative “Approved Lake Management Plan Wasteload Allocations” 
Concentration-based WLAs not exceeding the concentrations listed in Table 5-5 are effective and 
supersede corresponding WLAs for the City of Los Angeles in Table 5-4 if: 

1. The City of Los Angeles requests that concentration-based wasteload allocations not to exceed 
the concentrations established in Table 5-5 apply to it,  

2. The City of Los Angeles provides to USEPA and the Regional Board a Lake Management Plan 
describing actions that will be implemented and cause each of the following to be met: the 
applicable water quality criteria for ammonia, dissolved oxygen and pH; and the chlorophyll a 
targets listed in Table 5-2.  A Lake Management Plan may include the following types of actions:  
increasing the volume of the lake that is aerated; installing hydroponic islands to remove 
nutrients; increasing flow volume or circulation in the lake; reducing stormwater discharges by 
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improved infiltration; treating stormwater or supplemental water inputs with a wetland system; 
alum treatment to immobilize nutrients in sediments; and/or fisheries management actions to 
reduce nutrient availability from sediments. The City of Los Angeles may use monitoring data 
and modeling to show that the water quality criteria, targets and requested WLAs will be met,  

3. The Regional Board Executive Officer approves the request and applies concentration-based 
wasteload allocations for total nitrogen and total phosphorus.  These wasteload allocations are not 
to exceed the concentrations in Table 5-5 as a summer average (May-September) and annual 
average, and 

4. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

The concentration-based WLAs must be met in the lake.  However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and 
total nitrogen allocations are considered attained. 

Table 5-5. Alternative Wasteload Allocations of Phosphorus and Nitrogen in Lincoln Park Lake 
if an Approved Lake Management Plan Exists 

Responsible 
Jurisdiction Input 

Maximum Allowable 
Wasteload Allocation 

Total Phosphorus1

Maximum Allowable 
Wasteload Allocation 

Total Nitrogen  
(mg-P/L) 

1

City of Los 
Angeles 

 
(mg-N/L) 

Supplemental  
Water Additions 

0.1 1.0 

1

5.2.6.2 Load Allocations  

 The concentration-based wasteload allocation must be met in the lake.  However, if applicable water quality criteria 
for ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and total 
nitrogen allocations are considered attained. 

These TMDLs establish load allocations (LAs) and alternative LAs for total phosphorous and total 
nitrogen. The alternative LAs will be effective and supersede the LAs listed in Table 5-6 if the conditions 
described in Section 5.2.6.2.2 are met.   

5.2.6.2.1 Load Allocations 
There are no storm drains that discharge runoff flows into Lincoln Park Lake.  Therefore, all loads 
associated with the surrounding drainage area are assigned LAs (Table 5-6).  Atmospheric deposition and 
additional parkland loading are also assigned LAs.  Total phosphorus LAs represent a 56.0 percent 
reduction in existing loading, and total nitrogen LAs represent a 45.5 percent reduction in existing 
loading.  LAs are provided for each responsible jurisdiction and input and must be met at the point of 
discharge.  These loading values (in pounds per year) represent the TMDLs load allocations.  
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Table 5-6. Load Allocations of Phosphorus and Nitrogen Loading to Lincoln Park Lake 

Responsible 
Jurisdiction Input 

Existing 
Total 

Phosphorus 
Load (lb-P/yr) 

Load 
Allocation 

Total 
Phosphorus1 

(lb-P/yr) 

Existing 
Total 

Nitrogen 
Load  

(lb-N/yr) 

Load 
Allocation 

Total 
Nitrogen1

City of Los Angeles 

 
(lb/yr) 

Runoff 4.72 2.07 46.1 25.1 

City of Los Angeles Parkland Irrigation 0.577 0.254 4.36 2.38 

City of Los Angeles Additional Parkland 
Loading 

19.6 8.62 70 38.2 

 Atmospheric Deposition 
(to the lake surface)

NA 
2 

NA 3.1 1.69 

Total 24.9 10.9 124 67.4 
1 Each load allocation must be met at the point of discharge. 
2

 

 Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

5.2.6.2.2 Alternative “Approved Lake Management Plan Load Allocations” 
Concentration-based load allocations not exceeding the concentrations listed in Table 5-7 are effective 
and supersede corresponding load allocations for the City of Los Angeles in Table 5-6 if: 

1. The City of Los Angeles requests that concentration-based load allocations not to exceed the 
concentrations established in Table 5-7 apply to it;  

2. The City of Los Angeles provides to USEPA and the Regional Board a Lake Management Plan 
describing actions that will be implemented and cause each of the following to be met: the 
applicable water quality criteria for ammonia, dissolved oxygen and pH; and the chlorophyll a 
targets listed in Table 5-2.  A Lake Management Plan may include the following types of actions:  
increasing the volume of the lake that is aerated; installing hydroponic islands to remove 
nutrients; increasing flow volume or circulation in the lake; reducing stormwater discharges by 
improved infiltration; treating stormwater or supplemental water inputs with a wetland system; 
alum treatment to immobilize nutrients in sediments; and/or fisheries management actions to 
reduce nutrient availability from sediments. The City of Los Angeles may use monitoring data 
and modeling to show that the water quality criteria, targets and requested load allocations will be 
met;  

3. The Regional Board Executive Officer approves the request and applies concentration-based load 
allocations for total nitrogen and total phosphorus.  These load allocations are not to exceed the 
concentrations in Table 5-7 as a summer average (May-September) and annual average; and 

4. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each concentration-based LA must be met in the lake.  However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and 
total nitrogen allocations are considered attained. 
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Table 5-7. Alternative Load Allocations of Phosphorus and Nitrogen Loading to Lincoln Park 
Lake if an Approved Lake Management Plan Exists 

Responsible 
Jurisdiction Input 

Maximum Allowable 
Load Allocation Total 

Phosphorus1

Maximum Allowable 
Load Allocation Total 

Nitrogen  
(mg-P/L) 

1

City of Los Angeles 

 
(mg-N/L) 

Runoff 0.1 1.0 

City of Los Angeles Parkland Irrigation 0.1 1.0 

City of Los Angeles Additional Parkland 
Loading 

0.1 1.0 

1

5.2.6.3 Margin of Safety 

 Each concentration-based load allocation must be met in the lake. However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and total 
nitrogen allocations are considered attained. 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit,  
i.e., incorporated into the TMDL through conservative assumptions in the analysis, or explicit,  
i.e., expressed in the TMDL as loadings set aside for the MOS.  To account for the uncertainties 
concerning the relationship between nutrient loading and the resultant in-lake chlorophyll a an explicit 
MOS is included in these TMDLs.  This explicit MOS is set at 10 percent of the loading capacity for total 
phosphorus and total nitrogen. 

5.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  Critical conditions for nutrient impaired lakes typically 
occur during the warm summer months when water temperatures are elevated and algal growth rates are 
high.  Elevated temperatures not only reduce the saturation levels of DO, but also increase the toxicity of 
ammonia and other chemicals in the water column.  Excessive rates of algal growth may cause large 
swings in DO, elevated pH, odor, and aesthetic problems.  Loading of nutrients to lakes during winter 
months are often biologically available to fuel algal growth in summer months.  These nutrient TMDLs 
account for summer season critical conditions by using the NNE Bathtub model to calculate possible 
annual loading rates consistent with meeting the summer chlorophyll a target concentration of 20 µg/L.  
These TMDLs are expected to alleviate any odor, DO, and ammonia problems associated with excessive 
nutrient loading and eutrophication.  These TMDLs therefore protect for critical conditions. 

5.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  These TMDLs present a maximum daily load 
according to the guidelines provided by USEPA (2007).  The majority of nutrient loading to Lincoln Park 
Lake comes from the supplemental water additions.  Estimated maximum daily loads from this source are 
determined.    These maximum loads are not allowed each day of the year because the annual loads 
specified by the TMDLs must also be achieved.  The WLA and LA loads presented above are annual 
loading caps that cannot be exceeded. 

The maximum daily loads from the supplemental water additions were calculated from the largest 
metered monthly water volume and the long-term average concentration consistent with meeting the 
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TMDLs.  For the supplemental water additions, the allowable loads of nitrogen and phosphorus are  
40.7 lb-N/yr and 4.34 lb-P/yr (Table 5-4), respectively.  The volume of water discharged from this source 
is approximately 30.8 ac-ft/yr.  The allowable concentrations from this source are 0.486 mg-N/L and 
0.052 mg-P/L.  The maximum metered monthly flow rate is 5.81 ac-ft/mo or 0.187 ac-ft/d (5.81 ac-ft/mo 
divided by 31 d/mo).  The maximum daily nutrient loads from this source are 0.247 lb-N/d and  
0.026 lb-P/d.  

As described above, in order to achieve in-lake nutrient targets as well as annual load-based allocations, 
the maximum allowable daily loads cannot be discharged to the lake every day.  The WLA and LA loads 
presented above are annual loading caps that cannot be exceeded. 

5.2.6.6 Future Growth/Conditions 
The Lincoln Park Lake watershed is comprised entirely of parkland with a small section of adjacent 
industrial area.  It is not likely that the watershed will be developed and it is expected to remain as open 
space.  No load allocation has been set aside for future growth, and it is unlikely that any dischargers will 
be permitted in the watershed. 

The city of Los Angeles would like to use a reclaimed/recycled water source to supplement water levels 
at Lincoln Park Lake instead of the potable water source that is currently used.  Recent monitoring data 
performed by the City indicate that total nitrogen and total phosphorus concentrations from the potential 
reclaimed water source are approximately 8.82 mg-N/L and 1.93 mg-P/L.  If the City were to use this 
reclaimed source, this would add an additional 664 lb-N/yr and 152 lb-P/yr relative to existing conditions.  
Unless BMPs are implemented at the lake to provide treatment of the reclaimed water source, the use of 
this source will not meet the requirements of these TMDLs.  It is advisable that alternative solutions and 
BMPs be investigated during the implementation planning for this lake. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

5.3 LEAD IMPAIRMENT 
Lincoln Park Lake was listed as impaired for lead in 1996 based on an assessment in the Regional Board's 
Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with project plan 
recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), EPA and local 
agencies collected 40 additional samples (11 wet weather) between October 2008 and December 2010 to 
evaluate current water quality conditions.  There were zero dissolved lead exceedances in 40 samples 
(Appendix G, Monitoring Data).  USEPA also collected one sediment sample in September 2010 to 
further evaluate lake conditions.  There were zero sediment lead exceedances of the 128 ppm freshwater 
(Probable Effect Concentrations) sediment target (Appendix G, Monitoring Data).  Therefore, Lincoln 
Park Lake meets lead water quality standards and USEPA concludes that preparing a TMDL for lead is 
unwarranted at this time.  USEPA recommends that Lincoln Park Lake not be identified as impaired by 
lead in California’s next 303(d) list. 

5.4 TRASH IMPAIRMENT 

5.4.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
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are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Lincoln Park Lake include REC1, REC2, WARM, and WILD.  Descriptions of these 
uses are listed in Section 2 of this TMDL report.  Trash can potentially impair the REC1, REC2, WARM, 
and WILD in a variety of ways, including causing toxicity to aquatic organisms, damaging habitat, 
impairing aesthetics, and impeding recreation. 

5.4.2 Numeric Targets 
The numeric target is derived from the narrative water quality objective in the Los Angeles Basin Plan 
(LARWQCB, 1994) for floating material: 

“Waters shall not contain floating materials, including solids, liquids, foams, and scum, in 
concentrations that cause nuisance or adversely affect beneficial uses”; 

 and for solid, suspended, or settleable materials: 

“Waters shall not contain suspended or settleable material in concentrations that cause nuisance 
or adversely affect beneficial uses.” 

The numeric target for the Lincoln Park Lake Trash TMDL is 0 (zero) trash in or on the water and on the 
shoreline.  Zero trash is defined as no allowable trash discharged into the waterbody of concern, 
shoreline, and channels.  No information has been found to justify any value other than zero that would 
fully support the designated beneficial uses.  Furthermore, court rulings have found that a numeric target 
of zero trash is legally valid (City of Arcadia et al. v. Los Angeles Regional Water Quality Control Board 
et al. (2006) 135 Cal.App.4th 1392).  The numeric target was used to calculate the waste load allocations 
for point sources and load allocations for nonpoint sources, as described in the following sections of this 
report.   

5.4.3 Summary of Monitoring Data 
The existing beneficial uses are impaired by the accumulation of suspended and settled debris.  Common 
items that have been observed include plastic bags, plastic pieces, paper items, Styrofoam, bottle caps, 
and cigarette butts.   

According to California’s 2008-2010 303(d) Impaired Waterbodies list, trash is causing water quality 
problems in Lincoln Park Lake. USEPA and Regional Water Quality Control Board staff confirmed the 
trash impairment during a site visit to Lincoln Park Lake on March 9, 2009. Staff conducted quantitative 
trash assessments and documented the trash impairment with photographs. Trash was observed in the lake 
and along the shorelines.  

Although some trash management practices were in place at Lincoln Park, improvements could be added. 
Many uncovered trash cans were observed throughout the park so trash may be transported from the cans 
via animals or wind; for example, two open dumpsters were observed near the school. Field staff did not 
observe any fences between the street and the lake, and between neighboring residences and the street. 
Over 100 birds were observed in and near this small lake, leading to unnaturally large amounts of bird 
droppings in and around the lake.  The cause of the unnaturally large bird population is likely due to 
people feeding the birds and birds eating from uncovered trash cans.  

Trash observed in the lake was predominantly found in sharp corners of the lake where the water was 
stagnant (Figure 5-9). 
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Figure 5-9. Scum and Trash Accumulate in the Sharp Corners of Lincoln Park Lake 

Two quantitative trash assessments were conducted according to the Rapid Trash Assessment protocol 
which gives each shoreline a numeric score out of a possible 120 points (SWAMP, 2007). Higher scores 
correspond to cleaner areas, with 120 points representing a clean area. The severity of the trash problem 
was scored based upon the condition of the following parameters: level of trash, actual number of trash 
items found, threat to aquatic life, threat to human health, illegal dumping and littering, and 
accumulation of trash. Trash assessments were conducted within a 100 feet long by 10 feet wide area. 
The site visit evaluated different land use types surrounding Lincoln Park Lake, including recreational 
uses near a roadway and near picnic tables.   

5.4.3.1 Near Valley Boulevard 
The trash assessment conducted on the shore near Valley Boulevard (Figure 5-10) scored 91/120. Field 
staff observed two uncovered trash cans which may lead to trash transported by animals or wind.  This is 
a highly accessible portion of the lake due to its close proximity to on-street parking and a sidewalk. 
Trash is likely transported from the road and people picnicking along the shore. Some trash was found in 
the water but no accumulation of trash was observed.  

 
Figure 5-10. Shoreline Along Valley Boulevard 
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5.4.3.2 Picnic Tables 
The second trash assessment was conducted on the eastern shore near the palm tree island, a park path, 
and picnic tables (Figure 5-11). This area scored a 93/120 and may have been recently cleaned due to the 
presence of an orderly pile of trash along the shore and almost empty trash cans. Trash is likely 
transported from people littering in the picnic area and along the path, and from uncovered trash cans.  
Some items were found in the water. 

 
Figure 5-11. Location of the Second Quantitative Trash Assessment with Trash Cans and Picnic 

Tables Nearby 

5.4.3.3 After School Program 
An after school program organized by a non-profit organization, Plaza De La Raza, takes place on the 
northern shore. The school is completely fenced off and no trash was observed within the school yard’s 
deck area.  The school is an unlikely source of trash. 

5.4.3.4 Wildlife Feeding 
Bird feeding was observed the following day, March 10, 2009. Large piles of rice were observed near 
Valley Boulevard and on the eastern boat ramp (Figure 5-12). This food was likely left by visitors to feed 
the birds. Human food is unhealthy for wildlife and the massive amounts discarded can cause an 
overabundance of birds to inhabit this area. An unnaturally large bird population leads to greater 
excrement quantities which add to the nutrient problem in the lake.   

RB-AR37889



Lincoln Park Lake TMDLs March 2012 

 
 5-22 

 
Figure 5-12. Food is Trash and Encourages an Overabundance of Birds to Live in the Area 

 

Locations of the quantitative monitoring sites are shown in the map below (Figure 5-13). 

 
Figure 5-13. Quantitative Trash Assessment Locations 

 

During a follow-up visit to Lincoln Park Lake on August 4, 2009, trash was similarly observed in the lake 
and on the shore. No quantitative surveys were conducted. 

In summary, trash was present in and along the shore of Lincoln Park Lake during all visits. The 
prevalence of trash was evenly distributed around the lake. The main trash problems were caused by 
feeding wildlife and small trash items, such as cigarette butts. 

5.4.4 Source Assessment 
The major source of trash in Lincoln Park Lake results from litter, which is intentionally or accidentally 
discarded to the lake and watershed.  Potential sources can be categorized as nonpoint sources with the 
following transport mechanisms: 
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1. Wind action: trash that is blown into the lake directly.  

2. Direct disposal: direct dumping or litter into the lake.  

Since the Lincoln Park Lake watershed primarily includes open space and parks, only nonpoint sources 
contribute trash to the lake.  

5.4.4.1 Point Sources 
There are no point sources of trash to Lincoln Park Lake. The area directly surrounding the waterbody is 
designated as nonpoint source. Therefore, it is included in the load allocation section. 

5.4.4.2 Nonpoint Sources 
Based on reports from similar watersheds, the amount and type of trash transported is a function of the 
surrounding land use.  The city of Long Beach recorded trash quantity collected at the mouth of the Los 
Angeles River; the results suggest total trash amount is linearly correlated with precipitation (Figure 5-14, 
R2

The city of Calabasas completed a study on a Continuous Deflective Separation (CDS) unit installed to 
catch runoff from Calabasas Park Hills to Las Virgenes. The CDS unit is a hydrodynamic separator that 
uses vortex settling to remove sediment, trap debris and trash, and separate floatables such as oil and 
grease. It is assumed that this CDS unit prevented all trash from passing through.  The calculated area 
drained by this CDS Unit is approximately 12.8 square miles. Regional Board staff estimated the 
waterbody’s urbanized area to be 0.10 square miles. The results of this clean-out, which represents 
approximately half of the 1998-1999 rainy season, were 2,000 gallons of sludgy water and a 64-gallon 
bag two-third full of plastic food wrappers.  Part of the trash accumulated in this CDS unit for over half of 
the rainy season is assumed to have decomposed due to the absence of paper products.  Since the CDS 
unit was cleaned out after slightly more than nine months of use, it was assumed that this 0.10 square mile 
urbanized area produced a volume of 64 gallons of trash. Therefore, 640 gallons of trash were generated 
per square mile per year.  This estimate is used to determine trash loads.  

=0.90, Signal Hill, 2006).  A similar study found that the amount of gross pollutants entering the 
stormwater system is rainfall dependent but does not necessarily depend on the source (Walker and 
Wong, 1999).  The amount of trash entering the stormwater system depends on the energy available to re-
mobilize and transport deposited gross pollutants on street surfaces, rather than the amount of available 
gross pollutants deposited on street surfaces.  Where gross pollutants exist, a clear relationship is 
established between the gross pollutant load in the stormwater system and the magnitude of the storm 
event.  The limiting mechanism affecting the transport of gross pollutants, in the majority of cases, 
appears to be re-mobilization and transport processes (i.e., stormwater rates and velocities). In order to 
estimate trash generation rates, data from a comparable watershed was analyzed.   

 

RB-AR37891



Lincoln Park Lake TMDLs March 2012 

 
 5-24 

 
Figure 5-14. Storm Debris Collection Summary for Long Beach (Signal Hill, 2006) 

Nonpoint source pollution is the primary source of trash in Lincoln Park Lake.  Trash deposited in the 
lake from nonpoint sources is a function of transport via wind, wildlife, and overland flow, and direct 
dumping. 

Few studies have evaluated the relationship between wind strength and movement of trash from land 
surfaces to a waterbody. Lighter trash with a sufficient surface area to be blown in the wind, such as 
plastic bags, beverage containers, and paper or plastic food containers, are easily lifted and carried to 
waterbodies.  Also, overland flow carries trash from the shoreline to waterbodies.  Transportation of 
pollutants from one location to another is determined by the energy of both wind and overland stormwater 
flow.   

Existing trash surrounding the lake is the fundamental cause of nonpoint source trash loading. The land 
use directly surrounding Lincoln Lake is recreational and educational. Visitors may intentionally or 
accidentally discard trash to the grass or trails in the park, which initiate the journey of trash to 
waterbodies via wind or overland water flow.  The after-school facilities can contribute nonpoint source 
trash especially if dumpsters are overflowing and trash is not confined within a given area. Varying uses 
of the park are responsible for different degrees of trash impairment.  For example, areas with picnic 
tables generate more trash than parking lots. Visitation rates are also likely linked to the amount of trash 
from nonpoint sources. 

Table 5-8 summarizes the nonpoint source area and current estimate of nonpoint source trash loads for 
responsible jurisdictions, assuming a trash generation rate of 640 gallons of uncompressed trash per 
square mile per year. The current loads need to be reduced 100% to meet the TMDL target of zero trash. 

Table 5-8. Lincoln Park Lake Estimated Nonpoint Source Trash Loads 

Responsible Jurisdictions 
Nonpoint Source 

Area (Mile2
Current Nonpoint Source Trash 

Load (Gal/year) ) 

City of Los Angeles 0.058 37 

Note: Current Nonpoint Source Trash Load (gal/yr) = Nonpoint Source Area (mi2) * 640 (gal/ mi2/yr) 

5.4.5 Linkage Analysis 
These TMDLs are based on numeric targets derived from narrative water quality objectives in the Los 
Angeles Basin Plan (LARWQCB, 1994) for floating materials and solid, suspended, or settleable 
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materials.  The narrative objectives state that waters shall not contain these materials in concentrations 
that cause nuisance or adversely affect beneficial uses.  Since any amount of trash impairs beneficial uses, 
the loading capacity of Lincoln Park Lake is set to zero allowable trash.   

5.4.6 TMDL Summary 
Nonpoint sources are identified as the only source of trash in Lincoln Park Lake. For nonpoint sources, 
water quality standards are attained by assigning load allocations (LAs) to municipalities and agencies 
having jurisdictions over Peck Road Park Lake and its subwatershed. These LAs may be implemented 
through regulatory mechanisms that implement the State Board’s 2004 Nonpoint Source Policy such as 
conditional waivers, waste discharge requirements, or prohibitions.  

The TMDL of zero trash requires that current loads are reduced by 100 percent.  Final LAs are zero trash 
(Table 5-9).   

Table 5-9. Lincoln Park Lake Trash LAs 

Lincoln Park Lake Allocation 

Trash LA 0 

5.4.6.1 Wasteload Allocations 
Since there are no point sources in the Lincoln Park Lake watershed, wasteload allocations are not 
provided.  If a point source is added to the watershed in the future, its wasteload allocation will be zero 
allowable trash.  

5.4.6.2 Load Allocations 
Nonpoint source areas refer to locations where trash may be carried by overland flow, wildlife, or wind to 
waterbodies.  Due to the transportation mechanism by wind, wildlife, and overland flow to relocate trash 
from land to waterbodies, the nonpoint source area may be smaller than the watershed. In addition, trash 
loadings frequently occur immediately around or directly into the lake making the load allocation a 
significant source of trash.  According to the study by the city of Calabasas, the trash generation rate is 
640 gallons per square mile per year from nonpoint sources areas (including, but not limited to, schools, 
commercial areas, residential areas, public services, road, and open space and parks areas). Current trash 
rates were calculated in the nonpoint source section. 

Load allocations (LAs) for nonpoint sources are zero trash.  Zero is defined as no allowable trash found in 
and on the lake, and along the shoreline.  According to the Porter-Cologne Act, load allocations may be 
addressed by the conditional Waivers of WDRs, or WDRs.  Responsible jurisdictions should monitor the 
trash quantity deposited in the vicinities of the waterbodies of concern as well as on the waterbody to 
comply with the load allocation. 

The area adjacent to Lincoln Park Lake or defined as nonpoint sources includes parking lots, recreational 
areas, picnic areas, walking trails, and an educational institution.  Assuming that trash within a reasonable 
distance from Lincoln Park Lake has a high potential to reach the waterbody, the nonpoint source 
jurisdiction is the city of Los Angeles.  All load allocations are set to zero allowable trash. 

5.4.6.3 Margin of Safety 
A margin of safety (MOS) accounts for uncertainties in the TMDL analysis.  The MOS can be expressed 
as an explicit mass load, or included implicitly in the WLAs and LAs that are allocated.  Because this 
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TMDL sets WLAs and LAs as zero trash, the TMDL includes an implicit MOS. Therefore, an explicit 
MOS is not necessary. 

5.4.6.4 Critical Conditions/Seasonality 
Critical conditions for Lincoln Park Lake are based on three conditions that correlate with loading 
conditions: 

• Major storms 

• Wind advisories issued by the National Weather Service 

• High visitation – On weekends and holidays from May 15 to October 15.  

Critical conditions do not affect wasteload or load allocations because zero trash is a conservative target. 
However, implementation efforts should be heightened during critical conditions in order to ensure that 
no trash enters the waterbody. 

5.4.6.5 Future Growth 
If any sources, currently assigned load allocations, are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

5.5 IMPLEMENTATION RECOMMENDATIONS 
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits, or non-point source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that can reduce 
pollutant loading to lakes include but are not limited to:  increasing the volume of the lake that is aerated; 
installing hydroponic islands to remove nutrients; increasing flow volume or circulation in the lake; 
reducing stormwater discharges by improved infiltration; treating stormwater or supplemental water 
inputs with a wetland system; alum treatment to immobilize nutrients in sediments; dredging in lake 
sediments; and/or fisheries management actions to reduce nutrient availability from sediments. 

If necessary, these TMDLs may be revised as the result of new information (See Section 5.6 Monitoring 
Recommendations). 

5.5.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy.  Additionally, South Coast Air 
Quality Management District has authority to regulate air emissions throughout the basin that affect air 
deposition.  Load allocations are expressed in Table 5-6 and Table 5-9 for nutrients and trash, 
respectively.   
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5.5.2 Point Sources and the Implementation of Wasteload Allocations  
Wasteload allocations apply to supplemental water additions (Table 5-4).  These mass-based waste load 
allocations will be implemented by the Regional Board.  

5.5.3 Source Control Alternatives 
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention or treatment options) to treat the stormwater and supplemental water flows entering the 
lake, as well as stormwater diversion and infiltration using methods such as porous pavements and rain 
gardens.  Implementing these options can reduce the lake’s nutrient loads and, in the case of recirculation 
through constructed wetlands, reduce in-lake nutrient concentrations.  The City of Los Angeles has 
modeled expected nutrient concentration reductions to stormwater flows to Echo Park Lake from 
constructed wetlands, and construction is currently underway.  Information about this and other City of 
Los Angeles water quality improvement projects are available on Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

Lincoln Park Lake has both nutrient-related and trash impairments.  While there are some management 
strategies that would address both of these impairments (i.e., discouraging bird feeding), their differences 
warrant separate implementation and monitoring discussions.   

5.5.3.1 Nutrient-Related Impairments 
To address nutrient-related impairments, source reduction and pollutant removal BMPs designed to 
reduce sediment loading could be implemented throughout the watershed as these management practices 
will also reduce the nutrient loading associated with sediments.  Dissolved loading associated with dry 
and wet weather runoff also contributes nutrient loading to Lincoln Park Lake.  Some of the sediment 
reduction BMPs may also result in decreased concentrations of nitrogen and phosphorus in the runoff 
water.  BMPs that provide filtration, infiltration, and vegetative uptake and removal processes may retain 
nutrient loads in the upland areas.   

Education of lake maintenance staff regarding the proper placement, timing, and rates of fertilizer 
application will also result in reduced nutrient loading to the lake.  Staff should be advised to follow 
product guidelines regarding fertilizer amounts and to spread fertilizer when the chance of heavy 
precipitation in the following days is low.  Encouraging pet owners to properly dispose of pet wastes will 
also reduce nutrient loading associated with fecal material that may wash directly into the lake or into 
storm drains that eventually discharge to the lake.  Discouraging feeding of birds at the lake will reduce 
nutrient loading associated with excessive bird populations.  The NNE BATHTUB model indicated 
Additional Parkland Loading is present in Lincoln Park Lake.  This lake is heavily frequented by bird 
feeders and the additional bird feces produced by bird feeding contributes to this load; loads linked to 
trash and associated food scraps would also be reduced.  

In order to meet the fine particulate (PM2.5) and ozone (O3) national ambient air quality standards by their 
respective attainment dates of 2015 and 2024, the South Coast Air Quality Management District and the 
California Air Resources Board have prepared an air quality management plan that commits to reducing 
nitrogen oxides (NOx, a precursor to both PM2.5 and ozone) by over 85 percent by 2024.  These 
reductions will come largely from the control of mobile sources of air pollution such as trucks, buses, 
passenger vehicles, construction equipment, locomotives, and marine engines.  These reductions in NOx 
emissions will result in reductions of ambient NOx levels and atmospheric deposition of nitrogen to the 
lake surface.   
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5.5.3.2 Trash Impairment 
LA may be complied with through the implementation of nonstructural BMPs or any other lawful 
methods which meet the target of zero trash.  USEPA recommends implementation plans be consistent 
with the Los Angeles River trash TMDL. A minimum frequency of trash collection and assessment 
should be established at an interval that prevents trash from accumulating in deleterious amounts in 
between collections.  Trash should be prevented by providing effective public education about littering 
impacts. Signs dissuading littering and wildlife feeding along roadways and around the lake are 
recommended.  

A city ban, tax, or incentive program reducing single-use plastic bags, Styrofoam containers, and other 
commonly discarded items which cannot decompose is recommended (Los Angeles County Department 
of Public Works, 2007).  

Lincoln Park’s grounds and facilities are maintained by the city of Los Angeles.  Trash is currently 
collected and removed from the park daily.  USEPA recommends continuation and expansion of the 
current trash pick-ups by the city of Los Angeles, including the collection of small trash items, such as 
cigarette butts. 

The city of Los Angeles is also responsible for the trash in the lake.  Currently trash is removed from the 
middle of the lake if a problem is reported.  A more frequent in-lake trash removal program should be 
established to prevent the accumulation of small trash pieces in the waterbody.  

The prevention and removal of trash in Lincoln Park Lake will lead to enhanced aesthetics, improved 
water quality, and the protection of habitat.  

5.6 MONITORING RECOMMENDATIONS 
Although estimates of the loading capacity and allocations are based on best available data and 
incorporate a MOS, these estimates may potentially need to be revised as additional data are obtained.  
The mass-based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.   

To provide reasonable assurances that the assigned allocations result in compliance with the chlorophyll a 
and trash targets, a commitment to continued monitoring and assessment is warranted.  The purposes of 
such monitoring will be: 1) to determine compliance with wasteload and load allocations, 2) to determine 
if numeric targets are being attained, 3) to evaluate whether numeric targets and allocations need to be 
adjusted to attain beneficial uses, 4) to evaluate the efficacy of control measures instituted to achieve the 
needed load reductions, and 5) to document trends over time in algal densities and bloom frequencies and 
trash levels.   

5.6.1 Nutrient-Related Impairments 
To assess compliance with the nutrient TMDLs, monitoring for nutrients and chlorophyll a should occur 
at least twice during the summer months and once in the winter.  At a minimum, compliance monitoring 
should measure the following in-lake water quality parameters: ammonia, TKN or organic nitrogen, 
nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 
chlorophyll a.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should 
also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement.  All parameters must meet target levels at half the Secchi depth.  DO and pH must meet 
target levels from the surface of the water to 0.3 meters above the lake bottom.  Additionally, in order to 
accurately calculate compliance with wasteload allocations to the lake expressed in yearly loads, 
monitoring should include flow estimation or monitoring as well as the water quality concentration 
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measurements.  At Lincoln Park Lake the only wasteload allocation is to supplemental water additions. 
This source should be monitoring once a year during the summer months (the critical condition) for at 
minimum; ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total phosphorus, total 
suspended solids and total dissolved solids.  

The nutrient TMDLs for Lincoln Park Lake conclude that a 56.0 percent reduction in total phosphorus 
loading and a 45.5 percent reduction in total nitrogen loading are needed to maintain a summer average 
chlorophyll a concentration of 20 µg/L.  As an example of concentrations that responsible jurisdiction 
may need to target in order to meet and comply with the mass-based WLAs and LAs, this discussion 
provides concentrations calculated based on existing flow volumes (a recalculation is needed if flow 
volumes change).  Assuming flow volumes remain at existing levels (Table 5-3), target concentrations in 
supplemental water additions may be 0.0519 mg-P/L and 0.486 mg-N/L.  Similarly, target concentrations 
associated may be 0.184 mg-P/L and 2.23 mg-N/L in the city of Los Angeles runoff , 0.0518 mg-P/L and 
0.486 mg-N/L in the parkland irrigation return flows, and, assuming an average precipitation depth, the 
target concentration associated with precipitation may be 0.112 mg-N/L (note: the flows associated with 
the additional parkland loading are unknown, so target concentrations cannot be estimated).  As stated 
above, these concentrations are provided as guidelines; however, mass-based WLAs must be achieved. 

5.6.2 Trash Impairments 
Responsible jurisdictions should monitor the trash quantity deposited in the vicinity of Lincoln Park Lake 
as well as on the waterbody to comply with the load allocation and to understand the effectiveness of 
various implementation efforts.  Quarterly monitoring using the Rapid Trash Assessment Method is 
recommended.  The trash TMDL target is zero trash; a 100 percent reduction is required. 
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6 Echo Park Lake TMDLs 
Echo Park Lake (#CAL4051501020000228155002) is listed as impaired by algae, ammonia, copper, 
eutrophication, lead, odor, PCBs, pH, and trash (SWRCB, 2010).  In addition, chlordane and dieldrin 
impairments have been identified by new data analyses since the 2008-2010 303(d) list data cut off.  This 
section of the TMDL report describes the impairments, and the TMDLs developed to address them: 
nutrients (see Section 6.2), organochlorine (OC) pesticides and PCBs (Section 6.5 through Section 6.7), 
and trash (Section 6.8).  Nutrient TMDLs are identified here based on existing conditions since nitrogen 
and phosphorus levels are achieving the chlorophyll a target level.  Comparison of metals data to their 
associated hardness-dependent water quality objectives indicates that copper and lead are currently 
achieving numeric targets at Echo Park Lake; therefore, TMDLs are not included for these pollutants.  
Analyses are presented below for lead (Section 6.3) and copper (Section 6.4). 

6.1 ENVIRONMENTAL SETTING 
Echo Park Lake is located in the Los Angeles River (HUC 18070105) (Figure 6-1).  The waterbody was 
originally constructed as the Arroyo de los Reyes reservoir in 1898 and became Echo Park Lake in 1907.  
The lake now has a surface area of 14.1 acres (based on Southern California Association of Governments 
[SCAG] 2005 land use), an average depth of five feet (estimated from 2009 sampling events and the 
Urban Lakes Study [UC Riverside, 1994]), and a volume of 70.5 ac-ft (calculated from the land use 
estimated surface area and  estimated average depth).  Two primary storm drains provide inflows to the 
lake; the lake then discharges to a storm drain that ultimately reaches the Los Angeles River.   

 
Figure 6-1. Location of Echo Park Lake 

RB-AR37899



Echo Park Lake TMDLs March 2012 

 
 6-2 

Mixing and aeration of the lake is currently performed by a mechanical aeration system, including the 
lake’s notable fountain located near the tip of the western peninsula.  Objectives of aeration include 
increasing dissolved oxygen and decreasing nuisance surface scum and algal growth.  In addition to 
aeration, four floating hydroponic wetlands were constructed for additional water quality treatment.  An 
island, managed by the city of Los Angeles, located in the northeastern lobe of the lake, also provides 
habitat for waterfowl and turtles.  Figure 6-2 shows the fountain and one of the hydroponic islands in the 
lake; Figure 6-3 shows the bubbles that result from one of the aerators.   

 
Figure 6-2. Fountain and Hydroponic Island at Echo Park Lake 

 

 
Figure 6-3. An Aerator North of the Bridge at Echo Park Lake 
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Echo Park Lake harbors a historically and culturally significant population of lotus beds; it is believed 
that the current population is a descendent of lotus plants imported in 1920.  Once believed to be the 
largest population in the western United States, recent decline of the lotus beds has been attributed to 
buildup of hydrogen-sulfide in the sediment.  Due to the stress associated with the hydrogen-sulfide, it is 
not expected that the existing-historic lotus beds will reestablish.  For this reason, a lotus restoration plan, 
completed in 2009, will be vital to the future sustainability of the lotus beds (Black & Veatch, 2009).  A 
critical feature to reduce the concentration of hydrogen sulfide and augment the success of the lotus beds 
is proper lake circulation and improved aeration. 

A small strip of parkland surrounds the lake, offering a slight buffer from the surrounding roads and dense 
residential development.  The park provides public access to the lake and restrooms located in the park 
are connected to the city sewer system.  According to California Department of Fish and Game, trout are 
periodically stocked (CDFG, 2009).  Catch and release fishing and paddle boating are the primary 
recreational uses (Figure 6-4).  Bird feeding is another recreational activity at Echo Park Lake and heavy 
feeding has been observed during recent fieldwork, likely contributing to larger resident bird populations.  
Visitors are not allowed to swim in the lake.  Lake managers use algaecides to control algal growth in the 
lake on an as-needed basis.   

 
Note: recreational uses include catch and release fishing and paddle boating. 

Figure 6-4. Echo Park Lake Recreational Uses 

Additional characteristics of the watershed are summarized below.   

6.1.1 Elevation, Storm Drain Networks, and Subwatershed Boundaries 
The Echo Park Lake watershed is 784 acres in size and ranges in elevation from 115 meters to 229 meters 
(Figure 6-5).  The TMDL subwatershed boundaries selected for Echo Park Lake were based on 
boundaries obtained from the county of Los Angeles and are labeled on the figure accordingly.  The 
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county of Los Angeles southern-subwatershed was sub-delineated based on a digital elevation model to 
remove the drainage area downstream of the lake.  The subwatershed draining the northern part of the 
watershed is 614 acres, and the southern subwatershed drains 170 acres.  The majority of wet weather and 
dry weather flows from the northwestern and northeastern storm drains are diverted around the lake 
(Appendix D, Wet Weather Loading; Appendix F, Dry Weather Loading).  Because both subwatersheds 
drain to a storm drain system and because many storm drains drain to the lake, all allocations except 
atmospheric deposition will be wasteload allocations.  The trash TMDL includes load allocations due to 
direct dumping of trash along the shoreline and in the water by park visitors in the area indicated in 
Figure 6-6.   

 
Figure 6-5. Elevation, Storm Drain Network, and TMDL Subwatershed Boundaries for Echo Park 

Lake 

6.1.2 MS4 Permittees 
Figure 6-6 shows the MS4 stormwater permittees in the Echo Park Lake watershed.  Both subwatersheds 
are located entirely within the city of Los Angeles with a small portion in Caltrans area.  Figure 6-7 shows 
one of the main storm drain inlets at the lake.  The park is comprised of 15.5 acres of land adjacent to the 
lake. 
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Figure 6-6. MS4 Permittees and the County of Los Angeles Storm Drain Network in the Echo 

Park Lake Subwatersheds 

 
Figure 6-7. Echo Park Lake Northeast Storm Drain Input 
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6.1.3 Non-MS4 NPDES Dischargers 
The primary permitted discharger in the watershed is the county of Los Angeles MS4 system.  There is 
one additional NPDES permitted discharger (non-MS4) in the Echo Park Lake watershed (Table 6-1 and 
Figure 6-8) that is a discharger covered under a general industrial stormwater permit (see Section 3.1 for a 
detailed discussion of this permit type).  This permit was identified by querying excel files of permits 
from the Regional Board website (Excel files for each watershed are available from this link, 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/index.shtml#watershed, 
accessed on October 5, 2009). This permittee is located in the city of Los Angeles in the northern 
subwatershed (Section 6.1.1) and has two disturbed acres.  The disturbed area associated with this permit 
drains to the northwestern storm drain which is diverted around the lake in most cases except during high 
flow events.  Loads from this permittee were therefore not calculated; however, concentration-based 
wasteload allocations for this permittee are included in the TMDLs.   

Table 6-1. Non-MS4 Permits in the Echo Park Lake Subwatersheds 

Type of NPDES Permit 

Number 
of 

Permits Subwatershed Jurisdiction 
Disturbed 

Area 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000003) 

1 Northern City of Los 
Angeles 

2 acres 

 

 
Figure 6-8. Non-MS4 Permits in the Echo Park Lake Subwatersheds 

6.1.4 Land Uses and Soil Types 
The analysis for this watershed includes source loading estimates obtained from the Los Angeles River 
Basin LSPC Model discussed in Appendix D (Wet Weather Loading) of this TMDL report.  Land uses 
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identified in the Los Angeles River Basin LSPC model are shown in Figure 6-9.  The watershed is 
comprised primarily of residential development as well as commercial, other urban, industrial, and open 
space areas.  Table 6-2 and Table 6-3 summarize the land use areas by TMDL subwatershed and 
jurisdiction. 

 

 
Figure 6-9. LSPC Land Use Classes for the Echo Park Lake Subwatersheds 

 

Table 6-2. Land Use Areas (ac) Draining to Echo Park Lake from the Northern Subwatershed 

Land Use Los Angeles  Caltrans Total 

Agriculture 0 0 0 

Commercial 78.4 0 78.4 

Industrial 12.2 13.0 25.2 

Open 27.5 0 27.5 

Other Urban 4.67 0 4.67 

Residential 479 0 479 

Total 601 13.0 614 
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Table 6-3. Land Use Areas (ac) Draining to Echo Park Lake from the Southern Subwatershed 

Land Use Los Angeles  Caltrans Total 

Agriculture 0 0 0 

Commercial 31.6 0 31.6 

Industrial 0 1.10 1.10 

Open 15.5 0 15.5 

Other Urban 0 0 0 

Residential 122 0 122 

Total 169 1.10 170 

 

There are no Resource Conservation and Recovery Act (RCRA) contaminated industrial facilities located 
near the Echo Park Lake watershed.  The USDA STATSGO state soils coverage identifies all soils within 
the Echo Park Lake watershed as Urban Land – Lithic Xerorthents – Hambright – Castaic (MUKEY 
660489).  These soils are classified as belonging to soil hydrologic group D, which is characterized by 
high runoff potential, very low infiltration rates, and generally high clay content.  

6.1.5 Additional Inputs 
In addition to stormwater runoff, a natural spring exists in the center of Echo Park Lake (UC Riverside, 
1994); however, the addition of potable water is required to maintain the lake level.  A potable water 
source at Echo Park Lake is used for both supplemental water additions to the lake and irrigation of 
surrounding parklands (Figure 6-10).  According to a hydrologic study of the park lake conducted by 
Black & Veatch (2008), 162 ac-ft/yr of potable water is pumped annually for these purposes.  Staff at 
Echo Park indicate that a portion of the pumped water is used to irrigate approximately 9 acres in the 
vicinity of the lake at a rate of approximately 1 foot per year.  Some of this irrigation water may reach the 
lake (4.6 percent of the total irrigation volume is assumed to reach the lake).   

 
Figure 6-10. Echo Park Lake Potable Water Source and Northwestern Storm Drain Input 

RB-AR37906



Echo Park Lake TMDLs March 2012 

 
 6-9 

6.2 NUTRIENT RELATED IMPAIRMENTS 
A number of the assessed impairments for Echo Park Lake are associated with nutrients and 
eutrophication.  Nutrient-related impairments for Echo Park Lake include algae, ammonia, eutrophication, 
odor, and pH (SWRCB, 2010).  The loading of excess nutrients enhances algal growth (eutrophication).  
Algal photosynthesis removes carbon dioxide from the water, which can lead to elevated pH in poorly 
buffered systems.  Algal blooms may also contribute to odor problems. 

6.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Echo Park Lake include REC1, REC2, WARM, WILD, and MUN.  Descriptions of these 
uses are listed in Section 2 of this TMDL report.  Elevated nutrient levels are currently impairing the 
REC1, REC2, and WARM uses by stimulating algal growth that may form mats that impede recreational 
and drinking water use, alter pH and dissolved oxygen (DO) levels, and alter biology that impair the 
aquatic life use, and cause odor and aesthetic problems. At high enough concentrations WILD and MUN 
uses could become impaired.   

6.2.2 Numeric Targets 
The Basin Plan for the Los Angeles Region (LARWQCB, 1994) outlines the numeric targets and 
narrative criteria that apply to Echo Park Lake.  The following targets apply to the algae, ammonia, 
eutrophication, odor, and pH impairments (see Section 2 for additional details and Table 6-4 for a 
summary): 

• The Basin Plan expresses ammonia targets as a function of pH and temperature because un-
ionized ammonia (NH3) is toxic to fish and other aquatic life.  In order to assess compliance with 
the standard, the pH, temperature and ammonia must be determined at the same time.  For the 
purposes of setting a target for Echo Park Lake in these TMDLs, a median temperature of 19.7 ºC 
and a 95th percentile pH of 9.1 were used, as explained in Section 2.  The resultant acute (one-
hour) ammonia target is 1.14 mg-N/L, the four-day average is 0.76 mg-N/L, and the 30-day 
average (chronic) target is 0.30 mg-N/L (Note:  The median temperature and 95th

• The Basin Plan addresses excess aquatic growth in the form of a narrative objective for nutrients.  
Excessive nutrient (e.g., nitrogen and phosphorous) concentrations in a waterbody can lead to 
nuisance effects such as algae, odors, and scum.  The objective specifies, “waters shall not 
contain biostimulatory substances in concentrations that promote aquatic growth to the extent that 
such growth causes nuisance or adversely affects beneficial uses.”  The Regional Board has not 
adopted numeric targets for biostimulatory nutrients or chlorophyll a in Echo Park Lake; 
however, as described in Tetra Tech (2006), summer (May to September) mean and annual mean 
chlorophyll a concentration of 20 µg/L are selected as the maximum allowable level consistent 
with full support of contact recreational use and is also consistent with supporting warm water 
aquatic life.  The mean chlorophyll a target must be met at half of the Secchi depth during the 
summer (May – September) and annual averaging periods.  

 percentile pH 
values were calculated from the observed surface depth data and used in the calculation of 
ammonia targets. These are presented as example calculations since the actual target varies with 
the temperature and pH values determined during sample collection).   
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• The Basin Plan states that “waters shall not contain taste or odor-producing substances in 
concentrations that impart undesirable tastes or odors to fish flesh or other edible aquatic 
resources, cause nuisance, or adversely affect beneficial uses.” 

• The Basin Plan states “at a minimum the mean annual dissolved oxygen concentrations of all 
waters shall be greater than 7 mg/L, and no single determinations shall be less than 5.0 mg/L, 
except when natural conditions cause lesser concentrations.”  In addition, the Basin Plan states, 
“the dissolved oxygen content of all surface waters designated as WARM shall not be depressed 
below 5 mg/L as a result of waste discharges.”  Shallow, well-mixed lakes, such as Echo Park 
Lake, must meet the DO target in the water column from the surface to 0.3 meters above the 
bottom of the lake.   

• The Basin Plan states that “the pH of inland surface waters shall not be depressed below 6.5 or 
raised above 8.5 as a result of waste discharges.  Ambient pH levels shall not be changed more 
than 0.5 units from natural conditions as a result of waste discharge.”  Shallow, well-mixed lakes, 
such as Echo Park Lake, must meet the pH target in the water column from the surface to  
0.3 meters above the bottom of the lake. 

Nitrogen and phosphorus target concentrations within the lake are based on existing conditions as 
explained in Sections 6.2.5 and 6.2.6: 

• 1.2 mg-N/L summer average (May – September) and annual average 

• 0.12 mg-P/L summer average (May – September) and annual average 

Table 6-4. Nutrient-Related Numeric Targets for Echo Park Lake 

Parameter Numeric Target Notes 

Ammonia 1.14 mg-N/L acute (one-hour)  1 

0.76 mg-N/L four-day average  

0.30 mg-N/L chronic (30-day average) 

Based on median temperature and 95th

Chlorophyll a 

 
percentile pH 

20 µg/L summer average (May – September) and 
annual average 

 

Dissolved 
Oxygen 

7 mg/L minimum mean annual concentrations and 

5 mg/L single sample minimum except when 
natural conditions cause lesser concentrations 

 

pH The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a 
result of waste discharges.  Ambient pH levels 
shall not be changed more than 0.5 units from 
natural conditions as a result of waste discharge. 
(Basin Plan)  

6.5 – 9.0 (EPA’s 1986 Recommended Criteria) 

The existing water quality criteria for pH is 
very broad and in cases where waste 
discharges are not causing the alteration of 
pH it allows for a wider range of pH than 
EPA’s recommended criteria.  For this 
reason, EPA’s recommended criteria is 
included as a secondary target for pH. 

Total Nitrogen 1.2 mg-N/L summer average (May – September) 
and annual average 

Conservatively based on existing conditions, 
which are maintaining chlorophyll a levels 
below the target of 20 µg/L 
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Parameter Numeric Target Notes 

Total 
Phosphorous 

0.12 mg-P/L summer average (May – September) 
and annual average 

Conservatively based on existing conditions, 
which are maintaining chlorophyll a levels 
below the target of 20 µg/L  

1 The median temperature and 95th

6.2.3 Summary of Monitoring Data 

 percentile pH values were calculated from the observed surface depth data and 
used in the calculation of ammonia targets. These are presented as example calculations since the actual target is 
the water quality objective which is dependent on pH and temperature.  When assessing compliance refer to the 
water quality objective as expressed in the Basin Plan.. 

Water quality monitoring has occurred in Echo Park Lake in 1992, 1993, and 2003 through 2009.  This 
section summarizes the monitoring data relevant to the nutrient impairments.  Additional details regarding 
monitoring are discussed in Appendix G (Monitoring Data).   

During the 1992/1993 Urban Lakes Study, sampling occurred near the center of the lower half of the lake 
(UC Riverside, 1994).  Total Kjeldahl nitrogen (TKN) concentrations during this sampling period ranged 
from 0.9 mg-N/L to 1.9 mg-N/L.  Ammonium concentrations were less than the reporting limit for 22 of 
31 samples, and the maximum observed ammonium concentration was 0.7 mg-N/L which is less than the 
acute target assuming the analysis methodology converted all ammonia to ammonium.  Nitrite 
concentrations were less than the detection limit (0.1 mg-N/L) in all samples and 24 of 31 nitrate samples 
were less than the detection limit (0.1 mg-N/L).  The maximum observed nitrate concentration was  
0.2 mg-N/L.  Orthophosphate concentrations were generally less than or equivalent to the detection limit 
(0.1 mg-P/L) with some observations of 0.2 mg-P/L.  Total phosphorus concentrations ranged from less 
than the detection limit (0.1 mg-P/L) to 0.3 mg-P/L.  pH measurements ranged from 7.7 to 9.4 throughout 
the water column, and TOC ranged from 4.8 mg/L to 7.6 mg/L.  The summary table from the 1994 Lakes 
Study Report (UC Riverside, 1994) lists chlorophyll a concentrations ranging from 6 μg/L to 66 μg/L 
with an average of 24 μg/L.  For this period, exceedances of the pH and chlorophyll a targets were 
observed.  The report stated that aquatic weeds were present near the fountain, lotus plants were located at 
the northwest end of the lake, and algal blooms were observed during the summer.  A strong odor 
resulting from duck feces was also reported.  Nutrient levels were generally low during the study period 
and it was reported that the level of algae in the lake was not problematic. 

There were no stations in Echo Park Lake or its drainage area in the Regional Board Water Quality 
Assessment Database.  The Water Quality Assessment Report, however, states that pH was not 
supporting the contact recreation use and partially supporting the aquatic life use: 69 measurements of pH 
were collected which ranged from 7.0 to 9.4.  Thirty-one ammonium samples were collected with values 
ranging from non-detect to 0.71 mg-N/L; ammonia was listed as not supporting the aquatic life and 
contact recreation uses.  Raw data are not available to assess location, date, time, depth, temperature, or 
pH with regard to these samples.  Odor and algae were both listed as not supporting the contact and non-
contact recreation uses.  Eutrophication was listed as not supporting the aquatic life use. 

In 2003, the City of Los Angeles Bureau of Sanitation, Watershed Protection Division began collecting 
water quality samples from Echo Park Lake at three in-lake stations.  Of the 84 samples collected during 
this period, 38 were non-detect for ammonia (less than 0.1 mg-N/L); the maximum ammonia 
concentration was 0.93 mg-N/L which does not exceed the acute or chronic ammonia criteria based on the 
associated pH and temperature measurements.  Organic nitrogen concentrations ranged from 0.28 mg-N/L 
to 3.14 mg-N/L.  Thirty-five nitrate samples were below the detection limit (0.02 mg-N/L), and the 
maximum observed nitrate concentration was 1.0 mg-N/L.  Fifty-five of the nitrite samples were below 
the detection limit (0.02 mg-N/L); the other two samples had concentrations of 0.02 mg-N/L and 0.09 
mg-N/L.  Total nitrogen concentrations, calculated from the sum of ammonia, organic nitrogen, nitrate, 
and nitrite, ranged from 0.28 mg-N/L to 3.48 mg-N/L.  Total phosphate measurements generally ranged 
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from 0.06 mg-P/L to 0.51 mg-P/L with three measurements less than detection (0.05 mg-P/L).  No 
chlorophyll a data were reported. 

Vertical profile data using datasondes were also collected by the City of Los Angeles Bureau of 
Sanitation during 2003.  For a given collection day, there was little variability between the stations or 
depths for temperature, specific conductivity, dissolved oxygen, or pH, indicating absence of significant 
stratification.  Dissolved oxygen concentrations ranged from 5.62 mg/L to 15.9 mg/L; pH ranged from 
7.46 to 9.04 throughout the water column.  Twenty-seven percent of pH measurements exceeded the 
maximum allowable value. 

In 2008, the Regional Board sampled Echo Park Lake on two occasions.  As the lake is relatively shallow 
and well mixed by wind action and aerators, the sampling team collected analytical samples from the lake 
surface only.  On June 25, 2008, ammonia concentrations in Echo Park Lake were fairly similar at all 
three sampled locations and ranged from 0.131 mg-N/L to 0.136 mg-N/L.  TKN at the lake midpoint and 
near the hydroponic island ranged from 1.38 mg-N/L to 1.49 mg-N/L; the concentration was higher in the 
lotus beds at 4.72 mg-N/L.  Concentrations of nitrate, nitrite, orthophosphate, and total phosphate were all 
less than the reporting limits of 0.1 mg-N/L, 0.1 mg-N/L, 0.4 mg-P/L, and 0.5 mg-P/L, respectively.  
Dissolved oxygen concentrations ranged from 4.95 mg/L to 9.82 mg/L, and pH ranged from 8.21 to 8.56.  
The pH levels showed slight exceedances relative to the target.  The DO target for waters designated 
WARM is 5 mg/L and after rounding to the appropriate decimal place the lowest observed measurement 
of 4.95 mg/L meets the target.  Note that the pH meter was not producing calibration results within the 
acceptable range and that exceedances of the pH target were only observed along the shoreline near two 
storm drain outlets.  Chlorophyll a samples generally ranged from 10.9 μg/L to 26.7 μg/L.  There were 
two outlier chlorophyll a concentrations of 0.8 μg/L and 53.6 μg/L.  The average concentration in the lake 
on this sampling day, including the outliers, was 17.3 μg/L.  A description of the methodology or 
equipment used to measure chlorophyll a concentrations in the field was not provided.   

Regional Board also collected samples on December 18, 2008 from five shoreline locations at a depth of 
approximately 4 inches.  pH ranged from 7.7 to 8.1.  No exceedances of the acute ammonia target or 
chlorophyll a target were observed on this day.  These samples are not discussed in detail in this section 
as shoreline samples may not be reflective of conditions in the lake as a whole.   

On March 10, 2009, USEPA and the Regional Board sampled Echo Park Lake at three locations.  
Ammonia concentrations ranged from 0.04 mg-N/L to 0.06 mg-N/L, and TKN ranged from 0.7 mg-N/L 
to 1.3 mg-N/L.  Nitrate was approximately 0.15 mg-N/L at each station, and nitrite was less than the 
detection limit (0.01 mg-N/L).  Orthophosphate was less than the detection limit (0.008 mg-P/L) at each 
station, and total phosphorus generally ranged from 0.033 mg-P/L to 0.071 mg-P/L.  One total 
phosphorus sample measured 0.762 mg-P/L, though the field duplicate had a value of 0.071 mg-P/L.  
Chlorophyll a measurements in the lake ranged from 14.2 μg/L to 15.2 μg/L.   

Two in-lake stations were sampled by USEPA and the Regional Board on August 4th

Profile data were collected in Echo Park Lake during both USEPA/Regional Board sampling events.  On 
both days the lake appeared well-mixed both vertically and spatially.  On March 10

, 2009.  All nitrogen 
parameters (ammonia, TKN, nitrate, and nitrite) were below detection limits (0.03 mg-N/L, 0.456 mg-
N/L, 0.01 mg-N/L, 0.01 mg-N/L, respectively) at both sites.  Total phosphorus measurements were  
0.196 mg-P/L and 0.195 mg-P/L. The orthophosphate concentrations were 0.0850 mg-P/L and  
0.0917 mg-P/L.  The chlorophyll a measurements were 15.0 µg/L and 15.5 µg/L. 

th, DO concentrations 
in the lake generally ranged from 7.0 mg/L to 8.6 mg/L with one reading of 10.0 mg/L from a surface 
sample; pH ranged from 7.5 to 7.9.  On August 4th, DO concentrations in the lake ranged from 6.4 mg/L 
to 7.6 mg/L.  The pH ranged from 8.3 to 8.6 throughout the water column and therefore exceeded the 
allowable range during the August 4th sampling event.  Potable water measured during the August 4th 
sampling event was 7.54 pH units.  
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In summary, recent samples show the chlorophyll a target is being met.  The 1994 Urban Lakes Study 
suggested that the fountain and aeration system were effective in managing DO concentrations (UC 
Riverside, 1994).  That appears to be the case today as well, as the DO measurements are above 5 mg/L 
and averaged greater than the target of 7 mg/L.  No odors were observed during five recent sampling 
events by USEPA and/or Regional Board.  It is unlikely that the source of the odor reported at Echo Road 
Park Lake is due to elevated nutrient and algal biomass levels.  They are likely associated with the trash 
impairment addressed in Section 6.8.   

6.2.3.1 Summary of pH Non-Impairment 
The Basin Plan states “The pH of inland surface waters shall not be depressed below 6.5 or raised above 
8.5 as a result of waste discharges. Ambient pH levels shall not be changed more than 0.5 units from 
natural conditions as a result of waste discharge.”  There were nine elevations of pH in 36 recent 
samples.  All elevations occurred during dry weather and therefore are not due to stormwater flow. 
Potable water which accounts for 89 percent of influent water measured 7.54 pH units. There are no other 
waste discharges that could be elevating the pH.  Therefore, the elevated pH levels are meeting the water 
quality objective.  In addition, the chlorophyll a target is being met, so nutrient loading is not elevating 
pH. Based on these multiple lines of evidence, Echo Park Lake is attaining beneficial uses and meets pH 
water quality standards.  USEPA concludes that preparing a TMDL for pH is unwarranted at this time. 
USEPA recommends that Echo Park Lake not be identified as impaired by pH in California’s next 303(d) 
list. 

6.2.3.2 Summary of Ammonia Non-Impairment 
Echo Park Lake was listed as impaired for ammonia in 1996 based on an assessment in the Regional 
Board's Water Quality Assessment and Documentation Report (LARWQCB, 1996). Consistent with 
project plan recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), EPA 
and local agencies collected 35 additional samples (7 wet weather) between May 2003 and February 2010 
to evaluate current water quality conditions. There was one ammonia exceedance in 35 samples 
(Appendix G, Monitoring Data).  Therefore, Echo Park Lake meets ammonia water quality standards and 
USEPA concludes that preparing a TMDL for ammonia is unwarranted at this time. USEPA recommends 
that Echo Park Lake not be identified as impaired for ammonia in California’s next 303(d) listing.  

6.2.4 Source Assessment 
The source assessment for Echo Park Lake includes load estimates from the surrounding watershed 
(Appendix D, Wet Weather Loading; Appendix F, Dry Weather Loading) including irrigation (4.6 percent 
of the total irrigation volume is assumed to reach the lake), potable water used supplementing lake levels 
(Appendix F, Dry Weather Loading), and atmospheric deposition (Appendix E, Atmospheric Deposition).  
Loads generated from upland areas located in the city of Los Angeles in the northern and southern 
watersheds contribute 29 percent of the total phosphorus load and 28 percent of the total nitrogen load 
(the majority of runoff from these areas is diverted downstream of the lake).  The potable water used for 
supplemental water additions contributes 46 percent of the total phosphorus load and 64 percent of the 
total nitrogen load to Echo Park Lake.  In addition to these sources, there are other sources of loading to 
Echo Park Lake for which loading estimates were not available (Appendix F, Dry Weather Loading).  
These may include excessive fertilization relative to product recommendations, internal loading from lake 
sediments, natural wildlife populations, excessive resident bird populations caused by the improper 
disposal of food waste, and pet wastes.  During calibration of the NNE BATHTUB model, loads in the 
category, “Additional Parkland Loading,” were increased until simulated concentrations of total 
phosphorus and total nitrogen matched those observed (see Section 6.2.5).  For this waterbody, these 
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additional sources of loading comprise 24 percent of the total phosphorus load and 5.5 percent of the total 
nitrogen load.  All existing loads to Echo Park Lake are summarized in Table 6-5.   

Table 6-5. Summary of Average Annual Flows and Nutrient Loading to Echo Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Flow 
(ac-ft) 

Total 
Phosphorus  

(lb-P/yr) (percent 
of total load) 

Total Nitrogen  
(lb-N/yr) 

(percent of 
total load) 

Northern Caltrans State Highway 
Stormwater

0.385 
1 

0.608 (0.6) 4.77 (0.7) 

Northern City of Los Angeles MS4 Stormwater 13.2 1 24.7 (22.7) 156 (21.3) 

Southern Caltrans State Highway 
Stormwater

0.033 
1 

0.051 (0.05) 0.403 (0.06) 

Southern City of Los Angeles MS4 Stormwater 4.16 1 6.99 (6.4) 48.4 (6.6) 

Southern City of Los Angeles Supplemental Water 
Additions (Potable 
Water) 

153 50.8 (46.6) 471 (64.4) 

Southern City of Los Angeles Parkland Irrigation 0.418 0.139 (0.1) 1.29 (0.2) 

Southern City of Los Angeles Additional Parkland 
Loading 

NA 26.1 (23.9) 40 (5.4) 

Lake Surface  Atmospheric 
Deposition

18.0 
2 

NA 9.0 (1.2) 

Total 188 109 731 
1This input includes effluent from storm drain systems during both wet and dry weather. 
2

A significant portion of loading from the additional parkland sources is likely due to excessive resident 
bird populations.  According to a recent water quality modeling study conducted by Black and Veatch 
(2010), there is a year-round, resident bird population of approximately 1,000 Rock Doves and American 
Coots.  Estimates of nutrient loading from these birds were based on literature values and an assumption 
that all waste generated by the birds would reach the lake (i.e., no uptake or trapping on adjacent areas).  
The estimated total phosphorus loading from these birds is 78 lb-P/yr, and the estimated total nitrogen 
loading is 780 lb-N/yr.  Both loading estimates are greater than the additional parkland loading estimated 
from the BATHTUB model.  This overestimation may be due to 1) an inaccurate estimate of the year-
round bird population at Echo Park Lake, and 2) the conservative assumption that 100 percent of bird 
waste and associated nutrient loading reach the lake.  Regardless of the accuracy of the estimated loading 
associated with bird waste, this analysis indicates that nutrient loading associated with the excess bird 
population comprises a significant portion of the additional parkland loading. 

  Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

6.2.5 Linkage Analysis 
The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  To simulate the impacts of nutrient loading on Echo Park Lake, 
the nutrient numeric endpoints (NNE) BATHTUB Tool was set up and calibrated to lake-specific 
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conditions.  The NNE BATHTUB Tool is a version of the US Army Corps of Engineers (USACE) 
BATHTUB model and was developed to support risk-based nutrient numeric endpoints in California 
(Tetra Tech, 2006).   

BATHTUB is a steady-state model that calculates nutrient concentrations, chlorophyll a concentration (or 
algal density), turbidity, and hypolimnetic oxygen depletion based on nutrient loadings, hydrology, lake 
morphometry, and internal nutrient cycling processes.  BATHTUB uses a typical mass balance modeling 
approach that tracks the fate of external and internal nutrient loads between the water column, outflows, 
and sediments.  External loads can be specified from various sources including stream inflows, nonpoint 
source runoff, atmospheric deposition, groundwater inflows, and point sources.  Internal nutrient loads 
from cycling processes may include sediment release and macrophyte decomposition.  The net 
sedimentation rates for nitrogen and phosphorus reflect the balance between settling and resuspension of 
nitrogen and phosphorus within the waterbody.  Thus, internal loading is implicitly accounted for in the 
model.  Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than 
day-to-day variations in water quality.  

Target nutrient loads and resulting allocations are determined based on the secondary target – summer 
mean chlorophyll a concentration.  The NNE spreadsheet tool allows the user to specify a chlorophyll a 
target and predicts the probability that current conditions will exceed the target, as well as showing a 
matrix of allowable nitrogen and phosphorus loading combinations to meet the target.  The user-defined 
chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in water transparency measured as Secchi depth.  Appendix A (Nutrient TMDL Development) describes 
additional details on the NNE BATHTUB Tool and its use in determining allowable loads of nitrogen and 
phosphorus.   

In addition to loading rates of nitrogen and phosphorus, the NNE BATHTUB Tool requires basic 
bathymetry data for the simulation of chlorophyll a during the summer.  For Echo Park Lake, the 
following inputs apply: surface area of 14.1 acres, average depth of 5 ft, and volume of 70.5 ac-ft.  Based 
on the turnover ratios for both nitrogen and phosphorus (Walker, 1987), the annual averaging period is 
most appropriate (i.e., annual loads are input to the model rather than summer season loads).  Based on 
the results of a recent exfiltration and flow monitoring study of the lake (Black and Veatch, 2008), 
exfiltration losses through the lake liner are approximately 52.6 ac-ft/yr.  Loads of nitrogen and 
phosphorus associated with these losses were estimated from average in-lake water quality data 
multiplied by the annual rate of exfiltration.   

The NNE BATHTUB Tool was calibrated to average summer season water quality data observed over 
twice the Secchi depth (2*0.8 m = 1.6 m).  Because simulated phosphorus concentrations could not be 
calibrated within the default range specified in the BATHTUB User’s Manual (Walker, 1987), loads from 
additional parkland sources were increased to predict the average summer concentrations of total 
phosphorus (0.115 mg-P/L) and total nitrogen (1.16 mg-N/L), leaving the net sedimentation rates at 1.0 
for both nutrients.  Additional loading associated with parkland areas is 40 lb-N/yr and 40 lb-P/yr.  The 
amount of the additional parkland loading of phosphorus due to internal recycling was calculated with the 
method discussed in Appendix A (Nutrient TMDL Development) and is 13.9 lb-P/yr.  This portion of the 
phosphorus load was subtracted out of the additional parkland sources category, and the model was 
recalibrated with a loading of 26.1 lb-P/yr.  The resulting calibration factor on the net phosphorus settling 
rate is 0.74, which allows the model to account for internal loading implicitly. Though internal loading is 
not explicitly assigned a load allocation, reductions in external loading of phosphorus will ultimately 
result in reductions of internal cycling processes.   Internal loading of nitrogen was not calculated because 
1) internal loading is typically insignificant relative to external loading, and 2) empirical relationships for 
the estimation of internal nitrogen loading have not been developed.  Thus, the additional parkland source 
loading and calibration factor for nitrogen were not changed.  To simulate the average observed summer 
chlorophyll a concentration, the calibration factor on chlorophyll a concentration was set to 0.45 for a 
predicted concentration of 17.8 µg/L.     
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Because of the way Echo Park Lake is currently managed (fountain, aeration system, hydroponic islands, 
etc.), the density of algae is typically below the target summer average concentration (20 µg/L).  However 
pH and chlorophyll a exceedances have occurred.  To be adequately protective, nutrient TMDLs are 
allocated at existing levels as an antidegradation measure to ensure that future loading does not increase 
the chlorophyll a concentration.   

6.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum nutrient load 
consistent with meeting the numeric target of 20 µg/L of chlorophyll a as a summer average.  The 
methodology for determining the loading capacity is described briefly in this section.  For more detail, 
refer to Appendix A (Nutrient TMDL Development). 

Based on observed levels of chlorophyll a and DO in Echo Park Lake, existing levels of nitrogen and 
phosphorus loading result in attainment of both the chlorophyll a and DO targets.  Monitoring data 
indicate that the average in-lake total nitrogen concentration is 1.16 mg-N/L (Appendix G, Monitoring 
Data).  Because the majority of in-lake phosphorous samples have been less than the detection limits for 
the analytical laboratory, the phosphorus target concentration is based on an in-lake ratio of total nitrogen 
concentration to total phosphorus concentration close to 10.  This ratio was selected to match that 
typically observed in natural systems and to balance biomass growth and prevent limitation by one 
nutrient (Thomann and Mueller, 1987).  The corresponding in-lake concentrations of nitrogen and 
phosphorus are 

• 1.2 mg-N/L summer average (May – September) and annual average 

• 0.12 mg-P/L summer average (May – September) and annual average 

To prevent degradation of this waterbody, nutrient TMDLs will be allocated based on existing loading.  
These TMDLs are broken down into the wasteload allocations (WLAs), load allocations (LAs), and 
Margins of Safety (MOS) using the general TMDL equation.  Note that the MOS is zero because the 
TMDLs are equal to the existing load.   

 

 

For total nitrogen, the allocatable load is equal to the existing load and is divided among WLAs and LAs.  
The resulting TMDL equation for total nitrogen is then:      

731 lb-N/yr = 682 lb-N/yr + 49.0 lb-N/yr + 0 lb-N/yr   

For total phosphorus, the allocatable load is equal to the existing load and allocated to WLAs only; LAs 
are zero as explained in Section 6.2.6.2. The resulting TMDL equation for total phosphorous is then: 

109 lb-P/yr = 83.3 lb-P/yr + 26.1 lb-P/yr + 0 lb-P/yr  

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources.  
Details associated with the WLAs, LAs, and MOS are presented in the following three sections.   

As previously mentioned, in-lake concentrations of nitrogen and phosphorus have been determined for the 
lake based on recent and historical monitoring data (see Section 6.2.3).  These in-lake concentrations 
reflect internal cycling processes (see Appendix A, Nutrient TMDL Development) and, therefore, differ 
from concentrations associated with various inflows.  Nutrient concentrations associated with the WLA 
and LA inputs are described below.  These values are provided as examples as they are calculated based 

∑ ++= MOSLAWLATMDL
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on existing flow volumes (and will need to be recalculated if flow volumes change).  Because the input 
concentrations do not consider internal cycling processes and are based on existing flow volumes, they do 
not match the allowable in-lake nitrogen and phosphorous concentrations. 

6.2.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  These TMDLs establish WLAs and alternative WLAs for total phosphorous and total nitrogen.  
The alternative WLAs will be effective and supersede the WLAs listed in Table 6-6 if the conditions 
described in Section Error! Reference source not found. are met. 

Under any of the wasteload allocation schemes responsible jurisdictions are encouraged to consider the 
construction of wetland systems and bioswales (or other retention and treatment options) to treat the 
stormwater and supplemental water flows entering the lake, as well as stormwater diversion and 
infiltration using methods such as porous pavements and rain gardens.  Implementing these options can 
reduce the lake’s nutrient loads and, in the case of recirculation through constructed wetlands, reduce in-
lake nutrient concentrations.  In the case of Echo Park Lake, the City of Los Angeles has already modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from such best 
management practices and construction is currently underway on a major lake rehabilitation project.   

Additionally, persons that apply algaecides as part of an overall lake management strategy must comply 
with the Aquatic Pesticide General Permit (General Permit Order No. 2004-0009-DWQ, CAG990005). 

The Echo Park Lake watershed drains to a series of storm drains prior to discharging to the lake.  
Therefore, all nutrient loads associated with the surrounding drainage area are assigned WLAs (Note: the 
loading associated with irrigation is included in the City of Los Angeles’ WLA).  The potable water input 
used for supplemental water addition to the lake discharges at a single point and is also assigned a WLA.  
Relevant permit numbers are  

• County of Los Angeles (including the city of Los Angeles):  Board Order 01-182 (as amended by 
Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

Note that WLAs are equal to existing loading rates because no reductions in loading are required.  WLAs 
are presented in Table 6-6.  These loading values (in pounds per year) represent the TMDLs wasteload 
allocations (Table 6-6).  All responsible jurisdictions must meet the WLAs at the point of discharge as a 
mass load except for stormwater permittees under the general industrial stormwater permit that are 
receiving concentration-based WLAs.  In Table 6-6 below, stormwater permittees under the general 
industrial stormwater permit must meet the concentration values to achieve compliance with the WLAs. 
The phosphorous and nitrogen WLA concentrations were calculated by dividing the allowable load (in 
lbs/yr; Table 6-6) by total inflow volume (Error! Reference source not found.).  Each wasteload 
allocation must be met at the point of discharge. A three-year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the 
chlorophyll a target are met in the lake, then the total phosphorous and total nitrogen allocations are 
considered attained. 

Table 6-6. Wasteload Allocations of Phosphorus and Nitrogen Loading to Echo Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
Total Phosphorus  

(lb-P/yr)4 

Wasteload 
Allocation Total 

Nitrogen (lb-N/yr)

Northern 

4 

Caltrans State Highway 0.608 4.77 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
Total Phosphorus  

(lb-P/yr)4 

Wasteload 
Allocation Total 

Nitrogen (lb-N/yr)

Stormwater

4 

Northern 

1 

City of Los Angeles MS4 Stormwater 24.7 1 156 

Northern General Industrial 
Stormwater 
Permittees (in the 
City of Los Angeles)

General Industrial 
Stormwater

3 

1
0.16 mg/L P

  
1.33 mg/L N2 

Southern 

2 

Caltrans State Highway 
Stormwater

0.051 
1 

0.403 

Southern City of Los Angeles MS4 Stormwater 7.129 1 49.69 

Southern City of Los Angeles Supplemental  Water 
Additions 

50.8 471 

Total 83.3 682 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The discharges governed by the general industrial stormwater permit are currently in the City of Los Angeles.  Any 
future discharges governed by the general construction and general industrial stormwater permits will receive the 
same concentration-based wasteload allocations. 

3 For these responsible jurisdictions, the concentration-based WLA will be use to evaluate compliance. 
4

6.2.6.2 Load Allocations  

 Each wasteload allocation must be met at the point of discharge. A three year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll 
a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered attained. In 
assessing compliance with wasteload allocations, responsible jurisdictions assigned both northern and southern 
subwatershed allocations may combine allocations.  

Atmospheric deposition of nitrogen to the lake surface is a nonpoint source and is assigned a load 
allocation (LA).  Table 6-7 presents the LA for atmospheric deposition, which is equivalent to existing 
loading rates because no reductions in loading are required.  Atmospheric deposition does not contribute 
significant loads of phosphorus (Appendix E, Atmospheric Deposition).  LAs are provided for each 
responsible jurisdiction and input.  These loading values (in pounds per year) represent the TMDLs load 
allocations (Table 6-7).  Each load allocation must be met at the point of discharge. A three-year average 
will be used to evaluate compliance. However, if applicable water quality criteria for ammonia, dissolved 
oxygen and pH, and the chlorophyll a target are met in the lake, then the total phosphorous and total 
nitrogen allocations are considered attained. 
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Table 6-7. Load Allocations of Phosphorus and Nitrogen Loading to Echo Park Lake 

Subwatershed 
Responsible 
Jurisdiction  Input 

Load Allocation 
Total Phosphorus 

(lb-P/yr)1 

Load Allocation 
Total Nitrogen  

(lb-N/yr)

Southern 

1 

City of Los Angeles Additional Parkland 
Loading 

26.1 40 

Lake Surface  Atmospheric 
Deposition

NA 
2 

9.0 

Total 26.1 49.0 
1 Each load allocation must be met at the point of discharge. A three year average will be used to evaluate 
compliance.  However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll 
a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered attained.  In 
assessing compliance with wasteload allocations, responsible jurisdictions assigned both northern and southern 
subwatershed allocations may have their allocations combined. 

2

6.2.6.3 Margin of Safety 

 Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This lake is currently achieving the in-lake chlorophyll a 
target and TMDLs are being established at the existing loads.  This conservative anti-degradation measure 
is the implicit margin of safety for these TMDLs. 

6.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  Critical conditions for nutrient impaired lakes typically 
occur during the warm summer months when water temperatures are elevated and algal growth rates are 
high.  Elevated temperatures not only reduce the saturation levels of DO, but also increase the toxicity of 
ammonia and other chemicals in the water column.  Excessive rates of algal growth may cause large 
swings in DO, elevated pH, odor, and aesthetic problems.  Loading of nutrients to lakes during winter 
months are often biologically available to fuel algal growth in summer months.  These nutrient TMDLs 
account for summer season critical conditions by using the NNE Bathtub model to calculate possible 
annual loading rates consistent with meeting the summer chlorophyll a target concentration of 20 µg/L.  
These TMDLs are based on existing conditions as an anti-degradation measure since nitrogen and 
phosphorus levels are currently achieving the chlorophyll a target level.  These TMDLs therefore protect 
for critical conditions. 

6.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  These TMDLs present a maximum daily load 
according to the guidelines provided by USEPA (2007).  The majority of nutrient loading to Echo Park 
Lake comes from the supplemental water additions.  These maximum loads are not allowed each day of 
the year because the annual loads specified by the TMDLs must also be achieved.  The WLA and LA 
loads presented above are annual loading caps that cannot be exceeded. 
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The maximum daily loads from the supplemental water additions were calculated from average daily 
water volume and the long-term average concentration consistent with meeting the TMDLs.  For the 
supplemental water addition, the allowable concentrations are 1.13 mg-N/L and 0.122 mg-P/L (Section 
6.2.6.1).  The daily average flow rate is 0.419 ac-ft/d (153 ac-ft/yr divided by 365 d/yr).  The maximum 
daily nutrient loads from this source are 1.29 lb-N/d and 0.139 lb-P/d.  

As described above, in order to achieve in-lake nutrient targets as well as annual load-based allocations, 
the maximum allowable daily loads cannot be discharged to the lake every day.  The WLA and LA loads 
presented above are annual loading caps that cannot be exceeded. 

6.2.6.6 Future Growth/Conditions 
The Echo Park Lake watershed is nearly fully developed, with the exception of small park areas that are 
not likely to be converted in the near future.  If land use changes do occur in the watershed, BMPs will be 
required such that loading rates are consistent with the allocations established by these TMDLs.  
Therefore, no load allocation has been set aside for future growth. 

Though future growth is not expected to impact conditions in Echo Park Lake, the city of Los Angeles is 
in the process of designing and constructing a large scale rehabilitation project at the park, which will 
impact the conditions of the lake system.  In addition to treating runoff flows with a hydrodynamic 
separator and constructed wetland system, the City is considering the use of reclaimed/recycled water for 
supplemental water additions to the lake rather than the potable water source that is currently used.   

The design engineers indicate that the rehabilitation project will have the following impacts on the system 
(personal communication, James Rasmus, Black and Veatch, April 16, 2010): 

• Wet weather flows to the lake from the storm drain system will increase from 16.7 ac-ft/yr to  
131 ac-ft/yr. Dry weather flows to the lake from the storm drain system will increase from  
0 ac-ft/yr to 123 ac-ft/yr. 

• Exfiltration losses through the lake liner will decrease to 0.896 ac-ft/yr. 

• The vortex and constructed wetland treatment system will treat 121 ac-ft/yr of wet weather flows, 
123 ac-ft/yr of dry weather flows, and all water used for supplementing lake levels.  Lake water 
will be recirculated through the constructed wetland system at a rate of 600 gpm.   

• The vortex/constructed wetland system will remove 68 percent of the total nitrogen and  
77 percent of the total phosphorus loads from treated flows.  Recirculation of lake water will 
increase reduction efficiencies to 80 percent for total nitrogen and 86 percent for total 
phosphorus. These values represent updated efficiencies from the City of Los Angeles (personal 
communication, City of Los Angeles, June 2010).  

To simulate the impacts of the rehabilitation project on lake water quality, the following conservative 
assumptions were made: 

• Reclaimed water from the Glendale Water Reclamation Plant will be used for irrigation of park 
areas and supplemental water additions (see Appendix G [Monitoring Data] for water quality data 
for this source). 

• The volume of reclaimed water used for supplemental water additions will be 15.5 ac-ft/yr based 
on a worst case scenario of evaporative losses of 55,000 gpd for three months straight with no wet 
or dry weather flows to offset these losses.   

Simulating this future scenario for Echo Park Lake with the calibrated NNE BATHTUB model yields a 
total nitrogen concentration of 0.79 mg-N/L, a total phosphorus concentration of 0.10 mg-P/L, and a 
chlorophyll a concentration of 12µg/L.  These simulated in-lake concentrations are based on the reduction 
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efficiencies reported for the vortex/constructed wetland/recirculation system.  If reductions are based on 
the vortex/constructed wetland system without recirculation, the simulated in-lake total phosphorus 
concentration is not predicted to meet the target of 0.12 mg-P/L regardless of the assumptions regarding 
supplemental water additions (potable versus reclaimed, with or without supplemental water additions, 
etc.).  If the rehabilitation project does not result in the assumed reduction efficiencies of 80 percent for 
total nitrogen and 86 percent for total phosphorus, pre-treatment or additional treatment of the wet 
weather and dry weather flows may be necessary to meet the in-lake target concentrations.   

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

6.3 LEAD IMPAIRMENT 
Echo Park Lake was listed as impaired for lead in 1996 based on an assessment in the Regional Board's 
Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with project plan 
recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), USEPA and local 
agencies collected 61 additional samples (12 wet weather) between November 2004 and March 2010 to 
evaluate current water quality conditions.  There were only four dissolved lead exceedances in 61 samples 
(Appendix G, Monitoring Data).  Therefore, Echo Park Lake meets lead water quality standards, and 
USEPA concludes that preparing a TMDL for lead is unwarranted at this time.  USEPA recommends that 
Echo Park Lake not be identified as impaired by lead in California’s next 303(d) list. 

6.4 COPPER IMPAIRMENT 
Echo Park Lake was listed as impaired for copper in 1996 based on an assessment in the Regional Board's 
Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with project plan 
recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), USEPA and local 
agencies collected 60 additional samples (12 wet weather) between November 2004 and March 2010 to 
evaluate current water quality conditions.  There were only four dissolved copper exceedances in 60 
samples (Appendix G, Monitoring Data).  Therefore, Echo Park Lake meets copper water quality 
standards, and USEPA concludes that preparing a TMDL for copper is unwarranted at this time.  USEPA 
recommends that Echo Park Lake not be identified as impaired by copper in California’s next 303(d) list. 

6.5 PCB IMPAIRMENT 
Polychlorinated biphenyls (PCBs) consist of a family of many related congeners.  The individual 
congeners are often referred to by their “BZ” number.  Environmental analyses may address individual 
congeners, homologs (groups of congeners with the same number of chlorine atoms), equivalent 
concentrations of the commercial mixtures of PCBs known by the trade name Aroclors, or total PCBs.  
The environmental measurements and targets described in this section are in terms of total PCBs, defined 
as the “sum of all congener or isomer or homolog or Aroclor analyses” (CTR, 40 CFR 131.38(b)(1) 
footnote v). 

The PCB impairment of Echo Park Lake affects beneficial uses related to recreation, municipal water 
supply, wildlife health, and fish consumption.  PCBs are no longer in production.  While some loading of 
PCBs continues to occur in watershed runoff, the primary source of PCBs in the water column and 
aquatic life in Echo Park Lake is from historic loads stored in the lake sediments.  Like other 
organochlorine compounds, PCBs accumulate in aquatic organisms and biomagnify in the food chain.  As 
a result, low environmental exposure concentrations can result in unacceptable levels in higher trophic 
level fish in the lake. 
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6.5.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses,  
2) narrative and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, 
beneficial uses are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water 
Quality Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s 
Basin Plan, designed to be protective of the beneficial uses of each waterbody in the region.  The existing 
beneficial uses assigned to Echo Park Lake include REC1, REC2, WARM, WILD, and MUN.  
Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated levels of PCBs are 
currently impairing the REC1, REC2, and WARM uses by causing toxicity to aquatic organisms and 
raising fish tissue concentrations to levels that are unsafe for human consumption (which can result in fish 
consumption advisories) and impair sport fishing recreational uses.  At high enough concentrations WILD 
and MUN uses could become impaired. 

6.5.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of PCBs in the 
Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are based on 
the consensus-based sediment quality guidelines  defined in MacDonald et al. (2000) and the fish tissue 
concentration goal, referred to as the fish contaminant goal (FCG), defined by the OEHHA (2008) for fish 
consumption.  The numeric targets used for PCBs are listed below.  The fish tissue concentration goal 
was also used to back calculate site-specific targets in sediment, with the most stringent target applying.  
See Section 2 of this TMDL report for additional details. 

The water column criteria for PCBs in the Basin Plan are associated with a specific beneficial use.  For 
waters designated MUN, the Basin Plan lists a maximum contaminant level of 0.0005 mg/L, or 0.5 μg/L, 
total PCBs in water.  The Plan also contains a narrative criterion that toxic chemicals not be present at 
levels that are toxic or detrimental to aquatic life (LARWQCB, 1994).  Each waterbody addressed in this 
report is designated WARM, at a minimum, and must meet this requirement.  A chronic criterion for the 
sum of PCB compounds in freshwater systems to protect aquatic life is included in the CTR as 0.014 μg/L 
(USEPA, 2000a).  The CTR also provides a human health-based water quality criterion for the 
consumption of both water and organisms and organisms only of 0.00017 μg/L (0.17 ng/L).  The human 
health criterion of 0.17 ng/L is the most restrictive applicable criteria specified for water column 
concentrations and is selected as the water column target.  

For sediment, the consensus-based sediment quality guidelines provided in Macdonald et al. (2000) for 
the threshold effects concentration (TEC) for total PCBs in sediment is 59.8 μg/kg (ng/dry g) dry weight.  
The consensus-based guidelines have been incorporated into the most recent set of NOAA Screening 
Quick Reference Tables (SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources 
Control Board for interpretation of narrative sediment objectives under the 303(d) listing policy.  This 
target is designed to protect benthic dwelling organisms and explicitly does not consider “the potential for 
bioaccumulation in aquatic organisms nor the associated hazards to the species that consume aquatic 
organisms (i.e., wildlife and humans).”  The existing sediment PCB concentrations in Echo Park Lake are 
lower than the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish 
tissue target.  Thus, a separate sediment target calculation based on a biota-sediment accumulation factor 
(BSAF) is carried out to ensure that fish tissue concentration goals are met.   

The fish contaminant goal for PCBs defined by the OEHHA (2008) is 3.6 ppb wet weight in muscle tissue 
(filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation derived 
from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is appropriate to 
correlate sediment and fish tissue targets.  For total PCBs, the corresponding sediment concentration 
target determined using the BSAF is 1.77 µg/kg dry weight, as described in detail in Section 6.5.5.  All 
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applicable targets are shown below in Table 6-8.  For sediment, the lower value of the consensus-based 
TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 6-8. PCB Targets Applicable to Echo Park Lake 

Medium Source Target 

Fish (ppb wet weight) OEHHA FCG 3.6 

Sediment (µg/kg dry weight) Consensus-based TEC 59.8 

Sediment (µg/kg dry weight) BSAF-derived target 1.77 

Water (ng/L) CTR  0.17 

Note:  Shaded cells represent the selected targets for this TMDL. 

6.5.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Echo Park Lake related to the PCB impairment.  
Additional details regarding monitoring data are discussed in Appendix G (Monitoring Data).  For PCBs, 
as well as other organochlorine compounds, sample analyses include both a detection limit and a method 
reporting limit.  For example, a typical detection limit for total PCBs in sediment reported by UCLA is 
0.53 µg/kg dry weight, while the reporting limit is 15 µg/kg dry weight.   

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the summer of 2008.  In all three samples PCB congeners were 
detected, but below reporting limits of 15 ng/L.  Water samples from Echo Park Lake were also collected 
by the Regional Board on December 18, 2008 at four stations.  PCBs at all stations were below the 
detection limit of 1 ng/L.  A summary of the water column data is shown in Table 6-9. 

Table 6-9. Summary of Water Column Samples for PCBs in Echo Park Lake 

Station 

Average Water 
Concentration 

(ng/L)
Number of 
Samples 1 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection and 

Reporting Limits 

NE near LA City Storm Drain (0.5) 1 0 0 

W near County Storm Drain (0.5) 1 0 0 

South [2.72] 3 2 2 

North, Lotus Bed [4.47] 2 1 1 

Northeast (0.5) 1 0  

In-Lake Average [1.74] 2 

CTR Water Column Target 0.17 
1 Total PCBs in a sample represents the sum of all quantified PCB congeners, including results reported below the 

method reporting limit.  If all congeners were non-detect, the total is represented as one-half the detection limit.  
Results of any laboratory duplicate analyses of the same sample were averaged.  Results for each station represent 
the average of individual samples.  Results in parentheses indicate that the sample average is based only on the 
detection limits of the samples and that no PCBs were quantified in any of the collected samples.  Sample averages 
based only on detected results below the reporting limit plus non-detects are shown in square brackets. 

2 Overall average is the average of individual station averages. 
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Echo Park Lake samples from summer 2008 were analyzed for pollutant concentrations associated with 
suspended sediments in the lake.  Samples were analyzed at two stations with detection limits ranging 
from 3.19 µg/kg to 10.05 µg/kg dry weight, and reporting limits ranging from 31.95 µg/kg to 100.5 µg/kg 
dry weight.  In one sample, PCB congener BZ-31 was detected at 117 µg/kg dry weight, while congener 
BZ-153 was also detected, but not above the reporting limit.   

UCLA collected bed sediment samples at four locations in Echo Park Lake in summer and fall 2008.  
Samples related to tributaries were collected in the lake near the tributary outfalls.  Several PCB 
congeners were detected in the summer 2008 sediment samples, with only one station with all congeners 
below detection limits.   

Sediment sampling was also conducted by the Regional Board at three stations on December 1, 2009.  
PCBs were quantified at all three stations.  PCB congeners BZ-18, BZ-95, BZ-101, and BZ-110 were 
quantified at all locations.  Other congeners were also quantified at one or two locations.  A summary of 
the sediment data is shown in Table 6-10.  The lake-wide average of 40.29 µg/kg dry weight is greater 
than the concentration near outfalls (24.16 µg/kg dry weight), and both are less than the consensus-based 
TEC of 59.8 µg/kg dry weight. 

Table 6-10. Summary of Sediment Samples for PCBs in Echo Park Lake, 2008-2009 

Station 

Average Sediment 
Concentration 

(µg/kg dry weight)1 

Number 
of 

Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection 

and Reporting Limits 

NE near LA City Storm Drain 2.98 3 3 2 

W near County Storm Drain 31.41 2 1 0 

South 29.85 1 1 0 

North, Lotus Bed 70.01 2 1 0 

Northeast (0.30) 1 0 0 

NW Arm near outfall 38.10 1 1 0 

Center Lake 72.55 2 2 0 

Center Lake South 77.10 1 1 0 

In-Lake Average 40.29 2 

Influent Average 24.16 

Consensus-based TEC 59.8 
1 Total PCBs in a sample represents the sum of all quantified PCB congeners, including results reported below the 

method reporting limit.  If all congeners were non-detect, the total is represented as one-half the detection limit.  
Results of any laboratory duplicate analyses of the same sample were averaged.  Results for each station represent 
the average of individual samples.  Results in parentheses indicate that the sample average is based only on the 
detection limits of the samples and that no PCBs were quantified in any of the collected samples.  Sample averages 
based only on detected results below the reporting limit plus non-detects are shown in square brackets. 

2

Four fish samples (composites of filets from five fish) were collected and analyzed for PCBs as Aroclor 
equivalents between 1987 and 1991.  In 1987, a largemouth bass and bullhead sample reported 84 ppb 
and 50 ppb wet weight, respectively.  Another largemouth bass sample was analyzed in 1991 and reported 
as 0 ppb (the detection limits for the historical fish samples are not reported).  In 1992, the PCB 
concentration in a largemouth bass composite sample was 60 ppb.  The average reported PCB 

 Overall average is the average of individual station averages. 
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concentration in all samples from the 1980s and 1990s was 48.5 ppb, including the reported zero.  Results 
from the individual samples are shown in Appendix G (Monitoring Data).  

Considering only data collected in the past 10 years, the average concentration of total PCBs in 
largemouth bass was 49.0 ppb wet weight, based on the two largemouth bass composite samples collected 
by SWAMP in the summer of 2007 with an average lipid fraction of 0.396 percent and an additional 
sample from April 2010 with a lipid fraction of 0.315 percent.  Three composite samples of bottom-
feeding carp (Trophic Level 3) were also analyzed.  These yielded an average total PCB concentration of 
81.8 ppb wet weight with an average lipid fraction of 1.263 percent.  The recent fish-tissue data for Echo 
Park Lake are summarized in Table 6-11. 

Table 6-11. Summary of Recent Fish Tissue Samples for PCBs in Echo Park Lake 

Sample Date Fish Species Total PCBs (ppb wet weight)

11 June 2007 

1 

Largemouth Bass 64.7 

11 June 2007 Largemouth Bass 31.5 

13 April 2010 Largemouth Bass 50.9 

11 June 2007 Common Carp 119.0 

11 June 2007 Common Carp 82.6 

13 April 2010 Common Carp 43.9 

2007 - 2010 Average – Largemouth Bass 49.0 

2007 - 2010 Average – Common Carp 81.8 

FCG 3.6 
1 

In sum, recent fish tissue samples collected from Echo Park Lake are all elevated above the OEHHA fish 
consumption guidelines for total PCBs.  Concentrations in sediment are, on average, below the 
consensus-based TEC, although individual samples exceed this value.  Concentrations in water have not 
been quantified; however, several 2008 samples were above detection limits that exceed the CTR 
criterion, although less than the reporting limit. 

Composite sample of filet from five individuals. 

6.5.4 Source Assessment 
PCBs in Echo Park Lake are primarily due to historical loading and storage within the lake sediments, 
with some ongoing contribution by watershed wet weather loads.  Dry weather loading is assumed to be 
negligible because hydrophobic contaminants primarily move with particulate matter that is mobilized by 
higher flows.  Stormwater loads from the watershed were estimated based on simulated sediment load and 
observed PCB concentrations on sediment near inflows to the lake.  Watershed loads of PCBs may arise 
from spills from industrial and commercial uses, improper disposal, and atmospheric deposition.  
Industrial and commercial spills will tend to be associated with specific land areas, such as older 
industrial districts, junk yards, and transformer substations.  Improper disposal could have occurred at 
various locations (indeed, waste PCB oils were sometimes used for dust control on dirt roads in the 
1950s).  Atmospheric deposition occurs across the entire watershed.   

There is no definitive information on specific sources of elevated PCB load within the watershed at this 
time.  Therefore, an average concentration on sediment is applied to all contributing areas. Although 
supplemental water additions of potable water makes up a significant amount of the flow to Echo Park 
Lake it does not contribute sediment load and is considered to not contribute significantly to PCB loading 
(total suspended sediment measured non-detect in two samples collected August 4th 2009).   
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The average concentration of PCBs on incoming sediment was estimated to be 24.16 µg/kg dry weight 
and the estimated annual sediment load to Echo Park Lake is 1.32 tons/yr (see Appendix D, Wet Weather 
Loading).  The resulting estimated wet weather load of PCBs is approximately 0.029 g/yr.  Table 6-12 
shows the annual PCB load estimated from each jurisdiction.   

Table 6-12. Total PCB Loads Estimated for Each Jurisdiction and Subwatershed in the Echo 
Park Watershed (g/yr) 

Subwatershed 
Responsible 
Jurisdiction Input 

Sediment Load 
(tons/yr) 

Total PCB 
Load (g/yr) 

Percent of 
Total Load 

Northern Caltrans State Highway 
Stormwater

0.044 
1 

0.0010 3.35% 

Northern  City of Los 
Angeles 

MS4 
Stormwater

0.98 
1 

0.021 74.24% 

Southern Caltrans State Highway 
Stormwater

0.0037 
1 

0.0001 0.28% 

Southern City of Los 
Angeles 

MS4 
Stormwater

0.29 
1 

0.0064 22.13% 

Total Load from Watershed 1.32 0.029 100% 
1

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
PCBs directly to the lake surface is estimated to be close to zero, with deposited loads balanced by 
volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates of 
watershed load.   

 This input includes effluent from storm drain systems during both wet and dry weather. 

6.5.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of PCBs into 
Echo Park Lake consistent with achieving water quality standards.  The loading capacity is used to 
calculate the TMDL and corresponding allocations of that load to permitted point sources (wasteload 
allocations) and nonpoint sources (load allocations).   

Lake sediments are often the predominant source of PCBs in biota.  The bottom sediment serves as a sink 
for organochlorine compounds that can be recycled through the aquatic life cycle.  PCBs are strongly 
sorbed to sediments and have long half-lives in sediment and water.  Incoming loads of PCBs will mainly 
be adsorbed to particulates from stormwater runoff (eroded sediments from legacy contamination sites or 
from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data from Echo Park Lake are discussed in detail in 
Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring Data), 
respectively.  The existing sediment PCB concentrations in Echo Park Lake are lower than the consensus-
based TEC target, and existing fish tissue concentrations are higher than the fish tissue target.  Therefore, 
a sediment target based on biota-sediment bioaccumulation (a BSAF approach) is calculated from the 
smaller of the ratio of the FCG to existing fish tissue concentrations obtained from trophic level 4 fish 
(TL4; e.g., largemouth bass) and bottom-feeding, trophic level 3 fish (TL3; e.g., common carp).  In 
general, the TL3 number is expected to be more restrictive due to additional uptake of organochlorine 
compounds from the sediment by bottom feeding fish.  The existing fish tissue concentrations were 
calculated using only recent data (collected in the past 10 years) because the loads and exposure 
concentrations of PCBs are likely to have declined steadily since the cessation of production and use of 
the chemical.  For PCBs in Echo Park Lake the ratios of the FCG to existing concentrations are: 
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 TL4: 3.6/49.0 = 0.0735 

 TL3: 3.6/81.8 = 0.0440 

The lower ratio, obtained for the TL3 fish, corresponds to the trophic level requiring the greatest 
reductions to achieve the fish tissue target.  This ratio is applied to the observed in-lake sediment 
concentration of 40.29 µg/kg dry weight to obtain the site-specific sediment target concentration to 
achieve fish tissue goals of 1.77 µg/kg dry weight (Table 6-13).   

Table 6-13. Fish Tissue-Based Total PCB Concentration Targets for Sediment in Echo Park Lake 

Total PCB Concentration Sediment (µg/kg dry weight) 

Existing 40.29 

BSAF-derived Target 1.77 

Required Reduction 95.6% 

 

The BSAF-derived sediment target is less than the consensus-based sediment quality guideline TEC of 
59.8 µg/kg dry weight.  (The consensus-based sediment quality guideline is for the protection of benthic 
organisms, and explicitly does not address bioaccumulation and human-health risks from the consumption 
of contaminated fish.)  The lower value of the consensus-based TEC target or the BSAF-derived target is 
selected as the final sediment target.  In addition, the CTR criterion for human health (0.17 ng/L) is the 
selected numeric target for the water column and protects both aquatic life and human health. 

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate that would be required to yield the existing sediment 
concentration under steady-state conditions.  This yields an estimate that a load of 3,230 g/yr would be 
required to maintain observed sediment concentrations under steady-state conditions.  The estimated 
current watershed loading rate is 0.76 g/yr, or 0.02 percent of this amount.  Therefore, impairment due to 
elevated fish tissue concentrations of PCBs in Echo Park Lake is primarily due to the storage of historic 
loads of PCBs in the lake sediment. 

6.5.6 TMDL Summary 
Because PCB impairment in Echo Park Lake is predominantly due to historic loads stored in the lake 
sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, allocations 
are first assigned on a concentration basis, with the goal of attaining the concentrations identified above 
for water and sediment as well as fish tissue.  The concentration targets apply to water and sediment 
entering the lake and within the lake 

The PCB TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are broken 
down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety (MOS) using 
the general TMDL equation.   

 

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 1.77 µg/kg dry weight total PCBs.  The wasteload allocations and load allocations are 
also equal to 1.77 µg/kg dry weight total PCBs in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections.   

∑ ++= MOSLAWLATMDL
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6.5.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for total PCBs (“Alternative WLAs if the Fish Tissue Target is Met”) 
described in Section 0.  The alternative wasteload allocations will supersede the wasteload allocations in 
Section 6.5.6.1.1 if the conditions described in Section 0 are met.  

6.5.6.1.1 Wasteload Allocations 
The entire watershed of Echo Park Lake is contained in an MS4 jurisdiction, and watershed loads are 
therefore assigned WLAs.  Relevant permit numbers are  

• County of Los Angeles (including the city of Los Angeles):  Board Order 01-182 (as amended by 
Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

PCBs in water flowing into Echo Park Lake are below detection limits, and most PCB load is expected to 
move in association with sediment.  Therefore, suspended sediment in water flowing into the lake is 
assigned wasteload allocations.  Additionally, the TMDL establishes wasteload allocations for PCBs in 
the water column equal to the CTR based water column target.  The CTR based water column target 
includes both dissolved PCBs and PCBs associated with suspended sediment.  The existing average 
concentration of sediment entering the lake is 24.16 µg/kg dry weight.  Therefore, a reduction of (24.16 – 
1.77)/24.16 = 92.7 percent is required on the sediment-associated load from the watershed. 

The wasteload allocations are shown in Table 6-14 and each wasteload allocation must be met at the point 
of discharge. 

Table 6-14. Wasteload Allocations for Total PCBs in Echo Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload 
Allocation for PCBs 

Associated with 
Suspended 
Sediment3   

(µg/kg dry weight) 

Wasteload 
Allocation for 

PCBs in the Water 
Column3

Northern 

 (ng/L) 

Caltrans State Highway 
Stormwater 1.77 1 

0.17 

Northern City of Los Angeles MS4 Stormwater 1.77 1 0.17 

Northern General Industrial 
Stormwater 
Permittees (in the 
City of Los Angeles)

General Industrial 
Stormwater

2 

1.77 
1 

0.17 

Southern Caltrans State Highway 
Stormwater

1.77 
1 

0.17 

Southern City of Los Angeles MS4 Stormwater 1.77 1 0.17 
1This input includes effluent from storm drain systems during both wet and dry weather. 
2 The discharges governed by the general industrial stormwater permit are currently in the City of Los Angeles.  Any 
future discharges governed by the general construction and general industrial stormwater permits will receive the 
same concentration-based wasteload allocations.  

3 Each wasteload allocation must be met at the point of discharge. 
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6.5.6.1.2 Alternative Wasteload Allocations if the Fish Tissue Target is Met 
The wasteload allocations listed in Table 6-14 will be superseded, and the wasteload allocations in Table 
6-15 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 3.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five common carp each measuring at least 350 
mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 6-15, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it.  

Each wasteload allocation must be met at the point of discharge. 

Table 6-15. Alternative Wasteload Allocations for Total PCBs in Echo Park Lake if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload 
Allocation for PCBs 

Associated with 
Suspended 
Sediment3   

(µg/kg dry weight) 

Wasteload 
Allocation for 

PCBs in the Water 
Column3

Northern 

 (ng/L) 

Caltrans State Highway 
Stormwater 59.8 1 

0.17 

Northern City of Los Angeles MS4 Stormwater 59.8 1 0.17 

Northern General Industrial 
Stormwater 
Permittees (in the 
City of Los Angeles)

General Industrial 
Stormwater

2 

59.8 
1 

0.17 

Southern Caltrans State Highway 
Stormwater

59.8 
1 

0.17 

Southern City of Los Angeles MS4 Stormwater 59.8 1 0.17 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The discharges governed by the general industrial stormwater permit are currently in the City of Los Angeles.  Any 
future discharges governed by the general construction and general industrial stormwater permits will receive the 
same concentration-based wasteload allocations.  

3 

6.5.6.2 Load Allocations  

Each wasteload allocation must be met at the point of discharge. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for total PCBs (“Alternative LAs if the Fish Tissue Target is Met”) described 
in Section 6.5.6.2.2. The alternative load allocations will supersede the load allocations in Section 
6.5.6.2.1 if the conditions described in Section 6.5.6.2.2 are met. 
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6.5.6.2.1 Load Allocations 
No part of the watershed of Echo Park Lake is outside MS4 jurisdiction; therefore no LAs are assigned to 
watershed loads.  No load is allocated to atmospheric deposition of PCBs.  The legacy PCB stored in lake 
sediment is the major cause of use impairment associated with elevated fish tissue concentrations, and is 
assigned a load allocation.  The in-lake allocation is in concentration terms: specifically, the responsible 
jurisdiction (City of Los Angeles) should achieve a PCB concentration of 1.77 µg/kg dry weight in lake 
bottom sediments (Table 6-16). 

Table 6-16. Load Allocations for Total PCBs in Echo Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface City of Los Angeles Lake bottom sediments 1.77 

 

6.5.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 
The load allocations listed in Table 6-16 will be superseded, and the load allocations in Table 6-17 will 
apply, if: 

1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 3.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 6-17, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Table 6-17. Alternative Load Allocations for Total PCBs in Echo Park Lake if the Fish Tissue 
Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface City of Los Angeles  Lake bottom sediments 59.8 

6.5.6.3 Margin of Safety 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  
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6.5.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate PCBs, concentrations in tissues of edible sized game fish integrate exposure over a number 
of years.  As a result, overall average loading is more important for the attainment of standards than 
instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations and 
protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects for 
critical conditions. 

6.5.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the PCB WLAs are expressed as concentrations on sediment, the daily maximum allowable load 
is calculated from the maximum daily sediment load multiplied by the TMDL WLA concentration.  The 
maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Echo Park Lake watershed.  USGS Station 11102000, Mission 
Creek near Montebello, CA, was selected as a surrogate for flow determination.  This gage is the closest 
USGS StreamStats gage in the Los Angeles River Basin with a relatively small drainage area (2,662 
acres).  The 99

 percentile daily flow and the sediment event 
mean concentration that yields the estimated annual sediment load.   

th percentile flow was chosen to represent the peak flow for this drainage.  Choosing the 
99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates errors due to outliers and is reasonable for development of a daily load 
expression.   

th percentile flow for Mission Creek  
(30.2 cfs) (Wolock, 2003).  To estimate the peak flow to Echo Park Lake, the 99th

The event mean concentration of sediment in stormwater (55.8 mg/L) was calculated from the estimated 
existing watershed sediment load of 1.32 tons/yr (

 percentile flow for 
Mission Creek was scaled down by the ratio of drainage areas (784 acres/2,662 acres; Echo Park Lake 
watershed area/Mission Creek watershed area at the gage).  The resulting peak flow estimate for Echo 
Park Lake is 8.89 cfs.   

Table 6-12) divided by the total storm flow volume 
entering the lake (17.4 ac-ft/yr).  Multiplying the sediment event mean concentration by the 99th

6.5.6.6 Future Growth 

 
percentile peak daily flow (8.98 cfs) yields a daily maximum sediment load from stormwater of1226 kg/d 
(1.35 tons/d).  Applying the wasteload allocation concentration of 1.77 µg total PCBs per dry kg of 
sediment yields the stormwater daily maximum allowable load of 0.0022 g/d of total PCBs.  This load is 
associated with the MS4 stormwater permittees.  The maximum allowable daily load must be met on all 
days, and the concentration-based WLAs must be met to ensure compliance with the TMDL. 

USEPA regulates PCBs under the Toxic Substances Control Act (TSCA), which generally bans the 
manufacture, use, and distribution in commerce of the chemicals in products at concentrations of 50 parts 
per million or more, although TSCA allows USEPA to authorize certain uses, such as to rebuild existing 
electrical transformers during the transformers’ useful life.  Therefore, no additional allowance is made 
for future growth in the PCB TMDL.  
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If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

6.6 CHLORDANE IMPAIRMENT 
Total chlordane consists of a family of related chemicals, including cis- and trans-chlordane, 
oxychlordane, trans-nonachlor, and cis-nonachlor.  Observations and targets discussed in this section all 
refer to total chlordane.  Chlordane was used as a pesticide in field, commercial, and residential uses.  
Chlordane is no longer in production, but persists in the environment from legacy loads. 

The chlordane impairment of Echo Park Lake affects beneficial uses related to recreation, municipal 
water supplies, wildlife health, and fish consumption.  While some loading of chlordane continues to 
occur in watershed runoff, the primary source of chlordane in the water column and aquatic life in Echo 
Park Lake is from historic loads stored in the lake sediments.  Chlordane, like other OC pesticides and 
PCBs, accumulates in aquatic organisms and biomagnifies in the food chain.  As a result, low 
environmental concentrations can result in unacceptable levels in higher trophic level fish in the lake.  
The approach for chlordane is similar to that for PCBs. 

6.6.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses,  
2) narrative and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, 
beneficial uses are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water 
Quality Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s 
Basin Plan, designed to be protective of the beneficial uses of each waterbody in the region.  The existing 
beneficial uses assigned to Echo Park Lake include REC1, REC2, WARM, WILD, and MUN.  
Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated levels of chlordane are 
currently impairing the REC1,REC2 and WARM uses by causing toxicity to aquatic organisms and 
raising fish tissue concentrations to levels that are unsafe for human consumption (which can result in fish 
consumption advisories) and impair sport fishing recreational uses.  At high enough concentrations WILD 
and MUN uses could become impaired. 

6.6.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of chlordane listed 
in the Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are 
based on the consensus-based sediment quality guidelines defined in MacDonald et al. (2000) and the fish 
tissue concentration goal, referred to as the fish contaminant goal (FCG), for chlordane defined by the 
Office of Environmental Health Hazard Assessment (OEHHA) for fish consumption.  The numeric 
targets used for chlordane are listed below.  The fish tissue concentration goal was also used to back 
calculate site-specific targets in sediment, with the most stringent target applying.  See Section 2 of this 
TMDL report for additional details. 

The water column criteria for chlordane in the Basin Plan are associated with a specific beneficial use.  
For waters designated MUN, the Basin Plan lists a maximum contaminant level of 0.0001 mg/L, or  
0.1 μg/L.  The Basin Plan also contains a narrative criterion that toxic chemicals not be present at levels 
that are toxic or detrimental to aquatic life (LARWQCB, 1994).  Acute and chronic criterion for 
chlordane in freshwater systems are defined by the California Toxics Rule as 2.4 μg/L and 0.0043 μg/L, 
respectively (USEPA, 2000a).  The CTR also includes human health criteria for the consumption of water 
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and organisms and for the consumption of organisms only as 0.00057 μg/L and 0.00059 μg/L, 
respectively (USEPA, 2000a).  For Echo Park Lake, the Regional Board has determined that the 
appropriate human health criterion is 0.00059 μg/L (0.59 ng/L) as the MUN use is not an existing use and 
may be removed. 

For sediment, the consensus-based sediment quality guidelines provided in Macdonald et al. (2000) for 
the threshold effects concentration (TEC) for chlordane is 3.24 µg/kg (µg/kg dry weight) dry weight.  The 
consensus-based guidelines have been incorporated into the most recent set of NOAA Screening Quick 
Reference Tables (SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources 
Control Board for interpretation of narrative sediment objectives under the 303(d) listing policy.  This 
target is designed to protect benthic dwelling organisms and explicitly does not consider “the potential for 
bioaccumulation in aquatic organisms nor the associated hazards to the species that consume aquatic 
organisms (i.e., wildlife and humans).”  The existing sediment chlordane concentrations in Echo Park 
Lake are lower than the consensus-based TEC target, and existing fish tissue concentrations are higher 
than the fish tissue target.  Thus, a separate sediment target calculation based on a biota-sediment 
accumulation factor (BSAF) is carried out to ensure that fish tissue concentration goals are met.   

The fish contaminant goal for chlordane defined by the OEHHA (2008) is 5.6 ppb wet weight in muscle 
tissue (filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation 
derived from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is 
appropriate to correlate sediment and fish tissue targets.  For chlordane, the corresponding sediment 
concentration target determined using the BSAF is 2.10 µg/kg dry weight, as described in Section 6.6.5.  
All applicable targets are shown below in Table 6-18.  For sediment the lower value of the consensus-
based TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 6-18. Total Chlordane Targets for Echo Park Lake 

Media Source Target 

Fish (ppb wet weight) OEHHA FCG 5.6 

Sediment (ng /dry g) Consensus-based TEC 3.24 

Sediment (µg/kg dry 
weight) BSAF-derived target 2.10 

Water (ng/L) CTR  0.59 

Note:  Shaded cells represent the selected targets for this TMDL. 

6.6.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Echo Park Lake related to the chlordane impairment.  
Addition details regarding monitoring data are discussed in Appendix G (Monitoring Data).  

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the summer of 2008 at two locations within Echo Park Lake.  
These analyses measured cis- and trans-chlordane, but not oxychlordane or nonachlor.  All water column 
samples were less than the detection limit for chlordane (1.5 ng/L; the detection limit for chlordane is 
higher than the water column criterion of 0.59 ng/L).  No additional water column sampling for chlordane 
has been conducted in Echo Park Lake. 

A summary of the water column data is shown in Table 6-19. 
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Table 6-19. Summary of Water Column Samples for Total Chlordane in Echo Park Lake 

Station 
Average Water 

Concentration(ng/L) 
Number of 
Samples 

Number of Samples 
Above Detection Limits

South 

1 

(0.75) 2 2 0 

North, Lotus Bed (0.75) 1 0 

In-Lake Average (0.75) 3 

CTR Criterion 0.59 
1 Non-detect samples were included in reported averages at one-half of the sample detection limit. 
2 Numbers in parentheses indicate that sample is based only on the detection limits of the samples, and that no 
chlordanes were quantified in any of the collected samples. 

3

Concentrations of chlordane on suspended sediment were also analyzed at two in-lake stations during the 
summer of 2008 by UCLA; both were less than the detection limits (3.19 µg/kg to 10.05 µg/kg dry 
weight).  Porewater was sampled by UCLA in both the fall and spring of 2008.  Specifically, chlordane 
concentrations in the porewater sampled at four sites during the summer of 2008 were all less than the 
detection limit of 15 ng/L; both sites sampled during the fall of 2008 were also below detection limits of 
15 ng/L to 1,500 ng/L. 

 Overall average is the average of individual station averages. 

UCLA also collected sediment samples at five locations in Echo Park Lake during summer and fall 2008.  
As with the water column analyses by UCLA, these report cis- and trans-chlordane, but not oxychlordane 
or nonachlor.  Of the nine total samples, all but one resulted in chlordane concentrations below the 
detection limit (which ranged from 0.44 µg/kg to 1.23 µg/kg dry weight).  One sediment sample collected 
during summer 2008 resulted in a sample average concentration of 4.14 µg/kg dry weight, which is 
greater than the consensus-based TEC of 3.24 µg/kg dry weight.  Three in-lake locations were sampled by 
the Regional Board and USEPA on December 1, 2009, resulting in reportable concentrations of 4.1 µg/kg 
to 22.25 µg/kg dry weight.  These analyses do include oxychlordane and nonachlor. 

All lake stations were averaged to estimate an exposure concentration for total chlordane in Echo Park 
Lake sediments of 4.43 µg/kg dry weight (with non-detects included at one-half the detection limit for 
each sample).  Stations located near outfalls are taken as an estimate of the concentrations on incoming 
sediment.  A summary of the sediment data is shown in Table 6-20. 

Table 6-20. Summary of Sediment Samples for Total Chlordane in Echo Park Lake 

Station 

Average Sediment 
Concentration (µg/kg 

dry weight)1 

Number 
of 

Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection and 

Reporting Limits 

NE near LA City Storm 
Drain (0.44) 3 0 0 

W near County Storm 
Drain 2.25 2 1 0 

South (0.46) 1 0 0 

North, Lotus Bed (0.53) 2 0 0 

Northeast (0.30) 1 0 0 

NW Arm, near outfall 22.25 1 1 0 
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Station 

Average Sediment 
Concentration (µg/kg 

dry weight)1 

Number 
of 

Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection and 

Reporting Limits 

Center Lake 5.15 2 1 0 

Center Lake S 4.10 1 1 0 

In-Lake Average 4.43 2 

Influent Average 8.31 

Consensus-based TEC 3.24 
1 Total chlordane in a sample represents the sum of all reported measurements for alpha and gamma chlordane, 

oxychlordane, and cis- and trans-nonachlor, including results reported below the method reporting limit.  If all 
components were non-detect, the total is represented as one-half the detection limit.  Results of any laboratory 
duplicate analyses of the same sample were averaged.  Results for each station represent the average of individual 
samples.  Results in parentheses indicate that the sample average is based only on the detection limits of the 
samples and that no chlordane quantified in any of the collected samples.  Sample averages based only on 
detected results below the reporting limit plus non-detects are shown in square brackets. 

2

 
 Overall average is the average of individual station averages. 

Fish tissue concentrations of total chlordane from Echo Park Lake have been analyzed in largemouth 
bass, common carp, and bullhead (SWAMP and TSMP).  Four fish samples (composites of filets from 
five fish) were collected and analyzed for total chlordane between 1987 and 1991.  In 1987, 
concentrations in a largemouth bass and a bullhead composite sample were reported at 17.8 and 66 ppb 
wet weight, respectively.  Two additional largemouth bass samples were analyzed in 1991, with 
concentrations reported as 0 ppb (the detection limits for the historical fish samples are not reported). 

Considering only data collected in the past 10 years, the average concentration of chlordane in largemouth 
bass was 4.70 ppb wet weight, based on the three largemouth bass composite samples collected in the 
summer of 2007 and April 2010 with an average lipid fraction of 0.37 percent.  Three composite samples 
of bottom-feeding common carp (Trophic Level 3) were also analyzed.  These yielded an average total 
chlordane concentration of 11.85 ppb wet weight with an average lipid fraction of 1.26 percent.  The 
recent fish-tissue data for Echo Park Lake are summarized in Table 6-21. 

Table 6-21. Summary of Recent Fish Tissue Samples for Total Chlordane in Echo Park Lake 

Sample Date Fish Species Total Chlordane (ppb wet weight)

11 June 2007 

1 

Largemouth Bass 8.534 

11 June 2007 Largemouth Bass 2.037 

13 April 2010 Largemouth Bass 2.517 

11 June 2007 Common Carp 18.41 

11 June 2007 Common Carp 12.92 

13 April 2010 Common Carp 4.216 

2007 - 2010 Average – Largemouth Bass 4.70 

2007 - 2010 Average – Common Carp 11.85 

FCG 5.6 
1 Composite samples of filet from five individuals. 
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In sum, recent fish tissue concentrations in Echo Park Lake are above the FCG in two of three samples for 
common carp, and in one of three largemouth bass composite samples.  The average concentration in 
sediment is below the consensus-based TEC, although individual samples exceed the TEC.  Water 
column samples have all been below detection limits.  

6.6.4 Source Assessment 
Chlordane in Echo Park Lake is primarily due to historical loading and storing within the lake sediments, 
with some ongoing contribution by watershed wet weather loads.  Dry weather loading is assumed to be 
negligible because hydrophobic contaminants primarily move with particulate matter that is mobilized by 
higher flows.  Stormwater loads from the watershed were estimated based on simulated sediment load and 
observed chlordane concentrations on sediment near inflows to the lake.  Watershed loads of chlordane 
may arise from past pesticide applications, improper disposal, and atmospheric deposition.  Pesticide 
applications were most likely associated with agricultural, commercial, and residential areas.  Improper 
disposal could have occurred at various locations, while atmospheric deposition occurs across the entire 
watershed. 

There is no definitive information on specific sources within the watershed at this time.  Therefore, an 
average concentration on sediment is applied to all contributing areas. Although supplemental water 
additions of potable water makes up a significant amount of the flow to Echo Park Lake it does not 
contribute sediment load and is considered to no contribute significantly to chlordane loading (total 
suspended sediment measured non-detect in two samples collected August 4th

The average concentration of total chlordane on incoming sediment is estimated to be 8.31 µg/kg dry 
weight (

 2009).   

Table 6-20) and the annual sediment load to Echo Park Lake is 1.32 tons/yr (see Appendix D, 
Wet Weather Loading).  The resulting estimated wet weather load of chlordane is approximately  
0.0099 g/yr (Table 6-22).  

Table 6-22. Total Chlordane Loads Estimated for Each Jurisdiction and Subwatershed in the 
Echo Park Watershed (g/yr) 

Subwatershed 
Responsible 
Jurisdiction Input 

Sediment 
Load 

(tons/yr) 
Total Chlordane 

Load (g/yr) 

Percent 
of Total 

Load 

Northern Caltrans State Highway 
Stormwater

0.044 
1 

0.0003 3.35% 

Northern  City of Los 
Angeles MS4 Stormwater

0.98 
1 

0.0074 74.24% 

Southern Caltrans State Highway 
Stormwater

0.0037 
1 

0.00003 0.28% 

Southern City of Los 
Angeles MS4 Stormwater

0.29 
1 

0.0022 22.13% 

Total Load from Watershed 1.32 0.0099 100.00% 
1

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
total chlordane directly to the lake surface is estimated to be close to zero, with deposited loads balanced 
by volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates 
of watershed load.   

 This input includes effluent from storm drain systems during both wet and dry weather. 
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6.6.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of total 
chlordane into Echo Park Lake consistent with achieving water quality standards.  The loading capacity is 
used to calculate the TMDL and corresponding allocations of that load to permitted point sources 
(wasteload allocations) and nonpoint sources (load allocations).   

Lake sediments are often the predominant source of total chlordane in biota.  The bottom sediment serves 
as a sink for organochlorine compounds that can be recycled through the aquatic life cycle.  Chlordanes 
are strongly sorbed to sediments and have long half-lives in sediment and water.  Incoming loads of total 
chlordane will mainly be adsorbed to particulates from stormwater runoff (eroded sediments from legacy 
contamination sites or from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data from Echo Park Lake are discussed in detail in 
Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring Data), 
respectively.  The existing sediment chlordane concentrations in Echo Park Lake are lower than the 
consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue target.  
Therefore, a sediment target based on biota-sediment bioaccumulation (a BSAF approach) is calculated 
from the smaller of the ratio of the FCG to existing fish tissue concentrations obtained from trophic level 
4 fish (TL4; e.g., largemouth bass) and bottom-feeding, trophic level 3 fish (TL3; e.g., common carp).  In 
general, the TL3 number is expected to be more restrictive due to additional uptake of organochlorine 
compounds from the sediment by bottom feeding fish.  The existing fish tissue concentrations were 
calculated using only recent data (collected in the past 10 years) because the loads and exposure 
concentrations of chlordane are likely to have declined steadily since the cessation of production and use 
of the chemical.  For chlordane in Echo Park Lake the ratios of the FCG to existing concentrations are: 

 TL4: 5.6/4.70 = 1.191 

 TL3: 5.6/11.85 = 0.473 

The lower ratio, obtained for the TL3 fish, corresponds to the trophic level requiring the greatest 
reductions to achieve the fish tissue target.  This ratio is applied to the observed sediment concentration of 
4.43 µg/kg dry weight to obtain the site-specific sediment target concentration to achieve fish tissue goals 
of 2.10 µg/kg dry weight (Table 6-23). 

Table 6-23. Fish Tissue-Based Chlordane Concentration Targets for Sediment  
in Echo Park Lake 

Total Chlordane Concentration Sediment (µg/kg dry weight) 

Existing 4.43 

BSAF-derived Target 2.10 

Required Reduction 52.8% 

 

The BSAF-derived sediment target is less than the consensus-based sediment quality guideline TEC of 
3.24 µg/kg dry weight.  (The consensus-based sediment quality guideline is for the protection of benthic 
organisms, and explicitly does not address bioaccumulation and human-health risks from the consumption 
of contaminated fish.)  The lower value of the consensus-based TEC target or the BSAF-derived target is 
selected as the final sediment target.  In addition, the CTR criterion for human health (0.59 ng/L) is the 
selected numeric target for the water column and protects both aquatic life and human health. 

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate required to yield the existing sediment concentration under 
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steady-state conditions.  This yields an estimate that a load of 63.8 g/yr would be required to maintain 
observed sediment concentrations under steady-state conditions.  The estimated current watershed loading 
rate is 0.0099 g/yr, or 0.02 percent of this amount.  Therefore, impairment due to elevated fish tissue 
concentrations of chlordane in Echo Park Lake is primarily due to the storage of historic loads of 
chlordane in the lake sediment. 

6.6.6 TMDL Summary 
Because chlordane impairment in Echo Park Lake is predominantly due to historic loads stored in the lake 
sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, allocations 
are first assigned on a concentration basis, with the goal of attaining the concentrations identified above 
for water and sediment, as well as fish tissue.  The concentration targets apply to water and sediment 
entering the lake and within the lake. 

The chlordane TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are 
broken down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety 
(MOS) using the general TMDL equation.   

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 2.10 µg/kg dry weight chlordane.  The wasteload allocations and load allocations are 
also equal to 2.10 µg/kg dry weight chlordane in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections. 

6.6.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for chlordane (“Alternative WLAs if the Fish Tissue Target is Met”) 
described in Section 6.6.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 6.6.6.1.1 if the conditions described in Section 6.6.6.1.2 are met.  

6.6.6.1.1 Wasteload Allocations 
The entire watershed of Echo Park Lake is contained in an MS4 jurisdiction, and therefore receives 
WLAs.  Relevant permit numbers are  

• County of Los Angeles (including the city of Los Angeles):  Board Order 01-182 (as amended by 
Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

Total chlordane concentrations in water flowing into Echo Park Lake are below detection limits, and most 
chlordane load is expected to move in association with sediment.  Therefore, the suspended sediment in 
water flowing into the lake is assigned wasteload allocations.  Additionally, the TMDL establishes 
wasteload allocations for chlordane in the water column equal to the CTR based water column target.  
The CTR based water column target includes both dissolved chlordane and chlordane associated with 
suspended sediment.  The existing concentration of sediment entering the lake is 8.31 µg/kg dry weight.  
Therefore, a reduction of (8.31 – 2.10)/8.31 = 74.7 percent is required on the sediment-associated load 
from the watershed.  The reduction in watershed load is slightly greater than the reduction needed for in-

∑ ++= MOSLAWLATMDL
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lake sediments because the estimated concentration on influent sediment is greater than the lake-wide 
average. 

The wasteload allocations are shown in Table 6-24 and each wasteload allocation must be met at the point 
of discharge. 

Table 6-24. Wasteload Allocations for Total Chlordane in Echo Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for  
Chlordane Associated with 

Suspended Sediment3 
(µg/kg dry weight) 

Wasteload Allocation 
for Chlordane in the 

Water Column3

Northern 

 (ng/L) 

Caltrans State 
Highway 
Stormwater 2.10 1 

0.59 

Northern City of Los Angeles MS4 
Stormwater 2.10 1 

0.59 

Northern General Industrial 
Stormwater 
Permittees (in the 
City of Los Angeles)

General 
Industrial 
Stormwater

2 

2.10 1 

0.59 

Southern Caltrans State 
Highway 
Stormwater

2.10 
1 

0.59 

Southern City of Los Angeles MS4 
Stormwater 2.10 1 

0.59 

1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The discharges governed by the general industrial stormwater permit are currently in the City of Los Angeles.  Any 
future discharges governed by the general construction and general industrial stormwater permits will receive the 
same concentration-based wasteload allocations.  

3 

6.6.6.1.2 Alternative Wasteload Allocations if the Fish Tissue Target is Met 

Each wasteload allocation must be met at the point of discharge. 

The wasteload allocations listed in Table 6-24 will be superseded, and the wasteload allocations in Table 
6-25 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 5.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five common carp each measuring at least 
350mm in length,  

2.  The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 6-25, and 

3. USEPA does not object to the Regional Board’s determination within sixty days of receiving 
notice of it.  

Each wasteload allocation must be met at the point of discharge. 
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Table 6-25. Alternative Wasteload Allocations for Total Chlordane in Echo Park Lake if Fish 
Tissue Targets are Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for  
Chlordane Associated with 

Suspended Sediment3
Wasteload Allocation 
for Chlordane in the 

Water Column
 

(µg/kg dry weight) 3

Northern 

 (ng/L) 

Caltrans State 
Highway 
Stormwater

3.24 

1 

0.59 

Northern City of Los Angeles MS4 
Stormwater

3.24 
1 

0.59 

Northern General Industrial 
Stormwater 
Permittees (in the 
City of Los Angeles)

General 
Industrial 
Stormwater

2 

1

3.24 

  

0.59 

Southern Caltrans State 
Highway 
Stormwater

3.24 

1 

0.59 

Southern City of Los Angeles MS4 
Stormwater

3.24 
1 

0.59 

1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The discharges governed by the general industrial stormwater permit are currently in the City of Los Angeles.  Any 
future discharges governed by the general construction and general industrial stormwater permits will receive the 
same concentration-based wasteload allocations.  

3 

6.6.6.2 Load Allocations  

Each wasteload allocation must be met at the point of discharge. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for chlordane (“Alternative LAs if the Fish Tissue Target is Met”) described 
in Section 6.6.6.2.2. The alternative load allocations will supersede the load allocations in Section 
6.6.6.2.1 if the conditions described in Section 6.6.6.2.2 are met. 

6.6.6.2.1 Load Allocations 
No part of the watershed of Echo Park Lake is outside MS4 jurisdiction; therefore no LAs are assigned to 
the watershed loads. No load is allocated to atmospheric deposition of chlordane.  The legacy chlordane 
stored in lake sediment is the major cause of impairment associated with elevated fish tissue 
concentrations, and is assigned a load allocation.  The in-lake allocation is in concentration terms: 
specifically, the responsible jurisdiction (city of Los Angeles) should achieve a total chlordane 
concentration of 2.10 µg/kg dry weight in lake bottom sediments (Table 6-26). 

Table 6-26. Load Allocations for Total Chlordane in Echo Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface City of Los Angeles Lake bottom sediments 2.10 

 

6.6.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 
The load allocations listed in Table 6-26 will be superseded, and the load allocations in Table 6-27 will 
apply, if: 
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1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 5.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 6-27, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Table 6-27. Alternative Load Allocations for Total Chlordane in Echo Park Lake if the Fish Tissue 
Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface City of Los Angeles  Lake bottom sediments 3.24 

 

6.6.6.3 Margin of Safety 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  

6.6.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate chlordane, concentrations in tissues of edible sized game fish integrate exposure over a 
number of years.  As a result, overall average loading is more important for the attainment of standards 
than instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations 
and protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects 
for critical conditions. 

6.6.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the total chlordane WLAs are expressed as concentrations on sediment, the daily maximum 
allowable load is calculated from the maximum daily sediment load multiplied by the TMDL WLA 
concentration.  The maximum daily sediment load is estimated from the 99th percentile daily flow and the 
sediment event mean concentration that yields the estimated annual sediment load. 
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The daily maximum allowable load in Echo Park Lake is calculated from the estimated 99th

6.5.6.5

 percentile 
flow to the Lake multiplied by the event mean concentration consistent with achieving the long-term 
loading targets, described above in the PCBs section.  USGS Station 11102000, Mission Creek near 
Montebello, CA, was selected as a surrogate for flow determination for flow to the lake, as described in 
the PCBs section (Section ). 

The event mean concentration of sediment in stormwater (55.8 mg/L) was calculated from the estimated 
existing watershed sediment load of 1.32 tons/yr (Table 6-22) divided by the total storm flow volume 
reaching the lake (17.4 ac-ft/yr).  Multiplying the sediment event mean concentration by the 99th

6.6.6.6 Future Growth 

 
percentile peak daily flow (8.98 cfs) yields a daily maximum sediment load from stormwater of 1226 kg/d 
(1.35 tons/d).  Applying the wasteload allocation concentration of 2.10 µg total chlordane per dry kg of 
sediment yields the stormwater daily maximum allowable load of 0.0026 g/d of total chlordane.  This 
load is associated with the MS4 stormwater permittees.  The maximum allowable daily load must be met 
on all days, and the concentration-based WLAs must be met to ensure compliance with the TMDL. 

The manufacture and use of chlordane is currently banned.  Therefore, no additional allowance is made 
for future growth in the chlordane TMDL. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

6.7 DIELDRIN IMPAIRMENT 
Dieldrin is a chlorinated insecticide originally developed as an alternative to DDT and was in wide use 
from the 1950s to the 1970s.  Dieldrin in the environment also arises from use of the insecticide aldrin.  
Aldrin is not itself toxic to insects, but is metabolized to dieldrin in the insect body.  The use of both 
dieldrin and aldrin was discontinued in the 1970s. 

The dieldrin impairment of Echo Park Lake affects beneficial uses related to recreation, municipal water 
supplies, wildlife health, and fish consumption.  Dieldrin, like PCBs and chlordane, is an organochlorine 
compound that is strongly sorbed to sediment and is no longer in production.  As such, the approach for 
dieldrin impairment is similar to that for PCBs and chlordane. 

6.7.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses,  
2) narrative and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, 
beneficial uses are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water 
Quality Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s 
Basin Plan, designed to be protective of the beneficial uses of each waterbody in the region.  The existing 
beneficial uses assigned to Echo Park Lake include REC1, REC2, WARM, WILD, and MUN.  
Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated levels of dieldrin are 
currently impairing the REC1,REC2 and WARM uses by causing toxicity to aquatic organisms, raising 
fish tissue concentrations to levels that are unsafe for human consumption (which can result in fish 
consumption advisories), and impair sport fishing recreational uses.  At high enough concentrations 
WILD and MUN uses could become impaired. 
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6.7.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of dieldrin in the 
Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are based on 
the consensus-based sediment quality guidelines defined in MacDonald et al. (2000) and the fish tissue 
concentration goal, referred to as the fish contaminant goal (FCG), defined by the OEHHA (2008) for fish 
consumption.  The numeric targets for dieldrin are listed below.  The fish tissue concentration goal was 
also used to back calculate site-specific targets in sediment, with the most stringent target applying.  See 
Section 2 of this TMDL report for additional details. 

The water column targets for dieldrin in the Basin Plan are associated with a specific beneficial use.  The 
Plan also contains a narrative criterion that toxic chemicals not be present at levels that are toxic or 
detrimental to aquatic life (LARWQCB, 1994).  Each waterbody addressed in this TMDL is designated 
WARM, at a minimum, and must meet this requirement.  Acute and chronic criteria for the protection of 
aquatic life and wildlife in freshwater systems are included in the CTR for dieldrin as 0.24 μg/L and  
0.056 μg/L, respectively (USEPA, 2000a).  The CTR also provides a human health-based water quality 
criterion for the consumption of organisms only and the consumption of water and organisms as 0.00014 
μg/L (USEPA, 2000a).  The human health criterion of 0.00014 µg/L (0.14 ng/L) is the most restrictive of 
the applicable criteria specified for water column concentrations and is selected as the water column 
target.  

For sediment, the consensus-based sediment quality guidelines provided in MacDonald et al. (2000) for 
the threshold effects concentration (TEC) of dieldrin in sediment is 0.46 μg/kg (µg/kg dry weight).  The 
consensus-based guidelines have been incorporated into the most recent set of NOAA Screening Quick 
Reference Tables (SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources 
Control Board for interpretation of narrative sediment objectives under the 303(d) listing policy.  This 
target is designed to protect benthic dwelling organisms and explicitly does not consider “the potential for 
bioaccumulation in aquatic organisms nor the associated hazards to the species that consume aquatic 
organisms (i.e., wildlife and humans).”  The estimated existing sediment dieldrin concentrations in Echo 
Park Lake are lower than the consensus-based TEC target, and existing fish tissue concentrations are 
higher than the fish tissue target.  Thus, a separate sediment target calculation based on a biota-sediment 
accumulation factor (BSAF) is carried out to ensure that fish tissue concentration goals are met. 

The fish contaminant goal for dieldrin defined by the OEHHA (2008) is 0.46 ppb wet weight in muscle 
tissue (filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation 
derived from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is 
appropriate to correlate sediment and fish tissue targets.  For dieldrin, the corresponding sediment 
concentration target estimated using the BSAF approach is 0.80 µg/kg dry weight, as described in Section 
6.7.5.  All applicable targets are shown below in Table 6-28.  For sediment the lower value of the 
consensus-based TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 6-28. Dieldrin Targets for Echo Park Lake 

Media Source Target 

Fish (ppb wet weight) OEHHA FCG 0.46 

Sediment (µg/kg dry weight) Consensus-based TEC 1.90 

Sediment (µg/kg dry weight) BSAF-derived target 0.80 

Water (ng/L) CTR  0.14 

Note:  Shaded cells represent the selected targets for this TMDL. 
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6.7.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Echo Park Lake related to the dieldrin impairment.  
Additional details regarding monitoring data are discussed in Appendix G (Monitoring Data).  

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the summer of 2008 with three samples at two locations within 
Echo Park Lake.  All three water column samples were less than the detection limit for dieldrin (3 ng/L; 
the detection limit for dieldrin is higher than the water column criterion of 0.14 ng/L).  No additional 
water column sampling for dieldrin has been conducted in Echo Park Lake. 

A summary of the water column data is shown in Table 6-29. 

Concentrations of dieldrin in suspended sediment were also analyzed at two in-lake stations during the 
summer of 2008 by UCLA, both were less than the detection limits (6.39 µg/kg to 20.10 µg/kg dry 
weight).  Porewater was sampled by UCLA in both the summer and fall of 2008; dieldrin concentrations 
in all samples were less than the detection limits of 30 ng/L to 3,000 ng/L. 

Table 6-29. Summary of Water Column Samples for Dieldrin in Echo Park Lake 

Station 
Average Water 

Concentration (ng/L)1 
Number of 
Samples 

Number of Samples 
Above Detection Limits 

South (1.50) 2 2 0 

North, Lotus Bed (1.50) 1 0 

In-Lake Average (1.50) 2 

CTR Criterion 0.14 
1 Non-detect samples were included in reported averages at one-half of the sample detection limit.  Numbers in 

parentheses indicate that sample is based only on the detection limits of the samples, and that no dieldrin was 
quantified in any of the collected samples. 

2

 
 Overall average is the average of individual station averages. 

UCLA collected bed sediment samples at five locations in Echo Park Lake in summer and fall 2008.  All 
nine samples analyzed by UCLA resulted in dieldrin concentrations below the detection limit (which 
ranged from 0.83 µg/kg to 2.46 µg/kg dry weight).  Since the upper end of this range is greater than the 
consensus-based TEC for dieldrin sediment (1.9 µg/kg dry weight), exceedances cannot be ruled out.  
Three in-lake locations were sampled by the Regional Board and USEPA on December 1, 2009; all were 
below the detection limit (1 µg/kg dry weight).  Stations located near outfalls are taken as an estimate of 
the concentrations on incoming sediment.  Because dieldrin does appear in fish at levels greater than the 
FCG, and because these body burdens of dieldrin are believed to arise from the sediment, EPA decided to 
represent statistical estimates for the sediment concentrations of dieldrin by setting the concentration of 
non-detected samples to the detection limit.  The estimated lake-wide average of < 1.39 µg/kg dry weight 
is less than the consensus-based TEC of 1.90 µg/kg dry weight.  A summary of the sediment sampling is 
provided in Table 6-30. 

Table 6-30. Summary of Sediment Samples for Dieldrin in Echo Park Lake 

Station 

Average Sediment 
Concentration (µg/kg 

dry weight)1 
Number of 
Samples 

Number of Samples 
Above Detection Limits 

NE near LA City Storm Drain (1.76) 3 0 

W near County Storm Drain (1.19) 2 0 
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Station 

Average Sediment 
Concentration (µg/kg 

dry weight)1 
Number of 
Samples 

Number of Samples 
Above Detection Limits 

South (1.83) 1 0 

North, Lotus Bed (2.13) 2 0 

Northeast (1.20) 1 0 

NW Arm, near outfall (1.00) 1 0 

Center Lake (1.00) 1 0 

Center Lake S (1.00) 1 0 

In-Lake Average (1.39) 2 

Influent Average (1.32) 

Consensus-based TEC 1.90 
1 Non-detect samples are included in reported averages at the detection limit.  Numbers in parentheses indicate that 

sample is based only on the detection limits of the samples, and that no dieldrin was detected in any of the collected 
samples. 

2

 
 Overall average is the average of individual station averages.  

Fish tissue concentrations of dieldrin from Echo Park Lake have been analyzed in largemouth bass, 
common carp, and bullhead (SWAMP and TSMP).  Four fish samples (composites of filets from five 
fish) were collected and analyzed for total dieldrin between 1987 and 1991.  In 1987, concentrations in a 
largemouth bass and a bullhead composite sample were reported at 0 and 7 ppb wet weight, respectively.  
Two additional largemouth bass samples were analyzed in 1991, with concentrations reported as 0 ppb 
(the detection limits for the historical fish samples are not reported). 

Considering only data collected in the past 10 years, the average concentration of dieldrin in largemouth 
bass was 0.716 ppb wet weight, based on the three largemouth bass composite samples collected by 
SWAMP in the summer of 2007 and April 2010 with an average lipid fraction of 0.37 percent.  Three 
composite samples of bottom-feeding common carp (Trophic Level 3) were also analyzed.  These yielded 
an average dieldrin concentration of 0.935 ppb wet weight with an average lipid fraction of 1.26 percent.  
The recent fish-tissue data for Echo Park Lake are summarized in Table 6-31. 

Table 6-31. Summary of Recent Fish Tissue Samples for Dieldrin in Echo Park Lake 

Sample Date Fish Species Dieldrin (ppb wet weight)

11 June 2007 

1 

Largemouth Bass 0.848 

11 June 2007 Largemouth Bass 0.585 

13 April 2010 Largemouth Bass [0.453]

11 June 2007 

2 

Common Carp 1.08 

11 June 2007 Common Carp 0.79 

13 April 2010 Common Carp 0.538 

2007 - 2010 Average – Largemouth Bass 0.650 
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Sample Date Fish Species Dieldrin (ppb wet weight)

2007 - 2010 Average – Common Carp 

1 

0.803 

FCG 0.46 
1 Composite samples of filet from five individuals. 
2 

In sum, five of six recent fish tissue concentrations in Echo Park Lake are above the FCG for dieldrin in 
both common carp and largemouth bass composite samples.  Sediment and water column concentrations 
have all been below detection limits; however, the maximum detection limit in sediment is less than the 
consensus-based TEC. 

Values in square brackets are reported concentrations below the practical reporting limit and are included in the 
averages. 

6.7.4 Source Assessment 
Dieldrin in Echo Park Lake is suspected to be primarily due to historical loading and storage within the 
lake sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather loading 
and direct atmospheric deposition to the lake are considered negligible sources of dieldrin.  Stormwater 
loads from the watershed could not be directly estimated because all sediment and water samples were 
below detection limits.  Watershed loads of dieldrin may arise from past pesticide applications, improper 
disposal, and atmospheric deposition.  Pesticide applications were most likely associated with 
agricultural, commercial, and residential areas.  Improper disposal could have occurred at various 
locations, while atmospheric deposition occurs across the entire watershed. 

There is no definitive information on specific sources within the watershed at this time.  Therefore, an 
average concentration of sediment is applied to all contributing areas.  Although supplemental water 
additions of potable water makes up a significant amount of the flow to Echo Park Lake it does not 
contribute sediment load and is considered to not contribute significantly to dieldrin loading (total 
suspended sediment measured non-detect in two samples collected August 4th

An upper-bound analysis for dieldrin is performed using the sediment load and detection limit to 
determine the maximum potential loading rate of dieldrin from the watershed.  The dieldrin sediment 
concentration is assigned based on the estimate of concentration on influent sediment from sample 
detection limits of 1.32 µg/kg dry weight and the annual sediment load to Echo Park Lake is 1.32 tons/yr 
(see Appendix D, Wet Weather Loading).  The resulting estimated upper bound on the wet weather load 
from the watershed is 0.0016 g/yr or less (

 2009).   

Table 6-32).  

Table 6-32. Maximum Potential Dieldrin Loads for Each Jurisdiction and Subwatershed in the 
Echo Park Watershed (g/yr) 

Subwatershed 
Responsible 
Jurisdiction Input 

Upper-Bound Potential 
Current Dieldrin Load (g/yr) 

Northern  Caltrans State Highway 
Stormwater

<0.00005 
1 

Northern  City of Los Angeles MS4 Stormwater <0.00117 1 

Southern  Caltrans State Highway 
Stormwater

<0.00000 
1 

Southern  City of Los Angeles MS4 Stormwater <0.00035 1 

Total Load from Watershed <0.0016 
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This input includes effluent from storm drain systems during both wet and dry weather.  As described in 
Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of dieldrin directly to 
the lake surface is estimated to be close to zero, with deposited loads balanced by volatilization losses.  
Atmospheric deposition onto the watershed is implicitly included in the estimates of watershed load.   

6.7.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of dieldrin into 
Echo Park Lake consistent with achieving water quality standards.  The loading capacity is used to 
calculate the TMDL and corresponding allocations of that load to permitted point sources (wasteload 
allocations) and nonpoint sources (load allocations).   

Lake sediments are often the predominant source of dieldrin in biota.  The bottom sediment serves as a 
sink for organochlorine compounds that can be recycled through the aquatic life cycle.  Dieldrin is 
strongly sorbed to sediments and has a long half-life in sediment and water.  Incoming loads of dieldrin 
will mainly be adsorbed to particulates from stormwater runoff (eroded sediments from legacy 
contamination sites or from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data from Echo Park Lake are discussed in detail in 
Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring Data), 
respectively.  The estimated existing sediment dieldrin concentrations in Echo Park Lake are lower than 
the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue 
target.  Therefore, a sediment target based on biota-sediment bioaccumulation (a BSAF approach) is 
calculated from the smaller of the ratio of the FCG to existing fish tissue concentrations obtained from 
trophic level 4 fish (TL4; e.g., largemouth bass) and bottom-feeding, trophic level 3 fish (TL3; e.g., 
common carp).  In general, the TL3 number is expected to be more restrictive due to additional uptake of 
OC pesticides and PCBs from the sediment by bottom feeding fish.  The existing fish tissue 
concentrations were calculated using only recent data (collected in the past 10 years) because the loads 
and exposure concentrations of dieldrin are likely to have declined steadily since the cessation of 
production and use of the chemical.  For dieldrin in Echo Park Lake the ratios of the FCG to existing 
concentrations are: 

 TL4: 0.46/0.650 = 0.708 

 TL3: 0.46/0.803 = 0.573 

The lower ratio, obtained for the TL3 fish, corresponds to the trophic level requiring the greatest 
reductions to achieve the fish tissue target.  This ratio is applied to the estimated in-lake sediment 
concentration.  Analyses of sediment concentrations are, however, below detection limits.  Using an 
estimated concentration of 1.39 µg/kg dry weight based on the sample detection limits, the resulting target 
concentration would be 0.80 µg/kg dry weight to obtain FCGs.  Calculation with a literature-based BSAF 
(Appendix G, Monitoring Data) suggests that even lower concentrations might be needed.  However, the 
literature-based BSAF is highly uncertain and may not be directly applicable to conditions in Echo Park 
Lake.  Therefore, the target based on the detection limits is used, with acknowledgment that the estimate 
may need to be refined if additional data are collected at lower detection limits.  The resulting fish tissue 
based target concentration of dieldrin in the sediment of Echo Park Lake is shown in Table 6-33. 
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Table 6-33. Fish Tissue-Based Dieldrin Concentration Targets for Sediment in Echo Park Lake 

Dieldrin Concentration Sediment (µg/kg dry weight) 

Existing < 1.39 

BSAF-derived Target 0.80 

Required Reduction < 50.7% 

 

The BSAF-derived sediment target is less than the consensus-based sediment quality guideline TEC of 
1.90 µg/kg dry weight.  (The consensus-based sediment quality guideline is for the protection of benthic 
organisms, and explicitly does not address bioaccumulation and human-health risks from the consumption 
of contaminated fish.)  The lower value of the consensus-based TEC target or the BSAF-derived target is 
selected as the final sediment target.  In addition, the CTR criterion for human health (0.14 ng/L) is the 
selected numeric target for the water column and protects both aquatic life and human health. 

6.7.6  TMDL Summary 
Because the dieldrin impairment in Echo Park Lake is most likely due to historic loads stored in the lake 
sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, allocations 
are first assigned on a concentration basis, with the goal of attaining the concentrations identified above 
for water and sediment, as well as fish tissue.  The concentration targets apply to water and sediment 
entering the lake and within the lake 

The dieldrin TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are broken 
down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety (MOS) using 
the general TMDL equation.   

 

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 0.80 µg/kg dry weight dieldrin.  The wasteload allocations and load allocations are 
also equal to 0.80 µg/kg dry weight dieldrin in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections.   

6.7.6.1  Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for dieldrin (“Alternative WLAs if the Fish Tissue Target is Met”) 
described in Section 6.7.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 6.7.6.1.1 if the conditions described in Section 6.7.6.1.2 are met.  

6.7.6.1.1 Wasteload Allocations 
The entire watershed of Echo Park Lake is contained in an MS4 jurisdiction, and therefore receives 
WLAs.  Relevant permit numbers are  

• County of Los Angeles (including the city of Los Angeles):  Board Order 01-182 (as amended by 
Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

∑ ++= MOSLAWLATMDL
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• Caltrans:  Order No 99-06-DWQ, CAS000003 

Dieldrin concentrations in sediment and water flowing into Echo Park Lake are below detection limits, 
but most dieldrin load is expected to move in association with sediment.  Therefore, suspended sediment 
in water flowing into the lake is assigned wasteload allocations.  Additionally, the TMDL establishes 
wasteload allocations for dieldrin in the water column equal to the CTR based water column target.  The 
CTR based water column target includes both dissolved dieldrin and dieldrin associated with suspended 
sediment.  Comparing the sediment concentration target to the average detection limit for the influent 
samples of 1.32 µg/kg dry weight suggests that a reduction of approximately 39 percent in dieldrin loads 
is needed.  The wasteload allocations are shown in Table 6-34 and each wasteload allocation must be met 
at the point of discharge. 

Table 6-34. Wasteload Allocations for Dieldrin in Echo Park Lake 

Subwatershed Responsible Jurisdiction Input 

Wasteload Allocation 
for Dieldrin 

Associated with 
Suspended Sediment3 

(µg/kg dry weight) 

Wasteload 
Allocation for 
Dieldrin in the 
Water Column3

Northern 

 
(ng/L) 

Caltrans State Highway 
Stormwater 0.80 1 0.14 

Northern City of Los Angeles MS4 
Stormwater 0.80 1 0.14 

Northern General Industrial Stormwater 
Permittees (in the City of Los 
Angeles)

General 
Industrial 
Stormwater2 

0.80 
1 

0.14 

Southern Caltrans State Highway 
Stormwater 0.80 1 0.14 

Southern City of Los Angeles MS4 
Stormwater 0.80 1 0.14 

1This input includes effluent from storm drain systems during both wet and dry weather. 
2 The discharges governed by the general industrial stormwater permit are currently in the City of Los Angeles.  Any 
future discharges governed by the general construction and general industrial stormwater permits will receive the 
same concentration-based wasteload allocations.  

3 

6.7.6.1.2 Alternative Wasteload Allocations if the Fish Tissue Target is Met 

Each wasteload allocation must be met at the point of discharge. 

The wasteload allocations listed in Table 6-34 will be superseded, and the wasteload allocations in Table 
6-35 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 0.46 ppb wet weight has been met for the preceding three or more years.  
A demonstration that the fish tissue target has been met in any given year must at minimum 
include a composite sample of skin off fillets from at least five common carp each measuring at 
least 350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 6-35, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it.  

Each wasteload allocation must be met at the point of discharge. 
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Table 6-35. Alternative Wasteload Allocations for Dieldrin in Echo Park Lake if the Fish Tissue 
Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Dieldrin 

Associated with 
Suspended Sediment3

Wasteload 
Allocation for 

Dieldrin in the Water 
Column

 
(µg/kg dry weight) 3

Northern 

 (ng/L) 

Caltrans State Highway 
Stormwater 1.90 1 

0.14 

Northern City of Los Angeles MS4 
Stormwater

1.90 
1 

0.14 

Northern General Industrial 
Stormwater Permittees (in 
the City of Los Angeles)

General 
Industrial 
Stormwater2 

1.90 

1 

0.14 

Southern Caltrans State Highway 
Stormwater

1.90 
1 

0.14 

Southern City of Los Angeles MS4 
Stormwater

1.90 
1 

0.14 

1This input includes effluent from storm drain systems during both wet and dry weather. 
2 The discharges governed by the general industrial stormwater permit are currently in the City of Los Angeles.  Any 
future discharges governed by the general construction and general industrial stormwater permits will receive the 
same concentration-based wasteload allocations.  

3 

6.7.6.2 Load Allocations  

Each wasteload allocation must be met at the point of discharge. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for dieldrin (“Alternative LAs if the Fish Tissue Target is Met”) described in 
Section 6.7.6.2.2. The alternative load allocations will supersede the load allocations in Section 6.7.6.2.1 
if the conditions described in Section 6.7.6.2.2 are met. 

6.7.6.2.1 Load Allocations 
None of the watershed of Echo Park Lake is outside MS4 jurisdiction; therefore no LAs are assigned to 
watershed loads.  No load is allocated to atmospheric deposition of dieldrin.  The legacy dieldrin stored in 
lake sediment is believed to be the major cause of impairment associated with elevated fish tissue 
concentrations, and is assigned a load allocation.  The in-lake allocation is in concentration terms: 
specifically, the responsible jurisdiction (city of Los Angeles) should achieve a dieldrin concentration of 
0.80 µg/kg dry weight in lake bottom sediments (see Table 6-36). 

Table 6-36. Load Allocations for Dieldrin in Echo Park Lake 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface City of Los Angeles Lake bottom sediments 0.80 

 

6.7.6.2.2  Alternative Load Allocations if the Fish Tissue Target is Met 
The load allocations listed in Table 6-36 will be superseded, and the load allocations in Table 6-37 will 
apply, if: 
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1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 0.46 ppb wet weight has been met for the preceding three or more years.  
A demonstration that the fish tissue target has been met in any given year must at minimum 
include a composite sample of skin off fillets from at least five largemouth bass each measuring 
at least 350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 6-37, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Table 6-37. Alternative Load Allocations for Dieldrin in Echo Park Lake if the Fish Tissue Target 
is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Lake Surface City of Los Angeles  Lake bottom sediments 1.90 

6.7.6.3 Margin of Safety 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  

6.7.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate dieldrin, concentrations in tissues of edible sized game fish integrate exposure over a 
number of years.  As a result, overall average loading is more important for the attainment of standards 
than instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations 
and protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects 
for critical conditions. 

6.7.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the dieldrin WLAs are expressed as concentrations on sediment, the daily maximum allowable 
load is calculated from the maximum daily sediment load multiplied by the TMDL WLA concentration.  
The maximum daily sediment load is estimated from the 99th percentile daily flow and the sediment event 
mean concentration that yields the estimated annual sediment load. 
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The daily maximum allowable load in Echo Park Lake is calculated from the estimated 99th

6.5.6.5

 percentile 
flow to the Lake multiplied by the event mean concentration consistent with achieving the long-term 
loading targets, described above in the PCBs section.  USGS Station 11102000, Mission Creek near 
Montebello, CA, was selected as a surrogate for flow determination for flow to the lake, as described in 
the PCBs section (Section ). 

The event mean concentration of sediment in stormwater (55.8 mg/L) was calculated from the estimated 
existing watershed sediment load of 1.32 tons/yr (Table 6-12) divided by the total storm flow volume 
reaching the lake (17.4 ac-ft/yr).  Multiplying the sediment event mean concentration by the 99th

6.7.6.6 Future Growth 

 
percentile peak daily flow (8.98 cfs) yields a daily maximum sediment load from stormwater of 1226 kg/d 
(1.35 tons/d).  Applying the wasteload allocation concentration of 0.80 µg dieldrin per dry kg of sediment 
yields the stormwater daily maximum allowable load of 0.00098 g/d of dieldrin.  This load is associated 
with the MS4 stormwater permittees.  The maximum allowable daily load must be met on all days, and 
the concentration-based WLAs must be met to ensure compliance with the TMDL. 

The manufacture and use of dieldrin is currently banned.  Therefore, no additional allowance is made for 
future growth in the dieldrin TMDL.   

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

6.8 TRASH IMPAIRMENT 

6.8.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Echo Park Lake include REC1, REC2, WARM, and WILD.  Descriptions of these uses 
are listed in Section 2 of this TMDL report.  Trash can potentially impair the REC1, REC2, WARM, and 
WILD in a variety of ways, including causing toxicity to aquatic organisms, damaging habitat, impairing 
aesthetics, and impeding recreation. 

6.8.2 Numeric Targets 
The numeric target is derived from the narrative water quality objective in the Los Angeles Basin Plan 
(LARWQCB, 1994) for floating material: 

“Waters shall not contain floating materials, including solids, liquids, foams, and scum, in 
concentrations that cause nuisance or adversely affect beneficial uses”; 

 and for solid, suspended, or settleable materials: 

“Waters shall not contain suspended or settleable material in concentrations that cause nuisance 
or adversely affect beneficial uses.” 

The numeric target for the Echo Park Lake Trash TMDL is 0 (zero) trash in or on the water and on the 
shoreline.  Zero trash is defined as no allowable trash discharged into the waterbody of concern, 
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shoreline, and channels.  No information has been found to justify any value other than zero that would 
fully support the designated beneficial uses.  Furthermore, court rulings have found that a numeric target 
of zero trash is legally valid (City of Arcadia et al. v. Los Angeles Regional Water Quality Control Board 
et al. (2006) 135 Cal.App.4th 1392).  The numeric target was used to calculate the waste load allocations 
for point sources and load allocations for nonpoint sources, as described in the following sections of this 
report.  

6.8.3 Summary of Monitoring Data 
The existing beneficial uses are impaired by the accumulation of suspended and settled debris.  Common 
items observed include plastic pieces, paper items, Styrofoam, food waste, glass pieces, aluminum foil, 
and cigarette butts.  

According to California’s 2006 303(d) Impaired Waterbodies list, trash is causing water quality 
problems in Echo Park Lake.  USEPA and Regional Water Quality Control Board staff confirmed the 
trash impairment during a site visit to Echo Park Lake on March 9, 2009.  Staff conducted quantitative 
trash assessments and documented the trash impairment with photographs.  Trash was observed in the 
lake, along the shorelines, and at the outlet of storm drains discharging into the lake.  

Two quantitative trash assessments were conducted according to the Rapid Trash Assessment protocol 
which gives each shoreline a numeric score out of a possible 120 points (SWAMP, 2007).  Higher scores 
correspond to cleaner areas, with 120 points representing a clean area.  The severity of the trash problem 
was scored based upon the condition of the following parameters: level of trash, actual number of trash 
items found, threat to aquatic life, threat to human health, illegal dumping and littering, and 
accumulation of trash.  Trash assessments were conducted within a 100 feet long by 10 feet wide area. 
The site visit evaluated different land use types surrounding Echo Park Lake, including recreational uses 
near a roadway and near picnic tables.    

Echo Park has many visitors and is located in a densely populated urban area surrounded by busy streets. 
The lake is down a short steep slope from the streets which delineates the nonpoint source subwatershed 
boundary.  Echo Park Lake has a shallow lotus bed on the northwest side, an inaccessible island on the 
northeast side, multiple small wetlands in the center, and a large fountain.  The Park includes picnic tables 
near the lake, a playground on the northern shore, paddle boats for rent along the eastern shore, a fence 
along the southern corner, and a paved path around the entire lake, used for jogging and walking. 
Uncovered trash cans are located along the park path approximately every 100 feet, potentially leading to 
the transport of trash by wildlife or wind. Staff also observed approximately 300 birds in this small lake 
resulting in excessive bird droppings.  Scum and small floatable pieces of trash were observed to 
accumulate in corners of the lake with stagnant water (Figure 6-11 and Figure 6-12).  
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Figure 6-11. Trash Accumulation in the Lotus Bed Section of Echo Park Lake 
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Figure 6-12. Floating Debris Observed on December 2, 2009 

6.8.3.1 Picnic Area 
A 100 ft. trash assessment was conducted near the playground and picnic tables on the northern shore of 
the lake. This area scored a 95/120. Only small trash items were observed. Trash was likely transported 
due to people littering in the picnic area and along the path. Some items were found in the water but no 
accumulation of trash was observed. 

6.8.3.2 Near Glendale Boulevard 
A trash assessment, conducted on the western shore near Glendale Boulevard, scored a 95/120. Trash was 
likely transported from the road and people littering along the park path.  

6.8.3.3 Wildlife Feeding 
Dumping of food waste, such as piles of rice or whole loaves of bread, to feed the birds was observed. 
Human food is unhealthy to wildlife and the massive quantities discarded cause an overabundance of 
birds to inhabit this area.  An unnaturally large bird population leads to greater excrement quantities, 
which can worsen the nutrient problem in the lake.   

Locations of the quantitative monitoring sites are shown in the map below (Figure 6-13). 
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Figure 6-13. Quantitative Trash Assessment Locations at Echo Park Lake 

During a follow-up visit to Echo Park Lake on August 4, 2009, trash was similarly observed in the lake 
and on the shore.  No quantitative surveys were conducted. 

In summary, trash was present in and along the shore of Echo Park Lake during all visits.  The prevalence 
of trash was evenly distributed around the lake.  The main trash problems were caused by feeding wildlife 
and small trash items, such as cigarette butts. 

6.8.4 Source Assessment 
The major source of trash in Echo Park Lake results from litter, which is intentionally or accidentally 
discarded to the lake and watershed.  Potential sources are categorized as point and nonpoint sources, 
depending on the transport mechanisms.  For example: 

1. Storm drains: trash deposited throughout the watershed and carried to various sections of the lake 
during and after rainstorms via storm drains.  This is a point source.  

2. Wind action: trash blown into the lake directly.  This is a nonpoint source. 

3. Direct disposal: direct dumping or littering into the lake.  This is a nonpoint source. 

Since the Echo Park Lake watershed includes residential areas, open space, parks, roads, and storm 
drains, both point and nonpoint sources contribute trash to the lake.  

6.8.4.1 Point Sources 
Based on reports from similar watersheds, the amount and type of trash transported is a function of the 
surrounding land use.  The city of Long Beach recorded trash quantity collected at the mouth of the Los 
Angeles River; the results suggest total trash amount is linearly correlated with precipitation (Figure 6-14, 
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R2

 

=0.90, Signal Hill, 2006).  A similar study found that the amount of gross pollutants entering the 
stormwater system is rainfall dependent but does not necessarily depend on the source (Walker and 
Wong, 1999).  The amount of trash entering the stormwater system depends on the energy available to re-
mobilize and transport deposited gross pollutants on street surfaces, rather than the amount of available 
gross pollutants deposited on street surfaces.  Where gross pollutants exist, a clear relationship is 
established between the gross pollutant load in the stormwater system and the magnitude of the storm 
event.  The limiting mechanism affecting the transport of gross pollutants, in the majority of cases, 
appears to be re-mobilization and transport processes (i.e., stormwater rates and velocities). 

 
Figure 6-14. Storm Debris Collection Summary for Long Beach (Signal Hill, 2006) 

In order to estimate trash generation rates, data from a comparable watershed was analyzed.   

The city of Calabasas completed a study on a Continuous Deflective Separation (CDS) unit installed to 
catch runoff from Calabasas Park Hills to Las Virgenes.  The CDS unit is a hydrodynamic separator that 
uses vortex settling to remove sediment, trap debris and trash, and separate floatables such as oil and 
grease. It is assumed that this CDS unit prevented all trash from passing through.  The calculated area 
drained by this CDS Unit is approximately 12.8 square miles.  Regional Board staff estimated the 
waterbody’s urbanized area to be 0.10 square miles. The results of this clean-out, which represents 
approximately half of the 1998-1999 rainy season, were 2,000 gallons of sludgy water and a 64-gallon 
bag two-third full of plastic food wrappers.  Part of the trash accumulated in this CDS unit for over half 
of the rainy season is assumed to have decomposed due to the absence of paper products.  Since the CDS 
unit was cleaned out after slightly more than nine months of use, it was assumed that this 0.10 square 
mile urbanized area produced a volume of 64 gallons of trash.  Therefore, 640 gallons of trash were 
generated per square mile per year.  This estimate is used to determine trash loads.  

During the 1998/1999 and 1999/2000 rain seasons, a Litter Management Pilot Study (LMPS) was 
conducted by Caltrans to evaluate the effectiveness of several litter management practices in reducing 
litter discharged from Caltrans storm water conveyance systems.  The LMPS employed four field study 
sites, each of which was measured with the amount of trash produced when separate BMPs were applied. 
The average total load for each site normalized by the total area of control catchments was 6,677 
gallons/mi2/year.  Other trash generation rates and studies exist but the LMPS study is the most 
applicable to Echo Park Lake because of similar land use, population density, and average daily traffic 
conditions.  Therefore, this analysis will use 6,677 gal/mi2/yr as the baseline estimate of trash for 
Caltrans roads. 
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Table 6-38 shows the current estimated volume of trash deposited within each of the responsible 
jurisdictions, in gallons per year, assuming a trash generation rate of 6,677 gallons of uncompressed 
trash/mi2

Table 6-38. Echo Park Lake Estimated Point Source Trash Loads 

/year for Caltrans and a trash generation rate of 640 gallons of uncompressed trash per square 
mile per year for other jurisdictions.  For responsible jurisdictions that are only partially located in the 
watershed, the square mileage indicated is for the portion in the watershed only.  The current loads need 
to be reduced 100 percent to meet the TMDL target of zero trash. 

Responsible Jurisdictions Point Source Area (mi2
Current Point Source Trash 

Load (gal/year) ) 

CA DOT (Caltrans) 0.022 150 

City of Los Angeles 1.2 750 

Note:  
For Caltrans:  Current Point Source Trash Load (gal/yr) = Point Source Area (mi2) * 6,677 (gal/ mi2/yr).   
For all other jurisdictions:  Current Point Source Trash Load (gal/yr) = Point Source Area (mi2) * 640 (gal/ mi2/yr) 

6.8.4.2 Nonpoint Sources 
Nonpoint source pollution is a source of trash in Echo Park Lake.  Trash deposited in the lake from 
nonpoint sources is a function of transport via wind, wildlife, and overland flow and direct dumping.   

Few studies have evaluated the relationship between wind strength and movement of trash from land 
surfaces to a waterbody.  Lighter trash with a sufficient surface area to be blown in the wind, such as 
plastic bags, beverage containers, and paper or plastic food containers, are easily lifted and carried to 
waterbodies.  Also, overland flow carries trash from the shoreline to waterbodies.  Transportation of 
pollutants from one location to another is determined by the energy of both wind and overland stormwater 
flow.   

Existing trash surrounding the lake is the fundamental cause of nonpoint source trash loading. Land use 
directly surrounding Echo Park Lake includes recreational areas.  Visitors may intentionally or 
accidentally discard trash to grass or trails in the park, which initiate the journey of trash to waterbodies 
via wind or overland water flow.  Varying uses of the park are responsible for different degrees of trash 
impairment.  For example, areas with picnic tables generate more trash than parking lots. Visitation rates 
are also likely linked to the amount of trash from nonpoint sources. 

Table 6-39 summarizes the nonpoint source area and current estimate of nonpoint source trash loads for 
responsible jurisdictions (see Figure 6-6 for an illustration of the park area surrounding the lake), 
assuming a trash generation rate of 640 gallons of uncompressed trash per square mile per year.  The 
current loads need to be reduced 100 percent to meet the TMDL target of zero trash. 

Table 6-39. Echo Park Lake Estimated Nonpoint Source Trash Loads 

Responsible Jurisdictions 
Nonpoint Source Area 

(Mile2
Current Nonpoint Source 

Trash Loads (Gal/year) ) 

City of Los Angeles 0.024 16 

Note:  Current Nonpoint Source Trash Load (gal/yr) = Nonpoint Source Area (mi2) * 640 (gal/ mi2/yr) 
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6.8.5 Linkage Analysis 
These TMDLs are based on numeric targets derived from narrative water quality objectives in the Los 
Angeles Basin Plan (LARWQCB, 1994) for floating materials and solid, suspended, or settleable 
materials.  The narrative objectives state that waters shall not contain these materials in concentrations 
that cause nuisance or adversely affect beneficial uses.  Since any amount of trash impairs beneficial uses, 
the loading capacity of Echo Park Lake is set to zero allowable trash.   

6.8.6 TMDL Summary 
Both point sources and nonpoint sources are identified as sources of trash in Echo Park Lake.  For point 
sources, water quality standards are attained by assigning waste load allocations (WLAs) to Permittees of 
the Los Angeles County Municipal Separate Storm Sewer System (MS4) Permit and Caltrans (hereinafter 
referred to as responsible jurisdictions); these WLAs will be implemented through permit requirements.  
For nonpoint sources, water quality standards are attained by assigning load allocations (LAs) to 
municipalities and agencies having jurisdictions over Echo Park Lake and its subwatershed. These LAs 
may be implemented through regulatory mechanisms that implement the State Board’s 2004 Nonpoint 
Source Policy such as conditional waivers, waste discharge requirements, or prohibitions.  

The TMDL of zero trash requires that current loads are reduced by 100 percent.  Final WLAs and LAs are 
zero trash (Table 6-40).     

Table 6-40. Echo Park Lake Trash WLAs and LAs 

Echo Park Lake Allocation 

Trash WLA 0 

Trash LA 0 

6.8.6.1 Wasteload Allocations 
The geographical boundary contributing to point sources is defined by watershed areas which contain 
conveyances discharging to the waterbodies of concern. Conveyances include, but are not limited to, 
natural and channelized tributaries, and stormwater drains and conveyances.  Federal regulations require 
that NPDES permits incorporate water quality based effluent limitations (WQBELs) consistent with the 
requirements and assumptions of any available wasteload allocations (WLAs).   

Wasteload allocations are set to 0 (zero) allowable trash.  

The permits affected are: 

• County of Los Angeles (includes all cities in Los Angeles County except Long Beach):  Board 
Order 01-182 (as amended by Board Orders R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Industrial Stormwater: Order No 97-03-DWQ, CAS000001 

6.8.6.2 Load Allocations 
Nonpoint source areas refer to locations where trash may be carried by overland flow, wildlife, or wind to 
waterbodies.  Due to the transportation mechanism by wind, wildlife, and overland flow to relocate trash 
from land to waterbodies, the nonpoint source area may be smaller than the watershed.  In addition, trash 
loadings frequently occur immediately around or directly into the lake making the load allocation a 
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significant source of trash.  According to the study by the city of Calabasas, the trash generation rate is 
640 gallons per square mile per year from nonpoint sources areas (including, but not limited to, schools, 
commercial areas, residential areas, public services, road, and open space and parks areas). Current trash 
rates were calculated in the nonpoint source section. 

Load allocations (LAs) for nonpoint sources are zero trash.  Zero is defined as no allowable trash found in 
and on the lake, and along the shoreline. According to the Porter-Cologne Act, load allocations may be 
addressed by the conditional Waivers of WDRs, or WDRs.  Responsible jurisdictions should monitor the 
trash quantity deposited in the vicinities of the waterbodies of concern as well as on the waterbody to 
comply with the load allocation. 

The area adjacent to Echo Park Lake or defined as nonpoint sources includes parking lots, recreational 
areas, picnic areas, and walking paths.  Assuming that trash within a reasonable distance from Echo Park 
Lake has a high potential to reach the waterbody, the nonpoint source jurisdiction is the city of Los 
Angeles.  All load allocations are set to zero allowable trash. 

6.8.6.3 Margin of Safety 
A margin of safety (MOS) accounts for uncertainties in the TMDL analysis.  The MOS can be expressed 
as an explicit mass load, or included implicitly in the WLAs and LAs that are allocated.  Because this 
TMDL sets WLAs and LAs as zero trash, the TMDL includes an implicit MOS. Therefore, an explicit 
MOS is not necessary. 

6.8.6.4 Critical Conditions/Seasonality 
Critical conditions for Echo Park Lake are based on three conditions that correlate with loading 
conditions: 

• Major storms 

• Wind advisories issued by the National Weather Service 

• High visitation – On weekends and holidays from May 15 to October 15.  

Critical conditions do not affect wasteload or load allocations because zero trash is a conservative target. 
However, implementation efforts should be heightened during critical conditions in order to ensure that 
no trash enters the waterbody. 

6.8.6.5 Future Growth 
If any sources, currently assigned load allocations, are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

6.9 IMPLEMENTATION RECOMMENDATIONS 
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits, or non-point source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that can reduce 
pollutant loading to lakes include but are not limited to:  increasing the volume of the lake that is aerated; 
installing hydroponic islands to remove nutrients; increasing flow volume or circulation in the lake; 
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reducing stormwater discharges by improved infiltration; treating stormwater or supplemental water 
inputs with a wetland system; alum treatment to immobilize nutrients in sediments; dredging in lake 
sediments; and/or fisheries management actions to reduce nutrient availability from sediments. 

Additionally, responsible jurisdictions implementing these TMDLs are encouraged to utilize Los Angeles 
County’s Structural Best Management Practice (BMP) Prioritization Methodology which helps identify 
priority areas for constructing BMP projects.  The tool is able to prioritize based on multiple pollutants.  
The pollutants that it can prioritize includes bacteria, nutrients, trash, metals and sediment.  Reducing 
sediment loads would reduce OC pesticides and PCBs delivery to the lake in many instances. More 
information about this prioritization tool is available at: labmpmethod.org. 

If necessary, these TMDLs may be revised as the result of new information (See Section 6.10 Monitoring 
Recommendations). 

6.9.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy.  Additionally, South Coast Air 
Quality Management District has authority to regulate air emissions throughout the basin that affect air 
deposition.  Load allocations are expressed in Table 6-7, Table 6-16, Table 6-26, Table 6-36, and  
Table 6-40 for nutrients, PCBs, chlordane, dieldrin, and trash, respectively.  

6.9.2 Point Sources and the Implementation of Wasteload Allocations  
Wasteload allocations apply to MS4 and Caltrans Stormwater permits as well as supplemental water 
additions.  Wasteload allocations are expressed in Table 6-6, Error! Reference source not found., Table 
6-14, Table 6-24,  
Table 6-34, and Table 6-40 for individual and grouped nutrients, PCBs, chlordane, dieldrin, and trash, 
respectively.  The concentration and mass-based wasteload allocations will be incorporated into the 
Caltrans and Los Angeles County MS4 permits.  

6.9.3 Source Control Alternatives 
Echo Park Lake has nutrient-related, chlordane, dieldrin, PCB, and trash impairments.  There are some 
management strategies that would address multiple impairments (i.e., sediment removal BMPs in the 
watershed) while other pollutants require a more specific management plan.  The City of Los Angeles 
Department of Recreation and Parks submitted a recommendation to develop the Echo Park Lake 
Rehabilitation plan  to the Proposition O program funds in 2006 (CDM, 2006), developed the concept 
plan and presented it to the Prop O Citizens Oversight Committee for bond funding approval.  BMP and 
restoration efforts associated with this plan are now underway and will impact several of the Echo Park 
Lake impairments and initial modeling predicts that TMDL targets will be met upon its full 
implementation.  An explicit goal of this project is to provide multiple environmental benefits by also 
enhancing open water, wetland, and nesting island habitat for native migratory waterfowl, turtles and 
gamefish.  

The objective of the Plan is to improve water quality in both Echo Park Lake and the Los Angeles River 
watershed.  Funds were allocated to general tasks including:  site investigation and preliminary studies, 
engineering design tasks, permitting costs, construction of structural improvements to the lake and storm 
drain system, implementation of water quality BMPs, habitat restoration, educational efforts regarding 
water quality improvements, and post-construction monitoring.  Due to the wide range of components, the 
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Plan is divided into four phases: pre-design, design, construction, and post-construction.  Major lake 
improvements are summarized below; however, additional improvements are discussed in the Plan. 

In-lake improvements, as part of the construction phase, will begin with draining the lake and removing 
contaminated soils.  Fishes will also be removed.  Once contaminated soils are properly disposed of 
offsite, an impermeable liner will be placed on the lake’s bottom to eliminate infiltration, thus conserving 
the potable water used to supplement water levels in the lake.  Structural BMPs to the lake’s infrastructure 
will include the installation of trash capture and pollution control devices at the city’s storm drain inlets.  
Sedimentation basins at all storm drains will be designed as stilling basins to enhance sedimentation and 
additional biological filters will trap pollutants, trash, and debris before stormwater flows into the lake.  
In-lake habitat and vegetation improvements will include lotus bed reconditioning as well as enhancement 
of the wetland and the lake’s edge.  Finally, the Plan details specific BMPs to be implemented throughout 
the surrounding park area, including grass swales, infiltration strips, porous pavement, “smart” irrigation 
systems, and educational signage.    

Proposition O improvements to Echo Park Lake will assist with achieving local and regional water quality 
goals, including load reductions specific to the impairments addressed within these TMDLs.  While there 
are some management strategies that would address multiple impairments (i.e., sediment removal BMPs 
in the watershed), their differences warrant separate implementation and monitoring discussions. 

6.9.3.1 Nutrient-Related Impairments 
The Echo Park Lake Rehabilitation Plan identified a number of BMPs that may help prevent degradation 
of this waterbody due to nutrient loading associated with future land use changes.  Several of the 
recommended BMPs would function as sediment removal devices, which may also result in decreased 
concentrations of nitrogen and phosphorus in the runoff water.  The sediment removal BMPs proposed in 
the plan include: 

• Hydrodynamic sediment and trash removal units within the city’s concrete stormdrain structure or 
at the forebay of the lake 

• Sediment removal device at the county stormdrain outfall 

• Sediment basins at stormdrain outfall locations 

The plan also proposes BMPs that provide that provide filtration, infiltration, and vegetative uptake and 
these removal processes may reduce nutrient loads.  These BMPs include: 

• Lotus bed reconditioning 

• Submerging of existing floating wetland islands 

• Lake edge vegetation 

• Grassy swales/infiltration strips 

• Porous pavement 

• New “smart” irrigation system 

The rehabilitation plan also proposes educational signage and kiosks regarding the above improvements. 
In addition to these efforts, education of park maintenance staff regarding the proper placement, timing, 
and rates of fertilizer application will also result in reduced nutrient loading to the lake.  Staff should be 
advised to follow product guidelines regarding fertilizer amounts and to spread fertilizer when the chance 
of heavy precipitation in the following days is low.  Encouraging pet owners to properly dispose of pet 
wastes will also reduce nutrient loading associated with fecal material that may wash directly into the lake 
or into storm drains that eventually discharge to the lake.  Discouraging feeding of birds at the lake will 
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reduce nutrient loading associated with excessive resident bird populations.  The NNE BATHTUB model 
indicated Additional Parkland Loading is present in Echo Park Lake.  This lake is heavily frequented by 
bird feeders and the additional bird feces produced by bird feeding contributes to this load; loads linked to 
trash and associated food scraps would also be reduced. 

In order to meet the fine particulate (PM2.5) and ozone (O3) national ambient air quality standards by their 
respective attainment dates of 2015 and 2024, the South Coast Air Quality Management District and the 
California Air Resources Board have prepared an air quality management plan that commits to reducing 
nitrogen oxides (NOx, a precursor to both PM2.5

6.9.3.2 Organochlorine Pesticides and PCB Impairments 

 and ozone) by over 85 percent by 2024.  These 
reductions will come largely from the control of mobile sources of air pollution such as trucks, buses, 
passenger vehicles, construction equipment, locomotives, and marine engines.  These reductions in NOx 
emissions will result in reductions of ambient NOx levels and atmospheric deposition of nitrogen to the 
lake surface.  

The manufacture and use of chlordane, dieldrin, and PCBs are currently banned in the U.S. except for 
certain limited uses of PCBs authorized by USEPA.  Therefore, no additional allowances for future 
growth are needed in the TMDLs.  Source control BMPs and pollutant removal are the most suitable 
courses of action to reduce OC pesticides and PCBs in Echo Park Lake.  The TMDL calculations 
performed for each pollutant (described above in their individual sections) indicated internal lake storage 
as the greatest contributing source and driving factor affecting fish tissue concentrations.  Additionally, 
the watershed loads for chlordane and PCBs are less than one percent of the total loading that would be 
required to maintain the current sediment concentrations in the lake under steady-state conditions.  
Therefore, the most effective remedial actions and/or implementation efforts will focus on addressing the 
internal lake storage, such as capping or removal of contaminated lake sediments.  As described above in 
Section 6.9.3, the Echo Park Lake Rehabilitation Plan proposes the draining of the lake, removal of 
sediments, and placement of an impermeable layer to address any residual contaminated soil.   

A thorough remedial design study should be conducted prior to implementing removal of lake sediments 
and impermeable layer placement for Echo Park Lake.  When properly conducted, removal of 
contaminated lake sediments, or dredging, can be an effective remediation option.  The object of sediment 
dredging is to eliminate the pollutants that have accumulated in sediments at the lake bottom.  Dredging is 
optimal in waterbodies with known spatial distribution of contamination because sediment removal can 
focus on problem areas.  However, no spatial pattern of pollutant contamination was apparent in Echo 
Park Lake.  Removal of the contaminated sediments reduces the pollutants available to the in-lake cycling 
by discontinuing exposure to benthic organisms, water column loading, and consequent bioaccumulation 
in higher trophic level fish.  Potential negative effects of dredging include increased turbidity and lowered 
dissolved oxygen concentrations in the short term, and disturbance to the benthic community and 
reactivation of buried sediment and any associated pollutants.  These negative impacts could be avoided 
through a plan that combines thorough removal of sediments and placement of an impermeable layer or 
cap.  

In some cases, sediment capping may be appropriate to sequester contaminated sediments below an 
uncontaminated layer of sediment, clay, gravel, or media material.  Capping is effective in restricting the 
mobility of OC pesticides and PCBs; however, it is most useful in deep lakes and capping alone may not 
be a viable solution at Echo Park Lake.  Capping of in-place sediments without removal should be 
restricted to areas with sediments that can support the weight of a capped layer, and to areas where 
hydrologic conditions of the waterbody will not disturb the cap. The combination of sediment removal 
and capping of any residuals could be an effective solution if properly designed.  

The in-lake options for remediation are costly, but would be the only way to achieve full use support in a 
short timeframe.  It is, however, also true that the OC pesticides and PCBs in question are no longer 
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manufactured and will tend to decline in concentration due to dilution by clean sediment and natural 
attenuation.  Natural attenuation includes the chemical, biological, and physical processes that degrade 
compounds, or remove them from lake sediments in contact with the food chain, and reduce the 
concentrations and bioavailability of contaminants.  These processes occur naturally within the 
environment and do not require additional remediation efforts; however, the half-lives of OC pesticides 
and PCBs in the environment are long, and natural attenuation often requires decades before observing 
significant improvement.   

Loading from the watershed can also be expected to decline over time due to natural attenuation.  While 
reductions are called for in watershed loads, these loads are a small fraction of the historic loads already 
stored in the lakes.  Limited sampling has not identified any hotspots of elevated loading under current 
conditions.  It may, however, be necessary to further investigate potential sources of OC pesticide and 
PCBs loading in the watershed, such as active and abandoned industrial sites, waste disposal areas, former 
chemical storage areas, and other potential hotspots, if sediment concentration is found to be elevated 
after the planned dredging project. 

6.9.3.3 Trash Impairment 
WLA may be complied with via full capture systems, partial capture systems, nonstructural BMPs, or any 
other lawful method which meet the target of zero trash.  USEPA recommends the installation of full 
capture systems throughout the watershed.  The Linear Radial, Inclined Screen, Baffle Box, and Catch 
Basin Insert are examples of full capture systems that fulfill the criteria of capturing all trash greater than 
5 mm during flows less than the 1-year 1-hour storm.  The Linear Radial utilizes a casing with louvers to 
serve as screens or mesh screen.  Flows are routed through the louvers and into a vault.  The Inclined 
Screen uses a wedge-wire screen with the slotting perpendicular or parallel to the direction of flow.  This 
device is configured with an influent trough to allow solids to settle.  The Baffle Box applies a two-
chamber concept: the first chamber utilizes an underflow weir to trap floatable solids, and the second 
chamber uses a bar rack to capture material.  The catch basin has an opening cover screen which is a 
coarse mesh screen at street level that is paired with a catch basin insert, a 5 mm screen inside the catch 
basin which filters out smaller trash.  USEPA recommends implementation plans be consistent with the 
Los Angeles River trash TMDL.  A monitoring plan should be developed in order to understand the 
effectiveness of the implementation efforts.  

Similar devices to those described above were proposed in the Echo Park Lake Rehabilitation Plan.  The 
plan proposes the installation of hydrodynamic units (either Continuous Deflective Separation (CDS) or 
Vortechnics units) which are estimated to capture 100 percent of floatables as well as provide sediment, 
nutrient, and other pollutant removal.  These devices would be installed in the city’s concrete stormdrain 
structure or at the forebay of the lake, adjacent to the inlet structure.  The Prop O recirculation system will 
also assist in removal of small pieces of trash. 

LA may be complied with through the implementation of nonstructural BMPs or any other lawful 
methods which meet the target of zero trash.  A minimum frequency of trash collection and assessment 
should be established at an interval that prevents trash from accumulating in deleterious amounts in 
between collections.  Trash should be prevented by providing effective public education about littering 
impacts.  Signs dissuading littering and wildlife feeding along roadways and around the lake are 
recommended. A city ban, tax, or incentive program reducing single-use plastic bags, Styrofoam 
containers, and other commonly discarded items which cannot decompose is recommended (Los Angeles 
County Department of Public Works, 2007).  

Echo Park’s grounds and facilities are maintained by the city of Los Angeles.  Trash is currently collected 
and removed from the park every other day during typical conditions and daily during windy or rainy 
weather.  USEPA recommends continuation and expansion of the current trash pickups by the city of Los 
Angeles, including the collection of small trash items, such as cigarette butts.   
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The city of Los Angeles is also responsible for collection of trash in the lake.  Currently a boat is used to 
remove large trash items from the lake.  USEPA recommends a more frequent in-lake trash removal 
schedule to prevent the accumulation of small trash pieces. 

The prevention and removal of trash in Echo Park Lake will lead to enhanced aesthetics, improved water 
quality, and the protection of habitat.  

6.10 MONITORING RECOMMENDATIONS 
Although estimates of the loading capacity and allocations are based on best available data and 
incorporate a MOS, these estimates may potentially need to be revised as additional data are obtained. 
The mass-based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.   

To provide reasonable assurances that the assigned allocations result in compliance with the chlorophyll 
a, fish tissue, and trash targets a commitment to continued monitoring and assessment is warranted.  The 
purposes of such monitoring will be: 1) to determine compliance with wasteload and load allocations, 2) 
to determine if numeric targets are being attained, 3) to evaluate whether numeric targets and allocations 
need to be adjusted to attain beneficial uses, 4) to evaluate the efficacy of control measures instituted to 
achieve the needed load reductions, and 5) to document trends over time in algal densities and bloom 
frequencies, fish tissue organochlorine compounds concentrations and trash levels..   

6.10.1 Nutrient Related Impairments 
To assess compliance with the nutrient TMDLs, monitoring for nutrients and chlorophyll a should occur 
at least twice during the summer months and once in the winter.  At a minimum, compliance monitoring 
should measure the following in-lake water quality parameters: ammonia, TKN or organic nitrogen, 
nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 
chlorophyll a.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should 
also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement.  All parameters must meet target levels at half the Secchi depth.  DO and pH must meet 
target levels from the surface of the water to 0.3 meters above the lake bottom.  Additionally, in order to 
accurately calculate compliance with wasteload allocations to the lake expressed in yearly loads, 
monitoring should include flow estimation or monitoring as well as the water quality concentration 
measurements.  Wasteload allocations are assigned to stormwater inputs and supplemental water 
additions.  These sources should be measured near the point where they enter the lakes twice a year for at 
minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total phosphorus, total 
suspended solids and total dissolved solids.   

The nutrient-response analysis for Echo Park Lake indicates that existing levels of nitrogen and 
phosphorus loading are resulting in attainment of the summer average chlorophyll a target concentration 
of 20 µg/L.  As an antidegradation measure, nitrogen and phosphorus TMDLs are allocated based on 
existing loading.  As an example of concentrations that responsible jurisdictions may need to target in 
order to meet and comply with the mass-based WLAs and LAs, this discussion provides concentrations 
calculated based on existing flow volumes (a recalculation is needed if flow volumes change).  Assuming 
flow volumes remain at existing levels (Table 6-5), the target concentrations of total phosphorus and total 
nitrogen that may be 0.58 mg-P/L and 4.5 mg-N/L for the Caltrans areas, and 0.71 mg-P/L and  
4.5 mg-N/L for the city of Los Angeles areas.  Targeted concentrations in the supplemental water 
additions may be 0.12 mg-P/L and 1.13 mg-N/L assuming volumes remain at existing levels.  Assuming 
average precipitation depths, the targeted concentration of nitrogen in precipitation may be 0.204 mg-N/L.  
The flows associated with the additional parkland sources are unknown, so LA concentrations cannot be 
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estimated.  As stated above, these concentrations are provided as guidelines; however, mass-based WLAs 
must be achieved. 

6.10.2 Organochlorine Pesticides and PCB Impairments 
To assess compliance with the organochlorine compounds TMDLs, monitoring should include 
monitoring of fish tissue at least every three years as well as once yearly sediment and water column 
sampling.  For the OC pesticides and PCBs TMDLs a demonstration that fish tissue targets have been met 
in any given year must at minimum include a composite sample of skin off fillets from at least five 
common carp each measuring at least 350 mm in length.  At a minimum, compliance monitoring should 
measure the following in-lake water quality parameters: total suspended sediments, total PCBs, total 
chlordane and dieldrin; as well as the following in-lake sediment parameters: total organic carbon, total 
PCBs, total chlordane, and dieldrin.  Environmentally relevant detection limits should be used (i.e., 
detection limits lower than applicable target), if available at a commercial laboratory.  Measurements of 
the temperature, dissolved oxygen, pH and electrical conductivity should also be taken throughout the 
water column with a water quality probe along with Secchi depth measurement.  Wasteload allocations 
are assigned to stormwater inputs and supplemental water additions.  These sources should be measured 
near the point where they enter the lakes once a year during a wet weather event.  Sampling should be 
designed to collect sufficient volumes of suspended solids to allow for the analysis of at minimum: total 
organic carbon, total suspended solids, total PCBs, total chlordane, and dieldrin.  Measurements of the 
temperature, dissolved oxygen, pH and electrical conductivity should also be taken. 

WLAs and LAs for each pollutant are assigned to the sediment-associated load from the watershed as 
well as the lake bottom sediments.  The concentration-based WLAs and LAs are 2.10 µg/kg dry weight 
for total chlordane, 1.77 µg/kg dry weight for total PCBs, and 0.80 µg/kg dry weight for dieldrin.  The 
associated reductions from the watershed load needed to meet the WLAs are 74.7 percent for total 
chlordane, and 92.7 percent for total PCBs.  A quantitative percent reduction cannot be calculated for 
dieldrin because all sediment samples are below detection limits (which are greater than the TMDL target 
concentration); however, the needed reduction appears to be on the order of 39 percent.   

6.10.3 Trash Impairments 
Responsible jurisdictions should monitor the trash quantity deposited in the vicinity of Echo Park Lake as 
well as on the waterbody to comply with the load allocation and to understand the effectiveness of various 
implementation efforts.  Quarterly monitoring using the Rapid Trash Assessment Method is 
recommended.  The trash TMDL target is zero trash; a 100 percent reduction is required. 
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7 Lake Calabasas TMDLs 
Lake Calabasas (#CAL4052100019990203084034) is listed as impaired by ammonia, DDT (originally on 
the consent decree, but not on the current 303(d) list), eutrophication, odor, organic enrichment/low 
dissolved oxygen, and pH (SWRCB, 2010).  This section of the TMDL report describes the impairments 
and the TMDLs developed to address them.  Nutrient load reductions are required to achieve the 
chlorophyll a target; these reductions are also expected to alleviate pH, odor, DO and ammonia problems.   

7.1 ENVIRONMENTAL SETTING 
Lake Calabasas is a private lake located in the Los Angeles River Basin (HUC 18070105) in the city of 
Calabasas (Figure 7-1).  The Urban Lakes Study (UC Riverside, 1994) reported that the lake was 
constructed in 1968.  The area occupied by the lake was excavated to bedrock, a layer of soil was added, 
and then a plastic liner was put down and covered with soil along with cement in some areas.  The lake is 
surrounded by dense residential development (Figure 7-2) and owned by the Calabasas Park Homeowners 
Association.  This 17.8-acre lake (surface area based on Southern California Association of Governments 
(SCAG) 2005 land use data) does not discharge to surface waters but rather loses water via evaporation 
(UC Riverside, 1994).  During storm events water discharges to the storm drain system. With a volume of 
71.2 acre-feet, the average depth is approximately 4 feet (depth provided by the city of Calabasas; volume 
is calculated from this depth and the land use-based surface area).  Recreation includes paddle boating 
and limited fishing (catch and release fishing is mandated by the Calabasas Park Homeowner’s 
Association).  Bird feeding may be another recreational activity at Lake Calabasas; however, it has not 
been observed during recent fieldwork.  Residents are not allowed to swim in the lake.  Figure 7-3 shows 
a view of Lake Calabasas facing the southwest.  There are approximately 25 aerators in the lake (Figure 
7-4).  Lake managers use algaecides (including Cutrine Plus and copper sulfate) to control algal growth in 
the lake on an as-needed basis.  Additional characteristics of the watershed are summarized below. 

 

 
Figure 7-1. Location of Lake Calabasas 
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Figure 7-2. Satellite Imagery of Lake Calabasas 

 
Figure 7-3. Lake Calabasas (facing southwest) 

 
Note: multiple aerators are in the lake (several are visible in this picture)  

Figure 7-4. Lake Calabasas Aerators 
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7.1.1 Elevation, Storm Drain Networks, and Subwatershed Boundaries 
The Lake Calabasas watershed is 86.5 acres and ranges in elevation from 287 meters to 398 meters.  Due 
to the small scale of this watershed, the boundary was manually delineated based on aerial photography, 
digital elevation data, and the county of Los Angeles storm drain coverage (Figure 7-5).  Because many 
small storm drains discharge into the lake, all allocations for the TMDLs will be wasteload allocations 
except load allocations for atmospheric deposition.  Figure 7-6 shows one of the storm drains capturing 
flow from the surrounding watershed.  As shown in Figure 7-5, multiple storm drains contribute directly 
to the lake. 

 
Figure 7-5. Elevation, Storm Drain Network, and the TMDL Subwatershed Boundary for Lake 

Calabasas 

 

 
Note: many small storm drains capture flow from surrounding areas into the lake. 

Figure 7-6. Lake Calabasas Storm Drain  
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7.1.2 MS4 Permittees 
Figure 7-7 shows the MS4 stormwater permittee in the Lake Calabasas watershed.  The entire 
subwatershed is comprised of the city of Calabasas.  The storm drain coverage was provided by the 
county of Los Angeles.   

 
Figure 7-7. MS4 Permittee and the Storm Drain Network in the Lake Calabasas Subwatershed 

7.1.3 Non-MS4 NPDES Dischargers 
As of the writing of these TMDLs, there are no additional (non-MS4) NPDES permitted discharges in the 
Lake Calabasas watershed.  This includes non-stormwater discharges (individual and general permits) as 
well as general stormwater permits associated with construction and industrial activities. 

7.1.4 Land Uses and Soil Types 
The analysis for this watershed includes estimates of existing watershed loading obtained from the Los 
Angeles River Basin LSPC Model, discussed in Appendix D (Wet Weather Loading) of this TMDL 
report.  Land uses identified in the Los Angeles River Basin LSPC model are shown in Figure 7-8.  The 
watershed is comprised of residential development and open space.  Table 7-1 summarizes the land use 
areas draining to Lake Calabasas. 
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Figure 7-8. LSPC Land Use Classes for the Lake Calabasas Subwatershed 

 

Table 7-1. Land Use Areas (ac) Draining to Lake Calabasas 

Land Use City of Calabasas 

Agriculture 0 

Commercial 0 

Industrial 0 

Open 14.2 

Other Urban 0.0 

Residential 72.3 

Total 86.5 

 

There are no Resource Conservation and Recovery Act (RCRA) contaminated industrial facilities located 
near the Lake Calabasas watershed.  Figure 7-9 shows the predominant soils identified by STATSGO 
(Appendix D, Wet Weather Loading) in the Lake Calabasas subwatershed.  The soil type identified as 
MUKEY 660489 is Urban Land-Lithic Xerorthents-Hambright-Castaic, a hydrologic group D soil, which 
has high runoff potential, very low infiltration rates, and consists chiefly of clay soils.  Soil MUKEY 
660473 is Urban Land-Sorrento-Hanford, a hydrologic group B soil, which has moderate infiltration rates 
and moderately coarse textures.   The representative soil group for each LSPC modeling subbasin was 
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based on the dominant soil type present in the subbasin.  For the modeling subbasin that contains the Lake 
Calabasas watershed, the predominant soil type was type D.  Additionally, the watershed around Lake 
Calabasas rests on alluvium and the Monterey Formation.  The Monterey Formation is a petroleum source 
rock which can produce high concentrations of nutrients, organic carbon, trace metals, selenium and high 
sulfate salts (USGS, 2002).  

 
Figure 7-9. STATSGO Soil Types Present in the Lake Calabasas Subwatershed 

7.1.5 Additional Inputs 
According to the 1994 Urban Lakes Study (UC Riverside, 1994), the primary sources of water to Lake 
Calabasas are potable water from the Las Virgenes Municipal Water District and stormwater from the 
surrounding housing development.  These water sources were confirmed during recent fieldwork 
performed by USEPA.  

7.2 NUTRIENT-RELATED IMPAIRMENTS 
A number of the assessed impairments for Lake Calabasas are associated with nutrients and 
eutrophication.  Nutrient-related impairments for Lake Calabasas include ammonia, eutrophication, odor, 
organic enrichment/low dissolved oxygen, and pH (SWRCB, 2010).  The loading of excess nutrients 
enhances algal growth (eutrophication).  Algal photosynthesis removes carbon dioxide from the water, 
which can lead to elevated pH in poorly buffered systems.  Respiration during nighttime hours may cause 
decreased dissolved oxygen (DO) concentrations.  Algal blooms may also contribute to odor problems. 

7.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
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are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Lake Calabasas was not 
identified specifically in the Basin Plan; therefore, the beneficial uses associated with the downstream 
segment (Arroyo Calabasas) apply:  REC1, REC2, WARM, WILD, and MUN (personal communication, 
Regional Board, February 24, 2010).  Descriptions of these uses are listed in Section 2 of this TMDL 
report.  Elevated nutrient levels are currently impairing the REC1, REC2, and WARM uses by 
stimulating algal growth that may form mats that impede recreational and drinking water uses, alter pH 
and dissolved oxygen (DO) levels and alter biology that impair the aquatic life use, and cause odor and 
aesthetic problems.  At high enough concentrations WILD and MUN uses could become impaired. 

7.2.2 Numeric Targets 
The Basin Plan for the Los Angeles Region (LARWQCB, 1994) outlines the numeric targets and 
narrative criteria that apply to Lake Calabasas.  The following targets apply to the ammonia, 
eutrophication, odor, organic enrichment/low dissolved oxygen, and pH impairments (see Section 2 for 
additional details and Table 7-2 for a summary): 

• The Basin Plan expresses ammonia targets as a function of pH and temperature because un-
ionized ammonia (NH3) is toxic to fish and other aquatic life.  In order to assess compliance with 
the standard, the pH, temperature and ammonia must be determined at the same time.  For the 
purposes of setting a target for Lake Calabasas in these TMDLs, a median temperature of 21.8 ºC 
and a 95th percentile pH of 9.4 were used, as explained in Section 2.  The resultant acute (one-
hour) ammonia target is 0.78 mg-N/L, the four-day average is 0.46 mg-N/L, and the 30-day 
average (chronic) target is 0.19 mg-N/L (Note: the median temperature and 95th

• The Basin Plan addresses excess aquatic growth in the form of a narrative objective for nutrients.  
Excessive nutrient concentrations (e.g., nitrogen and phosphorous) in a waterbody can lead to 
nuisance effects such as algae, odors, and scum.  The objective specifies, “waters shall not 
contain biostimulatory substances in concentrations that promote aquatic growth to the extent that 
such growth causes nuisance or adversely affects beneficial uses.”  The Regional Board has not 
adopted numeric targets for biostimulatory nutrients or chlorophyll a in Lake Calabasas; 
however, as described in Tetra Tech (2006), summer (May to September) mean and annual mean 
chlorophyll a concentrations of 20 µg/L are selected as the maximum allowable level consistent 
with full support of contact recreational use and is also consistent with supporting warm water 
aquatic life.  The mean chlorophyll a target must be met at one-half the Secchi depth during the 
summer (May – September) and annual averaging periods.  

 percentile pH 
values were calculated from the observed data and used in the calculation of the acute and chronic 
targets. These are presented as example calculations since the actual target varies with the values 
determined during sample collection.).   

• The Basin Plan states that “waters shall not contain taste or odor-producing substances in 
concentrations that impart undesirable tastes or odors to fish flesh or other edible aquatic 
resources, cause nuisance, or adversely affect beneficial uses.” 

• The Basin Plan states “at a minimum the mean annual dissolved oxygen concentrations of all 
waters shall be greater than 7 mg/L, and no single determinations shall be less than 5.0 mg/L, 
except when natural conditions cause lesser concentrations.”  In addition, the Basin Plan states, 
“the dissolved oxygen content of all surface waters designated as WARM shall not be depressed 
below 5 mg/L as a result of waste discharges.”  Shallow, well-mixed lakes, such as Lake 
Calabasas, must meet the DO target in the water column from the surface to 0.3 meters above the 
bottom of the lake.   
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• The Basin Plan states that “the pH of inland surface waters shall not be depressed below 6.5 or 
raised above 8.5 as a result of waste discharges.  Ambient pH levels shall not be changed more 
than 0.5 units from natural conditions as a result of waste discharge.”  Shallow, well-mixed lakes, 
such as Lake Calabasas, must meet the pH target in the water column from the surface to 0.3 
meters above the bottom of the lake.   

Nitrogen and phosphorus target concentrations are based on simulation of allowable loads with the NNE 
BATHTUB model (see Section 7.2.5).  Based on the calibrated model for Lake Calabasas, the target 
nutrient concentrations within the lake are 

• 0.66 mg-N/L summer average (May – September) and annual average 

• 0.066 mg-P/L summer average (May – September) and annual average 

Table 7-2. Nutrient-Related Numeric Targets for Lake Calabasas 

Parameter Numeric Target Notes 

Ammonia 0.78 mg-N/L acute (one-hour)  1 

0.46 mg-N/L four-day average  

0.19 mg-N/L chronic (30-day average) 

Based on median temperature and 95th

Chlorophyll a 

 
percentile pH 

20 µg/L summer average (May – September) and 
annual average 

 

Dissolved 
Oxygen 

7 mg/L minimum mean annual concentrations and 

5 mg/L single sample minimum except when natural 
conditions cause lesser concentrations 

 

pH The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a result 
of waste discharges.  Ambient pH levels shall not be 
changed more than 0.5 units from natural conditions 
as a result of waste discharge. (Basin Plan)  

6.5 – 9.0 (EPA’s 1986 Recommended Criteria) 

The existing water quality criteria for pH is 
very broad and in cases where waste 
discharges are not causing the alteration 
of pH it allows for a wider range of pH 
than EPA’s recommended criteria.  For 
this reason, EPA’s recommended criteria 
is included as a secondary target for pH. 

Total Nitrogen 0.66 mg-N/L summer average (May – September) 
and annual average 

Based on simulation of allowable loads 
from the NNE BATHTUB model 

Total 
Phosphorous 

0.066 mg-P/L summer average (May – September) 
and annual average 

Based on simulation of allowable loads 
from the NNE BATHTUB model 

1 The median temperature and 95th

7.2.3 Summary of Monitoring Data 

 percentile pH values were calculated from the observed data and used in the 
calculation of the acute and chronic targets. These are presented as example calculations since the actual target is 
the water quality objective which is dependent on pH and temperature.  When assessing compliance refer to the 
water quality objective as expressed in the Basin Plan.. 

This section briefly summarizes the nutrient-related monitoring data for Lake Calabasas.  Appendix G 
(Monitoring Data) contains more detailed information regarding water quality sampling in the lake. 

Lake Calabasas was monitored from the southwestern lobe of the lake as part of the Urban Lakes Study 
(UC Riverside, 1994).  Total Kjeldahl nitrogen (ammonia plus organic nitrogen; TKN) ranged from  
1.0 mg-N/L to 1.8 mg-N/L with two samples less than the detection limit (0.01 mg-N/L).  Ammonium 
concentrations were usually less than or equivalent to the detection limit (0.01 mg-N/L) although four 
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samples collected in February and March 1993 ranged from 0.3 mg-N/L to 0.5 mg-N/L (less than the 
acute target assuming the analysis methodology converted all ammonia to ammonium).  All of the nitrite 
and nitrate samples were less than the detection limit (0.01 mg-N/L) except one nitrate sample of 0.1 
mg/L.  Five of 28 phosphate samples measured 0.1 mg-P/L; the others were less than the detection limit  
(0.01 mg-P/L).  Total phosphorus concentrations ranged from 0.1 mg-P/L to 0.2 mg-P/L with seven 
samples less than detection (0.01 mg-P/L).  pH in the lake ranged from 8.3 to 9.3 throughout the water 
column, and 78 percent of samples exceeded the allowable range.  The summary table from the 1994 
Lakes Study Report (UC Riverside, 1994) lists chlorophyll a concentrations ranging from 5 μg/L to  
172 μg/L with an average of 39 μg/L, which is greater than the target summer average of 20 μg/L. 

The 1996 Water Quality Assessment Report (LARWQCB, 1996) states that DO was partially supporting 
the aquatic life use and that 92 measurements of DO were collected which ranged from 0.2 mg/L to  
15.7 mg/L.  pH was partially supporting the aquatic life use and not supporting the secondary drinking 
water standards.  pH was measured 85 times, and values ranged from 7.4 to 9.3.  Ammonia was listed as 
not supporting the aquatic life or contact recreation uses.  Twenty-eight ammonia samples were collected 
ranging from non-detect to 0.45 mg-N/L with an average of 0.06 mg-N/L.  Raw data are not available to 
assess location, date, time, depth, temperature, or pH with regard to these samples.  Odor was listed as not 
supporting the contact and non-contact recreation uses.  Eutrophication was not supporting the aquatic life 
use. 

The city of Calabasas has been monitoring water quality in Lake Calabasas since 2004.  Samples were 
collected from the surface waters.  Nitrate concentrations have ranged from 0.04 mg-N/L to 1.6 mg-N/L; 
phosphate concentrations ranged from 0.03 mg-P/L to 0.77 mg-P/L.  Secchi depths range from 0.5 m to 
greater than 2.7 m, and pH ranged from 7.91 to 9.69.  Dissolved oxygen has been observed ranging from 
4.8 mg/L to 15.82 mg/L with water temperatures ranging from 9.2 ºC to 32.7 ºC.  Exceedances of the pH 
target were observed in approximately 77 percent of the measurements; DO exceedances were observed 
approximately 3 percent of the time. 

The Regional Board sampled Lake Calabasas from two in-lake sites on August 6, 2009.  Ammonia 
concentrations were less than or equal to 0.03 mg-N/L; TKN ranged from 1.17 mg-N/L to 1.23 mg-N/L.  
Nitrate and nitrite samples were less than the detection limit of 0.01 mg-N/L.  Orthophosphate ranged 
from 0.0129 mg-P/L to 0.0453 mg-P/L and total phosphorus ranged from 0.152 mg-P/L to 0.221 mg-P/L.  
Chlorophyll a ranged from 35 µg/L to 81 µg/L.  Secchi depth ranged from 0.66 m to 0.74 m.  Profile data 
were also collected between 9:00 a.m. and 9:50 a.m.  The temperature in the lake ranged from 25.6 °C to 
26.4 °C.  The DO ranged from 6.37 to 9.74 mg/L, and pH ranged from 7.98 to 9.30 over the assessment 
depth.  Exceedances of the pH target occurred in 98 percent of the measurements taken during the profiles 
conducted on this day (excluding the measurements taken less then 0.3 m above the lake bottom).   

Water quality data collected in Lake Calabasas indicate impairment due to elevated nutrient loads.  
Summer average chlorophyll a concentrations exceed the target concentration of 20 μg/L.  The DO target 
has been met during recent sampling events, but historic data indicate that low DO may have been an 
issue for the lake.  Currently, aerators appear to be controlling DO concentrations.  No odors were 
observed during two recent sampling events by USEPA and/or Regional Board.  pH measurements have 
exceeded the maximum allowable value (8.5) during recent and historic monitoring.  There were no 
exceedances of the acute or chronic ammonia criteria during any recent sampling events with associated 
pH and temperature measurements.  The nutrient TMDLs for Lake Calabasas presented in Section 7.2.6 
account for summer season critical conditions by assessing loading rates consistent with meeting the 
summer chlorophyll a target concentration of 20 μg/L.  These reductions in nutrient loading are expected 
to alleviate pH, odor, DO, and ammonia problems associated with excessive nutrient loading and 
eutrophication. 
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7.2.4 Source Assessment 
The majority of nutrient loading to Lake Calabasas originates from the surrounding watershed (Appendix 
D, Wet Weather Loading; Appendix F, Dry Weather Loading), including irrigation (5.3 percent of the 
total irrigation volume is assumed to reach the lake).  The watershed is entirely within the city of 
Calabasas and contributes 97.7 percent of the total phosphorus load and 74.4 percent of the total nitrogen 
load.  Loading due to direct deposition from the atmosphere is discussed in Appendix E (Atmospheric 
Deposition).   

Table 7-3. Summary of Average Annual Flows and Nutrient Loading to Lake Calabasas 

Responsible Jurisdiction Input 
Flow 
(ac-ft) 

Total 
Phosphorus  

(lb-P/yr) (percent 
of total load) 

Total Nitrogen  
(lb-N/yr) 

(percent of total 
load) 

City of Calabasas MS4 Stormwater 69.3 1 129 (97.7) 769 (74.4) 

Calabasas Park 
Homeowners Association 

Supplemental Water Additions 
(Potable Water) 

57.9 3.28 (0.03) 252 (24.4) 

City of Calabasas  Parkland Irrigation 0.151 0.0085 (0.00) 0.655 (0.00) 

 Atmospheric Deposition (to the 
lake surface)

26.0 
 2 

NA 12.4 (0.01) 

Total 153 132 1,034 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 

7.2.5 Linkage Analysis 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  To simulate the impacts of nutrient loading on Lake Calabasas, 
the nutrient numeric endpoints (NNE) BATHTUB Tool was set up and calibrated to lake-specific 
conditions.  The NNE BATHTUB Tool is a version of the US Army Corps of Engineers (USACE) 
BATHTUB model and was developed to support risk-based nutrient numeric endpoints in California 
(Tetra Tech, 2006).   

BATHTUB is a steady-state model that calculates nutrient concentrations, chlorophyll a concentration (or 
algal density), turbidity, and hypolimnetic oxygen depletion based on nutrient loadings, hydrology, lake 
morphometry, and internal nutrient cycling processes.  BATHTUB uses a typical mass balance modeling 
approach that tracks the fate of external and internal nutrient loads between the water column, outflows, 
and sediments.  External loads can be specified from various sources including stream inflows, nonpoint 
source runoff, atmospheric deposition, groundwater inflows, and point sources.  Internal nutrient loads 
from cycling processes may include sediment release and macrophyte decomposition.  The net 
sedimentation rates for nitrogen and phosphorus reflect the balance between settling and resuspension of 
nitrogen and phosphorus within the waterbody.  Thus, internal loading is implicitly accounted for in the 
model.  Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than 
day-to-day variations in water quality.  
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Target nutrient loads and resulting allocations are determined based on the secondary target – summer 
mean chlorophyll a concentration.  The NNE spreadsheet tool allows the user to specify a chlorophyll a 
target and predicts the probability that current conditions will exceed the target, as well as showing a 
matrix of allowable nitrogen and phosphorus loading combinations to meet the target.  The user-defined 
chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in water transparency measured as Secchi depth.  Appendix A (Nutrient TMDL Development) describes 
additional details on the NNE BATHTUB Tool and its use in determining allowable loads of nitrogen and 
phosphorus.  In addition to loading rates of nitrogen and phosphorus, the NNE BATHTUB Tool requires 
basic bathymetry data for the simulation of chlorophyll a during the summer.  For Lake Calabasas, the 
following inputs apply: surface area of 17.8 acres, average depth of 4 ft, and volume of 71.2 ac-ft.  Based 
on the phosphorus turnover ratio for this lake (Walker, 1987), the annual averaging period is appropriate 
(i.e., annual loads are input to the model rather than summer season loads).   

The NNE BATHTUB Tool was calibrated to average summer season water quality data observed over 
twice the typical Secchi depth (2*1.1 m = 2.2 m).  To predict the average observed total nitrogen 
concentration over this depth (1.47 mg-N/L), the calibration factor on the net nitrogen sedimentation rate 
was set to 1.5.  The calibration factor on the net phosphorus sedimentation rate was set to the maximum 
suggested (2) (Walker, 1987) and the resulting concentration is 0.11 mg-P/L, slightly higher than the 
average observed 0.099 mg-P/L.  Although this calibrated sedimentation rate reflects the net effects of 
phosphorus settling and resuspension, the high calibration factor indicates that settling is the more 
dominant mechanism in this system, and internal phosphorus loading is likely insignificant relative to the 
other sources of loading.  The reductions in external phosphorus loading in the lake required by this 
TMDL should lead to further suppression of internal loading.  To simulate the average observed 
chlorophyll a concentration, the calibration factor on concentration was set to 0.84 for a predicted 
concentration of 48.7 µg/L.   

7.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum nutrient load 
consistent with meeting the numeric target of 20 µg/L of chlorophyll a as a summer average.  The 
methodology for determining the loading capacity is described briefly in this section.  For more detail, 
refer to Appendix A (Nutrient TMDL Development). 

Following calibration of the NNE BATHTUB Tool (Section 5.2.5), the allowable loading combinations 
of nitrogen and phosphorus were calculated using Visual Basic’s GoalSeek function (Appendix A, 
Nutrient TMDL Development).  The loading combination that is predicted to result in an in-lake ratio of 
total nitrogen concentration to total phosphorus concentration close to 10 was selected to match that 
typically observed in natural systems and to balance biomass growth and prevent limitation by one 
nutrient (Thomann and Mueller, 1987).  The corresponding in-lake concentrations of nitrogen and 
phosphorus are 

• 0.66 mg-N/L summer average (May – September) and annual average 

• 0.066 mg-P/L summer average (May – September) and annual average 

The loading capacities for total nitrogen and total phosphorus are 328 lb-N/yr and 55.1 lb-P/yr, 
respectively.  These loading capacities can be further broken down into the wasteload allocations 
(WLAs), load allocations (LAs), and Margin of Safety (MOS) using the general TMDL equation:   

 

 ∑ ++= MOSLAWLATMDL
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For total nitrogen, the allocatable load (divided among WLAs and LAs) is 28.6 percent of the existing 
load of 1,034 lb-N/yr, or 295 lb-N/yr.  This value represents 90 percent of the loading capacity, while the 
MOS is 10 percent of the loading capacity.  WLAs and LAs are developed assuming equal percent load 
reductions in all sources. The resulting TMDL equation for total nitrogen is then: 

328 lb-N/yr = 292 lb-N/yr + 3.54 lb-N/yr + 32.8 lb-N/yr 

For total phosphorus, the allocatable load (divided among WLAs and LAs) is 37.7 percent of the existing 
load of 132 lb-P/yr, or 49.7 lb-P/yr.  This value represents 90 percent of the loading capacity, while the 
MOS is 10 percent of the loading capacity.  The resulting TMDL equation for total phosphorous is then: 

55.1 lb-P/yr = 49.7 lb-P/yr + 0 lb-P/yr + 5.51 lb-P/yr 

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources.  
Details associated with the WLAs, LAs, and MOS are presented in the following three sections.  As 
previously mentioned, in-lake concentrations of nitrogen and phosphorus have been determined based on 
simulation of allowable loads with the NNE BATHTUB model (see Section 7.2.5).  These in-lake 
concentrations are calculated from a complex set of equations that consider internal cycling processes (see 
Appendix A, Nutrient TMDL Development) and, therefore, differ from concentrations associated with 
various inflows.  Nutrient concentrations associated with the WLA and LA inputs are described below.  
These values are provided as examples as they are calculated based on existing flow volumes (and will 
need to be recalculated if flow volumes change).  Because the input concentrations do not consider 
internal cycling processes and are based on existing flow volumes, they do not match the allowable in-
lake nitrogen and phosphorous concentrations.  

7.2.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  These TMDLs establish WLAs and alternative WLAs for total phosphorous and total nitrogen.  
The alternative WLAs will be effective and supersede the WLAs listed in Table 7-4 if the conditions 
described in Section 7.2.6.1.2 are met.  

Under any of the wasteload allocation schemes responsible jurisdictions are encouraged to consider the 
construction of wetland systems and bioswales (or other retention or treatment options) to treat the 
stormwater and supplemental water flows entering the lake, as well as stormwater diversion and 
infiltration using methods such as porous pavements and rain gardens.  Implementing these options can 
reduce the lake’s nutrient loads and, in the case of recirculation through constructed wetlands, reduce in-
lake nutrient concentrations.  Additionally, persons that apply algaecides as part of an overall lake 
management strategy must comply with the Aquatic Pesticide General Permit (General Permit Order No. 
2004-0009-DWQ, CAG990005). 

Local jurisdictions have performed studies on nearby waterbodies that may be considered when 
evaluating nutrient-reduction strategies for this lake.  For example, the City of Los Angeles has modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from constructed 
wetlands, and construction is currently underway.  Information about this and other City of Los Angeles 
water quality improvement projects are available on the Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

7.2.6.1.1 Wasteload Allocations 
The Lake Calabasas watershed drains to a series of storm drains prior to discharging to the lake.  
Therefore, all loads associated with the surrounding drainage area are assigned WLAs (Note: the loading 
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associated with irrigation is included in the City of Calabasas’ WLA).  The supplemental water source 
used to maintain lake levels discharges at a single point and is also assigned a WLA.  The relevant permit 
number associated with the stormwater input is 

• County of Los Angeles (including the city of Calabasas):  Board Order 01-182 (as amended by 
Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

Table 7-4 summarizes the existing nutrients loads and WLAs for these sources. Total phosphorus WLAs 
represent a 62.4 percent reduction in existing loading, and total nitrogen WLAs represent a 71.4 percent 
reduction in existing loading (Table 7-4).  Each WLA must be met at the point of discharge.     

Table 7-4. Wasteload Allocations of Phosphorus and Nitrogen Loading to Lake Calabasas 

Responsible Jurisdiction  Input 

Existing 
Total 

Phosphorus 
Load  

(lb-P/yr) 

Wasteload 
Allocation 

Total 
Phosphorus1 

(lb-P/yr) 

Existing 
Total 

Nitrogen 
Load  

(lb-N/yr) 

Wasteload 
Allocation 

Total 
Nitrogen1

City of Calabasas 

 
(lb/yr) 

MS4 Stormwater 129 2 48.5 770 220 

Calabasas Park 
Homeowners Association 

Supplemental 
Water Additions  

3.28 1.23 252 72.0 

Total 132 49.7 1,022 292 
1 The wasteload allocation must be met at the point of discharge. 
2

7.2.6.1.2 Alternative “Approved Lake Management Plan Wasteload Allocations”  

 This input includes effluent from storm drain systems during both wet and dry weather. 

Concentration-based WLAs not exceeding the concentrations listed in Table 7-5 are effective and 
supersede corresponding WLAs for a responsible jurisdiction in Table 7-4 if: 

1. The responsible jurisdiction requests that concentration-based wasteload allocations not to exceed 
the concentrations established in Table 7-5 apply to it;  

2. The responsible jurisdiction provides to USEPA and the Regional Board a Lake Management 
Plan describing actions that will be implemented and cause each of the following to be met: the 
applicable water quality criteria for ammonia, dissolved oxygen and pH; and the chlorophyll a 
targets listed in Table 7-2.  Responsible jurisdictions may work together to develop, submit and 
implement the Lake Management Plan.  A Lake Management Plan may include the following 
types of actions:  increasing the volume of the lake that is aerated; installing hydroponic islands to 
remove nutrients; increasing flow volume or circulation in the lake; reducing stormwater 
discharges by improved infiltration; treating stormwater or supplemental water inputs with a 
wetland system; alum treatment to immobilize nutrients in sediments; and/or fisheries 
management actions to reduce nutrient availability from sediments. The responsible jurisdiction 
may use monitoring data and modeling to show that the water quality criteria, targets and 
requested WLAs will be met;  

3. The Regional Board Executive Officer approves the request and applies concentration-based 
wasteload allocations for total nitrogen and total phosphorus.  These wasteload allocations are not 
to exceed the concentrations in Table 7-5 as a summer average (May-September) and annual 
average; and,  

4. USEPA does not object to the Regional Board’s determination within sixty days of receiving 
notice of it. 
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The concentration-based WLAs must be met in the lake.   However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and 
total nitrogen allocations are considered attained.  

Table 7-5. Alternative Wasteload Allocations of Phosphorus and Nitrogen in Lake Calabasas if 
an Approved Lake Management Plan Exists 

Responsible Jurisdiction  Input 

Maximum Allowable 
Wasteload Allocation 

Total Phosphorus1 
(mg-P/L) 

Maximum Allowable 
Wasteload 

Allocation Total 
Nitrogen1

City of Calabasas 

 (mg-N/L) 

MS4 Stormwater 0.1 2 1.0 

Calabasas Park 
Homeowners Association 

Supplemental 
Water Additions  

0.1 1.0 

1 Each concentration-based wasteload allocation must be met in the lake.  However, if applicable water quality criteria 
for ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and total 
nitrogen allocations are considered attained. 

2

7.2.6.2 Load Allocations 

This input includes effluent from storm drain systems during both wet and dry weather. 

Atmospheric deposition of nitrogen to the lake surface is a nonpoint source and is assigned a load 
allocation (LA).  Table 7-6  lists the existing and allowable load (28.6 percent of the existing load) from 
this source.  Atmospheric deposition does not contribute significant loads of phosphorus (Appendix E, 
Atmospheric Deposition).  LAs are provided for each responsible jurisdiction and input.  These loading 
values (in pounds per year) represent the TMDL load allocations (Table 7-6).   

Table 7-6. Load Allocations of Nitrogen Loading to Lake Calabasas 

Input 

Existing Total 
Phosphorus 

Load (lb-P/yr) 

Load Allocation 
Total 

Phosphorus  
(lb-P/yr) 

Existing Total 
Nitrogen Load  

(lb-N/yr) 

Load 
Allocation 

Total Nitrogen 
(lb/yr) 

Atmospheric Deposition (to the 
lake surface)* 0 0 12.4 3.54 

Total 0 0 12.4 3.54 

* Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

7.2.6.3 Margin of Safety 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  To account for the uncertainties concerning the 
relationship between nutrient loading and the resultant in-lake chlorophyll a an explicit MOS is included 
in these TMDLs.  This explicit MOS is set at 10 percent of the loading capacity for total phosphorus and 
total nitrogen. 
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7.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  Critical conditions for nutrient impaired lakes typically 
occur during the warm summer months when water temperatures are elevated and algal growth rates are 
high.  Elevated temperatures not only reduce the saturation levels of DO, but also increase the toxicity of 
ammonia and other chemicals in the water column.  Excessive rates of algal growth may cause large 
swings in DO, elevated pH, odor, and aesthetic problems.  Loading of nutrients to lakes during winter 
months are often biologically available to fuel algal growth in summer months.  These nutrient TMDLs 
account for summer season critical conditions by using the NNE Bathtub model to calculate possible 
annual loading rates consistent with meeting the summer chlorophyll a target concentration of 20 µg/L.  
These TMDLs are expected to alleviate any pH, odor, DO, and ammonia problems associated with 
excessive nutrient loading and eutrophication.  These TMDLs therefore protect for critical conditions. 

7.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  These TMDLs present a maximum daily load 
according to the guidelines provided by USEPA (2007).  Because the majority of nutrient loading to Lake 
Calabasas occurs during wet weather events that deliver pollutant loads from the surrounding watershed, 
the daily maximum allowable loads of nitrogen and phosphorus are calculated from the maximum daily 
storm flow rate (estimated from the 99th

No USGS gage currently exists in the Lake Calabasas watershed.  USGS Station 11105500, Malibu Creek 
at Crater Camp near Calabasas, CA, was selected as a surrogate for flow determination.  This gage is the 
closest USGS StreamStats gage.  The 99

 percentile flow) to the Lake multiplied by the allowable 
concentrations consistent with achieving the long-term loading targets.  These maximum loads are not 
allowed each day of the year because the annual loads specified by the TMDLs must also be achieved.  
The WLA and LA loads presented above are annual loading caps that cannot be exceeded. 

th percentile flow was chosen to represent the peak flow for this 
drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates errors due to outliers and is reasonable for 
development of a daily load expression.   

th percentile flow for Malibu Creek  
(355 cfs) (Wolock, 2003).  To estimate the peak flow to Lake Calabasas, the 99th

The allowable concentrations for phosphorus and nitrogen were calculated from the annual allowable load 
(49.7 lb-P/yr and 295 lb-N/yr, respectively; sum of WLA and LA values) divided by the total annual 
volume delivered to the lake (127 ac-ft).  Multiplying the average allowable concentrations (0.257 mg-
P/L for phosphorous and 1.17 mg-N/L for nitrogen) by the 99

 percentile flow for 
Malibu Creek was scaled down by the ratio of drainage areas (86.5 acres/67,200 acres; Lake Calabasas 
watershed area/Malibu Creek watershed area at the gage).  The resulting peak flow estimate for Lake 
Calabasas is 0.457 cfs. 

th percentile peak daily flow (0.457 cfs) 
yields the daily maximum load.  The daily maximum allowable loads of phosphorus and nitrogen for 
Lake Calabasas are 0.634 lb-P/d and 2.88 lb-N/day, respectively.  These loads represent the maximum 
allowable daily load, which for Lake Calabasas, is entirely due to wet weather stormwater from city of 
Calabasas areas (supplemental water additions and irrigation are not needed during large storm events).  
For comparison, the existing phosphorus load (132 lb-P/yr) would yield an event mean concentration of 
0.382 mg-P/L and a daily load of 0.942 lb-P/d.  The existing nitrogen load (1,034 lb-N/yr) would yield an 
event mean concentration of 2.99 mg-N/L and a daily load of 7.38 lb-N/d.  As described above, in order 
to achieve in-lake nutrient targets as well as annual load-based allocations, the maximum allowable daily 
loads cannot be discharged to the lake every day.  The WLA and LA loads presented above are annual 
loading caps that cannot be exceeded.  
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7.2.6.6 Future Growth 
The Lake Calabasas watershed is fully developed.  No load allocation has been set aside for future 
growth, and it is unlikely that any dischargers will be permitted in the watershed. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

7.3 IMPLEMENTATION RECOMMENDATIONS 
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits, or non-point source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that could reduce 
pollutant loading to lakes include but are not limited to:  increasing the volume of the lake that is aerated; 
installing hydroponic islands to remove nutrients; increasing flow volume or circulation in the lake; 
reducing stormwater discharges by improved infiltration; treating stormwater or supplemental water 
inputs with a wetland system; alum treatment to immobilize nutrients in sediments; dredging in lake 
sediments; and/or fisheries management actions to reduce nutrient availability from sediments. 

Additionally, responsible jurisdictions implementing these TMDLs are encouraged to utilize Los Angeles 
County’s Structural Best Management Practice (BMP) Prioritization Methodology which helps identify 
priority areas for constructing BMP projects.  The tool is able to prioritize based on multiple pollutants.  
The pollutants that it can prioritize includes bacteria, nutrients, trash, metals and sediment.  More 
information about this prioritization tool is available at: labmpmethod.org 

If necessary, these TMDLs may be revised as the result of new information (See Section 7.4 Monitoring 
Recommendations). 

7.3.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy, and the Conditional Waiver for 
Discharges from Irrigated Lands, adopted by the Los Angeles Regional Water Quality Control Board on 
November 3, 2005.  Additionally, South Coast Air Quality Management District has authority to regulate 
air emissions throughout the basin that affect air deposition.  Load allocations are expressed in Table 7-6.   

7.3.2 Point Sources and the Implementation of Wasteload Allocations  
Wasteload allocations apply to MS4 Stormwater permits as well as supplemental water additions (Table 
7-4 for Standard and Table 7-5 for Alternative Allocations).  The MS4 stormwater mass-based wasteload 
allocations will be incorporated into the Los Angeles County MS4 permit.  Wasteload allocations for 
supplemental water additions will be implemented by the Regional Board.  

7.3.3 Source Control Alternatives 
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention or treatment options) to treat the stormwater and supplemental water flows entering the 
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lake, as well as stormwater diversion and infiltration using methods such as porous pavements and rain 
gardens.  Implementing these options can reduce the lake’s nutrient loads and, in the case of recirculation 
through constructed wetlands, reduce in-lake nutrient concentrations.  The City of Los Angeles has 
modeled expected nutrient concentration reductions to stormwater flows to Echo Park Lake from 
constructed wetlands, and construction is currently underway.  Information about this and other City of 
Los Angeles water quality improvement projects are available on Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

To address nutrient-related impairments, source reduction and pollutant removal BMPs designed to 
reduce sediment loading should be implemented throughout the watershed as these management practices 
will also reduce the nutrient loading associated with sediments.  Dissolved loading associated with dry 
and wet weather stormwater also contributes nutrient loading to Lake Calabasas.  Some of the sediment 
reduction BMPs may also result in decreased concentrations of nitrogen and phosphorus in the runoff 
water.  Storage of storm flows in wet or dry ponds may allow for adsorption and settling of nutrients from 
the water column.  BMPs that provide filtration, infiltration, and vegetative uptake and removal processes 
may retain nutrient loads in the upland areas.   

The rules and regulations set forth by the Calabasas Park Homeowners Association regarding waterfowl, 
fertilization, pesticide application, and pets aim to reduce pollutant loading to the lake.  Fertilizers and 
pesticides may be used on adjacent lake properties and properties that eventually drain to the lake.  
However, fertilizers and pesticides are prohibited from reaching the lake by any means per the rules and 
regulations.  Education of homeowners and lake maintenance staff regarding the proper placement, 
timing, and rates of fertilizer and pesticide products will result in reduced pollutant loading.  Citizens 
should be advised to follow product guidelines regarding product amounts and to spread products when 
the chance of heavy precipitation in the following days is low.  Pet owners are required to properly 
dispose of pet wastes.  Visitors to the lake (members, tenants, and guests) are prohibited from feeding 
birds or other animals.  Following these rules will reduce nutrient loading associated with fecal material 
or fertilizers that may wash directly into the lake or into storm drains that eventually discharge to the lake.   

In order to meet the fine particulate (PM2.5) and ozone (O3) national ambient air quality standards by their 
respective attainment dates of 2015 and 2024, the South Coast Air Quality Management District and the 
California Air Resources Board have prepared an air quality management plan that commits to reducing 
nitrogen oxides (NOx, a precursor to both PM2.5

7.4 MONITORING RECOMMENDATIONS 

 and ozone) by over 85 percent by 2024.  These 
reductions will come largely from the control of mobile sources of air pollution such as trucks, buses, 
passenger vehicles, construction equipment, locomotives, and marine engines.  These reductions in NOx 
emissions will result in reductions of ambient NOx levels and atmospheric deposition of nitrogen to the 
lake surface.   

Although estimates of the loading capacity and allocations are based on best available data and 
incorporate a MOS, these estimates may potentially need to be revised as additional data are obtained.  
The mass-based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.      

To provide reasonable assurances that the assigned allocations will indeed result in compliance with the 
chlorophyll a target, a commitment to continued monitoring and assessment is warranted.  The purposes 
of such monitoring will be 1) to determine compliance with wasteload and load allocations, 2) to 
determine if numeric targets are being attained, 3) to evaluate whether numeric targets and allocations 
need to be adjusted to attain beneficial uses, 4) to evaluate the efficacy of control measures instituted to 
achieve the needed load reductions, and 5) to document trends over time in algal densities and bloom 
frequencies.   
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To assess compliance with the nutrient TMDLs, monitoring for nutrients and chlorophyll a should occur 
at least twice during the summer months and once in the winter.  At a minimum, compliance monitoring 
should measure the following in-lake water quality parameters: ammonia, TKN or organic nitrogen, 
nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 
chlorophyll a.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should 
also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement.  All parameters must meet target levels at half the Secchi depth.  DO and pH must meet 
target levels from the surface of the water to 0.3 meters above the lake bottom.  Additionally, in order to 
accurately calculate compliance with wasteload allocations to the lake expressed in yearly loads, 
monitoring should include flow estimation or monitoring as well as the water quality concentration 
measurements.  At Lake Calabasas wasteload allocations are assigned to supplemental water additions. 
This source should be monitoring once a year during the summer months (critical conditions) for at 
minimum; ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total phosphorus, total 
suspended solids and total dissolved solids. Wasteload allocations are also assigned to stormwater inputs 
from the City of Calabasas. This source should be measured near the points where it enters the lakes twice 
a year for at minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total 
phosphorus, total suspended solids and total dissolved solids.    

The nutrient TMDLs for Lake Calabasas conclude that a 62.4 percent reduction in total phosphorus 
loading and a 71.4 percent reduction in total nitrogen loading are needed to maintain a summer average 
chlorophyll a concentration of 20 µg/L.  As an example of concentrations that responsible jurisdiction 
may need to target in order to meet and comply with the mass-based WLAs, this discussion provides 
concentrations calculated based on existing flow volumes (a recalculation is needed if flow volumes 
change).  Assuming flow volumes remain at existing levels (Table 7-3), the targeted concentrations may 
be 0.257 mg-P/L and 1.17 mg-N/L for the city of Calabasas.  For the supplemental water additions, the 
targeted concentrations may be 0.0078 mg-P/L and 0.46 mg-N/L.  Assuming average precipitation depths, 
the targeted concentration of nitrogen in precipitation may be 0.0569 mg-N/L.  As stated above, these 
concentrations are provided as guidelines; however, mass-based WLAs must be achieved.   
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8 El Dorado Park Lakes TMDLs 
The El Dorado Park lakes (#CAL4051501020000228153407) are located in the San Gabriel River Basin 
(HUC 18070106) in the city of Long Beach.  The El Dorado Park lakes are listed as impaired by algae, 
ammonia, copper, eutrophication, lead, mercury (fish tissue), and pH (SWRCB, 2010).  There are not 
sufficient data to calculate TMDLs for each lake individually, so TMDLs have been developed for each 
lake system; i.e., northern and southern lake systems.  This section of the TMDL report describes the 
impairments and the TMDLs developed to address nutrients (Section 8.2) and mercury (Section 8.3).  In 
the northern lake system, nutrient load reductions are required to achieve the chlorophyll a target and 
restore beneficial uses.  Nutrient TMDLs are identified for the southern lake system based on existing 
conditions since nitrogen and phosphorus levels are achieving the chlorophyll a target level.  The mercury 
TMDL identified for the southern lake system is also based on existing conditions since mercury levels 
are likely achieving the fish tissue target level.  Comparison of metals data to their associated hardness-
dependent water quality objectives indicates that copper and lead are currently achieving numeric targets 
at El Dorado Park lakes; therefore, TMDLs are not included for these pollutants.  Analyses are presented 
below for lead (Section 8.4) and for copper (Section 8.5).  

8.1 ENVIRONMENTAL SETTING 
The El Dorado Park lakes are a chain of six small lakes located within El Dorado Regional Park in the 
county of Los Angeles (Figure 8-1).  The park was opened to the public in 1969.  The northern four lakes 
(Coyote, Alamo, Large, and Horseshoe) are hydraulically connected and separate from the system 
comprised by the two southern lakes (Nature Center North and Nature Center South), which are 
hydraulically connected to each other.  The 2006 303(d) GIS coverage shows only four of the six lakes in 
the system.  There is an additional lake in each system, one at the downstream end of the northern chain 
(Horseshoe Lake) and one at the upstream end of the southern chain (Nature Center North Lake).  The 
2006 303(d) GIS coverage also shows an additional lake to the left of the San Gabriel River, which is 
located in the El Dorado Park Golf Course.  The State Water Board concluded this lake was erroneously 
included in the GIS coverage and is removing it for the following reasons: 1) it is not hydraulically 
connected with the El Dorado Park lakes, 2) it is in another drainage area, and 3) it has not been sampled 
for water quality (personal communication, Nancy Kapellas, SWRCB to Thomas Siebels, RWQCB, 
February 4, 2009).  This updated layer will be available from the SWRCB after finalization of the 2010 
303(d) list.  

The park borders the San Gabriel River for approximately two miles (Figure 8-2) and Coyote Creek for 
three-quarters of a mile.  The lakes were created on what was formerly San Gabriel River floodplain but 
are not hydrologically connected to the river at this time.  The northern four lakes have a cumulative 
surface area of 30.1 acres, and the southern two lakes have a combined surface area of 5.2 acres (surface 
areas based on Southern California Association of Governments [SCAG] 2005 land use).  Figure 8-3 
shows Coyote Lake, the northernmost lake in the park.  When constructed, the depth in Nature Center 
South Lake was approximately 28 feet (personal communication, Ed Gahafer [park staff], USEPA field 
notes 2-26-09); however, the maximum depth measured by the USEPA Region 9 laboratory staff, on 
February 26th

Figure 8-4

, 2009 was less than ten feet (USEPA field notes 2-26-09).  Restrooms on the park grounds 
are connected to the city sewer system.  The lakes are periodically stocked (CDFG, 2009) and recreational 
fishing is allowed in the northern four lakes (the CDFG “Fishing in the City” program periodically holds 
events at the lakes).  Paddle boating and radio controlled model boating occurs in Alamo Lake  
( ), but boating is prohibited in all other lakes.  Visitors are not allowed to swim in the lakes.  
Bird feeding is another recreational activity at the lakes and some feeding has been observed during 
recent fieldwork.  The Nature Center, located in the southern part of the park, conducts environmental 
education and receives more than 150,000 visitors a year.  Lake managers use algaecides including 
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(Cutrine Plus and Reward) in some of the lakes on an as-needed basis.  Additional characteristics of the 
watershed are summarized below. 

 
Figure 8-1. Location of El Dorado Park Lakes 

 

 
Figure 8-2. San Gabriel River Adjacent to the El Dorado Regional Park 
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Figure 8-3. North Side of Coyote Lake 

 

 
Figure 8-4. Paddle Boating at Alamo Lake 

8.1.1 Elevation, Storm Drain Networks, and Subwatershed Boundaries 
The El Dorado Park lakes have a 219-acre drainage area and are located in a low-elevation watershed  
(6.5 meters to 9.9 meters above sea level).  The two TMDL subwatershed boundaries for the El Dorado 
Park lakes were based on watershed boundaries obtained from the county of Los Angeles, digital 
elevation data, aerial imagery, and the storm drain network provided by the county of Los Angeles 
(Figure 8-5).  The subwatershed draining to the northern four lakes is comprised of 185 acres, and the 
subwatershed draining to the southern two lakes is comprised of 33.8 acres.  Neither subwatershed 
contains an organized storm drain network nor a permitted point source, so all allocations for the 
surrounding watershed will be load allocations except wasteload allocations for the supplemental water 
additions; however, the lakes are actively pumped into the county of Los Angeles storm drain network 
during heavy rain events.   
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Figure 8-5. Elevation, Storm Drain Networks, and TMDL Subwatershed Boundaries for the  

El Dorado Park Lakes 

8.1.2 MS4 Permittee 
Figure 8-6 shows the MS4 stormwater permittee that comprises both the northern and southern 
subwatersheds of the El Dorado Park lakes as well as the county of Los Angeles storm drain network.  
Although both watersheds are in the city of Long Beach incorporated area, there are no major drains that 
divert runoff directly to any of the lakes.  Loads from the parkland will be assigned load allocations 
because they do not drain to pipes or culverts prior to discharge to the lake. 

 
Figure 8-6. MS4 Permittee and the Storm Drain Network in the El Dorado Park Lakes 

Subwatersheds 
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8.1.3 Non-MS4 NPDES Dischargers 
As of the writing of these TMDLs, there are no additional (non-MS4) NPDES permitted discharges in the 
El Dorado Park lakes watershed. This includes non-stormwater discharges (individual and general 
permits) as well as general stormwater permits associated with construction and industrial activities. 

8.1.4 Land Uses and Soil Types 
Several of the analyses for the El Dorado Park lakes watershed include source loading estimates obtained 
from the San Gabriel River Basin LSPC Model, discussed in Appendix D (Wet Weather Loading) of this 
TMDL report.  Both subwatersheds are comprised of land classified by the San Gabriel River Basin 
LSPC model as “other urban or built-up” (based on SCAG 2000 land use data), except for the two 
polygons classified as water (Figure 8-7).  Comparison of the LSPC land use coverage to SCAG 2005 
data and recent satellite imagery indicate that the areas draining to the El Dorado Park lakes are parkland.   

The LSPC land use data were also inaccurate with regard to lake surface area and omitted two of the six 
lakes in the park.  To improve accuracy in land use areas, the SCAG 2005 database was used to estimate 
the area of the lakes in each subwatershed.  All remaining areas were assumed parkland (185 acres in the 
northern subwatershed and 33.8 acres in the southern subwatershed). 

 
Figure 8-7. LSPC Land Use Classes for the El Dorado Park Lakes Subwatersheds 
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There is one Resource Conservation and Recovery Act (RCRA) contaminated industrial facility located 
within one mile of the El Dorado Park lakes.  Available information for this facility (a liquid waste 
refiner) is summarized in Table 8-1.  No additional information was readily available regarding potential 
contaminants of concern for this facility; however, the site does not drain to the El Dorado Park lakes. 

Table 8-1. RCRA Cleanup Site near the El Dorado Park Lakes 

Envirostor # Facility Name Cleanup Status 

80001829 
(CAT080011059) 

Enviropur West Corporation Assessed; not identified for 
corrective action 

 

Figure 8-8 shows the predominant soils identified by STATSGO (Appendix D, Wet Weather Loading) in 
the El Dorado Park lakes subwatersheds.  The soil type is identified as Urban land-Sorrento-Hanford 
(MUKEY 660473), a hydrologic group B soil, which has moderate infiltration rates when wet and 
consists chiefly of soils that have a moderately coarse texture.  

 
Figure 8-8. STATSGO Soil Types Present in the El Dorado Park Lakes Subwatersheds 

8.1.5 Additional Inputs 
The El Dorado Park lakes are comprised of two hydraulically separate systems.  The northern four lakes 
receive supplemental water additions from a groundwater well that pumps into Coyote Lake (Figure 8-5) 
at a rate of approximately 110 ac-ft/yr.  The southern lakes in El Dorado Park receive supplemental water 
from a potable water source.  On average, 105 ac-ft are pumped annually into Nature Center North Lake 
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(Figure 8-5).  Parklands surrounding both systems are irrigated with reclaimed water, some of which may 
reach the lakes.  Irrigation water is applied to 221 acres surrounding Coyote and Alamo Lakes (known as 
Area III) and 179 acres surrounding Large and Horseshoe Lakes (known as Area II).  At the Nature 
Center where the two southern lakes are located, 91.1 acres are irrigated.  The applied average annual 
volumes to these respective areas (based on utility bills) are 244 ac-ft, 280 ac-ft, and 64.7 ac-ft; applied 
depths range from 8.5 inches to 18.8 inches (3.9 percent of the total irrigation volume is assumed to reach 
the lake).  Loads resulting from these inputs are described in Appendix F (Dry Weather Loading). 

8.2 NUTRIENT RELATED IMPAIRMENTS 
A number of the assessed impairments for the El Dorado Park lakes are associated with nutrients and 
eutrophication.  Nutrient-related impairments for the El Dorado Park lakes include algae, ammonia, 
eutrophication, and pH (SWRCB, 2010).  The loading of excess nutrients enhances algal growth 
(eutrophication).  Algal photosynthesis removes carbon dioxide from the water, which can lead to 
elevated pH in poorly buffered systems.  Algal blooms may also contribute to odor problems. 

8.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to the El Dorado Park lakes include REC1, REC2, WARM, WILD, MUN, and WET.  
Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated nutrient levels are 
currently impairing the REC1, REC2, and WARM uses by stimulating algal growth that may form mats 
that impede recreational and drinking water use, alter pH and dissolved oxygen (DO) levels and biology 
that impair the aquatic life use, and cause odor and aesthetic problems.  At high enough concentrations 
WILD, MUN, and WET uses could become impaired. 

8.2.2 Numeric Targets 
The Basin Plan for the Los Angeles Region (LARWQCB, 1994) outlines the numeric targets and 
narrative criteria that apply to the El Dorado Park lakes.  The following targets apply to the algae, 
ammonia, eutrophication, and pH impairments (see Section 2 for additional details and Table 8-2 for a 
summary): 

• The Basin Plan expresses ammonia targets as a function of pH and temperature because un-
ionized ammonia (NH3) is toxic to fish and other aquatic life.  In order to assess compliance with 
the standard, the pH, temperature and ammonia must be determined at the same time.  For the 
purposes of setting a target for the El Dorado Park lakes in these TMDLs, a median temperature 
of 16.2 ºC and a 95th percentile pH of 8.5 were used, as explained in Section 2.  The resultant 
acute (one-hour) ammonia target is 3.20 mg-N/L, the four-day average is 2.44 mg-N/L, and the 
30-day average (chronic) target is 0.98 mg-N/L (Note: the median temperature and 95th

• The Basin Plan addresses excess aquatic growth in the form of a narrative objective for nutrients.  
Excessive nutrient (e.g., nitrogen and phosphorous) concentrations in a waterbody can lead to 
nuisance effects such as algae, odors, and scum.  The objective specifies, “waters shall not 

 percentile 
pH values were calculated from the observed data and used in the calculation of the acute and 
chronic targets. These are presented as example calculations since the actual target varies with the 
values determined during sample collection.).   
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contain biostimulatory substances in concentrations that promote aquatic growth to the extent that 
such growth causes nuisance or adversely affects beneficial uses.”  The Regional Board has not 
adopted numeric targets for biostimulatory nutrients or chlorophyll a in the El Dorado Park lakes; 
however, as described in Tetra Tech (2006), summer (May – September) mean and annual mean 
chlorophyll a concentrations of 20 µg/L are selected as the maximum allowable level consistent 
with full support of contact recreational use and is also consistent with supporting warm water 
aquatic life.  The mean chlorophyll a target must be met at half of the Secchi depth during the 
summer (May – September) and annual averaging periods.  

• The Basin Plan states “at a minimum the mean annual dissolved oxygen concentrations of all 
waters shall be greater than 7 mg/L, and no single determinations shall be less than 5.0 mg/L, 
except when natural conditions cause lesser concentrations.”  In addition, the Basin Plan states, 
“the dissolved oxygen content of all surface waters designated as WARM shall not be depressed 
below 5 mg/L as a result of waste discharges.”  Shallow, well-mixed lakes, such as the El Dorado 
Park lakes systems, must meet the DO target in the water column from the surface to 0.3 meters 
above the bottom of each lake.   

• The Basin Plan states that “the pH of inland surface waters shall not be depressed below 6.5 or 
raised above 8.5 as a result of waste discharges.  Ambient pH levels shall not be changed more 
than 0.5 units from natural conditions as a result of waste discharge.”  Shallow, well mixed lakes, 
such as the El Dorado Park lakes, must meet the pH target in the water column from the surface 
to 0.3 meters above the bottom of the lake. 

Nitrogen and phosphorus target concentrations are based on simulation of allowable loads with the NNE 
BATHTUB model (see Section 8.2.5).  Based on the calibrated model for the northern four El Dorado 
Park lakes, the target nutrient concentrations within the lakes are 

• 0.69 mg-N/L summer average (May – September) and annual average 

• 0.069 mg-P/L summer average (May – September) and annual average 

For the southern two El Dorado Park lakes, the target nutrient concentrations within the lakes are 

• 1.15 mg-N/L summer average (May – September) and annual average 

• 0.115 mg-P/L summer average (May – September) and annual average 

Table 8-2. Nutrient-Related Numeric Targets for the El Dorado Park Lakes  

Parameter Numeric Target Notes 

Ammonia 3.20mg-N/L acute (one-hour)  1 

2.44 mg-N/L four-day average  

0.98 mg-N/L chronic (30-day average) 

Based on median temperature and 
95th

Chlorophyll a 

 percentile pH 

20 µg/L summer average (May – September) and 
annual average 

 

Dissolved Oxygen 7 mg/L minimum mean annual concentrations and 

5 mg/L single sample minimum except when 
natural conditions cause lesser concentrations 

 

pH The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a 
result of waste discharges.  Ambient pH levels 
shall not be changed more than 0.5 units from 

The existing water quality criteria for 
pH is very broad and in cases where 
waste discharges are not causing the 
alteration of pH it allows for a wider 
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Parameter Numeric Target Notes 

natural conditions as a result of waste discharge. 
(Basin Plan) 

6.5 – 9.0 (EPA’s 1986 Recommended Criteria) 

range of pH than EPA’s recommended 
criteria.  For this reason, EPA’s 
recommended criteria is included as a 
secondary target for pH. 

Total Nitrogen Northern Lake System: 0.69 mg-N/L summer 
average (May – September) and annual average 

Southern Lake System: 1.15 mg-N/L summer 
average (May – September) and annual average 

Northern Lake System: Based on 
simulation of allowable loads from the 
NNE BATHTUB model 

Southern Lake System: Conservatively 
based on existing conditions, which 
are maintaining chlorophyll a levels 
below the target of 20 µg/L 

Total Phosphorous Northern Lake System: 0.069 mg-P/L summer 
average (May – September) and annual average 

Southern Lake System: 0.115 mg-P/L summer 
average (May – September) and annual average 

Northern Lake System: Based on 
simulation of allowable loads from the 
NNE BATHTUB model 

Southern Lake System: Based on an 
in-lake TN to TP ratio of 10, typical of 
natural systems 

1 The median temperature and 95th

8.2.3 Summary of Monitoring Data 

 percentile pH values were calculated from the observed data and used in the 
calculation of the acute and chronic targets. These are presented as example calculations since the actual target is 
the water quality objective which is dependent on pH and temperature.  When assessing compliance refer to the 
water quality objective as expressed in the Basin Plan.. 

Water quality monitoring has been conducted in the El Dorado Park lakes since the early 1990s.  This 
section summarizes the monitoring data relevant to the nutrient impairments.  Additional details regarding 
monitoring are discussed in Appendix G (Monitoring Data).   

The El Dorado Park lakes were included in the 1992/1993 sampling effort to support the Urban Lakes 
Study (UC Riverside, 1994).  Data were collected from the north end of Alamo Lake.  Total Kjeldahl 
Nitrogen (TKN) concentrations ranged from 1.2 mg-N/L to 4.2 mg-N/L.  Nineteen of 45 samples for 
ammonium were less than the detection limit (0.01 mg-N/L); ammonium concentrations as high as  
1.9 mg-N/L were observed and therefore exceeded the acute ammonia target of 0.98 mg-N/L.  Nitrite 
samples were consistently less than the detection limit (0.01 mg-N/L), as were the majority of nitrate 
concentrations.  Measurable amounts of nitrate were only observed in January and February of 1993 when 
concentrations ranged from 0.1 mg-N/L to 0.3 mg-N/L.  Orthophosphate concentrations ranged from  
0.2 mg-P/L to 0.9 mg-P/L, and total phosphorus concentrations generally ranged from 0.3 mg-P/L to  
0.5 mg-P/L though two samples near the lake bottom were 0.6 mg-P/L and 1.1 mg-P/L.  pH ranged from 
8.2 to 9.4.  The summary table from the 1994 Lakes Study Report (UC Riverside, 1994) lists chlorophyll 
a concentrations ranging from 5 μg/L to 133 μg/L with an average of 48 μg/L.     

Although the 1996 Water Quality Assessment Database does not contain monitoring data for the El 
Dorado Park lakes, the summary table in the Report does include a synopsis.  pH was listed as partially 
supporting the aquatic life use and not supporting the contact recreation use: 116 measurements of pH 
were collected with values ranging from 6.9 to 9.4.  Ammonium was not supporting the aquatic life or 
contact recreation uses; 45 ammonia samples were collected with concentrations ranging from non-detect 
to 1.92 mg-N/L.  Raw data are not available to assess location, date, time, depth, temperature, or pH with 
regard to these samples.  Algae were listed as not supporting the contact and non-contact recreation uses.  
Eutrophication was listed as not supporting the aquatic life use.   
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On May 8th 2008, the northern four lakes were sampled by Marine Biochemists.  DO concentrations 
ranged from 7.36 mg/L to 8.63 mg/L, and pH ranged from 7.37 to 8.76.  The concentrations of nitrates 
were highly variable and ranged from 0.3 mg/L to 3.0 mg/L; phosphates ranged from 0.09 mg/L to  
0.58 mg/L.  It is not clear from the report if the units on the nitrate samples were “as N” or “as NO3” or if 
the units on the phosphate samples were “as P” or “as PO4

The El Dorado Park lakes were sampled February 26, 2009 and July 15, 2009 by USEPA and the 
Regional Board.  In the northern four lakes, ammonia, nitrite, and nitrate concentrations were below 
detection limits (0.03 mg-N/L, 0.01 mg-N/L, and 0.01 mg-N/L, respectively) during both monitoring 
events.  TKN averaged 1.98 mg-N/L in the winter event and 0.92 mg-N/L in the summer event.  
Orthophosphate averaged 0.022 mg-P/L in the winter event and was less than the detection limit of 
0.0075 mg-P/L in the summer.  Total phosphorus concentrations averaged 0.129 mg-P/L in the winter 
event and 0.101 mg-P/L in the summer event.  Chlorophyll a concentrations averaged 31 μg/L to 34 μg/L 
during both events in the northern four lakes.  Profile measurements were conducted in Coyote and 
Alamo lakes during these events.  pH ranged from 7.17 to 8.47 during both events.  During the winter 
sampling event, DO concentrations near the surface of each lake were greater than 9 mg/L.  DO declined 
with depth and concentrations measured at 0.3 meters above the bottom of both lakes were less than the 
target concentration of 5 mg/L (4.37 mg/L in Coyote Lake and 3.35 mg/L in Alamo Lake).  During the 
summer event, DO concentrations in Coyote Lake decreased from 8.2 mg/L at the surface to 2.0 mg/L at 
0.3 meters above the bottom of the lake.  In Alamo Lake, DO concentrations decreased from 9.6 mg/L at 
the surface to 2.5 mg/L at 0.3 meters above the bottom of the lake.   

.”   

In the southern two lakes, ammonia, nitrite, and nitrate concentrations were at or below detection limits 
(0.03 mg-N/L, 0.01 mg-N/L, and 0.01 mg-N/L, respectively) during the winter monitoring event.  TKN 
was 1.1 mg-N/L in both lakes.  Orthophosphate and total phosphorus were approximately 0.016 mg-P/L 
and 0.03 mg-P/L, respectively, in both lakes.  Chlorophyll a measurements in the winter were 5.3 μg/L 
and 5.9 μg/L.  During the summer event, ammonia ranged from 0.04 mg-N/L to 0.1 mg-N/L and nitrate 
ranged from 0.09 mg-N/L to 0.12 mg-N/L.  TKN was only measured in Nature Center South Lake and 
had a concentration of 0.98 mg-N/L.  Orthophosphate was less than the detection limit of 0.0075 mg-P/L, 
and total phosphorus was approximately 0.139 mg-P/L in both lakes.  Chlorophyll a concentrations 
ranged from 1.3 μg/L to 6.2 μg/L, although application of algaecide in mid-June may have continued to 
impact concentrations in July.  pH ranged from 7.95 to 8.6 during both events.  Both of the Nature Center 
lakes and Horseshoe Lake were treated with algaecides in mid-June (personal communication, Ed 
Gahafer, July 15, 2009), which may have reduced chlorophyll a concentrations during the July sampling 
event.  However, Horseshoe Lake was not included in the nutrient monitoring, so this application does not 
impact sampling in the northern four lakes.  Profile measurements were conducted in Nature Center North 
and Nature Center South lakes on February 26th 2009.  DO concentrations decreased from greater than  
8 mg/L at the surface to 3.8 mg/L and 4.1 mg/L, respectively, at 0.3 meters above the bottom of each lake.  
However, this may have been anomalous because during the July 15th

Field data were also collected at shoreline stations at El Dorado Park on December 1, 2009.  In the 
northern four lakes, temperatures ranged from 14.71 ºC to 17.01 ºC, while the pH range was 8.23 to 9.20. 
Temperatures were 14.94 ºC and 15.34 ºC and pH values were 8.17 and 8.12 at the Nature Center North 
and South lakes, respectively.  

 2009 event, profile measurements 
were conducted in Nature Center South Lake.  DO concentrations decreased from 9.6 mg/L at the surface 
to 8.2 mg/L at 0.3 meters above the bottom of the lake.     

On August 10, 2010 the southern two lakes were sampled for nutrients.  Ammonia concentrations ranged 
from 0.03 mg-N/L to 0.05 mg-N/L.  TKN concentrations ranged from 0.67 to 1.03 mg-N/L.  Nitrite was 
approximately 0.05 mg-N/L in both lakes, and nitrate ranged from 0.23 mg-N/L to 0.24 mg-N/L.  
Orthophosphate ranged from 0.022 mg-P/L to 0.027 mg-P/L, and total phosphorus ranged from 0.027 
mg-P/L to 0.038 mg-P/L.  Chlorophyll a ranged from 4.81 μg/L to 6.23 μg/L.  During this event, two 
continuous monitoring probes were deployed in each southern lake over a 24-hour period at depths of 
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about 0.7 to 1.3 meters below the surface.  DO concentrations ranged from 8.3 mg/L to 9.5 mg/L in 
Nature Center North Lake and from 9.5 mg/L to 12.6 mg/L in Nature Center South Lake.  pH ranged 
from 8.5 to 9.0 in both lakes.  On August 10, 2010, DO measurements collected at varying depths (from 
the surface to 0.3 meters above the bottom) in Nature Center North Lake ranged from 8.4 mg/L to 8.5 
mg/L.  In Nature Center South Lake, depth-varying DO ranged from 11.8 mg/L at the surface to 9.9 mg/L 
at 0.3 meters above the bottom of the lake. 

On September 28, 2010 the southern two lakes were sampled again for nutrients.  Ammonia 
concentrations ranged from <0.03 mg-N/L to 0.05 mg-N/L.  TKN concentrations ranged from 0.79 to 
0.86 mg-N/L.  Nitrite was approximately 0.05 mg-N/L in both lakes, and nitrate ranged from 0.36 mg-
N/L to 0.41 mg-N/L.  Orthophosphate ranged from 0.008 mg-P/L to 0.017 mg-P/L, and all total 
phosphorus measurements were below the detection limit of 0.0165 mg-P/L.  Chlorophyll a ranged from 
6.01 μg/L to 6.68 μg/L.  During this event, two continuous monitoring probes were deployed in each 
southern lake over a 24-hour period at depths of about 1 to 1.3 meters below the surface.  DO 
concentrations ranged from 7.4 mg/L to 8.2 mg/L in Nature Center North Lake and from 6.6 mg/L to  
9.7 mg/L in Nature Center South Lake.  pH ranged from about 7.6 to 8.1 in both lakes.  On September 28, 
2010, depth-variable DO measurements collected from the surface of Nature Center North Lake ranged 
from 9.2 mg/L to 10.9 mg/L.  At 0.4 meters above the bottom, DO was measured as 9.2 mg/L.  Depth-
profile data were not collected at Nature Center South Lake due to time constraints.  

In summary, pH exceedances have been observed in both systems (northern and southern).  Ammonia 
concentrations exceeded the acute target in the northern lake system in the early 1990s.  There were no 
exceedances of the acute or chronic ammonia criteria during any recent sampling events with associated 
pH and temperature measurements.  DO concentrations have consistently been observed at less than the 
target concentration of 5 mg/L at 0.3 meters above the bottom of the northern four lakes during both 2009 
monitoring events (at two lakes each time).  Additionally, DO concentrations have been observed at less 
than the target concentration during one sampling event (winter 2009) in the southern two lakes.  Algal 
concentrations in the northern lake system exceeded the target during historic and recent sampling.  
Chlorophyll a concentrations in the southern lake system have only been monitored recently: neither 
winter nor summer sampling show exceedances of the chlorophyll a target though summer concentrations 
may have been impacted by prior application of an algaecide.  The nutrient TMDLs presented in Section 
8.2.6 account for summer season critical conditions by assessing loading rates consistent with meeting the 
summer chlorophyll a target concentration of 20 μg/L in the northern four lakes.  These reductions in 
nutrient loading are expected to alleviate pH, odor, DO, and ammonia problems associated with excessive 
nutrient loading and eutrophication.   

8.2.3.1 Summary of pH Non-Impairment in the Southern Lake System 
The Basin Plan states “The pH of inland surface waters shall not be depressed below 6.5 or raised above 
8.5 as a result of waste discharges. Ambient pH levels shall not be changed more than 0.5 units from 
natural conditions as a result of waste discharge.”  In the southern two lakes 97 percent of the flow is 
potable water discharged to the lakes.  Potable water was sampled for pH during the August and 
September 2010 sampling events, and measurements ranged from 7.98 to 8.22.  In addition, the Long 
Beach Water Department reports the following:  El Dorado Park lakes are in an area that primarily 
receives groundwater during the summer and purchased Metropolitan Water District water during the 
winter.  The “MWD Zone” had a reported average pH of 7.9 (range of 7.4-8.2) and the “Groundwater 
Zone” had a reported average of 8.1 (7.8-8.2) (Long Beach Water Department, 2008).  Based on this 
information, the potable water discharged to these lakes is not causing elevated pH levels.  There are no 
other waste discharges that could be elevating the pH.  As discussed in the linkage analysis (Section 
8.2.5), the southern two lakes currently meet the chlorophyll a target, so nutrient loading is not elevating 
pH in those lakes.  Based on these multiple lines of evidence, the southern two lakes in El Dorado are 
attaining beneficial uses and meeting pH water quality standards.  USEPA concludes that preparing a 
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TMDL for pH is unwarranted at this time.  USEPA recommends that the southern two lakes in El Dorado 
Park not be identified as impaired by pH in California’s next 303(d) list. 

8.2.4 Source Assessment 
The source assessment for the El Dorado Park lakes includes loading estimates from the surrounding 
watershed (Appendix D, Wet Weather Loading; Appendix F, Dry Weather Loading); irrigation (3.9 
percent of the total irrigation volume is assumed to reach the lake), groundwater and potable water inputs 
used for supplemental water additions to the lake (Appendix F, Dry Weather Loading); and atmospheric 
deposition (Appendix E, Atmospheric Deposition).  Table 8-3 summarizes the sources of existing loading 
to the northern lake system and Table 8-4 summarizes those loadings to the southern lake system.  The 
majority of the phosphorus loading to the northern four lakes is a result of groundwater used for 
supplemental water additions.  The nitrogen loading to the northern four lakes comes primarily from 
additional parkland loading such as excessive bird populations.  The two southern lakes receive the 
majority of both phosphorus and nitrogen loading from the potable water input used to supplement water 
levels in the lakes.  Section 8.2.5 describes the method used to estimate the additional parkland loading.   

Table 8-3. Summary of Average Annual Flows and Nutrient Loading to the Northern Lake 
System of the El Dorado Park Lakes  

Responsible 
Jurisdiction Input Flow (ac-ft) 

Total 
Phosphorus  

(lb-P/yr) (percent 
of total load) 

Total Nitrogen 
(lb-N/yr) 

(percent of 
total load) 

City of Long Beach Runoff 1.69 3.08 (2.6) 20.3 (0.95) 

City of Long Beach Supplemental Water 
Additions (Groundwater) 

110 71.5 (59.3) 287 (13.4) 

City of Long Beach Parkland Irrigation 20.6 9.29 (7.7) 320 (14.9) 

City of Long Beach Additional Parkland 
Loading 

unknown 36.6 (30.4) 1,500 (70.0) 

 Atmospheric deposition (to 
the lake surface)* 

29.3 NA 16.5 (0.77) 

Total 164 120 2,144 

*Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

Table 8-4. Summary of Average Annual Flows and Nutrient Loading to the Southern Lake 
System of the El Dorado Park Lakes 

Responsible 
Jurisdiction   Input Flow (ac-ft) 

Total 
Phosphorus  

(lb-P/yr) (percent 
of total load) 

Total Nitrogen 
(lb-N/yr) 

(percent of 
total load) 

City of Long Beach Runoff 0.309 0.563 (2.9) 3.71 (0.8) 

City of Long Beach Supplemental Water 
Additions (Potable Water) 

105 13.67 (70.5) 269 (59.8) 

City of Long Beach Parkland Irrigation 2.54 1.15 (5.9) 39.6 (8.8) 
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Responsible 
Jurisdiction   Input Flow (ac-ft) 

Total 
Phosphorus  

(lb-P/yr) (percent 
of total load) 

Total Nitrogen 
(lb-N/yr) 

(percent of 
total load) 

City of Long Beach Additional Parkland 
Loading 

unknown 4.0 (20.6) 135 (30.0) 

 Atmospheric deposition (to 
the lake surface)* 

5.07 NA 2.8 (0.6) 

Total 113 19.4 450 

*Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

8.2.5 Linkage Analysis 
The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  To simulate the impacts of nutrient loading on the El Dorado 
Park lakes, the nutrient numeric endpoints (NNE) BATHTUB Tool was set up and calibrated for each 
hydraulically connected system.  The NNE BATHTUB Tool is a version of the US Army Corps of 
Engineers (USACE) BATHTUB model and was developed to support risk-based nutrient numeric 
endpoints in California (Tetra Tech, 2006).   

BATHTUB is a steady-state model that calculates nutrient concentrations, chlorophyll a concentration (or 
algal density), turbidity, and hypolimnetic oxygen depletion based on nutrient loadings, hydrology, lake 
morphometry, and internal nutrient cycling processes.  BATHTUB uses a typical mass balance modeling 
approach that tracks the fate of external and internal nutrient loads between the water column, outflows, 
and sediments.  External loads can be specified from various sources including stream inflows, nonpoint 
source runoff, atmospheric deposition, groundwater inflows, and point sources.  Internal nutrient loads 
from cycling processes may include sediment release and macrophyte decomposition.  The net 
sedimentation rates for nitrogen and phosphorus reflect the balance between settling and resuspension of 
nitrogen and phosphorus within the waterbody.  Thus, internal loading is implicitly accounted for in the 
model.  Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than 
day-to-day variations in water quality.  

Target nutrient loads and resulting allocations are determined based on the secondary target – summer 
mean chlorophyll a concentration.  The NNE spreadsheet tool allows the user to specify a chlorophyll a 
target and predicts the probability that current conditions will exceed the target, as well as showing a 
matrix of allowable nitrogen and phosphorus loading combinations to meet the target.  The user-defined 
chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in water transparency measured as Secchi depth.  Appendix A (Nutrient TMDL Development) describes 
additional details on the NNE BATHTUB Tool and its use in determining allowable loads of nitrogen and 
phosphorus.   

In addition to loading rates of nitrogen and phosphorus, the NNE BATHTUB Tool requires basic 
bathymetry data for the simulation of chlorophyll a during the summer.  For the northern system, the 
model was calibrated to represent conditions in Coyote Lake because 1) this lake receives the 
groundwater input which represents the majority of nutrient loading to this system and 2) simulation of 
Coyote Lake individually was needed to calibrate the model within recommended guidelines (Walker, 
1987).  Based on the turnover ratio for this lake (Walker, 1987), the annual averaging period is most 
appropriate (i.e., annual loads are input to the model rather than summer season loads).   
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The NNE BATHTUB Tool was calibrated to recent average annual water quality data observed 
(calibration typically occurs to summer monitoring data but due to the limited monitoring data available 
for this lake an average of the summer and winter monitoring data were needed to create a more 
conservative analysis).  Both nitrogen and phosphorus concentrations were underpredicted when the 
calibration factors were adjusted within normal range.  To predict the average concentrations of total 
phosphorus (0.10 mg-P/L) and total nitrogen (1.36 mg-N/L) observed in Coyote Lake, loads from 
additional parkland sources were increased to 12 lb-P/yr and 300 lb-N/yr, respectively, with calibration 
factors on the net sedimentation rates set to 1.  The amount of the additional parkland loading of 
phosphorus due to internal recycling was calculated with the method discussed in Appendix A (Nutrient 
TMDL Development) and is 4.66 lb-P/yr.  This portion of the phosphorus load was subtracted out of the 
additional parkland sources category, and the model was recalibrated with a loading of 7.33 lb-P/yr.  The 
resulting calibration factor on the net phosphorus settling rate is 0.85 which allows the model to account 
for internal loading implicitly.  Though internal loading is not explicitly assigned a load allocation, 
reductions in external loading of phosphorus will ultimately result in reductions of internal cycling 
processes.  Internal loading of nitrogen was not calculated because 1) internal loading is typically 
insignificant relative to external loading, and 2) empirical relationships for the estimation of internal 
nitrogen loading have not been developed.  Thus, the additional parkland source loading and calibration 
factor for nitrogen were not changed.  To simulate the average observed chlorophyll a concentration in 
Coyote Lake, the calibration factor on concentration was set to 0.92 for a predicted concentration of 36 
µg/L.  To estimate loading from additional parkland sources to the entire northern lake system, nutrient 
loads were scaled up by the ratio of surface areas for the northern lake system relative to Coyote Lake 
(30.1 acres / 6 acres = 5.0).   

For the southern lake system, the cumulative surface area is 5.2 acres, the average depth is 4.6 ft, and the 
cumulative volume is 24 ac-ft.  No historic monitoring data are available for this lake system and based 
on recent monitoring data, chlorophyll a concentrations are relatively low although application of 
algaecide in the southern two lakes in mid-June likely impacted chlorophyll a concentrations during the 
July 2009 monitoring event.  Because insufficient data are available to calibrate the model to chlorophyll 
a concentrations, and no observations of chlorophyll a have exceeded the target concentration of 20 μg/L, 
these TMDLs will require that nutrient loading remain at existing levels as an antidegradation measure.  If 
subsequent data are collected that will allow for calibration of the NNE BATHTUB model, then these 
TMDLs may be revisited.  Note that the NNE BATHTUB Tool was set up to estimate loading from 
surrounding parkland areas.  To predict the average concentrations of total phosphorus (0.061 mg-P/L) 
and total nitrogen (1.15 mg-N/L) observed in the southern two lakes, loads from the additional parkland 
sources were increased to 11.5 lb-P/yr and 135 lb-N/yr, respectively, with calibration factors on the net 
sedimentation rates set to 1.  The amount of the phosphorous loading from additional parkland sources 
due to internal recycling was calculated with the method discussed in Appendix A (Nutrient TMDL 
Development) and is 7.6 lb-P/yr.  This portion of the phosphorus load was subtracted out of the additional 
parkland source category, and the model was recalibrated with a loading from additional parkland sources 
of 4.0 lb-P/yr.  The resulting calibration factor on the net phosphorus settling rate is 0.13 which allows the 
model to account for internal loading implicitly.  Though internal loading is not explicitly assigned a load 
allocation, reductions in external loading of phosphorus will ultimately result in reductions of internal 
cycling processes.  Internal loading of nitrogen was not calculated because 1) internal loading is typically 
insignificant relative to external loading, and 2) empirical relationships for the estimation of internal 
nitrogen loading have not been developed.  Thus, the additional parkland loading and calibration factor 
for nitrogen were not changed.  This configuration of the NNE BATHTUB Tool for the southern two 
lakes should not be considered a calibrated model as it was only used to develop an estimate of additional 
parkland loading and the calibration factors on the net phosphorus settling rate of 0.13 is out of the 
recommend range (0.5 to 2).  
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8.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum nutrient load 
consistent with meeting the numeric target of 20 µg/L of chlorophyll a as a summer average.  The 
methodology for determining the loading capacity is described briefly in this section.  For more detail, 
refer to Appendix A (Nutrient TMDL Development). 

Following calibration of the NNE BATHTUB Tool (Section 8.2.5), the allowable loading combinations 
of nitrogen and phosphorus were calculated using Visual Basic’s GoalSeek function (Appendix A, 
Nutrient TMDL Development).  The loading combination that is predicted to result in an in-lake ratio of 
total nitrogen concentration to total phosphorus concentration close to 10 was selected to match that 
typically observed in natural systems and to balance biomass growth and prevent limitation by one 
nutrient (Thomann and Mueller, 1987).  The corresponding in-lake concentrations of nitrogen and 
phosphorus for the northern four lakes are 

• 0.69 mg-N/L summer average (May – September) and annual average 

• 0.069 mg-P/L summer average (May – September) and annual average 

For the northern four lakes, the loading capacities for total nitrogen and total phosphorus are 902 lb-N/yr 
and 63.7 lb-P/yr, respectively.  These loading capacities can be further broken down into the wasteload 
allocations (WLAs), load allocations (LAs), and Margin of Safety (MOS) using the general TMDL 
equation: 

∑ ++= MOSLAWLATMDL  

For total nitrogen, the allocatable load (divided among WLAs and LAs) is 37.8 percent of the existing 
load of 2,144 lb-N/yr, or 811 lb-N/yr.  This value represents 90 percent of the loading capacity, while the 
MOS is 10 percent of the loading capacity.  WLAs and LAs are developed assuming equal percent load 
reductions in all sources. The resulting TMDL equation for total nitrogen is then: 

902 lb-N/yr = 109 lb-N/yr + 703 lb-N/yr + 90.2 lb-N/yr 

For total phosphorus, the allocatable load (divided among WLAs and LAs) is 47.6 percent of the existing 
load of 120 lb-P/yr, or 57.3 lb-P/yr.  This value represents 90 percent of the loading capacity, while the 
MOS is 10 percent of the loading capacity.  The resulting TMDL equation for total phosphorous is then: 

63.7 lb-P/yr = 34.0 lb-P/yr + 23.3 lb-P/yr + 6.37 lb-P/yr 

For the southern two lakes, existing levels of nitrogen and phosphorus loading appear to be resulting in 
attainment of the chlorophyll a target.  Monitoring data indicate that the average in-lake total nitrogen 
concentration is 1.15 mg-N/L (Appendix G, Monitoring Data).  Because the measured in-lake 
phosphorous concentrations varied widely between sampling events (<0.0165 mg-P/L to 0.138 mg-P/L), 
the phosphorus target concentration is based on an in-lake ratio of total nitrogen concentration to total 
phosphorus concentration close to 10.  This ratio was selected to match that typically observed in natural 
systems and to balance biomass growth and prevent limitation by one nutrient (Thomann and Mueller, 
1987).  The corresponding in-lake concentrations of nitrogen and phosphorus are 

• 1.15 mg-N/L summer average (May – September) and annual average 

• 0.115 mg-P/L summer average (May – September) and annual average 
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To prevent degradation of the southern two lakes, nutrient TMDLs will be allocated based on existing 
loading.  These TMDLs are broken down into the wasteload allocations (WLAs), load allocations (LAs), 
and Margins of Safety (MOS) using the general TMDL equation.  Note that the MOS is zero.   

 

 

For total nitrogen, the allocatable load is equal to the existing load and is divided among WLAs and LAs, 
assuming equal percent load reductions from all sources.      

450 lb-N/yr = 269 lb-N/yr + 181 lb-N/yr + 0 lb-N/yr 

For total phosphorus, the allocatable load is equal to the existing load and allocated to WLAs and LAs. 

19.4 lb-P/yr = 13.7 lb-P/yr + 5.7 lb-P/yr + 0 lb-P/yr 

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources.  
Details associated with the WLAs, LAs, and MOS are presented in the following three sections.   

As previously mentioned, in-lake concentrations of nitrogen and phosphorus have been determined for the 
two lake systems based on simulation of allowable loads with the NNE BATHTUB model (see Section 
8.2.5).  These in-lake concentrations are calculated from a complex set of equations that consider internal 
cycling processes (see Appendix A, Nutrient TMDL Development) and, therefore, differ from 
concentrations associated with various inflows.  Nutrient concentrations associated with the WLA and LA 
inputs are described below.  These values are provided as examples as they are calculated based on 
existing flow volumes (and will need to be recalculated if flow volumes change).  Because the input 
concentrations do not consider internal cycling processes and are based on existing flow volumes, they do 
not match the allowable in-lake nitrogen and phosphorous concentrations. 

8.2.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  These TMDLs establish WLAs for total phosphorus and total nitrogen for the northern and 
southern lake systems as well as alternative WLAs for total phosphorous and total nitrogen for the 
northern lake system. The alternative WLAs will be effective and supersede the WLAs listed in Table 8-5 
for the northern lake system if the conditions described in Section 8.2.6.1.2 are met.   

Under either wasteload allocation scheme responsible jurisdictions are encouraged to consider the 
construction of wetland systems and bioswales (or other retention or treatment options) to treat the 
stormwater and supplemental water flows entering the lake, as well as stormwater diversion and 
infiltration using methods such as porous pavements and rain gardens.  Implementing these options can 
reduce the lake’s nutrient loads and, in the case of recirculation through constructed wetlands, reduce in-
lake nutrient concentrations.  Additionally, persons that apply algaecides as part of an overall lake 
management strategy must comply with the Aquatic Pesticide General Permit (General Permit Order No. 
2004-0009-DWQ, CAG990005). 

Local jurisdictions have performed studies on nearby waterbodies that may be considered when 
evaluating nutrient-reduction strategies for this lake.  For example, the City of Los Angeles has modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from constructed 
wetlands, and construction is currently underway.  Information about this and other City of Los Angeles 
water quality improvement projects are available on the Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

∑ ++= MOSLAWLATMDL
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8.2.6.1.1 Wasteload Allocations 
There are no MS4 discharges to the El Dorado Park lakes and no other (non-MS4) permitted dischargers 
in the watershed.  The supplemental water sources to maintain lake levels are the only sources of nutrient 
loading to the El Dorado Park lakes that are assigned WLAs.  The WLA for this source to the northern 
four lakes represents a 62.2 percent reduction in total nitrogen loading and a 52.4 percent reduction in 
total phosphorus loading (Table 8-5) and must be met as a one year average.  In contrast, the WLAs for 
the supplemental water additions to the southern two lakes are equivalent to existing levels of loading 
(Table 8-4) and must be met as a three year average.  These loading values (in pounds per year) represent 
the TMDLs wasteload allocations (Table 8-5 and Table 8-6).  Each WLA must be met at the point of 
discharge. 

Table 8-5. Wasteload Allocations for Nutrient Loading to the Northern Lake System of the El 
Dorado Park Lakes 

Responsible 
Jurisdiction Input Flow (ac-ft) 

Total 
Phosphorus1,2

Total 
Nitrogen  

(lb-P/yr) 
1,2

City of Long Beach 

 (lb-
N/yr) 

Supplemental Water Additions  110 34.0 109 
1A one year average will be used to evaluate compliance.  
2

 

 The wasteload allocation must be met at the point of discharge. 

Table 8-6. Wasteload Allocations for Nutrient Loading to the Southern Lake System of the El 
Dorado Park Lakes 

Responsible 
Jurisdiction Input Flow (ac-ft) 

Total 
Phosphorus1 Total Nitrogen (lb-

P/yr) 
1

City of Long Beach  

 
(lb-N/yr) 

Supplemental Water Additions  105 13.7 269 
1

8.2.6.1.2 Alternative “Approved Lake Management Plan Wasteload Allocations” for the Northern 
Lake System 

Each wasteload allocation must be met at the point of discharge.  A three year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll 
a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered attained. 

Concentration-based WLAs not exceeding the concentrations listed in Table 8-7 are effective and 
supersede the corresponding WLAs for the City of Long Beach in Table 8-5 if: 

1. The City of Long Beach requests that concentration-based wasteload allocations not to exceed the 
concentrations established in Table 8-7 apply to it;  

2. The City of Long Beach provides to USEPA and the Regional Board a Lake Management Plan 
describing actions that will be implemented and cause each of the following to be met: the 
applicable water quality criteria for ammonia, dissolved oxygen and pH; and the chlorophyll a 
targets listed in Table 8-2.  A Lake Management Plan may include the following types of actions:  
increasing the volume of the lake that is aerated; installing hydroponic islands to remove 
nutrients; increasing flow volume or circulation in the lake; reducing stormwater discharges by 
improved infiltration; treating stormwater or supplemental water inputs with a wetland system; 
alum treatment to immobilize nutrients in sediments; and/or fisheries management actions to 
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reduce nutrient availability from sediments. The City of Long Beach may use monitoring data 
and modeling to show that the water quality criteria, targets and requested WLAs will be met;  

3. The Regional Board Executive Officer approves the request and applies concentration-based 
wasteload allocations for total nitrogen and total phosphorus.  These wasteload allocations are not 
to exceed the concentrations in Table 8-7 as a summer average (May-September) and annual 
average, and  

4. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each concentration-based wasteload allocation must be met in the lake.  However, if applicable water 
quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total 
phosphorus and total nitrogen allocations are considered attained.   

Table 8-7. Alternative Wasteload Allocations for Phosphorus and Nitrogen in the Northern Lake 
System of the El Dorado Park Lakes if an Approved Lake Management Plan Exists 

Responsible 
Jurisdiction Input 

Maximum Allowable 
Wasteload Allocation 
Total Phosphorus1,2

Maximum Allowable 
Wasteload Allocation 
Total Nitrogen  

(mg-P/L) 
1,2

City of Long Beach 

 (mg-
N/L) 

Supplemental Water Additions  0.1 1.0 
1A one year average will be used to evaluate compliance. . 
2

8.2.6.2 Load Allocations  

 The concentration-based wasteload allocation must be met in the lake.  However, if applicable water quality criteria 
for ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and total 
nitrogen allocations are considered attained. 

These TMDLs establish load allocations (LAs) for total phosphorus and total nitrogen for the northern 
and southern lake systems as well as alternative LAs for total phosphorous and total nitrogen for the 
northern lake system. The alternative LAs in the northern lake system will be effective and supersede the 
LAs listed in Table 8-8 if the conditions described in Section 8.2.6.2.2 are met.   

8.2.6.2.1 Load Allocations 
There are no storm drains that discharge runoff flows into the El Dorado Park lakes.  Therefore, all loads 
associated with the surrounding drainage area are assigned LAs.  Atmospheric deposition and additional 
parkland loading are also assigned LAs.  For the northern four lakes, total phosphorus LAs represent a 
52.4 percent reduction in existing loading, and total nitrogen LAs represent a 62.2 percent reduction in 
existing loading (Table 8-8).   LAs are provided for each responsible jurisdiction and input and must be 
met at the point of discharge.  These loading values (in pounds per year) represent the TMDLs load 
allocations (Table 8-8 and Table 8-9).   

Table 8-8. Load Allocations for Nutrient Loading to the Northern Lake System of the El Dorado 
Park Lakes 

Responsible Jurisdiction Input 
Flow 
(ac-ft) 

Total 
Phosphorus  

(lb-P/yr)1,2 
Total Nitrogen 

(lb-N/yr)

City of Long Beach 

1,2 

Runoff 1.69 1.47 7.68 

City of Long Beach Parkland Irrigation 20.6 4.42 121 
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Responsible Jurisdiction Input 
Flow 
(ac-ft) 

Total 
Phosphorus  

(lb-P/yr)1,2 
Total Nitrogen 

(lb-N/yr)

City of Long Beach 

1,2 

Additional Parkland Loading  unknown 17.4 568 

 Atmospheric deposition (to 
the lake surface)

29.3 
3 

NA 6.24 

Total 54.2 23.3 703 
1A one year average will be used to evaluate compliance.  
2 Each load allocation must be met at the point of discharge. 
3 

For the southern two lakes, the LAs are set equal to existing loading rates.  Assuming flow volumes 
remain at existing levels (

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

Table 8-4), targeted concentrations of nitrogen and phosphorus in the city of 
Long Beach runoff to the southern two lakes may be 0.670 mg-P/L and 4.42 mg-N/L.  Targeted 
concentrations in the irrigation returns may be 0.166 mg-P/L and 5.73 mg-N/L (3.9 percent of the total 
irrigation volume to both lake systems is assumed to reach the lake; Appendix F, Dry Weather Loading).  
The targeted nitrogen concentrations for precipitation to the surfaces of the southern two lakes may be 
0.20 mg-N/L.  Targeted concentrations for the additional parkland loading cannot be estimated because 
the associated flow volumes are unknown. 

Table 8-9. Load Allocations for Nutrient Loading to the Southern Lake System of the El Dorado 
Park Lakes 

Responsible 
Jurisdiction Input 

Flow  
(ac-ft) 

Total 
Phosphorus  

(lb-P/yr)1 
Total Nitrogen 

(lb-N/yr)

City of Long Beach 

1 

Runoff 0.309 0.563 3.71 

City of Long Beach Parkland Irrigation 2.54 1.15 39.6 

City of Long Beach Additional Parkland Loading unknown 4.0 135 

 Atmospheric deposition (to the lake 
surface)

5.07 
2 

NA 2.8 

Total 6.75 5.7 181 
1 Each load allocation must be met at the point of discharge.  A three year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll 
a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered attained. 

2 

8.2.6.2.2 Alternative “Approved Lake Management Plan Load Allocations” for the Northern Lake 
System 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

Concentration-based load allocations for the northern lake system not exceeding the concentrations listed 
in Table 8-10 are effective and supersede corresponding load allocations for the City of Long Beach in 
Table 8-8 if: 

1. The City of Long Beach requests that concentration-based load allocations not to exceed the 
concentrations established in Table 8-10 apply to it;  
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2. The City of Long Beach provides to USEPA and the Regional Board a Lake Management Plan 
describing actions that will be implemented and cause each of the following to be met: the 
applicable water quality criteria for ammonia, dissolved oxygen and pH; and the chlorophyll a 
targets listed in Table 8-2.  A Lake Management Plan may include the following types of actions:  
increasing the volume of the lake that is aerated; installing hydroponic islands to remove 
nutrients; increasing flow volume or circulation in the lake; reducing stormwater discharges by 
improved infiltration; treating stormwater or supplemental water inputs with a wetland system; 
alum treatment to immobilize nutrients in sediments; and/or fisheries management actions to 
reduce nutrient availability from sediments. The City of Long Beach may use monitoring data 
and modeling to show that the water quality criteria, targets and requested load allocations will be 
met;  

3. The Regional Board Executive Officer approves the request and applies concentration-based load 
allocations for total nitrogen and total phosphorus.  These load allocations are not to exceed the 
concentrations in Table 8-10 as a summer average (May-September) and annual average; and 

4. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each concentration-based LA must be met in the lake.  However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and 
total nitrogen allocations are considered attained. 

Table 8-10. Alternative Load Allocations of Nutrient Loading to the Northern Lake System of the 
El Dorado Park Lakes if an Approved Lake Management Plan Exists 

Responsible 
Jurisdiction Input 

Maximum Allowable 
Load Allocation Total 

Phosphorus1

Maximum Allowable 
Load Allocation Total 

Nitrogen  
(mg-P/L) 

1

City of Long Beach 

 
(mg-N/L) 

Runoff 0.1 1.0 

City of Long Beach Parkland Irrigation 0.1 1.0 

City of Long Beach Additional Parkland Loading 0.1 1.0 

1

8.2.6.3 Margin of Safety 

 Each concentration-based load allocation must be met in the lake. However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and total 
nitrogen allocations are considered attained. 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  To account for the uncertainties concerning the 
relationship between nutrient loading and the resultant in-lake chlorophyll a, an explicit MOS is included 
in the northern lake system TMDLs.  This explicit MOS is set at 10 percent of the loading capacity for 
total phosphorus and total nitrogen.  The southern lake system is currently achieving the in-lake 
chlorophyll a target, and TMDLs are being established at the existing loads.  This conservative anti-
degradation measure is the implicit margin of safety for these TMDLs.  
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8.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  Critical conditions for nutrient impaired lakes typically 
occur during the warm summer months when water temperatures are elevated and algal growth rates are 
high.  Elevated temperatures not only reduce the saturation levels of DO, but also increase the toxicity of 
ammonia and other chemicals in the water column.  Excessive rates of algal growth may cause large 
swings in DO, elevated pH, odor, and aesthetic problems.  Loading of nutrients to lakes during winter 
months are often biologically available to fuel algal growth in summer months.  These nutrient TMDLs 
account for summer season critical conditions by using the NNE Bathtub model to calculate possible 
annual loading rates consistent with meeting the summer chlorophyll a target concentration of 20 µg/L.  
The northern lake system TMDLs are expected to alleviate any pH and ammonia problems associated 
with excessive nutrient loading and eutrophication.  The southern lake system TMDLs are based on 
existing conditions as an anti-degradation measure since nitrogen and phosphorus levels are currently 
achieving the chlorophyll a target level.  These TMDLs therefore protect for critical conditions. 

8.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  These TMDLs do present a maximum daily 
load according to the guidelines provided by USEPA (2007).     

For each lake system, the primary contributor of nutrient loading is the supplemental water addition. 
Daily loads are calculated by multiplying the maximum daily flow rates from each source with the 
average allowable concentrations consistent with attaining the TMDLs.  These maximum loads are not 
allowed each day of the year because the annual loads specified by the TMDLs must also be achieved.  
The WLA and LA loads presented above are annual loading caps that cannot be exceeded. 

For the northern four lakes, the average allowable concentration of total nitrogen in the supplemental 
water addition is the allowable load from this source (109 lb-N/yr) divided by the average annual flow 
from this source (110 ac-ft/yr) or (0.363 mg-N/L) (see Table 8-5).  For total phosphorus, the average 
allowable concentration in the supplemental water addition is the allowable load from this source (34.0 
lb-P/yr) divided by the average annual flow (110 ac-ft/yr) or (0.113 mg-P/L) (see Table 8-5).  Peak daily 
flow from the supplemental water addition is estimated as the maximum metered flow rate (30.8 ac-ft/mo) 
divided by the number of days in the peak flow month (31) or 0.994 ac-ft/d.  Total maximum daily loads 
from this source are 0.981 lb-N/d and 0.307 lb-P/d.   

For the southern two lakes, daily maximum loads will likely result from use of supplemental water 
additions to the lakes: this source contributes the majority of the nitrogen and phosphorus loading to this 
lake system.  The peak daily flow rate from this source is estimated from the maximum monthly metered 
flow rate (29.4 ac-ft/mo) divided by the number of days in the month (31) or 0.948 ac-ft/d.  The average 
allowable nitrogen concentration is the allowable load from the supplemental water addition (269 lb-N/yr) 
divided by the average annual flow (105 ac-ft/yr) or (0.94 mg-N/L) (see 8.2.6.1).  For total phosphorus, 
the average allowable concentration is the allowable load from the supplemental water addition (13.7 lb-
P/yr) divided by the average annual flow (105 ac-ft/yr) or (0.048 mg-P/L) (see 8.2.6.1).  Daily maximum 
allowable loads from supplemental water additions at the southern two lakes are 2.43 lb-N/d and 0.124 lb-
P/d.   

As described above, in order to achieve in-lake nutrient targets as well as annual load-based allocations, 
the maximum allowable daily loads cannot be discharged to the lake systems every day.  The WLA and 
LA loads presented above are annual loading caps that cannot be exceeded. 
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8.2.6.6 Future Growth 
The El Dorado Park lakes watershed is comprised entirely of parkland.  It is not likely that the watershed 
will be developed and it is expected to remain as open space.  No load allocation has been set aside for 
future growth, and it is unlikely that any dischargers will be permitted in the watershed. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

8.3 MERCURY IMPAIRMENT 
The 1996 LA Region Water Quality Assessment Report lists mercury in fish tissue as an impairment of 
the El Dorado Park lakes, although no study was cited directly.  No mercury fish tissue data were 
included in the summary table or the accompanying database.   

Although the data were not included in the Water Quality Assessment Report, the Toxic Substances 
Monitoring Program (TSMP) collected fish tissue samples in the late 80s and 90s that exceeded the fish 
tissue guideline of 0.22 ppm.  Recent data collected by the Surface Water Ambient Monitoring Program 
(SWAMP) indicate that fish tissue levels of mercury remain elevated (see Section 8.3.3).  All fish tissue 
samples were collected from either Coyote Lake or Alamo Lake, both of which are in the system 
comprised by the northern four lakes.  Thus, there is no direct evidence of fish tissue impairment for the 
southern two lakes.  

In 2008, the Southern California Coastal Water Research Project (SCCWRP) published a report titled 
“Extent of Fishing and Fish Consumption by Fishers in Ventura and Los Angeles County Watersheds.” 
The purpose of the study was to document the fishing habits and consumption rates of fishers in these 
counties (SCCWRP, 2008).  The El Dorado Park lakes were visited three times, during which 45 fishers 
were observed.  Eighteen fishers were interviewed, and 11 percent of those consume fish caught from 
these lakes.  The El Dorado Park lakes are also part of the California Department of Fish and Game 
“Fishing in the City” program which encourages people in the Los Angeles area to fish from local 
waterbodies.  Fish are periodically stocked and fishing is only allowed from the northern four lakes.   

8.3.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each Region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Applicable water quality 
criteria are also specified in the California Toxics Rule (USEPA, 2000a).  The existing beneficial uses 
assigned to the El Dorado Park lakes include REC1, REC2, WARM, WILD, MUN, and WET.  
Descriptions of these uses are listed in Section 2 of this TMDL report.  Concentrations of mercury 
measured in fish tissue collected from the northern four lakes indicate that the REC1, REC2, and WARM, 
uses are currently impaired.  Data are not available to assess compliance with the fish tissue standard in 
the southern two lakes.  At high enough concentrations WILD, MUN and WET uses could become 
impaired. 

8.3.2 Numeric Targets 
Numeric targets for mercury in the El Dorado Park lakes apply to both the water column and fish tissue.  
Water column targets are based on beneficial use.  For waters designated MUN (existing, potential, or 
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intermittent), the Basin Plan lists a total mercury maximum contaminant level of 0.002 mg/L, or 2 μg/L.  
The California Toxics Rule includes total mercury human health criteria for the consumption of “water 
and organisms” or “organisms only” as 0.050 μg/L and 0.051 μg/L, respectively (USEPA, 2000a).  
California often implements these values on a 30-day average.  Because El Dorado Park lakes do not have 
an existing MUN designated use, a total mercury water column target of 0.051 μg/L (51 ng/L) for 
“organisms only” is the appropriate target.   

In addition, a water column target for dissolved methylmercury of 0.081 ng/L is applicable for the El 
Dorado Park lakes.  This value was calculated by dividing the fish tissue guideline (0.22 ppm) with a 
national bioaccumulation factor (for dissolved methylmercury) of 2,700,000 applicable for trophic level 4 
fish (and multiplying by a factor of 106

The fish contaminant goal (FCG) for methylmercury defined by the California Office of Environmental 
Health Hazard Assessment (OEHHA, 2008) is 220 ppb or 0.22 ppm (wet weight).  This concentration is 
protective of human and wildlife consumers of trophic level four fish.  The target length for comparison 
to this target is 350 mm (13.8 inches) in largemouth bass.  Refer to Section 2.2 of this report for more 
information regarding these targets. 

 to convert from milligrams to nanograms). 

8.3.3 Summary of Monitoring Data 
Total mercury concentrations in the water columns of the El Dorado Park lakes have been measured at 
various locations since 1992.  In-lake water column mercury concentrations were measured in July and 
August 1992 in Alamo Lake as part of the Urban Lakes Study (UC Riverside, 1994).  All 12 
measurements were less than the detection limit of 0.51 μg/L (500 ng/L).  As the detection limit of this 
dataset is 10 times higher than the water quality criterion for mercury (51 ng/L), it is difficult to assess 
compliance in terms of a water column concentration.   

More recent samples collected in February and July 2009 were collected and analyzed with ultra-clean 
methods and detection limits no greater than 0.15 ng/L.  Samples were collected from Coyote, Alamo, 
and Nature Center South lakes.  All total mercury samples collected during these events ranged from  
0.41 ng/L to 1.17 ng/L and were more than one order of magnitude less than the total mercury water 
column target.  Concentrations of total methylmercury in the northern four lakes ranged from 0.041 ng/L 
to 0.072 ng/L with an average concentration of 0.056 ng/L, which is less than the dissolved target 
concentration (0.081 ng/L). The observed concentration of total methylmercury in the southern two lakes 
was 0.02 ng/L and was therefore less than the dissolved target concentration.    

Mercury concentrations were also measured for each supplemental water source.  Total mercury 
concentrations measured in the groundwater ranged from 131 ng/L to 142 ng/L, and methylmercury 
concentrations in the groundwater ranged from 0.109 ng/L to 0.215 ng/L.  Thus, total and methylmercury 
concentrations in the groundwater used for supplemental water additions to the northern four lakes 
exceeded the water column targets of 51 ng/L and 0.081 ng/L, respectively.  Total mercury concentrations 
measured from the potable water input ranged from 1.46 ng/L to 2.84 ng/L; methylmercury 
concentrations were approximately 0.02 ng/L.  Neither total nor methylmercury concentrations in the 
potable water source exceeded the respective targets.  

Mercury concentrations in the fish tissue of largemouth bass have been measured in the northern lakes at 
El Dorado Park since 1991.  Coyote Lake was sampled by the TSMP in the 1990s and analyzed as 
composites, with six fish in each composite.  The California Surface Water Ambient Monitoring Program 
(SWAMP) sampled individual fish from Alamo Lake during the summers of 2007 and 2010.  No fish 
tissue samples have been collected from the southern two lakes at the nature center and recreational 
fishing is not allowed in those two lakes.   

Figure 8-9 shows the total mercury concentrations in largemouth bass plotted against length, which is an 
approximate surrogate for age.  For composite fish samples, concentration is plotted against mean length.  
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As expected, fish tissue mercury concentrations increase with length.  Concentrations exceed 0.22 ppm in 
all individual or composite samples greater than 370 mm.  Fourteen individual and three composite 
samples had fish tissue concentrations greater than the target, while six individual samples had 
concentrations less than the target.  All of the fish tissue data were reported as total mercury 
concentrations, of which over 90 percent is expected to be in the methyl form (USEPA, 2001a). These 
total mercury data were compared to the methylmercury fish contaminant guidelines, resulting in 
conservative assessments. 
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Figure 8-9. Mercury Concentrations in Largemouth Bass Collected from the El Dorado Park 

Lakes (1991-2010) 

8.3.4 Source Assessment 
There are several sources of mercury loading to the El Dorado Park lakes.  For the northern four lakes, the 
majority of mercury loading originates from the groundwater that is pumped into Coyote Lake (Figure 8-
5) to maintain water levels in the system.  Atmospheric deposition is the second largest source of mercury 
loading to the northern four lakes and the largest contributor to the southern two lakes.  The potable water 
source pumped into Nature Center North Lake (Figure 8-5) is the second largest source of mercury to the 
southern system.  Loads resulting from precipitation and irrigation runoff from the adjacent parklands (3.9 
percent of the total irrigation volume is assumed to reach the lake; Appendix F, Dry Weather Loading) 
contribute insignificant amounts of mercury relative to the other sources.     

Table 8-11 and Table 8-12 summarize the total mercury loads to the northern four lakes and southern two 
lakes, respectively.  Estimation of loading from runoff, direct inputs, and irrigation of parkland are 
discussed in more detail in Appendices D and F (Section 8 of both appendices).  The atmospheric 
deposition component of the mercury load is discussed in Appendix E (Atmospheric Deposition).  In both 
lake systems, the city of Long Beach runoff is assigned a load allocation (associated with 185 acres in the 
northern lake system and 33.8 acres in the southern lake system).  Irrigation and atmospheric deposition 
will also receive load allocations in both systems; however, the supplemental water additions will receive 
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wasteload allocations.  The northern four lakes receive approximately 20 times more mercury annually 
than the southern two lakes. 

Table 8-11. Summary of Existing Total Mercury Loading to the Northern Lake System of the El 
Dorado Park Lakes 

Responsible  Jurisdiction Input 

Total Annual 
Hg Load 

(g/yr) 
Percent 
of Load 

City of Long Beach Runoff 0.0109 0.04 

City of Long Beach Supplemental Water Additions (Groundwater) 18.5 73.8 

City of Long Beach Parkland Irrigation 0.0371 0.15 

 Atmospheric deposition (to the lake surface)* 6.49 26.0 

Total 25.0 100 

*Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

Table 8-12. Summary of Existing Total Mercury Loading to the Southern Lake System of the El 
Dorado Park Lakes 

Responsible Jurisdiction  Input 

Total 
Annual Hg 
Load (g/yr) 

Percent 
of Load 

City of Long Beach Runoff 0.00199 0.13 

City of Long Beach Supplemental Water Additions (Potable Water) 0.368 24.6 

City of Long Beach Parkland Irrigation 0.00458 0.31 

 Atmospheric deposition (to the lake surface)* 1.12 74.9 

Total  1.49 100 

*Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

8.3.5 Linkage Analysis 
The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  Specifically, models of watershed loading of mercury are 
combined with an estimated rate of bioaccumulation in the lake.  This enables a translation between the 
numeric target (expressed as a fish tissue concentration of mercury) and mercury loading rates.  The 
loading capacity is then determined via the linkage analysis as the mercury loading rate that is consistent 
with meeting the target fish tissue concentration. 

Neither data nor resources are available to create and calibrate detailed lake response models for mercury 
cycling in the El Dorado Park lakes.  The TMDL target is based on achieving acceptable concentrations in 
fish.  In midwestern and eastern lakes, methylation in lake sediments is often the predominant source of 
methylmercury in the water column.  However, in western lakes with high sedimentation rates, rapid 
burial tends to depress the relative importance of regeneration of methylmercury from lake sediments.  In 
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lakes with high sedimentation rates, fish tissue concentrations are therefore likely to respond 
approximately linearly to reductions in the watershed methylmercury and total mercury load.  For the El 
Dorado Park lakes, watershed loading is an insignificant amount of the total load compared to the loads 
from supplemental water addition and air deposition.  However, it is expected that fish tissue 
concentrations will also respond linearly to reductions of direct inputs and atmospheric deposition, which 
contribute the majority of the loading to each lake system in El Dorado Park.         

Nationally, authors such as Brumbaugh et al. (2001) have shown a log-log linear relationship between 
methylmercury in water and methylmercury in fish tissue normalized to length.  However, this 
relationship is well-approximated by a linear relationship for the ranges of fish tissue concentration of 
concern for these impaired lakes.  For the lakes where fish tissue data are available (the northern four 
lakes), the groundwater supplemental water additions contribute over 70 percent of the total mercury load 
and 97.5 percent of the methylmercury load (see Section 8 in Appendices D and F; Wet Weather Loading 
and Dry Weather Loading).  Until such time as a lake response model for mercury is constructed, and 
sufficient calibration data are collected, an assumption of an approximately linear response of fish tissue 
concentrations to changes in external loads is sufficient for the development of a TMDL.  For a more 
detailed discussion of the linkage analysis between mercury loading and fish body burden, see Section 
3.2.3 of this report. 

8.3.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum pollutant load that can be assimilated without 
violating water quality standards (40 CFR 130.2(f)).  This is the maximum load consistent with meeting 
the numeric target of 0.22 ppm for mercury in largemouth bass.  The methodology for determining the 
loading capacity is described briefly in this section.  For more detail, refer to Appendix C (Mercury 
TMDL Development). 

Calculating the loading capacity first requires an estimate of the existing mercury concentration in 
largemouth bass.  To do this, a linear regression analysis was performed on tissue concentrations versus 
length for the northern four El Dorado Park lakes.  The resulting regression equation is 

 

 

where Hg(fish) is the total mercury concentration in largemouth bass (ppm) and Len is length in mm.  The 
regression analysis is shown in Figure 8-10, along with the one-sided 95 percent upper confidence limits 
on mean predictions about the regression line (95 percent UCL) and the 95 percent upper prediction 
intervals on individual predicted concentrations (95 percent UPI).  The UPI gives the confidence limit on 
the individual predictions for a given length while the UCL gives the confidence limit on the average of 
the predictions for a given length.  This regression has a non-zero intercept and should not be considered 
valid for lengths less than 200 mm. 

For mercury, long-term cumulative exposure is the primary concern.  Therefore, it is appropriate to use 
the 95 percent UCL rather than the UPI to provide a Margin of Safety on the appropriate age class.  Use 
of the UCL provides an explicit Margin of Safety because it represents an upper confidence bound on the 
long-term exposure concentration. 

Both the observed data and the predicted concentrations show that mercury concentrations in largemouth 
bass typically exceed the target of 0.22 ppm in the system comprised by the northern four El Dorado Park 
lakes.   The TMDL target is established for a 350 mm largemouth bass (see Section 2.2.8).  The predicted 
mercury concentration based on the UCL equation for this length is compared to the target concentration 
to determine the required reduction in mercury loading, which includes an explicit Margin of Safety as 
described above.   

35.0,001461.015316.0)( 2 =⋅+−= RLenfishHg
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Figure 8-10. Regression Analysis of Mercury in El Dorado Park Lakes Largemouth Bass 

For the northern four El Dorado Park lakes, the fraction of the existing load consistent with attaining the 
target (the loading capacity) is the ratio of the target (0.22 ppm) to the best estimate of current average 
concentrations in the target fish population.  The difference between the direct regression estimate and the 
95 percent UCL provides the Margin of Safety.  Therefore, the allocatable fraction of the existing load 
(the loading capacity less the Margin of Safety) is the ratio of the target to the 95 percent UCL.  The 
resulting loading capacities and allocatable loads are expressed as fractions of the existing load as 
summarized in Table 8-13.  This analysis indicates that a 47.8 percent reduction in mercury loading to the 
northern four lakes will be required to bring fish tissue concentrations in 350 mm largemouth bass down 
to 0.22 ppm (see Section 2.2.8). 

Table 8-13. Estimated Total Mercury Loading Capacity and Allocatable Load for the Northern 
Lake System of the El Dorado Park Lakes (as Fractions of the Existing Load) 

Parameter Value 

Target Concentration (ppm) 0.22 

Target Length (mm) 350 

Predicted Mercury Concentration at Target Length (ppm) 0.358 

95th 0.422  Percent UCL (ppm) 

Loading Capacity (ratio of target to predicted value) 0.614 

Allocatable Load (ratio of target to 95th 0.522  percent UCL) 

Required Reduction in Existing Load (1 minus allocatable fraction) 0.478 

Margin of Safety Fraction (loading capacity fraction minus allocatable fraction) 0.093 
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The loading capacity can also be expressed as grams per year (g/yr) of total mercury using the existing 
loads presented in Table 8-11 and the calculated fractions of the existing load (Table 8-13).  For the 
northern four lakes, the loading capacity is 61.4 percent of the existing load of 25.0 g/yr, or 15.4 g/yr.   

 

 

The allocatable load for the northern four lakes (divided among WLAs and LAs) is 52.2 percent of the 
existing load.  Thus the allocatable load is 13.0 g/yr which represents 84.4 percent of the loading capacity.  
The Margin of Safety is 9.3 percent of the loading capacity.   

 

 

For the southern two lakes, there are no fish tissue data to indicate whether or not the system is impaired, 
and the observed total mercury concentrations in the water column are well below the targets (Section 
8.3.3).  The following comparisons may be made to the northern four lakes: 

1) The ratio of the allowable load to the northern four lakes (13.0 g/yr) divided by their cumulative 
volume (243 ac-ft) is 0.05.  The ratio of the existing load to the southern two lakes (1.49 g/yr) 
divided by their cumulative volume (24 ac-ft) is 0.06.  Thus, the volume-weighted existing load 
to the southern two lakes is approximately equal to the volume-weighted allowable load to the 
northern four lakes.    

2) The northern four lakes require a reduction in mercury loading of 47.8 percent.  Over 73 percent 
of the loading to the northern four lakes is a result of direct groundwater input.  Based on data 
collected and analyzed with ultra-clean methods in February and July 2009, the average total 
mercury concentration of the groundwater is 136 ng/L (nearly three times the water column target 
of 50 ng/L).  The largest contributor of mercury loading to the southern two lakes is atmospheric 
deposition.  Areal rates of atmospheric mercury deposition to each system are the same.  The 
second largest contributor of mercury to the southern lake system is the potable water input, 
which has an average concentration of 2.84 ng/L, which is more than one order of magnitude 
below the water column target (based on data collected in February and July 2009).  If the 
existing loading from atmospheric deposition to the northern four lakes was held constant, but the 
groundwater concentration was reduced to the same level observed in the potable water input, the 
total mercury load to the northern four lakes would be 7.4 g/yr, which is a reduction from existing 
loading of almost 71 percent.  Thus, the two major sources of loading to the southern two lakes 
would not cause impairment of the northern lake system, assuming the volume of water applied to 
the northern four lakes remains at current levels.  

3) The average total methylmercury concentration observed in the groundwater input is 0.162 ng/L, 
which is two times higher than the dissolved methylmercury water column target (0.081 ng/L) 
(Note: data are presented for the total fraction, while the water column target is for the dissolved 
fraction, resulting in a conservative assessment).  The potable water input has an observed 
concentration of 0.02 ng/L (below the 0.081 ng/L methylmercury water column target).  As 
bioaccumulation is directly proportional to methylmercury concentration, the southern two lakes 
are less likely to exhibit fish tissue concentrations that are as high as those seen in the northern 
lakes. 

4) Fishing is not allowed from the two southern lakes and has not been observed during any of the 
recent monitoring events. 

While none of the above statements offer a direct comparison to the mercury fish tissue guideline, they do 
indicate that impairment is unlikely.  Since the southern lake system has very different mercury loading 

∑ ++= MOSLAWLATMDL

∑ ++= yrgyrgyrgyrg /32.2/41.3/62.9/4.15
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than the northern lake system, the TMDL for the southern lake system will be different than for the 
northern lake system.  For this TMDL, total mercury loads in the southern two lakes will be held to 
existing levels as an antidegradation measure until fish tissue data are collected to either confirm or deny 
the mercury impairment.  The MOS for the southern two lakes will be zero.   

 

 

 

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources.  
Details associated with the WLAs, LAs, and MOS are presented in the following three sections.   

8.3.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  The direct inputs to the northern and southern lake systems are assigned WLAs.  Table 8-14 
and Table 8-15 summarize the existing total mercury loads and WLAs for these sources.  This TMDL 
establishes WLAs at their point of discharge.  For the northern four lakes, the WLA is a 47.8 percent 
reduction from the existing loads (Table 8-14); for the southern two lakes, the wasteload allocation (Table 
8-15) is equal to the existing load (Table 8-12).   These loading values (in grams per year) represent the 
TMDLs wasteload allocations (Table 8-14 and Table 8-15) and each wasteload allocation must be met at 
the point of discharge.  However, point source discharges to the lake must also meet CTR criteria for total 
mercury so the targeted concentration for the northern lake system must be at a maximum of 51 ng/L.  At 
a maximum concentration of 51 ng/L a greater volume of water may be discharged to the lakes than is 
currently discharged and still attain the mass-based WLA.  In addition to the WLAs presented below for 
total mercury, an in-lake water column dissolved methylmercury target of 0.081 ng/L applies. - 

Table 8-14. Wasteload Allocations of Total Mercury for the Northern Lake System of the El 
Dorado Park Lakes 

Responsible 
Jurisdiction Input 

Existing Annual Hg 
Load (g/yr) 

Wasteload Allocation1

City of Long Beach 

 
(g/yr) 

Supplemental Water Additions  18.5 9.62 
1

Table 8-15. Wasteload Allocations of Total Mercury for the Southern Lake System of the El 
Dorado Park Lakes 

 Each mass-based wasteload allocations must be met at the point of discharge.  

Responsible 
Jurisdiction Input 

Existing Annual Hg 
Load (g/yr) 

Wasteload Allocation1

City of Long Beach 

 
(g/yr) 

Supplemental Water Additions  0.368 0.368 
1

 

 Each mass-based wasteload allocations must be met at the point of discharge. 

∑ ++= MOSLAWLATMDL
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8.3.6.2 Load Allocations  
Load allocations of total mercury are required for the atmospheric deposition and watershed sources.  
Table 8-16 and Table 8-17 summarize the existing total mercury loads and LAs for the northern and 
southern lake systems, respectively.  The LAs for the northern system are a 47.8 percent reduction from 
the existing loads.  The LAs for the southern two lakes are equal to the existing load (Table 8-12); no 
reductions are required for the southern lake system.  LAs are provided for each responsible jurisdiction 
and input.  These loading values (in grams per year) represent the TMDLs load allocations (Table 8-16 
and Table 8-17) and each load allocation must be met at the point of discharge.  In addition to the LAs 
presented below for total mercury, an in-lake water column dissolved methylmercury target of 0.081 ng/L 
applies.  

Table 8-16. Load Allocations of Total Mercury for the Northern Lake System of the El Dorado 
Park Lakes 

Responsible Jurisdiction Input 
Existing Annual 
Hg Load (g/yr) 

Load Allocation1

City of Long Beach 

 
(g/yr) 

Runoff 0.0109 0.0057 

City of Long Beach Parkland Irrigation 0.0371 0.0193 

 Atmospheric deposition (to the 
lake surface)

6.49 
2 

3.38 

Total 6.54 3.41 
1 Each mass-based load allocations must be met at the point of discharge.  
2 

Table 8-17. Load Allocations of Total Mercury for the Southern Lake System of the El Dorado 
Park Lakes 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

Responsible Jurisdiction Input 
Existing Annual 
Hg Load (g/yr) 

Load 
Allocation1

City of Long Beach 

 
(g/yr) 

Runoff 0.00199 0.00199 

City of Long Beach Parkland Irrigation 0.00458 0.00458 

 Atmospheric deposition (to the 
lake surface)

1.12 
 2 

1.12 

Total 1.13 1.13 
1 Each mass-based load allocations must be met at the point of discharge.  
2 

8.3.6.3 Margin of Safety 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  The TMDL for the northern lake system includes both 
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an implicit and explicit MOS.  The implicit MOS includes comparing the total mercury concentration 
reported for fish tissue samples to the methylmercury fish tissue target.  Most mercury in fish tissue is in 
the methyl form, but not all, so this is a conservative assumption.  In this TMDL, an explicit MOS is also 
included by selecting the 95 percent UCL to represent the existing mean fish tissue concentration rather 
than the regression predicted mean (Figure 8-10).  Use of the UCL provides a margin of safety because it 
represents an upper confidence bound on the long-term exposure concentration.  For the northern lake 
system, the fraction of the existing load set aside for the explicit MOS is 0.093, or 2.32 g/yr, which 
represents 9.3 percent of the loading capacity.   The TMDL for the southern lake system includes an 
implicit MOS.  This lake system is likely achieving the fish tissue target and TMDLs are being 
established at the existing mercury loads.  This conservative anti-degradation measure is the implicit 
margin of safety for this TMDL.  

8.3.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target in the northern lake system and maintaining existing water quality 
in the southern lake system.  Because fish bioaccumulate mercury, concentrations in tissues of edible 
sized game fish integrate exposure over a number of years.  As a result, annual mercury loading is more 
important for the attainment of standards than instantaneous or daily concentrations, and the TMDL is 
proposed in terms of annual loads.  For the northern four lakes, the primary source of mercury load is the 
groundwater input, and peak flows do represent a critical condition in terms of peak loading rates.  The 
majority of supplemental flows are added to each system during the dry season (May through October) 
when precipitation is generally low and evaporation rates are high.  For the southern two lakes, the largest 
source of mercury loading is atmospheric deposition which is not known to have a critical condition.   

However, the greatest impact to fish occurs when methylmercury, a more biologically available form of 
mercury, is at its greatest concentration.  Bacterially mediated methylation of mercury varies seasonally 
and typically results in the greatest methylmercury concentrations in the water column in the late summer.  
However, the impact of seasonal and other short-term variability in loading is damped out by the biotic 
response since the target concentrations in tissues of edible sized game fish integrate exposure over a 
number of years.  Additionally, this TMDL includes a methylmercury water column target applicable year 
round.  This TMDL therefore protects for critical conditions. 

8.3.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  Although it is long-term cumulative load 
rather than daily loads of mercury that are driving the bioaccumulation of mercury in fish in the El 
Dorado Park lakes, these TMDLs does present a maximum daily load according to the guidelines 
provided by USEPA (2007).  These maximum loads are not allowed each day of the year because the 
annual loads specified by the TMDLs must also be achieved.  The WLA and LA loads presented above 
are annual loading caps that cannot be exceeded. 

For the northern four lakes, the primary contributor of mercury loading is the groundwater input.  Peak 
daily flow from this source is estimated as the maximum metered flow rate (30.8 ac-ft/mo) divided by the 
number of days in the peak flow month (31) or 0.994 ac-ft/d.  The average mercury concentration 
consistent with achieving the long-term loading target for the northern four lakes is the allowable load 
from this source (9.62 g/yr; Table 8-14) divided by the total average annual flowrate to the lake system 
(110 ac-ft, see Appendices D and F) which is 70.9 ng/L.  The daily maximum allowable load of mercury 
to the northern system in the El Dorado Park lakes is the highest measured groundwater flowrate 
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multiplied by the mercury concentration that will be consistent with achieving the long-term loading 
target, or 0.087 g/d. 

0.994 ac-ft/d · 70.9 ng/L · 43,560 ft2/ac · 28.32 L/ft3

For the southern two lakes, the maximum allowable daily mercury load is estimated from the dry and wet 
atmospheric deposition rates (Appendix E, Atmospheric Deposition) and the cumulative lake surface area 
for the two lakes (5.2 acres or 0.021 km

 · 1g / 1,000,000,000 ng = 0.087 g/d 

2

 

).  Dry deposition rates are fairly constant and the average daily 
load deposited to the southern lake system may be estimated by dividing the annual deposition rate by the 
average number of days per year:   

 

The daily maximum wet deposition rate is equal to the annual rate times the fraction of precipitation that 
falls during the wettest month of the year divided by number of days in that month.  Weather data for the 
Long Beach area indicate that February is typically the wettest month, receiving 24.7 percent of annual 
precipitation.  The likely maximum wet deposition rate to the southern lakes at El Dorado Park is:  

 

 

As no reductions in existing load are required for the southern lake system, the total maximum daily load 
is the sum of the daily dry and wet loads or 0.00346 g/d.   

8.3.6.6 Future Growth 
The El Dorado Park lakes watershed is comprised entirely of parkland.  It is not likely that the watershed 
will be developed and it is expected to remain as open space.  No load allocation has been set aside for 
future growth, and it is unlikely that any dischargers will be permitted in the watershed.  

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

8.4 LEAD IMPAIRMENT 
The El Dorado Park lakes were listed as impaired for lead in 1996 based on an assessment in the Regional 
Board's Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with 
project plan recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), EPA 
and local agencies collected 38 additional samples (six wet weather) between February 2009 and 
September 2010 to evaluate current water quality conditions.  There were zero dissolved lead 
exceedances in 38 samples (Appendix G, Monitoring Data).  USEPA also collected eight sediment 
samples between August and September 2010 to further evaluate lake conditions. There were zero 
sediment lead exceedances of the 128 ppm freshwater (Probable Effect Concentrations) sediment target 
(Appendix G, Monitoring Data). Therefore, the El Dorado Park lakes meet lead water quality standards, 
and USEPA concludes that preparing a TMDL for lead is unwarranted at this time.  USEPA recommends 
that the El Dorado Park lakes not be identified as impaired by lead in California’s next 303(d) list.  
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8.5 COPPER IMPAIRMENT 
The El Dorado Park lakes were listed as impaired for copper in 1996 based on an assessment in the 
Regional Board's Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent 
with project plan recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), 
EPA and local agencies collected 38 additional samples (six wet weather) between February 2009 and 
September 2010 to evaluate current water quality conditions.  There were two dissolved copper 
exceedances in 38 samples (Appendix G, Monitoring Data).  USEPA also collected eight sediment 
samples between August and September 2010 to further evaluate lake conditions. There were four 
sediment copper exceedances of the 149 ppm freshwater (Probable Effect Concentrations) sediment target 
(Appendix G, Monitoring Data).  In order to address the impairment for copper, on January 10, 2012 the 
Regional Board issued Cleanup and Abatement Order (CAO) No.R4-2012-0003 Requiring the City 
of Long Beach to take remedial action to reduce copper loading to El Dorado Park Lakes 
pursuant to California Water Code Section 13304 in order to implement a Total Maximum Daily 
Load for copper.  This CAO contained all the elements of a TMDL and was approved by USEPA on 
March 20, 2012.  

8.6 IMPLEMENTATION RECOMMENDATIONS 
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits, or nonpoint source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that can reduce 
pollutant loading to lakes include but are not limited to:  increasing the volume of the lake that is aerated; 
installing hydroponic islands to remove nutrients; increasing flow volume or circulation in the lake; 
reducing stormwater discharges by improved infiltration; treating stormwater or supplemental water 
inputs with a wetland system; alum treatment to immobilize nutrients in sediments; dredging in lake 
sediments; and/or fisheries management actions to reduce nutrient availability from sediments. 

If necessary, these TMDLs may be revised as the result of new information (See Section 8.7 Monitoring 
Recommendations).  The State Board is in the early stages of developing a Statewide Mercury Policy and 
Mercury Control Program for Reservoirs. According to CEQA scoping materials, the Policy would define 
an overall structure for adopting water quality objectives; general implementation requirements; and 
control plans for mercury impaired water bodies. The final structure of the control program could include 
a total maximum daily load (TMDL) for mercury in reservoirs along with an implementation plan to 
achieve the TMDL; or an implementation plan that does not rely on a TMDL. How this upcoming policy 
and program will affect implementation of this TMDL is unknown at this time. 

8.6.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy.  Additionally, South Coast Air 
Quality Management District has authority to regulate air emissions throughout the basin that affect air 
deposition.  Load allocations are expressed in Table 8-8 and Table 8-16 for the northern lake system and 
Table 8-9 and Table 8-17 for the southern lake system for nutrients and mercury, respectively.   

RB-AR38015



El Dorado Park Lakes TMDLs March 2012 

 
 8-34 

8.6.2 Point Sources and the Implementation of Wasteload Allocations  
Wasteload allocations apply to the supplemental water additions (Table 8-5 and Table 8-14 for the 
northern lake system and Table 8-6 and Table 8-15 for the southern lake system for nutrients and 
mercury, respectively).  These mass-based waste load allocations will be implemented by the Regional 
Board.  

8.6.3 Source Control Alternatives 
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention or treatment options) to treat the stormwater and supplemental water flows entering the 
lake, as well as stormwater diversion and infiltration using methods such as porous pavements and rain 
gardens.  Implementing these options can reduce the lake’s nutrient loads and, in the case of recirculation 
through constructed wetlands, reduce in-lake nutrient concentrations.  The City of Los Angeles has 
modeled expected nutrient concentration reductions to stormwater flows to Echo Park Lake from 
constructed wetlands, and construction is currently underway.  Information about this and other City of 
Los Angeles water quality improvement projects are available on Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

The El Dorado Park lakes have both nutrient-related and mercury impairments.  While there are some 
management strategies that would address both of these impairments (i.e., sediment removal BMPs), their 
differences warrant separate implementation and monitoring discussions.  One potential source control 
measure that has previously been proposed by the city of Long Beach would help implement TMDLs for 
both impairments and is detailed below.   

These lakes are currently supplied by potable and groundwater, but the city of Long Beach has proposed 
adoption of the following grant (City of Long Beach, 2008): 

The project will convert six lakes in the El Dorado Regional Park and Nature Center from 
potable water to excess reclaimed water by the installation of nano-filtration plants at the 
northern-most lake in the Regional Park and in the maintenance yard adjacent to the Nature 
Center. The nano-filtration will provide clean water to the lakes, and allow the lakes to overflow 
into the connecting streambeds, thereby providing increased circulation and cleansing of the lake 
water. The estimated potable water savings would be 190 acre-feet per year. 

The original grant application (Watershed Conservation Authority, 2005) states the following: 

El Dorado Park lakes Water Usage and Wetlands Restoration integrates water conservation, 
water quality, habitat restoration and recreational use benefits. Reclaimed water will be used to 
create a continuous, natural stream flow through the park lakes. The creation of a stream will 
restore riparian habitat. Wetland habitat will be created within a detention basin that will 
improve water quality and support a variety of wildlife species. Expansion of the existing Nature 
Center, introduction of native habitat into the regional park, and expanding environmental 
education enhancements will offer diverse recreational opportunities in the regional park…. 

El Dorado Park lakes Water Usage and Wetlands Restoration will significantly reduce the 
pollution in the six lakes in the Park and Nature Center caused by insufficient water circulation 
and excessive levels of nitrogen in the water. This is especially important in the sensitive Nature 
Center lakes. It will also improve storm drain outlet flows into the San Gabriel River Estuary in 
order to meet water quality standards…. 

Effluent from a storm drain from a 100-acre shopping center will be intercepted, filtered for 
trash, and cleansed in a treatment wetland before discharge into the San Gabriel River or Coyote 
Creek. The project also improves the water quality of the lakes through the desalination of the 
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reclaimed water entering the lakes and replacing an artificially maintained constant water level 
with a constantly flowing water body. 

Implementing changes into the source of water for the lakes will have vast impacts on water quality.  The 
existing groundwater used to fill the northern lake has anomalously high mercury concentrations and 
switching to a different source of water would likely results in much lower mercury concentrations.  
Additionally, if filtration of other water sources provides a low nutrient water source and additional flow 
and circulation to the lakes, reductions in chlorophyll a levels should result.     

8.6.3.1 Nutrient-Related Impairments 
Additionally, to further address nutrient-related impairments, source reduction and pollutant removal 
BMPs designed to reduce sediment loading could be implemented throughout the watershed as these 
management practices will also reduce the nutrient loading associated with sediments.  Dissolved loading 
associated with dry and wet weather runoff also contributes nutrient loading to the El Dorado Park lakes.  
Some of the sediment reduction BMPs may also result in decreased concentrations of nitrogen and 
phosphorus in the runoff water.  Storage of storm flows in wet or dry ponds may allow for adsorption and 
settling of nutrients from the water column.  BMPs that provide filtration, infiltration, and vegetative 
uptake and removal processes may retain nutrient loads in the upland areas.   

If fertilizer application is used in the future at El Dorado Park lakes, education of park maintenance staff 
regarding the proper placement, timing, and rates of fertilizer application will be necessary to ensure that 
there is not excess nutrient loading to the lakes.  Encouraging pet owners to properly dispose of pet 
wastes will also reduce nutrient loading associated with fecal material that may wash directly into the lake 
or into storm drains that eventually discharge to the lake.  Discouraging feeding of birds at the lake will 
reduce nutrient loading associated with excessive bird populations.  The NNE BATHTUB model 
indicated Additional Parkland Loading is present in the northern four lakes.  These lakes are those most 
heavily frequented by bird feeders and the additional bird feces produced by bird feeding contributes to 
this load.  

In order to meet the fine particulate (PM2.5) and ozone (O3) national ambient air quality standards by their 
respective attainment dates of 2015 and 2024, the South Coast Air Quality Management District and the 
California Air Resources Board have prepared an air quality management plan that commits to reducing 
nitrogen oxides (NOx, a precursor to both PM2.5

8.6.3.2 Mercury Impairment 

 and ozone) by over 85 percent by 2024.  These 
reductions will come largely from the control of mobile sources of air pollution such as trucks, buses, 
passenger vehicles, construction equipment, locomotives, and marine engines.  These reductions in NOx 
emissions will result in reductions of ambient NOx levels and atmospheric deposition of nitrogen to the 
lake surface.   

The primary source of mercury loading to the northern four lakes is the groundwater input. Reducing this 
loading is imperative to ultimately achieving the fish tissue target in the lakes. Additional source(s) of 
water may be required to maintain lake levels and/or treatment of the groundwater may be necessary to 
reduce mercury concentrations to acceptable ranges. 

To reduce watershed loading, several management practices can be implemented.  Dissolved loading 
associated with storm event runoff also contributes some mercury loading to the El Dorado Park lakes, 
however, these were not identified as significant sources of mercury in the El Dorado Park lakes 
watershed.  Specifically, source reduction and pollutant removal BMPs designed to reduce sediment 
loading can be implemented throughout the watershed as these management practices will also reduce the 
mercury loading associated with sediments.  Some of the sediment reduction BMPs may also result in 
decreased concentrations of mercury in the runoff water.  BMPs that provide filtration or infiltration 
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processes may retain dissolved mercury in the upland areas.  Additionally, reducing nutrient loading to 
the lake and improving aeration would likely reduce methylation rates within the lake overall.  

Unfortunately, sediment reduction BMPs will not mitigate mercury loading from the second largest 
source in the watershed, atmospheric deposition to the lake surface.  Mercury available for deposition in 
the southwest region typically originates from both local and global sources.  In the US, mercury 
emissions from most facilities have been reduced over the past few decades as the best available 
technology has improved over the years.  In 2008, USEPA modeled mercury air emissions nationally as a 
tool for tracking airborne mercury to assist in watershed planning.  The mercury emission estimates were 
principally based on 2001 data.  The highest modeled impact in California was located in the Long Beach 
area and the largest single source contributor was the Long Beach South East Resource Recovery facility 
which combusts municipal waste to produce electricity.  Since that time USEPA has promulgated 
regulations to reduce mercury from solid waste incinerators and the emissions from this facility and 
another solid waste incinerator in the city of Commerce have been significantly reduced.  In addition to 
these regulations for solid waste combustors, USEPA is in the process of finalizing regulations for 
Portland Cement plants which also contribute to mercury air loading and deposition in the Los Angeles 
area. 

8.7 MONITORING RECOMMENDATIONS 
Although estimates of the loading capacity and allocations are based on best available data and 
incorporate a MOS, these estimates may potentially need to be revised as additional data are obtained.  
The mass based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.   

To provide reasonable assurances that the assigned allocations will indeed result in compliance with the 
chlorophyll a and mercury targets, a commitment to continued monitoring and assessment is warranted.  
The purposes of such monitoring will be 1) to determine compliance with wasteload and load allocations, 
2) to determine if numeric targets are being attained, 3) to evaluate whether numeric targets and 
allocations need to be adjusted to attain beneficial uses, 4) to evaluate the efficacy of control measures 
instituted to achieve the needed load reductions, and 5) to document trends over time in mercury and algal 
densities and bloom frequencies.   

8.7.1 Nutrient-Related Impairments 
To assess compliance with the nutrient TMDLs, monitoring for nutrients and chlorophyll a should occur 
at least twice during the summer months and once in the winter.  At a minimum, compliance monitoring 
should measure the following in-lake water quality parameters: ammonia, TKN or organic nitrogen, 
nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 
chlorophyll a.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should 
also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement.  All parameters must meet target levels at half the Secchi depth.  DO and pH must meet 
target levels from the surface of the water to 0.3 meters above the lake bottom.  Additionally, in order to 
accurately calculate compliance with wasteload allocations to the lake expressed in yearly loads, 
monitoring should include flow estimation or monitoring as well as the water quality concentration 
measurements.  At El Dorado Park Lakes the only wasteload allocations are for supplemental water 
additions. These sources should be monitoring once a year during the summer months (the critical 
condition) for at minimum; ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total 
phosphorus, total suspended solids and total dissolved solids.  

The nutrient TMDLs for the northern four lakes of El Dorado Park lakes conclude that a 52.4 percent 
reduction in total phosphorus loading and a 62.2 percent reduction in total nitrogen loading are needed to 
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maintain a summer average chlorophyll a concentration of 20 µg/L (note that the southern two lakes have 
TMDLs equal to the existing load, so no reductions are required).  As an example of concentrations that 
responsible jurisdiction may need to target in order to meet and comply with the mass-based WLAs and 
LAs, this discussion provides concentrations calculated based on existing flow volumes (a recalculation is 
needed if flow volumes change).  For the supplemental water additions, the targeted concentrations may 
be 0.113 mg-P/L and 0.363 mg-N/L for the northern lake system, and 0.048 mg-P/L and 0.94 mg-N/L for 
the southern lake system, assuming flow volumes for both sources remain at existing levels (Table 8-5 
and Table 8-6).  Similarly, targeted concentrations of nitrogen and phosphorus in the city of Long Beach 
runoff to the northern four lakes may be 0.319 mg-P/L and 1.67 mg-N/L.  Targeted concentrations in the 
parkland irrigation returns may be 0.079 mg-P/L and 2.16 mg-N/L (3.9 percent of the total irrigation 
volume to both lake systems is assumed to reach the lake; Appendix F, Dry Weather Loading).  The 
targeted nitrogen concentrations for precipitation to the surfaces of the northern four lakes may be 0.082 
mg-N/L.  Targeted concentrations for the additional parkland loading cannot be estimated because the 
associated flow volumes are unknown.  As stated above, these concentrations are provided as guidelines; 
however, mass-based WLAs must be achieved.   

8.7.2 Mercury Impairment 
To assess compliance with the mercury TMDLs, monitoring should include monitoring of largemouth 
bass (325-375mm in length) fish tissue (skin-off fillets) at least every three years as well as twice yearly 
sediment and water column sampling in each lake.  At a minimum, compliance monitoring should 
measure the following in-lake water quality parameters: total mercury, dissolved methylmercury, 
chloride, sulfate, total organic carbon, alkalinity, total suspended solids, and total dissolved solids; as well 
as the following in-lake sediment parameters: total mercury, methylmercury, total organic carbon, total 
solids and sulfate.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity 
should also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement. Additionally, in order to accurately calculate compliance with allocations expressed in 
yearly loads, monitoring should include flow estimation or monitoring as well as water quality 
concentration measurements.  At El Dorado Park Lakes the only wasteload allocation is to supplemental 
water additions. This source should be monitored twice a year for at minimum: total mercury, methyl 
mercury, chloride, sulfate, total organic carbon, alkalinity, total suspended solids, and total dissolved 
solids.    

The mercury TMDLs for the El Dorado Park lakes concludes that a reduction in total mercury loading to 
the northern four lakes of 47.9 percent will result in compliance with the fish tissue target of 0.22 ppm 
(note that the southern two lakes have TMDLs equal to the existing load, so no reductions are required).  
As an example of concentrations that responsible jurisdiction may need to target in order to meet and 
comply with the mass-based WLAs and LAs, this discussion provides concentrations calculated based on 
existing flow volumes (a recalculation is needed if flow volumes change).  Assuming flow volumes 
remain at existing levels (Table 8-5 and Table 8-6 for the northern and southern lake systems, 
respectively), targeted concentrations of total mercury in the supplemental water additions may be 71.0 
ng/L for the northern lake system and 2.84 ng/L for the southern lake system.  Similarly, the targeted 
concentration of total mercury in the city of Long Beach runoff to the northern four lakes may be  
2.72 ng/L, and the targeted concentration in the irrigation return flows may be 0.768 ng/L.  For the 
southern two lakes, the targeted concentration of total mercury in the runoff from the city of Long Beach 
may be 5.22 ng/L, and the targeted concentration in the parkland irrigation return flows may be 1.47 ng/L 
(3.9 percent of the total irrigation volume for both lake systems is assumed to reach the lake; Appendix F, 
Dry Weather Loading).  As stated above, these concentrations are provided as guidelines; however, mass-
based WLAs must be achieved.  An in-lake water column dissolved methylmercury target of 0.081 ng/L 
also applies.  

 

RB-AR38019



El Dorado Park Lakes TMDLs March 2012 

 
 8-38 

(This page left intentionally blank.) 

 

RB-AR38020



North, Center, and Legg Lake TMDLs March 2012 

 
 9-1 

9 North, Center, and Legg Lake TMDLs 
Legg Lake (#CAL4053100019980917155807) is listed as impaired by ammonia, copper, lead, odor, and 
pH (SWRCB, 2010).  (Note: trash impairment has been addressed by a previous TMDL.)  This section of 
the TMDL report describes the nutrients impairments and the TMDLs developed to address them in 
North, Center, and Legg lakes (Section 9.2).  Nutrient load reductions are required to achieve the 
chlorophyll a target; these reductions are also expected to alleviate ammonia, odor and pH problems.  
Comparison of metals data to their associated hardness-dependent water quality objectives indicates that 
copper and lead are currently achieving numeric targets at North, Center, and Legg lakes; therefore, 
TMDLs are not included for these pollutants.  Analyses are presented below for lead (Section 9.3) and 
copper (Section 9.4).  

9.1 ENVIRONMENTAL SETTING 
North, Center, and Legg lakes are located in the Los Angeles River Basin (HUC 18070105) in the 
Whittier Narrows Recreation Area (WNRA) (Figure 9-1 and Figure 9-2).  The WNRA land is 1,283 acres 
leased to the County of Los Angeles Department of Parks and Recreation in 1957.  Legg Lake (also called 
South Lake) was the first lake constructed in the 1950s (construction involved excavating below the 
groundwater level).  Two additional lakes, Center Lake and North Lake, were constructed in 1967 and are 
connected to Legg Lake, depending on flow conditions.  The northern most lake is North Lake (surface 
area of 22.9 acres, average depth of 6.8 feet, and volume of 156 ac-ft), which is fed by two storm drains, 
one of which can either flow into North Lake or bypass North Lake and flow directly to Mission Creek.  
(It is assumed that this flow primarily enters North Lake.)  North Lake itself also discharges to Mission 
Creek.  During low flow periods, Center Lake (surface area of 10.8 acres, average depth of 11.8 feet, and 
volume of 127 ac-ft) contributes a small amount of flow to North Lake; this lake also discharges to 
Mission Creek (Figure 9-3).  The southernmost lake, Legg Lake (surface area of 42.9 acres, average depth 
of 6.8 feet, and volume of 297 ac-ft) is continuously connected to Center Lake by a channel (Valentina 
Cabrera-Stagno, USEPA Region IX, personal communication, July 21, 2009).  Overflow from the lake 
system drains from Center Lake to Mission Creek.  (All surface areas are estimated based on Southern 
California Association of Governments 2005 land use data.  Volume estimates were provided by the 
County of Los Angeles Department of Parks and Recreation.  Average depths were calculated by dividing 
volume by surface area.)   

There are several areas associated with the WNRA and Area D is located near the lakes.  Some restrooms 
in this area are on septic systems (Restroom #5, Restroom #8, and the Adult Crew Sub-Office; personal 
communication, Joyce Gibson, park superintendent, Los Angeles County Department of Parks and 
Recreation, December 21, 2009), while the remaining restrooms are connected to the city sewer system.  
Recreational uses include fishing, and the California Department of Fish and Game periodically stock the 
lake with trout.  Swimming is prohibited in the lakes, although the locations where the groundwater wells 
that pump supplemental water cascade to the lakes (this applies to North Lake and Center Lake) are 
accessible for contact recreation (Figure 9-4).  Paddle boating is allowed in North Lake and radio-
controlled model boating is allowed in Legg Lake.  Bird feeding may be another recreational activity, 
although it is currently prohibited based on park rules.  Park staff, however, have indicated that bird 
feeding is still a very common activity for lake visitors.  While it has not been observed during recent 
fieldwork, bird feeding is mentioned in the draft Legg Lake Management Plan, which also includes 
results of a one-day bird population survey that identified over 600 resident birds (County of Los 
Angeles, 2008).  Lake managers use algaecides to control algal growth in the lakes on an as-needed basis.  
Additional characteristics of the watershed are summarized below. 

 

RB-AR38021



North, Center, and Legg Lake TMDLs March 2012 

 
 9-2 

 
Figure 9-1. Location of North, Center, and Legg Lakes 

 

 
Figure 9-2. View of Legg Lake  
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Figure 9-3. Center Lake Discharges to Mission Creek 

 

 
Note: Groundwater is input to the North Lake and Center Lake via 
manmade rock cascades. 

Figure 9-4. Groundwater Input to North Lake  

9.1.1 Elevation, Storm Drain Networks, and Subwatershed Boundaries 
The North, Center, and Legg lakes watershed (1,172 acres) ranges in elevation from 60 meters to  
89 meters.  Five subwatersheds comprise the drainage area to these lakes.  The northwestern and 
northeastern subwatersheds each drain to separate storm drains that enter North Lake from the northeast 
side.  These two subwatersheds were based on the county of Los Angeles subwatersheds.  Three separate 
drainage areas have been delineated around the lakes to designate overland flow into each individual lake 
(Figure 9-5).  The storm drain coverage was provided by the county of Los Angeles. 
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Figure 9-5. Elevation, Storm Drain Networks, and TMDL Subwatershed Boundaries for the Legg 

Lake System 

9.1.2 MS4 Permittees 
Figure 9-6 shows the MS4 stormwater permittees in the North, Center, and Legg lakes watershed.  Loads 
generated from El Monte, South El Monte, and the county of Los Angeles in either the northwestern or 
northeastern subwatersheds are assigned wasteload allocations in the TMDLs because they drain to the 
storm drain network before discharging into the lakes.  Figure 9-7 and Figure 9-8 show some of the storm 
drains to North Lake.  Loads generated by South El Monte or the county of Los Angeles areas in the 
direct drainage subwatersheds are assigned load allocations.  Caltrans roads in these subwatersheds are 
assigned wasteload allocations.   

 
Figure 9-6. MS4 Permittees and the Storm Drain Network in the North, Center, and Legg 

Subwatersheds 
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Figure 9-7. Smaller Storm Drain to North Lake (Northwestern Subwatershed) 

 

 
Note: Grates visible at the bottom discharge lake water into Mission Creek. 

Figure 9-8. Largest Storm Drain to North Lake (Northeast Subwatershed)  

9.1.3 Non-MS4 NPDES Dischargers 
There are several additional NPDES permits (non-MS4) in the Legg Lake watershed (Table 9-1).  These 
include five dischargers covered under a general industrial stormwater permit (see Section 3.1 for a 
detailed discussion of these permit types).  These permits were identified by querying excel files of 
permits from the Regional Board website (excel files for each watershed are available from this link; 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/index.shtml#watershed; 
accessed on October 5, 2009).  They are all in South El Monte in the northwestern subwatershed (Figure 
9-9) and result in 9.27 disturbed acres.  (Note: According to the permit database Vacco Industries has a 
disturbed area of 327 acres.  Based on satellite imagery and parcel data, this area was estimated to be 
between 3.0 acres and 3.5 acres.  Assuming the error in the database is due to a misplaced decimal point, 
a disturbed area of 3.27 acres was used for this facility.)   Specific information is not available regarding 
these dischargers; therefore, they are assigned existing loads and wasteload allocations based on their area 
(industrial stormwater). 
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Table 9-1. Non-MS4 Permits in the North, Center, and Legg Lakes Watershed 

Type of NPDES Permit 

Number 
of 

Permits Subwatershed Jurisdiction 
Disturbed 

Area 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000003) 

5 Northwestern South El Monte 9.27 acres 

 

 
Figure 9-9. Non-MS4 Permits in the Legg Lake Subwatersheds 

9.1.4 Land Uses and Soil Types 
Several of the analyses for the North, Center, and Legg lakes watershed include source loading estimates 
obtained from the Los Angeles River Basin LSPC Model discussed in Appendix D (Wet Weather 
Loading) of this TMDL report.  Land uses identified in the Los Angeles River Basin LSPC model for 
these subwatersheds are shown in Figure 9-10.  Tetra Tech reviewed the SCAG 2005 database and 
current satellite imagery to confirm the acreage of agricultural areas present in the LSPC model.  Land 
use classifications were changed to accurately reflect the conditions identified in the more recent data.  
Specifically, the following changes were made to maintain consistency with the SCAG 2005 land use 
database: in the direct drainage subwatershed to Legg Lake, approximately half of the agricultural area 
was reclassified as it is actually parkland and the agricultural areas assigned in the direct drainage to 
North Lake and northeastern subwatersheds were changed to vacant land.  In addition, the agricultural 
area present in the northwestern subwatershed is classified by SCAG 2005 as nurseries; however, this 
area was reclassified to parkland as current satellite imagery shows this area to be Shiveley Park.  For the 
purposes of estimating flows and pollutant loads to this lake system, all agricultural areas are reassigned 
as open space, with the exception of 1.02 acres located in the direct drainage to Legg Lake subwatershed, 
which were confirmed to be strawberry fields.  The area classified as “other urban” in the LSPC land use 
categories is a high school according to SCAG 2005.  Table 9-2 and Table 9-3 summarize the land use 
areas for the northern two subwatersheds and the direct drainage subwatersheds, respectively, by 
jurisdiction.  These areas are combined because all of the northern watersheds are associated with WLAs 
and the direct drainage subwatersheds are all assigned LAs. 
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Figure 9-10. LSPC Land Use Classes for the North, Center, and Legg Lake Subwatersheds 

Table 9-2. Land Use Areas (ac) Draining from the Northern Subwatersheds to North, Center, 
and Legg Lakes  

Land Use El Monte South El Monte County of Los Angeles  Caltrans Total 

Agriculture 0 0 0 0 0 

Commercial 23.5 58.0 11.9 0 93.5 

Industrial/Roads 6.49 269 13.4 11.5 300 

Open 0 29.3 44.6 0 73.9 

Other Urban 0 0 0 0 0 

Residential 104 267 0.271 0 371 

Total 134 623 70.2 11.5 838 

Table 9-3. Land Use Areas (ac) Draining from the Direct Drainage Subwatersheds to North, 
Center, and Legg Lakes  

Land Use South El Monte County of Los Angeles  Caltrans Total 

Agriculture 0 1.04 0 1.04 

Commercial 0 0 0 0 

Industrial/Roads 1.78 24.1 17.6 43.4 

Open 29.8 202 0 232 

Other Urban 28.2 12.1 0 40.3 

Residential 15.8 1.19 0 17.0 

Total 75.7 240 17.6 334 
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There are three Resource Conservation and Recovery Act (RCRA) cleanup sites close to the Legg Lake 
watershed (see Table 9-4); these are located within approximately 0.6 miles of the watershed boundary 
(Figure 9-10).  There is one Superfund site in the watershed that treats groundwater contaminated with 
volatile organic compounds, which discharges to Legg Lake following treatment (Figure 9-11).  Most of 
these sites are not likely to contribute to the existing impairments at Legg Lake, except possibly the El 
Monte Disposal Service.  Lead is listed as a potential contaminant of concern at this site; however, as 
described below, recent lead samples collected from Legg Lake are below the CTR criteria resulting in a 
finding of non-impairment.  Table 9-4 summarizes the available information regarding these sites.  

 
Note: The above treatment facility discharges under the surface of the water in Legg Lake. 

Figure 9-11. Superfund Groundwater Remediation Site 

Table 9-4. RCRA Cleanup and Superfund Sites Located within or near the Legg Lake Watershed 

Envirostor # Facility Name Cleanup Status 
Potential Contaminants 

of Concern 

80001533 
(CAD008246746) 

Boer Graphics / Paragon Press Inactive Information not listed in 
database 

19490219 El Monte Disposal Service Certified Lead, Benzene, Arsenic, 
Motor oil 

60000629 Hytone Cleaners Active Volatile organic 
compounds 

CAD980677355 San Gabriel Valley Area 1 Whittier 
Narrows Operable Unit 

Active Volatile organic 
compounds 

Figure 9-12 shows the predominant soil identified by STATSGO in the Legg Lake subwatersheds.  The 
soil type is identified as Urban land-Sorrento-Hanford (MUKEY 660473), a hydrologic group B soil, 
which has moderate infiltration rates and moderately coarse textures.  
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Figure 9-12. STATSGO Soil Types Present in the Legg Lake Subwatersheds 

9.1.5 Additional Inputs 
North, Center, and Legg lakes receive water from several additional sources; including reclaimed water, 
potable water, and post-treatment Superfund site discharge.  Prior to May 2010 additional groundwater 
had been used to supplement water levels, but this input was discontinued.  

An additional 1,239 ac-ft/yr of water are used to irrigate 568 acres of parkland adjacent to the Legg Lake 
system (6.3 percent of the total irrigation volume is assumed to reach the lake).  Staff at the park indicate 
that approximately 10 percent of this is potable water and 90 percent is reclaimed wastewater.  Irrigation 
with the reclaimed water source began in 2006.  The usage total also includes irrigation at Norman’s 
Nursery, which is outside the watershed of the Legg Lake System.  In 2006, Norman’s Nursery used 
approximately 6.7 percent of the reclaimed water applied at Whittier Narrows.  Subtracting out the usage 
at Norman’s Nursery leaves approximately 1,040 ac-ft of reclaimed water applied around the Legg Lake 
system.  As previously noted, 10 percent of the irrigation water is potable water, resulting in an additional 
124 ac-ft of water applied to the parkland.  Some of the potable and reclaimed irrigation water applied to 
the parklands may reach the lakes.    

The San Gabriel Valley Area 1 Whittier Narrows Operable Unit Superfund site (EPA #CAD980677355) 
treats contaminated groundwater from a 4 mi2 area located in and around the North, Center, and Legg 
lakes watershed.  There is no NPDES permit associated with this discharge.  Contamination by volatile 
organic compounds (VOCs) was identified in local groundwater wells in the southern portion of the San 
Gabriel Basin in 1979.  Contamination, caused by decades of improper chemical handling and disposal by 
hundreds of industries, resulted in high concentrations of compounds including tetrachloroethylene 
(PCE), trichloroethylene (TCE), 1-4 dioxane, perchlorate, and N-nitrosodimethylamine (NDMA) within 
groundwater wells.  Remediation efforts, including containment of groundwater contamination and 
conveyance to and from the liquid-phase granular activated carbon groundwater treatment plant, began in 
September of 2000.  Initial conveyance of treated groundwater from the treatment plant began in February 
of 2002 with discharge of this remediated groundwater to Legg Lake commencing in October of 2002.  
The treatment effectively removes the VOCs and has no impact on the concentrations of nutrients or 
metals in the treated groundwater.  Continued groundwater monitoring has been completed by USEPA, 
and significant reductions in contaminant concentrations have been documented (USEPA, 2006).  Annual 
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average post-treatment flows from this source are approximately 2,534 ac-ft per year as measured by 
USEPA.  The flow is discharged to the Legg and North lakes using a cascading water delivery method 
that had previously been used for the additional groundwater inputs prior to May 2010 

9.2 NUTRIENT RELATED IMPAIRMENTS 
A number of the assessed impairments for Legg Lake are associated with nutrients and eutrophication.  
Nutrient-related impairments for Legg Lake include ammonia, odor, and pH (SWRCB, 2010).  The 
loading of excess nutrients enhances algal growth (eutrophication).  Algal photosynthesis removes carbon 
dioxide from the water, which can lead to elevated pH in poorly buffered systems.  Respiration during 
nighttime hours and decay of algae cause decreased dissolved oxygen (DO) concentrations.  Algal blooms 
may also contribute to odor problems. 

9.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Legg Lake include REC1, REC2, WARM, WILD, MUN, WET, GWR, and COLD.  
Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated nutrient levels are 
currently impairing the REC1, REC2, WARM, and COLD uses by stimulating algal growth that may 
form mats that impede recreational and drinking water use, alter pH and dissolved oxygen (DO) levels, 
alter biology that impair the aquatic life use, and cause odor and aesthetic problems.  At high enough 
concentrations WILD, MUN, and GWR uses could become impaired. 

9.2.2 Numeric Targets 
The Basin Plan for the Los Angeles Region (LARWQCB, 1994) outlines the numeric targets and 
narrative criteria that apply to Legg Lake.  The following targets apply to the ammonia, odor, and pH 
impairments (see Section 2 for additional details and Table 9-5 for a summary): 

• Most ammonia in fresh water is present in the ionized form of ammonium (NH4
+).  The Basin 

Plan expresses ammonia targets as a function of pH and temperature because it is un-ionized 
ammonia (NH3) that is toxic to fish and other aquatic life.  In order to assess compliance with the 
standard, the pH, temperature and ammonia must be determined at the same time.  For the 
purposes of setting a target for the Legg Lake system in these TMDLs, a median temperature of 
16.0 ºC and a 95th percentile pH of 9.6 were used, as explained in Section 2.  The resultant acute 
(one-hour) ammonia target is 0.42 mg-N/L, the four-day average is 0.56 mg-N/L, and the 30-day 
average (chronic) target is 0.23 mg-N/L (Note: the median temperature and 95th

• The Basin Plan addresses excess aquatic growth in the form of a narrative objective for nutrients.  
Excessive nutrient concentrations (e.g., nitrogen and phosphorous) in a waterbody can lead to 
nuisance effects such as algae, odors, and scum.  The objective specifies, “waters shall not 
contain biostimulatory substances in concentrations that promote aquatic growth to the extent that 
such growth causes nuisance or adversely affects beneficial uses.”  The Regional Board has not 
adopted numeric targets for biostimulatory nutrients or chlorophyll a in Legg Lake; however, as 

 percentile pH 
values were calculated from the observed data and used in the calculation of the acute and chronic 
targets. These are presented as example calculations since the actual target varies with the values 
determined during sample collection.).   
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described in Tetra Tech (2006), summer (May – September) mean and annual average 
chlorophyll a concentrations of 20 µg/L are selected as the maximum allowable level consistent 
with full support of contact recreational use and are also consistent with supporting warm water 
aquatic life.  The chlorophyll a target must be met at half of the Secchi depth during the summer 
(May – September) and annual averaging periods.  

• The Basin Plan states that “waters shall not contain taste or odor-producing substances in 
concentrations that impart undesirable tastes or odors to fish flesh or other edible aquatic 
resources, cause nuisance, or adversely affect beneficial uses.” 

• The Basin Plan states “at a minimum the mean annual dissolved oxygen concentrations of all 
waters shall be greater than 7 mg/L, and no single determinations shall be less than 5.0 mg/L, 
except when natural conditions cause lesser concentrations.”  In addition, the Basin Plan states, 
“the dissolved oxygen content of all surface waters designated as WARM shall not be depressed 
below 5 mg/L as a result of waste discharges” and “the dissolved oxygen content of all surface 
waters designated as COLD shall not be depressed below 6 mg/L as a result of waste discharges.”  
The Legg Lake system has a COLD beneficial use; therefore, the COLD DO target applies.  
Shallow, well-mixed lakes, such as the Legg Lake system, must meet the COLD DO target in the 
water column from the surface to 0.3 meters above the bottom of the lake.    

• The Basin Plan states that “the pH of inland surface waters shall not be depressed below 6.5 or 
raised above 8.5 as a result of waste discharges.  Ambient pH levels shall not be changed more 
than 0.5 units from natural conditions as a result of waste discharge.”  Shallow, well-mixed lakes, 
such as Legg Lake, must meet the pH target in the water column from the surface to 0.3 meters 
above the bottom of the lake.   

Nitrogen and phosphorus target concentrations are based on simulation of allowable loads with the NNE 
BATHTUB model (see Section 9.2.5).  Based on the calibrated model for Legg Lake, the target nutrient 
concentrations within the lake are 

• 0.65 mg-N/L summer average (May – September) and annual average 

• 0.065 mg-P/L summer average (May – September) and annual average 

Table 9-5. Nutrient-Related Numeric Targets for North, Center, and Legg Lakes  

Parameter Numeric Target Notes 

Ammonia 0.42 mg-N/L acute (one-hour)  1 

0.56 mg-N/L four-day average  

0.23 mg-N/L chronic (30-day average) 

Based on median temperature and 95th

Chlorophyll a 

 
percentile pH 

20 µg/L summer average (May – September) and 
annual average 

 

Dissolved Oxygen 7 mg/L minimum mean annual concentrations and 

6 mg/L single sample minimum except when 
natural conditions cause lesser concentrations 
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Parameter Numeric Target Notes 

pH The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a 
result of waste discharges.  Ambient pH levels 
shall not be changed more than 0.5 units from 
natural conditions as a result of waste discharge. 
(Basin Plan)  

6.5 – 9.0 (EPA’s 1986 Recommended Criteria) 

The existing water quality criteria for pH 
is very broad and in cases where waste 
discharges are not causing the 
alteration of pH it allows for a wider 
range of pH than EPA’s recommended 
criteria.  For this reason, EPA’s 
recommended criteria is included as a 
secondary target for pH. 

Total Nitrogen 0.65 mg-N/L summer average (May – September) 
and annual average 

Based on simulation of allowable loads 
from the NNE BATHTUB model 

Total Phosphorous 0.065 mg-P/L summer average (May – 
September) and annual average 

Based on simulation of allowable loads 
from the NNE BATHTUB model 

1 The median temperature and 95th

9.2.3 Summary of Monitoring Data 

 percentile pH values were calculated from the observed data and used in the 
calculation of the acute and chronic targets. These are presented as example calculations since the actual target is 
the water quality objective which is dependent on pH and temperature.  When assessing compliance refer to the 
water quality objective as expressed in the Basin Plan.. 

Water quality in Legg Lake proper has been monitored since the early 1990s.  Monitoring in North and 
Center lakes began more recently.  This section summarizes the monitoring data relevant to the nutrient 
impairments.  Shoreline sampling is not discussed as these samples are typically not reflective of the lake 
as a whole.  Additional details regarding monitoring are discussed in Appendix G (Monitoring Data).   

Legg Lake proper was monitored in 1992 and 1993 for water quality as part of the Urban Lakes Study 
from the lower section of the lake on the western side.  Total Kjeldahl Nitrogen (TKN) generally ranged 
from 0.6 mg-N/L to 1.0 mg-N/L although three samples were less than the detection limit (0.01 mg-N/L) 
and one outlier had a concentration of 37 mg-N/L.  The majority of the ammonium samples (33 of 43) 
were less than the detection limit (0.01 mg-N/L); ammonium concentrations as high as 0.4 mg-N/L were 
observed.  All nitrite samples were less than the detection limit (0.01 mg-N/L), and nitrate concentrations 
did not exceed 0.2 mg-N/L.  Both phosphate and total phosphorus were less than the detection limit (0.01 
mg-P/L) in all 43 samples.  pH ranged from 8.0 to 8.9.  The summary table from the 1994 Lakes Study 
Report (UC Riverside, 1994) lists chlorophyll a concentrations ranging from 2 μg/L to 27 μg/L (average 
of 15 μg/L).  The Study reported that algae levels and macrophyte growth were not problematic. 

The Regional Board’s 1996 Water Quality Assessment Database does not include data for Legg Lake or 
its watershed.  The Assessment Report does include summary information for the impairments.  
Ammonia was partially supporting the aquatic life use; 43 ammonium samples were collected with 
concentrations ranging from non-detect to 0.35 mg-N/L.  Raw data are not available to assess location, 
date, time, depth, temperature, or pH with regard to these samples.  pH was listed as partially supporting 
the aquatic life use and not supporting the secondary drinking water use.  Eighty-four measurements of 
pH ranged from 7.6 to 8.9.  Odor was listed as not supporting the contact and non-contact recreation uses.  
The Legg Lake system was sampled multiple times during May, June, and July 2007 (data provided by 
the county of Los Angeles).  Nineteen of 21 mid-lake samples of ammonia had concentrations ranging 
from less than the detection limit of 0.01 mg-N/L to 0.36 mg-N/L; two samples had ammonia 
concentrations of 0.51 mg-N/L and 0.53 mg-N/L (both were collected from Center Lake in May).  None 
of these samples exceeded the acute or chronic ammonia criteria based on the associated pH and 
temperature measurements.  Nitrate concentrations ranged from less than the detection limit of 0.02 mg-
N/L to 0.59 mg-N/L.  Orthophosphate ranged from less than the detection limits (either 0.01 mg-P/L or 
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0.02 mg-P/L, depending on the sampling event) to 0.07 mg-P/L.  Dissolved oxygen concentrations for 
these samples ranged from 7.7 mg/L to 12.2 mg/L; pH ranged from 7.1 to 8.2. 

North, Center, and Legg lakes were sampled by the USEPA and Regional Board on July 14, 2009.  
Ammonia, nitrite, nitrate, and orthophosphate samples were less than the detection limits (0.03 mg-N/L, 
0.01 mg-N/L, 0.01 mg-N/L, and 0.0075 mg-P/L, respectively) in all three lakes.  TKN ranged from  
1.4 mg-N/L to 1.7 mg-N/L.  Total phosphorus ranged from 0.046 mg-P/L to 0.089 mg-P/L.  Chlorophyll 
a in the three lakes ranged from 37.4 μg/L to 93.4 μg/L.  pH measurements ranged from 7.7 to 9.1 in the 
three lakes.  DO ranged from 6.7 mg/L to 13.6 mg/L over the first 2 meters of depth from the surface.  
Measurements taken from 2.5 meters to 2.8 meters (Center Lake only) ranged from 1.7 mg/L to 1.9 mg/L.   

USEPA sampled North, Center, and Legg lakes on June 8, August 11, and September 29, 2010  
(see Appendix G for monitoring data).  Secchi depth ranged from 0.5 m to 1.27 m.  In-lake samples of 
TKN ranged from 0.57 to 1.4 mg-N/L.  Ammonia samples ranged from 0.03 to 0.082 mg-N/L. Nitrate-
nitrite concentrations were below the detection limit of 0.015 mg-N/L during the June event for all 
stations and the September events at all Legg 9 and 10; nitrate-nitrite of 0.059 to 0.081 mg-N/L was 
observed at Legg 8 in September. During the August and September events, nitrate ranged from below the 
detection limit of 0.05 mg-N/L to 0.29 mg-N/L, and nitrite samples were below detection limits of 0.25 
mg-N/L.  All 2010 orthophosphate measurements were below the detection limit of 0.5 mg-P/L; total 
phosphorus concentrations ranged from 0.02 mg-P/L to 0.06 mg-P/L.  Chlorophyll a concentrations 
ranged from 11 μg/L to 44 μg/L.  The August chlorophyll a data represent estimated values as the 
samples were held past the holding times.  The September sample was split and half was processed within 
the standard holding time while half was held longer than the holding time and processed at the same 
relative time as the August sample had been processed.  The ratio of the split sample was applied to the 
August sample to generate an estimated chlorophyll a value, had that sample been processed promptly.  
According to depth-profile measurements, pH ranged from 7.3 to 13.2 in the three lakes.  DO ranged from 
3.4 mg/L to 11.3 mg/L over the first 2 meters of depth from the surface.  Measurements taken from 2.2 
meters to 2.7 meters ranged from 1.2 mg/L to 6.6 mg/L (Center Lake).  

In summary, exceedances of the allowable range of pH have been measured during historic and recent 
monitoring events.  DO concentrations are typically above 6 mg/L throughout the water column although 
measurements near the bottom of Center Lake during one sampling event have been observed at less than 
2 mg/L.  No odors were observed during the recent sampling events by USEPA and/or the Regional 
Board.  Chlorophyll a concentrations seem to have increased dramatically relative to conditions observed 
in the early 1990s.  Shoreline sampling conducted in February 2009 by the Regional Board had 
chlorophyll a concentrations ranging from 26.7 μg/L to 115 μg/L.  Although these samples were not used 
for calibration of the NNE BATHTUB model (Section 9.2.5), they do provide further indication of 
elevated algae levels under current conditions.  The nutrient TMDLs for North, Center, and Legg lakes 
presented in Section 9.2.6 account for summer season critical conditions by assessing loading rates 
consistent with meeting the summer chlorophyll a target of 20 μg/L.  These reductions in nutrient loading 
are expected to alleviate pH, odor, and DO problems associated with excessive nutrient loading and 
eutrophication.  

9.2.3.1 Summary of Ammonia Non-Impairment 
Legg Lake was listed as impaired for ammonia in 1996 based on an assessment in the Regional Board's 
Water Quality Assessment and Documentation Report (LARWQCB, 1996). Consistent with project plan 
recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), EPA and local 
agencies collected 50 additional samples between May 2007 and September 2010 to evaluate current 
water quality conditions. There was one ammonia exceedance in 50 samples (Appendix G, Monitoring 
Data).  Therefore, Legg Lake meets ammonia water quality standards and USEPA concludes that 
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preparing a TMDL for ammonia is unwarranted at this time. USEPA recommends that Legg Lake not be 
identified as impaired for ammonia in California’s next 303(d) listing.  

9.2.4 Source Assessment 
The source assessment for the Legg Lake system includes load estimates from the surrounding watershed  
(Appendix D, Wet Weather Loading; Appendix F, Dry Weather Loading) including irrigation (6.3 percent 
of the total irrigation volume is assumed to reach the lake), groundwater used for supplemental water 
additions to maintain lake levels (Appendix F, Dry Weather Loading), discharge of treated groundwater 
from the Superfund site (Appendix F, Dry Weather Loading), and atmospheric deposition (Appendix E, 
Atmospheric Deposition).  Table 9-6 summarizes the existing loads from sources in the Legg Lake 
watershed.  The largest contributor of total nitrogen loading is the Superfund discharge (51.7 percent).  
The city of South El Monte contributes the majority of the total phosphorus load (56.6 percent). 

Table 9-6. Summary of Average Annual Flows and Nutrient Loading to the Legg Lake System 

Subwatershed 
Responsible 
Jurisdiction Input 

Flow 
(ac-ft/yr) 

Total 
Phosphorus 

(lb-P/yr) 
(percent of 
total load)  

Total 
Nitrogen  
(lb-N/yr) 

(percent of 
total load) 

Direct to Center Lake Caltrans State Highway 
Stormwater

2.92 
1 

4.6 (0.2) 36.1 (0.2) 

Direct to Center Lake County of Los Angeles  Runoff 1.69 0.5 (<0.1) 14.7 (0.1) 

Direct to Legg Lake Caltrans State Highway 
Stormwater

0.75 
1 

1.2 (0.1) 9.3 (<0.1) 

Direct to Legg Lake County of Los Angeles  Runoff 19.4 26.0 (1.4) 228.2 (1.0) 

Direct to North Lake Caltrans State Highway 
Stormwater

12.1 
1 

19.1 (1.0) 149.5 (0.6) 

Direct to North Lake County of Los Angeles  Runoff 20.3 26.6 (1.4) 226.0 (0.9) 

Direct to North Lake South El Monte Runoff 31.0 55.1 (2.9) 369.3 (1.5) 

Northwestern Caltrans State Highway 
Stormwater

5.91 
1 

9.4 (0.5) 68.3 (0.3) 

Northwestern County of Los Angeles  MS4 Stormwater 33.5 1 53.6 (2.8) 346.8 (1.5) 

Northwestern South El Monte MS4 Stormwater2 308 1 526.3 (27.6) 3,500.2 (14.7) 

Northwestern General Industrial 
Stormwater Permittees (in 
the city of South El Monte) 

General Industrial 
Stormwater

3.63 
1 

5.8 (0.3) 42.0 (0.2) 

Northeastern Caltrans State Highway 
Stormwater

6.87 
1 

10.9 (0.6) 79.4 (0.3) 

Northeastern El Monte MS4 Stormwater 122 1 226.6 (11.9) 1,377.0 (5.8) 

Northeastern County of Los Angeles  MS4 Stormwater 8.18 1 12.8 (0.7) 91.4 (0.4) 

Northeastern South El Monte MS4 Stormwater 287 1 498.7 (26.1) 3,253.5 (13.6) 
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Subwatershed 
Responsible 
Jurisdiction Input 

Flow 
(ac-ft/yr) 

Total 
Phosphorus 

(lb-P/yr) 
(percent of 
total load)  

Total 
Nitrogen  
(lb-N/yr) 

(percent of 
total load) 

Direct to Legg Lake Whittier Narrows Operable 
Unit Groundwater 
Treatment Plant 

Treated 
Groundwater from 
Superfund Site 

2,534 172.3 (9.0) 12,355.2 
(51.7) 

All Direct Drainage 
Subwatersheds 

County of Los Angeles  Parkland Irrigation 72.9 258.3 (13.5) 1,685.2 (7.1) 

Lake Surface  Atmospheric  
Deposition3

105 
  

NA 56.3 (0.2) 

Total 3,471 1,908 23,888 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The total area for the City of South El Monte in the northwestern subwatershed is 317 acres.  Discharges governed 
by the general construction and general industrial stormwater permits are currently located in the City of South El 
Monte.  The disturbed area associated with general construction and general industrial stormwater permittees (9.27 
acres) was subtracted out of the appropriate city area and allocated to these permits.  

3 

9.2.5 Linkage Analysis 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  To simulate the impacts of nutrient loading on the Legg Lake 
system, the nutrient numeric endpoints (NNE) BATHTUB Tool was set up and calibrated to lake-specific 
conditions.  The NNE BATHTUB Tool is a version of the US Army Corps of Engineers (USACE) 
BATHTUB model and was developed to support risk-based nutrient numeric endpoints in California 
(Tetra Tech, 2006).   

BATHTUB is a steady-state model that calculates nutrient concentrations, chlorophyll a concentration (or 
algal density), turbidity, and hypolimnetic oxygen depletion based on nutrient loadings, hydrology, lake 
morphometry, and internal nutrient cycling processes.  BATHTUB uses a typical mass balance modeling 
approach that tracks the fate of external and internal nutrient loads between the water column, outflows, 
and sediments.  External loads can be specified from various sources including stream inflows, nonpoint 
source runoff, atmospheric deposition, groundwater inflows, and point sources.  Internal nutrient loads 
from cycling processes may include sediment release and macrophyte decomposition.  The net 
sedimentation rates for nitrogen and phosphorus reflect the balance between settling and resuspension of 
nitrogen and phosphorus within the waterbody.  Thus, internal loading is implicitly accounted for in the 
model.  Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than 
day-to-day variations in water quality.  

Target nutrient loads and resulting allocations are determined based on the secondary target – summer 
mean chlorophyll a concentration.  The NNE spreadsheet tool allows the user to specify a chlorophyll a 
target and predicts the probability that current conditions will exceed the target, as well as showing a 
matrix of allowable nitrogen and phosphorus loading combinations to meet the target.  The user-defined 
chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in water transparency measured as Secchi depth.  Appendix A (Nutrient TMDL Development) describes 
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additional details on the NNE BATHTUB Tool and its use in determining allowable loads of nitrogen and 
phosphorus.    

In addition to loading rates of nitrogen and phosphorus, the NNE BATHTUB Tool requires morphometric 
data for the simulation of chlorophyll a during the summer.  For the Legg Lake system, the three linked 
segments were simulated as one aggregate waterbody because 1) there are not enough water quality data 
to calibrate each segment separately and 2) simulation of cumulative loading and morphometry was 
needed to calibrate the model within recommended guidelines (Walker, 1987).  For the system as a 
whole, the surface area is 76.6 acres, the average depth is 7.6 ft, and the cumulative volume is 580 ac-ft.  
Based on the phosphorus turnover ratio for this lake (Walker, 1987), the summer averaging period is 
appropriate (i.e., loads delivered from May through September are input to the model rather than annual 
loads).   

The NNE BATHTUB Tool was set up to match the three 2010 summer sampling events.  The August 
sampling event yielded only an estimated chlorophyll a value, however, it was used in generating a 
seasonal average for the model.  Historic data from the 1990s are available, however they do not represent 
current conditions for the lake (reclaimed water used for irrigation, discharge of treated groundwater from 
a Superfund site, and higher observed chlorophyll a concentrations).  July 2009 data do not reflect the 
change in flow from the Superfund site and discontinuation of the additional groundwater input. All 
samples collected during the 2010 sampling were collected at one-half of the Secchi depth.  To predict the 
average observed total phosphorus concentration over this depth (0.041 mg-P/L), the calibration factors 
on the net phosphorus sedimentation rate would need to be set higher than the recommended value of 2. 
The phosphorus calibration factor was set at 2, which resulted in a predicted concentration of 0.06 mg-
P/L, which is within the observed range for the lakes and provides a conservative estimate of the required 
total phosphorus load reduction.  To predict the average observed total nitrogen concentration over one-
half of the Secchi depth (1.08 mg-N/L), the calibration factor on the net nitrogen sedimentation was set to 
2.46, which is within the recommended range for nitrogen.   

To simulate the average observed chlorophyll a concentration, the calibration factor on concentration was 
set to 0.97 for a predicted concentration of 26.7 µg/L.  If subsequent data are collected that will allow for 
calibration of the NNE BATHTUB model, then these TMDLs may be revisited.  For now, this 
preliminary model is being used to determine the load reductions needed to attain the chlorophyll a target 
concentration, based on the best available information. 

9.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum nutrient load 
consistent with meeting the numeric target of 20 µg/L of chlorophyll a as a summer average.  The 
methodology for determining the loading capacity is described briefly in this section.  For more detail, 
refer to Appendix A (Nutrient TMDL Development). 

Following calibration of the NNE BATHTUB Tool (Section 9.2.5), the allowable loading combinations 
of nitrogen and phosphorus were calculated using Visual Basic’s GoalSeek function (Appendix A, 
Nutrient TMDL Development).  The loading combination that is predicted to result in an in-lake ratio of 
total nitrogen concentration to total phosphorus concentration close to 10 was selected to match that 
typically observed in natural systems and to balance biomass growth and prevent limitation by one 
nutrient (Thomann and Mueller, 1987).  The corresponding in-lake concentrations of nitrogen and 
phosphorus for the Legg Lake system are 

• 0.65 mg-N/L summer average (May – September) and annual average 

• 0.065 mg-P/L summer average (May – September) and annual average 
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For the Legg Lake system, the loading capacity for total nitrogen is 11,379 lb-N/yr. The loading capacity 
for phosphorus was set to the existing load of 1,908 lb-P/yr since the existing average observed 
concentration is meeting the target.  These loading capacities can be further broken down into the 
wasteload allocations (WLAs), load allocations (LAs), and Margin of Safety (MOS) using the general 
TMDL equation: 

∑ ++= MOSLAWLATMDL  

For total nitrogen, the allocatable load (divided among WLAs and LAs) is 42.9 percent of the existing 
load of 23,888 lb-N/yr, or 10,241 lb-N/yr.  This value represents 90 percent of the loading capacity, while 
the MOS is 10 percent of the loading capacity.  WLAs and LAs are developed assuming equal percent 
load reductions in all sources.  The resulting TMDL equation for total nitrogen is then: 

11,379 lb-N/yr = 9,135 lb-N/yr + 1,106 lb-N/yr + 1,138 lb-N/yr 

For total phosphorus, the allocatable load is equal to the existing load and is divided among WLAs and 
LAs.  The resulting TMDL equation for total phosphorous is then: 

1,908 lb-P/yr = 1,541 lb-P/yr + 367 lb-P/yr + 0 lb-P/yr 

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources. Total 
phosphorus allocations are set to existing loads.  Details associated with the WLAs, LAs, and MOS are 
presented in the following three sections.   

As previously mentioned, in-lake concentrations of nitrogen and phosphorus have been determined for the 
lake system based on simulation of allowable loads with the NNE BATHTUB model (see Section 9.2.5).  
These in-lake concentrations are calculated from a complex set of equations that consider internal cycling 
processes (see Appendix A, Nutrient TMDL Development) and, therefore, differ from concentrations 
associated with various inflows.  Nutrient concentrations associated with the WLA and LA inputs are 
described below.  These values are provided as examples as they are calculated based on existing flow 
volumes (and will need to be recalculated if flow volumes change).  Because the input concentrations do 
not consider internal cycling processes and are based on existing flow volumes, they do not match the 
allowable in-lake nitrogen and phosphorous concentrations. 

9.2.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  These TMDLs establish WLAs and alternative WLAs for total phosphorous and total nitrogen.  
The alternative WLAs will be effective and supersede the WLAs in Table 9-7 if the conditions described 
in Section Error! Reference source not found. or in Section 9.2.6.1.2 are met.  

Under any of the wasteload allocation schemes responsible jurisdictions are encouraged to consider the 
construction of wetland systems and bioswales (or other retention or treatment options) to treat the 
stormwater and supplemental water flows entering the lake, as well as stormwater diversion and 
infiltration using methods such as porous pavements and rain gardens.  Implementing these options can 
reduce the lake’s nutrient loads and, in the case of recirculation through constructed wetlands, reduce in-
lake nutrient concentrations.  Additionally, persons that apply algaecides as part of an overall lake 
management strategy must comply with the Aquatic Pesticide General Permit (General Permit Order No. 
2004-0009-DWQ, CAG990005). 
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Local jurisdictions have performed studies on nearby waterbodies that may be considered when 
evaluating nutrient-reduction strategies for this lake.  For example, the City of Los Angeles has modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from constructed 
wetlands, and construction is currently underway.  Information about this and other City of Los Angeles 
water quality improvement projects are available on the Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

9.2.6.1.1 Wasteload Allocations 
The northwestern and northeastern subwatersheds drain to a series of storm drains prior to discharging to 
the Legg Lake system.  Therefore, all loads associated with these drainage areas are assigned WLAs.  The 
loads attributed to the Caltrans areas in the direct drainage subwatersheds also receive WLAs along with 
facilities that operate under a general industrial stormwater permit.  WLAs are also assigned to the 
Whittier Narrows Operable Unit Groundwater Treatment Plant.  Relevant permit numbers are  

• County of Los Angeles (including the cities of El Monte and South El Monte):  Board Order 01-
182 (as amended by Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

Each WLA must be met at the point of discharge.  Total phosphorus WLAs represent a 0 percent 
reduction in existing loading, and total nitrogen WLAs represent an 57.1 percent reduction in existing 
loading (Table 9-7).  As noted in Table 9-7 below, the concentration-based WLAs will be used to 
evaluate compliance with the allocations for the current discharges authorized by the general industrial 
stormwater permit and the construction stormwater permit and any future discharges in the watershed 
authorized by the general industrial and construction stormwater permits.   
 

Table 9-7. Wasteload Allocations for Nutrient Loading to the Legg Lake System 

Subwatershed 
Responsible 
Jurisdiction Input 

Flow 
(ac-
ft/yr) 

Total 
Phosphorus4 

(lb-P/yr) 

Total 
Nitrogen4

Direct to Center 
Lake 

  
(lb-N/yr) 

Caltrans State Highway 
Stormwater

2.92 
1 

4.6 15.5 

Direct to Legg Lake Caltrans State Highway 
Stormwater

0.75 
1 

1.2 4.0 

Direct to North Lake Caltrans State Highway 
Stormwater

12.1 
1 

19.1 64.1 

Northwestern Caltrans State Highway 
Stormwater

5.91 
1 

9.4 29.3 

Northwestern County of Los Angeles  MS4 Stormwater 33.5 1 53.6 148.7 

Northwestern South El Monte MS4 Stormwater2 308 1 526.3 1,500.6 

Northwestern General Industrial 
Stormwater Permittees (in 
the city of South El Monte) 

General Industrial 
Stormwater

3.63 
1 

5.8 

(0.64 mg-P/L)

18.0 

3 (1.8 mg-N/L)

Northeastern 

3 

Caltrans State Highway 
Stormwater

6.87 
1 

10.9 34.0 

Northeastern El Monte MS4 Stormwater 122 1 226.6 590.3 
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Subwatershed 
Responsible 
Jurisdiction Input 

Flow 
(ac-
ft/yr) 

Total 
Phosphorus4 

(lb-P/yr) 

Total 
Nitrogen4

Northeastern 

  
(lb-N/yr) 

County of Los Angeles  MS4 Stormwater 8.18 1 12.8 39.2 

Northeastern South El Monte MS4 Stormwater 287 1 498.7 1,394.8 

Direct to Legg Lake Whittier Narrows Operable 
Unit Groundwater 
Treatment Plant  

Treated 
Groundwater from 
Superfund Site 

2,534 172.3 5,296.8 

Total 3,325 1,541 9,135 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The total area for the City of South El Monte in the northwestern subwatershed is 317 acres.  Discharges governed 
by the general construction and general industrial stormwater permits are currently located in the City of South El 
Monte.  The disturbed area associated with general construction and general industrial stormwater permittees (9.27 
acres) was subtracted out of the appropriate city area and allocated to these permits.  Any future discharges 
governed by the general construction and general industrial stormwater permits will receive the same concentration-
based wasteload allocations (see footnote #3). 

3 For these responsible jurisdictions, the concentration-based WLA will be used to evaluate compliance.  
4

 

 Each wasteload allocation must be met at the point of discharge. 

9.2.6.1.2 Alternative “Approved Lake Management Plan Wasteload Allocations”  
Concentration-based WLAs not exceeding the concentrations listed in Table 9-8 are effective and 
supersede corresponding WLAs for a responsible jurisdiction in Table 9-7 if: 

1. The responsible jurisdiction requests that concentration-based wasteload allocations not to exceed 
the concentrations established in Table 9-8 apply to it;  

2. The responsible jurisdiction provides to USEPA and the Regional Board a Lake Management 
Plan describing actions that will be implemented and cause each of the following to be met: the 
applicable water quality criteria for ammonia, dissolved oxygen and pH; and the chlorophyll a 
targets listed in Table 9-5.  Responsible jurisdictions may work together to develop, submit and 
implement the Lake Management Plan.  A Lake Management Plan may include the following 
types of actions:  increasing the volume of the lake that is aerated; installing hydroponic islands to 
remove nutrients; increasing flow volume or circulation in the lake; reducing stormwater 
discharges by improved infiltration; treating stormwater or supplemental water inputs with a 
wetland system; alum treatment to immobilize nutrients in sediments; and/or fisheries 
management actions to reduce nutrient availability from sediments. The responsible jurisdiction 
may use monitoring data and modeling to show that the water quality criteria, targets and 
requested WLAs will be met;  

3. The Regional Board Executive Officer approves the request and applies concentration-based 
wasteload allocations for total nitrogen and total phosphorus.  These wasteload allocations are not 
to exceed the concentrations in Table 9-8 as a summer average (May-September) and annual 
average, and 

4. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

The concentration-based WLAs must be met in the lake.  However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and 
total nitrogen allocations are considered attained.   
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Table 9-8. Alternative Wasteload Allocations of Phosphorus and Nitrogen in the Legg Lake 
System if an Approved Lake Management Plan Exists  

Subwatershed Responsible Jurisdiction Input 

Maximum Allowable 
Wasteload Allocation 

Total Phosphorus4 
(mg-P/L) 

Maximum Allowable 
Wasteload Allocation 

Total Nitrogen4

Direct to Center 
Lake 

  
(mg-N/L) 

Caltrans State Highway 
Stormwater

0.1 
1 

1.0 

Direct to Legg 
Lake 

Caltrans State Highway 
Stormwater

0.1 
1 

1.0 

Direct to North 
Lake 

Caltrans State Highway 
Stormwater

0.1 
1 

1.0 

Northwestern Caltrans State Highway 
Stormwater

0.1 
1 

1.0 

Northwestern County of Los Angeles  MS4 Stormwater 0.1 1 1.0 

Northwestern South El Monte MS4 Stormwater2 0.1 1 1.0 

Northwestern General Industrial 
Stormwater Permittees (in 
the city of South El Monte)

General Industrial 
Stormwater

3 

0.1 
1 

1.0 

Northeastern Caltrans State Highway 
Stormwater

0.1 
1 

1.0 

Northeastern El Monte MS4 Stormwater 0.1 1 1.0 

Northeastern County of Los Angeles  MS4 Stormwater 0.1 1 1.0 

Northeastern South El Monte MS4 Stormwater 0.1 1 1.0 

Direct to Legg 
Lake 

Whittier Narrows Operable 
Unit Groundwater 
Treatment Plant and 
County of Los Angeles

Treated 
Groundwater from 
Superfund Site 
and Supplemental 
Water Additions 

5 

0.1 1.0 

1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of South El Monte.  Any future discharges governed by the general construction and general industrial 
stormwater permits will receive the same concentration-based wasteload allocations (see footnote #3). 

3 For these responsible jurisdictions, the concentration-based WLA will be used to evaluate compliance.  
4 The concentration-based wasteload allocation must be met in the lake.  However, if applicable water quality criteria 
for ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and total 
nitrogen allocations are considered attained. 

5 

9.2.6.2 Load Allocations 

Currently the treatment plant supplements lake water levels entirely but in the past there has been a combination of 
County and treatment plant water used for this purpose. This allocation is given to the County of Los Angeles and 
the treatment plant jointly since in the future the County may resume supplemental water additions to the lakes.  

These TMDLs establish load allocations (LAs) and alternative LAs for total phosphorous and total 
nitrogen. The alternative LAs will be effective and supersede the LAs listed in Table 9-9 if the conditions 
described in Section 9.2.6.2.2 are met.   
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9.2.6.2.1 Load Allocations 
Loads associated with the non-Caltrans areas in the direct drainage subwatersheds are assigned load 
allocations (LAs).  Total phosphorus LAs represent a 0 percent reduction in existing loading, and total 
nitrogen LAs represent an 57.1 percent reduction in existing loading.  LAs are provided for each 
responsible jurisdiction and input.  These loading values (in pounds per year) represent the TMDLs load 
allocations (Table 9-9).   

Table 9-9. Load Allocations for Nutrient Loading to the Legg Lake System 

Subwatershed 
Responsible 
Jurisdiction Input 

Flow 
(ac-ft/yr) 

Total 
Phosphorus1 

(lb-P/yr) 

Total 
Nitrogen1

Direct to Center Lake 

  
(lb-N/yr) 

County of Los Angeles  Runoff 1.69 0.5 6.3 

Direct to Legg Lake County of Los Angeles  Runoff 19.4 26.0 97.8 

Direct to North Lake County of Los Angeles  Runoff 20.3 26.6 96.9 

Direct to North Lake South El Monte Runoff 31.0 55.1 158.3 

All Direct Drainage 
Subwatersheds 

County of Los Angeles  Parkland 
Irrigation 

72.9 258.3 722.5 

Lake Surface  Atmospheric 
deposition

105 
2 

0.00 24.1 

Total 250 367 1,106 
1 Each load allocation must be met at the point of discharge. 
2

9.2.6.2.2 Alternative “Approved Lake Management Plan Load Allocations” 

 Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

Concentration-based load allocations not exceeding the concentrations listed in Table 9-10 are effective 
and supersede corresponding load allocations for the responsible jurisdictions in Table 9-9 if: 

1. The responsible jurisdictions request that concentration-based load allocations not to exceed the 
concentrations established in Table 9-10 apply to it;  

2. The responsible jurisdictions provide to USEPA and the Regional Board a Lake Management 
Plan describing actions that will be implemented and cause each of the following to be met: the 
applicable water quality criteria for ammonia, dissolved oxygen and pH; and the chlorophyll a 
targets listed in Table 9-5.  A Lake Management Plan may include the following types of actions:  
increasing the volume of the lake that is aerated; installing hydroponic islands to remove 
nutrients; increasing flow volume or circulation in the lake; reducing stormwater discharges by 
improved infiltration; treating stormwater or supplemental water inputs with a wetland system; 
alum treatment to immobilize nutrients in sediments; and/or fisheries management actions to 
reduce nutrient availability from sediments. The responsible jurisdictions may use monitoring 
data and modeling to show that the water quality criteria, targets and requested load allocations 
will be met;  

3. The Regional Board Executive Officer approves the request and applies concentration-based load 
allocations for total nitrogen and total phosphorus.  These load allocations are not to exceed the 
concentrations in Table 9-10 as a summer average (May-September) and annual average; and 

4. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 
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Each concentration-based LA must be met in the lake.  However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and 
total nitrogen allocations are considered attained. 

Table 9-10. Alternative Load Allocations of Nutrient Loading to the Legg Lake System if an 
Approved Lake Management Plan Exists 

Subwatershed 
Responsible 
Jurisdiction Input 

Maximum Allowable 
Load Allocation Total 

Phosphorus1

Maximum Allowable 
Load Allocation Total 

Nitrogen  
(mg-P/L) 

1

Direct to Center 
Lake 

 
(mg-N/L) 

County of Los Angeles  Runoff 0.1 1.0 

Direct to Legg Lake County of Los Angeles  Runoff 0.1 1.0 

Direct to North Lake County of Los Angeles  Runoff 0.1 1.0 

Direct to North Lake South El Monte Runoff 0.1 1.0 

All Direct Drainage 
Subwatersheds 

County of Los Angeles  Parkland 
Irrigation 

0.1 1.0 

1

9.2.6.3 Margin of Safety 

 Each concentration-based load allocation must be met in the lake. However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met, then the total phosphorus and total 
nitrogen allocations are considered attained. 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  To account for the uncertainties concerning the 
relationship between nutrient loading and the resultant in-lake chlorophyll a an explicit MOS is included 
in these TMDLs.  This explicit MOS is set at 10 percent of the loading capacity for total phosphorus and 
total nitrogen. 

9.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  Critical conditions for nutrient impaired lakes typically 
occur during the warm summer months when water temperatures are elevated and algal growth rates are 
high.  Elevated temperatures not only reduce the saturation levels of DO, but also increase the toxicity of 
ammonia and other chemicals in the water column.  Excessive rates of algal growth may cause large 
swings in DO, elevated pH, odor, and aesthetic problems.  Loading of nutrients to lakes during winter 
months are often biologically available to fuel algal growth in summer months.  These nutrient TMDLs 
account for summer season critical conditions by using the NNE Bathtub model to calculate possible 
annual loading rates consistent with meeting the summer chlorophyll a target concentration of 20 µg/L.  
These TMDLs are expected to alleviate any pH and odor problems associated with excessive nutrient 
loading and eutrophication.  These TMDLs therefore protect for critical conditions. 

9.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  These TMDLs present a maximum daily load 
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according to the guidelines provided by USEPA (2007).  Because the majority of phosphorus loading to 
the Legg Lake system occurs during wet weather events that deliver pollutant loads from the surrounding 
watershed, the daily maximum allowable load of phosphorus is calculated from the maximum daily storm 
flow rate (estimated from the 99th

No USGS gage currently exists in the watershed.  USGS Station 11102000, Mission Creek near 
Montebello, CA, was selected as a surrogate for flow determination.  This gage is downstream of where 
the Legg Lake system discharges to Mission Creek.  The 99

 percentile flow) to the system multiplied by the allowable 
concentrations consistent with achieving the long-term loading targets.  The majority of the nitrogen load 
results from the discharge of treated Superfund water.  Little variability in daily discharge flowrate is 
expected, so the maximum daily nitrogen load from this source is calculated by dividing the annual load 
by 365 days per year.  The second highest source of nitrogen loading is wet weather runoff.  Because the 
treated groundwater from the Superfund site likely continues at the same discharge rate during dry and 
wet weather, daily loads from both the Superfund discharge and wet weather events will be accounted for 
in the estimation of nitrogen and phosphorus daily maximum loads.  These maximum loads are not 
allowed each day of the year because the annual loads specified by the TMDLs must also be achieved.  
The WLA and LA loads presented above are annual loading caps that cannot be exceeded. 

th percentile flow was chosen to represent the 
peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates errors due to outliers and is 
reasonable for development of a daily load expression.   

th percentile flow for Mission Creek  
(30.2 cfs) (Wolock, 2003).  To estimate the peak flow to the Legg Lake system, the 99th

The average allowable concentrations of phosphorus and nitrogen were calculated from the allowable 
loads (1,908 lb-P/yr and 10,241 lb-N/yr, respectively; sum of WLAs and LAs) divided by the total 
volume reaching the lake (3,471 ac-ft).  Multiplying the average allowable concentrations (0.20 mg-P/L 
for phosphorus and 1.09 mg-N/L for nitrogen) by the 99

 percentile flow 
for Mission Creek was scaled down by the ratio of drainage areas (1,172 acres/2,662 acres; Legg Lake 
watershed area/Mission Creek watershed area at the gage).  The resulting peak daily flow estimate for the 
Legg Lake system is 13.3 cfs.   

th

Table 9-7

 percentile peak daily flow (13.3 cfs) yields the 
daily maximum load associated with wet weather runoff.  The wet weather runoff daily maximum 
allowable loads of phosphorus and nitrogen for the Legg Lake system are 73.74 lb-P/d and 395.8 lb-N/d, 
respectively.  These loads are associated with the MS4 stormwater permittees. The maximum daily loads 
for the treated groundwater from the Superfund site were calculated by dividing the annual allowable 
loads ( ) by 365 days, resulting in 0.47 lb-P/d and 14.5 lb-N/d.  Combined, these two sources 
yield total maximum daily loads for phosphorous and nitrogen of 74.2 lb-P/d and 410 lb-N/d, 
respectively.  As described above, in order to achieve in-lake nutrient targets as well as annual load-based 
allocations, the maximum allowable daily loads cannot be discharged to the lake every day.  The WLA 
and LA loads presented above are annual loading caps that cannot be exceeded.   

9.2.6.6 Future Growth 
Areas in the northwestern and northeastern subwatersheds are nearly fully developed and most of the 
undeveloped land in the direct drainage subwatersheds has been set aside as parkland.  If additional 
development occurs in this watershed, best management practices (BMPs) will be required such that 
loading rates are consistent with the allocations established by these TMDLs.  Therefore, no load 
allocation has been set aside for future growth.  It is unlikely that any additional dischargers of significant 
nutrient loading will be permitted in the watershed. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 
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9.3 LEAD IMPAIRMENT 
Legg Lake was listed as impaired for lead in 1996 based on an assessment in the Regional Board’s Water 
Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with project plan 
recommendations provided in California’s Impaired Waters Guidance (SWRCB, 2005), EPA and local 
agencies collected 45 additional samples (18 wet weather) between February 2009 and September 2010 to 
evaluate current water quality conditions.  There were zero dissolved lead exceedances in 45 samples 
(Appendix G, Monitoring Data).  USEPA also collected three sediment samples during August 2010 to 
further evaluate lake conditions.  There were zero sediment lead exceedances of the 128 ppm freshwater 
(Probable Effect Concentrations) sediment target (Appendix G, Monitoring Data).  Therefore, Legg Lake 
meets lead water quality standards, and USEPA concludes that preparing a TMDL for lead is unwarranted 
at this time.  USEPA recommends that Legg Lake not be identified as impaired by lead in California’s 
next 303(d) list.  

9.4 COPPER IMPAIRMENT 
Legg Lake was listed as impaired for copper in 1996 based on an assessment in the Regional Board's 
Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with project plan 
recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), EPA and local 
agencies collected 45 additional samples (18 wet weather) between February 2009 and September 2010 to 
evaluate current water quality conditions.  There were zero dissolved copper exceedances in 45 samples 
(Appendix G, Monitoring Data).  USEPA also collected three sediment samples during August 2010 to 
further evaluate lake conditions. There were zero sediment copper exceedances of the 149 ppm freshwater 
(Probable Effect Concentrations) sediment target (Appendix G, Monitoring Data).  Therefore, Legg Lake 
meets copper water quality standards, and USEPA concludes that preparing a TMDL for copper is 
unwarranted at this time.  USEPA recommends that Legg Lake not be identified as impaired by copper in 
California’s next 303(d) list.  

9.5 IMPLEMENTATION RECOMMENDATIONS 
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits, or non-point source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that can reduce 
pollutant loading to lakes include but are not limited to:  increasing the volume of the lake that is aerated; 
installing hydroponic islands to remove nutrients; increasing flow volume or circulation in the lake; 
reducing stormwater discharges by improved infiltration; treating stormwater or supplemental water 
inputs with a wetland system; alum treatment to immobilize nutrients in sediments; dredging in lake 
sediments; and/or fisheries management actions to reduce nutrient availability from sediments. 

Additionally, responsible jurisdictions implementing these TMDLs are encouraged to utilize Los Angeles 
County’s Structural Best Management Practice (BMP) Prioritization Methodology which helps identify 
priority areas for constructing BMP projects.  The tool is able to prioritize based on multiple pollutants.  
The pollutants that it can prioritize includes bacteria, nutrients, trash, metals and sediment.  More 
information about this prioritization tool is available at: www.labmpmethod.org. 

If necessary, these TMDLs may be revised as the result of new information (See Section 9.6 Monitoring 
Recommendations). 
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9.5.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy, and the Conditional Waiver for 
Discharges from Irrigated Lands, adopted by the Los Angeles Regional Water Quality Control Board on 
November 3, 2005.  Additionally, South Coast Air Quality Management District has authority to regulate 
air emissions throughout the basin that affect air deposition.  Load allocations are expressed in Table 9-9.   

9.5.2 Point Sources and the Implementation of Wasteload Allocations  
Wasteload allocations apply to MS4, General Industrial, and Caltrans Stormwater permits as well as 
supplemental water additions and the Whittier Narrows Operable Unit Groundwater Treatment Plant 
(Table 9-7 for Standard and Table 9-10 for Alternative Allocations).  The mass-based wasteload 
allocations will be incorporated into the Caltrans and Los Angeles County MS4 permits.  The 
concentration-based wasteload allocations will be incorporated into the General Industrial Stormwater 
permit.  Wasteload allocations for Whittier Narrows Operable Unit Groundwater Treatment Plant and 
supplemental water additions will be implemented by the Regional Board.  

9.5.3 Source Control Alternatives 
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention or treatment options) to treat the stormwater and supplemental water flows entering the 
lake, as well as stormwater diversion and infiltration using methods such as porous pavements and rain 
gardens.  Implementing these options can reduce the lake’s nutrient loads and, in the case of recirculation 
through constructed wetlands, reduce in-lake nutrient concentrations.  The City of Los Angeles has 
modeled expected nutrient concentration reductions to stormwater flows to Echo Park Lake from 
constructed wetlands, and construction is currently underway.  Information about this and other City of 
Los Angeles water quality improvement projects are available on Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

The draft Legg Lake Management Plan identifies ongoing lake management activities that may impact 
existing impairments.  These activities include the addition of beneficial bacteria to control excessive 
ammonia from waterfowl feces and to reduce aquatic weeds through the digestion of excessive nutrients 
in the sediment, signs prohibiting the feeding of waterfowl, and trash and debris removal (County of Los 
Angeles, 2008).  The review of ammonia data did not indicate ammonia to be a problem; however, the 
reduction of excess bird populations due to bird feeding will reduce nutrient loading to the lake.  
Additionally, the plan recommends installing duck food dispensing machines and enforcing waterfowl 
feeding ordinances.  These two practices would likely significantly reduce the additional fecal loading to 
the lake while allowing for bird feeding at the lake.  The Legg Lake Management Plan also recommends 
the installation of bottom laid aeration and dredging to increase circulation and aeration.  These activities 
would likely improve water quality by increasing circulation as well as reducing internal loading from 
lake sediments.  Harvesting of weeds will also remove nutrients from the lake system but can cause 
repeated disturbance to the aquatic biota.  Any ongoing nutrient control efforts should be continued and 
supplemented with other BMPs or management activities to fully address the existing impairments. 

For example, source reduction and pollutant removal BMPs designed to reduce sediment loading could be 
implemented throughout the watershed as these management practices will also reduce the nutrient 
loading associated with sediments.  Dissolved loading associated with dry and wet weather runoff also 
contributes nutrient loading to Legg Lake.  Some of the sediment reduction BMPs may also result in 
decreased concentrations of nitrogen and phosphorus in the runoff water.  Storage of storm flows in wet 
or dry ponds may allow for adsorption and settling of nutrients from the water column.  BMPs that 
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provide filtration, infiltration, and vegetative uptake and removal processes may retain nutrient loads in 
the upland areas.   

Education of park maintenance staff regarding the proper placement, timing, and rates of fertilizer 
application will also result in reduced nutrient loading to the lake.  Staff should be advised to follow 
product guidelines regarding fertilizer amounts and to spread fertilizer when the chance of heavy 
precipitation in the following days is low.  Encouraging pet owners to properly dispose of pet wastes will 
also reduce nutrient loading associated with fecal material that may wash directly into the lake or into 
storm drains that eventually discharge to the lake.  Discouraging feeding of birds at the lake will reduce 
nutrient loading associated with excessive bird populations.   

In order to meet the fine particulate (PM2.5) and ozone (O3) national ambient air quality standards by their 
respective attainment dates of 2015 and 2024, the South Coast Air Quality Management District and the 
California Air Resources Board have prepared an air quality management plan that commits to reducing 
nitrogen oxides (NOx, a precursor to both PM2.5

9.6  MONITORING RECOMMENDATIONS  

 and ozone) by over 85 percent by 2024.  These 
reductions will come largely from the control of mobile sources of air pollution such as trucks, buses, 
passenger vehicles, construction equipment, locomotives, and marine engines.  These reductions in NOx 
emissions will result in reductions of ambient NOx levels and atmospheric deposition of nitrogen to the 
lake surface.   

Although estimates of the loading capacity and allocations are based on best available data and 
incorporate a MOS, these estimates may potentially need to be revised as additional data are obtained.  
The mass-based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.   

To provide reasonable assurances that the assigned allocations will indeed result in compliance with the 
chlorophyll a target, a commitment to continued monitoring and assessment is warranted.  The purposes 
of such monitoring will be 1) to determine compliance with wasteload and load allocations, 2) to 
determine if numeric targets are being attained, 3) to evaluate whether numeric targets and allocations 
need to be adjusted to attain beneficial uses, 4) to evaluate the efficacy of control measures instituted to 
achieve the needed load reductions, and 5) to document trends over time in algal densities and bloom 
frequencies.   

To assess compliance with the nutrient TMDLs, monitoring for nutrients and chlorophyll a should occur 
at least twice during the summer months and once in the winter.  At a minimum, compliance monitoring 
should measure the following in-lake water quality parameters: ammonia, TKN or organic nitrogen, 
nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 
chlorophyll a.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should 
also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement.  All parameters must meet target levels at half the Secchi depth.  DO and pH must meet 
target levels from the surface of the water to 0.3 meters above the lake bottom.  Additionally, in order to 
accurately calculate compliance with wasteload allocations to the lake expressed in yearly loads, 
monitoring should include flow estimation or monitoring as well as the water quality concentration 
measurements.  At Legg Lake wasteload allocations are assigned to supplemental water additions and the 
Whittier Narrows Operable Unit Groundwater Treatment Plant.  These sources should be monitored once 
a year during the summer months (critical conditions) for at minimum, ammonia, TKN or organic 
nitrogen, nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids and total dissolved 
solids.  

Wasteload allocations are assigned to stormwater inputs from various subwatersheds.  These sources 
should be measured near the point where they enter the lakes twice a year for at minimum: ammonia, 
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TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids and 
total dissolved solids.  The nutrient TMDLs for Legg Lake conclude that a 0 percent reduction in total 
phosphorus loading and a 57.1 percent reduction in total nitrogen loading are needed to maintain a 
summer average chlorophyll a concentration of 20 µg/L.  As an example of concentrations that 
responsible jurisdiction may need to target in order to meet and comply with the mass-based WLAs and 
LAs, this discussion provides concentrations calculated based on existing flow volumes (a recalculation is 
needed if flow volumes change).  Assuming flow volumes remain at existing levels (Table 9-6), target 
concentrations may be 0.65 mg-P/L and 1.78 mg-N/L at the outlets of the northern subwatersheds, 1.91 
mg-N/L and 0.58 mg-P/L for Caltrans areas, and 0.77 mg-N/L and 0.03 mg-P/L from the groundwater 
discharge from the Whittier Narrows Operable Unit Groundwater Treatment Plant discharge. Similarly, 
the targeted concentrations of total phosphorus and total nitrogen in runoff from the direct drainage 
subwatersheds may be 0.55 mg-P/L and 1.83 mg-N/L; targeted concentrations in the irrigation return 
flows to the lake may be 1.3 mg-P/L and 3.6 mg-N/L (6.3 percent of the total irrigation volume is 
assumed to reach the lake).  As stated above, these concentrations are provided as guidelines; however, 
mass-based WLAs must be achieved. 
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10 Puddingstone Reservoir TMDLs 
Puddingstone Reservoir (#CAL4055200019980918113803) is impaired by organic enrichment/low 
dissolved oxygen, chlordane, DDT, mercury, and PCBs (SWRCB, 2010).  In addition a dieldrin 
impairment has been identified by new data analyses since the 2008-2010 303(d) list data cut off.  This 
section of the TMDL report describes the impairments and the TMDLs developed to address them:  
nutrients (see Section 10.2), mercury (Section 10.3) and organochlorine (OC) pesticides and PCBs 
(Section 10.4 through Section 10.7).  Nutrient load reductions are required to achieve the chlorophyll a 
target; these reductions are also expected to alleviate DO problems.   

10.1 ENVIRONMENTAL SETTING 
Puddingstone Reservoir is located in the San Gabriel River Basin (HUC 18070106) in Bonelli Regional 
Park (Figure 10-1 and Figure 10-2).  The park is located in the county of Los Angeles, immediately 
surrounded by the cities of San Dimas and Pomona.  Located in a flood control basin, the dam was built 
in 1929 and the area surrounding the reservoir was converted to a park in 1972.  Live Oak Wash (Figure 
10-3) is the major inflow to the reservoir, which discharges to Walnut Creek.  The reservoir has a surface 
area of 252 acres (based on Southern California Association of Governments [SCAG] 2005 land use), a 
total volume of 6,200 acre-feet (based on Los Angeles County Department of Public Works volume 
estimates from 2000 and 2001), and an average depth of 24.6 feet (volume divided by surface area).  
Recreational uses include swimming, jet skiing, boating, and fishing.  According to the California 
Department of Fish and Game (2009), the reservoir is periodically stocked with trout.  Bird feeding may 
be another recreational activity at Puddingstone Reservoir; however, it has not been observed during 
recent fieldwork.  The areas immediately surrounding the lake receive many visitors as they include a 
water theme park, equestrian facilities, golf course, and a lakeside RV park.  Restrooms on the park 
grounds are connected to the city sewer system.  There is no known use of algaecide in this lake. 
Additional characteristics of the watershed are summarized below.  

 
Figure  10-1. Location of Puddingstone Reservoir 
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Figure  10-2. View of Puddingstone Reservoir 
 

 
Figure  10-3. Live Oak Wash with Puddingstone Channel Joining on the Left 
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10.1.1 Elevation, Storm Drain Networks, and TMDL Subwatershed 
Boundaries 

Puddingstone Reservoir drains an area of 8,128 acres that ranges in elevation from 267 meters to  
1,125 meters (Figure 10-4).  The TMDL subwatershed boundaries selected for Puddingstone Reservoir 
were based on boundaries obtained from the county of Los Angeles.  The county of Los Angeles 
subwatersheds were aggregated to two larger subwatersheds with an internal boundary chosen to separate 
those areas that drain to a storm drain (the northern subwatershed) and those that enter the reservoir via 
natural tributaries or overland flow (the southern subwatershed).  Loads generated from the northern 
subwatershed will be assigned wasteload allocations because they drain to the storm drain network, while 
loads from the southern subwatershed will be assigned load allocations because they do not drain to pipes 
or culverts prior to discharge to the reservoir (atmospheric deposition throughout the watershed will also 
receive load allocations).  The subwatershed draining the northern part of the watershed is 6,959 acres, 
and the southern subwatershed is 1,169 acres.   

 

 
Figure  10-4. Elevation, Storm Drain Networks, and TMDL Subwatershed Boundaries for 

Puddingstone Reservoir 

10.1.2 MS4 Permittees 
Figure 10-5 shows the MS4 stormwater permittees in the Puddingstone Reservoir watershed.  The storm 
drain coverage was provided by the county of Los Angeles.  The northern subwatershed is primarily 
comprised of the county of Los Angeles, Claremont, and La Verne areas, with a small amount of San 
Dimas, Caltrans, and Angeles National Forest areas.  Loads generated from those jurisdictions in the 
northern subwatershed will be assigned wasteload allocations because they drain to the storm drain 
network.  The southern subwatershed is comprised of San Dimas, La Verne, and Pomona areas.  Loads 
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from those jurisdictions originating in the southern subwatershed will be assigned load allocations 
because they do not drain to pipes or culverts prior to discharge to the reservoir.  Figure 10-6 through 
Figure 10-8 show some of the storm drain and natural drainages to Puddingstone Reservoir.  The small 
amount of Caltrans area in the southern subwatershed will be assigned a wasteload allocation.   

 
Figure  10-5. MS4 Permittees and the Storm Drain Network in the Puddingstone Reservoir 

Subwatersheds 
 

   
Figure  10-6. Storm Drain Discharges to Puddingstone Reservoir  
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Figure  10-7. Natural Drainage Discharge to Puddingstone Reservoir 
 

 
Figure  10-8. Storm Drain Discharge to a Small Depression (that Subsequently Flows to 

Puddingstone Reservoir) 

10.1.3 Non-MS4 NPDES Dischargers 
There are several additional NPDES permits (non-MS4) in the Puddingstone Reservoir watershed  
(Table 10-1).  These include one active discharger covered under a general construction stormwater 
permit and seven dischargers covered under a general industrial stormwater permit (see Section 3.1 for a 
detailed discussion of these permit types).  These permits were identified by querying excel files of 
permits from the Regional Board website (Excel files for each watershed are available from this link, 
www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program/index.shtml#watershed, 
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accessed on October 5, 2009). They are all in the city of La Verne in the northern subwatershed (Figure 
10-9) and result in 233 disturbed acres.  Specific information is not available regarding these dischargers; 
however, they are assigned existing loads and wasteload allocations based on their area (industrial 
stormwater) and disturbed area (construction stormwater).  

Table 10-1. Non-MS4 Permits in the Puddingstone Reservoir Watershed 

Type of NPDES Permit 

Number 
of 

Permits Subwatershed Jurisdiction 
Disturbed 
Area 

General Construction Stormwater  
(Order No. 99-08-DWQ, CAS000002) 

1 Northern La Verne 36.0 acres 

General Industrial Stormwater  
(Order No. 97-03-DWQ, CAS000001) 

7 Northern La Verne 197 acres 

 

 
Figure  10-9. Non-MS4 Permits in the Puddingstone Reservoir Subwatersheds 

10.1.4 Land Uses and Soil Types 
Several of the analyses for the Puddingstone Reservoir watershed include source loading estimates 
obtained from the San Gabriel River Basin LSPC Model discussed in Appendix D (Wet Weather 
Loading) of this TMDL report.  Land uses identified in the San Gabriel River Basin LSPC model are 
largely residential and shrub and brush rangeland and are shown in Figure 10-10 (based on SCAG 2000 
land use data).  Upon review of the SCAG 2005 database as well as current satellite imagery, it was 
evident that some of the areas classified by the LSPC model as agriculture or strip mines were inaccurate.  
Inaccuracies in land use assignment were corrected for each subwatershed and jurisdiction to reflect the 
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more recent SCAG 2005 dataset and current satellite imagery.  All areas within the Caltrans jurisdiction 
were simulated as transportation.  Table 10-2 and Table 10-3 summarize the land use areas for each 
TMDL subwatershed and jurisdiction. 

 

 
Figure  10-10. LSPC Land Use Classes for the Puddingstone Reservoir Subwatersheds 

Table 10-2. Land Use Areas (ac) Draining the Northern Subwatershed of Puddingstone Reservoir  

Land Use Claremont 

County 
of Los 

Angeles 
La 

Verne Pomona 
San 

Dimas Caltrans 

Angeles 
National 
Forest Total 

Commercial and 
services 

0 38.8 295 0.291 11.0 0 0 345 

Cropland and 
pasture 

2.91 22.5 199 0 0 0 0 225 

Evergreen forest 
land 

42.9 378 376 0 0 0 0 797 

Herbaceous 
rangeland 

0 0 123 0 0 0 0 123 

Industrial 0 0 82.3 0 0 0 0 82.3 

Mixed rangeland 0 21.5 111 1.08 1.95 0 0 135 

Other urban or 
built-up 

8.07 9.24 58.2 0.005 2.90 0 0 78.4 

Residential 28.4 467  2,469  0.260 10.0 0 0  2,975  
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Land Use Claremont 

County 
of Los 

Angeles 
La 

Verne Pomona 
San 

Dimas Caltrans 

Angeles 
National 
Forest Total 

Shrub & brush 
rangeland 

496 926  19.7 0.097 0.53 0 293  1,736  

Transportation, 
communications, 
utilities 

0 0.97 346 3.55 2.12 110 0 463 

Transitional 
areas 

0 0 0 0 0 0 0 0 

Total 578  1,865   4,079 5.28 28.5 110 293  6,959  

 

Table 10-3. Land Use Areas (ac) Draining the Southern Subwatershed of Puddingstone 
Reservoir  

Land Use La Verne Pomona San Dimas Caltrans Total 

Commercial and services 0 0 0 0 0 

Cropland and pasture 0 0 0 0 0 

Evergreen forest land 0 0 184 0 184 

Herbaceous rangeland 0 0 4.33 0 4.33 

Industrial 0 0 0 0 0 

Mixed rangeland 23.7 0 48.5 0 72.2 

Other urban or built-up 1.35 19.1 101 0 122 

Residential 0 0 10.7 0 10.7 

Shrub & brush rangeland 0.006 62.1 602 0 664 

Transportation, 
communications, utilities 

8.44 0.616 23.0 11.6 43.6 

Transitional areas 0 0 68.2 0 68.2 

Total 33.5 81.8  1,042 11.6  1,169  

 

Three Resource Conservation and Recovery Act (RCRA) cleanup sites are located near the Puddingstone 
Reservoir watershed (these are within one mile of the watershed, as illustrated in Figure 10-10).  
Information regarding these facilities is summarized in Table 10-4.  No additional information regarding 
potential contaminants of concern is available for one site.  The potential contaminants of concern 
identified at these three sites are not relevant to the nutrients, mercury, chlordane, dieldrin, PCBs or DDT 
impairments.  It is not known whether or not these facilities contributed mercury, chlordane, dieldrin, 
PCBs, or DDT to Puddingstone Reservoir in the past.  None of these sites should be contributing loading 
under existing conditions. 
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Table 10-4. RCRA Cleanup Sites near the Puddingstone Reservoir Watershed 

Envirostor # Facility Name Cleanup Status Potential Contaminants of 
Concern 

19340746 Cropper’s Plating Site Certified Chromium III, copper and 
compounds, organic lead 

(tetra ethyl lead) 

19820086 La Puerta Elementary School Certified No data in site summary 
database for this facility 

80001762 
(CAD980894562) 

Safety-Kleen Corp. Inactive Cadmium, chromium, lead, 
benzenes, TCE, PCE and 
non-halogenated solvents 

 

Figure 10-11 shows the predominant soils identified by STATSGO (Appendix D, Wet Weather Loading) 
in the Puddingstone Reservoir subwatersheds.  The soil type identified as Zamora-Urban land-Ramona 
(MUKEY 660480) comprises the largest area.  The soil hydrologic group for this soil is not identified in 
the data set, which typically indicates either water, bedrock, or urban impervious surfaces.  There are two 
hydrologic group C soils in the watershed (Soper-Fontana-Calleguas-Balcom-Anaheim, MUKEY 660477 
and Sobrante-Exchequer-Cieneba, MUKEY 660501).  These soils are characterized as moderately-fine to 
fine-textured and have low infiltration rates when wet; they consist chiefly of soils having a layer that 
impedes downward movement of water.  A small part of the watershed contains a hydrologic group A soil 
(Urban land-Tujunga-Soboba-Hanford, MUKEY 660474), which has low runoff potential and high 
infiltration rates even when wet.  This soil consists chiefly of sand and gravel and is well-drained to 
excessively-drained.  The San Gabriel River Basin LSPC model does not explicitly use hydrologic soil 
group as a modeling parameter, though the characteristics of the hydrologic soil group influence 
parameters such as infiltration rate.   

 
Figure  10-11. STATSGO Soil Types Present in the Puddingstone Reservoir Subwatersheds 
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10.1.5 Additional Inputs 
Puddingstone Reservoir does not receive direct inputs from groundwater or potable water sources.  Areas 
around the lake are irrigated with reclaimed water, some of which may reach the reservoir (10.1 percent 
of the total irrigation volume is assumed to reach the lake).  Application of chlorine in the swim beach 
area may impact pH levels in the lake.  The impacts of irrigation and chlorination are discussed in 
Appendix F (Dry Weather Loading).   

10.2 NUTRIENT-RELATED IMPAIRMENTS 
A number of the assessed impairments for Puddingstone Reservoir may be associated with nutrients and 
eutrophication.  Nutrient-related impairments for Puddingstone Reservoir include organic enrichment/low 
dissolved oxygen (DO) (SWRCB, 2010).  The loading of excess nutrients enhances algal growth 
(eutrophication).  Algae produce oxygen during photosynthesis but remove oxygen through respiration or 
decay, resulting in a net depression of DO in the absence of sunlight.  Algal photosynthesis can also affect 
the pH balance of the lake through the removal of carbon dioxide.   

10.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Puddingstone Reservoir include REC1, REC2, WARM, WILD, MUN, GWR, COLD, 
RARE, and AGR.  Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated 
nutrient levels are impairing the REC1/REC2, WARM, and COLD, uses and can potentially impair 
WILD, MUN, GWR and RARE uses by stimulating algal growth that may form mats that impede 
recreational and drinking water use, alter pH and dissolved oxygen (DO) levels, alter biology that impair 
aquatic life, and cause odor and aesthetic problems. 

10.2.2 Numeric Targets 
The Basin Plan for the Los Angeles Region (LARWQCB, 1994) outlines the numeric targets and 
narrative criteria that apply to Puddingstone Reservoir.  The following targets apply to the organic 
enrichment/low DO impairment (see Section 2 for additional details and Table 10-5 for a summary): 

• The Basin Plan addresses excess aquatic growth in the form of a narrative objective for nutrients.  
Excessive nutrient concentrations (e.g., nitrogen and phosphorous) in a waterbody can lead to 
nuisance effects such as algae, odors, and scum.  The objective specifies, “waters shall not 
contain biostimulatory substances in concentrations that promote aquatic growth to the extent that 
such growth causes nuisance or adversely affects beneficial uses.”  The Regional Board has not 
adopted numeric targets for biostimulatory nutrients or chlorophyll a in Puddingstone Reservoir; 
however, as described in Tetra Tech (2006), summer (May to September) mean and annual mean 
chlorophyll a concentrations of 20 µg/L are selected as the maximum allowable level consistent 
with full support of contact recreational use and are also consistent with supporting warm water 
aquatic life.  The mean chlorophyll a target must be met at half of the Secchi depth during the 
summer (May – September) and annual averaging periods.  

• The Basin Plan states “at a minimum the mean annual dissolved oxygen concentrations of all 
waters shall be greater than 7 mg/L, and no single determinations shall be less than 5.0 mg/L, 
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except when natural conditions cause lesser concentrations.”  In addition, the Basin Plan states, 
“the dissolved oxygen content of all surface waters designated as WARM shall not be depressed 
below 5 mg/L as a result of waste discharges” and “the dissolved oxygen content of all surface 
waters designated as COLD shall not be depressed below 6 mg/L as a result of waste discharges.”  
Deep lakes that thermally stratify during the summer months, such as Puddingstone Reservoir, 
must meet the DO target in the epilimnion of the water column.   

The epilimnion is the upper stratum of more or less uniformly warm, circulating, and fairly 
turbulent water during summer stratification.  The epilimnion floats above a cold relatively 
undisturbed region called the hypolimnion.  The stratum between the two is the metalimnion and 
is characterized by a thermocline, which refers to the plane of maximum rate of decrease of 
temperature with respect to depth.  For the purposes of these TMDLs the presence of stratification 
will be defined by whether there is a change in lake temperature greater than 1 degree Celsius per 
meter.  Deep lakes, such as Puddingstone Reservoir, must meet the DO and pH targets in the 
water column from the surface to 0.3 m above the bottom of the lake when the lake is not 
stratified.  However, when stratification occurs (i.e., a thermocline is present) then the DO and pH 
targets must be met in the epilimnion, the portion of the water column above the thermocline. 

• The Basin Plan states that “the pH of inland surface waters shall not be depressed below 6.5 or 
raised above 8.5 as a result of waste discharges.  Ambient pH levels shall not be changed more 
than 0.5 units from natural conditions as a result of waste discharge.”  Deep lakes that thermally 
stratify during the summer months, such as Puddingstone Reservoir, must meet the pH target in 
the epilimnion of the water column. 

Nitrogen and phosphorus target concentrations are based on simulation of allowable loads with the NNE 
BATHTUB model (Section 10.2.6).  Based on the calibrated model for Puddingstone Reservoir, the target 
nutrient concentrations within the lake are 

• 0.71 mg-N/L summer average (May – September) and annual average 

• 0.071 mg-P/L summer average (May – September) and annual average 

Table 10-5. Nutrient-Related Numeric Targets for Puddingstone Reservoir   

Parameter Numeric Target Notes 

Chlorophyll a 20 µg/L summer average (May – September) and 
annual average 

 

Dissolved 
Oxygen 

7 mg/L minimum mean annual concentrations and  

6 mg/L single sample minimum except when natural 
conditions cause lesser concentrations 

 

pH The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a result 
of waste discharges.  Ambient pH levels shall not be 
changed more than 0.5 units from natural conditions 
as a result of waste discharge. (Basin Plan) 

6.5 – 9.0 (EPA’s 1986 Recommended Criteria) 

The existing water quality criteria for pH is 
very broad and in cases where waste 
discharges are not causing the alteration 
of pH it allows for a wider range of pH 
than EPA’s recommended criteria.  For 
this reason, EPA’s recommended criteria 
is included as a secondary target for pH. 

Total Nitrogen 0.71 mg-N/L summer average (May – September) 
and annual average 

Based on simulation of allowable loads 
from the NNE BATHTUB model 

Total 
Phosphorous 

0.071 mg-P/L summer average (May – September) 
and annual average 

Based on simulation of allowable loads 
from the NNE BATHTUB model 
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10.2.3 Summary of Monitoring Data 
This section briefly summarizes the nutrient-related monitoring data for Puddingstone Reservoir.  
Appendix G (Monitoring Data) contains more detailed information regarding water quality sampling in 
the lake. 

Puddingstone Reservoir was monitored for water quality in 1992 and 1993 in support of the Urban Lakes 
Study near the center of the northern half of the lake.  TKN ranged from 0.3 mg-N/L to 6.9 mg-N/L, 
although concentrations greater than 1.2 mg-N/L only occurred at depths greater than or equal to  
8 meters.  Ammonium ranged from 0.1 mg-N/L to 5.3 mg-N/L with 39 measurements less than the 
detection limit (0.01 mg-N/L); concentrations did not exceed 0.2 mg-N/L except at depths greater than or 
equal to 8 meters.  Each of the 75 measurements of nitrite was less than the detection limit (0.01 mg-N/L), 
and 23 nitrate samples were less than the detection limit (0.01 mg-N/L).  The maximum concentration of 
nitrate observed was 2 mg-N/L.  Forty-nine of 75 samples of orthophosphate were less than the detection 
limit (0.01 mg-P/L), and the maximum concentration observed was 1.7 mg-P/L.  Total phosphorus was 
similar with 45 measurements less than the detection limit (0.01 mg-P/L) and a maximum observed 
concentration of 1.3 mg-P/L.  Concentrations of orthophosphate and total phosphorus did not exceed  
0.2 mg-P/L except at depths greater than or equal to 14 meters.  pH ranged from 7.4 to 9.0, and TOC 
ranged from 2.8 mg/L to 8.2 mg/L.  The summary table from the 1994 Lakes Study Report (UC 
Riverside, 1994) lists chlorophyll a concentrations ranging from 4 μg/L to 22 μg/L with an average of  
13 μg/L. 

The 1996 Water Quality Assessment Report contains summary information regarding the DO impairment 
which was listed as not supporting the aquatic life use.  DO was measured 187 times with concentrations 
ranging from 0.1 mg/L to 14.9 mg/L.  However, the accompanying database does not contain these 
measurements so no information regarding location, time, depth, or temperature can be compared.  There 
are some temperature and pH measurements in the database that were collected from December 1977 
through March 1978.  Temperature ranged from 11.1 ºC to 11.7 ºC, and pH ranged from 6.6 to 7.6.   

More recent monitoring of nutrients in Puddingstone Reservoir occurred on November 18, 2008 at four 
locations in the lake.  All samples of ammonia, TKN, nitrate, nitrite, orthophosphate, and total phosphate 
collected at the four lake stations were below the detection limits of 0.1 mg-N/L, 1 mg-N/L, 0.1 mg-N/L, 
0.1 mg-N/L, 0.4 mg-P/L, and 0.5-P mg/L, respectively.  Chlorophyll a ranged from 11.3 μg/L to  
21.4 μg/L. 

Puddingstone Reservoir was sampled in February 2009 by USEPA and the Regional Board.  The field 
notes report that approximately 300 gallons of chlorine are pumped into the swim beach area each week 
during the summer.  The edges of the lake are sometimes treated for weeds.  Samples were collected from 
a depth of 1.5 meters at two locations.  Secchi depths were 0.76 meters at all locations.  Ammonia 
samples ranged from 0.03 mg-N/L to 0.04 mg-N/L.  TKN ranged from 1.3 mg-N/L to 1.7 mg-N/L.  
Nitrite ranged from 0.02 mg-N/L to 0.05 mg-N/L, and nitrate ranged from 0.02 mg-N/L to 0.26 mg-N/L.  
Orthophosphate ranged from 0.016 mg-P/L to 0.062 mg-P/L; total phosphorus ranged from 0.098 mg-P/L 
to 0.121 mg-P/L.  Chlorophyll a measurements were high during this event and ranged from 66.1 μg/L to 
113.5 μg/L.  These chlorophyll a results are anomalously high compared to later measurements taken 
during the summer, however, these levels were measured one week after a major rain events that likely 
delivered high nutrient loads to the lake.  Reported concentrations of DO decreased from over 6 mg/L at 
the surface to 0 mg/L at 3 meters to 4 meters.  pH ranged from 7.6 to 9.4 at each station.  Temperature at 
these two stations ranged from 11.3 ºC to 14.6 ºC.  Field operators found DO readings suspicious and sent 
the meter off for repair (Greg Nagle, USEPA Region IX, personal communication, 5/22/09).  These DO 
results were excluded from the relevant data set based on poor quality assurance.   

In July 2009, Puddingstone Reservoir was sampled at two locations.  Ammonia, nitrite, nitrate, and 
orthophosphate concentrations were less than the detection limits of 0.03 mg-N/L, 0.01 mg-N/L,  
0.01 mg-N/L, and 0.0075 mg-P/L, respectively.  Total phosphorus were 0.041 mg-P/L and 0.164 mg-P/L, 
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though the field duplicate for the higher sample was 0.048 mg-P/L.  Chlorophyll a concentrations were 
25.1 μg/L and 27.3 μg/L.  DO concentrations were above 8 mg/L throughout the epilimnion.  pH ranged 
from 8.52 to 8.92.     

In summary, chlorophyll a concentrations are typically above the summer average target concentration of 
20 μg/L.  Although conditions in February 2009 may have been anomalous (i.e., winter concentrations 
were significantly higher than all other chlorophyll a concentrations), the concentrations measured during 
the July 2009 event averaged 26 μg/L.  Based on the July 2009 profile measurements, DO is meeting the 
target COLD concentration of 6 mg/L throughout the epilimnion.  Readings collected in February may 
have been collected with a malfunctioning meter.  Exceedances of the allowable range for pH (6.5 to 8.5) 
have been observed as well.  The nutrient TMDLs for Puddingstone Reservoir presented in Section 10.2.6 
account for summer season critical conditions by assessing loading rates consistent with meeting the 
summer chlorophyll a target concentration of 20 µg/L.  These reductions in nutrient loading are expected 
to alleviate pH, odor, DO, and ammonia problems associated with excessive nutrient loading and 
eutrophication. 

10.2.4 Source Assessment 
The majority of nutrient loading to Puddingstone Reservoir originates from the surrounding watershed 
(Appendix D, Wet Weather Loading; Appendix F, Dry Weather Loading) including irrigation (10.1 
percent of the total irrigation volume is assumed to reach the lake).  Loading due to direct deposition from 
the atmosphere is discussed in Appendix E (Atmospheric Deposition).  The northern subwatershed 
comprises 85.6 percent of the drainage area and contributes 86 percent and 90 percent of the total 
phosphorus and total nitrogen loads, respectively, to Puddingstone Reservoir.  The majority of the 
remaining load originates from the southern subwatershed.  All existing loads to Puddingstone Reservoir 
are summarized in Table 10-6.    

Table 10-6. Summary of Average Annual Flows and Nutrient Loading to Puddingstone Reservoir 

Subwatershed Responsible Jurisdiction  Input 
Flow 
(ac-ft) 

Total 
Phosphorus 

(lb-P/yr) 
(percent of 
total load) 

Total 
Nitrogen  
(lb-N/yr) 

(percent of 
total load) 

Northern Caltrans State Highway 
Stormwater

141 
1 

253 (3.6) 1,603 (3.4) 

Northern Claremont MS4 Stormwater 206 1 256 (3.6) 1,786 (3.8) 

Northern County of Los Angeles MS4 Stormwater 773 1 1,124 (15.9) 7,299 (15.6) 

Northern La Verne MS4 Stormwater2 2,361 1 4,209 (59.5) 25,332 (54.0) 

Northern General Industrial 
Stormwater Permittees (in 
the city of La Verne) 

General Industrial 
Stormwater 

258 
1 

409 (5.8) 3,008 (6.4) 

Northern General Construction 
Stormwater Permittees (in 
the city of La Verne)  

General Construction 
Stormwater 

47.1 
1 

74.7 (1.1) 550 (1.2) 

Northern Pomona MS4 Stormwater 5.48 1 9.6 (0.1) 60.9 (0.1) 

Northern San Dimas MS4 Stormwater 26.5 1 47.2 (0.7) 294 (0.6) 

Northern Angeles National Forest Stormwater 34.6 1 10.3 (0.1) 301 (0.6) 
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Subwatershed Responsible Jurisdiction  Input 
Flow 
(ac-ft) 

Total 
Phosphorus 

(lb-P/yr) 
(percent of 
total load) 

Total 
Nitrogen  
(lb-N/yr) 

(percent of 
total load) 

Southern Caltrans State Highway 
Stormwater

12.4 
1 

22.5 (0.3) 148 (0.3) 

Southern La Verne Runoff 13.0 19.4 (0.3) 147 (0.3) 

Southern Pomona Runoff 25.1 34.5 (0.5) 276 (0.6) 

Southern San Dimas Runoff 229 272 (3.8) 2,433 (5.2) 

Southern County of Los Angeles  Parkland Irrigation 163 337 (4.8) 3,425 (7.3) 

Lake Surface  Atmospheric 
Deposition

366 
3 

NA 209 (0.4) 

Total 4,661 7,078 46,872 
1This input includes effluent from storm drain systems during both wet and dry weather. 
2 The total area for the City of La Verne in the northern subwatershed is 4,079 acres.  Discharges governed by the 
general construction and general industrial stormwater permits are located in the City of La Verne.  The disturbed 
area associated with general construction and general industrial stormwater permittees (233 acres) was subtracted 
out of the appropriate city area and allocated to these permits.  

3 

10.2.5 Linkage Analysis 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  To simulate the impacts of nutrient loading on Puddingstone 
Reservoir, the nutrient numeric endpoints (NNE) BATHTUB Tool was set up and calibrated to lake-
specific conditions.  The NNE BATHTUB Tool is a version of the US Army Corps of Engineers 
(USACE) BATHTUB model and was developed to support risk-based nutrient numeric endpoints in 
California (Tetra Tech, 2006).   

BATHTUB is a steady-state model that calculates nutrient concentrations, chlorophyll a concentration (or 
algal density), turbidity, and hypolimnetic oxygen depletion, based on nutrient loadings, hydrology, lake 
morphometry, and internal nutrient cycling processes.  BATHTUB uses a typical mass balance modeling 
approach that tracks the fate of external and internal nutrient loads between the water column, outflows, 
and sediments.  External loads can be specified from various sources including stream inflows, nonpoint 
source runoff, atmospheric deposition, groundwater inflows, and point sources.  Internal nutrient loads 
from cycling processes may include sediment release and macrophyte decomposition.  The net 
sedimentation rates for nitrogen and phosphorus reflect the balance between settling and resuspension of 
nitrogen and phosphorus within the waterbody.  Thus, internal loading is implicitly accounted for in the 
model.  Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than 
day-to-day variations in water quality.  

Target nutrient loads and resulting allocations are determined based on the secondary target – summer 
mean chlorophyll a concentration.  The NNE spreadsheet tool allows the user to specify a chlorophyll a 
target and predicts the probability that current conditions will exceed the target, as well as showing a 
matrix of allowable nitrogen and phosphorus loading combinations to meet the target.  The user-defined 
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chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in water transparency measured as Secchi depth.  Appendix A (Nutrient TMDL Development) describes 
additional details on the NNE BATHTUB Tool and its use in determining allowable loads of nitrogen and 
phosphorus.   

In addition to loading rates of nitrogen and phosphorus, the NNE BATHTUB Tool requires basic 
bathymetry data for the simulation of chlorophyll a during the summer.  For Puddingstone Reservoir, the 
following inputs apply: surface area of 252 acres, average depth of 24.6 ft, and volume of 6,200 ac-ft.  
Based on the phosphorus turnover ratio for this lake (Walker, 1987), the annual averaging period is 
appropriate (i.e., annual loads are input to the model rather than summer season loads).   

The NNE BATHTUB Tool was calibrated to average summer season water quality data observed over 
twice the typical Secchi depth (2*1.15 m = 2.3 m).  To predict the average observed total nitrogen 
concentration over this depth (1.06 mg-N/L), the calibration factor on the net nitrogen sedimentation rate 
was set to 1.7.  The calibration factor on the net phosphorus sedimentation rate was set to the maximum 
suggested (2) (Walker, 1987), and the resulting concentration is 0.08 mg-P/L.  Although this calibrated 
sedimentation rate reflects the net effects of phosphorus settling and resuspension, the high calibration 
factor indicates that settling is the more dominant mechanism in this system, and internal phosphorus 
loading is likely insignificant relative to the other sources of loading.  The reductions in external 
phosphorus loading in the lake required by this TMDL should lead to further suppression of internal 
loading.  To simulate the average observed chlorophyll a concentration, the calibration factor on 
concentration was set to 1.5 for a predicted concentration of 26 µg/L.   

10.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum nutrient load 
consistent with meeting the numeric target of 20 µg/L of chlorophyll a as a summer average.  The 
methodology for determining the loading capacity is described briefly in this section.  For more detail, 
refer to Appendix A (Nutrient TMDL Development). 

Following calibration of the NNE BATHTUB Tool (Section 10.2.5), the allowable loading combinations 
of nitrogen and phosphorus were calculated using Visual Basic’s GoalSeek function (Appendix A, 
Nutrient TMDL Development).  The loading combination that is predicted to result in an in-lake ratio of 
total nitrogen concentration to total phosphorus concentration close to 10 was selected to match that 
typically observed in natural systems and to balance biomass growth and prevent limitation by one 
nutrient (Thomann and Mueller, 1987).  The corresponding in-lake concentrations of nitrogen and 
phosphorus are 

• 0.71 mg-N/L summer average (May – September) and annual average 

• 0.071 mg-P/L summer average (May – September) and annual average 

The loading capacities for total nitrogen and total phosphorus are 24,190 lb-N/yr and 5,181 lb-P/yr, 
respectively.  These loading capacities can be further broken down into the wasteload allocations 
(WLAs), load allocations (LAs), and Margin of Safety (MOS) using the general TMDL equation:   

 

 

For total nitrogen, the allocatable load (divided among WLAs and LAs) is 46.4 percent of the existing 
load of 46,872 lb-N/yr, or 21,771 lb-N/yr.  This value represents 90 percent of the loading capacity, while 

∑ ++= MOSLAWLATMDL
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the MOS is 10 percent of the loading capacity.  WLAs and LAs are developed assuming equal percent 
load reductions in all sources.  The resulting TMDL equation for TN is then: 

24,190 lb-N/yr = 18,756 lb-N/yr + 3,015 lb-N/yr + 2,419 lb-N/yr 

For total phosphorus, the allocatable load (divided among WLAs and LAs) is 65.9 percent of the existing 
load of 7,078 lb-P/yr, or 4,663 lb-P/yr.  This value represents 90 percent of the loading capacity, while the 
MOS is 10 percent of the loading capacity.  The resulting TMDL equation for TP is: 

5,181 lb-P/yr = 4,226 lb-P/yr + 437 lb-P/yr + 518 lb-P/yr 

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources.  
Details associated with the WLAs, LAs, and MOS are presented in the following three sections. 

As previously mentioned, in-lake concentrations of nitrogen and phosphorus have been determined based 
on simulation of allowable loads with the NNE BATHTUB model (see Section 10.2.5).  These in-lake 
concentrations are calculated from a complex set of equations that consider internal cycling processes (see 
Appendix A, Nutrient TMDL Development) and, therefore, differ from concentrations associated with 
various inflows.  Nutrient concentrations associated with the WLA and LA inputs are described below.  
These values are provided as examples as they are calculated based on existing flow volumes (and will 
need to be recalculated if flow volumes change).  Because the input concentrations do not consider 
internal cycling processes and are based on existing flow volumes, they do not match the allowable in-
lake nitrogen and phosphorous concentrations.  

10.2.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  These TMDLs establish WLAs at their point of discharge.  The wasteload allocations for most 
point sources are mass-based; however, the wasteload allocations for stormwater discharges that are 
covered under general industrial and construction stormwater permits are concentration-based.  In 
addition, these TMDLs establish alternative wasteload allocations for total phosphorous and alternative 
wasteload allocations for total nitrogen (collectively, “Approved Lake Management Plan Wasteload 
Allocations”). The Approved Lake Management Plan Wasteload allocations are concentration-based and 
are described in Section 10.2.6.1.2.   The Approved Lake Management Plan Wasteload allocations will 
supersede the wasteload allocations in Section 10.2.6.1.1 if the conditions described in Section 10.2.6.1.2 
are met.   

Under either wasteload allocation scheme responsible jurisdictions are encouraged to consider the 
construction of wetland systems and bioswales (or other retention or treatment options) to treat the 
stormwater and supplemental water flows entering the lake, as well as stormwater diversion and 
infiltration using methods such as porous pavements and rain gardens.  Implementing these options can 
reduce the lake’s nutrient loads and, in the case of recirculation through constructed wetlands, reduce in-
lake nutrient concentrations.  Additionally, persons that apply algaecides as part of an overall lake 
management strategy must comply with the Aquatic Pesticide General Permit (General Permit Order No. 
2004-0009-DWQ, CAG990005). 

Local jurisdictions have performed studies on nearby waterbodies that may be considered when 
evaluating nutrient-reduction strategies for this lake.  For example, the City of Los Angeles has modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from constructed 
wetlands, and construction is currently underway.  Information about this and other City of Los Angeles 
water quality improvement projects are available on the Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 
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10.2.6.1.1 Wasteload Allocations 
The northern subwatershed drains to a series of storm drains prior to discharging to Puddingstone 
Reservoir.  Therefore, all loads associated with this drainage area are assigned WLAs.  The loads 
attributed to the Caltrans areas in the southern subwatershed and the general construction and industrial 
stormwater permits also receive WLAs.  Relevant permit numbers are  

• County of Los Angeles (including the cities of Claremont, La Verne, Pomona, and San Dimas):  
Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Construction Stormwater: Order No. 2009-0009-DWQ, CAS000002 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

Total phosphorus WLAs represent a 34.1 percent reduction in existing loading, and total nitrogen WLAs 
represent a 53.6 percent reduction in existing loading.  These loading values (in pounds per year) 
represent the TMDLs wasteload allocations (Table 10-7).   

Each WLA applies at the point of discharge.  As noted in Table 10-7 below, the concentration-based 
WLAs will be used to evaluate compliance with the allocations for the current discharges authorized by 
the general industrial stormwater permit and the construction stormwater permit and any future discharges 
in the watershed authorized by the general industrial and construction stormwater permits.  The 
phosphorous and nitrogen WLA concentrations were calculated by dividing the allowable load (in lb/yr; 
Table 10-7) by their respective estimated flow rates (258 ac-ft/yr and 47 ac-ft/yr for industrial and 
construction sites, respectively; Table 10-6) and applying the appropriate conversion factors to yield 
concentrations in mg/L.   
 

Table 10-7. Wasteload Allocations of Phosphorus and Nitrogen Loading to Puddingstone 
Reservoir 

Subwatershed 
Responsible 
Jurisdiction Input 

Existing 
Total 

Phosphorus 
Load  

(lb-P/yr) 

Wasteload 
Allocation 

Total 
Phosphorus4 

(lb-P/yr) 

Existing 
Total 

Nitrogen 
Load  

(lb-N/yr) 

Wasteload 
Allocation 

Total 
Nitrogen4

Northern 

 
(lb/yr) 

Caltrans State Highway 
Stormwater

253 
1 

167 1,603 745 

Northern  Claremont MS4 Stormwater 256 1 169 1,786 829 

Northern  County of Los 
Angeles 

MS4 Stormwater 1,124 1 741 7,299 3,390 

Northern  La Verne MS4 Stormwater2 4,209 1 2,772 25,332 11,766 

Northern  General Industrial 
Stormwater 
Permittees (in the 
city of La Verne) 

General Industrial 
Stormwater

409 
1 

269 

(0.4 mg/L P)

3,008 
3 

1,397 

(2.0 mg/L N)

Northern  

3 

General 
Construction 
Stormwater 
Permittees (in the 
city of La Verne)  

General 
Construction 
Stormwater

74.7 

1 

49 

(0.4 mg/L P)

550 
3 

255 

(2.0 mg/L N)

Northern  

3 

Pomona MS4 Stormwater 9.57 1 6.30 60.9 28.3 
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Subwatershed 
Responsible 
Jurisdiction Input 

Existing 
Total 

Phosphorus 
Load  

(lb-P/yr) 

Wasteload 
Allocation 

Total 
Phosphorus4 

(lb-P/yr) 

Existing 
Total 

Nitrogen 
Load  

(lb-N/yr) 

Wasteload 
Allocation 

Total 
Nitrogen4

Northern 

 
(lb/yr) 

San Dimas MS4 Stormwater 47.2 1 31.1 294 137 

Northern Angeles National 
Forest 

Stormwater 10.3 1 6.8 301 140 

Southern  Caltrans State Highway 
Stormwater

22.5 
1 

14.8 148 68.2 

Total 6,415 4,226 40,382 18,756 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The total area for the City of La Verne in the northern subwatershed is 4,079 acres.  Discharges governed by the 
general construction and general industrial stormwater permits are currently located in the City of La Verne.  The 
disturbed area associated with general construction and general industrial stormwater permittees (233 acres) was 
subtracted out of the appropriate city area and allocated to these permits.  Any future discharges governed by the 
general construction and general industrial stormwater permits will receive the same concentration-based wasteload 
allocations (see footnote #3). 

3 For these responsible jurisdictions, the concentration-based WLA will be use to evaluate compliance. 
4

10.2.6.1.2 Alternative “Approved Lake Management Plan Wasteload Allocations”  

 Each wasteload allocation must be met at the point of discharge. 

Concentration-based WLAs not exceeding the concentration listed in Table 10-8 are effective and 
supersede corresponding WLAs for a responsible jurisdiction in Table 10-7 if: 

1. The responsible jurisdiction requests that concentration-based wasteload allocations not to exceed 
the concentrations established in Table 10-8 apply to it;  

2. The responsible jurisdiction provides to USEPA and the Regional Board a Lake Management 
Plan describing actions that will be implemented and cause each of the following to be met: the 
applicable water quality criteria for ammonia, dissolved oxygen and pH; the chlorophyll a targets 
listed in Table 10-5; and the requested concentration-based WLAs.  Responsible jurisdictions 
may work together to develop, submit and implement the Lake Management Plan.  A Lake 
Management Plan may include the following types of actions:  increasing the volume of the lake 
that is aerated; installing hydroponic islands to remove nutrients; increasing flow volume or 
circulation in the lake; reducing stormwater discharges by improved infiltration; treating 
stormwater or supplemental water inputs with a wetland system; alum treatment to immobilize 
nutrients in sediments; and/or fisheries management actions to reduce nutrient availability from 
sediments. The responsible jurisdiction may use monitoring data and modeling to show that the 
water quality criteria, targets and requested WLAs will be met;  

3. The Regional Board Executive Officer approves the request and applies concentration-based 
wasteload allocations for total nitrogen and total phosphorus.  These wasteload allocations are not 
to exceed the concentrations in Table 10-8 as a summer average (May-September) and annual 
average, and  

4. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each concentration-based WLA must be met in the lake.     
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Table 10-8. Alternative Wasteload Allocations of Phosphorus and Nitrogen in Puddingstone 
Reservoir if an Approved Lake Management Plan Exists 

Subwatershed 
Responsible 
Jurisdiction Input 

Maximum Allowable 
Wasteload Allocation 

Total Phosphorus3 
(mg-P/L) 

Maximum Allowable 
Wasteload Allocation 
Total Nitrogen3

Northern 

 (mg-
N/L) 

Caltrans State Highway 
Stormwater

0.1 
1 

1.0 

Northern  Claremont MS4 
Stormwater

0.1 
1 

1.0 

Northern  County of Los Angeles MS4 
Stormwater

0.1 
1 

1.0 

Northern  La Verne MS4 
Stormwater

2 0.1 
1 

1.0 

Northern  General Industrial 
Stormwater Permittees 
(in the city of La Verne) 

General 
Industrial 
Stormwater

0.1 

1 

1.0 

Northern  General Construction 
Stormwater Permittees 
(in the city of La Verne)  

General 
Construction 
Stormwater1

0.1 

  

1.0 

Northern  Pomona MS4 
Stormwater

0.1 
1 

1.0 

Northern San Dimas MS4 
Stormwater

0.1 
1 

1.0 

Northern Angeles National 
Forest 

Stormwater 0.1 1 1.0 

Southern  Caltrans State Highway 
Stormwater

0.1 
1 

1.0 

1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of La Verne.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations. 

3 

10.2.6.2 Load Allocations 

Each concentration-based wasteload allocation must be met in the lake. 

These TMDLs establish load allocations (LAs) and alternative LAs for total phosphorous and total 
nitrogen. The alternative LAs will be effective and supersede the LAs listed in Table 10-9 if the 
conditions described in Section 10.2.6.2.2 are met.   

10.2.6.2.1 Load Allocations 
Loads associated with the southern subwatershed are assigned LAs.  Total phosphorus LAs represent a 
34.1 percent reduction in existing loading, and total nitrogen LAs represent a 53.6 percent reduction in 
existing loading.  LAs are provided for each responsible jurisdiction and input and must be met at the 
point of discharge.  These loading values (in pounds per year) represent the TMDLs load allocations 
(Table 10-9).   
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Table 10-9. Load Allocations of Phosphorus and Nitrogen Loading to Puddingstone Reservoir 

Subwatershed 
Responsible 
Jurisdiction  Input 

Existing 
Total 

Phosphorus 
Load  

(lb-P/yr) 

Load 
Allocation 

Total 
Phosphorus1

Existing 
Total 

Nitrogen 
Load  

(lb-N/yr) 
 

(lb-P/yr) 

Load 
Allocation 

Total 
Nitrogen1

Southern 

 
(lb/yr) 

La Verne Runoff 19.4 12.8 147 68.2 

Southern Pomona Runoff 34.5 22.7 276 128 

Southern San Dimas Runoff 272 179 2,433 1,130 

Southern County of Los 
Angeles 

Parkland 
Irrigation 

337 222 3,425 1,591 

Lake Surface  Atmospheric 
Deposition2

NA 
  

NA 209 97.3 

Total 663 437 6,490 3,015 
1 Each load allocation must be met at the point of discharge. 
2 

10.2.6.2.2 Alternative “Approved Lake Management Plan Load Allocations” 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

The load allocation for any responsible jurisdiction listed in Table 10-9 will be superseded, and the load 
allocation for that responsible jurisdiction in Table 10-10 will apply, if: 

1. The responsible jurisdiction requests that concentration-based load allocations not to exceed the 
concentrations established in Table 10-10 apply to it.  

2. The responsible jurisdiction provides to USEPA and the Regional Board a Lake Management 
Plan describing actions that will be implemented and cause the applicable water quality criteria 
for ammonia, dissolved oxygen and pH to be met.  The plan must also show that the chlorophyll a 
targets listed in Table 10-5 and the alternative total nitrogen and phosphorus targets will be met.  
Responsible jurisdictions may work together to develop, submit and implement the Lake 
Management Plan.  A Lake Management Plan may include the following types of actions:  
increasing the volume of the lake that is aerated; installing hydroponic islands to remove 
nutrients; increasing flow volume or circulation in the lake; reducing stormwater discharges by 
improved infiltration; treating stormwater or supplemental water inputs with a wetland system; 
alum treatment to immobilize nutrients in sediments; and/or fisheries management actions to 
reduce nutrient availability from sediments. The responsible jurisdiction may use monitoring data 
and modeling to show that the water quality criteria and targets will be met.  

3. The Regional Board Executive Officer approves the request and applies concentration-based load 
allocations for total nitrogen and total phosphorus.  These load allocations are not to exceed the 
concentrations in Table 10-10 as a summer average (May-September) and annual average, and  

4. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each concentration-based load allocations must be met in the lake. 
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Table 10-10. Alternative Load Allocations of Phosphorus and Nitrogen Loading to Puddingstone 
Reservoir if an Approved Lake Management Plan Exists 

Subwatershed 
Responsible 
Jurisdiction  Input 

Maximum 
Allowable Load 
Allocation Total 

Phosphorus1

Maximum 
Allowable Load 
Allocation Total 

Nitrogen  
(mg-P/L) 

1

Southern 

 
(mg-N/L) 

La Verne Runoff 0.1 1.0 

Southern Pomona Runoff 0.1 1.0 

Southern San Dimas Runoff 0.1 1,0 

Southern County of Los 
Angeles 

Parkland 
Irrigation 

0.1 1.0 

1 

10.2.6.3 Margin of Safety 

Each concentration-based load allocations must be met in the lake. 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  To account for the uncertainties concerning the 
relationship between nutrient loading and the resultant in-lake chlorophyll a an explicit MOS is included 
in these TMDLs.  This explicit MOS is set at 10 percent of the loading capacity for total phosphorus and 
total nitrogen. 

10.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  Critical conditions for nutrient impaired lakes typically 
occur during the warm summer months when water temperatures are elevated and algal growth rates are 
high.  Elevated temperatures not only reduce the saturation levels of DO, but also increase the toxicity of 
ammonia and other chemicals in the water column.  Excessive rates of algal growth may cause large 
swings in DO, elevated pH, odor, and aesthetic problems.  Loading of nutrients to lakes during winter 
months are often biologically available to fuel algal growth in summer months.  These nutrient TMDLs 
account for summer season critical conditions by using the NNE Bathtub model to calculate possible 
annual loading rates consistent with meeting the summer chlorophyll a target concentration of 20 µg/L.  
These TMDLs are expected to alleviate any DO problems associated with excessive nutrient loading and 
eutrophication.  These TMDLs therefore protect for critical conditions. 

10.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  These TMDLs present a maximum daily load 
according to the guidelines provided by USEPA (2007).  Because the majority of nutrient loading to 
Puddingstone Reservoir occurs during wet weather events that deliver pollutant loads from the 
surrounding watershed, the daily maximum allowable loads of nitrogen and phosphorus are calculated 
from the maximum daily storm flow rate (estimated from the 99th percentile flow) to the Reservoir 
multiplied by the allowable concentrations consistent with achieving the long-term loading targets.  These 
maximum loads are not allowed each day of the year because the annual loads specified by the TMDLs 
must also be achieved.  The WLA and LA loads presented above are annual loading caps that cannot be 
exceeded. 
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No USGS gage currently exists in the Puddingstone Reservoir watershed.  USGS Station 11086400, San 
Dimas Creek near San Dimas, CA, was selected as a surrogate for flow determination.  The 99th percentile 
flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates 
errors due to outliers and is reasonable for development of a daily load expression.   

th percentile flow for this San Dimas Creek 
gage (55 cfs) (Wolock, 2003).  To estimate the peak flow to Puddingstone Reservoir, the 99th

The allowable concentrations for phosphorus and nitrogen were calculated from the annual allowable 
loads (4,663 lb-P/yr and 21,771 lb-N/yr) divided by the total annual volume delivered to the lake  
(2,692 ac-ft/yr) (sum of the runoff-associated WLAs and LAs presented in 

 percentile 
flow for San Dimas Creek was scaled down by the ratio of drainage areas (8,128 acres/11,712 acres; 
Puddingstone Reservoir watershed area/San Dimas Creek watershed area at the gage).  The resulting peak 
flow estimate for Puddingstone Reservoir is 38.2 cfs. 

Table 10-7 and Table 10-9, 
respectively).  Multiplying the allowable concentrations (0.637 mg-P/L and 2.97 mg-N/L) by the peak 
daily flow yields the daily maximum allowable loads which are 131 lb-P/d and 612 lb-N/d.  These loads 
are associated with the MS4 stormwater permittees.  For comparison, the existing phosphorus load (7,078 
lb-P/yr) would yield an average concentration of 0.967 mg-P/L and a daily load of 199 lb-P/d.  The 
existing nitrogen load (46,872 lb-N/yr) would yield an average concentration of 6.4 mg-N/L and a daily 
load of 1,318 lb-N/d.  As described above, in order to achieve in-lake nutrient targets as well as annual 
load-based allocations, the maximum allowable daily loads cannot be discharged to the lake every day.  
The WLA and LA loads presented above are annual loading caps that cannot be exceeded. 

10.2.6.6 Future Growth 
Much of the Puddingstone Reservoir watershed remains in shrub and brush rangeland.  As development 
occurs in this watershed, best management practices (BMPs) will be required such that loading rates are 
consistent with the allocations established by these TMDLs.  Therefore, no load allocation has been set 
aside for future growth.    

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

10.3 MERCURY IMPAIRMENT 
The listing information for Puddingstone Reservoir (LARWCB, 1996) indicates that fish tissue data 
collected by the Toxic Substances Monitoring Program (TSMP) exceeded the fish tissue guideline and 
forms the basis for this listing.  Recent data collected by the Surface Water Ambient Monitoring Program 
(SWAMP) and the San Gabriel Watershed Council (SGWC) indicate that fish tissue levels of mercury 
remain elevated. 

In 2008, the Southern California Coastal Water Research Project (SCCWRP) published a report titled 
“Extent of Fishing and Fish Consumption by Fishers in Ventura and Los Angeles County Watersheds.” 
The purpose of the study was to document the fishing habits and consumption rates of fishers in these 
counties (SCCWRP, 2008).  Puddingstone Reservoir was visited five times, during which 95 fishers were 
observed.  Forty fishers were interviewed, and 55 percent of those consume fish caught from this 
waterbody.  Of the 19 sampling sites located in the San Gabriel River Basin, Puddingstone Reservoir had 
the second highest number of observed fishers, and the highest number of people interviewed who 
consume fish caught from the survey location.  As previously noted, according to the California Fish and 
Game, the reservoir is periodically stocked with trout (California Department of Fish and Game, 2009). 
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10.3.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Applicable water quality 
criteria are also specified in the California Toxics Rule (USEPA, 2000a).  The existing beneficial uses 
assigned to Puddingstone Reservoir include REC1, REC2, WARM, WILD, MUN, GWR, COLD, RARE, 
and AGR.  Descriptions of these uses are listed in Section 2 of this TMDL report.  Concentrations of 
mercury measured in fish tissue collected from Puddingstone Reservoir indicate that the REC1, REC2, 
WARM, and COLD, are currently impaired and at high enough concentrations WILD, MUN, GWR, and 
RARE uses could be impaired.   

10.3.2 Numeric Targets 
Numeric targets for mercury in Puddingstone Reservoir apply to both the water column and fish tissue.  
Water column targets are based on beneficial use.  For waters designated MUN (existing, potential, or 
intermittent), the Basin Plan lists a total mercury maximum contaminant level of 0.002 mg/L, or 2 μg/L.  
The California Toxics Rule includes total mercury human health criteria for the consumption of “water 
and organisms” or “organisms only” as 0.050 μg/L and 0.051 μg/L, respectively (USEPA, 2000a).  
California often implements these values on a 30 day average.  The “water and organisms” target applies 
to Puddingstone because it is designated as an asterisked existing use in the Basin Plan.  Because the 
human health criterion for the consumption of “water and organisms” is the most restrictive criterion, a 
total mercury water column target of 0.050 μg/L (50 ng/L) is the appropriate target.   

In addition, a water column target for dissolved methylmercury of 0.081 ng/L is applicable for 
Puddingstone Reservoir.  This value was calculated by dividing the fish tissue guideline (0.22 ppm) with 
a national bioaccumulation factor (for dissolved methylmercury) of 2,700,000 applicable for trophic level 
4 fish (and multiplying by a factor of 106

The fish contaminant goal (FCG) for methylmercury defined by the California Office of Environmental 
Health Hazard Assessment (OEHHA, 2008) is 220 ppb or 0.22 ppm (wet weight).  This concentration is 
protective of human and wildlife consumers of trophic level four fish.  The target length for comparison 
to this target is 350 mm (13.8 inches) in largemouth bass.  Refer to Section 2 of this report for more 
information regarding these targets. 

 to convert from milligrams to nanograms). 

10.3.3 Summary of Monitoring Data 
Total mercury concentrations in the water column of Puddingstone Reservoir have been measured since 
1992.  In-lake water column mercury concentrations were measured in July and September 1992 as part 
of the Urban Lakes Study.  All 21 measurements were less than the detection limit of 0.5 μg/L (500 ng/L).  
As the detection limit of this dataset is 10 times higher than the water quality criterion for mercury  
(50 ng/L), it is difficult to assess compliance in terms of a water column concentration.   

More recent samples from November 2008, February 2009, and July 2009 were collected and analyzed 
with ultra-clean methods and detection limits no greater than 0.5 ng/L.  All total mercury samples 
collected during these events ranged from 0.26 ng/L to 2.52 ng/L and were more than one order of 
magnitude less than the water column target.  Total methylmercury concentrations ranged from  
0.025 ng/L to 0.127 ng/L, and one of four samples exceeded the dissolved target concentration of  
0.081 ng/L.  The average observed methyl mercury concentration (0.065 ng/L) is less than the dissolved 
target concentration (0.081 ng/L). 
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Mercury concentrations in the fish tissue of largemouth bass have been measured in Puddingstone 
Reservoir since 1986 by the TSMP, SGWC, and SWAMP.  Figure 10-12 shows the total mercury 
concentrations in largemouth bass plotted against length, which is an approximate surrogate for age.  For 
composite fish samples, concentration is plotted against mean length.  As expected, fish tissue mercury 
concentrations increase with length.  Concentrations exceed 0.22 ppm in all individual or composite 
samples greater than 345 mm.  Twenty-three individual and five composite samples exceed the fish tissue 
target; five individual samples and one composite had concentrations less than the target.  All of the fish 
tissue data were reported as total mercury concentrations, of which over 90 percent are expected to be in 
the methyl form (USEPA, 2001a).  These total mercury data were compared to the methylmercury fish 
contaminant guidelines, resulting in conservative assessments. 
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Figure  10-12. Mercury Concentrations in Largemouth Bass Collected from Puddingstone 

Reservoir (1986-2007) 

10.3.4 Source Assessment 
There are several potential sources of mercury loading in the Puddingstone Reservoir watershed.  The 
majority of loading results from atmospheric deposition to the lake surface.  Upland areas are the second 
largest source; these loads are delivered from tributaries and storm drains in either the water column or 
sediments.  Irrigation of surrounding parklands may contribute loading as well.     

Table 10-11 summarizes total mercury loading from the major sources in the watershed.  Estimation of 
watershed loading from MS4 permittees and irrigation of parkland (10.1 percent of the total irrigation 
volume is assumed to reach the lake) are discussed in more detail in Appendices D and F (Wet and Dry 
Weather Loading, respectively), Section 10 of both appendices).  The atmospheric deposition component 
of the mercury load is discussed in Appendix E (Atmospheric Deposition).  Atmospheric deposition is the 
largest contributor (47.3 percent) of mercury to Puddingstone Reservoir.  The second largest contributor 
is the MS4 loading from the northern subwatershed (43.6 percent), which contributes loading during wet 
and dry periods.   
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Table 10-11. Summary of Existing Total Mercury Loading to Puddingstone Reservoir 

Subwatershed 
Responsible 
Jurisdiction Input 

Total Annual 
Hg Load 

(g/yr) 
Percent of 

Load 

Northern Caltrans State Highway 
Stormwater

1.32 
1 

1.85 

Northern Claremont MS4 Stormwater 1.26 1 1.78 

Northern County of Los Angeles MS4 Stormwater 5.24 1 7.36 

Northern La Verne MS4 Stormwater2 19.9 1 27.9 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne) 

General Industrial 
Stormwater

2.41 
1 

3.38 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne)  

General Construction 
Stormwater1

0.44 
  

0.62 

Northern Pomona MS4 Stormwater 0.049 1 0.07 

Northern San Dimas MS4 Stormwater 0.204 1 0.29 

Northern Angeles National Forest Stormwater 0.234 1 0.33 

Southern Caltrans MS4 Stormwater 0.096 1 0.13 

Southern La Verne MS4 Stormwater 0.097 1 0.14 

Southern Pomona MS4 Stormwater 0.166 1 0.23 

Southern San Dimas MS4 Stormwater 1.57 1 2.20 

Southern County of Los Angeles  Parkland Irrigation 4.55 6.39 

Lake Surface  Atmospheric 
Deposition

33.7 
3 

47.3 

Total 71.2 100 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The total area for the City of La Verne in the northern subwatershed is 4,079 acres.  Discharges governed by the 
general construction and general industrial stormwater permits are located in the City of La Verne.  The disturbed 
area associated with general construction and general industrial stormwater permittees (233 acres) was subtracted 
out of the appropriate city area and allocated to these permits.  

3

10.3.5 Linkage Analysis 

 Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  Specifically, models of watershed loading of mercury are 
combined with an estimated rate of bioaccumulation in the lake.  This enables a translation between the 
numeric target (expressed as a fish tissue concentration of mercury) and mercury loading rates.  The 
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loading capacity is then determined via the linkage analysis as the mercury loading rate that is consistent 
with meeting the target fish tissue concentration. 

Neither data nor resources are available to create and calibrate detailed lake response models for mercury 
cycling in Puddingstone Reservoir.  The TMDL target is based on achieving acceptable concentrations in 
fish.  In midwestern and eastern lakes, methylation in lake sediments is often the predominant source of 
methylmercury in the water column.  However, in western lakes with high sedimentation rates, rapid 
burial tends to depress the relative importance of regeneration of methylmercury from lake sediments.  In 
lakes with high sedimentation rates, fish tissue concentrations are therefore likely to respond 
approximately linearly to reductions in the watershed methylmercury and total mercury load.  Two 
studies have summarized sedimentation rates for Puddingstone Reservoir.  According to the Reservoir 
Sedimentation Database (accessed 6/5/2009), the average annual historical sedimentation rate measured 
from 1915 to 1941 for Puddingstone Reservoir was 16 ac-ft per year (approximately 0.76 inches per 
year).  The Department of Boating and Waterways and State Coastal Conservancy (2002) reports that the 
average annual sedimentation rate measured in Puddingstone Reservoir from 1925 to 1980 was 31 ac-ft 
per year (approximately 1.5 inches per year).   

Nationally, authors such as Brumbaugh et al. (2001) have shown a log-log linear relationship between 
methylmercury in water and methylmercury in fish tissue normalized to length.  However, this 
relationship is well-approximated by a linear relationship for the ranges of fish tissue concentration of 
concern for these impaired lakes.  Until such time as a lake response model for mercury is constructed, 
and sufficient calibration data are collected, an assumption of an approximately linear response of fish 
tissue concentrations to changes in external loads is sufficient for the development of a TMDL.  For a 
more detailed discussion of the linkage analysis between mercury loading and fish body burden, see 
Section 3.2.3 of this TMDL report. 

10.3.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum load consistent with 
meeting the numeric target of 0.22 ppm for mercury in largemouth bass.  The methodology for 
determining the loading capacity is described briefly in this section.  For more detail, refer to Appendix C 
(Mercury TMDL Development). 

Calculating the loading capacity first requires an estimate of the existing mercury concentration in 
largemouth bass.  To do this, a linear regression analysis was performed on tissue concentrations versus 
length for Puddingstone Reservoir.  The resulting regression equation is 

Hg(fish) = -0.04001 + 0.001149 · Len,  R2

where Hg(fish) is the total mercury concentration in largemouth bass (ppm) and Len is length in mm.  The 
regression analysis is shown in 

 = 0.32 

Figure 10-13, along with the one-sided 95 percent upper confidence limits 
on mean predictions about the regression line (95 percent UCL) and the 95 percent upper prediction 
intervals on individual predicted concentrations (95 percent UPI).  The UPI gives the confidence limit on 
the individual predictions for a given length while the UCL gives the confidence limit on the average of 
the predictions for a given length.  This regression has a non-zero intercept and should not be considered 
valid for lengths less than 150 mm. 
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Figure  10-13. Regression Analysis of Mercury in Puddingstone Reservoir Largemouth Bass 

For mercury, long-term cumulative exposure is the primary concern.  Therefore, it is appropriate to use 
the 95 percent UCL rather than the UPI to provide a Margin of Safety on the appropriate age class.  Use 
of the UCL provides an explicit Margin of Safety because it represents an upper confidence bound on the 
long-term exposure concentration.   

Both the observed data and the predicted concentrations show that mercury concentrations in largemouth 
bass typically exceed the target of 0.22 ppm in Puddingstone Reservoir.  The TMDL target is established 
for a 350 mm largemouth bass (see Section 2.2.8).  The predicted mercury concentration based on the 
UCL equation for this length is compared to the target concentration to determine the required reduction 
in mercury loading, which includes an explicit Margin of Safety as described above.   

For Puddingstone Reservoir, the fraction of the existing load consistent with attaining the target (the 
loading capacity) is the ratio of the target (0.22 ppm) to the best estimate of current average 
concentrations in the target fish population.  The difference between the direct regression estimate and the 
95 percent UCL provides the Margin of Safety.  Therefore, the allocatable fraction of the existing load 
(the loading capacity less the Margin of Safety) is the ratio of the target to the 95 percent UCL.  The 
resulting loading capacities and allocatable loads are expressed as fractions of the existing load as 
summarized in Table 10-12.  This analysis indicates that a 46.6 percent reduction in mercury loading will 
be required to bring fish tissue concentrations in 350 mm largemouth bass (see Section 2.2.8) down to 
0.22 ppm. 
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Table 10-12. Estimated Total Mercury Loading Capacity and Allocatable Load (as Fractions of the 
Existing Load) 

Parameter Value 

Target Concentration (ppm) 0.22 

Target Length (mm) 350 

Predicted Mercury Concentration at Target Length (ppm) 0.362 

95th 0.412  Percent UCL (ppm) 

Loading Capacity (ratio of target to predicted value) 0.608 

Allocatable Load (ratio of target to 95th 0.534  Percent UCL) 

Required Reduction in Existing Load (1 minus allocatable fraction) 0.466 

Margin of Safety Fraction (loading capacity fraction minus allocatable fraction) 0.074 

 

The loading capacity can also be expressed as grams per year (g/yr) using the existing load presented in 
Table 10-11 and the calculated fractions of the existing load (Table 10-12).  Specifically, the loading 
capacity is 60.8 percent of the existing load of 71.2 g/yr, or 43.3 g/yr.  This value can be further broken 
down into the wasteload allocations (WLAs), load allocations (LAs), and margin of safety (MOS) using 
the equation below.   

 
 

 
 

The allocatable load (divided among WLAs and LAs) is 53.4 percent of the existing load of 71.2 g/yr, or 
38.0 g/yr.  This value represents 88 percent of the loading capacity, while the MOS is 12 percent of the 
loading capacity.  Allocations are assigned for these TMDLs by requiring equal percentage reductions of 
all sources.  Details associated with the WLAs, LAs, and MOS are presented in the following three 
sections. 

10.3.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  In the Puddingstone Reservoir watershed, WLAs are required for all permittees in the northern 
subwatershed and Caltrans areas in the southern subwatershed.  This TMDL establishes wasteload 
allocations (WLAs) at their point of discharge.  Relevant permit numbers are  

• County of Los Angeles (including the cities of Claremont, La Verne, Pomona, and San Dimas):  
Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Construction Stormwater: Order No. 2009-0009-DWQ, CAS000002 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

Table 10-13 summarizes the existing total mercury loads and WLAs for these sources.  The WLAs are a 
46.6 percent reduction from the existing loads.  These loading values (in grams per year) represent the 

∑ ++= MOSLAWLATMDL

∑ ++= yrgyrgyrgyrg /3.5/4.21/6.16/3.43
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TMDL wasteload allocations (Table 10-13).  In addition to the WLAs presented below for total mercury, 
an in-lake water column dissolved methylmercury target of 0.081 ng/L applies. 

All responsible jurisdictions must meet the WLAs as a mass load except for storm water permittees under 
general industrial and construction stormwater permits that are receiving concentration-based WLAs.  
Each mass based or concentration based wasteload allocation must be met at the point of discharge.  In 
Table 10-13 below, stormwater permittees under general industrial and construction stormwater permits 
must meet the concentration values to achieve compliance with the WLAs. The WLA concentrations are a 
46.6 percent reduction of the existing concentrations associated with these sources, which are calculated 
by dividing the existing load (in g/yr; see Table 10-13) by the estimated flow rates (258 ac-ft/yr and 47 
ac-ft/yr for industrial and construction sites, respectively) and applying the appropriate conversion factors 
to yield concentrations in ng/L. 

Table 10-13. Wasteload Allocations of Total Mercury to the Puddingstone Reservoir 

Subwatershed 
Responsible 
Jurisdiction  Input Area (ac) 

Existing 
Annual Hg 
Load (g/yr) 

Wasteload 
Allocation4

Northern 

 
(g/yr) 

Caltrans State Highway 
Stormwater

110 
1 

1.32 0.702 

Northern Claremont MS4 Stormwater 578 1 1.26 0.674 

Northern Count of Los Angeles MS4 Stormwater 1,865 1 5.24 2.79 

Northern La Verne MS4 Stormwater2 3,846 1 19.9 10.6 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne) 

General Industrial 
Stormwater1

197 
  

2.41 

 

1.29 

(4.0 ng/L Hg)

Northern 

3 

General Construction 
Stormwater Permittees 
(in the city of La Verne)  

General 
Construction 
Stormwater1

36.0 

  

0.44 0.235 

(4.0 ng/L Hg)

Northern 

3 

Pomona MS4 Stormwater 5.28 1 0.0488 0.026 

Northern San Dimas MS4 Stormwater 28.5 1 0.204 0.109 

Northern Angeles National Forest Stormwater 293 1 0.234 0.125 

Southern Caltrans State Highway 
Stormwater

11.6 
1 

0.0960 0.051 

Total 31.1 16.6 
1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 The total area for the City of La Verne in the northern subwatershed is 4,079 acres.  Discharges governed by the 
general construction and general industrial stormwater permits are currently located in the City of La Verne.  The 
disturbed area associated with general construction and general industrial stormwater permittees (233 acres) was 
subtracted out of the appropriate city area and allocated to these permits.   Any future discharges governed by the 
general construction and general industrial stormwater permits will receive the same concentration-based wasteload 
allocations (see footnote #3). 

3 For these responsible jurisdictions, the concentration-based WLA will be used to evaluate compliance. 
4 Each mass-based and concentration-based wasteload allocations must be met at the point of discharge.  
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10.3.6.2 Load Allocations  
Load allocations (LAs) are assigned to the non-Caltrans permittees in the southern subwatershed as well 
as park irrigation and atmospheric deposition.  Table 10-14 summarizes the existing total mercury loads 
and LAs for these sources.  The LAs are a 46.6 percent reduction from the existing loads.  These loading 
values (in grams per year) represent the TMDL load allocations (Table 10-14) and each load allocation 
must be met at the point of discharge.  In addition to the LAs presented below for total mercury, an in-
lake water column dissolved methylmercury target of 0.081 ng/L applies.  

Table 10-14. Load Allocations of Total Mercury to the Puddingstone Reservoir 

Subwatershed 
Responsible 
Jurisdiction Input 

Existing 
Annual Hg 
Load (g/yr) 

Load 
Allocation1

Southern 

 
(g/yr) 

La Verne Runoff 0.097 0.0517 

Southern Pomona Runoff 0.166 0.0887 

Southern San Dimas Runoff 1.57 0.836 

Southern County of Los Angeles Parkland 
Irrigation 

4.55 2.43 

Lake Surface  Atmospheric 
Deposition

33.7 
2 

18.0 

Total 40.1 21.4 
1 Each mass-based load allocations must be met at the point of discharge.  
2 

10.3.6.3 Margin of Safety 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL includes both an implicit and explicit MOS 
for Puddingstone Reservoir.  The implicit MOS includes comparing the total mercury concentration 
reported for fish tissue samples to the methylmercury fish tissue target.  Most mercury in fish tissue is in 
the methyl form, but not all, so this is a conservative assumption.   

In this TMDL, an explicit MOS is also included by selecting the 95 percent UCL to represent the existing 
mean fish tissue concentration rather than the regression predicted mean (Figure 10-13).  Use of the UCL 
provides a margin of safety because it represents an upper confidence bound on the long-term exposure 
concentration.  For Puddingstone Reservoir, the fraction of the existing load set aside for the explicit 
MOS is 0.074, or 5.3 g/yr, which represents 12 percent of the loading capacity.  

10.3.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target in the northern lake system and maintaining existing water quality 
in the southern lake system.  Because fish bioaccumulate mercury, concentrations in tissues of edible 
sized game fish integrate exposure over a number of years.  As a result, annual mercury loading is more 
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important for the attainment of standards than instantaneous or daily concentrations, and the TMDL is 
proposed in terms of annual loads.  Mercury load is primarily delivered to the reservoir during storm 
runoff events, so high flows do represent a critical in terms of peak loading rates.     

However, the greatest impact to fish occurs when methylmercury, a more biologically available form of 
mercury, is at its greatest concentration.  Bacterially mediated methylation of mercury varies seasonally 
and typically results in the greatest methylmercury concentrations in the water column in the late summer.  
However, the impact of seasonal and other short-term variability in loading is damped out by the biotic 
response since the target concentrations in tissues of edible sized game fish integrate exposure over a 
number of years.  Additionally, this TMDL includes a methylmercury water column target applicable year 
round.  This TMDL therefore protects for critical conditions. 

10.3.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  Although it is long-term cumulative load 
rather than daily loads of mercury that are driving the bioaccumulation of mercury in fish in Puddingstone 
Reservoir, this TMDL does present a maximum daily load according to the guidelines provided by 
USEPA (2007).  The daily maximum allowable load of mercury to Puddingstone Reservoir is calculated 
from the maximum daily storm flow rate (estimated from the 99th

No USGS gage currently exists in the Puddingstone Reservoir watershed.  USGS Station 11086400, San 
Dimas Creek near San Dimas, CA, was selected as a surrogate for flow determination.  The 99

 percentile flow) to the reservoir 
multiplied by the allowable concentration for mercury consistent with achieving the long-term loading 
target.  These maximum loads are not allowed each day of the year because the annual loads specified by 
the TMDL must also be achieved.  The WLA and LA loads presented above are annual loading caps that 
cannot be exceeded. 

th percentile 
flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates 
errors due to outliers and is reasonable for development of a daily load expression.   

th percentile flow for this San Dimas Creek 
gage (55 cfs) (Wolock, 2003).  To estimate the peak flow to Puddingstone Reservoir, the 99th

The event mean concentration for mercury was calculated from the allowable load (38.0 g-Hg/yr; sum of 
the WLAs and LAs presented in 

 percentile 
flow for San Dimas Creek was scaled down by the ratio of drainage areas (8,128 acres/11,712 acres; 
Puddingstone Reservoir watershed area/San Dimas Creek watershed area at the gage).  The resulting peak 
flow estimate for Puddingstone Reservoir is 38.2 cfs. 

Table 10-13 and Table 10-14, respectively) and the average annual 
simulated stream flow generated by the LSPC model (2,692 ac-ft).  The resulting concentration (11.4 
ng/L) times the peak flow to Puddingstone Reservoir (38.2 cfs) yields a total maximum daily load of 1.06 
g-Hg/d.  For comparison, the existing load (71.2 g-Hg/yr) would yield an event mean concentration of 
21.4 ng/L and a total maximum daily load of 2.0 g-Hg/d.  As described above, in order to achieve fish 
tissue targets as well as annual load-based allocations, the maximum allowable daily loads cannot be 
discharged to the lake every day.  The WLA and LA loads presented above are annual loading caps that 
cannot be exceeded.   

10.3.6.6 Future Growth 
Much of the Puddingstone Reservoir watershed remains in shrub and brush rangeland.  As development 
occurs in this watershed, best management practices (BMPs) will be required such that loading rates are 
consistent with the allocations established by this TMDL.  Therefore, no load allocation has been set aside 
for future growth. 
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If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

10.4 PCBS IMPAIRMENT 
Polychlorinated biphenyls (PCBs) consist of a family of many related congeners.  The individual 
congeners are often referred to by their “BZ” number.  Environmental analyses may address individual 
congeners, homologs (groups of congeners with the same number of chlorine atoms), equivalent 
concentrations of the commercial mixtures of PCBs known by the trade name Aroclors, or total PCBs.  
The environmental measurements and targets described in this section are in terms of total PCBs, defined 
as the “sum of all congener or isomer or homolog or Aroclor analyses” (CTR, 40 CFR 131.38(b)(1) 
footnote v). 

The PCB impairment of Puddingstone Reservoir affects beneficial uses related to recreation, municipal 
water supply, wildlife health, and fish consumption.  PCBs are no longer in production.  While some 
loading of PCBs continues to occur in watershed runoff, the primary source of PCBs in the water column 
and aquatic life in Puddingstone Reservoir is from historic loads stored in the lake sediments.  Like other 
organochlorine compounds, PCBs accumulate in aquatic organisms and biomagnify in the food chain.  As 
a result, low environmental exposure concentrations can result in unacceptable levels in higher trophic 
level fish in the lake. 

10.4.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Puddingstone Reservoir include REC1, REC2, WARM, WILD, MUN, GWR, COLD, 
RARE, and AGR.  Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated levels 
of PCBs are currently impairing the REC1, REC2, WARM, and COLD uses by causing toxicity to 
aquatic organisms and raising fish tissue concentrations to levels that are unsafe for human consumption 
(which can result in fish consumption advisories) and impair sport fishing recreational uses.  At high 
enough concentrations WILD, MUN, GWR and RARE uses could become impaired.  

10.4.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of PCBs listed in 
the Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are based 
on the consensus-based sediment quality guidelines defined in MacDonald et al. (2000) and the fish tissue 
concentration goal, referred to as the fish contaminant goal (FCG), defined by OEHHA (2008) for fish 
consumption.  The numeric targets used for PCBs are listed below.  The fish tissue concentration goal 
was also used to back calculate site-specific targets in sediment, with the most stringent target applying.  
See Section 2 of this TMDL report for additional details. 

The water column criteria for PCBs in the Basin Plan are associated with a specific beneficial use.  For 
waters designated MUN, the Basin Plan lists a maximum contaminant level of 0.0005 mg/L, or 0.5 μg/L, 
total PCBs in water.  The Plan also contains a narrative criterion that toxic chemicals not be present at 
levels that are toxic or detrimental to aquatic life (LARWQCB, 1994).  Each waterbody addressed in this 
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report is designated WARM, at a minimum, and must meet this requirement.  A chronic criterion for the 
sum of PCB compounds in freshwater systems to protect aquatic life is included in the CTR as  
0.014 μg/L (USEPA, 2000a).  The CTR also provides a human health-based water quality criterion for the 
consumption of both water and organisms and organisms only of 0.00017 μg/L (0.17 ng/L).  The human 
health criterion of 0.17 ng/L is the most restrictive applicable criteria specified for water column 
concentrations and is selected as the water column target.  

For sediment, the consensus-based sediment quality guidelines provided in MacDonald et al. (2000) for 
the threshold effects concentration (TEC) for total PCBs in sediment is 59.8 μg/kg dry weight dry weight.  
The consensus-based guidelines have been incorporated into the most recent set of NOAA Screening 
Quick Reference Tables (SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources 
Control Board for interpretation of narrative sediment objectives under the 303(d) listing policy.  This 
target is designed to protect benthic dwelling organisms and explicitly does not consider “the potential for 
bioaccumulation in aquatic organisms nor the associated hazards to the species that consume aquatic 
organisms (i.e., wildlife and humans).”  The existing sediment PCB concentrations in Puddingstone 
Reservoir are lower than the consensus-based TEC target, and existing fish tissue concentrations are 
higher than the fish tissue target.  Thus, a separate sediment target calculation based on a biota-sediment 
accumulation factor (BSAF) is carried out to ensure that fish tissue concentration goals are met.   

The fish contaminant goal for PCBs defined by OEHHA (2008) is 3.6 ppb wet weight in muscle tissue 
(filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation derived 
from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is appropriate to 
correlate sediment and fish tissue targets.  For total PCBs, the corresponding sediment concentration 
target determined using the BSAF is 0.59 µg/kg dry weight, as described in detail in Section 10.4.5.  All 
applicable targets are shown below in Table 10-15.  For sediment, the lower value of the consensus-based 
TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 10-15. PCB Targets Applicable to Puddingstone Reservoir  

Medium Source Target 

Fish (ppb wet weight) OEHHA FCG 3.6 

Sediment (µg/kg dry 
weight) Consensus-based TEC  59.8 

Sediment (µg/kg dry 
weight) BSAF-derived target 0.59 

Water (ng/L) CTR  0.17 

Note:  Shaded cells represent the selected targets for this TMDL. 

10.4.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Puddingstone Reservoir related to the PCB impairment.  
Additional details regarding monitoring data are discussed in Appendix G (Monitoring Data). 

For PCBs, as well as other organochlorine compounds, sample analyses include both a detection limit and 
a reporting limit.  For example, a typical detection limit for total PCBs in sediment analyzed by UCLA is 
0.5 µg/kg dry weight, while the reporting limit is 5 µg/kg dry weight.   

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the fall of 2008.  Of four samples (two in Live Oak Wash and 
two in-lake stations), PCBs were below detection limits (1.5 ng/L to 1.52 ng/L) in two samples; in one of 
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the Live Oak Wash samples PCB congeners were detected, but below reporting limits of 15.23 ng/L.  One 
in-lake station had a reportable measurement (17.95 ng/L) of the PCB congener BZ-5. 

Water samples from Puddingstone Reservoir were also collected by USEPA and/or the Regional Board 
on November 18, 2008 at five stations (four in-lake stations and one station in Live Oak Wash),  
February 24, 2009 at one storm drain station, and July 16, 2009 at four stations (Live Oak Wash, a storm 
drain, and two in-lake locations).  PCBs at all stations were generally below the detection limit of 1 ng/L 
with three exceptions, including an in-lake concentration of 555 ng/L in November 2008, which is above 
the CTR water column target of 0.17 ng/L.  A summary of the water column data is shown in Table 10-
16. 

Table 10-16. Summary of Water Column Samples for PCBs in Puddingstone Reservoir 

Station 

Average Water 
Concentration 

(ng/L) 
Number of 
Samples 

Number of 
Samples above 
Detection Limit 

Number of Samples 
between Detection 

and Reporting Limits 

PR-11 (Live Oak Channel) [2.78] 4 1 1 1 

PR-14 (Northeast Reservoir 
Side) (0.63) 

2 0 
0 

PR-15 (Western Reservoir Side) 191 3 2 0 

PR-16 (Southern Reservoir Side) (0.5) 2 2 0 0 

PR-17 (Western Reservoir Side 
near Shoreline) (0.5) 

1 0 
0 

PR-SD (Storm drain in northeast 
reservoir area) (0.5) 

1 0 
0 

PR-SD2 (Storm drain in 
northeast reservoir area) (0.5) 

1 0 
0 

In-Lake Average2

48.20  (PR-14, 15, 16, 
17) 

CTR Water Column Target 0.17 
1 Total PCBs in a sample represents the sum of all quantified PCB congeners, including results reported below the 

method reporting limit.  If all congeners were non-detect, the total is represented as one-half the detection limit.  
Results of any laboratory duplicate analyses of the same sample were averaged.  Results for each station represent 
the average of individual samples.  Results in parentheses indicate that the sample average is based only on the 
detection limits of the samples and that no PCBs were quantified in any of the collected samples.  Sample averages 
based only on detected results below the reporting limit plus non-detects are shown in square brackets. 

2

 
 Overall average is the average of individual station averages. 

Pollutant concentrations associated with suspended sediments in the lake were analyzed at two in-lake 
stations as well as Live Oak Wash during the fall of 2008 by UCLA.  During the dry weather sampling 
event, PCBs were detected but below reporting limits (2.11 µg/kg to 36.23 µg/kg dry weight) at each 
location.   

A wet weather composite sample at Live Oak Wash, did not detect any total PCB concentrations 
(detection limit of 1.57 µg/kg dry weight); an additional grab sample at the outlet of Live Oak Wash was 
collected 90 minutes into the wet weather and had no detectable concentration of total PCBs (detection 
limit of 2.70 µg/kg dry weight).  Water column samples were also collected during this event (a time 
series composite and a single time point sample), but not analyzed. 
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PCBs were analyzed for three porewater samples collected at two in-lake stations.  Each sample detected 
PCB-31; however, concentrations were less than the reporting limit (150 ng/L).  Total suspended solids 
from the porewater samples were also analyzed for PCBs.  Two samples were less than the detection limit 
(0.20 µg/kg to 0.53 µg/kg dry weight) for all PCB congeners.  One sample detected PCB-31 at levels less 
than the reporting limit (3.01 µg/kg dry weight). 

UCLA also collected bed sediment samples at two in-lake locations (total of three individual samples) in 
Puddingstone Reservoir in fall 2008.  PCB congeners were detected in one sediment sample  
(average 10.8 µg/kg dry weight at PR-14), while the other samples were below detection limits (0.39 
µg/kg to 1.58 µg/kg dry weight).   

Sediment sampling was also conducted by USEPA and the Regional Board at six stations on July 16, 
2009 (Live Oak Wash, two in-lake stations, two storm drain stations, and one natural drainage).  PCBs 
were quantified at five of the six stations (one of the stormdrain samples had a concentration of  
194.7 µg/kg dry weight and exceeded the sediment consensus-based TEC of 59.8 µg/kg dry weight).  A 
summary of the sediment data is shown in Table 10-17.  The lake-wide average of 4.99 µg/kg dry weight 
is below the concentration associated with inputs (50.3 µg/kg dry weight), and both are less than the 
consensus-based TEC of 59.8 µg/kg dry weight. 

Table 10-17. Summary of Sediment Samples for PCBs in Puddingstone Reservoir 

Station 

Average Sediment 
Concentration 

(µg/kg dry 
weight)1 

Number 
of 

Samples 

Number of 
Samples above 
Detection Limit 

Number of Samples 
between Detection 

and Reporting Limits 

PR-11 (Live Oak Channel) 5.1 1 1 0 

PR-14 (Northeast Reservoir 
Side) 5.4 2 1 0 

PR-15 (Western Reservoir Side) [3.67] 2 1 1 1 

PR-16 (Southern Reservoir Side) [5.75] 2 2 2 

PR-19 (Natural drainage on 
South Side) (0.50) 1 0 0 

PR-19SD (Storm drain on South 
Side) 194.7 1 1 0 

PR-SD2 (Storm drain in 
northeast reservoir area) [1.00] 1 1 1 

In-Lake Average2 4.99  (PR-14, 15, 16) 

Influent Average 50.3 

Consensus-based TEC 59.8 
1 Total PCBs in a sample represents the sum of all quantified PCB congeners, including results reported below the 

method reporting limit.  If all congeners were non-detect, the total is represented as one-half the detection limit.  
Results of any laboratory duplicate analyses of the same sample were averaged.  Results for each station represent 
the average of individual samples.  Results in parentheses indicate that the sample average is based only on the 
detection limits of the samples and that no PCBs were quantified in any of the collected samples.  Sample averages 
based only on detected results below the reporting limit plus non-detects are shown in square brackets. 

2

 

 Overall average is the average of individual station averages. 
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Eight fish samples (composites of filets from five fish) were collected and analyzed for PCBs as Aroclor 
equivalents between 1986 and 1999.  In 1986, a largemouth bass and common carp sample reported 0 ppb 
(the detection limits for the historical fish samples are not reported) and 590 ppb wet weight, respectively, 
while in 1987 another common carp sample had a concentration of 160 ppb wet weight and a bullhead 
sample reported a zero concentration.  In 1988, the reported concentration associated with a brown 
bullhead sample was 66 ppb wet weight.  Three largemouth bass samples had concentrations of 54 ppb, 
65 ppb, and 13 ppb wet weight in 1991, 1992, and 1999, respectively.  The average reported PCB 
concentration in all samples from the 1980s and 1990s was 118.5 ppb, including the reported zeros.  
Results from the individual samples are shown in Appendix G (Monitoring Data).  

More recently, SWAMP collected samples in September 2004 and June 2007.  Considering only data 
collected in the past 10 years, the average concentration of total PCBs in largemouth bass was 20.6 ppb 
wet weight (average lipid fraction of 0.98 percent) and the average concentration of total PCBs in 
common carp was 30.2 ppb wet weight (average lipid fraction of 3.6 percent).  The recent fish-tissue data 
for Puddingstone Reservoir are summarized in Table 10-18. 

Table 10-18. Summary of Recent Fish Tissue Samples for PCBs in Puddingstone Reservoir 

Sample Date Fish Species Total PCBs (ppb wet weight)

9/22/2004 

1 

Largemouth Bass 29.1 

9/22/2004 Largemouth Bass 16.0 

9/22/2004 Largemouth Bass 35.9 

9/22/2004 Largemouth Bass 17.9 

9/22/2004 Common Carp 6.5 

9/22/2004 Common Carp 49.3 

9/22/2004 Common Carp 36.8 

9/22/2004 Common Carp 28.3 

6/6/2007 Largemouth Bass 18.7 

6/6/2007 Largemouth Bass 5.9 

2004-2007 Average - Largemouth Bass 20.6 

2004 Average - Common Carp 30.2 

FCG 3.6 
1 

In sum, recent fish tissue samples collected from Puddingstone are all elevated above OEHHA fish 
consumption guidelines for total PCBs.  Concentrations in sediment are, on average, below the 
consensus-based TEC, although an individual sample exceeded this value.  Concentrations in water were 
above detection limits in two samples (out of 14 individual samples); however, all of the detection limits 
exceeded the CTR criterion. 

Composite sample of filets from either five (largemouth bass) or three individuals (carp). 

10.4.4 Source Assessment 
PCBs in Puddingstone Reservoir are primarily due to historical loading and storage within the lake 
sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather loading is 
assumed to be negligible because hydrophobic contaminants primarily move with particulate matter that 
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is mobilized by higher flows.  Stormwater loads from the watershed were estimated based on simulated 
sediment load and observed PCB concentrations on sediment near inflows to the lake.   

Watershed loads of PCBs may arise from spills from industrial and commercial uses, improper disposal, 
and atmospheric deposition.  Industrial and commercial spills will tend to be associated with specific land 
areas, such as older industrial districts, junk yards, and transformer substations.  Improper disposal could 
have occurred at various locations (indeed, waste PCB oils were sometimes used for dust control on dirt 
roads in the 1950s).  Atmospheric deposition occurs across the entire watershed.   

There is no definitive information on specific sources of elevated PCB load within the watershed at this 
time.  Therefore, an average concentration on sediment is applied to all contributing areas, while sources 
of water that do not contribute sediment load, such as irrigation, are considered to provide no significant 
PCB loading.  The average concentration of PCBs on incoming sediment was estimated to be  
50.3 µg/kg dry weight (Table 10-17) and the estimated annual sediment load to Puddingstone Reservoir is 
265.5 tons/yr (see Appendix D, Wet Weather Loading).  The resulting estimated wet weather load is 
approximately 12.1 g/yr.  Table 10-19 shows the annual PCB load estimated from each jurisdiction.   

Table 10-19. Total PCB Loads Estimated for Each Jurisdiction and Subwatershed in the 
Puddingstone Reservoir Watershed (g/yr) 

Subwatershed 
Responsible 
Jurisdiction Input 

Sediment Load 
(tons/yr) 

Total PCB 
Load (g/yr) 

Percent of 
Total Load 

Northern Caltrans State Highway 
Stormwater

13.5 
1 

0.62 5.10% 

Northern Claremont MS4 
Stormwater

4.5 
1 

0.20 1.69% 

Northern County of Los Angeles MS4 
Stormwater

27.7 
1 

1.30 10.44% 

Northern La Verne MS4 
Stormwater

2 168 
1 

7.68 63.23% 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater

24.8 

1 

1.13 9.34% 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

4.5 

   

0.21 1.69% 

Northern Pomona MS4 
Stormwater

0.5 
1 

0.02 0.18% 

Northern San Dimas MS4 
Stormwater

1.6 
1 

0.07 0.62% 

Northern Angeles National Forest Stormwater 1.4 1 0.06 0.51% 

Southern Caltrans State Highway 
Stormwater

1.4 
1 

0.06 0.54% 

Southern La Verne Runoff 1.2 0.06 0.47% 

Southern Pomona Runoff 1.7 0.08 0.63% 
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Subwatershed 
Responsible 
Jurisdiction Input 

Sediment Load 
(tons/yr) 

Total PCB 
Load (g/yr) 

Percent of 
Total Load 

Southern San Dimas Runoff 14.8 0.68 5.59% 

Southern County of Los Angeles Parkland 
Irrigation 

0.0 0.00 0.00% 

Total Load from Watershed 265.5 12.12 100.00% 
1This input includes effluent from storm drain systems during both wet and dry weather. 
2 

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
PCBs directly to the lake surface is estimated to be close to zero, with deposited loads balanced by 
volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates of 
watershed load.   

The total area for the City of La Verne in the northern subwatershed is 4,079 acres.  Discharges governed by the 
general construction and general industrial stormwater permits are currently located in the City of La Verne.  The 
disturbed area associated with general construction and general industrial stormwater permittees (233 acres) was 
subtracted out of the appropriate city area and allocated to these permits.  

10.4.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of PCBs into 
Puddingstone Reservoir consistent with achieving water quality standards.  The loading capacity is used 
to calculate the TMDL and corresponding allocations of that load to permitted point sources (wasteload 
allocations) and nonpoint sources (load allocations).   

Lake sediments are often the predominant source of PCBs in biota.  The bottom sediment serves as a sink 
for organochlorine compounds that can be recycled through the aquatic life cycle.  PCBs are strongly 
sorbed to sediments and have long half-lives in sediment and water.  Incoming loads of PCBs will mainly 
be adsorbed to particulates from stormwater runoff (eroded sediments from legacy contamination sites or 
from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data from Puddingstone Reservoir are discussed in 
detail in Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring 
Data), respectively.  The existing sediment PCB concentrations in Puddingstone Reservoir are lower than 
the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue 
target.  Therefore, a sediment target based on biota-sediment bioaccumulation (a BSAF approach) is 
calculated from the smaller of the ratio of the FCG to existing fish tissue concentrations obtained from 
trophic level 4 fish (TL4; e.g., largemouth bass) and bottom-feeding, trophic level 3 fish (TL3; e.g., 
common carp).  In general, the TL3 number is expected to be more restrictive due to the additional uptake 
of organochlorine compounds from the sediment by bottom-feeding fish.  For PCBs in Puddingstone 
Reservoir the ratios of the FCG to the existing fish concentrations (Table 10-18) are: 

TL4: 3.6/20.6 = 0.1750 

TL3: 3.6/30.2 = 0.1191 

The lower ratio, obtained for the TL3 fish, is applied to the observed in-lake sediment concentration of 
4.99 µg/kg dry weight to obtain the site-specific sediment target concentration to achieve fish tissue goals 
of 0.59 µg/kg dry weight. The fish tissue-based target concentrations were calculated using only recent 
data (collected in the past 10 years) because the loads and exposure concentrations of PCBs are likely to 
have declined steadily since the cessation of production and use of the chemical.  The resulting fish 
tissue-based target concentrations of PCBs in the sediment of Puddingstone Reservoir is shown in Table 
10-20.
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Table 10-20. Fish Tissue-Based PCB Concentration Targets for Sediment in Puddingstone 
Reservoir 

Total PCB Concentration Sediment (µg/kg dry weight) 

Existing 4.99 

BSAF-derived Target  0.59 

Required Reduction 88.2% 

 

The BSAF-derived sediment target is less than the consensus-based sediment quality guideline TEC of 
59.8 µg/kg dry weight.  (The consensus-based sediment quality guideline is for the protection of benthic 
organisms, and explicitly does not address bioaccumulation and human-health risks from the consumption 
of contaminated fish.)  The lower value of the consensus-based TEC target or the BSAF-derived target is 
selected as the final sediment target.  In addition, the CTR criterion for human health (0.17 ng/L) is the 
selected numeric target for the water column and protects both aquatic life and human health. 

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate that would be required to yield the existing sediment 
concentration under steady-state conditions.  This yields an estimate that a load of 2,245 g/yr would be 
required to maintain observed sediment concentrations under steady-state conditions.  The estimated 
current watershed loading rate is 12.12 g/yr, or 0.5 percent of this amount.  Therefore, impairment due to 
elevated fish tissue concentrations of PCBs in Puddingstone Reservoir is primarily due to the storage of 
historic loads of PCBs in the lake sediment. 

10.4.6 TMDL Summary 
Because PCB impairment in Puddingstone Reservoir is predominantly due to historic loads stored in the 
lake sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, 
allocations are first assigned on a concentration basis, with the goal of attaining the concentrations 
identified above for water and sediment, as well as fish tissue.  The concentration targets apply to water 
and sediment entering the lake and within the lake.  The PCB TMDL will be allocated to ensure 
achievement of the loading capacity.  TMDLs are broken down into the wasteload allocations (WLAs), 
load allocations (LAs), and Margins of Safety (MOS) using the general TMDL equation.   

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 0.59 µg/kg dry weight total PCBs.  The wasteload allocations and load allocations are 
also equal to 0.59 µg/kg dry weight total PCBs in sediment.  There is no explicit MOS. Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections.  

10.4.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for total PCBs (“Alternative WLAs if the Fish Tissue Target is Met”) 
described in Section 10.4.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 10.4.6.1.1 if the conditions described in Section 10.4.6.1.2 are met.  

∑ ++= MOSLAWLATMDL
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10.4.6.1.1 Wasteload Allocations 
In the Puddingstone Reservoir watershed, wasteload allocations (WLAs) are required for all permittees in 
the northern subwatershed and Caltrans areas in the southern subwatershed.  Relevant permit numbers are  

• County of Los Angeles (including the cities of Claremont, La Verne, Pomona, and San Dimas):  
Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Construction Stormwater: Order No. 2009-0009-DWQ, CAS000002 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

PCBs in water flowing into Puddingstone Reservoir are below detection limits, and most PCB load is 
expected to move in association with sediment.  Therefore, suspended sediment in water flowing into the 
lake is assigned wasteload allocations.  Additionally, the TMDL establishes wasteload allocations for 
PCBs in the water column equal to the CTR based water column target.  The CTR based water column 
target includes both dissolved PCBs and PCBs associated with suspended sediment.  The existing 
concentration on sediment entering the lake is 50.9 µg/kg dry weight.  Therefore, a reduction of (50.3 – 
0.59)/50.3 = 98.8 percent is required on the sediment-associated load from the watershed.   

The wasteload allocations are shown in Table 10-21 and each wasteload allocation must be met at the 
point of discharge. 

Table 10-21. Wasteload Allocations for Total PCBs in Puddingstone Reservoir 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for 
PCBs Associated with 
Suspended Sediment3  

(µg/kg dry weight) 

Wasteload Allocation 
for PCBs in the Water 

Column3

Northern 

 (ng/L) 

Caltrans State Highway 
Stormwater 0.59 1 0.17 

Northern Claremont MS4 
Stormwater 0.59 1 0.17 

Northern County of Los Angeles MS4 
Stormwater 0.59 1 0.17 

Northern La Verne MS4 
Stormwater

2 0.59 1 0.17 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater

0.59 
1 

0.17 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

0.59 
   

0.17 

Northern Pomona MS4 
Stormwater 0.59 1 0.17 

Northern San Dimas MS4 
Stormwater 0.59 1 0.17 

Northern Angeles National Forest Stormwater 0.59 1 0.17 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for 
PCBs Associated with 
Suspended Sediment3  

(µg/kg dry weight) 

Wasteload Allocation 
for PCBs in the Water 

Column3

Southern 

 (ng/L) 

Caltrans State Highway 
Stormwater 0.59 1 0.17 

1This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of La Verne.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations. 

3 

10.4.6.1.2 Alternative Wasteload Allocations if the Fish Tissue Target is Met 

Each wasteload allocation must be met at the point of discharge. 

The wasteload allocations listed in Table 10-21 will be superseded, and the wasteload allocations in Table 
10-22 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 3.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five common carp each measuring at least 
350mm in length,  

2.  The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 10-22, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each wasteload allocation must be met at the point of discharge. 

Table 10-22. Alternative Wasteload Allocations for Total PCBs in Puddingstone Reservoir if the 
Fish Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for 
PCBs Associated with 
Suspended Sediment3  

(µg/kg dry weight) 

Wasteload Allocation 
for PCBs in the Water 

Column3

Northern 

 (ng/L) 

Caltrans State Highway 
Stormwater 59.8 1 

0.17 

Northern Claremont MS4 
Stormwater

59.8 
1 

0.17 

Northern County of Los Angeles MS4 
Stormwater

59.8 
1 

0.17 

Northern La Verne MS4 
Stormwater

2 59.8 
1 

0.17 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater

59.8 

1 

0.17 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

59.8 

   

0.17 

Northern Pomona MS4 
Stormwater

59.8 
1 

0.17 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for 
PCBs Associated with 
Suspended Sediment3  

(µg/kg dry weight) 

Wasteload Allocation 
for PCBs in the Water 

Column3

Northern 

 (ng/L) 

San Dimas MS4 
Stormwater

59.8 
1 

0.17 

Northern Angeles National Forest Stormwater 59.8 1 0.17 

Southern Caltrans State Highway 
Stormwater

59.8 
1 

0.17 

1This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of La Verne.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations. 

3 

10.4.6.2 Load Allocations  

Each wasteload allocation must be met at the point of discharge. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for total PCBs (“Alternative LAs if the Fish Tissue Target is Met”) described 
in Section 10.4.6.2.2. The alternative load allocations will supersede the load allocations in Section 
10.4.6.2.1 if the conditions described in Section 10.4.6.2.2 are met. 

10.4.6.2.1 Load Allocations 
Load allocations (LAs) are assigned to the non-Caltrans permittees in the southern subwatershed, and lake 
bottom sediments.  Additionally, the TMDL establishes load allocations for PCBs in the water column 
equal to the CTR based water column target.  The CTR based water column target includes both dissolved 
PCBs and PCBs associated with suspended sediment.   No load is allocated to atmospheric deposition of 
PCBs.  The legacy PCB stored in lake sediment is the major cause of use impairment associated with 
elevated fish tissue concentrations, and is assigned a load allocation.  The in-lake allocation is in 
concentration terms: specifically, the responsible jurisdiction (County of Los Angeles) should achieve a 
PCB concentration of 0.59 µg/kg dry weight in lake bottom sediments (Table 10-23).  Each load 
allocation must be met at the point of discharge, except for the lake bottom sediment load allocation 
which must be met in the lake. 

Table 10-23. Load Allocations for Total PCBs in Puddingstone Reservoir  

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation for PCBs 
Associated with Suspended 

Sediment or Lake Bottom Sediments 
(µg/kg dry weight) 

Southern La Verne Runoff 0.59 1 

Southern Pomona Runoff 0.59 1 

Southern San Dimas Runoff 0.59 1 

Southern County of Los 
Angeles 

Parkland Irrigation 0.59 1 

Lake Surface County of Los 
Angeles 

Lake bottom 
sediments

0.59 
2 

1 Each load allocation must be met at the point of discharge. 
2 The load allocation must be met in the lake. 
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10.4.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 
The load allocations listed in Table 10-23 will be superseded, and the load allocations in Table 10-24 will 
apply, if: 

1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 3.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length,   

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 10-24, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each load allocation must be met at the point of discharge, except for the lake bottom sediment load 
allocation which must be met in the lake. 

Table 10-24. Alternative Load Allocations for Total PCBs in Puddingstone Reservoir if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Southern La Verne Runoff 59.8 1 

Southern Pomona Runoff 59.8 1 

Southern San Dimas Runoff 59.8 1 

Southern County of Los Angeles Parkland Irrigation 59.8 1 

Lake Surface County of Los Angeles  Lake bottom sediments 59.8 2 
1 Each load allocation must be met at the point of discharge. 
2 

10.4.6.3 Margin of Safety 

The load allocation must be met in the lake. 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  

10.4.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate PCBs, concentrations in tissues of edible sized game fish integrate exposure over a number 
of years.  As a result, overall average loading is more important for the attainment of standards than 
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instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations and 
protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects for 
critical conditions. 

10.4.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the PCB WLAs are expressed as concentrations on sediment, the daily maximum allowable load 
is calculated from the maximum daily sediment load multiplied by the TMDL WLA concentration.  The 
maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Puddingstone Reservoir watershed.  USGS Station 11086400, San 
Dimas Creek near San Dimas, CA, was selected as a surrogate for flow determination.  The 99

 percentile daily flow and the sediment event 
mean concentration that yields the estimated annual sediment load.   

th percentile 
flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates 
errors due to outliers and is reasonable for development of a daily load expression. 

th percentile flow for San Dimas Creek  
(55 cfs) (Wolock, 2003).  To estimate the peak flow to Puddingstone Reservoir, the 99th

The event mean concentration of sediment in stormwater (45.5 mg/L) was calculated from the estimated 
existing watershed sediment load of 265.5 tons/yr (

 percentile flow 
for San Dimas Creek was scaled down by the ratio of drainage areas (8,128 acres/11,712 acres; 
Puddingstone Reservoir watershed area/San Dimas Creek watershed area at the gage).  The resulting peak 
flow estimate for Puddingstone Reservoir is 38.2 cfs.   

Table 10-19) divided by the total annual wet weather 
flow volume delivered to the lake (4,295 ac-ft/yr).  Multiplying the sediment event mean concentration by 
the 99th

10.4.6.6 Future Growth 

 percentile peak daily flow (38.2 cfs) yields a daily maximum sediment load from stormwater of 
4,249 kg/d (4.7 tons/d).  Applying the wasteload allocation concentration of 0.59 µg total PCBs per dry 
kg of sediment yields the stormwater daily maximum allowable load of 0.0025 g/d of total PCBs.  This 
load is associated with the MS4 stormwater permittees.  The maximum allowable daily load must be met 
on all days, and the concentration-based WLAs must be met to ensure compliance with the TMDL. 

USEPA regulates PCBs under the Toxic Substances Control Act (TSCA), which generally bans the 
manufacture, use, and distribution in commerce of the chemicals in products at concentrations of 50 parts 
per million or more, although TSCA allows USEPA to authorize certain uses, such as to rebuild existing 
electrical transformers during the transformers’ useful life.  Therefore, no additional allowance is made 
for future growth in the PCB TMDL. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

10.5 CHLORDANE IMPAIRMENT 
Total chlordane consists of a family of related chemicals, including cis- and trans-chlordane, 
oxychlordane, trans-nonachlor, and cis-nonachlor.  Observations and targets discussed in this section all 
refer to total chlordane.  Chlordane was used as a pesticide in field, commercial, and residential uses.  
Chlordane is no longer in production, but persists in the environment from legacy loads. 
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The chlordane impairment of Puddingstone Reservoir affects the beneficial uses related to recreation, 
municipal water supplies, wildlife health, and fish consumption.  While some loading of chlordane 
continues to occur in watershed runoff, the primary source of chlordane in the water column and aquatic 
life in Puddingstone Reservoir is from historic loads stored in the lake sediments.  Chlordane, like other 
organochlorine compounds, accumulates in aquatic organisms and biomagnifies in the food chain.  As a 
result, low environmental concentrations can result in unacceptable levels in higher trophic level fish in 
the lake.  The approach for chlordane is similar to that for PCBs. 

10.5.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Puddingstone Reservoir include REC1, REC2, WARM, WILD, MUN, GWR, COLD, 
RARE, and AGR.  Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated levels 
of chlordane are currently impairing the REC1, REC2, WARM, and COLD uses by causing toxicity to 
aquatic organisms and raising fish tissue concentrations to levels that are unsafe for human consumption 
(which can result in fish consumption advisories) and impairing sport fishing recreational uses.  At high 
enough concentrations WILD, MUN, GWR and RARE uses could become impaired. 

10.5.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of chlordane in the 
Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are based on 
the consensus-based sediment quality guidelines defined in MacDonald et al. (2000) and the fish tissue 
concentration goal, referred to as the fish contaminant goal (FCG), for chlordane defined by the Office of 
Environmental Health Hazard Assessment (OEHHA) for fish consumption.  The numeric targets used for 
chlordane are listed below.  The fish tissue concentration goal was also used to back calculate site-
specific targets in sediment, with the most stringent target applying.  See Section 2 of this TMDL report 
for additional details. 

The water column criteria for chlordane in the Basin Plan are associated with a specific beneficial use.  
For waters designated MUN, the Basin Plan lists a maximum contaminant level of 0.0001 mg/L, or  
0.1 μg/L.  The Basin Plan also contains a narrative criterion that toxic chemicals not be present at levels 
that are toxic or detrimental to aquatic life (LARWQCB, 1994).  Puddingstone Reservoir is also 
designated WARM, COLD, and RARE, and must at least meet this requirement.  Acute and chronic 
criteria for chlordane in freshwater systems are defined by the California Toxics Rule as 2.4 μg/L and 
0.0043 μg/L, respectively (USEPA, 2000a).  The CTR also includes human health criteria for the 
consumption of water and organisms and for the consumption of organisms only as 0.00057 μg/L and 
0.00059 μg/L, respectively (USEPA, 2000a).  Because the human health criterion for the consumption of 
water and organisms is the most restrictive criterion applicable to Puddingstone Reservoir, a water 
column target of 0.00057 μg/L (0.57 ng/L) is the appropriate target.   

For sediment, the consensus-based sediment quality guidelines provided in MacDonald et al. (2000) for 
the threshold effects concentration (TEC) for chlordane is 3.24 µg/kg dry weight.  The consensus-based 
guidelines have been incorporated into the most recent set of NOAA Screening Quick Reference Tables 
(SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources Control Board for 
interpretation of narrative sediment objectives under the 303(d) listing policy.  This target is designed to 
protect benthic dwelling organisms and explicitly does not consider “the potential for bioaccumulation in 
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aquatic organisms nor the associated hazards to the species that consume aquatic organisms (i.e., wildlife 
and humans).”  The existing sediment chlordane concentrations in Puddingstone Reservoir are lower than 
the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue 
target.  Thus, a separate sediment target calculation based on a biota-sediment accumulation factor 
(BSAF) is carried out to ensure that fish tissue concentration goals are met.   

The fish contaminant goal for chlordane defined by OEHHA (2008) is 5.6 ppb wet weight in muscle 
tissue (filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation 
derived from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is 
appropriate to correlate sediment and fish tissue targets.  For chlordane, the corresponding sediment 
concentration target determined using the BSAF is 0.75 µg/kg dry weight, as described in Section 10.5.5.  
All applicable targets are shown below in Table 10-25.  For sediment, the lower value of the consensus-
based TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 10-25. Total Chlordane Targets for Puddingstone Reservoir 

Media Source Target 

Fish (ppb wet weight) OEHHA FCG 5.6 

Sediment (ng /dry g) Consensus-based TEC 3.24 

Sediment (µg/kg dry 
weight) BSAF-derived target 0.75 

Water (ng/L) CTR  0.57 

Note:  Shaded cells represent the selected targets for this TMDL. 

10.5.3 Summary of Monitoring Data 
This section summarizes the monitoring data related to the chlordane impairment in Puddingstone 
Reservoir.  Additional details regarding monitoring data are discussed in Appendix G (Monitoring Data). 

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the fall of 2008.  These analyses measured cis- and trans-
chlordane, but not oxychlordane or nonachlor.  Of four samples (two in Live Oak Wash and two in-lake 
stations), chlordane was consistently below the detection limits (1.5 ng/L to 1.57 ng/L; the detection limit 
for chlordane is higher than the water column criterion of 0.57 ng/L).   

Water samples from Puddingstone Reservoir were also collected by USEPA and/or the Regional Board 
on November 18, 2008 at five stations (four in-lake stations and one station in Live Oak Wash) and July 
16, 2009 at four stations (Live Oak Wash, a storm drain, and two in-lake locations).  These analysis did 
include oxychlordane and nonachlor.  Chlordane concentrations at all stations were below the detection 
limit of 1 ng/L, which is above the CTR water column target of 0.57 ng/L.  A summary of the water 
column data is shown in Table 10-26. 

Table 10-26. Summary of Water Column Samples for Total Chlordane in Puddingstone Reservoir 

Station 
Average Water 

Concentration (ng/L) 
Number of 
Samples 

Number of Samples Above 
Detection Limits

PR-11 (Live Oak Channel) 

1 

(0.63) 4 2 0 

PR-14 (Northeast Reservoir Side) (0.63) 2 0 
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Station 
Average Water 

Concentration (ng/L) 
Number of 
Samples 

Number of Samples Above 
Detection Limits

PR-15 (Western Reservoir Side) 

1 

(0.60) 3 0 

PR-16 (Southern Reservoir Side) (0.50) 2 0 

PR-17 (Western Reservoir Side near 
Shoreline) (0.50) 

1 0 

PR-SD2 (Storm drain in northeast 
reservoir area) (0.50) 

1 0 

In-Lake Average (PR-14, 15, 16, 17) (0.56) 3 

CTR Water Column Target 0.57 
1 Non-detect samples were included in reported averages at one-half of the sample detection limit. 
2 Numbers in parentheses indicate that the sample is based only on the detection limits of the samples, and that no 

chlordanes were quantified in any of the collected samples. 
3

Pollutant concentrations associated with suspended sediments in the lake were analyzed at two in-lake 
stations as well as Live Oak Wash during the fall of 2008 by UCLA.  Concentrations of chlordane in the 
suspended sediment samples were less than the detection limits (2 µg/kg to 36 µg/kg dry weight) at the 
two in-lake stations; chlordane was detected but not at reportable amounts in the Live Oak Wash 
suspended sediment sample.  A grab sample at the outlet of Live Oak Wash that was collected 90 minutes 
into a wet weather event had no detectable results (detection limit of 2.70 µg/kg dry weight); the 
composite sample for this event was also less than the detection limit (1.57 µg/kg dry weight).  Water 
column samples were collected during this event (a time series composite and a single time point sample) 
as well, but not analyzed. Chlordane concentrations were also analyzed in porewater; all samples were 
less than the detection limit of 15 ng/L.  The suspended sediments associated with the porewater had 
concentrations less than detection limits (0.2 µg/kg to 0.53 µg/kg dry weight). 

 Overall average is the average of individual station averages. 

UCLA collected bed sediment samples at two in-lake locations (total of three individual samples) in 
Puddingstone Reservoir in fall 2008.  As with the water column analyses by UCLA, these report cis- and 
trans-chlordane, but not oxychlordane or nonachlor.  Total chlordane was consistently below detection 
limits (0.39 µg/kg to 1.58 µg/kg dry weight).  Sediment sampling was conducted by USEPA and the 
Regional Board at six stations on July 16, 2009 (Live Oak Wash, two in-lake stations, two storm drain 
stations, and one natural drainage).  Total chlordane (including oxychlordane and nonachlor) was 
quantified at each of the six stations with values ranging from 1.1 µg/kg to 6.5 µg/kg dry weight (two of 
the six samples had a concentration exceeding the sediment consensus-based TEC of 3.24 µg/kg dry 
weight).  A summary of the sediment data is shown in Table 10-27.  The lake-wide average of 2.15 µg/kg 
dry weight is less than the concentration associated with inputs (5.11 µg/kg dry weight), and the lake-
wide average is less than the consensus-based TEC of 3.24 µg/kg dry weight. 

Table 10-27. Summary of Sediment Samples for Total Chlordane in Puddingstone Reservoir 

Station 

Average Sediment 
Concentration 

(µg/kg dry 
weight)1 

Number 
of 

Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection 

and Reporting 
Limits 

PR-11 (Live Oak Channel) 10.15 1 1 0 

PR-14 (Northeast Reservoir Side) (0.22) 2 0 0 
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Station 

Average Sediment 
Concentration 

(µg/kg dry 
weight)1 

Number 
of 

Samples 

Number of 
Samples above 
Detection Limits 

Number of Samples 
between Detection 

and Reporting 
Limits 

PR-15 (Western Reservoir Side) 3.77 2 1 0 

PR-16 (Southern Reservoir Side) [2.45] 2 1 1 

PR-19 (Natural Drainage on South 
Side) 

[2.20] 1 1 1 

PR-19SD (Storm Drain on South 
Side) 

[4.50] 1 1 1 

PR-SD2 (Storm drain in northeast 
reservoir area) 

[3.60] 1 1 1 

In-Lake Average2 2.15  (PR-14, 15, 16) 

Influent Average 5.11 

Consensus-based TEC 3.24 
1 Total chlordane in a sample represents the sum of all reported measurements for alpha and gamma chlordane, 

oxychlordane, and cis- and trans-nonachlor, including results reported below the method reporting limit.  If all 
components were non-detect, the total is represented as one-half the detection limit.  Results of any laboratory 
duplicate analyses of the same sample were averaged.  Results for each station represent the average of individual 
samples.  Results in parentheses indicate that the sample average is based only on the detection limits of the 
samples and that no chlordane quantified in any of the collected samples.  Sample averages based only on 
detected results below the reporting limit plus non-detects are shown in square brackets. 

2

Fish tissue concentrations of total chlordane from Puddingstone Reservoir have been analyzed in 
largemouth bass, common carp, bullhead, and brown bullhead (SWAMP and TSMP).  Eight fish samples 
(composites of filets from five fish) were collected and analyzed for total chlordane between 1986 and 
1999.  In 1986, a largemouth bass and common carp sample reported 10.4 ppb and 460 ppb wet weight, 
respectively, while in 1987 another common carp sample had a concentration of 193.5 ppb wet weight 
and a bullhead sample reported a concentration of 44.4 ppb wet weight.  In 1988, the reported 
concentration associated with a brown bullhead sample was 48.5 ppb wet weight.  Three largemouth bass 
samples had concentrations of 16.1 ppb, 31.7 ppb, and 2.8 ppb wet weight in 1991, 1992, and 1999, 
respectively.  The average reported chlordane concentration in all samples from the 1980s and 1990s was 
100.9 ppb wet weight.  Results from the individual samples are shown in Appendix G (Monitoring Data).  

 Overall average is the average of individual station averages. 

More recently, SWAMP collected samples in September 2004 and June 2007.  Considering only data 
collected in the past 10 years, the average concentration of total chlordane in largemouth bass was 8.7 ppb 
wet weight (average lipid fraction of 0.98 percent), and the average concentration of total chlordane in 
common carp was 30.2 ppb wet weight (average lipid fraction of 3.6 percent).  The recent fish-tissue data 
for Puddingstone Reservoir are summarized in Table 10-28. 

Table 10-28. Summary of Recent Fish Tissue Samples for Total Chlordane in Puddingstone 
Reservoir  

Sample Date Fish Species Total Chlordane 
(ppb wet weight)

9/22/2004 

1 

Largemouth Bass 12.4 

9/22/2004 Largemouth Bass 5.9 
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Sample Date Fish Species Total Chlordane 
(ppb wet weight)

9/22/2004 

1 

Largemouth Bass 13.6 

9/22/2004 Largemouth Bass 7.3 

9/22/2004 Common Carp 1.2 

9/22/2004 Common Carp 27.3 

9/22/2004 Common Carp 20.0 

9/22/2004 Common Carp 15.6 

6/6/2007 Largemouth Bass 9.3 

6/6/2007 Largemouth Bass 3.8 

2004-2007 Average - Largemouth Bass 8.7 

2004 Average - Common Carp 16.0 

FCG 5.6 
1 

In sum, a majority (80 percent) of recent fish tissue samples collected from Puddingstone are elevated 
above OEHHA fish consumption guidelines for total chlordane (5.6 ppb; the average concentration is also 
above the FCG).  Concentrations in sediment are, on average, below the consensus-based TEC, although 
individual samples exceeded this value.  Water column samples have all been below detection limits; 
however, all of the detection limits exceeded the CTR criterion. 

Composite sample of filets from five (largemouth bass) or three individuals (common carp). 

10.5.4 Source Assessment 
Chlordane in Puddingstone Reservoir is primarily due to historical loading and storing within the lake 
sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather loading is 
assumed to be negligible because hydrophobic contaminants primarily move with particulate matter that 
is mobilized by higher flows.  Stormwater loads from the watershed were estimated based on simulated 
sediment load and observed chlordane concentrations on sediment near inflows to the lake.  Watershed 
loads of chlordane may arise from past pesticide applications, improper disposal, and atmospheric 
deposition.  Pesticide applications were most likely associated with agricultural, commercial, and 
residential areas.  Improper disposal could have occurred at various locations, while atmospheric 
deposition occurs across the entire watershed. 

There is no definitive information on specific sources within the watershed at this time.  Therefore, an 
average concentration on sediment is applied to all contributing areas, while sources of water that do not 
contribute sediment load, such as irrigation, are considered to provide no significant chlordane loading.  
The average concentration of total chlordane on incoming sediment is estimated to be 5.11 µg/kg dry 
weight (Table 10-27) and the annual sediment load to Puddingstone Reservoir is 265.5 tons/yr (see 
Appendix D, Wet Weather Loading).  The resulting estimated wet weather load of chlordane is 
approximately 1.23 g/yr (Table 10-29).  
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Table 10-29. Total Chlordane Loads Estimated for Each Jurisdiction and Subwatershed in the 
Puddingstone Reservoir Watershed (g/yr) 

Subwatershed 
Responsible 
Jurisdiction Input 

Sediment Load 
(tons/yr) 

Total 
Chlordane 
Load (g/yr) 

Percent of 
Total Load 

Northern Caltrans State Highway 
Stormwater 13.5 1 0.063 5.10% 

Northern Claremont MS4 
Stormwater 4.5 1 0.021 1.69% 

Northern County of Los Angeles MS4 
Stormwater 27.7 1 0.128 10.43% 

Northern La Verne MS4 
Stormwater

2 168 1 0.778 63.22% 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater

24.8 
1 

0.115 9.34% 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

4.5 
   

0.021 1.69% 

Northern Pomona MS4 
Stormwater 0.5 1 0.002 0.18% 

Northern San Dimas MS4 
Stormw1 1.6 ater 0.008 0.62% 

Northern Angeles National Forest Stormwater 1.4 
1 0.006 0.51% 

Southern Caltrans State Highway 
Stormwater 1.4 1 0.007 0.54% 

Southern La Verne Runoff 1.2 0.006 0.47% 

Southern Pomona Runoff 1.7 0.008 0.63% 

Southern San Dimas Runoff 14.8 0.069 5.59% 

Southern County of Los Angeles Parkland 
Irrigation 0.0 0.000 0.00% 

Total Load from Watershed 265.5 1.23 100.00% 
1This input includes effluent from storm drain systems during both wet and dry weather. 
2 

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
total chlordane directly to the lake surface is estimated to be close to zero, with deposited loads balanced 
by volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates 
of watershed load.   

The total area for the City of La Verne in the northern subwatershed is 4,079 acres.  Discharges governed by the 
general construction and general industrial stormwater permits are currently located in the City of La Verne.  The 
disturbed area associated with general construction and general industrial stormwater permittees (233 acres) was 
subtracted out of the appropriate city area and allocated to these permits.  

10.5.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of total 
chlordane into Puddingstone Reservoir.  The loading capacity is used to estimate the TMDL and 
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corresponding allocations of that load to permitted point sources (wasteload allocations) and nonpoint 
sources (load allocations).   

Lake sediments are often the predominant source of total chlordane in biota.  The bottom sediment serves 
as a sink for organochlorine compounds that can be recycled through the aquatic life cycle.  Chlordanes 
are strongly sorbed to sediments and have long half-lives in sediment and water.  Incoming loads of total 
chlordane will mainly be adsorbed to particulates from stormwater runoff (eroded sediments from legacy 
contamination sites or from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data from Puddingstone Reservoir are discussed in 
detail in Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring 
Data), respectively.  The existing sediment chlordane concentrations in Puddingstone Reservoir are lower 
than the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue 
target.  Therefore, a sediment target based on biota-sediment bioaccumulation (a BSAF approach) is 
calculated from the smaller of the ratio of the FCG to existing fish tissue concentrations obtained from 
trophic level 4 fish (TL4; e.g., largemouth bass) and bottom-feeding, trophic level 3 fish (TL3; e.g., 
common carp).  In general, the TL3 number is expected to be more restrictive due to the additional uptake 
of organochlorine compounds from the sediment by bottom-feeding fish.  For chlordane in Puddingstone 
Reservoir, the ratios of the FCG to the existing fish concentrations (Table 10-27) are: 

TL4: 5.6/8.7 = 0.6424 

TL3: 5.6/16.0 = 0.3500 

The lower ratio, obtained for the TL3 fish, is applied to the observed sediment concentration of 2.15 
µg/kg dry weight to obtain the site-specific sediment target concentration to achieve fish tissue goals of 
0.75 µg/kg dry weight. 

The fish tissue-based target concentrations were calculated using only recent data (collected in the past  
10 years) because the loads and exposure concentrations of total chlordane are likely to have declined 
steadily since the cessation of production and use of the chemicals.  The resulting fish tissue-based target 
concentration of total chlordane in the sediment of Puddingstone Reservoir is shown in Table 10-30. 

Table 10-30. Fish Tissue-Based Chlordane Concentration Targets for Sediment in Puddingstone 
Reservoir 

Total Chlordane Concentration Sediment (µg/kg dry weight) 

Existing 2.15 

BSAF-derived Target  0.75 

Required Reduction 65.1% 

 

The BSAF-derived sediment target is less than the consensus-based TEC of 3.24 µg/kg dry weight.  (The 
consensus-based sediment quality guideline is for the protection of benthic organisms, and explicitly does 
not address bioaccumulation and human-health risks from the consumption of contaminated fish.)  The 
lower value of the consensus-based TEC target or the BSAF-derived target is selected as the final 
sediment target.  In addition, the CTR criterion for human health (0.57 ng/L) is the selected numeric 
target for the water column and protects both aquatic life and human health. 

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate required to yield the existing sediment concentration under 
steady-state conditions.  This yields an estimate that a load of 1,379 g/yr would be required to maintain 
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observed sediment concentrations under steady-state conditions.  The estimated current watershed loading 
rate is 1.23 g/yr, or 0.09 percent of this amount.  Therefore, impairment due to elevated fish tissue 
concentrations of chlordane in Puddingstone Reservoir is primarily due to the storage of historic loads of 
chlordane in the lake sediment. 

10.5.6  TMDL Summary 
Because chlordane impairment in Puddingstone Reservoir is predominantly due to historic loads stored in 
the lake sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, 
allocations are first assigned on a concentration basis, with the goal of attaining the concentrations 
identified above for water and sediment, as well as fish tissue.   The concentration targets apply to water 
and sediment entering the lake and within the lake.   

The chlordane TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are 
broken down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety 
(MOS) using the general TMDL equation.   

 

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 0.75 µg/kg dry weight chlordane.  The wasteload allocations and load allocations are 
also equal to 0.75 µg/kg dry weight chlordane in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections. 

10.5.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for chlordane (“Alternative WLAs if the Fish Tissue Target is Met”) 
described in Section 10.5.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 10.5.6.1.1 if the conditions described in Section 10.5.6.1.2 are met.  

10.5.6.1.1 Wasteload Allocations 
In the Puddingstone Reservoir watershed, wasteload allocations (WLAs) are required for all permittees in 
the northern subwatershed and Caltrans areas in the southern subwatershed.  Relevant permit numbers are  

• County of Los Angeles (including the cities of Claremont, La Verne, Pomona, and San Dimas):  
Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Construction Stormwater: Order No. 2009-0009-DWQ, CAS000002 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

Total chlordane concentrations in water flowing into Puddingstone Reservoir are below detection limits, 
and most chlordane load is expected to move in association with sediment.  Therefore, suspended 
sediment in the water flowing into the lake is assigned wasteload allocations.  Additionally, the TMDL 
establishes wasteload allocations for chlordane in the water column equal to the CTR based water column 
target.  The CTR based water column target includes both dissolved chlordane and chlordane associated 
with suspended sediment.  The existing concentration of sediment entering the lake is 5.11 µg/kg dry 

∑ ++= MOSLAWLATMDL
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weight.  Therefore, a reduction of (5.11 – 0.75)/5.11 = 85.3 percent is required on the sediment-associated 
load from the watershed.  The reduction in watershed load is greater than the reduction needed for in-lake 
sediments because the estimated concentration on influent sediment is greater than the lake-wide average. 

The wasteload allocations are shown in Table 10-31 and each wasteload allocation must be met at the 
point of discharge. 

Table 10-31. Wasteload Allocations for Total Chlordane in Puddingstone Reservoir 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for 
Total Chlordane 
Associated with 

Suspended Sediment3  
(µg/kg dry weight) 

Wasteload 
Allocation for 

Chlordane in the 
Water Column3

Northern 

 
(ng/L) 

Caltrans State Highway 
Stormwater 0.75 1 

0.57 

Northern Claremont MS4 
Stormwater

0.75 
1 

0.57 

Northern County of Los Angeles MS4 
Stormwater

0.75 
1 

0.57 

Northern La Verne MS4 
Stormwater

2 0.75 
1 

0.57 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater1

0.75 

  

0.57 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

0.75 

   

0.57 

Northern Pomona MS4 
Stormwater

0.75 
1 

0.57 

Northern San Dimas MS4 
Stormwater

0.75 
1 

0.57 

Northern Angeles National Forest Stormwater 0.75 1 0.57 

Southern Caltrans State Highway 
Stormwater

0.75 
1 

0.57 

1This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of La Verne.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations. 

3 

10.5.6.1.2 Alternative Wasteload Allocations if Fish Tissue Targets Are Met 

Each wasteload allocation must be met at the point of discharge. 

The wasteload allocations listed in Table 10-31 will be superseded, and the wasteload allocations in Table 
10-32 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 5.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
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a composite sample of skin off fillets from at least five common carp each measuring at least 
350mm in length,   

2. The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 10-32, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each wasteload allocation must be met at the point of discharge. 

Table 10-32. Alternative Wasteload Allocations for Total Chlordane in Puddingstone Reservoir if 
the Fish Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for 
Total Chlordane 
Associated with 

Suspended Sediment3  
(µg/kg dry weight) 

Wasteload 
Allocation for 

Chlordane in the 
Water Column3

Northern 

 
(ng/L) 

Caltrans State Highway 
Stormwater 3.24 1 

0.57 

Northern Claremont MS4 
Stormwater

3.24 
1 

0.57 

Northern County of Los Angeles MS4 
Stormwater

3.24 
1 

0.57 

Northern La Verne MS4 
Stormwater

2 3.24 
1 

0.57 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater1

3.24 

  

0.57 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

3.24 

   

0.57 

Northern Pomona MS4 
Stormwater

3.24 
1 

0.57 

Northern San Dimas MS4 
Stormwater

3.24 
1 

0.57 

Northern Angeles National Forest Stormwater 3.24 1 0.57 

Southern Caltrans State Highway 
Stormwater

3.24 
1 

0.57 

1This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of La Verne.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations. 

3 

10.5.6.2 Load Allocations  

Each wasteload allocation must be met at the point of discharge. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for chlordane (“Alternative LAs if the Fish Tissue Target is Met”) described 
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in Section 10.5.6.2.2. The alternative load allocations will supersede the load allocations in Section 
10.5.6.2.1 if the conditions described in Section 10.5.6.2.2 are met.  

 

10.5.6.2.1 Load Allocations 
Load allocations (LAs) are assigned to the non-Caltrans permittees in the southern subwatershed and lake 
bottom sediments.  Additionally, the TMDL establishes load allocations for chlordane in the water 
column equal to the CTR based water column target.  The CTR based water column target includes both 
dissolved chlordane and chlordane associated with suspended sediment.  No load is allocated to 
atmospheric deposition of total chlordane.  The legacy chlordane stored in lake sediment is the major 
cause of use impairment associated with elevated fish tissue concentrations, and is assigned a load 
allocation.  The in-lake allocation is in concentration terms: specifically, the responsible jurisdiction 
(County of Los Angeles) should achieve a total chlordane concentration of 0.75 µg/kg dry weight in lake 
bottom sediments (Table 10-33).  Each load allocation must be met at the point of discharge, except for 
the lake bottom sediment load allocation which must be met in the lake. 

Table 10-33. Load Allocations for Total Chlordane in Puddingstone Reservoir  

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation for Chlordane 
Associated with Suspended 

Sediment or Lake Bottom 
Sediments 

(µg/kg dry weight) 

Southern La Verne Runoff 0.75 1 

Southern Pomona Runoff 0.75 1 

Southern San Dimas Runoff 0.75 1 

Southern County of Los Angeles Parkland Irrigation 0.75 1 

Lake Surface County of Los Angeles Lake bottom sediments 0.75 2 
1 Each load allocation must be met at the point of discharge. 
2 

10.5.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 

The load allocation must be met in the lake. 

The load allocations listed in Table 10-33 will be superseded, and the load allocations in Table 10-34 will 
apply, if: 

1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 5.6 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length,   

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 10-34, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it.  

Each load allocation must be met at the point of discharge, except for the lake bottom sediment load 
allocation which must be met in the lake. 
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Table 10-34. Alternative Load Allocations for Total Chlordane in Puddingstone Reservoir if the 
Fish Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Southern La Verne Runoff 3.24 1 

Southern Pomona Runoff 3.24 1 

Southern San Dimas Runoff 3.24 1 

Southern County of Los Angeles Parkland Irrigation 3.24 1 

Lake Surface County of Los Angeles  Lake bottom sediments 3.24 2 
1 Each load allocation must be met at the point of discharge. 
2 

10.5.6.3 Margin of Safety 

The load allocation must be met in the lake. 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  

10.5.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate chlordane, concentrations in tissues of edible sized game fish integrate exposure over a 
number of years.  As a result, overall average loading is more important for the attainment of standards 
than instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations 
and protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects 
for critical conditions. 

10.5.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the total chlordane WLAs are expressed as concentrations on sediment, the daily maximum 
allowable load is calculated from the maximum daily sediment load multiplied by the TMDL WLA 
concentration.  The maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Puddingstone Reservoir watershed.  USGS Station 11086400, San 
Dimas Creek near San Dimas, CA, was selected as a surrogate for flow determination.  The 99

 percentile daily flow and the 
sediment event mean concentration that yields the estimated annual sediment load.   

th percentile 
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flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates 
errors due to outliers and is reasonable for development of a daily load expression. 

th percentile flow for San Dimas Creek  
(55 cfs) (Wolock, 2003).  To estimate the peak flow to Puddingstone Reservoir, the 99th

The event mean concentration of sediment in stormwater (45.5 mg/L) was calculated from the estimated 
existing watershed sediment load of 265.5 tons/yr (

 percentile flow 
for San Dimas Creek was scaled down by the ratio of drainage areas (8,128 acres/11,712 acres; 
Puddingstone Reservoir watershed area/San Dimas Creek watershed area at the gage).  The resulting peak 
flow estimate for Puddingstone Reservoir is 38.2 cfs.   

Table 10-29) divided by the total annual wet weather 
flow volume delivered to the lake (4,295 ac-ft/yr).  Multiplying the sediment event mean concentration by 
the 99th

10.5.6.6 Future Growth 

 percentile peak daily flow (38.2 cfs) yields a daily maximum sediment load from stormwater of 
4,249 kg/d (4.7 tons/d).  Applying the wasteload allocation concentration of 0.75 µg total chlordane per 
dry kg of sediment yields the stormwater daily maximum allowable load of 0.0032 g/d of total chlordane.  
This load is associated with the MS4 stormwater permittees.  The maximum allowable daily load must be 
met on all days, and the concentration-based WLAs must be met to ensure compliance with the TMDL. 

The manufacture and use of chlordane is currently banned.  Therefore, no additional allowance is made 
for future growth in the chlordane TMDL. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

10.6 DIELDRIN IMPAIRMENT 
Dieldrin is a chlorinated insecticide originally developed as an alternative to DDT and was in wide use 
from the 1950s to the 1970s.  Dieldrin in the environment also arises from use of the insecticide aldrin.  
Aldrin is not itself toxic to insects, but is metabolized to dieldrin in the insect body.  The use of both 
dieldrin and aldrin was discontinued in the 1970s. 

The dieldrin impairment of Puddingstone Reservoir affects beneficial uses related to recreation, municipal 
water supply, wildlife health, and fish consumption.  Dieldrin, like PCBs, chlordane and DDT, is an 
organochlorine compound that is strongly sorbed to sediment and lipids and is no longer in production.  
As such, the approach for dieldrin impairment is similar to that for PCBs, chlordane, and DDT. 

10.6.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Puddingstone Reservoir include REC1, REC2, WARM, WILD, MUN, GWR, COLD, 
RARE, and AGR.  Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated levels 
of dieldrin are impairing the REC1, REC2, WARM, and COLD uses by causing toxicity to aquatic 
organisms and raising fish tissue concentrations to levels that are unsafe for human consumption (which 
can result in fish consumption advisories), and impair sport fishing recreational uses.  At high enough 
concentrations WILD, MUN, GWR and RARE uses could become impaired. 
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10.6.2 Numeric Targets 
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses.  There are no numeric criteria specified for sediment or fish tissue concentrations of dieldrin in the 
Basin Plan.  For the purposes of this TMDL, additional numeric targets for these endpoints are based on 
the consensus-based sediment quality guidelines defined in MacDonald et al. (2000) and the fish tissue 
concentration goal, referred to as the fish contaminant goal (FCG), defined by OEHHA (2008) for fish 
consumption.  The numeric targets for dieldrin are listed below.  The fish tissue concentration goal was 
also used to back calculate site-specific targets in sediment, with the most stringent target applying.  See 
Section 2 of this TMDL report for additional details. 

The water column criteria for dieldrin in the Basin Plan are associated with a specific beneficial use.  The 
Basin Plan also contains a narrative criterion that toxic chemicals not be present at levels that are toxic or 
detrimental to aquatic life (LARWQCB, 1994).  Acute and chronic criterion for the protection of aquatic 
life in freshwater systems are included in the CTR for dieldrin as 0.24 μg/L and 0.056 μg/L, respectively 
(USEPA, 2000a).  CTR criteria are considered protective of aquatic life.  The CTR also provides a human 
health-based water quality criterion for the consumption of organisms only and the consumption of water 
and organisms as 0.00014 μg/L (0.14 ng/L).  The human health criterion of 0.00014 µg/L (0.14 ng/L) is 
the most restrictive of the applicable criteria specified for water column concentrations and is selected as 
the water column target. 

For sediment, the consensus-based sediment quality guidelines provided in MacDonald et al. (2000) for 
the threshold effects concentration (TEC) of dieldrin in sediment is 0.46 μg/kg dry weight.  The 
consensus-based guidelines have been incorporated into the most recent set of NOAA Screening Quick 
Reference Tables (SQuiRT) (Buchman, 2008) and are recommended by the State Water Resources 
Control Board for interpretation of narrative sediment objectives under the 303(d) listing policy.  This 
target is designed to protect benthic dwelling organisms and explicitly does not consider “the potential for 
bioaccumulation in aquatic organisms nor the associated hazards to the species that consume aquatic 
organisms (i.e., wildlife and humans).”  The estimated existing sediment dieldrin concentrations in 
Puddingstone Reservoir are lower than the consensus-based TEC target, and existing fish tissue 
concentrations are higher than the fish tissue target.  Thus, a separate sediment target calculation based on 
a biota-sediment accumulation factor (BSAF) is carried out to ensure that fish tissue concentration goals 
are met. 

The fish contaminant goal for dieldrin defined by the OEHHA (2008) is 0.46 ppb wet weight in muscle 
tissue (filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation 
derived from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is 
appropriate to correlate sediment and fish tissue targets.  For dieldrin, the corresponding sediment 
concentration target estimated using the BSAF approach is 0.22 µg/kg dry weight, as described in detail 
in Section 10.6.5.  All applicable targets are shown below in Table 10-35.  For sediment, the lower value 
of the consensus-based TEC target or the BSAF-derived target is selected as the final sediment target. 

Table 10-35. Dieldrin Targets Applicable to Puddingstone Reservoir 

Medium Source Target 

Fish (ppb wet weight) OEHHA FCG 0.46 

Sediment (µg/kg dry weight) Consensus-based TEC 1.9 

Sediment (µg/kg dry weight) BSAF-derived target 0.22 

Water (ng/L) CTR 0.14 

Note:  Shaded cells represent the selected targets for this TMDL. 
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10.6.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Puddingstone Reservoir related to the dieldrin 
impairment.  Additional details regarding monitoring data are discussed in Appendix G (Monitoring 
Data). 

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the fall of 2008.  All four samples (two in Live Oak Wash and 
two in-lake stations) were below detection limits for dieldrin (3.05 ng/L to 3.14 ng/L). 

Water samples from Puddingstone Reservoir were also collected by USEPA and/or the Regional Board 
on November 18, 2008 at five stations (four in-lake stations and one station in Live Oak Wash),  
February 24, 2009 at one storm drain station, and July 16, 2009 at four stations (Live Oak Wash, one 
storm drain, and two in-lake locations).  Dieldrin concentrations at all stations were below the detection 
limit of 1 ng/L.  Although no water column samples have had detectable quantities of dieldrin, the 
detection limits for these samples (1 ng/L or greater) are higher than the CTR water column target of  
0.14 ng/L.  A summary of the water column data is shown in Table 10-36. 

Table 10-36. Summary of Water Column Samples for Dieldrin in Puddingstone Reservoir 

Station 

Average Water 
Concentration 

(ng/L) 
Number of 
Samples 

Number of 
Samples above 
Detection Limit1 

Number of 
Samples between 

Detection and 
Reporting Limits 

PR-11 (Live Oak Channel) (1.01) 4 2 0 0 

PR-14 (Northeast Reservoir 
Side) (1.01) 2  2 0 0 

PR-15 (Western Reservoir 
Side) (0.86) 3  2 0 0 

PR-16 (Southern Reservoir 
Side) (0.50) 2  2 0 0 

PR-17 (Western Reservoir 
Side near Shoreline) (0.50) 1  2 0 0 

PR-SD (Storm drain in 
northeast reservoir area) (0.50) 1  2 0 0 

PR-SD2 (Storm drain in 
northeast reservoir area) (0.50) 1  2 0 0 

In-Lake Average3

(0.72) (PR-14, 
15, 16, 17) 

CTR Water Column Target 

 2 

0.17 
1 Non-detect samples were included in reported averages at one-half of the sample detection limi. 
2 Numbers in parentheses indicate that the sample is based only on the detection limits of the samples, and that no 

dieldrin was quantified in any of the collected samples. 
3

Pollutant concentrations associated with suspended sediments in the lake were analyzed at two in-lake 
stations as well as Live Oak Wash during the fall of 2008 by UCLA, but did not quantify dieldrin at 
detectable limits (4 µg/kg to 72 µg/kg dry weight).  A composite sample during a wet weather event did 
not detect any dieldrin (detection limit of 3.14 µg/kg dry weight).  A grab sample at the outlet of Live 

 Overall average is the average of individual station averages. 
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Oak Wash was collected 90 minutes into the wet weather event, which had no detectable results 
(detection limit of 5.39 µg/kg dry weight).  

A wet weather composite sample at Live Oak Wash, did not detect any dieldrin (detection limit of  
1.57 µg/kg dry weight); an additional grab sample at the outlet of Live Oak Wash was collected  
90 minutes into the wet weather and had no detectable concentration of dieldrin (detection limit of  
2.70 µg/kg dry weight).  Water column samples were also collected during this event (a time series 
composite and a single time point sample), but not analyzed. 

Dieldrin was analyzed for three porewater samples collected at two in-lake stations.  Both samples were 
less than the detection limit of 30 ng/L.  Total suspended solids from the porewater samples were also 
analyzed for dieldrin, but were less than detection limits of 0.4 – 1.06 µg/kg dry weight.   

UCLA also collected bed sediment samples at two in-lake locations (total of three individual samples) in 
Puddingstone Reservoir in fall 2008.  For dieldrin, all the samples were below detection limits  
(0.77 µg/kg to 3.17 µg/kg dry weight).   

Sediment sampling was also conducted by USEPA and the Regional Board at six stations on July 16, 
2009 (Live Oak Wash, two in-lake stations, two storm drain stations, and one natural drainage).  All 
samples were less than a detection limit of 1 µg/kg dry weight for dieldrin.  Because dieldrin does appear 
in fish at levels greater than the FCG, and because these body burdens of dieldrin are believed to arise 
from the sediment, EPA decided to represent statistical estimates for the sediment concentrations of 
dieldrin by setting the concentration of non-detected samples to the detection limit.  A summary of the 
sediment data is shown in Table 10-37.  The lake-wide average of <1.32 µg/kg dry weight for dieldrin is 
less than the consensus-based TEC of 5.28 µg/kg dry weight. 

Table 10-37. Summary of Sediment Samples for Dieldrin in Puddingstone Reservoir 

Station 

Average Sediment 
Concentration 

(µg/kg dry 
weight)1 

Number of 
Samples 

Number of 
Samples above 

Detection 
Limits1 

Number of 
Samples between 

Detection and 
Reporting Limits 

PR-11 (Live Oak Channel) (1.0) 1 1 0 0 

PR-14 (Northeast Reservoir Side) (0.89) 2 0 0 

PR-15 (Western Reservoir Side) (2.08) 2 0 0 

PR-16 (Southern Reservoir Side) (1.0) 1 0 0 

PR-19 (Natural drainage on South 
Side) (1.0) 1 0 0 

PR-19SD (Storm drain on South 
Side) (1.0) 1 0 0 

PR-SD2 (Storm drain in northeast 
reservoir area) (1.0) 1   0 0 

In-Lake Average (PR-14,15, 16) (1.32)2 

Influent Average 

 1 

(1.00)

Consensus-based TEC 

  

5.28 
1 All sample results were below detection limits.  An upper-bound analysis was performed using the reported sample 

detection limits for dieldrin. Numbers in parentheses indicate that sample is based only on the detection limits of the 
samples, and that no dieldrin was quantified in any of the collected samples.   

2 Overall average is the average of individual station averages. 
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Eight fish samples (composites of filets from five fish) were collected and analyzed for dieldrin between 
1986 and 1999.  All four largemouth bass and both bullhead samples were below detection limits (the 
detection limits for the historical fish samples are not reported).  However, common carp samples 
collected in 1986 and 1988 had concentrations of 12 and 5 ppb wet weight, respectively.  Results from the 
individual samples are shown in Appendix G (Monitoring Data).  

More recently, SWAMP collected samples in September 2004 and June 2007.  Considering only data 
collected in the past 10 years, the average concentration of dieldrin in largemouth bass was 1.2 ppb wet 
weight (average lipid fraction of 0.98 percent) and the average concentration of dieldrin in common carp 
was 2.7 ppb wet weight (average lipid fraction of 3.6 percent).  The recent fish-tissue data for 
Puddingstone Reservoir are summarized in Table 10-38. 

Table 10-38. Summary of Recent Fish Tissue Samples for Dieldrin in Puddingstone Reservoir 

Sample Date Fish Species Dieldrin (ppb wet weight)

9/22/2004 

1 

Largemouth Bass 1.7 

9/22/2004 Largemouth Bass 0.9 

9/22/2004 Largemouth Bass 1.6 

9/22/2004 Largemouth Bass 1.2 

9/22/2004 Common Carp 0.7 

9/22/2004 Common Carp 4.3 

9/22/2004 Common Carp 3.4 

9/22/2004 Common Carp 2.5 

6/6/2007 Largemouth Bass 0.7 

6/6/2007 Largemouth Bass (0.2)

2004-2007 Average - Largemouth Bass 

 2 

1.2 

2004 Average - Common Carp 2.7 

FCG 0.46 
1  Composite sample of filets from either five (largemouth bass) or three individuals (carp). 
2

In sum, all but one of the recent fish tissue samples collected from Puddingstone are elevated above 
OEHHA fish consumption guidelines for dieldrin.  Concentrations in sediment are, on average, below the 
consensus-based TEC, although an individual sample exceeded this value.  Concentrations in water were 
below detection limits; however, all of the detection limits exceeded the CTR criterion. 

  Non-detect samples were included in reported averages at one-half of the sample detection limit (shown in 
parentheses). 

10.6.4 Source Assessment 
Dieldrin present in Puddingstone Reservoir is primarily due to historical loading and storage within the 
lake sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather loading 
and direct atmospheric deposition to the lake are considered negligible sources of dieldrin.  Stormwater 
loads from the watershed could not be directly estimated because all sediment and water samples were 
below detection limits.  Watershed loads of dieldrin may arise from past pesticide applications, improper 
disposal, and atmospheric deposition.  Pesticide applications were most likely associated with 
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agricultural, commercial, and residential areas.  Improper disposal could have occurred at various 
locations, while atmospheric deposition occurs across the entire watershed. 

There is no definitive information on specific sources of elevated dieldrin load within the watershed at 
this time.  Therefore, an average concentration on sediment is applied to all contributing areas, while 
sources of water that do not contribute sediment load, such as irrigation, are considered to provide no 
significant dieldrin loading.  The average concentration of total dieldrin on incoming sediment was 
estimated to be < 1.0 µg/kg dry weight Table 10-39 – based on the average detection limit of samples), 
and the annual sediment load to Puddingstone Reservoir is 265.5 tons/yr (see Appendix D, Wet Weather 
Loading).  The resulting estimated wet-weather load of dieldrin is approximately 0.24 g/yr (Table 10-39). 

Table 10-39. Dieldrin Loads Estimated for Each Jurisdiction and Subwatershed in the 
Puddingstone Reservoir Watershed (g/yr) 

Subwatershed 
Responsible 
Jurisdiction Input 

Sediment Load 
(tons/yr) 

Dieldrin Load 
(g/yr) 

Percent of 
Total Load 

Northern Caltrans State Highway 
Stormwater

13.5 
1 

0.012 5.10% 

Northern Claremont MS4 
Stormwater

4.5 
1 

0.004 1.69% 

Northern County of Los Angeles MS4 
Stormwater

27.7 
1 

0.025 10.43% 

Northern La Verne MS4 
Stormwater

2 168 
1 

0.152 63.22% 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater1

24.8 

  

0.022 9.34% 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

4.5 

   

0.004 1.69% 

Northern Pomona MS4 
Stormwater

0.5 
1 

0.000 0.18% 

Northern San Dimas MS4 
Stormwater

1.6 
1 

0.001 0.62% 

Northern Angeles National Forest Stormwater 1.4 1 0.001 0.51% 

Southern Caltrans State Highway 
Stormwater

1.4 
1 

0.001 0.54% 

Southern La Verne Runoff 1.2 0.001 0.47% 

Southern Pomona Runoff 1.7 0.002 0.63% 

Southern San Dimas Runoff 14.8 0.013 5.59% 

Southern County of Los Angeles Parkland 
Irrigation 

0.0 0.000 0.00% 

Total Load from Watershed 265.5 0.24 100.00% 
1This input includes effluent from storm drain systems during both wet and dry weather. 
2 The total area for the City of La Verne in the northern subwatershed is 4,079 acres.  Discharges governed by the 
general construction and general industrial stormwater permits are located in the City of La Verne.  The disturbed 
area associated with general construction and general industrial stormwater permittees (233 acres) was subtracted 
out of the appropriate city area and allocated to these permits.  
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As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
dieldrin directly to the lake surface is estimated to be close to zero, with deposited loads balanced by 
volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates of 
watershed load.  Direct atmospheric deposition of dieldrin to the lake is accordingly assigned a load 
allocation of zero. 

10.6.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of dieldrin into 
Puddingstone Reservoir consistent with achieving water quality standards.  The loading capacity is used 
to calculate the TMDL and corresponding allocations of that load to permitted point sources (wasteload 
allocations) and nonpoint sources (load allocations).   

Lake sediments are often the predominant source of dieldrin in biota.  The bottom sediment serves as a 
sink for organochlorine compounds that can be recycled through the aquatic life cycle.  Dieldrin is 
strongly sorbed to sediments and has long half-lives in sediment and water.  Incoming loads of dieldrin 
will mainly be adsorbed to particulates from stormwater runoff (eroded sediments from legacy 
contamination sites or from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data from Puddingstone Reservoir are discussed in 
detail in Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring 
Data), respectively.  The existing sediment dieldrin concentrations in Puddingstone Reservoir are lower 
than the consensus-based TEC target, and existing fish tissue concentrations are higher than the fish tissue 
target.  Therefore, a sediment target based on biota-sediment bioaccumulation (a BSAF approach) is 
calculated from the smaller of the ratio of the FCG to existing fish tissue concentrations obtained from 
trophic level 4 fish (TL4; e.g., largemouth bass) and bottom-feeding, trophic level 3 fish (TL3; e.g., 
common carp).  In general, the TL3 number is expected to be more restrictive due to the additional uptake 
of organochlorine compounds from the sediment by bottom-feeding fish.  For dieldrin in Puddingstone 
Reservoir the ratios of the FCG to the existing fish concentrations (Table 10-38) are: 

TL4: 0.46/1.2 = 0.3831 

TL3: 0.46/2.7 = 0.1692 

The lower ratio, obtained for the TL3 fish, is applied to the observed in-lake sediment concentration of  
1.32 µg/kg dry weight to obtain the site-specific sediment target concentration to achieve fish tissue goals 
of 0.22 µg/kg dry weight. The fish tissue-based target concentrations were calculated using only recent 
data (collected in the past 10 years) because the loads and exposure concentrations for dieldrin are likely 
to have declined steadily since the cessation of production and use of the chemical.  The resulting fish 
tissue-based target concentrations of dieldrin in the sediment of Puddingstone Reservoir is shown in 
Table 10-40.

 
Table 10-40. Fish Tissue-Based Dieldrin Concentration Targets for Sediment in Puddingstone 

Reservoir 

Total Dieldrin Concentration Sediment (µg/kg dry weight) 

Existing 1.32 

BSAF-derived Target  0.22 

Required Reduction 83.3% 
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The BSAF-derived sediment target is less than the consensus-based sediment quality guideline TEC of 
1.9 µg/kg dry weight.  (The consensus-based sediment quality guideline is for the protection of benthic 
organisms, and explicitly does not address bioaccumulation and human-health risks from the consumption 
of contaminated fish.)  The lower value of the consensus-based TEC target or the BSAF-derived target is 
selected as the final sediment target.  In addition, the CTR criterion for human health (0.14 ng/L) is the 
selected numeric target for the water column and protects both aquatic life and human health. 

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate that would be required to yield the existing sediment 
concentration under steady-state conditions.  This yields an estimate that a load of 1,500 g/yr would be 
required to maintain observed sediment concentrations under steady-state conditions.  The estimated 
current watershed loading rate is 0.24 g/yr, or 0.02 percent of this amount.  Therefore, impairment due to 
elevated fish tissue concentrations of dieldrin in Puddingstone Reservoir is primarily due to the storage of 
historic loads of dieldrin in the lake sediment. 

10.6.6 TMDL Summary 
Because dieldrin impairment in Puddingstone Reservoir is predominantly due to historic loads stored in 
the lake sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, 
allocations are first assigned on a concentration basis, with the goal of attaining the concentrations 
identified above for water and sediment, as well as fish tissue.  The concentration targets apply to water 
and sediment entering the lake and within the lake.  The dieldrin TMDL will be allocated to ensure 
achievement of the loading capacity.  TMDLs are broken down into the wasteload allocations (WLAs), 
load allocations (LAs), and Margins of Safety (MOS) using the general TMDL equation.   

 
 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 0.22 µg/kg dry weight dieldrin.  The wasteload allocations and load allocations are 
also equal to 0.22 µg/kg dry weight dieldrin in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections.  

10.6.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for dieldrin (“Alternative WLAs if the Fish Tissue Target is Met”) 
described in Section 10.6.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 10.6.6.1.1 if the conditions described in Section 10.6.6.1.2 are met.  

10.6.6.1.1 Wasteload Allocations 
In the Puddingstone Reservoir watershed, wasteload allocations (WLAs) are required for all permittees in 
the northern subwatershed and Caltrans areas in the southern subwatershed.  Relevant permit numbers are  

• County of Los Angeles (including the cities of Claremont, La Verne, Pomona, and San Dimas):  
Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000003 

• General Construction Stormwater: Order No. 2009-0009-DWQ, CAS000002 

∑ ++= MOSLAWLATMDL
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• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

Dieldrin in water flowing into Puddingstone Reservoir is below detection limits, and most dieldrin load is 
expected to move in association with sediment.  Therefore, suspended sediment in water flowing into the 
lake is assigned waste load allocations.  Additionally, the TMDL establishes wasteload allocations for 
dieldrin in the water column equal to the CTR based water column target.  The CTR based water column 
target includes both dissolved dieldrin and dieldrin associated with suspended sediment.  The existing 
concentration on sediment entering the lake is estimated to be 1.0 µg/kg dry weight or less.  Therefore, a 
reduction of up to (1.0 – 0.22)/1.0 = 78 percent is required on the sediment-associated load from the 
watershed.   

The wasteload allocations are shown in Table 10-41 and each wasteload allocation must be met at the 
point of discharge. 

Table 10-41. Wasteload Allocations for Dieldrin in Puddingstone Reservoir 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Dieldrin Associated 

with Suspended 
Sediment3  (µg/kg dry 

weight) 

Wasteload 
Allocation for 

Dieldrin in the Water 
Column3

Northern 

 (ng/L) 

Caltrans State Highway 
Stormwater 0.22 1 

0.14 

Northern Claremont MS4 
Stormwater

0.22 
1 

0.14 

Northern County of Los Angeles MS4 
Stormwater

0.22 
1 

0.14 

Northern La Verne MS4 
Stormwater

2 0.22 
1 

0.14 

Northern General Industrial 
Stormwater Permittees 
(in the city of La 
Verne)  

General 
Industrial 
Stormwater

0.22 

1 

0.14 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

0.22 

   

0.14 

Northern Pomona MS4 
Stormwater

0.22 
1 

0.14 

Northern San Dimas MS4 
Stormwater

0.22 
1 

0.14 

Northern Angeles National 
Forest 

Stormwater 0.22 1 0.14 

Southern Caltrans State Highway 
Stormwater

0.22 
1 

0.14 

1 This input includes effluent from storm drain systems during both wet and dry weather. 
2  Discharges governed by the general construction and general industrial stormwater permits are currently located in 

the City of La Verne.  Any future discharges governed by the general construction and general industrial 
stormwater permits will receive the same concentration-based wasteload allocations. 

3 

 

Each wasteload allocation must be met at the point of discharge. 
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10.6.6.1.2 Alternative Wasteload Allocations if Fish Tissue Targets Are Met 

The wasteload allocations listed in Table 10-41 will be superseded, and the wasteload allocations in Table 
10-42 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 0.46 ppb wet weight has been met for the preceding three or more years.  
A demonstration that the fish tissue target has been met in any given year must at minimum 
include a composite sample of skin off fillets from at least five common carp each measuring at 
least 350mm in length,   

4.  The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 10-42, and 

2. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each wasteload allocation must be met at the point of discharge. 

Table 10-42.  Alternative Wasteload Allocations for Dieldrin in Puddingstone Reservoir if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Dieldrin Associated 

with Suspended 
Sediment3   

(µg/kg dry weight) 

Wasteload Allocation 
for Dieldrin in the 

Water Column3

Northern 

 (ng/L) 

Caltrans State Highway 
Stormwater 1.90 1 

0.14 

Northern Claremont MS4 
Stormwater

1.90 
1 

0.14 

Northern County of Los Angeles MS4 
Stormwater

1.90 
1 

0.14 

Northern La Verne MS4 
Stormwater

2 1.90 
1 

0.14 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater1

1.90 

  

0.14 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

1.90 

   

0.14 

Northern Pomona MS4 
Stormwater

1.90 
1 

0.14 

Northern San Dimas MS4 
Stormwater

1.90 
1 

0.14 

Northern Angeles National Forest Stormwater 1.90 1 0.14 

Southern Caltrans State Highway 
Stormwater

1.90 
1 

0.14 

1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of La Verne.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations. 

3 Each wasteload allocation must be met at the point of discharge. 
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10.6.6.2 Load Allocations  
This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for dieldrin (“Alternative LAs if the Fish Tissue Target is Met”) described in 
Section 10.6.6.2.2. The alternative load allocations will supersede the load allocations in Section 
10.6.6.2.1 if the conditions described in Section 10.6.6.2.2 are met. 

10.6.6.2.1 Load Allocations 
Load allocations (LAs) are assigned to the non-Caltrans permittees in the southern subwatershed and lake 
bottom sediments.  Additionally, the TMDL establishes load allocations for dieldrin in the water column 
equal to the CTR based water column target.  The CTR based water column target includes both dissolved 
dieldrin and dieldrin associated with suspended sediment.  No load is allocated to atmospheric deposition 
of dieldrin.  The legacy dieldrin stored in lake sediment is the major cause of use impairment associated 
with elevated fish tissue concentrations, and is assigned a load allocation.  The in-lake allocation is in 
concentration terms: specifically, the responsible jurisdiction (County of Los Angeles) should achieve a 
dieldrin concentration of 0.22 µg/kg dry weight in lake bottom sediments (Table 10-43).  Each load 
allocation must be met at the point of discharge, except for the lake bottom sediment load allocation 
which must be met in the lake. 

Table 10-43. Load Allocations for Dieldrin in Puddingstone Reservoir  

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Southern La Verne Runoff 0.22 1 

Southern Pomona Runoff 0.22 1 

Southern San Dimas Runoff 0.22 1 

Southern County of Los Angeles Parkland Irrigation 0.22 1 

Lake Surface County of Los Angeles Lake bottom sediments 0.22 2 
1 Each load allocation must be met at the point of discharge. 
2 

10.6.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 

The load allocation must be met in the lake. 

The load allocations listed in Table 10-43 will be superseded, and the load allocations in Table 10-44 will 
apply, if: 

1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 0.46 ppb wet weight has been met for the preceding three or more years.  
A demonstration that the fish tissue target has been met in any given year must at minimum 
include a composite sample of skin off fillets from at least five largemouth bass each measuring 
at least 350mm in length,   

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 10-44, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it.  

Each load allocation must be met at the point of discharge, except for the lake bottom sediment load 
allocation which must be met in the lake. 

 

RB-AR38115



Puddingstone Reservoir TMDLs March 2012 

 
 10-68 

Table 10-44. Alternative Load Allocations for Dieldrin in Puddingstone Reservoir if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Southern La Verne Runoff 1.90 1 

Southern Pomona Runoff 1.90 1 

Southern San Dimas Runoff 1.90 1 

Southern County of Los Angeles Parkland Irrigation 1.90 1 

Lake Surface County of Los Angeles  Lake bottom sediments 1.90 2 
1 Each load allocation must be met at the point of discharge. 
2 

10.6.6.3 Margin of Safety 

The load allocation must be met in the lake. 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  

10.6.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate dieldrin, concentrations in tissues of edible-sized game fish integrate exposure over a 
number of years.  As a result, overall average loading is more important for the attainment of standards 
than instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations 
and protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects 
for critical conditions. 

10.6.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the dieldrin WLAs are expressed as concentrations on sediment, the daily maximum allowable 
load is calculated from the maximum daily sediment load multiplied by the TMDL WLA concentration.  
The maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Puddingstone Reservoir watershed.  USGS Station 11086400, San 
Dimas Creek near San Dimas, CA, was selected as a surrogate for flow determination.  The 99

 percentile daily flow and the sediment event 
mean concentration that yields the estimated annual sediment load.   

th percentile 
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flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates 
errors due to outliers and is reasonable for development of a daily load expression. 

th percentile flow for San Dimas Creek  
(55 cfs) (Wolock, 2003).  To estimate the peak flow to Puddingstone Reservoir, the 99th

The event mean concentration of sediment in stormwater (45.5 mg/L) was calculated from the estimated 
existing watershed sediment load of 265.5 tons/yr (

 percentile flow 
for San Dimas Creek was scaled down by the ratio of drainage areas (8,128 acres/11,712 acres; 
Puddingstone Reservoir watershed area/San Dimas Creek watershed area at the gage).  The resulting peak 
flow estimate for Puddingstone Reservoir is 38.2 cfs.   

Table 10-39) divided by the total annual wet weather 
flow volume delivered to the lake (4,295 ac-ft/yr).  Multiplying the sediment event mean concentration by 
the 99th

10.6.6.6 Future Growth 

 percentile peak daily flow (38.2 cfs) yields a daily maximum sediment load from stormwater of 
4,249 kg/d (4.7 tons/d).  Applying the wasteload allocation concentration of 0.22 µg dieldrin per dry kg of 
sediment yields the stormwater daily maximum allowable load of 0.00086 g/d of dieldrin.  This load is 
associated with the MS4 stormwater permittees.  The maximum allowable daily load must be met on all 
days, and the concentration-based WLAs must be met to ensure compliance with the TMDL. 

The manufacture and use of dieldrin is currently banned.  Therefore, no additional allowance is made for 
future growth in the dieldrin TMDL.   

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

10.7 DDT IMPAIRMENT 
Dichlorodiphenyltrichloroethane (DDT) is a synthetic organochlorine insecticide once used throughout 
the world to control insects.  Technically DDT consists of two isomers, 4,4’-DDT and 2,4’-DDT, of 
which the former is the most toxic.  In the environment, DDT breaks down to form two related 
compounds: DDD (tetrachlorodiphenylethane) and DDE (dichlorodiphenyl-dichloroethylene).  DDD and 
DDE often predominate in the environment and USEPA (2000c) recommends that fish consumption 
guidelines be based on the sum of DDT, DDD, and DDE – collectively referred to as total DDTs. 

The DDT impairment of Puddingstone Reservoir affects beneficial uses related to recreation, municipal 
water supply, wildlife health, and fish consumption.  DDT, like PCBs and chlordane, is an organochlorine 
compound that is strongly sorbed to sediment and lipids, and is no longer in production.  As such, the 
approach for the DDT impairment is similar to that for PCBs and chlordane.  

10.7.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Puddingstone Reservoir include REC1, REC2, WARM, WILD, MUN, GWR, COLD, 
RARE, and AGR.  Descriptions of these uses are listed in Section 2 of this TMDL report.  Elevated levels 
of DDT are currently impairing the REC1, REC2, WARM, and COLD uses by causing toxicity to aquatic 
organisms and raising fish tissue concentrations to levels that are unsafe for human consumption (which 
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can result in fish consumption advisories) and impair sport fishing recreational uses. At high enough 
concentrations WILD, MUN, GWR and RARE uses could become impaired. 

10.7.2 Numeric Targets 
Targets for DDT are complex because of the many different ways in which the compound is measured.  
The Basin Plan designates water column concentrations associated with MUN and WARM beneficial 
uses for several DDTs.  There are no numeric criteria specified for sediment or fish tissue concentrations 
of DDTs listed in the Basin Plan.  For the purposes of this TMDL, additional numeric targets for these 
endpoints are based on the consensus-based sediment quality guidelines defined in MacDonald et al. 
(2000) and the fish tissue concentration goal, referred to as the fish contaminant goal (FCG), defined by 
OEHHA (2008) for fish consumption.  The numeric targets used for DDTs are listed below.  The fish 
tissue concentration goal was also used to back calculate site-specific targets in sediment, with the most 
stringent target applying.  See Section 2 of this TMDL report for additional details. 

The water column criteria for DDT in the Basin Plan are associated with a specific beneficial use.  The 
Basin Plan also contains a narrative criterion that toxic chemicals not be present at levels that are toxic or 
detrimental to aquatic life (LARWQCB, 1994).  Each waterbody addressed in this report is designated 
WARM, at a minimum, and must meet this requirement.  Acute and chronic criteria for 4,4’-DDT in 
freshwater systems are included in the CTR as 1.1 μg/L and 0.001 μg/L, respectively (USEPA, 2000a).  
CTR criteria are considered protective of aquatic life.  Acute and chronic values for other DDT 
compounds were not specified.  The CTR also includes human health criteria for  
4,4’-DDT for the consumption of water and organisms or organisms only as 0.00059 μg/L for both uses 
(USEPA, 2000a).  Because the human health criterion is the most restrictive applicable criterion, a water 
column target of 0.00059 μg/L (0.59 ng/L) for 4,4’-DDT is the appropriate target.  The CTR also 
specifies a criterion of 0.59 ng/L for 4,4’-DDE (for both consumption of water and organisms or 
organisms only), while for 4,4’-DDD the criteria are 0.83 ng/L for consumption of water and organisms 
and 0.84 ng/L for consumption of organisms only.  For Puddingstone Reservoir, there is an existing MUN 
use, so the water and organisms criteria are the appropriate targets.  This TMDL the DDT, DDD, and 
DDE targets in CTR are selected as water column targets.  

For sediment, the consensus-based sediment quality guidelines provided in MacDonald et al. (2000) for 
the threshold effects concentration (TEC) for 4,4’- plus 2,4’-DDT is 4.16 µg/kg dry weight, and the TEC 
for total DDTs is 5.28 µg/kg dry weight.  The consensus-based guidelines have been incorporated into the 
most recent set of NOAA Screening Quick Reference Tables (SQuiRT) (Buchman, 2008) and are 
recommended by the State Water Resources Control Board for interpretation of narrative sediment 
objectives under the 303(d) listing policy.  These targets are designed to protect benthic dwelling 
organisms and explicitly do not consider “the potential for bioaccumulation in aquatic organisms nor the 
associated hazards to the species that consume aquatic organisms (i.e., wildlife and humans).”  Thus, a 
separate sediment target calculation based on a biota-sediment accumulation factor (BSAF) is carried out 
to ensure that fish tissue concentration goals are met. 

The fish contaminant goal for total DDTs defined by OEHHA (2008) is 21 ppb wet weight in muscle 
tissue (filets).  Elevated fish tissue concentrations are largely attributable to foodweb bioaccumulation 
derived from contaminated sediment.  A biota-sediment accumulation factor (BSAF) approach is 
appropriate to correlate sediment and fish tissue targets.  For DDTs, the corresponding sediment target 
concentration determined using the BSAF is 3.94 µg/kg dry weight, as described in further detail in 
Section 10.7.5.  All applicable targets are shown below in Table 10-45.  For sediment, the lower value of 
the consensus-based TEC target or the BSAF-derived target is selected as the final sediment target. 
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Table 10-45. DDT Targets Applicable to Puddingstone Reservoir  

Medium Source 
4,4’-
DDT 

4,4’-DDT + 
2,4’-DDT DDE DDD1 

Total 
DDTs 1 

Fish (ppb wet weight) OEHHA FCG     21 

Sediment (µg/kg dry weight) Consensus-based TECs  4.16 3.16 4.881 5.28 1 

Sediment (µg/kg dry weight) BSAF-derived target     3.94 

Water (ng/L) CTR 0.59  0.59 0.831  1 

1

Note:  Shaded cells represent the selected targets for this TMDL. 

 Consensus-based TECs specify sediment targets for total DDE and total DDD.  The CTR specifies water column 
targets specifically for 4,4’-DDE and 4,4’-DDD.  

10.7.3 Summary of Monitoring Data 
This section summarizes the monitoring data for Puddingstone Reservoir related to the DDT impairment.  
Additional details regarding monitoring data are discussed in Appendix G (Monitoring Data). 

Water column sampling was conducted as part of an organics study performed by UCLA (funded by a 
grant managed by the Regional Board) in the fall of 2008.  These analyses quantified only the 4,4’ 
isomers of DDT, DDD, and DDE.  Of four samples (two in Live Oak Wash and two in-lake stations), 
total DDT was consistently below the detection limits (3.0 ng/L to 3.14 ng/L; the detection limit for total 
DDT is higher than the water column criterion of 0.59 ng/L).   

Water samples from Puddingstone Reservoir were also collected by USEPA and/or the Regional Board 
on November 18, 2008 at five stations (four in-lake stations and one station in Live Oak Wash) and July 
16, 2009 at four stations (Live Oak Wash, storm drain, and two in-lake locations).  These analyses 
included both the 4,4’  and 2,4’ isomers.  Total DDT at all stations was below the detection limit of  
1 ng/L, which is above the CTR water column target of 0.59 ng/L.  A summary of the water column data 
is shown in Table 10-46. 

Table 10-46. Summary of Water Column Samples for Total DDT in Puddingstone Reservoir 

Station 
Average Water 

Concentration (ng/L) 
Number of 
Samples 

Number of Samples 
above Detection Limits

PR-11 (Live Oak Channel) 

1 

(1.01) 4 2 0 

PR-14 (Northeast Reservoir Side) (1.01) 2 0 

PR-15 (Western Reservoir Side) (0.86) 3 0 

PR-16 (Southern Reservoir Side) (0.50) 2 0 

PR-17 (Western Reservoir Side near Shoreline) (0.50) 1 0 

PR-SD2 (Storm drain in northeast reservoir area) (0.50) 1 0 

In-Lake Average3 (0.72)  (PR-14, 15, 16, 17) 

CTR Water Column Target 0.59 
1 Non-detect samples were included in reported averages at one-half of the sample detection limit. 
2 Numbers in parentheses indicate that the sample is based only on the detection limits of the samples, and that no 

DDTs were quantified in any of the collected samples. 
3 Overall average is the average of individual station averages. 
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Pollutant concentrations associated with suspended sediments in the lake were analyzed at two in-lake 
stations as well as Live Oak Wash during the fall of 2008 by UCLA.  Concentrations of total DDT in the 
suspended sediment samples were less than the detection limits at all three stations (4 µg/kg to  
72 µg/kg dry weight).  A composite sample during a wet weather event did not detect any DDT (detection 
limit of 3.14 µg/kg dry weight).  A grab sample at the outlet of Live Oak Wash was collected 90 minutes 
into the wet weather event, which had no detectable results (detection limit of 5.39 µg/kg dry weight).  
Water column samples were also collected during this event (a time series composite and a single time 
point sample), but not analyzed.  Total DDT concentrations were analyzed in porewater; all samples were 
less than the detection limit of 30 ng/L.  The total suspended sediment associated with the porewater 
samples also had DDT concentrations less than the detection limits (0.4 µg/kg to 1.06 µg/kg dry weight). 

UCLA collected bed sediment samples at two in-lake locations (total of six individual samples) in 
Puddingstone Reservoir in fall 2008.  As with the UCLA water column samples, these included only the 
4,4’ isomers.  Total DDT was consistently below detection limits (0.77 µg/kg to 3.17 µg/kg dry weight).  
Sediment sampling was also conducted by USEPA and the Regional Board at six stations on July 16, 
2009 (Live Oak Wash, two in-lake stations, two storm drain stations, and one natural drainage).  Total 
DDT (including both the 4,4’ and 2,4’ isomers) was detected at five of the six stations with values 
ranging from non-detect to 18.6 µg/kg dry weight (four of the six samples had a concentration exceeding 
the sediment consensus-based TEC of 5.28 µg/kg dry weight).  A summary of the sediment data is shown 
in Table 10-47.  The lake-wide average of 7.44 µg/kg is greater than the concentration associated with 
inputs (5.5 µg/kg), and both are above the consensus-based TEC of 5.28 µg/kg dry weight. 

Table 10-47. Summary of Sediment Samples for Total DDT in Puddingstone Reservoir 

Station 

Average Sediment 
Concentration 

(µg/kg dry 
weight)1 

Number 
of 

Samples 

Number of 
Samples above 

Detection 
Limits 

Number of 
Samples between 

Detection and 
Reporting Limits 

PR-11 (Live Oak Channel) 5.2 1 1 0 

PR-14 (Northeast Reservoir Side) (0.44) 2 0 0 

PR-15 (Western Reservoir Side) 10.07 2 1 0 

PR-16 (Southern Reservoir Side) 11.8 2 2 0 

PR-19 (Natural Drainage on South Side) 7.80 1 1 0 

PR-19SD (Storm Drain on South Side) 8.50 1 1 0 

PR-SD2 (Storm drain in northeast 
reservoir area) 

(0.50) 1 0 0 

In-Lake Average2 7.44  (PR-14, 15, 16) 

Influent Average 5.50 

Consensus-based TEC 5.28 3 
1 Total DDT in a sample represents the sum of all reported measurements for DDT, DDE, and DDD isomers, 

including results reported below the method reporting limit.  If all components were non-detect, the total is 
represented as one-half the detection limit.  Results of any laboratory duplicate analyses of the same sample were 
averaged.  Results for each station represent the average of individual samples.  Results in parentheses indicate 
that the sample average is based only on the detection limits of the samples and that no chlordane quantified in any 
of the collected samples.  Sample averages based only on detected results below the reporting limit plus non-
detects are shown in square brackets. 

2 Overall average is the average of individual station averages. 
3 CBSQC TEC is for Total DDTs (DDDs + DDEs + DDTs) 
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Fish tissue concentrations of total DDT from Puddingstone Reservoir have been analyzed in largemouth 
bass, common carp, bullhead, and brown bullhead (SWAMP and TSMP).  Eight fish samples (composites 
of filets from five fish) were collected and analyzed for total DDT between 1986 and 1999.  In 1986, a 
largemouth bass and common carp sample reported 16 ppb and 880 ppb wet weight, respectively, while in 
1987 another common carp sample had a concentration of 358 ppb wet weight and a bullhead sample 
reported a concentration of 70 ppb wet weight.  In 1988, the reported concentration associated with a 
brown bullhead sample was 72 ppb wet weight.  Three largemouth bass samples had concentrations of  
25 ppb, 36 ppb, and 10.7 ppb wet weight in 1991, 1992, and 1999, respectively.  The average reported 
total DDT concentration in all samples from the 1980s and 1990s was 183.5 ppb wet weight.  Results 
from the individual samples are shown in Appendix G (Monitoring Data).  

More recently, SWAMP collected samples in September 2004 and June 2007.  Considering only data 
collected in the past 10 years, the average concentration of total DDT in largemouth bass was 24.3 ppb 
wet weight (average lipid fraction of 0.98 percent), and the average concentration of total DDT in 
common carp was 39.7 ppb wet weight average lipid fraction of 3.6 percent.  The recent fish-tissue data 
for Puddingstone Reservoir are summarized in Table 10-48. 

Table 10-48. Summary of Recent Fish Tissue Samples for Total DDT in Puddingstone Reservoir  

Sample Date Fish Species 
Total DDT 

(ppb wet weight)

9/22/2004 

1 

Largemouth Bass 33.7 

9/22/2004 Largemouth Bass 15.6 

9/22/2004 Largemouth Bass 35.3 

9/22/2004 Largemouth Bass 19.4 

9/22/2004 Common Carp 2.5 

9/22/2004 Common Carp 69.4 

9/22/2004 Common Carp 47.7 

9/22/2004 Common Carp 39.1 

6/6/2007 Largemouth Bass 30.8 

6/6/2007 Largemouth Bass 10.8 

2004-2007 Average - Largemouth Bass 24.3 

2004 Average - Common Carp 39.7 

FCG 21 
1 

In sum, recent fish tissue samples collected from Puddingstone are elevated above OEHHA fish 
consumption guidelines for total DDT (21 ppb) in three of the six largemouth bass samples and three of 
the four common carp samples (the average concentrations are also greater than the FCG).  
Concentrations in sediment are, on average, above the consensus-based TEC, indicating that the lake 
continues to be impaired by DDT.  Water column samples have all been below detection limits; however, 
all of the detection limits exceeded the CTR criterion. 

Composite sample of filets from five (largemouth bass) or three individuals (common carp). 
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10.7.4 Source Assessment 
Total DDTs present in Puddingstone Reservoir are primarily due to historical loading and storage within 
the lake sediments, with some ongoing contribution by watershed wet weather loads.  Dry weather 
loading is assumed to be negligible because hydrophobic contaminants primarily move with particulate 
matter that is mobilized by higher flows.  Stormwater loads from the watershed were estimated based on 
simulated sediment load and observed DDT concentrations on sediment data near inflows to the lake.  
Watershed loads of DDT may arise from past pesticide applications, improper disposal, and atmospheric 
deposition.  Pesticide applications were most likely associated with agricultural, commercial, and 
residential areas.  Improper disposal could have occurred at various locations, while atmospheric 
deposition occurs across the entire watershed.   

There is no definitive information on specific sources of elevated DDT load within the watershed at this 
time.  Therefore, an average concentration on sediment is applied to all contributing areas, while sources 
of water that do not contribute sediment load, such as irrigation, are considered to provide no significant 
DDT loading. 

The average concentration of total DDTs on incoming sediment was estimated to be 5.5 µg/kg dry weight 
(Table 10-47), and the annual sediment load to Puddingstone Reservoir is 265.5 tons/yr (see Appendix D, 
Wet Weather Loading).  The resulting estimated wet-weather load of total DDTs is approximately 1.3 
g/yr (Table 10-49). 

Table 10-49. Total DDTs Loads Estimated for Each Jurisdiction and Subwatershed in the 
Puddingstone Reservoir Watershed (g/yr) 

Subwatershed 
Responsible 
Jurisdiction Input 

Sediment Load 
(tons/yr) 

Total DDT 
Load (g/yr) 

Percent of 
Total Load 

Northern Caltrans State Highway 
Stormwater

13.5 
1 

0.068 5.10% 

Northern Claremont MS4 
Stormwater

4.5 
1 

0.022 1.69% 

Northern County of Los Angeles MS4 
Stormwater

27.7 
1 

0.138 10.44% 

Northern La Verne MS4 
Stormwater

2 168 
1 

0.838 63.23% 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General 
Industrial 
Stormwater1

24.8 

  

0.124 9.34% 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

4.5 

   

0.022 1.69% 

Northern Pomona MS4 
Stormwater

0.5 
1 

0.002 0.18% 

Northern San Dimas MS4 
Stormwater

1.6 
1 

0.008 0.62% 

Northern Angeles National Forest Stormwater 1.4 1 0.007 0.51% 

Southern Caltrans State Highway 
Stormwater

1.4 
1 

0.007 0.54% 

Southern La Verne Runoff 1.2 0.006 0.47% 

Southern Pomona Runoff 1.7 0.008 0.63% 
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Subwatershed 
Responsible 
Jurisdiction Input 

Sediment Load 
(tons/yr) 

Total DDT 
Load (g/yr) 

Percent of 
Total Load 

Southern San Dimas Runoff 14.8 0.074 5.59% 

Southern County of Los Angeles Parkland 
Irrigation 

0.0 0.00 0.00% 

Total Load from Watershed 265.5 1.32 100.00% 
1This input includes effluent from storm drain systems during both wet and dry weather. 
2 

As described in Appendix E (Atmospheric Deposition), Section E.5, the net atmospheric deposition of 
total DDT directly to the lake surface is estimated to be close to zero, with deposited loads balanced by 
volatilization losses.  Atmospheric deposition onto the watershed is implicitly included in the estimates of 
watershed load.  Direct atmospheric deposition of total DDT to the lake is accordingly assigned a load 
allocation of zero. 

The total area for the City of La Verne in the northern subwatershed is 4,079 acres.  Discharges governed by the 
general construction and general industrial stormwater permits are located in the City of La Verne.  The disturbed 
area associated with general construction and general industrial stormwater permittees (233 acres) was subtracted 
out of the appropriate city area and allocated to these permits. 

10.7.5 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity for DDTs in 
Puddingstone Reservoir consistent with achieving water quality standards.  The loading capacity is used 
to calculate the TMDL and corresponding allocations of that load to permitted, point sources (wasteload 
allocations) and other nonpoint sources (load allocations).  Lake sediments are often the predominant 
source of DDT in biota.  The bottom sediment serves as a sink for organochlorine compounds that can be 
recycled through the aquatic life cycle.  DDT is strongly sorbed to sediment and has a long half-life in 
sediment and water.  Incoming loads of DDT will mainly be adsorbed to particulates from stormwater 
runoff (eroded sediments from legacy contamination sites or from atmospheric deposition). 

The use of bioaccumulation models and the fish tissue data in Puddingstone Reservoir are discussed in 
detail in Appendix H (Organochlorine Compounds TMDL Development) and Appendix G (Monitoring 
Data), respectively.  A sediment target to achieve FCGs is calculated based on biota-sediment 
bioaccumulation (a BSAF approach), using the smaller of the ratio of the FCG to existing fish tissue 
concentrations obtained from trophic level 4 fish (TL4; e.g., largemouth bass) and bottom-feeding, 
trophic level 3 fish (TL3; e.g., common carp).  In general, the TL3 number is expected to be more 
restrictive due to the additional uptake of organochlorine compounds from the sediment by bottom-
feeding fish.  For DDT in Puddingstone Reservoir the ratios of the FCG to the existing fish concentrations 
(Table 10-48) are: 

TL4: 21.0/24.3 = 0.8653 

TL3: 21.0/39.7 = 0.5296 

The smaller ratio, obtained for the TL3 fish, is applied to the estimated lake sediment concentration of 
7.44 µg/kg dry weight to obtain the site-specific sediment target concentration to maintain fish tissue 
goals of 3.94 µg/kg dry weight.  The fish tissue-based target concentrations were calculated using only 
recent data (collected in the past 10 years) because the loads and exposure concentrations of total DDT 
are likely to have declined steadily since the cessation of production and use of the chemical.  The 
resulting fish tissue-based target concentrations of DDT in sediment of Puddingstone Reservoir is shown 
in Table 10-50. 
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Table 10-50. Fish Tissue-Based Total DDTs Concentrations for Sediment in Puddingstone 
Reservoir 

Total DDTs Concentration Sediment (µg/kg dry weight) 

Existing 7.44 

BSAF-derived Target 3.94 

Required Reduction 47.0% 

 

The BSAF-derived sediment target is less than the consensus-based TEC for total DDTs of 5.28 µg/kg 
dry weight.  (The consensus-based sediment quality guideline is for the protection of benthic organisms, 
and explicitly does not address bioaccumulation and human-health risks from the consumption of 
contaminated fish)  The lower value of the consensus-based TEC target or the BSAF-derived target is 
selected as the final sediment target.   

The toxicant loading model described in Appendix H (Organochlorine Compounds TMDL Development) 
can be used to estimate the loading rate that would be required to yield the existing sediment 
concentration under steady-state conditions.  This yields an estimate that a load of 218 g/yr would be 
required to maintain observed sediment concentrations under steady-state conditions.  The estimated 
current watershed loading rate is 1.32 g/yr, or 0.6 percent of this amount.  Thus, concentrations of total 
DDTs in fish tissue in Puddingstone Reservoir appear to be primarily due to the storage of historic loads 
of DDT in the lake sediment. 

10.7.6 TMDL Summary 
Because DDT impairment in Puddingstone Reservoir is predominantly due to historic loads stored in the 
lake sediment, this impairment is not amenable to a standard, load-based TMDL analysis.  Instead, 
allocations are first assigned on a concentration basis, with the goal of attaining the concentrations 
identified above for water and sediment, as well as fish tissue.  The concentration targets apply to water 
and sediment entering the lake and within the lake.   

The DDT TMDL will be allocated to ensure achievement of the loading capacity.  TMDLs are broken 
down into the wasteload allocations (WLAs), load allocations (LAs), and Margins of Safety (MOS) using 
the general TMDL equation.   

 

 

Note that since this TMDL is being expressed as a concentration in sediment, in this scenario, the loading 
capacity is equal to 3.94 µg/kg dry weight total DDTs.  The wasteload allocations and load allocations are 
also equal to 3.94 µg/kg dry weight total DDTs in sediment.  There is no explicit MOS.  Allocations are 
assigned for this TMDL by requiring equal concentrations of all sources.  Details associated with the 
WLAs, LAs, and MOS are presented in the following three sections. 

10.7.6.1 Wasteload Allocations  
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  This TMDL establishes WLAs at their point of discharge.  This TMDL also establishes 
alternative wasteload allocations for total DDTs (“Alternative WLAs if the Fish Tissue Target is Met”) 

∑ ++= MOSLAWLATMDL
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described in Section 10.7.6.1.2.  The alternative wasteload allocations will supersede the wasteload 
allocations in Section 10.7.6.1.1 if the conditions described in Section 10.7.6.1.2 are met.  

10.7.6.1.1 Wasteload Allocations 
In the Puddingstone Reservoir watershed, wasteload allocations (WLAs) are required for all permittees in 
the northern subwatershed and Caltrans areas in the southern subwatershed.  Relevant permit numbers are  

• County of Los Angeles (including the cities of Claremont, La Verne, Pomona, and San Dimas):  
Board Order 01-182 (as amended by Order No. R4-2006-0074 and R4-2007-0042), CAS004001 

• Caltrans:  Order No 99-06-DWQ, CAS000002 

• General Construction Stormwater: Order No. 2009-0009-DWQ, CAS000002 

• General Industrial Stormwater: Order No. 97-03-DWQ, CAS000001 

DDT in water flowing into Puddingstone Reservoir is below detection limits, and most DDT load is 
expected to move in association with sediment.  Therefore, suspended sediment in water flowing into the 
lake is assigned wasteload allocations.  Additionally, the TMDL establishes wasteload allocations for 
DDT in the water column equal to the CTR based water column target.  The CTR based water column 
target includes both dissolved DDT and DDT associated with suspended sediment.  The existing 
concentration of sediment entering the lake is 5.5 µg/kg dry weight.  Therefore, a reduction of 28.4 
percent [(5.5 – 3.94)/5.5*100] is required on the sediment-associated load from the watershed.  The 
reduction in watershed load is less than the reduction needed for in-lake sediments because the estimated 
concentration on influent sediment is below the lake-wide average. 

The wasteload allocations are shown in Table 10-51 and each wasteload allocation must be met at the 
point of discharge. 

Table 10-51. Wasteload Allocations for DDT in Puddingstone Reservoir 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Total DDTs 

Associated with 
Suspended Sediment3 

(µg/kg dry weight) 

Wasteload 
Allocation for 4-4’ 
DDT in the Water 
Column3,4

Northern 

 (ng/L) 

Caltrans State Highway 
Stormwater

3.94 
1 

0.59

Northern 

3 

Claremont MS4 Stormwater 3.94 1 0.59 

Northern County of Los Angeles MS4 Stormwater 3.94 1 0.59 

Northern La Verne MS4 Stormwater2 3.94 1 0.59 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General Industrial 
Stormwater1

3.94 
  

0.59 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

3.94 

   

0.59 

Northern Pomona MS4 Stormwater 3.94 1 0.59 

Northern San Dimas MS4 Stormwater 3.94 1 0.59 

Northern Angeles National Forest Stormwater 3.94 1 0.59 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation 
for Total DDTs 

Associated with 
Suspended Sediment3 

(µg/kg dry weight) 

Wasteload 
Allocation for 4-4’ 
DDT in the Water 
Column3,4

Southern 

 (ng/L) 

Caltrans State Highway 
Stormwater

3.94 
1 

0.59 

1 This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of La Verne.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations. 

3 Each wasteload allocation must be met at the point of discharge.  
4 

10.7.6.1.2 Alternative Wasteload Allocations if the Fish Tissue Target is Met 

The target water column concentration of 0.59 ng/L specified in the CTR is for 4,4’-DDT.  The CTR also specifies 
targets for DDE and DDD, but does not specify a target for total DDTs.  The lowest DDT target is selected for the 
purposes of representing Total DDTs in this table.  If analytical results that resolve individual DDT compounds are 
available, all of the CTR criteria should be applied individually. 

The wasteload allocations listed in Table 10-51 will be superseded, and the wasteload allocations in Table 
10-52 will apply, if: 

1. The responsible jurisdictions submit to USEPA and the Regional Board material describing that 
the fish tissue target of 21 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five common carp each measuring at least 
350mm in length,  

2. The Regional Board Executive Officer approves the request and applies the alternative wasteload 
allocations in Table 10-52, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it. 

Each wasteload allocation must be met at the point of discharge. 

Table 10-52. Alternative Wasteload Allocations for DDT in Puddingstone Reservoir if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for 
Total DDTs Associated 

with Suspended Sediment3 
(µg/kg dry weight) 

Wasteload 
Allocation for 4-4’ 
DDT in the Water 
Column (ng/L)

Northern 

3,4 

Caltrans State Highway 
Stormwater

5.28 
1 

0.59 

Northern Claremont MS4 Stormwater 5.28 1 0.59 

Northern County of Los Angeles MS4 Stormwater 5.28 1 0.59 

Northern La Verne MS4 Stormwater2 5.28 1 0.59 

Northern General Industrial 
Stormwater Permittees 
(in the city of La Verne)  

General Industrial 
Stormwater

5.28 
1 

0.59 
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Subwatershed 
Responsible 
Jurisdiction Input 

Wasteload Allocation for 
Total DDTs Associated 

with Suspended Sediment3 
(µg/kg dry weight) 

Wasteload 
Allocation for 4-4’ 
DDT in the Water 
Column (ng/L)

Northern 

3,4 

General Construction 
Stormwater Permittees 
(in the city of La Verne) 

General 
Construction 
Stormwater1

5.28 

   

0.59 

Northern Pomona MS4 Stormwater 5.28 1 0.59 

Northern San Dimas MS4 Stormwater 5.28 1 0.59 

Northern Angeles National Forest Stormwater 5.28 1 0.59 

Southern Caltrans State Highway 
Stormwater

5.28 
1 

0.59 

1This input includes effluent from storm drain systems during both wet and dry weather. 
2 Discharges governed by the general construction and general industrial stormwater permits are currently located in 
the City of La Verne.  Any future discharges governed by the general construction and general industrial stormwater 
permits will receive the same concentration-based wasteload allocations. 

3 Each wasteload allocation must be met at the point of discharge.  
4 

10.7.6.2 Load Allocations  

The target water column concentration of 0.59 ng/L specified in the CTR is for 4,4’-DDT.  The CTR also specifies 
targets for DDE and DDD, but does not specify a target for total DDTs.  The lowest DDT target is selected for the 
purposes of representing Total DDTs in this table.  If analytical results that resolve individual DDT compounds are 
available, all of the CTR criteria should be applied individually. 

This TMDL establishes load allocations (LAs) at their point of discharge. This TMDL also establishes 
alternative load allocations for DDTs (“Alternative LAs if the Fish Tissue Target is Met”) described in 
Section 10.7.6.2.2. The alternative load allocations will supersede the load allocations in Section 
10.7.6.2.1 if the conditions described in Section 10.7.6.2.2 are met. 

10.7.6.2.1 Load Allocations 
Load allocations (LAs) are assigned to the non-Caltrans permittees in the southern subwatershed and lake 
bottom sediments.  Additionally, the TMDL establishes load allocations for DDTs in the water column 
equal to the CTR based water column target.  The CTR based water column target includes both dissolved 
DDTs and total DDTs associated with suspended sediment.  No load is allocated to atmospheric 
deposition of total DDTs.  The legacy DDT stored in lake sediment is the major cause of exposure to 
aquatic organisms and sport fish, and is assigned a load allocation.  The in-lake allocation is in 
concentration terms: specifically, the responsible jurisdiction (County of Los Angeles) should achieve a 
total DDTs concentration of 3.94 µg/kg dry weight in lake bottom sediments in (Table 10-53).  Each load 
allocation must be met at the point of discharge, except for the lake bottom sediment load allocation 
which must be met in the lake. 

Table 10-53. Load Allocations for Total DDTs in Puddingstone Reservoir  

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Southern La Verne Runoff 3.94 1 

Southern Pomona Runoff 3.94 1 

Southern San Dimas Runoff 3.94 1 
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Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Southern County of Los 
Angeles 

Parkland Irrigation 3.94 1 

Lake Surface County of Los 
Angeles 

Lake bottom 
sediments

3.94 
2 

1 Each load allocation must be met at the point of discharge. 
2 

10.7.6.2.2 Alternative Load Allocations if the Fish Tissue Target is Met 

The load allocation must be met in the lake. 

The load allocations listed in Table 10-53 will be superseded, and the load allocations in Table 10-54 will 
apply, if: 

1. The responsible jurisdiction submits to USEPA and the Regional Board material describing that 
the fish tissue target of 21 ppb wet weight has been met for the preceding three or more years.  A 
demonstration that the fish tissue target has been met in any given year must at minimum include 
a composite sample of skin off fillets from at least five largemouth bass each measuring at least 
350mm in length,   

2. The Regional Board Executive Officer approves the request and applies the alternative load 
allocations in Table 10-54, and 

3. USEPA does not object to the Regional Board’s determination within 60 days of receiving notice 
of it.  

Each load allocation must be met at the point of discharge, except for the lake bottom sediment load 
allocation which must be met in the lake. 

Table 10-54. Alternative Load Allocations for Total DDTs in Puddingstone Reservoir if the Fish 
Tissue Target is Met 

Subwatershed 
Responsible 
Jurisdiction Input 

Load Allocation  
(µg/kg dry weight) 

Southern La Verne Runoff 5.28 1 

Southern Pomona Runoff 5.28 1 

Southern San Dimas Runoff 5.28 1 

Southern County of Los Angeles Parkland Irrigation 5.28 1 

Lake Surface County of Los Angeles  Lake bottom sediments 5.28 2 
1 Each load allocation must be met at the point of discharge. 
2 

10.7.6.3 Margin of Safety 

The load allocation must be met in the lake. 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
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target in fish tissue.  The selected consensus-based TEC concentration in sediment is considerably lower 
than the BSAF-derived target.  

10.7.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target and protecting benthic biota in sediment.  Because fish 
bioaccumulate DDT, concentrations in tissues of edible sized game fish integrate exposure over a number 
of years.  As a result, overall average loading is more important for the attainment of standards than 
instantaneous or daily concentrations.  WLAs and LAs in this TMDL are assigned as concentrations and 
protect during all seasons and in both high and low flow conditions.  This TMDL therefore protects for 
critical conditions. 

10.7.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  This TMDL includes a maximum daily load 
estimated according to the guidelines provided by USEPA (2007).   

Because the total DDTs WLAs are expressed as concentrations on sediment, the daily maximum 
allowable load is calculated from the maximum daily sediment load multiplied by the TMDL WLA 
concentration.  The maximum daily sediment load is estimated from the 99th

No USGS gage currently exists in the Puddingstone Reservoir watershed.  USGS Station 11086400, San 
Dimas Creek near San Dimas, CA, was selected as a surrogate for flow determination.  The 99

 percentile daily flow and the 
sediment event mean concentration that yields the estimated annual sediment load.   

th percentile 
flow was chosen to represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates 
errors due to outliers and is reasonable for development of a daily load expression. 

th percentile flow for San Dimas Creek  
(55 cfs) (Wolock, 2003).  To estimate the peak flow to Puddingstone Reservoir, the 99th

The event mean concentration of sediment in stormwater (45.5 mg/L) was calculated from the estimated 
existing watershed sediment load of 265.5 tons/yr (

 percentile flow 
for San Dimas Creek was scaled down by the ratio of drainage areas (8,128 acres/11,712 acres; 
Puddingstone Reservoir watershed area/San Dimas Creek watershed area at the gage).  The resulting peak 
flow estimate for Puddingstone Reservoir is 38.2 cfs.   

Table 10-29) divided by the total annual wet weather 
flow volume delivered to the lake (4,295 ac-ft/yr).  Multiplying the sediment event mean concentration by 
the 99th

10.7.6.6 Future Growth 

 percentile peak daily flow (38.2 cfs) yields a daily maximum sediment load from stormwater of 
4,249 kg/d (4.7 tons/d).  Applying the wasteload allocation concentration of 3.94 µg total DDTs per dry 
kg of sediment yields the stormwater daily maximum allowable load of 0.0167 g/d of total DDTs.  This 
load is associated with the MS4 stormwater permittees.  The maximum allowable daily load must be met 
on all days, and the concentration-based WLAs must be met to ensure compliance with the TMDL. 

The manufacture and use of DDT is currently banned.  Therefore, no additional allowance is made for 
future growth in the DDT TMDL. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 
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10.8 IMPLEMENTATION RECOMMENDATIONS  
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits, or non-point source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that can reduce 
pollutant loading to lakes include but are not limited to:  increasing the volume of the lake that is aerated; 
installing hydroponic islands to remove nutrients; increasing flow volume or circulation in the lake; 
reducing stormwater discharges by improved infiltration; treating stormwater or supplemental water 
inputs with a wetland system; alum treatment to immobilize nutrients in sediments; dredging in lake 
sediments; and/or fisheries management actions to reduce nutrient availability from sediments. 

Additionally, responsible jurisdictions implementing these TMDLs are encouraged to utilize Los Angeles 
County’s Structural Best Management Practice (BMP) Prioritization Methodology which helps identify 
priority areas for constructing BMP projects.  The tool is able to prioritize based on multiple pollutants.  
The pollutants that it can prioritize includes bacteria, nutrients, trash, metals and sediment.  Reducing 
sediment loads would reduce OC pesticides and PCBs as well as mercury delivery to the lake in many 
instances. More information about this prioritization tool is available at: labmpmethod.org 

If necessary, these TMDLs may be revised as the result of new information (See Section 10.9 Monitoring 
Recommendations).  The State Board is in the early stages of developing a Statewide Mercury Policy and 
Mercury Control Program for Reservoirs. According to CEQA scoping materials, the Policy would define 
an overall structure for adopting water quality objectives; general implementation requirements; and 
control plans for mercury impaired water bodies. The final structure of the control program could include 
a total maximum daily load (TMDL) for mercury in reservoirs along with an implementation plan to 
achieve the TMDL; or an implementation plan that does not rely on a TMDL. How this upcoming policy 
and program will affect implementation of this TMDL is unknown at this time. 

10.8.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy.  Additionally, South Coast Air 
Quality Management District has authority to regulate air emissions throughout the basin that affect air 
deposition.  Load allocations are expressed in Table 10-9, Table 10-14, Table 10-23, Table 10-33, and 
Table 10-53 for nutrients, mercury, PCBs, chlordane, and DDT, respectively.  

10.8.2 Point Sources and the Implementation of Wasteload Allocations  
Wasteload allocations apply to MS4, Caltrans, and General Industrial and Construction Stormwater 
permits.  Wasteload allocations are expressed in Table 10-7, Table 10-13, Table 10-21, Table 10-31, and 
Table 10-51 for nutrients, mercury, PCBs, chlordane, and DDT, respectively.  The concentration and 
mass-based wasteload allocations will be incorporated into the Caltrans and Los Angeles County MS4 
permits.  Concentration-based wasteload allocations will be incorporated into the General Industrial and 
Construction Stormwater permits. 

10.8.3 Source Control Alternatives 
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention or treatment options) to treat the stormwater and supplemental water flows entering the 
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lake, as well as stormwater diversion and infiltration using methods such as porous pavements and rain 
gardens.  Implementing these options can reduce the lake’s nutrient loads and, in the case of recirculation 
through constructed wetlands, reduce in-lake nutrient concentrations.  The City of Los Angeles has 
modeled expected nutrient concentration reductions to stormwater flows to Echo Park Lake from 
constructed wetlands, and construction is currently underway.  Information about this and other City of 
Los Angeles water quality improvement projects are available on Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

Puddingstone Reservoir has nutrient-related, mercury, chlordane, DDT, and PCBs impairments.  While 
there are some management strategies that would address all of these impairments (i.e., sediment BMPs 
placed in upland areas), their differences warrant separate implementation and monitoring discussions.   

10.8.3.1 Nutrient-Related Impairments 
To address nutrient-related impairments, source reduction and pollutant removal BMPs, designed to 
reduce sediment loading, could be implemented throughout the watershed as these management practices 
will also reduce the nutrient loading associated with sediments.  Dissolved loading associated with dry 
and wet weather runoff also contributes nutrient loading to Puddingstone Reservoir.  Some of the 
sediment reduction BMPs may also result in decreased concentrations of nitrogen and phosphorus in the 
runoff water.  Storage of storm flows in wet or dry ponds may allow for adsorption and settling of 
nutrients from the water column.  BMPs that provide filtration, infiltration, and vegetative uptake and 
removal processes may retain nutrient loads in the upland areas.   

Education of park maintenance staff regarding the proper placement, timing, and rates of fertilizer 
application will also result in reduced nutrient loading to the lake.  Staff should be advised to follow 
product guidelines regarding fertilizer amounts and to spread fertilizer when the chance of heavy 
precipitation in the following days is low.  Encouraging pet owners to properly dispose of pet wastes will 
also reduce nutrient loading associated with fecal material that may wash directly into the lake or into 
storm drains that eventually discharge to the lake.  Discouraging feeding of birds at the lake will reduce 
nutrient loading associated with excessive bird populations.   

In order to meet the fine particulate (PM2.5) and ozone (O3) national ambient air quality standards by their 
respective attainment dates of 2015 and 2024, the South Coast Air Quality Management District and the 
California Air Resources Board have prepared an air quality management plan that commits to reducing 
nitrogen oxides (NOx, a precursor to both PM2.5

10.8.3.2 Mercury Impairment 

 and ozone) by over 85 percent by 2024.  These 
reductions will come largely from the control of mobile sources of air pollution such as trucks, buses, 
passenger vehicles, construction equipment, locomotives, and marine engines.  These reductions in NOx 
emissions will result in reductions of ambient NOx levels and atmospheric deposition of nitrogen to the 
lake surface.   

Source reduction and pollutant removal BMPs designed to reduce sediment loading could be 
implemented throughout the watershed as these management practices will also reduce the mercury 
loading associated with sediments.  However, sedimentation basins or water quality ponds that go anoxic 
at the sediment-water interface may actually result in increased concentrations of methylmercury.  
Monitoring of dissolved oxygen levels in these ponds and measurement of total and methylmercury 
concentrations during warm summer months will assist in the management of these basins to reduce 
methylmercury loading to Puddingstone Reservoir.  Maintaining shallow water levels that do not 
fluctuate in sedimentation basins will allow penetration of sunlight, which degrades methylmercury, and 
reduce the wetting and drying conditions that favor methylation. 
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Dissolved loading associated with storm event runoff also contributes mercury loading to Puddingstone 
Reservoir.  Some of the sediment reduction BMPs may also result in decreased concentrations of mercury 
in the runoff water.  Storage of storm flows in wet or dry ponds may allow for adsorption and settling of 
mercury from the water column as well as photodegradation.  BMPs that provide filtration or infiltration 
processes may retain dissolved mercury in the upland areas.  Additionally, reducing nutrient loading to 
the lake and improving aeration would likely reduce methylation rates within the lake overall. 

Unfortunately, sediment reduction BMPs will not mitigate mercury loading from the largest source in the 
watershed, atmospheric deposition to the lake surface.  Mercury available for deposition in the southwest 
region typically originates from both local and global sources.  In the U.S., mercury emissions from most 
facilities have been reduced over the past few decades as the best available technology has improved over 
the years.   

To provide reasonable assurances that the assigned allocations will indeed result in compliance with the 
fish tissue target, a commitment to continued monitoring and assessment is warranted.  The purposes of 
such monitoring will be: 1) to evaluate the efficacy of control measures instituted to achieve the needed 
load reductions, 2) to document trends over time in mercury loading, and 3) to determine if the load 
reductions proposed for the TMDL lead to attainment of standards.  To assess compliance, it is 
recommended that a detailed plan be incorporated as part of the implementation plan for this TMDL.  
This should include annual mercury monitoring of fish tissue as well as quarterly sampling for total and 
methylmercury in the sediment and water both in-lake and from the tributaries (tributary sampling should 
also include flow monitoring).  It may also be necessary to investigate potential sources of methylmercury 
loading in the watershed, such as wetlands, sedimentation basins, and areas impacted by forest fires.   

In 2008 USEPA modeled mercury air emissions nationally as a tool for tracking airborne mercury to 
assist in watershed planning.  The mercury emission estimates were principally based on 2001 data.  The 
highest modeled impact in California was located in the Long Beach area and the largest single source 
contributor was the Long Beach South East Resource Recovery facility which combusts municipal waste 
to produce electricity.  Since that time USEPA has promulgated regulations to reduce mercury from solid 
waste incinerators and the emissions from this facility and another solid waste incinerator in the City of 
Commerce have been significantly reduced.  In addition to these regulations for solid waste combustors, 
USEPA is in the process of finalizing regulations for Portland Cement plants which also contribute to 
mercury air loading and deposition in the Los Angeles area. 

10.8.3.3 Organochlorine Pesticides and PCBs Impairments 
The manufacture and use of chlordane, DDT, dieldrin, and PCBs are currently banned.  Therefore, no 
additional allowances for future growth are needed in the TMDLs.  Source control BMPs and pollutant 
removal are the most suitable courses of action to reduce OC pesticides and PCBs in Puddingstone 
Reservoir.  The TMDL calculations performed for each pollutant (described above in their individual 
sections) indicated internal lake storage as the greatest contributing source and driving factor affecting 
fish tissue concentrations.  Additionally, the watershed loads for chlordane, dieldrin, and PCBs are less 
than one percent of the total loading that would be required to maintain the current sediment 
concentrations in the lake under steady-state conditions.  Therefore, the most effective remedial actions 
and/or implementation efforts will focus on addressing the internal lake storage, such as capping or 
removal of contaminated lake sediments. 

When properly conducted, removal of contaminated lake sediments, or dredging, can be an effective 
remediation option.  The object of sediment dredging is to eliminate the pollutants that have accumulated 
in sediments at the lake bottom.  Dredging is optimal in waterbodies with known spatial distribution of 
contamination because sediment removal can focus on problem areas.  However, no spatial pattern of 
pollutant contamination was apparent in Puddingstone Reservoir.  Removal of the contaminated 
sediments reduces the pollutants available to the in-lake cycling by discontinuing exposure to benthic 
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organisms, water column loading, and consequential bioaccumulation in higher trophic level fish.  
Potential negative effects of dredging include increased turbidity and lowered dissolved oxygen 
concentrations in the short term, and disturbance to the benthic community and reactivation of buried 
sediment and any associated pollutants.  

In some cases, sediment capping may be appropriate to sequester contaminated sediments below an 
uncontaminated layer of sediment, clay, gravel, or material.  Capping is effective in restricting the 
mobility of OC pesticides and PCBs; however, it is most useful in deep lakes and is likely not a viable 
solution for some parts of Puddingstone Reservoir.  Capping implementation should be restricted to areas 
with sediments that can support the weight of a capped layer, and to areas where hydrologic conditions of 
the waterbody will not disturb the cap. 

The in-lake options for remediation are costly, but would be the only way to achieve full use support in a 
short timeframe.  It is, however, also true that the OC pesticides and PCBs in question are no longer 
manufactured and will tend to decline in concentration due to dilution by clean sediment and natural 
attenuation.  Natural attenuation includes the chemical, biological, and physical processes that degrade 
compounds, or remove them from lake sediments in contact with the food chain, and reduce the 
concentrations and bioavailability of contaminants.  These processes occur naturally within the 
environment and do not require additional remediation efforts; however, the half-lives of OC pesticides 
and PCBs in the environment are long, and natural attenuation often requires decades before observing 
significant improvement.   

Loading from the watershed can also be expected to decline over time due to natural attenuation.  While 
reductions are called for in watershed loads, these loads are a small fraction of the historic loads already 
stored in the lakes.  Limited sampling has not identified any hotspots of elevated loading under current 
conditions.  It may, however, be necessary to further investigate potential sources of OC pesticides and 
PCBs loading in the watershed, such as active and abandoned industrial sites, waste disposal areas, former 
chemical storage areas, and other potential hotspots. 

10.9 MONITORING RECOMMENDATIONS  
Although estimates of the loading capacity and allocations are based on best available data and 
incorporate a MOS, these estimates may potentially need to be revised as additional data are obtained.  
The mass-based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.   

To provide reasonable assurances that the assigned allocations will result in compliance with the 
chlorophyll a and fish tissue targets a commitment to continued monitoring and assessment is warranted.  
The purposes of such monitoring will be: 1) to determine compliance with wasteload and load allocations, 
2) to determine if numeric targets are being attained, 3) to evaluate whether numeric targets and 
allocations need to be adjusted to attain beneficial uses, 4) to evaluate the efficacy of control measures 
instituted to achieve the needed load reductions, and 5) to document trends over time in algal densities 
and bloom frequencies and fish tissue mercury and organochlorine compounds concentrations.   

10.9.1 Nutrient-Related Impairments 
To assess compliance with the nutrient TMDLs, monitoring for nutrients and chlorophyll a should occur 
at least twice during the summer months and once in the winter.  At a minimum, compliance monitoring 
should measure the following in-lake water quality parameters: ammonia, TKN or organic nitrogen, 
nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 
chlorophyll a.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should 
also be taken throughout the water column with a water quality probe along with Secchi depth 
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measurement.  All parameters must meet target levels at half the Secchi depth.  Deep lakes, such as 
Puddingstone Reservoir, must meet the DO and pH targets in the water column from the surface to 0.3 
meters above the bottom of the lake when the lake is not stratified.  However, when stratification occurs 
(i.e., a thermocline is present) then the DO and pH targets must be met in the epilimnion, the portion of 
the water column above the thermocline.  Additionally, in order to accurately calculate compliance with 
wasteload allocations to the lake expressed in yearly loads, monitoring should include flow estimation or 
monitoring as well as the water quality concentration measurements.  Wasteload allocations are assigned 
to stormwater inputs. These sources should be measured near the point where they enter the lakes twice a 
year for at minimum: ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total 
phosphorus, total suspended solids and total dissolved solids.   

The nutrient TMDLs for Puddingstone Reservoir conclude that a 34.1 percent reduction in total 
phosphorus loading and a 53.6 percent reduction in total nitrogen loading are needed to maintain a 
summer average chlorophyll a concentration of 20 µg/L.  As an example of concentrations that 
responsible jurisdictions may need to target in order to meet and comply with the mass-based WLAs and 
LAs, this discussion provides concentrations calculated based on existing flow volumes (a recalculation is 
needed if flow volumes change).  Assuming flow volumes remain at existing levels (Table 10-5), the 
target concentrations of total phosphorus and total nitrogen may be 0.40 mg-P/L and 1.78 mg-N/L at the 
outlet of the northern subwatershed.  Targeted concentrations for the Caltrans areas in the northern 
subwatershed may be 0.43 mg-P/L and 1.94 mg-N/L.  For the Caltrans areas in the southern subwatershed 
targeted concentrations may be 0.44 mg-P/L and 2.05 mg-N/L.  Similarly, the target concentrations of 
total phosphorus and total nitrogen may be 0.30 mg-P/L and 1.84 mg-N/L for wet weather runoff from the 
southern subwatershed; target concentrations in the parkland irrigation return flows to the lake may be 
0.50 mg-P/L and 3.59 mg-N/L  (10.1 percent of the total irrigation volume is assumed to reach the lake).  
As stated above, these concentrations are provided as guidelines; however, mass-based WLAs must be 
achieved.   

10.9.2 Mercury Impairment 
To assess compliance with the mercury TMDLs, monitoring should include monitoring of largemouth 
bass (325-375mm in length) fish tissue (skin-off fillets) at least every three years as well as twice yearly 
sediment and water column sampling.  At a minimum, compliance monitoring should measure the 
following in-lake water quality parameters: total mercury, methylmercury, chloride, sulfate, total organic 
carbon, alkalinity, total suspended solids, and total dissolved solids; as well as the following in-lake 
sediment parameters: total mercury, dissolved methylmercury, total organic carbon, total solids and 
sulfate.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should also 
be taken throughout the water column with a water quality probe along with Secchi depth measurement. 
Additionally, in order to accurately calculate compliance with allocations expressed in yearly loads, 
monitoring should include flow estimation or monitoring as well as water quality concentration 
measurements.  Wasteload allocations are assigned to stormwater inputs. These sources should be 
measured near the point where they enter the lakes twice a year for at minimum: total mercury, methyl 
mercury, chloride, sulfate, total organic carbon, alkalinity, total suspended solids, and total dissolved 
solids.    

The mercury TMDL for Puddingstone Reservoir concludes that a reduction in total mercury loading to 
the lake of 46.6 percent will result in compliance with the fish tissue target of 0.22 ppm.  As an example 
of concentrations that responsible jurisdictions may need to target in order to meet and comply with the 
mass-based WLAs and LAs, this discussion provides concentrations calculated based on existing flow 
volumes (a recalculation is needed if flow volumes change).  Assuming flow volumes remain at existing 
levels (Table 10-5), the target concentration of total mercury may be 3.48 ng/L at the outlet of the 
northern subwatershed and 3.36 ng/L in runoff from the Caltrans areas in the southern subwatershed.  
Similarly, the target mercury concentrations may be 2.96 ng/L for wet weather runoff and 12.1 ng/L for 
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parkland irrigation return flows in the southern subwatershed (10.1 percent of the total irrigation volume 
is assumed to reach the lake).  As stated above, these concentrations are provided as guidelines; however, 
mass-based WLAs must be achieved.  An in-lake water column dissolved methylmercury target of 0.081 
ng/L also applies.  

10.9.3 Organochlorine Pesticides and PCBs Impairments 
To assess compliance with the organochlorine compounds TMDLs, monitoring should include 
monitoring of fish tissue at least every three years as well as once yearly sediment and water column 
sampling.  For the OC pesticides and PCBs TMDLs a demonstration that fish tissue targets have been met 
in any given year must at minimum include a composite sample of skin off fillets from at least five 
common carp each measuring at least 350mm in length.  At a minimum, compliance monitoring should 
measure the following in-lake water quality parameters: total suspended sediments, total PCBs, total 
chlordane, dieldrin, and total DDTs; as well as the following in-lake sediment parameters: total organic 
carbon, total PCBs, total chlordane, dieldrin, and total DDTs.  Environmentally relevant detection limits 
should be used (i.e., detection limits lower than applicable target), if available at a commercial laboratory.  
Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should also be taken 
throughout the water column with a water quality probe along with Secchi depth measurement. Wasteload 
allocations are assigned to stormwater inputs. These sources should be measured near the point where 
they enter the lakes once a year during a wet weather event. Sampling should be designed to collect 
sufficient volumes of suspended solids to allow for the analysis of at minimum: total organic carbon, total 
suspended solids, total PCBs, total chlordane, dieldrin, and total DDTs. Measurements of the temperature, 
dissolved oxygen, pH and electrical conductivity should also be taken. 

WLAs and LAs for each pollutant were assigned to the sediment-associated load from the watershed as 
well as the lake sediments.  The concentration-based WLAs and LAs for chlordane, total DDTs, dieldrin, 
and total PCBs are 0.75 µg/kg dry weight, 3.94 µg/kg dry weight, 0.22 µg/kg dry weight, and 0.59 µg/kg 
dry weight, respectively.  The associated reductions from the watershed load needed to meet the WLAs 
are 85.3 percent for total chlordane, 28.4 percent for total DDTs, up to 78 percent for dieldrin, and 98.8 
percent for total PCBs.   
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11 Santa Fe Dam Park Lake TMDLs 
Santa Fe Dam Park Lake (#CAL4053100020000303202907) is listed as impaired by copper, lead, and pH 
SWRCB, 2010).  This section of the TMDL report describes the pH impairment and the TMDLs 
developed to maintain existing water quality (Section 11.2).  Nutrient TMDLs are identified here based 
on existing conditions since nitrogen and phosphorus levels are achieving the chlorophyll a target level.  
Comparison of metals data to their associated hardness-dependent water quality objectives indicates that 
copper and lead are currently achieving numeric targets at Santa Fe Dam Park Lake; therefore, TMDLs 
are not included for these pollutants.  Analyses are presented below for lead (Section 11.3) and copper 
(Section 11.4).  

11.1 ENVIRONMENTAL SETTING 
Santa Fe Dam Park Lake is located in the San Gabriel River Basin (HUC 18070106) in the Santa Fe 
Flood Control Basin (Figure 11-1; Figure 11-2).  This waterbody was constructed in 1978 by the US 
Army Corps of Engineers.  According to the Los Angeles County Department of Public Works (personal 
communication Arthur Gotingco, July 13, 2009, County of Los Angeles Dept. of Public Works) and the 
superintendent of Santa Fe Dam Park Lake, no flood waters are diverted to the park lake (flood water that 
is diverted from the San Gabriel River enters the spreading grounds and does not reach the lake).  In 
addition, there is no outlet from the lake (personal communication, Chris Graham, County of Los 
Angeles, March 31, 2010).  The park lake is 70.6 ac (surface area based on Southern California 
Association of Governments [SCAG] 2005 land use) with an average depth of six feet and a total volume 
of 423.6 ac-ft (volume calculated from depth reported by the lake superintendent and surface area 
estimated from land use data).  Restrooms on the park grounds are connected to the city sewer system.  
Recreation within Santa Fe Dam Park Lake includes swimming and fishing.  The California Fish and 
Game periodically stock trout.  Bird feeding may be another recreational activity at Santa Fe Dam Park 
Lake; however, it has not been observed during recent fieldwork.  There is no known current use of 
algaecide in this lake. However, lake managers have indicated that the lake has been treated in the past to 
control nutrients.  Additional characteristics of the watershed are summarized below.  

 
Figure  11-1. Location of Santa Fe Dam Park Lake 
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Figure  11-2. View of Santa Fe Dam Park Lake 

11.1.1 Elevation, Storm Drain Networks, and Subwatershed Boundaries 
The county of Los Angeles subwatershed coverage was sub-delineated based on aerial imagery and a 
digital elevation model to isolate the drainage area to this lake.  Figure 11-3 shows the elevation data for 
this subwatershed and the resulting 362-acre drainage area (140 meters to 165 meters above sea level).  
The subwatershed is not drained by a storm drain system, so all loads generated by upland areas will be 
assigned load allocations except wasteload allocations for the supplemental water additions.   

 
Figure  11-3. Elevation Data and TMDL Subwatershed Boundaries for Santa Fe Dam Park Lake 
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11.1.2 MS4 Permittees 
Figure 11-4 shows the MS4 stormwater permittees in the Santa Fe Dam Park Lake subwatershed.  The 
majority of the area is in Irwindale; a small portion is in Azusa.  The storm drain coverage used to 
evaluate whether storm drains are located in the watershed was provided by the county of Los Angeles.  

 
Figure  11-4. MS4 Permittees in the Santa Fe Dam Park Lake Subwatershed 

11.1.3 Non-MS4 NPDES Dischargers 
As of the writing of these TMDLs, there are no non-MS4 NPDES permitted discharges in the Santa Fe 
Dam Park Lake watershed.  This includes non-stormwater discharges (individual and general permits) as 
well as general stormwater permits associated with construction and industrial activities. 

11.1.4 Land Uses and Soil Types 
The analyses for the Santa Fe Dam Park Lake watershed include source loading estimates obtained from 
the San Gabriel River Basin LSPC Model, discussed in Appendix D (Wet Weather Loading) of this 
TMDL report.  Land uses identified in the San Gabriel River Basin LSPC model for this subwatershed are 
shown in Figure 11-5.     

Upon review of the SCAG 2005 database as well as current satellite imagery, it was evident that the 
portion of area classified by the LSPC model as strip mines had not been mined for some time.  The 
SCAG 2005 database classified this area as vacant; the current satellite imagery shows this area to be re-
established shrub/brush rangeland.  The 6.25 acres classified by the LSPC model as strip mines were 
therefore converted to shrub and brush rangeland for this loading analysis.  Table 11-1 summarizes the 
land use areas by jurisdiction.     
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Figure  11-5. LSPC Land Use Classes for the Santa Fe Dam Park Lake Subwatershed 
 

Tab le  11-1. Land Use Areas (ac) Draining to Santa Fe Dam Park Lake  

Land Use Azusa Irwindale Total 

Industrial 11.5 7.16 18.7 

Other Urban or Built-up 3.94 4.54 8.48 

Shrub & Brush Rangeland 6.94 328 335 

Total 22.4 340 362 

 

There is one RCRA cleanup site in the watershed (800001549) and three sites close to the watershed 
boundary (located within approximately 0.5 miles of the boundary).  These are the RCRA cleanup sites in 
closest proximity to the drainage area and are illustrated in Figure 11-5.  Table 11-2 summarizes the 
information available for these facilities.  It is unlikely that these facilities contribute to the pH 
impairment.  Lead is listed as a potential contaminant of concern at three sites below; however, as 
described below, recent lead samples collected from Santa Fe Dam Park Lake are below the CTR criteria.  
USEPA recommends the removal of this impairment from this waterbody during the next 303(d) listing 
cycle.  
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Table  11-2. RCRA Cleanup Sites Near the Santa Fe Dam Park Lake Watershed 

Envirostor # Facility Name Cleanup Status 
Potential Contaminants 

of Concern 

80001549, 
(CAD008302903) 

Veolia ES Technical Solutions Active, Hazardous Waste 
Operating Permit 

This facility receives a 
comprehensive suite of 
hazardous waste including 
benzenes, dioxins, heavy 
metals and other toxic 
organics and inorganics.  

80001568 Norac Inc. Active Benzoic acid, lead, semi-
volatile organics, volatile 
organics 

CAL000113451 Clean Harbors Environmental 
Services 

Evaluation Needed No data in site summary 
database for this facility 

19750076 Alpha II/Irwindale No Further Action Lead, PCBs, Cadmium 

 

The STATSGO soils database shows only one soil type in the watershed, identified as Zamora-Urban 
land-Ramona (MUKEY 660480).  The hydrologic soil group for this soil is not listed in the database. 

11.1.5 Additional Inputs 
Santa Fe Dam Park Lake receives supplemental flows from groundwater and potable water sources to 
maintain lake levels.  The groundwater is pumped into an artificial stream that then flows into the lake 
(Figure 11-6).  Ten years of monthly usage data were used to estimate the average annual volume pumped 
from each source.  Groundwater and potable water are pumped at average rates of 1,319 ac-ft/yr and  
544 ac-ft/yr, respectively.  The groundwater source at Santa Fe Dam Park Lake is also used to irrigate  
175 acres of parkland and some of this water may reach the lake (9.6 percent of the total irrigation volume 
is assumed to reach the lake).   

In addition to inputs of potable water and groundwater, the swim beach area of Santa Fe Dam Park Lake 
is disinfected with a 12.5 percent sodium hypochlorite solution (NaOCl) during the summer months.  This 
solution is mixed with lake water in a pump house and then discharged to the lake in the swim area.   
During the summer, chlorination typically occurs 7 days per week via five pumps.  However, due to 
reduced funding available in 2009, the swim beach was closed Monday through Wednesday and only one 
chlorine pump was being utilized.  The volumes of sodium hypochlorite solution pumped during the 
summers of 2008 and 2009 were approximately 11,900 gallons each (personal communication, Chris 
Graham, Los Angeles County Department of Parks and Recreation).    
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Figure  11-6. Pumped Groundwater Entering Lake via Artificial Stream 

11.2 PH IMPAIRMENT 
Santa Fe Dam Park Lake is listed as impaired by pH.  Altered pH chemistry is often a result of elevated 
nutrient levels that cause excessive growth of algal and plant material.  Algal photosynthesis depletes 
carbon dioxide in the water column, leading to elevated pH during daylight hours, while nighttime 
respiration releases carbon dioxide, leading to increased concentrations of carbonic acid and depression of 
pH.  However, other circumstances, either natural or anthropogenic, may also lead to impairments in pH.  
As described below, the pH impairment in Santa Fe Dam Park Lake does not appear to be primarily 
caused by elevated nutrient levels or chlorination. 

11.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  The existing beneficial 
uses assigned to Santa Fe Dam Park Lake include REC1, REC2, WARM, WILD, WET, and GWR.  A 
potential beneficial use for this lake is MUN.  Descriptions of these uses are listed in Section 2 of this 
TMDL report.  Elevated pH levels can impair the REC1, REC2, WARM, WILD, and WET uses by 
causing eye irritation for swimmers and altering the habitat and biota in the lake.  

11.2.2 Numeric Targets 

  

The Basin Plan for the Los Angeles Region (LARWQCB, 1994) outlines the numeric targets and 
narrative criteria that apply to Santa Fe Dam Park Lake.  The Basin Plan states that “the pH of inland 
surface waters shall not be depressed below 6.5 or raised above 8.5 as a result of waste discharges.  
Ambient pH levels shall not be changed more than 0.5 units from natural conditions as a result of waste 
discharge.”  The pH target depths for Santa Fe Dam Park Lake are from the surface to 0.3 meters above 
the lake bottom. 

Santa Fe Dam Park Lake is not listed as impaired by algae or eutrophication.  However, to determine if 
elevated nutrient levels, and therefore excessive algal growth, are the cause of the pH impairment in this 
waterbody, it is useful to compare observed chlorophyll a concentrations to target levels.  The Regional 
Board has not adopted numeric targets for chlorophyll a in the Santa Fe Dam Park Lake; however, there 
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are applicable narrative criteria that state “Waters shall not contain biostimulatory substances in 
concentrations that promote aquatic growth to the extent that such growths cause nuisance or adversely 
affect beneficial uses.”  As described in Tetra Tech (2006), summer (May – September) mean and annual 
mean chlorophyll a concentrations of 20 µg/L provide a useful cutoff, representing the maximum 
allowable level consistent with full support of contact recreational use and are also consistent with 
supporting warm water aquatic life.   

Comparison of dissolved oxygen (DO) and ammonia concentrations to their respective targets is also 
helpful to determine if algal growth is causing the pH impairment.  The instantaneous minimum DO 
target for Santa Fe Dam Park Lake is 5 mg/L based on the beneficial use designation WARM and must be 
met from the surface to 0.3 meters above the lake bottom.  The Basin Plan expresses ammonia targets as a 
function of pH and temperature because un-ionized ammonia (NH3) is toxic to fish and other aquatic life.  
In order to assess compliance with the standard, the pH, temperature and ammonia must be determined at 
the same time.  For the purposes of setting a target for Santa Fe Dam Park Lake in these TMDLs, a 
median temperature of 22.3 ºC and a 95th percentile pH of 9.5 were used, as explained in Section 2.  The 
resultant acute (one-hour) ammonia target is 0.70 mg-N/L, the four-day average is 0.41 mg-N/L, and the 
30-day average (chronic) target is 0.16 mg-N/L (Note: the median temperature and 95th

Nitrogen and phosphorus target concentrations within the lake are based on existing conditions as 
explained in Sections 

 percentile pH 
values were calculated from the observed data and used in the calculation of the acute and chronic targets. 
These are presented as example calculations since the actual target varies with the values determined 
during sample collection.). 

11.2.5 and 11.2.6: 

• 0.63 mg-N/L summer season average (May – September) and annual average 

• 0.063 mg-P/L summer season average (May – September) and annual average   

Table 11-3 presents a summary of the numeric targets for nutrient-related parameters in Santa Fe Dam 
Park Lake. 

Tab le  11-3. Nutrient-Related Numeric Targets for Santa Fe Dam Park Lake  

Parameter Numeric Target Notes 

Ammonia 0.70 mg-N/L acute (one-hour)  1 

0.41 mg-N/L four-day average  

0.16 mg-N/L chronic (30-day average) 

Based on median temperature and 
95th

Chlorophyll a 

 percentile pH 

20 µg/L summer average (May – September) and 
annual average 

 

Dissolved Oxygen 7 mg/L minimum mean annual concentrations and  

5 mg/L single sample minimum except when 
natural conditions cause lesser concentrations 

 

pH The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a 
result of waste discharges.  Ambient pH levels 
shall not be changed more than 0.5 units from 
natural conditions as a result of waste discharge. 
(Basin Plan)  

6.5 – 9.0 (EPA’s 1986 Recommended Criteria) 

The existing water quality criteria for 
pH is very broad and in cases where 
waste discharges are not causing the 
alteration of pH it allows for a wider 
range of pH than EPA’s recommended 
criteria.  For this reason, EPA’s 
recommended criteria is included as a 
secondary target for pH. 

Total Nitrogen 0.63 mg-N/L summer average (May – September) Conservatively based on existing 
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Parameter Numeric Target Notes 

and annual average conditions, which are maintaining 
chlorophyll a levels below the target of 
20 µg/L 

Total Phosphorous 0.063 mg-P/L summer average (May – 
September) and annual average 

Based on an in-lake TN to TP ratio of 
10, typical of natural systems 

1 The median temperature and 95th

11.2.3 Summary of Monitoring Data 

 percentile pH values were calculated from the observed data and used in the calculation 
of the acute and chronic targets. These are presented as example calculations since the actual target is the water quality 
objective which is dependent on pH and temperature.  When assessing compliance refer to the water quality objective as 
expressed in the Basin Plan. 

To assess whether or not the pH impairment is due to elevated nutrient levels, analysis of pH, nutrient 
concentrations, algal densities (chlorophyll a), and dissolved oxygen is required.  This section briefly 
summarizes the relevant monitoring data.  Appendix G (Monitoring Data) contains more detailed 
information regarding water quality sampling at Santa Fe Dam Park Lake. 

During the summers of 1992 and 1993, the University of Riverside collected water quality data to assess 
the health of urban lakes in the Los Angeles area.  Santa Fe Dam Park Lake was sampled at one station in 
the southeast section of the lake on 11 days.  Total Kjeldahl nitrogen (ammonia plus organic nitrogen; 
TKN) ranged from 0.3 mg-N/L to 1.1 mg-N/L.  Ammonium generally ranged from 0.1 mg-N/L to  
0.2 mg-N/L with 21 measurements less than the detection limit (0.01 mg-N/L) and one measurement of 
0.4 mg-N/L collected at a depth of 2 meters.  All 37 samples of nitrite were less than the detection limit 
(0.01 mg-N/L), and the majority of nitrate samples (32) were less than the detection limit (0.01 mg-N/L); 
the maximum observed nitrate concentration was 0.2 mg-N/L.  All orthophosphate and total phosphorus 
concentrations were less than the detection limits (0.01 mg-P/L for both) except one total phosphorus 
observation which measured 0.1 mg-P/L.  pH ranged from 8.0 to 9.6, and TOC ranged from 2.3 mg/L to 
3.4 mg/L.  The summary table from the 1994 Lakes Study Report (UC Riverside, 1994) lists chlorophyll 
a concentrations ranging from 1 μg/L to 29 μg/L with an average of 13 μg/L; however, the raw data for 
chlorophyll a were not available.   

The 1996 Water Quality Assessment Report (LARWQCB, 1996) states that pH was partially supporting 
the aquatic life use and not supporting the contact recreation and secondary drinking water uses.  Ninety-
five measurements of pH were taken, ranging from 7.5 to 9.6 with an average value of 8.7.  The 
associated database did not contain the raw data for these samples. 

On March 3rd and August 3rd

Profile data were collected during the summer monitoring event in the morning and afternoon at two 
locations in the lake.  Over the first 2 meters of depth, DO concentrations were approximately 9.7 mg/L in 
the morning (~ 9:00 a.m.) and increased to approximately 11.8 mg/L in the afternoon (~4:00 p.m.).  pH 

, 2009, the Regional Board sampled water quality in Santa Fe Dam Park 
Lake.  Overall, both nitrogen and phosphorus levels were very low at the three in-lake stations during 
both events.  TKN ranged from less than the detection limit (0.456 mg-N/L) to 1.1 mg-N/L.  Only one 
sample of ammonia was greater than the detection limit of 0.03 mg-N/L, with a concentration of 0.05 mg-
N/L.  Nitrite ranged from less than the detection limit (0.01 mg-N/L) to 0.04 mg-N/L; nitrate ranged from 
less than the detection limit (0.01 mg-N/L) to 0.1 mg-N/L.  Phosphate was consistently less than the 
detection limit of 0.0075 mg-P/L, and total phosphorus ranged from 0.021 mg-P/L to 0.050 mg-P/L. 
During the winter sampling event, chlorophyll a concentrations along the center line of the lake did not 
exceed 20.5 μg/L, and the average concentration was 17.2 μg/L.  In August, chlorophyll a was below the 
detection level of 1 μg/L.  pH ranged from 8.6 to 8.8 during both events, with all measurements exceeding 
the criterion range.        
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levels in the morning were approximately 8.5; in the afternoon levels were approximately 8.9.  Given that 
DO concentrations are well above the target of 5 mg/L during the morning hours and pH fluctuations 
were approximately 0.4 units, algal growth did not appear to be directly causing exceedances of the DO 
or pH standards during this sampling event.  The diurnal change in pH of 0.4 units was less than the 
allowed change relative to natural conditions of 0.5 units (Section 11.2.2).  Additionally, the main 
discharges to the lake are groundwater and potable water.  The pH of the groundwater measured on 
August 4, 2009 averaged 7.69.  Potable water was not measured during a sampling event; however Valley 
County Water District reported that in 2008 their potable water had an average pH of 7.6 with a range of 
7.5-7.7 (Valley County Water District, 2008).  The pH standard requires that “the pH of inland surface 
waters shall not be depressed below 6.5 or raised above 8.5 as a result of waste discharges.”  The 
discharges to the lake do not appear to be causing the elevated pH and therefore the criteria is being met.  

On May 4th

On November 17, 2009 the lake was revisited for the collection of metals sampling.  pH measurements in 
the lake ranged from 9.2 to 9.6. 

 2009, Clean Lakes Inc. was contracted by the Los Angeles County Department of Parks and 
Recreation to conduct baseline water quality monitoring of Santa Fe Dam Park Lake to determine if 
aquatic weed or algal growth controls were needed.  Three locations in the lake were sampled at 
approximately 10:00 a.m. for water quality at a depth of approximately 1 ft below the water surface.  The 
report stated that the lake did not appear to be impaired with regard to pH, dissolved oxygen, or nutrient 
levels when compared to the Basin Plan or nutrient TMDLs implemented for other waterbodies in the 
region.  (pH ranged from 7.39 to 7.96 at all locations and depths during this event.)  “Light” quantities of 
pondweed and benthic algae were observed and the lake was noted to have a bluish hue.  

 

On August 12, 2010 the lake was revisited to sample nutrients and metals and to collect diurnal 
measurements of pH and DO over a 24-hour period.  The diurnal sampler placed at SFD-1 measured pH 
values ranging from 8.75 to 8.97 and DO concentrations ranging from 8.3 mg/L to 9.9 mg/L.  At SFD-3, 
diurnal measurements of pH ranged from 8.82 to 8.97, and DO concentrations ranged from 8.9 mg/L to 
11.3 mg/L.  TKN ranged from less than the detection limit of 0.5 mg-N/L to 0.594 mg-N/L.  Ammonia 
samples at SFD-1 and SFD-3 were less than the detection limit of 0.03 mg-N/L, and nitrite samples were 
both detected at 0.035 mg-N/L.  Nitrate concentrations were less than the detection limit (0.01 mg-N/L) at 
SFD-3 and 0.097 mg-N/L at SFD-1.  Orthophosphate measurements at both sites were less than the 
detection limit of 0.0075 mg-P/L; total phosphorus concentrations ranged from 0.023 mg-P/L to 0.129 
mg-P/L.  Chlorophyll a concentrations ranged from 18.4 μg/L to 22.7 μg/L. 

pH and DO data were also collected during the December 14, 2009 
metals sampling event.  At the two midlake stations, pH ranged from 8.63 to 8.90 and DO ranged from 
6.1 mg/L to 10.2 mg/L. 

In summary, measurements of pH in Santa Fe Dam Park Lake are elevated above the allowable range of 
6.5 to 8.5 in both recent and historic datasets.  Diurnal sampling shows a variation in pH of less than  
0.22 units, indicating that algal and aquatic weed levels are not significantly impacting pH levels.  There 
is no evidence of depressed dissolved oxygen, and limited data on chlorophyll a concentrations do not 
indicate eutrophic conditions (only one measurement exceeded the summer average target of 20 μg/L).  
There are no dissolved oxygen observations less than the target concentration of 5 mg/L.  As explained in 
greater detail in Section 11.2.5, neither excessive nutrient loading nor chlorination at the lake appear to be 
causing the elevated pH values that resulted in this listing. Additionally, the main sources of water to 
these lakes are either groundwater or potable water discharges which account for 97 percent of current 
flows to the lake.  Both of these sources have measured pH values ranging from 7.5 to 7.7 and are not 
likely to be causing the elevated pH.  Based on these multiple lines of evidence, Santa Fe Dam Park Lake 
is attaining beneficial uses and meets pH water quality standards.   
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11.2.4 Source Assessment 
The elevated pH levels in Santa Fe Dam Park Lake are likely due to natural conditions, as described in 
Section 11.2.5.  Loads of nutrients may also be potentially relevant to the pH impairment, as excess 
nutrient loads can promote algal growth that depletes CO2

The majority of nutrient loading to Santa Fe Dam Park Lake originates from the groundwater and potable 
water inputs used to maintain lake levels (Appendix F, Dry Weather Loading).  Together these sources 
account for 82 percent of the total phosphorus load and 95 percent of the total nitrogen load.  Other 
sources include wet weather runoff (Appendix D, Wet Weather Loading), irrigation return flows (9.6 
percent of the total irrigation volume is assumed to reach the lake) (Appendix F, Dry Weather Loading) 
from the surrounding watershed, and atmospheric deposition (Appendix E, Atmospheric Deposition).  

 from the water column and raises pH. 

Table 11-4 summarizes the loadings to the lake. 

Tab le  11-4. Summary of Average Annual Flows and Nutrient Loading to Santa Fe Dam Park Lake 

Responsible 
Jurisdiction Input Flow (ac-ft) 

Total Phosphorus 
(lb-P/yr) (percent 

of total load) 

Total Nitrogen  
(lb-N/yr) (percent 

of total load) 

Azusa Runoff 16.8 27.0 (9.6) 205 (1.6) 

Irwindale Runoff 24.1 23.8 (8.4) 253 (1.9) 

County of Los Angeles  Supplemental Water 
Additions (Groundwater) 

1,319 93.3 (33.0) 10,734 (81.5) 

County of Los Angeles  Supplemental Water 
Additions (Potable Water) 

544 137 (48.5) 1,789 (13.6) 

County of Los Angeles  Parkland Irrigation 16.8 1.2 (0.4) 137 (1.0) 

 Atmospheric Deposition 
(to the lake surface)* 

109 NA 51.4 (0.4) 

Total 2,030 282 13,169 

* Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

Loads of anions and cations are also relevant to the pH balance in the lake, as described in the next 
section. 

11.2.5 Linkage Analysis 
The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.     

In its reaction with chemical compounds in a waterbody, the water molecule (H2O) dissociates into 
hydrogen (H+) and hydroxyl (OH-) ions.  These ions then react with other compounds present in the 
waterbody.  The pH of water is a measure of the proportion of H+ ions in the water relative to the amount 
of OH- ions in the water.  Neutral water (H+ = OH-) has a pH of 7.  When more H+ ions are present, the 
solution is acidic and the pH is less than 7.  When more OH- ions are present, the solution is basic, and the 
pH is higher than 7.   
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In natural waterbodies, the presence of carbon dioxide gas (CO2) in the water is a key driver of pH along 
with the proportion of cations (positively charged compounds that react with OH- ions) and anions 
(negatively charged compounds that react with H+ ions).  Although carbon dioxide makes up a small 
percentage of the gases in the earth’s atmosphere, it is highly soluble in water and is therefore abundant in 
surface waters.  Both groundwater and rainwater have relatively high concentrations of carbon dioxide 
and may contribute significantly to the carbon stores of a waterbody.  Respiration by plants and animals 
and the decomposition of organic material further increase carbon dioxide levels in the waterbody.  When 
CO2 is dissolved in water, the pH is typically lowered as CO2 combines with H2O to form carbonic acid 
(H2CO3).  This acid may dissociate to bicarbonate (HCO3

-) and carbonate (CO3
2-) and hydrogen ions 

(H+), and the pH of the water decreases.  Photosynthesis reactions consume CO2

To determine if the elevated pH measurements in Santa Fe Dam Park Lake are a result of excessive 
nutrient loading and eutrophication of the waterbody, the California Nutrient Numeric Endpoints (NNE) 
BATHTUB Tool was set up and calibrated to lake-specific conditions.  The NNE BATHTUB Tool is a 
version of the US Army Corps of Engineers (USACE) BATHTUB model and was developed to support 
risk-based nutrient numeric endpoints in California (Tetra Tech, 2006).   

 and typically raise the 
pH of the waterbody.   

BATHTUB is a steady-state model that calculates nutrient concentrations, chlorophyll a concentration (or 
algal density), turbidity, and hypolimnetic oxygen depletion based on nutrient loadings, hydrology, lake 
morphometry, and internal nutrient cycling processes.  BATHTUB uses a typical mass balance modeling 
approach that tracks the fate of external and internal nutrient loads between the water column, outflows, 
and sediments.  External loads can be specified from various sources including stream inflows, nonpoint 
source runoff, atmospheric deposition, groundwater inflows, and point sources.  Internal nutrient loads 
from cycling processes may include sediment release and macrophyte decomposition.  The net 
sedimentation rates for nitrogen and phosphorus reflect the balance between settling and resuspension of 
nitrogen and phosphorus within the waterbody.  Thus, internal loading is implicitly accounted for in the 
model.  Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than 
day-to-day variations in water quality.  

Target nutrient loads and resulting allocations are determined based on the secondary target – summer 
mean chlorophyll a concentration.  The NNE spreadsheet tool allows the user to specify a chlorophyll a 
target and predicts the probability that current conditions will exceed the target, as well as showing a 
matrix of allowable nitrogen and phosphorus loading combinations to meet the target.  The user-defined 
chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in water transparency measured as Secchi depth.  Appendix A (Nutrient TMDL Development) describes 
additional details on the NNE BATHTUB Tool and its use in determining allowable loads of nitrogen and 
phosphorus.    

In addition to loading rates of nitrogen and phosphorus, the NNE BATHTUB Tool requires basic 
bathymetry data for the simulation of chlorophyll a during the summer.  For Santa Fe Dam Park Lake the 
following inputs apply: surface area of 70.6 acres, average depth of 6 ft, and volume of 423.6 ac-ft.  
Without adjusting calibration factors in the model, the average annual loads presented in Section 11.2.4 
yield total nitrogen, total phosphorus, and chlorophyll a concentrations of 1.64 mg-N/L, 0.04 mg-P/L, and 
17.8 µg/L, respectively.  (Simulated in-lake total nitrogen concentrations are relatively high due to the 
groundwater input which makes up the majority of the loading and has a concentration of approximately 3 
mg-N/L.) 

Average conditions for Santa Fe Dam Park Lake with regard to algal stimulation are assessed based on 
measurements collected between the surface and twice the observed Secchi depth.  Average summer 
observed total nitrogen, total phosphorus, and chlorophyll a concentrations over the assessment depth  
(2 meters) are 0.63 mg-N/L, 0.024 mg-P/L, and 8.5 µg/L, respectively, assuming measurements less than 
detection are equal to half the detection limit.  Even with simulated nitrogen and phosphorus 
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concentrations 1.7 to 2.6 times higher than those observed in the lake (i.e., calibration factors left at 1), 
simulated chlorophyll a (17.8 µg/L) remains below the target concentration of 20 µg/L.  Calibrating the 
NNE BATHTUB Tool would result in lower simulated concentrations of nitrogen, phosphorus, and 
chlorophyll a.  Thus, the NNE BATHTUB Tool indicates that Santa Fe Dam Park Lake is not directly 
impaired by elevated nutrient loads or excessive algal growth.  (Since the calibration factor on the net 
phosphorus sedimentation rate would have been adjusted even lower during calibration, the method 
described in Appendix A (Nutrient TMDL Development) was used to estimate internal loading.  Based on 
the inflow concentrations, in-lake concentrations, and residence time of this system, the internal loading 
calculation resulted in a negative number which indicates that settling is more dominant than 
resuspension, and internal loading of phosphorus is insignificant relative to other sources.)  However, the 
observed algal densities may contribute to depression of CO2

A steady-state, chemical equilibrium model was also set up for Santa Fe Dam Park Lake to determine if 
elevated pH is due to natural conditions, algal impacts, or the addition of chlorine in the form of sodium 
hypochlorite, NaOCl, for disinfection of the swim beach area (Section 

 and weaken the buffering system. 

11.1.5).  When NaOCl is added to 
water, it dissociates into sodium ions (Na+) and hypochlorite ions (OCl-).  The sodium ion is quickly 
surrounded by water molecules and is not likely to react further.  However, the hypochlorite ion will 
combine with hydrogen (H+) that results from the hydrolysis of water (H2O = H+ + OH-).  The reaction of 
H+  with OCl- results in more hydroxyl ions (OH-) relative to hydrogen ions (H+

NaOCl + H

) in the water, and the pH 
of the solution increases.  These acid/base reactions are very rapid and achieve equilibrium within 
seconds to minutes: 

2O ↔ HOCl + Na+ + OH–

The geochemical speciation model, Visual MINTEQ V2.61 (Gustafsson, 2009), was used to investigate 
the pH conditions in the lake.  The model was selected to perform pH simulation based on the available 
data for Santa Fe Dam Park Lake.  The model requires total analytical concentrations and physical inputs 
to evaluate various geochemical reactions.  Visual MINTEQ uses the equilibrium-constant approach to 
solve chemical equilibrium conditions and uses the same numerical solution method as USEPA’s 
MINTEQA2 (Allison et al., 1991).   

  

The Visual MINTEQ model was used to simulate conditions observed in Santa Fe Dam Park Lake on 
March 3rd 2009, August 3rd 2009, and August 12th

Table 11-5
 2010.  Average water quality observed on these three 

days ( ) was input to the model along with default assumptions regarding the carbon dioxide 
content of groundwater, atmospheric pressure of carbon dioxide, and concentrations of additional cations 
and anions based on the available data (calcium, magnesium, and carbonate):    

• Because major cation data were not available for the lake, hardness was used to estimate the 
concentrations of dissolved calcite (Ca) and magnesium (Mg) for each sampling date.  The 
average hardness values ranged from 92.7 mg/L (as CaCO3 mg/L) to 132 mg/L (as CaCO3

Total hardness = 2.497(Ca

 mg/L) 
and were converted to Ca and Mg using the following equation: 

2+ mg/L) + 4.118(Mg2+

Assuming the chemical formula of disordered dolomite (CaMg(CO

 mg/L) 

3)2), the molecular weight 
ratio of Mg to Ca of 0.6 was applied to magnesium.  The calculation resulted in Ca concentrations 
ranging from 19 mg/L to 27 mg/L and Mg concentrations ranging from 11 mg/L to 16 mg/L.  The 
anion associated with Ca and Mg was assumed to be carbonate according to the dolomite 
formula.  Additional carbonate value was estimated from the observed alkalinity which was 
assumed to be dominated by carbonate.  In addition to carbonate, phosphorus and ammonia could 
also contribute to alkalinity; however, the relatively low concentrations of these species indicate 
that these elements are not a major contributor to alkalinity.     
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• Total organic carbon (TOC) data were used to estimate the possible amount of carbonic acid 
generated through microbial activities to estimate biodegradable carbon content.  Assuming that 
TOC has the simple sugar glucose structure (C6H12O6

• Chemical reactions with metal hydroxides associated with clay minerals were not considered in 
this analysis because the observed TSS concentrations were relatively low.    

), all TOC values were converted to 
carbonic acid by microorganism respiration and included in the model.    

• Precipitation of saturated calcite solids was not simulated based on the assumption that observed 
hardness values used to estimate calcium and magnesium concentrations were in the dissolved 
form and that any potential solid was already precipitated out under the observed water quality 
conditions.   

• Anaerobic decay of organic matter on the lake bottom was not considered in this analysis. 
However, the lake sediment and adjacent boundary diffusion layer could result in pH changes due 
to CO2 generation by microbial activity in conjunction with reduction reactions consuming some 
of the CO2 acidity (Morel and Hering, 1993).  The depth profile data conducted on August 3rd

To test the impacts of algal photosynthesis and respiration on the pH levels, algal densities were assumed 
at the maximum average levels observed (17 µg/L for the March 3

 
2009 show a minimum pH of 7.45 collected at 3 meters from the lake surface.  Though the 
available data do not allow for a quantitative assessment of the influence of microbial activity on 
pH in the water column, it does indicate that conditions at the sediment-water interface are not 
acidic and that microbial activity does not appear to have a significant impact on pH throughout 
the water column.           

rd 2009 sampling event and 20.05 μg/L 
for the August 12th

The average observed pH during the March 3

 2010 sampling event), and it was also assumed that nitrogen and phosphorus levels 
were not limiting the rates of photosynthesis or respiration for these organisms. 

rd event was 8.68.  When algal impacts were ignored, the 
MINTEQ model predicted an average pH of 8.69.  When the impacts of algae were simulated, pH was 
predicted to increase to 8.89 as a result of photosynthesis.  During the August 3rd event, chlorophyll a 
levels were less than the detection limit of 1 μg/L.  The average observed pH during this event was 8.73 
and the average simulated pH was 8.78 (impacts of algae were not included in this scenario since 
observed algal densities were insignificant).  The observed pH during the August 12th 2010 event was 
8.8.  When algal impacts were ignored, the MINTEQ model predicted an average pH of 8.82.  When the 
impacts of algae were simulated, pH was predicted to increase to 8.94 as a result of photosynthesis.  
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Tab le  11-5. Average Water Quality Conditions in Santa Fe Dam Park Lake on March 3rd and August 3rd 2009 and August 12th

Date 

 2010 

TKN 
(mg/L) 

NH3

NO
-N 

(mg/L) 

2 NO-
N 

(mg/L) 

3
PO

-
N 

(mg/L) 
4

Total 
P 

(mg/L) 
-P 

(mg/L) 

Chlorophyll 
a         

(μg/L) 

Secchi 
Depth 

(m) 
Chloride 
(mg/L) 

Temper-
ature 
(o pH C) 

Total 
Alkalinity 

(mg/L) 

Total 
Hardness 

as 
CaCO3 TDS 

(mg/L) 
 

(mg/L) 
TSS 

(mg/L) 
TOC 

(mg/L) 

3/3/2009 1.02 0.03 0.04 0.08 0.004 0.03 17.17 0.76 27.97 15.50 8.68 115.33 103.72 296.67 7.67 4.67 

8/3/2009 0.43 0.02 0.02 0.01 0.004 0.04 0.5 0.54 35.36 27.73 8.73 124.00 131.90 302.67 11.30 3.57 

8/12/2010 0.41 0.02 0.04 0.05 0.004 0.08 20.5 0.68 35.7 25.9 8.8 153.00 92.70 241.00 13.90 4.21 

Note: Samples reported as less than the detection limit were assumed equal to one-half the detection limit for the purposes of estimating average water quality conditions. 
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The sensitivity of pH to the addition of NaOCl was tested to examine the impacts of increased 
concentrations of NaOCl.  The original concentration injected into the lake, following mixing of lake 
water with 12.5 percent NaOCl in the pump house, was assumed 0.05 mg/L based on literature values 
(Metcalf and Eddy, 2003).  During the sensitivity analysis, the concentration was varied from 0 mg/L to 
0.50 mg/L.  Results of the MINTEQ modeling indicate that the addition of NaOCl has an insignificant 
impact on pH: the lake volume appears to overwhelm the base effect of hypochlorite ion (OCl-

The results of the MINTEQ modeling indicate that the pH of Santa Fe Dam Park Lake is above the target 
range of 6.5 to 8.5 due to natural conditions including background water quality and gas exchange of 
carbon dioxide at the air-water interface.  While current levels of nutrient loading and algal densities have 
a minimal impact on pH (less than 0.22 units based on diurnal measurements) and are not responsible for 
the exceedance of the pH target range, increases in nutrient loading above existing levels could stimulate 
algal production and result in a problematic increase in pH for this waterbody.  Additionally, the main 
discharges to the lake are groundwater and potable water.  The pH of the groundwater at Santa Fe ranged 
from 7.69 to 7.81 during two sampling events and Valley County Water District reports their potable 
water had an average pH of 7.6 with a range of 7.5-7.7 (Valley County Water District, 2008).  Since the 
exceedances outside of the target pH range observed in Santa Fe Dam Park Lake are not due to waste 
discharges or anthropogenic sources, the lake is meeting the pH standard.  While carbon dioxide and 
cations in the water tend to decrease the pH, the presence of anions such as chlorides, silicates, arsenates, 
and aluminates (Cole, 1994) increase pH.  In Santa Fe Dam Park Lake, the elevated pH is likely due to 
the presence of naturally occurring anions.  USEPA concludes that preparing a TMDL for pH is 
unwarranted at this time and recommends that Santa Fe Dam Park not be identified as impaired by pH in 
California’s next 303(d) list.  The nutrient TMDLs will therefore be allocated based on existing 
conditions as an antidegredation measure to ensure that future loading does not increase algal densities 
that may further alter the pH of the system.  

).  

11.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum nutrient load 
consistent with meeting the numeric target of 20 µg/L of chlorophyll a as a summer average.  The 
methodology for determining the loading capacity is described briefly in this section.  For more detail, 
refer to Appendix A (Nutrient TMDL Development). 

Based on simulated and observed levels of chlorophyll a in Santa Fe Dam Park Lake, existing levels of 
nitrogen and phosphorus loading are resulting in attainment of the chlorophyll a target concentration and 
are not significantly impacting the pH.  Monitoring data indicate that the average in-lake total nitrogen 
concentration is 0.63 mg-N/L (Appendix G, Monitoring Data).  Because the majority of in-lake 
phosphorous samples have been less than the detection limits for the analytical laboratory, the phosphorus 
target concentration is based on an in-lake ratio of total nitrogen concentration to total phosphorus 
concentration close to 10.  This ratio was selected to match that typically observed in natural systems and 
to balance biomass growth and prevent limitation by one nutrient (Thomann and Mueller, 1987).  The 
corresponding in-lake concentrations of nitrogen and phosphorus are 

• 0.63 mg-N/L summer average (May – September) and annual average 

• 0.063 mg-P/L summer average (May – September) and annual average 

To prevent degradation of this waterbody, nutrient TMDLs are allocated based on existing loading.  
These TMDLs are broken down into the wasteload allocations (WLAs), load allocations (LAs), and 
Margins of Safety (MOS) using the general TMDL equation.  Note that the MOS is zero as there is no 
evidence of excess algal growth or significant pH elevation above background conditions.   
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For total nitrogen, the allocatable load is equal to the existing load and is divided among WLAs and LAs.  
The resulting TMDL equation for total nitrogen is then:    

13,169 lb-N/yr = 12,523 lb-N/yr + 646 lb-N/yr + 0 lb-N/yr   

For total phosphorus, the allocatable load is equal to the existing load and allocated to WLAs and LAs.  
The resulting TMDL equation for total phosphorous is then: 

282 lb-P/yr = 230 lb-P/yr + 52 lb-P/yr + 0 lb-P/yr  

Allocations are assigned for these TMDLs by requiring equal percentage reductions of all sources.  
Details associated with the WLAs, LAs, and MOS are presented in the following three sections. 

As previously mentioned, in-lake concentrations of nitrogen and phosphorus have been determined based 
on recent and historical monitoring data (see Section 11.2.5).  These in-lake concentrations reflect internal 
cycling processes (see Appendix A, Nutrient TMDL Development) and, therefore, differ from 
concentrations associated with various inflows.  Nutrient concentrations associated with the WLA and LA 
inputs are described below.  These values are provided as examples as they are calculated based on 
existing flow volumes (they will need to be recalculated if flow volumes change).  Because the input 
concentrations do not consider internal cycling processes and are based on existing flow volumes, they do 
not match the allowable in-lake nitrogen and phosphorous concentrations. 

11.2.6.1 Wasteload Allocations  
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention and treatment options) to treat the stormwater and supplemental water flows entering 
the lake, as well as stormwater diversion and infiltration using methods such as porous pavements and 
rain gardens.  Implementing these options can reduce the lake’s nutrient loads and, in the case of 
recirculation through constructed wetlands, reduce in-lake nutrient concentrations.  Additionally, persons 
that apply algaecides as part of an overall lake management strategy must comply with the Aquatic 
Pesticide General Permit (General Permit Order No. 2004-0009-DWQ, CAG990005). 

Local jurisdictions have performed studies on nearby waterbodies that may be considered when 
evaluating nutrient-reduction strategies for this lake. For example, the City of Los Angeles has modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from constructed 
wetlands, and construction is currently underway.  Information about this and other City of Los Angeles 
water quality improvement projects are available on Proposition O website: 
http://www.lapropo.org/sitefiles/lariver.htm. 

Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  These TMDLs establish WLAs at their point of discharge.  There are no MS4 discharges to 
Santa Fe Dam Park Lake and no other (non-MS4) permitted dischargers in the watershed.  The 
supplemental water addition (groundwater and potable water) inputs are the only sources of nutrient 
loading to Santa Fe Dam Park Lake that are assigned wasteload allocations (WLAs) (Table 11-6).  Note 
that WLAs are equal to existing loading rates because no reductions in loading are required.  These 
loading values (in pounds per year) represent the TMDLs wasteload allocations (Table 11-6).  Each 
wasteload allocation must be met at the point of discharge. A three-year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the 

∑ ++= MOSLAWLATMDL
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chlorophyll a target are met in the lake, then the total phosphorous and total nitrogen allocations are 
considered attained. 

Tab le  11-6. Wasteload Allocations of Phosphorus and Nitrogen Loading to Santa Fe Dam Park 
Lake 

Responsible 
Jurisdiction Input 

Total Phosphorus 
(lb-P/yr)

Total Nitrogen 
(lb-N/yr)1 

County of Los 
Angeles  

1 

Supplemental Water 
Additions (Groundwater) 

93.3 10,734 

County of Los 
Angeles  

Supplemental Water 
Additions (Potable Water) 

137 1,789 

Total 230 12,523 
1 

11.2.6.2 Load Allocations 

Each wasteload allocation must be met at the point of discharge. A three year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll 
a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered attained. 

There are no storm drains that discharge runoff flows into Santa Fe Dam Park Lake.  Therefore, all loads 
associated with the surrounding drainage area are assigned load allocations (LAs) (Table 11-7).  
Atmospheric deposition is also assigned an LA.  These loading values (in pounds per year) represent the 
TMDLs load allocations (Table 11-7).  Each load allocation must be met at the point of discharge. A 
three-year average will be used to evaluate compliance. However, if applicable water quality criteria for 
ammonia, dissolved oxygen and pH, and the chlorophyll a target are met in the lake, then the total 
phosphorous and total nitrogen allocations are considered attained. 

Tab le  11-7. Load Allocations of Phosphorus and Nitrogen Loading to Santa Fe Dam Park Lake 

Responsible Jurisdiction Input 
Total Phosphorus 

(lb-P/yr)
Total Nitrogen  

(lb-N/yr)1 

Azusa 

1 

Runoff 27.0 205 

Irwindale Runoff 23.8 253 

County of Los Angeles  Parkland Irrigation 1.2 137 

 Atmospheric Deposition 
(to the lake surface)

NA 
2 

51.4 

Total 52 646 
1 Each load allocation must be met at the point of discharge. A three year average will be used to evaluate 
compliance. However, if applicable water quality criteria for ammonia, dissolved oxygen and pH, and the chlorophyll 
a target are met in the lake, then the total phosphorous and total nitrogen allocations are considered attained. 

2

11.2.6.3 Margin of Safety 

 Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
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in the TMDL as loadings set aside for the MOS.  This lake is currently achieving the in-lake chlorophyll a 
target and TMDLs are being established at the existing loads.  This conservative anti-degradation measure 
is the implicit margin of safety for these TMDLs.  

11.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  Critical conditions for nutrient impaired lakes typically 
occur during the warm summer months when water temperatures are elevated and algal growth rates are 
high.  Elevated temperatures not only reduce the saturation levels of DO, but also increase the toxicity of 
ammonia and other chemicals in the water column.  Excessive rates of algal growth may cause large 
swings in DO, elevated pH, odor, and aesthetic problems.  Loading of nutrients to lakes during winter 
months are often biologically available to fuel algal growth in summer months.  These nutrient TMDLs 
account for summer season critical conditions by using the NNE Bathtub model to calculate possible 
annual loading rates consistent with meeting the summer chlorophyll a target concentration of 20 µg/L.  
These TMDLs are based on existing conditions as an anti-degradation measure since nitrogen and 
phosphorus levels are currently achieving the chlorophyll a target level.  These TMDLs therefore protect 
for critical conditions. 

11.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  These TMDLs present a maximum daily load 
according to the guidelines provided by USEPA (2007b).  The majority of nutrient loading to Santa Fe 
Dam Park Lake comes from the supplemental water additions used to maintain lake levels.  These 
maximum loads are not allowed each day of the year because the annual loads specified by the TMDLs 
must also be achieved.  The WLA and LA loads presented above are annual loading caps that cannot be 
exceeded. 

The maximum daily loads from the combined supplemental water inputs were calculated by multiplying 
the highest metered monthly flowrates with the long-term average concentrations consistent with meeting 
the TMDLs.  Allowable concentrations of phosphorus and nitrogen are 0.045 mg-P/L and 2.47 mg-N/L 
for the combined supplemental water additions (Section 11.2.6.1).  The maximum combined metered 
monthly flow rate is 4,497 ac-ft/mo or 145.1 ac-ft/d (4,497 ac-ft/mo divided by 31 d/mo).  Multiplying 
this maximum daily flowrate by the allowable concentrations yields maximum daily nutrient loads of  
17.7 lb-P/d and 975 lb-N/d associated with the combined supplemental water additions.  As described 
above, in order to achieve in-lake nutrient targets as well as annual load-based allocations, the maximum 
allowable daily loads cannot be discharged to the lake systems every day.  The WLA and LA loads 
presented above are annual loading caps that cannot be exceeded. 

11.2.6.6 Future Growth 
The Santa Fe Dam Park Lake watershed is comprised entirely of parkland/rangeland with a small section 
of adjacent industrial area.  It is not likely that the watershed will be developed and it is expected to 
remain primarily as open space.  No load allocation has been set aside for future growth, and it is unlikely 
that any dischargers will be permitted in the watershed. 

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 
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11.3 LEAD IMPAIRMENT 
Santa Fe Dam Park Lake was listed as impaired for lead in 1996 based on an assessment in the Regional 
Board's Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with 
project plan recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), EPA 
and local agencies collected 32 additional samples (12 wet weather) between March 2009 and August 
2010 to evaluate current water quality conditions.  There were zero dissolved lead exceedances in 32 
samples (Appendix G, Monitoring Data).  USEPA also collected two sediment samples during the month 
of August 2010 to further evaluate lake conditions. There were zero sediment lead exceedances of the 128 
ppm freshwater (Probable Effect Concentrations) sediment target (Appendix G, Monitoring Data). 
Therefore, Santa Fe Dam Park Lake meets lead water quality standards, and USEPA concludes that 
preparing a TMDL for lead is unwarranted at this time.  USEPA recommends that Santa Fe Dam Park 
Lake not be identified as impaired by lead in California’s next 303(d) list. 

11.4 COPPER IMPAIRMENT 
Santa Fe Dam Park Lake was listed as impaired for copper in 1996 based on an assessment in the 
Regional Board's Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent 
with project plan recommendations provided in California's Impaired Waters Guidance (SWRCB, 2005), 
EPA and local agencies collected 32 additional samples (12 wet weather) between March 2009 and 
August 2010 to evaluate current water quality conditions.  There were zero dissolved copper exceedances 
in 32 samples (Appendix G, Monitoring Data).  USEPA also collected two sediment samples during the 
month of August 2010 to further evaluate lake conditions. There were zero sediment copper exceedances 
of the 149 ppm freshwater (Probable Effect Concentrations) sediment target (Appendix G, Monitoring 
Data). Therefore, Santa Fe Dam Park Lake meets copper water quality standards, and USEPA concludes 
that preparing a TMDL for copper is unwarranted at this time.  USEPA recommends that Santa Fe Dam 
Park Lake not be identified as impaired by copper in California’s next 303(d) list. 

11.5 IMPLEMENTATION RECOMMENDATIONS  
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits, or non-point source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that would reduce 
pollutant loading to this lake include but are not limited to:  increasing the volume of the lake that is 
aerated; installing hydroponic islands to remove nutrients; increasing flow volume or circulation in the 
lake; reducing stormwater discharges by improved infiltration; treating stormwater or supplemental water 
inputs with a wetland system; alum treatment to immobilize nutrients in sediments; dredging in lake 
sediments; and/or fisheries management actions to reduce nutrient availability from sediments.  

If necessary, these TMDLs may be revised as the result of new information (See Section 11.6 Monitoring 
Recommendations). 

11.5.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy.  Additionally, South Coast Air 
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Quality Management District has authority to regulate air emissions throughout the basin that affect air 
deposition.  Load allocations are expressed in Table 11-7.   

11.5.2 Point Sources and the Implementation of Wasteload Allocations  
Wasteload allocations apply to supplemental water additions (Table 11-6).  These mass-based waste load 
allocations will be implemented by the Regional Board.  

11.5.3 Source Control Alternatives 
The nutrient-response analysis for Santa Fe Dam Park Lake indicates that existing levels of nitrogen and 
phosphorus loading are resulting in attainment of the summer average chlorophyll a target concentration 
of 20 µg/L and are not significantly impacting pH levels in the waterbody.  As an antidegradation 
measure, nitrogen and phosphorus TMDLs are allocated based on existing loading.  Future land use 
changes are not expected in this watershed.  In the event that development does occur, source reduction 
and pollutant removal BMPs, designed to reduce sediment loading, could be implemented as these 
management practices will also reduce the nutrient loading associated with sediments.  Dissolved loading 
associated with dry and wet weather runoff also contributes nutrient loading to Santa Fe Dam Park Lake.  
Some of the sediment reduction BMPs may also result in decreased concentrations of nitrogen and 
phosphorus in the runoff water.  Storage of storm flows in wet or dry ponds may allow for adsorption and 
settling of nutrients from the water column.  BMPs that provide filtration, infiltration, and vegetative 
uptake and removal processes may retain nutrient loads in the upland areas.   

Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other biofiltration options) to treat the stormwater and supplemental water flows entering the lake, as 
well as stormwater diversion and infiltration using methods such as porous pavements and rain gardens.  
Implementing these options can reduce the lake’s nutrient loads and, in the case of recirculation through 
constructed wetlands, reduce in-lake nutrient concentrations.  The City of Los Angeles has modeled 
expected nutrient concentration reductions to stormwater flows to Echo Park Lake from constructed 
wetlands, and plans to finalize the design and begin construction in the near future.  Information about 
this and other City of Los Angeles water quality improvement projects are available on Proposition O 
website: http://www.lapropo.org/sitefiles/lariver.htm. 

Education of park maintenance staff regarding the proper placement, timing, and rates of fertilizer 
application will also result in reduced nutrient loading to the lake.  Park staff should be advised to follow 
product guidelines regarding fertilizer amounts and to spread fertilizer when the chance of heavy 
precipitation in the following days is low.  Encouraging pet owners who visit the park to properly dispose 
of pet wastes will also reduce nutrient loading associated with fecal material that may wash directly into 
the lake.  Discouraging feeding of birds at the lake will reduce nutrient loading associated with excessive 
bird populations.   

In order to meet the fine particulate (PM2.5) and ozone (O3) national ambient air quality standards by their 
respective attainment dates of 2015 and 2024, the South Coast Air Quality Management District and the 
California Air Resources Board have prepared an air quality management plan that commits to reducing 
nitrogen oxides (NOx, a precursor to both PM2.5 and ozone) by over 85 percent by 2024.  These 
reductions will come largely from the control of mobile sources of air pollution such as trucks, buses, 
passenger vehicles, construction equipment, locomotives, and marine engines.  These reductions in NOx 
emissions will result in reductions of ambient NOx levels and atmospheric deposition of nitrogen to the 
lake surface.   
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11.6 MONITORING RECOMMENDATIONS 
Although estimates of the loading capacity and allocations are based on best available data and 
incorporate a MOS, these estimates may potentially need to be revised as additional data are obtained.  
The mass-based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.   

To provide reasonable assurances that the assigned allocations result in compliance with the chlorophyll a 
target, a commitment to continued monitoring and assessment is warranted.  The purposes of such 
monitoring will be 1) to determine compliance with wasteload and load allocations, 2) to determine if 
numeric targets are being attained, 3) to evaluate whether numeric targets and allocations need to be 
adjusted to attain beneficial uses, 4) to document trends over time in algal densities and bloom 
frequencies.   

To assess compliance with the nutrient TMDLs, monitoring for nutrients and chlorophyll a should occur 
at least twice during the summer months and once in the winter.  At a minimum, compliance monitoring 
should measure the following in-lake water quality parameters: ammonia, TKN or organic nitrogen, 
nitrate plus nitrite, orthophosphate, total phosphorus, total suspended solids, total dissolved solids and 
chlorophyll a.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity should 
also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement.  All parameters must meet target levels at half the Secchi depth.  DO and pH must meet 
target levels from the surface of the water to 0.3 meters above the lake bottom.  Additionally, in order to 
accurately calculate compliance with wasteload allocations to the lake expressed in yearly loads, 
monitoring should include flow estimation or monitoring as well as the water quality concentration 
measurements.  At Santa Fe Dam Park Lake the only wasteload allocation s are for supplemental water 
additions. These sources should be monitoring once a year during the summer months (the critical 
condition) for at minimum; ammonia, TKN or organic nitrogen, nitrate plus nitrite, orthophosphate, total 
phosphorus, total suspended solids and total dissolved solids.  

The nutrient-response analysis for Santa Fe Dam Park Lake indicates that existing levels of nitrogen and 
phosphorus loading are resulting in attainment of the summer average chlorophyll a target concentration 
of 20 µg/L and are not significantly impacting pH levels in the waterbody.  As an antidegradation 
measure, nitrogen and phosphorus TMDLs are allocated based on existing loading.  As an example of 
concentrations that responsible jurisdiction may need to target in order to meet and comply with the mass-
based WLAs and LAs, this discussion provides concentrations calculated based on existing conditions (a 
recalculation is needed if flow volumes change).  Assuming flow volumes remain at existing levels (Table 
11-4), the target concentrations of phosphorus and nitrogen may be 0.045 mg-P/L and 2.47 mg-N/L for 
the combined supplemental water additions.  The target concentrations of phosphorus and nitrogen in the 
city of Azusa may be 0.591 mg-P/L and 4.49 mg-N/L. Targeted concentrations may be 0.363 mg-P/L and 
3.86 mg-N/L for the city of Irwindale.  Targeted concentration in the irrigated parkland return flows to the 
lake may be 0.026 mg-P/L and 3.0 mg-N/L (9.6 percent of the total irrigation volume is assumed to reach 
the lake).  Assuming an average precipitation depth, the targeted concentration of nitrogen in precipitation 
may be 0.196 mg-N/L.  As stated above, these concentrations are provided as guidelines; however, mass-
based WLAs must be achieved. 
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12 Lake Sherwood TMDL 
Lake Sherwood (#CAL4042600019990201154540) is listed as impaired by mercury in fish tissue (note: 
algae, ammonia, eutrophication, and low dissolved oxygen impairments have been addressed by a 
previous TMDL).  Other impairments, for which TMDLs have already been developed, include algae, 
ammonia, eutrophication, and organic enrichment/low dissolved oxygen (SWRCB, 2010).  This section 
of the TMDL report describes the mercury impairment and the TMDL developed to address it.  

12.1 ENVIRONMENTAL SETTING 
Lake Sherwood is located in the Santa Monica Bay Basin (HUC 18070104) between Hidden Valley Wash 
and Potrero Canyon Creek in Ventura County (Figure 12-1).  The lake was created in 1904 from the 
construction of a dam on the east side of the lake (Figure 12-2).  In total, the private lake contains three 
islands, covers approximately 213 acres and reaches a maximum depth of 30 feet (USEPA, 2003).  The 
lake is primarily fed by watershed runoff but also contains natural springs.  Water loss occurs 
predominantly through evaporation; however, the lake does fill to capacity and discharge to Potrero 
Canyon Creek during most winters.  

The lake was drained for two years during the early 1980s and refilled during 1986 and 1987.  The homes 
surrounding the lake were historically served by individual septic tanks.  While the lake was drained they 
were connected to the Triunfo Sanitation District sewer system.  Recreation includes catch and release 
fishing, boating, and swimming.  In addition, a golf course is located on the west end of the lake (Figure 
12-3).  Bird feeding may be another recreational use at the lake; however, it has not been observed during 
recent fieldwork.  Additional characteristics of the watersheds are summarized below. 

 
Figure  12-1. Location of Lake Sherwood 
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Figure  12-2. Lake Sherwood Dam and One of Several Storm Drains 

 

   
Figure  12-3. Creek Winding Through Golf Course and Discharging to Lake through Culverts 

12.1.1 Elevation, Storm Drain Networks, and TMDL Subwatershed 
Boundaries 

Six subwatersheds comprise the drainage area (10,656 acres) to Lake Sherwood, which ranges in 
elevation from 282 meters to 948 meters (Figure 12-4).  TMDL subwatershed boundaries for Lake 
Sherwood were primarily based on a subwatershed boundary dataset maintained by the county of Los 
Angeles, which includes the portions of the subwatersheds that intersect with Ventura County.  Slight 
modifications were made to some of the boundaries near the lake, based on aerial photography, to exclude 
the lake arms from the tributary subwatersheds and to separate the undeveloped and developed areas.   
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Figure  12-4. Elevation Data and TMDL Subwatershed Boundaries for Lake Sherwood 

12.1.2 MS4 Permittees 
Figure 12-5shows the responsible jurisdictions and entities located in each subwatershed draining to Lake 
Sherwood.  Sherwood Valley Homeowners Association (SVHOA) owns stormdrains in some of the 
subwatersheds so the area that falls within the Lake Sherwood Overall Plan jurisdiction that is in 
subwatersheds in which they own stormdrains is also included in Figure 12-5 and further described in 
Section 12.1.3.  The SVHOA is not an MS4 and the stormdrains they own are excluded from the Ventura 
County MS4 jurisdiction.  Ventura County is the only MS4 permittee in the Western subwatershed.  The 
Hidden Valley Wash subwatershed is mostly unincorporated Ventura County with a small portion in 
Thousand Oaks.  The Northern, Near Lake Undeveloped, and Near Lake Developed subwatersheds are 
comprised of both Ventura County and Thousand Oak areas.  The Carlisle Canyon subwatershed contains 
Ventura and Los Angeles County areas as well as Thousand Oaks, California Department of 
Transportation (Caltrans), and California State Park areas.  Ventura and Los Angeles Counties as well as 
the City of Thousand Oaks do not maintain a storm drain system in the Lake Sherwood watershed and 
these areas do not appear to be currently regulated under the existing Ventura County and Los Angeles 
County MS4 permits.  However, there are residential developments in the vicinity of the lake which drain 
to culverts and storm drains that ultimately discharge to the lake through stormdrains owned by the 
SVHOA (these areas are further discussed in the next section).  Figure 12-6 shows a major storm drain 
entering Lake Sherwood located at the base of the Northern subwatershed. 

All subwatersheds will receive wasteload allocations except for the Carlisle Canyon and Near Lake 
Undeveloped subwatersheds because these two subwatersheds do not drain to pipes or culverts prior to 
discharge to the lake.  The small Caltrans area in the Carlisle Canyon subwatershed will also receive a 
wasteload allocation.  The new MS4 permit for Ventura County (Order R4 2010-0108, NPDES Permit 
No. CAS004002, July 8, 2010) unifies MS4 coverage for that county with the Ventura County Watershed 
Protection District (VCWPD) as Principal Permittee.    
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Figure  12-5. Responsible Jurisdictions / Entities in the Lake Sherwood Subwatersheds 

 

 
Figure  12-6. Major Storm Drain to Lake Sherwood 

12.1.3 Non-MS4 Stormwater Dischargers 
Lake Sherwood is in a 1,900 acre planned community that has been primarily developed by Sherwood 
Development Company but includes homes existing prior to the 1980’s when the lake and the 
undeveloped lands surrounding the lake were purchased by the Sherwood Development Company.  
Homes built and sold by the Sherwood Development Company fall under the jurisdiction of the 
Sherwood Valley Homeowners Association (SVHOA), The Glens HOA, Trentwood HOA, Meadows 
HOA, and/or Northshore HOA.  The community has two golf courses, the Sherwood Country Club which 
is owned by its members and is in the Western subwatershed and one owned by Sherwood Development 
Company in the Carlisle Canyon subwatershed.  Many undeveloped parcels remain and are owned by 
Sherwood Development Company. Commonly owned parcels as infrastructure are either owned by the 
SVHOA or will be passed to the SVHOA by the Sherwood Development Company eventually.  The 
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multitude of parties within the Lake Sherwood Overall Plan, delineated in Figure 12-7, are given a 
grouped allocation. The stormdrains that discharge to Lake Sherwood within the residential community 
surrounding Lake Sherwood were initially thought to belong to Ventura County.  However, an October 
27, 1998 letter from John C. Crowley, Deputy Director of Public Works, Water Resources and 
Engineering Department, County of Ventura to Board of Directors, Lake Sherwood Community Services 
District titled "Transfer of Real Property To Sherwood Valley Homeowner Association, Supervisorial 
District No. 2” and associated Quitclaim Deeds indicate that the stormdrains in the Lake Sherwood 
Overall Plan area (see Figure 12-7) are owned by SVHOA.  Communication with the County indicates 
that the only exceptions are any storm drainage infrastructure within the 50 foot wide right of way owned 
by the County of Ventura along Lake Sherwood Drive.  This road is the only road within the 1,900 acre 
planned residential community owned and maintained by the County.  Most, but not all, of the 
community is gated; gates are located on Stafford Road, Trentwood Drive, Pixton Street, Sandcroft Street, 
Braxfield Court, Ravesnbury Street and Stonecreek Court.  Many roads are owned by the SVHOA or 
Sherwood Development Company and the following roads are private roads owned by the residents of the 
surrounding houses: Lower Lake Road, Upper Lake Road, Thorsby, Dirt Road, Hereford, and Giles Road 
on the south side of the Lake; and David Lane and Trentham on the north side of the Lake.   
 

Lake Sherwood Overall Plan area is shown in Figure 12-7.  Additionally, site visits to Lake Sherwood 
identified many stormwater discharges entering the lake from the surrounding land.  The observed 
stormwater outlets owned by SVHOA discharging to the lake are identified on Figure 12-8. Figure 12-5 
illustrates this area in relation to the other stormwater dischargers in the watershed. SVHOA and the 
Sherwood Development Company will receive joint wasteload allocations.  

 

 

 
Figure  12-7. Parcel Map of the Area Included in the Lake Sherwood Overall Plan 
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Figure  12-8. Lake Sherwood Overall Plan and Observed SVHOA Stormwater Outlets 

12.1.4 Non-MS4 NPDES Dischargers 
As of the writing of this TMDL, there are no (non-MS4) NPDES permits in the Lake Sherwood 
watershed. This includes non-stormwater discharges (individual and general permits) as well as general 
stormwater permits associated with construction and industrial activities. 

12.1.5 Land Uses and Soil Types 
Lake Sherwood is located in the Santa Monica Bay Basin and is impaired by mercury.  For consistency 
with the other two mercury impaired lakes addressed by this TMDL (Puddingstone Reservoir and the El 
Dorado Park lakes), the upland mercury loads will be calculated from tributary monitoring data collected 
in 2009 and estimates of runoff volumes and sediment loading predicted by an LSPC model (Appendix D, 
Wet Weather Loading).  Though an LSPC model has not been developed for the Santa Monica Bay 
Basin, the land use coverage for the Los Angeles River Basin LSPC model covers the drainage area to 
Lake Sherwood and was used to predict runoff volumes and sediment loads by land use to Lake 
Sherwood.     

Land uses identified in the Los Angeles River LSPC model are shown in Figure 12-9.  The watershed is 
comprised of open space, agriculture, residential, and other urban areas.  A single parcel of commercial 
development was identified in the Near Lake Developed subwatershed.  Review of SCAG 2005 land use 
data confirmed that much of the watershed is currently used for agriculture.  The area in the Carlisle 
Canyon subwatershed under the Caltrans jurisdiction was simulated as industrial to estimate sediment 
loading and runoff volumes from the area associated with this State highway.  Table 12-1 through Table 
12-6 summarize the land use areas by subwatershed and jurisdiction.   
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Figure  12-9. LSPC Land Use Classes for the Lake Sherwood Subwatersheds 

 

Tab le  12-1. Land Use Areas (ac) Draining from the Northern Subwatershed 

Land Use Ventura County Thousand Oaks 

Lake 
Sherwood 

Overall Plan Total 

Agriculture 42  0 0  42 

Commercial 0  0   0 0 

Industrial 0  0   0 0 

Open 301 338 29 669 

Other Urban 7.2  0 34 41 

Residential 0.20  0 2 2 

Total 351 338 65 754 

 

Tab le  12-2. Land Use Areas (ac) Draining from the Hidden Valley Wash Subwatershed 

Land Use Ventura County Thousand Oaks Total 

Agriculture 1,328 0 1,328 

Commercial 0 0 0 

Industrial 0 0 0 

Open 2,441 40.4 2,482 

Other Urban 19.7 0 20 

Residential 3.97 0 4 

Total 3,793 40.4 3,833 
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Table  12-3. Land Use Areas (ac) Draining from the Western Subwatershed 

Land Use Ventura County 

Lake 
Sherwood 

Overall Plan Total 

Agriculture  0 0  0 

Commercial 0  0  0 

Industrial 0  0  0 

Open 548 587 1,136 

Other Urban 0  165 165 

Residential 0  20 20 

Total 548 772 1,321 

 

Tab le  12-4. Land Use Areas (ac) Draining from the Carlisle Canyon Subwatershed 

Land Use 
Ventura 
County 

Thousand 
Oaks LA County Caltrans 

Point Mugu 
State Park Total 

Agriculture 5.24 0 0.118 0 0 5.36 

Commercial 0 0 0 0 0 0 

Industrial 0 0 0 2.75 0 2.75 

Open 2,866 50.4 1,149 0 101 4,166 

Other 
Urban 

34.2 0 0.06 0 0 34 

Residential 0 0 0 0 0 0 

Total 2,905 50 1,149 2.75 101 4,209 

 

Tab le  12-5. Land Use Areas (ac) Draining from the Near Lake Undeveloped Subwatershed 

Land Use Ventura County Thousand Oaks Total 

Agriculture 0 0 0 

Commercial 0 0 0 

Industrial 0 0 0 

Open 126 70.9 197 

Other Urban 0 0 0 

Residential 0.004 0 0.004 

Total 126 70.9 197 
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Table  12-6. Land Use Areas (ac) Draining from the Near Lake Developed Subwatershed 

Land Use Ventura County Thousand Oaks 

Lake 
Sherwood 

Overall Plan Total 

Agriculture 0  0  0  0.0 

Commercial 1.13 0  0  1.1 

Industrial 0  0  0  0 

Open 15 8.8 143 167 

Other Urban 3.3 0  110 113 

Residential 4.4 0  57 61 

Total 24 8.8 310 343 

 

There are no Resource Conservation and Recovery Act (RCRA) contaminated industrial facilities located 
near the Lake Sherwood watershed.  Figure 12-10 shows the predominant soils identified by STATSGO 
(Appendix D, Wet Weather Loading) in the Lake Sherwood subwatersheds.  The most predominant soil 
type is MUKEY 661018, which is Rock outcrop-Lithic Xerorthents-Hambright Gilroy, a hydrologic 
group D soil with high runoff potential, very low infiltration rates, and consists chiefly of clay soils.  
Areas around the lake as well as a large portion of the Hidden Valley Wash subwatershed are comprised 
of Xerofluvents-Salinas-Pico-Mocho-Metz-Anacapa (soil MUKEY 661012), which is a hydrologic group 
B soil.  These soils have moderate infiltration rates and moderately coarse textures.  

 

 
 

 

 

 
  

    
  

 

 
Figure  12-10. STATSGO Soil Types Present in the Lake Sherwood Subwatersheds 

12.1.6 Additional Inputs 
Lake Sherwood was included in the 1994 Urban Lakes Study (UC Riverside, 1994).  The primary inflows 
to the lake were identified as several springs and a large tributary on the west end of the lake (Hidden 
Valley Wash; Figure 12-11 and Figure 12-12) that drains a portion of the Santa Monica Mountains.  
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Runoff from the surrounding areas also enters the lake.  This TMDL accounts for loads delivered from the 
watershed, but USEPA and the Los Angeles Regional Board were not able to locate or sample the 
referenced springs during any field reconnaissance or sampling visits.  These additional inputs are 
therefore not considered in the TMDL.  

  

Note:  Bridge shown connects to the lake. 

Figure  12-11. Input from Hidden Valley Wash Subwatershed on Northwest Side of Lake Sherwood 

 

 
Note:  Picture was taken where the wash enters a culvert heading towards the sediment retention basin. 

Figure  12-12. Hidden Valley Wash as it Enters Culvert on Northwest Side of Lake Sherwood 

12.2  MERCURY IMPAIRMENT 
The listing information for Lake Sherwood (LARWCB, 1996) indicates that fish tissue data collected by 
the Toxic Substances Monitoring Program (TSMP) exceeded the fish tissue guideline for mercury and 
forms the basis for this listing.  Continued sampling of largemouth bass from this lake confirms that Lake 
Sherwood is impaired by mercury.   

Lake Sherwood was visited three times in support of the report “Extent of Fishing and Fish Consumption 
by Fishers in Ventura and Los Angeles County Watersheds” (SCCWRP, 2008).  On average, two fishers 
were observed during each of the three visits.  Because Lake Sherwood is a private lake, these fishers 
were not interviewed, so no direct information is available to determine fishing habits and consumption 
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information for Lake Sherwood.  Though no direct information is available regarding consumption of fish 
caught from Lake Sherwood, a TMDL is required to address the fish tissue impairment because there is 
the potential to catch and consume fish from this lake. 

12.2.1 Beneficial Uses 
California state water quality standards consist of the following elements: 1) beneficial uses, 2) narrative 
and/or numeric water quality objectives, and 3) an antidegradation policy.  In California, beneficial uses 
are defined by the Regional Water Quality Control Boards (Regional Boards) in the Water Quality 
Control Plans (Basin Plans).  Numeric and narrative objectives are specified in each Region’s Basin Plan, 
designed to be protective of the beneficial uses of each waterbody in the region.  Applicable water quality 
criteria are also specified in the California Toxics Rule (USEPA, 2000a).  The existing beneficial uses 
assigned to Lake Sherwood include REC1, REC2, WARM, WILD, WET, GWR, and NAV.  A potential 
beneficial use for Lake Sherwood is MUN.  Descriptions of these uses are listed in Section 2 of this 
TMDL report.  Concentrations of mercury measured in fish tissue collected from Lake Sherwood indicate 
that the REC1, REC2, WARM, and COLD uses are currently impaired.  At high enough concentrations 
WILD, WET, and GWR uses could become impaired. 

12.2.2 Numeric Targets 
Numeric targets for mercury in Lake Sherwood apply to both the water column and fish tissue.  Water 
column targets are based on beneficial use.  For waters designated MUN (existing, potential, or 
intermittent), the Basin Plan lists a total mercury maximum contaminant level of 0.002 mg/L, or 2 μg/L.  
The California Toxics Rule includes total mercury human health criteria for the consumption of “water 
and organisms” or “organisms only” as 0.050 μg/L and 0.051 μg/L, respectively (USEPA, 2000a).  
California often implements these values on a 30 day average.  Because the human health criterion for the 
consumption of “water and organisms” is the most restrictive criterion, a total mercury water column 
target of 0.050 μg/L (50 ng/L) is the appropriate target.   

In addition, a water column target for dissolved methylmercury of 0.081 ng/L is applicable for Lake 
Sherwood.  This value was calculated by dividing the fish tissue guideline (0.22 ppm) with a national 
bioaccumulation factor (for dissolved methylmercury) of 2,700,000 applicable for trophic level 4 fish 
(and multiplying by a factor of 106

The fish contaminant goal (FCG) for methylmercury defined by the California Office of Environmental 
Health Hazard Assessment (OEHHA, 2008) is 220 ppb or 0.22 ppm (wet weight).  This concentration is 
protective of human and wildlife consumers of trophic level four fish.  The target length for comparison 
to this target is 350 mm (13.8 inches) in largemouth bass.  Refer to Section 2 of this report for more 
information regarding these targets. 

 to convert from milligrams to nanograms). 

12.2.3 Summary of Monitoring Data 
Total mercury concentrations in the water column of Lake Sherwood have been measured twice to assess 
compliance with the water quality target.  On February 25, 2009, the observed concentration was 3.32 
ng/L; on July 15, 2009, the observed concentration was 0.75 ng/L.  Both measurements were more than 
an order of magnitude less than the target (50 ng/L).  Total methylmercury concentrations observed 
during these events were 0.189 ng/L and 0.329 ng/L, and likely exceeded the water column target for 
dissolved methylmercury (0.081 ng/L).  Based on the average observed total methylmercury 
concentrations, reductions in methylmercury loading of 68.7 percent are needed (Note: the observed data 
were based on the total fraction, while the water column target is for the dissolved fraction, resulting in 
more conservative assessments).  [Mercury reductions required by the fish tissue data (Section 12.2.5) are 
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higher than 68.7  percent so meeting the reductions for fish tissue should also result in attainment of the 
water column target for methylmercury.]   

The concentrations of mercury observed in largemouth bass have consistently exceeded the fish tissue 
target since monitoring began in 1991.  The TSMP collected three individual specimens in the 1990s with 
total mercury concentrations ranging from 0.214 ppm to 1.60 ppm.  In the summer of 2007, the Surface 
Water Ambient Monitoring Program (SWAMP) collected 16 individual specimens with total mercury 
concentrations ranging from 0.219 ppm to 0.802 ppm.  The Sherwood Valley HOA sampled five 
individual fish in 2007; tissue concentrations of total mercury ranged from 0.284 ppm to 0.670 ppm.  
SWAMP resampled the lake in 2010: five individual samples had concentrations ranging from 0.664 ppm 
to 1.09 ppm.  Figure 12-13 shows the concentration data plotted against fish length; length data for the 
Sherwood Valley HOA samples were not retained so this data set cannot be plotted.  The majority of fish 
sampled exceed the target concentration of 0.22 ppm.  All of the fish tissue data were reported as total 
mercury concentrations, of which most is expected to be in the methyl form (USEPA, 2001a). These total 
mercury data were compared to the methylmercury fish tissue guideline, resulting in conservative 
assessments. 

SWAMP also collects total mercury fish tissue concentrations from redear sunfish in Lake Sherwood. 
These data were not considered in the linkage analysis because redear sunfish are not consumed by 
humans and, therefore, not relevant for the protection of human health. The composite concentrations 
(based on five fish per composite) collected on April 19, 2010 range from 0.140 to 0.185 ppm of total 
mercury.  
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Figure  12-13. Mercury Concentrations in Largemouth Bass Collected from Lake Sherwood  

(1991-2010) 

12.2.4 Source Assessment 
There are two main components of mercury loading identified in the Lake Sherwood watershed.  The 
majority of loading originates from upland areas and is delivered from tributaries and storm drains in 
either the water column or sediments.  In addition, mercury is deposited from the atmosphere directly to 
the lake surface.   
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Watershed loading was determined for six subwatersheds and associated jurisdictions.  Estimation of 
watershed loading during wet weather is discussed in detail in Appendix D (Wet Weather Loading), 
Section 12; dry weather loading is discussed in Appendix F (Dry Weather Loading), Section 12.  
Assumptions used to estimate loading from the atmosphere are discussed in Appendix E (Atmospheric 
Deposition).  Table 12-7 summarizes the total mercury loading from each source.  On average, 41.7 
grams of mercury are delivered to Lake Sherwood each year.  The majority of the loading (approximately 
45.2 percent) originates from the Hidden Valley Wash subwatershed.  Loads from the Near Lake 
Developed subwatershed are the next largest contributor (17.5 percent). 

Tab le  12-7. Summary of Existing Total Mercury Loading to Lake Sherwood 

Subwatershed 
Responsible  

Jurisdiction / Entities Input 
Area 
(ac) 

Total Annual 
Hg Load (g/yr) 

Percent of 
Load 

Western Ventura County Runoff 549 0.43 1.04 

Western Lake Sherwood Overall 
Plan Entities* 

Runoff 772 2.62 6.29 

Hidden Valley Wash Thousand Oaks Runoff 40.4 0.031 0.07 

Hidden Valley Wash Ventura County Runoff 3,793 18.8 45.12 

Near Lake 
Undeveloped 

Thousand Oaks Runoff 70.9 0.043 0.10 

Near Lake 
Undeveloped 

Ventura County Runoff 126 0.077 0.19 

Near Lake Developed Thousand Oaks Runoff 8.85 0.021 0.05 

Near Lake Developed Ventura County Runoff 23.8 0.38 0.91 

Near Lake Developed Lake Sherwood Overall 
Plan Entities* 

Runoff 310 6.90 16.55 

Northern Thousand Oaks Runoff 338 0.786 1.89 

Northern Ventura County Runoff 351 1.70 4.09 

Northern Lake Sherwood Overall 
Plan Entities* 

Runoff 65.1 1.45 3.47 

Carlisle Canyon Caltrans State Highway 
Stormwater

2.75 
1 

0.049 0.12 

Carlisle Canyon County of Los Angeles  Runoff 1,149 0.708 1.70 

Carlisle Canyon Thousand Oaks Runoff 50.4 0.031 0.07 

Carlisle Canyon Ventura County Runoff 2,905 2.32 5.56 

Carlisle Canyon Point Mugu State Park Runoff 101 0.06 0.15 

Lake Surface  Atmospheric 
Deposition2

137 
  

5.27 12.64 

Total 41.7 100 

*Lake Sherwood Overall Plan Entities jointly includes the following: the Glens HOA, Trentwood HOA, Meadows HOA, 
Northshore HOA, Sherwood Country Club, SVHOA, Sherwood Development Company and individual home owners.  

1This input includes effluent from storm drain systems during both wet and dry weather. 
2 Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 
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12.2.5 Linkage Analysis 
The linkage analysis defines the connection between numeric targets and identified pollutant sources and 
may be described as the cause-and-effect relationship between the selected indicators, the associated 
numeric targets, and the identified sources.  This provides the basis for estimating total assimilative 
capacity and any needed load reductions.  Specifically, models of watershed loading of mercury are 
combined with an estimated rate of bioaccumulation in the lake.  This enables a translation between the 
numeric target (expressed as a fish tissue concentration of mercury) and mercury loading rates.  The 
loading capacity is then determined via the linkage analysis as the mercury loading rate that is consistent 
with meeting the target fish tissue concentration. 

Neither data nor resources are available to create and calibrate detailed lake response models for mercury 
cycling in Lake Sherwood.  The TMDL target is based on achieving acceptable concentrations in fish.     
In midwestern and eastern lakes, methylation in lake sediments is often the predominant source of 
methylmercury in the water column.  However, in western lakes with high sedimentation rates, rapid 
burial tends to depress the relative importance of regeneration of methylmercury from lake sediments.  In 
lakes with high sedimentation rates, fish tissue concentrations are therefore likely to respond 
approximately linearly to reductions in the watershed methylmercury and total mercury load.  For Lake 
Sherwood, reported average annual sedimentation rates measured from 1905 to 1938 ranged from 2.5 to 
10 acre-feet per year (0.22 to 0.88 inches per year).   

Nationally, authors such as Brumbaugh et al. (2001) have shown a log-log linear relationship between 
methylmercury in water and methylmercury in fish tissue normalized to length.  However, this 
relationship is well-approximated by a linear relationship for the ranges of fish tissue concentration of 
concern for these impaired lakes.  Until such time as a lake response model for mercury is constructed, 
and sufficient calibration data are collected, an assumption of an approximately linear response of fish 
tissue concentrations to changes in external loads is sufficient for the development of a TMDL.  For a 
more detailed discussion of the linkage analysis between mercury loading and fish body burden, see 
Section 3.2.3 of this TMDL report. 

12.2.6 TMDL Summary 
A waterbody’s loading capacity represents the maximum load of a pollutant that can be assimilated 
without violating water quality standards (40 CFR 130.2(f)).  This is the maximum load consistent with 
meeting the numeric target of 0.22 ppm for mercury in largemouth bass.  The methodology for 
determining the loading capacity is described briefly in this section.  For more detail, refer to Appendix C 
(Mercury TMDL Development). 

Calculating the loading capacity first requires an estimate of the existing mercury concentration in 
largemouth bass.  To do this, a linear regression analysis was performed on tissue concentrations versus 
length for Lake Sherwood.  The outlier (length = 286 mm, concentration = 1.6 ppm) was removed from 
the regression to improve fit with the majority of data.  The resulting regression equation is 

Hg(fish) = -0.54236 + 0.003285 · Len,  R2

where Hg(fish) is the total mercury concentration in largemouth bass (ppm) and Len is length in mm.  The 
regression analysis is shown in 

 = 0.490 

Figure 12-14, along with the one-sided 95 percent upper confidence limits 
on mean predictions about the regression line (95 percent UCL) and the 95 percent upper prediction 
intervals on individual predicted concentrations (95 percent UPI).  The UPI gives the confidence limit on 
the individual predictions for a given length while the UCL gives the confidence limit on the average of 
the predictions for a given length.  This regression has a non-zero intercept and should not be considered 
valid for lengths less than 200 mm. 
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Figure  12-14. Regression Analysis of Mercury in Lake Sherwood Largemouth Bass (Outlier not 

included in regression.)  

 

For mercury, long-term cumulative exposure is the primary concern.  Therefore, it is appropriate to use 
the 95 percent UCL rather than the UPI to provide a Margin of Safety on the appropriate age class.  Use 
of the UCL provides an explicit Margin of Safety because it represents an upper confidence bound on the 
long-term exposure concentration. 

Both the observed data and the predicted concentrations show that mercury concentrations in largemouth 
bass typically exceed the target of 0.22 ppm in Lake Sherwood.  The TMDL target is established for a 
350 mm largemouth bass (see Section 2.2.8).  The predicted mercury concentration based on the UCL 
equation for this length is compared to the target concentration to determine the required reduction in 
mercury loading, which includes an explicit Margin of Safety as described above.   

For Lake Sherwood, the fraction of the existing load consistent with attaining the target (the loading 
capacity) is the ratio of the target (0.22 ppm) to the best estimate of current average concentrations in the 
target fish population.  The difference between the direct regression estimate and the 95 percent UCL 
provides the Margin of Safety.  Therefore, the allocatable fraction of the existing load (the loading 
capacity less the Margin of Safety) is the ratio of the target to the 95 percent UCL.  The resulting loading 
capacities and allocatable loads are expressed as fractions of the existing load as summarized in Table 12-
8.  This analysis indicates that a 70.4 percent reduction in mercury loading will be required to bring fish 
tissue concentrations in 350 mm largemouth bass (see Section 2.2.8) down to 0.22 ppm.   
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Table  12-8. Estimated Total Mercury Loading Capacity and Allocatable Load (as Fractions of the 
Existing Load) 

Parameter Value 

Target Concentration (ppm) 0.22 

Target Length (mm) 350 

Predicted Mercury Concentration at Target Length (ppm) 0.607 

95th 0.744  Percent UCL (ppm) 

Loading Capacity (ratio of target to predicted value) 0.362 

Allocatable Load (ratio of target to 95th 0.296  Percent UCL) 

Required Reduction in Existing Load (1 minus allocatable fraction) 0.704 

Margin of Safety Fraction (loading capacity fraction minus allocatable fraction) 0.067 

 

The loading capacity can also be expressed as grams per year (g/yr) of total mercury using the existing 
load presented in Table 12-7 and the calculated fractions of the existing load.  Specifically, the loading 
capacity is 36.2 percent of the existing load of 41.7 g/yr, or 15.1 g/yr.  This value can be further broken 
down into the wasteload allocations (WLAs), load allocations (LAs), and Margin of Safety (MOS) using 
the equation below.   

 

 

 

 

The allocatable load (divided among WLAs and LAs) is 29.6 percent of the existing load of 41.7 g/yr, or 
12.3 g/yr.  This value represents 81.5 percent of the loading capacity, while the MOS is 18.5 percent of 
the loading capacity.  Allocations are assigned for this TMDL by requiring equal percentage reductions of 
all sources.  Details associated with the WLAs, LAs, and MOS are presented in the following three 
sections. 

12.2.6.1 Wasteload Allocations 
Federal regulations require that NPDES permits incorporate water quality based effluent limitations 
(WQBELs) consistent with the requirements and assumptions of any available wasteload allocations 
(WLAs).  Wasteload allocations are required for all waters that discharge to the lake through stormdrains 
or culverts.  Responsible entities located in the Northern, Western, Hidden Valley Wash, and Near Lake 
Developed subwatersheds discharge to the lake through stormdrains or culverts that are not currently part 
of the Ventura or Los Angeles County MS4s.  The stormdrains in the Northern, Western and Near Lake 
Developed subwatersheds are owned and operated by the SVHOA. In those subwatersheds any land in the 
Sherwood Lake Overall Plan area is allocated jointly to the following entities: the Glens HOA, Trentwood 
HOA, Meadows HOA, Northshore HOA, Sherwood Country Club, SVHOA, Sherwood Development 
Company and individual home owners.  This TMDL establishes WLAs at their point of discharge.  A 
WLA is also required for the Caltrans area in the Carlisle Canyon subwatershed.  The relevant permit 
number is 

• Caltrans:  Order No 99-06-DWQ, CAS000003.  

∑ ++= ML AW L AT M D L

∑ ++= ygy rgy rgy rg /8.2/5 1.2/7 9.9/1.1 5
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Table 12-9 summarizes the existing loads and WLAs of total mercury for these sources.  The WLAs are a 
70.4 percent reduction from the existing loads.  These loading values (in grams per year) represent the 
TMDL wasteload allocations (Table 12-9).  In addition to the WLAs presented below for total mercury, 
an in-lake water column dissolved methylmercury target of 0.081 ng/L also applies. 

 

Tab le  12-9. Wasteload Allocations of Mercury in the Lake Sherwood Watershed 

Subwatershed 
Responsible 

Jurisdiction / Entities Input 
Area 
(ac) 

Existing 
Annual Hg 
Load (g/yr) 

Wasteload 
Allocation2

Western 

 
(g/yr) 

Ventura County Runoff 548 3 0.43 0.128 

Western Lake Sherwood Overall 
Plan Entities* 

Runoff 772 3 2.62 0.774 

Hidden Valley Wash Thousand Oaks Runoff 40 3 0.03 0.009 

Hidden Valley Wash Ventura County Runoff 3,793 3 18.8 5.559 

Near Lake Developed Thousand Oaks Runoff 9 3 0.021 0.006 

Near Lake Developed Ventura County Runoff 24 3 0.38 0.112 

Near Lake Developed Lake Sherwood Overall 
Plan Entities* 

Runoff 310 3 6.90 2.039 

Northern Thousand Oaks Runoff 338 3 0.786 0.232 

Northern Ventura County Runoff 351 3 1.70 0.504 

Northern Lake Sherwood Overall 
Plan Entities* 

Runoff 65 3 1.45 0.427 

Carlisle Canyon Caltrans State Highway 
Stormwater

2.75 
1 

0.049 0.014 

Total 33.1 9.79 

 *Lake Sherwood Overall Plan Entities jointly includes the following: the Glens HOA, Trentwood HOA, Meadows HOA, 
Northshore HOA, Sherwood Country Club, SVHOA, Sherwood Development Company and individual home owners.  

1This input includes effluent from storm drain systems during both wet and dry weather. 
2Each mass-based wasteload allocations must be met at the point of discharge.  
3

12.2.6.2 Load Allocations  

This input includes effluent carried through the stormdrain system owned by SVHOA that is not currently included in 
either the Los Angeles or Ventura County MS4 permits.  

Load allocations (LAs) of total mercury are assigned to all sources not subject to permits in the Near Lake 
Undeveloped subwatershed, non-Caltrans sources in the Carlisle Canyon subwatershed, and atmospheric 
deposition.  Table 12-10 summarizes the existing loads and LAs for these sources.  The LAs are a 70.4 
percent reduction from the existing loads.  LAs are provided for each responsible jurisdiction and input.  
These loading values (in grams per year) represent the TMDL load allocations (Table 12-10) and each 
load allocation must be met at the point of discharge.  In addition to the LAs presented below for total 
mercury, an in-lake water column dissolved methylmercury target of 0.081 ng/L also applies. 
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Tab le  12-10. Load Allocations of Mercury in the Lake Sherwood Watershed 

Subwatershed 
Responsible 
Jurisdiction Input 

Area 
(ac) 

Existing 
Annual Hg 
Load (g/yr) 

Load 
Allocation1

Near Lake Undeveloped 

 
(g/yr) 

Thousand Oaks Runoff 70.9 0.043 0.013 

Near Lake Undeveloped Ventura County Runoff 126 0.077 0.023 

Carlisle Canyon County of Los Angeles  Runoff 1,149 0.708 0.209 

Carlisle Canyon Thousand Oaks Runoff 50.4 0.031 0.009 

Carlisle Canyon Ventura County Runoff 2,905 2.32 0.685 

Carlisle Canyon Point Mugu State Park Runoff 101 0.062 0.018 

Lake Surface  Atmospheric 
Deposition2

137 
  

5.27 1.56 

Total 8.51 2.51 

1 Each mass-based load allocations must be met at the point of discharge.  
2 

12.2.6.3 Margin of Safety 

Loads for atmospheric deposition are based on direct precipitation to the lake (calculated by the annual average 
precipitation multiplied by the surface area of the lake). 

TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.   This TMDL includes both an implicit and explicit MOS 
for Lake Sherwood.  The implicit MOS includes comparing the total mercury concentration reported for 
fish tissue samples to the methylmercury fish tissue target.  Most mercury in fish tissue is in the methyl 
form, but not all, so this is a conservative assumption.  In this TMDL, an explicit MOS is also included by 
selecting the 95 percent UCL to represent the existing mean fish tissue concentration rather than the 
regression predicted mean (Figure 12-14).  Use of the UCL provides a margin of safety because it 
represents an upper confidence bound on the long-term exposure concentration.  For Lake Sherwood, the 
fraction of the existing load set aside for the explicit MOS is 0.067, or 2.8 g/yr, which represents 18.5 
percent of the loading capacity.  

12.2.6.4 Critical Conditions/Seasonality 
TMDLs must include consideration of critical conditions and seasonal variation to ensure protection of 
the designated uses of the waterbody at all times.  This TMDL protects beneficial uses by reducing fish 
tissue concentrations to the FCG target in Lake Sherwood.  Because fish bioaccumulate mercury, 
concentrations in tissues of edible sized game fish integrate exposure over a number of years.  As a result, 
annual mercury loading is more important for the attainment of standards than instantaneous or daily 
concentrations, and the TMDL is proposed in terms of annual loads.  Mercury load is primarily delivered 
to Lake Sherwood during storm runoff events, so high flows do represent a critical period in terms of 
peak loading rates.     

However, the greatest impact to fish occurs when methylmercury, a more biologically available form of 
mercury, is at its greatest concentration.  Bacterially mediated methylation of mercury varies seasonally 
and typically results in the greatest methylmercury concentrations in the water column in the late summer.  
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However, the impact of seasonal and other short-term variability in loading is damped out by the biotic 
response since the target concentrations in tissues of edible sized game fish integrate exposure over a 
number of years.  Additionally, this TMDL includes a methylmercury water column target applicable year 
round.  This TMDL therefore protects for critical conditions. 

12.2.6.5 Daily Load Expression 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  Although it is long-term cumulative load 
rather than daily loads of mercury that are driving the bioaccumulation of mercury in fish in Lake 
Sherwood, this TMDL does present a maximum daily load according to the guidelines provided by 
USEPA (2007).  The daily maximum allowable load to Lake Sherwood is calculated from the maximum 
daily storm volume (estimated from the 99th

No USGS gage currently exists in the Lake Sherwood watershed.  USGS Station 11105500, Malibu 
Creek at Crater Camp near Calabasas, CA, was selected as a surrogate for flow determination.  This gage 
is located downstream of Lake Sherwood on Malibu Creek.  The 99

 percentile flow) to the reservoir multiplied by the allowable 
concentration for mercury consistent with achieving the long-term loading target.  These maximum loads 
are not allowed each day of the year because the annual loads specified by the TMDL must also be 
achieved.  The WLA and LA loads presented above are annual loading caps that cannot be exceeded. 

th percentile flow was chosen to 
represent the peak flow for this drainage.  Choosing the 99th

The USGS StreamStats program was used to determine the 99

 percentile flow eliminates errors due to 
outliers and is reasonable for development of a daily load expression.   

th percentile flow for Malibu Creek  
(355 cfs) (Wolock, 2003).  To estimate the peak flow to Lake Sherwood, the 99th

The event mean concentration for mercury was calculated from the allowable load (12.3 g-Hg/yr; sum of 
the WLAs and LAs) and the average annual total flow (wet weather plus dry weather 1,492 ac-ft).  The 
resulting concentration (6.70 ng/L) times the peak flow to Lake Sherwood (56.3 cfs) yields a total 
maximum daily load of 0.922 g-Hg/d associated with the MS4 permittees.  For comparison, the existing 
load (41.7 g-Hg/yr) would yield an event mean concentration of 22.7 ng/L and a daily load of 3.12 g-
Hg/d. 

 percentile flow for 
Malibu Creek was scaled down by the ratio of drainage areas (10,656 acres/67,200 acres; Lake Sherwood 
watershed area/Malibu Creek watershed area at the gage).  The resulting peak flow estimate for Lake 
Sherwood is 56.3 cfs. 

12.2.6.6 Future Growth 
The majority of land in the Lake Sherwood Watershed is either in agricultural or undeveloped uses.  As 
more development occurs in the watershed, best management practices will need to be employed to 
maintain the wasteload and load allocations defined in this TMDL.  No allocation has been set aside for 
expansion of permitted discharges in the watershed, such as wastewater treatment facilities, as no 
facilities currently exist or are planned in the watershed.   

If any sources currently assigned load allocations are later determined to be point sources requiring 
NPDES permits, those load allocations are to be treated as wasteload allocations for purposes of 
determining appropriate water quality-based effluent limitations pursuant to 40 CFR 122.44(d)(1). 

12.3  IMPLEMENTATION RECOMMENDATIONS  
Implementation measures may be developed in the future by the Regional Board through an 
implementation plan, NPDES permits or non-point source enforcement.  This section describes USEPA’s 
recommendations to the Regional Board as to the implementation procedures and regulatory mechanisms 
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that could be used to provide reasonable assurances that water quality standards will be met.  General 
information about various lake management strategies can be found in a USEPA document titled 
Managing Lakes and Reservoirs (EPA 841-B-01-006).  Lake management options that can reduce 
pollutant loading to lakes include but are not limited to:  increasing the volume of the lake that is aerated; 
installing hydroponic islands to remove nutrients; and reducing stormwater discharges by improved 
infiltration.  Additionally, responsible jurisdictions implementing these TMDLs are encouraged to utilize 
Los Angeles County’s Structural Best Management Practice (BMP) Prioritization Methodology which 
helps identify priority areas for constructing BMP projects.  The tool is able to prioritize based on 
multiple pollutants.  The pollutants that it can prioritize include bacteria, nutrients, trash, metals and 
sediment.  Reducing sediment loads would reduce mercury delivery to the lake in many instances. More 
information about this prioritization tool is available at: labmpmethod.org. 

If necessary, these TMDLs may be revised as the result of new information (See Section 12.4 Monitoring 
Recommendations).  The State Board is in the early stages of developing a Statewide Mercury Policy and 
Mercury Control Program for Reservoirs. According to CEQA scoping materials, the Policy would define 
an overall structure for adopting water quality objectives; general implementation requirements; and 
control plans for mercury impaired water bodies. The final structure of the control program could include 
a total maximum daily load (TMDL) for mercury in reservoirs along with an implementation plan to 
achieve the TMDL; or an implementation plan that does not rely on a TMDL. How this upcoming policy 
and program will affect implementation of this TMDL is unknown at this time. 

12.3.1 Nonpoint Sources and the Implementation of Load Allocations 
Regional Board may regulate nonpoint pollutant sources through the authority contained in sections 
13263 and 13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy, and the Conditional Waiver for 
Discharges from Irrigated Lands, adopted by the Los Angeles Regional Water Quality Control Board on 
November 3, 2005.  Additionally, South Coast Air Quality Management District has authority to regulate 
air emissions throughout the basin that affect air deposition.  Load allocations are expressed in Table 12-
10.  

12.3.2 Point Sources and the Implementation of Wasteload 
Allocations  

Wasteload allocations apply to Ventura County, Thousand Oaks, Caltrans as well as the Lake Sherwood 
Overall Plan Entities (Table 12-9).  The mass-based waste load allocations for Caltrans will be 
incorporated into the Caltrans permit; the Regional or State Board may develop a new permit to cover the 
previously unpermitted stormwater discharges to the lake from Ventura County, Thousand Oaks and Lake 
Sherwood Overall Plan Entities.  

12.3.3 Source Control Alternatives 
Responsible jurisdictions are encouraged to consider the construction of wetland systems and bioswales 
(or other retention or treatment options) to treat the stormwater, as well as stormwater diversion and 
infiltration using methods such as porous pavements and rain gardens.  Source reduction and pollutant 
removal BMPs designed to reduce sediment loading are management practices that will also reduce the 
mercury loading associated with sediments.  However, sedimentation basins or water quality ponds that 
go anoxic at the sediment-water interface may actually result in increased concentrations of 
methylmercury.  This is likely occurring at the mouth of Hidden Valley Wash, where concentrations of 
methylmercury in the water column and sediments have been observed at levels one order of magnitude 
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greater than other locations in the watershed (see Appendix D, Wet Weather Loading; Appendix G, 
Monitoring Data).   

Dissolved loading associated with stormwater contributes the largest amount of mercury loading to Lake 
Sherwood.  Some of the sediment reduction BMPs may also result in decreased concentrations of mercury 
in the runoff water.  Storage of storm flows in wet or dry ponds may allow for adsorption and settling of 
mercury from the water column.  BMPs that provide filtration or infiltration processes may retain 
dissolved mercury in the upland areas.   

Monitoring of dissolved oxygen levels in these ponds and measurement of total and methylmercury 
concentrations during warm summer months will assist in the management of these basins to reduce 
methylmercury loading to Lake Sherwood.  Maintaining shallow water levels that do not fluctuate will 
allow penetration of sunlight, which degrades methylmercury, and reduce the wetting and drying 
conditions that favor methylation.  Existing and ongoing efforts by the Sherwood Valley Homeowner’s 
Association to improve lake water quality by reducing nutrient loading to the lake and improving aeration 
have likely reduced methylation rates within the lake overall.  Further reductions of nutrient levels and 
improvements to aeration would have the combined benefit of reducing methylation of mercury and 
implementing load allocations called for in the nutrient TMDL established in 2003.  

Unfortunately, sediment reduction BMPs will not mitigate mercury loading from the second largest 
source in the watershed, atmospheric deposition to the lake surface.  Mercury available for deposition in 
the southwest region typically originates from both local and global sources.  In the US, mercury 
emissions from most facilities have been reduced over the past few decades as the best available 
technology has improved over the years.   

In 2008 USEPA modeled mercury air emissions nationally as a tool for tracking airborne mercury to 
assist in watershed planning.  The mercury emission estimates were principally based on 2001 data.  The 
highest modeled impact in California was located in the Long Beach area and the largest single source 
contributor was the Long Beach South East Resource Recovery facility which combusts municipal waste 
to produce electricity.  Since that time USEPA has promulgated regulations to reduce mercury from solid 
waste incinerators and the emissions from this facility and another solid waste incinerator in the City of 
Commerce have been significantly reduced.  In addition to these regulations for solid waste combustors, 
USEPA is in the process of finalizing regulations for Portland Cement plants which also contribute to 
reductions in mercury air loading and deposition in the Los Angeles area. 

12.4  MONITORING RECOMMENDATIONS 
Although estimates of the loading capacity and allocations are based on best available data and 
incorporate an MOS, these estimates may potentially need to be revised as additional data are obtained.  
The mass-based loading capacity will be affected by changes in flow volumes; therefore, loading 
capacities may be reconsidered if significant volume reductions or additions occur.  To provide 
reasonable assurances that the assigned allocations will indeed result in compliance with the fish tissue 
target, a commitment to continued monitoring and assessment is warranted.  The purposes of such 
monitoring will be 1) to determine compliance with wasteload and load allocations, 2) to determine if 
numeric targets are being attained, 3) to evaluate whether numeric targets and allocations need to be 
adjusted to attain beneficial uses, 4) to evaluate the efficacy of control measures instituted to achieve the 
needed load reductions, and 5) to document trends over time in mercury loading.   

To assess compliance with the mercury TMDL, monitoring should include monitoring of largemouth bass 
(325-375mm in length) fish tissue (skin-off fillets) at least every three years as well as twice yearly 
sediment and water column sampling in each lake.  At a minimum, compliance monitoring should 
measure the following in-lake water quality parameters: total mercury, dissolved methylmercury, 
chloride, sulfate, total organic carbon, alkalinity, total suspended solids, and total dissolved solids; as well 
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as the following in-lake sediment parameters: total mercury, methylmercury, total organic carbon, total 
solids and sulfate.  Measurements of the temperature, dissolved oxygen, pH and electrical conductivity 
should also be taken throughout the water column with a water quality probe along with Secchi depth 
measurement. Additionally, in order to accurately calculate compliance with allocations expressed in 
yearly loads, monitoring should include flow estimation or monitoring as well as water quality 
concentration measurements.  At Lake Sherwood wasteload allocations are assigned to stormwater inputs 
from various subwatersheds. These sources should be measured near the point where they enter the lake 
twice a year for at minimum: total mercury, methyl mercury, chloride, sulfate, total organic carbon, 
alkalinity, total suspended solids, and total dissolved solids.    

It may also be helpful to investigate potential sources of methylmercury loading in the watershed, such as 
wetlands, sedimentation basins, and any areas impacted by forest fires.  Specifically, there are several 
springs that have been documented to feed the lake, however, sampling of these sources was not possible 
during USEPA site visits.  Springs sometimes have elevated mercury so finding these springs and 
measuring their mercury loading is a high priority activity to fully characterize all sources to Lake 
Sherwood.  Additionally, sampling conducted for the development of this TMDL found that one of the 
tributaries to the lake (Hidden Valley Wash) discharged to the lake through a sedimentation basin with 
high methylation.  Further sampling of tributaries to determine other likely methylation sources may be 
appropriate in order to target BMPs.  

The mercury TMDL for Lake Sherwood concludes that a reduction in total mercury loading to the lake of 
70.4 percent will result in compliance with the fish tissue target of 0.22 ppm.  As an example of 
concentrations that responsible jurisdictions may need to target in order to meet and comply with the 
mass-based WLAs and LAs, this discussion provides concentrations calculated based on existing flow 
volumes (a recalculation is needed if flow volumes change).   Assuming flow volumes remain at existing 
levels (Appendix D, Wet Weather Loading; Appendix F, Dry Weather Loading), targeted concentrations 
of total mercury in stormwater from the Northern, Western, Hidden Valley Wash, and Near Lake 
Developed subwatersheds may be 9.94 ng/L, 2.92 ng/L, 10.38 ng/L, and 9.94 ng/L.  The targeted 
concentration in the stormwater from the Caltrans area in the Carlisle Canyon subwatershed may be 4.37 
ng/L.  Similarly, the targeted concentration of total mercury in runoff from the Near Lake Undeveloped 
subwatershed may be 2.06 ng/L.  The targeted concentration in the runoff from the non-Caltrans areas in 
the Carlisle Canyon subwatershed may be 2.32 ng/L.  As stated above, these concentrations are provided 
as guidelines; however, mass-based WLAs must be achieved.  An in-lake water column dissolved 
methylmercury target of 0.081 ng/L also applies. 
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13 Westlake Lake TMDL 
Westlake Lake (#CAL4042500019990201153000) is listed as impaired by lead  (SWRCB, 2010).   
(Note: algae, ammonia, eutrophication, and low dissolved oxygen impairments have been addressed by a 
previous TMDL.)  Comparison of metals data to their associated hardness-dependent water quality 
objectives indicates that lead is currently achieving numeric targets at Westlake Lake.  Therefore, a 
TMDL is not included for this pollutant.  These analyses are presented below (see Section 13.2). 

13.1 ENVIRONMENTAL SETTING 
Westlake is located in the Santa Monica Bay watershed (HUC 18070104) in Los Angeles and Ventura counties, near 
the city limits of Thousand Oaks and Westlake Village (Figure 13-1).  The private lake was completed in 1976 
following the construction of a dam in 1973.  According to the Urban Lakes Study (UC Riverside, 1994), the 
average depth is approximately six feet.  Dense residential development surrounds the lake and covers a private, 
multi-lobed island.  Additionally, a small business complex, including a yacht club and restaurants, is located on the 
southeast shore of the lake.  The private lake is the site of heavy recreation, predominately boating and catch and 
release fishing, as swimming is prohibited (Figure 13-2 and Figure 13-3).  Catfish are periodically stocked in the 
lake (July 17, 2009 USEPA Field Notes).   

 

 

Figure  13-1. Location of Westlake Lake 
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Figure  13-2. View of  Westlake Lake 

 

 
Figure  13-3. Sampling Location is at the Buoys (WL1) 
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Westlake was included in the Urban Lakes Study (UC Riverside, 1994).  The primary inflows to the lake were 
identified as Potrero Valley Creek, two wells, six storm drains (Figure 13-4), and runoff from the upstream 
watershed.  Westlake Lake discharges to Triunfo Canyon Creek. 

As of the writing of this TMDL, there are no non-MS4 NPDES permitted discharges in the Westlake Lake 
watershed.  This includes non-stormwater discharges (individual and general permits) as well as general stormwater 
permits associated with construction and industrial activities. 

 

 
Figure  13-4. Sampling Location in Front of Storm Drain (WL3) 

 

13.2 LEAD IMPAIRMENT 
Westlake Lake was listed as impaired for lead in 1996 based on an assessment in the Regional Board's 
Water Quality Assessment and Documentation Report (LARWQCB, 1996).  Consistent with project plan 
recommendations provided in California's Impaired Waters Guidance (2005), EPA and local agencies 
collected 24 additional samples between March 2009 and October 2010 to evaluate current water quality 
conditions.  There were zero dissolved lead exceedances in 24 samples (Appendix G, Monitoring Data).  
USEPA also collected two sediment samples during August 2010 to further evaluate lake conditions. 
There were zero sediment lead exceedances of the 128 ppm freshwater (Probable Effect Concentrations) 
sediment target (Appendix G, Monitoring Data). Therefore, Westlake meets lead water quality standards, 
and USEPA concludes that preparing a TMDL for lead is unwarranted at this time.  USEPA recommends 
that Westlake Lake not be identified as impaired by lead in California’s next 303(d) list.  
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A.1 Introduction 
USEPA Region IX is establishing TMDLs for impairments in nine lakes in the Los Angeles Region 
(Figure A-1).  USEPA was assisted in this effort by the Los Angeles Water Quality Control Board 
(Regional Board).  Impairments of these waterbodies include low dissolved oxygen/organic enrichment, 
odor, ammonia, eutrophication, algae, pH, mercury, lead, copper, chlordane, DDT, dieldrin, PCBs, and 
trash.   

 

 

Figure A-1. Location of Impaired Lakes 

Eight of these waterbodies have impairments that may be due to elevated nutrient levels: Peck Road Park 
Lake, Echo Park Lake, Lincoln Park Lake, Lake Calabasas, the El Dorado Park lakes, Legg Lake, 
Puddingstone Reservoir, and Santa Fe Dam Park Lake.  These impairments include algae, ammonia, 
eutrophication, low dissolved oxygen/organic enrichment, odor, and pH.  A steady-state lake response 
model has been set up for each impaired lake to determine whether or not eutrophication is the primary 
cause of these impairments.  This appendix discusses the problems associated with eutrophication, 
sources of nutrient loading, and the approach used for determining loading capacities for nitrogen and 
phosphorus based on observed and simulated levels of chlorophyll a. 
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A.2 Conceptual Model: Nutrients, Algae, and 
Eutrophication 

Excessive algal growth in the urban lakes of the Los Angeles region has resulted in several waterbodies 
not supporting their designated beneficial uses associated with aquatic life and recreation (LARWQCB, 
1996).  Unaesthetic amounts of algal biomass can directly impair swimming and wading recreational 
uses.  Algal growth in some instances has produced algal mats in the lakes (UC Riverside, 1994).  Excess 
growth of algae can also result in loss of invertebrate taxa through habitat alteration (Biggs, 2000).  In 
addition, ammonia, a nitrogen compound, has been measured at concentrations exceeding objectives 
designed to protect aquatic life (LARWQCB, 1996). 

Rates of algal growth depend on the availability of nutrients, light, and other factors.  Stimulation of 
excess algal growth by nutrient loading is referred to as eutrophication.  There are many biological 
responses to nutrients (nitrogen and phosphorus) in lakes.  The biologically available nutrients and light 
will stimulate phytoplankton and or macrophyte growth.  As these plants grow, they provide food and 
habitat for other organisms such as zooplankton and fish.  When the aquatic plants die, they will release 
nutrients (ammonia and phosphorus) back into the water through decomposition.  The decomposition of 
plant material consumes oxygen from the water column; in addition the recycled nutrients are available to 
stimulate additional plant growth.  Physical properties such as light, temperature, residence time, and 
wind mixing also play integral roles throughout the pathways described.   

These typical biological processes can become over-stimulated by the addition of excess nutrients to a 
waterbody and create a situation in which water quality becomes degraded and beneficial uses are 
impaired.  The following flow chart (Figure A-2) outlines the responses within a lake to excessive 
nutrient loading and how the beneficial uses will be impacted. 

Excessive nutrient loading, from either external or internal processes, can cause excessive phytoplankton 
and macrophyte growth.  The resulting plant biomass may cause increased turbidity, altered planktonic 
food chains, unaesthetic conditions, reduced dissolved oxygen concentrations, and increased nutrient 
recycling (Figure A-2).  These changes can lead to a cascade of biological responses culminating in 
impaired beneficial uses. 

Typically, excessive plant growth can quickly lead to an altered planktonic community; in many cases the 
dominant phytoplankton species may become blue-green algae (cyanophytes) and algal blooms may 
occur, especially in the summer months.  These blooms cause fluctuations in dissolved oxygen 
concentration and pH that can negatively affect aquatic life in the waterbody.  Senescence and decay of 
the biomass present in algal blooms may also cause problems with scum and odors that affect recreational 
uses of the affected waterbody.  Likewise, macrophyte growth may increase and become expansive 
throughout the lake (Figure A-2).  Particularly in shallow lakes, the combination of available nutrients 
and greater light intensity throughout the water column provides the light that is needed for rapid plant 
growth.  In addition, light can penetrate to the bottom of shallow lakes, promoting macrophyte growth.  In 
comparison, in deep lakes a greater portion of the water column is not able to support photosynthesis as a 
majority of the water column is below the light penetration depth.  Thus, the impacts of nutrient loading 
and the biological response of planktonic algae and macrophytes are often very apparent in shallow lakes.
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Figure A-2. Conceptual Model for Lakes 
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As noted above, eutrophication can also lead to increased daytime pH in lakes due to rapid uptake of 
carbon dioxide by photosynthesizing algae.  The elevated pH creates a harmful environment for 
organisms and can increase the concentration of un-ionized ammonia, potentially leading to direct toxicity 
to fish and other organisms.  Dense algal populations also cause diurnal swings in dissolved oxygen 
concentrations, as oxygen is released during daytime photosynthesis and consumed during nighttime 
respiration.  Decomposition of algal biomass can consume oxygen and dramatically reduce the oxygen 
levels found in the lake.  Low dissolved oxygen levels can become very stressful for fish and other 
organisms and may in fact lead to fish kills (Figure A-2).  Moreover, as the plant material is decomposed, 
the nutrients are released and will recycle through the system.  Shallow lakes tend to have increased 
biological productivity because it is likely that the photosynthetic zone and decomposition zone of the 
water column overlap, creating the situation where as materials are decomposed and the nutrients 
released, they are also immediately available for photosynthesis and plant growth continuing to drive 
ongoing impairments. 

Control of the deleterious effects of eutrophication in lakes typically requires reduction in nutrient loads.  
Both external and internal (recycled) nutrient loads may need to be addressed. 
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A.3 Source Assessment 
Sources of nutrient loading to a lake may include both point and nonpoint sources.  For the purposes of 
allocating loads among nutrient sources, federal regulations distinguish between allocations for point 
sources regulated under NPDES permits (for which wasteload allocations are established) and nonpoint 
sources that are not regulated through NPDES permits (for which load allocations are established) (see 40 
CFR 130.2).  This section describes how the loading from point and nonpoint sources were estimated. 

A.3.1 POINT SOURCES 
Point sources are discharges that occur at a defined point, or points, such as a pipe or storm drain outlet.  
Most point sources are regulated through the NPDES permitting process. 

A.3.1.1 MS4 Permittees 
In 1990 USEPA developed rules establishing Phase 1 of the NPDES stormwater program, designed to 
prevent pollutants from being washed by stormwater runoff into the Municipal Separate Storm Sewer 
Systems (MS4), or from being directly discharged into the MS4 and then discharged into local 
waterbodies.  Phase I of the program required operators of medium and large MS4s (those generally 
serving populations of 100,000 or more) to implement a stormwater management program as a means to 
control polluted discharges.  Phase II of the program extends the requirements to operators of small MS4 
systems, which must reduce pollutants in stormwater to the maximum extent practicable (MEP) to protect 
water quality. 

Nitrogen and phosphorus loads from urban stormwater runoff are estimated from event mean 
concentration (EMC) data and flows predicted from calibrated watershed models (Appendix D, Wet 
Weather Loading).  Two flow-calibrated LSPC models were previously developed for the San Gabriel 
and Los Angeles river basins (Tetra Tech, 2004; Tetra Tech, 2005).  To estimate runoff volumes, average 
monthly areal flow rates have been extracted for each land use and applied to the land use composition 
that drains to an MS4 for each lake.  The county of Los Angeles and the Southern California Coastal 
Water Research Project (SCCWRP) have been collecting pollutant concentration data for storm events in 
the county of Los Angeles for representative land use classes.  These concentrations can be applied to the 
flow volumes predicted by the LSPC models for each land use to estimate average wet weather nutrient 
loading to each lake.  Appendix D (Wet Weather Loading) describes the datasets, assumptions, and 
loading results for this analysis.    

These systems may also discharge during dry weather as a result of irrigation, car washing, etc.  
Estimation of nutrient loading from MS4 systems in dry weather is based on SCCWRP regional studies 
and is described in Appendix F (Dry Weather Loading).  

A.3.1.2 Non-MS4 NPDES Discharges 
In addition to MS4 stormwater dischargers, the NPDES program regulates stormwater discharges 
associated with  industrial and construction activities and non-stormwater discharges (individual and 
general permits).  To quantify nutrient loading from non-MS4 NPDES discharges, the permit databases 
maintained by the Los Angeles Regional Board were downloaded for the Los Angeles River, San Gabriel 
River, and Santa Monica Bay Basins.  Geographic information listed for each permit was used to 
determine which facilities are located in the watersheds of the eight nutrient-impaired lakes.  Nutrient 
loading from each facility was estimated based on the reported disturbed area.  The facilities and 
estimated loads are described in more detail in the lake specific sections of this report.  
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A.3.1.3 Additional Inputs  
Several of the lakes addressed by this TMDL have additional point source inputs that do not currently 
have NPDES permits.  Most are supplemental flows from groundwater wells or potable water that 
maintain lake levels.  Information pertaining to flow volumes from these sources was provided by park 
staff at each lake (generally based on water usage information from the water suppliers).  Where 
accessible, the Regional Board and USEPA sampled water quality from these inputs during the 2009 
sampling events.  In some cases, the suppliers were able to provide nutrient concentrations.  Nutrient 
loading was calculated from average nutrient species concentration data and an estimate of annual flow 
volumes to each lake.     

A.3.2 NONPOINT SOURCES 
Nutrient loading from nonpoint sources originates from sources that do not discharge at a defined point.  
This section describes the methods used to estimate loading from nonpoint sources. 

A.3.2.1 Internal Loading from Lake Sediments 
Lake sediments typically store phosphorus that has sorbed to soil particles or settled to the bottom of the 
lake following the decomposition of organic matter.  When these sediments become hypoxic (i.e., when 
dissolved oxygen concentrations become low) they may release stored phosphorus into the water column 
which then becomes available for uptake by plants and algae.  In some lakes, internal phosphorus loading 
may comprise a significant portion of the total load.  

Hypoxic conditions also promote release of dissolved ammonia from the sediments.  Lake sediments do 
not typically store and release significant quantities of nitrogen relative to other lake inputs.  However, the 
net nitrogen sedimentation rate calibrated for each lake accounts for internal loading of nitrogen as well.   

Intensive monitoring studies are typically required to accurately quantify internal nutrient loading.  This 
level of information was not available for the lakes addressed by this TMDL.  Though the internal load 
may not be quantified for these lakes, it is reflected in the net (settling minus resuspension) nutrient 
sedimentation rates calibrated for each lake (Section A.4.2).   

Internal loading is discussed in more detail in Appendix B (Internal Loading). 

A.3.2.2 Wind Resuspension 
As wind moves across a lake surface, the resulting wave action may disturb lake sediments in shallow 
areas and release additional stored phosphorus.  Appendix B (Internal Loading) describes the impacts of 
wind resuspension and defines the critical lake levels where additional internal loading may occur.  As 
wind resuspension impacts internal loading rates, the effects were accounted for in the net sedimentation 
rates for phosphorus and nitrogen. 

A.3.2.3 Bioturbation 
Bottom feeding fish and benthic macroinvertebrates can also disturb lake sediments and promote release 
of stored nutrients.  As bioturbation further impacts internal loading rates, the effects were accounted for 
in the net sedimentation rates for phosphorus and nitrogen.   
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A.3.2.4 Atmospheric Deposition 
The National Atmospheric Deposition Program (NADP) monitors wet nitrogen deposition (as nitrate) at 
two active and two inactive stations in southern California.  Isopleth maps were downloaded from the 
NADP website and brought into a GIS environment to extract site specific precipitation-weighted annual 
average nitrate concentrations for grid cells overlaying each lake. NADP has produced these isopleth 
maps for years 1994 through 2006.  The time series was extended to previous years by developing a 
regression equation for each location based on year and cumulative precipitation (Appendix E, 
Atmospheric Deposition). 

The precipitation-weighted annual average nitrate concentrations were then multiplied by the annual 
rainfall observed at the nearest weather station (Appendix D, Wet Weather Loading)) and the lake surface 
area to estimate nitrogen loading from atmospheric deposition to each lake surface.  Deposition to land 
surfaces is accounted for in the loading estimates from the watersheds (Appendices D and F; Wet and Dry 
Weather Loading, respectively). 

Unlike nitrogen, phosphorus does not have a significant gaseous phase, and atmospheric deposition is 
primarily due to fugitive dust.  Phosphorus deposition rates are typically much lower than nitrogen 
deposition rates and are not included in the NADP monitoring program.  At this time, measurements of 
phosphorus deposition rates are not available for this area.  SCCWRP has recently begun a deposition 
monitoring study that will measure phosphorus, but the results are not expected to be published until 
2011.   

The datasets, assumptions, and resulting loading from atmospheric deposition are described in detail in 
Appendix E (Atmospheric Deposition). 

A.3.2.5 Wet Weather Loading 
Nitrogen and phosphorus loads from areas that do not drain to an MS4 system are estimated from event 
mean concentration (EMC) data and flows predicted from calibrated watershed models (Appendix D, Wet 
Weather Loading).  Two flow-calibrated LSPC models were previously developed for the San Gabriel 
and Los Angeles river basins (Tetra Tech, 2004; Tetra Tech, 2005).  To estimate nonpoint source runoff 
volumes, average monthly areal flow rates have been extracted for each land use and applied to the land 
use composition that does not drain to an MS4.  The county of Los Angeles and SCCWRP have been 
collecting pollutant concentration data for storm events in the county of Los Angeles for representative 
land use classes.  These concentrations can be applied to the flow volumes predicted by the LSPC models 
for each land use to estimate average nutrient loading to each lake.  Appendix D (Wet Weather Loading) 
describes the datasets, assumptions, and loading results for this analysis.    

A.3.2.6 Dry Weather Loading  
In addition to pollutant loads delivered during storm events (discussed in Appendix D, Wet Weather 
Loading), it is important to account for loads that are delivered to a waterbody during dry weather.  
Nonpoint sources during dry weather include irrigation, fertilization of adjacent parkland, and other 
miscellaneous urban sources.  Estimation of dry weather pollutant loading is discussed in Appendix F 
(Dry Weather Loading). 
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A.4 Linkage Analysis 
To simulate the impacts of nutrient loading on each impaired lake, the nutrient numeric endpoints (NNE) 
BATHTUB Tool was set up and calibrated to lake-specific conditions.  The NNE BATHTUB Tool is a 
version of the US Army Corps of Engineers (USACE) BATHTUB model and was developed to support 
risk-based nutrient numeric endpoints in California (Tetra Tech, 2006).  For these TMDLs, target nutrient 
loads and resulting allocations were determined specifically for each lake based on the secondary target − 
summer season mean chlorophyll a concentration.   

Other parameters may be chosen as secondary targets for determining nutrient allocations.  Chlorophyll a, 
however, is the best choice for assessing nutrient impacts alone.  For example, choosing dissolved oxygen 
as a secondary target will not only account for fluctuations in concentration caused by algal 
photosynthesis and respiration but will also include response to loading of organic matter not associated 
with algal decay (e.g., loading from wastewater treatment plants, organic fertilizers, etc.).  The existing 
dissolved oxygen criteria serves as an additional target in these TMDLs.  Light penetration, often 
measured as Secchi depth, is another indicator of nutrient impairment as greater densities of algae block 
sunlight penetration and reduce Secchi depth.  Light penetration is also impacted by suspended sediment 
concentrations and low Secchi depth does not always correlate with excessive nutrient loading.  This is 
often the case for waterbodies located in watersheds comprised of silt and clay soils or in areas 
undergoing land clearing and construction.  Thus chlorophyll a is the most appropriate parameter for 
assessing the direct impacts of eutrophication on a waterbody.  This section describes how the NNE Tool 
simulates chlorophyll a and its use in developing the nitrogen and phosphorus TMDLs. 

A.4.1 MODEL DESCRIPTION 
The USACE developed the BATHTUB model (Walker, 1987) to predict eutrophication in reservoirs 
across the country.  BATHTUB is a steady-state model that calculates nutrient concentrations, 
chlorophyll a concentration (or algal density), turbidity, and hypolimnetic oxygen depletion based on 
nutrient loadings, hydrology, lake morphometry, and internal nutrient cycling processes.  BATHTUB 
uses a typical mass balance modeling approach that tracks the fate of external and internal nutrient loads 
between the water column, outflows, and sediments.  External loads can be specified from various sources 
including stream inflows, nonpoint source runoff, atmospheric deposition, groundwater inflows, and point 
sources.  Internal nutrient loads from cycling processes may include sediment release and macrophyte 
decomposition.  These processes are accounted for implicitly in the model through the calibration of the 
net sedimentation rates.  If an estimate of internal loading of phosphorus is required, the following 
methodology described by Nürnberg (1984) provides a reasonable estimate:  

TPinlake = TPinflow * (1-Rpred) + Lint / Qs , where 

Rpred = 15 / (18 + Qs) 

TPinlake = mean summer in-lake phosphorus concentration 

TPinflow = mean summer tributary phosphorus concentration 

Qs = mean depth over hydraulic residence time 

Rpred = annual retention due to sedimentation 

Lint = internal phosphorus load (mg/m2/yr) 

Since BATHTUB is a steady-state model, it focuses on long-term average conditions rather than day-to-
day variations in water quality.  Algal concentrations are predicted for the summer season when water 
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quality problems are most severe.  Annual differences in water quality, or differences resulting from 
different loading or hydrologic conditions (e.g., wet vs. dry years), can be evaluated by running the model 
separately for each scenario. 

BATHTUB first calculates steady-state phosphorus and nitrogen balances based on nutrient loads, 
nutrient sedimentation, and transport processes (lake flushing, transport between segments, etc.).  Several 
options are provided to allow first-order, second-order, and other loss rate formulations for nutrient 
sedimentation that have been proposed from various nutrient loading models in the literature.  The 
resulting nutrient levels are then used in a series of empirical relationships to calculate chlorophyll a, 
oxygen depletion, and turbidity.  Phytoplankton concentrations are estimated from mechanistically-based 
steady-state relationships that include processes such as photosynthesis, settling, respiration, grazing 
mortality, and flushing.  Both nitrogen and phosphorus can be considered as limiting nutrients, at the 
option of the user.  Several options are also provided to account for variations in nutrient availability for 
phytoplankton growth based on the nutrient speciation in the inflows.  The empirical relationships used in 
BATHTUB were derived from field data from many different lakes, including those in USEPA’s National 
Eutrophication Survey and lakes operated by the Army Corps of Engineers.  Default values are provided 
for most of the model parameters based on extensive statistical analyses of these data. 

In 2006, Tetra Tech developed the NNE BATHTUB Tool as a simplified method for predicting summer 
season chlorophyll a lake response to a number of inputs.  The NNE BATHTUB Tool is a risk-based 
approach for estimating site-specific nutrient numeric endpoints (NNE) for California waters (Tetra Tech, 
2006).  The Tool has been tested for several waterbodies in California as a series of case studies (e.g., 
Tetra Tech, 2007).  

The NNE spreadsheet tool allows the user to specify a chlorophyll a target and predicts the probability 
that current conditions will exceed the target, as well as showing a matrix of allowable nitrogen and 
phosphorus loading combinations necessary to meet the target.  The user-defined chlorophyll a target can 
be input directly by the user, or can be calculated based on an allowable change in water transparency 
measured as Secchi depth. 

For both the nitrogen and phosphorus simulations, the NNE BATHTUB Tool has been set up to 
incorporate the USACE BATHTUB Model default equations for simulating nutrient sedimentation rates.  
In accordance with the USACE BATHTUB Model Users Manual (Walker, 1987), the NNE Tool 
incorporates a calibration factor on each sedimentation rate to improve model fit to observed data.   

The NNE BATHTUB Tool simulates phosphorus (P) using the 2nd-order P-sedimentation model 
(presented as P Model 2 in Walker, 1987): 

P Sedimentation Rate (mg/m3-yr) = KP · A1 · P2,  

where P is the total phosphorus concentration in µg/L.   

This yields a solution for P: 

TAK

TPiAK
P

P

P

12

1141 −+
= , where 

A1= 0.056 Qs/[Fot · (Qs + 13.3)] 

Pi = inflow total P concentration (µg/L) 

Qs = overflow rate (m/yr), with a minimum of 4 

Fot = ratio of inflow ortho P to inflow total P 

KP = P calibration factor, typically ranging from 0.5 to 2.0 
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T = hydraulic residence time (yr) = Volume/Inflow-per-yr 

The nitrogen (N) simulation is implemented using the 2nd order N-sedimentation (presented as N Model 2 
in Walker, 1987): 

N Sedimentation Rate (mg/m3-yr) = KN · B1 · N2,  

where N is the total nitrogen concentration in µg/L.  This yields a solution for N: 

TBK

TNiBK
N

N

N

12

1141 −+
= , where 

B1 = 0.0035 Qs/[Fin0.59 · (Qs + 17.3)] 

KN = N calibration factor, typically ranging from 0.3 to 3.0 

Ni = inflow total N concentration 

Fin = ratio of inflow inorganic N to inflow total N 

The USACE BATHTUB Model allows the user to choose from five empirical equations for chlorophyll a 
simulation.  The NNE Tool incorporates the equation that considers light, flushing rate, and nutrient 
concentrations to account for the co-risk factors whose cumulative effect determines algal density 
(presented as Chl Model 1 in Walker, 1987).  A calibration factor on simulated chlorophyll a 
concentration allows the user to improve the model fit based on observed data:   

)1()025.01( aGGBx

BxK
aChl C

++
=− , where 

Bx = Xpn1.33/4.31 

Xpn = [P-2 + ((N-150)/12)-2]-0.5  

KC = Chl-a calibration factor 

G = Zmix · (0.14 + 0.0039 Fs) 

Zmix = mixed depth (m) 

Fs = (summer) flushing rate = (inflow – evap)/vol 

A = non-algal turbidity (m-1). 

The NNE BATHTUB Tool uses Visual Basic’s GoalSeek function to find combinations of N and P 
loading that result in predicted chlorophyll a being equal to the selected target.  Because algal growth can 
be limited by either N or P there is not a unique solution, and the Tool output supplies the user with a 
curve representing the loading combinations that will result in attainment of the selected chlorophyll a 
target. 

Spatial variability in water quality can be simulated with BATHTUB by dividing a lake horizontally into 
segments, and calculating transport processes such as advection and dispersion between the segments. 
This is appropriate for large lakes, particularly lakes with multiple sidearms and tributary inflows, that 
have substantially different water quality in different portions of the lake.  However, this was not 
necessary for the lakes addressed in this TMDL report due to their generally small to moderate sizes, and 
the lack of detailed data demonstrating significant spatial variations in lake characteristics and water 
quality.  Therefore, the NNE BATHTUB Tool was applied as a whole lake model to each waterbody.  In 
some cases, a chain of multiple lakes was combined into a single lake system for modeling because the 
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multiple lakes had similar characteristics or they functioned essentially as a single lake.  The lake-specific 
chapters describe details associated with each lake model. 

A.4.2 MODEL SETUP AND CALIBRATION TO EXISTING CONDITIONS 
The NNE BATHTUB Tool was set up individually for each impaired lake or lake system.  Bathymetry 
data for each lake were acquired from various sources to represent the general characteristics of the 
waterbody, such as surface area, volume, and average depth.  The lake specific bathymetry data are 
discussed in each lake chapter of the TMDL report.   

Cumulative nitrogen and phosphorus loads were calculated as a sum of all known, quantifiable sources.  
Sources of loading resulting from wet weather are discussed in Appendix D; Appendix F summarizes the 
loading originating during dry weather conditions.  Atmospheric deposition to each lake surface is 
quantified in Appendix E.  Internal nutrient loading is discussed in Appendix B, but is not quantified 
directly due to lack of data (the BATHTUB model accounts for internal loading indirectly by using a net 
sedimentation rate [sedimentation minus resuspension]).  Prior to calibration of the BATHTUB model, 
the user must determine the appropriate averaging period by calculating the nutrient turnover ratio 
(Walker, 1987).  Average external loading rates are calculated for the summer season (May through 
September) and for the year.  These loads are compared to the mass of nutrients stored in the waterbody 
(average nutrient concentration times volume) to calculate the mass residence time.  Dividing the length 
of the averaging period (1.0 yr for the annual averaging period or 0.42 yr for the summer season period) 
by the mass residence time yields the nutrient turnover ratio.  The averaging period for the model should 
be selected such that the nutrient turnover ratio for the limiting nutrient is greater than or equal to 2.  The 
following equations apply: 

Mass Residence Time (yr) = Nutrient mass in waterbody (lb) / External nutrient loading (lb/yr) 

Nutrient Turnover Ratio = Length of the averaging period (yr) / Mass Residence Time (yr) 

Once the bathymetry and loading inputs corresponding to the correct averaging period were input, each 
model was calibrated to observed conditions.  Simulated phosphorus concentrations were compared to the 
average summer season concentrations based on data collected since the early 1990s (Appendix G, 
Monitoring Data).  The calibration factor, KP, was adjusted until the simulated concentration 
approximated those observed.  The calibration process was repeated using KN for nitrogen and KC for 
chlorophyll a. 

For some of the lakes, there are other sources of loading associated with the parkland area for which 
loading estimates were not available (Appendix F, Dry Weather Loading).    Examples include inputs 
from excessive fertilization relative to product recommendations and runoff of nearby residential areas 
(through the storm drain system or nonpoint source) where fertilizer application rates were unknown, 
leaking wastewater infrastructure serving visitors at adjacent parks, natural wildlife populations, and 
abnormally high wildlife populations caused by feeding and inappropriate trash disposal along the 
shorelines of park lakes.  Loads in this additional parkland loading category were quantified using the 
NNE BATHTUB model by increasing the inputs until simulated concentrations of total phosphorus and 
total nitrogen matched those observed.  The chlorophyll a concentrations were then calibrated using KC.   
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A.5 TMDL Development 
The TMDL is defined by the loading capacity.  A waterbody’s loading capacity represents the maximum 
amount of pollutant loading that can be assimilated without violating water quality standards (40 CFR 
130.2(f)).  For nutrients, this is the maximum amount of nitrogen and phosphorus loading consistent with 
meeting the numeric target of 20 µg/L of chlorophyll a as an average summer concentration in each 
impaired lake.  Selection of the chlorophyll a target is discussed in Section 2.2.3. 

A.5.1 LOADING CAPACITY AND ALLOCATIONS 
The NNE BATHTUB Tool outputs a matrix of nitrogen and phosphorus loads consistent with achieving 
the chlorophyll a target.  For lakes where the calibrated chlorophyll a concentration is less than the target, 
it was assumed that the loading capacity is not exceeded under existing conditions and no reductions in 
nitrogen or phosphorus are required.  For those lakes where the chlorophyll a concentration is greater than 
the target and loading reductions are required, the loading combination that is predicted to result in an in-
lake ratio of total nitrogen concentration to total phosphorus concentration close to 10 was selected.  This 
ratio was chosen to match that typically observed in natural systems and to balance biomass growth and 
prevent limitation by one nutrient (Thomann and Mueller, 1987).  A ratio of 10 typically limits the growth 
nuisance species, such as cyanobacteria (blue green algae) (Welch and Jacoby, 2004).  

The loading capacity for each nutrient is expressed as pounds per year (lb/yr).  The values are further 
broken down into the wasteload allocations (WLAs), load allocations (LAs), and Margin of Safety (MOS) 
using the general TMDL equation: 

MOSLAsWLAsCapacityLoadingTMDL ++== ∑  

Existing loads, loading capacity, WLAs, LAs, and MOS are presented for each individual waterbody or 
lake system in the respective lake chapters of this TMDL report. As previously mentioned, in-lake 
concentrations of nitrogen and phosphorus have been determined based on simulation of allowable loads 
with the NNE BATHTUB model and using a ratio close to 10.  These in-lake concentrations are 
calculated from a complex set of equations that consider internal cycling processes and, therefore, differ 
from concentrations associated with various inflows.  Each lake chapter also presents nutrient 
concentrations associated with the WLA and LA inputs.  These values are provided as examples as they 
are calculated based on existing flow volumes (and will need to be recalculated if flow volumes change).  
Because the input concentrations do not consider internal cycling processes and are based on existing 
flow volumes, they do not match the allowable in-lake nitrogen and phosphorous concentrations. 

A.5.2 MARGIN OF SAFETY 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  The nutrient TMDLs for these lakes are based on 
simulated nitrogen and phosphorous concentrations and include a 10 percent explicit margin of safety 
when reductions are required.  For lakes not currently exceeding the numeric targets, the loading capacity 
has been set to existing conditions as an antidegradation measure; hence, the MOS is implicitly applied in 
the TMDL development. 
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A.5.3 DAILY LOAD EXPRESSION 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River TMDL.  The TMDLs developed here each 
include a daily maximum load estimate consistent with the guidelines provided by USEPA (2007).  
Because the majority of loads occur during wet weather events, the maximum allowable daily load is 
calculated from the 99th percentile flow multiplied by the average allowable concentration consistent with 
achieving the long-term loading targets.  In lakes where the majority of loads are associated with 
supplemental water additions, appropriate flow rates are determined and multiplied by the average 
allowable concentration to determine the maximum allowable daily load. 
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B.1 Introduction 
USEPA Region IX is establishing TMDLs for impairments in nine lakes in the Los Angeles Region 
(Figure B-1).  USEPA was assisted in this effort by the Los Angeles Water Quality Control Board 
(Regional Board).  The waterbodies are impaired by combinations of low dissolved oxygen/organic 
enrichment, odor, ammonia, eutrophication, algae, pH, mercury, lead, copper, chlordane, DDT, dieldrin, 
PCBs, and trash.   

 
Figure B-1. Location of Impaired Lakes 

Internal loading from the lake sediments of impaired waterbodies can be a significant source of pollutant 
loading, particularly for phosphorus, mercury, and Organochlorine (OC) Pesticides and PCBs.  This 
appendix provides a general overview of the mechanisms that affect rates of internal loading.  Although 
processes affecting internal loads of all pollutants are discussed, internal loads of phosphorus and mercury 
will not be quantified in the TMDLs because the linkage analyses implicitly account for these 
mechanisms.  For phosphorus, the NNE BATHTUB Tool (Appendix A, Nutrient TMDL Development) 
accounts for resuspension from internal sediments by applying a net sedimentation rate for phosphorus.  
For mercury, fish tissue bioaccumulation data reflect both the external and internal loading of 
methylmercury to the waterbody (Appendix C, Mercury TMDL Development).  In addition, loads of 
phosphorus and mercury continue to enter the impaired waterbodies, although mercury is likely delivered 
at lower levels than seen previously.   

For OC Pesticides and PCBs, the fish tissue bioaccumulation data reflect all sources of loading; however, 
historic accumulation and internal releases are likely the predominant source of loading to Puddingstone 
Reservoir, Peck Road Park Lake, and Echo Park Lake as the use of chlordane, DDTs, dieldrin, and PCBs 

RB-AR38211



Appendix B. Internal Loading from Lake Sediments March 2012 

 
 B-4 

is no longer allowed in the U.S.  Thus quantifying internal loading of these pollutants was an important 
component of TMDL development.  Estimation of internal recycling rates of OC Pesticides and PCBs is 
discussed in Appendix H (Organochlorine Compounds TMDL Development).   

This appendix discusses the general process of internal loading from lake sediments and the conditions 
that tend to increase rates of release of the contaminants addressed by this TMDL report. 
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B.2 Historic Sediment Stores 
External loads of pollutants can enter lakes in surface flow, in groundwater discharge, and by direct 
atmospheric deposition.  Once entering the lake, pollutants may be discharged downstream, degrade, 
volatilize back to the atmosphere, or settle to the sediment. 

Over time nutrients, metals, and OC Pesticides and PCBs that are particle reactive tend to settle and 
accumulate in sediment on a lake’s bottom.  The net rate of settling is dependent upon the particular 
lake’s dynamics as well as the compound’s chemical characteristics.  Sedimentation can also create a 
concentration gradient in the water column, where water near the water-sediment interface tends to harbor 
higher concentrations of nutrients, metals, or OC Pesticides and PCBs than the shallower lake levels.   

Once material is translocated to the sediment several conceptual pathways may be followed: 

• The material may remain in the shallow sediment layers with the potential for continued 
exchange with the water column and biota. 

• The material may degrade or be sequestered in permanently insoluble forms within the sediment, 
resulting in a net loss of active pollutant mass. 

• The material may be buried with clean sediment (either from upland erosion processes or a 
capping project), sequestering at a depth that minimizes interaction with the water column. 

• The material may be released back to the water column. 

Release processes such as diffusive exchange, bioturbation, and sediment disturbance by wind mixing or 
dredging activity can release historical sediment stores, returning pollutants to the water column.  For 
these reasons, sedimentation can act as both a sink and a source of these contaminants in lakes.  Refer to 
Section 2 for a more detailed discussion on the determination of sediment targets.  

Most OC Pesticides and PCBs are generally banned from use and no longer manufactured in the US.  
Despite these efforts, historical loading and sedimentation has often caused a situation in which elevated 
concentrations continue to be found in lake sediment stores.  External loading rates of phosphorus and 
metals have also often declined over time with better management practices, but historical elevated 
loading may result in significant stores present in lake sediments.  Releases of sediment stores of these 
compounds may comprise a significant portion of the total load to a lake’s water column.  For example, 
internal loading can account for a substantial amount of the total phosphorus within the water column 
(Moore et al., 1998), creating a situation in which, despite reduction in external loading, phosphorus 
concentrations in lake water remain high and cause continued impairment (Bachmann, 2005).  Authors 
such as Brumbaugh et al. (2001) have shown a log-log linear relationship between methylmercury in the 
water and fish tissue, when normalized to fish length.  Further, elevated concentrations of OC Pesticides 
and PCBs in fish tissue can occur as a direct result of food chain pathways that lead back to worms and 
other invertebrates that feed in contaminated sediments, even when water column concentrations meet all 
applicable criteria (Thomann et al., 1992). 

Estimation of the total mass of pollutants stored in sediment is difficult.  Concentrations in sediment often 
vary by orders of magnitude over short distances in both the lateral and vertical dimension, so large 
amounts of samples are often needed to obtain an accurate characterization of the sediment storage.  
Historical bathymetric data can assist in determining the net rates of sediment accumulation.  This could 
be used to obtain rough estimates of sediment storage if combined with assumptions about the changes in 
concentrations on influent sediment over time. 

In theory, removal of contaminated sediment could reduce the amount of accumulated pollutants available 
for exchange into the water column and biota.  Unfortunately, the removal process may disturb and 
release the metals, nutrients, or OC Pesticides and PCBs, returning these constituents to the water column, 
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and thereby increasing the bioavailability of the compounds.  Additionally, removal of the top layers of 
sediment may uncover more contaminated layers deposited in past decades when the use and management 
of the pollutants was less adequately controlled in the US.    

As an alternative to dredging removal, highly contaminated sediments are sometimes sequestered with 
engineered caps to prevent releases to the water column.  Both approaches are very costly, and are thus 
most often used at highly contaminated Superfund sites.  Less expensive techniques attempt to reduce 
rates of release relative to the processes discussed in the following sections.  For example, oxygenating 
the bottom water can minimize releases that are facilitated by anoxia, while manipulation of lake levels 
can sometimes reduce resuspension due to wind mixing.  For some pollutants, chemical treatments can be 
useful.  For instance, alum is often used to reduce phosphorus recycling in lakes by converting 
phosphorus to insoluble precipitates. 
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B.3 Thermal Stratification and Wind Mixing 
Lakes located in the Los Angeles region are exposed to extreme heat during the summer months.  Cycles 
of warming and cooling due to seasonal variations impact the release of suspended sediments and 
associated constituents into the water column.  Several of the lakes addressed by this TMDL report are 
also relatively shallow and are subject to wind mixing which may disturb lake sediments and associated 
pollutants and further impair water quality. 

Thermal stratification refers to the process in which a warm layer of water develops in the epilimnion (the 
upper level of a stratified lake) due to the transfer of solar energy, while deeper waters remain cooler and, 
sometimes, anoxic, particularly in the summer (see Section B.4 for more details on anoxic conditions).  
The difference in temperature causes a density gradient and increased resistance to mixing between the 
upper and lower lake depths (cooler water being more dense), which limits the exchange of water and 
compounds between the layers and typically results in epilimnotic concentrations of sediment-associated 
pollutants being less than those found in deeper waters.  The greater the temperature differential, the more 
resistant the water column is to vertical mixing.  Stratified conditions remain until the thermal density 
gradient disappears due to cooling of the surface water or wind energy is able to overcome the remaining 
density gradient, allowing the water to mix; this process is referred to as lake turnover.  As deep waters 
rise to the surface, they may transport significant amounts of sediment-associated pollutants (e.g., metals, 
nutrients, and OC Pesticides and PCBs) that were released during periods of stratification into surface 
waters where they may exacerbate algal growth or contaminate fish tissue.   

Wind mixing also has the potential to increase resuspension of bed sediments and associated pollutants in 
shallow waters.  The wind-mixed depth, referred to as the “critical depth,” is directly related to the fetch 
(the distance wind travels across the surface of the lake), the lake depth, and the wind speed.  Longer lake 
fetches tend to allow for a greater critical depth, and lakes unprotected from the wind are more susceptible 
to increased wind mixing.  In most shallow lakes, the critical depth is approximately equal to the average 
depth of the lake; this allows for areas prone to resuspension.  The degree to which wind mixing impacts 
pollutant resuspension is also related to the lake’s water-level, as there is considerably less potential for 
sediment resuspension under deep waters; sediments underlying shallow waters have an increased 
potential for resuspension due to wind action.   

The degree to which wind mixing and lake turnover impact water column pollutant concentrations also 
depends on the physical characteristics of sediment present at the bottom of the lake, the presence or 
absence of a lake liner, and the presence or absence of benthic algae and macrophytic (rooted plant) 
communities.  Locations with loose organic sediment and sparse plant coverage are more prone to 
increased rates of resuspension due to wind mixing.  Lakes with coarse sediments (sands and gravels), 
low amounts of settled organic material, or those with artificial liners have less potential for resuspension.  
Refer to the lake-specific TMDL sections (Sections 4 through 13) for information regarding soil types, 
lake liners, and bathymetric data. 

As described, sediment resuspension has been predicted in studies drawing relationships between 
resuspension and wind speed, wind direction, fetch and depth to sediment (Carper and Bachmann, 1984).  
As wind blows over the surface, a deep water wave will be generated when the depth of the water is 
greater than one half of the wave-length (Wetzel, 2001).  The transition of the wave from the deep water 
to shallow water creates a situation prone to resuspension.  The wavelength (L) of a deepwater wave is 
related to its period (T), in the following relationship, where g is the gravitational constant (Martin and 
McCutcheon, 1999):  

π2

2gT
L =
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The period of a wave can be estimated by using the equation derived by the US Army Coastal 
Engineering Research Center (Carper and Bachmann, 1984).  Where U is the wind speed and F is the 
fetch: 

 

Although the pollutant loads, due to lake turnover and wind mixing, are not explicitly quantified for these 
TMDLs, they are included inherently in the eutrophication, mercury bioaccumulation, and OC Pesticides 
and PCBs models developed for each lake (see Appendices A, C, and H, respectively). 
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B.4 Internal Loading and Anoxic Conditions 
The dissolved oxygen concentration at the sediment-water interface plays an important role in the internal 
loading of various ionic compounds.  The condition in which oxygen is fully depleted is called anoxia; 
partial depletion (below 2 mg/L) is referred to as hypoxia.  Deeper lakes will often become thermally 
stratified in summer months, resulting in anoxic or hypoxic conditions within the lower metalimnion (the 
middle layer of a stratified lake) and hypolimnion (the bottom layer of a stratified lake).  To a certain 
degree, this is a natural process within deeper lakes; however, it is more common for lakes with small 
surface areas to become anoxic due to stagnation or limited water exchange.  Additionally, the 
decomposition of the phytoplankton associated with eutrophication requires oxygen, thus decreasing the 
available dissolved oxygen within the water column, particularly near the sediment-water interface where 
decaying organic matter tends to settle and accumulate.   

The oxidation-reduction (redox) potential of an aquatic system is used to describe the process or degree to 
which ions are exchanged within a system.  Compounds gaining electrons are said to be reduced, while 
those losing electrons are oxidized.  Important biological processes used to create energy (i.e., respiration 
and photosynthesis) involve the exchange of electrons.  The most energetically favorable reaction occurs 
with the oxidation of organic material (oxic respiration).  However, in the absence of oxygen, bacterial 
processes shift to denitrification, manganese reduction, iron reduction, sulfate reduction, and 
methanogenesis (releasing compounds such as NH3/NH4

+, Mn2+, Fe2+, S2-).    

In oxygenated environments, free electrons are readily bound by oxygen and associated compounds are  
partitioned to sediments.  In anoxic environments, particularly at the sediment-water interface or the oxic-
anoxic boundary within the water column, electrons and compounds are released into the water column 
via redox reactions.  This release can dramatically increase the concentration of reduced species 
(NH3/NH4

+, Mn2+, Fe2+, S2-) within the waterbody.  Artificial aeration of bottom waters impedes these 
reactions and the release of pollutants. 

For example, with limited oxygen, bacterial decomposition of organic material in lake sediments results 
in the release of inorganic phosphorus into the water column.  The iron cycle has a dramatic effect on the 
rates of recycling of phosphorus: under oxidizing conditions, iron and phosphorus form insoluble ferric 
hydroxy complexes; under reducing conditions these complexes dissolve, releasing both iron and 
phosphorus to the water column.  In fact, one study found that sediment phosphorus flux was fourfold 
greater under anoxic conditions (Haggard, 2005) than aerobic.  Increased levels of phosphorus resulting 
from sediment release add to the available nutrient pool and continue the cycle of eutrophication.   

Denitrification also occurs under anoxic conditions where nitrates are first reduced to ammonia 
(NH4/NH3) and then to nitrogen gas (N2).  Conversion to ammonia may occur in environments with low 
oxygen levels; reduction to nitrogen gas requires anoxic conditions. 

Under anoxic conditions, sulfates (SO4
+) are reduced to bisulfide or sulfide (HS- or S2-).  The presence of 

sulfidic compounds produces a strong sulfur odor, which can lead to an odor impairment in a waterbody.  
Methylation of mercury is an additional microbial process that occurs under low-oxygen, or reducing 
conditions.  Research shows that sulfur-reducing bacteria may play an important role in the methylation 
process (Compeau, 1985).  The transformation of mercury into methylmercury is of concern as the 
methylated form, methylmercury, bioaccumulates within the food chain and may accumulate to levels 
that are unsafe for human or wildlife consumption.  A more detailed description of mercury methylation 
is presented in Appendix C (Mercury TMDL Development). 
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B.5 Bioturbation 
Bioturbation is the mixing and resuspension of sediment and benthic material by fish and 
macroinvertebrates.  This disturbance of the sediments can have an impact on nutrient cycling and the 
availability of sediment-associated pollutants.  In particular, bioturbation by bottom feeding fish can stir 
up the sediment and increase the movement of nitrogen and phosphorus into the water.  Organic 
contaminants are typically hydrophobic and prefer to sorb to organic matter that may have settled to the 
lake bottom where bioturbation may cause resuspension and loading to the water column.  Of great 
concern is the release of historical stores of OC Pesticides and PCBs.    

For example, a positive relationship was observed between carp biomass and total suspended sediments 
within the water column and, more specifically, bream (a benthivorous fish) was shown to cause a  
0.03 mg/L increase in total phosphorus per 100 kg of bream per hectare (Breukelaar, 1994).  An 
additional study by Persson and Svensson (2006) showed increased concentrations of nitrogen and 
phosphorus in the water column of enclosures with benthivorus fish relative to controls with no fish.   

Fish are stocked at the El Dorado Park lakes, Santa Fe Dam Park Lake, Echo Park Lake, North, Center 
and Legg lakes, Puddingstone Reservoir, Lincoln Lake, Peck Road Park Lake, and Westlake (California 
Department of Fish and Game, 2009).  Fish have also been observed in Lake Calabasas and Sherwood 
Lake during recent monitoring events.  Despite the confirmed presence of fish, available data do not 
include a comprehensive fish population assessment.     

Another type of bioturbation is caused by macroinvertebrates that feed in the sediment.  This first causes 
vertical mixing in the sediment.  Some macroinvertebrates – particularly tubificid oligochaete worms – 
maintain burrows that enable them to feed at depth but defecate on the surface of the sediment.  Such 
worms, which often occur at very high densities in organic sediments, can effectively pump significant 
amounts of both sediment-sorbed and porewater dissolved pollutants from depths of up to 10 inches or 
more into the water column (e.g., Reible et al., 1996). 

Without comprehensive population assessments (species and population size), it is difficult to quantify 
the amount of pollutants in the water column that are directly related to bioturbation.  Although 
bioturbation may not be precisely calculated without complete population assessments, it is assumed that 
samples collected at locations containing fish include water column concentrations impacted by 
bioturbation.  In addition, impacts of bioturbation are included inherently in the eutrophication, mercury 
bioaccumulation, and OC Pesticides and PCBs models developed for each lake (see Appendices A, C, and 
H, respectively). 
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B.6 Impacts of Sedimentation  
Under certain conditions, lake sediments behave as significant sinks, removing pollutants from contact 
with the water column by allowing for deep burial and sequestration.  In general, deep burial depends on 
the net sedimentation rate, which is the external sediment supply less resuspension.  Rates of burial loss 
of specific compounds depend on the extent to which the compound is adsorbed to sediment, and lake 
dynamics (stratification, internal concentration, wind mixing, and depth) that determine rates of recycling 
of deposited material.  Burial rates are often high for lakes in arid climates due to the sparse vegetative 
ground cover compared to areas receiving higher amounts of rainfall.   

B.6.1 PHOSPHORUS 
Inorganic phosphorus is particle-reactive.  The burial and sequestration of phosphorus is an important 
mechanism that can reduce the mass of bioavailable phosphorus within the water column.  Sedimentation 
rates depend on the specific lake dynamics as well as the size and settling velocity of the particulate 
matter to which the phosphorus is bound (Welch and Jacoby, 2004). 

As explained in Sections B.4 through B.5, sediment stores of phosphorus can be released into the water 
column through multiple mechanisms.  Thus, sedimentation may act as a sink under certain conditions 
and as a source under other conditions.  First, anoxic environments, often present at the sediment-water 
interface, increase the reduction and release of phosphorus (Section B.4).  Second, resuspension of 
sediment by wind mixing (Section B.3), and bioturbation (Section B.5) can result in additional recycling 
from the sediment to the water column.   

B.6.2 MERCURY 
In midwestern and eastern lakes, methylation in lake sediments is often the predominant source of 
methylmercury (MeHg) in the water column.  However, in western lakes with high sedimentation rates, 
rapid burial tends to depress the relative importance of regeneration of MeHg from lake sediments.  For 
instance, in McPhee Reservoir in Colorado (Tetra Tech, 2001), 71 percent of the MeHg present in the 
water column was estimated to derive from watershed inflows, while much of the MeHg created in lake 
sediment was apparently buried.  Lakes with high sedimentation rates are therefore likely to respond 
approximately linearly to reductions in the watershed MeHg and total Hg load – although there may well 
be a delay in the response to load reductions, as found for McPhee Reservoir (Tetra Tech, 2001).   

B.6.3 ORGANOCHLORINE PESTICIDES AND PCBS 
Many OC Pesticides and PCBs have a high propensity to partition to sediment.  For example, chlordane, 
DDT, dieldrin, and PCBs are hydrophobic and have low water solubilities.  These characteristics increase 
the partitioning and, therefore, these OC Pesticides and PCBs are more likely to bind to sediment.  The 
majority of the pollutant loads for such compounds will be stored in the lake sediments and further 
concentrated in aquatic organisms through bioaccumulation in the food chain.  It is important to note that 
despite sediment contamination, water column concentrations of OC Pesticides and PCBs are frequently 
below detectable concentrations. 
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C.1 Introduction 
USEPA Region IX is establishing TMDLs for impairments in nine lakes in the Los Angeles Region 
(Figure C-1).  USEPA was assisted in this effort by the Los Angeles Water Quality Control Board 
(Regional Board).  Impairments of these waterbodies include low dissolved oxygen/organic enrichment, 
odor, ammonia, eutrophication, algae, pH, mercury, lead, copper, chlordane, dieldrin, DDT, PCBs, and 
trash.   

 

Figure C-1. Location of Impaired Lakes 

Three of these waterbodies are listed as impaired by mercury due to elevated fish tissue concentrations: 
the El Dorado Park lakes, Puddingstone Reservoir, and Lake Sherwood.  This appendix discusses the lake 
specific load allocations based on the measured tissue concentrations observed in each waterbody. 
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C.2 Description of the Mercury Cycle 
Selected aspects of the lake and watershed mercury cycle are summarized schematically in Figure C-2, 
based on the representations discussed in Hudson et al. (1994) and Tetra Tech (1999).  The boxes 
represent stores of mercury, and the arrows represent fluxes.  The top of the diagram summarizes the 
various forms of mercury that may be loaded to a lake.  

It is important to recognize that mercury exists in a variety of forms, including elemental mercury 
(Hg(0)), ionic mercury (Hg(I) and Hg(II)), and compounds in which mercury is joined to an organic 
molecule.   

In the figure, Hg(I) is ignored because Hg(II) species generally predominate in aquatic systems.  Mercuric 
sulfide (HgS or cinnabar) is a compound formed from Hg(II) but is shown separately because it is the 
predominant natural ore.  Organic forms of mercury include methylmercury (CH3Hg or “MeHg”), and 
other natural forms such as dimethylmercury and manmade compounds such as organic mercury 
pesticides.  (Where sorption and desorption are indicated in Figure C-2, “Hg(II)” and “MeHg” refer to the 
same common pools of water column Hg(II) and MeHg shown in the compartments at the top of the 
diagram.) 

Dimethylmercury (CH3-Hg-CH3) is also ignored in the conceptual model shown in Figure C-2, because 
this mercury species seems to occur in measurable quantities only in marine waters.  Organic mercury 
pesticides also have been ignored in this TMDL study, because such pesticides are not currently used in 
this country.  Loads delivered to the lake historically have likely been buried under years of accumulated 
sediment.  If contaminated upland sediments continue to contribute loading to the impaired waterbodies, 
recent tributary monitoring data will include this component of loading.   

Ionic mercury and methylmercury form strong complexes with organic substances (including humic 
acids) and strongly sorb onto soils and sediments.  Once sorbed to organic matter, mercury can be 
ingested by invertebrates, thus entering the food chain.  Some of the sorbed mercury will settle to the lake 
bottom; if buried deeply enough, mercury in bottom sediments will become unavailable to the lake 
mercury cycle.  Burial in bottom sediments can be an important route of removal of mercury from the 
aquatic environment. 

Methylation and demethylation play an important role in determining how mercury will accumulate 
through the food web.  Hg(II) is methylated by a biological process that appears to involve sulfate-
reducing bacteria.  Rates of biological methylation of mercury can be affected by a number of factors.  
Methylation can occur in water, sediment, and soil solutions under anaerobic conditions, and to a lesser 
extent under aerobic conditions.  In lakes, methylation occurs mainly at the sediment-water interface and 
at the oxic-anoxic boundary within the water column.  The rate of methylation is affected by the 
concentration of available Hg(II) (which can be affected by the concentration of certain ions and ligands), 
the microbial concentration, pH, temperature, redox potential, and the presence of other chemical 
processes.  Methylation rates appear to increase at lower pH.  Demethylation of mercury is also mediated 
by bacteria. 

Both Hg(II) and methylmercury (MeHg) sorb to algae and detritus, but only the methylmercury is readily 
passed up to the next trophic level (inorganic mercury is relatively easily egested).  Invertebrates eat both 
algae and detritus, thereby accumulating any MeHg that has sorbed to these.  Fish eat the invertebrates 
and either grow into larger fish (which continue to accumulate body burdens of mercury), are eaten by 
larger fish or other piscivores, or die and decay.   
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Figure C-2. Conceptual Diagram of Lake Mercury Cycle 
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Typically, almost all of the mercury found in fish (greater than 95 percent) is in methylmercury form.  
Studies have shown that fish body burdens of mercury tend to increase concurrently with increasing size 
or age of the fish, under conditions of constant exposure. 

Although it is important to identify external sources of mercury to the reservoir, there may be fluxes of 
mercury within the reservoir that would continue for some time even if all external sources of mercury 
load were eliminated.  The most important store of mercury within the reservoir is the bed sediment.  
Mercury in the bed sediment may cause exposure to biota by being: 

• Resuspended into the water column, where it is ingested or it adsorbs to organisms that are later 
ingested. 

• Methylated by bacteria.  The methylmercury tends to attach to organic matter, which may be 
ingested by invertebrates and thereby introduced to the lake food web. 
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C.3 Source Assessment 
Sources of mercury loading to a lake may include both point and nonpoint sources.  For purposes of 
allocations among mercury sources, federal regulations distinguish between allocations for point sources 
regulated under NPDES permits (for which waste load allocations are established) and nonpoint sources 
that are not regulated through NPDES permits (for which load allocations are established) (see 40 CFR 
130.2).  The most significant source of mercury in point source discharges is wastewater associated with 
the installation or removal of mercury amalgam dental fillings.  Sources in the watershed include 
junkyards housing automobiles where mercury-containing switches have not been removed prior to 
crushing, and landfills where fluorescent light bulbs have not been properly disposed.  Significant releases 
to the atmosphere may occur from coal-power plants, cement manufacturing facilities, oil refineries, and 
chlor-alkali plants. This section describes how loading from point and nonpoint sources were estimated 
for the mercury-impaired watersheds. 

C.3.1 POINT SOURCES 
Point sources are discharges that occur at a defined point, or points, such as a pipe or storm drain outlet.  
Most point sources are regulated through the NPDES permitting process. 

C.3.1.1 MS4 Permittees 
In 1990 USEPA developed rules establishing Phase 1 of the NPDES stormwater program, designed to 
prevent pollutants from being washed by stormwater runoff into the Municipal Separate Storm Sewer 
Systems (MS4), or from being directly discharged into the MS4 and then discharged into local 
waterbodies.  Phase I of the program required operators of medium and large MS4s (those generally 
serving populations of 100,000 or more) to implement a stormwater management program as a means to 
control polluted discharges.  Phase II of the program extends the requirements to operators of small MS4 
systems, which must reduce pollutants in stormwater to the maximum extent practicable (MEP) to protect 
water quality. 

Mercury loads from urban stormwater runoff and associated sediment are estimated from monitoring data 
collected at the mouth of each major tributary that discharges to a mercury impaired lake (Appendix G, 
Monitoring Data) and simulated flows and sediment loads (Appendix D, Wet Weather Loading).  Two 
flow-calibrated watershed models (using the Loading Simulation Program in C++ [LSPC]) models were 
previously developed for the San Gabriel and Los Angeles river basins (Tetra Tech, 2004; Tetra Tech, 
2005).  To estimate stormwater runoff volumes and sediment loads, average monthly areal flow rates 
have been extracted for each land use and applied to the land use composition that drains to a MS4 for 
each lake.  Sediment event mean concentrations for each land use are used to estimate sediment loads.  
Appendix D (Wet Weather Loading) describes the LSPC model output, summarizes the mercury 
monitoring data, and presents the resulting mercury loading from MS4 systems.  

These systems may also discharge during dry weather as a result of irrigation, car washing, etc.  
Estimation of mercury loading from MS4 systems in dry weather is based on SCCWRP regional flow 
estimates and local monitoring data as described in Appendix F (Dry Weather Loading). 

C.3.1.2 Non-MS4 NPDES Discharges 
In addition to MS4 stormwater dischargers, the NPDES program regulates stormwater discharges 
associated with  industrial and construction activities and non-stormwater discharges (individual and 
general permits).  .  To quantify mercury loading from non-MS4 NPDES discharges, the permit databases 
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maintained by the Los Angeles Regional Board were downloaded for the San Gabriel River and Santa 
Monica Bay basins.  Geographic information listed for each permit was used to determine which facilities 
are located in the watersheds of the three mercury impaired lakes.  Mercury loading from each facility 
was estimated based on the reported disturbed area.  The facilities and estimated loads are described in 
more detail in the lake specific sections of this report.   

C.3.1.3 Additional Inputs  
Several of the lakes addressed by this TMDL have additional point source inputs that do not currently 
have NPDES permits.  Most are supplemental flows from groundwater wells, or potable water that 
maintain lake levels.  Information pertaining to flow volumes from these sources was provided by park 
staff at each lake (generally based on water usage information from the water suppliers). Where 
accessible, the Regional Board and USEPA sampled water quality from these inputs during the 2009 
sampling events.  Mercury loading was calculated from observed concentration data and an estimate of 
annual flow volumes to each lake.    

C.3.2 NONPOINT SOURCES 
Mercury loading from nonpoint sources originates from sources that do not discharge at a defined point.  
This section describes the methods used to estimate loading from nonpoint sources. 

C.3.2.1 Atmospheric Deposition 
Mercury deposition from the atmosphere to the earth’s surface may occur in several forms: gaseous 
elemental mercury (Hg(0)), divalent ionic mercury (Hg(II)), reactive gaseous mercury (RGM), and 
aerosol particulate mercury (Hg-P).  Atmospheric deposition can be divided into short-range or near-field 
deposition, which includes deposition from sources located near the watershed, and long-range or far-
field deposition, which includes mercury deposition from regional and global sources.  Mercury emitted 
from manmade sources usually contains both gaseous elemental mercury (Hg(0)) and divalent mercury 
(Hg(II)).  Hg(II) species, because of their solubility and their tendency to attach to particles, are 
redeposited relatively close to their source (probably within a few hundred miles), whereas Hg(0) remains 
in the atmosphere much longer, contributing to long-range transport.   

Deposition may either occur in wet form (associated with precipitation) or dry form (associated with 
particulate settling).  Wet deposition is monitored at select locations across the country by the Mercury 
Deposition Network (MDN).  There is one MDN site in Southern California, but it has only been active 
since May of 2006.  The rates of wet mercury deposition to each lake water surface were estimated with a 
regression approach that utilized nitrate and sulfate wet deposition data collected by the National 
Atmospheric Deposition Program (NADP), along with mercury wet deposition data collected by the 
MDN (see Appendix E, Atmospheric Deposition).   

Dry deposition is more difficult to monitor and less localized data are available to estimate this 
component.  To estimate loading from this component, grid-cell output from regional deposition models 
developed by USEPA were obtained for each lake impaired by mercury (see Appendix E, Atmospheric 
Deposition).   

To evaluate potential nearfield sources at each impaired lake, the USEPA Toxics Release Inventory (TRI) 
was used to determine the proximity of point sources that may contribute to airborne mercury loads 
including coal-fired power plants, steel recycling facilities, waste incinerators, cement and lime kilns, 
smelters and gold mine roasters, pulp and paper mills, and chlor-alkali factories.   
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Precipitation events following recent forest fires also result in increased loads of total and methylmercury 
from the watershed and release of elemental mercury to the atmosphere which is then available for 
deposition.   

C.3.2.2 Watershed Loading 
Mercury loads from areas that do not drain to an MS4 system are estimated from monitoring data 
collected at the mouth of each major tributary that discharges to a mercury impaired lake (Appendix G, 
Monitoring Data) and simulated flows and sediment loads (Appendix D, Wet Weather Loading).  Two 
flow-calibrated LSPC models were previously developed for the San Gabriel and Los Angeles river 
basins (Tetra Tech, 2004; Tetra Tech, 2005).  To estimate runoff volumes and sediment loads, average 
monthly areal flow rates have been extracted for each land use and applied to the land use composition 
that does not drain to an MS4 for each lake.  Sediment event mean concentrations for each land use are 
used to estimate sediment loads.  Appendix D (Wet Weather Loading) describes the LSPC model output, 
summarizes the mercury monitoring data, and presents the resulting wet weather mercury loading areas 
that do not discharge to an MS4.  

In addition to pollutant loads delivered during storm events (discussed in Appendix D, Wet Weather 
Loading), it is important to account for loads that are delivered to a waterbody during dry weather.  
Nonpoint sources during dry weather include groundwater discharges, irrigation (reclaimed water is used 
for irrigation of parklands adjacent to two of the waterbodies), fertilization of adjacent parkland, and other 
miscellaneous urban sources.  Estimation of dry weather pollutant loading is discussed in Appendix F 
(Dry Weather Loading). 

C.3.2.3 Methylation  
Accumulation of mercury in biota is determined by methylmercury concentrations, not total mercury.  
These concentrations reflect both methylation within the lake and external loading of methylmercury.  
Methylation of mercury occurs under oxygen-poor, reducing conditions.  Wetland areas are particularly 
likely sites for methylation in the watershed.  Other likely sites include shallow riparian groundwater, the 
bottom waters and sediment of impoundments that stratify and go anoxic, and beaver ponds and their 
associated wetlands.  Sampling for methylmercury concentrations in the water column and sediment was 
performed at each tributary or input to the impaired lakes.  One of the tributaries at Lake Sherwood 
exhibited characteristics associated with high methylation (see Section 12).  The implementation section 
for each lake will address how to best manage these loads.     

Dredging activities to remove accumulated sediment from lakes and sedimentation basins may have 
significant impacts on total and methylmercury loading to lake waters.  In theory, removal of accumulated 
sediment should reduce the amount of total and methylated mercury stored in the sediments.  
Unfortunately, the removal process may disturb and release methylated mercury into the water column 
and increase the bioavailability of the metal.  Additionally, removal of the top layers of sediment may 
uncover layers deposited during the 1960s through 1980s when air emissions of mercury were less 
adequately controlled.  Proper testing and planning is required to ensure that removal activities do not add 
to the overall mercury burden. 

C.3.2.4 Direct Geologic Sources 
Geological formations containing significant mercury concentrations have a higher probability of 
occurrence in mineralized areas along fault lines, intrusive dikes in igneous formations, or resulting from 
natural springs.  Volcanic activity has the potential to release mercury into the air, so areas with large ash 
deposits may contain higher concentrations of mercury.  Mercury is also more likely to occur in shale and 
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slate deposits as they are derived from clays, which have high affinities for adsorbing metals such as 
mercury (this affinity explains why coal burning power plants emit mercury).  Sediment mercury 
concentrations measured at the mouth of each major tributary include the geologic component as well as 
anthropogenic sources of mercury. 

The California Geological Survey has posted a map online of the earthquake hazard across the state 
(http://www.consrv.ca.gov/cgs/rghm/psha/Pages/index.aspx).  This map indicates that fault line activity in 
these three watersheds is moderate.   

The U.S. Geological Survey conducted a geochemical survey of stream sediments and generated 
estimates of mercury concentrations in soil by county in their Open-File Report 2004-1001 accessible via 
their website (http://tin.er.usgs.gov/geochem/doc/home.htm).  The mean concentration estimated for 
Ventura County (where Lake Sherwood is located) is 0.064 ppm with a standard deviation of 0.034 ppm 
(minimum of 0.022 and maximum of 0.232 ppm).  The mean concentration estimated for the County of 
Los Angeles (where El Dorado Park lakes and Puddingstone Reservoir are located) is 0.149 ppm with a 
standard deviation of 0.217 ppm (minimum of 0.010 and maximum of 1.849 ppm).  The nearest sample to 
Lake Sherwood was NURE record ID RA000197, which had a mercury concentration of 0.02 ppm 
whereas the nearest sample to El Dorado Park lakes was NURE record ID RA000163 with a mercury 
concentration of 0.07 ppm.  At Puddingstone Reservoir the nearest sampling location, which was 
analyzed for mercury was NURE record ID RA000425, had a mercury concentration of 0.08 ppm.  

C.3.2.5 Indirect Geologic Sources 
Geological formations containing deposits of precious metals (e.g., gold, silver, and copper) have been 
targets of historic and current mining activities.  In cases where the desired metals are contained in ore as 
opposed to veins, extraction of the desired metal commonly occurs through the process of amalgamation, 
in which mercury is used as the amalgam.  Amalgamation is an easy and inexpensive process of removing 
fine metal particles from ore, but when poorly implemented, it can lead to spillage of mercury, 
contaminated mine tailings, and localized atmospheric deposition.   

Oil production may also release mercury into the environment, particularly in California.  Mercury often 
causes corrosion and fouling problems in pipelines and equipment and is easily transferred from oil to 
water during refinement processes.  Researchers at the University of North Dakota found that typical 
mercury concentrations in crude oil across the globe are less than 20 ppb, but that some measurements 
taken in California have been as high as 24,000 ppb (http://www.undeerc.org/catm/pdf/area3/MJH_ 
Crude_2002.pdf).  Wilhelm et al. (2004) also report that average concentrations measured from crude oil 
samples in California were higher than those measured from other states in the US (11.3 ppb compared to 
4.3 ppb).   

Thus, in relation to mining potential and oil production, the geological formations in a watershed can 
indirectly influence mercury loadings.  No precious metal mines or oil refineries are known to have 
operated within the watersheds of the three mercury impaired lakes.  However, the presence of oil 
refineries in the general region indicates that high mercury sediment concentrations may exist. 
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C.4 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of each impaired 
lake.  This in turn allows estimation of the Total Maximum Daily Load (TMDL), and allocation of that 
load to urban sources (wasteload allocations) and rural sources (load allocations).  The TMDL also 
contains a Margin of Safety, which is described in detail below. 

Neither data nor resources are available to create and calibrate detailed lake response models for mercury 
cycling in the El Dorado Park lakes, Puddingstone Reservoir, and Lake Sherwood.  The key to the TMDL 
target is achieving acceptable concentrations in fish.  The mercury TMDLs for these three lakes are being 
developed in a similar fashion to the Big Bear Lake TMDL, which applies watershed specific mercury 
concentrations to simulated sediment loads and water volumes (Tetra Tech, 2008; note: as of the writing 
of these TMDLs, the Big Bear Lake TMDL for mercury has not been finalized and approved).  For these 
three lakes, previously developed LSPC models provide a mechanism for incorporating wet, normal, and 
dry simulation years into the TMDL.     

In midwestern and eastern lakes, methylation in lake sediments is often the predominant source of MeHg 
in the water column.  However, in western lakes with high sedimentation rates, rapid burial tends to 
depress the relative importance of regeneration of MeHg from lake sediments.  For instance, in McPhee 
Reservoir in Colorado (Tetra Tech, 2001), 71 percent of the MeHg present in the water column was 
estimated to derive from watershed inflows, while much of the MeHg created in lake sediment was 
apparently buried.  Lakes with high sedimentation rates are therefore likely to respond approximately 
linearly to reductions in the watershed MeHg and total Hg load – although there may well be a delay in 
the response to load reductions, as found for McPhee Reservoir (Tetra Tech, 2001).   

Lakes in arid climates are predisposed to high rates of sedimentation given the lower density of vegetative 
ground cover compared to areas receiving higher amounts of rainfall.  Each of the three mercury impaired 
systems addressed by this TMDL likely experience average to high rates of sedimentation.  In fact, Lake 
Sherwood is listed as impaired by sedimentation, as was Big Bear Lake (Tetra Tech, 2008).  Two studies 
have summarized sedimentation rates for Puddingstone Reservoir.  According to the Reservoir 
Sedimentation Database (accessed 6/5/2009), the average annual historical sedimentation rate measured 
from 1915 to 1941 for Puddingstone Reservoir was 16 ac-ft per year (approximately 0.76 inches per 
year).   The Department of Boating and Waterways and State Coastal Conservancy (2002) reports that the 
average annual sedimentation rate measured in Puddingstone Reservoir from 1925 to 1980 was 31 ac-ft 
per year (approximately 1.5 inches per year).  For Lake Sherwood, the reported average annual 
sedimentation rate measured from 1905 to 1938 ranged from 2.5 to 10 acre-feet per year (0.22 to 0.88 
inches per year); this rate has likely increased with development around the perimeter of the lake.  Site 
specific data for the El Dorado Park lakes are not available.  However, watershed loading at El Dorado 
Park is less significant than loads associated with the groundwater source used for lake filling (see 
Appendix F, Dry Weather Loading). 

The available evidence suggests that sedimentation rates are likely to diminish the relative importance of 
MeHg recycling from lake sediments if coupled with reductions in mercury.  This, in turn, suggests that 
MeHg exposure concentrations in each lake should respond approximately linearly to reductions in 
mercury load, particularly if conditions favoring methylation are discouraged (i.e., anoxic conditions near 
the sediment-water interface).  While this is the best assumption that can be made with the current data, 
two caveats should be mentioned.  First, the burial and sequestration of MeHg due to sedimentation may 
be counteracted by dredging activities that may occur periodically as part of an overall lake management 
plan.  Second, the potential role of peripheral wetlands or forebays as a locus of mercury methylation and 
subsequent loading to each lake is currently unknown.  It is clear that reductions in external mercury loads 
to each waterbody will be beneficial, although a program of adaptive implementation may need to be 
pursued if elevated fish tissue concentrations persist. 
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Nationally, authors such as Brumbaugh et al. (2001) have shown a log-log linear relationship between 
MeHg in water and MeHg in fish tissue normalized to length.  However, this relationship is well-
approximated by a linear relationship for the ranges of fish tissue concentration of concern for these 
impaired lakes.  Until such time as lake response models for mercury are constructed for these 
waterbodies, and sufficient calibration data collected to develop them, an assumption of an approximately 
linear response of fish tissue concentrations to changes in external loads is sufficient for the development 
of these TMDLs. 

Each of the three lakes shows exceedances of the fish tissue mercury concentration in largemouth bass.  
Exceedances of the total mercury water quality standard were not observed in any of the impaired 
waterbodies; however, two lakes had exceedances of the dissolved methylmercury water quality standard 
(Lake Sherwood and Puddingstone Reservoir; Note: the observed data were based on the total fraction, 
while the water column target is for the dissolved fraction, resulting in more conservative assessments).  
Because limited samples were available to compare to the dissolved methylmercury target and the long-
term average fish tissue concentrations are more predictive of exposure pathways for humans and 
wildlife, the TMDLs were based on the reduction required to meet the fish tissue guideline. In addition, 
the mercury reductions required by the fish tissue data were consistently higher than the reductions 
required to meet the methylmercury water column target; therefore, meeting the reductions for fish tissue 
should also result in attainment of the water column target for methylmercury. 
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C.5 TMDL Development 
The TMDL is defined by the loading capacity.  A waterbody’s loading capacity represents the maximum 
amount pollutant loading that can be assimilated without violating water quality standards (40 CFR 
130.2(f)).  For mercury, this is the maximum amount of mercury loading and methylation uptake 
consistent with meeting the numeric target of 0.22 ppm for mercury in 350mm largemouth bass. 

C.5.1 LOADING CAPACITY AND ALLOCATIONS  
A model of lake response and fish bioaccumulation has not been created at this time for these impaired 
lakes.  Rather, it is assumed that, in the long term, fish tissue concentrations will respond approximately 
linearly to reductions in mercury loads.  This assumption has been found to be a reasonable first-order 
approximation in other systems with high burial rates, such as McPhee and Narraguinnep reservoirs in 
Colorado (Tetra Tech, 2001).  For McPhee in particular, a detailed model of lake mercury cycling and 
bioaccumulation was created using the D-MCM model (Tetra Tech, 1999).  The calibrated model yielded 
predictions that were well-approximated by the assumption of a linear response of fish tissue 
concentration to reductions in external mercury loads. 

Calculating the loading capacity first requires an estimate of the existing mercury concentration in 
largemouth bass, the predominant trophic level 4 fish in each waterbody.  To do this, a linear regression 
analysis was performed on tissue concentrations versus length for each lake, which was then used to 
predict the existing concentration associated with the target size fish (see Appendix G [Monitoring Data] 
for details regarding fish tissue monitoring data).  The resulting linear regression equations are presented 
as 

Hg(fish) = Y-intercept + Slope · Len 

where Hg(fish) is the total mercury concentration in largemouth bass (ppm), Len is length in mm, and Y-
intercept and Slope are constants representing the point at which the line crosses the y-axis and the slope 
or gradient of the line, respectively.  In addition, the one-sided 95 percent upper confidence limits on 
mean predictions about the regression line (95 percent UCL) and the 95 percent upper prediction intervals 
on individual predicted concentrations (95 percent UPI) were calculated.  The UPI gives the confidence 
limit on the individual predictions for a given length while the UCL gives the confidence limit on the 
average of the predictions for a given length.  These regressions have non-zero intercepts and should not 
be considered valid for lengths less than the representative dataset (150 to 200 mm depending on the 
lake). 

For mercury, long-term cumulative exposure is the primary concern.  Therefore, it is appropriate to use 
the 95 percent UCL rather than the UPI to provide a Margin of Safety on the appropriate age class.  Use 
of the UCL provides a Margin of Safety because it represents an upper confidence bound on the long-
term exposure concentration. 

The one-sided 95 percent UCL is given by 

00 |2,05.0|95.0 xnxy y
stUCL µµ ⋅+= −  

where µy|x is the predicted value of y given x=x0, t is the Student’s t-statistic with n-1 degrees of freedom, 
and n is the number of observations used in the regression.  The variance on the prediction at x=x0, 

0|
2

xys µ , is given by 
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This equation expresses the upper 95 percent confidence limit on predicted fish tissue mercury 
concentrations for any length (Len).  The first two terms alone would generate the prediction line; the 
addition of the last term results in the UCL line. 

Both the observed data and the predicted concentrations show that mercury concentrations in largemouth 
bass typically exceed the target of 0.22 ppm in each lake.  The target length for assessing compliance with 
this tissue concentration is 325-375 mm for largemouth bass.  A range is provided for compliance; 
however, an average of 350 mm largemouth bass is used for TMDL calculations.  The predicted mercury 
concentration based on a one-sided 95 percent upper confidence limit on mean predictions about the 
regression line (95 percent UCL) for this length is compared to the target fish concentration to determine 
the required reduction in mercury loading, which includes a Margin of Safety as described above.   

For each lake, the fraction of existing load consistent with attaining the target (the loading capacity) is the 
ratio of the target (0.22 ppm) to the best estimate of current average concentrations in the target fish 
population.  The difference between the direct regression estimate and the 95 percent UCL provides the 
Margin of Safety.  Therefore, the allocatable fraction of the existing load (the loading capacity less the 
Margin of Safety) is the ratio of the target to the 95 percent UCL.  The resulting loading capacities and 
allocatable loads are expressed as fractions of the existing load in the lake-specific chapters.  For 
example, at Lake Sherwood the predicted total mercury concentration for a 350 mm largemouth bass is 
0.607 ppm, and the 95th percent UCL is 0.744 ppm.  The following calculations apply: 

Loading capacity as fraction of existing load = 0.22 ppm / 0.607 ppm = 0.362 

Allocatable load as fraction of existing load = 0.22 ppm / 0.744 ppm = 0.296 

Margin of safety as fraction of the existing load = 0.362 – 0.296 = 0.067 

The loading capacity can also be expressed as grams per year (g/yr) using the existing load from the 
source assessments and the calculated fractions of the existing load.  Estimates of the existing mercury 
load to each lake are discussed in Appendices D, E, and F.  Specifically, the loading capacity is presented 
as a percentage of the existing load (in grams per year). This value can be further broken down into the 
wasteload allocations (WLAs), load allocations (LAs), and Margin of Safety (MOS) using the general 
TMDL equation: 

MOSLAsWLAsCapacityLoadingTMDL ++== ∑  

For division of WLAs and LAs, the percent reduction in mercury loading was applied equally to all 
sources of mercury in each watershed based on the results of the lake-specific source assessments.   
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C.5.2 MARGIN OF SAFETY 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  An implicit MOS is included based on comparison of 
total mercury concentrations in fish tissue to the methylmercury guideline (most, but not all, of the total 
mercury in fish is in the methyl form) (Note: additional lake-specific conditions or assumptions may also 
have been included in the implicit MOS).  An explicit MOS is provided by the use of the 95 percent UCL 
to determine the allocatable load.   

C.5.3 DAILY LOAD EXPRESSION 
USEPA recommends inclusion of a daily load expression for all TMDLs to comply with the 2006 D.C. 
Circuit Court of Appeals decision for the Anacostia River.  Although it is long-term cumulative load 
rather than daily loads of mercury that are driving the bioaccumulation of mercury in fish in, these 
TMDLs do present a maximum daily load according to the guidelines provided by USEPA (2007).  
Because the majority of loads occur during wet weather events, the daily maximum allowable load of 
mercury is calculated from the maximum daily storm flow rate (estimated from the 99th percentile flow) 
multiplied by the allowable concentration for mercury consistent with achieving the long-term loading 
target.  For lakes with significant loading from other sources, such as supplemental water additions, 
appropriate daily flow rates were identified and multiplied by the allowable concentration for mercury to 
determine the daily maximum allowable load. 
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D.1 Introduction 
USEPA Region IX is establishing TMDLs for impairments in nine lakes in the Los Angeles Region 
(Figure D-1).  USEPA was assisted in this effort by the Los Angeles Water Quality Control Board 
(Regional Board).  The waterbodies are impaired by low dissolved oxygen/organic enrichment, odor, 
ammonia, eutrophication, algae, pH, mercury, lead, copper, chlordane, DDT, dieldrin, PCBs, and trash.   

 
Figure D-1. Location of Impaired Lakes 

Estimation of watershed loading as a result of wet weather events is based on calibrated watershed models 
developed for the Los Angeles and San Gabriel river basins.  Each model was previously calibrated for 
flow and metals loading.  For the purposes of developing nutrient and mercury TMDLs, the simulated 
flows predicted for land uses in spatially relevant modeling subbasins were used along with regional 
event mean concentrations (EMCs) of total suspended sediment, nitrogen, and phosphorus to estimate 
loading to each impaired waterbody.  Mercury concentrations were based on monitoring data collected at 
the mouth of each major storm drain or tributary to the mercury-impaired lakes.   

Each of the impaired lakes, with the exception of Lake Sherwood, is in either the Los Angeles or San 
Gabriel River Basin.  Lake Sherwood, however, is in close proximity to the Los Angeles River Basin, and 
the land use coverage compiled for this model covers the Lake Sherwood drainage area.   

Each of the river basin watershed models (using the Loading Simulation Program in C++ [LSPC] model) 
was calibrated for flow.  Model output available for the years 1983 to 2006 was used to estimate average 
monthly runoff depths by land use for each LSPC modeling subbasin that contains one of the impaired 
lakes addressed by this TMDL document (Note: all references to runoff in this appendix are associated 
with both the storm drain system and nonpoint sources).  These years represent dry, normal, and wet 
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conditions for the Los Angeles area and provide a reasonable estimate of average runoff conditions for 
these waterbodies.   

The TMDLs are allocated based on subwatershed and MS4 stormwater permittee.  A GIS environment 
was used to overlay the subwatersheds, jurisdictions, and the LSPC land use coverages to estimate the 
area of each modeled land use within a subwatershed/jurisdiction area.  Monthly runoff volumes were 
then calculated for each combination of land use/subwatershed/jurisdiction based on land use area and 
simulated runoff depth.   

To estimate loading of nutrients, metals, and Organochlorine (OC) Pesticides and PCBs to each 
waterbody from upland areas, event mean concentrations (EMCs) based on the Southern California 
Coastal Water Research Project (SCCWRP) and the county of Los Angeles monitoring studies were 
applied to the average monthly runoff volumes calculated for each land use/subwatershed/jurisdiction 
area (i.e., water quality EMCs and runoff volume were used to calculate loadings for nutrients, metals, 
and OC Pesticides and PCBs).  Mercury loads are estimated from simulated runoff volumes, predicted 
sediment loads (based on EMCs), and watershed monitoring data.  Specifically, mercury loading is 
associated with both sediment and runoff from upland areas.  To determine sediment loading of mercury, 
the sediment EMCs and runoff volumes were used to calculate sediment loads, and the sediment mercury 
concentrations from monitoring data were then applied to these sediment loads.  Similar to the nutrients, 
metals, and OC Pesticides and PCBs, mercury loading associated with runoff from upland areas was 
calculated using the water quality monitoring data and simulated runoff volumes.  Section D.3 provides 
more details on these calculations.  

These calculated loads represent a portion of the existing pollutant load to each impaired waterbody.  
Estimates of loading from other sources are described in other sections or appendices of the TMDL 
report.  The summation of loads from all sources will then be used to estimate existing loading to each 
lake.   
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D.2 Simulation of Urban Runoff 

D.2.1 MODEL OVERVIEW 
The U.S. Environmental Protection Agency’s (USEPA) Loading Simulation Program C++ (LSPC) has 
been used to represent the hydrological and water quality conditions in the Los Angeles River and San 
Gabriel River watersheds (Tetra Tech, 2004; Tetra Tech, 2005).  LSPC is a component of the USEPA’s 
TMDL Modeling Toolbox, which has been developed through a joint effort between USEPA and Tetra 
Tech.  It integrates a geographical information system (GIS), comprehensive data storage and 
management capabilities, a dynamic watershed model (a re-coded version of USEPA’s Hydrological 
Simulation Program – FORTRAN [HSPF] [Bicknell et al., 2001]), and a data analysis/post-processing 
system into a convenient PC-based Windows interface that dictates no software requirements.  LSPC is 
capable of representing loading, both flow and water quality, from nonpoint and point sources, and 
simulating in-stream processes.  LSPC can simulate flow, sediment, metals, nutrients, pesticides, and 
other conventional pollutants, for pervious and impervious lands and waterbodies.  Each river basin LSPC 
model was configured to simulate the respective watershed as a series of hydrologically connected 
subwatersheds. 

Each watershed model represented the variability of nonpoint source contributions through dynamic 
representation of hydrology and land practices.  Each model also included all point and nonpoint source 
contributions.  Key components of the watershed modeling included: 

• Watershed segmentation 

• Meteorological data 

• Land use representation 

• Soils 

• Reach characteristics 

• Point source discharges 

• Hydrology representation 

• Pollutant representation 

• Flow data 

D.2.2 WATERSHED SEGMENTATION 
In order to evaluate sources contributing to an impaired waterbody and to represent the spatial variability 
of these sources, the contributing drainage area was represented by a series of subwatersheds.  This 
subdivision was primarily based on the stream networks and topographic variability, and secondarily on 
the locations of flow and water quality monitoring stations, consistency of hydrologic factors, land use 
consistency, and existing watershed boundaries. 

The subwatersheds for the Los Angeles River basin were delineated after dividing the watershed into two 
general components:  headwaters and lower-elevation urban areas.  The headwaters were generally more 
mountainous and had steeper slopes than the downstream portion of the watershed.  In this mountainous 
region, Digital Elevation Models (DEMs) were utilized for delineating subwatersheds.  Specifically, 
subwatershed boundaries were based upon slopes, ridges, and projected drainage patterns.  Alternatively, 
in the downstream flatter areas of the watershed, maps illustrating the catchment network and drainage 
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pipes were used to isolate sewer-sheds.  The Los Angeles River watershed was ultimately delineated into 
35 subwatersheds for appropriate hydrologic connectivity and representation (Figure D-2). 
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Figure D-2. Subwatershed Delineation for the Los Angeles River Watershed 

For the San Gabriel River LSPC model, watershed segmentation was primarily based on the stream 
networks and topographic variability, and secondarily on the locations of flow and water quality 
monitoring stations, consistency of hydrologic factors, land use consistency, and existing watershed 
boundaries (based on CALWTR 2.2 watershed boundaries and municipal storm sewer-sheds).  The San 
Gabriel River watershed was divided into 139 subwatersheds for appropriate hydrologic connectivity and 
representation (Figure D-3). 

Note: Reach File, Version 3 represents stream reaches 
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Figure D-3. Subwatershed Delineation for the San Gabriel River Watershed 

D.2.3 METEOROLOGICAL DATA 
Meteorological data are a critical component of the watershed model.  LSPC requires appropriate 
representation of precipitation and potential evapotranspiration.  In general, hourly precipitation (or finer 
resolution) data are recommended for nonpoint source modeling.  Therefore, only weather stations with 
hourly-recorded data were considered in the precipitation data selection process (note: stations with daily 
evapotranspiration data were also used and the data were disaggregated to hourly, as describe below).  
Rainfall-runoff processes for each subwatershed were driven by precipitation data from the most 
representative station.  These data provide necessary input to LSPC algorithms for hydrologic and water 
quality representation.   

Precipitation data available from the National Climatic Data Center (NCDC) were reviewed based on 
geographic location, period of record, and missing data to determine the most appropriate meteorological 
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stations.  Ultimately, hourly rainfall data were obtained from 11 weather stations located in and around 
the Los Angeles River watershed (see Table D-1 and Figure D-4). 

Long-term hourly wind speed, cloud cover, temperature, and dew point data were available for the Los 
Angeles International Airport (WBAN #23174).  These data were obtained from NCDC for the 
characterization of meteorology of the modeled watersheds.  Using these data, hourly potential 
evapotranspiration was calculated for the Los Angeles River LSPC model.   

Table D-1. Precipitation and Meteorological Stations Used in the Los Angeles River LSPC 
Watershed Model 

Station # Description Elevation (ft)  Latitude Longitude 

CA1194 BURBANK VALLEY PUMP PLA 655 34.183 -118.333 

CA1682 CHATSWORTH RESERVOIR 910 34.225 -118.618 

CA3751 HANSEN DAM 1087 34.261 -118.385 

CA5085 LONG BEACH AP 31 33.812 -118.146 

CA5114 LOS ANGELES WSO ARPT 100 33.938 -118.406 

CA5115 LOS ANGELES DOWNTOWN 185 34.028 -118.296 

CA5637 MILL CREEK SUMMIT R S 4990 34.387 -118.075 

CA7762 SAN FERNANDO PH 3 1250 34.317 -118.500 

CA7926 SANTA FE DAM 425 34.113 -117.969 

CA8092 SEPULVEDA DAM 680 34.166 -118.473 

CA9666 WHITTIER NARROWS DAM 200 34.020 -118.086 
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Figure D-4. Location of Precipitation and Meteorological Stations 

For the San Gabriel model, hourly rainfall data were obtained from nine weather stations located in and 
around the watershed (Table D-2 and Figure D-5). 

Table D-2. Precipitation Datasets Used for the San Gabriel River Model 

Station # Description Elevation (ft) 

CA1057 Brea Dam 275 

CA1272 Cajon West Summit 4,780 

CA1520 Carbon Canyon - Workman 1,180 

CA5085 Long Beach 31 

Note: Reach File, Version 3 represents stream reaches  
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Station # Description Elevation (ft) 

CA6473 Orange County Reservoir 660 

CA7779 San Gabriel Dam 1,481 

CA7926 Santa Fe Dam 425 

CA8436 Spadra Lanterman Hospital 676 

CA9666 Whittier Narrows Dam 200 
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Figure D-5. Location of Precipitation Stations for the San Gabriel LSPC Model 

Because rainfall gages are not always in operation and accurately recording data, the resulting dataset 
may contain various intervals of accumulated, missing, or deleted data.  Missing or deleted intervals are 
periods over which either the rainfall gage malfunctioned or the data records were somehow lost.  
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Accumulated intervals represent cumulative precipitation over several hours, but the exact hourly 
distribution of the data is unknown.  To address the incomplete portions of each dataset, it was necessary 
to patch the rainfall data with information from nearby gages (see Tetra Tech, 2005 for more 
information). 

Evapotranspiration (ET) data are also required by the LSPC model and were obtained for 10 weather 
stations from the Los Angeles County Department of Public Works (LADPW) and the California 
Irrigation Management Information System (CIMIS) (Table D-3 and Figure D-6).  The six LADPW 
stations provided daily ET data while the four CIMIS stations recorded hourly ET.  For model input, the 
daily values were averaged and then disaggregated to hourly increments using hourly data.  Specifically, 
the average hourly percent of total ET from the CIMIS stations was applied to the daily LADPW data, 
resulting in hourly LADPW ET values.  The hourly averages for all 10 stations were then averaged and 
incorporated into the model weather files. 

Table D-3. Evapotranspiration Datasets Used for the San Gabriel River Model 

Station # Description Elevation (ft) Source  

78 Brea Dam 730 CIMIS 

82 Cajon West Summit 1,620 CIMIS 

159 Carbon Canyon - Workman 595 CIMIS 

174 Long Beach Airport 17 CIMIS 

89B San Dimas Dam 1,350 LADPW 

96C Puddingstone Dam 1,030 LADPW 

223B Big Dalton Dam 1,587 LADPW 

334B Cogswell Dam 2,300 LADPW 

390B Morris Dam 1,210 LADPW 

425B San Gabriel Dam 1,481 LADPW 
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Figure D-6. Location of Evapotranspiration Stations 

D.2.4 LAND USE REPRESENTATION 
A watershed model requires a basis for distributing hydrologic and pollutant loading parameters.  This is 
necessary to appropriately represent hydrologic variability throughout the basin, which is influenced by 
land surface and subsurface characteristics.  It is also necessary to represent variability in pollutant 
loading, which is highly correlated to land practices.  The basis for this distribution was provided by land 
use coverages developed for each watershed.   

Two sources of land use data were used for the original Los Angeles River LSPC Model.  The primary 
source of data was the County of Los Angeles Department of Public Works (LADPW) 1994 land use 
dataset that covers the county of Los Angeles.  This dataset was supplemented with land use data from the 
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1993 USGS Multi-Resolution Land Characteristic (MRLC) dataset.  For the original San Gabriel Model, 
the primary source of data was the Southern California Association of Governments (SCAG) 2000 land 
use dataset that covers the county of Los Angeles.  This dataset was supplemented with land use data 
from the 1993 USGS Multi-Resolution Land Characteristic (MRLC) dataset.  More recent land use data 
(SCAG, 2005) are currently available that did not exist during configuration of the original Los Angeles 
River and San Gabriel River LSPC models.   

For development of these TMDLs, Tetra Tech verified the accuracy, to the extent practicable, of the land 
use coverages provided with the LSPC models relative to SCAG 2005 land use data.  When discrepancies 
were observed, the land use categorization was updated.  Current satellite imagery was used when 
necessary.  Special attention was given to areas classified in the LSPC models as agriculture or strip 
mines due to the prevalence with which these areas are developed and their relatively high pollutant 
loading rates (details associated with these modifications are discussed in the lake-specific sections 
below). 

Although the multiple categories in the land use coverages provide much detail regarding spatial 
representation of land practices in the watershed, such resolution is unnecessary for watershed modeling 
if many of the categories share hydrologic or pollutant loading characteristics.  Therefore, many land use 
categories were grouped into similar classifications, resulting in a subset of 7 categories for the Los 
Angeles River model and 12 categories for the San Gabriel River model.  Selection of the land use 
categories was based on the availability of monitoring data and literature values that could be used to 
characterize individual land use contributions and critical metals-contributing practices associated with 
different land uses.  Land use areas by modeling subbasin are presented in the modeling reports (Tetra 
Tech, 2004 and 2005). 

LSPC algorithms require that land use categories be divided into separate pervious and impervious land 
units for modeling.  This division was made for the appropriate land uses to represent impervious and 
pervious areas separately.  The division was based on typical impervious percentages associated with 
different land use types defined by LADPW (DePoto et al., 1991). 

D.2.5 SOILS 
Soil data for each watershed were obtained from the State Soil Geographic Data Base (STATSGO).  
There are four main Hydrologic Soil Groups (Groups A, B, C, and D).  These groups, which are described 
below, range from soils with low runoff potential to soils with high runoff potential (USDA, 1986).   

• Group A Soils have low runoff potential and high infiltration rates even when wet.  They consist 
chiefly of sand and gravel and are well drained to excessively-drained. 

• Group B Soils have moderate infiltration rates when wet and consist chiefly of soils that are 
moderately-deep to deep, moderately- to well-drained, and moderately coarse textured. 

• Group C Soils have low infiltration rates when wet and consist chiefly of soils having a layer that 
impedes downward movement of water with moderately-fine to fine texture. 

• Group D Soils have high runoff potential, very low infiltration rates and consist chiefly of clay 
soils.  These soils also include urban areas. 

The total area associated with each specific soil type was determined for each model subbasin.  The 
representative soil group for each model subbasin was based on the dominant soil type found in that 
subwatershed.   
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D.2.6 REACH CHARACTERISTICS 
Each delineated subbasin was represented with a single stream assumed to be a completely mixed, one-
dimensional segment with a trapezoidal cross-section.  The National Hydrography Dataset (NHD) stream 
reach network for USGS hydrologic unit 18070105 was used to determine the representative stream reach 
for each Los Angeles River subbasin.  The NHD stream reach network for USGS hydrologic unit 
18070106 was used to determine the representative stream reach for each San Gabriel River subbasin. 
Once the representative reach was identified, slopes were calculated based on DEM data and stream 
lengths measured from the original NHD stream coverage.  In addition to stream slope and length, mean 
depths and channel widths are required to route flow and pollutants through the hydrologically connected 
subwatersheds.  Mean stream depth and channel width were estimated for the Los Angeles River LSPC 
model from as-built channel construction drawings provided by the LADPW and were supplemented or 
verified through field reconnaissance.  For the San Gabriel model, mean stream depth and channel width 
were estimated using regression curves that relate upstream drainage area to stream dimensions.    

D.2.7 POINT SOURCE DISCHARGES 
Both LSPC models incorporate flows and pollutant loads from major NPDES dischargers in the basin.  
However, none of these facilities impact the impaired lakes addressed by this TMDL.  

D.2.8 HYDROLOGY REPRESENTATION 
Watershed hydrology plays an important role in the determination of nonpoint source flow and ultimately 
nonpoint source loadings to a waterbody.  The watershed model must appropriately represent the spatial 
and temporal variability of hydrological characteristics within a watershed.  Key hydrological 
characteristics include interception storage capacities, infiltration properties, evaporation and transpiration 
rates, and watershed slope and roughness.  LSPC’s algorithms are identical to those in the Hydrologic 
Simulation Program – FORTRAN (HSPF).  The LSPC/HSPF modules used to represent watershed 
hydrology for TMDL development included PWATER (water budget simulation for pervious land units) 
and IWATER (water budget simulation for impervious land units).  A detailed description of relevant 
hydrological algorithms is presented in the HSPF User’s Manual (Bicknell et al., 2001). 

Key hydrologic parameters in the PWATER and IWATER modules are infiltration, groundwater flow, 
and overland flow.  USDA’s STATSGO Soils Database served as a starting point for designation of 
infiltration and groundwater flow parameters.  For parameter values not easily derived from these sources, 
documentation on past HSPF applications was accessed.  Starting values were refined through the 
hydrologic calibration process (Tetra Tech, 2004; Tetra Tech, 2005). 

D.2.9 FLOW DATA 
Flow gaging stations representing relatively diverse hydrologic regions were used for calibration and 
validation of each LSPC model.  Eight stations were selected for calibration of the Los Angeles River 
LSPC Model because they either had a robust historical record or they were in a strategic location (i.e., 
along a 303(d)-listed waterbody).  The selected flow stations are maintained by the LADPW.  Information 
about each flow station, including location and use in model calibration or validation, is presented in 
Table D-4 and illustrated in Figure D-7. 
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Table D-4. Calibration and Validation Stations used in the Los Angeles River LSPC Model 

Number Station Description Latitude Longitude Comment 

F45B-R Rio Hondo above Stuart and Gray Road 33.946 -118.164 Calibration 

F300-R  Los Angeles River at Tujunga Ave. 34.141 -118.379 Calibration 

F285-R  Burbank Western Storm Drain at Riverside Dr. 34.161 -118.304 Validation 

F37B-R Compton Creek near Greenleaf Drive 33.882 -118.224 Validation 

F252-R  Verdugo Wash at Estelle Avenue 34.156 -118.273 Validation 

F57C-R Los Angeles River above Arroyo Seco 34.082 -118.226 Validation 

F34D-R Los Angeles River below Firestone Blvd. 33.949 -118.174 Validation 

F319-R Los Angeles River below Wardlow River Rd. 33.815 -118.205 Validation 
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Figure D-7. Location of Hydrology Calibration and Validation Stations for the Los Angeles River 

LSPC Model 

For the San Gabriel Model, 12 flow gaging stations containing full or partial records of flow for the 
simulation period were identified.  These flow stations are maintained by LADPW or the United Stated 
Geological Survey (USGS).  Information about each flow station, including outflow subwatershed, the 

Note: Reach File, Version 3 represents stream reaches  
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station identification number (which also indicates the responsible agency) and period(s) used for model 
calibration and validation, is presented in Table D-5, and their locations are illustrated in Figure D-8.     

Table D-5. Flow Data Used for San Gabriel River LSPC Model Calibration and Validation 

Gaging Station Station Description 
Outflow 

Subwatershed Calibration Dates Validation Dates 

USGS 11089500 Fullerton Creek 56 7/01/94 – 9/30/97 10/01/97 – 9/30/02 

USGS 11088500 Brea Creek 59 7/01/94 – 9/30/97 10/01/97 – 9/30/02 

LADPW F304-Ra Walnut Creek 83 1/01/98 – 12/30/02 none 

LADPW F274B-R Dalton Wash 99 10/01/92 – 9/30/95 none 

LADPW F312B-Ra San Jose Channel 67 10/01/92 – 9/30/94 1/01/98 – 9/30/02 

USGS 11087020 San Gabriel River 18 7/01/94 – 9/30/97 10/01/97 – 9/30/02 

LADPW F262C-Ra San Gabriel River 8 1/01/98 – 12/30/02 none 

LADPW F42B-Ra San Gabriel River 2 1/01/98 – 12/30/02 none 

USGS 11085000 San Gabriel River 24 7/01/94 – 9/30/97 10/01/97 – 9/30/02 

LADPW F190-R San Gabriel River 26 7/01/94 – 9/30/95 none 

LADPW U8-R San Gabriel River 29 7/01/94 – 9/30/95 none 

LADPW F354-Ra Coyote Creek 37 12/01/01 – 12/30/02 none 

a There are various periods of missing data from this gage station. 
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Figure D-8. Locations of Monitoring Stations Used for Model Calibration and Validation of the 

San Gabriel LSPC Model 

The process and results of the flow calibration for each LSPC model is discussed in detail in the 
respective modeling reports (Tetra Tech, 2004 and 2005). 

D.2.10 MODEL OUTPUT 
Both of the LSPC models were used to estimate the average monthly runoff depths from land uses present 
in the watersheds of the impaired waterbodies addressed by this TMDL.  Runoff depths by land use were 
extracted from the LSPC modeling subbasin that contains the watershed of each impaired lake.  Table D-
6 lists the impaired lakes and associated LSPC model, modeling subbasin, weather station, and dominant 
hydrologic soil group used to drive the runoff simulation.     
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Table D-6. Impaired Waterbodies and Associated LSPC Modeling Subbasins and Meteorological 
Stations 

Impaired 
Lake/Reservoir LSPC Model Subbasin # 

Meteorological 
Station 

Dominant Soil 
Group 

Peck Road Park Los Angeles River 27 CA7926 C 

Lincoln Park Los Angeles River 25 CA5115 D 

Echo Park Los Angeles River 25 CA5115 D 

Calabasas Los Angeles River 2 CA1682 D 

El Dorado Park San Gabriel River 46 CA5085 NL1 

Legg Los Angeles River 31 CA9666 D 

Puddingstone San Gabriel River 93, 94, 95 CA8436 NL1 

Santa Fe Dam Park San Gabriel River 24 CA7926 NL1 

Sherwood Los Angeles River 2 CA1682 D 

1  NL: dominant soil hydrologic group is not listed by subbasin in the San Gabriel River Basin LSPC Modeling Report. 

Average monthly runoff depths by land use for each impaired waterbody are listed in the respective lake 
sections of this appendix. 
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D.3 Event Mean Concentrations 
Event mean concentrations (EMCs) represent flow-weighted average concentrations delivered during 
storm events.  Because the LSPC models have not been calibrated to generate loading estimates of key 
parameters of concern, pollutant EMCs applied to calibrated flow volumes for representative land uses 
are the best approximation of wet weather loading to the impaired lakes at this time.  For these TMDLs, 
EMCs for nutrients are used to estimate loading associated with runoff volumes.  For the mercury and OC 
Pesticides and PCBs TMDLs, sediment EMCs are used along with simulated runoff volumes and 
watershed specific water column and sediment concentrations of pollutants to estimate wet weather 
loading. 

For sediment and sediment-associated parameters, the observed instream concentration can be 
significantly affected by channel scour and deposition processes.  The LSPC models are not fully 
calibrated for such channel processes, which tend to be location-specific.  The magnitude of this 
component for the TMDL watersheds is significantly reduced by the fact that many of the channels are 
either piped or hardened with concrete and thus not subject to channel degradation.  There are, however, 
portions of the channel network that are not hardened, and even within concrete-lined channels it is 
expected that there were cycles of deposition and scour of sediment. 

Because sufficient data are not available to calibrate detailed models of sediment scour and deposition in 
reaches, the TMDL analysis is based on an assumption of long-term dynamic equilibrium in the stream 
network.  This approach makes the approximate assumption that the amount of sediment moving through 
the streams is equivalent (as a long-term average) to the rate of sediment loading to those streams, as 
estimated from the reported EMCs.  Such an assumption was clearly not valid during the earlier period of 
land use change, construction, and rapid development in the study watersheds, but is believed to provide a 
reasonable approximation for current conditions. 

EMC data for several monitoring years were provided by SCCWRP (Ackerman and Schiff, 2003) and 
Los Angeles County Department of Public Works (LACDPW) (LACDPW, 2000) for various land uses.  
Though an EMC may be the same for two seemingly different land uses, loading rates will vary due to 
differences in runoff volumes.  Table D-7 summarizes the EMCs for modeled land uses in the Los 
Angeles River and San Gabriel River LSPC models. 

Table D-7. EMCs for Modeled Land Uses in the Los Angeles and San Gabriel LSPC Models 

Los Angeles 
Model San Gabriel Model  

Sediment 
(mg/L) 

Nitrogen 
(mg/L) 

Phosphorus 
(mg/L) 

Agriculture Cropland and Pasture 1,520 8.6 0.56 

Commercial 

Other Urban 

Commercial and Services 

Other Urban or Built Up 

56.5 4.41 0.67 

Industrial Industrial 

Transportation, Communication, 
Utilities 

84.7 4.55 0.58 

Open Evergreen Forest Land 

Herbaceous Rangeland 

Mixed Rangeland  

Shrub and Brush Rangeland 

28.83 3.2 0.11 

Residential Residential 

Transitional Areas 

55.2 4.51 0.73 

NA Strip Mines 1,520 4.55 0.58 
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The 12 land uses simulated by the San Gabriel River Basin LSPC Model were aggregated to modeled 
land use categories as presented in Table D-8.  The table also lists the impervious fractions of each urban 
land use simulated by the model (rural land uses are assumed 100 percent pervious).  The impervious area 
is the major determinant of total runoff volume for urban land uses.  At the basin-wide scale, areas 
classified as “other urban or built-up” were simulated as commercial areas with 65 percent 
imperviousness.  Comparison of the LSPC land use coverage to SCAG 2005 data and recent satellite 
imagery indicate that areas adjacent to the impaired waterbodies classified as “other urban or built-up” are 
actually parkland.  To predict runoff volumes and sediment loading from these areas, model output for the 
pervious fraction of commercial areas was assumed representative of parkland.   

Table D-8. Aggregation of Land Use Classes in the LSPC Model 

Original Land Use Modeled Land Use 

Commercial and services Commercial (80 percent impervious) 

Cropland and pasture Cropland 

Evergreen forest land Forest 

Herbaceous rangeland Pasture 

Industrial Industrial (80 percent impervious) 

Mixed rangeland Pasture 

Other urban or built-up1 Commercial (65 percent impervious) 

Residential Residential (19 percent impervious) 

Shrub & brush rangeland Pasture 

Trans, comm, util Transportation (80 percent impervious) 

Transitional areas Residential (10 percent impervious) 

1  Other urban or built-up areas surrounding impaired waterbodies are parkland and are simulated as commercial 
with zero percent imperviousness.   

Runoff depths for the simulated land uses vary by LSPC modeling subbasin.  The subsequent sections of 
this report summarize the monthly average runoff depths for land uses draining to each of the impaired 
lakes.  EMCs are applied to runoff depths for a corresponding area to estimate pollutant loading 
associated with a particular area.  For example, the average runoff depth in January for agricultural lands 
in the Peck Road Park Lake watershed is 0.5361 inches (Table D-12).  There are 4.19 acres of agriculture 
present in the Western Subwatershed (Table D-9). 

The following calculation estimates the total nitrogen load delivered during January from this area:  
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For the waterbodies impaired by mercury and OC Pesticides and PCBs, watershed specific monitoring 
data were available to estimate loading to each lake.  The dissolved portion of the load can be represented 
as flow multiplied by the observed water column concentration, and the sediment-associated portion of 
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the load can be represented as average sediment movement times the observed concentration in stream 
sediment. 

For example, the near lake undeveloped subwatershed draining to Lake Sherwood is comprised of 197 
acres of open space (Table D-64).  The monthly average runoff depth for open space in January is 0.3808 
inches (Table D-66), and the sediment EMC is 28.83 mg/L (Table D-7).  The winter season water column 
and sediment-associated concentrations of total mercury are 2.96 ng/L (Table D-68) and 129 µg/kg (Table 
D-69), respectively.  The total mercury delivered from runoff generated in January from this area is  

 

 

 

The total mercury (Hg) associated with the delivered sediment (sed) in January is  
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D.4 Peck Road Park Lake 
Peck Road Park Lake is located in the Los Angeles River Basin.  However, the LACDPW diverts flows 
from the San Gabriel River to Peck Road Park Lake via the Santa Fe Diversion Channel.   

Impairments of this lake include low dissolved oxygen/organic enrichment, eutrophication (originally on 
the consent decree, but currently delisted), odor, lead, chlordane, DDT, dieldrin, PCBs, and trash.  Output 
from the Los Angeles River LSPC model coupled with regional pollutant event mean concentrations have 
been used to estimate loads from upland areas of OC Pesticides and PCBs and nutrients, which may be 
contributing to the low dissolved oxygen/organic enrichment, eutrophication, and odor impairments.  
Loads from the diversion are estimated from measured flow volumes and area-weighted event mean 
concentrations for the land use classes upstream of the diversion channel. 

Three subwatersheds comprise the drainage area to Peck Road Park Lake.  The subwatershed draining the 
western part of the watershed via Santa Anita Wash is 12,686 acres, and the eastern subwatershed 
draining to Saw Pit Wash is 10,557 acres.  There is an inwardly draining mining operation in the southern 
part of the eastern watershed that has been removed from the loading analysis.  The area surrounding the 
lake is 321 acres.  Each subwatershed drains to a storm sewer system so all allocations for the TMDLs are 
wasteload allocations (except for the trash TMDL which also has a load allocation). 

Figure D-9 shows the MS4 stormwater permittees in the Peck Road Park Lake watershed.  The western 
subwatershed is comprised of the county of Los Angeles, Sierra Madre, Arcadia, Monrovia, Angeles 
National Forest, and Caltrans areas.  The eastern subwatershed is comprised of the county of Los 
Angeles, Monrovia, Duarte, Bradbury, Arcadia, Irwindale, Angeles National Forest, and Caltrans areas.  
The county of Los Angeles, Monrovia, Irwindale, Arcadia, and El Monte comprise the drainage around 
the lake.  The park area is comprised of 152 acres adjacent to the lake. 
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Figure D-9. MS4 Permittees and the County of Los Angeles Storm Drain Network in the Peck 

Road Park Lake Subwatersheds 

Land uses identified in the Los Angeles River LSPC model are shown in Figure D-10.  Upon review of 
the SCAG 2005 database, as well as current satellite imagery, it was evident that a portion of the areas 
classified by the LSPC model as agriculture were inaccurate.  Land use classifications were changed to 
accurately reflect the conditions identified in the more recent data.  Approximately 82 acres classified by 
LSPC as agriculture corresponded to orchards, vineyards, and horse farms and were not altered.  
However, approximately 27 acres of agriculture was reclassified as open space and 28 acres were 
reclassified as residential.  Areas classified as industrial or commercial in the Angeles National Forest 
were also inaccurate and were reclassified as open.  Inaccuracies in land use assignment were corrected 
for each subwatershed and jurisdiction to reflect the more recent SCAG 2005 dataset and current satellite 
imagery.  All areas within the Caltrans jurisdiction were simulated as industrial since the Los Angeles 
River Basin LSPC model lumped transportation uses into the industrial category.  Table D-9, Table D-10, 
and Table D-11 summarize the post-processed land use areas used to estimate pollutant loading from 
upland areas draining to Peck Road Park Lake.     

RB-AR38268



Appendix D. Estimation of Wet Weather Loading from Runoff and Sediment Transport  March 2012 

 
 D-25 

 
Figure D-10. LSPC Land Use Classes for the Peck Road Park Lake Subwatersheds 

Table D-9. Land Use Areas (ac) Draining from the Western Subwatershed of Peck Road Park 
Lake  

Land Use 

County of 
Los 

Angeles  
Sierra 
Madre Arcadia Monrovia Caltrans 

Angeles 
National 
Forest Total 

Agriculture 0 4.19 0 0 0 0 4.19 

Commercial 34.8 2.62 124 13.0 0 0 175 

Industrial 0 0 70.4 0.319 16.9 0 87.6 

Open 3.50 377 319 483 0 9,104 10,286 

Other Urban 0 0 0.053 0 0 0 0.053 

Residential 207 296 1,516 114 0 0 2,133 

Total 245 679 2,030 611 16.9 9,104 12,686 
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Table D-10. Land Use Areas (ac) Draining from the Eastern Subwatershed of Peck Road Park 
Lake  

Land Use 

County 
of Los 

Angeles  Monrovia Duarte Bradbury Arcadia Irwindale Caltrans 

Angeles 
National 
Forest Total 

Agriculture 0 0 0  78.1  0 0 0 0  78.1  

Commercial  24.8   430   232  0  33.9   12.7  0 0  733  

Industrial 1.27   407  107 0 0  180   78.4  0  774 

Open  5.29   1,419  53.5   229   16.0   274  0 3,511 5,508  

Other 
Urban 

0  51.0   1.74   2.90   1.71  0 0 0  57.3  

Residential  467   2,149   424   193   158   15.5  0 0  3,406  

Total  499  4,456 818   503  209   483   78.4  3,511  10,557  

Table D-11. Land Use Areas (ac) Draining from the Near Lake Subwatershed of Peck Road Park 
Lake  

Land Use 
County of 

Los Angeles  Monrovia Irwindale Arcadia El Monte Total 

Agriculture 0 0 0 0 0 0 

Commercial 7.10 7.90 0 3.86 0 18.9 

Industrial 0.0003 14.4 13.9 69.7 10.2 108 

Open 0.233 24.6 0.187 61.6 0.984 87.5 

Other Urban 0 0 0 0 0 0 

Residential 60.4 1.30 0 4.18 40.9 107 

Total 67.7 48.1 14.1 139 52.1 321 

 

The land use composition upstream of the San Gabriel River at the diversion to Peck Road Park Lake is 
primarily rangeland (56 percent) and forest (40 percent).  The remaining 4 percent is comprised of other 
types of open areas and urban development.  To estimate the pollutant concentrations associated with the 
diverted flows, EMCs (Section D.3) were area-weighted based on the land use composition upstream of 
the diversion.   

D.4.1 RUNOFF AND DIVERTED FLOWS 
LSPC-predicted runoff from the Peck Road Park Lake subwatersheds is primarily driven by the land use 
and soil characteristics of the drainage area and the nearest meteorological station represented in the 
model.  Figure D-11 shows the simulated annual rainfall for the Peck Road Park Lake subwatersheds.  
The annual average rainfall is 19.1 inches. 
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Figure D-11. Annual Rainfall for the Peck Road Park Lake Subwatersheds 

The simulated monthly average runoff depths for land uses in the Peck Road Park Lake subwatersheds are 
shown in Table D-12.   

Table D-12. Monthly Average Runoff Depths (inches/month) for Land Uses in the Peck Road Park 
Lake Subwatersheds, 1983 - 2006 

Month Agriculture Commercial Industrial Open Other Urban Residential 

January 0.5361 3.0291 2.7414 0.1966 2.0223 1.9645 

February 0.8942 3.9665 3.6105 0.4150 2.7206 2.6491 

March 0.5614 2.4735 2.2559 0.2416 1.7120 1.6683 

April 0.1153 0.8499 0.7608 0.0548 0.5381 0.5202 

May 0.0531 0.2477 0.2250 0.0216 0.1682 0.1636 

June 0.0097 0.1020 0.0904 0.0053 0.0614 0.0591 

July 0.0010 0.0090 0.0080 0.0006 0.0054 0.0052 

August 0.0047 0.0632 0.0558 0.0024 0.0373 0.0358 

September 0.0163 0.2219 0.1959 0.0080 0.1312 0.1260 

October 0.0407 0.5706 0.5037 0.0202 0.3364 0.3230 

November 0.0684 0.9569 0.8447 0.0339 0.5641 0.5416 

December 0.1226 1.5882 1.4051 0.0575 0.9475 0.9108 
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The LACDPW provided Tetra Tech with mean daily flows measured over the past 15 years (October 
1994 through May 2009) in the diversion channel that directs flow from the San Gabriel River to Peck 
Road Park Lake.  The average monthly flows from this diversion are summarized in Table D-13.  

Table D-13. Average Monthly Flow Volumes Diverted to Peck Road Park Lake 

Month Diverted Flow (ac-ft) 

January 223 

February 229 

March 981 

April 717 

May 1,028 

June 2,039 

July 1,134 

August 343 

September 854 

October 718 

November 76.8 

December 395 

Total 8,737 

 

Figure D-12 summarizes the monthly average runoff and diversion volumes delivered to Peck Road Park 
Lake.  The total annual volume delivered to the lake is 16,529 ac-ft, and approximately half the flow is 
from the San Gabriel diversion.  Flows during the months May through October are primarily from the 
diversion channel.   
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Figure D-12. Monthly Average Runoff Volumes to Peck Road Park Lake 

D.4.2 SEDIMENT LOADS 
Sediment loads are calculated from simulated volumes and suspended sediment event mean 
concentrations for each modeled land use (Section D.3).  Table D-14 summarizes the average annual 
sediment loads for each jurisdiction by subwatershed.  Sediment loads estimated for the diversion are 
included as well.  See example calculations in Section D.3. 

Table D-14. Average Annual Sediment Loads to Peck Road Park Lake 

Subwatershed Jurisdiction Sediment (tons/yr) 

Eastern  Arcadia 12.1 

Eastern  Bradbury 44.4 

Eastern  Caltrans 9.55 

Eastern Duarte 58.0 

Eastern Irwindale 24.9 

Eastern County of Los Angeles  28.6 

Eastern Monrovia 217 

Eastern Angeles National Forest 12.1 

Near Lake  Arcadia 9.29 

Near Lake  El Monte 3.55 

Near Lake  Irwindale 1.70 

Near Lake  County of Los Angeles 4.03 
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Subwatershed Jurisdiction Sediment (tons/yr) 

Near Lake  Monrovia 2.62 

Western  Arcadia 106 

Western  Caltrans 2.06 

Western  County of Los Angeles 14.7 

Western  Monrovia 9.27 

Western  Sierra Madre 19.9 

Western Angeles National Forest 31.4 

Diversion 379 

Total 990 

D.4.3 NUTRIENT LOADS 
Nutrient loads are estimated from simulated volumes and event mean concentration data collected by 
SCCWRP and the county of Los Angeles (Section D.3).  Table D-15 summarizes the total nitrogen and 
total phosphorus loads delivered to Peck Road Park Lake from each jurisdiction and subwatershed or 
from the diversion.  See example calculations in Section D.3.   

The loads presented in the table are existing loads, not allocated loads. 

Table D-15. Average Annual Nutrient Loads to Peck Road Park Lake 

Subwatershed Jurisdiction Nitrogen (lb/yr) Phosphorus (lb/yr) 

Eastern  Arcadia  1,951   309  

Eastern  Bradbury  2,337   320  

Eastern  Caltrans 1,027   131 

Eastern  Duarte 8,606   1,307  

Eastern  Irwindale  2,891   358  

Eastern  County of Los Angeles 4,653   749 

Eastern  Monrovia 32,627  4,894 

Eastern Angeles National Forest 2,692 92.5 

Near Lake  Arcadia  1,053   132  

Near Lake  El Monte  510   77.8  

Near Lake  Irwindale  183   23.3  

Near Lake  County of Los Angeles  653   105  

Near Lake  Monrovia  330   43.4  

Western  Arcadia  16,812  2,641  

Western  Caltrans  221   28.2  

Western  County of Los Angeles 2,386  381  

Western  Monrovia 1,601   210 

Western  Sierra Madre  3,056  456  

Western Angeles National Forest 6,981 240 
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Subwatershed Jurisdiction Nitrogen (lb/yr) Phosphorus (lb/yr) 

Diversion  76,970   2,960  

Total 167,539   15,458 

D.4.4 ORGANOCHLORINE PESTICIDES AND PCBS LOADS 
The existing loading rates from upland areas for OC Pesticides and PCBs are estimated for each pollutant 
of concern using monitoring data collected by USEPA, the Regional Board, and UCLA, between 2008 
and 2009.  Only data from sites representing inflows are used; these sites include locations in an inflow, 
or in the lake near an inflow.  Inflows considered for wet weather loading were tributaries, drainage paths, 
and channels.  For Peck Road Park Lake, this included PRPL-6, PRPL-7, PRPL-12 and PRPL-13 (Figure 
D-13).  

 
Figure D-13. Monitoring Stations at Peck Road Park Lake 

The OC Pesticides and PCBs of concern are not currently in use and are more likely to have been 
historically loaded to the lake sediments; therefore, current tributary loading is likely to be small.  The OC 
Pesticides and PCBs are hydrophobic and the majority of the pollutant mass in wet weather loads will be 
associated with the sediment.  The measured levels of OC Pesticides and PCBs in inflow sediments were 
the only data that could be used to quantify current inflow loads because nearly all of the water column, 
porewater, suspended sediment, and suspended sediment in porewater samples did not yield reportable 
results.  For OC Pesticides and PCBs where some of the samples had detectable quantities of a pollutant, 
the average inflow concentration was calculated assuming samples analyzed below detection limits were 
equal to one-half the detection limit.  For all of the sediment samples, dieldrin was below detection and 
reporting levels .  Instead, an upper-bound analysis was performed using the detection limit as the 
incoming concentration associated with the sediment.  The average concentration of total chlordane in 
sediments associated with inputs was 3.15 µg/kg dry weight and the average level of PCBs was 15.38 
µg/kg dry weight. The average concentration of DDT was 5.57 µg/kg dry weight. The inflow sediment 
data are summarized in Table D-16 and all data collected in the watershed are discussed in detail in 
Appendix G (Monitoring Data).   
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Table D-16. Summary of Sediment Data near Inflow Locations at Peck Road Park Lake 

Parameter 
Number of 
Samples 

Number of 
Samples Above 

Detection Limits 1 

Average 
Concentration 

(µg/kg dry weight) 
Detection Limit  

(µg/kg dry weight) 

Chlordane 6 2 3.15 0.34-1 

DDT 6 3 5.57 0.69-1.18 

Dieldrin 6 0 (0.91)2 0.69-1.18 

Total PCBs 6 5 15.38 0.34-1 

1 Non-detect samples were included in reported averages as one-half of the detection limit. 
2 All sample results were below detection limits. An upper-bound analysis was performed using the highest reported 

detection limit for dieldrin. 
 

These input sediment concentrations were applied to the calculated sediment loads (Section D.4.2) to 
estimate sediment-associated OC Pesticides and PCBs loads entering the lake.  Specifically, to determine 
sediment loading of OC Pesticides and PCBs, the sediment EMCs and LSPC predicted runoff volumes 
were used to calculate sediment loads (Table D-17), and the sediment OC Pesticides and PCBs 
concentrations from monitoring data (Table D-16) were then applied to these sediment loads. 

Sediment loads and subsequently calculated OC Pesticides and PCBs loads were determined for each 
jurisdiction based on the land use types and areas within each subwatershed.  The jurisdictional areas are 
presented for the three Peck Road Park Lake subwatersheds in Table D-17 along with the predicted 
sediment loads for each land use.  Dissolved concentrations in inflows are assumed insignificant. 

Table D-17. Annual Sediment Load to Peck Road Park Lake 

Subwatershed Jurisdiction Area (ac) 

Annual 
Sediment Load 

(tons/yr) 
Percent of 
Total Load 

Eastern  Arcadia 209 12.1 1.22% 

Eastern  Bradbury 503 44.4 4.48% 

Eastern  Caltrans 78.4 9.6 0.96% 

Eastern  Duarte 785 57.2 5.78% 

Eastern General Industrial Stormwater 
Permittees* (in the city of 
Duarte ) 

33 0.8 0.08% 

Eastern  Irwindale 463 23.3 2.36% 

Eastern General Industrial Stormwater 
Permittees (in the city of 
Irwindale) 

19.9 1.6 0.16% 

Eastern  County of Los Angeles 499 28.6 2.89% 

Eastern  Monrovia 4,323 200 20.2% 

Eastern General Industrial Stormwater 
Permittees (in the city of 
Monrovia) 

134 16.3 1.65% 
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Subwatershed Jurisdiction Area (ac) 

Annual 
Sediment Load 

(tons/yr) 
Percent of 
Total Load 

Eastern Angeles National Forest 3,511 12.1 1.22% 

Diversion Los Angeles County  
Department of Public Works 

- 379 38.3% 

Near Lake  Arcadia 125 7.59 0.77% 

Near Lake General Industrial Stormwater 
Permittees (in the city of 
Arcadia) 

14 1.70 0.17% 

Near Lake  El Monte 52.1 3.55 0.36% 

Near Lake  Irwindale 14.1 1.70 0.17% 

Near Lake  County of Los Angeles 67.7 4.03 0.41% 

Near Lake  Monrovia 48.1 2.62 0.26% 

Western  Arcadia 1,720 68.1 6.88% 

Western General Industrial Stormwater 
Permittees (in the city of 
Arcadia) 

310 37.8 3.82% 

Western  Caltrans 16.9 2.06 0.21% 

Western  County of Los Angeles 245 14.7 1.49% 

Western  Monrovia 611 9.27 0.94% 

Western  Sierra Madre 679 19.9 2.01% 

Western Angeles National Forest 9,104 31.4 3.18% 

Total 23,564 990.3 100% 

* The disturbed area associated with general industrial stormwater permittees was subtracted out of the appropriate 
city area and allocated to these permits. 

The chlordane, PCB, DDT, and dieldrin loads were calculated by applying the input sediment 
concentrations (Table D-16) to the calculated sediment load of 900.3 tons per year (Table D-17).  See 
example calculations in Section D.3.  Loads for each jurisdiction are shown by subwatershed in Table D-
18. 

Table D-18. Total Organic Loads Estimated for Each Jurisdiction and Subwatershed in the Peck 
Road Park Lake Watershed (g/yr) 

Subwatershed Jurisdiction 

Annual 
PCB 
Load 

Annual 
Chlordane 

Load 
Annual DDT 

Load 1 

Annual 
Dieldrin 
Load 1 

Percent 
of Total 

Load 

Eastern  Arcadia 0.17 0.034 0.061 <0.010 1.22% 

Eastern  Bradbury 0.62 0.127 0.224 <0.037 4.48% 

Eastern  Caltrans 0.13 0.027 0.048 <0.008 0.96% 

Eastern  Duarte 0.80 0.163 0.289 <0.047 5.78% 
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Subwatershed Jurisdiction 

Annual 
PCB 
Load 

Annual 
Chlordane 

Load 
Annual DDT 

Load 1 

Annual 
Dieldrin 
Load 1 

Percent 
of Total 

Load 

Eastern 
General Industrial 
Stormwater Permittees2 
(in the city of Duarte ) 

0.01 0.002 0.004 <0.001 
0.08% 

Eastern  Irwindale 0.33 0.067 0.118 <0.019 2.36% 

Eastern 
General Industrial 
Stormwater Permittees 
(in the city of Irwindale) 

0.02 0.005 0.008 <0.001 
0.16% 

Eastern  County of Los Angeles 0.40 0.082 0.145 <0.024 2.89% 

Eastern  Monrovia 2.80 0.573 1.013 <0.165 20.24% 

Eastern 
General Industrial 
Stormwater Permittees 
(in the city of Monrovia) 

0.23 0.047 0.0821.65%0.061 <0.013 
1.65% 

Eastern Angeles National Forest 0.17 0.035 1.917 <0.010 1.22% 

Diversion 
Los Angeles County  
Department of Public 
Works 

5.29 1.084 0.038 <0.313 
38.3% 

Near Lake  Arcadia 0.11 0.022 0.009 <0.006 0.77% 

Near Lake 
General Industrial 
Stormwater Permittees 
(in the city of Arcadia) 

0.02 0.005 0.018 <0.001 
0.17% 

Near Lake  El Monte 0.05 0.010 0.009 <0.003 0.36% 

Near Lake  Irwindale 0.02 0.005 0.020 <0.001 0.17% 

Near Lake  County of Los Angeles 0.06 0.012 0.013 <0.003 0.41% 

Near Lake  Monrovia 0.04 0.007 0.344 <0.002 0.26% 

Western  Arcadia 0.95 0.195 0.191 <0.056 6.88% 

Western 
General Industrial 
Stormwater Permittees 
(in the city of Arcadia) 

0.53 0.108 0.010 <0.031 
3.82% 

Western  Caltrans 0.03 0.006 0.074 <0.002 0.21% 

Western  County of Los Angeles 0.21 0.042 0.047 <0.012 1.49% 

Western  Monrovia 0.13 0.026 0.100 <0.008 0.94% 

Western  Sierra Madre 0.28 0.057 0.159 <0.016 2.01% 

Western Angeles National Forest 0.44 0.090 0.061 <0.026 3.18% 

Total 13.7 2.83 5.00 0.818 100% 

1 Results from upper-bound analysis representing the maximum possible dieldrin load. 
2 The disturbed area associated with general industrial stormwater permittees was subtracted out of the appropriate 
city area and allocated to these permits. 
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D.5 Lincoln Park Lake 
Lincoln Park Lake is located in the Los Angeles River Basin.  Impairments of this lake include low 
dissolved oxygen/organic enrichment, odor, ammonia, eutrophication, lead, and trash.  Output from the 
Los Angeles River LSPC model coupled with regional pollutant event mean concentrations has been used 
to estimate loads from upland areas of nutrients, which may be contributing to the low dissolved 
oxygen/organic enrichment, odor, eutrophication, and ammonia impairments.   

Figure D-14 shows the MS4 stormwater permittee in the Lincoln Park Lake watershed (the city of Los 
Angeles).  Though the lake appears to be connected to the county of Los Angeles storm drain network, 
this system actually passes under Lincoln Park Lake and does not discharge stormwater to the lake.  The 
subwatershed for Lincoln Park Lake (37.1 acres) is comprised only of the surrounding parklands.  All 
loads generated from this area are assigned load allocations for TMDL development. 

 
Figure D-14. MS4 Permittee and the County of Los Angeles Storm Drain Network in the Lincoln 

Park Lake Watershed 

Land uses identified in the Los Angeles River LSPC model are shown in Figure D-15.  The watershed is 
comprised of open space and industrial areas.  Table D-19 summarizes the land use areas used to estimate 
pollutant loading from upland areas draining to Lincoln Park Lake. 
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Figure D-15. LSPC Land Use Classes for the Lincoln Park Lake Watershed 

 

Table D-19. Land Use Areas (ac) Draining to Lincoln Park Lake  

Land Use Los Angeles 

Agriculture 0 

Commercial 0 

Industrial 3.40 

Open 33.7 

Other Urban 0 

Residential 0 

Total 37.1 

D.5.1 RUNOFF 
LSPC-predicted runoff from the Lincoln Park Lake watershed is primarily driven by the land use and soil 
characteristics of the drainage area and the nearest meteorological station represented in the model.  
Figure D-16 shows the simulated annual rainfall for the Lincoln Park Lake watershed.  The annual 
average rainfall is 15.2 inches. 
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Figure D-16. Annual Rainfall for the Lincoln Park Lake Watershed 

The simulated monthly average runoff depths for land uses in the Lincoln Park Lake watershed are shown 
in Table D-20.   

Table D-20. Monthly Average Runoff Depths (inches/month) for Land Uses in the Lincoln Park 
Lake Watershed, 1983 - 2006 

Month Industrial Open 

January 2.0170 0.0963 

February 2.7225 0.1613 

March 1.7918 0.1136 

April 0.5372 0.0334 

May 0.1602 0.0094 

June 0.0475 0.0024 

July 0.0024 0.0002 

August 0.0232 0.0010 

September 0.1352 0.0055 

October 0.3393 0.0136 

November 0.6098 0.0244 

December 1.2099 0.0487 
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Figure D-17 summarizes the monthly average runoff volumes delivered to Lincoln Park Lake.  The total 
annual volume delivered to the lake is 4.15 ac-ft.  The months May through October each contribute less 
than 5 percent of the annual runoff volume.   

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A
ve

ra
ge

 M
on

th
ly

 R
un

of
f (

ac
-ft

)

 
Figure D-17. Monthly Average Runoff Volumes to Lincoln Park Lake 

D.5.2 NUTRIENT LOADS 
Nutrient loads are estimated from simulated volumes and event mean concentration data collected by 
SCCWRP and the county of Los Angeles (Section D.3).  Table D-21 summarizes the total nitrogen and 
total phosphorus loads estimated for Lincoln Park Lake.  See example calculations in Section D.3. 

Table D-21. Average Annual Nutrient Loads to Lincoln Park Lake 

Jurisdiction Nitrogen (lb/yr) Phosphorus (lb/yr) 

Los Angeles 46.1 4.72 
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D.6 Echo Park Lake 
Echo Park Lake is located in the Los Angeles River Basin.  Impairments of this lake include odor, 
ammonia, eutrophication, algae, pH, copper, lead, PCBs, dieldrin, chlordane, and trash.  Output from the 
Los Angeles River LSPC model coupled with regional pollutant event mean concentrations have been 
used to estimate loads from upland areas of OC Pesticides and PCBs  and nutrients, which may be 
contributing to the odor, ammonia, eutrophication, algae, and pH impairments.   

Two subwatersheds comprise the drainage area to Echo Park Lake.  The subwatershed draining the 
northern part of the watershed is 614 acres and the southern subwatershed drains 170 acres.  Both 
subwatersheds drain to a storm drain system, so all allocations for the TMDLs are wasteload allocations 
(except for the trash TMDL which also has a load allocation). Dry weather flows from the storm drain 
system are diverted downstream of Echo Park Lake.  Figure D-18 shows the MS4 stormwater permittees 
in the Echo Park Lake watershed.  Both subwatersheds are located entirely within the city of Los Angeles 
with a small portion of Caltrans area.  The park is comprised of 15.5 acres of land adjacent to the lake. 

 
Figure D-18. MS4 Permittees and the County of Los Angeles Storm Drain Network in the Echo 

Park Lake Subwatersheds 

Land uses identified in the Los Angeles River LSPC model are shown in Figure D-19.  The watershed is 
comprised primarily of residential development as well as commercial, other urban, industrial, and open 
space areas.  Table D-22 and Table D-23 summarize the land use areas used to estimate pollutant loading 
from the Northern and Southern subwatersheds, respectively.   
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Figure D-19. LSPC Land Use Classes for the Echo Park Lake Subwatersheds 

Table D-22. Land Use Areas (ac) Draining to Echo Park Lake from the Northern Subwatershed 

Land Use Los Angeles  Caltrans Total 

Agriculture 0 0 0 

Commercial 78.4 0 78.4 

Industrial 12.2 13.0 25.2 

Open 27.5 0 27.5 

Other Urban 4.67 0 4.67 

Residential 479 0 479 

Total 601 13.0 614 
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Table D-23. Land Use Areas (ac) Draining to Echo Park Lake from the Southern Subwatershed 

Land Use Los Angeles  Caltrans Total 

Agriculture 0 0 0 

Commercial 31.6 0 31.6 

Industrial 0 1.10 1.10 

Open 15.5 0 15.5 

Other Urban 0 0 0 

Residential 122 0 122 

Total 169 1.10 170 

D.6.1 RUNOFF 
LSPC-predicted runoff from the Echo Park Lake subwatersheds is primarily driven by the land use and 
soil characteristics of the drainage area and the nearest meteorological station represented in the model.  
Figure D-20 shows the simulated annual rainfall for the Echo Park Lake subwatersheds.  The annual 
average rainfall is 15.2 inches. 
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Figure D-20. Annual Rainfall for the Echo Park Lake Subwatersheds 

The simulated monthly average runoff depths for land uses in the Echo Park Lake subwatersheds are 
shown in Table D-24.   
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Table D-24. Monthly Average Runoff Depths (inches/month) for Land Uses in the Echo Park Lake 
Subwatersheds, 1983 - 2006 

Month Agriculture Commercial Industrial Open Other Urban Residential 

January 0.2843 2.2493 2.0170 0.0963 1.4365 1.3899 

February 0.4635 3.0258 2.7225 0.1613 1.9644 1.9036 

March 0.3191 1.9875 1.7918 0.1136 1.3028 1.2636 

April 0.0826 0.6010 0.5372 0.0334 0.3779 0.3651 

May 0.0264 0.1783 0.1602 0.0094 0.1147 0.1111 

June 0.0047 0.0537 0.0475 0.0024 0.0322 0.0309 

July 0.0004 0.0027 0.0024 0.0002 0.0017 0.0016 

August 0.0020 0.0263 0.0232 0.0010 0.0155 0.0149 

September 0.0110 0.1532 0.1352 0.0055 0.0903 0.0867 

October 0.0272 0.3845 0.3393 0.0136 0.2263 0.2172 

November 0.0489 0.6911 0.6098 0.0244 0.4067 0.3904 

December 0.0995 1.3697 1.2099 0.0487 0.8103 0.7783 

 

The majority of the runoff from the Echo Park Lake watershed is diverted downstream of the lake and on 
average, only 16.7 ac-ft/yr are delivered through the storm drain network (personal communication, 
Charlie Yu, City of Los Angeles, 3/4/2010).  The simulated runoff volumes and associated pollutant 
loading were scaled down by the ratio of delivered flow (16.7 ac-ft/yr) to simulated flow (452 ac-ft/yr) to 
estimate the amount of loading reaching Echo Park Lake.  It was assumed that all runoff (0.6 ac-ft/yr) and 
associated pollutant loading from the 15.5 acres of park adjacent to the lake were not diverted 
downstream.  Figure D-12 summarizes the monthly average runoff volumes delivered to Echo Park Lake.  
The total annual volume delivered to the lake is 17.3 ac-ft.  The months May through October each 
contribute less than 5 percent of the annual runoff volume.   
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Figure D-21. Monthly Average Runoff Volumes to Echo Park Lake 

D.6.2 SEDIMENT LOADS 
Sediment loads are calculated from delivered runoff volumes and suspended sediment event mean 
concentrations for each modeled land use (Section D.3).  Table D-25 summarizes the average annual 
sediment loads for each jurisdiction by subwatershed.  See example calculations in Section D.3. 

Table D-25. Average Annual Sediment Loads to Echo Park Lake 

Subwatershed Jurisdiction Sediment (tons/yr) 

Northern City of Los Angeles 0.976 

Northern Caltrans 0.044 

Southern City of Los Angeles 0.291 

Southern Caltrans 0.0037 

Total 1.32 

D.6.3 NUTRIENT LOADS 
Nutrient loads are estimated from delivered volumes and event mean concentration data collected by 
SCCWRP and the county of Los Angeles (Section D.3).  Table D-26 summarizes the total nitrogen and 
total phosphorus loads estimated for Echo Park Lake from each jurisdiction and subwatershed.  See 
example calculations in Section D.3. 
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Table D-26. Average Annual Nutrient Loads to Echo Park Lake 

Subwatershed Jurisdiction Nitrogen (lb/yr) Phosphorus (lb/yr) 

Northern City of Los Angeles  155  24.7 

Northern Caltrans 4.80 0.608 

Southern City of Los Angeles 169  6.99 

Southern Caltrans 1.10 0.051 

Total 209 32.3 

D.6.4 ORGANOCHLORINE PESTICIDES AND PCBS LOADS 
The existing loading rates from upland areas for OC Pesticides and PCBs are estimated for each pollutant 
of concern using monitoring data collected by USEPA, the Regional Board, and UCLA, between 2008 
and 2009.  Only data from sites representing inflows are used; these sites include locations in an inflow, 
or in the lake near an inflow.  Inflows considered for wet weather loading were tributaries, drainage paths, 
and channels.  For Echo Park Lake, data from the following stations was included: EPL-1, EPL-2, and 
EPL-12 (Figure D-22). 

 
Figure D-22. Echo Park Monitoring Stations 

The OC Pesticides and PCBs of concern are not currently in use and are more likely to have been 
historically loaded to the lake sediments; therefore, current tributary loading is likely to be small.  The OC 
Pesticides and PCBs are hydrophobic and the majority of the pollutant mass in wet weather loads were 
associated with the sediment.  The measured levels of OC Pesticides and PCBs in inflow sediments were 
the only data that could be used to quantify current inflow loads because nearly all of the water column, 
porewater, suspended sediment, and suspended sediment in porewater samples did not yield reportable 
results.  For chlordane and PCBs, samples below detection limits were assumed to be one-half of the 
detection limits.  For all of the sediment samples, dieldrin was below detection levels; therefore an inflow 
concentration could not be determined.  Instead, an upper-bound analysis was performed using the 
detection limit as the incoming concentration associated with the sediment.  The inflow sediment data are 
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summarized in Table D-27 and all data collected in the watershed are discussed in detail in Appendix G 
(Monitoring Data).   

Table D-27. Summary of Sediment Data near Inflow Locations at Echo Park Lake 

Parameter 
Number of 
Samples 

Number of 
Samples Above 

Detection Limits 1 

Average 
Concentration 

(µg/kg dry weight) 

Detection Limit 
Range (µg/kg dry 

weight) 

Chlordane 6 2 8.31 0.44-1.23 

Dieldrin 6 0 (1.32)2 0.83- 3.00 

Total PCBs 6 5 24.16 0.44-1.23 

1 Non-detect samples were included in reported averages as one-half of the detection limit. 
2 All sample results were below detection limits.  An upper-bound analysis was performed using the highest reported 

detection limit for dieldrin. 
 

These input sediment concentrations were applied to the calculated sediment loads (Section D.6.2) to 
estimate the sediment-associated OC Pesticides and PCBs loads entering the lake.  Sediment loads and 
subsequently calculated OC Pesticides and PCBs loads were determined for each jurisdiction based on the 
land use types and areas within each subwatershed.  The jurisdictional areas are presented for the two 
Echo Park Lake subwatersheds in Table D-28.  Dissolved concentrations in inflows are assumed 
insignificant. 

Table D-28. Annual Sediment Load to Echo Park Lake 

Subwatershed Jurisdiction Area (ac) 
Annual Sediment 

Load (tons/yr) 
Percent of Total 

Load 

Northern Caltrans 13.0 0.044 3.44% 

Northern City of Los Angeles  601 0.98 75.66% 

Southern  Caltrans 1.10 0.0037 0.29% 

Southern  City of Los Angeles  169 0.29 20.61% 

Total 784 1.32 100% 

 

The chlordane, PCB, and dieldrin loads were calculated by applying the input sediment concentrations 
(Table D-27) to the calculated sediment load of 1.32 tons per year (Table D-28).  See example 
calculations in Section D.3.  Loads for each jurisdiction are shown by subwatershed in Table D-29.  
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Table D-29. Total Organic Loads Estimated for Each Jurisdiction and Subwatershed in the Echo 
Park Watershed (g/yr) 

Subwatershed Jurisdiction 
Annual 

PCB Load 

Annual 
Chlordane 

Load 

Annual 
Dieldrin 
Load 1 

Percent of 
Total Load 

Northern Caltrans 0.0010 0.0003 <0.00005 3.44% 

Northern Los Angeles  0.021 0.0074 <0.00117 75.66% 

Southern Caltrans 0.0001 0.00003 <0.00000 0.29% 

Southern Los Angeles  0.0064 0.0022 <0.00035 20.61% 

Total 0.029 0.0099 <0.0016 100% 

1 Results from upper-bound analysis representing the maximum possible dieldrin load. 
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D.7 Lake Calabasas 
Lake Calabasas is located in the Los Angeles River Basin.  Impairments of this lake include low 
dissolved oxygen/organic enrichment, odor, ammonia, eutrophication, and pH.  A DDT impairment was 
previously reported for this lake, but was delisted by the Regional Board in 2009.  Output from the Los 
Angeles River LSPC model coupled with regional pollutant event mean concentrations have been used to 
estimate nutrient loads from upland areas, which may be contributing to the low dissolved oxygen/organic 
enrichment, odor, ammonia, eutrophication, and pH impairments.   

One subwatershed draining 86.5 acres comprises the drainage area to Lake Calabasas.  Figure D-23 
shows the MS4 stormwater permittee in the Lake Calabasas watershed.  The entire subwatershed is 
comprised of the city of Calabasas.  This subwatershed drains to a storm drain system, so all allocations 
for the TMDLs are wasteload allocations. 

 
Figure D-23. MS4 Permittee and the County of Los Angeles Storm Drain Network in the Lake 

Calabasas Subwatersheds 

Land uses identified in the Los Angeles River LSPC model are shown in Figure D-24.  The watershed is 
comprised of residential development and open space.  Table D-30 summarizes the land use areas used to 
estimate pollutant loading from upland areas draining to Lake Calabasas. 
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Figure D-24. LSPC Land Use Classes for the Lake Calabasas Subwatershed 

Table D-30. Land Use Areas (ac) Draining to Lake Calabasas  

Land Use City of Calabasas 

Agriculture 0 

Commercial 0 

Industrial 0 

Open 14.2 

Other Urban 0.0 

Residential 72.3 

Total 86.5 

D.7.1 RUNOFF 
LSPC-predicted runoff from the Lake Calabasas subwatershed is primarily driven by the land use and soil 
characteristics of the drainage area and the nearest meteorological station represented in the model.  
Figure D-25 shows the simulated annual rainfall for the Lake Calabasas subwatershed.  The annual 
average rainfall is 17.5 inches. 

RB-AR38292



Appendix D. Estimation of Wet Weather Loading from Runoff and Sediment Transport  March 2012 

 
 D-49 

0

5

10

15

20

25

30

35

40

45

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

Aver
ag

e

P
re

ci
pi

ta
tio

n 
(in

ch
es

)

 
Figure D-25. Annual Rainfall for the Lake Calabasas Subwatershed 

The simulated monthly average runoff depths for land uses in the Lake Calabasas subwatershed are 
shown in Table D-31.   

Table D-31. Monthly Average Runoff Depths (inches/month) for Land Uses in the Lake Calabasas 
Subwatershed, 1983 - 2006 

Month Open Residential 

January 0.1271 1.6687 

February 0.3202 2.5495 

March 0.2219 1.5042 

April 0.0473 0.4536 

May 0.0174 0.1452 

June 0.0020 0.0134 

July 0.0005 0.0023 

August 0.0009 0.0116 

September 0.0056 0.0878 

October 0.0192 0.3065 

November 0.0342 0.5464 

December 0.0585 0.9309 
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Figure D-26 summarizes the monthly average runoff volumes delivered to Lake Calabasas.  The total 
annual volume delivered to the lake is 50.6 ac-ft.  The months May through October each contribute less 
than 5 percent of the annual runoff volume.   
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Figure D-26. Monthly Average Runoff Volumes to Lake Calabasas 

D.7.2 NUTRIENT LOADS 
Nutrient loads are estimated from runoff volumes and event mean concentration data collected by 
SCCWRP and the county of Los Angeles (Section D.3).  Table D-32 summarizes the total nitrogen and 
total phosphorus loads delivered to Lake Calabasas.  See example calculations in Section D.3. 

Table D-32. Average Annual Nutrient Loads to Lake Calabasas 

Subwatershed Jurisdiction Nitrogen (lb/yr) Phosphorus (lb/yr) 

Calabasas Calabasas 616 98.7 
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D.8 El Dorado Park Lakes 
The El Dorado Park lakes are located in the San Gabriel River Basin.  Six lakes are located in the park.  
The northern four lakes are hydraulically connected and separate from the system comprised by the two 
southern lakes, also hydraulically connected.  These lakes are listed as impaired by algae, ammonia, 
eutrophication, pH, copper, lead, and mercury.  Output from the San Gabriel River LSPC model, coupled 
with regional pollutant event mean concentrations, has been used to estimate loads of nutrients, which 
may be contributing to the algae, ammonia, eutrophication, and pH impairments.  LSPC model output and 
monitoring data collected in 2009 are used to estimate mercury loading.  

Two separate watersheds have been delineated for these separate lake systems.  The subwatershed 
draining to the northern four lakes is comprised of 185 acres, and the subwatershed draining to the 
southern two lakes is comprised of 33.8 acres.     

Figure D-27 shows the MS4 stormwater permittee that comprises both the northern and southern 
drainages of the El Dorado Park lake systems as well as the Los Angeles County storm drain network.  
Though both watersheds are in the city of Long Beach incorporated area, there are no major drains that 
divert runoff directly to the lake: a few small culverts pass water beneath walking paths and park roads.  
Because both watersheds are comprised solely of parklands that do not drain to a major storm drain 
system, the watershed loads to the El Dorado Park lakes are assigned load allocations in the TMDLs. 

 

 
Figure D-27. MS4 Permittee and the County of Los Angeles Storm Drain Network in the El Dorado 

Park Lake Subwatersheds 

Both subwatersheds are comprised of land classified by the San Gabriel LSPC model as “other urban or 
built-up” except for the two polygons classified as water (Figure D-28).  To improve accuracy in land use 
areas, the SCAG 2005 database was used to estimate the area of the lakes in each subwatershed.  Runoff 
loads from the lakes are assumed zero.  All remaining areas in each subwatershed were assumed other 
urban or built-up (185 acres of the northern subwatershed and 33.8 acres in the southern subwatershed). 
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Figure D-28. LSPC Land Use Classes for the El Dorado Park Lakes Subwatersheds 

The San Gabriel LSPC Model aggregated the identified land uses into modeled land uses.  In the original 
model, lands classified as “other urban or built-up” were modeled as commercial areas, which is 
reasonable at the larger basin scale for which the model was developed.  Comparison to the SCAG 2005 
dataset and current satellite imagery indicate that these areas around the El Dorado Park lakes are actually 
parkland.  To simulate pollutant loading from these areas, LSPC output for pervious commercial areas 
was assumed representative of park areas.  Table D-33 summarizes the areas draining to the El Dorado 
Park lakes. 

Table D-33. Areas Draining to the El Dorado Park Lakes 

Land Use 
Long Beach –  

Northern Lake System 
Long Beach –  

Southern Lake System 

Other urban or built-up (parkland) 185 33.8 

D.8.1 RUNOFF 
LSPC-predicted runoff from the El Dorado Park lakes subwatersheds is primarily driven by the land use 
and soil characteristics of the drainage area and the nearest meteorological station represented in the 
model.  Figure D-29 shows the simulated annual rainfall for the El Dorado Park lakes subwatersheds.  
The annual average rainfall is 11.7 inches.   
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Figure D-29. Annual Rainfall for the El Dorado Park Lakes Subwatersheds 

The simulated monthly average runoff for parkland (commercial pervious) areas in the El Dorado Park 
lakes subwatersheds is shown in Table D-34.   

Table D-34. Monthly Average Runoff Depths (inches/month) for Land Uses in the El Dorado Park 
Lakes Subwatersheds, 1983 - 2006 

Month Runoff from Parkland 

January 0.0154 

February 0.0268 

March 0.0345 

April 0.0206 

May 0.0069 

June 0.0018 

July 0.0005 

August 0.0002 

September 0.0001 

October 0.0003 

November 0.0007 

December 0.0020 
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Table D-35 summarizes the monthly average runoff volumes from each subwatershed draining to the El 
Dorado Park lakes. 

Table D-35. Monthly Average Runoff Volumes (ac-ft/month) from the El Dorado Park Lakes 
Subwatersheds 

Subwatershed: Northern Southern 

Month                           Land Use: Parkland Parkland 

January 0.2377 0.0435 

February 0.4130 0.0755 

March 0.5308 0.0971 

April 0.3167 0.0579 

May 0.1060 0.0194 

June 0.0277 0.0051 

July 0.0071 0.0013 

August 0.0025 0.0005 

September 0.0013 0.0002 

October 0.0051 0.0009 

November 0.0106 0.0019 

December 0.0311 0.0057 

Annual Volume (ac-ft/yr) 1.69 0.309 

D.8.2 SEDIMENT LOADS 
Sediment loads from each subwatershed are based on simulated runoff volumes and suspended sediment 
event mean concentrations.  The assumed suspended sediment event mean concentration for the LSPC 
model for other urban areas is 56.5 mg/L (Table D-7).  Table D-36 summarizes the monthly sediment 
loads from each subwatershed in El Dorado Park.  See example calculations in Section D.3. 

Table D-36. Monthly Average Sediment Loads (lbs) from the El Dorado Park Lakes 
Subwatersheds 

Month Northern Lake System Southern Lake System 

January 36.5 6.68 

February 63.5 11.6 

March 81.6 14.9 

April 48.7 8.90 

May 16.3 2.98 

June 4.26 0.778 

July 1.09 0.199 
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Month Northern Lake System Southern Lake System 

August 0.382 0.070 

September 0.195 0.036 

October 0.787 0.144 

November 1.63 0.299 

December 4.79 0.875 

Annual Load (lb/yr) 259.6 47.5 

D.8.3 NUTRIENT LOADS 
Nutrient loads are estimated from event mean concentration data collected by SCCWRP and the county of 
Los Angeles.  For “other urban” land uses, the total nitrogen event mean concentration is 4.41 mg-N/L 
and the total phosphorus event mean concentration is 0.67 mg-P/L (Table D-7).  Table D-37 and Table D-
38 summarize the total nitrogen and total phosphorus loads, respectively, from each subwatershed 
draining to the El Dorado Park lakes.  See example calculations in Section D.3. 

Table D-37.  Monthly Average Nitrogen Loads (pounds) from the El Dorado Park Lakes 
Subwatersheds 

Month Northern Lake System Southern Lake System 

January 2.85 0.521 

February 4.95 0.906 

March 6.37 1.16 

April 3.80 0.695 

May 1.27 0.232 

June 0.332 0.061 

July 0.085 0.015 

August 0.030 0.005 

September 0.015 0.003 

October 0.061 0.011 

November 0.127 0.023 

December 0.374 0.068 

Annual Load (lb/yr) 20.26 3.71 
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Table D-38. Monthly Average Phosphorus Loads (lbs) from the El Dorado Park Lakes 
Subwatersheds 

Month Northern Lake System Southern Lake System 

January 0.433 0.0792 

February 0.752 0.138 

March 0.967 0.177 

April 0.577 0.106 

May 0.193 0.0353 

June 0.0505 0.0092 

July 0.0129 0.0024 

August 0.0045 0.0008 

September 0.0023 0.0004 

October 0.0093 0.0017 

November 0.0194 0.0035 

December 0.0567 0.0104 

Annual Load (lb/yr) 3.08 0.563 

D.8.4 MERCURY LOADS 
Mercury loads from each subwatershed are based on monitoring data collected by the Regional Board and 
USEPA during the winter and summer of 2009.  Mercury loading is associated with both sediment and 
runoff from upland areas.  To determine sediment loading of mercury, the sediment EMCs and runoff 
volumes were used to calculate sediment loads, and the sediment mercury concentrations from monitoring 
data were then applied to the sediment loads.  Mercury loading associated with runoff from upland areas 
was calculated by applying the mercury water column concentrations to simulated runoff volumes 
(Section D.3 provides examples of these calculations).  However, during both the February and July 2009 
sampling events, the only visible inputs to the El Dorado Park lakes were the groundwater input to 
Coyote Lake and the potable water input to Nature Center North Lake.  Loads associated with these 
inputs are discussed in Appendix F (Dry Weather Loading). 

To estimate loading associated with wet weather events, concentrations measured from culverts and 
tributaries around Puddingstone Reservoir in the southern subwatershed (Section D.10.4) were assumed 
representative of concentrations for the El Dorado Park lakes.  Puddingstone Reservoir is located in 
Bonelli Regional Park and the land uses surrounding the reservoir are similar to those in El Dorado Park.  
Table D-39 and Table D-40 present the assumed concentrations and resulting loads for total mercury and 
methylmercury, respectively.  Example calculations are presented in Section D.3. 
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Table D-39. Total Mercury Loads Estimated for Each Subwatershed in El Dorado Park 

Sub-
watershed 

Juris-
diction 

Area 
(ac) 

Summer 
Water 

Column 
Hg 

(ng/L) 1 

Winter 
Water 

Column 
Hg 

(ng/L) 1 

Summer 
Sediment 

Hg 
(µg/kg) 2 

Winter 
Sediment 

Hg 
(µg/kg) 2 

Annual 
Water 

Column 
Hg Load 

(g/yr) 

Annual 
Sediment 
Hg Load 

(g/yr) 

Total 
Annual 

Hg 
Load 
(g/yr) 

Northern 
Lake 
System 

Long 
Beach 

185 7.55 2.65 50.3 36.4 0.00643 0.00443 0.0109 

Southern 
Lake 
System 

Long 
Beach 

33.8 7.55 2.65 50.3 36.4 0.00118 0.000810 0.00199 

1 Concentrations are based on observations around Puddingstone Reservoir (Table D-50). 
2 Concentrations are based on observations around Puddingstone Reservoir (Table D-51). 

Table D-40. Methylmercury Loads Estimated for Each Subwatershed in El Dorado Park 

Sub-
watershed 

Juris-
diction 

Area 
(ac) 

Summer 
Water 

Column 
MeHg 
(ng/L) 1 

Winter 
Water 

Column 
MeHg 
(ng/L) 1 

Summer 
Sediment 

MeHg 
(µg/kg) 2 

Winter 
Sediment 

MeHg 
(µg/kg) 2 

Annual 
Water 

Column 
MeHg 
Load 
(g/yr) 

Annual 
Sediment 

MeHg 
Load 
(g/yr) 

Total 
Annual 
MeHg 
Load 
(g/yr) 

Northern 
Lake 
System 

Long 
Beach 

185 0.046 0.010 0.716 0.002 2.75E-05 7.68E-06 3.52E-
05 

Southern 
Lake 
System 

Long 
Beach 

33.8 0.046 0.010 0.716 0.002 5.03E-06 1.40E-06 6.43E-
06 

1 Concentrations are based on observations around Puddingstone Reservoir (Table D-50). 
2 Concentrations are based on observations around Puddingstone Reservoir (Table D-51). 
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D.9 North, Center, and Legg Lakes 
North, Center, and Legg lakes are hydraulically connected waterbodies in Whittier Narrows Regional 
Park located in the Los Angeles River Basin.  Legg Lake is listed as impaired by odor, ammonia, pH, 
copper, and lead (note: trash impairment has been addressed by a previous TMDL).  Output from the Los 
Angeles River LSPC model coupled with regional pollutant event mean concentrations have been used to 
estimate existing loading rates from upland areas of nutrients, which may be contributing to the odor, 
ammonia, and pH impairments.  

Five subwatersheds comprise the drainage area to these lakes.  The northwestern and northeastern 
subwatersheds each drain to a storm drain that enters North Lake on the north side.  Three separate 
drainage areas have been delineated around the lakes to designate respective overland flow.   

The northwestern, northeastern, and direct to North Lake subwatersheds flow into North Lake which is 
basically separate from Center and Legg lakes during dry periods; North Lake discharges to Morris 
Creek.  Legg Lake receives inputs from the direct to Legg Lake subwatershed, from a Superfund site that 
discharges treated groundwater to the lake, and from pumped groundwater that is split between North and 
Center lakes to maintain water levels.  Legg Lake drains into Center Lake via a connecting channel which 
then discharges to Morris Creek.  There are two culverts connecting Center and North lakes that allow 
water to flow between them when levels are sufficiently high.   

Figure D-34 shows the MS4 stormwater permittees in the North, Center, and Legg lakes watershed.  
Loads generated from El Monte, South El Monte, the county of Los Angeles, and Caltrans from either the 
northwestern or northeastern subwatersheds are assigned wasteload allocations in the TMDLs because 
they drain to the storm drain network.  Loads generated by South El Monte or the county of Los Angeles 
areas in the direct drainage subwatersheds are assigned load allocations; Caltrans areas in these 
subwatersheds are assigned wasteload allocations.   

 

 
Figure D-30. MS4 Permittees and the County of Los Angeles Storm Drain Network in the North, 

Center, and Legg Subwatersheds 

RB-AR38303



Appendix D. Estimation of Wet Weather Loading from Runoff and Sediment Transport  March 2012 

 
 D-60 

Land uses identified in the Los Angeles River LSPC model for these subwatersheds are shown in Figure 
D-35.  Tetra Tech reviewed the SCAG 2005 database and current satellite imagery to confirm the acreage 
of agricultural areas present in the LSPC model.  Land use classifications were changed to accurately 
reflect the conditions identified in the more recent data.  Specifically, the following changes were made to 
maintain consistency with the SCAG 2005 land use database:  in the direct drainage subwatershed to 
Legg Lake, approximately half of the agricultural area was modified as it is actually parkland, and the 
agricultural areas assigned in the direct to North Lake and north-eastern subwatersheds were changed to 
vacant land.  In addition, the agricultural area present in the northwestern subwatershed is classified by 
SCAG 2005 as nurseries; however, this area was reclassified to parkland as current satellite imagery 
shows this area to be Shiveley Park.  For the purposes of estimating flows and pollutant loads to this lake 
system, all agricultural areas were re-assigned as open space, with the exception of 1.04 acres located in 
the direct to Legg Lake subwatershed.  The area classified as “other” is a high school according to SCAG 
2005.  Table D-41 and Table D-42 summarize the land use types present in the northern two 
subwatersheds and direct drainage subwatersheds, respectively.     

 
Figure D-31. LSPC Land Use Classes for the North, Center, and Legg Lake Subwatersheds 

Table D-41. Land Use Areas (ac) Draining from the Northern Subwatersheds to North, Center, 
and Legg Lakes  

Land Use El Monte 
South  

El Monte 
County of 

Los Angeles  Caltrans Total 

Agriculture 0 0 0 0 0 

Commercial 23.5 58.0 11.9 0 93.5 

Industrial 6.49 269 13.4 11.5 300 

Open 0 29.3 44.6 0 73.9 

Other Urban 0 0.0 0 0 0 

Residential 104 267 0.271 0 371 

Total 134 623 70.2 11.5 838 
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Table D-42. Land Use Areas (ac) Draining from the Direct Drainage Subwatersheds to North, 
Center, and Legg Lakes  

Land Use 
South El 
Monte 

County of 
Los Angeles  Caltrans Total 

Agriculture 0 1.04 0 1.04 

Commercial 0 0 0 0 

Industrial 1.78 24.1 17.6 43.4 

Open 29.8 202 0 232 

Other Urban 28.2 12.1 0 40.3 

Residential 15.8 1.19 0 17.0 

Total 75.7 240 17.6 334 

D.9.1 RUNOFF 
LSPC-predicted runoff is primarily driven by the land use and soil characteristics of the drainage area and 
the nearest meteorological station represented in the model.  Figure D-32 shows the simulated annual 
rainfall for the North, Center, and Legg lakes subwatersheds.  The annual average rainfall is 16.5 inches. 
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Figure D-32. Annual Rainfall for the North, Center, and Legg Lake Subwatersheds 

The simulated monthly average runoff depths for land uses in the North, Center, and Legg lakes 
subwatersheds are shown in Table D-43.   
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Table D-43. Monthly Average Runoff Depths (inches/month) for Land Uses in the North, Center, 
and Legg Lake Subwatersheds, 1983 - 2006 

Month Agriculture Commercial Industrial Open Other Urban Residential 

January 0.3332 2.5316 2.2740 0.1144 1.6302 1.5787 

February 0.5856 3.2297 2.9171 0.2374 2.1356 2.0731 

March 0.3748 2.2020 1.9888 0.1469 1.4557 1.4130 

April 0.0825 0.6283 0.5613 0.0372 0.3938 0.3804 

May 0.0467 0.2536 0.2289 0.0179 0.1672 0.1622 

June 0.0073 0.0825 0.0731 0.0038 0.0494 0.0475 

July 0.0002 0.0004 0.0004 0.0001 0.0003 0.0003 

August 0.0067 0.0922 0.0814 0.0033 0.0544 0.0522 

September 0.0132 0.1843 0.1627 0.0066 0.1086 0.1042 

October 0.0378 0.5315 0.4691 0.0188 0.3133 0.3008 

November 0.0533 0.7505 0.6623 0.0265 0.4418 0.4242 

December 0.1103 1.4977 1.3232 0.0534 0.8870 0.8521 

Figure D-33 summarizes the monthly average runoff volumes from each subwatershed from 1983 through 
2006.  The total annual volume estimated for the lakes is 682 ac-ft.  The months May through October 
each contribute less than 5 percent of the annual runoff volume.   
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Figure D-33. Monthly Average Runoff Volumes to North, Center, and Legg Lakes (1983-2006) 
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D.9.2 NUTRIENT LOADS 
Nutrient loads are estimated from event mean concentration data collected by SCCWRP and the county of 
Los Angeles (Section D.3).  Table D-44 summarizes the total nitrogen and total phosphorus loads 
delivered from each subwatershed and jurisdiction contributing to the Legg Lake system.  See example 
calculations in Section D.3. 

Table D-44. Average Annual Nutrient Loads to North, Center, or Legg Lakes 

Subwatershed Jurisdiction Area (ac) Nitrogen (lb/yr) Phosphorus (lb/yr) 

Direct to Center Lake Caltrans 3.26 36.1 4.60 

Direct to Center Lake County of Los 
Angeles 

30.4 14.7 0.505 

Direct to Legg Lake Caltrans 0.837 9.28 1.18 

Direct to Legg Lake County of Los 
Angeles 

83.1 228 26.0 

Direct to North Lake Caltrans 13.5 149 19.1 

Direct to North Lake County of Los 
Angeles 

127 226 26.6 

Direct to North Lake South El Monte 75.7 369 55.1 

Northwestern Caltrans 5.32 58.9 7.51 

Northwestern County of Los 
Angeles 

60.1 241 32.4 

Northwestern South El Monte 317 2,982 420 

Northeastern Caltrans 6.18 68.5 8.73 

Northeastern El Monte 134 1,140 179 

Northeastern County of Los 
Angeles 

10.0 73.7 9.24 

Northeastern South El Monte 305 2,716 391 

Total 1,172 8,313 1,182 
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D.10 Puddingstone Reservoir 
Puddingstone Reservoir is located in the San Gabriel River Basin.  Impairments include low dissolved 
oxygen/organic enrichment, mercury, chlordane, DDT, dieldrin, and PCBs.  Output from the San Gabriel 
River LSPC model coupled with regional pollutant event mean concentrations has been used to estimate 
loads of nutrients from upland areas, which may be contributing to the low dissolved oxygen/organic 
enrichment impairment.  LSPC model output and monitoring data collected in 2009 are used to estimate 
mercury and OC Pesticides and PCBs loading.  

Two subwatersheds comprise the drainage area to Puddingstone Reservoir.  The subwatershed draining 
the northern part of the watershed is 6,959 acres, and the southern subwatershed is 1,169 acres.  The 
subwatershed boundaries were chosen to separate those areas that drain to a storm drain (the northern 
subwatershed) and those that enter the reservoir via natural tributaries or overland flow (the southern 
subwatershed).   

Figure D-34 shows the MS4 stormwater permittees in the Puddingstone Reservoir watershed.  The 
northern subwatershed is primarily comprised of the county of Los Angeles, Claremont, and La Verne 
areas with a small amount of San Dimas, Caltrans, and Angeles National Forest areas.  Loads generated 
from these jurisdictions in the northern subwatershed were assigned wasteload allocations because they 
drain to the Los Angeles County storm drain network.  The southern subwatershed is comprised of San 
Dimas, La Verne, and Pomona areas.  Loads from these jurisdictions originating in the southern 
subwatershed were assigned load allocations.  The small amount of Caltrans area in the southern 
subwatershed were assigned a wasteload allocation. 

 
Figure D-34. MS4 Permittees and the Los Angeles County Storm Drain Network in the 

Puddingstone Reservoir Subwatersheds 
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Land uses identified in the San Gabriel River LSPC model are shown in Figure D-35.  Upon review of the 
SCAG 2005 database as well as current satellite imagery, it was evident that some of the areas classified 
by the LSPC model as agriculture or strip mines were inaccurate.  Land use classifications were changed 
to accurately reflect the conditions identified in the more recent data.  Specifically, the strip mine area in 
the northern basin (271 ac) was modified as it is currently in residential development; a portion of the 
agricultural lands in the watershed were changed to either residential or mixed rangeland; and the 
reservoir identified in the northern basin is a flood control structure that is essentially vacant land based 
on the aerial, so this area was assigned to mixed rangeland.  The “other urban or built-up” areas in the 
southern subwatershed were reclassified because review of aerial imagery indicates that these areas are 
currently parkland surrounding the reservoir; therefore, they were simulated as commercial areas with 
zero percent imperviousness (see discussion in Section D.3).  Inaccuracies in land use assignment were 
corrected for each subwatershed and jurisdiction to reflect the more recent SCAG 2005 dataset and 
current satellite imagery.  All areas within the Caltrans jurisdiction were simulated as transportation.  
Table D-45 and Table D-46 summarize the land use areas used to estimate pollutant loading from upland 
areas draining to Puddingstone Reservoir. 

 

 
Figure D-35. LSPC Land Use Classes for the Puddingstone Reservoir Subwatersheds 
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Table D-45. Land Use Areas (ac) Draining from the Northern Subwatershed of Puddingstone 
Reservoir  

Land Use Claremont 

County of 
Los 

Angeles 
La 

Verne Pomona 
San 

Dimas Caltrans 

Angeles 
National 
Forest Total 

Commercial and 
services 

0 38.8 295 0.291 11.0 0 0 345 

Cropland and 
pasture 

2.91 22.5 199 0 0 0 0 225 

Evergreen forest 
land 

42.9 378 376 0 0 0 0 797 

Herbaceous 
rangeland 

0 0 123 0 0 0 0 123 

Industrial 0 0 82.3 0 0 0 0 82.3 

Mixed rangeland 0 21.5 111 1.08 1.95 0 0 135 

Other urban or 
built-up 

8.07 9.24 58.2 0.005 2.90 0 0 78.4 

Residential 28.4 467  2,469  0.260 10.0 0 0  2,975  

Shrub & brush 
rangeland 

496 926  19.7 0.097 0.53 0 293  1,736  

Transportation, 
communications, 
utilities 

0 0.97 346 3.55 2.12 110 0 463 

Transitional 
areas 

0 0 0 0 0 0 0 0 

Total 578  1,865   4,079  5.28 28.5 110 293  6,959  

 

Table D-46. Land Use Areas (ac) Draining from the Southern Subwatershed of Puddingstone 
Reservoir  

Land Use La Verne Pomona San Dimas Caltrans Total 

Commercial and services 0 0 0 0 0 

Cropland and pasture 0 0 0 0 0 

Evergreen forest land 0 0 184 0 184 

Herbaceous rangeland 0 0 4.33 0 4.33 

Industrial 0 0 0 0 0 

Mixed rangeland 23.7 0 48.5 0 72.2 

Other urban or built-up 1.35 19.1 101 0 122 

Residential 0 0 10.7 0 10.7 

Shrub & brush rangeland 0.006 62.1 602 0 664 

Transportation, 
communications, utilities 

8.44 0.616 23.0 11.6 43.6 

Transitional areas 0 0 68.2 0 68.2 

Total 33.5 81.8  1,042  11.6  1,169  
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D.10.1 RUNOFF 
LSPC-predicted runoff from the Puddingstone Reservoir subwatersheds is primarily driven by the land 
use and soil characteristics of the drainage area and the nearest meteorological station represented in the 
model.  Figure D-36 shows the simulated annual rainfall for the Puddingstone Reservoir subwatersheds.  
The annual average rainfall is 17.4 inches. 
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Figure D-36. Annual Rainfall for the Puddingstone Reservoir Subwatersheds 

The simulated monthly average runoff depths for land uses in the Puddingstone Reservoir subwatersheds 
are shown in Table D-47.   

Table D-47. Monthly Average Runoff Depths (inches/month) for Land Uses in the Puddingstone 
Reservoir Subwatersheds, 1983 - 2006 

Land Use Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Commercial and 
services 

2.545 3.469 2.162 0.777 0.227 0.133 0.040 0.040 0.124 0.624 1.029 1.636 

Cropland and 
pasture 

0.161 0.217 0.228 0.147 0.110 0.085 0.078 0.073 0.071 0.074 0.078 0.093 

Evergreen forest 
land 

0.150 0.204 0.214 0.138 0.104 0.081 0.074 0.069 0.068 0.070 0.074 0.086 

Herbaceous 
rangeland 

0.161 0.217 0.228 0.147 0.110 0.085 0.078 0.073 0.071 0.074 0.078 0.093 

Industrial 2.576 3.501 2.198 0.807 0.251 0.154 0.059 0.058 0.141 0.643 1.050 1.660 
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Land Use Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mixed rangeland 0.161 0.217 0.228 0.147 0.110 0.085 0.078 0.073 0.071 0.074 0.078 0.093 

Other urban or 
built-up 

2.104 2.866 1.807 0.664 0.208 0.127 0.049 0.048 0.115 0.523 0.853 1.350 

Residential 0.737 1.002 0.699 0.305 0.144 0.100 0.072 0.068 0.086 0.208 0.309 0.465 

Shrub & brush 
rangeland 

0.161 0.217 0.228 0.147 0.110 0.085 0.078 0.073 0.071 0.074 0.078 0.093 

Transportation, 
communications, 
utilities 

2.545 3.469 2.162 0.777 0.227 0.133 0.040 0.040 0.124 0.624 1.029 1.636 

Transitional 
areas 

0.471 0.638 0.484 0.236 0.132 0.096 0.077 0.072 0.081 0.147 0.202 0.293 

Parkland* 0.192 0.252 0.267 0.175 0.129 0.097 0.088 0.082 0.080 0.085 0.092 0.112 

*Previously “other urban or built-up” areas in the southern subwatershed (see discussion in Section D.3). 

 

Figure D-37 summarizes the monthly average runoff volumes delivered to Puddingstone Reservoir from 
1983 through 2006.  The total annual runoff to the reservoir is 2,692 ac-ft.  The months May through 
October each contribute less than 5 percent of the annual runoff volume.   
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Figure D-37. Monthly Average Runoff Volumes to Puddingstone Reservoir (1983-2006) 

Though the Metropolitan Water District can divert water to Puddingstone Reservoir from outside the 
watershed, this practice is seldom used (personal communication, Adam Walden, Los Angeles County 
Department of Public Works, 9/16/09) and does not impact the average conditions for this reservoir.   
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D.10.2 SEDIMENT LOADS 
Sediment loads associated with upland areas are calculated from simulated runoff volumes and suspended 
sediment event mean concentrations for each modeled land use (Section D.3).  Table D-48 summarizes 
the average annual sediment loads for each jurisdiction by subwatershed.  See example calculations in 
Section D.3. 

Table D-48. Average Annual Sediment Loads to Puddingstone Reservoir 

Subwatershed Jurisdiction Sediment (tons/yr) 

Northern  Caltrans 13.5 

Northern  Claremont 4.49 

Northern  County of Los Angeles 27.7 

Northern  La Verne 197 

Northern  Pomona 0.473 

Northern  San Dimas 1.63 

Northern  Angeles National Forest 1.36 

Southern  Caltrans 1.42 

Southern  La Verne 1.24 

Southern  Pomona 1.68 

Southern  San Dimas 14.8 

Total 266 

 

Sedimentation data collected by the USACE from 1925 to 1980 indicate that approximately 31 acre-feet 
per year (approximately 1.5 inches per year) have been delivered to Puddingstone Reservoir in the past 
(Department of Boating and Waterways and State Coastal Conservancy, 2002).  Measurements occurred 
in 10- to 20-year increments that likely captured anomalous events such as flooding and fires followed by 
precipitation that typically result in mass wasting of sediment.  In addition, rates were measured during 
periods of rapid development when the use of erosion control practices on construction sites was 
uncommon.  During this development period, natural channels were replaced with hardened structures, 
decreasing sediment loading associated with channel erosion.  Though these sediment loads have 
impacted Puddingstone Reservoir in the past, they are not considered to represent average current 
conditions (the average annual sediment load of 266 tons/year is equivalent to 0.00465 inches per year; 
Table D-48).  Also, large pulses of sediment are likely delivered during a few events with much of the 
associated pollutant loading quickly buried and sequestered and therefore unavailable for release to the 
water column or entrance to the food chain via benthic organisms.  Thus, no additional pollutant loads 
were assumed for mass wasting events. 

D.10.3 NUTRIENT LOADS 
Nutrient loads from upland areas are estimated from event mean concentration data collected by 
SCCWRP and the county of Los Angeles (Section D.3).  Table D-49 summarizes the total nitrogen and 
total phosphorus loads delivered to Puddingstone Reservoir from each jurisdiction and subwatershed.  See 
example calculations in Section D.3.  
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Table D-49. Average Annual Nutrient Loads to Puddingstone Reservoir 

Subwatershed Jurisdiction 
Nitrogen 

(lb/yr) Phosphorus (lb/yr) 

Northern  Caltrans  1,409   214  

Northern  Claremont  766   52.3  

Northern  County of Los Angeles  4,011  467  

Northern  La Verne  21,698   3,254  

Northern  Pomona  51.6   7.71  

Northern  San Dimas  244   37.2  

Northern Angeles National Forest 301 10.3 

Southern  Caltrans  148   22.5  

Southern  La Verne  147   19.4  

Southern  Pomona  276   34.5  

Southern  San Dimas  2,433   272  

Total 31,484 4,391 

D.10.4 MERCURY LOADS 
Mercury loads resulting from upland areas are based on monitoring data collected by the Regional Board 
and USEPA during the winter and summer of 2009.  Water column mercury concentrations measured 
from major inputs to the lakes are applied to simulated runoff volumes and input sediment mercury 
concentrations are applied to the calculated sediment loads (Section D.10.2) to estimate water column and 
sediment associated mercury loads, respectively.  Figure D-38 shows the locations of the monitoring 
stations in the Puddingstone Reservoir watershed.  Stations PR19 and PR19SD are in close proximity and 
display as one yellow square in Figure D-38. 
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Figure D-38. Monitoring Stations in the Puddingstone Reservoir Watershed 

Table D-50 and Table D-51 present the methyl and total mercury concentrations observed at the mouth of 
each major input in the water column and sediments, respectively.  More details regarding these data are 
presented in Appendix G (Monitoring Data).   

Table D-50. Tributary/Inflow Mercury Water Column Measurements for Puddingstone Reservoir 

Location Date Time MeHg (ng/L) Total Hg (ng/L) 

PR11 2/24/2009 14:30 0.043 3.52 

PRSD 13:10 <0.020 2.65 

PR11 7/16/2009 11:45 0.553 4.24 

PRSD2 13:10 0.046 7.55 

 

Table D-51. Inflow Mercury Sediment Concentrations for Puddingstone Reservoir 

Location Date Time 
MeHg 

(µg/kg) 
Total Hg 
(µg/kg) 

PR11 2/24/2009 14:30 <0.011 52.9 

PR11 7/16/2009 11:45 1.71 73.1 

PR19 14:05 0.068 34.3 

PR19SD 14:10 0.940 66.2 

PRSD2 13:10 1.14 50.4 

RB-AR38316



Appendix D. Estimation of Wet Weather Loading from Runoff and Sediment Transport  March 2012 

 
 D-73 

Concentrations of total and methylmercury vary seasonally at each input.  Water column and sediment 
concentration data are available during both the summer and winter season at station PR11, which 
represents loading from the northern subwatershed.  Mercury loading is associated with both sediment 
and runoff from upland areas and given the availability of seasonal data, concentrations of total and 
methylmercury in water (Table D-50) and sediment (Table D-51) varied for the summer and winter.  To 
determine sediment loading of mercury, the sediment EMCs and LSPC predicted runoff volumes were 
used to calculate sediment loads, and the sediment mercury concentrations from monitoring data (Table 
D-51) were then applied to these sediment loads.  Mercury loading associated with runoff from upland 
areas was calculated by applying the mercury water column concentrations (Table D-50) to LSPC 
simulated runoff volumes (Section D.3 provides examples of these calculations).  The July 2009 
monitoring data were used to estimate loads for the summer season (May through October), and the 
February 2009 data were used to estimate loads for the winter season (November through April).  The 
sediment methlymercury concentration was below the detection limit for the winter sampling so it was 
assumed equal to one-half the detection limit, or 0.006 µg/kg (Table D-51).   

In the southern subwatershed, similar calculations were performed to estimate mercury loading associated 
with runoff and sediment; however, additional monitoring stations were available to represent the loading 
throughout this subwatershed.  Specifically, water column concentrations of methyl and total mercury 
were measured at two storm drain outlets located near the campground in the northeastern section of the 
watershed.  Each drain was measured during only one season.  Measurements at PRSD were used to 
estimate winter concentrations, and measurements at PRSD2 were used to estimate summer 
concentrations.  The winter methylmercury concentration in water was below the detection limit so it was 
assumed to be equal to one-half the detection limit, or 0.01 ng/L (Table D-50).  Mercury sediment 
concentrations for inlets located in the southern subwatershed were measured only during the summer 
season.  The summer season total mercury sediment concentration was assumed equal to the average of 
the concentrations measured at PR19, PR19SD, and PRSD2 (50.3 µg/kg; Table D-51).  The winter season 
total mercury sediment concentration (36.4 µg/kg) was assumed equal to the summer concentration 
divided by the ratio of summer to winter total mercury sediment concentrations observed at PR11 (73.1 
µg/kg ÷ 52.9 µg/kg = ratio of 1.38; Table D-51).  Similar assumptions were used to estimate the summer 
and winter methylmercury sediment concentrations applicable to the southern subwatershed. 

The assumed concentrations were applied to the runoff and sediment loads estimated from each 
jurisdiction within the watershed.  Assumed total mercury concentrations and resulting loads are 
summarized in Table D-52.  See example calculations in Section D.3.  Results for methylmercury are 
presented in Table D-53.  Approximately 92 percent of the wet weather total mercury load and 98 percent 
of the wet weather methylmercury load originate in the northern subwatershed, which accounts for 86 
percent of the watershed area.   
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Table D-52. Total Mercury Loads Estimated for Each Jurisdiction and Subwatershed in the Puddingstone Reservoir Watershed 

Sub-
watershed Jurisdiction 

Area 
(ac) 

Summer 
Water 

Column Hg 
(ng/L) 

Winter Water 
Column Hg 

(ng/L) 

Summer 
Sediment Hg 

(µg/kg) 

Winter 
Sediment Hg 

(µg/kg) 

Annual Water 
Column Hg 
Load (g/yr) 

Annual 
Sediment Hg 
Load (g/yr) 

Total 
Annual Hg 
Load (g/yr) 

Northern Caltrans 110 4.24 3.52 73.1 52.9 0.520 0.672 1.19 

Northern Claremont 578 4.24 3.52 73.1 52.9 0.372 0.239 0.611 

Northern County of Los 
Angeles  

1,865  4.24 3.52 73.1 52.9 1.68 1.45 3.13 

Northern La Verne  4,079  4.24 3.52 73.1 52.9 7.97 10.1 18.1 

Northern Pomona 5.28 4.24 3.52 73.1 52.9 0.019 0.024 0.043 

Northern San Dimas 28.5 4.24 3.52 73.1 52.9 0.090 0.082 0.172 

Northern Angeles 
National Forest 

293 4.24 3.52 73.1 52.9 0.161 0.074 0.234 

Southern Caltrans 11.6 7.55 2.65 50.3 36.4 0.047 0.049 0.096 

Southern La Verne 33.5 7.55 2.65 50.3 36.4 0.054 0.043 0.097 

Southern Pomona 81.8 7.55 2.65 50.3 36.4 0.108 0.058 0.166 

Southern San Dimas  1,043  7.55 2.65 50.3 36.4 1.05 0.522 1.57 

Total  8,128  N/A N/A N/A N/A  12.1   13.3   25.4  

N/A = Not applicable 
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Table D-53. Methylmercury Loads Estimated for Each Jurisdiction and Subwatershed in the Puddingstone Reservoir Watershed 

Sub-
watershed Jurisdiction 

Area 
(ac) 

Summer 
Water 

Column MeHg 
(ng/L) 

Winter Water 
Column 

MeHg (ng/L) 

Summer 
Sediment 

MeHg (µg/kg) 

Winter 
Sediment 

MeHg (µg/kg) 

Annual Water 
Column MeHg 

Load (g/yr) 

Annual 
Sediment 

MeHg Load 
(g/yr) 

Total 
Annual 

MeHg Load 
(g/yr) 

Northern Caltrans 110 0.553 0.043 1.710 0.006 1.31E-02 2.01E-03 1.51E-02 

Northern Claremont 578 0.553 0.043 1.710 0.006 1.96E-02 2.00E-03 2.16E-02 

Northern County of Los 
Angeles  

1,865  0.553 0.043 1.710 0.006 7.34E-02 9.95E-03 8.34E-02 

Northern La Verne  4,079  0.553 0.043 1.710 0.006 2.52E-01 5.65E-02 3.08E-01 

Northern Pomona 5.28 0.553 0.043 1.710 0.006 5.09E-04 7.31E-05 5.82E-04 

Northern San Dimas 28.5 0.553 0.043 1.710 0.006 2.48E-03 2.77E-04 2.75E-03 

Northern Angeles 
National 
Forest 

293 0.553 0.043 1.710 0.006 9.38E-03 7.34E-04 1.01E-02 

Southern Caltrans 11.6 0.046 0.010 0.716 0.002 2.03E-04 8.84E-05 2.92E-04 

Southern La Verne 33.5 0.046 0.010 0.716 0.002 2.46E-04 9.55E-05 3.41E-04 

Southern Pomona 81.8 0.046 0.010 0.716 0.002 5.00E-04 1.57E-04 6.58E-04 

Southern San Dimas  1,043  0.046 0.010 0.716 0.002 5.01E-03 1.70E-03 6.70E-03 

Total  8,128  N/A N/A N/A N/A 0.376 0.074 0.450 

N/A = Not applicable 
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D.10.5 ORGANOCHLORINE PESTICIDES AND PCBS LOADS 
The existing loading rates from upland areas for OC Pesticides and PCBs are estimated for each pollutant 
using monitoring data collected by USEPA, the Regional Board, and UCLA between 2008 and 2009.  
Only data from sites representing inflows are used; these include locations in an inflow or in the lake near 
an inflow.  Inflows considered for wet weather loading were tributaries, drainage paths, and channels.  
For Puddingstone Reservoir, this included PR-11, PR-19, PR-19SD, and PR-SD2 (Figure D-39). 

 
Figure D-39. Puddingstone Reservoir Monitoring Stations 

The OC Pesticides and PCBs of concern are not currently in use and are more likely to have been 
historically loaded to the lake sediments; therefore, current tributary loading is likely to be small.  The OC 
Pesticides and PCBs are hydrophobic and the majority of the pollutant mass in wet weather loads were 
associated with the sediment.  The measured levels of OC Pesticides and PCBs in inflow sediments were 
the only data that could be used to quantify current inflow loads because nearly all of the water column, 
porewater, suspended sediment, and suspended sediment in porewater samples did not yield reportable 
results.  For OC Pesticides and PCBs where some of the samples had detectable quantities of a pollutant, 
the average inflow concentration was calculated assuming samples analyzed below detection limits were 
equal to one-half the detection limit.  All dieldrin samples were below detection limits; for dieldrin the 
concentration was calculated directly from the detection limits.  The inflow sediment data are summarized 
in Table D-54 and all data collected in the watershed are discussed in detail in Appendix G (Monitoring 
Data).   
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Table D-54. Summary of Sediment Data near Inflow Locations for Puddingstone Reservoir 

Parameter 
No. of 

Samples 

Number of 
Samples Above 

Detection Limits 1 

Average 
Concentration 

(µg/kg dry weight) 
Detection Limit  

(µg/kg dry weight) 

Chlordane 3 3 5.11 0.39-1.58 

DDT 3 2 5.50 0.77-3.17 

Total PCBs 3 3 50.3 0.39-1.58 

Dieldrin 3 0 < 1.0 1.0 

1 Non-detect samples were included in reported averages as one-half of the detection limit. 
 

These input sediment concentrations were applied to the calculated sediment loads (Section D.10.2) to 
estimate the sediment-associated OC Pesticides and PCBs loads entering the lake.  Sediment loads and 
subsequently calculated OC Pesticides and PCBs loads were determined for each jurisdiction based on the 
land use types and areas within each subwatershed.  The jurisdictional areas are presented for the two 
Puddingstone Reservoir subwatersheds in Table D-55 along with the predicted sediment loads for each 
land use.  Dissolved concentrations in inflows are assumed insignificant. 

Table D-55. Annual Sediment Load for Puddingstone Reservoir 

Subwatershed Jurisdiction Area (ac) 
Annual Sediment 

Load (tons/yr) 
Percent of Total 

Load 

Northern   Caltrans 110 13.5 5.10% 

Northern   Claremont 578 4.5 1.69% 

Northern   County of Los Angeles 2,056 27.7 10.43% 

Northern   La Verne 4,181 168 63.23% 

Northern General Industrial Stormwater 
Permittees* (in the city of La 
Verne)  

1,865  24.8 9.33% 

Northern General Construction Stormwater 
Permittees (in the city of La Verne) 

 4,079  4.5 1.70% 

Northern   Pomona 5.28 0.5 0.18% 

Northern   San Dimas 28.5 1.6 0.62% 

Northern Angeles National Forest 293 1.4 0.51% 

Southern   Caltrans 11.6 1.4 0.54% 

Southern   La Verne 33.5 1.2 0.47% 

Southern   Pomona 81.8 1.7 0.63% 

Southern   San Dimas 1,042 14.8 5.59% 

Southern County of Los Angeles (Irrigation)  0.0 0.00% 

Total  8,128 265.5 100% 

* The disturbed area associated with general construction and general industrial stormwater permittees was 
subtracted out of the appropriate city area and allocated to these permits. 
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The chlordane, PCB, DDT, and dieldrin loads were calculated by applying the input sediment 
concentrations (Table D-54) to the calculated sediment loads (Table D-55; 265.5 tons per year).  See 
example calculations in Section D.3.  The dieldrin calculation is based on the detection limit of 1 µg/kg 
dry weight.  Loads for each jurisdiction are shown by subwatershed in Table D-56. 

Table D-56. Total Organic Loads Estimated for Each Jurisdiction and Subwatershed in the 
Puddingstone Watershed (g/yr) 

Subwatershed Jurisdiction 
Annual 

PCB Load 

Annual 
Chlordane 

Load 

Annual 
Dieldrin 
Loads 

Annual 
DDT 
Load 

Percent of 
Total Load 

Northern   Caltrans 0.62 0.063 0.012 0.068 5.10% 

Northern   Claremont 0.20 0.021 0.004 0.022 1.69% 

Northern   County of Los Angeles 1.30 0.128 0.025 0.138 10.43% 

Northern   La Verne 7.68 0.778 0.152 0.838 63.23% 

Northern General Industrial 
Stormwater Permittees* 
(in the city of La Verne)  

1.13 0.115 0.022 0.124 9.33% 

Northern General Construction 
Stormwater Permittees 
(in the city of La Verne) 

0.21 0.021 0.004 0.022 1.69% 

Northern   Pomona 0.02 0.002 0.000 0.002 0.18% 

Northern   San Dimas 0.07 0.008 0.001 0.008 0.62% 

Northern Angeles National Forest 0.06 0.006 0.001 0.007 0.51% 

Southern   Caltrans 0.06 0.007 0.001 0.007 0.54% 

Southern   La Verne 0.06 0.006 0.001 0.006 0.47% 

Southern   Pomona 0.08 0.008 0.001 0.008 0.63% 

Southern   San Dimas 0.68 0.069 0.002 0.074 5.59% 

Southern County of Los Angeles 
(Irrigation) 

0.00 0.000 0.013 0.00 0.00% 

Total 12.12 1.23 0.24 1.32 100% 

* The disturbed area associated with general construction and general industrial stormwater permittees was 
subtracted out of the appropriate city area and allocated to these permits. 
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D.11 Santa Fe Dam Park Lake 
Santa Fe Dam Park Lake is located in the San Gabriel River Basin.  Though the park lake is located near 
the Santa Fe Dam Diversion Channel, it does not receive any diverted flow from the San Gabriel River 
(personal communication, Arthur Gotingco, Los Angeles County Public Works Department, 7/13/2009). 

Impairments of this lake include pH, copper, and lead.  Output from the San Gabriel River LSPC model 
coupled with regional pollutant event mean concentrations have been used to estimate loads of nutrients 
from upland areas, which may be contributing to the pH impairment.   

One subwatershed comprises the drainage area to Santa Fe Dam Park Lake.  This subwatershed is 
comprised of 362 acres.  No storm water sewer system is present in the watershed, so all allocations for 
the TMDLs were load allocations.   

Figure D-40 shows the MS4 stormwater permittees in the Santa Fe Dam Park Lake watershed.  Most of 
the area is located in Irwindale, with a small portion in Azusa. 

 
Figure D-40. MS4 Permittees in the Santa Fe Dam Park Lake Subwatershed 

Land uses identified in the San Gabriel River LSPC model are shown in Figure D-41.  Upon review of the 
SCAG 2005 database as well as current satellite imagery, it was evident that the portion of area classified 
by the LSPC model as strip mines had not been mined for some time.  The SCAG 2005 database 
classified this area as vacant; the current satellite imagery shows this area to be re-established shrub/brush 
rangeland.  Land use classifications were changed to accurately reflect the conditions identified in the 
more recent data.  Specifically, the 6.25 acres classified by the LSPC model as strip mines were therefore 
converted to shrub and brush rangeland for this loading analysis.  Table D-57 summarizes the post-
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processed land use areas used to estimate pollutant loading from upland areas draining to Santa Fe Dam 
Park Lake. 

 
Figure D-41. LSPC Land Use Classes for the Santa Fe Dam Park Lake Subwatershed 

Table D-57. Land Use Areas (ac) Draining to Santa Fe Dam Park Lake 

Land Use Azusa Irwindale Total 

Industrial 11.5 7.16 18.7 

Other urban or built-up 3.94 4.54 8.48 

Shrub & brush rangeland 6.94 328 335 

Total 22.4 340 362 

D.11.1 RUNOFF 
LSPC-predicted runoff from the Santa Fe Dam Park Lake subwatershed is primarily driven by the land 
use and soil characteristics of the drainage area and the nearest meteorological station represented in the 
model.  Figure D-42 shows the simulated annual rainfall for the Santa Fe Dam Park Lake subwatershed.  
The annual average rainfall is 18.5 inches. 
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Figure D-42. Annual Rainfall for the Santa Fe Dam Park Lake Subwatershed 

The simulated monthly average runoff depths for land uses in the Santa Fe Dam Park Lake subwatershed 
are shown in Table D-58.   

Table D-58. Monthly Average Runoff Depths (inches/month) for Land Uses in the Santa Fe Dam 
Park Lake Subwatershed, 1983 - 2006 

Month Other Urban 
or Built Up 

Heavy 
Industrial 

Shrub/Brush 
Rangeland 

January 2.2518 2.7522 0.0771 

February 3.1443 3.8356 0.1393 

March 1.8647 2.2633 0.1246 

April 0.7178 0.8713 0.0462 

May 0.2278 0.2735 0.0261 

June 0.0950 0.1149 0.0076 

July 0.0105 0.0121 0.0031 

August 0.0504 0.0616 0.0018 

September 0.1539 0.1890 0.0016 

October 0.4457 0.5482 0.0019 

November 0.7481 0.9202 0.0022 

December 1.3029 1.6019 0.0061 
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Figure D-43 summarizes the monthly average runoff volumes delivered to Santa Fe Dam Park Lake.  The 
total annual runoff to the reservoir is 40.9 ac-ft.  The months May through October each contribute less 
than 5 percent of the annual runoff volume.   
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Figure D-43. Monthly Average Runoff Volumes to Santa Fe Dam Park Lake 

D.11.2 NUTRIENT LOADS 
Nutrient loads are estimated from simulated runoff volumes and event mean concentration data collected 
by SCCWRP and the county of Los Angeles (Section D.3).  Table D-59 summarizes the total nitrogen 
and total phosphorus loads delivered to Santa Fe Dam Park Lake from each jurisdiction.  See example 
calculations in Section D.3. 

Table D-59. Average Annual Nutrient Loads to Santa Fe Dam Park Lake 

Jurisdiction Nitrogen (lb/yr) Phosphorus (lb/yr) 

Azusa 205 27.0 

Irwindale 253 23.8 

Total 458 50.8 
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D.12 Lake Sherwood 
Lake Sherwood is located in the Santa Monica Bay Basin and is impaired by mercury (note: algae, 
ammonia, eutrophication, and low dissolved oxygen impairments have been addressed by a previous 
TMDL).  For consistency with the other two mercury impaired lakes addressed by this TMDL 
(Puddingstone Reservoir and the El Dorado Park lakes), the upland mercury loads were calculated from 
tributary monitoring data collected in 2009 and estimates of runoff volumes and sediment loading 
predicted by an LSPC model.  Though an LSPC model has not been developed for the Santa Monica Bay 
Basin, the land use coverage for the Los Angeles River Basin LSPC model covers the drainage area to 
Lake Sherwood and was used to predict runoff volumes and sediment loads by land use to Lake 
Sherwood.     

Six subwatersheds comprise the drainage area (10,656 acres) to Lake Sherwood.  Figure D-44 shows the 
MS4 stormwater permittees comprising each subwatershed.  Ventura County is the only stormwater 
permittee in the Western Subwatershed.  The Hidden Valley Wash subwatershed is mostly in Ventura 
County with small portion in Thousand Oaks.  The Northern, Near Lake Undeveloped, and Near Lake 
Developed subwatersheds are comprised of both Ventura County and Thousand Oaks MS4 areas.  The 
Carlisle Canyon  subwatershed contains Ventura and Los Angeles County areas as well as Thousand 
Oaks, California Department of Transportation (Caltrans), and California State Park areas.  Neither 
Ventura or Los Angeles counties (the MS4 stormwater permittees in the watershed) maintain storm drain 
systems in the Lake Sherwood watershed.  However, there are residential developments in the vicinity of 
the lake which drain to culverts and storm drains. These areas are generally associated with the Sherwood 
Valley Homeowner’s Association (SVHOA) and Sherwood Development Company. All subwatersheds 
will receive wasteload allocations except for the Carlisle Canyon and Near Lake Undeveloped 
subwatersheds.  The small Caltrans area in the Carlisle Canyon subwatershed will also receive a 
wasteload allocation. 
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Figure D-44. MS4 Permittees in the Lake Sherwood Subwatersheds 

Land uses identified in the Los Angeles River LSPC model are shown in Figure D-45.  The watershed is 
comprised mostly of open space, agriculture, residential, and other urban areas.  A single parcel of 
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commercial development was identified in the Near Lake Developed Subwatershed.  Review of SCAG 
2005 land use data confirmed that much of the watershed is currently used for agriculture.  The area in the 
Carlisle Canyon subwatershed under the Caltrans jurisdiction (Figure D-44) was simulated as industrial to 
estimate sediment loading and runoff volumes from the area associated with this State highway (i.e., 
changed from open to industrial land use).  This was the only modification to the land use classifications 
for the Lake Sherwood subwatersheds.  Table D-60 through Table D-65 summarize the land use areas 
used to estimate pollutant loading from upland areas draining to Lake Sherwood. 
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Figure D-45. LSPC Land Use Classes for the Lake Sherwood Subwatersheds 

Table D-60. Land Use Areas (ac) Draining from the Northern Subwatershed to Lake Sherwood  

Land Use Ventura County Thousand Oaks SVHOA Total 

Agriculture 42  0 0  42 

Commercial 0  0   0 0 

Industrial 0  0   0 0 

Open 301 338 29 669 

Other Urban 7.2  0 34 41 

Residential 0.20  0 2 2 

Total 351 338 65 754 
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Table D-61. Land Use Areas (ac) Draining from the Hidden Valley Wash Subwatershed to Lake 
Sherwood  

Land Use Ventura County Thousand Oaks Total 

Agriculture 1,328 0 1,328 

Commercial 0 0 0 

Industrial 0 0 0 

Open 2,441 40.4 2,482 

Other Urban 19.7 0 20 

Residential 3.97 0 4 

Total 3,793 40.4 3,833 

 

Table D-62. Land Use Areas (ac) Draining from the Western Subwatershed to Lake Sherwood  

Land Use Ventura County SVHOA Total 

Agriculture  0 0  0 

Commercial 0  0  0 

Industrial 0  0  0 

Open 548 587 1,136 

Other Urban 0  165 165 

Residential 0  20 20 

Total 548 772 1,321 

 

Table D-63. Land Use Areas (ac) Draining from the Carlisle Canyon Subwatershed to Lake 
Sherwood  

Land Use 
Ventura 
County 

Thousand 
Oaks 

County of 
Los Angeles Caltrans 

Point Mugu 
State Park Total 

Agriculture 5.24 0 0.118 0 0 5.36 

Commercial 0 0 0 0 0 0 

Industrial 0 0 0 2.75 0 2.75 

Open 2,866 50.4 1,149 0 101 4,166 

Other 
Urban 

34.2 0 0.06 0 0 34 

Residential 0 0 0 0 0 0 

Total 2,905 50 1,149 2.75 101 4,209 
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Table D-64. Land Use Areas (ac) Draining from the Near Lake Undeveloped Subwatershed to 
Lake Sherwood  

Land Use Ventura County Thousand Oaks Total 

Agriculture 0 0 0 

Commercial 0 0 0 

Industrial 0 0 0 

Open 126 70.9 197 

Other Urban 0 0 0 

Residential 0.004 0 0.004 

Total 126 70.9 197 

 

Table D-65. Land Use Areas (ac) Draining from the Near Lake Developed Subwatershed to Lake 
Sherwood  

Land Use Ventura County Thousand Oaks SVHOA Total 

Agriculture 0  0  0  0.0 

Commercial 1.13 0  0  1.1 

Industrial 0  0  0  0 

Open 15 8.8 143 167 

Other Urban 3.3 0  110 113 

Residential 4.4 0  57 61 

Total 24 8.8 310 343 

D.12.1 RUNOFF 
LSPC-based runoff from the Lake Sherwood subwatersheds is primarily driven by the land use and soil 
characteristics of a nearby drainage area and the nearest meteorological station represented in the model.  
Figure D-46 shows the simulated annual rainfall for the Lake Sherwood subwatersheds.  The annual 
average rainfall is 17.5 inches. 
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Figure D-46. Annual Rainfall for the Lake Sherwood Subwatersheds 

The simulated monthly average runoff depths for land uses in the Lake Sherwood subwatersheds are 
shown in Table D-66.  

Table D-66. Monthly Average Runoff Depths (in/mo) for Land Uses in the Lake Sherwood 
Subwatersheds, 1983 – 2006 

Month Agriculture Commercial Industrial Open Other Urban Residential 

January 0.3808 2.6527 2.3868 0.1271 1.7220 1.6687 

February 0.8634 3.7749 3.4439 0.3202 2.6159 2.5495 

March 0.5419 2.2277 2.0322 0.2219 1.5434 1.5042 

April 0.1031 0.7350 0.6590 0.0473 0.4689 0.4536 

May 0.0452 0.2213 0.2008 0.0174 0.1493 0.1452 

June 0.0032 0.0224 0.0199 0.0020 0.0138 0.0134 

July 0.0007 0.0037 0.0033 0.0005 0.0024 0.0023 

August 0.0016 0.0205 0.0181 0.0009 0.0121 0.0116 

September 0.0112 0.1552 0.1370 0.0056 0.0915 0.0878 

October 0.0385 0.5420 0.4784 0.0192 0.3193 0.3065 

November 0.0689 0.9656 0.8524 0.0342 0.5691 0.5464 

December 0.1247 1.6257 1.4379 0.0585 0.9685 0.9309 
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Figure D-47 summarizes the monthly average runoff volumes delivered to Lake Sherwood.  The total 
annual volume delivered to the lake is 1,205 ac-ft.  The months May through October each contribute less 
than 3 percent of the annual runoff volume.   
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Figure D-47. Monthly Average Runoff Volumes to Lake Sherwood 

D.12.2 SEDIMENT LOADS 
Sediment loads associated with upland areas are calculated from simulated runoff volumes and suspended 
sediment event mean concentrations for each modeled land use (Section D.3).  Table D-67 summarizes 
the average annual sediment loads for each jurisdiction by subwatershed.  See example calculations in 
Section D.3. 

Table D-67. Average Annual Sediment Loads to Lake Sherwood 

Subwatershed Jurisdiction Sediment (tons/yr) 

Western Ventura County 1.53 

Western SVHOA 11.60 

Hidden Valley Wash Thousand Oaks 0.11 

Hidden Valley Wash Ventura County 507.42 

Near Lake Undeveloped Thousand Oaks 0.198 

Near Lake Undeveloped Ventura County 0.353 

Near Lake Developed Thousand Oaks 0.02 
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Subwatershed Jurisdiction Sediment (tons/yr) 

Near Lake Developed Ventura County 0.54 

Near Lake Developed SVHOA 9.29 

Northern Thousand Oaks 0.94 

Northern Ventura County 17.02 

Northern SVHOA 2.01 

Carlisle Canyon Caltrans 0.31 

Carlisle Canyon County of Los Angeles  3.26 

Carlisle Canyon Thousand Oaks 0.14 

Carlisle Canyon Ventura County 11.83 

Carlisle Canyon Point Mugu State Park 0.28 

Total 567 

 

For Lake Sherwood, the reported average annual sedimentation rate measured from 1905 to 1938 ranged 
from 2.5 to 10 acre-feet per year (0.22 to 0.88 inches per year) (Department of Boating and Waterways 
and State Coastal Conservancy, 2002).  These measurements likely capture anomalous events such as 
flooding and fires that result in mass wasting of sediment and are not considered average conditions for 
the lake (the predicted average annual sediment load of 567 tons/yr is equal to 0.018 in/yr; Table D-67).  
Because large pulses of sediment are likely delivered during a few events, much of the associated 
pollutant loading is quickly buried and sequestered and therefore unavailable for release to the water 
column or entrance to the food chain via benthic organisms.  Thus no additional pollutant loads were 
assumed for mass wasting events. 

D.12.3 MERCURY LOADS 
Mercury loads from each subwatershed are based on monitoring data collected by the Regional Board and 
USEPA during the winter and summer of 2009.  Water column mercury concentrations measured from 
major inputs to the lakes are applied to simulated runoff volumes, and input mercury sediment 
concentrations are applied to the calculated sediment loads (see Section D.12.2) to estimate water column 
and sediment associated mercury loads, respectively.  Figure D-48 shows the locations of the monitoring 
stations in the Lake Sherwood Watershed.   

Table D-68 and Table D-69 present the methyl and total mercury concentrations observed at the mouth of 
each major input in the water column and sediments, respectively.  More details regarding this data are 
presented in Appendix G (Monitoring Data).   
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Figure D-48. Monitoring Stations in the Lake Sherwood Watershed 

Table D-68. Tributary/Inflow Mercury Water Column Measurements for Lake Sherwood 

Location Date Time MeHg (ng/L) Total Hg (ng/L) 

SL-3 2/25/2009 13:00 0.157 6.00 

SL-6 11:00 0.216 2.96 

SL-8 11:45 0.0251 23.9 

SL-3 7/13/2009 8:55 0.536 4.58 

SL-3D 8:55 NA 4.63 

SL-7 10:15 3.41 11.3 

SL-8 10:00 0.096 54.0 

1 Temperature requirements for methylmercury analysis not met. 

Table D-69. Inflow Mercury Sediment Concentrations for Lake Sherwood 

Location Date Time MeHg (µg/kg) 
Total Hg 
(µg/kg) 

SL-3 2/25/2009 13:00 0.269 92.7 

SL-6 11:00 0.136 129 

SL-5 13:15 0.145 51.0 

SL-71 08:30 2.53 243 

SL-3 7/13/2009 8:55 0.397 392 

SL-3D 8:55 NA 265 
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Location Date Time MeHg (µg/kg) 
Total Hg 
(µg/kg) 

SL-5 9:45 0.657 62.9 

SL-7 10:15 0.453 275 

SL-PR 10:50 0.009 60.3 

SL-8 10:00 0.696 63.3 

1 Sediment concentration data indicated that this site, which is located in a stagnant backwater area at the mouth of 
Hidden Valley Wash, may be a “hot spot” for methylation and not representative of the sediment methylmercury 
concentrations delivered from the subwatershed as a whole (sediment methylmercury concentrations were an order 
of magnitude greater than those observed at other sites in the watershed). 

Concentrations of total and methylmercury vary seasonally at each input.  Water column and sediment 
concentration data are available during both the summer and winter season at SL-3, which represents 
loading from the Western Subwatershed.  Mercury loading is associated with both sediment and runoff 
from upland areas and given the availability of seasonal data, concentrations of total and methylmercury 
in water (Table D-68) and sediment (Table D-69) varied for the summer and winter.  To determine 
sediment loading of mercury, the sediment EMCs and LSPC predicted runoff volumes were used to 
calculate sediment loads and the sediment mercury concentrations from monitoring data (Table D-69) 
were then applied to these sediment loads.  Mercury loading associated with runoff from upland areas was 
calculated by applying the mercury water column concentrations (Table D-68) to LSPC simulated runoff 
volumes (Section D.3 provides examples of these calculations).  The July 2009 monitoring data were used 
to estimate loadings for the summer season (May through October) and the February 2009 data were used 
to estimate loadings for the winter season (November through April).  Similar calculations were 
performed to estimate mercury loading associated with runoff and sediment in the other subwatersheds. 

The northern subwatershed is represented by Site SL-8, which has water column total mercury 
concentration data during both seasons but sediment data only in the summer season.  Winter season total 
mercury concentration in the sediments (32.1 µg/kg) was assumed equal to the summer season total 
mercury concentration divided by the average observed ratio of summer to winter sediment total mercury 
concentrations observed at SL-3 (based on an average of SL-3 and its duplicate, SL-3D), SL-5, and SL-7 
(average of [328.5 µg/kg ÷ 92.7 µg/kg; 62.9 µg/kg ÷ 51.0 µg/kg; 275 µg/kg ÷ 243 µg/kg] = ratio of 1.97; 
Table D-69).  In addition, the water column methylmercury sample collected during the winter event was 
not maintained within the temperature constraints required for accurate analysis.  Therefore, the winter 
season water column methylmercury concentration for the northern subwatershed (0.028 ng/L) was 
assumed equal to the summer season concentration divided by the ratio of summer to winter 
methylmercury observed at site SL-3 (0.536 ng/L ÷ 0.157 ng/L = ratio of 3.41; Table D-68) [water 
column data were not available for either season at SL-5, and SL-7 is likely not reflective of 
methylmercury concentrations in the watershed as a whole].  Winter sediment concentrations of 
methylmercury (0.232 µg/kg) were assumed equal to the summer concentration divided by the average 
observed ratio at SL-3 and SL-5 (average of [0.397 µg/kg ÷ 0.269 µg/kg; 0.657 µg/kg ÷ 0.145 µg/kg] = 
ratio of 3.0; Table D-69). 

Sediment concentration data are available for both seasons at SL-5, which represents loading from the 
Near Lake Developed Subwatershed.  Water was not flowing at SL-5 during either monitoring event so 
SL-8 data and related assumptions are used to represent water column concentrations for the Near Lake 
Developed Subwatershed.   

Observations at SL-6 are used to estimate loading from the Carlisle Canyon and Near Lake Undeveloped 
Subwatersheds; the land use in both of these subwatersheds is primarily undeveloped.  However, 
monitoring data are only available at SL-6 during the winter sampling event.  To estimate summer season 
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total mercury concentrations (3.4 ng/L in the water column; 254.1 µg/kg in the sediment), the average 
observed ratio of summer to winter water column concentrations at SL-3 (based on an average of SL-3 
and its duplicate, SL-3D) and SL-8 (average of [4.60 ng/L ÷ 6.0 ng/L; 54.0 ng/L ÷ 23.9 ng/L] = ratio of 
1.51 ; Table D-68) and sediment concentrations observed at SL-3 (based on an average of SL-3 and its 
duplicate, SL-3D), SL-5, and SL-7 (average of [328.5 µg/kg ÷ 92.7 µg/kg; 62.9 µg/kg ÷ 51.0 µg/kg; 275 
µg/kg ÷ 243 µg/kg] = ratio of 1.97; Table D-69) are applied to the winter concentrations.   To estimate 
summer season methylmercury concentrations at SL-6 (0.737 ng/L in the water column; 0.408 µg/kg in 
the sediment), the average observed ratio of summer to winter water column concentrations at SL-3 
(0.536 ng/L ÷ 0.157 ng/L = ratio of 3.41; Table D-68) and sediment concentrations observed at SL-3 and 
SL-5 (average of [0.397 µg/kg ÷ 0.269 µg/kg; 0.657 µg/kg ÷ 0.145 µg/kg] = ratio of 3.0; Table D-69) are 
applied to the winter concentrations. 

Site SL-7 was originally chosen to represent water column and sediment concentrations from the Hidden 
Valley Wash Subwatershed.  Sediment concentration data collected during the winter monitoring event 
indicated that this site, which is located in a stagnant backwater area at the mouth of Hidden Valley Wash, 
may be a “hot spot” for methylation and not representative of the subwatershed as a whole (sediment 
methylmercury concentrations were an order of magnitude greater than those observed at other sites in the 
watershed).  Water column concentrations observed during the summer event confirm this assumption as 
methylmercury concentrations were again an order of magnitude higher than those observed at other sites 
in the watershed.  For the summer sampling event, Site SL-7 was re-sampled and site SL-PR was added 
as an upstream site on Hidden Valley Wash.  Both water and sediment were sampled during this event at 
SL-7, but water was not flowing at SL-PR, so only sediment was sampled.   

Summer sediment concentrations of total and methylmercury for the Hidden Valley Wash subwatershed 
were assumed equal to those observed during the summer at SL-PR.  Winter sediment concentrations 
(30.6 µg/kg total mercury; 0.003 µg/kg methylmercury) were scaled down based on the average ratio of 
summer to winter sediment concentrations observed at SL-3 (based on an average of SL-3 and its 
duplicate, SL-3D), SL-5, and SL-7 (average of [328.5 µg/kg ÷ 92.7 µg/kg; 62.9 µg/kg ÷ 51.0 µg/kg; 275 
µg/kg ÷ 243 µg/kg] = ratio of 1.97; Table D-69) for total mercury and at sites SL-3 and SL-5 (average of 
[0.397 µg/kg ÷ 0.269 µg/kg; 0.657 µg/kg ÷ 0.145 µg/kg] = ratio of 3.0; Table D-69) for methylmercury.  
Water column summer total mercury concentrations for Hidden Valley Wash were assumed equal to 
those observed during the summer event at SL-7 because 1) no data were available at SL-PR, and 2) total 
mercury water column concentrations were within the range of those observed at other sites in the 
watershed during the summer event.  To estimate winter water column concentrations of total mercury at 
this site (7.48 ng/L), the average observed ratio of summer to winter water column concentrations at SL-3 
(based on an average of SL-3 and its duplicate, SL-3D) and SL-8 (average of [4.61 ng/L ÷ 6.0 ng/L; 54.0 
ng/L ÷ 23.9 ng/L] = ratio of 1.51; Table D-68) was applied.  Summer (0.667 ng/L) and winter (0.374 
ng/L) methylmercury water column concentrations were estimated from the total mercury concentrations 
assumed for each season multiplied by the fraction of mercury observed in the methyl form at other sites.  
For the summer methyl fraction, the average ratio observed at SL-3 and SL-8 was used (average of [0.536 
ng/L ÷ 4.58 ng/L; 0.096 ng/L ÷ 54.0 ng/L] = ratio of 0.059; Table D-68); for the winter methyl fraction, 
the average ratio observed at SL-3 and SL-6 was used (average of [0.157 ng/L ÷ 6.00 ng/L; 0.216 ng/L ÷ 
2.96 ng/L] = ratio of 0.050; Table D-68). 

The assumed concentrations were applied to the runoff and sediment loads estimated from each 
jurisdiction within the watershed.  Assumed total mercury concentrations and resulting loads are 
summarized in Table D-70.  See example calculations in Section D.3.  Results for methylmercury are 
presented in Table D-71.  The Hidden Valley Wash subwatershed generates approximately 60 percent of 
the total and methylmercury loads to Lake Sherwood due to its acreage and predominance of agricultural 
land use relative to the other subwatersheds.  Based on monitoring data collected in 2009, these loads are 
discharged to a stagnant, backwater area that exhibits high rates of methylation.  These loads are thus 
greater and more bioavailable relative to other sources in the watershed.  
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Table D-70. Total Mercury Loads Estimated for Each Jurisdiction and Subwatershed in the Lake Sherwood Watershed 

Subwatershed Jurisdiction Area (ac) 

Summer 
Water 

Column Hg 
(ng/L) 

Winter 
Water 

Column Hg 
(ng/L) 

Summer 
Sediment 

Hg (µg/kg ) 

Winter 
Sediment 

Hg (µg/kg ) 

Annual 
Water 

Column Hg 
Load (g/yr) 

Annual 
Sediment 
Hg Load 

(g/yr) 

Total 
Annual Hg 
Load (g/yr) 

Western Ventura County 548 4.6 6.0 328.5 92.7 0.286 0.146 0.432 

Western SVHOA 772 4.6 6.0 328.5 92.7 1.253 1.142 2.395 

Hidden Valley 
Wash 

Thousand Oaks 40 11.3 7.5 60.3 30.6 0.027 0.003 0.031 

Hidden Valley 
Wash 

Ventura County 3,793 11.3 7.5 60.3 30.6 4.083 14.725 18.808 

Near Lake 
Undeveloped 

Thousand Oaks 70.9 4.48 2.96 254.1 129 0.019 0.024 0.043 

Near Lake 
Undeveloped 

Ventura County 126 4.48 2.96 254.1 129 0.034 0.043 0.077 

Near Lake 
Developed 

Thousand Oaks 9 54 23.9 62.9 51.0 0.020 0.001 0.021 

Near Lake 
Developed 

Ventura County 24 54 23.9 62.9 51.0 0.243 0.025 0.268 

Near Lake 
Developed 

SVHOA 310 54 23.9 62.9 51.0 4.060 0.437 4.497 

Northern Thousand Oaks 338 54 23.9 63.3 32.1 0.757 0.029 0.786 

Northern Ventura County 351 54 23.9 63.3 32.1 1.080 0.519 1.599 

Northern SVHOA 65 54 23.9 63.3 32.1 0.871 0.062 0.934 

Carlisle Canyon Caltrans 2.75 4.48 2.96 254.1 129 0.010 0.039 0.049 

Carlisle Canyon County of Los 
Angeles  

1,149 4.48 2.96 254.1 129 0.307 0.401 0.708 

Carlisle Canyon Thousand Oaks 50.4 4.48 2.96 254.1 129 0.013 0.017 0.031 

Carlisle Canyon Ventura County 2,905 4.48 2.96 254.1 129 0.861 1.457 2.318 

Carlisle Canyon Point Mugu State 
Park 

101 4.48 2.96 254.1 129 0.027 0.035 0.062 

Total 10,655 N/A N/A N/A N/A 13.95 19.11 33.06 

N/A = Not applicable 
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Table D-71. Methylmercury Loads Estimated for Each Jurisdiction and Subwatershed in the Lake Sherwood Watershed 

Subwatershed Jurisdiction 
Area 
(ac) 

Summer 
Water 

Column 
MeHg 
(ng/L) 

Winter 
Water 

Column 
MeHg 
(ng/L) 

Summer 
Sediment 

MeHg 
(µg/kg) 

Winter 
Sediment 

MeHg 
(µg/kg) 

Annual 
Water 

Column 
MeHg Load 

(g/yr) 

Annual 
Sediment 

MeHg Load 
(g/yr) 

Total 
Annual 

MeHg Load 
(g/yr) 

Western Ventura County 548 0.536 0.157 0.397 0.269 8.54E-03 3.83E-04 8.92E-03 

Western SVHOA 772 0.536 0.157 0.397 0.269 3.85E-02 2.92E-03 4.15E-02 

Hidden Valley Wash Thousand Oaks 40 0.672 0.370 0.009 0.003 1.37E-03 3.40E-07 1.37E-03 

Hidden Valley Wash Ventura County 3,793 0.672 0.370 0.009 0.003 2.05E-01 1.51E-03 2.07E-01 

Near Lake Undeveloped Thousand Oaks 70.9 0.737 0.216 0.408 0.136 1.52E-03 2.70E-05 1.55E-03 

Near Lake Undeveloped Ventura County 126 0.737 0.216 0.408 0.136 2.71E-03 4.82E-05 2.76E-03 

Near Lake Developed Thousand Oaks 9 0.096 0.028 0.657 0.145 2.47E-05 3.86E-06 2.85E-05 

Near Lake Developed Ventura County 24 0.096 0.028 0.657 0.145 3.06E-04 8.79E-05 3.94E-04 

Near Lake Developed SVHOA 310 0.096 0.028 0.657 0.145 5.12E-03 1.52E-03 6.64E-03 

Northern Thousand Oaks 338 0.096 0.028 0.696 0.232 9.42E-04 2.19E-04 1.16E-03 

Northern Ventura County 351 0.096 0.028 0.696 0.232 1.35E-03 3.91E-03 5.26E-03 

Northern SVHOA 65.08 0.096 0.028 0.696 0.232 1.10E-03 4.81E-04 1.58E-03 

Carlisle Canyon Caltrans 2.75 0.737 0.216 0.408 0.136 8.40E-04 4.36E-05 8.84E-04 

Carlisle Canyon County of Los 
Angeles  

1,149 0.737 0.216 0.408 0.136 2.46E-02 4.45E-04 2.51E-02 

Carlisle Canyon Thousand Oaks 50.4 0.737 0.216 0.408 0.136 1.08E-03 1.92E-05 1.10E-03 

Carlisle Canyon Ventura County 2,905 0.737 0.216 0.408 0.136 6.92E-02 1.62E-03 7.08E-02 

Carlisle Canyon Point Mugu State 
Park 

101 0.737 0.216 0.408 0.136 2.16E-03 3.84E-05 2.20E-03 

Total 10,655 N/A N/A N/A N/A 0.36 0.01 0.38 

N/A = Not applicable 
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E.1 Introduction 
USEPA Region IX is establishing TMDLs for impairments in nine lakes in the Los Angeles Region 
(Figure E-1).  USEPA was assisted in this effort by the Los Angeles Water Quality Control Board 
(Regional Board) .  Impairments of these waterbodies include low dissolved oxygen/organic enrichment, 
odor, ammonia, eutrophication, algae, pH, mercury, lead, copper, chlordane, dieldrin, DDT, PCBs, and 
trash.  These impairments are typically associated with pollutant loading from various sources, one of 
which may be atmospheric deposition. 

 
Figure E-1. Location of Impaired Lakes 

Atmospheric deposition of pollutants may occur as either wet deposition (associated with precipitation) or 
dry deposition (associated with particulates).  Wet deposition of nitrate, sulfate, and mercury are 
monitored nationally by the National Atmospheric Deposition Program (NADP) and the Mercury 
Deposition Network (MDN).  Dry deposition of these parameters is less frequently monitored.  Pollutants 
such as Organochlorine (OC) Pesticides and PCBs s have been studied regionally.  

This Appendix summarizes the monitoring data, modeling efforts, and regional studies available to 
estimate pollutant loading from atmospheric deposition to the water surfaces of the lakes addressed by 
this TMDL. 
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E.2 Phosphorus Deposition 
Eight lakes shown in Figure E-1 (all except Lake Sherwood and Westlake Lake) have impairments 
addressed by this TMDL report that may be due to excessive nutrient loading.  A potential source of 
phosphorus loading to a lake surface is atmospheric deposition.  However, phosphorus does not have a 
significant gaseous phase, and atmospheric deposition is primarily due to fugitive dust.  Phosphorus 
deposition rates are typically much lower than other pollutant deposition rates and are not included in the 
NADP monitoring program.   

Currently, direct measurements of phosphorus deposition rates in Southern California are not available.  
Given the likelihood that direct deposition of phosphorus to a waterbody is insignificant relative to other 
sources of loading, the nutrient TMDLs for these eight lakes will assume zero phosphorus loading from 
atmospheric deposition.  The Southern California Coastal Water Research Project (SCCWRP) has 
recently begun a deposition monitoring study that will measure phosphorus, but the results are not 
expected to be published until 2011.  If this study indicates that atmospheric deposition of phosphorus is a 
significant source of phosphorus to waterbodies in the region, the nutrient TMDLs may be amended to 
reflect these data.   
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E.3 Nitrate Deposition 
The National Atmospheric Deposition Program (NADP) monitors wet nitrate and sulfate deposition at 
two active and two inactive stations in southern California (Figure E-2).  [Though site CA94 is also a 
NADP site, the period of record is not sufficient to assess nitrate trends with time.]  Originally, data from 
these stations were to be combined to develop a regression equation that could be used to predict annual 
precipitation-weighted nitrate concentrations and sulfate at each impaired lake.  Table E-1 lists the NADP 
monitoring stations, elevations, and periods of record used for the analysis.  

 

 
Figure E-2. Location of NADP Monitoring Stations 
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Table E-1. NADP Stations Used to Develop Nitrate Regression Based on Elevation and Year 

ID Name Period of Record Elevation (m) 

CA42 Tanbark Flat January 1982 to February 2008 853 

CA67 Joshua Tree September 2000 to February 2008 1,239 

CA68 Palomar Mountain March 1983 to January 1988 1,695 

CA98 Chuchupate Ranger Station March 1983 to January 1996 1,614 

 

Figure E-3 shows the annual precipitation-weighted nitrate concentrations at the four sites used to develop 
the regression analysis.  At each of the four stations, concentrations of nitrate show a decreasing trend 
with time.  
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Figure E-3. Annual Precipitation-Weighted Nitrate Concentrations at Four Locations in Southern 

California 

The regression analysis combining the elevation of each station along with year resulted in the following 
equation for predicting annual precipitation-weighted nitrate concentrations: 

LOG10 (NO3, mg/L) = 88.56 – 25.82 LOG10 (Year) – 1.167 LOG10 (Elevation, m), R2 = 31.2% 

In the past, Tetra Tech has used this regression approach to estimate nitrate concentrations at varying 
elevations for TMDLs developed in Colorado, Arizona, and elsewhere in California.  Unfortunately, the 
elevations of the impaired lakes addressed by this TMDL, ranging from 7 meters to 293 meters, are 
significantly less than the elevations of the four NADP stations available for developing the regression 
(853 meters to 1,695 meters).  The predicted nitrate concentrations over the range of elevations of the 
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impaired lakes are therefore significantly overestimated.  Figure E-4 shows the predicted nitrate 
concentrations, respectively, for an example year (2000) over a range of elevations. 
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Figure E-4. Predicted Precipitation-Weighted Nitrate Concentrations for the Year 2000 

As an alternative approach for predicting annual precipitation-weighted nitrate concentrations for the 
impaired lakes, Tetra Tech downloaded geospatial annual isopleth maps published by NADP and 
extracted the nitrate concentrations for grid cells overlaying each lake.  NADP has produced the isopleth 
maps for 1994 to 2006.  Tetra Tech extended the time series to previous years to correspond with 
available LSPC model output (Appendix D, Wet Weather Loading) for other source load estimates by 
developing a regression equation for each location based on year and cumulative precipitation.  Table E-2 
presents the annual precipitation-weighted concentrations measured (1994 to 2006) or estimated (1983 to 
1993) at each lake.  Although this TMDL does not address nutrient impairments at Lake Sherwood, the 
nitrate analysis is relevant for the mercury wet deposition estimates (Section E.4).      
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Table E-2. Annual Precipitation-Weighted Nitrate Concentrations (mg-NO3/L) 
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1983 0.73 0.74 0.73 0.64 1.07 1.10 0.79 0.74 0.58 

1984 1.29 1.30 1.29 1.29 1.41 1.54 1.44 1.03 1.24 

1985 1.33 1.25 1.25 1.21 1.38 1.49 1.44 1.06 1.17 

1986 1.11 1.04 1.03 1.01 1.23 1.32 1.26 0.94 0.97 

1987 1.19 1.22 1.22 1.13 1.30 1.34 1.35 0.99 1.09 

1988 1.14 1.16 1.16 1.09 1.27 1.31 1.29 0.97 1.05 

1989 1.30 1.28 1.28 1.26 1.34 1.40 1.41 1.06 1.22 

1990 1.20 1.20 1.19 1.18 1.25 1.30 1.27 1.01 1.15 

1991 0.98 0.98 0.97 0.99 1.08 1.10 1.09 0.89 0.96 

1992 0.84 0.79 0.79 0.73 0.95 0.90 0.95 0.81 0.70 

1993 0.75 0.75 0.75 0.78 0.87 0.83 0.83 0.76 0.75 

1994 1.30 1.29 1.29 1.27 1.29 1.30 1.30 1.30 1.26 

1995 0.49 0.48 0.47 0.35 0.48 0.49 0.49 0.49 0.29 

1996 0.48 0.48 0.48 0.47 0.48 0.48 0.48 0.48 0.47 

1997 0.89 0.88 0.88 0.87 0.88 0.89 0.89 0.89 0.86 

1998 0.92 0.92 0.92 0.91 0.92 0.92 0.95 0.92 0.91 

1999 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.32 

2000 0.80 0.80 0.80 0.79 0.80 0.80 0.80 0.80 0.78 

2001 0.71 0.71 0.71 0.72 0.71 0.71 0.71 0.71 0.73 

2002 0.62 0.62 0.62 0.63 0.63 0.62 0.62 0.63 0.63 

2003 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 

2004 0.58 0.59 0.59 0.59 0.59 0.58 0.58 0.58 0.58 

2005 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 

2006 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.80 

 

Table E-3 lists the surface areas and annual precipitation assumed for each impaired lake.  A discussion of 
the weather stations used to estimate annual precipitation at each lake is discussed in Appendix D (Wet 
Weather Loading).   

The annual direct deposition load to a water surface depends on the amount of precipitation, the lake 
surface area, and the precipitation-weighted nitrate concentration measured or estimated for that year.  For 
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example, the nitrogen load deposited to the surface of Peck Road Park Lake in 1983 may be estimated as 
follows: 

1) Convert the units of the precipitation-weighted nitrate concentration for 1983 from NO3 to N. 

 

 

2) Estimate the volume of precipitation to the lake surface in 1983. 

 

 

3) Multiply concentration by volume to calculate load.  

 

 

 

Table E-4 presents the average nitrogen load to each lake due to atmospheric deposition.   
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Table E-3. Annual Precipitation (inches) and Surface Area of Impaired Lakes 
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1983 41.2 34.0 34.0 41.0 26.7 37.7 41.1 39.1 41.0 

1984 11.9 8.9 8.9 6.9 8.5 10.1 10.6 11.9 6.9 

1985 8.4 9.7 9.7 9.8 8.2 10.2 8.9 8.4 9.8 

1986 18.6 18.1 18.1 19.1 13.5 18.1 15.7 18.6 19.1 

1987 13.4 9.1 9.1 12.0 8.2 14.7 10.0 13.3 12.0 

1988 14.7 10.7 10.7 13.1 8.1 13.9 11.2 14.4 13.1 

1989 5.7 4.5 4.5 3.6 3.0 6.1 4.4 5.4 3.6 

1990 9.3 7.2 7.2 6.4 5.7 9.6 9.5 9.2 6.4 

1991 19.7 15.7 15.7 15.6 12.2 18.9 16.1 19.4 15.6 

1992 25.7 22.8 22.8 27.7 16.9 28.2 20.8 25.6 27.7 

1993 28.9 23.5 23.5 24.2 19.2 30.3 25.0 29.6 24.2 

1994 11.0 8.7 8.7 10.1 8.4 11.3 10.4 11.0 10.1 

1995 30.6 23.7 23.7 26.6 21.5 28.2 26.5 30.6 26.6 

1996 25.0 17.4 17.4 20.1 14.9 24.3 23.3 23.8 20.1 

1997 12.8 10.2 10.2 14.8 12.4 17.5 14.9 6.9 14.8 

1998 31.2 27.3 27.3 31.5 24.1 32.2 31.8 31.2 31.5 

1999 7.8 8.0 8.0 7.5 6.8 7.8 6.8 7.5 7.5 

2000 16.1 12.0 12.0 12.8 8.5 12.6 13.6 15.7 12.8 

2001 25.6 17.0 17.0 29.5 4.7 21.1 17.0 20.8 29.5 

2002 8.9 7.3 7.3 9.5 2.7 8.7 7.6 8.8 9.5 

2003 16.8 13.4 13.4 14.9 9.1 16.8 15.3 16.8 14.9 

2004 24.4 19.8 19.8 19.9 14.9 21.1 20.5 24.4 19.9 

2005 36.3 25.6 25.6 29.6 14.2 6.4 24.0 36.3 29.6 

2006 14.9 11.6 11.6 14.0 7.8 11.8 11.9 14.9 14.0 

Average 19.1 15.3 15.3 17.5 11.7 17.4 16.5 18.5 17.5 
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Table E-4. Annual Nitrogen Load (lb) from Atmospheric Deposition to Impaired Lakes 
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1983 134.5 6.3 17.9 23.9 51.6 535.6 127.3 104.5 166.5 

1984 68.7 2.9 8.3 8.1 21.6 200.9 59.8 44.3 59.9 

1985 50.0 3.0 8.7 10.8 20.4 196.3 50.2 32.2 80.3 

1986 92.3 4.7 13.5 17.6 30.0 308.6 77.5 63.2 129.7 

1987 71.3 2.8 8.0 12.4 19.3 254.4 52.9 47.6 91.6 

1988 74.9 3.1 9.0 13.0 18.6 235.2 56.6 50.5 96.3 

1989 33.1 1.4 4.2 4.1 7.3 110.3 24.3 20.7 30.7 

1990 49.9 2.2 6.2 6.9 12.9 161.2 47.3 33.6 51.5 

1991 86.3 3.9 11.0 14.1 23.8 268.5 68.8 62.4 104.8 

1992 96.5 4.5 13.0 18.4 29.0 327.8 77.5 74.9 135.7 

1993 96.9 4.4 12.7 17.2 30.2 324.8 81.3 81.3 127.1 

1994 64.0 2.8 8.1 11.7 19.6 189.7 53.0 51.7 89.1 

1995 67.1 2.9 8.0 8.5 18.6 178.5 50.9 54.2 54.0 

1996 53.7 2.1 6.0 8.6 12.9 150.6 43.8 41.3 66.1 

1997 50.9 2.3 6.5 11.7 19.7 201.2 52.0 22.2 89.1 

1998 128.4 6.3 18.1 26.1 40.0 382.6 118.4 103.7 200.7 

1999 46.4 2.7 7.7 9.1 16.3 134.0 35.4 36.0 69.3 

2000 57.6 2.4 6.9 9.2 12.3 130.2 42.6 45.4 69.9 

2001 81.3 3.0 8.7 19.3 6.0 193.5 47.3 53.4 150.7 

2002 24.7 1.1 3.3 5.5 3.1 69.7 18.5 20.0 41.9 

2003 54.8 2.5 7.1 9.9 12.0 158.4 43.8 44.3 76.1 

2004 63.3 2.9 8.4 10.7 15.9 158.1 46.6 51.1 80.8 

2005 63.3 2.5 7.2 10.5 10.0 32.2 36.7 51.1 80.8 

2006 54.0 2.4 6.8 10.3 11.4 123.4 37.8 43.6 78.4 

Average 69.3 3.1 9.0 12.4 19.3 209.4 56.3 51.4 92.5 
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E.4 Mercury Deposition 
Mercury deposition from the atmosphere to the earth’s surface may occur in several forms: gaseous 
elemental mercury (Hg(0)), divalent ionic mercury (Hg(II)), reactive gaseous mercury (RGM), and 
aerosol particulate mercury (Hg-P).  Atmospheric deposition can be divided into short-range or near-field 
deposition, which includes deposition from sources located near the watershed, and long-range or far-
field deposition, which includes mercury deposition from regional and global sources.  Mercury emitted 
from manmade sources usually contains both gaseous elemental mercury (Hg(0)) and divalent mercury 
(Hg(II)).  Hg(II) species, because of their solubility and their tendency to attach to particles, are 
redeposited relatively close to their source (probably within a few hundred miles), whereas Hg(0) remains 
in the atmosphere much longer, contributing to long-range transport.   

Deposition may either occur in wet form (associated with precipitation) or dry form (associated with 
particulate settling).  Wet deposition is monitored at select locations across the country by the Mercury 
Deposition Network (MDN).  There is one MDN site in Southern California, but it has only been active 
since May of 2006.  The rates of wet mercury deposition to each lake water surface were estimated with a 
regression approach that utilizes nitrate and sulfate wet deposition data collected by the National 
Atmospheric Deposition Program (NADP) along with mercury wet deposition data collected by the 
MDN.   

Dry deposition is more difficult to monitor and less localized data are available to estimate this 
component.  To estimate loading from dry deposition, grid-cell output from regional deposition models 
developed by USEPA was obtained for each lake impaired by mercury.   

To evaluate potential near-field sources at each impaired lake, the USEPA Toxics Release Inventory 
(TRI) was used to determine the proximity of point sources that may contribute to airborne mercury loads 
including coal-fired power plants, steel recycling facilities, waste incinerators, cement and lime kilns, 
smelters and gold mine roasters, pulp and paper mills, and chlor-alkali factories.   

Precipitation events following recent forest fires also result in increased loads of total and methylmercury 
from the watershed and release of elemental mercury to the atmosphere which is then available for 
deposition.   

E.4.1. NEAR FIELD SOURCES OF ATMOSPHERIC MERCURY 
Major atmospheric point sources of mercury can cause locally elevated areas of near-field atmospheric 
deposition downwind.  Mercury emitted from manmade sources usually contains both gaseous elemental 
mercury (Hg(0)) and divalent mercury (Hg(II)).  Hg(II) species, because of their solubility and their 
tendency to attach to particles, are redeposited relatively close to their source (probably within a few 
hundred miles), whereas Hg(0) remains in the atmosphere much longer, contributing to long-range 
transport.  Reactive gaseous mercury and particulate mercury are also associated with manmade sources 
and typically deposit within approximately 100 miles of the source.   

Significant potential near-field emission sources of airborne mercury include coal-fired power plants, 
steel recycling facilities, waste incinerators, cement and lime kilns, smelters and gold mine roasters, pulp 
and paper mills, and chlor-alkali factories.  Emissions from such sources are summarized in USEPA’s 
Toxic Release Inventory (TRI).  Facilities that reported emissions of mercury in southern California in 
2007 to the USEPA (2009) within 100 miles of the El Dorado Park lakes, Puddingstone Reservoir, or 
Lake Sherwood are shown in Figure E-5, Figure E-6, and Figure E-7, respectively.  Emissions data for 
2008 have not yet been released.   

Table E-5 summarizes the loads reported from each facility in the 2007 TRI within 100 miles of either of 
these three waterbodies.  Thirty-five out of 64 facilities listed in the database reported zero pounds of 

RB-AR38355



Appendix E. Pollutant Loading from Atmospheric Deposition March 2012 

 
 E-16 

mercury released in 2006 (these are not included in the table); 19 reported emissions less than 10 pounds 
per year.  Four of the top five sources of mercury emissions were due to cement manufacturing facilities; 
one of the top five is an oil refinery.  Total reported mercury air emissions in 2007 within 100 miles of 
these three mercury impaired lakes were 1,043 pounds. 

 

 
Figure E-5. Location of Facilities Reporting Mercury Emissions within 50 miles of the  

El Dorado Park Lakes 
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Figure E-6. Location of Facilities Reporting Mercury Emissions within 50 miles of Puddingstone 

Reservoir 

RB-AR38357



Appendix E. Pollutant Loading from Atmospheric Deposition March 2012 

 
 E-18 

 
Figure E-7. Location of Facilities Reporting Mercury Emissions within 50 miles of Lake 

Sherwood 
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Table E-5. Mercury Emissions Reported in the 2007 USEPA Toxic Release Inventory 

Facility Name Total Air Emissions (lbs) 

Cemex California Cement LLC 273.30 

Exxon Mobil Oil Corp - Torrance Refinery 162.70 

Mitsubishi Cement Corp. 160.00 

Lehigh Southwest Cement Co. 144.12 

California Portland Cement Co. Colton Plant 124.61 

National Cement Co Of California Inc 55.00 

Exide Technologies 51.74 

Bp West Coast Products LLC Carson 17.10 

Chevron Products Co. Div Of Chevron USA Inc. 14.90 

California Portland Cement Co. Mojave Plant 13.40 

Ultramar Inc. Wilmington Refinery 4.51 

Conoco Phillips Co La Refinery Wilmington Plant 3.80 

Tesoro Los Angeles Refinery 3.40 

Arnco 3.00 

Conoco Phillips Co Los Angeles Refinery Carson Plant 2.30 

Big West Of California Refinery 1.90 

Mt. Poso Cogeneration 1.41 

Commerce Refuse-To-Energy Facility 1.29 

Rio Bravo Poso 0.96 

Rio Bravo Jasmin 0.86 

GHN Neon Inc 0.74 

Tin, Inc DBA Temple Inland 0.60 

Lunday-Thagard Co. 0.53 

Alltech Associates Inc. 0.50 

San Joaquin Refining Co Inc. 0.33 

Big West Of California Refinery 0.30 

Teledyne Imaging Sensors 0.20 

Tricor Refining LLC 0.01 

GS Roofing Products Co Inc. (DBA Certainteed) 0.01 

Total 1,043.52 
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E.4.2. SIMULATED MERCURY DEPOSITION RATES 
USEPA has undertaken several national-scale modeling efforts to characterize mercury deposition.  For 
the 1997 Report to Congress, USEPA developed the Regional Lagrangian Model of Air Pollution 
(RELMAP) modeling (USEPA, 1997, Section 5.1.3) to produce gridded estimates of deposition rates.  
The report included comparisons between wet deposition of mercury from local anthropogenic sources 
and a global-scale background concentration.  While the RELMAP modeling is now believed to be 
outdated and does not fully reflect the current state of understanding of atmospheric chemistry leading to 
deposition of mercury (personal communication, O. Russell Bullock, USEPA, to J. B. Butcher, Tetra 
Tech, July 25, 2001), these results suggested that the deposition of mercury in the southwest has a strong 
global or long-range component.   

The RELMAP modeling had considerable uncertainty, particularly for the Southwest, where monitoring 
data were scarce and dry deposition of mercury may play a larger role.  The broad-scale RELMAP 
modeling also could not take into account the effects of local topography on deposition, nor did it account 
for the interaction of chloride ions in power plant emissions with elemental mercury to form species such 
as mercuric chloride that are subject to more rapid deposition.  USEPA subsequently developed a more 
sophisticated regional mercury transport model (Community Multiscale Air Quality (CMAQ-Hg)) based 
on the Models-3/CMAQ system (Byun and Ching, 1999), which incorporated a more sophisticated 
representation of mercury chemistry.  In support of the Clean Air Mercury Rule, the CMAQ-Hg model 
was used to predict mercury deposition for the 2001 base case on a 36x36 km model grid (USEPA, 2005).  
The baseline scenario was used to estimate wet and dry mercury deposition rates.   

The CMAQ 2001 analysis was also conducted with US power plant emissions set to zero.  Wet and dry 
rates of deposition were not distinguished in the output supplied to Tetra Tech.  In most of the southwest 
region of the US, turning off US power plants in the model did not significantly impact the rate of total 
mercury deposition (see the bottom row of Table E-6).  Simulated mercury deposition rates for the 
CMAQ grid cells that contain each impaired lake are summarized in Table E-6.   

Table E-6. CMAQ 2001 Output for Grid Cells Underlying the Watersheds of the Mercury 
Impaired Lakes 

Component 

Mercury Deposition Rate g/km2/yr 

El Dorado Park Lakes Puddingstone Reservoir Lake Sherwood 

Wet – Baseline 9.6988 4.1082 2.9007  

Dry – Baseline 77.5962 29.8365 12.1748 

Total – Baseline 87.2950 33.9447 15.0755 

Total – Zero Power Plant Emissions  87.2822 33.9293 15.0682 

 

An additional run of the CMAQ model was undertaken for 2002 meteorological conditions, with 
alterations to the functional description of processes leading to the dry deposition of mercury.  The 2002 
CMAQ results are summarized in Table E-7.  At the El Dorado Park lakes, the CMAQ 2001 simulation 
predicts higher rates of both wet and dry deposition, and the total deposition rate is approximately  
44 percent higher than the 2002 simulation results.  For Puddingstone Reservoir, the 2001 simulation 
predicts a higher wet deposition rate, but the 2002 simulation predicts a higher dry deposition rate.  The 
total deposition rate predicted by the 2002 simulation is approximately 11 percent higher than the 2001 
simulation.  At Lake Sherwood, the 2001 simulation predicts higher rates of both wet and dry deposition, 
and the total deposition rate is approximately 240 percent higher than the 2002 prediction.  Both the 2001 
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and 2002 CMAQ simulations estimate that the rate of dry mercury deposition is higher than the rate of 
wet mercury deposition.  The CMAQ 2002 results are assumed to represent a more accurate estimate of 
dry deposition because this model included alterations to the functional deposition of processes associated 
with the dry deposition of mercury.  Therefore, the dry deposition is primarily based on the CMAQ 2002 
results, with the exception of Lake Sherwood.  For Lake Sherwood, the CMAQ 2001 dry deposition rates 
will be used as described in Section E.4.5).    

Table E-7. CMAQ 2002 Output for Grid Cell Underlying the Watersheds of the Mercury Impaired 
Lakes 

Component 

Mercury Deposition Rate g/km2/yr 

El Dorado Park Lakes Puddingstone Reservoir Lake Sherwood 

Wet 3.5642 2.5400 0.5863 

Dry 57.0656 35.2323 5.6784 

Total 60.6298 37.7723 6.2647 

E.4.3. WET DEPOSITION MONITORING 
Deposition may either occur in wet form (associated with precipitation) or dry form (associated with 
particulate or gaseous settling).  Wet deposition is monitored at select locations across the country by the 
Mercury Deposition Network (MDN).  In May 2006, a MDN station was installed at Converse Flats, 
California in San Bernardino County.  Quality-assured data are available from the MDN website through 
December 2007; provisional data were provided to Tetra Tech through December 2008.   

Figure E-8 through Figure E-10 show the measurements of precipitation, mercury concentration, and 
mercury deposition at Converse Flats.  Points connected by lines indicate successive weeks with 
measured precipitation and mercury wet deposition measurements.  Single points indicate that no 
precipitation fell the week prior or the week after.  Weekly precipitation measurements range from 0 to 
130 mm (0 to 5.1 inches).  The average observed mercury concentration during precipitation events is 
18.5 ng/L, and the volume-weighted average concentration is 11.2 ng/L.  Weekly deposition rates 
measured at Converse Flats range from 0 to 1,442 ng/m2, and the average annual deposition rate, 
including weeks with zero precipitation, is 3.48 g/km2/yr.     
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Figure E-8. Weekly Precipitation Measurements at CA94 

 

0.1

1

10

100

1000

5/1/06 12/30/06 8/31/07 5/1/08 12/31/08

H
g

 C
o

n
ce

n
tr

at
io

n
 (

n
g

/L
)

 
Figure E-9. Weekly Mercury Concentrations at CA94 
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Figure E-10. Weekly Mercury Wet Deposition Rates at CA94 

E.4.4. WET DEPOSITION ESTIMATION 
MDN station CA94 (Converse Flats) was installed in May 2006 to support development of mercury 
TMDLs in Southern California.  During the period of record, the average annual wet deposition rate is  
3.48 g/km2/yr.  In addition to mercury concentrations, this site also monitored nitrate and sulfate wet 
deposition concentrations through the National Atmospheric Deposition Program (NADP).  Deposition of 
particulate and reactive gaseous mercury derived from combustion sources is often correlated with nitrate 
and sulfate deposition.  A multiple regression on nitrate and sulfate deposition concentrations measured at 
CA94 yields an estimate of mercury concentration with an R2 of 0.54.  Figure E-11 shows a comparison 
of the measured and estimated mercury concentrations resulting from the following equation: 

LOG10 (Hg, ng/L) = 1.2102 + 0.1285 LOG10 (NO3, mg/L) + 0.4579 LOG10 (SO4, mg/L), R2 = 53.6% 
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Figure E-11. Comparison of Measured and Predicted Mercury Wet Deposition Concentrations at 

Converse Flats 

In order to use the mercury regression equation to estimate concentrations of mercury in precipitation at 
other locations, estimates of nitrate and sulfate concentrations are needed at each mercury impaired lake.  
Section E.3 explained how annual precipitation-weighted nitrate concentrations were obtained for the 
impaired lakes addressed by this TMDL.  A similar method was used to obtain annual precipitation-
weighted sulfate concentrations for the three mercury impaired lakes.  Table E-8, Table E-9, and  
Table E-10 list the annual precipitation-weighted nitrate, sulfate, and predicted mercury concentrations 
for each lake and year.   

Table E-8. Annual Precipitation-Weighted Concentrations at El Dorado Park Lakes 

Year Nitrate (mg-NO3/L) Sulfate (mg-SO4/L) Mercury (ng/L) 

1983 1.07 0.45 11.37 

1984 1.41 0.56 13.03 

1985 1.38 0.56 12.91 

1986 1.23 0.51 12.24 

1987 1.30 0.54 12.61 

1988 1.27 0.53 12.47 

1989 1.34 0.55 12.82 

1990 1.25 0.52 12.40 

1991 1.08 0.47 11.59 

RB-AR38364



Appendix E. Pollutant Loading from Atmospheric Deposition March 2012 

 
 E-25 

Year Nitrate (mg-NO3/L) Sulfate (mg-SO4/L) Mercury (ng/L) 

1992 0.95 0.43 10.92 

1993 0.87 0.40 10.49 

1994 1.29 0.60 13.25 

1995 0.48 0.26 7.93 

1996 0.48 0.27 8.11 

1997 0.88 0.42 10.72 

1998 0.92 0.43 10.93 

1999 1.33 0.57 12.99 

2000 0.80 0.36 9.90 

2001 0.71 0.39 10.08 

2002 0.63 0.30 8.76 

2003 0.73 0.30 9.02 

2004 0.59 0.33 9.11 

2005 0.39 0.30 8.26 

2006 0.81 0.46 11.09 

 

Table E-9. Annual Precipitation-Weighted Concentrations at Puddingstone Reservoir 

Year Nitrate (mg-NO3/L) Sulfate (mg-SO4/L) Mercury (ng/L) 

1983 1.10 0.46 11.52 

1984 1.54 0.62 13.82 

1985 1.49 0.61 13.64 

1986 1.32 0.55 12.77 

1987 1.34 0.56 12.89 

1988 1.31 0.55 12.78 

1989 1.40 0.59 13.28 

1990 1.30 0.55 12.80 

1991 1.10 0.48 11.75 

1992 0.90 0.41 10.65 

1993 0.83 0.38 10.21 

1994 1.30 0.60 13.28 

1995 0.49 0.26 8.02 

1996 0.48 0.27 8.13 
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Year Nitrate (mg-NO3/L) Sulfate (mg-SO4/L) Mercury (ng/L) 

1997 0.89 0.42 10.73 

1998 0.92 0.43 10.93 

1999 1.33 0.57 13.00 

2000 0.80 0.36 9.90 

2001 0.71 0.39 10.07 

2002 0.62 0.29 8.63 

2003 0.73 0.30 8.95 

2004 0.58 0.33 9.10 

2005 0.39 0.29 8.19 

2006 0.81 0.46 11.10 

 

Table E-10. Annual Precipitation-Weighted Concentrations at Lake Sherwood 

Year Nitrate (mg-NO3/L) Sulfate (mg-SO4/L) Mercury (ng/L) 

1983 0.58 0.29 8.57 

1984 1.24 0.49 12.03 

1985 1.17 0.47 11.71 

1986 0.97 0.41 10.75 

1987 1.09 0.45 11.38 

1988 1.05 0.44 11.23 

1989 1.22 0.49 12.06 

1990 1.15 0.47 11.75 

1991 0.96 0.42 10.81 

1992 0.70 0.34 9.49 

1993 0.75 0.36 9.80 

1994 1.26 0.58 13.00 

1995 0.29 0.19 6.42 

1996 0.47 0.26 7.95 

1997 0.86 0.41 10.55 

1998 0.91 0.43 10.84 

1999 1.32 0.56 12.93 

2000 0.78 0.36 9.79 

2001 0.73 0.39 10.13 
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Year Nitrate (mg-NO3/L) Sulfate (mg-SO4/L) Mercury (ng/L) 

2002 0.63 0.30 8.83 

2003 0.73 0.31 9.10 

2004 0.58 0.33 9.05 

2005 0.39 0.30 8.32 

2006 0.80 0.46 11.00 

 

Lake surface area and annual precipitation (see Table E-3) combined with precipitation-weighted mercury 
concentrations provide an estimate of annual wet deposition of mercury to a lake surface.  Table E-11 
presents the mercury load from wet deposition calculated for each lake.   

Table E-11. Mercury Load from Wet Deposition to Mercury Impaired Lakes 

Year 

Mercury Load from Wet Deposition (g/yr) 

El Dorado Park Lakes Puddingstone Reservoir Lake Sherwood 

1980 1.10 11.26 4.94 

1981 0.40 3.61 1.17 

1982 0.39 3.61 1.61 

1983 0.60 5.99 2.89 

1984 0.38 4.91 1.93 

1985 0.37 4.61 2.07 

1986 0.14 2.11 0.61 

1987 0.26 3.19 1.07 

1988 0.51 5.76 2.36 

1989 0.67 7.77 3.69 

1990 0.73 8.02 3.33 

1991 0.40 3.89 1.84 

1992 0.62 5.86 2.40 

1993 0.44 5.12 2.25 

1994 0.48 4.88 2.20 

1995 0.96 9.12 4.79 

1996 0.32 2.62 1.36 

1997 0.31 3.23 1.75 

1998 0.17 5.51 4.20 

1999 0.08 1.94 1.18 
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Year 

Mercury Load from Wet Deposition (g/yr) 

El Dorado Park Lakes Puddingstone Reservoir Lake Sherwood 

2000 0.30 3.91 1.91 

2001 0.49 4.99 2.53 

2002 0.42 1.37 3.46 

2003 0.32 3.38 2.16 

2004 0.453 11.26 4.94 

2005 1.10 3.61 1.17 

2006 0.40 3.61 1.61 

Average 0.39 4.86 2.40 

 

Table E-12 compares the average wet deposition rate based on monitoring data and regression analyses to 
the CMAQ 2001 and 2002 runs.  The calculated rates are generally in agreement with the CMAQ runs 
with the exception of Lake Sherwood where calculated rates are 50 percent higher than the greater of the 
two CMAQ estimates.  As discussed in Section E.4.6, the calculated wet deposition rates will be used for 
TMDL development; the CMAQ model runs are only presented for comparison (Note: There are only two 
published CMAQ model runs for consideration in the analyses and only grid-scale model output was 
available; therefore, additional model runs could not be performed for TMDL development). 

Table E-12. Summary of Wet Deposition Estimates to Each Impaired Lake 

Deposition Load El Dorado Park Lakes Puddingstone Reservoir Lake Sherwood 

Lake Surface Area (km2) 0.143 1.021 0.554 

Calculated Wet (g/yr) 0.453 4.86 2.40 

CMAQ 2001 Wet (g/yr) 1.39 4.19 1.61 

CMAQ 2002 Wet (g/yr) 0.510 2.59 0.325 

Note: Shaded cells represent the selected wet deposition loads for each waterbody. 

E.4.5. DRY DEPOSITION 
Although there are few direct measurements to support well-characterized estimates, dry deposition of 
mercury often is assumed to be approximately equal to wet deposition (e.g., Lindberg et al., 1991; 
Lindqvist et al., 1991).  This assumption is not always valid in the southwest.  Dry and wet deposition 
were measured in the Pecos River basin of eastern New Mexico in 1993–1994 (Popp et al., 1996).  
Average weekly deposition rates were calculated to be 140 ng/m2-wk of mercury from dry deposition and 
160 ng/m2-wk of mercury from wet deposition.  These data demonstrate the importance of both dry and 
wet deposition as sources of mercury.  Early throughfall studies in a coniferous forest indicate that dry 
deposition beneath a forest canopy could be on the order of 50 percent of the wet deposition signal 
(Lindqvist et al., 1991).  However, the local university cooperator at the Caballo, New Mexico MDN 
station (NM10) estimated dry deposition as up to six times wet deposition at this arid site (Caldwell et al., 
2003).  A recent study sponsored by the Arizona Department of Environmental Quality indicates that dry 
deposition may be two to nine times higher than wet deposition (Tetra Tech, 2008).   
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Atmospheric dry deposition involves three groups of mercury species: reactive gaseous mercury (RGM), 
aerosol particulate mercury (Hg-P), and gaseous elemental mercury (Hg(0)).  All three forms may deposit 
to land and water surfaces, but there are significant differences in chemistry and rates.  Hg(0) is the 
dominant species in terms of ambient concentration; however, net deposition rates are much higher for the 
other forms (Lindberg et al., 1992). 

Dry mercury deposition to water surfaces is typically comprised of the reactive gaseous and particulate 
forms of mercury only.  Elemental mercury contributes to the loading to land surfaces as it is accumulated 
in vegetation through stomatal vapor uptake (Eriksen et al., 2003).  Contributions to soil systems occur as 
vegetative material falls and decays on the soil surface.  No direct measurements of dry deposition are 
available for this region.  As a conservative estimate, the greater of the two CMAQ simulation results 
(Section E.4.2) may be used to estimate the rate of dry mercury deposition to the land (direct deposition 
plus foliar accumulation).   

The TMDL process for mercury loading generally divides loading into two components: watershed 
loading and direct atmospheric deposition to the water surface.  Though the watershed load typically 
originates from atmospheric sources, whether historic, recent, near, or distant, delivery to the waterbody 
depends on runoff, erosion, and sedimentation processes that occur on the land surface and in the tributary 
network.  In some cases, direct sources of mercury loading may be present in a watershed, such as mine 
tailings or geological formations with naturally high mercury concentrations.  Watershed loading models 
that predict runoff and sediment delivery to a receiving waterbody are typically coupled with direct 
measurements of mercury concentrations in the sediments and water column of major tributaries to 
estimate mercury loading from the watershed.   

The direct loading from the atmosphere to water surfaces may be estimated as wet deposition plus total 
dry deposition minus the foliar accumulation component.  Because the CMAQ model runs estimate dry 
deposition to the land surface, the output includes the amount of mercury that has accumulated in leafy 
material (via stomatal uptake) and is eventually deposited to the land surface following leaf fall and 
decomposition.  Direct dry deposition to a waterbody should not include this component.  Foliar 
accumulation typically accounts for approximately 7 g/km2/yr in the southwest region (Tetra Tech, 2008).   

The CMAQ 2002 results are assumed to represent a more accurate estimate of dry deposition because this 
model included alterations to the functional deposition of processes associated with the dry deposition of 
mercury. Therefore, the dry deposition is primarily based on the CMAQ 2002 results, with the exception 
of Lake Sherwood. For Lake Sherwood, the 2001 results for dry deposition are assumed because 1) 
subtracting the foliar accumulation rate from the 2002 results would yield a negative deposition rate and 
2) the net 2001 dry deposition rate (minus foliar accumulation) is similar to the 2002 gross dry deposition 
rate (see Table E-13 for a comparison of the 2001 and 2002 CMAQ results).  It is important to note that 
there are only two published CMAQ model runs and only grid-scale model output was available; 
therefore, additional model runs could not be performed for TMDL development. The total dry deposition 
rates to each lake surface are summarized in Table E-14.   

Table E-13. CMAQ Output for Grid Cells Underlying the Watersheds of the Mercury Impaired 
Lakes 

Component 

Mercury Deposition Rate (g/km2/yr) 

El Dorado Park Lakes Puddingstone Reservoir Lake Sherwood 

CMAQ 2001 Dry Deposition 77.5962 29.8365 12.1748 

CMAQ 2002 Dry Deposition 57.0656 35.2323 5.6784 

Note: Shaded cells represent the selected dry deposition rates for each waterbody. 
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Table E-14. Summary of Dry Deposition Estimates to Each Impaired Lake 

Calculation Term El Dorado Park Lakes Puddingstone Reservoir Lake Sherwood 

Dry Deposition Rate 
(g/km2/yr)* 

57.0656 35.2323 12.1748 

Dry Deposition Rate Minus 
Foliar Accumulation Rate 
(g/km2/yr) 

50.0656 28.2323 5.1748 

Lake Surface Area (km2) 0.143 1.021 0.554 

Direct Dry Deposition Load 
(g/yr) 

7.16 28.82 2.87 

*Values are from shaded cells in Table E-13. 

E.4.6. TOTAL MERCURY DEPOSITION TO LAKE SURFACES 
As discussed previously, mercury deposition to a lake surface may occur in either wet or dry form.   
Table E-15 summarizes the average wet, dry, and total deposition estimates for each mercury impaired 
lake.   

Table E-15. Summary of Direct Mercury Deposition to Impaired Lakes 

Deposition Load El Dorado Park Lakes Puddingstone Reservoir Lake Sherwood 

Lake Surface Area (km2) 0.143 1.021 0.554 

Calculated Wet (g/yr)1 0.45 4.86 2.40 

Direct Dry Deposition Load (g/yr)2 7.16 28.82 2.87 

Total (g/yr) 7.61 33.68 5.27 

1 See Table E-12. 
2 See Table E-14. 
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E.5 Organochlorine Pesticides and PCBs 
Deposition 

An additional source of Organochlorine (OC) Pesticides and PCBs is atmospheric deposition, which 
occurs as a result of both local and global atmospheric transport.  Unfortunately, atmospheric deposition 
is difficult to measure, and detailed information on atmospheric deposition rates of most OC Pesticides 
and PCBs is not available for southern California.  (SCCWRP recently undertook a study of OC 
Pesticides and PCBs deposition, but has withdrawn the results based on methodological concerns.)  It is 
well established, however, that atmospheric deposition of OC Pesticides and PCBs plays a significant role 
in contamination of lakes, even in remote areas, including national parks in the western US (Landers et 
al., 2010; Hageman et al., 2006). 

The current atmospheric flux of OC Pesticides and PCBs to the lakes is thus unknown.  Two factors help 
simplify the TMDL analysis.  First, OC Pesticides and PCBs derived from atmospheric deposition on the 
watershed are implicitly included in estimates of watershed loading.  Second, hydrophopic OC Pesticides 
and PCBs both deposit to and degas from waterbodies, and it is the net balance of these processes that is 
of most concern for the TMDL.  The OC Pesticides and PCBs of concern are no longer in use, with 
atmospheric deposition rates declining, and elevated fish tissue concentrations appear to be largely due to 
legacy sediment contamination.  In such situations, the net flux is typically outward from contaminated 
waterbodies to the atmosphere, thus rendering the net atmospheric flux to the lake less than or near zero.  
In the early 1990s, PCBs and dieldrin in the Great Lakes showed a net loss to the atmosphere, although 
DDT was still accruing (Hoff et al., 1996).  In 1998-99, Park et al. (2002) reported that Corpus Christi 
Bay in Texas was a net source of PCBs to the atmosphere, and that the annual water-surface-exchange 
fluxes of most pesticides appeared to be close to a net of zero. 

Given these considerations, direct net loading to the lake surface is assumed to be near zero.  The 
associated load allocation for atmospheric deposition is also set to zero. 
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F.1 Introduction 
USEPA Region IX is establishing TMDLs for impairments in nine lakes in the Los Angeles Region 
(Figure F-1).  USEPA was assisted in this effort by the Los Angeles Water Quality Control Board 
(Regional Board) (Figure F-1).  Impairments of these waterbodies include low dissolved oxygen/organic 
enrichment, odor, ammonia, eutrophication, algae, pH, mercury, lead, copper, chlordane, DDT, dieldrin, 
PCBs, and trash.   

 
Figure F-1. Location of Impaired Lakes 

In addition to pollutant loads delivered during storm events (discussed in Appendix D, Wet Weather 
Loading), it is important to account for loads that are delivered to a waterbody during dry weather.  These 
may include point source discharges, imported water, direct groundwater or potable water inputs, and 
flows resulting from irrigation.  This appendix discusses these sources of pollutant loading and the 
methods used to estimate average annual dry weather loading to each impaired lake. 

Dry weather loading was estimated for constituents with significant dry weather loads. Since 
organochlorine pesticides (chlordane, DDT, dieldrin) and PCBs are strongly sorbed to sediment, loading 
and transport during dry weather flow is assumed to be insignificant for these constituents and no separate 
load calculation is performed for dry weather flows. 

The calculated dry weather loads represent a portion of the existing pollutant load to each impaired 
waterbody.  Estimates of loading from other sources are described in other sections or appendices of the 
TMDL report.  The summation of loads from all sources will then be used to estimate existing loading to 
each lake. 
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F.2 Dry Weather Loads from Storm Drains 
Two Loading Simulation Program in C++ (LSPC) watershed models were previously developed by Tetra 
Tech to estimate wet weather loading of metals to the Los Angeles and San Gabriel rivers (Tetra Tech, 
2004; Tetra Tech, 2005).  The models are large- scale models that estimate loading from water 
reclamation facilities and major storm drains discharging to either one of the main river bodies or to a 
major tributary.  These models were developed to address wet weather metals impairments and were not 
used to estimate nutrient loading during dry weather.   

The lakes addressed by this TMDL are each in small drainages relative to the dry weather models 
discussed above.  In addition, all of the impaired lakes except Lake Sherwood include nutrient TMDLs.  
For these reasons, Tetra Tech estimated dry-weather loading from upland areas delivered via storm drains 
based on dry weather monitoring studies conducted by the Southern California Coastal Water Research 
Project (SCCWRP).   

In 2002 and 2003, SCCWRP measured dry weather flows and concentrations of nutrients, metals, and 
bacteria in six watersheds in the Los Angeles River Basin (Stein and Ackerman, 2007).  Concentration 
data collected during this study are applicable to a majority of impairments addressed by this TMDL.  
Two of the watersheds (Walnut Creek and Ballona Creek) do not receive inputs from wastewater 
treatment plant (WWTP) dischargers, and so the flows and loads measured reflect inputs from storm 
drains and their upland catchments only.  Because the watersheds for these TMDLs do not contain 
WWTPs, data for the Walnut Creek and Ballona Creek watersheds can be used to represent storm drain 
inputs to the TMDL watersheds.  The SCCWRP study only monitored those parameters for which the 
corresponding waterbody was listed as impaired.  Thus, nutrient monitoring data and corresponding dry 
weather loading estimates are only available for the Walnut Creek watershed (Ballona Creek is not 
impaired for nutrients); therefore, only the Walnut Creek data are applicable to calculate nutrient loads to 
the TMDL watersheds.  Table F-1 summarizes the mean concentrations of nutrients measured in the 
Walnut Creek watershed, which were used to estimate storm drain nutrient loads.  

Table F-1. Mean Pollutant Concentrations Measured During Dry Weather Periods 

Parameter Walnut Creek Watershed 

Total ammonia (mg-N/L) 0.1 

Nitrate plus nitrite (mg-N/L) 1.0 

TKN (mg-N/L) 2.0 

Total phosphate (mg-P/L) 0.3 

 

Total nitrogen concentration in dry weather runoff may be estimated from the species monitored and is 
approximately 3 mg-N/L.  Total phosphorus concentration was estimated based on a total phosphate 
concentration of 0.3 mg-P/L and organic fractions observed under median flow conditions on the San 
Gabriel River (Tetra Tech, 2007).  Assuming the median of observed flows is representative of dry 
weather conditions, the organic fraction observed (50 percent) is a reasonable approximation.  Thus, total 
phosphorus in dry weather flows is approximately 0.6 mg-P/L. 

Dry weather flows in urban areas tend to exhibit diurnal variability due to the nature of the primary 
sources of flow (irrigation, car washing, etc.).  In 2005, SCCWRP presented results of a more intensive 
flow monitoring study where data were collected at five minute increments over a three month period.  
During periods identified as dry weather, the areal flow rate (flow rate divided by contributing area) was 
approximately 180 m3/d/km2, or 2.6 in/yr, in three watersheds (Ackerman and Stein, 2005).    
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The TMDLs are allocated based on subwatershed and jurisdiction.  A GIS environment was used to 
overlay the subwatersheds, jurisdictions, and storm drain coverage to estimate the upland area that may 
contribute dry weather loading via storm drains.  These areas were then multiplied by the annual average 
dry weather flow rates (2.6 inches/yr) and loading rates for total nitrogen and phosphorus (1.77 lb-
N/ac/yr) and total phosphorus (0.354 lb-P/ac/yr): 

 

 

 

For example, 100 acres of area draining to a storm drain network would contribute the following flows 
and nutrient loads:  

 

 

 

 

 

 

   

 

yracNlb
g

lb

mg

g

ac

ft

ft

L

in

ft

yr

in

L

Nmg
//77.1

6.453
1

000,1
1560,4332.28

12
16.20.3 2

3
−=⋅⋅⋅⋅⋅⋅−

yracPlb
g

lb

mg

g

ac

ft

ft

L

in

ft

yr

in

L

Pmg
//354.0

6.453
1

000,1
1560,4332.28

12
16.26.0 2

3
−=⋅⋅⋅⋅⋅⋅−

yrftac
in

ft

yr

in
ac /21

12
16.2

100 −=⋅⋅

yrNlbyracNlbac /177//77.1100 −=−⋅

yrPlbyracPlbac /4.35//354.0100 −=−⋅

RB-AR38380



Appendix F. Estimation of Loading During Dry Weather March 2012 

 
 F-7 

F.3 Contributions from Other Dry Weather 
Inputs 

The lakes addressed in this TMDL report may receive inputs from several sources during dry periods.  
The majority of the impaired lakes receive potable water or groundwater as a supplemental source to 
offset evaporation and keep lake levels within a normal range.   

Water used for irrigation around each lake also has the potential to deliver pollutants via runoff into the 
lake.  Unit areas of urban land were set up for the LSPC modeling subbasins surrounding each impaired 
lake to estimate the percentage of irrigation water applied that would enter the lake via runoff or 
interflow.  

During the 2009 and 2010 water quality monitoring events, known and accessible dry weather inputs 
were sampled for mercury, nutrients, and Organochlorine (OC) Pesticides and PCBs.  (The groundwater, 
potable water, and reclaimed water sources at El Dorado Park lakes were also sampled for total mercury 
and methylmercury.)  Measured concentrations were applied to known or estimated volumes to calculate 
loading to each lake.  If water quality or flow estimates were not available for a potential source, 
assumptions were made to estimate loading.   

The following sample calculation estimates average annual nitrogen load given a flowrate of 250 ac-ft/yr 
and a total nitrogen concentration of 1.2 mg/L: 

 

 

 

Mercury loading is calculated in a similar manner, although the units on the concentration and load are 
different (the gram is used to summarize mercury loads because the pound is too large for the quantities 
delivered to the impaired waterbodies).  To estimate mercury loading from an input that has an average 
flowrate of 250 ac-ft/yr with an average total mercury concentration of 10 ng/L, the following equation 
would be used,  

 

Table F-2 summaries the dry weather sources that may contribute pollutant loading to each impaired lake.  
The sections that follow describe the sources and loading estimates specifically for each waterbody.   

Table F-2. Dry Weather Loading Sources to the Impaired Lakes 

Lake/ Reservoir Storm Drains Potable Water Groundwater Irrigation NPDES 

Peck Road Park Lake Yes No No Yes No 

Lincoln Park Lake No1 Yes No Yes No 

Echo Park Lake No2 Yes No Yes No 

Lake Calabasas Yes Yes No Yes No 

El Dorado Park Lakes No Yes Yes Yes No 
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Lake/ Reservoir Storm Drains Potable Water Groundwater Irrigation NPDES 

North, Center, Legg Lakes Yes No Yes Yes No 

Puddingstone Reservoir  Yes No No Yes No 

Santa Fe Dam Park Lake No Yes Yes Yes No 

Lake Sherwood Yes No No NA3 No 

1 The storm drain network passes under Lincoln Park Lake with no outfalls to the lake. 
2 Dry weather flows from the storm drain network are diverted downstream of Echo Park Lake. 
3 Information regarding irrigation was not collected because this TMDL does not address nutrient impairments for 
Lake Sherwood.   
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F.4 Peck Road Park Lake 
Peck Road Park Lake is located in the Los Angeles River Basin.  However, the Los Angeles County 
Department of Public Works (LACDPW) diverts flows from the San Gabriel River to Peck Road Park 
Lake via the Santa Fe Diversion Channel.   

Impairments of this lake include low dissolved oxygen/organic enrichment, eutrophication (originally on 
the consent decree, but currently delisted), odor, lead, chlordane, dieldrin, DDT, PCBs, and trash.  Dry 
weather contributions include storm drain inputs delivering dry weather flows from upland areas. 

F.4.1 POLLUTANT LOADS FROM STORM DRAINS 
Three subwatersheds comprise the drainage area to Peck Road Park Lake.  The subwatershed draining the 
western part of the watershed via Santa Anita Wash is 12,686 acres, and the eastern subwatershed 
draining to Saw Pit Wash is 10,557 acres.  There is an inwardly draining mining operation in the southern 
part of the eastern watershed that has been removed from the loading analysis.  The subwatershed 
surrounding the lake is 321 acres.  Each subwatershed drains to a storm sewer system so all allocations 
for the TMDLs are wasteload allocations, except for the trash TMDL which also has a load allocation. 

Figure F-2 shows the MS4 stormwater permittees in the Peck Road Park Lake watershed.  The western 
subwatershed is comprised of the county of Los Angeles, Sierra Madre, Arcadia, Monrovia, Angeles 
National Forest, and Caltrans areas.  The eastern subwatershed is comprised of the county of Los 
Angeles, Monrovia, Duarte, Bradbury, Arcadia, Irwindale, Angeles National Forest, and Caltrans areas.  
The county of Los Angeles, Monrovia, Irwindale, Arcadia, and El Monte comprise the drainage around 
the lake.  The park area is comprised of 152 acres adjacent to the lake (see the Peck Road Park Lake 
chapter for a more detailed map of the park area). 
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Figure F-2. MS4 Permittees and the County of Los Angeles Storm Drain Network in the Peck 

Road Park Lake Subwatersheds 

Table F-3 summarizes the upland areas draining to Peck Road Park Lake by subwatershed and 
jurisdiction.  Dry weather loading from the Angeles National Forest is assumed to be zero (wet weather 
loading is described in Appendix D, Wet Weather Loading).  Table F-4 through Table F-6 list the 
estimated dry-weather flows and nutrient loads corresponding to these areas.  Sample calculations are 
provided in Section F.2.   

Table F-3. Land Use Areas (ac) Draining to Peck Road Park Lake  

Subwater-
shed 

County 
of Los 

Angeles 
Mon-
rovia Duarte 

Brad-
bury Arcadia 

Irwin-
dale 

Sierra 
Madre 

El 
Monte Caltrans 

Angeles 
National 
Forest Total 

Western 245 611 0 0 2,030 0 679 0 16.9 9,104 12,686 

Eastern 499 4,456 818 503 209 483 0 0 78.4 3,511 10,557 

Near Lake 67.7 48.1 0 0 139 14.1 0 52.1 0 0 321 

Total 812 5,115 818 503 2,378 497 679 52.1 95.3 12,615 23,564 

 

RB-AR38384



Appendix F. Estimation of Loading During Dry Weather March 2012 

 
 F-11 

Table F-4. Estimated Dry Weather Flows to Peck Road Park Lake (ac-ft/yr) 

Subwatershed 

County 
of Los 

Angeles 
Mon-
rovia Duarte 

Brad-
bury Arcadia 

Irwin-
dale 

Sierra 
Madre 

El 
Monte Caltrans Total 

Western 52.9 132 0 0 439 0 147 0 3.65 774 

Eastern 108 963 177 109 45.2 104 0 0 16.9 1523 

Near Lake 14.6 10.4 0 0 30.0 3.05 0 11.3 0 69.4 

Total 175 1,105 177 109 515 107 147 11.3 20.6 2,366 

Table F-5. Estimated Dry Weather Nitrogen Loads to Peck Road Park Lake (lb/yr) 

Subwatershed 

County 
of Los 

Angeles 
Mon-
rovia Duarte 

Brad-
bury Arcadia 

Irwin-
dale 

Sierra 
Madre 

El 
Monte Caltrans Total 

Western 432 1,077 0 0 3,579 0 1,197 0 29.8 6,316 

Eastern 880 7,856 1,442 887 369 852 0 0 138 12,424 

Near Lake 119 84.8 0 0 245 24.9 0 91.9 0 566 

Total 1,431 9,019 1,442 887 4,193 876 1,197 91.9 168 19,305 

Table F-6. Estimated Dry Weather Phosphorus Loads to Peck Road Park Lake (lb/yr)  

Subwatershed 

County 
of Los 

Angeles 
Mon-
rovia Duarte 

Brad-
bury Arcadia 

Irwin-
dale 

Sierra 
Madre 

El 
Monte Caltrans Total 

Western 86.4 215 0 0 717 0 240 0 5.96 1,263 

Eastern 176 1,571 288 177 73.7 170 0 0 27.6 2,485 

Near Lake 23.9 17.0 0 0 49.0 4.97 0 18.4 0 113 

Total 286 1,803 288 177 840 175 240 18.4 33.6 3,861 

F.4.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
Water levels at Peck Road Park Lake are supplemented with flows from the San Gabriel River through a 
diversion channel.  Estimates of flows and loads from this source are discussed in Appendix D (Wet 
Weather Loading) because this diversion is only used during wet weather.   

A potable water source at Peck Road Park Lake is used to irrigate approximately 2 acres in a picnic area 
that is approximately 200 yards away from the lake.  This area is fertilized when funding permits.  Given 
the distance of this area from the lake, it is unlikely that irrigation or fertilization contributes significant 
nutrient loads to Peck Road Park Lake. 

Other sources of nutrient loading may exist at Peck Road Park Lake such as wildlife and pets depositing 
feces that may wash off into the reservoir during rain events.  While no bird feeding has been observed 
during recent fieldwork, birds do feed from trash cans and food litter at the park.  It is difficult to estimate 
nutrient loading from animal wastes without information on populations and pet owner waste-disposal 
practices.  Loads from animal wastes, as well as other sources that are difficult to quantify with the 
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available information (e.g., park-area wastewater infrastructure systems) were not accounted for in the 
Peck Road Park Lake nutrient TMDLs because no additional loading was required to simulate observed 
nutrient concentrations at this lake (see Appendix A, Nutrient TMDL Development).  
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F.5 Lincoln Park Lake 
Lincoln Park Lake is located in the Los Angeles River Basin.  Impairments of this lake include low 
dissolved oxygen/organic enrichment, odor, ammonia, eutrophication, lead, and trash.  Dry weather 
contributions to this lake include lake filling and irrigation/fertilization of adjacent parkland. 

Figure F-3 shows the MS4 stormwater permittee comprising the Lincoln Park Lake watershed (the city of 
Los Angeles).  Though the lake appears to be connected to the county of Los Angeles storm drain 
network, this system actually passes under Lincoln Park Lake and does not discharge stormwater or dry 
weather flows to the lake.         

 
Figure F-3. MS4 Permittee and the County of Los Angeles Storm Drain Network in the Lincoln 

Park Lake Subwatersheds 

F.5.1 POLLUTANT LOADS FROM STORM DRAINS 
Lincoln Park Lake is not hydraulically connected to the county of Los Angeles storm drain system 
although part of the system passes under the lake.  Thus, dry weather loads to this lake delivered from 
storm drains are zero (wet weather loads from the watershed are discussed in Appendix D).   

F.5.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
A potable water source at Lincoln Park Lake is used for lake filling as well as irrigation of parkland.  
Based on monthly usage summaries for May 2007 through April 2009, the average annual usage is 30.8 
ac-ft/yr.  All usage reported is applied directly to the lake to supplement lake levels.  Park staff indicate 
that 32 acres surrounding the lake are irrigated with an additional 1 foot of potable water annually.  Water 
is observed to percolate into the ground.  The annual net evapotranspiration minus precipitation depth is 
34.5 inches based on CIMIS data for this zone and precipitation data for a nearby weather station 
(Appendix D, Wet Weather Loading).  Thus, the majority of the applied water likely percolates into the 
ground or is lost to evapotranspiration.  A unit area model setup in LSPC for this subbasin indicates that 
approximately 5.6 percent of applied irrigation water reaches Lincoln Park Lake.   
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The potable water input at Lincoln Park Lake was sampled for water quality by USEPA and the Regional 
Board in August 2009.  Table F-7 summarizes the observed water quality and estimated loads from lake 
filling and irrigation with the potable water source.  See Section F.3 for sample calculations. 

Table F-7. Summary of Potable Water Quality and Resulting Direct Loads to Lincoln Park Lake 

Parameter 
Concentration 

(mg-N/L or mg-P/L) 
Load from Irrigation 
(lb-N/yr or lb-P/yr) 

Supplemental Water 
Addition  

(lb-N/yr or lb-P/yr) 

Ammonia-N 0.335 1.64 28.1 

Nitrate- N  0.33 1.61 27.6 

Nitrite-N 0.03 0.147 2.51 

TKN (mg-N/L) 0.531 2.60 44.5 

Orthophosphate (mg-P/L) 0.017 0.083 1.42 

Total Phosphorus (mg-P/L) 0.118 0.58 9.88 

Total Nitrogen (calculated) 
(mg-N/L) 

0.891 4.36 74.6 

Note:  Potable water concentrations are from data collected at Lincoln Park Lake. 

 

The area surrounding Lincoln Park Lake (32 acres) is fertilized twice per year with 16-6-8 fertilizer at a 
rate of 7.5 lb/1,000 ft2.  The technical sheet for the product recommends applying this fertilizer at a rate of 
6.25 lb/1,000 ft2.  It is difficult to estimate nutrient loading from fertilization as application methods, turf 
grass harvesting, and proximity of application to subsequent precipitation events impact transport via 
runoff.   

During sampling events at Lincoln Park Lake, people were observed feeding the birds and a local 
person(s) was/were leaving piles of food along the shoreline of the lake.  In addition, birds may feed from 
trash cans and food litter at the park.  These practices increases nutrient loading to the lake by attracting 
birds and other animals that may deposit feces in and around the lake.  Loads associated with feeding 
wildlife, as well as other sources that are difficult to quantify with the available information (normal 
wildlife populations, pets, park-area wastewater infrastructure, fertilization, etc.) were accounted for in a 
category called “Additional Parkland Loading.”  During calibration of the BATHTUB model (see 
Appendix A, Nutrient TMDL Development), loads in this category were quantified by increasing inputs 
until simulated nutrient concentrations match those observed. 

Precise bird counts for Lincoln Park Lake are not available; however, field notes indicate excess bird 
populations which are likely a significant portion of the nutrient loading associated with additional 
parkland areas.  At Echo Park Lake, total phosphorus and total nitrogen loads of 78 lb-P/yr and  
780 lb-N/yr were estimated for the approximately 1,000 birds observed to reside at that lake (Black and 
Veatch, 2010).  The bird population at Lincoln Park like is likely one-half to one-quarter of that.  Thus 
total phosphorus loads due to the bird population at Lincoln Park Lake likely range from 19.5 lb-P/yr to 
39 lb-P/yr; total nitrogen loads range from 195 lb-N/yr to 390 lb-N/yr.  The estimated loading from the 
resident bird population at Lincoln Park Lake is greater than the additional parkland loading estimated 
from the BATHTUB model.  This overestimation may be due to 1) an inaccurate estimate of the bird 
population at Lincoln Park Lake, and 2) the conservative assumption that 100 percent of bird waste and 
associated nutrient loading reach the lake.  Regardless of the accuracy of the estimated loading associated 
with bird waste, this analysis indicates that nutrient loading associated with the excess bird population 
comprises a significant portion of the additional parkland loading.   
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F.6 Echo Park Lake 
Echo Park Lake is located in the Los Angeles River Basin.  Impairments of this lake include odor, 
ammonia, eutrophication, algae, pH, copper, lead, chlordane, dieldrin, PCBs, and trash.  Dry weather 
contributions to this lake include lake filling and irrigation/fertilization of adjacent parkland. 

Two subwatersheds comprise the drainage area to Echo Park Lake.  The subwatershed draining the 
northern part of the watershed is 614 acres, and the southern subwatershed drains 170 acres.  Both 
subwatersheds drain to a storm drain system, so all allocations for the TMDLs are wasteload allocations, 
except the trash TMDL which also has a load allocation.  Dry weather flows from the storm drain system 
are diverted downstream of Echo Park Lake (Black and Veatch, 2008).  Figure F-4 shows the MS4 
stormwater permittee in the Echo Park Lake watershed.  Both subwatersheds are located entirely within 
the city of Los Angeles with a small portion of Caltrans area.  The park is comprised of 15.5 acres of land 
adjacent to the lake.       

 
Figure F-4. MS4 Permittee and the County of Los Angeles Storm Drain Network in the Echo Park 

Lake Subwatersheds 

F.6.1 POLLUTANT LOADS FROM STORM DRAINS 
A recent study performed for the city of Los Angeles Bureau of Sanitation found that dry season flows 
through storm drains generally bypassed Echo Park Lake (Black and Veatch, 2008).  Thus, dry weather 
loads to this lake delivered from storm drains are zero (wet weather loads from the MS4 stormwater 
system are discussed in Appendix D).   
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F.6.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
A potable water source at Echo Park Lake is used for both lake filling and irrigation of surrounding 
parklands.  According to a hydrologic study of the park lake conducted by Black & Veatch (2008),  
162 ac-ft/yr of potable water are pumped annually.  Staff at Echo Park indicate that approximately 9 acres 
in the vicinity of the lake are irrigated at a rate of approximately 1 foot per year and that the water mainly 
percolates into the ground with occasional runoff into the lake.  The annual net evapotranspiration minus 
precipitation depth is 34.5 inches based on CIMIS data for this zone and precipitation data for a nearby 
weather station (Appendix D, Wet Weather Loading).  Thus, the majority of the applied water likely 
percolates into the ground or is lost to evapotranspiration.  A unit area model set up in LSPC for this 
subbasin indicates that approximately 4.6 percent of applied irrigation water reaches Echo Park Lake.  
The remainder of the pumped water (162 ac-ft minus 9 ac-ft) is assumed applied directly to the lake to 
maintain water levels.   

The potable water source was sampled and analyzed for nutrients and metals on August 4, 2009.  Table F-
8 summarizes the nutrient water quality data as well as the resulting loads from irrigation and lake filling.  
Calculated nitrogen loads assume that parameters analyzed at less than detection have concentrations 
equivalent to ½ the detection limit.  See sample calculations in Section F.3. 

Table F-8. Summary of Potable Water Quality and Resulting Direct Loads to Echo Park Lake 

Parameter 
Concentration 

(mg-N/L or mg-P/L) 
Load from Irrigation 
(lb-N/yr or lb-P/yr) 

Supplemental Water 
Addition  

(lb-N/yr or lb-P/yr) 

Ammonia-N <0.03 0.017 6.24 

Nitrate- N  0.9 1.024 374.45 

Nitrite-N <0.01 0.006 2.08 

TKN <0.456 0.259 94.86 

Orthophosphate 0.020 0.023 8.32 

Total Phosphorus 0.122 0.139 50.76 

Total Nitrogen (calculated) 1.133 1.289 471 

Note:  Potable water concentrations are from data collected at Echo Park Lake. 

 

Nine acres surrounding Echo Park Lake are fertilized twice per year with 16-6-8 fertilizer at a rate of  
7.5 lb/1,000 ft2.  The technical sheet for the product recommends applying this fertilizer at a rate of  
6.25 lb/1,000 ft2.  It is difficult to estimate nutrient loading from fertilization as application methods, turf 
grass harvesting, and proximity of application to subsequent precipitation events impact transport via 
runoff.   

During sampling events at Echo Park Lake, people were observed feeding the birds and a local person(s) 
was/were leaving piles of food along the shoreline of the lake.  This practice increases nutrient loading to 
the lake by attracting birds and other animals that may deposit feces in and around the lake.  In addition, 
birds may feed from trash cans and food litter at the park.  Loads associated with feeding wildlife, as well 
as other sources that are difficult to quantify with the available information (normal wildlife populations, 
pets, park-area wastewater infrastructure, fertilization, etc.) were accounted for in a category called 
“Additional Parkland Loading.”  During calibration of the BATHTUB model (see Appendix A, Nutrient 
TMDL Development), loads in this category were quantified by increasing inputs until simulated nutrient 
concentrations matched those observed. 
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A significant portion of loading from the additional local sources is likely due to excessive bird 
populations.  According to a recent water quality modeling study conducted by Black and Veatch (2010), 
there is a year-round, resident bird population of approximately 1,000 Rock Doves and American Coots.  
Estimates of nutrient loading from these birds were based on literature values and an assumption that all 
waste generated by the birds would reach the lake (i.e., no uptake or trapping in adjacent areas).  The 
estimated total phosphorus loading from these birds is 78 lb-P/yr, and the estimated total nitrogen loading 
is 780 lb-N/yr.  Both loading estimates are greater than the additional parkland loading estimated from the 
BATHTUB model.  This overestimation may be due to 1) an inaccurate estimate of the year-round bird 
population at Echo Park Lake, and 2) the conservative assumption that 100 percent of bird waste and 
associated nutrient loading reach the lake.  Regardless of the accuracy of the estimated loading associated 
with bird waste, this analysis indicates that nutrient loading associated with the excess bird population 
comprises a significant portion of the additional parkland loading. 
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F.7 Lake Calabasas 
Lake Calabasas is located in the Los Angeles River Basin.  Impairments of this lake include low 
dissolved oxygen/organic enrichment, odor, ammonia, eutrophication, and pH.  A DDT impairment was 
previously reported for this lake but was delisted by the Regional Board in 2009.  Dry weather 
contributions to this lake include lake filling with a potable water source, storm drain inputs delivering 
dry weather flows from surrounding development, and irrigation and fertilization of areas around the lake. 

F.7.1 POLLUTANT LOADS FROM STORM DRAINS 
One subwatershed draining 86.5 acres comprises the drainage area to Lake Calabasas.  Figure F-5 shows 
the MS4 stormwater permittee in the Lake Calabasas watershed.  The entire subwatershed is located in 
the city of Calabasas.  This subwatershed drains to a storm drain system, so all allocations for the TMDLs 
are wasteload allocations. 

 
Figure F-5. MS4 Permittee and the County of Los Angeles Storm Drain Network in the Lake 

Calabasas Subwatersheds 

Table F-9 summarizes the upland areas draining to Lake Calabasas as well as the associated dry weather 
flows and nutrient loads.  Sample calculations are provided in Section F.2.   

Table F-9. Land Use Areas and Associated Dry Weather Inputs to Lake Calabasas 

Area (ac) Flow (ac-ft/yr) 
Total Nitrogen 

(lb/yr) 
Total Phosphorus 

(lb/yr) 

86.5 18.7 152 30.5 
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F.7.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
A potable water source at Lake Calabasas is used for both lake filling and irrigation of approximately  
2 acres around the lake.  Based on monthly data provided for 1995 to 2009, the average annual water 
usage is 60.8 ac-ft.  

Only one day of irrigation usage has been monitored.  On October 6, 2009, 0.011 ac-ft of potable water 
was applied over a 16-hour period.  Assuming irrigation occurs five days a week throughout the year, the 
total applied irrigation volume is 2.86 ac-ft.  The runoff depth based on this assumption is 17 inches.  The 
annual net evapotranspiration minus precipitation depth is 37.6 inches based on CIMIS data for this zone 
and precipitation data for a nearby weather station (Appendix D, Wet Weather Loading).  Thus, the 
majority of the applied water likely percolates into the ground or is lost to evapotranspiration.  Staff at 
Lake Calabasas indicate that some of the applied water runs off into the lake.  A unit area model setup in 
LSPC for this subbasin indicates that approximately 5.3 percent of applied irrigation water reaches Lake 
Calabasas. 

The potable water source at Lake Calabasas was sampled for water quality on August 6, 2009.  Table F-
10 summarizes the nutrient parameters sampled.  The total phosphorus concentration was analyzed as less 
than the detection limit of 0.016 mg-P/L.  Phosphate measured greater than the detection limit and is used 
to estimate total phosphorus loading from this source.  The total nitrogen concentration is calculated 
assuming the nitrite concentration is equal to half the detection limit.  Nutrient loading associated with 
irrigation and lake filling are also presented.  Estimated total nitrogen and total phosphorus loads from 
irrigation are 0.655 lb-N/yr and 0.00852 lb-P/yr, respectively, assuming irrigation occurs five days a week 
throughout the year.  Assuming the remainder of the usage is discharged directly to the lake, the 
additional nutrient loading to Lake Calabasas is 252 lb-N/yr and 3.28 lb-P/yr.  See Section F.3 for sample 
calculations. 

Table F-10. Water Quality Data for the Potable Water Source at Lake Calabasas 

Parameter 
Concentration 

(mg-N/L or mg-P/L) 
Load from Irrigation 
(lb-N/yr or lb-P/yr) 

Supplemental Water 
Additions  

(lb-N/yr or lb-P/yr) 

Ammonia-N 0.35 0.143 55.1 

Nitrate- N  1.13 0.463 178 

Nitrite-N <0.01 0.0020 0.788 

TKN 0.464 0.190 73.1 

Orthophosphate 0.0208 0.00852 3.28 

Total Phosphorus <0.016 0.00852 3.28 

Total Nitrogen (calculated) 1.60 0.655 252 

Note:  Potable water concentrations are from data collected at Lake Calabasas. 

A portion of the common area surrounding Lake Calabasas is fertilized three times per year.  The type of 
fertilizer applied varies depending on turf requirements.  The average rate applied is approximately 1 lb 
per 250-275 sq ft of turf grass.  The shrub and ground cover fertilizer is applied at approximately 5 lbs per 
1,000 square feet.  Staff at Lake Calabasas indicate that recommended rates are applied.   

Residential properties surround Lake Calabasas, and maintenance staff indicate that some homeowners 
irrigate and fertilize their lawns.  It is difficult to estimate nutrient loading from fertilization, from either 
the residential or common areas, because application rates and methods, turf grass harvesting, and 
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proximity of application to subsequent precipitation events impact transport via runoff.  Loads from 
fertilization, as well as other sources that are difficult to quantify with the available information (wildlife, 
pets, etc.) were not accounted for in the Lake Calabasas nutrient TMDLs because no additional loading 
was required to simulate observed nutrient concentrations at this lake (see Appendix A, Nutrient TMDL 
Development). 
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F.8 El Dorado Park Lakes 
The El Dorado Park lakes are located in the San Gabriel River Basin.  Six lakes are located in the park.  
The northern four lakes are hydraulically connected and separate from the system comprised by the two 
southern lakes, also hydraulically connected.  These lakes are listed as impaired by algae, ammonia, 
eutrophication, pH, copper, lead, and mercury.  Dry weather contributions to these lakes include 
groundwater, potable water, and reclaimed water used for irrigation.  No storm drains exist in the 
watershed that would deliver dry weather loads from areas outside of the park.   

Two separate watersheds have been delineated for these separate lake systems.  The subwatershed 
draining to the northern four lakes is comprised of 185 acres, and the subwatershed draining to the 
southern two lakes is comprised of 33.8 acres.     

Figure F-6 shows the MS4 stormwater permittee that comprises both the northern and southern 
subwatersheds of the El Dorado Park lakes systems as well as the county of Los Angeles storm drain 
network.  Although both watersheds are in the city of Long Beach incorporated area, there are no major 
drains that divert runoff directly to the lakes; a few small culverts pass water beneath walking paths and 
park roads.  Because both watersheds are comprised solely of parklands that do not drain to a major storm 
drain system, the watershed loads to the El Dorado Park lakes are assigned load allocations in the 
TMDLs. 

 
Figure F-6. MS4 Permittee and the County of Los Angeles Storm Drain Network in the El Dorado 

Park Lake Subwatersheds 

F.8.1 POLLUTANT LOADS FROM STORM DRAINS 
The El Dorado Park lakes watersheds are isolated from upland areas; no storm drains deliver dry weather 
runoff from outside the park.  Thus dry weather loads from storm drains are zero (wet weather loads from 
the watershed are discussed in Appendix D).   
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F.8.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
The El Dorado Park lakes are comprised of two hydraulically separate systems.  The northern four lakes 
receive groundwater that is pumped into Coyote Lake at a rate of approximately 110 ac-ft/yr.  During a 
typical year, 80 percent of flows are discharged during the summer season (May through September) 
(personal communication, Keith McDonald, Long Beach Water, August 25, 2009).   

The groundwater input was sampled twice during 2009 for water quality.  Table F-11 summarizes the 
observed water quality for this input and presents the average of the observed values used for load 
estimation for the northern four lakes (this source is not expected to exhibit seasonal variations of water 
quality).     

Table F-11. Groundwater Quality Data for the El Dorado Park Lakes 

Parameter 2/26/2009 7/15/2009 Average 

Ammonia (mg-N/L) 0.325 0.28 0.302 

Nitrate (mg-N/L) <0.01 <0.01 <0.01 

Nitrite (mg-N/L) <0.01 <0.01 <0.01 

TKN (mg-N/L) 0.805 1.1 0.952 

Orthophosphate (mg-P/L) 0.072 0.071 0.0715 

Total Phosphorus (mg-P/L) 0.189 0.291 0.240 

Total Nitrogen (calculated) 
(mg-N/L) 

0.815 1.11 0.962 

Total Mercury (ng/L) 142 131 136.5 

Methylmercury (ng/L) 0.215 0.109 0.162 

 

The calculated total nitrogen values assume nitrate and nitrite concentrations are each equal to one-half 
the detection limits.  Based on the average of concentrations observed and an annual average flow rate of 
110 ac-ft/yr, the groundwater input delivers 287 lb-N and 71.5 lb-P per year.  Total and methyl mercury 
loads are 18.4 g and 0.022 g, respectively.  Example calculations are presented in Section F.3.   

The southern lakes at El Dorado Park lakes receive supplemental flows from a potable water source.  On 
average, 105 ac-ft are pumped annually into Nature Center North Lake.  This source was sampled for 
water quality during the August 2009, August 2010, and September 2010 sampling events (Table F-12).  
Resulting average nutrient loads are 269 pounds of nitrogen and 13.7 pounds of phosphorus annually.  
Total and methyl mercury loads are 0.368 g and 0.00259 g, respectively.  Example calculations are 
presented in Section F.3. 
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Table F-12. Potable Water Quality Data for El Dorado Park Lakes 

Parameter August 2009 August 2010 September 2010 Average 

Ammonia (mg-N/L) 0.365 0.0359 0.292 0.231 

Nitrate (mg-N/L) 0.37 0.173 0.173 0.239 

Nitrite (mg-N/L) <0.01 0.054 0.060 0.040 

TKN (mg-N/L) 0.84 0.480 0.672 0.664 

Orthophosphate (mg-
P/L) 

<0.0075 0.026 0.009 0.013 

Total Phosphorus (mg-
P/L) 

0.1085 <0.0165 <0.0165 0.0478 

Total Nitrogen 
(calculated) (mg-N/L) 

1.21 0.707 0.905 0.942 

Total Mercury (ng/L) 2.84 Not sampled Not sampled 2.84 

Methylmercury (ng/L) 0.020 Not sampled Not sampled 0.020 

 

The park area surrounding the El Dorado Park lakes is irrigated with reclaimed water.  This source was 
sampled for water quality in December 2009.  Table F-13 summarizes the water quality data relevant to 
the nutrient and mercury TMDLs.   

Table F-13. Reclaimed Water Quality Data for El Dorado Park Lakes 

Parameter Concentration 

Ammonia (mg-N/L) 0.62 

Nitrate (mg-N/L) 4.45 

Nitrite (mg-N/L) 0.05 

TKN (mg-N/L) 1.22 

Orthophosphate (mg-P/L) 0.084 

Total Phosphorus (mg-P/L) 0.166 

Total Nitrogen (calculated) 
(mg-N/L) 

5.72 

Total Mercury (ng/L) 1.46 

Methylmercury (ng/L) 0.021 

 

Irrigation water is applied to 221 acres surrounding Coyote and Alamo lakes (known as Area III) and 179 
acres surrounding Large and Horseshoe lakes (known as Area II).  At the Nature Center where the two 
southern lakes are located, 91.1 acres are irrigated.  The applied average annual volumes to these 
respective areas (based on utility bills) are 244 ac-ft, 280 ac-ft, and 64.7 ac-ft; applied depths range from 
8.5 inches to 18.8 inches.  The annual net evapotranspiration minus precipitation depth is 34.9 inches 
based on CIMIS data for this zone and precipitation data for a nearby weather station (Appendix D, Wet 
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Weather Loading).  Thus, the majority of the applied water likely percolates into the ground or is lost to 
evapotranspiration.  Officials at the park state that most of the reclaimed irrigation water percolates into 
the ground, but some runs off into the lakes and some sprinkler heads spray across the stream.  A unit area 
model setup in LSPC for this subbasin indicates that approximately 3.9 percent of applied irrigation water 
may reach the El Dorado Park lakes.  No additional fertilization has occurred on the parkland.  This 
condition is assumed to represent existing conditions.  Table F-14 summarizes the pollutant loads 
delivered to the two separate lake systems based on this information.  To estimate loading from irrigation, 
the results from applying the example calculation used in Section F.3 were multiplied by 0.039 (the 
fraction of applied flow assumed to reach the lakes). 

Table F-14. Estimated Loads Resulting from Irrigation around the El Dorado Park Lakes 

Pollutant 
Loading to Northern 

 Lake System Loading to Southern Lake System 

Ammonia (lb/yr) 34.7 4.29 

Nitrate (lb/yr) 249 30.8 

Nitrite (lb/yr) 2.80 0.35 

Organic Nitrogen (lb/yr) 33.6 4.15 

Total Nitrogen (lb/yr) 320 39.6 

Phosphate (lb/yr) 4.70 0.58 

Phosphorus (lb/yr) 9.29 1.15 

Total Mercury (g/yr) 0.0371 0.00458 

Methylmercury (g/yr) 0.000533 0.0000659 

Note:  Reclaimed water concentrations used in the loading calculations are from data collected at El Dorado Park 
lakes (Table F-13). 

 

There are some additional sources of nutrient loading that may exist at El Dorado Park lakes, such as 
feces deposited in near lake areas by wildlife and pets.  These loads are difficult to estimate with out 
information on wildlife populations, number of pets visiting annually, and percentage of pet owners 
properly disposing of pet wastes.  Additionally, during sampling events at El Dorado Park lakes people 
were observed feeding the birds and the birds may also feed from trash cans and food litter at the park. 
This practice increases nutrient loading to the lake by attracting birds and other animals that may deposit 
feces in or around the lake. Loads associated with feeding wildlife, as well as other sources that are 
difficult to quantify with the available information (normal wildlife populations, pets, park-area 
wastewater infrastructure, etc.) were accounted for in a category called “Additional Parkland Loading.”  
During calibration of the BATHTUB model (see Appendix A, Nutrient TMDL Development), loads in 
this category were quantified by increasing inputs until simulated nutrient concentrations match those 
observed. 
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F.9 North, Center, and Legg Lakes 
North, Center, and Legg lakes are hydraulically connected waterbodies in Whittier Narrows Regional 
Park located in the Los Angeles River Basin.  Legg Lake is listed as impaired by odor, ammonia, pH, 
copper, and lead (note: trash impairment has been addressed by a previous TMDL).  Dry weather 
contributions to these lakes include storm drains, groundwater, irrigation, fertilization, and treated 
groundwater from a Superfund site.   

F.9.1 POLLUTANT LOADS FROM STORM DRAINS 
Five subwatersheds comprise the drainage area to these lakes.  The northwestern and northeastern 
subwatersheds each drain to a storm drain that enters North Lake on the north side.  Three separate 
subwatersheds areas have been delineated around the lakes to designate respective overland flow directly 
to each lake.    

The northwestern, northeastern, and direct to north subwatersheds flow into North Lake which is basically 
separate from Center and Legg lakes during dry periods; North Lake discharges to Morris Creek.  Legg 
Lake receives inputs from the direct to Legg subwatershed, from a Superfund site that discharges 
remediated water to the lake, and from pumped groundwater that is split between North and Legg lakes to 
maintain water levels.  Legg Lake drains into Center Lake via a connecting channel which then 
discharges to Morris Creek.  There are two culverts connecting Center and North lakes that allow water to 
flow between them when levels are sufficiently high.   

Figure F-8 shows the MS4 stormwater permittees in the North, Center, and Legg lakes watershed.  Loads 
generated from El Monte, South El Monte, Los Angeles County, and Caltrans from either the 
northwestern or northeastern subwatersheds are assigned wasteload allocations in the TMDLs because 
they drain to the storm drain network.  Loads generated by South El Monte or the county of Los Angeles 
areas in the subwatersheds contributing directly to the lake are assigned load allocations; Caltrans areas in 
these subwatersheds are assigned wasteload allocations. 

 
Figure F-7. MS4 Permittees and the County of Los Angeles Storm Drain Network in the North, 

Center, and Legg Lake Subwatersheds 
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Two subwatersheds contain a portion of the county of Los Angeles storm drain network that may deliver 
pollutant loads during dry weather.  Table F-15 summarizes the upland areas draining to the Legg Lake 
system by subwatershed and jurisdiction.  Table F-16 through Table F-18 list the estimated dry-weather 
flows and nutrient loads corresponding to these areas.  Total nitrogen loading during dry weather is 1,478 
lb/yr, and total phosphorus loading from dry weather flows is 296 lb/yr.  Sample calculations are provided 
in Section F.2.   

Table F-15. Land Use Areas (ac) Draining to North, Center, and Legg Lakes  

Subwatershed El Monte South El Monte 
County of Los 

Angeles Caltrans Total 

Northwestern 0 317 60.1 5.32 383 

Northeastern 134 305 10.0 6.18 456 

 

Table F-16. Estimated Dry Weather Flows (ac-ft/yr) to North, Center, and Legg Lakes  

Subwatershed El Monte South El Monte 
County of Los 

Angeles Caltrans Total 

Northwestern 0 68.6 13.0 1.15 82.8 

Northeastern 29.0 65.9 2.17 1.34 98.4 

 

Table F-17. Estimated Dry Weather Nitrogen Loads (lb/yr) to North, Center, and Legg Lakes  

Subwatershed El Monte South El Monte 
County of Los 

Angeles Caltrans Total 

Northwestern 0 560 106 9.38 675 

Northeastern 237 538 17.7 10.9 803 

 

Table F-18. Estimated Dry Weather Phosphorus Loads (lb/yr) to North, Center, and Legg Lakes  

Subwatershed El Monte South El Monte 
County of Los 

Angeles Caltrans Total 

Northwestern 0 112 21.2 1.88 135 

Northeastern 47.3 108 3.53 2.18 161 

 

F.9.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
To supplement water levels, treated groundwater from a Superfund site is pumped continuously into 
North and Legg lakes at an estimated rate of 2,534 ac-ft per year.  This annual flow rate was estimated by 
extrapolating the flow measured by EPA for May through September 2010. Flows are split equally 
between these two lakes. Prior to May 2010 additional groundwater had been used to supplement water 
levels, but this input was discontinued.   
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In the summer of 2002, the city of Whittier began operating a Liquid Phase Granular Activated Carbon 
treatment facility associated with the San Gabriel Valley Area 1 Whittier Narrows Operable Unit 
Superfund site (EPA #CAD980677355) that treats groundwater contaminated with volatile organic 
chemicals (Stetson Engineers, 2009).  In addition to monitoring levels of organic chemicals, the City is 
required to monitor concentrations of nitrate in the raw and treated water.  Monitoring data collected over 
the period indicate that concentrations of nitrate did not change significantly in the treatment plant.  The 
average nitrate concentration in the treated effluent, based on monthly samples collected in 2008, was  
12 mg/L as NO3 or 2.73 mg-N/L (Stetson Engineers, 2009).   

EPA sampled the treated groundwater input during the June 8, August 11, and September 2010 sampling 
events. Table F-19 provides the mean observed concentrations for water quality parameters related to 
nutrient loading for these sampling events.  Based on these concentrations, the treated Superfund 
discharge contributes 12,355 lb-N and 172 lb-P to the lake system, split equally between North and Legg 
lakes.  Sample calculations are presented in Section F.3. 

Table F-19. Mean Observed Concentrations for the Superfund Site at North, Center, and Legg 
Lakes for June, August, and September 2010 sampling events 

Parameter 
Mean Observed 
Concentration 

Ammonia (mg-N/L) 0.05 

Nitrate (mg-N/L) 1.60 

Nitrite (mg-N/L) 0.13 

TKN (mg-N/L) 0.07 

Orthophosphate (mg-P/L) 0.03 

Total Phosphorus (mg-P/L) 0.03 

Total Nitrogen (calculated) 
(mg-N/L) 1.79 

 

Runoff resulting from irrigation of 568 acres of parkland adjacent to the Legg Lake system is another 
potential source of nutrient loading.  Water usage data for the Whittier Narrows Regional Recreation Area 
was provided for water years 2005 through 2009.  Based on the average of the two most recent, complete 
water years, the total water usage at Whittier Narrows was 1,239 ac-ft.  Staff at the park indicate that 
approximately 10 percent of this water is potable and 90 percent is reclaimed.  Irrigation with the 
reclaimed water source began in 2006.   

The usage also includes irrigation at Norman’s Nursery, which is outside the watershed of the Legg Lake 
system.  In 2006, Norman’s Nursery used approximately 6.7 percent of the reclaimed water applied at 
Whittier Narrows.  Subtracting out the usage at Norman’s Nursery leaves approximately 1,040 ac-ft of 
reclaimed water applied around the Legg Lake system.  An additional 124 ac-ft of potable water is also 
applied.  On average, 24.6 inches of irrigation water are applied.  The annual net evapotranspiration 
minus precipitation depth is 38.6 inches based on CIMIS data for this zone and precipitation data for a 
nearby weather station (Appendix D, Wet Weather Loading).  Thus, the majority of the applied water 
likely percolates into the ground or is lost to evapotranspiration.  A unit area model setup in LSPC for this 
subbasin indicates that approximately 6.3 percent of applied irrigation water reaches the lake system. 

Water quality data for the reclaimed water source were provided for fiscal year 2006/2007.  The total 
phosphorus concentration was not reported.  To estimate the total phosphorus concentration, the ratio of 
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total phosphorus to orthophosphate observed in reclaimed water at El Dorado Park lakes (0.166 mg-P/L ÷ 
0.84 mg-P/L = ratio of 1.98; Table F-13) was applied to the reported orthophosphate concentration.  The 
resulting total phosphorus concentration is 1.45 mg-P/L. 

The potable water source at Whittier Narrows was not sampled.  Assumed concentrations for the potable 
water source are based on average values observed at the El Dorado Park lakes, Echo Park Lake, Lincoln 
Park Lake, and Lake Calabasas potable water inputs.  Table F-20 summarizes the reported concentrations 
for the reclaimed water source and the assumed concentrations for the potable water source.  Only 
parameters relevant to the nutrient TMDLs are included. 

Table F-20. Average Water Quality Data for the Irrigation Water Sources at Whittier Narrows 

Parameter Reclaimed Water Potable Water 

Ammonia (mg-N/L) 0.86 0.266 

Nitrate (mg-N/L) 7.07 0.682 

Nitrite (mg-N/L) <0.03 0.011 

Organic Nitrogen (mg-N/L) 1.43 0.249 

Phosphate (mg-P/L) 0.733 0.015 

Total Phosphorus (mg-P/L) Not Reported 0.089 

Total Nitrogen (calculated) (mg-N/L) 8.52 0.942 

Note:  Reclaimed water concentrations are from the reclaimed water source for fiscal year 2006/2007 (total 
phosphorous was not reported); Potable water concentrations are an average of the potable water values 
observed at El Dorado Park lakes, Echo Park Lake, Lincoln Park Lake, and Lake Calabasas presented 
previously. 

Table F-21 summarizes the nutrient loads delivered to the Legg Lake system due to irrigation based on 
the volumes and water quality data described above.  See Section F.3 for example calculations.   

Table F-21. Estimated Annual Pollutant Loading Resulting from Irrigation at Whittier Narrows 

Pollutant Load 

Ammonia (lb/yr) 158 

Nitrate (lb/yr) 1,266 

Nitrite (lb/yr) 2.89 

Organic Nitrogen (lb/yr) 284 

Total Nitrogen (lb/yr) 1,711 

Phosphate (lb/yr) 130 

Phosphorus (lb/yr) 258 

Information regarding use of fertilizer has not been received from park staff.  Even if the types and 
application rates were known, it would still be difficult to estimate nutrient loading from fertilization 
because application methods, turf grass harvesting, and proximity of application to subsequent 
precipitation events impact transport via runoff.     
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During sampling events at the Legg Lake system, people were observed feeding the birds and birds may 
feed from trash cans and food litter at the park.  These practices increase nutrient loading to the lake by 
attracting animals that may deposit feces around the lake.  Loads associated with food waste dumping, as 
well as other sources that are difficult to quantify with the available information (normal wildlife 
populations, pets, park-area septic and other wastewater infrastructure systems, fertilization, etc.) were 
not accounted for in the North, Center, and Legg Lake nutrient TMDLs because no additional loading was 
required to simulate observed nutrient concentrations in this system (see Appendix A, Nutrient TMDL 
Development). 
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F.10 Puddingstone Reservoir 
Puddingstone Reservoir is located in the San Gabriel River Basin.  Impairments include low dissolved 
oxygen/organic enrichment, mercury, chlordane, DDT, and PCBs.  Dry weather contributions to this lake 
include dry weather runoff to storm drains in the Northern Subwatershed and irrigation of parkland in the 
Southern Subwatershed.   

F.10.1 POLLUTANT LOADS FROM STORM DRAINS 
Two subwatersheds comprise the drainage area to Puddingstone Reservoir.  The subwatershed draining 
the northern part of the watershed is 6,959 acres, and the southern subwatershed is 1,169 acres.  The 
subwatershed boundaries were chosen to separate those areas that drain to a storm drain (the northern 
subwatershed) and those that enter the reservoir via natural tributaries or overland flow (the southern 
subwatershed).   

Figure F-8 shows the MS4 stormwater permittees in the Puddingstone Reservoir watershed.  The northern 
subwatershed is primarily comprised of the county of Los Angeles, Claremont, and La Verne areas with a 
small amount of San Dimas, Caltrans, and Angeles National Forest areas.  Loads generated from these 
jurisdictions in the northern subwatershed are assigned wasteload allocations because they drain to the 
county of Los Angeles storm drain network.  The southern subwatershed is comprised of San Dimas, La 
Verne, and Pomona areas.  Loads from these jurisdictions originating in the southern subwatershed are 
assigned load allocations.  The small amount of Caltrans area in the Southern Subwatershed are assigned 
a wasteload allocation. 

 
Figure F-8. MS4 Permittees and the County of Los Angeles Storm Drain Network in the 

Puddingstone Reservoir Subwatersheds 
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The county of Los Angeles storm drain system is only present in the Northern subwatershed.  The 
contributing areas by jurisdiction and the estimated dry-weather flows and pollutant loads are presented in 
Table F-22.  Nutrient loads were calculated from the SCCWRP data presented in Section F.2.  The 
relevant monitoring study did not include mercury data, so the mercury concentration observed in the 
summer of 2009 near the outlet of the Northern Subwatershed was used to represent dry weather 
concentrations of total mercury (4.24 ng/L) and methylmercury (0.553 ng/L).  Dry weather loads from 
National Forest lands were assumed zero; wet weather loading from these areas is described in Appendix 
D (Wet Weather Loading).  The Southern Subwatershed does not contain areas serviced by the storm 
drain network.  Dry weather loads associated with the small pipes that drain surrounding parkland are 
likely due to irrigation of adjacent areas, which is discussed in the following section.  Sample calculations 
for dry weather loads from the storm drain network are provided in Section F.2.   

Table F-22. Estimated Dry Weather Storm Drain Inputs to Puddingstone Reservoir from the 
Northern Subwatershed 

Watershed Claremont 

County 
of Los 

Angeles 
La 

Verne Pomona 
San 

Dimas Caltrans 

Angeles 
National 
Forest Total 

Area (ac) 578 1,865 4,079 5.28 28.5 110 293 6,959 

Flow          
(ac-ft/yr) 

125 403 881 1.14 6.15 23.8 0 1,440 

Nitrogen 
(lb/yr) 

1,019 3,288  7,191  9.32 50.2 194 0 11,752  

Phosphorus 
(lb/yr) 

204 658 1,438 1.86 10.0 38.8 0 2,350 

Total Mercury 
(g/yr) 

0.654 2.11 4.61 0.00597 0.0322 0.124 0 7.53 

Methylmercury 
(g/yr) 

0.085 0.275 0.601 0.000779 0.00419 0.0162 0 0.983 

 

F.10.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
Puddingstone Reservoir does not receive supplemental flows from a potable or groundwater source.  
Though the Metropolitan Water District can divert water to Puddingstone Reservoir from outside the 
watershed, this practice is seldom used (personal communication, Adam Walden, Los Angeles County 
Department of Public Works, 9/16/09) and does not impact the average conditions for this reservoir.   

The park area around Puddingstone Reservoir is irrigated with a combination of reclaimed and potable 
water.  Water quality data for the reclaimed water source were provided by the city of Pomona.  The 
potable water source at Puddingstone Reservoir was not sampled during the 2009 monitoring event and 
data were not available from the source.  To estimate water quality for this source, concentrations were 
assumed equal to the average concentrations observed at the El Dorado Park lakes, Echo Park Lake, 
Lincoln Park Lake, and Lake Calabasas potable water inputs.  Table F-23 summarizes the monitoring data 
for the reclaimed water provided by the city of Pomona and the average concentrations assumed for the 
potable water source.  Only those parameters relevant to the nutrient and mercury TMDLs are included in 
the table.   
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Table F-23. Average Water Quality Data for the Irrigation Water Sources at Puddingstone 
Reservoir 

Parameter Reclaimed Water Potable Water 

Ammonia (mg-N/L) 1.33 0.266 

Nitrate (mg-N/L) 5.49 0.682 

Nitrite (mg-N/L) 0.094 0.011 

Organic Nitrogen (mg-N/L) 1.27 0.249 

Phosphate (mg-P/L) Not reported 0.015 

Total Phosphorus (mg-P/L) Not reported 0.089 

Total Nitrogen (calculated) (mg-N/L) 8.18 1.21 

Total Mercury (ng/L) 24 2.84 

Note:  Reclaimed water concentrations were provided by the city of Pomona (phosphate and total phosphorous were 
not reported); Potable water concentrations are an average of the potable water values observed at El Dorado 
Park lakes, Echo Park Lake, Lincoln Park Lake, and Lake Calabasas presented previously. 

The monitoring data for the reclaimed water at Puddingstone Reservoir does not include phosphorus 
parameters.  A phosphate concentration of 0.408 mg-P/L was assumed, based on averaging the phosphate 
concentrations reported for Legg Lake and El Dorado Park lakes.  The total phosphorus concentration was 
estimated by applying the ratio of total phosphorus to orthophosphate observed at El Dorado Park lakes 
(0.166 mg-P/L ÷ 0.84 mg-P/L = ratio of 1.98; Table F-13).  The resulting total phosphorus concentration 
is 0.807 mg-P/L.   

Park staff report that approximately 1,180 acres in the park are irrigated.  Utility bills indicate that on 
average, 1,510 ac-ft of reclaimed water and 104 ac-ft of potable water are used for irrigation each year.  
This volume equates to a depth of 16.4 inches, which is significantly less than the net evaporation minus 
precipitation depth (37.7 inches) estimated from data posted on the CIMIS website for this zone and 
precipitation data for a nearby weather station (Appendix D, Wet Weather Loading).     

Officials at the park state that the majority of the irrigation water percolates into the ground, although 
areas along the shoreline do produce runoff to the reservoir during irrigation.  A unit area model set up in 
LSPC for this subbasin indicates that approximately 10.1 percent of applied irrigation water reaches 
Puddingstone Reservoir.  During the past three years, no additional fertilization has occurred due to 
budget considerations.  This condition is assumed to represent existing conditions.  The resulting loads 
due to irrigation are summarized in Table F-24.  Example calculations are presented in Section F.3. 

Table F-24. Estimated Annual Pollutant Loading Resulting from Irrigation at Puddingstone 
Reservoir 

Pollutant Load 

Ammonia (lb/yr) 559 

Nitrate (lb/yr) 2,294 

Nitrite (lb/yr) 39.3 

Organic Nitrogen (lb/yr) 533 

Total Nitrogen (lb/yr) 3,425 
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Pollutant Load 

Phosphate (lb/yr)1 170 

Phosphorus (lb/yr)2  337 

Total Mercury (g/yr) 4.55 

1 The monitoring data for the reclaimed water at Puddingstone Reservoir does not include phosphorus parameters.  A 
phosphate concentration of 0.408 mg-P/L was assumed, based on averaging the phosphate concentrations reported 
for Legg Lake and El Dorado Park lakes.   

2 The total phosphorus concentration was estimated by applying the ratio of total phosphorus to orthophosphate 
observed at El Dorado Park lakes (0.166 mg-P/L ÷ 0.84 mg-P/L = ratio of 1.98; Table F-13).  The resulting total 
phosphorus concentration is 0.807 mg-P/L. 

Other sources of nutrient loading may exist at Puddingstone Reservoir such as wildlife and pets 
depositing feces that may wash off into the reservoir during rain events.  While no bird feeding has been 
observed during recent fieldwork, birds may feed from trash cans and food litter at the park.  It is difficult 
to estimate nutrient loading from animal wastes without information on populations and pet owner waste-
disposal practices.  Loads from animal wastes, as well as other sources that are difficult to quantify with 
the available information (e.g., park-area wastewater infrastructure systems), were not accounted for in 
the Puddingstone Reservoir nutrient TMDLs because no additional loading was required to simulate 
observed nutrient concentrations at this lake (see Appendix A, Nutrient TMDL Development). 
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F.11 Santa Fe Dam Park Lake 
Santa Fe Dam Park Lake is located in the San Gabriel River Basin.  Impairments of this lake include pH, 
copper, and lead.  The waterbody is a recreational lake that was constructed within the Santa Fe Flood 
Control Basin, but no water from the basin is diverted into the lake (personal communication, Chris 
Graham, Los Angeles County Department of Parks and Recreation).  Dry weather inputs include 
groundwater and potable water used for maintaining lake levels and runoff from irrigation.    

One 362-acre subwatershed comprises the drainage area to Santa Fe Dam Park Lake.  No storm drain 
system is present in the watershed.  Figure F-9 shows the jurisdictions present in the Santa Fe Dam Park 
Lake watershed.  Most of the drainage area is located in Irwindale, with a small portion in Azusa. 

 
Figure F-9. Jurisdictions in the Santa Fe Dam Park Lake Subwatershed 

F.11.1 POLLUTANT LOADS FROM STORM DRAINS 
There are no storm drains in the Santa Fe Dam Park Lake watershed.  Thus dry weather loads from storm 
drains are zero for this waterbody (wet weather loads from the watershed are discussed in Appendix D).   

F.11.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
Santa Fe Dam Park Lake receives supplemental flows from groundwater and potable water sources to 
maintain lake levels.  Ten years of monthly usage data were used to estimate the average annual volume 
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pumped from each source.  Groundwater and potable water are pumped at average rates of 1,319 ac-ft/yr 
and 544 ac-ft/yr, respectively.   

The groundwater input at Santa Fe Dam Park Lake was sampled on August 3, 2009 and August 12, 2010.  
The calculated total nitrogen value for the groundwater concentrations reported as less than the detection 
limit are equal to one-half the detection limits.  During both sampling events, total phosphorus was 
analyzed as less than the detection limit of 0.016 mg/L; therefore, the phosphate concentration was used 
to represent the total phosphorus content of the groundwater.  The potable water input at the discharge 
point to Santa Fe Dam Park Lake has not been sampled.  The average of measurements obtained from 
potable water sources at other impaired lakes sampled for this TMDL study were used to estimate the 
nutrient concentrations for this source (El Dorado Park lakes, Echo Park Lake, Lake Calabasas, and 
Lincoln Park Lake).  Table F-25 summarizes the average observed and estimated concentrations for the 
groundwater and potable water inputs at Santa Fe Dam Park Lake.   

Table F-25. Water Quality Data for the Groundwater and Potable Water Inputs at Santa Fe Dam 
Park Lake 

Parameter Groundwater Potable Water 

Ammonia (mg-N/L) 0.03 0.266 

Nitrate (mg-N/L) 2.3 0.682 

Nitrite (mg-N/L) 0.02 0.011 

TKN (mg-N/L) 0.67 0.516 

Orthophosphate (mg-P/L) 0.026 0.015 

Total Phosphorus (mg-P/L) 0.026 0.0923 

Total Nitrogen (calculated) 
(mg-N/L) 

2.99 1.21 

Note:  Groundwater concentrations are from data collected at Santa Fe Dam Park lake (total phosphorous was less 
than the detection limit, so the phosphate concentration was used to represent total phosphorous); Potable 
water concentrations are an average of the potable water values observed at El Dorado Park lakes, Echo Park 
Lake, Lincoln Park Lake, and Lake Calabasas presented previously. 

Nutrient loads discharged directly to Santa Fe Dam Park Lake from these sources can be calculated from 
the average annual volume discharged and the water quality concentrations.  Total nitrogen loads from 
groundwater and potable water are estimated to be 10,734 lb-N/yr and 1,790 lb-N/yr, respectively.  Total 
phosphorus loads from these sources are 93.3 lb-P/yr and 137 lb-P/yr, respectively.  Example calculations 
are presented in Section F.3. 

In addition to inputs of potable water and groundwater, the swim beach area of Santa Fe Dam Park Lake 
is chlorinated during the summer months.  Chlorination typically occurs seven days per week via five 
pumps.  However, due to reduced funding available in 2009, the swim beach was closed Monday through 
Wednesday and only one chlorine pump was being utilized (personal communication, Chris Graham, Los 
Angeles County Department of Parks and Recreation, September 19, 2009).  Chlorination alters the pH of 
the water and may be contributing to the pH impairment.   

The groundwater source at Santa Fe Dam Park Lake is also used to irrigate 175 acres of parkland.  
Irrigation water is observed to percolate into the ground.  Application volumes were not available.  To 
estimate loading from this source, it is assumed that a depth of 1 foot of water is applied annually.  A unit 
area model setup in LSPC for this subbasin indicates that approximately 9.6 percent of applied irrigation 
water reaches the lake.  These assumptions yield nutrient loads to the lake of 137 lb-N/yr and  
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1.19 lb-P/yr.  There is no fertilization schedule for this area, so loads from fertilizer are assumed zero.  
Example calculations are presented in Section F.3. 

Other sources of nutrient loading may exist at Santa Fe Dam Park Lake such as wildlife and pets 
depositing feces that may wash off into the reservoir during rain events.  While no bird feeding has been 
observed during recent fieldwork, it is likely a recreational activity at the lake and birds may feed from 
trash cans and food litter at the park.  It is difficult to estimate nutrient loading from animal wastes 
without information on populations and pet owner waste-disposal practices.  Loads from animal wastes, 
as well as other sources that are difficult to quantify with the available information (e.g., park-area 
wastewater infrastructure systems) were not accounted for in the Santa Fe Dam Park Lake nutrient 
TMDLs because no additional loading was required to simulate observed nutrient concentrations at this 
lake (see Appendix A, Nutrient TMDL Development). 
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F.12  Lake Sherwood 
Lake Sherwood is located in the Santa Monica Bay Basin and is impaired by mercury (note: algae, 
ammonia, eutrophication, and low dissolved oxygen impairments have been addressed by a previous 
TMDL).  Dry weather contributions to this lake include dry weather runoff to storm drains in the 
developed subwatersheds.     

F.12.1 POLLUTANT LOADS FROM STORM DRAINS 
Six subwatersheds comprise the drainage area (10,656 acres) to Lake Sherwood.  Figure F-10 shows the 
MS4 stormwater permittees comprising each subwatershed.   

Ventura County is the only stormwater permittee in the Western Subwatershed.  The Hidden Valley Wash 
subwatershed is mostly in Ventura County with small portion in Thousand Oaks.  The Northern, Near 
Lake Undeveloped, and Near Lake Developed subwatersheds are comprised of both Ventura County and 
Thousand Oaks MS4 areas.  The Carlisle Canyon subwatershed contains Ventura and Los Angeles 
County areas as well as Thousand Oaks, California Department of Transportation (Caltrans), and 
California State Park areas.  Neither Ventura or Los Angeles counties (the MS4 stormwater permittees in 
the watershed) maintain storm drain systems in the Lake Sherwood watershed.  However, there are 
residential developments in the vicinity of the lake which drain to culverts and storm drains. These areas 
are generally associated with the Sherwood Valley Homeowner’s Association (SVHOA) and Sherwood 
Development Company. All subwatersheds will receive wasteload allocations except for the Carlisle 
Canyon and Near Lake Undeveloped subwatersheds.  The small Caltrans area in the Carlisle Canyon 
subwatershed will also receive a wasteload allocation. 
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Figure F-10. MS4 Permittees in the Lake Sherwood Subwatersheds 

The developed subwatersheds (Northern, Western, and Near Lake Developed) likely contribute dry 
weather flows and loading to Lake Sherwood via the storm drain system.  [No flows were observed along 
Hidden Valley Wash during dry weather sampling, so dry weather loads from this subwatershed are 
assumed zero.]  Dry weather flow volumes (described in Section F.2) were estimated for the “other 
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urban” and residential land uses in each developed subwatershed.. All developed lands in these 
subwatersheds are in Ventura County.  Mercury concentrations observed during the summer monitoring 
event (Appendix G, Monitoring Data) were assumed to represent the dry weather concentrations at the 
mouth of each tributary or storm drain.  Table F-26 summarizes the resulting total mercury loads, and 
Table F-27 summarizes the methylmercury loads.  Example calculations are presented in Section F.3. 

Table F-26. Dry Weather Total Mercury Loading to Lake Sherwood 

Subwatershed 
Developed 
Area (ac) 

Dry Weather 
Flows (ac-ft/yr) 

Dry Weather Total Mercury 
Concentration (ng/L) 

Dry Weather Total 
Mercury Load (g/yr) 

Northern 43.0 9.28 54.0 0.618 

Western  185 39.9 4.58 0.226 

Near Lake 
Developed 

175 37.7 54.01 2.51 

1 Concentrations for this subwatershed are assumed similar to those observed in the Northern Subwatershed based 
on land use similarity. 

Table F-27. Dry Weather Methylmercury Loading to Lake Sherwood 

Subwatershed 
Developed 
Area (ac) 

Dry Weather 
Flows (ac-ft/yr) 

Dry Weather Methylmercury 
Concentration (ng/L) 

Dry Weather 
Methylmercury 

Load (g/yr) 

Northern 43.0 9.28 0.096 0.0011 

Western 185 39.9 0.536 0.0264 

Near Lake 
Developed 

175 37.7 0.0961 0.00447 

1 Concentrations for this subwatershed are assumed similar to those observed in the Northern Subwatershed based 
on land use similarity. 

F.12.2 POLLUTANT LOADS FROM OTHER DRY WEATHER INPUTS 
There are no additional dry weather sources of mercury loading to Lake Sherwood. 
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G.1 Introduction 
USEPA Region IX is establishing TMDLs for impairments in nine lakes in the Los Angeles Region 
(Figure G-1).  Los Angeles Water Quality Control Board (Regional Board) assisted USEPA in this effort 
by compiling historic data associated with 1998 list and with collecting recent (2008-2010) monitoring 
results.  The waterbodies are impaired by low dissolved oxygen/organic enrichment, odor, ammonia, 
eutrophication, algae, pH, mercury, lead, copper, chlordane, DDT, dieldrin, PCBs, and trash.  This 
appendix describes the monitoring data relevant to TMDL development, determinations of 
nonimpairment, and determinations of new impairments for these waterbodies.  

 

Figure G-1. Location of Impaired Lakes 
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G.2 Overview of Monitoring Parameters 
The impairments in the Los Angeles area lakes presented in Table 2-30 can be grouped into five 
categories: nutrients, mercury, metals, Organochlorine (OC) Pesticides and PCBs, and trash.  Various 
monitoring parameters are helpful to evaluate impairments and characterize watershed and in-lake 
conditions for TMDL analyses.  The parameters and their associated category are presented in Table G-1. 
This table also identifies the media and whether available data were reported by an analytical laboratory 
and/or measured in the field.  Specifics for nutrients, mercury, metals, and OC Pesticides and PCBs data 
are described for each lake in Section G.4 through Section G.13.  Trash monitoring measurements are 
described in the lake-specific chapters. 

Table G-1. Monitoring Parameters by Category 

Analysis 
Category Monitoring Parameter Media 

Analytical 
Laboratory Result 

Field 
Measurement 

Nutrients Ammonia/Ammonium Water column ●  

Biochemical Oxygen Demand Water column ●  

Chloride Water column ●  

Chlorophyll a Water column ●  

Depth Water column  ● 

Dissolved Organic Carbon Water column ●  

Dissolved Oxygen Water column ● ● 

Electrical Conductivity Water column  ● 

Nitrate Water column ●  

Nitrite Water column ●  

Organic Nitrogen Water column ●  

Orthophosphate Water column ●  

pH Water column ● ● 

Secchi Depth Water column  ● 

Sulfate Water column ●  

Suspended Solids Water column ●  

Temperature Water column  ● 

Total Alkalinity Water column ●  

Total Dissolved Solids Water column ●  

Total Kjeldahl Nitrogen Water column ●  

Total Organic Carbon Water column ●  

Total Phosphate Water column ●  

Total Phosphorous Water column ●  

Mercury Methylmercury (total) Water column ●  
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Analysis 
Category Monitoring Parameter Media 

Analytical 
Laboratory Result 

Field 
Measurement 

Methylmercury (total) Sediment ●  

Sulfate Sediment ●  

Sulfate Water column ●  

Total Mercury Water column ●  

Total Mercury Sediment ●  

Total Mercury Fish tissue ●  

Total Suspended Solids Water column ●  

Metals Cadmium (dissolved) Water column ●  

Copper (dissolved) Water column ●  

Copper (total) Sediment ●  

Lead (dissolved) Water column ●  

Lead (total) Water column ●  

Lead (total) Sediment ●  

Total hardness Water column ●  

Zinc (dissolved) Water column ●  

OC Pesticides 
and PCBs 

Chlordane* Water column ●  

Chlordane* Porewater ●  

Chlordane* Fish tissue ●  

Chlordane* Sediment (bed and 
suspended sediment) 

●  

DDTs* Water column ●  

DDTs* Porewater ●  

DDTs* Fish tissue ●  

DDTs* Sediment (bed and 
suspended sediment) ●  

Dieldrin Water column ●  

Dieldrin Porewater ●  

Dieldrin Fish tissue ●  

Dieldrin Sediment (bed and 
suspended sediment) ●  

PCBs* Water column ●  

PCBs* Porewater ●  

PCBs* Fish tissue ●  

PCBs* Sediment (bed and 
suspended sediment) ●  

* May include various chemicals that make up the total compound. 
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G.3 Overview of Monitoring Studies 
Several studies have been conducted over the past few decades to monitor water quality in the county of 
Los Angeles.  The University of California at Riverside conducted a study of urban lakes in the county of 
Los Angeles (UC Riverside, 1994).  Most of the monitoring data were collected in 1992 and 1993, and 
the findings were summarized in 1994 as the “Evaluation of Water Quality for Selected Lakes in the Los 
Angeles Hydrologic Basin.”  Each lake was sampled at one location.  Samples reported with the same 
date were likely replicates.  Although raw data were available for the nutrient parameters, pH, total 
organic carbon (TOC), and total dissolved solids (TDS), only ranges and average chlorophyll a 
concentrations were provided.   

The Regional Board completed a Clean Water Act Section 305(b) Water Quality Assessment and 
Documentation Report for the Los Angeles Region in 1996 (LARWQCB, 1996).  This report identifies 
the impaired waters, summarizes the impairments for each lake, and provides data summaries for 
dissolved oxygen (DO), pH, and ammonia.  A database of water quality monitoring was provided to Tetra 
Tech along with the Water Quality Assessment and Documentation Report.  Although the database does 
contain limited water quality data for a few of the nutrient impaired lakes, it does not contain the raw data 
associated with the data summaries of DO, pH, and ammonia as listed in the report.  While the data 
summaries are useful to explain the initial listings, they do not provide the level of detail required to 
directly apply the data (sampling location, depth, time, relationship to other monitored parameters, etc.).   

More recently the Regional Board has collected water quality data in several of these lakes.  Much of 
these data were collected in 2008 and 2009, with some additional metals, organics, and nutrient sampling 
in 2010.  In addition, a few of the lakes have been studied independently over the past several years by 
other municipal agencies.   

This appendix summarizes the water quality data collected in each lake and associated watershed through 
fall 2010.  Where applicable, these data were used to support model development and/or TMDL 
calculations.   

In addition to displaying the locations of the various monitoring stations for each study, the figures in this 
appendix also show the subwatershed boundaries and the incorporated areas comprising each watershed.  
In general, the areas draining to storm drain networks will receive waste load allocations for the TMDL, 
while the other drainage areas will receive load allocations.  The areas associated with wasteload and load 
allocations are described in each lake chapter.  Tetra Tech made slight modifications to the subwatershed 
boundaries that were downloaded from the county of Los Angeles GIS data depot.  These minor 
modifications were based on aerial photographs and digital elevation models.  Most changes were made 
to coordinate subwatershed boundaries with a sampling location, to move the boundary outside of the 
arms of each lake, or to aggregate subwatersheds to larger TMDL subwatersheds.  Modifications are 
explained in the general information section for each lake.   
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G.4 Monitoring Data for Peck Road Park Lake 
Monitoring data relevant to the impairments of Peck Road Park Lake are available from 1992, 1993, 
2008, 2009, and 2010.  In addition, tributary data are available sporadically from 1977 through 1997 and 
fish tissue data are available from 1986 through 2007.  Figure G-2 shows the historical and recent 
monitoring locations for Peck Road Park Lake. 

 

Figure G-2. Peck Road Park Lake Monitoring Sites 

G.4.1 MONITORING RELATED TO NUTRIENT IMPAIRMENTS 
The nutrient and pH data collected during the 1992-93 monitoring period in support of the Urban Lakes 
Study are shown in Table G-2.  Samples were collected from the middle of the south basin (pink triangle, 
Figure G-2).  Unfortunately, nutrient levels were analyzed at relatively high detection limits.   

Of the 90 orthophosphate samples collected, only one exceeds the reporting limit of 0.1 mg/L.  This 
measurement was collected at a depth of 8 meters and had a value of 0.4 mg/L.  Only 1 of 90 total 
phosphorus samples exceeded the reporting limit of 0.1 mg/L: at a depth of 5 meters the TP measurement 
was 0.9 mg/L.   

Three nitrite samples exceeded the reporting limit for this dataset of 0.1 mg/L.  All three had values of  
0.2 mg/L and were located at depths ranging from 7 to 14 meters.  For nitrate, 23 samples were less than 
the reporting limit and the maximum nitrate concentration measured was 1.1 mg/L.  Twelve 
measurements of Total Kjeldahl Nitrogen (TKN), which includes the organic and ammonia species of 
nitrogen, were less than the reporting limit and the maximum TKN concentration observed was 2.0 mg/L.  
For ammonia, 55 out of 90 measurements were less than the reporting limit and 35 samples ranged from 
0.1 mg/L to 1.2 mg/L.  pH ranged from 7.3 to 8.8.  Total organic carbon (TOC) concentrations ranged 
from 0.4 mg/L to 4.7 mg/L.   

The summary table from the 1994 Lakes Study Report (UC Riverside, 1994) lists chlorophyll a 
concentrations ranging from <1 µg/L to 19 µg/L with an average of 8 µg/L.  The graphs displaying the 
depth profile data for Peck Road Park Lake show that dissolved oxygen typically declines to 0 mg/L 
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during the summer months at depths greater than 5 meters.  At depths less than 5 meters, dissolved 
oxygen concentrations were typically around 7 mg/L during the summer months.   

Table G-2. Peck Road Park Lake 1992/1993 Monitoring Data for Nutrients 

Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

7/7/1992 0 2 <0.1 <0.1 0.1 <0.1 <0.1 7.3 3 173 

3 0.2 <0.1 <0.1 0.1 <0.1 <0.1 7.8 2.2 169 

5.5 0.2 <0.1 <0.1 0.2 <0.1 <0.1 8 4 172 

7 0.3 <0.1 <0.1 0.2 <0.1 <0.1 7.9 2.3 156 

9 0.5 0.2 <0.1 0.1 <0.1 <0.1 7.8 1.8 162 

7/7/1992 0 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 8.3 2.2 151 

3 0.2 <0.1 <0.1 0.1 <0.1 <0.1 8.3 3.1 169 

5.5 0.3 <0.1 <0.1 0.2 <0.1 <0.1 8.2 2.8 171 

6 0.1 <0.1 <0.1 0.2 <0.1 <0.1 8.2 2 171 

7.5 0.4 0.3 <0.1 0.1 <0.1 <0.1 8 3.5 170 

7/23/1992 0 0.5 0.9 <0.1 0.1 <0.1 <0.1 8.1 1.2 260 

3.5 0.1 <0.1 <0.1 0.1 <0.1 <0.1 8.1 3 245 

6.5 0.2 <0.1 <0.1 0.2 <0.1 <0.1 8 1.2 242 

8.5 0.4 0.2 <0.1 <0.1 <0.1 <0.1 7.9 1.3 240 

10.5 0.5 0.2 <0.1 <0.1 <0.1 <0.1 7.8 1.1 255 

13 1 0.9 <0.1 <0.1 0.1 <0.1 7.7 2.1 223 

7/23/1992 0 0.3 0.5 <0.1 <0.1 <0.1 <0.1 8.4 1.3 174 

2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 8.4 3.9 185 

4 0.1 <0.1 <0.1 0.1 <0.1 <0.1 8.2 1.2 198 

7/23/1992 0 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 8.5 1.5 167 

2 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 8.5 4.2 185 

4 0.1 <0.1 <0.1 0.1 <0.1 <0.1 8.3 1 189 

6 <0.1 0.3 <0.1 0.2 <0.1 <0.1 8.1 1.1 216 

8 0.4 0.3 <0.1 <0.1 <0.1 0.1 7.9 1.3 174 

9/9/1992 0 0.2 0.3 <0.1 <0.1 <0.1 <0.1 8.4 1.9 182 

2.5 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 8.4 1.9 177 

4.5 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 8.4 1.9 175 

6.5 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 8.3 3.3 174 

8.5 1.2 0.7 <0.1 <0.1 <0.1 <0.1 8.2 4.4 168 
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Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

10 1.3 1.2 <0.1 <0.1 0.1 <0.1 8.4 4.5 167 

10/8/1992 0 0.1 0.1 <0.1 <0.1 <0.1 <0.1 8.6 2.3 185 

2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 8.7 2.3 180 

4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 8.6 2.2 180 

6 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 8.3 2.8 176 

8 1.4 1.2 <0.1 <0.1 0.4 <0.1 7.8 4.4 182 

9 1.7 1.2 <0.1 <0.1 <0.1 <0.1 7.7 4.7 169 

11/3/1992 0 0.7 <0.1 <0.1 0.7 <0.1 <0.1 8.4 2.9 222 

2.5 0.6 <0.1 <0.1 0.7 <0.1 <0.1 8.3 3.2 229 

5 1.1 0.1 <0.1 0.8 <0.1 <0.1 8.2 2.9 221 

7.5 0.5 0.2 <0.1 0.8 <0.1 <0.1 8.1 2.7 209 

9.5 0.6 0.1 <0.1 0.7 <0.1 <0.1 8 2.7 271 

11.6 1 0.4 <0.1 0.2 <0.1 <0.1 7.9 3.5 153 

12/17/1992 0 0.6 0.3 <0.1 0.5 <0.1 <0.1 7.9 3.1 188 

2 0.9 0.2 <0.1 0.5 <0.1 <0.1 7.9 3.2 191 

4.5 1 0.2 <0.1 0.4 <0.1 <0.1 8 3 180 

7.5 1.1 0.2 <0.1 0.5 <0.1 <0.1 8 3 184 

10.5 0.7 0.3 <0.1 0.4 <0.1 <0.1 8 3.6 179 

12.5 0.8 0.3 <0.1 0.5 <0.1 <0.1 8 3 184 

1/27/1993 0 0.2 <0.1 <0.1 1.1 <0.1 <0.1 8.1 2 133 

4 0.3 <0.1 <0.1 1 <0.1 <0.1 8 2.5 116 

8 0.3 0.1 <0.1 1 <0.1 0.1 8 2.3 116 

12 0.4 0.1 <0.1 1.1 <0.1 <0.1 8 2.1 133 

16 0.4 0.1 <0.1 1.1 <0.1 <0.1 8.1 2 137 

20 0.3 <0.1 <0.1 1.1 <0.1 <0.1 8.1 1.9 129 

2/16/1993 0 0.8 <0.1 <0.1 1 <0.1 0.1 8.6 2.4 148 

2 0.6 <0.1 <0.1 1 <0.1 0.1 8.5 3 123 

5 0.7 <0.1 <0.1 1.1 <0.1 0.9 8.3 2 145 

8 0.3 0.1 <0.1 1.1 <0.1 <0.1 8.2 1.9 142 

11 <0.1 0.2 <0.1 1.1 <0.1 <0.1 8.2 2.3 167 

14.5 0.5 0.2 <0.1 1.1 <0.1 <0.1 8.2 1.9 151 

2/25/1993 0 0.3 <0.1 <0.1 1 <0.1 <0.1 8.1 2.2 126 
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Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

3 0.3 <0.1 <0.1 1 <0.1 <0.1 8.1 2.1 134 

6 0.2 <0.1 <0.1 0.9 0.1 <0.1 8.1 2.3 135 

9 0.1 <0.1 <0.1 0.9 0.1 <0.1 8.1 2.2 128 

12 0.3 <0.1 <0.1 0.9 <0.1 <0.1 8.2 2 131 

15.5 0.3 <0.1 <0.1 0.9 <0.1 <0.1 8.2 2 122 

3/17/1993 0 0.2 <0.1 <0.1 0.8 <0.1 <0.1 8.7 1.8 163 

3 0.3 <0.1 <0.1 0.8 <0.1 <0.1 8.6 1.7 167 

6 0.2 <0.1 <0.1 0.9 <0.1 <0.1 8.3 2.3 148 

9 0.3 <0.1 <0.1 1.1 <0.1 <0.1 8.3 1.9 141 

12.5 0.1 <0.1 <0.1 1.1 <0.1 <0.1 8.1 1.9 154 

16 0.2 <0.1 <0.1 1.1 <0.1 <0.1 8.3 1.8 146 

4/22/1993 0 <0.1 <0.1 <0.1 0.5 <0.1 <0.1 8.8 0.8 178 

2 <0.1 <0.1 <0.1 0.4 <0.1 <0.1 8.8 1.1 173 

5 <0.1 <0.1 <0.1 0.5 <0.1 <0.1 8.6 0.4 191 

8 <0.1 <0.1 <0.1 0.9 <0.1 <0.1 8.1 0.9 157 

11 <0.1 <0.1 <0.1 1 <0.1 <0.1 7.9 0.8 159 

14.5 <0.1 <0.1 <0.1 1.1 <0.1 <0.1 7.9 0.8 155 

5/25/1993 0 0.4 <0.1 <0.1 0.3 <0.1 <0.1 8.7 2 201 

3.5 0.4 <0.1 <0.1 0.3 <0.1 <0.1 8.7 2.4 185 

6.5 0.4 <0.1 <0.1 0.6 <0.1 <0.1 8.2 2 183 

9.5 0.5 0.1 0.2 0.7 <0.1 <0.1 7.8 2 197 

12.5 0.4 <0.1 <0.1 0.6 <0.1 <0.1 8.1 1.7 190 

14 0.4 <0.1 0.2 0.7 <0.1 <0.1 7.8 1.7 162 

6/23/1993 0 0.3 <0.1 <0.1 0.1 <0.1 <0.1 8.5 1.1 192 

2 0.2 <0.1 <0.1 0.1 <0.1 <0.1 7.9 1.2 167 

4 0.4 <0.1 <0.1 0.2 <0.1 <0.1 8.3 1.4 187 

7 0.4 <0.1 0.2 0.4 <0.1 <0.1 8.1 1.2 223 

9.5 0.6 0.3 <0.1 <0.1 <0.1 <0.1 8 1.3 173 

12 0.7 0.4 <0.1 <0.1 <0.1 <0.1 8.5 1.4 184 

 

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The summary table for Peck Road Park Lake 
states that dissolved oxygen (DO) was not supporting the aquatic life use: 195 measurements of DO were 
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collected in the lake with concentrations ranging from 0.2 mg/L to 15.2 mg/L.  The accompanying 
database does not contain the raw data associated with these measurements, so depth, temperature, date, 
and time cannot be established.  The summary table also lists the odor impairment as not supporting both 
contact and non-contact recreation uses.   

For Peck Road Park Lake, the 1996 water quality database contained eight station locations in the 
watershed; no stations were located within the lake for direct comparison to water quality standards.  
Table G-3 describes the stations contained in the database.  Tetra Tech assigned labels to each site for 
mapping purposes.  Data for Waterbody/Station ID combinations that had identical spatial coordinates 
were combined under one label.  Table G-4 lists the nutrient data contained in the Water Quality 
Assessment Database for these locations.   

Table G-3. Site Locations in the 1996 Water Quality Database for the Peck Road Park Lake 
Watershed 

Waterbody Station ID Label 

PECK ROAD SPREADING BASIN Inlet PRSB 

Sawpit Wash gage abv Peck Rd SPWPR 

Sawpit Wash Peck Rd SPWPR 

Sawpit Wash HUNTINGTON DRIVE SPWHD 

SAWPIT WASH DNS MONROVIA CREEK MCASPW 

Santa Anita [Blank] SAWBEF 

Santa Anita Cyn [Blank] SAWBEF 

Santa Anita Wash blw Live Oak Ave SAWLO 

Santa Anita Wsh Live Oak Ave SAWLO 

Santa Anita Wsh Colorado Blvd SAWCB 

STAFTH SANTAANITAWASH@FOOTHILLBLVD SAWFB 

Table G-4. Water Quality Assessment Data for Tributaries in the Peck Road Park Lake 
Watershed 

Date Time Station ID 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) pH 

12/27/1977 10:34 PRSB N/A N/A N/A N/A N/A 7.1 

12/27/1977 07:00 MCASPW N/A N/A N/A N/A N/A 7.6 

12/28/1977 12:54 SPWHD N/A N/A N/A N/A N/A 7.5 

1/4/1978 16:15 MCASPW N/A N/A N/A N/A N/A 7.4 

1/6/1978 11:00 SPWHD N/A N/A N/A N/A N/A 7.9 

1/6/1978  SAWFB N/A N/A N/A N/A N/A 7.2 

1/10/1978 11:15 PRSB N/A N/A N/A N/A N/A 7.5 

1/16/1978 21:15 PRSB N/A N/A N/A N/A N/A 7.8 

RB-AR38431



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs March 2012 

 
 G-14 

Date Time Station ID 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) pH 

2/7/1978 20:45 PRSB N/A N/A N/A N/A N/A 7.0 

2/9/1978 10:20 SPWHD N/A N/A N/A N/A N/A 7.5 

2/9/1978 10:09 SAWFB N/A N/A N/A N/A N/A 7.2 

2/28/1978 20:05 PRSB N/A N/A N/A N/A N/A 7.5 

3/2/1978 10:26 SPWHD N/A N/A N/A N/A N/A 7.6 

3/2/1978 10:20 SAWFB N/A N/A N/A N/A N/A 7.4 

3/4/1978 08:10 PRSB N/A N/A N/A N/A N/A 7.3 

3/18/1980  SAWBEF 0.60 N/A N/A N/A <0.01 N/A 

8/13/1980  SAWBEF <0.1 N/A N/A N/A 0.08 N/A 

12/3/1980  SAWBEF 0.10 N/A N/A N/A 0.05 N/A 

4/13/1981  SAWBEF N/A N/A N/A 1.30 <0.01 8.5 

8/5/1981  SAWBEF N/A N/A N/A 0.70 N/A 8.3 

11/9/1981  SAWBEF N/A N/A N/A 0.50 0.03 8.1 

3/11/1982  SAWBEF N/A N/A N/A 0.60 0.03 8.1 

5/27/1982  SAWBEF N/A N/A N/A 0.56 0.02 7.8 

8/13/1982 14:40 SAWBEF N/A N/A N/A 1.37 0.06 8.3 

10/26/1982 14:00 SAWBEF N/A N/A N/A 1.00 <0.03 8.1 

5/6/1983  SAWBEF N/A N/A N/A 0.47 0.09 8.2 

9/22/1983 14:45 SAWBEF N/A N/A N/A 0.70 0.05 8.0 

8/21/1987  SAWBEF N/A N/A N/A 0.23 0.07 7.9 

9/30/1988  SAWBEF N/A N/A N/A 0.20 N/A 7.8 

10/2/1989  SAWBEF N/A N/A N/A 0.16 <0.16 7.9 

10/2/1990  SAWBEF N/A N/A N/A 0.19 <0.1 7.8 

4/18/1991  SPWPR N/A 0.80 <0.03 0.80 0.06 9.0 

5/8/1991  SAWBEF N/A N/A N/A 0.40 0.14 8.2 

5/14/1992  SAWCB N/A N/A N/A N/A N/A 8.4 

5/14/1992  SAWLO N/A N/A N/A N/A N/A 8.4 

12/22/1992  SAWLO N/A N/A <0.03 4.40 N/A N/A 

12/22/1992  SPWPR N/A N/A <0.03 <0.2 N/A N/A 

5/13/1997 09:55 SAWLO 3.60 0.80 <0.03 <0.2 0.10 8.7 

5/13/1997 10:15 SPWPR 0.60 0.20 <0.03 <0.2 0.02 8.6 

N/A = No data available. 
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In 2008, Regional Board collected water quality samples from several locations in Peck Road Park Lake 
and its inflows (Figure G-2).  Site location information is listed in Table G-5.   

Table G-5. Site Locations for the 2008 Peck Road Park Lake Monitoring Event 

Site number Project Site Comment 

Inflows 

6 Sawpit Wash (SPW) Inflow 

7 Santa Anita Wash (SAW) Inflow 

20 Santa Anita Wash (SAW) Site 7-Field Duplicate 

8 North Basin Outfall (NBO) Stormwater outfall to North Basin 

Mid-Lake Sites 

9 North Basin (NB)  

10 South Basin (SB) This site was moved to the narrow section 
connecting the north and south basins for the 
December sampling event 

16 South Basin (SB)  

17 South Basin (SB)  

 

Analytical data for the June 17, 2008 sampling event are listed in Table G-6 (sites 16 and 17 were not 
monitored during this event).  Four of the six sites had NH3-N concentrations less than the reporting limit 
of 0.1 mg/L; the maximum ammonia concentration was 0.437 mg/L.  TKN ranged from 1.2 mg/L to 10 
mg/L, with the higher concentrations observed at the two major inflow sites (6, 7/20).  Nitrate 
concentrations ranged from 0.22 mg/L to 0.58 mg/L with two measurements less than the reporting limit 
of 0.1 mg/L.  Each site had measurements of nitrite and orthophosphate less than the reporting limits of 
0.1 mg/L and 0.4 mg/L, respectively.  All but one site (Sawpit Wash) had total phosphate concentrations 
less than the reporting limit of 0.5 mg/L. 

Table G-6. Analytical Data for the June 17, 2008 Peck Road Park Lake Sampling Event 

Station 
Number 

NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho- 
phosphate 

(mg/L) 

Total 
phosphate 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Inflows 

6  0.179 6.5 <0.1 <0.1 <0.4 0.715 303 

7  <0.1 9.26 0.58 <0.1 <0.4 <0.5 1,517 

20  <0.1 10 0.44 <0.1 <0.4 <0.5 1,401 

8  <0.1 1.32 0.22 <0.1 <0.4 <0.5 145 

Mid-lake Sites 

9  <0.1 1.2 0.24 <0.1 <0.4 <0.5 142 

10  0.437 2.08 <RL <0.1 <0.4 <0.5 134 
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Field data collected at these sites are summarized in Table G-7.  Field data were collected in Peck Road 
Park Lake (sites 10 and 9) at depths ranging from the water surface to 2.5 meters.  Temperature varied by 
approximately 1 ºC in the south basin and approximately 4 ºC in the north basin over the sampling depth.  
Dissolved oxygen in the lake was elevated at all depths except station 9 at a depth of 2.5 meters.  
Electrical conductivity was fairly constant at both sites and ranged from 0.17 mS/cm to 0.185 mS/cm.  pH 
measurements in the lake ranged from 8.0 to 9.4, although the meter was not calibrated due to equipment 
malfunction and this data should not be used quantitatively.  Chlorophyll a measurements in the lake 
ranged from 4.0 µg/L to 11.4 µg/L.  The total depth at site 10 was approximately 8 meters and the Secchi 
depth was 3.2 meters; the total depth at site 9 was approximately 5.2 meters and the Secchi depth was 2.3 
meters.   

Site 6 (Sawpit Wash) had the highest observed temperature (33.5 ºC) and chlorophyll a concentration  
(16 µg/L).  Dissolved oxygen was 9 mg/L; electrical conductivity was about two times higher than that 
observed in the lake.  Site 7 (Santa Anita Wash) had observed temperatures slightly less than that 
measured in the lake; dissolved oxygen was approximately 11 mg/L.  Electrical conductivity at this site 
was the highest (1.726 mS/cm); chlorophyll a was slightly higher than the majority of measurements 
taken in the lake (10.4 µg/L).  Site 8 is a stormwater outfall at the downstream end of the north basin.    
Readings at this site were generally similar to those measured in the lake. 

Table G-7. Field Data for the June 17, 2008 Peck Road Park Lake Sampling Event 

Site Time Depth (m) Temp (C) 
DO 

(mg/L) 
EC 

(mS/cm) pH1 
Chl a 
(µg/L) 

Secchi 
Depth (m) 

10  Samples 
at this site 
collected 
between 
10:17 and 
11:05 

surface 26.4 17.8 0.17 9.3 4 3.2 

0.5 26 18.7 0.17 9.4 9.4 

1 25.7 19 0.17 9.4 4.9 

1.5 25.6 19.2 0.17 9.4 6 

2 25.5 19.4 0.17 9.4 6.7 

2.5 25.4 19.5 0.17 9.4 7.5 

9  Samples 
at this site 
collected 
between 
12:38 and 
13:30 

surface 28.32 18.67 0.185 9.32 4.1 2.3 

0.5 27.62 18.77 0.184 9.3 3.8 

1 26.59 19.46 0.183 9.23 4.8 

1.5 26.18 19.78 0.182 9.14 6.6 

2 25.8 17 0.18 8.9 7.8 

2.5 23.9 3 0.18 8 11.4 

8  14:57 surface 29.5 20.1 0.18 9.4 6.2 NA 

6  17:18 surface 33.5 9 0.37 9.9 16 NA 

7  18:40 surface 24.31 11.17 1.726 9.62 10.4 NA 

1  pH calibration was outside of accepted range.  Data should not be used quantitatively.    
 

Four sites were sampled by the Regional Board on December 11, 2008.  Samples were collected from the 
surface at each site.  Table G-8 summarizes the nutrient data collected.  Measurements of TKN, nitrite, 
orthophosphate, and total phosphate were less than the reporting limit at each site.  Ammonia 
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concentrations ranged from 0.209 mg/L to 0.273 mg/L; nitrate ranged from 0.162 mg/L to 0.287 mg/L.  
Total dissolved solids ranged from 154 mg/L to 178 mg/L.  Suspended solids were less than the reporting 
limit at each site except for site 16.  Chlorophyll a ranged from 1.8 µg/L to 4.0 µg/L. 

Table G-8. Analytical Data for the December 11, 2008 Peck Road Park Lake Sampling Event 

Station 
Number 

NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho 
phosphate 

(mg/L) 

Total 
phosphate 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L 

Suspended 
Solids (mg/L) 

Chl a 
(µg/L) 

Mid-Lake Sites 

9  0.273 <1.0 0.287 <0.1 <0.4 <0.5 154 <10 4.0 

10* 0.209 <1.0 0.173 <0.1 <0.4 <0.5 178 <10 3.6 

16  0.262 <1.0 0.164 <0.1 <0.4 <0.5 175 24 3.1 

17  0.269 <1.0 0.162 <0.1 <0.4 <0.5 165 <10 1.8 

Field data for the December 11, 2008 event are summarized in Table G-9. 

Table G-9. Field Data for the December 11, 2008 Peck Road Park Lake Sampling Event 

Station 
Number Time Depth (m) Temp (C) 

DO1 
(mg/L) 

EC 
(mS/cm) pH 

Secchi 
Depth 

(m) 

Total 
Depth 

(m) 

9 8:15 Surface 15.61 NA 0.206 7.51 1.6 6.4 

0.5 15.6 2.44 0.204 7.48 

1.0 15.6 2.29 0.204 7.48 

1.5 15.59 2.23 0.204 7.47 

2.0 15.59 2.21 0.204 7.47 

10* 10:07 Surface 16.30 6.15 0.234 7.79 1.1 2.3 

0.5 15.99 6.20 0.231 7.80 

1.0 15.72 5.41 0.227 7.70 

1.5 15.52 3.91 0.215 7.53 

2.0 15.47 3.27 0.213 7.51 

16  11:45 Surface 17.29 5.77 0.237 7.74 1.6 2.1 

0.5 16.44 6.15 0.236 7.81 

1.0 16.26 6.07 0.236 7.80 

1.5 16.19 5.71 0.236 7.78 

2.0 16.15 5.57 0.236 7.76 

17  12:24 Surface 16.62 4.94 0.236 7.70 1.8 11.1 

0.5 16.20 4.78 0.236 7.69 

1.0 16.14 4.61 0.236 7.68 

1.5 16.11 4.54 0.236 7.68 

2.0 16.09 4.56 0.236 7.69 
1 Field team questioned measurement of DO for this event.  Meter was not calibrated prior to sampling. 
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Water quality monitoring was also conducted by the Regional Board on August 5, 2009 at Stations 9 and 
10.  The data from this event are shown in Table G-10. 

Table G-10. Analytical Data for the August 5, 2009 Peck Road Park Lake Sampling Event 

Station 
Number 

NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho 
phosphate 

(mg/L) 

Total 
phosphorus 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Suspended 
Solids 
(mg/L) 

Chl a 
(µg/L) 

PRPL-9 <0.03 <0.456 <0.01 <0.01 0.0135 0.022 205 3.9 8.0 

PRPL-10 <0.03 <0.456 <0.01 <0.01 0.0112 0.116 194 3.2 5.3 

 

Profile data were also collected at stations PRPL-9 and PRPL-10 on August 5, 2009.  Profiles were 
performed at 9:00 a.m. at station PRPL-9, and at 8:00 a.m. and 3:00 p.m. at station PRPL-10.  These data 
are displayed in Figure G-3 through Figure G-5.  At station PRPL-9, the specific conductivity was 
between 0.340 and 0.373 mS/cm.  The pH ranged from 7.69 and 8.56.  The maximum DO in the lake was 
11.79 mg/L, at a depth of 1.48 meters.  Below 1.48 meters, the DO steadily declines to 3.34 mg/L at  
7 meters of depth.  The temperature near the surface of the water was 24.5 °C and starts to decline at  
1 meter of depth.  The minimum temperature was 16.05 °C. 

 

Figure G-3. Profile Data Collected at PRPL-9 in Peck Road Park Lake on August 5, 2009 

 

Profile data were collected at the PRPL-10 at 8:00 a.m. and 3:00 p.m.  The morning profile is shown in 
Figure G-4.  The temperature in the lake ranges from 16.44 to 23.38 °C.  The maximum DO is  
11.78 mg/L and occurs at 2.22 meters of depth.  The minimum DO was 2 mg/L at 10 meters of depth.  
The pH ranged from 8.45 to 7.51.  The specific conductivity was constant with depth.   

RB-AR38436



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs March 2012 

 
 G-19 

 

Figure G-4. Profile Data Collected at PRPL-10 in Peck Road Park Lake on August 5, 2009 at  
8:00 a.m. 

The profile data collected in the afternoon at Station PRPL-10 is shown in Figure G-5.  The specific 
conductivity was constant with depth and the pH ranged from 7.53 to 8.71.  The maximum DO was  
12.02 mg/L at 2.03 meters.  The DO decreased with depth after 2 meters, to a minimum of 1.22 mg/L.  
The temperature of the lake was between 24.04 and 17.07°C.  Similar to the DO, temperature decreased 
with depth after 2.03 meters. 

 

Figure G-5. Profile Data Collected at PRPL-10 in Peck Road Park Lake on August 5, 2009 at  
3:00 p.m. 
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The DO saturation for the morning and afternoon readings at PRPL-10 are shown below in Figure G-6.  
The DO saturation ranges from 13 to 131 percent.  DO saturation above 100 percent indicates additional 
oxygen input from algal productivity.  The maximum DO saturation occurs at 2 meters of depth in the 
euphotic zone. 

 

Figure G-6. DO Saturation from Profile Data Collected at PRPL-10 in Peck Road Park Lake on 
August 5, 2009 

On September 30, 2010, additional sampling was conducted at the mid-lake sites (Table G-11).  
Ammonia concentrations were below the detection limit of 0.03 mg-N/L.  Nitrite ranged from 0.041 to 
0.043 mg-N/L, and nitrate was below the detection limit of 0.01 mg-N/L (note: nitrite values were higher 
than nitrate. These samples passed the laboratory QA/QC protocols, so they are considered valid).  TKN 
ranged from 0.562 to 0.634 mg-N/L.  Orthophosphate and total phosphorus ranged from 0.02 mg-P/L to 
0.04 mg-P/L.  Chlorophyll a ranged from 6.7 µg/L to 13.4 µg/L.   

Table G-11. Analytical Data for the September 30, 2010 Peck Road Park Lake Sampling Event 

Station 
Number 

NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho 
Phosphate 

(mg/L) 

Total 
Phosphorus 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Suspended 
Solids 
(mg/L) 

Chl a 
(µg/L) 

PRPL-9 <0.03 0.634 <0.01 0.041 0.040 0.040 220 3.25 13.4 

PRPL-10 <0.03 0.574 <0.01 0.043 0.024 0.022 200 0.75 6.68 

PRPL-10 
(Duplicate) 

<0.03 0.562 <0.01 0.042 0.025 <0.0165 160 1.50 7.12 

 

During the September 2010 sampling event, two continuous monitoring probes were deployed over a 24-
hour period (Figure G-7 and Figure G-8).  At an average depth of 0.6 meters, DO concentrations ranged 
from 8.6 mg/L to 10.1 mg/L.  pH ranged from about 8.5 to 8.8.  On September 30, 2010, depth profile 
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measurements were also taken and are shown in Table G-12, Figure G-9, and Figure G-10.  DO 
measurements collected from the surface of the lake ranged from 8.5 mg/L to 10.9 mg/L.  At 2 meters 
above the bottom, DO ranged from 0.2 to 4.0 mg/L.  Specific conductivity was not recorded during the 
profile measurements.  
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Figure G-7. 24-Hour Probe Data Collected at PRPL-9 on September 29, 2010 
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Figure G-8. 24-Hour Probe Data Collected at PRPL-10 on September 29, 2010 

Table G-12. Profile Data Collected at Peck Road Park Lake on September 30, 2010 

Site Time 
Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) 
Orp 
(mV) 

PRPL-9 

  

  

  

  

  

  

  

11:15 

  

  

  

  

  

  

  

0.5 25.61 8.49 10.87 25.2 

1 25.10 8.51 11.04 24.7 

1.5 24.76 8.52 11.20 24.9 

2 24.32 8.36 10.40 32.8 

2.5 23.37 8.18 9.10 37.8 

3 22.70 7.83 -- 48.7 

3.5 22.25 7.41 2.83 50.3 

4 22.02 7.25 0.20 19.5 

PRPL-10 

  

  

  

  

  

  

  

11:33 

  

  

  

  

  

  

  

0.5 24.85 8.34 8.54 18.0 

1 24.71 8.37 8.46 17.9 

1.5 24.57 8.41 8.73 15.6 

2 24.51 8.41 8.73 14.4 

2.5 24.40 8.39 8.50 13.1 

3 24.06 8.21 7.12 13.4 

3.5 23.88 8.18 6.92 11.2 

4 23.07 7.71 4.02 20.0 
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Figure G-9. Profile Data Collected at PRPL-9 on September 30, 2010 
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Figure G-10. Profile Data Collected at PRPL-10 on September 30, 2010 
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The DO saturation at PRPL-10 is shown below in Figure G-11.  The DO saturation ranges from 47 to 106 
percent.  DO saturation above 100 percent indicates additional oxygen input from algal productivity.  The 
maximum DO saturation occurs at 1.5 and 2 meters of depth in the euphotic zone. 
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Figure G-11. DO Saturation from Profile Data Collected at PRPL-10 in Peck Road Park Lake on 
September 30, 2010 

 

Sediment samples were also collected during the September 2010 monitoring event.  Table G-13 
summarizes these data. 

Table G-13. September 30, 2010 Sediment Monitoring Data for Peck Road Park Lake 

Location Time 
TKN 

(mg/kg) 
NH3-N 

(mg/kg) 
NO2-N 

(mg/kg) 
NO3-N 

(mg/kg) 
PO4-P 

(mg/kg) 
Total P 
(mg/kg) 

Total 
Organic 
Carbon 
(% by 
wt.) 

Acid 
Volatile 
Sulfides 
(mg/kg) 

Percent 
Solids 

Total 
Hard-
ness 

(mg/kg) 

PRPL-9 11:30 5500 36.2 1.15 1.51 0.231 35.3 4.81 30.7 36.5 38400 

PRPL-10 10:45 3180 26.6 1.34 1.64 0.0446 92.3 3.98 135 33.6 27400 

PRPL-10 
(Duplicate) 10:45 4170 28.5 1.31 1.67 0.0337 16.2 4.07 145 33.6 28400 

 

G.4.2 MONITORING RELATED TO LEAD IMPAIRMENT 
In 1996 Peck Road Park Lake was deemed impaired by lead.  Monitoring data for cadmium, copper, lead, 
and zinc are presented in this section.  Peck Road Park Lake is not listed for cadmium, copper, or zinc, 
but those data are presented here for completeness because other waterbodies in the region are affected by 
some of these contaminants. 
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Metals data collected at Peck Road Park Lake, as part of the 1992-1993 Urban Lakes Study (UC 
Riverside, 1994), are presented in Table G-14.  Samples were collected from the middle of the south basin 
(pink triangle, Figure G-2) and included dissolved copper and dissolved lead.  Dissolved copper samples 
were collected throughout the water column at depths from the surface to 20 meters.  The range of the 90 
dissolved copper samples was between less than 10 µg/L and 69 µg/L.  Similarly, dissolved lead samples 
were also collected throughout the water column, again at depths from the surface to 20 meters.  The 90 
samples collected ranged in concentration from less than 1 µg/L to 82 µg/L.   

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The 1996 summary table for Peck Road Park 
Lake states that lead was not supporting the assessed uses: 90 measurements had a maximum lead 
concentration of 73 µg/L, a maximum copper concentration of 69 µg/L, and a maximum zinc 
concentration of 47 µg/L (raw data were not provided, but it is assumed that most of these samples are 
associated with the Urban Lake Study [UC Riverside, 1994]).     

Unfortunately, metals levels were analyzed at relatively high detection limits compared to current 
detection limits; dissolved copper minimum detection 10 µg/L while dissolved lead was 1 µg/L.  No 
hardness data were collected as part of the Urban Lakes Study, thus it cannot be compared to the 
hardness-based water quality objectives.  

Table G-14. Peck Road Park Lake 1992/1993 Monitoring Data for Metals 

Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

7/7/1992 0 <10 <1 

3 <10 <1 

5.5 <10 <1 

7 18 9 

9 47 21 

7/7/1992 0 21 <1 

3 22 1 

5.5 15 <1 

6 26 15 

7.5 41 18 

7/23/1992 0 <10 11 

3.5 12 <1 

6.5 <10 <1 

8.5 <10 <1 

10.5 <10 <1 

13 N/A <1 

7/23/1992 0 <10 <1 

2 <10 <1 
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Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

4 <10 <1 

7/23/1992 0 <10 <1 

2 <10 <1 

4 <10 <1 

6 <10 <1 

8 <10 1 

9/9/1992 0 12 <1 

2.5 <10 <1 

4.5 <10 1 

6.5 <10 <1 

8.5 10 2 

10 <10 2 

10/8/1992 0 <10 <1 

2 <10 <1 

4 <10 <1 

6 <10 <1 

8 <10 <1 

9 <10 <1 

11/3/1992 0 55 1 

2.5 18 1 

5 19 1 

7.5 36 1 

9.5 53 2 

11.6 19 3 

12/17/1992 0 <10 <1 

2 <10 <1 

4.5 <10 <1 

7.5 <10 <1 

10.5 <10 1 

12.5 <10 <1 

1/27/1993 0 <10 <1 

4 <10 <1 
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Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

8 <10 27 

12 <10 16 

16 <10 18 

20 <10 2 

2/16/1993 0 <10 <1 

2 15 4 

5 16 6 

8 <10 <1 

11 <10 <1 

14.5 <10 <1 

2/25/1993 0 <10 <1 

3 <10 3 

6 <10 <1 

9 <10 <1 

12 <10 <1 

15.5 <10 <1 

3/17/1993 0 69 <1 

3 <10 39 

6 <10 43 

9 <10 66 

12.5 <10 53 

16 <10 73 

4/22/1993 0 <10 17 

2 <10 43 

5 <10 64 

8 <10 31 

11 <10 33 

14.5 <10 12 

5/25/1993 0 <10 6 

3.5 <10 3 

6.5 <10 <1 

9.5 <10 1 
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Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

12.5 <10 6 

14 <10 11 

6/23/1993 0 <10 82 

2 <10 2 

4 <10 <1 

7 <10 <1 

9.5 <10 <1 

12 <10 <1 

 

Table G-15 presents 30 additional metals samples that were collected by the USEPA, Regional Board, 
and/or the County of Los Angeles between December 2008 and September 2010.  Samples were collected 
at locations PRPL-8, PRPL-9, PRPL-10, and PRPL-11B in 2009 and 2010, while PRL 10*/16/17 and 
PRL 09 were sampled in 2008.  Sites were analyzed for dissolved cadmium, copper, lead, and zinc.   

Detection limits were lower than the 1992-1993 study with a cadmium detection limit of 0.2 µg/L, 
dissolved copper detection limit of 0.4 µg/L, dissolved lead detection limit of 0.05 µg/L, and dissolved 
zinc detection limit of 0.2 µg/L.  All dissolved cadmium concentrations were less than 0.2 µg/L; copper 
concentrations ranged from <0.4 µg/L to 10.2 µg/L; lead concentrations were between <0.05 µg/L and  
1 µg/L; and zinc concentrations ranged from <0.1 µg/L to 14.8 µg/L.  Metals toxicity is affected by 
hardness; therefore, each sample was also analyzed for hardness.  The 2008-2010 sampling resulted in a 
hardness range of 40 mg/L to 102 mg/L.  In addition, two total lead samples were collected by the 
Regional Board in June 2008 at PRL 09 (North Basin) and PRL 10 (South Basin).  The total lead 
concentrations were 5.8 µg/L and 11.8 µg/L, respectively (with 96 mg/L and 88 mg/L hardness values, 
respectively).  Since dissolved results pertain to the applicable standard and recent data more closely 
represents current conditions, data in Table G-15 were weighted more heavily in the assessment.   

Table G-15. Metals Data for the 2008-2010 Peck Road Park Lake Sampling Events 

Organi- 
zation Date 

Station 
ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

RB 12/11/2008 PRL 
10*/16/17 

102 <0.2 1.1 <0.1 2.8 average of stations 
10*, 16, and 17 

RB 12/11/2008 PRL 09  84 <0.2 1.7 0.1 4.2 average of replicates 

RB/EPA 8/5/2009 PRPL 8 121 <0.2 4.7 0.2 4.7  

RB/EPA 8/5/2009 PRPL 9 121 <0.2 10.2 0.3 11.2 average of replicates 

RB/EPA 8/5/2009 PRPL 10 122 <0.2 5.1 0.2 7.1  

RB/EPA 8/5/2009 PRPL 11 122 <0.2 4.4 0.1 3.7  

EPA/ 
County 11/16/2009 PRPL-10 116 <0.2 0.4 <0.1 1.6 average of filtered 

samples 
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Organi- 
zation Date 

Station 
ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

EPA/ 
County 11/16/2009 PRPL-

11B 117 <0.2 0.4 <0.1 <0.1 average of filtered 
samples 

EPA/ 
County 

11/16/2009 PRPL-8  109 <0.2 1.1 0.6 1.7 average of replicates 
and filtered samples 

EPA/ 
County 

11/16/2009 PRPL-9 108 <0.2 0.9 0.3 8 average of duplicate 
and filtered samples 

County 12/8/2009 PRPL-10 114 <0.2 <0.4 <0.1 <0.1  

County 12/8/2009 PRPL-
11B 113 <0.2 <0.4 <0.1 <0.1  

County 12/8/2009 PRPL-8  88 <0.2 3 1 5.9 average of replicates 

County 12/8/2009 PRPL-9 87 <0.2 3.3 1 9.4 average of 
duplicates 

EPA 12/14/2009 PRPL-
11B 89 <0.2 1.1 <0.1 4.1  

EPA 12/14/2009 PRPL-9 40 <0.2 2.8 0.3 14.6  

EPA 12/14/2009 PRPL-10 83 <0.2 1.2 <0.1 3.7 average of 
duplicates 

EPA 12/14/2009 PRPL-8  40 <0.2 2.9 0.5 14.8 average of replicates 

County 1/28/2010 PRPL-
11B 

63 <0.2 1.8 0.2 3.7  

County 1/28/2010 PRPL-9 59 <0.2 2.3 0.2 7.2  

County 1/28/2010 PRPL-10 63 <0.2 1.8 0.2 6.6 average of 
duplicates 

County 1/28/2010 PRPL-8  59 <0.2 2.3 0.2 4.1 average of replicates 

County 2/17/2010 PRPL-
11B 59 <0.2 1.8 0.1 3.7  

County 2/17/2010 PRPL-9 73 <0.2 2.1 0.2 6.4  

County 2/17/2010 PRPL-10 64 <0.2 2.1 0.1 3.1 
average of 
duplicates 

County 2/17/2010 PRPL-8  59 <0.2 2.0 0.2 5.1 average of replicates 

EPA / RB 9/30/2010 PRPL-8 76 <0.2 <0.4 <0.05 <0.1  

EPA / RB 9/30/2010 PRPL-9 75 <0.2 <0.4 <0.05 <0.1  

EPA / RB 9/30/2010 PRPL-10 66 <0.2 <0.4 <0.05 <0.1  

EPA / RB 9/30/2010 PRPL-11 66 <0.2 <0.4 <0.05 <0.1  

RB = Regional Board 

EPA = USEPA 

County = County of Los Angeles 
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USEPA also collected two sediment samples during September 2010 to further evaluate lake conditions. 
Table G-16 summarizes the lead concentrations measured in the samples.  There were zero sediment lead 
exceedances of the 128 ppm freshwater (Probable Effect Concentrations) sediment target. 

Table G-16. Sediment Metals Data for the September 2010 Peck Road Park Lake Sampling Event  

Organization Date Station ID Lead (mg/kg)) Notes 

EPA 09/30/2010 PRPL9 86.8  

EPA 09/30/2010 PRPL10 82.5 Average of duplicates 

 

G.4.3 MONITORING RELATED TO ORGANOCHLORINE PESTICIDES AND 

PCBS IMPAIRMENTS 
The extent of Organochlorine (OC) Pesticides and PCBs in Peck Road Park Lake was assessed through 
Regional Board sampling and their contracted study with UCLA.  Peck Road Park Lake is specifically 
impaired by chlordane, DDT, dieldrin, and PCBs.  The collected data for these contaminants are shown 
below for the water column, bottom lake sediments, suspended sediment in the water column, porewater, 
and suspended sediments in the porewater.  Fish tissue level data from research by the Toxic Substances 
Monitoring Program (TSMP) (TSMP, 2009) and Surface Water Ambient Monitoring Program (SWAMP) 
(SWAMP, 2009; Davis et al., 2008) are also presented here and used in the OC Pesticides and PCBs 
TMDL. 

G.4.3.1 Water Column Data Observed in Peck Road Park Lake 
Water column samples were collected in the summer and fall of 2008 for the UCLA study and also on 
December 11, 2008 by the Regional Board.  All pollutants were below detection limits (ND) or 
quantifiable/reportable levels (DNQ).  PCB-31 was detected but not quantifiable at PRPL-10 in summer 
2008 and also at PRPL-6W and PRPL-7W in fall 2008.  Other PBCs that were DNQ were PCB-18 at 
PRPL-6W in summer 2008 and  PCB-44, PCB-110, and PCB-153 at PRPL-7W in fall 2008.  The results 
from the summer 2008 and fall 2008 samples are shown in Table G-17 and Table G-18 and results from 
the December 11, 2008 sampling are shown in Table G-19.
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Table G-17. Results from Water Column Samples Collected at Peck Road Park Lake in Summer 2008 

Contaminant 

PRPL-6W PRPL-7W PRPL-8W PRPL-8W (dup) PRPL-9 PRPL-10 
DL RL Result  DL RL Result  DL RL Result  DL RL Result  DL RL Result  DL RL Result  

(ng/L) 
Chlordane-gamma 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

Chlordane-alpha 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

4,4'-DDE 3.16 31.58 ND 3.00 30.00 ND 3.09 30.93 ND 3.00 30.00 ND 3.00 30.00 ND 3.00 30.00 ND 

4,4'-DDD 3.16 31.58 ND 3.00 30.00 ND 3.09 30.93 ND 3.00 30.00 ND 3.00 30.00 ND 3.00 30.00 ND 

4,4'-DDT 3.16 31.58 ND 3.00 30.00 ND 3.09 30.93 ND 3.00 30.00 ND 3.00 30.00 ND 3.00 30.00 ND 

Dieldrin 3.16 31.58 ND 3.00 30.00 ND 3.09 30.93 ND 3.00 30.00 ND 3.00 30.00 ND 3.00 30.00 ND 
PCB 5 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 18 1.58 15.79 8.64* 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 
PCB 31 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 4.07* 

PCB 52 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 44 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 
PCB 66 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 101 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 
PCB 87 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 151 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 
PCB 110 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 153 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 141 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 138 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 187 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 183 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 
PCB 180 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 170 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 
PCB 206 1.58 15.79 ND 1.50 15.00 ND 1.55 15.46 ND 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

*Result was above the detection limit, but below the reporting limit.
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Table G-18. Results from Water Column Samples Collected at Peck Road Park Lake in Fall 2008 

Contaminant 
PRPL-6W PRPL-7W (duplicate)  PRPL-7W 

DL RL Result DL RL Result DL RL Result 

(ng/L) 

Chlordane-gamma 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

Chlordane-alpha 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

4,4'-DDE 3.33 33.33 ND 3.33 33.33 ND 3.00 30.00 ND 

4,4'-DDD 3.33 33.33 ND 3.33 33.33 ND 3.00 30.00 ND 

4,4'-DDT 3.33 33.33 ND 3.33 33.33 ND 3.00 30.00 ND 

Dieldrin 3.33 33.33 ND 3.33 33.33 ND 3.00 30.00 ND 

PCB 5 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 18 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 31 1.67 16.67 4.31* 1.67 16.67 ND 1.50 15.00 7.76* 

PCB 52 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 44 1.67 16.67 ND 1.67 16.67 1.93* 1.50 15.00 ND 

PCB 66 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 101 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 87 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 151 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 110 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 3.02* 

PCB 153 1.67 16.67 ND 1.67 16.67 2.88* 1.50 15.00 ND 

PCB 141 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 138 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 187 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 183 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 180 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 170 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

PCB 206 1.67 16.67 ND 1.67 16.67 ND 1.50 15.00 ND 

*Result was above the detection limit, but below the reporting limit. 
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Table G-19. Results from Water Column Samples Collected at Peck Road Park Lake on 
December 11, 2008 

Contaminant (ng/L) PRPL-9 PRPL-10* PRPL-16 PRPL-17 MDL  

Chlordane-alpha ND ND ND ND 1.0 

Chlordane-gamma ND ND ND ND 1.0 

cis-Nonachlor ND ND ND ND 1.0 

trans-Nonachlor ND ND ND ND 1.0 

Oxychlordane ND ND ND ND 1.0 

2-4’DDD ND ND ND ND 1.0 

2-4’DDE ND ND ND ND 1.0 

2-4’DDT ND ND ND ND 1.0 

4-4’DDD ND ND ND ND 1.0 

4-4’DDE ND ND ND ND 1.0 

4-4’DDT ND ND ND ND 1.0 

Dieldrin ND ND ND ND 1.0 

PCB003 ND ND ND ND 1.0 

PCB008 ND ND ND ND 1.0 

PCB018 ND ND ND ND 1.0 

PCB028 ND ND ND ND 1.0 

PCB031 ND ND ND ND 1.0 

PCB033 ND ND ND ND 1.0 

PCB037 ND ND ND ND 1.0 

PCB044 ND ND ND ND 1.0 

PCB049 ND ND ND ND 1.0 

PCB052 ND ND ND ND 1.0 

PCB056/060 ND ND ND ND 1.0 

PCB066 ND ND ND ND 1.0 

PCB070 ND ND ND ND 1.0 

PCB074 ND ND ND ND 1.0 

PCB077 ND ND ND ND 1.0 

PCB081 ND ND ND ND 1.0 

PCB087 ND ND ND ND 1.0 

PCB095 ND ND ND ND 1.0 

PCB097 ND ND ND ND 1.0 

PCB099 ND ND ND ND 1.0 

PCB101 ND ND ND ND 1.0 

PCB105 ND ND ND ND 1.0 

PCB110 ND ND ND ND 1.0 

PCB114 ND ND ND ND 1.0 

PCB118 ND ND ND ND 1.0 
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Contaminant (ng/L) PRPL-9 PRPL-10* PRPL-16 PRPL-17 MDL  

PCB119 ND ND ND ND 1.0 

PCB123 ND ND ND ND 1.0 

PCB126 ND ND ND ND 1.0 

PCB128 ND ND ND ND 1.0 

PCB138 ND ND ND ND 1.0 

PCB141 ND ND ND ND 1.0 

PCB149 ND ND ND ND 1.0 

PCB151 ND ND ND ND 1.0 

PCB153 ND ND ND ND 1.0 

PCB156 ND ND ND ND 1.0 

PCB157 ND ND ND ND 1.0 

PCB158 ND ND ND ND 1.0 

PCB167 ND ND ND ND 1.0 

PCB168+132 ND ND ND ND 1.0 

PCB169 ND ND ND ND 1.0 

PCB170 ND ND ND ND 1.0 

PCB174 ND ND ND ND 1.0 

PCB177 ND ND ND ND 1.0 

PCB180 ND ND ND ND 1.0 

PCB183 ND ND ND ND 1.0 

PCB187 ND ND ND ND 1.0 

PCB189 ND ND ND ND 1.0 

PCB194 ND ND ND ND 1.0 

PCB195 ND ND ND ND 1.0 

PCB200 ND ND ND ND 1.0 

PCB201 ND ND ND ND 1.0 

PCB203 ND ND ND ND 1.0 

PCB206 ND ND ND ND 1.0 

PCB209 ND ND ND ND 1.0 

G.4.3.2 Porewater Data Observed in Peck Road Park Lake 
Analysis of porewater and porewater suspended solids were performed for PRPL-6S, PRPL-7S, PRPL-9, 
and PRPL-10 in summer 2008.  None of the contaminants were found in the porewater or associated 
solids at PRPL-6S.  PCBs were detected below reporting limits (DNQ) in the water and suspended solids 
in porewater samples from PRPL-7S and PRPL-9.  Three different PCB congeners were detected in the 
porewater suspended sediment from PRPL-10.  No pollutants were detected in the porewater at PRPL-10.  
The analysis of porewater and suspended solids in porewater are shown in Table G-20, and Table G-21, 
respectively (see Stenstrom et al., 2009 for raw data). 
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Table G-20. Results from Porewater Samples Collected at Peck Road Park Lake in Summer 2008 

Contaminant (ng/L) PRPL-6S PRPL-7S PRPL-9 PRPL-10 MDL 

Chlordane ND ND ND ND 15 

DDT ND ND ND ND 30 

Dieldrin ND ND ND ND 30 

Total PCBs ND DNQ1 DNQ2 ND 15 

1 PCB-31 was detected below reporting limit (150 ng/L) 
2 PCB-5 was detected below reporting limit (150 ng/L). 

Table G-21. Results of Porewater Suspended Sediments Samples Collected at Peck Road Park 
Lake in Summer 2008 

Contaminant (µg/kg dry 
weight) PRPL- 6S PRPL-7S PRPL-9 PRPL-10 MDL 

Chlordane ND ND ND ND 2.26 – 9.25 

DDT ND ND ND ND 4.51 – 18.50 

Dieldrin ND ND ND ND 4.51 – 18.50 

Total PCBs ND DNQ1 DNQ2 DNQ3 2.26 – 9.25 

1 PCB-52 was detected below reporting limit (22.55 µg/kg dry weight). 
2 PCB-87, PCB-153, PCB-180 were detected below reporting limit (66.03 µg/kg dry weight for each congener). 
3 PCB-160, PCB-145, PCB-187 were detected below reporting limit (59.72 µg/kg dry weight for each congener). 

In fall 2008 samples from PRPL-7S, PRPL-9 and PRPL-10 were analyzed for contaminants in porewater.  
None of the organic chemicals of interest were detected in the samples.  The porewater had insufficient 
TSS for analysis.  The results from the fall 2008 analysis are shown in Table G-22. 

Table G-22. Results of porewater sampling collected at Peck Road Park Lake in Fall 2008 

Contaminant (ng/L) PRPL-7S PRPL-9 PRPL-10 MDL 

Chlordane ND ND ND 15 

DDT ND ND ND 30 

Dieldrin ND ND ND 30 

Total PCBs ND ND ND 15 

G.4.3.3 Fish Tissue Data Observed in Peck Road Park Lake 
Concentrations of Aroclor PCBs, chlordane, DDTs, dieldrin, and PCBs in fish tissue are shown for Peck 
Road Park Lake in Table G-23.  Largemouth bass were the only fish species collected from Peck Road 
Park Lake.  Aroclor PCBs were not detected in the fish samples.  The average chlordane and DDT 
concentrations (17.2 ppb chlordane and 21.8 ppb DDTs) are both above OEHHA 2008 Fish Contaminant 
Goals (FCGs) for these contaminants (5.6 ppb for chlordane and 21 ppb for DDTs).  The average PCBs 
concentration was 34.4 ppb, higher than the 3.6 ppb FCG for PCBs. The average dieldrin concentrations 
(1.06 ppb) are higher than the 0.45 ppb FCG for dieldrin.  
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Table G-23. Compiled Fish Tissue Analytical Data for Peck Road Park Lake 

Program Pollutant Sample Date Common Name 
Concentration 
(ppb, wet wt) 

Mean Length 
(mm) 

Mean 
Weight (g) 

TSMP Aroclor PCBs 7/21/1986 Largemouth Bass ND 332 788 

TSMP Aroclor PCBs 7/21/1986 Largemouth Bass ND 175 90 

TSMP Aroclor PCBs 4/17/1991 Largemouth Bass ND 126 29.6 

TSMP Aroclor PCBs 4/27/1992 Largemouth Bass ND 160 68.5 

SWAMP Total PCBs Summer 2007 Largemouth Bass 55.307 361.4 526.2 

SWAMP Total PCBs Summer 2007 Largemouth Bass 22.651 360.4 499.2 

SWAMP Total PCBs 4/19/2010 Largemouth Bass 25.345 359.6 846 

TSMP Chlordane 7/21/1986 Largemouth Bass 42 332 788 

TSMP Chlordane 7/21/1986 Largemouth Bass 7 175 90 

TSMP Chlordane 4/17/1991 Largemouth Bass 14.1 126 29.6 

TSMP Chlordane 4/27/1992 Largemouth Bass ND 160 68.5 

SWAMP Chlordane Summer 2007 Largemouth Bass 19.212 361.4 526.2 

SWAMP Chlordane Summer 2007 Largemouth Bass 8.637 360.4 499.2 

SWAMP Chlordane 4/19/2010 Largemouth Bass 12.465 359.6 846 

TSMP DDTs 7/21/1986 Largemouth Bass 35 332 788 

TSMP DDTs 7/21/1986 Largemouth Bass 18 175 90 

TSMP DDTs 4/17/1991 Largemouth Bass 39 126 29.6 

TSMP DDTs 4/27/1992 Largemouth Bass 14 160 68.5 

SWAMP DDTs Summer 2007 Largemouth Bass 24.416 361.4 526.2 

SWAMP DDTs Summer 2007 Largemouth Bass 8.982 360.4 499.2 

SWAMP DDTs 4/19/2010 Largemouth Bass 13.109 359.6 846 

TSMP Dieldrin 4/17/1991 Largemouth Bass N/A 126 29.6 

TSMP Dieldrin 4/27/1992 Largemouth Bass N/A 160 68.5 

SWAMP Dieldrin Summer 2007 Largemouth Bass 0.965 361.4 526.2 

SWAMP Dieldrin Summer 2007 Largemouth Bass 0.542 360.4 499.2 

SWAMP Dieldrin 4/19/2010 Largemouth Bass 1.66 359.6 846 

ND = Non-detect 

N/A = Not applicable 

G.4.3.4 Sediment Data Observed in Peck Road Park Lake 
Sediment samples for Peck Road Park Lake were collected by USEPA and the county of Los Angeles on 
November 16, 2009, and in the summer and fall of 2008 by UCLA.  UCLA collected sediment samples at 
PRPL-6S, PRPL-7S, PRPL-9 and PRPL-10 in the summer 2008. Each sample also had laboratory 
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duplicates and PRPL-7S had a field duplicate.  At PRPL-6S (laboratory duplicate), DDE was detected at 
20 µg/kg dry weight and PCB-180 was detected at 11 µg/kg dry weight.  PCB-18 was detected at PRPL-
7S (laboratory duplicate of the field duplicate sample) with a sediment concentration of 17 µg/kg dry 
weight.  Chlordane-gamma was detected in PRPL-9S (laboratory duplicate) sediment samples at 7 µg/kg 
dry weight.  The chlordane-gamma level at PRPL-9 was the only detected contaminant above the CBSQG 
for TEC and PEC levels.  No contaminants were above reporting levels at PRPL-10S. The results of the 
sampling are shown in Table G-24. 

The results of the UCLA fall 2008 sediment analysis are shown in Table G-25.  Sediments from PRPL-
7S, PRPL-9 and PRPL-10 were collected.  Each sample also had laboratory duplicates and PRPL-9 had a 
field duplicate.  PCB-31 at PRPL-7S and PCB-66 at PRPL-9 were the only pollutants detected above 
reportable levels.  At PRPL-9 PCB-66 was detected at 8.60 µg/kg dry weight.  At PRPL-7S, PCB-31 was 
quantified at 276.41 µg/kg dry weight. No contaminants were above reporting levels at PRPL-10. 

Chlordane-gamma was detected at all four stations on November 16, 2009, in concentrations ranging 
from 1.0 to 6.6  µg/kg. Chlordane-alpha was detected at PRPL-9, PRPL-10 and PRPL-13 with 
concentrations ranging from 3.4 to 6.5 µg/kg.  The DDT compound was not detected at any of the sites, 
but DDT-associated degradation products (DDD and DDE) were detected at three of the four stations 
(PRPL-9, PRPL-10 and PRPL-13).  Several PCB congeners were also detected; however, dieldrin was not 
detected in any of the sediment samples.  The raw data for these samples are reported in Table G-26.  The 
detection limit for all samples was 1 µg/kg dry sediment.
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Table G-24. Results from Sediment Samples Collected at Peck Road Park Lake in Summer 2008 

Contaminant 

PRPL-6S PRPL-6S (lab 
dup) 

PRPL-7S PRPL-7S (lab 
dup)  

PRPL-7SB 
(field dup) 

PRPL-7SB 
(lab dup of 
field dup) 

PRPL-9 PRPL-9 (lab 
dup) 

PRPL-10 PRPL-10 (lab 
dup) 

DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. 

µg/kg dry weight 
Chlordane-gamma 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 7.14 0.72 7.20 ND 0.65 6.48 ND 

Chlordane-alpha 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

4,4'-DDE 0.76 7.62 ND 0.72 7.20 20.07 0.72 7.17 ND 0.81 8.07 ND 0.69 6.87 ND 0.83 8.30 ND 0.96 9.57 ND 0.99 9.89 ND 1.44 14.40 ND 1.30 12.95 ND 

4,4'-DDD 0.76 7.62 ND 0.72 7.20 ND 0.72 7.17 ND 0.81 8.07 ND 0.69 6.87 ND 0.83 8.30 ND 0.96 9.57 ND 0.99 9.89 ND 1.44 14.40 ND 1.30 12.95 ND 

4,4'-DDT 0.76 7.62 ND 0.72 7.20 ND 0.72 7.17 ND 0.81 8.07 ND 0.69 6.87 0.90* 0.83 8.30 ND 0.96 9.57 ND 0.99 9.89 ND 1.44 14.40 ND 1.30 12.95 ND 

Dieldrin 0.76 7.62 ND 0.72 7.20 ND 0.72 7.17 ND 0.81 8.07 ND 0.69 6.87 ND 0.83 8.30 ND 0.96 9.57 ND 0.99 9.89 ND 1.44 14.40 ND 1.30 12.95 ND 

PCB 5 0.38 3.81 0.40* 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 18 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 17.09 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 31 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 52 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 44 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 66 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 4.19* 0.65 6.48 ND 

PCB 101 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 87 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 151 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 110 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 0.24* 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 153 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 141 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 0.85* 0.72 7.20 ND 0.65 6.48 ND 

PCB 138 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 0.87 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 187 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 183 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 180 0.38 3.81 ND 0.36 3.60 11.38 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 170 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

PCB 206 0.38 3.81 ND 0.36 3.60 ND 0.36 3.58 ND 0.40 4.03 ND 0.34 3.44 ND 0.41 4.15 ND 0.48 4.78 ND 0.49 4.95 ND 0.72 7.20 ND 0.65 6.48 ND 

*Results were above the detection level, but below the reporting level. 
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Table G-25. Results from Sediment Samples Collected at Peck Road Park Lake in Fall 2008 

Contaminant 

PRPL-7S PRPL-7S (lab 
dup)  

PRPL-9 PRPL-9 (lab 
dup)  

PRPL-9 (field 
dup)  

PRPL-9 (lab dup 
of field dup)  

PRPL-10 PRPL-10 (lab 
dup)  

DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. 

µg/kg dry weight  

Chlordane-gamma 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
Chlordane-alpha 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
4,4'-DDE 1.18 11.82 ND 1.18 11.82 ND 1.30 13.01 ND 1.40 14.02 ND 1.09 10.90 ND 1.31 13.06 ND 0.97 9.69 ND 0.98 9.82 ND 
4,4'-DDD 1.18 11.82 ND 1.18 11.82 ND 1.30 13.01 ND 1.40 14.02 ND 1.09 10.90 ND 1.31 13.06 4.26* 0.97 9.69 ND 0.98 9.82 ND 
4,4'-DDT 1.18 11.82 ND 1.18 11.82 ND 1.30 13.01 ND 1.40 14.02 ND 1.09 10.90 ND 1.31 13.06 3.81* 0.97 9.69 ND 0.98 9.82 ND 
Dieldrin 1.18 11.82 ND 1.18 11.82 ND 1.30 13.01 ND 1.40 14.02 ND 1.09 10.90 ND 1.31 13.06 ND 0.97 9.69 ND 0.98 9.82 ND 
PCB 5 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 18 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 31 0.59 5.91 ND 0.59 5.91 276.41 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 52 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 44 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 66 0.59 5.91 2.38* 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 8.60 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 101 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 87 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 151 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 110 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 153 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 141 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 3.55* 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 138 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 187 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 183 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 180 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 1.83* 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 170 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 
PCB 206 0.59 5.91 ND 0.59 5.91 ND 0.65 6.50 ND 0.70 7.01 ND 0.54 5.45 ND 0.65 6.53 ND 0.48 4.84 ND 0.49 4.91 ND 

*Results were above the detection level but below the reporting level. 
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Table G-26. Results from Sediment Samples Collected at Peck Road Park Lake on  
November 16, 2009 

Contaminant 
(µg/kg dry weight) 

PRPL-9 

PRPL-10 PRPL-12 PRPL-13 MDL Results Field Dup  
Field and 
Lab Dup 

Chlordane-gamma 5.3 6.2 6.6 5.6 1 3.1 1 

Chlordane-alpha 5.4 6.4 6.5 5.6 ND 3.4 1 

cis-Nonachlor 2.5 2.7 3.4 3 ND 1.5 1 

trans-Nonachlor 6.3 6.3 6.4 4.1 ND 3.2 1 

Oxychlordane ND ND ND ND ND ND 1 

2,4` - DDD ND ND ND ND ND ND 1 

2,4` - DDE ND ND ND ND ND ND 1 

2,4` - DDT ND ND ND ND ND ND 1 

4,4` - DDD 3 ND ND 4.1 ND 2.8 1 

4,4` - DDE 7.3 9.7 8.4 7.7 ND 8.2 1 

4,4` - DDT ND ND ND ND ND ND 1 

Dieldrin ND ND ND ND ND ND 1 

PCB037 ND 2.1 ND ND ND ND 1 

PCB074 2.9 2.3 2 ND ND ND 1 

PCB095 1.2 1.7 1.4 1.6 ND ND 1 

PCB099 ND ND ND 1.0 ND ND 1 

PCB101 1.4 2.2 1.1 1.4 ND 1.0 1 

PCB110 1.8 ND 1.1 ND ND 1.2 1 

PCB118 ND 1.6 1.4 ND ND ND 1 

PCB138 5.1 3.1 ND ND ND ND 1 

PCB149 1.3 2 2.2 1.6 ND 1.3 1 

PCB151 ND 1 1 ND ND ND 1 

PCB153 2.1 ND ND 1.8 ND 1.6 1 

PCB174 1.8 2 2.5 1.1 ND ND 1 

PCB177 ND 1.4 1 ND ND ND 1 

PCB180 1.1 1.6 2.5 1.8 ND ND 1 

PCB187 1.8 2.4 1.6 1.1 ND ND 1 

PCB194 ND ND ND ND 1.0 ND 1 

PCB206 ND 2.3 ND 1.3 ND ND 1 
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G.4.3.5 Suspended Sediment Data Observed in Peck Road Park Lake 
Suspended solids (TSS) from Peck Road Park Lake were collected in the summer and fall of 2008.  
Summer samples were taken at PRPL-6S, PRPL-6W, PRPL-7S, PRPL-9 and PRPL-10.  PRPL-6W was 
the only sample that had enough suspended matter to perform the analysis.  None of the pesticides were 
detected in the sample.  PCB-110 was detected, but not quantifiable.  The results of the summer sampling 
are shown in Table G-27.  

Table G-27. Results from Suspended Sediment Samples Collected at Peck Road Park Lake in 
Summer 2008 

Contaminant 

PRPL-6W 

DL RL Result 

µg/kg dry suspended solids 

Chlordane-gamma 5.14 51.35 ND 

Chlordane-alpha 5.14 51.35 ND 

4,4'-DDE 10.27 102.71 ND 

Dieldrin 10.27 102.71 ND 

4,4'-DDD 10.27 102.71 ND 

4,4'-DDT 10.27 102.71 ND 

PCB 5 5.14 51.35 ND 

PCB 18 5.14 51.35 ND 

PCB 31 5.14 51.35 ND 

PCB 52 5.14 51.35 ND 

PCB 44 5.14 51.35 ND 

PCB 66 5.14 51.35 ND 

PCB 101 5.14 51.35 ND 

PCB 87 5.14 51.35 ND 

PCB 151 5.14 51.35 ND 

PCB 110 5.14 51.35 27.15* 

PCB 153 5.14 51.35 ND 

PCB 141 5.14 51.35 ND 

PCB 138 5.14 51.35 ND 

PCB 187 5.14 51.35 ND 

PCB 183 5.14 51.35 ND 

PCB 180 5.14 51.35 ND 

PCB 170 5.14 51.35 ND 

PCB 206 5.14 51.35 ND 

*Result was above detection limit, but below reporting limits. 
Note: Samples were collected at PRPL-7S, PRPL-9 and PRPL-10, but had insufficient sample for analysis. 
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In fall 2008, TSS from PRPL-6W and PRPL-7W were analyzed for the contaminants.  The only 
chemicals detected were PCB-138 at PRPL-6W and PCB-180 at PRPL-7S, both below reportable limits.  
These results are shown in Table G-28. 

Table G-28. Results from Suspended Sediment Samples Collected at Peck Road Park Lake in 
Fall 2008 

Contaminant 

PRPL-6W PRPL-7W PRPL-7W  
(field duplicate) 

DL RL Result  DL RL Result  DL RL Result  

µg/kg dry s uspended solids  
Chlordane-gamma 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

Chlordane-alpha 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

4,4'-DDE 4.73 47.26 ND 40.82 408.16 ND 28.85 288.46 ND 

Dieldrin 4.73 47.26 ND 40.82 408.16 ND 28.85 288.46 ND 

4,4'-DDD 4.73 47.26 ND 40.82 408.16 ND 28.85 288.46 ND 

4,4'-DDT 4.73 47.26 ND 40.82 408.16 ND 28.85 288.46 ND 

PCB 5 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 18 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 31 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 52 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 44 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 66 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 101 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 87 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 151 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 110 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 153 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 141 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 138 2.36 23.63 3.56* 20.41 204.08 ND 14.42 144.23 ND 

PCB 187 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 183 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 180 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 48.23* 

PCB 170 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 

PCB 206 2.36 23.63 ND 20.41 204.08 ND 14.42 144.23 ND 
*Results are above the detection limits but below the reporting limits. 
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G.5 Monitoring Data for Lincoln Park Lake 
Monitoring data relevant to the impairments of Lincoln Park Lake are available from 1992, 1993, 2008, 
and 2009.  Figure G-12 shows the historical and recent monitoring locations for Lincoln Park Lake. 

 

Figure G-12. Lincoln Park Lake Monitoring Sites 

G.5.1 MONITORING RELATED TO NUTRIENT IMPAIRMENTS 
Water quality sampling was conducted in Lincoln Park Lake in 1992 and 1993 for the Urban Lakes Study 
(Table G-29) from a station located in the western half of the lake (UC Riverside, 1994) (pink triangle, 
Figure G-12).  Sampling occurred over 2 meters of depth on 12 sampling days.  TKN ranged from 0.3 
mg/L to 2.8 mg/L; eight of 28 samples for ammonia were less than detection and the maximum observed 
ammonia concentration was 1.1 mg/L.  All nitrite samples were less than the reporting limit, and 17 of 28 
nitrate samples were less than the reporting limit.  The maximum nitrate concentration was 0.3 mg/L.  
Orthophosphate concentrations in 1992 were less than or equivalent to the reporting limit, while 
concentrations in 1993 ranged from 0.2 mg/L to 0.3 mg/L.  Total phosphorus was also higher in 1993 
with concentrations ranging from 0.2 mg/L to 0.5 mg/L compared to concentrations in 1992 of which 
nine samples were less than the reporting limit and the maximum observed concentration was 0.2 mg/L.  
pH measurements ranged from 7.7 to 9.1.  TOC ranged from 6.0 mg/L to 14.5 mg/L, with one outlier of 
132 mg/L.  The summary table from the 1994 Lakes Study Report (UC Riverside, 1994) lists chlorophyll 
a concentrations ranging from <1 µg/L to 97 µg/L with an average of 33 µg/L.   
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Table G-29. Lincoln Park Lake 1992/1993 Monitoring Data for Nutrients 

Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

7/13/1992 0 1.4 0.4 <0.01 <0.01 0.1 <0.01 7.8 9 672 

2 1.5 0.3 <0.01 <0.01 <0.01 <0.01 7.8 9.1 653 

7/13/1992 0 1.5 0.3 <0.01 <0.01 <0.01 <0.01 7.9 9.4 671 

1.5 1.4 0.3 <0.01 <0.01 <0.01 <0.01 7.9 9.1 668 

7/13/1992 0 1.5 0.3 <0.01 <0.01 <0.01 <0.01 7.9 8.9 667 

1.5 1.4 0.3 <0.01 <0.01 <0.01 <0.01 8.1 8.6 649 

8/19/1992 0 2.8 0.3 <0.01 0.1 <0.01 0.1 8.4 8.5 701 

2 2.2 0.3 <0.01 <0.01 <0.01 0.1 8.5 8.6 697 

9/17/1992 0 1.9 0.2 <0.01 0.1 <0.01 0.2 8.2 8.4 631 

2 1.6 0.1 <0.01 <0.01 <0.01 0.1 8.4 7.9 629 

10/15/1992 0 1.4 0.3 <0.01 <0.01 <0.01 <0.01 8.2 6.6 645 

2 1.1 0.4 <0.01 0.1 <0.01 <0.01 8.2 6.6 638 

11/5/1992 0 1.9 0.7 <0.01 0.2 <0.01 0.1 8.1 6.3 602 

1.7 1.7 0.8 <0.01 0.2 <0.01 0.1 8.2 7.1 581 

12/8/1992 0 1.7 0.5 <0.01 0.3 <0.01 <0.01 7.7 6 575 

1.5 1.9 0.5 <0.01 0.3 <0.01 0.1 7.7 6.1 568 

1/14/1993 0 2.7 0.6 <0.01 0.3 0.2 0.4 7.8 7 419 

2 2.3 0.7 <0.01 0.3 0.2 0.3 8 6.5 446 

2/2/1993 0 2.4 1.1 <0.01 0.3 0.2 0.2 8.1 6.2 539 

2 2.1 1.1 <0.01 0.3 0.2 0.2 8.1 6.1 598 

3/24/1993 0 1.9 <0.01 <0.01 <0.01 0.3 0.5 8.8 9.5 634 

2 1.8 <0.01 <0.01 <0.01 0.3 0.4 8.8 9.1 617 

4/6/1993 0 1.6 <0.01 <0.01 <0.01 0.3 0.4 8.9 7.9 594 

1.5 1.6 <0.01 <0.01 <0.01 0.3 0.5 8.9 8.6 604 

5/3/1993 0 0.3 <0.01 <0.01 <0.01 0.3 0.4 9.1 11.1 640 

2 0.7 <0.01 <0.01 <0.01 0.3 0.4 9.0 11.2 650 

6/7/1993 0 1.6 <0.01 <0.01 <0.01 0.3 0.2 8.8 132 674 

2 1.9 <0.01 <0.01 <0.01 0.3 0.3 8.7 14.5 674 

 

There are no stations in Lincoln Park Lake or its drainage area listed in the Regional Board Water Quality 
Assessment Database.  The Water Quality Assessment Report, however, states that DO was partially 
supporting the aquatic life use with 78 measurements of dissolved oxygen ranging from 0.1 mg/L to  
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13.7 mg/L.  Ammonia was listed as not supporting the aquatic life or contact recreation uses.  Twenty-
eight ammonium samples were collected ranging from non-detect to 1.14 mg/L, the upper end of this 
range is below the acute target, but above the chronic target (for assessment purposes, we are assuming 
that the analysis methodology converted all ammonia to ammonium).  Raw data are not available to 
assess location, date, time, depth, temperature, or pH with regard to these samples. 

The Regional Board sampled water quality at four stations around the shoreline of Lincoln Park Lake in 
2008.  All samples were collected from the edge of the lake using a 6-ft extension pole.  Samples were 
collected approximately 4 inches below the water surface. 

During the October 29, 2008 sampling event, concentrations of total phosphate and ammonia at each 
station were less than the reporting limits of 0.5 mg/L and 0.1 mg/L, respectively.  TKN at each site 
ranged from 1.49 mg/L to 2.32 mg/L.  Total dissolved solids ranged from 847 mg/L to 868 mg/L.  
Suspended solids ranged from less than the reporting limit of 10 mg/L to 12 mg/L.  Chlorophyll a ranged 
from 44 µg/L to 123 µg/L.   

During the November 6, 2008 sampling event, concentrations of orthophosphate, nitrate, and nitrite at 
each site were less than the reporting limits of 0.4 mg/L, 0.1 mg/L, and 0.1 mg/L, respectively.  No other 
parameters were measured during this event.   

Field data for these two sampling events are summarized in Table G-30.  

Table G-30. Field Data for 2008 Monitoring Events at Lincoln Park Lake 

Site Date Time Temperature pH Total Depth (m) 

LPL-1 
10/29/2008 

11/6/2008 

15:15 

9:34 

22 

17 

8.9 

8.5 

0.6 

0.6 

LPL-2 
10/29/2008 

11/6/2008 

14:05 

10:05 

20 

17 

8.9 

8.5 

0.9 

0.5 

LPL-3 
10/29/2008 

11/6/2008 

15:45 

10:30 

20 

17 

9.0 

8.7 

0.4 

0.3 

LPL-4 
10/29/2008 

11/6/2008 

16:50 

10:45 

22 

17 

9.0 

8.5 

0.5 

0.4 

 

In 2009, the City of Los Angeles Bureau of Sanitation, Watershed Protection Division began collecting 
water quality samples at three locations in Lincoln Park Lake.  Table G-31 summarizes the analyses for 
samples collected on February 18 through July 28, 2009.  The nitrate in the lake at all locations and 
sampling times was below the detection level.  After February, all nitrite levels were also below detection 
level; and after March, all ammonia samples were also below detection.  The fraction of organic nitrogen 
was between 0.8 and 1.8 throughout the sampling period.  The chlorophyll a was lowest in February; at 
LL-3 it was 13 µg/L.  The maximum amount of chlorophyll (47 µg/L) was sampled in July at LL-2.  
Suspended solids were also higher in the summer months.  In July, the average TSS was 18.2 mg/L and 
only 11.2 mg/L in February. 
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Table G-31. 2009 City of Los Angeles Bureau of Sanitation 2009 Lincoln Park Lake Monitoring 
Data 

Date Station 
NH3-N 
(mg/L) 

Org N 
(mg/L) 

NO3-N 
(mg/L) 

NO2-N 
(mg/L) 

TP 
(mg/L) 

Chlorophyll 
a (µg/L) 

BOD 
(mg/L) 

TSS 
(mg/L) 

2/18/2009 LL-1 0.24 1.3 <0.02 0.11 0.14 35 6 10.5 

LL-2 0.24 1.0 <0.02 0.11 0.09 44 5 12.0 

LL-3 0.27 1.7 <0.02 0.13 0.09 13 4 11.0 

3/26/2009 LL-1 0.09 1.3 <0.02 <0.02 0.13 26 4 14.0 

LL-2 0.08 1.3 <0.02 <0.02 0.12 32 5 13.3 

LL-3 0.10 1.8 <0.02 <0.02 0.11 22 5 10.0 

4/27/2009 LL-1 <0.05 1.5 <0.02 <0.02 0.18 24 6 12.0 

LL-2 <0.05 1.0 <0.02 <0.02 0.17 28 3 12.0 

LL-3 <0.05 1.3 <0.02 <0.02 0.18 23 4 13.2 

5/28/2009 LL-1 <0.05 1.0 <0.02 <0.02 0.13 26 <3 13.0 

LL-2 <0.05 1.2 <0.02 <0.02 0.16 21 <3 16.0 

LL-3 <0.05 1.2 <0.02 <0.02 0.16 25 <3 8.0 

7/28/2009 LL-1 <0.05 0.9 <0.02 <0.02 0.15 40 4 16.0 

LL-2 <0.05 1.4 <0.02 <0.02 0.16 47 4 19.5 

LL-3 <0.05 0.8 <0.02 <0.02 0.14 44 4 19.0 

 

Sonde data were also collected by the City of Los Angeles Bureau of Sanitation.  Table G-32 presents the 
mean daily values measured at stations LL-1, LL-2, and LL-3 for temperature, specific conductivity, 
dissolved oxygen, and pH at three depths.  For a given collection day, there was little variability between 
the stations or depths for temperature, specific conductivity, dissolved oxygen, or pH, indicating absence 
of significant stratification.   

Table G-32. Mean Values of Sonde Data Collected in Lincoln Park Lake at Stations 1, 2, and 3 

Date 

Temperature (°C) 
Specific Conductivity 

(mS/cm) 
Dissolved Oxygen 

(mg/L) pH 

Surface 
(< 0.5 m) 

0.5  -  
1.0 m 

1.0 - 
1.5 m 

Surface 
(< 0.5 m) 

0.5  -  
1.0 m 

1.0 - 
1.5 m 

Surface 
(< 0.5 m) 

0.5  -  
1.0 m 

1.0 - 
1.5 m 

Surface 
(< 0.5 m) 

0.5  -  
1.0 m 

1.0 - 
1.5 m 

7/28/2008 27.30 27.47 27.48 1.20 1.19 1.19 8.35 7.69 8.05 8.65 8.67 8.71 

2/18/2009 12.77 12.35 11.96 1.04 1.04 1.04 8.79 8.74 8.42 8.24 8.22 8.17 

3/26/2009 17.90 17.74 N/A 1.09 1.09 N/A 8.61 8.48 N/A 8.34 8.31 N/A 

4/27/2009 20.54 20.55 20.76 1.14 1.14 1.14 7.42 7.05 6.49 8.36 8.34 8.31 

5/28/2009 23.67 23.77 23.76 1.21 1.21 1.21 7.94 7.74 7.75 8.43 8.45 8.46 

N/A = no data available 
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On March 10, 2009, the Regional Board and USEPA sampled water quality in Lincoln Park Lake.  Two 
sites were accessed by wading in from boat access ramps located on either side of the lake.  Samples were 
collected from 1 foot at each site and the total depth at each site was approximately 2.2 feet.  Table G-33 
summarizes the nutrient and chlorophyll a measurements for these two stations.  Ammonia concentrations 
were relatively high and ranged from 1.2 mg/L to 1.26 mg/L; TKN was 2.2 mg/L at both stations.  Nitrate 
and nitrite were both relatively low with concentrations averaging 0.07 mg/L and 0.04 mg/L, respectively.  
Orthophosphate concentrations were approximately 0.08 mg/L and total phosphorus concentrations were 
approximately 0.126 mg/L.  Chlorophyll a concentrations at both sites were less than the detection limit 
of 1 µg/L.   

Table G-33. In-lake and Shoreline Water Column Measurements for Lincoln Park Lake 

Station 
Label 

NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho- 
phos-
phate 
(mg/L) 

TP 
(mg/L) 

TDS 
(mg/L) 

TSS 
(mg/L) 

Chloro-
phyll a 
(µg/L) 

LPL-50 1.20 2.2 0.07 0.04 0.0762 0.125 703 4 <1 µg/L 

LPL-50 
(duplicate) 

1.24 NA 0.07 0.04 0.0835 0.125 NA NA <1 µg/L 

LPL-51 1.26 2.2 0.06 0.04 0.0802 0.127 664 5.2 <1 µg/L 

   

Profile data collected in Lincoln Park Lake on March 10, 2009 are summarized in Table G-34.  DO 
concentrations in the lake generally ranged from 5.9 mg/L to 6.2 mg/L with one reading of 7.0 mg/L from 
a surface sample.  pH ranged from 6.7 to 7.0.  Profile depths listed in the field notes (ranging from surface 
to 1.3 meters) were multiplied by the ratio of total depth reported in the field notes to the depth measured 
on the probe cable at each monitoring station because the probe was drifting and indicating depths greater 
than actual (Anna Sofranko, USEPA Region IX, personal communication, May 12, 2009). 

Table G-34. Field Data for the March 10, 2009 Lincoln Park Lake Sampling Event 

Site Time 
Depth 

(m) 
Temp 

(C) pH DO (mg/L) 
Secchi Depth 

(m) Total Depth (m) 

LPL-50 13:45 Surface 18.9 7.0 7.6 Greater than 
total depth 

0.69 

0.26 18.8 6.8 6.0 

0.53 18.6 6.8 6.2 

~0.69 
(bottom) 

17.2 6.7 6.0 

LPL-51 15:10 Surface 19.1 6.7 6.2 Greater than 
total depth 

0.66 

0.26 19.2 6.7 6.1 

0.53 19.2 6.7 6.2 

~0.66 
(bottom) 

19.2 6.7 5.9 
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On August 4, 2009, USEPA and the Regional Board collected additional nutrient samples from Lincoln 
Park Lake.  Ammonia, TKN, nitrite, and nitrate were all less than the detection limits of 0.03 mg-N/L, 
0.456 mg-N/L, 0.01 mg-N/L, and 0.01 mg-N/L, respectively.  Orthophosphate was less than the detection 
limit (0.0075 mg-P/L), and total phosphorus was 0.182 mg-P/L.  The chlorophyll a concentration was 
27.3 µg/L.  The potable water input was also sampled during this event. Ammonia and nitrate were both 
0.33 mg-N/L; nitrite was 0.03 mg-N/L.  TKN measured 0.531 mg-N/L.  Orthophosphate and total 
phosphorus were 0.017 mg-P/L and 0.118 mg-P/L, respectively. 

Profile data associated with this event were collected at LL-1, shown in Table G-35.  The DO 
concentration ranged from 8.32 to 10.19 mg/L.  The total depth at this station was 1.7 meters, and the 
Secchi depth was 0.66 meters.  The pH was approximately 9.1 at all depths.  

Table G-35. Field Data for the August 4, 2009 Lincoln Park Lake Sampling Event 

Site Time 
Depth 

(m) 
Temp 

(C) pH DO (mg/L) 
Secchi Depth 

(m) Total Depth (m) 

LL-1 14:40 0.1 28.7 9.1 9.14 0.66 1.70 

0.52 28.4 9.1 9.51 

1.01 26.7 9.2 10.19 

1.5 26.1 9.0 8.32 

 

Field data were collected for the potable water source during the August sampling event.  After purging 
the line for approximately ten minutes, the pH was 7.82, the DO was 6.62 mg/L, and the temperature was 
26.8 ºC. 

Additional supplemental water quality samples were collected from Lincoln Park Lake.  Table G-36 
presents the chloride, sulfate, total alkalinity, total dissolved solids, and total organic carbon data 
measured in the lake.  Temperature and pH measurements reported in the field notes are also shown in 
this table.  Both temperature and pH significantly increased between March and August.  The average 
temperature in March was 19.0 °C and the temperature in August was 28.7 °C.  The pH ranged from 6.7 
in the winter to 9.1 in the summer.  Chloride, sulfate, TDS, DOC, and TOC all significantly increased in 
August.  The alkalinity in the summer was 61 mg/L lower than the level measured in March.  

Table G-36. Supplemental Water Quality Monitoring for Lincoln Park Lake 

Date Location  Time 

Temper-
ature 
(°C) pH 

Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alka-
linity 

(mg/L)  

Hardness 
(mg/L as 
CaCO3) 

TDS 
(mg/L)  

DOC 
(mg/L)  

TOC 
(mg/L)  

3/10/2009 
LPL-50 13:40 18.9 7.0 97 247 142 262 703 5.6 6.1 

LPL-51 14:30 19.1 6.7 99 250 142 257 664 5.4 5.3 

8/4/2009 LL-11 14:05 28.7 9.1 134 305 81 281 826 9.8 10.5 

1 These data were averages of laboratory replicates, except for temperature and pH data (which were surface 
samples collected at 14:40). 

 

The city of Los Angeles provided water quality monitoring data for the Glendale Water Reclamation 
Plant, which may be used to supplement lake levels and irrigate parkland at Lincoln Park in the future.  
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Table G-37 summarizes the average water quality for this source based on monthly averages reported for 
2008 and 2009.   

Table G-37. Average Water Quality for the Glendale Water Reclamation Plant 

NH3-N (mg/L) TKN (mg/L) Nitrate (mg/L) Nitrite (mg/L) Orthophosphate (mg/L) TP (mg/L) 

1.3 3.17 5.64 0.009 1.76 1.93 

G.5.2 MONITORING RELATED TO LEAD IMPAIRMENT 
In 1996, Lincoln Park Lake was deemed  impaired by lead.  Monitoring data for cadmium, copper, lead, 
and zinc are presented in this section.  Lincoln Park Lake is not listed for cadmium, copper, or zinc, but 
those data are presented here for completeness because other waterbodies in the region are affected by 
some of these contaminants. 

Metals data collected at Lincoln Park Lake, as part of the 1992-1993 Urban Lakes Study (UC Riverside, 
1994), are shown in Table G-38.  Specifically, samples were collected from a station located in the 
western half of the lake (UC Riverside, 1994) (pink triangle, Figure G-12) and included dissolved copper 
and dissolved lead.  Dissolved copper samples were collected throughout the water column at depths from 
the surface to two meters.  The range of the 28 dissolved copper samples was between less than 10 µg/L 
and 81 µg/L.  Similarly, dissolved lead samples were also collected throughout the water column at 
depths from the surface to two meters.  The 28 samples collected ranged in concentration from less than 1 
µg/L to 94 µg/L.   

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The summary table for Lincoln Park Lake states 
that lead was not supporting the assessed uses: 28 measurements reported a maximum lead concentration 
of 94 µg/L, a maximum copper concentration of 61 µg/L, a maximum cadmium concentration of 1.6 
µg/L, and a maximum zinc concentration of 13 µg/L (raw data were not provided, but it is assumed that 
most of these samples are associated with the Urban Lake Study [UC Riverside, 1994]).     

Unfortunately, metals levels were analyzed at relatively high detection limits compared to current 
detection limits; dissolved copper minimum detection 10 µg/L while dissolved lead was 1 µg/L.  No 
hardness data were collected as part of the Urban Lakes Study, thus it cannot be compared to the 
hardness-based water quality objectives.  

Table G-38. Lincoln Park Lake 1992/1993 Monitoring Data for Metals 

Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

7/13/1992 0 16 <1 

2 <10 <1 

7/13/1992 0 13 <1 

1.5 <10 N/A 

7/13/1992 0 20 21 

1.5 11 <1 

8/19/1992 0 22 <1 
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Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

2 23 <1 

9/17/1992 0 17 N/A 

2 16 1 

10/15/1992 0 <10 <1 

2 <10 <1 

11/5/1992 0 <10 2 

1.7 <10 2 

12/8/1992 0 <10 7 

1.5 <10 7 

1/14/1993 0 11 9 

2 <10 1 

2/2/1993 0 <10 <1 

2 <10 <1 

3/24/1993 0 <10 <1 

2 <10 <1 

4/6/1993 0 81 2 

1.5 47 <1 

5/3/1993 0 <10 <1 

2 <10 3 

6/7/1993 0 17 94 

2 16 33 

 

Table G-39 presents 40 additional metal samples that were collected by the USEPA, Regional Board, 
and/or the city of Los Angeles between October 2008 and December 2010 at Lincoln Park Lake.  Samples 
were collected at locations LPL 1/2/3/4, LPL 50/51, LL-1, LL-2, LL-3, LPL-2/4, and LL-Shoreline.  Sites 
were analyzed for dissolved cadmium, copper, lead, and/or zinc (only lead data are reported for the city of 
Los Angeles samples).   

Detection limits were lower than the 1992-1993 study with a cadmium detection limit of 0.2 µg/L, 
dissolved copper detection limit of 0.4 µg/L, dissolved lead detection limit of 0.05 µg/L, and dissolved 
zinc detection limit of 0.2 µg/L.  All dissolved cadmium concentrations were < 0.2 µg/L to 0.4 µg/L; 
copper concentrations were between 2.1 µg/L and 8.12 µg/L; lead concentrations ranged from <0.05 µg/L 
to 2.0 µg/L; and zinc concentrations were 0.3 µg/L to 1.3 µg/L.  Metal toxicity is affected by hardness; 
therefore, each sample was also analyzed for hardness.  The 2008-2010 sampling resulted in a hardness 
range of 166 mg/L to 356 mg/L.  Since dissolved results pertain to the applicable standard and recent data 
more closely represents current conditions, data in Table G-39 were weighted more heavily in the 
assessment. 
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Table G-39. Metals Data for the 2008-2010 Lincoln Park Lake Sampling Events  

Organi-
zation Date 

Station 
ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc ( µµµµg/L) Notes 

RB 10/29/2008 LPL 
1/2/3/4 247.8 0.4 4.4 <0.1 0.5 

average of 
replicates; 
average of 
sites 1-4 

RB 3/10/2009 LPL 
50/51 258.9 <0.2 2.1 0.2 1.3 

average of 
replicates & 
duplicates; 
average  of 
sites 50 and 
51 

City LA 2/18/2009 LL-1/2/3 292.0 N/A N/A <2 N/A 
average of 
sites 1, 2, and 
3 

City LA 3/26/2009 LL-1/2/3 257.0 N/A N/A 0.1 N/A 
average of 
sites 1, 2, and 
3 

City LA 4/27/2009 LL-1/2/3 311.3 N/A N/A 0.2 N/A 
average of 
sites 1, 2, and 
3 

City LA 5/28/2009 LL-1/2/3 316.7 N/A N/A 0.1 N/A 
average of 
sites 1, 2, and 
3 

City LA 7/28/2009 LL-1/2/3 279.3 N/A N/A 0.4 N/A 
average of 
sites 1, 2, and 
3 

RB/EPA 8/4/2009 LL 1 281.0 <0.2 4 0.3 0.8 
average of 
replicates 

RB/EPA 8/4/2009 LPL 2 / 4 282.3 <0.2 2.1 0.1 0.3 
average of 
shore sites 2 
and 6 

City LA 8/28/2009 LL-
Shoreline 

324 N/A N/A 0.1 N/A  

City LA 9/4/2009 LL-
Shoreline 312 N/A N/A <0.1 N/A  

City LA 9/11/2009 LL-
Shoreline 

328 N/A N/A <0.1 N/A  

City LA 9/18/2009 LL-
Shoreline 

320 N/A N/A 0.2 N/A  

City LA 9/25/2009 LL-
Shoreline 331 N/A N/A 0.2 N/A  

City LA 10/2/2009 LL-
Shoreline 315 N/A N/A <0.1 N/A  
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Organi-
zation Date 

Station 
ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc ( µµµµg/L) Notes 

City LA 10/9/2009 LL-
Shoreline 316 N/A N/A 0.2 N/A  

City LA 10/16/2009 LL-
Shoreline 

356 N/A N/A 0.2 N/A  

City LA 10/23/2009 LL-
Shoreline 

331 N/A N/A 0.3 N/A  

City LA 10/30/2009 LL-
Shoreline 332 N/A N/A 0.3 N/A  

City LA 11/6/2009 LL-
Shoreline 

330 N/A N/A 0.3 N/A  

City LA 11/13/2009 LL-
Shoreline 

349 N/A N/A 0.2 N/A  

City LA 11/20/2009 LL-
Shoreline 307 N/A N/A 0.4 N/A  

City LA 12/4/2009 LL-
Shoreline 

323 N/A N/A 0.3 N/A  

City LA 12/11/2009 LL-
Shoreline 

321 N/A N/A 0.4 N/A  

City LA 12/18/2009 LL-
Shoreline 318 N/A N/A 0.2 N/A  

City LA 1/8/2010 LL-
Shoreline 333 N/A N/A 0.5 N/A  

City LA 1/15/2010 LL-
Shoreline 

315 N/A N/A 1.6 N/A  

City LA 1/22/2010 LL-
Shoreline 271 N/A N/A 0.4 N/A  

City LA 2/5/2010 LL-
Shoreline 286 N/A N/A 0.3 N/A  

City LA 2/12/2010 LL-
Shoreline 

265 N/A N/A 0.2 N/A  

City LA 2/19/2010 
LL-

Shoreline 236 N/A N/A <0.1 N/A  

City LA 2/26/2010 LL-
Shoreline 260 N/A N/A <0.1 N/A  

EPA / RB 9/28/2010 LL-1 166 <0.4 8.12 <0.1 <0.5  

EPA / RB 9/28/2010 LPL-4 167 <0.2 3.73 <0.05 <0.1  

City LA 10/8/2010 LL-
Shoreline 256 N/A N/A 0.17 N/A  

City LA 10/22/2010 LL-
Shoreline 269 N/A N/A 0.17 N/A  

RB-AR38470



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs March 2012 

 
 G-53 

Organi-
zation Date 

Station 
ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc ( µµµµg/L) Notes 

City LA 11/5/2010 LL-
Shoreline 253 N/A N/A 0.19 N/A  

City LA 11/19/2010 LL-
Shoreline 

266 N/A N/A 0.19 N/A  

City LA 12/3/2010 LL-
Shoreline 

253 N/A N/A 0.34 N/A  

City LA 12/17/2010 LL-
Shoreline 238 N/A N/A 0.16 N/A  

N/A = No data available 
RB = Regional Board 
EPA = USEPA 
City LA = City of Los Angeles  

 

USEPA also collected one sediment sample in September 2010 to further evaluate lake conditions. Table 
G-40 summarizes the lead concentrations measured in these samples.  There were zero sediment lead 
exceedances of the 128 ppm freshwater (Probable Effect Concentrations) sediment target. 

Table G-40. Sediment Metals Data for the September 2010 Lincoln Park Lake Sampling Event  

Organi 
zation Date Station ID Lead (mg/kg) Notes 

EPA 09/28/2010 LL1 105 Average of 
duplicates 
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G.6 Monitoring Data for Echo Park Lake 
Echo Park Lake has been monitored more frequently than many other lakes addressed in this memo.  
Sampling has occurred in 1992, 1993, and 2003 through 2009.  In addition, fish tissue data are available 
for 1987 to 2007.  Figure G-13 shows the location of historic and recent monitoring locations in Echo 
Park Lake.   

 

Figure G-13. Historic and Recent Sampling Sites at Echo Park Lake 

G.6.1 MONITORING RELATED TO NUTRIENT IMPAIRMENTS 
Results of the 1992/1993 Urban Lakes Study sampling are summarized in Table G-41.  Sampling 
occurred near the center of the lower half of the lake (UC Riverside, 1994) (pink triangle, Figure G-13).  
TKN concentrations during this sampling period ranged from 0.9 mg/L to 1.9 mg/L.  Ammonium 
concentrations were less than the reporting limit for 22 of 31 samples, and the maximum observed 
ammonium concentration was 0.7 mg/L.  Nitrite concentrations were less than the reporting limit in all 
samples; 24 of 31 nitrate samples were less than the reporting limit.  The maximum observed nitrate 
concentration was 0.2 mg/L.  Orthophosphate concentrations were generally less than or equivalent to the 
reporting limit with some observations of 0.2 mg/L.  Total phosphorus concentrations ranged from less 
than the reporting limit to 0.3 mg/L.  pH measurements ranged from 7.7 to 9.4, and TOC ranged from 4.8 
mg/L to 7.6 mg/L.  The summary table from the 1994 Lakes Study Report (UC Riverside, 1994) lists 
chlorophyll a concentrations ranging from 6 µg/L to 66 µg/L with an average of 24 µg/L.   
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Table G-41. Echo Park Lake 1992/1993 Monitoring Data 

Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

7/14/1992 0 1 0.3 <0.1 <0.1 0.1 <0.1 8.8 6.9 333 

1.5 1 <0.1 <0.1 <0.1 0.1 <0.1 8.9 7.1 321 

7/14/1992 0 1.1 <0.1 <0.1 <0.1 0.1 <0.1 9.0 7.4 319 

1.5 1.2 <0.1 <0.1 <0.1 0.1 <0.1 9.0 7.4 317 

7/14/1992 0 1.4 0.1 <0.1 <0.1 0.1 0.1 9.0 7.6 316 

1.3 1.4 <0.1 <0.1 <0.1 0.1 0.1 8.9 6.8 322 

8/13/1992 0 0.9 <0.1 <0.1 <0.1 <0.1 <0.1 9.3 6.5 322 

1.5 1.1 <0.1 <0.1 <0.1 <0.1 0.1 9.3 6.7 323 

8/13/1992 0 0.9 <0.1 <0.1 <0.1 <0.1 0.1 9.3 6.4 322 

2 1.2 <0.1 <0.1 <0.1 <0.1 0.1 9.3 6.6 319 

0 1.1 <0.1 <0.1 <0.1 <0.1 0.1 9.1 6.5 334 

9/17/1992 0 1.1 <0.1 <0.1 <0.1 <0.1 0.2 8.3 6.9 364 

1.7 1.1 <0.1 <0.1 <0.1 <0.1 0.1 8.2 7.2 359 

10/15/1992 0 0.9 <0.1 <0.1 <0.1 <0.1 <0.1 8.1 6.7 447 

1.7 1.3 0.1 <0.1 <0.1 <0.1 <0.1 8.1 6.8 450 

11/5/1992 0 1.9 <0.1 <0.1 <0.1 <0.1 0.2 8.7 6.8 411 

1.5 1.9 <0.1 <0.1 <0.1 <0.1 0.2 8.7 7.2 428 

12/8/1992 0 1.3 0.2 <0.1 0.2 <0.1 <0.1 7.7 6.1 443 

1.5 1.3 0.2 <0.1 0.1 <0.1 <0.1 7.8 5.9 453 

1/12/1993 0 1.8 0.7 <0.1 0.2 0.2 <0.1 7.8 5.5 350 

1.5 1.7 0.7 <0.1 0.1 0.2 0.1 7.8 5.4 357 

2/2/1993 0 1.7 0.5 <0.1 0.2  <0.1 8.5 4.8 323 

1.5 1.6 0.6 <0.1 0.2 <0.1 <0.1 8.5 4.8 299 

3/17/1993 0 0.9 <0.1 <0.1 0.1 <0.1 <0.1 8.8 5.4 252 

1.5 1 <0.1 <0.1 <0.1 <0.1 <0.1 8.8 5.2 251 

4/7/1993 0 1.1 <0.1 <0.1 <0.1 <0.1 0.1 9.4 5.4 249 

1.5 1.1 <0.1 <0.1 <0.1 <0.1 0.1 9.4 4.8 251 

5/3/1993 0 1.2 <0.1 <0.1 <0.1 0.2 0.3 8.9 5.3 352 

2 1.2 <0.1 <0.1 <0.1 0.2 0.3 8.9 5 321 

6/8/1993 0 1.1 <0.1 <0.1 <0.1 0.2 0.1 8.9 7.1 386 

1.5 1.1 <0.1 <0.1 <0.1 0.2 0.1 8.6 7.1 411 
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There were no stations in Echo Park Lake or its drainage area in the Regional Board Water Quality 
Assessment Database.  The Water Quality Assessment Report, however, states pH was not supporting the 
contact recreation use and partially supporting the aquatic life use: 69 measurements of pH were collected 
which ranged from 7.0 to 9.4.  Thirty-one ammonium samples were collected with values ranging from 
non-detect to 0.71 mg/L, the upper end of this range is below the acute target, but above the chronic target 
(for assessment purposes, we are assuming that the analysis methodology converted all ammonia to 
ammonium); ammonia was listed as not supporting the aquatic life and contact recreation uses.  Raw data 
are not available to assess location, date, time, depth, temperature, or pH with regards to these samples.  
Odor and algae were both listed as not supporting the contact and non-contact recreation uses.  
Eutrophication was listed as not supporting the aquatic life use.   

In 2003, the City of Los Angeles Bureau of Sanitation, Watershed Protection Division began collecting 
water quality samples from Echo Park Lake.  Stations EPL-1 through EPL-6 are perimeter stations that 
were only sampled for bacterial parameters and EPL-7, EPL-8, and EPL-9 are mid-lake stations.  Table 
G-42 lists the nutrient data collected through February 2010 for the three in-lake stations.  Of the 84 
samples collected during this period, 38 were non-detect for ammonia; the maximum ammonia 
concentration was 0.93 mg/L.  Organic nitrogen concentrations ranged from 0.28 mg/L to 3.14 mg/L.  
Thirty-five nitrate samples were non detect, and the maximum observed concentration was 1.0 mg/L.  
Fifty-five of the nitrite samples were non detect; the other two samples had concentrations of 0.02 and 
0.09 mg/L.  Total nitrogen concentrations, calculated from the sum of ammonia, organic nitrogen, nitrate, 
and nitrite, ranged from 0.28 mg/L to 3.48 mg/L.  Total phosphate measurements generally ranged from 
0.06 mg/L to 0.51 mg/L with three measurements less than detection.  Biochemical oxygen demand 
(BOD) ranged from 4 mg/L to 18 mg/L with 25 measurements less than the detection limit; the length and 
type of the BOD test was not specified in the data set received.  TSS measurements ranged from 3 mg/L 
to 31 mg/L.  No chlorophyll a data were reported. 

Table G-42. City of Los Angeles Bureau of Sanitation Echo Park Lake Monitoring Data 

Date Station 
NH3-N 
(mg/L) 

Org N 
(mg/L) 

NO3-N 
(mg/L) 

NO2-N 
(mg/L) 

TN 
calc. 

(mg/L) 

Total 
Phosphate 

(mg/L) 
BOD 

(mg/L) 
TSS 

(mg/L) 

5/14/2003 

EPL-7 <0.10 0.3 <0.02 <0.02 0.28 0.12 <4 8 

EPL-8 <0.10 0.3 <0.02 <0.02 0.28 0.14 <4 11 

EPL-9 <0.10 0.3 <0.02 <0.02 0.28 0.15 4 16 

8/12/2003 

EPL-7 0.34 3.1 <0.02 <0.10 3.48 0.28 17 29 

EPL-8 0.56 2.0 <0.02 <0.10 2.58 0.08 18 25 

EPL-9 0.34 1.9 <0.02 <0.10 2.24 0.23 16 25 

11/20/2003 

EPL-7 0.30 1.0 0.16 <0.02 1.46 0.09 <4 5 

EPL-8 0.30 1.3 0.15 <0.02 1.75 0.08 <4 5 

EPL-9 0.60 1.0 0.16 <0.02 1.76 0.07 <4 4 

2/18/2004 

EPL-7 <0.10 < 0.1 1.00 0.09 1.09 0.08 10 6 

EPL-8 <0.10 0.6 0.08 <0.02 0.68 0.08 9 3 

EPL-9 <0.10 1.2 0.10 <0.02 1.30 0.16 9 5 

5/18/2004 

EPL-7 0.10 1.1 <0.02 <0.02 1.20 <0.05 <4 8 

EPL-8 0.10 1.0 <0.02 <0.02 1.10 <0.05 <4 11 

EPL-9 0.20 1.0 <0.02 <0.02 1.20 <0.05 <4 8 
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Date Station 
NH3-N 
(mg/L) 

Org N 
(mg/L) 

NO3-N 
(mg/L) 

NO2-N 
(mg/L) 

TN 
calc. 

(mg/L) 

Total 
Phosphate 

(mg/L) 
BOD 

(mg/L) 
TSS 

(mg/L) 

8/25/2004 

EPL-7 0.10 1.2 <0.02 <0.02 1.30 0.09 5 19 

EPL-8 <0.10 1.1 <0.02 <0.02 1.10 0.07 6 14 

EPL-9 <0.10 1.0 <0.02 <0.02 1.00 0.08 6 13 

11/17/2004 

EPL-7 0.50 1.3 0.17 <0.02 1.97 0.48 16 16 

EPL-8 0.57 1.0 0.18 <0.02 1.75 0.40 7 7 

EPL-9 0.49 1.3 0.18 <0.02 1.97 0.51 8 8 

2/17/2005 

EPL-7 <0.05 1.5 0.18 <0.02 1.65 0.13 4 16 

EPL-8 <0.05 0.8 0.06 <0.02 0.85 0.12 <4 9 

EPL-9 <0.05 0.7 0.06 0.02 0.80 0.09 <4 8 

5/19/2005 

EPL-7 <0.05 1.0 0.07 <0.02 1.07 0.15 <4 31 

EPL-8 <0.05 0.8 0.02 <0.02 0.82 0.11 <4 18 

EPL-9 <0.05 1.0 <0.02 <0.02 1.00 0.13 <4 21 

8/18/2005 

EPL-7 <0.05 1.4 <0.02 <0.02 1.40 0.06 7 23 

EPL-8 <0.05 1.2 <0.02 <0.02 1.20 0.06 7 20 

EPL-9 <0.05 1.2 <0.02 <0.02 1.20 0.07 6 20 

11/17/2005 

EPL-7 0.21 0.7 <0.02 <0.02 0.91 0.25 4 16 

EPL-8 0.24 2.2 <0.02 <0.02 2.44 0.26 4 20 

EPL-9 0.69 1.4 <0.02 <0.02 2.09 0.26 4 16 

2/9/2006 

EPL-7 <0.05 1.0 0.04 <0.02 1.04 0.16 AE1 AE1 

EPL-8 <0.05 1.0 <0.02 <0.02 1.00 0.21 AE1 AE1 

EPL-9 <0.05 1.1 <0.02 <0.02 1.10 0.25 AE1 AE1 

5/11/2006 

EPL-7 0.45 0.3 <0.02 <0.02 0.75 0.07 <3 18 

EPL-8 0.30 0.4 <0.02 <0.02 0.70 0.18 <3 21 

EPL-9 0.35 0.3 <0.02 <0.02 0.65 0.15 <3 16 

8/17/2006 

EPL-7 0.09 1.2 <0.02 <0.02 1.29 0.15 8 28 

EPL-8 0.10 0.9 <0.02 <0.02 1.00 0.16 4 10 

EPL-9 0.17 1.1 <0.02 <0.02 1.27 0.19 6 16 

11/16/2006 

EPL-7 0.10 0.9 0.07 <0.02 1.07 0.07 <3 18 

EPL-8 0.14 1.8 0.06 <0.02 2.00 0.08 <3 13 

EPL-9 0.19 1.5 0.04 <0.02 1.73 0.08 <3 14 

2/8/2007 

EPL-7 0.59 0.7 0.06 <0.02 1.35 0.21 <3 8 

EPL-8 0.67 0.4 0.06 <0.02 1.13 0.21 <3 9 

EPL-9 0.93 0.4 0.06 <0.02 1.39 0.22 <3 9 
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Date Station 
NH3-N 
(mg/L) 

Org N 
(mg/L) 

NO3-N 
(mg/L) 

NO2-N 
(mg/L) 

TN 
calc. 

(mg/L) 

Total 
Phosphate 

(mg/L) 
BOD 

(mg/L) 
TSS 

(mg/L) 

5/17/2007 

EPL-7 0.10 1.2 <0.20 <0.20 1.30 0.14 <3 24 

EPL-8 0.09 1.4 <0.20 <0.20 1.49 0.31 <3 27 

EPL-9 0.08 1.6 <0.20 <0.20 1.68 0.24 <3 22 

8/16/2007 

EPL-7 <0.05 0.9 <0.02 <0.02 0.90 0.11 4 19 

EPL-8 <0.05 1.0 <0.02 <0.02 1.00 0.12 5 11 

EPL-9 <0.05 0.8 0.02 <0.02 0.82 0.12 5 12 

11/7/2007 

EPL-7 <0.05 0.9 <0.02 <0.02 1.00 0.13 5 12 

EPL-8 0.10 0.9 <0.02 <0.02 1.00 0.14 5 12 

EPL-9 0.10 0.7 <0.02 <0.02 0.80 0.12 4 12 

2/14/2008 

 

EPL-7 0.18 0.2 0.13 < 0.02 0.51 0.11 < 3 8 

EPL-8 0.28 0.5 0.12 < 0.02 0.90 0.12 < 3 11 

EPL-9 0.27 0.3 0.12 < 0.02 0.69 0.12 < 3 10 

5/8/2008 

 

EPL-7 < 0.05 1.1 0.08 < 0.02 1.18 0.13 5 18 

EPL-8 0.09 1.1 0.08 < 0.02 1.27 0.14 6 16 

EPL-9 0.17 0.6 0.09 < 0.02 0.86 0.12 < 3 14 

8/7/2008 

 

EPL-7 < 0.05 0.8 < 0.02 < 0.02 0.80 0.11 < 3 19 

EPL-8 < 0.05 0.9 < 0.02 < 0.02 0.90 0.13 < 3 19 

EPL-9 < 0.05 1.0 < 0.02 < 0.02 1.00 0.12 3 16 

11/20/2008 

 

EPL-7 0.31 1.0 0.38 0.03 1.72 0.08 3 10 

EPL-8 0.32 1.1 0.33 < 0.02 1.75 0.10 3 14 

EPL-9 0.28 1.0 0.31 < 0.02 1.59 < 0.05 3 12 

2/19/2009 

 

EPL-7 < 0.05 0.5 0.28 0.10 0.88 0.13 < 3 4 

EPL-8 < 0.05 0.4 0.29 0.11 0.80 0.10 < 3 4 

EPL-9 0.05 0.5 0.30 0.10 0.95 0.11 < 3 6 

5/21/2009 

EPL-7 < 0.05 1 < 0.02 < 0.02 1.00 0.15 3 17 

EPL-8 < 0.05 0.8 < 0.02 < 0.02 0.80 0.15 4 19 

EPL-9 < 0.05 1.1 < 0.02 < 0.02 1.10 0.16 5 15 

8/18/2009 

EPL-7 < 0.05 n/a n/a n/a n/a n/a n/a n/a 

EPL-8 < 0.05 n/a n/a n/a n/a n/a n/a n/a 

EPL-9 < 0.05 n/a n/a n/a n/a n/a n/a n/a 

12/22/2009 

EPL-7 < 0.05 n/a n/a n/a n/a n/a n/a n/a 

EPL-8 < 0.05 n/a n/a n/a n/a n/a n/a n/a 

EPL-9 < 0.05 n/a n/a n/a n/a n/a n/a n/a 

RB-AR38477



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs March 2012 

 
 G-60 

Date Station 
NH3-N 
(mg/L) 

Org N 
(mg/L) 

NO3-N 
(mg/L) 

NO2-N 
(mg/L) 

TN 
calc. 

(mg/L) 

Total 
Phosphate 

(mg/L) 
BOD 

(mg/L) 
TSS 

(mg/L) 

2/16/2010 

EPL-7 0.10 n/a n/a n/a n/a n/a n/a n/a 

EPL-8 0.11 n/a n/a n/a n/a n/a n/a n/a 

EPL-9 0.10 n/a n/a n/a n/a n/a n/a n/a 

1 AE indicates analyst error: no value reported. 

 

Sonde data were also collected by the City of Los Angeles Bureau of Sanitation.  Table G-43 presents the 
mean daily values measured at stations EPL-7, EPL-8, and EPL-9 for temperature, specific conductivity, 
dissolved oxygen, and pH at four depths.  For a given collection day, there was little variability between 
the stations or depths for temperature, specific conductivity, dissolved oxygen, or pH, indicating absence 
of significant stratification.

RB-AR38478



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs  March 2012 

 

 
  G-61 

Table G-43. Mean Values of Sonde Data Collected in Echo Park Lake at Stations 7, 8, and 9 

Date 

Temperature (°C) Specific Conductivity (mS/cm) Dissolved Oxygen (mg/L) pH 

Surface 
0.5 -  
1.0 m 

1.0 - 
1.5m >1.5m Surface 

0.5 -  
1.0 m 

1.0 - 
1.5m >1.5m Surface 

0.5 -  
1.0 m 

1.0 -  
1.5 m >1.5m Surface 

0.5 - 
1.0 m 

1.0 - 
1.5 m >1.5m 

8/25/2004 23.8 23.4 23.1 22.9 0.750 0.749 0.750 0.750 8.9 8.8 8.6 7.9 8.5 8.4 8.4 7.9 

11/17/2004 15.9 15.7 15.5 15.3 0.656 0.653 0.654 0.656 9.1 8.9 8.9 8.8 7.9 7.9 7.9 7.9 

2/17/2005 16.0 15.9 15.7 15.5 0.417 0.417 0.418 0.418 10.5 10.5 10.4 9.8 8.4 8.4 8.3 8.3 

5/19/2005 22.5 22.0 21.9 21.9 0.448 0.448 0.447 0.451 9.8 9.8 9.7 9.6 8.6 8.6 8.6 8.5 

8/18/2005 23.6 23.6 23.3 23.5 0.460 0.459 0.459 0.467 9.3 9.4 9.4 8.8 8.9 8.9 8.9 8.1 

11/17/2005 16.2 16.0 15.9 15.8 0.537 0.537 0.538 0.538 11.9 12.0 11.9 11.3 8.6 8.6 8.5 8.3 

2/9/2006 13.7 13.7 13.7 13.8 0.540 0.541 0.541 0.541 10.9 10.9 10.8 10.7 8.4 8.4 8.4 8.3 

5/11/2006 20.5 20.6 20.6 20.3 0.499 0.498 0.499 0.500 10.5 10.6 10.5 9.8 8.6 8.6 8.6 8.5 

8/17/2006 24.9 24.8 24.6 24.5 0.485 0.485 0.486 0.492 7.7 7.5 6.7 6.1 8.4 8.3 8.2 8.2 

11/16/2006 16.5 16.4 16.2 16.1 0.591 0.590 0.591 0.592 10.3 10.2 10.0 9.7 8.2 8.2 8.2 8.2 

2/8/2007 13.6 13.6 13.5 13.5 0.589 0.588 0.588 0.589 8.7 9.0 9.0 8.9 8.0 8.1 8.1 8.1 

5/17/2007 20.8 20.7 20.6 20.4 0.638 0.635 0.633 0.633 8.8 8.8 8.7 8.2 8.4 8.3 8.3 8.3 

8/16/2007 25.8 25.7 25.5 25.3 0.671 0.669 0.671 0.672 9.3 9.6 9.4 8.7 9.0 9.0 9.0 8.9 

11/7/2007 17.6 17.6 17.5 17.5 0.724 0.724 0.724 0.724 8.5 8.5 8.4 8.2 8.39 8.39 8.37 8.34 

2/14/2008 14.49 14.48 14.45 14.40 0.64 0.64 0.64 0.64 9.60 9.58 9.60 9.61 8.26 8.28 8.29 8.30 

5/8/2008 18.83 18.80 18.70 18.97 0.78 0.78 0.78 0.79 7.65 7.64 7.52 6.41 8.09 8.17 8.20 8.26 

8/7/2008 26.66 26.44 26.33 26.06 0.90 0.90 0.89 0.89 6.58 6.24 6.00 5.71 8.21 8.18 8.14 8.11 

11/20/2008 16.69 16.46 16.36 16.34 1.04 1.04 1.04 1.04 9.90 9.82 9.61 9.46 8.09 8.07 8.04 8.02 

2/19/2009 12.44 12.30 12.17 12.13 0.80 0.80 0.80 0.80 11.03 11.02 10.98 10.99 8.31 8.30 8.29 8.29 

5/21/2009 23.91 23.71 23.62 23.51 0.85 0.85 0.85 0.85 8.60 8.44 8.29 8.14 8.28 8.28 8.27 8.26 
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In 2008, the Regional Board sampled nine locations in Echo Park Lake.  Site location descriptions are 
listed in Table G-44.  As the lake is relatively shallow and well mixed by wind action and aerators, the 
sampling team collected analytical samples from the lake surface only.  To avoid confusion with the City 
of Los Angeles Bureau of Sanitation numbering scheme, all sites were assigned an alternate label. 

Table G-44. Site Locations for the 2008 Echo Park Lake Monitoring Event 

Sampling Event 
Regional Board 

Site Number Project Site Alternate Label 

June 1 Below City of LA storm drain EPL-1 

2 Below County of LA storm drain EPL-6 

3 Lake mid-point EPL-8 

4 Lotus Beds EPL-LB 

5 Hydroponic Island EPL-HI 

December 1 Shoreline sample at northwest 
segment of lake 

EPL-12 

2 Shoreline sample at western 
side of lake 

EPL-11 

3 Shoreline sample on southern 
edge of lake 

EPL-10 

4 Shoreline sample on eastern 
side of lake 

EPL-13 

5 Shoreline sample near City of 
LA storm drain 

EPL-1 (shoreline) 

 

Ammonia concentrations in Echo Park Lake were fairly similar at all three sampled locations (Sites EPL-
8, EPL-LB, and EPL-HI) on June 25, 2008 and ranged from 0.131 mg/L to 0.136 mg/L (Table G-45).  
TKN at the lake midpoint and near the hydroponic island ranged from 1.38 mg/L to 1.49 mg/L; the 
concentration was higher in the lotus beds at 4.72 mg/L.  Concentrations of nitrate, nitrite, 
orthophosphate, and total phosphate were all less than the reporting limits of 0.1, 0.1, 0.4, and 0.5 mg/L, 
respectively.  Total dissolved solids ranged from 565 mg/L to 651 mg/L, and suspended solids ranged 
from 11.2 mg/L to 96 mg/L.   

Table G-45. Analytical Data for the June 25, 2008 Echo Park Lake Sampling Event 

Alternate 
Station 
Label 

NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho- 
phosphate 

(mg/L) 

Total 
Phosphate 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Suspended 
Solids 
(mg/L) 

EPL-8 0.136 1.41 <0.1 <0.1 <0.4 <0.5 603 13.2 

EPL-LP 0.131 4.72 <0.1 <0.1 <0.4 <0.5 651 96.0 

EPL-HI 0.133 1.38 <0.1 <0.1 <0.4 <0.5 565 11.6 

EPL-8 
(dup.) 

0.129 1.49 <0.1 <0.1 <0.4 <0.5 582 11.2 

 

RB-AR38480



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs March 2012 

 
 G-63 

Field data were collected at five sites in Echo Park Lake by the Regional Board (Table G-46).  
Temperatures at sites EPL-6, EPL-8, and EPL-HI ranged from 25.46 ºC to 27.76 ºC.  Temperatures on the 
north end of the lake were higher (28.95 and 32.0 ºC) but were also collected later in the day.  Dissolved 
oxygen concentrations ranged from 4.95 mg/L to 9.82 mg/L, and pH ranged from 8.21 to 8.56 (note that 
the pH meter was not producing calibration results within the acceptable range).  Electrical conductivity 
did not vary significantly at any location and ranged from 0.680 mS/cm to 0.688 mS/cm.  The Secchi 
depth readings at sites EPL-6, EPL-8, and EPL-HI ranged from 0.66 m to 0.68 m.  Chlorophyll a samples 
collected at depths less than the Secchi depth at each site ranged from 10.9 µg/L to 15 µg/L, with the 
exception of Site 4 in the lotus beds where the concentration was 26.7 µg/L.  At depths greater than the 
Secchi depth at each site, chlorophyll a concentrations were generally higher with concentrations ranging 
from 16.1 µg/L to 53.6 µg/L.  These higher numbers may reflect chlorophyll a contained in decaying 
algae that has settled to the bottom of the lake.  A description of the methodology or equipment used to 
measure chlorophyll a concentrations in the field was not provided. 

Table G-46. Field Data for the June 25, 2008 Echo Park Lake Sampling Event 

Site Time Depth (m) Temp (C) 
DO 

(mg/L) 
EC 

(mS/cm) pH1 
Chl a 
(ug/L) 

Secchi 
Depth (m) 

EPL-8 Begin 
time: 
10:06  

Surface 26.63 6.57 0.685 8.27 12.7 0.66 

0.5 25.80 6.51 0.685 8.30 15.0 

1.0 25.54 6.26 0.686 8.26 15.8 

1.5 25.46 4.95 0.686 8.21 53.6 

2 25.52 5.33 0.684 8.22 0.8 

EPL-HI Begin 
time: 
11:05 

Surface 26.69 8.11 0.686 8.46 11.9 0.68 

0.5 26.48 7.44 0.685 8.46 11.8 

1.0 
(bottom) 

25.83 6.68 0.687 8.43 16.1 

EPL-6 Begin 
time: 
12:23 

Surface 27.76 8.3 0.685 8.53 10.9 0.68 

0.5 26.94 7.6 0.686 8.52 12.0 

1.0 
(bottom) 

26.76 7.46 0.685 8.50 20.6 

EPL-LB 14:10 Surface 32.0 6.25 0.688 8.29 26.7 NA 

EPL-1 14:49 Surface 28.95 9.82 0.680 8.56 14.0 NA 

1 pH calibration was outside of accepted range.  Data should not be used quantitatively.    

 

Samples were also collected on December 18, 2008 from five shoreline locations at a depth of 
approximately 4 inches (Table G-47).  Ammonia ranged from 0.206 mg/L to 0.344 mg/L.  TKN ranged 
from 1.1 mg/L to 1.55 mg/L with one measurement near the lotus pond that was less than the reporting 
limit of 1 mg/L.  Nitrate ranged from 0.215 mg/L to 0.325 mg/L.  All samples of nitrite, orthophosphate, 
and total phosphate were less than the reporting limits of 0.1 mg/L, 0.4 mg/L, and 0.5 mg/L, respectively.  
Total dissolved solids ranged from 549 mg/L to 576 mg/L.  All measurements of suspended solids were 
less than the reporting limit of 10 mg/L except at EPL-1.  Chlorophyll a ranged from 8.5 µg/L to 20.2 
µg/L.   
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Table G-47. Analytical Data for the December 18, 2008 Echo Park Lake Sampling Event 

Alternate 
Station 
Label 

NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho- 
phos-
phate 
(mg/L) 

Total 
phos-
phate 
(mg/L) 

Total  
Dissolved 

Solids 
(mg/L) 

Suspen
ded 

Solids 
(mg/L) 

Chloro-
phyll a 
(µg/L) 

EPL-12 0.344 1.55 0.215 <0.1 <0.1 <0.4 549 46.5 20.2 

EPL-11 0.209 1.1 0.325 <0.1 <0.1 <0.4 576 <RL 10.4 

EPL-10 0.239 1.1 0.3 <0.1 <0.1 <0.4 576 <RL 15.1 

EPL-13 0.215 <RL 0.317 <0.1 <0.1 <0.4 576 <RL 8.9 

EPL-1 
(shoreline) 

0.234 1.24 0.309 <0.1 <0.1 <0.4 567 <RL 10.7 

EPL-11 
(dup.) 

0.206 1.16 0.312 <0.1 <0.1 <0.4 576 <RL 8.5 

 

Field data from the December 2008 sampling event are summarized in Table G-48.  Temperature in the 
lake ranged from 8 ºC to 10.5 ºC; pH ranged from 7.7 to 8.1.   

Table G-48. Field Data for the December 18, 2008 Echo Park Lake Sampling Event 

Site Time Temp (C) pH Total Depth (m) 

EPL-12 9:00 8 7.7 0.2 

EPL-11 10:15 10 8.0 0.7 

EPL-10 11:20 10 8.0 0.9 

EPL-13 12:10 10.5 8.0 0.6 

EPL-1 
(shoreline) 

13:50 10.5 8.1 Not reported 

 

On March 10, 2009, USEPA and the Regional Board sampled Echo Park Lake at three locations (Table 
G-49).  Samples were collected at Site EPL-50 at 9:50 from a depth of 0.61 m.  Site EPL-51 was also 
sampled from a depth of 0.61 m at 10:30.  Site EPL-52 was sampled at 11:00 from a depth of 0.46 m.  
Ammonia concentrations ranged from 0.04 mg/L to 0.06 mg/L, and TKN ranged from 0.7 mg/L to 1.3 
mg/L.  Nitrate was approximately 0.15 mg/L at each station and nitrite was less than detection.  
Orthophosphate was less than detection at each station and total phosphorus generally ranged from 0.033 
mg/L to 0.071 mg/L.  The total phosphorus measured at EPL-52 was 0.762 mg/L, though the field 
duplicate had a value of 0.071 mg/L.  Chlorophyll a measurements in the lake ranged from 14.2 µg/L to 
15.2 µg/L.   

Sites EPL-51 and 52 and the potable water input (PW) were sampled again on August 4th, 2009 (also in 
Table G-49).  Site-51 was sampled at 8:15 and had a total depth of 1.7 meters and a Secchi depth of  
0.3 meters.  Site-52 was sampled at 9:00, had a depth of 1.8 meters, and a Secchi depth of 0.6 meters.  All 
nitrogen parameters (ammonia, TKN, nitrate, and nitrite) were below detection limits at both in-lake sites.  
Total phosphorus was 0.196 mg/L at EPL-51 and 0.195 mg/L at EPL-52.  The orthophosphate 
concentrations were 0.0850 and 0.0917 at sites EPL-51 and EPL-52, respectively.  The TSS average at the 
stations was 15.2 mg/L and the chlorophyll a average was 15.3µg/L.  The TDS was 505 mg/L at EPL-51 
and 494 mg/L at EPL-52.  The lab noted that these samples were analyzed after the allowable holding 
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time limit, but the data are included here because the TDS amounts were in the expected range and the 
extended holding time does not appear to have greatly affected these measurements. 

Table G-49. In-lake Water Column Measurements for Echo Park Lake 

Date 
Station 
Label 

NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho- 
phos-
phate 
(mg/L) 

TP 
(mg/L) 

TDS 
(mg/L) 

TSS 
(mg/L) 

Chl a 
(µg/L) 

3/10/2009 EPL-50 0.04 0.97 0.15 <0.01 <0.008 0.033 427 4.6 15.2 

EPL-51 0.05 1.30 0.14 <0.01 <0.008 0.046 438 7.0 14.2 

EPL-52 0.06 0.70 0.15 <0.01 <0.008 0.762 442 7.3 14.6 

EPL-52 
(duplicate) 

0.06 NA NA NA NA 0.071 NA NA NA 

8/4/2009 EPL-51 <0.03 <0.456 <0.01 <0.01 0.0850 0.196 505 18.0 15.5 

EPL-52  <0.03 <0.456 <0.01 <0.01 0.0917 0.195 494 12.3 15.0 

EPL-PW <0.03 <0.456 0.9 <0.01 0.0202 0.122 348 <0.5 NA 

 

Additional data taken during the sampling events on March 10 and August 4, 2009, are shown in Table 
G-50.  The chloride concentrations increased significantly between the winter and summer events.  The 
winter average of chloride was 76.2 mg/L and the summer concentration was 92.9 mg/L.  The sulfate 
concentrations were lower in the summer, at an average of 91 mg/L compared to the winter average of 
131 mg/L.  There were not significant changes between the March and August measurements of 
alkalinity, DOC, and TOC. 

Table G-50. Supplemental Water Quality Monitoring for In-lake Samples in the Echo Park Lake 

Date Location Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total  
Alkalinity 

(mg/L) 

Hardness 
(mg/L as 
CaCO3) 

DOC 
(mg/L) TOC (mg/L) 

3/10/2009 

EPL-50 9:50 75.8 130 133 181 3.2 2.6 

EPL-51 10:30 76.7 132 126 178 3.1 4.8 

EPL-52 11:00 76.1 130 126 178 3.0 3.4 

8/4/2009 

EPL-51 8:15 92.7 91 136 191.4 3.6 5.3 

EPL-52  9:00 93.1 91 140 187.6 3.6 5.5 

EPL-PW 10:40 66.4 65.4 141 128.6 0.95 0.85 

Profile data collected in Echo Park Lake are summarized in Table G-51.  Based on this data the lake 
appears well mixed both vertically and spatially.  DO concentrations in the lake generally ranged from  
7.0 mg/L to 8.6 mg/L with one reading of 10.0 mg/L from a surface sample.  pH ranged from 7.5 to 7.9.  
Profile depths listed in the field notes (ranging from surface to 2.5 meters) were multiplied by the ratio of 
total depth reported in the field notes to the depth measured on the probe cable at each monitoring station 
because the probe was drifting and indicating depths greater than actual (Anna Sofranko, USEPA Region 
IX, personal communication, May 12, 2009). 
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Table G-51. Field Data for the March 10, 2009 Echo Park Lake Sampling Event 

Site Time Depth 
(m) 

Temp 
(C) 

pH DO (mg/L) Secchi Depth 
(m) 

Total Depth (m) 

EPL-50 9:40 Surface 15.2 7.1 10.0 1.27 1.40 

0.28 15.3 7.5 8.4 

0.56 15.3 7.5 8.3 

0.84 15.2 7.6 8.3 

1.12 15.1 7.6 8.1 

1.40 15.1 7.7 7.9 

EPL-51 10:30 Surface 15.5 7.7 8.6 1.14 1.67 

0.34 15.4 7.8 8.2 

0.67 15.3 7.8 8.2 

1.00 15.0 7.8 8.3 

1.34 15.0 7.9 8.2 

1.68 15.0 7.9 8.0 

EPL-52 11:00 Surface 16.2 7.9 7.5 0.91 1.83 

0.36 16.1 7.9 7.5 

0.73 16.0 7.9 7.2 

1.10 15.7 7.9 7.4 

1.46 15.5 7.9 7.3 

1.82 15.3 7.8 7.0 

Profile data collected in Echo Park Lake in the summer of 2009 are summarized in Table G-52.  DO 
concentrations in the lake ranged from 6.4 mg/L to 7.6 mg/L.  The pH ranged from 8.3 to 8.6.  Based on 
this data the lake appears well mixed vertically in the summer as well as in the spring.  The Secchi depths 
at EPL-51 and EPL-52 were much less during the August sampling.  The Secchi depth at EPL-51 is 0.84 
meters less than the spring Secchi depth.  At station EPL-52, the Secchi depth is 0.35 meters less in 
August than in March.  The temperature of the lake ranged from 26.1 to 26.5°C, approximately 10°C 
higher than the March temperatures.  The increased temperature and decreased lake clarity illustrate an 
increase in algal productivity during this summer season. 

Table G-52. Field Data for the August 4, 2009 Echo Park Lake Sampling Event 

Site Time 
Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) Secchi Depth (m) Total Depth (m) 

EPL-51 9:05 Surface 26.1 8.3 6.7 0.30 1.73 

0.5 26.1 8.3 6.6 

1.0 26.1 8.3 6.5 

1.5 26.1 8.4 6.4 
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Site Time 
Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) Secchi Depth (m) Total Depth (m) 

EPL-52 9:45 Surface 26.5 8.6 7.5 0.56 1.78 

0.1 26.5 8.6 7.5 

0.5 26.4 8.6 7.5 

1.0 26.3 8.6 7.6 

1.5 26.3 8.6 7.5 

 

Field data were collected for the potable water source during the August sampling event.  After purging 
the line for approximately five minutes, the pH was 7.48, the DO was 8.73 mg/L, and the temperature was 
21.95 ºC. 

The city of Los Angeles provided water quality monitoring data for the Glendale Water Reclamation 
Plant, which may be used to supplement lake levels and irrigate parkland at Echo Park in the future.  
Table G-53 summarizes the average water quality for this source based on monthly averages reported for 
2008 and 2009.   

Table G-53. Average Water Quality for the Glendale Water Reclamation Plant 

NH3-N (mg/L) TKN (mg/L) Nitrate (mg/L) Nitrite (mg/L) Orthophosphate (mg/L) TP (mg/L) 

1.3 3.17 5.64 0.009 1.76 1.93 

 

G.6.2 MONITORING RELATED TO METALS IMPAIRMENTS 
In 1996 Echo Park Lake was deemed  impaired by copper and lead.  Monitoring data for cadmium, 
copper, lead, and zinc are presented in this section.  Echo Park Lake is not listed for cadmium or zinc, but 
those data are presented here for completeness because other waterbodies in the region are affected by 
some of these contaminants. 

Metals data collected at Echo Park Lake (pink triangle, Figure G-13), as part of the 1992-1993 Urban 
Lakes Study (UC Riverside, 1994), are shown in Table G-54.  Specifically, sampling included dissolved 
copper and dissolved lead.  Dissolved copper samples were collected throughout the water column at 
depths from the surface to two meters.  The range of the 31 dissolved copper samples was between less 
than 10 µg/L and 105 µg/L.  Similarly, dissolved lead samples were also collected throughout the water 
column, again at depths from the surface to two meters.  The 31 samples collected ranged in 
concentration from less than 1 µg/L to 105 µg/L.   

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The summary table for Echo Park Lake states 
that copper and lead were not supporting the assessed uses: 31 measurements had a maximum lead 
concentration of 105 µg/L, a maximum copper concentration of 105 µg/L, and a maximum zinc 
concentration of 14 µg/L (raw data were not provided, but it is assumed that most of these samples are 
associated with the Urban Lake Study [UC Riverside, 1994]).   

Unfortunately, metals levels were analyzed at relatively high detection limits compared to current 
detection limits; dissolved copper minimum detection 10 µg/L while dissolved lead was 1 µg/L.  No 
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hardness data were collected as part of the Urban Lakes Study, thus it cannot be compared to the 
hardness-based water quality objectives.  

Table G-54. Echo Park Lake 1992/1993 Monitoring Data for Metals 

Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

7/14/1992 0 14 <1 

1.5 15 <1 

7/14/1992 0 20 <1 

1.5 19 <1 

7/14/1992 0 N/A <1 

1.3 20 <1 

8/13/1992 0 87 2 

1.5 N/A <1 

8/13/1992 0 42 <1 

2 33 <1 

0 31 2 

9/17/1992 0 105 1 

1.7 95 2 

10/15/1992 0 40 6 

1.7 16 <1 

11/5/1992 0 <10 1 

1.5 <10 1 

12/8/1992 0 <10 6 

1.5 <10 6 

1/12/1993 0 <10 4 

1.5 15 1 

2/2/1993 0 15 7 

1.5 <10 2 

3/17/1993 0 <10 37 

1.5 13 97 

4/7/1993 0 <10 5 

1.5 <10 18 

5/3/1993 0 11 1 

2 10 1 

6/8/1993 0 <10 105 

1.5 11 60 
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Table G-55 presents 61 additional metal samples that were collected by the USEPA, Regional Board, 
and/or the city of Los Angeles between October 2008 and March 2010.  Samples were collected at 
locations: EPL-1, EPL-2, EPL-3, EPL-4, EPL-5, EPL-7, EPL-8, EPL-9, EPL-12, EPL-50, EPL-51, EPL-
52 and EPL-Shore.  Sites were analyzed for dissolved cadmium, copper, lead and/or zinc.   

Detection limits were lower than the 1992-1993 study with a cadmium detection limit of 0.2 µg/L, 
dissolved copper detection limit of 0.1 µg/L, dissolved lead detection limit of 0.05 µg/L, and dissolved 
zinc detection limit of 0.2 µg/L.  All dissolved cadmium concentrations were < 0.2 µg/L to 0.2 µg/L; 
copper concentrations were between 0.7 µg/L and 26.3 µg/L; lead concentrations ranged from 0.1 µg/L to 
5.5 µg/L; and zinc concentrations were <0.1 µg/L to 2.7 µg/L.  In addition, three total lead samples were 
collected by the Regional Board in June 2008 at EPL3, EPL4, and EPL5.  The total lead concentrations 
ranged from 4.1µg/L to 14.3 µg/L (with a hardness range of 265 mg/L to 267 mg/L).  Metal toxicity is 
affected by hardness; therefore, each sample was also analyzed for hardness.  The 2008-2010 dissolved 
metals sampling resulted in a hardness range of 106 mg/L to 283 mg/L.  Since dissolved results pertain to 
the applicable standard and recent data more closely represents current conditions, data in Table G-55 
were weighted more heavily in the assessment. 

Table G-55. Metals Data for the 2008-2010 Echo Park Lake Sampling Events 

Organiz
-ation Date Station ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

City LA 11/17/2004 EPL 7/8/9 153 N/A 7.3 4.7 N/A average of 7, 8, 9 

City LA 2/17/2005 EPL 7/8/9 106 N/A 11.0 3.0 N/A average of 7, 8, 9 

City LA 5/19/2005 EPL 7/8/9 133 N/A 7.7 1.0 N/A average of 7, 8, 9 

City LA 8/18/2005 EPL 7/8/9 130 N/A 26.3 4.0 N/A average of 7, 8, 9 

City LA 11/17/2005 EPL 7/8/9 154 N/A 4.7 5.5 N/A average of 7, 8, 9 

City LA 2/9/2006 EPL 7/8/9 167 N/A 4.0 1.0 N/A average of 7, 8, 9 

City LA 5/11/2006 EPL 7/8/9 147 N/A 9.0 1.2 N/A average of 7, 8, 9 

City LA 8/17/2006 EPL 7/8/9 111 N/A 13.0 2.3 N/A average of 7, 8, 9 

City LA 11/16/2006 EPL 7/8/9 166 N/A 10.3 1.6 N/A average of 7, 8, 9 

City LA 2/8/2007 EPL 7/8/9 168 N/A 6.3 1.6 N/A average of 7, 8, 9 

City LA 5/17/2007 EPL 7/8/9 179 N/A 17.7 1.8 N/A average of 7, 8, 9 

City LA 8/16/2007 EPL 7/8/9 167 N/A 5.0 1.1 N/A average of 7, 8, 9 

City LA 11/7/2007 EPL 7/8/9 184 N/A 1.0 1.1 N/A average of 7, 8, 9 

City LA 2/14/2008 EPL 7/8/9 186 N/A 2.7 1.1 N/A average of 7, 8, 9 

City LA 5/8/2008 EPL 7/8/9 231 N/A 5.6 3.1 N/A average of 7, 8, 9 

City LA 8/7/2008 EPL 7/8/9 214 N/A 6.5 2.0 N/A average of 7, 8, 9 

City LA 11/20/2008 EPL 7/8/9 283 N/A 3.1 2.0 N/A average of 7, 8, 9 

RB 12/18/2008 EPL 1 R1 208 <0.2 1.6 0.5 2.3 average of replicates; 
lotus bed location 

RB 12/18/2008 EPL 2/3/4 216 <0.2 2.5 0.2 2.4 average of duplicates; 
average of site 2, 3, & 
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Organiz
-ation Date Station ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

4 (shoreline) 

RB 12/18/2008 EPL 5 R1 209 <0.2 2.6 0.2 2.7 oxbow location 

City LA 2/19/2009 EPL 7/8/9 226 N/A 3.1 2.0 N/A average of 7, 8, 9 

RB/EPA 3/10/2009 EPL 
50/51/52 178 <0.2 1.8 1.0 1.5 

average of duplicates 
& MS; average of 50, 
51 & 52 

City LA 3/26/2009 EPL-shore 234 N/A 4.9 0.5 N/A  

City LA 5/21/2009 EPL 7/8/9 230 N/A 2.7 2.0 N/A average of 7, 8, 9 

RB/EPA 8/4/2009 EPL 1 186 <0.2 1.7 0.7 <0.1  

RB/EPA 8/4/2009 EPL 12 192 <0.2 0.7 0.5 2.1  

RB/EPA 8/4/2009 EPL 5 190 <0.2 1.5 0.6 0.4  

RB/EPA 8/4/2009 EPL 51/52 190 0.2 1.5 0.6 0.1 average of replicates 
and 51/52 

City LA 8/18/2009 EPL 7/8/9 189 N/A 2.9 0.4 N/A average of replicates 
and sites 

City LA 8/28/2009 EPL 8 199 N/A 3.8 0.7 N/A  

City LA 8/28/2009 EPL-shore 204 N/A 4.8 0.6 N/A  

City LA 9/4/2009 EPL 8 198 N/A 1.4 0.2 N/A  

City LA 9/4/2009 EPL-shore 209 N/A 1.7 0.2 N/A  

City LA 9/11/2009 EPL-shore 206 N/A 2.8 0.5 N/A  

City LA 9/25/2009 EPL-shore 207 N/A 3.8 0.5 N/A  

City LA 10/2/2009 EPL-shore 203 N/A 3.0 0.2 N/A  

City LA 10/9/2009 EPL-shore 196 N/A 4.0 0.7 N/A  

City LA 10/16/2009 EPL-shore 222 N/A 4.8 0.5 N/A sampling after rainy 
weather 

City LA 10/23/2009 EPL-shore 213 N/A 4.8 0.8 N/A  

City LA 10/30/2009 EPL-shore 229 N/A 1.6 0.4 N/A  

City LA 11/6/2009 EPL-shore 231 N/A 3.7 0.7 N/A  

City LA 11/13/2009 EPL-shore 216 N/A 2.8 0.3 N/A  

City LA 11/20/2009 EPL-shore 208 N/A 3.4 0.5 N/A  

RB/EPA 12/1/2009 EPL 1 193 0.2 1.9 0.2 0.1 average of replicates 

RB/EPA 12/1/2009 EPL 12 193 <0.2 1.5 0.7 0.4  

RB/EPA 12/1/2009 EPL 51/52 191 <0.2 1.4 0.4 0.3 average of replicates 
and 51/52 
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Organiz
-ation Date Station ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

City LA 12/4/2009 EPL-shore 216 N/A 4.0 0.4 N/A  

City LA 12/11/2009 EPL-shore 214 N/A 4.2 0.3 N/A  

City LA 12/18/2009 EPL-shore 215 N/A N/A 0.3 N/A  

City LA 12/18/09 & 
12/22/09 

Mid Lake 
EPL 7/8/9 231 N/A 3.3 0.4 N/A average of dry mid-

lake samples 

City LA 1/8/2010 EPL-shore 250 N/A 4.5 0.5 N/A  

City LA 1/15/2010 EPL-shore 227 N/A 4.6 0.4 N/A  

City LA 1/22/2010 EPL-shore 197 N/A 3.0 0.4 N/A  

City LA 2/5/2010 EPL-shore 218 N/A 4.0 0.4 N/A  

City LA 2/12/2010 EPL-shore 212 N/A 4.9 0.2 N/A  

City LA 2/16/2010 Mid Lake 
EPL 7/8/9 215 N/A 2.9 0.2 N/A average of mid-lake 

samples 

City LA 2/19/2010 EPL-shore 226 N/A 2.7 0.3 N/A  

City LA 2/26/2010 EPL-shore 212 N/A 2.2 0.1 N/A  

City LA 3/5/2010 EPL-shore 236 N/A 2.4 0.2 N/A  

City LA 3/12/2010 EPL-shore 234 N/A 3.6 0.4 N/A  

City LA 3/19/2010 EPL-shore 236 N/A 6.6 2.5 N/A  

N/A = No data available. 
RB = Regional Board 
EPA = USEPA 
City LA = City of Los Angeles  

G.6.3 MONITORING RELATED TO ORGANOCHLORINE PESTICIDES AND 

PCBS IMPAIRMENT 
Echo Park Lake is impaired by chlordane, dieldrin, and PCBs.  Monitoring data for chlordane, DDT, 
dieldrin, and PCBs in Echo Park Lake are reviewed in this section.  Echo Park Lake is not listed for DDT 
but those data are presented here for completeness because other lakes in the region (Peck Road Park 
Lake and Puddingstone Reservoir) are affected by this contaminant. 

In 2008, UCLA conducted organics measurements at Echo Park Lake at five locations.  Site location 
descriptions are listed in Table G-56.  To avoid confusion with the City of Los Angeles Bureau of 
Sanitation numbering scheme, all sites were assigned an alternate label. 
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Table G-56. Site Locations for the 2008 UCLA Echo Park Lake Monitoring Event 

UCLA Site Number Project Site Alternate Label 

1 Below City of LA storm drain EPL-1 

2 Below County of LA storm drain EPL-6 

3 Lower Lake EPL-9 

4 Lotus Beds EPL-LB 

5 Hydroponic Island EPL-HI 

 

The Regional Board conducted organics monitoring in Echo Park Lake in December 2008.  To avoid 
confusion with the City of Los Angeles Bureau of Sanitation numbering scheme, all sites were assigned 
an alternate label (Table G-57). 

Table G-57. Site Locations for the 2008 Regional Board Echo Park Lake Monitoring Event 

Regional Board Site Number Project Site Alternate Label 

1 Shoreline sample at northwest segment of lake EPL-12 

2 Shoreline sample at western side of lake EPL-11 

3 Shoreline sample on southern edge of lake EPL-10 

4 Shoreline sample on eastern side of lake EPL-13 

5 Shoreline sample near City of LA storm drain EPL-1 (shoreline) 

 

Additional samples were collected by the USEPA and the Regional Board in December 2009 at EPL-12, 
EPL-51, and EPL-52.  Alternative labels were not needed for these locations.   

G.6.3.1 Water Column Data Observed in Echo Park Lake 
Lake water samples were collected from EPL-9 and EPL-LB in the summer of 2008 as part of an organics 
study performed by UCLA and funded by a grant managed by the Regional Board.   

The samples were analyzed for chlordane, DDT, dieldrin, and PCBs.  All contaminants were below 
reportable levels.  Table G-58 shows the results and detection limits for each constituent.  PCB-31 was 
detected at EPL-9 and PCB-5 was detected at EPL-LB, but not at reportable levels . 

Table G-58. Results from Water Column Samples Collected at Echo Park Lake in Summer 2008 

Contaminant 

EPL-9 EPL-9 (field 
duplicate) EPL-LB 

DL RL Result  DL RL Result  DL RL Result  

(ng/L) 

Chlordane-gamma 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

Chlordane-alpha 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

4,4'-DDE 3.00 30.00 ND 3.00 30.00 ND 3.00 30.00 ND 
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Contaminant 

EPL-9 EPL-9 (field 
duplicate) EPL-LB 

DL RL Result  DL RL Result  DL RL Result  

(ng/L) 

4,4'-DDD 3.00 30.00 ND 3.00 30.00 ND 3.00 30.00 ND 

4,4'-DDT 3.00 30.00 ND 3.00 30.00 ND 3.00 30.00 ND 

Dieldrin 3.00 30.00 ND 3.00 30.00 ND 3.00 30.00 ND 

PCB 5 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 8.43* 

PCB 18 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 31 1.50 15.00 3.50* 1.50 15.00 4.15* 1.50 15.00 ND 

PCB 52 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 44 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 66 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 101 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 87 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 151 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 110 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 153 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 141 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 138 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 187 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 183 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 180 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 170 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

PCB 206 1.50 15.00 ND 1.50 15.00 ND 1.50 15.00 ND 

*Result was above detection limit but below the reporting limit 
 
Water samples from Echo Park Lake were also collected by the Regional Board on December 18, 2008 at 
EPL-12, EPL-11, EPL-10, EPL-13, and EPL-1.  The samples were only analyzed for PCB congeners, no 
organochloride pesticides were analyzed.  PCBs at all stations were not detected.  Each congener had a 
detection limit of 1 ng/L (Table G-59). 

Table G-59. Results from Water Column Samples Collected at Echo Park Lake on December 
18th, 2008 

Contaminant 
(ng/L) EPL-12 EPL-11 EPL-10 EPL-13 EPL-1 MDL  

PCB003 ND ND ND ND ND 1.0 

PCB008 ND ND ND ND ND 1.0 

PCB018 ND ND ND ND ND 1.0 
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Contaminant 
(ng/L) EPL-12 EPL-11 EPL-10 EPL-13 EPL-1 MDL  

PCB028 ND ND ND ND ND 1.0 

PCB031 ND ND ND ND ND 1.0 

PCB033 ND ND ND ND ND 1.0 

PCB037 ND ND ND ND ND 1.0 

PCB044 ND ND ND ND ND 1.0 

PCB049 ND ND ND ND ND 1.0 

PCB052 ND ND ND ND ND 1.0 

PCB056/060 ND ND ND ND ND 1.0 

PCB066 ND ND ND ND ND 1.0 

PCB070 ND ND ND ND ND 1.0 

PCB074 ND ND ND ND ND 1.0 

PCB077 ND ND ND ND ND 1.0 

PCB081 ND ND ND ND ND 1.0 

PCB087 ND ND ND ND ND 1.0 

PCB095 ND ND ND ND ND 1.0 

PCB097 ND ND ND ND ND 1.0 

PCB099 ND ND ND ND ND 1.0 

PCB101 ND ND ND ND ND 1.0 

PCB105 ND ND ND ND ND 1.0 

PCB110 ND ND ND ND ND 1.0 

PCB114 ND ND ND ND ND 1.0 

PCB118 ND ND ND ND ND 1.0 

PCB119 ND ND ND ND ND 1.0 

PCB123 ND ND ND ND ND 1.0 

PCB126 ND ND ND ND ND 1.0 

PCB128 ND ND ND ND ND 1.0 

PCB138 ND ND ND ND ND 1.0 

PCB141 ND ND ND ND ND 1.0 

PCB149 ND ND ND ND ND 1.0 

PCB151 ND ND ND ND ND 1.0 

PCB153 ND ND ND ND ND 1.0 

PCB156 ND ND ND ND ND 1.0 

PCB157 ND ND ND ND ND 1.0 

PCB158 ND ND ND ND ND 1.0 
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Contaminant 
(ng/L) EPL-12 EPL-11 EPL-10 EPL-13 EPL-1 MDL  

PCB167 ND ND ND ND ND 1.0 

PCB168+132 ND ND ND ND ND 1.0 

PCB169 ND ND ND ND ND 1.0 

PCB170 ND ND ND ND ND 1.0 

PCB174 ND ND ND ND ND 1.0 

PCB177 ND ND ND ND ND 1.0 

PCB180 ND ND ND ND ND 1.0 

PCB183 ND ND ND ND ND 1.0 

PCB187 ND ND ND ND ND 1.0 

PCB189 ND ND ND ND ND 1.0 

PCB194 ND ND ND ND ND 1.0 

PCB195 ND ND ND ND ND 1.0 

PCB200 ND ND ND ND ND 1.0 

PCB201 ND ND ND ND ND 1.0 

PCB203 ND ND ND ND ND 1.0 

PCB206 ND ND ND ND ND 1.0 

PCB209 ND ND ND ND ND 1.0 

G.6.3.2 Porewater Data Observed in Echo Park Lake 
Samples of porewater from summer 2008 were analyzed for EPL-1, EPL-6, EPL-9, EPL-LB and EPL-HI.  
PCB-5 was detected in the porewater at EPL-6 and EPL-9, and PCB-31 was detected at EPL-HI.  None of 
the organic pollutants were detected at EPL-LB.  EPL-1 was not reported due to a laboratory error during 
analysis.  The porewater from EPL-6 was the only sample with sufficient TSS for analysis.  PCB-66 was 
detected in the TSS, but not at reportable levels.  The results of the porewater analysis are shown in Table 
G-60 (see Stenstrom et al., 2009 for raw data). 

Table G-60. Results from Porewater Samples Collected at Echo Park Lake in Summer 2008 

Contaminant 
Porewater (ng/L) TSS in Porewater (µg/kg) 

EPL-6 EPL-9 EPL-LB EPL-HI MDL EPL-6 MDL 

Chlordane ND ND ND ND 15 ND 3.65 

DDT ND ND ND ND 30 ND 7.31 

Dieldrin ND ND ND ND 30 ND 7.31 

Total PCBs DNQ1 DNQ1 ND DNQ2 15 DNQ3 3.65 

1 PCB-5 was detected in these samples at less than the reporting level (150 ng/L) 
2 PCB-31 was detected in this sample at less than the reporting level (150 ng/L) 
3 PCB- 66 was detected less than the reporting level (36.54 µg/kg) 
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Porewater from EPL-1 and EPL-LB in fall 2008 was also analyzed as part of the UCLA study.  No 
contaminants were detected in the porewater from either site.  The results of this analysis are shown in 
Table G-61 (see Stenstrom et al., 2009 for raw data). 

Table G-61. Results from Porewater Samples Collected at Echo Park Lake in Fall 2008 

Contaminant (ng/L) EPL-1 EPL-LB MDL 

Chlordane ND ND 15 – 1,500 

DDT ND ND 30 – 3,000 

Dieldrin ND ND 30 – 3,000 

Total PCBs ND ND 15 – 1,500 

G.6.3.3 Fish Tissue Levels Observed in Echo Park Lake 
Concentrations of Aroclor PCBs, chlordane, DDT, dieldrin, and PCBs in largemouth bass, common carp, 
and bullhead species were reported by SWAMP (Davis et al., 2008) and TSMP (2009), shown in Table 
G-62.  Concentrations of chlordane were highest in bullhead fish; 66.0 ppb on average.  Bullhead fish also 
had higher average concentrations of DDTs and dieldrin than the other species (60.0 ppb and 7.0 ppb, 
respectively).  Largemouth bass had the lowest average concentrations of the organochlorine pesticides.  
PCBs were only tested in common carp and largemouth bass.  The average concentrations of PCBs in 
common carp was 81.8 ppb and 49.0 ppb in largemouth bass.  The average dieldrin concentrations  
(1.13 ppb) are higher than the 0.45 ppb FCG for dieldrin. 

Table G-62. Compiled Fish Tissue Analytical Data for Echo Park Lake 

Pollutant Sample Date Common Name 
Concentration 

(ppb, w wt) 
Mean Length 

(mm) Mean Weight (g) 

Aroclor PCBs 6/17/1987 Bullhead 50 236 205.6 

Aroclor PCBs 6/17/1987 Largemouth Bass 84 145 42.6 

Aroclor PCBs 4/19/1991 Largemouth Bass ND 244 271.3 

Aroclor PCBs 4/24/1992 Largemouth Bass 60 315 581.8 

Total PCBs Summer 2007 Common Carp 119.01 501 1714.4 

Total PCBs Summer 2007 Common Carp 82.618 380 807.4 

Total PCBs Summer 2007 Largemouth Bass 64.716 498 1823.6 

Total PCBs Summer 2007 Largemouth Bass 31.478 380 916 

Total PCBs 4/13/2010 Largemouth Bass 50.863 377.2 901 

Total PCBs 4/13/2010 Common Carp 43.861 377.2 928 

Chlordane 6/17/1987 Bullhead 66 236 205.6 

Chlordane 6/17/1987 Largemouth Bass 17.8 145 42.6 

Chlordane 4/19/1991 Largemouth Bass ND 244 271.3 

Chlordane 4/24/1992 Largemouth Bass ND 315 581.8 

Chlordane Summer 2007 Common Carp 32.19 501 1714.4 

Chlordane Summer 2007 Common Carp 21.96 380 807.4 
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Pollutant Sample Date Common Name 
Concentration 

(ppb, w wt) 
Mean Length 

(mm) Mean Weight (g) 

Chlordane Summer 2007 Largemouth Bass 15.484 498 1823.6 

Chlordane Summer 2007 Largemouth Bass 0.844 380 916 

Chlordane 4/13/2010 Largemouth Bass 2.517 377.2 901 

Chlordane 4/13/2010 Common Carp 4.216 377.2 928 

DDTs 6/17/1987 Bullhead 60 236 205.6 

DDTs 6/17/1987 Largemouth Bass 30 145 42.6 

DDTs 4/19/1991 Largemouth Bass ND 244 271.3 

DDTs 4/24/1992 Largemouth Bass 11 315 581.8 

DDTs Summer 2007 Common Carp 23.458 501 1714.4 

DDTs Summer 2007 Common Carp 14.87 380 807.4 

DDTs Summer 2007 Largemouth Bass 13.029 498 1823.6 

DDTs Summer 2007 Largemouth Bass 6.35 380 916 

DDTs 4/13/2010 Largemouth Bass 7.448 377.2 901 

DDTs 4/13/2010 Common Carp 7.3 377.2 928 

Dieldrin 6/17/1987 Bullhead 7 236 205.6 

Dieldrin 6/17/1987 Largemouth Bass ND 145 42.6 

Dieldrin 4/19/1991 Largemouth Bass ND 244 271.3 

Dieldrin 4/24/1992 Largemouth Bass ND 315 581.8 

Dieldrin Summer 2007 Common Carp 1.08 501 1714.4 

Dieldrin Summer 2007 Common Carp 0.79 380 807.4 

Dieldrin Summer 2007 Largemouth Bass 0.848 498 1823.6 

Dieldrin Summer 2007 Largemouth Bass 0.585 380 916 

Dieldrin 4/13/2010 Largemouth Bass [0.45]* 377.2 901 

Dieldrin 4/13/2010 Common Carp 0.538 377.2 928 

ND = Non-detect 

* Values in square brackets are reported concentrations below the practical reporting limit and are included in the 
averages. 

G.6.3.4 Sediment Data Observed in Echo Park Lake 
Sediment samples from Echo Park Lake were collected for the UCLA study in the fall and summer of 
2008 and then by USEPA and the Regional Board in December 2009.  The results from the UCLA study 
are shown in Table G-63 and Table G-64 for fall and summer, respectively.  All samples had laboratory 
duplicates and a field duplicate was also collected during each event. The only contaminant above 
reportable limits in the fall was PCB-5 at EPL-1.  PCB-66 and PCB-153 were also detected but not 
quantified at EPL-1.  DDT was detected at EPL-LB, but not quantifiable (Table G-63). 
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Table G-63. Results from Sediment Samples Collected at Echo Park Lake in Fall 2008 

Contaminant 

EPL-1 EPL-1 (lab dup)  EPL-1 (field 
dup) 

EPL-1 (lab dup 
of field dup) 

EPL-LB EPL-LB  
(lab dup) 

DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. 

µg/kg dry weight  

Chlordane-gamma 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
Chlordane-alpha 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
4,4'-DDE 2.07 20.70 ND 1.98 19.78 ND 1.35 13.49 ND 1.63 16.25 ND 1.75 17.54 ND 1.85 18.49 ND 
4,4'-DDD 2.07 20.70 ND 1.98 19.78 ND 1.35 13.49 ND 1.63 16.25 ND 1.75 17.54 ND 1.85 18.49 ND 
4,4'-DDT 2.07 20.70 ND 1.98 19.78 ND 1.35 13.49 ND 1.63 16.25 ND 1.75 17.54 15.79* 1.85 18.49 ND 
Dieldrin 2.07 20.70 ND 1.98 19.78 ND 1.35 13.49 ND 1.63 16.25 ND 1.75 17.54 ND 1.85 18.49 ND 
PCB 5 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 9.13 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 18 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 

PCB 31 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 52 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 44 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 66 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 4.60* 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 101 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 87 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 151 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 110 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 153 1.04 10.35 1.44* 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 141 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 138 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 187 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 183 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 180 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 170 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
PCB 206 1.04 10.35 ND 0.99 9.89 ND 0.67 6.75 ND 0.81 8.13 ND 0.88 8.77 ND 0.92 9.24 ND 
 

Chlordane and several PCB congeners were detected in the summer 2008 sediment samples and 
concentrations of each detected congener are shown in Table G-64.  Chlordane-gamma was detected at 
EPL-6 with a concentration of 8 µg/kg dry weight.  EPL-6 was also found to have concentration of PCBs 
over the reporting limits for the following congeners: PCB-5, PCB-44, PCB-52 and PCB-66.  EPL-9 had 
concentration of PCBs over the reporting limit for PCB-5 and PCB-52, while PCB-5 and PCB-138 were 
reportable at EPL-LB.  Dieldrin and DDT were not detected at any of the sampled locations. 
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Table G-64. Results from Sediment Samples Collected at Echo Park Lake in Summer 2008 

Contaminant 

DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. 

µg/kg dry weight 

EPL-1 EPL-1 (lab dup) EPL-6 EPL-6 (lab dup)  EPL-6 (field dup) 
EPL-6 (lab dup of 

field dup) 

Chlordane-
gamma 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 8.02 0.83 5.37 ND 0.60 6.04 ND 

Chlordane-alpha 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

4,4'-DDE 1.66 16.63 ND 1.85 18.45 ND 1.06 10.59 ND 0.88 8.77 ND 1.66 10.75 ND 1.21 12.09 ND 

4,4'-DDD 1.66 16.63 ND 1.85 18.45 ND 1.06 10.59 ND 0.88 8.77 ND 1.66 10.75 ND 1.21 12.09 ND 

4,4'-DDT 1.66 16.63 ND 1.85 18.45 ND 1.06 10.59 ND 0.88 8.77 ND 1.66 10.75 ND 1.21 12.09 ND 

Dieldrin 1.66 16.63 ND 1.85 18.45 ND 1.06 10.59 ND 0.88 8.77 ND 1.66 10.75 ND 1.21 12.09 ND 

PCB 5 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 12.68 

PCB 18 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 31 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 52 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 50.32 0.60 6.04 5.49 

PCB 44 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 41.98 0.60 6.04 2.56 

PCB 66 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 12.11 0.60 6.04 ND 

PCB 101 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 87 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 151 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 110 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 153 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 141 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 138 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 187 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 183 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 180 0.83 8.31 1.32* 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 170 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

PCB 206 0.83 8.31 ND 0.92 9.23 ND 0.53 5.30 ND 0.44 4.38 ND 0.83 5.37 ND 0.60 6.04 ND 

Contaminant EPL-9 EPL-9 (lab dup) EPL-LB 
EPL-LB  

(lab dup) EPL-HI EPL-HI (lab dup) 

Chlordane-
gamma 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

Chlordane-alpha 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

4,4'-DDE 1.79 17.85 ND 1.87 18.66 ND 2.46 24.58 ND 2.46 24.60 ND 1.26 12.58 ND 1.13 11.32 ND 

4,4'-DDD 1.79 17.85 ND 1.87 18.66 ND 2.46 24.58 ND 2.46 24.60 ND 1.26 12.58 ND 1.13 11.32 ND 

4,4'-DDT 1.79 17.85 ND 1.87 18.66 ND 2.46 24.58 ND 2.46 24.60 ND 1.26 12.58 ND 1.13 11.32 ND 

Dieldrin 1.79 17.85 ND 1.87 18.66 ND 2.46 24.58 ND 2.46 24.60 ND 1.26 12.58 ND 1.13 11.32 ND 

PCB 5 0.89 8.93 ND 0.93 9.33 36.49 1.23 12.29 164.7 1.23 12.30 94.62 0.63 6.29 ND 0.57 5.66 ND 

PCB 18 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 31 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 52 0.89 8.93 10.84 0.93 9.33 12.37 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 44 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 66 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 101 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 87 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

RB-AR38497



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs March 2012 

 
 G-80 

Contaminant 

DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. 

µg/kg dry weight 

PCB 151 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 110 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 153 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 141 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 138 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 19.84 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 187 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 183 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 180 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 170 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

PCB 206 0.89 8.93 ND 0.93 9.33 ND 1.23 12.29 ND 1.23 12.30 ND 0.63 6.29 ND 0.57 5.66 ND 

*Results were above detection limit but lower than reporting limits 

 
Sediment sampling was conducted by USEPA and the Regional Board at EPL-12, EPL-51, and EPL-52 
on December 1, 2009.  Similar to the fall and summer 2008 sampling, DDT and dieldrin were not 
detected in any of the sediment samples. However, 4,4 - DDE was detected at all three sites.  Chlordane-
gamma was detected at all three locations between 2 and 5 µg/kg dry weight and chlordane-alpha was 
detected at all three locations between 2 and 4.8 µg/kg dry weight.  PCBs were detected at all three 
stations.  Many of the same congeners were found at different EPL stations; PCB018, PCB095, PCB101, 
and PCB110 were detected at all locations.  Other congeners detected and the results of the sediment 
sampling are shown in Table G-65. 

Table G-65. Results from Sediment Samples Collected at Echo Park Lake on December 1, 2009 

Contaminant 
(µg/kg dry weight) EPL-12 

EPL-51 

EPL-52 MDL Result Field Dup 

Chlordane-gamma 2.5 5 ND 2 1 

Chlordane-alpha 2 4.8 ND 2.1 1 

cis-Nonachlor ND ND ND ND 1 

trans-Nonachlor ND ND ND ND 1 

Oxychlordane ND ND ND ND 1 

2,4 - DDD ND ND ND ND 1 

2,4 - DDE ND ND ND ND 1 

2,4 - DDT ND ND ND ND 1 

4,4 - DDD ND ND ND ND 1 

4,4 - DDE 18.6 21.1 20 5.8 1 

4,4 - DDT ND ND ND ND 1 

Dieldrin ND ND ND ND 1 

PCB008 ND ND ND 2.1 1 

PCB018 7.0 ND 7.4 3.5 1 

PCB044 ND ND ND 6.7 1 

PCB049 ND ND ND 3.0 1 
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Contaminant 
(µg/kg dry weight) EPL-12 

EPL-51 

EPL-52 MDL Result Field Dup 

PCB052 ND ND ND 9.0 1 

PCB066 ND ND ND 8.1 1 

PCB087 ND 30.5 ND ND 1 

PCB095 5.0 9.1 8.2 3.5 1 

PCB097 ND ND ND 5.0 1 

PCB099 ND 10.3 8.4 3.0 1 

PCB101 7.3 11.4 9.1 4.7 1 

PCB105 ND ND ND 12.3 1 

PCB110 18.8 7.6 19.9 10.3 1 

PCB119 ND 9.6 ND 1.3 1 

PCB132 ND ND ND 4.6 1 

PCB149 ND 13.6 ND ND 1 

G.6.3.5 Suspended Sediment Data Observed in Echo Park Lake 
Echo Park Lake samples from summer 2008 were analyzed for pollutant concentrations associated with 
suspended sediments in the lake.  Samples were collected at EPL-9, EPL-LB and EPL-HI.  At EPL-9, 
PCB-31 was detected at 117 µg/kg dry weight and PCB-153 was also detected, but not within reportable 
limits.  All other PCB congeners were less than the detection limits.  No contaminants were detected at 
EPL-LB.  The sample at EPL-HI did not have sufficient suspended solids for analysis.  The results of the 
sampling are shown in Table G-66. 

Table G-66. Results from Suspended Sediment Samples Collected at Echo Park Lake in  
Summer 2008 

Contaminant 

EPL-9 EPL-LB 

DL RL Result DL RL Result 

µg/kg dry suspended solids 

Chlordane-gamma 10.05 100.50 ND 3.19 31.95 ND 

Chlordane-alpha 10.05 100.50 ND 3.19 31.95 ND 

4,4'-DDE 20.10 201.01 ND 6.39 63.90 ND 

4,4'-DDD 20.10 201.01 ND 6.39 63.90 ND 

4,4'-DDT 20.10 201.01 ND 6.39 63.90 ND 

Dieldrin 20.10 201.01 ND 6.39 63.90 ND 

PCB 5 10.05 100.50 ND 3.19 31.95 ND 

PCB 18 10.05 100.50 ND 3.19 31.95 ND 

PCB 31 10.05 100.50 116.74 3.19 31.95 ND 

PCB 52 10.05 100.50 ND 3.19 31.95 ND 

PCB 44 10.05 100.50 ND 3.19 31.95 ND 

PCB 66 10.05 100.50 ND 3.19 31.95 ND 

PCB 101 10.05 100.50 ND 3.19 31.95 ND 

PCB 87 10.05 100.50 ND 3.19 31.95 ND 
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PCB 151 10.05 100.50 ND 3.19 31.95 ND 

PCB 110 10.05 100.50 ND 3.19 31.95 ND 

PCB 153 10.05 100.50 37.43* 3.19 31.95 ND 

PCB 141 10.05 100.50 ND 3.19 31.95 ND 

PCB 138 10.05 100.50 ND 3.19 31.95 ND 

PCB 187 10.05 100.50 ND 3.19 31.95 ND 

PCB 183 10.05 100.50 ND 3.19 31.95 ND 

PCB 180 10.05 100.50 ND 3.19 31.95 ND 

PCB 170 10.05 100.50 ND 3.19 31.95 ND 

PCB 206 10.05 100.50 ND 3.19 31.95 ND 
*Results were above detection limits, but below reporting limits. 
Note: EPL-HI was sampled but could not be analyzed. 
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G.7 Monitoring Data for Lake Calabasas 
Monitoring data relevant to the impairments of Lake Calabasas are available from 1992, 1993, and 2004 
through 2009.  Figure G-14 shows the historical and recent monitoring locations for Lake Calabasas. 

 

Figure G-14. Lake Calabasas Monitoring Sites 

G.7.1 MONITORING RELATED TO NUTRIENT IMPAIRMENTS 
Lake Calabasas was monitored from the western side of lake (pink triangle, Figure G-14) in 1992/1993 
for water quality (Table G-67) as part of the Urban Lakes Study (UC Riverside, 1994).  TKN ranged from 
1.0 mg/L to 1.8 mg/L with two samples less than the reporting limit.  Ammonium concentrations were 
usually less than or equivalent to the reporting limit although four samples collected in February and 
March 1993 ranged from 0.3 mg/L to 0.5 mg/L , the upper end of this range is below the acute target, but 
above the chronic target (for assessment purposes, we are assuming that the analysis methodology 
converted all ammonia to ammonium).  All of the nitrite and nitrate samples were less than the reporting 
limit except one nitrate sample of 0.1 mg/L.  Five of 28 phosphate samples measured 0.1 mg/L; the others 
were less than the reporting limit.  Total phosphorus concentrations ranged from 0.1 mg/L to 0.2 mg/L 
with seven samples less than detection.  pH in the lake ranged from 8.3 to 9.3.  TOC ranged from 5.3 
mg/L to 11.5 mg/L.  The summary table from the 1994 Lakes Study Report (UC Riverside, 1994) lists 
chlorophyll a concentrations ranging from 5 µg/L to 172 µg/L with an average of 39 µg/L.   
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Table G-67. Lake Calabasas 1992/1993 Monitoring Data 

Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

7/30/1992 0 1.4 <0.01 <0.01 <0.01 <0.01 0.1 8.8 8.2 479 

1.5 1.5 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 10 445 

7/30/1992 0 1.6 <0.01 <0.01 <0.01 0.1 <0.01 9.1 8.8 430 

1.5 1.8 <0.01 <0.01 <0.01 0.1 <0.01 9.0 9.9 451 

7/30/1992 0 1.3 <0.01 <0.01 <0.01 <0.01 0.1 9.2 11.2 444 

1.5 1.2 <0.01 <0.01 <0.01 0.1 0.1 9.2 9.9 455 

8/17/1992 0 1.5 <0.01 <0.01 <0.01 <0.01 0.1 9.2 9.5 547 

1.5 1.5 0.1 <0.01 <0.01 <0.01 0.1 9.2 9.5 516 

9/23/1992 0 1.5 <0.01 <0.01 <0.01 <0.01 0.1 8.8 9.4 495 

1.5 1.6 <0.01 <0.01 <0.01 <0.01 0.1 9.0 10 490 

10/21/1992 0 1.5 <0.01 <0.01 <0.01 <0.01 0.1 8.9 11.5 550 

2 1.5 <0.01 <0.01 <0.01 <0.01 0.1 8.9 10.4 561 

11/9/1992 0 - <0.01 <0.01 0.1 <0.01 - 8.3 10.2 481 

1.5 1.7 <0.01 <0.01 <0.01 <0.01 0.1 8.3 10.4 491 

12/14/1992 0 1.8 <0.01 <0.01 <0.01 <0.01 0.1 8.8 9.1 539 

1.5 1.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 9 541 

1/20/1993 0 1.4 <0.01 - <0.01 <0.01 0.1 8.9 5.3 363 

1.5 1.1 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 6.8 362 

2/17/1993 0 1.2 0.5 <0.01 <0.01 0.1 <0.01 8.3 5.7 385 

1.5 1.2 0.4 <0.01 <0.01 0.1 <0.01 8.3 5.4 361 

3/18/1993 0 1 0.3 <0.01 <0.01 <0.01 0.1 8.4 6.7 344 

1.5 1.4 0.3 <0.01 <0.01 <0.01 0.2 8.4 6.5 348 

4/20/1993 0 <0.01 <0.01 <0.01 <0.01 <0.01 0.2 8.9 6.2 346 

2 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 8.9 5.9 328 

5/20/1993 0 1.8 <0.01 <0.01 <0.01 <0.01 0.2 9.2 5.9 322 

1.5 1.8 <0.01 <0.01 <0.01 <0.01 0.1 9.3 5.4 329 

6/16/1993 0 1.2 <0.01 <0.01 <0.01 <0.01 0.1 9.0 7.7 356 

1.5 1.3 <0.01 <0.01 <0.01 <0.01 0.1 9.0 8 357 

 

There were no stations in Lake Calabasas or its watershed in the Regional Board Water Quality 
Assessment Database.  The Report (LARWQCB, 1996), however, states that DO was partially supporting 
the aquatic life use and that 92 measurements of dissolved oxygen were collected which ranged from  
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0.2 mg/L to 15.7 mg/L.  pH was partially supporting the aquatic life use and not supporting the secondary 
drinking water standards.  pH was measured 85 times, and values ranged from 7.4 to 9.3.  Ammonia was 
listed as not supporting the aquatic life or contact recreation uses.  Twenty-eight ammonia samples were 
collected ranging from non-detect to 0.45 mg/L.  Raw data are not available to assess location, date, time, 
depth, temperature, or pH with regard to these samples.  Odor was listed as not supporting the contact and 
non-contact recreation uses.  Eutrophication was not supporting the aquatic life use. 

The city of Calabasas has been monitoring water quality in Lake Calabasas from a boat dock since 2004 
at station CLBD.  Table G-68 presents the monthly monitoring data collected through 2008.  Nitrate 
concentrations have ranged from 0.04 mg/L to 1.6 mg/L; phosphate concentrations ranged from 0.03 
mg/L to 0.77 mg/L.  Secchi depths range from 0.5 m to greater than 2.7 m, and pH ranged from 7.91 to 
9.69.  Dissolved oxygen has been observed ranging from 4.8 mg/L to 15.82 mg/L with water 
temperatures ranging from 48.5 ºF to 90.8 ºF.   

Table G-68. City of Calabasas 2004 to 2008 Monitoring Data 

Date 
NO3-N 
(mg/l) 

PO4–P 
(mg/l) 

Secchi 
Depth 

(m) pH 

Dissolved 
Oxygen 
(mg/l) 

Water 
Temperature 

(°F) 

Water 
Hardness 

(mg/l) 

Total 
Dissolved 

Solids 
(mg/l) 

Salinity 
(ppt) 

1/20/2004 0.34 0.08 1.5 8.13 8.2 66.46 140 625 0.23 

2/17/2004 0.30 0.11 1.8 8.01 8.12 65.23 135 640 0.28 

3/24/2004 0.20 0.16 2.1 7.96 7.94 69.5 145 646 0.31 

4/20/2004 0.15 0.20 2.4 7.91 7.71 70.5 145 652 0.45 

5/19/2004 0.18 0.13 1.2 8.5 8.33 74.9 140 658 0.47 

6/29/2004 0.23 0.11 0.5 9.07 9.8 78.08 140 661 0.5 

7/28/2004 0.25 0.06 0.6 8.99 9.18 83.7 145 674 0.51 

8/6/2004 0.23 0.19 1.1 8.12 9.8 81.18 145 694 0.52 

9/28/2004 0.09 0.08 0.9 9.29 8.79 73.64 150 699 0.53 

10/26/2004 0.16 0.03 0.9 9.29 11.29 64.79 145 633 0.48 

11/24/2004 0.14 0.08 1.5 8.92 7.79 55.96 140 616 0.47 

12/8/2004 0.48 0.09 1.8 7.91 8.74 49.69 140 717 0.49 

1/11/2005 0.36 0.29 1.5 8.14 10.15 53.54 145 438 0.33 

2/10/2005 0.36 0.07 2.1 8.83 11.26 56.22 145 445 0.34 

3/31/2005 0.45 0.38 1.7 8.85 8.67 64.4 135 362 0.27 

4/19/2005 0.50 0.20 1.2 8.98 8.59 68.03 140 402 0.3 

5/3/2005 0.18 0.27 1.1 9.02 9.54 73.67 140 411 0.32 

6/21/2005 0.48 0.07 0.8 8.85 7.95 79.77 145 451 0.34 

7/27/2005 0.50 0.08 0.9 8.8 7.21 86.42 150 485 0.36 

8/24/2005 0.34 0.05 0.8 8.81 11.45 81.82 155 521 0.39 

9/19/2005 0.55 0.12 1.1 8.08 8.59 74.03 155 574 0.4 
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Date 
NO3-N 
(mg/l) 

PO4–P 
(mg/l) 

Secchi 
Depth 

(m) pH 

Dissolved 
Oxygen 
(mg/l) 

Water 
Temperature 

(°F) 

Water 
Hardness 

(mg/l) 

Total 
Dissolved 

Solids 
(mg/l) 

Salinity 
(ppt) 

10/10/2005 0.57 0.17 1.1 8.24 9.74 68 155 550 0.42 

11/17/2005 0.59 0.09 0.8 8.64 14.2 62.96 155 551 0.42 

12/22/2005 0.36 0.04 0.9 8.91 14.14 55.62 155 551 0.42 

1/18/2006 0.66 0.05 0.9 9.1 10.86 52.9 155 501 0.39 

2/6/2006 0.68 0.08 0.7 9.69 11.43 59.68 155 529 0.4 

3/1/2006 0.52 0.15 0.8 9.32 8.48 56.31 145 539 0.41 

4/26/2006 0.25 0.12 1.8 8.65 6.22 65.51 130 527 0.4 

5/22/2006 0.66 0.06 1.8 9.03 6.18 74.46 130 546 0.41 

6/22/2006 0.41 0.07 1.2 9.03 10.76 85.13 140 579 0.43 

7/24/2006 1.61 0.12 1.1 8.95 7.38 90.82 140 615 0.46 

8/16/2006 0.43 0.06 1.2 8.83 9.77 81.51 145 619 0.47 

9/25/2006 0.48 0.06 1.2 9.57 10.41 76.44 145 647 0.49 

10/18/2006 0.23 0.07 1.5 8.5 13.35 67.27 150 654 0.5 

11/28/2006 0.50 0.06 0.6 9.38 6.69 58.46 150 653 0.5 

12/27/2006 0.52 0.09 0.6 9.16 7.96 54.43 155 658 0.51 

1/9/2007 0.61 0.12 0.8 8.92 6.57 50.01 160 661 0.51 

2/22/2007 0.48 0.09 0.9 8.23 7.86 55.21 150 623 0.49 

3/15/2007 0.18 0.12 1.2 8.03 4.96 68.6 145 593 0.45 

4/26/2007 0.25 0.06 1.5 9.03 14.62 71.32 145 588 0.44 

5/18/2007 0.30 0.77 1.4 8.84 8.13 71.56 150 610 0.46 

6/22/2007 0.20 0.12 0.9 8.95 8.19 79.56 155 643 0.49 

7/27/2007 0.27 0.05 0.9 9.17 7 82.78 160 661 0.5 

8/17/2007 0.41 0.07 0.9 9.02 7.59 84.23 165 672 0.51 

9/21/2007 0.39 0.07 0.9 8.96 8.67 76.7 155 643 0.49 

10/5/2007 0.45 0.04 0.9 9.18 12 71.15 155 653 0.5 

11/1/2007 0.41 0.04 1.5 8.79 6.06 67.72 155 660 0.5 

12/19/2007 0.39 0.04 1.5 8.97 4.8 52.79 155 653 0.5 

1/31/2008 0.43 0.03 1.8 9.53 11.78 54.35 140 527 0.4 

2/29/2008 0.27 0.08 1.8 9.2 10.1 58.7 135 526 0.4 

3/7/2008 0.32 0.47 1.5 9.07 15.82 62.02 130 524 0.4 

4/8/2008 0.25 0.12 1.8 8.76 9.23 66.71 140 551 0.42 
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Date 
NO3-N 
(mg/l) 

PO4–P 
(mg/l) 

Secchi 
Depth 

(m) pH 

Dissolved 
Oxygen 
(mg/l) 

Water 
Temperature 

(°F) 

Water 
Hardness 

(mg/l) 

Total 
Dissolved 

Solids 
(mg/l) 

Salinity 
(ppt) 

5/6/2008 0.30 0.14 >2.7 8.48 6.05 70.95 145 588 0.45 

6/19/2008 0.16 0.14 1.8 9 12.64 84.9 150 649 0.49 

7/10/2008 0.41 0.18 1.8 8.97 8.88 86.3 145 658 0.49 

8/21/2008 0.09 0.09 1.2 9.45 9.48 80.63 150 680 0.51 

9/11/2008 0.07 0.11 1.2 9.25 8.6 79.53 155 699 0.53 

10/23/2008 0.09 0.23 1.2 9.22 12.22 66.78 160 711 0.54 

11/26/2008 0.11 >0.65 2.1 8.95 12.1 59.7 155 702 0.54 

12/19/2008 0.05 0.18 2.1 8.82 11.76 48.56 150 695 0.52 

 

The Regional Board sampled Lake Calabasas from three shoreline sites on January 15, 2009.  Data are 
presented in Table G-69.   

Table G-69. Analytical Data for the January 15, 2009 Lake Calabasas Sampling Event 

Station 
NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho- 
phosphate 

(mg/L) 

Total 
Phosphate 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Suspended 
Solids 
(mg/L) 

CL1 0.391 1.92 0.154 <0.1 <0.4 <0.5 479 <10 

CL1 
(duplicate) 

0.431 1.64 0.157 <0.1 <0.4 <0.5 623 <10 

CL2 0.453 1.79 0.192 <0.1 <0.4 <0.5 610 <10 

CL3 0.42 1.7 0.164 <0.1 <0.4 <0.5 622 <10 

 

Total depth and Secchi depth were not measured during this event.  Dissolved oxygen concentrations 
were not measured either.  Temperature ranged from 11 ºC to 12 ºC and pH ranged from 8.2 to 8.7 (Table 
G-70).   

Table G-70. Field Data for the January 15, 2009 Lake Calabasas Sampling Event 

Site Time Depth (m) Temp (C) pH 

CL1 10:20 surface 12.0 8.7 

CL2 11:25 Surface 11.5 8.2 

CL3 12:05 surface 11.0 8.3 

 

USEPA sampled Lake Calabasas from two in-lake sites and the potable water input (CL-PW) on August 
6, 2009 (Table G-71).  In-lake ammonia concentrations were less than or equal to 0.03 mg-N/L; TKN 
ranged from 1.17 mg-N/L to 1.23 mg-N/L.  Nitrate and nitrite samples were less than the detection limit 
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of 0.01 mg-N/L.  Orthophosphate ranged from 0.0129 mg-P/L to 0.0453 mg-P/L and total phosphorus 
ranged from 0.152 mg-P/L to 0.221 mg-P/L.  Chlorophyll a ranged from 35 to 81 µg/L.   

Table G-71. Analytical Data for the August 6, 2009 Lake Calabasas Sampling Event 

Station 
NH3-N 
(mg/L) 

TKN 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

Ortho- 
phosphate 

(mg/L) TP (mg/L) 
Chlorophyll 

a (ug/L) 

Suspended 
Solids 
(mg/L) 

CL-4 <0.03 1.227 <0.01 <0.01 0.0452 0.221 35.35 8.65 

CL-5 0.03 1.166 <0.01 <0.01 0.0129 0.152 81.40 8.00 

CL-PW 0.35 0.464 1.13 <0.01 0.0208 <0.016 NA <0.5 

 

Temperature and dissolved oxygen were not measured in the lake during this event.  The total depth at 
CL-4 was 2.51 m and the depth at CL-5 was 2.06 m.  The Secchi readings at CL-4 and CL-5 were  
0.737 m and 0.660 m, respectively.  Field data for the in-lake sites are presented in Table G-72.  Field 
data were collected for the potable water source on August 6, 2009.  After purging the line for 
approximately 10 minutes, the pH was 7.93 and the temperature was 18.2 ºC. 

Table G-72. Field Data for the August 6, 2009 Lake Calabasas Sampling Event 

Site Time Depth (m) 
Secchi 

Depth (m) 

CL-4 9:15 2.51 0.737 

CL-5 9:40 2.06 0.660 

  

Profile data were collected at Stations CL-4 and CL-5 on the morning of August 6, 2009 between 9:00 
and 9:50.  The depth at CL-4 was 2.51 meters, and the Secchi depth was 0.74 meters.  The temperature in 
the lake ranged from 25.6 and 26.1°C.  The specific conductivity was constant with depth, around  
1.22 mS/cm.  The DO ranged from 6.37 to 7.56 mg/L and pH ranged from 7.57 to 8.77.  These profile 
data are shown in Figure G-15. 
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Figure G-15. Profile Data Collected in Lake Calabasas at CL-4 on August 6, 2009 

 

The profile data collected at CL-5 is shown in Figure G-16.  The temperature at this station was between 
25.82 and 26.45°C.  The pH ranged from 9.04 to 9.20.  Dissolved oxygen ranged from 8.71 to 9.74 mg/L.  
The conductivity was between 1.04 to 1.05 mS/cm.  The field team observed that this location was close 
to the tap water inlet and likely affected the conductivity levels, which were lower than those at CL-4.  
The depth at this station was 1.75 meters and the Secchi depth was 0.66 meters. 

 

Figure G-16. Profile Data Collected in Lake Calabasas at CL-5 on August 6, 2009 
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G.8 Monitoring Data for El Dorado Park Lakes 
Monitoring data relevant to the impairments of El Dorado Park lakes are available from 1992, 1993, and 
2008 through 2010.  In addition, fish tissue data are available for 1991, 1992, 1998, and 2007.  Figure G-
17 shows the historical and recent monitoring locations for El Dorado Park lakes. 

 

Figure G-17. Monitoring Sites in the El Dorado Park Lakes Watershed 

G.8.1 MONITORING RELATED TO NUTRIENT IMPAIRMENTS 
The El Dorado Parks lakes were included in the 1992/1993 sampling effort to support the Urban Lakes 
Study (Table G-73).  Data were collected from the north end of Lake 2 shown in Figure G-17 (pink 
triangle).  TKN concentrations ranged from 1.2 mg/L to 4.2 mg/L.  Nineteen of 45 samples for 
ammonium were less than the reporting limit, and the maximum concentration observed was 1.9 mg/L, 
the upper end of this range is below the acute target, but above the chronic target (for assessment 
purposes, we are assuming the analysis methodology converted all ammonia to ammonium).  Nitrite 
samples were consistently less than the reporting limit, as were the majority of nitrate concentrations.  
Measurable amounts of nitrate were only observed in January and February of 1993 when concentrations 
ranged from 0.1 mg/L to 0.3 mg/L.  Orthophosphate concentrations ranged from 0.2 mg/L to 0.9 mg/L, 
and total phosphorus ranged from 0.3 mg/L to 1.1 mg/L.  pH ranged from 8.2 to 9.4, and TOC ranged 
from 7.1 mg/L to 10.7 mg/L.  The summary table from the 1994 Lakes Study Report (UC Riverside, 
1994) lists chlorophyll a concentrations ranging from 5 µg/L to 133 µg/L with an average of 48 µg/L.     

Although the 1996 Water Quality Assessment Database does not contain monitoring data for the El 
Dorado Park lakes, the summary table in the Report does include a synopsis of monitoring data and 
related impairments.  pH was listed as partially supporting the aquatic life use and not supporting the 
contact recreation use: 116 measurements of pH were collected with values ranging from 6.9 to 9.4.  
Ammonium was not supporting the aquatic life or contact recreation uses; 45 ammonium samples were 
collected with concentrations ranging from non-detect to 1.92 mg/L , the upper end of this range is below 
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the acute target, but above the chronic target (for assessment purposes, we are assuming the analysis 
methodology converted all ammonia to ammonium).  Raw data are not available to assess location, date, 
time, depth, temperature, or pH with regard to these samples.  Algae were listed as not supporting the 
contact and non-contact recreation uses.  Eutrophication was listed as not supporting the aquatic life use.   

Table G-73. El Dorado Park Lakes 1992/1993 Monitoring Data 

Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

7/16/1992 0 1.5 0.2 <0.01 <0.01 0.2 0.3 9.2 9.6 461 

3 1.4 <0.01 <0.01 <0.01 0.2 0.4 9.2 10.7 459 

4.5 4.2 1.9 <0.01 <0.01 0.9 1.1 8.4 10.3 470 

7/16/1992 0 1.6 <0.01 <0.01 <0.01 0.2 0.3 9.3 10.3 459 

3 1.5 <0.01 <0.01 <0.01 0.2 0.4 9.2 10 471 

4.5 1.9 <0.01 <0.01 <0.01 0.3 0.5 9.2 9.3 476 

7/16/1992 0 1.5 <0.01 <0.01 <0.01 0.2 0.3 9.1 9.7 488 

3 1.5 0.1 <0.01 <0.01 0.2 0.3 9.2 9.9 449 

4.5 1.7 <0.01 <0.01 <0.01 0.3 0.5 9.2 9.9 475 

8/20/1992 0 1.55 <0.01 <0.01 <0.01 0.2 0.3 9.3 10.3 461 

2 1.6 <0.01 <0.01 <0.01 0.2 0.3 9.4 10.4 475 

4 2.3 0.5 <0.01 <0.01 0.3 0.4 9.2 10.7 466 

9/24/1992 0 1.5 <0.01 <0.01 <0.01 0.2 0.3 9.3 9.9 442 

2 1.4 <0.01 <0.01 <0.01 0.3 0.3 9.3 9.6 443 

4 1.8 0.3 <0.01 <0.01 0.3 0.4 8.9 9.4 445 

10/20/1992 0 2.4 0.3 <0.01 <0.01 0.3 0.5 9.2 10.2 435 

2 2 0.3 <0.01 <0.01 0.4 0.5 9.1 10.1 474 

3.5 2.3 0.3 <0.01 <0.01 0.4 0.5 9.1 10.5 493 

11/12/1992 0 2.3 0.5 <0.01 <0.01 0.4 0.5 9 9.9 450 

2.5 2.4 0.4 <0.01 <0.01 0.4 0.5 9 10.3 450 

3.5 2.1 0.5 <0.01 <0.01 0.4 0.4 9.1 9.4 450 

12/15/1992 0 3.4 1.5 <0.01 <0.01 0.6 0.5 8.5 8.7 449 

2.5 3.3 1.5 <0.01 <0.01 0.6 0.5 8.5 10.1 452 

3.5 NA 1.5 <0.01 <0.01 0.6 0.6 8.5 8.5 451 

1/21/1993 0 2.4 1.1 <0.01 0.3 0.4 0.5 8.3 7.4 380 

2.5 2.4 1.1 <0.01 0.3 0.4 0.4 8.3 7.2 417 

3.5 2.3 1.2 <0.01 0.3 0.4 0.4 8.3 7.1 417 

2/10/1993 0 2 <0.01 <0.01 0.2 0.3 0.5 8.9 8.3 407 
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Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

2.5 2.5 <0.01 <0.01 0.1 0.3 0.4 8.9 8.4 496 

3.5 2.1 <0.01 <0.01 0.2 0.3 0.4 8.9 7.7 439 

3/8/1993 0 3.7 0.1 <0.01 <0.01 0.3 0.4 9.4 9.6 419 

1.5 4 <0.01 <0.01 <0.01 0.2 0.4 8.8 9.6 423 

2.5 2.2 0.1 <0.01 <0.01 0.2 0.4 8.6 9.4 413 

3.5 1.5 0.1 <0.01 <0.01 0.3 0.4 8.2 7.7 407 

4/8/1993 0 1.4 <0.01 <0.01 <0.01 0.3 0.3 9 7.8 413 

1.5 1.3 <0.01 <0.01 <0.01 0.3 0.3 9 7.8 431 

2.5 1.2 <0.01 <0.01 <0.01 0.3 0.3 9 7.6 429 

3.5 1.5 0.3 <0.01 <0.01 0.4 0.3 8.6 7.4 412 

5/12/1993 0 1.3 <0.01 <0.01 <0.01 0.3 0.3 8.8 8 459 

2.5 1.2 <0.01 <0.01 <0.01 0.3 0.3 8.8 7.6 460 

3.5 1.5 0.1 <0.01 <0.01 0.3 0.3 8.8 8.2 450 

6/15/1993 0 1.9 0.3 <0.01 <0.01 0.4 0.4 9.2 10 468 

1.5 2 0.3 <0.01 <0.01 0.4 0.4 9.2 9.5 487 

2.5 2.1 0.3 <0.01 <0.01 0.4 0.3 9.2 9.1 478 

3.5 1.6 0.3 <0.01 <0.01 0.4 0.4 9 8.6 465 

 

In May 2008, Marine Biochemists sampled water quality in the El Dorado Park lakes system.  The data 
report does not specify who sponsored the sampling.  On May 8, 2008 water quality data were collected 
in the upper four lakes (Table G-74).  DO concentrations ranged from 7.36 mg/L to 8.63 mg/L, and pH 
ranged from 7.37 to 8.76.  Temperature was fairly consistent in all four lakes and was approximately  
69 ºF.  The concentrations of nitrates were highly variable and ranged from 0.3 mg/L to 3.0 mg/L; 
phosphates ranged from 0.09 mg/L to 0.58 mg/L.  It is not clear from the report if the units on the nitrate 
samples were “as N” or “as NO3” or if the units on the phosphate samples were “as P” or “as PO4.”  
Sampling depth and time and analysis methodologies were not included with the hard copy data report 
Tetra Tech received, nor were sampling locations.  

Table G-74. May 2008 Water Quality Monitoring Data for El Dorado Park Lakes 

Lake Number 
Dissolved 

Oxygen (mg/L) pH Temperature (ºF) 
Nitrates 
(mg/L) 

Phosphates 
(mg/L) 

1 8.63 7.37 69.09 3.0 0.09 

2 7.76 8.76 68.84 0.9 0.13 

3 7.36 7.94 69.11 0.3 0.19 

4 7.90 8.32 69.42 1.5 0.58 
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The El Dorado Park lakes were sampled February 26, 2009 and July 15, 2009 by USEPA and the 
Regional Board.  The field notes from the event indicate that the top four lakes are supplied primarily by 
groundwater.  Water flows from Lake 1 to 2 to 3 to 4; excess water is pumped out of Lake 4 and 
discharged to a storm drain.  Lakes 5 and 6 are not naturally or artificially connected to Lakes 1 through 
4; they are connected to each other.  Water is supplied to these two lakes by a pipe that continuously 
discharges potable water to Lake 5 (Valentina Cabrera-Stagno, USEPA Region IX, personal 
communication, February 3, 2009).  Lakes 1, 2, 5, and 6 were sampled in February and Lakes 1, 2, 3, 4, 
and 6 were sampled during the July monitoring event (nutrients were not analyzed at Lake 4).  Lakes 4, 5, 
and 6 were treated with algaecides in mid-June (personal communication, Ed Gahafer, July 15, 2009), 
which may have reduced chlorophyll a concentrations during the July sampling event. 

Table G-75 presents the in-lake water quality measurements for the February and July 2009 sampling 
events.  During the February event, Lakes 1 and 2 were sampled from a depth of 0.76 meters and the total 
depth at each station was approximately 4.4 meters.  The Secchi depth in Lake 1 was 1.31 meters and in 
Lake 2 was 1.37 meters.  Lake 5 was sampled from a depth of 0.46 meters and the total depth at the 
sampling location was approximately 4.5 meters; Secchi depth was not measured at this site.  Lake 6 was 
sampled from a depth of 0.92 meters and the total depth at the sampling location was 2.5 meters; the 
Secchi depth was 1.83 meters.  The main source of water to Lakes 1 through 4, water pumped from 
groundwater, was also sampled.  These data are also included for comparison as the nutrient loading from 
this source may be significant relevant to the upland sources represented by the LSPC/EMC approach 
(Appendix D).   

During the July event, Lake 1 was sampled from a depth of 0.58 meters.  The total depth at the Lake 1 
station was 3.5 meters, and the Secchi depth was 1.17 meters.  Lake 2 was sampled at 0.33 meters below 
the surface.  The Secchi depth at Lake 2 was 0.69 meters and the total lake depth was 3.9 meters.  Lake 6 
was sampled at a depth of 0.97 meters.  The total depth of Lake 6, as measured by the sampling probe, 
was 2.2 meters.  Samples take at Lake 5 were approximately 0.46 meters below the surface.  The total 
depth and Secchi depth were not measured at Lake 5 during this monitoring event.  The Secchi depth 
reading at Lake 6 was 1.96 meters.  The groundwater and potable water were also sampled during this 
event.  The results of these efforts are shown in Table G-75.  Temperature, DO, pH, and conductivity 
were not measured during either of the monitoring events. 

Table G-75. 2009 In-lake Water Column Measurements for the El Dorado Park Lakes 

Date Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chl a 
(µg/L) 

Secchi 
Depth 

(m) 

2/26/2009 

 

EDL-1 8:30 1.8 <0.03 <0.01 <0.01 0.028 0.160 48.7 1.31 

EDL-2 11:15 2.1 0.03 <0.01 <0.01 0.016 0.094 19.2 1.37 

EDL-2 
(dup.) 11:30 2.2 <0.03 <0.01 <0.01 0.016 0.102 18.7 1.37 

EDL-5 12:15 1.1 <0.03 <0.01 <0.01 0.015 0.030 5.3 NA 

EDL-6 13:20 1.1 0.03 <0.01 <0.01 0.016 0.031 5.9 1.83 

EDL-GW1 9:40 0.84 0.33 <0.01 <0.01 0.074 0.190 NA NA 

  

  

 7/15/2009 

EDL-1 11:15 0.91 <0.03 <0.01 <0.01 <0.0075 0.047 22.9 1.17 

EDL-2 9:40 1.0 <0.03 <0.01 <0.01 <0.0075 0.1605 39.38 0.69 

EDL-2D 9:40 0.84 <0.03 NS NS NS 0.151 NS 0.69 
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Date Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chl a 
(µg/L) 

Secchi 
Depth 

(m) 

  

  

  

  

EDL-5 15:10 NS 0.1 <0.01 0.12 <0.0075 0.139 1.3 NA 

EDL-6 15:50 0.98 0.04 <0.01 0.09 <0.0075 0.138 6.2 1.96 

EDL-GW1 11:30 1.1 0.28 <0.01 <0.01 0.07095 0.291 NA NA 

EDL-PW1 14:40 0.84 0.365 <0.01 0.37 <0.0075 0.1085 NA NA 

1 EDL-GW represents the groundwater input to lakes 1 through 4 and EDL-PW represents the potable water input to 
Lake 5.  These are not in-lake samples.   

 

Additional water quality samples were collected from the El Dorado Park lakes.  Table G-76 presents the 
chloride, sulfate, total alkalinity, total dissolved solids, and total organic carbon data collected from Lakes 
1, 2, 5, and 6 during both monitoring events. Duplicate samples were not collected at Lake 2 in the July 
2009 monitoring.  Lakes 3 and 4 were only measured for hardness in July.  The July solids monitoring 
data were reported percent solids for EDL-1, EDL-2, and EDL-6, while EDL-5 had TSS data reported in 
mg/L. Again, measurements collected from the groundwater source and potable water are included for 
comparison to in-lake samples.  

Table G-76. Supplemental Water Quality Monitoring for In-lake Samples in the El Dorado Park 
Lakes 

Date Location Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alka-
linity 

(mg/L) 

Hardness 
(mg/L as 
CaCO3) 

TDS 
(mg/L) 

TSS 
(mg/L) 

DOC 
(mg/L) 

TOC 
(mg/L) 

2/26/2009 

 

EDL-1 8:30 33.70 25.04 203 100.2 380 4.6 5.2 4.1 

EDL-2 11:15 80.92 30.02 274 113.4 532 4.1 9.3 7.1 

EDL-5 12:15 55.65 88.82 126 NA 406 2.6 5.0 3.9 

EDL-6 13:20 56.07 88.83 126 NA 370 3.5 5.0 6.2 

EDL-GW1 9:40 18.20 22.10 194 131.4 304 0.7 0.7 0.4 

7/15/2009 

EDL 1 11:15 25.56 20.47 210 117.3 350 24 (%) 4.3 4.8 

EDL 2 09:40 80.505 33.28 274 122.5 532 24 (%) 9.2 11.3 

EDL 2D 09:40 81.64 33.71 280 NS NS NS 9.1 NS 

EDL 3 13:35 NS NS NS 88.1 NS NS NS NS 

EDL 4 14:30 NS NS NS 87.4 NS NS NS NS 

EDL 5 15:10 57.77 82.7 120 85.6 388 2.15 3.7 4.1 

EDL 6 15:50 59.25 87.6 118 84.6 400 12.5 (%) 9.9 4.8 

EDL GW1 11:30 15.6 20.2 210 155.9 356 NS 0.2 0.4 

EDL PW1 14:40 51.53 52.245 116 81.65 345 NS 1.4 1.3 

1 EDL-GW represents the groundwater input to lakes 1 through 4 and EDL-PW represents the potable water input to 
Lake 5.  These are not in-lake samples.   
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Profile data were also collected for specific conductivity, dissolved oxygen, pH, and temperature in each 
of the monitored lakes.   Figure G-18 through Figure G-21 show the profile data collected on February 26, 
2009 at Stations EDL-1, EDL-2, EDL-5, and EDL-6, respectively.  Specific conductivity is constant with 
depth at each station.  DO decreases from 5.1 mg/L to 8.7 mg/L near the surface to approximately 3.5 
mg/L at the bottom of each lake.  pH ranges from 7.3 to 8.4, and temperature ranges from 13.8 ºC to  
17.6 ºC at each station.   
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Figure G-18. Profile Data Collected in El Dorado Park Lake 1 on February 26, 2009 
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Figure G-19. Profile Data Collected in El Dorado Park Lake 2 on February 26, 2009 
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Figure G-20. Profile Data Collected in El Dorado Park Lake 5 on February 26, 2009 
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Figure G-21. Profile Data Collected in El Dorado Park Lake 6 on February 26, 2009 

 

Profile data were also collected on July 15, 2009 for Stations EDL-1, EDL-2, and EDL-6.  Summer 
temperatures range from 23.6 to 30.2 ºC at each station.  The summer pH range is similar to the winter pH 
range, from 7.2 to 8.4.  The DO ranges from 1.65 mg/L near the bottom of the lakes and up to 9.57 mg/L 
near the surface of the lakes.  Specific conductivity is constant with depth at each station.  The July 
profile data are displayed in Figure G-22 through Figure G-24. 
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Figure G-22. Profile Data Collected in El Dorado Park Lake 1 on July 15, 2009 

 

 

Figure G-23. Profile Data Collected in El Dorado Park Lake 2 on July 15, 2009 
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Figure G-24. Profile Data Collected in El Dorado Park Lake 6 on July 15, 2009 

Field data were also collected at the potable water source at El Dorado Park during the July sampling 
event.  At 14:40, the temperature was 27 ºC (pH measurements were not taken with a faulty meter and 
were not considered reliable).   

Reclaimed water, used as irrigation on land surrounding the lake, was also sampled on December 1, 2009.  
Table G-77 presents the December 1, 2009 sampling results collected at EDLRW and ELDRWD 
(duplicate for ELDRW).  In general, total phosphorus averaged 0.166 mg-P/L, and total nitrogen averaged 
5.74 mg-N/L.  EDLRW was also monitored for chloride, sulfate, alkalinity, hardness, total dissolved 
solids, dissolved organic carbon, and total organic carbon; results are presented in Table G-78. 

Table G-77. Reclaimed Water Measurements for the El Dorado Park Lakes 

Date Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

12/1/2009 
EDLRW 14:30 1.30 0.61 0.05 4.04 0.07 0.164 

EDLRWD (dup.) 14:30 1.15 0.63 0.05 4.9 0.10 0.168 

 

Table G-78. Supplemental Water Quality Monitoring for Reclaimed Water at the El Dorado Park 
Lakes 

Date Location Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alka-
linity 

(mg/L) 

Hardness 
(mg/L as 
CaCO3) 

TDS 
(mg/L) 

DOC 
(mg/L) 

TOC 
(mg/L) 

12/1/2009 EDLRW 14:30 110.53 79.62 198 133.1 583 5.8 5.7 
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Field data were also collected at shoreline stations in El Dorado Park during the December 1, 2009 
sampling event.  At EDL-2S (total depth 1 foot) at 1:45 p.m., the temperature was 17.01 ºC and the pH 
was 8.31.  EDL-1S was sampled at 2:15 pm (total depth 2 feet) with a temperature of 16.92 ºC and a pH 
of 8.23. Temperature at 3:40 p.m. at EDL-6S (total depth 1.5 feet) was 15.34 ºC and the pH was 8.12, 
while temperature was 14.94 ºC and pH was 8.17 at EDL-5S (total depth 2 feet) about 15 minutes later.  
The last two sites (EDL-4S [total depth 1 foot] and EDL-3S [total depth 2 feet]) both had a pH reading of 
9.20 at 4:10 p.m. and 4:20 p.m., respectively. Temperatures at these sites were 15.92 ºC and 14.71 ºC, 
respectively. 

The southern two lakes at El Dorado Park were resampled for nutrients on August 10, 2010.  Table G-79 
summarizes the nutrient data collected in each lake as well as the potable water source.  TKN 
concentrations ranged from 0.67 to 1.03 mg-N/L.  Ammonia concentrations ranged from 0.03 mg-N/L to 
0.05 mg-N/L.  Nitrite was approximately 0.05 mg-N/L in both lakes, and nitrate ranged from 0.23 mg-
N/L to 0.24 mg-N/L.  Orthophosphate ranged from 0.022 mg-P/L to 0.027 mg-P/L, and total phosphorus 
ranged from 0.027 mg-P/L to 0.038 mg-P/L.  Chlorophyll a ranged from 4.81 µg/L to 6.23 µg/L.   

Table G-79. August 10, 2010 In-lake Water Column Measurements for the Nature Center Lakes at 
El Dorado Park 

Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chl a 
(µg/L) 

Secchi 
Depth 

(m) 

EDL-5 13:00 1.03 0.0493 0.051 0.244 0.027 0.038 6.23 >1.25 

EDL-6 15:00 0.67 0.0328 0.052 0.233 0.022 0.0271 4.81 1.5 

EDL-PW 13:40 0.48 0.0359 0.054 0.173 0.026 <0.0165 <1.2 NA 

 

During the August 2010 event, two continuous monitoring probes were deployed in each southern lake 
over a 24-hour period at depths of about 0.7 to 1.3 meters below the surface.  DO concentrations ranged 
from 8.3 mg/L to 9.5 mg/L in Nature Center North Lake (Figure G-25) and from 9.5 mg/L to 12.6 mg/L 
in Nature Center South Lake (Figure G-26).  pH ranged from 8.5 to 9.0 in both lakes.   
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Figure G-25. 24-Hour Probe Data Collected in El Dorado Park Lake 5 on August 9, 2010 
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Figure G-26. 24-Hour Probe Data Collected in El Dorado Park Lake 6 on August 9, 2010 
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On August 10, 2010, depth-profile data were also collected during this water sampling event.  Table G-80  
summarizes the depth-profile data collected at ELD-5 and ELD-6.  DO measurements collected from the 
surface to 0.3 meters above the bottom of Nature Center North Lake ranged from 8.4 mg/L to 8.5 mg/L.  
In Nature Center South Lake, DO ranged from 11.8 mg/L at the surface to 9.9 mg/L at 0.3 meters above 
the bottom of the lake.  Figure G-27 and Figure G-28 show the profile data collected on August 10, 2010, 
2010 at stations ELD-5 and ELD-6 respectively.  

Table G-80. Profile Data Collected in the Nature Center Lakes at El Dorado Park on  
August 10, 2010 

Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 

Specific 
Conductivity 

(mS/cm) Orp (mV) 

EDL-5 12:52 0.1 24.48 8.59 8.40 0.707 162 

0.55 24.16 8.53 8.44 0.706 164 

1.02 24.04 8.57 8.53 0.705 161 

EDL-6 14:39 0.11 27.22 8.95 11.78 0.707 279 

0.54 25.26 8.75 11.08 0.713 268 

1.04 24.63 8.60 10.28 0.715 265 

1.49 24.24 8.55 9.89 0.713 262 

2.03 23.57 8.60 9.96 0.712 259 
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Figure G-27. Profile Data Collected in El Dorado Park Lake 5 on August 10, 2010 
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Figure G-28. Profile Data Collected in El Dorado Park Lake 6 on August 10, 2010 

 

Sediment samples were also collected during the August 2010 monitoring event.  Table G-81 summarizes 
these data. 

Table G-81. August 10, 2010 Sediment Monitoring Data for the Nature Center Lakes (5 and 6) at 
El Dorado Park 

Loca-
tion Time 

TKN 
(mg/kg) 

NH3-N 
(mg/kg) 

NO2-N 
(mg/kg) 

NO3-N 
(mg/kg) 

PO4-P 
(mg/kg) 

Total P 
(mg/kg) 

Total 
Organic 
Carbon 
(% by 
wt.) 

Acid 
Volatile 
Sulfides 
(mg/kg) 

Percent 
Solids 

Total 
Hard-
ness 

(mg/kg) 

EDL-5 13:20 2,570 15.5 1.54 2.81 1.56 1,210 7.34 5.33 19.8 12,900 

EDL-6 15:15 4,950 41.9 2.71 4.86 1.73 1,050 11.0 3.63 12.5 9,370 

 

In addition to the August 2010 sample, the southern two lakes at El Dorado Park were resampled for 
nutrients on September 28, 2010.  Table G-82 summarizes the nutrient data collected in each lake as well 
as the potable water source.  TKN concentrations ranged from 0.79 to 0.86 mg-N/L.  Ammonia 
concentrations ranged from <0.03 mg-N/L to 0.05 mg-N/L.  Nitrite was approximately 0.05 mg-N/L in 
both lakes, and nitrate ranged from 0.36 mg-N/L to 0.41 mg-N/L.  Orthophosphate ranged from 0.008 
mg-P/L to 0.017 mg-P/L. Total phosphorus was measured as below the detection limit of 0.0165 mg-P/L 
in both lakes. Chlorophyll a ranged from 6.01 µg/L to 6.68 µg/L.   
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Table G-82. August 9, 2010 In-lake Water Column Measurements for the Nature Center Lakes  
(5 and 6) at El Dorado Park 

Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chl a 
(µg/L) 

Secchi 
Depth 

(m) 

EDL-5A 15:10 0.864 0.0475 0.0470 0.378 0.0100 <0.0165 6.68 1.6 

EDL-5A 
(duplicate) 15:10 0.808 0.0490 0.0480 0.364 0.0170 <0.0165 6.01 1.6 

EDL-6 15:10 0.792 <0.0300 0.0540 0.409 0.00800 <0.0165 6.01 1.4 

EDL-PW 12:45 0.672 0.292 0.0600 0.173 0.00900 <0.0165 <1.00 NA 

 

Similar to the August 2010 event, two continuous monitoring probes were deployed September 27, 2010 
in each southern lake over a 24-hour period at depths of about 1 to 1.3 meters below the surface.  DO 
concentrations ranged from 7.4 mg/L to 8.2 mg/L in Nature Center North Lake (Figure G-29) and from 
6.6 mg/L to 9.7 mg/L in Nature Center South Lake (Figure G-30).  pH ranged from about 7.6 to 8.1 in 
both lakes.  
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Figure G-29. 24-Hour Probe Data Collected at in El Dorado Park Lake 5 on September 27, 2010 
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Figure G-30. 24-Hour Probe Data Collected in El Dorado Park Lake 6 on September 27, 2010 

 

On September 28, 2010, depth-profile data were collected for Nature Center North Lake (EDL-5A) 
during this sampling event, which are summarized in Table G-83. These data were not collected at Nature 
Center South Lake due to time constraints.  DO measurements collected from the surface of Nature 
Center North Lake ranged from 9.2 mg/L to 10.9 mg/L.  At 0.4 meters above the bottom, DO was 
measured as 9.2 mg/L.  Figure G-31 shows the profile data collected on September 28, 2010 at station 
EDL-5A.  

Table G-83. Profile Data Collected in the Nature Center Lakes at El Dorado Park on  
September 28, 2010 

Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 

Specific 
Conductivity 

(mS/cm) Orp (mV) 

EDL-5A 15:10 0.5 23.86 7.8 9.21-10.85 0.668 127-104 

1 23.75 7.78 9.17 0.668 99 

1.5 23.82 7.79 9.14 0.668 92 

2 23.76 7.79 9.15 0.669 87 

2.5 23.71 7.78 9.18 0.667 82 
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Figure G-31. Profile Data Collected in El Dorado Park Lake 5 on September 28, 2010 

 

Sediment samples were also collected during the September 2010 monitoring event.  Table G-84 
summarizes these data. 

Table G-84. September 28, 2010 Sediment Monitoring Data for the Nature Center Lakes (5 and 6) 
at El Dorado Park 

Loca-
tion Time 

TKN 
(mg/kg) 

NH3-N 
(mg/kg)  

NO2-N 
(mg/kg) 

NO3-N 
(mg/kg)  

PO4-P 
(mg/kg) 

Total P 
(mg/kg) 

Total 
Organic 
Carbon 

(% by wt.)  

Acid 
Volatile 
Sulfides 
(mg/kg) 

Percent 
Solids 

Total 
Hard-
ness 

(mg/kg)  

EDL-5A 15:50 1,140 5.16 0.922 1.34 0.0264 253 2.00 15.4 43.4 11,600 

EDL-5B 14:30 4,840 11.5 2.08 2.89 <0.00750 189 5.06 70.6 19.8 10,800 

EDL-5C 14:40 4,530 24.0 1.85 2.64 0.0191 435 4.80 25.2 21.6 11,700 

EDL-6 17:10 23,200 37.1 2.98 4.17 0.00891 281 8.60 118 13.4 9,610 

G.8.2 MONITORING RELATED TO MERCURY IMPAIRMENT 
Mercury data have been collected in the El Dorado Park lakes watershed since 1991.  Fish tissue 
concentrations were measured three times under the Toxic Substances Monitoring Program (TSMP, 
2009) from 1991 to 1998 and by the Regional Board in 2007 (Davis et al., 2008) and 2010.  In-lake water 
column concentrations were measured as part of the Urban Lakes Study (UC Riverside, 1994) in 1992.  
USEPA and the Regional Board sampled in-lake and tributary water column and sediment mercury 
concentrations during two events in 2009.   

G.8.2.1 In-Lake Sampling 

G.8.2.1.1 Water Column Measurements 

Mercury concentrations were measured in the water column of Lake 2 (pink triangle, Figure G-17) as part 
of the Urban Lakes Study (UC Riverside, 1994) in July and August of 1992.  The detection limit of this 
dataset was relatively high (500 ng/L) and all 12 samples were less than detection.   
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In February 2009, the Regional Board and USEPA sampled mercury concentrations at Stations EDL-1 
and EDL-2.  Both samples were collected from a depth of 0.76 meters and the total depth at each location 
was approximately 4.4 meters.  A duplicate sample was collected at EDL-2 and analyzed for total 
mercury.  In July 2009, the Regional Board and USEPA sampled Lakes 1, 2, and 6 for mercury with a 
duplicate sample collected in Lake 2.  Sampling depths were 0.58 m, 0.33 m, and 0.96 m, respectively.  
Total mercury was analyzed with EPA Method 1631 with a detection limit of 0.15 ng/L.  Methylmercury 
was analyzed with EPA Method 1630 with a detection limit of 0.021 ng/L.     

Table G-85 presents the in-lake mercury and TSS measurements for the two sampling events.  
Methylmercury concentrations ranged from 0.020 ng/L to 0.072 ng/L.  Total mercury concentrations were 
consistently below the water quality standard (50 ng/L) and ranged from 0.41 to 1.17 ng/L.   

Table G-85. In-lake Water Column Measurements for the El Dorado Park Lakes 

Location Date Time MeHg (ng/L) Total Hg (ng/L) TSS (mg/L) 

EDL-1 2/26/2009 

 

8:30 0.046 0.89 4.6 

EDL-2 11:15 0.041 1.08 4.0 

EDL-2 
(duplicate) 

11:30 NA 1.17 NA 

EDL-1 7/15/2009 11:15 0.063 0.50 5.9 

EDL-2 9:40 0.072 0.41 9.6 

EDL-2 
(duplicate) 

9:40 NA 0.42 NA 

EDL-6 15:50 0.020 1.03 2.9 

 

Additional water quality samples were collected from the El Dorado Park lakes.  Table G-86 presents the 
chloride, sulfate, total alkalinity, total dissolved solids, and total organic carbon data collected from Lakes 
1 and 2 on February 26, 2009 and July 15, 2009.   

Table G-86. Supplemental Water Quality Monitoring for In-lake Samples in the El Dorado Park 
Lakes 

Location Date Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alkalinity 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Total 
Organic 
Carbon 
(mg/L) 

EDL-1 2/26/2009 8:30 33.7 283.3 203 380 3.9 

EDL-2 11:15 80.9 80.2 274 532 6.0 

EDL-5 12:15 55.65 88.2 126 406 3.9 

EDL-6 13:20 56.1 88.3 126 370 6.2 

EDL-1 7/15/2009 11:15 25.56 20.47 210 350 4.8 

EDL-2 9:40 80.51 33.28 274 532 11.3 

EDL-2 
(duplicate) 

9:40 81.64 33.71 274 NA NA 
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G.8.2.1.1 Sediment Samples 

During the February and July sampling events, USEPA and the Regional Board also collected sediment 
samples at each station to measure total and methylmercury concentrations in sediment.  Total mercury 
was analyzed with EPA Method 1631 with detection limits ranging from 3.51 µg/kgto 6.96 µg/kg.  
Methylmercury was analyzed with EPA Method 1630 with detection limits ranging from 0.023 µg/kg to 
0.049 µg/kgg.  Detection limits were adjusted to account for sample aliquot size.   

Table G-87 presents the sediment mercury concentrations measured in the El Dorado Park lakes.  
Concentrations are reported on a dry weight basis.  The methylmercury concentrations measured in 
sediments at these three stations ranged from approximately 0.1 µg/kg to 0.2 µg/kg; the total mercury 
concentration ranged from 78 µg/kg to 188 µg/kg.   

Table G-87. In-lake Sediment Concentrations for the El Dorado Park Lakes 

Location Date Time 
MeHg 
(µg/kg) 

Total Hg 
(µg/kg) TSS (%) 

Sulfate 
(mg/kg) 

EDL-1 2/26/2009 8:30 0.198 123 28.5 541.5 

EDL-2 11:15 0.202 86.8 36.74 130.4 

EDL-2 
(duplicate) 11:30 NA 89.5 35.88 Not 

sampled 

EDL-1 7/15/2009 11:30 0.167 126 28.28 219.1 

EDL-2 9:40 0.102 78.0 28.36 192.98 

EDL-2 
(duplicate) 

9:40 0.121 94.8 29.04 NA 

EDL-6 15:50 0.113 188 18.26 822.89 

G.8.2.2 Fish Tissue Sampling 
Mercury concentrations in the fish tissue of largemouth bass have been measured in the El Dorado Park 
lakes since 1991.  Lake 1 was sampled by the TSMP in the 1990s as composite samples: the number in 
each composite was not provided.  The Surface Water Ambient Monitoring Program (SWAMP) sampled 
individual fish from Lake 2 during the summer of 2007 (Davis et al., 2008) and March 2010.  Table G-88 
presents the fish tissue mercury concentrations on a wet weight basis.  Concentrations range from 0.131 
ppm to 0.678 ppm.  The applicable fish tissue target for mercury measured as a wet weight concentration 
is 0.22 ppm.   

Table G-88. Fish Tissue Mercury Concentrations Measured in the El Dorado Park Lakes 

Program Date Fish Length (mm) 

Total Mercury 
Concentration  

(ppm wet weight) 

TSMP 4/21/1991 382 0.470 

TSMP 4/26/1992 378 0.550 

TSMP 6/23/1998 350 0.602 

SWAMP Summer 2007 537 0.318 

SWAMP Summer 2007 479 0.672 
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Program Date Fish Length (mm) 

Total Mercury 
Concentration  

(ppm wet weight) 

SWAMP Summer 2007 386 0.432 

SWAMP Summer 2007 391 0.408 

SWAMP Summer 2007 380 0.480 

SWAMP Summer 2007 386 0.351 

SWAMP Summer 2007 400 0.310 

SWAMP Summer 2007 387 0.559 

SWAMP Summer 2007 391 0.500 

SWAMP Summer 2007 378 0.491 

SWAMP Summer 2007 370 0.446 

SWAMP Summer 2007 304 0.190 

SWAMP Summer 2007 294 0.188 

SWAMP Summer 2007 206 0.150 

SWAMP Summer 2007 219 0.131 

SWAMP 3/30/2010 409 0.678 

SWAMP 3/30/2010 348 0.259 

SWAMP 3/30/2010 345 0.199 

SWAMP 3/30/2010 343 0.235 

SWAMP 3/30/2010 352 0.151 

 

Piscivorous fish tend to have increased mercury tissue concentrations with age.  Figure G-32 shows the 
mercury concentrations in largemouth bass plotted against length, which is an approximate surrogate for 
age.  For composite fish samples, concentration is plotted against mean length.  As expected, fish tissue 
mercury concentrations increase with length.  All fish specimens with a mean or individual length greater 
than 350 mm exceed the fish tissue target of 0.22 mg/kg.  Eleven individual and three composite samples 
had fish tissue concentrations greater than the target, while four individual samples had concentrations 
less than the target. 
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Figure G-32. Mercury Concentrations in Largemouth Bass in the El Dorado Park Lakes 

G.8.2.3 Tributary/Inflow Monitoring 

G.8.2.1.3 Water Column Measurements 

During both the February and July 2009 sampling events, the only visible inputs to the El Dorado Park 
lakes were the groundwater (GW) input to the most upstream lake in the northern four lakes and the 
potable water (PW) input to the most upstream lake in the southern two lakes.  No culverts in the park 
area were discharging.  Concentrations of methyl and total mercury observed in these inputs are reported 
in Table G-89.  Total mercury was analyzed with EPA Method 1631 with a detection limit of 3.03 ng/L.  
Methylmercury was analyzed with EPA Method 1630 with a detection limit of 0.020 ng/L.  Detection 
limits for the groundwater analyses were adjusted to account for sample aliquot size. 

The groundwater input was sampled during both events near the pump house after allowing the line to 
purge for at least ten minutes.  Methylmercury concentrations ranged from 0.109 ng/L to 0.215 ng/L; total 
mercury ranged from 131 ng/L to 142 ng/L.  The concentration of total mercury in these samples were 
almost three times higher than the water quality standard of 50 ng/L and 100 to 200 times higher than the 
concentrations observed in the water columns of the northern lakes (Section G.8.2.1.1).  The portion of 
mercury in the methyl form ranged from 0.08 to 0.15 percent; the methylmercury concentrations were 
two to five times higher than the average measured in the northern lakes.  The potable water input was 
only sampled during the July event.  Concentrations of methyl and total mercury were 0.020 ng/L and 
2.84 ng/L, respectively.      

Reclaimed water (RW) is used at the park for irrigation.  This source was sampled in December 2009.  
Total mercury was analyzed with EPA Method 1631 with a detection limit of 0.15 ng/L.  Methylmercury 
was analyzed with EPA Method 1630 with a detection limit of 0.020 ng/L.  These values are similar to 
the potable water results. 
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Table G-89. Tributary/Inflow Water Column Measurements for the El Dorado Park Lakes 

Location Date Time MeHg (ng/L) Total Hg (ng/L) TSS (mg/L) 

EDL-GW 2/26/2009 9:40 0.215 142 0.7 

EDL-GW 7/15/2009 11:30 0.109 131 1.7 

EDL-PW 7/15/2009 14:40 0.020 2.84 0.3 

EDL-RW 12/1/2009 14:30 0.021 1.46 0.8 

 

The Long Beach Water Department samples five wells in the vicinity of the El Dorado Park Lakes.  
However, the analysis employed has relatively high detection limits (200 ng/L), and all samples have 
been less than detection. 

G.8.2.1.3 Sediment Samples 

During both the February and July 2009 monitoring events, the only inputs observed to the El Dorado 
Park lakes were the groundwater and potable water inputs.  Neither of these inputs has a sediment-
transport capacity.   

G.8.3 MONITORING RELATED TO METALS IMPAIRMENTS 
In 1996 El Dorado Park lakes was deemed impaired by copper and lead.  Monitoring data for cadmium, 
copper, lead, and zinc are presented in this section.  El Dorado Park lakes is not listed for cadmium or 
zinc, but those data are presented here for completeness because other waterbodies in the region are 
affected by some of these contaminants. 

Metal samples were collected from the north end of Alamo Lake at El Dorado Park lakes (shown in 
Figure G-17 (pink triangle)), as part of the 1992-1993 Urban Lakes Study (UC Riverside, 1994).  Results 
are shown in Table G-90.  Specifically, sampling included dissolved copper and dissolved lead.  
Dissolved copper samples were collected throughout the water column at depths from the surface to  
4.5 meters.  The range of the 45 dissolved copper samples was between less than 10 µg/L and 99 µg/L.  
Similarly, dissolved lead samples were also collected throughout the water column, again at depths from 
the surface to 4.5 meters.  The 45 samples collected ranged in concentration from less than 1 µg/L to 108 
µg/L.   

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The summary table for El Dorado Park lakes 
states that copper and lead were not supporting their assessed uses: 45 measurements had a maximum 
lead concentration of 108 µg/L, a maximum copper concentration of 99 µg/L, and a maximum zinc 
concentration of 21 µg/L (raw data were not provided, but it is assumed that most of these samples are 
associated with the Urban Lake Study [UC Riverside, 1994]).     

Unfortunately, metal levels were analyzed at relatively high detection limits compared to current 
detection limits; dissolved copper minimum detection 10 µg/L while dissolved lead was 1 µg/L.  No 
hardness data were collected as part of the Urban Lakes Study, thus it cannot be compared to the 
hardness-based water quality objectives. 
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Table G-90. El Dorado Park Lakes 1992/1993 Monitoring Data for Metals 

Date 
Depth 

(m) 
Dissolved 

Copper (µg/L) 
Dissolved 

Lead (µg/L) 

7/16/1992 0 23 <1 

3 21 <1 

4.5 17 2 

7/16/1992 0 N/A <1 

3 25 1 

4.5 27 2 

7/16/1992 0 40 14 

3 28 8 

4.5 29 <1 

8/20/1992 0 31 2 

2 21 <1 

4 18 1 

9/24/1992 0 13 2 

2 <10 3 

4 <10 3 

10/20/1992 0 16 <1 

2 21 <1 

3.5 24 <1 

11/12/1992 0 21 2 

2.5 19 2 

3.5 34 3 

12/15/1992 0 <10 1 

2.5 <10 1 

3.5 <10 1 

1/21/1993 0 <10 2 

2.5 <10 <1 

3.5 <10 <1 

2/10/1993 0 <10 <1 

2.5 18 <1 

3.5 99 <1 

3/8/1993 0 <10 17 
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Date 
Depth 

(m) 
Dissolved 

Copper (µg/L) 
Dissolved 

Lead (µg/L) 

1.5 19 <1 

2.5 N/A N/A 

3.5 36 <1 

4/8/1993 0 16 37 

1.5 14 3 

2.5 12 <1 

3.5 11 <1 

5/12/1993 0 15 28 

2.5 13 4 

3.5 12 1 

6/15/1993 0 <10 82 

1.5 <10 34 

2.5 <10 86 

3.5 <10 108 

 

Table G-91 presents38 additional metals samples that were collected by the USEPA and Regional Board 
between February 2009 and September 2010 at the El Dorado Park lakes.  Samples were collected at 
locations EDL-1, EDL-2, EDL-3, EDL-4, EDL-5, EDL-6, and shoreline samples at EDL-1S, EDL-2S, 
EDL-3S and EDL-6S.  Sites were analyzed for dissolved cadmium, copper, lead, and zinc.  

Detection limits were lower than the 1992-1993 study with a cadmium detection limit of 0.2 µg/L, 
dissolved copper detection limit of 0.4 µg/L, dissolved lead detection limit of 0.05 µg/L, and dissolved 
zinc detection limit of 0.2 µg/L.  All dissolved cadmium concentrations were less than 0.6 µg/L; copper 
concentrations were between 0.4 µg/L and 6.7 µg/L; lead concentrations ranged from <0.1 µg/L to  
0.4 µg/L; and zinc concentrations were <0.1 µg/L to 22.7 µg/L.  Metals toxicity is affected by hardness; 
therefore, each sample was also analyzed for hardness.  The 2009-2010 sampling resulted in a hardness 
range of 56 mg/L to 138.7 mg/L.  Since dissolved results pertain to the applicable standard and recent 
data more closely represents current conditions, data in Table G-91 were weighted more heavily in the 
assessment. 

Table G-91. Water Column Metals Data for the 2008-2010 El Dorado Park Lakes Sampling Events 

Date  Station ID  
Hardness 

(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

2/26/2009 EDL 1  100.2 <0.2 1 <0.1 0.3  

2/26/2009 EDL 2  113.4 <0.2 1.9 0.1 0.4 average of duplicate  

7/15/2009 EDL 1 117.3 <0.2 1.2 0.1 1.6  

7/15/2009 EDL 2 122.5 <0.2 2.5 0.1 2.3 average of duplicate 
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Date  Station ID  
Hardness 

(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

7/15/2009 EDL 3 88.1 <0.2 2.7 0.1 <0.1  

7/15/2009 EDL 4 87.4 <0.2 3.8 0.2 0.6  

7/15/2009 EDL 6 84.6 <0.2 2.5 0.1 4.3  

7/15/2009 EDL 5 85.6 <0.2 2.7 0.1 3.9  

12/1/2009 EDL1S 112.7 <0.2 0.5 <0.1 0.6 average of replicates 

12/1/2009 EDL2S 132.2 <0.2 0.9 0.1 2.6  

12/1/2009 EDL3S 94.3 <0.2 1.6 0.2 1.6  

12/1/2009 EDL5 125 <0.2 2.9 0.1 11.5  

12/1/2009 EDL6S 120.8 <0.2 2.9 0.3 13 average of duplicate 

12/1/2009 EDL4S 93.1 <0.2 1.4 0.2 2.3  

12/15/2009 EDL1 124.3 <0.2 0.4 <0.1 <0.1 average of replicates 

12/15/2009 EDL2 138.7 <0.2 1.1 0.1 <0.1  

12/15/2009 EDL3 97.7 <0.2 1.8 0.3 2.5 average of duplicates 

12/15/2009 EDL4 97.9 <0.2 2.5 0.4 1.1  

12/15/2009 EDL5 120.3 <0.2 2.8 0.2 14.2  

12/15/2009 EDL6 124.4 <0.2 2.7 0.3 10.6  

1/26/2010 EDL1S 107.8 <0.2 1.2 <0.1 1.4 average of replicates 
& duplicate 

1/26/2010 EDL2S 123.8 <0.2 1.7 0.1 1.3  

1/26/2010 EDL3S 95.2 <0.2 2.5 0.2 <0.1  

1/26/2010 EDL4S 94.9 <0.2 3 0.2 1.6  

1/26/2010 EDL5 81.2 <0.2 3.4 0.2 13.9  

1/26/2010 EDL6S 103.9 <0.2 3.7 0.2 22.7  

8/10/2010 EDL1 NA 0.585 0.509 <0.05 <0.1 
Hardness not 
analyzed 

8/10/2010 EDL2 NA 0.502 0.915 
<0.05 

<0.1 
Hardness not 
analyzed 

8/10/2010 EDL3 NA 0.516 1.76 
<0.05 

<0.1 
Hardness not 
analyzed 

8/10/2010 EDL4 NA 0.525 2.16 
<0.05 

3.60 
Hardness not 
analyzed 

8/10/2010 EDL5 60.5 0.493 3.70 <0.05 5.21  

8/10/2010 EDL6 58.1 0.495 3.66 <0.05 10.4  

9/27/2010 EDL 1S 61 <0.2 <0.4 <0.05 <0.1  
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Date  Station ID  
Hardness 

(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

9/27/2010 EDL 2S 77 <0.2 1.14 <0.05 <0.1  

9/27/2010 EDL 3S 71 <0.2 4.51 <0.05 2.51  

9/27/2010 EDL 4S 72 <0.2 4.29 <0.05 1.25  

9/27/2010 EDL 5 56 <0.2 5.895 <0.05 12.25  

9/27/2010 EDL 6 57 <0.2 6.7 <0.05 12.2  

Note: All data collected by the Regional Board or USEPA. 
 

USEPA collected eight sediment samples between August and September 2010 to further evaluate lake 
conditions. Table G-92 summarizes the copper and lead concentrations measured in these samples. There 
were zero sediment lead exceedances of the 128 ppm freshwater (Probable Effect Concentrations) 
sediment target. There were four sediment copper exceedances of the 149 ppm freshwater (Probable 
Effect Concentrations) sediment target. 

Table G-92. Sediment Metals Data for the August 2010 El Dorado Park Lakes Sampling Event  

Organization Date Station ID 
Copper 
mg/kg) 

Lead 
(mg/kg) 

Notes 

EPA 8/10/2010 EDL1 101 18.7  

EPA 8/10/2010 EDL2 109 19.8  

EPA 8/10/2010 EDL3 97.6 16.1  

EPA 8/10/2010 EDL4 121 16.0  

EPA 8/10/2010 EDL5 533 47.2  

EPA 8/10/2010 EDL6 278 34.6  

EPA 09/28/2010 EDL5 237.3 23.7 Average of field replicates 

EPA 09/28/2010 EDL6 466 55.7  
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G.9 Monitoring Data for North, Center, and  
Legg Lakes 

Monitoring data relevant to the impairments of North, Center, and Legg lakes are available from 1992, 
1993, 2009, and 2010.  Figure G-33 shows the historical and recent monitoring locations for these lakes. 

 

Figure G-33. North, Center, and Legg Lakes Monitoring Sites 

G.9.1 MONITORING RELATED TO NUTRIENT IMPAIRMENTS 
Legg Lake was monitored in 1992 and 1993 for water quality as part of the Urban Lakes Study from the 
lower section of the lake on the western side (pink triangle, Figure G-33) (Table G-93).  TKN generally 
ranged from 0.6 mg/L to 1.0 mg/L although three samples were less than the reporting limit and one 
outlier had a concentration of 37 mg/L.  The majority of the ammonium samples (33 of 43) were less than 
the reporting limit; ammonium concentrations as high as 0.4 mg/L were observed, which are above both 
the chronic and acute targets (for assessment purposes, we are assuming that the analysis methodology 
converted all ammonia to ammonium).  All nitrite samples were less than the reporting limit, and nitrate 
concentrations did not exceed 0.2 mg/L.  Both phosphate and total phosphorus were less than the 
reporting limit in all 43 samples.  pH ranged from 8.0 to 8.9, and TOC ranged from 2.3 mg/L to 6.6 mg/L.  
The summary table from the 1994 Lakes Study Report (UC Riverside, 1994) lists chlorophyll a 
concentrations ranging from 2 µg/L to 27 µg/L with an average of 15 µg/L.   

Table G-93. Legg Lake 1992/1993 Monitoring Data 

Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

7/6/1992 0 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 5.4 200 

1.5 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 4.8 197 

2.1 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 4.8 209 

7/6/1992 0 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 5 199 
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Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

1.3 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 4.8 202 

1.6 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 5.6 200 

7/6/1992 0 0.8 0.1 <0.01 <0.01 <0.01 <0.01 8.9 4.6 206 

1.4 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 4.7 193 

1.8 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 5.1 201 

8/12/1992 0 0.9 0.1 <0.01 <0.01 <0.01 <0.01 8.6 5.5 248 

1.5 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 5.5 196 

2.5 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 4.8 217 

8/12/1992 0 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 6.3 204 

2 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 5.3 207 

8/12/1992 0 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 6.6 191 

1.5 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 5.2 218 

9/21/1992 0 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 5.1 201 

1.5 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 4.8 192 

2.5 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 4.7 190 

10/8/1992 0 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 4.9 206 

1.5 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 4.2 212 

2.5 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 4.1 211 

11/3/1992 0 37 <0.01 <0.01 <0.01 <0.01 <0.01 8.8 4.9 179 

1.5 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 5 200 

3 1 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 4.7 244 

12/15/1992 0 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.4 3 228 

2 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.4 3.2 235 

1/13/1993 0 0.8 0.1 <0.01 <0.01 <0.01 <0.01 8 3.3 191 

2 0.9 0.1 <0.01 <0.01 <0.01 <0.01 8.1 3.5 190 

2/3/1993 0 0.7 <0.01 <0.01 0.2 <0.01 <0.01 8.7 4.4 215 

2 0.9 <0.01 <0.01 0.2 <0.01 <0.01 8.7 3.5 222 

3/4/1993 0 0.8 0.4 <0.01 0.2 <0.01 <0.01 8 3 199 

1.5 0.8 0.3 <0.01 0.2 <0.01 <0.01 8.1 2.8 197 

2.5 1 0.3 <0.01 0.1 <0.01 <0.01 8.1 2.9 195 

4/13/1993 0 0.7 0.2 <0.01 <0.01 <0.01 <0.01 8.4 2.9 227 

1.5 0.8 0.2 <0.01 <0.01 <0.01 <0.01 8.4 2.5 228 
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Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

2.5 0.9 0.2 <0.01 0.1 <0.01 <0.01 8.5 2.7 223 

5/5/1993 0 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 8.2 2.8 202 

2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 8.3 2.4 198 

3 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 8.4 2.3 192 

6/8/1993 0 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.6 2.9 215 

1.5 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.6 3.1 215 

2.5 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.6 2.9 214 

 

The Regional Board’s 1996 Water Quality Assessment Database does not include data for Legg Lake or 
its watershed.  The Assessment Report does include summary information for the impairments.  
Ammonia was partially supporting the aquatic life use; 43 ammonium samples were collected with 
concentrations ranging from non-detect to 0.35 mg/L, the upper end of this range is below the acute 
target, but above the chronic target (for assessment purposes, we are assuming that the analysis 
methodology converted all ammonia to ammonium).  Raw data are not available to assess location, date, 
time, depth, temperature, or pH with regard to these samples.  pH was partially supporting the aquatic life 
use and not supporting the secondary drinking water use.  Eighty-four measurements of pH ranged from 
7.6 to 8.9.  Odor was listed as not supporting the contact and non-contact recreation uses.   

The Legg Lake system was sampled multiple times during May, June, and July 2007 (Table G-94; data 
provided by the county of Los Angeles).  Nineteen of 21 samples of ammonia had concentrations ranging 
from less than the detection limit of 0.01 mg-N/L to 0.36 mg-N/L; two samples had ammonia 
concentrations of 0.51 mg-N/L and 0.53 mg-N/L (both were collected from Center Lake in May).  Nitrate 
concentrations ranged from less than the detection limit of 0.02 mg-N/L to 0.59 mg-N/L.  Orthophosphate 
ranged from less than the detection limits (either 0.01 mg-P/L or 0.02 mg-P/L, depending on the sampling 
event) to 0.07 mg-P/L.   

Table G-94. 2007 County of Los Angeles Water Quality Data for the Legg Lake System 

Monitoring 
Location  Date  Ammonia (mg-N/L) Nitrate (mg-N/L) 

Orthophosphate 
(mg-P/L) 

Center Lake open 
water 

5/18/07 0.23 0.02 0.02 

5/25/07 0.51 0.02 0.02 

5/31/07 0.53 0.02 0.07 

6/18/07 0.06 0.12 0.02 

6/21/07 0.1 0.15 0.02 

6/29/07 0.36 0.18 0.02 

7/5/07 0.25 0.07 0.01 

North Lake east 
storm drain inlet 

5/18/07 0.61 0.02 0.02 

5/25/07 0.01 0.04 0.02 

5/31/07 0.04 0.02 0.07 
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Monitoring 
Location  Date  Ammonia (mg-N/L) Nitrate (mg-N/L) 

Orthophosphate 
(mg-P/L) 

6/18/07 0.22 0.02 0.02 

6/21/07 0.33 0.02 0.02 

6/29/07 0.17 0.02 0.02 

7/5/07 0.33 0.03 0.01 

North Lake west 
storm drain inlet 

5/18/07 0.35 0.02 0.02 

5/25/07 0.01 0.05 0.02 

5/31/07 0.04 0.02 0.07 

6/18/07 0.12 0.02 0.02 

6/21/07 0.01 0.02 0.02 

6/29/07 0.99 0.02 0.02 

7/5/07 0.25 0.03 0.01 

North Lake open 
water 

5/18/07 0.01 0.02 0.02 

5/25/07 0.01 0.17 0.02 

5/31/07 0.02 0.02 0.07 

6/18/07 0.01 0.02 0.02 

6/21/07 0.04 0.02 0.02 

6/29/07 0.2 0.02 0.02 

7/5/07 0.03 0.05 0.01 

North PVC irrigation 
pipe outlet 

7/5/07 0.07 0.02 0.01 

South Lake open 
water 

5/18/07 0.01 0.1 0.02 

5/25/07 0.01 0.06 0.02 

5/31/07 0.1 0.02 0.07 

6/18/07 0.1 0.31 0.02 

6/21/07 0.12 0.59 0.02 

6/29/07 0.05 0.49 0.02 

7/5/07 0.07 0.21 0.01 

South Lake near 
EPA treatment plant 

5/18/07 0.01 0.17 0.02 

5/25/07 0.01 0.25 0.02 

5/31/07 0.12 0.34 0.07 

6/18/07 0.05 0.86 0.02 

6/21/07 0.08 0.65 0.02 

6/29/07 5.76 0.59 0.02 
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Monitoring 
Location  Date  Ammonia (mg-N/L) Nitrate (mg-N/L) 

Orthophosphate 
(mg-P/L) 

7/5/07 0.01 0.22 0.01 

South Lake near well 
water inlet 

5/18/07 0.01 0.11 0.02 

5/25/07 0.01 0.19 0.02 

5/31/07 0.1 0.12 0.07 

6/18/07 0.11 0.46 0.02 

6/21/07 0.19 0.5 0.02 

6/29/07 0.06 0.37 0.02 

7/5/07 0.15 0.22 0.01 

 

On February 3, 2009, the Regional Board sampled water quality around the shoreline of Legg Lake 
(stations LEGG-5 and LEGG-6) as well as the two smaller lakes to the north (stations LEGG-1 through 
LEGG-4) and the connecting channel to Legg Lake (LEGG-7).  Site LEGG-44 is a field duplicate site for 
LEGG-4.  Note that the 2006 303(d) lakes coverage shows only Legg Lake proper.  Table G-95 presents 
these monitoring results.  As expected with shoreline monitoring, nutrients and chlorophyll a 
concentrations were relatively high (see Section 6 in main document).  TKN ranged from 0.63 mg/L to 
2.6 mg/L.  Ammonia ranged from non-detect to 0.07 mg/L.  Nitrite ranged from 0.04 mg/L to 0.05 mg/L, 
and nitrate ranged from 0.04 mg/L to 0.74 mg/L.  Dissolved orthophosphate was only greater than the 
detection limit at LEGG1 with a concentration of 0.0106 mg/L.  Total phosphorus concentrations ranged 
from 0.017 mg/L to 0.089 mg/L.  TOC ranged from 3.0 mg/L to 5.9 mg/L.  TDS ranged from 46 mg/L to 
476 mg/L; TSS ranged from 5.7 mg/L to 16.6 mg/L.  Chlorophyll a concentrations ranged from 26.7 µg/L 
to 115 µg/L.  In general, concentrations were lower at the two Legg Lake shoreline sites relative to the 
other sites.  This was particularly true of chlorophyll a concentrations, which ranged from 26.7 µg/L to 
38.3 µg/L at the two locations.  Secchi depths were not measured at these shoreline sites. 

Table G-95. February 2009 Water Quality Monitoring Around the Shoreline of Legg Lake 

Sample 
Location 

TKN 
(mg/L) 

NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

TOC 
(mg/L) 

TDS 
(mg/L) 

TSS 
(mg/L) 

Chl a 
(µg/L) 

LEGG1 2.2 <0.03 0.04 0.185 0.01060 0.08 5.55 121 16.6 115 

LEGG2 2.6 0.03 0.04 0.04 <0.0075 0.089 5.9 46 15.8 103.6 

LEGG3 1.4 0.06 0.05 0.39 <0.0075 0.087 5.1 256 8.8 37.4 

LEGG4 0.63 0.07 0.04 0.45 <0.0075 0.047 3.8 374 6.7 27.6 

LEGG44 1.5 0.06 0.04 0.45 <0.0075 0.03 5.4 436 5.7 29.4 

LEGG5 1.4 <0.03 0.04 0.64 <0.0075 0.033 4.4 444 10.8 38.3 

LEGG6 0.70 <0.03 0.04 0.74 <0.0075 0.03 3.5 476 6.7 26.7 

LEGG7 1.4 <0.03 0.04 0.63 <0.0075 0.017 3 434 10 32 
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Field data for the February 2009 monitoring event are summarized in Table G-96.  At the two Legg Lake 
shoreline sites, temperature ranged from 16 ºC to 16.5 ºC, and pH ranged from 8.1 to 8.3.  Across all sites, 
temperature ranged from 12.5 ºC to 16.5 ºC, and pH ranged from 8.0 to 9.0.   

Table G-96. February 2009 Field Data for the Legg Lake Monitoring Event 

Sample Location Temperature ºC pH 

LEGG1 12.5 9.0 

LEGG2 14.5 8.8 

LEGG3 12.5 8.0 

LEGG4 14.5 8.2 

LEGG44 15.0 8.3 

LEGG5 16.5 8.1 

LEGG6 16.0 8.3 

LEGG7 12.5 9.0 

 

The North, Center and Legg lakes were sampled for summer conditions on July 14, 2009.  In-lake 
samples were taken at Legg Lake sites 8, 9, and 10. A duplicate was performed at Legg Lake 10 as a 
quality control measure.  Site 7 is in the channel that connects Legg Lake and Center Lake.  The nutrients 
measured during this monitoring event are shown in Table G-97.  Groundwater was also sampled from a 
pump.  The groundwater pump provides flow to the North Lake and the South/Legg Lake via two 
cascading waterfall areas.  Water flowing in North Lake at station Legg-3 was sampled from the pipe on 
the center lakeside flowing towards the north lake.  The total depth at the sampling location and entrance 
of the pipe was 0.25 m.  The samples at Legg-7 were taken at a depth of 0.20 m.  The total depth of Legg-
7 is 0.61 meters and has a Secchi depth of 0.41 meters.  Legg-9 was sampled at 0.30 meters and has a 
total depth of 0.88 meters.  The Secchi depth at Legg-9 was 0.61 meters.  Samples at Legg-8 and Legg-10 
(including the duplicate) were taken at approximately 0.20 meters.  The depth of Legg-8 and Legg-10 are 
2.2 and 2.5 meters, respectively.  The Secchi depth at Legg-8 was 0.38 meters and the Secchi depth at 
Legg-10 was 0.48 meters.  

Table G-97. July 2009 Water Column Measurements for the Legg Lakes 

Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chl a 
(µg/L) Secchi Depth (m) 

LEGG-71 11:05 1.4 <0.03 <0.01 <0.01 <0.0075 0.043 64.1 0.41 

LEGG-8 12:15 1.7 <0.03 <0.01 <0.01 <0.0075 0.066 63.1 0.38 

LEGG-9 9:30 1.4 <0.03 <0.01 <0.01 <0.0075 0.043 37.4 0.61 

LEGG-10 10:45 1.47 <0.03 <0.01 <0.01 <0.0075 0.046 93.45 0.48 

LEGG-10D 10:45 1.4 <0.03 <0.01 <0.01 <0.0075 0.089 NS 0.48 

LEGG-GW2 8:18 <0.46 0.03 <0.01 1.26 <0.0075 0.036 NS NA 

LEGG-33 13:30 1.5 0.03 <0.01 <0.01 <0.0075 0.185 26.7 NA 
1  LEGG-7 represents a channel sample location. 
2  LEGG-GW represents the groundwater input to the North and South Lakes, not an in-lake sample.  
3  LEGG-3 represents input from Center Lake to the North Lake, sampled from a pipe, not an in-lake sample.  

RB-AR38540



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs March 2012 

 
 G-123 

The July 2009 sampling event also monitored for chloride, sulfate, total alkalinity, hardness, TDS, TSS, 
DOC and TOC.  These samples were taken at Legg-7, 8, 9, and 10.  No duplicate was performed for these 
parameters.  These data are shown in Table G-98. 

Table G-98. July 2009 Supplemental Water Quality Monitoring for In-lake Samples in the  
Legg Lakes 

Location Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alkalinity 

(mg/L) 

Hardness 
(mg/L as 
CaCO3) 

TDS 
(mg/L) 

TSS 
(mg/L) 

DOC 
(mg/L) 

TOC 
(mg/L) 

LEGG-71 11:05 68.36 117.13 56 138.6 500 25 16.4 17.6 

LEGG-8 12:15 42.12 62.38 50 97.6 302 26 12.1 13.3 

LEGG-9 9:30 69.82 119.86 76 158.7 434 10.5 16.4 16.9 

LEGG-10 10:45 66.18 114.21 54 136.2 440 21 14.85 18.4 

LEGG-GW2 8:18 36.3 64.13 160 187.8 394 1 0.3 0.2 

LEGG-33 13:30 68.4 118.34 78 165.7 512 14.15 17.6 17 

1  LEGG-7 represents a channel sample location. 
2  LEGG-GW represents the groundwater input to the North and South Lakes, not an in-lake sample.  
3  LEGG-3 represents input from Center Lake to the North Lake, sampled from a pipe, not an in-lake sample.  

Profile data were collected at LEGG-7, LEGG-8, LEGG-9, and LEGG-10 during the July 14, 2009 
sampling event by USEPA and the Regional Board.  These data are presented in Table G-99.  The North 
Lake depth was 2.20 meters and the Secchi depth was 0.38 meters.  The temperature in this lake was 
between 26.3 and 27.1 °C.  The average DO is 12.7 mg/L, excluding the much lower bottom DO 
measurement, which was 7.9 mg/L.  The DO maximum in Center Lake, LEGG-9, occurred at 1 meter of 
depth (11.33 mg/L) and the DO below 2.5 meters of depth was less than 2.0 mg/L.  The temperature was 
between 25.3 and 28.6 °C. Center Lake had a depth of 2.9 meters and a Secchi depth reading of  
0.61 meters.  A reading was taken in the channel between the Center and South lakes at LEGG-7.  The 
depth was 0.61 meters and the Secchi depth was 0.41 meters.  The DO at the Secchi depth was 12.4 mg/L 
and the temperature was 28.2 °C.  The DO in the South Lake, LEGG-10, was as high as 12.9 mg/L in the 
upper water column to declines to 2.8 mg/L at the bottom off the lake.  Based on this data, the lakes 
appear to be stratified and have a euphotic zone of greater production, occurring just before or around the 
first meter of depth in each lake.  

Table G-99. Data Collected in Legg Lakes on July 14, 2009 

Site Time 
Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) 
S Cond 
(mS/cm) 

Secchi 
Depth 

(m) 

Total 
Depth 

(m) 

LEGG-7 11:20 0.4 28.2 9.1 12.4 0.633 0.41 0.61 

LEGG-8 9:00 

Surface 27.1 8.1 13.0 0.381 

0.38 2.20 

0.5 27.1 9.1 13.6 0.381 

0.99 26.8 8.9 13.1 0.383 

1.01 26.8 8.9 13.1 0.383 

1.5 26.7 8.5 10.6 0.402 
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Site Time 
Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) 
S Cond 
(mS/cm) 

Secchi 
Depth 

(m) 

Total 
Depth 

(m) 

2.0 26.3 7.9 7.2 0.435 

LEGG-9 12:00 

Surface 28.6 8.7 10.8 0.677 

0.61 2.90 

0.03 28.6 8.7 10.8 0.677 

0.5 28.4 8.8 11.0 0.677 

1.0 27.6 8.8 11.3 0.677 

1.5 27.3 8.9 11.2 0.678 

2.0 26.7 8.1 6.7 0.697 

2.5 26.3 7.7 1.9 0.707 

2.8 25.3 7.7 1.7 0.748 

LEGG-
10 10:30 

Surface 27.7 9.1 12.7 0.631 

0.48 2.50 

0.1 27.6 9.1 12.7 0.631 

0.5 27.4 9.2 12.9 0.630 

1.0 26.8 9.1 12.8 0.630 

1.5 26.4 8.8 12.5 0.643 

2.0 25.9 8.1 7.2 0.671 

2.4 25.2 8.0 2.8 0.716 

 

The South Lake was measured again at 15:00 during the July sampling event.  The DO in the afternoon 
was much higher in the first meter of depth.  The maximum DO in the afternoon is 16.3 mg/L and the 
maximum DO in the morning is 12.9 mg/L.  The afternoon temperature was slighter higher than the 
morning temperature in the first meter of the lake.  At the surface of the lake, the temperature in the 
morning was 27.7 °C and rose to 29.4 °C in the afternoon.  These data are displayed in Figure G-34. 
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Figure G-34. Profile Data Collected in Lake Legg 10 at approximately 10:30 a.m. and 3:00 p.m. on 
July 14, 2009 

 

The increase of dissolved oxygen in the afternoon indicate algal productivity in the lake.  The saturation 
level of DO is used to give insight into the impacts of this productivity.  The percent saturation in the 
morning and afternoon are shown in Figure G-35 and listed in Table G-100.  The dissolved oxygen 
saturation is highest in the photic zone in the afternoon at 210 percent.  In the morning, the DO saturation 
in this zone is 165 percent.  Saturation above 100 percent indicates DO input from the algal production.  
The saturation at the bottom of the lake is 34 percent in the morning and 5 percent in the afternoon.  

The algae have produced DO and caused the saturation level to exceed 100 percent.  The algal 
productivity is higher in the afternoon when the light intensity is greater.  The DO in the bottom of the 
lake has also been deleted by the increased producvitiy.  The DO saturation at the bottom of the lake was 
34 percent in the morning and 5 percent in the afternoon. 
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Figure G-35. Dissolved Oxygen Saturation in Lake Legg 10 at approximately 10:30 a.m. and  
3:00 p.m. on July 14, 2009 

Table G-100. Calculated DO Saturation from Data Collected in Legg Lake 10 on July 14, 2009 

Depth (m) 
DO Saturation at 

10:30 a.m. 
DO Saturation at 

3:00 p.m. 

~0.1 162% 205% 

0.5 165% 210% 

1.0 162% 210% 

1.5 157% 177% 

2.0 90% 121% 

~2.5 34% 5% 

 

USEPA sampled North, Center, and Legg lakes on June 8, August 11, and September 29, 2010  
(Table G-101).  Secchi depth ranged from 0.4 m to 1.3 m.  In-lake samples of TKN ranged from 0.57 to 
1.4 mg-N/L.  Ammonia samples ranged from 0.03 to 0.082 mg-N/L. Nitrate-nitrite concentrations were 
below the detection limit of 0.015 mg-N/L during the June event for all stations and the September events 
at all Legg 9 and 10 stations; nitrate-nitrite of 0.059 to 0.081 mg-N/L was observed at Legg 8 in 
September. During the August event, nitrate ranged from below the detection limit of 0.05 mg-N/L to 
0.29 mg-N/L, and nitrite samples were below detection limits of 0.25 mg-N/L.  All 2010 orthophosphate 
measurements were below the detection limit of 0.5 mg-P/L; total phosphorus concentrations ranged from 
0.02 mg-P/L to 0.06 mg-P/L.  Chlorophyll a concentrations ranged from 11 µg/L to 44 µg/L. The August 
and September chlorophyll a data represent estimated values as the samples were held past the holding 
times.    
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Table G-101. 2010 In-lake Water Column Measurements for North, Center, and Legg Lakes 

Date Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

NO2-
NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chloro-
phyll a 
(µg/L) 

Secchi 
Depth 

(m) 

6/8/2010 LEGG-8 10:30 0.9 0.046 NM NM <0.015 <0.5 0.05 15 1.1 

6/8/2010 LEGG-9 9:45 0.64 0.03 NM NM <0.015 <0.5 0.03 11 1.3 

6/8/2010 LEGG-10 8:45 0.57 0.05 NM NM <0.015 <0.5 0.04 13 0.8 

8/11/2010 LEGG-8 13:00 1.4 0.062 <0.25 0.29 NM <0.5 0.03 36 NM 

8/11/2010 LEGG-8 
(Duplicate) 13:00 NM NM <0.25 0.28 NM <0.5 NM 362 NM 

8/11/2010 LEGG-9 11:45 0.8 0.046 <0.25 <0.05 NM <0.5 0.03 182 NM 

8/11/2010 LEGG-10 9:15 1.1 0.056 <0.25 0.09 NM <0.5 0.02 442 0.5 

9/29/2010 LEGG-8 10:20 1.1 0.082 <0.25 <0.05 0.081 <0.5 0.06 40 0.5 

9/29/2010 LEGG-8 

(Duplicate) 
10:20 1.2 0.080 <0.25 0.05 0.059 <0.5 0.06 35 0.5 

9/29/2010 LEGG-9 11:00 0.99 0.068 <0.25 <0.05 <0.015 <0.5 0.06 24 0.5 

9/29/2010 LEGG-10 8:45 1.3 0.082 <0.25 <0.05 <0.015 <0.5 0.05 42 0.4 
1NM indicates that this value was not measured.  
2The August chlorophyll a data represent estimated values as the samples were held past the holding times.   

Ground water quality data for June 8, August 11, and September 29, 2010 are shown in Table G-102. 
These data represent groundwater quality after being treated and before entering the lake. Ammonia and 
nitrite concentrations in the groundwater input were similar to those in the lake.  TKN in the groundwater 
samples ranged from below the detection limit of 0.05 to 0.14 mg-N/L, and nitrate ranged from 2.1 to 2.6.  
Nitrate-nitrite ranged from below the detection of 0.015 to 2.2 mg-N/L.  Orthophosphate concentration of 
the groundwater was below the detection limit of 0.5 mg-P/L; total phosphorus ranged from 0.02 to  
0.05 mg/L.   

Supplemental water quality data were also collected during the three 2010 sampling events for the in-lake 
and groundwater sites. These data are shown in Table G-103.  

Table G-102. 2010 Ground Water Quality Measurements for North, Center, and Legg Lakes 

Date Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

NO2-
NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

6/8/2010 EPA-GW 11:15 <0.05 0.059 NM NM <0.015 <0.5 0.05 

8/11/2010 EPA-GW 10:12 0.05 0.040 <0.25 2.6 NM <0.5 0.02 

  EPA-GW 
(Duplicate)  0.06 0.042 <0.25 2.6 NM <0.5 0.02 

9/29/2010 EPA-GW 14:40 <0.05 0.067 <0.25 2.1 2.2 <0.5 0.03 

  
EPA-GW 
(Duplicate)  0.14 0.060 <0.25 2.1 2.2 <0.5 0.03 
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Table G-103. 2010 Supplemental Water Quality Monitoring for In-lake Samples in the Legg Lakes 

Date Location Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alkalinity 

(mg/L) 

Hardness 
(mg/L as 
CaCO3) 

TDS 
(mg/L) 

TSS 
(mg/L) 

DOC 
(mg/L) 

TOC 
(mg/L) 

6/8/2010 LEGG-8 10:30 62 74 130 NM 360 5 4.5 5.8 

6/8/2010 LEGG-9 9:45 83 92 150 NM 450 <5 4.3 4.5 

6/8/2010 LEGG-10 8:45 83 94 120 NM 420 <5 4.4 3.8 

6/8/2010 EPA-GW2 11:15 82 98 180 NM 480 <5 1.6 1.1 

8/11/2010 LEGG-8 13:00 95 140 150 270 510 7 4.1 3.9 

8/11/2010 LEGG-8 
(Duplicate) 

13:00 
95 140 150 NM NM NM NM NM 

8/11/2010 LEGG-9 11:45 100 130 150 250 490 ND 5.1 5.8 

8/11/2010 LEGG-10 9:15 99 140 120 240 480 10 3.9 9.1 

8/11/2010 EPA-GW 10:12 93 140 200 NM 650 <5 0.78 0.70 

  EPA-GW 
(Duplicate) 10:12 

93 140 NM NM NM NM NM NM 

9/29/2010 LEGG-8 10:20 95 140 150 270 540 6 4.1 3.9 

9/29/2010 LEGG-8 
(Duplicate) 

10:20 95 140 150 250 NM NM NM NM 

9/29/2010 LEGG-9 11:00 100 130 150 240 530 5 5.1 5.8 

9/29/2010 LEGG-10 8:45 99 140 120 250 500 11 3.9 9.1 

9/29/2010 EPA-GW 14:40 93 140 200 280 580 <5 0.78 0.70 

  
EPA-GW 
(Duplicate) 14:40 

93 140 NM 240 NM NM NM NM 

1NM indicates that this value was not measured.  
2EPA-GW represents the groundwater input after treatment by the EPA facility, not an in-lake sample.  

Depth-profile data were also collected during the three 2010 sampling events. As shown in Table G-104 
and Table G-105, depth-profile data were collected during the morning and afternoon hours on June 8 and 
August 11, 2010.   On September 29, depth-profile data were collected in the morning hours only due to 
equipment malfunction (Table G-106); specific conductivity was not measured during this sampling 
event.   

Table G-104. Profile Data Collected in North, Center, and Legg Lakes (6/8/2010)   

Site 
Time Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) 

Specific 
Conductivity 

(mS/cm) Orp (mV) 

Legg-8 

  

  

10:30 0.32 25.5 8.5 9.9 0.604 134 

0.19 25.6 8.5 10.1 0.607 134 

0.50 25.6 8.5 10.4 0.609 134 
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Site 
Time Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) 

Specific 
Conductivity 

(mS/cm) Orp (mV) 

  

  

  

1.01 25.5 8.5 10.0 0.608 135 

1.50 25.3 8.3 9.3 0.617 138 

1.89 24.8 7.7 3.4 0.633 85 

Legg-8 

  

  

  

16:00 

 

 

 

0.16 27.7 8.7 11.0 0.607 -4 

0.50 27.7 8.7 11.0 0.607 2 

1.01 26.3 8.6 11.3 0.637 10 

1.49 25.7 8.3 9.6 0.625 19 

Legg-9 

  

  

  

  

  

AM 

 

 

 

 

 

0.15 25.9 8.2 7.6 0.768 172 

0.50 26.0 8.2 7.7 0.767 173 

1.00 26.0 8.3 8.0 0.766 174 

1.51 26.0 8.3 8.2 0.766 174 

2.00 25.6 8.2 7.8 0.767 175 

2.49 24.7 8.0 6.0 0.771 179 

Legg-9 

  

  

  

  

  

PM 

 

 

 

 

 

0.19 27.7 8.5 8.9 0.765 -2 

0.50 27.7 8.5 9.1 0.765 0 

0.98 27.2 8.4 8.6 0.768 4 

1.50 26.2 8.3 8.3 0.767 8 

1.95 25.7 8.2 7.6 0.768 13 

2.39 25.1 7.9 5.8 0.771 0 

Legg-10 

  

  

  

  

  

  

8:45 

 

 

 

 

 

 

0.16 25.6 8.4 9.3 0.726 216 

-0.01 24.4 13.2 8.5 0.002 -60 

0.51 25.6 8.5 9.2 0.726 215 

1.00 25.6 8.5 9.3 0.727 214 

1.50 25.6 8.5 9.3 0.727 213 

1.97 25.6 8.5 9.3 0.728 212 

2.08 25.3 7.9 5.1 0.738 216 

 Legg-10 

  

  

  

  

  

14:45 

 

 

 

 

 

0.08 27.3 8.6 9.7 0.73 120 

0.51 27.1 8.7 10.0 0.729 115 

1.02 26.2 8.7 10.4 0.732 116 

1.53 25.8 8.7 10.4 0.726 116 

2.02 25.2 8.2 7.5 0.748 122 

2.47 24.2 7.7 1.2 0.755 -144 
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Site 
Time Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) 

Specific 
Conductivity 

(mS/cm) Orp (mV) 

  

  

 

 

2.61 23.8 7.3 1.2 0.732 Over Range 

2.31 24.5 8.0 3.5 0.753 -137 

EPA-GW1 

  

  

11:30 

 

 

0.01 21.3 7.8 5.0 0.844 105 

0.01 21.4 7.7 4.7 0.846 105 

0.00 21.2 7.6 5.8 0.842 106 
1EPA-GW represents the groundwater input after treatment by the EPA facility, not an in-lake sample.  

Table G-105. Profile Data Collected in North, Center, and Legg Lakes (8/11/2010) 

Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 

Specific 
Conductivity 

(mS/cm) Orp (mV) 

LEGG8 11:15 0.06 25.8 7.75 7.48 0.815 180 

 0.46 25.77 7.73 7.43 0.816 180 

 1.05 25.63 7.71 7.34 0.816 178 

 1.52 25.32 7.65 6.59 0.818 176 

 2.08 25.32 7.49 4.5 0.818 175 

 2.53 25.26 7.66 5.57 0.817 71 

LEGG8 16:45 

 

 

 

 

 

 

0.13 28.43 8.16 8.79 0.818 161 

0.48 28.23 8.15 8.86 0.819 160 

1.01 27.25 8.13 8.95 0.816 159 

1.5 25.66 7.98 8.67 0.816 158 

2.04 25.38 7.81 7.37 0.816 158 

2.47 25.26 7.73 6.54 0.817 157 

2.74 25.16 7.59 4.54 0.818 -10 

LEGG9 11:15 

 

 

 

 

 

0.06 25.8 7.75 7.48 0.815 180 

0.46 25.77 7.73 7.43 0.816 180 

1.05 25.63 7.71 7.34 0.816 178 

1.52 25.32 7.65 6.59 0.818 176 

2.08 25.32 7.49 4.5 0.818 175 

2.53 25.26 7.66 5.57 0.817 71 

LEGG9 16:45 

 

 

0.13 28.43 8.16 8.79 0.818 161 

0.48 28.23 8.15 8.86 0.819 160 

1.01 27.25 8.13 8.95 0.816 159 
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Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 

Specific 
Conductivity 

(mS/cm) Orp (mV) 

 

 

 

 

1.5 25.66 7.98 8.67 0.816 158 

2.04 25.38 7.81 7.37 0.816 158 

2.47 25.26 7.73 6.54 0.817 157 

2.74 25.16 7.59 4.54 0.818 -10 

LEGG-
10 

10:10 

 

 

 

 

 

 

0.06 24.74 8.22 8.98 0.809 181 

0.44 24.75 8.17 9.01 0.809 183 

0.99 24.7 8.17 9.02 0.809 183 

1.49 24.65 8.15 9 0.808 184 

1.98 24.62 8.15 8.99 0.808 183 

2.5 24.54 7.47 4.07 0.834 188 

2.21 24.56 7.75 6.36 0.825 66 

LEGG-
10 

16:00 

 

 

 

 

 

0.04 26.7 8.39 10.52 0.808 156 

0.49 26.62 8.44 10.85 0.808 152 

0.99 24.94 8.23 10.48 0.813 152 

1.52 24.7 8.24 9.85 0.807 149 

1.98 24.62 8.14 9.31 0.808 149 

2.5 24.57 7.71 6.6 0.829 153 

 

Table G-106. Profile Data Collected in North, Center, and Legg Lakes (9/292010) 

Site Time 
Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) Orp (mV) 

Legg-8 

  

  

  

  

10:20 

 

 

 

 

0.5 24.2 8.6 9.9 74.0 

1.0 23.9 8.3 9.9 76.0 

1.5 23.4 8.2 10.0 77.3 

2.0 22.7 7.9 9.7 81.6 

2.5 22.4 7.7 5.1 18.0 

Legg-9 

  

  

  

11:00 

 

 

 

0.5 24.6 8.9 10.0 28.4 

1.0 23.4 8.8 9.7 31.0 

1.5 23.3 8.1 8.5 45.0 

2.0 22.6 7.9 6.5 42.7 

Legg-10 8:45 0.5 23.8 8.8 10.6 119.5 
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Site Time 
Depth 

(m) 
Temp 

(C) pH 
DO 

(mg/L) Orp (mV) 

  

  

  

  

 

 

 

 

1.0 23.8 8.8 10.5 117.4 

1.5 22.7 8.0 9.0 126.7 

2.0 22.2 7.8 6.2 119.0 

2.5 22.0 7.9 3.0 111.2 

 

Figure G-36 through Figure G-38 display the depth-profile data for Legg 10 during these events.  
Dissolved oxygen saturation for Legg 10 is displayed in Figure G-39 through Figure G-41. Similar trends 
were observed compared to earlier profile sampling. 
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Figure G-36. Profile Data Collected in Lake Legg 10 at approximately 8:45 a.m. and 2:45 p.m. on 
June 8, 2010 
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Figure G-37. Profile Data Collected in Lake Legg 10 at approximately 10:10 a.m. and 3:00 p.m. on 
August 11, 2010 
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Figure G-38. Profile Data Collected in Lake Legg 10 at approximately 8:45 a.m. on September 29, 
2010 
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Figure G-39. Dissolved Oxygen Saturation in Lake Legg 10 at approximately 8:45 a.m. and 2:45 
p.m. on June 8, 2010 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0% 20% 40% 60% 80% 100% 120% 140%

Axis Title

D
ep

th
 fr

om
 S

ur
fa

ce
 (

m
)

Morning DO Saturation Afternoon DO Saturation

 

Figure G-40. Dissolved Oxygen Saturation in Lake Legg 10 at approximately 10:10 a.m. and 3:00 
p.m. on August 11, 2010 
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Figure G-41. Dissolved Oxygen Saturation in Lake Legg 10 at approximately 8:45 a.m. on 
September 29, 2010 

G.9.2 MONITORING RELATED TO METALS IMPAIRMENTS 
Metals data collected at Legg Lake (pink triangle, Figure G-33), as part of the 1992-1993 Urban Lakes 
Study (UC Riverside, 1994), are shown in Table G-107.  Specifically, sampling included dissolved 
copper and dissolved lead.  Dissolved copper samples were collected throughout the water column at 
depths from the surface to three meters.  The range of the 43 dissolved copper samples was between less 
than 10 µg/L and 97 µg/L.  Similarly, dissolved lead samples were also collected throughout the water 
column, again at depths from the surface to three meters.  The 43 samples collected ranged in 
concentration from less than 1 µg/L to 70 µg/L.   

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The summary table for Legg Lake states that 
copper and lead were not supporting the assessed uses: 43 measurements had a maximum lead 
concentration of 70 µg/L, a maximum copper concentration of 97 µg/L, and a maximum zinc 
concentration of 134 µg/L (raw data were not provided, but it is assumed that most of these samples are 
associated with the Urban Lake Study [UC Riverside, 1994]).     

Unfortunately, metals levels were analyzed at relatively high detection limits compared to current 
detection limits; dissolved copper minimum detection 10 µg/L while dissolved lead was 1 µg/L.  No 
hardness data were collected as part of the Urban Lakes Study, thus it cannot be compared to the 
hardness-based water quality objectives.  
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Table G-107. Legg Lake 1992/1993 Monitoring Data for Metals 

Date Depth (m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved Lead 

(µµµµg/L) 

7/6/1992 0 17 <1 

1.5 35 <1 

2.1 41 1 

7/6/1992 0 16 N/A 

1.3 22 <1 

1.6 27 2 

7/6/1992 0 18 1 

1.4 42 1 

1.8 26 <1 

8/12/1992 0 27 5 

1.5 <10 1 

2.5 30 1 

8/12/1992 0 32 7 

2 27 8 

8/12/1992 0 41 14 

1.5 37 2 

9/21/1992 0 <10 <1 

1.5 <10 <1 

2.5 <10 <1 

10/8/1992 0 <10 <1 

1.5 <10 <1 

2.5 <10 <1 

11/3/1992 0 <10 1 

1.5 15 1 

3 32 2 

12/15/1992 0 <10 <1 

2 <10 <1 

1/13/1993 0 <10 <1 

2 12 <1 

2/3/1993 0 <10 <1 

2 <10 <1 
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Date Depth (m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved Lead 

(µµµµg/L) 

3/4/1993 0 14 <1 

1.5 <10 18 

2.5 <10 27 

4/13/1993 0 97 5 

1.5 84 <1 

2.5 78 <1 

5/5/1993 0 <10 21 

2 <10 22 

3 <10 <1 

6/8/1993 0 <10 70 

1.5 <10 28 

2.5 <10 17 

 

On July 18, 2007, the county of Los Angeles contracted with AquaBio Environmental Technologies to 
perform sediment sampling near two storm drain inlets in North Lake (Table G-108).   

Table G-108. July 18, 2007 County of Los Angeles Sediment Monitoring Data in North Lake 

Station Copper (mg/kg) Lead (mg/kg) Zinc (mg/kg) 

North Lake near the 
east storm drain 

<5.0 5.7 24 

North Lake near the 
west storm drain 11 <5.0 31 

 

Table G-109 presents 45 additional metal samples that were collected by the USEPA, Regional Board, 
and/or the County of Los Angeles between February 2009 and September 2010 in North, Center, and 
Legg lakes.  Samples were collected at locations LEGG-1, LEGG -2, LEGG -4, LEGG -5, LEGG -6, 
LEGG -8, LEGG -9 and LEGG -10.  Sites were analyzed for dissolved cadmium, copper, lead, and zinc.  

Detection limits were lower than the 1992-1993 study with a cadmium detection limit of 0.2 µg/L, 
dissolved copper detection limit of 0.4 µg/L, dissolved lead detection limit of 0.05 µg/L, and dissolved 
zinc detection limit of 0.2 µg/L.  All dissolved cadmium concentrations were < 0.2 µg/L to 0.2 µg/L; 
copper concentrations were between <0.4 µg/L and 3.5 µg/L; lead concentrations ranged from <0.1 µg/L 
to 1.0 µg/L; and zinc concentrations were <0.1 µg/L to 14.5 µg/L.  Metals toxicity is affected by 
hardness; therefore, each sample was also analyzed for hardness.  The 2009-2010 sampling resulted in a 
hardness range of 68.05 mg/L to 280 mg/L.  Since dissolved results pertain to the applicable standard and 
recent data more closely represents current conditions, data in Table G-109 were weighted more heavily 
in the assessment. 
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Table G-109. Metals Data for the 2008-2010 Legg Lake Sampling Events  

Organi-  
zation Date Station ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

RB 
2/3/2009 LEGG 1/2 106.7 0.2 0.9 <0.1 0.4 

average of Legg 
1 replicates and 
Legg 2 

RB 2/3/2009 LEGG 4 174.3 <0.2 1.1 0.2 1.2 
average of 
duplicates 

RB 2/3/2009 LEGG 5 / 6 181.55 <0.2 1.6 0.2 0.6 
average of sites 
5 & 6 

RB/EPA 7/14/2009 LEGG 1/2 96 <0.3 0.6 <0.1 2.1  

RB/EPA 7/14/2009 LEGG 4 155.7 <0.2 0.6 0.1 3.3  

RB/EPA 7/14/2009 LEGG 5 138.5 <0.2 0.6 0.1 1.6  

RB/EPA 7/14/2009 LEGG 8 97.6 <0.2 0.5 0.1 <0.1  

RB/EPA 7/14/2009 LEGG 9 158.7 <0.2 0.5 0.1 <0.1  

RB/EPA 
7/14/2009 LEGG 10 136.2 <0.2 0.5 0.1 <0.1 

average of 
replicates and 
duplicate 

County 12/8/2009 LEGG-1 133.75 <0.2 3.5 0.2 14.5 
average of 
replicates 

County 12/8/2009 LEGG-10 198.5 <0.2 0.5 <0.1 <0.1  

County 12/8/2009 LEGG-4 195.9 <0.2 <0.4 <0.1 <0.1  

County 12/8/2009 LEGG-6 202.1 <0.2 1.2 <0.1 <0.1  

County 12/8/2009 LEGG-8 155.4 <0.2 0.7 <0.1 0.9  

County 12/8/2009 LEGG-9 188 <0.2 0.5 <0.1 <0.1 
average of 
duplicates 

EPA 12/16/2009 LEGG-1 117.55 <0.2 2.3 0.2 11.3 
average of 
replicates 

EPA 12/16/2009 LEGG-10 211.1 <0.2 1.4 0.2 9.2 
average of 
duplicates 

EPA 12/16/2009 LEGG-4 166.2 <0.2 1.4 0.1 6.6  

EPA 12/16/2009 LEGG-6 200.6 <0.2 0.6 0.2 <0.1  

EPA 12/16/2009 LEGG-8 140.5 <0.2 1.1 0.1 2.7  

EPA 12/16/2009 LEGG-9 170.5 <0.2 1.3 0.1 10.9  

County 1/28/2010 LEGG-1 68.05 <0.2 1.8 0.1 <0.1 
average of 
replicates 

County 1/28/2010 LEGG-10 188 <0.2 0.5 0.1 <0.1  

County 1/28/2010 LEGG-4 118.6 <0.2 1.1 <0.1 <0.1  
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Organi-  
zation Date Station ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

County 1/28/2010 LEGG-6 190.2 <0.2 0.6 0.1 <0.1  

County 1/28/2010 LEGG-8 82.4 <0.2 2 <0.1 <0.1 
average of 
duplicates 

County 1/28/2010 LEGG-9 121.8 <0.2 1 0.1 <0.1  

County 2/17/2010 LEGG-1 103.8 <0.2 0.9 0.06 0.2  

County 2/17/2010 LEGG-10 184.2 <0.2 0.6 0.16 0.8  

County 
2/17/2010 LEGG-4 128.1 <0.2 0.8 0.06 3.55 

average of 
replicates 

County 2/17/2010 LEGG-6 184.9 <0.2 0.6 0.16 2.1  

County 2/17/2010 LEGG-8 79.1 <0.2 1.15 0.055 1.05 
average of 
duplicates 

County 2/17/2010 LEGG-9 129 <0.2 0.8 0.05 4  

EPA / 
RB 8/11/2010 LEGG-1 260 NA <1 <1 NA  

EPA / 
RB 8/11/2010 LEGG-10 220 NA <1 <1 NA  

EPA / 
RB 8/11/2010 LEGG-4 220 NA <1 <1 NA  

EPA / 
RB 8/11/2010 LEGG-6 220 NA 2 <1 NA  

EPA / 
RB 8/11/2010 LEGG-8 240 NA <1 <1 NA  

EPA / 
RB 8/11/2010 LEGG-9 220 NA <1 <1 NA  

EPA / 
RB 9/29/2010 LEGG-1 240 NA 1.2 <1 NA  

EPA / 
RB 9/29/2010 LEGG-10 240 NA 1.7 <1 NA  

EPA / 
RB 9/29/2010 LEGG-4 250 NA 2.4 <1 NA  

EPA / 
RB 9/29/2010 LEGG-6 280 NA 1.9 <1 NA  

EPA / 
RB 9/29/2010 LEGG-8 270 NA 2.15 <1 NA  

EPA / 
RB 9/29/2010 LEGG-9 250 NA 2.4 <1 NA  

RB = Regional Board 
EPA = USEPA 
County = County Los Angeles 
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USEPA also collected three sediment samples during August 2010 to further evaluate lake conditions. 
Table G-110summarizes the lead and copper concentrations measured in these samples. There were zero 
sediment lead exceedances of the 128 ppm freshwater (Probable Effect Concentrations) sediment target 
and zero sediment copper exceedances of the 149 ppm freshwater (Probable Effect Concentrations) 
sediment target. 

Table G-110. Sediment Metals Data for the August 2010 Legg Lakes Sampling Event  

Organi 
zation Date Station ID 

Copper 
(µµµµg/g) Lead ( µµµµg/g) Notes 

EPA 08/11/2010 LEGG-8 135 76 Average of duplicates 

EPA 08/11/2010 LEGG-9 110 60  

EPA 08/11/2010 LEGG-10 52 20  
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G.10 Monitoring Data for Puddingstone 
Reservoir 

Sampling has occurred intermittently from 1992 to 2009.  In addition, fish tissue data are available for 
1986 to 2007.  Figure G-42 shows the locations of historic and recent monitoring.   

 

Figure G-42. Puddingstone Reservoir Monitoring Sites 

G.10.1 MONITORING RELATED TO NUTRIENT IMPAIRMENTS 
Puddingstone Reservoir was monitored for water quality in 1992 and 1993 in support of the Urban Lakes 
Study near the center of the northern half of the lake (pink triangle, Figure G-42) (Table G-111).  TKN 
ranged from 0.3 mg/L to 6.9 mg/L although concentrations greater than 1.2 mg/L only occurred at depths 
greater than or equal to 8 meters.  Ammonium ranged from 0.1 mg/L to 5.3 mg/L with 39 measurements 
less than the reporting limit; concentrations did not exceed 0.2 mg/L except at depths greater than or equal 
to 8 meters.  The upper range of these concentrations are above both the chronic and acute targets (for 
assessment purposes, we are assuming that the analysis methodology converted all ammonia to 
ammonium).  Each of the 75 measurements of nitrite was less than the reporting limit, and 23 nitrate 
samples were less than the reporting limit.  The maximum concentration of nitrate observed was 2 mg/L.  
Forty-nine of 75 samples of orthophosphate were less than the reporting limit, and the maximum 
concentration observed was 1.7 mg/L.  Total phosphorus was similar with 45 measurements less than the 
reporting limit and a maximum observed concentration of 1.3 mg/L.  Concentrations of neither 
orthophosphate nor total phosphorus exceeded 0.2 mg/L except at depths greater than or equal to  
14 meters.  pH ranged from 7.4 to 9.0, and TOC ranged from 2.8 mg/L to 8.2 mg/L.  The summary table 
from the 1994 Lakes Study Report (UC Riverside, 1994) lists chlorophyll a concentrations ranging from 
4 µg/L to 22 µg/L with an average of 13 µg/L; however, the raw data have not been located.     
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Table G-111. Puddingstone Reservoir 1992/1993 Monitoring Data 

Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS  
(mg/L) 

7/28/1992 0 0.8 <0.01 <0.01 0.2 <0.01 <0.01 7.5 6.7 225 

3 0.8 <0.01 <0.01 0.1 <0.01 <0.01 8.1 5.4 224 

6.5 0.6 <0.01 <0.01 0.1 <0.01 <0.01 7.9 8.2 228 

10 0.9 0.2 <0.01 0.1 <0.01 <0.01 7.8 5.9 231 

13.5 1.3 0.8 <0.01 0.1 0.2 0.2 7.7 5.9 222 

17 2.9 2.5 <0.01 0.1 0.9 0.8 7.5 5.6 235 

7/28/1992 0 1 0.1 <0.01 0.1 <0.01 <0.01 8.6 6.4 228 

2 1.1 <0.01 <0.01 0.1 <0.01 <0.01 8.7 5.6 225 

4.5 0.8 <0.01 <0.01 0.1 <0.01 <0.01 8.4 6.9 236 

7 0.7 <0.01 <0.01 0.1 <0.01 <0.01 8 6.6 223 

7/28/1992 0 1 <0.01 <0.01 0.1 <0.01 <0.01 8.7 6.1 229 

2.5 1.2 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 6.3 236 

5.5 0.7 <0.01 <0.01 0.1 <0.01 <0.01 8.2 6.4 229 

7.5 0.5 <0.01 <0.01 <0.01 <0.01 <0.01 8 8.2 239 

9.5 0.9 0.3 <0.01 <0.01 0.1 <0.01 7.9 6.7 238 

9/1/1992 0 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.1 6.2 190 

4 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.2 6.3 181 

8 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.2 6.2 204 

11 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.1 6.1 197 

14 2.8 1.9 <0.01 <0.01 0.6 0.5 7.6 6.1 211 

17 5.1 4 <0.01 <0.01 1.3 1.3 7.4 6.4 201 

10/6/1992 0 0.5 <0.01 <0.01 <0.01 <0.01 <0.01 8.3 6.3 185 

4 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.3 6.1 216 

8 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.2 6.2 202 

11 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.2 6.2 185 

14 0.8 0.3 <0.01 <0.01 <0.01 <0.01 7.8 6.6 220 

17 6.9 5.3 <0.01 <0.01 1.7 1.1 7.4 6.7 193 

11/5/1992 0 0.8 0.2 <0.01 0.4 0.1 0.1 7.9 6 197 

3 0.8 0.1 <0.01 0.4 <0.01 0.1 7.9 6 188 

6 0.7 0.2 <0.01 0.4 <0.01 0.1 7.9 5.9 204 

9 1.1 0.2 <0.01 0.4 0.1 0.2 7.9 6.1 186 
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Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS  
(mg/L) 

12 0.9 0.2 <0.01 0.4 0.1 0.1 7.9 5.9 195 

15 0.9 0.3 <0.01 0.4 0.1 0.1 7.9 5.9 200 

12/17/1992 0 1.1 0.1 <0.01 0.6 <0.01 <0.01 7.9 5.7 211 

3.5 0.9 <0.01 <0.01 0.6 <0.01 <0.01 7.9 5.7 209 

6.5 0.9 <0.01 <0.01 0.6 <0.01 <0.01 7.9 6.3 205 

9.8 0.9 <0.01 <0.01 0.6 <0.01 <0.01 7.9 5.7 210 

12.5 0.7 <0.01 <0.01 0.5 <0.01 <0.01 7.9 5.8 209 

16.5 0.9 <0.01 <0.01 0.6 <0.01 <0.01 7.9 5.7 207 

1/27/1993 0 0.9 0.2 <0.01 2 0.1 0.2 7.9 4.8 196 

5 0.9 0.2 <0.01 2 0.1 0.2 7.9 4.6 198 

10 0.8 0.2 <0.01 2 0.1 0.2 7.9 4.8 199 

15 0.8 0.2 <0.01 2 0.1 0.2 7.9 4.5 208 

20 1 0.3 <0.01 1.9 0.1 0.2 7.9 4.7 216 

25 1.2 <0.01 <0.01 1.8 0.2 0.2 7.9 5.1 194 

2/11/1993 0 1.2 <0.01 <0.01 1.7 0.1 0.2 8.1 4.4 181 

3 0.9 0.1 <0.01 1.8 0.2 0.2 8.1 3.9 177 

6 0.6 0.1 <0.01 1.7 0.1 0.2 8.1 4.1 187 

9 0.6 0.1 <0.01 1.7 0.1 0.1 8.1 4.4 186 

12 0.7 0.1 <0.01 1.7 0.1 - 8.1 4.2 208 

15 0.6 0.2 <0.01 1.7 0.2 0.2 8.1 4.4 193 

3/11/1993 0 0.6 <0.01 <0.01 1.4 <0.01 <0.01 8.6 3.6 221 

2 0.6 <0.01 <0.01 1.4 <0.01 <0.01 8.7 3.3 225 

5 0.4 <0.01 <0.01 1.7 <0.01 <0.01 8.3 3.2 228 

10 0.5 0.1 <0.01 1.7 <0.01 <0.01 8.2 3 224 

15 0.3 0.2 <0.01 1.6 <0.01 <0.01 8.1 2.8 223 

19 0.3 0.2 <0.01 1.6 <0.01 <0.01 8.2 2.9 233 

4/14/1993 0 1.1 <0.01 <0.01 0.7 <0.01 <0.01 9 4.4 236 

2 1 <0.01 <0.01 0.7 <0.01 <0.01 8.9 3.5 230 

6 0.3 <0.01 <0.01 1.1 <0.01 <0.01 8.1 2.8 237 

10 0.5 <0.01 <0.01 1.5 <0.01 <0.01 8 2.8 245 

14 0.4 <0.01 <0.01 1.6 <0.01 <0.01 7.9 2.9 224 

17 0.5 <0.01 <0.01 1.8 <0.01 <0.01 7.9 2.9 211 
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Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS  
(mg/L) 

5/11/1993 0 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.6 4.1 213 

5 1.1 0.1 <0.01 <0.01 <0.01 <0.01 8.2 3.6 218 

8 1.3 0.3 <0.01 <0.01 <0.01 <0.01 7.9 3.9 231 

11 1.4 0.2 <0.01 0.8 <0.01 <0.01 7.9 3.4 235 

14 0.8 0.3 <0.01 0.9 0.1 <0.01 7.9 3.6 231 

18 1.3 0.7 <0.01 0.3 0.3 0.3 7.9 3.8 227 

6/10/1993 0 1.2 <0.01 <0.01 <0.01 <0.01 0.2 8.9 4.6 238 

3.5 1.1 <0.01 <0.01 <0.01 <0.01 0.1 8.5 3.7 218 

7.5 0.8 <0.01 <0.01 <0.01 <0.01 0.1 8.3 4 224 

10 0.8 <0.01 <0.01 <0.01 <0.01 0.1 8.2 3.6 242 

14 0.5 0.4 <0.01 0.3 0.2 0.1 8 3.7 236 

17 1.5 1.1 <0.01 <0.01 0.4 0.4 8 3.7 234 

 

The 1996 Water Quality Assessment Report does contain summary information regarding the DO 
impairment which was listed as not supporting the aquatic life use.  DO was measured 187 times with 
concentrations ranging from 0.1 mg/L to 14.9 mg/L.  However, the accompanying database does not 
contain these measurements so no information regarding location, time, depth, or temperature can be 
compared.  There are some temperature and pH measurements in the database that were collected from 
December 1977 through March 1978.  Temperature ranged from 11.1 ºC to 11.7 ºC, and pH ranged from 
6.6 to 7.6.   

More recent monitoring of nutrients in Puddingstone Reservoir occurred on November 18, 2008 at four 
locations as well as one site located on Live Oak Wash above the mouth (Figure G-42).  All samples of 
ammonia, TKN, nitrate, nitrite, orthophosphate, total phosphate, and total suspended solids collected at 
the four lake stations were below the reporting limits of 0.1 mg/L, 1 mg/L, 0.1 mg/L, 0.1 mg/L, 0.4 mg/L, 
0.5 mg/L, and 10 mg/L, respectively.  Total dissolved solids in the lake ranged from 217 mg/L to  
251 mg/L.  At the Live Oak Wash site (PR11), the following concentrations were observed: ammonia 
0.215 mg/L, TKN 1.87 mg/L, TSS 50 mg/L, TDS 761 mg/L, nitrate 3.31 mg/L, and nitrite 0.131 mg/L.  
Samples of orthophosphate and total phosphate at this site were less than the reporting limit.  Chlorophyll 
a ranged from 11.3 µg/L to 21.4 µg/L. 

Field data for the November 2008 monitoring event are summarized in Table G-112.  The sampling pump 
broke after sampling at site PR-15.  Water quality samples at the other three sites were collected 
approximately 4 inches below the surface of the water. 
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Table G-112. Field Data for the November 18, 2008 Monitoring Event at Puddingstone Reservoir 

Station Time Depth (m) Temperature ºC pH Secchi Depth (m) 

PR-14 13:15 Surface 18.5 8.3 1.2 

PR-15 11:00 0.4 18.5 8.5 5.6 

3.0 18.5 8.2 

6.1 18.0 8.0 

PR-16 15:20 Surface 18.0 8.3 Not reported 

PR-17 16:30 Surface 17.5 8.3 Not reported 

 

Puddingstone Reservoir was sampled in February and July in 2009 by USEPA and the Regional Board.  
The field notes report that approximately 300 gallons of chlorine are pumped into the swim beach area 
each week during the summer.  The edges of the lake are sometimes treated for weeds.  The location of 
the swim beach is not reported.  Table G-113 lists the nutrient related measurements collected at stations 
PR-15 and PR-16 in Puddingstone Reservoir.  Samples were collected from a depth of 1.5 meters at 
locations PR-15 and PR-16 in the winter, and sampled at a depth of 0.35 meters at both locations in the 
summer.  Secchi depths were 0.76 meters at all locations in the winter and 0.71 meters at all locations 
sampled in the summer.  Ideally, samples would have been collected from half the Secchi depth, rather 
than twice the Secchi depth to reflect average conditions over the photic zone.  The summer samples were 
collected in this area, but winter samples were collected below the photic zone.  Nitrogen species had 
relatively low concentrations at both locations in both seasons.  Total phosphorus was slightly elevated 
with an average concentration of 0.11 mg/L in February and 0.08 mg/L in July.  Chlorophyll a 
measurements were relatively high and ranged from 66.1 µg/L to 113.5 µg/L in February.  The summer 
chlorophyll a levels were much less, at an average of 26.2 µg/L. 

Table G-113. 2009 Water Quality Monitoring at Puddingstone Reservoir 

Date 
Sample 

Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chl a 
(µg/L) 

Secchi 
Depth 

(m) 

2/24/2009 PR-15 10:10 1.7 0.04 0.05 0.26 0.062 0.121 113.5 0.76 

PR-15 
(dup.) 

10:30 1.3 0.03 0.02 0.02 0.016 0.114 94.8 0.76 

PR-16 12:15 1.3 0.03 0.02 0.02 0.016 0.098 66.1 0.76 

7/16/2009 PR-15 9:00 0.98 <0.03 <0.01 <0.01 <0.0075 0.041 27.3 0.66 

PR-16  10:00 1.1 <0.03 <0.01 <0.01 <0.0075 0.164 25.1 0.71 

PR-16 
(dup.) 10:00 1.1 <0.03 NA NA NA 0.048 NA 0.71 

 

Supplemental water quality samples were collected from Puddingstone Reservoir.  Table G-114 presents 
the chloride, sulfate, total alkalinity, total dissolved solids, and total organic carbon data collected from 
Sites 15 and 16.    
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Table G-114. Supplemental Water Quality Monitoring for In-lake Samples in Puddingstone 
Reservoir 

Date Location Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alka-
linity 

(mg/L) 

Bicarb-
onate 
(mg/L) 

TDS 
(mg/L) 

TSS 
(mg/L) 

DOC 
(mg/L) 

TOC 
(mg/L) 

2/24/2009 PR-15 10:10 40.1 30.2 114 102 224 10.3 5.8 5.8 

PR-15 
(dup.) 

10:30 40.0 30.3 120 112 118 NA 5.7 6.6 

PR-16 12:15 40.3 30.8 114 98 196 12.7 6.0 6.2 

7/16/2009 

 

PR-15 9:00 47.1 34.6 90 NA 258 NA 6.0 7.6 

PR-16  10:00 47.0 34.4 92 NA 246 NA 6.1 8.0 

 

Profile data collected at stations PR-15 and PR-16 on February 24, 2009 are shown in Figure G-43 and 
Figure G-44, respectively.  Measurement depths were limited by cable length to approximately 13 meters.  
Specific conductivity is constant with depth at both locations.  Over 3 to 4 meters of depth, DO decreases 
from over 6 mg/L at the surface to 0 mg/L.  pH ranges from 7.6 to 9.4 at each station.  Temperature at 
these two stations ranges from 11.3 ºC to 14.6 ºC.  Note that field operators found DO readings 
suspicious and have since sent meter off for repair (Greg Nagle, USEPA Region IX, personal 
communication, 5/22/09). 
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Figure G-43. Profile Data Collected at PR-15 on February 24, 2009 
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Figure G-44. Profile Data Collected at PR-16 on February 24, 2009 

Profile data were also collected on the stations on July 16, 2009, shown in Figure G-45 and Figure G-46.  
Specific conductivity is constant with depth at both locations, similar to the data collected in January.  
The DO decreased between 3 and 4 meters of depth, although it remained around 1.8 mg/L instead of 
dropping to 0 mg/L as it did in January.  Temperature at these two stations ranges from 13.0 ºC to  
27.1 ºC.  The pH ranges from 7.6 to 8.9 at each station.   

 

 

Figure G-45. Profile Data Collected at PR-15 on July 16, 2009 
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Figure G-46. Profile Data Collected at PR-16 on July 16, 2009 

G.10.2 MONITORING RELATED TO MERCURY IMPAIRMENT 
Mercury data have been collected in the Puddingstone Reservoir watershed since 1986.  Fish tissue 
concentrations were measured four times under the TSMP from 1986 to 1999.  The San Gabriel 
Watershed Council (SGWC) collected fish tissue measurements in 2006 and 2007, and the Regional 
Board collected samples in 2004 and 2007 (Davis et al., 2008).  In-lake water column concentrations were 
measured as part of the Urban Lakes Study (UC Riverside, 1994) in 1992.  The Regional Board sampled 
in-lake and tributary water column and sediment mercury concentrations in 2008 and 2009. 

G.10.2.1 In-Lake Water Quality Monitoring 

G.10.2.1.1 Water Column Measurements 

In-lake water column mercury concentrations were measured in July and September 1992 as part of the 
Urban Lakes Study.  All 21 measurements were less than the detection limit of 0.5 µg/L (500 ng/L).  As 
the detection limit of this dataset is 10 times higher than the water quality criterion for mercury (50 ng/L), 
it is difficult to assess compliance in terms of a water column concentration.   

In November 2008, the Regional Board sampled Puddingstone Reservoir for total mercury concentrations 
in the water column.  Water column concentrations ranged from 1.2 ng/L to 1.6 ng/L and were more than 
one order of magnitude less than the water quality standard.  Duplicates were measured at two sites.  
Samples were processed with EPA method 1631Em, which has a minimum detection limit of 0.5 ng/L.   

In February 2009, the Regional Board and USEPA sampled two lake stations for both total and 
methylmercury.  Station PR15 was sampled at a depth of 15.24 meters; the total depth at this location was 
17.68 meters.  Station PR16 was sampled at a depth of 1.5 meters; the total depth was 8.23 meters.  Total 
mercury was analyzed with EPA Method 1631 with a detection limit of 0.15 ng/L; concentrations ranged 
from 1.67 ng/L to 2.52 ng/L.  Methylmercury was analyzed with EPA Method 1630 with a detection limit 
of 0.020 ng/L; concentrations ranged from 0.081 ng/L to 0.127 ng/L.  The percent of mercury in the 
methyl form ranged from 4.8 to 5.2.   
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These two stations were resampled in July 2009.  Both samples were collected from a depth of 
approximately 0.34 m.  Concentrations of methyl and total mercury at both stations were less than those 
observed during the winter sampling event.  Methylmercury ranged from 0.025 ng/L to 0.027 ng/L and 
total mercury ranged from 0.34 ng/L to 0.35 ng/L.  Total mercury was analyzed with EPA Method 1631 
with a detection limit of 0.15 ng/L; methyl mercury was analyzed with EPA Method 1630 with a 
detection limit of 0.020 ng/L. 

Table G-115 presents the water column sampling results for Puddingstone Reservoir. 

Table G-115. In-lake Water Column Measurements for Puddingstone Reservoir 

Location Date Time MeHg (ng/L) Total Hg (ng/L) TSS (mg/L) 

PR14 11/18/2008 13:15 NA 1.5 NA 

PR15 11:00 NA 1.6 NA 

PR16 15:20 NA 1.2 NA 

PR17 16:30 NA 1.4 NA 

PR17 (duplicate) 16:30 NA 1.4 NA 

PR15 2/24/2009 10:10 0.127 2.44 10.3 

PR15 (duplicate) 10:10 NA 2.52 NA 

PR16 12:15 0.081 1.67 12.6 

PR15 7/16/2009 9:00 0.027 0.35 9.3 

PR16 10:15 0.025 0.34 9.3 

PR16 (duplicate) 10:15 NA 0.26 NA 

 

Supplemental water quality data were also collected during the February 2009 event.  Table G-116 
summarizes the results.  Note that the sampling depth for the supplemental data collected at PR-15 was 5 
ft, which is different than the sampling depth used to obtain the mercury and TSS measurements.   

Table G-116. Supplemental Water Quality Monitoring for In-lake Samples in Puddingstone 
Reservoir 

Date Location Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alka-
linity 

(mg/L) 

Bicarb-
onate 

(mg/L)) 
TDS 

(mg/L) 
DOC 

(mg/L) 
TOC 

(mg/L) 

2/24/2009 

PR15 10:00 40.1 441.8 117 107 221 5.75 4.20 

PR16 12:15 40.3 4,233.5 114 98 196 6.0 4.95 

PRSD 13:10 252.9 162.1 218 218 NA 12.5 10.80 

PR11 14:30 166.9 88.6 122 66 610 6.5 2.96 
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G.10.2.1.1 Sediment Samples 

In February 2009, the Regional Board and USEPA sampled sediment mercury concentrations at two 
locations in Puddingstone Reservoir.  Total mercury concentration in the sediment samples ranged from 
125 µg/kg to 165 µg/kg on a dry weight basis.  Methylmercury concentrations ranged from 0.263 µg/kg 
to 0.502 µg/kg in the sediments.  Total mercury was analyzed with EPA Method 1631 with detection 
limits ranging from 3.61 µg/kg to 4.72 µg/kg.  Methylmercury was analyzed with EPA Method 1630 with 
detection limits ranging from 0.020 µg/kg to 0.021 µg/kg.  Detection limits were adjusted to account for 
sample aliquot size. 

In July 2009, the Regional Board and USEPA resampled sediment mercury concentrations at these two 
locations.  Total mercury concentration in the sediment samples ranged from 121 µg/kg to 145 µg/kg on a 
dry weight basis.  Methylmercury concentrations ranged from 0.246 µg/kg to 0.330 µg/kg in the 
sediments.  Total mercury was analyzed with EPA Method 1631 with detection limits ranging from 3.24 
µg/kg to 4.12 µg/kg.  Methylmercury was analyzed with EPA Method 1630 with detection limits ranging 
from 0.030 µg/kg to 0.037 µg/kg.  Detection limits were adjusted to account for sample aliquot size. 

Table G-117 shows the sediment mercury concentrations measured in Puddingstone Reservoir. 

Table G-117. In-lake Sediment Concentrations for Puddingstone Reservoir 

Location Date Time 
MeHg 

(µg/kg) 
Total Hg 
(µg/kg) TSS (%) 

Sulfate 
(mg/kg) 

PR15 2/24/2009 11:00 0.502 165 42.46 859.96 

PR15 
(duplicate) 

11:00 NA 136 26.65 846.61 

PR16 12:45 0.263 125 39.73 816.26 

PR15 7/16/2009 9:00 0.246 121 23.48 34.56 

PR16  10:15 0.330 125 28.78 34.42 

PR16 
(duplicate) 

10:15 NA 145 31.39 NA 

 

G.10.2.2 Fish Tissue Sampling 
Mercury concentrations in the fish tissue of largemouth bass have been measured in Puddingstone 
Reservoir since 1986 by the TSMP, SGWC, and SWAMP.  Table G-118 presents the fish tissue mercury 
concentrations on a wet weight basis.  Concentrations range from 0.114 ppm to 0.744 ppm.  Twelve 
individual common carp ranging in length from 395 mm to 687 mm were also analyzed for mercury 
during the 2004 sampling.  Mercury concentrations ranged from 0 ppm to 0.092 ppm and were not 
considered in the fish tissue versus length mercury regression analysis as a conservative assumption.  The 
applicable fish tissue guideline for mercury measured as a wet weight concentration is 0.22 ppm.   
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Table G-118. Largemouth Bass Fish Tissue Mercury Concentrations Measured in Puddingstone 
Reservoir 

Program Date 
Number in 

Sample 
Fish Length 

(mm) 
Total Mercury Concentration  

(ppm wet weight) 

TSMP 5/6/1986 6 302 0.200 

TSMP 6/11/1991 6 380 0.510 

TSMP 4/28/1992 6 386 0.420 

TSMP 8/10/1999 6 345 0.371 

SWAMP 9/22/2004 1 465 0.449 

SWAMP 9/22/2004 1 349 0.365 

SWAMP 9/22/2004 1 390 0.311 

SWAMP 9/22/2004 1 429 0.39 

SWAMP 9/22/2004 1 355 0.384 

SWAMP 9/22/2004 1 380 0.369 

SWAMP 9/22/2004 1 311 0.152 

SWAMP 9/22/2004 1 324 0.271 

SWAMP 9/22/2004 1 326 0.149 

SWAMP 9/22/2004 1 374 0.228 

SWAMP 9/22/2004 1 430 0.292 

SWAMP 9/22/2004 1 520 0.499 

SGWC 11/2/2006 5 150 0.328 

SGWC 6/6/2007 16 350 0.224 

SWAMP Summer 2007 1 365 0.744 

SWAMP Summer 2007 1 375 0.451 

SWAMP Summer 2007 1 385 0.713 

SWAMP Summer 2007 1 351 0.346 

SWAMP Summer 2007 1 370 0.417 

SWAMP Summer 2007 1 367 0.463 

SWAMP Summer 2007 1 387 0.623 

SWAMP Summer 2007 1 371 0.311 

SWAMP Summer 2007 1 317 0.229 

SWAMP Summer 2007 1 365 0.532 

SWAMP Summer 2007 1 432 0.723 

SWAMP Summer 2007 1 598 0.535 
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Program Date 
Number in 

Sample 
Fish Length 

(mm) 
Total Mercury Concentration  

(ppm wet weight) 

SWAMP Summer 2007 1 258 0.253 

SWAMP Summer 2007 1 255 0.158 

SWAMP Summer 2007 1 220 0.114 

SWAMP Summer 2007 1 200 0.115 

 

Figure G-47 shows the mercury concentrations in largemouth bass plotted against length, which is an 
approximate surrogate for age.  For composite fish samples, concentration is plotted against mean length.  
As expected, fish tissue mercury concentrations increase with length.  Concentrations exceed 0.22 ppm in 
all individual or composite samples greater than 345 mm.  Twenty-three individual and five composite 
samples exceed the fish tissue target; five individual samples and one composite had concentrations less 
than the target.  
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Figure G-47. Mercury Concentrations in Largemouth Bass in Puddingstone Reservoir 

G.10.2.3 Tributary/Inflow Monitoring 

G.10.2.1.3 Water Column Measurements 

In February 2009, USEPA and the Regional Board sampled Live Oak Wash and the storm drain near the 
campground for total and methylmercury in the water column.  The total mercury concentration measured 
from these two inputs ranged from 2.65 ng/L to 3.52 ng/L.  Total mercury was analyzed with EPA 
Method 1631 with a detection limit of 3.03 ng/L.  Methylmercury concentrations ranged from less than 
the detection limit to 0.043 ng/L.  Methylmercury was analyzed with EPA Method 1630 with a detection 
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limit of 0.020 ng/L.  The percent of mercury in the methyl form was 1.2 percent in the sample where 
methylmercury was greater than the detection limit.  

Inflow water column measurements were collected again in the summer of 2009.  Total mercury was 
analyzed with EPA Method 1631 with a detection limit of 0.15 ng/L; methyl mercury was analyzed with 
EPA Method 1630 with a detection limit of 0.020 ng/L.  Concentrations of methyl and total mercury in 
Live Oak Wash were 0.553 ng/L and 4.24 ng/L, respectively.  Concentrations measured in PRSD2 were 
0.046 ng/L and 7.55 ng/L, respectively.  [Note that storm drain PRSD was not flowing during this 
sampling event.] 

Table G-119 shows the tributary and storm drain water column measurements for Puddingstone 
Reservoir. 

Table G-119. Tributary/Inflow Water Column Measurements for Puddingstone Reservoir 

Location Date Time MeHg (ng/L) Total Hg (ng/L) TSS (mg/L) 

PR11 2/24/2009 14:30 0.043 3.52 5.8 

PRSD 13:10 <0.020 2.65 5.7 

PR11 7/16/2009 11:45 0.553 4.24 3.6 

PRSD2 13:10 0.046 7.55 3.8 

G.10.2.1.3 Sediment Samples 

During the February 2009 monitoring event, a sediment sample was collected from Live Oak Wash 
(PR11).  The storm drain near the campground (PRSD) was not sampled for sediment because the only 
solid material evident at the discharge was leaves.  The total mercury concentration of the Live Oak Wash 
sample was 52.9 µg/kg.  The methylmercury concentration was less than the detection limit .  Total 
mercury was analyzed with EPA Method 1631 with a detection limit of 2.61 µg/kg.  Methylmercury was 
analyzed with EPA Method 1630 with a detection limit of 0.011 µg/kg.   

In July 2009, sediment samples were collected from four inlet locations.  Concentrations of methyl and 
total mercury at Live Oak Wash were 1.71 µg/kg and 73.1 µg/kg, respectively.  Concentrations were also 
measured in the overland flow ditch (PR19) and storm drain (PR19SD) present on the south side of the 
reservoir.  Concentrations of methyl and total mercury from the ditch were 0.068 µg/kg and 34.3 µg/kg.  
the storm drain had concentrations of 0.940 µg/kg and 66.2 µg/kg, respectively.  Concentrations measured 
at PRSD2 were 1.14 µg/kg and 50.4 µg/kg, respectively.  Total mercury was analyzed with EPA Method 
1631 with detection limits ranging from 1.28 µg/kg to 3.03 µg/kg.  Methylmercury was analyzed with 
EPA Method 1630 with detection limits ranging from 0.011 µg/kg to 0.025 µg/kg.  Detection limits were 
adjusted to account for sample aliquot size. 

Table G-120 presents the sediment concentrations measured in the inputs to Puddingstone Reservoir.  
Concentrations are reported on a dry weight basis. 

Table G-120. Inflow Sediment Concentrations for Puddingstone Reservoir 

Location Date Time 
MeHg 
(µg/kg) 

Total Hg 
(µg/kg) TSS (%) 

Sulfate 
(mg/kg) 

PR11 2/24/2009 14:30 <0.011 52.9 74.63 79.95 

PR11 
7/16/2009 

11:45 1.71 73.1 35.59 98.92 

PR19 14:05 0.068 34.3 81.19 73.02 
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Location Date Time 
MeHg 
(µg/kg) 

Total Hg 
(µg/kg) TSS (%) 

Sulfate 
(mg/kg) 

PR19SD 14:10 0.940 66.2 37.62 138.93 

PRSD2 13:10 1.14 50.4 34.58 163.86 

G.10.3 MONITORING RELATED TO ORGANOCHLORINE PESTICIDES AND 

PCBS IMPAIRMENTS 
An OC Pesticides and PCBs TMDL has been developed for Puddingstone Reservoir.  The reservoir is 
impaired by DDT, chlordane, and PCBs.  The Regional Board, UCLA, SWAMP, and TSMP report 
organic data for Puddingstone from several different media.  Levels of OC Pesticides and PCBs have 
been analyzed in the water column, lake sediment, suspended sediments, fish, porewater and suspended 
sediment in the porewater.  The existing data for chlordane, DDT, dieldrin, and PCBs are summarized in 
this section.  Puddingstone Reservoir is not listed for a dieldrin impairment, however dieldrin data are 
included for potential future needs and because nearby lakes (Echo and Peck Road Park Lakes) are 
impaired by this pesticide. 

G.10.3.1 Water Column Data Observed in Puddingstone Reservoir 
Water sampling was conducted for the UCLA study in the fall of 2008 at PR11, PR-14, and PR-15.  The 
only analyte quantified was PCB-5 (17.95 ng/L) at PR-15.  Results are shown in Table G-121. 

Table G-121. Water Column Measurements at Puddingstone Reservoir in Fall 2008 

Contaminant 

PR-11 PR-11 (field dup) PR-14 PR-15 

DL RL Result DL RL Result  DL RL Result  DL RL Result  

(ng/L)  

Chlordane-gamma 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

Chlordane-alpha 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

4,4'-DDE 3.00 30.00 ND 3.05 30.46 ND 3.05 30.46 ND 3.14 31.41 ND 

4,4'-DDD 3.00 30.00 ND 3.05 30.46 ND 3.05 30.46 ND 3.14 31.41 ND 

4,4'-DDT 3.00 30.00 ND 3.05 30.46 ND 3.05 30.46 ND 3.14 31.41 ND 

Dieldrin 3.00 30.00 ND 3.05 30.46 ND 3.05 30.46 ND 3.14 31.41 ND 

PCB 5 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 17.95 

PCB 18 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 31 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 52 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 44 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 66 1.50 15.00 ND 1.52 15.23 3.66* 1.52 15.23 ND 1.57 15.71 ND 

PCB 101 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 87 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 151 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 110 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 153 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 141 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 138 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 187 1.50 15.00 ND 1.52 15.23 5.72* 1.52 15.23 ND 1.57 15.71 ND 
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Contaminant 

PR-11 PR-11 (field dup) PR-14 PR-15 

DL RL Result DL RL Result  DL RL Result  DL RL Result  

(ng/L)  

PCB 183 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 180 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 170 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

PCB 206 1.50 15.00 ND 1.52 15.23 ND 1.52 15.23 ND 1.57 15.71 ND 

*Results above detection limit but below reporting limit. 

The Regional Board collected water samples from several stations on November 18, 2008 and 
collaborated in sampling efforts with USEPA on February 24, 2009 and July 16, 2009.  On November 18, 
2008 samples were collected at PR-11, PR-14, PR-15, PR-16 and PR-17.  A duplicate sample was taken 
at Station PR-17.  The collected samples were analyzed for Aroclor PCBs, PCBs, and chlorinated 
pesticides.  The Aroclor PCBs tested for included the following congeners: 1016, 1221, 1232, 1242, 1248, 
1254, and 1260.  No Aroclor PCBs or chlorinated pesticides were detected at any of the sampled 
locations.  Only one PCB congener was quantified in the water samples; PCB-201 was detected at  
555.1 ng/L at PR-15.  This concentration is well above the criteria for the protection of aquatic life and 
human health.  The results of the November 18th monitoring are shown in Table G-122. 

Table G-122. Water Column Measurements at Puddingstone Reservoir on November 18, 2008 

Contaminant (ng/L) PR 11 PR 14 PR 15 PR 16 

PR 17 

MDL Result Duplicate 

Chlordane-alpha ND ND ND ND ND ND 1.0 

Chlordane-gamma ND ND ND ND ND ND 1.0 

cis-Nonachlor ND ND ND ND ND ND 1.0 

trans-Nonachlor ND ND ND ND ND ND 1.0 

Oxychlordane ND ND ND ND ND ND 1.0 

2-4’DDD ND ND ND ND ND ND 1.0 

2-4’DDE ND ND ND ND ND ND 1.0 

2-4’DDT ND ND ND ND ND ND 1.0 

4-4’DDD ND ND ND ND ND ND 1.0 

4-4’DDE ND ND ND ND ND ND 1.0 

4-4’DDT ND ND ND ND ND ND 1.0 

Dieldrin ND ND ND ND ND ND 1.0 

Aroclor 1016 ND ND ND ND ND ND 10.0 

Aroclor 1221 ND ND ND ND ND ND 10.0 

Aroclor 1232 ND ND ND ND ND ND 10.0 

Aroclor 1242 ND ND ND ND ND ND 10.0 

Aroclor 1248 ND ND ND ND ND ND 10.0 

Aroclor 1254 ND ND ND ND ND ND 10.0 
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Contaminant (ng/L) PR 11 PR 14 PR 15 PR 16 

PR 17 

MDL Result Duplicate 

Aroclor 1260 ND ND ND ND ND ND 10.0 

PCB003 ND ND ND ND ND ND 1.0 

PCB008 ND ND ND ND ND ND 1.0 

PCB018 ND ND ND ND ND ND 1.0 

PCB028 ND ND ND ND ND ND 1.0 

PCB031 ND ND ND ND ND ND 1.0 

PCB033 ND ND ND ND ND ND 1.0 

PCB037 ND ND ND ND ND ND 1.0 

PCB044 ND ND ND ND ND ND 1.0 

PCB049 ND ND ND ND ND ND 1.0 

PCB052 ND ND ND ND ND ND 1.0 

PCB056/060 ND ND ND ND ND ND 1.0 

PCB066 ND ND ND ND ND ND 1.0 

PCB070 ND ND ND ND ND ND 1.0 

PCB074 ND ND ND ND ND ND 1.0 

PCB077 ND ND ND ND ND ND 1.0 

PCB081 ND ND ND ND ND ND 1.0 

PCB087 ND ND ND ND ND ND 1.0 

PCB095 ND ND ND ND ND ND 1.0 

PCB097 ND ND ND ND ND ND 1.0 

PCB099 ND ND ND ND ND ND 1.0 

PCB101 ND ND ND ND ND ND 1.0 

PCB105 ND ND ND ND ND ND 1.0 

PCB110 ND ND ND ND ND ND 1.0 

PCB114 ND ND ND ND ND ND 1.0 

PCB118 ND ND ND ND ND ND 1.0 

PCB119 ND ND ND ND ND ND 1.0 

PCB123 ND ND ND ND ND ND 1.0 

PCB126 ND ND ND ND ND ND 1.0 

PCB128 ND ND ND ND ND ND 1.0 

PCB138 ND ND ND ND ND ND 1.0 

PCB141 ND ND ND ND ND ND 1.0 
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Contaminant (ng/L) PR 11 PR 14 PR 15 PR 16 

PR 17 

MDL Result Duplicate 

PCB149 ND ND ND ND ND ND 1.0 

PCB151 ND ND ND ND ND ND 1.0 

PCB153 ND ND ND ND ND ND 1.0 

PCB156 ND ND ND ND ND ND 1.0 

PCB157 ND ND ND ND ND ND 1.0 

PCB158 ND ND ND ND ND ND 1.0 

PCB167 ND ND ND ND ND ND 1.0 

PCB168+132 ND ND ND ND ND ND 1.0 

PCB169 ND ND ND ND ND ND 1.0 

PCB170 ND ND ND ND ND ND 1.0 

PCB174 ND ND ND ND ND ND 1.0 

PCB177 ND ND ND ND ND ND 1.0 

PCB180 ND ND ND ND ND ND 1.0 

PCB183 ND ND ND ND ND ND 1.0 

PCB187 ND ND ND ND ND ND 1.0 

PCB189 ND ND ND ND ND ND 1.0 

PCB194 ND ND ND ND ND ND 1.0 

PCB195 ND ND ND ND ND ND 1.0 

PCB200 ND ND ND ND ND ND 1.0 

PCB201 ND ND 555.1 ND ND ND 1.0 

PCB203 ND ND ND ND ND ND 1.0 

PCB206 ND ND ND ND ND ND 1.0 

PCB209 ND ND ND ND ND ND 1.0 

 

A water sample was collected during field monitoring by the Regional Board on February 24, 2009 at a 
storm drain flowing to Puddingstone River (PR-SD).  The sample was tested for PCBs only (not 
chlordane, DDTs, or dieldrin).  No PCBs were detected in the sample.  The detection limit for each PCB 
congener was 1 ng/L. 

On July 16, 2009, water samples were collected at PR-11, PR-15, PR-16, PR-SD2.  A duplicate sample 
was collected at PR-16.  Samples were analyzed for chlorinated pesticides and PCB congeners.  No 
analytes were detected in any of the samples (Table G-123). 
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Table G-123. Water Column Measurements at Puddingstone Reservoir on July 16, 2009 

Contaminant 
(ng/L) PR-11 PR-15 

PR-16 

PR-SD2 MDL  Results Duplicate 

Chlordane-alpha ND ND ND ND ND 1.0 

Chlordane-gamma ND ND ND ND ND 1.0 

cis-Nonachlor ND ND ND ND ND 1.0 

trans-Nonachlor ND ND ND ND ND 1.0 

Oxychlordane ND ND ND ND ND 1.0 

2-4’DDD ND ND ND ND ND 1.0 

2-4’DDE ND ND ND ND ND 1.0 

2-4’DDT ND ND ND ND ND 1.0 

4-4’DDD ND ND ND ND ND 1.0 

4-4’DDE ND ND ND ND ND 1.0 

4-4’DDT ND ND ND ND ND 1.0 

Dieldrin ND ND ND ND ND 1.0 

PCB003 ND ND ND ND ND 1.0 

PCB008 ND ND ND ND ND 1.0 

PCB018 ND ND ND ND ND 1.0 

PCB028 ND ND ND ND ND 1.0 

PCB031 ND ND ND ND ND 1.0 

PCB033 ND ND ND ND ND 1.0 

PCB037 ND ND ND ND ND 1.0 

PCB044 ND ND ND ND ND 1.0 

PCB049 ND ND ND ND ND 1.0 

PCB052 ND ND ND ND ND 1.0 

PCB056/060 ND ND ND ND ND 1.0 

PCB066 ND ND ND ND ND 1.0 

PCB070 ND ND ND ND ND 1.0 

PCB074 ND ND ND ND ND 1.0 

PCB077 ND ND ND ND ND 1.0 

PCB081 ND ND ND ND ND 1.0 

PCB087 ND ND ND ND ND 1.0 

PCB095 ND ND ND ND ND 1.0 

PCB097 ND ND ND ND ND 1.0 

PCB099 ND ND ND ND ND 1.0 

PCB101 ND ND ND ND ND 1.0 

PCB105 ND ND ND ND ND 1.0 

PCB110 ND ND ND ND ND 1.0 

PCB114 ND ND ND ND ND 1.0 

PCB118 ND ND ND ND ND 1.0 
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Contaminant 
(ng/L) PR-11 PR-15 

PR-16 

PR-SD2 MDL  Results Duplicate 

PCB119 ND ND ND ND ND 1.0 

PCB123 ND ND ND ND ND 1.0 

PCB126 ND ND ND ND ND 1.0 

PCB128 ND ND ND ND ND 1.0 

PCB138 ND ND ND ND ND 1.0 

PCB141 ND ND ND ND ND 1.0 

PCB149 ND ND ND ND ND 1.0 

PCB151 ND ND ND ND ND 1.0 

PCB153 ND ND ND ND ND 1.0 

PCB156 ND ND ND ND ND 1.0 

PCB157 ND ND ND ND ND 1.0 

PCB158 ND ND ND ND ND 1.0 

PCB167 ND ND ND ND ND 1.0 

PCB168+132 ND ND ND ND ND 1.0 

PCB169 ND ND ND ND ND 1.0 

PCB170 ND ND ND ND ND 1.0 

PCB174 ND ND ND ND ND 1.0 

PCB177 ND ND ND ND ND 1.0 

PCB180 ND ND ND ND ND 1.0 

PCB183 ND ND ND ND ND 1.0 

PCB187 ND ND ND ND ND 1.0 

PCB189 ND ND ND ND ND 1.0 

PCB194 ND ND ND ND ND 1.0 

PCB195 ND ND ND ND ND 1.0 

PCB200 ND ND ND ND ND 1.0 

PCB201 ND ND ND ND ND 1.0 

PCB203 ND ND ND ND ND 1.0 

PCB206 ND ND ND ND ND 1.0 

PCB209 ND ND ND ND ND 1.0 

G.10.3.2 Porewater Data Observed in Puddingstone Reservoir 
Porewater and TSS from porewater were analyzed in Puddingstone Reservoir in fall 2008 as part of the 
UCLA study.  PR-14 and PR-15 were sampled, as shown in Table G-124 (see Stenstrom et al., 2009 for 
raw data).  Chlordane, DDT, and dieldrin were not detected in any of the samples.  PCB-31 was detected 
in the porewater at PR-14 and PR-15 and in the suspended sediment at PR-14, but not at reportable levels 
(DNQ). 
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Table G-124. Porewater Measurements at Puddingstone Reservoir in Fall 2008 

Contaminant 
(ng/L) 

Porewater (ng/L) TSS in Porewater (µg/kg) 

PR-14 PR-15 MDL PR-14 PR-15 MDL 

Chlordane ND ND 15 ND ND 0.2-0.53 

DDT ND ND 30 ND ND 0.4-1.06 

Dieldrin ND ND 30 ND ND 0.4-1.06 

Total PCBs DNQ1 DNQ1 15 DNQ1 ND 0.2-0.53 

1 PCB-31 was detected at less than reporting level (150 ng/L for porewater and 3.01 
µg/kg for TSS in porewater). 

G.10.3.3 Fish Tissue Levels Observed in Puddingstone Reservoir 
Concentrations of the organochlorides and PCBs in fish from Puddingstone Reservoir are shown below in 
Table G-125.  The common carp in Puddingstone Reservoir had the highest average concentrations of 
Aroclor PCBs, chlordane, DDT, and dieldrin.  The chlordane and DDT average concentrations for all fish 
species were above the FCGs.  In common carp samples, the average chlordane concentration was  
119.6 ppb and the average DDT level was 232.8 ppb.  The average concentration in bullhead and 
largemouth bass for chlordane was 46.5 and 10.5 ppb, and 71.0 and 20.9 ppb for DDTs, respectively.  
Levels of PCBs were 60.2, 125.5, and 17.2 ppb for bullhead, common carp, and largemouth bass, 
respectively. Dieldrin concentrations were non-detect for bullhead and 4.6 and 1.2 ppb for common carp 
and largemouth bass, respectively. 

Table G-125. OC Pesticides and PCBs Fish Tissue Data for Puddingstone Reservoir 

Agency Pollutant Sample Date Common Name 
Concentration 

(ppb, w wt) 

Mean 
Length 
(mm) 

Mean 
Weight 

(g) 

TSMP Aroclor PCBs 4/28/1992 Largemouth Bass 65 386 1,268.7 

TSMP Aroclor PCBs 5/6/1986 Common Carp 590 566 4474 

TSMP Aroclor PCBs 8/10/1999 Largemouth Bass 13 345 816.6 

TSMP Aroclor PCBs 6/16/1987 Common Carp 160 557 362.2 

TSMP Aroclor PCBs 6/22/1988 Brown Bullhead 66 315 538.7 

TSMP Aroclor PCBs 6/16/1987 Bullhead ND 282 350.1 

TSMP Aroclor PCBs 6/11/1991 Largemouth Bass 54 380 1,030.4 

TSMP Aroclor PCBs 5/6/1986 Largemouth Bass ND 302 509.7 

TSMP Chlordane 4/28/1992 Largemouth Bass 31.7 386 1,268.7 

TSMP Chlordane 5/6/1986 Common Carp 460 566 4474 

TSMP Chlordane 8/10/1999 Largemouth Bass 2.8 345 816.6 

TSMP Chlordane 6/16/1987 Common Carp 193.5 557 362.2 

TSMP Chlordane 6/22/1988 Brown Bullhead 48.5 315 538.7 

TSMP Chlordane 6/16/1987 Bullhead 44.4 282 350.1 

TSMP Chlordane 6/11/1991 Largemouth Bass 16.1 380 1,030.4 

TSMP Chlordane 5/6/1986 Largemouth Bass 10.4 302 509.7 
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Agency Pollutant Sample Date Common Name 
Concentration 

(ppb, w wt) 

Mean 
Length 
(mm) 

Mean 
Weight 

(g) 

SWAMP Chlordane Summer 2007 Largemouth Bass 9.29 366 NA 

SWAMP Chlordane Summer 2007 Largemouth Bass 4.97 365 NA 

SWAMP Chlordane 9/22/2004 Largemouth Bass 12.43 397.6 799.6 

SWAMP Chlordane 9/22/2004 Largemouth Bass 5.95 343 563.1 

SWAMP Chlordane 9/22/2004 Largemouth Bass 13.55 456.6 1,464.6 

SWAMP Chlordane 9/22/2004 Largemouth Bass 7.31 342.6 581.6 

SWAMP Chlordane 9/22/2004 Common Carp 1.17 420.7 1,203.9 

SWAMP Chlordane 9/22/2004 Common Carp 27.25 632.7 3,795 

SWAMP Chlordane 9/22/2004 Common Carp 19.98 593.7 2,631 

SWAMP Chlordane 9/22/2004 Common Carp 15.60 669 4,354.7 

TSMP DDT 4/28/1992 Largemouth Bass 36 386 1,268.7 

TSMP DDT 5/6/1986 Common Carp 880 566 4474 

TSMP DDT 8/10/1999 Largemouth Bass 10.7 345 816.6 

TSMP DDT 6/16/1987 Common Carp 358 557 362.2 

TSMP DDT 6/22/1988 Brown Bullhead 72 315 538.7 

TSMP DDT 6/16/1987 Bullhead 70 282 350.1 

TSMP DDT 6/11/1991 Largemouth Bass 25 380 1,030.4 

TSMP DDT 5/6/1986 Largemouth Bass 16 302 509.7 

SWAMP DDT Summer 2007 Largemouth Bass 10.8 365 NA 

SWAMP DDT Summer 2007 Largemouth Bass 30.77 366 NA 

SWAMP DDT 9/22/2004 Largemouth Bass 33.72 397.6 799.6 

SWAMP DDT 9/22/2004 Largemouth Bass 15.561 343 563.1 

SWAMP DDT 9/22/2004 Largemouth Bass 35.34 456.6 1,464.6 

SWAMP DDT 9/22/2004 Largemouth Bass 19.42 342.6 581.6 

SWAMP DDT 9/22/2004 Common Carp 2.51 420.7 1,203.9 

SWAMP DDT 9/22/2004 Common Carp 69.357 632.7 3,795 

SWAMP DDT 9/22/2004 Common Carp 47.66 593.7 2,631 

SWAMP DDT 9/22/2004 Common Carp 39.082 669 4,354.7 

TSMP Dieldrin 4/28/1992 Largemouth Bass ND 386 1,268.7 

TSMP Dieldrin 5/6/1986 Common Carp 12 566 4474 

TSMP Dieldrin 8/10/1999 Largemouth Bass ND 345 816.6 

TSMP Dieldrin 6/16/1987 Common Carp 5 557 362.2 

TSMP Dieldrin 6/22/1988 Brown Bullhead ND 315 538.7 

TSMP Dieldrin 6/16/1987 Bullhead ND 282 350.1 

TSMP Dieldrin 6/11/1991 Largemouth Bass ND 380 1,030.4 

TSMP Dieldrin 5/6/1986 Largemouth Bass ND 302 509.7 

SWAMP Dieldrin 9/22/2004 Largemouth Bass 1.73 397.6 799.6 

SWAMP Dieldrin 9/22/2004 Largemouth Bass 0.858 343 563.1 
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Agency Pollutant Sample Date Common Name 
Concentration 

(ppb, w wt) 

Mean 
Length 
(mm) 

Mean 
Weight 

(g) 

SWAMP Dieldrin 9/22/2004 Largemouth Bass 1.58 456.6 1,464.6 

SWAMP Dieldrin 9/22/2004 Largemouth Bass 1.16 342.6 581.6 

SWAMP Dieldrin 9/22/2004 Common Carp 0.704 420.7 1,203.9 

SWAMP Dieldrin 9/22/2004 Common Carp 4.34 632.7 3,795 

SWAMP Dieldrin 9/22/2004 Common Carp 3.35 593.7 2,631 

SWAMP Dieldrin 9/22/2004 Common Carp 2.48 669 4,354.7 

SWAMP Dieldrin Summer 2007 Largemouth Bass 0.68 366 NA 

SWAMP Dieldrin Summer 2007 Largemouth Bass ND 365 NA 

SWAMP PCB 9/22/2004 Largemouth Bass 29.108 397.6 799.6 

SWAMP PCB 9/22/2004 Largemouth Bass 16.024 343 563.1 

SWAMP PCB 9/22/2004 Largemouth Bass 35.87 456.6 1,464.6 

SWAMP PCB 9/22/2004 Largemouth Bass 17.85 342.6 581.6 

SWAMP PCB 9/22/2004 Common Carp 6.461 420.7 1203.9 

SWAMP PCB 9/22/2004 Common Carp 49.304 632.7 3,795 

SWAMP PCB 9/22/2004 Common Carp 36.799 593.7 2,631 

SWAMP PCB 9/22/2004 Common Carp 28.314 669 4,354.7 

SWAMP PCB Summer 2007 Largemouth Bass 19 366 NA 

SWAMP PCB Summer 2007 Largemouth Bass 8 365 NA 

Regional Board 
Total Detectable 
DDTs 11/3/2006 Bass 25.6 NA NA 

Regional Board 
Total Detectable 
DDTs 11/3/2006 Bass 10.1 NA NA 

Regional Board 
Total Detectable 
PCBs 11/3/2006 Bass ND NA NA 

Regional Board 
Total Detectable 
PCBs 11/3/2006 Bass 3.3 NA NA 

Regional Board Chlordane 11/3/2006 Bass 1.1 NA NA 

Regional Board Chlordane 11/3/2006 Bass ND NA NA 

Regional Board Dieldrin 11/3/2006 Bass ND NA NA 

Regional Board Dieldrin 11/3/2006 Bass ND NA NA 

ND = non-detect 

G.10.3.4 Sediment Data Observed in Puddingstone Reservoir 
Sediment samples from Puddingstone Reservoir were collected in the fall of 2008 by UCLA at PR-14 and 
PR-15.  A field duplicate was collected at PR-14 and laboratory duplicates were performed for each 
sample.  Chlordane-gamma was detected at unreportable levels at PR-14 (laboratory duplicate of field 
duplicate).  DDT and dieldrin were not detected in any sample.  Four PCB congeners were detected at 
PR-14 (laboratory duplicate of field duplicate):  PCB-5, PCB-31, PCB-66, and PCB-138.  The 
concentration of PCB-5 was 6.78 µg/kg dry weight, and the concentration of PCB-31 was 12.67 µg/kg 
dry weight, these were the only reportable PCB congeners.  PCBs were not detected at PR-15.  The 
results and detection and reporting limits for each contaminant are shown in Table G-126.
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Table G-126. OC Pesticides and PCBs Measurements in Sediment at Puddingstone Reservoir in Fall 2008 

Contaminant 

PR-14 PR-14 (lab dup) PR-14 (field dup) PR-14 (lab dup of field 
dup)  PR-15 PR-15 (lab dup) 

DL RL Result  DL RL Result  DL RL Result  DL RL Result  DL RL Result  DL RL Result  

µg/kg dry suspended solids 

Chlordane-gamma 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 0.14* 1.58 15.83 ND 1.58 15.84 ND 

Chlordane-alpha 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

4,4'-DDE 0.99 9.91 ND 1.00 9.96 ND 0.79 7.85 ND 0.77 7.74 ND 3.17 31.67 ND 3.17 31.68 ND 

4,4'-DDD 0.99 9.91 ND 1.00 9.96 ND 0.79 7.85 ND 0.77 7.74 ND 3.17 31.67 ND 3.17 31.68 ND 

4,4'-DDT 0.99 9.91 ND 1.00 9.96 ND 0.79 7.85 ND 0.77 7.74 ND 3.17 31.67 ND 3.17 31.68 ND 

Dieldrin 0.99 9.91 ND 1.00 9.96 ND 0.79 7.85 ND 0.77 7.74 ND 3.17 31.67 ND 3.17 31.68 ND 

PCB 5 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 6.78 1.58 15.83 ND 1.58 15.84 ND 

PCB 18 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 31 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 12.67 1.58 15.83 ND 1.58 15.84 ND 

PCB 52 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 44 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 66 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 1.03* 1.58 15.83 ND 1.58 15.84 ND 

PCB 101 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 87 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 151 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 110 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 153 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 141 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 138 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 0.97* 1.58 15.83 ND 1.58 15.84 ND 

PCB 187 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 183 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 180 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 170 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 

PCB 206 0.50 4.95 ND 0.50 4.98 ND 0.39 3.93 ND 0.39 3.87 ND 1.58 15.83 ND 1.58 15.84 ND 
*Results above detection limit, but below reporting limit. 
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Sediment samples were collected by the Regional Board and USEPA on July 16, 2009 at PR-11, PR-15, 
PR-16, PR-19, PR-19SD, and PR-SD2.  Chlordane was quantified at all stations, between 1.1 and 6.5 
µg/kg dry weight.  The chlordane levels at PR-11 and PR-15 were above the TEC CBSQG (3.24 µg/kg 
dry weight).  DDT was only detected at PR-19; however, DDE was detected at almost all stations.  PCBs 
were also detected at all locations except PR-19.  Table G-127 shows the results of the July 16, 2009 
monitoring. 

Table G-127. OC Pesticides and PCBs Measurements in Sediment at Puddingstone Reservoir on 
July 16, 2009 

Contaminant 
(µg/kg dry weight) PR-11 PR-15 PR-16 PR-19 PR-19SD PR-SD2 MDL 

Chlordane 6.5 4.1 2.4 1.1 2.6 2.2 1 

DDE 5.2 18.6 11.8 6.1 8.5 ND 1 

DDT ND ND ND 1.7 ND ND 1 

Dieldrin ND ND ND ND ND ND 1 

PCB099 1 1.3 1.6 ND ND ND 1 

PCB101 1.45 1.45 1.8 ND ND ND 1 

PCB110 1.4 1.2 1.3 ND ND 1 1 

PCB118 ND 1.2 ND ND ND ND 1 

PCB119 ND ND ND ND 193.7 ND 1 

PCB138 ND 1.8 ND ND 1 ND 1 

PCB153 1.4 1.8 ND ND ND ND 1 

PCB174 ND ND 1.1 ND ND ND 1 

PCB180 2.1 1.7 1.5 ND ND ND 1 

Total PCBs 7.4 10.5 7.3 ND 194.7 1.0 1 

G.10.3.5 Suspended Sediment Data Observed in Puddingstone Reservoir 
Samples of suspended solids were collected at PR-11, PR-14, and PR-15 in the fall of 2008 by UCLA.  
Chlordane-gamma was detected at unreportable levels at PR-11.  In each sample except one of the PR-11 
duplicates, PCBs were detected below reporting limits.  The individual PCBs detected at each station and 
other results of the fall 2008 TSS analysis are shown in Table G-128. 

Table G-128. OC Pesticides and PCBs Measurements in Suspended Sediment at Puddingstone 
Reservoir in Fall 2008 

Contaminant  

PR-11 PR-11 (dup 1) PR-11 (dup 2) PR-14 PR-15 
DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. 

µg/kg dry suspended solids  

Chlordane-gamma 29.07 290.70 ND 2.38 23.79 10.30* 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

Chlordane-alpha 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

4,4'-DDE 58.14 581.40 ND 4.76 47.59 ND 4.23 42.27 ND 44.23 442.26 ND 72.46 724.64 ND 

4,4'-DDD 58.14 581.40 ND 4.76 47.59 ND 4.23 42.27 ND 44.23 442.26 ND 72.46 724.64 ND 
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Contaminant  

PR-11 PR-11 (dup 1) PR-11 (dup 2) PR-14 PR-15 
DL RL Res. DL RL Res. DL RL Res. DL RL Res. DL RL Res. 

µg/kg dry suspended solids 

4,4'-DDT 58.14 581.40 ND 4.76 47.59 ND 4.23 42.27 ND 44.23 442.26 ND 72.46 724.64 ND 

Dieldrin 58.14 581.40 ND 4.76 47.59 ND 4.23 42.27 ND 44.23 442.26 ND 72.46 724.64 ND 

PCB 5 29.07 290.70 132.56* 2.38 23.79 7.77* 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 18 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 31 29.07 290.70 ND 2.38 23.79 14.75* 2.11 21.14 ND 22.11 221.13 61.18* 36.23 362.32 ND 

PCB 52 29.07 290.70 256.22* 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 44 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 66 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 62.36* 

PCB 101 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 87 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 151 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 110 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 153 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 141 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 138 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 98.23* 

PCB 187 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 183 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 180 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 170 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

PCB 206 29.07 290.70 ND 2.38 23.79 ND 2.11 21.14 ND 22.11 221.13 ND 36.23 362.32 ND 

*Results are above detection levels but below reporting levels. 

 
In the fall of 2008, a TSS sample was collected at PR-11 during a wet weather event (Table G-129).  A 
composite sample from the event did not detect any of the pollutants.  A grab sample from PR-11 was 
collected 90 minutes into the wet weather event also had no detectable results.  Water column samples 
were also collected during this event (a time series composite and a single time point sample), but not 
analyzed. 

Table G-129. Wet Weather OC Pesticides and PCBs Measurements in Suspended Sediment at 
Puddingstone Reservoir in Fall 2008 

Contaminant  
(µg/kg dry 

suspended solids) 
PR-11 Storm 
Composite 

Composite 
MDL 

PR-11 Storm 
@ 1.5 hours 

Grab Sample 
MDL 

Chlordane ND 1.57 ND 2.70 

DDT ND 3.14 ND 5.39 

Dieldrin ND 3.14 ND 5.39 

Total PCBs ND 1.57 ND 2.70 
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G.11 Monitoring Data for Santa Fe Dam Park 
Lake 

Monitoring data relevant to the impairments of Santa Fe Dam Park Lake are available from 1992, 1993, 
2009, and 2010.  Figure G-48 shows the historical and recent monitoring locations for these lakes. 

 

Figure G-48. Santa Fe Dam Park Lake Monitoring Sites 

G.11.1 MONITORING RELATED TO NUTRIENT IMPAIRMENTS 
In 1992 and 1993, Santa Fe Dam Park Lake was monitored for water quality as part of the Urban Lakes 
Study (Table G-130).  The station was located in the southeast end of the lake near the spillway (pink 
triangle, Figure G-48) (UC Riverside, 1994).  TKN ranged from 0.3 mg/L to 1.1 mg/L.  Ammonium 
generally ranged from 0.1 mg/L to 0.2 mg/L with 21 measurements less than the reporting limit and one 
measurement of 0.4 mg/L collected at a depth of 2 meters.  The upper range of these concentrations are 
above the chronic target, but below the acute target (for assessment purposes, we are assuming that the 
analysis methodology converted all ammonia to ammonium).  All 37 samples of nitrite were less than the 
reporting limit, and the majority of nitrate samples (32) were less than the reporting limit; the maximum 
observed nitrate concentration was 0.2 mg/L.  All orthophosphate and total phosphorus concentrations 
were less than the reporting limit except one total phosphorus concentration which measured 0.1 mg/L.  
pH ranged from 8.0 to 9.6, and TOC ranged from 2.3 mg/L to 3.4 mg/L.  The summary table from the 
1994 Lakes Study Report (UC Riverside, 1994) lists chlorophyll a concentrations ranging from 1 µg/L to 
29 µg/L with an average of 13 µg/L; the raw data were not available.   
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Table G-130. Santa Fe Dam Park Lake 1992/1993 Monitoring Data 

Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

8/10/1992 0 0.8 0.1 <0.01 <0.01 <0.01 <0.01 9.1 3.3 256 

2 0.9 0.4 <0.01 <0.01 <0.01 <0.01 9.2 3.3 279 

3.5 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 9.1 3 296 

8/10/1992 0 0.9 0.2 <0.01 <0.01 <0.01 <0.01 8.9 2.7 274 

2.5 0.9 0.1 <0.01 0.1 <0.01 <0.01 8.7 2.9 346 

8/10/1992 0 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 9.1 3.3 268 

2.5 0.8 <0.01 <0.01 <0.01 <0.01 <0.01 9.1 3.3 309 

9/10/1992 0 1.1 0.1 <0.01 <0.01 <0.01 <0.01 8.9 3.1 284 

2 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 3 287 

3.5 0.9 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 2.9 281 

10/13/1992 0 0.9 0.1 <0.01 <0.01 <0.01 <0.01 8.7 2.6 286 

2 0.8 0.1 <0.01 <0.01 <0.01 <0.01 8.7 2.7 316 

3.5 0.8 0.1 <0.01 <0.01 <0.01 <0.01 8.6 2.8 301 

11/3/1992 0 0.7 0.1 <0.01 0.2 <0.01 <0.01 8.7 3.1 231 

1.5 0.7 0.1 <0.01 0.1 <0.01 <0.01 8.8 3.1 252 

2.5 0.7 <0.01 <0.01 0.1 <0.01 <0.01 8.7 3.2 282 

12/10/1992 0 0.6 <0.01 <0.01 0.1 <0.01 <0.01 8.7 2.6 286 

2.5 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.6 2.8 284 

3.5 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.6 2.8 327 

1/14/1993 0 0.5 <0.01 <0.01 <0.01 <0.01 <0.01 8.3 2.7 181 

2 0.5 <0.01 <0.01 <0.01 <0.01 <0.01 8.4 2.8 183 

3.5 0.5 <0.01 <0.01 <0.01 <0.01 <0.01 8.4 2.8 189 

2/3/1993 0 0.7 0.2 <0.01 <0.01 <0.01 <0.01 8 2.4 221 

2 0.6 0.2 <0.01 <0.01 <0.01 <0.01 8.2 2.6 251 

3 0.7 0.2 <0.01 <0.01 <0.01 <0.01 8.2 2.3 229 

3/9/1993 0 0.6 0.1 <0.01 <0.01 <0.01 <0.01 8.1 2.7 212 

2 0.7 0.1 <0.01 <0.01 <0.01 <0.01 8.3 2.5 201 

3.5 0.7 0.1 <0.01 <0.01 <0.01 <0.01 8.3 2.6 223 

4/14/1993 0 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 3.4 247 

1.5 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 2.5 235 

2.5 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 8.7 2.7 256 
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Date 
Depth 

(m) 
TKN 

(mg/L) 
NH4-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) pH 

TOC 
(mg/L) 

TDS 
(mg/L) 

5/25/1993 0 0.4 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 3 257 

1.5 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 3.2 248 

2.5 0.6 <0.01 <0.01 <0.01 <0.01 <0.01 8.9 3.3 246 

6/21/1993 0 0.3 <0.01 <0.01 <0.01 <0.01 0.1 9.5 2.7 249 

1.5 0.3 <0.01 <0.01 <0.01 <0.01 <0.01 9.6 2.9 252 

2.5 0.3 <0.01 <0.01 <0.01 <0.01 <0.01 9.6 3.1 242 

 

The 1996 Water Quality Assessment Report states that pH was partially supporting the aquatic life use 
and not supporting the contact recreation and secondary drinking water uses.  Ninety-five measurements 
of pH were taken, ranging from 7.5 to 9.6.  The associated database did not contain the raw data for these 
samples. 

On March 3 and August 3, 2009, USEPA and the Regional Board sampled water quality in the Santa Fe 
Dam Park Lake (Table G-131).  The field notes indicate that water is pumped from an underground well 
to fill the lake every night.  The well water enters the lake via a rock stream about 50 ft from SFD-4.  
Potable water is also input at SFD-3 from the Valley County Water District.  During the swimming 
season, lake water is treated with chlorine several days a week.  The chlorine is mixed with lake water in 
a pump house.  Three samples were collected in the lake during both sampling events.  During the winter 
sampling, two shoreline samples were collected on the western and eastern ends of the lakes.  In the 
summer, the well water was sampled.  Overall, both nitrogen and phosphorus levels were very low.  
Chlorophyll a concentrations in the lake did not exceed 20.5 µg/L; a shoreline sample had a chlorophyll a 
concentration of 25.8 µg/L.  In August, chlorophyll a was below the detection level.  The field notes 
report that the lake was very green in August and the Secchi depth readings were shallow, indicative of 
algal production.  A less common chlorophyll structure, e.g.  Chlorophyll b, could be present in the lake.  
The average depths at SFD-1 and SFD-2 were 2.93 and 3.02 meters, respectively.  The depth at SFD-3 
averaged 2.5 meters.  

Table G-131. 2009 In-lake and Shoreline Water Column Measurements for Santa Fe Dam Park 
Lake 

Date Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chloro-
phyll a 
(µg/L) 

Secchi 
Depth (m) 

3/3/2009 In-lake Samples 

SFD-1 10:00 1.1 <0.03 0.04 0.1 <0.0075 0.025 20.5 0.61 

SFD-2 10:40 1.1 0.05 0.04 0.08 <0.0075 0.021 14.4 0.84 

SFD-3 11:10 0.84 0.03 0.04 0.06 <0.0075 0.03 16.7 0.84 

Shoreline Samples 

SFD-4 12:40 0.98 0.03 0.03 0.04 <0.0075 0.028 14.0 NA 

SFD-4 
(duplicate) 13:00 1.1 <0.03 0.03 0.04 <0.0075 0.028 11.6 NA 

SFD-5 13:30 0.98 0.03 0.03 0.14 <0.0075 0.036 25.8 NA 
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Date Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chloro-
phyll a 
(µg/L) 

Secchi 
Depth (m) 

8/3/2009 In-lake Samples 

SFD-1 10:45 0.58 <0.03 0.04 <0.01 <0.0075 0.027 <1 0.61 

SFD-2 9:20 0.47 <0.03 <0.01 <0.01 <0.0075 0.036 <1 0.56 

SFD-3 8:40 <0.46 <0.03 <0.01 <0.01 <0.0075 0.050 <1 0.46 

Well sample  

Well SFD-1 13:30 <0.456 <0.03 <0.01 2.985 0.016 NS NS NA 

 

Supplemental water quality samples were collected from Santa Fe Dam Park Lake.  Table G-132 presents 
the chloride, sulfate, total alkalinity, total dissolved solids, and total organic carbon data measured in the 
lake.  Temperature and pH measurements reported in the field notes are also shown in this table.  The 
additional chloride added to the lake in the summer is apparent in the higher concentrations measured 
during the August sampling event.  The average chloride concentration in the lake during August was 
35.4 mg/L and 28.1 mg/L in March.  Temperature, alkalinity, total hardness, total dissolved solids, and 
TSS also increased during the summer.  The pH range remained similar for both sampling periods.  The 
TOC was slightly lower in the summer, between 3.5 and 3.7 mg/L; the winter range of TOC was 4.0 to 
5.2 mg/L. 

Table G-132. 2009 Supplemental Water Quality Monitoring for Santa Fe Dam Park Lake 

Date Location Time 
Chloride 
(mg/L) 

Temper-
ature 
(oC) pH 

Total 
Alka-
linity 

(mg/L) 

Total 
Hardness 
as CaCO3 

(mg/L) 
TDS 

(mg/L) 
TSS 

(mg/L) 
TOC 

(mg/L) 

3/3/2009 In-lake Samples 

SFD-1 10:00 28.18 15.0 8.6 118 107.5 284 6.9 4.0 

SFD-2 10:40 27.76 15.0 8.7 118 104.9 314 5.2 4.6 

SFD-3 11:10 28.30 15.0 8.7 114 103.0 314 6.7 5.0 

Shoreline Samples 

SFD-4 12:40 27.88 16.0 8.7 114 103.1 290 8.5 5.2 

SFD-4 
(duplicate) 

13:00 27.88 16.0 8.7 112 102.0 292 8.2 4.5 

SFD-5 13:30 27.79 16.0 8.7 116 101.8 286 10.5 4.7 

8/3/2009 In-lake Samples 

SFD-1 10:45 35.63 28.5 8.8 126 131.3 286 9.5 3.5 

SFD-2 9:20 35.23 27.5 8.7 124 133.1 306 9.6 3.7 

SFD-3 8:40 35.23 27.2 8.7 122 131.3 316 14.8 3.5 
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On May 4, 2009, Clean Lakes Inc. was contracted by the Los Angeles County Department of Parks and 
Recreation to conduct baseline water quality monitoring (Table G-133) of Santa Fe Dam Park Lake to 
determine if aquatic weed or algal growth controls were needed.  Three locations were sampled in the 
lake at a depth of approximately 1 ft below the water surface.  The location numbering and locations 
correspond to SFD-1, SFD-2, and SFD-3 monitored by the Regional Board and USEPA.   

Table G-133. In-lake Water Column Measurements for Santa Fe Dam Park Lake (5/4/09) 

Date Location Time 
NH3-N 
(mg/L) 

NO2+3-
N 

(mg/L) 

Total 
P 

(mg/L) 
COD 

(mg/L) 
TSS 

(mg/L) 

Secchi 
Depth 

(m) 

5/4/2009 

SFD-1 9:55 0.24 0.29 <0.01 14 <5 1.7 

SFD-2 10:13 0.47 0.21 <0.01 16 <5 1.4 

SFD-3 10:24 0.17 0.18 <0.01 17 <5 1.5 

 

Four types of alkalinity were also monitored at these locations (Table G-134).  Total alkalinity at each 
station was approximately 140 mg/L in the bicarbonate form. 

Table G-134. Alkalinity Measurements for Santa Fe Dam Park Lake (5/4/09) 

Date Location Time 
Total Alkalinity 

(mg/L) 
Carbonate 

Alkalinity (mg/L) 
Bicarbonate 

Alkalinity (mg/L) 
Hydroxide 

Alkalinity (mg/L) 

5/4/2009 SFD-1 9:55 142 < 1 142 < 1 

SFD-2 10:13 142 < 1 142 < 1 

SFD-3 10:24 140 < 1 140 < 1 

 

Clean Lakes, Inc. conducted depth profiles at each location in Santa Fe Dam Park Lake on May 4, 2009 
(Table G-135).  The pH ranged from 7.39 to 7.96 at all locations and depths.  DO ranged from 5.54 mg/L 
to 8.27 mg/L at all stations and depths with the exception of the bottom reading at station SFD-1 where 
the DO was 3.72 mg/L.  Depth measurements were between 3.18 and 3.25 meters, and Secchi depth 
readings were between 1.35 and 1.65 meters. 

Table G-135. Profile Data Collected in Santa Fe Dam Park Lake (5/4/09) 

Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 
Secchi Depth 

(m) 
Total Depth 

(m) 

SFD-1 9:50 0.27 22.44 7.96 8.27 1.65 3.20 

0.67 22.29 7.86 8.17 

1.35 22.01 7.78 8.03 

2.01 21.91 7.73 7.73 

2.66 21.25 7.64 7.18 

3.29 21.18 7.58 5.54 

3.48 21.21 7.55 3.72 

SFD-2 9:30 0.30 22.27 7.67 8.19 1.35 3.18 
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Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 
Secchi Depth 

(m) 
Total Depth 

(m) 

0.69 22.16 7.64 8.04 

1.31 21.97 7.6 7.94 

1.97 24.54 7.59 7.87 

2.66 21.43 7.52 7.29 

3.31 21.16 7.43 6.21 

3.44 24.15 7.39 5.82 

SFD-3 10:20 0.31 21.86 7.59 7.97 1.52 3.25 

0.67 21.81 7.56 7.73 

1.34 21.45 7.53 7.62 

2.02 21.3 7.52 7.47 

2.67 21.18 7.51 7.56 

3.30 21.17 7.51 7.44 

3.55 21.17 7.49 7.35 

 

Profile data for these three sites was also collected by the Regional Board on August 3, 2009 and is listed 
in Table G-136.  The profile data for SFD-1 is shown in Figure G-49.  The temperature at this site ranged 
from 26.3 to 28.5 °C and the pH ranged from 7.45 to 8.75.  The DO was greatest at one meter of depth, it 
ranged from 1.75 to 12.24 mg/L.  Morning and afternoon data were collected from SFD-2 and SFD-3, 
shown in Figure G-50 and Figure G-51.  At both sites, the afternoon temperature and DO were slightly 
higher, especially at the surface.  At both stations, below two meters of depth there was no temperature 
difference between morning and afternoon.  Field data were also collected for the groundwater source 
during this event.  After purging the line for approximately 10 minutes, the pH was 7.59 and the 
temperature was 18.4 ºC. 

Table G-136. Profile Data Collected in Santa Fe Dam Park Lake (8/3/09) 

Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 
Secchi Depth 

(m) 
Total Depth 

(m) 

SFD-1 10:45 0.10 28.50 8.75 10.74 0.61 2.95 

0.50 28.36 8.73 11.83 

1.00 28.03 8.73 12.24 

1.50 27.67 8.55 9.75 

2.00 27.23 8.39 8.20 

2.50 26.72 7.83 3.79 

3.00 26.33 7.45 1.75 

SFD-2 9:30 0.07 27.52 8.59 8.58 0.56 2.90 

0.49 27.53 8.74 9.94 

0.99 27.50 8.74 10.06 
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Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 
Secchi Depth 

(m) 
Total Depth 

(m) 

1.50 27.46 8.71 10.05 

1.99 27.44 8.68 9.80 

2.50 27.33 8.28 6.24 

2.99 26.89 7.98 4.56 

2.98 26.91 7.94 3.96 

SFD-2 16:30 0.09 29.09 8.96 11.83 0.56 2.90 

0.50 29.12 8.85 11.87 

1.01 29.01 8.86 11.84 

1.50 28.43 8.78 11.12 

1.99 27.39 8.50 8.46 

2.49 27.13 8.09 5.11 

3.01 26.85 7.93 3.13 

SFD-3 8:45 0.48 27.17 8.55 9.59 0.46 2.36 

0.98 27.18 8.65 10.01 

2.00 27.15 8.64 9.98 

0.10 27.20 8.73 10.21 

1.50 27.18 8.64 10.09 

SFD-3 16:00 0.09 28.91 9.02 12.00 0.46 2.36 

0.09 28.90 8.99 12.00 

0.49 28.82 9.00 12.11 

1.00 28.50 9.01 12.19 

1.51 27.85 8.95 12.34 

2.01 27.28 8.74 10.89 
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Figure G-49. Profile Data Collected at SFD-1 on August 3, 2009 

 

 

Figure G-50. Profile Data Collected at SFD-2 on August 3, 2009 
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Figure G-51. Profile Data Collected at SFD-3 on August 3, 2009 

 

The DO differences from morning and afternoon can further be analyzed by the DO saturation levels.  
The saturation at SFD-2 was highest in the afternoon, reaching a maximum of 157 percent at the surface.  
In the morning, the surface DO was at 110 percent and 129 percent between 0.5 and 2 meters of depth.  
The DO below 2 meters of depth was between 80 and 40 percent in the morning and afternoon.  The DO 
saturation profile for SFD-2 is shown in Figure G-52. 

 

 

Figure G-52. DO Saturation from Profile Data Collected at SFD-2 on August 3, 2009 

RB-AR38593



Appendix G. Monitoring Data for the Los Angeles Area Lakes TMDLs March 2012 

 
 G-176 

The DO saturation at SFD-3 had spatial and temporal patterns similar to those at SFD-2, shown in Figure 
G-53.  The maximum DO was in the afternoon near the surface, 159 percent.  The DO saturation in the 
morning had very little variation with depth and ranged from 122-130 percent.  The DO saturation in the 
afternoon was around 159 percent between 1.5 meters of depth and the surface.  The lowest saturation 
percent in the afternoon was 139, measured at 2.0 meters of depth.   

 
Figure G-53. DO Saturation from Profile Data Collected at SFD-3 on August 3, 2009 

During the December 2009 monitoring event, profile measurements were collected at two in-lake stations.  
Additional single measurements were collected at one shoreline site.  Table G-137 summarizes the field 
data collected during this event. 

Table G-137. Field Data Collected At Santa Fe Dam Park Lake on December 14, 2009 

Station Depth (m) pH ORP (mV) Temp (C) DO (mg/L) Cond (mS/cm2) 

SFD-1 .5 8.63 105.6 12.75 10.2 0.537 

1 8.70 106.0 12.72 9.8 0.538 

1.5 8.73 105.4 12.65 9.2 0.541 

2 8.73 107.8 12.54 8.15 0.544 

2.5 8.63 108.3 12.41 6.1 0.550 

SFD-3 .5 8.82 82.4 12.24 9.66 0.542 

1 8.89 85.0 12.22 9.55 0.542 

1.5 8.90 87.0 12.08 9.17 0.543 

2 8.90 87.4 12.06 8.98 0.543 

2.5 8.88 88.9 11.99 8.45 0.544 

2.8 8.87 88.9 12.00 8.07 0.546 
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Station Depth (m) pH ORP (mV) Temp (C) DO (mg/L) Cond (mS/cm2) 

SFD-4 Surface 8.08 97.0 13.24 10.8 0.542 

SFD-5 Surface 8.65 86.7 14.15 11.0 0.540 

 

USEPA sampled Santa Fe Dam Park Lake again on August 12, 2010 (Table G-138).  Secchi depth ranged 
from 0.61 m to 0.762 m.  In-lake samples of TKN ranged from less than the detection limit of 0.47 mg-
N/L to 0.594 mg-N/L.  Ammonia samples at SFD-1 and SFD-3 were less than the detection limit of  
0.03 mg-N/L, and nitrite samples were both detected at 0.035 mg-N/L.  Nitrate concentrations were less 
than the detection limit (0.01 mg-N/L) at SFD-3 and 0.097 mg-N/L at SFD-1.  Orthophosphate 
measurements at both sites were less than the detection limit of 0.0075 mg-P/L; total phosphorus 
concentrations ranged from 0.023 mg-P/L to 0.129 mg-P/L.  Chlorophyll a concentrations ranged from 
18.4 µg/L to 22.7 µg/L.  Ammonia and nitrite concentrations in the groundwater were similar to those in 
the lake.  TKN and nitrate in the groundwater sample were 1.11 mg-N/L and 1.62 mg-N/L, respectively.  
Orthophosphate concentration of the groundwater was 0.036 mg-P/L; total phosphorus was less than the 
detection limit of 0.0165 mg-P/L.  Chlorophyll a concentration was less than the detection limit of  
1.2 µg/L. 

Table G-138. 2010 In-lake Water Column Measurements for Santa Fe Dam Park Lake 

Date Location Time 
TKN 

(mg/L) 
NH3-N 
(mg/L) 

NO2-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4-P 
(mg/L) 

Total P 
(mg/L) 

Chloro-
phyll a 
(µg/L) 

Secchi 
Depth 

(m) 

8/12/2010 SFD-1 11:00 0.594 <0.03 0.035 0.097 <0.0075 0.129 22.7 0.762 

8/12/2010 SFD-3 11:40 <0.47 <0.03 0.035 <0.01 <0.0075 0.0228 18.4 0.61 

8/12/2010 SFD Well 12:40 1.11 <0.03 0.036 1.62 0.036 <0.0165 <1.2 NA 

 

Supplemental water quality data for the August 2010 sampling event are shown in Table G-139.   

Table G-139. 2010 Supplemental Water Quality Measurements for Santa Fe Dam Park Lake 

Date Location Time 
Chloride 
(mg/L) 

Temper-
ature 
(oC) pH 

Total 
Alka-
linity 

(mg/L) 

Total 
Hardness 
as CaCO3 

(mg/L) 
TDS 

(mg/L) 
TSS 

(mg/L) 
TOC 

(mg/L) 

8/12/2010 SFD-1 11:00 35.1 25.85 8.72 156 92.5 260 8.50 4.32 

8/12/2010 SFD-3 11:40 36.4 25.93 8.73 150 92.9 222 10.8 4.11 

8/12/2010 SFD Well 12:40 19.7 18.71 7.81 162 NA 228 <0.5 <2.0 

 

During the August 2010 monitoring event, 24-hr temperature/pH/DO/conductivity probes were deployed 
at SFD-1 and SFD-3 (Figure G-54 and Figure G-55, respectively).  The diurnal sampler placed at SFD-1 
measured pH values ranging from 8.75 to 8.97 and DO concentrations ranging from 8.3 mg/L to  
9.9 mg/L.  At SFD-3, diurnal measurements of pH ranged from 8.82 to 8.97, and DO concentrations 
ranged from 8.9 mg/L to 11.3 mg/L.   
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Figure G-54. Profile Data Collected at SFD-1 on August 12, 2010 
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Figure G-55. Profile Data Collected at SFD-3 on August 12, 2010 
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Depth-profile data were also collected during this water sampling event.  Table G-140 summarizes the 
depth-profile data collected at SFD-1 and SFD-3.   

Table G-140. Profile Data Collected in Santa Fe Dam Park Lake (8/12/2010) 

Site Time 
Depth 

(m) Temp (C) pH DO (mg/L) 

Specific 
Conductivity 

(mS/cm) Orp (mV) 

SFD-1 10:40 0.03 26.13 8.49 8.29 0.488 157 

0.53 25.85 8.72 8.62 0.487 158 

0.97 25.54 8.71 8.75 0.488 158 

1.45 25.41 8.69 8.66 0.488 158 

1.96 25.32 8.67 8.52 0.489 157 

2.54 24.3 8.56 8.29 0.488 157 

SFD-2 11:25 0.06 26.07 8.73 8.33 0.488 145 

0.46 25.93 8.73 8.49 0.488 144 

1 24.85 8.75 8.93 0.486 144 

1.59 24.64 8.74 8.97 0.485 144 

1.97 24.52 8.73 8.87 0.485 143 

 

Sediment samples were also collected during the August 2010 monitoring event.  Table G-141 
summarizes these data. 

Table G-141. August 12, 2010 Sediment Monitoring Data for Santa Fe Dam Park Lake 

Loca
-tion Time 

TKN 
(mg/kg) 

NH3-N 
(mg/kg) 

NO2-N 
(mg/kg) 

NO3-N 
(mg/kg) 

PO4-P 
(mg/kg) 

Total P 
(mg/kg) 

Total 
Organic 
Carbon 
(% by 
wt.) 

Acid 
Volatile 
Sulfides 
(mg/kg) 

Percent 
Solids 

Total 
Hard-
ness 

(mg/kg) 

SFD-
1 

11:00 903 7.21 1.79 1.90 0.621 739 2.89 1.08 25.0 48,600 

SFD-
1D 

11:40 1,150 10.4 1.79 1.90 0.584 750 2.86 0.308 24.6 36,200 

SFD-
3 

12:40 855 8.28 1.51 1.60 0.461 842 2.31 0.371 29.9 36,000 

 

G.11.2 MONITORING RELATED TO METALS IMPAIRMENTS 
In 1996 Santa Fe Dam Park Lake was deemed impaired by copper and lead.  Monitoring data for 
cadmium, copper, lead, and zinc are presented in this section.  Santa Fe Dam Park Lake is not listed for 
cadmium or zinc, but those data are presented here for completeness because other waterbodies in the 
region are affected by some of these contaminants. 
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Metals data collected at Santa Fe Dam Park Lake, as part of the 1992-1993 Urban Lakes Study (UC 
Riverside, 1994), are shown in Table G-142.  The station was located in the southeast end of the lake near 
the spillway (pink triangle, Figure G-48) (UC Riverside, 1994).  Sampling included dissolved copper and 
dissolved lead.  Dissolved copper samples were collected throughout the water column at depths from the 
surface to 3.5 meters.  The range of the 34 dissolved copper samples was between less than 10 µg/L and 
56 µg/L.  Similarly, dissolved lead samples were also collected throughout the water column, again at 
depths from the surface to 3.5 meters.  The 34 samples collected ranged in concentration from less than  
1 µg/L to 51 µg/L.   

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The summary table for Santa Fe Dam Park Lake 
states that copper and lead were not supporting the assessed uses: 37 measurements had a maximum lead 
concentration of 51 µg/L, a maximum copper concentration of 56 µg/L, and a maximum zinc 
concentration of 65 µg/L (raw data were not provided, but it is assumed that most of these samples are 
associated with the Urban Lake Study [UC Riverside, 1994]).     

Unfortunately, metals levels were analyzed at relatively high detection limits compared to current 
detection limits; dissolved copper minimum detection 10 µg/L while dissolved lead was 1 µg/L.  No 
hardness data were collected as part of the Urban Lakes Study, thus it cannot be compared to the 
hardness-based water quality objectives.  

Table G-142. Santa Fe Dam Park Lake 1992/1993 Monitoring Data for Metals 

Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

8/10/1992 0 18 <1 

2 18 10 

3.5 13 3 

8/10/1992 0 18 2 

2.5 19 2 

8/10/1992 0 22 2 

2.5 21 2 

9/10/1992 0 <10 2 

2 <10 <1 

3.5 <10 <1 

10/13/1992 0 <10 15 

2 <10 4 

3.5 <10 <1 

11/3/1992 0 27 3 

1.5 20 2 

2.5 56 2 

1/14/1993 0 <10 1 

2 <10 <1 
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Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

3.5 <10 <1 

2/3/1993 0 <10 <1 

2 <10 <1 

3 <10 <1 

3/9/1993 0 <10 8 

2 <10 23 

3.5 <10 2 

4/14/1993 0 <10 9 

1.5 <10 37 

2.5 <10 <1 

5/25/1993 0 <10 18 

1.5 <10 36 

2.5 <10 12 

6/21/1993 0 <10 <1 

1.5 <10 8 

2.5 <10 51 

 

Table G-143 presents 32 additional water column metals samples that were collected by the USEPA, 
Regional Board, and/or the County of Los Angeles between March 2009 and August 2010.  Samples were 
collected at locations SFD-1, SFD -2, SFD -3, SFD -4, and SFD-5.  Sites were analyzed for dissolved 
cadmium, copper, lead, and zinc.  

Detection limits were lower than the 1992-1993 study with a cadmium detection limit of 0.2 µg/L, 
dissolved copper detection limit of 0.4 µg/L, dissolved lead detection limit of 0.05µg/L, and dissolved 
zinc detection limit of 0.1 µg/L to 0.2 µg/L.  All dissolved cadmium concentrations were < 0.2 µg/L; 
copper concentrations were between 0.6 µg/L and 2.76 µg/L; lead concentrations ranged from  
< 0.05 µg/L to 0.1 µg/L; and zinc concentrations were <0.1 µg/L to 2.9 µg/L.  Metals toxicity is affected 
by hardness; therefore, each sample was also analyzed for hardness.  The 2009-2010 sampling resulted in 
a hardness range of 86 mg/L to 133.2 mg/L.  Since dissolved results pertain to the applicable standard and 
recent data more closely represents current conditions, data in Table G-143 were weighted more heavily 
in the assessment. 
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Table G-143. Water Column Metals Data for the 2008-2010 Santa Fe Dam Park Lake Sampling 
Events  

Organi- 
zation Date Station ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

RB 3/3/2009 SFD-2 / 3 103.95 <0.2 1.7 <0.1 0.1 average of 
stations 2 
and 3  

RB 3/3/2009 SFD-1 106.8 <0.2 1.8 <0.1 0.1 average of 
replicates 

RB 3/3/2009 SFD-4 102.55 <0.2 1.5 <0.1 <2.4 average of 
duplicates 

RB 3/3/2009 SFD-5 101.8 <0.2 1.9 <0.1 0.1  

RB/EPA 8/3/2009 SFD 1 131.3 <0.2 1.9 <0.1 1.9  

RB/EPA 8/3/2009 SFD 2 / 3 132.175 <0.2 1 0.1 0.1 average of 
replicates 
and then of 
sites 2 and 3 

RB/EPA 8/3/2009 SFD 4 133.2 <0.2 1.1 0.1 1.1  

RB/EPA 8/3/2009 SFD 5 132.7 <0.2 1.8 0.1 2  

EPA/County 11/17/2009 SFD 4 89.9 <0.2 0.9 <0.1 1.1  

EPA/County 11/17/2009 SFD 5 92.5 <0.2 0.9 <0.1 1.4  

EPA/County 11/17/2009 SFD 3 91.6 <0.2 1 <0.1 1.5 averaged 
with dup & 
field filtered 

EPA/County 11/17/2009 SFD 1 91.8 <0.2 0.8 <0.1 <0.1 average of 
replicates 

County 12/8/2009 SFD 1 93.55 <0.2 1.4 <0.1 <0.1 average of 
replicates 

County 12/8/2009 SFD 3 89.7 <0.2 1 <0.1 <0.1 average of 
replicates 

County 12/8/2009 SFD 4 91.4 <0.2 0.6 <0.1 <0.1  

County 12/8/2009 SFD 5 87.8 <0.2 1.5 <0.1 0.7  

EPA 12/14/2009 SFD 1 89.35 <0.2 0.7 <0.1 <0.1 average of 
replicates 

EPA 12/14/2009 SFD 3 88.3 <0.2 0.7 <0.1 <0.1 average of 
replicates 

EPA 12/14/2009 SFD 4 90.2 <0.2 0.8 <0.1 <0.1  

EPA 12/14/2009 SFD 5 86 <0.2 0.7 <0.1 <0.1  

County 1/28/2010 SFD 1 101.4 <0.2 0.9 <0.1 <0.1 average of 
replicates & 
duplicate 
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Organi- 
zation Date Station ID 

Hardness 
(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

County 1/28/2010 SFD 3 100.2 <0.2 0.9 <0.1 <0.1  

County 1/28/2010 SFD 4 100 <0.2 1 <0.1 <0.1  

County 1/28/2010 SFD 5 103.5 <0.2 0.9 <0.1 <0.1  

County 2/17/2010 SFD 1 109.1 <0.2 1.1 0.065 0.65 average of 
duplicate 

County 2/17/2010 SFD 3 110.5 <0.2 1.1 0.07 2.7  

County 2/17/2010 SFD 4 113.1 <0.2 1.15 0.06 1.95 average of 
replicates 

County 2/17/2010 SFD 5 112 <0.2 1.2 0.06 2.9  

EPA 8/12/2010 SFD 1 92.5 <0.2 1.03 <0.05 <0.1  

EPA 8/12/2010 SFD 3 92.9 <0.2 2.76 <0.05 <0.1  

EPA 8/12/2010 SFD 4 NA <0.2 0.879 <0.05 2.06  

EPA 8/12/2010 SFD 5 NA <0.2 1.05 <0.05 <0.1  

RB = Regional Board 

EPA = USEPA 

County = County of Los Angeles 
 

USEPA also collected two sediment samples during the month of August 2010 to further evaluate lake 
conditions. Table G-144 summarizes the copper and lead concentrations measured in these samples. 
There were zero sediment lead exceedances of the 128 ppm freshwater (Probable Effect Concentrations) 
sediment target and zero sediment copper exceedances of the 149 ppm freshwater (Probable Effect 
Concentrations) sediment target.  

Table G-144. Sediment Metals Data for the August 2010 Santa Fe Dam Park Lake Sampling Event 

Organization Date Station ID 
Copper 
(mg/kg) 

Lead 
(mg/kg) 

Notes 

EPA 8/12/2010 SFD 1 14.7 1.76 Average of duplicates 

EPA 8/12/2010 SFD 3 5.92 1.49  
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G.12 Monitoring Data for Lake Sherwood 
Fish tissue monitoring data relevant to the impairments of Lake Sherwood are available from 1991 top 
2007, while water and sediment quality data are available for 2009.  Figure G-56 shows the historical and 
recent monitoring locations for Lake Sherwood. 
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Figure G-56. Lake Sherwood Monitoring Sites 

G.12.1 MONITORING RELATED TO MERCURY IMPAIRMENT 
Mercury data have been collected in the Lake Sherwood watershed since 1991.  Fish tissue concentrations 
were measured three times under the Toxic Substances Monitoring Program (TSMP) from 1991 to 1997 
and by the Regional Board in 2007 (Davis et al., 2008).  USEPA and the Regional Board also sampled in-
lake and tributary water column and sediment mercury concentrations during two events in 2009.  Figure 
G-56 shows the locations of the water quality monitoring stations.   

G.12.1.1 In-Lake Water Quality Monitoring 

G.12.1.1.1 Water Column Measurements 

USEPA and the Regional Board sampled one station in Lake Sherwood for total and methylmercury in 
February and July 2009.  During the February event, the total depth at this location was 5 meters; samples 
were collected from 3 meters below the surface.  A representative of the Lake Sherwood home owner’s 
association (HOA) provided a boat and accompanied the sampling team.  The HOA representative would 
not allow the sampling team to anchor the boat during sampling, so the engine was left running.  The in-
lake February sample may therefore be contaminated from the exhaust of the outboard motor.  During the 
July event, samples were collected from a depth of 1 m, and the total depth at this site was 7.8 m.  The 
boat was anchored during this event with the engine turned off.   

Table G-145 compares the February and July 2009 water column concentrations observed in Lake 
Sherwood.  In February, the total mercury concentration was 3.32 ng/L, and the methylmercury 
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concentration was 0.189 ng/L or 5.7 percent.  In July, the total mercury concentration was 0.75 ng/L and 
the methylmercury concentration was 0.329 ng/L.  The percent of mercury in the methyl form in July was 
44 percent.  Total mercury was analyzed with EPA Method 1631 with a detection limit of 0.15 ng/L.  
Methylmercury was analyzed with EPA Method 1630 with a detection limit of 0.020 ng/L.     

Supplemental water quality data are included in Table G-146.   

Table G-145. In-lake Water Column Measurements for Lake Sherwood 

Location Date Time MeHg (ng/L) Total Hg (ng/L) TSS (mg/L) 

SL-In-lake 2/25/2009 10:00 0.189 3.32 7.1 

SL-In-lake 7/13/2009 9:00 0.329 0.75 5.3 

Table G-146. Supplemental Water Quality Monitoring for In-lake Samples in Lake Sherwood 

Location Date Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alkalinity 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Total 
Organic 
Carbon 
(mg/L) 

SL-In-lake 2/25/2009 10:00 73.73 180.03 202 664 6.0 

SL-In-lake 7/13/2009 9:00 73.23 200.06 240 752 6.75 

 

Profile data were collected at station SL-In-lake on February 25, 2009 (Figure G-57).  Specific 
conductivity is constant with depth.  DO decreases from over 9 mg/L at the surface to 0 mg/L at a depth 
of 3 meters.  pH ranges from 8.0 to 8.6, and temperature ranges from 11.1 ºC to 13.0 ºC.  Note that field 
operators found DO readings suspicious and have since sent meter off for repair (Greg Nagle, 
USEPA Region 9, personal communication, 5/22/09). 
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Figure G-57. Profile Data Collected at SL-In-lake on February 25, 2009 
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Profile data were also collected at station SL-In-lake on July 13, 2009 (Figure G-58).  Specific 
conductivity remained constant with depth.  DO decreases from over 10 mg/L at the surface to almost  
0 mg/L at a depth of 8 meters.  The DO meter was repaired for these readings.  pH ranges from 7.5 to 8.8, 
and temperature ranges from 21.1 ºC to 25.9 ºC 

 

Figure G-58. Profile Data Collected at SL-In-lake on July 13, 2009 

G.12.1.1.1 Sediment Samples 

USEPA and the Regional Board collected sediment samples from Lake Sherwood to measure total and 
methylmercury concentrations in sediment.  In February, total mercury was analyzed with EPA Method 
1631 with a detection limit of 4.96 µg/kg.  Methylmercury was analyzed with EPA Method 1630 with a 
detection limit of 0.022 µg/kg.  The concentrations of total and methylmercury were 470 µg/kg and 0.685 
µg/kg, respectively.  In July, total mercury was analyzed with EPA Method 1631 with a detection limit of 
15.9 µg/kg.  Methylmercury was analyzed with EPA Method 1630 with a detection limit of 0.025 µg/kg.  
The concentrations of total and methylmercury were 388 µg/kg and 0.599 µg/kg, respectively.   

In-lake sediment mercury concentrations for Lake Sherwood are presented in Table G-147.  Supplemental 
data are presented in Table G-148.  Concentrations are reported on a dry weight basis. 

Table G-147. In-lake Sediment Concentrations for Lake Sherwood 

Location Date Time MeHg (µg/kg) 
Total Hg 
(µg/kg) TSS (%) 

SL-In-lake 2/25/2009 10:00 0.685 470 36.70 

SL-In-lake 7/13/2009 9:00 0.599 388 33.96 
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Table G-148. Supplemental Sediment Data for In-lake Samples in Lake Sherwood 

Location Date Time Sulfate (mg/kg) 
Total Organic Carbon 
(percent of dry weight) 

SL-In-lake 2/25/2009 10:00 481.93 3.38 

SL-In-lake 7/13/2009 9:00 218.99 5.15 

G.12.1.2 Fish Tissue Sampling 
Mercury concentrations in the fish tissue of largemouth bass have been measured in Lake Sherwood since 
1991.  The TSMP sampled individual fish three times.  The SWAMP sampled individual fish during the 
summer of 2007 and April 2010.  The Sherwood Valley HOA sampled five individual fish in 2007 as 
well (Weston Solutions, 2007); length data were not retained during analysis.  Fillet and liver tissue were 
analyzed.  Table G-149 presents the fish tissue mercury concentrations on a wet weight basis; liver 
concentrations are not included.  Concentrations range from 0.214 ppm to 1.6 ppm.  The applicable fish 
tissue guideline for mercury measured as a wet weight concentration is 0.22 ppm.   

Table G-149. Fish Tissue Mercury Concentrations Measured in Lake Sherwood Large Mouth Bass 

Program Date Fish Length (mm) 

Total Mercury 
Concentration 

(ppm wet weight) 

TSMP 4/22/1991 356 0.700 

TSMP 4/21/1992 286 1.600 

TSMP 7/17/1997 349 0.214 

SWAMP Summer 2007 205 0.219 

SWAMP Summer 2007 242 0.239 

SWAMP Summer 2007 261 0.325 

SWAMP Summer 2007 284 0.236 

SWAMP Summer 2007 305 0.362 

SWAMP Summer 2007 321 0.322 

SWAMP Summer 2007 365 0.802 

SWAMP Summer 2007 345 0.751 

SWAMP Summer 2007 353 0.601 

SWAMP Summer 2007 318 0.444 

SWAMP Summer 2007 328 0.464 

SWAMP Summer 2007 349 0.504 

SWAMP Summer 2007 339 0.607 

SWAMP Summer 2007 386 0.552 

SWAMP Summer 2007 418 0.802 
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Program Date Fish Length (mm) 

Total Mercury 
Concentration 

(ppm wet weight) 

SWAMP Summer 2007 452 0.665 

Sherwood HOA Summer 2007 Length data not available 0.465 

Sherwood HOA Summer 2007 Length data not available 0.670 

Sherwood HOA Summer 2007 Length data not available 0.319 

Sherwood HOA Summer 2007 Length data not available 0.284 

Sherwood HOA Summer 2007 Length data not available 0.409 

SWAMP 4/19/2010 417 1.02 

SWAMP 4/19/2010 385 0.664 

SWAMP 4/19/2010 374 0.824 

SWAMP 4/19/2010 368 0.994 

SWAMP 4/19/2010 357 1.09 

 

Piscivorous fish tend to have increased mercury tissue concentrations with age.  Figure G-59 shows the 
mercury concentrations in largemouth bass plotted against length, which is an approximate surrogate for 
age.  As expected, fish tissue mercury concentrations increase with length.  All fish specimens with a 
mean or individual length greater than 205 mm exceed the fish tissue target of 0.22 mg/kg, with the 
exception of one sample that had a concentration of 0.214 ppm and a length of 349 mm.  Of the samples 
with corresponding length data, 22 exceeded the fish tissue target.     
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Figure G-59. Mercury Concentrations in Largemouth Bass in Lake Sherwood 
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SWAMP also collects data on mercury concentration in redear sunfish. Table G-150 provides composite 
results for redear sunfish collected in April 2010.  

Table G-150. Composite Fish Tissue Mercury Concentrations Measured in Lake Sherwood Redear 
Sunfish 

Program Date 
Average Fish Length 

(mm) 
Number of Fish per 

Composite 

Total Mercury 
Concentration 

(ppm wet weight) 

SWAMP 4/19/2010 289 5 0.140 

SWAMP 4/19/2010 291 5 0.185 

SWAMP 4/19/2010 291 5 0.169 

 

G.12.1.3 Tributary/Inflow Monitoring 

G.12.1.1.3 Water Column Measurements 

In February 2009, USEPA and the Regional Board sampled water column total and methylmercury 
concentrations from two tributaries and one storm drain.  However, the temperature requirements for the 
methylmercury sample collected at the storm drain (SL-8) were not met, so the measured methylmercury 
concentration may be compromised.  Total mercury was analyzed with EPA Method 1631 with a 
detection limit of 0.15 ng/L.  Methylmercury was analyzed with EPA Method 1630 with a detection limit 
of 0.020 ng/L.  The two tributary samples (SL-3 and SL-6) had total mercury concentrations ranging from 
2.96 ng/L to 6.00 ng/L.  The storm drain (SL-8) had a higher total mercury concentration of 23.9 ng/L.  
Methylmercury concentrations in the tributary samples ranged from 0.157 ng/L to 0.216 ng/L.  
Methylmercury in the storm drain sample was an order of magnitude lower, but this sample was 
compromised and may not be accurate. 

Inflow water column measurements were collected again in the summer of 2009.  The tributary at SL-6 
was not flowing, so a sample was not collected during the July event.  The storm drain at SL-8 had 
methyl and total mercury concentrations of 0.096 ng/L and 54.0 ng/L, respectively.  The creek flowing 
through the golf course community was sampled at SL-3; a duplicate sample was analyzed for total 
mercury.  The forebay at the outlet of Hidden Valley Wash (SL-7) had methyl and total mercury 
concentrations of 3.41 ng/L and 11.3 ng/L, respectively.  Total mercury was analyzed with EPA Method 
1631 with detection limits ranging from 0.15 ng/L to 0.73 ng/L.  Methylmercury was analyzed with EPA 
Method 1630 with a detection limit of 0.020 ng/L.   

Table G-151 presents the results of the water column mercury and TSS concentrations measured in the 
tributaries and storm drains to Lake Sherwood.  The tributary flowing through the mountainous 
subwatershed that discharges to the south side of the lake had the lowest concentrations of methyl and 
total mercury during the winter sampling event; this tributary was not flowing during the summer event.  
The highest concentrations of total mercury were observed in storm drain SL-8.  Methylmercury 
concentrations were highest in the forebay at the outlet of Hidden Valley Wash.  This site (SL-7) was 
identified as a potential methylation hot spot based on sediment samples collected in February 2009 (see 
discussion in Section G.12.1.1.3.  Table G-152 presents the supplemental water quality data. 
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Table G-151. Tributary/Inflow Water Column Measurements for Lake Sherwood 

Location Date Time MeHg (ng/L) Total Hg (ng/L) TSS (mg/L) 

SL-3 2/25/2009 13:00 0.157 6.00 1.0 

SL-6 11:00 0.216 2.96 2.9 

SL-8 11:45 0.0251 23.9 2.2 

SL-8 7/13/2009 10:00 0.096 54.0 5.1 

SL-3 8:55 0.536 4.58 2.1 

SL-3D 8:55 NA 4.63 NA 

SL-7 10:15 3.41 11.3 20.3 

1  Temperature requirements for methylmercury analysis not met. 

Table G-152. Supplemental Water Quality Monitoring for Inflow Samples for Lake Sherwood 

Location Date Time 
Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Total 
Alkalinity 

(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Total 
Organic 
Carbon 
(mg/L) 

SL-3 2/25/2009 13:00 134.61 384.7 262 1,094 4.7 

SL-6 11:00 55.68 146.65 206 578 4.1 

SL-8 11:45 180.97 488.44 238 1,310 5.6 

SL-8 7/13/2009 10:00 156.33 271.61 248 1036 5.5 

SL-3 8:55 190.1 573.81 346 1628 5.2 

SL-7 10:15 76.46 181.58 192 714 7.7 

G.12.1.1.3 Sediment Samples 

Sediment samples were collected from three tributaries (SL-3, SL-6, and SL-7) and one storm drain (SL-
5) during the February 2009 monitoring event.  Samples SL-3 and SL-6 represented flowing water 
through developed and undeveloped areas, respectively.  Total and methylmercury sediment 
concentrations at these two sites were much lower than site SL-7, which was intended to represent the 
Hidden Valley Wash tributary.  This tributary appears to be piped under Janss Road prior to discharging 
to Lake Sherwood.  The outlet of the pipe is beneath the surface of a stagnant backwater area adjacent to 
the Lake.  The sediment mercury concentration of this sample may be more reflective of a wetland area 
than the sediment being delivered from the upland areas draining to Hidden Valley Wash.  This is 
particularly true of the methylmercury sediment concentration which is an order of magnitude greater 
than those measured in the other inputs or Lake Sherwood itself.  Though the methyl and total mercury 
concentrations at site SL-7 may not be accurate for estimating loading from Hidden Valley Wash, they do 
identify a potential location of high rates of methylation that may be increasing the bioavailability of 
mercury to the aquatic life in Lake Sherwood.  Typical hotspots for methylation include wetlands, where 
sediments alternate between wet and dry conditions.  Based on two reconnaissance events conducted for 
Lake Sherwood, this backwater area undergoes both dry (January 2009) and wet/stagnant (February 2009) 
periods.   

In July 2009, sediment samples were collected from four locations.  Duplicate total mercury samples were 
collected at SL-3.  The lowest total mercury concentrations (approximately 60 µg/kg) were observed at 
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SL-PR (upstream of SL-7 on Hidden Valley Wash at Potrero Road) and SL-5.  The highest total mercury 
concentrations were measured at SL-3 and SL-7.  Methylmercury concentrations ranged from 0.397 
µg/kg to 0.657 µg/kg at SL-3, SL-5, and SL-7 with the highest concentration (0.696) measured at SL-8.  
Concentrations were much lower at SL-PR and were equivalent to the detection limit for that sample.  

Sediment mercury concentrations collected from the inputs and adjacent area of Lake Sherwood are 
presented in Table G-153.  Concentrations are reported on a dry weight basis.  Table G-154 presents the 
supplemental sediment quality data. 

Table G-153. Inflow Sediment Concentrations for Lake Sherwood 

Location Date Time MeHg (µg/kg) Total Hg 
(µg/kg) 

TSS (%) 

SL-3 2/25/2009 13:00 0.269 92.7 77.70 

SL-6 11:00 0.136 129 75.90 

SL-5 13:15 0.145 51.0 82.62 

SL-71 08:30 2.53 243 74.25 

SL-3 7/13/2009 8:55 0.397 392 30.30 

SL-3D 8:55 NA 265 34.45 

SL-5 9:45 0.657 62.9 96.80 

SL-7 10:15 0.453 275 73.18 

SL-PR 10:50 0.009 60.3 98.82 

SL-8 10:00 0.696 63.3 74.52 

1  This sample is likely not representative of the sediment methylmercury concentrations delivered from Hidden Valley 
Wash. 

Table G-154. Supplemental Sediment Data for Inflow Samples to Lake Sherwood 

Location Date Time 
Sulfate 
(mg/kg 

Total Organic Carbon  
(percent of dry weight) 

SL-3 2/25/2009 13:00 157.54 0.24 

SL-6 11:00 125.09 0.58 

SL-5 13:15 92.76 1.44 

SL-7 08:30 108.98 1.67 

SL-3 7/13/2009 8:55 1,106.74 10.15 

SL-5 9:45 903.53 3.93 

SL-7 10:15 93.23 0.68 

SL-PR 10:50 9.3 1.64 

SL-8 10:00 41.69 2.35 
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G.13 Monitoring Data for Westlake 
Monitoring data relevant to the impairments of Westlake Lake are available for 1992, 1993, 2009, and 
2010.  Figure G-60 shows the historical and recent monitoring locations for Westlake Lake. 

 

Figure G-60. Westlake Lake Monitoring Sites 

G.13.1 MONITORING RELATED TO METALS IMPAIRMENT 
In 1996 Westlake Lake was impaired by lead.  Monitoring data for cadmium, copper, lead, and zinc are 
presented in this section.  Westlake Lake is not listed for cadmium, copper, or zinc, but those data are 
presented here for completeness because other waterbodies in the region are affected by some of these 
contaminants. 

Metals data collected at Westlake Lake, as part of the 1992-1993 Urban Lakes Study (UC Riverside, 
1994), are presented in Table G-155.  Samples were collected near the outlet of the lake (WL1) and 
included dissolved copper and dissolved lead.  Dissolved copper samples were collected throughout the 
water column at depths from the surface to six meters.  The range of the 52 dissolved copper samples was 
between less than 10 µg/L and 56 µg/L.  Similarly, dissolved lead samples were also collected throughout 
the water column, again at depths from the surface to six meters.  The 52 samples collected ranged in 
concentration from less than 1 µg/L to 91 µg/L.   

The Regional Board completed its Water Quality Assessment and Documentation Report for waterbodies 
in the Los Angeles Region in 1996 (LARWQCB, 1996).  The summary table for Westlake Lake states 
that copper and lead were not supporting the assessed uses (copper has since been delisted): 52 
measurements had a maximum lead concentration of 91 µg/L, a maximum copper concentration of 56 
µg/L, and a maximum zinc concentration of 12 µg/L (raw data were not provided, but it is assumed that 
most of these samples are associated with the Urban Lake Study [UC Riverside, 1994]).     

Unfortunately, metals levels were analyzed at relatively high detection limits compared to current 
detection limits; dissolved copper minimum detection 10 µg/L while dissolved lead was 1 µg/L.  No 
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hardness data were collected as part of the Urban Lakes Study, thus it cannot be compared to the 
hardness-based water quality objectives.  

Table G-155. Westlake Lake 1992/1993 Monitoring Data for Metals 

Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

8/3/1992 0 21 <1 

2 21 <1 

4 19 1 

6 13 4 

8/3/1992 0 25 2 

2 21 <1 

8/3/1992 0 42 <1 

2.5 28 2 

8/18/1992 0 47 <1 

2.5 47 <1 

4 36 <1 

6 21 <1 

9/23/1992 0 55 22 

1.5 33 6 

4 25 4 

6 21 2 

10/14/1992 0 48 <1 

2 46 <1 

4 46 <1 

6 44 <1 

11/10/1992 0 24 1 

2 34 1 

4 37 1 

6 54 2 

12/14/1992 0 31 11 

1.5 29 5 

3 42 6 

6 56 13 

1/20/1993 0 <10 <1 
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Date 
Depth 

(m) 
Dissolved 

Copper ( µµµµg/L) 
Dissolved 

Lead ( µµµµg/L) 

2 <10 <1 

4 <10 <1 

6 <10 <1 

2/24/1993 0 <10 <1 

2 <10 <1 

4 12 <1 

6 <10 <1 

3/10/1993 0 <10 <1 

2 <10 <1 

4 <10 <1 

6 <10 <1 

4/19/1993 0 26 1 

2.5 30 33 

3.5 27 8 

4.5 18 6 

5/19/1993 0 30 91 

2.5 31 27 

4.5 26 9 

6.5 19 17 

6/28/1993 0 36 19 

2 33 2 

4 29 <1 

6 29 <1 

 

Table G-156 presents 24 additional metals samples that were collected by USEPA and the Regional 
Board between March 2009 and October 2010.  Samples were collected at locations WL-1, WL-2, WL-3, 
and WL-4.  Sites were analyzed for dissolved cadmium, copper, lead, and zinc.   

Detection limits were lower than the 1992-1993 study with a cadmium detection limit of 0.2 µg/L, 
dissolved copper detection limit of 0.4 µg/L, dissolved lead detection limit of 0.05 µg/L, and dissolved 
zinc detection limit of 0.2 µg/L.  All dissolved cadmium concentrations were less than 0.4 µg/L; copper 
concentrations ranged from 2.5 µg/L to 8.9 µg/L; lead concentrations were between <0.05 µg/L and 0.065 
µg/L; and zinc concentrations ranged from <0.1 µg/L to 5.45 µg/L.  Metals toxicity is affected by 
hardness; therefore, each sample was also analyzed for hardness.  The 2009-2010 sampling resulted in a 
hardness range of 231 mg/L to 477 mg/L.  Since dissolved results pertain to the applicable standard and 
recent data more closely represents current conditions, data in Table G-156 were weighted more heavily 
in the assessment. 
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Table G-156. Metals Data for the 2009-2010 Westlake Lake Sampling Events  

Date  
Station 

ID  
Hardness 

(mg/L) 

Dissolved 
Cadmium 

(µµµµg/L) 

Dissolved 
Copper 
(µµµµg/L) 

Dissolved 
Lead 
(µµµµg/L) 

Dissolved 
Zinc 

(µµµµg/L) Notes 

3/26/2009 WL 1 348.58 <0.2 5.78 <0.05 1.18 
average of duplicates 
and replicates 

3/26/2009 WL 2 353.60 <0.2 5.50 <0.05 1.40  

3/26/2009 WL 3 343.80 <0.2 6.00 <0.05 2.20  

3/26/2009 WL 4 347.70 <0.2 5.60 <0.05 0.80  

7/17/2009 WL 1 469.77 <0.2 6.87 0.05 0.57 
average of duplicates 
and replicates 

7/17/2009 WL 2 477.00 <0.2 8.90 <0.05 <0.10  

7/17/2009 WL 3 466.00 <0.2 7.30 <0.05 0.40  

7/17/2009 WL 4 469.25 <0.2 8.15 <0.05 <0.10 average of replicates 

12/17/2009 WL 1 382.6 <0.2 4.9 0.055 5.2 average of replicates 

12/17/2009 WL 2 382.9 <0.2 4.4 0.065 5.45 average of duplicates 

12/17/2009 WL 3 351 <0.2 4.8 0.05 4.7  

12/17/2009 WL 4 388.2 <0.2 4.1 0.05 1.3  

1/26/2010 WL 1 246.1 <0.2 3.4 <0.05 1.55 average of replicates 

1/26/2010 WL 2 243.3 <0.2 2.5 <0.05 4.05 average of duplicates 

1/26/2010 WL 3 231.5 <0.2 3.25 <0.05 1.6  

1/26/2010 WL 4 256.3 <0.2 2.8 <0.05 0.6  

8/13/2010 WL 1 333 0.409 4.46 <0.05 2.61  

8/13/2010 WL 2 334 <0.2 4.10 <0.05 <0.1  

 8/13/2010 WL 2D 334 0.407 4.10 <0.05 <0.1  

8/13/2010 WL 3 332 ND 4.08 <0.05 0.748  

8/13/2010 WL 4 331 ND 4.14 <0.05 <0.1  

10/1/2010 WL 1 337 <0.2 5.96 <0.05 <0.1  

10/1/2010 WL 2 335 <0.2 5.95 <0.05 <0.1  

10/1/2010 WL 3 328 <0.2 4.99 <0.05 <0.1  

10/1/2010 WL 4 335 <0.2 6.34 <0.05 <0.1  

Note: all sampling performed by the Regional Board and/or USEPA. 
 

USEPA also collected two sediment samples during August 2010 to further evaluate lake conditions. 
Table G-157 summarizes the lead concentrations measured in these samples. There were zero sediment 
lead exceedances of the 128 ppm freshwater (Probable Effect Concentrations) sediment target. 
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Table G-157. Sediment Metals Data for August 2010 West Lake Sampling Event  

Organization Date Station ID Lead (mg/kg) Notes 

EPA 08/13/2010 WL1 31.1  

EPA 08/13/2010 WL2 83.1 Average of 
duplicates 
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H.1 Introduction 
USEPA Region IX is establishing Total Maximum Daily Loads (TMDLs) for impairments in nine lakes 
in the Los Angeles Region (Figure H-1).  USEPA was assisted in this effort by the Los Angeles Water 
Quality Control Board (Regional Board).  Impairments of these waterbodies include low dissolved 
oxygen/organic enrichment, odor, ammonia, eutrophication, algae, pH, mercury, lead, copper, chlordane, 
DDT, dieldrin, PCBs, and trash.   

 
Figure H-1. Location of 10 TMDL Lakes in the Los Angeles Region 

Three of these waterbodies are listed as impaired by Organochlorine (OC) Pesticides and PCBs due to 
elevated fish tissue concentrations: Echo Park Lake, Peck Road Park Lake, and Puddingstone Reservoir.  
Puddingstone Reservoir was listed for fish tissue concentrations of chlordane, DDT, and PCBs in 1996 
and 1998 based on data collected by the Toxic Substance Monitoring Program (TSMP).  The listings were 
carried over to the 2008-2010 303(d) list.  The TSMP fish data were also used as the basis for listing 
PCBs in Echo Park Lake and chlordane and DDT in Peck Road Park Lake.  These listings began in 1996 
and were also listed on the 1998, 2002, 2006, and 2008-2010 303(d) lists.  Recently collected data 
revealed other impairments not included in the 2008-2010 303(d) listings, but requiring remedial efforts.  
PCB and dieldrin impairments were identified in Peck Road Park Lake, a dieldrin impairment was 
identified in Puddingstone Reservoir, and chlordane and dieldrin impairments were found in Echo Park 
Lake based on fish tissue contamination found in 2004, 2007, and/or 2010 data collected for the Surface 
Water Ambient Monitoring Program (SWAMP) study.  The basis for listings in each lake is shown in 
Table H-1. 

The TMDLs developed for fish tissue contaminations will also reduce OC Pesticides and PCBs in the 
sediment and water.  This appendix discusses the methods used to calculate TMDLs based on the 
measured tissue concentrations observed in each waterbody.  The lake-specific chapters describe data, 
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results, and allocations associated with Echo Park Lake, Peck Road Park Lake, and Puddingstone 
Reservoir. 

Table H-1. OC Pesticides and PCBs Impairments in Los Angeles Region Lakes 

Lake Chlordane DDT Dieldrin Total PCBs 

Echo Park Lake ○  ○ ● 

Peck Road Park Lake ● ● ○ ○ 

Puddingstone ● ● ○ ● 

● Impairment included in both the consent decree and 2008-2010 303(d) list. 

○ Impairment identified by new data analyses (after the 2008-2010 303(d) list data cutoff). 
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H.2 Conceptual Model 
Storage in the sediment accounts for the major fraction of OC Pesticides and PCBs in most lake systems.  
The cycling of OC Pesticides and PCBs between sediment, benthic biota, and aquatic organisms is 
illustrated in the conceptual model in Figure H-2.  The figure illustrates the direct uptake of pollutants by 
filter feeders and benthic organisms (via adsorption or ingestion) and the indirect uptake of pollutants in 
fish by consumption of contaminated benthic organisms.  Most of the OC Pesticides and PCBs mass that 
is not incorporated in the aquatic lifecycle will travel through a settling-resuspension cycle of lake 
particulates.  Other transport cycles are also shown in Figure H-2 or described in the Linkage Analysis 
discussion (Section H.4). 

 

Figure H-2. Conceptual Model for OC Pesticides and PCBs Mobilization 
 

The remainder of this section provides a summary of brief background information on the pollutants 
addressed in the TMDLs for organic compounds impairments.  For the OC Pesticides and PCBs, the 
general uses and sources of the chemical are explained.  There is an abundance of literature for each 
contaminant’s history, chemical characteristics, and toxicological effects, which are rudimentarily 
summarized for this background. 
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H.2.1 ORGANOCHLORINE PESTICIDES 
Organochlorine (OC) pesticides describes a large collection of pesticides synthetically generated and 
composed of an organic chemical with at least one chlorine atom.  OC pesticides include aldrin, 
chlordane, DDT, dicofol, dieldrin, endosulfan, endrin, heptachlor, mirex, and toxaphene.  The use of OC 
pesticides was widespread between 1940-1980, at which point, most OCs were banned in the United 
States (Kalkhoff and Van Metre, 2009).  This group of pesticides is often referred to as legacy pesticides, 
as they continue to persist in the environment long after their initial entry.  The OC pesticides addressed 
for the lake TMDLs are chlordane, dichlorodiphenyltrichloroethane (DDT), and dieldrin.  Many of the 
OC pesticides, including the chemicals of concern here, are nonpolar and highly lipophilic (Connell, 
2005), giving them a propensity to bioaccumulate in fats (lipids) in fish tissue. 

H.2.1.1 DDT 
Dichlorodiphenyltrichloroethane (DDT) is a synthetic organochlorine insecticide once used throughout 
the world to control insects.  Technically DDT consists of two isomers, 4,4’-DDT and 2,4’-DDT, of 
which the former is the most toxic.  In the environment, DDT breaks down to form two related 
compounds: DDD (tetrachlorodiphenylethane) and DDE (dichlorodiphenyl-dichloroethylene).  The sum 
of DDT, DDD, and DDE is referred to as total DDTs.  DDT and its degradation products are colorless 
crystalline solids and exhibit physical properties of low water solubility and high lipophilicity, which play 
a key role in its environmental fate (LARWQCB, 2009a; LARWQCB, 2009b).  DDT became widely used 
as a pesticide in 1939.  During World War II, its use was focused on controlling disease-carrying insects, 
such as mosquitoes and lice (USEPA, 1975).  DDT for agricultural and commercial uses started after 
1945.  Use of DDT peaked in 1959, at which time approximately 80 million pounds were being applied 
annually.  In California, DDT was widely used for control of both agricultural and disease-carrying pests 
(Mischke et al., 1985).  In 1963 the California Department of Food and Agriculture (CDFA) declared 
DDT a restricted material.  The last year that substantial amounts of DDT were applied in California was 
1970, when roughly 1.2 million pounds of DDT were applied, primarily to agricultural areas (Mischke et 
al., 1985). 

The overall use of DDT started to decline in the early 1970s because of restrictions and reporting uses, in 
addition to the developed resistance of the pests that were previously sensitive to DDT (USEPA, 1975).  
Furthermore, new more effective pesticides had been developed, and there was growing public concern 
over adverse human and environmental health effects from DDT exposure (USEPA, 1975).  Even though 
domestic usage of DDT has been banned for more than 30 years, there are still widespread environmental 
impairments caused by DDT and DDT-associated degradation products. 

Because DDT exhibits such low water solubility, it is mainly concentrated in soils and will bind strongly 
to the organic fraction of sediments (Walker et al., 2001).  DDT has an estimated half-life in soil of two to 
sixteen years (Connell, 2005).  DDT is transported to surface waterbodies through the sediment and 
erosion runoff.  DDT in the water column will remain partitioned to sediment or other organic mediums 
(living organisms). 

DDT is also highly lipophilic and will accumulate in the fatty tissues of exposed wildlife and biomagnify 
as it moves through the food chain to reach the primary predator (NPIC, 1999).  The ability of DDT to 
biomagnify is one of the primary environmental concerns of this pollutant because the exposure increases 
from one trophic level to another. 

H.2.1.2 Chlordane 
Chlordane is a white solid pesticide that was first registered and approved for agricultural and non-
agricultural uses in the United States in 1948.  Chlordane is actually a generally encompassing term used 
to describe technical chlordane, the common pesticide formula which is composed of over 50 different 
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closely-related compounds.  Technical chlordane includes heptachlor, nonachlor, chlordane and similar 
chemicals.  The true chlordane compound composes roughly 40 percent of the technical mixture in two 
isomers: alpha-chlordane and gamma-chlordane (NPIC, 2001). 

Non-agricultural uses of chlordane included treating pests in residential lawns and gardens as well as 
structural pests such as termites.  Chlordane was used on a variety of agricultural crops including corn, 
citrus, deciduous fruits and nuts, and vegetables.  USEPA banned the use of chlordane on all food crops, 
lawns, and gardens in 1978.  It was still registered as a termiticide until 1988, when USEPA expanded the 
chlordane ban to all uses (USEPA, 2009a). 

As an organochlorine pesticide, chlordane has similar properties to DDT.  It has low water solubility, a 
strong binding affinity to soil particles, and is persistent in the environment, with a half-life in soils of 
approximately four years (EXTOXNET, 1996).  Soils historically treated with chlordane can continue to 
be a present source of chlordane in the environment and contaminated soils can be transported to 
waterbodies via runoff.  Moreover, chlordane will bioaccumulate in the fat tissue of exposed organisms 
and is considered highly toxic to fish and freshwater invertebrates (NPIC, 2001; EXTOXNET, 1996). 

H.2.1.3 Dieldrin 
Dieldrin is a man-made organochlorine pesticide product, but can also be produced through the natural 
and metabolic degradation of aldrin, another organochlorine pesticide (USEPA, 2008).  Dieldrin was 
originally developed as an alternative to DDT and mainly used between 1950 and 1970.  It was applied to 
structures for termite control and used in agriculture for control of soil insects such as corn rootworms, 
cutworms, and locusts in citrus, corn, and cotton crops (ATSDR, 2002; USEPA, 2008).  Use of dieldrin 
peaked in 1966 at one million pounds and dropped to 670,000 pounds in 1970, during the same period the 
use of aldrin dropped from 19 million pounds to 10.5 million pounds (USEPA, 1980). 

In 1970, all registered uses for both pesticides were cancelled by the US Department of Agriculture 
(USDA), but the USEPA lifted the cancellation under the authority of the Federal Insecticide, Fungicide 
and Rodenticide Act (FIFRA) in 1972 for deep ground insertions for termite control, nursery clippings of 
roots and tops of non-food plants, and moth-proofing.  In 1974, the manufacturing of aldrin and dieldrin 
was suspended, and in 1987 all uses of dieldrin were cancelled (USEPA, 2008).  

Dieldrin is resistant to biotic and abiotic degradation, becomes sequestered in the soil with time, and 
therefore persists in the environment.  The half life in soils is between six months and three years 
(Connell, 2005; Alexander, 1999).  Similar to the other organochlorine pesticides, dieldrin also has a 
strong affinity to soil particles and lipids and a low solubility in water.  The most common exposure 
routes of dieldrin are from living in houses treated with dieldrin to control termites and consumption of 
root crops, fish, and seafood.  Dieldrin has a wide range of suspected negative effects in living organisms.  
Most often in humans, dieldrin damages functions of the nervous system (ASTDR, 2002). 

H.2.2 POLYCHLORINATED BIPHENYLS 
Polychlorinated biphenyls (PCBs) consist of two phenyl rings with from one to ten chlorine atoms 
attached.  Individual PCB compounds, referred to as congeners, vary in the number and placement of the 
chlorine atoms.  There are a total of 209 possible congeners, which vary in physical properties and 
toxicity (ATSDR, 2001).  Some commercial mixtures of PCBs are known by the trade name Aroclor.  
Most PCBs are oily liquids or waxy solids, and some can exist as a vapor in air (ATSDR, 2001; USEPA, 
2009b).  There are no natural sources of PCBs. 

PCBs were manufactured in the U.S. from 1929 until production was banned in 1979.  The cumulative 
production of PCBs in the United States from 1930 to 1985 is estimated at 1.4 billion pounds (USEPA, 
2010).  PCBs were used for a variety of applications and functions, including coolants and lubricants in 
transformers, capacitors, and other electrical equipment; heat transfer and hydraulic fluids; fluorescent 
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light ballasts; cable insulation and thermal insulation; adhesives and tape; varnishes, surface coatings and 
paints; caulking; plastics; and carbonless copy paper (USEPA, 2009b).  Useful characteristics, such as 
non-flammability, chemical stability, and insulating ability, resulted in use of PCBs for myriad industrial 
and commercial purposes (USEPA, 2009b). 

Prior to the 1979 ban on manufacturing, PCBs were released into the environment during their production 
and various uses (USEPA, 2009b).  USEPA regulates PCBs under the Toxic Substances Control Act 
(TSCA), which generally bans the manufacture, use, and distribution in commerce of the chemicals in 
products at concentrations of 50 parts per million or more.  TSCA allows USEPA to authorize certain 
continued uses of PCBs, such as to rebuild existing electrical transformers during the transformers’ useful 
life, which may be 30 years or more.  PCBs are also still present in older materials made prior to 1979, 
such as paint, and caulking (USEPA, 1999).   

PCBs enter the environment through improper disposal of industrial waste; releases or leachate from 
abandoned manufacturing areas and waste sites; and leaks and/or improper dumping of materials 
containing PCBs.  Global cycling of PCBs occurs when they volatilize from soils and/or surface waters, 
are transported into the atmosphere, and are then redeposited to land and surface waters (USEPA, 1999; 
ATSDR, 2001).  This process plays an important role in the transport and deposition of PCBs to surface 
waters (USEPA, 1999; USEPA, 2009b). 

PCBs have low water solubility and are highly lipophilic, with variation dependent on the characteristics 
of the individual congeners (USEPA, 1999).  PCBs bind strongly to soils and natural organic matter, 
which can be transported to surface waters through runoff (USEPA, 1999).  Because of their high 
lipophilicity, PCBs are stored in the fat tissue of exposed organisms and bioaccumulate through the food 
chain.  Bioconcentration factors generally increase with chlorine content of the congeners.  Because PCBs 
concentrate in the food chain, a small concentration in water or sediment can produce a significant 
environmental impact. 

PCBs are resistant to abiotic and biotic degradation and the resistance increases as the chlorination of the 
compound increases.  Historical loads of PCBs, stored in lake sediments, can continue to contaminate the 
aquatic food chain for many decades. 
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H.3 Source Assessment 
The OC Pesticides and PCBs addressed in these TMDLs are no longer in production and use is either 
banned or strictly limited.  For this reason, loading to the lakes is expected to have declined over time, 
and the historic loads that are stored in lake sediment appear to be the major source of bioaccumulation in 
fish.  Nonetheless, any ongoing loads must also be addressed in the TMDL. 

Sources of chlordane, DDT, dieldrin, and PCBs that cause contamination in a waterbody may include 
both point and nonpoint sources.  Federal regulations distinguish between allocations for point sources 
regulated under NPDES permits (for which waste load allocations are established) and nonpoint sources 
that are not regulated through NPDES permits (for which load allocations are established) (see 40 CFR 
130.2).  Continuing loads of OC Pesticides and PCBs into the lakes is from permitted stormwater 
discharges by municipalities.  Chlordane, DDT and dieldrin are expected to be in highest concentrations 
near agricultural land, on which pesticides and insecticides were used heavily.  Older industrial sites are 
more likely to contain PCBs where they were used or integrated into substances such as coolants, 
lubricants, and surface coatings.  Older residential areas are also potential sources of PCBs and 
organochlorine pesticides. 

H.3.1 POINT SOURCES 
Discharges that occur at one or more defined points, such as a pipe or storm drain outlet, are defined as 
point sources.  Most point sources are regulated through the NPDES permitting process.  

H.3.1.1 MS4 Permittees 
In 1990, USEPA developed rules establishing Phase 1 of the NPDES stormwater program, designed to 
prevent pollutants from being washed into the Municipal Separate Storm Sewer Systems (MS4) by 
stormwater runoff, or from being directly discharged into the MS4 and then discharged into local 
waterbodies.  Phase I of the program required operators of medium and large MS4s (those generally 
serving populations of 100,000 or more) to implement a stormwater management program as a means to 
control polluted discharges.  Phase II of the program extends the requirements to operators of small MS4 
systems, which must reduce pollutants in stormwater to the maximum extent practicable (MEP) to protect 
water quality. 

OC pesticides and PCB loads from urban stormwater runoff and associated sediment are estimated from 
monitoring data collected from the lake sediments near drainage inputs (Appendix G, Monitoring Data) 
and simulated sediment loads from a previously developed LSPC model of the San Gabriel and Los 
Angeles river basins (Appendix D, Wet Weather Loading) (Tetra Tech, 2004; Tetra Tech, 2005).  To 
estimate runoff volumes and sediment loads, average monthly areal flow rates have been extracted for 
each land use and applied to the land use composition that drains to an MS4 for each lake.  Sediment 
event mean concentrations for each land use are used to estimate sediment loads.  The LSPC model 
results and estimated sediment loading for each contributing MS4 system are described in further detail in 
Appendix D (Wet Weather Loading). 

Because OC Pesticides and PCBs are strongly sorbed to sediment, loading and transport during dry 
weather flow is assumed to be insignificant.  Therefore, loading estimates are based on sediment delivery 
and no separate load calculation is performed for dry weather flows. 

H.3.1.2 Other NPDES Discharges 
In addition to MS4 stormwater dischargers, the NPDES program regulates stormwater discharges 
associated with  industrial and construction activities and non-stormwater discharges (individual and 
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general permits).  Loading of OC Pesticides and PCBs from non-MS4 NPDES discharges is expected to 
be negligible because the contaminants addressed in these TMDLs are no longer in use and have been 
banned for over 20 years.  To quantify OC Pesticides and PCBs loading from non-MS4 discharges, the 
permit databases maintained by the Los Angeles Regional Board were downloaded for the Los Angeles 
and San Gabriel river basins.  Geographic information listed for each permit was used to determine which 
facilities are located in the watersheds of the three OC Pesticides and PCBs-impaired lakes.  OC 
Pesticides and PCBs loading from each facility was estimated based on the reported disturbed area.  The 
facilities and estimated loads are described in more detail in the lake-specific sections of this report. 

H.3.1.3 Additional Inputs 
One of the lakes addressed by these TMDLs has supplemental water additions from groundwater wells or 
potable water that maintain its lake level.  Access and monitoring data for these inputs are limited and no 
specific OC Pesticides and PCBs analyses are available.  OC Pesticides and PCBs loading from unknown 
inputs are encompassed in the calculated loading because the loadings are based on the observed data, 
which capture all sources upstream of the monitoring station. 

H.3.2 NONPOINT SOURCES 
OC Pesticides and PCBs loading from nonpoint sources originates from sources that do not discharge at a 
defined point.  This section describes the methods used to estimate loading from nonpoint sources. 

H.3.2.1 Watershed Loading  
OC Pesticides and PCBs loads from areas that do not drain to an MS4 system are also estimated from 
monitoring data collected from the lake sediments near drainage inputs (Appendix G, Monitoring Data) 
and simulated sediment loads (Appendix D, Wet Weather Loading).  Two flow-calibrated LSPC models 
were previously developed for the San Gabriel and Los Angeles river basins (Tetra Tech, 2004; Tetra 
Tech, 2005).  To estimate runoff volumes and sediment loads, average monthly areal flow rates have been 
extracted for each land use and applied to the land use composition that does not drain to an MS4 for each 
lake.  Sediment event mean concentrations for each land use are used to estimate sediment loads.  
Appendix D (Wet Weather Loading) describes the LSPC model output and estimated sediment loading 
for areas that do not discharge to an MS4.  

H.3.2.2 Atmospheric Deposition 
The atmospheric deposition of OC Pesticides and PCBs on the watershed is accounted for in the annual 
runoff loads.  The direct net deposition of OC Pesticides and PCBs (on the lake surfaces) is estimated to 
be minimal in comparison to the indirect loading.  The surface area of each impaired lake is only a small 
portion of the total draining area for each lake.  The lake surface area of Peck Road Park Lake represents 
only 0.37 percent of the total surface area draining to the lake.  The atmospheric deposition from the 
remaining drainage area for the lake (99.63 percent) is accounted for in the annual runoff loads collected 
in the MS4 system.  The area for direct deposition for Echo Park Lake and Puddingstone Reservoir is 1.8 
percent and 3.1 percent of the total draining surface area (respectively).  Moreover, research of OC 
Pesticides and PCBs exchange between waterbodies and atmosphere has demonstrated a recent shift in 
equilibriums that causes OC Pesticides and PCBs to be expelled from the lake and into the atmosphere 
under conditions of declining loads.  The volatilization of OC Pesticides and PCBs may be greater than 
the direct atmospheric deposition into the lake (Manodori, et al., 2007; Thomann and Di Toro, 1983).  
Thus, direct deposition of OC Pesticides and PCBs to the lake surface is not evaluated as a loading source 
in these TMDLs. 
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H.3.2.3 OC Pesticides and PCBs Stored in Lake Sediment 
Historical loading of OC Pesticides and PCBs has resulted in storage of these contaminants in lake 
sediment.  In most cases, this legacy storage appears to be the major source of OC Pesticides and PCBs in 
the food chain.  Benthic macroinvertebrates accumulate OC Pesticides and PCBs from the sediment and 
are consumed by sediment foraging fish, which in turn are consumed by higher trophic level fish, 
resulting in bioconcentration of OC Pesticides and PCBs. 

The sediment stores of OC Pesticides and PCBs do not constitute an ongoing load and are thus not 
amenable to a traditional load allocation in mass per time units.  Instead, a target concentration is assigned 
to achieve FCGs based on a BSAF analysis (see Section H.4.1). 
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H.4 Linkage Analysis 
The linkage analysis provides the quantitative basis for determining the loading capacity of each impaired 
lake.  The loading capacity is used to estimate the TMDL, and allocate that load to permitted, point 
sources (wasteload allocations) and nonpoint sources (load allocations).  The TMDL also contains a 
Margin of Safety. 

The OC Pesticides and PCBs TMDLs for the three lakes assess watershed loading into the lakes using 
monitoring data and sediment loads simulated by a previously developed LSPC model calibrated for the 
Los Angeles and San Gabriel river basins.  The simulated sediment loads are based on the characteristics 
of the watershed land uses and incorporate dry, normal, and wet conditions for the Los Angeles area.  The 
LSPC model is discussed in further detail in Appendix D (Wet Weather Loading) and by Tetra Tech 
(2004, 2005). 

For many of the OC Pesticides and PCBs impairments, concentrations in water and sediment meet 
applicable criteria for those media, but concentrations in fish exceed FCGs.  The CTR criteria for the 
protection of human health are designed to protect against elevated fish tissue concentrations due to 
bioaccumulation from the water column, but do not address bioaccumulation from the sediment.  The 
consensus-based TEC targets are designed to protect against direct toxicity to benthic organisms, but 
explicitly do not consider food chain bioaccumulation.  Therefore, a separate linkage analysis is needed to 
determine the sediment exposure concentration that will achieve FCGs. 

Lake sediments are often the predominant source of OC pesticides and PCBs in the water column.  The 
bottom sediment serves as a sink for organic compounds that can be recycled through the aquatic life 
cycle.  OC Pesticides and PCBs have long half-lives in sediment and water and decay will not be a 
significant mechanism of reduction.  Incoming loads of OC Pesticides and PCBs will mainly be adsorbed 
to particulates in stormwater runoff (eroded sediments from legacy contamination sites or from 
atmospheric deposition). 

H.4.1 REPRESENTATION OF BIOACCUMULATION FROM SEDIMENT 
A linkage between the OC Pesticides and PCBs concentrations in sediment and the concentration in the 
impaired fish species is established using an empirical relationship based on a biota-sediment 
accumulation factor (BSAF). 

Bioaccumulation of OC Pesticides and PCBs from contaminated sediment is described using biota-
sediment accumulation factors (BSAFs).  The BSAF describes the pollutant ratio between sediment and 
aquatic biota.  The species and environmental factors are accounted for by normalizing the ratio to the 
fraction of organic carbon in sediments and fraction of lipids in the biota: 

OC

sed

l

biota

f
C

f
C

BSAF=

, 

where Cbiota is pollutant concentration in the benthic organism or benthic community, Csed is the pollutant 
concentration in the sediment, fl is the fraction of lipids in the biota, and fOC is the fraction of organic 
carbon in the sediment. 

Typical BSAF values are provided by Wong et al. (2001).  Measurements of contaminants in sediment 
and fish from hundred of sites in the United States were compiled for data between 1992 and 1995 and 
analyzed by Wong et al. (2001).  There were several different fish taxa included in the analysis; most  
(88 percent) of the samples were benthic species (carp, white sucker, channel catfish, etc.), but some 
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pelagic fish were included (trout and bass) in the calculation.  The BSAF values for the selected pollutants 
are shown in Table H-2. 

Table H-2. Typical BSAF1 Values 

Pollutant BSAF 

Chlordane 2.9 

DDT2 1.1 

Dieldrin 3.4 

Total PCBs 2.4 

1Typical values from Wong et al. (2001).  
2Based on o’p-DDT. 

 

The BSAF can be used to determine the associated equilibrium sediment concentration, as shown below: 

 

OC
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fC biota
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1

 

 

The maximum allowable sediment concentration that can exist without causing impairment to the fish is 
determined using the FCGs for Cbiota.  The difference between the existing sediment concentration and the 
maximum allowable concentrations are compared to determine necessary reductions. 

FCGCbiota =  

BSAF
f

FCG
fC OCtargetsed ÷⋅=−

1

 

The allowable fraction of existing sediment concentration is then simply 

 

 

 

The sediment targets calculated from the BSAF analysis for each lake and the applicable OC Pesticides 
and PCBs are described in the lake-specific chapters. 

H.4.2 EQUILIBRIUM MODEL FOR OC PESTICIDES AND PCBS IN LAKES 
The linkage analysis also employs a model of in-lake processes, described in Butcher (1997), Chapra 
(1991), and Chapra and Reckhow (1983).  In general, the steady-state model presented here uses the 
notation and solutions of the full steady-state model presented in Chapra and Reckhow (1983), which 
accounts for partitioning, losses, burial, and recycling from the sediment.  This model idealizes the lake as 
three zones, representing the water column, mixed or active sediment layer, and deep sediment and 

biotased

targetsed

C
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C

C
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derives mass balances for each layer.  The equilibrium model can be used to determine the rate of external 
loading that would be required to account for current observed sediment concentrations under steady-state 
conditions.  It can also be used to estimate concentrations in water and sediment when these are below 
analytical detection limits. 

Chapra’s steady-state solution for contaminant concentration in the mixed sediment layer, ct,m(µg/m3) is 

wtdf
dp

dw
mt cR

F

F
c ,, = , 

where ct,w(µg/m3) is the steady-state concentration in the water column, Fdw is the dissolved fraction in the 
water column, Fdp is the ratio of sediment porewater pollutant concentration to the total concentration of 
contaminant in the sediment, and Rdf is the diffusive feedback ratio, i.e., the ratio of contaminant 
concentration in porewater to that dissolved in the water column.  These are defined as follows: 
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In these equations, 

Kd,w is the partition coefficient to solids in the water column (m3/g), 

Kd,s is the partition coefficient to solids in the sediment (m3/g), 

st,w is the solids concentration in the water column (g/m3), 

φ is the sediment porosity (unitless), 

ρp is the density of solids (g/m3), 

Ds is the diffusion rate for the contaminant in porwater (m2/yr), 

z’ b is a thickness (m) defining the gradient between the mixed sediment layer and the overlying 
water – nominally the average of the mixed layer depth and the overlying laminar layer, 

vw is the settling velocity of solids (m/yr), 

Aw is the water surface area (m2), 

Am is the sediment surface area (m2), 

km is the first order decay rate for the contaminant in sediment (yr-1), assumed equal for the mixed 
and deep sediment layers, 

zm is the sediment mixed layer depth (m), and 
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 with vb being the resuspension velocity (m/yr), defined as 

( ) pm

wtww
b A

sAv
v

ρφ−
=

1
, . 

The steady-state solution for the fully-mixed water column concentration is given by 

wawtw

c
wt AvVkQ

W
c

++
=

,
,  , 

where 

Wc is the mass loading rate of the contaminant (µg/yr), 

Q is the outflow (m3/yr), 

kw is the first-order decay coefficient in the water column (yr-1), 

Vt,w is the volume of the water column (m3), and 
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 Here, Fpw is the fraction of pollutant mass attached to particulate matter in the water column, 

wtwd

wtwd
pw sK

sK
F

,,

,,

1+
=  , 

 and vr is the resuspension velocity (m/yr). 

Chapra’s steady-state toxicant formulation does not explicitly account for volatilization losses; however, 
these are readily included in the general water column decay coefficient (kw, yr-1) by inclusion of a term 
vv/H, where vv is a volatilization velocity (m/yr) and H is the average lake depth (m).  Volatilization 
velocity may be estimated by the two-film method of Mackay (1981) as 

eglv HKKv

111 +=  , 

where Kl is the liquid side mass transfer coefficient (m/yr), Kg is the gas side mass transfer coefficient, 
and He is the dimensionless Henry’s Law constant, a measure of volatility.  Methods to approximate 
values of the transfer coefficients from wind speed (W, m/s) and molecular weight (M) are also given in 
Chapra and Reckhow (1983).  In units of m/yr, these are: 

M

W
Kl

2/3

4.204=  and 
M

W
Kg 43800= . 

The rate loss of a toxicant in the waterbody depends on physical and chemical characteristics, such as 
volatility, degradability, and tendency to sorb to particulate matter.  The chemical-specific parameters 
used for the simulations were selected from Brunner et al. (1990), Hansen et al. (1999), Leatherbarrow et 
al. (2006), Li et al. (1990), and Mackay et al. (1992).  Henry’s law coefficients are weighted for presence 
of individual congeners and a separate PCB coefficient was determined for each waterbody.  These values 
are displayed in Table H-3. 
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Table H-3. Chemical-Specific Parameters for Simulation 

Parameters for Model Input 
Total 

Chlordane 
Total 
DDTs Dieldrin Total PCBs 

Molecular weight 409.6e 355e 381e 326e 

Dimensionless Henry’s Law Constant (He) at 20°C 1.18E-03 c 1.21E-04c 2.14E-04c 6.70E-03a 

Partition coefficient (KOC; l/kg) 38,000d  240,000d  12,000d  676,000b  

Degradation rate in sediment (yr-1) 0.30c 0.08c 0.25c 2.99e 

Degradation rate in water (yr-1) 0.73c 0.73c 0.84c 2.07e 

Sources: (a) Brunner et al. (1990); (b) Hansen et al. (1999); (c) Leatherbarrow et al. (2006); (d) Li et al. (1990); (e) Mackay et al. 
(1992). 

 

Loss rates are also dependent on the physical characteristics of the individual lakes; specifically surface 
area, volume, drainage area, annual runoff, and organic carbon fraction in the sediments.  The lake-
specific parameters were gathered mainly from SCAG 2005 land use data.  The organic carbon fraction of 
the lake sediment was calculated for each lake using data collected by USEPA and the Regional Board 
during sampling events conducted in 2008 and 2009.  For other lake characteristics (e.g., sediment solids 
density, settling velocity, resuspension velocity, active sediment thickness, and sediment porosity), the 
model uses typical or assumed values appropriate for these lakes, as reported by Chapra and Reckhow 
(1983).  The presumed values are shown in Table H-4. 

Table H-4. Assumed Parameters for Simulation 

Parameters for Model Input 
Assumed 

Value 

Sediment solids density (g/cm3)                   1.38 

Settling velocity (m/yr)                               100 

Resuspension velocity (m/yr)                   0.007 

Active sediment thickness (cm)                 5.0 

Sediment porosity (unitless)                    0.8 

Diffusion rate in sediment porewater (m2/yr) 0.01 
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H.5 TMDL Development 
A TMDL is defined by the loading capacity.  The loading capacity of a waterbody represents the 
maximum amount of pollutant loading that can be assimilated without violating water quality standards 
(40 CFR 130.2(f)).  The OC Pesticides and PCBs TMDLs are calculated based on the maximum amount 
of organochlorine compound loading consistent with meeting the fish tissue goals. 

H.5.1 LOADING CAPACITY AND ALLOCATIONS 
The loading capacity for each lake and the applicable OC Pesticides and PCBs are determined using the 
target sediment concentration. Estimates of the existing sediment load to each lake are discussed in 
Appendix D (Wet Weather Loading) and the individual lake chapters. The loading capacity is expressed 
as a concentration in micrograms per dry kilogram (µg /kg dry weight).  The loading capacity can be 
further broken down into the wasteload allocations (WLAs), load allocations (LAs), and Margin of Safety 
(MOS) using the general TMDL equation: 

MOSLAsWLAsCapacityLoadingTMDL ++== ∑  

Because the loading capacity is presented as a concentration, the WLAs and LAs are also shown as a 
concentration for each jurisdiction and subwatershed.  The watershed areas associated with permitted 
Municipal Separate Storm Sewer Systems (MS4s) are assigned wasteload allocations, which are further 
broken down by jurisdiction and subwatershed.  In addition, general industrial and general construction 
stormwater permittees are also assigned wasteload allocations.  Load allocations are assigned to areas not 
draining to an MS4.  The specific allocations for each lake are described by jurisdiction and subwatershed 
in further detail in their respective chapters. 

H.5.2 MARGIN OF SAFETY 
TMDLs must include a margin of safety (MOS) to account for any lack of knowledge concerning the 
relationship between load and wasteload allocations and water quality.  The MOS may be implicit, i.e., 
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e., expressed 
in the TMDL as loadings set aside for the MOS.  This TMDL contains an implicit MOS based on 
conservative assumptions.  The allocations are set based on the lower of either the BSAF-derived 
sediment target or the consensus-based TEC sediment target to ensure achievement of the OEHHA FCG 
target in fish tissue.  The selected BSAF-derived target concentration in sediment is considerably lower 
than the consensus-based TEC target.  

H.5.3 DAILY LOAD EXPRESSION 
Sediment contamination and resulting bioaccumulation is a long-term process and annual loading rates 
are the most appropriate measure for the TMDL.  However, USEPA recommends inclusion of a daily 
load expression for all TMDLs to comply with the 2006 D.C. Circuit Court of Appeals decision for the 
Anacostia River TMDL.  The TMDLs developed here each include a daily maximum load estimate 
consistent with the guidelines provided by USEPA (2007).  Because the majority of external OC 
Pesticides and PCBs loads occur during wet weather events that deliver sediment to the lakes, the 
maximum allowable daily load is calculated from the 99th percentile flow multiplied by the sediment 
concentration target of the OC Pesticides and PCBs and the sediment event mean concentration (annual 
average sediment load divided by annual average flow from the watershed). 
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Executive Summary 

Contamination of DDT and PCBs in the sediments of Santa Monica Bay, largely centered on the 
Palos Verdes shelf, has led to a large number of fish advisories for much of Santa Monica Bay 
and a commercial fishing ban in the area around the Palos Verdes shelf.  This TMDL addresses 
the impairment to human health consumption due to DDT and PCBs in Santa Monica Bay.  This 
TMDL includes Santa Monica Bay from Point Dume to Point Vicente and the Palos Verdes shelf 
from Point Vicente to Point Fermin.  

DDT and PCBs were widely used before they were banned in the 1970s and still persist in the 
environment adhering strongly to soils and sediments.  PCBs may also still exist in products 
made before 1977 such as transformers, old fluorescent lighting fixtures, household caulking, 
paints and waxes. 

The concentrations of DDT and PCBs in the wastewater effluent are currently at or near the 
detection limits.  However from 1947 to 1971 large quantities of DDT were discharged from the 
Montrose Chemical plant in Los Angeles, which manufactured DDT, to the Los Angeles County 
Joint Water Pollution Control Plant (JWPCP).  PCBs also entered the JWPCP from several 
industrial sources in the Los Angeles area.  The concentrations of DDT and PCBs in surface 
sediments have decreased substantially since the early 1970s as much of the contamination has 
been carried away by currents, buried below the active sediment layer or degraded as a result of 
natural processes. Despite the decreasing trend, the concentrations of DDT and PCBs in surface 
sediments today are at levels that can still accumulate in fish tissues at levels of concern for safe 
human health consumption.  There is also evidence that the rate of erosion on the southwest 
portion of the shelf will bring previously buried deposits to the surface.  The Palos Verdes shelf 
is an active EPA Superfund site. 

The sediment concentrations of DDT and PCBs in the rest of Santa Monica Bay are much lower 
than those on the Palos Verdes shelf.  They may however still be contributing to elevated  DDT 
and PCBs in fish tissue. Potential sources include transport of contaminants from the Palos 
Verdes shelf, discharge from the Hyperion Treatment Plant and stormwater.  The current 
loadings from these sources are small relative to the estimated total mass in the sediments and 
small relative to the losses of DDT and PCBs due to burial in the sediment and natural decay. 

The TMDL sets targets for water quality and sediment contaminant concentration to meet fish 
tissue concentration targets that would allow safe human fish consumption.  The targets for the 
Palos Verdes shelf (Table ES-1) are based on Superfund remedial action objectives (RAOs).  
The TMDL incorporates EPA’s Superfund actions on the Palos Verdes shelf which were 
identified in the interim record of decision.  The Superfund actions include institutional controls, 
natural recovery and monitored attenuation, and capping the most contaminated area of the Palos 
Verdes shelf.  The capping project is scheduled for the fall of 2013.  The time for attainment of 
the RAOs for the Palos Verdes shelf is 22 years for DDT and 22 to 30 years for PCBs. 

In the rest of Santa Monica Bay, much lower targets can be achieved.  The targets for sediment 
and fish tissue are an order of magnitude lower than the Superfund objectives.  Waste load 
allocations are provided for major dischargers to the Bay.  Stormwater loadings are capped at 
existing levels. The TMDL includes recommendations for monitoring and implementing the 
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TMDL. The time for attainment of the TMDL targets for the rest of Santa Monica Bay is 11 
years for DDT and 22 years for PCBs. 

Table ES-1.  Numeric targets for sediment and tissue in Santa Monica Bay 
TMDL target for Santa Monica Bay (Point Vicente to Point Dume) Total DDTs Total PCBs 

Water column (based on California Ocean Plan objective) 0.17 ng/l 0.019ng/l 

Fish tissue (based on a consumption rate of 116  g/d and exposure risk of 10-5) 40 ng/g 7 ng/g 

Sediment to meet target (normalized for organic carbon) 2.3 ug/g OC 0.7 ug/g OC 

Superfund Interim Remedial Action  Objectives for Palos Verdes Shelf (Point 
Fermin to Point Vicente) 

Total DDTs Total PCBs 

Water column objective (equal to the USEPA human health criteria) 0.22 ng/l 0.064 ng/l 

Fish tissue objective for white croaker (116 g/d and an exposure risk of 10-4) 400 ng/g 70 ng/g 

Sediment to meet fish tissue objective (normalized for organic carbon) 23 ug/g OC 7 ug/g OC 
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1 INTRODUCTION 
This report presents the required elements of the Total Maximum Daily Load (TMDL) for DDT 
and PCBs for Santa Monica Bay and summarizes the technical analyses performed by the United 
States Environmental Protection Agency, Region 9 (USEPA).  This TMDL complies with 40 
CFR 130.2 and 130.7, Section 303(d) of the CWA and USEPA guidance for developing TMDLs 
in California (USEPA, 2000a). This document summarizes the information used by the USEPA 
to develop TMDLs for toxic pollutants in the sediments of Santa Monica Bay. 

1.1 REGULATORY BACKGROUND 
Section 303(d) of the CWA requires that each State “shall identify those waters within its 
boundaries for which the effluent limitations are not stringent enough to implement any water 
quality objective applicable to such waters.”  The CWA also requires states to establish a priority 
ranking for waters on the 303(d) list of impaired waters and establish TMDLs for such waters. 

The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the 
CWA, as well as in the USEPA guidance (USEPA, 2000a).  A TMDL is defined as the “sum of 
the individual waste load allocations for point sources and load allocations for nonpoint sources 
and natural background” (40 CFR 130.2) such that the capacity of the waterbody to assimilate 
pollutant loads (the loading capacity) is not exceeded.  A TMDL is also required to account for 
seasonal variations and include a margin of safety to address uncertainty in the analysis (40 CFR 
130.7). 

States must develop water quality management plans to implement the TMDL (40 CFR 130.6).  
The USEPA has oversight authority for the 303(d) program and is required to review and either 
approve or disapprove the TMDLs submitted by states.  In California, the State Water Resources 
Control Board (State Board) and the nine Regional Water Quality Control Boards are responsible 
for preparing lists of impaired waterbodies under the 303(d) program and for preparing TMDLs, 
both subject to USEPA approval.  If USEPA disapproves a TMDL submitted by a state, USEPA 
is required to establish a TMDL for that waterbody.  The Regional Boards also hold regulatory 
authority for many of the instruments used to implement the TMDLs, such as the National 
Pollutant Discharge Elimination System (NPDES) permits and state-specified Waste Discharge 
Requirements (WDRs). 

As part of its 1996 and 1998 Water Quality Assessments, the Regional Board identified over 700 
waterbody-pollutant combinations in the Los Angeles Region where TMDLs would be required 
(LARWQCB, 1996, 1998). These are referred to as “listed” or “303(d) listed” waterbodies or 
waterbody segments.  A 13-year schedule for development of TMDLs in the Los Angeles 
Region was established in a consent decree approved on March 22, 1999 (Heal the Bay Inc., et 
al. v. Browner, et al. C 98-4825 SBA). For the purpose of scheduling TMDL development, the 
consent decree combined the more than 700 waterbody-pollutant combinations into 92 TMDL 
analytical units.  Analytical Unit 58 addresses the impairments in Santa Monica Bay associated 
with PCBs and DDTs (Table 1-1). 
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Table 1-1. 1998 303(d) List of impairments identified in the Consent Decree for Santa Monica Bay (AU 58) 
Waterbody DDT PCBs Other 
Santa Monica Bay 
Nearshore and Offshore Zone 

X X PAH, Sediment Toxicity, 
Fish Consumption Advisory 

Nicholas Canyon Beach X X 
Paradise Beach X X 
Robert H. Meyer Memorial Beach X X 
Point Dume Beach X X 
Sea Level Beach X X 
White’s Point Beach X X 
Trancas Beach (Broad Beach) X X 
Topanga Beach X X 
Royal Palms Beach X X 
Redondo Beach X X 
Puerco Beach X X 
Portugues Bend Beach X X 
Amarillo Beach X X 
Zuma (Westward Beach) X X 
Malibu Lagoon Beach (Surfrider) X X 
La Costa Beach X X 
Big Rock Beach X X 
Cabrillo Beach (Outer) X X 
Carbon Beach X X 
Castlerock Beach X X 
Escondido Beacn X X 
Flat Rock Point Beach Area X X 
Inspiration Point Beach X X 
Las Tunas Beach X X 
Abalone Cove Beach X X 
Malaga Cover Beach X X 
Las Flores Beach X X 
Long Point Beach X X 
Malibu Beach X 
Palos Verdes Shoreline Point Beach Pesticides 

Paragraph 8 of the consent decree provides that TMDLs need not be completed for specific 
waterbody pollutant combinations if the State or USEPA determines that TMDLs are not needed 
for these combinations, consistent with the requirements of Section 303(d).  The consent decree 
provides that this determination may be made either through a formal decision to remove a 
combination from the State Section 303(d) list or through a separate determination that the 
specific TMDLs are not needed. Paragraph 9 of the consent decree describes procedures for 
giving notice that TMDLs are not needed. 

The State Board removed the listings for PAHs and the pesticide chlordane (AU 53) in the 2006 
list. The list was approved by EPA on June 28, 2007.  Palos Verdes Shoreline Point Beach 
pesticides listing in the consent decree is a clerical error and should reflect DDT and PCBs and 
fish advisory. The 1996 Water Quality Assessment and documentation clearly identified Palos 
Verdes Shoreline Park Beach as being impaired due to advisories (PCBs, DDTs).  This was 
reflected in the 1996 305(b) report but not the 1996 303(d) report.  The omission of this 
waterbody from the 303(d) report was rectified in the 1998 report but due to a clerical error the 
listing was renamed pesticides even though the underlying basis of the listing was clearly the 
DDT and PCBs fish advisory. In fact all the beach listings for DDT and PCBs under AU 58 
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were based solely on the fish advisories for Santa Monica Bay.     

USEPA has determined that a TMDL is not required for the Santa Monica Bay sediment toxicity 
listing. This determination is based on lack of toxicity in regional surveys (1994, 1998, 2003, 
2008). The basis for this finding is described more fully in Section 2.2.4 of this report. 

This TMDL addresses the impairments to human health associated with consumption and aquatic 
life associated with DDT and PCBs in Santa Monica Bay from the Ventura County line to Point 
Fermin. EPA is establishing these TMDLs at the request of the Regional Board and in order to 
meet its obligations under the consent decree.   

1.2 ENVIRONMENTAL SETTING 
Santa Monica Bay (Figure 1) is comprised of different geological substrate types within 
nearshore and offshore areas: rocky intertidal, soft bottom, and hard bottom. 

Rocky intertidal areas and areas of mixed rocky and sandy shoreline cover approximately 30% or 
20 miles (32 km) of the Bay’s coastline. Exposed bedrock forms the rocky intertidal from the 
Ventura County line to Pulga Canyon in Malibu and from Malaga Cove to Point Fermin on the 
Palos Verdes shelf (MBC Applied Environmental Sciences 1993). Artificial rocky intertidal 
areas (e.g.,jetties, breakwater, rip rap) exist in Marina del Rey, the mouth of Ballona Creek, and 
King Harbor (MBC Applied Environmental Sciences 1988). 

Unconsolidated, soft sediment, generally with the composition of sand, silt, and clay, makes up 
most of the Bay’s seafloor. Silty sand is found over the central plateau and the Palos Verdes 
Shelf. The soft-bottom in Santa Monica Bay ranges in depth from the mean lower low water line 
(MLLW) to deeper than 500 meters in the outer portions of the bay and the submarine canyons 
(Robbins, 2006). 

Hard bottom environments in Santa Monica Bay include the shallow kelp-covered areas adjacent 
to rocky headlands, submarine canyon walls, and the deep-water plateau called Short Bank. A 
large gravel bed surrounds the rocky outcrops of Short Bank. Additionally, man-made features 
such as wastewater treatment plant outfall pipes, artificial reefs, and breakwaters are part of the 
hard bottom. (MBC Applied Environmental Sciences, 1993). 

Kelp beds extend in the low relief, hard bottom habitat from the seafloor to the surface, creating 
a vertically structured habitat. Kelp beds provide protection and habitat for more than 800 
species of fishes and invertebrates, many of which are uniquely adapted for life in kelp forests.  
Because most established kelp beds occur over hard bottom substrate, giant kelp beds in Santa 
Monica Bay are limited to two areas, the Palos Verdes Shelf and the area from Malibu west to 
Point Dume. Kelp beds grow on hard bottoms at depths ranging from 8 to 18 meters (Allen, 
1985). 

Pelagic, or open water, habitat is the most extensive of any of the coastal and marine habitats in 
the Bay. The pelagic habitat is from the sea surface to the ocean bottom, and is free from direct 
influence of the shore or ocean bottom. 
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Santa Monica Bay’s sandy beaches are heavily used as a recreational resource by residents of 
Los Angeles and Ventura Counties, and visitors from around the world. Bay beaches attract, on 
average, 50-60 million visitors per year and generate significant revenue for the local economy.  

Figure 1.  Santa Monica Bay modified from Santa Monica Bay 2010 State of the Bay Report 
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1.3 ORGANIZATION OF THIS DOCUMENT 
Guidance from USEPA (1991) identifies seven elements of a TMDL.  Sections 2 through 6 of 
this document present the analysis and findings for those elements.  The required elements are as 
follows: 

y	 Section 2: Problem Identification.  This section presents the data used to add the 
waterbody to the 303(d) list, and summarizes existing conditions using that evidence along 
with any new information acquired since the listing.  This element identifies those 
waterbodies that fail to support all designated beneficial uses; the beneficial uses that are 
not supported for each waterbody; the water quality objectives (WQOs) designed to 
protect those beneficial uses; and, in summary, the evidence supporting the decision to list 
the waterbodies. This section also identifies the listed waterbodies and pollutants where 
available data indicate water quality standards are now being achieved and for which 
TMDL development is not needed. 

y	 Section 3: Numeric Targets.  This section identifies the numeric targets established for 
the TMDLs and representing attainment of WQOs and beneficial uses.   

y	 Section 4: Source Assessment.  This section identifies the potential point sources and 
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nonpoint sources of DDT and PCBs to Santa Monica Bay. 

y	 Section 5: Linkage Analysis.  This section provides an analysis of the relationship 
between sources and the receiving water quality impairment. 

y	 Section 6: TMDL and Pollutant Allocations.  This section presents the pollutant 
loading capacity (i.e., assimilative capacity) and associated TMDL for each pollutant are 
identified. Each identifiable source is allocated a quantitative load or waste load 
allocations for the listed pollutants, representing the load that it can discharge while still 
ensuring that the receiving water meets the WQOs.  Allocations are designed to protect the 
waterbody from conditions that exceed the applicable numeric target.  The allocations are 
based on critical conditions to ensure protection of the waterbody under all conditions. 

y	 Section 7 Monitoring Recommendations.  This section describes the recommended 
monitoring to ensure that the WQOs are attained.  If the monitoring results demonstrate 
the TMDL has not resulted in attainment of WQOs, then revised allocations may need to 
be developed. It also describes special studies to address uncertainties in assumptions 
made in the development of this TMDL and the process by which new information may be 
used to refine the TMDL. 

y	 Section 8: Implementation Recommendations. This section describes the plans, 
regulatory tools, or other mechanisms by which the waste load allocations and load 
allocations may be achieved. The Regional Board has responsibility to implement these 
TMDLs and incorporate them into permits.  
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2 PROBLEM IDENTIFICATION 
This TMDL addresses the impairments to human health consumption due to DDT and PCBs in 
Santa Monica Bay from the Ventura County line to Point Fermin.  The 1996 WQA description of 
impairments in the nearshore and offshore areas of Santa Monica Bay included the areas around 
the Hyperion 5-mile and 7-mile outfall area, the Joint Water Pollution Control Plant outfall area, 
Palos Verdes shelf, Marina del Rey area, Santa Monica Pier area, Manhattan Beach area, 
Redondo Pier area, Malibu Pier area, Short Bank, Point Dume area, Malibu area, Point Vicente 
area, Palos Verdes-NW and and White’s Point.  The WQA also named the 29 beaches in the 
consent decree (Table 1-1). 

Impairments associated with DDT and PCBs are primarily related to DDT and PCBs on the 
Palos Verdes Shelf. Between 1937 and the 1980s approximately 110 tons of DDT and 10 tons of 
PCBs were deposited on the shelf. Most of the material was released into the sewer system and 
deposited on the shelf through the Los Angeles County Sanitations Districts’ (LACSD)White’s 
Point outfall. The State of California issued its first interim seafood consumption warnings in 
1985. In 1989 the State legislature implemented a commercial fishing ban which states:  

It is unlawful to take white croaker under a commercial fishing license issued pursuant to section 
7850 of the Fish and Game Code, in waters from 0 to 3 nautical miles from shore extending 
oceanward between a line extending 312 degrees magnetic from Point Vicente in Los Angeles 
County, and a line extending 166 degrees magnetic from Point Fermin in Los Angeles County. 
Pursuant to section 7715 of the Fish and Game Code, the provisions of this section shall become 
inoperative when the Director of the Department of Health Services determines that a health risk 
no longer exists and the Director of the Department of Fish and Game has been so notified. The 
Department shall fully notify the public of the reopening of these waters. 

In 1991 the Office of Environmental Health Hazard Assessment (OEHHA) finalized its seafood 
consumption advisory for Santa Monica Bay (summarized in Table 2-1 below).  The 1996 WQA 
identifies the same fish species and waterbody combinations as in the 1991 final seafood 
consumption advisory. 

Table 2-1.  OEHHA 1991 Fish Consumption Advisories for Santa Monica Bay 
Site Fish Species Recommendation 

Point Dume (Malibu off-shore) White Croaker Do not consume 

Malibu Pier Queenfish One meal a month 

Short Bank White Croaker One meal every two weeks 

Redondo Pier Corbina One meal every two weeks 

Point Vicente 

Palos Verdes-Northwest 

White Croaker Do not consume 

White’s Point White croaker, California 
Scorpionfish, Rockfishes, Kelp 
bass 

Do not consume 
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EPA added Montrose to the Superfund National Priorities list in 1989 and began its investigation 
and evaluation of DDT and PCB contaminated sediments of the Palos Verdes Peninsula in 1996. 

In 2009 OEHHA updated the regional consumption advisory for the areas of Southern California 
from Ventura Harbor to San Mateo Point.  The 2009 update provides information on a greater 
number of species and provides consumption advice based on the number of eight-ounce 
servings per week (See Table 2-2).  The OEHHA warns that consumption advice should not be 
combined.  The red zone in Figure 2-1 is for the areas between Santa Monica Pier and the Seal 
Beach Pier. The yellow zone applies to the areas north of the Santa Monica Pier to Ventura 
Harbor and the areas south of the Seal Beach Pier to San Mateo Point.  

Table 2-2. Summary of existing fish advisories the numbers in the table reflect the recommended 
consumption limits for the number of 8 oz servings per week for each species.  For details see OEHHA, 2009. 

Species Name 

Red Zone Yellow Zone 
Children (1‐17 
years ) and 

Women (18‐45) 

Men (>17 years) 
and Women (>45 

years) 

Children (1‐17 
years) and 

Women (18‐45) 

Men (>17 years) 
and Women (>45 

years) 

Barracuda 0 1 0 1 

Black croaker 0 1 0 1 

Barred sandbass 0 0 1 2 

California scorpionfish 1 1 1 1 

Kelp bass 1 1 1 1 

Sardines 1 1 1 1 

Sargo 1 1 1 1 

White croaker 0 0 1 2 

Topsmelt 0 0 2 2 

California halibut 1 2 1 2 

Rockfishes 1 2 1 2 

Shovelnose guitarfish 1 2 1 2 

Corbina 2 2 2 2 

Opaleye 2 2 2 2 

Queenfish 2 2 2 2 

Surfperches 2 2 2 2 

Yellowfin croaker 2 2 2 2 

Pacific chub mackerel 2 4 2 4 

Jacksmelt 4 7 4 7 
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Figure 2-1.  Health advisory and safe eating guidelines for fish from coastal areas of Southern California: 
Ventura Harbor to San Mateo (2009) 

2.1 WATER QUALITY STANDARDS 
California state water quality standards consist of the following elements: 1) beneficial uses; 2) 
narrative and/or numeric water quality objectives (WQOs); and 3) an antidegradation policy.  In 
California, beneficial uses are defined by the Regional Boards in the Water Quality Control 
Plans (Basin Plans).  Numeric and narrative objectives are specified in each Regional Board’s 
Basin Plan. The objectives are set to be protective of the beneficial uses in each waterbody in 
the region and/or to protect against degradation.  Numeric objectives for toxics can be found in 
the California Toxics Rule (40 CFR §131.38). The California Ocean Plan (COP, 2005) also 
defines beneficial uses and objectives that are applicable to Santa Monica Bay. 

Beneficial Uses 
The Basin Plan for the Los Angeles Regional Board defines several beneficial uses for the 
coastal waters of Santa Monica Bay (Table 2-3).  These include industrial service supply (IND), 
navigation (NAV), water contact recreation (REC-1), non-contact water recreation (REC-2), 
commercial and sport fishing (COMM), estuarine habitat (EST), marine habitat (MAR), 
preservation of biological habitats (BIOL), migration of aquatic organisms (MIGR), wildlife 
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habitat (WILD), rare, threatened, or endangered species (RARE), spawning, reproduction, and or 
early development (SPWN), shellfish harvesting (SHELL), and wetland habitat (WET).. 

Table 2-3. Beneficial uses of selected waters within Santa Monica Bay (LARWQCB, 1994).  The waterbodies 
identified in AU 58 are in bold. 

Los Angeles Coastal Hydro Unit 
# IND NAV REC1 REC2 COMM MAR WILD 

BIOL 
RARE MIGR SPWN SHELL 

Los Angeles Coastal E E 

Nearshore E E E E E E E Ean Ee Ef Ef Ear 

Offshore  E E E E E E E Ee Ef Ef E 

Nicholas Canyon Beach 404.43 E E E E E E P E 

Trancas Beach 404.37 E E E P E 

Zuma (Westward Beach) 404.36 E E E E E E P Ear 

Dume State Beach 404.36 E E E E E E P E 

Escondido Beach 404.34 E E E E E E P E 

Dan Blocker Memorial (Corral) 
Beach 

404.31 E E E E E E P E 

Puerco Beach 404031 E E E E E E P E 

Amarillo Beach 404.21 E E E E E E P E 

Malibu Beach 404.21 E E E E E E  E Eas Ear 

Carbon Beach 404.16 E E E E E E P E 

La Costa Beach 404.16 E E E E E E P E 

Las Flores Beach 404.15 E E E E E E P E 

Las Tunas Beach 404.12 E E E E E E P E 

Topanga Beach 404.11 E E E E E E P E 

Will Rogers State Beach 405.13 E E E E E E P E 

Santa Monica Beach 405.13 E E E E E E  E Eas E 

Venice Beach 405.13 E E E E E E E E Eas E 

Dockweiler Beach 405.12 E E E E E E E P 

Manhattan Beach 405.12 E E E E E E P E 

Hermosa Beach 405.12 E E E E E E Eas E 

Redondo Beach 405.12 E E E E E E E E E Eas E 

Torrance Beach 405.12 E E E E E E E Eas E 

Point Vicente Beach 405.11 E E E E E E P E 

Royal Palms Beach 405.11 E E E E E E P E 

White’s Point County Beach E E E E E E P E 

Cabrillo Beach E E E E E E E Eas E 

Beneficial use designations apply to all tributaries to the indicated waterbody, if not listed separately. 
E: Existing beneficial use. P:  Potential beneficial use 
e: One or more rare species utilize all oceans, bays, estuaries, and wetlands for foraging and/or nesting. 
f: 	Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early development.  This may 

include migration into areas that are heavily influenced by freshwater inputs. 
An: Areas of Special Biological Significance (along coast from Latigo Point to Laguna Point) and Big Sycamore Canyon and Abalone Cove 

Ecological Reserves and Point Fermin Marine Life Refuge. 
ar: Areas exhibiting large shellfish populations include Malibu, Point Dume, Point Fermin, White’s Point and Zuma Beach 
as: Most frequently used grunion spawning beaches.  Other beaches may be uses as well 
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Water Quality Objectives (WQOs) 
The water quality objectives applicable to Santa Monica Bay are in the California Ocean Plan 
(COP). The applicable narrative objectives in the COP include the following  

Marine communities, including vertebrate, invertebrate, and plant species, shall 
not be degraded. 

The concentrations of organic materials in marine sediments shall not be 

increased to levels which would degrade indigenous biota. 


The concentrations of substances set forth in Chapter II, Table B, in marine 
sediments shall not be significantly increased to levels which would degrade 
indigenous biota. 

The concentration of organic materials in fish, shellfish or other marine resources 
used for human consumption shall not bioaccumulate to levels that are harmful to 
human health. 

Chapter II, Table B of the COP identifies numeric water quality criteria for a number of chemical 
constituents including DDT and PCBs. The human health criteria are established to protect the 
general population from priority toxic pollutants regulated as carcinogens (cancer-causing 
substances) and are based on an assumed human consumption rate of fish and shellfish.  The 
COP criteria for DDT and PCBs are lower than the EPA National recommended criteria (See 
Table 2-4) 

Table 2-4. Water quality objectives related to DDTs and PCBs (all units expressed as ng/l) 
Table B COP CTR Objectives for CTR Criteria for the 

EPA Criteria for the Objectives for the the Protection of Protection of Aquatic Life 
Protection of Protection of Human Health (Saltwater) Pollutant Human Health Human Health Organisms only 3 

Organisms only Acute Chronic 

4,4’-DDT1 --- 0.22 0.59 130 1 
4’4’-DDE --- 0.22 0.59 --- --- 
4’4’-DDD --- 0.31 0.84 --- --- 
Total DDTs 0.17 --- --- --- --- 
Total PCBs2 0.019 0.064 0.17 --- 30 
1 Based on a single isomer (4,4’-DDT). 

2 Based on total PCBs, the sum of all congener or isomer or homolog or arochlor analyses. 

3 Difference in human health numbers between EPA criteria and the CTR objectives are based on EPA updates after CTR was promulgated 

which changed the consumption rate from 6.5 to 17.5 oz per day. 


Although not directly applicable to Santa Monica Bay, the requirements of the Basin Plan are 
applicable to the watershed draining to Santa Monica Bay and the Basin Plan objectives can be 
used to regulate sources to Santa Monica Bay.  The following Basin Plan narrative water quality 
objectives are the most pertinent to this TMDL.  These narrative WQOs apply to both the water 
column and the sediments. 

Chemical Constituents: Surface waters shall not contain concentrations of 
chemical constituents in amounts that adversely affect any designated beneficial 
use. 

Bioaccumulation: Toxic pollutants shall not be present at levels that will bioaccumulate 
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in aquatic life to levels, which are harmful to aquatic life or human health. 

Pesticides: No individual pesticide or combination of pesticides shall be present in 
concentrations that adversely affect beneficial uses.  There shall be no increase in 
pesticide concentrations found in bottom sediments or aquatic life. 

Toxicity: All waters shall be maintained free of toxic substances in concentrations that 
are toxic to, or that produce detrimental physiological responses in human, plant, 
animal, or aquatic life. 

The Regional Board’s narrative toxicity objective reflects and implements national policy set by 
Congress. The Clean Water Act states that, “it is the national policy that the discharge of toxic 
pollutants in toxic amounts be prohibited.”  (33 U.S.C. 1251(a)(3).) 

For PCBs, the Basin Plan states that, “Pass-through or uncontrollable discharges to waters of 
the Region, or at locations where the waste can subsequently reach waters of the Region, are 
limited to 70 picograms per liter (pg/L) measured as a 30 day average for protection of human 
health and 14 nanograms per liter (ng/L) measured as a daily average and 30 ng/L measured as 
a daily average to protect aquatic life in inland fresh water and estuarine waters, respectively.” 

There are no numeric objectives for the accumulation of toxics in fish tissue in either the COP or 
the Basin Plan. The narrative objectives relating to bioaccumulation in the COP and the Basin 
Plan were described above. 

There are no water quality objectives for sediment in the COP or the Basin Plan.  The State 
Board developed sediment quality objectives (SQOs) for enclosed bays and estuaries in 2008, 
but these do not apply to the coastal waters of Santa Monica Bay. 

Antidegradation 
State Board Resolution 68-16, “Statement of Policy with Respect to Maintaining High Quality 
Water” in California, known as the “Antidegradation Policy,” protects surface and ground waters 
from degradation.  Any actions that can adversely affect water quality in all surface and ground 
waters must be consistent with the maximum benefit to the people of the state, must not 
unreasonably affect present and anticipated beneficial use of such water, and must not result in 
water quality less than that prescribed in water quality plans and policies.  Furthermore, any 
actions that can adversely affect surface waters are also subject to the federal Antidegradation 
Policy (40 CFR 131.12). 

2.2 WATER QUALITY DATA REVIEW 
This section summarizes the data for Santa Monica for the listed toxic pollutants in water, fish 
and sediments.  The summary includes data considered by the Regional Board and USEPA in 
developing the 1998 and 2002 303(d) lists as well as subsequent data. 

The Santa Monica Bay listings in 1996 were based on the 1996 Water Quality Assessment & 
Documentation.  These assessments were based primarily on literature. “Due to lack of staff 
resources at this time, the assessment of nearshore areas, open bays, estuaries and ocean areas 
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is mostly limited to the review of published reports.  Fish consumption advisories and some 
bioaccumulation data are also used” (LARWQCB, 1996). 

The tissue data described in the 1996 WQA was primarily from the State Mussel Watch 
Program, the Bay Protection and Toxic Cleanup Program, the Toxic Substances Monitoring 
Program, California Department of Fish and Game Sport California Fishing Regulations 1994
1996 and the Santa Monica Bay Restoration Project State of the Bay 1993 Characterization 
Report and references therein. 

Water Column Data 
Prior to 1999, there were no data for DDT or PCB concentrations in the water column for Santa 
Monica Bay. Zeng et al. (1999) provided information on the concentration of DDT and PCBs in 
the water column off the Palos Verdes shelf (summarized in Table 2-5).  The concentrations of 
DDT ranged from 0.6 to 15.8 ng/l.  The concentrations of PCBs ranged from 0.06 to 1.14 ng/l.  
Concentrations were lowest near the surface and higher 1 meter off the sediment floor.  Zeng 
concluded that the sediments were a source of DDTs and PCBs to the water column.  The highest 
bottom water concentrations were at station 6C and lower concentrations were in the northwest 
portion of the shelf (Station 0). All the concentrations of near bottom waters reported by Zeng 
exceed California Ocean Plan (COP) standards for DDT and PCBs. 

Table 2-5.  Concentrations in bottom waters 1 m off the Palos Verdes shelf floor.  Modified from Zeng, 1999. 
LACSD Stations Total DDE Winter Total DDE Summer Total PCB Winter Total PCBs Summer 

0C 2.2 ng/l 4.4 ng/l 0.14 ng/l 0.41 ng/l 

3C 4.5ng/l 7.6ng/l 0.28 ng/l 0.94 ng/l 

5C 9.2 ng/l 10.4 ng/l 0.51 ng/l 1.14 ng/l 

6C 14.5 ng/l 8.7 ng/l 0.88 ng/l 0.84 ng/l 

7C 9.9 ng/l 5.5 ng/l 0.65 ng/l 0.56 ng/l 

9C 5.3 ng/l 5.0 ng/l 0.31 ng/l 0.30 ng/l 

Zeng et al. (2005) provided data indicating that the bottom waters of Santa Monica Bay also 
exceeded the COP objective for DDT.  Zeng’s estimates of DDE and DDD in bottom waters 
were 0.54 and 0.051 ng/l, respectively. In contrast, the average surface water concentrations of 
DDE and DDD were 0.017 and <0.043 ng/l which are below the COP objective. PCB 
concentrations in the water column were not reported in this paper. 

Sabin et al. (2011) measured DDT and PCB in near bottom waters of Ballona Creek Estuary.  In 
that study the average DDT concentration was 0.18 ng/l, which is slightly higher than the COP 
objective but lower than the CTR objective.  The average PCB concentration of 0.21 ng/l was 
higher than both the COP and CTR objectives. For comparison, the concentrations of DDT 
measured in Los Angeles Harbor during this study ranged from 0.42 to 0.57 ng/l.  The 
concentrations of PCBs in LA Harbor ranged 0.41 to 0.70 ng/l.  The DDT and PCB 
concentrations from LA Harbor are more than twice those in the Ballona Creek Estuary. 
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Fish Tissue Data 
Concentrations of PCBs and DDTs in fish tissue have decreased substantially since the mid 
1990s when the original listings were made.  OEHHA in its update of the fish advisories used 
data primarily from the 2002-2004 Southern California Coastal Marine Fish Contaminants 
Survey (USEPA/NOAA, 2007), but also included some data collected by the Los Angeles 
County Sanitation District (LACSD) and from the Coastal Fish Contamination Program (CFCP) 
of the State Water Resources Control Board. 

In the USEPA/NOAA study, fish were collected along the southern California coastline from just 
north of Ventura Harbor to San Mateo Point. Total DDT and total PCBs (calculated as the sum 
of 45 congeners) were generally analyzed as individual skinless fillets on all species.  The 
exceptions were Pacific sardines, jacksmelt, and topsmelt which were analyzed as whole fish 
(including viscera). The data from this report are summarized in Tables 2-6 for DDT and 2-7 for 
PCBs. The results have been color coded to the OEHHA thresholds which are discussed in more 
detail in Section 3. In brief the green cells are for fish with tissue contaminant concentrations 
below the OEHHA Fish Contamination Goals (FCG).  The unhighlighted cells are for fish with 
tissue concentrations above the FCG but where up to three 8-oz servings a week may be safely 
consumed.  The yellow cells are for fish where no more than two 8-oz servings per week are 
recommended.  The orange is for fish where no more than one 8-oz serving per week is 
recommended.  The red cells are for fish with tissue contaminant concentrations so high that no 
consumption is recommended.   

The highest DDT concentrations in fish tissue were from fish at or near the Palos Verdes shelf 
and the LA Long Beach Harbor. The species with the highest concentrations were white 
croaker, barred sandbass, California scorpionfish and California sheephead.  Fish tissue 
concentrations in the rest of Santa Monica Bay tended to have much lower concentrations.  Most 
of the fish were in the range where OEHHA would recommend up to three 8-oz servings per 
week. These findings are consistent with a more recent study of fish contamination in the 
Southern California Bight (Davis et al., 2011). 

The presence of PCBs in fish tissue at concentrations of concern in Santa Monica Bay is more 
widespread. Similar to DDT, the fish with the highest concentrations of PCBs were near the 
Palos Verdes shelf and Long Beach. However a greater number of fish species exceeded ATLs 
for PCBs than for DDTs and fish with high concentrations of PCBs were observed farther away 
in both directions. To the north, fish with high PCB concentrations were observed throughout 
Santa Monica Bay. To the south, fish with high PCB concentrations were observed in San Pedro 
Bay. These findings are consistent with more recent studies of fish contamination in the 
Southern California Bight (Davis et al., 2011). 
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Table 2-6. DDT concentrations in fish tissue (ng/g ww) from USEPA/NOAA (2003) 

Location (Segment #) 
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Ventura Emma Wood to San Buenaventura (1) 84 

Point Dume to Malibu Bluff (2) 34 35 58 84 40 66 15 110 

Malibu Bluff to Las Flores (3) 79 101 

Los Flores to Santa Monica Beach (4) 51 98 

Santa Monica Beach to El Segundo (5) 55 197 1 156 310 129 36

 Short Bank (23) 352 230 

El Segundo to Manhattan Beach (6) 722 200 

North of Redondo Canyon (EPA F) 204 

Manhattan Beach to Redondo Beach (8) 99 74 16 101 3 262 22 211 89 61 283 

Redondo Beach to Flat Rock Pt (9). 65 10 0 262 51 198 65 

Flat Rock Pt. to Palos Verdes Pt (11). 364 

South of Redondo Canyon (EPA E) 992 

Long Point to Bunker Point (12) 487 321 285 1828 

Bunker Point to Point Fermin (13-14) 1541 127 833 249 2 29 207 173 742 

5 mile offshore of breakwater (EPA B) 1130 

Breakwater Oceanside (15) 583 245 609 200 3 145 97 193 52 187 69 3176 

EPA C 7 miles southeast of Pt Fermin (EPA C) 440 

Horseshoe Kelp (24) 56 151 100 2516 

Outside of Middle Breakwater (EPA A) 370 35 497 94 124 203 

Outer San Pedro Bay (EPA D) 175 

Breakwater Harbor Side (16) 118 96 89 47 42 208 145 90 71 89 44 151 439

 Inside of   Middle Breakwater (EPA A) 48 

Pier J to Fingers Pier at Shoreline Park (17) 293 165 332 2 55 35 38 68 73 

Belmont Pier/Seaport Village (18) 54 16 64 94 59 126 24 

Seal Beach Alamitos to Anaheim Bay (19) 51 49 184 1 77 68 93 53 

Sunset Beach to Huntington Beach (20) 124 315 104 

Huntington Beach to Pelican PointDana Point (21) 50 88 

Dana Point: Mussel Cove to Doheny  Beach (22) 70 159 

Southern Orange County (25) 85 
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Table 2-7. PCB concentrations in fish tissue (ng/g ww) from USEPA/NOAA (2003) 
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Ventura Emma Wood to San Buenaventura (1) 22 

Point Dume to Malibu Bluff (2) 9 10 18 18 12 25 4 32 

Malibu Bluff to Las Flores (3) 29 40 

Los Flores to Santa Monica Beach (4) 17 40 

Santa Monica Beach to El Segundo (5) 13 51 61 76 215 182 42

 Short Bank (23) 116 95 

El Segundo to Manhattan Beach (6) 126 60 

North of Redondo Canyon (EPA F) 43 

Manhattan Beach to Redondo Beach (8) 27 29 12 23 25 93 6 114 32 24 74 

Redondo Beach to Flat Rock Pt (9). 20 2 5 93 8 36 13 

Flat Rock Pt. to Palos Verdes Pt (11). 45 

South of Redondo Canyon (EPA E) 120 

Long Point to Bunker Point (12) 62 44 32 200 

Bunker Point to Point Fermin (13-14) 158 22 85 40 17 9 28 22 91 

5 mile offshore of breakwater (EPA B) 136 

Breakwater Oceanside (15) 73 27 68 41 88 41 15 56 41 27 12 347 

EPA C 7 miles southeast of Pt Fermin (EPA C) 51 

Horseshoe Kelp (24) 17 37 54 228 

Outside of Middle Breakwater (EPA A) 92 13 83 33 35 29 

Outer San Pedro Bay (EPA D) 32 

Breakwater Harbor Side (16) 40 44 16 11 8 70 41 33 19 33 34 86 103

 Inside of   Middle Breakwater (EPA A) 21 

Pier J to Fingers Pier at Shoreline Park (17) 116 61 126 10 35 53 19 51 108 

Belmont Pier/Seaport Village (18) 37 13 50 39 74 106 16 

Seal Beach Alamitos to Anaheim Bay (19) 23 33 101 3 51 29 43 29 

Sunset Beach to Huntington Beach (20) 80 100 41 

Huntington Beach to Pelican PointDana Point (21) 27 23 

Dana Point: Mussel Cove to Doheny  Beach (22) 22 36 

Southern Orange County (25) 29 
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Sediment Contaminants 

There is substantial evidence of widespread sediment contamination in Santa Monica Bay, 
largely centered on the Palos Verdes Shelf. Although, the concentrations of DDT and PCBs in 
surface sediments on the Palos Verdes shelf have decreased substantially since the early 1970s, 
largely due to burial, the concentrations of DDTs and PCBs in the surface sediments remain at 
levels of concern. Furthermore, there is evidence that the rate of burial has declined on the 
southwest portion of the Palos Verdes shelf and concern that erosion will bring the previously 
buried deposits to the surface.  

The concentrations of DDT in surface sediments near the White’s Point outfall range from 
around 90,000 to 155,000 ng/g. Along the 60-m depth contour, concentrations greater than 
1,500 ng/g extend along the entire shelf.   Concentrations are much lower in the nearshore (0 to 
50 ng/g) and increase with depth (Figure 2-2).  

The mass estimates of DDT and byproducts in the sediments of Palos Verdes Shelf vary.  The 
mass estimate from the Superfund Record of Decision is around 100 metric tons (MT) for DDT. 
Most of the DDT (about 85%) is in the form of p,p-DDE.  Lee et al. (2002) provides an estimate 
of 66.8 MT of p,p-DDE. Murray et al. (2002) provided estimates on the order of 61 to 72 MT 
for p,p-DDE. Sherwood et al. (2008) has more recently provided an estimate of 84 MT of DDT.   

Figure 2-2. DDT concentrations off the Palos Verdes shelf from Superfund Record of Decision. 
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The highest PCB concentrations are near and just offshore of the outfall.  Lower concentrations 
(< 50 ng/g) are in the shallow nearshore area.  A large portion of the shelf has concentrations 
greater than 200 ng/g. Concentrations generally increase with depth.  The extent of high PCB 
concentrations extends further northwest along the PV shelf than the DDT footprint (Figure 2-3).  
The mass estimates from the Superfund Record of Decision were on the order of 10 MT for 
PCBs. 

Figure 2-3.  PCB concentrations off the Palos Verdes shelf from Superfund ROD 

Sediment contamination is not confined to the Palos Verdes shelf.  Data from a number of 
regional surveys consistently identify elevated concentrations of DDT and PCBs in the surface 
sediments of Santa Monica Bay (Schiff and Gossett, 1998; Noblet et al., 2001, Schiff et al., 
2011)). The pattern in concentrations suggests that Palos Verdes shelf may be a major source of 
DDT contamination to Santa Monica Bay (Figure 2-4).  A number of studies have reported the 
pattern of DDE in the sediment suggests that the Palos Verdes shelf may be a source for surface 
sediment concentrations in Santa Monica Bay (Bay et al., 2003; Summerfield and Lee, 2003; 
Venkatesan et al., 2010). This is consistent with the general pattern of sediment transport on the 
Palos Verdes shelf which is toward the northwest (Wiberg et al., 2002).   

The distribution of PCBs in the sediments suggests an additional source (Figure 2-5).  The 
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highest concentrations are in the vicinity of the Hyperion treatment plant.  Venkatesan (2010) 
indicates that the highest concentration of PCBs is near the terminus of the old 7-mile sludge 
line. The fact that the discharges from this outfall were ceased in 1987 implies these are historic 
rather than recent deposits.  Correlations with markers for sewage such as coprostanols and 
linear alkyl benzenes provide further evidence that the source is primarily sewage-related 
deposits (Venkatesan, 2010). Elevated concentrations of both DDT and PCBs in the sediments 
off Ballona Creek also suggest the contribution of stormwater from historic land based sources 
(Schiff and Bay, 2003). 

Venkatesan et al. (2011) estimated there are approximately 610 kg of DDT and 440 kg of PCBs 
in the top 2 cm of the surface sediments in Santa Monica Bay.  However, concentrations in the 
subsurface sediments of Santa Monica Bay are substantially higher than surface sediments (Bay 
et al., 2003) suggesting most of the mass of PCBs and DDTs is buried.   

Figure 2-4.  Distribution of DDT in surface sediments in Santa Monica Bay (from Venkatesan, 2010) 
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Figure 2-5. Distribution of PCBs in surface sediments in Santa Monica Bay (from Venkatesan, 2010) 

Sediment Toxicity Data 
There is little evidence of sediment toxicity in Santa Monica Bay.  Swartz et al. (1986) reported 
changes in conditions at eight stations on the Palos Verdes shelf resulted in lack of any 
significant toxicity in surface sediments near the outfall.  There was no acute toxicity in Santa 
Monica Bay in 1994 during the Southern California Bight Pilot Project (n = 55) or as part of the 
Bight survey in 1998 (n = 23). Greenstein et al. (2003) assessed toxicity in 25 sediment cores 
sampled in 1997.  Based on the amphipod toxicity test, only 2 of 25 surface samples resulted in 
significant reduction in amphipod survival and one of these samples near Redondo Canyon 
contained both surface and subsurface (older) sediments.  Similar findings were made with sea 
urchin fertilization tests where only 2 of the 25 surface samples indicated toxicity.  Both of these 
were in the vicinity of the old 7-mile outfall.  Cores by Greenstein et al. (2003) and Swartz 
(1986) show toxicity in subsurface sediments (but not in surface sediments) from the shelf and 
near the outfall areas.   

Although Bight surveys in 2003 and 2008 had fewer samples in Santa Monica Bay; the results 
are similar to the earlier surveys.  In 2003, seven samples showed no toxicity and one sample 
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near Redondo Canyon showed moderate toxicity.  In 2008 four samples in Santa Monica Bay 
showed no toxicity and one sample from the Palos Verdes shelf near Point Fermin showed a low 
level of toxicity. This low level toxicity threshold used in the 2008 survey is more conservative 
than required for the listing policy. The toxicity data is summarized in Table 2-8. 

Table 2-8.  Summary of amphipod toxicity data from surface sediments 1994 to 2008 
Year Toxicity Reference Comments 

1994 0 out of 55 Bay et al., 1998 

1997 2* out of 25 Greenstein et al., 2003 *One surface sample showing toxicity was contaminated 
with sub-surface 

1998 0 out of 23 Bay et al., 2000 

2003 1 out of 8 Bay et al., 2005 Moderate toxicity near Redondo Canyon 

2008 0* out of 5 Bay et al., 2011 *Definition for low level toxicity in survey not 
considered toxic under the listing policy 

Our evaluation of the data showed only 3 out of 116 samples exhibited toxicity.  Following the 
California listing policy, Santa Monica Bay is meeting the toxicity objective and there is 
sufficient evidence to delist sediment toxicity.  We therefore make a finding that there is no 
significant toxicity in Santa Monica Bay and recommend that Santa Monica Bay not be 
identified as impaired by toxicity in the California’s next 303(d) list.   

Summary Assessment and Findings Concerning TMDLs Required 
There is widespread contamination of DDT and PCBs in the sediments of Santa Monica Bay.  
The Palos Verdes shelf is a major source of DDT and PCBs to the Bight. The distribution of 
PCBs appears to be more widespread than DDT suggesting multiple sources of PCB 
contamination.  The concentrations of DDT and PCBs have decreased substantially from the 
levels observed in the early 1970’s largely as a result of burial.  During this time period the 
benthic communities in Palos Verdes shelf and Santa Monica Bay have also improved 
substantially to the point where impairments to benthic communities are not seen.  Very little 
sediment toxicity is now observed in sediments from Santa Monica Bay.  The concentrations of 
DDT and PCBs in fish tissue have also decreased over time but remain above levels of concern 
established by OEHHA. These TMDLs address impairments related to concentrations of DDT 
and PCBs in edible fish tissue as they relate to the consumption of fish.   
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3 NUMERIC TARGETS 
Numeric targets are established for DDT and PCBs in water, sediment and fish tissue of Santa 
Monica Bay that are protective of human health.  The USEPA Superfund Project established 
remedial action objectives (RAOs) for the Palos Verdes Shelf in the Interim Record of Decision 
for the Palos Verdes Shelf Superfund Restoration (USEPA, 2009). A description of how these 
targets were derived is included in the specific sections below. 

Table 3-1. Numeric targets for sediment and tissue in Santa Monica Bay 
TMDL target for Santa Monica Bay (Point Vicente to Point Dume) Total DDTs Total PCBs 

Water column (based on California Ocean Plan objective) 0.17 ng/l 0.019ng/l 

Fish tissue (based on a consumption rate of 116  g/d and exposure risk of 10-5) 40 ng/g 7 ng/g 

Sediment to meet target (normalized for organic carbon) 2.3 ug/g OC 0.7 ug/g OC 

Superfund Interim Remedial Action  Objectives for Palos Verdes Shelf (Point 
Fermin to Point Vicente) 

Total DDTs Total PCBs 

Water column objective (equal to the USEPA human health criteria) 0.22 ng/l 0.064 ng/l 

Fish tissue objective for white croaker (116 g/d and an exposure risk of 10-4) 400 ng/g 70 ng/g 

Sediment to meet fish tissue objective (normalized for organic carbon) 23 ug/g OC 7 ug/g OC 

3.1. Water Quality Targets. The water quality target for DDT in Santa Monica Bay is 0.17 
ng/l based on objectives in the California Ocean Plan.  The Superfund RAO for the Palos Verdes 
Shelf of 0.22 ng/l is equal to the EPA Water Quality Criteria.  The DDT targets for Santa Monica 
Bay and the Palos Verdes shelf are not substantially different.   

The Water quality target for PCBs in Santa Monica Bay is 0.019 ng/l based on the COP.  The 
Superfund RAO for the Palos Verdes shelf 0.064 ng/l is equal to the EPA human health criteria.  
As discussed in the Superfund Interim Record of Decision, the existing PCBs data are 
insufficient to project attainment of PCBs cleanup levels and therefore, the interim action 
includes collection of PCBs data in sediment and water that can be used to forecast PCBs loss 
rates. This work will be used by Superfund in the first five-year review to develop subsequent 
remedial actions to protect human health. 

3.2. Fish Tissue Targets. To develop the TMDLs, it is necessary to translate the appropriate 
narrative objectives into numeric targets that identify the measurable endpoint or goal of the 
TMDLs and represent attainment of the applicable numeric and narrative water quality 
standards. 

In 2009, OEHHA published guidelines to support advisories (Table 3-2). Fish Contaminant 
Goals (FCGs) are estimates of contaminant levels in fish that pose no significant health risk to 
individuals consuming sport fish at a standard consumption rate of eight ounces per week (32 
g/day), prior to cooking, over a lifetime. FCGs prevent consumers from being exposed to more 
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than the daily reference dose for non-carcinogens or to a risk level greater than 1x10-6 for 
carcinogens (i.e., not more than one additional cancer case in a population of 1,000,000 people 
consuming fish at the given consumption rate over a lifetime). FCGs are based solely on public 
health considerations without regard to economic considerations, technical feasibility, or the 
counterbalancing benefits of fish consumption (Klasing and Brodberg, 2008). 

Table 3-2. Fish Consumption Guidelines (OEHHA, 2009) 

Guideline (serving size associated with guideline) Risk DDT PCBs 

Fish Contamination Goal (one 8 oz serving per week) 10-6 21ng/g 3.6 ng/g 

Assessment tissue level (three 8 oz servings per week) 10-4 <520 ng/g <21 ng/g 

Assessment tissue level (two 8 oz servings per week) 10-4 >520 to 1000 ng/g >21 to 42 ng/g 

Assessment tissue level (one 8 oz serving per week) 10-4 >1000 to 2100 ng/g >42 to <120 ng/g 

No Consumption >2100 ng/g >120 ng/g 

Advisory Tissue Levels (ATLs) were developed by OEHHA with the recognition that there are 
unique health benefits associated with fish consumption and that the advisory process should be 
expanded beyond conveying simple risk in order to best promote the overall health of the fish 
consumer. ATLs provide a number of recommended fish servings that correspond to the range of 
contaminant concentrations found in fish and are used to provide consumption advice to prevent 
consumers from being exposed to more than the average daily reference dose for non-
carcinogens or to a risk level greater than 1x10-4 for carcinogens (i.e., not more than one 
additional cancer case in a population of 10,000 people consuming fish at the given consumption 
rate over a lifetime). ATLs are designed to encourage consumption of fish that can be eaten in 
quantities likely to provide significant health benefits, while discouraging consumption of fish 
that, because of contaminant concentrations, should not be eaten or cannot be eaten in amounts 
recommended for improving overall health (eight ounces total, prior to cooking, per week). 
ATLs are one of the criteria that are used by OEHHA for issuing fish consumption guidelines 
(Klasing and Brodberg, 2008). 

The Superfund fish RAO for the Palos Verdes shelf are 400 ng/g for DDT and 70 ng/g for PCBs.  
These are based on white croaker tissue (skin off filets, a consumption rate of 116 g/d which 
represents the 90th percentile for the Asian population as determined by the Santa Monica Bay 
Seafood Consumption Study (SCCWRP and MBC, 1994). This results in an excess cancer risk 
of 1 in 10,000. The DDT RAO for fish tissue is lower than the lowest ATL.  The PCB RAO for 
fish tissue is in the one 8-oz serving per week ATL category.    

EPA is establishing a separate set of targets for the areas of Santa Monica Bay north of the 
Superfund site from Point Vicente to Point Dume (Santa Monica Bay proper).  The TMDL target 
for the areas north of Point Vicente is also based on an average consumption rate of 116 g/day. 
The DDT tissue target of 40 ng/g and the PCB tissue target of 7 ng/g are below the lowest ATL.  
This results in an excess cancer risk of 1 in 100,000. 

EPA recognizes that the tissue targets for Santa Monica Bay (40 ng/g for DDT and 7 ng/g for 
PCBs) are slightly greater than those established for the LA Harbor TMDL (21 ng/g for DDT 
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and 3.6 ng/g for PCB) which are based on the OEHHA FCGs. However the targets for this 
TMDL are based on a more conservative set of assumptions.  First, for Santa Monica Bay this 
TMDL uses a higher consumption rate (116 vs. 32 g/d) than are used for the FCGs.  At this 
lower consumption rate the excess cancer risk would be reduced to 2 in 1,000,000.  Second, the 
TMDL targets do not include the 30% cooking reduction factor for DDT and PCBs used by 
OEHHA in developing the FCGs. When these factors are taken into consideration the difference 
in risk levels is relatively minor.   

Table 3-3.  Assumptions used in calculating fish tissue target. 

Assumptions 
Palos Verdes Shelf Santa Monica Bay 

DDT PCB DDT PCB 

Target Fish Tissue Concentration (Cf in ng/g) 400 70 40 7 

Ingestion Rate (g/d)  116 116 116 116 

Exposure Frequency (days/year) 365 365 365 365 

Exposure Duration (years) 30 30 30 30 

Body Weight (kg) 70 70 70 70 

Average Time (days) 25,550 25,550 25,550 25,550 

Intake = (Cf*IR*EF*ED)/(BW*AT) 2.8 x 10-4 5.0 x 10-5 2.8 x 10-5 4.98 x 10-6 

Cancer Slope Factors (CSF expressed as kg*d/mg) 0.34 2 0.34 2 

CSF x Intake = Excess Lifetime Cancer Risk 1 x 10-4 1 x 10-4 1 x 10-5 1 x 10-5 

In Santa Monica Bay the highest sediment concentrations of DDT and PCBs are in the deeper 
waters not readily available to subsistence fishermen who fish off of piers.  The shallower waters 
of Santa Monica Bay typically consist of sandier sediments which are less likely to accumulate 
DDT and PCBs. The use of the relatively high fish consumption rates is sufficiently 
conservative to protect recreational fishermen using charter boats to get to these deeper waters.  
The TMDL targets for Santa Monica Bay when met are sufficient to protect public health.   

3.3 Sediment Targets. 

There are no federal or State of California promulgated standards for DDT and PCBs in 
sediment.  Therefore a regression model developed by the USEPA Superfund Division 
(HydroQual, 1997, Anchor 2009) was used to relate the concentrations of p,p-DDE and PCBs in 
sediment to the concentrations of p,p-DDE and PCBs in fish tissue.  

The HydroQual bioaccumulation model provides estimates of p,p DDE and total PCBs in fish 
tissue concentrations expressed on a lipid basis (mg/kg lipid) from the sediment concentrations 
of the DDE and PCBs expressed on an organic carbon basis (ug/g OC).  Anchor (2009) updated 
the bioaccumulation model using white croaker fish data from the 2002/2004 Coastal Marine 
Fish Contaminant Survey (USEPA/NOAA, 2007) and more recent sediment data for the Palos 
Verdes shelf (LACSD, 2008).  The relationships from the HydroQual bioaccumulation model 
were converted from lipid-normalized fish tissue concentrations to contaminant concentrations in 
skin-off filets (mg/kg wet weight) by using an average lipid content (4.5%) in skin-off filets of 
white croaker (Anchor, 2009). The regression equations are presented below: 
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Eq 1: pp-DDE in White Croaker (ug/g ww skin off) = 0.0176 x Sediment (ug/g OC) 
Eq 2: Total PCBs in White Croaker (ug/g ww skin off) = 0.0101 x Sediment (ug/g OC) 

The sediment concentrations in the regression equations are normalized to organic carbon.1  On 
the Palos Verdes shelf total organic carbon (TOC) is typically on the order of 2 to 3%, except in 
the areas near the White’s Point outfall where TOC is on the order of 4 to 5% (LACSD, 2009 
report). In Santa Monica Bay, TOC is typically less than 1% except near the outfalls where the 
TOC can be as high as 3% (City of Los Angeles, 2003, 2005. 2007).  Table 3-4 illustrates the 
relationships between fish targets and sediment targets for a range of sediment TOC values. 

Table 3-4.  Derivation of sediment targets 
Palos Verdes Fish RAO Slope Sediment RAO ng/g ng/g ng/g ng/g 
Shelf ng/g ug/g OC @1%TOC @2%TOC @3%TOC @4%TOC 
DDE 400 0.0176 23 230 460 690 920 
PCB 70 0.0101 7 70 140 210 280 
Santa Fish Target Slope Sediment Target ng/g ng/g ng/g ng/g 
Monica Bay ng/g ug/g OC @1%TOC @2% TOC @3% TOC @4%TOC 
DDE 40 0.0176 2.3 23 46 69 92 
PCB 7 0.0101 0.7 7 14 21 42 

Given the uncertainty associated with the bioaccumulation model, the Superfund targets are 
interim targets.  Under the selected remedy, USEPA and NOAA will conduct a white croaker 
tracking study to learn more about white croaker feeding patterns on Palos Verdes shelf.  Data 
from the white croaker tracking study and data from the baseline study of DDT and PCBs in 
water and sediment will allow the bioaccumulation model to be refined to predict more 
accurately the contaminant levels in sediment correlated to contaminant levels in fish. These 
studies will contribute to the development of the final remediation plan and re-evaluation of the 
TMDL targets. 

1  To normalize to total organic carbon, the dry weight concentration for each parameter is divided by the 
decimal fraction representing the percent total organic carbon content of the sediment.   
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4 SOURCE ASSESSMENT 
DDT is an organochlorine insecticide that was widely used on agricultural crops and to control 
disease-carrying insects. The use of DDT was banned in the United States in 1972, except for 
public health emergencies involving insect diseases and control of body lice.  Although DDT is 
no longer used, it persists in the environment, adhering strongly to soil particles.  Total DDT 
consists of two isomers (p,p-DDT and o,p-DDT) and several degradation products (p,p-DDE, 
o,p-DDE, p,p-DDD, and o,p-DDD).   

Polychlorinated biphenyls (PCBs) are mixtures of up to 209 individual chlorinated compounds 
(known as congeners). Monsanto was the only North American producer of PCBs which were 
marketed as arochlors.  PCBs were used in a wide variety of applications, including dielectric 
fluids in transformers and capacitors, heat transfer fluids, and lubricants.  In 1976, the 
manufacture of PCBs was prohibited because of evidence that they build up in the environment 
and can cause harmful health effects.      Products made before 1977, which may contain PCBs 
include old fluorescent lighting fixtures and electrical devices containing PCB capacitors and 
hydraulic oils. Although PCBs were banned in 1979, the Toxics Substance Control Act (TSCA) 
allows the inadvertent manufacture of PCBs as a result of some manufacturing processes..     

4.1 POINT SOURCES 
Point sources typically include discharges from a discrete human-engineered point.  These types 
of discharges are regulated through the federal National Pollutant Discharge Elimination System 
(NPDES) program, which the Regional Boards have been delegated to implement through the 
issuance of Waste Discharge Requirements (WDRs).  Urban runoff to Santa Monica Bay is 
treated as a point source and regulated under stormwater NPDES permits. 

Based on the State of the Watershed (2010) report there are 193 NPDES discharges in the 
watersheds draining into Santa Monica Bay.  Seven of these are major NPDES permit discharges 
including three POTWs (Los Angeles County Sanitation Districts Joint Water Pollution Control 
Plant, City of Los Angeles Hyperion WWTP, and the Tapia WWTP), one refinery (Chevron El 
Segundo), and three power generating stations (El Segundo, Redondo and Scattergood).  In 
addition there are 18 minor discharges, 175 dischargers covered under general permits, 87 
dischargers covered by an industrial stormwater permit and 401 dischargers covered by the 
construction stormwater permit.  

Individual NPDES permits 
County Sanitation Districts of Los Angeles County  Joint Water Pollution Control Plant 
The County Sanitation Districts of Los Angeles County (LACSD) owns and operates the Joint 
Water Pollution Control Plant (JWPCP).  The White’s Point outfall off the Palos Verdes shelf 
was established in the 1920s. The two main discharge points (Discharge Serial Nos. 001 and 
002) account for 65% and 35% of the effluent discharge, respectively.  The outfall diffusers 
discharge at depths ranging from 167 to 210 feet.   

The JWPCP has provided full secondary treatment since 2003 with a design capacity of 400 
million gallons per day (MGD).  JWPCP can receive bypass from the six upstream plants 
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operated by the LACSD. It also receives brine discharges generated by the West Basin 
Municipal Water District’s Carson Regional Water Recycling Plant.  

In 1947, the Montrose Chemical Corporation of California, Inc. (Montrose) began manufacturing 
DDT at its plant on Normandie Avenue in Los Angeles, California.  Wastewater containing 
significant concentrations of DDT was discharged from the Montrose plant into the sewers, 
flowed through the Los Angeles County Sanitation Districts wastewater treatment plant and was 
discharged to the ocean waters of the Palos Verdes shelf through subsurface outfalls.  Between 
1953 and 1971 somewhere between 1,500 to 2,500 tons of DDT were discharged from Montrose 
to LACSD. Based on an average removal efficiency of 58%, the estimated DDT load discharged 
to the Palos Verdes shelf is between 870 and 1,200 tons (Amendola, 2000).  Montrose ceased 
discharging waste into the county sewer system in 1971.  LACSD conducted cleaning operations 
in the two lines adjacent to and downstream of the Montrose property. Sediments in these lines 
contained more than 3.5 MT of DDT. The Montrose plant was shut down and dismantled in 
1983. Under USEPA order, Montrose removed approximately 73.6 MT of sediment from the 
sewer line downstream from the plant.  In 1971, the annual loading of DDT from the JPWCP 
was 21.1 MT. An estimated 39.3 MT of DDT was discharged out of the White’s Point outfall 
between 1971 and 2002, mostly in the early years (Fig. 4-1).  In 2001 and 2002 LACSD 
discharged 1.1 and 2.7 kg of DDT, respectively (Steinberger and Stein, 2004).  After 2002, the 
concentrations of DDT in the effluent have been at or near the detection limits.  LACSD is 
currently permitted to discharge up to 15.4 kg/yr. 

PCBs entered the LACSD sewer system from several industrial sources in the Los Angeles area, 
most notably from the Westinghouse Electric Corporation, which manufactured and repaired 
electrical equipment at its Los Angeles County plant; from a paper-manufacturing plant in 
Pomona owned by Potlatch Corporation; and from Simpson Paper Company.  PCBs from these 
plants were sent to the JWPCP and, after treatment, were discharged from the White’s Point 
outfalls onto the Palos Verdes shelf.  In 1971, the annual discharge of PCBs was 5.2 MT.  The 
total PCBs load between 1971 and 1985 is estimated to be 35.6 MT (Fig. 4-2).  The PCB 
concentrations in effluent have largely been below detection limits since 1985.  However, the 
current detection limits are too high to assess compliance with the permit limit or the COP. 
LACSD is currently permitted to discharge up to 1.8 kg/yr of PCBs. 

City of Los Angeles - Hyperion Treatment Plant  The City owns and operates the Hyperion 
Treatment Plant, a publicly-owned treatment works (POTW) with a design capacity of 450 MGD 
that has provided full secondary treatment since December of 1998.  The Hyperion Treatment 
Plant has three ocean outfalls.  The one-mile outfall (Discharge Serial No. 001) was used in the 
1950s to discharge a blend of primary and secondary effluent to Santa Monica Bay at a depth of 
50 feet. Today this is used only for emergency discharge of chlorinated secondary treated 
effluent or the emergency discharge of stormwater overflow during large storms.  The main 
discharge point (Serial No. 002), known as the five-mile outfall, was placed into service in 1959 
and discharges at 187 feet below the ocean surface.  Discharge Serial No. 003 (the 7-mile outfall) 
is no longer operational. It was used to discharge sludge at a depth of approximately 300 feet 
below the ocean surface between 1957 and 1987 when sludge discharge to the ocean was 
terminated.  
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Hyperion discharged an estimated 1.6 MT of DDT between 1971 and 1995 (Figure 4-1).  DDT 
concentrations in Hyperion’s effluent have been largely undetected since then.  The Hyperion 
permit currently allows the discharge of up to 8.4 kg of DDT per year.  Between 1971 and 1987 
about 9.7 MTs of PCBs were discharged from Hyperion (Figure 4-2).  Effluent concentrations of 
PCBs have been largely undetected since then.  Detection limits are an issue for compliance 
since they are much too high to assess compliance with the permit limit or the COP.  The 
Hyperion permit (R4-2010-0200) currently allows the discharge of 0.9 kg of PCBs per year. 

West Basin Municipal Water District The West Basin Municipal Water District has permits to 
discharge brine from Edward C. Little Water Recycling Facility through the Hyperion outfall 
(R4-2006-0067) and to discharge brine from the Carson Recycling Facility which discharges 
through the JPWCP outfall (R4-2007-0001).  These permits require monitoring of effluent for 
DDTs and PCBs twice a year. The Regional Board assessed effluent data from 2000 to 2005 and 
determined that permit limits were not required for DDT or PCBs.  The PCB assessments were 
hampered by detection limits that were above the COP objectives.  

Tapia Water Reclamation Facility (Tapia)  Tapia is jointly owned by the Las Virgenes 
Municipal Water District and Triunfo Sanitation Districts.  Tapia is a tertiary wastewater 
treatment plant, with a design capacity of 16.1 MGD,  permitted to discharge into Malibu Creek 
between mid-November to mid-April (R4-2010-0165).  Analysis by Regional Board permitting 
staff indicated there were no detectable concentrations of DDT or PCBs in Tapia effluent based 
on data from 1986 to 2004. Consequently, there are no effluent limits for DDTs or PCBs. 

Malibu Mesa Wastewater Reclamation Facility  Malibu Mesa is a small (0.2 MGD) treatment 
plant (R4-2007-0002) which discharges disinfected tertiary treated wastewater through two 
discharge points to Marie Canyon and an unnamed canyon west of Marie Canyon and ultimately 
to Puerco Beach within Santa Monica Bay. Analysis by Regional Board permitting staff 
indicated there were no detectable concentrations of DDTs or PCBs in Malibu Mesa effluent 
based on data from 2001 to 2005.  There are no effluent limits for DDT or PCBs in the permit. 

Chevron Products Company – El Segundo Refinery The El Segundo Refinery's wastewater 
treatment facility discharges an average flow of 7.0 MGD of treated wastewater, with up to 8.8 
MGD during dry weather and up to 27 MGD during wet weather, to Santa Monica Bay. The 
wastewater is comprised of refinery wastewater, petroleum hydrocarbon contaminated shallow 
well groundwater, other intermittent sources, and rainfall runoff, which may be contaminated. 
The outfall extends approximately 3,500 feet offshore to a depth of 42 feet.  

The refinery has effluent limits and performance goals for DDT and PCBs (R4-2006-0089).  The 
DDT limit is 13.8 ng/l (performance goal is 6 ng/l).  The PCB limit is 1.54 ng/l (performance 
goal is 0.74 ng/l). The effluent is monitored for DDT and PCB as arochlors twice a year.  The 
reported method detection limit of 600 ng/l for DDT and 3,500 ng/l for PCBs (Lyon and Stein, 
2010) are too high to determine compliance with permit limits. 
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Figure 4-1.  Trends in DDT loadings from Hyperion and Los Angeles County Joint Plant 

Figure 4-2.  Trends in PCBs loading from Hyperion and Los Angeles County Joint Plant 
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AES Redondo Beach, LLC (Redondo Generating Station)  The Redondo Generating Station 
is a steam electric generating facility permitted to discharge up to 898 MGD of waste consisting 
of once-through cooling water, treated chemical metal cleaning wastes, groundwater seepage, 
and other low volume wastes into Santa Monica Bay. 

The waste is discharged through two outfalls; Discharge Serial No. 001 extends approximately 
1,600 feet offshore to a depth of 25 feet. Waste discharged through this outfall consists of up to 
215 MGD of once-through cooling water and smaller amounts of groundwater seepage, and 
other low-volume waste.  Discharge Serial No. 002 extends approximately 300 feet and 
terminates at a depth of 20 feet.  Waste discharged through this outfall consists of up to 674 
MGD of once through cooling water with small amounts of condensate overboard overflow, fuel 
oil tank farm rainfall run-off, and yard drains. The permit (00-085) includes a narrative limit to 
comply with all COP objectives. 

El Segundo Power, LLC (El Segundo Power Generating Station)  The El Segundo Station is 
permitted to discharge wastes consisting of once-through cooling water from four steam electric 
generating units, treated chemical metal cleaning wastes, non-chemical metal cleaning wastes, 
low volume wastes, stormwater runoff, and treated sanitary wastes into the Pacific Ocean 
through two outfalls (00-084). 

Heated water is discharged through Outfall No. 001which extends 1,900 feet offshore to a depth 
of 26 feet and Outfall No. 002 extends about 2,100 feet offshore to a depth of 20 feet.  In 2008, 
the average discharge flows from Outfalls No. 001 and No. 002 were 29.2 MGD  and 130.8 
MGD, respectively (El Segundo Power, 2009).  There are no effluent limits for DDTs or PCBs in 
the permit.  The effluent is monitored once every five years for priority pollutants including DDT 
and PCBs. 

City of Los Angeles, Department of Water and Power - Scattergood Generating Station 
The Scattergood Generating Station is located about 1,500 feet south of the Hyperion Treatment 
Plant. The plant is permitted (00-083) to discharge up to 496 MGD of wastes containing once 
through cooling water, pretreated metal cleaning wastes, low-volume in-plant wastes, cooling 
tower blowdown, and stormwater runoff into Santa Monica Bay. The average discharge during 
2008 was 315 MGD. 

The Seaside Lagoon Facility The Seaside Lagoon Facility in the City of Redondo Beach is a 
city park that consists of a 1.4 million gallon man-made saltwater lagoon.  The lagoon was 
constructed in 1962 and has since been open to the public for swimming from Memorial Day to 
Labor Day. Approximately 2.3 MGD, of once-through cooling water from the Redondo Beach 
Generating Station is directed to the Lagoon from the Power Plant Outfall that discharges to 
King Harbor. To maintain the water level in the Seaside Lagoon, the City discharges 
approximately 2.3 MGD of dechlorinated saltwater to King Harbor when the Lagoon is in use.  
This discharge is permitted by the Regional Board (R4-2010-0185).  There are no effluent limits 
for DDT or PCBs in the permit, but there are annual monitoring requirements for DDT and PCBs 
in effluent and receiving water. 
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Table 4-1. Summary of Individual Permitees in watersheds draining to Santa Monica Bay.  Facilities in bold 
have effluent limits for DDT and PCBs. 
Facility Waterbody Order No NPDES No Design Flow 
LA County Sanitation Districts Joint 
Water Pollution Control Plant 

Santa Monica Bay R4-2006-0042 CA0053813 400 

LA City Bureau of Sanitation Hyperion 
WWTP 

Santa Monica Bay R4-2010-0200 CA0109991 450 

West Basin Municipal Water District 
Edward C. Little Water Recycling 
Facility 

Santa Monica Bay R4-2006-0067 CA0063401 4.5 

West Basin Municipal Water District 
Carson Regional WRP 

Santa Monica Bay R4-2007-0001 CA0064246 0.9 

Las Virgenes MWD Tapia WRF Malibu Creek R4-2010-0165 CA0056014 16.1 
LA Co Dept of Public Works Malibu 
Mesa Wastewater Reclamation Facility 

Santa Monica Bay R4-2007-0002 CA0059099 0.2 

Chevron, El Segundo Refinery Santa Monica Bay R4-2006-0089 CA0000337 27 
Redondo Generating Station Santa Monica Bay 00-085 CA0001201 1146 
El Segundo Generating Station. Santa Monica Bay 00-084 CA0001147 607 
Scattergood Generating Station Los 
Angeles DWP 

Santa Monica Bay 00-083 CA0000370 496 

City of Redondo Beach Seaside Lagoon Santa Monica Bay R4-2010-0185 CA0064297 2.3 

General NPDES Permits 
General NPDES permits often regulate episodic discharges (e.g., dewatering operations) rather 
than continuous flows. Pursuant to 40 CFR parts 122 and 123, the State Board and the Regional 
Boards have the authority to issue general NPDES permits to regulate a category of point sources 
if the sources: involve the same or substantially similar types of operations; discharge the same 
type of waste; require the same type of effluent limitations; and require similar monitoring.  The 
Regional Board has issued general NPDES permits for eight categories of discharges.  Four of 
these address discharge to surface water from ground water from construction and project 
dewatering; petroleum fuel cleanup sites; volatile organic compounds (VOCs) cleanup sites; and 
potable water. The other four address discharges to surface waters from non-process wastewater; 
hydrostatic test waters; vector control; and aquatic weed control. 

y The general NPDES permit for Discharges of Groundwater from Construction and Project 
Dewatering to Surface Waters (Order No. R4-2008-0032) covers wastewater discharges, 
including but not limited to, treated or untreated groundwater generated from permanent 
or temporary dewatering operations.   

y The general NPDES permit for Treated Groundwater and Other Wastewaters from 
Investigation and/or Cleanup of Petroleum Fuel-Contaminated Sites to Surface Waters 
(Order No. R4-2007-0021) covers discharges, including but not limited to, treated 
groundwater and other wastewaters from the investigation, dewatering, or cleanup of 
petroleum contamination arising from current and former leaking underground storage 
tanks or similar petroleum contamination.   

y The general NPDES permit for Discharges of Treated Groundwater from Investigation 
and/or Cleanup of VOCs-Contaminated Sites to Surface Waters (Order No. R4-2007
0022) covers discharges, including but not limited to, treated groundwater and other 
wastewaters from the investigation, cleanup, or construction dewatering of VOCs only (or 
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VOCs commingled with petroleum fuel hydrocarbons) contaminated groundwater. 

y	 The general NPDES permit for Discharges of Groundwater from Potable Water Supply 
Wells to Surface Waters (Order No. R4-2003-0108) covers discharges of groundwater 
from potable supply wells generated during well purging, well rehabilitation and 
redevelopment, and well drilling, construction and development.     

y	 The general NPDES permit for Discharges of Nonprocess Wastewater to Surface Waters 
(Order No. R4-2009-0047) covers waste discharges, including but not limited to, 
noncontact cooling water, boiler blowdown, air conditioning condensate, water treatment 
plant filter backwash, filter backwash, swimming pool drainage, and/or groundwater 
seepage. 

y	 The general NPDES permit for Discharges of Low Threat Hydrostatic Test Water to 

Surface Waters (Order No. R4-2009-0068) covers waste discharges from hydrostatic 

testing of pipes, tanks, and storage vessels using domestic/potable water.   


y	 General Permits 2004-008 and 2011-0002 covers the point source discharge of biological 
and residual pesticides resulting from direct and spray applications for vector control 
using larvicides and adulticides that are currently registered in California. 

y	 General Permit 2004-009 addresses the discharge of aquatic pesticides related to the 
application of 2,4-D, acrolein, copper, diquat, endothall, fluridone, glyphosate, imazapyr, 
sodium carbonate peroxyhydrate, and triclopyr-based aquatic pesticides to surface waters 
for the control of aquatic weeds. 

The activities covered under current Waste Discharge Requirements for Aquatic Pesticides for 
Vector Control (2004-0008) and Aquatic Weed Control (2004-0009) are for current use 
pesticides and herbicides which should not contain any DDT or PCBs.  The activities covered 
under current Waste Discharge Requirements for discharges of ground water from potable water 
supply wells (2003-0108), from nonprocess wastewater (2009-0047), from  discharges of low 
threat hydrostatic test water (2009-0068) are also unlikely to contain contaminants such as DDT 
or PCBs. 

It is possible that groundwater remediation actions for petroleum fuel contaminated sites (2007
0021) or from sites contaminated with volatile organic compounds (2007-0022) could contribute 
DDTs or PCBs to surface waters. Construction-related dewatering activities (2008-0302) may 
also have the potential for discharge of contaminants.  This is particularly the case for demolition 
of older facilities with products that still contain PCBs (e.g., lighting, paints, caulking, waxes).  
There are over a hundred construction related discharges covered under this general permit.    
Activities covered under general permits 2007-0021, 2007-0022 and 2008-0032 are required to 
screen their discharges for constituents listed in the CTR which include DDT and PCBs as 
arochlors.  These data are not readily available in any electronic format and were not reviewed 
during TMDL development. However, given that the required detection limits for DDT (10 to 
50 ng/l) and PCBs (500 ng/l) are several orders of magnitude higher than the water quality 
criteria, it is unlikely that DDT or PCBs would have been detected.  

31 

RB-AR38679



 
 

 

 
 

 

 

 

 
  

 

 

 

 

Table 4-2. Number and general distribution of general permits in watersheds draining into Santa Monica 
Bay (from LARWQCB website, May 2011) 
Permit 
number 

Descriptive title Santa 
Monica Bay 
Watershed 

Ballona 
Creek 
Watershed 

Malibu 
Creek 
Watershed 

2004
0008 

Waste Discharge Requirements for discharges of 
Aquatic Pesticides for Vector Control 

0 0 1 

2004
0009 

Waste Discharge Requirements for discharge of 
Aquatic Pesticides for Aquatic Weed Control 

0 0 4 

2007
0021 

Waste Discharge Requirements for treated 
groundwater and other wastewaters from 
investigation and/or cleanup of petroleum fuel-
contaminated sites to surface waters 

0 4 0 

2007
0022 

Waste Discharge Requirements for discharges of 
treated groundwater from investigation and/or cleanup 
of volatile organic compound Contaminated-sites 

1 0 0 

2008
0032 

Waste Discharge Requirements for discharges of 
groundwater from construction and project dewatering 
to surface waters 

30 98 3 

2009
0047 

Waste Discharge Requirements for discharges of 
nonprocess wastewater to surface waters 

3 2 0 

2003
0108 

Waste Discharge Requirements for discharges of 
groundwater from potable water supply wells to 
surface waters 

8 4 1 

2009
0068 

Waste Discharge Requirements for discharges of low 
threat hydrostatic test water to surface waters 

3 3 

Stormwater Permits 
Stormwater runoff into Santa Monica Bay is regulated primarily through four NPDES permits.  
The first is the municipal separate storm sewer system (MS4) permit issued to the County of Los 
Angeles. The second is a separate statewide stormwater permit specifically for the California 
Department of Transportation (Caltrans).  The third is the statewide Construction Activities 
Stormwater General Permit and the fourth is the statewide Industrial Activities Stormwater 
General Permit.  The NPDES permits program defines these discharges as point sources because 
the stormwater discharges from the end of a stormwater conveyance system.  Since, the 
industrial and construction stormwater discharges are enrolled under NPDES permits, these 
discharges are treated as point sources. 

The Los Angeles MS4 permit was first issued in 1990.  The latest revision of the permit (Order 
No. 001-182) was issued on April 14, 2011.  There are 85 co-permittees including LA County 
and the City of Los Angeles. For the purpose of this TMDL, the co-permittees of interest are 
those with a potential to discharge directly or indirectly into Santa Monica Bay.  The cities are 
grouped into two major watershed management areas.   

32 

RB-AR38680



 
 

 

 

The Ballona Creek and Other Urban Watersheds Management Area include Culver City, Beverly 
Hills, West Hollywood, Santa Monica, El Segundo, Manhattan Beach, Hermosa Beach, Redondo 
Beach, Palos Verdes Estates, Rancho Palos Verdes, Rolling Hills and Rolling Hills Estates. 

The Malibu Creek and Other Rural Watersheds Management Area include Malibu, Agoura Hills, 
Calabasas and Westlake Village.  There are about 43 square miles of land in Ventura County 
(including the City of Thousand Oaks), which drain into the Malibu Creek watershed and 
ultimately to Santa Monica Bay, that are not covered by the LA County MS4 permit but are 
covered under the Ventura County MS4. 

The monitoring requirements in the MS4 permit include sampling at mass emissions stations in 
Ballona Creek and Malibu Creek. The Ballona Creek station located at Sawtelle Avenue has 
been sampled since 1994.  The Malibu Creek station at Piuma has been sampled regularly since 
1997. Sampling typically includes four wet-weather events and four dry-weather events per year 
at these mass emission stations. 

DDT. In the 1971-72 water year, which was a particularly wet year, the annual wet weather 
loads for DDTs from Ballona Creek were around 18 kg (Young et al., 1973).  In the 1987-88 
period, wet weather loadings for DDT during a comparable size storm year were around 8 kg 
(Stein et al., 2003). There were no detectable concentrations of DDT in stormwater samples 
from 1994 to 2005 (LADPW, 2005).  Similar results were found for DDT in Malibu (1997 to 
2005). However the detection limits for DDT used by the LA County lab are two orders of 
magnitude greater than the COP human health objective.  In a separate study, Curren et al. 
(2011) found DDT concentrations in Ballona Creek stormwater during the 2005-06 season that 
ranged from non-detect to 0.4 ng/l. This indicates that DDT concentrations in stormwater may 
exceed the human health criteria.  The total DDT loadings based on the average concentrations 
from these three storms sampled by Curren et al. (2010) were estimated to be 6.2 g. 

PCBs. In the 1971-72 water year, the annual wet weather loads for PCBs from Ballona Creek 
were around 15 kg (Young et al., 1973). In the 1987-88 water year, the wet weather loadings for 
PCBs were around 7 kg. Los Angeles Department of Public Works (LADPW) has not indicated 
detectable levels of PCBs in stormwater from Ballona or Malibu since the mid 1990s.  However, 
detection levels for PCBs measured as arochlors were 65 ng/l, which are more than three orders 
of magnitude greater than the COP human health objective.  In 1995-96 storm year, Suffet and 
Stenstrom (1997) measured PCB congeners and found elevated concentrations of total PCBs 
(calculated as the sum of the 18 congeners) ranging between 15,100 ng/l to 390,000 ng/l in 
Ballona Creek stormwater.  More recently in the 2005-06 storm season, Curren et al.(2011) 
found concentrations of total PCBs that were much lower, ranging from 0.74 ng/l to 16.07 ng/l in 
the 2005-06 rainy season. These most recent values are all higher than the COP objective.  The 
estimate of PCB loads based on the average concentrations from the three storms sampled by 
Curren et al. (2011) was 32.9 g. 

General approach to estimate stormwater loads. While it is clear that stormwater 
concentrations have decreased over time, the data are highly variable and the detection limits 
associated with routine stormwater monitoring efforts are not low enough to estimate current 
loadings of DDT or PCBs to Santa Monica Bay.  Therefore, the information presented in Table 3 
of Curren et al. (2011) was used to derive concentrations of DDT and PCBs on storm-borne 
sediment which were then used to develop stormwater loading estimates to the Santa Monica 
Bay. The average storm-borne sediment concentration at each site was computed by dividing the 
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average mass of DDT or PCB by the average TSS loads.  The maximum concentration over all 
sites (22.7 ng/g for DDT and 86.4 ng/g for PCB) was chosen as the “conservative” estimate of 
stormwater toxics concentrations in Ballona Creek.  The median over all sites (3.9 ug/kg for 
DDT and 20 ug/kg for PCB) was chosen to estimate the existing stormwater concentrations. 

 These calculated storm-borne sediment concentrations were then used to provide estimates of 
stormwater loading from Ballona Creek to Santa Monica Bay.  The conservative estimate of 
storm-borne sediment concentration was multiplied by a TSS loading of 14,000 MT/yr using a 
value from Inham and Jenkins (1999) which was based on a 50-year record and influenced by a 
few large storm years.  The estimate of existing concentration was multiplied by a TSS loading 
rate of 5,617 MT/yr which was based on a 10-year record using the Ackerman and Schiff (2003) 
model. 

Assuming that DDT and PCB loadings to Santa Monica Bay is derived primarily from urban 
areas, the calculated loadings from Ballona Creek were divided by the urban acres in Ballona 
Creek watershed to derive a per unit urban area loading.  The normalized loading rate was then 
multiplied by the total number of urbanized acres in the Santa Monica Bay watershed to obtain 
estimates of total storm-borne sediment loads to the Bay.  This resulted in conservative estimates 
of stormwater loadings for DDT of 460 g/yr and 1800 g/yr for PCBs.  The estimates for existing 
loads were 28 g/yr for DDT and 145 g/yr for PCBs. 

As an alternate approach, the sediment contaminant data from Ballona Creek collected by the 
City of Los Angeles from 2007 to 2010 were used to approximate the loadings for DDTs and 
PCBs (Table 4-3). The average DDT and PCB concentrations were multiplied by the average 
avearge total suspended sediment load of 5,617 MT/yr to generate an estimate of annual  
stormwater loadings.  Based on this analysis, between 0.117 and 0.145 kg of PCBs are 
discharged per year. These values are similar to estimates of existing loads derived above from 
the Curren et al. (2011) paper. 

Table 4-3.  Assessment of Ballona Creek sediment data (data provided by LA City)  
Analyte # of Analyses MDL(ng/g) RL (ng/g) # of NDs Average 

Concentration 
(ng/g) 

Average 
Load 

(kg/yr) 

Total PCBs 
7Arochlors 

21 samples x 7 
arochlors = 147 

3 to 40 83 82 25.8 0.145 

Total PCB 40 
Congeners 

20 samples x 40 
congeners  = 800 

0.49 to 3 5 to 10 792 20.8 0.117 

Total DDT 

6 isomers 

21 samples x 6 isomers 
= 126 

0.6 to 1 1.7 to 2 99 4.3 0.024 

Estimated values above the method detection limit (MDL) but below the reporting level (RL) were treated as true values and non-
detects were treated as ½ the MDL.  Total Arochlor values were based on the average of the highest arochlor values in a sample. 
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4.2 NONPOINT SOURCES 
A nonpoint source is a source that discharges to surface waters via sheet flow or natural 
discharges.  Nonpoint sources, by definition, include pollutants that reach surface waters from a 
number of diffuse land uses and activities that are not regulated through NPDES permits.  
Roughly 90% of the northern watersheds draining into Santa Monica Bay are open space (Figure 
4-3). A small fraction of the area was used for agriculture.  The type of land uses in these areas 
is not likely to have significant loadings of DDT or PCBs. 

There are no studies of DDT or PCB concentrations in soils from these more rural areas of the 
northern Santa Monica Bay watersheds. In California, DDT was used primarily for agricultural 
activities and only a small portion of the upper Malibu watershed is used for agriculture.  
Although PCBs are typically associated with more urban areas, PCBs were commonly used in a 
number of household products (e.g., fluourescent light fixtures, paints, waxes, caulking).  
Although there is little information available to estimate the potential loads from these areas, 
these rural areas are unlikely to be a major source of PCBs. 

Figure 4-3.  Land use patterns in Santa Monica Bay watersheds (LARWQCB, 2010) 

35 

RB-AR38683



 
 

 

     

  
  

 
  

 

   
 

 

 
 

 

     
 

 
 

 

  
 

 
 

     
 

 

  

  

Atmospheric Deposition. 

Atmospheric deposition may be a potential nonpoint source of DDT and/or PCBs. There may 
also be potential losses of DDT and PCBs that may occur as a result of volatilization.  Sabin et 
al. (2011) provide limited information on net-gas exchange during dry weather from sites near 
Ballona Creek Estuary and Los Angeles Harbor (Table 4-4).   

Table 4-4.  Estimates of atmospheric depositions (based on Sabin et al., 2011) 

Sample ID Parameter 
Dry Particle 
Deposition 
(ng/m2/d) 

Gas 
Exchange 
(ng/m2/d) 

Net Air-
Water 

Exchange 
(ng/m2/d) 

Dry 
Deposition 

(kg/yr) 

Net Air 
Water 

Exchange 
(kg/yr) 

BCE-1 t-DDT 14 -5.6 8.71 
2.53 1.54 

LAH-1 t-DDT 5.9 -26 -20 
1.04 -3.48 

LAH-2 t-DDT 15 -32 -17 
2.66 -3.05 

LAH-3 t-DDT 9.1 -13 -3.8 
1.62 -0.69 

Average t-DDT 
2.07 -1.66 

BCE-1 t-PCB 19 -73 -54 
3.42 -9.55 

LAH-1 t-PCB 5.3 -85 -79 
0.94 -14.0 

LAH-2 t-PCB 8.3 -135 -126 
1.46 -22.4 

LAH-3 t-PCB 11 -49 -38 
1.87 -6.75 

Average t-PCB 
1.94 -15.3 

Rough estimates of the loadings and/or losses were made by applying these estimates to the 
Palos Verdes shelf and Santa Monica Bay as a whole.  An average dry deposition rate of 2.07 
kg/yr for DDT and 1.94 kg/yr for PCB was calculated based on an area of 485 km2 and the 
average dry-deposition rate from Sabin et al. (2011).  This assumes that the deposition rate is 
fairly constant over the entire surface area of Santa Monica Bay which is a conservative 
assumption since particle-deposition rates generally decrease with distances offshore (Lu et al., 
2003). 

Volatilization may be an important loss term process for DDT and PCBs.  However, the rates of 
volatilization are a function of concentrations in both the air and water which can vary greatly 
over time and space.  The water concentration data from Sabin et al., (2011) were collected in 
relatively shallow water approximately 1 m above the sediment bed, so extrapolation of the data 
to Santa Monica Bay is more difficult.  The results in Table 4-5 simply illustrate the potential for 
substantial loss due to volatilization. 

4.3 CONTRIBUTIONS FROM IN PLACE SEDIMENTS 
The contaminated sediments on the Palos Verdes shelf are a major source of DDT and PCBs to 
the Southern California Bight. Contaminated sediments resuspended into the water column may 
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be transported out of Santa Monica Bay by the predominant currents or simply resettle to the 
sediment bed.  Surface sediments may also be buried and thus become unavailable. 

The flux of DDT from the Palos Verdes shelf sediments to the water column has been a major 
focus of the Superfund investigations. The flux has been estimated to be 401 kg/yr (Zeng et al., 
2005). Studies conducted in the fall of 2011 by USEPA Superfund will provide more detailed 
information on the flux of DDT and PCBs.  The results of these studies will not be available until 
a year after the Consent Decree deadline for this TMDL. 

Sediment transport has been a major focus of the Superfund studies (Wiberg et al., 2002; 
Sherwood et al., 2002; Ferre et al., 2010).  All these studies confirm that the general direction of 
transport is toward Santa Monica Bay. Patterns in sediment concentrations in Santa Monica Bay 
suggest that the Palos Verdes shelf may be a major source of DDT (Bay et al., 2003; 
Sommerfield and Lee, 2003, Venkatesan et al., 2010).  However, there is no quantitative estimate 
on the amount of DDT or PCBs transported to Santa Monica Bay in the literature.   

4.4 SUMMARY OF SOURCES AND LOADINGS 
While POTWs were a major conveyance of DDT and PCBs in the past, the concentrations of 
both DDT and PCBs have decreased significantly since the early 1980’s and the concentrations 
of DDT and PCBs at both Hyperion and JWPCP are currently at or near the detection limits.  
The only other individual permittee with limits for DDT and PCBs is the El Segundo Refinery.  
There are a number of smaller individual permits that discharge directly or indirectly into Santa 
Monica Bay. There are over a hundred activities that are covered under general permits. Three 
categories of general permits have a potential to contribute DDT or PCB loadings.  Two of these 
are related to dewatering from the cleanup of contaminated sites, the third is related to 
dewatering related to construction projects.  Only loadings from the two POTWs (Hyperion and 
JWPCP) have been characterized well.  Information on loadings from most NPDES permittees is 
insufficient due to inadequate monitoring and high detection limits.   

There is some data to suggest that stormwater loadings of both DDT and PCBs have decreased 
substantially since the 1970’s.  DDT and PCBs are no longer detected in routine stormwater 
sampling from Ballona Creek or Malibu Creek.  However, detection limits are too high to 
quantify DDT or PCBs at concentrations at or near the appropriate water quality criteria.  Recent 
studies indicate that concentrations of DDT and PCBs in Ballona Creek can exceed water quality 
criteria. The continued presence of high DDT and PCBs in sediments from Ballona Creek and 
Marina del Rey also suggest land-based inputs to the storm drain system. There is limited 
information to assess the impact of hundreds of individual industrial or construction stormwater 
projects. 

Given the large mass of DDT and PCBs in the Palos Verdes shelf sediments and to a lesser 
extent in Santa Monica Bay, contaminated sediments are likely to be a major source of DDT and 
PCBs to Santa Monica Bay and its environs. The loadings from the Palos Verdes shelf to the 
Bight are large and have been well characterized.  However, there does not appear to be any 
quantitative estimates of the loadings from Santa Monica Bay sediments. 
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5 LINKAGE ANALYSIS 
In the linkage analysis, a model is used to assess the sources of pollutants identified in Chapter 4, 
provide estimates of sources from legacy pollutants that have not been previously characterized, 
and to evaluate the fate of DDT and PCBs in Santa Monica Bay.  

A simple mass balance model has been developed as part of this TMDL to quantify DDT and 
PCB load movement into Santa Monica Bay from various sources.  A higher level of model 
complexity is not warranted given the current data limitations.  The goal of the model is not to 
provide precise estimates but rather to provide information on the relative magnitude of sources 
and the processes within the Bay that affect contaminant concentrations.    

Information from the Superfund studies and models are used (Sherwood, 2008) to define the 
boundary condition between Palos Verdes and Santa Monica Bay (See Tetra Tech, 2011 for 
more detail). Santa Monica Bay is configured as three horizontal boxes: Box C represents Santa 
Monica Bay, Box B acts as a receiver of along-shore inputs, and Box C represents the general 
ocean boundary conditions (Figure 5-1).  Each of these boxes is in turn divided vertically into 5 
water column layers and 2 sediment layers (Figure 5-2).  The box model is intended to simulate 
long-term average conditions in the system.  The USEPA’s Water Quality Simulation Program 
(WASP) was selected as the basis for numerically representing the conceptual model (USEPA, 
2009). 

Sediment data for Santa Monica Bay from 1995 to 2008 was provided by the City of Los 
Angeles Environmental Monitoring Division.  The initial conditions for the model were based on 
the year 1995. The modeled sediment distribution was based on 40% fines and 58% sand based.  
An average bed density of 2.65 kg/L and a bed porosity of 0.5 were based on Blass et al. (2007).     

Inputs from the land-based sources identified in Chapter 4 include loads from Hyperion allowed 
under the current NPDES permit, estimates of stormwater load extrapolated from Curren et al. 
(2011) and atmospheric deposition extrapolated from Sabin et al. (2011).  The DDT and PCB 
loadings from these sources used in the model were approximately 11 kg/yr for DDT and 5 kg/yr 
for PCBs. 

Water column data for DDT and PCBs in Santa Monica Bay to populate the model was limited 
(Chapter 2). The DDT and PCB data from Zeng et al. (1999) for the Palos Verdes shelf are from 
8 stations. Most were from 1 m above the bed and data from multiple depths were provided for 
only one station (LACSD 6C). Zeng et al. (1999) developed an exponential decay function using 
the data from this station to extrapolate water column concentrations for the Palos Verdes shelf 
as a whole. The DDT data from Zeng et al. (2005) were collected at multiple depths from 7 
stations on the Palos Verdes Shelf and 21 stations within Santa Monica Bay and other locations 
within the Southern California Bight. These data were used to develop a correlation between 
organic carbon normalized sediment concentrations and p,p-DDE aqueous concentrations at the 
2-m depth above the sediment bed for the Southern California Bight.   

The relationship from Zeng et al. (2005) was applied to sediment data from the City of Los 
Angeles and LACSD collected between 1995 and 2008 and sediment data from the Bight 2003 
Survey (Schiff et al., 2006) to estimate water column concentrations near the sediment bed for 
Santa Monica Bay and Palos Verde shelf (Figure 5-3, LACSD, 2011).  The exponential decay 
function from Zeng et al. (1999) was used to estimate concentrations throughout the water 
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column.  This information was used to populate the water column layers in Santa Monica Bay 
(Box C), the receiver box (Box B) and the ocean boundary condition (Box A). 

Figure 5-1. Santa Monica Bay Model Segmentation 
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Figure 5-2. Santa Monica Bay Model Representation 
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Water column  PCB data for the Palos Verdes shelf was limited to 8 stations.  There is no data on 
PCB concentrations in the waters of Santa Monica Bay.  The water column data for the Palos 
Verdes shelf collected in 1997 by Zeng et al. (1999) was compared to sediment data from these 
locations collected in 1996, the closest set of data for comparison.  There was no relationship 
between sediment and water concentrations.  The average ratio of 0.18% between water to 
sediment was used (n = 8, range 0.02% to 0.65%) to approximate the average concentrations 
throughout Santa Monica Bay based on the sediment data described above.  The estimated 
concentration was extrapolated to the rest of the water column using the dilution curve from 
Zeng et al. (1999) and this was used to populate the water column layers in Santa Monica Bay 
(Box C), the receiver box (Box B) and the ocean boundary condition (Box A). 
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Figure 5-3.  Relationships between p,p-DDE in the surface sediment (ug/kg) and concentration in the water 
column 2 meters above the sediment bed. Based on Zeng et al. 1999 and 2005) 

The results of this analysis indicate that concentrations of both DDT and PCBs in bottom waters 
near the sediment bed exceed the water quality standard.  However concentrations decrease 
rapidly with distance from the bed.  The average concentrations of DDT and PCBs in the water 
column of Santa Monica Bay (Box C) of 0.057 ng/l and 0.016 ng/l, respectively, are below the 
water quality standard. 

To evaluate the Palos Verdes shelf as a source, the water column values extrapolated from 
LACSD (2011) were combined with an average flow volume of 0.05 m/s.  This yielded an 
estimated flux rate of 400 kg/yr for DDT and 84 kg/yr for PCBs to the receiver box (Box B). 

A first order estimate of the sediment transport of DDT and PCBs was obtained using a bulk 
sediment transport rate of roughly 10,000 kg/d (derived from Ferre et al., 2010).  This value was 
multiplied by the average sediment concentrations at the boundary between the Palos Verdes 
shelf and the rest of Santa Monica Bay. We used average concentrations of 1,343 ng/g for DDT 
and 212 ng/g PCBs based on data from LACSD stations 1D, 1C and 1B (1996 to 2008) to 
represent the sediment concentrations at the boundary.  This yielded a sediment-DDT load of 
4.83 kg/yr and sediment-PCB load of 0.76 kg/yr.  This may overestimate the actual loadings, as 
not all the particles delivered are likely to settle within Santa Monica Bay.  A sensitivity analysis 
was used to estimate the net flux of Palos Verdes shelf originated toxics entering Santa Monica 
Bay (Box C). The Palos Verdes shelf loadings were removed from the model simulation, and the  
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Figure 5-4.  Modeled mass balance for DDT (rates in kg/yr) 
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Figure 5-5. Modeled mass balance for PCBs ( rates in kg/yr) 
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calculated changes in the mass of DDT and PCBs in the water column and the sediment bed 
within Santa Monica Bay (Box C) were attributed to the Palos Verdes shelf.  The net loadings 
from the Palos Verdes shelf to Santa Monica Bay are 0.5 kg/yr for DDT and 0.2 kg/yr for PCBs.  
This is consistent with the general net transport toward the northwest and offshore and consistent 
with higher concentrations of sediments in deeper waters off the shelf. 

The net flux between Santa Monica Bay and the Receiver Box B was estimated from the average 
gradient between the simulated water column DDT and PCB concentrations in Santa Monica 
Bay Box C and Receiver Box B. This resulted in an estimated net outward flux of 36 kg/yr of 
DDT and 17 kg/yr of PCBs to the Receiver Box B.  The net flux from the Receiver Box B to the 
open ocean was calculated similarly and yielded a net loss of 325 kg/yr of DDT and a net loss of 
99 kg/yr for PCBs. 

The contributions from the sediments of Santa Monica Bay to the water column were estimated 
through a model sensitivity analysis in which the modeled contributions from bed diffusion and 
bed re-suspension were turned off in the model.  Based on this analysis, we estimate that 22 
kg/yr of DDT and 10 kg/yr of PCBs are fluxing from the sediments of Santa Monica Bay to the 
water column. This prediction is consistent with the observed loss in DDT and PCB in sediments 
over time. Using Venkatesan’s (2011) estimates of 610 kg of DDT and 440 kg of PCBs in the 
surface sediments of Santa Monica Bay, this represents 14% and 9% of the mass, respectively.  
Most of this is due to the re-suspension of surface sediments; less than 1% is attributable to 
diffusive flux. 

The loss of contaminants due to degradation in the active bed was estimated in the model using a 
first order decay rate of 0.01/yr (or 1% loss per year).  Based on this simple decay rate of 0.01/yr 
we estimated loss rates of 52 kg/yr for DDT and 24 kg/yr for PCBs.  To estimate the loss of 
contaminants due to burial, the total mass loss in the surface bed layer predicted by the model 
was calculated. The losses not attributable to re-suspension, diffusion, and first order decay were 
attributed to burial. The model predicts that burial within Santa Monica Bay removes 171 kg/yr 
of DDT and 78 kg/yr of PCBs.  The simulated average annual burial rate of approximately 1.11 
cm/yr is within 0.2 to 2.3 cm/yr range for Santa Monica Bay as reported in Bay et al. (2003). 

The observed losses to DDT and PCB in sediments from Santa Monica Bay between 1995 and 
2008 generally conform to losses predicted in the model (Figure 5-6 and 5-7).  Slight deviations 
from the model prediction (e.g. PCBs from 2005 to 2007) are expected given the variability in 
sediment contaminant data and the simplicity of the model.  The higher PCB concentrations are 
likely due to sample variability since there is no reason to expect PCBs to increase during this 
period. 

 The losses of DDT and PCBs from Santa Monica Bay due to burial (171 kg/yr and 78 kg/yr, 
respectively), advection of suspended and dissolved contaminants away from Santa Monica Bay 
(36 kg/yr and 17 kg/yr, respectively) and decay (52 kg/yr and 24 kg/yr, respectively) are larger 
than the current inputs to Santa Monica Bay (roughly 11 kg/yr and 5 kg/yr, respectively). To 
evaluate the time of recovery until compliance is met the model simulation period was extended 
to cover the years from 1995 to 2094. All current loadings were assumed to last for the entire 
period. 
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Figure 5-6.  Trends in the average surface layer concentration of DDT and PCBs in the Santa Monica Bay 
box based on data from the City of Los Angeles (1995 to 2008) compared to model estimates  

Figure 5-7.  Trends in the average surface layer concentration of DDT and PCBs in the Santa Monica Bay 
box based on data from the City of Los Angeles (1995 to 2008) compared to model estimates  

Figures 5-8 shows the simulated time series for DDT and PCB in both the water column and 
active bed of Santa Monica Bay.  Model results indicate that the bed toxic concentrations 
decrease over time and compliance is predicted to be reached in approximately 2024 for DDT 
and 2036 for PCB. The water column targets are met under the current condition and 
concentrations will decrease further with time as sediment values decline. 
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Figure 5-8.  Time to meet targets in sediment and water column 
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6 TMDL AND POLLUTANT ALLOCATION 
The linkage analysis is used to identify the assimilative capacity of the receiving water for the 
pollutant of concern by linking the source loading information to the water quality target.  The 
TMDL is then divided among existing pollutant sources through the calculation of load and 
waste load allocations. 

6.1 LOADING CAPACITY 
The loading capacity is simply the allowable load that can be accommodated by the system and 
still achieve water quality standards.  First order estimates of loading capacity can be calculated 
for the water column of Santa Monica Bay and the Palos Verdes shelf by multiplying the volume 
of water in the water column by the respective water quality targets (Table 6-1).  Similarly, 
estimates of loading capacity of the sediments are calculated by multiplying the surface sediment 
mass by the respective sediment targets.  Since the sediment targets in Table 3-1 are normalized 
to organic carbon, the loading capacity is adjusted to account for this.  For the Palos Verdes 
shelf, we used an average of 2.45% Total Organic Carbon (TOC) based on recent measurements 
made by USEPA Superfund.  These are consistent with numbers from the LACSD annual 
reports. For the rest of Santa Monica Bay we used a value of 1% TOC.  Schiff and Gossett 
(1998) reported an average TOC value for Santa Monica Bay of 1.2%.  The average TOC values 
reported by the City of Los Angeles Environmental Monitoring Division (2003, 2005, 2007) 
typically ranged from 0.8 to 1.4%.  

6-1.  Loading capacity estimates 
Location DDT Water DDT Sediment PCB Water PCB Sediment 

Palos Verdes Shelf1,2 0.2 kg 1642 kg 0.058 kg 500 kg 

Santa Monica Bay3,4 8.7 kg 1741 kg 0.97 kg 545 kg 

1. Volume of Palos Verdes shelf water estimated at 9.01 x 1011 liters based on calculations in Zeng, 2005. 
2. Sediment mass for Palos Verdes shelf estimated at 2.91x1012 g based on an area of 20.1 km2, depth of 10 cm (from Sherwood, 
2008) and density of 1.45 g/cm3. 
3.  Volume of Santa Monica Bay estimated at 50.9 x 1012 liters based on area of 522 km2 and average depth of 97 m.  
4. Santa Monica Bay sediment mass estimated at 7.57 x 1013 g based on area of 522 km2, depth of 10 cm and density of 1.45 
g/cm3. 

Zeng’s (1999) estimate of 1.3 kg of DDE in the water column above the Palos Verdes shelf is 
significantly higher than the loading capacity of 0.2 kg.  Similarly Zeng’s (1999) estimate of 0.2 
kg of PCBs for the Palos Verdes shelf water column is greater than the loading capacity of 0.058 
kg. There are no published estimates of the existing mass of DDTs or PCBs in the Santa Monica 
Bay. However our modeled estimates of existing mass in Santa Monica Bay (Box C) are 2.7 kg 
for DDT and 0.75 kg for PCBs, which are less than the loading capacity as defined in Table 6-1. 

Based on information provided in Sherwood (2008) we estimate that there is about 14,700 kg of 
DDE in the top 10 cm of the Palos Verdes shelf.  This is about an order of magnitude higher than 
the 1,642 kg allowed in Table 6-1. 

To compare the allowable sediment capacity for Santa Monica Bay with the existing loads of 
610 kg of DDT and 440 kg from Venkatesan (2010), we normalized the values in Table 6-1 
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using Venkatesan’s assumptions for area (550 km2) and depth (2 cm).  After adjusting for these 
different assumptions, the values in Table 6-1 would be 367 kg and 117 kg for DDTs and PCBs, 
respectively.  Based on this more direct comparison, the existing DDT mass in the surface (2 cm) 
sediments of 610 kg is about 66% higher than the allowable mass of 367 kg  The PCB sediment 
mass in the surface (2 cm) sediments of 440 kg is almost 4 times higher than the existing load of 
117 kg. 

Critical Conditions 
As discussed in Chapter 3, the water column, sediment and fish targets are based on assumptions 
of excess cancer risks over a lifetime.  Specifically, the impacts to human health through the 
consumption of fish assumptions are based on a 70-year life and 30 years of consumption, so the 
critical period of interest for this TMDL is 30 years.  The critical consumption rate is 116 g/d. 

6.2 WASTE LOAD ALLOCATIONS 

Waste Load Allocations for Individual POTW/Industrial Permits 

WQBELs for permitted facilities discharging directly to Santa Monica Bay ocean waters are 
currently established assuming that the background concentrations of DDT and PCBs are zero, as 
prescribed in the COP. However, as discussed in Chapters 2 and 5, the concentrations of DDT 
and PCBs in Santa Monica Bay are not zero. Concentrations are typically highest near the 
sediment bed and decrease exponentially with distance from the sediment bed, such that 
concentrations in the surface water are below the COP objectives.  The water column estimates 
derived for model development (Chapter 5) were used to calculate average background water 
column concentrations for DDT and PCBs (LACSD, 2011).  The estimated background DDT 
concentrations are 0.078 ng/l for the Palos Verdes shelf and 0.057 ng/l for Santa Monica Bay.  
The estimated background PCBs concentrations are 0.017 ng/l for the Palos Verdes shelf and 
0.016 ng/l for Santa Monica Bay. 

For the specified facilities discharging directly to ocean waters, concentration-based WLAs in 
Table 6-2 are calculated with Equation 1 in the COP: 

Equation 1: Ce = Co + Dm (Co - Cs), where: 

Ce = effluent concentration limit, ng/l 
Co = water quality objective to be met at the completion of initial dilution, ng/l 
Cs = background seawater concentration, ng/l 
Dm = minimum probable initial dilution expressed as parts seawater per part wastewater. 

For the Los Angeles County Districts Joint Water Pollution Control Plant (JWPCP), the 
Hyperion Treatment Plant (HTP), and the Chevron El Segundo Refinery, the concentration-
based WLAs in Table 6-2 are calculated with COP Equation 1, using currently permitted initial 
dilution (Dm) values and estimates of background concentration for DDT and PCBs developed 
for this TMDL.   
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Table 6-2.  Waste Load Allocations for specified individual POTW and industrial NPDES permits.   

Facility 
Design Flow 

MGD 
DDT1 

(ng/l) 
PCBs2 

(ng/l) 
DDT1 

(g/yr) 
PCBs2 

(g/yr) 
LA County Sanitation Districts Joint Water Pollution Control 

Plant (JWPCP) 
400 15.8 0.351 8,7173 1943 

Hyperion Treatment Plant (HTP) 420 10.1 0.271 5,8503 1573 

West Basin Municipal Water District, Edward C. Little WRP 5.2 WLA 3 WLA 3 

West Basin Municipal Water District, Carson Regional WRP 0.9 WLA 3 WLA 3 

Chevron, El Segundo Refinery 27 9.6 0.259 358 10 

Redondo Generating Station 1,146 0.17 0.019 --- --- 

El Segundo Generating Station 607 0.17 0.019 --- --- 

Scattergood Generating Station 496 0.17 0.019 --- --- 

Las Virgenes MWD, Tapia WRP 16.1 0.22 0.064 4.893 1.6 

LA Co Department of Public Works, Malibu Mesa WRF 0.2 0.22 0.064 0.061 0.019 

1. DDT means the sum of 4,4'-DDT, 2,4'-DDT, 4,4'-DDE, 2,4'-DDE, 4,4'-DDD, and 2,4'-DDD. 
2. PCBs mean the sum of Aroclor-1016, 1221, 1232, 2342, 1248, 1254, and 1260 when monitoring using USEPA method 608.  
PCBs mean the sum of 41 congeners when monitoring using USEPA proposed method 1668c.  PCB-18, 28, 37, 44, 49, 52, 66, 
70, 74, 77, 81, 87, 99, 101, 105,110, 114, 118, 119, 123, 126, 128, 138, 149, 151, 153, 156, 157, 158, 167, 168, 169, 170, 177, 
180, 183, 187, 189, 194, 201, and 206 shall be individually quantified. 
3.   The total loads of DDT and PCBs from JWPCP, HTP, and West Basin's WRPs shall not be more than 14,567 g/yr for DDT 
and 351 g/yr for PCBs.  To account for the mass transfers that occur during water recycling activities, "floating" WLAs (in g/yr) 
for each of West Basin's WRPs are established as: 

Carson WRP WLA = CHTP (QHTP to Carson) + CJWPCP (QJWPCP to Carson) 

Little WRP WLA = CHTP (QHTP to Little) 


where: 
CHTP is the concentration-based WLA for the Hyperion effluent 
CJWPCP is the concentration-based WLA for the JWPCP effluent 
Q (HTP to Carson) and Q(JWPCP to Carson) are the flows diverted from Hyperion and JWPCP to the Carson WRP 
Q(HTP to Little) is the flow diverted from Hyperion to the Little WRP 

For loads, the DDT WLA for JWPCP is reduced from 15.4 kg/y (permitted) to 8.7 kg/yr and the 
WLA for HTP is reduced from 8.4 kg/yr (permitted) to 5.9 kg/yr.  The PCBs WLA for JWPCP is 
reduced from 1.8 kg/yr (permitted) to 0.19 kg/yr and the WLA for HTP is reduced from 0.9 kg/yr 
(permitted) to 0.16 kg/yr.

 To avoid creating an impediment to water reclamation, concentration-based WLAs are not 
specified for West Basin's water recycling plants (WRP).  The JWPCP, HTP, and West Basin's 
water recycling plants are all part of an interconnected water recycling system.  West Basin 
WRPs take secondary effluent from HTP and further treat it at Edward C. Little WRP and 
Carson Regional WRP.  Reverse osmosis (RO) brine from the Little WRP is discharged into the 
Hyperion outfall and RO brine from the Carson WRP is discharged into the JWPCP outfall.  As 
both WRPs are simply concentrating secondary effluent from the HTP (and potentially from the 
JWPCP in the future), there is no increase in DDT or PCBs loads from these outfalls.  To avoid 
double counting pollutant loads, the "floating" mass-based WLAs for West Basin's water 
recycling plants in Table 6-2 incorporate the concentration-based WLAs for HTP and JWPCP.  
The total loads of DDT and PCBs from HTP, JWPCP, and West Basin's WRPs shall not be more 
than 14,567 g/yr for DDT and 351 g/yr for PCBs. 
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For the generating stations the concentration-based WLAs in Table 6-2 are based on the COP 
objectives to meet the TMDL target within Santa Monica Bay.  Since the discharges contain 
predominantly once through cooling water that should have the same quality as seawater, the 
concentration based WLAs are set at the COP objectives with no credit for dilution.   

Tapia WRF and Malibu Mesa WRF are discharges to inland surface waters that may flow 
indirectly to Santa Monica Bay (specified in Table 6-2).  For these discharges, USEPA has 
established concentration-based WLAs for DDT and PCBs based on USEPA's CWA Section 
304(a) criterion for human health. 

Federal regulations require that NPDES permits incorporate water quality based effluent 
limitations (WQBELs) consistent with the requirements and assumptions of any available waste 
load allocations (WLAs).  See Chapter 8 for USEPA recommendations on implementation.  For 
all discharges with WLAs in Table 6-2, in addition to NPDES monitoring for DDT and PCBs 
conducted using currently approved 40 CFR 136 methods, to ensure that useable DDT and PCBs 
data are acquired for effluent characterization under the TMDL, USEPA recommends that the 
Regional Board (and USEPA) require monitoring and reporting using sufficiently sensitive test 
methods (e.g., USEPA proposed method 1668 for PCBs).  See Chapters 7 for additional 
recommendations on monitoring. 

No WLAs are established at this time for discharges from groundwater cleanup activities 
covered under the three general NPDES permits described in Table 4-2, since there is 
insufficient data to suggest that the activities of these discharges are a source of DDT or PCBs to 
Santa Monica Bay. However, USEPA recommends that the Regional Board require applicants 
covered under these general permits to screen their discharges for DDT and PCBs using the more 
sensitive test methods recommended above, as provided for in Section 2.4.1 of the State 
Implementation Policy and Section III.C.5 of the COP, rather than the general permits' 
monitoring methods (and minimum levels). 

Waste Load Allocation for Stormwater 
USEPA requires that waste load allocations be developed for NPDES-regulated stormwater 
discharges.  Allocations for NPDES-regulated stormwater discharges from multiple point 
sources may be expressed as a single categorical waste load allocation when data and 
information are insufficient to assign each source or outfall individual allocations.  

Calculated maximum allowable stormwater loadings to Santa Monica Bay are based on the 
sediment targets of 23 ng/g DDT and 7 ng/g of PCBs multiplied by the average annual total 
suspended solids loadings from watersheds draining to Santa Monica Bay.  The estimates of total 
suspended solids (TSS) are based on LSPC model outputs for the years 2000 to 2010 based on 
Ackerman and Schiff (2003).  Using this method the theoretical maximum allowable stormwater 
loads would be 506 g/yr for DDT and 154 g/yr for PCBs (Table 6-3).   

However, estimates of current stormwater loads are much lower.  Estimates based on the median 
value from Curren et al. (2011) extrapolated to the other watersheds based on percent urban area 
were 28 g/yr for DDT and 145 g/yr for PCBs. The highest loadings were from Ballona Creek, 
Hermosa Beach and Santa Monica Canyon watersheds.  These three watersheds are highly 
urbanized and combined they represent 94% of the developed area draining to Santa Monica 
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Bay. With the exception of PCBs from these three watersheds, all other estimates of current 
loading are lower than the allowable loadings.   

Table 6-3.  Comparison of the Maximum allowable stormwater loadings (calculated by multiplying the 
sediment target with the annual average total suspended solids loadings) to allowable waste loads in TMDL 
(based on existing load estimates). 

Watershed 

Ballona Creek 

Malibu Creek 

Hermosa Beach 

Topanga Creek 

Solstice Canyon 

Escondido Creek 

PCH, Malibu Sunset 

Carbon Canyon 

Walnut Canyon 

Las Flores Canyon 

Santa Monica Canyon 

PCH, Big Rock Rd 

Pena Canyon 

Tuna Canyon 

Total Stormwater Load 

TSS (kg/yr) 

5.62E+06

4.89E+06

1.63E+06

1.17E+06

9.98E+05

9.51E+05

9.38E+05

9.23E+05

8.87E+05

8.73E+05

8.60E+05

7.73E+05

7.40E+05

7.30E+05

Maximum Allowable Loads 

Total DDTs 
(g/yr) 

Total PCBs 
(g/yr) 

 129 39 

 112 34 

38 11 

27 8 

23 7 

22 7 

22 7 

21 6 

20 6 

20 6 

20 6 

18 5 

17 5 

17 5 

506 154 

TMDL Allowable Loads 

Existing DDTs 
Load (g/yr) 

Existing PCBs 
Load (g/yr) 

18 93 

0.76 3.9 

5.2 27 

0.41 2.1 

0.03 0.15 

0.10 0.51 

0.02 0.11 

0.10 0.52 

0.24 1.22 

0.08 0.42 

3.18 16 

0.03 0.18 

0.01 0.03 

0.01 0.06 

28 145 
1. The watershed breakout of allocations in this table are for informational purposes.  The TMDL waste load allocation is for the 
entire watershed to provide flexibility for cost-effective implementation. 

Because existing stormwater loads from the watersheds are lower than the calculated total 
allowable loads to achieve sediment targets, the waste load allocations for stormwater in this 
TMDL are based on existing load estimates of 28 g/yr for DDT and 145 g/yr for PCBs.  For 
information purposes, the total stormwater waste load allocations are apportioned to the different 
watersheds based on the percent developed area in each watershed (i.e., last two columns of 
Table 6-3). It is not the intent of this TMDL to require compliance monitoring at the bottom 
each watershed.  Rather, separate WLAs will be set for each of stormwater permit (which may 
cut across watershed boundaries). Federal regulations require that NPDES permits incorporate 
water quality based effluent limitations (WQBELs) consistent with the requirements and 
assumptions of any available waste load allocations (WLAs).  The grouped waste load 
allocations shall be apportioned to the Los Angeles County MS4 permit, the Caltrans stormwater 
permit and enrollees under the general construction and industrial stormwater permits, based on 
their relative percent area within the watersheds draining to Santa Monica Bay (Table 6-4).  For 
instance, as the footprint of the CalTrans stormwater permit (CAS000003) is 2.7% of the area 
within the Santa Monica Bay watersheds, the CalTrans waste load allocation for this TMDL 
would be 0.75 g/yr for DDT and 3.9 g/yr for PCBs (which equals 2.7% of the TMDL waste load 
allocation in Table 6-3). 
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Table 6-4.  Mass-based waste load allocations for the four major groups of stormwater permit discharging to 
Santa Monica Bay. 
Permit Type Area (m2) % of Total Area DDT (g/yr) PCBs (g/yr) 

Los Angeles County MS4 926,705,620 96.723 27.08 140.25 
CalTrans 25,746,490 2.687 0.75 3.90 
Construction 5,406,683 0.564 0.16 0.82 
Industrial 241,245 0.025 0.01 0.04 
Entire SMB WMA  958,100,038 100 28 145 

The loadings for the industrial and construction stormwater permitees are based on the aggregate 
area represented by the individual permittees covered under these general stormwater permits 
(Table 6-4). Although these are small loadings, studies performed in association with the San 
Francisco Bay PCBs TMDL have suggested that the runoff from industrial areas were much 
higher than other areas on a per acre basis.  Furthermore, as PCBs were also common in light 
ballasts, paints and waxes, the capture of residues during building demolition is also an important 
source. These studies recommended best management practices (BMPs) to reduce potential PCB 
loads from industrial and construction runoff.  Recommendations for monitoring stormwater are 
provided in Chapter 7. Recommendations for implementing the stormwater allocations are 
discussed in Chapter 8. 

6.3 LOAD ALLOCATIONS 

Load Allocation for Non-Point Sources 
The load allocation for direct atmospheric deposition to waters of Santa Monica Bay and the 
Palos Verdes shelf are set at existing levels.  No specific load allocation is given for atmospheric 
deposition to land which can be indirectly conveyed to Santa Monica Bay through stormwater as 
these loads are accounted for in the stormwater waste load allocations.  Load allocations were 
not given to National Parks, State Parks or conservation areas as the loadings from these areas to 
Santa Monica Bay would be conveyed through stormwater conveyances.  Therefore these 
loadings are already accounted for in the stormwater waste load allocations.   

Superfund Action to Reduce Loads on the Palos Verdes shelf 
The selected Superfund remedy for the Palos Verdes shelf is a mix of institutional controls which 
include outreach and enforcement of the commercial fishing ban, capping the most contaminated 
area of the Palos Verdes shelf, and monitoring natural recovery.  The 1.3 km2 cap will provide 
cover (i.e., a 45 cm of fine sand/silt layer) to the area on the southeast edge of the deposit most 
susceptible to net erosion.  The estimated 661,000 cubic meters of cover will cap and contain 
approximately 27,000 kg of DDE, roughly a third of the total 84,000 kg DDE inventory 
estimated in the Palos Verdes shelf sediments.  The cap will result in immediate reductions in the 
flux of DDT and PCBs to the water column.   

USEPA Superfund anticipates that DDT concentrations will attain the water quality standard 
approximately 15 years after placement of the cap.  Surface sediments are expected to decline to 
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an average DDT concentration of 460 ng/g OC by year five and meet the sediment target of 230 
ng/g OC within 22 years. There is some uncertainty in the timeframe for compliance with the 
PCB Superfund remedial action objectives of 0.064 ng/l for the water and the 70 ng/g OC for the 
sediment.  Studies are underway to better evaluate the remedy relative to PCBs.  Additional 
studies included under the interim Record of Decision will be used to develop timelines for 
achievement of water and sediment cleanup levels for PCBs.  These will be reviewed 5-years 
after the cap has been put in place. 

Table 6-5.  Time required to meet the TMDL targets 
DDT Palos Verdes Shelf Santa Monica Bay 

DDTs in Water 15 years to meet 0.22 ng/l  2 years to meet 0.17 ng/l  

DDTs in Sediment 22 yrs to meet 23 ug/g OC 11 years to meet 2.3 ug/g OC  

PCBs Palos Verdes Shelf Santa Monica Bay 

PCBs in Water 22-30 years to meet 0.064 ng/l 2 years to meet 0.019 ng/l  

PCBs in Sediment 22-30 yrs to meet 7 ug/g OC  22 years to meet 0.7 ug/g OC  

Margin of Safety 
TMDLs must include a margin of safety to account for uncertainties in the development of the 
TMDL. A number of conservative assumptions have been made in the development of this 
TMDL. A conservative fish consumption rate of 116 g/d (28.6 oz per week) was used in the 
development of the fish tissue targets.  This rate is based on the 90th percentile consumption rate 
of the local Asian population as determined in the Santa Monica Bay Fish Consumption Survey 
(SCCWRP and MBC, 1994).  For Santa Monica Bay, the fish targets established in the TMDL 
are well below all the OEHHA assessment threshold levels and are closer to the OEHHA fish 
contamination goals.  The tissue targets for Santa Monica Bay result in an excess cancer risk 
slightly less than 1 per 100,000 (due to the high consumption rate) or less than 2 per 1,000,000 
(using the OEHHA consumption rate of 32 g/d). The Superfund remedial action objectives for 
fish tissue for the Palos Verdes shelf  are higher but result in an excess cancer risk of less than 1 
per 10,000 (using the high consumption rate) or less than 2 per 100,000 using the OEHHA 
consumption rate of 32 g/d.   

There are several conservative assumptions made in the development of the model used to 
develop the TMDL. The modeled inputs from NPDES dischargers were based on conservative 
estimates.  For example estimates from Hyperion were based on permit limits rather than 
existing concentrations which are much lower.  The modeled stormwater inputs were based on 
the maximum particle concentration from Ballona (derived from Curren et al., 2010) and 
extrapolated to the entire watershed using a conservative estimate of TSS loadings.  The 
potential for losses due to volatilization was not accounted for in the model.   

Finally, implicit margins of safety were included in the development of waste load allocations.  
Waste load allocations for Hyperion, LACSD and other ocean discharges (Table 6-2) were based 
on estimates of the existing water column concentrations and do not take into account 
improvements to background water quality over time that will result from natural attenuation 
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(burial, advection and decay) or improvements that will result from the USEPA Superfund action 
on the Palos Verdes shelf.  Waste load allocations for stormwater permits were set at existing 
loads which were considerably lower than the modeled loadings.  The waste load allocations are 
also lower than the theoretical maximum allowable (as shown in Table 6-3). 

53 

RB-AR38701



 
 

 

 

 

 

 

 

 
 

 

 
 

 
 

 
 

 

 

7 MONITORING RECOMMENDATIONS 
Monitoring is recommended to assess progress towards achieving the TMDL targets, assessing 
the effectiveness of implementation actions and refining actions if necessary.   

7.1 SUPERFUND MONITORING 
The USEPA Superfund Action is intended to significantly reduce the flux of contaminants from 
the Palos Verdes shelf to the Bight and to reduce risks to human health.  The Interim Record of 
Decision describes the monitoring efforts to be undertaken as part of the Superfund Action.     

The monitoring associated with the institutional controls includes: 

•	 The collection and analysis of DDT and PCBs in white croaker from eight key fishing 
piers (4 piers every year). 

•	 Inspection of commercial fish markets for white croaker and analysis of contaminant 
concentrations in white croaker and kelp bass from areas within the white croaker 
commercial catch ban. 

•	 Implementation of a new fish consumption survey to better target its outreach and 

education messages. 


The monitoring associated with the capping component includes: 

•	 Tracking the resuspension plume and turbidity by sampling of sediment and water 
column during construction. 

•	 Assessing cap thickness, cap movement, cap compaction, and contaminant flux, to verify 
effectiveness and stability of the cap after construction. 

•	 Assuring the cap is performing in a manner which satisfies remedy requirements. 

Natural recovery monitoring will track changes in sediment, water and fish species through 
sampling and analysis one year after interim ROD is signed, and at five-year intervals for the 
Five-Year Review until a final ROD is in place.  Additional data for PCBs in sediment and water 
will be collected to forecast PCB loss rates. This information will be used to develop subsequent 
remedial actions.  

Monitoring will be conducted over the life of the remedial action to evaluate performance and 
optimize effectiveness.  The detailed monitoring plans will be described in the Remedial 
Design/Remedial Action documents which will include specifications for monitoring cap 
effectiveness and points of compliance.  

Five-Year Review Component for the Selected Remedy 
A review is required at a minimum every five years if, under the selected remedy, contaminants 
remain above levels that allow for unlimited use and unrestricted exposure (40 CFR 
§300.430[f][4][ii]).  USEPA will conduct these reviews beginning five years after initiation of the 
remedial action to help ensure that the selected remedy is protective of human health and the 
environment. When a final remedy is selected, the five-year reviews will become part of that 
action. 
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7.2 RECOMMENDATIONS FOR OTHER OCEAN MONITORING PROGRAMS 

Both LACSD and Hyperion are required as part of their existing NPDES monitoring program to 
monitor their effluent, sediments and fish tissue for both DDTs and PCBs on a regular basis (See 
Table 7-1 for summary).  The LACSD monitoring compliments the Superfund monitoring on the 
Palos Verdes Shelf. The Hyperion monitoring provides information on the greater Santa Monica 
Bay. The sampling designs from these permit monitoring programs are generally adequate to 
track trends in sediment and fish tissue and measure compliance with the Targets established in 
this TMDL. However, we recommend the following adjustments to the existing monitoring 
program. 

The existing detection limits for effluent monitoring in both permits should be lowered to ensure 
compliance with the permit and to allow for better estimates of loadings.   

USEPA recommends greater coordination between the fish tissue sampling programs associated 
with the Hyperion and LACSD permits and Superfund.  These data should be combined to in an 
overall assessment framework which would track progress in meeting the tissue targets and 
remedial action objectives.   

There is a lack of water column data for DDTs and PCBs for the Palos Verdes Shelf and the rest 
of Santa Monica Bay. LACSD and City of Los Angeles Bureau of Sanitation should coordinate 
with the Superfund program to track water column concentration and assure compliance with the 
Superfund RAOs and the TMDL targets. 

Table 7-1. Summary of monitoring requirements for LACSD and Hyperion pertinent to this TMDL. 
Type LACSD Hyperion 

Effluent Quarterly for DDTs and PCB Arochlors (same 
for influent). Annually for PCB Congeners 

Quarterly for DDTs and PCB Arochlors (same 
for influent). Annually for PCB Congeners 

Sediments Annual measurement of DDTs, PCB 
Arochlors and PCB Congeners at 24 fixed 
sites (additional 20 fixed sites in year 5) 

Annual measurement of DDTs, PCB 
Arochlors and PCB Congeners annually at 24 
fixed and 20 random stations 

Fish Trends Summer sampling of Hornyhead turbot 
composites (tissue and liver) at 3 zones plus 
near field zone.  Analyzed for DDTs, PCB 
Arochlors and PCB Congeners 

Summer and Winter sampling of Hornyhead 
turbot composites (tissue and liver) at 3 zones 
plus near field zone.  Analyzed for DDTs, 
PCB Arochlors and PCB Congeners 

Seafood Safety Biennial summer sampling of multiple species 
(tissue-filet) for DDTs, PCB Arochlors and 
PCB congeners 

Plus participation in Regional Seafood Safety 
Survey 

Biennial summer sampling of multiple species 
(tissue-filet) for DDTs, PCB Arochlors and 
PCB Congeners  

Plus participation in Regional Seafood Safety 
Survey 
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7.3 STORMWATER MONITORING 

Existing stormwater monitoring performed by the LADPW (as described in Chapter 4) is not 
providing information on the loadings or sources of DDT and PCBs.  As both DDT and PCBs 
are highly associated with particles, monitoring should focus on sediment particles which may be 
transported during storms (e.g., as in Curren et al., 2011).  We recommend that stormwater 
permittees filter water from their mass emission stations and analyze particles for DDT and 
PCBs. This will provide more meaningful estimates of mass loading than traditional water 
column sampling.  We also recommend using sufficiently sensitive methods for DDT and PCBs 
(e.g. EPA method 1668c for PCB congeners). Monitoring should be conducted on a coordinated 
wastershed-wide basis. The monitoring design and assessment framework should be designed 
to provide credible estimates of the total mass loadings to the Bay.  Any such estimates will 
require some extrapolation from a few locations to the entire watershed.  Stormwater permittees 
should document the methodology for any such extrapolation.   

Monitoring sediments in catch basins designed for pollutant prevention may be a way for parties 
to quantify load reductions to the Bay. The Regional Board may want to consider providing 
credits to entities that quantify the capture and removal of DDT and PCBs from the system. 

7.4 AGRICULTURAL MONITORING 
Monitoring of DDTs is also required as part of the Conditional Waiver of Waste Discharge 
Requirements for Discharges from Irrigated Lands (Conditional Agricultural Waiver, Order No. 
R4-2010-0186). This information should be used to assess sources and loadings from 
agricultural runoff. 

7.5 SPECIAL STUDIES 
Special studies are recommended to address uncertainties in the development of this TMDL.  
The relationship between sediment concentrations and fish tissue contamination was based on a 
Superfund model developed with data from the Palos Verdes shelf.  Data from the Superfund 
white croaker tracking study and data from the baseline study of DDT and PCBs in sediment will 
allow for refinement of this relationship.  Data from Santa Monica Bay, collected in association 
with the Hyperion permit, should also be evaluated to further refine the relationship. 

There is very little information on the total mass of DDT and PCBs in subsurface sediments 
within Santa Monica Bay. Sediment coring profiles would provide better estimates of the total 
mass of DDT and PCBs within Santa Monica. There is also limited information on the flux rate 
of contaminants from the sediments of Santa Monica Bay to the water column.  Direct 
measurements of DDT and PCBs in the water column and sediments could provide more 
accurate estimates of the fluxes of the DDT and PCB flux from the sediment to the water 
column. 

There is very little information on the DDTs and PCBs in stormwater draining to Santa Monica 
Bay. An evaluation of embedded sediments in storm drains (e.g. as in Salop et al., 2006) would 
provide a better estimate of the potential stormwater loadings to the bay and could help identify 
potential sources of DDT and PCBs. 
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7.6 ASSESSMENT FRAMEWORK 
The Regional Board should work with the Santa Monica Bay Restoration Commission to 
develop a framework to assess the monitoring data and evaluate progress toward attaining the 
TMDL targets and Superfund remedial action objectives.   

Sediment data from Santa Monica Bay collected as a condition of the Hyperion permit (44 
stations per year) should be used to track changes in the average concentration of DDT and PCB 
congeners in surface sediments.   

Fish tissue data collected through biennial local seafood safety monitoring required as a 
condition of the Hyperion and LACSD permits should be used along with data from the 
Superfund fish pier monitoring to track changes in DDT and PCB congeners in fish tissue over 
time. 

Periodic sampling and analysis of DDT and PCBs at multiple water depths is encouraged to 
assure compliance with applicable water quality standards.  Passive samplers such as solid phase 
microextraction (SPME) filters or polyethylene devices (PEDs) are recommended.  A sampling 
frequency of once every 3 to 5 years would be adequate to track changes.  A single sampling 
array with multiple depths would be the minimum required to assess attainment.   

Interim measureable milestones should be incorporated into a regular monitoring program for 
determining whether load reductions are being achieved, and whether progress is being made 
towards attaining water quality standards.  Superfund studies will provide new information on 
the effectiveness of the cap and natural attenuation to achieve the remedial action objectives.  
The Superfund Interim Record of Decision will be reviewed 5 years after the start of 
implementation.   

If necessary, the Santa Monica Bay TMDLs may be revised as the result of new information 
generated by the monitoring activities described above.  USEPA recommends that future 
revisions to the Superfund project be incorporated into revisions of the TMDL. 
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8 IMPLEMENTATION RECOMMENDATIONS 
 Implementation measures may be developed by the Regional Board through an implementation 
plan, NPDES permits, or other regulatory mechanisms such as State waste discharge 
requirements (WDRs), conditional waivers of WDRs, and/or enforcement actions. This section 
describes USEPA’s recommendations to the Regional Board and others as to the implementation 
procedures and regulatory mechanisms that could be used to provide reasonable assurances that 
water quality standards will be met. 

8.1 IMPLEMENTING WASTE LOAD ALLOCATIONS IN TABLE 6-2 
Federal regulations require that NPDES permits incorporate water quality based effluent 
limitations (WQBELs) consistent with the requirements and assumptions of any available waste 
load allocations (WLAs).  All discharges with WLAs identified in Table 6-2 are to be considered 
by NPDES permit writers to have reasonable potential under 40 CFR 122.44(d) and require 
WQBELs following this TMDL.  Water quality based permitting for individual POTW and 
industrial discharges and non-stormwater general permit discharges without specified WLAs for 
DDT and PCBs in Table 6-2 should continue to be conducted by permit writers following all 
applicable State and federal regulations, plans, and policies; for these discharges, no specific 
WLAs are required if water quality based permitting procedures are followed by permit writers. 

USEPA recommends that the concentration-based WLAs for facilities discharging to the ocean 
be implemented as monthly average WQBELs in permits.  USEPA has evaluated the proper 
application of dilution when establishing the WLAs in Table 6-2 and permit writers should not 
further adjust these WLAs values using Dm in the COP, or D in the SIP, when calculating 
WQBELs. USEPA has evaluated the proper application of background concentration when 
establishing the WLAs in Table 6-2 and permit writers should not further adjust these WLAs 
values using Cs in the COP, or B in the SIP, when calculating WQBELs.   

USEPA also recommends that the concentration-based WLAs for inland discharges (i.e. Tapia 
WRF and Maliu Mesa WRF) which are based on EPA 304(a) criterion for human health be 
implemented in permits using the human health WQBEL calculation procedure in the State 
Implementation Policy, to set monthly average and daily maximum WQBELs.   

USEPA recommends that the all mass-based WLAs be directly implemented as annual average 
WQBELs in permits.  USEPA recommends to the Regional Board (and USEPA) that the annual 
mass emissions (in g/yr) for discharges listed in Table 6-2 be calculated and reported as the sum 
of monthly emissions on a calendar year basis and computed as follows: 

or, for discharges with less frequent DDT and PCBs monitoring than monthly, the annual mass 
emission (in g/yr) should be calculated using the arithmetic average of available monthly mass 
emissions as follows: 
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where: 

and where: 

Ci = DDT or PCBs concentration of each individual sample, ng/l 
Qi = discharger flow rate on date of sample, million gallons per day (mgd) 
N = number of samples collected during the month 
0.003785 = conversion factor to convert (ng/l)*(mgd) into g/day 
30.5 = number of days in a standard month 

0.1154425 = product of (conversion factor)·(number of standard days per month) 


and where Qi for intermittent discharges (dischargers who do not discharge every day in a 
calendar month, or have no discharge for an entire month (Qi = 0)) should be calculated as 
follows: 

where: 
Qd = is the total flow for the day when discharge occurred, million gallons per 
day (mgd) 
D = total number of days where discharge occurred in a month 
30.5 = number of days in a standard month 

For all discharges with WLAs in Table 6-2, in addition to NPDES monitoring for DDT and 
PCBs conducted using currently approved 40 CFR 136 methods, to ensure that useable DDT and 
PCBs data are acquired for effluent characterization under the TMDL, the Regional Board (and 
USEPA) should require monitoring and reporting using sufficiently sensitive test methods (e.g., 
USEPA proposed method 1668 for PCBs).  USEPA recommends that until USEPA proposed 
method 1668c for PCBs is incorporated into 40 CFR 136, dischargers should use for discharge 
monitoring reports/State monitoring reports: (1) USEPA method 608 for monitoring data, 
reported as aroclor results, that will be used for assessing compliance with WQBELs established 
using the WLAs in Table 6-2, and (2) USEPA proposed method 1668c for monitoring data, 
reported as 41 congener results, that will be used for informational purposes for the established 
TMDL. USEPA recommends that pollutant minimization programs incorporating the elements 
specified in the COP (or SIP) be developed and implemented, if there is evidence that DDT or 
PCBs are present in the discharge above the WLAs in Table 6-2, or permit's WQBELs. 

WQBELs and Reporting for JWPCP, HTP, and West Basin's WRPs 
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When setting mass-based WQBELs for JWPCP, HTP, and West Basin's WRPs, the Regional 
Board (and USEPA) must consider how the mass-based WLAs are allocated among these four 
facilities, which operate as an interconnected water recycling system.  The Carson WRP can take 
up to 5.9 MGD of effluent from HTP and discharge up to 0.9 MGD of concentrated brine into 
the JPWCP outfall. The potential DDT load associated with this transfer is about 82 g/yr.  This 
is a small percentage (about 0.9%) of the JWPCP's WLA of 8,717 g/yr, but it should be 
accounted for in the mass balance.  The Little WRP can take up to 60 MGD of effluent from 
HTP and discharge up to 5.2 MGD of concentrated brine into the Hyperion outfall.  The potential 
DDT load associated with this transfer is about 837 g/yr, which is about 14.3% of the HTP 
WLA. A similar analysis can be done for the loadings of PCBs.  To account for these mass 
transfers, USEPA recommends that annual "floating" WQBELs (in g/yr) for each of West 
Basin's WRPs be established as: 

WQBEL for Carson Regional WRP = CHTPQ(HTP to Carson) + CJWPCPQ(JWPCP to Carson) 

WQBEL for E.C. Little WRP = CHTPQ(HTP to Little) 

where: 

CHTP is the concentration WLA for the Hyperion effluent (from Table 6-2) 

CJWPCP is the concentration WLA for the JWPCP effluent (from Table 6-2) 

Q(HTP to Carson) and Q(JWPCP to Carson)  are the effluent flows diverted from Hyperion and 
JWPCP to the Carson Regional WRP 

Q(HTP to Little) is the flow diverted from Hyperion to the E.C Little WRP 

NPDES permit writers must also ensure that total loads of DDT and PCBs from JWPCP, HTP, 
and West Basin's WRPs are not more than 14,567 g/yr for DDT and 351 g/yr for PCBs; USEPA 
recommends that NPDES compliance reporting requirements include reporting parameters for 
the total DDT load and PCB load from both outfalls that can be electronically reported and 
tracked. 

USEPA recommends that compliance monitoring for DDT and PCBs concentrations in HTP and 
JWPCP effluents occur before these effluents commingle with RO brine from West Basin's 
WRPs. Flow rate compliance monitoring for HTP should occur after the effluent has been 
diverted to West Basin's WRPs.  Flow rate compliance monitoring for JWPCP should occur after 
the effluent has been diverted to West Basin's WRPs, for any future water recycling of JWPCP 
effluent. For Little WRP and Carson WRP, compliance monitoring for DDT and PCBs 
concentrations and flow rates should occur immediately before discharge into the outfalls. 

WQBELs and Reporting for Generating Stations 

For the generating stations the concentration-based WLAs in Table 6-2 are based on the COP 
objectives without dilution to meet the TMDL target within Santa Monica Bay.  An alternate 
approach would be to set concentration-based WLAs for each inplant waste stream using 
equation 1 of COP after considering initial dilution allowed in the existing permits and the 
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background concentrations for DDT and PCBs defined in Section 6-2 of this TMDL (i.e., 0.057 
ng/l for DDT and 0.016 ng/l for PCBs). Such an approach would be consistent with the intent of 
the TMDL to effectively monitor and limit inputs of DDT and PCBs to Santa Monica Bay.  
USEPA recommends that pollutant minimization programs incorporating the elements specified 
in the COP (or SIP) be developed and implemented, if there is evidence that DDT or PCBs are 
present in inplant waste streams above the WLAs in Table 6-2. 

USEPA recommends that the concentration-based WLAs for these facilities be implemented as 
monthly average WQBELs in permits.  To ensure that useable DDT and PCBs data are acquired 
for effluent characterization under the TMDL, the Regional Board should require monitoring and 
reporting using sufficiently sensitive test methods (e.g., USEPA proposed method 1668c for 
PCBs). 

8.2 IMPLEMENTNG STORMWATER WASTE LOAD ALLOCATIONS IN TABLE 6-3 
For the stormwater permits, group waste load allocations have been developed for the four major 
types of NPDES stormwater discharge permits (municipal stormwater separate sewer systems, 
CalTrans, general construction, and general industrial).  The waste load based allocations derived 
from Table 6-3 should be placed in the stormwater permits as mass-based numeric WQBELs 
(CAS004001, CAS000003, CAS000002, CAS000001).  Mass-based waste load allocations are to 
be partitioned among the four groups based on the percent area of each major group in the 
watersheds draining to Santa Monica Bay.  Permittees covered under the general construction 
and stormwater permittees are not expected to perform individual sampling; instead monitoring 
should be conducted on a coordinated, watershed-wide base consistent with the WLAs in the 
TMDL. We encourage the establishment of watershed efforts to identify and address sources of 
DDTs and PCBs within the watersheds and reporting of the total stormwater loadings of DDT 
and PCB to Santa Monica Bay. 

As discussed in the monitoring recommendations the analysis of DDT and PCBs on suspended 
particle loadings from the mass emission stations will provide more robust measures of mass 
loadings. If additional data indicates that existing stormwater loadings differ from the stormwater 
waste load allocations defined in the TMDL, the Los Angeles Regional Water Quality Control 
Board should consider re-opening the TMDL to better reflect actual loadings.  We recommend 
that stormwater waste load allocations be evaluated based on a three year averaging period.  This 
will provide more robust assessment for compliance and should smooth out variability due to wet 
years. This is consistent with timeframes provided for the Los Angeles Harbor/Long Beach 
TMDL. 

BMPs and pollutant removal are the most suitable courses of action to reduce DDT and PCBs in 
the Santa Monica Bay Watershed.  Attention should be focused on those watersheds with the 
highest potential loadings to Santa Monica Bay, such as those that are more heavily urbanized.  
Best management practices (BMPs) should also be targeted to reduce potential PCB loads from 
industrial and construction runoff as studies have shown that these may be a major source of 
PCBs. 

We recommend implementation of a PCB Source Identification and Control program within 
stormwater permits to evaluate and identify controllable sources of PCBs. These sources may 
include PCB contributions to wastewater from industrial equipment and PCB contributions to 
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 wastewater from buildings with PCB containing sealants that are scheduled for remodeling or 
demolition.    

The Regional Board may also require clean up of bed sediment through Cleanup and Abatement 
Orders and the California Water Code13267 or other appropriate authorities.  Regional Board 
may regulate nonpoint pollutant sources through the authority contained in Sections13263 and 
13269 of the California Water Code, in conformance with the State Water Resources Control 
Board’s Nonpoint Source Implementation and Enforcement Policy.  
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SUBJECT: PROCEDURES AND REQUIREMENTS FOR CERTIFICATION OF A BEST 
                       MANAGEMENT PRACTICE FOR TRASH CONTROL AS A FULL CAPTURE

SYSTEM

This memorandum describes Regional Board procedures and information required in order to
perform a technical evaluation to certify a best management practices (BMP) as a “full capture
system” for the control of trash.

Background
The Los Angeles Regional Water Quality Control Board adopted the definition of “full capture
system” for the Ballona Creek Trash TMDL per Resolution No. 04-023 on March 4, 2004.  This
definition will be considered applicable for all receiving waters in the Los Angeles Region
identified as being impaired for Trash.  The Regional Board staff will analyze all future proposed
BMPs for certification as a “full capture system” based on the Ballona Creek Trash TMDL
definition. 

The definition of a "full capture system" as defined in the Resolution No. 04-023 is as follows:

" A full capture system is any single device or series of devices that traps
all particles retained by a 5 mm mesh screen and has a design treatment
capacity of not less than the peak flow rate (Q) resulting from a one-year,
one-hour, storm in the subdrainage area.  Rational equation is used to
compute the peak flow rate: Q = C x I x A, where Q = design flow rate
(cubic feet per second, cfs); C = runoff coefficient (dimensionless); I =
design rainfall intensity (inches per hour, as determined per the rainfall
isohyetal map), and A = subdrainage area (acres)."

Essential Technical Information
In order to perform a technical analysis and consider for certification approval, the Regional
Board staff requests the following information from dischargers for evaluation of their BMPs as
a “full capture system” for trash:
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1. Subdrainage area, A  that only drains into the pipe containing BMP.

2. Hydraulic capacity of the pipe containing BMP at cubic feet per second.

3.  Average runoff coefficient , C where

C = (A1*C1 + A2*C2 + A3*C3 + .....An*Cn) / (A1 + A2 +A3 + ....An)

A1 through An represents subareas for each land use, and
C1 through Cn represents runoff coefficients for each land use

4.  The reported BMP treatment capacity at cubic feet per second.

Los Angeles County Department of Public Works (LACDPW) has already provided an isohyetal
map for one-year, one- hour rainfall intensity per definition of a full capture system.  For
certification, BMP must trap all particles retained by a 5-mm mesh screen, and have a
treatment capacity exceeding peak flow rate resulting from a one-year, one-hour, storm in the
subdrainage area.  In addition, the following requirements must be met:

•  End-of-Pipe Configuration: Certain BMPs, which can create a pressure drop, must have an
end-of-pipe configuration and not rely on diversion weirs.

•  Adequate Pipe Sizing: The pipes carrying the flows from the subdrainage area should be
able to handle peak flows.

•  Regular Inspections and Maintenance: The full capture system must be regularly inspected
and serviced to continually maintain adequate flow through capacity.

Conditional Transferability
The determination and certification that the BMP satisfies the “full capture system” definition of
the trash TMDL will allow the system to be used elsewhere in the region.  Dischargers will have
an on-going obligation to demonstrate that the installation of a particular system is appropriately
sized. Likewise, dischargers will be responsible for on-going maintenance to ensure the
systems perform to design specifications.  The Regional Board will review and consider
performance data on continuing basis.  In the event data demonstrate that the systems are not
performing to the full capture design standard established by the trash TMDL, then the
Regional Board reserves the ability to rescind the certification for subsequent installations.

Process for Submittal
A letter requesting “full capture system certification” along with supporting documentation must
be submitted to the Regional Board Executive Officer to start the process.  Within thirty (30)
days of receipt of the letter and documentation, the Regional Board staff will contact the
proponent, and schedule a time for a presentation to Regional Board staff and to perform a site
survey if necessary. At the conclusion of the presentation, Regional Boards staff will
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communicate orally to the proponent any supplemental documentation or information that
needs to be submitted to complete the evaluation of the proposed BMP as a “full capture
system”.   A letter acknowledging the receipt of the certification request and identifying any
supplemental documentation to be submitted will be sent within 15 days of the completion of
the presentation.  Regional Board staff will make a written determination on the certification of
the proposed BMP as a full capture system within ninety (90) days after the receipt of all
requested documentation.
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City of Torrance, California 

SPECIAL STUDY WORK PLAN 

1.0 INTRODUCTION 

This Field Sampling Plan (FSP) presents the approach and procedures to implement 
stormwater sampling activities in 2011 for a Special Study of the City of Torrance (City) storm 
drains discharging stormwater into Machado Lake. The field study sampling procedures, 
methods, and analyses for stormwater are described in this document. 

1.1 Background 

The City is subject to the requirements of the Machado Lake Eutrophic, Algae, Ammonia, 
and Odors (Nutrient) Total Maximum Daily Load (TMDL) per the Los Angeles Regional 
Quality Control Board’s (Regional Board’s) Resolution R08-006. Under the Regional Board’s 
resolution, the City shall submit to the Regional Board’s Executive Officer a Monitoring and 
Reporting Plan (MRP) within 1 year of the effective date of the resolution or propose a 
Special Study Work Plan following the requirements of one of three optional studies. This 
Special Study Work Plan details the approach proposed by the City to perform Optional 
Study No. 3, to assess compliance with the Waste Load Allocations (WLA) on a mass basis 
for total nitrogen and total phosphorus originating from the City’s watersheds. The Special 
Study Work Plan proposes a pre-Best Management Practices (BMP) Implementation Study 
including field sampling and data collection to be followed by submittals to the Regional 
Board including a BMP Evaluation and Selection Report, a MRP, and a BMP Implementation 
Report to be provided at a later date.  

Machado Lake is identified on the 1998 and 2002 Clean Water Act 300(d) list of impaired 
water bodies as impaired due to eutrophic conditions, algae, ammonia, and odors. Resource 
agencies, local governments, project implementers, the scientific community, environmental 
groups, decision-makers at the city, county, state, and federal levels, and many others have 
continued to take meaningful steps towards the restoration of Machado Lake and its basin. 
Among these efforts, restoration activities are expanding through continued implementation 
of erosion control, stormwater management, and riparian restoration projects, development 
of the Machado Lake Nutrient TMDL that is providing a quantitative, science-based approach 
for pollutant reduction, and a strong research/monitoring effort to evaluate key ecological 
processes and response to water quality improvement projects. 

The Machado Lake Nutrient TMDL allows for the establishment of annual mass-based WLAs 
for total phosphorus (TP) and total nitrogen (TN) equivalent to monthly average 
concentrations of 0.1 mg/L TP and 1.0 mg/L TN, based on approved flow conditions. When 
the concentration based WLAs are met under the approved flow condition of 8.45 hm3, the 
annual mass of the TP discharged to the lake will be 845 kg and the annual mass of TN 
discharged to the lake will be 8,450 kg. The City of Torrance mass-based WLA will be 
proportional to the City owned area in the sub-watershed. The City of Torrance area 
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accounts for 35.6% of the Machado Lake Watershed. Table 1 lists the interim and final WLAs 
based on this area. 
 
Table 1 Waste Load Allocations 

Responsible Party Years after TMDL 
Effective Date 

TP (kg) TN (kg) 

City of Torrance 

5 3,760 7,370 

9.5 

(final WLAs) 
301 3,008 

1.2 Site Conditions and Characteristics 

1.2.1 Study Site Location 

The City is located about 15 miles south of Downtown Los Angeles (LA), in southern LA 
County, just north of the Palos Verdes Hills. The City was incorporated on May 12, 1921, and 
is just over 20.5 square miles in area. The City is bounded by Redondo Beach on the west 
and north, Lawndale and Gardena on the north, LA on the east, Lomita to the southeast, and 
Rolling Hills Estates and Palos Verdes Estates on the south. The City is also bounded by 
approximately 4,000 feet of Santa Monica Bay coastline. The City’s storm conveyance 
systems are interconnected with neighboring city systems. Neighboring cities located at 
generally higher elevation such as Rolling Hills Estate and Palos Verde Estate discharge 
stormwater into the City’s and/or LA County’s storm conveyance systems located within the 
City’s boundaries. Figure 1 shows a regional location map of the City. 

1.2.2 Hydrology and Hydraulics 

The Machado Lake subwatershed is located in the southwestern area of the Dominguez 
Watershed and includes portions of the Cities of Los Angeles, Torrance, Lomita, Rolling Hills, 
Rolling Hills Estates, Carson, Palos Verdes Estates, Rancho Palos Verdes, Redondo Beach, 
and the communities of unincorporated Los Angeles County, including Wilmington and 
Harbor City. However, much of the Machado Lake watershed consists of the hilly regions of 
Rolling Hills Estates and Rolling Hills. This portion of the watershed is unique, as it consists 
of relatively steep hills with drainage into the canyons. The Machado Lake Watershed covers 
an area of approximately 20 square miles and is itself divided into six primary subdrainage 
areas. These subdrainages are the Walteria Lake, Project 77/510, Wilmington Drain, Project 
643 (72-inch Storm Drain), Project 643 (Figueroa Drain), and Private Drain 553.  

Machado Lake, about 40 acres in area and the Machado Lake Wetlands (64 acres) are 
located within the Ken Malloy Harbor Regional Park in the southeastern corner of the 
Machado Lake Watershed. Both Machado Lake and the Machado Lake wetlands serve as 
flood retention basins for the Machado Lake Watershed. 
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1.2.2.1 Storm Drain 

As the area is highly urbanized, drainage is primarily conducted through an extensive 
network of underground storm drain facilities. The Los Angeles County Department of Public 
Works maintains the system of storm drains in the City of Rolling Hills Estates. The primary 
use of the Dominguez Channel and all other open channels in the Dominguez Watershed 
(including Wilmington Drain, Machado Lake, and Madrona Marsh) is flood protection. 

Machado Lake receives urban and storm water runoff from a complex network of storm drain 
systems. The first of three primary storm drain channels that flow into Machado Lake is the 
Wilmington Drain. Approximately 65 percent of the runoff from the Machado Lake Watershed 
flows through the Wilmington Drain into Machado Lake. The other two primary storm drain 
channels are the Project No. 77 Drain and the Harbor City Relief Drain. Several smaller 
storm drains also discharges into Machado Lake, including Project No. 643’s Figueroa Street 
Outlet and a 72-inch storm drain outlet. Machado Lake discharges at the southern end by 
overflowing a concrete dam into the Machado Lake wetland. Water discharges from the 
wetland through the Harbor Outflow structure and into the West Basin of the Los Angeles 
Harbor. 

The Walteria Lake, located within the City’s boundaries, is owned and operated by LA 
County. It is approximately 1,005 acre-feet in capacity and receives raw stormwater mainly 
from Rolling Hills Estates and Palos Verdes Estates. Effluent from the lake is pumped at a 
maximum rate of 57 cubic feet per second (cfs) through a force main system into a 54-inch 
drain line that lies under Skypark Drive. The discharge eventually leaves the City near the 
intersection of Crenshaw Boulevard and Amsler Street. 

Figure 2 shows the drainage basins and stormwater conveyance infrastructure in the City. 
The figure also shows nearby communities discharging stormwater into the City’s drainage 
system. 

1.2.3 Land Use 

The City of Torrance is predominantly residential land use, with concentrations of industrial 
and commercial uses. This reflects the City’s history as a “company town,” where homes 
were built to house the local work force of industries. Residential development covered 
almost half of the City’s land area. Industrial uses occupied the second largest land area, at 
22 percent. Commercial and Public/Quasi-Public/Open Space uses represent the third 
largest land uses in the City, about 12 percent each. Torrance also had a limited supply of 
vacant land mostly within commercial and industrial areas. Given the built-out character of 
the community, only minor land use changes from baseline year 2010 conditions will occur 
over the long term. 

Residential uses are located throughout Torrance at varying development densities. The 
highest residential densities occur along major streets and near major transportation 
corridors, in older neighborhoods, and in apartment or condominium developments and 
Planned Development communities around Sepulveda Boulevard and Plaza Del Amo 
between Hawthorne and Crenshaw Boulevards. The lowest residential densities are largely 
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located in the western and southern portions of the City. Figure 3 identifies the land uses in 
Torrance. 

1.2.4 Water Quality Issues  

Machado Lake, located in the Dominguez Channel watershed in southern LA County, is 
identified on the 1998 and 2002 Clean Water Act 303(d) list of impaired water bodies as 
impaired due to eutrophic conditions, algae, ammonia, and odors. The Machado Lake 
eutrophic, algae, and odor impairments are caused by excessive loading of nutrients, 
including nitrogen and phosphorus, to Machado Lake (Machado Lake Eutrophic, Algae, 
Ammonia, and Odors (Nutrient) TMDL, Revised Draft – April 2008). Ammonia is found to be 
at levels below the toxicity standards, but nevertheless, these concentrations contribute to 
the total nitrogen loading in the Lake. Table 2 provides a summary of the quantifiable loads 
entering Machado Lake on an annual basis (Machado Lake Eutrophic, Algae, Ammonia, and 
Odors (Nutrient) TMDL, Revised Draft – April 2008). Nutrient flux from the sediments and 
atmospheric nitrogen deposition are the two directly quantifiable non-point sources included 
as part of the total nutrient load. The total annual nitrogen and phosphorus loads are 
estimated to be 24,327 kg and 10,421 kg, respectively. 

Machado Lake is located in the Ken Malloy Harbor Regional Park (KMHRP), which is a 231 
acres LA City Park serving the Wilmington and Harbor City areas. As shown on Figure 4, the 
park is located west of the Harbor freeway (110) and east of Vermont Avenue between the 
Tosco Refinery on the south and the Pacific Coast Highway on the North. Machado Lake is 
one of the last lake and wetland systems in LA; the area is approximately 103.5 acres in total 
size. The upper portion, which includes the open water area, is approximately 40 acres and 
the lower wetland portion is about 63.5 acres. Machado Lake is a shallow polymictic lake; the 
depth is generally 0.5 to 1.5 meters; the average depth is approximately 1.0 meter. The lake 
was originally developed as part of Harbor Regional Park in 1971 and intended for boating 
and fishing. Over the years water quality generally declined; boating was stopped and signs 
were posted warning of the risk of eating fish from the lake. 
 

Table 2 Total Annual Nutrient Load Entering Machado Lake(1) 

Source Total N (kg) Total P (kg) Ortho-P (kg) Inorg-N (kg) 

External Load 7,587 3,260 737 3,736 

Sediment Flux 16,520 7,161 4,963 16,520 

Atmospheric Deposition 220    

Total Annual Load 24,327 10,421 5,700 20,256 

Notes: 
1. Source: Machado Lake Eutrophic, Algae, Ammonia, and Odors (Nutrient) TMDL, Revised Draft - April 2008. 

The dominant land use in the Machado Lake Watershed is high-density single-family 
residential, accounting for approximately 45 percent of the land use. Industrial, vacant, 
retail/commercial, multi-family residential, transportation, and educational institutions each 
account for 5 to 7 percent of the land use, while "all other" accounts for the remaining 23 
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percent. Machado Lake is a receiving body of urban and stormwater runoff from a network of 
storm drains throughout the watershed. As indicated on Figure 4, there are three discharge 
points into Machado Lake from the following storm drain channels:  

 Wilmington Drain. 

 Project No. 77. 

 Harbor City Relief Drain. 

Approximately 88 percent of the Machado Lake Watershed drainage area flows through the 
Wilmington Drain into Machado Lake. 
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1.3 Special Study Work Plan 

This document provides the overall structure of the Special Study Work Plan with submittals 
to the Regional Board, as well as providing the initial Pre-BMP Implementation Study Plan 
(including a proposed field data collection and sampling plan). The Special Study Work Plan 
addresses the requirements of Optional Study No. 3 to assess compliance with WLAs for 
total nitrogen and total phosphorus originating from the City’s watersheds. The scope of work 
for this plan includes the following: 

 Pre-BMP Implementation Study Period - Including conducting dry weather sampling 
as outlined within this submittal as well as reviewing water quality models developed 
by LA County for wet weather events and Machado Lake. 

 BMP Evaluation and Selection Study Report - This study report is to be submitted at 
a later date (see proposed schedule of work plan elements), and will summarize the 
collected field data and the applicable results obtained from the regional water quality 
model being developed by LA County for wet weather conditions. The field data and 
the water quality model data will be used to assess compliance with WLAs under the 
TMDL. Based on the assessment of compliance, the BMP and Selection Study 
Report will identify and screen structural BMPs for mitigation to bring the City into 
compliance with the TMDL. 

 Monitoring and Reporting Plan - Subsequent to acceptance by the Regional Board of 
the findings and conclusions of the City’s BMP Evaluation and Selection Study 
Report, the City will submit an MRP specific to the needs for assessment of future 
compliance with the TMDL. 

 BMP Implementation Report - This report will summarize the monitoring data 
collected after 12 months of BMP implementation and will provide to the Regional 
Board an assessment of the success of the structural BMPs implemented by the City 
to support compliance with the TMDL. 

The actual start date for the sampling will be determined following the Regional Board’s 
approval of this Special Study Work Plan. Other conditions that may affect the sampling 
schedule are weather and equipment conditions and availability. The schedule for the work 
plan is summarized in Table 3. 

The Special Study Work Plan identifies the proposed tasks the City agrees to perform, their 
timelines, and the roles and responsibilities of various parties in completing the work. The 
purpose of this document is to serve as a starting point for work planning discussions 
between the City and the Regional Board.  
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Table 3 Schedule or Work Plan Elements 

ID Work Plan Element Schedule 

1 Special Study Work Plan May, 2011 (submittal) 

2 Regional Board Review/Approval June, 2011 (approval) 

3 Pre-BMP Implementation Study July, 2011 – July, 2012 (field 
sampling) 

4 BMP Evaluation, Monitoring and Reporting 
Plan 

September, 2011 (submittal) 

5 Regional Review/Approval August, 2012 (approval) 

6 BMP Implementation Nov., 2012 (implementation) 

7 BMP Implementation Report Nov., 2013 (submittal) 

2.0 PRE-BMP IMPLEMENTATION STUDY 

2.1 Introduction 

The Pre-BMP Implementation Study includes a 12-month FSP and evaluation of regional 
water quality models for wet weather conditions and Machado Lake to assess the City’s 
current compliance with WLAs. The FSP covers sample collection methods, analytical 
procedures, data analysis and reporting, and health and safety aspects. The FSP will 
generate a variety of data including discharge rates and flow volumes, the concentrations of 
chemical parameters, and the measurement of physical parameters. Utilizing the mass 
balance approach, the data will be used to estimate the mass of nutrients originating from the 
City as well as nearby agencies discharging stormwater into the City’s storm drain system. 
The data will also be examined for patterns and trends, comparing stormwater quality 
between different sampling locations over time. 

The Pre-BMP Implementation Study will be undertaken once approval is obtained from the 
Regional Board for the Special Study Work Plan.  

The remaining sections of this document contain the FSP providing field sampling methods 
and analytical procedures that will be used to collect dry weather water quality data and 
continuous flow data. 

2.2 Objectives of the Pre-BMP Implementation Study 

The Pre-BMP Implementation Study will provide the City data needed to assess water quality 
impacts to the City’s drainage network. The objective of this study is to support the City’s 
compliance with the Machado Lake Nutrient TMDL by performing Special Study No. 3. Data 
and information elements that are part of the Pre-BMP Implementation Study include: 

1. Dry weather flow data including calculation of continuous volume data and water 
quality data obtained through field monitoring and sampling (data to be collected by 
implementing the FSP included within this document).  
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2. Estimates of wet weather stormwater quality impacts identified using an integrated 
water quality model developed by the City of Torrance. The water quality model is 
described in Section 2.2.1. 

3. Identification of BMPs that will be implemented by the City to mitigate observed water 
quality impacts in the City’s outflows to Machado Lake. 

2.2.1 Pollutant Loading and Analysis Tool (PLAT) 

In order to estimate wet weather stormwater quality impacts, the City has developed an 
integrated watershed modeling tool to simulate watershed hydrology, nutrient, sediment, and 
contaminant dynamics. This tool called Pollutant Loading and Analysis Tool (PLAT), 
incorporates existing and commonly used watershed models. The main models used by 
PLAT are PLOAD, Program for Predicting Polluting Particle Passage thru Pits, Puddles, and 
Ponds (P8), and U.S EPA SUSTAIN model. PLAT is based on spatially distributed inputs 
derived from high resolution satellite imagery. PLAT has four main components: pollutant 
hot-spots characterization, BMP screening, continuous simulation, and BMP design, 
optimization, and placement. The SUSTAIN model provides an optimization routine that 
helps identify the appropriate size of BMPs for treating stormwater runoff from respective 
source areas to meet TMDL reduction goals. The tool has been validated with results from 
the LA County Watershed Management Model System (WMMS). 

3.0 FIELD SAMPLING PLAN 

The 12-month FSP is designed to collect continuous flow data and discrete dry weather 
water quality data to support the overall study objectives summarized in Section 2.  

3.1 Sampling Locations and Access 

Site selection is a major challenge, given the scarcity of funding for sampling and laboratory 
analysis. The number of locations to be sampled was decided based on the program 
objectives, regulatory requirements, and the size and complexity of the drainage sub-basins 
and conveyance system. In addition, the frequency of sampling at each location was 
considered. 

As a first step in the selection process, the City’s watersheds, sub-basins and drainage 
system network were reviewed. Based on this review, nine locations were identified that 
could be used to characterize the flows in and out of each subbasin. Four of these locations 
are needed at a minimum to characterize the flows conveyed to Machado Lake. The final 
selection of sample locations was based on factors such as site permission, access, 
clustering, personal safety, equipment safety, and the likelihood that stormwater would flow 
at the location. Table 4 summarizes the proposed stormwater sampling locations, types, and 
characteristics. The general sampling locations are depicted on Figure 5. Appendix A shows 
detailed characteristics of each sampling location. 
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At a minimum, four sampling locations will meet the objectives of this program. However, the 
City will sample five additional locations, Tor-S3, Tor-S6, Tor-S7, Tor-S8, and Tor-S9 as 
shown on Figure 4 because the results will support critical decisions including identifying 
sources originating outside of the City’s boundaries or sources not under the direct control of 
the City. The sampling locations Tor-S6, Tor-S7, Tor-S8, and Tor-S9 are discharge points for 
Rolling Hills and Palos Verdes Estates. 

The sampling locations are described below. 

Tor-S1 

This site is located 40 ft north and 80 ft east of the intersection of Plaza Del Amo and 
Western Avenue. The total upstream drainage area is approximately 63 acres. The drainage 
area is mainly residential and commercial land use. Residential and commercial land uses 
represent 36 percent and 33 percent, respectively, of the drainage area. This site is easily 
accessible and safe for conducting sampling during both dry and wet weather conditions. 
The storm sewer conveying stormwater to this site is a 36-inch reinforced concrete pipe. This 
site is one of the four sites that will provide information on the amount of pollutants leaving 
the City limits. 

 

 

 

 

 

 

 

 

 Sampling Site: TOR-S1 
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Table 4 Sampling Location Characteristics 

Sampling 
Location 

Name Description Land Use 
GPS 

Coordinates 

Associated 
Upstream 

Storm Drain 
Name 

Diameter (in) 
and Material 

Tor-S1 Located 40 ft north and 80 ft east of the intersection 
of Plaza Del Amo and Western Avenue. . 

Residential/ 
commercial 

33° 49.3572’
118° 

18.5208’ 

City 36 
RCP 

Tor-S2 Approximately 50 ft west of 246th Place and 
Pennsylvania Avenue intersection. 

Mixed 33°48.093’ 
118° 

19.5252’ 

City 33 
RCP 

Tor-S3 Effluent of Walteria Lake, approximately 100 ft east 
of Madison St. and Skypark Drive intersection. 

Mixed 33°48.6312 
118° 

20.8674’ 

Walteria Lake 54 

Tor-S4 Approximately 210 ft north and 85 ft east of 236th 
Street and Western Avenue intersection. 

Mostly 
residential 

33° 48.7056’
118° 

18.5196’ 

City 9’-2”Wx11’H 
RCB 

Tor-S5 About 25 ft west of intersection of Bani Avenue and 
250th Street (two pipes intersect from south and 
west). 

Residential/ 
Airport 

33° 47.8956’
118° 

19.6872’ 

City 8’-9”Wx9’-7”H
RCB 

Tor-S6 Approximately 600 ft east of Estates Lane and 
Crenshaw Boulevard. 

Mostly 
residential 

33° 47.1822’
118° 20.43’ 

Rolling Hills 
Estates 

36 
RCP 

Tor-S7 About 160 ft south and 280 ft east of Rolling Hills 
Road and Hawthorne Blvd. intersection. Will monitor 
dry weather flow originating from Rolling Hills 
Estates. 

Mostly 
residential 

33° 47.6826
118° 

20.9232’ 

Rolling Hills 
Estates 

10’x10’ 
RCB 

Tor-S8 About 500 ft northwest of Paseo De Las Tortugas 
and Mesa St. intersection. Will monitor dry weather 
flow originating from Rolling Hills Estates. 

Mostly 
residential 

33° 48.0522’
118° 

21.4254’ 

Rolling Hills 
Estates 

24 
RCP 

Tor-S9 About 830 ft east and 120 ft south of Paseo de las 
Tortugas and Vista Montana intersection. Will 
monitor dry weather flow originating from Palos 
Verdes Estates. 

Mostly 
residential 

33° 48.2742’
118° 

21.7776’ 

Palos Verdes 
Estates 

42 
RCP 

RB-AR38737



��

��

��

��

��

��

��
��

��

�

������

�

�
���
��
�
���
���

������

������

������

������

�����	

�����


������

������
�����

������

�����
����
��������	
������
����� 
!"��
#��$� 
%�"��"
&�"
'���(
�)
'(� �
���
&"���
����
*��+
����("���

�� &�$����
��("���

��� � ��� �����

�

���������������������������� ��!���" ��������������

RB-AR38738



CITY OF TORRANCE, CALIFORNIA 
SPECIAL STUDY WORK PLAN 

 

CAROLLO ENGINEERS 16 May 2011 
pw:\\Carollo\Documents\Client\CA\Torrance\8419A00\Deliverables\SpecialStudyWorkPlan - Nutrient TMDL-edits.docx 

Tor-S2 

Tor-S2 is approximately 50 ft west of the intersection of 246th Place and Pennsylvania 
Avenue. The total upstream drainage area is about 2,605 acres. The drainage area is a 
mixed land use, about 32 percent residential, 10 percent commercial and 11 percent 
industrial. The Torrance Airport accounts for 12 percent of the drainage area. Tor-S2 is easily 
accessible and safe for conducting sampling during both dry and wet weather conditions. 
Stormwater is conveyed to this site through an 8’ x 7’ reinforced concrete box. This site is 
one the four sites that will provide information to quantify the amount of pollutants leaving the 
City limits. 

 

 

 

 

 

 

 

 Sampling Site: TOR-S2 

Tor-S3 

This site, which is approximately 100 ft east of Madison St. and Skypark Drive intersection, 
will assist the City in characterizing discharges from Walteria Lake. The total upstream 
drainage area is approximately 2,285 acres. This site is upstream of Tor-S2. Land use is 
mixed with 37 percent residential, 10 percent commercial and 9 percent industrial. A 54-inch 
pipe conveys stormwater to this site. The site is easily accessible and safe for all weather 
sampling. 

 

 

 

 

 

Sampling Site: TOR-S3 

 

 Sampling Site: TOR-S3 
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Tor-S4 

Tor-S4 is approximately 210 ft north and 85 ft east of 236th Street and Western Avenue 
intersection. The total drainage area upstream of this sampling location is approximately 
1,014 acres. Residential land use represents nearly 60 percent of the drainage area. 
Commercial and industrial land uses represent only 9 percent of the drainage area. The 
storm drain serving this site is a 9’-2” x 11’ RCB. The site is safe for all weather sampling and 
it is easily accessible. 

 

 

 

 

 

 

 

 
 

 Sampling Site: TOR-S4 

Tor-S5 
This site is about 25 ft west of the intersection of Bani Avenue and 250th Street (two pipes 
intersect from south and west). This sampling site serves an upstream drainage area of 
approximately 661 acres. This site is mainly residential and airport land use; residential and 
airport land uses represent 43 and 24 percent of the drainage area, respectively. The storm 
drain discharging stormwater to this site is an 8’-9” x 9’-7’ RCB. This site is easily accessible 
and safe for sampling activities. 
 
 
 
 
 
 
 
 

 

 

 

 

 Sampling Site: TOR-S5 
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Tor-S6 

Tor-S6 is located at approximately 600 ft east of Estates Lane and Crenshaw Boulevard. 
This site will monitor flow entering the City’s storm drain from Rolling Hills Estate. The 
sampling site is safe and easily accessible. 

 

 

 

 

 

 

 

 

 Sampling Site: TOR-S6 

Tor-S7 

This site is about 160 ft south and 280 ft east of Rolling Hills Road and Hawthorne Blvd. 
intersection. It will monitor dry weather flow originating from Rolling Hills Estates. The site is 
easily accessible and safe for sampling at all weather conditions. 

 

 

 

 

 

 

 

 

 

 Sampling Site: TOR-S7 
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Tor-S8 

This site is located at about 500 ft northwest of Paseo De Las Tortugas and Mesa St. 
intersection. It will monitor dry weather flow originating from Rolling Hills Estates. The site is 
easily accessible and safe for sampling at all weather conditions. 

 

 

 

 

 

 

 

 

 

 Sampling Site: TOR-S8 

Tor-S9 

Tor-S9 is about 830 ft east and 120 ft south of Paseo de Las Tortugas and Vista Montana 
intersection. This site will monitor dry weather flow originating from Palos Verdes Estates. 
The site is accessible and safe for sampling activities. 

 

 

 

 

 

 

 

 

 

 Sampling Site: TOR-S9 
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3.2 Sample Collection Frequency 

The City’s sampling program consists of three major elements: 

1. Monthly sampling during dry weather conditions for all sampling locations. Grab 
samples will be collected from each sampling location. Dry weather conditions must 
be preceded by at least 24 hours of no greater than trace precipitation or have an 
intensity of less than 0.1 inches of rain in a 24-hour period.  

2. Samples will be collected from Tor-S3 during four discrete storm events and anytime 
time the LA County pumps stormwater from the Walteria Lake into the 54-inch storm 
drain. Pumping schedule will be obtained from LA County. 

3. Continuous recording of stage or flow depth during dry weather periods for flow 
estimation will be collected from the proposed sample locations during dry weather 
flow conditions.  

Regarding Tor-S3, one grab sample for each of the four storm events will be collected under 
the following conditions: 

1. Sampling will occur during a storm event with at least 0.1 inch of precipitation 
(defined as a “measurable” event). Weather forecasts will be evaluated before 
deciding whether or not to sample a particular rain event. The monitoring manager 
will periodically establish a modem connection with each sampling unit to monitor 
rainfall, flow rates, and sampling activity. The monitoring manager will download 
stored data from the National Weather Service as needed. 

2. Sampling will not occur at a frequency greater than once every 72 hours. 

3. Sampling will not occur unless there has been at least 72 hours of continuous dry 
weather immediately preceding the “measurable” event. 

4. Grab samples will be collected from this location during approximately the first 
30 minutes to 1 hour of stormwater discharge (where possible). 

The intention of the sample collection frequency and stormwater event requirements 
described above is to collect samples that are representative of runoff conditions from 
Tor-S3. No samples will be collected from the remaining eight sampling locations during 
storm events. The City’s Pollutant Loading and Analysis Tool (PLAT) will be used to estimate 
nutrient loading for these sampling location during storm events. 

3.3 Selection of Analytical Parameters 

The City proposes to use a mass based WLA compliance option to evaluate TMDL 
compliance. Samples submitted for nutrients will be tested for ammonia-N (NH3

+), 
ammonium, nitrite (NO2), nitrate (NO3), total Kjeldahl nitrogen (TKN), total phosphorus (TP), 
and phosphate (PO4). Water samples submitted for conventional water parameters (general 
chemistry) will be tested for alkalinity, pH, chloride, total suspended solids (TSS), total solids, 
dissolved solids, turbidity, dissolved organic carbon (DOC), total organic carbon (TOC), and 
standard metals. The constituents to be sampled are listed in Table 5. 
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Table 5 Monitoring Constituents 

Analyte Method of Analysis Detection Limits 

NH3
+ SM 4500-NH3-H 0.02 mg/l 

NO3 SM 4500-NO3-F 0.02 mg/l 

NO2 SM 4500-NO3-F 0.01 mg/l 

TKN EPA 351.3 0.1 mg/l 

TP EPA 365.4 0.06 mg/l 

PO4 SM 4500-P-F 0.01 mg/l 

TSS EPA 160.2 0.5 mg/l 

Turbidity n/a 0.01 NTU 

3.4 Continuous Flow Monitoring 

Accurate assessment of flow is crucial to pollutant loads assessments and analysis. 
Continuous flow data will be collected as part of this sampling effort for all nine sampling 
locations. The primary benefit of these continuous monitoring sites is the ability to gauge the 
increase in flow due to a storm event and apply concentration data to calculate pollutant 
loading.  

Global Water’s FL16 Water Flow Logger will be used for flow data collection. The FL16 
Water Flow Loggers will record over 81,000 depth, temperature, water flow and velocity 
readings in the drainage pipes. The specially engineered, non-fouling water level sensor 
works in depths as little as ½ inch and allows for deployment in manholes and other difficult 
to access areas without the need to enter the confined space.  

FL16 Water Flow Recorder’s user-friendly Windows-based software is tailored specifically for 
calculating water flows in partially filled sewer and drainage pipes using the Manning’s 
Equation, with pull-down menus for selecting and entering the necessary information. The 
Water Flow Recorder software has a unique calibration feature which allows users to view 
calculated water velocity, compare this to actual measured data, and adjust the water flow 
parameters to calibrate for the water flow conditions of a specific application. 

The flow measuring systems will be calibrated before data collection begins and that these 
will be re-calibrated monthly. 

3.5 The Sampling Team 

Grab samples from the nine sampling locations will be collected by a contract lab retained by 
the City. Pre-labeled sample bottles will be provided by the certified laboratory that will be 
conducting the analyses. The Sampling Team will be responsible for ensuring that all 
required equipment is ready for field operation. They are also responsible for performing the 
entire field sampling activities and most of the sampling preparation. Any member of the 
Sampling Team may recommend canceling sampling if the predicted conditions do not 
materialize or if health or safety of the team could be imperiled due to site conditions or 
extreme weather. 
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4.0 SAMPLE COLLECTION PROCEDURES 

This section describes the sampling procedures, record keeping, sample handling, storage, 
and field quality control procedures that will be used during stormwater sampling. 

4.1 Preparation for conducting the sampling 

Several things will be done to prepare to conduct stormwater sampling. First, the laboratory 
to analyze the samples will be contacted. The following information will be sought from the 
lab: 

 Type and size of bottles needed 

 Procedures to filling the bottles 

 Sample volume requirements 

 Labels or additional forms required 

 Explanation of the chain of custody form 

 Sample preservation requirements and/or holding time restrictions 

 Means of sample delivery to the lab 

 Overnight delivery requirements 

 Costs 

Once a lab has been selected the sampling equipment (sampling bottles from a lab, 
sampling instruments, and personal safety equipment) will be made ready, as well as the 
field sheet to document the required information. Table 6 lists constituents and sample 
container requirements. 

Field personnel will complete a field condition data sheet. The following items will be listed on 
the field sampling sheet and included in the stormwater discharge monitoring report: 

 Person who conducted the sampling  

 Date and time of discharge  

 Length of storm event  

 Time between sampled storm event and previous storm event (at least 72 hrs)  

 Total rainfall during storm event 

 Photo documentation 

A field data sheet is attached as Appendix B. 

4.1.1 Sampling Equipment 
Monitoring equipment will be gathered ahead of time because opportunities to sample during 
rainfall events often come with little advanced notice. The following equipments will be 
required for the sampling efforts: 

 Field forms 

 Waterproof pens 

 Permanent markers 
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 Powder-free nitrile gloves 

 Clear glass jar for visual examinations 

 Sample containers 

 Sample preservatives 

 Sample container labels 

 COC forms 

 COC seals 

 Ice chests 

 Ice 

 Foul-weather gear 

 Manhole sampler 

 

Table 6  Monitoring Constituents and Sample Container Requirements 

Analyte Container Volume Preservation Holding Time 

NH3
+ Plastic 50 ml ≤ 6°C H2SO4 PH < 2 28 days 

NO3 Plastic 50 ml ≤ 6°C, H2SO4 PH <2 48 hours 

NO2 Plastic 50 ml ≤ 6°C, H2SO4 PH <2 48 hours 

TKN Plastic 50 ml ≤ 6°C, H2SO4 PH <2 28 days 

TP Plastic 50 ml ≤ 6°C, H2SO4 PH <2 28 days 

PO4 Plastic 50 ml ≤ 6°C 48 hours 

TSS Plastic 200 ml ≤ 6°C 7 days 

4.2 Sampling Method 

Water samples will be collected from storm sewer manhole and outfall sites. All samples will 
be collected as individual grabs. Samples will be collected directly into sample containers or 
with a laboratory-supplied container attached to a pole with duct tape or other means. 
Sampling containers will be held with container openings facing upstream to prevent 
contamination during sampling. Field personnel will wear powder-free nitrile disposable 
gloves. Each sample will be given a field identification, tagged, and kept cool at 4 degrees C. 
Chain-of-custody (COC) procedures will be observed and samples delivered to the 
laboratory within the allowable holding times for each parameter.  

It is assumed that sampling locations will have well-mixed conditions so that single grabs are 
representative of water quality. Field personnel will record the degree of turbulence or 
quiescence as well as the dimensions of the conveyance sampled and/or a description of 
water flowing in the conveyance. Field personnel will also record the date and time of sample 
collection and the flow rate. 
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Sampling containers for direct grabs (either by hand or with pole attached to laboratory 
supplied container) will be pre-cleaned by the laboratory. It will be made certain that if a 
sample is transferred (either for collection purposes or to form grab-composite samples), that 
only laboratory-supplied containers are permitted to come in contact with the sample. 

4.3 Personal Safety 

A Health and Safety Plan approved by the contract lab will be reviewed by the all field 
personnel before the sampling operations covered in this monitoring plan begin. Personal 
safety will be of primary concern while conducting all stormwater sampling related activities. 
All persons involved in the sampling operation will be made aware of the hazards associated 
with monitoring and should freely voice any concerns if potential hazards become apparent. 
The Occupational Safety and Health Administration (OSHA) provides regulations and 
guidance on occupational safety, many of which are directly applicable to the types of 
activities involved in stormwater monitoring. It is the direct responsibility of each person 
involved in the monitoring program to read the Health and Safety Plan and adhere to its 
requirements. The following list provides a few basic health and safety procedures that will 
help to create a safer sampling environment. 

 Do not sample alone, a minimum of two-person field crews will be used for 
stormwater sampling. 

 Do not enter a confined space without proper training, equipment, and surface 
support. 

 Never remove or replace manhole covers with your bare hands or feet. 

 Never leave an open manhole unattended. 

 Do not start staging or sampling until traffic control has been established. 

4.4 Clean Sampling Techniques 

Clean sample collection techniques will be followed to minimize the potential for 
contamination of stormwater runoff samples. Care will be taken during all sampling 
operations to avoid contamination of the water samples by human, atmospheric, or other 
potential sources of contamination. The monitoring team should prevent contamination of 
any of the following items: composite bottles, lids, sample, tubing, and strainers.  

4.5 Sample Packing and Shipping 

Monitoring personnel will deliver the samples to the laboratory. Sample bottles will be placed 
in coolers or some other package that is rigid enough to provide protection of the samples 
and is insulated to keep samples cold. During packing, the sample from one monitoring 
location will not be separated into separate shipping containers unless bottles of one size 
need to be shipped together because of container size. If samples from a location are 
separated a copy of the field-sampling sheet pertaining to the bottles will be enclosed in each 
shipping container. Prior to shipping, all sample bottles will be recorded on the packing lists, 
which will include the shipping date and the method of transporting the samples. Samples 
will be delivered to the analytical laboratory within 4 hours of sampling to ensure the 
maximum holding time for bacteria of 6 hours is not exceeded. 
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4.6 Chain of Custody 

After samples have been obtained and the collection procedures properly documented, a 
written record of the COC of each sample will be made. This record ensures that samples 
will not be tampered with or inadvertently compromised in any way, and it also tracks the 
requested analysis for the analytical laboratory. COC refers to the documented account of 
changes in possession that occur for samples.  

The COC record tracks the sampling path from origin through laboratory analysis. 
Information necessary in the COC includes: 

 Name of the persons collecting the sample(s). 

 Date and time of sample collection. 

 Location of sample collection. 

 Names and signatures of all persons handling the samples in the field and in the 
laboratory. 

 Laboratory analysis requested and control information (e.g., duplicate or spiked 
samples etc.) and any special instructions (e.g., time sensitive analyses). 

To ensure that all necessary information is documented a COC form will accompany each 
sample or set of samples. COC forms will be printed on multipart carbonless paper so that all 
personnel handling the samples may obtain a copy. A COC record should accompany all 
sample shipments and the sample originator will retain a copy of the forms. When 
transferring custody of samples the transferee will sign and record the date and time of each 
transfer. Each person who takes custody will complete the appropriate portion of the chain of 
custody documentation. A sample COC form to be used for this field sampling is attached as 
Appendix C. 

5.0 QUALITY ASSURANCE AND QUALITY CONTROL 

5.1 Data Quality Objective 

The quality assurance/quality control (QA/QC) program will be implemented to satisfy the 
data quality objectives of the monitoring program. The primary data quality objectives are to 
obtain defensible data of acceptable sensitivity and quality to: 

 Evaluate the stormwater management program. 

 Evaluate stormwater quality. 

 Evaluate of BMP as corrective measure. 

The analytical laboratory selected for this study will evaluate the accuracy of its sample 
extraction and/or analytical procedures using spiked samples, which may include matrix 
spikes (MS), laboratory control samples (LCS) and surrogate spikes. Acceptable spike 
recoveries must fall within statistically derived laboratory “control limits.” Precision is the 
agreement among a set a replicate measurements of the same parameter. The analytical 
laboratory will evaluate precision by performing matrix spike duplicate (MSD), laboratory 
control sample duplicate (LCSD) and duplicate stormwater sample analyses (typically 
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performed for inorganic parameters only). The data quality objectives also include obtaining 
data that are comparable and representative of the water quality conditions at each 
monitoring location. Comparable data will be collected if comparable sampling, analysis, 
QA/QC and reporting procedures are implemented throughout the monitoring program. 
Representative samples will be collected by performing sampling activities compliant with the 
procedures described in this monitoring plan. Duplicate samples will be collected and the 
results will be used to evaluate representativeness. Comparability expresses the confidence 
with which one data set can be compared to another. Data are comparable if collection 
techniques, measurement procedures, methods, and reporting are equivalent for the 
samples within a sample set. Data quality assurance objectives are summarized in Table 7. 
 

Table 7 Quality Assurance Objective 

Analyte Units Precision Accuracy Reporting 
Limit 

Completeness

NH3
+ mg/l ±20% ±30% 0.10 mg/l 90% 

NO3 mg/l ±20% ±30% 0.1 mg/l 90% 

NO2 mg/l ±20% ±30% 0.1 mg/l 90% 

TKN mg/l ±20% ±30% 0.1 mg/l 90% 

TP mg/l ±20% ±30% 0.1 mg/l 90% 

PO4 mg/l ±20% ±30% 0.025 mg/l 90% 

TSS mg/l ±20% ±30% 1 mg/l 90% 

5.1.1 Field Quality Control Samples 
Field quality control samples will be collected at a 10% frequency in order to provide quality 
performance information for the sampling program. One in ten samples submitted for 
analysis will be one of three field QC sample types: field blank; field duplicate; and/or 
performance evaluation blank. Table 8 lists the quality performance goals that each of the 
three types of field QC sample types is intended to address. 
 
Table 8 Field Quality Control Sample Types 

Quality Performance Goal Field Blank Field Duplicate 
Performance 

Evaluation Blank 

Minimize false positive results X  X 

Sample bottles free of 
contamination 

X   

No contamination introduced by 
sampling process 

X   

Measurement error attributable to 
sample inhomogeneity 

 X  
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5.2 Field Quality Assurance/Quality Control  

This section summarizes the QA/QC procedures that will be implemented by field personnel 
to evaluate sample contamination, sampling precision, and matrix interference. 

5.2.1 Equipment Blanks 

After the intermediate sample container or scoop is cleaned, an equipment blank will be 
collected by pouring reagent-grade water into the apparatus. The water will be transferred 
into sample bottles and analyzed for the full analytical suite. 

5.2.2 Field Duplicate Samples 

Field duplicate samples will be collected to evaluate the precision and representativeness of 
the sample collection procedures as well as sample homogeneity. The duplicate sample will 
be collected using the specified manual grab sampling techniques. Twice the volume 
required for the analytical suite will be collected with each duplicate sample. For grab 
samples, intermediate sample containers will be used, and the volume collected will be 
apportioned equally between the intermediate containers. The water in each intermediate 
container will be poured into a discrete set of sample bottles. One set of bottles will be 
labeled with fictitious sample identification and submitted “blind” to the laboratory. 

5.2.3 Matrix Spike Samples 

MS and MSD analyses will be performed by the laboratory using project samples. Field 
crews will submit twice the required sample volume for the sample selected as the matrix 
spike sample. Field personnel will identify the MS/MSD sample on the COC form. 

5.3 Laboratory Quality Control 

This sub-section summarizes the QC procedures the laboratory will perform and report with 
the analytical data packages. These procedures are not inclusive of the QA/QC that is 
required for compliance with the analytical method.  

5.3.1 Method Blanks 

A method blank is prepared using reagent-grade water, and is extracted and analyzed with 
each sample batch (typically 20 samples extracted and/or analyzed on a given day). Method 
blank results are used to identify potential sources of sample contamination resulting from 
laboratory procedures. Target analytes should not be detected in the method blank above 
the practical quantitative limit. 

5.3.2 Matrix Spike and Laboratory Control Samples 

MS, MSDs, LCS, and LCSDs will be performed by the laboratory to evaluate the accuracy of 
the sample extraction and analysis procedures. MS/MSDs will also be performed to evaluate 
matrix interference. Matrix interference is the effect of the sample matrix on the analysis, 
which may partially or completely mask the response of the analytical instrumentation to the 
target analyte(s). Matrix interference may affect the accuracy of the extraction and/or 
analysis procedures to varying degrees, and may bias the sample results high or low. The 
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MS/MSD is prepared by adding known quantities of target analytes to a sample. The sample 
is then extracted and/or analyzed as a typical environmental sample, and the results are 
reported as percent recovery. 

6.0 DATA MANAGEMENT AND REPORTING 

The sampling results will be reported by the laboratory as hard copy and as electronic files. 
Hard copy data will be entered into an electronic format, and checked at least once by a 
different person. Electronic submittal of results will be discussed with the analytical laboratory 
in advance of delivery and its format arranged. A separate record will be generated for each 
sample analysis. 

In addition, the key information such as station ID, sample date and time, name of sampler, 
name of constituent, all results, units, detection limits, methods used, name of the laboratory, 
and any field notes will be entered into the database. Additional information, such as 
compositing of multiple samples, or the use of grab will also be included.  

When reporting the laboratory results for each stormwater sample the following information 
will be provided: 

 Sample site. 

 Sample date and time. 

 Sample number (or identification). 

 Sampling technician(s). 

 Detection limit and reliability limit of analytical procedure(s). 

 Sample results with clearly specified units. 

The results of all samples collected under this plan will be submitted to Regional Board in a 
monitoring report. Monitoring report will include: 

 Introduction and background information  

 Documentation and summary of each sampling event, including photos 

 Electronic copies of field conditions data sheets 

 Summary discussion of results 

 Tabular results of all samples, including quality assurance quality control samples, in 
electronic format, (Excel) 

 Evaluation data quality based on QAPP requirements. 
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Photo caption: Paine Falls (on Paine Creek) in Lake County. 
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Abbreviations and Acronyms 
ACSI Appalachian Clean Streams Initiative 
ALD anoxic limestone drain 
ALU aquatic life use 
AMD acid mine drainage 
AMDAT Acid Mine Drainage Abatement and Treatment 
AML Abandoned Mine Land 
BMP best management practice 
Corps  U.S. Army Corps of Engineers 
CREP Conservation Reserve Enhancement Program 
CRP Conservation Reserve Program 
CSO combined sewer overflow 
CWH coldwater habitat 
DMR discharge monitoring report 
DMRM Division of Mineral Resource Management 
DO dissolved oxygen 
EOLP Erie/Ontario Drift and Lake Plain ecoregion 
EPA Environmental Protection Agency (Ohio or U.S.) 
EQIP Environmental Quality Incentives Program 
EWH exceptional warmwater habitat 
FSA Farm Service Agency 
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HUC hydrologic unit code 
IBI Index of Biotic Integrity 
ICI Invertebrate Community Index 
LA load allocation 
LEAP Livestock Environmental Assurance Program 
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OSM U.S. Office of Surface Mining 
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QHEI Qualitative Habitat Evaluation Index 
RM river mile 
SSH seasonal Salmonid habitat 
STEPL Spreadsheet Tool for Estimating Pollutant Loading 
SUSTAIN System for Urban Storm water Treatment and Analysis INtegration 
TMDL total maximum daily load 
TSD technical support document 
TSS total suspended solids 
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Units of Measure 
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Executive Summary 
 
The lower Grand River watershed is located in northeast 
Ohio and drains to Lake Erie near Painesville, Ohio. This 
287 square mile watershed area is home to more than 
110,000 people and encompasses all or part of seven 
municipalities in Lake, Ashtabula and Geauga counties. The 
watershed is primarily forested and agricultural with 16 
percent being developed.  The developed area is 
concentrated in the western portion of the watershed, while 
the eastern portion is rural. 
 
The geology in the area dictates that flow in the Grand River 
is fed primarily by rainfall and snow melt, with very little 
base flow. Consequently, discharge becomes quite small in 
the summer, so the river is sustained by the many coldwater 
tributaries that continually discharge ground water into the 
river. Those coldwater tributaries and other sources of base 
flow are essential to the overall health of the Grand River. 
 
In 2003 and 2004, Ohio EPA sampled 56 sites on streams in 
this watershed. Data collected related to water and sediment 
quality, aquatic biological communities, and habitat. Ohio‘s water quality standards were compared with 
these data to determine if quality criteria for various designated beneficial uses are being met. 
 
Overall the watershed met criteria for recreation uses at 32% of sites sampled and 77% for aquatic life 
uses. The causes of impairments included pollutants associated with urban storm water, habitat alteration, 
Escherichia coli (E. coli) bacteria and natural causes. Sources of these stressors include urban 
development and storm water, failing home sewage treatment systems and agriculture for E. coli, and 
natural sources. 
 
Total maximum daily loads (TMDLs) have been developed for pollutants and stressors that impair 
beneficial uses and preclude attainment of applicable water quality standards. Specific TMDLs address 

total phosphorus, E. coli bacteria and flow regime. 
 
The water quality impairments in the lower part of 
the Grand River watershed can be corrected through a 
variety of actions. The impact of development can be 
lessened by retaining storm water on-site or allowing 
it to infiltrate the ground and by adopting better site 
design practices. Agricultural practices that minimize 
runoff from fields would reduce both sediment and 
nutrient impacts. Inspecting home sewage treatment 
sysems and replacing or repairing failing systems 
would reduce bacteria. Finally, future permits for 
some point sources should include lower effluent 
limits for E. coli and monitoring requirements for 
total phosphorus. Grand River at the boundary between Ashtabula 

and Lake counties. 

State wide map of the lower Grand River 
watershed with the TMDL project area 
highlighted. 
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1. Introduction 
The Grand River watershed is in northeastern Ohio and drains to Lake Erie, encompassing approximately 
705 square miles (ODNR 2001). The Grand River watershed was subdivided into two study areas for ease 
of study and reporting—the upper and lower watersheds. This TMDL addresses the lower portion of the 
watershed, as presented in Figure 1-1, encompassing 287 square miles. 
 
The lower Grand River watershed consists of two 10-digit hydrologic units: Griggs Creek – Mill Creek 
(04110004 04) and Big Creek – Grand River (04110004 06). In 2003 and 2004, the Ohio Environmental 
Protection Agency (Ohio EPA) evaluated the biological health and water quality of the lower Grand River 
watershed (see Ohio EPA 2006a). The results of that survey show that the Grand River and its tributaries 
continue to harbor a rich and diverse biological assemblage containing many rare and threatened species, 
and several state endangered species (Ohio EPA 2006a). However, the results also indicate that some 
waterbody segments are in partial attainment or non-attainment of the warmwater habitat (WWH), 
exceptional warmwater habitat (EWH), and coldwater habitat (CWH) designated aquatic life uses (ALU). 
Additionally, several segments do not support the recreation use designations. Table 1-1 presents the 
designated uses of all assessed streams in the lower Grand River watershed. Watershed assessment units 
(WAUs; equivalent to 12-digit hydrologic unit code [HUCs]) as identified on Figure 1-1 were further 
evaluated by Ohio EPA for priority. Priority points ranged from 4 to 11 on a 12-point scale for WAUs in 
the lower Grand River watershed.  
 

 
Figure 1-1. Lower Grand River watershed. 
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Table 1-1. ALU designations in the lower Grand River watershed 

Stream name a ALU designation 

Grand River Fobes Rd to State Route 2: EWH 
State Route 2 to mouth: WWH 

Red Creek WWH / SSH 

Big Creek Headwaters to Girdled Rd.: WWH 
Girdled Rd. to mouth: WWH / SSH 

Kellogg Creek WWH / SSH 
Ellison Creek WWH / SSH 

Jordan Creek CWH 
East Creek CWH 
Aylworth Creek CWH 
Jenks Creek CWH 
Cutts Creek CWH 

Paine Creek Headwaters to Paine Falls: WWH 
Paine Falls to mouth: EWH / SSH 

Bates Creek Warmwater Habitat 
Phelps Creek EWH and CWH 
Unnamed tributary to Paine Creek 
(RM 7.2) EWH and CWH 

Talcott Creek CWH 
Griswold Creek WWH 

Mill Creek Headwaters to Doty Road: CWH / SSH 
Doty Road to mouth: WWH / SSH 

Unnamed tributary to Mill Creek 
(RM 4.3) CWH 

Coffee Creek WWH 
Center Creek WWH 
Mill Creek WWH 

Cemetery Creek WWH 
Griggs Creek WWH 
Askue Run WWH 
Peters Creek WWH 

CWH = coldwater habitat; EWH = exceptional warmwater habitat; RM = rive mile; SSH = seasonal Salmonid habitat;  
WWH = warmwater habitat. 
a Indentations of stream names indicate the streams are tributaries to larger streams above their name (less indented). 
 
The Clean Water Act and U.S. Environmental Protection Agency (U.S. EPA) regulations require that 
states develop total maximum daily loads (TMDLs) for waters that are included on the section 303(d) 
lists. The TMDL and water quality restoration planning process involves several steps including 
watershed characterization, target identification, source assessment, and allocation of loads. The pollutant 
load is allocated among all sources in the watershed and voluntary (for nonpoint sources) and regulatory 
(for point sources) control measures are identified for attaining the source allocations. An implementation 
plan is also typically established to ensure that the control measures are effective at restoring water 
quality and all designated water uses. 
 
The overall goals and objectives in developing the lower Grand River watershed TMDLs were as follows: 

 Assess the water quality within the lower Grand River watershed and identify key issues 
associated with the impairments and potential pollutant sources. 

 Use the best available science and available data to determine flow and water quality 
conditions that will result in all streams fully supporting their designated uses. 

 Prepare a final TMDL report that meets the requirements of the Clean Water Act and 
provides information to the stakeholders that can be used to facilitate implementation 
activities and improve water quality. 

The results of the TMDL process for the lower Grand River watershed are documented in this report.   
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2. Water Quality Standards and Impairments 
This section presents a summary of the applicable water quality standards for waters in the lower Grand 
River watershed (Table 2-1). A summary of the waterbody impairments is also presented. For the water 
quality standards for Ohio, see OAC-3745-1, and for a full analysis of the impairments, see the Biological 
and Water Quality Study of the Grand River Basin 2003 - 2004, Hydrologic Units 04110004 050 and 
04110004 060 (Ohio EPA 2006a). Ohio EPA also completed a study in the upper Grand River: Biological 
and Water Quality Study of the Upper Grand River (Hydrologic Units 04110004 010, 04110004 020, 
04110004 030, and 04110004 040) (Ohio EPA 2009). Ohio EPA is in the process of revising the water 
quality standards, thus the both of Ohio EPA‘s Grand River studies (Ohio EPA 2006a, 2009) and other 
documents published before this TMDL report might have used standards that are no longer in effect. 
 
Table 2-1. Ohio water quality standards 

Component Description 
Designated Use Designated use reflects how the water can potentially be used by humans and how well 

it supports a biological community. Every water in Ohio has a designated use or uses; 
however, not all uses apply to all waters (i.e., they are waterbody specific)a. 

Numeric Criteria Chemical criteria represent the concentration of a pollutant that can be in the water and 
still protect the designated use of the waterbody. 
Biological criteria indicate the health of the in-stream biological community by using one 
of three indices: 

 Index of Biotic Integrity (IBI) (measures fish health). 
 Modified Index of well being (MIwb) (measures fish health). 
 Invertebrate Community Index (ICI) (measures benthic macroinvertebrate 

health). 
Narrative Criteria These are the general water quality criteria that apply to all surface waters. These 

criteria state that all waters must be free from sludge; floating debris; oil and scum; 
color- and odor-producing materials; substances that are harmful to human, animal or 
aquatic life; and nutrients in concentrations that may cause algal blooms. 

Antidegradation Policy This policy establishes situations under which Ohio EPA may allow new or increased 
discharges of pollutants, and requires those seeking to discharge additional pollutants 
to demonstrate an important social or economic need. Refer to 
<http://epa.ohio.gov/dsw/wqs/index.aspx> for more information. 

a. According to OAC 3745-1-07(A)(1) each waterbody is assigned a designated use. Any streams in Ohio that are undesignated still 
must attain the chemical criteria associated with the Warm Water Habitat designation. There is no similar protection for recreational 
use. 
 

2.1. Numeric Criteria 
Numeric criteria are based on concentrations of chemicals and degree of aquatic life toxicity allowable in 
a waterbody without adversely affecting its beneficial uses. They consist of biological criteria, chemical 
criteria, and whole effluent toxicity levels. The criteria applicable to the lower Grand River that are 
pertinent to the TMDL project are presented in the following sections. 

2.1.1. Biological Criteria 
The biological water quality criteria (also referred to as biocriteria) in Ohio are numeric and vary by ALU 
designation and Level III Ecoregion. ALU designations in Ohio include CWH, EWH, seasonal salmonid 
habitat (SSH), WWH, modified warmwater habitat (MWH), and limited resource waters (LRW). The 
ability of a waterbody to meet its ALU designation is based primarily on the scores it receives on three 
community indices, as applicable: the Index of Biological Integrity (IBI), the Modified Index of Well-
being (MIwb), and the Invertebrate Community Index (ICI). The IBI and MIwb are based on the 
composition of the fish community, and the ICI is based on the composition of the macroinvertebrate 
community. 
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Waters of concern in the lower Grand watershed are of varying size and are designated SSH, EWH, 
WWH, and CWH.1 Table 2-2 presents a summary of the biocriteria for the protection of aquatic life in the 
Erie/Ontario Drift and Lake Plain (EOLP) ecoregion, which varies by ALU designation and stream size. 
Note that the numeric biological criteria are not applicable to streams designated as CWH. CWH 
attainment is determined by evaluating the presence and quality of coldwater fish (e.g., mottled sculpin, 
brook stickleback, redside dace), additional fish species (e.g., longnose dace, American brook lamprey, 
central mudminnow), and coldwater macroinvertebrates. 
 
Table 2-2. Biocriteria for EOLP 

Index Size WWH EWH 
IBI Boat 40 48 

Wading 38 50 
Headwaters 40 50 

MIwb Boat 8.7 9.6 
Wading 7.9 9.4 

ICI All a 34 46 
Notes 

Based on Table 7-15 of OAC-3745-1-07. 
EWH = exceptional warmwater habitat; IBI = Index of Biotic Integrity; ICI = Invertebrate Community Index; MIwb = Modified Index of 
Well-being; WWH = warmwater habitat. 
a. ICI scoring using the modified Hester-Dendy artificial substrate samplers. See Table 7-15 of OAC-3745-1-07. 
 
In addition to the ALU designations, Ohio designates SSH. Waterbodies with that designation are 
―capable of supporting the passage of salmonids from October to May and are waterbodies large enough 
to support recreational fishing‖ (OAC-3745-1-07(B)(1)(e)). In the Grand River, the following waterbodies 
are designated SSH (OAC-3745-1-10 Table 10-1): 

 Big Creek (Girdled Road to mouth) 
 Ellison Creek 
 Grand River (Harpersfield Dam to State Route 2) 
 Kellogg Creek 
 Mill Creek (HUC 04110004 06 02) 
 Paine Creek (Paine Falls to mouth) 
 Red Creek 

 

2.1.2.  Chemical Criteria 
Ohio has numeric criteria for parameters pertinent to the lower Grand River watershed impairments 
including E. coli, dissolved oxygen, temperature, and several metals. 
 

E. coli 
Ohio has numeric water quality criteria for E. coli that are applicable during the recreation season only: 
May 1 through October 31, as defined in OAC-3745-1-07(4); for a summary of OAC-3745-1-07, Table 7-
13, see Table 2-3. 
  

                                                      
 
1 Designated uses for the Grand River basin are presented in OAC-3745-1-10. 
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Table 2-3. E. coli standards for Ohio  

Recreation use 

E. coli 
(counts/100 mL) 

Seasonal geometric mean Single sample maximum a 
Bathing 126 235 b 
PCR – Class A 126 298 
PCR – Class B 161 523 
PCR – Class C 206 940 
SCR 1,030 1,030 
Notes 

Based on Table 7-13 of OAC-3745-1-07. 
PCR = primary contact recreation; SCR = secondary contact recreation 
a. Except as noted in footnote b, those criteria must not be exceeded in more than 10 percent of the samples taken during any 30-
day period. 
b. This criterion will be used for issuing beach and bathing water advisories. 
 
The E. coli standards vary by recreation use designation. In the lower Grand River watershed, all waters 
of concern are designated Primary Contact Recreation (PCR) as Class A or Class B. PCR Class A waters 
―support, or potentially support, frequent primary contact recreation activities;‖ whereas, PCR Class B 
waters ―support, or potentially support, occasional primary contact recreation activities‖ (OAC-3745-1-
07(B)(4)(b); emphases added). The seasonal geometric mean calculated from no less than five samples 
within a 30-day period must not exceed 126 E. coli counts per 100 milliliters (mL) for PCR Class A 
waters, and must not exceed 161 per 100 mL for PCR Class B waters. The single sample maximum is 
also presented in Table 2-3 but is not further discussed in this report because the single sample maximum 
is typically only used to determine use support at beaches, not for streams. 
 
The lower Grand River is designated PCR Class A while all of the tributaries to the lower Grand River 
are designated PCR Class B. To protect downstream uses, any NPDES-permitted facility or a TMDL 
located on a stream designated PCR Class B that is within 5 miles of the Grand River will be subject to 
the criteria from the Grand River‘s PCR Class A designated use (Ohio EPA 2010b). 

Dissolved Oxygen 
Ohio also has two numeric criteria for dissolved oxygen that vary by ALU designation. The outside 
mixing zone minima (OMZM) and outside mixing zone 24-hour averages (OMZA) for WWH, EWH, and 
CWH waters are presented in Table 2-4. 
 
Table 2-4. Dissolved oxygen standards for Ohio 

ALU 
designation 

Outside mixing zone minimum 
(mg/L) 

Outside mixing zone 24-hour average 
(mg/L) 

CWHa 6.0 7.0 
WWHb 4.0 5.0 
EWHc 5.0 6.0 
Notes 
mg/L = milligrams per liter 
a. OAC-3745-1-43(D)(4), Table 43-8 
b. OAC-3745-1-42, Table 42-1 
c. OAC-3745-1-43(D)(2)(b), Table 43-3 
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Temperature 
Ohio‘s numeric criteria for temperature are published in Table 7-14 in rule OAC-3745-1-07.  
Table 2-5 summarizes the temperature criteria applicable to WWH and EWH designated uses in the lower 
Grand River watershed, which is within the Lake Erie Basin. There are no numeric criteria for CWH 
streams. 
 
Table 2-5. Temperature standards for Ohio 

Dates 

Average Daily maximum 
Degrees 

Fahrenheit 
Degrees 
Celsius 

Degrees 
Fahrenheit 

Degrees 
Celsius 

January 1-31 44 6.7 49 9.4 
February 1-29 44 6.7 49 9.4 
March 1-15 48 8.9 53 11.7 
March 16-31 51 10.6 56 13.3 
April 1-15 54 12.2 61 16.1 
April 16-30 60 15.6 65 18.3 
May 1-15 60 17.8 69 20.6 
May 16-31 66 18.9 72 22.2 
June 1-15 72 22.2 76 24.4 
June 16-30 82 27.8 85 29.4 
July 1-31 82 27.8 85 29.4 
August 1-31 82 27.8 85 29.4 
September 1-15 82 27.8 85 29.4 
September 16-30 75 23.9 80 26.7 
October 1-15 67 19.4 72 22.2 
October 16-31 64 16.1 66 18.9 
November 1-30 54 12.2 59 15.0 
December 1-31 44 6.7 49 9.4 
Note: Based on Section G of Table 7-14 in rule OAC-3745-1-07. 
 

Metals 
The numeric criteria for metals vary by hardness and analysis methodology (e.g., total recoverable, 
dissolved). The different standards are applicable within the mixing zone and outside the mixing zone. 
Ohio‘s metal criteria are published in Table 7-1 and Table 7-9 of OAC-3745-1-07. The pertinent outside 
mixing zone maxima (OMZM) and outside mixing zone average (OMZA) criteria are summarized in 
Table 2-6. Metals numeric criteria for the protection of wildlife and agricultural water supplies are also 
presented in Table 2-6 for reference. 
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Table 2-6. Metal standards for Ohio 

Metal 
ALU OMZM 

(μg/L) 
ALU OMZA 

(μg/L) 
AWS OMZA  

(μg/L) 
Wildlife OMZA 

(μg/L) 
Arsenic 340 150 100 --- 

Cadmium  4.5 a 2.5 a 50 --- 

Chromium  1,800 a 86 a 100 --- 

Chromium, Hexavalent (dissolved) 16 11 -- --- 

Copper  14 a 9.3 a 500 --- 

Iron --- --- 5,000 --- 

Lead  120 a 6.4 a 100 --- 

Mercury 1.4 0.8 10 0.0013 
Nickel  470 a 52 a 200 --- 

Selenium -- 4.6 50 --- 

Zinc  120 a 120 a 25,000 --- 

Notes 
Based on Table 7-1,Table 7-9, and Table 7-12 of OAC-3745-1-07 and Table 33-2 of OAC-3745-1-33 
Criteria displayed are for total recoverable metals. 
ALU = aquatic life use; AWS = agricultural water supply; OMZA = outside mixing zone average; OMZM = outside mixing zone 

maximum. 
a. Criteria vary by hardness. The displayed criteria are for a sample with a hardness of 100 mg/L of calcium carbonate. 
 

2.2. Narrative Criteria and Guidance 
Narrative criteria are the general water quality criteria that apply to all surface waters. Those criteria, 
promulgated in OAC-3745-1-04, state that all waters must be free from: sludge, floating debris, oil and 
scum, color- and odor-producing materials, substances that are harmful to human, animal or aquatic life, 
and nutrients in concentrations that may cause algal blooms. 

2.2.1. Temperature 
Ohio‘s EWH and CWH criteria also include narrative temperature standards. A pertinent CWH criterion 
is in OAC-3745-1-43(D)(4) Table 43-8; the EWH and CWH criterion is in OAC-3745-1-07 Table 7-1. 
Both criteria state ―At no time shall the water temperature exceed the temperature which would occur if 
there were no temperature change attributable to human activities.‖ Figure 2-1 identifies the ALU 
designations of all streams in the lower Grand River watershed. 

2.2.2. Nutrients 
Ohio EPA does not have statewide numeric criteria for nutrients. TMDL targets are selected on the basis 
of evaluating reference stream data published in a technical report titled Association between Nutrients, 
Habitat, and the Aquatic Biota in Ohio Rivers and Streams (Ohio EPA 1999; hereafter referred to as the 
Associations document). The document identifies ranges of concentrations for nitrate plus nitrite nitrogen 
concentrations and total phosphorus concentrations on the basis of observed concentrations at all sampled 
ecoregional reference sites. Those reference stream concentrations will be used as TMDL targets; the total 
nitrate-nitrite and phosphorus targets are shown in Table 2-7. One of the methods that U.S. EPA 
recommends basing nutrient criteria on the 75th percentile of the frequency distribution of reference 
streams (U.S. EPA 2000). That method was used to set the TMDL nutrient targets. It is important to note 
that those nutrient targets are not codified in Ohio‘s water quality standards. 
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Table 2-7. Statewide suggested nutrient criteria for the protection of aquatic life  

Stream size 
Beneficial use 

WWH EWH 
Total phosphorus concentration (mg/L) a 
Headwaters  0.08 0.05 
Wading  0.10 0.05 
Small rivers  0.17 0.10 
Nitrate + nitrite concentrations (mg/L) b 
Headwaters  1.0 0.5 
Wading 1.0 0.5 
Small rivers  1.5 1.0 
Source: Ohio EPA 1999 
Notes 
mg/L = milligrams per liter 
Headwaters streams drain less than 20 square miles. Wading streams drain 20 to 200 square miles. Small rivers drain 200 to 1,000 

square miles. 
a. Statewide total phosphorus recommendations were generated by Ohio EPA (1999) with ANOVA analyses of pooled data across 

the state. 
b. Statewide nitrate plus nitrite recommendations were calculated by Ohio EPA (1999) as the 75th percentile of pooled reference 

stream data across the state. 
 

2.2.3. Sediment 
Using total suspended solids (TSS) as an indicator of sediment in streams is fairly common and has been 
used in numerous TMDL reports; however, TSS concentrations can be an underestimation of sediment 
loads because they account only for particles small enough to remain suspended in the water column. 
Larger particles, such as sand and coarser particles that might have the most influence on aquatic life and 
stream substrates, are often not included in TSS concentrations because they usually settle out of the 
water column. 
 
Ohio does not have water quality standards for TSS. However, Ohio EPA has calculated TSS statistics for 
reference sites throughout the EOLP ecoregion. Ohio EPA‘s evaluation of reference data include only 
data collected between June 15 and October 15 and data from high-flow events as noted by field 
personnel or as determined from U.S. Geological Survey (USGS) gages are excluded (Ohio EPA 1999, p. 
18). The 75th percentile statistics for reference sites (non-urban, unmodified) in the EOLP are (Ohio EPA 
1999, Appendix I, p. 24) as follows: 

 Headwaters: 25.0 mg/L 
 Wading: 21.0 mg/L 
 Small River: 18.5 mg/L 

2.2.4. Habitat 
The Qualitative Habitat Evaluation Index (QHEI) is a quantitative expression of a qualitative, visual 
assessment of habitat in free-flowing streams and was developed by Ohio EPA to assess available habitat 
for fish communities (Rankin 1989, 1995). The QHEI is a composite score of six physical habitat 
categories: 

 Substrate 
 In-stream cover 
 Channel morphology 
 Riparian zone and bank erosion 
 Pool/glide and riffle/run quality 
 Gradient 

 
Each of those categories is subdivided into specific attributes that are assigned a point value reflective of 
the attribute‘s impact on the aquatic life. Highest scores are assigned to the attributes correlated to streams 
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with high biological diversity and integrity and lower scores are progressively assigned to less desirable 
habitat features. A QHEI evaluation form2 is used by a trained evaluator while at the sampling location. 
Each of the components is evaluated on-site, recorded on the form, the score totaled, and the data later 
analyzed in an electronic database. 
 
The QHEI is a macro-scale approach that measures the emergent properties of habitat (sinuosity, 
pool/riffle development) rather than the individual factors that shape the properties (current velocity, 
depth, substrate size). The QHEI is used to evaluate the characteristics of a short stream segment, as 
opposed to the characteristics of a single sampling site. As such, individual sites could have poorer 
physical habitat because of a localized disturbance yet still support aquatic communities closely 
resembling those sampled at adjacent sites with better habitat, provided water quality conditions are 
similar. However, QHEI evaluations are segment specific and do not give a strong indication of the 
quality of the habitat in other stream segments. 
 
QHEI scores can range from 12 to 100. The appropriate QHEI target score was determined by statistical 
analysis of Ohio‘s statewide database of paired QHEI and IBI scores. Simple linear and exponential 
regressions and frequency analyses of combined and individual components of QHEI metrics in relation 
to the IBI were examined. The regressions indicate that the QHEI is significantly correlated with the IBI. 
QHEI scores greater than 75 generally indicate excellent stream habitat, scores between 60 and 75 
indicate good habitat quality, and scores less than 45 demonstrate habitat that is not conducive to WWH. 
Scores between 45 and 60 need separate evaluation by trained field staff to determine the potential ALU 
for the stream. 
 
Note that many streams with fauna indicative of the CWH ALU might not achieve QHEI scores 
indicative of suitable habitat for the WWH use. That is because many such streams, especially in the 
lower Grand River drainage, are high gradient, bedrock controlled streams that lack deep pools, multiple 
substrate types, or other cover features that add points in the QHEI scoring protocol. Therefore, 
judgments regarding habitat evaluations in those stream types should be made with that limitation in 
mind. 

2.2.5. Metals 
Iron and manganese do not have OMZM and OMZA standards; however, reference stream data are 
reported in the appendices of the Associations document (Ohio EPA 1999). The pertinent data from that 
document are presented in Table 2-8. 
 
Table 2-8. 75th percentile data for reference streams in the EOLP ecoregion 

Metal 
Headwaters 

(≤ 20 mi2) 
Wading 

(20–50 mi2) 
Small river 

(50–100 mi2) 
Iron (µg/L) 1,350 1,025 1,325 
Manganese (µg/L) 248.75 191.75 -- 
Based on Ohio EPA 1999. 
 
 

                                                      
 
2 The evaluation form is available at http://www.epa.ohio.gov/portals/35/documents/QHEIFieldSheet061606.pdf. 
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2.3. Impairments 
WAUs in the lower Grand River watershed are impaired for their ALU and recreation use designations. 
Six of the ten WAUs are impaired for their ALU designations. However, as determined by Ohio EPA 
during stream assessments for the 2010 Integrated Report, the ALU impairments in Griggs Creek, Bates 
Creek, Cemetery Creek at river mile (RM) 2.1 and Paine Creek are caused by natural limits associated 
with wetland influences in two WAUs (04 01 and 06 04) and TMDLs will not be prepared for those 
listings. Ohio EPA will pursue a reclassification and removal of Cemetery Creek at RM 1.2/1.3 from the 
2012 303(d) list given that aquatic life use impairment is caused by natural conditions and unknown 
toxicity.  A TMDL is not conducted to address natural causes of impairment.  Impairment caused by 
‗unknown toxicity‘ (e.g. residual chlorine) will not be addressed in this TMDL report. Seven of the ten 
WAUs are impaired for their recreation use, as is the lower Grand River‘s large river assessment unit 
(LRAU). Table 2-9Error! Reference source not found. summarizes the impairment causes and sources 
reported in Ohio‘s 2010 303(d) Integrated Water Quality Monitoring and Assessment Report (Ohio EPA 
2010a). 
 
Table 2-9. Lower Grand River watershed assessment units to be addressed by TMDLs 

Assessment 
unit a 

(04110004) Name 
Area 
(mi2) Causes 

Probable 
sources 

04 01 Griggs Creek 20.68 Natural limits (wetlands) Natural 
Bacteria  

04 02 Peters Creek – 
Mill Creek 

54.81 Siltation Channelization (agricultural) 
Bacteria  

04 03 Town of Jefferson 
– Mill Creek 

28.17 Bacteria  

06 01 Coffee Creek – 
Grand River 

22.01 Bacteria b  Failing septic systems, 
anthropogenic sources c 

06 02 Mill Creek 20.99 Bacteria  
06 04 Paine Creek 28.83 Natural limits Natural 

Bacteria  
06 06 Big Creek 50.42 Cause unknown 

Direct habitat alteration 
Pollutants associated with 
urban storm water d 

Urban runoff, storm sewers 
(nonpoint sources) 
Hydromodification – development 

Natural limits Natural 
Bacteria  

06 07 Red Creek – 
Grand River 

26.30 Flow alteration 
Pollutants associated with 
urban storm water d 

Urban runoff, storm sewers 
(nonpoint sources) 

Bacteria  
Large river 
assessment 
unit (LRAU) 

Grand River 41.28 
(length in 

miles) 

Bacteria  

Notes 

a. Ohio EPA switched from 11- and 14-digit hydrologic unit codes (HUCs) to 10- and 12-digit HUCs in 2009. Refer to Appendix A for 
a conversion chart. 

b. Coffee Creek is not listed as impaired in the 2010 Integrated Report. The assessment unit will be listed in the 2012 Integrated 
Report. 

c. The impacts of many of the failing septic systems were mitigated by extending sewer coverage from the Austinburg wastewater 
treatment plant and installing sewer lines in the unsewered area. 

d. The 303(d) list of impaired waters labels this cause of impairment as “unknown toxicity,” which typically includes polyaromatic 
hydrocarbons, metals and lawn chemicals. The “unknown” component is the ratio of effects and mixtures that causes the 
toxicity. The cause of impairment is discussed as “pollutants associated with urban storm water” throughout this report. 

 
Coffee Creek (04110004 06 01) has been added to the list of impaired waters because of the availability 
of Escherichia coli data collected during 2000 that Ohio EPA has determined to be representative of 
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current conditions. Coffee Creek has been historically impaired for fecal coliform, but because of a 
change in state water quality standards, it was omitted from the 2010 303(d) list. Coffee Creek will be 
added to the 2012 303(d) list as impaired for bacteria. Probable sources of bacteria to Coffee Creek were 
derived from Ohio EPA‘s Technical Support Document (TSD) Biological and Water Quality Study of the 
Grand River Basin 2003 - 2004, Hydrologic Units 04110004 050 and 04110004 060  (Ohio EPA 2006a). 
 
ALU impairments along Cemetery Creek in the Town of Jefferson – Mill Creek WAU (04110004 04 03) 
were evaluated during 2011 by Ohio EPA staff. Results of this evaluation indicated that the causes of 
impairment have changed since the 2010 list and include natural conditions and unknown toxicity due to 
residual chlorine. These changes will be pursued in Ohio EPAs 2012 303(d) list cycle.  TMDLs are not 
conducted for waters impaired by natural conditions and the unknown toxicity caused by residual chlorine 
will not be addressed by a TMDL in this report.  Thus this TMDL document does not address ALU 
impairments in the Cemetery Creek WAU. 

2.3.1. Aquatic Life Use 
Ohio EPA has identified ALU impairments in six of the ten WAUs in the lower Grand River watershed 
(Figure 2-1). All the assessment points on the Grand River (i.e., mainstem) are in full attainment for 
ALU; however, several tributaries to the Grand River contain assessment points that are in non-attainment 
or partial attainment of their ALU designations. Ohio EPA lists impairments by WAU but specifically 
identified eight impaired creeks (Red Creek, Kellogg Creek, Big Creek, Paine Creek, Bates Creek, 
Cemetery Creek, Griggs Creek, and Mill Creek [04110004 04 02]) in the Biological and Water Quality 
Study of the Grand River Basin 2003 - 2004, Hydrologic Units 04110004 050 and 04110004 060 (Ohio 
EPA 2006a); the ALU designations and assessment points are displayed in Figure 2-1. TMDLs will be 
completed to address ALU impairments on Red Creek at the mouth, Kellogg Creek at RM 3.3, Big Creek 
at RM 16.0, and Mill Creek (04110004 04 02) at RM 25.6. 
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Figure 2-1. Map of ALU designations and assessment points. 

 

2.3.2. Recreation Use 
Impairments to recreation use designations are determined by indicator species of pathogenic bacteria. In 
Ohio, the pathogenic indicator species is E. coli. For discussion of the E. coli standard, see Section 2.1.2. 
 
Ohio EPA identified bacteria impairments in 7 of the 10 WAUs and on 15 streams (Askue Run, Griggs 
Creek, Mill Creek (04 02), Peters Creek, Mill Creek (06 02), Unnamed Tributary to Mill Creek (06 02), 
Bates Creek, Paine Creek, Big Creek, Cutts Creek, East Creek, Ellison Creek, Jordan Creek, Kellogg 
Creek, and Red Creek). The Grand River LRAU is also impaired for bacteria at five assessed locations 
(G02G15, G02W18, G02G14, G02S13, and 502530). The recreation use designations and assessment 
points are displayed in Figure 2-2. Bacteria TMDLs will be completed for the following WAUs: 04 01, 04 
02, 04 03, 06 02, 06 04, and 06 06. Bacteria TMDLs will also be completed for the following streams at 
the designated stations: Grand River (G02G15, G02W18, G02G14, G02S13, and 502530), Coffee Creek 
(G02W03), and Red Creek (G02G21). 
 

RB-AR38790



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

13 
 

 
Figure 2-2. Map of recreation use designations and assessment points. 
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3. Watershed Characterization 

3.1. Watershed Description 
The WAUs that compose the lower Grand River watershed are in northeast Ohio in Ashtabula, Geauga, 
and Lake counties. Much of the western portion of the watershed is urban or suburban, while the eastern 
portion is rural. The upper Grand River watershed encompasses portions of Ashtabula, Geauga, Portage 
and Trumbull counties and joins the lower Grand River watershed just upstream of the confluence with 
Mill Creek in Ashtabula County. The upper Grand River watershed drains approximately 418 square 
miles and is predominately rural. The Grand River is designated a Wild and Scenic River. It is designated 
a Wild River from the Harpersfield Covered Bridge to the Norfolk and Western Railroad trestle south of 
Painesville and the Grand River and is designated a Scenic River from U.S. Route 322 in Ashtabula 
County to the Harpersfield Covered Bridge.3 The river is designated as an Outstanding State Water 
because of exceptional ecological values (OAC-3745-1-05). The Grand River and its assessed tributaries 
are also designated agricultural water supplies and industrial waters supplies. 
 
The lower Grand River watershed begins just upstream of the confluence with Mill Creek (04110004 04) 
in Ashtabula County. Upstream of that confluence, the Grand River watershed is referred to as the upper 
Grand River watershed. The lower portion of the Grand River travels approximately 41 miles from its 
confluence with Mill Creek in Ashtabula County to its mouth on Lake Erie in the village of Fairport 
Harbor. Six tributary areas flow to the mainstem of the Grand River in the lower watershed: 

 WAUs associated with the upper Grand River watershed 
 Mill Creek (04110004 04) 
 Coffee Creek and Center Creek 
 Paine Creek, Talcott Creek, Griswold Creek, and Mill Creek (04110004 06 02) 
 Big Creek 
 Red Creek 

 
The lower Grand River watershed can be described as two distinct sections defined as upstream and 
downstream of the Harpersfield Dam at RM 34.43 (Figure 3-1). The Harpersfield Dam also serves as a 
barrier to sea lamprey migration in the Grand River. 
 
The Grand River upstream of the Harpersfield Dam flows through the lacustrine deposits of a former 
glacial lake. The river is a classic swamp-wetland type stream with low gradient (< 1 foot per mile), fine 
sediments (typically small gravels to clay), and few riffles. Large woody debris, rootwads, rootmats, 
undercut banks and deep pools characterize the habitat. The fish fauna in this reach resembles a swamp-
stream association and commonly includes trout-perch, silver redhorse, sunfish and blackside darters. The 
wetland environment also provides spawning habitat for the Great Lakes muskellunge and northern pike. 
A native population of walleye also exists. 
 
Downstream from the Harpersfield Dam, the gradient increases and the river flows in a series of pools, 
glides, runs, and riffles through a shale gorge. Long stretches of shallow bedrock alternate with 
aggregations of glacial till to form glides and riffles, and deeper pools exist where the river erodes former 
depositional areas. The shale gorge is characterized by steep bluffs and regular flooding in the floodplain. 
Large tributaries including Big Creek and Paine Creek discharge into the Grand between the Harpersfield 
Dam and Lake Erie. This portion of the watershed is also influenced by the Snow Belt of northeastern 
Ohio, which regularly sees annual snowfall totals of more than 100 inches. 
                                                      
 
3 Ohio Department of Natural Resources designations refer to: http://ohiodnr.com/watercraft/sr/tabid/2559/Default.aspx 
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Figure 3-1. Political boundaries in the lower Grand River watershed. 

 
Flow in the Grand River is fed primarily by rainfall and snow melt, with very little base flow sustained by 
ground water because of the river‘s glacial and bedrock geology. Consequently, discharge becomes quite 
small in the summer (relative to drainage area) resulting in the Grand River and its tributaries having 
limited assimilative capacity. The Grand River is sustained by the many coldwater tributaries that 
continually discharge ground water into the river. Those coldwater tributaries and other sources of base 
flow are essential to the overall health of the Grand River. 
 
The Grand River is the only Ohio tributary to Lake Erie that harbors a self-sustaining population of Great 
Lakes Muskellunge (Ohio EPA 2006a). The watershed provides habitat for many species considered rare 
by the Ohio EPA or listed as threatened or endangered by Ohio Department of Natural Resources. 
 
The cities and villages in the lower Grand River watershed are presented in Figure 3-1, and county 
population statistics are presented in Table 3-1.Growth in population has occurred between 2000 and 
2010 in Lake and Geauga counties, and the population in Ashtabula County has decreased over that same 
period. Table 3-2 presents the population data for incorporated cities and villages in the lower Grand 
River watershed. The following four incorporated municipalities were not included in our population 
estimates because only small portions are in the lower Grand River watershed: the village of Kirtland 
Hills, village of Madison, village of Perry, and the city of Mentor. 
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Table 3-1. County population statistics 

County 2000 population 2010 population 
Percent difference between 2000 

and 2010 
Ashtabula 102,728 101,497 – 1.2 % 
Geauga 90,895 93,389 + 2.7 % 
Lake 227,511 230,041 + 1.1 % 
Source: USCB 2011. 
Note that a county might not be entirely contained within the lower Grand River watershed. 
 
Table 3-2. Populations of incorporated cities and villages in the lower Grand River watershed 

Name Type County 
2009 

population 
2000 

population 
1990 

population 
Chardon village Geauga 5,439 5,156 4,446 
Fairport Harbor village Lake 3,249 3,180 2,978 
Grand River village Lake 371 345 297 
Jefferson village Ashtabula 3,412 3,572 3,331 
Painesville city Lake 18,989 17,503 15,699 
Source: USCB 2011 
The 2009 population is an estimate; 2000 population and 1990 populations are from the censuses. At the time of publication, city-
level data from the 2010 Decennial Census were available only for cities with population of 25,000 or greater. 
Note that a city or village might not be entirely contained in the lower Grand River watershed. 
 

3.2. Land Use and Land Cover 
Land use land cover (LULC) data sets are widely available for most of the United States. National data 
sets, including the 1992 National Land Cover Dataset (NLCD) and 2001 NLCD (version 1.0), are 
routinely used by a variety of watershed models. Many states, and even some counties and municipalities, 
also have their own LULC data sets. 
 
The LULC data set that is used for analyses in this project is the 2001 NLCD Land Cover (version 1.0)4 
which is a raster data set with 30-meter by 30-meter grid cells, each identified as one of 21 land classes. 
The 2001 NLCD Percent Developed Impervious data were also used and are similarly 30 meter by 30 
meter raster grid cells. When this project began, the 2001 NLCD was the most recent data set that was 
available for the entire watershed at consistent accuracy and resolution. Similarly, 2001 NLCD Percent 
Developed Impervious (version 1.0) data that were generated with the 2001 NLCD Land Cover (version 
1.0) was the only impervious cover data set available across the entire watershed, in the same resolution 
at the same level of accuracy. 
 
The 2006 NLCD was published in 2011, and it was evaluated to determine if it was still appropriate to 
use the 2001 NLCD. While development has continued to occur in the watershed, a review of the 2001 
NLCD and 2006 NLCD in ALU impaired watersheds found that the land cover distribution and levels of 
impervious cover did not vary considerably between the 2001 NLCD and the 2006 NLCD. The 
impervious cover at impaired sites increased from less than 0.1 percent in the 2001 NLCD to 0.3 percent 
in the 2006 NLCD. The levels of impervious cover in the threatened watersheds that are being developed 
referred to in Ohio EPA‘s TSD (Ohio EPA 2006a) also increased: Cutts Creek, Ellison Creek, and Jordan 
Creek increased the most by 0.1, 0.8, and 1.2 percent, respectively. Additionally, the 2006 NLCD was 
published after modeling was completed for this TMDL project. 
                                                      
 
4 The 2001 NLCD Land Cover version 2.0, 2006 NLCD Land Cover, and 2006 Percent Developed Impervious were published in 2011. 
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For the purposes of the lower Grand TMDL, the 2001 NLCD Land Cover (version 1.0) and the NLCD 
Percent Developed Impervious (version 1.0) data are used. Those data are representative of the land cover 
near the time of Ohio EPA‘s assessment in the watershed. Additional data sets were available but were 
either older or less representative than the 2001 NLCD and were therefore unused. A summary of the 
2001 NLCD data for the lower Grand River watershed is presented in Table 3-3 and Figure 3-2. 
 
Table 3-3. Land cover for the lower Grand River watershed 

2001 NLCD (v. 1.0) classes 
Area 

(acres) 
Relative 

area 
Open Water 2,064 1% 
Developed, Open 15,581 8% 
Developed, Low 12,266 7% 
Developed, Medium 1,642 1% 
Developed, High 392 0% 
Barren Land 35 0% 
Deciduous Forest 80,042 43% 
Evergreen Forest 615 0% 
Mixed Forest 60 0% 
Shrub/Scrub 2,574 1% 
Grassland/Herbaceous 7,928 4% 
Pasture/Hay 15,607 8% 
Cultivated Crops 39,521 21% 
Woody Wetland 5,765 3% 
Emergent Herbaceous Wetland 41 0% 

Note: Percentages do not add to 100 because of rounding. 
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Figure 3-2. Land cover in the lower Grand River watershed (2001 NLCD Land Cover [version 1.0]). 

 

3.3. Soils and Geology 
The Grand River basin is contained within the EOLP ecoregion (Level III ecoregion 61; see Woods et al. 
2010). Portions of the lower Grand River watershed are in four, level IV ecoregions, which are displayed 
in Figure 3-3 and summarized in Table 3-4. The EOLP is defined by (Woods et al. 2010): 

 Low lime drift and lacustrine deposits that blanket the rolling to level terrain. 

 Soils that are often lower in carbonate and naturally less fertile than those of other glaciated 
ecoregions. 

 Lake Erie‘s influence substantially increases the growing season, winter cloudiness, and snowfall 
of the northernmost areas. 
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Figure 3-3. Level IV ecoregions in the Lower Grand River watershed. 
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Table 3-4. Summary of level IV ecoregions physiography and geology 

Level IV ecoregion Physiography Geology 
Erie Lake Plain 
 (#83a) 

Depositional lake plain with swales, beach 
ridges, and coastal cliffs that are prone to 
slumping. 

Wave-washed glacial till, lacustrine-beach 
deposits overlies mainly Devonian-age Ohio 
Shale. 

Mosquito Creek/ 
Pymatuning 
Lowlands (#61b) 

Glaciated. Level to rolling lake and glacial till 
plains with flat-bottomed valleys, end 
moraines, and wetlands. Low-gradient, 
sluggish streams with few riffles. 

Mostly late-Wisconsinan, clayey Hiram Till with 
some areas of alluvium and lacustrine 
material. Deposits overlie Paleozoic shale and 
sandstone. 

Low Lime Drift 
Plain (#61c) 

Glaciated. Rolling plains with low rounded 
hills, gentle slopes, and broad valleys; end 
moraines and outwash landforms occur 
locally. 

Mostly clayey-loamy late-Wisconsinan glacial 
till; also lacustrine and coarse outwash 
material. Deposits overlie Mississippian and 
Pennsylvanian shale and sandstone. 

Erie Gorges 
(#61d) 

Glaciated. Very dissected area of high relief, 
steep slopes, and rocky outcrops. Gorges 
occur along the Cuyahoga, Chagrin, and 
Grand rivers where erosion rates are high. 

Glacial drift and colluvium overlie Paleozoic 
conglomerate, sandstone, and shale. Cliffs 
form in Sharon Conglomerates of 
Pennsylvanian age. 

Source: Woods et al. 2010 
 
All four of the level IV ecoregions have soils with temperature and moisture regimes of mesic/udic and 
aquic (Woods et al. 2010). A summary of soil orders and common series are presented in Table 3-5. 
 
Table 3-5. Summary of level IV ecoregions soils 

Level IV ecoregion Order (great groups) Common soil series 
Erie Lake Plain 
(#83a) 

Mostly Alfisols (Hapludalfs); 
also Inceptisols (Epiaquepts) 

On beach ridges and glacial outwash: 
Conotton. On silty glacial till: Conneaut. On 
thin glacial till and lake deposits: Allis. 

Mosquito Creek/ 
Pymatuning 
Lowlands (#61b) 

Alfisols (Fragiaqualfs, Epiaqualfs, 
Hapludalfs) 

On lake deposits: Canadice, Canadea. On clay 
glacial till: Mahoning, Ellsworth, Geeburg. On 
silt glacial till: Sheffield, Platea. 

Low Lime Drift 
Plain (#61c) 

Alfisols (commonly Fragiudalfs, 
Fragiaqualfs; also Epiaqualfs) 

Mostly Mahoning, Canfield, Rittman; also, 
Bennington, in westernmost area. 

Erie Gorges 
(#61d) 

Mostly Alfisols (Hapludalfs, Fragiaqualfs, 
Epiaqualfs); 
also Inceptisols (Eutrochrepts) 

Mahoning, Ellsworth, and the clayey Geeburg 
on glacial till. Platea and Darien on less clayey 
glacial till. Chagrin on flood plains. 

Source: Woods et al. 2010 
 
The National Cooperative Soil Survey publishes soil surveys for each county within the United States. 
Soil surveys contain predictions of soil behavior and provide data related to different soil types, including 
the hydrologic soil groups (HSGs). HSG refers to the grouping of soils according to their runoff potential. 
Soil properties that influence HSGs include depth to seasonal high water table, infiltration rate and 
permeability after prolonged wetting, and depth to slow permeable layer. There are four HSGs: Groups A, 
B, C, and D (Table 3-6). 
  

RB-AR38798



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

21 
 

 

Table 3-6. Hydrologic Soil Group descriptions 

HSG Description 
A Sand, loamy sand or sandy loam types of soils. Low runoff potential and high infiltration rates 

even when thoroughly wetted. Consist chiefly of deep, well to excessively drained sands or 
gravels with a high rate of water transmission. 

B Silt loam or loam. Moderate infiltration rates when thoroughly wetted. Consist chiefly or 
moderately deep to deep, moderately well to well drained soils with moderately fine to 
moderately coarse textures. 

C Soils are sandy clay loam. Low infiltration rates when thoroughly wetted. Consist chiefly of soils 
with a layer that impedes downward movement of water and soils with moderately fine to fine 
structure. 

D Soils are clay loam, silty clay loam, sandy clay, silty clay or clay. Group D has the highest runoff 
potential. Low infiltration rates when thoroughly wetted. Consist chiefly of clay soils with a high 
swelling potential, soils with a permanent high water table, soils with a claypan or clay layer at or 
near the surface and shallow soils over nearly impervious material. 

A/D, B/D, C/D 
 

Dual HSGs. Certain wet soils are placed in group D based solely on the presence of a water 
table within 24 inches of the surface even though the saturated hydraulic conductivity might be 
favorable for water transmission. If the soils can be adequately drained, they are assigned to 
dual HGSs (A/D, B/D, and C/D) according to their saturated hydraulic conductivity and the water 
table depth when drained. The first letter applies to the drained condition and the second to the 
undrained condition. 

Source: Soil Data Viewer (NRCS 2010b) 
 
Using the soil surveys for each county (NRCS 2010a) and GIS, the HSG was analyzed using the Soil 
Data Viewer  (NRCS 2010b). Soils in the lower Grand River watershed are typically Group C/D and D 
(Table 3-7), composed of sandy clay loam soils, clay loams, and clays with a low infiltration rate. The 
protection of areas with high infiltration capacity (e.g., Group A soils) is important for maintaining 
hydrology and temperature regimes within the watershed. The majority of Group A soils are in the EOLP 
ecoregion (Figure 3-3). 
 

Table 3-7. HSGs in the lower Grand River watershed 

HSG 
Area 

(acres) 
Relative 

area 
not reported 6,240 3% 
A 5,453 3% 
A/D 953 1% 
B 358 0% 
B/D 14,598 8% 
C 16,877 9% 
C/D 92,547 50% 
D 47,110 26% 

Note: not reported includes soils underlying the Grand River, its tributaries, near-Lake Erie lacustrine area, and major roadways 
(including I-90, OH-2,  OH-11, and OH-44). 

 

3.4. Climate 
Climate data are available from the National Oceanic and Atmospheric Administration National Climatic 
Data Center; station 331458 is in Chardon and was used for analysis in this report. Data from 1946 to 
2006 were available at the time of report development. In general, the climate of the region is continental 
with hot, humid summers and cold winters. Table 3-8 contains historical temperature data collected at the 
Chardon climate station from 1986 to 2006. From 1986 to 2006 the average winter temperature in 
Chardon was 27 degrees Fahrenheit (°F), and the average summer temperature was 68 °F (Table 3-8). The 
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average growing season (consecutive days with low temperatures greater than or equal to 32 °F) is 157 
days. 
 
Table 3-8. Climate summary for Chardon (331458), 1986–2006 

Temperature Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Average high (oF) 56 58 72 80 84 90 91 90 85 78 68 57 

Average low (oF) –4 –3 3 22 31 39 46 45 36 28 17 3 

Average mean (oF) 24 26 34 46 57 66 71 68 60 49 39 29 
Average 
precipitation 
(inches) 

3.62 2.69 3.12 4.18 4.57 4.36 4.53 4.08 4.55 4.13 4.01 4.36 

 
Examination of precipitation patterns is also a key component of watershed characterization. From 1986 
to 2009, the annual average precipitation in Chardon (station 331458) was approximately 46 inches. 
Chardon represents the higher range of precipitation within the Grand River watershed, because of its 
location within the snowbelt and receives more annual snowfall than Dorset or Painesville (Figure 4-2). 
Average annual precipitation varies across the watershed from 37 to 46 inches (Figure 3-4). 
 
Of particular interest in relation to precipitation, rainfall intensity and timing affect watershed response to 
precipitation. That information is important in evaluating the effects of storm water on the Grand River. 
Using Chardon data from 1986 to 2006, 66 percent of the precipitation events were very low intensity 
(i.e., less that 0.2 inches) and 4 percent of the measurable precipitation events were greater than one inch. 
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Figure 3-4. Annual precipitation at three weather gages in the Grand River watershed. 
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4. Data Analysis and Summary 
The lower Grand River watershed was divided into three major subbasins for analysis in this report. The 
segments of the mainstem Grand River are evaluated separately from tributary WAUs. The three 
subbasins were designated by location and common attributes (Figure 4-1). The first subbasin coincides 
with the Griggs Creek – Mill Creek 10-digit HUC (04110004 04) and includes its three WAUs. The next 
subbasin includes five WAUs that have less than 10 percent developed land in the Big Creek – Grand 
River 10-digit HUC (04110004 06). The final subbasin encompasses the other two WAUs in the Big 
Creek – Grand River 10-digit HUC including the Big Creek and Red Creek subwatersheds. Those two 
WAUs are distinguished from the other five WAUs in the Big Creek – Grand River 10-digit HUC 
because of their higher percentage of developed land. The following sections summarize hydrologic, 
water quality, and habitat data for the three subbasins and the mainstem Grand River in the lower Grand 
River watershed. 
 
 

 
Figure 4-1. Subbasins in the lower Grand River basin. 
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4.1. Methodology 

4.1.1. Hydrology 
Flow data for the lower Grand River watershed have been collected by the USGS and Ohio EPA since 
1922 (Table 4-1 and Figure 4-2). Available flow data are summarized by subbasin in the following 
sections. 
 
Four USGS gages have collected continuous data in the lower Grand River watershed, although only one 
gage is currently active (gage 04212100, Grand River near Painesville). In 1974, continuous USGS flow 
gages on the Grand River near Madison (gage 04212000) and at Mill Creek near Jefferson (gage 
04211500) were replaced with a new gage location on the Grand River near Painesville. 
 
USGS data from the Grand River near Painesville OH gage (04212100) was used to calibrate a watershed 
model for the Lower Grand River. The modeled flows were used to calculate the TMDLs. Flow data from 
the other USGS gages were evaluated for use in the watershed model and to validate the use of flow 
estimation using drainage area weighting techniques along the LRAU. 
 
Table 4-1. USGS gages in the Grand River basin  

Watershed Gage ID Gage name 

Drainage 
area 

(sq miles) Period of record 

Lower Grand 

04211820 Grand River at Harpersfield OH 552 Mar 1996 - Sep 1998 
04212000 Grand River near Madison OH 581 Oct 1922 - Sep 1974 
04212100 Grand River near Painesville OH 685 Oct 1974 - present 
04211500 Mill Creek near Jefferson OH 82.0 Jan 1942 - Nov 1974 

Upper Grand 

04209500 Grand River near North Bristol OH 85.4 Mar 1942 - Sep 1947 
04210500 Grand River near Rome OH 251 Mar 1942 - Sep 1947 
04211000 Rock Creek near Rock Creek OH 69.2 Apr 1942 - Sep 1966 
04210000 Phelps Creek near Windsor OH 25.6 May 1942 - Jun 1949 

 
 
Ohio EPA measured flow in the Grand River watershed on 19 separate dates  between 2003 and 2006 on 
Big Creek, Mill Creek (04110004 04 02), Paine Creek, Mill Creek (04110004 06 02), Griggs Creek and 
the Grand River (Figure 4-2). The instantaneous discharge measurements were taken in the following 
flow conditions: high-flow (2 flows), moist (2 flows), mid-range (4 flows), dry (9 flows), and low-flow (1 
flow). Note that not all tributaries were sampled on every date. Appendix B contains the instantaneous 
flow data. 
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Figure 4-2. Gages in the Grand River basin. 

 

Flow Duration Curves 
Inherent variability exists in flow data sets because such variability is associated with hydrology. Flow 
duration curves provide a way to address that variability and flow-related water quality patterns. Duration 
curves describe the percentage of time during which specified flows are equaled or exceeded (Leopold 
1994). Flow duration analysis looks at the cumulative frequency of historic flow data over a specified 
period, on the basis of measurements taken at uniform intervals (e.g., daily average). Duration analysis 
results in a curve that relates flow values to the percent of time those values have been met or exceeded. 
Low flows are exceeded a majority of the time, whereas floods are exceeded infrequently. 
 
Duration curves provide the benefit of considering the full range of flow conditions (U.S. EPA 2007). 
Developing a flow duration curve is typically based on daily average stream discharge data. A typical 
curve runs from high flows to low flows along the x-axis, as illustrated in Figure 4-3. Note the flow 
duration interval of 60 associated with a stream discharge of 1.1 cubic feet per second (cfs) (i.e., 60 
percent of all observed stream discharge values equal or exceed 1.1 cfs). 
 
Flow duration curve intervals can be grouped into several broad categories or zones. Those zones provide 
additional insight about conditions and patterns associated with water quality impairments where 
hydrology might play a major role. One common way to look at the duration curve is by dividing it into 
five zones, as illustrated in Figure 4-3: one representing high flows (0 to 10 percent), another for moist 
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conditions (10 to 40 percent), one covering mid-range flows (40 to 60 percent), another for dry conditions 
(60 to 90 percent), and one representing low flows (90 to 100 percent). 
 
This approach places the midpoints of the moist, mid-range, and dry zones at the 25th, 50th, and 75th 
percentiles, respectively (i.e., the quartiles). The high-flow zone is centered at the 5th percentile, while the 
low-flow zone is centered at the 95th percentile. 
 

 
Figure 4-3. Example flow duration curve: Phelps Creek. 

 
Flow duration curves can be converted to load duration curves by multiplying the flows by the TMDL 
targets to get a loading capacity curve. Individual samples can then be plotted by calculating a load 
consistent with the sample concentration and flow conditions. Samples collected during runoff conditions 
can also be identified using the monitored volumes and variation of daily stream flow. 

4.1.2. Water Quality Data 
Ohio EPA and USGS have collected water quality samples throughout the watershed (Figure 4-2). The 
National Center for Water Quality Research at Heidelberg College also collected water quality data on the 
Grand River from February 1998 through August 2006. The center collected flow and the following water 
quality parameters: chloride, nitrate plus nitrite, soluble reactive phosphorus, suspended solids, total 
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Kjeldahl nitrogen, and total phosphorus. While Ohio EPA data are level 3 credible5 (i.e., may be used in 
TMDL development), the National Center for Water Quality Research data are not level 3 credible. Data 
collected by USGS are also credible and may be used in TMDLs. Bacteria, TSS, and nutrient data 
collected by Ohio EPA and USGS are summarized and discussed in each subbasin section. All available 
water quality data are presented the Biological and Water Quality Study of the Grand River Basin 2003 - 
2004, Hydrologic Units 04110004 050 and 04110004 060 (Ohio EPA 2006a), which forms the basis of 
the water quality analysis, and Appendix B. Appendix A contains information regarding station 
identification. 
 
Ohio EPA sampled the Grand River and its tributaries for nutrients (ammonia, nitrate plus nitrite, total 
Kjeldahl nitrogen, total phosphorus), sediment, and bacteria in 2000, 2003, and 2004. Average 
precipitation during those sampling years varied by watershed location (Table 4-2). Annual precipitation 
at Chardon was slightly above average during all sampled years. In 2003 annual precipitation at Chardon 
was exceeded by 10 inches. Annual precipitation at Dorset was below average in 2000 and above average 
in 2003 and 2004. Annual precipitation at Painesville was slightly above average during all sampled 
years. Dissolved oxygen and temperature data were also collected, which are presented below. 
 
Table 4-2. Precipitation patterns during Ohio EPA sampling years 

Precipitation 
station 

Average annual rainfall 
(inches) 

2000 Rainfall 
(inches) 

2003 Rainfall 
(inches) 

2004 Rainfall 
(inches) 

Painesville 37 40 39 38 
Chardon 46 50 56 52 
Dorset 42 39 52 52 
 

Dissolved Oxygen and Temperature 
The USGS sampled the Grand River at four locations (04211820, 04212000, 04212100, and 04212200) 
for dissolved oxygen levels between 1966 and 2007. Only one sample was collected at the Madison gage 
(04212000; 8.10 mg/L). Data collected at the gage at Harpersfield (04211820; 7.2–13.4 mg/L, n = 34) and 
the station near Painesville (04212100; 6.8–13.5 mg/L, n = 17) did not fall below the standards. Four 
samples collected in the 1970s from the gage at Painesville (04212200; 2.5–14.1 mg/L, n = 227) were 
below the WWH standard of 4.0 mg/L. 
 
Dissolved oxygen and temperature data were collected hourly by Ohio EPA using a Hydrolab Datasonde 
probe at five locations in the lower Grand River watershed August 11–13, 2004, including two sites along 
the mainstem of the Grand River, two sites on Mill Creek (04110004 06 02), and one site on the unnamed 
tributary to Mill Creek (04110004 06 02) at RM 4.4. Except for the unnamed tributary to Mill Creek at 
RM 4.4, the river and creeks show a fairly typical diurnal trend with higher dissolved oxygen 
concentrations in the afternoon and lower concentrations in the night and very early morning. The 
temperature data follow a typical diurnal pattern. No supporting data exist to further evaluate the 
unnamed tributary to Mill Creek at RM 4.4. The Grand River remains notably warmer than its tributaries 
throughout the sample period; its designation at the sample locations is EWH. Mill Creek (04110004 06 
02) and the unnamed tributary to Mill Creek are CWH streams. Generally, both streams are cooler than 
the Grand River. 
 

                                                      
 
5 Ohio‘s Credible Data Program is governed by OAC-3745-4; see http://www.epa.ohio.gov/dsw/credibledata/index.aspx.  
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Ohio EPA also collected temperature and dissolved oxygen grab samples in 2003 and 2004 that were 
analyzed for dissolved oxygen. In addition, the Lake Soil and Water Conservation District (SWCD) 
monitored temperature when evaluating primary headwaters habitat at locations throughout the Lake 
County portion of the Grand River watershed. Spatial and temporal trends were not evaluated because 
sites were sampled at different times. Because dissolved oxygen and temperature varies during the day, it 
is inappropriate to evaluate spatial trends on a day when the sites were sampled across the entire day. 
Similarly, long-term temporal trends cannot be evaluated when the samples collected on different days at 
the same site were also collected at different times. 
 

Metals 
Ohio EPA collected samples between 1/19/1999 and 3/17/2010 that were analyzed for the following: 

 Aluminum 
 Arsenic 
 Cadmium 
 Chromium 
 Dissolved hexavalent chromium 
 Copper 
 Iron 

 Lead 
 Manganese 
 Mercury 
 Nickel 
 Selenium 
 Zinc 

 
Ohio‘s standards for the following six metals are dependent on hardness, cadmium, chromium, copper, 
lead, nickel, and zinc. Appendix C includes available metals data. On the basis of those data, copper and 
lead were the only metals that exceeded the water quality criteria for the protection of aquatic life. 
 
Copper was analyzed using two methodologies; one method had a detection limit of 10 micrograms per 
liter (µg/L), the other method had a detection limit of 2 µg/L. All nine of the copper detections on the 
Grand River occurred at OH-84 in Painesville (site 502530). The sample collected on 5/6/2003 (15 µg/L) 
exceeded the OMZM standard of 14 µg/L. One sample each collected from Ellison Creek (16.0 µg/L at 
G02P10 on 7/31/2000) and from Mill Creek (04110004 06; 25.0 µg/L at G02G10 on 12/10/2003) 
exceeded the OMZM standard. 
 
Lead exceeded the numeric criteria at three locations in the watershed. Single samples from the following 
two creeks exceeded their hardness-dependent criteria: Mill Creek (04110004 04 02; 6.7 µg/L at G02G13 
on 9/23/2003),6 and Mill Creek (04110004 06 02; 12.8 µg/L at G02G10 on 7/12/2004).7 Lead exceeded 
criteria six times on the Grand River at OH-84 in Painesville (site 502530; range 3.5 to 15.5 µg/L). 
 
Hexavalent chromium was detected downstream of the confluence of Red Creek with the Grand River. 
The hexavalent chromium releases are directly attributable to the former Diamond Shamrock industrial 
site. The site is subject to remediation orders and is being addressed by Ohio EPA‘s Division of 
Emergency and Remedial Response.8 

4.1.3. Habitat Analysis 
The primary method used to evaluate habitat in the lower Grand River watershed is the QHEI. An 
introduction to the QHEI is in Section 2.2.4, and a full description is in Methods for Assessing Habitat in 
Flowing Waters: Using the Qualitative Habitat Evaluation Index (QHEI) (Ohio EPA 2006b). The QHEI 
                                                      
 
6 The hardness of the sample was 66 mg/L, which yields a total recoverable lead OZMA criterion of 3.8 µg/L. 
7 The hardness of the sample was 114 mg/L, which yields a total recoverable lead OZMA criterion of 7.6 µg/L. 
8 Remediation information is at Ohio EPA‘s website: http://www.epa.ohio.gov/derr/remedial/photo_central/photo_ne.aspx 
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scores and metric scores from the 2003 and 2004 sample seasons are presented for each subbasin and the 
LRAU. Temporal trends with data from previous sample seasons are evaluated when applicable. 
 
The color coding for the QHEI scores and individual metrics presented in each subbasin summary is 
summarized in Table 4-3 and Table 4-4. The location of QHEI sampling sites are identified by the 
associated STORET code. 
 
Table 4-3. QHEI scoring scheme 

Narrative score Headwaters streams Wading streams and rivers 
Excellent ≥ 70 ≥ 75 
Good 55–69 60–74 
Fair 43–54 45–59 
Poor 30–42 30–44 
Very Poor < 30 < 30 
Source: Ohio EPA 2006b. 
 
Table 4-4. Metric score color coding 

Color code Percent of maximum score a 
 75 ≤ score ≤ 100 
  50 ≤ score < 75 
  0 ≤ score < 50 
a. The percent of maximum potential metric score is calculated as individual metric score divided by the maximum potential score 
and converted to a percentage. 

4.2. Griggs Creek – Mill Creek Subbasin 
The Griggs Creek – Mill Creek subbasin is in the eastern portion of the study area and encompasses 
approximately 103 square miles. The subbasin includes the following WAUs: 04110004 04 01, 04110004 
04 02, and 04110004 04 03. Figure 4-4 identifies the water quality and flow monitoring stations in the 
subbasin. 
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Figure 4-4. Griggs Creek – Mill Creek subbasin. 

 

4.2.1. Hydrology 
Mill Creek is a major tributary to the Grand River, draining approximately 103 square miles. Mill Creek‘s 
confluence with the Grand River defines the upper Grand River watershed from the lower Grand River 
watershed in this study. The Mill Creek watershed includes the following assessed streams: 

 Askue Run 
 Cemetery Creek 
 Griggs Creek 
 Mill Creek 
 Peters Creek 

 
Figure 4-5 summarizes monitored flow data between 1960 and 1974 on Mill Creek and Figure 4-6 
illustrates the flow duration curve for Mill Creek (04211500). Mill Creek historically has very low base 
flow during the summer months as monitored downstream of the town of Jefferson. Flow records in the 
Mill Creek watershed identify that in 17 out of 32 years of record, there were multiple days with a 
recorded flow of 0 cfs. Average daily stream flow was 107 cfs, and the median daily flow was 19 cfs 
between 1942 and 1974 according to USGS reported flow. There was a historic diversion upstream of the 
gaging station on Mill Creek for the Jefferson water supply, which ended during the 1980s. Between 1971 
and 1974, the annual average diversion to the reservoir ranged from 0.15 to 0.30 cfs. 
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Four instantaneous flow measurements collected by Ohio EPA between 2004 and 2006 along Mill Creek 
were between 0.16 and 59.28 cfs, collected under dry or mid-range flow conditions. Flow data were also 
collected on Griggs Creek, which ranged from 0.21 to 64.02 cfs during dry and mid-range flow 
conditions. 
 

 
Figure 4-5. Mill Creek monthly streamflow 1960–1974 generated from data at USGS gage 04211500. 
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Figure 4-6. Flow duration curve generated from data at gage 04211500 at Mill Creek near Jefferson OH, 1960–1974 (5,439 
measurements). 

 

4.2.2. Water Quality Data 
Ohio EPA collected water quality samples during 2003 and 2004, at 12 locations on 5 creeks, in the 
Griggs Creek – Mill Creek subbasin (Figure 4-4). 
 

Bacteria 
The data are summarized in Table 4-5. Ohio EPA has identified bacteria impairments in all three WAUs 
(12-digit HUCs), and TMDLs will be completed for each WAU. All the waters in the Griggs Creek–Mill 
Creek subbasin are PCR Class B, and at least one geometric mean calculated for each stream exceeded 
the standard (161 counts per 100 mL). Water quality standard exceedances occurred in both 2003 and 
2004 in this HUC. 
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Table 4-5. E. coli data for the Griggs Creek – Mill Creek subbasin [counts per 100 mL] 

Stream ST
O

R
ET
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HUC 04110004 04 01 (Griggs Creek) 

Griggs 
Creek G02G12 8/6/03 8/2/04 8 

(4/4) 120  6,500  120 710 

HUC 04110004 04 02 (Peters Creek - Mill Creek) 

Askue Run 200614 6/3/04 8/2/04 3 160  690  -- 294 

Mill Creek 
G02G13 8/27/03 8/2/04 8 

(3/5) 140  16,000  3,216 432  

G02S04 8/27/03 8/2/04 7 
(3/4) 18  24,000  1,718 124  

Peters 
Creek 200615 6/3/04 8/2/04 3 68  1,300  -- 301 

HUC 04110004 04 03 (Town of Jefferson - Mill Creek) 

Cemetery 
Creek 

G02S09 8/28/03 9/10/03 2 200  880  420 -- 
G02S08 8/28/03 9/10/03 2 75  3,200  490 -- 
G02S07 8/28/03 9/10/03 2 38  460  132 -- 

Mill Creek 

G02S05 8/28/03 9/10/03 2 10  240  49 -- 
G02G17 8/28/03 9/10/03 2 62  170  103 -- 

G02G11 8/27/03 8/2/04 7 
(3/4) 56  2,400  259 318 

G02P07 6/3/04 8/2/04 3 100  1,200  -- 436 
Notes 
Bolded values are greater than seasonal geometric mean standard of 161 counts per 100 mL for PCR Class B waterbodies. 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream. 
Units are counts per 100 mL. 
a. When multiple numbers are displayed, the first number represents the total number of samples collected at the site and the 
numbers in the parentheses represent the numbers of samples collected in 2003 and 2004, which were used to calculate the 
geometric means. 
b. Geometric means were calculated using all available data for a given year’s recreation season (May 1 through October 31). 
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Total Suspended Solids 
TSS data are summarized in Table 4-6. Siltation has been identified as a cause of the ALU impairment in 
the Peters Creek – Mill Creek WAU (04110004 04 02). 
 
Table 4-6. TSS data from the Griggs Creek – Mill Creek subbasin 

Stream ST
O
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 a  
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HUC 04110004 04 01 (Griggs Creek) 

Griggs Creek G02G12 H 8/27/2003 8/2/2004 10 ND 30 10 

HUC 04110004 04 02 (Peters Creek - Mill Creek) 

Askue Run 200614 H 6/3/2004 8/2/2004 3 ND 9 6 

Mill Creek G02G13 W 8/27/2003 8/2/2004 10 ND 42 10 

G02S04 8/6/2003 8/2/2004 11 ND 56 12 
Peters Creek 200615 W 6/3/2004 8/2/2004 3 5 9 7 

HUC 04110004 04 03 (Town of Jefferson - Mill Creek) 

Cemetery 
Creek 

G02S09 
H 8/28/2003 10/9/2003 

3 ND 14 6 

G02S08 3 ND 20 8 

G02S07 3 ND 21 10 

Mill Creek 

G02S05 

W 

8/28/2003 10/9/2003 3 ND 

G02G17 8/28/2003 10/9/2003 3 ND 

G02G11 8/27/2003 8/2/2004 10 ND 51 13 

G02P07 8/6/2003 8/9/2004 5 ND 27 11 
Notes 
ND = not detected. The detection limit is 5.0 mg/L and a value of 2.5 mg/L was used in the calculation of statistics. 
Bolded values are greater than the targets: 25.0 mg/L for headwaters streams and 21.0 mg/L for wading streams. 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream per creek. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b. The number of samples excludes field duplicates. 
 
Only one TSS concentration of the 21 samples collected on headwaters streams was higher than 25 mg/L, 
which is the 75th percentile of headwaters reference stream data for the EOLP ecoregion (Ohio EPA 1999, 
Appendix I, p. 24). A TSS sample of 30 mg/L was collected from station G02G12 on Griggs Creek on 
7/12/2004. 
 
Seven sample concentrations were larger than 21.0 mg/L on Mill Creek, which is the 75th percentile of 
data for wading streams (Ohio EPA 1999, Appendix I, p. 24). All the samples collected on 9/23/2003 
yielded elevated TSS concentrations (upstream to downstream): 27 mg/L at station G02G13, 30 mg/L at 
station G02S04, and 56 mg/L at station G02G11. At station G02G13, TSS was not detected in 5 of the 10 
samples and was below 10 mg/L for 3 samples. 
 

Nutrients 
Nutrient concentrations exceeded the nutrient targets that were selected from reference stream data in the 
Ohio EPA‘s Associations document (1999, see Table 2.6) at nine sites in the Griggs Creek – Mill Creek 
subbasin. Two sites on Cemetery Creek (G02S08 and S02S07) in the Jefferson area consistently showed 
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elevated concentrations of total phosphorus and nitrate plus nitrite that were greater than the statewide 
reference streams data. Elevated concentrations of total phosphorus were regularly detected in the two 
upstream sites on Mill Creek at RM 25.6 (G02G13) and RM 18.2 (G02S04). Mill Creek at RM 25.6 
(G02G13) is listed as impaired for aquatic life, and Ohio EPA identified nutrients as a potential cause of 
impairment in Biological and Water Quality Study of the Grand River Basin 2003 - 2004, Hydrologic 
Units 04110004 050 and 04110004 060 (Ohio EPA 2006a). 
 
Table 4-7. Total phosphorus data from the Griggs Creek – Mill Creek subbasin 

Stream ST
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HUC 04110004 04 01 (Griggs Creek) 

Griggs Creek G02G12 H 8/27/2003 8/2/2004 10 0.047 0.148 0.082 
HUC 04110004 04 02 (Peters Creek - Mill Creek) 

Askue Run 200614 H 6/3/2004 8/2/2004 3 0.032 0.066 0.045 

Mill Creek G02G13 W 8/27/2003 8/2/2004 10 0.066 0.301 0.142 

G02S04 8/6/2003 8/2/2004 11 0.047 0.297 0.109 
Peters Creek 200615 W 6/3/2004 8/2/2004 3 0.061 0.106 0.082 

HUC 04110004 04 03 (Town of Jefferson - Mill Creek) 

Cemetery Creek 
G02S09 

H 8/28/2003 10/9/2003 
3 0.049 0.055 0.053 

G02S08 3 0.314 2.130 1.140 

G02S07 3 0.237 0.468 0.373 

Mill Creek 

G02S05 

W 

8/28/2003 10/9/2003 3 0.041 0.061 0.049 

G02G17 8/28/2003 10/9/2003 3 0.075 0.125 0.096 

G02G11 8/27/2003 8/2/2004 10 0.040 0.313 0.102 

G02P07 8/6/2003 8/9/2004 5 0.034 0.105 0.064 
Notes 
Bolded values are greater than the WWH targets: 0.08 mg/L for headwaters streams and 0.10 mg/L for wading streams. 
Creeks are listed alphabetically per WAU; stations are listed top to bottom as upstream to downstream per creek. 
All waterbodies displayed in this table are designated WWH. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b .The number of samples excludes field duplicates. 
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Table 4-8. Nitrate plus nitrite data from the Griggs Creek – Mill Creek subbasin 
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HUC 04110004 04 01 (Griggs Creek) 

Griggs Creek G02G12 H 8/27/2003 8/2/2004 10 ND 0.44 0.19 

HUC 04110004 04 02 (Peters Creek - Mill Creek) 

Askue Run 200614 H 6/3/2004 8/2/2004 3 ND 0.21 0.14 

Mill Creek G02G13 W 8/27/2003 8/2/2004 10 0.12 2.43 0.86 

G02S04 8/6/2003 8/2/2004 11 ND 1.49 0.64 
Peters Creek 200615 W 6/3/2004 8/2/2004 3 0.20 0.40 0.29 

HUC 04110004 04 03 (Town of Jefferson - Mill Creek) 

Cemetery Creek 
G02S09 

H 8/28/2003 10/9/2003 
3 0.39 0.53 0.47 

G02S08 3 5.50 11.90 8.15 

G02S07 3 3.00 6.00 8.75 

Mill Creek 

G02S05 

W 

8/28/2003 10/9/2003 3 0.12 0.70 0.42 

G02G17 8/28/2003 10/9/2003 3 0.94 3.17 1.75 

G02G11 8/27/2003 8/2/2004 10 0.18 1.08 0.65 

G02P07 8/6/2003 8/9/2004 5 0.47 1.06 0.64 
Notes 
ND = not detected. The detection limit is 0.1 mg/L and a value of 0.05 mg/L was used in the calculation of statistics. 
Bolded values are greater than the WWH target of 1.0 mg/L. 
Creeks are listed alphabetically per WAU; stations are listed top to bottom as upstream to downstream per creek. 
All waterbodies displayed in this table are designated WWH. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b. The number of samples excludes field duplicates. 
 

4.2.3. Habitat Analysis 
In 2003 and 2004 Ohio EPA assessed the habitat conditions at 11 sites on five waterbodies in the Griggs 
Creek – Mill Creek subbasin (Table 4-9). 
 

Stream habitat in Mill Creek and its tributaries varies widely from location to location, both within and 
between streams, depending on the type and thickness of glacial deposits and depth of bedrock. The 
mainstem cuts through sandstone bedrock as it drops into the Grand River valley; consequently, the 
habitat in the reach ranges from shallow flow over denuded bedrock to richer habitat characterized by 
deeper pools and aggregations of fractured bedrock and till. Further upstream, the topography is flat, and 
the creek flows through glacial drift of varying thickness and over sandstone bedrock. The habitat is 
characterized by slow, deep pools with vegetated margins and short riffles. Upstream from the confluence 
with Griggs Creek, the habitat is dominated by shallow flow over shale and sandstone bedrock. The 
headwater site is a wetland-dominated stream. For the mainstem as a whole, the habitat is capable of 
supporting warmwater fish communities. However, because shallow bedrock dominates the drainage, 
base flow is very low during the summer and can be the limiting habitat factor. 
 
Askue Run and Peters Creek both contain habitat suitable for warmwater stream fish communities in 
accordance with expectations for their size and ecoregion. Peters Creek, at the location sampled, is a 
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classic northern swamp forest stream. It has an abundance of tag alder choking and braiding the channel, 
along with stands of quaking aspen in the surrounding upland. 
 
The macrohabitats at two locations on Cemetery Creek, RM 1.2 (G02S08) and RM 2.1 (G02S09) were 
evaluated with the QHEI. The site at RM 2.1 (G02S09) flows through a residential area but has neither 
been channelized nor denuded of its riparian buffer. The otherwise high-quality substrates were 
moderately embedded with silt from upstream sources. The QHEI score of 78.0 suggests this site is 
capable of supporting a WWH fauna (Ohio EPA 1999, p. 67). 
 
Downstream from RM 1.2 (G02S08), the stream was historically channelized though most WWH features 
have been recovered over time. The QHEI score of 64.5 paired with only one high-influence modified 
habitat attribute suggest the stream is capable of supporting a WWH stream fish community. 
 

Table 4-9. QHEI and metric scores for sites in the Griggs Creek – Mill Creek subbasin 

Waterbody 
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station Size a Year 
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HUC 04110004 04 01 (Griggs Creek) 

Griggs Creek 2.0/ 
G02G12 H 2003 50.5  7 8 13 6.5 6 0 10 

HUC 04110004 04 02 (Peters Creek - Mill Creek) 

Askue Run 0.1/ 
200614 H 2004 78.5   17 16 17 8.5 8 4 8 

Mill Creek 

25.6/ 
G02G13 W 2003 72   12 19 18 8 8 1 6 

18.2/ 
G02S04 W 2003 80.5   16 16 20 9.5 6 5 8 

Peters Creek 0.2/ 
200615 W 2004 76.5   16.5 13 17 10 6 4 10 

HUC 04110004 04 03 (Town of Jefferson - Mill Creek) 

Cemetery 
Creek 

2.1/ 
G02S09 H 2003 78   20 11 17 6 9 5 10 

1.2/ 
G02S08 H 2003 64.5   18 9 14 5.5 6 4 8 

Mill Creek 

10.0/ 
G02S05 W 2003 63   16 14 13 10 8 0 2 

6.5/ 
G02G17 W 2003 87.5   20 17 20 6.5 7 7 10 

4.1/ 
G02G11 W 2003 58   11 5 12 8 6 6 10 

3.7/ 
G02G11 W 2004 83.5   15 17 18 8 10 5.5 10 

Notes 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream per creek. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 100 square miles. 
b. The QHEI scoring scheme and color coding are presented in Table 4-3. The total possible index score is 100. 
c. The metric color coding is presented in Table 4-4. The numbers in parentheses are the total possible metric scores. 
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In general, habitat conditions in the Griggs Creek – Mill Creek subbasin are good to excellent. Mill Creek 
at RM 25.6 (G02G13) is only in partial attainment of its ALU designation, which is WWH. The fair IBI 
and ICI scores could be affected by the low riffle/run and substrate metrics. Griggs Creek is impaired 
(i.e., partial attainment) for its WWH designation, and, although the QHEI score is fair, the 303(d) listing 
identifies natural conditions and wetlands as the cause of impairment. 
 

Temporal Trends 
Ohio EPA also evaluated habitat at various sites across the Griggs Creek – Mill Creek subbasin from 
1983 to 2004. Evaluations of a few pertinent waterbodies are presented below. 
 
Mill Creek was sampled multiple times from 1983 to 2004 (Table 4-10). However, note that scores from 
before 1989 were interpreted from field sheets prior to the development of the QHEI; therefore, those 
scores might or might not accurately reflect a standardized QHEI.9 The upstream site at RMs 18.1 and 
18.2 (G02S04) show no changes in habitat condition from 1995 to 2003. However, the site at RM 10.0 
(G02S05) shows a decrease in habitat conditions from 1995 to 2003. Scores decrease from 1984 to 2003 
for all but one metric (bank erosion and riparian zone); the largest decreases occurred with the riffle/run 
and channel morphology metrics (a loss of 7 points each). It is also noteworthy that isolated locations still 
maintain excellent habitat conditions despite the large amounts of agriculture in the watershed. 
 
Table 4-10. QHEI scores on Mill Creek from 1983 to 2004 

RM 
STORET 
Station 1983a 1984a 1995 2003 2004 

25.6 G02G13 -- -- -- 72 -- 
18.1/18.2 G02S04 -- -- 80 80.5 -- 
17.2 -- 65.5 -- -- -- -- 
10.0 G02S04 -- 94.5 79.5 63 -- 

6.5 G02G17 -- -- -- 87.5 -- 
4.1 G02G11 -- -- -- 58 -- 
3.7 G02G11 -- -- -- -- 83.5 

Notes 
The QHEI scoring scheme and color coding are presented in Table 4-3. The total possible index score is 100. 
a. These scores were interpreted from field sheets that were collected before the QHEI was developed. 
 
Cemetery Creek was sampled in three different years: 1987, 1995, and 2003 (Table 4-11). The sites at 
RMs 1.3 (G02S08) and 2.1 (G02S09) are in non-attainment of their WWH designation; however, the sites 
have good and excellent habitat (respectively). No additional information is available for the site at RM 
2.5 upstream of G02S09, except that it is on the stream in the village of Jefferson. It is also noteworthy 
that habitat conditions have decreased considerably from 1987 to 2003 at RM 2.1 (G02S09) (Table 4-11). 
That decrease in habitat quality could be reflective of the increased development in the Jefferson area, 
although according to QHEI scores, habitat is still excellent at this location. 
 
  

                                                      
 
9 Paul Anderson, Ohio EPA, personal communication, July 11, 2011. 
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Table 4-11. QHEI scores on Cemetery Creek from 1987 to 2004 

RM 
STORET 
Station 1987a 1995 2003 

2.5 -- -- 42 -- 
2.1 G02S09 90 -- 78 
1.2/1.3 G02S08 60 55.5 64.5 

The QHEI scoring scheme and color coding are presented in Table 4-3. The total possible index score is 100. 
a. These scores were interpreted from field sheets that were collected before the QHEI was developed. 
 

4.3. Grand River Tributary Subbasin 
The Grand River Tributary subbasin is in the central portion of the lower Grand River watershed and 
encompasses approximately 108 square miles (Figure 4-7). The subbasin includes the following WAUs: 
04110004 06 01, 04110004 06 02, 04110004 06 03, 04110004 06 04, and 04110004 06 05. No data are 
available for the 04110004 06 03 HUC, and therefore no analyses were conducted. 
 

 
Figure 4-7. Grand River Tributary subbasin. 
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4.3.1. Hydrology 
The Grand River Tributary subbasin contains numerous small perennial streams and begins just 
downstream of the confluence with Mill Creek (04110004 04). No continuous flow gage data exist for the 
tributary streams in this subbasin. 
 
Paine Creek is influenced by coldwater tributaries including Phelps Creek, Bates Creek, and an unnamed 
tributary at RM 7.2. Talcott Creek is designated a CWH stream as is Mill Creek. All those coldwater 
tributaries contribute cold ground water base flow to Paine Creek and the Grand River. 
 
Flows along Paine Creek were monitored 10 times between 2004 and 2006 by Ohio EPA near the 
confluence with the Grand River. Data indicate that Paine Creek contributes 2 to 5 percent of the total 
flow in the lower Grand River over all flow conditions measured. Monitored flows ranged from 0.37 to 
138 cfs. 
 
Ohio EPA monitored Mill Creek flow seven times between 2004 and 2006. Data indicate that Mill Creek 
contributes 1 to 13 percent of the total flow in the lower portion of the Grand River during all flow 
conditions. Monitored flows ranged from 0.28 to 67.3 cfs. 

4.3.2. Water Quality Data 

Bacteria 
Ohio EPA collected E. coli samples in 2003 and 2004, from 29 locations on 8 creeks in the Grand River 
Tributary subbasin. The data are summarized in Table 4-12. All the streams in the subbasin are designated 
as PCR Class B with a geometric mean standard of 161 counts per 100 mL. Ohio EPA has identified 
bacteria impairments in three of the four WAUs with data, and Ohio EPA intends to add the fourth WAU 
(HUC 04110004 04 01) to Ohio‘s 2012 303(d) list. A TMDL will also be developed for Coffee Creek to 
address bacteria because Ohio EPA will add its WAU to Ohio‘s 2012 303(d) list. However, bacteria 
levels in Coffee Creek might have since decreased because the sewer coverage of the Austinburg 
wastewater treatment plant (WWTP) was expanded, and areas that formerly had failing septic systems are 
now sewered. 
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Table 4-12. E. coli data for the Grand River Tributary subbasin, excluding the Grand River [counts per 100 mL] 
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HUC 04110004 04 01 (Coffee Creek - Grand River) 

Coffee Creek  

G02W01 6/27/00 8/22/00 4 880 20,000 3,730  -- 
G02W02 6/27/00 8/22/00 4 860 9,800 2,527 c -- 
200610 6/27/00 8/22/00 4 840 2,000 1,166 c -- 
G02W03 6/27/00 8/22/00 4 150 380 276 c -- 

HUC 04110004 06 02 (Mill Creek) 

Mill Creek 
G99Q08 6/3/04 8/2/04 3 57 390 139 -- 

G02G10 8/6/03 8/2/04 8 
(4/4) 37 7,300 217 300 

unnamed tributary d 200608 6/3/04 8/2/04 3 62 730 -- 181 
HUC 04110004 06 04 (Paine Creek) 

Bates Creek 
200598 6/24/04 8/2/04 2 170 460 -- 280 
200600 6/3/04 8/2/04 3 61 550 -- 140 

Paine Creek 
G99Q12 6/3/04 8/2/04 3 11 200 -- 39 

G02P01 8/6/03 8/2/04 8 
(4/4) 51 4,000 417 256 

Phelps Creek 300941 6/24/04 8/2/04 2 64 260 -- 129 
unnamed tributary e 200597 6/3/04 8/2/04 3 26 290 -- 118 

HUC 04110004 06 05 (Talcott Creek - Grand River) 

Talcott Creek 200604 6/3/04 8/2/04 3 47 220 95   
Notes 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream per creek. 
Units for the minima, maxima, and geometric means are counts per 100 mL. 
Bolded values are greater than seasonal geometric mean standard of 161 counts per 100 mL for PCR Class B waterbodies. 
a. When multiple numbers are displayed, the first number represents the total number of samples collected at the site, and the 
numbers in the parentheses represent the numbers of samples collected in 2003 and 2004, which were used to calculate the 
geometric means. 
b. Geometric means were calculated using all available data for a given year’s recreation season (May 1 through October 31). 
c. The geometric means were calculated from data collected in 2000. 
d. Unnamed tributary to Mill Creek at RM 4.94. 
e. Unnamed tributary to Paine Creek at RM 7.17 
 

Total Suspended Solids 
Ohio EPA collected TSS samples in 2000, 2003, and 2004 from 12 locations on 8 creeks in the Grand 
River Tributary subbasin. The data are summarized in Table 4-13. No spatial or temporal patterns of 
elevated TSS concentrations are readily apparent. The sewer system coverage at the Austinburg WWTP 
was expanded since Ohio EPA‘s 2000 and 2003–2004 field surveys; thus, TSS in Coffee Creek in the 
unnamed tributary to Coffee Creek at RM 0.10 has likely improved. 
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Table 4-13. TSS data from the Grand River Tributary subbasin, excluding the Grand River 
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HUC 04110004 06 01 (Coffee Creek - Grand River) 

Coffee Creek 
200610 

H 
7/20/2000 8/22/2000 3 21 25 22 

G02G02 7/12/2000 1 ND 

G02W03 6/27/2000 8/22/2000 5 ND 34 16 
unnamed tributary 

c
 G02G04 H 6/3/2004 1 49 

HUC 04110004 06 02 (Mill Creek) 

Mill Creek 
G99Q08 

H 
6/3/2004 8/2/2004 3 ND 

G02G10 8/6/2003 8/9/2004 12 ND 456 42 
unnamed tributary 

d
 200608 H 6/3/2004 8/9/2004 4 ND 7 5 

HUC 04110004 06 04 (Paine Creek) 

Bates Creek 200600 H 6/3/2004 8/2/2004 3 ND 5 3 

Paine Creek 
G99Q12 

W 
6/3/2004 8/9/2004 6 ND 11 4 

G02P01 8/6/2003 8/2/2004 11 ND 35 10 
unnamed tributary 

e
 200597 H 6/3/2004 8/2/2004 3 ND 6 4 

HUC 04110004 06 05 (Talcott Creek - Grand River) 

Talcott Creek 200604 H 6/3/2004 8/2/2004 3 ND 

Notes 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream per creek. 
ND = not detected. The detection limit is 5.0 mg/L and a value of 2.5 mg/L was used in the calculation of statistics. 
Bolded values are greater than the targets: 25.0 mg/L for headwaters streams and 21.0 mg/L for wading streams. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b. The number of samples excludes field duplicates. 
c. Unnamed tributary to Coffee Creek at RM 0.10. 
d. Unnamed tributary to Mill Creek at RM 4.34. 
e. Unnamed tributary to Paine Creek at RM 7.17. 
 

Nutrients 
Nutrient concentrations exceeded the nutrient targets from Ohio EPA‘s Associations document (see Table 
2.6) at six sites in the Grand River Tributary subbasin. In the Coffee Creek subwatershed, elevated total 
phosphorus and nitrate plus nitrite concentrations were detected in 2000; Ohio EPA identified failing 
septic systems in the area during that period. An unsewered area in Austinburg near Coffee Creek has 
subsequently been sewered and connected to the Austinburg WWTP, which discharges to Coffee Creek. 
The available nutrient data indicate that Mill Creek, the unnamed tributary to Mill Creek, Talcott, and 
Paine Creek also have elevated nitrate plus nitrite concentrations. Those same streams, with the exception 
of Talcott Creek, also had elevated total phosphorus concentrations. The nutrient levels in Coffee Creek 
and the unnamed tributary to Coffee Creek at RM 0.10 might have improved since the 2000 and 2003–
2004 field surveys because the failing septic systems in some areas near Austinburg have been sewered. 
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Table 4-14. Total phosphorus data from the Grand River Tributary subbasin, excluding the Grand River 
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HUC 04110004 06 01 (Coffee Creek - Grand River) 

Coffee Creek 
200610 

H WWH 
7/20/2000 8/22/2000 3 0.100 0.170 0.133 

G02G02 7/12/2000 1 0.080 
G02W03 6/27/2000 8/22/2000 5 ND0.05 0.090 0.073 

unnamed tributary 
d
 G02G04 H WWH 6/3/2004 1 ND0.05 

HUC 04110004 06 02 (Mill Creek) 

Mill Creek 
G99Q08 

H CWH 
6/3/2004 8/2/2004 3 0.017 0.048 0.031 

G02G10 8/6/2003 8/9/2004 12 ND0.01 0.475 0.076 
unnamed tributary 

e
 200608 H CWH 6/3/2004 8/9/2004 4 0.012 0.053 0.036 

HUC 04110004 06 04 (Paine Creek) 

Bates Creek 200600 H WWH 6/3/2004 8/2/2004 3 ND0.01 0.046 0.022 

Paine Creek G99Q12 W 
WWH 6/3/2004 8/9/2004 6 ND0.01 0.042 0.022 

G02P01 EWH 8/6/2003 8/2/2004 11 ND0.01 0.367 0.053 
unnamed tributary 

f
 200597 H EWH f 6/3/2004 8/2/2004 3 0.011 0.082 0.044 

HUC 04110004 06 05 (Talcott Creek - Grand River) 

Talcott Creek 200604 H CWH 6/3/2004 8/2/2004 3 ND0.01 0.011 0.007 
Notes 
Creeks are listed alphabetically per WAU; stations are listed top to bottom as upstream to downstream per creek. 
ND = not detected. The detection limit was either 0.05 or 0.01 mg/L and values of 0.025 or 0.005 mg/L (respectively) were used in 

calculating statistics. 
Bolded values are greater than the targets: 0.08 mg/L for headwaters WWH, 0.10 mg/L for wading WWH, and 0.05 for EWH and 

CWH. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b. Aquatic Life Use (ALU) designations: coldwater habitat (CWH), exceptional warmwater habitat (EWH), and warmwater habitat 

(WWH). 
c. The number of samples excludes field duplicates. 
d. Unnamed tributary to Coffee Creek at RM 0.10. 
e. Tributary to Mill Creek at RM 4.34. 
f. Tributary to Paine Creek at RM 7.17; the tributary is dual-listed as EWH and CWH. 
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Table 4-15. Nitrate plus nitrite data from the Grand River Tributary subbasin, excluding the Grand River 
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HUC 04110004 06 01 (Coffee Creek - Grand River) 

Coffee Creek 

200610 

H WWH 

7/20/2000 8/22/2000 3 1.54 6.80 3.47 
G02G02 7/12/2000 1 0.341 

G02W03 6/27/2000 8/22/2000 5 1.37 4.16 3.18 
unnamed tributary 

d
 G02G04 H WWH 6/3/2004 1 0.185 

HUC 04110004 06 02 (Mill Creek) 

Mill Creek 
G99Q08 

H CWH 
6/3/2004 8/2/2004 3 0.17 0.27 0.21 

G02G10 8/6/2003 8/9/2004 12 ND 0.58 0.28 
unnamed tributary 

e
 200608 H CWH 6/3/2004 8/9/2004 4 0.56 1.28 1.05 

HUC 04110004 06 04 (Paine Creek) 

Bates 200600 H WWH 6/3/2004 8/2/2004 3 ND 0.13 0.07 

Paine 
G99Q12 

W 
WWH 6/3/2004 8/9/2004 6 ND 0.22 0.15 

G02P01 EWH 8/6/2003 8/2/2004 11 ND 0.28 0.13 
unnamed tributary 

f
 200597 H EWH g 6/3/2004 8/2/2004 3 0.37 0.56 0.44 

HUC 04110004 06 05 (Talcott Creek - Grand River) 

Talcott Creek 200604 H CWH 6/3/2004 8/2/2004 3 0.26 0.57 0.44 
Notes 
Creeks are listed alphabetically per WAU; stations are listed top to bottom as upstream to downstream per creek. 
ND = not detected. The detection limit was 0.1 mg/L and a value of 0.05 mg/L was used in the calculation of statistics. 
Bolded values are greater than the targets: 1.0 mg/L for WWH and 0.5 for EWH and CWH. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b. Aquatic Life Use (ALU) designations: coldwater habitat (CWH), exceptional warmwater habitat (EWH), and warmwater habitat 

(WWH). 
c. The number of samples excludes field duplicates. 
d. Unnamed tributary to Coffee Creek at RM 0.10. 
e. Tributary to Mill Creek at RM 4.34. 
f. Tributary to Paine Creek at RM 7.17 
g. Tributary to Paine Creek at RM 7.17; the tributary is dual-listed as EWH and CWH. 
 

4.3.3. Habitat Analysis 
In 2003 and 2004 Ohio EPA assessed the habitat conditions at 13 sites on 7 waterbodies in the Grand 
River Tributary subbasin (Table 4-16). In general, habitat conditions in the Grand River Tributary 
subbasin are good to excellent. 
 
Coffee Creek drains lacustrine deposits in a mostly rural area. Despite being rural, anthropogenic 
disturbance and storm water from Austinburg have mobilized fine sediments, resulting in a bedload of 
sand and silt. 
 
Each of the other tributaries has high gradients, discontinuities in bedrock, and is subject to scouring 
flows that result in long bedrock glides, cascades and waterfalls. The headwaters of Paine Creek (i.e., 
Bates Creek) and Mill Creek have habitat more conducive to supporting till-plain stream fish 
communities. Bates Creek at Radcliffe Road, and an unnamed tributary to Mill Creek sampled near the 
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junction of Belle and Short Roads, have virtually intact physical stream habitat; most notably, the 
substrates are a nearly silt-free heterogeneous mix of fractured sandstone bedrock and glacial till. 
 
Ohio EPA also evaluated habitat at Coffee Creek from 1983 to 2000. Temporal evaluation of the site is 
presented in this section. 
 
Table 4-16. QHEI and metric scores for sites in the Grand River Tributary subbasin, except the Grand River 
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HUC 04110004 06 01 (Coffee Creek - Grand River) 

Coffee Creek 0.2/ 
G02W03 H 2004 65.5   15 10 15 8.5 7 2 8 

HUC 04110004 06 02 (Mill Creek) 

Mill Creek 

5.0/ 
G02G26 H 2004 74.5   15 16 18 8.5 9 0 8 

1.4/ 
G02G10 H 2003 54.5   11.5 7 10 10 6 4 6 

1.3/ 
G02G10 H 2004 65   11.5 10 17 9 7 4.5 6 

unnamed 
tributary 

d
 

2.0/ 
G07G27 H 2004 79   16 15 19 10 10 5 4 

1.6/ 
G07G27 H 2004 79   16 15 19 10 10 5 4 

HUC 04110004 06 04 (Paine Creek) 

Bates Creek 2.2/ 
200599 H 2004 83.5   18 18 17 10 8 4.5 8 

Paine Creek 

6.2/ 
G99Q12 W 2004 81.5   16.5 16 20 10 11 4 4 

3.0/ 
G02P02 W 2004 69.5   11.5 10 17 9 8 4 10 

0.5/ 
G02P01 W 2003 60.5   12.5 5 12 10 6 7 8 

unnamed 
tributary 

e
 

0.4/ 
200597 f H 2004 55   13 7 16.5 8.5 6 0 4 

HUC 04110004 06 05 (Talcott Creek - Grand River) 

Talcott Creek 1.5/ 
200604 H 2004 61   13.5 9 16 8.5 6 4 4 

Notes 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream per creek. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 100 square miles. 
b. The QHEI scoring scheme and color coding are presented in Table 4-3. The total possible index score is 100. 
c. The metric color coding is presented in Table 4-4. The numbers in parentheses are the total possible metric scores. 
d. Tributary to Mill Creek at RM 4.34. 
e. Tributary to Paine Creek at RM 7.17 
f. The sample station 200597 at RM 0.4 on the unnamed tributary to Paine Creek (RM 7.17) is also identified as G02G38. 
 
 
 
 

RB-AR38824



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

47 
 

Coffee Creek was sampled in 2000 and 2004 (Table 4-17). Only one site was sampled in both years 
(G02W03, RM 0.2) and the habitat quality decreased from excellent to good. Much of the lower portion 
of Coffee Creek is forested and would appear to support healthy habitat. The decrease in QHEI scores 
was driven by a decrease of 5 points in the riffle/run metric and decreases of 3 points in the in-stream 
cover and channel morphology metrics. 
 
It is also noteworthy that a considerable difference in QHEI scores occurred between sites at RMs 1.2 and 
1.3 (200610, which is also identified as G02G01) in 2000, despite both sites being along what appears to 
be a homogenous forested area of Coffee Creek. The site at RM 1.3 (G02G01) is just upstream of the 
confluence of a small tributary to Coffee Creek. This tributary to Coffee Creek carries WWTP effluent 
and storm water runoff from an industrial park. During that period, Ohio EPA reports that considerable 
development pressure occurred in the upper portions of Coffee Creek near the I-90 and State Route 45 
interchange. 
 
Table 4-17. QHEI scores on Coffee Creek in 2000 and 2004 

RM 
STORET 
station 2000 2004 

1.3 G02G01 69 -- 
1.2 G02G01 80 -- 
0.2 G02W03 76 65.5 

The QHEI scoring scheme and color coding are presented in Table 4-3. The total possible index score is 100. 
 

4.4. Big Creek and Red Creek Subbasin 
The Big Creek and Red Creek subbasin is in the western portion of the lower Grand River watershed and 
encompasses approximately 77 square miles (Figure 4-8). The subbasin includes the following WAUs: 
04110004 06 06 and 04110004 06 07. 
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Figure 4-8. Big Creek and Red Creek subbasin. 

 

4.4.1. Hydrology 
The hydrology of the Big Creek and Red Creek subbasin is dominated by small coldwater tributary 
streams and storm water flows. There are no available continuous flow data within this subbasin. 
However, development within the Kellogg Creek, Red Creek and upper portions of Big Creek likely leads 
to larger runoff volumes, higher peak flows, and flashy streams. 
 
Several coldwater tributaries are present within the Big Creek watershed including Cutts Creek, East 
Creek, Jenks Creek, Jordan Creek, and Aylworth Creek. All those CWH designated streams are meeting 
attainment status and are important to the downstream Big Creek and Grand River in preserving base flow 
conditions. 
 
Brightwood Lake is formed by a dam on Kellogg Creek at approximately RM 4.3 just upstream of Prouty 
Road in Concord Township, Lake County. Brightwood Lake is approximately 11.4 acres in size, and was 
constructed in 1967. The lake has experienced severe volume loss because of sedimentation. 
 
Big Creek flow was monitored eleven times from 2004 to 2006 by Ohio EPA near the confluence with 
the Grand River. Data indicate that Big Creek contributes 4 to 11.5 percent of the total flow volume in the 
lower Grand River over all flow conditions. Monitored flows ranged from 2.56 to 255.65 cfs. Low flow 

RB-AR38826



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

49 
 

measurements were taken by the USGS on Big Creek 1.1 mile upstream of the mouth of the river during 
water years 1981, 1982, and 1995-99 (USGS 2001). The minimum observed flow was recorded at 1.9 cfs 
during September 1995. 
 
Red Creek has sustained flow throughout the summer because of the contribution of ground water from 
beach ridges and a thick soil horizon. 

4.4.2. Water Quality Data 

Bacteria 
Ohio EPA collected E. coli samples in 2000, 2003, and 2004 from 15 locations on 8 creeks in the Big 
Creek and Red Creek subbasin. All of the streams displayed in Table 4-18 are designated PCR Class B 
with a seasonal geometric mean standard of 161 E. coli  counts per 100 mL. Ohio EPA has identified 
bacteria impairments in both of the WAUs: 04110004 06 06 (Big Creek, Cutts Creek, East Creek, Ellison 
Creek, Jordan Creek, and Kellogg Creek) and 04110004 06 07 (Red Creek). 
 
Table 4-18. E. coli data for the Big Creek and Red Creek subbasin, excluding the Grand River [counts per 100 mL] 
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 d
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M
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n 
(2

00
3)

 b  

G
eo

m
ea

n 
(2

00
4)

 b  

HUC 04110004 06 06 (Big Creek) 

Big Creek 

G02S16 8/28/03 9/10/03 2 190 310 243 -- 
G02W21 8/28/03 9/10/03 2 26 30 28 -- 
G02S15 8/28/03 9/10/03 2 240 260 250 -- 
G02G16 8/28/03 9/10/03 2 44 150 81 -- 
G02W22 8/28/03 9/10/03 2 54 86 68 -- 

G02W23 8/6/03 8/2/04 10 
(5/5) 16 5,800 174 172 

Cutts Creek G99Q11 6/3/04 8/2/04 3 306 306 -- 306 
East Creek G99Q10 6/3/04 8/2/04 3 168 168 -- 168 

Ellison Creek 
200590 6/3/04 8/2/04 3 69 410 -- 189 
G02P10 6/21/00 7/31/00 4 72 11,000  c 426 -- 

Jenks Creek G02W24 8/28/03 9/10/03 2 26 130 58 -- 
Jordan Creek G99Q09 6/3/04 8/2/04 3 75 460 -- 213 

Kellogg Creek 
G99Q07 6/3/04 8/2/04 3 410 2,200 -- 870 
G99Q04 6/3/04 8/2/04 3 110 650 -- 301 

HUC 04110004 06 07 (Red Creek - Grand River) 

Red Creek G02W09 6/3/04 8/2/04 3 270 1,000 -- 428 
Notes 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream per creek. 
Units for the minima, maxima, and geometric means are counts per 100 mL. 
Bolded values are greater than seasonal geometric mean standard of 161 counts per 100 mL for PCR Class B waterbodies. 
a. When multiple numbers are displayed, the first number represents the total number of samples collected at the site and the 

numbers in the parentheses represent the numbers of samples collected in 2003 and 2004, which were used to calculate the 
geometric means. 

b. Geometric means were calculated using all available data for a given year’s recreation season (May 1 through October 31). 
c. The geometric mean was calculated from data collected in 2000. 
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Total Suspended Solids 
Ohio EPA collected TSS samples in 2003 and 2004 from 15 locations on 8 creeks, excluding the Grand 
River, in the Big Creek and Red Creek subbasin. The data are summarized in Table 4-19. No spatial or 
temporal patterns of elevated TSS concentrations are readily apparent. 
 
Table 4-19. TSS data from the Big Creek and Red Creek subbasin, excluding the Grand River 

Stream ST
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HUC 04110004 06 06 (Big Creek) 

Big Creek 

G02S16 

H 
8/28/2003 10/7/2003 

3 ND 5 3 
G02W21 3 ND 
G02S15 3 ND 
G02G16 3 ND 
G02W22 W 3 ND 
G02W23 8/6/2003 8/2/2004 14 ND 160 20 

Cutts Creek G99Q11 H 6/3/2004 8/2/2004 3 ND 
East Creek G99Q10 H 6/3/2004 8/2/2004 3 ND 53 19 

Ellison Creek 200590 H 6/24/2004 8/2/2004 2 5 6 6 
G02P10 6/21/2000 6/3/2004 5 ND 279 60 

Jenks Creek G02W24 H 8/28/2003 10/7/2003 3 ND 
Jordan Creek G99Q09 H 6/3/2004 8/2/2004 3 ND 5 3 

Kellogg Creek G99Q07 H 6/3/2004 8/2/2004 3 ND 15 8 
G99Q04 3 ND 21 10 

HUC 04110004 06 07 (Red Creek) 

Red Creek G02W09 H 6/3/2004 8/2/2004 3 ND 9 6 
Notes 
ND = not detected. The detection limit is 5.0 mg/L and a value of 2.5 mg/L was used in the calculation of statistics. 
Bolded values are greater than the targets: 25.0 mg/L for headwaters streams and 21.0 mg/L for wading streams. 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream per creek. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b. The number of samples excludes field duplicates. 
 

Nutrients 
Nutrient concentrations exceeded the nutrient targets from Ohio EPA‘s Association document (see Table 
2.6) at ten sites in the Big Creek and Red Creek Subbasin. Elevated nutrient concentrations were regularly 
detected on Big Creek and Cutts Creek in the Chardon area. The Chardon WWTP discharges to Big 
Creek and is likely causing elevated nutrient concentrations although phosphorus concentrations are also 
intermittently high upstream of the WWTP, indicating runoff is also a likely source. 
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Table 4-20. Total phosphorus data from the Big Creek and Red Creek subbasin, excluding the Grand River 

Stream ST
O

R
ET

 s
ta

tio
n 

Si
ze

 a  

A
LU

 d
es

ig
na

tio
n 

b  

B
eg

in
 

da
te

 

En
d 

da
te

 

N
o.

 o
f s

am
pl

es
 c  

M
in

im
um

 
(m

g/
L)

 

M
ax

im
um

 
(m

g/
L)

 

A
ve

ra
ge

 
(m

g/
L)

 

HUC 04110004 06 06 (Big Creek) 

Big Creek 

G02S16 

H 
WWH 

8/28/2003 10/7/2003 

3 0.011 0.306 0.116 
G02W21 3 0.239 0.583 0.424 
G02S15 3 0.098 0.269 0.181 
G02G16 3 ND0.01 0.029 0.016 
G02W22 W 3 ND0.01 0.040 0.021 
G02W23 8/6/2003 8/2/2004 14 ND0.01 0.063 0.029 

Cutts Creek G99Q11 H CWH 6/3/2004 8/2/2004 3 ND0.01 0.100 0.040 
East Creek G99Q10 H CWH 6/3/2004 8/2/2004 3 0.021 0.051 0.036 

Ellison Creek 
200590 

H WWH 
6/24/2004 8/2/2004 2 0.059 0.099 0.079 

G02P10 6/21/2000 6/3/2004 5 ND0.05 0.170 0.068 
Jenks Creek G02W24 H CWH 8/28/2003 10/7/2003 3 0.024 0.271 0.109 
Jordan Creek G99Q09 H CWH 6/3/2004 8/2/2004 3 ND0.01 0.037 0.016 

Kellogg Creek G99Q07 H WWH 6/3/2004 8/2/2004 3 0.017 0.025 0.022 
G99Q04 3 0.022 0.244 0.099 

HUC 04110004 06 07 (Red Creek) 

Red Creek G02W09 H WWH 6/3/2004 8/2/2004 3 0.036 0.098 0.067 
Notes 
ND = not detected. The detection limit was either 0.05 or 0.01 mg/L and values of 0.025 or 0.005 mg/L (respectively) were used in 

the calculation of statistics. 
Bolded values are greater than the targets: 0.08 mg/L for headwaters WWH, 0.10 mg/L for wading WWH, and 0.05 for EWH and 

CWH. 
Creeks are listed alphabetically per WAU; stations are listed top to bottom as upstream to downstream per creek. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b. Aquatic Life Use (ALU) designations: coldwater habitat (CWH), exceptional warmwater habitat (EWH), and warmwater habitat 

(WWH). 
c. The number of samples excludes field duplicates. 
d. The unnamed tributary to Paine Creek at RM 7.2 is dual-listed as EWH and CWH. 
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Table 4-21. Nitrate plus nitrite data from the Big Creek and Red Creek subbasin, excluding the Grand River 

Stream ST
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HUC 04110004 06 06 (Big Creek) 

Big Creek 

G02S16 

H 
WWH 

8/28/2003 10/7/2003 

3 0.12 0.58 0.28 
G02W21 3 4.09 5.40 4.61 
G02S15 3 1.48 2.95 2.04 
G02G16 3 0.40 0.63 0.49 
G02W22 W 3 ND 0.38 0.26 
G02W23 8/6/2003 8/2/2004 14 ND 1.13 0.32 

Cutts Creek G99Q11 H CWH 6/3/2004 8/2/2004 3 0.30 0.80 0.52 
East Creek G99Q10 H CWH 6/3/2004 8/2/2004 3 0.37 0.72 0.53 

Ellison Creek 
200590 

H WWH 
6/24/2004 8/2/2004 2 0.36 0.43 0.40 

G02P10 6/21/2000 6/3/2004 5 ND 0.43 0.29 
Jenks Creek G02W24 H CWH 8/28/2003 10/7/2003 3 ND 0.44 0.19 
Jordan Creek G99Q09 H CWH 6/3/2004 8/2/2004 3 ND 0.43 0.21 

Kellogg Creek G99Q07 H WWH 6/3/2004 8/2/2004 3 0.14 0.29 0.19 
G99Q04 3 0.46 0.55 0.50 

HUC 04110004 06 07 (Red Creek) 

Red Creek G02W09 H WWH 6/3/2004 8/2/2004 3 1.42 1.71 1.56 
Creeks are listed alphabetically per WAU; stations are listed top to bottom as upstream to downstream per creek. 
ND = not detected. The detection limit was 0.1 mg/L and a value of 0.05 mg/L was used in the calculation of statistics. 
Bolded values are greater than the targets: 1.0 mg/L for WWH and 0.5 for EWH and CWH. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 200 square miles. 
b. Aquatic Life Use (ALU) designations: coldwater habitat (CWH), exceptional warmwater habitat (EWH), and warmwater habitat 

(WWH). 
c. The number of samples excludes field duplicates. 
d. The unnamed tributary to Paine Creek at RM 7.2 is dual-listed as EWH and CWH. 
 

4.4.3. Habitat Analysis 
In 2003 and 2004 Ohio EPA assessed the habitat conditions at 14 sites on 8 waterbodies in the Big Creek 
and Red Creek subbasin (Table 4-22). In general, habitat conditions in the Big Creek and Red Creek 
subbasin, excluding the Grand River, are good to excellent. The only QHEI narrative score of fair occurs 
on Big Creek. That site is also impaired for its ALU designation (WWH); however, the cause of 
impairment is natural conditions and wetlands. It is noteworthy that good to excellent habitat is still on 
streams that have been developed or are beginning to develop. Table 4-23 presents QHEI scores recorded 
at the same stations in 1987, 1995, and 2003. 
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Table 4-22. QHEI and metric scores for sites in the Big Creek and Red Creek subbasin, except the Grand River 

Waterbody 
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RM/ 
STORET 
station Size a Year 
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HUC 04110004 06 06 (Big Creek) 

Big Creek 

16.2/ 
G02S16 H 2003 62   13.5 14 10 6.5 7 3 8 

16.0/ 
G02W21 H 2003 82   19.5 12 20 10 7 5.5 8 

14.0/ 
G02S15 H 2003 75   13 13 18 10 10 3 8 

9.3/ 
G02G16 H 2003 85   15 19 19 10 9 5 8 

4.9/ 
G02W22 W 2003 66.5   15 10 17 6.5 7 5 6 

2.5/ 
G02W23 W 2003 50.5   12 5 12 4.5 6 5 6 

Cutts Creek 1.2/ 
G02G33 H 2004 73   16 16 16.5 7.5 9 0 8 

East Creek 1.2/ 
G02G32 H 2004 58   12 8 17 8 9 0 4 

Ellison Creek 1.2/ 
G02G39 H 2004 59   11 10 16.5 6.5 7 4 4 

Jenks Creek 0.1/ 
G02W24 H 2003 80.5   17.5 18 17 9 9 6 4 

Jordon Creek 1.1/ 
G02G21 H 2004 59.5   10.5 10 16 9 6 4 4 

Kellogg Creek 

5.7/ 
G99Q07 H 2004 59   11 13 12.5 5 5 2.5 10 

0.2/ 
G02G23 H 2004 67   13.5 10 16.5 8.5 6.5 4 8 

HUC 04110004 06 07 (Red Creek) 

Red Creek 0.5/ 
G02G21 H 2004 67   13 16 14.5 6.5 9 2 6 

Notes 
Creeks are listed alphabetically per 12-digit HUC; stations are listed top to bottom as upstream to downstream per creek. 
a. Headwaters (H) streams drain 20 square miles or less; wading (W) streams drain 20 to 100 square miles. 
b. The QHEI scoring scheme and color coding are presented in Table 4-3. The total possible index score is 100. 
c. The metric color coding is presented in Table 4-4. The numbers in parentheses are the total possible metric scores. 
 
Big Creek and its tributaries drain the heart of Ohio‘s Snow Belt. A high gradient, combined with 
torrential, scouring flows, and discontinuities in bedrock, have resulted in beautiful cascades and 
waterfalls along the length of Big Creek and in many of its tributaries, especially the portion of the 
drainage area in Lake County. The scouring flows, however, result in long stretches of bedrock 
punctuated by short aggregations of glacial till and fractured bedrock. Identical conditions exist in East 
Creek and Jordan Creek, and to a lesser extent in Ellison Creek. Kellogg Creek is different in that it runs 
parallel to the Portage Escarpment, also referred to as the Lake Escarpment Moraine and, therefore, tends 
to be rich in glacial till (Ohio EPA 2006, p. 65). 
 
The headwater portion of the Big Creek drainage in Geauga County, being smaller and therefore subject 
to less scouring energy, and having a thicker glacial drift than the portion in Lake County, generally has 
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stream habitat that is more conducive to supporting fish communities in accordance with expectations 
derived for till-plain streams (Ohio EPA 2006, p. 66). 
 
Red Creek drains a suburbanized former lake plain; consequently, its parent, fine-grained lacustrine 
substrates are moderately embedded with silt. The lower reach, where sampled, had not been channelized, 
and so had sufficient habitat attributes to support a warmwater stream fish assemblage (Ohio EPA 2006, 
p. 66). 
 
Ohio EPA also evaluated habitat quality, as indicated by QHEI scores, at various sites across the lower 
Grand River watershed from 1983 to 2000. As previously noted, QHEI scores calculated from data 
collected before the development of the QHEI in 1989 were interpreted from field sheets and might or 
might not be as accurate as the standardized QHEI scores. Evaluations of a few pertinent waterbodies are 
presented in this section. Big Creek was sampled in 1995 and 2003, and scores were estimated for 1987 
(Table 4-23). At the two most upstream sites, in the vicinity of the village of Chardon, habitat quality has 
increased from poor to good from 1987 to 2003.. Much of the increase in scores was driven by improved 
metric scores for in-stream cover, channel morphology, and riffle/run. Both of the sites are listed on 
Ohio‘s 303(d) list for partial attainment of their ALU. 
 
Table 4-23. QHEI scores on Big Creek from 1987 to 2003 

RM STORET station Size 1987 a 1995 2003 
16.2/16.3 G02S16 H 41 61.5 62 
15.9/16.0 G02W21 H 54 54 82 
13.9/14.0 G02S15 H 79 71 75 
9.3/9.5 G02G16 H 93 73 85 
5.3 -- W -- 71 -- 
4.9/5.0 G02W22 W -- 71 66.5 
2.5 G02W23 W -- 59 50.5 

Notes 
The QHEI scoring scheme and color coding are presented in Table 4-3. The total possible index score is 100. 
a. These scores were interpreted from field sheets that were collected before the QHEI was developed. 
 
In the middle portion of Big Creek (between RM 9.3 [G02G16] and 13.9 [G02S15]), habitat quality 
increased between 1995 and 2003; the decrease between 1987 and 1995 could be reflective of the fact that 
the 1987 scores were estimated using historic field sheets and were not determined during field surveys. 
The increase in habitat quality could be because of the improved habitat quality of the CWH tributaries to 
Big Creek along the segment. Habitat conditions at Cutts Creek (RM 1.2/1.3 [G02G33]) improved from 
68 to 73 from 1996 to 2004. Similarly, at Jenks Creek (RM 0.1 [G02W24]) habitat conditions improved 
from 70 to 80.5 from 1995 to 2003. 
 
The site at RM 2.5 (G02W23) on Big Creek is in partial attainment of its WWH designation. The cause of 
impairment, according to Ohio EPA, is natural conditions and wetlands. 
 
Between 1989 and 2004 habitat was evaluated by Ohio EPA on Ellison Creek and Kellogg Creek, but the 
same location was never sampled in different years. The most downstream sites (Ellison Creek at RM 1.2 
[G02G39] and Kellogg Creek at RM 0.2 [G02G23]) had good QHEI scores. 
 

4.5. Grand River Large River Assessment Unit 
The Grand River LRAU refers to the mainstem of the Grand River in the lower Grand River watershed. 
The entire Grand River watershed drains into the LRAU. An ALU assessment of the lower Grand River 
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in the lacustrine area is not presented here because Ohio EPA has not determined attainment in the 
lacustrine area because of a lack of data. The LRAU fully supports its designated ALU but the recreation 
use is not supported at most sites. The sample locations on the Grand River in the LRAU are presented in 
Figure 4-9. 
 

 
Figure 4-9. Grand River LRAU. 

 

4.5.1. Hydrology 
The hydrology of the LRAU is monitored by one USGS gage near Painesville and historical USGS flow 
data at Madison and Harpersfield. The USGS gage station near Painesville is the only flow gage on the 
river. Figure 4-10 and Table 4-24 summarize the flow at that location by flow duration interval by the 
cumulative distribution of flow values. Figure 4-11 represents a wet and dry year at the Painesville gage. 
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Table 4-24. Grand River near Painesville Ohio (04212100) flow duration values 

Flow condition 
Highest flow 

(cfs) 
Mean flow 

(cfs) 
Lowest flow 

(cfs) 
High Flows (0%–10%) 22,500 4,260 2,800 
Moist Conditions (10%–40%) 2,800 1,210 624 
Mid-Range Flows (40%–60%) 624 410 257 
Dry Conditions (60%–90%) 257 111 41 
Low Flows (90%–100%) 41 25 4.7 

 
Figure 4-10. Grand River near Painesville Ohio (04212100) flow duration curve, October 1974–present. 
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Figure 4-11. Flow hydrograph for Grand River near Painesville, 1996 (wet year) and 1998 (dry year). 

 
Base flow is the portion of the hydrograph, or stream flow that is derived from ground water 
contributions. Neff et al. (2005) evaluated base flow in the Grand River watershed using six hydrograph 
separation techniques including PART (Rutledge 1998), HYSEP 1, 2, and 3 (Sloto and Crouse 1996), 
BFLOW (Arnold and Allen 1999), and UKIH (Piggott et al. 2005) methods. Figure 4-12  summarizes the 
results of that analysis as compared to total flow. Median base flow estimates range from 180 to 400 cfs 
between 1976 and 2000. Those flows correspond to dry conditions and mid-range flow conditions in the 
flow duration curve. 
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Figure 4-12. Base flow separation, USGS gage near Painesville, 1976–2000 (adapted from Neff et al. 2005). 

 
Low-flow conditions (flow duration interval of 90 to 100 percent) at the Grand River near Painesville 
range from the lowest recorded flow value of 4.7 to 41 cfs. Flows in that range are most common during 
the summer and fall months when rainfall is low and temperatures are warm (Figure 4-13). No low-flow 
measurements were made during the spring and only four winter low flow measurements occurred 
(December to February). During the summer and fall critical time, flow and water quality conditions in 
the mainstem of the Grand River are being sustained primarily through ground water-fed headwater 
streams. 
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Figure 4-13. Seasonal distribution of low-flow measurements. 

 
Very low flows have been historically monitored at the Grand River near Madison and at Mill Creek in 
the Griggs Creek – Mill Creek 10-digit HUC. Low-flow conditions reached 0 cfs during two years (1934 
and 1963) at Madison, with high-flow conditions (34 to 87 cfs) occurring from December through 
February, and low-flow conditions (1.9 to 5.8 cfs) occurring during the fall (September to November) 
(USGS 2001). Between 1942 and 1974, Mill Creek ran dry for at least one day during 17 of the 22 years 
monitored (USGS 2001). 
 
Small headwater streams in the lower Grand River watershed discharge continuous ground water through 
numerous small tributaries. Low-flow measurements taken on Big Creek during the 1980s and 1990s by 
the USGS indicate that the tributary is very important to maintaining low-flow conditions at the gage near 
Painesville (USGS 2001). It is likely that Red Creek and other tributaries in the Grand River Tributary 
subbasin are also important to maintaining low flows within the Grand River. 
 
A comparison of the four USGS gage data sets including three along the Grand River and one on Mill 
Creek in Ashtabula County (Figure 4-14) identifies the flow characteristics of the Grand River from the 
upper to the lower portions. 
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Figure 4-14. Comparison of flow conditions. 

 
The upper Grand River watershed drains approximately 418 square miles and is predominantly forest, 
wetlands, and agricultural land uses. Two USGS flow gages were on the upper portion of the Grand River 
(North Bristol, Ohio, and Rome, Ohio); however, those gages are not maintained by the USGS. The 
period of record for each gage is listed in Table 4-1. Historical data are available for both gages, including 
average daily data from March 1942 to September 1947. Using regression analysis and drainage area-
weighting techniques, a flow duration curve was developed for the upper portion of the Grand River on 
the basis of flows at Madison, Harpersfield, and Painesville (Figure 4-15). The upper Grand River 
watershed comprises 61 percent of the overall Grand River watershed area. 
 
 
 

RB-AR38838



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

61 
 

 
Figure 4-15. Estimated flow duration curve, Grand River upstream of Griggs Creek – Mill Creek 10- digit HUC, 1974–
present. 

 

4.5.2. Water Quality Data 

Bacteria 
Ohio EPA collected E. coli samples from 12 locations on the Grand River in the Grand River LRAU. 
Those data are summarized in Table 4-25. Multiple TMDLs will be completed for the LRAU. 
 
Much of the lower Grand River mainstem is impaired for recreation use as a result of bacterial 
contamination. The upper Grand River is not impaired for recreation use where the upper Grand River 
becomes the lower Grand River (Ohio EPA 2007). Ohio EPA calculated a geometric mean of 100 counts 
per 100 mL (G02K24, 2007, n = 2) at this location. That indicates that bacterial contamination at the sites 
in the lower portion of the Grand River is not likely originating from upstream sources. 
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Table 4-25. E. coli data for the Grand River (LRAU) [counts per 100 mL] 

Stream ST
O

R
ET

 
st

at
io

n 
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eg

in
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at
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En
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da
te

 

N
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 o
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sa
m

pl
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 a  
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um

 

M
ax

im
um

 

G
eo

m
ea

n 
(2

00
3)

 b  

G
eo

m
ea

n 
(2

00
4)

 b  

HUC 04110004 04 01 (Coffee Creek - Grand River) 

Grand 
River 

G02G15 8/27/03 7/12/04 10 
(2/8) 22 2,200 756 134 

G02W04 6/27/00 8/22/00 4 41 140 c 81 -- 
HUC 04110004 06 03 (Village of Mechanicsville - Grand River) 

Grand 
River 

G02W17 6/27/00 1 96 -- -- 
G02G05 7/20/00 8/22/00 3 31 100 d 59  -- 

G02W18 8/27/03 7/12/04 13 
(3/10) 27 3,300 154 133 

G02W19 8/28/03 7/8/04 7 
(2/5) 20 820 35 47 

HUC 04110004 06 05 (Talcott Creek - Grand River) 

Grand 
River 

502510 8/27/03 7/8/04 7 
(2/5) 8 550 56 37 

G02G14 8/27/03 7/12/04 11 
(3/8) 9 510 192 49 

HUC 04110004 06 07 (Red Creek - Grand River) 

Grand 
River 

G02W14 8/6/03 7/8/04 8 
(3/5) 20 550 155 54 

502530 e 9/27/99 6/9/08 42 
(9/8) 5 3,400 348 147 

G02S13 8/28/03 7/8/04 8 
(3/5) 43 2,000 179 130 

502520 8/27/03 7/12/04 11 
(3/8) 29 11,000 1,024 83 

Notes 
Stations are listed top to bottom as upstream to downstream. 
Units for the minima, maxima, and geometric means are counts per 100 mL. 
(n=7), 348 in 2003 (n=9), 147 in 2004 (n=8), 58 in 2006 (n=3), and 40 in 2007 (n=2). One sample was collected in 2008: 62 counts 

per 100 mL. 
Bolded values are greater than seasonal geometric mean standard of 126 counts per 100 mL for PCR Class A waterbodies. 
a. When multiple numbers are displayed, the first number represents the total number of samples collected at the site and the 

numbers in the parentheses represent the numbers of samples collected in 2003 and 2004, which were used to calculate the 
geometric means. 

b. Geometric means were calculated using all available data for a given year’s recreation season (May 1 through October 31). 
c. The geometric mean was calculated from  data collected at G02W04 in 2000. 
d. The geometric mean was calculated from data collected at G02W05 in 2000. 
e. The geometric means of data collected at 502530 for the following years are: 123 in 1999 (n=2), 213 in 2000 (n=3), 51 in 2001 

(n=4), 139 in 2002  
 
The Grand River in the LRAU is designated PCR Class A with an E. coli geometric mean standard of 126 
counts per 100 mL. In 2003 the range of geometric means was 35 to 1,024 counts per 100 mL with seven 
of nine geometric means exceeding the standard. In 2004 the range of geometric means was from 37 to 
147 counts per 100 mL with four of nine geometric means exceeding the standard. The two stations with 
the largest maxima are 502520 (11,000 counts per 100 mL) and 502530 (3,400 counts per 100 mL). 
Station 502520 is the most downstream sample location on the Grand River; station 502530 is in 
Painesville, downstream of the Big Creek confluence with the Grand River. 
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USGS sampled the Grand River at Harpersfield (gage 04211820) for E. coli in 1996 through 1998 (14–
5,100 counts per 100 mL, n = 26). The recreation season geometric means for 1996 and 1997 were 219 
and 122 counts per 100 mL, respectively. 
 

Total Suspended Solids 
Ohio EPA collected 177 TSS samples from the Grand River from 1999 to 2010. TSS ranged from 5 to 
734 mg/L and was not detected in 40 samples. Of the 137 detections, 37 TSS concentrations were greater 
than 18.5 mg/L, which is the 75th percentile of boating-sized reference stream data for the EOLP 
ecoregion (Ohio EPA 1999, Appendix I, p. 24). 
 
The USGS collected TSS samples at two locations on the Grand River from 1977 to 1980. Ten samples 
were collected at station 04212100 (see Figure 4-2) with all samples (44–1210 mg/L) larger than the 18.5 
mg/L target. Seventy samples were collected from station 04212200, and all but one sample exceeded 
18.5 mg/L (24 – 853 mg/L). 

4.5.3. Habitat Analysis 
In 2003 and 2004 Ohio EPA assessed the habitat conditions at 14 sites along the Grand River LRAU 
(Table 4-26 ). Habitat conditions on the Grand River ranged from fair to excellent with a large segment of 
the river above Painesville having excellent habitat. In the lowest reaches of the river, all the metrics‘ 
scores decreased successively downstream. The worsening habitat conditions may reflect the increasing 
levels of development (i.e., urbanization, imperviousness) and historic modifications from industrial land 
uses in the lower reaches of the Grand River. 
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Table 4-26. QHEI and metric scores for sites on the Grand River  

RM 
STORET 
station Year 

QHEI 
(100) a   Su

bs
tr

at
e 

(2
0)
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 b  
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n 
(8

) b  

G
ra
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en

t (
10

) b  

HUC 04114004 04 01 (Coffee Creek - Grand River) 

40.9 G02G15 2003 73   16 14 15 10 10 4 4 
36.3 G02W04 2003 57.5   15.5 11 14 6 7 0 4 

HUC 04114004 04 03 (Village of Mechanicsville - Grand River) 

34.0 G02W18 2004 75.5   14 16 17 7.5 12 5 4 
28.4 G02W19 2003 81.5   15 13 17 8 12 6.5 10 

HUC 04114004 04 05 (Talcott Creek - Grand River) 

22.3 502510 2003 80   14 15 17 7.5 12 6.5 8 
HUC 04114004 04 07 (Red Creek - Grand River) 

13.6 G02W14 2003 85.5   17 15 17 9 12 5.5 10 
8.5 502530 2004 91   18 18 20 6.5 12 6.5 10 
8.0 -- 2003 84   16.5 15 17 7 12 6.5 10 
6.2 G02S13 2003 78   15 12 18 4.5 12 6.5 10 
5.6 -- 2003 75   15.5 9 15 7.5 12 6 10 
4.8 -- 2003 71.5   17 13 12.5 6 7 6 10 
4.3 -- 2004 56.5   15 8 14.5 4 9 0 6 
3.9 -- 2004 54   14 8 14 4 8 0 6 
3.2 G02S14 2004 51   11 8 14 4 8 0 6 

Note: All sites on the Lower Grand River drain more than 500 square miles. 
a. The QHEI scoring scheme and color coding are presented in Table 4-3. The total possible index score is 100. 
b. The metric color coding is presented in Table 4-4. The numbers in parentheses are the total possible metric scores. 
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5. Source Assessment 
A source assessment is used to evaluate type, magnitude, timing, and location of pollutant loading to a 
waterbody (U.S. EPA 1999). This section provides an inventory of the potential point and nonpoint 
sources of the pollutants of concern in the lower Grand River watershed. Sections 5.1 to 5.4  identify the 
pollutants of concern, including the impact that flow and habitat have on meeting the designated ALUs. 
Sections 5.5 through 5.7  then provide information on the corresponding potential point and nonpoint 
sources in each subbasin. The significance of each of those potential point and nonpoint sources, and their 
impact on water quality, is more fully explored in the Linkage Analysis presented in Section 7. 

5.1. Stressor Identification 
Stressor identification (SI) is a method that identifies stressors causing biological impairment and 
provides a structure for organizing the scientific evidence supporting the conclusions. The general SI 
process entails reviewing available information, forming possible stressor scenarios that might explain the 
impairment, analyzing those scenarios, and producing conclusions about which stressor or stressors are 
causing the impairment. The process consists of three main steps (Figure 5-1): 

1. Listing candidate causes of impairment 
2. Analyzing new and previously existing data to generate evidence for each candidate cause 
3. Producing a causal characterization using the evidence generated in Step 2 to draw conclusions 

about the stressors that are most likely to have caused the impairment. 

 

 
Source: Cormier et al. 2000 

Figure 5-1. Overview of the SI process. 

 
The SI process was completed for each of the streams not attaining its ALU, which consists of the 
following: 

 Mill Creek (04110004 04 02) 
 Big Creek headwaters near Chardon 
 Kellogg Creek 
 Red Creek 
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Potential causes of impairment have been identified in two previous documents and as part of the 303(d) 
listing process (Table 5-1). Available data have been evaluated and a weight-of-evidence approach has 
been taken to identify the stressors for each biological impairment. 
 
Table 5-1. Potential causes of ALU impairments 

Assessment 
unit 

(04110004) 
Impaired stream 

name Potential causes of impairment 
04 02 Mill Creek  

(headwaters) 
Siltation caused by historical channelization 
Excess nutrients 
Low dissolved oxygen 
Sedimentation  

06 06 Big Creek 
(headwaters) 

Direct habitat alteration caused by urban runoff, storm sewers  and 
hydromodification because of runoff from the City of Chardon and 
development in the Kellogg Creek watershed 
Pollutants associated with urban storm water a 

Kellogg Creek 

06 07 Red Creek  Flow alteration caused by urban runoff, storm sewers 
Pollutants associated with urban storm water  a 

a. This potential cause is listed in the 303(d) list as “unknown toxicity,” indicating an unknown ratio of effects and mixtures of 
pollutants such as PAHs, metals and lawn chemicals. 
 
In the Integrated Report (Ohio EPA 2010a) and in the Biological and Water Quality Study of the Grand 
River Basin 2003 - 2004, Hydrologic Units 04110004 050 and 04110004 060 (Ohio EPA 2006a), Ohio 
EPA identified potential causes and sources of the impairments. Some assessment units in the watershed 
have been determined to be impaired by natural limits (Table 1-1). Those assessment units are not 
addressed by this TMDL project because the impairment is not due to human activity. The remaining 
listed causes of impairment include direct habitat alteration, flow alteration, organic enrichment/dissolve 
oxygen, siltation, unknown cause(s), and pollutants associated with urban storm water. The stressors that 
cause the impairments might be discernable from the water quality and habitat data provided by Ohio 
EPA. The following parameters constitute the candidate stressors: 

 Habitat alteration 
 Siltation and sedimentation 
 Flow alteration and imperviousness 
 Metals 
 Organic enrichment and low dissolved oxygen 
 Temperature 

 
Available data obtained from Ohio EPA and other entities were evaluated with the objective of 
determining if the stressors from the candidate list represent the causes of impairment. The evaluation 
found that some candidate stressors are likely causes of impairment while other candidate stressors are 
not. 
 
Water quality samples that were collected by Ohio EPA throughout the watershed were analyzed for 
dissolved oxygen, nutrients, metals, pathogens, temperature, dissolved oxygen and TSS. Habitat was 
assessed at locations throughout the watershed. The water quality samples were not analyzed for toxic 
substances (e.g., polycyclic aromatic hydrocarbons, polychlorinated biphenyls), except for metals.   
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5.2. Potential Pollutants and Causes of Concern 

5.2.1. Habitat Alteration 
Ohio EPA evaluated habitat, via the QHEI, in 2003 and 2004 by at all locations that were assessed for 
their ALU designations. The QHEI scores at those sites that were impaired for their ALU were good or 
excellent. Though the sites scored moderately to poorly in a few metrics, the data do not reveal factors 
that could be causing habitat impairments. 
 
The scores of the Bank Erosion & Riparian Zone metric and the Channel Morphology metric are both 
generally lower in streams that are biologically-impaired when compared with streams that are in 
attainment in the Big Creek – Grand River 10-digit HUC, excluding the mainstem of the Grand River. 
Poor scores in those two metrics can indicate a flashy stream with high peak flows. While the overall 
QHEI data suggest that degraded habitat is not the cause of impairment, Channel Morphology and Bank 
Erosion & Riparian Zone metrics may indicate that the impact of urbanization contributes to impairment. 
However, no consistent patterns are evident.  
 
Kellogg Creek serves as an example of the lack of spatial patterns with the QHEI data. A synopsis of its 
evaluation is presented here; three sites on Kellogg Creek were evaluated: Button Road (RM 5.7, 
nonattainment), upstream of Morley Road (RM 3.3, partial attainment), and one-half mile from State 
Route 44 (RM 2.6, full attainment). The riparian width attribute scores for the sites were: narrow and 
very narrow (+1.5), wide (+4), and wide (+4), respectively. Thus, it may appear that habitat alteration 
decreases as one travels downstream along Kellogg Creek. For the channelization attribute, the sites score 
recovered (+4), none (+6), and recent (+1), respectively. Across HUC 04110004 06 06, where direct 
habitat alteration is one of the listed causes of impairment, habitat alteration as measured by individual 
QHEI attributes yield different spatial trends and sometimes no trend at all.  

5.2.2. Siltation and Sedimentation 
Although TSS data were collected throughout the lower Grand River watershed, TSS was less than 
detection limits in more than 60 percent of the samples. At the sites impaired for their ALU designation, 
TSS was generally detected in a few of the samples but at low levels. Only on Mill Creek at Clay Road 
(RM 25.6) was a TSS concentration greater than the 75th percentile target.  
 
Ohio EPA identified siltation as cause of impairment to Mill Creek at Clay Road, yet TSS was below 
detection limits at 8 of 14 samples and was greater than the 75th percentile target for only 2 samples. 
Thus, available TSS data do not indicate sedimentation-caused impairments.  
 
QHEI scores from the upper Mill Creek were further evaluated for the assessment sites at Clay Road (RM 
25.7) and at Netcher Road (RM 18.2). The latter site is in full attainment of its ALU. Both sites scored 
―high‖ (+3) on the stability attribute for the Channel Morphology metric and ―none/little‖ on the erosion 
attribute of the Bank Erosion & Riparian Zone metric. Scores of ―moderate‖ (-1) were reported for the 
siltation and embeddedness attributes of the Substrate metric  at Clay Road, whereas the scores were 
―normal‖ (+0) at the Netcher Road site. Similarly, the substrate and embeddedness attributes of the 
Riffle/Run metric received scores of ―unstable‖ (+0) and ―moderate‖ (+0) at the Clay Road site but 
received scores of ―stable‖ (+2) and ―low‖ (+1) at the Netcher Road site.  
 
Thus, the Channel Morphology and Bank Erosion & Riparian Zone metrics‘ attribute scores show that 
streambanks are stable and significant erosion is not occurring. However, the attribute scores of the 
Substrate and Riffle/Run metrics show that silt and sediment are being deposited at the Clay Road site. 
These results are consistent with Ohio EPA (2006a) that identified historic channelization and agriculture 
upstream of Clay Road were the likely sources of siltation. 
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It is noteworthy that TSS, fish, macroinvertebrate, and QHEI data were collected at relatively the same 
location but not the exact same location. Additionally, the data collections did not occur on the same 
dates, which could affect direct comparisons between data. 

5.2.3. Flow Alteration and Imperviousness 
Ohio EPA has identified urban/suburban runoff and storm sewers as potential sources that might cause 
impairments to ALU designations. Impervious surfaces such as roads, roofs, and parking lots alter the 
natural hydrology of the watershed. In addition, artificial drainage can also have a similar effect on 
hydrology. Biological communities are impacted by changes in the hydrologic regime and associated 
pollutant loadings that result from flow alteration and imperviousness.  Figure 5-2 identifies the typical 
impact that development has on the stream hydrograph. Much of that impact is directly related to the 
construction of impervious surfaces in the watershed. 

 
Source: CWP 1999 

Figure 5-2. Effect of urbanization on the hydrograph. 

 
The higher peak flows and volumes associated with the developed scenario result in the following 
stressors on biological communities: 

 Degraded habitat and siltation 
 High stream flow velocities 
 Erosion, channel scour, and bank failure 
 Poor storm water quality 
 Increased temperatures or rapid temperature flux 
 Reduction in base flow 

 
Watershed imperviousness over 5 percent has been documented by Miltner et al. (2004) as causing a 
decline in water quality in streams in Ohio. Schueler (1994) and Booth and Jackson (1997) identify a 
watershed imperviousness of 5 to 10 percent, above which stream habitat is typically identified as poor. 
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Section 7, Aquatic Life Use Impairments Linkage Analysis and Hydrologic Targets, further describes the 
impact of imperviousness. Figure 5-3 describes the general relationship between impervious cover and 
stream quality (CWP 1999). Table 5-2 summarizes the watershed imperviousness for each of the 
biologically impaired streams, and Figure 5-4 summarizes the relationship between impervious area and 
attainment for assessment locations in the lower Grand River watershed in the Big Creek – Grand River 
10-digit HUC. Note that imperviousness was measured upstream of the assessment point. Similar to the 
referenced literature, poorer biological scores correlate strongly with higher imperviousness values in the 
lower Grand River watershed, and flow alteration and imperviousness are therefore considered stressors. 
 

 
Source: CWP 1999 

Figure 5-3. Relationship between percent impervious cover and stream quality in a watershed. 

 
Table 5-2. Watershed imperviousness, based on 2001 NLCD 

Watershed 
Watershed area 

(mi2) 
Impervious area 

(mi2) 
Percent 

impervious  
Red Creek (RM 0) 9.26 1.28 13.8% 
Kellogg Creek (RM 3.3) 4.56 0.67 14.7% 
Big Creek by Chardon (RM 16.0) 1.54 0.20 13.1% 
Mill Creek (RM 25.67) 21.14 0.17 0.8% 
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Figure 5-4. Impervious cover and ALU attainment, Big Creek – Grand River 10-digit HUC. 

 

5.2.4. Metals 
Metals data were collected at locations throughout the watershed. However, much of the data do not 
appear to affect the impairments to the ALU designations. Mercury and selenium samples were always 
below detection limits, and the following five metals were detected only in isolated samples and always at 
levels below the OMZM standards: arsenic, chromium, lead, nickel, and zinc. Copper was also detected in 
isolated samples. A few copper detections were at levels above the OMZM; however, such exceedances 
did not occur in any impaired waterbodies. Iron and manganese were occasionally detected at levels 
greater than the 75th percentile of reference streams‘ data, including at isolated times at three sites 
impaired for their ALU designation. In general, the metals data do not suggest they are a significant 
stressor. 

5.2.5. Nutrients 
Nutrient levels were evaluated using total phosphorus and nitrate plus nitrite data. Both nutrients were 
regularly detected throughout the watershed. Generally, at least one sample from each creek yielded 
concentrations in excess of the suggested statewide nutrient criteria for the protection of aquatic life (Ohio 
EPA 1999). All the sites that are impaired for the ALU designation showed elevated concentrations of 
both nutrients. 
 
Nutrients rarely approach concentrations in the ambient environment that are toxic to aquatic life, and 
nutrients in small amounts are essential to the functioning of healthy aquatic ecosystems. However, 
nutrient concentrations in excess of the needs of a balanced ecosystem can exert negative effects by 
increasing algal and aquatic plant life production (Sharpley et al. 1994). Such effects increase turbidity, 
decrease average dissolved oxygen concentrations, and increase fluctuations in diel dissolved oxygen and 
pH levels. Those changes shift species composition away from functional assemblages composed of 
intolerant species, benthic insectivores, and top carnivores typical of high-quality streams toward less 
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desirable assemblages of tolerant species, niche generalists, omnivores, and detritivores typical of 
degraded streams (Ohio EPA 1999). Such a shift in community structure lowers the diversity of the 
system; the IBI and ICI scores reflect the shift and could preclude a stream from achieving its ALU 
designation. For the purpose of this report, phosphorus is used as an indicator of the degree of nutrient 
enrichment. Phosphorus is selected because it is frequently the limiting nutrient to primary production in 
streams and rivers of Ohio (Laws 1981). 
 
Mill Creek at Clay Road (RM 25.7) is impaired for its ALU designation primarily from sedimentation and 
siltation. Ohio EPA found high levels of agricultural land use and upstream channelization at the site 
(Ohio EPA 2006a). The QHEI associated with this site was collected nearby at a location that does not 
reflect the increased levels of sedimentation because of the low gradient in Mill Creek at Clay Road. Ohio 
EPA also identified elevated nutrient levels (total phosphorus, total Kjeldahl nitrogen, and ammonia-
nitrogen) at the site, as compared to the reference condition, and concluded that, collectively, the habitat 
and nutrient issues impair the aquatic communities (Ohio EPA 2006a). 
 
Red Creek is in non-attainment of its WWH designation because of flow alteration and pollutants 
associated with urban storm water. Elevated nutrients were also detected in Red Creek at Mantle Road 
(G02G21). One of the three total phosphorus samples (0.098 mg/L) was in excess of the 75th percentiles 
of the statewide reference streams data for WWH headwaters streams (0.08 mg/L). All three nitrate plus 
nitrite samples (1.42 to 1.71 mg/L) were in excess of the target derived from the 75th percentile of 
reference streams data (1.0 mg/L). 
 
Big Creek nutrient data collected in 2003 and 2004 by Ohio EPA at G02W21 (RM 16.0) and G02S16 
(RM 16.2) were evaluated. Total phosphorus concentrations collected during moist conditions and dry 
conditions exceeded the TMDL target (0.08 mg/L, WWH, headwaters) derived from the Ohio EPA‘s 
ANOVA analyses of pooled total phosphorus data from across the state  in the Associations document 
(Ohio EPA 1999). Nitrite plus nitrate data showed a similar trend and exceeded its target (1.0 mg/L, 
WWH), which was derived from the 75th percentile of pooled reference stream data collected across Ohio. 
 
Total phosphorus samples at three Big Creek stations exceed the total phosphorus water quality targets, 
and two Big Creek stations exceed the nitrate plus nitrite nitrogen targets. An analysis of nutrient values 
from upstream to downstream indicates that elevated nutrient levels are likely due to storm water from 
Chardon and WWTP discharges. The most upstream station (G02S16) is in Chardon, G02W21 is 
downstream of the Chardon WWTP, and G02S15 is less than 2 miles downstream of station G02W21. 
The next station downstream of those is G02G16, which is downstream of the confluence of Jenks Creek 
and Big Creek and does not exceed any nutrient targets. 
 
Figure 5-5 demonstrates that total phosphorus concentrations are elevated above the target at three 
stations downstream from Chardon with a peak downstream of the Chardon WWTP. In 2001 the Chardon 
WWTP was upgraded; its current treatment processes include phosphorus removal (Ohio EPA 2006a). 
Ohio EPA evaluated macroinvertebrate data from both upstream and downstream of the WWTP and 
found that elevated nutrients from the WWTP were assimilated without affecting biotic integrity because 
the downstream community had similar community characteristics as the upstream community (Ohio 
EPA 2006a). 
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Figure 5-5. Big Creek total phosphorus analysis. 

 

5.2.6. Organic Enrichment and Low Dissolved Oxygen 
Dissolved oxygen data (i.e., daytime grab samples) were collected by Ohio EPA and Lake SWCD. Ohio 
EPA‘s samples were collected at varying times over the day, which prohibited spatial and temporal 
evaluations; Lake SWCD dissolved oxygen data do not include sample times. Both agencies collected 
water temperature data when they monitored dissolved oxygen (see Section 5.2.7). Except for one sample, 
all Ohio EPA samples yielded concentrations that complied with the dissolved oxygen criteria for the 
OMZM. The single exception occurred at Mill Creek at Clay Road on 7/12/2004. It is noteworthy that 
approximately 10 percent of the Lake SWCD data are below (noncompliance) the dissolved oxygen 
criteria; although, those data were collected from small ground water fed headwater streams, and ground 
water is naturally low in dissolved oxygen. 

5.2.7. Temperature 
Stream temperature data were collected by Ohio EPA and Lake SWCD. Ohio EPA collected daytime grab 
samples at its assessment sites during their field surveys in 2003 and 2004. The Lake SWCD data were 
collected from primary headwaters streams in the Lake County portion of the Grand River watershed 
between 2000 and 2008. 
 
The Lake SWCD data were collected between 2000 and 2006 at primary headwaters habitat streams. 
Generally, only a single sample was collected at each stream. The time of sampling ranged from 8:30 a.m. 
to 3:00 p.m.; however, individual sample times were not recorded. 
 
All Ohio EPA grab field measurements were below the WWH numeric temperature criteria (29.4 ° C for 
June 1 through September 15), which were applicable to all ALU impairments. Temperatures in certain 
streams were too warm to sustain CWH species. As demonstrated in Section 4, limited data are available 
to determine if temperature is a stressor. 
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5.3. Candidate Causes 
On the basis of the considerations presented in Sections 5.1 and 5.2, nutrients, flow alteration, and 
imperviousness are identified as the highest priority stressors for biological impairments in the watershed 
(Table 5-3). The linkage analysis further describes each of the candidate causes and their link to water 
quality impairments. The linkage analysis also describes how the selection of TMDL targets addresses 
those causes and the linkage of the targets to restoration of designated ALUs. 

Table 5-3. High-priority stressors 

Assessment unit 

(04110004) Impaired stream name SI high-priority stressors  
04 02 Mill Creek  (headwaters) Nutrients (phosphorus) 

06 06 Big Creek  Flow alteration and imperviousness Kellogg Creek  

06 07 Red Creek  Nutrients (phosphorus) 
Flow alteration and imperviousness 

 

5.4. Pollutants of Concern and Watershed-wide Sources 
As described in Section 5.3, the pollutants of concern for the lower Grand River watershed include 
phosphorus, flow alteration, and imperviousness for ALU impairments, while bacteria is the pollutant of 
concern for the recreation use impairments. Those pollutants can originate from an array of sources, 
including point and nonpoint sources. The remainder of Section 5.4 provides a summary of potential 
pollutant sources that contribute to the lower Grand River watershed impairments by subbasin. 

5.4.1. Point Sources 
Point sources that are regulated through the NPDES Program include WWTPs, industrial facilities, and 
regulated storm water (e.g., municipal separate storm sewer systems [MS4s]. No permitted confined 
animal feeding operations or combined sewer overflow systems are in the watershed. Ohio EPA‘s 
confined animal feeding operations website shows that no regulated confined animal feeding operations 
are in Ashtabula, Geauga, or Lake counties10. 

Wastewater Treatment Plants and Industrial Dischargers 
Forty-four active facilities are permitted to discharge in the lower Grand River watershed (Figure 5-6 and 
Table 5-4). Two major wastewater treatment facilities are discharging more than 1 million gallons per day 
(MGD) in the Big Creek – Red Creek subbasin. Of the 42 minor dischargers, 9 are industrial facilities, 
while the rest are municipal facilities. Eight of the nine industrial facilities (Pilot Travel Center No 2; 
Structural North America; Ricerca Biosciences, LLC; Hardy Industrial Technologies, LLC; Morton Salt; 
Carmeuse Lime, Inc.; Grand River Ops; Painesville Municipal Electric Plant; and Eckart America, LP) 
discharge to storm sewers or discharge storm water directly to streams, and these eight facilities do not 
have nutrient or bacteria permit limits. Ken Forging is the only industrial facility with bacteria limits. 
 
 

                                                      
 
10Ohio EPA Concentrated Animal Feeding Operations website: http://www.epa.ohio.gov/dsw/cafo/index.aspx 
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Figure 5-6. NPDES facilities in the lower Grand River watershed. 

 
Table 5-4. NPDES facilities in the lower Grand River watershed 

HUC 
(04110004) Facility 

U.S. EPA’s 
NPDES ID 

Ohio EPA NPDES 
Permit Number 

04 02 
Ashtabula County JVS OH0044920 3PT00029 

ODOT Dorset Outpost Garage OH0128449 3PP00041 

04 03 

Jefferson WWTP OH0025887 3PC00021 

DFC Mobile Home Park OH0121614 3PV00081 

Ken Forging Inc OH0131296 3IS00121 

King Luminaire Co Inc OH0133027 3PR00324 

Harassment's Bar OH0139301 3PR00438 

06 01 

Coffee Creek WWTP OH0098469 3PG00145 

Pilot Travel Center No 2 OH0129186 3IG00089 

Grand River Academy OH0134457 3PT00115 

06 02 Rustic Pines MHP WWTP OH0112135 3PV00076 

06 03 
Whispering Willow MHP OH0123421 3PV00084 

Kenisee Grand River Campground  OH0136719 3PR00391 

RB-AR38852



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

75 
 

HUC 
(04110004) Facility 

U.S. EPA’s 
NPDES ID 

Ohio EPA NPDES 
Permit Number 

06 04 
Cedar Hills Conference Center OH0123641 3PR00178 

Camp Lejnar OH0134601 3PR00372 

06 05 

Thompson United Methodist Church OH0133159 3PR00333 

Thunder Hill Golf Course OH0101583 3PR00143 

Little Thunder Kids Golf Course OH0134244 3PR00357 

YMCA Outdoor OH0134686 3PR00379 

06 06 

Chardon WWTP OH0022659 3PB00010 

Wintergreen WWTP OH0028908 3PG00055 

Structural North America OH0051551 3IE00058 

Terrace Glen Estates MHP OH0112291 3PR00156 

Maple Ridge MHC OH0117129 3PV00077 

Chardon United Methodist Church OH0123650 3PR00179 

Ricerca Biosciences LLC OH0037982 3IE00004 

Sunshine Acres STP OH0039021 3PG00063 

Rio Grande WWTP OH0092096 3PG00130 

Leroy Elementary School OH0103021 3PT00055 

Grumpy Bear LLC dba Bunky's Pub OH0134708 3PR00380 

Henry F LaMuth Middle School OH0134716 3PT00120 

Capps Tavern OH0134732 3PR00382 

Concord Tavern OH0134759 3PR00383 

Junior Properties LTD OH0140571 3PR00478 

06 07 

Hardy Industrial Technologies LLC OH0000299 3IF00007 

Morton Salt OH0000515 3IE00030 

Carmeuse Lime Inc Grand River Ops OH0001317 3IJ00021 

Painesville WPC Plant OH0026948 3PD00029 

Painesville Municipal Electric Plant OH0039357 3IB00015 

Heatherstone WWTP OH0091952 3PH00054 

Eckart America LP OH0114511 3II00071 

Mid-West Materials Inc OH0134660 3PR00377 

Spring Lake MHP OH0134694 3PV00120 

Frary's Restaurant OH0136841 3PR00398 
 
 
All the municipal facilities have permit limits for bacteria. In addition to bacteria limits, the following 
municipal treatment facilities have total phosphorus limits (1.0 mg/L monitored monthly and 1.5 mg/L 
monitored weekly): Jefferson WWTP, Coffee Creek WWTP, Chardon WWTP, and Painesville Water 
Pollution Control (WPC) Plant. 
 
Ohio EPA adopted new rules on December 15, 2009, that included revised water quality criteria for 
bacteria. Criteria for E. coli replaced the former standards, which included criteria for both E. coli and 
fecal coliform. As all NPDES permits are renewed, current fecal coliform requirements will be phased 
out, and E. coli limits and monitoring requirements will be put in place. A summary of E. coli limits for 
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Ohio‘s NPDES permits is presented in Table 5-5. The 30-day averages in those permit limits equate to the 
revised E. coli criteria for seasonal geometric means of in-stream data. 
 
Table 5-5. E. coli NPDES permit limits 

Recreation use Class 

E. coli 
(colony counts per 100 mL) 

30-day average 7-day average  
Bathing Waters  -- 126 284 

Primary Contact  

Class A  126 284 

Class B  161 362 

Class C  206 464 

Secondary Contact  -- 1,030 2,318 
 

Regulated Storm Water 
Regulated storm water sources are facilities regulated under the NPDES program and include storm 
waterMS4s, construction storm water, and industrial storm water. Ohio EPA has three current general 
permits applicable to the lower Grand River watershed, one for each type of storm water discharge. 

MS4s 

MS4s convey storm water from separate storm sewer systems to downstream receiving waters. Separate 
storm sewer systems include ditches, curbs and gutters, storm sewers, and other runoff conveyance 
systems. Such systems do not connect to wastewater collection systems or treatment plants. Storm water 
can transport contaminants including nutrients, sediment, metals, bacteria, oil, grease, pesticides, and 
herbicides that have the potential to reduce water quality. 
 
Under the NPDES program, municipalities serving populations of more than 100,000 people are 
considered Phase I MS4 communities. No Phase I communities are within the project area. Storm water 
conveyance systems owned by municipalities with populations of less than 100,000 people, and other 
public entities including road authorities can be regulated under Phase II of the NPDES program. Such 
entities are considered regulated small MS4s. Regulated small MS4s are typically designated when the 
MS4 is in the urbanized area, as determined by the census. They can also be designated on a case by case 
basis. 
 
Ohio EPA‘s Authorization for Small Municipal Separate Storm Sewer Systems to Discharge Storm Water 
under the National Pollutant Discharge Elimination System (OHQ000002), effective June 30, 2009, 
requires that authorized storm water discharges must be consistent with approved TMDLs. 
 
To ensure that pollution is controlled to the maximum extent practical, communities operating under the 
General Permit for Small MS4s are required to implement six minimum control measures: 

 Public education and outreach 
 Public participation/involvement 
 Illicit discharge detection and elimination programs 
 Construction site runoff control 
 Post construction storm water management in new development and redevelopment 
 Pollution prevention/good housekeeping for municipal operations 
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Lake County (3GQ00068*BG) is covered under the MS4 permit and includes the following communities:  
 Lake County 
 Concord Township 
 Madison Township 
 Painesville Township 
 City of Painesville 
 Grand River Village 
 Fairport Harbor Village 
 Perry Village 

 
Leroy Township was granted a waiver from the MS4 program in 2004 because urban storm water was not 
listed as a source in the 2002 303(d) list.  Permit coverage may be required if circumstances for the 
granting of the waiver have changed. The Ohio Department of Transportation (4GQ00000*BG) is also a 
regulated MS4 in the watershed with jurisdiction over interstates, state routes, and US routes and facilities 
including offices, outposts, rest areas, and garages within the urbanized area. 

Construction Storm Water 

Permitted construction storm water sources are regulated under the NPDES program and include 
construction activities that disturb greater than 1 acre. Construction site storm water can contain sediment 
and associated nutrients. Ohio EPA‘s Authorization for Storm Water Discharges Associated with 
Construction Activity under the National Pollutant Discharge Elimination System (Permit Number 
OHC000003), effective April 31, 2008, requires that a storm water pollution prevention plan be 
developed for each regulated site in accordance with permit requirements. Table 5-6 summarizes the 
number of active sites that began each year between 2003 and 2007 and their associated disturbed areas 
within the cities and townships in the lower Grand River watershed. 
 
Table 5-6 Regulated construction sites, 2003–2007  

County 

Number of 
new active 

sites  

Disturbed 
area 

(acres) 
Ashtabula Total 15 204.2 

2003 3 22.1 
2004 1 10 
2005 4 123.3 
2006 3 20.6 
2007 4 28.2 

Geauga Total 32 380.3 

2003 3 60.6 
2004 10 219.6 
2005 5 33.6 
2006 6 46.5 
2007 8 20.0 

Lake Total 158 2,318.3 

2003 16 299.6 
2004 30 336.2 
2005 37 519.4 
2006 38 826.2 
2007 37 336.9 
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Industrial Storm Water 

Permitted industrial storm water sources are regulated under NPDES Permit OHR000004, the General 
Permit Authorization to Discharge Storm Water Associated with Industrial Activity under the National 
Pollutant Discharge Elimination System, effective June 1, 2006. The permit applies only to storm water 
discharged from industrial sites and includes a provision that requires storm water discharges to be in 
compliance with an approved TMDL. 
 
Table 5-7 summarizes the industrial storm water permits in the lower Grand River watershed. Not all 
regulated industrial storm water sites will contribute to impairments. Table 5-8 provides the area of 
regulated industrial storm water facilities in the lower Grand River watershed. 
 
Table 5-7. Regulated industrial storm water sites in lower Grand River watershed 

Permit # Facility name 
3GR01127*DG American Roll Formed Products Corp 
3GR01264*DG Avery Dennison Engineered Films Plant Bldg 18 
3GR00172*DG Avery Dennison Specialty Tape Div 
3IJ00021*GD a Carmeuse Lime Inc Grand River Ops 
3GR00383*DG Chardon Custom Polymers LLC 
3GR00397*DG Chardon Plant 
3GR01246*DG De Nora Tech Manufacturing Facility 
3GR01247*DG De Nora Tech R&D Facility 
3II00071*CD a Eckart America LP 
3GR00280*DG Equistar Chemicals LP 
3GR00376*DG Fairport 
3GR00284*DG Fairport Facility 
3GR01188*DG Fleck Controls LLC 
3GR00208*DG H S Spring 
3IF00007*GD a Hardy Industrial Technologies LLC 
3GR00302*DG HTG Rimes Logistic Services 
3GR01309*DG JED Industries Inc 
3GR01308*DG Ken Forging Inc 
3GR01356*DG Madison WWTP Plant I 
3IE00030*DD a Morton Salt 
3GR00600*DG Nova Chemicals Inc 
3GR00431*DG Painesville Films Facility 
3IB00015*FD a Painesville Municipal Electric Plant 
3GR01235*DG PCC Airfoils Renaissance Park 
3IG00089*BD a Pilot Travel Center No 2 
3GR00974*AG Reflective Prod Div 
3GR00375*DG Reflective Products Division 
3GR01168*DG Rhein Chemie Corp 
3IE00004*GD a Ricerca Biosciences LLC 
3GR00175*DG STP Products Mfg Co 
3IE00058*HD a Structural North America 
3GR00876*DG UPS - Austinburg 
3GR00800*DG Worthington Cylinders 
a. Individual NPDES permits which also address industrial storm water in lower Grand River watershed 
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Table 5-8. Regulated industrial storm water facility areas 

Impaired water Regulated industrial 
storm water area  

(acres) 

Percent of 
watershed  

(%) Name 
HUC 

(04110004) 
Mill Creek 04 02 0 0% 
Big Creek  06 06 113 0.35% 
Kellogg Creek  06 06 0 0% 
Red Creek 06 07 0 0% 

Grand River (LRAU) 

06 01 159 0.20% 

06 03 159 0.17% 
06 05 159 0.14% 
06 07 533 0.29% 

Griggs Creek 04 01 0 0% 
Peters Creek - Mill Creek  04 02 0 0% 
Town of Jefferson - Mill Creek 04 03 101 0.56% 

Coffee Creek 06 01 58 0.75% 
Mill Creek 06 02 0 0% 
Paine Creek 06 04 0 0% 
Big Creek 06 06 113 0.35% 

 

5.4.2. Nonpoint Sources 
Nonpoint sources of pollutants are not regulated through the NPDES program. Those sources that are 
applicable to the lower Grand River TMDLs include nonregulated storm water including agricultural 
runoff, erosion, home sewage treatment systems (HSTS), and animal wastes from pets, livestock, and 
wildlife. 

Nonregulated Storm Water 
During wet-weather events (snow melt and rainfall), pollutants are incorporated into runoff and can be 
delivered to downstream waterbodies. The resultant pollutant loads are linked to the land uses and 
practices within the watershed. Agricultural and developed areas can have significant effects on water 
quality if proper best management practices (BMPs) are not in place. The main pollutants of concern 
associated with agricultural runoff are sediment, nutrients, pathogens, and pesticides. Storm water from 
developed areas can be contaminated with oil, grease, pesticides, herbicides, nutrients, viruses, bacteria, 
metals, and sediment. 
 
Land use in the watershed transitions from urban/suburban on the western edge to rural/agricultural 
toward the east. The developed area is centered near Painesville. Two other developed areas are in the 
towns of Chardon and Jefferson. In the undeveloped areas, forest and pasture/hay land uses are common 
in the western portion of the watershed, which transitions into agriculture and wetland areas in the east. In 
addition to pollutants, alterations to the hydrology of a watershed as a result of land use changes can also 
detrimentally affect habitat and biological health. Imperviousness associated with developed land uses 
can result in increased peak flows and runoff volumes and decreased base flow as a result of reduced 
ground water discharge. Figure 5-7 identifies the impervious area within the watershed. 
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Data source: NLCD 2001  

Figure 5-7. Watershed impervious cover. 

 

Home Sewage Treatment Systems (Septic Systems) 
A source of bacteria and nutrients in the lower Grand River watershed is treatment systems for human 
waste. Unsewered areas with failing or poorly maintained HSTS are of concern because untreated or 
poorly treated sanitary wastewater can be discharged directly or indirectly into waterbodies. Several areas 
within the lower Grand River watershed do not have a centralized wastewater collection and treatment 
facilities including much of Geauga and Ashtabula counties. Those areas typically rely on septic systems 
for sewage treatment. If systems are not properly designed, installed, and maintained, they have the 
potential to affect local water quality with excessive nutrient and bacteria loads. Those pollutant loads can 
cause algal blooms, strong odors, and water quality impairments. Furthermore, HSTS malfunctions can 
pose a danger to human health when they contaminate drinking water supplies, wells, and fishing and 
swimming areas. Ashtabula County estimates that up to 7 percent of septic systems in its health district 
have failed.11 Lake County estimates that 30 percent of septic systems installed before 1980 are failing, 17 
percent of septic systems installed between 1980 and 1998 are failing, and 5 percent of septic systems 
                                                      
 
11 Personnel communication with Ray Saporito, Ashtabula County, 2010 
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installed after 1998 are failing.12 An estimate of the number of HSTS in the counties of the lower Grand 
River watershed is presented in Table 5-9. Only a portion of the septic systems would be in the lower 
Grand River watershed. 
 
Table 5-9. Estimated county septic statistics 

County 
% of county in 

watershed 
No. of septic systems 

in the county 
Estimated number of septic 
systems in the watershed 

Population per 
septic system 

Lake 37.4% 13,187 4,933a 2.59 

Geauga 12.9% 20,051 2,581 2.91 

Ashtabula 20.9% 16,795 3,511 2.42 

Total  50,033 11,025 2.60 

Source: US EPA 2006. 
a. Lake County has estimated that there are 9,161 septic systems in Lake County cities and townships within the lower Grand River 

watershed in 2011. 
 

Pets, Livestock, and Wildlife 
Although they are not identified as a cause of impairments in the lower Grand River watershed, livestock, 
pets, and wildlife populations are also potential sources of bacteria and nutrients in the watershed. 
Watershed-specific data are not available for livestock populations in the lower Grand River watershed. 
However, countywide statistics are available from the National Agricultural Statistic Service (NASS; 
USDA 2010). Table 5-10 details the county statistics from 2000 to 2010. In addition, horses within the 
watershed are also a potential source of pollutants, although agricultural statistics were not available in 
the NASS database. 
 
Wildlife such as deer, geese, and ducks can also be sources of bacteria and nutrients. Deer population data 
are sometimes used as surrogates for estimating wildlife populations. The 2006 Ohio Department of 
Natural Resources white-tail deer status report indicates that the 2006 statewide population was expected 
to be around 600,000 deer (ODNR 2007). White-tail deer are found in all 88 Ohio counties (ODNR 
2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
 
12 Personnel communication with Laura Kuns, Lake County General Health District, 2011 
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Table 5-10. NASS county agricultural statistics 

County Year Hogs Cattle Milk cows 
Breeding sheep 

and lambs 

Ashtabula 

2000 3,200 19,400 7,000 -- 

2001 2,500 19,700 7,500 1,100 

2002 1,900 19,700 7,500 1,100 

2003 2,100 19,800 7,300 -- 

2004 2,300 19,900 6,600 -- 

2005 1,900 20,600 6,500 -- 

2006 2,000 19,700 6,600 -- 

2007 1,200 18,000 6,800 -- 

2008 -- 18,200 6,200 -- 

2009 1,000 18,000 5,600 -- 

2010 -- 18,800 6,300 -- 

Geauga 

2000 1,200 8,100 2,800 -- 

2001 1,000 8,200 3,200 -- 

2002 -- 8,000 3,200 -- 

2003 -- 7,300 2,900 -- 

2004 -- 7,400 2,100 -- 

2005 -- 7,500 2,200 -- 

2006 -- 6,700 2,800 -- 

2007 -- 7,200 3,000 1,000 

2008 -- 7,400 2,900 -- 

2009 -- 7,500 2,900 1,000 

2010 -- 7,200 3,200 -- 
Source: USDA National Agricultural Statistics Service - Quick Stats U.S. & All States County Data – Livestock 

(http://www.nass.usda.gov/QuickStats) 
Note that NASS does not report any animals for Lake County. 
 

5.5. Griggs Creek – Mill Creek Subbasin 
Pollutants of concern within Griggs Creek – Mill Creek subbasin include nutrients and bacteria. Flow 
regime and impervious cover are surrogates used to address the pollutants and causes of ALU 
impairments. 

5.5.1. Point Sources 
Seven active facilities are permitted to discharge in the Griggs Creek – Mill Creek subbasin (Table 5-11 
and Figure 5-8). All the facilities are minor dischargers, or facilities with a design flow of less than 1 
MGD. 
 
  

RB-AR38860



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

83 
 

 
Table 5-11. NPDES permitted dischargers—Griggs Creek – Mill Creek subbasin 

HUC 
(04110004) Facility 

U.S. EPA’s 
NPDES ID 

Average design 
flow (MGD) Permit expiration 

04 02 
Ashtabula County JVS OH0044920 0.0400 7/31/2011 

ODOT Dorset Outpost Garage OH0128449 0.001 9/30/2015 

04 03 

Jefferson WWTP OH0025887 1.000 9/30/2015 

DFC Mobile Home Park OH0121614 0.0090 12/31/2011 

Ken Forging Inc a OH0131296 0.0025 3/31/2014 

King Luminaire Co Inc OH0133027 0.0018 2/28/2013 

Harassment's Bar OH0139301 0.0018 8/31/2011 
Average design flows are rounded to the nearest ten-thousandth of a MGD. 
a. Discharges into HUC 04110004 01 
 
The Jefferson WWTP has an average design flow of 1.0 MGD. However, the average reported flow is 
0.55 MGD, with a maximum reported value at 1.85 MGD. All of the municipal point sources are 
currently permitted to discharge fecal coliform during summer months with a 2,000 per 100 mL weekly 
limit and a 1,000 per 100 mL monthly limit. As permits are renewed, Ohio EPA will permit bacteria 
discharges on the basis of Ohio‘s E. coli discharge limits of 362 per 100 mL (weekly) and 161 per 100 
mL (monthly). 
 

RB-AR38861



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

84 
 

 
Figure 5-8. Griggs Creek – Mill Creek subbasin point sources. 

5.5.2. Nonpoint Sources 
Land uses in the Griggs Creek – Mill Creek subbasin are predominantly forest and cropland (Table 5-12 
and Figure 5-9). Wetland areas compose 7 percent of the watershed. Less than 7 percent of the subbasin is 
in developed land uses. The village of Jefferson is on Cemetery Creek and accounts for the majority of 
the developed land in the watershed. Roads and a small airport in the Griggs Creek watershed also 
contribute to the impervious areas. 
 
Table 5-12. Griggs Creek – Mill Creek subbasin land uses 

Land use 
Area 

(acres) 
Area 

(% of total) 
Open Water 412 1% 

Developed 4,907 7% 

Bare 0 0% 

Forest 25,238 38% 

Grass/Shrub 3,817 6% 

Pasture 7,422 11% 

Crop 20,032 30% 
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Land use 
Area 

(acres) 
Area 

(% of total) 
Wetlands 4,412 7% 

 

 
Figure 5-9. Griggs Creek – Mill Creek subbasin land uses. 

 

5.6. Big Creek and Red Creek Subbasin 
Pollutants of concern within the Big Creek – Red Creek subbasin include nutrients and bacteria. Flow and 
impervious cover are surrogate pollutants to be used in addressing ALU impairments. 

5.6.1. Point Sources 
Twenty-five active facilities are permitted to discharge within the Big Creek and Red Creek subbasin 
(Table 5-13 and Figure 5-10). All but two facilities are minor dischargers or facilities with a design flow 
of less than 1 MGD. The two major facilities are the Chardon WWTP (OH0022659) and the Painesville 
WPC Plant (OH0026948). The Chardon WWTP discharges to Big Creek (HUC 04110004 06 06), with an 
average design flow of 1.808 MGD; the Painesville WPC Plant discharges to the Grand River, with an 
average design flow of 6.0 MGD; the plant discharges to the LRAU and is physically within HUC 
04110004 06 07. The permits with past expiration dates are in progress or under review by Ohio EPA. 
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Table 5-13. NPDES permitted dischargers - Big Creek - Red Creek subbasin 

HUC 
(04110004) Facility 

U.S. EPA’s 
NPDES ID 

Average design flow 
(MGD) 

Permit 
expiration 

06 06 

Chardon WWTP OH0022659 1.8080 7/31/2014 

Wintergreen WWTP OH0028908 0.0150 7/31/2015 

Structural North America OH0051551 0.0109 7/31/2015 

Terrace Glen Estates MHP OH0112291 0.0200 11/30/2015 

Maple Ridge MHC OH0117129 0.0250 1/31/2012 

Chardon United Methodist Church OH0123650 0.0028 9/30/2012 

Ricerca Biosciences LLC OH0037982 0.0043 a 5/31/2014 

Sunshine Acres STP OH0039021 0.0200 7/31/2012 

Rio Grande WWTP OH0092096 0.0215 7/31/2012 

Leroy Elementary School OH0103021 0.0075 1/31/2015 

Grumpy Bear LLC dba Bunky's Pub OH0134708 0.0035 1/31/2015 

Henry F LaMuth Middle School OH0134716 0.0120 12/31/2014 

Capps Tavern OH0134732 0.0025 10/31/2014 

Concord Tavern OH0134759 0.0035 8/31/2009 

Junior Properties LTD OH0140571 0.0007 6/30/2013 

06 07 

Hardy Industrial Technologies LLC OH0000299 n/a b 3/31/2015 

Morton Salt OH0000515 1.4534 c 12/31/2009 

Carmeuse Lime Inc Grand River Ops OH0001317 n/a d 3/31/2012 

Painesville WPC Plant OH0026948 6.0000 1/31/2013 

Painesville Municipal Electric Plant OH0039357 62.0 e 5/31/2015 

Heatherstone WWTP OH0091952 0.4000 7/31/2012 

Eckart America LP OH0114511 n/a a 4/30/2012 

Mid-West Materials Inc OH0134660 0.0032 7/31/2014 

Spring Lake MHP OH0134694 0.0057 11/30/2014 

Frary's Restaurant OH0136841 0.0010 5/31/2010 
Bold indicates major dischargers 
Average design flows are rounded to the nearest ten-thousandth of an MGD. 
n/a – The permit does not define an average design flow. 
a. Facilities discharges storm water only to storm sewers. Discharges are free from contaminants and exclude process water. 
b. Facility discharges storm water and non-contact cooling water, stream condensate, or condenser water to storm sewers. 

Discharges are free from contaminants and exclude process water. 
c. Facility discharges both storm water and process water to the Grand River. 
d. Facility discharges storm water, ground water, and non-contact cooling water to an unnamed tributary of the Grand River. 

Discharges are free from contaminants and exclude process water. 
e. Facility discharges both storm water and process water to storm sewers. 
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Figure 5-10. Big Creek - Red Creek subbasin point sources. 

 

5.6.2. Nonpoint Sources 
Land uses within the Big Creek – Red Creek subbasin are predominantly forest and developed (Table 
5-14 and Figure 5-11). Forty-one percent of the subbasin is developed, the majority being residential land 
uses. Much of the developed area is within regulated MS4 boundaries, discussed in Section 5.4.1. There is 
limited agricultural land use within this subbasin, although nurseries are common within the upper 
reaches of Red Creek. Urbanization of this watershed is a significant contributor to the watershed 
impairments. 
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Table 5-14. Big Creek - Red Creek subbasin land uses 

Land use 
Area 

(acres) 
Area 

(% of total) 

Open Water 540 1% 

Developed 20,028 41% 

Bare 25 0% 

Forest 19,955 41% 

Grass/Shrub 2,973 6% 

Pasture 1,994 4% 

Crop 3,126 6% 

Wetlands 386 1% 
 

 
Figure 5-11. Big Creek – Red Creek subbasin land uses. 
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5.7. Grand River Tributary Subbasin 
The pollutant of concern for aquatic recreational use impairment within the Grand River Tributary 
subbasin is bacteria. 

5.7.1. Point Sources 
There are 12 active facilities that are permitted to discharge in the Grand River Tributary subbasin (Table 
5-15 and Figure 5-12). All the facilities are minor dischargers or facilities with a design flow of less than 
1 MGD. The permit with a past expiration date is in progress. 
 
Table 5-15. NPDES permitted dischargers—Grand River Tributary subbasin 

HUC 
(04110004) Facility 

U.S. EPA’s 
NPDES ID 

Average design flow 
(MGD) 

Permit 
expiration 

06 01 

Coffee Creek WWTP OH0098469 0.150 12/31/2015 

Pilot Travel Center No 2 OH0129186 n/a a 7/31/2011 

Grand River Academy OH0134457 0.005 2/28/2015 

06 02 Rustic Pines MHP WWTP OH0112135 0.03 10/31/2014 

06 03 
Whispering Willow MHP OH0123421 0.020 12/31/2012 

Kenisee Grand River Campground  OH0136719 n/a b 12/31/2009 

06 04 
Cedar Hills Conference Center OH0123641 0.006 12/31/2011 

Camp Lejnar OH0134601 0.006 10/31/2014 

06 05 

Thompson United Methodist Church OH0133159 0.0017 4/30/2013 

Thunder Hill Golf Course OH0101583 0.0125 7/31/2014 

Little Thunder Kids Golf Course OH0134244 0.0006 7/31/2014 

YMCA Outdoor OH0134686 0.0075 1/31/2015 
 Average design flows are rounded to the nearest ten-thousandth of an MGD. 
n/a – The permit does not define an average design flow. 
a. Facility discharges storm water to Coffee Creek. 
b. Facility discharges its wastewater to a spray irrigation system, not to surface waters. The design flow of 0.005 MGD is for outfall 

601, an internal monitoring station for plant effluent before it is transported to an effluent storage tank and the spray irrigation 
system. 
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Figure 5-12. Grand River Tributary subbasin point sources. 

5.7.2. Nonpoint Sources 
Land uses within the Grand River Tributary subbasin are predominantly forest and agriculture (Table 
5-16 and Figure 5-13). Over half of the subbasin is forested. Less than 7 percent of the subbasin is 
developed land uses. Impervious areas in the Grand River Tributary subbasin are predominantly related to 
roads and the town of Austinburg. Austinburg is adjacent to Coffee Creek. Because of the town‘s close 
proximity to the creek, storm water runoff is a potential source of bacteria. 
 
Table 5-16. Grand River Tributary subbasin land uses 

Land use 
Area 

(acres) 
Area 

(% of total) 

Open Water 1,113 2% 

Developed 4,925 7% 

Bare 11 0% 

Forest 35,530 52% 

Grass/Shrub 3,708 5% 

Pasture 6,182 9% 

Crop 16,378 24% 

Wetlands 1,018 1% 
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Figure 5-13. Grand River Tributary subbasin land uses. 
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6. Flow Estimation 
Flow regime, nutrient, and bacteria TMDLs are developed to address ALU and recreation use 
impairments in the watershed. In addition to those TMDLs, flow regime protection strategies will be 
developed to protect and preserve existing conditions on streams that are in attainment of their ALU but 
are threatened from encroaching development. 
 
An essential component of developing a TMDL is establishing a relationship between the source loadings 
and the resulting water quality. Correctly identifying that relationship is dependent on a thorough 
understanding of a watershed‘s hydrology, because pollutants can be transported to surface waters by a 
variety of mechanisms (e.g., runoff, snow melt, ground water infiltration). Furthermore, imperviousness 
and flow alterations have been identified as high-priority stressors in the lower Grand River watershed. 
 
The approach to simulate runoff and flow from ungaged watersheds is presented in this section. Key 
elements of that approach include the use of hydrologic response units (HRUs), Loading Simulation 
Program in C++ (LSPC) watershed modeling, and development of flow duration curves. The LSPC 
watershed model is used to simulate runoff from HRUs which, in turn, are used to create the flow 
duration curves. Duration curves are used to support the development of the TMDLs. 
 

6.1. Hydrologic Response Units 
A hydrologic response unit (HRU) is defined as a watershed area assumed to be homogeneous in 
hydrologic response due to similar land use and soil characteristics. Areas with similar sets of such 
characteristics can be expected to produce similar hydrologic and pollutant loading responses to a given 
set of weather conditions. 
 
Runoff responses from each HRU are computed separately using rainfall-runoff models and then 
combined to simulate flow from the watershed. The HRU approach simplifies selection of model 
parameters by providing a clear physical basis for assignment of values. Existing GIS data layers are used 
to construct project-specific HRUs. A rainfall-runoff model can then be used to calculate unit area flows 
associated with each HRU. This in turn improves estimates of storm water loads for source categories and 
land uses of concern. 
 
HRUs are defined by the LULC and soil type of a specific area. The level of detail can vary greatly when 
defining HRUs. For example, a coarsely defined HRU may simply be urban land use whereas a finely 
defined HRU might be low-density, single-family residential on C type soils and slopes less than 5 
percent. In general, it is desirable to specify the smallest number of HRUs that allow for an appropriate 
simulation of the watershed. HRU methodology is determined by balancing the available data and 
resources with the intended resolution of the model and the optimization of model simulation. For 
example, it is inefficient to create a large number of HRUs for a very fine-resolution model if data for the 
parameterization of the HRUs are of a much coarser resolution. Similarly, if two similar factors will not 
yield significantly different results, it is not necessary to delineate by the factors. With the advent of GIS, 
georeferenced land use and soils data can easily be obtained for most areas. 

6.1.1. Land Use Land Cover 
It is impractical to define an HRU by the presence of specific plants and surface types. Instead, 
generalized land use and land cover (LULC) classes are used. Such classes are coarse enough to be 
obtained for the entire project study area, yet specific enough to allow for some differentiation between 
LULC, providing an appropriate level of detail on the basis of the geographic extent of this study. The 
2001 NLCD (version 1.0) was selected as the most representative data set for the lower Grand River; for a 
discussion of why the 2001 NLCD was selected as most representative, Section 3.2. 
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In developed areas, imperviousness needs to be identified in the LULC classes because imperviousness 
considerably affects the local hydrologic cycle. For example, the 2001 NLCD defines four levels of 
development: open, low-intensity, medium-intensity, and high-intensity, with increasing levels of 
imperviousness, respectively. Other data sets define more specific classes (e.g., roads, parking lots, low-
density single family residential). 
 
The 2001 NLCD land cover classes were reclassified to eight classes to facilitate the modeling analysis, 
as shown in Table 6-1. Land classes were combined on the basis of how they will be modeled. For 
example, the parameterization of most models does not differentiate between deciduous, evergreen, and 
mixed forests; therefore, the forest land cover classes could be combined. For the lower Grand River, data 
were not available to parameterize the forest types differently; therefore, all three forest types were 
combined when HRUs were delineated. That approach optimizes the amount of information used to 
represent the watershed while limiting the amount of uncertainty in results. 
 
Table 6-1. HRU land classes 

HRU land class 
HRU land 

class label 2001 NLCD land cover class 
Crops Crops Cultivated Crops (82) 
Forest Forest Deciduous Forest (41), Evergreen Forest (42), & Mixed Forest (43) 

Grassland & Pasture Grass Barren Land, Rock, Sand, Clay (31), Shrub/Scrub (52), 
Grassland/Herbaceous (71), & Pasture/Hay (81) 

Urban-Open UO Developed, Open (21) 
Urban-Low UL Developed, Low-Intensity (22) 
Urban-Medium UM Developed, Medium-Intensity (23) 
Urban-High UH Developed, High-Intensity (24) 

Water & Wetlands Wet Open Water (11), Woody Wetlands (90), & Emergent Herbaceous 
Wetlands (95) 

 

6.1.2. Soils 
Multiple factors affect the ability of precipitation to infiltrate into the soil. When developing HRUs, and 
in many other model applications, soils tend to be defined using the hydrologic soil group or HSG (see 
Table 3-7) instead of by specific soil types, infiltration rates, or saturated hydraulic conductivity. The 
HSGs are representative of the infiltration, interflow, and moisture storage conditions in the soils. Soils 
data are available in national data sets including Soil Survey Geographic (SSURGO) and State Soil 
Geographic (STATSGO) databases maintained by the U.S. Department of Agriculture‘s (USDA) Natural 
Resources Conservation Service (NRCS). 

6.1.3. Assigning HRUs 
HRUs in the lower Grand River watershed were classified by land cover and HSG. The HSGs A, B, C, 
and D were included in final HRU development. The soil classes A/D, B/D, and C/D were included in the 
initial HRU development. In soils with dual designations, the first letter indicates the HSG behavior with 
water management such as tile drainage, while the second letter indicates HSG behavior without such 
improvements. One HSG was chosen for each HRU using the overlying land cover class: crops were 
assigned A, B, or C, and all other land cover classes were assigned D. 
 
In total, 32 unique HRUs were identified (8 land cover classes and 4 HSGs). Naming conventions for 
each HRU are derived by assigning a letter value to each land cover type (see Table 6-1) and an HSG to 
each unique HRU in the form: land-soil. For example a forested land cover on HSG A would be labeled: 
Forest-A. 
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Seven HRUs composed a total of 85 percent of the overall watershed. HRUs that consisted of less than 
0.5 percent of the watershed were combined with larger HRUs representing similar characteristics to 
minimize the number of HRUs and create efficiency in the modeling effort where feasible. Relative area 
in the watershed, relative area within 100-foot buffers of the streams, and the distribution of HSG in each 
land cover class were evaluated to ensure the final HRUs were representative of the watershed soil and 
land cover. The final HRUs are presented in Table 6-2. 
 
Table 6-2. Final HRUs 

HRU code HRU narrative 
Area 

(acres) a 
Relative area 

(%) b 
Crops-B Crops on HSG B  2,086 1% 
Crops-C Crops on HSG C  24,277 13% 
Crops-D Crops on HSG D  13,158 7% 
Forest-A Forest on HSG A  1,949 1% 
Forest-C Forest on HSG C  9,968 5% 
Forest-D Forest on HSG D  68,801 37% 
Grass-C Grassland & Pasture on HSG C  2,587 1% 
Grass-D Grassland & Pasture on HSG D  23,558 13% 
UH-A High-Intensity Urban Land on HSG A  21 < 1% 
UH-C High-Intensity Urban Land on HSG C  7 < 1% 
UH-D High-Intensity Urban Land on HSG D  364 < 1% 
UL-A Low-Intensity Urban Land on HSG A  1,397 < 1% 
UL-C Low-Intensity Urban Land on HSG C  910 < 1% 
UL-D Low-Intensity Urban Land on HSG D  9,959 5% 
UM-A Medium-Intensity Urban Land on HSG A  140 < 1% 
UM-C Medium-Intensity Urban Land on HSG C  38 < 1% 
UM-D Medium-Intensity Urban Land on HSG D  1,465 < 1% 
UO-A Open Urban Land on HSG A  1,171 < 1% 
UO-C Open Urban Land on HSG C  1,944 1% 
UO-D Open Urban Land on HSG D  12,466 7% 
Wet-D Water & Wetlands on HSG D  7,871 4% 

a. Areas within the lower Grand River watershed. 
b. Relative areas within the lower Grand River watershed. Percentages do not sum to 100 percent because of rounding. 
 

6.2. Rainfall-Runoff Modeling 
The LSPC model is used to simulate rainfall-runoff relationships for each HRU. LSPC is a re-coded 
version of the Hydrologic Simulation Program in Fortran (HSPF) watershed model. LSPC provides a 
comprehensive watershed and receiving water quality modeling framework that is generally considered 
one of the most advanced available. The model can accurately simulate extremely low and high flows, 
which are both critical for the lower Grand River watershed.     
 
The entire lower Grand River model area was modeled at the USGS gage on the Grand River near 
Painesville (04212100) using precipitation data from Chardon, Ohio. Each unique HRU is mapped for 
input to the rainfall-runoff model. Each HRU is modeled as one acre, which produces a scalable result 
that can be applied to each unique combination of HRUs in each watershed. Thus, flows in each 
watershed were calculated by multiplying the areas of each HRU in the watersheds by the simulated flow 
time-series for each HRU. 
 
The calibration process and results, validation results, and model limitations and assumptions are 
presented in Appendix D.  
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7. Aquatic Life Use Impairments Linkage Analysis and Hydrologic 
Targets 

Multiple factors affect water quality and ALUs in the lower Grand River watershed, and the impaired 
biological community listings are the result of several causes. Potential reasons involve not only 
pollutants delivered to the stream, but also the effect of altered hydrology. In addition, the lower Grand 
River is threatened by a reduction in base flow in small coldwater tributaries as a result of development in 
the watershed. The linkage analysis examines the cause and effect relationships between watershed 
characteristics and pollutant sources and the effect on the stream biology, evaluates the use of surrogate 
measures to address the pollutant sources, and includes the derivation of hydrologic targets for the TMDL 
that would result in attaining the ALU. The use of surrogate measures and hydrologic targets are 
discussed in Section 7.3. 
 
Hydrology is a primary driver that exerts major effects on water quality and the aquatic community in the 
lower Grand River watershed. In watersheds experiencing growth and development, storm water has 
often been identified as a contributing factor to biological impairments. In many cases, it is difficult to 
identify a specific pollutant in storm water that is responsible for reduced macroinvertebrate or fish 
community integrity. The use of surrogate measures such as hydrologic indicators or impervious cover 
can represent the physical stressors on biota and describe the rate and load of pollutant delivery to 
waterbodies. A flow regime represents the full range of hydrologic conditions in a stream including high, 
mid-range, and low flows and is the surrogate used to represent physical and chemical disturbance such 
as, peak-flow increases, low-flow decreases, habitat alteration, and pollutant loadings, which result from 
urbanization. 
 
Anthropogenic activities in both urban and rural agricultural settings affect aquatic communities by 
affecting flow, water quality, and habitat. Ohio EPA evaluated the biological survey data collected in 
2000, 2003, and 2004 and identified the causes and sources of impairment in the Biological and Water 
Quality Study of the Grand River Basin 2003-2004(Ohio EPA 2006a). 
 
Ohio EPA evaluated the attainment of designated ALUs at 28 locations on tributaries to the Grand River. 
Two sites were found to be in non-attainment because of urban sources: Kellogg Creek RM 5.7 and Red 
Creek RM 0.5. One site was found to be in non-attainment because of siltation/sedimentation for 
agricultural channelization (Mill Creek RM 25.7). Additionally, eight sites were found to be in partial 
attainment; however, four sites were in partial attainment because of natural conditions: Bates Creek RM 
2.2, Big Creek RM 2.5, Griggs Creek RM 2.0, and Paine Creek RM 0.5. The remaining four sites in 
partial attainment that were caused by urban sources were Big Creek RM 16.0 and 16.2 and Kellogg 
Creek RM 3.1 and 3.3. 
 
Flow alteration and direct habitat alteration were listed as potential causes of impairment, and urban 
runoff/storm sewers and hydromodification were listed as potential sources of impairment in the 2010 
Integrated Report for the Big Creek and Red Creek-Grand River WAUs. 
 
WAUs that contain ALU impairments were evaluated to determine the portion of the watershed 
contributing to the impairment. Subwatersheds were delineated primarily by the location of the impaired 
stations. Output from StreamStats (USGS 2010) and existing 12-digit HUC boundaries were used to 
delineate the assessment points according to stream networks and topographic variability. Using that 
method, five subwatersheds were defined for assessing ALU impairments and developing TMDLs 
(Figure 7-1). Specific detail related to selecting those subwatersheds is provided in Sections 7.4 through 
7.7 for each ALU impaired stream. Table 7-1 summarizes the TMDLs that will be developed for ALU 
impairments. 
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Table 7-1. Summary of ALU TMDLs 

Impaired water 
TMDL assessment location 

Station ID RM 
Mill Creek (HUC 04110004 04 02) G02G13 25.7 
Big Creek  G02W21 16.0 
Kellogg Creek  200593 3.3 
Red Creek  at outlet 0.0 
 
 

 
Figure 7-1. ALU-impaired subwatersheds. 

 

7.1. Effects of Urbanization 
The impacts of urbanization are the cumulative effect of multiple stressors in the watershed and stream 
environment resulting from urban development. The literature indicates that impacts on aquatic life have 
been documented in cases with as little as 5 percent urban development and 10 percent impervious cover. 
For a general review of the impacts of urbanization and references to additional resources, see the 
CADDIS Urbanization Module (U.S. EPA 2010b) and The Importance of Imperviousness (Schueler 
1994). 
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Urban development consists of changes in land use from previously open, forested, or agricultural land 
uses to residential, commercial, and industrial land uses. Land transitions from undeveloped to developed 
land uses along the urban area boundary, which is also typically defined by the presence of public 
utilities. In the case of the lower Grand River watershed, such a transition is occurring in the Kellogg, 
Ellison, and Red Creek subwatersheds. Urbanization is anticipated to occur within those three watersheds 
and also surrounding the city of Chardon in the headwater area of Big Creek in the next 20 years. The 
surrounding areas will also be subject to less intense land use changes as parcels are converted from 
undeveloped land uses into large-lot residential areas. 
 
Hydrology, habitat, riparian buffers, water temperature, and water quality are all affected by urbanization 
(Figure 7-2). Each of those factors is discussed below and is linked to flow regime and imperviousness 
for ALU impairments. Flow regime and imperviousness act as surrogates that describe the impact of 
urbanization. 
 
 

 
 
Figure 7-2. Link between urbanization and surrogate to pollutants in lower Grand River watershed. 

 

7.1.1. Responses of Aquatic Life Response to Urban Development 
Research has shown that, generally, urban development is associated with impairment of biological 
communities. Cuffney et al. (2010) have shown that measures of aquatic community health respond 
differently to the varying measures and magnitudes of urban development. In-depth evaluations of the 
impacts of urbanization and impervious cover on aquatic habitat and biota are in Schueler (2004), 
Capiella et al. (2005) and Shaver et al. (2007); a general synopsis from Shaver et al. (2007, p. 4-98) is that 
 

 [O]verall, there tends to be a decline in taxa richness or species diversity, a loss of 
sensitive species, and an increase in tolerant species […] due mainly to the cumulative impacts of 
watershed urbanization: altered hydrologic and sediment transport regimes, degradation of in-stream 
habitat quality and complexity, stream bed fine sediment deposition, poor water quality, and the loss of 
native riparian vegetation. 

 
In Ohio, various metrics of urban development have been evaluated including percent urban land use, 
which includes both impervious area and urban open area (Yoder and Rankin 1996; Yoder et al.1999, 
2000), housing density (Yoder et al.1999), and percent impervious cover (Miltner et al. 2004). Yoder et 
al. (1999, p. 20) found that ―classification by percent urban land use cover showed a more continuous 
decrease in mean IBI scores with an increasing level of urbanization than did housing density,‖ and that 
more recent research has focused on percent impervious cover (Miltner et al. 2004). In southeast 
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Wisconsin, ―watershed connected imperviousness was the best single indicator of urbanization effects on 
stream fish communities‖ (Wang et al. 2001, p. 260). 
 
Response to urban development occurs over a gradient. Generally, higher levels of development yield 
greater changes to the natural environment and thus greater changes to the aquatic communities. Yoder et 
al. (1999, p. 22) found that sensitive fish and macroinvertebrates were absent at relatively low levels of 
urban development (less than 5 percent urban land use), with a continuously negative response as 
urbanization increased, which included  impairment at intermediate levels of urbanization caused by the 
disruption of the food web. Biological community health occurred along a gradient in Wisconsin streams 
from degraded communities in streams that were 100 percent urban land to abundant and diverse 
communities in a reference stream that had no urban land (Masterson and Bannerman 1994). 
 
The level of impervious cover has also been used as a surrogate measure of urban development. Karr and 
Chu (2000) also found that an increasing percentage of impervious cover is correlated with declining 
stream health. Wenger et al. (2008, p. 1260) used statistical models to predict the occurrence of five fish 
species in an urbanizing watershed in Georgia and found that the ―occurrence of several species was 
strongly related to low levels of [effective impervious area],‖ with some species becoming rare at 2 
percent effective impervious area. Similarly, the Center for Watershed Protection (1999) reviewed 
published research and concluded that the threshold of watershed impervious cover that results in a loss of 
aquatic biota diversity is in the range of 10 to 15 percent. Yoder and Rankin (1996, p. 217) evaluated 
published research and found that ―watershed imperviousness was negatively correlated with the 
condition of the aquatic biota, with degradation becoming significant at 25–30 [percent] within a 
watershed.‖ Evaluations of impervious cover in Columbus, Ohio-area streams showed that biological 
integrity significantly declined in urban streams when impervious cover exceeded 13.8 percent (Miltner et 
al. 2004). 
 
Research on Ohio streams has begun to identify the critical thresholds at which aquatic communities 
become impaired. Yoder et al. (2000) concluded that IBI biocriteria for WWH streams were no longer 
attained when urban development (measured as percent land use) exceeded approximately 26 percent, in 
four of Ohio‘s metropolitan streams. In the evaluation of urban development using housing density, IBI 
and ICI scores began to fail to meet the WWH biocriteria at a threshold of 2.53 housing units per hectare 
(Yoder et al. 1999). It is important to note that non-attainment also occurred with lower levels of urban 
land use. Non-attainment in developed areas with less than 26 percent urban land use might have been the 
result of other stressors such as combined sewer overflows (Yoder et al. 2000). 
 
Moderate to high levels of urban development do not necessarily mean that the ALU designation is in 
non-attainment. A few sites attained their biocriteria despite urban land use levels of 40 to 60 percent; 
those sites ―had either an intact, wooded riparian zone, a continuous flux of ground water, and/or the 
relatively recent onset of urbanization‖ (Yoder et al. 2000, p. 41). 
 
Similar to the results of Yoder et al. (2000), Miltner et al. (2004) reported that in Columbus-metropolitan 
area streams, good index scores in highly urbanized areas occurred only at sites with large riparian 
buffers, undeveloped floodplains, and significant contributions of ground water. However, a maximum 
threshold, above which attainment cannot likely be achieved, has also been determined. Urban land use 
can be mitigated by effective management practices and large riparian buffers but only when levels of 
impervious cover were below 45 percent (Yoder et al. 1999). Similarly, Miltner et al. (2004) concluded 
that attainment cannot likely be achieved in watersheds with impervious cover greater than 27.1 percent. 
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7.1.2. Hydrology 

Impacts of Urbanization on Hydrological Flow Regime 
―[U]rbanization alters the hydrologic regime of surface waters by changing the way water cycles through 
a drainage basin‖ (Shaver et al. 2007, p. 4-80). In undeveloped areas, natural flow regimes are present 
where portions of precipitation are intercepted by vegetation and water is stored in vegetation, soils, and 
waterbodies (i.e., topographic depressions). Water that is not intercepted or stored will evapotranspirate, 
infiltrate to ground water, or flow overland or in the shallow subsurface to streams or other topographic 
lows. Components of the hydrologic cycle are altered in urban environments: natural plant communities 
are removed or replaced, topography is changed to fit anthropogenic needs, soils are disturbed and 
altered, impervious structures are built, and storm water conveyance systems are installed. ―The 
combination of [impervious cover], storm drain pipes, compacted soils, and altered flood plains 
dramatically change the hydrology or urban streams‖ (Schueler 2004, p. 23). Generally, flow regimes 
affected by increased storm water will have higher flow rates per unit area during high-flow events and 
lower flow rates per unit area during low-flow conditions. 
 
The urban landscape is defined by impervious cover, which increases as the density of urban development 
increases. In terms of hydrology, impervious cover reduces infiltration that, in turn, disrupts aquifer 
recharge and subsurface hydrologic processes that are key components of the water cycle (Schueler 
2004). Soils below impervious surfaces remain dry (though are likely compacted and have less water 
capacity) and water cannot infiltrate down to aquifers, where ground water flows through the subsurface 
to streams and topographic lows. Because of a lack of ground water recharge, urban headwaters streams 
can run dry during low-flow and drought conditions (Schueler 2004). A literature review showed that as 
impervious cover increased, the percentage of storm flow in a stream increased and the percentage of base 
flow decreased (Shaver et al. 2007). It is noteworthy, however, that irrigation, pipe leaks, and such could 
generate enough volume to allow urban streams to continue to flow during dry-weather periods (Shaver et 
al. 2007; Schueler 2004). 
 
Unlike in natural (i.e., undeveloped areas), where precipitation that is not intercepted will infiltrate or 
become runoff, un-intercepted precipitation in urban areas becomes storm water runoff as it flows over 
impervious surfaces or becomes storm flow if it enters conveyance systems. Directly connected 
impervious surfaces are surfaces that drain directly to a waterbody through either storm water conveyance 
systems or as direct drainage that is not otherwise interrupted by a vegetated or porous surface. Such 
connected impervious areas typically generate more runoff than unconnected impervious surfaces, which 
allow runoff to flow over downstream pervious surfaces (Shaver et al. 2007). 
 
―During storms, urban watersheds produce a greater volume of storm water runoff and deliver it more 
quickly to a stream compared to rural watersheds‖ (Schueler 2004, p. 37). Runoff flows rapidly over 
impervious surfaces or through storm water conveyance systems to the streams. In a more natural system, 
the initial precipitation would be contained in topographic depressions or infiltrated into soils and the 
subsurface environment and removed by evapotranspiration. Runoff would not occur until depressions 
were full and soils were saturated. Thus, in urban areas, stream flow becomes more flashy. Flow increases 
more rapidly during or shortly after a storm, but elevated flow does not persist as long as it would in an 
undeveloped watershed. Those concepts are graphically represented in Figure 7-3. Impervious cover not 
only affects the volume of runoff that discharges to the stream, but also affects the duration of flows 
reaching the stream. For in-depth discussions of the effects of urbanization on the flow regime, see Shaver 
et al. (2007) and Burton and Pitt (2002). 
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Source: U.S. EPA 2010b, Figure 14 

Figure 7-3. Hydrographs showing generalized flow conditions for a stream before and after urbanization. 

 
With respect to a flow duration curve, the altered hydrologic regime is apparent with larger flows in the 
high-flow zone (because of larger peak discharges) and smaller flows in the low-flow zone (because of 
lower base flow). In the lower Grand River watershed, hydrological regimes of streams affected by 
varying levels of urban development were evaluated. Figure 7-4 presents a spectrum of sites from a 
completely developed stream segment (Kellogg Creek), through streams with large amounts of 
development (Ellison Creek and Jordan Creek), to a stream with minimal development (East Creek). 
Table 7-2 summarizes the percent impervious associated with each of those streams. 
 
Table 7-2. Watershed imperviousness for streams with varying levels of development 

Watershed 
Percent 

impervious  
Kellogg Creek (RM 3.3) 14.7% 
Ellison Creek (at outlet) 10.7% 
Jordan Creek (at outlet) 5.2% 
East Creek (at outlet) 1.1% 
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Figure 7-4. Flow duration curves for streams with varying levels of development. 

 

Impacts of an Altered Hydrological Flow Regime on Aquatic Community Health 
The alteration of the hydrologic regime is important because hydrology affects aquatic biota and their 
habitat. The flow regime is important because the energy dynamics related to high-flow events and the 
availability of water under low-flow conditions defines the in-stream habitat and aquatic species evolved 
within those habitats under specific natural-flow regimes. ―In undisturbed, properly functioning stream 
systems, the natural (mainly hydrologically driven) disturbance regime maintains the stream in a state of 
dynamic equilibrium‖ (Shaver et al. 2007, p. 4-93). When the hydrologic regime is altered, aquatic 
communities are affected both directly (e.g., washout of organisms, physiological stresses of swimming in 
higher flows) and indirectly (e.g., changing available habitat through elevated turbidity and washout of 
woody debris) (Shaver et al. 2007). 
 
Urban development is essentially a persistent disturbance that results in degradation of the structure of 
aquatic biological communities at all scales: ―catchment scale (e.g., channel dimension), reach scale (e.g., 
riffle-pool distribution), and patch scale (e.g., hydraulic conditions on individual stones)‖ (Bunn and 
Arthington 2002, p. 492). As the disturbances increase in frequency and severity, the aquatic communities 
might have lesser abilities to respond and adapt and could degrade from highly complex to simple 
communities (Burton and Pitt 2002). Poff et al. (2010) found that 152 of 165 studies concluded that flow 
alteration resulted in negative ecological changes and that fish and macroinvertebrate communities‘ 
abundance and diversity declined in response to flow magnitude alterations in 55 studies with quantitative 
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data. Similarly, Carlisle et al. (2010) concluded that stream communities responded to altered flow 
magnitude. 
 
Because the flow regime is complex and interrelated with all other components of the ecosystem, an 
alteration of the flow regime can affect many aspects of the ecosystem. As components of the ecosystem 
are disturbed and altered, the aquatic species must respond, which in turn affects aquatic communities. 
For example, fish communities in urban streams generally lose ―[s]ensitive species that require cold water 
or a clean streambed as impervious cover increases‖ and become dominated by pollution-tolerant and 
nonnative fish species (Schueler 2004, p. 33). In urban streams in the Cleveland and Columbus areas, 
increasing levels of percent urbanization resulted in the loss of pollution- and habitat-sensitive fish 
species and increasing levels of tolerant fish (Yoder et al.1999). The relationship of flow and aquatic 
communities has been evaluated for over a century, and literature addressing those topics is abundant. 
The following studies discuss the relationships between flow regimes and aquatic communities and how 
communities respond to changes in flow: Bunn and Arthington (2002), Carlisle et al. (2010), Carlson 
(2006), Poff et al. (2010). 

Impacts of an Altered Hydrological Flow Regime on Pollutant Transport 
The hydrology of a stream also affects the ability of a stream to transport pollutants, specifically sediment 
and sediment attached pollutants. Streams with high flows can result in channel scour and erosion of the 
stream channel. Those steams are also able to transport larger sediment particles further distances. 
Streams that are dominated by lower flow conditions will deposit sediment and associated pollutants 
resulting in poor quality habitat and loss of spawning beds. In addition, low flowing streams will have 
lower dissolved oxygen levels. A stream‘s assimilative capacity for pollutant loads from the watershed 
will depend on its ability to balance all those factors. Pollutant loads in urban storm water runoff are 
further discussed in Section 7.1.6. 

Imperviousness and ALU Designations in the Lower Grand River 
In the Big Creek - Grand River 10-digit HUC (04110004 06) of the lower Grand River watershed, the 
sites in full attainment of their ALU designation were in subwatersheds with between 0.5 to 12.5 percent 
impervious cover (Figure 7-5). Impervious cover was derived from the 2001 NLCD for the area upstream 
of each assessment point. Three-quarters of full attainment sites had 5.3 percent or less impervious cover. 
Sites in partial attainment and non-attainment were in subwatersheds with 11.5 percent or more 
impervious cover. 
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Figure 7-5. Levels of impervious cover at the assessment sites on western tributaries in the lower Grand River 
watershed. 

 
The condition of Kellogg Creek is representative of the response of ALU attainment to the gradient of 
impervious cover. The upper portions of Kellogg Creek, above the confluence with Ellison Creek, are 
impaired for their ALU designations. Kellogg Creek runs through small-lot residential subdivisions 
throughout most of its length. Only in its lower segments, below Ellison Creek, does it flow through 
forested areas, although residential properties are usually still within a few hundred feet of the creek. 
Figure 7-6 shows that the higher levels of impervious cover in the upper portion of the watershed could 
affect the attainment of the designated ALU. As the watershed percent impervious decreases downstream, 
Kellogg Creek becomes in attainment of the ALU. 
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Figure 7-6. Levels of impervious cover at Ohio EPA’s assessment sites along Kellogg Creek. 

 
Ellison Creek, a tributary to Kellogg Creek, is an example of a stream that is in attainment of its ALU 
designation, but future attainment is at risk because of development pressure. Much of the upper portions 
of the creek are forested with large-lot residential properties. The lower portions of Ellison Creek are also 
forested, but levels of development and impervious cover increase in that portion (Figure 7-7). The creek 
directly abuts smaller-lot residential developments, runs along a golf course and runs through its driving 
range, and flows through a culvert below a highway. Several residences are directly in the riparian area 
from the highway down to the confluence with Kellogg Creek. Ohio EPA has identified evidence of 
significant head cutting in the lower reaches that is controlled on the upstream end by a road crossing and 
culvert. 
 

 
Figure 7-7. Levels of impervious cover at Ohio EPA’s assessment sites along Ellison Creek. 

 
Big Creek also exemplifies the attainment response to the gradient of impervious cover. The two 
assessment points in the headwaters of Big Creek are in partial attainment of their ALU designations; 
those sites are within the city of Chardon, where the levels of impervious cover are high (Figure 7-8). As 
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Big Creek flows north from Chardon, many small, healthy streams, with little development within their 
subwatersheds, discharge to it (the largest streams are shown in Figure 7-8). Thus, similar to Kellogg 
Creek, the data suggest the impacts of high levels of impervious cover in the headwaters of Big Creek 
were mitigated by the contributions from healthier subwatersheds in the lower segments of Big Creek. 
 

 
Figure 7-8. Levels of impervious cover at Ohio EPA’s assessment sites along Big Creek. 

 
All three of those analyses (Kellogg Creek, Ellison Creek, and Big Creek) suggest that healthier segments 
of a stream that are downstream of an impaired segment can mitigate effects from the impairment. The 
healthier segments tend to be defined by smaller levels of impervious cover compared to the impaired 
segments. However, the findings of Yoder et al. (2000) and Miltner et al. (2004) regarding the effects of 
forested riparian corridors are pertinent. Higher levels of forested land and intact riparian corridors in 
Ellison Creek counteract the higher levels of impervious cover in the lower portions of the subwatershed. 
In Big Creek and Kellogg Creek, forested riparian corridors and higher levels of forested land in the 
tributaries appear to mitigate some of the effects of impervious cover and yield better (i.e., more healthy) 
biotic index scores (Figure 7-9). 
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Figure 7-9. Macroinvertebrate narrative scores in the western watershed. 

 

7.1.3. Habitat 
Urban hydrologic regimes can alter stream geomorphology because of the power of larger and faster 
moving water volumes. ―The increased magnitude and frequency of storm water flows give urban streams 
more power to transport sediment and cause channel erosion‖ (Schueler 2004, p. 27). Stream channels 
develop in response to hydrologic regimes. When urban flow regimes replace natural flow regimes, 
streams must change and that usually involves increasing the cross-sectional area to accommodate larger 
flows (Schueler 1994). Incision, erosion, channel enlargement, and other such alterations that occur in 
response to the urban hydrologic regime can be a produced slowly over a long time or in response to a 
single large storm water runoff event (Shaver et al. 2007). Such stream channel alterations result in 
channel instability that degrades habitat (Schueler 1994). For additional discussions of habitat alterations 
from urban development, see the U.S. EPA (2010b) and Shaver et al. (2007). 
 
Urban streams transport many times more sediment than streams in undeveloped areas (Schueler 2004). 
The urban streams tend to have impervious surfaces that alter the hydrologic regime (e.g., higher 
magnitude flows, more frequent high flows), which then increases the erosion of the streambed and banks 
and increases resuspension of bed sediment (U.S. EPA 2010b). Additionally, urban streams can contain 
sediment that is contaminated with toxic substances (Schueler 2004). 
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Increased rates of sedimentation and siltation affect aquatic communities. Stream-bottom substrates can 
become embedded as sedimentation and siltation occur, thus rendering the habitat nonfunctional (Shaver 
et al. 2007). For example, poor stream bed quality makes urban streams poor spawning environments 
(Schueler 2004). Sediment quality can also be affected by contamination from urban sources. Sediment 
contaminated with pollutants from storm water runoff detrimentally affect benthic organisms (Shaver et 
al. 2007). In Ohio, fish and macroinvertebrate data from urban streams in Cuyahoga and Franklin counties 
show that ―substrate degradation is a major factor which limits aquatic communities at relatively low 
levels of urbanization‖ (Yoder et al.1999, p. 22). Sedimentation and siltation not only degrade habitat, but 
also directly affect aquatic life. For example, silt can clog fish gills. The cumulative effects of increased 
sedimentation (e.g., loss of high-quality habitat) affect aquatic communities by degrading community 
structure, reducing populations, and decreasing diversity. The effects of those negative effects on aquatic 
communities become evident in the poorer scores of the biological community health indices, which 
indicate that the waterbodies fail to meet their designated ALUs. 
 
The impact of urbanization on habitat is not limited to an altered flow regime. Channelization, dredging, 
mining, and other anthropogenic activities directly alter aquatic habitat (U.S. EPA 2010b). Land use 
change and development within the riparian corridor are important activities that degrade habitat. A 
discussion regarding the importance of vegetated riparian corridors and the impacts of their loss during 
urbanization is presented next. 

7.1.4. Riparian Buffers 
Vegetated riparian corridors are a critical component of aquatic ecosystems and local hydrologic cycles. 
Stream bank vegetation provides habitat to many terrestrial and aquatic species. For example, riparian 
trees benefit aquatic communities by providing leaf litter and woody debris as habitat and as a source of 
energy for the community food webs (Cappiella et al. 2005). Trees along stream banks reduce channel 
erosion by stabilizing stream banks (via their root systems), by adding organic matter, and by dispersing 
rainfall energy (via dispersing the raindrop energy across the canopy) (Cappiella et al. 2005). 
 
Typically, riparian vegetation along streams is removed or reduced to allow for expanding development. 
Plant communities in riparian floodplains and wetlands are degraded by impacts of urban development, 
including filling, encroachment, water table recession, invasion of nonnative plant and animal species 
because of disturbance, and other types of anthropogenic disturbance (Schueler 2004). For an in-depth 
discussion of the impacts of urban development and impervious cover on urban forests and riparian areas, 
see Chapter 1: Introduction to Urban Watershed Forestry in the Urban Watershed Forestry Manual 
(Cappiella et al. 2005). 
 
The preservation of vegetated riparian corridors can mitigate some of the detrimental effects of 
urbanization and impervious cover. Urban forests reduce the impacts of altered hydrological regime 
caused by urbanization and impervious cover by intercepting rainfall in the tree canopies, by releasing 
water via evapotranspiration, and by increasing ground-level infiltration (Cappiella et al. 2005). Yoder et 
al. (2000) found that riparian buffers in Ohio can preserve or enhance in-stream habitat and thus mitigate 
the detrimental impacts of high levels of urbanization. Highly urbanized areas (up to 15 percent) with 
―relatively intact stream habitat and well-vegetated, wider riparian buffers‖ (e.g., estate-type residential 
developments) attained their biocriteria (Yoder et al.1999, p 22). In addition to mitigating the effects of 
the altered hydrologic regime, vegetated riparian buffers can mitigate some of the effects from impervious 
cover. Because forests act as nutrient sinks, by absorbing nutrients into their biomass, forested urban 
riparian corridors can reduce the nutrient concentrations in runoff (Cappiella et al. 2005). Also, urban 
trees can shade impervious surfaces and reduce the temperatures of storm water runoff from such areas 
(Cappiella et al. 2005). 
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The levels of forest cover in the riparian corridors were evaluated for tributaries to the Grand River in the 
Big Creek – Grand River HUC (04110004 06). GIS was used to calculate the percent of forest land covers 
(i.e., deciduous forest, evergreen forest, and mixed forest) from the 2001 NLCD within 100 feet on each 
side of the stream. Sites in full attainment of the ALU designation had forest cover levels of between 38 
and 81 percent of the riparian corridor (Figure 7-10). The riparian corridors of impaired sites were 
generally 15 to 48 percent forested. 
 

 
Figure 7-10. Forested land in the riparian buffer for western tributaries in the lower Grand River watershed. 

 
An evaluation of QHEI data showed similar results. Seventy-eight percent of sites in full attainment of 
their designated uses had wide (greater than 50 meters) or moderate (10 to 50 meters) riparian cover on 
each bank. However, such levels of forest cover were present at only 25 percent of impaired sites. It is 
also noteworthy that 44 percent of sites in full attainment had wide riparian cover on both banks (the other 
34 percent had either moderate cover on both banks or moderate cover on one bank and wide cover on the 
other bank). The data suggest that wide riparian buffers are an important factor that affects attainment, 
and, as Yoder et al. (2000) and Miltner et al. (2004) found, well-forested buffers can mitigate the effects 
of urban development. 

7.1.5. Water Temperatures 
Stream temperatures affect all levels of aquatic life, from chemical and metabolic processes to 
individuals, species distribution and community assemblages (U.S. EPA 2010b). Aquatic insects (Merritt 
et al. 2008) and other aquatic species (U.S. EPA 2010b) are adapted to the ranges of stream temperatures 
in which they evolved. Also, warmer in-stream temperatures ―increase the toxicity of ammonia and also 
affect the survival of pathogens‖ (Burton and Pitt 2002, p. 75). 
 
The water temperatures of streams and rivers running through undeveloped or minimally developed areas 
are controlled by shade along the riparian corridor and the influx of ground water (Burton and Pitt 2002; 
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Shaver et al. 2007). Vegetated riparian corridors provide shade to the water flowing in the streams. In 
ground water-fed streams, shallow aquifers are a significant source of cold water. 
 
Urban streams tend to be warmer for a variety of reasons. The loss of riparian vegetation, including tree 
cover, prevents shading (Burton and Pitt 2002; Schueler 2004). ―During the summer months, impervious 
areas can have local air and ground temperatures that are 10 to 12 degrees warmer than the fields and 
forest that they replace‖ (Schueler 1994, p. 3). The altered, urban flow regime can exclude the discharge 
of cold ground water to urban streams because the installation of impervious surfaces prevents 
infiltration. The influx of cold ground water could be replaced with the discharge of warmer storm water. 
Unshaded, impervious surfaces tend to increase in temperatures during the day, and any storm runoff that 
flows over such surfaces will become warmer. Additional sources of urban-derived temperature increases 
are point source discharges (e.g., industrial processes, cooling plants), the urban heat island effect 
(Schueler 2004) and in-stream water impoundment (Burton and Pitt 2002; Schueler 2004). 
 
Water temperatures are interrelated with all other components of the riverine environment and are 
affected by the flow regime. In an undisturbed stream, water temperatures are primarily regulated by 
riparian forests via the shade the trees provide along the stream channel (Cappiella et al. 2005, p. 16). In 
such natural streams, temperatures are already warmer during the summer months because of warmer 
ambient air temperatures. Flow regime alterations typically include the widening of a stream channel and 
sedimentation, resulting in more water surface area and shallower pools. Those effects, in combination 
with less ground water flow during low-flow conditions and removal of riparian cover, result in the water 
temperatures increasing even more (Burton and Pitt 2002). In addition, higher temperature result in lower 
dissolved oxygen levels, which can lead to less assimilative capacity of the stream to mitigate nutrient 
loads. 
 
Lake SWCD collected water temperature data during its Primary Headwaters Habitat Evaluations. Those 
data for pertinent streams in the lower Grand River are presented in Figure 7-11. The data were generally 
limited to one sample per primary headwaters stream, and data were usually collected between 8:30 a.m. 
and 3:00 p.m. Data from the headwaters streams were aggregated by the downstream Ohio EPA 
assessment stream. 
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Figure 7-11. Lake SWCD primary headwaters streams temperature data. 

 
A comparative evaluation of Ohio EPA temperature data and subwatershed imperviousness was 
inconclusive. The data show that a predictive relationship does not exist between the level of impervious 
cover in a subwatershed in the lower Grand River watershed and the field-collected in-stream 
temperatures (for a graphical summary of the data, see Appendix E). Ohio EPA‘s hourly temperature data 
collected via a DataSonde were not evaluated because such data were collected at only three sites, which 
were all in full attainment and had low levels of impervious cover. Similar evaluations of Ohio EPA field-
collected temperature data and land cover within a 200-foot stream buffer were also inconclusive. 

7.1.6. Runoff Pollutants 
Urban development and impervious cover affect the quantity of water in urban streams and the quality of 
the water. Urban storm water runoff can contain elevated levels of such pollutants as bacteria, metals, 
nutrients, pesticides, petroleum hydrocarbons, and sediment. Many of those pollutants including copper, 
chlorine, zinc, cadmium, lead, petroleum hydrocarbons, and deicers are potentially toxic to aquatic life 
(Schueler 2004). Urban land uses are the dominant land uses within the Big Creek (RM 16.0), Kellogg 
Creek (RM 3.3) and Red Creek (at outlet) watersheds accounting for 51 percent, 81 percent, and 60 
percent of the watershed area, respectively. It is therefore expected that pollutants typically found in 
urban storm water will be present in these streams. 
 
In a review of literature, Pitt et al. (1995) found that beneficial uses of receiving waters can be impaired 
by urban storm water that contains conventional and toxic pollutants. Masterson and Bannerman (1994) 

10

12

14

16

18

20

22

24

A
yl

w
or

th
 C

r.

B
at

es
 C

r.

B
ig

 C
r.

E
as

t C
r.

E
lli

so
n 

C
r.

G
ris

w
ol

d 
C

r.

Jo
rd

an
 C

r.

K
el

lo
g 

C
r.

M
ill

 C
r.

P
ai

ne
 C

r.

P
he

lp
s 

C
r.

R
ed

 C
r.

Ta
lc

ot
t C

r.

Te
m

pe
ra

tu
re

 (C
el

si
us

)
25-75th Percentile Median Min-Max

n =  7     19           33           5           19           5           28          21          36          21         1   3           12               

Temperatures were collected from multiple primary headwaters habitat streams that are tributaries to the named streams that Ohio EPA asses sed 
in 2003 and 2004. Headwaters streams ' temperature data were aggregated by the named waterbody that they eventually discharged to.

RB-AR38888



Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

111 
 

concluded that Milwaukee County urban streams were impaired for their biological and recreational uses 
because of storm water runoff.  
 
In the lower Grand River watershed, metals, nutrients, and sediment are all pollutants of concern. 
Monitoring data summarized in Section 4 identifies detections of various metals and other pollutants in 
stream samples. It is often the combination of pollutants in urban storm water that results in undesirable 
conditions in the stream for aquatic communities. 
 

The type of development and land uses generally determine the quality of and constituents in the storm 
water (Shaver et al. 2007) as does the level of automobile activity (Burton and Pitt 2002). Storm water 
from transportation land uses (e.g., roads, bridges, service stations) can contain petroleum hydrocarbons 
or copper derived from brake pads whereas storm water derived from washoff of fertilized residential 
lawns, golf courses, and manicured or landscaped areas can contain elevated levels of nutrients (Shaver et 
al. 2007). Urban and suburban storm water runoff characteristics typically differ considerably as 
compared to rural and undeveloped areas (Pitt et al. 1995; U.S. EPA 1983).   
 
Any constituents that are deposited on impervious surfaces will typically remain there until they are 
picked up and transported by urban storm water. In undeveloped areas, some constituents will be 
transported to shallow aquifers as water infiltrates. However, because infiltration cannot occur on 
impervious surfaces, pollutants that accumulate on impervious surfaces will be rapidly carried to surface 
waterbodies through runoff or storm water conveyance systems where they can pose a risk to human and 
ecological health (Shaver et al. 2007; Schueler 1994). 
 
Many toxic constituents bond to particulate matter and can be transmitted in storm water while adsorbed 
to the sediment. For example, ―hydrocarbons are normally attached to sediment particles or organic 
matter carried in urban runoff‖ (Shaver et al. 2007 p. 3-48). Because storm water tends to travel rapidly 
over impervious surfaces, the high-velocity water has an increased ―ability to detach sediment and 
associated pollutants, to carry them off site, and to deposit them downstream‖ (Burton and Pitt 2002, p. 
31). The sediment and adsorbed pollutants can accumulate in bottom sediments ―where they are readily 
available to aquatic organisms and possible resuspension during future storm events‖ (Masterson and 
Bannerman 1994, p. 131). Sedimentation can increase in downstream ponds or slower-moving streams 
when sediment-laden, high-velocity storm water discharges to the waterbodies. 
 

Pitt et al. (1996, p.4) evaluated urban storm water and found that metals were typically detected in high 
concentrations. Masterson and Bannerman (1994) generally found that heavy metal concentrations in 
urban streams in Wisconsin exceeded the concentrations in reference streams. Stress and lethality to 
aquatic organisms can occur from episodic exposure to storm water laden with metals (Burton and Pitt 
2002, p. 77). The typical sources of nutrients (e.g., nitrates and phosphates) in urban runoff include 
fertilizer washoff from lawns, landscaped areas, and golf courses (Shaver et al. 2007, p. 3-47). 
 
Table 7-3 presents a summary of an evaluation of pollutant concentrations from runoff; additional 
examples are presented in Appendix F. Pollutant concentrations tended to be higher in more developed 
land uses (e.g., zinc in urban versus suburban as shown Table 7-3). The tables in Appendix F include data 
that also show that metals, nutrient, and TSS concentrations tend to increase as the level of development 
and impervious cover increases. 
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Table 7-3. Concentrations (mg/L) of pollutants in runoff from various land uses 

Land use NO3-N TKN NH3-N TP Zinc Lead Copper 
Urban 8.90 7.20 1.10 1.08 0.397 0.389 0.105 
Commercial 0.84 1.49 -- -- 0.250 0.370 -- 
Suburban 0.48 1.51 0.26 0.26 0.037 0.018 -- 
Forest 0.17 0.61 0.07 0.15 -- -- -- 
Source: Based on Schueler 1987. 
Values are reported in mg/L. 
NH3-N = ammonia (as nitrogen); NO3-N = nitrate (as nitrogen); TKN = total Kjeldahl nitrogen; TP = total phosphorus 
 
Schueler (2004) found that the unit area pollutant load that is delivered to a stream increases as the 
impervious cover in a subwatershed increases. In a review of several studies, Burton and Pitt (2002) 
showed that loads tend to increase as the level of development increases (for a summary of their results, 
see Appendix F Table F-3). For the lower Grand River, an evaluation using the Spreadsheet Tool for 
Estimating Pollutant Loading (STEPL; U.S. EPA 2006) showed that nitrogen loads from urban land cover 
to be 10 times as large as those from forest land cover; similarly, urban phosphorus loads to be 20 times 
as large as forest phosphorus loads (Table 7-4). 
 
Table 7-4. STEPL nutrient loads for forest and urban land covers 

Land cover 
Nitrogen load 

(lb/y/ac) 
Phosphorus load 

(lb/y/ac) 
Forest 0.24 0.54 
Urban 2.82 11.0 
STEPL was run twice using system defaults and selecting Ohio as the state, OH Cleveland WFSO AP for the rain gage, and HSG 
D. STEPL was first run for a 1 acre watershed of urban land, with default urban land use distribution, and was run again for a 1 acre 
watershed of forested land. 
 

7.2. Effects of Nutrients on Water Quality 
Nutrients rarely approach concentrations in the ambient environment that are toxic to aquatic life; in fact, 
nutrients are essential in minute amounts for the proper functioning of healthy aquatic ecosystems. 
However, nutrient concentrations in excess of those minute needs can exert negative effects on the aquatic 
ecosystem by increasing algal and aquatic plant life production (Sharpley et al. 1994). Increased plant 
production increases turbidity, decreases average dissolved oxygen concentrations, and increases 
fluctuations in diurnal dissolved oxygen and pH levels. Such changes shift aquatic species composition 
away from functional assemblages composed of intolerant species, benthic insectivores, and top 
carnivores that are typical of high-quality streams toward less desirable assemblages of tolerant species, 
generalists, omnivores, and detritivores that are typical of degraded streams (Ohio EPA 1999). Such a 
shift in community structure lowers the diversity of the system. 
 
In its evaluation of biological data for reference (i.e., least-affected) streams, Ohio EPA found that IBI 
and ICI scores did not meet the WWH biocriteria when associated with higher levels of total phosphorus, 
except when covariates (e.g., sediment) were present (Ohio EPA 1999, p. 26). Ohio EPA further 
concluded that ―[t]he processing of nutrients in lotic ecosystems is complex, variable, and affected by 
abiotic factors such as flow, gradient, ground water quality and quantity, and channel morphology‖ (Ohio 
EPA 1999, p.10). The association between IBI and ICI and nitrate was more variable than with total 
phosphorus: higher nitrate levels were related to index scores in headwaters and wading streams but not 
larger rivers (Ohio EPA 1999, p. 29). Higher nitrate levels in the EOLP ecoregion that affect index scores 
could be derived from ammonia from wastewater treatment facilities and livestock operations and might 
not be reflective of habitat quality (Ohio EPA 1999, p. 30). 
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An in-depth summary of the effects of nutrients on aquatic life and the interrelationships of water quality, 
habitat, and biota are presented in the Associations document (Ohio EPA 1999). 
 
Evaluations of nutrients and impervious cover for data collected at Ohio EPA‘s assessment points in the 
western portion of the lower Grand River watershed were inconclusive. An example of such an evaluation 
is presented in Figure 7-12, which shows that total phosphorus concentrations across the lower Grand 
River watershed are highly variable as levels of impervious cover vary. Generally, those evaluations 
showed that only ALU attainment and biologic community scores are associated with the level of 
impervious cover, with full attainment and good or better scores still being achievable with high levels of 
subwatershed impervious cover when wide, connected riparian corridors are present. 
 

 
Figure 7-12. Example of an evaluation of nutrients and impervious cover. 

 

7.3. Surrogate Measures and Setting Hydrologic Targets 
The impairments for certain streams in the lower Grand River watershed are primarily caused by flow 
alteration and the related impacts from various pollutants as discussed in Sections 7.1. No one pollutant is 
causing the impairment; rather, a combination of pollutants and flow imbalance alter the normal stream 
processes and cause stream degradation. Restoring the proper flow regime to the streams by controlling 
flow and volume will result in the recovery of normal stream processes and attainment of the biocriteria. 
Thus, flow and volume are used as surrogates for pollutants of concern. The Report of the Federal 
Advisory Committee on the Total Maximum Daily Load (TMDL) Program (U.S. EPA 1998) offers 
guidance on the use of surrogate measures in TMDL development. The FACA report indicates, 

When the impairment is tied to a pollutant for which a numeric criterion is not possible, or where 
the impairment is identified but cannot be attributed to a single traditional ―pollutant,‖ the state 
should try to identify another (surrogate) environmental indicator that can be used to develop a 
quantified TMDL, using numeric analytical techniques where they are available, and best 
professional judgment where they are not. The criterion must be designed to meet water quality 
standards, including the waterbody‘s designated uses. The use of best professional judgment does 
not imply lack of rigor; it should make use of the ―best‖ scientific information available, and 
should be conducted by ―professionals.‖ When best professional judgment is used, care should be 
taken to document all assumptions, and best professional judgment based decisions should be 
clearly explained to the public at the earliest possible stage (FACA 1998). 
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In addition, U.S. EPA issued a Memorandum on November 12, 2010 (U.S. EPA, 2010a) titled 
Establishing TMDL Wasteload Allocations for Storm Water Sources and NPDES Requirements Based on 
Those WLAs, which addresses the use of surrogate pollutant parameters, including flow and volume, to 
establish targets for TMDL loading capacity. The use of surrogate pollutant parameters is described as a 
suitable approach when storm water sources are identified as the primary source of impairment. 
 
This section provides a summary existing flow-based TMDLs and the methodology for establishing 
hydrologic targets in the lower Grand River watershed. 
 

7.3.1. Existing Flow-Based TMDLs 
Connecticut, Maine, and Vermont have all successfully completed TMDLs for flow-based surrogate 
pollutants including impervious cover and storm water volume. 

Connecticut Impervious Cover TMDLs 
In Connecticut, the Eagleville Brook TMDL (CDEP 2007) was approved by U.S. EPA in 2007. That 
TMDL used impervious cover as a surrogate pollutant to represent the effects of storm water runoff and 
mixed pollutants to the stream. The TMDL is established as the percent impervious cover within the 
watershed that must be achieved to meet the designated uses. Eagleville Brook‘s TMDL is set at 12 
percent, with a 1 percent explicit margin of safety. Reductions in impervious cover needed to meet the 
TMDL range from 59 percent to no reduction needed as determined by existing impervious cover 
estimates. Eagleville Brook has a small watershed (2.4 square miles) and was listed as impaired for ALUs 
in 2004. An SI process identified the stressor as a ―complex array of pollutants transported by storm 
water.‖ The SI process demonstrated the connection between impervious cover, storm water, and the 
health of the aquatic community. 
 
In the Eagleville Brook TMDL, a reference stream approach was used to develop a relationship between 
impervious cover and macroinvertebrate community health (CDEP 2005). That relationship was based on 
analysis of watersheds smaller than 50 square miles, impervious cover percentages derived from GIS-
based land cover data, and biological data from Rapid Bioassessment Protocol level III efforts. In total, 
125 sites distributed throughout the state were evaluated using scatter and box plots and summary 
statistics to develop a relationship between taxa richness, EPT (Ephemeroptera, Plecoptera, and 
Trichoptera) richness and watershed imperviousness. Streams were then split into two groups, those that 
met state water quality criteria and those that did not, and evaluated to identify a threshold of 
imperviousness over which streams no longer met aquatic life criteria. From that analysis, a target of 12 
percent impervious cover was established for impaired watersheds. The TMDL states, ―It is recognized 
that impervious cover may not be the direct factor causing the impairment, but that there is a strong 
enough relationship to use impervious cover as a surrogate measure in situations when an SI analysis has 
determined that storm water is the primary candidate cause of the aquatic life impairment‖ (CDEP 2007). 

Maine Impervious Cover TMDLs 
In Maine, three TMDLs have been approved by U.S. EPA that used impervious cover as a surrogate 
pollutant: Birch Stream (2006), Barberry Creek (2006), and Trout Brook (2007). Each of the three 
streams was listed as impaired for aquatic life, and each of those TMDLs uses impervious cover as a 
surrogate pollutant to represent the effects of storm water runoff and mixed pollutants to the stream. The 
TMDLs are established as the percent impervious cover within the watershed that must be achieved to 
meet the designated uses. The TMDLs follow the methods outlined in TMDL Applications Using the 
Impervious Cover Method developed by ENSR (2005) to establish the TMDLs. An SI process was 
completed for all three TMDLs simultaneously. 
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In Maine, statewide impervious cover targets were determined according to Maine Department of 
Environmental Protection (MDEP) guidance (MDEP 2005) using MDEP data, literature, and local 
watershed characteristics. Biomonitoring data (43 samples) were evaluated in 32 watersheds between 
1994 and 2004. Monitoring sites were in watersheds with varied percent imperviousness (minimum 5 
percent impervious cover) in first- to third-order streams. TMDL percent impervious cover targets range 
from less than 6 percent to 15 percent depending on class of water. 
 
Urban stressors were identified during an SI process as the primary cause of impairment (failure to attain 
aquatic life criteria) within each of the impaired streams. MDEP developed a document titled Percent 
Impervious Cover TMDL Guidance for Attainment of Tiered Aquatic Life Uses, Draft, which serves as the 
linkage analysis in combination with the SI process. The analysis is based on MDEP biomonitoring data 
from 43 macroinvertebrate samples from 32 watersheds statewide, coupled with available literature 
linking imperviousness with changes in aquatic assemblages and stream quality. Table 7-5 summarizes 
the biomonitoring data and TMDL targets on the basis of reference streams attaining the ALU criteria and 
their representative watershed imperviousness. 
 
Table 7-5. Percent impervious cover policy guidelines for expected attainment of Maine’s designated ALUs  

Statutory class 

Class attainment demonstrated 
in MDEP data at % impervious 

cover 

TMDL target values for % impervious cover 
(TMDL = WLA + MOS) 

TMDL WLA a MOS 

Class AA ~6 % b Does not apply 
c
 

Class A <6 % < 5 % d 1% 
Class B ~8 % 7 - 10 % d 6–9 % d 1% 
Class C ~15 % 10 - 15 % d 8–13 % d 2% 
Notes 
a. Load allocation (LA) is included in the WLA because it is not feasible to calculate separately. 
b. For attainment determination, Classes AA and A are combined. 
c. Because of the high-priority, sensitive nature of Class AA streams, application of a generalized method such as the percent 

impervious cover method is not advised. 
d. Stream-specific targets will be chosen for each TMDL. 
 

Vermont Flow-Based TMDLs 
Vermont has 12 approved stream TMDLs that use storm water runoff volume as the surrogate pollutant 
for multiple stressors. Vermont storm water runoff TMDLs were approved by U.S. EPA in 2006, 2007, 
2008, and 2009. Storm water runoff volume was chosen as the target for the TMDL because of its 
connection with habitat and physical stressors in streams and its potential to address diminished base 
flow. Vermont developed a framework called A Scientifically Based Assessment and Adaptive 
Management Approach to Storm Water Management that outlines the steps to completing a storm water 
runoff TMDL. The TMDLs are set as a percentage reduction needed during high-flow events. A target 
increase in flow under low-flow conditions is also described in the TMDL, although not an enforceable 
part of the TMDL. A general narrative related to SI is presented in each TMDL to connect the storm 
water runoff volume target to the biological community. 
 
The framework developed in Vermont involves the use of reference watersheds (referred to as attainment 
watersheds) to set hydrologic targets. Hydrologic targets are based on similar watersheds within the same 
geographic area where the water quality criteria for aquatic life are being met. Flow duration curves are 
then used to evaluate differences between the reference streams and the impaired streams. The relative 
difference between the reference and impaired stream flow duration curves are used to establish the 
TMDL. 
 
Vermont‘s linkage analysis is based on a stressor identification process that identified flow and sediment 
as primary stressors, which are then linked to the biological community. An expanded technical analysis 
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was completed to complement the TMDL and describes in detail the linkage analysis. That analysis 
documents the links between fish and aquatic life, degraded habitat and siltation, erosion and channel 
scour, stream flow rates and velocities, and storm water volume. 

7.3.2. Target-Setting Methodology 
Hydrologic targets that will lead to attaining the ALU designation in the lower Grand River watershed are 
based on a reference, or attainment, stream approach, following the approach used in Vermont. The lower 
Grand River watershed includes waterbodies that are impaired because of flow alteration affecting both 
high-flow and low-flow conditions, as described in Section 7.1. The hydrologic targets are provided in the 
form of a reference flow duration curve. 
 
The first step taken to identify the potential reference streams for use in the Flow Regime TMDLs was to 
determine which streams Ohio EPA had assessed and which of those streams are fully attaining their 
ALU designation. The next step was to compile available data (e.g., level IV ecoregions, levels of 
development). Flow duration curves for each of the potential reference streams were created, and the 
impacts of urban development and impervious cover on the flow duration curves were evaluated. The 
final step was to compare potential reference streams with the impaired stream to determine which 
potential reference stream was best representative of reference conditions for the impaired stream. That 
final step included evaluating the following factors: ALU attainment, location, size, land cover, and soils. 
Those evaluations were performed on a case-by-case basis. 
 
Because the objective was to determine which watersheds would be best suited as reference streams for 
impaired streams, factors related to specific types of developments were not evaluated. For example, the 
presence of point sources was not evaluated. HRU modeling was dependent on watershed factors and 
excluded non-scalable factors such as point sources. Thus, when the reference stream selection 
methodology was developed, only properties of the watershed were considered (i.e., point sources were 
ignored). The figures in this section that present the unit area flow duration curves of attainment and 
impaired streams do not account for flow from point sources unless noted. Point source flows will be 
evaluated as part of TMDL development in Section 9. 
 
In 2003 and 2004 Ohio EPA evaluated 21 creeks in the lower Grand River watershed for attainment of 
their ALU designations. Thirteen streams fully attain the ALU designations. Streams that were in full 
attainment that were in close proximity to impaired stream segments were evaluated as potential reference 
streams. Table 7-6 presents the factors that were also evaluated case by case to select reference streams 
for each impaired stream. Generally, the final reference streams had similar location and size to the 
impaired stream, had low levels of development, and had other similar characteristics with the impaired 
stream. Table 7-7 summarizes the data used in the reference stream evaluation. Figure 7-13 presents unit 
area flow duration curves for the potential reference streams in the Big Creek – Grand River HUC 
(04110004 06).13 The analysis and selected hydrologic targets are provided in the applicable sections 
below. 
 
 
 
 

                                                      
 
13 The two potential reference streams from the Mill Creek – Grand River 10-digit HUC (04110004 04) are not displayed in Figure 7-13 because 
that 10-digit HUC exhibits different characteristics (e.g., land cover and soil distribution) than the Big Creek – Grand River 10-digit HUC 
(04110004 06). 
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Table 7-6. Potential reference stream selection factors 

ALU Location Size Land cover Soils 
 Designated 

use 
 Biotic health 

indices 

 Ecoregion 
 12-digit HUC 
 Tributary a 

 Drainage area  Impervious Cover 
 Developed land 
 Forested land 
 Land cover within a 100-

foot buffer 

 Dominant 
HSGs 

a. Preference was given to potential reference streams if they discharged to the stream with impairments at a fully attaining segment 
that was downstream of the impaired segment. 
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Table 7-7. Potential reference streams and their data for the selection factors 
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Aquatic life use                                   
Designation d WWH CWH CWH WWH CWH CWH EWH & 

CWH 
CWH CWH EWH & 

CWH 
WWH WWH WWH WWH WWH WWH WWH 

Attainment Partial 
(Natural) 

Full Full Full Full Full Full Full Full Full Partial Partial NON Full Full NON NON 

Fish e --* MG F G E F -- --* --* MG E G F MG G P P 
Macroinvertebrates f E G VG MG G G VG E E E F F LF G MG LF LF 
Location                                   
12-digit HUC (04110004) 06 04 06 06 06 06 06 06 06 06 06 06 06 04 06 05 06 02 06 04 06 06 06 06 06 07 04 02 04 02 04 03 04 03 
Ecoregion g 61c 61c, 

61d 
61c 61d 61c, 

61d 
61d 61c 61c, 

61d 
61c, 
61d 

61c 61c, 
61d 

61d 83a 61b 61b 61b 61b 

Subwatershed                                   
Area (sq. mi.) 11.9 1.8 5.2 6.4 2.8 4.4 3.1 5.5 3.8 3.0 1.5 4.6 9.3 5.2 3.7 4.7 4.3 
Developed Land h 7% 24% 6% 51% 12% 31% 9% 4% 7% 4% 51% 81% 60% 7% 4% 34% 32% 
Forested Land i 54% 43% 55% 40% 56% 57% 48% 60% 54% 53% 38% 15% 20% 38% 50% 31% 32% 
Impervious Cover j 1% 5% 1% 11% 2% 5% 2% 1% 1% 1% 13% 15% 14% 1% 1% 9% 8% 
100-foot buffer on each 
bank                                 

  

Developed Land 4% 14% 3% 48% 7% 18% 6% 4% 7% 3% 43% 75% 51% 7% 4% 23% 24% 
Forested Land 77% 61% 78% 47% 74% 79% 76% 80% 81% 78% 45% 20% 31% 57% 45% 54% 52% 
Hydrologic soil groups                                   
Dominant HSG (%) C/D 

(46%) 
C/D 

(43%) 
C/D 

(51%) 
C/D 

(50%) 
C    

(46%) 
C/D 

(67%) 
C/D 

(49%) 
C/D 

(69%) 
C/D 

(45%) 
C/D 

(56%) 
C/D 

(43%) 
D    

(31%) 
C/D 

(35%) 
C/D 

(67%) 
C/D 

(61%) 
C/D 

(67%) 
C/D 

(69%) 
Second Dominant HSG (%) C    

(28%) 
C    

(38%) 
D    

(41%) 
D    

(25%) 
C/D 

(42%) 
C    

(15%) 
D    

(24%) 
C    

(19%) 
D    

(34%) 
C    

(22%) 
C    

(23%) 
B/D, C 
(21%) 

A    
(26%) 

D    
(26%) 

D    
(29%) 

D    
(25%) 

D    
(24%) 

Notes 
a. The TMDL on Big Creek at RM 16.0 will address the ALU partial attainment at RM 16.2; the sources of impairment for both assessment sites include urban runoff and storm sewers, which affect the flow regime. 
b. The TMDL on Kellogg Creek at RM 3.3 will address the ALU non-attainment at RM 5.7 (both fish and macroinvertebrates were poor); the sources of impairment for both assessment sites include urban runoff and storm sewers, which affect the flow regime. 
c. No TMDLs are being developed for  Cemetery Creek . 
d. ALU designations promulgated in OAC-3745-1: coldwater habitat (CWH), exceptional warmwater habitat (EWH), and warmwater habitat (WWH). 
e. Narrative scores for the Index of Biotic Integrity: excellent (E), very good (VG), good (G), marginally good (MG), fair (F), low fair (LF), and poor (P). 
f. Narrative scores for the Invertebrate Community Index or qualitative assessment: Excellent (E), very good (VG), good (G), marginally good (MG), fair (F), low fair (LF), and poor (P). 
g. Level IV ecoregions: Erie/Ontario Lake Plain (83a), Mosquito Creek/Pymatuning Lowlands (61b), Low Lime Drift (61c), Erie Gorges (61d), and Summit Interlobate Area (61e). 
h. Summation of four developed land cover classes from the 2001 NLCD: open, low, medium, and high. 
i. Summation of three forested land cover classes from the 2001 NLCD: deciduous, evergreen, and mixed. 
j. Calculation of watershed impervious cover from 2001 NLCD. 
* Ohio EPA did not report a narrative fish score because of the influence of coldwater. 
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Figure 7-13. Flow duration curves of potential reference streams in the Big Creek – Grand River 10-digit HUC (04110004 
06). 

 
As shown in Figure 7-13, most of the potential reference streams in the western portion of the watershed 
have very similar unit area flow duration curves. That is expected because most of the land cover and soil 
factors that were used to develop the HRUs were similar for most of the potential reference streams. On a 
per unit area basis, it is expected that two relatively undeveloped streams with similar relative levels of 
various land covers and soils would result in similar flow conditions. 
 
However, some of the curves deviate in the high-flow, dry conditions, and low-flow zones. An example 
of the deviations is shown in Figure 7-14. Ellison Creek, Jordan Creek, and Cutts Creek are the three 
streams that deviate from the rest. That was also expected because those streams exhibit the highest 
amount of developed land and impervious cover of all potential reference streams. For a discussion of 
how the gradient of development is evident in the unit area flow duration curves for Ellison Creek and 
Jordan Creek, see Figure 7-4 and its accompanying text. 
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Figure 7-14. High-flow zone of the flow duration curves for the potential reference streams in the Big Creek – Grand 
River 10-digit HUC (04110004 06). 

 

7.4. Big Creek (HUC 04110004 06 06) 
ALU is impaired on Big Creek near Chardon. The city of Chardon is not an MS4 community but does 
have a WWTP, and storm water runoff will drain to Big Creek. Ohio EPA has documented the impacts of 
urbanization in the headwater areas of Big Creek at RM 16.0 and 16.2. The assessment site at RM 16.0 is 
partially impaired for ALU because of the impacts of urbanization and is selected as the TMDL location, 
on which allocations are based, because it is the most downstream assessment point impaired by 
urbanization. 
 
The 2003 IBI scores for Big Creek were excellent in the headwaters (RM 16.0 and 16.2) and very good 
(RM 9.3) or good (RM 14.0, 4.9, and 2.5) along the rest of the creek to the mouth. Also, the 2000 IBI 
score at RM 0.5 was good. MIwb scores from 2003 at RM 4.9 and 2.5 were good and fair (respectively); a 
2000 score at RM 0.6 was moderately good. Thus, the best fish communities were present in the 
headwaters, and the communities became slightly less healthy (though mostly still in attainment) along 
the creek to the mouth. Ohio EPA identified an impairment caused by natural conditions at RM 2.5 where 
the MIwb scored fair (7.082). 
 
The opposite trend was generally true for the macroinvertebrate data. The lower reaches of Big Creek had 
excellent ICI scores (RM 2.7 and 4.8) and fair scores in the headwaters (RM 16.0 and 16.2). Big Creek at 
RM 13.8 had a very good ICI score and a qualitative score at RM 9.5 was good. 
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7.4.1. Flow Regime 
Figure 7-15 is the estimated flow duration curve at Big Creek RM 16.0 with and without the Chardon 
WWTP flows. This site is downstream of Chardon and the Chardon WWTP. The watershed contains 13 
percent imperviousness. A comparison between the two flow duration curves identifies the effect that 
flows from the WWTP have on Big Creek. The Chardon WWTP is the dominant source of flow during 
low-flow conditions at RM 16.0. The WWTP‘s discharge provides for constant base flow in Big Creek, 
thus providing a buffering effect during low-flow conditions. On the basis of the available data, the 
Chardon WWTP is not contributing to the ALU impairment at RM 16.0. However, upstream of the 
WWTP, development and associated imperviousness has negatively affected the flow regime. 
 

 
Figure 7-15. Big Creek flow duration curves. 

 

Hydrologic Target 
A hydrologic target was developed for Big Creek at RM 16.0 for use in TMDL development. Results of 
the methodology presented in Section 7.3 are provided below. 
 
The contributing drainage area to Big Creek at RM 16.0 is 1.5 square miles. No other potential reference 
stream drains such a small area; therefore, size was not a primary factor in selecting a reference stream. 
The potential reference stream that was closest to that impaired segment of Big Creek was Cutts Creek. 
However, the evaluation of flow duration curves in Section 7.3 shows that Cutts Creek‘s flow duration 
curve is dissimilar to the majority of the full attainment sites and that the subwatershed might be 
influenced by urban development. 
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The next closest potential reference stream that is still in the same ecoregion is Jenks Creek, which 
discharges to Big Creek. The factors used to select Jenks Creek as the reference stream are presented in 
Table 7-7. Jenks Creek was selected as Big Creek‘s reference stream because it is in the same ecoregion, 
is a tributary to Big Creek, has low levels of development, and has high levels of forest cover. Thus, flow 
regimes in Jenks Creek are the best representation of reference-quality (i.e., least-affected) flow regimes 
in Big Creek that would result in attainment of ALU. The unit area flow duration curves for Jenks Creek 
and Big Creek are displayed in Figure 7-16. 
 
 

 
Figure 7-16. Flow duration curves for the impaired stream Big Creek (RM 16.0) and the reference stream Jenks Creek. 

 

7.5. Kellogg Creek (HUC 04110004 06 06) 
The designated ALU is impaired on Kellogg Creek. Storm water runoff from the many subdivisions 
drains to Kellogg Creek. Ohio EPA has documented the impacts of urbanization in the headwater areas of 
Kellogg Creek at RMs 3.1, 3.3 and 5.7. RM 3.1 is in partial attainment of the ALU; RMs 3.3 and 5.7 are 
impaired for ALU. 
 
The 2004 IBI scores for Kellogg Creek at RMs 5.7 and 0.2 were poor (24) and good (44), respectively. 
The qualitative macroinvertebrate evaluations for those two sites were poor and moderately good, 
respectively. Ohio EPA identified sediment from ongoing suburbanization as a potential cause of 
impairment at RM 5.7. The agency also reported that a better riparian condition exists in the lower 
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reaches of Kellogg Creek and that it might offset some of the biological degradation caused by upstream 
urbanization. 
 
The 2000 IBI scores for Kellogg Creek at RMs 2.5, 3.1, 3.3, and 0.1 were good (44), very good (46), good 
(44), and very good (46), respectively. The only macroinvertebrate data from 2000 were collected at RMs 
3.1 and 3.3; the qualitative data were scored fair. 
 
An evaluation of the 2000 and 2004 data shows that fish communities tended to score good or very good 
from RM 3.3 to the mouth in both years and that fish community impairment appeared to be limited to the 
upstream reaches of Kellogg Creek. The macroinvertebrate communities‘ health was generally poorer 
than the fish communities‘ health along the entire length of the creek. 
 
RM 3.3 was chosen for further evaluation and TMDL development because that assessment site is the 
most downstream of the two sites on Kellogg Creek that are impaired by altered flow and pollutants 
associated with urban runoff. Implementation of the TMDL at RM 3.3 will address the impairment at RM 
5.7 and the downstream partial impairment at RM 3.1. 

7.5.1. Flow Regime 
Figure 7-17 is the estimated flow duration curve at Kellogg Creek RMs 3.3 and 5.7. The TMDL will be 
generated at the downstream site and will be applicable to upstream areas. At that site, the flow duration 
curve is based on land uses that include 15 percent impervious cover. 
 

 
Figure 7-17. Flow duration curves for Kellogg Creek. 
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Hydrologic Target 
A hydrologic target was developed for Kellogg Creek at RM 3.3 for use in TMDL development. Results 
of the methodology presented in Section 7.3 are provided below. Note that Kellogg Creek is the only 
waterbody that runs parallel to the Portage Escarpment, which tends to be rich in glacial till (Ohio EPA 
2006, p. 65), and the creek receives more ground water than other nearby streams in HUC 04110004 06 
06. 
 
The closest two potential reference streams to the impaired segment of Kellogg Creek are Ellison Creek 
and Jordan Creek. As discussed in Section 7.3, evaluations of flow duration curves showed that Ellison 
Creek‘s and Jordan Creek‘s flow duration curves are dissimilar to the majority of the full attainment sites 
and that the subwatersheds could be influenced by urban sources of impairment (see the measures of 
development in Table 7-7). 
 
East Creek is directly east of Jordan Creek and discharges to Big Creek above Jordan Creek‘s confluence 
with Big Creek. East Creek was selected because of its size, proximity, and lower levels of development 
(see Table 7-7); therefore, it provides the best representation of reference-quality (i.e., least-affected) flow 
regimes in Kellogg Creek that would result in attaining its ALU. Flow duration curves for East Creek and 
the impaired subwatershed of Kellogg Creek are displayed in Figure 7-18. 
 

 
Figure 7-18. Flow duration curves for the impaired stream Kellogg Creek (RM 3.3) and the reference stream East Creek. 
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7.6. Mill Creek (HUC 04110004 04 02) 
Mill Creek at Clay Road (G02G13; RM 25.7) is in non-attainment of its ALU designation (WWH), and 
on 7/12/2004, Ohio EPA reported that the dissolved oxygen concentration (3.48 mg/L) at the site violated 
the instantaneous water quality standard (Ohio EPA 2006a). Ohio EPA identified siltation as the cause of 
impairment, with a source of stream channelization (for agricultural drainage). However, the agency also 
identified low summer base flow, because of shallow bedrock, as a limiting habitat factor. The 2003 
scores for all three biologic community health indices were fair (IBI, 30; MIwb, 5.972; and ICI, 24). Ohio 
EPA found that G02G13 exhibited ―nutrient concentrations…elevated relative to the reference condition‖ 
and an increased number of modified habitat attributes (Ohio EPA 2006a, p. 2). 
 
Sedimentation at the site was evaluated through the use of TSS as a surrogate. Of the 10 samples analyzed 
for TSS, 5 were non-detects. When TSS was detected, it ranged from 5 to 42 mg/L with two samples (28 
and 42 mg/L) greater than the 75th percentile of TSS concentrations at EOLP reference sites (25.0 mg/L). 
 
The 28 mg/L TSS sample was collected on 9/23/2003. According to the National Climatic Data Center 
gage at Dorset, precipitation occurred on the day of sampling (1 inch). The previous precipitation 
occurred on 9/19 and 9/20 (1.7 inches). The 42 mg/L sample was collected on 12/10/2003 at 9:55 a.m. 
Approximately 0.3 inch of precipitation occurred on the day of sampling. No precipitation occurred 
during the three preceding days; the previous precipitation was 12/5 to 12/6 (0.4 inches). Regression 
analyses of flow and precipitation during the day of sampling and the two preceding days with TSS 
concentrations were inconclusive. However, evaluations confirm the general concept that increasing 
precipitation and increasing flows usually result in larger in-stream TSS concentrations. 
 
Total phosphorus data collected during moist, mid-range, and dry flows exceeded the TMDL target 
derived from the 75th percentile of EOLP reference streams data (0.1 mg/L phosphorus, WWH, wading). 
Nitrite plus nitrate data collected during moist conditions also exceeded the TMDL target (1.0 mg/L 
nitrogen, WWH). Those evaluations are graphically presented in Figure 7-19. Nutrient sources during 
moist conditions are derived from precipitation and runoff events. Tile drainage in the area also 
contributes to nutrient exceedance. On-site wastewater systems and livestock in the watershed likely 
contribute to the phosphorus exceedances during dry conditions. 
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Figure 7-19. Mill Creek nutrient water quality duration curves. 

 

7.7. Red Creek (HUC 04110004 06 07) 
Red Creek (G02W09, RM 0.5) is in non-attainment of its ALU designation (WWH). The 2004 IBI score 
for Red Creek at RM 0.5 was fair (30) and the qualitative macroinvertebrate evaluation was low-fair. 
Flow alteration and pollutants associated with urban storm water were identified as a potential cause of 
impairment, with the potential sources listed as urban runoff and storm sewers. The assessment point for 
Red Creek is very near the outlet; therefore, the entire watershed was evaluated for TMDL development. 
 
Red Creek is in the EOLP ecoregion (#83a) and has ―sustained flow throughout the summer owing to 
ground water from beach ridges and a thick soil horizon‖ (Ohio EPA 2006a, p. 66). Thus, Red Creek 
should be able to sustain WWH communities. 

7.7.1. Flow Regime 
Figure 7-20 presents the estimated flow duration curve for Red Creek. The Red Creek watershed includes 
residential development and many acres of nursery operations. The Red Creek watershed has 14 percent 
impervious cover. 
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Figure 7-20. Flow duration curve for Red Creek. 

 

Hydrologic Target 
A hydrologic target was developed for Red Creek for use in TMDL development. Results of the 
methodology presented in Section 7.3 are provided below. 
 
Red Creek is impaired along its entire length. No potential reference streams are within Red Creek‘s 
ecoregion. Red Creek also has the largest area of HSG A soils (20 percent) than any of the potential 
assessment streams (0 to 1.5 percent) and other ALU-impaired streams (0 to 4.0 percent). The primary 
factors for selecting a reference stream are watershed size and proximity to Red Creek. 
 
Bates Creek is southeast of Red Creek, and it discharges to Paine Creek, which is a tributary of the Grand 
River. Talcott Creek is east-southeast of Red Creek, and it discharges to the Grand River. Both creeks 
exhibit factors that make them eligible reference streams for Red Creek. Using the available information 
on stream characteristics, proximity to Red Creek, and best professional judgment, Talcott Creek was 
chosen as a reference stream for Red Creek because it provides the best representation of reference-
quality (i.e., least-affected) flow regimes in Red Creek that would result in attainment of ALU. The flow 
duration curves for both creeks are displayed in Figure 7-21. 
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Figure 7-21. Flow duration curves for the impaired stream Red Creek and the reference stream Talcott Creek. 

 

7.7.2. Nutrients 
As shown in Figure 7-22, all three nitrate plus nitrite samples exceeded their target (1.0 mg/L nitrogen, 
WWH), and one of three samples exceeded the total phosphorus target (0.08 mg/L phosphorus, WWH, 
headwaters streams). Nutrient exceedances occurred during all monitored flow conditions including dry 
and mid-range flow conditions. Wastewater from HSTS (septic systems) is a probable source during low-
flow conditions. Storm water runoff is also a likely source during mid-range flow conditions. The land 
uses in the Red Creek watershed at the time of the biosurvey included large areas of unsewered homes 
and intensive nursery production. Since then, many of the homes have been sewered. 
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Figure 7-22. Red Creek nutrient water quality duration curves. 
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8. Recreation Use Designation Impairments Linkage Analysis 
The impaired recreation uses in the lower Grand River watershed are a result of point and nonpoint 
sources of pathogens. Point sources include numerous sewage treatment plants and urban runoff 
discharged through MS4 systems. Nonpoint sources include livestock and runoff from animal operations 
and pastures, non-regulated storm water runoff from urban and agricultural land uses, and failing sewage 
treatment systems. Re-suspension of bacteria in the stream channel is also a potential source. 
 
This linkage analysis provides a review of the NPDES permitted point sources in the watershed, including 
an evaluation of the permit violations and discharge monitoring records. This section evaluates water 
quality data as well as point source and nonpoint source contributions of the pollutants and their likely 
impact on the observed impairments. 
 
Ohio EPA evaluated the attainment of designated recreation uses at 25 locations in 10 WAUs, and at 9 
locations along the mainstem of the lower Grand River during 2003 and 2004. Ohio EPA identified 
bacteria impairments in 7 of the 10 WAUs. The Grand River LRAU is also impaired for bacteria at 5 
assessed locations (G02G15, G02W18, G02G14, G02S13, and 502530). 
 
Table 8-1 summarizes those permitted facilities that include permit violations and fecal coliform 
exceedances according to discharge monitoring records. Very few violations and exceedances occurred in 
the watershed. 
 
Thirteen subwatersheds are modeled for bacteria TMDL development. Those watersheds are based on 
WAUs with the exception of Red Creek and Coffee Creek. Red Creek and Coffee Creek watersheds were 
delineated using StreamStats (USGS 2010) and existing 12-digit HUC boundaries. The two creeks 
required additional delineation because their WAUs also contain portions of the mainstem of the Grand 
River and its tributary area. 
 
Table 8-1. Summary of permit fecal coliform exceedances in the lower Grand River watershed 

12-digit HUC 
(04110004) a Facility name Permit number 

2003–2004 2005–2009 
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04 02 Ashtabula JVS OH0044920 13 0 0 34 4 4 
04 03 DFC MHP OH0121614 4 0 0 20 1 3 
06 01 Coffee Creek WWTP OH0098469 53 1 1 120 0 0 
06 02 Rustic Pines MHP WWTP OH0112135 12 0 1 53 1 0 
06 06 Capps Tavern OH0134732 1 0 0 10 3 4 
06 06 Chardon WWTP OH0022659 162 1 0 394 0 0 
06 06 Terrace Glen Estates MHP OH0112291 12 0 2 31 1 2 
LRAU Hardy Industrial Technologies, LLC OH0000299 1 1 0 34 1 0 
LRAU Painesville WPC Plant OH0026948 145 2 3 361 0 1 
LRAU Spring Lake MHP OH0134694 0 -- -- 10 1 5 

Notes  
a. Facilities identified with a 12-digit HUC discharge to tributaries of the Grand River. Facilities identified as LRAU discharge directly 

to the Grand River. 
b. Number of fecal coliform samples reported in the discharge monitoring report (DMR). 
c. Number of fecal coliform samples reported in the DMR that exceed 2,000 counts/100 mL. 
d. Number of code and limit violations for fecal coliform reported in the DMR. 
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8.1. Griggs Creek (HUC 04110004 04 01) 
Griggs Creek is impaired by bacteria for its designated recreation use. In 2004 the geometric mean of E. 
coli samples exceeded the PCR class B criterion (161 E. coli counts per 100 mL). 
 
One NPDES facility discharges to Griggs Creek WAU: Ken‘s Forge, Inc. The facility operates a 
wastewater treatment works that discharges to an unnamed tributary to Griggs Creek. Between June 2004 
and August 2009, fecal coliform was detected in 8 of 12 semiannual samples. None of the samples 
exceeded the instantaneous maximum permit limit (2,000 fecal coliform counts/100 mL). The two 
discharge monitoring report (DMR) samples reported during the same period as the Ohio EPA field 
survey were 6/2/2004 (80 counts/100 mL) and 8/23/2004 (non-detect). 
 
Ohio EPA‘s monitoring data were collected at a site (Poplar Street, G02G12) upstream of that facility; 
therefore, Ken‘s Forge could not have caused the impairment identified during the 2004 field survey. 
Because the fecal coliform at site G02G12 ranged from 330 to 17,000 counts/100 mL in 2004, other 
sources upstream of Ken‘s Forge are causing the impairment to Griggs Creek. 
 
The 2001 NLCD data show that the subwatershed includes cropland (35 percent), pasture (12 percent), 
and developed land (6 percent). The probable sources of high bacteria levels include failing septic 
systems, animals, and agricultural runoff. 

8.2. Peters Creek – Mill Creek (HUC 04110004 04 02) 
Seasonal geometric means of E. coli data exceeded the PCR class B criterion at two sites on Mill Creek: 
RMs 18.2 and 25.6. Data from Askue Run and Peters Creek also exceeded the E. coli criterion. 
 
Two NPDES facilities drain to waters within the Peters Creek – Mill Creek WAU: Ashtabula County 
Joint Vocational School (JVS) (sewerage system) and Ohio DOT Dorset Outpost Garage. The 2001 
NLCD data show that the WAU includes cropland (30 percent), pasture (12 percent), and developed land 
(6 percent). The possible sources of in-stream bacteria include point sources, failing septic systems, 
animals, and agricultural runoff. 

8.2.1. Ashtabula County Joint Vocational School 
This facility discharges to Mill Creek in Jefferson Township in Ashtabula County. Between May 2003 
and October 2009, fecal coliform was detected in 39 of 47 samples. Four samples (2,100 to 5,800 
counts/100 mL) collected in 2006, 2007, and 2008 exceeded the instantaneous maximum permit limit 
(2,000 counts/100 mL). During Ohio EPA‘s field survey, 13 samples were reported at the JVS (1 to 1,050 
counts/100 mL), and only 3 of those samples were greater than 20 counts/100 mL (130, 630 and 1,050 
counts/100 mL). 
 
Mill Creek at Netcher Road (G02S04), 0.7 RM upstream of the JVS, was sampled by Ohio EPA in 2003 
and 2004 (50 to 28,000 counts/100 mL). The recreation season geometric means never exceeded the PCR 
class B criterion. Because the agency did not monitor in-stream water quality at another site in the WAU 
below JVS, it is difficult to assess the impact of JVS on in-stream water quality. Because of the 
compliance with its permit during the 2003–2004 field survey and relatively low levels of bacteria in the 
effluent during that period, it is not likely that JVS was a source of the recreation use impairment to Mill 
Creek. 

8.2.2. Ohio Department of Transportation’s Dorset Outpost Garage 
Ohio Department of Transportation (ODOT) operates an outpost in Dorset Township in Ashtabula 
County that is immediately adjacent to an unnamed tributary of Mill Creek. The outpost‘s garage has a 
wastewater treatment works that discharges to the unnamed tributary of Mill Creek. Five fecal coliform 
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samples were reported in the DMR from March 2003 through June 2006 (non-detect to 1,500 counts/100 
mL). All those samples were below the instantaneous maximum permit limit (2,000 counts/100 mL) for 
fecal coliform. 
 
Ohio EPA‘s sample site on Mill Creek at Clay Road (G02G13, RM 25.7) was sampled in 2003 and 2004 
(150 to 18,000 counts/100 mL) and is in non-attainment of its recreation use. The garage is 1.5 RMs 
upstream of that site on a tributary. Ohio EPA did not collect any field samples when DMR data were 
reported. The closest sample was from 8/6/2003 (6,300 counts/100 mL). Thus, there are insufficient data 
to determine if ODOT‘s Dorset Outpost Garage‘s effluent affected the impairment of Mill Creek.  

8.3. Town of Jefferson – Mill Creek (HUC 04110004 04 03) 
Ohio EPA sampled Cemetery Creek for E. coli at two sites twice in 2003. The geometric mean of those 
data at both sites exceeds the PCR class B standard of 161 counts per 100 mL. Four sites along Mill 
Creek were sampled for E. coli in 2003 and 2004. Potential bacteria sources include point sources, storm 
water runoff, agricultural drainage, animals, and faulty septic systems. 
 
Four NPDES facilities drain to waters in the Town of Jefferson – Mill Creek WAU: DFC MHP, Jefferson 
WWTP, Harassment‘s Bar, and King Luminaire Co., Inc. 

8.3.1. DFC Mobile Home Park 
Only one sample was reported in the DMR for fecal coliform: 150 counts/100 mL on 8/7/2003. The 
closest site that Ohio EPA monitored was 4 RMs downstream, in the city of Jefferson. Thus, there are 
insufficient data to determine if the DFC Mobile Home Park (MHP) effluent affected the impairment of 
Cemetery Creek. 

8.3.2. Jefferson WWTP 
The Jefferson WWTP discharges to Cemetery Creek, and a discussion of its effluent is presented in the 
TSD (Ohio EPA 2006, p. 28). The facility is directly adjacent to Cemetery Creek. DMR data are available 
from May 2003 through October 2009; 339 of the 363 fecal coliform samples were less than 100 
counts/100 mL. 
 
Ohio EPA collected two samples on Cemetery Creek at Poplar Street (G02S08) just below the WWTP 
that were evaluated for fecal coliform: 8/28/2003 (1,600 counts/100mL) and 9/10/2003 (90 counts/100 
mL). The reported effluent levels on 8/26/2003 and 9/4/2003 were 38 and 5 counts/100 mL, respectively. 
In 2003 effluent bacteria levels never exceeded 70 counts/100 mL, and both sets of synoptic upstream, 
effluent, and downstream samples showed that the WWTP was diluting the in-stream bacteria levels. 
Thus, it is not likely that the treated effluent from Jefferson WWTP is causing the recreation use 
impairments. 
 
The TSD (Ohio EPA 2006) indicates that a faulty pump was contributing to impairments on Cemetery 
Creek. The WWTP was cited multiple times for not reporting data at the required permit frequency. It is 
possible that the reported DMR exceedances were due to the faulty pump. During Ohio EPA inspections 
in 2010 and 2011, no pump stations were noted as faulty. Ohio EPA also identified WWTP bypasses as 
another potential sanitary sewer overflow-caused contribution to the in-stream impairment. 

8.3.3. Harassment’s Bar 
Harassment‘s Bar operates a wastewater treatment works that discharges to an unnamed tributary to Mill 
Creek in Lenox Township in Ashtabula County. However, no bacteria data for the permit are available in 
the DMR. Thus, there are insufficient data to determine if the Harassment‘s Bar effluent affected the 
impairment on Mill Creek. 
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8.3.4. King Luminaire Company Incorporated 
The wastewater treatment works at King Luminaire discharges to an unnamed tributary to Mill Creek in 
Jefferson Township in Ashtabula County. Between June 2004 and August 2009, fecal coliform was 
detected in 9 of 12 summer quarterly samples. None of the samples exceeded the instantaneous maximum 
fecal coliform permit limit (2,000 counts/100 mL). The two DMR samples evaluated for fecal coliform 
that were reported during the same period as the Ohio EPA field survey were 6/2/2004 (90 counts/100 
mL) and 8/9/2004 (850 counts/100 mL). Although the data are limited, it does not appear that King 
Luminaire is solely causing the impairment to Mill Creek but is likely contributing to the impairment. 

8.4. Coffee Creek – Grand River (HUC 04110004 06 01) 
Although Coffee Creek was not placed on the 303(d) list in 2010, E. coli data from 2000 imply a possible 
impairment of the PCR class B use and Ohio EPA intends to place Coffee Creek on the 2012 303(d) list. 
As described in Section 1, Coffee Creek has been historically impaired for fecal coliform. The geometric 
means of data collected in 2000 at four stations on Coffee Creek exceeded the geometric mean standard 
of 161 counts per 100 mL. 
 
Three NPDES facilities drain to waters in the WAU: Coffee Creek WWTP, Grand River Academy, and 
Pilot Travel Center Store Number 2. However, the Pilot Travel Center facility is not permitted to 
discharge bacteria; the permit limits are only for flow, pH, and oil and grease. 
 
In 2001 a large portion of the watershed was used for cropland and pasture (29 percent cropland, 11 
percent pasture, and 9 percent developed land). Ohio EPA identified failing septic systems in the 
Austinburg area and a number of small package treatment plants that might be the cause of elevated 
bacteria counts (Ohio EPA 2006a). Thus, the possible sources of high bacteria levels include point 
sources, agricultural runoff, storm water, animals, and failing septic systems. 

8.4.1. Coffee Creek WWTP 
Ashtabula County owns and operates a WWTP in Austinburg Township that discharges to Coffee Creek. 
Of the 173 fecal coliform samples reported in the DMR, 52 were non-detects. From 2003 through 2007, 
fecal coliform data ranged from 1 to 7,100 counts/100 mL, with a median of 10 counts/100 mL. In 2008 
and 2009, fecal coliform was detected in only 7 of 48 samples (10 to 80 counts/100 mL). The WWTP 
generally discharges effluent below the permitted fecal coliform limits. Fourteen synoptic upstream, 
effluent, and downstream samples were collected from 2003 through 2009. In most cases the levels of 
bacteria decreased from upstream to downstream; in the other cases, the levels were identical or within 10 
counts/100 mL. Also, the fecal coliform levels in many of the upstream samples were greater than in-
stream water quality criteria. Thus, it appears that the Coffee Creek WWTP generally is not causing 
elevated bacteria levels in Coffee Creek and sometimes dilutes in-stream bacteria counts. However, at 
times, the WWTP contributes to the impairment, and on one occasion (October 2003), the WWTP 
discharged effluent with high levels of bacteria. 
 
Ohio EPA awarded American Recovery and Reinvestment Act funds to install additional sanitary sewer 
collection infrastructure to transmit wastewater from Austinburg to the Coffee Creek WWTP, which 
should be fully operational in 2011. 

8.4.2. Grand River Academy 
The Grand River Academy, a college preparatory boarding school for boys, operates two wastewater 
treatment works at its 200-acre facility in Austinburg Township in Ashtabula County that discharge to 
Coffee Creek and an unnamed tributary to Coffee Creek. The 12 quarterly summer samples from the 
West Plant (outfall 001) ranged from 10 to 860 counts/100 mL, with a median of 375 counts/100 mL, 
from June 2004 through August 2009. Three of the 12 quarterly summer samples from the East Plant 
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(outfall 002) were non-detect or non-discharging. The fecal coliform levels of the detections ranged from 
20 to 740 counts/100 mL, with a median of 400 counts/100 mL. The permit limits for fecal coliform were 
not exceeded at either outfall. 
 
Ohio EPA collected in-stream bacteria data from Coffee Creek in the year 2000. Because no data are 
available from the same period of record for Grand River Academy‘s DMR data, it is not possible to 
evaluate the potential impacts of the academy on Coffee Creek. Because the Grand River Academy did 
not violate its permit, it can be assumed that the Grand River Academy is not causing the recreation use 
impairment to Coffee Creek. The Grand River Academy is expected to connect to public sewers (i.e., 
Coffee Creek WWTP) in 2011 and will no longer discharge to Coffee Creek. 

8.5. Mill Creek (HUC 04110004 06 02) 
Mill Creek is listed as impaired by bacteria for its PCR class B use. In addition, the geometric mean of 
2004 samples on an unnamed tributary to Mill Creek exceeded the standard. 
 
The Rustic Pines MHP is the only NPDES facility in this WAU. Of the 65 fecal coliform records in the 
DMR from May 2003 through October 2009, 29 were non-detects. Fecal coliform was detected at levels 
ranging from 1 to 3,200 counts/100 mL, with a median of 44 counts/100 mL. Data collected in 2003 and 
2004 ranged from 1 to 380 counts/100 mL, with a median of 50 counts/100 mL. Because the closest Ohio 
EPA monitoring site at Aitkins Road (G02G26) is in full attainment of its recreation use and because 
Rustic Pines MHP is usually in compliance with its permit, it is assumed that Rustic Pines MHP is not 
causing the impairment. It is more likely that a source of bacteria is between stations G02G26 (full 
attainment) and G02G10 (non-attainment). 
 
In 2001 a large portion of the watershed was used for cropland and pasture (25 percent cropland, 9 
percent pasture, and 5 percent developed land). Possible sources of high bacteria levels include 
agricultural runoff, animals, and failing septic systems. 

8.6. Paine Creek (HUC 04110004 06 04) 
Paine Creek is also impaired for its PCR use class B. The geometric mean of bacteria data on Paine Creek 
at station G02P01 exceeded the criterion in 2000, 2003, and 2004. In addition, the geometric mean of 
2004 samples on Bates Creek at station 200598 exceeded the standard. 
 
Paine Creek is in Geauga County, and possible sources of high bacteria levels include runoff, animals, 
and failing septic systems. In 2001 a large portion of the watershed was used for cropland and pasture (19 
percent cropland, 9 percent pasture, and 6 percent developed land). Two NPDES facilities drain to waters 
in this WAU: Camp Lejnar and Cedar Hills Conference Center. In addition, Leroy Township, 
encompassing 12 square miles of the watershed, is a MS4 community contributing storm water runoff to 
the Creek.  

8.6.1. Camp Lejnar 
The Girl Scouts of Northeast Ohio operate Camp Lejnar, in Leroy Township in Lake County. The 
wastewater treatment works discharges from an evaporative lagoon to an unnamed tributary of Paine 
Creek. The NPDES permit requires monitoring of fecal coliform during internal processes but does not 
allow fecal coliform to be discharged in the final effluent. 
 
Paine Creek at Ohio EPA‘s monitoring site at Seeley Road (G02P01) is in non-attainment of its recreation 
use. The unnamed tributary that receives effluent from Camp Lejnar discharges to Paine Creek 
approximately 0.2 RM below site G02P01. Because Camp Lejnar was not reported to violate its permit 
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and because its effluent cannot reach the non-attainment site, it is concluded that the impairment was not 
caused in any part by Camp Lejnar. 

8.6.2. Cedar Hills Conference Center 
The Episcopal Diocese of Ohio operates the Cedar Conference Center in Leroy Township in Lake 
County. The facility discharges to an unnamed tributary of Paine Creek. Twelve quarterly summer fecal 
coliform samples were reported in the DMR (1 to 720 counts/100 mL) from June 2003 through August 
2009. In 2003 and 2004, during Ohio EPA‘s field survey, the fecal coliform in the facility‘s effluent 
ranged from 2 to 160 counts/100 mL. The conference center discharges to an unnamed tributary with its 
confluence with Paine Creek below the Seeley Road site, which is in non-attainment. Thus, the 
conference center cannot be the cause of the non-attainment of the recreation use on Paine Creek at 
Seeley Road. 

8.7. Big Creek (HUC 04110004 06 06) 
E. coli data on six streams in the Big Creek assessment unit indicate an impairment of the waters‘ PCR 
class B use (Big Creek, Cutts Creek, East Creek, Ellison Creek, Jordan Creek, and Kellogg Creek). 
Sixteen facilities discharge to waters in the WAU, including one major discharger: Chardon WWTP. The 
following facilities are not permitted to discharge bacteria loads: Ricerca BioSciences LLC (unnamed 
tributary to Ellison Creek) and Structural North America (unnamed tributary to Big Creek). 
 
Concord Township, Leroy Township, and Painesville are MS4 communities permitted under the Lake 
County MS4 within the assessment unit. In 2001 a large portion of the watershed was developed land 
with a much smaller portion being used for crops and pasture (31 percent developed land, 7 percent 
cropland, 5 percent pasture). Continued development since 2001 has likely increased the portion of the 
watershed devoted to developed land. Wastewater from NPDES facilities, MS4 runoff, and storm water 
are potential sources of bacteria to the Big Creek assessment unit. In addition, agricultural runoff, 
animals, and failing septic systems could also contribute to the bacteria load. 

8.7.1. Chardon WWTP 
Chardon WWTP is permitted to discharge to Big Creek at RM 16.1. Of the 556 samples evaluated for 
fecal coliform, only one exceeded 2,000 counts/100 mL (2,220 counts/100 mL on 10/28/2003). The range 
of fecal coliform levels detected between 2003 and 2004 was 2 to 2,220 counts/100 mL (n=162, median: 
2 counts/100 mL), and five samples were non-detect or non-discharging. 
 
Ohio EPA did not collect any in-stream bacteria samples on Big Creek near the facility; Chardon WWTP 
reported 52 upstream and downstream samples collected from May through October in 2003 and 2004. 
Except in October 2003, all upstream samples had larger fecal coliform levels than the downstream 
samples, and the levels of fecal coliform in all the downstream samples were considerably larger than the 
levels in the discharged effluent. The Chardon WWTP contributes very small levels of bacteria to Big 
Creek and is not likely the source of elevated in-stream bacteria levels in Big Creek that cause the 
recreation use impairment. 

8.7.2. Capps Tavern 
Capps Tavern discharges to an unnamed tributary of Big Creek, below the confluence of East Creek with 
Big Creek. Of the 11 effluent samples reported in the DMR for Capps Tavern, fecal coliform was 
detected in 9 samples (147 to 21,600 counts/100 mL) collected from August 2004 through August 2009. 
The only effluent sample collected at Capps Tavern during 2004 was non-detect. Three effluent samples 
collected at Capps Tavern exceeded 1,000 counts/100 mL between June 2007 and June 2008 (3,500 to 
21,600 counts/100 mL). 
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Ohio EPA did not collect any in-stream bacteria samples on Big Creek near the facility; thus, it is not 
possible to evaluate the potential impact of Capps Tavern on Big Creek. However, Big Creek was in non-
attainment at RM 2.5, the most downstream site from which Ohio EPA collected bacteria samples on Big 
Creek. 

8.7.3. Chardon United Methodist Church 
The Chardon United Methodist Church discharges to an unnamed tributary of Big Creek. Fecal coliform 
was detected in all 32 effluent samples reported in the DMR (1 to 2,000 counts/100 mL) collected from 
May 2003 through August 2009. Ten samples were collected from May 2003 through October 2004, 
during Ohio EPA‘s field survey, and the fecal coliform levels ranged from 1 to 80 counts/100 mL. 
 
Ohio EPA did not collect any in-stream bacteria samples on Big Creek near the facility; thus, it is not 
possible to evaluate the potential impact of the church on Big Creek. Big Creek was in non-attainment at 
RM 2.5, the most downstream site from which Ohio EPA collected bacteria samples on Big Creek; 
however, the site is in the headwaters to Big Creek. The church contributes bacteria to Big Creek but is 
not likely the source of elevated in-stream bacteria levels in Big Creek that cause the recreation use 
impairment. 

8.7.4. Concord Tavern 
Concord Tavern discharges to an unnamed tributary of Ellison Creek. Of the 10 summer quarterly 
effluent samples reported in the DMR, fecal coliform was detected in 9 samples (4 to 750 counts/100 mL) 
collected from June 2005 through August 2009. No samples were collected during Ohio EPA‘s 2003–
2004 surveys. 
 
Ellison Creek at Pine Hill Road (200590, RM 1.2) is in non-attainment of its recreation use (PCR Class 
B). Because DMR data were not collected in 2004 when Ohio EPA collected in-stream samples from 
Ellison Creek, it is not possible to evaluate the potential impact that the tavern has on in-stream 
conditions. However it is noteworthy that the reported flow at the facility ranged from non-discharging to 
41,200 gallons per day (gpd) (0.06 cfs) and that the 95th duration interval flow on Ellison Creek is 
estimated to be 0.06 cfs. 

8.7.5. Grumpy Bear LLC 
Grumpy Bear LLC is permitted to discharge wastewater from its treatment works to an unnamed tributary 
of East Creek. Of the 10 summer-quarterly effluent samples reported in the DMR, fecal coliform was 
detected in 9 samples (4 to 430 counts/100 mL) collected from June 2005 through August 2009. No 
samples were collected during Ohio EPA‘s 2003–2004 surveys. 
 
Because DMR data were not collected in 2004 when Ohio EPA collected in-stream samples from Ellison 
Creek, it is not possible to evaluate the potential impact that Grumpy Bear has on in-stream conditions. 
However, it is noteworthy that the reported flow at the facility ranged from 1,500 to 3,500 gpd (0.002 to 
0.005 cfs) and that the 99th duration interval flow on East Creek is estimated to be 0.011 cfs. 

8.7.6. Henry F. LaMuth Middle School 
Riversides Local School District‘s Henry F. LaMuth Middle School is permitted to discharge wastewater 
from its treatment works to an unnamed tributary of Kellogg Creek, whose confluence is downstream of 
the confluence of Ellison Creek with Kellogg Creek. Of the 33 monthly recreation season effluent 
samples reported in the DMR, fecal coliform was detected in 16 samples (20 to 640 counts/100 mL) 
collected from August 2004 through October 2009. No detections occurred in 2009. The samples from 
August, September, and October 2004 ranged from 110, 20, and 140 counts/100 mL, respectively. 
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The creek at all three assessment sites in the Kellogg Creek subwatershed is in non-attainment of the 
recreation uses. The ranges of fecal coliform levels at each site are shown below: 

 Kellogg Creek at State Route 86 (RM 0.2): 110 to 480 counts/100 mL 
 Kellogg Creek at Button Road (RM 5.7): 600 to 1,800 counts/100 mL 
 Ellison Creek at Pine Hill Road (RM 1.2): 110 to 250 counts/100 mL 

 
An analysis of synoptic samples shows that bacteria levels in Kellogg Creek upstream of Ellison Creek 
reduce after the confluence of Ellison Creek. Because the maximum flow rate of the facility is 12,000 
gallons per day (0.019 cfs) and that the creek at both assessment sites upstream of the facility is in non-
attainment, the middle school is contributing bacteria load to Kellogg Creek; however, upstream sources 
are much larger than the loads the middle school contributes. 

8.7.7. Junior Properties Ltd. 
Junior Properties, Ltd., discharges to an unnamed tributary of Big Creek below the confluence of East 
Creek with Big Creek. Effluent samples are reported for Junior Properties from June and August 2009 (56 
counts/100 mL and non-detect, respectively). 
 
Ohio EPA did not collect any in-stream bacteria samples on Big Creek near the facility; thus, it is not 
possible to evaluate the potential impact of Junior Properties on Big Creek. However, Big Creek was in 
non-attainment at RM 2.5, the most downstream site from which Ohio EPA collected bacteria samples on 
Big Creek. 

8.7.8. Leroy Elementary School 
Riversides Local School District‘s Leroy Elementary School is permitted to discharge wastewater from its 
treatment works to East Creek. Of the 11 effluent samples reported in the DMR, fecal coliform was 
detected in 8 samples (4 to 700 counts/100 mL) collected from August 2004 through August 2009. The 
only sample collected during 2004 was 120 counts/100 mL. 
 
Ohio EPA monitored elevated bacteria levels on 8/2/2004 (410 counts/100mL) on East Creek at Callow 
Road (RM 1.2). The fecal coliform level from DMR data for the school on 8/10/2004 was 120 counts/100 
mL. Thus, the facility might have contributed to the elevated in-stream fecal coliform levels. It is 
noteworthy that the effluent discharge at the facility ranged from 2,500 to 7,500 gpd (0.004 to 0.012 cfs) 
and that the 99th duration interval flow for East Creek was 0.011 cfs. 

8.7.9. Maple Ridge Mobile Home Community 
Big Creek Properties LLC operates Maple Ridge Village (i.e., Maple Ridge Mobile Home Community), 
which is permitted to discharge to an unnamed tributary of Jenks Creek. Fecal coliform was detected in 
all 40 summer quarterly effluent samples reported in the DMR (1 to 2,000 counts/100 mL) collected from 
June 2005 through September 2009. Fecal coliform ranged from 1 to 200 counts/100 mL (median: 2 
counts/100 mL) in the 12 samples collected during 2003 and 2004. 
 
Ohio EPA did not collect any in-stream bacteria samples on Jenks Creek; thus, it is not possible to 
evaluate the potential impact of Maple Ridge Mobile Home Community on Jenks Creek. However, Big 
Creek was in non-attainment at RM 2.5, the most downstream site from which Ohio EPA collected 
bacteria samples on Big Creek. 

8.7.10. Rio Grande WWTP 
The Rio Grande WWTP discharges to Big Creek. In 2005 the 30-year old activated sludge treatment plant 
was replaced with a membrane reactor that has a design capacity of 21,500 gpd. Sludge produced at the 
facility is transported to and processed at the Gary L. Kron Water Reclamation Facility in Mentor, Ohio, 
which is outside the Grand River watershed. 
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Fecal coliform was detected14 in 16 of the 42 effluent samples reported in the DMR from May 2003 
through October 2009. Since the facility was upgraded in 2005, fecal coliform was detected (4 to 40 
counts/100 mL) in 4 of 30 samples. 
 
The farthest downstream site at which Ohio EPA monitored bacteria was at Fay Road (G02W23); the Rio 
Grande WWTP is downstream of this location. The largest bacteria levels detected at the station were 
collected on 9/23/2003 and 7/12/2004 (6,700 and 7,000 counts/100 mL). The recreation use impairment 
for Big Creek is caused by sources that are upstream of the Rio Grande WWTP. 

8.7.11. Sunshine Acres WWTP 
A single residential subdivision in Leroy Township is served by the Sunshine Acres WWTP. The facility 
was designed to treat 20,000 gpd via an activated sludge process, and effluent is discharged to East Creek. 
Sludge produced at the facility is transported to and processed at the Gary L. Kron Water Reclamation 
Facility in Mentor, Ohio, which is outside the Grand River watershed. 
 
Fecal coliform was detected15 in 21 of the 43 effluent samples reported in the DMR from May 2003 
through October 2009. Five samples were detected at levels greater than 100 counts/100 mL (110, 310, 
500, 800, and 800 counts/100 mL). Fecal coliform was not detected in more recent samples (July 2008 
through October 2009). 
 
Ohio EPA monitored elevated bacteria levels on 6/3/2004 and 8/2/2004 (200 and 410 counts/100 mL, 
respectively). Because the DMR data for 6/2/2004 and 8/2/2004 (2 and 13 counts/100 mL, respectively) 
are considerably smaller than the in-stream levels, it is not likely that the Sunshine Acres WWTP caused 
the elevated bacteria levels that caused Ohio EPA to list East Creek as impaired. 

8.7.12. Terrace Glen Estates MHP 
The MHP is permitted to discharge wastewater from its treatment works to Cutts Creek at RM 3.0. Fecal 
coliform was detected in all 46 summer quarterly effluent samples reported in the DMR (1 to 5,900 
counts/100 mL) collected from May 2003 through October 2009. Fecal coliform ranged from 1 to 2,000 
counts/100 mL (median: 20 counts/100 mL) in the 12 samples collected during 2003 and 2004. 
 
Cutts Creek at Cutts Road (G99Q11, RM 1.2) is in non-attainment of its PCR Class B use. Fecal coliform 
in the facility‘s effluent on 6/1/2004 was 2 counts/100 mL, and on 8/5/2004 it was 10 counts/100 mL. The 
in-stream concentration at Cutts Creek RM 1.2 on 6/2/2004 and 8/2/2004 were 140 and 650 counts/100 
mL, respectively. An evaluation of data is inconclusive. 

8.7.13. Wintergreen WWTP 
Geauga County owns and operates the Wintergreen WWTP, which discharges to Big Creek at RM 14.75. 
Fecal coliform was detected in all 46 summer quarterly effluent samples reported in the DMR (1 to 2,000 
counts/100 mL) collected from June 2005 through October 2009. Fecal coliform ranged from 4 to 1,570 
counts/100 mL (median: 15 counts/100 mL) in the 14 samples collected during 2003 and 2004. 
 
Ohio EPA did not collect any in-stream bacteria samples on Big Creek near this facility; thus, it is not 
possible to evaluate the potential impact of Wintergreen WWTP on Big Creek. However, Big Creek was 

                                                      
 
14 The detection limits during this period at Sunshine Acres WWTP were 2 or 4 counts/100 mL. 
15 The detection limits during this period at Sunshine Acres WWTP were 2 or 4 counts/100 mL. 
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in non-attainment at RM 2.5, the most downstream site from which Ohio EPA collected bacteria samples 
on Big Creek. 

8.8. Red Creek – Grand River (HUC 04110004 06 07) 
Bacteria sampling of Red Creek in 2004 exceeded the geometric mean of 161 counts per 100 mL. Perry 
Village is a permitted MS4 community draining to Red Creek. Potential sources of bacteria to Red Creek 
include failing septic systems, urban runoff, animals, and agricultural runoff. 
 
Insufficient data are available for an evaluation of the spatial and temporal bacteria trends in this WAU. 
Ohio EPA collected only three E. coli samples in 2004 from Red Creek. One sample each was collected 
within the mid-range flows, dry conditions, and low flow zones. All three samples were greater than the 
geometric mean criteria. 
 
A large number of nurseries and vineyards are in the lower watershed, because of unique climate 
conditions associated with Lake Erie. The area is densely populated, and storm water runoff from 
developed land and the agricultural operations could be contributing to the impairment. Portions of Perry 
Township have been recently sewered, alleviating many failing septic systems, and thus eliminating this 
potential source of bacteria to Red Creek.  

8.8.1. Mid-West Materials Inc. 
The facility is permitted to discharge wastewater from its treatment works to Red Creek. Fecal coliform 
was detected in 4 of the 11 summer quarterly effluent samples reported in the DMR (90 to 430 counts/100 
mL) collected from August 2004 through August 2009. No fecal coliform was reported in the single 
sample (August 2004) collected during Ohio EPA‘s 2003 and 2004 biosurvey. 
 
It is not possible to evaluate the impact of Mid-West Materials on the water quality of Red Creek because 
Ohio EPA in-stream assessment data and DMR data were not collected during the same periods. 

8.9. Large River Assessment Unit 
The LRAU is identified as not supporting the class A PCR use. A longitudinal analysis of E. coli data is 
presented in Figure 8-1. The figure shows the changes in E. coli concentrations from upstream to 
downstream, including the impacts that the major tributaries are having. 
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Figure 8-1. Grand River mainstem, E. coli longitudinal profile. 

 
E. coli data were further evaluated at several locations along the Grand River. At four of the sites, bacteria 
samples were collected primarily in the mid-range flows and dry conditions zone: Blair Road (G02G14), 
Cork Cold Spring (G02G15), Park at Painesville (G02S13), and Sexton Road (G02W18). Usually one or 
two samples were collected in the high flows or moist conditions zone. An example water quality flow 
duration analysis from those four sites is shown in Figure 8-2. 
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Figure 8-2. E. coli data from the Grand River at Sexton Road (G02W18). 

 
Thirty-four samples were collected at State Route 84 in Painesville, and those samples were collected 
across all five flow zones. Most of the samples collected in the high-flow and moist condition zones were 
runoff events, and a majority of the concentrations were greater than the single sample maximum (Figure 
8-3). Samples collected in the mid-range flows, dry conditions, and low-flow zones were generally 
collected during runoff conditions, and the concentrations of the majority of samples were less than the 
geometric mean standard. 
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Figure 8-3. E. coli data from the Grand River at State Route 84 (502530). 

 
Exceedances occurring across all flow conditions include multiple sources. The highest exceedances 
occur during high flows and are likely a result of storm water runoff from both urban and agricultural 
sources and bacterial resuspension from the streambed. Exceedances occurring in the mid-range to dry 
conditions and under low flows indicate point sources, livestock, and HSTS as sources. 
 
A total of 34 NPDES-permitted facilities with fecal coliform in the lower Grand River watershed, 
including those discharging to tributaries, were reviewed. Eleven facilities discharge directly to the lower 
Grand River. Two facilities located near the Grand River (Kenisee Grand River Campground and Little 
Thunder Kids Golf Course) spray irrigate the wastewater and one facility discharges to an evaporation 
lagoon (YMCA Outdoor); since they does not discharge to surface waters, they are not further discussed 
in this report. Three facilities discharge directly to the Grand but do not have any monitored exceedances 
of permit limits (Whispering Willow MHP, Heatherstone WWTP, and Frary‘s Restaurant). Two facilities 
(Thompson United Methodist Church and Thunder Hills Golf Course) discharge to unimpaired tributaries 
to the Grand River. 
 
Only three of the facilities that discharge directly to the Grand River have exceeded permitted effluent 
limits between 2003 and 2009 (Table 8-1): Hardy Industrial Technologies LLC, Painesville WPC Plant, 
and Spring Lake MHP. However, each of those three sites is upstream of Ohio EPA‘s assessment site at 
OH-535 (502520), which was in full attainment of its PCR class A recreation use, and is downstream of 
assessment site G02S13 in Painesville, where the river is in non-attainment of its recreation use. 
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8.9.1. Hardy Industrial Technologies LLC 
Single fecal coliform samples were reported in the DMR for September of 2004, 2005, 2007 to 2009. No 
fecal coliform was detected in 2008, and the detections ranged from 600 to 8,000 counts/100 mL. The 
single sample collected in 2004 was 2,100 counts/100 mL. According to the DMR data, the facility does 
not discharge one-half of the time it is in operation. When it is discharging, the flow rate ranges from 
0.0001 to 3.036 MGD, which is 0.00015 to 4.7 cfs. 
 
The closest downstream assessment point is at OH-535 (502520), below the Painesville WPC Plant. This 
site is in full attainment of its recreation use. The closest upstream assessment point that Ohio EPA 
evaluated is at a park in Painesville (G02S13). There, the river is in non-attainment of its recreation use 
(PCR class A). Given the locations of the assessment points, it is difficult to assess the impact of the 
Hardy Industrial Technologies on the Grand River. Because the downstream assessment point is in full 
attainment, it can only be concluded that the facility contributes bacteria loads to the Grand River, 
sometimes exceeding the permit limit, but it does not appear to cause non-attainment of the recreation 
use. 

8.9.2. Painesville Water Pollution Control Plant 
In an evaluation of fecal coliform data above and below the Painesville WPC Plant, Ohio EPA concluded 
that elevated fecal coliform levels appear to be correlated with higher flow conditions and could be the 
result of urban runoff from within Painesville or the result of poorly operating wastewater treatment 
facilities upstream of the Painesville WPC Plant. It is important to note that many of the public WWTPs 
have been upgraded and improved in recent years. 
 
Fecal coliform was detected in all but one of the 145 samples reported in the DMR from 2003 and 2004; 
the detections ranged from 1 to 7,280 counts/100 mL (median: 1 count/100 mL). Ohio EPA‘s nearest 
assessment point is at OH-535 (502520), which is 0.6 mile downstream of the Painesville WPC Plant. 
The river at the site was in full attainment of its recreation use (PCR class A). Because the plant effluent 
generally has low bacteria levels and because the river at the downstream assessment site is in full 
attainment, it is unlikely that the Painesville WPC Plant is contributing to the recreation use non-
attainment on the Grand River. 

8.9.3. Spring Lake MHP 
Spring Lake MHP was ―found to be organically overloaded and to be producing a marginal quality 
effluent during an inspection by Ohio EPA on April 27, 2004,‖ and in its renewed permit, Ohio EPA 
required ―flow equalization, dechlorination facilities, and improved sludge holding‖ (Ohio EPA 2006a, p. 
56). Summer quarterly fecal coliform samples are reported in the DMR from June 2005 through August 
2009; the five detections ranged from 240 to 4,600 counts/100 mL. According to the DMR, the facility 
discharges at 5,700 gpd, which is approximately 0.0088 cfs. 
 
The closest downstream assessment point is at OH-535 (502520), below the Painesville WPC Plant. The 
river at this site is in full attainment of its recreation use. The closest upstream assessment point that Ohio 
EPA evaluated is at a park in Painesville (G02S13). The river at that site is in non-attainment of its 
recreation use (PCR class A). Given the lack of data collected during the Ohio EPA field survey and the 
locations of the assessment points, it is difficult to assess the impact of the Spring Lake MHP on the 
Grand River. Because the river at the downstream assessment point is in full attainment, it can only be 
concluded that the Spring Lake MHP contributes bacteria loads to the Grand River, sometimes exceeding 
the permit limit but does not appear to cause non-attainment of the recreation use. 
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9. TMDL Allocations 
A TMDL is the total amount of a pollutant that can be assimilated by the receiving water while still 
achieving water quality standards. TMDLs are composed of the sum of individual wasteload allocations 
(WLAs) for regulated sources and load allocations (LAs) for unregulated sources and natural background 
levels. In addition, the TMDL must include a margin of safety (MOS), either implicitly or explicitly, that 
accounts for the uncertainty in the relationship between pollutant loads and the quality of the receiving 
waterbody. Future growth is also included because of the development pressure within the watershed. 
Conceptually, this is defined by the equation: 
 
                                         TMDL = ∑WLAs + ∑LAs + MOS + Future Growth 
 
TMDLs are presented in this section as described in Table 9-1. TMDLs are presented as daily loading for 
phosphorus and E. coli bacteria. Flow regime TMDLs and low-flow recommendations are presented as 
percent change in flow necessary to achieve the hydrologic targets presented in Section 7, Aquatic Life 
Use Impairments Linkage Analysis and Hydrologic Targets. 
 
Table 9-1. Summary of TMDLs 

Impaired water TMDL location 
TMDL pollutant or 

surrogate to pollutant Name 
HUC 

(04110004) Station RM 
Mill Creek 04 02 G02G13 25.7 Phosphorus 
Big Creek  06 06 G02W21 16.0 Flow regime 
Kellogg Creek  06 06 200593 3.3 Flow regime 

Red Creek 06 07 n/a 0.0 Flow regime, phosphorus, E. coli 

Grand River (upper) a 05 01 outlet of 12-digit HUC E. coli 

Grand River (LRAU) 

06 01 outlet of 12-digit HUC E. coli 

06 03 outlet of 12-digit HUC E. coli 

06 05 outlet of 12-digit HUC E. coli 

06 07 outlet of 12-digit HUC E. coli 

Griggs Creek 04 01 outlet of 12-digit HUC E. coli 

Peters Creek - Mill Creek  04 02 outlet of 12-digit HUC E. coli 

Town of Jefferson - Mill Creek 04 03 outlet of 12-digit HUC E. coli 

Coffee Creek 06 01 n/a 0.0  E. coli 

Mill Creek 06 02 outlet of 12-digit HUC E. coli 

Paine Creek 06 04 outlet of 12-digit HUC E. coli 

Big Creek 06 06 outlet of 12-digit HUC E. coli 
a The upper Grand River consists of the following 10-digit HUCs (04110004): 01, 02, 03, and 05. 
 

9.1. Duration Curve Approach 
A duration curve approach is being used to evaluate the relationships between hydrology and water 
quality and calculate the TMDLs. The primary benefit of duration curves in TMDL development is to 
provide insight regarding patterns associated with hydrology and water quality concerns. The duration 
curve approach is particularly applicable because water quality and pollutant loading are often a function 
of stream flow. The use of duration curves in water quality assessment creates a framework that enables 
data to be characterized by flow conditions. The method provides a visual display of the relationship 
between stream flow and water quality. 
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The load duration curve calculates the loading capacity of a pollutant at different flow regimes by 
multiplying each flow by the TMDL target value and an appropriate conversion factor (U.S. EPA 2007). 
The following steps are taken: 
 

1. A flow duration curve for the stream is developed by generating a flow frequency table and 
plotting the observed flows in order from highest (left portion of curve) to lowest (right portion of 
curve). 

 
2. The flow curve is translated into a load duration (or TMDL) curve. To accomplish that, each flow 

value is multiplied by the TMDL target value and by a conversion factor, and the resulting points 
are graphed. Conversion factors are used to convert the units of the target (e.g., counts per 100 
mL) to loads (e.g., organisms/day). 

 
3. To estimate existing loads, each water quality sample is converted to a load by multiplying the 

water quality sample concentration by the average daily flow on the day the sample was collected 
and the appropriate conversion factor. The existing individual loads are then plotted on the 
TMDL graph with the curve. 

 
4. Points plotting above the curve represent deviations from the water quality standard and the daily 

loading capacity. Those points plotting below the curve represent compliance with standards and 
the daily loading capacity. 

 
5. The area beneath the load duration curve is interpreted as the loading capacity of the stream. The 

difference between that area and the area representing the current loading conditions is the load 
that must be reduced to meet water quality standards. 

 
Water quality duration curves are created using the same steps as those used for load duration curves 
except that concentrations, rather than loads, are plotted on the vertical axis. The stream flows displayed 
on water quality or load duration curves can be grouped into various flow regimes to help interpret the 
load duration curves. The flow regimes are typically divided into 10 groups, which can be further 
categorized into the following five hydrologic zones (U.S. EPA 2007): 

 High-flow zone: flows that plot in the 0 to 10-percentile range, related to flood flows 
 Moist zone: flows in the 10 to 40-percentile range, related to wet-weather conditions 
 Mid-range zone: flows in the 40 to 50 percentile range, median stream flow conditions 
 Dry zone: flows in the 60 to 90-percentile range, related to dry-weather flows 
 Low-flow zone: flows in the 90 to 100-percentile range, related to drought conditions 

 
The duration curve approach helps to identify the issues surrounding the impairment and to roughly 
differentiate between sources. The load duration curve approach also considers critical conditions and 
seasonal variation in the TMDL development as required by the Clean Water Act and EPA‘s 
implementing regulations. Because the approach establishes loads on the basis of a representative flow 
regime, LAs, and WLAs that are developed inherently consider seasonal variations and critical conditions 
that have a varying impact on water quality. 
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9.2. Load Allocations 
LAs represent the portion of the loading capacity that is reserved for nonpoint sources (as described in 
Section 5.4.2) and natural background. The LAs are typically calculated by subtracting the WLAs and the 
MOS from the loading capacity. The flow regime TMDL LAs are assigned a percent change from 
existing flow conditions equal to the TMDL, such that all flow sources are required to adjust flow 
proportionally. Existing flow conditions are described in Section 7.3.2 and are based on land cover data in 
the 2001 NLCD. Implementation of the LA is further described in Section 11, Implementation and 
Reasonable Assurance. 
 
9.3. Wasteload Allocations 
Numerous known NPDES facilities are in the lower Grand River watershed with the potential to 
discharge pollutants identified in the TMDL. As required by the Clean Water Act, individual WLAs were 
developed for those permittees as part of the TMDL development process (Section 9.7 and 9.8). Each 
facility‘s design flow was used to calculate the WLA for all flow zones for bacteria and nutrient TMDLs. 
 
Two regulated MS4s are in the lower Grand River watershed (Lake County and ODOT). Individual 
WLAs are established for each MS4 on the basis of the area of the regulated entity. In addition to the 
WLA, target loads are presented for each of the communities regulated as part of the Lake County MS4 
permit. The jurisdictional areas of townships and municipalities were used as the regulated area of each 
MS4. Those areas were then used to calculate target loads on the basis of the proportion of the upstream 
drainage area within the community by multiplying that proportional area by the loading capacity of the 
assessment location. For regulated road authorities including Lake County and ODOT, the regulated area 
was determined using the length of applicable roads and estimated right of way width. 
 
Construction storm water WLAs are assigned a gross allocation that is applicable to all construction storm 
water permittees. The WLAs are calculated on the basis of the average area of the watershed that is 
regulated under the Ohio General Construction Permit between 2003 and 2007. The regulated area was 
determined by city/township, which was used to calculate an area of the city/township in the watershed 
that is regulated for construction activities. That area was assigned a WLA according to the proportion of 
the total drainage area. The Mill Creek (RM 25.7) construction WLA was based on a regulated area 
within Cemetery Creek because Mill Creek currently has little construction activity. The intent of this 
method was to calculate a WLA that is representative of construction activity in the larger watershed, but 
prevents a WLA from being infinitely small and incorrectly interpreted as zero when the TMDL is being 
implemented. The current WLA allows for additional future growth and still allows for construction 
activity to occur and be in accordance with the TMDL. The following percentages were used to describe 
the disturbed area regulated under the Construction General Permit in each watershed and were used to 
assign WLAs: 

 Mill Creek (RM 25.7)—0.05 percent of the watershed 
 Red Creek (at outlet)—0.70 percent of the watershed 

 
Regulated industrial storm water facilities are assigned a gross WLA, covering 33 facilities and 533 acres 
in the Grand River watershed. The WLA is calculated on the basis of the area of the watershed Table 5-8 
that is regulated under the Ohio Industrial Storm Water General Permit in 2010. The area was assigned a 
WLA according to the proportion of the total drainage area. 
 
No permitted confined animal feeding operations or combined sewer overflow systems are in the 
watershed. 
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9.3.1. E. coli 
E. coli WLAs are calculated using the NPDES permit limit of 126 counts/100 mL or 161 counts/100 mL, 
depending on the receiving water. NPDES facilities that discharge into a PCR Class B water farther than 
5 stream miles upstream of the Grand River are assigned a WLA on the basis of the PCR Class B 
geometric standard (161 counts/100 mL). NPDES facilities that discharge into a PCR Class B water less 
than 5 stream miles upstream of the Grand River are assigned a WLA according to the PCR Class A 
geometric standard (126 counts/100 mL). Those limits are set in accordance with Ohio EPA‘s 
Recommended Implementation Plan for New E. coli Water Quality Standards (Ohio EPA 2010b). For a 
discussion of the in-stream E. coli criteria, see Section 2.1.2. The flow component of the E. coli WLAs is 
the permitted design flow. No E. coli WLAs are assigned to regulated construction storm water because 
those activities are not a significant source of E. coli. A WLA for MS4s and industrial dischargers was 
calculated on the basis of area within the watershed. 

9.3.2. Total Phosphorus 
Two NPDES permitted facilities require a total phosphorus WLA. Each of those facilities is a small 
wastewater treatment facility (e.g., package plant) without the ability to remove phosphorus. The total 
phosphorus WLAs for the small facilities discharging wastewater are calculated using a limit of 3 mg/L 
total phosphorus, unless otherwise noted. The flow component of the total phosphorus WLAs for 
wastewater treatment facilities is the permitted design flow. 
 
For non-wastewater treatment facilities (e.g., regulated storm water), the WLAs are calculated using the 
statewide nutrient 75th percentile statistics from the Associations document (Ohio EPA 1999). The total 
phosphorus WLAs are based on total phosphorus concentrations of 0.08 and 0.10 mg/L for headwaters 
and wading streams, respectively, with WWH use designations. No regulated industrial storm water 
facilities require a WLA. 

9.3.3. Flow Regime 
Flow regime WLAs are presented as percent reduction in flow volumes for specific ranges of the flow 
duration curve, as discussed further in Section 9.6. The flow regime allocations are not additive, meaning 
that a 9% reduction TMDL is not met by a 5% reduction from WLA and 4% reduction from LA. The 
percentage allocations are given to entities that represent the total land area in the watershed.  LA 
accounts for non-regulated land and the remaining account for regulated land uses so reductions for the 
total watershed area are achieved. Given that allocations are provided in percentage units, the amount of 
reductions occur in direct proportion to the contribution from a source. Hence a 9% reduction in flow 
volume from the whole watershed is achieved by a 9% reduction from all contributing areas. In equation 
form: TMDL (9%) = WLA (9%) + LA (9%). 
 
The flow regime TMDL is applicable at all points upstream of the TMDL location. Flow regime WLAs 
for non-storm water-related point sources are based on permitted design flow. No reductions in design 
flow are required for compliance with the TMDL; therefore, the TMDL indicates zero percent change for 
those facilities. Two regulated storm water sources, Lake County and ODOT, both receive percent 
changes in flow regime according to the TMDL. A WLA for construction storm water is assigned a zero 
percent change, indicating that construction activities might not alter the existing flow regime. Industrial 
storm water has been determined to be an insignificant source of runoff volume in the watershed16; 
therefore, the industrial storm water WLA is assigned a zero percent change, requiring no reductions in 

                                                      
 
16 This assumption may not be valid in other watersheds. The size of regulated industrial facilities and the associated storm water volume and 
pollutants need to be evaluated on a watershed by watershed basis. 
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flow volume for existing industrial facilities. New industrial facilities will be regulated under the Ohio 
General Construction Storm water Permit and will be required to mitigate any increases in runoff volume 
per the construction storm water WLA. 
 
9.4. Margin of Safety and Future Growth 
The Clean Water Act requires that a TMDL include an MOS to account for uncertainties in the 
relationship between pollutants loads and receiving water quality. U.S. EPA guidance explains that the 
MOS may be implicit (i.e., incorporated into the TMDL through conservative assumptions in the 
analysis) or explicit (i.e., expressed in the TMDL as loadings set aside for the MOS). A 10 percent 
explicit MOS has been applied to the nutrient TMDLs. That moderate MOS was specified because the use 
of the load duration curves is expected to provide reasonably accurate information on the loading capacity 
of the stream, but the estimate of the loading capacity could be subject to potential error associated with 
the method used to estimate flows in the watershed. 
 
A 5 percent explicit MOS has been applied to the E. coli TMDLs in addition to an implicit MOS. The 
explicit MOS is fairly low because the implicit MOS also applies. The TMDL load was set at the in-
stream geometric mean criteria; thus, the selected target is conservative because the geometric mean 
criteria are applied on a daily timescale. Implicit MOS for E. coli TMDLs applies because the load 
duration analysis does not address the die-off of pathogens. 
 
The MOS for flow regime TMDLs is implicit based on flow regime target selection. The reference stream 
approach used to develop the unit area flow regime targets, and the TMDLs inherently provides for an 
implicit MOS because the reference streams are in attainment of their biocriteria and are better quality 
than streams at the impairment threshold. 
 
Future growth was accounted for in each of the phosphorus and E. coli TMDLs, unless otherwise noted in 
the allocation tables. An evaluation of the population data, as presented in Section 3.1, identifies an 
increase in population between 2000 and 2010 of 1.1 percent and 2.7 percent in Lake and Geauga 
counties, respectively. Ashtabula County population decreased during that same time. A 3 percent future 
growth allocation was assigned to all phosphorus and E. coli TMDLs, unless otherwise noted. 
 
Future growth is accounted for in flow regime TMDLs through a zero percent change allowed for 
construction storm water. During the development process, the flow regime is not allowed to change for 
permitted sites. That requires that as land use changes occur, the flow regime will need to match the pre-
development flow regime. For example, if a parcel is forested and is planned to be developed into single 
family residential homes, the post-developed scenario will need to mimic the pre-development scenario 
for flow regime, through the use of storm water management and site planning techniques. 
 
9.5. Critical Conditions and Seasonality 
The Clean Water Act requires that TMDLs take into account critical conditions for stream flow, loading, 
and water quality parameters as part of the analysis of loading capacity. Critical conditions refer to the 
periods when greatest reductions of pollutants are needed and occur during summer conditions for 
recreation use and ALU impairments. Using the flow and load duration curve approach, which includes a 
separate loading capacity for each flow condition, addresses critical conditions that affect water quality. 
In addition,  E. coli criteria for designated recreation uses are applicable from May 1 to October 30 only,  
and Ohio EPA biological, habitat, and nutrient targets are protective of the critical period because they are 
based on data collected from June 15 to September 30 only. Critical conditions for waters that are 
impaired by flow alteration occur during high- and low-flow conditions. The flow duration curve 
approach addresses those critical conditions by providing allocations for each flow zone. 
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The Clean Water Act also requires that TMDLs be established with consideration of seasonal variations. 
The flow and load duration approach also accounts for seasonality by evaluating loading capacity on a 
daily basis over the entire range of observed flows and presenting daily loading capacities that vary by 
flow. 

9.6. Flow Regime TMDLs and Allocations 
Flow duration curves were developed for both impaired and attaining streams (i.e., reference streams), 
and the relative difference between the two was used to establish hydrologic targets and the flow regime 
TMDLs (for a discussion on hydrologic targets, see Section 7). Flow regime TMDLs are expressed as 
percent reductions in flow rates (e.g., cubic feet per second) of the impaired streams. The reduction is 
calculated as the difference between an impaired stream‘s flow and a reference stream‘s flow, and the 
percent reduction is the difference relative to the impaired stream. The necessary percent reduction will 
control high flows and water quality degradation associated with increased levels of imperviousness 
caused by urbanization. 
 
In addition, recommendations are presented to increase flow during low-flow conditions to help 
communicate the overall aim and expected result of the TMDL, which is to match the attaining stream‘s 
flow duration curve. Implementing those recommendations is appropriate and necessary to protect 
existing in-stream designated uses as urbanization proceeds in the TMDL area. The low-flow 
recommendations are not TMDLs but provide the basis to ensure that future storm water permits for the 
TMDL area comply with the antidegradation criteria in OAC 3745-1-05 
 
Table 9-2, Table 9-4, and Table 9-6 present the flow regime TMDLs for Big Creek (RM 16.0), Kellogg 
Creek (RM 3.3), and Red Creek (RM 0), respectively. Table 9-3,  
Table 9-5, and Table 9-7 present the flow regime recommendations for the aforementioned creeks, 
respectively. 
 
Example calculations of the percent reduction for flow regime TMDLs (high flow) and percent increase 
for flow regime recommendations (low flow) for Kellogg Creek (RM 3.3) are presented below. For all 
TMDLs and recommendations, the necessary percent reduction or increase is calculated at the midpoint 
of each 10 percentile flow zone (e.g., the 5th percentile is the midpoint of the high-flow zone, which is the 
0th to 10th percentile). 
 
 Vhigh flow (0–10) decrease  = (VKellogg (5) – VEast (5) ) / VKellogg (5)  [flow regime TMDL] 

 Vlow flow (90–100) increase   = (VEast (95)  – VKellogg (95)) / VKellogg (95)  [flow regime recommendation] 

 
where VKellogg (5) and VEast (5) are the flow rates at the 5th percentile of the flow duration curve for Kellogg 
Creek (RM 3.3) and the reference stream East Creek, respectively; VKellogg (95)  and VEast (95)  are the volumes 
of flow under the flow duration curves from the 95th percentiles for Kellogg Creek (RM 3.3) and East 
Creek, respectively. 
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Table 9-2. Flow regime TMDL for Big Creek (RM 16.0) 

Flow 
reduction 
(%) 

High  Moist  Mid-range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

TMDL 24% 8% 5% -- -- -- -- -- -- -- 
LA  24% 8% 5% -- -- -- -- -- -- -- 

WLA (WLA Flow Reduction Percents are not Additive) 
Chardon 
WWTP 

a
 

0% 0% 0% -- -- -- -- -- -- -- 

Construction 
Storm water 

0% 0% 0% -- -- -- -- -- -- -- 

Industrial 
Storm water 

0% 0% 0% -- -- -- -- -- -- -- 
Notes 
LA = load allocation; TMDL = total maximum daily load; WLA = wasteload allocation; WWTP = wastewater treatment plant. 
A double dash (--) indicates that a flow reduction is not applicable. 
a. Chardon WWTP (OH0022659) has a design flow of 1.808 MGD and a WLA of 0 percent. As such, the facility may continue to 

discharge at current permitted design flows. The cause of the impairment is the alteration of the natural flow regime from urban 
runoff and storm sewers, which are derived from the transition of native land cover to urban development. The TMDLs are 
targeted to address those causes. 

 
Table 9-3. Flow regime recommendations for Big Creek (RM 16.0) 

Flow 
increase (%) 

High  Moist  Mid-Range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

Total flow 
increase -- -- -- 1% 1% 5% 9% 11% 19% 7% 

Available for 
Nonpoint 
Sources  

-- -- -- 1% 1% 5% 9% 11% 19% 7% 

Available for 
Point Sources (Point Source Flow Increase Percents are not Additive) 

Chardon 
WWTP 

a
 

-- -- -- 0% 0% 0% 0% 0% 0% 0% 

Construction 
Storm water 

-- -- -- 0% 0% 0% 0% 0% 0% 0% 

Industrial 
Storm water 

-- -- -- 0% 0% 0% 0% 0% 0% 0% 

Notes 
A double dash (--) indicates that a flow increase is not applicable. 
a. Chardon WWTP (OH0022659) has a design flow of 1.808 MGD and a WLA of 0 percent. As such, the facility may continue to 

discharge at current permitted design flows. The cause of the impairment is the alteration of the natural flow regime from urban 
runoff and storm sewers, which are derived from the transition of native land cover to urban development. 
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Table 9-4. Flow regime TMDL for Kellogg Creek (RM 3.3) 

Flow 
reduction 
(%) 

High  Moist  Mid-range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

TMDL 35% 5% -- -- -- -- -- -- -- -- 
LA  35% 5% -- -- -- -- -- -- -- -- 

WLA (WLA Flow Reduction Percents are not Additive) 
Lake County 
MS4 

35% 5% -- -- -- -- -- -- -- -- 

ODOT MS4 35% 5% -- -- -- -- -- -- -- -- 
Construction 
Storm water 

0% 0% -- -- -- -- -- -- -- -- 

Industrial 
Storm water 

0% 0% -- -- -- -- -- -- -- -- 
Notes 
LA = load allocation; TMDL = total maximum daily load; WLA = wasteload allocation. 
A double dash (--) indicates that a flow reduction is not applicable. 
 
Table 9-5. Flow regime recommendations for Kellogg Creek (RM 3.3) 

Flow 
increase 
(%) 

High  Moist  Mid-range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

Total flow 
increase -- -- 4% 11% 14% 20% 30% 34% 55% 30% 

Available for 
Nonpoint 
Sources  

-- -- 4% 11% 14% 20% 30% 34% 55% 30% 

Available for 
Point Sources (Point Source Flow Increase Percents are not Additive) 

Lake County 
MS4 

-- -- 4% 11% 14% 20% 30% 34% 55% 30% 

ODOT MS4 -- -- 4% 11% 14% 20% 30% 34% 55% 30% 

Construction 
storm water 

-- -- 0% 0% 0% 0% 0% 0% 0% 0% 

Industrial 
storm water 

-- -- 0% 0% 0% 0% 0% 0% 0% 0% 
Note 
A double dash (--) indicates that a flow increase is not applicable. 
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Table 9-6. Flow regime TMDL for Red Creek (RM 0) 

Flow 
reduction 
(%) 

High  Moist  Mid-range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

TMDL 28% 12% 8% 3% -- -- -- -- -- -- 
LA  28% 12% 8% 3% -- -- -- -- -- -- 

WLA (WLA Flow Reduction Percents are not Additive) 
Mid-West 
Materials 

a
 

0% 0% 0% 0% -- -- -- -- -- -- 

Lake County 
MS4 

28% 12% 8% 3% -- -- -- -- -- -- 

ODOT MS4 28% 12% 8% 3% -- -- -- -- -- -- 
Construction 
storm water 

0% 0% 0% 0% -- -- -- -- -- -- 

Industrial 
storm water 

0% 0% 0% 0% -- -- -- -- -- -- 
Notes 
LA = load allocation; TMDL = total maximum daily load; WLA = wasteload allocation. 
A double dash (--) indicates that a flow reduction is not applicable. 
a. Mid-West Materials, Inc. (OH0134660) has a design flow 0.0032 MGD and a WLA of 0 percent. As such, the facility may continue 

to discharge at current permitted design flows. The cause of the impairment is the alteration of the natural flow regime from 
urban runoff and storm sewers, which are derived from the transition of native land cover to urban development. The TMDLs 
are targeted to address those causes. 

 

Table 9-7. Flow regime recommendations for Red Creek (RM 0) 

Flow 
increase 
(%) 

High  Moist  Mid-range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

Total flow 
increase -- -- -- -- 1% 5% 11% 13% 19% 18% 

Available for 
Nonpoint 
Sources  

-- -- -- -- 1% 5% 11% 13% 19% 18% 

Available for 
Point Sources (Point Source Flow Increase Percents are not Additive) 

Mid-West 
Materials 

a
 

-- -- -- -- 0% 0% 0% 0% 0% 0% 

Lake County 
MS4 

-- -- -- -- 1% 5% 11% 13% 19% 18% 

ODOT MS4 -- -- -- -- 1% 5% 11% 13% 19% 18% 

Construction 
storm water 

-- -- -- -- 0% 0% 0% 0% 0% 0% 

Industrial 
storm water 

-- -- -- -- 0% 0% 0% 0% 0% 0% 
Notes 
A double dash (--) indicates that a flow increase is not applicable. 
a. Mid-West Materials, Inc. (OH0134660) has a design flow 0.0032 MGD and a WLA of 0 percent. As such, the facility may continue 

to discharge at current permitted design flows. The cause of the impairment is the alteration of the natural flow regime from 
urban runoff and storm sewers, which are derived from the transition of native land cover to urban development. 
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9.7. Nutrient TMDLs and Allocations 
The following sections present the loading capacity for total phosphorus and associated allocations for 
each of the nutrient impaired waterbodies in the lower Grand River watershed: Mill Creek (G02G13; RM 
25.7) and Red Creek (outlet).17 The results are presented by assessment location in each of the applicable 
watersheds. The loading capacities (i.e., TMDL) are calculated using the flow associated with the 
midpoint of each of the flow zones (e.g., 5th percentile flow for the high-flow zone, which spans the 0th to 
10th percentile). That flow value is multiplied by the total phosphorus nutrient target that is applicable for 
the stream size (Section 9.3.2). Table 9-8 and Table 9-9 display total phosphorus TMDLs for Mill Creek 
(RM25.6) and Red Creek, respectively. Table 9-10 presents the total phosphorus individual WLAs for 
MS4s, and Table 9-11 displays the recommended loading targets for each community to comply with the 
Lake County MS4 WLA. Figures of the total phosphorus load duration curves are in Appendix G. 
 
Table 9-8. Total phosphorus TMDLs for Mill Creek (RM 25.6) 

Total 
phosphorus 
(lb/d) 

High  Moist  Mid-range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

TMDL 63.3 31.1 18.8 12.7 7.97 5.09 3.02 1.64 0.719 0.138 
LA  55 27 16 11 6.9 4.4 2.6 1.4 0.60 0.095 

WLA 0.056 0.040 0.034 0.031 0.029 0.028 0.027 0.026 0.025 0.025 
Dorset 
Garage 

a
 

0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 

Construction 
storm water 

0.031 0.015 0.009 0.006 0.004 0.003 0.002 0.001 0.0004 0.0001 

FG (3%) 1.9 0.93 0.56 0.38 0.24 0.15 0.091 0.049 0.022 0.0041 
MOS (10%) 6.3 3.1 1.9 1.3 0.80 0.51 0.30 0.16 0.072 0.014 

Notes 
FG = future growth reserve; LA = load allocation; MOS = margin of safety; TMDL = total maximum daily load; WLA = wasteload 

allocation. 
All loads are reported in pounds per day. The LA, WLA, FG, and MOS are reported to two significant digits. 
The TMDL target for Mill Creek is 0.1 mg/L. 
a. ODOT Dorset Outpost Garage (OH0128449) has a design flow of 0.001 MGD and a TMDL target of 3.0 mg/L total phosphorus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
 
17 The TMDL was calculated at the outlet (RM 0.0) of Red Creek. The nutrient data that were used for analyses and are associated with the 
TMDL were collected by Ohio EPA at the Mantle Road bridge (RM 0.5), which is station G02G21 and G02W09. 
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Table 9-9. Total phosphorus TMDLs for Red Creek (RM 0) 

Total 
phosphorus 
(lb/d) 

High Moist Mid-range Dry Low 
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

TMDL 27.8 11.7 6.78 4.27 2.66 1.61 0.92 0.46 0.1862 0.0357 
LA a 12.02 5.15 2.87 1.80 1.12 0.66 0.36 0.16 0.040 0 
WLA 12.17 5.03 3.03 1.91 1.20 0.74 0.44 0.24 0.122 0.031 

Mid-West 
Materials 

b
 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.031 

Construction 
storm water

 a
 0.19 0.08 0.05 0.03 0.019 0.011 0.0064 0.0032 0.0013 0 

MS4 (49%)
a
 11.9 4.87 2.90 1.80 1.10 0.65 0.35 0.16 0.041 0 

FG (3%) 0.83 0.35 0.20 0.13 0.08 0.05 0.03 0.01 0.0056 0.0011 
MOS (10%) 2.78 1.17 0.68 0.43 0.27 0.16 0.09 0.05 0.0186 0.0036 

Notes 
FG = future growth reserve; LA = load allocation; MOS = margin of safety; TMDL = total maximum daily load; WLA = wasteload 

allocation. 
All loads are reported in pounds per day. 
The TMDL total phosphorus target for Red Creek is 0.08 mg/L. 
a. Allocation under low flow conditions is set to zero. 
b. Mid-West Materials, Inc. (OH0134660) has a design flow 0.0032 MGD and a TMDL target of 3.0 mg/L total phosphorus for all 

flows except low flows. The low flow allocation was set equal to the TMDL minus the MOS and FG. 
 

Table 9-10. Total phosphorus individual MS4 WLAs 

MS4 entity 
High  Moist Mid-range  Dry Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

Lake County  11.8 4.84 2.9 1.8 1.1 0.65 0.35 0.15 0.041 0 
ODOT 0.075 0.031 0.018 0.011 0.0070 0.0041 0.0022 0.0010 0.00026 0 

Notes 
Loads are reported in pounds per day. 

a. Lake County (3GQ0068*BG) has an MS4 area of 4.52 square miles. 
b. ODOT (4GQ0000*BG) has an MS4 area of 0.03 square miles. 
 
 

Table 9-11. Total phosphorus target loads to meet Lake County WLA 

MS4 
entity a 

High  Moist Mid-range  Dry Low  

0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–
100 

Perry 
Village 1.6 0.67 0.39 0.25 0.15 0.089 0.048 0.021 0.0056 0 

Painesville 
Township 10.0 4.1 2.4 1.5 0.93 0.55 0.29 0.13 0.035 0 

City of 
Painesville 0.015 0.0062 0.0037 0.0023 0.0014 0.00083 0.00045 0.00020 0.000053 0 

Lake 
County 
Roads 

0.14 0.057 0.034 0.021 0.013 0.0076 0.0041 0.0018 0.00048 0 

Notes 
Loads are reported in pounds per day and are rounded to two significant digits. 
a. The MS4 areas in square miles are: Perry Village 0.62; Painesville Township, 3.84; city of Painesville, 0.01; and Lake County 

Roads, 0.05. 
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9.8. Pathogen TMDLs and Allocations 
The following sections present the loading capacity and associated allocations for each of the impaired 
waterbodies in the lower Grand River watershed due to pathogens. The TMDLs are presented by 
watershed outlet in each of the applicable watersheds including at five 12-digit HUC watershed 
boundaries along the lower Grand River mainstem. The TMDLs are the loading capacities calculated 
using the flow associated with the midpoint of each of the flow zones (e.g., 5th percentile flow for the 
high-flow zone, which spans the 0th to 10th percentile) and the geometric mean E. coli criterion of 126 
counts/100 mL. Table 9-12 displays E. coli TMDLs for each impaired waterbody. The individual WLAs 
for facilities and MS4s are presented in Table 9-13 and Table 9-15. Recommended target loads for Lake 
County are presented in Table 9-14. E. coli load duration curves are in Appendix G. 
 
The Chardon WWTP, located near RM 16.1 on Big Creek, was further evaluated to determine the die-off 
of E. coli that likely occurs between the facility and the TMDL assessment location at the HUC outlet. 
Appendix H includes the E. coli decay calculations, based on measured low flow velocities. Due to the 
availability of measured flow and velocity data, the decay values are applicable to low and dry flow 
conditions only. 
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Table 9-12. E. coli TMDLs 
H

U
C

 
(0

41
10

00
4)

 

St
re

am
 

E. coli 
(counts/day) 

High  Moist  Mid-range  Dry  Low  

0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

04
 0

1 

G
rig

gs
 C

re
ek

 

TMDL 2.1E+11 8.4E+10 4.7E+10 2.8E+10 1.8E+10 1.1E+10 6.3E+09 3.5E+09 1.5E+09 3.6E+08 
LA  1.9E+11 7.7E+10 4.4E+10 2.6E+10 1.6E+10 9.9E+09 5.8E+09 3.2E+09 1.3E+09 3.3E+08 

FG (3%) 6.2E+09 2.5E+09 1.4E+09 8.5E+08 5.4E+08 3.2E+08 1.9E+08 1.0E+08 4.4E+07 1.1E+07 

MOS (5%) 1.0E+10 4.2E+09 2.4E+09 1.4E+09 9.0E+08 5.4E+08 3.2E+08 1.7E+08 7.3E+07 1.8E+07 

04
 0

2 

M
ill 

C
re

ek
 

TMDL 5.4E+11 2.2E+11 1.2E+11 7.4E+10 4.6E+10 2.8E+10 1.6E+10 9.1E+09 4.1E+09 1.1E+09 

LA  5.0E+11 2.0E+11 1.1E+11 6.8E+10 4.2E+10 2.5E+10 1.5E+10 8.1E+09 3.5E+09 7.9E+08 

WLA (Facilities)  2.5E+08 2.5E+08 2.5E+08 2.5E+08 2.5E+08 2.5E+08 2.5E+08 2.5E+08 2.5E+08 2.5E+08 

FG (3%) 1.6E+10 6.6E+09 3.7E+09 2.2E+09 1.4E+09 8.3E+08 4.9E+08 2.7E+08 1.2E+08 3.4E+07 

MOS (5%) 2.7E+10 1.1E+10 6.1E+09 3.7E+09 2.3E+09 1.4E+09 8.2E+08 4.5E+08 2.1E+08 5.6E+07 

04
 0

3 

M
ill 

C
re

ek
 

TMDL 1.0E+12 4.3E+11 2.4E+11 1.5E+11 9.4E+10 5.8E+10 3.6E+10 2.2E+10 1.2E+10 6.8E+09 

LA  9.5E+11 3.8E+11 2.1E+11 1.3E+11 8.0E+10 4.7E+10 2.7E+10 1.4E+10 5.0E+09 7.3E+06 

WLA  1.2E+10 8.6E+09 7.6E+09 7.2E+09 6.9E+09 6.7E+09 6.6E+09 6.5E+09 6.5E+09 6.4E+09 

Facilities  6.4E+09 6.4E+09 6.4E+09 6.4E+09 6.4E+09 6.4E+09 6.4E+09 6.4E+09 6.4E+09 6.4E+09 

Industrial storm 
water (0.56%) 

5.3E+09 2.2E+09 1.2E+09 7.2E+08 4.5E+08 2.6E+08 1.5E+08 7.8E+07 2.8E+07 4.1E+04 

FG (3%)a 3.1E+10 1.3E+10 7.2E+09 4.4E+09 2.8E+09 1.7E+09 1.1E+09 6.6E+08 3.7E+08 0 a 

MOS (5%) 5.2E+10 2.1E+10 1.2E+10 7.4E+09 4.7E+09 2.9E+09 1.8E+09 1.1E+09 6.2E+08 3.4E+08 

U
pp

er
 G

ra
nd

 

G
ra

nd
 R

iv
er

 TMDL 2.7E+12 9.6E+11 4.8E+11 2.5E+11 1.5E+11 9.7E+10 6.6E+10 4.3E+10 2.8E+10 1.3E+10 

LA  2.5E+12 8.9E+11 4.4E+11 2.3E+11 1.4E+11 8.9E+10 6.1E+10 4.0E+10 2.6E+10 1.2E+10 

FG (3%) 8.1E+10 2.9E+10 1.4E+10 7.6E+09 4.6E+09 2.9E+09 2.0E+09 1.3E+09 8.4E+08 3.9E+08 

MOS (5%) 1.3E+11 4.8E+10 2.4E+10 1.3E+10 7.7E+09 4.9E+09 3.3E+09 2.2E+09 1.4E+09 6.5E+08 
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E. coli 
(counts/day) 

High  Moist  Mid-range  Dry  Low  

0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

06
 0

1 

C
of

fe
e 

C
re

ek
 

TMDL 1.3E+11 5.2E+10 3.0E+10 1.8E+10 1.2E+10 7.1E+09 4.5E+09 2.8E+09 1.6E+09 9.3E+08 

LA  1.2E+11 4.7E+10 2.6E+10 1.6E+10 9.8E+09 5.8E+09 3.4E+09 1.8E+09 7.3E+08 1.2E+08 

WLA  1.6E+09 1.1E+09 9.4E+08 8.6E+08 8.1E+08 7.8E+08 7.6E+08 7.5E+08 7.4E+08 7.4E+08 

Facilities 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 

Industrial storm 
water (0.75%) 

8.7E+08 3.5E+08 2.0E+08 1.2E+08 7.4E+07 4.4E+07 2.6E+07 1.4E+07 5.5E+06 9.1E+05 

FG (3%) 3.8E+09 1.6E+09 8.9E+08 5.5E+08 3.5E+08 2.1E+08 1.4E+08 8.3E+07 4.8E+07 2.8E+07 

MOS (5%) 6.4E+09 2.6E+09 1.5E+09 9.2E+08 5.8E+08 3.6E+08 2.3E+08 1.4E+08 8.0E+07 4.7E+07 

06
 0

1 

G
ra

nd
 R

iv
er

 

TMDL 2.1E+12 7.6E+11 3.8E+11 2.0E+11 1.2E+11 7.8E+10 5.3E+10 3.5E+10 2.3E+10 1.1E+10 

LA  2.0E+12 7.0E+11 3.5E+11 1.8E+11 1.1E+11 7.1E+10 4.8E+10 3.1E+10 2.0E+10 9.4E+09 

WLA  4.7E+09 2.1E+09 1.4E+09 1.1E+09 9.6E+08 8.8E+08 8.4E+08 8.0E+08 7.8E+08 7.6E+08 

Facilities  7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 7.4E+08 

Industrial storm 
water (0.20%) 

3.9E+09 1.4E+09 6.9E+08 3.7E+08 2.2E+08 1.4E+08 9.6E+07 6.3E+07 4.1E+07 1.9E+07 

FG (3%) 6.4E+10 2.3E+10 1.1E+10 6.0E+09 3.7E+09 2.3E+09 1.6E+09 1.0E+09 6.9E+08 3.3E+08 

MOS (5%) 1.1E+11 3.8E+10 1.9E+10 1.0E+10 6.1E+09 3.9E+09 2.7E+09 1.7E+09 1.1E+09 5.5E+08 

06
 0

2 

M
ill 

C
re

ek
 

TMDL 2.0E+11 8.4E+10 4.8E+10 2.9E+10 1.7E+10 1.1E+10 6.3E+09 3.4E+09 1.6E+09 4.8E+08 

LA  1.8E+11 7.5E+10 4.2E+10 2.5E+10 1.6E+10 9.3E+09 5.5E+09 2.9E+09 1.2E+09 2.2E+08 

WLA  7.1E+09 2.6E+09 1.4E+09 8.0E+08 5.5E+08 4.0E+08 3.2E+08 2.6E+08 2.7E+08 2.3E+08 

Facilities  1.8E+08 1.8E+08 1.8E+08 1.8E+08 1.8E+08 1.8E+08 1.8E+08 1.8E+08 1.8E+08 1.8E+08 

MS4  7.0E+09 2.5E+09 1.2E+09 6.2E+08 3.6E+08 2.2E+08 1.4E+08 7.6E+07 8.3E+07 4.4E+07 

FG (3%) 6.1E+09 2.5E+09 1.4E+09 8.6E+08 5.2E+08 3.2E+08 1.9E+08 1.0E+08 4.7E+07 1.5E+07 
MOS (5%) 1.0E+10 4.2E+09 2.4E+09 1.4E+09 8.7E+08 5.3E+08 3.1E+08 1.7E+08 7.9E+07 2.4E+07 
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E. coli 
(counts/day) 

High  Moist  Mid-range  Dry  Low  

0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

06
 0

3 

G
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nd
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er

 

TMDL 1.8E+12 6.5E+11 3.3E+11 1.8E+11 1.1E+11 7.1E+10 5.0E+10 3.5E+10 2.5E+10 1.5E+10 

LA  1.7E+12 5.9E+11 2.9E+11 1.5E+11 9.3E+10 5.8E+10 3.9E+10 2.5E+10 1.5E+10 6.1E+09 

WLA  1.5E+10 1.0E+10 8.7E+09 8.0E+09 7.7E+09 7.5E+09 7.4E+09 7.4E+09 7.4E+09 7.3E+09 

Facilities  7.3E+09 7.3E+09 7.3E+09 7.3E+09 7.3E+09 7.3E+09 7.3E+09 7.3E+09 7.3E+09 7.3E+09 

MS4  5.3E+09 1.9E+09 9.1E+08 4.7E+08 2.8E+08 1.6E+08 1.0E+08 5.7E+07 6.3E+07 3.3E+07 

Industrial storm 
water (0.17%) 

2.8E+09 1.0E+09 5.0E+08 2.6E+08 1.6E+08 9.9E+07 6.6E+07 4.2E+07 2.6E+07 1.0E+07 

FG (3%) 5.4E+10 2.0E+10 9.8E+09 5.3E+09 3.3E+09 2.1E+09 1.5E+09 1.0E+09 7.4E+08 4.4E+08 
MOS (5%) 9.1E+10 3.3E+10 1.6E+10 8.8E+09 5.5E+09 3.6E+09 2.5E+09 1.7E+09 1.2E+09 7.3E+08 

06
 0

4 

P
ai

ne
 C

re
ek

 

TMDL 2.8E+11 1.2E+11 6.7E+10 4.0E+10 2.4E+10 1.4E+10 8.5E+09 4.7E+09 2.0E+09 5.1E+08 

LA  2.6E+11 1.1E+11 6.1E+10 3.6E+10 2.2E+10 1.3E+10 7.7E+09 4.2E+09 1.8E+09 4.0E+08 

WLA 2.5E+10 9.0E+09 4.4E+09 2.3E+09 1.4E+09 8.5E+08 5.6E+08 3.4E+08 3.6E+08 2.2E+08 

Facilities 2.5E+10 8.9E+09 4.3E+09 2.3E+09 1.3E+09 7.8E+08 4.9E+08 2.8E+08 3.0E+08 1.6E+08 

MS4 6.5E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07 

FG (3%) 8.5E+09 3.6E+09 2.0E+09 1.2E+09 7.3E+08 4.3E+08 2.5E+08 1.4E+08 6.0E+07 1.5E+07 
MOS (5%) 1.4E+10 6.0E+09 3.3E+09 2.0E+09 1.2E+09 7.2E+08 4.2E+08 2.3E+08 1.0E+08 2.5E+07 

06
 0
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G
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nd
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TMDL 1.6E+12 5.7E+11 2.9E+11 1.6E+11 9.7E+10 6.3E+10 4.5E+10 3.1E+10 2.3E+10 1.4E+10 

LA  1.4E+12 5.1E+11 2.5E+11 1.3E+11 8.0E+10 5.0E+10 3.3E+10 2.1E+10 1.3E+10 5.0E+09 

WLA  3.3E+10 1.7E+10 1.2E+10 9.8E+09 8.9E+09 8.3E+09 8.0E+09 7.8E+09 7.8E+09 7.7E+09 

Facilities 7.5E+09 7.5E+09 7.5E+09 7.5E+09 7.5E+09 7.5E+09 7.5E+09 7.5E+09 7.5E+09 7.5E+09 

MS4 2.4E+10 8.5E+09 4.1E+09 2.1E+09 1.2E+09 7.4E+08 4.7E+08 2.6E+08 2.8E+08 1.5E+08 

Industrial storm 
water (0.14%) 

2.0E+09 7.3E+08 3.6E+08 1.9E+08 1.1E+08 7.1E+07 4.7E+07 3.0E+07 1.9E+07 7.2E+06 

FG (3%) 4.8E+10 1.7E+10 8.6E+09 4.7E+09 2.9E+09 1.9E+09 1.3E+09 9.4E+08 6.8E+08 4.1E+08 
MOS (5%) 8.0E+10 2.9E+10 1.4E+10 7.8E+09 4.8E+09 3.2E+09 2.2E+09 1.6E+09 1.1E+09 6.9E+08 
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E. coli 
(counts/day) 

High  Moist  Mid-range flows Dry  Low  

0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

06
 0

6 

B
ig

 C
re

ek
  

TMDL 6.0E+11 2.4E+11 1.3E+11 8.3E+10 5.1E+10 3.4E+10 2.3E+10 1.6E+10 1.2E+10 1.0E+10 
LA b  4.8E+11 1.9E+11 1.0E+11 5.8E+10 3.2E+10 1.7E+10 8.0E+09 2.7E+09 8.6E+09 6.8E+09 

WLA  7.5E+10 3.4E+10 2.3E+10 1.8E+10 1.5E+10 1.4E+10 1.3E+10 1.2E+10 2.8E+09 2.4E+09 

Facilities 
b
 8.0E+08 8.0E+08 8.0E+08 8.0E+08 8.0E+08 8.0E+08 8.0E+08 8.0E+08 8.0E+08 8.0E+08 

Chardon WWTP 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 

Die-off from 
Chardon WWTP 

c
 

n/a n/a n/a n/a n/a n/a n/a n/a - 9.8E+09 - 9.8E+09 

MS4  6.1E+10 2.2E+10 1.1E+10 5.5E+09 3.2E+09 1.9E+09 1.2E+09 6.7E+08 7.3E+08 3.8E+08 

Industrial storm 
water (0.35%) 

1.9E+09 7.3E+08 3.9E+08 2.2E+08 1.2E+08 6.8E+07 3.2E+07 1.2E+07 3.3E+07 2.5E+07 

FG (3%) 1.8E+10 7.2E+09 4.0E+09 2.5E+09 1.5E+09 1.0E+09 6.9E+08 4.9E+08 3.7E+08 3.0E+08 

MOS (5%) 3.0E+10 1.2E+10 6.7E+09 4.1E+09 2.6E+09 1.7E+09 1.1E+09 8.2E+08 6.2E+08 5.0E+08 

06
 0

7 

G
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nd
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TMDL 1.7E+12 6.3E+11 3.3E+11 2.0E+11 1.4E+11 1.0E+11 8.6E+10 7.2E+10 6.3E+10 5.4E+10 

LA  1.3E+12 4.7E+11 2.3E+11 1.2E+11 6.9E+10 4.1E+10 2.6E+10 1.4E+10 1.6E+10 8.3E+09 

WLA  2.2E+11 1.1E+11 7.9E+10 6.5E+10 5.9E+10 5.5E+10 5.3E+10 5.2E+10 4.2E+10 4.1E+10 

Facilities 
d
 3.9E+10 3.9E+10 3.9E+10 3.9E+10 3.9E+10 3.9E+10 3.9E+10 3.9E+10 3.9E+10 3.9E+10 

Chardon WWTP 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 1.1E+10 

Die-off from 
Chardon WWTP 

c
 

n/a n/a n/a n/a n/a n/a n/a n/a - 9.8E+09 - 9.8E+09 

MS4  1.7E+11 5.9E+10 2.9E+10 1.5E+10 8.7E+09 5.2E+09 3.2E+09 1.8E+09 2.0E+09 1.0E+09 

Industrial storm 
water (0.29%) 

4.3E+09 1.5E+09 7.5E+08 3.9E+08 2.3E+08 1.3E+08 8.4E+07 4.7E+07 5.1E+07 2.7E+07 

FG (3%) 5.0E+10 1.9E+10 1.0E+10 6.0E+09 4.2E+09 3.1E+09 2.6E+09 2.2E+09 1.9E+09 1.6E+09 
MOS (5%) 8.4E+10 3.1E+10 1.7E+10 1.0E+10 7.0E+09 5.2E+09 4.3E+09 3.6E+09 3.1E+09 2.7E+09 
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E. coli 
(counts/day) 

High  Moist  Mid-range flows Dry  Low  

0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

06
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TMDL 1.3E+11 5.1E+10 2.5E+10 1.4E+10 7.4E+09 4.2E+09 2.2E+09 1.1E+09 4.8E+08 1.3E+08 
LA  1.1E+11 4.4E+10 2.1E+10 1.2E+10 6.3E+09 3.5E+09 1.8E+09 9.1E+08 3.1E+08 4.0E+07 

WLA  9.6E+09 3.4E+09 1.7E+09 8.8E+08 5.2E+08 3.2E+08 2.1E+08 1.2E+08 1.3E+08 8.0E+07 

Facilities  2.0E+07 2.0E+07 2.0E+07 2.0E+07 2.0E+07 2.0E+07 2.0E+07 2.0E+07 2.0E+07 2.0E+07 

MS4  9.6E+09 3.4E+09 1.7E+09 8.6E+08 5.0E+08 3.0E+08 1.9E+08 1.0E+08 1.1E+08 6.0E+07 

FG (3%) 3.9E+09 1.5E+09 7.5E+08 4.1E+08 2.2E+08 1.3E+08 6.6E+07 3.4E+07 1.4E+07 3.9E+06 
MOS (5%) 6.5E+09 2.6E+09 1.2E+09 6.8E+08 3.7E+08 2.1E+08 1.1E+08 5.6E+07 2.4E+07 6.5E+06 

Notes 
FG = future growth; LA = load allocation; MOS = margin of safety; TMDL = total maximum daily load = LA + WLA + MOS + FG; WLA = wasteload allocation 
a. FG was set to zero under Low Flows. Ashtabula County growth projections are negative. 
b. All NPDES-permitted facilities in HUC 04110004 06 06 except for the Chardon WWTP. 
c. The E. coli load that dies off along Big Creek from the headwaters and Chardon WWTP through the mouth on the Grand River. See Appendix H for the calculations. 
d. All NPDES-permitted facilities in LRAU except for the Chardon WWTP. 
 
 
Table 9-13. E. coli MS4 WLAs (counts/day) 

MS4 entity 

MS4 area 
(square 
miles) 

High  Moist  Mid-range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

Lake County 
(3GQ00068*BG) 53 1.2E+11 4.1E+10 2.0E+10 1.1E+10 6.5E+09 4.0E+09 2.7E+09 1.7E+09 1.0E+09 3.9E+08 

Ohio Department of 
Transportation 
(4GQ00000*BG) 

0.42 9.2E+08 3.3E+08 1.6E+08 8.5E+07 5.1E+07 3.2E+07 2.1E+07 1.3E+07 8.2E+06 3.1E+06 
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Table 9-14. E. coli target loads to meet Lake County WLA (counts/day) 

MS4 entity 

MS4 area 
(square 
miles) 

High  Moist  Mid-range  Dry  Low  
0–10 10–20 20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100 

Perry Village 0.62 1.3E+09 4.7E+08 2.3E+08 1.2E+08 6.9E+07 4.1E+07 2.6E+07 1.4E+07 1.6E+07 8.3E+06 
Leroy Township 25.53 5.4E+10 1.9E+10 9.3E+09 4.8E+09 2.8E+09 1.7E+09 1.1E+09 5.9E+08 6.4E+08 3.4E+08 
Concord Township 21.97 4.6E+10 1.6E+10 8.0E+09 4.1E+09 2.4E+09 1.4E+09 9.0E+08 5.1E+08 5.5E+08 2.9E+08 
Madison Township 13.53 2.9E+10 1.0E+10 4.9E+09 2.6E+09 1.5E+09 8.9E+08 5.6E+08 3.1E+08 3.4E+08 1.8E+08 
Painesville Township 9.25 2.0E+10 6.9E+09 3.4E+09 1.7E+09 1.0E+09 6.1E+08 3.8E+08 2.1E+08 2.3E+08 1.2E+08 
City of Painesville 5.56 1.2E+10 4.2E+09 2.0E+09 1.0E+09 6.1E+08 3.6E+08 2.3E+08 1.3E+08 1.4E+08 7.3E+07 
Fairport Harbor Village 1.01 2.1E+09 7.6E+08 3.7E+08 1.9E+08 1.1E+08 6.7E+07 4.2E+07 2.3E+07 2.5E+07 1.3E+07 
Grand River Village 0.32 6.8E+08 2.4E+08 1.2E+08 6.1E+07 3.6E+07 2.1E+07 1.3E+07 7.4E+06 8.1E+06 4.3E+06 
Lake County Roads 0.54 1.1E+09 4.0E+08 2.0E+08 1.0E+08 6.0E+07 3.5E+07 2.2E+07 1.2E+07 1.4E+07 7.1E+06 
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Table 9-15. Individual E. coli WLAs  for facilities permitted to discharge bacteria 

Facility U.S. EPA ID 
Design flow 

(MGD) 
WLA target 

(counts / 100 mL) 
WLA 

(counts / day) 
Ashtabula County JVS OH0044920 0.0400 161 2.4E+08 
ODOT Dorset Outpost Garage OH0128449 0.001 161 6.1E+06 
Jefferson WWTP OH0025887 1.0000 161 6.1E+09 
DFC MHP OH0121614 0.0090 161 5.5E+07 
Ken Forging Inc OH0131296 0.0025 161 1.5E+07 
King Luminaire Co Inc OH0133027 0.0018 161 1.1 E+07 
Harassment's Bar OH0139301 0.0018 161 1.1 E+07 
Coffee Creek WWTP OH0098469 0.1500 126 a 7.2E+08 
Grand River Academy OH0134457 0.0050 126 a 2.4E+07 
Rustic Pines MHP WWTP OH0112135 0.0300 161 1.8E+08 
Whispering Willow MHP OH0123421 0.0200 126 9.5E+07 
Cedar Hills Conference Center OH0123641 0.0060 126 a 2.9E+07 
Camp Lejnar OH0134601 0.0060 161 3.7E+07 
Thompson United Methodist Church OH0133159 0.0017 161 1.1E+07 
Thunder Hill Golf Course OH0101583 0.0125 126 a 6.0E+07 
Chardon WWTP b OH0022659 1.8080 161 1.1E+10 
Wintergreen WWTP OH0028908 0.0150 161 9.1E+07 
Terrace Glen Estates MHP OH0112291 0.0200 161 1.2E+08 
Maple Ridge MHC OH0117129 0.0250 161 1.5E+08 
Chardon United Methodist Church OH0123650 0.0028 161 1.7E+07 
Sunshine Acres STP OH0039021 0.0200 161 1.2E+08 
Rio Grand WWTP OH0092096 0.0215 161 1.3E+08 
Leroy Elem School OH0103021 0.0075 161 4.6E+07 
Grumpy Bear LLC dba Bunky's Pub OH0134708 0.0035 161 2.1E+07 
Henry F LaMuth Middle School OH0134716 0.0120 126 5.7E+07 
Capps Tavern OH0134732 0.0025 161 1.5E+07 
Concord Tavern OH0134759 0.0035 161 2.1E+07 
Junior Properties LTD OH0140571 0.0007 161 4.5E+06 
Painesville WPC Plant OH0026948 6.0000 126 2.9E+10 
Heatherstone WWTP OH0091952 0.4000 126 1.9E+09 
Mid-West Materials Inc OH0134660 0.0032 161 2.0E+07 
Spring Lake MHP OH0134694 0.0057 126 2.7E+07 
Frary's Restaurant OH0136841 0.0010 126 a 4.8E+06 

Notes 
Bolded facilities are major dischargers. 
Design flows are rounded to the nearest ten-thousandth of an MGD. 
a. Those facilities are on streams with a recreation use designation of PCR Class B but were assigned the PCR Class A criterion as 

the WLA target because they are within 5 miles of the Grand River, which is designated PCR Class A. 
b. See Appendix H for the calculations of the E. coli die-off along Big Creek, derived in part from the Chardon WWTP. 
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10. Protection Strategies 
Protection strategies were developed for several streams that are in full attainment of their ALU 
designation but are threatened by future development pressure. Some of those streams are already 
affected by development pressure and are only marginally meeting full attainment (e.g., Ellison Creek). 
Protection strategies have been developed for the following streams: 

 Bates Creek 
 Cutts Creek 
 East Creek 
 Ellison Creek 
 Jenks Creek 
 Jordan Creek 

 Mill Creek (06 02) 
 Paine Creek 
 Phelps Creek 
 Talcott Creek 
 Unnamed tributary to Paine Creek 
 Unnamed tributary to Mill Creek (06 02) 

10.1. Protection Strategy Targets 
Similar to a TMDL, targets were developed for the protection strategies. Those protection strategies are 
not TMDLS and do not require any immediate implementation action, but they can be used to support 
future permitting activities that comply with the antidegradation criteria in OAC-3745-1-05. The 
protection strategy targets were developed for effective impervious cover and riparian buffer width and 
vegetation. Protection strategy targets are provided for guidance to use in implementing regulatory 
mechanisms (e.g., watershed-specific storm water NPDES permits) to protect existing in-stream uses for 
both impaired and unimpaired streams in the watershed. Implementing those targets is appropriate and 
necessary to protect existing in-stream designated uses related to the EWH designation of the Grand River 
LRAU (mainstem) and other tributaries with EWH and CWH designated uses as urbanization proceeds in 
the TMDL area. 
 
The evaluations presented in Section 7 show that the response of biologic community health indices 
varies over a gradient. Impervious cover and forest cover in riparian buffers were the most representative 
indicators of the gradient response of biology to development. Interrelated factors (e.g., flow, water 
quality, temperature) are affected by development and contribute to biologic response. Those factors are 
thoroughly discussed in Section 7. Many of the available data sets were otherwise limited; thus, they were 
not good candidates for gradient evaluations and protection strategy target selection. For example, 
attainment and biologic scores do not always respond directly to degraded water quality and temperature 
data sets had limited representativeness. The evaluations presented in the following sections show that 
biologic response to subwatershed impervious cover and forest cover in the 200-foot riparian buffer occur 
along gradients and allow for the selection of protection strategy targets. 

10.1.1. Impervious Cover 
The impervious cover target is 6 percent effective (connected) impervious cover and is recommended for 
individual stream subwatersheds and WAUs. Watershed impervious cover is calculated using the 2001 
Percent Developed Impervious data from the 2001 NLCD. The 2001 NLCD was selected, instead of the 
2006 NLCD, because it is more representative of conditions during the time of Ohio EPA‘s 2003–2004 
field assessment. 

Evaluations of impervious cover at sites throughout the western portion of the lower Grand River 
watershed are presented in Section 7, including Figure 7-5. The effects of impervious cover on 
macroinvertebrate community health were further evaluated to identify the gradient of macroinvertebrate 
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response to varying levels of impervious cover. Figure 10-1 shows that excellent through good scores18 
tend to occur at lower levels of impervious cover (i.e., less than 6 percent). Sites in partial- and non-
attainment have impervious cover levels of 11 to 15 percent. Finally, sites that are marginally good19 exist 
in watersheds with 6 to 13 percent impervious cover. 

 
Figure 10-1.Relationship between impervious cover and ICI scores. 

10.1.2. Riparian Width and Vegetation 
Two riparian buffer targets were set: 70 percent forest in a 200-foot buffer and the targeted riparian width 
(as defined in the draft stream mitigation rule, OAC-3745-1-56). The percent forest cover was calculated 
using the Land Cover data from the 2001 NLCD (version 1.0). The 2001 NLCD (version 1.0) was 
selected, instead of the 2006 NLCD, because it is more representative of conditions during the time of 
Ohio EPA‘s 2003–2004 field assessment. The 200-foot buffer was determined in GIS using a 100-foot 
buffer on each side of the National Hydrography Dataset high-flow lines. A raster clip was used to 
generate a land cover in the 200-foot buffer shape file. 

At the time of this report‘s publication, the draft stream mitigation rule (OAC-3745-1-56) was undergoing 
public comment. The rule incorporates stream mitigation calculators that are published as supporting 
documents. Within those calculators, the targeted riparian width is calculated by the following formula: 

 Targeted Riparian Width = 160 × (Drainage Area)0.1 

 where Drainage Area is in square miles and the targeted riparian width is in feet. 
 
The minimum vegetated width is calculated as one-half of the targeted riparian width. 
                                                      
 
18 Qualitative EPT narrative scores were assigned the numeric values. The assigned numeric score was the midpoint of the range of numeric 
scores for each narrative score for the ICI. 
19 Sites with scores less than the biocriteria but are considered in full attainment because the scores are an insignificant departure from the 
biocriteria. 
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Evaluations of forest cover at sites throughout the western portion of the lower Grand River watershed are 
presented in Section 7, including Figure 7-10. Generally, higher levels of forest cover in the riparian 
buffer could mitigate the effects of higher levels of impervious cover in the watershed. Those findings are 
consistent with Yoder et al. (1999), who found that urban land use can be mitigated by effective 
management practices and large riparian buffers but only when levels of impervious cover are below 45 
percent. Similarly, as discussed in Section 7, Yoder et al. (2000) and Miltner et al. (2004) found that sites 
could meet attainment despite high levels of urban land development when large riparian buffers, 
undeveloped floodplains, and significant contribution of ground water were present. 

10.1.3. Summary 
An evaluation of subwatershed impervious cover and forest cover in the 200-foot buffer shows a similar 
gradient to that shown in Figure 10-1. When the targets are included in the evaluation, as shown in Figure 
10-2, it is apparent that sites with higher levels of impervious cover within their subwatersheds and lower 
levels of forest cover in their riparian buffers are usually impaired. Of the 10 sites in the lower right 
quadrant in Figure 10-2, the streams at 6 sites are not in full attainment of their designated uses and at 3 
sites, they are only marginally attaining.  
 
 

 
Figure 10-2. Relationship between impervious cover and forested land percentage. 
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10.2. Status of Unimpaired Streams 
The conditions of the streams receiving protection strategies were evaluated with regards to the targets 
presented in Section 10.1. As shown in Figure 10-3, Ellison Creek did not meet the protection strategy 
target, and Cutts Creek and Jordan Creek were just below meeting the target. Those analyses were 
performed using the Percent Developed Impervious data from the 2006 NLCD because those data are 
more recent and more reflective of the conditions that managers must plan for and address. Because 
development has continued in all three of those streams‘ subwatersheds, it is possible that the streams are 
not meeting their protection strategy targets. 
 

 
Figure 10-3. Status of unimpaired streams and impervious cover target. 

 
Most of the protection strategy streams are meeting their buffer forest cover target (Figure 10-4). 
However, Ellison Creek and Cutts Creek do not meet the target. In fact, a majority of the 200-foot buffer 
at the sites in Ellison Creek are not forested. It is noteworthy that the headwaters portion of Ellison Creek 
tends to be forested, whereas the lower reaches, including a segment that runs along a golf course, have 
much less forested land. 
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Figure 10-4. Status of unimpaired streams and forested buffer target. 

 
Table 10-1 presents the targeted riparian width and minimum vegetated width for each protection strategy 
stream. Observed data are not available; thus, it is not possible to determine if the protection strategy 
streams are meeting the targeted riparian width and minimum vegetated width goals. 
 
Table 10-1. Riparian width goals calculated from the draft Stream Mitigation Rule 

Attainment stream 
Area 
(mi2) 

Target riparian 
width 

(ft) 

Minimum 
vegetated width 

(ft) 
Bates Creek 11.9 205 102 
Cutts Creek 1.8 170 85 
East Creek 5.2 189 94 
Ellison Creek 6.4 193 96 
Jenks Creek 2.8 177 89 
Jordan Creek 4.4 186 93 
Phelps Creek 3.1 179 90 
Talcott Creek 5.5 190 95 
Unnamed Tributary to Mill Creek 3.8 183 92 
Unnamed Tributary to Paine Creek 3.0 179 89 
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11. Implementation and Reasonable Assurances 
Restoration methods to bring an impaired waterbody into attainment with water quality standards 
generally involve an increase in the waterbody‘s capacity to assimilate pollutants, a reduction of pollutant 
loads to the waterbody, or some combination of both. A series of tables list actions appropriate for 
addressing the water quality stressors at specific locations in the basin. The recommended actions are 
well-established practices with proven effectiveness. Details regarding those practices are included in 
Appendix I of this report. Additionally, Appendix I discusses various programs and organizations that can 
be sources for assistance in carrying out the recommended actions. 
 
Ohio EPA developed recommendations in consultation with local technical stakeholders. The 
recommended actions are not the only means for making the needed water quality improvements; rather, 
they highlight the more common approaches. Also, there is some repetition in the recommendations 
because certain stressors can be addressed by a variety of approaches (e.g., habitat quality can be 
improved by both naturalizing watershed hydrology and stream restoration). The options were selected 
considering effectiveness and efficiency. Good land management practices are applicable everywhere, so 
not specifically recommending a management practice does not necessarily suggest that a given 
management practice is inappropriate in that location. Instead, the recommendations are made to 
prioritize watershed restoration activities and not merely list what is beneficial. A primary objective of 
those recommendations is to assist watershed planning or provide guidance regarding investments made 
to improve water quality or a combination of both. 

11.1. Point Sources 
Total phosphorus has been regulated at major dischargers (more than one MGD) in the Lake Erie basin 
for many years. Additional total phosphorus reductions will be necessary at several facilities according to 
calculated TMDLs in locations where total phosphorus contributed to ALU impairment. 
Recommendations for NPDES permits, according to calculated TMDLs, are summarized by discharger 
and subwatershed in Table 11-1 and Table 11-2. Ohio EPA will work with permit holders to accomplish 
any needed reductions in loadings. Existing permit conditions involving total phosphorus for facilities not 
listed in Table 11-1 should remain unchanged. Additional recommendations are made for Jefferson 
WWTP in Section 11.4.1. 
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Table 11-1. Recommended implementation actions through the NPDES program for total phosphorus 

Watershed 
(04110004) Entity 

Ohio EPA 
permit  

Receiving 
stream 

Design 
flow 

(MGD) 

WLA 
(load in 
lb/day) 

WLA 
(concen-
tration in 

mg/L) 

Recommended permit conditions 
Explanation of 

difference 
First 

phase 
Second  
phase 

04 02 
ODOT Dorset 
Outpost 
Garage 

3PP00041 
Unnamed 
tributary to 
Mill Creek 

0.001 0.025 3.0 
Monitor 
1 x per 
quarter 

Depending on results of first 
phase, continue monitoring 
or give an average monthly 
limit of 3 mg/L 

Allocation is based 
on assumed values 
because no data 
are available from 
the discharger. 

06 07 Mid-West 
Materials, Inc. 3PR00077 

Unnamed 
tributary to 
Red Creek 

0.0032 0.080 to 
0.031a 3.0 

Monitor 
1 x per 
quarter 

Depending on results of first 
phase, continue monitoring 
or give an average monthly 
limit of 3 mg/L 

Allocation is based 
on assumed values 
because no data 
are available from 
the discharger. 

Notes 
Any specific permit condition noted in the table indicates a recommended change from current permit conditions. No change means that no change is recommended. 
a. Flow dependent; see Table 9-9. 
 
Table 11-2. Wasteload allocations for MS4 permittees for total phosphorus 

Nested 
subwatershed 
(04110004) Entity 

Ohio EPA 
permit # 

Receiving 
stream 

Wasteload allocation 
(load in lb/day) 

06 07 Lake County MS4 a 3GQ00068 Red Creek 0.0 to 11.8 b 
06 07 ODOT Roads MS4 c 4GQ00000 Red Creek 0.0 to 0.075 b 
a. The MS4 drainage area is 4.52 square miles. 
b. Flow dependent; see Table 9-10. 
c. The MS4 drainage area is 0.03 square miles. 
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11.2. Urban Land Uses 
The most serious threat to channel stability, and possibly overall water quality and biological integrity, in 
the lower Grand River watershed is the rapid conversion of forest or agriculture land uses to residential 
and commercial uses, and occasionally industrial uses. Numerous scientific studies show that increasing 
impervious cover in a watershed (through development) is commensurate with the degradation of water 
quality and biological communities (Booth 2005; Brabec et al. 2002; Roy et al. 2003, 2006; Morgan and 
Cushman 2005). A complete discussion of the interaction between hydrology and aquatic life is in 
Section 7. 
 
Controlling runoff associated with development typically consists of end-of-pipe measures such as storm 
water detention and retention. Those controls abate flooding and reduce erosion, thus providing some 
water quality protection. However, studies show that water quality degradation occurs in developing 
watersheds despite those controls because of the altered hydrologic regime (Brabec et al. 2002; Booth 
2005). 
 
A hydrologic regime that approximates pre-development conditions is important for protecting water 
quality and aquatic biological communities (Roy et al. 2006). Initial abstraction of rainfall by vegetation, 
surface storage, long subsurface flow paths, evapotranspiration, and deep percolation, which are 
associated with relatively undisturbed watersheds, often preclude flashy hydrology. Peak flows are often 
smaller as a significant proportion of precipitation is delayed or completely diverted from reaching the 
stream system. Base flows are usually higher because of the greater subsurface discharges during dry 
periods as a result of increased storm water infiltration and storage. 
 
Approximating the pre-development hydrology is not likely to be achieved with centralized controls (i.e., 
end-of-pipe retention/detention basins). However, on-site retention and infiltration is a realistic and 
potentially effective way to accomplish such an outcome (Andoh and Declerck 1997). With an on-site 
approach, storm water is managed near the area generating the runoff and infiltration is maximized. On-
site storm water management contrasts with centralized systems that collect runoff over a broad area, 
provide relatively little opportunity for infiltration and, consequently, must manage very large volumes. 
Individual on-site controls operate on a small scale, but systems are distributed to act collectively in 
managing runoff across a large area. Incentives, utilities, and market-based programs should be explored 
as a means to achieve more effective and ecologically meaningful storm water management. Parikh et al. 
(2005) provide an analysis of options for addressing storm water management in an environmentally and 
economically sustainable manner. 
 
On-site, or decentralized, storm water management increases infiltration and reduces runoff generation by 
decreasing imperviousness. That is accomplished through appropriate planning, such as that used for low 
impact development (LID), discussed in detail below. LID is based on maximizing contiguous open 
space, protecting sensitive areas—namely floodplains, ground water recharge areas, and wetlands—and 
preserving existing vegetation (especially trees). A Web-based resource for LID includes 
www.lowimpactdevelopment.org/. In LID, houses are closer to one another, roadways are narrower, and 
bioretention and infiltration techniques are used. LID reduces runoff and can provide cost savings in 
storm water infrastructure. Additional non-environmental benefits include a greater than average increase 
in property values. 
 
One potential barrier to LID is zoning ordinances that set minimum lot sizes. However, employing LID at 
the level needed to provide significant protections for the lower Grand River watershed requires action on 
the part of land planners, zoning officials, and developers. Serious communication between those groups 
and LID experts who can address the conditions of this basin is strongly recommended. 
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Watersheds that retain relatively large areas of forest are able to better mitigate the impacts of increasing 
imperviousness than those with little forest cover (Booth 2005). Procuring conservation easements and 
establishing parkland and nature preserves can help retain some of the existing forest cover and facilitate 
the conversion from open land to forest. Although land preservation alone is not likely to occur at a level 
necessary to mitigate development impacts, it will augment other measures that are taken (e.g., LID or 
discrete on-site storm water management). 
 
Even in areas that are not developed with LID, storm water abatement techniques that are employed in 
commercial developments and on individual residential parcels will provide protections to water quality. 
In particular, impervious surfaces associated with automobile traffic and parking lots often account for a 
very high proportion of the impervious surfaces in urban watersheds (University of Connecticut 
Extension, http://nemo.uconn.edu). 
 
At the scale of individual residences or business, storm water abatement techniques can be used that 
include diverting drainage from rooftops, driveways, and other impervious surfaces away from a 
centralized collection system (e.g., outlets to either curb-and-gutter drains or storm water sewer lines) and 
to permeable areas that can provide infiltration or temporary storage or both. Minimizing the extent of 
impervious surfaces by limiting their size or substituting them with permeable surfaces will also increase 
infiltration and detention for a property. Outreach and education activities are likely to result in some 
increase in that type of voluntary action taken by watershed residents, but to what extent would be very 
difficult to predict. Outreach efforts to landscape design and construction companies might also be 
beneficial because they can present options for enhanced storm water management to their prospective 
clients. 

11.2.1. Implementation of Flow Regime TMDLs 
Implementing the flow regime TMDLs will be based significantly on storm water retrofitting. Protection 
of unimpaired streams and high-quality areas draining to impaired streams will require additional 
considerations and potentially storm water regulations to address the need for flow volume reduction and 
protection of ground water base flow conditions during the development process. 
 
Developing effective storm water management strategies for the lower Grand River will be a key 
component to successfully implementing the lower Grand River TMDL. Significant investments are 
anticipated to evaluate, design, and construct structural and nonstructural storm water BMPs that improve 
water quality conditions surrounding documented problems. U.S. EPA‘s System for Urban Storm water 
Treatment and Analysis INtegration (SUSTAIN) is a model developed to support practitioners in 
developing cost-effective management plans for municipal storm water programs and evaluating and 
selecting BMPs to achieve water quality or hydrologic targets like those set by a TMDL. SUSTAIN was 
applied in the lower Grand River watershed to aid in development of an implementation plan for the 
TMDL. 
 
The SUSTAIN model was used in two locations in the lower Grand watershed, both in Lake County. A 
local workgroup was designated to help with model development, including representatives from Lake 
County and the Lake SWCD. SUSTAIN was applied to evaluate cost-effective combinations of BMPs 
that can achieve the lower Grand River flow regime TMDLs and protection strategies. Appendix J 
includes the full SUSTAIN report. 
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The primary objectives for the SUSTAIN application in the lower Grand River watershed is to model 
representative examples of the following: 

 A retrofit implementation plan with expected outcomes that can be used to achieve TMDL targets 
in impaired watersheds 

 Storm water management within an existing development that will aid in determining future land 
use planning and ordinance development needs to demonstrate how changes in storm water 
requirements can help protect unimpaired streams 

 

Storm Water Retrofitting 
Storm water retrofitting will be a significant component of implementation in the flow regime TMDL 
watersheds. The Concord Hills subdivision provides a representative example of an untreated, single-
family residential neighborhood—the predominant land use in the impaired watersheds. 
 
Results of the SUSTAIN model based on area of BMPs, are extrapolated for each of the flow-regime 
TMDL watersheds to provide an estimate of BMPs and associated costs that will be needed to implement 
the TMDLs in Big Creek (RM 16.0), Kellogg Creek (RM 3.3), and Red Creek (at outlet). Ohio EPA 
determined that Cemetery Creek (RM 2.1) was in non-attainment of its biocriteria because of flow 
alteration from urbanization, and thus, the creek was evaluated for this report. However, Ohio EPA plans 
to declare that location as impaired by natural conditions in the 2012 Integrated Report, and no TMDL 
has been completed. The results of the evaluations could still be used to mitigate the anthropogenic 
factors that detrimentally affect Cemetery Creek. The extrapolation was based on linearly upscaling the 
results from Concord Hills to the entire watershed area, minus forested areas and land cover that is 
indicated as water or wetlands. Table 11-3 summarizes the extrapolated results for each impaired 
watershed. Watershed areas that are identified as forested were assumed to be meeting the TMDL 
hydrologic targets and were disconnected to the existing storm water system and, therefore, not included 
in the extrapolation. The remaining watershed is assumed to be contributing to the stream with similar 
land uses and storm water management as the Concord Hills subdivision. 
 
Table 11-3. Extrapolated results based on Concord Hills 

BMPs Cemetery Creek  Big Creek Red Creek Kellogg Creek  
Porous pavement (acre) 0.0 2.8 21.6 11.3 
Block bioretention (acre)  7,433.7 0.05 0.4 0.2 
Rain garden (unit)  1,326 53 408 1,681 
Rain barrel (unit)  4,349 0.0 0.0 0.0 
Estimated Costs (2010) $1,454,580 $1,200,350 $9,284,150 $5,745,980 
 
County and local governments can use the results presented in Table 11-3 to inform watershed planning 
and TMDL implementation strategies at the local level. The extrapolated results provide for a cost-
effective combination of BMPs for specific watershed (e.g., Big Creek) that would meet flow regime 
TMDL requirements. Existing capital improvement plans should be evaluated to determine where 
existing opportunities exist. For example, because porous pavement and block bioretention have been 
identified as cost-effective retrofit practices, road and sidewalk replacement schedules should be 
evaluated for opportunities to install both of those practices. By leveraging existing opportunities, the 
additional costs to install BMPs will be the difference between the traditional practices and BMPs, for 
example the difference in cost associated with traditional asphalt and porous asphalt, which is not 
reflected in the Table 11-3. 
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Smaller scale retrofits such as rain barrels and rain gardens are often led by the local government, 
watershed, or soil and water conservation district through programmatic initiatives. TMDL 
implementation will rely on those entities to continue existing education programs on small-scale BMPs. 
In addition, a focused effort should be used to target the homeowners in the TMDL watersheds. Grant 
funding could be sought to conduct neighborhood retrofit programs and fund installation of multiple rain 
gardens and rain barrels. Rain barrels are available for purchase through both the Lake and Geauga 
SWCDs. 
 
A photograph of a rain garden is shown in 
Figure 11-1 and example rain garden programs 
include the following:  

 Central Ohio Rain Garden Initiative 
http://www.centralohioraingardens.org/;   

 Maplewood, Minnesota Rain Garden 
Program,http://ci.maplewood.mn.us/ind
ex.aspx?NID=456;   

 Metro Blooms 
http://metroblooms.org/neighborhood-
of-gardens.php#subsection2 . 

 
Figure 11-1. Example of a rain garden. 

 

Land Use Planning Controls 
Protecting streams from degradation under future land uses will also be critical to ensure that the impaired 
streams are not further degraded and that unimpaired streams are protected. The Protection Strategies in 
Section 10 identify key streams that are unimpaired but are in areas that are likely to be threatened by 
development in the next 30 years. 

Comparison between Existing Storm Water Requirements and TMDL Requirements 

The Summerwood subdivision provides a representative example of expected future land uses and the 
current level of treatment required as part of the construction storm water permitting process. The 
subdivision is designed as a conservation development and includes a cluster of homes surrounded by 
large forested and natural areas. The SUSTAIN analysis did not take into account the disconnected 
natural areas. 
 
An evaluation was completed of the storm water treatment provided in the Summerwood subdivision 
versus the requirements of the TMDL. The purpose of that evaluation is to compare the results of storm 
water regulations at the time of the subdivision‘s development to those that would be needed to 
effectively implement the TMDL. An existing condition model was developed for the subdivision that 
included the two existing detention ponds. SUSTAIN was then run to determine what additional practices 
were most cost-effective to achieve the TMDL targets. Table 11-4 presents the comparison between the 
existing subdivision conditions and the four selected solutions. One of the detention ponds in the 
subdivision was modeled to include a small amount of infiltration according to field observations. That 
infiltration volume, in combination with estimated evapotranspiration, accounts for 5.3 percent reduction 
in flow volume with roughly half of that reduction translating to ground water recharge (2.9 percent). The 
total flow volume reduction is the sum of ground water recharge and evapotranspiration. For example, the 
16 percent flow volume reduction scenario is divided into ground water recharge equal to 14.3 percent of 
flow volume reduction and evapotranspiration equal to 1.7 percent of flow volume reduction, resulting in 
ground water recharge accounting for 89 percent of the flow volume reduction. Ground water recharge 
accounts for 64–89 percent of the flow volume reduction for the selected solutions. 
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Table 11-4. Comparison of existing conditions to TMDL requirements, Summerwood results 

Comparison metric 
Existing 

conditions 
Proposed conditions at various 

flow volume reduction percentages 
Flow Volume Reduction (%) 5.3% 8% 13% 16% 23% 
Costs (2010 $)

a
/acre $0 $249.49 $1,169.13 $1,737.35 $3,024.08 

Peak Flow Reduction (%) 59.3% 59.3% 59.7% 59.7% 60.2% 
Ground water Recharge (%) 2.9% 5.1% 10.7% 14.3% 20.1% 
a. Costs do not include existing conditions 
 

The selected solutions provide a summary of the SUSTAIN results that can be applied to other watersheds 
on the basis of flow volume reduction targets. For example, in the Big Creek watershed (upstream of RM 
16.0, which requires a flow volume reduction of 15 percent), compliance with the TMDL could be 
achieved by implementing the suite of BMPs identified in the 16 percent flow volume reduction scenario 
for a cost of approximately $1,737 per acre, resulting in increased ground water recharge of 14.3 percent. 

Comparison with Ohio EPA General Construction Requirements 

Concord Hills subdivision results were compared to Ohio EPA‘s General Construction Storm water 
permit water quality standards (Ohio EPA 2008) using the SUSTAIN results. The General Permit requires 
a treated water quality volume (WQv) equal to the runoff associated with a 0.75-inch rainfall event. That 
translates to 1.6 acre-feet for the Concord Hills subdivision using the rational method as described in 
Ohio EPA‘s General Construction Storm water Permit. Table 11-5 summarizes the comparison between 
Ohio EPA‘s WQv and the SUSTAIN results. The BMP volumes associated with each of the flow volume 
reduction targets are all less than the WQv required by Ohio EPA. That indicates that only a portion of the 
existing required WQv would need to be converted to an infiltration requirement. 
 
Table 11-5. Comparison of Ohio EPA’s WQv and BMP volume, Concord Hills 

Flow volume reduction target 
SUSTAIN BMP volume 

(acre-feet) 
Ohio EPA’s WQv 

(acre-feet) a 
7% 0.32 

1.6 15% 0.74 
20% 0.94 

a. Determined using the rational method for the Concord Hills subdivision 
 

Potential Storm Water Regulations 

In addition to retrofitting areas that have some form of water quality treatment, infiltration is also needed. 
Two types of infiltration standards could be considered. 
 
A standard could be used that would require all new development to meet pre-settlement hydrology 
(typically forested) for both flow and volume. At least 80 percent of the required flow volume reduction 
(the difference in flow volume between pre- and post-development scenario) should be through 
infiltration to ensure ground water recharge. The pre-settlement condition is conservative in that the 
reference streams presented in the TMDL include some level of development. However, that conservative 
requirement will allow for an additional MOS for the downstream receiving water because failure of 
infiltration practices is frequently documented. Such a standard is more difficult to implement because it 
requires pre- and post-development site modeling to determine compliance. 
 
A standard could also be developed similar to the existing Ohio EPA WQv that would require a portion of 
that WQv to be infiltrated. For example, a numeric standard could state that the applicant is required to 
infiltrate the runoff associated with a certain depth of runoff over the proposed site. Analysis to determine 
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that specific volume is beyond the scope of this study and will be dependent on the downstream receiving 
waterbody and the associated TMDL requirements. Such a standard is simple to implement, although it 
does not take into account different conditions that influence storm water infiltration such as soil type, 
geology, and depth to the water table. 

11.3. Agricultural Land Uses 
Major sources of impairment associated with agriculture include habitat alteration, nutrient enrichment, 
and flow alteration. In general, BMPs used by farmers can make significant positive improvements on the 
impacts typically caused by agriculture. 

Nursery/Vineyard 
A large number of nurseries and vineyards are in the lower watershed because of unique climate 
conditions associated with Lake Erie. Proper management of wastewater and storm water is needed to 
prevent negative water quality impacts. 

Livestock Operations 
Pathogen contamination from livestock manure can be reduced by fencing or other exclusion practices 
that limit or deny livestock access to streams. Proper manure handling and storage reduces runoff 
contamination and is achieved through constructing adequate storage facilities and storm water controls. 
Manure that is land applied should be done so according to guidance from the NRCS and applicable 
standards (Standard 633) or a Comprehensive Nutrient Management Plan that is specific to an operation. 
Manure discharges occurring through subsurface drainage tiles after field application can often be 
avoided if drainage water management control structures are in place. NRCS conservation practices that 
are appropriate for abating that source of pollution include Livestock Use Exclusion (472), Waste 
utilization (633), Nutrient Management (590), Watering Facility (614), Waste Storage Facility (313), and 
Drainage Water Management (554). 
 
Composting manures could also be a viable way to use livestock waste and reduce the threat to water 
quality. Stabilizing the manure materials during the composting process and properly handling and 
storing the material reduces the risk of pollutant loading via storm water runoff. More information 
regarding composting is on the Ohio Composting and Manure Management Program‘s website, 
http://www.oardc.ohio-state.edu/ocamm/. 

Agricultural Farming Practices 
In the lower Grand River watershed, degraded stream habitat is primarily the result of channelization and 
ongoing maintenance activities carried out to improve water conveyance. Those activities are related to 
agricultural drainage improvements; however, channelization is also in urban areas where buildings and 
other infrastructure lie in close proximity to the streams. 
 
Habitat is also impaired or threatened by channel instability resulting from altered hydrology. In 
agricultural areas, practices specifically designed to increase drainage efficiency (e.g., subsurface 
drainage, channelization) and unintended impacts of farming (e.g., soil compaction, poor vegetative 
cover) increase storm flows. Efficient drainage also results in more extreme and more frequent low-flow 
conditions. That diminishes the capacity of the system to assimilate pollutants and support diverse aquatic 
communities. 
 
For more specific agricultural implementation actions, see Appendix I. 
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11.4. Recommended Implementation Actions by Subwatershed 
Major causes of impairment included flow alteration, pollutants associated with urban storm water, 
siltation, direct habitat alteration, nutrients, and bacteria. Practices that can help to reduce those 
pollutants, along with targeted areas for those practices, are listed in Table 11-6. 
 
The NPDES storm water permit program can be used to address some of the causes of impairment. In 
particular, discharges from construction activity associated with new development and redevelopment that 
disturbs one or more acres of land, storm water discharges from industrial sites, and discharges from 
MS4s in urbanized areas of the watershed are subject to NPDES permitting. Ohio EPA may choose to 
incorporate BMP requirements within existing general permits or issue a watershed-specific general 
permit to address sources or causes of impairment. Permits for storm water discharges associated with 
construction activities should focus on the implementation of LID and green infrastructure BMPs that 
promote on-site retention, infiltration, harvesting and reuse of storm water. Permits for MS4s can require 
retrofitting municipal properties and other existing developed areas in public rights of way with those 
types of BMPs. MS4 permits can also encourage changes to planning and zoning codes that lead to better 
site design, e.g., adoption of riparian setbacks, promotion of conservation subdivision design, reduced 
roadway widths and updated parking lot codes, alternative cul-de-sac designs that make use of 
bioretention or permeable pavement, and policies that promote smart growth rather than urban sprawl 
such as incentives for infill development and redevelopment in existing developed areas. 
 
Table 11-6. Practices recommended to reduce pollutants causing ALU and recreation use impairments 

Cause of impairment 
(source of impairment) Target areas Applicable practices 
Flow alteration (urban 
runoff, storm sewers) 

Entire 
watershed 

 Install BMPs that retain storm water on-site or infiltrate it. Examples 
include 
o Bioretention cells and rain gardens 
o Dry enhanced swales (bioswales) 
o Pervious pavement 
o Rain barrels and cisterns 
o Green roofs 
o Infiltration trenches and dry wells 
o Vegetated filter strips 
o Soil amendment 
o Allow rooftop disconnection 
o Site reforestation 

 Adopt better site design practices 
o Preserve riparian buffers and other important natural areas 
o Promote conservation subdivision design 
o Minimize clearing and grading limits 
o Reduce roadway widths and allow alternative cul-de-sac 

designs 
o Provide incentives for infill development, redevelopment within 

existing developed areas and development near hubs of public 
transportation 

o Allow meadow grasses or no-mow grasses in open spaces 
Pollutants associated with 
urban storm water (urban 
runoff, storm sewers) 

Entire 
watershed 

 Install post-construction BMPs capable of settling, infiltrating, 
filtering or otherwise treating pollutants. Examples include 
o Bioretention cells and rain gardens 
o Dry enhanced swales (bioswales) 
o Pervious pavement 
o Infiltration trenches 
o Sand and other media filtration 
o Vegetated filter strips 
o Constructed and pocket wetlands 
o Wet or dry extended detention basins 
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Cause of impairment 
(source of impairment) Target areas Applicable practices 
Siltation (agricultural 
channelization) 

Peters 
Creek-Mill 
Creek (04 
02) 

 Install BMPs that reduce sediment runoff. Examples include 
o Install grassed waterways 
o Install vegetated buffer areas/strips 
o Implement conservation tillage practices 
o Install two-stage or over-wide ditches where practical 

Nutrients (agriculture, 
urban runoff/storm sewers) 
Note: used as surrogate 
for siltation (Mill Creek) 
and pollutants associated 
with urban storm water 
(Red Creek) 

Mill Creek 
(04 02) 
Red Creek 
(06 07) 

 Reduce runoff from farm fields carrying nutrients. Examples include 
o Plant cover/manure crops 
o Conduct soil testing 
o Develop nutrient management plans 

 Reduce runoff from urban areas carrying nutrients. Examples 
include 
o Treatment-based BMPs, such as bioretention, constructed and 

pocket wetlands, enhanced swales, infiltration trenches and 
manufactured BMP systems based on filtration and infiltration 
treatment modes 

o Flow-reduction BMPs, such as pervious pavement, rain barrels 
and cisterns, green roofs, bioretention and infiltration trenches 

o Encourage use of low-mow or meadow grasses in common 
areas and open spaces rather than requiring a manicured turf 
lawn 

o Adopt BMPs for fertilizer storage and application at municipal 
operations 

Bacteria (failing HSTS, 
urban runoff/storm sewers, 
agriculture, livestock 
operations) 

Entire 
watershed 

 Inspect HSTS 
 Replace or repair failing HSTS 
 Reduce runoff from farm fields spread with manure by 

implementing runoff-reducing BMPs. Examples include 
o Planting trees or shrubs in riparian areas 
o Implementing a nutrient management plan 
o Using NRCS practice 633 
o Using wetlands near streams for treating runoff before entering 

streams 
 Ensure that livestock does not have access to streams. Install 

alternative water supplies where necessary. 
 Use manure management BMPs on farms. 
 Reduce storm runoff through storm water BMPs that treat runoff 

before it enters a stream. Examples include 
o Treatment-based BMPs, such as bioretention, sand filters and 

wet extended detention basins designed to avoid attracting 
waterfowl 

o Flow-reduction BMPs, such as infiltration trenches and basins, 
pervious pavement 

 

11.4.1. Cemetery Creek 
Cemetery Creek at two sites was identified as impaired for ALU during the 2003–2004 field survey. 
Cemetery Creek downstream of the Jefferson WWTP outfall (at RM 1.2) was identified as impaired by 
organic enrichment and unknown toxicity from a faulty sanitary pump station in Jefferson. The upstream 
site (at RM 2.1/2.4) was impaired from flow alteration from urban runoff. 
 
Since the 2003–2004 survey, the sanitary pump station has been fixed. To measure the improvement and 
determine the current situation, Ohio EPA returned to both sites on Cemetery Creek in 2011 and sampled 
fish, macroinvertebrates, and habitat. The results show that at the downstream site on Cemetery Creek, 
the creek is now in partial attainment of ALU goals; at the upstream site, it is still in non-attainment. The 
causes and sources have changed. Although some minor signs of nutrient enrichment were noted, the 
primary cause of impairment at the downstream site is unknown toxicity from the WWTP (likely from 
residual chlorine). Evidence of that conclusion includes the high contribution of effluent flow to the total 
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stream flow under critical low-flow conditions, the lack of automated controls for deactivation of the 
residual chlorine during times of less use, and the lack of or low abundances of sensitive fish and 
macroinvertebrate species in the aquatic community. At the upstream site, impairment is due to natural 
causes (flow or habitat) and natural sources. Table 1-1 reflects the new findings. 
 
Ohio EPA will work with the Jefferson WWTP to determine the cause of toxicity and address it through 
permitted means. It is likely that the WWTP will need to eliminate its chlorine disinfection system and 
install ultraviolet disinfection as part of a compliance schedule in the next permit renewal (2015). 
 
Once the toxicity at the WWTP has been addressed, it is possible that issues from nutrient enrichment 
could become evident in the biology in the stream. Further sampling of the stream would be necessary to 
determine whether nutrient enrichment was occurring and causing biological impairment. 

11.4.2. Brightwood Lake 
Brightwood Lake, along Kellogg Creek, has experienced severe volume loss because of sedimentation. 
Because of the algae, sedimentation, and fish barrier issues associated with the lake, removal or 
significant alteration of the dam and impoundment to re-naturalize the stream would result in significant 
improvement in the integrity of the biological community in the stream. 
 
Local residents and township and county officials began to develop plans to restore Brightwood Lake via 
dredging in the 1990s. In 2001 Lake County applied for assistance through the Water Pollution Control 
Loan Fund for the planning, design, and implementation of a dredging project. However, the project did 
not go forward. 
 
In 2004 Ohio Department of Natural Resources (DNR) Division of Water Dam Safety Program inspected 
the Brightwood Lake Dam. The dam inspection found that the dam met the criteria to be considered a 
Class 1 dam according to downstream land use that indicates that failure of the dam could cause loss of 
life. The inspection noted several deficiencies in the integrity and maintenance of the structure and called 
for the corrections of those deficiencies by 2009 to meet applicable safety standards. Since then, the Lake 
County Storm Water Utility commissioned a study to determine the scope of work that would need to be 
done to upgrade the dam and the potential associated costs. The study estimated that the costs to upgrade 
the dam to meet the Class 1 safety standards would range from $2.5 to $5.0 million (Keith Jones, Lake 
County Storm Water Utility, personal communication). Rather than upgrading the dam, the county used 
federal funding to purchase homes in danger of a flood if the dam were to fail. Those homes were 
removed, and the land surrounding the dam stabilized, which lowered the dam classification. 
 
After the Lake County Storm Water Utility study, Congress authorized the U.S. Army Corps of Engineers 
(Corps) to conduct a dam rehabilitation study as part of Section 5003 of the Water Resources 
Development Act (WRDA) of 2007. However, no money has yet been appropriated for the study. The 
Lake County Storm Water Utility has also met with the Corps and congressional representatives regarding 
the application for funding under Section 206 of the WRDA to conduct an aquatic ecosystem restoration 
study. Funding has not yet been allocated for the project. Section 206 studies are conducted to determine 
if an ecosystem restoration project is justified on the basis of environmental, economic, and engineering 
considerations. Further information regarding the potential study is on the Corps‘ website: 
https://sharedocs2.lrb.usace.army.mil/docushare/dsweb/View/Collection-813. 
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11.5. Reasonable Assurances 
The recommendations made in this TMDL report will be carried out if the appropriate entities work to 
implement them. In particular, activities that do not fall under regulatory authority require that there be a 
committed effort by state and local agencies, governments, and private groups to carry out or facilitate 
such actions. The availability of adequate resources is also imperative for successful implementation. 
 
When a TMDL is developed for waters impaired by point sources only, the issuance of an NPDES 
permit(s) provides the reasonable assurance that the WLAs in the TMDL will be achieved. That is 
because Title 40 of the Code of Federal Regulations section 122.44(d)(1)(vii)(B) requires that effluent 
limits in permits be consistent with the assumptions and requirements of any available WLA in an 
approved TMDL. 
 
When a TMDL is developed for waters impaired by both point and nonpoint sources, and the WLA is 
based on an assumption that nonpoint source load reductions will occur, U.S. EPA‘s 1991 TMDL 
guidance states that the TMDL should provide reasonable assurances that nonpoint source control 
measures will achieve expected load reductions. To that end, Appendix I discusses organizations and 
programs that have an important role or can provide assistance for meeting the goals and 
recommendations of this TMDL. Efforts specific to this watershed are described in this section. 

11.5.1. Local Zoning and Regional Planning 
Lake County developed riparian setbacks as part of subdivision regulations for the planning commission 
(http://www.lakecountyohio.gov/LinkClick.aspx?fileticket=%2f%2fAymJP7Idc%3d&tabid=846). Two 
townships have adopted riparian setbacks into their zoning codes:  Leroy Township 
(http://www.leroyohio.com/pdfs/zoningregulations/Section%2031.pdf), and Madison Township 
(http://www.madisontownship.net/documents/Zonebook/123RiparianSetbacks.html). The township 
ordinances have special conditions for Class III primary headwater habitat (PHWH) streams. Such 
ordinances are recommended for other jurisdictions. 
 
A high prevalence of Class III PHWH and CWH streams is in the watershed, so there is a need for 
protection of stream corridors and ground water recharge areas to protect those uses and the EWH, 
superior high quality water Grand River mainstem. 
 
Thompson Township in Geauga County has adopted riparian setbacks within its local zoning code. The 
planning commission has a Model Township Zoning Resolution on its website that has a riparian setback 
section (Article XV). Ohio EPA recommends that Geauga County communities adopt that model 
resolution if they have not done so already. The model zoning resolution is at 
http://www.co.geauga.oh.us/Departments/PlanningCommission/Main.aspx. 
 
In addition, the County Subdivision Regulations allow conservation subdivision design as an option. The 
wetland and riparian areas in subdivisions that elect to use the option are often in protected open space 
areas of the site. 

11.5.2. Local Watershed Groups 
Grand River Partners, Inc., formerly the local watershed preservation organization, officially merged with 
the Western Reserve Land Conservancy in December 2009. Western Reserve Land Conservancy 
(WRLC) is a nonprofit conservation organization dedicated to preserving the natural resources of 
northern Ohio. It works with landowners, communities, government agencies, park systems and other 
nonprofit organizations to permanently protect natural areas and farmland, primarily through conservation 
easements. WRLC‘s stated mission is to seek to ―preserve the scenic beauty, rural character, and natural 
resources of northern Ohio‖ (http://www.wrlandconservancy.org/index.html). 
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As an individual organization, Grand River Partners, Inc., received conditional endorsement for a 
Watershed Action Plan (WAP) for the lower Grand River watershed. Many of the implementation 
recommendations discussed in the lower Grand River TMDL report match the recommendations of the 
WAP. The WAP would be considered for updating following the approval of the TMDL report. WRLC 
expects to apply for a grant in 2012 to implement some water quality improvement measures. 

11.5.3. Other Sources of Funding and Special Projects 
A Clean Water Act section 319 project grant was awarded to the Western Reserve Land Conservancy in 
July 2007. The original purpose was to create conservation easements in the Rocky River watershed to 
the west of the Grand River watershed. However, because of some difficulties encountered with the 
easements, the original work plan was modified to include some restoration and easement work in the 
Grand River watershed (in the Mill Creek subwatershed). 
 
The following text is from the final report on the completed 319-funded work: 

The Lampson Lake Reservoir project site is a 94-acre property on which the 22-acre Lampson Lake 
Reservoir sits. This reservoir was the former drinking source for the Village of Jefferson. The earthen 
dam that was constructed to create the reservoir was on the verge of failing and threatening to impact 
downstream Warm Water Habitat in Mill Creek. Breaching the earthen dam restored 16 acres of 
emergent wetland habitat while also restoring hydrologic connections to Mill Creek. Over 65 acres of 
the property are located within the floodplain and the property contains approximately 3,800 linear 
feet of Mill Creek and significant headwater wetland and stream habitat. In addition to the restoration 
of the reservoir, the Land Conservancy purchased a conservation easement…to permanently preserve 
the stream habitat as well as an additional 40 acres of wetland habitat on site. 

 
When finished in March 2011, the project had restored 15.8 acres of wetlands and conservation easements 
that included 3,800 linear feet of mainstem, 40 acres of wetlands and 53.7 acres of non-wetland land. An 
additional easement in the Mill Creek subwatershed included 1,680 linear feet of tributary stream, 600 
feet of mainstem, 6 acres of wetlands and 13 acres of non-wetland land. 

11.5.4. Past and Ongoing Water Resource Evaluation 
Ohio EPA conducted water quality surveys in the Grand River watershed in 1987, 1995, and 2003–2004 
(Ohio EPA 1987, 1997, 2006a). Ohio EPA performed biological, water quality, habitat, and sediment 
chemistry in the four assessment units making up the upper Grand River watershed (WAUs 04110004 
010, 020, 030, and 040) in 2007 (Ohio EPA 2006b). WAUs 04110004 050 and 060 (the subjects of this 
TMDL) are scheduled to be reassessed in 2014 (Ohio EPA 2006b). 
 
Past and continued monitoring in the watershed includes ambient water quality monitoring by Ohio EPA, 
compliance sampling at NPDES permitted wastewater treatment facilities, self-monitoring by NPDES 
permitted facilities, Ohio DNR water quality monitoring programs associated with the State Scenic Rivers 
Program, flow monitoring by USGS, and local monitoring efforts. 
 
Ohio EPA collects quarterly ambient water quality samples from a National Ambient Water Quality 
Monitoring site at RM 8.45 of the Grand River. Ambient water quality data can also be collected as 
needed at any time in response to complaints, spills, or to support other federal, state, or local agencies. 
Routine compliance monitoring of selected NPDES permitted dischargers is conducted in the watershed 
on roughly a 5-year rotation. Compliance sampling can be conducted at any time as needed to support 
enforcement activities related to the NPDES program. 
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All NPDES-permitted wastewater treatment facilities are required to routinely sample their effluent as a 
condition of their permits. Monitoring parameters and frequencies vary and are dictated by individual 
permit requirements according to pollutants of concern, plant design flow, and other considerations. In 
many cases, entities are also required to collect ambient water quality samples upstream and downstream 
of their discharge location to provide data regarding potential effects on stream water quality. NPDES-
permitted dischargers are required to report their self-monitoring results to Ohio EPA monthly as a 
condition of their permits. 
 
Much of the Grand River within the study area for this TMDL is designated as a State Wild and Scenic 
River managed by the Scenic Rivers Program of Ohio DNR‘s Division of Watercraft. The Ohio DNR 
Scenic Rivers Program has developed a volunteer monitoring program in conjunction with the scenic 
rivers program to track water quality in the river. Additional information regarding the program is on the 
Ohio DNR Web page 
http://www.dnr.state.oh.us/Home/Scenic_Rivers/sqm/sqm_main/tabid/980/Default.aspx. 
 
The U.S. Fish and Wildlife Service routinely surveys the lower Grand River to track populations of sea 
lampreys (Petromyzon marinus). The monitoring is done in conjunction with the sea lamprey control 
program of the Great Lakes Fisheries Commission. Impacts of sea lamprey control treatments on non-
target organisms are monitored by the U.S. Fish and Wildlife Service with the assistance of local and state 
agencies, including Ohio EPA and Ohio DNR, during times when sea lamprey control treatments are 
being implemented. More information regarding the sea lamprey control program is at 
http://www.glfc.org/lampcon.php. 
 
The Lake SWCD instituted a program to survey all headwater streams in Lake County in 2001. Since 
then, SWCD staff members have completed work in subwatersheds in the Grand River watershed in Lake 
County, providing data for more than 600 sites. The program goal is to provide credible habitat and 
biological data for all streams meeting the definition of PHWH. The PHWH evaluations, used in 
conjunction with Ohio EPA monitoring data, provide a watershed evaluation tool that resource managers 
can use to conduct community planning and to target restoration and watershed protection strategies. For 
more information regarding the program, see the Lake SWCD Web page: 
http://www.lakecountyohio.gov/swcd/Landowners/Streams/HeadwaterStreams/tabid/627/Default.aspx. 
Information regarding the PHWH program at the Ohio EPA is on Ohio EPA‘s Web page: 
http://www.epa.ohio.gov/dsw/wqs/headwaters/index.aspx. 
 
Other local, nonprofit, and academic institutions that are active in monitoring the health of the Grand 
River watershed include Lake County Metroparks, Geauga County Parks, the Cleveland Museum of 
Natural History, Heidelberg College, The Ohio State University, Lake Erie College, Grand River 
Partners, Inc., and the Nature Conservancy. 
 
When opportunities to gather additional data arise, early communications should take place between Ohio 
EPA and any potential collaborators to discuss research interests and objectives. Areas of overlap should 
be identified, and ways to make all parties research efforts more efficient should be discussed. Ultimately, 
important questions can be addressed by working collectively and through pooling resources, knowledge 
and data. 

11.5.5. Revisions to the Improvement Strategy 
The lower Grand River watershed would benefit from an adaptive management approach to restoring 
water quality. An adaptive management approach allows for changes in the management strategy if 
environmental indicators suggest that the current strategy is inadequate or ineffective. Adaptive 
management is recognized as a viable strategy for managing natural resources (Baydack et al. 1999). 
 

RB-AR38959

http://www.dnr.state.oh.us/Home/Scenic_Rivers/sqm/sqm_main/tabid/980/Default.aspx
http://www.glfc.org/lampcon.php
http://www.lakecountyohio.gov/swcd/Landowners/Streams/HeadwaterStreams/tabid/627/Default.aspx
http://www.epa.ohio.gov/dsw/wqs/headwaters/index.aspx


Lower Grand River Watershed TMDL  September 30, 2011 
Public Review Draft 

182 
 

If chemical water quality does not show improvement or waterbodies are still not attaining water quality 
standards after the improvement strategy has been carried out, a TMDL revision would be initiated. Ohio 
EPA would initiate the revision if no other parties wish to do so. 
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12. Public Participation 
Public involvement is fundamental to the success of water restoration projects, including TMDL efforts. 
From the beginning, Ohio EPA has invited participation in all aspects of the TMDL program. Ohio EPA 
convened an external advisory group in 1998 to help the agency develop the TMDL program in Ohio. In 
July 2000 the advisory group issued a report to the director of Ohio EPA on its findings and 
recommendations. The lower Grand River watershed TMDL project has been completed using the 
process endorsed by the advisory group. 
 
On October 3, 2005, the lower Grand River TMDL project began with a meeting of interested parties to 
discuss Ohio EPA‘s findings, to get input on threats to the basin, and to discuss how to address the 
increasing threat of imperviousness in the basin in the TMDL report. The meeting included 
representatives from Ohio EPA, Ohio DNR, USGS, Lake County Park System, Lake SWCD, and The 
Nature Conservancy. 
 
On May 3, 2006, a public meeting was held to present the findings of the 2003–2004 Ohio EPA water 
quality survey and the draft TMDL reports for the lower Grand River and Mill Creek Assessment Units. 
Representatives of Ohio EPA and from the Grand River Partners, Inc. (GRPI) presented the findings of 
the biological, chemical and bacteria sampling and provided an overview of the TMDL process. The 
WAP being prepared by under a Clean Water Act section 319 nonpoint pollution control grant was also 
presented by a representative of GRPI. Although the meeting was advertised as widely as possible, it was 
sparsely attended. To reach as wide an audience of interested parties as possible, a second presentation of 
the findings and the draft TMDL report was presented to a meeting of GRPI held at Camp Beaumont on 
June 13, 2006. Approximately 30 people, representing various local pollution control and conservation 
agencies, nonprofit groups, and the general public attended the second meeting. 
 
On January 23, 2007, GRPI hosted a meeting to explain the process for completing TMDLs and to 
discuss initial ideas for restoring water quality and addressing future threats to water quality in the 
watershed. Protection of riparian corridors and high-quality beneficial uses from development pressures 
were stressed by participants. 
 
On January 20, 2011, the Lake County Storm Water Management Department hosted a meeting to 
introduce SUSTAIN to local practitioners and stakeholders and to discuss candidate projects. 
 
The Northeast Ohio Storm Water Training Council has organized a number of workshops targeting MS4 
program managers, municipal engineers and consulting engineers from across the region to educate them 
about post-construction BMPs. The council has always emphasized the benefits of LID practices rather 
than conventional BMPs like detention basins. The council consists of Ohio EPA and many other 
agencies such as SWCDs, Chagrin River Watershed Partners, Cleveland State University, the Northeast 
Ohio Regional Sewer District, U.S. EPA, and the Northeast Ohio Areawide Coordinating Agency. Past 
workshops consisted of the following: 

 October 25, 2007:  Proven Post-Construction Storm Water Practices for Small Drainage 
Areas 

 December 12, 2007:  Non-Structural Post-Construction BMPs from a Planning and Zoning 
Perspective 

 February 13, 2008:  Structural and Non-Structural Post-Construction BMP Case Studies 
 August 5, 2009:  Storm Water System Design and Performance:  Research from the 

University of New Hampshire Storm water Center 
 November 9, 2009:  Green Infrastructure in NE Ohio 
 September 16, 2010:  Tour of Post-Construction BMPs and Long-Term Maintenance 

Considerations 
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 November 3, 2010:  Storm Water System Design and Performance 2:  More Research from 
the University of New Hampshire Storm water Center 

 
Consistent with Ohio‘s Continuous Planning Process, the draft TMDL report will be available for public 
comment from October 12 through November 14, 2011. A copy of the draft report will be posted on Ohio 
EPA‘s website, http://www.epa.ohio.gov/dsw/tmdl/index.aspx. 
 
Continued public involvement is essential to the success of any TMDL project. Ohio EPA will continue 
to support the implementation process and facilitate, to the fullest extent possible, restoration actions that 
are acceptable to the communities and stakeholders in the study area and to Ohio EPA. Ohio EPA is 
reluctant to rely solely on regulatory actions and strongly upholds the need for voluntary actions 
facilitated by the local stakeholders, watershed organization, and agency partners to restore the lower 
Grand River watershed. 
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BALLONA CREEK TRASH CALCULATIONS 

June 6, 2012 Page 1 of 3 

This table shows the square mileage for “high density residential”, “low density residential”, “commercial and services”, “industrial”, 
“public facilities”, “educational institutions”, “military institutions”, “transportation and utilities”, “mixed urban”, “open space and 
recreation”, “agriculture” and “water” land uses for every city and incorporated areas in the watershed.  The “water” land use of water 
is not in itself a source of trash, and will therefore not receive an allocation.  For cities that are only partially located on the watershed, 
the square mileage indicated is for the portion located in the watershed. 

 

SQUARE MILEAGE ESTIMATED FOR EACH LAND USE FOR CITIES IN THE WATERSHED, AND FOR UNINCORPORATED AREAS. 
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Beverly Hills 2.89 1.62 0.61 0.00 0.07 0.09 0.00 0.01 0.01 0.37 0.00 0.00 5.67 
Culver City 2.51 0.01 0.98 0.63 0.11 0.15 0.00 0.17 0.01 0.37 0.00 0.13 5.06 
Inglewood 1.89 0.00 0.30 0.24 0.08 0.09 0.01 0.14 0.01 0.27 0.00 0.00 3.02 

Los Angeles, City of 60.15 2.52 10.87 2.96 2.22 2.91 0.00 2.33 0.94 19.25 0.03 0.56 104.72 
Los Angeles, County of 2.42 0.00 0.17 1.20 0.58 0.14 0.02 0.09 0.02 1.46 0.00 0.04 6.14 

Santa Monica 0.25 0.00 0.04 0.06 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.42 
West Hollywood 1.24 0.00 0.52 0.03 0.04 0.01 0.00 0.02 0.00 0.02 0.00 0.00 1.88 

Totals 71.34 4.16 13.49 5.12 3.09 3.40 0.03 2.81 0.98 21.74 0.03 0.72 126.90 
 

RB-AR38990



BALLONA CREEK TRASH CALCULATIONS 

June 6, 2012 Page 2 of 3 

CALCULATION OF TRASH GENERATION RATES PER LAND USE 
 
 

Baseline Waste Load Allocation per City = Ʃ Land Use Area x Trash Generation Rate (TGR) 
 

Land Use 
Drainage 

Area* Trash (lbs) TGR TGR 

(acres) 2003-04* 2004-05* Average (lbs) (lbs/acre) (lbs/sq mi) 
Commenrcial 116.5 1726 1697 1711 14.69 9401 
Industrial 145.3 897 1279 1088 7.49 4793 
High Density Single Family Residential 140.2 1250 1444 1347 9.61 6149 
Low Density Single Family Residential 83.2 4439 1858 3149 37.85 24221 
Open Space & Parks  26.4 790 673 732 27.71 17735 

Total 511.6 9103.18 6950.38 8026.78 15.69 10041 
* Data provided by the City of Los Angeles, Baseline Monitoring Data for the Ballona Creek Watershed 

 
 

Land Use 
Drainage 

Area* Trash (gallons) TGR TGR 

(acres) 2003-04* 2004-05 Average (gallons) (gals/acre) (gals/sq mi) 
Commenrcial 116.5 1287 -- 1287 11.05 7071 
Industrial 145.3 720 -- 720 4.96 3173 
High Density Single Family Residential 140.2 903 -- 903 6.44 4121 
Low Density Single Family Residential 83.2 1960 -- 1960 23.56 15078 
Open Space & Parks  26.4 411 -- 411 15.56 9961 

Total 511.6 5281 -- 5281 10.32 6607 
* Data provided by the City of Los Angeles, Baseline Monitoring Data for the Ballona Creek Watershed 
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This table shows the Waste Load Allocations for trash per land use in each city based on square mileage.  The “water” land use of 
water is not in itself a source of trash, and therefore water did not receive an allocation.  Contributions from Military Institutions were 
not included in the Waste Load Allocations of the cities that had this land use.  For cities that are only partially located on the 
watershed, the square mileage indicated is for the portion located in the watershed. 

 
WASTE LOAD ALLOCATIONS FOR TRASH PER LAND USE IN EACH CITY (POUNDS OF TRASH) 
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Beverly Hills 17758 39335 5725 0 326 874 0 62 34 6597 0 0 70712 
Culver City 15433 315 9175 3005 503 1410 0 796 53 6580 0 0 37271 
Inglewood 11597 0 2820 1150 393 827 0 661 34 4842 0 0 22324 
Los Angeles, City of 369874 60989 102181 14178 10631 27348 0 11158 4486 341307 568 0 942720 
Los Angeles, County of 14855 24 1626 5752 2775 1335 0 431 72 25822 0 0 52693 
Santa Monica 1543 0 395 288 5 9 0 268 0 71 0 0 2579 
West Hollywood 7606 48 4898 144 182 132 0 72 10 319 0 0 13411 

 

WASTE LOAD ALLOCATIONS FOR TRASH PER LAND USE IN EACH CITY (GALLONS OF UNCOMPRESSED VOLUME) 
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Beverly Hills 11901 24486 4306 0 216 658 0 41 22 3705 0 0 45336 
Culver City 10344 196 6901 1989 333 1061 0 527 35 3695 0 0 25081 
Inglewood 7772 0 2121 762 260 622 0 438 22 2719 0 0 14717 
Los Angeles, City of 247893 37966 76850 9386 7038 20568 0 7387 2970 191692 319 0 602068 
Los Angeles, County of 9956 15 1223 3808 1837 1004 0 286 48 14503 0 0 32679 
Santa Monica 1034 0 297 190 3 7 0 178 0 40 0 0 1749 
West Hollywood 5098 30 3684 95 121 99 0 48 6 179 0 0 9360 

 

RB-AR38992



RB-AR38993



RB-AR38994



RB-AR38995



 

 

 
Machado Lake Nutrient TMDL 
Special Study: 
Characterization of Water Quality Conditions in 
the Unincorporated Areas of Los Angeles County 
within the Machado Lake Watershed  
Final Report 

Submitted to: 

California Regional Water Quality Control Board 
Los Angeles Region 
320 West 4th Street, Suite 200 
Los Angeles, CA 90013-2343 

 
Submitted by: 

 County of Los Angeles 
 Department of Public Works 
 900 S. Fremont Avenue 
 Alhambra, CA 91803  
 

 

 

 

S E P T E M B E R  1 2 ,  2 0 1 1  

 

RB-AR38996



 

LA County Department of Public Works  i September 2011 
Machado Lake Nutrients TMDL Special Study 
Final Report  

Table of Contents 
Executive Summary ................................................................................................................ ES-1 

1. Introduction ........................................................................................................................... 1 

1.1 Background ..................................................................................................................... 1 

1.2 Study Objectives ............................................................................................................. 4 

2. Study Approach .................................................................................................................... 5 

2.1 Dry Weather Approach ................................................................................................... 5 

2.1.1 Monitoring Frequency ............................................................................................ 5 

2.1.2 Monitoring Sites...................................................................................................... 6 

2.1.3 Monitored Parameters ........................................................................................... 12 

2.1.4 Monitoring Method ............................................................................................... 14 

2.1.5 Quality Assurance and Quality Control ................................................................ 14 

2.2 Annual Average Loading Approach ............................................................................. 15 

3. Dry Weather Monitoring Data .......................................................................................... 16 

3.1 Water Quality Data ....................................................................................................... 16 

3.2 Flow Data ...................................................................................................................... 17 

3.3 QA/QC Review of Data ................................................................................................ 18 

4. Pollutant Load Estimation ................................................................................................. 20 

4.1 Dry Weather Load......................................................................................................... 20 

4.1.1 Flow Calculations ................................................................................................. 20 

4.1.2 Water Quality Analysis ......................................................................................... 21 

4.1.3 Creation of Statistical Distributions ...................................................................... 23 

4.1.4 Loading Estimations ............................................................................................. 25 

4.2 Annual Average Load ................................................................................................... 27 

5. Discussion of Results ........................................................................................................... 29 

5.1 Annual and Dry Weather Loading ................................................................................ 29 

5.2 Relation to Subsequent Studies ..................................................................................... 29 

5.2.1 Implementation Plan ............................................................................................. 29 

5.2.2 Monitoring and Reporting Program ...................................................................... 30 

5.3 Pollutant Reduction Assessment ................................................................................... 31 

6. References ............................................................................................................................ 34 

 

RB-AR38997



 

LA County Department of Public Works ii September 2011 
Machado Lake Nutrients TMDL Special Study 
Final Report  

 Appendixes 
Appendix A-1 Precipitation During Sampling Period 

Appendix A-2 Dry Weather Sampling Sites 

Appendix B-1 Water Quality Results of Dry Weather Sampling Graphed by Site 

Appendix B-2 Water Quality Results of Dry Weather Sampling Graphed by Event 

Appendix C HOBO Meter Sampling and Analysis 

Appendix D QA/QC Review of Dry Weather Samples 

Appendix E-1 Calculation of Sample Site Flow Rates 

Appendix E-2 Q-Q Plots of Sample Site Flow Rates 

Appendix E-3 Sample Site Flow Rate Time Series Graphs 

Appendix F Analysis of Variance of Dry Weather Water Quality Samples 

Appendix G-1 Regression on Order Statistics of Water Quality Constituents Reporting Non-
Detect Values  

Appendix G-2 Frequency Distribution Analysis of Detected Water Quality Constituents 

Appendix G-3 Situated and Sampled Distributions of Water Quality Constituents 

Appendix H-1 Calculations Regarding Loading Rate Scaling to County Island Areas and 
Monte Carlo Simulations 

Appendix H-2 Mass-Based Loading Estimate Simulation Results 

Appendix I-1 Annual Mass-Based Loading Estimates from WMMS Model 

Appendix I-2 Derivation of Relationship Between Total Suspended Solids Loading and 
Organic Compounds Loading 

RB-AR38998



 

LA County Department of Public Works iii September 2011 
Machado Lake Nutrients TMDL Special Study 
Final Report  

List of Tables 
Table 1:  Machado Lake Nutrients TMDL Targets and MS4 Allocations for Nitrogen and 

Phosphorous. ........................................................................................................................... 3 

Table 2:  Regional Board-Assigned Mass-Based WLAs for County Islands. ................................ 3 

Table 3:  Machado Lake Toxics TMDL Targets and Associated MS4 Allocations. ...................... 4 

Table 4:  Monitoring Sites. ............................................................................................................. 8 

Table 5:  Monitoring Site Drainage Areas and Majority Land Use. ............................................. 12 

Table 6:  Nutrient TMDL Constituents, Analytical Methods, and Quantitation Limits. .............. 13 

Table 7:  Additional Constituents, Analytical Methods, and Quantitation Limits. ...................... 13 

Table 8:  Project Reporting Limits for Field Measurements. ....................................................... 14 

Table 9:  Dates and Times of Sampling Events. ........................................................................... 16 

Table 10:  Event Numbers in which Samples were collected ....................................................... 17 

Table 11:  Time Spans from which HOBO Meter Data were collected. ...................................... 17 

Table 12:  Summary of QA/QC Qualifications. ........................................................................... 18 

Table 13:  Dry Weather Special Study Toxics Samples. .............................................................. 22 

Table 14:  Distributions and Statistical Parameters Used for Water Quality Constituent 
Distribution Simulation. ........................................................................................................ 24 

Table 15: Annual Mass-Based County Land Dry Weather Loading Estimates of Water Quality 
Constituents........................................................................................................................... 27 

Table 16:  Watershed Management Modeling System Annual Average Loads from Each County 
Island. .................................................................................................................................... 28 

Table 17:  Annual Average Loading of Constituents of Concern from Unincorporated County 
Island within the Machado Lake Watershed. ........................................................................ 28 

Table 18:  Estimated Annual Loading Rates to Machado Lake from Unincorporated County 
Islands ................................................................................................................................... 29 

Table 19:  Summary of Loading Reduction Needed for Nutrient TMDL. ................................... 31 

Table 20:  Summary of loading reduction needed for the Toxics TMDL. ................................... 33 

 

RB-AR38999



 

LA County Department of Public Works iv September 2011 
Machado Lake Nutrients TMDL Special Study 
Final Report  

List of Figures 
Figure 1:  Machado Lake Sub-Watershed and Jurisdictions within the Watershed. ...................... 2 

Figure 2:  Precipitation Rates and Dates of Sampling within Southeast Torrance, California. ...... 6 

Figure 3:  Overview of County Islands and Monitoring Sites. ....................................................... 9 

Figure 4:  Monitoring Sites on County Islands 1 and 2. ............................................................... 10 

Figure 5:  Monitoring Sites on County Island 3. .......................................................................... 11 

Figure 6:  Flow Rates at Site 3I_NORMP. ................................................................................... 21 

Figure 7:  Simulated and Actual Concentrations of Total Nitrogen. ............................................ 25 

Figure 8:  Estimated Mass Loading of Total Nitrogen from all County Islands in the Machado 
Lake Watershed. ................................................................................................................... 26 

 

RB-AR39000



 

LA County Department of Public Works ES-1 September 2011 
Machado Lake Nutrients TMDL Special Study 
Final Report  

Executive Summary 
On May 1, 2008, the Los Angeles Regional Water Quality Control Board (Regional Board) 
adopted the Machado Lake Nutrients Total Maximum Daily Load (Nutrients TMDL) which was 
subsequently promulgated by the United States Environmental Protection Agency (USEPA) and 
became effective on March 11, 2009.  The County of Los Angeles (County) is identified as a 
responsible agency under the Nutrient TMDL, as there are three islands of unincorporated land 
areas within the Machado Lake watershed for which the County operates the municipal separate 
storm sewer system (MS4).  The default allocation for the Nutrients TMDL is concentration-
based, with the option of developing mass-based allocations through a special study. The County 
opted for the mass-based compliance approach and, thus, conducted this special study, as 
required under the Nutrients TMDL, to characterize the nutrient loading from County islands.  

On September 2, 2010, the Regional Board approved the Machado Lake Toxic Pollutants TMDL 
(Toxics TMDL) to address impairments in the lake associated with Organochlorine (OC) 
Pesticides and Polychlorinated Biphenyls (PCBs).  The Toxics TMDL  is currently awaiting 
approval by the State Water Resources Control Board (State Water Board) and the USEPA.  The 
Toxics TMDL assigns waste load allocations as a fraction of the suspended sediment loading to 
Machado Lake. Further, Wilmington Drain, to which the County islands drain, is listed for 
metals and bacteria impairment. Though not required at this time, the County proactively 
incorporated the assessment of toxic pollutants, metals, and bacteria from County islands into the 
special study. 

This special study was performed to fulfill the requirements of the Nutrients TMDL by assessing 
mass-based loading estimates for constituents of concern associated with the Nutrients TMDL, 
as well as additional efforts to determine loading estimates of other constituents within the 
Machado Lake Watershed, including toxics, metals, and bacteria. 

The dry weather component of the study involves flow and water quality monitoring and the use 
statistical analysis tools to determine dry weather load estimates. The monitoring was conducted 
for about one year, between May 2010 and March 2011, with six water quality sampling events 
and continuous flow measurements at six sites within County islands. The annual average 
component of the Special Study relied on the County’s Watershed Management Modeling 
System (WMMS), which was used to estimate the annual mass-based loading for constituents of 
concern.  The regionally calibrated WMMS simulation results are based on a ten-year (1997-
2006) hydrological and meteorological data.  The estimated loading of total nitrogen and total 
phosphorus is provided in Table ES-1 along with the waste load allocations (WLAs) assigned to 
each parameter by the Nutrients TMDL. 
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Table ES-1:  Nutrient Mass-Based Loading from County Islands and associated Waste Load 
Allocations. 

Constituent 

Current Dry 
Weather Mass-
Based Loading 

Estimate1 
(kg/yr) 

Annual Mass-
Based Loading 

Estimate2 
(kg/yr) 

Interim Waste 
Load Allocation3 

(kg/yr) 

Final Waste Load 
Allocation3 

(kg/yr) 

Total Nitrogen 558 1,370 1,739 710 

Total Phosphorous 55 1,110 887 71 

1. Obtained via monitoring and Monte Carlo Simulation. 
2. Calculation via the Watershed Management Modeling System. 
3. Established by Regional Board from Machado Lake Nutrients TMDL. 

The Total Nitrogen dry weather loading  accounts for a significant portion of the annual loading 
from County Islands; however, wet weather loads constitute the majority of the annual loading. 
Total Phosphorous dry weather loading is relatively insignificant (i.e. <5%) to the current overall 
annual loading.  Current Total Nitrogen loading needs a reduction of approximately 50% to 
attain final allocations, while current Total Phosphorous loads needs to be reduced by 
approximately 94% to meet the final allocations.  These estimates may be revised in the future 
based on the data collected through the Nutrient TMDL Monitoring Program. Per the TMDL, the 
timeline for achieving the final WLAs is set to September 2018.   

The high percentage of non detects in the samples from the monitoring precluded calculation of 
direct calculation of dry weather toxics loading.  Instead, loading of OC pesticides and PCBs was 
calculated as a product of total suspended solids loading (38,400 kg/year) and a toxics-sediment 
fractional concentration derived from the 2010 Machado Lake Sediment Characterization Report 
(CDM 2010).  It should be noted that as legacy pollutants, OC pesticide and PCB concentrations 
detected as part of the sediment characterization study for Machado Lake do not necessarily 
reflect actual concentrations in MS4 discharges today.  The fractional concentration values from 
the Machado Lake study were used only as worst-case estimates of OC pesticides and PCBs 
loadings from County Islands.  These estimates may be revised in the future based on data 
collected through the Toxics TMDL Monitoring Program.   

Load estimates for toxics, metals, and bacteria are provided in Table ES-2.   
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Table ES-2:  Mass-based Loading Estimates for Other Constituents of Concern. 

Parameter of Concern 

Current Dry Weather Mass-
Based Loading Estimate1 

(kg/yr) 

Annual Mass-Based Loading 
Estimate2 

(kg/yr) 

Total Suspended Solids 2,000 38,400 

Chlordane —3 0.0007684 

Total DDT —3 0.0002234 

Dieldrin —3 0.0001884 

Total PCBs —3 0.002234 

Total Copper 1.35 16.3 

Total Lead 0.147 14.8 

E. Coli (MPN/yr) 1.02·1013 —5 

1. Obtained via monitoring and Monte Carlo Simulation. 
2. Calculated via the Watershed Management Modeling System (WMMS). 
3. Insufficient detected data to make loading estimate from measured dry weather samples. 
4. Toxic loads estimated based on TSS load of 38,400 kg/yr and fraction of toxic associated with solids from CDM 2010. 
5. Bacteria not modeled with the WMMS. 
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1. Introduction 

1.1 BACKGROUND 

The Machado Lake Nutrients Total Maximum Daily Load (TMDL) was developed by the Los 
Angeles Regional Water Quality Control Board (Regional Board).  The TMDL became effective 
upon its approval by the USEPA on March 11, 2009. The Machado Lake Nutrients TMDL was 
developed to address nutrient-related beneficial use impairments including the following Section 
303(d) listings: eutrophication, algae, ammonia, and odor.  The beneficial uses of Machado Lake 
include recreation, aquatic life, and water supply.  In addition to nutrients, Machado Lake was 
also listed as impaired for OC Pesticides (chlordane, chem-A, DDT, Dieldrin), PCBs, and Trash. 
TMDLs have been developed to address these pollutants.  The Regional Board has approved the 
Machado Lake Toxics TMDL (Toxics TMDL) on September 2, 2010, and is currently awaiting 
approval by the State Water Board and the USEPA.  Note that the Toxics TMDL addresses 
chem-A compounds by directly addressing chlordane and Dieldrin.  Further, Wilmington Drain, 
which contributes more than 80% of the flow to Machado Lake, was listed as impaired for 
metals (copper and lead) and bacteria. TMDLs specific to the Wilmington Drain have yet to be 
developed.    

The Machado Lake Watershed and associated jurisdictions within the watershed are shown in 
Figure 1.  The watershed has a total area of about 23 square miles. There are three 
unincorporated County areas within the watershed, accounting for about 8.4% (1.95 square 
miles) of the total area. For the purpose of this project, the unincorporated County areas are 
referred to as “County Islands”. 

The Machado Lake Nutrients TMDL set concentration-based Waste Load Allocations (WLAs) 
for in-lake or end-of-pipe compliance options. At the same time, it provides for a mass-based 
compliance option, with the condition that the parties who choose this option develop an 
equivalent mass-based WLA and method of compliance with the WLA through a special study.  
The County has opted for the mass-based WLA alternative and, thus, conducted the associated 
special study for the unincorporated areas as defined in the Basin Plan Amendment (BPA) as 
Optional Study #3.  Optional Study #3 states: 

“A work plan for permittees to assess compliance with TMDL WLAs on a mass 
basis for Total Nitrogen and Total Phosphorous. The work plan should detail 
testing methodologies, BMPs, and treatments to be implemented to attain and 
demonstrate a reduction of Total Nitrogen and phosphorous loading on a mass 
basis. A final report including the results shall be submitted to the Regional Board 
for Executive Officer approval.”  

As presented in Table 1, the Nutrients TMDL WLAs for municipal separate storm sewer system 
(MS4) permittees are monthly average concentrations of 0.1 milligrams per liter (mg/L) for Total 
Phosphorous (TP) and 1 mg/L for Total Nitrogen (TN). Though the original intention of this 
special study was partly to establish a mass-based WLA for the County islands, the Regional 
Board Executive Officer latter decided to instead assign the required mass-based WLAs specific 
to the unincorporated County islands through a letter dated May 13, 2010.  The Regional Board-
assigned mass-based WLA is presented in Table 2.  
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Figure 1:  Machado Lake Sub-Watershed and Jurisdictions within the Watershed. 
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Table 1:  Machado Lake Nutrients TMDL Targets and MS4 Allocations for Nitrogen and 
Phosphorous. 

Parameter of 
Concern 

Numeric Target MS4 Allocation1 

Concentration 
(mg/L) Sample Type 

Concentration 
(mg/L) Sample Type 

Total Nitrogen 1.0 monthly average 1.0 monthly average 

Total Phosphorous 0.1 monthly average 0.1 monthly average 

Ammonia-N   5.95 one-hour average NA 

2.13 30-day average 

Dissolved Oxygen 5.0 single sample NA 

Chlorophyll a 0.02 monthly average NA 

1 The numeric Nutrient Endpoint BATHTUB model was used in TMDL to establish the linkage between nutrient loading to 
Machado Lake and the desired water quality conditions, concluding that the allocations would address the 303d listings. 

Table 2:  Regional Board-Assigned Mass-Based WLAs for County Islands. 

Parameter of Concern 

WLA for County Islands 

Interim WLA (kg) Final WLA (kg) 

Total Nitrogen 1739 710 

Total Phosphorous 887 71 

The Toxics TMDL numeric targets and WLAs for MS4 permittees are presented in Table 3.  
Unlike the Nutrients TMDL, Toxics TMDL WLAs are concentration-based, expressed as a 
fraction of suspended sediment loading by stormwater discharges. Compliance with the WLAs is 
measured either at the storm drain outfall of the permittee’s drainage area, at representative 
storm drain outfalls representing the combined discharge of cooperating parties if a coordinated 
compliance option is chosen by multiple permittees, or an alternative compliance point approved 
by the Regional Board Executive Officer.  
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Table 3:  Machado Lake Toxics TMDL Targets and Associated MS4 Allocations. 

Parameter of Concern 

Numeric Target for 
Sediment 

Waste Load Allocation for Suspended Sediment-
Associated Contaminants1 

Concentration 
(µg/kg dry weight) 

Concentration  
(µg/kg dry weight) Application Type 

Total PCBs 59.8 59.8 3-year average 

DDT (all congeners) 4.16 4.16 3-year average 

DDE (all congeners) 3.16 3.16 3-year average 

DDD (all congeners) 4.88 4.88 3-year average 

Total DDT 5.28 5.28 3-year average 

Chlordane 3.24 3.24 3-year average 

Dieldrin 1.9 1.9 3-year average 

1 The WLA applies to all MS4 Permittees including the County, Caltrans, General Construction, Industrial Stormwater 
Permittees, and other non-stormwater NPDES Permittees. 

The County submitted a Final Work Plan for the Machado Lake Nutrients TMDL Special Study 
for the Unincorporated Areas of Los Angeles County within the Machado Lake Watershed 
(Work Plan) on June 14, 2010 to the Regional Board. In accordance with the Work Plan, the 
County conducted this special study to characterize the ambient water quality conditions of the 
unincorporated County islands. Though the scope of the original Work Plan was limited to 
assessing nutrients only, the County expanded the scope to include additional constituents of 
concern in Machado Lake Watershed, including organics, metals, and bacteriological indicators.  

1.2 STUDY OBJECTIVES 

The main objectives of this Special Study include the following: 

1. To characterize the water quality conditions in three unincorporated County islands 
within the Machado Lake watershed; and  

2. To establish background data and information that is necessary for the development of 
TMDL monitoring and implementation plans for the County islands. 
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2. Study Approach 
This study utilized a combination of water quality sampling and modeling to characterize flow 
and pollutant loading from the unincorporated County islands. The dry weather component of the 
study relied on monitoring and statistical analysis, while the wet weather component relied on 
the use of a physically-based model to simulate flow and water quality. 

2.1 DRY WEATHER APPROACH 

As there are no physically-based models currently available to accurately characterize pollutant 
loading during dry weather, data were collected in the field.  These data (flow and water quality) 
were then utilized to estimate the dry weather contribution pollutant loads from the County areas.  
The following section describes the details of the monitoring program, including the monitoring 
frequency, monitoring sites, constituents monitored and quality control approaches.   

2.1.1 Monitoring Frequency  

Water quality samples were collected during dry weather at each monitoring location bimonthly 
for six events, covering one full year, with the first sample collected in May 2010 and the last 
sample collected in March 2011. During the wet season, dry weather sampling events were 
scheduled to be seven days after measurable precipitation, or after flow rates have returned to 
base flow levels typical of the season, whichever period was shorter. As depicted in Figure 2, all 
sampling events took place during base flow conditions. Appendix A-1 provides additional 
details on the precipitation rates within the sampling area during the study period. 
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Figure 2:  Precipitation Rates and Dates of Sampling within Southeast Torrance, California. 

Reasonable efforts were made to ensure that each site was visited at various times on the 
sampling day to discount any potential bias from flow patterns throughout the day. To this end, 
site orders were randomized over the course of the study to the best extent possible, while certain 
sites were kept together for sampling efficiency and start times were made to fit staff and lab 
schedules. 

Unlike the event-based water quality sampling, flow was measured on a continuous basis using 
pressure sensors installed at the monitoring sites throughout the study period.  

2.1.2 Monitoring Sites 

For this Special Study, the County Islands are numbered 1, 2, and 3 from west to east.  The three 
County Islands are presented in Figure 3.  The majority of the land use within the County area is 
residential (63%), which is the sum of single family residential (SFR), multi-family residential 
(MFR), and mobile homes.  The next most prevalent land uses are open space at 15% and 
commercial at 6%. 

The following factors were taken into consideration in identifying monitoring locations for dry 
weather: 

• Major storm drains entering and leaving County jurisdictional boundaries  

• Representativeness of the site in terms of land use and geographic extent 

• Accessibility of the site 

RB-AR39009



 

LA County Department of Public Works 7 September 2011 
Machado Lake Nutrients TMDL Special Study 
Final Report  

Based on the above factors, a total of six monitoring sites were selected for the Special Study. 
The detail descriptions of the selected monitoring sites are presented in Table 4.  

The format for Site ID codes is #X_AAAA, where:  

• # indicates the County Island in which the site is located. 

• X identifies whether the site is an inlet (I) or outlet (O) site.  

• AAAA indicates the cross street, where available, such as ACAD for Academy Drive 

No monitoring sites were identified on County Island 2 because it does not appear to produce 
any runoff that leaves the County boundary during dry weather. This island is primarily 
composed of a botanic garden (South Coast Botanic Garden) and any dry weather runoff from 
garden was contained within a pond located in the middle of the garden. While no sampling took 
place, the botanic garden was visited during each monitoring event to confirm that runoff was 
not leaving the botanic garden during dry weather. Pictures of each monitoring site are provided 
in Appendix A-2.   The monitoring site locations and associated land uses and drainage areas are 
shown in Figures 4 and 5, and summarized in Table 5. 
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Table 4:  Monitoring Sites. 

SiteID 
County 
Island Type 

Nearest 
Intersection Latitude Longitude Rationale 

1O_ACAD 1 Island 
Outlet 

Academy 
Dr./ Palos 
Verdes Dr. 

33.7831 -118.3537 Representative of County Island 
outlet and potentially residential 
land use. This site will be used 
to characterize loading from the 
County Island and residential 
land uses. 

1O_EAST 1 Island 
Outlet 

Eastvale 
Rd./ Palos 
Verdes Dr. 

33.7809 -118.3506 Representative of County Island 
outlet and residential land use.  
This site will be used to 
characterize loading from the 
County Island and residential 
land uses. 

3I_NORMP 3 Island 
Inlet 

Normandie 
Ave./ 

Pasatiempo 
Ln. 

33.8058 -118.2989 Large drain into County Island.  
Associated Vermont/Sepulveda 
outlet drains large portion of 
County Island.  This site will be 
used to characterize loading to 
the County Island and evaluate 
loadings to other portions of the 
County without an associated 
inlet site. 

3I_ASHB 3 Island 
Inlet 

Proxy 

Ashbridge 
Dr./ 

Pasatiempo 
Ln. 

33.8082 -118.2954 Drains the combination of the two
other small Island inlets to the 
associated Vermont/Sepulveda 
Island outlet.  This site will be 
used to characterize loading to 
the County Island.  

3O_VERSEP 3 Island 
Outlet 

Vermont 
Ave./ 

Sepulveda 
Blvd. 

33.8083 -118.2883 Drains large section of County 
Island.  This site will be used to 
characterize loading from the 
County Island and evaluate 
loadings from other portions of 
the County without an 
associated outlet site. 

3O_VAND 3 Island 
Outlet 

Van Deene 
Ave./ 

228th St. 

33.8158 -118.2878 Drains large section of County 
Island.  This site will be used to 
characterize loading from the 
County Island and evaluate 
loadings from other portions of 
the County without an 
associated outlet site. 
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Figure 3:  Overview of County Islands and Monitoring Sites. 
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Figure 4:  Monitoring Sites on County Islands 1 and 2. 
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Figure 5:  Monitoring Sites on County Island 3. 
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Table 5:  Monitoring Site Drainage Areas and Majority Land Use. 

SiteID Type 

Drainage Area (acres)1 % of Total 
Drainage Area 

Draining County 
Land  

Majority County 
Land Use Drained2  County 

Upstream 
of County Total 

1O_ACAD Outlet 61 0 61 100% Residential - 65% 
[SFR - 65%] 

1O_EAST Outlet 54 0 54 100% Residential - 99% 
[SFR - 99%] 

3I_NORMP3 Inlet 45 1,330 1,375 NA4 NA 

3I_ASHB3 Inlet 
Proxy 

48 197 244 NA⁴ NA 

3O_VERSEP Outlet 291 1,527 1,818 16% Residential - 70% 
[SFR - 61% 
MFR - 5% 

Mobile Homes - 4%] 

3O_VAND Outlet 339 326 665 51% Residential - 69% 
[SFR - 51% 
MFR - 14% 

Mobile Homes - 4%] 

1. Determined using GIS layers of detailed basins and flow paths of the Wilmington Drain watershed provided by the County. 
2.  Determined using a GIS layer that was compiled with data from the year 2005. 
3.  Drains land upstream of County area, but complex drainage pattern causes small area of County land to drain to the site. 
4. Not Applicable - Inlet sites are not intended to measure County inputs. 

2.1.3 Monitored Parameters 

Table 6, Table 7, and Table 8 presents the water quality constituents monitored and the 
associated analytical methods, project method detection limits, and project reporting limits for 
each constituent.  Constituents monitored include those for which Machado Lake and 
Wilmington Drain are listed as impaired. Data collected assisted in the understanding of 
pollutant loadings from the County areas and in identification of implementation actions needed 
for reducing those loadings.  
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Table 6:  Nutrient TMDL Constituents, Analytical Methods, and Quantitation Limits. 

Constituent 
Class Constituent Method 

Detection 
Limit 

(mg/L) 

Reporting 
Limit 

(mg/L) 

Conventionals Total Suspended Solids (TSS) SM 2540D 0.5 1.0 

Total Dissolved Solids (TDS) SM 2540C 1.0 10 

Nutrients Total Kjeldahl Nitrogen (TKN) EPA 351.1 0.455 0.50 

Nitrate as Nitrogen (NO3-N) EPA 300.0 0.01 0.10 

Nitrite as Nitrogen (NO2-N) EPA 300.0 0.01 0.05 

Total Nitrogen1 calculation NA NA 

Ammonia as Nitrogen (NH3-N) EPA 350.1 0.01 0.10 

Total Phosphorus SM 4500-P E or F 0.02 0.1 

Dissolved Phosphorus SM 4500-P E or F 0.02 0.1 

Total Orthophosphate (PO4-P) SM 4500-P E or F 0.001 0.01 

1. Total Nitrogen is the sum of TKN, NO3-N, and NO2-N. 

Table 7:  Additional Constituents, Analytical Methods, and Quantitation Limits. 

Constituent 
Class Constituent Method 

Analyzing Lab 

Detection 
Limit 

Reporting 
Limit 

Soil Control 
Lab 

Physis/
CRG 

Conventional Hardness SM 2340B X  1 mg/L 10 mg/L 

Metals Total and 
Dissolved Copper 

EPA 200.8 X  0.4 µg/L 0.8 µg/L 

Total and 
Dissolved Lead 

X  0.1 µg/L 0.5 µg/L 

Bacteria E. coli IDEXX 
Colilert 

 X 10 
MPN/100 mL 

10 
MPN/100 mL 

Organics Organochlorine 
Pesticides1,2 

EPA 625(m) 
/ 8270C(m) 

 X 1 ng/L 5 ng/L 

PCBs3  X 10 ng/L 20 ng/L 

1. Organochlorine Pesticides include aldrin, alpha-BHC, beta-BHC, gamma-BHC (Lindane), delta-BHC, chlordane-
alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, dieldrin, endosulfan I, 
endosulfan II, endosulfan sulfate, endrin, endrin aldehyde, endrin ketone, toxaphene. 

2. Chem A Pesticides: aldrin, chlordane, dieldrin, endosulfan, endrin, heptachlor, heptachlor epoxide, 
hexachlorocyclohexane (HCH, including lindane), and toxaphene. 

3. PCBs in water are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254, 
and 1260). 

RB-AR39016



 

LA County Department of Public Works 14 September 2011 
Machado Lake Special Study Work Plan  
Final Report  

Table 8:  Project Reporting Limits for Field Measurements. 

Parameter/Constituent Range Project RL1 

Velocity/Flow2 -0.5 to +20 ft3/s NA 

pH 0 – 14 pH units NA 

Temperature -5 – 50 oC NA 

Dissolved oxygen 0 – 50 mg/L 0.5 mg/L 

Turbidity 0 – 3000 NTU 0.2 NTU 

Conductivity 0 – 10000 µmhos/cm 2.5 µmhos/cm 

1 RL – Reporting Limit  
2 For velocity/flow, range refers to velocities measured by a handheld flow meter.  The 

lower limit for measuring flow is dependent upon the size of the specific pipe or 
channel. 

2.1.4 Monitoring Method  

While grab sampling method was employed for water quality monitoring on bimonthly basis, 
flow was measured on a continuous basis using sensors (called HOBO meters) installed at all of 
the monitoring sites. HOBO meters continuously record time, temperature, and pressure data, 
which then convert these readings to density and depth measurements. The field sampling crew 
downloaded data from the HOBO meters during each sampling event.  Additionally, to help 
calibrate the HOBO meters, flow rate was measured at each site during each sampling visits.  

2.1.5 Quality Assurance and Quality Control  

Quality Assurance/Quality Control (QA/QC) measures were built into the Study1 to assure data 
are credible.  Field QA/QC for the Special Study included the following: 

• Proper collection, handling, and preservation of samples 
• Maintenance of a field log 
• Field Blanks 
• Field Duplicates  

Laboratory QA/QC for the Special Study included the following: 

• Use of the lowest available method detection limits (MDLs) for trace elements. 
• Analysis of method blanks and laboratory duplicates. 
• Use of matrix spikes (to test analytical accuracy) and matrix spike duplicates (to test 

analytical precision) (MS/MSD). 
• Routine analysis of standard reference materials (SRMs) and method blanks. 

To avoid any potential bias, the field duplicate and field blank site was rotated throughout the 
course of the Special Study, with consideration given to sample collection efficiency and 
likelihood of flow at each site. 

                                                 
1 Additional information on QA/QC procedures followed during the Special Study is available in Appendix 2 of the 
Special Study Work Plan. 
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For QA/QC of the flow metering equipment the monitoring crew were required to review the 
installation during each field visit and confirm that the HOBO meters were measuring the correct 
water depth. At each site visit, the actual water depth was measured and compared to the depth 
recorded by the HOBO meters. Adjustments were made if corrections were warranted. 

2.2 ANNUAL AVERAGE LOADING APPROACH 

The recently developed Watershed Management Modeling System (WMMS) for the County of 
Los Angeles was used for the assessment of annual average water quality and flow conditions 
from County Islands.  WMMS is a physically-based model that simulates both flow and water 
quality.  The model is based on the Hydrologic Simulation Program-FORTRAN (HSPF) and 
Loading Simulation Program C++ (LSPC).   

The WMMS model is a continuous simulation model and generates runoff characteristics based 
on rainfall, soil characteristics and infiltration rates, evapotranspiration, antecedent conditions, 
and land use-specific pollutant loading characteristics.  Constituents simulated by the model 
include total nitrogen, total phosphorous, copper, lead, zinc, total suspended solids, and fecal 
coliform. 

WMMS was regionally calibrated and validated using locally developed storm flow and water 
quality data. Meteorological data from 1997 to 2006 were used to calibrate the model. The model 
has been tested for small-scale land use and larger watersheds and has been used to support the 
development of implementation plans for various TMDLs in Los Angeles County. 

The WMMS model was used to simulate the annual loadings of the various constituents of 
concern from unincorporated County Islands to Machado Lake.  The Los Angeles County’s sub-
watershed GIS layer was used to divide the Machado Lake watershed into hydrologically 
connected sub-watersheds, and to calculate loading based on land use type and associated 
percentages of impervious cover.  The sub-watersheds are based on flow patterns, not 
jurisdictional areas.  As such, loading information generated from each sub-watershed is then 
refined to isolate the loads contributed from unincorporated County areas. Using existing 
meteorological data, hydraulic data, land use information, and monitoring data, each sub-
watershed is calibrated to most accurately simulate the runoff and pollutant load.   
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3. Dry Weather Monitoring Data 

3.1 WATER QUALITY DATA 

All six monitoring sites were visited during each of the six sampling events. The dates and times 
of each sampling event are presented in Table 9. Times of the site visits and the location of field 
duplicate and blank site were intentionally varied to avoid sampling biases with consideration 
given to traffic safety and driving distance. 

Table 9:  Dates and Times of Sampling Events. 

Site 
Event 1: 

5/26/2010 
Event 2: 

7/28/2010 
Event 3: 

9/28/2010 
Event 4: 

11/4/2010 
Event 5: 

1/11/2011 
Event 6: 
3/1/2011 

1O_ACAD 10:10 16:40 12:30 8:15 13:151 15:40 

1O_EAST 10:30 16:00 11:50 8:45 12:30 14:40 

3I_ASHB 14:20 11:30 14:451 12:40 9:30 12:45 

3I_NORMP 14:40 12:351 16:00 13:15 8:45 11:301 

3O_VAND 15:25 10:00 9:30 13:501 11:00 10:45 

3O_VERSEP 12:251 14:55 11:00 12:00 10:15 9:35 

1. Site used for Field Duplicate and Field Blank  

With the exception of 1O_EAST, flow was present and continuous at each site, allowing for the 
full suite of samples to be collected. During Event 3, flow was present then ceased at 1O_EAST, 
resulting in only a limited set of samples to be collected from the site. Flow was present and 
consistent at 1O_EAST during Event 6, resulting in a full collection of samples.  A summary of 
the samples collected over the course of the study is presented as Table 10. During each event, it 
was also documented through photographs that no water was flowing out of the South Coast 
Botanic Garden spill way. Appendices B-1 and B-2 provides graphical representations of all non-
organic parameters by site and by event, respectively. 
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Table 10:  Event Numbers in which Samples were collected 

Site Conventionals1 Nutrients2 Organics3 Metals4 Bacteria5 
Field6 

Measurements 

Reason 
not 

Sampled 

1O_ACAD 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 NA 

1O_EAST 37, 6 37, 6 6 6 6 6 No Flow 

3I_NORMP 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 NA 

3I_ASHB 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 NA 

3O_VERSEP 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 NA 

3O_VAND 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 1 - 6 NA 

1. Conventionals: Total suspended solids, total dissolved solids, and hardness 
2. Nutrients:  Total Kjeldahl Nitrogen (TKN), Nitrate as Nitrogen (NO3-N), Nitrite as Nitrogen (NO2-N), Ammonia as Nitrogen 

(NH3-N), Total Phosphorous, Dissolved Phosphorous, Total Ortho-phosphate (PO4) 
3. Organics: Organochlorine Pesticides include aldrin, alpha-BHC, beta-BHC, gamma-BHC (Lindane), delta-BHC, 

chlordane-alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, dieldrin, 
endosulfan I, endosulfan II, endosulfan sulfate, endrin, endrin aldehyde, endrin ketone, toxaphene. Chem A 
Pesticides: aldrin, chlordane, dieldrin, endosulfan, endrin, heptachlor, heptachlor epoxide, hexachlorocyclohexane 
(HCH, including lindane), and toxaphene. PCBs in water are measured as sum of seven Aroclors identified in the 
CTR (1016, 1221, 1232, 1242, 1248, 1254, and 1260). 

4. Metals: Total and dissolved copper and lead 
5. Bacteria: E. coli 
6. Field Measurements:  Flow, pH, temperature, dissolved oxygen, turbidity, and electrical conductivity 
7. Because the flow ceased during sample collection, only the Nutrients constituents and Total Dissolved Solids were analyzed 

from the sample collected at 1O_EAST during Event 3. 

3.2 FLOW DATA 

As noted previously, continuous flow measurement was conducted for one year using HOBO 
meters installed at each of the monitoring sites.  A list of the HOBO meter data collected over 
the course of the Study is summarized in Table 11. Additional information about the collection 
and analysis of the HOBO meters can be found in Appendix C. 

Table 11:  Time Spans from which HOBO Meter Data were collected. 

Sites 

July 7, 
2010 – 
July 28, 

2010 

July 28, 
2010 – 
August 

25, 
2010 

August 25, 
2010 – 

September 
28, 2010 

September 
28, 2010 – 
November 

4, 2010 

November 
4, 2010 – 
January 
11, 2011 

January 
11, 2011 
– March 
1, 2011 

Reason if 
Data Not 
Available 

1O_ACAD X X X X X X NA 

1O_EAST X X X X X X NA 

3I_NORMP X X X X X X NA 

3I_ASHB X X  X X X Downloading 
Error 

3O_VERSEP X X X X X X NA 

3O_VAND X X X X X X NA 

RB-AR39020



 

LA County Department of Public Works 18 September 2011 
Machado Lake Special Study Work Plan  
Final Report  

3.3 QA/QC REVIEW OF DATA 

Overall, no data points were rejected from the sample set as a result of QA/QC, nor were any 
changes to the sampling protocol considered as a result of the QA/QC qualifications. A summary 
of the QA/QC qualifications recorded over the course of the Study is provided in Table 12. 
Additional information about the QA/QC review of the samples can be found in Appendix D.  

Table 12:  Summary of QA/QC Qualifications. 

Constituent 
Event 

Number 

Number of 
Data Points 

Qualified  
Program 
Qualifier Reason for Qualification  

Total Suspended Solids (TSS) 1 5 FD RPD Field Duplicate RPD above 
limit 

2 5 FD RPD Field Duplicate RPD above 
limit 

6 6 FD RPD Field Duplicate RPD above 
limit 

Total Dissolved Solids (TDS) NA 0 None  

Hardness NA 0 None  

Total Kjeldahl Nitrogen (TKN) 2 5 FD RPD Field Duplicate RPD above 
limit 

Nitrate as Nitrogen (NO3-N) NA 0 None  

Nitrite as Nitrogen (NO2-N) NA 0 None  

Ammonia as Nitrogen (NH3-N) NA 0 None  

Total Phosphorous NA 0 None  

Dissolved Phosphorous NA 0 None  

Total Ortho-phosphate (PO4) 1 5 FD RPD Field Duplicate RPD above 
limit 

Organochlorine Pesticides 2 1 MS>UL Matrix Spike Recovery above 
limit 

4 10 MS <LL 
EST 

MS/MSD 

Matrix Spike and Duplicate 
below the recovery limit, 

Matrix Spike and Duplicate 
RPD above limit 

PCBs 5 10 MS/MSD 
RPD 

Qualified as estimated due to 
MS/MSD RPD being outside 

of standards 

Total Copper NA 0 None  

Dissolved Copper NA 0 None  

Total Lead 6 1 U Field and method blank 
above detection limit 

Continued 
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Table 12:  Continued 

Constituent 
Event 

Number 

Number of 
Data Points 

Qualified  
Program 
Qualifier Reason for Qualification  

Dissolved Lead 4 5 FD RPD Field Duplicate RPD above 
limit 

6 6 U (4); FD 
RPD (6) 

Field and method blank 
above detection limit; field 
duplicate exceeded RPD 

E. coli 1 5 FD RPD Field Duplicate RPD above 
limit 

2 5 FD RPD Field Duplicate RPD above 
limit 

3 5 FD RPD Field Duplicate RPD above 
limit 

Notes: EST MS/MSD - Qualifier indicating the percent difference in recovery between the matrix and matrix spike exceeded the 
control limit. 
FD-RPD - Flagged data should be noted as possibly imprecise measurements because duplicate samples did not return 
results sufficiently consistent with the original sample. 
MS < LL – Qualifier indicating the matrix spike and/or matrix spike duplicate recovery was less than the control limit. 
MS > UL – Qualifier indicating the matrix spike percent recovery exceeded the upper limit. 
U - Flagged data should be treated as the upper limit of the estimated quantity because blank samples recorded results 
above the detection limit. 
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4. Pollutant Load Estimation 

4.1 DRY WEATHER LOAD 

4.1.1 Flow Calculations 

HOBO meters data were compiled together into one time series of depth data for each site. Depth 
readings were scaled to the field measurements of depth recorded during each sampling event, 
and then scaled to the field measurements of flow during each sampling event. Appendix E-1 
provides additional details on the calculations of flow from HOBO meter depth readings, while 
Appendix E-2 provides non-exceedance percentile (Quantile-Quantile or Q-Q) plots of flow data 
from each site. Appendix E-3 provides time series graphs of flow data from each site. 

The data sets were then reviewed to determine which flow readings constituted dry weather 
events and which constituted wet weather events. It was determined that the dry weather flows in 
County Island 3 sites corresponded to measured flows up to the 92nd percentile, while dry 
weather flows in County Island 1 corresponded to measured flows up to the 99th percentile.  
This dry weather threshold difference is a result of the difference in the degree of urbanization 
between the islands.  As County Island 3 is more urbanized with a higher level of impervious 
area than County Island 1, it takes a smaller storm to result in wet-weather runoff in Island 3 than 
in Island 1. 

An example of the analysis conducted to establish the dry weather threshold is presented in 
Figure 6.  The analysis provided a set of flow data that was statistically significant and site-
specific. 
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Figure 6:  Flow Rates at Site 3I_NORMP. 

4.1.2 Water Quality Analysis 

The entire set of water quality sampling data was reviewed to identify if site location or the 
timing of events were significant factors in determining the concentrations observed. The data set 
was reviewed by constituent, and as necessary, fraction (e.g. total and dissolved phosphorous). 
An analysis of variance determined that neither site nor event were consistently significant 
factors in the concentrations of all parameters measured during the course of the study. Because 
no consistent pattern of differences across constituents (e.g. all parameters greater at 1O_ACAD 
compared to other sites) or groups of constituents (e.g. all nutrients greater at 1O_ACAD 
compared to other sites) arose through the analysis of location and event date, it follows that 
measurement of each constituent can be considered as part of a statistical distribution applicable 
for all County islands. The conclusion of the analysis is that the distribution of constituent 
concentration would not be dependent upon location within the watershed, season, or date of 
sampling. Appendix F provides details on the analysis of variance performed on the data set. 

An analysis of variance was not performed on any of the measured toxic constituents as the 
majority of analyses for each parameter resulted in non-detect. Most detected concentrations 
were observed at the island inlet site of 3I_ASHB but not at the corresponding island outlet of 
3O_VERSEP, indicating that the detected toxic pollutants were originating from outside of 
County Islands and that they were getting entrapped with County islands. The results of the toxic 
constituent sampling during the dry weather study are summarized in Table 13. Due to the high 
number of non-detects, dry weather toxics loading was considered to be insignificant. 
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Table 13:  Dry Weather Special Study Toxics Samples. 

Constituent 
Number of non-

detects1 
Percent non-

detects 
Detected values in ng/L 

(Event and Site) 

2,4-DDD 31 100 None 

2,4-DDE 31 100 None 

2,4-DDT 30 97 20.9 (Event 2 at 3I_ASHB) 

4,4-DDD 30 97 11.4 (Event 2 at 3I_ASHB) 

4,4-DDE 28 90 9.1 (Event 2 at 3I_ASHB) 
3.4 (Event 5 at 1O_ACAD)  
3.3 (Event 5 at 3I_ASHB) 

4,4-DDT 31 100 None 

Chlordane-alpha 28 90 24.4 (Event 2 at 3I_ASHB) 
1.63 (Event 4 at 1O_ACAD)  
3.5 (Event 5 at 3O_VAND) 

Chlordane-gamma 29 94 9.13 (Event 2 at 3I_ASHB) 
4.5 (Event 5 at 3O_VAND) 

Dieldrin 31 100 None 

Total PCBs 31 100 None 

 1 Total number of samples = 31 

The analysis determined that the concentration of nutrients, metals, and total suspended solids 
did not exhibit consistent pattern between monitoring sites or monitoring events. Statistical 
modeling of these parameters, which are central to the study objectives, were confidently 
represented as one sub-watershed-wide distribution.   

The determination of site and event date differences as statistically insignificant to constituent 
concentration is an important conclusion that impacts modeling decisions of the dry weather 
samples and future sampling, and monitoring plans, which are discussed later in this document.   

Though no consistent overarching relationship between site and event was identified for the 
constituents monitored in the study, several specific instances of possible relationships were 
identified. Additional information on differences between water quality constituent distributions 
is provided in Appendix F. These possible relationships should be considered when developing 
future monitoring plans, as additional data may provide additional evidence as to whether sites or 
dates provide unique differences to the resulting water quality of the dry weather loading to 
Machado Lake. However, there was no clear statistical evidence to conclude any of the 
relationships exist.  The following are the identified constituents that may have special 
relationships: 

• The distribution for several nitrogen parameters at 1O_ACAD are potentially 
different than the overall distributions. It is possible that this is the result of 
landscaping activity performed at areas upstream of the site, such as the nearby 
school. 

• The distribution for total and dissolved phosphorous and dissolved copper during 
Event 2 is potentially different than the overall distributions for said parameters. As 
this event took place in late July, it is possible that this is the result of residual from 
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firework activity from earlier in the month impacting water quality. Similarly, this 
may also be the result of late season fertilizer applications or landscaping activities. 

• The distribution for total lead at 3O_VAND is potentially different than the overall 
distribution. As houses in the area are of older construction, antiquated piping may 
contribute to increased concentrations of lead to the site via over irrigation of 
landscape. 

• The distribution for hardness at each site is potentially different than an overall 
distribution. It is uncertain what activities within each watershed may contribute to 
any potential differences between each site.  Hardness is likely a factor influenced by 
groundwater seeping into storm channels or the water supply from the urban areas 
adding to the dry weather flow.  The presence of unique site-specific distributions for 
hardness would run counter to the distribution for total dissolved solids, which 
identified no relationship between site or event and concentration.  The observed 
differences may be reflective of the specific domestic water supply in each area. 

As described in Appendix F, the analysis results are deduced from a small sample size, and no 
statistically significant pattern across several constituents or groups of constituents was 
identified. Statistical variation is anticipated for environmental data, and it is not yet conclusive 
that the resulting differences described above are the result of unique features of the site or 
sampling date, or natural variation. Additional sampling can assist in the determination of the 
nature of these deviations. 

4.1.3 Creation of Statistical Distributions 

Following the conclusion that water quality constituent data would be considered as one 
distribution across the year of study and across the sub-watershed, parameters defining each 
constituent’s distribution were calculated. Organics were not considered for analysis because of 
the preponderance of non-detect results.  For constituents with several non-detect values in their 
distribution, a regression on order statistics (ROS) was performed. The ROS produced a 
lognormal distribution for the associated parameters with consideration given to the uncertainty 
surrounding non-detect values. Results of the ROS are presented in Appendix G-1.For the 
remainder of the water quality constituents, a frequency distribution was created for each 
parameter. Fitness tests were then performed to see if the statistical parameters (i.e. mean and 
standard deviation) for a normal or lognormal distribution produced a more optimal fit.  The 
results of the frequency distributions are presented in Appendix G-2. 

All constituents except dissolved copper were found to be better fit as a lognormal distribution. 
Dissolved copper was found to be best represented by a normal distribution, which theoretically 
may result in a negative concentration.  Any simulated dissolved copper concentration that was 
generated was reassigned a random number from a uniform distribution spanning 0 mg/L to the 
constituent’s detection level of 0.084 mg/L, simulating a non-detect concentration. Nitrate was 
observed to be better represented as two separate distributions the first from the 0th to 
10th percentile and second from the 10th to 100th percentile. As no other distributions were 
observed to accurately reflect the concentration distribution and no site or event parameters 
appeared to impact the lower and higher concentrations, this was identified as the most 
reasonable method.  For each water quality constituent, the parameters and distribution type used 
for the simulated water quality constituent distributions are listed in Table 14. 
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Table 14:  Distributions and Statistical Parameters Used for Water Quality Constituent Distribution 
Simulation. 

Water Quality 
Constituent Units Distribution type Mean 

Standard 
Deviation 

Total Suspended 
Solids (TSS) 

mg/L Lognormal 2.0 1.2 

Total Dissolved 
Solids (TDS) 

mg/L Lognormal 7.0 0.65 

Hardness mg/L Lognormal 5.9 0.73 

Total Kjeldahl 
Nitrogen (TKN) 

mg/L Lognormal 0.24 0.82 

Nitrate as Nitrogen  
(NO3-N) 

mg/L 0-10 % Lognormal -3.6 0.40 
10-100% Lognormal 0.53 1.0 

Nitrite as Nitrogen  
(NO2-N) 

mg/L Lognormal -4.1 1.6 

Ammonia as Nitrogen  
(NH3-N) 

mg/L Lognormal -2.4 1.2 

Total Phosphorous mg/L Lognormal -1.3 0.88 

Dissolved 
Phosphorous 

mg/L Lognormal -1.9 1.3 

Total Ortho-
phosphate (PO4) 

mg/L Lognormal -1.8 1.0 

Total Copper µg/L Lognormal 2.2 0.62 

Dissolved Copper µg/L Normal1 7.6 4.2 

Total Lead µg/L Lognormal -0.40 1.0 

Dissolved Lead µg/L Lognormal -1.8 1.0 

E. Coli MPN/100 mL Lognormal 5.0 2.8 

1. Any resulting negative concentrations converted to a value at or below the MDL. 

 

The resulting distributions (simulated by the generation of 1000 random data points within the 
distribution) were then compared to the distribution of actual samples to affirm appropriateness 
of fit. Figure 7 presents a simulated concentration of Total Nitrogen generated by the estimated 
distribution and a comparison to the measured concentrations during the study. As both the 
simulated and actual data fit the same straight line along the Q-Q plot, the distribution can be 
qualified as accurate. All simulated and actual distributions of water quality constituents are 
presented in Appendix G-3. 
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Figure 7:  Simulated and Actual Concentrations of Total Nitrogen. 

The study results could not be used to directly create an average dry weather loading of organic 
constituents because a significant majority of concentrations were non-detect.  Of the chlorinated 
organics, only DDT compounds and chlordane were detected sporadically (about 6% of the 
time). Other organic compounds were not detected during the study. All measurements of PCBs 
and Dieldrin for each event and each site were found to be non-detect. Loading calculations for 
the toxics constituents were not performed as the resulting estimates of loading would be better 
estimated from the TSS loading and multipliers representing toxics associated with the 
suspended sediments. 

4.1.4 Loading Estimations 

Mass loadings were calculated with the appropriate estimation of dry weather flow rates and an 
appropriate distribution of dry weather concentrations for constituents of concern.  The dry 
weather concentrations were developed by sampling from the developed distributions as a Monte 
Carlo simulation of the conditions.  The flow and concentration data sets were used to calculate 
the loading rates per site.   

Following the generation of the loading rates per site, the loading from each site was then scaled 
to represent the percentage of unique site drainage area that is owned by the County.  The 
decision to scale based upon land area is consistent with the Regional Board’s decision to 
designate the County’s waste load allocation based upon its percentage of land ownership within 
the Machado Lake sub-watershed. These six separate loading rates were then summed together. 
The result is a representation of the loading rate from County-owned land that drains to the 
monitored sites. To apply the loading rate to all County Islands, not just those lands covered by 
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the monitoring area, another scaling factor accounting for the differences in monitored and 
unmonitored land area is applied to the loading rate of the summed sites. The area of County 
Island 2 is not included in the scaling factor, as it was observed during the study that no 
discharges to Machado Lake from the area take place during dry weather. In other words, the dry 
weather loading from County Island 2 is zero for all constituents.  The results of the analysis 
produce a representation of the dry weather loading rate from all County Islands.  

To ensure the randomized data presented an appropriately average representation of loading, the 
process was run as a Monte Carlo simulation. The simulation ran for 1000 recursions and the 
overall median value was selected to most adequately represent the mass-based loading estimate 
from County Islands. Figure 8 presents a plot of the simulation for Total Nitrogen and the 
determination of the median value (corresponding to the 50th percentile). 

 
Figure 8:  Estimated Mass Loading of Total Nitrogen from all County 

Islands in the Machado Lake Watershed. 

Mass-based loading estimates from County Islands to Machado Lake in kilograms per year 
(kg/year) are presented in Table 15. Appendix H-1 presents details of the calculations entered 
into the Monte Carlo simulation and the derivations of the land area scaling calculations applied 
to site loading rates. Appendix H-2 presents the results of the Monte Carlo simulations and the 
derivations of the median value of each constituent’s mass-based loading estimate. 
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Table 15: Annual Mass-Based County Land Dry Weather Loading 
Estimates of Water Quality Constituents 

Water Quality Constituent Units Mass-Based Loading Estimate 

Total Suspended Solids (TSS) kg/yr 2,000 

Total Dissolved Solids (TDS) kg/yr 169,000 

Hardness kg/yr 62,100 

Total Nitrogen kg/yr 558 

Total Kjeldahl Nitrogen (TKN) kg/yr 230 

Nitrate as Nitrogen (NO3-N) kg/yr 317 

Nitrite as Nitrogen (NO2-N) kg/yr 8.40 

Ammonia as Nitrogen (NH3-N) kg/yr 22.0 

Total Phosphorous kg/yr 54.7 

Dissolved Phosphorous kg/yr 45.0 

Total Ortho-phosphate (PO4) kg/yr 33.8 

Total Copper kg/yr 1.35 

Dissolved Copper kg/yr 0.986 

Total Lead kg/yr 0.147 

Dissolved Lead kg/yr 0.0353 

E. Coli MPN/yr 1.02·1013 

 

4.2 ANNUAL AVERAGE LOAD 

The County’s WMMS model was used to generate annual loading rates for metals, total 
suspended solids, and nutrients. The results of the WMMS simulation for the current condition 
are presented in Appendix I-1.  The loadings represent the average of the simulated time frame 
(1997 through 2006) reflecting the various levels of precipitation received and the watershed 
responses.   

The WMMS generated annual average loadings for each County Island are presented in 
Table 16.  The data used in the model represent general observations in the Los Angeles Region, 
and not specific monitoring from the unincorporated areas of this study.  Monitoring conducted 
as per the TMDL requirements will be used to evaluate the performance of the WMMS in the 
Machado Lake watershed, and refinements to the model performed as appropriate. 
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Table 16:  Watershed Management Modeling System Annual 
Average Loads from Each County Island. 

County Island 
Area 
(acre) 

TSS 
(kg/yr) 

TN 
(kg/yr) 

TP 
(kg/yr) 

1 334.91 2,990 271 200 

2 106.26 1,070 37.5 24.3 

3 813.09 34,300 1,060 888 

Total 1,254.26 38,400 1,370 1,110 

 

The WMMS uses a multiplier on the total suspended solids loading to estimate the toxics 
loading. The fractions of OC pesticides and PCBs are estimated from a 2010 Machado Lake 
Sediment Characterization Report (SCR) after review of several regional studies examining 
toxics in sediment.  The values determined in the SCR are used because the study is one of the 
most complete with a large sample size from across a broad and representative range of sites. 
The sediments analyzed in the study originated from the Machado Lake watershed.  The values 
contain no significant outliers and are typical of values observed in the other reviewed studies. 
However, it is also acknowledged that as legacy pollutants, OC pesticide and PCB 
concentrations found in the bed sediment do not necessarily reflect concentrations being 
discharged to the lake by MS4s today.  The concentration values from the study were used as 
worst-case estimates of OC pesticides and PCBs loadings from County Islands.  Further details 
on these fractional estimates are provided in Appendix I-2.  These estimates need to be verified 
or revised in the future based on data to be collected from the County Islands.  A summary of the 
estimated annual loadings of various constituents from County Islands is presented in Table 17. 

Table 17:  Annual Average Loading of Constituents of Concern from 
Unincorporated County Island within the Machado Lake Watershed. 

Constituent Annual Loading 

Total Nitrogen (kg/yr) 1,370 

Total Phosphorous (kg/yr) 1,110 

Total Suspended Solids (kg/yr) 38,400 

Chlordane (g/yr) 0.768 

Total DDT (g/yr) 0.223 

Dieldrin (g/yr) 0.188 

DDE (all congeners) (g/yr) 0.196 

PCBs (g/yr) 2.23 

Copper (kg/yr) 16.3 

Lead (kg/yr) 14.8 

E. coli (MPN/100ml) —1 

1. Bacteria not modeled with the WMMS. 
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5. Discussion of Results 

5.1 ANNUAL AND DRY WEATHER LOADING 

A summary of the annual and dry weather loadings for all constituents of concern is presented in 
Table 18.  As described in previous sections of this report, the dry weather loading is estimated 
using monitored data and statistical modeling, while the annual loading is estimated using the 
County WMMS model. 

Table 18:  Estimated Annual Loading Rates to Machado Lake 
from Unincorporated County Islands 

Constituent Annual Loading Dry Weather Loading 

Loading from Dry 
Weather 

(%) 

Total Nitrogen (kg/yr) 1,370 558 41% 

Total Phosphorous (kg/yr) 1,110 54.7 5.0% 

Total Suspended Solids (kg/yr) 38,400 2,000 5.2% 

Chlordane (g/yr) 0.768 —1 —1 

Total DDT (g/yr) 0.223 —1 —1 

Dieldrin (g/yr) 0.188 —1 —1 

DDE (all congeners) (g/yr) 0.196 —1 —1 

PCBs (g/yr) 2.23 —1 —1 

Copper (kg/yr) 16.3 1.35 8.3% 

Lead (kg/yr) 14.8 0.147 0.99% 

E. coli (MPN/100ml) —2 1.02·1013 —2 

1. Insufficient detected data to make loading estimate from measured dry weather samples.  Using fractions, the toxics load 
would be 5.2% of the annual load. 

2. Bacteria not modeled with the WMMS. 

As indicated, the estimated percentages of toxics, metals, nutrients, and bacteria loading coming 
from dry weather events is relatively negligible, with the exception of Total Nitrogen.  Dry 
weather loadings do represent a significant fraction of the final WLAs of Total Nitrogen.  

5.2 RELATION TO SUBSEQUENT STUDIES 

The information gathered from this special study were used to provide guidance on developing 
subsequent plans related to Machado Lake TMDLs. How the study has impacted the plan of 
action for future work is described below. 

5.2.1 Implementation Plan 

As defined in the Work Plan, the Implementation Plan will identify BMPs and treatments to be 
implemented to demonstrate a reduction of pollutant loading on a mass basis which will result in 
attainment of the mass-based WLAs. Three potential scenarios would dictate the implementation 
process: 
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Scenario 1:  Dry weather loading is insignificant compared to the overall load, and 
therefore loading reductions are focused on wet weather loadings that lead to 
exceedances of the mass-based WLAs.  In this instance, WMMS will be utilized to 
identify and optimize combinations of wet weather BMPs for inclusion in the 
Implementation Plan that will result in attainment of the mass-based WLA.   

Scenario 2: Dry weather loading and wet weather loading both exceed the mass-based 
WLAs.  The WMMS will be utilized to identify and optimize combinations of wet 
weather BMPs associated with varying degrees of load reductions.  The effectiveness of 
the wet weather BMPs on reducing dry weather loading will be evaluated, and an 
optimized combination of BMPs that reduce loadings in both dry and wet weather to 
attain the mass-based WLAs will be included in the Implementation Plan. 

Scenario 3: The combination of dry weather loading and wet weather loading exceed the 
mass-based WLAs.  The WMMS will be utilized to identify and optimize combinations 
of wet weather BMPs associated with varying degrees of load reductions.  Similar to 
Scenario 2, the effectiveness of the wet weather BMPs on reducing dry weather loading 
will be evaluated, and an optimized combination of BMPs that reduce loadings in both 
dry and wet weather to attain the mass-based WLA will be included in the 
Implementation Plan. 

For all parameters of concern, dry weather loading is less than half of the annual load and for 
most the parameters of concern dry weather loading is 5% or less of the annual load. However, 
reductions to dry weather loadings provide capacity for wet weather loading, aiding efforts to 
comply with the final annual mass-based waste load allocations, due to the low levels of the final 
allocations. Therefore, the Implementation Plan should follow the plan described in Scenario 3. 
As Total Phosphorous and Total Suspended Solids (and therefore Toxics) dry weather loadings 
are less significant to the annual load than Total Nitrogen’s dry weather loadings, evaluations of 
dry weather loading reductions could be pursued less aggressively for these constituents. 

5.2.2 Monitoring and Reporting Program 

The dry weather data collected during the special study concluded that each distribution of water 
quality constituent was of the same for each County Island and year-round. The study results 
imply it is not necessary to routinely sample every site over all County Islands during a sampling 
event. It is instead recommended that one or two of the six sites be sampled on a rotating basis 
for future sampling events. Due to consistently negligible flows at site 1O_EAST, it is 
recommended not to sample for water quality at this site during dry weather in the future.  

For the interest of nitrogen loading, additional sampling for 1O_ACAD may help to confirm or 
reject the hypothesis that Total Nitrogen and nitrogen-related constituents discharging from the 
site are part of a distribution unique to the site. Additional research regarding landscaping 
activities and practices within the drainage area may also independently verify the hypothesis. 

For phosphorous loading, additional sampling during the months of June through August may 
help to confirm or reject the hypothesis that Total Phosphorous and phosphorous-related 
constituents discharging during this time period are part of a distribution unique from the 
remainder of the year, which was found to be a potential concern but not confirmed by the results 
from Event 2 of the study. 
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For lead loading, additional sampling at 3O_VAND may help to confirm or reject the hypothesis 
that total lead concentrations discharging from the site are elevated and part of a distribution 
unique to the site. Additional research regarding water distribution pipelines, industrial activity 
history, or current resident watering practices within the drainage area may also independently 
verify the hypothesis.  

As toxics concentrations were predominantly non-detect during the special study, future 
sampling will be limited to wet weather events. Additional review of fractional relationships 
between suspended sediment and toxic constituents based on wet weather data is recommended 
to accurately represent toxic loadings to Machado Lake from County Islands. 

5.3 POLLUTANT REDUCTION ASSESSMENT 

Table 19 presents the level of reduction needed to attain the Nutrients TMDL waste load 
allocations. 

Table 19:  Summary of Loading Reduction Needed for Nutrient TMDL. 

Parameter Total Nitrogen (kg/yr) Total Phosphorous (kg/yr) 

Dry Weather Mass Based Loading Estimate 558 54.7 

Annual Mass Based Loading Estimate  1,370 1,110 

Interim WLA  1739 887 

Final WLA  710 71 

Reduction needed to achieve Interim WLA  None 223 

% reduction needed to achieve Interim WLA 0% 20.1% 

Reduction needed to achieve Final WLA  660 1,039 

% reduction needed to achieve Final WLA 48.2% 93.6% 

 

The current loading from the County meets the Interim WLA for Total Nitrogen, while about 
20 percent reduction is needed to attain the corresponding Interim WLA for Total Phosphorus. 
Moreover, it requires about 50 percent and 94 percent reduction for Total Nitrogen and Total 
Phosphorus, respectively, to attain the Final WLAs. While a majority of the nitrogen reductions 
would need to occur from the wet weather, significant reductions in the dry weather would be 
advisable. Similarly, a majority of phosphorus reductions need to come from wet weather 
loadings, as dry weather loadings comprise only about 5 percent of County’s annual Total 
Phosphorous loadings. 

The County’s current loading reduction needed for the Toxics TMDL is presented in Table 20. 
Based on the estimated toxics loadings, about 84 percent reduction of total suspended solids 
loadings may be needed to achieve a mass-based WLA for the toxic pollutants. The majority of 
these reductions would need to come from wet weather loadings, as dry weather loadings 
comprise only about 5 percent of County’s annual toxics loadings.  

Given that dry weather toxics measurements were predominantly non-detect, further 
investigation into wet weather toxics loading in the Machado Lake sub-watershed is needed. 
Determination of a fractional relationship between suspended sediment and the constituents of 
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DDD congeners, DDT congeners, and Total PCBs is also needed for determination of the 
County’s compliance with the WLAs of the Toxics TMDL. 

RB-AR39035



 

LA County Department of Public Works  September 2011 
Machado Lake Special Study Work Plan  
Final Report  

33

Table 20:  Summary of loading reduction needed for the Toxics TMDL. 

Compliance Category 

Total 
Suspended 

Solids 
(kg/yr) 

Chlordane 
(g/yr) 

Total DDT 
(g/yr) 

Dieldrin 
(g/yr) 

DDE 
(all congeners) 

(g/yr) PCBs (g/yr) 

Annual Mass Based Loading 
Estimate1 

38,400 0.768 0.223 0.188 0.196 2.23 

Dry Weather Mass Based 
Loading Estimate 

2,000 —2 —2 —2 —2 —2 

Waste Load Allocation3 NA4 0.124 0.199 0.0729 0.121 2.30 

Reduction needed to Achieve 
WLA 

0.644 0.0240 0.115 0.0750 None 

Associated Reduction in TSS 
loading needed to achieve 
WLA1 

32,200 kg TSS/yr 4,140 kg TSS/yr 23,500 kg TSS/yr 14,700 kg TSS/yr None 

% Reduction in TSS loading 
needed to achieve WLA 

NA4 83.9% 10.8% 61.2% 38.3% None 

 1. Based on sediment fractions determined from 2010 Machado Lake Sediment Characterization Report. 
 2. High percentage of non detected data precluded estimation of dry weather loading.   
 3. Toxics TMDL does not establish mass-based waste load allocations. Listed values are for planning purposes only. 
 4. Not Applicable.  Sediment is not a named parameter in established or scheduled TMDLs.  Sediment does not have a WLA. 

RB-AR39036



 

LA County Department of Public Works 34 September 2011 
Machado Lake Special Study Work Plan  
Final Report  

6.  References 
California Regional Water Quality Control Board, Los Angeles Region, “Amendment to the 
Water Quality Control Plan for the Los Angeles Region to Incorporate a Total Maximum Daily 
Load for Eutrophic, Algae, Ammonia, and Odors (Nutrient) for Machado Lake”, Resolution 
R08-006, May 1, 2008. 

California Regional Water Quality Control Board, Los Angeles Region, “Amendment to the 
Water Quality Control Plan for the Los Angeles Region to Incorporate a Total Maximum Daily 
Load for Pesticides and PCBs for Machado Lake”, Resolution R08-010, September 2, 2010. 

Camp, Dresser, and McKee, in association with Parsons Corporation (CDM 2010), “Sediment 
Characterization Report: Machado Lake Ecosystem Rehabilitation Project and Wilmington Drain 
Multi-Use Project”, April 22, 2010. 

Larry Walker Associates, “Quantification of Organochlorine Pesticide and PCB Fractions in 
Sediments Loaded to Machado Lake”, August 1, 2011. 

Weather Underground, History for Weather Station KCATORRA18, Available: 
http://www.wunderground.com/weatherstation/WXDailyHistory.asp?ID=KCATORRA18,  
Accessed July 2011. 

 

 

RB-AR39037



LA County Department of Public Works A1 September 2011 
Machado Lake Special Study Work Plan  
Final Report  

Appendix A-1 - Precipitation during Sampling Period 
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Figure A-1 presents a daily summary of precipitation data for Southeast Torrance, California 
from May 1, 2010 to March 30, 2011. Data was provided by Weather Underground station 
KCATORRA18. This station was identified as the location that recorded daily precipitation rates 
closest to the center of all six monitoring sites. 

Data for this station is available at: 

http://www.wunderground.com/weatherstation/WXDailyHistory.asp?ID=KCATORRA18 

 

Figure A-1-1 - Precipitation Rates and Dates of Sampling 
Event 6 (March 1, 2011) occurred between two wet weather events during an abnormally active 
wet season. Weather was monitored by the field staff leading up to the March 1 sampling event 
to ensure rain had ceased for a sufficient time prior to sampling. A rain event occurring prior to 
the sampling event ended on February 26, 2010 at 3:00 AM. This provided at least 72 hours of 
dry weather prior to the sampling commencing on March 1, 2011 at 9:35 AM, in accordance 
with standard operating procedure. Field crews also ensured that flows at all sites were not 
abnormally elevated, indicating precipitation influence on flow rates. Rain fell again on March 2, 
2011 at 9:10 PM, after sampling had concluded. This did not impact the quality or collection of 
samples. 

All other sampling events occurred significantly more than 72 hours after the most recent rainfall 
event. 
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Appendix A-2 - Dry Weather Sampling Sites 
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Figure A-2-1 - Site 1O_ACAD viewed from above the manhole. Taken March 1, 2011 at 3:40 p.m. 

 

Figure A-2-2 - Site 1O_EAST viewed from above the manhole.  
Taken on January 11, 2011 at 12:30 p.m. 
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Figure A-2-3 - Site 3I_ASHB viewed from downstream looking upstream.  
Taken on May 26, 2010 at 2:20 p.m. 

 

Figure A-2-4 - Downstream of Site 3I_NORMP. Taken on March 1, 2011 at 11:30 a.m. 
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Figure A-2-5 - Downstream of Site 3O_VAND. Taken on January 11, 2011 at 10:15 a.m. 

 

Figure A-2-6 - Downstream of Site 3O_VERSEP. Taken on November 4, 2010 at 12:00 p.m. 
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Figure A-2-7 - The South Coast Botanical Gardens Pond spillway viewed from upstream looking 
downstream. The site was observed during each sampling event to confirm no dry weather flow 

was discharging from the site. Taken on September 28, 2010 at 1:15 p.m. 
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Appendix B-1 - Water Quality Results  
Of Dry Weather Sampling Graphed by Site 
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Appendix B-2 - Water Quality Results  
of Dry Weather Sampling Graphed by Event 
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Appendix C - HOBO Meter Sampling and Analysis 
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HOBO Meter Data Collection 

HOBO meters were installed and launched at each site on July 7, 2010. This occurred as a 
separate field event, after the completion of Event 1 but before Event 2. Two additional 
barometric reference HOBO meters were installed and launched at wire fence along the channel 
access road near 3I_ASHB and the stop sign on Eastvale Road near 1O_EAST, respectively. For 
the first two months of data collection, the HOBO meters were observed monthly as it was 
uncertain whether or not the meters would remain operational in the field. Field crews verified 
that the meters were working and collected the HOBO meter data during Event 2 on July 28, 
2010. A field crew again verified the functionality of meters on August 25, 2010 and collected 
the HOBO meter data. Following these two events, field crews were confident in the HOBO 
meters’ ability to weather the field conditions, and the HOBO meters were collected for data 
download and were relaunched in conjunction with Events 3 through 6. The HOBO meters are 
planned to remain in operation for one full year. To this end, most meters will not be removed 
until July 7, 2011.  

For the course of this study, only the HOBO meter data from July 7, 2010 to March 1, 2011 
(following sampling event 6) was considered as this remained the fullest extent of analyzed 
depth data available during the creation of the report. 

During Event 3, HOBO meter data for all sites except 3I_ ASHB were collected. The failure to 
collect was the result of a downloading error. During a normal downloading procedure, the 
HOBO meter is connected to a laptop computer via a USB connection and the data subsequently 
downloaded. Once complete, the meter is "re-launched" for the device to begin recording data 
again. Re-launching wipes out all stored data for the data set to refer to only one reference 
pressure and depth. When the 3I_ASHB HOBO meter was connected to the laptop computer and 
initiating its data download, an empty data file for 3I_ASHB had been created but appeared to 
complete its download. At this point, the operator re-launched the HOBO meter, only to discover 
that the 3I_ASHB file recorded no data.  As the meter was re-launched, the data for 3I_ASHB 
was not recoverable. Field protocol was revised after the incident, ensuring that the field crews 
verify that the data has completed downloading to the laptop prior to any further action. Data 
was successfully downloaded to the laptop during all other instances. 

HOBO Meter Data Analysis 

HOBO loggers continuously record time (T), temperature (Tref), and pressure (P) data every five 
minutes when placed in the field. Once collected, these data are utilized to calculate the density 
and depth (DLogger) of the flow.   

One can use a barometric data file to compensate for a baseline "depth" measurement that would 
be generated from ambient air pressure and temperature. The study employs this tactic because 
flow is frequently shallow or non-existent. The HOBO Barometer calculates its own depth 
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calculations from its temperature and pressure readings and creates a data set DBaro. During each 
sampling event, the sampling team records a reference time T and a reference depth LMeasAtTimeT . 
Depth data points from both the HOBO logger (DLoggerAtTimeT) and the HOBO barometer 
(DBaroAtTimeT) taken at the same reference time are used for the next equation.  If times do not 
synchronized exactly, the time step closest to the reference time is selected.  

A conversion factor k is calculated through the following calculation: 

k = LMeasAtTimeT - (DLoggerAtTimeT - DBaroAtTimeT) 

This conversion factor is then applied to the data sets as whole, resulting in a new converted data 
set Dcalculated: 

Dcalculated = DLogger - DBaro+ k 

The data set of Dcalculated for each site was then used for calculation of flow rates.  

Occasionally, depth data for the sites 1O_EAST, 1O_ACAD, and 3O_VAND recorded negative 
values. It was determined that these values were the result of pressure readings at the barometer 
exceeding the readings at the discharge site, or temperature readings at the discharge site 
exceeding that of the barometer. These instances were determined to be the likely result of 
periods of no flow where readings were significantly impacted by ambient temperature and 
pressure differences. The barometric loggers have been observed to be very sensitive to wind, 
even when placed within manholes. Pressure and temperature readings are likely to vary 
significantly when flow over the HOBO logger ceases, surges, or is exposed to sunlight. Such 
readings were not unexpected. Upon review, negative depths were assigned a value of 0 to 
indicate that no flow was likely present at the time of reading.   

Changes to HOBO Meter Locations 

The barometric reference HOBO meter near 3I_ASHB was moved to the area directly below the 
manhole at 1O_ACAD during Event 4 to improve stability of the readings by establishing a 
reference site that was more similar to that of the several manhole discharge sites and placing the 
meter in an area more protected from wind and sunlight. 
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Appendix D - QA/QC Review of Dry Weather Samples
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The QA/QC analysis for all six sampling events indicated the following: 

• Hold Times:  USEPA analytical hold time guidelines place requirements on sample 
filtration, preservation, and/or analysis.  All hold times were met for all events. 

• Blank Contamination:  The use of field blanks and method blanks are intended to test 
whether contamination is introduced from sample collection and handling, sample 
processing, analytical procedures, or the sample containers. The field and laboratory 
method blanks for total and dissolved lead reported concentrations above the detection 
limit during Event 6. Four of the six dissolved lead samples recorded values within five 
times the amount of the blanks and were flagged as upper-limit estimations. One of the 
six total lead samples recorded a value within five times the amount of the blank and was 
flagged as an upper-limit estimation. With both blanks reporting detectable 
concentrations, the laboratory environment was determined to be the source of 
contamination and not the sampling procedure. Given the sensitivity of the instruments 
used to measure the metals concentrations, detections of trace amounts are not 
unexpected. All other field and laboratory blanks recorded values that were below the 
method reporting limits.  

• Precision:  The purpose of analyzing duplicates is to demonstrate precision of sample 
collection, preparation and analytical methods. Laboratory duplicate samples met 
applicable requirements defined in the Work Plan across all events.  Field duplicate 
samples for total suspended solids (TSS) exceeded the program Relative Percent 
Difference (RPD) during Events 1, 2, and 6. The RPD values indicated that the 
environments were variable for TSS, which was not unexpected. In addition, it was 
determined that the entirety of the sample bottle was not used in the TSS analysis for 
Event 6, which was a deviation from standard laboratory practices due to laboratory 
error. Field duplicate samples for total kjeldahl nitrogen (TKN) exceeded the RPD during 
Event 2. The RPD value indicated that the environment was variable for TKN. This was 
not unexpected. Field duplicate samples for orthophosphate exceeded the program RPD 
during Event 1. The exceedance was between samples of values near the reporting limit, 
accentuating the measured differences. This indicated that Orthophosphate was variable 
at low levels. Field duplicate samples for dissolved lead exceeded the program RPD 
during Events 4 and 6. For Event 4, the RPD exceedance was likely the result of low 
concentrations as well as natural variability within the environment. For Event 6, it was 
concluded that the combination of relatively low concentrations, instrument sensitivity, 
lab environment, and general variability of the water contributed to the exceedances in 
RPD, which was not unexpected. Field duplicate samples for E. coli exceeded the 
program RPD during Events 1, 2, and 3. The RPD value indicated that the environments 
were variable for E. coli, which was not unexpected. All other samples met applicable 
standards defined in the Work Plan.     

• Accuracy:  The purpose of analyzing laboratory control samples (or a standard reference 
material) is to demonstrate the accuracy of the sample preparation and analytical 
methods.  The purpose of analyzing matrix spikes and matrix spike duplicates is to 
demonstrate the performance of the sample preparation and analytical methods in a 
particular sample matrix. During Event 2, the recovery for the matrix spike sample for 
4,4’-DDD exceeded the percent recovery limit by 1 percent. The single detected 4,4’-
DDD sample was flagged as “MS>UL” because it qualified as the upper limit of the 
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actual value. All other samples for the event and all other events recorded 4,4’-DDD as 
non-detect. The 2,4’-DDT matrix spike and matrix spike duplicate were both below the 
control limits due to matrix interference during Event 4. Review determined that the 
difference was only 5 percent outside control limits and not unexpected, but 2,4’-DDT 
samples for the event were flagged as “MS<LL” because the low recovery on matrix 
samples potentially could lead to an underestimation of sample concentrations. All 
samples for the event and all other events recorded 2,4’-DDT as non-detect. Matrix spike 
and matrix spike duplicate samples for 4,4’-DDT were outside of the control limits 
during Event 4 due to matrix interference. The corresponding samples for the event were 
flagged as estimated. All samples for the event and all other events recorded 4,4’-DDT as 
non-detect. The RPD for matrix spike and matrix spike duplicate samples’ PCB 
congeners 126 and 206 were outside of the acceptable range during Event 5. The 
corresponding samples for the event were flagged as estimated. All samples of the PCB 
congeners for the event and all other events were recorded as non-detect.  All other 
laboratory duplicates and matrix recoveries met the applicable standards defined in the 
Work Plan.           

 

No trends in QA/QC qualifications were identified between events. 
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Appendix E-1 - Calculation of Sample Site Flow Rates 
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For the HOBO meter data to be effectively used as an estimation of flow rates over the course of 
the study, the depth readings first needed to be confirmed as reliable estimations of depth and 
then those depth readings needed to be converted into reliable estimations of flow. 

Initial observations indicated that HOBO meter depth readings were not replicating the depth 
measurements taken at each site during sampling events. For instance, during Event 2, the 
average measurement of depth taken by the field team was 0.68 inches, yet the HOBO meter had 
recorded a depth of 0.083 feet, or 1 inch, of flow immediately prior to its extraction. For the 
HOBO readings to be more representative of the depth measurements, the readings would need 
to be transformed by a linear factor. The average of the previous 4 sampled depths prior to 
extraction (representing 20 minutes) at Events 2 through 6 (the events for which HOBO meter 
data was available), was regressed against the average of all depth measurements taken at the 
respective sampling event. These measurements observed low variance, ensuring that each 
average presented an accurate representation of typical HOBO meter reading and flow depth. 
Regressions were fit to a linear equation with an intercept of  0 to ensure that a measured depth 
reading of zero would correspond to a HOBO meter depth of zero. The regressions indicated that 
for most sites, HOBO readings typically overestimated the depth.  

A regression was not taken for 1O_EAST because only 1 non-zero data point was available for 
actual measured depth. Review of the non-zero data for 1O_EAST suggested that HOBO meter 
depth readings corresponded well to actual measurements of depth, and thus no transformation of 
the depth data was performed. The HOBO data set for 1O_EAST was converted directly from 
feet to inches (i.e. multiplied by 12) for the second phase of conversion from depth in inches to 
flow in cubic feet per second to be performed. 

Figure E-1-1 through Figure E-1-5 present the linear regressions between HOBO meter depth 
readings and depth measurements for each site. 
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Figure E-1-1 - HOBO Depth Readings vs. 
Measured Depths at 1O_ACAD 

  

Figure E-1-2 - HOBO Depth Readings vs. 
Measured Depths at 3I_ASHB 

 

Figure E-1-3 - HOBO Depth Readings vs. 
Measured Depths at 3I_NORMP 

 

Figure E-1-4 - HOBO Depth Readings vs. 
Measured Depths at 3O_VAND 

 

Figure E-1-5 - HOBO Depth Readings vs. Measured Depths at 3O_VERSEP 

 

Depth measurements were converted to flow based upon the flow calculations recorded during 
each sampling event. Sampling event flow was calculated by measuring flow depth, width, and 
surface velocity at several locations. These measurements then took into account whether each 
site was an open channel or a pipe to calculate a flow rate. To apply a solitary depth 
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measurement from the HOBO meter to a reading of flow, it was decided that a correlation 
between a single measured depth - the average of all measured depths per site - and the 
calculated flow rate be established. The average measured depth for Event 2 through Event 6 was 
regressed against the calculated flow rate for the associated site and event. Regressions were 
chosen as either linear or a power function based upon optimal fit as well as the characteristics of 
the site (i.e. a pipe, culvert, or open channel). All regressions were assigned a y intercept of 0 for 
instances of zero depth to correspond with no flow, which had been determined to be accurate 
during initial review of the HOBO meter data.  

Despite having only 1 non-zero data point, a regression for 1O_EAST was performed as there 
was no other available data from which to estimate flow rates at 1O_EAST. 

Figure E-1-6 through Figure E-1-11 present the regressions between average depth 
measurements and flow rates for each site. 

 
Figure E-1-6 - Measured Depth Readings vs. 

Measured Flows at 1O_ACAD

 
Figure E-1-7 - Measured Depth Readings vs. 

Measured Flows at 1O_EAST

 
Figure E-1-8 - Measured Depth Readings vs. 

Measured Flows at 3I_ASHB

 
Figure E-1-9 - Measured Depth Readings vs. 

Measured Flows at 3I_NORMP
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Figure E-10 - Measured Depth Readings vs. 

Measured Flows at 3O_VAND

 
Figure E-11 - Measured Depth Readings vs. 

Measured Flows at 3O_VERSEP
 

With two equations established between HOBO meter readings, depth measurements, and flow 
measurements, respectively, a conversion of HOBO meter readings to flow estimations could be 
developed. Table E-1-1 presents each site’s regression equations used for each step in the 
conversion, as well as the data points associated with the regressions. 

Table E-1-1 - Regressions for Hobo-read Depth, Measured Depth, and Flow Rate 

 

Average Depth 
before HOBO 

Extraction (feet) 

Best Fit 
Regression 

Equation 

Average 
Measured 

Depth 
(inches) 

Best Fit 
Regression 

Equation 

Measured 
Flows 

(cubic feet 
per second) 

1O_ACAD 
Event 2 0.0330 

y = 6.784 x 

0.1354 

y = 0.049 x1.324 

0.0022 

Event 3 0.0085 0.1563 0.0049 

Event 4 0.0115 0.1458 0.0057 

Event 5 0.0148 0.1458 0.0037 

Event 6 0.0238 0.1875 0.0052 

1O_EAST 
Event 2 0.0065 

No regression 
y = 12.00 x 

0.0000 

y = 0.004x 

0.0000 
Event 3 0.0255 0.0000 0.0000 
Event 4 0.0000 0.0000 0.0000 
Event 5 0.0020 0.0000 0.0000 
Event 6 0.0033 0.0625 0.0003 

3I_ASHB 
Event 2 0.0985 

y = 9.708 x 

1.0521 

y = 0.036 x0.865 

0.0297 

Event 3 NA1 0.5208 0.0298 

Event 4 0.0730 0.3438 0.0082 

Event 5 0.0425 0.7396 0.0305 

Event 6 0.0290 0.3958 0.0228 

3I_NORMP 
Event 2 0.1623 

y = 5.738 x 

0.8111 

y = 0.454 x 

0.4137 

Event 3 0.1938 0.9063 0.3098 

Event 4 0.1443 0.8646 0.5222 

Event 5 0.1263 0.8403 0.5060 
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Average Depth 
before HOBO 

Extraction (feet) 

Best Fit 
Regression 

Equation 

Average 
Measured 

Depth 
(inches) 

Best Fit 
Regression 

Equation 

Measured 
Flows 

(cubic feet 
per second) 

Event 6 0.1228 1.1181 0.4428 

3O_VAND 
Event 2 0.0558 

y = 8.263 x 

0.2292 

y = 0.382 x2.691 

0.0275 

Event 3 0.0445 0.3299 0.0164 

Event 4 0.0180 0.1979 0.0179 

Event 5 0.0123 0.1181 0.0004 

Event 6 0.0588 0.7153 0.1367 

3O_VERSEP 
Event 2 0.0845 

y = 7.491 x 

0.6840 

y = 0.709 x 

0.4313 

Event 3 0.0873 0.8333 0.5255 

Event 4 0.0755 0.6319 0.4630 

Event 5 0.0943 0.5799 0.5017 

Event 6 0.1068 0.6771 0.5573 
1 No HOBO Data was downloaded during Event 3 at 3I_ASHB  

Overall, the equations for estimated flow through each sampling site are as follows: 

Equation E-1-1 - Conversions of HOBO-read Depth to Flow 
F1O_ACAD = 0.049 x (6.784 x H1O_ACAD)1.324 

F1O_EAST = 0.004 x (12 x H1O_EAST) 

F3I_ASHB = 0.036 x (9.708 x H3I_ASHB)0.865 

F3I_NORMP = 0.454 x (5.738 x H3I_NORMP) 

F3O_VAND = 0.382 x (8.263 x H3O_VAND) 2.691 

F3O_VERSEP = 0.709 x (7.491 x H3O_VERSEP) 

Where:  
 F = Flow in cubic feet per second, and 
 H = HOBO depth reading in feet  

The entire HOBO meter data set for each site was then converted using Equation E-1-1. The 
time series of flow graphs for each site is presented below in Appendix E-2. It was determined 
that flow calculations for 3O_VAND significantly overestimate flows during wet weather events. 
This was not a concern as calculations were intended to be accurate for dry weather flows only.  

Considerations 

Sample results indicated that dry weather flow at 1O_ACAD, 1O_EAST, and 3O_VAND had 
high variance, often with one sample deviating from more typical rates of dry weather flow 
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through the sample location. Nevertheless, it is important to recognize the highly variable nature 
of urban runoff and that these elevated flow rates do contribute towards dry weather loading to 
Machado Lake. There was not overwhelming evidence for removal of any data points within 
each data set, thus all available information was included in the analysis. 

Regressions based upon small sample sizes are not ideal. As such, there is a high degree of 
uncertainty in most relationships utilized in the depth to flow conversion. For future work, it is 
recommended that flow and depth measurements performed by the sampling team continue to 
generate sufficient data for a more confident relationship between continuously-recorded depth 
records and flow. 

 

RB-AR39088



LA County Department of Public Works E8 September 2011 
Machado Lake Special Study Work Plan  
Final Report  

Appendix E-2 - Q-Q Plots of Sample Site Flow Rates  
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Appendix E-3 - Sample Site Flow Rate  
Time Series Graphs 
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Appendix F - Analysis of Variance (ANOVA) of Dry 
Weather Water Quality Samples 
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Effect Tests 

The entirety of the dry weather sampling data was reviewed, confirmed, and cleaned for analysis. 
All non-detect data was assigned the value of the minimum detection limit for the proceeding 
analysis. The sampling data was separated by constituent and, as necessary, fraction. From these 
subsets of data, a linear regression was performed upon each parameter by site and by event. For 
this analysis, data from 1O_EAST was not considered because of the limited number of data 
points collected from the site.  

First, a partial-F test, or effect test, was performed to see if the means of the distributions of 
constituent data by site and by event were equal. This hypothesis was meant to determine 
whether individual parameter distributions per site or per event could be shown, to a 95 % 
confidence level, that they were part of the same parameter distribution across all sites and 
events.  A result of the probability of this hypothesis (i.e. greater than F) being less than 0.05 was 
presumed to indicate that the individualized distributions by parameter (i.e. site or event) may be 
different than the  overall distribution, and therefore the parameter may be significant in 
determining  the resulting pollutant concentration and would warrant further inspection. Special 
consideration was given to probabilities approximating 0.05 as the sample size for each 
parameter was small. 

Second, a plot of the residuals versus the predicted value was observed to determine if the data 
should be transformed logarithmically before further inspection. If residuals were observed to 
deviate from 0 as the predicted values increased, a logarithmic transformation was considered 
necessary. 

The data was grouped into categories based upon whether site, event, neither or both parameters 
were considered possibly significant and whether the data set required logarithmic 
transformation or not. 

No immediate pattern or categories of constituents were identified as a result of this analysis. A 
majority of constituents were found to require logarithmic transformation, which is typical for 
environmental data. Total copper, total nitrogen, and dissolved phosphorous were shown to need 
logarithmic transformation and indicate the possibility of both site and event exhibiting 
significant impact on the constituent concentration. Only those 3 of 16 considered constituents 
exhibited a possible impact from both site location and event date, and those constituents were of 
different fractions and categories (i.e. metals, nutrients) potentially implied that these patterns 
were not consistent and may be the result of natural variations. Furthermore, E. coli, total 
kjeldahl nitrogen, and total suspended solids were shown to need logarithmic transformation but 
showed no possible significant impact from site or event. Ammonia, total lead, dissolved lead, 
nitrate, nitrite, and orthophosphate were shown to need logarithmic transformation and indicated 
the possibility of site location impacting the respective pollutant concentrations. Hardness and 
total dissolved solids were found to be possibly related to site location and without the need for 
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logarithmic transformation. Only dissolved copper was found to be possibly related to event and 
without the need log transformation. 

Effect Test and Residual Graph Results 

The results of the effect tests and graphs of residual by predicted concentrations for each 
constituent are presented below. 

Table F-1 - Effect Test Results for Ammonia 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 0.23849220 5.2318 0.0047*  

Event 5 5 0.04230480 0.7424 0.6008  

*Possible statistical significance (p < 0.05) 

 

Figure F-1 - Residual by Predicted Plot for Ammonia 

 

Table F-2 - Effect Test Results for Dissolved Copper 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 55.64598 1.0736 0.3957  

Event 5 5 204.08262 3.1500 0.0294*  

*Possible statistical significance (p < 0.05) 
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Figure F-2 - Residual by Predicted Plot for Dissolved Copper  

 

 

Table F-3 - Effect Test Results for Total Copper 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 235.20533 2.8972 0.0483*  

Event 5 5 298.75367 2.9440 0.0377*  

*Possible statistical significance (p < 0.05) 

 

Figure F-3 - Residual by Predicted Plot for Total Copper 

 

Table F-4 - Effect Test Results for E. coli 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 125406870 1.4983 0.2404  

Event 5 5 86664629 0.8284 0.5445  
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Figure F-4 - Residual by Predicted Plot for E. coli 

 

Table F-5 - Effect Test Results for Hardness 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 2678246.7 35.2222 <.0001*  

Event 5 5 140456.7 1.4777 0.2412  

*Possible statistical significance (p < 0.05) 

 
Figure F-5 - Residual by Predicted Plot for Hardness 

 

Table F-6 - Effect Test Results for Total Kjeldahl Nitrogen 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 38.590613 1.3447 0.2882  

Event 5 5 42.474190 1.1840 0.3519  
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Figure F-6 - Residual by Predicted Plot for Total Kjeldahl Nitrogen 

 

Table F-7 - Effect Test Results for Dissolved Lead 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 0.62070247 4.7537 0.0074*  

Event 5 5 0.21657520 1.3269 0.2931  

*Possible statistical significance (p < 0.05) 

 

Figure F-7 - Residual by Predicted Plot for Dissolved Lead 

 

Table F-8 - Effect Test Results for Total Lead 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 69.919447 3.1486 0.0368*  

Event 5 5 37.585280 1.3540 0.2830  

*Possible statistical significance (p < 0.05) 
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Figure F-8 - Residual by Predicted Plot for Total Lead 

 

Table F-9 - Effect Test Results for Nitrate 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 106.05903 7.0620 0.0010*  

Event 5 5 11.51534 0.6134 0.6909  

*Possible statistical significance (p < 0.05) 

 

Figure F-9 - Residual by Predicted Plot for Nitrate 

 

Table F-10 - Effect Test Results for Nitrite 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 0.01948600 1.7687 0.1748  

Event 5 5 0.01804697 1.3104 0.2994  
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Figure F-10 - Residual by Predicted Plot for Nitrite 

 

Table F-11 - Effect Test Results for Total Nitrogen 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 78.686621 2.1999 0.1058  

Event 5 5 88.113821 1.9708 0.1272  

 

 

Figure F-11 - Residual by Predicted Plot for Total Nitrogen 

 

Table F-11 - Effect Test Results for Orthophosphate 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 0.44771813 2.1306 0.1146  

Event 5 5 0.33860520 1.2891 0.3077  
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Figure F-12 - Residual by Predicted Plot for Orthophosphate 

 

Table F-13 - Effect Test Results for Total Dissolved Phosphorous 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 0.29682647 1.7101 0.1873  

Event 5 5 0.67382387 3.1057 0.0310*  

*Possible statistical significance (p < 0.05)  

Figure F-13 - Residual by Predicted Plot for Total Dissolved Phosphorous 

 

Table F-14 - Effect Test Results for Total Dissolved Solids 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 6485799.5 4.6634 0.0080*  

Event 5 5 2294360.7 1.3198 0.2958  

*Possible statistical significance (p < 0.05) 
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Figure F-14 - Residual by Predicted Plot for Total Dissolved Solids 

 

Table F-15 - Effect Test Results for Total Phosphorous 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 0.83725133 2.5396 0.0719  

Event 5 5 0.73222417 1.7768 0.1635  

 

Figure F-15 - Residual by Predicted Plot for Total Phosphorous 

 

Table F-16 - Effect Test Results for Total Suspended Solids 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 2646.1913 1.4678 0.2492  

Event 5 5 3358.9617 1.4905 0.2372  
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Figure F-16 - Residual by Predicted Plot for Total Suspended Solids 

 

Logarithmic transformations 

Once the constituents were grouped based on the results of effect tests and residual plots, data 
that was determined to require logarithmic transformation was replaced with the natural log of 
the original value of concentration. Occasionally, the resulting transformations found a 
parameter, which was previously identified as possibly significant through effect tests,was no 
longer significant through observation of the lognormally transformed data. This is not 
unexpected as the sample sizes were small and indicated that the possible pattern was actually 
statistical noise. Total suspended solids and E. coli distributions still exhibited neither parameter 
as possibly significant after logarithmic transformation of the data. Dissolved lead and Nitrate 
distributions, which initially exhibited possible significance from the parameter of site, did not 
exhibit possible significance from either parameter after logarithmic transformation. The total 
copper distribution, which had previously exhibited possible significance from both site and 
event, exhibited parameteras possibly significant after logarithmic transformation. In these 
instances, further analysis of the distributions was not considered as deviations could not be 
segregated from statistical noise. 

Table F-17 - Effect Test Results for Total Copper after Logarithmic Transformation 

Source Nparm DF Sum of Squares F Ratio Prob > F 

Event 5 5 2.7032191 2.6782 0.0521 

SiteId 4 4 1.7799363 2.2043 0.1053 

 

Table F-18 - Effect Test Results for E. coli after Logarithmic Transformation 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 32.786698 1.3495 0.2866  
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Source Nparm DF Sum of Squares F Ratio Prob > F   

Event 5 5 22.428318 0.7385 0.6035  

 

Table F-19 - Effect Test Results for Dissolved Lead after Logarithmic Transformation 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 7.0331747 2.7391 0.0512  

 

Table F-20 - Effect Test Results for Nitrite after Logarithmic Transformation 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 4.1356394 2.3724 0.0795  

 

Table F-21 - Effect Test Results for Total Suspended Solids after Logarithmic Transformation 

Source Nparm DF Sum of Squares F Ratio Prob > F   

SiteId 4 4 14.792132 2.7853 0.0546  

Event 5 5 5.914627 0.8910 0.5057  

 

Least-Squares Means and Prediction Profiles 

Following the transformations where necessary, least-squares means plots were created for any 
parameters determined to be potentially significant to the concentration. Both parameters were 
considered for constituents that did not exhibit any potential significance prior to log 
transformation (e.g. E. coli, TKN, and TSS). These plots estimated means and error bars 
associated with the individual distributions of the constituents by the selected parameters of site 
or event, respectively. If the individual distribution’s mean is observed to deviate significantly 
from the overall distribution mean, then one cannot say with 95 % confidence that the individual 
distribution for the site or event is the same as the overall distribution. Instances where 
confidence did not reach the 95 % threshold led the difference between the individual 
distribution and the overall distribution to be declared statistically significant. 

Comparison to the overall distribution mean was observed through a prediction profile graph and 
numerically verified through a scaled estimates table. The individual distributions whose 
differences in mean found to be statistically significant were catalogued.  
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Total Nitrogen, which was found to only be potentially significant by site after log 
transformation, identified the means of distributions of 1O_ACAD and 3I_ASHB to be 
statistically different than the overall distribution. Total Phosphorous, which was found to only 
be potentially significant by site after log transformation, identified the means of distributions of 
Event 2 and Event 6 had statistically significant differences from the overall distributions. Total 
kjeldahl nitrogen, which was found to be potentially significant by site after log transformation, 
identified statistically significant differences in means at 1O_ACAD and 3O_VERSEP. Other 
parameters similarly identified that several of the sites or events had statistically significant 
differences in means from the overall distribution. Only the individual site distributions for 
hardness were found to be statistically different from the overall distribution at all sites. 
However, no clear, consistent, and statistically confident pattern arose across constituents. The 
following figures present the relevant least-squares means plots and prediction profiles for 
parameters observed for each constituent undergoing least-squared means analysis. 

Figure F-17 - Least-Squares Means and Prediction Profile Plots for Ammonia by Site 

 

 

Figure F-18 - Least-Squares Means and Prediction Profile Plots for Hardness by Site 
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Figure F-19 - Least-Squares Means and Prediction Profile Plots for Total Kjeldahl Nitrogen by Site 

 

 
Figure F-20 - Least-Squares Means and Prediction Profile Plots for Total Lead by Site 

 

Figure F-21 - Least-Squares Means and Prediction Profile Plots for Nitrate by Site 
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Figure F-22 - Least-Squares Means and Prediction Profile Plots for Total Nitrogen by Site 

 

 

Figure F-23 - Least-Squares Means and Prediction Profile Plots for Orthophosphate by Site 

 

 

Figure F-24 - Least-Squares Means and Prediction Profile Plots for Total Phosphorous by Event 
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Figure F-25 - Least-Squares Means and Prediction Profile Plots  
for Total Dissolved Phosphorous by Event 

 

 

Figure F-26 - Least-Squares Means and Prediction Profile Plots for Total Dissolved Solids by Site 

 

Conclusions 

The overall identifications of statistically significant differences from the analysis are presented 
below in Table F-22. 
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Table F-22 - Summary of Identifications of Statistical Significance 

Constituent 

Effect Test 
Results 

Least Squares Means and Prediction Profile Plot Results 

Site Event 
1O 

ACAD 
3I

ASHB 
3I

NORMP 
3O

VAND 
3O

VERSEP 
1 2 3 4 5 6 

Total 
Suspended 

Solids 
             

Total 
Dissolved 

Solids  
X   X X         

Hardness X  X X X X X       

Total Nitrogen X  X X          

Total Kjeldahl 
Nitrogen 

X  X    X       

Nitrate X  X  X X        

Nitrite              

Ammonia X   X X  X       

Total 
Phosphorous 

 X       X    X 

Dissolved 
Phosphorous 

 X      X X X  X  

Ortho-
phosphate 

X  X    X       

Total Copper              

Dissolved 
Copper 

 X      X X     

Total Lead X     X        

Dissolved 
Lead 

             

E. coli              

 

Ultimately, no factors or sites were identified to consistently be creating unique distributions for 
concentrations of parameters. It may be possible that there are differences in the constituent 
distributions by site and event, but there is available evidence that can be used to have them 
serve as predictions of future concentrations, as the underlying differences are not understood. 
As there was no pattern of differences across multiple constituents or between groups of 
constituents, it was concluded that the most reasonable course of action would be to treat all 
samples as part of one distribution across the watershed.  
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Appendix G-1 - Regression on Order Statistics of 
Water Quality Constituents Reporting Non-Detect 

Values 
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The regression on order statistics analysis was performed through the use of LWA Data Analysis 
Tool version 1.8, which is modeled of the Caltrans program for analyzing environmental data 
with non-detect values. All regressions returned distributions with high confidence, indicating 
that the distribution of the constituent data is accurately represented through these lognormal 
approximations. 

 

Table G-1-1 - Regression on Order Statistics Results 

Constituent n 
n 

detected 
Percent 
detected 

Lognormal 
Mean 

Lognormal 
Standard 
Deviation 

Correlation 
Coefficient 

Nitrite (mg/L) 32 11 34.38% -4.0592 1.6286 97.42% 

Nitrate (mg/L) 32 31 96.88% 0.1385 1.5026 93.71% 

Dissolved 
Phosphorous 
(mg/L) 

32 28 87.50% -1.9481 1.3359 98.61% 

Dissolved Lead 
(µg/L) 

31 30 96.77% -1.8084 1.0112 98.46% 

Dissolved Copper 
(µg/L)1 

31 30 96.77% 1.8534 0.6688 96.87% 

E Coli  
(MPN / 100 mL) 

31 28 90.32% 4.9773 2.8366 99.32% 

Ammonia (mg/L) 32 30 93.75% -2.4350 1.1524 98.24% 
1. Dissolved Copper was found to be more appropriately identified as a normal distribution after further review. As dissolved 

copper contained a non-detect value, the regression’s calculated normal mean and standard deviation of 7.5588 and 4.2453 
µg/L, respectively, were used for the constituent’s simulated distribution. 
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Appendix G-2 Frequency Distribution Analysis of 
Detected Water Quality Constituents 
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Frequency Distributions 

Once a data for an individual constituent was selected, a best fit estimation for both normal and 
lognormal frequency distribution fits were created through the statistical program, JMP. These 
two distributions were selected as they are the distributions that occur most often within 
environmental data and no evidence suggested that other distributions would be identifiable 
within the data procured.  

After the creation of the two distribution fits, a goodness of fit test was applied to each. A 
Shapiro-Wilk W test was applied to the fitted normal distribution and a Kolgomorov D test was 
applied to the fitted lognormal distribution. The tests determine the probability of a data point 
belonging to the fitted distribution. Thus, the test that presented a higher probability was 
selected. 

The dissolved copper test indicated that the normal distribution served as a better fit, and thus the 
resulting mean and standard deviation derived from the regression on order statistics program 
was used to better accommodate the non-detect values within the distribution.  

The nitrate tests indicated that normal, lognormal, and exponential distributions failed to 
appropriately fit the distribution of data and all resulting distributions significantly overestimated 
concentrations of nitrogen. This prompted the decision to separate the data into two separate 
distributions reflecting its behavior near the detection limit and well above the detection limit.  

 

 Normal(1.93563,2.78371) 

 LogNormal(0.24307,0.81766) 

Figure G-2-1 - Frequency Distribution for Total Kjeldahl Nitrogen 
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Table G-2-1 - Goodness of Fit Tests for Total Kjeldahl Nitrogen 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.477460   <.0001* 0.092112   > 0.1500

*Possible statistical significance (p < 0.05) 

Distributions Constituent=Nitrogen, fraction=Total 

Absolute Results 

 

 Normal(4.35413,3.63179) 

 LogNormal(1.20878,0.71322) 
Figure G-2-2 - Frequency Distribution for Total Nitrogen 

 

Table G-2-2 - Goodness of Fit Tests for Total Nitrogen 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.767885   <.0001* 0.098855   > 0.1500

*Possible statistical significance (p < 0.05) 
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Figure G-2-3 - Frequency Distribution for Orthophosphate 

 

 Normal(0.28116,0.38371) 

 LogNormal(-1.8296,0.98789) 

Table G-2-3 - Goodness of Fit Tests for Orthophosphate 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.622226   <.0001* 0.158363   0.0442*

*Possible statistical significance (p < 0.05) 
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Figure G-2-4 - Frequency Distribution for Total Phosphorous 

 

 Normal(0.43553,0.48489) 

 LogNormal(-1.2503,0.8826) 

 

Table G-2-4 - Goodness of Fit Tests for Total Phosphorous 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.694003   <.0001* 0.106174   > 0.1500

*Possible statistical significance (p < 0.05) 
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Figure G-2-5 - Frequency Distribution for Total Dissolved Solids 

 

 Normal(1272.69,740.694) 

 LogNormal(6.96169,0.65132) 

Table G-2-5 - Goodness of Fit Tests for Total Dissolved Solids 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.914774   0.0150* 0.156772   0.0465*

*Possible statistical significance (p < 0.05) 
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Figure G-2-6 - Frequency Distribution for Total Suspended Solids 

 
 Normal(15.029,22.4524) 

 LogNormal(1.97636,1.23654) 

Table G-2-6 - Goodness of Fit Tests for Total Suspended Solids 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.604346   <.0001* 0.091093   > 0.1500

*Possible statistical significance (p < 0.05) 
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Figure G-2-7 - Frequency Distribution for Hardness 

 

 Normal(475.161,332.414) 

 LogNormal(5.90756,0.73161) 

Table G-2-7 - Goodness of Fit Tests for Hardness 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.875254   0.0018* 0.152770   0.0649

*Possible statistical significance (p < 0.05) 
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Figure G-2-8 - Frequency Distribution for Total Copper 

 

 Normal (10.2613,5.83385) 

 LogNormal (2.15666,0.62072) 

Table G-2-8 - Goodness of Fit Tests for Total Copper 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.935510   0.0620 0.120887   > 0.1500
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Figure G-2-9 - Frequency Distribution for Dissolved Copper 

 

 Normal(7.51239,4.3207) 

 LogNormal(1.75515,0.96469) 

Table G-2-9 - Goodness of Fit Tests for Dissolved Copper 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.957767   0.2544 0.202557   < 0.0100*

*Possible statistical significance (p < 0.05) 
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 Figure G-2-10 - Frequency Distribution for Total Lead 

 

 Normal(1.36742,2.70843) 

 LogNormal(-0.4026,1.03251) 

Table G-2-10 - Goodness of Fit Tests for Total Lead 

Normal Fit Lognormal Fit 

W   Prob<W D   Prob>D

0.426153   <.0001* 0.117739   > 0.1500

*Possible statistical significance (p < 0.05) 
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Figure G-2-11 - Frequency Distribution for Nitrate 

 

 Normal(2.35959,2.5783) 

 LogNormal(0.10256,1.52792) 

 Exponential(2.35959) 

Table G-2-11 - Goodness of Fit Tests for Nitrate 

Normal Fit Lognormal Fit Exponential Fit 

W   Prob<W D   Prob>D D   Prob>D 

0.795569   <.0001* 0.158692   0.0438* 0.174522   0.0922 

*Possible statistical significance (p < 0.05) 
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Appendix G-3 Simulated and Sampled Distributions of 
Water Quality Constituents  
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Appendix H-1 Calculations Regarding Loading Rate 
Scaling to County Island Areas and Monte Carlo 

Simulations 
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Generation of Simulated Constituent Loading Rates per Site 

Loading rate is considered to be the product of the estimated dry weather flow and the estimated 
water quality concentration. A concentration value was generated from the constituent 
distribution for each record of dry weather flow rate for each individual site. As each site has a 
different length of flow records, a different set of randomized concentration data is generated for 
each site. All loading rates were converted to kilograms per year, or MPN per year in the 
instance of E. coli. To determine a single value for a site’s loading rate, the average across the 
length of the data set was taken. The average was found to be an appropriate value that would 
appropriately account for occasional instances of dry discharges resulting in loading rates of 0. 

Scaling Site Loading Rates to County Land Areas 

Following the generation of an average site loading rate, each outfall had to be scaled to the 
percentage of its unique drainage area that was owned by the County. This was done to avoid 
accounting for loading for which other entities are responsible. The decision to base loading rates 
as a function of land area stems from the Regional Board’s decision to assign waste load 
allocations to permittees by percentage of land area owned within the watershed. Maps of the 
County-owned areas and the site drainage areas were reviewed in ArcGIS, and the areas (in 
square miles) calculated within the program and Microsoft Excel. 

Drainage areas for 1O_ACAD and 1O_EAST are both 100% in county. Therefore no scaling 
was applied to these individual sites. 

County Island 3 inflow sites, per their objective as measures of inflow, have very little drainage 
area that is within County-owned land. The drainage area for 3I_NORMP has 0.069958 square 
miles of County land in a total area of 2.142888 square miles, which results in a scaling factor of 
3.26466 percent. The drainage area for 3I_ASHB has 0.074189 square miles of County land in a 
total area of 0.381187 square miles, which results in a scaling factor of 19.46263 percent. 

The drainage area for 3O_VAND has 0.506385 square miles of County land in a total area of 
1.031168 square miles total, which results in a scaling factor 49.1079 percent. 

The drainage area for 3O_VERSEP is actually the combined drainage areas of 3I_ASHB, 
3I_NORMP, and the drainage area unique to 3O_VERSEP that is 100% within the County. To 
avoid double-counting the loading provided by the inflow sites, they must be factored in to 
3O_VERSEP’s scaling. The drainage area unique to 3O_VERSEP is 0.309971 square miles. 
Combined with the drainage areas of the two County Island 3 inflow sites, the entirety of 
3O_VERSEP’s drainage area is 2.834046 square miles, which results in a scaling factor of 
10.9374019 percent. 
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These scaling factors are applied to the individual site loading rates calculated above, then 
summed to create an estimation of loading rates from County-owned land monitored by the 
sampling sites.  

Scaling-Summed Site Loading Rates to All Discharging County Land Areas 

To generate a mass-based loading estimate that applies to all County lands, drainage areas for 
which samples were not taken must be considered. To scale the previous estimate from County-
owned land monitored by the sampling sites up to all County-owned land discharging to 
Machado Lake, the estimate is multiplied by a factor representing the percentage of areas not 
covered by monitoring within the study. Maps of the County-owned areas and the site drainage 
areas were reviewed in ArcGIS, and the areas (in square miles) calculated within the program 
and Microsoft Excel. 

 The area comprising County Island 1 is 0.52178 square miles, while the area comprising County 
Island 3 is 1.269753 square miles. Both areas contribute to dry weather discharges to Machado 
Lake. The land area for County Island 2 was not added to the summation, as it was observed over 
the course of the study that the Island did not contribute to dry weather flows. This totals 
1.793931 square miles of County land that discharges to Machado Lake. Dividing this by the 
sum of the monitoring sites’ drainage areas within County land, a total of 1.248004 square miles 
(0.2875 square miles from County Island 1 and 0.9605 square miles from County Island 3) 
resulted in a scaling factor of 143.744 percent.  

Overall, the resulting final calculation for County Land loading rates is as follows: 

LoadLake = (Load1O_ACAD*1 + Load1O_EAST *1 + Load3I_ASHB*0.1946263 + 
Load3I_NORMP*0.03326466 + Load3O_VAND *0.491079 + Load3O_VERSEP *0.109374019) * 
1.437440104 

With the loading for the individual sites calculated as: 

 

Where: 
Load = The loading rate in kilograms per year 
Dryflow = The record of dry weather flow rates 
Concentration = a random water quality constituent concentration selected from a 
predefined distribution sample 
n = the length of the dry weather flow rate record, and 
K = a conversion factor, as necessary, converting to kilograms per year or most 
probable number per year. 
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Appendix H-2 – Mass-Based Loading Estimate 
Simulation Results 
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Appendix I-1 - Annual Mass-Based Loading Estimates 
from WMMS Model 
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Table I-1-1:  Annual Mass-Based Loading Estimates from WMMS Model 

County Island #1 
Area 
(acre) 

TSS 
(kg/yr) 

TN 
(kg/yr) 

TP 
(kg/yr) 

TZn 
(kg/yr) 

TPb 
(kg/yr) 

TCu 
(kg/yr) 

Transportation 45.33 1933.19 53.88 26.95 7.25 0.77 0.77 

Residential 197.10 179.47 113.38 107.73 11.68 1.25 1.25 

Ind. Inst. & Comm. 44.46 232.48 95.29 60.86 8.21 0.30 0.65 

Vacant/Agriculture 48.01 644.75 8.95 4.48 0.03 0.00 0.01 

Total 334.90 2989.89 271.51 200.02 27.17 2.32 2.68 

          

County Island #2 
Area 
(acre) 

TSS 
(kg/yr) 

TN 
(kg/yr) 

TP 
(kg/yr) 

TZn 
(kg/yr) 

TPb 
(kg/yr) 

TCu 
(kg/yr) 

Transportation 7.46 359.77 10.23 5.11 1.35 0.14 0.14 

Residential 98.40 687.56 26.76 18.87 1.31 0.15 0.23 

Ind. Inst. & Comm. 0.38 18.33 0.55 0.35 0.05 0.00 0.00 

Vacant/Agriculture 0.02 0.00 0.00 0.00 0.00 0.00 0.00 

Total 106.26 1065.67 37.53 24.33 2.71 0.30 0.38 

          

County Island #3 
Area 
(acre) 

TSS 
(kg/yr) 

TN 
(kg/yr) 

TP 
(kg/yr) 

TZn 
(kg/yr) 

TPb 
(kg/yr) 

TCu 
(kg/yr) 

Transportation 196.34 10827.44 283.76 141.93 40.60 4.33 4.33 

Residential 435.61 12466.57 464.52 441.36 46.75 4.99 4.99 

Ind. Inst. & Comm. 153.53 11000.83 306.99 304.77 39.82 2.89 3.92 

Vacant/Agriculture 27.58 40.44 1.54 0.77 0.00 0.00 0.00 

Total 813.07 34335.28 1056.80 888.83 127.17 12.21 13.23 

                

County Island 
Area 
(acre) 

TSS 
(kg/yr) 

TN 
(kg/yr) 

TP 
(kg/yr) 

TZn 
(kg/yr) 

TPb 
(kg/yr) 

TCu 
(kg/yr) 

1 334.91 2989.89 271.51 200.02 27.17 2.32 2.68 

2 106.26 1065.67 37.53 24.33 2.71 0.30 0.38 

3 813.09 34335.28 1056.80 888.83 127.17 12.21 13.23 

Total 1254.26 38390.84 1365.85 1113.18 157.05 14.83 16.29 
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Appendix I-2 - Derivation of Fractional Relationship 
between Total Suspended Solids Loading and 

Organic Compounds Loading 
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The study “Quantification of Organochlorine Pesticide and PCB Fractions in Sediments Loaded 
to Machado Lake” (Larry Walker Associates, 2011) reviewed several studies to identify an 
optimal relationship between toxic constituents and suspended sediment. The study determined 
that values relating Chlordane, Total DDT, DDE (all congeners), and Dieldrin loadings to Total 
Suspended Solids loadings were best represented by the median values of toxic constituents in 
sediment calculated from the Machado Lake Sediment Characterization Report performed in 
2010. This study was used because it took sediment data from the impacted lake itself, was 
recent, and was of a statistically significant sample size.  The median values for organic 
compound per mass of Total Suspended Solids are presented below in Table I-2-1. 

Table I-2-1: Fractional Relationships between TSS and Organics Derived from Machado Lake 
Sediment Characterization Report. 

Constituent 
Measured Median Concentration per unit TSS 

(µg/kg) 

Chlordane-alpha 2.3 

Chlordane-gamma 3.2 

Total Chlordanes 20 

2,4'-DDD 2 

4,4'-DDD 4.1 

2,4'-DDE 4.4 

4,4'-DDE 4.2 

2,4'-DDT 2 

4,4'-DDT 3.9 

DDD Congeners 4.2 

DDE Congeners 5.1 

DDT Congeners 4 

Total DDTs 5.8 

Dieldrin 4.9 

Total PCBs 58 
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EXECUTIVE SUMMARY 

The Santa Clara River, its tributaries and the associated riparian or streamside habitats 
comprise the largest natural river systems remaining in Southern California.  In 1991 it became 
apparent to agencies regulating the Santa Clara River and the various organizations with 
interests along the river that a consensus plan was needed to manage the river and its many 
resources.  As a result, all involved parties agreed to work together and formed the Project 
Steering Committee (PSC) to oversee the planning process.  Among the issues of concern 
identified by the PSC was the need for development of a management plan focused on 
addressing water quality and quantity in the Santa Clara River.  In November 2003, AMEC 
Earth and Environmental, Inc. (AMEC) was retained by the Ventura County Watershed 
Protection District (VCWPD), under the direction of the State Water Resources Control Board 
(SWRCB), to compile and review existing water quality data, determine data gaps, and develop 
a Comprehensive Monitoring Plan (CMP) for the Santa Clara River.  The goals of this plan are 
to: 1) develop baseline conditions for the watershed; 2) have a mechanism to measure 
improvements or degradations in the water quality; and 3) provide sufficient information to assist 
the PSC in making important management decisions regarding the watershed.  To develop the 
CMP, AMEC gathered existing monitoring data for the Santa Clara River, assembled a 
comprehensive water quality and flow database, identified data gaps, evaluated the constituents 
monitored and made recommendations regarding modifications to existing monitoring protocol 
and procedures necessary to ensure development of a comprehensive water quality monitoring 
program.   

In general, the results of the Data Gap Analysis revealed clear data gaps for fecal coliform, total 
suspended solids (TSS), total dissolved solids (TDS), flow, all metals, nitrite, phosphorus, 
phosphate, chemical constituents such as polychlorinated biphenyls (PCBs), and toxicity 
testing.  Further, sampling appeared to be the most prevalent in the Upper Santa Clara River 
watershed compared to all other subwatersheds.  Based on these results and the identified 
need to develop a monitoring program that would establish baseline conditions in the 
watershed, AMEC has recommended a slightly modified systematic sampling program and 
selected monitoring locations at regular intervals along the Santa Clara River.  The 
recommended frequency of sampling at all stations is monthly for most chemical and physical 
parameters and for total and fecal coliform.  Sediment sampling and bioassessment monitoring 
has been recommended on an annual basis at only specific sites on the watershed.  Additional 
measurements can be added at any time to address local or regional environmental issues.  
Flow, measured as discharge, is one key variable that needs greater attention because it is a 
keystone for any TMDL calculation.  Therefore, monthly flow sampling has been recommended 
at all monitoring locations.  Sites that are currently measuring physical conditions on a real-time, 
daily, or weekly basis shall remain in operation.   

Data quality objectives (DQOs) are described for each type of testing.  Methods will be chosen 
by stakeholders based on their intended use to fulfill monitoring data gaps, while maintaining 
consistency with past measurements, where appropriate.  DQOs such as precision, accuracy, 
and sensitivity will be considered during method selection.  Additionally, funding and 
implementation for the recommended monitoring plan will be determined by the stakeholders 
prior to the initiation of any sampling program.   
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Acronym List 
°C degrees Celsius 
ALERT automated local evaluation in real-time 
AWQC ambient water quality criteria 
CaCO3 calcium carbonate 
CDFG California Department of Fish and Game 
CLWA Castaic Lake Water Agency 
cm  centimeter 
CMP Comprehensive Monitoring Plan 
CRWQCB California Regional Water Quality Control Board 
DDT dichlorodiphenyltrichlorethane 
DO dissolved oxygen 
DQOs data quality objectives 
GIS geographic information systems 
HA hydrologic area 
HR hydrologic region 
HSA hydrologic sub-area 
HU hydrologic unit 
L liter 
LACDPW Los Angeles County Department of Public Works 
LACSD Los Angeles County Sanitation District 
LARWQCB Los Angeles Regional Water Quality Control Board 
mg milligram 
MPN most probable number 
NPDES National Pollutant Discharge Elimination System 
PAH polycyclic aromatic hydrocarbons 
PCB polychlorinated biphenyl compound 
POTW public owned treatment works 
PSC Project Steering Committee 
RBP Rapid Bioassessment Protocol 
SAR sodium adsorption rate 
SCREMP Santa Clara River Enhancement and Management Plan 
s.u. Standard Units 
SWRCB State Water Resources Control Board 
TAL Target Analyte List 
TDS total dissolved solids 
TMDL total maximum daily load 
TSS total suspended solids 
USEPA United States Environmental Protection Agency 
USFWS United States Fish and Wildlife Service 
USGS United States Geological Survey 
UWCD United Water Conservation District 
VCWPD  Ventura County Watershed Protection District 
WRP water reclamation plants 
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1.0 INTRODUCTION 

The Santa Clara River, its tributaries and the associated riparian or streamside habitats 
comprise one of the largest relatively undeveloped river systems remaining in Southern 
California.  From its headwaters in the San Gabriel Mountains southeast of Acton, the Santa 
Clara River flows for 84 miles through Tie Canyon, Aliso Canyon, Soledad Canyon, the Santa 
Clarita Valley, the Santa Clara River Valley, and the Oxnard Plain before discharging to the 
Pacific Ocean near the Ventura Marina, and comprises a watershed area of approximately 
1,634 square miles.  Approximately 40 percent of the Santa Clara River watershed is located in 
Los Angeles County while the remaining 60 percent is in Ventura County.  In Los Angeles 
County, the river transits national forest land, large areas of moderately developed private rural 
lands, the growing City of Santa Clarita and then large tracts of rural farmland extending west to 
the county line.  In Ventura County, the river primarily runs through large agricultural tracts, the 
cities of Santa Paula, Fillmore, Oxnard and San Buenaventura prior to emptying into the Pacific 
Ocean.  Major tributaries include Castaic Creek and San Francisquito Creek in Los Angeles 
County, and Sespe Creek, Piru Creek, and Santa Paula Creek in Ventura County.   

This river system and its associated riparian habitats provide multiple beneficial uses to the 
surrounding communities including groundwater recharge, urban and agricultural water 
supplies, flood conveyance, visual relief, and recreational opportunities.  In addition, the riparian 
habitat along the Santa Clara River is valuable wildlife habitat, in terms of both species diversity 
and abundance, and provides habitat for some of the state’s most threatened and endangered 
wildlife.  This is especially important since it is estimated that as much as 90 percent of 
California’s streamside riparian plant communities have been eliminated by urban and 
agricultural development within the last 150 years. 

In addition to encroaching development, rising population and the spread of invasive species 
also have an impact on water quality.  The Santa Clara River watershed has several known 
water quality problems that have been identified through the Federal Clean Water Act Section 
303(d) process for listing impaired water bodies.  Current ongoing efforts related to the 
development of total maximum daily loads (TMDLs) in the Santa Clara River include 
assessment of chloride levels and nutrients.   

1.1 Background and Purpose 

In 1991 it became apparent to agencies regulating the Santa Clara River and the various 
organizations with interests along the river that a consensus plan was needed to manage the 
river and its many resources.  As a result, all involved parties agreed to work together to 
develop a coordinated management plan known as the Santa Clara River Enhancement and 
Management Plan (SCREMP) and formed the Project Steering Committee (PSC) to oversee the 
planning process.  The PSC is comprised of 26 members representing private landowners, local 
government, industry, special districts, interest groups, and state and federal resource and 
regulatory agencies. 

In April 1999 the PSC published a Summary of Riverwide Issues and Riverwide 
Recommendations that was based in part on data contained within the Water Resources Report 
on the Santa Clara River (1996).  Among the issues of concern identified by the PSC was the 
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need for development of a management plan focused on addressing water quality and quantity 
in the Santa Clara River.   

Water quality within the Santa Clara River is affected by the storm water runoff from many cities, 
Publicly Owned Treatment Works (POTW) discharges and inflow tributaries located along the 
entire 84-mile length.  Therefore, the PSC concluded that it is imperative that management 
decisions regarding the river be made using current, comprehensive and consistent water 
quality data.  The Water Resources Report on the Santa Clara River contains data from only 38 
of the 67 monitoring locations within the 500-year floodplain.  In addition, the most recent data 
contained in the report is from 1992, with a large majority of the data from the 1980’s.  Further, 
monitoring data are inconsistent from location to location with regard to constituents analyzed 
and there are no data for pesticides, sediment chemistry, or aquatic toxicity.   

Without comprehensive water quality data, the PSC has insufficient grounds upon which to 
make important management decisions.  In November 2003, AMEC Earth and Environmental, 
Inc. (AMEC) was retained by the Ventura County Watershed Protection District (VCWPD), 
under the direction of the State Water Resources Control Board (SWRCB), to compile and 
review existing water quality data, determine data gaps, and develop a Comprehensive 
Monitoring Plan (CMP) for the Santa Clara River.  The goals of this plan are to: 1) develop 
baseline conditions for the watershed; 2) have a mechanism to measure improvements or 
degradations in the water quality; and 3) provide sufficient information to assist the PSC in 
making important management decisions regarding the watershed.  Thus, the objectives of the 
CMP are to gather existing monitoring data for the Santa Clara River, assemble a 
comprehensive data base, identify data gaps, evaluate the constituents monitored and make 
recommendations regarding modifications to existing monitoring protocol and procedures 
necessary to ensure development of a comprehensive water quality monitoring program.   

The CMP project was initiated by the VCWPD in March, 2004, using grant funding provided by 
the SWRCB.   

2.0 WATERSHED OVERVIEW 

The Santa Clara River is the largest river system in southern California remaining in a relatively 
natural state.  The Santa Clara River headwater is at Pacifico Mountain in the San Gabriel 
Mountains about 12 linear miles southeast of the Community of Action (Figure 1).  The river 
flows in a generally westerly direction for approximately 84 miles through Tie Canyon, Aliso 
Canyon, Soledad Canyon, the Santa Clarita Valley, the Santa Clara River Valley, and the 
Oxnard Plain before discharging to the Pacific Ocean near the Ventura Marina.  The Santa 
Clara River and tributary system has a watershed area of approximately 1,634 square miles.  
Major tributaries to the river include Castaic Creek and San Francisquito Creek in Los Angeles 
County, and the Sespe, Piru and Santa Paula Creeks in Ventura County.  Approximately 90 
percent of the watershed is to the east and north of the floodplain in the mountainous terrain of 
the San Gabriel Mountains, the Sierra Pelona, and Topatopa Mountains of the Sespe 
backcountry to the headwaters near Pine Mountain and Mount Pinos, and to the south of the 
river including Santa Susana Mountains, Oak Ridge and South Mountain.  Much of this area is 
in the Angeles and Los Padres National Forests.  The remaining 10 percent of the watershed is 
comprised of the relatively flat terrain of the Oxnard Plain, the Santa Clarita Valley, Castaic 
Valley, the Santa Clara River Valley, and the floors of the larger canyons including the upper 
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Soledad (Acton area), and lower Sand, Mint, Bouquet, Placerita, San Francisquito, Piru, Santa 
Paula, and the Sespe Study Area.   

2.1 Land Use 

Agriculture is the primary land use within the 500-yr floodplain of the Santa Clara River (61.9 
percent).  This land use is primarily located in the lower watershed within Ventura County.  The 
second highest land use is industrial (21.5 percent), which includes areas zoned for mining 
operations along the river, most of which are inactive.  The remaining area within the 500-yr 
floodplain is divided among residential uses (centered in the City of Santa Clarita in Los Angeles 
County [7.4 percent]), commercial uses (2.9 percent), open space/recreation areas (4.6 
percent), and vacant areas (1.6 percent) (SCREMP 2005) (Figure 2). 

2.2 Vegetation 

General habitat types that exist along the 500-yr floodplain of the Santa Clara River are 
described in the Biological Resources Report Volume 1 (1996) and mapped in Biological 
Resources Report Volume II (1996).  Thirteen general habitat types are present along the river 
and include: beach, southern foredune, active channel, alkali marsh, freshwater marsh, alluvial 
scrub, arrow weed scrub, mulefat scrub, southern willow scrub, great basin sage scrub, 
southern willow riparian woodland, southern cottonwood/willow riparian woodland, and 
disturbed habitats.  The major riparian habitats that occur along the Santa Clara River in 
Ventura County include coastal habitats at the mouth of the river (i.e., beach, southern 
foredune, alkali marsh), riparian scrubs and woodlands (i.e., mule fat scrub, alluvial scrub, 
southern willow scrub, southern willow riparian woodland), disturbed riparian habitat composed 
of primarily giant cane (Arundo donax), and young successional vegetation growing in the active 
channel on sand and gravel bars.  The major riparian habitats on the Santa Clara River in Los 
Angeles County fall into three main types:  riparian scrubs and woodlands, riparian forests, 
disturbed riparian habitat composed primarily of giant cane, and young successional vegetation 
of the active channel.   

2.3 Wildlife 

The Santa Clara River’s braided channels and riparian forests provide crucial habitat for many 
species of wildlife, including herons, egrets, coyotes, and bobcats, as well as many threatened 
or endangered species such as the southwestern willow flycatcher.  Wildlife species typical of 
the southern riparian forest (i.e., cottonwood/willow riparian forest, willow riparian woodland) 
and southern riparian scrub (i.e., mule fat scrub, southern willow scrub, alluvial scrub, big 
sagebrush scrub) habitats include the great blue heron (Ardea herodias), great egret 
(Casmerodius albus), black-shouldered kite (Elanus caeruleus), scrub jay (Aphelocoma 
coerulescens), bushtit (Psaltriparus minimus), deer mouse (Peromyscus maniculatus), dusky-
footed woodrat (Neotoma fuscipes), coyote (Canis latrans), raccoon (Procyon lotor), striped 
skunk (Mephitis mephitis), bobcat (Felis rufus) and the coast horned lizard (Phrynosoma 
coronatum).  Wildlife species typical of the coastal and valley freshwater marsh habitat include 
the Pacific treefrog (Hyla regilla), double-crested cormorant (Phalacrocorax auritus), Canada 
goose (Branta canadensis), least sandpiper (Calidris minutilla), short-billed dowitcher 
(Limnodromus griseus), western rattlesnake (Crotalus viridis), raccoon (Procyon lotor), and the 
western pond turtle (Clemmys marmorata).  A list of sensitive plant and animal species within 
the watershed was provided to the Biological Resources Report Volume I by the U.S. Fish and 
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Wildlife Service (USFWS) and the California Department of Fish and Game (CDFG) California 
Natural Diversity Database.  These species and their status are displayed in Table 1 of 
Appendix A. 

3.0 WATERSHED HYDROLOGY 

3.1 Hydrologic Basins 

For the purposes of this CMP study the watershed has been divided into hydrologic subwatersheds 
(subbasins).  The dataset used for this analysis was the California Watershed Data (CALWATER 
2.0) for the Santa Clara River Watershed.  This data represents the CDFG CALWATER 2.0 data set 
of watershed units in California, clipped to the Santa Clara River Watershed.  This data was 
downloaded from the CDFG web site.  It was then clipped to the extent of the Santa Clara River 
Watershed and reprojected to CA State Plane, Zone 5, NAD 83, units feet by REGIS, UC Berkeley 
for the California Coastal Conservancy Watershed Inventory.  The California Watershed Map 
(CALWATER version 2.0) is a set of standardized watershed boundaries meeting standardized 
delineation criteria.  The hierarchy of watershed designations consists of four levels of increasing 
specificity: Hydrologic Region (HR), Hydrologic Unit (HU), Hydrologic Area (HA), and Hydrologic 
Sub-Area (HSA).  This shapefile can be downloaded from the California Environmental Information 
Catalog (http://gis.ca.gov/catalog/BrowseRecord.epl?id=4250).  Table 1 displays the tributaries 
associated with each subwatershed.  Table 2 displays the reaches associated with each 
subwatershed. 

 

Table 1. Tributaries Within Each SubWatershed 

Subwatershed 
Name Associated Tributaries 

Oxnard Plain N/A 

Santa Paula Santa Paula Creek 

Sespe Sespe Creek, Pole Creek 

Piru Piru Creek, Hopper Creek 

Upper Santa Clara Castaic Creek, San Francisquito Canyon Creek, Bouquet Canyon Creek, Mint Canyon 
Creek, South Fork Santa Clara River 
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Table 2. Reaches Associated with each Subwatershed 

Reach 
Number Reach Description (RWQCB Designations) Subwatershed 

1 Between Highway 101 Bridge and Santa Clara River Estuary Oxnard Plain 

2 Between Freeman Diversion Dam near Saticoy and Highway 101 bridge Santa Paula/Oxnard 
Plain 

3 Between A Street, Fillmore and Freeman Diversion Dam near Saticoy Sespe/Santa Paula 

4 Between Blue Cut gaging station and A Street, Fillmore Piru/Sespe 

5 Between West Pier Highway 99 and Blue Cut gaging station Upper Santa Clara/Piru 

6 Between Bouquet Canyon Road bridge and West Pier Highway 99 Upper Santa Clara 

7 Between Lang gaging station and Bouquet Canyon Road bridge Upper Santa Clara 

8 Above Lang gaging Station Upper Santa Clara 

9 Santa Paula Creek above Santa Paula waterworks dam Santa Paula 

10 Sespe Creek above gaging station, 500’ downstream from Little Sespe 
Creek 

Sespe 

11 Piru Creek above gaging station below Santa Felicia dam Piru 

 

3.2 Watershed Hydraulics 

As discussed in the scope of work, the quantity and flow of water in the Santa Clara River will 
impact the physical integrity of the streambed, the habitat and water supply.  Therefore, the 
adequacy of the number of stream gaging stations and rainfall measurement stations has been 
evaluated.  A description of the existing stream gaging and rainfall measurement stations and 
the associated analysis is included in the sections below. 

3.2.1 Distribution of Rainfall Stations 

The rain gauge network within the Santa Clara River watershed consists of a variety of gauge 
types including automatic, standard, and ALERT (Automated Local Evaluation in Real-Time).  
The locations of these gauges are illustrated in Figure 3.   

VCWPD maintains several types of gauge networks.  Their official recording gauges provide 
rain information at 5-minute intervals for use in estimating official rain quantities.  They also 
have standard gauges where the rainfall totals are reported daily through an observer network.  
In addition, they have a number of storage gauges in the Sespe and Piru watersheds.  These 
storage gauges are measured twice a year and help to provide annual rainfall information at 
higher elevations.  The ALERT gauge network provides real-time rain information for monitoring 
stream conditions and provides flood warnings during storm events.  The ALERT gauge data 
can be used to estimate rainfall depths, but is labor-intensive to process and verify.   

Initial assessment of VCWPD's rain gauge network shows that the official gauges are generally 
located near developed areas and that these areas have sufficient coverage to characterize 
rainfall spatial and temporal variability.  The ALERT gauges are generally located in less 
developed areas in the watershed and could improve the spatial coverage in Ventura County if 
converted to official stations.  The portions of the watershed at higher elevations and subject to 
snow do not have enough gauges to adequately characterize spatial and temporal variations in 
rainfall for use in water quality and other continuous models.  Ventura County only has one 
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precipitation gauge that can measure snowfall and thus snow cannot be adequately represented 
and simulated in hydrology models, unless temperature is used to estimate the percent of 
precipitation occurring as snowfall. 

Initial assessment of LACDPW’s rain gauge network, which consists of both active and standard 
gauges, shows sufficient coverage of the Los Angeles County portion of the watershed.  
However, it is understood that there are areas of the watershed with little rain gauge coverage 
that will be filled in as funding becomes available. 

3.2.2 Distribution of Stream Flow Gauges 

The stream gauge network within the Santa Clara River watershed consists of a variety of 
gauge types including recording, peak only and ALERT.  The locations of these gauges are 
illustrated in Figure 4.   

As with their rain gauges, VCWPD maintains two types of stream gauge networks.  Their official 
recording gauges provide flow information at intervals as small as 5-minutes for use in 
estimating official flow quantities.  Their ALERT gauge network provides real-time stream flow 
information for monitoring stream conditions and is used to provide flood warnings during storm 
events.  The ALERT gauge data can be used to provide historic flow level information, but is 
labor-intensive to process and verify.   

In general, VCWPD and their cooperative partner, the USGS, have official flow measurement 
stations on the Santa Clara River and its major tributaries in Ventura County sufficient to 
characterize flow conditions in the river down to 15-minute intervals.  The only major tributary 
lacking a stream gauge is the Grimes Canyon channel at its confluence with the river at the City 
of Fillmore.  There are also a number of barrancas without gauges in agricultural areas in the 
vicinity of the Cities of Santa Paula and San Buenaventura; however, these barrancas have 
relatively small watersheds and do not comprise a significant percentage of the river's peak flow 
during major storm events. 

The Santa Clara River is currently lacking an official stream gauge downstream of the Piru 
Creek, because the historic gauge at Highway 101 was removed during freeway bridge 
construction (ongoing in 2005) and the USGS removed the Saticoy gauge at Hwy 118 just 
upstream of the City of San Buenaventura.  Once the bridge is finished, VCWPD has plans to 
replace the gauge, which will measure flows from portions of the urbanized areas of the Cities of 
San Buenaventura and Oxnard.  There is also the option of converting the ALERT gauge 
stations at the 12th Street Bridge in Santa Paula or the Freeman Diversion site to official gauge 
stations. 

In LA County, the USGS currently has a gaging station downstream of the City of Santa Clarita.  
LADPW also operates a number of gauges on the river and its tributaries, including a station 
near the intersection of Old Road and Interstate 5 and a station on lower Mint Canyon Creek. 

3.3 Beneficial Uses 

Based on the physical descriptions of the watershed outlined in the previous sections, the Los 
Angeles Regional Water Quality Control Board (LARWQCB) has outlined beneficial uses for the 
watershed.  These uses are described in the Water Quality Control Plan – Los Angeles Region 
(Harris et al. 1994).  These beneficial uses form the underlying foundation of water quality 
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protection and water quality plans.  A brief excerpt of the text describing these uses is provided 
below:   

“Beneficial uses can be designated for a waterbody in a number of ways.  Those 
beneficial uses that have been attained for a waterbody on, or after, November 
28, 1975, must be designated as "existing" in the Basin Plans.  Other uses can 
be designated, whether or not they have been attained on a waterbody, in order 
to implement either federal or state mandates and goals (such as fishable and 
swimmable) for regional waters.  Beneficial uses of streams that have intermittent 
flows, as is typical of many streams in southern California, are designated as 
intermittent.  During dry periods, however, shallow ground water or small pools of 
water can support some beneficial uses associated with intermittent streams; 
accordingly, such beneficial uses (e.g., wildlife habitat) must be protected 
throughout the year and are designated "existing."  In addition, beneficial uses 
can be designated as "potential" for several reasons, including:  

• implementation of the State Board's policy entitled "Sources of Drinking Water 
Policy" (State Board Resolution No.  88-63, described in Chapter 5),  

• plans to put the water to such future use,  
• potential to put the water to such future use,   
• designation of a use by the Regional Board as a regional water quality goal, or  
• public desire to put the water to such future use.   

Table 3 provides the definition of beneficial uses for the Los Angeles Region and only includes 
uses that are designated for the 500-year floodplain of the Santa Clara River.  The unique uses 
for each creek within each of the five subwatersheds (Oxnard, Santa Paula, Sespe, Piru and 
Upper Santa Clara) are also summarized in Table 2-1 of the Water Quality Control Plan and are 
provided in Appendix A.   

3.4 Water Quality Standards and Objectives 

In addition to the beneficial uses, Water Quality Objectives for the Santa Clara River have also 
been extensively summarized in the Water Quality Control Plan – Los Angeles Region 
document mentioned in the previous section (Harris et al., 1994).  The narrative definitions for 
each applicable water quality objective/criteria are described within this document and are listed 
below.  For clarity and brevity, the lengthy text addressing the broad overview of the regulatory 
history, policy, and antidegradation statutes are omitted.  The Water Quality Objectives that do 
not apply to the current Santa Clara River database (e.g., methylene blue active substances, 
biostimulatory substances, total residual chlorine) are omitted from the excerpted text below.  
The reader is encouraged to consult that document directly to obtain a more detailed 
background of the development of water quality objectives for southern California streams and 
rivers. 

“Narrative or numerical water quality objectives have been developed for the 
following parameters (listed alphabetically) and apply to all inland surface waters 
and enclosed bays and estuaries (including wetlands) in the Region.   
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Table 3. Beneficial Use Definitions 

Symbol Definition 

MUN Municipal and Domestic Supply.  Uses of water for community, military, or individual water supply systems 
including, but not limited to, drinking water supply. 

AGR Agricultural Supply.  Uses of water for farming, horticulture, or ranching including, but not limited to, 
irrigation, stock watering, or support of vegetation for range grazing. 

PROC Industrial Process Supply.  Uses of water for industrial activities that depend primarily on water quality. 

IND Industrial Service Supply.  Uses of water for industrial activities that do not depend primarily on water 
quality including, but not limited to, mining, cooling water supply, hydraulic conveyance, gravel washing, fire 
protection, or oil well re-pressurization. 

GWR Ground water recharge.  Uses of water for natural or artificial recharge of ground water for purposes of 
future extraction, maintenance of water quality, or halting of saltwater intrusion into freshwater aquifers. 

FRSH Freshwater Replenishment.  Uses of water for natural or artificial maintenance of surface water quantity or 
quality (e.g., salinity). 

NAV Navigation.  Uses of water for shipping, travel, or other transportation by private, military, or commercial 
vessels. 

REC-1 Water Contact Recreation.  Uses of water for recreational activities involving body contact with water, 
where ingestion of water is reasonably possible.  These uses include, but are not limited to, swimming, 
wading, water-skiing, skin and scuba diving, surfing, white water activities, fishing, or use of natural hot 
springs. 

REC-2 Non-contact Water Recreation.  Uses of water for recreational activities involving proximity to water, but not 
normally involving body contact with water, where ingestion of water is reasonably possible.  These uses 
include but are not limited to, picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and 
marine life study, hunting, sightseeing, or aesthetic enjoyment in conjunction with the above activities.   

COMM Commercial and Sport Fishing.  Uses of water for commercial or recreational collection of fish, shellfish, or 
other organisms intended for human consumption or bait purposes. 

WARM Warm Freshwater Habitat.  Uses of water that support warm water ecosystems including, but not limited to, 
preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, including invertebrates. 

COLD Cold Freshwater Habitat.  Uses of water that support cold water ecosystems including, but not limited to, 
preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, including invertebrates. 

EST Estuarine Habitat.  Uses of water that support estuarine ecosystems including, but not limited to, 
preservation or enhancement of estuarine habitats, vegetation, fish, shellfish, or wildlife (e.g., estuarine 
mammals, waterfowl, shorebirds). 

WET Wetland Habitat.  Uses of water that support wetland ecosystems, including, but not limited to, preservation 
or enhancement of wetland habitats, vegetation, fish, shellfish, or wildlife, and other unique wetland 
functions which enhance water quality, such as providing flood and erosion control, stream bank 
stabilization, and filtration and purification of naturally occurring contaminants. 

MAR Marine Habitat.  Uses of water that support marine ecosystems including, but not limited to, preservation or 
enhancement of marine habitats, vegetation such as kelp, fish, shellfish, or wildlife (e.g., marine mammals, 
shorebirds).   

WILD Wildlife Habitat.  Uses of water that support terrestrial ecosystems including, but not limited to, preservation 
and enhancement of terrestrial habitats, vegetation, wildlife (e.g., mammals, birds, reptiles, amphibians, 
invertebrates), or wildlife water and food sources.   

RARE Rare, Threatened, or Endangered Species.  Uses of water that support habitats necessary, at least in part, 
for the survival and successful maintenance of plant or animal species established under state or federal 
law as rare, threatened, or endangered. 

MIGR Migration of Aquatic Organisms.  Uses of water that support habitats necessary for migration, 
acclimatization between fresh and salt water, or other temporary activities by aquatic organisms, such as 
anadromous fish. 

SPWN Spawning, Reproduction, and/or Early Development.  Uses of water that support high quality aquatic 
habitats suitable for reproduction and early development of fish. 

Source:  Chapter 2 of Harris et al. 1994. 
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Ammonia 

The neutral, un-ionized ammonia species (NH3) is highly toxic to fish and other 
aquatic life.  The ratio of toxic NH3 to total ammonia (NH4

- + NH3) is primarily a 
function of pH, but is also affected by temperature and other factors.  Additional 
impacts can also occur as the oxidation of ammonia lowers the dissolved oxygen 
content of the water, further stressing aquatic organisms.  Ammonia also 
combines with chlorine (often both are present) to form chioramines - persistent 
toxic compounds that extend the effects of ammonia and chlorine downstream. 

Bacteria, Coliform 

Total and fecal coliform bacteria are used to indicate the likelihood of pathogenic 
bacteria in surface waters.  Water quality objectives for total and fecal coliform 
vary with the beneficial uses of the waterbody. 

Chemical Constituents 

Chemical constituents in excessive amounts in drinking water are harmful to 
human health.  Maximum levels of chemical constituents in drinking waters are 
listed in the California Code of Regulations and the relevant limits are described 
below. 

Surface waters shall not contain concentrations of chemical constituents in 
amounts that adversely affect any designated beneficial use. 

Water designated for use as Domestic or Municipal Supply (MUN) shall not 
contain concentrations of chemical constituents in excess of the limits specified 
in the following provisions of Title 22 of the California Code of Regulations which 
are incorporated by reference into this plan: Table 64431-A of Section 64431 
(Inorganic Chemicals), Table 64431-B of Section 64431 (Fluoride), and Table 
64444-A of Section 64444 (Organic Chemicals).  This incorporation by reference 
is prospective including future changes to the incorporated provisions as the 
changes take effect…. 

Mineral Quality 

Mineral quality in natural waters is largely determined by the mineral assemblage 
of soils and rocks and faults near the land surface.  Point and nonpoint source 
discharges of poor quality water can degrade the mineral content of natural 
waters.  High levels of dissolved solids renders waters useless for many 
beneficial uses.  Elevated levels of boron affect agricultural use (especially 
citrus). 

Nitrogen (Nitrate, Nitrite) 

High nitrate levels in drinking water can cause health problems in humans.  
Infants are particularly sensitive and can develop methemoglobinemia (blue-baby 
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syndrome).  Excess nitrogen in surface waters also leads to excess aquatic 
growth and can contribute to elevated levels of NO3 in ground water as well.   

Oxygen, Dissolved (DO) 

Adequate dissolved oxygen levels are required to support aquatic life.  
Depression of dissolved oxygen can lead to anaerobic conditions resulting in 
odors or, in extreme cases, in fish kills.  Dissolved oxygen requirements are 
dependent on the beneficial uses of the waterbody. 

Pesticides 

Pesticides are used ubiquitously for a variety of purposes; however, their release 
into the environment presents a hazard to aquatic organisms and plants not 
targeted for their use.  The extent of risk to aquatic life depends on many factors 
including the physical and chemical properties of the pesticide.  Those of 
greatest concern are those that persist for long periods and accumulate in 
aquatic life and sediments. 

No individual pesticide or combination of pesticides shall be present in 
concentrations that adversely affect beneficial uses.  There shall be no increase 
in pesticide concentrations found in bottom sediments or aquatic life. 

pH 

The hydrogen ion activity of water (pH) is measured on a logarithmic scale, 
ranging from 0 to 14.  While the pH of "pure" water at 25 C is 7.0, the pH of 
natural waters is usually slightly basic due to the solubility of carbon dioxide from 
the atmosphere.  Minor changes from natural conditions can harm aquatic life. 

Polychlorinate Biphenyls (PCBs) 

Polychlorinated biphenyls (PCBs) are a highly toxic and persistent group of 
organic chemicals that have been historically released into the environment.  
Many historic discharges still exist as sources in the environment. 

Solid, Suspended, or Settleable Materials 

Surface waters carry various amounts of suspended and settleable materials 
from both natural and human sources.  Suspended sediments limit the passage 
of sunlight into waters, which in turn inhibits the growth of aquatic plants.  
Excessive deposition of sediments can destroy spawning habitat, blanket benthic 
(bottom dwelling) organisms, and abrade the gills of larval fish. 

Temperature  

Discharges of wastewaters can cause unnatural and/or rapid changes in the 
temperature of receiving waters which can adversely affect aquatic life. 
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Toxicity 

Toxicity is the adverse response of organisms to chemical or physical agents.  
When the adverse response is mortality, the result is termed acute toxicity.  
When the adverse response is not mortality but instead reduced growth in larval 
organisms or reduced reproduction in adult organisms (or other appropriate 
measurements), a critical life stage effect (chronic toxicity) has occurred.  The 
use of aquatic bioassays (toxicity tests) is widely accepted as a valid approach to 
evaluating toxicity of waste and receiving waters.” 

Numerical objectives for the constituents of concern within this document are provided in Tables 
4 and 5.  Values differ for selected creeks so the range of values for each constituent is 
provided.  The minimum objective indicates the lowest objective for each constituent that is 
designated at some point in the watershed.  For instance, above Lang station the objective for 
chloride is 50 mg/L (minimum) whereas between the Freeman Diversion dam and Saticoy 
bridge the objective is 150 mg/L (maximum).  Where no minimum is indicated the water quality 
objective remains constant throughout the watershed.  Table 5 is provided to show where the 
objectives for some of the constituents of concern vary within the subwatersheds of the main 
river.   

4.0 DATA GAP ANALYSIS 

The first step in creating a comprehensive baseline water quality monitoring program was to 
compile all existing water quality data for the watershed into a single database.  This database 
was then used to analyze spatial and temporal gaps for each constituent of concern and 
compare existing data to the water quality objectives.  The results of this analysis were used to 
create the Draft Data Gap Analysis document that was distributed to watershed stakeholders 
August 12, 2005.  Comments received during the review period and AMEC responses to 
comments are provided in Appendix B of this document.  The Final Data Gap Analysis is 
provided below and was used to develop the monitoring recommendations provided in Section 
5.0, Baseline Water Quality Monitoring. 

4.1 Data Management 

The data used to conduct the Data Gap Analysis primarily consist of physicochemical 
measurements made on a wide range of water quality parameters that were submitted (or 
queried from respective databases) by the following agencies and municipalities: 

• Ventura County Watershed Protection District (VCWPD) 
• Los Angeles Regional Water Quality Control Board - Surface Water Ambient Monitoring 

Program (SWAMP) 
• Los Angeles County Sanitation District (LACSD) 
• Los Angeles County Department of Public Works (LACDPW) 
• United States Geological Survey (USGS) 
• United Water Conservation District (UWCD) 
• Cities of San Buenaventura, Fillmore, and Santa Paula 
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Table 4. Water Quality Objectives for the Santa Clara River Watershed 

California Water Quality Objectives1

Constituent/Analyte of Concern Minimum Maximum 

Conventional Water Quality Parameters   

Chloride (mg/L) 50 150 

Sulfate (mg/L) 100 650 

Fecal Coliform (MPN/100 ml) 200 2000 

Conductivity (umhos/cm) --- --- 

Dissolved Oxygen (mg/L) 5 7 

Temperature (oC) --- 26.6 

pH (s.u.) 6.5 8.5 

Hardness (mg/L CaCO3) --- --- 

Total Dissolved Solids (mg/L) 500 1300 

Inorganics/Metals (as Maximum Contaminant Levels)2   

Aluminum  (mg/L) --- 1.0 

Boron  (mg/L) 0.5 1.5 

Copper  (mg/L) --- 0.022 

Lead  (mg/L) --- 0.011 

Mercury  (mg/L) --- 0.002 

Thallium  (mg/L) --- 0.002 

Zinc  (mg/L) --- 0.246 

Nutrients   

Ammonia (mg/L) 6.8 8 

Nitrate  (mg/L) 5 10 

Nitrite  (mg/L) 5 10 

Phosphorus  (mg/L) --- --- 

PCBs/PAHs/Pesticides   

Polycyclic Aromatic Hydrocarbons  (mg/L) --- 0.0002 

Polychlorinated Biphenyls  (mg/L) --- 0.0005 

DDT  (mg/L) --- --- 

Aldrin/Dieldrin/Endrin  (mg/L) --- 0.002 

Heptachlor/Heptachlor Epoxide  (mg/L) --- 0.00001 

Endosulfan Isomers  (mg/L) --- --- 

Hexachlorocyclohexanes  (mg/L) --- --- 

Toxaphene  (mg/L) --- 0.003 

Chlordane (mg/L) --- 0.0001 

Diethylhexylphthalate (mg/L) --- 0.004 

Aquatic Toxicity Tests (as Percent Mortality)   

Water Flea (Daphnia spp.) 10 30 

Fathead Minnow (Pimephales promelas) 10 30 

Algae (Selanastrum spp.) 10 30 
1.  For Santa Clara River Watershed.  Taken from Chapter 3 of: Harris et al. 1994.  
2.  For waters designated as MUN.  All reaches of the Santa Clara River are designated as potentially MUN with the exception of 
Hydrologic Unit 403.55 which is an existing MUN designation.    
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Table 5. Water Quality Objectives for Constituents Which Vary Within Subwatersheds 

Reach 
TDS 

(mg/L) 
Sulfate 
(mg/L) 

Chloride 
(mg/L) 

Boron 
(mg/L) 

Nitrogen
(mg/L) SAR 

Upper Santa Clara Subwatershed       

Above Lang Gaging Station 500 100 50 0.5 5 5 

Between Lang Gaging station and Bouquet 
Canyon Road bridge 

800 150 100 1.0 5 5 

Between Bouquet Canyon Road bridge and 
West Pier Highway 99 

1000 300 100 1.5 10 5 

Upper Santa Clara and Piru Subwatersheds      

Between West Pier Highway 99 and Blue 
Cut Gaging Station 

1000 400 100 1.5 5 10 

Piru and Sespe Subwatersheds       

Between Blue Cut Gaging Station and A 
Street, Fillmore 

1300 600 100 1.5 5 5 

Sespe and Santa Paula Subwatersheds       

Between A Street, Fillmore and Freeman 
Diversion Dam near Saticoy 

1300 650 100 1.5 5 5 

Santa Paula and Oxnard Plain Subwatersheds      

Between Freeman Diversion Dam near 
Saticoy and Highway 101 bridge 

1200 600 150 1.5 NA NA 

Santa Paula Subwatershed       

Santa Paula Creek above Santa Paula 
waterworks dam 

600 250 45 1.0 5 5 

Sespe Subwatershed       

Sespe Creek above gaging station, 500’ 
downstream from Little Sespe Creek 

800 320 60 1.5 5 5 

Piru Subwatershed       

Piru Creek above gaging station below 
Santa Felicia dam 

800 400 60 1.0 5 5 

Source: Chapter 3 of Harris et al. 1994; Basin Plan Amendment, 2002  SAR= sodium adsorption ratio 

 

All of the water quality data received from the above parties were formatted and merged into the 
Microsoft Access database developed for the project.  Because each of the entities listed 
utilized slightly different data fields and/or recording formats for each class of water quality 
parameters (or, in some cases, individual chemicals), the data had to be reformatted so that 
queries would produce consistent output (e.g., no “unique” data qualifiers for individual 
measurements).  Sample data that were collected at locations outside of the Santa Clara 
watershed were removed from the GIS and Access databases and are not included in this 
analysis.  A summary of the number and types of data that each participating agency 
contributed to this database is provided in Table 6.   

In order to conduct the Data Gap Analysis for the Santa Clara River Watershed the data were 
plotted on a map by linking the site identifier in the GIS database containing coordinates for 
each sample monitoring location with the corresponding site identifier in the Access database 
containing all of the physicochemical data.  This relational database was then used to query the 
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sample data and display the selected results on a map.  Due to the size of the database (initial 
entries totaled over 133,432 records); certain assumptions had to be made in order to obtain a 
representative data set that would: 

1) Allow the majority of the data for each individual water quality parameter to be mapped 
on a single figure; 

2) Maintain the integrity of the original data set; and 
3) Be amenable to selection criteria used to identify what constitutes a true “Data Gap.”   

These assumptions included the following actions or data conversions: 

• Data older than ten years (pre-1995) were not included in the Data Gap Analysis.  Many 
Federal and State agencies consider data more than ten years old to be invalid due to 
improvements in the both the accuracy and precision of analytical methods, as well as to 
long-term changes in the environment (e.g., decrease in concentration of persistent, 
bioaccumulative or toxic chemicals). 

• Sample stations that had fewer than five measurements for any individual water quality 
parameter were not included in the Data Gap Analysis.  Five measurements made over a 
span of ten years (1995 – 2005) would “average out” to only one sample every two years.  
This sample frequency was determined to be the absolute minimum “cutoff” criteria for what 
might constitute a “Data Gap.” 

• For individual metal measurements in surface water, “dissolved” and “total” data were 
considered equivalent.  This was because the metals data were sparse and dissolved forms 
are rarely less than 80 to 90 percent of the total metal concentration(s). 

• Organic compounds that differed only by congener (e.g., PCBs) or isomer type/configuration 
(e.g., aldrin, dieldrin, endrin) were considered equivalent. 

4.2 Data Scoring 

The first step of the Data Gap Analysis was to identify and separate chemical constituents, 
parameters and/or tests into “like” classes: 

• conventional parameters (chloride, sulfate, total/fecal coliform, conductivity, dissolved 
oxygen, temperature, pH, hardness, total dissolved solids, total suspended solids, flow) 

• metals (aluminum, boron, copper, lead, mercury, thallium, zinc) 
• nutrients (ammonia, nitrate, nitrite, nitrate+nitrite, phosphorus, phosphate) 
• organic compounds (polycyclic aromatic hydrocarbons, polychlorinated biphenyls, DDT, 

aldrin/dieldrin/endrin, heptachlor/heptachlor epoxide, endosulfan isomers, 
hexachlorocyclohexane, toxaphene, diethylhexylphthalate, chlordane, cyanide, diazinon, 
mirex, nonachlor) 

• aquatic toxicity tests (daphnia, fathead minnow, algae) 
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Table 6. Database Summary 

Agency File Name 

# Results 
in Input 

File 

# Unique 
Results in 
Database Comments 

Fillmore Dec Monthly River 2004.xls 61 61 OK 

Fillmore Feb Monthly River 2005.xls 62 62 OK 

Fillmore Jan Monthly River 2005.xls 62 62 OK 

Fillmore Jan Quarterly River 2005.xls 7 7 OK 

Fillmore Jan Semi Annual River 2005.xls 34 34 OK 

Fillmore Oct Monthly River 2004.xls 59 59 OK 

Fillmore Oct Quarterly River 2004.xls 6 6 OK 

Fillmore Oct Semi Annual River 2004.xls 44 44 OK 

Fillmore Fillmore_Monthly River 
043005.xls 

569 569 OK 

Fillmore Fillmore_Quarterly River 
063005.xls 

19 19 OK 

Fillmore Fillmore_Semi Annual River.xls 129 129 OK 

LACDPW Appendix 
B_Santa_Clara_02_03.xls 

930 930 OK 

LACDPW Historic_Data_SCR.xls 3960 3898 OK.  62 records not added 
because they are duplicated 
within this file. 

LACDPW Appendix B_0304 775 775 OK. 

LACSD Copper_Diazinon(LACSD).xls 423 404 OK.  19 records not added 
because they are duplicated 
within this file. 

LACSD AMEC-datarequest.xls 4361 4346 13 records were not added 
because they are duplicated 
within this file; 2 were not added 
because constituent in "#NA.” 

LACSD AMEC-datarequest_final.xls 1329 0 OK.  These records are primarily 
NPDES or effluent samples.  
Only 424 records are Santa 
Clara River QA monitoring 
samples, all of which are 
duplicates of records in AMEC-
data request (05272005).xls. 

LACSD AMEC-
datarequest(05272005).xls 

6134 6133 OK.  1 record is a duplicate of 
one record in 
Copper_Diazinon(LACSD).xls 
(SCR-RA, 3/12/93, copper) 

Santa Paula SPTP RIVER 1 TO 2003.xls 386 398 

Santa Paula River Annual 2003.xls (River 1 
tab) 

184  

OK.  There is significant overlap 
in these files for 2003 sampling 
dates.  All unique records have 
been entered. 
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Table 6. Database Summary (continued) 

Agency File Name 

# Results 
in Input 

File 

# Unique 
Results in 
Database Comments 

Santa Paula SPTP RIVER 2 TO 2003.xls 397 410 

Santa Paula River Annual 2003.xls (River 2 
tab) 

184  

OK.  There is significant overlap in 
these files for 2003 sampling 
dates.  All unique records have 
been entered. 

Santa Paula SPTP RIVER 3 TO 2003.xls 389 403 

Santa Paula River Annual 2003.xls (River 3 
tab) 

184  

OK.  There is significant overlap in 
these files for 2003 sampling 
dates.  All unique records have 
been entered. 

Santa Paula RIVER-1 ANNUAL 2004.xls 
(and River 1 2004.xls) 

190 186 OK.  Six results (two dates each for 
"EPA8141", "EPA625", "EPA619") 
not entered; Toxicity data entered 
both as units of TU and % Survival, 
as per River 1 2004.xls (resulting in 
2 extra Toxicity results than River-1 
Annual.xls) 

Santa Paula RIVER-2 ANNUAL 2004.xls 
(and River 2 2004.xls) 

190 186 OK.  Six results (two dates each for 
"EPA8141", "EPA625", "EPA619") 
not entered; Toxicity data entered 
both as units of TU and % Survival, 
as per River 2 2004.xls (resulting in 
2 extra Toxicity results than River-2 
Annual.xls) 

Santa Paula RIVER-3 ANNUAL 2004.xls 
(and River 3 2004.xls) 

190 186 OK.  Six results (two dates each for 
"EPA8141", "EPA625", "EPA619") 
not entered; Toxicity data entered 
both as units of TU and % Survival, 
as per River 3 2004.xls (resulting in 
2 extra Toxicity results than River-3 
Annual.xls) 

SWAMP bdat_data_1083609298.csv 1995 1229 OK.  749 records not entered 
because no result was provided; 
17 records were not added 
because they are duplicated within 
this file. 

UWCD UWCD SW to AMEC 5-04.xls 27714 27668 OK.  46 records not added 
because they are duplicated within 
this file.   

UWCD CMP flow records to AMEC.xls 585 541 OK.  44 records not added 
because they were duplicates of 
records already in the database or 
records in this file. 

VCWPD records in database upon 
receipt 

4316 4316 OK 
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Table 6. Database Summary (continued) 

Agency File Name 

# Results 
in Input 

File 

# Unique 
Results in 
Database Comments 

VCWPD county_waterquality.xls 2079 0 OK.  These data were not added to 
the database but they are all 
included in the query that pulled 
existing records from the original 
database AMEC received. 

Ventura 1998 Data Summary - All 
Tables (SC Receiving Water 
only) 

220 0 OK.  Data was not added to the db 
because it was duplicated in 
Complete Ventura 1998 & Rec 
H2O tox table.   

Ventura 1998 Data Summary - Rec H2O 
Tox (SC Receiving Water only) 

40 40 OK. 

Ventura 1998 Data Summary - Rec H2O 
Chem (SC Receiving Waters 
Only) 

180 0 OK.  Data was not added to the db 
because it was duplicated in 
Complete Ventura 1998.   

Ventura 1999 Data Summary - All 
Tables (SC Receiving Water 
only) 

220 0 OK.  Data was not added to the db 
because it was duplicated in 
Complete Ventura 1999 & Rec 
H2O tox table.   

Ventura 1999 Data Summary - Rec H2O 
Tox (SC Receiving Water only) 

40 40 OK. 

Ventura 1999 Data Summary - Rec H2O 
Chem (SC Receiving Waters 
Only) 

180 0 OK.  Data was not added to the db 
because it was duplicated in 
Complete Ventura 1999.   

Ventura 2000 Data Summary - All 
Tables (SC Receiving Water 
only) 

200 0 OK.  Data was not added to the db 
because it was duplicated in 
Complete Ventura 2000 & Rec 
H2O tox table.   

Ventura 2000 Data Summary - Rec H2O 
Tox (SC Receiving Water only) 

20 20 OK. 

Ventura 2000 Data Summary - Rec H2O 
Chem (SC Receiving Waters 
Only) 

180 0 OK.  Data was not added to the db 
because it was duplicated in 
Complete Ventura 2000.   

Ventura 2001 Data Summary - All 
Tables (SC Receiving Water 
only) 

749 0 OK.  Data was not added because 
it was duplicated in Rec H20 Chem 
or in Complete Ventura 2001. 

Ventura 2001 Data Summary - Rec H2O 
Tox (SC Receiving Water only) 

24 24 OK. 

Ventura 2001 Data Summary - Rec H2O 
Chem (SC Receiving Waters 
Only) 

715 236 OK.  360 were not added because 
the data was duplicated in 
Complete Ventura 2001 and 119 
were not of a requested constituent 
(TKN and chlorophyll). 
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Table 6. Database Summary (continued) 

Agency File Name 

# Results 
in Input 

File 

# Unique 
Results in 
Database Comments 

Ventura 2002 Data Summary - All 
Tables (SC Receiving Water 
only) 

741 0 OK.  Data was not added because 
it was duplicated in Rec H20 Chem 
or in Complete Ventura 2002. 

Ventura 2002 Data Summary - Rec H2O 
Tox (SC Receiving Water only) 

34 34 OK. 

Ventura 2002 Data Summary - Rec H2O 
Chem (SC Receiving Waters 
Only) 

705 230 OK.  355 were not added to the db 
because they are duplicated in Rec 
H2O Chem or in Complete Ventura 
2002 and 120 were not of a 
requested constituent (TKN, 
Chlorophyll). 

Ventura 2003 Data Summary - All 
Tables (SC Receiving Water 
only) 

739 0 OK.  Data was not added because 
it was duplicated in Rec H20 Chem 
or in Complete Ventura 2003. 

Ventura 2003 Data Summary - Rec H2O 
Tox (SC Receiving Water only) 

20 20 OK. 

Ventura 2003 Data Summary - Rec H2O 
Chem (SC Receiving Waters 
Only) 

1061 235 OK.  706 were not added because 
it was duplicated in Red H2O 
Chem or in Complete Ventura 
2003 and 120 were not of a 
requested constituent (TKN and 
chlorophyll). 

Ventura 2004 Summary Report   0 OK.  Duplicate file of Complete 
Ventura 2004. 

Ventura Complete Ventura 1998 3410 3410 OK 

Ventura Complete Ventura 1999 301 301 OK. 

Ventura Complete Ventura 2000 3131 3131 OK 

Ventura Complete Ventura 2001 3178 3178 OK. 

Ventura Complete Ventura 2002 2576 2576 OK 

Ventura Complete Ventura 2003 3257 3257 OK 

Ventura Complete Ventura 2004 3125 3125 OK 

 

After applying data restrictions based on the assumptions listed in the Data Management 
section, selected data fields within each of these classes were then queried for sampling 
frequency.  They were subsequently plotted as bubble diagrams on a map of the Santa Clara 
River watershed.  These were broken out based on the sample location for each individual 
compound, parameter or test.  Data gaps were then qualitatively scored for each segment of the 
Santa Clara River within the Oxnard, Santa Paula, Sespe, Piru or Upper Santa Clara 
subwatersheds.  The ranking scheme used to quantify the data is as follows: 
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No Data = - 
Data Poor = + 
Data Moderate = ++ 
Data Rich = +++ 

The criteria used for selecting the above data ranking schemes for each subwatershed section 
are as follows: 

No Data:   no stations and/or no data recorded over the 10 year period 
Data Poor: 1-2 stations and/or 5-10 records per station over the 10 year period 
Data Moderate: 3-4 stations and/or 11-40 records per station over the 10 year period 
Data Rich: >5 stations and/or >40 records per station over the 10 year period  

These scoring criteria were developed using the professional experience and judgment of 
several AMEC water quality experts.  The criteria consider both spatial location and sample 
frequency, with the latter not taking concentration into consideration (e.g., whether the sample 
was above or below the instrument detection limit).  If a particular subwatershed revealed a 
“grey area” for any particular parameter, the default rank chosen erred on the side of a data 
gap.  For example, if a subwatershed had between three and four stations but each sample 
location had less than ten records/station, the “+” rank was selected, rather than the “++” rank.  
The results for each compound, parameter or test are provided in Section 4.3, Results. 

4.3 Results 

4.3.1 Conventional Parameters 

Conventional parameters are measurements that are recognized by the scientific community as 
good or reliable indicators of water quality and are more commonly tested.  Some, like 
conductivity and hardness, are not listed as “Water Quality Objectives” but are routinely 
measured by many different types of facilities and laboratories because they are key variables 
in controlling water chemistry.  The Data Gap Analysis for all of the conventional parameters is 
presented in Table 7.  Maps displaying the frequency and spatial locations for the measurement 
of chloride, sulfate, total coliform, fecal coliform, conductivity, dissolved oxygen (DO), 
temperature, pH, hardness, total dissolved solids (TDS), total suspended solids (TSS) and flow 
can be found, respectively, in Figures 5 through 16. 
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Table 7. Data Gap Analysis for Conventional Parameters 

Subwatershed 

Constituent of Concern 
Map 

# 
Oxnard 

Plain 
Santa 
Paula 

Sespe Piru 
Upper Santa 

Clara 

Chloride 5 - +++ ++ ++ +++1

Sulfate 6 - +++ ++ +++ +++1

Total Coliform 7 +++1 ++ + - ++1

Fecal Coliform 8 - + + - ++1

Conductivity 9 - +++1 ++ ++ +++1

Dissolved Oxygen 10 +++1 +++ + - +++1

Temperature 22 +++1 +++ ++ ++ +++1

pH 23 - +++ ++ ++ +++1

Hardness 23 +++1 ++1 ++ ++ +++1

Total Dissolved Solids 14 - +++ ++ ++ - 

Total Suspended Solids 15 - ++ + - ++1

Flow 16 - +++ ++ + - 

          Flow 
1Stations distributed over lower third of watershed. 

 

Oxnard Plain 

This subwatershed has no major tributaries and had No Data reported for chloride, sulfate, fecal 
coliform, conductivity, pH, TDS, TSS and flow.  Total coliform DO, temperature and hardness 
were scored as Data Rich.  However, all four of these measurements appear to be spatially 
biased as they are located toward the mouth (estuarine portion) of the river. 

Santa Paula 

This subwatershed was classified as Data Poor for fecal coliform and was Data Moderate for 
total coliform, hardness and TSS.  The spatial distribution appears biased for hardness with 
most sampling occurring in one general area of this subwatershed.  This subwatershed was 
Data Rich for chloride, sulfate, conductivity, DO, temperature, pH, TDS and flow.  Stations 
measuring conductivity appear to be biased toward the lower third of the subwatershed.   

Sespe 

The Sespe subwatershed was Data Poor for total and fecal coliform, DO, and TSS.  The spatial 
distribution of the latter appears to be biased towards the upper third of the subwatershed.  The 
data reported for chloride, sulfate, conductivity, temperature, pH, hardness, TDS and flow were 
classified as Data Moderate.  Only the distal portion of Sespe Creek is sampled, as access to 
the upstream portions of this tributary appears to be limited. 
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Piru 

This subwatershed had No Data for total and fecal coliform, DO, and TSS.  There is only one 
flow station, so this has been categorized as Data Poor.  The remaining parameters including 
chloride, conductivity, temperature, pH, hardness and TDS were reported as Data Moderate.  
Sulfate was ranked as Data Rich, although the distribution of sample locations leaned toward 
the canyon tributaries. 

Upper Santa Clara 

This uppermost portion of the watershed had No Data for TDS and flow.  Although the 
remaining parameters were classified as either Data Moderate (total and fecal coliform, TSS) or 
Data Rich (chloride, sulfate, conductivity, DO, temperature, pH, hardness), all were qualified as 
having a spatially biased distribution because only three general areas were sampled in the 
lower third (downstream) section of this subwatershed. 

In summary for the conventional parameters, ten out of twelve parameters had at least one 
subwatershed with No Data and six out of twelve had two or more ranks at or below the level of 
Data Poor.  With respect to subwatershed regions, the richness of data ranked from highest to 
lowest appears to be: 

1) Santa Paula; 
2) Upper Santa Clara; 
3) Sespe; 
4) Piru; 
5) Oxnard Plain.   

In most cases, it appears that the station locations of the upper tributaries may be determined 
simply by the presence or absence of flowing water (e.g., some may only contain water during 
wet weather events). 

4.3.2 Metals 

Metals can be indicative of non-point source pollution from old mining facilities or point sources 
from metals-related industries (e.g., alkali production, electroplating).  The suite of metals for 
this database was fairly limited.  This may be due to location or region-specific concerns.  
Boron, while not classified as a metal per se, was included in this classification because it is an 
elemental analysis.  Copper, lead, mercury and zinc are routinely measured in surface waters in 
or near hazardous waste sites, but thallium and aluminum are rarely included in routine media 
sampling and analysis protocols.  The Data Gap Analysis for all of the above metals is 
presented in Table 8.  Maps displaying the frequency and spatial locations for the measurement 
of aluminum, boron, copper, lead, mercury, thallium and zinc can be found, respectively, in 
Figures 17 through 23. 
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Table 8. Data Gap Analysis for Inorganics/Metals 

SubWatershed  

Constituent of Concern 
Map 

# 
Oxnard 

Plain 
Santa 
Paula 

Sespe Piru 
Upper Santa 

Clara 

Aluminum 17 - + - - + 

Boron 18 - ++ ++ ++ ++1

Copper 19 ++1
++ ++ ++ ++1

Lead 20 ++1
++ - - ++1

Mercury 21 - + - - +++1

Thallium 22 - + - - ++1

Zinc 23 ++1
++ ++ ++ ++1

          Flow 
1Stations distributed over lower third of watershed. 

 

Oxnard Plain 

Based on current data management assumptions, there were No Data reported in the Oxnard 
subwatershed for aluminum, boron, mercury and thallium.  The frequency of measurement was 
Data Moderate for copper, lead and zinc, but the overall spatial distribution was poor for this 
subwatershed.  Samples were concentrated in a limited area towards the mouth of the river. 

Santa Paula 

This subwatershed was classified as Data Poor for aluminum, mercury and thallium (only one 
sampling station) and Data Moderate for boron, copper, lead and zinc. 

Sespe 

This subwatershed of the river had No Data for aluminum, lead, mercury and thallium.  Boron, 
copper and zinc were classified as Data Moderate.  Only the distal portion of Sespe Creek is 
sampled, as access to the upstream portions of this tributary appears to be limited. 

Piru 

This subwatershed had No Data reported for aluminum, lead, mercury and thallium; boron, 
copper and zinc received a Data Moderate score.  Most of the latter measurements were 
samples taken from the tributaries (Piru and Hopper Canyon Creeks).  There was only one 
sampling station located on the Santa Clara river portion of the Piru subwatershed. 

Upper Santa Clara 

Unlike the other four subwatersheds, the westernmost portion of the Santa Clara was scored as 
Data Rich for mercury and Data Moderate for boron, copper, lead, thallium and zinc.  Only one 
metal (aluminum) received a ranking score of Data Poor (18 measurements at a single station).  
It should be noted that both the moderate and rich data scores are qualified as having a 
spatially biased distribution as the samples were located within the lower third of the Upper 
Santa Clara watershed. 
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In summary, five out of the seven metals had at least one subwatershed with No Data.  With 
respect to subwatershed region, the richness of data, ranked from highest to lowest, appears to 
be: 

1) Upper Santa Clara; 
2) Santa Paula; 
3) Sespe; 
4) Piru; 
5) Oxnard Plain.   

It appears that the station locations of the upper tributaries may be determined simply by the 
presence or absence of flowing water (e.g., some may only contain water during wet weather 
events). 

4.3.3 Nutrients 

Ammonia, nitrate, nitrite and phosphorus act as nutrients when present in concentrations that 
exceed the self-purification mechanisms of a natural waterbody.  Un-ionized ammonia can also 
be particularly toxic to freshwater fish and invertebrates.  The concentration of un-ionized 
ammonia is dependent of the pH of the receiving water and the temperature.  Nitrate and 
phosphorus may both play a role determining the amount of eutrophication within a pond, lake 
or estuary.  Phosphate is typically more stimulatory to phytoplankton populations in nitrogen-
limited environments. 

The Data Gap Analysis for nutrient compounds is presented in Table 9.  Maps displaying the 
frequency and spatial locations for the measurement of ammonia, nitrate, nitrite, nitrate+nitrite, 
phosphorus and phosphate can be found, respectively, in Figures 24 through 29. 

Table 9. Data Gap Analysis for Nutrients 

Subwatershed  

Constituent of Concern 
Map 

# 
Oxnard 

Plain 
Santa 
Paula 

Sespe Piru 
Upper Santa 

Clara 

Ammonia 24 ++1
+++ + + +++1

Nitrate 25 ++1 +++ ++ +++1 +++1

Nitrite 26 ++1 +++ ++ ++ +++1

Nitrate + Nitrite 27 - +++ ++ ++ - 

Phosphorus 28 ++1
+ + - + 

Phosphate 29 - ++ ++ + - 

          Flow 
1Stations distributed over lower third of watershed. 

 

Oxnard Plain 

This smaller western section of the Santa Clara River watershed possessed No Data for 
nitrate+nitrite and phosphate.  The remaining parameters (ammonia, nitrate, nitrite and 
phosphorus) were ranked as Data Moderate, although the spatial distributions of these 
measurements are all toward the mouth of the river. 
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Santa Paula 

This subwatershed was Data Poor for phosphorus and Data Moderate for phosphate.  The 
remaining nitrogenous parameters (ammonia, nitrate, nitrite and nitrate+nitrite) are classified as 
Data Rich.  It should also be noted that spatial distribution was adequate for the Santa Clara 
River, but that the main tributaries were rarely sampled in this subwatershed. 

Sespe 

This subwatershed was Data Poor for ammonia and phosphorus and Data Moderate for the 
remaining nutrients (nitrate, nitrite, nitrate+nitrite and phosphate).  Only the distal portion of 
Sespe Creek is sampled, as access to the upstream portions of this tributary appears to be 
limited. 

Piru 

The Piru portion of the watershed had No Data collected for phosphorus and was Data Poor for 
ammonia and phosphate.  Nitrite and nitrate+nitrite were scored as Data Moderate and nitrate 
received a score of Data Rich.  It should be noted that some nutrients appear to have a biased 
spatial distribution in that the majority of the samples were taken within the main tributaries of 
the Piru subwatershed. 

Upper Santa Clara 

The easternmost subwatershed of the Santa Clara River watershed had No Data for 
nitrate+nitrite and phosphate and was Data Poor for phosphorus.  This subwatershed was Data 
Rich for the remaining nutrients (ammonia, nitrate and nitrite), although the spatial distribution 
for these samples was limited to the lower third (downstream) portion of the watershed.  None of 
the main tributaries to the north were sampled. 

In summary for nutrients, four out of the six parameters had at least two subwatersheds with 
ranks at or below the level of Data Poor.  With respect to subwatershed region, the richness of 
data, ranked from highest to lowest, appears to be: 

1) Santa Paula; 
2) Upper Santa Clara; 
3) Sespe; 
4) Oxnard Plain; 
5) Piru. 

It appears that the station locations of the upper tributaries may, in most cases, be determined 
simply by the presence or absence of flowing water (e.g., some may only contain water during 
wet weather events). 

4.3.4 Chemical Constituents – Organic Compounds 

Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyl compounds (PCBs) are 
routinely measured in naturally occurring surface waters throughout the country.  However, 
chlorinated pesticides are much less commonly requested in routine samples in and are 
typically sampled near contaminated sites or property. 
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The Data Gap Analysis for organic compounds is presented in Table 10.  Maps displaying the 
frequency and spatial locations for the measurement of PAHs, PCBs, DDT, 
aldrin/dieldrin/endrin, heptachlor/heptachlor epoxide, endosulfan isomers, 
hexachlorocyclohexanes, toxaphene, DEHP, chlorade, and cyanide/diazinon/mirex/nonachlor 
can be found, respectively, in Figures 30 through 40. 

Table 10. Data Gap Analysis for Chemical Constituents/Organic Compounds 

Subwatershed  

Constituent of Concern 
Map 

# 
Oxnard 

Plain 
Santa 
Paula 

Sespe Piru 
Upper Santa 

Clara 

Polycyclic Aromatic Hydrocarbons 30 - + - - ++1

Polychlorinated Biphenyls 31 - + - - ++1

DDT, Methoxychlor, DDE 32 - + - - +1

Aldrin/Dieldrin/Endrin 33 - + + - +1

Heptachlor/Heptachlor Epoxide 34 - + - - +1

Endosulfan Isomers 35 - + - - +1

Hexachlorocyclohexanes 36 - + - - ++1

Toxaphene 37 - + - - + 

Diethylhexylphthalate (DEHP) 38 - + + - + 

Chlordane 39 - + - - + 

Diazinon, Mirex, Nonachlor, Cyanide 40 - + - - + 

          Flow 
1Stations distributed over lower third of watershed. 

 

Oxnard Plain 

This subwatershed had No Data available for any of these chemical compounds/classes. 

Santa Paula 

This subwatershed was scored as Data Poor for all of the organic compounds measured in 
surface water.  This was due to the fact that only one station was available for sampling.   

Sespe 

This subwatershed had No Data for PAHs, PCBs, DDT, heptachlor/heptachlor epoxide, 
endosulfan isomers, hexachlorocyclohexanes, toxaphene, chlordane, diazinon, mirex and 
nonachlor.  A score of Data Poor was assigned to aldrin/dieldrin/endrin compounds and 
diethylhexylphthalate.  This was due to the fact that only one station was available for sampling 
throughout the entire Sespe subwatershed area. 

Piru 

The Piru portion of the Santa Clara River watershed had No Data reported for any of these 
compounds/classes.   
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Upper Santa Clara 

Again, with the caveat that all data sets for this section of the Santa Clara river watershed 
appeared to have a spatially biased distribution, the PAHs, PCBs and hexachlorocyclohexanes 
were scored as Data Moderate.  The remaining pesticides (DDT, aldrin/dieldrin/endrin, 
heptachlor/heptachlor epoxide, endosulfan isomers, toxaphene, iethylhexylphthalate, chlordane, 
diazinon, mirex, cyanide and nonachlor) were scored as Data Poor because only one station 
was sampled. 

In summary for organic compounds, all of the parameters had at least two subwatersheds 
(Oxnard Plain and Piru) with No Data and all but the Upper Santa Clara subwatershed had 
ranks at or below the level of Data Poor.  With respect to subwatershed region, the richness of 
data, ranked from highest to lowest, appears to be: 

1) Upper Santa Clara; 
2) Santa Paula; 
3) Sespe; 
4) Oxnard Plain; 
5) Piru.   

It appears that the station locations of the upper tributaries may, in most cases, be determined 
simply by the presence or absence of flowing water (e.g., some may only contain water during 
wet weather events). 

4.3.5 Chronic Aquatic Toxicity Tests 

Chronic aquatic toxicity tests are generally limited to testing the toxicity of effluents before they 
are released into waters adjacent to industrial or municipal facilities.  Occasionally, receiving 
waters are tested as well.  Chronic toxicity tests routinely use organisms that are genetically 
homogeneous, easy to culture and have a proven track record in laboratories throughout the 
U.S. and Canada.  These tests routinely employ sensitive aquatic invertebrates (e.g., water 
flea), fish (e.g., fathead minnow) and suspended algae (e.g., Selanastrum spp.). 

The Data Gap Analysis for all of the above chronic aquatic toxicity tests are presented in 
Table 11.  Maps displaying the frequency and spatial locations for the invertebrate, fish and 
algae bioassays are presented in Figures 41 through 43. 
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Table 11. Data Gap Analysis for Chronic Aquatic Toxicity Tests 

Subwatershed  

Aquatic Toxicity Bioassays 
Map 

# 
Oxnard 

Plain 
Santa 
Paula 

Sespe Piru 
Upper Santa 

Clara 

Water Flea (Daphnia spp.) 41 ++1 - - - ++1

Fathead Minnow (Pimephales 
promelas) 42 

++1

- - - 
+1

Algae (Selanastrum spp.) 43 ++1 - - - ++1

          Flow 
1Stations distributed over lower third of watershed. 

 

Oxnard Plain 

The data for this subwatershed was ranked as Data Moderate for all three of these aquatic 
toxicity tests.  As seen with other parameters discussed above, the spatial distribution of these 
samples was toward the mouth of the Santa Clara River. 

Santa Paula 

This subwatershed was scored as having No Data for all three of these aquatic toxicity tests. 

Sespe 

This subwatershed saw No Data for all three aquatic toxicity tests. 

Piru 

The Piru portion of the Santa Clara River watershed had No Data reported for all three aquatic 
toxicity tests.   

Upper Santa Clara 

This subwatershed was ranked as Data Poor for the fathead minnow and Data Moderate for 
water flea and algae testing, with the caveat that spatial distribution was biased toward the 
lower downstream segment of this subwatershed. 

In summary for chronic aquatic toxicity, all tests had at least three subwatersheds (Santa Paula, 
Sespe and Piru) with No Data.  The Oxnard Plain and the Upper Santa Clara subwatersheds 
were never ranked above the level of “Data Moderate.”  With respect to subwatershed region, 
the richness of data ranked from highest to lowest appears to be: 

1) Oxnard Plain; 
2) Upper Santa Clara; 
3) Santa Paula; 
4) Sespe; 
5) Piru.   

It appears that the station locations of the upper tributaries may, in most cases, be determined 
simply by the presence or absence of flowing water (e.g., some may only contain water during 
wet weather events). 
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4.4 Temporal and Spatial Distribution of Samples 

Two sources of data, the USGS and the UWCD, have monitoring records that date back to 1951 
and 1925, respectively.  However, the monitoring programs within these agencies are not 
entirely consistent over the long term.  For example, the USGS has at times completely 
eliminated chemical monitoring, principally due to budget constraints or priorities with other key 
stream variables. 

The LACSD and the LACDPW have data records dating back to 1984 and 1988, respectively.  
The Cities of San Buenaventura, Fillmore and Santa Paula provided electronic data records that 
date back to 1997, 2004 and 1999, respectively.  The LARWQCB (SWAMP) has data from 2001 
and 2003.  In general, it is not scientifically reasonable to determine a temporal trend in data 
from any one sampling station or from a set of consecutive stations given the heterogeneous 
nature of the database. 

Although the database was not evaluated in detail for how individual samples were taken 
through time, it is possible to get a relatively good understanding based on a mapping of the 
data selected from the last five years of how often samples were taken.  For example, it is clear, 
that the locations at Valencia Water Reclamation Plant (VA001) and the Saugus Water 
Reclamation Plant (SA001) near the lower third of the Upper Santa Clara watershed are 
sampled on a fairly regular basis for almost all of the parameters.  These two locations are 
NPDES-permitted water treatment facilities.  On the other hand, locations within the upper 
portion of the Oxnard Plain, as well as both the Sespe and Piru watersheds (and associated 
creeks) are rarely monitored on a regular basis. 

Based on the locations of historical sampling stations in the watershed, the spatial distribution of 
sample stations along the Santa Clara River appears to be adequate Figure 44).  Other historic 
sampling locations within each main tributary or creek also appear adequate, although the 
location of many of these may be governed by access limitations.  In contrast, the currently 
active sample locations (those used in the Data Gap Analysis) appear to have inadequate 
spatial distribution.  Based on the locations of Data Gap Analysis sampling stations, the spatial 
distribution is inadequate, even in areas that have a relatively high frequency of routine 
sampling (Figure 45).  For example, currently sampling occurs frequently at four locations that 
are concentrated at the mouth of the Santa Clara River, but the remainder of the Oxnard Plain 
sub-watershed is not sampled.  The ten locations that are sampled in the Santa Paula 
watershed adequately cover the Santa Clara River, although even these ten stations are 
concentrated in only a few locations.  The Santa Paula Creek is only sampled near its 
confluence with the Santa Clara River whereas historically, stations were located at various 
points upstream.  The Piru and Sespe watersheds, in general, are also poorly represented from 
the standpoint of a complete or robust data set.  Sampling in the Sespe Creek sub-watershed 
occurs at the downstream portions of the Sespe and Pole Creeks as well as along the Santa 
Clara River but does not occur in the upstream portions of these tributaries.  Historically, the 
upstream portion of the Sespe Creek was sampled but the upstream portion of Pole Creek was 
not.  The southern portion of the Piru Creek sub-watershed below Lake Piru and along the 
Santa Clara River has many sampling stations but the upstream portion has none.  Historically, 
USGS and SWAMP stations existed in the upstream section of Piru Creek.  Lastly, there are 
only six stations in the Upper Santa Clara River sub-watershed, all of which are located on the 

4551000300\Final_CMP_Mar-06.doc 
Page 28 

RB-AR39210



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 

Santa Clara River between its confluence with Bouquet Canyon Creek and its confluence with 
Castaic Creek.  Stations do not exist on Castaic Creek, San Francisquito Canyon Creek, 
Bouquet Canyon Creek, Mint Canyon Creek and the eastern portion of the Santa Clara River 
upstream of Bouquet Canyon Creek.  Historically, sampling stations once existed in all of these 
areas.  As a consequence of the above observations, the selection of sampling locations took 
into account the spatial disparity seen in the Data Gap Analysis, as well as the general 
observation that selected parameters were identified as a “data gap” for particular subwatershed 
regions.  Generally speaking, sample locations identified in the Data Gap Analysis tended to be 
spatially clustered.  Additionally, the northern reaches and, in some cases the downstream 
reaches of the tributaries, were not well represented in terms of spatial sampling.  The current 
preliminary sampling stations take these differences into account.   

It is readily apparent, as alluded to above, that spatial distribution of many of the monitoring 
stations may be due to the presence of industrial facilities that may require routine sampling to 
fulfill permit conditions.  Biased sampling locations may also be required in locations that are 
densely settled (in order to determine non-point stressors). 

4.5 Comparison of Historical Data to Water Quality Criteria and TMDL 
Objectives 

The current database was developed with information from a wide variety of sources, each of 
which may have differed in terms of sampling methodology, analytical methodology and quality 
assurance/quality control protocols.  Because of this, one should be cautious in the 
interpretation of trends, either over time or space.  Based on data presented in the Santa Clara 
River Enhancement and Management Plan (SCREMP [released in May 2005, but based on 
data collected prior to 1995]), the following conclusions were made with regard to Surface Water 
Quality: 

Upper Santa Clara River 

Two trends observed in the water quality data collected in the upper Santa Clara 
River are indicated in UWCD and CLWA (1996): 

(1) The increase in concentration of the total dissolved solids (TDS) and sulfate 
downstream, with the maximum concentrations of TDS and sulfate at the County 
Line station (the most downstream) about ten times higher than that at Lang 
station (the most upstream); 

(2) The general decrease in concentrations of TDS and sulfate at the stations 
over the periods of record. 

Unfortunately, these data do not reflect recent changes in the surface water 
quality conditions that, in turn, would reflect changes in the hydrologic conditions 
in the watershed. 
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Lower Santa Clara River 

The water quality data for common dissolved constituents for the lower Santa 
Clara River are … summarized below.  These tables do not include information 
regarding suspended and settleable solids. 

(1) A weaker trend of TDS and sulfate concentrations progressively increasing 
downstream than observed in the upper reaches of the river is observed in the 
lower reaches.  UWCD reported strong correlation between the TDS and sulfate 
concentrations in the local waters influenced by the presence of marine 
sediments in the watershed (UWCD, 2001b).  Surface waters sampled in the 
lower Santa Clara River were classified as calcium-sulfate (UWCD and CLWA, 
1996). 

(2) The concentrations of the common dissolved constituents, reflective of the 
water quality, vary inversely to the rate of flow (discharge).  This results in a “flow 
dilution” trend of higher quality waters associated with higher flow volumes and 
lower quality waters associated with lower flow volumes. 

(3) Elevated nitrate concentrations are observed at several stations downstream 
of developed areas within watershed and correlated with land use practices 
(septic tanks, agricultural, industrial, reclaimed water).  In 2000, UWCD reported 
high nitrate concentrations at Blue Cut station believed to be originated from 
ammonia in the effluent from Saugus and Valencia water reclamation plants 
(WRPs) discharged into the Santa Clara River (UWCD, 2001b).  The LARWQCB 
is currently monitoring and updating nitrate concentration data in support of the 
Board’s Nitrate TMDL. 

 (4) Elevated chloride concentrations displaying trends similar to nitrate.  WRPs 
are the best-documented source of chloride in the area (see Appendix A, Table 
36, and Tables 50-55).  The larger plants discharge treated effluent directly to the 
river, and the smaller plants in the watershed usually discharge treated effluent to 
percolation ponds.  In 2000, UWCD reported the chloride concentrations of 148 
and 170 mg/L in the effluent from the Saugus and Valencia plants based on 
LACSD data, respectively, and an effluent concentration of 154 mg/L was 
reported by the Santa Paula WRP.  These concentrations were influenced by 
chloride from water softeners in the residential homes in the City’s water and in 
water from the State Water Project used by WRPs for their water supply.  The 
LARWQCB is currently monitoring and updating chloride concentration data in 
support of the Board’s Nitrate TMDL. 

(5) Potential sources of water quality problems in the lower Santa Clara River 
include natural oil seeps in the Santa Paula area, impact from urbanization, 
impacts from agriculture and effects of imported and reclaimed water (UWCD 
and CLWA, 1996).  Surface water trend evaluation of the Santa Clara River is 
difficult due to the complex hydrogeology, with numerous areas of sinking and 
rising groundwater at the subbasin boundaries, and further complicated by the 
data gaps in the upper reaches. 
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Santa Clara River Estuary 

Several water quality issues associated with the Santa Clara River estuary were 
identified in the 1996 study: 

(1) Water Level Management - As of 1992, the plan allowed for the natural 
breaching of the sandbar at the lagoon mouth when the water level reached nine 
feet AMSL. 

(2) Mosquito Abatement. 

(3) Eutrophication. 

(4) Coliform - Bacteria levels exceeding recreational standards have been 
recorded at receiving stations in the estuary and nearby ocean monitoring 
stations and believed to result from non-point sources (i.e., birds). 

(5) Pesticides. 

AMEC queried the TDS, sulfate, nitrate, and chloride data included in the Data Gap Analysis to 
examine the current validity of the conclusions in the SCREMP.  Data was queried at one 
sample location with the greatest number of sample events within each subwatershed for which 
there was sampling for each particular parameter.  

In contrast to observations made in the SCREMP, TDS concentrations do not appear to 
progressively increase downstream.  As displayed in Charts 1 through 4, TDS concentrations 
remain at relatively constant levels between the subwatersheds.  Variability in TDS 
concentration is the most prominent in the Upper Santa Clara subwatershed, with little variation 
at all present in the other three subwatersheds.  Results for TDS concentration are statistically 
significant in only the Piru and Santa Paula subwatersheds.  Finally, sample concentrations in 
all four subwatersheds rarely exceeded the water quality objective maximum limit.   

In comparison, sulfate samples displayed much greater variability than TDS samples within all 
four subwatersheds (Charts 5 through 8).  However, sulfate does appear to progressively 
increase in concentration in the lower subwatersheds as increases in both the Sespe and Santa 
Paula subwatershed are statistically significant.  These results match the observations made in 
the SCREMP document.   

With regard to nitrate, sample concentrations in the Piru subwatershed have been elevated 
above water quality objective levels over the ten-year sample period, although trends show that 
levels have been slowly decreasing over the same time period (Charts 9 through 13).  This 
matches observations made in the SCREMP; however, with the exception of the Piru 
subwatershed trends within each subwatershed are not statistically significant.  Within the Santa 
Paula subwatershed, mean concentrations have remained relatively stable and below water 
quality objectives while individual sample concentrations display seasonal highs and lows.  
Concentrations in the Upper Santa Clara, Sespe, and Oxnard subwatersheds range seasonally 
but are consistently below water quality objective maximum concentration limits. 
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Charts 1 - 4. Concentration of TDS Samples Over Time 

Site S29 - Upper Santa Clara Subwatershed
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Charts 5 - 8. Concentrations of Sulfate Samples Over Time 

Site S29 - Upper Santa Clara Subwatershed
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Charts 9 - 13. Concentration of Nitrate Samples Over Time 

Site S29 - Upper Santa Clara Subwatershed
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Charts 9 - 13. Concentration of Nitrate Samples Over Time (continued) 
Site V-R2 - Oxnard Subwatershed
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Charts 14 - 17. Concentration of Chloride Samples Over Time 

Site S29 - Upper Santa Clara Subwatershed
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With regard to chloride, concentrations in the lower watershed increased significantly in 
samples in all of the lower subwatersheds over the ten year period and corresponded 
with observations made in the SCREMP (Charts 14 through 17).  Further, concentrations 
in the Piru subwatershed were consistently above the water quality objective for this 
reach of the watershed (100 mg/L; please see Table 5).  In contrast, sample 
concentrations within the Sespe and Santa Paula subwatersheds were at or below the 
water quality objectives for the corresponding reach of the river over the ten-year period.     

Although the heterogeneous nature of the current database would advise against a detailed 
data analysis for the Santa Clara River, it is still instructive to compare the distribution for each 
individual parameter against California’s Water Quality Objectives.  This exercise may also be 
important with regard to the development of current or future TMDL programs.  These TMDLs 
will be addressing long standing water quality issues like elevated surface water concentrations 
of chloride, ammonia, nitrate/nitrite, fecal coliform, and pH. 

Table 12 presents Water Quality Objectives for the Santa Clara River compared to the actual 
data collected on the river.  These values were selected from tables presented in Chapter 3 of 
the Water Quality Control Plan (Harris et al, 1994).  It is important to note that Water Quality 
Objectives may differ for different reaches of the Santa Clara River and/or tributaries based on 
beneficial uses as displayed previously in Table 5.  For example, the Water Quality Objectives 
for chloride is 50 mg/L “above the Lang gaging station” but 150 mg/L “between Freeman 
Diversion Dam near Saticoy and Highway 101 Bridge.”  A range of water quality criteria, as a 
minimum and a maximum, are therefore presented.  The percent of values exceeding the Water 
Quality Objectives are given for both the minimum and the maximum cited water quality criteria.  

4.5.1 Conventional Parameters 

Approximately 69 percent of the chloride values within the current database exceeded the 
minimum 50 mg/L criteria, while 10 percent exceeded the maximum value of 150 mg/L.  For 
sulfate, 98 percent of the values exceeded the lowest water quality criteria of 100 mg/L, while 
only 11 percent exceeded the maximum value of 650 mg/L.  Fecal coliform exceeded the 
minimum 200 MPN standard at least 38 percent of the time and exceeded the maximum 2000 
MPN standard about 5 percent of the time.  Dissolved oxygen was fairly optimal for most 
locations.  It exceeded the minimum required concentration of 5 mg/L for roughly 92 percent of 
the values, while roughly 75 percent of the values exceeded a dissolved oxygen concentration 
of 7 mg/L.  Temperature deviations also appeared to be somewhat optimal, only exceeding the 
upper boundary of 26.6 oC about 10 percent of the time.  Finally, the hydrogen ion 
concentration, as measured by pH, was above the minimum criteria of 6.5 s.u. for almost every 
record (99 percent), while the number of values exceeding the maximum allowable value of 8.5 
s.u. was only 4 percent of the total number of records. 
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Table 12. Percent of Values Exceeding Water Quality Objectives for Each Constituent of 
Concern 

California Water Quality 
Objectives1

Constituent/Analyte of Concern Minimum Maximum 

Percent of 
Values 

Exceeding 
Minimum 

Percent of 
Values 

Exceeding 
Maximum 

Conventional Water Quality Parameters 

Chloride (mg/L) 50 150 69.1 9.7 

Sulfate (mg/L) 100 650 98.0 10.6 

Fecal Coliform3 (MPN/100 ml) 200 2000 38.7 5.2 

Conductivity (umhos/cm) --- --- N/A N/A 

Dissolved Oxygen (mg/L) 5 7 91.6 74.9 

Temperature (oC) --- 26.6 --- 0.1 

pH (s.u.) 6.5 8.5 98.9 3.7 

Hardness (mg/L CaCO3) --- --- N/A N/A 

Total Dissolved Solids (mg/L) 500 1300 94.3 23.0 

Inorganic/Metals (as Maximum Contaminant Levels) 

Aluminum (mg/L) --- 1.0 N/A 16.0 

Boron (mg/L) 0.5 1.5 72.7 2.7 

Copper (mg/L) --- 0.022 N/A 4.5 

Lead (mg/L) --- 0.011 N/A 5.3 

Mercury (mg/L) --- 0.002 N/A 0.0 

Thallium (mg/L) --- 0.002 N/A 0.0 

Zinc (mg/L) --- 0.246 N/A 0.9 

Nutrients 

Ammonia (mg/L)2 6.8 8 39.2 33.0 

Nitrate (mg/L) 5 10 31.2 11.7 

Nitrite (mg/L) 5 10 0.0 0.0 

Phosphorus (mg/L) --- --- N/A N/A 

PCBs/PAHs/Pesticides 

Polycyclic Aromatic Hydrocarbons4 (mg/L) --- 0.0002 0.0 1.1 

Polychlorinated Biphenyls (mg/L) --- 0.0005 0.0 0.0 

DDT (mg/L) --- --- N/A N/A 

Aldrin/Dieldrin/Endrin (mg/L) --- 0.002 0.0 0.0 

Heptachlor/Heptachlor Epoxide (mg/L) --- 0.00001 N/A 0.0 

Endosulfan Isomers (mg/L) --- --- N/A N/A 

Hexachlorocyclohexanes (mg/L) --- --- N/A N/A 

Toxaphene (mg/L) --- 0.003 0.0 0.0 

Chlordane (mg/L) --- 0.0001 N/A 0.0 

Diethylhexylphthalate --- 0.004 N/A 7.7 

Aquatic Toxicity Tests (as Percent Mortality) 

Water Flea (Daphnia spp.) 10 30 N/A N/A 

Fathead Minnow (Pimephales promelas) 10 30 N/A N/A 

Algae (Selanastrum spp.) 10 30 N/A N/A 
1For Santa Clara River Watershed.  Taken from Chapter 3 of:  Harris et al., 1994.  Values differ for selected creeks and rivers, so 

range of values (min - max) presented. 
2Assumes a "One Hour" average ammonia concentration for an average watershed pH of 8.0.  Applies to waters designated as 

"cold" water fishery. 
3Low value cited for beneficial use of water contact recreation, high value cited for beneficial use of non-water contact recreation. 
4Conservatively assumes all PAH as potent as Benzo(a)pyrene. 
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4.5.2 Inorganics/Metals 

For aluminum, 16 percent of the measured values within the database exceeded the Water 
Quality Objective of 1.0 mg/L.  Boron exceeded the minimum criteria value of 0.5 mg/L for 73 
percent of the values, but exceeded the maximum cited criteria of 1.5 mg/L only 3 percent of the 
time. 

The water quality criteria for copper, lead and zinc was conservatively calculated using the 10th 
percentile database hardness value of 270 mg/L (as CaCO3).  Only 4.5 percent of the copper 
values exceeded the water quality criteria value of 0.022 mg/L.  For lead, only 5 percent of the 
database values exceeded the ambient water quality criteria (AWQC) value of 0.011 mg/L.  
None of the values within the database for mercury exceeded the Water Quality Objective of 
0.002 mg/L.  None of the samples taken for the measurement of thallium exceeded the Water 
Quality Objective of 0.002 mg/L.  Finally, only 1 percent of the total number of records for zinc 
exceeded the water quality criteria value of 0.246 mg/L. 

4.5.3 Nutrients 

Ammonia exceeded the minimum Ammonia standard of 6.8 mg/L 39 percent of the time, while 
exceeding the maximum Ammonia standard at least 33 percent of the time.  This may be due to 
the fact that the pH for these waters runs in the alkaline range. 

Nitrate exceeded the minimum (5 mg/L) and maximum (10 mg/L) water quality criteria at least 
31 percent and 11 percent of the time, respectively.  Nitrite, however, appears to be within 
normal limits because it did not exceed either the minimum or maximum values cited within the 
Water Quality Control Plan.  There is no Water Quality Objective for phosphorus (or phosphate) 
and this variable was therefore not evaluated against an available standard. 

4.5.4 Chemical Constituents 

Chemical constituents were sampled less frequently than some of the other key chemical 
parameters (see Table 10).  With the exception of PAHs, none of the concentrations of any of 
the individual chemical constituents exceeded their respective Water Quality Objectives.  PAHs 
exceeded the respective Water Quality Objective for only 1 percent of the total number of data 
entries. 

4.5.5 Aquatic Toxicity Tests 

The aquatic endpoints for the database were entered as “Percent Effluent,” which is the relative 
concentration of effluent (usually as a serial dilution percentage) that may have affected aquatic 
organisms for that individual facility or treatment plant.  The Water Quality Objective is narrated 
in terms of a percentage of organisms that may be affected by any one test.  The database 
values thus cannot be compared to the Water Quality Objectives for toxicity because the units 
are not the same. 

4.6 Data Summary in Relation to Current and Future TMDLs 

From the perspective of applying these database values to fulfill the requirements of TMDL 
regulations, it appears the following conclusions can be made: 
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• Conventional Parameters:  With the exception of the Oxnard Plain, data appears to be 
adequate for chloride, sulfate and pH.  Clear data gaps exist for fecal coliform, TDS, TSS, 
and flow. 

• Inorganics/Metals:  With the exception of Oxnard Plain, the amount of data appears to be 
adequate for boron.  For the remaining metals, data gaps exist for every subwatershed 
except the Upper Santa Clara subwatershed.  However, it is important to note that for any 
individual metal only a small percentage of the recorded values exceeded the applicable 
Water Quality Objective.  Additionally, in relation to the instrument detection limits used at 
the time of sampling/analysis, these waters appear to be low in aluminum, mercury and 
thallium. 

• Nutrients:  Clear data gaps exist for the section of the river that runs through the Oxnard 
Plain (where there is no information for any nutrient).  Data appears to be adequate for 
ammonia only in the Santa Paula and Upper Santa Clara subwatersheds.  The amount of 
data appears to be adequate for nitrate for all but the Oxnard subwatershed sections.  Data 
gaps exist for nitrite, but all of the records where sampling has occurred appear to be below 
the existing Water Quality Objectives.  Phosphorus and phosphates will require additional 
sampling for all of the Santa Clara River and associated tributaries. 

• Chemical Constituents:  In general, chemical constituents, whether PAHs, PCBs, or 
chlorinated pesticides, show clear data gaps for just about every area of the Santa Clara 
River and associated subwatersheds.  Data sets are the most robust in the Upper Santa 
Clara subwatershed.  As was observed with the metals, concentrations appear to be very 
low in lieu of the detection limits used at the time of sampling and analysis.  Virtually all 
constituents fell below health-based Water Quality Objectives. 

• Aquatic Toxicity Tests:  These tests are apparently carried out as a requirement of several 
NPDES permitted facilities within the Upper Santa Clara subwatershed.  The values in the 
database could not be evaluated against the Water Quality Objectives because the units of 
measurement were not the same (“percent effluent” for the database versus “percent 
mortality” for the Water Quality Objectives).  If impacts (from chemical constituents) to 
aquatic life appear to be an issue for the Santa Clara River, then more freshwater aquatic 
toxicity tests will be required to fill in the existing data gaps identified in this paper. 

5.0 BASELINE WATER QUALITY MONITORING 

As discussed in the scope of work, the main purpose of the CMP is to “develop baseline 
conditions for the watershed and have a mechanism to measure improvements or degradations 
in the watershed.”  The ideal Baseline Water Quality Monitoring Plan maximizes the breadth of 
the physical, chemical and biological information while minimizing the overall scope of the study 
design (i.e., optimizing available resources based on anticipated cost and/or effort).  The best 
way to do this is to utilize monitoring stations that already have relatively complete data profiles.  
This is an important aspect for any baseline monitoring plan because it is rarely advantageous 
to change either a monitoring location or decrease the number of constituents in a particular 
analytical suite once the sampling process has begun.  Additionally, because the term baseline 
suggests environmental conditions that might exist during “average” conditions, the collection of 
stormwater, although mentioned in the scope of work, should be revisited by the stakeholders in 
terms of obtaining data that is meaningful over the long term.   
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5.1 Monitoring Station Locations 

The protection of California’s natural water resources has a very long history and, because 
monitoring of both quality and quantity are an essential part of the security of this precious 
commodity, a number of State and Federal agencies maintain semi-permanent and/or 
permanent monitoring stations throughout the Santa Clara River watershed.  Figure 44 presents 
the current universe of monitoring locations identified from various GIS shapefiles made 
available to AMEC including the USGS, the UWCD, LACSD, VCWPD, and SWAMP.  Some of 
these monitoring locations are temporary (e.g., Kamer and Fairey, 2005; SWAMP) and some 
are permanent (e.g., active USGS or VCWPD gaging stations).  The distribution of Data Gap 
Analysis sampling stations (Figure 45) is primarily a subset of these historical monitoring 
locations.  It is important to note that many of the location names/identifiers are redundant.  It is 
not uncommon for one location to have two or more “IDs” depending on what agency or 
stakeholder is sponsoring the station or has historically sponsored the station.  For example, a 
Santa Clara River monitoring station in Hopper Creek near Piru California has a USGS identifier 
of 11110500, a VCWPD ID of 710, and a UWCD ID of 04N19W25SW1. 

The general criterion for developing a sampling plan includes study objectives, cost-
effectiveness, patterns of environmental contamination/variability and practical considerations 
such as site access, equipment security, and political jurisdiction.  Once a general sampling 
plan has been decided upon, the actual selection of monitoring locations can vary from 
haphazard (“any location will do”) to highly structured (e.g., simple or stratified random 
sampling).  Because the scope of work recommended a “baseline” study for the CMP, it was 
determined that a slightly modified systematic sampling strategy, which typically selects 
locations that are separated by regular intervals along a waterbody, would be the most effective 
sampling design (Gilbert, 1987).  This strategy also corresponds with the scope of work which 
states that monitoring points are to be selected based on: 1) downstream points of Santa Clara 
sub-basins; 2) system morphology; and 3) historical data availability.  Further, while land use is 
an important characteristic of the watershed, rather than selecting locations based on their land 
use, this systematic approach captures the varied land uses on the watershed through the 
spacing of sampling stations along the river and tributaries.  Other factors mentioned in the 
scope of work, such as sensitive habitats and potential problem areas, should be discussed at a 
local level to address individual water quality questions beyond the baseline sampling program 
described in this document.  Currently wetland data for the watershed is available only in the 
Ventura County portion of the watershed and detailed vegetation mapping is only available for 
the Los Angeles County portion of the watershed.  

It is also important to note the regulatory climate and associated timetables when selecting 
monitoring locations.  For the Santa Clara River, the plan should consider the statutory 
requirements needed to be fulfilled under the federal 303(d) TMDL regulations.  A TMDL is 
defined as the maximum amount of a pollutant that a water body can receive and still meet 
water quality standards.  This exercise allocates the acceptable pollutant load to both point and 
nonpoint sources.  The TMDL is generally expressed in terms of mass per time or 
concentration.  Since TMDLs are of primary concern with regard to the allocation and use of 
future data, the siting and/or location of monitoring stations should include locations at or slightly 
downstream of real-time USGS gaging stations.  Thus, pollutant loads from different 
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subwatersheds or tributaries can be evaluated and flow measurements could be easily retrieved 
from the Internet for any particular day of the year.   

5.1.1 Spatial Sampling:  Selection of Preliminary Sampling Locations 

Based on the information above, preliminary sampling locations were selected using the 
following strategy: 

1) For major tributaries to the Santa Clara River (e.g., Mint Canyon, Pole Creek), select a 
downstream [historical] monitoring location nearest to the junction with the Santa Clara 
River. 

2) For the Santa Clara River, select a historical station that is slightly downstream of the 
tributary/Santa Clara River fork (beyond the mixing zone). 

3) Select any additional locations along the Santa Clara River from historical or active 
stations (Figures 44 and 45, respectively) that will provide information identified as a 
data gap in the Data Gap Analysis. 

Following this strategy, one monitoring station should be located near the mouth of almost every 
major tributary that enters the main channel of the Santa Clara River.  These downstream 
monitoring locations are sometimes referred to as integrator locations, because the physical and 
chemical parameters measured at the furthest downstream location will generally reflect the 
sum total of upstream contributions and/or processes.  Figure 46 presents a map of the 
recommended monitoring stations.  Most of the selected locations include active or real-time 
USGS or VCWPD gaging/monitoring locations, which will take advantage of existing data on 
flow, velocity or discharge.  Due to the continuity of the data and permanent nature of the 
gaging stations, it is recommended that all “flow composited” baseline sampling stations be 
located at active gaging stations.  Additional flow-composited stations can be added later to 
extended reaches, if deemed necessary.   

Other non-USGS locations represent existing stations that are currently being monitored by 
various state or regional agencies.  In addition, a few monitoring station locations were added 
based on the results of the data gap analysis, which indicated spatial gaps in certain reaches 
within the watershed.  In most cases, this is due to the fact that either a tributary is not 
adequately represented in the current data gap analysis data set or the distance between two 
stations on a tributary of the main body of the Santa Clara River is too long to adequately 
characterize water quality variations within a particular reach. 

Table 13 presents more detailed information on each of the recommended monitoring stations 
including the site number, name, a brief description of the location, the agency currently 
using/sponsoring the monitoring station, and its current monitoring status. 

4551000300\Final_CMP_Mar-06.doc 
Page 42 

RB-AR39224



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 

Table 13. Preliminary Sampling Locations 

Site Number Site Name  Agency Subwatershed Tributary Comment/Status 

403STCSFO San Francisquito Creek Water quality data 
from 10/31/01only from SWAMP sampling. 
Also velocity measurement from this date. 

SWAMP Upper Santa Clara San Francisquito 
Creek 

Historic SWAMP water 
quality station.  Added as 
an integrator station for 
San Francisquito Creek. 

New-3 TBD TBD     "         "         " San Francisquito 
Creek 

Added to fill in spatial 
gaps in existing 
monitoring programs in 
the Upper Santa Clara 
subwatershed.  Located in 
a residential land use 
area. 

11108000 SANTA CLARA R NR SAUGUS CA 
(Currently operated by LACDPW) Water 
quality sampling from 1974 through 1976. 

USGS(LACDPW)      "         "         " Santa Clara River Existing flow station; 
historic water quality 
station.  Located in an 
area with a mix of 
residential and industrial 
land uses.  Sites RD and 
RC may be substituted for 
this site if discharge is 
available. 

11107745 SANTA CLARA R AB RR STATION NR 
LANG CA (Currently operated by LACDPW) 
Water quality sampling from 1974 through 
1976. 

USGS (LACDPW)1      "         "         " Santa Clara River Existing flow station; 
historic water quality; 
representative of 
upstream portion of the 
Upper Santa Clara 
subwatershed.  Located in 
an undeveloped portion of 
the watershed. 

11107770 MINT CYN C A SIERRA HWY NR SAUGUS 
CA (Currently operated by LACDPW) No 
water quality data available. 

USGS (LACDPW)      "         "         " Mint Cyn Creek Existing flow station.  
Added as an integrator 
station for Mint Canyon 
Creek.  Located in a 
residential land use area. 

11107860 BOUQUET C NR SAUGUS CA (Location 
moved in 2003, currently operated by 
LACDPW) No water quality data available. 

USGS (LACDPW)      "         "         " Bouquet Creek Existing flow station.  
Added as an integrator 
station for Bouquet Creek.  
Located in a residential 
land use area. 
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Table 13. Preliminary Sampling Locations (continued) 

Site Number Site Name  Agency Subwatershed Tributary Comment/Status 

11107922 SF SANTA CLARA R A SAUGUS CA No 
water quality data available.  

USGS      "         "         " Santa Clara River Active until 1977.  Added 
as an integrator station for 
the south fork of the Santa 
Clara River.  Located in a 
residential land use area. 

11108075 CASTAIC C AB FISH C NR CASTAIC CA 
(USGS until 1993, currently operated by 
DWR, flow data available by request) No 
water quality data available. 

USGS (DWR)      "         "         " Castaic Creek Existing flow station.  
Added as an integrator 
station for Castaic Lake. 

11108135 CASTAIC LAGOON PARSHALL FL NR 
CASTAIC CA (USGS until 1996, currently 
operated by DWR, flow data available by 
request) No water quality data available. 

USGS (DWR)      "         "         " Castaic Creek Existing flow station.  
Added as an integrator 
station for Castaic Lake 
releases. 

11108145 CASTAIC C NR SAUGUS CA No water 
quality data available. 

USGS      "         "         " Castaic Creek Active until 1976.  Added 
as an integrator station for 
Castaic Creek into the 
Santa Clara River.  
Located in an area with 
industrial land uses and 
undeveloped space. 

403STC068 Random Site 68 – Santa Clara River 
(Potrero Canyon) Water quality data from 
2/25/03 only from SWAMP sampling. Also 
velocity measurement from this date. 

SWAMP      "         "         " Santa Clara River Historic SWAMP water 
quality station.  Added to 
fill spatial gaps within the 
Upper Santa Clara 
subwatershed.  Located in 
an area with industrial 
land uses and 
undeveloped space. 

New-1 TBD TBD      "         "         " Santa Clara River Added to fill spatial gaps 
in sampling within the 
Santa Clara River 
headwaters.  Located in 
an undeveloped portion of 
the watershed. 
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Table 13. Preliminary Sampling Locations (continued) 

Site Number Site Name  Agency Subwatershed Tributary Comment/Status 

New-2 TBD TBD      "         "         " Santa Clara River Added to fill spatial gaps 
in sampling within the 
Santa Clara River 
headwaters.  Located in a 
primarily undeveloped 
portion of the watershed 
with some residential land 
use areas. 

04N18W20SW1 5 - Piru Creek at Piru Some historic WQ 
data, quarterly samples since 5/2000. 

UWCD Piru Piru Creek Existing water quality 
station.  Serves as an 
integrator station for Piru 
Creek.  Located in an 
agricultural land use area. 

11108500; 
11109000 

Formerly SANTA CLARA RIVER AT L.A.-
VENTURA CO. LINE CA (SCR at Blue Cut); 
moved to current location in 1996 - Santa 
Clara River near Piru (Newhall Bridge) 
Annual water quality sample data from 1951 
through 1992. 

USGS (VCWPD)    " Santa Clara River Existing flow and historic 
water quality station.  Fills 
a spatial gap within the 
Piru subwatershed.  
Located in an agricultural 
land use area. 

04N18W30SW1 8 - SCR at Torrey Road Data from two water 
quality samples obtained during late 
summer/early fall from 1993 through 1995 

USGS (UWCD)    " Santa Clara River Existing water quality 
station.  Eliminates the 
spatial gap within the Piru 
subwatershed.  Located in 
an agricultural land use 
area. 

11109600 
05N18W10SW1 

PIRU CREEK ABOVE LAKE PIRU CA 
Annual USGS water quality samples from 
1965; 1972 through 1975.  Historic data by 
UCWD from 1980, quarterly samples since 
1997. 

USGS (UWCD)    " Piru Creek Existing flow station and 
water quality station.  
Serves as an integrator 
station for discharge into 
Lake Piru. 

11109800 PIRU C NRCREEK BELOW SANTA 
FELICIA DAM PIRU CA No water quality 
data available. 

USGS    " Piru Creek Existing flow station.  
Added as an integrator 
station for Piru Creek. 
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Table 13. Preliminary Sampling Locations (continued) 

Site Number Site Name  Agency Subwatershed Tributary Comment/Status 

11110500 
04N19W25SW1 

HOPPER CREEK NEAR PIRU CA Currently 
VCWPD flow stationat historic USGS station 
site; quarterly water quality sampling by 
UWCD since 1997. 

USGS/VCWPD/ 
UWCD 

   " Hopper Creek Existing flow and water 
quality station.  Serves as 
an integrator station for 
Hopper Creek.  Located in 
an area of mixed 
agricultural and industrial 
land uses. 

713 Pole Creek at Sespe Ave. No water quality 
data available.   

VCWPD Sespe Pole Creek Existing flow station.  
Serves as an integrator 
station for Pole Creek. 

04N19W33SW1 SCR 1/4 mile downstream of Fillmore Fish 
Hatchery. Water quality sample data 
available quarterly since 2/1992. 

UWCD      " Santa Clara River Existing water quality 
station.  Serves as an 
integrator station for the 
upper half of the Santa 
Clara River watershed 
and fills spatial gaps 
between the Sespe and 
Piru subwatersheds.  
Located in an agricultural 
land use area. 

04N20W24SW1 

 

Sespe Creek at USGS Gauging Stn- 
formerly Sespe Creek at Old Telegraph 
Road. Some historic water quality data 
available, sampling done several times per 
year 1998 through 2001. Currently Station 
04N20W12SW1. Moved because streambed 
is dry during late summer/early fall. 

UWCD      " Sespe Creek Historic water quality 
station.  Surface water 
readily percolates to 
groundwater in this portion 
of the Sespe Creek fan.  
Serves as an integrator 
station for lower Sespe 
Creek discharge into the 
Santa Clara River.  
Located in a residential 
land use area.  
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Table 13. Preliminary Sampling Locations (continued) 

Site Number Site Name  Agency Subwatershed Tributary Comment/Status 

04N20W35SW1 12 - SCR near Bardsdale. Data from two 
water quality samples obtained during late 
summer/early fall from 1993 through 1994 

USGS (UWCD)      " Santa Clara River Existing water quality 
station.  Replaces F-D & 
F-R2.  Serves as a 
representative of the 
Sespe subwatershed.  
Located in an area with 
both agricultural and 
residential land uses. 

111115000 SESPE CREEK NEAR WHEELER 
SPRINGS CA. No water quality data 
available.  

USGS      " Sespe Creek Existing flow station.  
Added as an integrator 
station for the headwaters 
of upper Sespe Creek.  
Located in an agricultural 
land use area. 

737 Sespe Creek above Bear Creek A650 
ALERT station: flow not rated below 860 cfs, 
theoretical rating for peaks- used for flood 
warning only – no water quality data 
available from this location. No water quality 
data available. 

VCWPD      " Sespe Creek Existing ALERTstation for 
flood warning.  Added as 
an integrator station for 
the upper half of Sespe 
Creek. 

11113000 
04N20W12SW1 

SESPE C NR FILLMORE USGS flow station 
and quarterly water quality sampling by 
UWCD since 2001. 

USGS (UWCD)      " Sespe Creek Existing flow and water 
quality station.  Added as 
an integrator station for 
the lower portion of Sespe 
Creek.   

11113300 SANTA CLARA R NR SANTA PAULA CA 
One 1996 flow measurement only- no water 
quality data available from this site  

USGS      " Santa Clara River One flow measurement 
from 1996  
(collected peak-flow only).  
Added an an integrator 
station for Sespe Creek. 
Located in an area with a 
mix of agricultural and 
industrial land uses. 
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Table 13. Preliminary Sampling Locations (continued) 

Site Number Site Name  Agency Subwatershed Tributary Comment/Status 

02N22W01SW3 SCR, approx 200' downstream of confluence 
with Ellsworth Barranca.  Several water 
quality samples obtained in 2001 providing 
electric conductivity and TDS. 

UWCD Santa Paula Santa Clara River Historic water quality 
station.  Reflects 
conditions for most of the 
Santa Clara River 
watershed.  Located in an 
agricultural land use area. 

03N21W11SW2 17 - Santa Paula Creek at Hwy 126. Data 
from two water quality samples obtained 
during late summer/early fall from 1993 
through 1994 

USGS (UWCD)      "           " Santa Paula 
Creek 

Historic water quality and 
existing flow station.  
Added as an integrator 
station for all of Santa 
Paula Creek.  Located in 
an area with a mix of 
residential and agricultural 
land uses. 

03N21W28SW1 21 - SCR near Haines Data from several 
water quality samples obtained from 1993 
through 1995. 

USGS (UWCD)      "           " Santa Clara River Existing water quality and 
flow station.  Chosen to 
reduce clusting of 
monitoring locations 
currently located in the 
Santa Paula 
subwatershed.  Located in 
an agricultural land use 
area. 

03N21W30SW1 Todd Barranca near Todd Road Jail Data 
from one water quality sample in 1995, 
quarterly samples from 1997 to 2004 

UWCD      "           " Santa Clara River Existing water quality 
station.  Serves as a 
midway sampling point in 
the Santa Paula 
subwatershed.  Located in 
an agricultural land use 
area. 

11113500 SANTA PAULA C NR SANTA PAULA No 
water quality data available. 

USGS (VCWPD)      "           " Santa Paula 
Creek 

Existing flow station.  
Added as an integrator 
site for the upper portion 
of the Santa Paula creek.  
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Table 13. Preliminary Sampling Locations (continued) 

Site Number Site Name  Agency Subwatershed Tributary Comment/Status 

11113920 SANTA CLARA R A SATICOY CA No water 
quality data available. 

USGS      "           " Santa Clara River Active flow station until 
1999.  Added as an 
integrator station for all 
waters upstream of the 
northwest border of the 
Oxnard Plain 
subwatershed.  Located in 
an agricultural land use 
area. 

720 Santa Clara River at 12th Street ALERT 
gauge for flood warning purposes only.  Low 
flow rating curve may not be developed for 
official record.  No water quality data are 
available from this location.  

VCWPD      "           " Santa Clara River Existing ALERT flow 
station started in WY2005.  
Added as an integrator 
station for Santa Paula 
Creek discharge into the 
Santa Clara River.  
Located in a residential 
land use area. 

03N21W32SW1 SCR at Freeman Diversion; VCWPD also 
has ALERT flow gauge at this location for 
flood warning purposes only.  Low flow 
rating curve may not be reliable due to weir 
and effects of diversion gate on flow record. 
UWCD samples water quality every two 
weeks, historical data beginning 1925. 

UWCD; VCWPD      "           " Santa Clara River Existing water quality 
station.  Serves as an 
ongoing sampling location 
for several agencies within 
the Santa Paula 
subwatershed.  Located in 
an agricultural land use 
area. 

V-L-5 V-L-5 Data from monthly water quality 
samples beginning 1997. 

Ventura Oxnard Plain Santa Clara River Existing water quality 
station.  Serves as an 
integrator station for the 
mouth of the Santa Clara 
River and the estuarine 
portion of the Oxnard 
Plain subwatershed.  
Located in a designated 
open space and 
recreation land use area. 
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Table 13. Preliminary Sampling Locations (continued) 

Site Number Site Name  Agency Subwatershed Tributary Comment/Status 

11114000 SANTA CLARA RIVER AT MONTALVO CA 
(Represents several different locations, 
including Hwy101 bridge [Until 1992, 
Freeman Diversion, and Hwy 118 bridge in 
Saticoy [until 2004].  Official record may be 
extended by VCWPD ALERT gauge data 
from Freeman Diversion after 2004).  No 
water quality data are available from the 
Hwys 101 and 118 locations. 

USGS (VCWPD)      "           " Santa Clara River Active until 2004.  Could 
be an active flow station 
upon completion of 
freeway construction.  
Serves as a mid-
subwatershed sampling 
point in the Oxnard Plain 
subwatershed.  Located in 
an area with a mix of 
agricultural, industrial and 
residential land uses. 

Note:  TBD = to be determined.   
1Agencies in parentheses have taken over monitoring at the USGS stations but results continue to be published on USGS website. 
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5.1.2 Temporal Sampling:  Recommended Schedule 

The overall recommended sample frequency for any particular parameter would be monthly.  
Monthly samples represent a trade-off between too frequent (daily or weekly) and too infrequent 
(quarterly) sampling regimens.  Daily or weekly sampling is often too expensive and provides 
redundant data, and quarterly sampling will miss seasonal variations that may be caused by 
changes in patterns of precipitation.  Additionally, samples collected will be flow-composites, 
single grab, or wet weather.  Table 14 presents a preliminary study design for the baseline 
monitoring of chemical, physical or biological parameters.  Sediment quality and Rapid 
Bioassessment Protocols (RBP) (USEPA, 1999) are also recommended for selected stations.  
Existing USGS gaging stations can be used as a platform to set up semi-permanent flow 
composite stations.   

Chemical, physical and biological parameters (detailed below) will be measured at most stations 
along the Santa Clara River, as well as most of the furthest downstream stations for each major 
tributary within each subwatershed.  The recommended frequency of sampling for chemical, 
physical and some biological (total coliform and fecal coliform) parameters is on a monthly 
basis.  As noted previously, monthly sampling represents a good compromise between too 
frequent (daily or weekly) and too infrequent (quarterly or biannually) sampling events.  Because 
sediment chemistry and the structure of biological communities do not change as often as water 
quality, these parameters can be assessed on a more infrequent basis.  The recommended 
frequency of sediment and bioassessment sampling is annually. 

5.2 Water Quality 

Water quality is directly affected by the combined impacts of human or ecological vectors on 
chemical, physical or biological parameters.  For example, flocks of geese inhabiting a lake can 
produce enough waste (chemical) to stimulate the production of algae (biological).  This may 
result in a severe depletion of dissolved oxygen (physical) that affects selected fish populations 
(biological) and overall productivity.  This section of the document addresses existing or new 
water quality measurements that will give water resource managers a better understanding of 
baseline conditions within the Santa Clara River watershed.   

5.2.1 Chemical Parameters 

The selection of chemical parameters is strongly dependent on the need to resolve current 
environmental concerns, including compliance with short or long-term regulations (e.g., TMDLs), 
within each state, regional or local water resources agency.  It is clear from the data gap 
analysis that different regulatory agencies and/or water resource boards have markedly different 
water quality concerns.  These concerns may sometimes overlap, but there is often significant 
disparity between adjacent reaches of the Santa Clara River. 

Ideally, chemical parameters would have the same analyses conducted at each monitoring 
station and the same laboratory would conduct the analyses.  Based on our analysis of 
historical data, the following chemical parameters are recommended for sampling and analysis 
at each monitoring station: 
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Table 14. Preliminary Sampling Design 

Site Number Site Name  Agency  Subwatershed 
Flow Data 

See Table 8 
Type of 
Sample1

Tentative 

Analytical 
Suite2

New-2 TBD TBD Upper Santa Clara N G, WW C, P  

New-3 TBD TBD      "         "         " N G C, P, B, S 

New-1 TBD TBD      "         "         " N G, WW C, P 

11107745 SANTA CLARA R AB RR STATION NR LANG 
CA 

USGS (LACDPW)      "         "         " Y FC C, P, B, S 

11107770 MINT CYN C A SIERRA HWY NR SAUGUS 
CA 

USGS (LACDPW)      "         "         " Y G, WW C, P 

11107860 BOUQUET C NR SAUGUS CA USGS (LACDPW)      "         "         " Y G, WW C, P, B 

403STCSFO San Francisquito Creek SWAMP      "         "         " N G C, P 

11107922 SF SANTA CLARA R A SAUGUS CA USGS      "         "         " Y G, WW C, P, B 

11108000 SANTA CLARA R NR SAUGUS CA USGS      "         "         " Y FC C, P, B, S 

11108075 CASTAIC C AB FISH C NR CASTAIC CA USGS (DWR)      "         "         " Y G C, P, B 

11108135 CASTAIC LAGOON PARSHALL FL NR 
CASTAIC CA 

USGS (DWR)      “         “         “ Y G C, P 

11108145 CASTAIC C NR SAUGUS CA USGS (DWR)      “         “         “ Y FC C, P, B 

403STC068 Random Site 68 – Santa Clara River (Potrero 
Canyon) 

SWAMP      “         “         “ Y G C, P, B 

11109000 Santa Clara River near Piru USGS (VCWPD) Piru Y FC C, P, B, S 

11109600 PIRU CREEK ABOVE LAKE PIRU CA USGS    " Y G C, P 

11119800 PIRU C NR CREEK BELOW SANTA FELICIA 
DAM PIRU CA 

USGS    " Y G C, P 

04N18W20SW1 5 - Piru Creek at Piru UWCD    " N G C, P, B 

04N18W30SW1 8 - SCR at Torrey Road USGS (UWCD)    " N FC C, P, B, S 

11110500 HOPPER CREEK NEAR PIRU CA USGS    " Y G, WW C, P, B 

11108500 SANTA CLARA RIVER AT l.A. – VENTURA 
CO. LINE CA (SCR at Blue Cut) 

USGS    “ N G C, P, S 

713 Pole Creek at Sespe Ave.   VCWPD Sespe Y G, WW C, P 

04N19W33SW1 SCR 1/4 mile downstream of Fillmore Fish 
Hatchery 

UWCD      " Y FC C, P, B, S 
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Table 14. Preliminary Sampling Design (continued) 

Site Number Site Name  _ Agency-  Subwatershed
Flow 

Measurements 
See Table 8 

Type of 
Sample1

Tentative 

Analytical 
Suite2

04N20W35SW1 12 - SCR near Bardsdale USGS (UWCD)      " N FC C, P, B, S 

111115000 SESPE CREEK NEAR WHEELER SPRINGS CA USGS      " Y G C, P 

737 Sespe Creek above Bear Creek A650 VCWPD      " Y G C, P 

11113000 SESPE C NR FILLMORE USGS      " Y G C, P 

04N20W12SW1 Sespe Creek at USGS Gauging Station USGS/UWCD      " N G, WW C, P, B 

11113300 SANTA CLARA R NR SANTA PAULA CA USGS      " Y G C, P, B, S 

720 Santa Clara River at 12th Street VCWPD Santa Paula Y G, WW C, P 

11113500 SANTA PAULA C NR SANTA PAULA USGS      “           “ Y FC C, P, B 

03N21W11SW2 17 - Santa Paula Creek at Hwy 126 USGS (UWCD)      "           " N G, WW C, P 

03N21W28SW1 21 - SCR near Haines USGS (UWCD)      "           " N G C, P, B, S 

03N21W30SW1 Todd Barranca near Todd Road Jail UWCD      "           " N G, WW C, P 

03N21W32SW1 SCR at Freeman Diversion UWCD      "           " Y G C, P 

02N22W01SW3 SCR, approx 200' downstream of confluence with 
Ell 

UWCD      "           " N G, WW C, P, B, S 

11113920 SANTA CLARA R A SATICOY CA USGS      "           " Y FC C, P, B, S 

11114000 SANTA CLARA RIVER AT MONTALVO CA USGS Oxnard Plain Y FC C, P, B, S 

V-L-5 V-L-5 Ventura      "           " N FC C, P, B, S 
1 FC = flow composite sample; G = grab sample; WW = wet weather sample.   
2 C = chemical suite; P = physical measurements; B = biological measurements (Barbour et al, 1999); S = sediment quality 
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Inorganic Parameters 

• Ammonia 
• Nitrate and nitrite 
• Total (unfiltered) and ortho (filtered) phosphate 
• Chloride 
• Sulfate 
• Hardness 
• Total (unfiltered) and dissolved (filtered) metals 

In addition to those metals identified by stakeholders for the Data Gap Analysis, AMEC 
recommends sampling for additional metals included on the USEPA 6010B target analyte list.  
This suite of metals includes potentially toxic metals not targeted in the Data Gap Analysis, as 
well as other metals that can be used as a check on water chemistry (e.g., calcium vs. 
hardness, sodium vs. conductivity).  Selection of this “suite” of metals is also more cost-effective 
than selecting individual metals because the cost of running the TAL analysis is same 
regardless of the number of metals tested at most laboratories.  If the first round of data results 
shows low levels of metals throughout the watershed, then those particular metals may be 
eliminated from future sampling events.   

Organic Parameters 

• Polycyclic aromatic hydrocarbons (PAHs) 
• Polychlorinated biphenyl compounds (PCBs) 
• Chlorinated pesticides (e.g., aldrin, BHCs, dachtal, dieldrin, endosulfans, heptachlor(s), 

hexachlorocyclohexanes, DDT/ methoxychlor, mirex, cyanide, nonachlor, chlordane, 
toxaphene)  

Table 12 indicates that measurements of PAHs, PCBs and chlorinated pesticides are rarely 
observed above the detection limits for these compounds.  Some, like toxaphene, are listed as a 
constituent of concern on the 303(d) inventory.  Others, like phthalate esters, are ubiquitous, 
both as environmental constituents and as laboratory contaminants.  These compounds should 
therefore be evaluated on a case-by-case basis.  More advanced investigative techniques such 
as High Volume Sampling, Semi-Permeable Membrane Devices, Solid Phase Microextraction 
and Mussel Biomonitoring programs are often used by various state or federal agencies to 
determine if these constituents may present an issue within a particular watershed or receiving 
water.  There are advantages and disadvantages associated with each of these technologies, 
therefore monitoring agencies are encouraged to seek additional information from supporting 
laboratories before employing these advanced techniques. 

It is recommended that chemical parameters be measured at all downstream tributary stations, 
as well as every available station along the Santa Clara River.  In addition, extraneous chemical 
parameters which are not included on the list of constituents identified by stakeholders for the 
Data Gap Analysis such as individual organic compounds (e.g., VOCs, SVOCs, phthalate 
esters, estrogens, pharmaceuticals, organometallics) or total organic or inorganic carbon, could 
be added at the discretion of the party performing the sampling as these constituents may have 
importance to individual stakeholders and to public health.  The recommended sampling 
frequency for these parameters is once per month.   
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Suggested monitoring locations for wet weather sampling locations are presented in Table 14.  
Because this is a “baseline” monitoring plan, wet weather sampling is not considered a priority 
item.  This type of sampling is generally conducted as an information gathering step in 
conjunction with stormwater permits.  AMEC therefore recommends that decisions made 
addressing location and/or frequency of wet weather sampling events be adjusted according to 
local or regional (e.g., individual reach) concerns.   

5.2.2 Physical Parameters 

Physical parameters strongly affect surface water chemistry and therefore water quality.  There 
did not appear to be significant data gaps for conventional parameters (temperature, pH, 
dissolved oxygen, specific conductivity).  With the exception of the Santa Paula and Sespe 
subwatersheds, flow data is clearly a data gap identified within the database developed for the 
Draft CMP.  This is a key variable for the TMDL calculation and thus should be considered as a 
primary measurement parameter at each and every monitoring station within the Santa Clara 
River watershed.  As noted previously, flow is routinely measured at most existing USGS gaging 
stations and there is historical data available for phased out stations.  It is recommended that 
some type of discharge measurements1 be added to existing stations that may not have 
monitored it in the past, as well as at newly selected stations that have been added to enhance 
the spatial distribution of monitoring activities within the CMP.   

The routine monitoring of the following physical parameters are recommended to assist with 
compliance with anticipated regulatory criteria that may arise with regard to future watershed 
issues: 

• Flow (cfs) 
• Temperature (oF) 
• Dissolved oxygen (mg/L) 
• pH (standard units) 
• Specific conductivity (umhos/cm) 
• TDS (mg/L) 
• TSS (mg/L) 

It is recommended that conventional physical parameters (pH, D.O., temperature, conductivity) 
be measured at all tributary stations, as well as every station along the Santa Clara River.  
Extraneous physical parameters, such as turbidity (NTU) or chemical oxygen demand (COD, 
mg/L) could be added at the discretion of the party performing the sampling events. 

The recommended sampling frequency is once per month.  Some parameters, such as 
discharge or temperature, may already be measured on a real-time (e.g., hourly or daily) basis 
and it is recommended that these measurements continue.  Suggested monitoring locations for 
wet weather sampling locations are presented in Table 14.  Because this is a “baseline” 
monitoring plan, wet weather sampling is not considered a priority item.  This type of sampling is 
generally conducted as an information-gathering step in conjunction with stormwater permits.  

 
1 Depending on the profile of the river bottom at any individual monitoring location, it may be easier to simply 
measure discharge using manual techniques (e.g., a flow meter to measure velocity and a measuring tape to 
integrate the cross-sectional area of the stream).  Continuous flow monitoring is difficult to implement if a viable 
infrastructure is not in place (e.g., a preexisting rating curve based on the presence of a historical gaging station). 
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AMEC therefore recommends that decisions made addressing location and/or frequency of wet 
weather sampling events be adjusted according to local or regional (e.g., individual reach) 
concerns.   

5.2.3 Biological Parameters 

The only biological parameters that met the database selection criteria (i.e., no older than 1995 
and >5 records per station) were total and fecal coliform.  Data gaps appear to exist for both 
parameters within the Piru and Sespe watersheds.  Due to the prevalence of large wastewater 
treatment plants on the Santa Clara River and the potential hazard presented by pathogenic 
bacteria from non-point sources, it is recommended that routine (weekly) sampling for the 
following parameters be performed at most stations along the main channel of the Santa Clara 
River: 

• Total coliform (cfu/100 ml) 
• Fecal coliform (cfu/100 ml) 

In addition, although bioassessments are sometimes included as part of other watershed 
assessments or water quality studies, the results from such assessments, generally being 
qualitative in nature, are rarely entered into a regional database.  This information would be 
useful to have in determining the biological integrity at selected stations within the Santa Clara 
River watershed.  Accordingly, the USEPA RBPs (Barbour et al, 1999) present well structured 
forms and guidelines that will allow for the evaluation of both aquatic habitat and the structure 
and function of benthic macroinvertebrates.  In streams and rivers, populations of 
macroinvertebrates and the fish that feed upon them, change very slowly in terms of time (years 
to decades).  Because changes in biological communities occur slowly, these labor intensive 
measurements should be done on an annual basis to determine if there may be a trend in water 
quality, as reflected by the biological sustainability of the aquatic community.  Sampling more 
than this recommended rate would yield redundant information and therefore waste resources.  
The sampling strategy should follow the macroinvertebrate and/or the fish protocols presented 
in the USEPA’s RBP guidelines (Barbour et al, 1999).  The minimum design criteria would 
include for a qualitative evaluation of macroinvertebrates and fish.  The decision on which 
protocol is chosen needs to consider availability of labor and the level of expertise of the 
biologist.   

It is recommended that these parameters be measured at all downstream tributary stations and 
at selected locations along the Santa Clara River, especially those locations that are closest to 
wastewater treatment facilities and locations of high recreational use..  The upstream areas may 
not be as affected by human development, so annual sampling should be adequate.  At a 
minimum, a baseline survey should be conducted at most stations during the initial water quality 
survey in order to establish baseline conditions.  In some studies, reference locations, which are 
chosen to represent non-impacted sites that have a similar habitat structure (e.g., similar 
benthic substrate), are assessed so that a comparison of biological indices can be made.  
However, the purpose of the CMP is to determine “baseline” conditions against which future 
assessments can be compared.  Therefore, the use of “reference” sites does not need to be 
considered in the selection of bioassessment protocols.  Further, the Technical Advisory 
Committee suggests, “specialized laboratory studies to link toxicological effects with physical, 
chemical and biological parameters.”  However, the database records reviewed for the Data 
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Gap Analysis showed that virtually all discharges to the Santa Clara River, as well as the 
respective receiving water samples, had little to no effect on aquatic invertebrates in the 
laboratory.  It is therefore recommended that specialized toxicity bioassays, which are generally 
employed during more advanced tiers of watershed assessments to determine whether a 
chemical or physical agent is responsible for a particular impact (e.g., Toxicity Identification 
Evaluations), be reserved for the identification of more localized issues. 

5.2.4 Sediment Quality 

Sediment contamination is becoming more of a concern in waters where historical siltation may 
be evident.  This generally includes areas that are immediately upstream of dams or 
impoundments or adjacent to heavy industrial activity (e.g., ports and harbors).  Rivers that 
periodically experience flood waters, such as the Santa Clara River and its tributaries, may have 
sections that are depleted of depositional sediment due to frequent scouring events (during or 
after heavy rain storms).  Contaminants typically associated with sediment contamination issues 
include environmentally persistent compounds, such as DDT, PCBs, PAHs, and chlorinated 
pesticides. 

It is therefore recommended that before a sediment sampling plan is put into place, a 
reconnaissance survey first be conducted at or near sediment monitoring stations to determine 
if significant deposits of sediments exist on the river bottom.  This will be especially important 
around quiescent areas where sediment deposition would normally be expected.  Following this 
survey, a full-scale sediment survey can be conducted.  Recommended measurements for 
constituents of concern would include inorganics (e.g., TAL metals) and persistent 
bioaccumulative or toxic organic compounds (e.g., PAHs, PCBs, chlorinated pesticides).  
Concentrations of these constituents of concern would then be compared to Federal, State or 
Regional Sediment Quality Values (e.g., MacDonald et al., 2000).  Should any monitoring 
station reveal significant contamination, then sediment bioassays may be performed.  The 
rationale for adding or deleting constituents discussed in the Data Gap Analysis is presented in 
Section 6.2.1, Chemical Parameters.  Alterations in sediment contamination profiles occur 
through the slow deposition of suspended particulate matter.  Since the banning of the vast 
majority of persistent chlorinated pesticides, the trend in most sediment contamination profiles 
throughout the U.S. has been toward less contaminated upper layers.  It is therefore 
recommended that a baseline survey of sediment contamination only be performed once at 
selected sites.  If comparison to available Sediment Quality Criteria indicates a potential issue 
for any type of persistent compound, then a more focused study can be developed for that 
particular area or region. 

5.3 Trend Analysis 

The analysis of spatial and/or temporal trends is a critical aspect of any medium- or long-term 
baseline monitoring plan.  The use of a combination of existing USGS gaging station locations, 
existing agency and/or countywide monitoring stations, and the addition of several new 
sampling locations will ensure that future trends can be established for any physical, chemical 
or biological parameter.  This is particularly true for the main body of the Santa Clara River, as 
the distance between each monitoring station is relatively uniform from the headwaters in the 
Upper Santa Clara subwatershed to the mouth of the river at the coastline (Oxnard Plain).  
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Additionally, the vast majority of the existing stations have historical data associated with them, 
which can easily be retrieved from the current amalgamated database that was developed for 
the Data Gap Analysis. 

6.0 DATA QUALITY OBJECTIVES 

The data quality objectives (DQO) process is a systematic approach that:  1) clarifies the study 
objectives, 2) defines the most appropriate type of data to collect, 3) determines the most 
appropriate conditions from which to collect the data, and 4) specifies tolerable limits on 
decision errors so that an appropriate quantity and quality of data is attained to support the 
project decision goals (USEPA 2005).  The DQOs identify when and where to collect samples, 
the number of samples to be collected, the analysis method, the analytical performance criteria, 
how the results will be interpreted relative to the project objectives, the practical constraints for 
collecting the samples, and the acceptable level of uncertainty for data usability.   

Many of the sampling and process design DQOs have been discussed in Section 5.0 (Baseline 
Water Quality Monitoring) of this report.  Analytical DQOs include selection of analysis method 
that are established, reliable, and meet the project measurement performance objectives.  
Historical data for this project has been attained by various agencies and methodologies.  
Future samples will be collected and analyzed using established sampling procedures and 
analytical methods (i.e., EPA and/or state approved).  Methods will be chosen by stakeholders 
based on their intended use to fulfill monitoring data gaps, while maintaining consistency with 
past measurements, where appropriate.  DQOs such as precision, accuracy, and sensitivity will 
be considered during method selection.  Analytical measurement performance criteria shall 
meet method requirements when specified or laboratory acceptance criteria (when not 
specifically stated in the method).  If sampling or analytical anomalies are encountered, their 
impact and effect on data usability will be assessed and appropriate actions will be taken 
regarding data interpretation.  Stakeholder agencies will also consider participating in a 
laboratory intercalibration study to set common performance standards for stormwater chemical 
analyses in the watershed. 

7.0 DATABASE MANAGEMENT AND QUALITY CONTROL 

All water quality data collected as part of this CMP project has been submitted by the VCWPD 
to the U.S. Environmental Protection Agency’s STORET database.  Future management of the 
database created for this project will be determined by the stakeholders in order to continue 
acquiring water quality data for the Santa Clara River watershed into one primary public 
database.  It is recommended that stakeholders and agencies conducting water quality 
sampling in accordance with the recommendations in this report discuss and agree on a data 
sheet and reporting format prior to implementation of the CMP.  Methods of quality control for 
the database should also be agreed upon prior to implementation of the CMP to prevent 
duplicate or inaccurate entries.   The CMP database may be updated during calendar year 2007 
or 2008 as part of the Santa Clara River Watershed Feasibility Study. 

8.0 FUNDING AND IMPLEMENTATION 

Funding assistance for the implementation of this program may be in part or entirely provided by 
the LARWQCB SWAMP monitoring program.  Currently, approximately $250,000 is available for 
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monitoring in the Santa Clara River and Calleguas Creek watersheds for FY 2007.  Funding is 
provided on a five-year rotating schedule, therefore future implementation funding may need to 
be provided from other sources. 

The LARWQCB may also be able to provide implementation assistance to participating 
agencies by integrating various monitoring efforts (i.e., NPDES, TMDL, stormwater, SWAMP, 
and volunteer) into the CMP.  Current monitoring programs for LARWQCB permittees may be 
modified to implement the new plan so long as the level of monitoring does not decrease.  
Stakeholders should continue to meet on a regular basis to finalize the CMP sampling design 
according to the group’s objectives and goals.  Details of the implementation strategy will be 
included in this report by stakeholder agencies following finalization of the CMP sampling 
design.  Stakeholders can also identify an agency willing to gather the water quality data from 
current sampling and incorporating it into the water quality database developed through this 
study.   

In addition to organizations contacted during this study, there is a study by the Friends of the 
Santa Clara River (FSCR).  FSCR is performing monthly sampling at the following six sites 
along the river (in order from downstream to upstream): the Victoria Avenue Bridge, 12th Street 
Bridge in Santa Paula, Hwy 23 Bridge in Fillmore, Torrey Road Bridge, Old Road Bridge, and 
River End Trailer Park.  The sampling constituents are flow, temperature, dissolved oxygen, pH, 
conductivity, TDS, turbidity, odor and visual observations, ammonia (as N), nitrate (as N), total 
dissolved nitrogen, ortho-phosphate, and total dissolved phosphorus.  They started a three year 
program of monthly sampling beginning December, 2005, and are funded by the US EPA 
through the SWRCB.  There may be opportunities to team with this study and other new 
sampling efforts in the watershed to implement the CMP as outlined in this document. 

9.0 REFERENCES 

Barbour, MT, Gerritsen, J, Snyder, BD, and Stribling, JB, 1999.  Rapid Bioassessment Protocols 
for Use in Streams and Wadeable Rivers:  Periphyton, Benthic Macro invertebrates and 
Fish.  Second Edition.  EPA 841-B-99-002.  U.S.  Environmental Protection Agency, 
Office of Water, Washington, DC. 

California Department of Fish and Game (CDFG).  1999.  California Watershed Data for the 
Santa Clara River (CALWATER 2.0).  Transmitted to AMEC Earth and Environmental 
via the Internet (http://gis.ca.gov/catalog/BrowseRecord.epl?id=4250). 

City of Fillmore.  July 11, 2005.  Fillmore_Monthly River 043005.xls. 

City of Fillmore.  July 11, 2005.  Fillmore_Quarterly River 063005.xls. 

City of Fillmore.  July 11, 2005.  Fillmore_Semi Annual River.xls. 

City of Fillmore.  March 23, 2005.  Dec Monthly River 2004.xls. 

City of Fillmore.  March 23, 2005.  Feb Monthly River 2005.xls. 

City of Fillmore.  March 23, 2005.  Jan Monthly River 2005.xls. 

4551000300\Final_CMP_Mar-06.doc 
Page 59 

RB-AR39241



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 

City of Fillmore.  March 23, 2005.  Jan Quarterly River 2005.xls. 

City of Fillmore.  March 23, 2005.  Jan Semi Annual River 2005.xls. 

City of Fillmore.  March 23, 2005.  Oct Monthly River 2004.xls. 

City of Fillmore.  March 23, 2005.  Oct Quarterly River 2004.xls. 

City of Fillmore.  March 23, 2005.  Oct Semi Annual River 2004.xls. 

City of Santa Paula.  March 28, 2005.  River Annual 2003.xls (River 1 tab). 

City of Santa Paula.  March 28, 2005.  River Annual 2003.xls (River 2 tab). 

City of Santa Paula.  March 28, 2005.  River Annual 2003.xls (River 3 tab). 

City of Santa Paula.  March 28, 2005.  RIVER-1 ANNUAL 2004.xls. 

City of Santa Paula.  March 28, 2005.  RIVER-2 ANNUAL 2004.xls. 

City of Santa Paula.  March 28, 2005.  RIVER-3 ANNUAL 2004.xls. 

City of Santa Paula.  April 14, 2005.  SPTP RIVER 1 TO 2003.xls. 

City of Santa Paula.  April 14, 2005.  SPTP RIVER 2 TO 2003.xls. 

City of Santa Paula.  April 14, 2005.  SPTP RIVER 3 TO 2003.xls. 

City of Ventura.  March 24, 2005.  1998 Summary Report - All Tables (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  1998 Summary Report - Rec H2O Tox (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  1998 Summary Report - Rec H2O Chem (SC Receiving 
Waters Only). 

City of Ventura.  March 24, 2005.  1999 Summary Report - All Tables (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  1999 Summary Report - Rec H2O Tox (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  1999 Summary Report - Rec H2O Chem (SC Receiving 
Waters Only). 

City of Ventura.  March 24, 2005.  2000 Summary Report - All Tables (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  2000 Summary Report - Rec H2O Tox (SC Receiving Water 
only). 

4551000300\Final_CMP_Mar-06.doc 
Page 60 

RB-AR39242



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 

City of Ventura.  March 24, 2005.  2000 Summary Report - Rec H2O Chem (SC Receiving 
Waters Only). 

City of Ventura.  March 24, 2005.  2001 Summary Report - All Tables (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  2001 Summary Report - Rec H2O Tox (SC Receiving Water 
only). 

City of Ventura.  March 24 2005.  2001 Summary Report - Rec H2O Chem (SC Receiving 
Waters Only). 

City of Ventura.  March 24, 2005.  2002 Summary Report - All Tables (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  2002 Summary Report - Rec H2O Tox (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  2002 Summary Report - Rec H2O Chem (SC Receiving 
Waters Only). 

City of Ventura.  March 24, 2005.  2003 Summary Report - All Tables (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  2003 Summary Report - Rec H2O Tox (SC Receiving Water 
only). 

City of Ventura.  March 24, 2005.  2003 Summary Report - Rec H2O Chem (SC Receiving 
Waters Only). 

City of Ventura.  March 24, 2005.  2004 Summary Report. 

City of Ventura.  April 26, 2005.  Complete Ventura 1998. 

City of Ventura.  May 6, 2005.  Complete Ventura 1999. 

City of Ventura.  May 16, 2005.  Complete Ventura 2000 

City of Ventura.  April 12, 2005.  Complete Ventura 2001. 

City of Ventura.  May 3, 2004.  Complete Ventura 2002. 

City of Ventura.  May 3, 2004.  Complete Ventura 2003. 

City of Ventura.  May 17, 2005.  Complete Ventura 2004. 

Harris et al., 1994.  Water Quality Control Plan – Los Angeles Region.  California Regional 
Water Quality Control Board (CRWQCB), Los Angeles Region, 101 Centre Plaza Driver, 
Monterey Park, CA  91754.  (Chapter 3:  Water Quality Objectives). 

4551000300\Final_CMP_Mar-06.doc 
Page 61 

RB-AR39243



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 

Kamer, K.  and R.  Fairey.  2005.  Water quality in the Calleguas Creek and Santa Clara River 
Watersheds under the Surface Water Ambient Monitoring Program Fiscal Year 2000-
2001.  Marine Pollution Studies Laboratory, Moss Landing Marine Laboratories, Moss 
Landing, California.  123 pp. 

Los Angeles County Dept of Public Works.  October 3, 2005.  Appendix B_0304.xls. 

Los Angeles County Dept of Public Works.  April 29, 2005.  Historic_Data_SCR.xls. 

Los Angeles County Dept of Public Works.  April 8, 2005.  Appendix B_Santa_Clara_02_03.xls. 

Los Angeles County Sanitation District.  June 21, 2005.  AMEC-datarequest(05272005).xls. 

Los Angeles County Sanitation District.  March 9, 2005.  AMEC-datarequest_final.xls. 

Los Angeles County Sanitation District.  December 13, 2004.  Copper_Diazinon(LACSD).xls. 

Los Angeles County Sanitation District.  October 15, 2004.  AMEC-datarequest.xls. 

MacDonald, D.D., Ingersoll, C.G.  and Berger, T.A., 2000.  Development and evaluation of 
consensus-based sediment quality guidelines for freshwater ecosystems.  Environ.  
Contam.  Toxicol.  39, 20-31. 

SCREMP.  2005.  Chapter 5:  Santa Clara River Enhancement and Management Plan 
(SCREMP).  Prepared for Ventura County Watershed Protection District, Los Angeles 
County Department of Public Works and SCREMP Project Steering Committee.  AMEC 
Earth and Environmental (author), Santa Barbara, CA.  (Chapter 5:  Current Conditions). 

Santa Clara River Project Steering Committee.  1996.  Biological Resources Report, Volume I.  
March. 

Surface Water Ambient Monitoring Program.  May 3, 2004.  bdat_data_1083609298.csv. 

United States Environmental Protection Agency (USEPA).  2005.  Guidance for the Data Quality 
Objectives Process.  EPA-600/R-96/055.  August. 

United States Geological Survey.  Real-Time Data for the Nation.  Transmitted to AMEC Earth 
and Environmental via the Internet (http://waterdata.usgs.gov/nwis/rt). 

United Water Conservation District.  2001b.  Surface and Groundwater Report, Water Year 
2001 Supplement:  Groundwater Resources Department, dated September 2001, 
www.unitedwater.org. 

United Water Conservation District.  July 28, 2004.  UWCD SW to AMEC 5-04.xls. 

United Water Conservation District.  June 30, 2005.  CMP flow records to AMEC.xls. 

United Water Conservation District and Castaic Lake Water Agency.  1996.  Water Resources 
Report, April 1996.  Prepared by United Water Conservation District and Castaic Lake 
Water Agency. 

4551000300\Final_CMP_Mar-06.doc 
Page 62 

RB-AR39244



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 

Ventura County Watershed Protection District.  December 9, 2004.  county_waterquality.xls. 

Ventura County Watershed Protection District.  Records in database upon receipt. 

Ventura County Watershed Protection District.  August 29, 2005.  02-03 Event 1.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  02-03 Event 2.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  02-03 Event 3.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  02-03 Event 4.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  02-03 Event 5.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  02-03 Event 6.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 1 A.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 1 C.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 2 A.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  04-05 Event 5 C.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 2 C.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 3 A.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 3 C.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 4 A.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 4 C.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 5 A.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 5 C.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 6 A.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  03-04 Event 6 C.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  04-05 Event 1 C.pdf. 

Ventura County Watershed Protection District.  August 29, 2005.  04-05 Event 2 C.pdf. 

 

4551000300\Final_CMP_Mar-06.doc 
Page 63 

RB-AR39245



�

�
�

� �

�

�

�

�

�

�

�
�

�

�

Ventura County Los Angeles County

Kern County

Pacific Ocean

Mint C
anyon Creek

Bou
qu

et 
Can

yo
n

Cre
ek

San Francis
quito

Canyon Creek

H
op

pe
r C

re
ek

Piru

Sespe Upper Santa Clara

Santa 
Paula

Oxnard 
Plain

P
i ru C

re ek

Po
le

 C
re

ek

C
astaic C

reek

Santa Paula

C
reek

Sespe Creek

C
as

ta
ic

 C
re

ek

S
outh Fork 

S
anta C

lara R
iverSanta Clara River

Piru

Acton

Sespe

El Rio

Saugus

Gorman

Newhall

Saticoy

Montalvo

Fillmore

Val Verde

Lake Hughes

Santa Clarita

Elizabeth Lake

Santa Paula

Castaic
Lake

Lake Piru

Bouquet
Reservoir

Piru WWTP

Saticoy WWTP

Ventura
WWTP

Acton Camp SDValencia WWTP

Fillmore
WWTP

Todd Road WWTP

Santa Paula WWTP

Saugus WWTP

Montalvo
WWTP

�

Watershed Overview
Santa Clara Watershed

TITLE

0 105
Miles

� Cities

Wastewater Treatment Plants

Stream

Lakes

Santa Clara Watershed

Sub-watersheds

Oxnard Plain

Piru

Santa Paula

Sespe

Upper Santa Clara

LEGEND

Figure 1

Projection: NAD83 CA State Plane
Map Created:  November 2005
DWN:  JB BB  CHKD:  AM

H:\SantaBarbaraOffice\SantaClaraCMP\Task2\MXD\Fig1_watershed-overview.mxd

NOTES & SOURCES

LOCATION MAP

Santa Clara 
Watershed

RB-AR39246



Ventura County Los Angeles County

Kern County

Pacific Ocean

Piru

Sespe

Upper Santa Clara

Santa Paula

Oxnard Plain

�

Land Use within the 500 Year 
Flood Plain, Santa Clara Watershed

TITLE

0 105
Miles

Land Use
Agriculture

Commercial

Industrial

Mixed Commercial and Industrial

Open Space and Recreation

Residential

Under Construction

Undifferentiated Vacant

Urban Vacant

Water

Santa Clara Watershed

500 Year Flood Plain

Stream

Lakes

LEGEND

Figure 2

Projection: NAD83 CA State Plane
Map Created:  November 2005
DWN:  JB BB  CHKD:  AM

H:\SantaBarbaraOffice\SantaClaraCMP\Task2\MXD\Fig2_500yrFP_landuse.mxd

NOTES & SOURCES

LOCATION MAP

Santa Clara 
Watershed

RB-AR39247



��

��

��

��

��

��

��

��
���� �� ��

��

��

����

��

����

��

��

��

��

��

��

��
��

��

��

�

�

�

�

�	

�	

��

�	

�	�	




��

�
� ����

�

�

�

�
�

�

�

�

�

�

Ventura County Los Angeles County

Kern County

Pacific Ocean

Piru

Sespe

Upper Santa Clara

Santa Paula

Oxnard Plain

723

722
721

783

720

738

737

736

735

732

713

710

709a

731a

11114000

11113000

11111500

11109800

11109600

11109550

11109525

11109398

11109000

11108134

1110800011107870 11107770 11107745

680

620

689

687

683

676

656

650

646
644

639

634b

2615

60038

600366003460032 60030
60009

60007
60006

60005

60004

60002

60001

60000

F92C-R
F328-R

�

Distribution of Active Stream Gages
Santa Clara Watershed

TITLE

0 105
Miles

VCWPD Active Stream Gages

�	 Alert Flood Warning Gage


 Measurement

� Peak Only

�� Recording

VCWPD Alert Stream Gages

�� GOES Stream

�� Stream

� LACDPW Active Stream Gages

� USGS (active as of 2004)

Stream

Lakes

Santa Clara Watershed

LEGEND

Figure 3

Projection: NAD83 CA State Plane
Map Created:  October 2005
DWN:  JB BB  CHKD:  AM

H:\SantaBarbaraOffice\SantaClaraCMP\Task1\MXD\Fig42_active_flow_sites_revised_v2.mxd

NOTES & SOURCES

LOCATION MAP

Santa Clara 
Watershed

RB-AR39248



�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

� �

�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�
�

�

�

��

��
��

��

��

��
��

��

��

��

��

��

��

��

��

��

��

��

��

��
��

��
��

��

��

	


	


	


	
 	


	


	

	


	


	


	


	


��
��

�

�

�

�

�

�
���

�

�

�

�

�

�

��

�

�

Ventura County Los Angeles County

Kern County

Pacific Ocean

Piru

Sespe

Upper Santa Clara

Santa Paula

Oxnard Plain

63

39 25

18

271

269

268

265

261

252

251

237

235

231

225
199

178

176

175

172

171

160

152

96a

94c

65a

36a
2263

2262

2102

2063
1372

1321

1277

245a

224a

222a

211a

200a

197a

181a

180a

173a
163c

132a

101r

2012B

2005B

1801B1493D

1409B

1405B

1298C

1261F
1252C

1250D

1128B

1125B

1032C

209pt

32 C

60

50

40

20

19
15

10

170

150

110

680620

662

652

643

625

446

439

406

404

402

393

390

387

386

385
384

357

395

394

2660

2640

1820

646a
634a

62603

60663

60653

60633

60463

60433

60383

60343

60333

60323

60313

60303

60064

60062
60060

372

120

1263
1262

32 C

252 C

409 B

405 B

125 B

1005 B

801 B

�

Distribution of Active Rain Stations
Santa Clara Watershed

TITLE

0 105
Miles

Alert Stations

� GOES Precipitation

�� Precipitation

	
 RAWS

�Weather Station

VCWPD Active Rain Stations

� Punch Tape

� Recorder and Standard

� Recording

� Standard

� Storage Gage

� LACDPW Standard Rain Station

Stream

Lakes

Santa Clara Watershed

LEGEND

Figure 4

Projection: NAD83 CA State Plane
Map Created:  October 2005
DWN:  JB BB  CHKD:  AM

H:\SantaBarbaraOffice\SantaClaraCMP\Task1\MXD\Fig43_rain-stations.mxd

NOTES & SOURCES

LOCATION MAP

Santa Clara 
Watershed

RB-AR39249



Ventura County Los Angeles County

Kern County

Pacific Ocean

Piru

Sespe

Upper Santa Clara

Santa Paula

Oxnard Plain

9

5

9

2445
54

41

55

41
39

19

11

32

36

12

11

36
28 23

17

5513

13

65

30
74

75
36

28114

397

�

Distribution of Chloride Samples,
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

APPENDIX A 
SUPPLEMENTARY TABLES 

Table A-1. Sensitive Plant and Wildlife Species with Potential to Occur in the 500-Year 
Floodplain of the Santa Clara River 

Common Name Scientific Name Federal Status State Status 

PLANTS    

Peirson’s morning-glory Calystegia peirsonii Category 2 List 4 

Nevin’s barberry Berberis nevinii Category 1 Endangered, List 1B 

Slender-horned 
spineflower 

Dodecahema leptoceras Endangered Endangered 

Short-jointed beavertail 
cactus 

Opuntia basilaris var. 
brachyclada 

Category 2 List 1B 

Ventura marsh milkvetch Astragalus pycnostachyus 
var. lanosissimus 

No status No status 

Ojai fritillary Fritillaria ojaiensis Category 2 List 1B 

Salt marsh bird’s beak Cordylanthus maritimus 
ssp. Maritimus 

Endangered Endangered 

FISH    

Unarmored threespine 
stickleback 

Gasterosteus aculeatus 
williamsoni 

Endangered Endangered 

Arroyo chub Gila orcuttii Category 2 Species of Special 
Concern 

Santa Ana sucker Catostomus santaanae Category 2 Species of Special 
Concern 

Southern steelhead trout Oncorhynchus mykiss 
iridius 

No status Threatened 

Tidewater goby Eucyclogius newberryi Endangered Species of Special 
Concern 

INVERTEBRATES    

Sandy beach tiger beetle Cicindela hirticollis gravida Category 2 No status 

Western least bittern Ixobrychus exilis hesperis Category 2 Species of Special 
Concern 

BIRDS    

Western snowy plover Charadrius alexandrinus 
nivosus 

Threatened Species of Special 
Concern 

California least tern Sterna antillarum browni Endangered Endangered 

Long-billed curlew Numenius americanus Category 2 Species of Special 
Concern 

White-faced ibis Plegadis chihi Category 2 Species of Special 
Concern 

Bank swallow Riparia riparia No Status Threatened 

Belding’s savannah 
sparrow 

Ammodramus 
sandwichensis beldingi 

Category 2 Endangered 

Least Bell’s vireo Vireo bellii pusillus Endangered Endangered 

Southwestern willow 
flycatcher 

Empidonax trailii extimus Endangered Endangered 
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Common Name Scientific Name Federal Status State Status 

Yellow warbler Dendroica petechia 
brewsteri 

No Status Species of Special 
Concern 

Yellow-breasted chat Icteria virens No Status Species of Special 
Concern 

Loggerhead shrike Lanius ludovicianus No Status Species of Special 
Concern 

Western yellow-billed 
cuckoo 

Coccyzus americanus 
occidentalis 

No Status Endangered 

White-tailed kite Elanus caeruleus No Status Fully Protected 

Cooper’s hawk Accipiter cooperii No Status Species of Special 
Concern 

Northern harrier Circus cyaneus No Status Species of Special 
Concern 

Sharp-shinned hawk Accipiter striatus No Status  Species of Special 
Concern 

REPTILES    

San Diego horned lized Phrynosoma coronatum 
blainvillii 

Category 2 Species of Special 
Concern 

Two-striped garter snake Thamnophis hammondii 
hammondii 

Category 2 No status 

South coast garter snake Thanophis sirtalis sp. No Status No Status 

AMPHIBIANS    

Southwestern pond turtle Clemmys marmorata 
pallida 

Category 2 Species of Special 
Concern 

Silverly legless lizard Anniella pulchra pulchra Category 2 Species of Special 
Concern 

Arroyo toad Bufo microscaphus 
californicus 

Endangered Species of Special 
Concern 

California red-legged frog Rana aurora draytonii Proposed Endangered Species of Special 
Concern 

MAMMALS    

Mountain lion Felis concolor No Status Fully Protected 

Townsend’s big-eared bat Plecotus townsendii No Status Species of Special 
Concern 

Western mastiff bat Eumops perotis No Status Species of Special 
Concern 

Source:  Biological Resources of the Santa Clara River, Volume I 1996. 

4551000300\Final_CMP_Mar-06.doc 
Page A-2 

RB-AR39294



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
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Table A-2. Water Quality Report 
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Table A-3. Active Monitoring Report Plans (MRP) in the Santa Clara River Watershed 

Available MRP Data from LA RWQCB Permit Database http://www.swrcb.ca.gov/rwqcb4/html/permits/permits.html 

Compiled by VCWPD 5_2005 

GW = groundwater, SW = surface water 

 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Mun Separate Storm Sewer, 
MS4 

CI-7388 Fillmore, CA   Ventura County Program      

Mun Separate Storm Sewer, 
MS4 

CI-7388 Oxnard, CA   Ventura County Program      

Mun Separate Storm Sewer, 
MS4 

CI-7388   Ventura, CA Ventura County Program    

Mun Separate Storm Sewer, 
MS4 

CI-7388 Santa Paula, CA  Ventura County Program    

Mun Separate Storm Sewer, 
MS4 

CI-7388 Ventura County, CA  Ventura County Program    

Mun Separate Storm Sewer, 
MS4 

CI-7388 All Storm Drains, Ventura 
County, CA 93009 

 Ventura County Program    

Ventura WWRP CI-1822 1400 Spinnaker Dr, Ventura, 
CA 93002 

SW     Total waste flow mgd recorder continuous1/

Ventura WWRP CI-1822 1401 Spinnaker Dr, Ventura, 
CA 93002 

SW     Turbidity5/ NTU recorder continuous1/

Ventura WWRP CI-1822 1402 Spinnaker Dr, Ventura, 
CA 93002 

SW Total residual chlorine mg/L recorder continuous1/ 

Ventura WWRP CI-1822 1403 Spinnaker Dr, Ventura, 
CA 93002 

SW Total and fecal coliform5/ MPN/10
0 ml 

grab  daily

Ventura WWRP CI-1822 1404 Spinnaker Dr, Ventura, 
CA 93002 

SW     Settleable solids ml/L grab daily

Ventura WWRP CI-1822 1405 Spinnaker Dr, Ventura, 
CA 93002 

SW    BOD520oC mg/L 24-hour
composite 

daily 

Ventura WWRP CI-1822 1406 Spinnaker Dr, Ventura, 
CA 93002 

SW    Suspended solids mg/L 24-hour
composite 

daily 

Ventura WWRP CI-1822 1407 Spinnaker Dr, Ventura, 
CA 93002 

SW    Dissolved oxygen mg/L grab daily

Ventura WWRP CI-1822 1408 Spinnaker Dr, Ventura, 
CA 93002 

SW     Temperature oF grab weekly

Ventura WWRP CI-1822 1409 Spinnaker Dr, Ventura, 
CA 93002 

SW     pH grab weekly

Ventura WWRP CI-1822 1410 Spinnaker Dr, Ventura, 
CA 93002 

SW Oil and grease pH  grab weekly 
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP CI-1822 1411 Spinnaker Dr, Ventura, 
CA 93002 

SW Total dissolved solids mg/L 24-hour 
composite 

monthly 

Ventura WWRP CI-1822 1412 Spinnaker Dr, Ventura, 
CA 93002 

SW    Fluoride mg/L 24-hour
composite 

monthly 

Ventura WWRP CI-1822 1413 Spinnaker Dr, Ventura, 
CA 93002 

SW     Phosphate as P mg/L 24-hour
composite 

monthly 

Ventura WWRP CI-1822 1414 Spinnaker Dr, Ventura, 
CA 93002 

SW    Phosphorous mg/L 24-hour
composite 

monthly 

Ventura WWRP CI-1822 1415 Spinnaker Dr, Ventura, 
CA 93002 

SW    Ammonia nitrogen mg/L 24-hour
composite 

monthly 

Ventura WWRP CI-1822 1416 Spinnaker Dr, Ventura, 
CA 93002 

SW    Nitrate nitrogen mg/L 24-hour
composite 

monthly 

Ventura WWRP CI-1822 1417 Spinnaker Dr, Ventura, 
CA 93002 

SW    Nitrite nitrogen mg/L 24-hour
composite 

monthly 

Ventura WWRP CI-1822 1418 Spinnaker Dr, Ventura, 
CA 93002 

SW    Organic nitrogen mg/L 24-hour
composite 

monthly 

Ventura WWRP CI-1822 1419 Spinnaker Dr, Ventura, 
CA 93002 

SW Total Kjeldahl nitrogen mg/L 24-hour 
composite 

monthly 

Ventura WWRP CI-1822 1420 Spinnaker Dr, Ventura, 
CA 93002 

SW Detergents (as MBAS) mg/L 24-hour 
composite 

monthly 

Ventura WWRP CI-1822 1421 Spinnaker Dr, Ventura, 
CA 93002 

SW    Chronic toxicity6/ TUc 24-hour
composite 

monthly 

Ventura WWRP CI-1822 1422 Spinnaker Dr, Ventura, 
CA 93002 

SW    Chlorophyll a13/ mg/L grab monthly

Ventura WWRP CI-1822 1423 Spinnaker Dr, Ventura, 
CA 93002 

SW     Cyanide µg/l grab quarterly

Ventura WWRP CI-1822 1424 Spinnaker Dr, Ventura, 
CA 93002 

SW    Aluminum µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1425 Spinnaker Dr, Ventura, 
CA 93002 

SW    Antimony µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1426 Spinnaker Dr, Ventura, 
CA 93002 

SW    Arsenic µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1427 Spinnaker Dr, Ventura, 
CA 93002 

SW    Barium µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1428 Spinnaker Dr, Ventura, 
CA 93002 

SW    Beryllium µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1429 Spinnaker Dr, Ventura, 
CA 93002 

SW    Cadmium µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1430 Spinnaker Dr, Ventura, 
CA 93002 

SW    Chromium VI2/ µg/l grab quarterly
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP CI-1822 1431 Spinnaker Dr, Ventura, 
CA 93002 

SW    Cobalt µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1432 Spinnaker Dr, Ventura, 
CA 93002 

SW    Copper µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1433 Spinnaker Dr, Ventura, 
CA 93002 

SW    Iron µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1434 Spinnaker Dr, Ventura, 
CA 93002 

SW    Lead µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1435 Spinnaker Dr, Ventura, 
CA 93002 

SW    Mercury µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1436 Spinnaker Dr, Ventura, 
CA 93002 

SW    Molybdenum µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1437 Spinnaker Dr, Ventura, 
CA 93002 

SW    Nickel µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1438 Spinnaker Dr, Ventura, 
CA 93002 

SW    Selenium µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1439 Spinnaker Dr, Ventura, 
CA 93002 

SW    Silver µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1440 Spinnaker Dr, Ventura, 
CA 93002 

SW    Thallium µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1441 Spinnaker Dr, Ventura, 
CA 93002 

SW    Vanadium µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1442 Spinnaker Dr, Ventura, 
CA 93002 

SW    Zinc µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1443 Spinnaker Dr, Ventura, 
CA 93002 

SW    Benzene µg/l grab quarterly

Ventura WWRP CI-1822 1444 Spinnaker Dr, Ventura, 
CA 93002 

SW     Bromoform µg/l grab quarterly

Ventura WWRP CI-1822 1445 Spinnaker Dr, Ventura, 
CA 93002 

SW     Bromodichloromethane µg/l grab quarterly

Ventura WWRP CI-1822 1446 Spinnaker Dr, Ventura, 
CA 93002 

SW     Carbon tetrachloride µg/l grab quarterly

Ventura WWRP CI-1822 1447 Spinnaker Dr, Ventura, 
CA 93002 

SW     Chloroform µg/l grab quarterly

Ventura WWRP CI-1822 1448 Spinnaker Dr, Ventura, 
CA 93002 

SW    Dibromochloromethane µg/l grab quarterly

Ventura WWRP CI-1822 1449 Spinnaker Dr, Ventura, 
CA 93002 

SW      Dichloromethane µg/l grab quarterly

Ventura WWRP CI-1822 1450 Spinnaker Dr, Ventura, 
CA 93002 

SW     Tetrachloroethylene µg/l grab quarterly
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP CI-1822 1451 Spinnaker Dr, Ventura, 
CA 93002 

SW     Phenols:

Ventura WWRP CI-1822 1452 Spinnaker Dr, Ventura, 
CA 93002 

SW    chlorinated µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1453 Spinnaker Dr, Ventura, 
CA 93002 

SW    non-chlorinated µg/l grab quarterly

Ventura WWRP CI-1822 1454 Spinnaker Dr, Ventura, 
CA 93002 

SW    Bis(2-
ethylhexyl)phthalate 

µg/l grab quarterly

Ventura WWRP CI-1822 1455 Spinnaker Dr, Ventura, 
CA 93002 

SW   PCBs7/ ng/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1456 Spinnaker Dr, Ventura, 
CA 93002 

SW    Aldrin µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1457 Spinnaker Dr, Ventura, 
CA 93002 

SW    Dieldrin µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1458 Spinnaker Dr, Ventura, 
CA 93002 

SW    Chlordane µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1459 Spinnaker Dr, Ventura, 
CA 93002 

SW    Endrin µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1460 Spinnaker Dr, Ventura, 
CA 93002 

SW    Heptachlor µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1461 Spinnaker Dr, Ventura, 
CA 93002 

SW    Heptachlor epoxide µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1462 Spinnaker Dr, Ventura, 
CA 93002 

SW    Endosulfan µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1463 Spinnaker Dr, Ventura, 
CA 93002 

SW    Toxaphene µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1464 Spinnaker Dr, Ventura, 
CA 93002 

SW    DDT µg/l 24-hour
composite 

quarterly 

Ventura WWRP CI-1822 1465 Spinnaker Dr, Ventura, 
CA 93002 

SW    Acetone µg/l grab quarterly

Ventura WWRP CI-1822 1466 Spinnaker Dr, Ventura, 
CA 93002 

SW     Total xylene µg/l grab quarterly

Ventura WWRP CI-1822 1467 Spinnaker Dr, Ventura, 
CA 93002 

SW    Pesticides3/ µg/l 24-hour
composite 

semiannually 

Ventura WWRP CI-1822 1468 Spinnaker Dr, Ventura, 
CA 93002 

SW    Remaining USEPA4/
priority pollutants 
(excluding asbestos, 
Attachment 1) 

µg/l 24-hour
composite 

semiannually 

Ventura WWRP CI-1822 1469 Spinnaker Dr, Ventura, 
CA 93002 

SW    HCH8/ µg/l 24-hour
composite 

semiannually 
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP CI-1822 1470 Spinnaker Dr, Ventura, 
CA 93002 

SW    Radioactivity9/ pCi/L 24-hour
composite 

semiannually 

Ventura WWRP CI-1822 1471 Spinnaker Dr, Ventura, 
CA 93002 

SW    Dioxin congeners pg/L 24-hour
composite 

semiannually 

Ventura WWRP CI-1822 1472 Spinnaker Dr, Ventura, 
CA 93002 

SW    Acute toxicity11/ TUa 24-hour
composite 

semiannually
10/ 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW   Water Elevation Feet-sea
level 

24-hour 
composite 

annually12/ 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW   pH pH --- Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Turbidity NTU grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Total petroleum
hydrocarbon (EPA 
Method 8015M HC 
Scan) 

µg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Volatile Organic
Compounds and MTBE 
(EPA Method 8260) 

µg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Semi-Volatile Organics
(8270) 

µg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW PNAs (EPA Method 
8310) 

µg/l   grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Base/Neutrals and Acids
(EPA Method 625) 

µg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW Pesticides (EPA Method 
8081) 

µg/l   grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Herbicides µg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     CAM Metals mg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW    Chloride mg/l grab Semi-
annually 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Sulfate mg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Nitrate mg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Total Alkalinity mg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Hardness mg/l grab Quarterly
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW    Electrical Conductivity millimho
s/cm 

grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Chemical Oxygen
Demand 

mg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Biological Oxygen
Demand 

mg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Dissolved Oxygen mg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW     Carbon Dioxide mg/l grab Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW Total Organic Carbon mg/l grab Quarterly 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

GW&SW Total Dissolved Solids mg/l grab Quarterly 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

Soil Bacteria Plate Count Colonies
/gm 

grab  Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

Soil Soil Moisture Content %  Quarterly 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

Soil     Total Petroleum
Hydrocarbons(EPA 
Methods 418.1 & 8015-
C4 to C28 Hydrocarbon 
Scan) 

mg/kg Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

Soil     Total Petroleum
Hydrocarbons (EPA 
Methods 418.1, 8015 
Modified-Extractable & 
8015 Modified-Purgable) 

mg/kg Quarterly

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

Soil    Volatile Organic
Compounds (EPA 
Method 8240B or 
Method 8260A or EPA 
Methods 8010/8020 or 
Methods 8010/8021) 

 µg/kg Once per
1,000 CY 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

Soil     Semi-volatile Organic
compounds (EPA 
Method 8270) 

µg/kg Once per
5,000 CY 

North Shore Mandalay Bay 
Devlp 

CI-8215 N Corner of West 5th & 
Harbor, Oxnard, CA 

Soil CAM Metals mg/kg  Once per 
5,000 CY 

ISCO MACHINERY CI-8367 4796 W Sierra Highway, 
Acton, CA 93510 

Gw     Total coliform MPN/10
0mL 

Once per
5,000 CY 
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

ISCO MACHINERY CI-8367 4797 W Sierra Highway, 
Acton, CA 93510 

Gw   Fecal coliform MPN/10
0mL 

grab semi-
annually 

ISCO MACHINERY CI-8367 4798 W Sierra Highway, 
Acton, CA 93510 

Gw   Enterococcus MPN/10
0mL 

grab semi-
annually 

ISCO MACHINERY CI-8367 4799 W Sierra Highway, 
Acton, CA 93510 

Gw    Ammonia-N mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4800 W Sierra Highway, 
Acton, CA 93510 

Gw    Nitrate-N mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4801 W Sierra Highway, 
Acton, CA 93510 

Gw    Nitrite-N mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4802 W Sierra Highway, 
Acton, CA 93510 

Gw    Organic nitrogen mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4803 W Sierra Highway, 
Acton, CA 93510 

Gw    Phosphorus mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4804 W Sierra Highway, 
Acton, CA 93510 

Gw Total dissolved solids mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4805 W Sierra Highway, 
Acton, CA 93510 

Gw    Boron mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4806 W Sierra Highway, 
Acton, CA 93510 

Gw    Chloride mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4807 W Sierra Highway, 
Acton, CA 93510 

Gw    Sulfate mg/L grab semi-
annually 

ISCO MACHINERY CI-8367 4808 W Sierra Highway, 
Acton, CA 93510 

Gw    Fluoride mg/L grab semi-
annually 

Jack In The Box, Inc. CI-8311 3838 W Sierra Hwy, Acton, 
CA 93510  

Gw   Total coliform MPN/10
0mL 

grab semi-
annually 

Jack In The Box, Inc. CI-8312 3839 W Sierra Hwy, Acton, 
CA 93510  

Gw    Fecal coliform MPN/10
0mL 

grab quarterly

Jack In The Box, Inc. CI-8313 3840 W Sierra Hwy, Acton, 
CA 93510  

Gw    Enterococcus MPN/10
0mL 

grab quarterly

Jack In The Box, Inc. CI-8314 3841 W Sierra Hwy, Acton, 
CA 93510  

Gw     Ammonia-N mg/L grab quarterly

Jack In The Box, Inc. CI-8315 3842 W Sierra Hwy, Acton, 
CA 93510  

Gw     Nitrate-N mg/L grab quarterly

Jack In The Box, Inc. CI-8316 3843 W Sierra Hwy, Acton, 
CA 93510  

Gw     Nitrite-N mg/L grab quarterly

Jack In The Box, Inc. CI-8317 3844 W Sierra Hwy, Acton, 
CA 93510  

Gw     Organic nitrogen mg/L grab quarterly

Jack In The Box, Inc. CI-8318 3845 W Sierra Hwy, Acton, 
CA 93510  

Gw     Phosphorus mg/L grab quarterly
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Jack In The Box, Inc. CI-8319 3846 W Sierra Hwy, Acton, 
CA 93510  

Gw Total dissolved solids mg/L grab quarterly 

Jack In The Box, Inc. CI-8320 3847 W Sierra Hwy, Acton, 
CA 93510  

Gw     Boron mg/L grab quarterly

Jack In The Box, Inc. CI-8321 3848 W Sierra Hwy, Acton, 
CA 93510  

Gw     Chloride mg/L grab quarterly

Jack In The Box, Inc. CI-8322 3849 W Sierra Hwy, Acton, 
CA 93510  

Gw     Sulfate mg/L grab quarterly

Jack In The Box, Inc. CI-8323 3850 W Sierra Hwy, Acton, 
CA 93510  

Gw     Fluoride mg/L grab quarterly

Veterans of Foreign Wars CI-8264 16208 Sierra Highway, 
Canyon Country, CA 

SW    pH pH Units grab quarterly

Veterans of Foreign Wars CI-8264 16209 Sierra Highway, 
Canyon Country, CA 

SW Total dissolved solids mg/L grab Annually 

Veterans of Foreign Wars CI-8264 16210 Sierra Highway, 
Canyon Country, CA 

SW     Sulfate mg/L grab Annually

Veterans of Foreign Wars CI-8264 16211 Sierra Highway, 
Canyon Country, CA 

SW     Chloride mg/L grab Annually

Veterans of Foreign Wars CI-8264 16212 Sierra Highway, 
Canyon Country, CA 

SW     Boron mg/L grab Annually

Veterans of Foreign Wars CI-8264 16213 Sierra Highway, 
Canyon Country, CA 

SW     Total Nitrogen mg/L grab Annually

Veterans of Foreign Wars CI-8264 16214 Sierra Highway, 
Canyon Country, CA 

SW     Nitrate-N mg/L grab Annually

Veterans of Foreign Wars CI-8264 16215 Sierra Highway, 
Canyon Country, CA 

SW     Nitrite-N mg/L grab Annually

Mun Separate Storm Sewer, 
MS4 

CI-8264 San Clarita, CA  Los Angeles County 
Program 

   grab Annually

Tract 46647 CI-8308 Carson Mesa & S. Pacific 
RailR, Acton, CA 93510 

  No Document     

Valencia Facility  CI-6024 25200 W. Rye Canyon Rd, 
Santa Clarita, CA 19355 

  No Document     

Earl Schmidt Filtration Plant CI-6544 32700 N. Lake Highes Rd, 
Castaic,CA 91310 

  No Document     

Santa Paula WWRP  CI-1759 905 Corporation St, Santa 
Paula, CA 93061  

  No Document     

Val Varde Co. Park Swim Pool CI-7140  30300 W. Arlington st, 
Saugus, CA 91350 

  No Document     

Amusement Park, Valencia  CI-6045 26101Magic Mountain 
PKWY, Valcencia, CA 91355 

  No Document     
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Castaic Power Plant  CI-6112 37700 Templin Hwy, 
Castaic,CA 91310 

  No Document     

Natural River Management Plan  CI-8099 along Santa Clara River, 
Santa Calarita, CA 

  No Document     

Three Prod. Well Aquifer Test CI-8840 25359 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Total Waste Flow gal/day   

Three Prod. Well Aquifer Test CI-8840 25360 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Temperature oF totalizer continuously 

Three Prod. Well Aquifer Test CI-8840    25361 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

pH pH grab per event

Three Prod. Well Aquifer Test CI-8840 25362 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Total Suspended Solids mg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25363 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Turbidity    mg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25364 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

BOD5 @ 20°C mg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25365 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Settleable Solids ml/L grab per event 

Three Prod. Well Aquifer Test CI-8840 GW & 
SW 

Sulfides mg/L grab per event 25366 San Fernando Rd, 
Santa Clarita, CA 91350 

Three Prod. Well Aquifer Test CI-8840 25367 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Oil and Grease mg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25368 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Total Dissolved Solids mg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25369 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Sulfate    mg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25370 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Chloride  mg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25371 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Detergents as Methylene 
Blue Active Substances 
(MBAS) 

mg/L   grab per event

Three Prod. Well Aquifer Test CI-8840 25372 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Boron    mg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25373 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Nitrogen    mg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25374 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Residual Chlorine mg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25375 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Perchlorate    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25376 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Acetone    µg/L grab per event
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Three Prod. Well Aquifer Test CI-8840 25377 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Acrolein    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25378 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Acrylonitrile    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25379 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Benzene    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25380 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Bromoform    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25381 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Carbon Tetrachloride µg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25382 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Chlorobenzene    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25383 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Chlorodibromomethane    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25384 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Chloroethane   µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25385 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Chloroform    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25386 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Dichlorobromomethane    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25387 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,1-Dichloroethane    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25388 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,2-Dichloroethane    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25389 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,1-Dichloroethylene    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25390 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,2-Dichloropropane    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25391 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,3-Dichloropropylene    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25392 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Ethylbenzene   µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25393 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Ethylene dibromide µg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25394 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Methyl bromide µg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25395 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Methyl chloride µg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25396 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Methylene chloride µg/L grab per event 
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Ventura County Watershed Protection District 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Three Prod. Well Aquifer Test CI-8840 25397 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Methyl ethyl ketone µg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25398 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Methyl Tertiary Butyl 
Ether (MTBE) 

µg/L   grab per event

Three Prod. Well Aquifer Test CI-8840 25399 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,1,2,2-
Tetrachloroethane 

µg/L   grab per event

Three Prod. Well Aquifer Test CI-8840 25400 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Tetrachloroethylene    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25401 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Toluene    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25402 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,2-trans-
Dichloroethylene 

µg/L   grab per event

Three Prod. Well Aquifer Test CI-8840 25403 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,1,1-Trichloroethane    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25404 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,1,2-Trichloroethane    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25405 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Trichloroethylene    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25406 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Vinyl chloride µg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25407 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Xylenes    µg/L grab per event

Three Prod. Well Aquifer Test CI-8840 25408 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Di-isopropyl ether (DIPE) µg/L grab per event 

Three Prod. Well Aquifer Test CI-8840 25409 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

1,4-Dioxane   µg/L grab annually

Three Prod. Well Aquifer Test CI-8840 25410 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Napthalene   µg/L grab annually

Three Prod. Well Aquifer Test CI-8840 25411 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

N-Nitrosodimethyl amine 
(NDMA) 

µg/L   grab annually

Three Prod. Well Aquifer Test CI-8840 25412 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Tertiary butyl alcohol 
(TBA) 

µg/L   grab annually

Three Prod. Well Aquifer Test CI-8840 25413 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Total Petroleum 
Hydrocarbons 

µg/L   grab annually

Three Prod. Well Aquifer Test CI-8840 25414 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Phenols   µg/L grab annually

Three Prod. Well Aquifer Test CI-8840 25415 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Phenolic Compounds 
(chlorinated) 

µg/L   grab annually

Three Prod. Well Aquifer Test CI-8840 25416 San Fernando Rd, 
Santa Clarita, CA 91350 

GW & 
SW 

Acute Toxicity %surviva
l 

grab  annually
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Ventura County Watershed Protection District 
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March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Former Just Gas CI-8557 2441Vineyard Ave, 
Oxnard,CA 93030 

SW Flow gal/day grab annually 

Former Just Gas CI-8558 2441Vineyard Ave, 
Oxnard,CA 93031 

SW     pH pH totalizer continuously

Former Just Gas CI-8559 2441Vineyard Ave, 
Oxnard,CA 93032 

SW     Temperature °F grab monthly

Former Just Gas CI-8560 2441Vineyard Ave, 
Oxnard,CA 93033 

SW Total Suspended Solids mg/L grab monthly 

Former Just Gas CI-8561 2441Vineyard Ave, 
Oxnard,CA 93034 

SW     Turbidity NTU grab monthly

Former Just Gas CI-8562 2441Vineyard Ave, 
Oxnard,CA 93035 

SW     BOD520oC mg/L grab monthly

Former Just Gas CI-8563 2441Vineyard Ave, 
Oxnard,CA 93036 

SW     Settleable Solids ml/L grab monthly

Former Just Gas CI-8564 2441Vineyard Ave, 
Oxnard,CA 93037 

SW     Sulfides mg/L grab monthly

Former Just Gas CI-8565 2441Vineyard Ave, 
Oxnard,CA 93038 

SW     Total petroleum
hydrocarbons 

mg/L grab monthly

Former Just Gas CI-8566 2441Vineyard Ave, 
Oxnard,CA 93039 

SW    Benzene mg/L grab monthly

Former Just Gas CI-8567 2441Vineyard Ave, 
Oxnard,CA 93040 

SW     Toluene mg/L grab monthly1

Former Just Gas CI-8568 2441Vineyard Ave, 
Oxnard,CA 93041 

SW     Ethylbenzene mg/L grab monthly1

Former Just Gas CI-8569 2441Vineyard Ave, 
Oxnard,CA 93042 

SW     Xylenes mg/L grab monthly1

Former Just Gas CI-8570 2441Vineyard Ave, 
Oxnard,CA 93043 

SW     Ethylene dibromide mg/L grab monthly1

Former Just Gas CI-8571 2441Vineyard Ave, 
Oxnard,CA 93044 

SW     Lead mg/L grab monthly1

Former Just Gas CI-8572 2441Vineyard Ave, 
Oxnard,CA 93045 

SW Methyl tertiary butyl ether 
(MTBE) 

mg/L   grab monthly1

Former Just Gas CI-8573 2441Vineyard Ave, 
Oxnard,CA 93046 

SW     Naphthalene mg/L grab monthly1

Former Just Gas CI-8574 2441Vineyard Ave, 
Oxnard,CA 93047 

SW Di-isopropyl ether (DIPE) mg/L grab monthly1 

Former Just Gas CI-8575 2441Vineyard Ave, 
Oxnard,CA 93048 

SW Tertiary butyl alcohol 
(TBA) 

mg/L   grab monthly1

Former Just Gas CI-8576 2441Vineyard Ave, 
Oxnard,CA 93049 

SW     Acute Toxicity %
survival 

grab monthly1
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Ventura County Watershed Protection District 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP Order update of 
above 

CI-1822 1400 Spinnaker Dr, Ventura, 
CA 93002 

SW Flow mgd grab annually 

Ventura WWRP Order update of 
above 

CI-1822 1401 Spinnaker Dr, Ventura, 
CA 93002 

SW Suspended solids mg/L  mg/L recorder/totali
zer 

continuous1/ 

Ventura WWRP Order update of 
above 

CI-1822 1402 Spinnaker Dr, Ventura, 
CA 93002 

SW    BOD520°C mg/L mg/L 24-hour
composite 

weekly 

Ventura WWRP Order update of 
above 

CI-1822 1403 Spinnaker Dr, Ventura, 
CA 93002 

SW Chromium VI2/ mg/L µg/L 24-hour 
composite 

weekly 

Ventura WWRP Order update of 
above 

CI-1822 1404 Spinnaker Dr, Ventura, 
CA 93002 

SW    Pesticides3/ mg/L µg/L grab semiannually

Ventura WWRP Order update of 
above 

CI-1822 1405 Spinnaker Dr, Ventura, 
CA 93002 

SW USEPA priority4/ mg/L 
pollutants (Attachment 1) 

µg/L  24-hour
composite 

semiannually 

Ventura WWRP Order update of 
above 

CI-1822 1406 Spinnaker Dr, Ventura, 
CA 93002 

SW   Total waste flow mgd 24-hour
composite 

semiannually 

Ventura WWRP Order update of 
above 

CI-1822 1407 Spinnaker Dr, Ventura, 
CA 93002 

SW     Turbidity5/ NTU recorder continuous1/

Ventura WWRP Order update of 
above 

CI-1822 1408 Spinnaker Dr, Ventura, 
CA 93002 

SW Total residual chlorine mg/L recorder continuous1/ 

Ventura WWRP Order update of 
above 

CI-1822 1409 Spinnaker Dr, Ventura, 
CA 93002 

SW Total and fecal coliform5/ MPN/10
0 ml 

recorder  continuous1/

Ventura WWRP Order update of 
above 

CI-1822 1410 Spinnaker Dr, Ventura, 
CA 93002 

SW     Settleable solids ml/L grab daily

Ventura WWRP Order update of 
above 

CI-1822 1411 Spinnaker Dr, Ventura, 
CA 93002 

SW     BOD520oC mg/L grab daily

Ventura WWRP Order update of 
above 

CI-1822 1412 Spinnaker Dr, Ventura, 
CA 93002 

SW    Suspended solids mg/L 24-hour
composite 

daily 

Ventura WWRP Order update of 
above 

CI-1822 1413 Spinnaker Dr, Ventura, 
CA 93002 

SW    Dissolved oxygen mg/L 24-hour
composite 

daily 

Ventura WWRP Order update of 
above 

CI-1822 1414 Spinnaker Dr, Ventura, 
CA 93002 

SW    Temperature oF grab daily

Ventura WWRP Order update of 
above 

CI-1822 1415 Spinnaker Dr, Ventura, 
CA 93002 

SW     pH pH grab weekly

Ventura WWRP Order update of 
above 

CI-1822 1416 Spinnaker Dr, Ventura, 
CA 93002 

SW Oil and grease mg/L grab weekly 

Ventura WWRP Order update of 
above 

CI-1822 1417 Spinnaker Dr, Ventura, 
CA 93002 

SW Total dissolved solids mg/L grab weekly 

Ventura WWRP Order update of 
above 

CI-1822 1418 Spinnaker Dr, Ventura, 
CA 93002 

SW    Fluoride mg/L 24-hour
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1419 Spinnaker Dr, Ventura, 
CA 93002 

SW     Phosphate as P mg/L 24-hour
composite 

monthly 
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Ventura County Watershed Protection District 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP Order update of 
above 

CI-1822 1420 Spinnaker Dr, Ventura, 
CA 93002 

SW Phosphorous mg/L 24-hour
composite 

 monthly 

Ventura WWRP Order update of 
above 

CI-1822 1421 Spinnaker Dr, Ventura, 
CA 93002 

SW    Ammonia nitrogen mg/L 24-hour
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1422 Spinnaker Dr, Ventura, 
CA 93002 

SW    Nitrate nitrogen mg/L 24-hour
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1423 Spinnaker Dr, Ventura, 
CA 93002 

SW    Nitrite nitrogen mg/L 24-hour
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1424 Spinnaker Dr, Ventura, 
CA 93002 

SW    Organic nitrogen mg/L 24-hour
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1425 Spinnaker Dr, Ventura, 
CA 93002 

SW Total Kjeldahl nitrogen mg/L 24-hour 
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1426 Spinnaker Dr, Ventura, 
CA 93002 

SW Detergents (as MBAS) mg/L 24-hour 
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1427 Spinnaker Dr, Ventura, 
CA 93002 

SW    Chronic toxicity6/ TUc 24-hour
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1428 Spinnaker Dr, Ventura, 
CA 93002 

SW    Chlorophyll a13/ mg/L 24-hour
composite 

monthly 

Ventura WWRP Order update of 
above 

CI-1822 1429 Spinnaker Dr, Ventura, 
CA 93002 

SW    Cyanide µg/L grab monthly

Ventura WWRP Order update of 
above 

CI-1822 1430 Spinnaker Dr, Ventura, 
CA 93002 

SW     Aluminum µg/L grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1431 Spinnaker Dr, Ventura, 
CA 93002 

SW    Antimony µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1432 Spinnaker Dr, Ventura, 
CA 93002 

SW    Arsenic µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1433 Spinnaker Dr, Ventura, 
CA 93002 

SW    Barium µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1434 Spinnaker Dr, Ventura, 
CA 93002 

SW    Beryllium µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1435 Spinnaker Dr, Ventura, 
CA 93002 

SW    Cadmium µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1436 Spinnaker Dr, Ventura, 
CA 93002 

SW    Chromium VI2/ µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1437 Spinnaker Dr, Ventura, 
CA 93002 

SW    Cobalt µg/L grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1438 Spinnaker Dr, Ventura, 
CA 93002 

SW Copper µg/L  24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1439 Spinnaker Dr, Ventura, 
CA 93002 

SW    Iron µg/L 24-hour
composite 

quarterly 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP Order update of 
above 

CI-1822 1440 Spinnaker Dr, Ventura, 
CA 93002 

SW Lead µg/L 24-hour
composite 

 quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1441 Spinnaker Dr, Ventura, 
CA 93002 

SW    Mercury µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822     1442 Spinnaker Dr, Ventura, 
CA 93002 

SW Molybdenum µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1443 Spinnaker Dr, Ventura, 
CA 93002 

 Nickel   SW µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1444 Spinnaker Dr, Ventura, 
CA 93002 

SW    Selenium µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1445 Spinnaker Dr, Ventura, 
CA 93002 

SW    Silver µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1446 Spinnaker Dr, Ventura, 
CA 93002 

SW   
composite 

Thallium µg/L 24-hour quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1447 Spinnaker Dr, Ventura, 
CA 93002 

SW    Vanadium µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1448 Spinnaker Dr, Ventura, 
CA 93002 

SW    Zinc µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1449 Spinnaker Dr, Ventura, 
CA 93002 

SW    Benzene µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 SW Bromoform µg/L  1450 Spinnaker Dr, Ventura, 
CA 93002 

grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1451 Spinnaker Dr, Ventura, 
CA 93002 

SW Bromodichloromethan grab  e µg/L quarterly

Ventura WWRP Order update of 
above 

CI-1822 SW     1452 Spinnaker Dr, Ventura, 
CA 93002 

Carbon tetrachloride µg/L grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1453 Spinnaker Dr, Ventura, 
CA 93002 

SW Chloroform µg/L grab  quarterly

Ventura WWRP Order update of 
above 

CI-1822 1454 Spinnaker Dr, Ventura, 
CA 93002 

SW    Dibromochloromethane µg/L grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1455 Spinnaker Dr, Ventura, 
CA 93002 

SW   grab  Dichloromethane µg/L quarterly

Ventura WWRP Order update of 
above 

CI-1822 1456 Spinnaker Dr, Ventura, 
CA 93002 

SW   grab  Tetrachloroethylene µg/L quarterly

Ventura WWRP Order update of 
above 

CI-1822 1457 Spinnaker Dr, Ventura, 
CA 93002 

SW     Phenols: grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1458 Spinnaker Dr, Ventura, 
CA 93002 

SW     chlorinated µg/L

Ventura WWRP Order update of 
above 

CI-1822 1459 Spinnaker Dr, Ventura, 
CA 93002 

SW    non-chlorinated µg/L 24-hour
composite 

quarterly 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP Order update of 
above 

CI-1822 1460 Spinnaker Dr, Ventura, 
CA 93002 

SW Bis(2-
ethylhexyl)phthalate 

µg/L grab quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1461 Spinnaker Dr, Ventura, 
CA 93002 

SW    PCBs7/ ng/L grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1462 Spinnaker Dr, Ventura, 
CA 93002 

SW    Aldrin µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1463 Spinnaker Dr, Ventura, 
CA 93002 

SW    Dieldrin µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1464 Spinnaker Dr, Ventura, 
CA 93002 

SW    Chlordane µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1465 Spinnaker Dr, Ventura, 
CA 93002 

SW    Endrin µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1466 Spinnaker Dr, Ventura, 
CA 93002 

SW    Heptachlor µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1467 Spinnaker Dr, Ventura, 
CA 93002 

SW    Heptachlor epoxide µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1468 Spinnaker Dr, Ventura, 
CA 93002 

SW    Endosulfan µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1469 Spinnaker Dr, Ventura, 
CA 93002 

SW    Toxaphene µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1470 Spinnaker Dr, Ventura, 
CA 93002 

SW    DDT µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1471 Spinnaker Dr, Ventura, 
CA 93002 

SW    Acetone µg/L 24-hour
composite 

quarterly 

Ventura WWRP Order update of 
above 

CI-1822 1472 Spinnaker Dr, Ventura, 
CA 93002 

SW    Total xylene µg/L grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1473 Spinnaker Dr, Ventura, 
CA 93002 

SW     Pesticides3/ µg/L grab quarterly

Ventura WWRP Order update of 
above 

CI-1822 1474 Spinnaker Dr, Ventura, 
CA 93002 

SW    Remaining
USEPA4/priority 
pollutants (excluding 
asbestos, Attachment 1) 

µg/L 24-hour
composite 

semiannually 

Ventura WWRP Order update of 
above 

CI-1822 1475 Spinnaker Dr, Ventura, 
CA 93002 

SW   HCH8/ mg/L 24-hour
composite 

semiannually 

Ventura WWRP Order update of 
above 

CI-1822 1476 Spinnaker Dr, Ventura, 
CA 93002 

SW    Radioactivity9/ pCi/L 24-hour
composite 

semiannually 

Ventura WWRP Order update of 
above 

CI-1822 1477 Spinnaker Dr, Ventura, 
CA 93002 

SW    Dioxin congeners pg/L 24-hour
composite 

semiannually 

Ventura WWRP Order update of 
above 

CI-1822 1478 Spinnaker Dr, Ventura, 
CA 93002 

SW    Acute toxicity11/ TUa 24-hour
composite 

semiannually
10/ 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Ventura WWRP Order update of 
above 

CI-1822 1479 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Total and fecal coliform MPN/l00
ml 

24-hour 
composite 

annually12/ 

Ventura WWRP Order update of 
above 

CI-1822 1480 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Residual chlorine mg/L grab weekly 

Ventura WWRP Order update of 
above 

CI-1822 1481 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Hardness  grab  mg/L weekly

Ventura WWRP Order update of 
above 

CI-1822 1482 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Salinity2/   ppt grab weekly

Ventura WWRP Order update of 
above 

CI-1822 1483 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Temperature2/    °F field weekly

Ventura WWRP Order update of 
above 

CI-1822 1484 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Dissolved oxygen2/ mg/L field weekly 

Ventura WWRP Order update of 
above 

CI-1822 1485 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Total Phosphorous as P mg/L field weekly 

Ventura WWRP Order update of 
above 

CI-1822 1486 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Ammonia nitrogen mg/L grab monthly 

Ventura WWRP Order update of 
above 

CI-1822 1487 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Nitrate nitrogen mg/L grab monthly 

Ventura WWRP Order update of 
above 

CI-1822 1488 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Nitrite nitrogen mg/L grab monthly 

Ventura WWRP Order update of 
above 

CI-1822 1489 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Organic nitrogen mg/L grab monthly 

Ventura WWRP Order update of 
above 

CI-1822 1490 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Total Kjeldahl nitrogen mg/L grab monthly 

Ventura WWRP Order update of 
above 

CI-1822 1491 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Chlorophyll a mg/L grab monthly 

Ventura WWRP Order update of 
above 

CI-1822 1492 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Priority pollutants mg/L grab monthly 

Ventura WWRP Order update of 
above 

CI-1822 1493 Spinnaker Dr, Ventura, 
CA 93002 

Receivin
g Water 

Chronic toxicity1/ TUc grab quarterly 

Tunnel No. 104 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91321 

SW Flow  grab  gal/day semiannually

Tunnel No. 105 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91322 

SW     Temperature °F recorder continuously

Tunnel No. 106 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91323 

SW    pH standard
units 

 continuous quarterly

Tunnel No. 107 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91324 

SW Oil and Grease mg/L grab quarterly 

Tunnel No. 108 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91325 

SW BOD5 @ 20°°C mg/L grab quarterly 

4551000300\Final_CMP_Mar-06.doc 
Page A-22 

RB-AR39314



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Tunnel No. 109 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91326 

SW Sulfides mg/L grab quarterly 

Tunnel No. 110 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91327 

SW Total dissolved solids mg/L grab quarterly 

Tunnel No. 111 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91328 

SW     Settleable solids mg/L grab quarterly

Tunnel No. 112 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91329 

SW Total suspended solids mg/L grab quarterly 

Tunnel No. 113 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91330 

SW     Sulfate mg/L grab quarterly

Tunnel No. 114 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91331 

SW     Phenols mg/L grab quarterly

Tunnel No. 115 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91332 

SW  mg/L   Chloride grab quarterly

Tunnel No. 116 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91333 

SW     Boron mg/L grab quarterly

Tunnel No. 117 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91334 

SW Nitrate and Nitrite (as mg/L grab quarterly 

Tunnel No. 118 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91335 

SW   grab  Total petroleum
hydrocarbons 

µg/l quarterly

Tunnel No. 119 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91336 

SW    Beta-BHC µg/l grab quarterly2

Tunnel No. 120 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91337 

SW     Copper µg/l grab monthly3

Tunnel No. 121 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91338 

SW     Selenium µg/l grab monthly3

Tunnel No. 122 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91339 

SW     Acute toxicity %
survival   

grab monthly3

Tunnel No. 123 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91340 

SW    Chronic toxicity TUc grab quarterly4

Tunnel No. 124 CI-6313 1/4 Mile SE of San Fernando 
Rd, Santa Clarita, CA 91341 

SW   grab  Priority pollutants1 µg/l quarterly4

Drainage Ben. Assess Area 
6&18 

CI-6945 18657 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW    Flow gal/day grab quarterly5

Drainage Ben. Assess Area 
6&19 

CI-6945 18658 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Temperature °F ---- daily

Drainage Ben. Assess Area 
6&20 

CI-6945 18659 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW BOD5 @ 20°°C mg/L grab monthly 

Drainage Ben. Assess Area 
6&21 

CI-6945 18660 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW Total suspended solids mg/L grab semiannually 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Drainage Ben. Assess Area 
6&22 

CI-6945 18661 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW Boron mg/L  grab semiannually

Drainage Ben. Assess Area 
6&23 

CI-6945 18662 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW Oil and Grease mg/L grab semiannually 

Drainage Ben. Assess Area 
6&24 

CI-6945 18663 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Settleable solids mg/L grab quarterly

Drainage Ben. Assess Area 
6&25 

CI-6945 18664 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Sulfides mg/L grab quarterly

Drainage Ben. Assess Area 
6&26 

CI-6945 18665 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     pH pH grab quarterly

Drainage Ben. Assess Area 
6&27 

CI-6945 18666 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Sulfate mg/L grab monthly

Drainage Ben. Assess Area 
6&28 

CI-6945 18667 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW   grab  Chloride mg/L monthly

Drainage Ben. Assess Area 
6&29 

CI-6945 18668 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW Total dissolved solids mg/L grab monthly 

Drainage Ben. Assess Area 
6&30 

CI-6945 18669 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW Nitrate + Nitrite as 
Nitrogen 

mg/L   grab monthly

Drainage Ben. Assess Area 
6&31 

CI-6945 18670 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Bis (2-ethylhexyl)
phthalate 

µg/l grab monthly

Drainage Ben. Assess Area 
6&32 

CI-6945 18671 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW Indeno (1, 2, 3-cd) 
pyrene 

µg/l   grab monthly2

Drainage Ben. Assess Area 
6&33 

CI-6945 18672 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Cyanide1 µg/l grab monthly2

Drainage Ben. Assess Area 
6&34 

CI-6945 18673 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Copper1 µg/l grab monthly2

Drainage Ben. Assess Area 
6&35 

CI-6945 18674 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Lead1 µg/l grab monthly2

Drainage Ben. Assess Area 
6&36 

CI-6945 18675 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Mercury1 µg/l grab monthly2

Drainage Ben. Assess Area 
6&37 

CI-6945 18676 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Thallium1 µg/l grab monthly2

Drainage Ben. Assess Area 
6&38 

CI-6945 18677 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Priority pollutants µg/l grab monthly2

Drainage Ben. Assess Area 
6&39 

CI-6945 18678 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Acute toxicity %
survival   

grab annually

Drainage Ben. Assess Area 
6&40 

CI-6945 18679 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW  grab  Chronic toxicity TUc semiannually

Drainage Ben. Assess Area 
6&41 

CI-6945 18680 Nathan Hill Rd, Santa 
Clarita, CA 91386 

SW     Total petroleum
hydrocarbons 

µg/l grab semiannually
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Treatment Saugas Well NO. 1 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91355 

GW & 
SW 

Flow gal/day grab  annually

Treatment Saugas Well NO. 2 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91356 

GW & 
SW 

pH  pH totalizer monthly1

Treatment Saugas Well NO. 3 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91357 

GW & 
SW 

Temperature  grab  °F monthly

Treatment Saugas Well NO. 4 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91358 

GW & 
SW 

Total Dissolved Solids mg/L grab monthly 

Treatment Saugas Well NO. 5 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91359 

GW & 
SW 

Sulfate   mg/L grab monthly

Treatment Saugas Well NO. 6 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91360 

GW & 
SW 

Chloride   mg/L grab monthly

Treatment Saugas Well NO. 7 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91361 

GW & 
SW 

Boron   mg/L grab monthly

Treatment Saugas Well NO. 8 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91362 

GW & 
SW 

Nitrogen2   mg/L grab monthly

Treatment Saugas Well NO. 9 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91363 

GW & 
SW 

Total Suspended Solids mg/L grab monthly 

Treatment Saugas Well NO. 10 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91364 

GW & 
SW 

Turbidity   NTU grab monthly

Treatment Saugas Well NO. 11 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91365 

GW & 
SW 

BOD520oC  grab  mg/L monthly

Treatment Saugas Well NO. 12 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91366 

GW & 
SW 

Oil and Grease mg/L grab monthly 

Treatment Saugas Well NO. 13 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91367 

GW & 
SW 

Settleable Solids ml/L grab monthly 

Treatment Saugas Well NO. 14 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91368 

GW & 
SW 

Residual Chlorine mg/L grab monthly 

Treatment Saugas Well NO. 15 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91369 

GW & 
SW 

Copper (Cu) mg/L grab monthly 

Treatment Saugas Well NO. 16 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91370 

GW & 
SW 

Lead (Pb) mg/L grab monthly3 

Treatment Saugas Well NO. 17 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91371 

GW & 
SW 

Total Chromium µg/l grab monthly3 

Treatment Saugas Well NO. 18 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91372 

GW & 
SW 

1,1 Dichloroethane µg/l   grab monthly3

Treatment Saugas Well NO. 19 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91373 

GW & 
SW 

1,1 Dichloroethylene µg/l   grab monthly3

Treatment Saugas Well NO. 20 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91374 

GW & 
SW 

1,1,1 Trichloroethane    µg/l grab monthly3
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Treatment Saugas Well NO. 21 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91375 

GW & 
SW 

1,1,2 Trichloroethane µg/l grab monthly3 

Treatment Saugas Well NO. 22 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91376 

GW & 
SW 

1,1,2,2 
Tetrachloroethane 

µg/l   grab monthly3

Treatment Saugas Well NO. 23 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91377 

GW & 
SW 

1,2 Dichloroethane µg/l grab  monthly3

Treatment Saugas Well NO. 24 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91378 

GW & 
SW 

1,2-Trans 
Dichloroethylene 

µg/l   grab monthly3

Treatment Saugas Well NO. 25 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91379 

GW & 
SW 

Tetrachloroethylene µg/l   grab monthly3

Treatment Saugas Well NO. 26 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91380 

GW & 
SW 

Trichloroethylene  grab  µg/l monthly3

Treatment Saugas Well NO. 27 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91381 

GW & 
SW 

Carbon Tetrachloride µg/l grab monthly3 

Treatment Saugas Well NO. 28 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91382 

GW & 
SW 

Vinyl Chloride µg/l grab monthly3 

Treatment Saugas Well NO. 29 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91383 

GW & 
SW 

Total Trihalomethanes µg/l grab monthly3 

Treatment Saugas Well NO. 30 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91384 

GW & 
SW 

Benzene   µg/l grab monthly3

Treatment Saugas Well NO. 31 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91385 

GW & 
SW 

Methyl tertiary butyl ether 
(MTBE) 

µg/l   grab monthly3

Treatment Saugas Well NO. 32 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91386 

GW & 
SW 

Perchlorate   µg/l grab monthly3

Treatment Saugas Well NO. 33 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91387 

GW & 
SW 

1-4 Dioxane µg/l grab monthly4 

Treatment Saugas Well NO. 34 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91388 

GW & 
SW 

N-Nitrosodimethylamine 
(NDMA) 

mg/L   grab monthly

Treatment Saugas Well NO. 35 CI-8798 Magic Mountain PWKY, 
Santa Clarita, CA 91389 

GW & 
SW 

Acute Toxicity % 
survival 

grab  monthly

Golf Course & L.A. Co. Wells CI-8876 Hasley Canyon, Castaic, CA 
91311 

  No Document        

Well #11  CI-8292 121 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Total Waste Flow gal/day recorder continuously 

Well #11  CI-8292 122 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

pH   pH grab once per
event1 

Well #11  CI-8292 123 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Temperature     oF grab once per
event1 

Well #11 CI-8292 124 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Total Suspended Solids mg/L grab once per 
event1 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Well #11 CI-8292 125 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Turbidity NTU grab   once per
event1 

Well #11 CI-8292 126 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

BOD5 20°C mg/L grab once per 
event1 

Well #11 CI-8292 127 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Settleable Solids ml/L grab once per 
event1 

Well #11 CI-8292 128 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Residual Chlorine mg/L grab once per 
event1 

Well #11 CI-8292 129 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Total Dissolved Solids mg/L grab once per 
event1 

Well #11 CI-8292 130 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Sulfate    mg/L grab once per
event1 

Well #11 CI-8292 131 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Chloride    mg/L grab once per
event1 

Well #11 CI-8292 132 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

(Nitrate+Nitrite) as 
Nitrogen 

mg/L   grab once per
event1 

Well #11 CI-8292 133 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Copper    µg/L grab once per
event1 

Well #11 CI-8292 134 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Lead    µg/L grab once per
event1 

Well #11 CI-8292 135 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Total Chromium µg/L grab once per 
event1 

Well #11 CI-8292 136 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

1,1-Dichloroethane    µg/L grab once per
event1 

Well #11 CI-8292 137 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

1,1-Dichloroethylene    µg/L grab once per
event1 

Well #11 CI-8292 138 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

1,1,1-Trichloroethane    µg/L grab once per
event1 

Well #11 CI-8292 139 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

1,1,2-Trichloroethan   e µg/L grab once per
event1 

Well #11 CI-8292 140 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

1,1,2,2-
Tetrachloroethane 

µg/L   grab once per
event1 

Well #11 CI-8292 141 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

1,2-Dichloroethane  grab  µg/L once per
event1 

Well #11 CI-8292 142 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

   1,2-trans 
Dichloroethylene 

µg/L grab once per
event1 

Well #11 CI-8292 143 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Tetrachloroethylene µg/L   grab once per
event1 

Well #11 CI-8292 144 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Trichloroethylene     µg/L grab once per
event1 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Well #11 CI-8292 145 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Carbon Tetrachloride µg/L grab once per 
event1 

Well #11 CI-8292 146 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Vinyl Chloride µg/L grab once per 
event1 

Well #11 CI-8292 147 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Total Trihalomethanes µg/L grab once per 
event1 

Well #11 CI-8292 148 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Benzene    µg/L grab once per
event1 

Well #11 CI-8292 149 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Methyl tertiary butyl ether µg/L grab once per 
event1 

Well #11 CI-8292 150 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Perchlorate   µg/L grab annually

Well #11 CI-8292 151 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

N-Nitrosodimethyl amine µg/L grab annually 

Well #11 CI-8292 152 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

1,4-Dioxane  grab  µg/L annually

Well #11 CI-8292 153 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Acute Toxicity % 
survival 

grab  annually

Well Nos. 7 & 10 CI-8603 154 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Flow  gal/day totalizer continuously

Well Nos. 7 & 11 CI-8603 155 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

pH  pH grab monthly

Well Nos. 7 & 12 CI-8603 156 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Temperature    °F grab monthly

Well Nos. 7 & 13 CI-8603 157 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Total Dissolved Solids mg/L grab monthly 

Well Nos. 7 & 14 CI-8603 158 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Sulfate   mg/L grab monthly

Well Nos. 7 & 15 CI-8603 159 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Chloride   mg/L grab monthly

Well Nos. 7 & 16 CI-8603 160 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Boron   mg/L grab monthly

Well Nos. 7 & 17 CI-8603 161 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Nitrogen1   mg/L grab monthly

Well Nos. 7 & 18 CI-8603 162 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Total Suspended Solids mg/L grab monthly 

Well Nos. 7 & 19 CI-8603 163 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Turbidity   NTU grab monthly

Well Nos. 7 & 20 CI-8603 164 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

BOD520oC  grab  mg/L monthly
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Well Nos. 7 & 21 CI-8603 165 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Oil and Grease mg/L grab monthly 

Well Nos. 7 & 22 CI-8603 166 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Settleable Solids ml/L grab monthly 

Well Nos. 7 & 23 CI-8603 167 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Residual Chlorine mg/L grab monthly 

Well Nos. 7 & 24 CI-8603 168 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Perchlorate  grab  µg/L annually

Well Nos. 7 & 25 CI-8603 169 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

1-4 Dioxane µg/L grab annually 

Well Nos. 7 & 26 CI-8603 170 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

N-Nitrosodimethylamine 
(NDMA) 

µg/L   grab annually

Well Nos. 7 & 27 CI-8603 171 N. Cemetery Rd, Santa 
Paula, CA 93060 

GW & 
SW 

Acute Toxicity %surviva
l 

grab  annually

Bouquet Canyon Bridge 
Widening 

CI-8649 Bouquet Canyon 
Rd/Valencia BI, Santa 
Claritra, CA 

  No Document        

Emergency Dewatering  CI-8892 27601 Canyon View Dr. 
Santa Clarita, CA 

GW    Flow gal/day totalizer monthly1

Emergency Dewatering  CI-8892 27602 Canyon View Dr. 
Santa Clarita, CA 

GW     pH pH grab monthly

Emergency Dewatering  CI-8892 27603 Canyon View Dr. 
Santa Clarita, CA 

GW   grab  Temperature °F monthly

Emergency Dewatering  CI-8892 27604 Canyon View Dr. 
Santa Clarita, CA 

GW Total Dissolved Solids mg/L grab monthly 

Emergency Dewatering  CI-8892 27605 Canyon View Dr. 
Santa Clarita, CA 

GW     Sulfate mg/L grab monthly

Emergency Dewatering  CI-8892 27606 Canyon View Dr. 
Santa Clarita, CA 

GW     Chloride mg/L grab monthly

Emergency Dewatering  CI-8892 27607 Canyon View Dr. 
Santa Clarita, CA 

GW     Boron mg/L grab monthly

Emergency Dewatering  CI-8892 27608 Canyon View Dr. 
Santa Clarita, CA 

GW     Nitrogen2 mg/L grab monthly

Emergency Dewatering  CI-8892 27609 Canyon View Dr. 
Santa Clarita, CA 

GW Total Suspended Solids mg/L grab monthly 

Emergency Dewatering  CI-8892 27610 Canyon View Dr. 
Santa Clarita, CA 

GW     Turbidity NTU grab monthly

Emergency Dewatering  CI-8892 27611 Canyon View Dr. 
Santa Clarita, CA 

GW     BOD520oC mg/L grab monthly

Emergency Dewatering  CI-8892 27612 Canyon View Dr. 
Santa Clarita, CA 

GW Oil and Grease mg/L grab monthly 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Emergency Dewatering  CI-8892 27613 Canyon View Dr. 
Santa Clarita, CA 

GW Settleable Solids ml/L grab monthly 

Emergency Dewatering  CI-8892 27614 Canyon View Dr. 
Santa Clarita, CA 

GW   grab  Sulfides mg/L monthly

Emergency Dewatering  CI-8892 27615 Canyon View Dr. 
Santa Clarita, CA 

GW     Phenols mg/L grab monthly

Emergency Dewatering  CI-8892 27616 Canyon View Dr. 
Santa Clarita, CA 

GW     Residual Chlorine mg/L grab monthly

Emergency Dewatering  CI-8892 27617 Canyon View Dr. 
Santa Clarita, CA 

GW Methylene Blue Active 
Substances (MBAS) 

mg/L   grab monthly

Emergency Dewatering  CI-8892 27618 Canyon View Dr. 
Santa Clarita, CA 

GW    Acute Toxicity %
survival 

grab annually

Fmr. Whittaker-Bermite WTP CI-8727 22116 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW    Flow gal/day totalizer continuously*

Fmr. Whittaker-Bermite WTP CI-8727 22117 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     pH pH grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22118 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Temperature °F grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22119 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW Total Dissolved Solids mg/L grab monthly 

Fmr. Whittaker-Bermite WTP CI-8727 22120 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Sulfate mg/L grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22121 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Chloride mg/L grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22122 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Boron mg/L grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22123 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Nitrogen1 mg/L grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22124 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW Total Suspended Solids mg/L grab monthly 

Fmr. Whittaker-Bermite WTP CI-8727 22125 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Turbidity NTU grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22126 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     BOD520oC mg/L grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22127 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW Oil and Grease mg/L grab monthly 

Fmr. Whittaker-Bermite WTP CI-8727 22128 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW   grab  Settleable Solids ml/L monthly

Fmr. Whittaker-Bermite WTP CI-8727 22129 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Sulfides mg/L grab monthly
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Fmr. Whittaker-Bermite WTP CI-8727 22130 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW Phenols mg/L grab monthly 

Fmr. Whittaker-Bermite WTP CI-8727 22131 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Residual Chlorine mg/L grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22132 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW Methylene Blue Active 
Substances (MBAS) 

µg/L   grab monthly

Fmr. Whittaker-Bermite WTP CI-8727 22133 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     1,1,2 Trichloroethane µg/L grab monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22134 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     1,1,2,2
Tetrachloroethane 

µg/L grab monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22135 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     1,2 Dichloroethane µg/L grab monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22136 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW   grab  Carbon Tetrachloride µg/L monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22137 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW    Dichlorobromo-methane µg/L grab monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22138 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Perchlorate µg/L grab monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22139 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Copper µg/L grab monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22140 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Lead µg/L grab monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22141 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW     Selenium µg/L grab monthly*

Fmr. Whittaker-Bermite WTP CI-8727 22142 Soledad Canyon Rd, 
Santa Clarita, CA 91350 

GW    Acute Toxicity %surviva
l 

grab annually

McDonald's Restaurant CI-7464 49714 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Flow gal/day totalizer Continuously
* 

McDonald's Restaurant CI-7464 49715 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

pH  pH grab semiannually

McDonald's Restaurant CI-7464 49716 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Temperature    °F grab semiannually

McDonald's Restaurant CI-7464 49717 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Total Suspended Solids mg/L grab semiannually 

McDonald's Restaurant CI-7464 49718 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Turbidity   NTU grab semiannually

McDonald's Restaurant CI-7464 49719 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

BOD520oC   mg/L grab semiannually

McDonald's Restaurant CI-7464 49720 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Oil and Grease mg/L grab semiannually 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

McDonald's Restaurant CI-7464 49721 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Settleable Solids ml/L grab semiannually 

McDonald's Restaurant CI-7464 49722 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Sulfides   mg/L grab semiannually

McDonald's Restaurant CI-7464 49723 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Phenols   mg/L grab semiannually

McDonald's Restaurant CI-7464 49724 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Residual Chlorine mg/L grab semiannually 

McDonald's Restaurant CI-7464 49725 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Methylene Blue Active 
Substances (MBAS) 

mg/L   grab semiannually

McDonald's Restaurant CI-7464 49726 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

TDS mg/L grab  semiannually

McDonald's Restaurant CI-7464 49727 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Sulfate   mg/L grab semiannually

McDonald's Restaurant CI-7464 49728 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Chloride   mg/L grab semiannually

McDonald's Restaurant CI-7464 49729 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Nitrogen   mg/L grab semiannually

McDonald's Restaurant CI-7464 49730 Gorman School Rd, 
Gorman, CA  

GW & 
SW 

Acute Toxicity % 
survival 

grab  annually

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Total Waste Flow gal/day Recorder continuously 

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

pH   pH unit grab monthly

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Temperature    ºF grab monthly

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Turbidity   NTU grab monthly

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Total Suspended Solids mg/L grab monthly 

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Settleable Solids ml/L grab monthly 

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

BOD520ºC   mg/L grab monthly

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Oil and Grease mg/L grab monthly 

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Copper   µg/L grab monthly

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Sulfides   mg/L grab quarterly
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Methylene Blue Active 
Substances (MBAS) 

mg/L grab quarterly 

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Residual Chlorine mg/L grab quarterly 

Santa Clara river Bridge Exp CI-8374 Hwy 101 @ Santa Clara 
River, Ventura, CA 

GW & 
SW 

Acute Toxicity %surviva
l 

grab  annually

Townhomes Tract 5353 CI-8856 River St, Fillmore, CA 93015 GW & 
SW 

Flow gal/day totalizer continuously
1 

Townhomes Tract 5354 CI-8856 River St, Fillmore, CA 93016 GW & 
SW 

pH  pH grab monthly

Townhomes Tract 5355 CI-8856 River St, Fillmore, CA 93017 GW & 
SW 

Temperature    °F grab monthly

Townhomes Tract 5356 CI-8856 River St, Fillmore, CA 93018 GW & 
SW 

Boron   mg/L grab monthly

Townhomes Tract 5357 CI-8856 River St, Fillmore, CA 93019 GW & 
SW 

Nitrogen2   mg/L grab monthly

Townhomes Tract 5358 CI-8856 River St, Fillmore, CA 93020 GW & 
SW 

Total Suspended Solids mg/L grab monthly 

Townhomes Tract 5359 CI-8856 River St, Fillmore, CA 93021 GW & 
SW 

Turbidity   NTU grab monthly

Townhomes Tract 5360 CI-8856 River St, Fillmore, CA 93022 GW & 
SW 

BOD520oC   mg/L grab monthly

Townhomes Tract 5361 CI-8856 River St, Fillmore, CA 93023 GW & 
SW 

Oil and Grease mg/L grab monthly 

Townhomes Tract 5362 CI-8856 River St, Fillmore, CA 93024 GW & 
SW 

Settleable Solids ml/L grab monthly 

Townhomes Tract 5363 CI-8856 River St, Fillmore, CA 93025 GW & 
SW 

Sulfides   mg/L grab monthly

Townhomes Tract 5364 CI-8856 River St, Fillmore, CA 93026 GW & 
SW 

Phenols   mg/L grab monthly

Townhomes Tract 5365 CI-8856 River St, Fillmore, CA 93027 GW & 
SW 

Residual Chlorine mg/L grab monthly 

Townhomes Tract 5366 CI-8856 River St, Fillmore, CA 93028 GW & 
SW 

Methylene Blue Active 
Substances (MBAS) 

   µg/L grab monthly

Townhomes Tract 5367 CI-8856 River St, Fillmore, CA 93029  & 
SW 

  GW Acute Toxicity %surviva
l 

grab annually

Valencia WWRP CI-7296 28185 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Flow gal/day totalizer continuously 

Valencia WWRP CI-7296 28186 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

pH pH grab quarterly 
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

Valencia WWRP CI-7296 28187 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Temperature °F grab quarterly 

Valencia WWRP CI-7296 28188 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Total Suspended Solids mg/L grab quarterly 

Valencia WWRP CI-7296 28189 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Turbidity NTU grab quarterly 

Valencia WWRP CI-7296 28190 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

BOD520oC mg/L grab quarterly 

Valencia WWRP CI-7296 28191 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Oil and Grease mg/L grab monthly 

Valencia WWRP CI-7296 28192 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Settleable Solids ml/L grab monthly 

Valencia WWRP CI-7296 28193 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Sulfides mg/L grab monthly 

Valencia WWRP CI-7296 28194 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Residual Chlorine mg/L grab monthly 

Valencia WWRP CI-7296 28195 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Methylene Blue Active 
Substances (MBAS) 

mg/L grab semiannually 

Valencia WWRP CI-7296 28196 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Total Dissolved Solids ml/L grab semiannually 

Valencia WWRP CI-7296 28197 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Sulfate mg/L grab semiannually 

Valencia WWRP CI-7296 28198 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Chloride mg/L grab semiannually 

Valencia WWRP CI-7296 28199 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Boron mg/L grab semiannually 

Valencia WWRP CI-7296 28200 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Nitrogen mg/L grab semiannually 

Valencia WWRP CI-7296 28201 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Phenols mg/L grab annually 

Valencia WWRP CI-7296 28202 The Old Road, 
Valencia, CA 91355  

GW & 
SW 

Acute Toxicity % 
survival 

grab annually 

Ventura Co. Emergency Proj. CI-8868 Various locations, Ventura, 
CA 

GW & 
SW 

Being Upgraded        

Fillmore WWTP  CI-6523 C Street & River St, Fillmore, 
CA 93015 

  No Document        

Saugus WWRP CI-2960 26200 Springbrook Ave, 
Saugas, CA 91350 

SW Being Upgraded        

Valencia WWRP CI-4993 28185 The Old Road, 
Valencia, CA 91355  

  Being Upgraded        
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Facility Name 
Facility 
Number Location 

Type 
GW/ SW Constituent Units 

Type of 
Sample 

Sampling 
Frequency 

College Of The Canyons CI-7324 26455 N Rockwell Canyon 
Rd, Santa Clarita 

SW Being Upgraded        

Aquatic Pesticides/Weed 
Control 

CI-8785 32353 W Triunfo Rd, 
Westlake Village, CA 91361 

  No Document        

William E. Warner Power Plant CI-6610 Pyramid Lake Rd, Pyramid 
Lake, CA 91310 

SW Being Upgraded        

Foothill Feeder Power Plant CI-6743 31849 N Lake Hughes Rd, 
Castaic, CA 91384 

  No Document        
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Ventura County 
Watershed Protection District 

Planning & Regulatory 
Hydrology Section 

MEMORANDUM 
 
 

DATE: August 24, 2005 
 
FROM: Mark Bandurraga 
 
SUBJECT: CMP Data Gap Analysis Comments 
 
The review of the subject submittal is based on the scope of work for this task, including 

determining data gaps and providing a framework for comparison of historical data with 

appropriate benchmark values.  The contract specifies that the document should contain the 

following: 

1. Basin Plan beneficial use designations and water quality objectives from the Basin Plan and 

other sources such as the Water Quality Standards in 40 CFS Part13 (California Toxics Rule) 

2. Comparison of historical data to benchmark values 

3. Evaluation of spatial coverage of historical data 

4. Evaluation of temporal coverage of historical data 

5. Evaluation whether additional sampling is needed to characterize the health of the watershed. 

 

The submittal appears to comply with the scope of work with the exception of the discussion of 

the Water Quality Standards in part 1 above and the beneficial use designations from the Basin 

Plan. These items should be added to the CMP.  I expect these revisions to be incorporated in 

the data gap analysis portion of the draft CMP.  My substantive comments are: 

1. The scoring criteria presented on page 2 and 3 are report to consider both spatial 

location and sample frequency, but subsequent sections provide a score for each 

parameter and then discusses the spatial distribution separately.  Therefore, it appears 

difficult to combine the two criteria. My suggestion is to have two scores for each 

parameter, frequency (none, poor, moderate, rich) and spatial distribution (none, poor, 

moderate, rich) with different symbols to show in your tables.  

2. Table 6 should be separated into river reaches to show where the water quality 

objectives change.  The beneficial uses for each reach should be included per the 

scope.  It is acceptable to me to show the combined minimum and maximum 

exceedances for the entire river in an additional table, but please clarify in the table and 
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in the section whether those include only the 2000-05 data used in the data gap analysis 

or all of the values included in the database. 

3. Section 5- Chemical constituents bullet–  please clarify if you are recommending 

additional sampling for these constituents in light of the low historical concentrations in 

the available sampling results. A summary table showing your recommendations for 

additional sampling would be useful here.  The summary table should show whether you 

are recommending additional sampling locations or increased sampling frequency at 

existing locations based on your analyses. 

4. Of the latest Constituent list I had, I could not find Arochlors, BHCs, Bis Phthalate, 

chloramines, chlordane, chlorpyrifos, cyanide, dachtal, diazinon, fecal enterococcus, 

methoxyclor, mirex, or nonachlor in your evaluation. Please clarify why they were not 

included and extend the analyses to include them. 

5. Page 10, Section 3.0 last paragraph- appears to contradict itself- says spatial distribution 

is adequate and inadequate. 

 

My minor comments are as follows: 

Page 1 Sec 1 2nd paragraph last sentence – delete “received” 1. 

7. 

8. 

2. Page 1 Sec 1 3rd paragraph 1st sentence – replace visualize with plot.  

3. Page 2 Sec 1 3rd bullet metal measurements….dissolved forms were…..delete 

rarely 

4. Page 4 Sec 2.1 Once you defined your criteria labels, please be consistent. You use 

sufficient instead of moderate and describe data moderate in several different ways. 

For the sake of clarity, I think it is okay to be somewhat repetitive in the use of the 

labels. Under Sespe, you may wish to point out the that USGS has extensive flow 

data for the Sespe Creek tributary (Provides 60% of the Santa Clara River 

Watershed flow) and VCWPD has 35 years of data for Pole and Hopper Creeks 

near Fillmore. 

5. Page 5 Oxnard Plain- Please clarify how the data management assumptions affect 

your conclusion that no data were reported for the Oxnard Section. 

6. Page 7 Sec 2.4 2nd sentence- Please clarify this sentence- does not make sense to 

me. 

Page 8 Sec 2.5 1st paragraph 3rd sentence- delete “will” 

Page 10, Section 3.0 2nd to last paragraph NPDES-permitted 

9. Page 10, Section 3.0 last paragraph- replace ignored with not sampled. Replace 

permitting with permit. Replace thickly with densely. 

10. Page 10 Sec 4 Explain that these conclusions are based on data collected prior to 

1995 and may not be applicable currently. Provide references used in SCREMP 

section in reference list. 

11. Page 14 Sec 4.2 AWQC not defined 
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12. Page 15 1st bullet, last sentence – replace new data with additional sampling 

13. Figures- choose color scheme to make sure they copy well in black and white- 

symbols should also be chosen accordingly. For many figures, the Santa Clara 

Watershed label on the location map does not point to the watershed.  

14. Figure 35- it is difficult to see the color differences between the various sampling 

stations – the symbols should be enlarged or changed. What is R4 in the legend? 
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Response to Comments 
To:  Mark Bandurraga 
 

1. Substantive Comment 1:  The scoring criteria presented on page 2 and 3 are report 

to consider both spatial location and sample frequency, but subsequent sections 

provide a score for each parameter and then discusses the spatial distribution 

separately.  Therefore, it appears difficult to combine the two criteria. My suggestion 

is to have two scores for each parameter, frequency (none, poor, moderate, rich) 

and spatial distribution (none, poor, moderate, rich) with different symbols to show in 

your tables.  

 
Response:  AMEC has expanded on the definition of each score in order to more effectively 
discuss spatial distribution and frequency 
 

2. Substantive Comment 2:  Table 6 should be separated into river reaches to show 

where the water quality objectives change.  The beneficial uses for each reach 

should be included per the scope.  It is acceptable to me to show the combined 

minimum and maximum exceedances for the entire river in an additional table, but 

please clarify in the table and in the section whether those include only the 2000-05 

data used in the data gap analysis or all of the values included in the database. 

 
Response:  Per the scope of work AMEC has not separated the table into river reaches but 
provided detailed based on sub-basins.  Table 5 has been included to show where water quality 
objective change within the sub-basins and to provide greater detail and clarity.  The beneficial 
uses for each sub-basin have been included into the document as an appendix. 
 

3. Substantive Comment 3:  Section 5- Chemical constituents bullet–  please clarify if 

you are recommending additional sampling for these constituents in light of the low 

historical concentrations in the available sampling results. A summary table showing 

your recommendations for additional sampling would be useful here.  The summary 

table should show whether you are recommending additional sampling locations or 

increased sampling frequency at existing locations based on your analyses. 

 
Response:  Recommendations based on the gap analysis have been included as part of the 
sampling locations memorandum and Section 6.0 of the Draft CMP. 
 

4. Substantive Comment 4:  Of the latest Constituent list I had, I could not find 

Arochlors, BHCs, Bis Phthalate, chloramines, chlordane, chlorpyrifos, cyanide, 

dachtal, diazinon, fecal enterococcus, methoxyclor, mirex, or nonachlor in your 

evaluation. Please clarify why they were not included and extend the analyses to 

include them. 

 
Response:  Fecal enterococcus has been included with the fecal coliform analysis.  BHC’s, 
arochlors, chloramines and Bisphthalate are included in the analysis for PCB’s.  Chlordane, 
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diazanon, mirex, methoxyclor, cyanide, nonachlor have been included in the analysis since the 
analysis has been expanded to extend 10 years.  
 

5. Substantive Comment 5:  Page 10, Section 3.0 last paragraph- appears to 

contradict itself- says spatial distribution is adequate and inadequate. 

 
Response:  Section has been revised to provide greater clarity in conclusions. 
 
Response to Minor Comments:  All editorial comments have been incorporated.  Figures have 
been edited to be easier for printing in black and white and provide greater detail.  Effects of 
data management assumptions on results have been explained. 
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Mark, 
I am forwarding comments from Greg Gauthier to you. 
Richard Sweet 
 
 
>From: GGauthier@aol.com 
>To: rsweet_46@hotmail.com, pjenkin@sbcglobal.net, trobinson@bren.ucsb.edu,   
>       bthiel@scwrp.org, wingd@sbcglobal.net 
>Subject: Re: FW: Santa Clara River Data Gap Analysis Review REQUEST!!!! 
>Date: Wed, 24 Aug 2005 19:46:49 EDT 
> 
>Richard, 
> 
>A few observations/questions: 
> 
>The data source list identifies the following sources: 
> 
>â€¢ Ventura County Watershed Protection District 
>â€¢ Los Angeles County  Regional Water Quality Control Board - Surface  
>Water 
>Ambient 
>Monitoring  Program 
>â€¢ Los Angeles County Sanitation District 
>â€¢ Los Angeles County  Department of Public Works 
>â€¢ United States Geological Services (USGS) 
>â€¢  United Water Conservation District 
>â€¢ City of Ventura 
>â€¢ City of Santa  Paula 
>â€¢ City of Fillmore 
> 
>The references section lists only the following two sources: 
> 
>RWQCB, 1994. Water Quality Control Plan â€“ Los Angeles Region. California 
>Regional Water 
>Quality Control Board, Los Angeles Region, 101 Centre Plaza  Drive,  
>Monterey 
>Park, CA 
>91754. (Chapter 3: Water Quality Objectives) 
> 
>VCWPD and LADPW, 2005. Chapter 5: Santa Clara River Enhancement and 
>Management 
>Plan (SCREMP). Prepared for Ventura County Watershed Protection  District,  
>Los 
>Angeles County Department of Public Works and SCREMP Project  Steering 
>Committee. 
>AMEC Earth and Environmental (author), Santa Barbara, CA.  (Chapter 5:  
>Current 
>Conditions) 
> 
>Were data  submitted by the others listed under sources rejected and not 
>included in the  analysis?  If so, why? 
> 
>The city of Santa Clarita also is missing as a data source or  reference. 
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>Much of the upper watershed data, as evidenced by the  maps, seem centered  
>on 
>Santa Clarita.  Was data obtained from Santa  Clarita?  If not, it is hard  
>to 
>imagine that Heather does not have some  data that could inform the gaps 
>analysis. 
> 
>Greg  Gauthier 
>Wetlands Recovery Project 
>PO Box 22405 
>Santa Barbara, CA  93121 
>805-892-4858 
>805-259-9539 cell 
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Comments on the Data Gap Analysis Received from Friends of the Santa Clara River via 
e-mail: 
 
Richard, 
A few observations/questions: 
Comment 1 
The data source list identifies the following sources: 
 
Ventura County Watershed Protection District 
Los Angeles County  Regional Water Quality Control Board - Surface Water Ambient 
Monitoring  Program 
Los Angeles County Sanitation District 
Los Angeles County  Department of Public Works 
United States Geological Services (USGS) 
United Water Conservation District 
City of Ventura 
City of Santa  Paula 
City of Fillmore 
 
The references section lists only the following two sources: 
 
RWQCB, 1994. Water Quality Control Plan “ Los Angeles Region. California Regional Water 
Quality Control Board, Los Angeles Region, 101 Centre Plaza Drive, Monterey Park, CA 91754. 
(Chapter 3: Water Quality Objectives) 
 
VCWPD and LADPW, 2005. Chapter 5: Santa Clara River Enhancement and Management Plan 
(SCREMP). Prepared for Ventura County Watershed Protection  District, Los Angeles County 
Department of Public Works and SCREMP Project  Steering Committee. 
 
AMEC Earth and Environmental (author), Santa Barbara, CA.  (Chapter 5: Current Conditions) 
 
Were data submitted by the others listed under sources rejected and not included in 
the analysis?  If so, why? 
 
Response:  No data submitted was rejected from the database.  Data which did not meet 
the analysis criteria (more than 10 years old, too little frequency) were excluded from the 
analysis.  The reference section has been expanded to include data provided by the 
various stakeholders.  Table 6 has been provided to show in detail which data are 
included in the database. 
 
Comment 2: 
The city of Santa Clarita also is missing as a data source or reference.  Much of the upper 
watershed data, as evidenced by the maps, seem centered on Santa Clarita.  Was data 
obtained from Santa Clarita?  If not, it is hard to imagine that Heather does not have some data 
that could inform the gaps analysis. 
 
Response:  The City of Santa Clarita did not provide data for the project.  City of Santa 
Clarita representative was present at multiple stakeholder meetings when data 
acquisition was discussed and data was offered by various stakeholders.  Further, per 
Heather Merenda, water quality testing within City of Santa Clarita is primarily conducted 
by LADPW, therefore data received from LADPW should cover this area of the watershed. 
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Greg  Gauthier 
Wetlands Recovery Project 
PO Box 22405 
Santa Barbara, CA  93121 
805-892-4858 
805-259-9539 cell 
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From Darla Wise, VCWPD 
 
The following are my comments on the data gap analysis draft report as a follow-up to the three 
items we discussed on the phone.   
 
1.  The Watershed Protection District monitors SCR surface water quality at the Freeman 
Diversion facility under an NPDES Stormwater permit.  Monitoring takes place six times per 
year (4 wet and 2 dry) starting in 2001 and includes priority pollutants and toxicity (ceridaphnia 
dubia, fat head minnows, and purple sea urchin), both chronic and acute.  A substantial amount 
of data is collected as part of our program and has not been included in the cmp data gap 
analysis.  I'm sure the findings of the gap analysis will change once you take into account the 
missing NPDES stormwater program data.  Also, the CMP Access DB that you provided us is 
missing the NPDES stormwater data at the Freeman Diversion.  
 
2.  The WPD NPDES Stormwater Monitoring Program is not mentioned as one of the agencies 
providing data for the gap analysis.  This is especially surprising in that the DB AMEC is using 
for the CMP data analysis was provided by the District. 
 
3.  The inclusion of a summary table of data quantity and temperal quality for each parameter vs 
stream reach would be very beneficial and make the results much easier to understand. 
 
Let me know if you have any questions/comments regarding my comments.  
Thanks 
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Comments Received from Darla Wise, VCWPD via e-mail: 
 
The following are my comments on the data gap analysis draft report as a follow-up to the three 
items we discussed on the phone.   
 
1.  The Watershed Protection District monitors SCR surface water quality at the Freeman 
Diversion facility under an NPDES Stormwater permit.  Monitoring takes place six times per 
year (4 wet and 2 dry) starting in 2001 and includes priority pollutants and toxicity (ceridaphnia 
dubia, fat head minnows, and purple sea urchin), both chronic and acute.  A substantial amount 
of data is collected as part of our program and has not been included in the cmp data gap 
analysis.  I'm sure the findings of the gap analysis will change once you take into account the 
missing NPDES stormwater program data.  Also, the CMP Access DB that you provided us is 
missing the NPDES stormwater data at the Freeman Diversion.  
 
Response:  Data from the Freeman Diversion was mistakenly excluded from the original 
analysis.  It has been inserted back into the database and the analysis was re-run to 
include it.  The CMP Access DB purposely excluded the VCWPD data so that it could be 
uploaded into the Master DB at VCWPD without inserting duplicate entries, per 
comments AMEC received on the draft database.  Toxicity data criteria for the gap 
analysis included chronic toxicity testing for freshwater (aquatic) species.  Toxicity data 
received from VCWPD included acute testing (ceridaphnia) and salt water species (sea 
urchin and abalone) and therefore did not meet the gap analysis criteria. 
 
2.  The WPD NPDES Stormwater Monitoring Program is not mentioned as one of the agencies 
providing data for the gap analysis.  This is especially surprising in that the DB AMEC is using 
for the CMP data analysis was provided by the District. 
 
Response:  See response above. 
 

3. The inclusion of a summary table of data quantity and temperal quality for each 
parameter vs stream reach would be very beneficial and make the results much easier 
to understand. 

 
Response:  The gap analysis was divided by parameter vs. sub-basin per the Scope of 
Work.   
 
Let me know if you have any questions/comments regarding my comments.  
Thanks 
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August 25, 2005 
 
Mark Bandurraga, Senior Hydrologists 
Ventura County Watershed Protection District 
 
Subject: Draft Data Gap Analysis Comments from Friends of the Santa Clara River 
 
Mr. Bandurraga, 
 
In reference to the 8/17/05 document from Megan Schwartz to you, these are Friends of the 
Santa Clara River’s (FSCR) comments. Please note that the SCREMP specifies that the Santa 
Clara River’s (SCR) effect on the coast line and near-shore ocean should be addressed. 
 
1. On page 1, additional entities that may have data to be considered  
include the Ventura County Environmental Health Department (near shore bacteria, e.g. 
McGrath and Surfer’s Knoll), Ventura Harbor District (dredging parameters), McGrath State 
Park (various), the So. Ca. Coastal Water Research Project (various) and the State Coastal 
Commission – Coastal Cleanup Day (trash at McGrath and Surfer’s Knoll). 
2. On page 3, Table 1, could parameters for turbidity, plant debris (e.g.  
arundo) and solid waste be added as well as a near shore ocean water segment? 
3. On page 5, Upper Santa Clara, first sentence: I believe westernmost  
should be replaced with eastern. 
4. On page 6, Table 3, please add a near shore ocean water segment. 
5. On page 7, Table 4, please add a near shore ocean water segment. Wouldn’t  
it be appropriate to include sediment monitoring results here since organic constituents may be 
carried with it? Also, it may be appropriate to include older data for persistent chemicals. 
 
Thank you for the opportunity to comment on this draft document. I can be reached at 644-2802 
or via email at rsweet_46@hotmail.com. 
 
Richard Sweet, Board member FSCR 
 
 
Cc: Ron Bottorff, FSCR and Paul Jenkin, Surfrider Foundation-Ventura County Chapter 
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August 25, 2005 
 
Mark Bandurraga, Senior Hydrologists 
Ventura County Watershed Protection District 
 
Subject: Draft Data Gap Analysis Comments from Friends of the Santa Clara River 
 
Mr. Bandurraga, 
 
In reference to the 8/17/05 document from Megan Schwartz to you, these are Friends of the 
Santa Clara River’s (FSCR) comments. Please note that the SCREMP specifies that the Santa 
Clara River’s (SCR) effect on the coast line and near-shore ocean should be addressed. 
 
1. On page 1, additional entities that may have data to be considered include the Ventura 
County Environmental Health Department (near shore bacteria, e.g. McGrath and Surfer’s 
Knoll), Ventura Harbor District (dredging parameters), McGrath State Park (various),the So. Ca. 
Coastal Water Research Project (various) and the State Coastal Commission – Coastal 
Cleanup Day (trash at McGrath and Surfer’s Knoll). 
 
Response:  The database and list of data providers was completed in late July.  
Requesting additional data at this date would be outside the scope of work.   
 
2. On page 3, Table 1, could parameters for turbidity, plant debris (e.g. arundo) and solid 
waste be added as well as a near shore ocean water segment? 
 
Response:  Parameter list was circulated throughout stakeholder group and decided 
upon in May 2005.  Adding additional parameters is outside the scope of work. 
 
3. On page 5, Upper Santa Clara, first sentence: I believe westernmost should be replaced 
with eastern. 
 
Response:  Comment has been incorporated. 
 
4. On page 6, Table 3, please add a near shore ocean water segment. 
 
Response:  The near ocean water segment is included in the Oxnard Plain sub-basin 
within the analysis. 
 

5. On page 7, Table 4, please add a near shore ocean water segment. Wouldn’t it be 
appropriate to include sediment monitoring results here since organic constituents 
may be carried with it? Also, it may be appropriate to include older data for persistent 
chemicals. 

 
Response:  The near ocean water segment is included in the Oxnard Plain sub-basin 
within the analysis.  Sediment monitoring data is outside of the stated scope of work and 
therefore has not been collected for this analysis.  Older data for persistent chemicals 
would have been included if it had more than five individual records per station 
(including separate dates of collection) and was collected and measured after January 1, 
1995. 
 

4551000300\Final_CMP_Mar-06.doc 
Page B-13 

RB-AR39341



Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 

Thank you for the opportunity to comment on this draft document. I can be reached at 644-2802 
or via email at rsweet_46@hotmail.com. 
 
Richard Sweet, Board member FSCR 
 
 
Cc: Ron Bottorff, FSCR and Paul Jenkin, Surfrider Foundation-Ventura County Chapter 
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Response to Comments from Elizabeth Erickson, Regional Water Quality Control Board 
 
The study is a good start and came up with some interesting results, specifically the need for 
sampling outside the Valencia and Saugus outfall locations. Here are some specific comments. 
 
 
1) Why is the data format proprietary when it was created with public grant money for a public 
institution? 
 
Response:  The report has been amended to remove this statement. 
 
2) Data older than 5 years is not considered ‘obsolete’ by our organization; in fact it represents 
the historical basis for maintaining or changing an objective. Perhaps this data could be 
maintained in a separate file. The file as presented is useful for selecting new sampling sites, 
but it would be misleading to label the short term data base as sufficient for making 
assessments on water quality standards. 
 
Response:  The temporal data inclusion criteria was changed from 5 years to 10 years, so now 
any data that is post 01/01/1995 has been included in the DGA. 
 
3) Eliminating sample sites with fewer than 5 samples means that citizen records and small 
study projects are not considered, whereas samples collected by Districts and Municipalities are 
emphasized. While this may be useful at this stage, it gives the data base and decisions based 
upon it less credibility with the public. 
 
Response:  As stated above, all data provided was included in the database.  Sample sites with 
fewer than 5 samples were considered data poor for the purposes of the data gap analysis 
when considering recommendations for future monitoring sites. 
 
4) The characterization of water quality distribution in the Upper Santa Clara as ‘good with poor 
distribution’ avoids an important issue.  Limit to sampling site is virtually absent with the 
exception of a few points. The value of the samples at those sites gives no information about 
more than 10 years of exclusion from other parts of the upper watershed. In fact only a mile or 
so of river have been sampled. This description needs to be changed. 
 
Response:  The description has been changed to “stations distributed over lower third of 
subwatershed”. 
 
5) The absence of sample locations in the Oxnard Plain and in Piru should be emphasized. 
 
Response:  The lack of sample locations in these areas has been emphasized within Section 
5.4 regarding Temporal and Spatial Distribution of Samples. 
 
6) The description of the nutrient distribution argues that a few outfall samples constitute 
sufficient sampling of a pollutant found in non-point discharge. The lack of information should be 
emphasized. 
 
Response:  The lack of information regarding nutrient sampling has been emphasized. 
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7) Again, the report lists the lack of information on PAH, PCB, DDT, aldrin/dieldrin/endrin, 
heptachlor, endosulfan, toxaphene without emphasizing that there is virtually no information on 
the chemicals in the watershed. 
 
Response:  The report has been amended to emphasize that these constituents constitute a 
large data gap. 
 
8) There is no evidence to support the statement that sample location distribution on the Santa 
Clara is sufficient. 
 
Response:  Data gap analysis has been re-run including all data submitted by every agency.  
Text has been added to the document to support the above statement. 
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Hello Megan and Mark, 
 
Below are my comments and questions regarding the distributed Data Gap Analysis: SCR-CMP report. I 
hope this will be helpful in finalizing this comprehensive study. 
 
Best regards, 
 
Tim 

---------------------------------------------------- 
Timothy H. Robinson 
Researcher 
Bren School of Environmental Science & Management 
4422 Bren Hall 
University of California 
Santa Barbara, CA 93106-5131 
T: 805-893-8356 
F: 805-893-7612 
E-mail: trobinson@bren.ucsb.edu 

 
 
Comments and Questions: 

- Didn’t the City of Santa Clara contribute data and participate in this project? Their 
absence on the list is curious. 

- In the assumptions listed on page 2, you should add a bullet that all data used were of 
similar quality both analytically and how the sample was taken in the field and 
transported to the laboratory. This is important and problematic as samples analyzed 
with field kits are not of the same caliber as samples analyzed in an analytical 
laboratory. I assume the dataset includes some of each. 

- The qualitative scoring criteria needs better explanation. I am sure AMEC used some 
quantitative scoring that underlies the final qualitative assignment. This is important for 
comparing this report with other studies (e.g., the entire SCR dataset would be 
considered “data poor” compared to the hundreds of stream samples taken annually on 
each stream in the Santa Barbara area for the Santa Barbara Coastal LTER project at 
UCSB). Also the criteria do not distinguish between main stem and tributary samples, a 
key point when looking at the health of the Santa Clara River and watershed.    

- Why are there so few samples from the upper watershed above Acton? Were there no 
development activities in those regions requiring monitoring (e.g., ranching, farming, 
mining, etc)? 

- Nutrient section: you need to be clear on what type of phosphorus you are including. 
Were data entries for phosphate, total phosphorus or total available phosphorus? The 
distinction is important when looking at eutrophication issues and biogeochemical 
processes.  

- Last paragraph of section 3.0: first sentence, the sampling stations distribution might be 
“adequate” but the frequency makes the data of limited use. Also the outlet data at the 
mouth in your example is limited as well with only 6 of the 34 parameters listed in the 
presented database.  

- Section 4.0: The document distributed must be a subset of the entire effort as the 
reference list was limited to two citations with more in the text. Also there was no 
Appendix A, Tables 38-40, etc. If the conclusions presented in this section are strictly 
from other sources, than that needs to be presented with more clarity. I received Table 6 
but where are the previous tables? You need to explain what is meant by minimum and 
maximum state water quality objectives. The maximum is the more familiar term.  
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- Section 4.3: Ammonia is used throughout the document but here you change to Total 
Ammonia. Include a definition to clarify the distinction. Nitrate: the second sentence 
contradicts the first unless the water quality control criteria are different than previously 
stated. Why the qualifier of “at least” in the first sentence when you are giving 
percentages? 

- Section 5.0: In the summaries you use the term “adequate”. This needs to be clearly 
defined to better assess the actual data coverage. Nutrients: the only data with decent 
frequency for nutrients are associated with NPDES facilities and not the Upper and 
Santa Paula reaches. Calibration of the WARMF model used for the Nutrient TMDL was 
difficult given inadequate data coverage for ammonia, nitrate and of course phosphate. 
This paragraph needs to be carefully written given the amount of attention given to 
nutrient issues. 

- Maps/figures: Figure 35 should be first and include cities, and NPDES facilities (i.e. 
Figure 22). This would give the background and orientation needed for the rest of the 
document. You might have been just as effective putting the data presented in Figures 
1-34 in a table as there was a lot of graphical repetition and not that much information 
gained towards understanding the health of the watershed. 

- I was hoping to see recommendations and thought this was one of the objectives of the 
study. 
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Response to Comments:  Timothy Robinson 
 
Comment:  Didn’t the City of Santa Clara contribute data and participate in this project? Their 
absence on the list is curious. 

Response:  Data entry for phosphorus included phosphate, total phosphorus and total available 
phosphorus.  The table for this section has been revised to include both total phosphorus and 
phosphate with separate scores for each. 

 
Response:  The City of Santa Clarita did not contribute data.  According the Heather Merenda of 
the City, they have little data to provide as LACSD conducts most water quality testing within the 
City limits. 
 
Comment:  In the assumptions listed on page 2, you should add a bullet that all data used were 
of similar quality both analytically and how the sample was taken in the field and transported to 
the laboratory. This is important and problematic as samples analyzed with field kits are not of 
the same caliber as samples analyzed in an analytical laboratory. I assume the dataset includes 
some of each. 
 
Response:  This was not an assumption of the dataset for the purposes of the data gap 
analysis.  While AMEC agrees that how samples are analyzed is important in conducting a 
comprehensive and standardized monitoring program, the purpose of the gap analysis was to 
determine where and how often samples were being taken.  The data set contains some of 
each and the database provided to VCWPD indicates as such for each entry. 
 
Comment:  The qualitative scoring criteria needs better explanation. I am sure AMEC used 
some quantitative scoring that underlies the final qualitative assignment. This is important for 
comparing this report with other studies (e.g., the entire SCR dataset would be considered “data 
poor” compared to the hundreds of stream samples taken annually on each stream in the Santa 
Barbara area for the Santa Barbara Coastal LTER project at UCSB). Also the criteria do not 
distinguish between main stem and tributary samples, a key point when looking at the health of 
the Santa Clara River and watershed.    
 
Response:  AMEC has added text to the document to further describe the scoring assignment.  
Analysis of data was conducted for both the main stem and tributary samples.  Where tributaries 
were sampled is included for each constituent within the different subwatersheds. 
 
Comment:  Why are there so few samples from the upper watershed above Acton? Were there 
no development activities in those regions requiring monitoring (e.g., ranching, farming, mining, 
etc)? 
 
Response:  Determining why sampling has not occurred in a particular location is outside of the 
scope of the project.  Samples may not have been taken due to little or no accesses in this part 
of the watershed and because this part of the watershed may be dry the majority of the year.   
 
Comment:  Nutrient section: you need to be clear on what type of phosphorus you are including. 
Were data entries for phosphate, total phosphorus or total available phosphorus? The 
distinction is important when looking at eutrophication issues and biogeochemical processes.  
 

 
Comment:  Last paragraph of section 3.0: first sentence, the sampling stations distribution might 
be “adequate” but the frequency makes the data of limited use. Also the outlet data at the mouth 
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in your example is limited as well with only 6 of the 34 parameters listed in the presented 
database.  
 
Response:  This section has been expanded to provide a more thorough discussion including 
the points above. 
 
Comment:  Section 4.0: The document distributed must be a subset of the entire effort as the 
reference list was limited to two citations with more in the text. Also there was no Appendix A, 
Tables 38-40, etc. If the conclusions presented in this section are strictly from other sources, 
than that needs to be presented with more clarity. I received Table 6 but where are the previous 
tables? You need to explain what is meant by minimum and maximum state water quality 
objectives. The maximum is the more familiar term.  
 
Response:  The reference section has been expanded to include all citations and all 
Appendices are included in the Draft CMP.  Table 6 has been expanded to show where 
objectives change within the various subwatersheds.  Text has been added to discuss the table. 
 
Comment:  Section 4.3: Ammonia is used throughout the document but here you change to 
Total Ammonia. Include a definition to clarify the distinction. Nitrate: the second sentence 
contradicts the first unless the water quality control criteria are different than previously stated. 
Why the qualifier of “at least” in the first sentence when you are giving percentages? 
 
Response: The qualified has been removed.  The second sentence was a typo and has been 
corrected to read “Nitrite”.  Section has been edited to read “ammonia,” no distinction necessary 
as data received did not distinguish between dissolved and total ammonia. 
 
Comment:  Section 5.0: In the summaries you use the term “adequate”. This needs to be clearly 
defined to better assess the actual data coverage. Nutrients: the only data with decent 
frequency for nutrients are associated with NPDES facilities and not the Upper and Santa Paula 
reaches. Calibration of the WARMF model used for the Nutrient TMDL was difficult given 
inadequate data coverage for ammonia, nitrate and of course phosphate. This paragraph needs 
to be carefully written given the amount of attention given to nutrient issues. 
 
Response:  The term adequate was used to describe where data for a constituent was rich or 
moderate in terms of both number of sample sites in a particular subwatershed and frequency.  
The paragraph has been expanded to describe this for each constituent. 
 
Comment:  Maps/figures: Figure 35 should be first and include cities, and NPDES facilities (i.e. 
Figure 22). This would give the background and orientation needed for the rest of the document. 
You might have been just as effective putting the data presented in Figures 1-34 in a table as 
there was a lot of graphical repetition and not that much information gained towards 
understanding the health of the watershed. 
Response:  The figures have been revised to better display the watersheds location in space.  
Table information for everything provided in the figures is available with the database created 
for the project.  
 
Comment:  I was hoping to see recommendations and thought this was one of the objectives of 
the study. 
 
Response:  Recommendations were provided in the preliminary sampling locations memo as 
the second deliverable under the scope of work. 
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Comments on Data Gap Analysis Received from Dan Detmer, UWCD 

Data Management 

Comment 1:  The decision to ignore pre-2000 data is an interesting one, given that data is 
limited or sporadic in many sample locations. If data greater than five years old will indeed to be 
considered “obsolete” or “archaic” by this group, it would be useful to cite selected references 
that elaborate this philosophy. This approach to data management severely limits the possibility 
for long-term trend analysis.  

Response:  AMEC has changed its data inclusion criteria from “5 years or less” to “10 years or 
less”.  All data from 1995 onward is now considered in the Data Gap Analysis. 

Comment 2:  The decision to ignore sample stations with fewer than five measurements further 
limits the utility of this study. The averaging argument is flawed, as seasonal data for one year 
can provide valuable insight to the annual range of concentrations for a given contaminant. 
Limited data may not allow a good characterization of a problem at a certain location, but it can 
suggest the presence or absence of a water quality problem.  

Response:  Because of the initial volume of database records (>106K), and the fact that many 
of the records that contained 5 or fewer records consisted of redundant information (e.g. 5 
individual pesticide records at the same location containing the same date of collection), it was 
collectively decided that five samples was a reasonable cut-off for the minimum number of 
samples at a single station over a 5 year period.  The current revision of the DGA, however, has 
increased the amount of data by extending the earliest sample date to January 1995.  This cut-
off criteria would now result in a theoretical “average” (over a 10 year period) of 1 biannual 
sample per location.  This current criteria appears to be more inclusive because 1 sample taken 
per location within a 2 year period can certainly be considered a “worst-case scenario” for 
meeting the minimum requirements of any particular environmental sampling regimen. 

Comment 3:  It appears that AMEC has not correctly integrated all of the water quality data 
provided by UWCD in May 2004. Data omissions will be noted in each Section. Further, the 
decision to ignore pre-2000 data limits data provided by UWCD to approximately 4.25 years, as 
no data updates were requested of UWCD over the past 15 months.  

Response:  AMEC has double-checked water quality data in database to ensure that all data 
provided to AMEC by UWCD and all other stakeholders has been included.  A second data 
request for additional data was submitted to UWCD on 31 May 2005.  In its response to the data 
request UWCD submitted flow data and no additional water quality data. 
 
Data Gap Analysis 

Comment 1:  The Data Gap Analysis would be strengthened by delineation of the boundaries 
of each subwatershed, and the rationale for placing the boundaries where they are. This 
document does not address hydrologic complexities specific to the Santa Clara River system, 
such as multiple dry reaches and areas of rising groundwater. An understanding of the flow 
regime of the river is critical to effectively differentiate gaps in data as opposed to lack of 
samples due to dry conditions.  

Response:  Text has been added to the data gap analysis defining the subwatershed 
boundaries.   The dataset used for this analysis was the California Watershed Data 
(CALWATER 2.0) for the Santa Clara River Watershed.  This data represents the CA 
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Department of Fish and Game CALWATER 2.0 data set of watershed units in California, clipped 
to the Santa Clara River Watershed.  This data was downloaded from the California Department 
of Fish and Game (CDFG) web site.  It was then clipped to the extent of the Santa Clara River 
Watershed and reprojected to CA State Plane, Zone 5, NAD 83, units feet by REGIS, UC 
Berkeley for the California Coastal Conservancy Watershed Inventory.  The California 
Watershed Map (CALWATER version 2.0) is a set of standardized watershed boundaries 
meeting standardized delineation criteria.  The hierarchy of watershed designations consists of 
four levels of increasing specificity: Hydrologic Region (HR), Hydrologic Unit (HU), Hydrologic 
Area (HA) , and Hydrologic Sub-Area (HSA).  This shapefile can be downloaded from the 
California Environmental Information Catalog 
(http://gis.ca.gov/catalog/BrowseRecord.epl?id=4250).   
 
An in-depth characterization of “hydrologic complexities” of the SCR is outside of the Scope of 
Work for the SCRCMP.  We agree that surface water-ground water interaction is an important 
aspect of watershed hydrology but, unfortunately, AMEC is not in a position to critically evaluate 
these data without additional authorization and/or funding. 

Comment 2:  Some attempt to conform to regulatory divisions of the river, such as those 
established by the EPA and State Water Quality Control Board, should be considered in this 
report. For example, the Freeman Diversion near Saticoy is widely used as the boundary 
separating the Santa Paula and upstream reaches from the Oxnard Plain, and AMEC appears 
to draw the division at Brown Barranca located nearly three miles downstream. Another site with 
historical significance but not regulatory significance is the sample location near the Fillmore 
Fish Hatchery. This vicinity has long been viewed as the boundary of the Piru and Fillmore 
groundwater basins. AMEC includes this site in the Fillmore subwatershed, eliminating an 
established downstream sample site from the Pint subwatershed.  

Response:  Text has been added to the data gap analysis defining the subwatershed 
boundaries.  For more information on the subwatershed boundaries, refer to the previous 
comment.    

Comment 3:  The report would be strengthened considerably by additional discussion on the 
criteria used in the qualitative scoring of data quality by watershed segment. This is a key 
element of the report, as it will presumably be relied upon to design the sampling plan, the next 
task in this study.  

Response:  Additional discussion regarding scoring criteria has been added to the report. 
 

Comment 4:  Additional discussion is required to clarify if tributary data were considered when 
evaluating the quality of data for each watershed segment. Tributary data are included on the 
watershed maps, but the text does not state if these data are considered in the data analysis.  

Response:  Tributary data are considered in the data analysis for each watershed segment.  
Text has been added to the report indicating this. 
 
Conventional Parameters 
 

Comment 1:  Flow data provided to AMEC by UWCD on June 30, 2005 does not appear to 
have been incorporated in the report.  
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Response:  Flow data provided by UWCD has been incorporated into the database and the 
report. 

Comment 2:  There appears to be numerous locations where TDS records were not correctly 
incorporated in the database or displayed on the Figure 10. It is surprising that an error of this 
magnitude was not recognized by the authors of the Data Gap Analysis. Additionally, more 
discussion needs to be devoted to the adequacy of data collection in reaches that have ample 
data with limited spatial distribution.  

Response:  Because AMEC staff are not familiar with historical records within each particular 
agency, we cannot discern whether a particular location is “missing” data.  It is important to note 
that final effluent data (i.e. measurements made on waste streams before being discharged into 
the river) that may have included daily TDS analyses were not included in the DGA.  With 
regard to “ample data with limited spatial distribution”, AMEC has provided a footnote for every 
parameter that appears to have a spatially biased distribution (e.g. limitied spatial distribution of 
locations in the lower third of the Oxnard Plain and Upper Santa Clara subwatershed) 
 
Metals 
 

Comment 1:  It appears the copper and zinc data provided to AMEC by UWCD was not 
properly incorporated into the water quality database. It appears that lead data provided for the 
Freeman Diversion sample site was only partially incorporated into the water quality database.  

Response:  AMEC has made several calls to all agencies with regard to both initial and 
additional data requests.  Additionally, all issues addressing the Freeman Diversion data have 
been settled. 
 
Nutrients 

Comment 1:  It appears the nitrate and nitrite data provided to AMEC by UWCD was not 
properly incorporated into the water quality database for all sample locations.  

Response:  At this juncture, AMEC is confident that all data for all nitrogenous analyses have 
been incorporated into the database.  Again, AMEC has omitted any final effluent data 
measurements, if these data apply to the above comment.  Receiving water data that had been 
collected in concert with any NPDES activity(s) were retained in the database. 

Comment 2:  Additional discussion is warranted with regard to the distinction between 
phosphate and phosphorus data. Limited phosphate data is available for the Freeman Diversion 
sample site, but it is not included on Figure 23.  

Response:  At this juncture, AMEC is confident that all data for all phosphorus/phosphate 
analyses have been incorporated into the database.  Again, AMEC has omitted any final effluent 
data measurements, if these data apply to the above comment.  Receiving water data that had 
been collected in concert with any NPDES activity(s) were retained in the database. 
 
 
Organic Compounds 

Comment 1:  It appears that data collection from Ventura County water reclamation plants 
remains incomplete as additional data exists that was not considered in the Data Gap Analysis. 
The City of Santa Paula samples for numerous organic compounds at the Freeman Diversion 
semi-annually as part of the discharge permit requirements. Additionally, data from Ventura 
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County Watershed Protection District’s mass emission station at the Freeman diversion should 
also be available for evaluation as part of this process.  

Response: At this juncture, AMEC is confident that all data for all organic chemical analyses 
have been incorporated into the database.  Again, AMEC has omitted any final effluent data 
measurements, if these data apply to the above comment.  Receiving water data that had been 
collected in concert with any NPDES activity(s) were retained in the database. 
 
Distribution of Samples 

Comment 1:  Discussion in this section is inconsistent with text in the Data Management 
section where the decision is apparently made to ignore data more than five years old and sites 
with a limited sample history. This section also specifically discusses sampling of tributaries, 
where other sections do not clearly address tributaries even though recent tributary data is 
included on all figures. UWCD would encourage a comprehensive look at historical data for the 
river and tributaries, and the scope of the Data Gap Analysis should be consistent throughout 
the document.  

Response:  Discussions have been made more consistent throughout the report to include 
sampling of tributaries where applicable. 

Data Comparison to Criteria and Objectives 

Comment 1:  The value and intent of recycling language from the SCREMP report is unclear 
and the use of this “obsolete and archaic” data summary is of questionable value.  

Response:  Language from the SCREMP report thoroughly summarizes the water quality 
objectives and beneficial use designations described in the Basin Plan.  Further discussion has 
been provided in the report to explain its applicability to report findings. 

Comment 2:  Table 6 is of very little value. The approach is much too simplistic, and should be 
completed for each subwatershed for the specific regulatory standards that exist in those 
locations. Only then can AMEC make meaningful comments about how existing data compares 
to existing standards. The Data Gap Analysis is intended to determine where spatial, temporal 
and constituent data gaps exist. It appears that this section needs a lot more work.  

Response:  Table 6 has been expanded to provide greater detail regarding water quality 
objectives in each subwatershed where the objectives vary for a particular constituent. 

Data Summary in Relation to TMDLs 

Comment 1:  This section would be improved by a more rigorous identification of specific 
reaches that exceed existing water quality criteria, and the identification of reaches where 
inadequate data exists to evaluate the water quality of the river system. TMDLs are not based 
on the quantity of samples in a given reach, but rather the water quality that prior sampling 
documents. The Santa Clara River is a complex and variable river system and the simplistic 
approach presented in Sections Four and Five of the Data Gap Analysis do not allow for the 
successful completion of the later tasks scheduled in developing a Comprehensive Monitoring 
Plan for the river.  
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Response:  AMEC’s scope of work calls for data and conclusions to be identified according to 
subwatershed, not reaches.  The reaches contained within each subwatershed have been 
added to the descriptions of the subwatersheds within the report. 
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Response to Comments provided by the Los Angeles County Sanitation District. 
 
Data Management Comment: There are only 9 organizations listed here as providing data. According to the 
Regional Board website there are 46 “active” NPDES permit holders that routinely conduct monitoring along the 
Santa Clara River watershed.  We recommend that the report be revised to acknowledge that this data gap analysis 
is not exhaustive of what is currently being monitored as part of the Monitoring and Reporting Programs for each of 
the NPDES permit holders on the SCR, and only focused on a subset of constituents based on the VCWPD’s 
pollutants of concern list. 
 
Response:  NPDES water quality monitoring does not necessarily monitor in-stream and 
rather monitors water quality prior to release into stream, therefore this data was 
excluded from the analysis.  The report has been revised to discuss NPDES permit 
holders and explain why their monitoring was not included.  In addition, a table 
displaying all NPDES permit holders has been included in Appendix A of this document. 
 
Data Gap Analysis Comment 1:  Page 3 of 16: “The scoring criteria are essentially based on the professional 
experience and judgment of several AMEC water quality experts. The criteria consider both spatial location and 
sample frequency, with the latter not taking concentration into consideration (e.g., whether the sample was above or 
below the instrument detection limit). The results for each compound, parameter or test are described below.”  
Comment: We recommend that AMEC provide some discussion on the methodology employed to score/assess data 
quality beyond just “best professional judgment.” In addition the data gap analysis includes terms such as “frequency 
adequate,” and “spatial distribution poor,” in footnotes. What was the criteria for making these assessments? How 
was flow, and whether flow actually persists along the SCR watershed taken into account in the data gap analysis? 
Seems like some assessment of flow and where it persists should be included because there may be a reason why 
the samples are where they are, given that the river runs dry in certain areas. For example the USCR for the most 
part is dry upstream of the Saugus WRP. So there may be a good reason (e.g., there is no flow in the river in the 
upper two-thirds of the SCR) as to why the lower third of the USCR has all the data. 
 
Response:  AMEC has added narrative text that provides a clear definition of the qualitative ranking 
criteria (i.e., -, +, ++, and +++) used for scoring the DGA.   
 
Data Gap Analysis Comment 2:  Tables 2 – 5 
Comment: The City of San Buenaventura owns and operates the Ventura Water Reclamation Facility which 
discharges tertiary treated effluent to the SCR estuary. However, Tables 2 –5 list the area of Oxnard as “data poor,” 
even though this treatment plant has a number of effluent limits for metals, nutrients, organics, other chemical 
constituents and toxicity, which would suggest that they also conduct routine monitoring for these constituents. (See 
Regional Board Order Nos. R4-2002-0194, and 00-0143 and their respective monitoring and reporting programs). In 
addition, the City of San Buenaventura conducts routine receiving water monitoring for 5 stations on the SCR for 
coliform, priority pollutants, nitrogen and toxicity, which do not appear to be reflected in the data gap analysis or 
maps. This gap in the analyses reflects the need to review the waste discharge requirements and monitoring 
reporting programs for the major NPDES dischargers to the SCR. It would appear that other facilities, such as the 
Santa Paula WRP and Fillmore WRP would likely have similar WDRs and MRP requirements, which would suggest 
that their does exist data not included herein, that would call into question whether the Oxnard, Sespe and Santa 
Paula areas are truly “data poor” for inorganics, organics, and toxicity. 
 
Response:  The gap analysis was re-run to include the receiving water monitoring on the SCR.  Other NPDES 
dischargers reporting programs have been reviewed and to not have receiving water monitoring which fit the 
criteria of the analysis.  A table summarizing the MRP requirements has been included as an appendix to the 
Draft CMP per agreements made during May conference calls with AMEC, VCWPD, and LACSD. 
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Temporal and Spatial Distribution Comment:  Page 10 of 16: “For example, it is clear, that two locations Valencia 
Water Reclamation Plant (VA001) and the Saugus Water Reclamation Plant (SA001) near the lower third of the 
Upper Santa Clara watershed are sampled on a fairly regular basis for almost all of the parameters. These two 
locations are NPDES permitted water treatment facilities. In contrast, locations within the upper portion of the Oxnard 
Plain, as well as both the Sespe and Piru watersheds (and associated creeks) are rarely, if ever, given attention with 
regard to regular or semi-regular monitoring plans.”  Comment: see comments on Section 2.0 Tables 2 – 5 (above). 
There is regular monitoring being performed by the Cities of San Buenaventura, Santa Paula and Fillmore who own 
and operate their respective wastewater treatment facilities, that is not reflected in the data gap analysis. As an 
example, attached are the WDRs and MRPs for the City of San Buenaventura. AMEC should at a minimum also 
evaluate the WDRs and MRPs for the Cities of Santa Paula and Fillmore in order to better understand the routine 
monitoring that is already being conducted. Recommend that this paragraph be revised accordingly to accurately 
reflect the monitoring that is currently being conducted. 
 
Response:  At this juncture, AMEC is confident that all data for all water quality parameters and/or 
analyses have been incorporated into the database.  Again, AMEC has omitted any final effluent 
data (including NPDES information) measurements, if these data apply to the above comment.  
Receiving water data that had been collected in concert with any NPDES activity(s) were retained 
in the database. 
 
Comparison of Historical Water Quality Data to Water Quality Criteria and TMDL Objectives Comment 1: Discussion 
of SCREMP Trends (Pages 10-12).  Comment: It should be noted that the discussion on trends is outdated and 
based on information collected prior to 2000 and mostly prior to 1996. Given that AMEC has considered pre-2000 
data as “obsolete” or “archaic,” it would seem that this information is largely irrelevant and would recommend that this 
be removed and/or some discussion should be included that describes the usefulness of these trend descriptions, 
given the “archaic” nature of the data. 
 
Response:  The discussion of trends was included per the scope of work.  The discussion has been 
amended to note that trends are based on information collected prior to 2000 and to describe the usefulness 
of the trend descriptions. 
 
Comment 2:  Table 6: Water Quality Objectives for the Santa Clara River 
Comment: when evaluating the “Percent of Database Values Exceeding the Minimum/Maximum,” was the entire 
database used or only data from 2000-current? If the entire database was used, how is this evaluation consistent 
with the AMEC assumption that post-2000 data is archaic or obsolete and should not be used? Recommend that 
AMEC includes the number of samples and time frames when these samples were collected. 
 
Response:  The data analysis was expanded to include 1999 in order to completely cover the 5-year analysis 
period.  Only data from 1999-current was included in evaluating the percent of the database exceeding the 
water quality objectives. 
 
Comment 3:  The current form of Table 6 is largely not useful for understanding compliance to basin plan objectives 
for chloride, TDS, sulfate, boron and nitrate+nitrite-N because those objectives all vary according to specific reach 
designations. We recommend that a footnote/disclaimer be included that clearly identifies the fact that not all data in 
the watershed have been used in the analysis, given previous comments. In addition the objective comparison is 
extremely conservative in that it does not evaluate the applicability of the objectives to the specific beneficial uses of 
specific reaches in the SCR. (i.e. the minimum might not apply to every single reach in the table, COLD designations 
do not apply in every single reach, MUN does not apply in every single reach, etc.) 
 
Response:  The table has been adjusted to provide more detail and information on the water quality 
objectives by sub-basin in order to be more useful for understanding compliance to basin plan objectives. 
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Comment 4:  The current Basin Plan has been amended to include the USEPA 1999 Ammonia Criteria, but it 
appears that AMEC used the 1986 EPA criteria. 
 
Response:  The gap analysis has been amended to include the most recent criteria. 
 
Data Summary in Relation to Current and/or Future TMDL’s Comment:  Comment: Given previous comments that 
there is regular monitoring being performed by the Cities of San Buenaventura, Santa Paula and Fillmore who own 
and operate their respective wastewater treatment facilities, some of the conclusions with respect to data gaps and 
data adequacy might need to be revised, given that it appears that not all data have been collected. 
 
Response:  At this juncture, AMEC is confident that all data for all water quality parameters and/or 
analyses have been incorporated into the database.  Again, no NPDES or final effluent data is 
being considered in the Data Gap Analysis.  Receiving water data that had been collected in 
concert with any NPDES activity(s) were retained in the database. 
 
Comments on Figures:  Figure 10: A number of agencies sample and measure for TDS along the SCR, including all 
of the major water reclamation plants (Ventura, Santa Paula, Fillmore, Saugus and Valencia WRPs) as well as 
United Water Conservation District. We would therefore question the validity of this figure and any conclusions made. 
 
Response:  At this juncture, AMEC is confident that all data for all water quality parameters and/or 
analyses have been incorporated into the database.  Again, no NPDES or final effluent data is 
being considered in the Data Gap Analysis.  Receiving water data that had been collected in 
concert with any NPDES activity(s) were retained in the database. 
 
Comment 2:  Figure 12: USGS has two active gauging stations (11108000) and (11109000) which are currently 
monitoring daily flow for the Upper SCR. Flows are also being monitored by the LACDPW in the Upper SCR and 
UWCD (at Freeman Diversion) for the Lower SCR. In addition flows are monitored at Piru Creek and Castaic Creek. 
So it would appear that this figure is not accurate. The following table is a survey of USGS flow gauging stations for 
the SCR: 
 
Response:  All flow data from USGS and other data provided by stakeholders has been included in the 
database.  Only those data which meet the analysis criteria have been included in the analysis and the 
figure. 
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Hi Mark, these are very good comments and I do agree it is a fair first attempt for the CMP report.  The 
consultant seems to have excluded all of our mass emission station data from the gap analysis, or 
probably did not recover it on time.  Either way, they do have it now and should reference it in the 
analysis.  The other comment is about how the L. A. County's portion of the watershed is being presented 
as "Upper Santa Clara subwatershed" rather than using the tributaries name.  Also, I do not understand 
the basis for the Biological db selection criteria >5 records per station,  why not less? And finally, I am not 
sure if the limits of data collection for the CMP study was to stay within the 500-year flood plain of the 
SCR or for the entire watershed (not clear in the SOW). 
  
The next Task in the SOW is for the consultant to meet with the WRS to present the CMP and take on 
comments.  If possible, I suggest we do just that.  Thanks, 

Arfan Haidary  
Los Angeles County Department of Public Works  
Watershed Management Division - Water Quality Section  
626-458-4329  

 
From LADPW: 
 
Comment:  The consultant seems to have excluded all of our mass emission station data from 
the gap analysis, or probably did not recover it on time.  Either way, they do have it now and 
should reference it in the analysis.   
 
Response:  The mass emission station data has been included in the database and has been 
included in the data analysis.  References have been amended to include data sources. 
 
Comment:  The other comment is about how the L. A. County's portion of the watershed is 
being presented as "Upper Santa Clara subwatershed" rather than using the tributaries name.   
 
Response:  The naming of the subwatershed is based on the hydrological data for the sub-
basins that AMEC acquired.  The dataset used for this analysis was the California Watershed 
Data (CALWATER 2.0) for the Santa Clara River Watershed.  This data represents the CA 
Department of Fish and Game CALWATER 2.0 data set of watershed units in California, clipped 
to the Santa Clara River Watershed.  The California Watershed Map (CALWATER version 2.0) 
is a set of standardized watershed boundaries meeting standardized delineation criteria.  The 
hierarchy of watershed designations consists of four levels of increasing specificity: Hydrologic 
Region (HR), Hydrologic Unit (HU), Hydrologic Area (HA) , and Hydrologic Sub-Area (HSA).  
This shapefile can be downloaded from the California Environmental Information Catalog 
(http://gis.ca.gov/catalog/BrowseRecord.epl?id=4250).   
 
Comment:  Also, I do not understand the basis for the Biological db selection criteria >5 records 
per station,  why not less?  
 
Response:  It was deemed necessary to have a minimum number of records for a single station 
over a ten year period due to the large volume of data.  A sampling frequency of 5 sampling 
events over a ten year period yields a theoretical sampling rate of one sampling event every two 
years, which was thought to be inadequate from a data quality standpoint.   
 
Comment:  And finally, I am not sure if the limits of data collection for the CMP study was to stay 
within the 500-year flood plain of the SCR or for the entire watershed (not clear in the SOW). 
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Response:  Data collection requests asked for all water quality data conducted in the 
watershed.   
 
Comments from LACSD were provided in Track Changes Format.  Comments have been 
cut and pasted to be included here. 
 
From LACSD: 
 

Response:  Comment incorporated. 

 

Comment: A TMDL is defined as the maximum amount of a pollutant that a water body 
can receive and still meet water quality standards, and allocates the acceptable 
pollutant load to point and nonpoint sources.  The TMDL is generally expressed in terms 
of either mass per time or concentration.  Since TMDLs are of primary concern with 
regard to the use of future data, the siting and/or location of monitoring stations should 
include locations at, or slightly downstream, of real-time USGS gaging stations, so that 
pollutant loads from different subwatersheds or tributaries can be evaluated.  Flow 
measurements (and in some cases chemistry data) could therefore be easily retrieved 
from the Internet for any particular day of the year.  Also, USGS stations that no longer 
record stream flow data could still be useful sites to monitor because statistics on 
historical hydrological data would still allow a pollutant loadcalculation based on the 
known hydrological record of that particular tributary.   
 

 
Comment:  Section 6.1 Last sentence.  What about surface water diversions, etc.  Have these 
remained constant? 
 
Response:  Examining surface water diversions is outside the stated scope of work for the 
project. 

Comment:  Due to the continuity of the collected data and permanent nature of the gaging 
stations, it is recommended that all “flow composited” baseline sampling stations be located at 
the existing USGS gaging stations.  I 
 
Response:  AMEC is in general agreement with this comment.  There may be selected non-
permanent locations (w/o existing gauges or structures) where flow compositing needs to be 
performed based on the responses of various stakeholders. 
 
Comment: In regard to inorganic paramenters: If metals are expected to be an issue it 
may make sense to add constituents related to the Ugard Model (BLM), for example 
TOC/DOC, Ca, Mg, Na, Alkalinity, pH. 
 
Response:  The DGA recommends that selected “suites” of related elements or 
compounds be chosen over individual analytes.  For example, measurement of all 23 
metals on the “target analyte list” currently available at most laboratories yields more 
information at less cost than the selection of individual metals of concern, such as 
aluminum or thallium. 
 
Comment:  In response to chlorinated pesticides – Should we include O,P pesticides? 
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Response:  Most organophosphate pesticides that have been perceived as “persistent, 
bioaccumulative or toxic” have been banned or are now strictly regulated.  Newer 
classes of organophosphate pesticides have been designed to be less recalcitrant to 
degradation in the environment (e.g. shorter half-lives in water and soil).  AMEC has not 
included these compounds because they are not on the original list of 48 compounds 
evaluated in the database.  AMEC is also of the opinion that they should only be 
monitored on a smaller scale where local authorities might perceive a potential hazard 
to humans or wildlife (e.g. drainage of a large agricultural area that might be suspected 
as a source of OP).  Otherwise, levels of OP are expected to be well below the limit of 
detection due to volume/dilution.  
 
Comment:  What constitutes “significant contamination” trigger for additional sediment 
quality investigations? 
 
Response:  The determination of “significant contamination” would have to be made by 
the stakeholders based on local, regional or State sediment quality guidelines and/or 
criteria. 
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From UWCD: 
 
Comment:  The document contains very little justification as to why specific sites are selected 
for additional monitoring of various water quality parameters at various frequencies.  The current 
draft does not include any discussion of the detailed evaluation of multiple criteria that must be 
considered when designing a comprehensive monitoring program for a watershed as complex 
and variable as the SCR. 
 
Response:  One of the purposes of the CMP is to “develop baseline conditions for the 
watershed and have a mechanism to measure improvements of degradations in the watershed”.  
Although AMEC is of the understanding that the term “baseline” assumes the monitoring plan 
would be designed as if no historical data were available, the development of the Data Gap 
Analysis does include data that is instructive in the selection of Preliminary Site Locations.  With 
this in mind, AMEC first chose key sites (many still “active”) that are “located at the lowest 
downstream point of each subbasin”.  Additional sites were then added according to shapefiles 
received from various stakeholders.  AMEC agrees that the watershed is “complex and variable” 
and therefore spatial and temporal information was used to select locations to try to reduce this 
complexity and/or variability.  For example, selection of locations that are more uniformly 
spaced will eliminate past data gaps that were a result of long reaches that contained no 
sampling stations.   
 
Comment:  Discussion of various criteria and site-specific considerations used in designing the 
monitoring program must be included in this document for the sampling decisions to be 
defensible and understood by both the public and the agencies that will likely assume 
responsibility for some of the future monitoring. 
 
Response:  As discussed in the previous comment, AMEC’s intent is to develop a “baseline” 
monitoring plan.  Since baseline conditions generally assume that there is no previous 
information on which to select current site locations, the incorporation of most of the site 
locations utilized in the past now allows the luxury of being well ahead of the game in terms of 
what constitutes an operational definition of “baseline.”  A discussion of “various criteria and 
site-specific considerations” is, in many cases, not possible since the Data Gap Analysis has 
shown that no data has been collected for several long reaches of the river such as the  section 
of Santa Clara River within Piru and Oxnard Plain.  AMEC therefore suggests that each 
stakeholder review the current Site Locations map (Figure 46) and adjust locations or sampling 
frequencies based on local or regional concerns (some of which will be outside of the purview of 
AMEC’s information base).  
 
Comment:  The baseline monitoring document contains limited reference to the Data Gap 
Analysis, which evaluated the quality of the data set at each existing monitoring location.  It is 
unclear whether the site information compiled in the creation of the database and gap analysis 
were used when proposing the preliminary sample locations and analytical suites for each site. 
 
Response:  Per M. Bandurraga response to comments and changes made to the draft Data 
Gap Analysis are to be included in the Draft CMP.  All information compiled and used in the gap 
analysis were used when proposed preliminary sampling locations. 
 
Comment:  The tables and figures in the draft baseline water quality monitoring document still 
fail to include significant historical sample locations. 
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Response:  The tables and figures in the document include all sampling locations that were 
included in the Data Gap Analysis.  Locations that are missing were excluded because they did 
not fit the criteria used to conduct the analysis. Figure 43 has been added to display all historical 
sampling sites. 
 
Comment:  Existing monitoring of organics, metals and toxicity, performed by the County of 
Ventura and various wastewater treatment plants within the watershed are not accurately 
represented.  These established sites are located at hydrologically-significant locations and are 
logical places to continue sampling. 
 
Response:  The tables and figures in the document include all sampling locations that were 
included in the Data Gap Analysis.  Locations that are missing were excluded because they did 
not fit the criteria used to conduct the analysis. 
 
Comment:  The map presented as Figure 41 effectively shows the name and location of existing 
sample locations within the watershed.  Additional maps should be drafted that display the 
proposed suite for each sample site.  Information contained in Table 9 should be presented on a 
watershed map, allowing a much easier evaluation of the spatial distribution of the various 
analytical suites identified in Section 6.2. 
 
Response:  The use of tables with codes for the various classes of constituents allows all 
stakeholders the opportunity to review locations and frequency of sampling.  The generation of 
another large set of complex maps is outside of the scope of the CMP.  
 
Comment:  Recommendations for the temporal distribution of samples need to be stated 
explicitly for each sample location.  Maps should be created showing the proposed location and 
frequency of each class of water quality parameter. 
 
Response:  The sampling frequency is currently stated for each class of parameters and/or 
constituents.  If there is currently no statement addressing sampling frequency for any individual 
parameter or constituent, the table will be updated to reflect that omission. 
 
Comment:  The proposed site “New-1” is located on a reach of the Sespe Creek that is difficult 
to access.  Justification should be provided for selecting the location of this site. 
 
Response:  From a monitoring perspective, the location of “New-1” would allow for collection of 
baseline conditions approximately midway between the long section of the Sespe Creek 
between sites 737 and 11112500.  Although it may not be feasible to monitor this location due 
to accessibility difficulties, it is a location that should be considered and monitored, if possible.    
 
Comment:  Proposed sites “New-2” and “New-3” should be considered for wet weather 
sampling as this is a relatively dry area in the watershed. 
 
Response:  AMEC agrees with this comment. 
 
Comment:  A table like Table 7 needs to be generated for each reach.  
 
Response:  Per AMEC’s scope of work, we have examined the water quality objectives and 
beneficial uses of the river according to the hydrologic sub-basins.  Additional tables showing 
where objectives vary by sub-basin have been created and are included in the document.   
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Comment:  A permanent sample location should be located at or near the downstream end of 
each reach designated by the RWQCB.  Sample locations should also be located near 
groundwater basin boundaries when these significant hydrologic areas do not correspond with 
the regulatory boundaries. 
 
Response:  AMEC is open to adding or moving selected Preliminary Sampling Locations based 
on supplemental (or missing) information provided by the stakeholders. 
 

Comments from VCWPD were provided via Track Changes.  Comments have 

been retyped and included along with responses here. 

 
Mark Bandurraga Comments 
 
Baseline Water Quality Monitoring 
 
Comment 1:  Need discussion of monitoring objectives here as defined in the Scope of Work, 
like:  The purpose of the Baseline Monitoring Plan is to develop baseline conditions for the 
watershed seasonally and spatially, and have a mechanism to measure improvements or 
degradations of water quality in the watershed. 
 
Response:  Comment incorporated. 
 
Monitoring Station Locations 
 
Comment:  Per the Scope of Work, monitoring points were to be selected based on the 
following: 1) downstream points of Santa Clara sub-basins, 2) land uses in the watershed, 3) 
system morphology, 4) sensitive habitat, 5) historical data availability (this should be results of 
data gaps), 6) potential problem areas.  Document should have a discussion of each of these 
topics, maps showing the locations of critical areas, and discuss how these factors were 
integrated into the decision to use existing monitoring stations or add new ones. 
 
Response: The selection of baseline monitoring locations took into account the downstream 
portions of tributaries and the results of the Data Gap Analysis.  In fact, many of the stations 
selected will have historical data associated with them, against which future monitoring data can 
be compared.  System morphology affects hydrology, which is taken into account by monitoring 
flow.  Sensitive habitat is a very general term which can be addressed at the local level (i.e. if 
desired, current station locations can be repositioned or new stations can be added to address 
wetlands or diversions).  
 
Comment:  “Also, USGS stations that no longer record stream flow data could still be useful 
sites to monitor because statistics on historical hydrological data would still allow a TMDL 
calculation based on the known hydrological record of that particular tributary.  Most flow 
fluctuations are due to rainfall patterns, which can be assumed to remain fairly constant over 
decades.”  I do not agree with this statement and would like references to studies where this 
approach has been taken.  In my experience you would need to create and maintain a 
hydrology model to predict flow volumes and peaks which can take a lot of resources. 
 
Response:  Statement has been removed from the document. 
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Comment:  “While our data gap analysis only covered subwatersheds, it is important moving 
forward to adequately monitor reaches in order to adequately characterize the nature of the 
entire watershed.”  Please clarify this statement – I don’t understand its intent. 
 
Response:  Statement has been removed from document. 
 
Comment:  The issue to me is not that the reach is too long, but that the data show changes in 
water quality through the reach.  Or perhaps there wasn’t sufficient data to adequately 
characterize the baseline conditions?  This section should discuss the difference between 
characterizing the baseline conditions and measuring changes in water quality and whether the 
recommended stations accomplish one or both objectives. 
 
Response:  IThe sampling design of the baseline monitoring plan intended to ensure that 
stations were regularly spaced while, at the same time, also ensuring that there were enough 
“integrator” stations within each tributary and within the Santa Clara River.  Additionally, the 
Scope of Work principally addressed data gaps, not water quality.  Because the data within the 
database was not assessed in a quantitative fashion, there is no frame of reference upon which 
to assess “water quality through the reach” or “sufficient data to adequately characterize 
baseline conditions”. 
 

Temporal Distribution of Samples 

Comment:  Table 8 revised to show a number of USGS stations that are not currently 
operational based on USGS website end date.  This should be addressed in study since they 
are not existing stations as originally thought.  Table 8 should show what types of data are 
available from each gauge – some gauges are peak only.  The USGS only provides daily 
averages and peaks on their website – is this suitable for TMDL calculations?  Also, some 
USGS gauges in LA County were taken over by LACDPW last year and are not currently 
operated or maintained by the USGS.  Please contact Ben Willardson (bwillard@ladpw.org) of 
LACDPW to confirm these gauge locations. 
 
Response:  Discontinued or “inactive” stations can still be used if the infrastructure is still intact 
(for example, a lockable metal shed with a stilling well that would allow a tube to be inserted for 
a flow compositing device).  USGS daily averages and peaks provided are suitable for TMDL 
calculations.  The maps have been revised to select locations that are “active” sites. 
 

 
Comment:  This study should recommend monitoring to achieve the monitoring objectives – let 
the stakeholders worry about funding. 
 
Response:  Comment incorporated. 
 
Comment:  Need to present the reasons choices were made for each type of sampling at each 
monitoring station. 

Response: Comment incorporated.  Chemical and physical parameters are recommended at 
every monitoring station.  Biological assessment and sediment sampling is recommended only 
at select sites. 
 
Comment:  Provide justification for the choice of monitoring frequency.  VCWPD’s NPDES 
monitoring is more frequent than quarterly and it would be better to add additional tests to our 
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current sampling that to make us obtain samples at different intervals than is required by 
RWQCB. 
 
Response:  Comment incorporated.  Increased recommended monitoring frequency. 
 
Comment:  Again, you should recommend necessary sampling to achieve monitoring objectives 
based on your expertise and let the stakeholders worry about the funding. 
 
Response:  Revised recommendations based on this input. 
 
Table 8 
 
Comment:  Need to address changes if USGS station is not operational – please see USGS 
website to verify end date.  Some gauges identified as UWCD are actually VCWPD.  Gauges 
marked as USGS (VCWPD) are operated and maintained by VCWPD but the data are provided 
as part of a contract to USGS for them to publish as official records; Also, I’m told that UWCD 
doesn’t have continuous records at some of their stations – please verify with them. 
 
Response:  AMEC verified end data of USGS stations.  Included some stations that are not 
currently operational since infrastructure is most likely still present and location is accessible.  
Revised recommended locations to also include mainly stations are that currently active. 
 
Table 9 
 
Comment:  If sample type is G or FC only, is this dry weather only?  If it is G, WW is this wet 
weather only?  This will be difficult to achieve on a quarterly basis. 
 
Response:  G and FC is yearround.  Wet weather sampling occurs only in the rainy 
season because these sampling locations are expected to be dry most of the year. 
 
Inorganic Parameters 
 
Comment:  Arsenic, cadmium, chromium, selenium are not included in data gap analysis list, 
please explain why they are included here. 
 
Response:  These parameters are included in the metal suites recommended.  The lack of data 
on other elements or metals that have the potential to be toxic constitutes a “data gap”.  If the 
first round of data show low levels of metals throughout the watershed, then those particular 
metals can be eliminated in future sampling rounds.  We are making the supposition that more 
data is better than less, especially since the cost of selecting 5 or 6 individual metals will be 
equivalent to running TAL metal suites.  
 
Organic Parameters 
 
Comment:  Explain why other organic parameters included in the data gap analysis are omitted 
from the monitoring program – any omission is because there are no data gaps or you have 
concluded there is no reason to sample for it in the future? 
 
Response:  The organic parameters were added back in. 
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Comment:  Explain why these additional parameters (VOCs, SVOCs, phthalate esters, 
estrogens, pharmaceuticals, organometallics) were not included in the data gap analysis and 
why they would be important to included in the monitoring program. 
 
Response:  The addition of any of these constituents are optional.  AMEC has simply made the 
stakeholders aware of the fact that current topics, like EDCs or pharmaceuticals in surface 
waters, may have importance to both the stakeholders and public health. 
 
Comment:  Need explanation why sampling frequency is once per quarter and more info about 
wet and dry weather sampling. 
 
Response:  Comment incorporated. 
 
Comment:  Should identify which recommended stations already have sampling and the 
sampling frequency for these stations.  Is the quarterly sampling to be in addition to the on-
going monitoring?  For example, the freeman Diversion station is sampled by VCWPD 6 times 
per year in dry and wet weather.  It appears that many of these sampling locations will be done 
in addition to other monitoring for NPDES requirements in the watershed? 
 
Response: AMEC has provided an additional map showing which stations are actively being 
sampled.  Recommended sampling frequency has increased to monthly in order to provide 
better baseline data and better correspond with other NPDES requirements in the watershed.  
In essence, as a baseline monitoring program, the program should begin as if no data ever 
existed at all.   Therefore, monthly sampling events may in some cases correspond with was is 
currently occurring in the watershed, however in other cases it may require that agencies begin 
monitoring at additional sites or increase their frequency of monitoring at current sites.  These 
issues will need to be decided by the stakeholders after the completion of the CMP. 
 
Table 7 
 
Comment:  Comments on data gap analysis required this table to be separated into subbasins. 
 
Response:  Additional tables with subbasin information added. 
 
Physical Parameters 
 
Comment:  “Routine discharge measurements”  Does this mean measurements during water 
quality sampling or continuous flow measurements? 
 
Response:  Depending on the profile of the river bottom at any individual monitoring location, it 
may be easier to simply measure discharge using manual techniques (e.g. a flow meter to 
measure velocity and a measuring tape to integrate the cross-sectional area of the stream).  
Continuous flow monitoring is difficult to implement if a viable infrastructure is not in place (e.g. 
a preexisting rating curve based on the presence of a historical gaging station).  
 
Comment:  “Routine discharge measurements need to be added to existing stations that failed 
to monitor it in the past, as well as at newly selected stations that have been added to enhance 
the spatial distribution of monitoring activities within the CMP.”  This statement is inconsistent 
with Table 9 that appears to show numerous stations where flow sampling is not recommended. 
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Response:  Table 9 shows the current status of flow for each monitoring station.  AMEC 
recommends additional flow measurements, where feasible. 
 
Comment:  Explain why this sampling is not necessary at the upstream tributaries. 
 
Response:  Statement revised to include upstream tributaries. 
 
Comment:  “The recommended sampling frequency is once per quarter.”  Need explanation 
why, and continuous in-stream measurements of these parameters as mentioned in the scope 
of work was not concluded to be appropriate.  Budgetary considerations should not be your 
concern. 
 
Response:  Comment incorporated. 
 
Biological Parameters 
 
Comment:  “Tributaries can be included if evidence warrants inclusion of monitoring stations 
within these waterbodies.”  You should be recommending monitoring if needed based on your 
analysis results.  Otherwise this statement should be moved to a section discussion monitoring 
program revisions in the CMP. 
 
Response:  Statement deleted from the document. 
 
Comment:  “Chlorophyll a is a good indicator of primary productivity within the water column” but 
was not included in the data gap analysis because…..  “Other measurements of primary 
productivity such as periphyton growth and functional community indices should be performed 
at selected stations within the watershed.”  Where is this indicated in Table 9?  Please explain 
and clarify. 
 
Response: Statements deleted from the document and recommendations revised to provide 
more clarity. 
 
Comment:  “The USEPA Rapid Bioassessment Protocols present well structured forms and 
guidelines that will allow the evaluation of both aquatic habitat and the structure and function of 
native aquatic wildlife.”  Are these different than the parameters discussed above?  If so, they 
should be specified and an explanation provided for why they should be included. 
 
Response: Comment incorporated. 
 
Comment:  Explain the rationale for selecting biannual sampling rather than semi annual or 
quarterly?  Cost should not be an issue, but your conclusions should be based on your 
professional judgement and achieve the desired monitoring objectives. 
 
Response:  Rationale is based on the slow changes that typically occur in the biological 
communities.  Sampling recommendation revised to annually. 
 
Comment: “It is recommended that these parameters be measured at all downstream tributary 
stations and at selected locations along the Santa Clara River, especially those locations that 
are closest to wastewater treatment facilities.”  Explain why this sampling is not necessary at the 
upstream tributaries or at all locations along the river. 
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Response:  Explanation provided within the text. 
 
Comment:  “At a minimum, a baseline survey should be conducted at all stations during the 
initial water quality survey.”  This is the first time this is mentioned – is it discussed somewhere 
else in the document?  Reference that section or explain here. 
 
Response:  The phrase “all stations” should be “most stations”.  RBP protocols are time-
consuming and expensive.  If the stakeholders decide an RBP has been changed to be 
conducted at all of the selected monitoring stations, then there will be more information 
available to biologists to make an informed decision on local or regional impacts.  
 
Comment:  The Scope of Work says that bioassessments usually include a reference site 
outside of the watershed to provide a baseline quality level for comparison purposes.  Please 
include your recommendation for a reference site or state why you do not think one is necessary 
for this monitoring program. 
 
Response:  Explanation provided within text.  In some studies, reference locations, which are 
chosen to represent non-impacted sites that have a similar habitat structure (e.g. similar benthic 
substrate), are assessed so that a comparison of biological indices can be made.  However, the 
purpose of the CMP is to determine “baseline” conditions against which future assessments can 
be compared.  Therefore, the use of  “reference” sites does not need to be considered in the 
selection of bioassessment protocols. 
 
Comment:  It does not appear that this discussion meets the requirements of the scope of work 
in which AMEC’s biologist will design an appropriate sampling strategy for the bioassessment. 
 
Response:  AMEC has revised the section to further meet the scope of work. 
 
Comment:  This section does not address aquatic habitat sampling as required by the scope of 
work or the toxicological testing as discussed in the scope of work. 
 
Response:  Comment incorporated. 
 
Sediment Quality 
 
Comment:  “Rivers that periodically experience fast moving waters, such as the Santa Clara 
River and its tributaries, are generally depleted of depositional sediment due to frequent 
scouring events after heavy rain storms.”  I do not agree with this statement.  The SCR is a 
dynamic system, continually bringing in sediment from its tributaries and moving it down through 
the mainstem. 
 
Response:  Statement has been revised “Rivers that periodically experience flood waters, such 
as the Santa Clara River and its tributaries, may have sections that are depleted of depositional 
sediment due to frequent scouring events (during or after heavy rain storms).” 
 
Comment:  “It is recommended that before a sediment sampling plan is put into place, a 
reconnaissance survey first be conducted at or near each monitoring station to determine if 
significant deposits of sediment exist on the river bottom.”  If this is your recommendation then 
why does Table 9 specify sediment sampling at selected locations?  Please explain. 
 
Response:  Statement revised to specify sediment sampling locations. 
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Comment:  “Recommended measurements for constituents of concern would include inorganics 
and persistent bioaccumulative or toxic organic compounds.”  Delete or specify which are 
necessary based on your experience. 
 
Response:  Comment incorporated.  All organic parameters included in DGA are included in the 
recommended sampling. 
 
Comment:  Explain why other organic chemicals included in data gap analyses are excluded 
from this sampling. 
 
Response:  Comment incorporated. 
 
Watershed Hydraulics 
 
Comment:  “Currently, it appears that the numbers and location of surface water gaging stations 
is adequate.”  Please explain what criteria were used in your analysis to reach this conclusion.  
This conclusion may change after Table 8 is updated with the correct information. 
 
Response: Section revised and explanation provided. 
 
Comment:  Provide reference and summary of the conclusions in “Water Resources Report on 
the Santa Clara River.” 
 
Response:  Statement regarding the above-stated report has been removed. 
 
Comment:  This section does not meet the requirements of the scope of work to evaluate the 
adequacy of the rainfall stations in the watershed.  For example, there are a few gauges that 
can measure snow in the watershed at higher elevations so that hydrology models can simulate 
runoff correctly.  These is also a limited number of gauges at higher elevations to measure the 
higher rainfall intensities due to orographic effects.  You may with to include some of the 
language in the scope of work as to why Watershed Hydraulics is important, and summarize 
completed and congoing studies to prepare surface and groundwater models of the watershed, 
such as the LACSD sufface/gw model of the upper watershed, UWCD’s GW model of the lower 
watershed and ongoing efforts by VCWPD, USACE, and LADPW to prepare hydraulic, 
hydrologic, and sediment transport models of the entire watershed.  These models will help to 
fill in gaps in the stream gauge network. 
 
Response:  AMEC has obtained shapefiles for this data and completed the above-stated 
evaluation. 
 
Conclusion 
 
Comment:  Rewrite this section after changes to preceeding are done. 
 
Response:  Section has been rewritten. 
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Ventura County 
Watershed Protection District 

Planning & Regulatory 
Hydrology Section 

MEMORANDUM 
 
 

DATE: December 30, 2005  
 
FROM: Mark Bandurraga 
 
SUBJECT: Draft CMP Substantive Comments 
 
Minor comments are provided in redline/strikeout text as tracked changes in WORD file. 
 
Major comments are as follows: 
 
Section 5.5 Comparison of Historical Data to Water Quality Criteria and TMDL Objectives 
 
Comment: The conclusions presented from the SCREMP documents were based on data that 
were omitted from the data gap analysis because you only included the last 10 years based on 
your assumptions above. Therefore, how valid are any of these conclusions? Your argument 
against using any current data to draw these conclusions seems to argue against these 
conclusions as well. It seems that at least you should look at the current data to see if they confirm 
the old conclusions? The LACSD and UWCD datasets should be robust enough for this. 
 
Section 6.0 Baseline Water Quality Monitoring 
 
“Additionally, because the term baseline suggests environmental conditions that might exist during 
“average” conditions, the collection of stormwater, although mentioned in the scope of work, 
should be revisited by the stakeholders in terms of obtaining data that is meaningful over the long 
term.”  Comment: You appear to recommend wet-weather sampling in subsequent tables so is 
this discussion about baseline conditions consistent with your recommendations?  
 
“This strategy also corresponds with the scope of work which states that monitoring points are to 
be selected based on: 1) downstream points of Santa Clara sub-basins; 2) land uses in the 
watershed; 3) system morphology; and 4) historical data availability. Other factors mentioned in 
the scope of work, such as sensitive habitats and potential problem areas, should be discussed at 
a local level to address individual water quality questions beyond the baseline sampling program 
described in this document.” 
Comment: Please clarify how a systematic sampling strategy incorporates these factors in the 
station selection?  Sensitive habitats and potential problem areas are specifically mentioned in the 
scope of work for you to evaluate in this document but this wasn’t done.  
 
“Table 13 presents more detailed information on each of the recommended monitoring stations 
including the site number, name, a brief description of the location, the agency currently 
using/sponsoring the monitoring station, and its current monitoring status.”   
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Comment: Need brief discussion of each proposed site in text to determine how it was selected 
based on the criteria listed in scope- land use, sensitive habitat, potential water quality problems, 
etc.  I do not see the point of duplicate stations upstream in undeveloped watersheds (see 
comments added to table) or duplicate stations closely clustered together. Need to discuss if any 
of these existing stations are currently used for WQ sampling and if existing sampling covers any 
recommended constituents. Need to evaluate historic flow data on USGS sites and discuss if 
proposed site has flow during summer months to make sure that monthly sampling frequency 
make sense.  Suggest reducing the number of proposed sites in report based on comments in 
report and improving the recommendations with the supporting data discussed above. 
 
Table 14-  
Comment: Once preliminary sampling site list is revised, revise, Table 14. 
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Major comments from Mark Bandurraga, VCWPD 
 
Comment 1:  Section 5.5 - The conclusions presented from the SCREMP documents were based on data 
that were omitted from the data gap analysis because you only included the last 10 years based on your 
assumptions above. Therefore, how valid are any of these conclusions? Your argument against using any 
current data to draw these conclusions seems to argue against these conclusions as well. It seems that at least 
you should look at the current data to see if they confirm the old conclusions? The LACSD and UWCD 
datasets should be robust enough for this. 
 
Response:  AMEC believes that the last 10 years of data is adequate to define any trends in water quality 
over time.  Defining trends over space may be more of a challenge because, as was discussed at the most 
recent meeting, there is considerable heterogeneity between station locations (e.g. “clustering”).  AMEC has 
considered this request and has produced graphs that depict changes in water quality parameters, over a time 
span of 10 years, for chloride, nitrate, sulfate and TDS.  These graphs and a summary of the results has been 
incorporated into the report. 
 
Comment 2:  Section 6.0 - “Additionally, because the term baseline suggests environmental conditions that 
might exist during “average” conditions, the collection of stormwater, although mentioned in the scope of 
work, should be revisited by the stakeholders in terms of obtaining data that is meaningful over the long 
term.” You appear to recommend wet-weather sampling in subsequent tables so is this discussion about 
baseline conditions consistent with your recommendations?  
 
Response:  Table 14 indicates that some recommended sampling locations may be better suited to wet 
weather sampling due to low flow conditions the remainder of the year.  However, details regarding the 
goals and implementation of wet-weather sampling should be determined by the stakeholders in a program 
separate from the baseline monitoring program provided by the CMP. 
 
 Comment 3:  Section 6.0 “This strategy also corresponds with the scope of work which states that 
monitoring points are to be selected based on: 1) downstream points of Santa Clara sub-basins; 2) land uses 
in the watershed; 3) system morphology; and 4) historical data availability. Other factors mentioned in the 
scope of work, such as sensitive habitats and potential problem areas, should be discussed at a local level to 
address individual water quality questions beyond the baseline sampling program described in this 
document.”  Please clarify how a systematic sampling strategy incorporates these factors in the station 
selection?  Sensitive habitats and potential problem areas are specifically mentioned in the scope of work for 
you to evaluate in this document but this wasn’t done.  
 
Response:  The selection of Preliminary Sampling Locations focused on 1) optimizing the use of historical 
data (e.g. choice of USGS stations includes both flow and chemistry data) 2) optimizing the use of 
current/traditional sampling stations  3) ensuring integrator stations for most tributaries and 4) ensuring 
adequate distance between adjacent stations (as the watershed is so vast).  Although the guidelines 
prescribed in the scope were considered, it became apparent, subsequent to evaluating the watershed, that 
they were not critical components for siting sampling locations.  For example, much of the land use of the 
watershed is agricultural but, since the data for chlorinated pesticides appeared to be limited or below the 
limits of detection, agricultural land use may not necessarily be adequate criteria for selection of sampling 
locations.  Additionally, the delineation of sensitive habitat is not altogether clear within each subwatershed 
and, even if they were properly delineated, these areas are more important from the standpoint of 
“protection” rather than inclusion in a routine monitoring study design. 
 
Comment 4:  “Table 13 presents more detailed information on each of the recommended monitoring 
stations including the site number, name, a brief description of the location, the agency currently 
using/sponsoring the monitoring station, and its current monitoring status.”  Need brief discussion of each 
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proposed site in text to determine how it was selected based on the criteria listed in scope- land use, 
sensitive habitat, potential water quality problems, etc.  I do not see the point of duplicate stations upstream 
in undeveloped watersheds (see comments added to table) or duplicate stations closely clustered together. 
Need to discuss if any of these existing stations are currently used for WQ sampling and if existing sampling 
covers any recommended constituents. Need to evaluate historic flow data on USGS sites and discuss if 
proposed site has flow during summer months to make sure that monthly sampling frequency make sense.  
Suggest reducing the number of proposed sites in report based on comments in report and improving the 
recommendations with the supporting data discussed above. 
 
Response:  The selection of Preliminary Sampling Locations focused on 1) optimizing the use of historical 
data (e.g. choice of USGS stations includes both flow and chemistry data) 2) optimizing the use of 
current/traditional sampling stations  3) ensuring integrator stations for most tributaries and 4) ensuring 
adequate distance between adjacent stations (as the watershed is so vast).  Although the guidelines 
prescribed in the scope were considered, it became apparent, subsequent to evaluating the watershed, that 
they were not critical components for siting sampling locations.  For example, much of the land use of the 
watershed is agricultural but, since the data for chlorinated pesticides appeared to be limited or below the 
limits of detection, agricultural land use may not necessarily be an adequate criteria for selection of 
sampling locations.  Additionally, the delineation of sensitive habitat is not altogether clear within each 
subwatershed and, even if they were properly delineated, these areas are more important from the standpoint 
of “protection” rather than inclusion in a routine monitoring study design.  However, AMEC did expand the 
comments in the table to include reasoning for why each sample station was included in the 
recommendations.  In addition, AMEC deleted site 723 and New-1 per comments from VCWPD and 
UWCD.  AMEC also included information regarding whether active stations are measuring flow, water 
quality or both.  Sampling locations in undeveloped portions of the watershed serve to help establish 
baseline water quality conditions and a measure from which to compare sample results taken in other 
developed areas of the watershed. 
 
It is important to note that the term “preliminary” was used to identify the fact that the locations selected are 
certainly subject to debate, comment and relocation.  AMEC encourages the relocation of any (or all) 
stations to ensure that the routine measurement of water quality and resultant data is optimal.   
 
Comment 5:  Once preliminary sampling site list is revised, revise, Table 14. 
 
Response:  Comment incorporated. 
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Page 11 NO mention of the database being supplied to AMEC by the District at our cost $ 

DRAFT Comprehensive Water Quality Monitoring Plan 
For Santa Clara River Watershed 

(dated 28 Nov 05) 
 

Comments from Darla Wise and Dave Thomas 
 
Page i  DT- CLWA Castaic Lake Water Agency NOT Casitas … 
Page ii DT- List of Figures - figure’s 3 and 4 reversed and figures are NOT matching maps. 
Page 3  DT- 3.1 Land Use – percentages add up to 96.8 %, missing 3.2 %? 
 DT- 3.2 Vegetation – NO mention of Arundo donax (giant reed) in watershed? giant cane? 
Page 5  DT- 4.2.1 Distribution of Rainfall Stations – (1) miss-spelling? gage vs gauge 
  (2) the reference of a storage gauge in the Matilija wilderness areas is NOT true. 
  It is in the Ventura River Watershed, NOT the Santa Clara River Watershed. 
Page 6 DT- 4.2.2 reference to the historic gauge @ Hwy 101: site move prior to 2000 due to rating 

problems to Hwy 118, and again moved to Freeman in 2003’ish. 
DT- 5.1 

 DT- Missing data reference bullets for City of Santa Paula, City of Fillmore and USGS. 
Page 26 TL- Not listed or shown on Figure 41 (shown incorrectly in draft as Figure 37) are NPDES 

chronic toxicity test results 
Page 35 DT- NOTE: …it is rarely advantageous to change either a monitoring location … 

VCWPD has a possible ME-SCR move in the next permit! 
Page 36 TL- Strategy described in 6.1.1 is not “systematic” as defined in 6.1 – this methodology has 

targeted locations, whereas a systematic approach has locations at regular intervals 
Page 40 DT- site 737 is a 4 mile hike. Why not sample at Lions Campground (drivable) or ½ mile 

hike to Trout Creek (u/s Bear Creek). NOTE: wet months sampling could be a safety 
problem. 

Questions: 
1. DT- Do we have an analytical cost on all parameters yet. 
2. DT- Any Grant, TMDL, SWQBC, etc… $ moneys$ available. 
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Comments from Darla Wise and Dave Thomas, VCWPD 
Minor editing comments all incorporated – major comments and responses listed below. 
 
Comment 1:  Section 3.2 Vegetation – There is no mention of arundo donax in the watershed? 
 
Response:  Arundo donax has been included as a primary component of disturbed riparian 
habitat throughout the watershed. 
 
Comment 2:  Section 4.2.1 (1) miss-spelling? gage vs gauge (2) the reference of a storage 
gauge in the Matilija wilderness areas is NOT true.  It is in the Ventura River Watershed, NOT the 
Santa Clara River Watershed. 
 
Response:  Comment incorporated.  Reference to Matilija wilderness removed. 
 
Comment 3:  4.2.2 reference to the historic gauge @ Hwy 101: site moved prior to 2000 due to 
rating problems to Hwy 118, and again moved to Freeman in 2003’ish. 
 
Response:  Comment incorporated. 
 
Comment 4: NOTE: …it is rarely advantageous to change either a monitoring location …VCWPD 
has a possible ME-SCR move in the next permit! 
 
Response:  Comment noted.  AMEC has selected preliminary samplknig locations which may be 
finalized during statholder discussions. 
 
Comment 5:  Strategy described in 6.1.1 is not “systematic” as defined in 6.1 – this methodology 
has targeted locations, whereas a systematic approach has locations at regular intervals 
 
Response:  Staying within the strict definition of “systematic sampling” would obviate all of the 
guidelines suggested in Task 3 (e.g. siting of furthest downstream stations on tributariess as 
“integrator” stations).  AMEC will therefore change the term “systematic sampling strategy” to “a 
slightly modified systematic sampling strategy”. 
 
Comment 6:  site 737 is a 4 mile hike. Why not sample at Lions Campground (drivable) or ½ mile 
hike to Trout Creek (u/s Bear Creek). NOTE: wet months sampling could be a safety problem. 
 
Response:  Some of the stations in the upper reaches of tributaries were selected to ensure 
adequate spatial representation.  Preliminary sampling locations may, upon agreement of 
stakeholders, be relocated to more accessible areas that provide the same level of spatial 
representation.  
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Comments from Dan Detmer, UWCD 
 
Comment 1:  As detailed in our Nov. 18 comment letter regarding baseline monitoring within the 
watershed, we feel that the CMP falls short of adequately addressing the criteria listed in Task 3 in 
the SOW for this project.  Task 3 lists the criteria to be considered by the consultant when 
proposing sites sampling locations, including the specific task to place monitoring stations at 
strategic locations based on system morphology, land uses, sensitive habitat areas, historical 
data, and potential problem areas.  The CMP does not significantly address these criteria, and this 
was confirmed by statements by AMEC staff during the Santa Clarita meeting.  The primary site 
selection criteria cited by AMEC in the meeting was that proposed sites had some history of 
monitoring, active and former USGS gaging sites were strongly favored, and that sites were 
evenly distributed along the river and significant tributaries. 
 
Response:  The selection of Preliminary Sampling Locations focused on 1) optimizing the use of 
historical data (e.g. choice of USGS stations includes both flow and chemistry data) 2) optimizing 
the use of current/traditional sampling stations  3) ensuring integrator stations for most tributaries 
and 4) ensuring adequate distance between adjacent stations (as the watershed is so vast).  
Although the guidelines prescribed in the scope were considered, it became apparent, subsequent 
to evaluating the watershed, that they were not critical components for siting sampling locations.  
For example, much of the land use of the watershed is agricultural but, since the data for 
chlorinated pesticides appeared to be limited or below the limits of detection, agricultural land use 
may not necessarily be adequate criteria for selection of sampling locations.  Additionally, the 
delineation of sensitive habitat is not altogether clear within each subwatershed and, even if they 
were properly delineated, these areas are more important from the standpoint of “protection” 
rather than inclusion in a routine monitoring study design. 
 
Comment 2:  At the Santa Clarita meeting, AMEC staff confirmed that the Data Gap analysis was 
a purely quantitative exercise, considering only the number of records available for various 
constituents.  Task 2 in the SOW states that the consultant will prepare a framework for 
comparison of historical data with appropriate benchmark values, compare historical data with 
benchmark values, and evaluate…the historical data… to characterize the health of the 
watershed.  Section 5.5 in the draft CMP summarizes a number of published or recognized water 
quality problems and threats in the watershed and Table 12 offers a bulk comparison of data from 
the watershed to the range of water quality objectives for the various reaches of the river.  While 
Table 12 has some utility, this bulk comparison and subsequent discussions by contaminant class 
falls well short of completing the Data Gap Analysis detailed in the SOW.  At a minimum, a table 
comparing observed values to water quality objectives needs to be developed for each reach of 
basin.  This a critical component of the CMP that would assist monitoring agencies in prioritizing 
current or future monitoring schedules to further assess areas identified as problematic.  These 
tables would also be more informative if the number of records for each constituent were listed 
along with the percent of values exceeding the water quality objective for each reach. 
 
Response:  The scope of work states that AMEC is to analyze the sampling media of the 
historical data to determine if additional sampling is necessary to characterize the health of the 
watershed.  Therefore, the data gap analysis was conducted to analyze the sampling locations 
and frequency on the watershed as opposed to conducting a data analysis to attempt to 
characterize the watershed’s health.  As stated in Appendix B of the Draft CMP, data gaps were 
analyzed by parameter and not reach per the scope of work.  In response to comments received 
at the stakeholder meeting, AMEC has produced graphs that depict changes in water quality 
parameters, over a time span of 10 years, for chloride, nitrate, sulfate and TDS in order to 
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compare these results to conclusions regarding this parameters in the SCREMP presented in the 
CMP. 
 
Comment 3:  The second paragraph of Section 6.1 significantly dilutes the scope of the CMP by 
characterizing a baseline study as one that samples a waterbody at regular intervals.  While such 
a strategy may be appropriate for waterbodies with continuous flow where little historical data 
exists, it is poorly suited for rivers such as the Santa Clara where multiple wet and dry reaches 
exist during any given year.  The draft CMP contains language detailing what should be done with 
designing a Comprehensive Monitoring Plan, and the reader is left with the impression that these 
detailed evaluations were actually conducted prior to site selection.  We recommend that the CMP 
clearly state the limited criteria employed for site selection (even distribution of sites and sites with 
historical water quality or flow data, and that no consideration was given to the past quality of 
surface waters). 
 
Response:  Further details have been provided in the report regarding the selection of each 
individual site for inclusion into the baseline monitoring program.  The criteria employed for site 
selection is detailed prior to Table 13 in the CMP. 
 
Comment 4:  UWCD offers the following comments on proposed monitoring sites detailed in the 
draft CMP: 

• Sespe Creek:  Gage 111130000 is the active USGS gage at the lower reach of the 
watershed, the recommended site at gage 11112500 is currently inactive and 
therefore a poor choice for a sampling location. 

• Sespe Creek:  Site 04N20W24SW1 should be substituted for site 04N20W26SW1.  
Surface water readily percolates to groundwater in this portion of the Sespe Creek 
fan, and site -24SW1 has flow more often than site -26SW1. 

• Sespe Creek:  Site “New-1” is very difficult to access, and there are virtually no 
anthropogenic water quality inputs between this site and site 737.  We don’t feel 
sample collection at this site would be a wise use of resources. 

• Piru Creek:  Gage 11109800 is the active USGS gage on Piru Creek below Santa 
Felicia Dam.  Site 11109800 is preferable to the recommended site at gage 
11110000, which has not been active for 30 years and is too close to site 
04N18W20SW1. 

• Piru Creek:  Pyramid Lake should be added to all watershed maps to accurately 
represent conditions in the upper Piru Creek watershed. 

• Santa Clara River:  Recommended site 11113900, Santa Clara River near Saticoy 
should be replaced by site 03N21W32SW1, Santa Clara River at Freeman 
Diversion.  Several agencies conduct ongoing sampling at the Freeman Diversion, 
and it is the logical point to continue sampling. 

• Santa Clara River:  We could access no information for site 11113300.  Please 
provide more details on the site location.  This site appears to be located in the 
vicinity of Willard Road, and the active UWCD sample site 03N21W12SW1, in an 
area of rising groundwater near the downstream boundary of the Fillmore 
groundwater basin. 

• Santa Clara River:  LACSD MPDES river monitoring site R-C is located a short 
distance downstream of USGS gage 11108000.  Flow is unlikely to change 
significantly between these points, and perhaps the monitoring for these two sites 
can be consolidated.  LACSD site R-D is located downstream of the plant discharge 
point, and the next important point where historical records exist is LACSD site R-E, 
located just upstream of the confluence with Castaic Creek.  USGS Water 
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Resources Investigation Report 03-4277 also provides data for these sample 
locations.  Additional sites are also recommended near Potrero Canyon and at Blue 
Cut, where historical records also exist.  We urge that AMEC review this section of 
the river and propose additional monitoring at existing sites R-E, Potrero Canyon, 
and Blue Cut. 

 
Response:  As requested, USGS gage 11112500 has been replaced by USGS Gage 11113000.   
UWCD site 04N20W24SW1 has been substituted for UWCD site 04N20W26SW1.  Site New-1 
has been left on the list of recommended preliminary sites but may be removed by the local 
monitoring agency based on accessibility and/or availability of resources.  USGS gage 11110000 
has been replaced by USGS gage 11109800.  USGS gage 11113900 has been replaced by 
UWCD site 03N21W32SW1.  USGS gage 11113300 is located on the Santa Clara River near 
Santa Paula.  Available data for this site includes peak streamflow and water quality samples.  For 
more information regarding this site, please refer to the following website: 
http://waterdata.usgs.gov/nwis/inventory/?site_no=11113300.  USGS gage 11108000 was 
selected, however, the local monitoring agency may substitute LACSD site R-C, if desired.  A 
priority had been placed on selecting USGS gage stations, when possible, due to the available 
streamflow data.  SWAMP sites 403STC068 near Potrero Canyon and USGS gage 11108500 
near Blue Cut have also been added.  These changes are reflected in Figure 46 and Table 13.   
 
Comment 5:  There is a clear disparity in the number of Santa Clara River sites proposed in 
Ventura County compared to Los Angeles County.  Thirteen sites are proposed for the 
approximately 38 river miles in Ventura County, and four sites are proposed for the approximately 
46 river miles in Los Angeles County, some of which may only be viable as wet weather sites.  
There is a great deal of interest in water quality and flow conditions in the reach of the Santa Clara 
River between the City of Santa Clarita and the vicinity of Piru Creek, as this reach is heavily 
influenced by wastewater discharges.  Historical data exists for this reach, sourcing from both the 
ongoing NPDES monitoring by LACSD and various special studies. 
 
Response:  AMEC did not select site locations based on county jurisdiction.  Again, the nature of 
the sampling locations was “preliminary” and therefore subject to debate and possible relocation.  
Adding stations is contingent on limitations of funding as well. 
 
Comment 6:  It may be worthwhile to consider modifying the four classes of monitoring 
parameters.  AMEC staff stated that the group of physical parameters was intended to be 
measurable in the field.  TDS is not directly measurable in the field, and should be included with 
the inorganic parameters.  To our knowledge, TSS is not directly measurable in the field, but 
turbidity could possibly be substituted for TSS if a field measurement is valued.  Akin to the 
suggestion to run a “suite” of metals to economize on lab costs, a “general mineral” analysis 
should be considered to provide a suite of inorganic parameters. 
 
Response:  AMEC has added text to the CMP to reflect that this class of parameters was grouped 
as a commonly measured class and not as much because they are easily measured in the field.  
Therefore, while the suggested is noted, AMEC has not reorganized the four classes of monitoring 
parameters. 
 
Comment 7:  The suggestion to monitor organic parameters at the CMP sample sites following 
the first wet weather and following the first hour of rainfall in subsequent events is problematic.  
Many of the proposed monitoring sites will not respond that quickly to rainfall, especially under dry 
antecedent conditions, and the staffing requirements to sample so many sites within a short time 
period is difficult to coordinate. 
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Response:  Comment incorporated.  Suggestion has been removed from the text. 
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Response:  AMEC will revise the text to clarify that the data characterized between 1994 and 
2005 is different than the data used to illustrate trends within the SCREMP.  Further, an analysis 
of the current data in comparison to the conclusions in the SCREMP document has been added to 
the report. 

 
Comments from Christian Alarcon, LACSD 
Comments from LACSD were received via Track Changes in the Draft CMP document.  All 
minor editorial comments were incorporated.  Major comments and corresponding 
responses are listed below. 
 
Comment 1:  Table 4 includes inorganic and metals MCLs as water quality objectives; however, 
these would only be applicable for waters designated as MUN.  The table should clarify that the 
objectives listed are not applicable to all waters. 
 
Response:  Comment incorporated.  A footnote has been added to the table. 
 
Comment 2:  “Phosphate is typically more stimulatory to phytoplankton populations.”  Phosphate 
may or may not be more stimulatory to phytoplankton depending on whether the water is nitrogen 
limited. 
 
Response:  Comment incorporated.  The sentence has been amended. 
 
Comment 3:  “The construction of trend analyses over either time or space for any single water 
quality parameter might therefore lead to conclusions that may be misleading.”  If the conclusions 
drawn from such trend analyses may be misleading, then such analyses should not be conducted 
as part of this document. 
 
Response:  AMEC will revise the text to convey the message that one needs to be cautious about 
data that is collected from a number of different sources and/or laboratories.  The term 
“misleading” will not be used.   
 
Comment 4:  “Based on data presented in the SCREMP, the following conclusions were made 
with regard to Surface Water Quality.”  Since this data was not used in the data gap analysis and 
is from pre-1995, this information does not appear to be relevant.  These conclusions should be 
deleted. 
 

 
Comment 5:  “These TMDLs will be addressing long-standing water quality issues like elevated 
surface water concentrations of chloride, ammonia, nitrate/nitrite, fecal coliform, pH and organic 
enrichment/low dissolved oxygen.”  Several of the listings mentioned have been delisted and the 
paragraph should be revised. 
 
Response:  Comment incorporated.  Paragraph has been revised to reflect current listings. 
 
Comment 6:  Table 12 presents a highly misleading view of water quality exceedances in the 
Santa Clara River Watershed.  An accurate portrayal of the incidence of water quality 
exceedances in the Santa Clara River can only be obtained by comparing data collected in each 
read of the river with the objectives for that reach.  This table should either be deleted or be 
expanded to include a comparison of data in each reach to the objectives for that reach. 
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Response:  As stated in the response to comments for the Data Gap Analysis, an analysis of the 
water quality objectives by reach is outside the stated scope of work.  In addition, AMEC believes 
that examining the percentage of stations that exceed the water quality objectives has some utility.  
It a large percentage of the measurements in the database a below the water quality objective 
then there is a good indication that a problem may not exist even if local authorities perceive of 
one. 
  
Comment 7:  Figure 44 has our stations listed under “LASCD” and not “LACSD”.  Also, there are 
several stations incorrectly labeled as ours.  We have not monitored stations in the tributaries or 
downstream of the county line. 
 
Response:  Figure 44 has been adjusted to properly display the following five stations monitored 
by LACSD: RA, RB, RC, RD and RE.   
 
Comment 8:  There should be a discussion of how the sampling strategy uses the selection 
criteria to locate the sampling stations. 
 
Response:  The selection of Preliminary Sampling Locations focused on 1) optimizing the use of 
historical data (e.g. choice of USGS stations includes both flow and chemistry data) 2) optimizing 
the use of current/traditional sampling stations  3) ensuring integrator stations for most tributaries 
and 4) ensuring adequate distance between adjacent stations (as the watershed is so vast).  
Although the guidelines prescribed in the scope were considered, it became apparent, subsequent 
to evaluating the watershed, that they were not critical components for siting sampling locations.  
For example, much of the land use of the watershed is agricultural but, since the data for 
chlorinated pesticides appeared to be limited or below the limits of detection, agricultural land use 
may not necessarily be adequate criteria for selection of sampling locations.  Additionally, the 
delineation of sensitive habitat is not altogether clear within each subwatershed and, even if they 
were properly delineated, these areas are more important from the standpoint of “protection” 
rather than inclusion in a routine monitoring study design. 
 
Comment 9:  Table 13 should have a summary on how the sampling stations were selected 
based on the criteria stated in the previous section. 
 
Response:  The “Comment/Status” column addresses whether the station selected was chosen to 
preserve existing/historical data (e.g. “Active” or “Existing” station or whether there was a clear 
indication of a data gap (e.g. due to spatial heterogeneity).  In addition, text has been added to the 
report detailing why each sampling station was selected for inclusion into the baseline monitoring 
program. 
 
Comment 10:  Table 14 should compare the recommended monitoring program with the current 
monitoring program for each sampling station. 
 
Response:  A comparison of the recommended monitoring program with the current monitoring 
program for each sampling station is outside AMEC’s stated scope of work.   
 
Comment 11:  It may be worthwhile to include diazinon and chlorpyrifos since there are proposed 
303(d) listings for this constituents (based on SWAMP data).  However, depending on whether 
other existing data has been evaluated, these proposed listings may or may not end up on the 
final 303(d) list.  Also, since PAHs, PCBs, and chlorinated pesticides are rarely detected, they 
should be monitored less frequently than monthly. 
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Response:  As discussed in the most recent meeting, the laboratory methods selected should 
cover “suites” of compounds rather than choosing individual analytes.  AMEC is in agreement that 
diazinon and chlorpyrifos should be included in the initial stages of sampling.  Should these 
compounds not yield useful quantitative information (e.g. 100% of samples yield “ND”) as time 
progresses, the laboratory can be called and the selection of analytes can be adjusted.  
 
Comment 12:  Wet weather sampling is a priority in TMDLs and should be included in this plan. 
 
Response:  Wet weather sampling is not considered a “baseline” condition.  The responsibility for 
this type of sampling should fall within the confines of a regional stormwater management 
program(s). 
 
Comment 13:  Bacteria sampling should not be directed towards the WRPs.  It will be more useful 
at other sites where recreation may occur. 
 
Response:  Bacterial sampling will be conducted during the initial baseline sampling event (at all 
stations) and then, based on the results, reevaluated in terms of where additional sampling should 
take place.   
 
Comment 14:  The Data Quality Objectives section is vague.  Specifying a requirement for a 
laboratory intercalibration study, in which all agencies/laboratories conducting monitoring under 
this program would be required to participate, may help to provide a framework to work out 
analytical and sampling issues and ensure adequate data quality for this program.  This has been 
done for other regional monitoring programs, i.e. the Stormwater Monitoring Coalition’s Model 
Monitoring Program through SCCWRP. 
 
Response:  Comment incorporated.  Text has been added to the report stating that stakeholders 
may consider the use of a laboratory intercalibration study in the future. 
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 

Comments from Michael Lyons, Regional Water Quality Control Board 
Received via email:  
 
SWAMP sampled the Santa Clara River Watershed a few years ago, and over the 
next several months I will need to develop a work plan to spend @ $200,000 for 
SCR and Calleguas Creek monitoring (sampling would occur in 2007, or possibly 
2006).  Last time we sampled 30 random stations and 8 targeted stations plus 1 
estuary station.  I would like to talk to your group about whether it makes 
sense to do a randomized sampling every five years or perhaps sample all of 
your proposed stations every five years for bioassessment and toxicity and some 
other things, which I could help pay for. 
 
I'm also attached to the NPDES section and can modify the POTW and stormwater 
sampling requirements to help implement your proposed plan. 
 
I quickly reviewed the draft document and I am impressed with how far along you 
are.  A few comments from my perspective and based on my experience in doing 
something similar for the San Gabriel River Watershed.   
 
Bacteriological sampling on a monthly basis will not be useful - our Basin Plan 
objectives require that we have 4-5 samples per month to determine compliance, 
so we can live with weekly sampling (which results in 4 samples per month most 
of the time and occasionally 5), but not monthly.  However, it may be possible 
to reduce the number of stations that need to be sampled by focusing on areas 
of high recreational use.  In the San Gabriel River, the POTW puts out better 
quality water (bact-wise) than the ambient water, so we have agreed to dispense 
with upstream-downstream monitoring at the point of discharge and monitor high 
use areas instead. 
 
It may be useful to define a slightly different sampling plan for the 
"estuary".  The wadeable stream bioassessment protocol won't work there, so 
typically we would sample with a grab device to characterize the benthic 
macroinvertebrate community.  Sediment chemistry and sediment toxicity 
measurements would be useful there.  And the usual water column sampling. 
 
We have not done much sampling for sediment in freshwater areas.  One problem 
is the transient nature of the bottom deposits.  Another is the lack of 
freshwater sediment quality objectives to use to evaluate the results.  I think 
that it would be a good idea to do a screening study to look for some areas of 
deposition and perhaps sample a few indicator sites.  Wherever sediment 
chemisty is done, sediment toxicity and bioassessment also should be done - the 
sediment quality objectives for bays and estuaries will rely upon this triad 
and I wouldn't be surprised if that's how things are done if we eventually 
extend these to freshwater systems. 
 
The proposed monitoring plan doesn't seem to address bioaccumulation 
monitoring.  In the past, we have collected fish from a few locations as part 
of the now-defunct Toxic Substances Monitoring Program, but it was pretty 
haphazard and it would be nice to have a regular sampling program at key 
locations (wouldn't necessarily need to be done annually, perhaps every few 
years).  We also have been doing bagged bivalves at certain locations in each 
watershed - as the document mentions, this can help alleviate the problem of 
finding that organics in the water column often are below detection limits.  On 
that note, it may be desirable to require laboratory analysis of water samples 
with clean techniques and other methods to achieve extremely low detection 
levels. 
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 
 
I've been ignoring lakes under SWAMP since I don't have enough money to go 
around.  It appears that your plan also has ignored them.  USEPA has expressed 
plans to focus on lake monitoring in 2006 and hope to pour a lot of money into 
this, although they have not suggested what indicators they think that we 
should monitor.  I don't know if the group has considered this in the Santa 
Clara River Watershed, but it might be useful to talk about it.  I know that 
some people are interested in bact monitoring where there are swimming beaches 
and fish tissue monitoring where people catch fish.  It would be possible to do 
benthic infaunal sampling in lakes, but we don't really have an assessment tool 
for that yet.  And it's not clear if we need to do sediment monitoring. 
 
I'd like to attend the December 15th meeting and I hope that I can be helpful. 
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Ventura County Watershed Protection District 
FINAL – Comprehensive Monitoring Plan for the Santa Clara River Watershed 
March 2006 
 

 

Comment 1:  I'm also attached to the NPDES section and can modify the POTW and stormwater 
sampling requirements to help implement your proposed plan. 
 
Response 1:  Comment incorporated.  Greater detail regarding RWQCB implementation 
assistance added to the document. 
 
Comment 2:  Bacteriological sampling on a monthly basis will not be useful - our Basin Plan 
objectives require that we have 4-5 samples per month to determine compliance, so we can live 
with weekly sampling (which results in 4 samples per month most of the time and occasionally 5), 
but not monthly.   
 
Response 2:  Comment incorporated.  Bacteriological sampling changed to weekly. 
 
Comment 3:  The proposed monitoring plan doesn't seem to address bioaccumulation monitoring.  
In the past, we have collected fish from a few locations as part of the now-defunct Toxic 
Substances Monitoring Program, but it was pretty haphazard and it would be nice to have a 
regular sampling program at key locations (wouldn't necessarily need to be done annually, 
perhaps every few years).   
 
Response 3:  Bioaccumulation monitoring is not within the stated scope of work.  This monitoring 
may be addressed by stakeholders when determining future implementation of the plan. 
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GAIL FARBER, Director

COUNTY OF LOS ANGELES

DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENLIE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626)458-5]00
http://dpw.lacounty.gov ,ADDRESS ALL CORRESPONDENCE TO:

P.O. BOX ]460
ALHAMBRA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE: WM-~

June 25, 2009

Ms. Tracy Egoscue
Executive Officer
California Regional Water Quality

Control Board —Los Angeles Region
320 West 4th Street, Suite 200
Los Angeles, CA 90013-2343

Attention Dr. Eric Wu

Dear Ms. Egoscue:

LAKE ELIZABETH, MUNZ LAKE, AND LAKE HUGHES
TRASH MONITORING AND REPORTING PLAN
RESPONSE TO CONDITIONAL APPROVAL
RESOLUTION NO. R4-2007-009

On behalf of the County of Los Angeles, we are providing the following information to
satisfy the conditions of the approval for the Lake Elizabeth, Munz Lake, and
Lake Hughes Trash Monitoring and Reporting Plan submitted on September 5, 2008.

In response to Requirement No. 1, the maintenance plan to ensure that the Full-Capture
System performs to design specifications is as follows:

1. Inspection and cleaning of catch basins between May 1 and September 30 of
each year.

2. Additional cleaning of any catch basin that is at least 40 percent full of trash
and/or debris,

3. Record keeping of catch basins cleaned,

4. Recording of the overall quantity of catch basin waste collected.
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Ms. Tracy Egoscue
June 25, 2009
Page 2

In response to Requirement No. 2, the contingency plan is applicable only to point-
source jurisdictions proposing a Minimum Frequency Assessment and Collection and/or
Best Management Practices Program in lieu of the Full-Capture System. Since the
County of Los Angeles (County) has proposed aFull-Capture System, the contingency
plan is not needed.

In response to Requirement No. 3, a copy of the Health and Safety Plan will be
submitted to the Regional Board prior to the commencement of any field work.

In response to Requirement No. 4, the County will obtain all necessary permits prior to
the start of work.

In response to Requirement No. 5, the County will contact the Regional Board 72 hours
prior to the commencement of any field work.

If you have any questions, please call me or your staff may contact Ms. Terri Grant at
(626) 458-4309 or tgrant@dpw.lacounty.gov.

Very truly yours,

GAIL FARBER
Director of Public Works

~~ ̀ c,,t"

GARY HILDEBRAND
Assistant Deputy Director
Watershed Management Division

LAT:Im
P:\wmpub\Secretaria1~2009 Documents\LetterslAfter 3_20_09\TMRP Conditional Approval Response D3-09-3.doc\C09285

Enc.

cc: State Water Resources Control Board (Michael Levy)
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1.0   EXECUTIVE SUMMARY 
 

The U.S. Federal Regulations under the Clean Water Act (CWA) of 1972 require 
States to develop a list of impaired waters and the pollutants for which they are 
impaired, also known as the 303 (d) List.  Subsequently, States must establish a 
watershed-based pollutant specific Total Maximum Daily Load (TMDL) to bring 
impaired water bodies into compliance with the water quality standards necessary for 
its beneficial uses.  This TMDL is then incorporated as an amendment to the regional 
Basin Plan.  The designated responsible jurisdictions and responsible agencies must 
then reduce their discharges to meet these waste load allocations according to a 
compliance schedule. 
 
The Santa Monica Bay beaches were designated as impaired and included on 
California’s 1998 CWA 303(d) list of impaired waters due to excessive amounts of 
coliform bacteria.  The presence of high coliform bacteria concentrations in surface 
waters is an indication that water quality may not be sufficient to maintain the 
beneficial use of these waters for human body contact recreation (REC-1).  The 
California Regional Water Quality Control Board, Los Angeles Region (Regional 
Board) released a first draft of the Santa Monica Bay Beaches Bacterial TMDL 
(SMBBB TMDL) on November 9, 2001.  Later, the Regional Board staff decided to 
bifurcate the SMBBB TMDL into two TMDLs, one for dry and one for wet weather.  
Both the SMBBB dry- and wet-weather TMDLs were approved by EPA in June 2003 
and became effective on July 15, 2003. 
 
The SMBBB TMDLs require responsible jurisdictional groups and responsible 
agencies within the Malibu Creek and Ballona Creek subwatersheds to achieve 
compliance with the TMDLs according to specified schedules1.  Four years after the 
effective date of the TMDLs the Regional Board will re-open the TMDLs to re-
consider certain provisions based on new data, some of which will be collected under 
this monitoring plan, including: 

 
• the number of allowable winter dry-weather exceedance days; 
• re-evaluation of the Arroyo Sequit Canyon and Leo Carrillo Beach 

reference system; 
• estimated number of wet-weather exceedance days in the critical year 

at all beach locations, including the reference system(s); and 
• final allowable wet-weather exceedance days for each beach location 

and their future adjustment. 

                                                 
1 According to the SMBBB TMDLs, responsible jurisdictions and agencies are defined as: (1) local 
agencies that are responsible for discharges from a publicly owned treatment works to the Santa 
Monica Bay watershed or directly to the Bay, (2) local agencies that are permittees or co-permittees on 
a municipal storm water permit [within  the SMB Watershed Management Area], (3) local or state 
agencies that have jurisdiction over a beach adjacent to Santa Monica Bay, and (4) the California 
Department of Transportation pursuant to its storm water permit.  
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• the need for clarification or revision of the geometric mean 
compliance requirements 

 
The TMDLs’ compliance dates are as follows:   
 

• summer dry-weather period: three years; 
• winter dry-weather period: six years; and 
• wet-weather period: up to 10 or up to 18 years, depending on whether an 

integrated water resources implementation approach is used. 
 
Compliance dates are measured from the TMDLs’ effective date of July 15, 2003. 
 
Coordinated Shoreline Monitoring Plan Development 
 
This Coordinated Shoreline Monitoring Plan is developed by a Technical Steering 
Committee, which is co-chaired by the County and City of Los Angeles and consists 
of representatives from many of the TMDLs’ responsible agencies.  Valuable 
feedback is also generously provided by staff from the Regional Board, Heal the Bay, 
Santa Monica BayKeeper, and the Sanitation Districts of Los Angeles County 
(LACSD).  
 
The plan is designed to comply with the monitoring requirements of both the dry- and 
wet-weather TMDLs by proposing a single Coordinated Shoreline Monitoring Plan, 
and to provide some of the data to support the re-evaluations that will be made when 
the TMDLs are re-considered in four years.  
 
The TMDLs establish multi-part numeric targets based on three bacteriological 
analytical parameters:  Total coliform density, fecal coliform density and 
enterococcus density, with density reported in bacteria counts per 100 milliliters of 
water sampled.  These numerical targets have been set based on the Los Angeles 
Basin Plan objectives for body-contact recreation (REC-1) and are equivalent to the 
State bacteriological standards set pursuant to Assembly Bill 411. 
  
Requirements of Coordinated Shoreline Monitoring Plan 

 
Both the dry- and wet-weather TMDLs require that, within 120 days of their 
respective effective dates, the responsible agencies submit a coordinated shoreline 
monitoring plan to be approved by the Regional Board’s Executive Officer.  The 
TMDLs prescribe criteria by which compliance monitoring locations are to be 
established, but the responsible agencies have the option of conducting either daily or 
weekly sampling.  The TMDLs compliance monitoring sites are to be established as 
follows: 
 
All existing monitoring sites, in their present locations or moved to the wave wash of 
a “major drain,” are to become compliance monitoring locations.  Existing sites are 
those shoreline locations monitored by the City of Los Angeles, County Sanitation 

1-2  

RB-AR39442



 
 

Districts of Los Angeles County, and the Los Angeles County Department of Health 
Services at the time of adoption of the TMDLs by the Regional Board.  “Major 
drains” are defined as those publicly owned and observed to have persistent, 
measurable dry-weather flow 
 
All major drains are to be considered for monitoring.   
 
Subwatersheds without an existing shoreline monitoring location must have a new 
site added at the wave wash of any “major drain” or creek.  If no major drain or fresh 
water creek exists, the new site is to be added at the midpoint of a beach listed in the 
TMDL.   
 
Sampling Schedule in the Coordinated Shoreline Monitoring Plan 
 
The monitoring program will begin as soon as all Memorandums of Agreements have 
been executed between the City of Los Angeles and those agencies using the City’s 
services, but no later than November 1, 2004.  Monthly updates on the progress of the 
Memorandum of Agreements will be provided to the Regional Board.   
 
The proposed compliance monitoring program consists of 67 sampling sites 
monitored on a weekly basis.  Fifty of the 67 sites are existing monitoring sites; the 
remaining 17 are newly added sites.  All routine samples are scheduled to be 
collected on Mondays: 32 by the City of Los Angeles Bureau of Sanitation, 
Environmental Monitoring Division (EMD), 26 by the County of Los Angeles 
Department of Health Services (LACDHS), and nine by the Sanitation Districts of 
Los Angeles County.  
 
In addition to the 67 monitoring sites, the proposed program also includes nine sites 
where routine dry-weather flow observations will be made.  One year from the 
initiation of the monitoring program, the Regional Board will evaluate the 
accumulated flow observation data to determine whether any of the nine observation 
sites warrants being added to the list of compliance monitoring sites.    
 
Procedures following Elevated Bacterial Levels (Exceedances) 

 
For the first three years of the summer dry-weather period and the first six years of 
the winter dry-weather period, EMD, LACDHS and LACSD will conduct accelerated 
testing 48 hours, and if necessary, 96 hours following the initial bacterial exceedance.  
All three indicators, and not just the exceeding indicator, will be tested during 
accelerated testing.  For those sites monitored by the EMD, not all sites showing 
exceedances may be selected for accelerated sampling due to operational constraints.  
When this occurs, EMD will randomly select locations where accelerated sampling 
will be done.  However, if a site is deemed chronically problematic by the responsible 
agencies within that jurisdictional group, the jurisdictional group may select that site 
for accelerated sampling.   
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Analytical Methodology 
 

Seawater samples will be tested for specific indicator bacteria concentrations whose 
presence indicates that enteric pathogenic microorganisms may also be present.  
These indicator bacteria (i.e., total coliforms, fecal coliforms or E. coli, and 
enterococcus) can be isolated and quantified by relatively simple microbiological 
techniques.  Sampling and analytical procedures as specified in Standard Methods for 
the Examination of Water and Wastewater, 18th – 20th Edition (APHA 1992, 1998, 
respectively), EPA or Regional Board approved methods, will be used. 

 
Quality assurance and quality control procedures will be conducted to confirm that 
the analytical data collected are valid and that they are comparable among all 
participating laboratories.   
 
Data from several laboratories (agencies) will be utilized to comply with the 
monitoring requirements of the Santa Monica Bay Beaches Bacterial TMDLs.  At a 
minimum, EMD, LACSD, and LACDHS will be involved.  In order to ensure that 
these data are comparable relative to the level of quality, the participating laboratories 
will be requested to participate in inter-laboratory calibration exercises.   
 
Data Management and Reporting 
 
Monthly data summary reports will be submitted to the Regional Board by the last 
day of each month for data collected during the previous month.  Two agencies will 
submit the monthly reports on behalf of all responsible agencies: EMD on behalf of 
Jurisdictional Groups 1 through 6, 8, and 9; and LACSD on behalf of Jurisdictional 
Group 7.  LACDHS will submit its data to EMD for compilation and submittal to the 
Regional Board.  Copies of the monthly reports will be distributed to the lead agency 
of the appropriate jurisdictional group.  If requested, the lead agency of each 
jurisdictional group will distribute the monthly reports to the responsible agencies 
within their respective jurisdictional group. 
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2.0   INTRODUCTION 
 
This monitoring proposal is submitted to fulfill the 120-day requirement for 
developing a coordinated shoreline monitoring plan for both the Dry-Weather and 
Wet-Weather Santa Monica Bay Beaches Bacteria Total Maximum Daily Loads 
(SMBBB TMDLs).  These TMDL regulations can be found in Appendix K of this 
document as reference; or, they can be found on the Los Angeles Regional Water 
Quality Control Board’s website at http://www.swrcb.ca.gov/rwqcb4/. 
 
2.1 Background 
 
Federal Regulations under the Clean Water Act require States to develop a list of 
impaired waters and the pollutants for which they are impaired, also known as the 
303(d) List.  The States must then establish what the assimilative capacity of the 
water body is for the impairing pollutants in the form of a Total Maximum Daily 
Load (TMDL) of the pollutant that the water body can receive and still achieve the 
water quality objectives necessary to protect its beneficial uses (e.g., REC-1).  The 
sources must then reduce their discharges to meet these waste load allocations 
according to a compliance schedule.  This Total Maximum Daily Load (TMDL) is 
incorporated as an amendment to the regional Water Quality Control Plan (Basin 
Plan). 
 
The Santa Monica Bay beaches were designated as impaired and included on 
California’s 1998 CWA §303(d) list of impaired waters due to excessive amounts of 
coliform bacteria.  The presence of coliform bacteria in surface waters is an indicator 
that water quality may not be sufficient to maintain the beneficial use of these waters 
for human body contact recreation (REC-1).  To allow more time to consider the 
extensive public comments on the wet-weather elements of the TMDL, the Regional 
Board staff decided to bifurcate the Santa Monica Bay Beaches Bacterial TMDL into 
two TMDLs, one for dry and one for wet weather.2  Both the SMBBB dry- and wet-
weather TMDLs were approved by EPA in June 2003 and became effective on July 
15, 2003 with the following actions required: 
  

• Both TMDLs require the responsible jurisdictions and responsible 
agencies to submit a coordinated, shoreline monitoring plan within 120 
days of the effective date of the TMDLs.   

• The Dry Weather TMDL further requires that within the same 120 
days of the effective date the responsible jurisdictions and agencies 
identify and provide documentation on 342 potential discharges to 
Santa Monica Bay beaches, including those within the Area of Special 
Biological Significance in northern Santa Monica Bay from Latigo 
Point to the Los Angeles/Venture county line. 

                                                 
2 See Appendix A Development History of SMBBB TMDL 
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• The TMDLs require responsible jurisdictions and agencies to achieve 
compliance with the TMDL according to specified schedules, with a 
longer schedule allowed for achieving the Wet Weather TMDL.   

• The Wet Weather TMDL requires the responsible agencies and 
jurisdictions to develop an implementation plan for meeting the 
compliance schedule.   

• Four years after the effective date of the TMDLs the Regional Board 
will re-consider the TMDLs, including certain provisions based on 
new data, some of which will be collected under this monitoring plan, 
including: 

 
o the number of allowable winter dry weather exceedance days 
o reevaluation of the reference system 
o reevaluation of the reference year 
o estimated number of wet-weather exceedance days in the 

critical year at all beach locations, including the reference 
system(s) 

o final allowable wet weather exceedance days for each beach 
location 

o reconsideration of whether the number of allowable wet 
weather exceedance days should be adjusted annually 
dependant on rainfall 

o the need for clarification or revision of the geometric mean 
compliance requirements 

 
This monitoring proposal is submitted to fulfill the first of the above listed 
requirements, the coordinated shoreline monitoring plan for the SMBBB TMDLs to 
be submitted within 120 days of the effective date.   
 
2.2 Compliance Targets 
 
This Coordinated Shoreline Monitoring Plan proposes 67 locations where compliance 
with the TMDLs will be measured.  Additionally, data collected prior to the 
compliance deadlines will be used when re-evaluating the TMDLs in four years.  A 
brief discussion on how the Regional Board intends to measure the Responsible 
Agencies’ compliance with the TMDLs’ waste load allocations should help the reader 
to better understand the proposed monitoring program.  Detailed information on the 
TMDLs requirements, including the waste load allocations, can be found in 
Appendix K. 
 
The TMDLs establish multi-part numeric targets based on three bacteriological 
analytical parameters:  Total coliform density, fecal coliform density and 
enterococcus density, with density reported in bacteria counts per 100 milliliters of 
water sampled.  These numerical targets and the corresponding waste load allocations 
have been set based on the Los Angeles Basin Plan objectives for body-contact 
recreation (REC-1) along with the implementation provisions for these objectives. 
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The SMBBB TMDLs divide the year into three separate periods for compliance 
purposes, each with specific requirements.  The three periods are as follows: 
 

• summer dry-weather (April 1 – October 31),  
• winter dry weather (November 1 – March 31), and  
• wet weather.   

 
Wet weather days are those days with rain events of ≥ 0.1 inches of precipitation and 
the three days following the end of the rain event.   
 

2.2.1 Rolling 30-day Geometric Mean Limits 
 
The Geometric Mean Limits may not be exceeded at any time and must be achieved 
within three (3) years of the effective date of the TMDL for summer dry weather, 
within six (6) years of the effective date for winter dry weather, and for wet weather 
the geometric mean limits must be achieved by the final compliance date in 
accordance with the implementation plan.  These limits are:  
 

• Total coliform density shall not exceed 1,000/100 mL 
• Fecal coliform density shall not exceed 200/100 mL 
• Enterococcus density shall not exceed 35/100 mL 

 
The geometric mean is defined in Webster's Dictionary as "the nth root of the product 
of n numbers."  Thus, the 30-day geometric mean calculation for the SMBBB 
TMDLs will be calculated as the 30th root of the product of 30 numbers (the most 
recent 30 day results).  For weekly sampling, the 30 numbers are obtained by 
assigning the weekly test result to the remaining days of the week.  If more samples 
are tested within the same week, each test result will supersede the previous result 
and be assigned to the remaining days of the week until the next sample is collected.  
This rolling 30-day geometric mean must be calculated for each day, regardless of 
whether a weekly or daily schedule is selected.   

2.2.2 Single Sample Limits 
 

• Total coliform density shall not exceed 10,000/100 mL 
• Fecal coliform density shall not exceed 400/100 mL 
• Enterococcus density shall not exceed 104/100 mL 
• Total coliform density shall not exceed 1,000/100 mL if the ratio of 

fecal-to-total coliform exceeds 0.1 
 
During summer dry weather the single sample limits may not be exceeded at any time 
and must be achieved within three (3) years of the effective date of the TMDL. 
 

2-3  

RB-AR39447



 
 

The single sample targets for winter dry weather and year-round wet weather allow a 
certain number of exceedance days that are established using a dual reference 
system/anti-degradation approach.  The allowable number of exceedance days at each 
monitoring site must be no greater than the number of historical exceedance days 
measured at a reference beach site that has been selected as being representative of 
natural background water quality from coastal creeks or runoff from undeveloped 
areas.  Because the bacterial indicators used as targets in the TMDL are not specific 
to human sewage, storm water runoff from undeveloped areas may also be a source 
of elevated bacterial indicator densities.  For example, storm water runoff from 
natural areas may convey fecal matter from wildlife and birds or bacteria from soil.  
This is supported by the finding that, at the reference beach, the probability of 
exceedance of the single sample targets during wet weather is 0.22 (i.e., 22%).3  The 
reference system selected by the Regional Board is the Arroyo Sequit Canyon 
watershed and the corresponding historical monitoring site at Leo Cabrillo Beach. 
 
The maximum allowable number of exceedance days per year based on the reference 
system during winter dry weather is three days per year based on a daily sampling 
schedule or one day per year based on weekly sampling. 
 
The maximum allowable number of exceedance days based on the reference system 
during year-round wet weather is seventeen (17) exceedance days per year under a 
daily sampling schedule.  If a weekly sampling schedule is employed, the number of 
allowable exceedance days is scaled back accordingly to three (3) exceedance days 
per year for year-round wet weather. 
 
For compliance monitoring sites that exhibit historically fewer exceedance days than 
the reference beach site, there can be no degradation of water quality and for these 
compliance monitoring sites the allowable exceedance days will be set equal to the 
historical exceedance days at the same compliance monitoring site.  In effect, certain 
compliance monitoring sites/watersheds are to be held to a higher standard than 
others per federal and state anti-degradation requirements.   
 
2.3 Coordinated Monitoring Plan Development 
 

This monitoring plan is developed by the Technical Steering Committee (TSC), 
which is co-chaired by the County and City of Los Angeles, and consists of 
representatives from all seven jurisdictional groups plus those responsible agencies 
within the Malibu Creek and Ballona Creek watersheds4.  The Ballona Creek and 
                                                 
3 Attachment A to Resolution No.  2002-022, page 4, Source Analysis 
4 Jurisdictional groups were not created for responsible jurisdictions and agencies in the Ballona Creek 
and Malibu Creek subwatersheds, because the Regional Board recognized that it would be premature 
to set interim compliance targets for beaches impacted by discharges originating within these 
watersheds in light of the fact that separate bacteria TMDLs would strongly affect implementation 
schedules for these beaches.  Nevertheless, the responsible jurisdictions and agencies within these two 
watersheds are responsible under the SMBBB TMDLs (see letter from Dennis Dickerson, LARWQCB 
to responsible agencies dated October 28, 2003 for clarification).  Therefore, these jurisdictions and 
agencies are also responsible for submitting a coordinated shoreline monitoring plan for those beaches 
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Malibu Creek watersheds are designated as Jurisdictional Groups 8 and 9, 
respectively, in this document for ease of reference.   
 
The TSC originated as a subcommittee of the Ballona Creek Watershed Management 
Area municipal NPDES permittee group under the Los Angeles County Municipal 
Storm Water NPDES Permit.  More than a year before the TMDLs were finalized, 
this subcommittee began gathering information and meeting with representatives of 
the various agencies that had historically conducted shoreline monitoring along the 
Santa Monica Bay beaches, namely the City of Los Angeles Environmental 
Monitoring Division (EMD), Los Angeles County Department of Health Services 
(LACDHS), and Los Angeles County Sanitation Districts (LACSD).  The 
subcommittee met in May 2002 with representatives of the City of Los Angeles, the 
Los Angeles County Department of Public Works, and Caltrans to assess their plans 
for monitoring relative to the developing SMBBB TMDLs.  The subcommittee held 
monthly meeting and gradually expanded to include representatives from all seven 
jurisdictional groups, and was renamed as the Technical Steering Committee for the 
SMBBB TMDLs.  Once the TMDLs were approved by the U.S.  EPA in June 2003, 
RWQCB staff and environmental stakeholder representatives began attending TSC 
meetings to provide feedback as work on the coordinated monitoring plan progressed.  
A list of participants in the TSC is provided in Appendix N.   

 
2.4 Requirements of Coordinated Shoreline Monitoring Plan 
 
Both the Dry and Wet Weather TMDLs require that within 120 days of the effective 
date: 
 

“Responsible jurisdictions and responsible agencies must submit 
coordinated shoreline monitoring plan(s), including a list of new 
sites and/or sites relocated to the wave wash at which time 
responsible jurisdictions and responsible agencies will select 
between daily and weekly shoreline sampling5.  Monitoring sites 
are those shoreline locations currently monitored by the City of 
Los Angeles [EMD], County Sanitation Districts of Los Angeles 
County [LACSD], and the Los Angeles County Department of 
Health Services [LACDHS] at the time of adoption of this TMDL 
by the Regional Board.6”  

 
The three above-mentioned agencies currently conduct routine monitoring at fifty 
(50) shoreline locations in Santa Monica Bay7.  Additionally, the TMDLs also require 
additional monitoring sites:   
 
                                                                                                                                           
and associated compliance monitoring locations that are primarily impacted by discharges originating 
within the Ballona Creek and Malibu Creek watersheds.   
5 Resolution 2002-004, Attachment A, Table 7-4.3, Resolution 2002-022, Table 7-4.7 
6 Resolution 2002-022, Attachment A, Table 7-4.6, footnote *** 
7 Resolution 2002-022, Attachment A, Table 7-4.6  
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“For those subwatersheds without an existing shoreline monitoring 
site, responsible jurisdictions and agencies must establish a 
shoreline monitoring site if there is measurable flow from a creek 
or publicly owned storm drain to the beach during dry weather8.” 

 
This last sentence is further clarified by the additional statement that responsible 
jurisdictions and agencies “shall conduct daily or systematic weekly sampling in the 
wave wash at all major drains and creeks or at existing monitoring sites at beaches 
without storm drains or freshwater outlets.9”  
 
The term wave wash is defined as the point at which the storm drain or creek empties 
and the effluent from the storm drain initially mixes with the receiving ocean water, 
this term is also referred to as “point zero.”  Major drains are described in the Wet 
Weather TMDL as those that are publicly owned and have measurable flow to the 
beach during dry weather10.  See Appendix K for more details on the TMDLs’ 
requirements for the monitoring plan. 
 

                                                 
8 Resolution 2002-022, Attachment A, Table 7-4.7 
9 Resolution 2002-022, Attachment A, page 9, Compliance Monitoring 
10 Resolution 2002-022, Attachment A, page 9, Compliance Monitoring, footnote 7 
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3.0   COMPLIANCE MONITORING SITES 
 
The section of coastline to be monitored under the Santa Monica Bay Beaches Bacterial 
TMDLs stretches from the Los Angeles/Ventura county line at the northwest, down to 
Outer Cabrillo Beach in San Pedro, just south of the Palos Verdes Peninsula.  This 
stretch covers approximately 55 miles of shoreline along Santa Monica Bay.  A total of 
67 monitoring locations, including both historical11 and new sampling sites, are being 
proposed to measure compliance with the TMDLs.  In addition to the monitoring sites, 
routine dry-weather flow observations will also be made at nine locations along the Bay.   
 
The monitoring sites and observation sites are discussed in detail in this section, as well 
as summarized in Appendix B.  Approximate locations of these sites are illustrated in 
Appendix P.  Table 3.1 below breaks down the 67 compliance monitoring locations into 
historical and new sites: 
 
Table 3.1 Summary of compliance monitoring sites. 

TYPE OF SITE J1 J2 J3 J4 J5 J6 J7 J8 J9  
Historical sites, open beach 1 6 1 0 3 3 8 0 2 23 
Historical sites, moved to point zero 7 5 7 1 2 2 0 1 1 27 
New sites, open beach 2 0 0 0 0 0 0 0 0 2 
New sites, point zero 8 4 1 0 0 1 1 0 0 15 
Total 18 15 9 1 5 6 9 1 3 67 
 
These sampling sites have been selected by all responsible agencies within each 
Jurisdictional Group with guidance from the Technical Steering Committee (TSC) 
and input from the Regional Board staff.  Guidance from the TSC took the form of a 
set of site selection guidelines listed below.  These site selection guidelines were 
intended as overarching parameters for use by Jurisdictional Groups to establish 
compliance locations.  The guidelines do not consider all the specific conditions that 
may arise at each and every location along the 55 miles of highly variable geography 
that is the Santa Monica Bay coastline.  Final selection of sampling locations required 
the exercise of professional judgment at the Jurisdictional Group level.   
   
3.1 Site Selection Guidelines 
 
To assist each jurisdictional group select compliance monitoring sites, the TSC 
developed the following set of guidelines as a screening tool.  Notwithstanding these 
guidelines, where a publicly owned storm drain was observed to have persistent, 
measurable dry weather flow, it was considered for monitoring consistent with 
TMDL requirements.  Each of the guidelines was not necessarily relevant or 
applicable at every monitoring location. 

                                                 
11 Historical sites are listed in Resolution 2002-022, Attachment A, Table 7-4.5.  Six of these sites were 
not proposed as compliance locations, because LACDHS indicated they were not being monitored at 
the time of the adoption of the TMDL by the Regional Board.  These six  sites are DHS001a, 
DHS003a, DHS005a, DHS010a, DHS104a, and DHS106a.   
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1. Sampling will be conducted in the wave wash at major drains and creeks or at 
existing monitoring sites at beaches without storm drains or freshwater 
outlets.   

a. Major drains are those that are publicly owned and have measurable 
flow to the beach at the wave wash during dry weather.  Storm drain 
pipes having inside diameter of 36 inches or more or its equivalent 
(discharges from a single conveyance other than a circular pipe which 
is associated with a drainage area of more than 50 acres) [per 40 CFR 
122.26(b)(5)] will be evaluated for monitoring. 

b. A beach is an accessible area of coastline regularly used for wading 
and swimming.   

2. At least one (1) monitoring site will be located in each subwatershed listed in 
Attachment A Table 7-4.6 to Resolution No.  2002-022, SMBBB Wet 
Weather TMDL  In addition, at least one (1) monitoring site will be located at 
a beach impacted by discharges originating within the Ballona Creek 
watershed and at least one (1) monitoring site will be located at a beach 
impacted by discharges originating within the Malibu Creek watershed. 

3. For subwatersheds lacking a storm drain or freshwater outlet that meets the 
guidelines for a monitoring location, a monitoring site will be located at the 
midpoint between its up and down coast boundaries or at the historical site(s).   

4. Monitoring locations must have safe access for sampling. 

5. Historical monitoring locations listed in Attachment A, Table 7-4.5 to 
Resolution 2002-002, SMBBB Wet Weather TMDL, except for those 
described in footnote number 11, shall be used as a starting point to establish 
compliance monitoring locations.   

Notwithstanding the “beach” definition presented here, it is acknowledged that (1) all 
beaches listed in TMDL are covered by this monitoring plan, (2) all existing sites will 
continue to be monitored unless they are being relocated to point zero, and (3) there is 
at least one monitoring site in each subwatershed identified in the TMDL. 
 
Each of the seven Jurisdictional Groups conducted storm drain and beach surveys and 
consulted Santa Monica BayKeeper's list of drains potentially discharging into Santa 
Monica Bay as part of the evaluation process.  The final list of compliance monitoring 
sites has been selected based on the TMDLs and these guidelines; these sites are 
described in Sections 3.3 through 3.10 of this plan and summarized in Appendix B.   
 
Should additional “major drains” be identified after approval of this plan, they will be 
evaluated for routine monitoring per TMDL requirements and if appropriate, added to 
this coordinated monitoring plan.  Similarly, a monitoring site may be removed from 
this plan if it is shown through regular observations that the storm drain in question 
does not qualify as a “major drain” as defined by the TMDL.   
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3.2 Observation Sites 
 
In addition to the compliance monitoring sites, this plan also includes nine locations 
where weekly or monthly dry-weather flow observations will be made.  One year 
following the start of observations, the Regional Board will determine whether each 
of the nine locations warrants being added to the current list of compliance 
monitoring sites.  The nine observation sites are listed in Table 3.2 below, and a 
discussion of each can be found in the subsequent sections.   
 
Table 3.2.  Summary of observation sites. 
OBSERVATION 

SITE ID 
SM BAYKEEPER 

DRAIN ID 
OUTLET SIZE JURISDICTIONAL 

GROUP 
SMB-O-1 S1D40 Creek type drain JG1 
SMB-O-2 S2D140 70 in. JG1 
SMB-O-3 S3D280 36 in. JG1 
SMB-O-4 S6D50 24 in. JG2 
SMB-O-5 S6D90 46 in. JG2 
SMB-O-6 S10D20 24 in. JG5 
SMB-O-7 S13D40 36 in. JG6 
SMB-O-8 S14D70 32 in. JG6 
SMB-O-9 S15D40 72 in. JG7 

 
 
3.3 Jurisdiction 1 
 
Setting 
 
Jurisdiction 1 is comprised of seven responsible agencies: County of Los Angeles 
(lead agency), County of Ventura, California Department of Parks and Recreation, 
Caltrans, and Cities of Los Angeles, Malibu, and Calabasas.  The jurisdiction covers 
the entire Malibu Watershed Management Area as defined by the Regional Board, 
minus the Nicholas Canyon watershed (Jurisdiction 4) and Malibu Creek watershed.  
The combined size of the 16 subwatersheds in Jurisdiction 1 is approximately 47,338 
acres; however, 5,997 acres of State park land are considered by the Regional Board 
to be background, leaving 41,341 acres of effective watershed area.  The effective 
watershed area falls under the jurisdiction of the following responsible agencies: 
 

County of Los Angeles (lead agency) 29,838 acres 
City of Malibu    9,799 acres 
County of Ventura   905 acres 
Caltrans    497 acres 
California Department of Parks and 
Recreation (beaches only)  

150 acres 

City of Calabasas 131 acres 
City of Los Angeles  21 acres 
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Compliance Locations 
 
Jurisdiction 1 has 18 sites where compliance will be measured.  Of the 18, eight are 
existing monitoring sites currently sampled by the City of Los Angeles and the 
Department of Health Services, the remaining ten are new sites.  Jurisdiction 1 also 
has three observation sites.  Approximate locations of the monitoring and observation 
sites are shown in Figures 2 through 4 in Appendix P.  A description of each 
compliance location and justification for its selection follows:  
 
Site Id: SMB-1-1 Status: Moved Type: Point Zero 
Historical Site Id: DHS010 Subwatershed: Arroyo 

Sequit 
BayKeeper Id: sad 50 

Comments: This relocated site is situated at the mouth 
of Arroyo Sequit Creek on Leo Carrillo State Beach.  
Relocation is required because the creek periodically 
discharges to the ocean during dry weather.  LACDHS 
has agreed to move its existing station DHS010 to point 
zero.  See Thomas Guide page 625 H6.   

 
Site Id: SMB-1-2 Status: New Type: Open Beach 
Historical Site Id: N/A Subwatershed: Los 

Alisos 
BayKeeper Id:  N/A 

Comments: This new site is situated on El Pescador 
State Beach.  The creeks likely to impact water quality 
at this monitoring site are Lachusa Creek (BayKeeper 
ID “sad320”) and Los Aliso Creek.  Lachusa Creek 
exhibits a small, but consistent flow to the ocean during 
dry weather, but the location can not be accessed for 
sampling.  See Thomas Guide page 626 D7. 

 
Site Id: SMB-1-3 Status: New Type: Open Beach 
Historical Site Id: N/A Subwatershed: Encinal BayKeeper Id: N/A 
Comments: This new site is situated on El Matador 
State Beach at base of access stairs.  There are no creeks 
or historical monitoring sites in the Encinal Canyon 
subwatershed.  See Thomas Guide page 626 F7. 
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Site Id: SMB-1-4 Status: Moved Type: Point Zero 
Historical Site Id: DHS008 Subwatershed: Trancas BayKeeper Id: sad920 
Comments: The existing site DHS008 is moved to the 
wave wash of Trancas Creek on Broad Beach year-
round.  See Thomas Guide page 667 grid A1.  Access 
this site through the Zuma Beach entrance.  The TMDL 
also listed another existing site at Broad Beach named 
DHS010a, which through discussions with LACDHS 
was discovered not to be a currently monitored site for 
at least the past 12 years and therefore is not proposed as 
a compliance monitoring site in this plan.   

 
Site Id: SMB-1-5 Status: Moved Type: Point Zero 
Historical Site Id: DHS007 Subwatershed: Zuma BayKeeper Id: sad1070 
Comments: The existing site DHS007 is moved to the 
mouth of Zuma Creek at Zuma Beach year-round.  See 
Thomas Guide page 667 C3. 

 
Site Id: SMB-1-6 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Ramirez BayKeeper Id: S1D30 
Comments:  This new site is situated at the wave wash 
of “Walnut Creek.”  Access to this site is through private 
property and requires prior approval from property 
owners.  See Thomas Guide page 667 G3. 

Photograph unavailable 

 
Site Id: SMB-O-1 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Ramirez BayKeeper Id: S1D40 
Comments:  This observation site is situated near Little 
Point Dume. To access the site, head north on PCH. 
Turn right on Zumirez Drive.  The access gate is located 
at the end of the street; an access card is required to 
enter.  This site is located between compliance 
monitoring sites S1D30 and S1D50.  One year after the 
initiation of the flow observation program, the Regional 
Board will evaluate the data to determine whether this 
location should be added as a compliance monitoring 
site.  See Thomas Guide page 667 G3. 
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Site Id: SMB-1-7 Status: Moved Type: Point Zero 
Historical Site Id: DHS006 Subwatershed: Ramirez BayKeeper Id: s1d50 
Comments: The existing site DHS006 is moved to the 
mouth of Ramirez Canyon at Paradise Cove Pier.  The 
photograph shows runoff from Ramirez Canyon, with 
the pier in the background.  To access the site, turn left 
onto Paradise Cove Road from northbound Pacific 
Coast Highway.  See Thomas Guide page 667 G2. 

 

 
Site Id: SMB-1-8 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: 

Escondido 
BayKeeper Id: s1d150 

Comments: This is a new site located at the wave wash 
of Escondido Creek, just east of Escondido State Beach 
and west of the Malibu Cove Colony.  See Thomas 
Guide page 668 A1. 

 
Site Id: SMB-1-9 Status: Moved Type: Point Zero 
Historical Site Id: DHS005 Subwatershed: Latigo BayKeeper Id: s1d240 
Comments: The existing station DHS005 in front of the 
Tivoli Bay Villa Treatment Plant (pink building on the 
right side of the photograph) is moved to the wave wash 
of Latigo Canyon (box structure on the left side of the 
photograph).  See Thomas Guide page 668 B1. 

 
Site Id: SMB-1-10 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Solstice BayKeeper Id: s1d290 
Comments: This new site is situated at the mouth of 
Solstice Creek at Dan Blocker County Beach.  The creek 
exhibits small, but consistent flows during dry weather.  
There are no existing monitoring sites on this beach.  
Access to the site is located across the street from 26025 
Pacific Coast Highway.  See Thomas Guide page 628 
C7.   
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Site Id: SMB-1-11 Status: Moved Type: Point Zero 
Historical Site Id: DHS004 Subwatershed: Corral BayKeeper Id: s1d320 
Comments: The historical site DHS004 on Puerco State 
Beach is moved to the wave wash of this un-named 
creek.  See Thomas Guide page 628 D7.   

 

Photograph unavailable 

 
Site Id: SMB-O-2 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Corral BayKeeper Id: S2D140 
Comments:  This site is located west of S2D170 (Marie 
Canyon) also within the Corral Canyon subwatershed.  
The site can be accessed through public access stairway 
next to 24822 Malibu Road.  One year after the initiation 
of the flow observation program, the Regional Board 
will evaluate the data to determine whether this location 
should be added as a compliance monitoring site.  See 
Thomas Guide page 628  G7. 

 
Site Id: SMB-1-12 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Corral BayKeeper Id: s2d170 
Comments:  This new site is situated in front of the 
Marie Canyon storm drain on Puerco Beach.  To access 
the site, turn right onto Malibu Road from Stuart Ranch 
Road/Web Way.  The storm drain outlet is located under 
24572 Malibu Road; limited public parking is available 
on Malibu Road.  See Thomas Guide page 628 G7. 

 

 
Site Id: SMB-1-13 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Carbon BayKeeper Id: s3d10 
Comments:  This new site is situated in front of 
Sweetwater Canyon on Carbon Beach.  See Thomas 
Guide page 629 B6.   
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Site Id: SMB-1-14 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Las 

Flores 
BayKeeper Id: s3d150 

Comments: This new site is situated at the mouth of 
Las Flores Creek on Las Flores State Beach.  Although 
the creek does not exhibit dry-weather flows, a new site 
is added at this location because the existing monitoring 
location noted in the TMDL, DHS001a, through 
conversations with LACDHS was found to be a site that 
is not currently monitored and has not been for at least 
the past 12 years.  See Thomas Guide page 629 G7. 

 

Photograph unavailable 

 
Site Id: SMB-O-3 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Piedra 

Gorda 
BayKeeper Id: s3d280 

Comments:  This observation site is a 36” storm drain 
situated just west of Moonshadows Restaurant.  Access 
is between 20340 PCH and Moonshadows Restaurant.  
High tide may impede access to this location.  The 
public access is currently closed due to construction.  
One year after the initiation of the flow observation 
program, the Regional Board will evaluate the data to 
determine whether this location should be added as a 
compliance monitoring site. 

 

 
Site Id: SMB-1-15 Status: Existing Type: Open Beach 
Historical Site Id: DHS001 Subwatershed: Piedra 

Gorda 
BayKeeper Id: N/A 

Comments: Same as existing station DHS001 on Big 
Rock Beach, located in front of the stairs adjacent to 
19948 Pacific Coast Highway.  No new sites are added 
in this watershed due to lack of creeks or storm drains 
exhibiting dry-weather flows.  See Thomas Guide page 
629 J6. 

 

Photograph unavailable 

 
Site Id: SMB-1-16 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Pena BayKeeper Id: s4d60 
Comments: This is a new site at the mouth of Pena 
Creek on Las Tunas County Beach.  A new site is 
proposed at this location despite the lack of observed 
dry-weather flows from the creek because this 
subwatershed does not have an existing shoreline 
sampling site.  See Thomas Guide page 630 B6. 

 

Photograph unavailable 
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Site Id: SMB-1-17 Status:  New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Tuna BayKeeper Id: s5d175 
Comments: This is a new site at the wave wash of Tuna 
Canyon.  Although Tuna Canyon does not discharge 
onto a public beach, this location is added to fulfill the 
TMDLs’ requirement of having at least one compliance 
monitoring location in every coastal subwatershed.  See 
Thomas Guide page 630 C6.   

 

Photograph unavailable 

 
Site Id: SMB-1-18 Status: Moved Type: Point Zero 
Historical Site Id: S2 Subwatershed: Topanga BayKeeper Id: s5d315 
Comments: The existing station S2 is moved to the 
wave wash of Topanga Canyon on Topanga State 
Beach.  See Thomas Guide page 630 D6.   

 
 
3.4 Jurisdiction 2 
 
Setting 
 
Jurisdiction 2 is comprised of six responsible agencies: City of Los Angeles (lead 
agency), County of Los Angeles, Caltrans, California Department of Parks and 
Recreation, and cities of Santa Monica and El Segundo.  The jurisdiction 
encompasses the Castle Rock, Dockweiler, Venice Beach, Pulga Canyon, Santa 
Monica Canyon, and Santa Ynez watersheds as defined by the Regional Board.  The 
combined size of the six subwatersheds in Jurisdiction 2 is approximately 18,590 
acres.  The area breakdown by responsible agency is as follows: 
 

City of Los Angeles (lead agency) 16,154 acres 
City of El Segundo   1,124 acres  
California Department of Parks and 
Recreation (beaches only)       

462 acres 

County of Los Angeles   435 acres 
City of Santa Monica    256 acres 
Caltrans   159 acres 

 
Compliance Locations 
 
Jurisdiction 2 has 15 sites where compliance will be measured; of the 15, three are 
new, and the remaining 12 are existing beach monitoring locations currently sampled 
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by the City of Los Angeles or the Los Angeles County Department of Health 
Services.  Five of the 12 existing stations will be moved to the wave wash of a fresh 
water outlet.  Approximate locations of these sites are shown in Figures 5 and 6 in 
Appendix P.  A description of each compliance location and justification for its 
selection follows: 
 
Site Id: SMB-2-1 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: 

Castlerock 
BayKeeper Id: s5d480 

Comments:  This is a new site located in front of the 
Castlerock storm drain, or also known as Parker Mesa 
storm drain, which is a 60”x 96” box structure.  A low-
flow diversion for this storm drain is scheduled to be 
constructed by Summer 2006.  See Thomas Guide page 
630 F6. 
 

 

 
Site Id: SMB-2-2 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Santa Ynez BayKeeper Id: s6d30 
Comments: A second new site is located at the mouth of 
the Santa Ynez storm drain, which is a 72”x 240” box 
outlet.  The County of Los Angeles is planning to 
construct a low-flow diversion for this drain by the 
Summer of 2006.  See Thomas Guide page 630 G6. 

 

 
Site Id: SMB-2-3 Status: Existing Type: Open Beach 
Historical Site Id: DHS101 Subwatershed: Santa Ynez BayKeeper Id: N/A 
Comments:  The is an open beach location on Will 
Rogers  State Beach, at 17200 Pacific Coast Hwy., 
Pacific Palisades , 1/4 mile east of Gladstone’s restaurant 
parking lot and the Sunset storm drain.  See Thomas 
Guide page 630 H6.   

 
Photograph unavailable 
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Site Id: SMB-O-4 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Santa 

Ynez 
BayKeeper Id: s6d50 

Comments:  This is a 24” corrugated metal pipe near 
Gladstones restaurant and site SMB-2-3 (DHS101).  One 
year after the initiation of the flow observation program, 
the Regional Board will evaluate the data to determine 
whether this location should be added as a compliance 
monitoring site. 

 

 
Site Id: SMB-O-5 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Santa 

Ynez 
BayKeeper Id: s6d90 

Comments:  The Marquez storm drain is a 46” concrete 
drain on Sunset Beach, a few hundred feet east of the 
observation site SMB-O-4.  Lifeguard tower #4 is shown 
in the accompanying photograph.  Access is just north of 
the drain at the wooden stairs.  This drain can also be 
observed from the street.  One year after the initiation of 
the flow observation program, the Regional Board will 
evaluate the data to determine whether this location 
should be added as a compliance monitoring site. 

 

 
Site Id: SMB-2-4 Status: Moved Type: Point Zero 
Historical Site Id: S3 Subwatershed: Santa Ynez BayKeeper Id: s6d109, 

110 
Comments: The historical sampling site S3 is moved to 
the wave wash of Pulga storm drain on Will Rogers State 
Beach.  This outlet structure is made up of two 72” x 96” 
boxes.  A low-flow diversion structure is currently under 
construction and is expected to become operational in 
Summer 2004.  See Thomas Guide page 630 H6.   
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Site Id: SMB-2-4 Status: Moved Type: Point Zero 
Historical Site Id: DHS103 Subwatershed: Pulga 

Canyon 
BayKeeper Id: s6d140 

Comments: LACDHS has agreed to moved its historical 
Location DHS103 to the wave wash of the Temescal 
Canyon storm drain on Will Rogers State Beach.  This  
outlet structure is a 72” x 72” outlet box.  See Thomas 
Guide page 630 J6.   

 

 
Site Id: SMB-2-5 Status: Moved Type: Point Zero 
Historical Site Id: DHS102 Subwatershed: Santa Ynez BayKeeper Id: s6d100 
Comments: The Bay Club storm drain outlet is located 
on Will Rogers State Beach, in front of the Bel Air Bay 
Club, located at 16801 Pacific Coast Highway., Pacific 
Palisades (at the chain link fence just east of the Bay 
Club).  The Bay Club has granted permission for water 
sampling at this location.  See Thomas Guide page 630 
H6.   

 
Photograph unavailable 
 
 

 
Site Id: SMB-2-7 Status: Moved Type: Point Zero 
Historical Site Id: S4 Subwatershed: S.M.  

Canyon 
BayKeeper Id: s6d230 

Comments:  The historical sampling site S4 is moved to 
the wave wash of Santa Monica Canyon.  The 
outletstructure is a 480” x 144” channel.  A low-flow 
diversion has been constructed for this channel.  See 
Thomas Guide page 631 B7.   

 

 
Site Id: SMB-2-8 Status: Existing Type: Open Beach 
Historical Site Id: DHS108 Subwatershed: Venice 

Beach 
BayKeeper Id: N/A 

Comments: This location is located on Venice Beach,  
Venice Pier, 50 yards south of the pier.  See Thomas 
Guide page 671 H7 .   

 
Photograph unavailable 
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Site Id: SMB-2-9 Status: Existing Type: Open Beach 
Historical Site Id: DHS109 Subwatershed: Venice 

Beach 
BayKeeper Id: N/A 

Comments: The location is located at Venice Beach at  
Topsail Street, Venice.  No new sites were added in this 
watershed due to the lack of creeks or storm drains 
exhibiting dry weather flows.  See Thomas Guide page 
701 J2.   

 
Photograph unavailable 

 
Site Id: SMB-2-10 Status: Moved Type: Point Zero 
Historical Site Id: S11 Subwatershed: Dockweiler BayKeeper Id: s9d10 
Comments: The historical sampling site S11 is moved 
to the wave wash of Culver storm drain.  N33 57.24, 
W118 27.05.  See Thomas Guide page 702 A3.   
 

 

 
Site Id: SMB-2-11 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Dockweiler BayKeeper Id: s9d50 
Comments: A new site added at the mouth of the North 
Westchester storm drain.  The outlet structure  is a 120” 
x 144” concrete box structure as see in the photograph.  
A low-flow diversion structure is currently under 
construction and is expected to become operational in 
Summer 2004.  See Thomas Guide page 702 B4. 

 

 
Site Id: SMB-2-12 Status: Existing Type: Open Beach 
Historical Site Id: DHS110 Subwatershed: Dockweiler BayKeeper Id: N/A 
Comments: The location is located on Dockweiler  
Beach, World Way extended, Playa del Rey, about 0.15 
miles south of maintenance building, south of jetty.  See 
Thomas Guide page 702 G2.   

  
Photograph unavailable 
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Site Id: SMB-2-13 Status: Moved Type: Point Zero 
Historical Site Id: S12 Subwatershed: Dockweiler BayKeeper Id: s9d70 
Comments: The location is located at an existing City 
monitoring site at the Imperial Highway storm drain.  
The outlet structure is across from lifeguard tower 56 
and is an 84” x 120” box.  A low-flow diversion has 
been constructed for this drain.  See Thomas Guide page 
702 C7.   

 

 
Site Id: SMB-2-14 Status: Existing Type: Open Beach 
Historical Site Id: DHS111 Subwatershed: Dockweiler BayKeeper Id: N/A 
Comments: The location is located on Dockweiler  
Beach, opposite of Hyperion plant, Playa del Rey (at the 
one mile outfall pipe).  See Thomas Guide page 702 C7.  

 
Photograph unavailable 

 
 
Site Id: SMB-2-15 Status: Existing Type: Point Zero 
Historical Site Id: DHS112 Subwatershed: Dockweiler BayKeeper Id: N/A 
Comments: DHS112 is located on Dockweiler Beach, at 
the outlet of Grand Ave. storm drain, which is an 18” 
drain with no observed dry weather flows.  Discharges 
from the Chevron Refinery in El Segundo may 
potentially influence bacterial counts at this location.  
See Thomas Guide page 732 D2.   

 
Photograph unavailable 

 
 
3.5 Jurisdiction 3 
 
Setting 
 
Jurisdiction 3 is comprised of five responsible agencies: City of Santa Monica (lead 
agency), City of Los Angeles, California Department of Parks and Recreation, 
Caltrans, and the County of Los Angeles.  The jurisdiction covers a small section 
from Santa Monica Canyon and north of the Santa Monica Freeway at the ocean to 
north of Marina del Rey, i.e., Venice.  The Santa Monica subwatershed, which makes 
up Jurisdiction 3, is approximately 9,182 acres.  The area breakdown by responsible 
agency is as follows: 
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City of Santa Monica (lead agency)  4,664 acres 
City of Los Angeles  4,308 acres 
California Department of Parks and 
Recreation (beaches only) 

163 acres 

Caltrans 47 acres 
County of Los Angeles 0 acres 

 
Compliance Locations 
 
Jurisdiction 3 has nine sites where compliance will be measured; of the nine, one is 
new, and the remaining eight are existing monitoring locations currently sampled by 
the City of Los Angeles or the Department of Health Services.  All but one of the 
existing monitoring locations is moved to the wave wash of a fresh water outlet.  
Approximate locations of these sites are show in Figure 7 in Appendix P.  A 
description of each compliance location and justification for its selection follows:  
 
Site Id: SMB-3-1 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS104 

Subwatershed: Santa 
Monica 

BayKeeper Id: s6d232 

Comments: Montana Storm Drain, located at the end 
of Montana Avenue on Santa Monica State Beach, 
adjacent to Pacific Coast Highway.  LACDHS has 
agreed to move its station DHS104 to this new 
location at the wave wash year-round.  This storm 
drain is buried from June until the first large rain 
event.  This location is scheduled to have a diversion 
installed in Fall of 2005 to divert dry-weather runoff 
into the sanitary sewer system.  See Thomas Guide 
page 671 C1.   

 
Photograph unavailable 

 
Site Id: SMB-3-2 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS105 

 Subwatershed: Santa 
Monica 

BayKeeper Id: s6d235 

Comments: Wilshire Storm Drain, located at the end 
of Wilshire Boulevard on Santa Monica State Beach,  
Adjacent to Pacific Coast Highway.  LACDHS has 
agreed to move its station DHS105 to this new 
location at the wave wash year-round.  This storm 
drain is buried from June to the first large rain event.  
This location scheduled to have a diversion installed 
in Fall of 2005 to divert dry-weather  runoff into the 
sanitary sewer system.  See Thomas Guide page 671 
D2 .   
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Site Id: SMB-3-3 Status: Moved Type: Point Zero 
Historical Site Id: S5  Subwatershed: Santa 

Monica 
BayKeeper Id: s7d5 

Comments: Santa Monica Pier Storm Drain: This 
existing site is situated under the Pier on Santa 
Monica State Beach.  City of Los Angeles tests water 
quality south of the end of the Pier.  This storm drain 
is generally blocked from June to the first large storm 
event.  It also has a diversion to the Santa Monica 
Urban Runoff Treatment Facility to minimize flows 
during winter dry weather.  See Thomas Guide page 
671 E3.   

 
Photograph unavailable 

 
Site Id: SMB-3-4 Status: Moved Type: Point Zero 
Historical Site Id: S6  Subwatershed: Santa 

Monica 
BayKeeper Id: s7d10 

Comments: This site is situated at the wave wash of 
Pico-Kenter Storm Drain.  The Pico-Kenter Storm 
Drain is generally blocked by sand from June to the 
first large storm event.  It also has a diversion to the 
Santa Monica Urban Runoff Treatment Facility to 
minimize flows during winter dry weather.  See 
Thomas Guide page 671 E3. 

 

 
Site Id: SMB-3-5 Status: Moved Type: Point Zero 
Historical Site Id: S7 Subwatershed: Santa 

Monica 
BayKeeper Id: s7d20 

Comments: This site is situated at the wave wash of 
Ashland Storm Drain.  Sampling is proposed at the 
wave wash because dry-weather flow is observed 
periodically from this storm drain, despite an existing 
diversion structure.  The County is currently 
designing a new diversion structure for this storm 
drain; it is scheduled to become operational in 
Summer 2005.  See Thomas Guide page 671 F5. 
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Site Id: SMB-3-6 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Santa 

Monica 
BayKeeper Id: s7d50 

Comments: This is a new site at the wave wash of 
Rose Avenue Storm Drain.  The storm drain outlet is 
located at the end of Rose Avenue on Venice Beach.  
The County is currently designing a diversion 
structure for this storm drain; it is scheduled to 
become operational in Summer 2005.  See Thomas 
Guide page 671 F5. 

 

 
Site Id: SMB-3-7 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS107 

Subwatershed: Santa 
Monica 

BayKeeper Id: s7d70 

Comments: This site is situated at the wave wash of 
Brooks storm drain.  LACDHS has agreed to move its 
station DHS107 to the wave wash of the storm drain 
year-round.  The storm drain outlet is located at the 
end of Brooks Ave on Venice Beach.  The existing 
non-operational diversion structure is scheduled to be 
upgraded by the end of 2004.  See Thomas Guide 
page 671 G6. 

 

 
Site Id: SMB-3-8 Status: Moved Type: Point Zero 
Historical Site Id: S8 Subwatershed: Santa 

Monica 
BayKeeper Id: s7d80 

Comments: This site is an existing site currently 
monitored by the City of Los Angeles at Venice 
Pavillion and outlets at the end of Windward Ave.  
See Thomas Guide page 671 G6. 

 

 
Site Id: SMB-3-9 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS106 

Subwatershed: Santa 
Monica 

BayKeeper Id: N/A 

Comments: This site is an existing site at Santa 
Monica State Beach at Strand St, in front of the 
restrooms.  See Thomas Guide page 671 F4. 

 

Photograph unavailable 
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3.6 Jurisdiction 4 
 
Setting 
 
Jurisdiction 4 is comprised of three responsible agencies: City of Malibu (primary), 
County of Los Angeles, and Caltrans.  The Jurisdiction covers the Nicholas Canyon 
watershed as defined by the Regional Board.  The limits of this area range from the 
southern edge of Leo Cabrillo State Beach to Los Aliso Creek.  The Nicholas Canyon 
subwatershed encompasses approximately 1,212 acres, which fall under the 
jurisdiction of the responsible agencies as follows: 
 

City of Malibu (lead agency)   961 acres 
County of Los Angeles 232 acres 
Caltrans    19 acres 

 
Compliance Location 
 
Jurisdiction 4 has one site where compliance will be measured.  The approximate 
location of this site is shown in Figure 8 in Appendix P.  The site is an existing beach 
monitoring locations currently sampled by LACDHS.   
 
Site Id: SMB-4-1 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS009 

Subwatershed: Nicholas BayKeeper Id: N/A 

Comments:  The historical station DHS009 on 
Nicholas Beach is moved to the wave wash of San 
Nicholas Canyon.  This is site mug114 in the State 
Water Resources Control Board report “Discharges 
into State Water Quality Protection Areas”. See 
Thomas Guide page 626 B6. 

 
 
3.7 Jurisdiction 5 
 
Setting 
 
Jurisdiction 5 is comprised of five responsible agencies: City of Manhattan Beach 
(lead agency), City of El Segundo, City of Hermosa Beach, County of Los Angeles, 
and Caltrans.  The jurisdiction covers the Hermosa subwatershed as defined by the 
Regional Board.  The limits of this area range from the north boundary of Manhattan 
Beach to just south of the Hermosa Beach Pier.  The Hermosa subwatershed 
encompasses approximately 2,718 acres.  The area breakdown by responsible agency 
is as follows: 
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Manhattan Beach (lead agency) 1,971 acres 
Hermosa Beach  602 acres 
County of Los Angeles  100 acres 
Caltrans 24 acres 
El Segundo   21 acres 

 
Compliance Locations 
 
Jurisdiction 5 has five sites where compliance will be measured.  Of the five, two are 
historical sites being moved to point zero, and the remaining three are unmoved 
historical beach monitoring locations sampled by the City of Los Angeles or 
LACDHS.  The approximate locations of these sites are shown in Figure 9 in 
Appendix P.  A description of each compliance location and justification for its 
selection follows: 
 
Site Id: SMB-5-1 Status: Existing Type: Open Beach 
Historical Site Id: S13 Subwatershed: Hermosa BayKeeper Id: N/A 
Comments: This is an existing site monitored by the 
City of Los Angeles at the end of 40th Street in 
Manhattan Beach.  This site is monitored because it is a 
located between 36th and 45th Streets at the frequently 
visited El Porto beach.  There are no major drains at 
this location.  All of the boxes that discharge to the 
beach are small area drains that only handle runoff 
from the El Porto parking lot.  Discharges from the 
Chevron Refinery in El Segundo may potentially 
influence bacterial counts at this location.  See Thomas 
Guide page 732 E4.   

 

 
Site Id: SMB-O-6 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Hermosa BayKeeper Id: s10d20 
Comments:  This is a 24” storm drain on Manhattan 
Beach, a couple of hundred feet north of SMB-5-2 
(DHS113).  One year after the initiation of the flow 
observation program, the Regional Board will evaluate 
the data to determine whether this location should be 
added as a compliance monitoring site. 
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Site Id: SMB-5-2 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS113 

Subwatershed: Hermosa BayKeeper Id: s10d30 

Comments: This relocated site is situated at the 
terminus of the 28th Street drain in Manhattan Beach.  
The outlet is a 6’ wide by 4’ high box structure and has 
a drainage area of 1,473 acres.  LACDHS has agreed to 
move its station DHS113 to the wave wash of this drain 
year-round.  A low-flow diversion structure for this 
storm drain is currently under construction and is 
expected to become operational in Summer 2004.  See 
Thomas Guide page 732 E5.  
 
Site Id: SMB-5-3 Status: Moved Type: Point Zero 
Historical Site Id: S14 Subwatershed: Hermosa BayKeeper Id: s11d002 
Comments: This is a relocated historical site monitored 
by the City of Los Angeles at the Manhattan Beach pier.  
There are two storm drain outfalls at this location.  Both 
drains are less than 36” in diameter, but southern one 
(s11d002), at the wave wash of which the sample is to 
be collected, has a drainage area of 70 acres.  This drain 
is equipped with a low-flow diversion that diverts dry-
weather flow to the sanitary sewer system.  See Thomas 
Guide page 732 F6. 

 
 
Site Id: SMB-5-4 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS114 

Subwatershed: Hermosa BayKeeper Id: N/A 

Comments: This is an existing site monitored by 
LACDHS at an open beach near 26th Street on Hermosa 
Beach.  No new site is proposed because no dry weather 
flows were observed during field surveys.  See Thomas 
Guide page 762 F1. 
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Site Id: SMB-5-5 Status: Existing Type: Open Beach 
Historical Site Id: S15 Subwatershed: Hermosa BayKeeper Id: N/A 
Comments: This is an existing site monitored by the 
City of Los Angeles at the Hermosa Beach pier.  No 
new site is proposed because no dry weather flows were 
observed during field surveys.  See Thomas Guide page 
762 G2. 

 
 
 
3.8 Jurisdiction 6 
 
Setting 
 
Jurisdiction 6 is comprised of six responsible agencies: Cities of Manhattan Beach, 
Hermosa Beach, Redondo Beach (lead agency) and Torrance, County of Los Angeles, 
and Caltrans.  The jurisdiction covers the Redondo sub-watershed as defined by the 
Regional Board.  The limits of this area range from just north of the south boundary 
of Hermosa Beach and just south of Artesia Blvd. in Redondo Beach to the south city 
limits of Torrance.  The combined size of the jurisdiction is approximately 5,377 
acres.  The area breakdown by responsible agency is as follows: 
 

City of Redondo Beach (lead agency) 2,632 acres 
City of Torrance  2,289 acres 
City of Hermosa Beach 299 acres 
County of Los Angeles  72 acres 
City of Manhattan Beach  52 acres 
Caltrans  42 acres 

 
Compliance Locations 
 
Jurisdiction 6 has five sites where compliance will be measured.  Of the five, one is 
new, two are historical sites moved to point zero, and the remaining two are historical 
sties not being moved.  The approximate locations of these sites are shown in Figure 
10 in Appendix P.  A description of each compliance location and justification for its 
selection follows: 
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Site Id: SMB-6-1 Status: Moved Type: Point Zero 
Historical Site Id: 
DHS115 

Watershed: Redondo BayKeeper Id: s12d30 

Comments:  Herondo storm drain, which drains the 
most northerly sub-watershed of Jurisdiction Group 6.  
This outlet is observed to have significant flow during 
dry weather.  The County has constructed a dry-
weather diversion that diverts a part of the dry-weather 
flow.  The outlet is a 14’ by 12’ box structure and has a 
drainage area of 2,823 acres.  LACDHS has agreed to 
move its station DHS115 to this new location.  See 
Thomas Guide page 762 G4.  

 
Site Id: SMB-O-7 Status: Observation Frequency: TBD 
Historical Site Id: 
N/A 

Subwatershed: 
Redondo 

BayKeeper Id: s13d40 

Comments:  This is the outlet of a 36” storm drain 
under the Redondo Beach Pier.  One year after the 
initiation of the flow observation program, the 
Regional Board will evaluate the data to determine 
whether this location should be added as a compliance 
monitoring site.   

 
Site Id: SMB-6-2 Status: Existing Type: Open Beach 
Historical Site Id: S16 Subwatershed: Redondo BayKeeper Id: N/A 
Comments:  This is an existing site monitored by the 
City of Los Angeles near the Redondo Beach pier.  
Two storm drain outfalls drain to the beach at this 
monitoring location however, neither outlet meets the 
definition of a major drain.  The site is located 
approximately 100 yards south of the pier in front of 
life guard station shown in the accompanying 
photograph.  See Thomas Guide page 762 H5. 
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Site Id: SMB-6-3 Status: New Type: Point Zero 
Historical Site Id: N/A Subwatershed: Redondo BayKeeper Id: S14d30 
Comments:  The outlet is located on the projection of 
Sapphire Street.  This outlet has a small amount of 
dry-weather flow.  The outlet is a 4’ x 4’ box structure 
with a watershed area of 148 acres.  This site is 
influenced by tidal conditions and therefore will 
subject to special sampling requirements described in 
Section 4.1 Sampling Schedule.  See Thomas Guide 
page 762 H6. 

 
 
Site Id: SMB-6-4 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS116 

Subwatershed: Redondo BayKeeper Id: N/A 

Comments:  This is an existing site monitored by 
LACDHS approximately 120 feet north of the Topaz 
groin.  There are no storm drain outlets near this site.  
See Thomas Guide page 762 H6. 

 
 
Site Id: SMB-6-5 Status: Moved Type: Point Zero 
Historical Site Id: S17 Subwatershed: Redondo BayKeeper Id: s14d50 
Comments:  This is a relocated historical site.  The 
original location, City of Los Angeles’ station S17 at 
Avenue I, has been moved to the wave wash of a 48”-
storm drain located on the projection of Avenue I.  
The storm drain, which drains 212 acres, exhibits a 
small amount of dry-weather flow.  During non-
raining periods, the outlet is covered with sand and is 
marked by a yellow pole.  A  low-flow diversion for 
this storm drain is scheduled to be constructed by 
Summer 2005.  See Thomas Guide page 792 H1.   
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Site Id: SMB-O-8 Status: Observation Frequency: TBD 
Historical Site Id: 
N/A 

Subwatershed: 
Redondo 

BayKeeper Id: s14d70 

Comments: This is the outlet of a 32” storm drain on 
Torrance Beach near Via Riviera.  The parking lot 
shown in the accompanying photograph is located at 
the end of S. Esplanade Ave.  One year after the 
initiation of the flow observation program, the 
Regional Board will evaluate the data to determine 
whether this location should be added as a compliance 
monitoring site.   

 
Site Id: SMB-6-6 Status: Existing Type: Open Beach 
Historical Site Id: S18 Subwatershed:  

Redondo 
BayKeeper Id: N/A 

Comments: This open beach site is currently 
monitored by the City of Los Angeles Bureau of 
Sanitation in Malaga Cove.  See Thomas Guide page 
792 H3. 

 
Photograph unavailable 

 
 
3.9 Jurisdiction 7 
 
Setting 
 
Jurisdiction 7 has unique characteristics that differentiate it from other Santa Monica 
Bay Watershed groups.  Many of the storm drains on the Palos Verdes Peninsula 
outfall along steep bluff faces up to one hundred feet high.  Some storm drains outfall 
at rocky points without safe access to the shoreline. 
 
Jurisdiction 7 is comprised of six responsible agencies: the cities of Rancho Palos 
Verdes (lead agency), Palos Verdes Estates, Los Angeles, Rolling Hills, Rolling Hills 
Estates, and County of Los Angeles.  The Jurisdiction covers a single subwatershed 
of the Palos Verdes Peninsula encompassing approximately 10,308 acres.  The area 
breakdown by responsible agency is as follows12: 

                                                 
12 July 25, 2003 letter from Dennis A.  Dickerson, Executive Officer, LARWQCB to Responsible 
Jurisdictions and Responsible Agencies under the Santa Monica Bay Beaches Bacteria TMDLs.  In 
addition, this listing reflects the redrawing of the Jurisdiction 6 and 7 boundary, which moves the City 
of Redondo Beach, City of Torrance, and Caltrans from Jurisdiction 7 to Jurisdiction 6.   
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City of Rancho Palos Verdes (lead 
agency) 

5,837 acres 

City of Palos Verdes Estates  2,790 acres  
City of Los Angeles   957 acres 
City of Rolling Hills  426 acres 
City of Rolling Hills Estates  298 acres 
County of Los Angeles 48 acres 

 
Jurisdiction 7 employed a number of resources and techniques to identify, locate and 
evaluate major drains in accordance with the Guidelines for Establishing Monitoring 
Site Locations.  These included: 
 

• Reviewing available storm drain maps 
• Reviewing the Dry Weather Characterization Study prepared by the County 

Sanitation Districts of Los Angeles 
• Conducting field reconnaissance where safe access could be made 
• Discussions with field personnel at City of Los Angeles EMD 
• Examining aerial photographs of the Palos Verdes coastline 

 
Compliance and Observation Locations 
 
Jurisdiction 7 has identified nine sites where compliance will be monitored .  Of the 
nine compliance monitoring sites, one is new and eight are historical shoreline 
monitoring locations.  Jurisdiction 7 also has one observation site, which will be 
observed weekly for dry-weather flow.  The approximate locations of the JG7 
compliance and observation sites are shown in Figure 11 in Appendix P.  A 
description of each compliance monitoring site and basis for selection follow: 
 
Site Id: SMB-7-1 Status: Existing Type: Open Beach 
Historical Site Id: 
LACSDM 

Subwatershed:   
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This Los Angeles County Sanitation 
District’s (LACSD) historical monitoring site was 
proposed for relocation to the zero point of the stream 
where it outfalls through a drainage control structure 
immediately adjacent and up coast of the Palos Verdes 
Beach Club, however for safety reasons LACSD does 
not advise moving the monitoring location closer to 
the mouth.  This open beach site is located at 300 
Paseo Del Mar, Palos Verdes Estates.  To access the 
site, turn from Paseo Del Mar into the Malaga Cove 
International School parking lot.  Follow the asphalt 
footpath down to the base of the trail.  Sample is 
collected at the base of the Malaga Cove sign.  See 
Thomas Guide page 792 grid G3. 
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Site Id: SMB-O-9 Status: Observation Frequency: TBD 
Historical Site Id: N/A Subwatershed: Palos 

Verdes Peninsula 
BayKeeper Id: s15d40 

Comments: This site is located at 300 Paseo Del Mar, 
Palos Verdes Estates.  To access the site, turn from 
Paseo del Mar into the Malaga Cove International 
School parking lot.  Follow the asphalt footpath down 
to base of the trail.  The stormdrain is located 
approximately 50 yards southwest of the Palos Verdes 
Swim/Beach Club.  One year after the initiation of the 
flow observation program, the Regional Board will 
evaluate the data to determine whether this location 
should be added as a compliance monitoring site.  See 
Thomas Guide Page 792 Grid G3.   

 

 
Site Id: SMB-7-2 Status: Existing Type: Open Beach 
Historical Site Id: 
LACSDB 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at Bluff 
Cove: 600 Paseo del Mar, Palos Verdes Estates.  To 
access the site, park on the 700 block of Paseo del Mar 
and follow the footpath down to the base of the trail.  
Sample is collected where the path meets the 
shoreline.  See Thomas Guide page 792 grid G4.   

 
 
Site Id: SMB-7-3 Status: Existing Type: Open Beach 
Historical Site Id: 
LACSD1 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is at 7200 Palos 
Verdes Drive South, Rancho Palos Verdes, located 
along the private beach at Long Point.  To access the 
site, turn from Palos Verdes Drive South into the Long 
Point driveway and follow the left perimeter of the 
parking lot to the southeast corner.  By foot, follow the 
pathway past the chain link fence down to the 
shoreline.  Sample is collected directly in front of the 
concrete building.  See Thomas Guide page 822 grid 
H5. 
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Site Id: SMB-7-4 Status: Existing Type: Open Beach 
Historical Site Id:  
LACSD2 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at 6000 
Palos Verdes Drive South, Rancho Palos Verdes.  To 
access the site, turn from Palos Verdes Drive South 
into the locked gate driveway.  Alternatively, turn into 
the Abalone Cove parking lot approximately 100 yards 
northwest of the site.  Follow the unpaved road down 
past the nursery school to the lifeguard tower.  Next to 
the lifeguard tower is a stairway that leads directly 
onto the shoreline where the sample is collected.  See 
Thomas Guide page 822 grid H5.   

 

 
Site Id: SMB-7-5 Status: Existing Type: Open Beach 
Historical Site Id:  
LACSD3 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located along the 
private beach fronting the Portuguese Bend Club at 
4100 Palos Verdes Drive South, Rancho Palos Verdes.  
To access this site, turn from Palos Verdes Drive South 
into the Portuguese Bend  Club driveway.  Bear right 
once past the guard and take Yacht Harbor Drive past 
the paddle tennis courts directly in front of the parking 
lot where sample is collected.  See Thomas Guide page 
823 grid C6.    
 
Site Id: SMB-7-6 Status: Existing Type: Open Beach 
Historical Site Id: 
LACSD5 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at White’s 
Point/Royal Palms County Beach: 1801 Paseo Del 
Mar, San Pedro.  To access this site, turn from Paseo 
Del Mar into the facility and follow the driveway past 
the kiosk down to the parking lot.  Walk to the right of 
the lifeguard tower.  Sample is collected just to the 
right of the jetty.  See Thomas Guide page 853 grid G1.  
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Site Id: SMB-7-7 Status: New Type: Point Zero 
Historical Site Id: -NA- 
 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This new compliance monitoring site is 
located approximately midway between White Point 
County Beach and the Wilder Annex, at the wave wash 
of storm drain outfall shown in the photograph.  To 
access the site, park on South Paseo Del Mar, enter the 
gated driveway and follow it down.  At the end of the 
road, take the footpath down and located on the left 
side is the concrete drain.  Sample is collected where 
the stormdrain flow meets, or would meet, the waves.  
When safety is a concern, sample is collected up to 10 
meters down current.  See Thomas Guide page 853 grid 
H1.   

 

 
Site Id: SMB-7-8 Status: Existing Type: Open Beach 
Historical Site Id:  
LACSD6 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at the Point 
Fermin/Wilder Annex: 825 Paseo Del Mar,  San Pedro.  
To access the site, park on the South Paseo Del Mar 
adjacent to Meylor Street.  Follow the driveway past 
the public restroom to the bottom of the lot, go down 
the steps to another footpath that leads to a stairway.  
Sample is collected at the bottom of the stairway.  See 
Thomas Guide page 854 grid B2.   

 
 
Site Id: SMB-7-9 Status: Existing Type: Open Beach 
Historical Site Id:  
LACSD7 

Subwatershed:  
Palos Verdes Peninsula 

BayKeeper Id: N/A 

Comments: This open beach site is located at outer 
Cabrillo Beach: 3720 Stephen White Drive, San Pedro.  
To access the site, turn from Stephen M. White Drive 
into the Cabrillo gateguard driveway.  Follow the road, 
bear right past the old museum, to the lifeguard 
building.  Sample is collected directly in front of the 
lifeguard building.  See Thomas Guide page 854 grid 
C2.   
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3.10 Jurisdiction 8 (Ballona Creek Watershed) 
 
Setting 
 
Jurisdiction 8 is comprised of eight responsible agencies: Cities of Los Angeles (lead 
agency), Beverly Hills, Culver City, Inglewood, West Hollywood, Santa Monica, 
County of Los Angeles, and Caltrans.  The jurisdiction encompasses the West Los 
Angeles, Westwood Village, Culver City, Hollywood, Cienega, and Windsor Hills 
watersheds as defined by the Regional Board.  The combined size of the six 
subwatersheds in Jurisdiction 8 is approximately 82,850 acres; however, 13 acres of 
National Park Service and 414 acres of Miscellaneous State land are currently 
excluded.  The RWQCB recommended that these areas be excluded at this time, since 
the Miscellaneous State land will be covered by a separate NPDES permit issued by 
the Regional Board and the National Park Service land is accounted for in the 
reference system approach.  Leaving 82,422 acres of the effective watershed area13.  
The effective watershed area fall under the jurisdiction of the following responsible 
agencies: 
 

City of Los Angeles (lead agency) 67,024 acres 
County of Los Angeles  3,927 acres 
City of Beverly Hills   3,630 acres 
Culver City 3,234 acres 
City of Inglewood 1,935 acres 
Caltrans 1,206 acres 
City of West Hollywood  1,201 acres 
City of Santa Monica  265 acres 

 

Compliance Location 
 
Jurisdiction 8 has one site where monitoring data will be collected.  In a letter dated 
October 28, 2003, the Regional Board clarified that this location should be included 
in this Plan as a compliance site.  Refer to page 3, conclusion that was noted in the 
subject letter, “Therefore, Regional Board staff believes that it would be premature to 
require submittal of TMDL compliance plans and set interim compliance targets for 
these beach locations prior to developing the overall TMDL compliance plans and 
schedules for the proposed Malibu Creek Watershed Bacteria TMDL and the 
forthcoming Ballona Creek Watershed Bacteria TMDL.”  Thus indicating their 
implementation will be highly dependent upon the overall implementation plans 
developed to comply with the upcoming Ballona Creek Bacteria TMDLs.  The 
approximate location of this site is shown in Figure 12 in Appendix P.  A description 
of the compliance location follows: 
 

                                                 
13 The overall effective watershed area may change depending on how the Regional Board decides to 
enforce National Parks Service and Miscellaneous State area to comply with the TMDLs. 
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Site Id: SMB-BC-1 Status: Moved Type: Point Zero 
Historical Site Id: S10 Subwatershed: Ballona 

Creek 
BayKeeper Id: N/A 

Comments: The City of Los Angeles’s historical site 
S10 is to be moved to the wave wash of Ballona Creek.  
However, due to the width of the channel, the exact 
location where the sample will be collected remains to 
be determined. 

 

 

 

 
 
3.11 Jurisdiction 9 (Malibu Creek Watershed) 
 
Setting 
 
Jurisdiction 9 is comprised of 12 responsible agencies: County of Los Angeles (lead 
agency), County of Ventura, Cities of Agoura Hills, Calabasas, Hidden Hills, Malibu, 
Simi Valley, Thousand Oak, and West Lake Village; Las Virgenes Municipal Water 
District (LVMWD), California Department of Parks and Recreation, and Caltrans.  
However, only eleven are participating in this coordinated shoreline monitoring 
program.   
 
Although it is named a responsible agency under the SMBBB TMDLs, the LVMWD 
has its own waste load allocation of zero days assigned to one specific discharge 
point.  Consequently, the LVMWD’s compliance monitoring has been included in its 
NPDES permit for the Tapia Water Reclamation Plant; and therefore, participation in 
this shoreline monitoring program is not required for the LVMWD.   
 
The jurisdiction encompasses twelve subwatersheds and covers an effective area of  
approximately 55,698 acres.   
 

County of Los Angeles (lead agency) 19,890 acres 
County of Ventura  15,360 acres 
City of Thousand Oaks    6,292 acres 
City of Agoura Hills  5,178 acres 
City of Calabasas  4,279 acres 
City of West Lake Village    3,540 acres 
City of Malibu 536 acres 
Caltrans   342 acres 
City of Simi Valley  123 acres 
City of Hidden Hills  105 acres 
California Department of Parks and 
Recreation (beaches only)  

53 acres 
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Compliance Locations 
 
Jurisdiction 9 has three sites where compliance will be measured; all of which are 
historical sampling sites.  In a letter dated October 28, 2004, Regional Board staff 
stated that although these three sites are compliance locations for the SMBBB 
TMDLs, implementation at these sites will be highly dependent upon the overall 
implementation plan developed to comply with the recently adopted Malibu Creek 
Bacteria TMDL.  The approximate locations of the three JG9 compliance sites are 
shown in Figure 13 in Appendix P.  A description of each compliance location 
follows: 
 
Site Id: SMB-MC-1 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS003 

Subwatershed: Malibu 
Creek 

BayKeeper Id:  N/A 

Comments: This existing site is situated at Malibu 
Point on Malibu State Beach.  See Thomas Guide page 
629 grid B7.   
 
 
  
 

Site Id: SMB-MC-2 Status: Existing Type: Point Zero 
Historical Site Id: S1 Subwatershed: Malibu 

Creek 
BayKeeper Id: s2d290 

Comments: This existing site is situated at the breach 
point of Malibu Lagoon on Malibu State Beach.  See 
Thomas Guide page 629 grid B7. 

 
 

Site Id: SMB-MC-3 Status: Existing Type: Open Beach 
Historical Site Id: 
DHS002 

Subwatershed: Malibu 
Creek 

BayKeeper Id: N/A 

Comments: This existing site is situated by the Malibu 
pier on Carbon Beach near the mouth of Malibu Creek.  
See Thomas Guide page 629 grid B7. 
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4.0   MATERIALS AND METHODS 
 

This section is intended to provide a uniform methodology for conducting field 
sampling and laboratory analysis of the compliance monitoring sites.  Data reporting 
procedures are also discussed.   
 
4.1 Sampling Schedule 
 
The monitoring program will begin as soon as all Memoranda of Agreement have 
been executed between the City of Los Angeles and those agencies using the City’s 
services, but no later than November 1, 2004.  Monthly updates on the progress of the 
Memorandum of Agreements will be provided to the Regional Board.   
 
The proposed compliance monitoring program comprises 67 sites monitored on a 
weekly basis.  All routine samples will be collected on Mondays, and accelerated 
samples collected on Wednesdays and Fridays.  For those sites where daily samples 
are currently collected, all data will be submitted to the Regional Board.  As of March 
2004, three agencies are prepared to handle sample collection and analysis for the 
proposed program: City of Los Angeles Environmental Monitoring Division (EMD), 
County of Los Angeles Department of Health Services (LACDHS), and Sanitation 
Districts of Los Angeles County (LACSD).  Table 4-1 below shows the sites for 
which each monitoring agency is responsible. 
 
In addition to the 67 sampling sites, the proposed program also includes nine 
observation sites as discussed in Section 3.2.  Observations will be made weekly or 
monthly at each observation site, depending on the observation site’s proximity to a 
compliance monitoring site.  Observations are expected to be made by EMD and 
LACSD.   
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Table 4-1.  Sampling Responsibilities.   

Compliance Monitoring Sites Sampling 
Agency J1 J2 J3 J4 J5 J6 J7 J8 J9 

EMD 1-02, 
1-03, 
1-06, 
1-08, 
1-10, 
1-12, 
1-13, 
1-14, 
1-16, 
1-17, 
1-18 

2-01, 
2-02, 
2-04, 
2-07, 
2-10, 
2-11, 
2-13 

3-03, 
3-04, 
3-05, 
3-06, 
3-08,

none 5-01, 
5-03, 
5-05,

6-02, 
6-03, 
6-05, 
6-06 

none BC-1 MC-2 

LACDHS 1-01, 
1-04, 
1-05, 
1-07, 
1-09, 
1-11, 
1-15,  

2-03, 
2-05, 
2-06, 
2-08, 
2-09, 
2-12, 
2-14, 
2-15 

3-01, 
3-02, 
3-07, 
3-09 

4-01 5-02, 
5-04 

6-01, 
6-04 

none none MC-1, 

MC-3 

LACSD none none none none none none 7-01, 
7-02, 
7-03, 
7-04, 
7-05, 
7-06, 
7-07, 
7-08,  
7-09 

none none 

 
 
Tidal Influence 
 
At a few freshwater outlets and storm drains, the tide may push the freshwater discharge 
back into the drain during high tide conditions.  Per an assessment done by EMD, late 
fall and winter months are most affected by the prevalence of high tides lasting more 
than a week, for possibility of sampling at an alternate time or day in the week.  For 
the five sites submerged during +3 tides  (SMB-2-2, 2-5, 2-10, 2-11, and 2-13), the 
TSC would determine in advance whether these sites can be monitored on a different 
day of the week or at a different time on the scheduled sampling day in order to avoid 
problematic tides.  During periods when it is not possible to avoid the +3 tide by 
sampling on another day or later in the morning on the same day, the sampling 
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agencies (EMD and LACDHS) should not sample.  Simply note in the database that 
this site was submerged due to a +3 tide, and could not be rescheduled within the day 
or week.   
 
In addition to the five sites that are submerged during +3 tides, other sites may 
experience reverse flow during high tides (i.e., ocean water is flowing into the drain 
or creek at point zero).  To determine tidal influence, field personnel will record tide 
height at the time of sampling and note whether reverse flow was observed.  Once in 
the lab, lab personnel will measure and record conductivity in the database.  The TSC 
and jurisdictional groups shall evaluate this data to determine what tidal level 
interferes with obtaining a sample at these sites.  It is important for purposes of 
TMDL compliance to know whether the storm drain or creek was tidally influenced, 
since the REC-1 beneficial use must be met at all times, not just during the morning 
hours when samples are collected. 
 
Shoreline samples will be collected every morning.  Sample collection must be 
conducted during daylight hours after sunrise and before sunset.  Sampling staff will 
check the weekly schedule before departure.  Samples will be collected usually 
between 7:00 a.m. and 11:00 a.m.  It is more dangerous to sample at night both due to 
an increased probability of assault and poorer vision, especially during stormy 
periods. 

 
4.2 Sampling Procedures 
 
The objective of a sampling program is to provide a representative sample for 
bacterial analysis following defined safety and quality assurance guidelines.  The 
quality assurance guidelines shall include sampling protocol as well as sample 
documentation, preservation and holding time requirements.  All contracted samplers 
or agencies (EMD, LACDHS, and LACSD) shall submit a sampling SOP for review 
by Regional Board staff.  This SOP shall be specific about safety considerations, 
sampling protocol, and quality assurance guidelines.  Appendix C (Field Sampling 
Equipment and Supply List), Appendix D (Field Sampling SOP) and Appendix L 
(Safety) provide examples of EMD’s protocols. 
 
Each sample shall be associated with recorded observations of site conditions, which 
should minimally include sample ID, collection date and time, weather conditions 
including rain measurement, sample characteristics (color and turbidity) and 
sampler's name, refer to Appendix E.  Additional information shall be recorded at the 
time of sampling of point zero freshwater outlets to provide useful site 
characterization data for the TMDL re-opener.  This should include whether the drain 
flowed, an estimation of flow, if flow reached the surf zone and whether sample 
location was moved the allowable 10 meters during wet weather.  Since samples 
collected by agencies such as City of Los Angeles-EMD, LACDHS and LACSD are 
usually associated with recorded observations of site conditions (requirement of 
POTW-NPDES permits) these forms can also be used as chain of custody 
documentation.   
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Sampling should only occur when conditions can be assessed as SAFE.  The safety of 
the sample collector is the top priority and should preclude scheduled sampling.   
 
At all sampling sites, samples will be taken at ankle depth and on an incoming wave.  
Point zero sites will have samples collected at the wave wash of the associated 
freshwater outlet year-round, except during storms or other unsafe conditions, when 
samples will be collected as close as safely possible to the wave wash, but no further 
away than 10 meters down current of the storm drain or outlet.  Also, refer to Section 
4.1 “Sampling Procedures” for how to handle tidally influenced drains.   

Procedures for missed samples 
 

For occasions when a regularly scheduled site is inaccessible causing a missed 
sample, or a sample analysis is compromised resulting in a missed sample, the site 
should be reoccupied and sampled on the earliest convenient day within the week of 
the originally scheduled sampling date.   

Procedures during Rainfall Events 
 

During rain events, the zero point sampling may be moved to a maximum of 10 
meters away from zero point for safety reasons. 

Numeric Targets 
 

The numeric targets for the SMBBB TMDLs are those specified in the Basin Plan 
amendment adopted by the Regional Board on October 25, 2001, which are the same 
as the limits specified by AB411 bathing standards and bacteriological standards for 
recreational waters (See Table 2 below).   

Waste Load Allocations 
 

Waste load allocations in the SMBBB TMDLs are expressed as an allowed number of 
exceedance days.  The number of allowable exceedance days at a given location is 
determined by the number of projected exceedance days during the 90th percentile 
year at either the designated reference site or historically at the location in question, 
whichever is lower.  Allowable exceedance days, as determined by the reference site 
method, relative to a weekly monitoring schedule, are as follows:   
 

• Summer dry-weather period = 0 allowable exceedance days; 
• Winter-dry-weather period = 1 allowable exceedance day; and 
• Wet-weather period = 3 allowable exceedance days 

Procedures following Elevated Bacterial Levels (Exceedances) 
 

For the first three years of the summer dry-weather period and the first six years of 
the winter dry-weather period, EMD, LACDHS and LACSD will conduct accelerated 
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testing 48 hours after the initial bacterial exceedances, and if necessary, EMD and 
LACSD will conduct accelerated testing 96 hours for those sites still exceeding 
bacterial indicators after 48 hours.  For locations monitored by EMD, LACDHS, and 
LACSD, accelerated sampling, if necessary, will take place on Wednesdays and 
Fridays.  Concerning analysis, all three indicator bacteria will be analyzed during 
accelerated monitoring.  For those sites monitored by the responsible agencies, not all 
sites showing exceedances may be selected for accelerated sampling due to 
operational constraints.  When this occurs, a systematic random selection of eight 
stations out of total stations showing bacterial exceedances will be made.  However, 
if a site is deemed chronically problematic by the responsible agencies within that 
jurisdictional group, the group may select that site for accelerated sampling.   
 
 
Table 4-2.  Summary of Los Angeles Basin Plan bacteriological standards for recreational waters  
(REC-1). 
 
Standard Bacterial limits 
Single sample for water 
contact1 

Density of Bacteria on a Single Sample Shall Not Exceed: 
 10,000 total coliform bacteria/100mL; or  
 400 fecal coliform bacteria/100mL; or  
 104 enterococcus bacteria/100mL; or 
 1,000 total coliform bacteria/100mL, if ratio of fecal/total 

coliform exceeds 0.1 
Rolling 30-day geometric 
mean2 

Geometric Mean of Bacteria Density over a 30-day Period Shall Not 
Exceed: 
 1,000 total coliform bacteria/100mL; or  
 200 fecal coliform bacteria/100mL; or  
 35 enterococcus bacteria/100mL 

1Regional Board Resolution 01-018 
2CA Basin Plan Res 2002-002 

 

 

The purpose of the increased monitoring is to identify the persistence of an 
exceedance, especially during dry weather when source identification will be a 
priority.  This accelerated monitoring may not be as critical during wet weather at 
every location when the source of the exceedance is known to be storm water runoff.  
Accelerated testing during wet weather will not be conducted until the fourth year re-
opener since this would not be a compliance issue until that time.   

Equipment 
 
Equipment and supplies needed for shoreline sample collection are listed in Appendix C. 

Safety 
 
In an effort to improve employee safety and health awareness and prevent occupational 
related injury and illness, the EMD and other participating laboratories have developed a 
safety program with the intention of satisfying the applicable federal, state, and local 
regulations.  For example, EMD’s Safety and Health Program is composed of specific 
elements required by Cal/OSHA General Industry Safety Order Section 5191: 
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Occupational Exposure to Hazardous Chemicals in Laboratories, and section 3203: The 
Injury and Illness Prevention Program, and any other applicable regulations.  The 
written safety plan, titled The Chemical Hygiene Plan, is available to all employees for 
review, and should be recognized as management's commitment to ensure that all 
employees carry out their work in the safest and most efficient manner possible.  EMD 
employees will be kept familiar with the division's written Chemical Hygiene Plan 
(CHP) through training, annual review and monthly staff safety meetings. 
 
It is EMD’s policy and the policy of other participating agencies to have a safe 
working environment for all of its employees and that all field and laboratory work be 
performed in a manner that provides the highest level of safety for the protection of 
every employee.  See Appendix L for detailed safety protocols. 
 
4.3 Analytical Methodology 
 
For the purpose of bacterial TMDL monitoring, seawater samples shall be tested for 
the presence of total coliform, fecal coliform, or Escherichia coli (E.  coli), and 
enterococcus bacteria.  All three of these indicator groups shall be quantified from a 
single sample collected at each designated monitoring site.  Necessary dilutions or 
aliquot volumes shall be processed to insure that reportable values can be determined.  
Bacterial results are reported as organism type per 100 mL of sample.  When 
selecting analytical bacterial methods for TMDL monitoring, the importance of fast 
recovery times (24 hours or less) should be emphasized.   
 
All laboratories performing analysis for TMDL bacterial monitoring shall maintain 
Environmental Laboratory Accreditation Program certification (ELAP administered 
by California Department of Health Services) for specified methods from ELAP's 
"Field of Testing 126: Microbiology of Recreational Water".  Additionally, all 
laboratories shall submit detailed SOPs for review by Regional Board staff.  
Appendix G provides an example of a SOP developed by the City of Los Angeles-
EMD.  Each analytical method used for the TMDL monitoring program shall be an 
approved EPA or Standard Methods for the Examination of Water and Wastewater, 
18th-20th edition (APHA 1992-98) method.  Laboratories receiving Regional Board 
approval may use other analytical bacterial methods for marine recreational and 
TMDL monitoring.  Each laboratory shall be qualified for specific methods by 
participating in an inter-calibration exercise currently being developed by SCCWRP. 

Quality Assurance/Quality Control 
 
All laboratories must employ a program that associates quality assurance with the 
laboratory facility, staff, instrumentation and equipment, materials and methods, 
media and reagents, and data validation.  These QA/QC measures may be included in 
the submitted SOPs or defined in a separate QA/QC document such as Appendix I.  
The quality assurance procedures shall be in accordance with Standard Methods for 
the Examination of Water and Wastewater, 18-20th Editions (APHA 1992-98).  All 
participating laboratories must maintain ELAP certification, provide QA/QC 
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documentation as required by Regional Board, and participate in periodic inter-
calibration exercises.   

Interlaboratory Calibration 
 
Data from several laboratories (agencies) will be utilized to comply with the 
monitoring requirements of the Santa Monica Bay Beaches Bacterial TMDLs.  At a 
minimum, the EMD, LACSD, and LACDHS laboratories will participate in this 
monitoring program.  In order to ensure that these data are comparable relative to the 
level of quality, the participating laboratories will be requested to participate in 
quality assurance exercises.  These QA exercises are meant to ensure standardization 
of sampling, analytical, and data handling/reporting methodologies and procedures, as 
well as intercalibration of the laboratories. 
 
For the inter-laboratory calibration exercise, a performance-based approach will be 
used to ensure that data from participating laboratories are comparable.  A calibration 
exercise utilizing a common sample will be analyzed by each laboratory.  All 
participating labs will be required to fall within a +/- 0.5 median log count 
comparability goal (Noble et al. 1999) 
 
Data Translation 
 
The IDEXX chromogenic substrate method E. coli  results will be converted to fecal 
coliform data by implementing a 1:1 translator.  The application of a 1:1 translator 
was  approved by the Los Angeles Regional Water Quality Control Board in October 
2002  after review of the  IDEXX and Membrane Filtration Study conducted by the 
City of Los Angeles (approval letter dated October 16, 2002, from Dennis Dickerson, 
Executive Officer). 
 
4.4 Data Management and Reporting 

Data Tabulation  
 
Results will be entered into Excel spreadsheets that automatically compute results 
(MPN/100 mL for CS analysis and CFU/100 mL for MF analysis).  These results will 
be given secondary review, corrected as needed, to ensure error-free data entry.  
Examples of microbiology’s data worksheets can be found in Appendix E.  Data 
acquisition, validation, reduction, and reporting procedures can be found in 
Appendix H.   

Data Format and Archive  
 
All data collected will be archived within the City of Los Angeles’ Environmental 
Monitoring Division (EMD) LIMS database or comparable database.  For non-City of 
Los Angeles monitoring agency performing bacteriological analyses, data will need 
to be submitted to EMD electronically in a comma-separated value (CSV) format on 
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a daily basis that contains the following table structure (Table 3) and syntax provided 
in Appendix J.  The City of Los Angeles’ ICSD staff will ensure electronic 
submissions of data are parsed and stored correctly into the LIMS database.   

“Wet Weather” Determination 
 
The SMBBB Wet Weather TMDL defines “wet weather” as “days with 0.1 inch of 
rain or greater and the three days following the rain event (Attachment A to 
Resolution No.  2002-022, Page 4); however, the TMDL does not specify where the 
0.1 inch of rain is to be measured.  For clarification, the Technical Steering 
Committee has proposed, in Table 4-3, a set of rainfall gages this shoreline 
monitoring program will use to determine wet weather days.  The locations of these 
rain gages are illustrated in Figure 14 in Appendix P. 
 
Table 4-3.   Summary of rainfall gages to be used for the proposed shoreline monitoring program.   

Jurisdictional Group Rainfall Gages Comment 

1a (Corral subwatershed and 
west)) 

Lechuza Patrol (454) 

 

LACDPW “ALERT” 
Station 

1b (Carbon subwatershed 
and east) 

Big Rock Mesa (320) 

 

LACDPW “ALERT” 
Station 

2a (north) Big Rock Mesa (320) LACDPW “ALERT” 
Station 

2b (south) LAX National Weather Service 

3 Ballona Creek (370) LACDPW “ALERT” 
Station 

4 Lechuza Patrol (454) LACDPW “ALERT” 
Station 

5 LAX National Weather Service 

6 Redondo Beach City 
Hall (42C) 

LACDPW non-recording 
gage  

7  LACSD – Inside Paseo 
del Mar pumping station 
at Western and Paseo del 
Mar,   

LACSD  non-recording 
gage 

8 (Ballona Creek watershed) Ballona Creek (370) LACDPW “ALERT” 
Station 

9 (Malibu Creek watershed) Agoura (317) 

 

LACDPW “ALERT” 
Station 
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The proposed gages include four ALERT (Automatic Local Evaluation in Real-Time) 
stations and one non-recording rain gage station owned and operated by the County 
of Los Angeles.  The ALERT stations use tipping buckets with electronic datalogger 
and real-time radio frequency data telemetry.  Data can be obtained at 
http://www.ladpw.org/wrd/precip/ under “Near Real-Time Precipitation Map.”  The 
webpage displays 1, 3, 6, 12, 24, 36, 48, and 72 hours accumulated precipitation as 
well as the last 30 days of precipitation data for all of the County’s 62 ALERT 
rainfall gages, and is updated every 10 minutes.  The City of Redondo Beach will 
provide data from the non-recording gage to the City of Los Angeles Environmental 
Monitoring Division.  When data from Redondo Beach is not available, data from the 
LAX rain gage will be used as an alternative.  Data from the LAX rain gage can be 
accessed on the internet at http://www.nwsla.noaa.gov/climate/climate.html.   
 
It is important to note that the LACDHS will continue to issue rain advisories based 
on data from the National Weather Service’s rain gage at USC.  EMD will coordinate 
with LACDHS, when necessary, to schedule accelerated sampling at LACDHS 
sampling sites.   
 
EMD intends to monitor rainfall data  from the USC, LAX and two north Santa 
Monica Bay rain gages (454 and 318) to assess whether the multi-rain gage approach 
truly has merit, or if it should be modified or eliminated to streamline the data 
management process.  EMD and the TSC will work with Regional Board staff to 
make that determination.   

Exceedance Determination and Accelerated Sampling 
 
Bacteriological data will be summarized in tabular form on a daily basis by EMD’s 
Microbiology Unit.  Exceedances will be clearly notated and triggers indicating 
“accelerated monitoring needed” will be programmed into the report.  Summer dry 
weather, winter dry weather, and Wet-Weather spreadsheets with triggers will be 
created.  When bacterial levels no longer exceed AB411 standards, a trigger to return 
to weekly sampling will be programmed.   
 
Each monitoring agency (EMD, LACDHS, and LACSD) will be responsible for 
performing its own compliance checking against AB411 standards and accelerating 
monitoring as required.  The 96-hour accelerated testing will be conducted by EMD 
and LACSD.   
  

Data Reporting  
 
Monthly data summary reports will be submitted to the Regional Board by the last 
day of each month for data collected during the previous month.  Two agencies will 
submit the monthly reports on behalf of all responsible agencies: EMD on behalf of 
Jurisdictional Groups 1 through 6, 8, and 9; and LACSD on behalf of Jurisdictional 
Group 7.  LACDHS will submit its data to EMD for compilation for submittal to the 
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Regional Board.  Copies of the monthly reports will be distributed to the lead agency 
of the appropriate jurisdictional group.  If requested, the lead agency of each 
jurisdictional group will distribute the monthly reports to the responsible agencies 
within their respective jurisdictional group.   
 
For EMD, laboratory results will be entered into Microsoft Excel spreadsheets that 
automatically compute results (MPN/100 mL or CFU/100 mL).  All monitoring 
agencies (EMD, LACSD, and LACDHS) will archive their own data within LIMS or 
a comparable database.  Please see Appendix H, “Data Acquisition, Reduction, 
Validation, and Reporting Procedures.” 
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Santa Monica Bay Beaches Wet-weather Bacteria TMDL Draft—Version 4.  11/07/02
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APPENDIX A 
Development History of SMBBB TMDLs 

 
In December 1997, the Natural Resources Defense Council (NRDC), acting as legal 
representative for Heal the Bay, Inc., and Santa Monica BayKeeper, Inc., filed a Notice 
of Intent to sue the United States Environmental Protection Agency (EPA) over failure of 
the Regional Water Quality Control Board, Los Angeles (RWQCB), to adequately 
implement the 303(d)/TMDL Program.  In December 1998, NRDC and BayKeeper 
entered into a Federal Consent Decree with EPA.  The Consent Decree established 92 
TMDL analytical units, which are water quality limited segments and associated 
pollutants for which TMDLs must be developed.  Specific dates were established for 
development of some of these TMDL analytical units.  The Santa Monica Bay Beaches 
Bacterial TMDL (SMBBB TMDL) unit had a required completion date of March 2002.  
During development of the SMBBB TMDL, the Regional Board bifurcated the TMDL 
into two – one for dry weather periods and one for wet weather periods.  The SMBBB 
TMDLs were not completed by the March 2002 deadline.  The Consent Decree then 
allowed USEPA one year to promulgate the TMDLs.  That one-year date, March 2003, 
was missed also, but the TMDLs were so close to EPA approval that no objections were 
raised.  EPA approved the two SMBBB TMDLs and both became effective July 15, 
2003.  Both TMDLs require the responsible jurisdictions and responsible agencies to 
submit a coordinated, shoreline monitoring plan within 120 days after the effective date 
of the TMDLs (see Resolution 2002-004, attachment A, Table 7-4.3 and Resolution 
2002-022, attachment A, Table 7-4.7). 

The Santa Monica Bay beaches were designated as impaired and included on California’s 
1998 CWA §303(d) list of impaired waters due to excessive amounts of coliform 
bacteria.  In July 1999, a committee was formed to oversee the wet-weather dynamic 
modeling program for the Los Angeles River and Santa Monica Bay watersheds.  The 
purpose of this committee was to design and initiate a wet-weather land use study for 
both watersheds in order to develop fate and transport models for several pollutants in the 
watersheds.  Its members included representatives from the RWQCB, Southern 
California Coastal Water Research Project (SCCWRP), Heal the Bay, the City of Los 
Angeles, the County of Los Angeles, County Sanitation Districts of Los Angeles County, 
and the Santa Monica Bay Restoration Project (TMDL Draft – Version 4, footnote 3).  
Many of the responsible jurisdictions, notably the smaller beach cities, were not 
represented on this committee.  This wet-weather, land use study committee last met in 
2001. 

In October 2001, Resolution 2001-018, revising bacteriological water quality standards 
for Water Contact Recreation (REC-1) beneficial use in the Los Angeles Basin Plan, was 
adopted by the LARWQCB.  The full significance of this REC-1 revision was not fully 
understood by most beach cities until the first draft of the SMBBB TMDL was released 
for public review and comment a month later in November 2001, too late for comment on 
the REC-1 standard.  The TMDL divided the year into three separate periods for 
compliance purposes, each with specific requirements.  The periods were summer dry-
weather (April 1 – October 31), winter dry-weather (November 1 – March 31), and wet-
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weather (days with ≥ 0.1 inches of precipitation and the three days following the end of 
the rain event). 

By January 2002, it became apparent that more work needed to be done for the wet-
weather period.  The RWQCB then bifurcated the wet- and dry-weather portions of the 
TMDL, and only the dry-weather portion was adopted in January 2002.  In April 2002, 
the RWQCB staff briefed responsible jurisdictions on the proposed wet-weather TMDL.  
The RWQCB staff agreed to utilize the City of Los Angeles’ cost estimates for end-of-
pipe treatment facilities.  Additionally, the Regional Board staff was receptive to the City 
of Los Angeles’s Integrated Resources Approach as an implementation option and to 
allowing an implementation schedule of more than 10 years, provided the proposal had 
well defined milestones to achieve compliance. 

A preliminary draft of the Santa Monica Bay beaches wet-weather bacterial TMDL was 
released in June 2002 by the RWQCB and a “final” draft in August 2002.  These drafts 
included an Integrated Resources Approach as a viable implementation option, and 
proposed an 18-year compliance schedule with interim compliance milestones and 2020 
as the final implementation deadline.  At a Public Hearing in September 2002 before the 
Los Angeles RWQCB, there was much criticism by environmental stakeholders of the 
18-year compliance schedule.  The Board wanted to reduce it to 10 years, but they and 
the environmental groups liked the concept of an Integrated Resources Approach to 
capture and beneficially use stormwater runoff.  To encourage this approach, the Board 
directed RWQCB staff to revise the TMDL compliance schedule so that a longer, up to 
18 years, compliance schedule could be granted to those dischargers proposing to use the 
Integrated Resources Approach, but the compliance schedule would remain up to 10 
years for those dischargers not proposing to beneficially use the water.  The SMBBB 
TMDL for wet weather finally was adopted in December 2002.   

Both the SMBBB dry- and wet-weather TMDLs were approved by EPA in June 2003 and 
became effective on July 15, 2003.  The final staff report for the dry-weather TMDL is 
dated January 14, 2002, and November 7, 2002, for the wet-weather TMDL. 
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APPENDIX B 
Compliance Monitoring Sites and Observational Sites 

Table  B-1.  Jurisdictional Group 1 compliance monitoring sites
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-1-1 Point Zero sad50 Arroyo Sequit Creek at Leo 

Carrillo State Beach (DHS010)
No 34.04558 -118.93336 Arroyo Sequit LACDHS

SMB-1-2 Open Beach N/A El Pescador State Beach -- TBD TBD Los Aliso EMD
SMB-1-3 Open Beach N/A El Matador State Beach -- TBD TBD Encinal EMD
SMB-1-4 Point Zero sad920 Trancas Creek at Broad Beach 

(DHS008)
No TBD TBD Trancas LACDHS

SMB-1-5 Point Zero sad1070 Zuma Creek at Zuma Beach 
(DHS007)

No TBD TBD Zuma LACDHS

SMB-1-6 Point Zero s1d30 "Walnut Creek" in Paradise 
Cove

No 34.01375 -118.79100 Ramirez EMD

SMB-1-7 Point Zero s1d50 Ramirez Canyon at Parasise 
Cove Pier (DHS006)

No 34.02032 -118.78600 Ramirez LACDHS

SMB-1-8 Point Zero s1d150 Escondido Creek, just east of 
Escondido State Beach

No 34.02551 -118.76500 Escondido EMD

SMB-1-9 Point Zero s1d240 Latigo Canyon, adjacent the 
Tivoli Bay Villa Treatment Plant 
(DHS005)

No 34.02895 -118.75300 Latigo LACDHS

SMB-1-10 Point Zero s1d290 Solstice Creek at Dan Blocker 
County Beach

No 34.03297 -118.74100 Solstice EMD

SMB-1-11 Point Zero s1d320 Un-named creek at Puerco 
Beach (DHS004)

No 34.03328 -118.73300 Corral LACDHS

SMB-1-12 Point Zero s2d170 Marie Canyon storm drain at 
Puerco Beach

No 34.03072 -118.71000 Corral EMD

SMB-1-13 Point Zero s3d10 Sweetwater Canyon on Carbon 
Beach

No 34.03811 -118.67300 Carbon EMD

SMB-1-14 Point Zero s3d150 Las Flores Creek at Las Flores 
State Beach

No 34.03684 -118.63600 Las Flores EMD

SMB-1-15 Open Beach N/A Big Rock Beach (DHS001) -- 34.03670 -118.61012 Piedra Gorda LACDHS
SMB-1-16 Point Zero s4d60 Pena Creek at Las Tunas 

County Beach
No 34.03933 -118.59600 Pena EMD

SMB-1-17 Point Zero s5d175 Tuna Canyon No 34.03936 -118.58900 Tuna EMD
SMB-1-18 Point Zero s5d315 Topanga Canyon at Topanga 

State Beach (S2)
No 34.03814 -118.58200 Topanga EMD

COORDINATES
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Table  B-2.  Jurisdictional Group 2 compliance monitoring sites
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-2-1 Point Zero s5d480 Castlerock (Parker Mesa) 

storm drain
Summer 

2006
34.04135 -118.56600 Castlerock EMD

SMB-2-2 Point Zero s6d30 Santa Ynez storm drain Summer 34.03801 -118.55500 Santa Ynez EMD
SMB-2-3 Open Beach N/A Will Rogers State Beach, 1/4 

mile east of Gladstone's 
restaurant (DHS101)

-- 34.03934 -118.55052 Santa Ynez LACDHS

SMB-2-4 Point Zero s6d109, 110 Pulga storm drain (S3) Summer 34.03757 -118.54200 Santa Ynez EMD
SMB-2-5 Point Zero s6d100 Bay Club Storm drain in front of 

the Bel Air Bay Club (DHS102)
No 34.03837 -118.54400 Santa Ynez LACDHS

SMB-2-6 Point Zero s6d140 Temescal Canyon storm drain 
(DHS103)

Yes 34.03473 -118.53600 Pulga LACDHS

SMB-2-7 Point Zero s6d230 Santa Monica Canyon Yes 34.02784 -118.51800 S.M. Canyon EMD
SMB-2-8 Open Beach N/A Venice Beach, 50 yards south 

of the pier (DHS108)
-- 33.97826 -118.46714 Marina Del Rey LACDHS

SMB-2-9 Open Beach N/A Venice Beach at Topsail Street 
(DHS109)

-- 33.96768 -118.45994 Marina Del Rey LACDHS

SMB-2-10 Point Zero s9d10 Culver storm drain (S11) No 33.95641 -118.45100 Dockweiler EMD
SMB-2-11 Point Zero s9d50 North Westchester storm drain Summer 33.94447 -118.44400 Dockweiler EMD
SMB-2-12 Open Beach N/A Dockweiler Beach at World 

Way (DHS110)
-- 33.94064 -118.44226 Dockweiler LACDHS

SMB-2-13 Point Zero s9d70 Imperial storm drain (S12) Yes 33.93005 -118.43600 Dockweiler EMD
SMB-2-14 Open Beach N/A Dockweiler Beach opposite the 

Hyperion Treatment Plant 
(DHS111)

-- 33.92331 -118.43326 Dockweiler LACDHS

SMB-2-15 Point Zero N/A Dockweiler Beach, at the wave 
wash of Grand Avenue storm 
drain outlet (DHS112)

-- 33.91592 -118.42926 Dockweiler LACDHS

COORDINATES
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Table  B-3.  Jurisdictional Group 3 compliance monitoring sites
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-3-1 Point Zero s6d232 Montana storm drain (DHS104) Fall 2005 34.02061 -118.50900 Santa Monica LACDHS
SMB-3-2 Point Zero s6d235 Wilshire storm drain (DHS105) Fall 2005 34.01535 -118.50200 Santa Monica LACDHS
SMB-3-3 Point Zero s7d5 Santa Monica Pier storm drain 

(S5)
Yes 34.00870 -118.49600 Santa Monica EMD

SMB-3-4 Point Zero s7d10 Pico-Kenter storm drain (S6) Yes 34.00615 -118.49100 Santa Monica EMD
SMB-3-5 Point Zero s7d20 Ashland storm drain (S7) Summer 33.99702 -118.48400 Santa Monica EMD
SMB-3-6 Point Zero s7d50 Rose storm drain Summer 33.99398 -118.48100 Santa Monica EMD
SMB-3-7 Point Zero s7d70 Brooks storm drain (DHS107) Yes 33.98946 -118.47700 Santa Monica LACDHS
SMB-3-8 Point Zero s7d80 Windward storm drain (S8) Yes 33.98520 -118.47600 Santa Monica EMD
SMB-3-9 Open Beach N/A Santa Monica Beach at Strand 

Street (DHS106)
-- 34.00199 -118.48979 Santa Monica LACDHS

Table  B-4.  Jurisdictional Group 4 compliance monitoring site
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-4-1 Point Zero N/A Nicholas Canyon Creek at 

Nicholas Beach (DHS009)
No 34.04241 -118.91559 Nicholas LACDHS

Table  B-5.  Jurisdictional Group 5 compliance monitoring sites
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-5-1 Open Beach N/A Manhattan Beach at 40th 

Street (S13)
-- 33.90390 -118.42250 Hermosa EMD

SMB-5-2 Point Zero s10d30 28th Street storm drain at 
Manhattan Beach (DHS113)

Summer 
2004

33.89444 -118.41800 Hermosa LACDHS

SMB-5-3 Point Zero s11d002 36" storm drain under the 
Manhattan Beach Pier (S14)

No 33.88422 -118.41100 Hermosa EMD

SMB-5-4 Open Beach N/A Hermosa Beach at 26th Street 
(DHS114)

-- 33.87146 -118.40663 Hermosa LACDHS

SMB-5-5 Open Beach N/A Hermosa Beach Pier (S15) -- 33.86112 -118.40270 Hermosa EMD

COORDINATES

COORDINATES

COORDINATES

RB-AR39501



 

SMBBB TMDLs CSMP B-4 Rev. April 7, 2004 

 Table  B-6.  Jurisdictional Group 6 compliance monitoring sites
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-6-1 Point Zero s12d30 Herondo storm drain (DHS115) Yes 33.85199 -118.39800 Redondo LACDHS
SMB-6-2 Open Beach N/A Redondo Beach, 100 yards 

south of the pier (S16)
-- 33.83908 -118.39000 Redondo EMD

SMB-6-3 Point Zero s14d30 4' x 4' box structure at 
Redondo Beach

No 33.83378 -118.39000 Redondo EMD

SMB-6-4 Open Beach N/A Redondo Beach, approximately 
120 feet north of Topaz groin 
(DHS116)

-- 33.83207 -118.39071 Redondo LACDHS

SMB-6-5 Point Zero s14d50 Avenue I storm drain at 
Redondo Beach (S17)

Summer 
2005

33.81944 -118.39000 Redondo EMD

SMB-6-6 Open Beach N/A Malaga Cove (S18) No 33.80440 -118.39424 Redondo EMD

Table  B-7.  Jurisdictional Group 7 compliance monitoring sites
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-7-1 Open Beach N/A Malaga Cove (LACSDM) -- 33.80500 -118.39470 P. V. Peninsula LACSD
SMB-7-2 Open Beach N/A Bluff Cove (LACSDB) -- 33.80330 -118.39589 P. V. Peninsula LACSD
SMB-7-3 Open Beach N/A Long Point (LACSD1) -- 33.79362 -118.40684 P. V. Peninsula LACSD
SMB-7-4 Open Beach N/A Abalone Cove (LACSD2) -- 33.73872 -118.39394 P. V. Peninsula LACSD
SMB-7-5 Open Beach N/A Portuguese Bend Club 

(LACSD3)
-- 33.74183 -118.37912 P. V. Peninsula LACSD

SMB-7-6 Open Beach N/A White's Point/Royal Palms 
County Beach (LACSD5)

-- 33.73630 -118.36000 P. V. Peninsula LACSD

SMB-7-7 Point Zero N/A Storm drain outlet halfway 
between White Point County 
Beach and te Wilder Annex

No 33.71773 -118.32182 P. V. Peninsula LACSD

SMB-7-8 Open Beach N/A Point Fermin/Wilder Annex 
(LACSD6)

-- 33.71415 -118.31642 P. V. Peninsula LACSD

SMB-7-9 Open Beach N/A Outer Cabrillo Beach 
(LACSD7)

-- 33.71010 -118.29901 P. V. Peninsula LACSD

COORDINATES
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Table  B-8.  Ballona Creek watershed shoreline compliance monitoring site
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-BC-1 Point Zero N/A Ballona Creek (S10) No 33.96077 -118.45550 Ballona EMD

Table  B-9.  Malibu Creek watershed shoreline compliance monitoring sites
STATION 

NAME TYPE BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION SUBWATERSHED SAMPLING 

AGENCY
SMB-MC-1 Open Beach N/A Malibu Point on Malibu State 

Beach (DHS003)
-- 34.03143 -118.68204 Malibu LACDHS

SMB-MC-2 Point Zero s2d290 Breach point of Malibu Lagoon 
(S1)

No 34.03244 -118.67900 Malibu EMD

SMB-MC-3 Open Beach N/A Malibu Pier on Carbon Beach 
(DH002)

-- 34.03757 -118.67631 Malibu LACDHS

Table  B-10.  Observational sites
STATION 

NAME
JURIS. 
GROUP

BAYKEEPER 
ID

DESCRIPTION (including 
historical site ID, if any)

LOW FLOW 
DIVERSION FREQUENCY OBSERVING 

AGENCY
SMB-O-1 1 s1d40 Paradise Cove No 34.01690 -118.78900 TBD TBD
SMB-O-2 1 s2d140 Puerco Canyon storm drain No 34.03160 -118.71300 TBD TBD
SMB-O-3 1 s3d280 36" storm drain No 34.03776 -118.62000 TBD TBD
SMB-O-4 2 s6d50 24" corrugated metal pipe near 

Gladstones restaurant and site 
SMB-2-3 (DHS101)

No 34.03897 -118.55000 TBD TBD

SMB-O-5 2 s6d90 46" concrete storm drain a few 
hundred feet east of SMB-O-4

No 34.03931 -118.549 TBD TBD

SMB-O-6 5 s10d20 24" storm drain on Manhattan 
Beach, a couple of hundred 
feet north of SMB-5-2 
(DHS113)

No 33.89718 -118.41800 TBD TBD

SMB-O-7 6 s13d40 36" storm drain under the 
Redondo Beach pier

No 33.83908 -118.39000 TBD TBD

SMB-O-8 6 s14d70 32" storm drain on Torrance 
Beach

No 33.81123 -118.39100 TBD TBD

SMB-O-9 7 s15d40 70" storm drain outlet located 
50 yards southwest of the 
Palos Verdes Swim/Beach 
Cl b

No 33.80220 -118.39700 TBD TBD

COORDINATES

COORDINATES

COORDINATES
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APPENDIX C 
Field Sampling Equipment and Supply List 

 
The following equipment is needed for shoreline sample collection. 
 

• Sterile wide-mouth polypropylene sample bottles - 125 mL, 500 mL and 1000 
mL sampling poles - 125 mL, 500 mL and 1000 mL size  

• Special samplers, such as those for Ballona Creek/Centinela Bridge and Pacific 
Ave Bridge sampler 

• Flopper bottle sampler 
• Thermometer 
• Wind Meter 
• Rubber boots  
• Compaq Pocket PC , data sheets, and beach observation sheet  
• Watch 
• Ice Chest with ice 
• Cell Phone 
• Shovel and tow strap 
• Thomas Guide map book 
• First Aid kit 
• Tire gauge 
• Accident forms 
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APPENDIX D 
Field Sampling Standard Operating Procedures 

 
Preparation 
 

 Shoreline samples are collected every morning.  Sample collection must be 
conducted during daylight hours after sunrise and before sunset. 

 
 Check the posted monthly sample calendar for the day's duplicate stations, 

zero point samples, and any other special samples to be collected.   
 

 Check the sterility results of the sample bottles that will be used.  Use only 
sample bottles that have passed the sterility control QA check.  (Also, make 
sure that the stripes on the autoclave tape are black). 

 
o The sterility results are recorded in an Equipment/Media Prep Log 

book under the date that the bottles are autoclaved. 
 

o The autoclave date will be written on the autoclave tape on top of the 
sample bottles.  Record this date in the Equipment/Media Prep Log 
book for the date the sample bottles are used. 

 
 Using a black lab marker, label the autoclave tape on the sterile sample 

bottles with the station number or sample name. 
 

o The North Beach Run includes stations XX-XX  
 
o The Central Beach Run includes stations XX-XX 
 
o The South Beach Run includes stations XX-XX, as well as the Palos 

Verdes Peninsula and Cabrillo Beach stations.  
 

o Use 250 mL bottles for shoreline samples. 
 

 Extra sample bottles should be stored in each vehicle in case the sample 
collector needs them. 

 
 Place sample bottles in the ice chest and fill the chest with ice until the 

bottom half of the sample bottles are covered. 
 
Sample Collection 
 

 When collecting a sample, make sure the sample is taken from the point in 
direct line with the sample location landmark.  If a sample location is 
inaccessible or deemed to be unsafe and you cannot sample, please note this 
on the beach observation sheet.  REMEMBER, Safety Is Important! 
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 For collecting samples at locations where there is a freshwater outlet,  
collect samples as close as safely possible to  point zero (wave wash), but 
no further away than 10 meters down current of the storm drain or outlet. 

 
 At open beaches without freshwater outlets (storm drains or coastal creeks), 

collect samples at ankle depth and on an incoming wave. 
 

 Place the appropriate size sample bottle in the sampling pole.  Just before 
collecting the sample, unscrew the bottle cap, being careful not to touch the 
lip of the bottle or the inside of the cap.  Use aseptic techniques to avoid any 
contamination (i.e., do not touch the inner surfaces or lip edges of the bottle 
or cap). 

 
 Hold the mouth of the bottle towards the surf and collect the sample from an 

incoming wave.  Try to get as little sand in the sample bottle as possible.  
Leave enough headspace (about 1 inch) for later mixing of the sample.  
Avoid collecting sample in multiple sweeps and avoid refilling of the 
sample bottle. 

 
 Tightly screw the cap back on the bottle, avoiding contamination.  Record 

the time of sample collection on the Compaq Pocket PC or beach 
observation sheet. 

 
 Place the sample bottle back into the ice chest.  Make sure at least one-third 

of the bottom of the bottle is immersed in the ice.  The maximum allowable 
transport time (time of sample collection to sample analysis) is 6 hours. 

 
 Storm Drains and Zero-point Stations (see Appendix B: Sampling 

Stations/Locations) 
 
Collect Reference Site Sample (Leo Carrillo/SMB-1-1)  
 

 LACDHS will collect Leo Carrillo zero-point samples each Monday 
throughout the year. 

  
Post Sample Collection 
 

 Place samples in the refrigerator in the lab.  Empty and clean out the ice 
chest and put it away. 

 
 Log in the samples in the sample log-in book.  Write the sample collection 

time and your initials for each sample collected. 
 

 Make sure the beach observation sheet is completely filled out for that day.  
Do not forget the date and your initials. 
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 Vehicle maintenance: 

 
o Sweep out sand. 
o Remove trash. 
o Wash exterior and clean windows inside and out. 
o Gas vehicle if below half full. 

 
QA/QC 
 

• Please refer to Appendix I Quality Assurance/Quality Control for QA/QC 
procedures. 
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APPENDIX E 
Field and Data Entry Worksheets 

 
Examples of worksheets for Chain of Custody sheets (2 pages) and recording analytical results used by the City of Los Angeles’ 
Environmental Monitoring Division are provided herein.  They include shoreline beach observations, Chromogenic Substrate data 
entry, and Membrane Filtration data entry.  Once completed, data are then entered into the LIMS database.
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 EMD
Department of Public Works           Sample Chain of Custody LIMS #:
Bureau of Sanitation
Environmental Monitoring Division

   EMD Sample ID:
   Project Name:

Sampling Information:
Sampling Agency: Sampling Program:
Agency Sample ID#:
Phone Number:
Fax Number: Purpose of program:
Contact Person:
email address:

Report Time Frame:
Sampler's Name:
Sampler's Title

Sampler's Signature:

Witness: Name Sample Date:
              Title

Sampling Time:
              Name
              Title

Sample Location: Sampling Address:

Requested Analysis: Metals: Micro Biological:
Organics: Toxicity:
Conventional Chemistry: Air Testing:

                       See back of page for specifics analyses
Sample Notification:

Toxicity:     Date:
PC:        Date:

Metals:     Date:
Wet:        Date:

Semi-Vol:     Date:
Micro:        Date:

Volatile:     Date:

Received Date
Released 

Date  SignatureCurrent Holder Name Title Received Time

       Date:
   Analysis to be performed on the Sample(s):

EMD
LIMS #:

Locator: Collection Time: Locator:        Collection Time:
-1 -6
-2 -7
-3 -8
-4 -9
-5 -10

Sample Information: Liquid: Solid:         Other: Temperature
Grab Composite:

Start time: Finish time: pH
Container: Glass Size:     Color: Number:

Plastic Size:     Color: Number: Residual Cl2
Preservative       Number of samples:

Metals:
Ag Cu Pb Other:
Al Fe Sb
As Hg Se
Ba K Sn
Be Mg Sr Total

85 Ca Mn Tl Dissolved
Cd Mo V
Co Na Zn
Cr Ni

Organics:
       VOC Pesticides/PCB    Clopyralid           Air VOC
       BNA Dioxin - screen    Dioxin - low resolution           Fixed Gases
       TOX Other:    Dioxin - high resolution           GC Sulfur
       Herbicides    Tributyltin           Siloxanes

Conventional Chemical:
Alkalinity MBAS Solids:
BOD Nitrogen:    Total Solids
Boron    Ammonia Nitrogen    Total Dissolved Solids
Chloride    Nitrate-N    Total Suspended Solids
COD    Nitrite-N    Settleable Solids
Conductivity    Organic-N    Volatile Suspended Solids
Cyanide (Free)    Kjeldahl Nitrogen    Volatile Total Solids
Cyanide (Total) Oil & Grease Sulfates
Flashpoint pH Sulfides, Total
Fluoride Phenols Sulfides, Dissolved
Grain Size Phosphate, Total Thiosulfate
Hardness Phosphate, Dissolved TOC
Hexavalent Chromium Radioactivity Turbidity
H2S Salinity Other:

Biological:
Total Coliform Salmonella            Other:
Fecal Coliform Acute Toxicity (Fresh water)
E. coli Chronic Toxicity (Sea water)
Enterococcus Chronic Toxicity (Fresh water)

Remarks:
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APPENDIX F 
Laboratory Equipment and Supply List 

 
 
Chromogenic Substrate Method 
 

 Materials and Equipment 
 

o Sterile, transparent, non-fluorescent container - 125 mL volume (use 
containers provided by Colilert kit if available) 

o Colilert-18 reagent packets 
o Enterolert reagent packets 
o Quantitray/2000 trays 
o Graduated cylinder, sterile - 100 mL (optional) 
o Quantitray/2000 rubber tray insert 
o UV cabinet or lamp - long wave, 366nm 
o Deionized water – sterile 
o Colilert Quantitray/2000 color/fluorescence comparators 

 
Membrane Filtration Method  
 

 Materials and Equipment 
 

o Plate Labeling 
 Indelible marking pen 
 Kimwipes 
 Prepared mEndo, mFC, and mE agar plates 
 Agar plate carrier with dark cover 

o Filtration 
 1 mL and 10 mL sterile, bacteriological or Mohr disposable 

pipets 
 Pipet biohazard container 
 Vacuum pump 
 Filtration manifold 
 Microfil vacuum support base 
 Microfil filter screen disc (in 95% alcohol jar) 
 Sterile, disposable Microfil funnels 
 Membrane filters - sterile, white, grid-marked, 7 mm 

diameter filters with 0.45µM pore size 
 Labeled mEndo, mFC, and mE agar plates in covered plate 

carrier 
 Alcohol lamp 
 95% and 70% ethanol 
 Glass safety jar with lid 
 Paper towels 
 Sterile, plastic squirt bottle 
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 Forceps - smooth-tipped stainless steel 
 Pipet bulb 
 Alcohol pads 
 Incubator, 35.0 ± 0.5�C 
 Water bath, 44.5 ± 0.2�C 
 Incubator, 41.0 ± 0.5�C 
 Solid heat-sink fecal coliform incubator, 44.5 ± 0.2�C 
 Matches 
 Long-handled forceps 
 Sterile, phosphate-buffered rinse water 
 Sterile, phosphate-buffered water dilution tubes 

 
o Colony Counting 

 Binocular, stereoscopic microscope with fluorescent lamp 
 Disposable gloves 
 Data worksheets 
 Large biohazard container 
 Incubated mEndo, mFC, and mE agar plates 
 EIA agar plates 
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APPENDIX G 
Laboratory Standard Operating Procedures (City of Los Angeles) 

 
Chromogenic Substrate Method: Shoreline/Marine Samples 
 
 Procedure 

o Disinfect the workbench area with 70% ethanol.  Let air-dry. 
o Preparation of sample container 

 You will need one sterile container per sample.  Label each sample 
container with station name and test to be performed (e.g., Container 
1: S01, TC/EC, Container 2: S01, Entero). 

 Remove the outer plastic ring/label seal around the container cap.  
Remove the container cap, being careful not to touch the inside of the 
cap.  Pour sterile deionized water from a flask into each container.  
Be careful not to touch the rim of the deionized flask or the 
container.  Pour the D.I. water to the 100 mL mark on each container 
and replace the cap.  Replace the cap back onto the D.I. water flask if 
there is any D.I. water left in the flask. 

 If a 10 mL sample aliquot is to be used, remove 10 ml of D.I. water 
from all sample containers using a sterile 10 ml pipet.  If only 1 ml of 
sample is to be analyzed, skip this step of removing 10 ml of D.I. 
water.    

 You will need one Coli-18 reagent pak for each sample container 
labeled TC/EC and one Enterolert reagent pak for each container 
labeled Entero.  Carefully separate one reagent snap pak from the 
strip, taking care not to accidentally open the adjacent pak.  Tap the 
snap pak to ensure that all of the reagent powder is in the bottom part 
of the pack. 

 Open the pak by snapping back the top at the score line.  Do not 
touch the opening of the pak. 

 Add the reagents to the appropriate sample containers filled with D.I. 
water.  Replace the cap on the container, tighten, and gently mix until 
the reagent is dissolved.  Note that when the Coli-18 reagent is added 
to the D.I. water in the container, the solution is a clear color and 
when Enterolert reagent is added to the D.I. water, the solution is a 
yellow color. 

 Pipet 10 mL of each sample into the appropriate sample containers.  
Place the used pipets into the pipet biohazard container.  Replace the 
sample container caps and mix gently. 

 
o Quanti-tray/2000 

 Turn on Quanti-tray® sealer at the start of sample preparation. 
 You will need one Quanti-tray for each labeled sample container. 
 Check to see that the green Ready Light (above the amber power 

light) is illuminated on the sealer.  The sealer will not operate until 
both the amber power light and the green Ready Light are 
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illuminated. 
 Using one hand, hold a Quanti-tray upright with the well side 

(plastic) facing your palm.  Squeeze the upper part of the Quanti-tray 
so that it bends towards the palm of your hand.  Using your other 
hand, gently pull the foil tab at the top of the tray to separate the foil 
from the top of the tray, creating an open pouch.  Avoid touching the 
inside of the foil or tray and be careful not to tear the foil. 

 Pour the reagent/sample mixture directly into the Quanti-tray, 
avoiding contact with the foil tab at the top of the tray.  Tap the small 
wells at the bottom of the tray to release any air bubbles.  Allow any 
foam present to settle. 

 Place the sample-filled tray onto the rubber insert of the sealer with 
the well side (plastic) of the tray facing down.  Align the small and 
large wells with their corresponding holes in the rubber insert.  Make 
sure the tray is properly seated in the rubber insert.  With your hand, 
gently press on the back of the tray to distribute some of the liquid 
into the larger wells. 

 Slide the rubber insert into the sealer until the motor grabs the rubber 
insert and begins to draw it into the sealer. 

 In approximately 15 seconds, the tray will be sealed and partially 
ejected from the rear of the sealer.  Remove the rubber insert and tray 
from the rear of the sealer. 

 If a misaligned tray is accidentally fed into the sealer, press and hold 
the “reverse” button (located on the top, front center of the sealer).  
This will reverse the motor and you can then remove the tray.  Do 
not reverse the motor once the rubber insert has been drawn fully 
into the input slot of the sealer. 

 Repeat for each labeled tray.  Turn off the sealer and unplug the unit 
when you are finished sealing all the trays. 

 Using a felt-tipped marker, label the front of each tray with the 
incubation time. 

 Place all Quanti-trays labeled "TC/EC" into the 35°C (Total 
coliform) incubator for 18 hours. 

 Place all Quanti-trays labeled "Entero" into the 41°C (Enterococcus) 
incubator for 24 hours. 

 
o QA Controls 

 Refer to QA/QC SOP 
o Clean-up 

• Dispose of the empty, used sample container in the large, red 
biohazard containers. 

• Dispose of all pipet wrappers and empty reagent packs in the regular 
trash receptacle.  Return all lab supplies to their proper storage areas. 

• Disinfect the workbench area with 70% ethanol.  Let air-dry. 
• Discard original sample remaining in sample bottle (can discard 

down sink drain).  Rinse with tap water and place empty bottles on 
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trash cart for later cleaning. 
 

 Reading Quanti-Tray Sample Results 
o Disinfect the workbench area with 70% ethanol.  Let air-dry. 
o TOTAL COLIFORMS - read 18 hours after incubation. 

 Remove the Quanti-trays from the 35°C (Total coliform) incubator.   
 Record the date, time, and analyst name or initials on the sample data 

sheet for the reading of Total Coliforms. 
 Compare the intensity of the yellow color of the sample wells to the 

intensity of the yellow color of the Comparator Quanti-tray.  Any 
well with a yellow color of equal or greater intensity than the 
Comparator is considered a "positive" well.  Wells with a clear color 
or a yellow intensity less than the Comparator are considered as 
"negative.”  If reaction is unclear or borderline yellow, replace 
the tray in incubator for further incubation up to a total of 22 
hours. 

 Count the number of positive large wells.  Remember that the single, 
large well at the very top of the Quanti-tray should also be included 
in the count if it is positive.  Record the number of positive large 
wells on the sample data sheet.  Count and record the number of 
large positive wells for each sample dilution that was set. 

 Count the number of positive small wells.  Record the number of 
positive small wells on the sample data sheet.  Count and record the 
number of small positive wells for each sample dilution that was set. 

 
o E. COLI - read 18-22 hours after incubation. 

 These results are read from the Total coliform Quanti-trays. 
 Record the date, time, and analyst name or initials on the sample data 

sheet for the reading of E. coli. 
 Place Quanti-tray under a UV cabinet or lamp. 
 Press the red button on the top of the UV lamp to turn the lamp on.  

Make sure the lamp is pointed away from you. 
 Count the number of large and small fluorescent wells for each 

sample dilution.  Remember that the single, large well at the very top 
of the Quanti-tray should also be included in the count for the large 
wells if it is positive.  Record the results on the sample data sheet. 

 If in doubt as to the fluorescence of a well, compare it to the negative 
fluorescence of the Quanti-tray Comparator.  This Comparator is 
"negative" for fluorescence.  If fluorescence on the well(s) is/are 
still questionable, mark the well(s) with an indelible pen or 
marker and re-incubate Quanti-tray for an additional 2 - 4 
hours.  Read Quanti-tray again following the incubation period. 
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 ENTEROCOCCUS - read 24-28 hours after incubation 
 

 Remove the Quanti-trays from the 41°C (Enterococcus) incubator. 
 Record the date, time, and analyst name or initials on the sample data 

sheet for the reading of Enterococcus. 
 Place Quanti-tray under a UV cabinet or lamp 
 Press the red button on the top of the UV lamp to turn the lamp on.  

Make sure the lamp is pointed away from you. 
 Shine the UV lamp directly on the sample Quanti-tray within five 

inches of the tray.  Count the number of large and small fluorescent 
wells for each sample dilution.  Remember that the single, large well 
at the very top of the Quanti-tray should also be included in the count 
for the large wells if it is positive.  Record the results on the sample 
data sheet.  Record the results on the sample data sheet. 

 If in doubt as to the fluorescence of a well, compare it to the negative 
fluorescence of the Quanti-tray Comparator.  This Comparator is 
"negative" for fluorescence.  If fluorescence on the well(s) is/are 
still questionable, mark the well(s) with an indelible pen or 
marker and re-incubate Quanti-tray for an additional 2 – 4 
hours.  Read Quanti-tray again following the incubation period. 

o When finished reading all the Quanti-trays, turn off UV lamp and dispose of 
all trays into the large red biohazard containers. 

o Disinfect the workbench area with 70% ethanol.  Let air dry. 
o Leave the sample data sheets on the clipboard by the Quanti-tray sealer. 

 
 Quanti-Tray Calculations 

o Enter the number of positive large and small wells into the Idexx generator 
or read from the Idexx MPN table.  Multiply the number given in the table 
by the dilution factor used.  If more than one dilution generates a result, 
take the average. 

 
Example # Positive large wells: 23 

   # Positive small wells: 16 

   Idexx MPN table: 52.7 

 

Calculation (10 ml aliquot of sample): 

52.7 (number from table) x 10 (Result based on a 100 ml sample size) 
= 530 MPN/100 ml 

 
Membrane Filtration Method (for Enterococci analysis) 
 
 Media Preparation 

o mEndo Agar LES 
 To rehydrate the medium, suspend 51 grams in 1 liter deionized 
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water containing 20 mL 95% ethanol and heat to boiling to 
dissolve completely.  Cool to 45-50�C.  (If using the agarmatic, 
follow the agarmatic directions for making mEndo.)  Aseptically 
dispense 4-5 mL amounts into the lower halves of 60x15 mm 
sterile, disposable Petri dishes and allow to solidify.  Final pH 7.2 
± 0.2.  Record pH results in the media prep logbook. 

 
 Set QA media controls. 

• Refer to QA/QC SOP 
 Place agar plates in a labeled media container and refrigerate until 

needed.  The holding time for agar plates is two weeks. 
o mFC Agar 

 To rehydrate the medium, suspend 52 grams in 1 liter deionized 
water and heat to boiling to dissolve completely.  Add 10 mL of a 
1% solution of rosolic acid in 0.2 N NaOH.  Continue heating 
for 1 minute.  Cool to 45 -50�C.  (If using the agarmatic, follow 
the agarmatic directions for making mFC.)  Aseptically dispense 4-
5 mL amounts into the lower halves of 50-60x15 mm tight-fitting 
sterile, disposable Petri dishes and allow to solidify.  Final pH 7.4 
± 0.2.  Record pH results in the media prep logbook.  

 1% Rosolic Acid Solution - Add 0.1 grams rosolic acid to 10 mL 
of stock 0.2 N NaOH.  Mix well. 

 
 Stock 0.2 N NaOH - Add 0.8 grams NaOH to 100 mL deionized 

water.  Mix to dissolve.  Store in a labeled polyethylene reagent 
bottle. 

 
 Set QA media controls. 

• Refer to QA/QC SOP 
 Place agar plates in a labeled Tupperware container and refrigerate 

until needed.  The holding time for agar plates is two weeks. 
o mE Agar 

 To rehydrate the medium, suspend 7.12 grams in 100 mL of 
deionized water.  Heat to boiling to dissolve completely.  
Autoclave for 15 minutes at 121�C.  Promptly remove from the 
autoclave and cool to 45-50�C.  Add 0.024 grams Nalidixic Acid 
and 1.5 mL of a 1% solution of triphenyl tetrazolium chloride 
(TTC).  (If using the agarmatic, follow the agarmatic directions for 
making mE.)  Aseptically dispense 4-5 mL amounts into the lower 
halves of 60x15 mm sterile, disposable Petri dishes and allow to 
solidify.  Final pH 7.1 ± 0.2.  Record pH results in the media prep 
logbook.   

 
1% TTC Solution - Add 1 gram TTC to 100 mL of deionized 
water.  Mix well.  Using a sterile 0.22µm Millex-GS filter, filter-
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sterilize the solution into a sterile, labeled 500 mL reagent bottle.  
Store in the refrigerator. 
 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place agar plates in a labeled Tupperware container and refrigerate 
until needed.  The holding time for agar plates is two weeks. 

o Esculin Iron Agar (EIA) 
 To rehydrate the medium, suspend 1.65 grams in 100 mL of 

deionized water.  Heat to boiling to dissolve completely.  
Autoclave for 15 minutes at 121�C.  Promptly remove from the 
autoclave and cool to 45-50�C.  (If using the agarmatic, follow the 
agarmatic directions for making EIA.)  Aseptically dispense 4-5 
mL amounts into the lower halves of 60x15 mm sterile, disposable 
Petri dishes and allow to solidify.  Final pH 7.1 ± 0.2.  Record pH 
results in the media prep logbook. 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place agar plates in a labeled Tupperware container and refrigerate 
until needed.  The holding time for agar plates is two weeks. 

o Phosphate-Buffered Water 
 1 N NaOH - Carefully add 4 grams NaOH to 100 mL deionized 

water.  Mix to dissolve.  Store in a labeled polyethylene reagent 
bottle. 

 Stock Phosphate Buffer Solution - add 34.0 grams potassium 
dihydrogen phosphate (KH2PO4) to 500 mL deionized water and 
mix to dissolve.  Adjust pH to 7.2 ± 0.5 with 1 N NaOH and bring 
volume to 1 liter, using a 1-liter volumetric flask.  Transfer to a 
reagent bottle and autoclave for 15 minutes at 121�C.  Let cool and 
refrigerate.  Discard if turbidity is present. 

 Stock Magnesium Chloride Solution - add 81.1 grams 
MgCl2�6H2O to 1 liter deionized water and mix to dissolve.  
Transfer to a reagent bottle and autoclave for 15 minutes at 121�C.  
Let cool and refrigerate.  Discard if turbidity is present. 

 Working Solution of Phosphate-Buffered Dilution/Rinse Water 
• Add 1.25 mL stock phosphate buffer solution and 5 mL 

stock magnesium chloride solution to 1 liter deionized 
water.  Adjust pH to approximately 7.6-7.7 with 1 N 
NaOH.  Mix and dispense approximately 9.5 mL into 
specially marked dilution test tubes.  Autoclave at 121�C 
for 15 minutes.  If phosphate-buffered rinse water is 
needed, autoclave 1-2 L volumes in large flasks for 45 
minutes at 121�C. 

• Cool and check that buffered water level is at the marked 
line (9 mL) on the test tube.  Aseptically adjust water level 
if necessary.  Tightened test tube or flask caps and store at 
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room temperature.  Holding time for screw-capped media is 
3 months.  Final pH 7.2 ± 0.1. 

• Sterility control - test the sterility of the buffered dilution 
water by aseptically pouring 2 test tubes of dilution water 
into a sterile bottle containing 100 mL of Tryptic Soy 
Broth.  Test the sterility of the liter flasks of rinse water by 
aseptically adding 20 mL buffer to a sterile bottle 
containing 100 mL TSB.  Incubate the bottle for 48 hours at 
35.0 ± 0.5�C.  Record pH and sterility check results in the 
media prep logbook. 

o Tryptic Soy Broth (TSB) 
 To rehydrate the medium, suspend 30 grams in 1 liter of deionized 

water and mix to dissolve completely.  Dispense 100 mL of broth 
into 125 mL Nalgene bottles.  Autoclave for 15 minutes at 121�C.  
Promptly remove from the autoclave when done.  Let cool and 
then tighten caps.  Final pH 7.3 ± 0.2.  Record pH results in the 
media prep logbook. 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place TSB bottles in the refrigerator until needed.  The holding 
time for screw-capped media is three months. 

 
 Plate Labeling Procedure 

o Clean and wipe the bench-top work area with 70% ethanol and let air dry. 
o Check the monthly sample calendar for the samples and duplicates 

scheduled for the day.   
o Check the QA results of the prepared agar plates to be used.  These results 

are recorded in the media prep logbook.  Use only media that have passed 
the sterility, positive control, and negative control checks. 

o Record the media preparation dates for all the agar plates being labeled.  
The dates are recorded in the media prep logbook under "Prep Date of 
Media in Use.” 

o Inspect all agar plates. 
 Discard any plates that have bubbles that will interfere with 

bacterial growth when the membrane filter is placed on the agar 
surface. 

 Check plates for contamination of any kind (bacterial growth, 
mold, or strange color).  Discard any contaminated plates into a 
biohazard bag. 

o Using an indelible marking pen or pre-printed labels, label each plate with 
the station name or location at the top of the Petri dish, sample volume or 
dilution in the middle, and sample date at the bottom of the dish. 
 Consult the Sample Dilution Table for the necessary dilutions for 

each sample type. 
 mEndo and mFC agar plates are labeled on the bottom (agar side) 

of the Petri dish. 
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 mE agar plates are labeled on the top (lid side) and the bottom 
(agar side) of the Petri dish. 

o Stack all the agar plates for the same station together after the plates are 
labeled.  Stack plates by ascending volume order (smallest volume on 
top). 

o When stacking, be sure to place all plates, agar side up. 
o Place the stack of plates for each sample into a slot in one of the agar plate 

carriers. 
o Add a small stack of unlabelled mEndo agar plates to the carrier.  These 

plates will be used for QA blanks as needed during filtering. 
o Label the cover of each plate carrier with the sample stations or locations 

for all plates in the carrier.  Include duplicate stations on the label for all 
boat plate carriers. 

o If plates are labeled one day in advance of use, refrigerate the plate 
carriers.  Labeled plates that are refrigerated need to be taken out of the 
refrigerator on the day of use. 

o If plates are labeled on the day of use, the plate carriers can be left out at 
room temperature until needed. 

 
 Filtration Procedure 

o Clean and wipe the bench top work area with 70% ethanol and let air dry. 
o Gather the necessary filtration equipment. 
o Aseptically transfer sterile, phosphate-buffered rinse water into a sterile 

squirt bottle. 
o Select samples to be filtered.  Select the proper agar plates for the samples 

and check the plate stacking order to make sure sample volumes are in 
ascending order. 

o Make 1:10 serial dilutions (if needed). 
 Shake the sample vigorously for several seconds (about 25 - 30 

times) to break up any bacterial cell aggregates, to separate cells 
from particulate matter, and to make the sample homogenous. 

 Aseptically pipet 1 mL of the sample into a sterile 9 mL dilution 
test tube and shake or vortex vigorously.  This is a 1:10 (10-1) 
dilution of the sample. 

 Aseptically pipet 1 mL of the 10-1 dilution into a second 9 mL 
dilution tube and shake or vortex vigorously.  This is a 1:100 (10-2) 
dilution. 

 Aseptically pipet 1 mL from the second (10-2) dilution tube into a 
third 9 mL dilution tube and shake or vortex vigorously.  This is a 
1:1000 (10-3) dilution. 

 Continue making 1:10 serial dilutions as needed. 
o Fill the alcohol lamp with 95% ethanol and light it. 
o Prepare filtration equipment, one filtration unit per sample. 

 Wipe the Microfil support base with an alcohol pad.  Let dry. 
 Remove filter screen disc from the 95% alcohol jar using the long-

handled forceps.  Gently shake the disc over the alcohol jar to 
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remove any excess alcohol.  Flame-sterilize the disc.  Allow flame 
to self-extinguish.  Place disc onto the Microfil support base. 

 Squirt the disc with a small amount of sterile buffer to wash any 
residual alcohol off the disc.  Apply vacuum to drain the buffer off 
the disc. 

 Aseptically remove a membrane filter from the filter dispenser, 
using an alcohol flame-sterilized forceps.  Place the filter, grid-
side-up on filter support base. 

 Aseptically remove a sterile, disposable Microfil funnel from the 
funnel dispenser. 

 Put the funnel over the filter on the support base.  Place thumbs 
and index fingers of both hands on the upper, outside ridge of the 
funnel.  Evenly push down on the funnel to securely lock it into 
place. 

o Shake sample vigorously for several seconds (about 25 - 30 times) to 
break up any bacterial cell aggregates, to separate cells from particulate 
matter, and to make the sample homogenous.  Place bottle at a slant to let 
any sand or debris in the sample settle to the bottom sides of the bottle. 

o Record filtering start time and initials in the LIMS "Micro Log-in" Excel 
worksheet on the PC computer.  Move the cursor to the appropriate cell 
for the sample being filtered. 
 If the starting time is the current time, press "CTRL+T.” 
 Alternately, enter the time using a colon, ex. "10:25 or 14:00.” 

o Before filtering the sample, determine if a QA sterility blank needs to be 
done. 
 Refer to QA/QC SOP 

o Wet the membrane filter with an adequate amount of sterile rinse water 
before adding sample aliquots delivered with a pipet.  Add the sample 
aliquot to the filter according to the plate stacking order.  Use a new filter 
for each sample aliquot. 

o Use sterile pipets for sample volumes < 20 mL.  If the pipet is to be used 
again, rest the pipet tip against the inner lip of the sample bottle.  Do not 
let the pipet tip rest on the bottom of the sample bottle.  Discard used 
pipets into the pipet biohazard container. 

o For sample volumes of 50 mL or 100 mL, aseptically pour the sample to 
the measured lines on the Microfil funnel.  If an excess amount of sample 
is poured into the funnel, use a sterile pipet to remove the excess.  Discard 
the excess sample along with the pipet into the pipet biohazard container. 

o Before applying the vacuum, swirl the sample in Microfil funnel by 
moving the funnel in a gentle circular motion to evenly distribute bacterial 
cells on the membrane filter surface. 

o Apply vacuum, letting the sample drain through the filter. 
o Thoroughly rinse down the walls of the funnel two times with a generous 

amount of sterile buffer water.  This will wash down any bacteria that may 
adhere to the sides of the funnel. 

o With one hand on the outside walls of the funnel, use a backwards and 
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upwards motion to pop the funnel off the support base.  Continue to hold 
the funnel with your hand.  Use your other hand to remove aseptically the 
filter with a flame-sterilized forceps (one sterile forceps per membrane 
filter).  Aseptically replace the funnel back on the support base. 

o Aseptically place the filter on the surface of the appropriate agar plate, 
using a rolling motion to avoid trapping air between the agar and the filter 
that will result in the formation of bubbles.  If any air is trapped under the 
filter, reset the membrane filter onto the agar surface.  Place the used 
forceps into the jar of ethanol. 

o Stack finished plates by sample and media type.  Remember to always 
position finished plates agar (bottom) side up.  This is to avoid any 
condensation dripping onto the surface of the filter during incubation, 
which may interfere with or distort bacterial growth. 

o Continue filtering the sample, following the steps detailed above for each 
sample volume or dilution labeled on the stack of plates. 

o If a duplicate sample is being filtered, the same pipets and dilution tubes 
(if needed) may be used for both the regular sample and the duplicate 
sample. 

o When the sample is finished being filtered, place mEndo and mE agar 
plates in a covered incubation container (with moist sponges) according to 
media type.  Total coliform mEndo agar plates are incubated for 24 ± 2 
hours at 35.0 ± 0.5 �C.  Fecal coliform mFC agar plates are incubated for 
24 ± 2 hours at 44.5.0 ± 0.2 �C.  It is important that these plates be 
incubated within 20 minutes of filtration to ensure heat-shock of the non-
fecal bacteria.  Plates are incubated in either the dry heat-sink incubators 
or sealed in waterproof bags and placed in the 44.5 ± 0.2�C water bath.  
Enterococcus mE agar plates are incubated for 48 ± 2 hours at 41.0 ± 
0.5�C. 

o Record filtration finish time, initials, and incubation time in the LIMS 
"Micro Log-in" Excel worksheet on the PC computer. 

o The incubation containers should be labeled with the indicator bacteria, 
test date, and incubation time.   

o Place used Microfil funnels in the biohazard bag for the funnels.  Place 
sample bottles, empty buffer flasks, and used squirt bottles (if not being 
used for filtering more samples) in a tub for later washing.  

o Wipe down the bench-top work area with 70% ethanol and let air dry. 
o To filter another set of samples, wipe the Microfil support base and filter 

screen disc with a new alcohol pad.  Rinse the disc with sterile rinse water.  
Repeat procedure as detailed in the above sections. 

o When taking a long break between filtering samples, wipe the Microfil 
support base and filter screen disc with a new alcohol pad.  Leave the 
alcohol pad on the screen disc.  Place an alcohol-wiped cap over the 
Microfil unit.  Before filtering again, remove the cap and re-wipe the 
Microfil unit and filter screen disc with the alcohol pad.  Rinse the disc 
with sterile rinse water.  Repeat procedure as detailed in the above 
sections. 
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o When all samples have been filtered, remove the filter screen disc from 
the Microfil support base and put in the 95% alcohol jar.  Wipe the 
Microfil support base with a new alcohol pad.  Leave the alcohol pad in 
the empty disc space.  Place an alcohol-wiped cap over the Microfil unit. 

 
 Colony Counting Procedure 

o Check the LIMS "Micro Log-in" Excel worksheet for the incubation times 
of the plates that need to be read that day.  Determine when the plates can 
be read according to their required incubation times. 

o Gather the necessary data worksheets for all samples to be read.  Each test 
and sample type has separate data worksheets. 

o Record the time the plates are read and analyst initials in the LIMS "Micro 
Log-in" Excel worksheet and on the data worksheets. 
 If the read time is the current time, press "CTRL+T.” 
 Alternately, enter the time using a colon, ex. "10:25 or 14:00.” 

o If desired, wear disposable gloves when handling and reading the plates. 
o Remove plates from the incubator when it is time to read them and arrange 

them in ascending volume order for each station. 
o Use the stereoscopic microscope with a fluorescent lamp to aid in 

identifying and counting colonies. 
o Starting with the control blank plate if one was done, examine the filter for 

bacterial contamination or any notable changes on the filter or agar media. 
o Examine and count all the plates set for a single sample, starting with the 

smallest sample volume filtered or the most dilute sample. 
o Colonies that have grown into each other should be counted individually.  

Separate nuclei or a fine line of contact may usually be seen. 
o Colonies in every filter grid square within the filtering area are to be 

counted. 
o To make counting easy and simple, start counting at the top of the filter.  

Count from left to right, following the grid lines, and continue to the 
bottom of the filter. 

o Countable ranges - Due to the possible adverse effect of colony crowding 
on sheen or color development on the filter membrane, and to be assured 
of a statistically valid colony count, minimum and maximum bacterial 
levels have been set for each of the indicator bacteria. 
 Total bacteria:  <200 total colonies (background and indicator 

bacteria). 
 Total Coliform:  20 - 80 coliform colonies 
 Fecal Coliform:  20 - 60 fecal coliform colonies 
 Enterococcus:  20 - 60 Enterococcus colonies 

o Colony Morphology 
 Total Coliforms 

• The typical colony has a pink to dark-red color with a 
shiny, greenish-gold, metallic surface sheen.  The sheen 
may cover the entire colony, or it may appear only in the 
central area or on the periphery.  
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• This sheen is produced as a by-product of lactose 
fermentation (acid aldehyde complex) in combination with 
the Schiff's reagent (fuschin sulfite) in the mEndo media. 

 Fecal Coliforms 
• Any colony exhibiting any light or dark blue color, whether 

covering the entire colony or only in or on part of the 
colony.   

• This blue color is a result of the acid produced by the 
fermentation of lactose combining with the aniline blue dye 
in the mFC media. 

•  Colonies exhibiting a cream or grey color are not fecal 
coliforms. 

 Enterococcus 
• After 48 ± 2 hours incubation, mE filters with growth on 

them are transferred to room temperature EIA plates. 
• Using forceps, remove the filter (handling the filter by its 

edge, outside of the filtration area) from the mE plate and 
roll it onto the agar surface of the EIA plate. 

• Replace the top of the EIA plate with the labeled top lid of 
the original mE plate. 

• Incubate the EIA plates for 20 minutes at 41.0 ± 0.5�C. 
• Enterococci are pink to carmine-red colonies with black or 

reddish-brown precipitate or halos on the underside of the 
filter when placed on EIA agar. 

• The colony color is due to the reduction of the vital 
indicator TTC (2,3,5-Triphenyl tetrazolium chloride) to 
non-reversible formazin.  The dark precipitate or halo is the 
result of the hydrolysis of esculin. 

o Record all colony counts and any other notable information on the data 
worksheet.  Comments should include information about unusual 
conditions on the filter, such as the presence of solids, artifacts, or high 
background counts.  The condition of the growth on the filter should also 
be noted, such as confluent areas or confluent growth over the filter. 
 CG = confluent bacterial growth with indistinct or non-discrete 

colonies. 
 TNTC = Too Numerous To Count 
 >200 = greater than 200 background and indicator colonies on a 

filter.   
o If there are any questions regarding counting colonies or any unusual or 

suspicious  plates, save all plates for that sample and show them to a 
microbiologist. 

o Dispose of all plates and gloves in a biohazard container.  Autoclave at the 
end of the day. 
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 Calculations 
o Due to the possible adverse effect of colony crowding or color 

development on the filter membrane, and to be assured of a statistically 
valid colony count, minimum and maximum bacterial levels have been set 
for each of the indicator bacteria. 
 Total bacteria:  <200 total colonies (background and indicator 

bacteria). 
 Total Coliform:  20 - 80 coliform colonies 
 Fecal Coliform:  20 - 60 fecal coliform colonies 
 Enterococcus:  20 - 60 Enterococcus colonies 

o Indicator bacteria are expressed as bacterial density (CFU) per 100 mL of 
sample. 

o The raw bacterial counts from the data worksheets are entered into LIMS 
"Sample Data Entry" Excel worksheets on the PC computer by a 
technician.  The computer calculates the final bacterial densities for each 
sample and prints a copy of the data worksheet.  See the LIMS Data Entry 
SOP for more details. 

o The supervisor verifies the daily-calculated bacterial densities.  Daily 
bacterial density reports are printed out by the computer and E-mailed to 
the primary leads of the jurisdictional groups, who in turn will 
communicate this data to its jurisdictional members.  The data reports are 
kept in a labeled notebook and the original data worksheets are kept in the 
data file cabinet.  See the LIMS Data Validation SOP for more details. 

o If the final bacterial densities need to be calculated by hand, the following 
guidelines should be used.  All calculated values should have only 1 or 2 
significant figures, depending on the colony counts. 

 
 Countable Range (Standard Methods., EPA): 

 
     Countable range number of colonies  x  100  =  (value) CFU/100                             

                            mL filter volume 
       

 
    Disregard non-countable range counts and volumes. 

 
     Volume Count 
     blank    0 
      0.5    0 
      5.0    6  35 x 100 = 180 CFU/100 mL  
      20   35  20 
      50   95     

 
 Two volumes in the countable range (EPA): 

 
     Calculate each count independently as in 6.4.1. above and then 

average the results. 
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     Volume Count 
      blank    0  20  x 100 = 100    60 x 100 = 120 
       0.5    0  20        50 
      5.0    6 
      20   20 100 + 120 = 110 CFU/100 mL 
      50   60     2 

 Counts less than the countable range (Standard Methods): 
 

     Add all colonies   x 100 = (value) CFU/100 mL 
     Total all volumes 

 
     Volume Count 
     blank    0 
      0.5    0 
      5.0    1  19 + 4 + 1 + 0       x 100 = 32 CFU/100 mL 
      20    4 50 + 20 + 5 + 0.5 
       50   19 

  
 No counts on any filter volume (EPA): 

 
                     1 x 100      =  < (value) CFU/100 mL 
     Largest volume filtered 

 
     Volume Count 
     blank    0 

   0.5    0 1  x 100 =  <2 CFU/100 mL 
      5.0    0 50 
      20    0 
      50    0 

 
 Counts greater than the countable range - too numerous to count 

(TNTC) or confluent growth (CG) (EPA): 
 

    Highest upper limit count x 100 =  >(value) CFU/ 100 mL 
    Smallest volume filtered 

 
    Volume Count   For Total Coliforms: 
    blank  0    80 x 100 = >16,000 CFU/100 mL 
     0.5*  TNTC or CG  0.5 
     5.0  TNTC or CG  For Fecal Coliforms or Enterococci: 
     20  TNTC or CG  60 x 100 = >12,000 CFU/100 mL 
     50  TNTC or CG  0.5 
         
    *NOTE:  If the count at the lowest dilution is TNTC, try to estimate the 
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count on the plate.  Estimate the count in a quadrant if necessary.  
Use this number to calculate the count per 100 mL. 

 
 Confluent Growth Counts (Standard Methods, EPA): 

 
     Disregard all dilution volumes that are confluent growth. 
     Analyze remaining counts and volumes. 

 
    Volume Count    Volume Count 
               blank    0    blank    0 
   0.5    0    0.5    3   
   5.0   CG    5.0   20   
   20   CG    20   CG  
   50   CG    50   CG 
 
 1  x 100 = <200 CFU/100 mL   20 x 100 = 400 CFU/100 mL 
 0.5      5.0 
 

 Total bacterial count (background bacteria plus indicator bacteria) 
greater than 200 colonies (Std. Methods.): 

 
     Analyze counts and volumes.  Report as a greater than value. 

  
  Volume Count    Volume Count 
  blank    0    blank    0 
  0.5    0 (>200)    0.5    0  
  5.0    0 (>200)    5.0    3 
  20    CG     20    18 (>200) 
  50    CG     50    60 (>200) 
 

    1  x 100 =  >20 CFU/100 mL  60 x 100 = >120 CFU/100 mL 
    5     50 

   
 Total colonies less than 200, but indicator bacteria greater than 

upper limit (Std. Methods.): 
 

     If plate has well isolated, discrete colonies that can be easily 
counted, use the higher count. 

 
  Volume Count    Volume Count 
  blank    0    blank    0 
  0.5    85     0.5    2 
  5.0   TNTC     5.0    95 
  20   TNTC     20   TNTC 
  50   TNTC     50    CG 
 

SMBBB TMDLs CSMP G-15 Rev. April 7, 2004 

RB-AR39533



 

   85  x 100 = 17,000 CFU/100 mL  95 x 100 = 1,900 CFU/100 mL  
    0.5          5 

SMBBB TMDLs CSMP G-16 Rev. April 7, 2004 

RB-AR39534



 

APPENDIX H 
Data Acquisition, Reduction, Validation, and Reporting SOPs 

 
When performing analyses, results are generally tabulated onto laboratory worksheets (see 
Appendix E, Field and Laboratory Worksheets) but sometimes are generated electronically 
via instrumentation.  Data on laboratory worksheets are entered into the Laboratory 
Information Management System using an Excel interface.  These data are then validated 
through a quality assurance process that checks for correctness of data entry and validity of 
results.  The analyst who generates the data has the initial and primary responsibility for the 
completeness and correctness of the data.  The data are then checked by the unit supervisor 
(or designee).  The following procedures describe the data acquisition and entry process then 
the quality assurance and quality control procedures. 
 
Data Acquisition 
 
Both raw and calculated data are acquired in the laboratory by manual, electronic, or direct 
computer acquisition.  Acquired data are properly and securely stored for the duration 
specified by regulatory agencies or the customer.  Guidelines for documentation and 
recording of information are as follows: 
 

 Manual (Hand-written) Data Entry 
 

o Data are entered directly into the notebook or worksheet with non-
erasable ink. 

o Data entries are signed and dated by the analyst making the entry.  If 
the entry is more than one page, each page is signed and dated. 

o Mistakes are canceled by drawing a line through the entry, entering 
the correct value, and signing and dating the correction.  The use of 
correction fluid is not acceptable. 

o Blank pages or substantial portions of pages with no entries are 
marked with a large "X" to indicate that they were intentionally left 
blank. 

 
 Direct Computer Acquisition 

 
o In EMD’s Microbiology Unit, the program/software used to generate 

results is prepared internally.  A designated staff member of the 
Information & Control System Division (ICSD) at Hyperion has the 
responsibility of preparing the program and maintaining the 
supporting documents. 

o The laboratory relies on vendor-supplied information for the validity 
and integrity of instruments equipped with significant computer 
functions as an integral part of the system. 
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Data Reduction 
 
Data reduction, where applicable, is described in specific SOP's.  It involves reporting 
values with the appropriate significant figures in the concentration units established by the 
regulatory agency or the data user. 
 
Procedure for Entering Microbiology Data into LIMS 
 

 Log-On to LIMS Computer System 
o To log onto the LIMS system, double-click on the "Data Entry" icon on the 

PC computer screen. 
o A Microsoft Excel dialog box will appear.  Select the "Enable Macros" 

button. 
o Wait until the "Microbiology Laboratory Worksheet StartDialog" dialog box 

appears. 
 

 Data Entry for CS 
o Enter the sample date in the dialog box.  Please note that current date is filled 

in by default. 
o Select the sample type.  There is a list of sample locations from which to 

choose.  (E.g. 5-Mile, Ballona Creek, Cabrillo Beach, LAH Plume, SMB 
Plume Day1, Shoreline, Inshore, and so on.) 

o Dilutions for the CS method are not modified for rain events.  For this 
method always make sure the "No" button is selected. 

o Select the "OK" button. 
o A computer form similar to the raw data worksheet will appear.  Select the 

Excel worksheet tab for the type of test data to be entered.  (ex. Total, E. coli, 
or Total & E. coli) 

o Enter analyst initials, date, and time into the computer in the designated 
cells. 

o Check to make sure the sample volumes or dilutions in the computer match 
the volumes or dilutions on the raw data worksheet.  In the case of Ballona 
Creek, make changes to the volumes on the computer form, if necessary. 

o Enter the number of large and small positive wells. 
o Check to make sure all data has been entered correctly.  If a calculated value 

does not appear for a sample, notify a microbiologist or the supervisor. 
o At the top of the computer worksheet, select the "Send Data to 

LIMS/Wisard" button. 
o Select the "Print" button at the top of the computer worksheet.  A printed 

hardcopy of the raw data worksheet will print out on the printer in the micro 
lab. 

o Select the "New Worksheet" button at the top of the computer screen if 
entering data for another sample location.  Select the "Save/Exit" button if all 
the data entry has been done. 

o If there are any problems or error messages regarding sending the data to 
LIMS, please contact LIMS staff at 55749 or 55120. 
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 Data Entry for MF 
o Enter the sample date in the dialog box.  Please note that current date is filled 

in by default. 
o Select the sample type.  There is a list of sample locations from which to 

choose.  (E.g. 5-Mile, Ballona Creek, Cabrillo Beach, LAH Plume, SMB 
Plume Day1, Shoreline, Inshore, and so on.) 

o If rain dilutions were used on the data worksheet, select "Yes" in the small 
"Rain" box.  If normal dilutions were used, make sure the "No" button is 
selected. 

o Select the "OK" button. 
o A computer form similar to the raw data worksheet will appear.  Select the 

Excel worksheet tab for the type of test data to be entered.  (ex. Total, Fecal, 
Entero, or Total & Fecal) 

o Enter analyst initials, date, and time into the computer in the designated 
cells. 

o Check to make sure the sample volumes or dilutions in the computer match 
the volumes or dilutions on the raw data worksheet.  In the case of Ballona 
Creek, make changes to the volumes on the computer form, if necessary. 

o Enter the bacterial colony counts. 
o Check to make sure all data has been entered correctly.  If a calculated value 

does not appear for a sample, notify a microbiologist or the supervisor. 
o At the top of the computer worksheet, select the "Send Data to 

LIMS/Wisard" button. 
o Select the "Print" button at the top of the computer worksheet.  A printed 

hardcopy of the raw data worksheet will print out on the printer in the micro 
lab. 

o Select the "New Worksheet" button at the top of the computer screen if 
entering data for another sample location.  Select the "Save/Exit" button if all 
the data entry has been done. 

o If there are any problems or error messages regarding sending the data to 
LIMS, please contact LIMS staff at 55749 or 55120. 

 
Review and Validation 
 
Review 
 
Data review is the process of comparing results to all available information, such as sample 
preparation and QC sample data, to evaluate the validity of the results.  It supports the 
contention that the data are: 
 

 Reasonable (experience with similar situations, common sense), and 
 Capable of supporting a defensible decision. 

 
The analyst and the unit supervisor (or designee) are responsible for reviewing the data 
relative to the following: 
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 Method blanks and QC sample 
 Raw data 
 Calculations 
 Transcription 

  
Validation 
  
Data validation is the systematic procedure of reviewing data against a set of criteria to 
provide assurance of its validity before reporting the data.  It is accomplished through 
routine examination of data collection, flow procedures, and QC sample results.  It uses QC 
criteria to reject or accept specific data 
 

 Validation includes the following: 
 

o Dated and signed entries by analysts on the worksheets and logbooks used 
for all samples. 

o Use of QC criteria to reject or accept specific data. 
o Checking of LIMS data entry and reporting 

 
 Validation Guidelines include the following: 

 
o Documentation of methods used and QC applied. 
o Maintenance performed on instruments. 
o Documentation of sample preservation, transport, and storage. 
o Review of QC sample data.  

 
Data validation is performed, signed, and dated by the analyst, the unit supervisor (or 
designee), and where applicable, the laboratory manager. 
 
Reporting 
 
Monthly data summary reports will be submitted to the Regional Board by the last day of 
each month for data collected during the previous month.  Two agencies will submit the 
monthly reports on behalf of all responsible agencies: EMD on behalf of Jurisdictional 
Groups 1 through 6, 8, and 9; and LACSD on behalf of Jurisdictional Group 7.  
LACDHS will submit its data to EMD for compilation and submittal to the Regional 
Board.  Copies of the monthly reports will be distributed to the lead agency of the 
appropriate jurisdictional group.  If requested, the lead agency of each jurisdictional 
group will distribute the monthly reports to the responsible agencies within their 
respective jurisdictional group.  Electronic data storage (archiving) will be performed by 
each agency for its own monitoring data. 
 
EMD’s Microbiology Unit will generate EMD’s monthly routine and accelerated sampling 
report for the bacterial TMDL compliance.  Regulatory limitation calculations will be 
applied to the data set and exceedances clearly listed.  If stations are out-of-compliance, 
accelerated monitoring will be indicated.  The data report prepared for release to the Legal 
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Reporting Unit are checked and approved by the Micro unit supervisor (or designee) by the 
10th of the following month for the previous month’s data.  The report is again scanned by 
DSM for missing data and outliers.  Any regulatory required summary reports of source 
identification findings or sanitary surveys will be included.  The report is signed by the 
Division Manager before distribution and may include the following: 
 

 Sample ID used by the laboratory and the client (if available). 
 Sample matrix type, description, and method number. 
 The chemical/physical/biological parameters analyzed with the reported values 

and units of measurement.  
 Data for all parameters reported with consistent number of significant figures.  
 Results of QC samples, if appropriate. 
 Footnotes referenced to specific data, if required, to explain reported values. 
 If there are regulatory limits applicable to specific analyses, then limits are 

clearly notated and exceedances listed. 
 Discussion on non-compliance data  
 Report transmittal letter or memorandum identifying the person sending the 

report and the person(s) receiving the data. 
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APPENDIX I 
Quality Assurance/Quality Control 

 
The quality assurance objectives for measurement of data are unique to the particular 
program for which the data are collected and utilized.  They describe the overall uncertainty 
that the data user is willing to accept in order to make decisions for environmental or other 
concerns.  This uncertainty describes the data quality that is needed, which are usually 
expressed in terms of precision, bias, representativeness, comparability, and completeness. 
 
The participating laboratories will use approved and recognized test methods, and comply 
with uncertainty requirements of the method.  Quality control samples are measured, 
uncertainties are assessed, and results must be within the range prescribed by the 
methods.  Internal acceptance criteria are established by analyzing laboratory control 
samples on a daily basis.  The participating laboratories will strive to meet the QA/QC 
goals described in this section and, therefore, be able to attest to the integrity of the 
sampling and analytical process. 
 
The following QA/QC procedures will be conducted for shoreline sample collection, 
laboratory analyses, and data management to ensure the production of reliable and 
defensible data. 
 
Sample Collection 
 
Only trained laboratory staff will be assigned to collect samples using proper sampling 
procedures, appropriate sampling equipment, required containers, and proper preservation 
techniques.   
 
General guidelines for sample collection by laboratory staff are as follows: 
 
 Assure sterility check on sample bottles and avoid contamination. 
 Label sample containers with sample date, sample time, sampling point, sample type 

(grab/composite), preservatives added (if needed), the name of the sampler, and 
analyses needed. 

 Use aseptic technique when collecting samples to prevent contamination (e.g. the 
inner surfaces or lip edges of the bottle or cap are not to be touched). 

 Avoid collecting sample in multiple sweeps and no refilling of the sample bottle. 
 Once the sample is collected, immerse at least one-third of the sample bottle in 

ice. 
 Do not exceed maximum allowable transport time (time of sample collection to 

sample analysis) of 6 hours.  
 Once received, log the samples into the laboratory system as soon as possible, 

 assigned a unique login number, and properly stored. 
 Sample preparation steps done prior to analysis, such as sample preservation are 

described in individual test SOP's. 
 

Sample Handling  
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Chain-of-Custody 
 

The purpose of the chain-of-custody is to establish detailed written and legal 
documentation of all transactions in which samples are transferred from the custody of 
one individual to another.  The custody procedure is also used whenever samples are 
submitted to a laboratory within the division or to a contract laboratory.  The chain-of-
custody begins at the sample collection site and includes couriers or messengers who 
handle the sample in transit.  It follows the sample in the laboratory until its ultimate 
disposal.  It is a form of proof used to establish the authenticity and integrity of the 
sample, since the results will be used to show compliance with the TMDL requirements, 
i.e., numeric targets and wasteload allocations.  
 
A Chain-of-Custody (COC) must accompany each sample submitted to a participating 
laboratory.  If a COC has not been filled out prior to delivery of the sample, a form will 
be provided to the delivery person prior to acceptance of said sample.  The COC will be 
reviewed to make sure that all of the needed information has been supplied.  As an 
example, the Chain-of-Custody Form being used at EMD is attached (Appendix E). 
 
Samples that are collected by EMD’s Microbiology Unit staff for bacteriological testing are 
delivered directly to the microbiology laboratory.  A COC sheet is not required since 
technically there is no sample exchange, i.e., the sample collection staff and the analytical 
staff are the same. 
 
Sample Holding & Preservation 
 
Samples must meet EPA holding time requirements for each testing parameter.  The 
sample refrigeration and holding time of six hours until analyses are performed are 
crucial for microbiological testing.  Microbiological samples must be handled and stored 
under contamination free environments. 
  
After the sample is received, the participating laboratory will enter the sample 
information into the Laboratory Information Management System (LIMS) or comparable 
database and a unique laboratory registration number will be generated for that sample. 
 
Sample Disposal 
 
After the analyses are completed the sample will be retained as legal evidence or legally 
disposed of as determined by the microbiological analysis of the sample.  Analyzed 
samples and standards used in analyses are disposed of in accordance with the laboratories 
written procedures, e.g., EMD's Chemical Hygiene Plan. 
 
Analytical Procedures 
 
Analyses 
 
Analyses performed at EMD laboratories are generally driven by regulatory concerns and 
plant operations' requirements.  There are many different analytical methods applicable to 
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environmental analyses.  EMD’s methods are generally based on those specified by EPA, 
Federal and State regulatory agencies, or professional organizations.  As a guide, 
references for the microbiological procedures are listed below.  
 
"Standard Methods for the Examination of Water and Wastewater,” 18th edition, 1992, 

APHA, AWWA, WPCF, Washington, DC. 
 

"Microbiological Methods for Monitoring the Environment, Water, and Wastes,” EPA-
600/8-78-017. 

 
Standard Operating Procedures (SOPs) 

 
Routine analyses are defined in Standard Operating Procedures (SOPs), which are 
detailed descriptions of how to use and what to expect from a method.  They contain 
method-specific QC criteria (i.e., instrument calibration, reagent blank, method blank, 
calibration standards, etc.), and QC requirements such as duplicate analysis, spike 
recoveries, holding time, etc.  EMD follows a standardized SOP format, its content and 
application is presented in Appendix H of this document.  

 
Microbiological Analyses 
 
The following methods and target organisms are used in analysis of shoreline samples: 

 
o Membrane Filtration 

 Total coliform 
 Fecal coliform 
 Enterococcus 

 
o Chromogenic Substrate 

 Total coliform 
 E. coli 
 Enterococcus 

 
For the SMB Beaches Bacterial TMDL Monitoring Program, the chromogenic substrate 
method will be used in the determination of total coliforms/E. coli, while either the 
chromogenic substrate method or membrane filtration will be used for total coliforms, fecal 
coliforms, and Enterococcus. 

 
The following QA/QC checklist is applicable for the chromogenic substrate and 
membrane filtration methods. 
 
Chromogenic Substrate 
 

- QC Checks on Idexx Reagent 
o Colilert-18 and Enterolert –sterility check performed with each use; 

autofluorescence, positive and negative controls; performed on each new 
lot of reagent 
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o Monthly QC verification of at least 10 positive wells/target organism 
 

- Quanti-trays: 
o Leak test performed on each new lot of trays 

 
- DI Water 

o Sterility check performed with each autoclaved batch 
o Heterotrophic plate count performed monthly 
o Amm-N, Org-N, and TOC performed monthly 
o Heavy metals, total and single, performed annually 
o Total chlorine performed with each use 

 
- Equipment and Laboratory Environment:  

o Incubator temperatures checked twice daily (morning and late afternoon) 
o Refrigerator temperatures checked twice daily (morning and late 

afternoon) 
o Thermometers calibrated semiannually 
o Autoclaves calibrated semiannually; preventative maintenance performed 

quarterly 
o Air and Rodac testing for laboratory air and surface environments 

performed monthly. 
o Balances calibrated semiannually; weight check with each use 
o PH meters- calibrated semiannually; standardized with each use 
o Quanti-tray sealers checked and cleaned weekly 

 
- Personnel QA checks 

o Reagents blanks  
o Sample duplicates (done on 10% of the samples per month) 
o Standard sample analysis and comparison count performed monthly 
 

Membrane Filtration  
 

- QC Checks on Media (mEndo, mFC, mE, EIA; phosphate buffered water): 
o mEndo, mFC, mE, EIA: pH, sterility check and positive, and negative 

controls with each new batch 
o Phosphate buffered water: pH and sterility check with each new batch 
o Monthly QC verification of at least 10 positive colonies/target organism 

 
- Equipment and Laboratory Environment:  

o Incubator temperatures checked twice daily (morning and late afternoon) 
o Refrigerator temperatures checked twice daily (morning and late 

afternoon) 
o Thermometers calibrated semi-annually 
o Autoclaves calibrated semi-annually; preventative maintenance performed 

quarterly 
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o Air and Rodac testing for laboratory air and surface environments 
performed monthly. 

o Balances calibrated semi-annually; weight check with each use 
o PH meters- calibrated semi-annually; standardized with each use) 
o Residue on glass- performed annually for glassware and Petri dishes 

 
- Personnel QA checks (performed by all technical lab staff) 

o Reagents blanks  
o Sample duplicates (done on 10% of the samples per month) 
o Standard sample analysis and comparison count performed monthly for 

MF analysis: 
 
System and Performance Audits 
 
An audit is a periodic check to ensure that the laboratory operates according to the policies 
and procedures described in the Quality Assurance Manual, complies with good laboratory 
practices, and meets the requirements of regulatory agencies.  It may be either a system or a 
performance audit.   
 
System Audit 
 
A system audit is a review of laboratory operations conducted to verify that the 
laboratory has the necessary facilities, equipment, staff, and procedures in place to 
generate acceptable data.  It is an on-site inspection of the laboratory's system of 
operations.  It may be an internal or external audit.  Internal inspections may be 
performed by quality assurance personnel.  External audits are generally laboratory 
certification-related activities. 
 
 1. Internal 
 
  Periodically, the QA Officer (or designee) audits the laboratories and reports 

the results to the Division Manager (or laboratory director), laboratory 
managers, and unit supervisors. 

 
 2. External 
 
  State-certified laboratories are site visited every two years by auditors from 

the Environmental Laboratory Accreditation Program (ELAP) of the 
California Department of Health Services (CA DOHS).  Accreditation is by 
scientific discipline or field of testing.  Non-compliances with good 
laboratory practices are identified and reported as deficiencies and are 
subject to corrective action before accreditation is renewed. 
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Performance Audit 
 
A performance audit is a review to evaluate the laboratory's analytical activities as well as 
the data produced by analysts.  It verifies the ability of the laboratory to correctly identify 
and quantify compounds in unknown samples submitted by the auditing entity.  The purpose 
of these audits is to determine the laboratory's capability to generate scientifically sound 
data. 
 
 1. Internal 
 
  Periodically, the QA staff submits unknown samples to most of the 

laboratories.  These samples are usually from the inventory of previous 
Performance Evaluation (PE) samples from EPA.  Analysis of these samples 
is also a corrective action requirement for Discharge Monitoring Report 
(DMR) and/or Water Pollution (WP) samples evaluated with "unacceptable 
results.”  The QA staff may also conduct intra- and inter-comparison studies. 

 
 2. External 
 
  All laboratory units, including the Microbiology laboratory, at EMD 

participate in mandatory QA Performance Evaluation (PE) Study Programs.   
 
  a. Mandatory PE Programs 
 
   * Water Pollution QA Study Program (WP) serves a dual 

purpose.  It satisfies EPA's wastewater testing laboratory 
requirements and meets one of ELAP's laboratory 
certification criteria.  Test samples are analyzed for 
parameters listed under each field of testing on our 
certifications and are specified in the WP Program following 
certified procedures.  A laboratory can participate in a WP 
Study twice a year. 

 
   * For the Microbiology Performance Evaluation (PE) Study, 

Drinking Water/Wastewater Enumeration is required for 
ELAP certification.  Like all the other PE programs, the 
samples are acquired from NIST-approved vendors and 
analyses are done for certified analytes.   

 
  b. Voluntary PE Program 
   
   The Microbiology Unit also takes part in the interlaboratory 

calibration studies with EPA.  These programs are performance 
based. 
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Assessment of Precision and Accuracy 
 
Data quality may be assessed in terms of precision, accuracy, representativeness, 
completeness, and comparability.  The latter three are usually determined outside of the 
laboratory operations and with limited involvement of laboratory staff.  These measures 
are not included in this section.  The internal quality control measures (i.e., precision and 
accuracy) that are performed in the laboratory to evaluate data quality are described in 
this section.   
 
 Precision 
 
 Precision is the agreement among a set of replicate measurements without 

knowledge of the true value.  It is the degree to which a measurement is 
reproducible.  Precision, expressed as Relative Percent Difference (RPD), is 
determined for each laboratory unit by analyzing replicates of the same sample, a 
number of duplicate pairs, or matrix-spiked duplicate samples.  

 
 Accuracy  
 
 Accuracy is a measurement of how close the result is to the true value.  Each 

laboratory unit establishes its accuracy of measurement by analyzing QC check 
samples (spiked samples, standard reference materials from a reliable source, etc).  
The results of the QC samples are correlated to documented, certified values.  
Results of spiked samples are calculated as Percent Recovery.  Actual Percent 
Recovery is compared to established reference data.  The degree of closeness of the 
QC check sample contributes to the general assurance that the accuracy of the data is 
within acceptable limits. 

 
Corrective Action 
 
Laboratory events and data that fall outside established quality acceptance criteria may 
require investigation or corrective action.  The corrective action implemented depends on 
the type of analysis, the extent of the error, and whether the error can be determined and 
corrected.  The purpose of the corrective action is to resolve the problem and to restore the 
system to proper operation.  Investigative steps and corrective actions implemented are 
documented.   
 
Corrective Action Procedures 
 

1. The initial corrective action procedures may be handled at the bench level.  The unit 
supervisor is immediately notified of the deviation.  The analyst reviews the sample 
preparation for possible errors and checks the instrument calibration, calibration and 
spike solutions, instrument sensitivity, etc. 
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2. If the error cannot be resolved by the analyst, the unit supervisor has the 
responsibility of resolving the problem with assistance, if needed, from the 
laboratory manager and/or the QA Officer. 

 
3. The corrective action adopted may be determined by the analyst, the unit supervisor, 

the laboratory manager, the QA Officer, or through a consensus.  If needed, the final 
decision for corrective action rests with the laboratory manager after consultation 
with the QA Officer. 

 
4. The unit supervisor shall maintain an accurate and up-to-date record of corrective 

actions taken in the unit.  A corrective action report form (included herein as an 
attachment) is available for use. 

 
5. The laboratory manager shall periodically review corrective action records and plan 

for system improvement by involving analysts, unit supervisors, and QA personnel.  
 
General Guidelines for Initiating a Corrective Action 
 

1. Identify/define the problem. 
 

2. Assign responsibility for investigating the problem. 
 

3. Investigate and determine the causes. 
 

4. Develop corrective action to eliminate the problem. 
 

5. Measure the effectiveness of the corrective action. 
 

6. Analyst, unit supervisor, laboratory manager, and the QA Officer meet to review and 
evaluate the process, if necessary. 

 
7. Document the process by filling out the Corrective Action Report Form. 
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APPENDIX J 
City of Los Angeles Environmental Monitoring Division’s Data Archival Format 

 
 
Data Format and Archive 
 
 

Data format.  List of fields, type of data, whether it is required, and description of data format
to be used for submission for archival by EMD. 

RB-AR39549
Field Name              Type Required Description 
 

Agency Text Y A unique code used by the submitting agency 
    (luAgency) 
Account Text Y Place-holder code to contain “TMDL.” 
Program Text Y Place-holder code to contain “SMBBB TMDL.” 
StationID Text Y The station name from the list of stations provided in 
   lookup list (luStations). 
AgencySampleID Text N The laboratory internal sample identifier  
SampleDate Date/Time Y The date the sample was analyzed (must be the same 
   date as when the sample was taken) expressed as  
   dd-mmm-yyyy 
SampleTime Number Y The time the sample was collected expressed as hh:mm
SamplerID Text Y Name of person collecting sample 
AnalysisDate Date/Time Y The date the sample was analyzed (must be the same 
    date as when the sample was taken) expressed as  
   dd-mmm-yyyy 
AnalysisTime Number Y The time the testing was started expressed as hh:mm 
AnalystID Text Y Name of person analyzing sample 
ParameterCode Text Y What type of bacteria are being tested  
Qualifier Text N Qualifier for the result 
Result Number Y The numerical results of the test 
ResultUnits Text Y The units for the results  
TextValue Text Y Explanation for sample not analyzed, default None, 
   luAnalyticalFailure 
Dilution Number Y The dilution factor associated with the result. 
LabRep Text Y The count of the lab replicate. 
AnalysisMethod Text Y The Method used to do the analysis  
Comments Text N Additional comments 
 
 
 

SMBBB TMDLs CSMP J-1 Rev. April 7, 2004 



 

 

THIS PAGE LEFT BLANK INTENTIONALLY 

SMBBB TMDLs CSMP J-1 Rev. April 7, 2004 

RB-AR39550



 

APPENDIX K 
Santa Monica Bay Beaches Bacteria TMDLs 
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APPENDIX L 
Safety 

 
Driving Safety & Reporting Vehicle Accidents 
 

            During  beach sample collection, 4-wheel drive mode should be used on the sand.  It is best 
to use 4-lo when driving on the sand in 4-wheel drive (4WD).  Tire pressure should equal 
20-25 psi for the small beach truck, and 35 psi for the large truck.  If there is some 
problem driving on the sand (i.e., stuck or barely moving) the tire pressure is decreased to 15 
psi then when off the sand re-inflated to 20 psi.  When the sampler arrives back at the lab, 
the tire pressure is increased back up to 25 psi.  The sampler needs to exit 4WD when 
leaving the sand for street driving.  When driving with tires at minimum activation 
pressure range (as recommended by the National Highway Traffic Safety 
Administration), one should not exceed 65 MPH on the freeway and drive for no longer 
than 60 minutes at high speed.  Safety issues related to tires and tire pressure may be found 
at this website: http://www.nhtsa.dot.gov/cars/rules/rulings/TirePresFinal. 
 

The Life Guard speed limit on the sand is 15 MPH, dependent upon conditions.  At no 
time is driving faster than 15 MPH allowable.  Observe the beach speed limit and 
anticipate the possibility of people covered in sand or otherwise obscured from view.  Be 
extremely cautious when children are present. 

 

The following are additional precautions for City of L.A.’s EMD and participating 
laboratories’ personnel to use as guidelines while driving a 4WD vehicle to collect beach 
samples:  

1. Drivers of city vehicles must have a valid operating license. 

2. If persons in vehicle observe a potential unsafe condition with the vehicle, 
discontinue operation, return the vehicle, and report the problem to management 
and Fleet Services. 

3. Vehicle occupants must wear safety belts and ensure the vehicle contains an 
accident-reporting envelope.   

4. Cargo items should not be stacked above seat level; if they are, a safety screen 
should be installed. 

5. Employee responsibility: 

6. It is the responsibility of every City employee who drives, is in control of, or is 
responsible for any City-owned, rented or mileage vehicle which is involved in an 
accident (no matter how slight) to notify the proper authorities and to fill out the 
proper forms in case of a vehicle accident. 

7. Detailed instructions on what to do are contained in the packet (form Gen. 84) 
which is kept in the glove compartment of every City-owned or mileage vehicle.  
If the vehicle you are using does not contain a packet, you may obtain one by 
calling any Fleet Services facility where City vehicles are maintained.  Included 
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in the packet is form Gen. 88, which is the automobile accident report.  This form 
has five copies, which are to be distributed to the locations printed on the top of 
the form.  This written report must be filed with the City Attorney within 24 hours 
of the accident. 

8. If a vehicle accident occurs, the driver must report the accident to the police by 
notifying the Police Complaint Board at 213-485-2683 or 213-623-3311.  For 
emergencies, dial 911.  Additionally, if any injury or death has occurred, you 
must report the accident by phone to the City Attorney, Automobile Liability 
Division, at 213-485-3634.  If no one answers, have the City Hall Chief Operator, 
at 213-485-5500, relay your call.  If an EMD employee is injured, contact the 
Workers’ Compensation Division at 213-847-9405 to report the injury.  All 
City/EMD vehicles involved in accidents must be brought to Fleet Services (213-
485-4985) for inspection within five working days. 

 
a. All accidents must be reported including: 

• When an accident occurs in a County or incorporated area, 
• When a driver is accused of being in an accident but has no knowledge 

of same, 
• When an animal is seriously injured or killed.  Search for the owner 

and report the incident. 
• When two City vehicles are involved in an accident, 
• When the accident occurs on a freeway. 
 

The Occupational Safety Office must be notified if there is death or serious 
injury caused by the vehicular accident.  The City of Los Angeles’ 
Occupational Safety Office telephone number is 213-485-4691.  Call The City 
Hall Chief Operator at 213-485-5500 and ask for a safety engineer if the 
accident occurs after working hours. 

 
The driver must remain on the scene of the accident and obtain information 
from other persons involved.  The driver should also have witnesses fill out 
the witness cards located in the packet of information and forms in the glove 
compartment. 
 

b. Supervisor’s Responsibility: 
• Ensure that the driver has made all the required notifications and has 

properly filled out all the forms. 
• Investigate the accident and attempt to determine what may have lead 

to the incident. 
• Discuss your finding of the investigation with the driver and co-

workers so that these types of incidents can be avoided in the futures. 
 

c. Vehicle Accident Reporting Procedure 
The EMD employee involved in the accident must: 

• First: 
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o Stop immediately and provide needed first aid. 
o Call for an ambulance if necessary 
o Avoid obstructing traffic. 
o Place emergency flags or flares if available. 
o Notify the Police Complaint Board. 
o If a death or serious injury has occurred, call the Occupational 

Safety Office. 
• Second: 

o Follow “Accident Reporting Instructions” in the form Gen. 88 
packet. 

o Be courteous; avoid arguments. 
o Ask witnesses to sign witness cards. 
o Sign no statements. 
o Admit no negligence or fault. 
o Assume no liability for yourself or the City. 

• Third: 
o Notify your supervisor that you have been involved in an accident. 
o Completely fill out form Gen. 88.  The carbon copies of the form 

must not contain information on the back portion of the original or 
City Attorney’s copy.  The form must be signed, dated, and turned 
in to the employee’s supervisor. 

o If a death or serious injury has occurred, call the City Attorney. 
o Contact Worker’s Compensation if a City employee has been 

injured 
 
Field Sampling 

 
For employees who have been assigned the duty of sample collection, there must be an 
awareness of the potential hazards involved at both the site and in the sampling subject.  
The following are general precautions to be observed during beach and storm drain 
sample collection. 

 
a. Use proper equipment for the job.  This includes personal protective gear such 

as eye protection, gloves, boots, or hardhat, when necessary; and equipment 
required to aid in sampling such as poles and holders for the bottles.  While 
moving around Hyperion Treatment Plant, hardhats must be worn at all times. 

b. No Laboratory Technician should sample alone along the beach prior to 
proper training; if possible bring someone along to assist.   

c. Be sure samples are secure in the vehicle or mode of transport to avoid the 
risk of contamination and the possibility of spillage resulting in exposure. 

d. Never deliberately touch the water or waste being sampled.  Remember that 
these substances could pose a risk to your health. 

e. Disinfect hands and exposed body parts after sampling, and be sure to clean 
off utensils, gloves, and boots to protect others. 
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During shoreline sampling, safety of the sampler is of prime importance.  If a sample 
location is inaccessible or deemed to be unsafe, no sample is required to be collected and 
comments noted on the beach observation sheet.  During wet weather, safety consideration 
may preclude collection of a wave-wash sample.  Samples at historical sites may be 
collected, if deemed safe. 
 
Laboratory Safety 

 
The collection and analysis of environmental samples involves contact with samples that 
may contain agents that pose a microbiological hazard.  The primary means of exposure to 
these microbiological hazards involve body contact during sample collection and hand-
mouth or nose contact while handling the samples.  Personal protective measures are 
mandatory while working in the field and laboratory.  Following are some key steps to be 
followed by all laboratory analysts: 
 

1. Assure that appropriate eye protection is worn by all persons, when toxic 
materials (chemicals or biochemicals) are handled.  Contact lenses should not be 
worn when working with chemicals. 

2. Wear appropriate gloves when the potential for contact with toxic materials 
exists; inspect gloves before each use, wash them before removal, and replace 
them periodically. 

3. Persons doing sampling must wear boots.  The boots must be cleaned before 
entering the building.  Boots cannot be worn in the lunchroom, under any 
circumstances.  Steel-toed chemical resistant boots should be worn for the 
harshest environments, where there is also risk of injury to the foot and toes. 

4. Use any other protective and emergency apparel and equipment as appropriate. 

5. Remove laboratory coats immediately on significant contamination. 

In addition, persons who work in biological laboratories are often at risk of exposing 
themselves to a number of infectious agents, especially those known to be indigenous to 
wastewater.  Most persons trained in biological and especially microbiological fields 
usually are aware of the risks involved, and even if precautions are taken, most of the 
work-related infections are due to certain practices conducted in the laboratory resulting 
in the generation of aerosols or through cutaneous pathways.  The following guidelines 
are designed to prevent any exposure of personnel to infectious agents. 

1. General chemical hygiene practices apply as well to the biological laboratories. 

2. All work areas must be disinfected before and after all laboratory operations. 

3. Hazardous areas and receptacles of contaminated items are to be marked with a 
biohazard sign. 

4. No eating or drinking in the laboratory.  No food or drink may be stored in 
laboratory refrigerators, incubators or on bench tops. 
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5. Store personal effects outside the microbiology laboratory area to prevent 
contamination.  Manager and supervisors are responsible for enforcing this rule. 

1. It is policy to wear a lab coat while working in the microbiology lab.  Lab coats 
and street clothes should be stored separately.  Lab coats are prohibited in the 
lunchroom. 

2. Latex or plastic gloves are to be provided and used by employees. 

3. Always wash your hands thoroughly after handling sewage, sludge, or receiving 
water samples of any source before handling food or leaving the lab.  “All” 
samples should be treated as potentially hazardous.  Germicidal soap is to be 
available to all employees, and should be kept in stock. 

4. Laboratory workers should not touch their hands to their face, especially the eyes, 
nose, and mouth when working with wastewater and sludge samples. 

5. For workers who handle wastewater and its byproducts, it is recommended that 
they have been vaccinated for polio and tetanus.  Persons in poor health and at 
risk of infection should inform their supervisor, and arrange for an improvement 
in their personal protection. 

6. Handle all microorganisms as if they are pathogenic.  The principle of sterile 
technique should be understood and applied during the handling of cultures and 
their related equipments. 

7. Never pipette by mouth.  Use bulbs or other mechanical means to draw up the 
liquid.  Discard all used pipettes into a jar containing disinfectant solution for 
decontamination before washing them. 

8. Avoid generation of aerosols during operations such as inoculation, pipetting, 
mixing, or centrifuging. 

9. Equipment: 

10. Microscopes, colony counters, etc. are to be kept in the work area and be dust 
free; they are to be cleaned after use. 

11. Water baths should be kept free of growth deposits. 

12. Autoclaves, hot air sterilizing ovens, and water distilling equipment and 
centrifuges should be cleaned regularly to ensure safe operating. 

13. Employees are to be trained in autoclave operation and operating instructions 
posted near each instrument. 

14. Performance checks of autoclaves and hot air sterilizers should be conducted with 
the use of spore strips, spore ampoules, indicators, etc. 

15. Safety cabinets of the appropriate type and class are to be supplied, maintained, 
and used. 

16. Personnel are to be trained in the proper procedures for handling lyophilized 
(freeze-dried) cultures when used. 
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17. Employees should use the provided bottle carriers when moving reagents, acids, 
and solvents through the building. 

18. Laboratory personnel must follow labeling protocols in the laboratory to prevent 
mix-ups of reagents, and when possible use the pre-labeled or permanently 
labeled bottles.  Secondary containers are to be labeled as well. 

19. In the event of a spill, all possible contaminated surfaces and tools are to be 
disinfected and the absorbent material placed in a biohazard bag for disposal. 

20. All contaminated plates and Quanti-trays are to be autoclaved in biohazard bags at 
the end of the analysis and then disposed of in the labeled bags as regular trash. 

21. Sterilize biological waste materials and contaminated equipment (cultures, 
glassware, etc.) before washing, storage, or disposal by autoclaving or 
decontaminating. 

22. Eliminate flies and other insects to prevent contamination vectors of sterile 
equipment, media, samples, cultures, and infection of personnel (i.e., provide 
screens on windows and doors to outside if there is no air conditioning). 
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APPENDIX M 
LACDHS Follow-up Monitoring Protocol 

 
(This protocol is attached as reference only.  See Section 4.2 for accelerated testing 
procedures following an exceedance.  )  
 
A. All information and actions taken shall be recorded in a log maintained by the 

Recreational Health Program.  In addition, the information shall be entered into a 
State Water Control Resource Board, Microsoft Access database. 

B. Elevated bacterial levels exist when any of the single sample standards are exceeded. 
C. When a sampling station exhibits elevated bacterial levels, when practicable, a 

resample shall be taken between 24-48 hours after the initial sample. 
D. When there is an elevated bacterial level the following guidelines shall be followed: 
 

• All storm drains continually discharging or intermittently discharging into the 
ocean during dry weather shall be posted with a white “Warning” (storm drain) 
sign at the point where the discharge meets the surf zone. 

• When a sampling station, in front of, or in proximity to a storm drain, exceeds 
single State standards, white ”Warning” (storm drain) signs shall be posted at 50 
and 100 yards on either side of the storm drain or where the point of discharge 
meets the surf zone.  If not already posted, a white ”Warning” (storm drain) sign 
shall be posted directly in front of the storm drain or where the point of discharge 
meets the surf zone.  Posting patterns and distances may vary depending on 
bacteria levels and local geographic conditions. 

• When a sampling station, not in proximity to a storm drain, exceeds single State 
standards, a beige “Warning” sign shall be posted at the sampling station and 50 
yards either side of the sampling station.  Posting patterns and distances may vary 
depending on bacteria levels and local geographic conditions. 

• Areas with a chronic history of elevated bacteria levels exceeding State standards, 
may be posted continuously with either a beige or white “Warning” sign. 

 

SMBBB TMDLs CSMP M-1 Rev. April 7, 2004 

RB-AR39593



 

THIS PAGE LEFT BLANK INTENTIONALLY 

SMBBB TMDLs CSMP M-2 Rev. April 7, 2004 

RB-AR39594



 

APPENDIX N 
Participating Organizations and Contacts (Monitoring) 

 

Table N-1        
JURISDICTIONAL GROUP 1 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

County of Los 
Angeles (lead) 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

County of 
Ventura 

Darla Wise (805) 654-3942   darla.wise@mail.co.ventura.ca.us       

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 

Calif. Dept. of 
Parks & Rec. 

 Nat Cox     nscox@aol.com       

Calabasas Robin Hull (818) 878-4242 
x306 

(818) 878-4205 rhull@ci.calabasas.ca.us Roxanne 
Hughes 

(800) 491-1720 RHughes@WILLDAN.com 

City of Los 
Angeles 

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

Malibu Melanie Irwin (310) 456-2489 
x275 

(310) 456-3356 mirwin@ci.malibu.ca.us       
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Table N-2        
JURISDICTIONAL GROUP 2 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

City of Los 
Angeles (lead) 

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 

Calif. Dept. of 
Parks & Rec. 

Nat Cox    nscox@aol.com        

El Segundo Paul Giera (310) 524-2742   pgiera@elsegundo.org       

Santa Monica Neal 
Shapiro 

(310) 458-8223   neal-shapiro@santa-monica.org       
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Table N-3        
JURISDICTIONAL GROUP 3 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Santa Monica 
(lead) 

Neal 
Shapiro 

(310) 458-
8223 

  neal-shapiro@santa-monica.org       

City of Los 
Angeles 

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 

Calif. Dept. of 
Parks & Rec. 

Nat Cox    nscox@aol.com       
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Table N-4        
JURISDICTIONAL GROUP 4 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Malibu (lead) Melanie Irwin (310) 456-2489 
x275 

(310) 456-3356 mirwin@ci.malibu.ca.us       

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 
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Table N-5        
JURISDICTIONAL GROUP 5 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Manhattan 
Beach (lead) 

Steve Didier (310) 802-5363 (310) 802-5351 sdidier@citymb.info       

El Segundo Paul Giera (310) 524-2742   pgiera@elsegundo.org       

Hermosa 
Beach 

Sheila 
Kennedy 

(562) 802-7880 
x29 

(562) 802-2297 skennedy@jlha.net Homayoun 
Behboodi 

(310) 318-0212 hbehboodi@hermosabch.org 

Redondo 
Beach 

Mike Shay (310) 318-0661 
x2455 

(310) 374-4828 mike.shay@redondo.org       

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 
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mailto:sdidier@citymb.info
mailto:pgiera@elsegundo.org
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Table N-6        
JURISDICTIONAL GROUP 6 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Redondo 
Beach (lead)  

Mike Shay (310) 318-0661 
x2455 

(310) 374-4828 mike.shay@redondo.org       

El Segundo Paul Giera (310) 524-2742   pgiera@elsegundo.org       

Hermosa 
Beach 

Sheila 
Kennedy 

(562) 802-7880 
x29 

(562) 802-2297 skennedy@jlha.net Homayoun 
Behboodi 

(310) 318-0212 hbehboodi@hermosabch.org 

Manhattan 
Beach  

Steve Didier (310) 802-5363 (310) 802-5351 sdidier@citymb.info       

Torrance Wendell 
Johnson 

(310) 618-5951 (310) 618-2822 wjohnson@torrnet.com       

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 
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RB-AR39600

mailto:mike.shay@redondo.org
mailto:pgiera@elsegundo.org
mailto:skennedy@jlha.net
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Table N-7        
JURISDICTIONAL GROUP 7 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

Rancho Palos 
Verdes (lead) 

John Hunter (562) 802-7880 
x25 

(562) 802-2297 jhunter@jlha.net Dean Allison   deana@rpv.com 

City of Los 
Angeles  

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

Palos Verdes 
Estates 

Kimberly 
Colbert 

(310) 212-5778 (310) 212-0993 kimberlycolbert@caaprofessiionals.com Allan Rigg   Arigg@pvestates.org 

Rolling Hills Yolanta 
Schwartz 

(310) 377-1521 (310) 377-7288 YSchwartz@cityofRH.net Kathleen 
McGowan 

(310) 373-0330 kathleen.enve@verizon.net 

Rolling Hills 
Estates 

Gregg 
Grammer 

(310) 377-1577 (310) 377-4468 gregg@rhe.org Kathleen 
McGowan 

(310) 373-0330 kathleen.enve@verizon.net 

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 
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mailto:jhunter@jlha.net
mailto:deana@rpv.com
mailto:mdojiri@san.lacity.org
mailto:fym@san.lacity.org
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Table N-8        
"JURISDICTIONAL GROUP 8" (BALLONA CREEK WATERSHED) 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

City of Los 
Angeles  

Mas Dojiri (310) 648-5610 (310) 648-5731 mdojiri@san.lacity.org Farhana 
Mohamed 

(310) 648-5923 fym@san.lacity.org 

Beverly Hills Vincent Chee (310) 285-2507   vchee@beverlyhills.org       

Culver City Lee Torres (310) 253-5623 (310) 253-5626 lee.torres@culvercity.org Sheila 
Kennedy 

(562) 802-
7880 x29 

skennedy@jlha.net 

Inglewood  Eric Escobar  (310) 412-5383   eescobar@cityofinglewood.org       

Santa Monica Neal 
Shapiro 

(310) 458-8223   neal-shapiro@santa-monica.org       

West 
Hollywood 

Jan Harmon (323) 848-6499   jharmon@weho.org       

County of Los 
Angeles 

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 
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mailto:mdojiri@san.lacity.org
mailto:fym@san.lacity.org
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Table N-9        
"JURISDICTIONAL GROUP 9" (MALIBU CREEK WATERSHED) 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

County of Los 
Angeles  

Frank Wu (626) 458-4358 (626) 457-1526 fwu@ladpw.org Bill DePoto (626) 458-4313 bdepoto@ladpw.org 

County of 
Ventura 

Darla Wise (805) 654-3942   darla.wise@mail.co.ventura.ca.us       

Caltrans Bob Wu (213) 897-8636 (213) 897-0205 robert_wu@dot.ca.gov Paul Thakur (213) 897-7546 jai_paul_thakur@dot.ca.gov 

Calif. Dept. of 
Parks & Rec. 

              

(LVMWD)               
Agoura Hills Jed Ireland     JIreland@ci.agoura-hills.ca.us       

Calabasas Robin Hull (818) 878-4242 
x306 

(818) 878-4205 rhull@ci.calabasas.ca.us Roxanne 
Hughes 

(800) 491-1720 RHughes@WILLDAN.com 

Hidden Hills Mark Smith (310) 548-8454   envirosmith@earthlink.net       

Malibu Melanie Irwin (310) 456-2489 
x275 

(310) 456-3356 mirwin@ci.malibu.ca.us       

Simi Valley  Ann Shubert 
Reyes 

            

Thousand Oaks Arne Anselm (805) 449-2386   aanselm@toaks.org       

Westlake 
Village 

Roxanne 
Hughes 

(800) 491-1720 (805) 643-0791 RHughes@WILLDAN.com       
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mailto:fwu@ladpw.org
mailto:bdepoto@ladpw.org
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Table N-10        
OTHER PARTICIPATING AGENCIES/ORGANIZATIONS 

Responsible 
Agency 

Primary 
Contact 

Phone      Fax Email Secondary
Contact 

Phone Email

County of Los 
Angeles DHS 

Richard 
Kebabjian 

(626) 430-5370   rkebabjian@dhs.co.la.ca.us Eric Edwards (626) 430-5360 eedwards@dhs.co.la.ca.us 

LACSD Kathy Walker (310) 830-2400  
x5514 

  kwalker@lacsd.org Alex Steele     

RWQCB Renee
DeShazo 

 (213) 576-6783   rdeshazo@rb4.swrcb.ca.gov Jon Bishop   jbishop@rb4.swrcb.ca.gov 

Santa Monica 
BayKeeper 

Angie Bera (310) 305-9645 
x3 

(310) 305-7985 octopus@smbaykeeper.org Tracy 
Egoscue 

(310) 305-9645 
x1 

baykeeper@smbaykeeper.org 

Heal the Bay Mitzy Taggert     mtaggart@healthebay.org       
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APPENDIX O 
Basin Plan 

 
The Los Angeles Regional Water Quality Control Board's (Regional Board) Basin 
Plan is designed to preserve and enhance water quality and protect the beneficial uses of 
all regional waters.  Specifically, the Basin Plan (i) designates beneficial uses for surface 
and ground waters, (ii) sets narrative and numerical objectives that must be attained or 
maintained to protect the designated beneficial uses and conform to the state's 
antidegradation policy, and (iii) describes implementation programs to protect all waters 
in the Region.  In addition, the Basin Plan incorporates (by reference) all applicable State 
and Regional Board plans and policies and other pertinent water quality policies and 
regulations.  Those of other agencies are referenced in appropriate sections throughout 
the Basin Plan. 
 
The Basin Plan is a resource for the Regional Board and others who use water and/or 
discharge wastewater in the Los Angeles Region.  Other agencies and organizations 
involved in environmental permitting and resource management activities also use the 
Basin Plan.  Finally the Basin Plan provides valuable information to the public about 
local water quality issues. 
 
The Basin Plan is reviewed and updated as necessary.  Following adoption by the 
Regional Board, the Basin Plan and subsequent amendments are subject to approval by 
the State Board, the State Office of Administrative Law (OAL), and the United States 
Environmental Protection Agency (USEPA).  
 
The Basin Plan can be downloaded from the Regional Board’s website:  
 
http://www.swrcb.ca.gov/rwqcb4/html/meetings/tmdl/Basin_plan/basin_plan.html 
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Figure 1.  Santa Monica Bay Beaches Bacterial TMDLs, Jurisdictional Overview. 
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Figure 2.  Jurisdiction 1. 
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Figure 3.  Jurisdiction 1 (Continued). 
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Figure 4.  Jurisdiction 1 (Continued). 
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Figure 5.  Jurisdiction 2.
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Figure 6.  Jurisdiction 2 (Continued). 
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Figure 7.  Jurisdiction 3. 
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Figure 8.  Jurisdiction 4. 
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Figure 9.  Jurisdiction 5.  
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Figure 10.  Jurisdiction 6. 
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Figure 11.  Jurisdiction 7. 
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Figure 12.  Jurisdiction 8. 
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Figure 13.  Jurisdiction 9. 
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Figure 14.  Rain Gage Locations. 
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City of Hermosa Beach  

Trash Monitoring and Reporting Plan for the  

Santa Monica Bay Nearshore and Offshore Debris TMDL 
Santa Monica Bay offshore/near shore areas are  listed as  impaired  for debris, DDT and PCBs. 
Santa Monica Bay beaches are also listed as impaired for human body contact recreation due to 
excessive amounts of coliform bacteria. Total Maximum Daily Loads have now been adopted to 
address all of these impairments. On November 4, 2010 the Los Angeles Regional Water Quality 
Control Board adopted Resolution R10‐010 amending  the Water Quality Control Plan  for  the 
Los Angeles Region  to  incorporate a Total Maximum Daily Load  for Debris  for Nearshore and 
Offshore Santa Monica Bay.  Attachment A to Resolution No. R10‐010 is the Santa Monica Bay 
Nearshore and Offshore Debris Total Maximum Daily Load (TMDL).  
 
The City of Hermosa Beach is identified as a responsible jurisdiction for nearshore and offshore 
trash  and  plastic  pellets  as  the  result  of  land‐based  debris  discharged  to  the  marine 
environment  through  storm  drains,  i.e.,  point  sources  associated  with  operation  of  the 
municipal  separate  storm  sewer  system  (MS4).  Table  7‐34.2  of  Attachment  A  lists  the 
Implementation Schedule for Point Sources and the first deadline, Task 1a, is the submission of 
a Trash Monitoring and Reporting Plan  (TMRP) within 6 months of  the effective date of  the 
TMDL.  This plan serves to meet that Task 1a deadline. 
 
The  City  of  Hermosa  Beach  owns  the  stretch  of  beach  within  the  City’s  boundaries,  from 
Neptune Street at  its northern border  to Herondo Street at  its  southern border.   The City of 
Hermosa  Beach  owns  the  beach  by  virtue  of  the  following:  dedication  for  beach  purpose; 
dedication as public right‐of‐way; fee simple purchase; and tidelands grant.  At the time of the 
City’s  incorporation, the deed handed over by  the Hermosa Land and Water Company stated 
that the ocean frontage "was to be held in perpetuity as a beach playground and for the benefit 
of  not  only  the  residents  of  Hermosa,  but  also  for  the  sea‐lovers  of  Southern  California." 
Jurisdictions  that  own  and/or  manage  beaches  and  harbors  along  Santa  Monica  Bay  are 
assigned load allocations in the TMDL for land‐based nonpoint sources of debris associated with 
recreational  activity.  For  this  reason  the  City  is  also  assigned  responsibility  jointly with  Los 
Angeles County Department of Beaches and Harbors which manages the beach for the City of 
Hermosa  Beach  for  achieving  the  zero  trash  load  allocation  from  nonpoint  sources  on  the 
beach.    Zero  trash  is  defined  for  nonpoint  sources  as  no  trash  on  the  shoreline  or  beaches 
immediately  following  each  assessment  and  collection  event  consistent with  an  established 
Minimum Frequency of Assessment and Collection Program (MFAC Program). The County of Los 
Angeles  is preparing  a  separate Trash Monitoring  and Reporting Plan  and MFAC Program  to 
assess  compliance with  the non‐point  source  load allocation  for all of  the beaches under  its 
management, including Hermosa Beach.   
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Approach for Attaining TMDL Objectives 
The  implementation  provisions  in  Table  7‐34.1  of  the  TMDL  state  that  compliance with  the 
point source waste load allocations for trash is to be demonstrated through one of two general 
approaches: 
 

1. Compliance  with  the  final  waste  load  allocations  may  be  achieved  through  an 
adequately  sized  and maintained  full  capture  system  certified  by  the  Regional  Board 
Executive Officer that the minimum criteria are met.  Zero will be deemed to have been 
met  if  full  capture  systems have been  installed on all  conveyances discharging  to  the 
waterbodies within  the Santa Monica Bay watershed management area or directly  to 
the Santa Monica Bay.1 

 
2. Responsible agencies and jurisdictions may achieve compliance by using partial capture 

systems and/or institutional controls.  Point source dischargers that elect to use partial 
capture  systems or  institutional  controls  shall use a mass balance approach based on 
the trash daily generation rate (DGR) to demonstrate compliance.2 

 
The City of Hermosa Beach plans to attain the waste load allocations through installation of full 
capture  systems  in accordance with option 1 above. The deadline  for  installation of  the  first 
20% of full capture systems or other measures to attain the WLA  is March 20, 2016 [see Task 
No.  4 of  Table  7‐34.2  of  the  TMDL].    Each  year  after  that  an  additional  20% of  full  capture 
systems  or other measures must  be  implemented  until  100%  reduction  of  trash  is  achieved 
eight years from the effective date or by March 20, 2020 [see Tasks 5, 8, 9 and 10 of Table 7‐
34.2 of the TMDL].  However, if by November 4, 2013 a city voluntarily adopts local ordinances 
to  ban  plastic  bags,  smoking  in  public  places,  and  single‐use  expanded  polystyrene  food 
packaging,  it shall receive a three‐year extension of the  final compliance date  [see Task 11 of 
Table 7‐34.2 of the TMDL].  

Background 
The City of Hermosa Beach  is a small, historic beach  town  that encompasses only 1.4 square 
miles, with two miles of popular beaches and  is home to over 19,500 residents.   As a coastal 
city  focused  on  surfing  and  other  ocean‐oriented  activities  as  well  as  tourism,  the  City’s 
residents are strongly supportive of proactive environmental measures and actions to protect 
water  quality  and  the  environment.      City  staff  is  innovative,  progressive  and  strongly 
committed to protecting water quality. 
  
All of the City of Hermosa Beach (City) lies within the Santa Monica Bay Watershed.  Land use 
within  the  city  is  predominantly  residential with  a  balance  of  single‐family  and multi‐family 

                                                       
1 Table 7-34.1 of Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. 
R10-010, pages 7-8. 
2 Table 7-34.1 of Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. 
R10-010, page 8. 
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development.   There are also commercial  land uses along Pacific Coast Highway, Pier Avenue 
and Hermosa Avenue. CalTrans owns and operates the section of Pacific Coast Highway (Route 
1)  through  the  City  and  is  the  responsible  jurisdiction  under  the  TMDL  for  trash  generated 
within its right‐of‐way.   

Existing Structural Controls for Debris 
Significant structural assets to control the discharge of trash and debris from the municipal 
separate storm sewer system (MS4) have already been installed and are being maintained 
within the City.  These include: 

• The 76‐acre Pier Avenue storm drain system which drains an intensely developed mixed 
commercial and residential coastal subdrainage area has been retrofit with full capture 
systems.   The  twenty‐eight  (28) catch basins  tributary  to  the Pier Avenue storm drain 
were fitted with connector pipe screens (CPS) installed inside the catch basins across the 
opening of the pipe connecting the catch basin to the Pier Avenue Storm drain system. 
The  CPS  are  designed  to  retain  trash  inside  the  catch  basin  and  prevent  trash  from 
entering  the  storm  drain  system  and  are  sized  to meet  the  requirements  of  the  Los 
Angeles Regional Water Quality Control Board for certification as full capture devices for 
trash: 

A  full  capture  system  is  any  single  device  or  series  of  devices  that  traps  all 
particles retained by a 5 mm mesh screen and has a design treatment capacity of 
not less than the peak flow rate, Q, resulting from a one‐year, one‐hour, storm in 
the subdrainage area.3 

Those  catch  basins  with  suitable  standard  openings  were  also  retrofitted  with  a 
secondary  system  consisting  of  an  automatic  retractable  screen  (ARS)  unit  installed 
across the catch basin opening.  When closed during dry‐weather and low‐intensity rain 
events,  the  ARS  unit  improves  the  effectiveness  of  the  connector  pipe  screens  by 
preventing trash from entering the catch basin so that street sweeping equipment can 
remove the trash and thereby prevent accumulation of trash in the catch basin between 
rain events.  The ARS unit is designed to spring open during moderate to heavy intensity 
rain events in order to preserve the full hydraulic capacity of the catch basin opening.  It 
is  during  these  higher  intensity  storms  that  the CPS  actively  removes  trash  from  the 
stormwater flowing through the catch basin into the storm drain system. The net effect 
of this dual system  is to  improve the removal of trash from the curb and gutter during 
dry weather, thereby preserving the capacity of the catch basin/connector pipe screen 
to remove trash transported by significant storm events. 

 
• Los Angeles County Flood Control District (LACFCD) has installed debris excluders on 21 

high priority catch basins  in  the City’s commercial district along Hermosa Avenue and 
Pier Avenue. This has reduced the accumulation of trash and debris in the catch basins 

                                                       
3 LARWQCB November 4, 2010. Resolution No. R10-010, Attachment A, Amendments to the Water 
Quality Control Plan – Los Angeles Region for the Santa Monica Bay Nearshore and Offshore Debris 
TMDL. 
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and the frequency of required catch basin cleaning.  The debris excluders also increase 
the effectiveness of street sweeping. 
 

• The  City  has  installed  Drain  Pac®  inserts  on  31  City‐owned  catch  basins  plus  an 
additional 10 County‐owned basins.   The City cleans both the City‐owned catch basins 
and  the  ten  County‐owned  basins  equipped with  Drain  Pac®.  United  Storm Water’s 
DrainPac™  is a  treatment  control BMP product  that  captures and  treats urban  runoff 
before  it  enters  the  storm  drain  system.  This  device  retains  suspended  solids  and 
effectively reduces the load of litter, debris, heavy metals, and petroleum hydrocarbons 
entering the storm drain system. 

Implemented Institutional Controls for Debris 
Although  the  City  of  Hermosa  Beach  intends  to  rely  on  certified  full  capture  devices  to 
demonstrate  compliance  with  the  Santa Monica  Bay Marine  Debris  TMDL,  the  City  is  also 
implementing source control measures  including  institutional controls and public outreach  to 
reduce  the generation of  trash at  the source. The City does not  intend  to conduct a baseline 
trash generation study to revise the default Baseline Waste Load Allocation; however the City 
believes  that  measures  taken  to  date  have  already  significantly  reduced  the  City’s  trash 
generation rate. 
 
The City of Hermosa Beach has a taken two of the three necessary steps to obtain an extension 
of time for  the final compliance date: 

Polystyrene Ban 

On September 11, 2012 the City Council adopted an ordinance to ban polystyrene food service 
ware as recommended by the City’s Green Task Force to reduce use and litter of polystyrene.  
The ordinance was developed based on research and discussion by the Green Task Force and 
the City Council collectively over the preceding two years.  This issue has resulted in significant 
coverage in local print and e‐media. Final adoption will be followed by an extensive community 
education campaign. 

Smoking Ban 
A new city ordinance  (H.B.M.C. Section 8.40.020) established smoke‐free zones at:   all public 
parks; Pier Plaza,  the heart of  the  city’s downtown;  the Hermosa Beach Pier; outdoor dining 
areas,  including within five feet of the outdoor dining areas; the Strand, which  is the sidewalk 
and bike path adjacent to and running the full length of the beach; the Greenbelt, which is the 
pedestrian path running the length of the City between Valley Drive and Ardmore Avenue, and 
City‐owned  public  parking  lots.  Smoking  had  already  been  prohibited  on  the  beach,  in  city 
buildings and inside of restaurants.   

Additional Institutional Controls and Public Outreach 
The City has an aggressive program for cleaning the downtown commercial areas including daily 
sweeping. The City has also  increased the frequency of sweeping of certain municipal parking 
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lots  as  well  as  on  the  Strand.  Maintenance  staff  has  also  increased  the  frequency  of 
maintenance in the contractor area of the City Yard. 
 
The City of Hermosa Beach has instituted a Green Matrix of requirements for special events in 
the City. The requirements are phased  in over three years and are tiered based on the size of 
the event.  The requirements include measures to: 

• Reduce waste and single‐use items 
• Limit and reduce the size of handouts and flyers 
• Control litter, contain wastes and prohibit hosing of surfaces 
• Increase recycling and solid waste diversion rates 
• Provide educational outreach to the public 

 
The Hermosa  Beach  Chamber  of  Commerce  produces  Fiesta Hermosa,  ‘the  largest  arts  and 
crafts  fair  in  Southern  California,’ which  occurs  on  the  three‐day Memorial  and  Labor  Day 
weekends each year. The festival  includes music on two stages, a food court and charity beer 
and wine garden. The Chamber has worked closely with members of the Green Task Force and 
its operator, Bell Event Services,  to  increase  the  sustainability and  reduce  the environmental 
footprint of Fiesta Hermosa by instituting sustainable measures including the following related 
to litter: 

• All  plates  and  cutlery  used  for  serving  food  at  the  Fiesta  are made  of  recyclable  or 
compostable materials 

• Vendors are prohibited from using polystyrene foam containers and only provide plastic 
shopping bags if requested 

 
In  addition  to  placement  of  trash  receptacles  at  bus  stops  and  in  public  parks,  the  City  of 
Hermosa Beach has placed over 100 recycling bins for beverage containers throughout the City, 
at all bus stops, in heavily‐used pedestrian areas and parks. The City provides curbside recycling 
of yard waste as well as paper, plastic and aluminum recyclables.   
 
The City of Hermosa Beach,  along with  the  cities of Manhattan Beach, Redondo Beach,  and 
Torrance in cooperation with the Santa Monica Bay Restoration Commission, has implemented 
the  Clean  Bay  Restaurant  Certification  program  targeting  food  service  establishments  with 
exposure  to  stormwater.    The  agencies  developed  a  comprehensive  28‐point  storm  water 
inspection  checklist  that  requires 100%  compliance  in order  for  the  facility  to be  awarded a 
Clean  Bay  Restaurant  Certification  by  the  Santa Monica  Bay  Restoration  Commission—this 
checklist  far  exceeds  the  minimum  requirements  of  the  current  MS4  Permit  as  does  the 
frequency of  inspection which  is annual  instead of twice  in five years under the permit.   Strict 
control of trash is required of certified restaurants and this includes control of trash generated 
in parking lots, within trash enclosures, and keeping dumpster lids closed at all times. 
 
The City also hosts an annual Coastal Cleanup Day sponsored by Heal the Bay at the Hermosa 
Beach Pier.   Volunteers gather at  the Hermosa Pier  to help  clean up  the beach as part of  a 
nationwide effort.  
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The City  is supporting a parent  implemented environmental program  in the public elementary 
schools,  “Grades  of Green”.    This  environmental  docent  program  at Hermosa  Schools  has  a 
network of 25 parent volunteers who provide environmental education for over 900 students. 
Through  this  program  Hermosa  Beach  public  schools  have  reduced  non‐recyclable  trash  by 
50%.   

Implementation Schedule 
The City’s plan  for  achieving  the  required  TMDL  reduction of debris  from MS4 point  source 
discharges is implementation of full capture systems on storm drain inlets throughout the City.  
A detailed listing of specific catch basins to be retrofit will be provided with the Prioritization of 
Full Capture System  Installation  in accordance with Task 3 of Table 7‐34.2 of the TMDL to be 
submitted within  twenty  (20) months  of  approval  of  this  TMRP.  A  revised  implementation 
schedule submitted with the Prioritization of Full Capture Systems will also identify whether the 
City adopted  the plastic bag ban by November 4, 2013  thereby securing  the additional  three 
years to fully attain the TMDL required reductions.  
 
There are approximately 180  storm drain  inlets within  the City of Hermosa Beach,  some are 
City‐owned some are owned by Los Angeles County Flood Control Districts, and others along 
the  Pacific  Coast  Highway  may  be  owned  by  CalTrans.  Due  to  variation  in  terrain  and 
infrastructure,  catch  basins  and  storm  drains  are  not  distributed  evenly  on  an  area  basis 
throughout  the  City  and  there  some  areas  where  stormwater  runoff  is  conveyed  over 
significant  distances  along  curb‐and‐gutter.    Nevertheless  for  purposes  of  establishing  a 
preliminary  implementation  schedule  it  is  assumed  that  percent  reduction  of  debris  is 
represented by a percent of inlets retrofit by full capture systems. Based on the 180 estimated 
inlets,  less  the 28  inlets already  retrofit,  there are approximately 152  inlets  remaining  to be 
retrofit. A preliminary implementation schedule for installing the full capture systems on these 
remaining catch basins is provided in the following table.   
 

City of Hermosa Beach 
Preliminary Implementation Schedule for Trash Full Capture Devices 

Santa Monica Bay Watershed 
TMDL Implementation 

Schedule 
Required Trash 
Reduction from 
Baseline WLA 

Inlet Retrofits 
(estimated) 

Percent of Inlets 
Retrofit 

(cumulative) 
March 2016  20%  31  33% 
March 2017  40%  31  50% 
March 2018  60%  30  67% 
March 2019  80%  30  83% 
March 2020  100%  30  100% 

 
The City will continue to prioritize those catch basins located in areas that are likely to generate 
relatively higher amounts of trash, e.g., in commercial areas and along higher traffic corridors.  
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If by November 4, 2013 the city voluntarily adopts a local ordinance to ban bags, this schedule 
may be revised to include a three‐year extension of the final compliance date in accordance 
with the TMDL provisions. 
 
The TMRP  is  to  include a plan  for defining  (1)  the  trash baseline waste  load allocation,  (2) a 
proposed definition of a “major rain event” and (3) “proper operation and maintenance.”4   

Trash Baseline Waste Load Allocation 
Since  the City plans  to establish  compliance  through  the  installation of  full  capture  systems, 
such  that no direct monitoring of  trash accumulation or  reduction  is  required  so  long as  the 
installation of  full capture devices proceeds according  to  the  Implementation Schedule  in  the 
Basin Plan Amendment, the choice of baseline waste  load allocation does not have significant 
bearing on compliance determination.  Therefore rather than expending scarce fiscal resources 
to measure the baseline trash generation rate, the City of Hermosa Beach will elect the default 
baseline waste load allocation of 807 gallons per square mile per year as defined in the TMDL. 

Definition of Major Rain Event 
A major rain event will be defined in accordance with Los Angeles County Flood Control District 
maintenance standards which at the time of this report was a storm event with an intensity of 1 
inch or more of rainfall per 12 hours. 

Proper Operation and Maintenance 
As  stated  in  the  TMDL,  “compliance with percent  reductions  from  the Baseline WLA will be 
assumed wherever properly‐sized full capture systems are installed and properly operated and 
maintained in corresponding percentages of the conveyance discharging to waterbodies within 
the  Santa Monica  Bay Watershed  or  directly  to  Santa Monica  Bay.5  Currently  the  City  of 
Hermosa  Beach  cleans  all  City‐owned  catch  basins  at  least  once  per  year,  prior  to  the wet 
season with  additional  cleanings  as  needed.  The  City  considers  the  catch  basins within  the 
commercial  areas of  the City  to be Priority A or B, however most of  those  catch basins  are 
owned by LACFCD and/or have been fitted with debris excluders and catch basin inserts which 
has reduced the accumulation of trash in those catch basins. The City conducts extra cleanings 
of the high‐priority LACFCD‐owned catch basins to supplement the regular cleaning by LACFCD. 
As additional full capture systems for debris are installed within the storm drain infrastructure, 
the City will maintain the same cleaning schedule, with extra inspection and cleaning as needed 
after major rain events. If during inspection the volume of trash and debris in the catch basin is 
40%  full or more,  then cleaning of  the catch basin will be scheduled within one week of  the 
inspection.  

 
4 Table 7-34.1 of Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. 
R10-010, page 14. 
5 Footnote 7 on page 19 of Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. R10‐
010 
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City of Manhattan Beach 
Public Works Department
3621 Bell Avenue, Manhattan Beach, CA 90266 
Phone: (310) 802-5313 Fax: (310) 802-5301 

 
September 20, 2012 
 
Samuel Unger, P.E., Executive Officer 
California Regional Water Quality Control Board 
Los Angeles Region 
320 W. 4th Street, Suite 200 
Los Angeles, CA 90013 
 
Attn:  Stefani Hada, Environmental Scientist, TMDL Unit 2 
  Renee Purdy, Manager, Regional Programs 
 
Subject: City of Manhattan Beach Trash Monitoring and Reporting Plan for Santa Monica 

Bay Nearshore and Offshore Marine Debris Total Maximum Daily Load, 
Resolution No.   R4-2007-006 

 
Dear Mr. Unger, Ms. Purdy and Ms. Hada: 
 
Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. R10-010 is the 
Proposed Amendment to the Water Quality Control Plan – Los Angeles Region for the Santa Monica 
Bay Nearshore and Offshore Debris Total Maximum Daily Load (TMDL).  Table 7-34.2 of Attachment 
A lists the Implementation Schedule for Point Sources and the first deadline, Task 1a, is the submission 
of a Trash Monitoring and Reporting Plan (TMRP) within 6 months of the effective date of the TMDL.  
The attached plan serves to meet this requirement. 
 
Please contact me if you have any questions or require additional information. 
 
Sincerely, 
 
 
 
Jim Arndt 
Director of Public Works 
 
Attachment: 

1. City of Manhattan Beach Trash Monitoring and Reporting Plan for the Santa Monica Bay 
Nearshore and Offshore Debris TMDL 
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C ITY  OF  MANHATTAN BEACH   

TRASH MONITORING AND REPORTING 
PLAN FOR THE   

SANTA MONICA BAY NEARSHORE AND 
OFFSHORE DEBRIS  TMDL 

Santa Monica Bay offshore/near shore areas are  listed as  impaired  for debris, DDT and PCBs. 
Santa Monica Bay beaches are also listed as impaired for human body contact recreation due to 
excessive amounts of coliform bacteria. Total Maximum Daily Loads have now been adopted to 
address all of these impairments. On November 4, 2010 the Los Angeles Regional Water Quality 
Control Board adopted Resolution R10‐010 amending  the Water Quality Control Plan  for  the 
Los Angeles Region  to  incorporate a Total Maximum Daily Load  for Debris  for Nearshore and 
Offshore Santa Monica Bay.  Attachment A to R10‐010 is the Santa Monica Bay Nearshore and 
Offshore Debris Total Maximum Daily Load (TMDL).   
 
The  City  of  Manhattan  Beach  is  identified  as  a  responsible  jurisdiction  for  nearshore  and 
offshore debris discharged to the marine environment through storm drains, i.e., point sources 
associated with operation of the municipal separate storm sewer system (MS4). Table 7‐34.2 of 
Attachment A  lists the Implementation Schedule for Point Sources and the first deadline, Task 
1a, is the submission of a Trash Monitoring and Reporting Plan (TMRP) within 6 months of the 
effective date of the TMDL.  This plan serves to meet that Task 1a deadline. 

APPROACH FOR ATTAINING TMDL OBJECTIVES 

The  implementation  provisions  in  Table  7‐34.1  of  the  TMDL  state  that  compliance with  the 
point source waste load allocations for trash is to be demonstrated through one of two general 
approaches: 
 

1. Compliance  with  the  final  waste  load  allocations  may  be  achieved  through  an 
adequately  sized  and maintained  full  capture  system  certified  by  the  Regional  Board 
Executive Officer that the minimum criteria are met.  Zero discharge will be deemed to 
have  been  met  if  full  capture  systems  have  been  installed  on  all  conveyances 
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discharging  to  the waterbodies within  the  Santa Monica Bay watershed management 
area or directly to the Santa Monica Bay.1 

 
2. Responsible agencies and jurisdictions may achieve compliance by using partial capture 

systems and/or institutional controls.  Point source dischargers that elect to use partial 
capture  systems or  institutional  controls  shall use a mass balance approach based on 
the trash daily generation rate (DGR) to demonstrate compliance.2 

 

The City of Manhattan Beach plans to attain the waste  load allocations through  installation of 
full capture systems in accordance with option 1 above. The deadline for installation of the first 
20% of full capture systems or other measures to attain the WLA  is March 20, 2016 [see Task 
No. 4 of Table 7‐34.2 of the TMDL].  Each year after, an additional 20% of full capture systems 
or other measures must be implemented until 100% reduction of trash is achieved eight years 
from the effective date or by March 20, 2020 [see Tasks 5, 8, 9 and 10 of Table 7‐34.2 of the 
TMDL].   However,  if  by November  4,  2013  a  city  voluntarily  adopts  local  ordinances  to  ban 
plastic bags, smoking  in public places, and single‐use expanded polystyrene food packaging,  it 
shall receive a three‐year extension of the final compliance date [see Task 11 of Table 7‐34.2 of 
the TMDL].  

BACKGROUND 

The City of Manhattan Beach  fronts 2.1 miles of  southern California beaches.   There  are 48 
acres of parkland in addition to the 21‐acre Manhattan Beach Parkway in the 3.88 square mile 
city.   According to the 2010 census, approximately 35,135 people reside  in Manhattan Beach.  
As a coastal city focused on surfing and beach‐oriented recreational activity, maintaining high 
water quality is very important to its residents and City officials. 

Most of  the City of Manhattan Beach  (City)  lies within  the Santa Monica Bay Watershed,  the 
only exception is the northeast corner of the City bounded roughly by Sepulveda Boulevard on 
the west and Marine Avenue on  the  south which  lies  in  the Dominguez Channel Watershed.  
Land use within the City of Manhattan Beach is predominantly single family residential.  Within 
the Santa Monica Bay watershed there are also commercial  land uses with some multi‐family 
residential mixed in along  the Sepulveda Boulevard and Manhattan Beach Boulevard corridors 
as well as in  the North End business district along Highland Avenue. There are also institutional 
uses within the Santa Monica Bay Watershed area of the city. CalTrans owns and operates the 
section of Sepulveda Blvd through the City and  is the responsible  jurisdiction under the TMDL 
for trash generated within its right‐of‐way.   

                                                             
1 Table 7-34.1 of Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. 
R10-010, pages 7-8. 
2 Table 7-34.1 of Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. 
R10-010, page 8. 
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EXISTING STRUCTURAL CONTROLS FOR DEBRIS 

The City of Manhattan Beach has already  installed  significant  structural assets  to control  the 
discharge of trash and debris  from the municipal separate storm sewer system  (MS4).   These 
include: 

• Eleven (11) continuous defective separation units (CDS units) have been installed within 
the City. The continuous deflective separation technology screens, separates and traps 
debris and sediment to meet the 5 mm criteria for full capture systems. CDS units also 
remove  oil  and  grease  from  stormwater  runoff.  As  such  they  are  also  effective  in 
removing legacy pollutants (PCBs, DDT) if present in association with the sediment and 
oil  fractions  of  storm  drain  discharges.  Thus  CDS  units  are  multi‐benefit  pollutant 
removal  systems which  can address not only  the debris TMDL, but also  the PCB/DDT 
TMDL for Santa Monica Bay. 

o five (5) of these are installed on storm drain outfalls at the beach,  
o one (1) is installed in the City’s corporate yard,  
o one (1) is installed on the storm drain discharging to Polliwog Park, 
o and  the  remaining  four  (4)  are  installed  in  specific  areas  of  commercial 

development  to  address  trash  and  pollutants  generated  at  the  source  rather 
than on major outfalls. 

• Fifty‐eight  (58)  trash  exclusion  devices  (Trident Curb  Screens)  have  been  installed  on 
Priority A City‐owned catch basin openings to prevent trash from being swept into catch 
basins during street sweeping or storm events and to reduce the accumulation of trash 
in  these  catch  basins  that  have  historically  required  frequent  cleaning.    As  a 
consequence, many of those catch basins are no  longer on the Priority A  list  for catch 
basin cleaning.   

IMPLEMENTED INSTITUTIONAL CONTROLS FOR DEBRIS 

Although  the  City  of Manhattan  Beach  intends  to  rely  on  certified  full  capture  devices  to 
demonstrate  compliance  with  the  Santa Monica  Bay Marine  Debris  TMDL,  the  City  is  also 
implementing source control measures  including  institutional controls and public outreach  to 
reduce  the generation of  trash at  the source. The City does not  intend  to conduct a baseline 
trash generation study to revise the default Baseline Waste Load Allocation; however the City 
believes  that  measures  taken  to  date  have  already  significantly  reduced  the  City’s  trash 
generation rate. 
 
In  addition  to  installation  of  structural  devices  for  the  removal  of  trash  from  storm  drain 
discharges,  the City of Manhattan Beach has also  taken  two of  the  three necessary  steps  to 
obtain an extension of time for the final compliance date: 
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Plastic Bag Ban 

On July 14, 2011 the City of Manhattan Beach was notified that it had prevailed in its effort to 
ban  plastic  bags  through  a  unanimous  California  Supreme  Court  decision.  Thus  the  City’s 
plastic bag ordinance began implementat  14, 2012. ion on January

Smoking Ban 

On  August  2nd,  2011  the  City  Council  approved  an  ordinance  expanding  the  areas  where 
outdoor  smoking  is  prohibited  to  include  the  Strand  walkway  adjacent  to  the  beach  and 
Veterans  Parkway  (the Valley/Ardmore Greenbelt).    In  2004  the City Council  had  prohibited 
smoking on  the beach,  the pier and at recreational  facilities such as parks, athletic  fields and 
tennis and basketball courts.   

ADDITIONAL INSTITUTIONAL CONTROLS AND PUBLIC OUTREACH 

The City of Manhattan Beach maintains more than 450 trash receptacles in municipal parks and 
the public  right‐of‐way.   The City utilizes  trash  receptacles with  lids—usually  the  type with a 
small hole  in  the  center  that allows  the user  to deposit  trash but prevents  trash  from being 
blown out of  the  trash  can by wind and also deters birds and other animals  from  spreading 
trash.  The City also maintains more than 125 additional receptacles for recyclable glass, plastic 
and aluminum beverage containers along the Strand, the Pier and adjacent parking lots, in the 
owntown Manhattan Business District and in the North End Business District. The receptacles 
or recyclable materials are also covered. 
d
f
 
The City of Manhattan Beach,  along with  the  cities of Hermosa Beach, Redondo Beach,  and 
Torrance in cooperation with the Santa Monica Bay Restoration Commission, has implemented 
the  Clean  Bay  Restaurant  Certification  program  targeting  food  service  establishments  with 
exposure  to  stormwater.    The  agencies  developed  a  comprehensive  28‐point  storm  water 
inspection  checklist  that  requires 100%  compliance  in order  for  the  facility  to be  awarded a 
Clean  Bay  Restaurant  Certification  by  the  Santa Monica  Bay  Restoration  Commission—this 
checklist  far  exceeds  the  minimum  requirements  of  the  current  MS4  Permit  as  does  the 
frequency of  inspection which  is annual  instead of twice  in five years under the permit.   Strict 
control of trash is required of certified restaurants and this includes control of trash generated 
in parking lots, within trash ed at all times.  enclosures, and keeping dumpster lids clos

IMPLEMENTATION SCHEDULE 

The  City’s  plan  for  implementation  of  full  capture  systems  is  to  first  evaluate  the  existing 
installed CDS units to determine whether they meet the peak flow design criteria of treating the 
1‐year, 1‐hour storm and can be certified as full capture systems.  The findings of the CDS unit 
evaluation will be  incorporated  into  the City’s proposed Prioritization of Full Capture System 
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Installation to be submitted within twenty (20) months of approval of this TMRP in accordance 
with Task 3 of Table 7‐34.2 of the TMDL. The Prioritization of Full Capture System  Installation 
will  then  identify  remaining  full  capture  systems  to  be  installed  to  meet  the  TMDL 
implementation  schedule and any necessary  retrofits within  the areas  served by  the existing 
CDS  units  to meet  the  full  capture  certification  requirements.    The  revised  implementation 
schedule submitted with the Prioritization of Full Capture Systems will also identify whether the 
City adopted the polystyrene ban by November 4, 2013 thereby securing the additional three 
years to fully attain the TMDL required reductions.  
 
There are a total of   440 City‐owned catch basins  in the City of Manhattan Beach and most of 
these are within the Santa Monica Bay Watershed. Approximately 88 of the City‐owned catch 
basins are tributary to a downstream CDS unit on the same storm drain system and thus would 
not  require  retrofit  with  individual  full‐capture  devices  if  the  downstream  CDS  units  are 
certified as full‐capture systems.  There are also approximately 200 catch basins owned by the 
Los Angeles County Flood Control District (LACFCD) within the City of Manhattan Beach  in the 
Santa Monica  Bay watershed  and more  than  half  of  these  County‐owned  catch  basins  are 
located on the large 28th Street storm drain system operated by the LACFCD.  
 
Due to variation in terrain and infrastructure, catch basins and storm drains are not distributed 
evenly on an area basis throughout the City and there some areas where stormwater runoff is 
conveyed  over  significant  distances  along  curb‐and‐gutter.    Nevertheless  for  purposes  of 
establishing  a  preliminary  implementation  schedule  it  is  assumed  that  percent  reduction  of 
debris  is  represented  by  a  percent  of  catch  basins  served  by  full  capture  systems.  It  is  also 
assumed  that  the  remaining  full  capture  system  retrofits will be  accomplished  via  individual 
retrofit  of  catch  basins,  however  the  City may  revisit  this  assumption  if  it  determines  that 
installation  of  end‐of‐pipe  full  capture  systems  such  as  CDS  units  represent  a  more  cost‐
effective  option  from  an  operation  and  maintenance  standpoint.  Based  on  these  two 
assumptions and an assumed 700 catch basins (City‐owned plus LACFCD‐owned) to be retrofit, 
a preliminary implementation schedule is provided in the following table.   

 
City of Manhattan Beach 

Preliminary Implementation Schedule for Trash Full Capture Devices 
Santa Monica Bay Watershed 

TMDL 
Implementation 

Schedule 

Required Trash 
Reduction from 
Baseline WLA 

Reduction 
Associated 

with CDS Units 

 
Catch Basin 
Retrofits 

(estimated) 

Percent 
Reduction from 
Baseline WLA 
(cumulative) 

March 2016  20%  12%   140  20‐32% 
March 2017  40%     140  40‐52% 
March 2018  60%     140  60‐72% 
March 2019  80%     140  80‐92% 
March 2020  100%     140  100% 
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If by November 4, 2013 the city voluntarily adopts a local ordinance to ban single‐use expanded 
polystyrene food packaging, this schedule may be revised to  include a three‐year extension of 
the final compliance date in accordance with the TMDL provisions. 

The TMRP  is  to  include a plan  for defining  (1)  the  trash baseline waste  load allocation,  (2) a 
proposed definition of a “ma n and maintenance.”jor rain event” and (3) “proper operatio

Trash Baseline Waste Load Allocation 

3   

Since  the City plans  to establish  compliance  through  the  installation of  full  capture  systems, 
such  that no direct monitoring of  trash accumulation or  reduction  is  required  so  long as  the 
installation of  full capture devices proceeds according  to  the  Implementation Schedule  in  the 
Basin Plan Amendment, the choice of baseline waste  load allocation does not have significant 
bearing on compliance determination.  Therefore rather than expending scarce fiscal resources 
to measure  the  baseline  trash  generation  rate,  the  City  of Manhattan  Beach will  elect  the 
default baseline waste load allocation of 807 gallons per square mile per year as defined in the 
TMDL. 

Definition of Major Rain Event 

A major rain event will be defined in accordance with Los Angeles County Flood Control District 
maintenance standards which at the time of this report was a storm event with an intensity of 1 
inch or more of rainfall per 12 hours. 

Proper Operation and Maintenance 

As  stated  in  the  TMDL,  “compliance with percent  reductions  from  the Baseline WLA will be 
assumed wherever properly‐sized full capture systems are installed and properly operated and 
maintained in corresponding percentages of the conveyance discharging to waterbodies within 
the  Santa Monica  Bay Watershed  or  directly  to  Santa Monica  Bay.4  Currently  the  City  of 
Manhattan  Beach  cleans  all  CDS  units  and  catch  basins  from  one  to  three  times  per  year 
depending  on  priority.  The  City  plans  to  install  both  full‐capture  certified  connector  pipe 
screens (CDS) as well as automatic retractable screens (ARS) on the catch basin openings. When 
closed  during  dry‐weather  and  low‐intensity  rain  events,  the  ARS  unit  improves  the 
effectiveness of the connector pipe screen by preventing trash from entering the catch basin so 
that  street  sweeping equipment  can  remove  the  trash and  thereby prevent accumulation of 
trash  in  the catch basin between  rain events. As  full capture  systems  for debris are  installed 
within the storm drain  infrastructure, the ARS units should reduce the frequency of necessary 
cleaning. 

                                                             
3 Table 7-34.1 of Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. 
R10-010, page 14. 
4 Footnote 7 on page 19 of Attachment A to Los Angeles Regional Water Quality Control Board Resolution No. R10‐
010 
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CITY OF PALOS VERDES ESTATES
EXISTING CATCH BASINS

CATCH 
BASIN 

NUMBER

# OF 
BASINS LOCATION

1-1 2 1752 and 1800 Paseo Del Mar on Cloyden Rd
1-2 2 2100 Paseo Del Mar and across street on bluff side
1-3 2 2020 Paseo Del Mar and across street on bluff side
1-4 2 2100 and 2020 Paseo Del Mar on Epping Road

1
Rear of 2020 Paseo Del Mar on Chelsea Road (PVHS 

DRIVEWAY)
1-5 2 2112 and 2102 Paseo Del Mar
1-6 1 261 Rocky Point Road
1-7 1 221 Rocky Point Road
1-17 1 2321 Via Carrillo
1-17 1 912 Via Mirola on Via Carrillo side
1-17 1 913 Via Mirola on Via Carrillo side
2-2 1 In alley behind 1725 Chelsea Road
2-11 2 1725 and 1720 Chelsea Road
2-3 3 1656 and 1700 Paseo Del Mar on Chiswick Road
2-3 1 Across from 1700 Paseo Del Mar on bluff side
2-4 2 1600 Paseo Del Mar at Avon and across the street
2-5 2 1524 Paseo Del Mar and across the street
2-7 1 1308 Paseo Del Mar on Paseo Del Mar

2-8 2
1308 Paseo Del Mar on Palos Verdes Drive West and also 

across street on Palos Verdes Drive West
2-9 2 1316 Palos Verdes Drive West & ACROSS

2-10 2 1400 Paseo Del Mar and across street on bluff side
2-12 2 1720 and 1721 Dalton Road
2-13 1 1733 Addison Road
2-15 2 940 and 949 Paseo La Cresta
2-18 2 1717 Palos Verdes Drive West and across street
2-19 1 1716 Palos Verdes Drive West

2-21 3
1901 Palos Verdes Drive West and across the street on the 

east side of the median
2-22 1 Across street from 805 Via Coronel
2-23 0 1700 Via Boronada
2-24 1 1521 Espinosa Circle
2-25 1 1676 Rico Place
2-26 1 1685 Rico Place
2-27 1 905 Via Coronel
2-28 1 1100 Via Curva
2-29 1 1100 Via Coronel
2-30 1 1721 Via Estudillo
2-31 2 1628 Via Zurita
2-32 2 1701 Via Zurita
2-34 2 1224 and 1229 Via Coronel
2-35 2 1824 and 1825 Via Estudillo
3-1 1 704 Paseo Del Mar
3-3 2 520 Paseo Del Mar and 528 Paseo Del Mar
3-4 1 Paseo Del Mar/Via Chino across from 520 PDM
3-5 1 572 Via Media
3-6 1 NO ADDRESS 565 Paseo Del Mar

City of Palos Verdes Estates 1 of 7
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CATCH 
BASIN 

NUMBER

# OF 
BASINS LOCATION

3-7 2 415 Paseo Del Mar
3-8 2 424 and 500 Paseo Del Mar
3-9 2 424 and 500 Paseo Del Mar at Aromitas Lane
3-11 2 453 and 501 Via Almar
3-12 2 On Palos Verdes Drive West behind 400 Via Almar
3-13 2 445 Palos Verdes Drive West and across street
3-14 1 549 Palos Verdes Drive West
3-15 1 Across street from 625 Palos Verdes Drive West
3-16 1 700 Horcada Place NOT FOUND
3-17 1 712 Paseo Del Mar
2-17 2 1552 PALOS VERDES DRIVE WEST ON CORNER
3-18 2 721 and 720 Paseo Del Mar
3-19 0 Across street from 720 Paseo Del Mar
3-20 1 801 Paseo Del Mar and across street
3-21 2 1649 Via Arriba
3-22 1 1508 Via Montemar
3-23 1 1620 Via Montemar
3-24 1 1704 Via Montemar
3-25 2 1713 Via Montemar ACROSS

1 721 Via Del Monte on Via Montemar
3-26 4 801 Via Del Monte and across street two sides
3-27 1 673 Via Del Monte
3-30 2 705 and 720 Via Del Monte
3-28 2 703 Via Somonte
3-29 2 793 and 796 Via Somonte
3-31 2 817 and 824 Via Somonte
3-32 1 812 Via Conejo
3-33 2 848 and 853 Via Somonte
3-34 2 800 and 868 Via Del Monte
3-35 1 801 Via Del Monte
3-36 1 Via Montemar east of Palos Verdes Drive West
3-38 1 1115 Palos Verdes Drive West
3-39 2 1120 Palos Verdes Drive West
3-40 1 Lot next to 1700 Punta Place
3-41 5 Paseo Del Sol at Via Del Monte ON ALL CORNERS
3-42 1 Via Del Monte near 844 Paseo Del Sol
3-43 2 869 and 900 Via Nogales
3-44 1 1021 Via Mirabel
3-45 3 1120 Via Mirabel, 1825 and 1824 Via Visalia
3-46 1 2224 Via Guadalana

3-47 2
In parkland across street from 1959 Via Visalia and also on 

street across from same address
3-48 2 Via Fernandez just west of Paseo La Cresta both sides
3-49 1 1404 1408 Paseo La Cresta
3-50 2 1821 Via Coronel and across street

3-51 2 2000 2003 Via Visalia at Via Fernandez/Via Visalia intersection
3-52 1 2 El Portal Rd
3-53 1 1304 Vuelta Place

3-54 2 Via Cataluna/Via Fernandez at 1300 and 1301 Via Cataluna
3-55 2 2201 and 2212 Via Fernandez

City of Palos Verdes Estates 2 of 7
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CATCH 
BASIN 

NUMBER

# OF 
BASINS LOCATION

3-56 1 Behind 2105 Via Fernandez
3-57 1 2212 Via Alamitos
4-7 0 Via Rosa just west of PV Blvd (incl. in parkland)
4-8 2 Via Anita just east of PV Blvd
4-9 1 Via La Selva/Via Capay at 2501 Via La Selva

4-10 3
Via Anita/Via Capay at 104 and 112 Via Capay              

and 2421 Via Anita
4-11 2 Via Del Puente just west Via Corta
4-12 0 Via Corta just south of Via Del Puente -1?
4-14 1 Northwest of 396 PVDW
4-15 2 353 Palos Verdes Drive West and across street
4-16 1 Palos Verdes Drive West at Via Del Puente
4-17 1 Via Corta just south of Via Del Puente
4-19 3 Triangle Intersection
4-20 8 Via Anita at Via Jose
4-21 3 340 Palos Verdes Drive West
4-22 1 Via Corta just south of Palos Verdes Drive West
4-23 1 Palos Verdes Drive West just east of Via Corta

4-24 4 Malaga Cove Plaza in parking lot and at Via Chico/Via Tejon
4-25 2 Just east of 215 Palos Verdes Drive West ON TRAIL
4-26 1 Triangle Intersection
4-27 2 Palos Verdes Drive North just east of Triangle Intersection
4-28 2 2733 Via Anita
4-29 2 108 Via Alameda
4-30 1 3016 3009 Via La Selva
4-31 2 112 VIA ALAMEDA ON 2900 Via Anita & ACROSS
4-32 4 Palos Verdes Drive North/Via Alameda
4-33 2 2737 PVDN Upper Barrel
4-34 1 Palos Verdes Drive North
4-36 2 2596 Via Tejon
4-37 1 Via Chico/Via Tejon

2 2701 VIA LA SELVA
1 PVDN 10 FEET WEST OF 4-33

4-38 3 Via Chico/Malaga Lane
4-39 3 519 Via Del Monte
4-40 2 500 Via Del Monte
4-41 1 Paseo Del Sol Fire Road
4-42 3 532 536 Via Del Monte ONE ON PROPERTY
4-43 1 2308 Via Pinale
4-45 2 2500 Via Campesina
4-46 1 Pinale Lane
4-47 2 Via Campesina/Via Pinale
4-48 2 2425 Via Pinale
4-49 3 Via Del Monte
4-50 2 904 Via Del Monte & ACROSS
4-51 1 Via Rincon
4-52 2 2500 Via Ramon
4-53 2 2508 Via Ramon
4-54 1 2925 Palos Verdes Drive North
4-55 2 3013 Palos Verdes Drive North
4-56 1 Paseo Del Campo/Palos Verdes Dr N

City of Palos Verdes Estates 3 of 7
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CATCH 
BASIN 

NUMBER

# OF 
BASINS LOCATION

1 3225 Paseo Del Campo
4-57 1 2765 Via Campesina
4-58 2 2749 Via Campesina
4-59 1 949 Via Rincon
4-60 1 977 Granvia Altamira
4-61 1 952 Granvia Altamira
4-62 1 900 Via Panorama
4-63 1 605 Via Horquilla
4-64 2 601 and 604 Via Del Monte
4-65 1 Line B - Fire Road
4-66 1 Line B - Fire Road
4-67 1 Line B - Fire Road
4-68 1 Line B - Fire Road
4-69 1 Line B - Fire Road
4-70 1 2721 Palos Verdes Drive North
4-72 2 Via Campesina/Via Ramon

2 2509 VIA RAMON
1 PVDN 10 FEET NORTH OF 4-35

4-73 1 Via Campesina Hairpin Turn
5-1 2 3201 PVDN
5-2 2 3200 3141 Via La Selva
5-3 1 Calle De Arboles
5-4 2 Via La Selva
5-5 1 3200 Palos Verdes Drive North
5-6 1 3117 Paseo Del Campo
5-7 2 3300 Palos Verdes Drive North
5-8 2 207 Via Colusa
5-9 3 Del Campo
5-11 1 3405 La Selva Place
5-12 1 3508 Navajo Place
6-1 1 2817 Via Segovia
6-2 2 2717 Paseo Del Mar
6-8 1 Via Segovia
6-9 1 2504 Via Amador
6-10 1 2541 2537 Via Carillo
6-11 1 1000 Via Zumaya
6-14 2 1200 Via Zumaya
6-15 2 Paseo La Cresta
6-17 2 VIA Victoria Place
6-18 1 Via Buena
6-20 0 Via Rivera
6-24 1 2609 Palos Verdes Drive West
6-25 1 Via Zumaya/Palos Verdes Drive West
6-27 1 Oleadas
6-28 1 2700 Paseo Del Mar
6-29 1 2705 Via Barri ALVARADO
6-30 2 2808 Via Anacapa
6-32 0 2817 Via Anacapa
6-33 1 2833 Palos Verdes Drive West
6-34 1 2844 Palos Verdes Drive West
6-35 1 2920 Paseo Del Mar
6-36 1 Rivera Place

City of Palos Verdes Estates 4 of 7
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CATCH 
BASIN 

NUMBER

# OF 
BASINS LOCATION

6-40 1 Via Borca
6-41 2 2805 Via Victoria
6-42 1 Via Manuel MIGUEL
7-1 2 1932 Via Estudillo
7-3 2 1488 Via Coronel
7-5 1 Via Leon
7-6 2 1260Via Coronel
7-7 2 Zurillo Place and Via Coronel
7-8 2 2524 Via Rivera OLIVERA
7-9 1 Via Romero
7-10 2 1370 Via Romero
7-12 2 1404 Via Castilla
7-13 0 1400 Via Zumaya
7-14 1 1412 Via Galicia
7-15 1 1337 Via Zumaya
7-15 2 Paseo La Cresta
7-16 2 2637 Via Olivera
7-17 2 1317 Via Zumaya
7-18 2 1304 Via Zumaya
7-19 2 1429 Via Zumaya
7-20 1 1459 Via Castilla
7-21 2 1504 Via Castilla
7-22 1 Via Coronel/Via Fernandez
7-23 2 1608 Via Fernandez
7-24 2 Via Coronel/Via Fernandez
7-25 1 Via Coronel/Via Fernandez
8-1 1 1300 Via Margarita
8-2 2 1524 Paseo La Cresta
8-3 2 1600 Paseo La Cresta
8-4 1 2052 Via Visalia
8-5 1 1400 Via Margarita
8-6 1 1412 Via Cataluna
8-7 2 Via Margarita/Via Visalia
8-8 2 Via Rafael/Granvia Altamira
8-9 1 Cataluna Square
8-10 0 Via Cerritos/Via Margarita
8-11 1 Via Cerritos/Granvia Altamira
8-12 1 Behind 1626 Catluna Place
9-1 1 2517 Navajo Place
9-2 1 924 Via Mirada
9-4 0 617 Via Horquilla
9-5 1 2920 Via Campesina
9-7 4 Via La Cuesta/Via Campesina
9-8 1 Via Campesina at Golf Course

10-1 1 Via Las Vegas at City Border
10-2 2 Paseo Del Campo/Via Las Vegas NAVAJO
10-3 1 3609 Paseo Del Campo
10-4 2 Paseo Del Campo/Via Valmonte
10-5 1 3640 Via Palomino
10-6 4 3709 Palos Verdes Drive North
10-7 3 3709 Via La Selva
10-8 1 3708 Via Cardelina

City of Palos Verdes Estates 5 of 7

RB-AR39823



CATCH 
BASIN 

NUMBER

# OF 
BASINS LOCATION

10-9 2 Via Ardilla at City Border
10-10 3 Via Cardelina/Via Alcance
10-11 1 3945 Via Solano
10-12 1 Via Cardelina at City Border
10-13 2 Via Colorin/Via Solano
10-14 2 Via Colorin/Via Largavista
10-16 1 4120 Via Largavista
10-17 4 Via Solano/Via Verderol
10-18 1 4204 Via Nivel
10-19 1 4228 Via Valmonte
10-20 5 Via Valmonte/Via Nivel
10-21 1 4421 Lucera Circle
10-22 1 4406 Lucera Circle
10-23 1 4401 Via Pinzon
10-24 2 4244 Via Alondra
10-25 1 Palos Verdes Stables
10-26 1 4032 Via Opata
10-27 3 Palos Verdes Drive North/Via Opata
10-28 1 Paseo Del Campo/Via Campesina
10-29 1 Paseo Del Campo/Via Campesina
10-30 0 4441 Via Pavion
10-31 1 4457 Via Pinzon
10-32 2 605 Via Gorrion
10-33 1 4201 Via Pavion
10-34 1 Via Pavion just e/o 4200 Via Alondra
10-35 1 2133 PV Drive W (Lunada Bay Auto)
11-1 0 2812 Via Campesina on Horquilla side
11-3 1 Median across from 2200 Via Fernandez
11-4 1 Behind 100 Via Las Vegas in parkland
11-5 1 In front of 100 Via Las Vegas
11-6 2 Via Las Vegas at 3700 Via Cardelina
11-7 1 3633 Via La Selva
11-8 2 3636 Via La Selva
11-9 1 200 Via Las Vegas
11-10 2 PVDN across from 204 Via Las Vegas
11-11 2 At and across street from 3644 PVDN
11-12 2 At and across street from 204 Via Navajo ON PVDN
11-13 1 Via Navajo crossing at PVDN
11-14 2 300 Via Navajo
11-15 1 301 Via Navajo
11-16 1 304 Via Navajo ON PALOMINO
11-17 1 305 Via Navajo ON PALOMINO
11-18 1 3432 Via Palomino
11-19 1 3600 Via Palomino
11-20 0 3644 Via Palomino
11-21 1 4001 Via Solano
11-22 0 3949 Via Cardelina
11-23 0 4000 Via Cardelina
11-24 0 Via Alcance across from 4000 Via Cardelina
11-25 1 4145 Via Solano at Via Verderol
11-26 1 4141 Via Solano
11-27 1 4001 Via Solano
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CATCH 
BASIN 

NUMBER

# OF 
BASINS LOCATION

11-28 1 Via Colorin at 4048 Via Solano
11-29 0 200 Via Colorin
11-30 1 4033 Via Gavilan
11-31 1 Via Gavilan at 209 Via Colorin
11-32 1 Via Largavista at 203 Via Colorin
11-33 1 Via Colorin at 4036 Via Largavista
11-34 1 Via Colorin at 4100 Via Largavista
11-35 1 Picaposte
11-36 2 4313 Via Valmonte
11-37 1 4316 Via Valmonte
11-38 1 4315 Via Nivel
11-39 2 601 Via Paro
11-40 1 4301 Via Valmonte
11-41 1 4241 Via Pinzon
11-42 1 4309 Via Pinzon
11-43 2 2404 Via Anita
11-44 1 2405 Via La Selva
11-45 0 1577 Via Zurita
11-46 1 1588 Via Zurita
11-47 2 521/525 Via Del Monte

477
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TMDL Background 

The Santa Monica Bay Nearshore and Offshore Debris TMDL was adopted by the California Regional 

Water Quality Control Board, Los Angeles Region (RWQCB) on November 4, 2010.  The TMDL became 

effective upon approval by the United States Environmental Protection Agency on March 20, 2012.  This 

TMDL established a numeric target of “zero trash in Santa Monica Bay.”  This TMDL is using the National 

Oceanic and Atmospheric Administration’s (NOAA) definition of trash as: 

 “any persistent solid material that is manufactured or processed and directly or indirectly, intentionally 

or unintentionally, disposed of or abandoned into the marine environment.”   

Naturally occurring vegetative waste is not considered trash under this TMDL. 

This TMDL assigns a final Waste Load Allocation (WLA) of zero to Caltrans, the unincorporated areas of 

Los Angeles County and sixteen municipalities, including Rancho Palos Verdes, within the Santa Monica 

Bay Watershed.   The default baseline (initial) trash generation rate has been established as 807 gallons 

per square mile per year.  Agencies discharging to Ballona Creek are subject to similar, but separate 

requirements under the existing Ballona Creek Trash TMDL (R01-014). 

Geographical Setting 

The City of Rancho Palos Verdes is located at the southern end of Santa Monica Bay.   Approximately 

5,800 acres of the city are tributary to Santa Monica Bay.  Land use is primarily single-family residential 

with substantial areas of open space and parks and limited commercial and other areas.  There are catch 

basins owned and operated by both the City and County Flood Control District within the Santa Monica 

Bay tributary area of the city. 

 

Implementation 

The TMDL specifies two methods for complying with the WLA: 

1) Compliance may be achieved through the installation of certified catch basin inserts designed to 

retain particles in runoff with 5mm screens.   These screens must be installed over an eight year 

period.  A zero trash discharge will be considered achieved upon completion of the installation 

on all conveyances to Santa Monica Bay. Or, 

2) A combination of installation of partial capture screens (such as curb-face screens) and 

institutional controls (such as street sweeping, public education and hand-pick up) can 

alternately be used.  This will necessitate a mass-balance “Daily Generation Rate” study as 

verification of compliance. 

A third option, a Minimum Frequency of Assessment and Collection Program (MFAC) is not identified as 

being available to Rancho Palos Verdes under this TMDL (page 23, Table 7-34.3). 
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Implementation Schedule 

The City of Rancho Palos Verdes is already installing full-capture catch basin inserts in areas subject to 

the Machado Lake Trash TMDL and intends to follow the same procedure (option 1 above).  The 

implementation schedule for the Santa Monica Bay Nearshore and Offshore Debris (this TMDL) is: 

March 2016 Installation of 20% of conveyance with  full capture systems 

March 2017 Installation of 40% of conveyance with  full capture systems 

March 2018 Installation of 60% of conveyance with  full capture systems 

March 2019 Installation of 80% of conveyance with  full capture systems 

March 2020 Installation of 100% of conveyance with  full capture systems 

 

The city has already established operation and maintenance procedures for full capture trash inserts for 

the Machado Lake Trash TMDL, and intends to follow these same procedures. 

 

 

 

 

 

 

 

The City may from time to time request approval from the Executive Officer of the Regional Board to 

amend this TMRP to substitute alternative implementation measures following option 2 above of partial 

capture and institutional controls in areas of minimal trash generation.  The default baseline will be 

followed and the establishment of a definition of a “Major Rain Event” if necessary will be made at the 

time of the submittal of any proposed amendment. 

 

This TMRP is subject to modifications if the Water Quality Funding 

Initiative (WQFI) is not approved by the voters by August 1, 2014  
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1.0 Executive Summary  
 
On November 4, 2010, the Regional Board adopted an amendment to the Water Quality 
Control Plan for the Los Angeles Region (Basin Plan amendment), to incorporate a 
TMDL for debris in nearshore and offshore Santa Monica Bay (SMB). It was 
subsequently approved by the United States Environmental Protection Agency (US 
EPA) and the SMB Nearshore and Offshore Debris TMDL (Debris TMDL)too effect on 
March 20, 2012.   
 
The Debris TMDL is based on the establishment of numeric targets for Waste Load 
Allocations for Point Sources (WLA), and Load Allocations (LA) for Non-Point sources 
and includes an eight year implementation and compliance schedule for responsible 
agencies.   
 
This report outlines the Debris TMDL Monitoring and Reporting Plan (TMRP) as 
required by Resolution No. R10-010 of the Los Angeles Regional Water Quality Control 
Board (Regional Board).   
 
The TMRP is broken down into two categories; Point Sources and Non-Point Sources.  
Section 2 provides details of the TMDL provisions; Section 3 discusses implementation 
measures to address point sources and Section 4 outlines programs to address non-
point sources.   
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2.0  INTRODUCTION 
 
The Santa Monica Bay was listed on the 1998, 2002 and 2006 Federal Clean Water Act 
Section 303(d) list of impaired water bodies for debris.  The following designated 
beneficial uses of Santa Monica Bay are impaired by debris: 
 

 Industrial service supply (IND) 
 Navigation (NAV) 
 Water contact recreation (REC-1) 
 Non-water contact recreation (REC-2) 
 Commercial and sport fishing (COMM) 
 Estuarine habitat (EST) 
 Marine habitat (MAR) 
 Preservation of biological habitats (BIOL) 
 Migration of aquatic organisms (MIGR) 
 Wildlife habitat (WILD) 
 Rare threatened or endangered species (RARE) 
 Spawning reproduction and or early development (SPWN) 
 Shellfish harvesting (SHELL) 
 Wetland habitat (WET) 

 
Most of the land-based debris is discharged to the marine environment through storm 
drains.  Land-based non-point sources of debris include inappropriate disposal of debris 
at land areas such as beaches and marinas adjacent to Santa Monica Bay or water 
bodies within the Santa Monica Bay Watershed Management Area.  Other non-point 
sources of debris include direct deposition and dumping. 
 
The City of Redondo Beach is located within the Santa Monica Bay Watershed 
Management Area.  The City conveys stormwater runoff to the Santa Monica Bay. 
 
2.1 REGULATORY BACKGROUND 
 
The Federal Clean Water Act of 1972 (CWA) requires states to develop a list of 
impaired waters and identify pollutants for which they are impaired, also known as the 
303(d) list.  States must establish Total Maximum Daily Load (TMDL) that will bring 
impaired water bodies into compliance with the water quality standards to achieve 
designated beneficial uses.  
 
On November 4, 2010 the Los Angeles Regional Water Quality Control Board 
(LARWQCB) adopted an amendment to the Water Quality Control Plan for the Los 
Angeles Region (also known as the Basin Plan) incorporating a TMDL for Debris in 
Santa Monica Bay.  The State Water Resources Control Board approved the TMDL on 
December 6, 2011 followed by the Office of Administrative Law’s approval on March 15, 
2012.  The Santa Monica Bay Nearshore and Offshore Debris TMDL was approved by 
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the United States Environmental Protection Agency (US EPA) and took effect on March 
20, 2012.  
 
2.2 TMDL PROVISIONS 
 
Potential sources of debris in Santa Monica Bay are categorized either as point sources 
or non-point sources.  Storm drains that convey debris to the bay are considered point 
sources because the debris is deposited from an identifiable point. Wind blown debris 
from recreational and other land uses in the immediate vicinity of the bay, scattering by 
vectors such as birds, conveyance via sheet flow during rain events, or direct dumping 
or littering into the bay are considered non-point sources.   
 
2.2.1 WASTE LOAD ALLOCATIONS (WLA) 
 
The Debris TMDL assigns Waste Load Allocations (WLA) to agencies within the Santa 
Monica Bay Watershed Management Area that discharge via storm drains to the Santa 
Monica Bay.  These agencies as designated as responsible agencies.  The City of 
Redondo Beach is a responsible agency.    
 
Each responsible agency shall comply with agency tasks outlined and the interim and 
final WLA assigned.  The first task is to submit a Trash Monitoring and Reporting Plan 
(TMRP) six months from the effective date of TMDL or September 20, 2012.  The 
following lists the interim and final WLA:  
 

 Install full capture systems or other measures to achieve 20% reduction of trash 
from baseline WLA  - four years from effective date of TMDL 

 Install full capture systems or other measures to achieve 40% reduction of trash 
from baseline WLA – five years from effective date of TMDL 

 Install full capture systems or other measures to achieve 60% reduction of trash 
from baseline WLA – six years from effective date of TMDL 

 Install full capture systems or other measures to achieve 80% reduction of trash 
from baseline WLA – seven years from effective date of TMDL 

 Install full capture systems or other measures to achieve 100% reduction of trash 
from baseline WLA – eight years from effective date of TMDL 

 
The default baseline WLA is 807 gal/sq mi/year.  The final WLA is zero trash.  Zero 
trash is defined as no trash discharged into water bodies within the Santa Monica Bay 
Watershed Management Area and then into Santa Monica Bay or on the shoreline of 
Santa Monica Bay.  

 
2.2.2 LOAD ALLOCATIONS (LA) 
 
The Debris TMDL assigns Load Allocation (LA) to agencies that own and/or manage 
beaches and harbors along Santa Monica Bay.  The City of Redondo Beach own and 
operates King Harbor.   
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Each responsible agency shall comply with tasks outlined in the TMDL and the interim 
and final LA.  The first task is to submit a Trash Monitoring and Reporting Plan (TMRP) 
including a Minimum Frequency Assessment and Collection or MFAC/BMP program six 
months from the effective date of TMDL or September 20, 2012.  The following lists the 
interim and final LA: 
 

 Demonstrate full compliance by achieving LA between required trash collection 
and assessment events – five years from effective date of TMDL 

 Reconsider the TMDL based on evaluation of effectiveness of MFAC/BMP 
program, if warranted – five years from effective date of TMDL 

 
The final LA is zero trash.  Zero trash is defined for nonpoint sources as no trash on the 
shoreline or beaches, or in harbors adjacent to Santa Monica Bay immediately following 
each assessment and collection even consistent with an established Minimum 
Frequency of Assessment and Collection Program (MFAC Program). Nonpoint source 
discharges may achieve the LA by implementing an MFAC/BMP program approved by 
the Regional Board Executive Officer and the MFAC demonstrates that there is no 
accumulation of trash. 
 
2.3 MONITORING AND REPORTING PLAN DEVELOPMENT 
 
To comply with the Debris TMDL, responsible agencies are required to submit a TMRP 
to the Regional Board for review and approval.  The TMRP shall include a plan for 
defining the trash baseline WLA, a proposed definition of “major rain event” and “proper 
operation and maintenance.”   
 
The TMPR shall include a prioritization of areas that have the highest trash generation 
rates.  The TMRP shall give preference to this prioritization when scheduling the 
installation of full capture devices, BMPs, or trash assessment and collection (MFAC) 
programs.  The TMRP shall also evaluate and identify the most appropriate BMPs to 
implement given the nature of trash impairment. 
 
The TMRP shall also include an evaluation of effectiveness of the MFAC/BMP program 
to prevent trash from accumulating in deleterious amounts that cause pollution or 
nuisance or adversely affect beneficial uses between collections, proposals to enhance 
BMPs, and a revised MFAC for Regional Board Executive Officer review.   
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3.0 POINT SOURCES 
 
The City of Redondo Beach is a 6.2 square mile beach community with a population of 
approximately 65,000.  The City is located twenty-five miles southeast of downtown Los 
Angeles.  The City discharges 4.3 square miles to Santa Monica Bay with some areas 
located in northern part of the city draining to Dominguez Channel and minimal runoff to 
Machado Lake.   
 
3.1 EXISTING CONDITIONS 
 
There are approximately 812 catch basins in the Santa Monica Bay watershed.  345 are 
city owned and 467 belong to the County of Los Angeles.  Figures 2-1 and 2-2 show the 
Santa Monica Bay watershed and all the catch basin within it.   

 
 
Continuous Deflective Separator (CDS) units were installed at three of the City’s outfall 
locations: Sapphire, Calle Miramar, and Torrance Circle to prevent the discharge of 
debris into the Santa Monica Bay.  To date, the city’s does not have other capture 
devices in place.    
 
The City of Redondo Beach’s existing maintenance efforts are as follows: 
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 Street sweeping at all streets on a weekly basis 
 Cleaning of all catch basins once a year  
 Cleaning of CDS units once a year  

 
3.2 COMPLIANCE STRATEGIES 
 
Redondo Beach is identified as a point source agency in the TMDL.  For point source 
implementation, the City of Redondo Beach will install full capture systems, approved by 
the Los Angeles Regional Water Quality Control Board (LARWQCB), throughout the 
storm drain system draining to Santa Monica Bay in accordance with implementation 
phasing schedule as outlined in the TMDL.  The City currently has three CDS units at 
three of the city’s outfalls.  The specifications of the CDS units will be submitted to the 
LARWQCB to review and approve as full capture devices.   
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4.0 NON-POINT SOURCES 
    
The harbor-pier area is located at the north boundary of the City of Redondo Beach’s 
2.6 mile coast line.  The northern boundary of this area adjoins Hermosa Beach.  The 
harbor includes three basins occupied by 1400 boat slips.  Basins 1 and 2 are used for 
recreational boats while Basin 3 is used for commercial marine operations.  The three 
basins are operated by private businesses.  The area surrounding the water is occupied 
by an assortment of commercial business.  These include restaurants, hotels, 
apartments, fitness center, other marine related businesses and surface parking lots 
and parking structures. 
 
Stormwater runoff is collect by over 80 small catch basins/curb opening located 
throughout the harbor-pier area before being discharged into the Harbor or Bay.  The 
configuration of the catch basins include: a simple curb open that drains under a 
sidewalk, grated inlets, side opening inlet, etc. 

 
There are a number of storm drains that discharge into the harbor and shoreline which 
collects runoff from areas outside of the harbor-pier attainment area.  The trash/debris 
in these watersheds will be address by the point source portion of the TMRP.  Therefore 
assessment of the harbor-pier attainment area will avoid portions of harbor and 
shoreline that are impacted by these storm drains.  

  
4.1 EXISTING CONDITIONS 
 
The pier surface is cleaned on a four time 
per week using a motorized water spray 
vacuum sweeping machine.  All water 
sprayed onto the surface is vacuumed up 
and disposed of to the sanitary sewer 
system.  Trash receptacles are positioned 
throughout the pier area and are emptied 
multiple times during the day.  The trash 
receptacles are covered to minimize bird 
access.  Trash bins utilized by the 
businesses, located on the pier, are 
located in cover and enclosed structures.  
The bins are emptied on a daily basis. 
The harbor includes three basins and the 
main channel.  The areas around then are 
swept on a regular basis and floating 
trash is removed from the water of Basins 
1 and 2  using hand held skimmers by 
boaters on a regular basis.  Basin 3 
doesn’t accumulate a significant amount 
of trash and therefore is clean on an as 
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needed basis.  Trash bin used by the business in the harbor are a typically located in 
enclosure and each trash bin has a cover. The beach area around the pier is cleaned 
on an as needed basis 
  
4.2 IMPLEMENTATION STRATEGY FOR OBTAINING TARGETS  
 
TMDL defines the numeric target and load allocations (LAs) for Santa Monica Bay non-
point sources as “zero trash in Santa Monica Bay and on the shoreline”.  The document 
defines “zero” as “no trash immediately following each assessment and collection event 
consistent with an established Minimum Frequency of Assessment and Collection 
Program (MFAC Program). The MFAC Program is established at an interval that 
prevents trash from accumulating in deleterious amounts that cause nuisance or 
adversely affect beneficial uses between collections. Pursuant to Water Code section 
13269, waste discharge requirements are waived for any responsible jurisdiction that 
implements a MFAC/Best Management Practices (BMP) Program which, to the 
satisfaction of the [LARWQCB] Executive Officer, meet the following criteria: 
 

1. Includes an initial minimum frequency of trash assessment and collection and 
suite of structural and/or nonstructural BMPs. 

2. Includes collection and disposal of all trash found in the water and on the 
shoreline. 

3. Includes reasonable assurances that it will be implemented by the responsible 
jurisdiction. 

4. Includes a Trash Monitoring and Reporting Plan (TMRP), and a requirement that 
the responsible jurisdictions will self-report any non-compliance with its 
provisions. The results and report of the TMRP must be submitted to Regional 
Board on an annual basis. 

5. Includes protocols based on SWAMP protocols for rapid trash assessment, or 
alternative protocols proposed by dischargers and approved by the Executive 
Officer. 

6. Includes a Health and Safety Plan to protect personnel. The MFAC/BMP shall 
not require responsible jurisdictions to access and collect trash from areas where 
personnel are prohibited.” 

  
4.3 STRUCTURAL BMPS 
(None) 
 
4.4 NON-STRUCTURAL BMPS 
 

 Increase number of trash can throughout the harbor and pier areas 
 Increase signage and public outreach 
 Remove trash from harbor waters on a regular basis 
 Clear parking lots and other surface around the harbor on a regular basis 
 Increase cleaning event on the beach adjacent to the pier 
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Special Events Permits for large events requiring a maintenance fee to ensure event will 
be staffed with enough maintenance staff to minimize lake and shoreline trash levels 
 
MFAC Program: Initial minimum frequency of collection and assessment. 
 

Trash Collection - 
1. Area surrounding harbor and pier – regularly 
2. Shoreline – once per week; and  
3. Harbor waters – regularly. 

 
Assessment - SWAMP Rapid Trash Assessment Protocol utilized for monitoring 
once per month immediately following collection events (see Attachment A). 

 
Minimum frequency of trash assessment and collection will be adjusted during the 
TMRP period to insure compliance with the TMDL. 

 
4.5 MONITORING SITES 
 
Assessments and surveys will be conducted primarily in areas where it has been 
observed that trash tends to congregate in and around the lake. The monitoring sites 
have been divided into two categories with four sites in each category: 
 
4.5.1 HARBOR 
 
Monitoring of trash in the harbor will take place at the locations indicated in Figure 3-1. 
Three of the four sampling sites are located where trash tends to congregate in the 
harbor: in the northwest corner of Basin (H1), in the northwest corner of Basin 2 (H2), 
and in the southwest corner of Basin 2 (H3). The fourth site is in the north end of the 
Main Harbor Channel (H4) to assess trash that maybe coming from the breakwater 

 
4.5.2 SHORELINE 
 
As shown in Figure 3.3, monitoring of trash along the shoreline will take place at the 
following locations: south edge of the south portion of the pier (P1), Midpoint on the 
beach between the pier (P2), north edge of the north portion of the pier (P3), a 40 foot 
swath from high water to the inland limits of the sand will be used to assess trash at 
these sites as described in the following procedures. 
 
4.6 ASSESSMENT AND MONITORING METHODOLOGY 
 
Establishing Trash Baseline WLAs for non-Caltrans Entities 
The WLAs and LAs allowed for the TMDL is “zero trash”. The default Baseline per the 
TMDL is 807 gals per sq. miles per year.  The land area surrounding the harbor-pier is 
approximately 0.1 sq. miles while the entire size of the harbor-pier attainment area is 
0.3 sq. miles.  Since boats could be a contributor of trash the larger area will be used to 
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determine the baseline.  Therefore the initial Baseline LA will be 250 gallons per year.  
However, since the harbor-pier area is unique a revised Baseline LA will be determine 
during the early stages of the assessment period.  The average of the trash/debris 
collect during the first three assessments will be used as the baseline.  Should 
additional data be needed to further establish the baseline, the City of Redondo Beach 
will make arrangements for collection of the desired data. 
 
Sampling Parameters 
As recommended by the TMDL, the TMDL TMRP will utilize the Rapid Trash 
Assessment Protocol of the San Francisco Bay Regional Water Quality Control Board’s 
Surface Water Ambient Monitoring Program (SWAMP). The trash assessment 
parameters for sampling immediately following collection are: level of trash, actual 
number of trash items found, threat to aquatic life, threat to human life, illegal dumping, 
illegal littering, accumulation of trash, and type of trash (i.e. plastics, biohazards, etc.). 
Further detail regarding each of these parameters can be found on the attached Rapid 
Trash Assessment Worksheets (Attachment A). 
 
Purpose 
The purpose of this assessment is to evaluate the effectiveness of trash collection over 
time and to collect data needed to improve collection operations. For example, if it is 
determined that small waste items are frequently overlooked during collections, then 
adjustments in collection methods and equipment may be made to improve the 
effectiveness of the trash collection program. These assessments will also provide the 
basis for adjustments in frequency of collections and assessments as point-source 
BMPs begin to reduce trash levels in the harbor and shoreline. 
 
Sampling Schedule 
Sampling and assessment will take place at least twice monthly immediately following a 
trash collection event, and also throughout the year after trash collection has been 
completed following several special events (such as the first major storm (with greater 
than .25 inches rainfall) or community cleanup or other events) that affect trash levels. 
 
Methodology 
Using SWAMP, shoreline trash levels following collection (a parameter demonstrating 
BMP effectiveness) will be assessed along 40-foot swath from high water to inland 
extend of the beach at three pre-selected sampling sites and within the harbor at the 
four sampling sites indicated on Figure 3-1. 
 
Collection and Transportation 
Trash will be collected on the shorelines by foot and in the harbor by hand skimmer. 
Collected trash will be placed in 55-gallon bags and transported via dump truck to trash 
bins located at the Public Works facility. Trash will also be collected during assessment 
following trash collection. 
 
Personnel Health and Safety 
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City of Redondo Beach staff collecting trash and conducting surveys along the shoreline 
will use appropriate safety equipment and protocol including wearing hip waders and 
gloves and using litter sticks to retrieve trash and place it in garbage bags. City of 
Redondo Beach staff collecting trash on the harbor surface will do so from the harbor 
edge and will wear safety vests and gloves, and use litter sticks and nets to retrieve 
trash and place it in garbage bags. 
 
Specific Procedures 
 

1. Site Definition – At each monitoring site, a team of at least two people who have 
previously been trained on the Rapid Trash Assessment Protocol will define a 
20-foot section of the shoreline to analyze. The GPS coordinates of the section 
will be documented on the data sheet as “upper and lower boundaries of reach”. 
The high water line will be identified and documented. 

 
2. Survey – Tasks will be divided among team members. A team member will 

collect photographic documentation of the survey site to include a photo of the 
general area of the monitoring site, and photos of any trash items of interest. 
Trash collection should be done with appropriate safety equipment and gear 
such as trash grabbers. The recorder will record data on the rapid trash 
assessment worksheets as either finding the trash items above the high water 
line on the shore or below the high water line on the bank. Surveyors should 
search for trash under bushes, logs, and other plant growth. The recorder marks 
tally lines (׀) for trash above the high water line and dots (•) for trash found below 
the high water line. The recorder will also note in the tally sheet if it is evident that 
items have been littered, dumped or accumulated via downstream transport. If 
the cleanup is the first one following a rain event, the rainfall of the rain event will 
be recorded in inches. 

 
3. Tally Sheet Calculations - Once the tallying is completed, the team will count up 

two totals for each trash item line, one for the trash found above the high water 
line and one found below the high water line. The sum of the two categories will 
be calculated and recorded next to each category. 

 
4. Scoring the Site - The team will then discuss the trash assessment parameters 

and the condition categories and agree on a score, keeping in mind that not all 
specific trash conditions mentioned in the condition category narratives need to 
be present to fit into a specific condition category (Scores of “0” are for extreme 
conditions only). The team will record any unique site conditions and any 
possible influential factors affecting trash levels at the site at the end of the sheet. 
The team will complete all worksheets before leaving the site. The final score will 
be summed and recorded on the worksheet. 

 
5. Measuring the Amount of Trash Collected – The team will measure the weight of 

trash collected in pounds. 
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4.7 QUALITY ASSURANCE/QUALITY CONTROL 
 

1. Assessment Team will be trained, evaluated and retrained. 
2. Assessments will occur twice monthly to minimize discontinuous or unreliable 

data. 
3. Implementation of TMRP will be evaluated on a quarterly basis and modified to 

support successful implementation of the TMDL requirements 
 
4.8 REPORTING MONITORING RESULTS  
 
Trash assessments will be kept on file and summarized in an annual report that will 
compare previous years to current year and report and track progress in reaching the 
zero trash targets. The Santa Monica Bay Marine Debris TMDL has been in effect since 
March 20, 2012. This TMRP must be submitted for approval by September 20, 2012. 
Implementation of the TMRP must begin within 6 months of receipt of approval from the 
Regional Board.   
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BACKGROUND 
 

The Environmental Protection Agency (EPA) is required to establish limits for 
pollutants to navigable waters referred to as Total Maximum Daily Loads (TMDLs).  The 
Los Angeles Regional Water Quality Control Board (Board) is the regulatory agency 
assigned by the EPA to set the TMDLs for Los Angeles County.  The Board adopted the 
Santa Monica Bay Nearshore and Offshore Debris TMDL via Resolution No. R10-010, 
dated November 4, 2010 amending Chapter 7 of the Water Quality Control Plan for the 
Los Angeles Region, as set forth in Attachment A, see Appendix A. 
 

Before the Santa Monica Bay Debris TMDL was adopted the City of Torrance 
installed four CDS units at Torrance Beach to prevent direct discharges of trash and 
Debris onto Torrance Beach. 

 
The stormwater from the City of Torrance that requires treatment for bacteria 

comes from the portion of Torrance north of Torrance Boulevard and west of Prairie 
Avenue is tributary to the County’s Herondo Drain.  Most of this watershed area is 
tributary to the Amie, Henrietta and Entradero stormwater detention basins.  To address 
the Santa Monica Bay Beaches Bacteria TMDL the City Council approved the 
Stormwater Basin Enhancement Project, CIP No. I-102, to fund the following 
opportunities for these basins: 
 

 Amie Basin could provide passive wetland treatment and additional 
infiltration, 

 Henrietta Basin could provide passive wetland treatment, additional infiltration 
and habitat restoration, and 

 Entradero Basin could provide passive wetland treatment, additional 
infiltration, habitat restoration and improved public access without affecting 
the existing park and baseball activities. 

 
Each watershed for the aforementioned basins will have automatic retractable screens 
installed at every catch basin and “No Parking” signs will be installed to enhance street 
sweeping.  This project is fully funded and under final design. 
 
 
 
BMP EVALUATION AND SELECTION 
  
The City of Torrance conducted a two year study of full capture catch basin trash screen 
inserts and automatic retractable curb grates to select which products the City would 
specify in future projects for Machado Lake Trash TMDL and now the Santa Monica 
Bay Debris TMDL. 
 
The City of Torrance Public Works Department conducted a two-year pilot study of a 
variety of full-capture catch basin trash screen inserts and automatic retractable curb  
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grates installed in a limited number of selected catch basins in areas with and without 
“No Parking” signs for street sweeping.  The areas were tributary to Machado Lake.   
 
In order to effectively achieve compliance with the Trash TMDLs, the City conducted a 
pilot study to evaluate the operation, maintenance and efficiency of a variety of full-
capture catch basin trash screen inserts and retractable catch basin curb grates that 
would ultimately be installed in all catch basins in TMDL tributary areas, and to 
determine the effectiveness of posting “No Parking” signs. 
 
The City wanted to evaluate the use of full-capture catch basin screen inserts and flow-
activated, automatic retractable curb grates to test if they can be used effectively 
without causing localized flooding and if posting “No Parking” signs helps the 
effectiveness of these systems.  The City engaged the services of three selected firms 
to design, furnish, and install their full-capture catch basin trash screen inserts and/or 
retractable curb grates in the selected catch basins, followed by a two-year monitoring 
period to assess their performance through two consecutive wet seasons.  The intent of 
the pilot study was to install full-capture catch basin trash screen inserts and retractable 
curb grates, from a variety of vendors, in order to assess their performance with and 
without “No Parking” signs posted, and select the most effective products that would 
have minimal impact on the existing storm drain system and require the lowest 
maintenance.  Three companies were selected based on the varying designs of full-
capture catch basin trash screen inserts and retractable catch basin curb grates they 
offer.  The selected firms included West Coast Storm, Inc. (San Bernardino, CA), which 
provided both screen inserts and curb grates, Ecology Control Industries dba American 
Storm Water (Torrance, CA), which provided both screen inserts and curb grates, and 
Advanced Solutions (Corona, CA), which provided screen inserts only.   
 
The flow-activated, automatic retractable curb grates used in the study encompassed 
the entire curb opening.  The grates were designed to block trash, while allowing 
surface runoff to enter the catch basin.  The trash would then be removed from the in 
front of the catch basin openings (gutter) through regular street sweeping operations.  
The study also considered the effectiveness of “No Parking” signs associated with the 
street sweeping operations.  In the event that material obstructs the runoff to enter the 
catch basin, and/or runoff flow is excessive due to a moderate or severe storm, the 
grates would swing open from the hydraulic force (flow-activated) in order to prevent 
any localized ponding or flooding. 
 
The full-capture catch basin trash screen inserts used in the study were installed inside 
the catch basins and covered the outlet opening, with either the screen height ending at 
the top of the catch basin outlet, or overflow openings at the top of the inserts above the 
top of the catch basin outlet.  The function of the inserts is to capture all trash washed 
(or blown) into the catch basin while maintaining adequate drainage capacity of the 
catch basin.  The catch basins were periodically inspected and cleaned out by normal 
Vactor Truck cleaning operations. 
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Thirty-five (35) selected catch basins were selected.  The catch basins were selected 
based on their varying designs, their tributary area’s history of trash generation, and 
streets both with and without current “No Parking” restrictions adjacent to the basins.  
Catch basin locations included the area generally surrounding the intersection of 
Crenshaw Boulevard and Sepulveda Boulevard (primarily commercial and residential), 
in the area just west of Arlington Avenue between 229th Street and 235th Street 
(primarily residential), on 223rd Street just east of Arlington Avenue (primarily 
residential), and on Torrance Boulevard just east of Madrona Avenue (primarily 
commercial). 
 
Currently, the City’s Sewer/Storm Drain Maintenance and Sweeping Field Crews clean 
all catch basins in the City at least once a year, prior to the wet weather season.  For 
this Pilot Study, field crews inspected the installation of screens and grates in the 
selected catch basins, and performed data collection and measurements during the 
2009-2010 and 2010-2011 wet seasons.  Field crews cleaned out the retro-fitted catch 
basins at the beginning of the study, then once every year prior to the wet season, and 
also after significant rain events upon observation and as necessary for proper 
drainage.  The City’s Public Works Department currently owns and operates three 
Vactor Trucks that are used for cleaning out catch basins, manholes, and storm drains. 
 
Existing data collection procedures were employed and amended as necessary for the 
pilot study.  Data from individual events were recorded in tabular form.  Existing 
historical catch basin observation and cleaning records were reviewed and compared 
with that of the data collection from this study. 
 
Field conditions observed and recorded by field crews during the study included 
weather conditions, catch basin location, observations of street surroundings, 
observations of the exterior and interior of the retro-fitted catch basins including 
localized ponding and accumulated trash, structural conditions of the screens and 
grates, and street cleaning status at time of observation.  Photos were taken to 
complement the data. 
 
 
Determination of overall catch basin trash screen and curb grate effectiveness relied on 
field observations, trash collection and measurement, and street sweeping/cleaning 
frequency.  Tabular results and associated photos compiled by field crews are provided 
in Appendix B.  The photos are arranged chronologically by manufacturer, and are 
labeled and referenced by Photo Number, Catch Basin Number, and Base Map 
Reference Number, see Appendix C for a map of catch basin locations. 
 
During the study, there were two rain events of a significant magnitude to trigger 
cleaning events for flood control.  One event occurred January 19 – 21, 2010 and a 
second occurred January 27 – 28, 2010 (see Photo Nos. 92 – 106).  Precipitation data 
for the rain events and for the days which field crews were observing and recording field 
conditions were compiled from the Torrance Airport and are included in Appendix D. 
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The intent of the trash screens was to collect trash and debris behind the screens with 
the stormwater filtering through them, unless the combination of debris and hydraulic 
flow during a moderate or severe storm was excessive enough to where the water 
would overflow and bypass the screens, thus preventing any localized ponding or 
flooding.   
 
More sediment and vegetation was observed in those catch basins in the residential 
areas (see Catch Basin Nos. 11 – 32) , while those catch basins in commercial areas 
had more trash, i.e., cups, bottles, bags, newspaper, and other Styrofoam, plastic and 
paper products (see Catch Basin Nos. 1 – 10). 
 
Vegetation (leaves, grass) lowered the effectiveness of the retro-fitted catch basins and 
exacerbated their cleaning frequency (see Catch Basin No. 11 -32).  Based on the size 
of the screen and grate openings, the lack of more frequent cleaning would result in 
clogging, diminishing the ability of the screens and grates to retain trash, essentially 
decreasing the volume of the catch basin, and increasing the probability of localized 
ponding or flooding. 
 
Ten full capture trash screen inserts experienced structural failure due to the excessive 
weight of trash and vegetation captured by them, and were subsequently removed to 
prevent localized flooding (see Photo Nos. 31, 32, 81, 83, 85, 86, 88, 89, 90, and 91).  
The main problem stemmed from twigs and branches, blown onto the streets during rain 
events, clogging the screen overflows.  The full capture screens were clogged primarily 
by leaves also blown into the streets.  The frequency of street sweeping or placement of 
“No Parking” signs did not impact this failure in as much as the leaves and twigs were 
blown from trees during rain events. 
 
The automatic retractable curb grates were observed to work satisfactorily with 
associated street sweeping operations (see Photos Nos. 4, 5, 6, 7, 15, 17, 18, 22, 23, 
25, 33, 34, 52, 56, 57, 58, 59, 60, 63, 66, 67, 68, and 70 -77).  The grates and swing 
mechanisms manufactured by West Coast Storm appeared to operate more effectively 
during a moderate to severe storm event.  Improvements to the design and operation of 
the swing mechanism, and its ability to relock itself after it is opened from a significant 
rain event, would need to be addressed.  There was a noticeable difference in the 
amount of trash observed blocked by the curb grates or washed into the catch basins in 
neighborhoods without “No Parking” signs. 
 
The City also recently completed the installation of 41 automatic retractable curb grates 
as part of the Madrona Marsh Restoration and Enhancement Project, manufactured by 
West Coast Storm.  These grates were also observed to work satisfactorily with 
associated street sweeping operations, and the installation of “No Parking” signs. 
 
The use of any of the full capture trash screen inserts utilized in this study is not 
recommended at this time due to their excessive clogging and structural deficiencies, 
resulting in localized ponding/flooding which poses a potential liability to the City. 
 

RB-AR39971



Trash Monitoring & Reporting Plan: 
Santa Monica Bay Near Shore and Offshore Debris TMDL 

 

  5 
 

The use of automatic retractable curb grates is selected as a structural Best 
Management Practice (BMP), along with regular street-sweeping operations and 
associated “No Parking” signs to achieve compliance with the Trash TMDLs.  The 
automatic retractable curb grates are more structurally sound and pose less liability to 
the City from flooding, while preventing trash from entering the storm drain system. The 
trash remaining in the street/gutter is removed weekly and efficiently by street-sweeping 
operations.   
 
The City will continue to evaluate curb grate designs and work with the manufacturers to 
improve the effectiveness of automatic retractable curb grates based on the following 
criteria: 
 

 Prevent trash from entering the catch basins and maximize the amount of trash 
kept in the street/gutter; 

 Minimize ponding/flooding potential; 
 Improvements to the grate’s opening and closing operation; and 
 Ease of maintenance. 

 
 
Field crews will also conduct: (1) “drive-by” inspections to look for “open” grates 
following storm events; (2) “closed” grates during a storm event; and (3) any clogging 
caused by trash build up on the grate that could cause flooding. 
 
 
MONITORING AND REPORTING 
 
The City of Torrance cleans all catch basins annually and documents the volume of 
trash from the catch basins.  The waste collected by street sweeping is weighed at the 
landfill and records for pounds of trash per year are maintained.  The City of Torrance 
has four (4) major watersheds, the Machado Lake, Dominguez Channel, Santa Monica 
Bay and Retention Basin watersheds.  The street sweeper routes do not coincide with 
the watershed boundaries.  Street sweeping occurs every day for four (4) days a week 
and bins of street sweeper trash are hauled to the landfill daily.  Debris from each street 
sweeper is dewatered before placement into the bins to lower dumping fees and 
prevent spillage on the roads. 
 
The City of Torrance proposes to comply with the Santa Monica Bay Debris TMDL by 
installing automatic retractable curb grates on all catch basins in the watershed along 
with weekly street sweeping and installation of “No Parking” signs for street sweeping to 
enhance the effectiveness of the program.  To demonstrate compliance the City shall 
use a mass balance approach based on the Waste Load Allocation trash generation 
rate.  During the next catch basin cleaning cycle the trash in catch basins within the 
Santa Monica Bay Watershed representing the different land uses will be collected in 5 
gallon containers and weighed.  A “pounds per gallon” conversion factor will be 
developed this way and compared to the assigned Waste Load Allocation of 807 gallons 
per square mile per year.  A prorated share of trash hauled to the landfills will be 
compared to the Waste Load Allocation to demonstrate compliance with the Waste 
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Load Allocations.  Additionally, the City of Torrance owns and maintains the Amie, 
Henrietta and Entradero Detention Basins.  Observations of trash collected in these 
detention basins after installation of automatic retractable curb grates and “No Parking” 
signs will also be used to confirm the zero trash numeric target.  Observations of the 
Madrona Marsh sump where the automatic retractable screens and “No Parking” signs 
have been installed for the Madrona Marsh Restoration and Enhancement Project have 
already confirmed a zero trash loading for that watershed. 
 
Twenty (20) months from the receipt of the letter of approval for the Trash Monitoring 
and Reporting Plan from the Regional Board Executive Officer, and annually thereafter, 
the City shall submit results of implementing the Trash Monitoring and Reporting Plan 
toward meeting the TMDL Waste Load Allocation and zero target. 
 
 
PRIORITIZATION OF AREAS FOR BMP IMPLEMENTATION 
 
The Santa Monica Bay watersheds within the City of Torrance are 2,313 acres broken 
down into two parts in the northeast part of Torrance and southeast part of Torrance by 
Torrance Beach.  See Figure 1 for City of Torrance Santa Monica Bay Drainage Area.  
These watersheds are further broken down into the Storm Water Basin Enhancement 
Project watershed (1,427.4 acres, Figure 2) and 190th Street Watershed (157.3 Acres, 
Figure 4) in the northeast and the Torrance Beach Watershed (569.7 acres, Figure 3) 
and the Doris Sump Watershed (161.3 acres, Figure 5) in the southeast. 
 
The Santa Monica Bay Debris TMDL requires the prioritization of areas that have the 
highest trash generations rates.  Commercial, High Density Residential and Industrial 
areas have the highest trash generation rates and pursuant to Zoning Categories shown 
on Figure 1those areas are in the Storm Water Basin Enhancement Project and 
Torrance Beach watersheds.  The Storm Water Basin Enhancement Project watershed 
currently has a project of the same name fully funded and under final design with 
construction proposed to start March 2013.  The areas of Commercial and High Density 
Residential within the Torrance Beach watershed have already been addressed with the 
installation of four CDS units at Torrance Beach, see Figure 3. 
 
The Stormwater Basin Enhancement Project is a $4.4 million dollar project that is 75% 
funded by State Proposition 84 Grant Funds, 7% funded by Federal WATERwise grant 
funding and the remaining is 18% is local funding.  The Torrance Beach CDS units were 
fully funded State grant.  The City of Torrance has no dedicated funding for installation 
of trash screens.  Schedules proposed in Table 1 are dependent on the City obtaining 
sufficient funding. 
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Table 1.  City of Torrance CB retrofit schedule to meet the Santa Monica Bay Debris Trash TMDL. 
 
 
 
 

Compliance 
Date 

Actions Proposed 
City of Torrance (No. of CB 

Addressed/% of Goal) 
(cumulative by year) 

Year 1 
March 2013 

Submit TMRP & Obtain EO 
Approval 

(CDS units existing at Torrance 
Beach) 

36/8% 

Year 2 
March 2014 

Complete installation of ARS and 
No Parking Signs for Stormwater 

Basin Enhancement Project 
309/65% 

Year 3 
March 2015 

Submit first Annual Monitoring 
Report 

309/65% 

Year 4 
March 2016 

Submit Annual Monitoring Report 309/65% 

Year 5 
March 2017 

Submit Annual Monitoring Report 309/65% 

Year 6 
March 2018 

Submit Annual Monitoring Report 309/65% 

Year 7 
March 2019 

Contract and install ARS 
 190th Street watershed 

Submit Annual Monitoring Report 
361/77% 

Year 8 
March 2020 

Contract to install ARS  
 Doris Sump & Avenue I 

watersheds  
Submit Annual Monitoring Report 

470/100% 
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Figure 1 

City of Torrance 
Santa Monica Bay Drainage Area 
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City of Torrance
Santa Monica Bay Drainage Area

T:\Ernesto\GIS\2012\Storm Drain - Santa Monica Bay (2).mxd
T:\Ernesto\PDF\2012\Storm Drain - Santa Monica Bay (2).pdf

Figure 1

Not To Scale

Legend
Storm Water System Main Lines

Santa Monica Drainage Area (2313.1 Acres)

City Boundary

Commercial
High Density Residential
Industrial
Low Density Residential
Park

ZONING CATEGORIES

RB-AR39976



Trash Monitoring & Reporting Plan: 
Santa Monica Bay Near Shore and Offshore Debris TMDL 

 

  9 
 

 
 
 

(insert here) 
Figure 2 

City of Torrance 
Storm Water Basin Enhancement Project 
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Figure 3 

City of Torrance 
Torrance Beach Watershed 
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Figure 4 
City of Torrance 

190th Street Watershed 
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Figure 5 

City of Torrance 
Doris Sump Watershed 
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Attachment A to Resolution No.  R10-010 

 
           
 
 
 
 
 
 

Proposed Amendments 

 to the  

Water Quality Control Plan – Los Angeles Region 

for the 

Santa Monica Bay Nearshore and Offshore  

Debris TMDL 
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 Amendments: 
 

Table of Contents 

Add:  
 
Chapter 7. Total Maximum Daily Loads (TMDLs)  

    7-34 Santa Monica Bay Nearshore and Offshore Debris TMDL 

 
List of Figures, Tables and Inserts 
Add: 

Chapter 7. Total Maximum Daily Loads (TMDLs) 
Tables 
7-34  Santa Monica Bay Nearshore and Offshore Debris TMDL 
 7-34.1. Santa Monica Bay Nearshore and Offshore Debris TMDL, 

Elements 
  

7-34.2. Santa Monica Bay Nearshore and Offshore Debris TMDL, 
Implementation Schedule – Trash and Plastic Pellets from Point 
Sources 
 
7-34.3. Santa Monica Bay Nearshore and Offshore Debris TMDL, 
Implementation Schedule – Minimum Frequency of Assessment and 
Collection Program for Trash from Nonpoint Sources 
 

 
 
Chapter 7. Total Maximum Daily Loads (TMDLs)  
Santa Monica Bay Nearshore and Offshore Debris TMDL 
 
This TMDL was adopted by: 
 
The Regional Water Quality Control Board on November 4, 2010. 
 
This TMDL was approved by: 
 
The State Water Resources Control Board on [Insert Date]. 
The Office of Administrative Law on [Insert Date]. 
The U.S. Environmental Protection Agency on [Insert Date]. 
 
The elements of the TMDL are presented in Table 7-34.1 and the 

Implementation Plan in Tables 7-34.2 and 7-34.3. 
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Table 7-34.1  Santa Monica Bay Nearshore and Offshore Debris TMDL: 

Elements 

Elements Santa Monica Bay Nearshore and Offshore Debris TMDL 

Problem Statement  
Discharges of debris1, including trash and plastic pellets, 
into Santa Monica Bay violate water quality objectives, 
impair beneficial uses, and cause pollution and nuisance.  
Nearshore and offshore areas of the Santa Monica Bay 
were listed on the 1998, 2002, and 2006 Federal Clean 
Water Act Section 303(d) lists of impaired waterbodies for 
debris.  The water quality objectives applicable to debris 
include “Floating Material” and “Solid, Suspended, or 
Settleable Materials” in Chapter 3, and “Floating 
Particulates” in the California Ocean Plan (2005).  The 
following designated beneficial uses of Santa Monica Bay 
are impaired by debris:  industrial service supply (IND), 
navigation (NAV), water contact recreation (REC-1), non-
contact water recreation (REC-2), commercial and sport 
fishing (COMM), estuarine habitat (EST), marine habitat 
(MAR), preservation of biological habitats (BIOL), migration 
of aquatic organisms (MIGR), wildlife habitat (WILD), rare, 
threatened, or endangered species (RARE), spawning, 
reproduction, and or early development (SPWN), shellfish 
harvesting (SHELL), and wetland habitat (WET).   

Numeric Target  
(interpretation of the 
narrative water quality 
objectives for floating 
materials/particulates, 
and solid, suspended, or 
settleable materials2, 
used to calculate the load 
allocations) 

Trash 

Zero trash in Santa Monica Bay.   
 
Plastic Pellets 

Zero plastic pellets in Santa Monica Bay.   

Source Analysis Along the West Coast, land-based debris comprises more 
than half of the debris observed in the marine 
environment, undetermined sources of debris comprise 
less than half of the debris observed in the marine 
environment, and ocean-based debris comprises only 

                                                           
1
 According to the National Oceanic and Atmospheric Administration (NOAA) Marine Debris Program, debris 

is defined as “any persistent solid material that is manufactured or processed and directly or indirectly, 

intentionally or unintentionally, disposed of or abandoned into the marine environment” (NOAA 2010).  In this 

TMDL, trash does not include naturally occurring vegetation waste.  Plastic pellets, also known as plastic resin 

pellets, are small, round pellets that are the raw form of plastic. These pellets are melted down to form plastic 

products. 
2
 Narrative objectives are specified in the 1994 Los Angeles Regional Board Basin Plan, and in the 2005 

California Ocean Plan. 
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Elements Santa Monica Bay Nearshore and Offshore Debris TMDL 

approximately one-tenth of the debris observed in the 
marine environment.3  
 
Most of the land-based debris is discharged to the marine 
environment through storm drains. The primary sources of 
debris discharged from storm drains include litter, debris 
from commercial establishments and public venues, 
industrial discharges, garbage transportation, landfills, 
and construction debris.  
 
The principal source of plastic pellets is point source 
discharges through storm drains from industry that 
imports, manufactures, processes, transports, stores, 
recycles or otherwise handles plastic pellets. Accidental 
spills during transfer and transportation also contribute to 
plastic pellets entering storm drains and, ultimately, the 
Santa Monica Bay. 

Land-based nonpoint sources of debris include 
inappropriate disposal of debris at land areas such as 
beaches and marinas adjacent to Santa Monica Bay or 
waterbodies within the Santa Monica Bay WMA. Other 
nonpoint sources of debris include direct deposition and 
dumping.  

Marine-based sources of trash include boats and vessels. 

Loading Capacity 
Zero for both trash and plastic pellets, as defined in the 
Numeric Target.  

Margin of Safety 
Zero is a conservative numeric target for both trash and 
plastic pellets, which contains an implicit margin of safety.  

Seasonal Variations 
and Critical Conditions 

Discharge of trash and plastic pellets from storm drains 
and open channels occurs primarily during or shortly after 
a major rain event.  Discharge of trash from nonpoint 
sources occurs during all seasons, but can increase during 
high wind events, which are defined as periods of wind 
advisories issued by the National Weather Service.  
Additionally weekends and holidays, particularly those 
between April 15 through October 15, result in a 
substantial increase of trash littered on beaches, open 
space and parks.  

 

                                                           
3 S.B. Sheavly. 2007. “National Marine Debris Monitoring Program: Final Program Report, Data Analysis and 

Summary.” Prepared for U.S. Environmental Protection Agency by Ocean Conservancy, Grant Number 

X83053401-02. 76 pp. 

RB-AR39989



 

 - 5 - 

Elements Santa Monica Bay Nearshore and Offshore Debris TMDL 

Waste Load Allocations 
(for point sources) 

Trash 

The WLA is zero trash.  Zero trash is defined as no trash 
discharged into waterbodies within the Santa Monica Bay 
Watershed Management Area (WMA) and then into Santa 
Monica Bay or on the shoreline of Santa Monica Bay.   

Waste Load Allocations for trash (WLAs) are assigned to 
the California Department of Transportation (Caltrans, 
permittee for Statewide National Pollutant Discharge 
Elimination System (NPDES) Storm Water Permit, No. 99-
06-DWQ); Los Angeles County and the Cities of Agoura 
Hills, Calabasas, Culver City, El Segundo, Hermosa Beach, 
Los Angeles, Malibu, Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo Beach, Rolling 
Hills, Rolling Hills Estates, Santa Monica, Torrance, and 
Westlake Village (co-permittees within the Santa Monica 
Bay WMA under the Los Angeles County MS4 NPDES 
Permit, No. CAS004001); and County of Ventura, and City 
of Thousand Oaks (co-permittees within the Santa Monica 
Bay WMA under the Ventura County MS4 NPDES Permit, 
No. CAS 004002). 
 
Responsible agencies and jurisdictions covered by the 
Ballona Creek Watershed Trash TMDL including Caltrans, 
County of Los Angeles, and the Cities of Beverly Hills, 
Culver City, Inglewood, Los Angeles, Santa Monica, and 
West Hollywood, and responsible agencies and 
jurisdictions identified in the Malibu Creek Trash TMDL 
including Caltrans, Los Angeles County, Ventura County, 
Ventura County Watershed Protection District, and the 
Cities of Agoura Hills, Calabasas, Hidden Hills, Malibu, 
Thousand Oaks, and Westlake Village are also responsible 
for point source discharges of trash into the Santa Monica 
Bay via open channels and storm drains.  The WLA 
applicable to MS4 Permittees that is established herein, 
and the associated requirements for these responsible 
agencies and jurisdictions shall be complied with through 
the Ballona Creek Trash TMDL (Regional Board Resolution 
No. R01-014 and any amendments thereto) and the Malibu 
Creek Trash TMDL (Regional Board Resolution No. R08-
007 and any amendments thereto).  
 
Each responsible jurisdiction and agency, identified above, 
shall comply with the interim or final Waste Load 
Allocations for trash assigned to it and, therefore, should 
utilize all compliance strategies within its authority to 
achieve these allocations. If these strategies include 
installation of full or partial capture systems in the 
infrastructure of a flood control district, the jurisdiction is 
responsible for obtaining all necessary permits to do so. 
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Flood control districts, such as the Los Angeles County 
Flood Control District or Ventura County Watershed 
Protection District, are not assigned Waste Load 
Allocations, based on jurisdictional area, if channel 
maintenance is performed in compliance with the 
municipal stormwater permit. However, they may be held 
responsible with a jurisdiction and/or agency for non-
compliance where the flood control district has either: 
 

(i) without good cause denied necessary authority 
to a responsible jurisdiction or agency for the 
timely installation and/or maintenance of full 
and/or partial capture trash control devices for 
purposes of TMDL compliance in parts of the 
MS4 physical infrastructure that are under its 
authority, or  

(ii) not fulfilled its obligations under its MS4 permit 
regarding proper BMP installation, operation and 
maintenance for purposes of TMDL compliance 
within the MS4 physical infrastructure under its 
authority, 

 
thereby causing or contributing to a responsible 
jurisdiction and/or agency to be out of compliance with its 
interim or final Waste Load Allocations. 
 
Under these circumstances, the flood control district’s 
responsibility shall be limited to non-compliance related to 
the drainage area(s) within the jurisdiction where the flood 
control district has authority over the relevant portions of 
the MS4 physical infrastructure.  
 
The WLA may be assigned to additional responsible 
jurisdictions or agencies discharging urban runoff and 
stormwater in the future.  
 
Plastic Pellets 

The WLA for plastic pellets is zero.  Zero plastic pellets is 
defined as no discharge of plastic pellets from the premises 
of industrial facilities that import, manufacture, process, 
transport, store, recycle or otherwise handle plastic pellets. 
The WLA is consistent with Cal. Water Code § 13367 and 
40 CFR 122.26(b)(12).   

WLAs for plastic pellets are assigned to permittees of the 
Industrial Storm Water General Permit (Order No. 97-03-
DWQ, and NPDES Permit No. CAS 000001) within the 
Santa Monica Bay WMA.  The Standard Industry 
Classification (SIC) codes associated with industrial 
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activities involving plastic pellets may include, but are not 
limited to, 282X, 305X, 308X, 39XX, 25XX, 3261, 3357, 
373X, and 2893. Additionally, industrial facilities with the 
term “plastic” in the facility or operator name, regardless of 
the SIC code, may be subject to the WLA for plastic pellets.  
Other industrial permittees within the Santa Monica Bay 
WMA that fall within the above categories, but are 
regulated through other general permits and/or individual 
industrial storm water permits are also required to comply 
with the WLA for plastic pellets.   

Load Allocations (for 
nonpoint sources) 

The Load Allocation (LA) is zero trash.  Zero trash is 
defined for nonpoint sources as no trash on the shoreline 
or beaches, or in harbors adjacent to Santa Monica Bay, 
immediately following each assessment and collection 
event consistent with an established Minimum Frequency 
of Assessment and Collection Program (MFAC Program).  
The MFAC Program is established at an interval that 
prevents trash from accumulating in deleterious amounts 
that cause nuisance or adversely affect beneficial uses 
between collections.   
 
LAs are assigned to jurisdictions that own and/or manage 
beaches and harbors along Santa Monica Bay, which 
include California Department of Parks and Recreation, 
County of Los Angeles Department of Beaches and 
Harbors, and Cities of Hermosa Beach, Los Angeles, Santa 
Monica, and Redondo Beach.   
 
The National Park Service, California Department of Parks 
and Recreation, County of Los Angeles, County of Ventura, 
and State Lands Commission, which have jurisdiction over 
non-beach open space and/or parks are assigned LAs. The 
LA may be assigned to additional responsible jurisdictions 
and/or agencies in the future under appropriate regulatory 
programs.  
 

Implementation Point Sources 
 
Trash 
WLAs for trash shall be implemented through municipal 
separate storm sewer system (MS4) permits and via the 
authority vested in the Executive Officer by California 
Water Code sections 13267 and/or 13383. Dischargers 
may comply with the WLA in any lawful manner, including 
the use of full capture systems; partial capture systems; 
and/or institutional controls.  
 
(1) Compliance with the final WLA may be achieved 
through an adequately sized and maintained full capture 
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system, once the Executive Officer has certified that the 
system meets the following minimum criteria. A full 
capture system, at a minimum, consists of any device or 
series of devices that traps all particles retained by a 5 mm 
mesh screen and has a design treatment capacity of not 
less than the peak flow rate (Q) resulting from a one-year, 
one-hour, storm in the subdrainage area.  The rational 
equation is used to compute the peak flow rate:  

Q = C × I × A, where  
    Q = design flow rate (cubic feet per second, cfs); 
    C = runoff coefficient (dimensionless); 
     I = design rainfall intensity (inches per hour); and 
    A= subdrainage area (acres).  
 
Point source discharges that choose to comply using full 
capture systems must demonstrate a phased 
implementation of full capture devices over an 8-year 
period until the final WLA of zero is attained.  Zero will be 
deemed to have been met if full capture systems have been 
installed on all conveyances discharging to the waterbodies 
within the Santa Monica Bay WMA and the Santa Monica 
Bay.  
 
(2) Responsible agencies and jurisdictions may achieve 
compliance by using partial capture systems and/or 
institutional controls.  Point source dischargers that elect 
to use partial capture systems or institutional controls 
shall use a mass balance approach based on the trash 
daily generation rate (DGR)4, to demonstrate compliance.   
 
Plastic Pellets 

The WLA of no discharge of plastic pellets shall be 
implemented through the statewide Waste Discharge 
Requirements for Discharges of Storm Water Associated 
with Industrial Activity (NPDES Permit No. CAS00001) 
(IGP), other general permits, individual industrial 
stormwater permits, or other Regional Board orders, 
consistent with California Water Code § 13367 and 40 CFR 
122.26(b)(12).   
 

Jurisdictions and agencies identified as responsible 
jurisdictions for point sources of trash in this Santa 
Monica Bay Debris TMDL and in the existing Malibu Creek 
and Ballona Creek Trash TMDLs, including the Los 
Angeles County Flood Control District and the Ventura 
County Watershed Protection District, shall either prepare 
a Plastic Pellet Monitoring and Reporting Plan (PMRP), or 

                                                           
4
 The DGR is the average amount of trash deposited during a 24-hour period, as measured in a specified 

drainage area.   
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demonstrate that a PMRP is not required under certain 
circumstances, as follows:   

(1) Responsible jurisdictions that have industrial 
facilities or activities related to the manufacturing, 
handling, or transportation of plastic pellets within 
their jurisdiction shall prepare a PMRP to (i) monitor 
the amount of plastic pellets being discharged from 
the MS4; (ii) establish triggers for increased 
industrial facility inspections and enforcement of 
SWPPP requirements for industrial facilities 
identified as responsible for the plastic pellet WLA 
herein; and (iii) address possible plastic pellet spills.  

(2) Responsible jurisdictions that have no industrial 
facilities or activities related to the manufacturing, 
handling, or transportation of plastic pellets, may 
not be required to conduct monitoring at MS4 
outfalls, but shall be required to include a response 
plan in the PMRP.  In order to be absolved of the 
requirement to conduct monitoring at MS4 outfalls, 
documentation of the absence of industrial facilities 
and activities within the jurisdiction that are related 
to the manufacturing, handling and transportation 
of plastic pellets must be provided in the proposed 
PMRP.  

(3) A MS4 Permittee may demonstrate to the Regional 
Board that it has only residential areas within its 
jurisdiction, and that it has limited commercial or 
industrial transportation corridors (rail and 
roadway), such that it is not considered a potential 
source of plastic pellets to Santa Monica Bay.  Such 
demonstration may be submitted in lieu of a PMRP 
and must include the municipal zoning plan and 
other appropriate documentation.  The Executive 
Officer may approve an exemption from the 
requirement to prepare a PMRP for the MS4 
Permittee on the basis of this demonstration, if 
appropriate.   

If a jurisdiction changes its zoning and land use plans, or 
issues operating licenses to industries that import, 
manufacture, process, transport, store, recycle or 
otherwise handle plastic pellets within its jurisdiction, 
then it shall be subject to the requirement to submit a 
PMRP, if it has not already done so, within 90 days of any 
one of those actions. 

The Regional Board shall be notified by the agency or 
jurisdiction within 24 hours of the responsible agency or 
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jurisdiction becoming aware of a spill.  The PMRP shall 
include protocols for a timely and appropriate response to 
possible plastic pellets spills within their jurisdictional 
area, and a comprehensive plan to ensure that plastic 
pellets are contained.   

The Regional Board may reconsider the TMDL to assign 
the WLA for plastic pellets to additional jurisdictions and 
agencies including, but not limited to, industrial 
permittees, MS4 permittees, and any agencies or 
jurisdictions which are responsible for discharging plastic 
pellets to the Santa Monica Bay. 

 
Nonpoint Sources 
 
LAs shall be implemented consistent with the Statewide 
Policy for Implementation and Enforcement of the 
Nonpoint Source Pollution Control Program through  a 
general waiver of waste discharge requirements (WDR), 
individual waivers, a general WDR, an individual WDR, a 
memorandum of understanding (MOU), a cleanup and 
abatement order, or any other appropriate order or orders, 
provided the program is consistent with the assumptions 
and requirements of the reductions described in Table 7-
34.3, below. 
 
Nonpoint source dischargers may achieve the LAs by 
implementing an MFAC/BMP program approved by the 
Executive Officer.  Responsible jurisdictions will be 
deemed in compliance with the LAs if an MFAC/BMP 
program, approved by the Executive Officer, demonstrates 
that there is no accumulation of trash, as defined in 
“Numeric Targets”.  
 
An MFAC/BMP Program must, to the satisfaction of the 
Executive Officer, meet the following criteria: 

a) The MFAC/BMP Program includes an initial 
minimum frequency of trash assessment and 
collection and suite of structural and/or 
nonstructural BMPs.  The MFAC/BMP program 
shall include collection and disposal of all trash 
found in the source areas and along the shoreline.  
Responsible jurisdictions shall implement an initial 
suite of BMPs based on current trash management 
practices in land areas that are found to be sources 
of trash to waterbodies within the Santa Monica 
Bay WMA and to Santa Monica Bay.   
 
Beaches and Harbors along Santa Monica Bay  
For beaches and harbors along Santa Monica Bay, 
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the initial minimum frequency shall be set as follows: 

1. The trash source areas of beaches and 
harbors shall be cleaned on a daily basis year 
round.   

2.  Trash on Santa Monica Bay shorelines shall 
be collected daily.  An assessment shall 
immediately follow at the frequency specified 
in the TMRP.   

3. The assessment performed immediately after 
the collection events shall focus on the 
shorelines or interface along Santa Monica 
Bay.   

4.  The protocol for conducting the assessment 
immediately after the collection event shall 
include methods and frequencies of 
assessment, specific locations on the beaches 
and harbors, in the TMRP. 

5. Responsible jurisdictions for beaches and 
harbors shall conduct routine trash 
generation rate evaluation on the nonpoint 
source areas at selected beaches or harbors 
under their management.  Protocols, as 
specified in the TMRP, for this evaluation 
include: 

 i) The evaluation shall be performed in the 
late afternoon before dusk.  Data collected 
may represent the daily trash quantity 
littered or deposited on the nonpoint source 
areas. 

 ii) Methods, locations and frequencies of 
evaluation on the beaches and harbors shall 
be included in the TMRP. 

6.  Water in harbors shall be inspected and all 
trash found on the water shall be removed at 
a frequency and during critical conditions as 
defined in the approved TMRP.   

7. Compliance for jurisdictions responsible for 
nonpoint source trash at areas where daily 
cleanup is implemented, is determined by the 
following conditions: 

 i) The assessment conducted immediately 
after cleanup shall demonstrate that all trash 
on the shoreline or harbor is 100% removed 
and no trash remains. 

 ii) Responsible jurisdictions for beaches and 
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harbors where daily cleanup is performed, 
shall demonstrate that the trash generation 
rate of the source areas does not show an 
increasing trend and does not exceed the 
benchmark of 310 pounds (lbs) per mile of 
beach/harbor per day, or 113,150 
lbs/mile/year.   

8. Responsible jurisdictions shall initiate 
additional BMPs as specified in the TMRP, 
should trash amounts collected during 
evaluation at the source areas exceed 
113,150 lbs/mile/year, or not indicate a 
decreasing trend.   

 
Non-Beach Open Space and Parks 
For open space and parks within the Santa Monica 
Bay WMA other than beaches and harbors, the initial 
minimum frequency shall be as follows: 

1. Trash in open space and parks managed by 
responsible jurisdictions and agencies 
identified in the LA section of this table shall 
be 100% removed at each assessment and 
collection event as specified in the TMRP, 
within 72 hours after critical conditions, and 
immediately after special events when no 
safety hazards exist. 

2. The TMRP shall include protocols for trash 
assessment immediately after each cleanup 
event, assessment locations and frequencies.  

3. Compliance for jurisdictions responsible for 
open space and parks is determined by the 
following criteria: 

i) The assessment performed immediately 
after each cleanup event shall demonstrate 
that no trash remains. 

ii) The trash amount accumulated between 
cleanup events in open space and parks 
shall not exceed the LAs of 640 gallons per 
square mile per year (gal/mi2/yr), or 
162,468 lbs/ mi2/yr, and shall show a 
decreasing trend.   

iii) Responsible jurisdictions shall increase 
the frequency of collection and/or implement 
additional BMPs, should trash amounts 
collected at cleanup events not indicate a 
decreasing trend.   
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b)  The MFAC/BMP Program includes assurances that 
it will be implemented by the responsible 
jurisdictions. 

c) The TMRP includes a MFAC/BMP Program, as 
described below, and a requirement that the 
responsible jurisdictions will self-report any non-
compliance with its provisions.  The results and 
report of the TMRP must be submitted to Regional 
Board on an annual basis. 

d) MFAC protocols may be based on SWAMP protocols 
for rapid trash assessment, or alternative protocols 
proposed by dischargers and approved by the 
Executive Officer of the Regional Board. 

e) Implementation of the MFAC/BMP program should 
include a Health and Safety Plan to protect 
personnel.  The MFAC/BMP shall not require 
responsible jurisdictions to access and collect trash 
from areas where access by personnel is prohibited. 

 
The Executive Officer may approve or require a revised 
assessment and collection frequency and definition of the 
critical conditions: 

(a) To prevent trash from accumulating in deleterious 
amounts that cause nuisance or adversely affect 
beneficial uses between collections; 

(b) To reflect the results of trash assessment and 
collection; 

(c) If the amount of trash collected does not show a 
decreasing trend, where necessary to prevent 
nuisance or adverse effects on beneficial uses, such 
that a shorter interval between collections is 
warranted; or 

(d) If the amount of trash collected is decreasing such 
that a longer interval between collections is 
warranted.   

 
At the end of the implementation period, a revised 
MFAC/BMP program may be required if the Executive 
Officer determines that the amount of trash accumulating 
between collections is causing pollution or nuisance or 
otherwise adversely affecting beneficial uses.    
 
With regard to (a), (b) or (c), above, the Executive Officer is 
authorized to allow responsible jurisdictions to implement 
additional structural or non-structural BMPs in lieu of 
modifying the monitoring frequency.   
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Monitoring and 
Reporting Plan 

Trash 

Responsible agencies and jurisdictions shall develop a 
Trash Monitoring and Reporting Plan (TMRP) for Executive 
Officer approval that describes the methodologies that will 
be used to assess and monitor trash in their responsible 
areas within the Santa Monica Bay WMA or along Santa 
Monica Bay.   
 
For purposes of compliance determination, the default 
Baseline WLA for County of Ventura, Cities of Agoura Hills, 
Calabasas, Malibu, Thousand Oaks, and Westlake Village 
is 640 gal/mi2/yr, which is the same Baseline WLA set 
forth in the Malibu Creek Trash TMDL (Regional Board 
Resolution No. R08-007) for responsible jurisdictions of 
Los Angeles County, Ventura County, Ventura County 
Watershed Protection District, the Cities of Agoura Hills, 
Calabasas, Hidden Hills, Malibu, Thousand Oaks, and 
Westlake Village. 
 
The default Baseline WLA for Los Angeles County, Cities of 
Los Angeles, Culver City, Santa Monica, El Segundo, 
Manhattan Beach, Hermosa Beach, Redondo Beach, 
Torrance, Palos Verdes Estates, Rancho Palos Verdes, 
Rolling Hills, and Rolling Hills Estates is 807 gal/mi2/ yr.  
 
The default Baseline WLA for Caltrans is 33,452.8 
gal/mi2/yr excluding Caltrans’ jurisdictional area in the 
Ballona Creek Watershed. 
 
The existing Ballona Creek Trash TMDL assigned a 
Baseline WLA of 86 cubic feet per square mile per year 
(ft3/mi2/yr) (equivalent to 643.3 gal/mi2/yr) to 
jurisdictions including the County of Los Angeles, the 
Cities of Beverly Hills, Culver City, Inglewood, Los Angeles, 
Santa Monica, and West Hollywood, and 893 ft3/mi2/yr (or 
6,679.6 gal/mi2/yr) to Caltrans for their jurisdictional 
areas within the Ballona Creek Watershed.   
 
The TMRP shall include a plan to establish a site specific 
trash Baseline WLA if responsible agencies and 
jurisdictions elect to not use the default Baseline WLAs 
assigned above.   
 
Requirements for the TMRP shall include, but are not 
limited to, assessment and quantification of trash collected 
from source areas in the Santa Monica Bay WMA, and 
shoreline of the Santa Monica Bay.  The monitoring plan 
shall provide details on the frequency, location, and 
reporting format.  Responsible jurisdictions shall propose 
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a metric (e.g., weight, volume, pieces of trash) to measure 
the amount of trash discharged from their jurisdictional 
areas.   
 
The TMRP shall include a prioritization of areas that have 
the highest trash generation rates.  The TMRP shall give 
preference to this prioritization when scheduling the 
installation of full capture devices, BMPs, or trash 
assessment and collection (MFAC) programs.  The TMRP 
shall also evaluate and identify the most appropriate BMPs 
to implement given the nature of the trash impairment. 
 
The TMRP shall also include an evaluation of effectiveness 
of the MFAC/BMP program to prevent trash from 
accumulating in deleterious amounts that cause pollution 
or nuisance or adversely affect beneficial uses between 
collections, proposals to enhance BMPs, and a revised 
MFAC for Executive Officer review.   
 
Responsible agencies and jurisdictions in Tables 7-34.2 
and 7-34.3 may cooperate and coordinate their TMRP 
activities to fulfill requirements in this Santa Monica Bay 
Debris TMDL.   
 
Consistent with the requirements of their respective MS4 
permits, the flood control districts, including the Los 
Angeles County Flood Control District and the Ventura 
County Watershed Protection District, and other MS4 
Permittees are responsible for visually monitoring and 
removing trash and debris from all open channels and 
other MS4 drainage structures under their ownership. 
These requirements are intended to address fugitive trash 
and debris that has been deposited either illegally or 
through wind transport into the open channels. The flood 
control districts and other MS4 Permittees shall also 
identify and prioritize problem areas of illicit discharge. 
For these problem areas, the flood control districts and 
other MS4 Permittees shall propose a more frequent 
schedule of inspection and removal beyond the standard 
requirements of their MS4 permits. Alternatively, the flood 
control districts and other MS4 Permittees shall 
demonstrate that fugitive trash and debris is captured or 
removed prior to its discharge from the MS4 to Santa 
Monica Bay.  
 
Plastic Pellets 

Industries responsible for discharge of plastic pellets shall 
enroll with the California State Water Resources Control 
Board (State Board) as a permittee of the statewide Waste 
Discharge Requirements for Discharges of Storm Water 
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Associated with Industrial Activity (IGP) or apply for a 
general permit or an individual industrial stormwater 
permit from the Regional Board.  Permittees of the IGP 
shall prepare a SWPPP and keep it onsite for inspection.  
Permittees for other general permits or individual 
industrial stormwater permits shall submit a Best 
Management Practices Plan and/or SWPPP to the Regional 
Board.  All responsible permittees as defined under the 
Waste Load Allocation section are required to prepare and 
submit annual monitoring reports with monitoring 
designed to ensure compliance with the assigned WLAs, to 
the Regional Board.  The requirements for the monitoring 
report preparation shall be consistent with provisions 
specified in the IGP, any appropriate general permit, or 
individual industrial permit.   

MS4 permittees identified as responsible jurisdictions and 
agencies for point sources of trash in this Santa Monica 
Bay Debris TMDL and in the existing Malibu Creek and 
Ballona Creek Trash TMDLs, including the Los Angeles 
County Flood Control District and the Ventura County 
Watershed Protection District, shall either prepare a 
Plastic Pellet Monitoring and Reporting Plan (PMRP) , or 
demonstrate that a PMRP is not required under certain 
circumstances, as follows:   

(1) Responsible jurisdictions that have industrial 
facilities or activities related to the manufacturing, 
handling, or transportation of plastic pellets within 
their jurisdiction shall prepare a PMRP to (i) monitor 
the amount of plastic pellets being discharged from 
the MS4 at critical locations and times (including, at 
a minimum, once during the dry season and once 
during the wet season); (ii) establish triggers for 
increased industrial facility inspections and 
enforcement of  SWPPP requirements for industrial 
facilities identified as responsible for the plastic 
pellet WLA herein; and (iii) address possible plastic 
pellet spills.   

(2) Responsible jurisdictions that have no industrial 
facilities or activities related to the manufacturing, 
handling, or transportation of plastic pellets, may 
not be required to conduct monitoring at MS4 
outfalls, but shall be required to include a response 
plan in the PMRP.  In order to be absolved of the 
requirement to conduct monitoring at MS4 out falls, 
documentation of the absence of industrial facilities 
and activities within the jurisdiction that are related 
to the manufacturing, handling and transportation 
of plastic pellets must be provided in the proposed 
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PMRP.  

(3) A MS4 Permittee may demonstrate to the Regional 
Board that it has only residential areas within its 
jurisdiction, and that it has limited commercial or 
industrial transportation corridors (rail and 
roadway), such that it is not considered a potential 
source of plastic pellets to Santa Monica Bay.  Such 
demonstration may be submitted in lieu of a PMRP 
and must include the municipal zoning plan and 
other appropriate documentation.  The Executive 
Officer may approve an exemption from the 
requirement to prepare a PMRP for the MS4 
Permittee on the basis of this demonstration, if 
appropriate.   

The PMRP shall include protocols for a timely and 
appropriate response to possible plastic pellets spills 
within a Permittee’s jurisdictional area, and a 
comprehensive plan to ensure that plastic pellets are 
contained. 
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Table 7-34.2 Santa Monica Bay Nearshore and Offshore Debris TMDL: 
Implementation Schedule - Trash and Plastic Pellets from Point Sources 

 

Task 
No. 

Task Responsible Jurisdiction Date 

1a Submit Trash 
Monitoring and 
Reporting Plan 
(TMRP), including a 
plan for defining the 
trash baseline WLA, 
a proposed definition 
of “major rain event” 
and “proper 
operation and 
maintenance”.  

California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Calabasas, 
Culver City, El Segundo, Hermosa 
Beach, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, and Torrance. 
 

6 months 
from effective 
date of TMDL.  
If a plan is not 
approved by 
the Executive 
Officer within 
9 months, the 
Executive 
Officer will 
establish 
appropriate 
monitoring 
plans. 

1b Submit a Plastic 
Pellet Monitoring 
and Reporting Plan 
(PMRP) for 
monitoring plastic 
pellet discharges 
from the MS4, 
increased industrial 
facility inspections 
and enforcement, 
and response to 
possible plastic 
pellet spills, or a 
demonstration that 
a PMRP is not 
required5.  

California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Beverly 
Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Hidden 
Hills, Inglewood, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, Thousand 
Oaks, Torrance, West Hollywood, and 
Westlake Village. 

18 months 
from effective 
date of this 
TMDL. 

2a Implement TMRP. California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Calabasas, 
Culver City, El Segundo, Hermosa 
Beach, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, and Torrance. 
 

6 months 
from receipt of 
letter of 
approval from 
Regional 
Board 
Executive 
Officer, or the 
date a plan is 
established by 
the Executive 
Officer. 

2b Implement PMRP. California Department of 4 years from 

                                                           
5
 The responsible jurisdictions and agencies shall provide documentation as specified in Table 7-34.1. 
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Task 
No. 

Task Responsible Jurisdiction Date 

Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Beverly 
Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Hidden 
Hills, Inglewood, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, Thousand 
Oaks, Torrance, West Hollywood, and 
Westlake Village. 

Effective Date 
of TMDL. 

3 Submit results of 
implementing TMRP 
and PMRP, 
recommend trash 
baseline WLA, and 
propose 
prioritization of Full 
Capture System 
installation or 
implementation of 
other measures to 
attain the required 
trash and plastic 
pellet reduction.   

California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Calabasas, 
Culver City, El Segundo, Hermosa 
Beach, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 
Estates, Santa Monica, , and Torrance. 
For PMRP ONLY6 
The Cities of Beverly Hills, Inglewood, 
West Hollywood, Hidden Hills, 
Thousand Oaks, and Westlake Village. 

Twenty (20) 
months from 
receipt of 
letter of 
approval for 
the Trash 
Monitoring 
and Reporting 
Plan and 
PMRP from 
Regional 
Board 
Executive 
Officer, and 
annually 
thereafter. 

4 Installation of Full 
Capture Systems or 
other measures to 
achieve 20% 
reduction of trash 
from Baseline 
WLA67.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.78 

Four years 
from effective 
date of TMDL. 

                                                           
6
 The monitoring and reporting requirements under the Ballona Creek Trash TMDL and Malibu Creek Trash 

TMDL for areas within those subwatersheds fulfill the requirement herein to prepare and implement a TMRP.  

Therefore, only a PMRP is required from these jurisdictions. 
7
 Compliance with percent reductions from the Baseline WLA will be assumed wherever 

properly-sized full capture systems are installed and properly operated and maintained in 
corresponding percentages of the conveyance discharging to waterbodies within the Santa 
Monica Bay Watershed or directly to Santa Monica Bay. 
8
 Each responsible jurisdiction and agency, identified above, shall comply with the interim 
or final Waste Load Allocations for trash assigned to it and, therefore, should utilize all 
compliance strategies within its authority to achieve these allocations. 
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Task 
No. 

Task Responsible Jurisdiction Date 

5 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 40% 
reduction of trash 
from Baseline WLA7.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.8 

Five years 
from effective 
date of TMDL. 

6 Compliance with 
General or 
Individual Industrial 
NPDES permit 
requirements to 
achieve the plastic 
pellet WLA. 

Permittees of the Industrial Storm 
Water General Permit (NPDES Permit 
No. CAS 000001), other general 
permits, or individual industrial storm 
water permits for industrial activities 
with SIC codes that may include, but 
are not limited to, 282X, 305X, 308X, 
39XX, 25XX, 3261, 3357, 373X, 2893, 
or with the term “plastic” in the facility 
or operator name, regardless of SIC 
code.   

Five years 
from the 
effective date 
of TMDL. 

7 1. Evaluate 
the effectiveness of 
Full Capture 
Systems or other 
measures to achieve 
trash WLA,  
2. Evaluate BMPs 
implemented at 

Regional Board. Five years 
from effective 
date of TMDL. 

                                                                                                                                                                                    

Flood control districts, such as the Los Angeles County Flood Control District or Ventura 
County Watershed Protection District, may be held responsible with a jurisdiction and/or 
agency for non-compliance where the flood control district has either: 
 

(i) without good cause denied necessary authority to a responsible jurisdiction or 
agency for the timely installation and/or maintenance of full and/or partial 
capture trash control devices for purposes of TMDL compliance in parts of the 
MS4 physical infrastructure that are under its authority, or  

(ii) not fulfilled its obligations under its MS4 permit regarding proper BMP 
installation, operation and maintenance for purposes of TMDL compliance 
within the MS4 physical infrastructure under its authority, 

 
thereby causing or contributing to a responsible jurisdiction and/or agency to be out of 
compliance with its interim or final Waste Load Allocations. 
 
Under these circumstances, the flood control district’s responsibility shall be limited to 
non-compliance related to the drainage area(s) within the jurisdiction where the flood 
control district has authority over the relevant portions of the MS4 physical infrastructure.  
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Task 
No. 

Task Responsible Jurisdiction Date 

industrial facilities 
for effectiveness in 
achieving plastic 
pellet WLA,  
3. Reconsider the 
trash and plastic 
pellet WLAs, if 
warranted. 

8 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 60% 
reduction of trash 
from Baseline WLA7.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.8 

Six years from 
effective date 
of TMDL. 

9 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 80% 
reduction of trash 
from Baseline WLA7.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.8 

Seven years 
from effective 
date of TMDL. 

10 
 

Installation of Full 
Capture Systems or 
other measures to 
achieve 100% 
reduction of trash 
from Baseline WLA7.  

California Department of 
Transportation, Los Angeles County, 
County of Ventura, and Cities of 
Agoura Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Los Angeles, 
Malibu, Manhattan Beach, Palos 
Verdes Estates, Rancho Palos Verdes, 
Redondo Beach, Rolling Hills, Rolling 
Hills Estates, Santa Monica, Thousand 
Oaks, Torrance, and Westlake Village.8 

Eight years 
from effective 
date of TMDL. 

11 If within three (3) 
years of Regional 
Board adoption date 
of this TMDL, a city 
or county voluntarily 
adopts local 
ordinances to ban 
plastic bags, 
smoking in public 
places and single 
use expanded 
polystyrene food 

California Department of 
Transportation, Los Angeles County 
Flood Control District, Los Angeles 
County, Ventura County Watershed 
Protection District, County of Ventura, 
and Cities of Agoura Hills, Beverly 
Hills, Calabasas, Culver City, El 
Segundo, Hermosa Beach, Hidden 
Hills, Inglewood, Los Angeles, Malibu, 
Manhattan Beach, Palos Verdes 
Estates, Rancho Palos Verdes, Redondo 
Beach, Rolling Hills, Rolling Hills 

11 years from 
effective date 
of TMDL. 
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Task 
No. 

Task Responsible Jurisdiction Date 

packaging, it shall 
receive a three-year 
extension of the final 
compliance date. 

Estates, Santa Monica, Thousand 
Oaks, Torrance, West Hollywood, and 
Westlake Village. 
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Table 7-34.3 Santa Monica Bay Nearshore and Offshore Debris TMDL: Implementation 
Schedule 
Minimum Frequency of Assessment and Collection Program89 - Trash from Nonpoint 
Sources 

Task 
No. 

Task Responsible Jurisdiction Date 

1 Submit a TMRP including 
an MFAC/BMP Program.   

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Six months from 
TMDL effective 
date. If a plan is 
not approved by 
the Executive 
Officer within 9 
months, the 
Executive Officer 
will establish an 
appropriate 
monitoring plan. 

2 Implement the TMRP and 
the MFAC/BMP Program. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

3 Achieve LA immediately 
after each collection and 
assessment event. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

6 months from 
receipt of letter of 
approval from 
Regional Board 
Executive Officer, 
or the date a plan 
is established by 
the Executive 
Officer. 

4 Submit annual TMRP 
reports including 

National Park Service, California 
Department of Parks and 

Twenty (20) 
months from 

                                                           
9
 Based on annual reports, the Executive Officer may adjust the minimum frequency of 
assessment and collection as necessary to ensure compliance between the required trash 
assessment and collection events. 
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Task 
No. 

Task Responsible Jurisdiction Date 

proposal for revising 
MFAC/BMP for Executive 
Officer approval. 

Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

receipt of letter of 
approval for the 
Trash Monitoring 
and Reporting Plan 
from Regional 
Board Executive 
Officer, and 
annually 
thereafter. 

5 Demonstrate full 
compliance by achieving 
LA between required 
trash collection and 
assessment events. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Five years from 
effective date of 
TMDL. 

6 
 

Reconsider the TMDL 
based on evaluation of 
effectiveness of 
MFAC/BMP program, if 
warranted. 

Regional Board. Five years from 
effective date of 
TMDL. 

7 If within three (3) years of 
Regional Board adoption 
date of this TMDL, a city 
or county voluntarily 
adopts local ordinances 
to ban plastic bags, 
smoking in public places 
and single use expanded 
polystyrene food 
packaging, it shall receive 
a three-year extension of 
the final compliance date. 

National Park Service, California 
Department of Parks and 
Recreation, County of Los 
Angeles, County of Ventura, State 
Lands Commission for open 
space and parks, and California 
Department of Parks and 
Recreation, Los Angeles County 
Department of Beaches and 
Harbors, Cities of Hermosa 
Beach, Los Angeles, Santa 
Monica and Redondo Beach for 
beaches and harbors. 

Eight (8) years from 
effective date of 
TMDL. 
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Tabular Results of Catch Basin 
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Map of Catch Basin Locations  
For 

Catch Basin Screen Pilot Study 
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Precipitation Data During 
Catch Basin Screen Pilot Study 
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1.0   INTRODUCTION 
 

1.1  Background 
 
The Malibu Creek Watershed is located about 35 miles west of Los Angeles and extends from 
the Santa Monica Mountains to the Pacific Coast.  The watershed is approximately 109 square 
miles and drains into the Malibu Lagoon and ultimately into Santa Monica Bay when the Lagoon 
is breached.   
 
Federal Regulations under the Clean Water Act require States to develop a list of impaired 
waters and the pollutants for which they are impaired, also known as the 303(d) List.  Several 
reaches and tributaries to the Malibu Creek and Lagoon were designated as impaired and 
included on California’s 1998 and 2002 CWA 303(d) list of impaired waters due to excessive 
amounts of coliform bacteria.  The presence of coliform bacteria in surface waters is an indicator 
that water quality may not be sufficient to maintain the beneficial use of these waters for human 
body contact recreation (REC-1).  To address this issue, States must establish a watershed-based 
pollutant specific Total Maximum Daily Load to bring impaired waters into compliance with 
water quality standards necessary for its beneficial uses.   
 
The California Regional Water Quality Control Board, Los Angeles Region (Regional Board) 
adopted a first draft of the Malibu Creek and Lagoon Bacteria TMDL on December 13, 2004.  
The TMDL was subsequently approved by the United States Environmental Protection Agency 
(USEPA) on January 10, 2006, and came into effect on January 24, 2006.  One of the TMDL’s 
first requirements is the submittal of a Compliance Monitoring Plan within 120 days of the 
effective date.   
  
1.2 Participants 
 
This Monitoring Plan is developed by the County of Los Angeles Department of Public Works in 
coordination with the other responsible jurisdictions and agencies under the TMDL, including 
the County of Ventura, the cities of Agoura Hills, Calabasas, Hidden Hills, Malibu, Thousand 
Oaks, and Westlake Village; and California Department of Transportation (Caltrans).  
Implementation of this monitoring program will be accomplished through a joint coordinated 
effort by these responsible agencies.   
 
During the development of the monitoring plan, feedback was also solicited from the Regional 
Board, Heal the Bay, and Santa Monica Bay Keeper.     
 
For reference, the TMDL document can be found in Appendix A of this document or on the 
Regional Board’s website at http://www.swrcb.ca.gov/rwqcb4/ . 
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1.3  Objectives 
 
Data collected from this Monitoring Plan will be used to achieve the following:  
  

1) Characterize the existing water quality as compared to water quality at the reference 
watershed,  

2) Measure compliance with the allowable number of exceedances days set forth by the 
TMDL; and 

3) Provide data to support the re-evaluations that will be made when the TMDL is 
reconsidered in 2009.   
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2.0   COMPLIANCE TARGETS 
 
2.1   Numeric Targets 
 
The TMDL establishes multi-part numeric targets based on the bacteriological water quality 
objectives for marine and fresh water to protect the water contact recreation use (REC-1).  The 
bacteriological objectives are set forth in Chapter 3 of the Regional Water Quality Control Plan 
(Basin Plan).  The objectives are based on four bacteriological indicators and include both the 
geometric mean1 limits and single sample limits.  The Basin Plan objectives that serve as the 
numeric targets for this TMDL for marine waters and fresh waters are listed below in Table 1 
and Table 2, respectively: 
 
Table 1.  Numeric Targets in Marine Waters Designated for Water Contact Recreation (REC-1). 
Geometric Mean Limits  (Marine Waters)  
Indicator mpn/100ml 
Total Coliform 1,000 
Fecal Coliform 200 
Enterococcus 35 
Single Sample Limits   (Marine Waters) 
Indicator mpn/100ml 
Total Coliform* 10,000 
Fecal Coliform 400 
Enterococcus 104 
*Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-to-total coliform exceeds 0.1. 
 
Table 2.  Numeric Targets in Fresh Waters Designated for Water Contact Recreation (REC-1). 
Geometric Mean Limits  (Fresh Waters)  
Indicator mpn/100ml 
E. Coli 126 
Fecal Coliform 200 
Single Sample Limits   (Fresh Waters) 
Indicator mpn/100ml 
E. Coli 235 
Fecal Coliform 400 
 
 
 

                                            
1 The geometric mean is defined in Webster's Dictionary as "the nth root of the product of n numbers."  Thus, the 30-
day geometric mean calculation for the Malibu Creek and Lagoon TMDL will be calculated as the 30th root of the 
product of 30 numbers (the most recent 30 day results).  For weekly sampling, the 30 numbers are obtained by 
assigning the weekly test result to the remaining days of the week.  If more samples are tested within the same week, 
each test result will supersede the previous result and be assigned to the remaining days of the week until the next 
sample is collected.  This rolling 30-day geometric mean must be calculated for each day, regardless of whether a 
weekly or daily schedule is selected.   
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2.2   Allowable Number of Exceedance Days 
 

The TMDL allows some exceedances of the Basin Plan bacteriological objectives to account 
for bacterial loading from non-anthropogenic sources (e.g. wildlife).  The allowable number 
of exceedance days varies depending on the time of year2 and sampling frequency.  Table 3 
summarizes the allowable number of exceedance days for all sampling sites, as well as when 
these limits must be achieved.   

 
Table 3.  Summary of Compliance Targets 

 
Allowable Number of Exceedance Days 

Daily Sampling Weekly Sampling 
Time of Year 

Compliance 
Deadline Single Sample 

Limit 
Geometric 

Mean Limit 
Single Sample 

Limit 
Geometric 

Mean Limit 
Summer dry 
weather 

 1/24/09* 0 0 0 0 

Winter dry 
weather 

   1/24/12 3 0 1 0 

Wet weather   1/24/16** 17 0 3 0 

*May be extended to 1/24/12. 
**May be extended up to 7/15/21. 
 

                                            
2 For compliance purposes, the TMDL divides the year into three separate periods: 

• summer dry-weather (April 1 –October 31) 
• winter dry-weather (November 1 – March 31), and 
• wet weather (days with rain events of > 0.1 inches of precipitation and the three days following the end of 

the rain event. 
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3.0   SAMPLING PROGRAM DESIGN 
 
3.1  Sampling Sites 
 
In total, eighteen sampling sites will be sampled under this monitoring program.  Sites were 
selected using the following guidelines: 
 

• Seven sites specified in Table 7-10.2 of the TMDL (Noted in Table 4).   
• At least one site in each subwatershed; 
• Areas where frequent REC-1 use is known to occur; and 
• Availability of previous water quality data;  
• Perennial flow; and 
• Safe and legal access.       

 
The Ventura County Watershed Protection District, on behalf of Ventura County and the City of 
Thousand Oaks have committed to providing monitoring services on seven sampling stations 
within their jurisdiction.  Los Angeles County, Caltrans, and the Cities of Agoura Hills, 
Calabasas, Hidden Hills, Malibu, and Westlake Village will collaborate in providing the 
monitoring data for eleven sampling stations. 
 
Many of the sites either are or had been previously monitored by other programs.  Specifically, 
one of the proposed sites is also being monitored by Heal the Bay.  Four sites are being 
monitored by the Las Virgenes Municipal Water District.  Four sites had been previously 
monitored under the Malibu Creek Watershed Monitoring Program led by the City of Calabasas 
and two sites monitored under the Malibu Creek Watershed Water Quality Monitoring Project 
conducted by the County of Los Angeles Department of Public Works.  Table 4 lists all 18 
sampling sites and the subwatershed in which each is located.  The general locations of the 
sampling sites are shown in Figure 1.  A more detailed description of each sampling sites is 
included in Appendix B. 
 
3.2  Frequency 
 
The TMDL allows a choice between daily and weekly sampling for this monitoring program.  
Responsible agencies have elected to conduct weekly sampling at all sites.  Because fewer 
exceedances will be detected with weekly sampling, the TMDL’s allowable number of 
exceedance days is reduced accordingly when samples are collected weekly.       
 
3.3  Duration 
 
The monitoring program will be implemented as approved until the TMDL is re-considered in 
2009/2010.  At that time, the program will be re-evaluated so monitoring can be reduced or 
discontinued at those reaches where beneficial uses are not impaired.  It is assumed that such 
modifications to the approved monitoring program will require Regional Board approval.   
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4.0  METHODOLOGY 
 
Monitoring will begin upon execution of the cost-sharing Memorandum of Agreement between 
the County of Los Angeles and the other participating responsible agencies, with a goal of no 
later than six months after the Regional Board’s approval of this plan.  It is estimated that six 
months will be needed to hire a consultant team to implement this program.   
 
4.1   Sampling Procedure 
 
Sampling will be conducted by qualified professionals with proper training and in accordance 
with accepted industry protocols.  Responsible agencies intend to contract this program’s 
implementation to outside consultant(s).  General sampling procedures are described below.  
Prior to the start of sampling, a detailed sampling protocol and QA/QC procedures will be 
submitted to the Regional Board.     
 
Weekly sampling will be conducted on Tuesdays.  Grab samples will be collected, placed on ice, 
and delivered to the lab under chain-of-custody within the six-hour holding time.  Each sample 
will be associated with recorded observations of site conditions, which should minimally include 
sample ID, collection date and time, weather conditions including rain measurement, estimated 
flow rate, environmental conditions (presence of wildlife), suspicious discharges, sample 
characteristics (color and turbidity), and sampler's name.   
 
Sampling should only occur when conditions are safe.  The safety of the sample collector is the 
top priority and should preclude scheduled sampling.     
 
4.2   Analytical Methodology 
 
Marine/brackish samples collected from the Lagoon will be tested for the presence of total 
coliform, E. coli or fecal coliform, and enterococcus bacteria.  Freshwater samples will be tested 
for the presence of E. coli and fecal coliform.  All indicator groups will be quantified from a 
single sample collected at the designated monitoring site.  Necessary dilutions or aliquot volumes 
will be processed to insure that reportable values can be determined.  Bacterial results are 
reported as organism type per 100 mL of sample.  When selecting analytical bacterial methods 
for TMDL monitoring, the importance of practical fast turnaround times from the laboratory (48 
hours for preliminary results for fecal coliform) should be emphasized.   
 
For the marine/brackish samples, the IDEXX chromogenic substrate method E. coli result can be 
converted to fecal coliform using a 1:1 translator.  The application of a 1:1 translator was 
approved by the Regional Board in October 2002 after review of the IDEXX and Membrane 
Filtration Study conducted by the City of Los Angeles (approval letter dated October 16, 2002, 
from Dennis Dickerson, Executive Officer). 
 
Prior to the start of sampling, a detailed laboratory protocol and QA/QC procedures will be 
submitted to the Regional Board for review.     

RB-AR40060



 
 

 14

4.3  Data Management 
 
Data collected as result of this monitoring program will be managed entirely by the consultant 
team conducting the monitoring.  Both quantitative and qualitative results will be stored in a 
database designed in accordance with the State’s Surface Water Ambient Monitoring Program 
data reporting protocols.  Data reports will summarize sampling results as well as contain a 
running tally of the number of exceedances.  Monthly data summary reports will be submitted to 
the Regional Board as well as participating responsible agencies by the last day of each month 
for data collected during the previous month. 
 
To determine whether a result falls under the dry- or wet-weather category, a rain gage within 
the Malibu Creek Watershed will be used.  The LA County Department of Public Works’ 
ALERT Rainfall Gage 317 (Agoura), will be used as the reference rain gage.  Data from this 
rainfall gage is available via the LA County Department of Public Works’ Internet 
Site: http://dpw.lacounty.gov/wrd/Precip/index.cfm 

 
 
 
 

     
 
 
4.4  Quality Assurance/Quality Control 
 
If multiple laboratories are used, each will participate in an inter-laboratory calibration program 
to ensure consistency of results.  Laboratories must employ a program that associates quality 
assurance with the laboratory facility, staff, instrumentation and equipment, materials and 
methods, media and reagents, and data validation.  The quality assurance procedures shall be in 
accordance with Standard Methods for the Examination of Water and Wastewater, 20-21st 
Editions (APHA 1999-05).  All participating laboratories must maintain ELAP certification.    
 
 

STATION NAME ALERT ID
RAINGAGE 

REF ID
LAT LONG ELEV.

Agoura Precip  317 434   34-08-08  118-45-07    800.00 
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Attachment A to Resolution No. 2004-019R

Proposed Amendment to the Water Quality Control Plan – Los Angeles Region to incorporate the
Malibu Creek and Lagoon Bacteria TMDL

Adopted by the California Regional Water Quality Control Board, Los Angeles Region on December 13,

2004

Amendments:

Table of Contents
Add:

Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries

7-10     Malibu Creek and Lagoon Bacteria TMDL

List of Figures, Tables and Inserts
Add:

Chapter 7. Total Maximum Daily Loads (TMDLs)

Tables

7-10      Malibu Creek and Lagoon Bacteria TMDL

7-10.1. Malibu Creek and Lagoon Bacteria TMDL: Elements

7-10.2. Malibu Creek and Lagoon Bacteria TMDL: Final Allowable Exceedance Days by

Sampling Location

7-10.3. Malibu Creek and Lagoon Bacteria TMDL: Significant Dates

Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries, Section 7-10 (Malibu Creek and
Lagoon Bacteria TMDL)

This TMDL was adopted by the Regional Water Quality Control Board on December 13, 2004.

This TMDL was approved by:

The State Water Resources Control Board on September 22, 2005.

The Office of Administrative Law on December 1, 2005.

The U.S. Environmental Protection Agency on January 10, 2006.

The following table includes the elements of this TMDL.

RB-AR40063



Attachment A to Resolution No. 2004-019R

2

Table 7-10.1. Malibu Creek and Lagoon Basins Bacteria TMDL: Elements

Element Key Findings and Regulatory Provisions
Problem Statement Elevated bacterial indicator densities are causing impairment of the

water contact recreation (REC-1) beneficial use at Malibu Creek,

Lagoon, and adjacent beach.  Swimming in waters with elevated

bacterial indicator densities has long been associated with adverse

health effects.  Specifically, local and national epidemiological studies

compel the conclusion that there is a causal relationship between

adverse health effects and recreational water quality, as measured by

bacterial indicator densities.

Numeric Target

(Interpretation of the numeric
water quality objective, used to
calculate the waste load
allocations)

The TMDL has a multi-part numeric target based on the bacteriological

water quality objectives for marine and fresh water to protect the water

contact recreation use. These targets are the most appropriate indicators

of public health risk in recreational waters.

These bacteriological objectives are set forth in Chapter 3 of the Basin

Plan.
1
  The objectives are based on four bacterial indicators and include

both geometric mean limits and single sample limits.  The Basin Plan

objectives that serve as the numeric targets for this TMDL are:

In Marine Waters Designated for Water Contact Recreation

(REC-1)

1. Geometric Mean Limits

a. Total coliform density shall not exceed 1,000/100 ml.

b. Fecal coliform density shall not exceed 200/100 ml.

c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits

a. Total coliform density shall not exceed 10,000/100 ml.

b. Fecal coliform density shall not exceed 400/100 ml.

c. Enterococcus density shall not exceed 104/100 ml.

d. Total coliform density shall not exceed 1,000/100 ml, if the

ratio of fecal-to-total coliform exceeds 0.1.

In Fresh Waters Designated for Water Contact Recreation

(REC-1)

1. Geometric Mean Limits

a. E. coli density shall not exceed 126/100 ml.

b. Fecal coliform density shall not exceed 200/100 ml.

2. Single Sample Limits

a. E. coli density shall not exceed 235/100 ml.

b. Fecal coliform density shall not exceed 400/100 ml.

                                                     

1 The bacteriological objectives were revised by a Basin Plan amendment adopted by the Regional Board on October 25, 2001,

and subsequently approved by the State Water Resources Control Board, the Office of Administrative Law and finally by U.S.

EPA on September 25, 2002.
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Element Key Findings and Regulatory Provisions

These objectives are generally based on an acceptable health risk for

marine recreational waters of 19 illnesses per 1,000 exposed individuals

as set by the US EPA (US EPA, 1986).  The targets apply throughout

the year.  The final compliance point for the targets is the point at

which the effluent from a discharge initially mixes with the receiving

water.

Implementation of the above bacteria objectives and the associated

TMDL numeric targets is achieved using a ‘reference system/anti-

degradation approach’ rather than the alternative ‘natural sources

exclusion approach’ or strict application of the single sample

objectives. As required by the CWA and Porter-Cologne Water Quality

Control Act, Basin Plans include beneficial uses of waters, water

quality objectives to protect those uses, an anti-degradation policy,

collectively referred to as water quality standards, and other plans and

policies necessary to implement water quality standards. The ‘reference

system/anti-degradation approach’ means that on the basis of historical

exceedance levels at existing monitoring locations, including a local

reference beach within Santa Monica Bay, a certain number of daily

exceedances of the single sample bacteria objectives are permitted.  The

allowable number of exceedance days is set such that (1)

bacteriological water quality at any site is at least as good as at a

designated reference site within the watershed and (2) there is no

degradation of existing bacteriological water quality.  This approach

recognizes that there are natural sources of bacteria that may cause or

contribute to exceedances of the single sample objectives and that it is

not the intent of the Regional Board to require treatment or diversion of

natural coastal creeks or to require treatment of natural sources of

bacteria from undeveloped areas.

The geometric mean targets may not be exceeded at any time.  The

rolling 30-day geometric means will be calculated on each day.  If

weekly sampling is conducted, the weekly sample result will be

assigned to the remaining days of the week in order to calculate the

daily rolling 30-day geometric mean.  For the single sample targets,

each existing monitoring site is assigned an allowable number of

exceedance days for three time periods (1) summer dry-weather (April

1 to October 31), (2) winter dry-weather (November 1 to March 31),

and (3) wet-weather (defined as days with 0.1 inch of rain or greater

and the three days following the rain event.)

Source Analysis Fecal coliform bacteria may be introduced from a variety of sources

including storm water runoff, dry-weather runoff, onsite wastewater

treatment systems, and animal wastes. An inventory of possible point

and nonpoint sources of fecal coliform bacteria to the waterbody was

compiled, and both simple methods and computer modeling were used

to estimate bacteria loads for those sources. Source inventories were
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Element Key Findings and Regulatory Provisions
used in the analysis to identify all potential sources within the Malibu

Creek watershed, modeling was used to identify the potential delivery

of pathogens into the creeks and the lagoon

Loading Capacity The loading capacity is defined in terms of bacterial indicator densities,

which is the most appropriate for addressing public health risk, and is

equivalent to the numeric targets, listed above.  As the numeric targets

must be met at the point where the effluent from storm drains or other

discharge initially mixes with the receiving water throughout the day,

no degradation or dilution allowance is provided.

Waste Load Allocations (for
point sources)

Waste Load Allocations (WLAs) are expressed as the number of daily

or weekly sample days that may exceed the single sample limits or 30-

day geometric mean limits as identified under “Numeric Target.”

WLAs are expressed as allowable exceedance days because the

bacterial density and frequency of single sample exceedances are the

most relevant to public health protection.

Zero days of exceedance are allowed for the 30-day geometric mean

limits.  The allowable days of exceedance for the single sample limits

differ depending on season, dry weather or wet-weather, and by

sampling locations as described in Table 7-10.2.

The allowable number of exceedance days for a monitoring site for

each time period is based on the lesser of two criteria (1) exceedance

days in the designated reference system and (2) exceedance days based

on historical bacteriological data at the monitoring site.  This ensures

that bacteriological water quality is at least as good as that of a largely

undeveloped system and that there is no degradation of existing water

quality.  However, existing data indicates that the number of

exceedance days for all locations assessed in this TMDL were greater

than the allowable exceedance days (i.e., number of exceedance days

greater than the number at the reference sites).

For each monitoring site, allowable exceedance days are set on an

annual basis as well as for three time periods.  These three periods are:

1.   summer dry-weather (April 1 to October 31)

2. winter dry-weather (November 1 to March 31)

3. wet-weather (defined as days of 0.1 inch of rain or more plus three

days following the rain event).

The responsible jurisdictions and responsible agencies are the County

of Los Angeles, County of Ventura, the cities of Malibu, Calabasas,

Agoura Hills, Hidden Hills, Simi Valley, Westlake Village, and

Thousand Oaks; Caltrans, and the California Department of Parks and

Recreation.The responsible jurisdictions and responsible agencies

include the permittees and co-permittees of the municipal storm water

(MS4) permits for Los Angeles County and Ventura County, and

Caltrans.  The storm water permittees are individually responsible for

the discharges from their municipal separate storm sewer systems to

Malibu Creek, Malibu Lagoon or tributaries thereto. The California
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Element Key Findings and Regulatory Provisions
Department of Parks and Recreation (State Parks), as the owner of the

Malibu Lagoon and Malibu Creek State Park, is the responsible agency

for these properties.  However, since the reference watershed approach

used in developing this TMDL is intended to make allowances for

natural sources, State Parks is only responsible for: conducting a study

of bacteria loadings from birds in the Malibu Lagoon, water quality

monitoring, and compliance with load allocations applicable to

anthropogenic sources on State Park property (e.g., onsite wastewater

treatment systems).  The Santa Monica Mountains Conservancy and the

National Park Service as the owner of natural parkland also are

responsible for water quality monitoring and compliance with load

allocations resulting from anthropogenic sources (e.g.,onsite

wastewater treatment systems) from lands under their jurisdiction.

As discussed in “Source Analysis”, discharges from Tapia WWRF and

effluent irrigation, and general construction storm water permits are not

expected to be a significant source of bacteria.  Therefore, the WLAs

for these discharges are zero (0) days of allowable exceedances for all

three time periods and for the single sample limits and the rolling 30-

day geometric mean.

Load Allocations (for nonpoint
sources)

Load Allocations (LA) are expressed as the number of daily or weekly

sample days that may exceed the single sample limits or 30-day

geometric mean limits as identified under “Numeric Target.” LAs are

expressed as allowable exceedance days because the bacterial density

and frequency of single sample exceedances are the most relevant to

public health protection.

Zero days of exceedance are allowed for the 30-day geometric mean

limits.  The allowable days of exceedance for the single sample limits

differ depending on season, dry weather or wet-weather, and by

sampling locations as described in Table 7-10.2.

The allowable number of exceedance days for a monitoring site for

each time period is based on the lesser of two criteria (1) exceedance

days in the designated reference system and (2) exceedance days based

on historical bacteriological data at the monitoring site.  This ensures

that bacteriological water quality is at least as good as that of a largely

undeveloped system and that there is no degradation of existing water

quality.  However, existing data indicates that the number of

exceedance days for all locations assessed in this TMDL were greater

than the allowable exceedance days.

For each monitoring site, allowable exceedance days are set on an

annual basis as well as for three time periods.  These three periods are:

1.   summer dry-weather (April 1 to October 31)

2.   winter dry-weather (November 1 to March 31)

3.  wet-weather (defined as days of 0.1 inch of rain or more plus three

days following the rain event).
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Element Key Findings and Regulatory Provisions
Onsite wastewater treatment systems were identified as the major

nonpoint anthropogenic source within the watershed. The responsible

agencies are the county and city health departments and/or other local

agencies that oversee installation and operation of on-site wastewater

treatment systems. However, owners of on-site wastewater treatment

systems are responsible for actual discharges.

Implementation The regulatory mechanisms  to implement the TMDL may include, but

are not limited to the Los Angeles County Municipal Storm Water

NPDES Permit (MS4), Ventura County Municipal Storm Water

NPDES Permit, the Caltrans Storm Water Permit, waste discharge

requirements (WDRs), MOUs, revised MOUs, general NPDES permits,

general industrial storm water permits, general construction storm water

permits, and the authority contained in Sections 13225, 13263 and

13267 of the Water Code.  Each NPDES permit assigned a WLA shall

be reopened or amended at reissuance, in accordance with applicable

laws, to incorporate the applicable WLAs as a permit requirement. This

TMDL will be implemented in three phases over a ten-year period as

outlined in Table 7-10.3. Within three years of the effective date of the

TMDL, compliance with the allowable number of summer dry-weather

exceedance days and the rolling 30-day geometric mean targets must be

achieved. In response to a written request from the responsible

jurisdiction or responsible agency subject to conditions described in

Table 7-10.3, the Executive Officer of the Regional Board may extend

the compliance date for the summer dry-weather allocations from 3 to

up to six years from the effective date of this TMDL Within six years of

the effective date of the TMDL, compliance with the allowable number

of winter dry-weather exceedance days and the rolling 30-day

geometric mean targets must be achieved.Within ten years of the

effective date of the TMDL, compliance with the allowable number of

wet-weather exceedance days and rolling 30-day geometric mean

targets must be achieved.

To be consistent with the Santa Monica Bay (SMB) Beaches TMDLs,

the Regional Board intends to reconsider this TMDL in coordination

with the reconsideration of the SMB Beaches TMDLs.  The SMB

Beaches TMDLs are scheduled to be reviewed in July 2007 (four years

from the effective date of the SMB Beaches TMDLs).  The review will

include a possible revision to the allowable winter dry-weather and wet-

weather exceedance days based on additional data on bacterial indicator

densities in the wave wash; to re-evaluate the reference system selected

to set allowable exceedance levels; and to re-evaluate the reference year

used in the calculation of allowable exceedance days. In addition, the

method for applying the 30-day geometric mean limit also will be

reviewed.  The Malibu Creek Bacteria TMDL is scheduled to be

reconsidered in three years from the effective date, which is expected to

approximately coincide with the reassessment required under the SMB

Beaches TMDLs.
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Element Key Findings and Regulatory Provisions
Margin of Safety A margin of safety has been implicitly included through the following

conservative assumptions.

• The watershed loadings were based on the 90
th
 percentile year for

rain (1993) based on the number of wet weather days.  This should

provide conservatively high runoff from different land uses for

sources of storm water loads

• The watershed loadings were also based on a very dry rain year

(1994).  This ensures compliance with the numeric target during

low flows when septic systems and dry urban runoff loads are the

major bacterial sources.

•  The TMDL was based on meeting the fecal 30-day geometric

mean target of 200 MPN/ 100 ml, which for these watersheds was

estimated to be more stringent level than the allowable exceedance

of the single sample standard.  This approach also provides

assurance that the E. coli single sample standard will not be exceed.

• The load reductions established in this TMDL were based on

reduction required during the two different critical year conditions.

A wet year when storm loads are high, and a more typical dry year

when base flows and assimilative capacity is low.  This adds a

margin of safety for more typical years.

In addition, an explicit margin of safety has been incorporated, as the

load allocations will allow exceedances of the single sample targets no

more than 5% of the time on an annual basis, based on the cumulative

allocations proposed for dry and wet weather. Currently, the Regional

Board concludes that there is water quality impairment if more than

10% of samples at a site exceed the single sample bacteria objectives

annually.

Seasonal Variations and

Critical Conditions

Seasonal variations are addressed by developing separate waste load

allocations for three time periods (summer dry-weather, winter-dry

weather, and wet-weather) based on public health concerns and

observed natural background levels of exceedance of bacterial

indicators.

To establish the critical condition for the wet days, we used rain data

from 1993. Based on data from the Regional Board's Santa Monica Bay

TMDL this represents the 90th percentile rain year based on rain data

from 1947 to 2000. To further evaluate the critical conditions, we

modeled a representative dry year. The dry-year critical condition was

based on 1994, which was the 50
th
 percentile year in terms of dry

weather days for the period of 1947-2000.

Compliance Monitoring Responsible jurisdictions and agencies shall submit a compliance

monitoring plan to the Executive Officer of the Regional Board for

approval.  The compliance monitoring plan shall specify sampling

frequency (daily or weekly) and sampling locations and that will serve
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as compliance points. This compliance monitoring program is to

determine the effectiveness of the TMDL and not to determine

compliance with individual load or wasteload allocations for purposes

of enforcement.

If the number of exceedance days is greater than the allowable number

of exceedance days the water body segment shall be considered out-of-

compliance with the TMDL. Responsible jurisdictions or agencies shall

not be required to initiate an investigation detailed in the next paragraph

if a demonstration is made that bacterial sources originating within the

jurisdiction of the responsible agency have not caused or contributed to

the exceedance.

If a single sample shows the discharge or contributing area to be out of

compliance, the Regional Board may require, through permit

requirements or the authority contained in Water Code section 13267,

daily sampling at the downstream location (if it is not already) until all

single sample events meet bacteria water quality objectives.

Furthermore, if a creek location is out of compliance as determined in

the previous paragraph, the Regional Board shall require responsible

agencies to initiate an investigation, which at a minimum shall include

daily sampling in the target receiving waterbody reach or at the existing

monitoring location until all single sample events meet bacteria water

quality objectives.

The County of Los Angeles, County of Ventura, and municipalities

within the Malibu Creek watershed, Caltrans, and the California

Department of Parks and Recreation are strongly encouraged to pool

efforts and coordinate with other appropriate monitoring agencies in

order to meet the challenges posed by this TMDL by developing

cooperative compliance monitoring programs.

Note: The complete staff report for the TMDL is available for review upon request.
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Table 7-10.2. Malibu Creek and Lagoon Bacteria TMDL: Final Annual Allowable Exceedance Days for Single Sample Limits by Sampling Location

Compliance Deadline  3* years after effective date 6 years after effective date 10 years after effective date

Summer Dry Weather ^ Winter Dry Weather ^** Wet Weather ^**

April 1 – October 31 November 1 - March 31 November 1 - October 31

Station ID Location Name Daily sampling
(No. days)

Weekly sampling
(No. days)

Daily sampling
(No. days)

Weekly sampling
(No. days)

Daily sampling
(No. days)

Weekly sampling
(No. days)

LA RWQCB Triunfo Creek 0 0 3 1 17 3

LA RWQCB Lower Las Virgenes Creek 0 0 3 1 17 3

LA RWQCB Lower Medea Creek 0 0 3 1 17 3

LVMWD (R-9) Upper Malibu Creek, above Las Virgenes Creek 0 0 3 1 17 3

LVMWD (R-2) Middle Malibu Creek, below Tapia discharge 001 0 0 3 1 17 3

LVMWD (R-3) Lower Malibu Creek, 3 mi below Tapia 0 0 3 1 17 3

LVMWD (R-4) Malibu Lagoon, above PCH 0 0 3 1 17 3

LVMWD (R-11) Malibu Lagoon, below PCH 0 0 3 1 17 3

------ Other sampling stations as identified in the Compliance
Monitoring Plan as approved by the Executive Officer
including at least one sampling station in each
subwatershed, and areas where frequent REC-1 use is
known to occur.

0 0 3 1 17 3

Notes: The number of allowable exceedances is based on the lesser of (1) the reference system or (2) existing levels of exceedance based on historical monitoring data.
The allowable number of exceedance days during winter dry-weather is calculated based on the 10th percentile storm year in terms of dry days at the LAX meteorological station
The allowable number of exceedance days during wet-weather is calculated based on the 90th percentile storm year in terms of wet days at the LAX meteorological station.
^ A dry day is defined as a non-wet day.  A wet day is defined as a day with a 0.1-inch or more of rain and the three days following the rain event.
* The compliance date may be extended by the Executive Officer to up to 6 years from the effective date.
* *A revision of the TMDL is scheduled for four years after the effective date of the Santa Monica Bay Beaches TMDLs in order to re-evaluate the allowable exceedance days during
winter dry-weather and wet-weather based on additional monitoring data and the results of the study of relative loading from storm drains versus birds.
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Table 7-10.3. Malibu Creek and Lagoon Bacteria TMDL: Significant Dates
Date Action

120 days after the effective date of this

TMDL

Responsible jurisdictions and responsible agencies must submit a

comprehensive bacteria water quality monitoring plan for the

Malibu Creek Watershed to the Executive Officer of the Regional

Board. The plan must be approved by the Executive Officer

before the monitoring data can be considered during the

implementation of the TMDL. In developing the 13267 order, the

EO will consider costs in relation to the need for data.  With

respect to benefits to be gained, the TMDL staff report

demonstrates the significant impairment and bacteria loading.

Further documenting success or failure in achieving waste load

allocations will benefit the responsible agencies and all

recreational water users.

The purpose of the plan is to better characterize existing water

quality as compared to water quality at the reference watershed,-

and ultimately, to serve as a compliance monitoring plan. The

plan must provide for analyses of all applicable bacteria

indicators for which the Basin Plan has established objectives

including E. coli. For fresh water and enterococcus for marine

water. The plan must also include sampling locations that are

specified in Table 7-10.2, at least one location in each

subwatershed, and areas where frequent REC-1 use is known to

occur. However, this is not to imply that a mixing zone has been

applied; water quality objectives apply throughout the

watershed—not just at the sampling locations.

1 year after effective date of this

TMDL

1.  Responsible jurisdictions and responsible agencies shall

provide a written report to the Regional Board outlining how

each intends to cooperatively achieve compliance with the

TMDL.  The report shall include implementation methods, an

implementation schedule, and proposed milestones.

Specifically, the plan must include a comprehensive

description of all steps to be taken to meet the 3-year summer

dry weather compliance schedule, including but not limited to

a detailed timeline for all category of bacteria sources under

their jurisdictions including but not limited to nuisance flows,

urban stormwater, on-site wastewater treatment systems,

runoff from homeless encampments, horse facilities, and

agricultural runoff.

2. If the responsible jurisdiction or agency is requesting an

extension of the summer dry-weather compliance schedule,

the plan must include a description of all local ordinances

necessary to implement the detailed workplan and

assurances that such ordinances have been adopted before

the request for an extension is granted.

3. Local agencies regulating on-site wastewater treatment

systems shall provide a written report to the Regional

Board's Executive Officer detailing the rationale and criteria

used to identify high-risk areas where on-site systems have a

potential to impact surface waters in the Malibu Creek

watershed.  Local agencies may use the approaches outlined

below in (a) and (b), or an alternative approach as approved
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Date Action

by the Executive Officer.

(a) Responsible agencies may screen for high-risk areas by

establishing a monitoring program to determine if

discharges from OWTS have impacted or are impacting

water quality in Malibu Creek and/or its tributaries. A

surface water monitoring program demonstration must

include monitoring locations upstream and downstream

of the discharge, as well as a location at mid-stream (or

at the approximate point of discharge to the surface

water) of single or clustered OWTS.  Surface water

sampling frequency will be weekly for bacteria

indicators and monthly for nutrients. A successful

demonstration will show no statistically significant

increase in bacteria levels in the downstream sampling

location(s).

(b) Responsible agencies may define the boundaries of

high-risk or contributing areas or identify individual

OWTS that are contributing to bacteria water quality

impairments through groundwater monitoring or

through hydrogeologic modeling as described below:

(1) Groundwater monitoring must include monitoring

in a well no greater than 50-feet hydraulically

downgradient from the furthermost extent of the

disposal area, or property line of the discharger,

whichever is less. At a minimum, sampling

frequency for groundwater monitoring will be

quarterly. The number, location and construction

details of all monitoring wells are subject to

approval of the Executive Officer.

(2) Responsible agencies may use a risk assessment

approach, which uses hydrogeologic modeling to

define the boundaries of the high-risk and

contributing areas. A workplan for the risk

assessment study must be approved by the

Executive Officer of the Regional Board.

4. OWTS located in high-risk areas are subject to system

upgrades as necessary to demonstrate compliance with

applicable effluent limits and/or receiving water objectives.

5. If a responsible jurisdiction or agency is requesting an

extension to the wet-weather compliance schedule, the plan

must include a description of the integrated water resources

(IRP) approach to be implemented, identification of potential

markets for water re-use, an estimate of the percentage of

collected stormwater that can be re-used, identification of

new local ordinances that will be required, a description of

new infrastructure required, a list of potential adverse

environmental impacts that may result from the IRP, and a

workplan and schedule with significant milestones

identified. Compliance with the wet-weather allocations
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Date Action

shall be as soon as possible but under no circumstances shall

it exceed 10 years for non-integrated approaches or extend

beyond July 15, 2021 for an integrated approach. The

Regional Board staff will bring to the Regional Board the

aforementioned plans for consideration of extension of the

wet-weather compliance date as soon as possible.

2 years after the effective date of this

TMDL

The California Department of Parks and Recreation shall provide

the Regional Board Executive Officer, a report quantifying the

bacteria loading from birds to the Malibu Lagoon.

The Regional Board's Executive Officer shall require the

responsible jurisdictions and responsible agencies to provide the

Regional Board with a reference watershed study.  The study

shall be designed to collect sufficient information to establish a

defensible reference condition for the Malibu Creek and Lagoon

watershed.

3 years after effective date of this

TMDL**

** May be extended to up to 6 years

from the effective date of this TMDL

Achieve compliance with the applicable Load Allocations and

Waste Load Allocations, as expressed in terms of allowable days

of exceedances of the single sample bacteria limits and the 30-

day geometric mean limit during summer dry-weather (April 1 to

October 31). In response to a written request from a responsible

jurisdiction or responsible agency, the Executive Officer of the

Regional Board may extend the compliance date for the summer

dry-weather allocations from 3 years to up to 6 years from the

effective date of this TMDL.  The Executive Officer’s decision to

extend the summer dry-weather compliance date must be based

on supporting documentation to justify the extension, including a

detailed work plan, budget and contractual or other commitments

by the responsible jurisdiction or responsible agency.

3 years after effective date of this

TMDL

The Regional Board shall reconsider this TMDL to:

(1)  Consider a natural source exclusion for bacteria loadings

from birds in the Malibu Lagoon if all anthropogenic

sources to the Lagoon have been controlled.

(2) Reassess  the allowable winter dry-weather and wet-weather

exceedances days based on additional data on bacterial

indicator densities, and an evaluation of site-specific

variability in exceedance levels to determine whether

existing water quality is better than water quality at the

reference watershed,

(3) Reassess the allowable winter dry-weather and wet-weather

exceedance days based on a re-evaluation of the selected
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Date Action

reference watershed and consideration of other reference

watersheds that may better represent reaches of the Malibu

Creek and Lagoon.

(4) Consider whether the allowable winter dry-weather and wet-

weather exceedance days  should be adjusted annually

dependent on the rainfall conditions and an evaluation of

natural variability in exceedance levels in the reference

system(s),

(5) Re-evaluate the reference year used in the calculation of

allowable exceedance days, and

(6) Re-evaluate whether there is a need for further clarification

or revision of the geometric mean implementation provision.

6 years after the effective date of

this TMDL

Achieve compliance with the applicable Load Allocations and

Waste Load Allocations, expressed as allowable exceedance days

during winter dry weather (November 1-March 31) single sample

limits and the rolling 30-day geometric mean limit.

10 years after the effective date of

this TMDL

** May be extended up to July 15,

2021.

Achieve compliance with the wet-weather Load Allocations and

Waste Load Allocations (expressed as allowable exceedance days

for wet weather and compliance with the rolling 30-day

geometric mean limit.)

The Regional Board may extend the wet-weather compliance

date up to July 15, 2021 at the Regional Board's discretion, by

adopting a subsequent Basin Plan amendment that complies with

applicable law.

This Page Intentionally
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Site Id: MCW-1  

Historical Site Id: 
LVMWD (R-11) 

Subwatershed: Malibu 
Lagoon (below PCH) 

Coordinates: N 34°02.069’ 
W 118°40.969’ 

Comments: This site is located below the bridge on 
PCH near Cross Creek Road. 
 
*LVMWD is the sampling entity & will continue to monitor at 
this location monthly. 
*Required by the TMDL. 
 
 
 
 
 
 
Site Id: MCW-2 

Historical Site Id: 
LVMWD (R-3) 

Subwatershed: Lower 
Malibu Creek 

Coordinates: N 34°02.825’ 
W 118°41.371’ 

Comments: Inside Serra Canyon Community at 
23500 Palm Canyon. This site is located 3 miles 
below Tapia. This site is accessed through a private 
community off of PCH called Serra. 
 
*LVMWD is the sampling entity & will continue to monitor at 
this location monthly. 
*Required by the TMDL. 
 
 

 
 
 
 
 
Site Id: MCW-3 

Historical Site Id: 
LVMWD (R-2) 

Subwatershed: Middle 
Malibu Creek 

Coordinates: N 34°04.654’ 
W 118°42.105’ 

Comments: This site is located off of Malibu Canyon 
Road below Tapia discharge 001. 
 
*LVMWD is the sampling entity & will continue to monitor at 
this location monthly. 
*Required by the TMDL. 
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Site Id: MCW-4 

Historical Site Id: 
LVMWD (R-9) 

Subwatershed: Upper 
Malibu Creek 

Coordinates: N 34°06.001’ 
W 118°43.364’ 

Comments: This site is located at Malibu Creek in 
L.A. County unincorporated area above the confluence 
with Las Virgenes Creek. 
 
*LVMWD is the sampling entity & will continue to monitor at 
this location monthly. 
*Required by the TMDL. 
 
 
 
 
 
 
Site Id: MCW-5 

Historical Site Id: 
CC 

Subwatershed: Cold 
Creek 

Coordinates: N 34°04.739’ 
W 118°41.996’ 

Comments: From 101 Freeway, go south on Las 
Virgenes Road. Make a left on Piuma Road. Off of 
Piuma Road, between Crater Camp Drive and Live 
Oak Circle Drive. There is a dead tree that has a cat 
carved into it which is across the street from the site. 
 
*The City of Calabasas is the sampling entity. Sampling 
frequency is not known at this time. 
 
 

 
 
 
Site Id: MCW-6 

Historical Site Id: 
New Site 

Subwatershed: Stokes 
Creek 

Coordinates: N 34°05.889’ 
W 118°42.748’ 

Comments: This site is located in Malibu Creek State 
Park. Once you enter Malibu Creek State Park from 
the Las Virgenes Road entrance, pass the booth and 
make an immediate left onto the gravel road. 
Continue down the road until you reach the tan and 
green building. Access to the creek is located behind 
the tan and green building. 
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Site Id: MCW-7 

Historical Site Id: Heal the 
Bay site #5 

Subwatershed: Lower 
Las Virgenes Creek 

Coordinates: N 34°05.769’ 
W 118°43.072’ 

Comments: This site is located in Malibu Creek State 
Park. It is off a bridge near the Las Virgenes Road 
entrance. Site is located directly above area that is 
used for recreation so the results aren’t skewed by 
contributions of bacteria from recreational users. 
 
*The RWQCB and Heal the Bay are the sampling entities. 
Sampling frequency is not known at this time. 
*Required by the TMDL. 
 
 
 
Site Id: MCW-8b 

Historical Site Id: 
New Site 

Subwatershed: Upper 
Las Virgenes Creek 

Coordinates: N 34°10.115’ 
W 118°42.102’ 

Comments:  Site is located at north end of Las 
Virgenes Road and is accessed through a Los Angeles 
County Flood Control gate. Sample is taken just 
downstream county line demarcated by chain link 
fence. 
 
 

 
 
Site Id: MCW-9 

Historical Site Id: 
New Site 

Subwatershed: 
Chesebro Creek 

Coordinates: N 34°09.082’ 
W 118°44.058’ 

Comments: Site is located on Chesebro Road. 
approximately 0.5 miles north of Driver Ave. and is 
accessed from bridge crossing over creek. Sample is taken 
just upstream confluence of Palo Comado Creek and 
Chesebro Creek. 
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Site Id: MCW-10 

Historical Site Id: 
Site #3 

Subwatershed: Palo 
Comado Creek 

Coordinates: N 34°08.585’ 
W 118°45.468’ 

Comments: From the 101 Freeway, exit Kanan Road 
and go south. Make a left onto Agoura Road and enter 
the Los Angeles County yard (on your right side). 
 
*LACDPW was the sampling entity. Sampling at this site has 
concluded. 
 

 
 
  
Site Id: MCW-11 

Historical Site Id: 
Med2 

Subwatershed: Lower 
Medea Creek 

Coordinates: N 34°06.921’ 
W 118°45.339’ 

Comments: This site is situated in Paramount Ranch 
(Santa Monica Mountains National Recreation Area) 
at the Cornell Road entrance at the bridge at the edge 
of the parking lot. 
 
*The RWQCB and the City of Calabasas is the sampling entity. 
Sampling frequency is not known at this time. 
*Required by the TMDL. 
 
 
  
Site Id: MCW-12 

Historical Site Id: 
Med1 

Subwatershed: Upper 
Medea Creek 

Coordinates: N 34°10.230’ 
W 118°45.765’ 

Comments: Site is located at the west end 
of Tamarind Street and is accessed by climbing 
down publicly accessed embankment. Sample 
is taken upstream of the pedestrian bridge. 
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Site Id: MCW-13 

Historical Site Id: 
Site #5 

Subwatershed: Lower 
Lindero Creek 

Coordinates: N 34°08.592’ 
W 118°45.842’  

Comments: Downstream of Lindero Lake at the end 
of an underground concrete culvert on the south side 
of Agoura Road west of Kanan Road. It outlets to a 
scour pond of concrete riprap leading to a natural 
channel. 
 
*LACDPW was the sampling entity. Sampling at this site has 
concluded.. 
 
 
 
Site Id: MCW-14b 

Historical Site Id: 
New Site  

Subwatershed: 
Upper Lindero Creek 

Coordinates: N 34°09.943’ 
W 118°47.268’ 

Comments: Site is located near the Yerba 
Buena Elementary School at the north end of 
Reyes Adobe Rd. and is accessed by using a 
gate on the east side of the parking lot. 
Sample is taken at end of dirt path leading 
from access gate. 
 
 
 

 
 
Site Id: MCW-15b 

Historical Site Id: 
New Site  

Subwatershed: 
Westlake Creek / 
Russel Branch 

Coordinates: N 34°09.263’ 
W 118°48.693’  

Comments:  Site is located on La Tienda 
Drive just west of Oaks Christian High School 
and is accessed through a Los Angeles County 
Flood Control gate. Sample is taken 
downstream of the debris basin. 
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Site Id: MCW-16 

Historical Site Id: 
TRI 

Subwatershed: Triunfo 
Creek 

Coordinates: N 34°06.438’ 
W 118°46.073’ 

Comments: Triunfo Creek before it feeds into 
Malibou Lake. From the 101 Freeway, exit Kanan 
Road and go south on Kanan Road. Make a left on 
Troutdale Drive. Make a left onto Mulholland Hwy, 
then make a right on Lake Vista Drive. Make a right 
into Green Willow Ranch and stop at the bridge. 
 
*The RWQCB and the City of Calabasas are the sampling 
entities. Sampling frequency is not known at this time. 
*Required by the TMDL 
 
 
Site Id: MCW-17 

Historical Site Id: 
POT 

Subwatershed: 
Potrero Canyon Creek 

Coordinates: N 34°08.696’ 
W 118°50.165’ 

Comments: Site is located on Triunfo 
Canyon Road approximately 0.4 miles south 
of Westlake Boulevard and is accessed 
through a Ventura County Watershed 
Protection District gate (805) 654-5000. 
Sample is taken from the middle channel of 
the concrete apron. 
 
 
 
 
 
Site Id: MCW-18 

Historical Site Id: 
New Site 

Subwatershed: Hidden
Valley Creek 

Coordinates: N 34°08.474’ 
W 118°52.673’ 

Comments: Site is located on Potrero Road 
approximately 0.45 miles south of Thornton 
Ranch Road and is accessed near the bridge 
crossing.  Sample is taken upstream the 
bridge. 
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LIST OF ACRONYMS 
 
μg/L  Microgram per Liter  
APHA  American Public Health Association 
AWWA  American Water Works Association 
BC   Ballona Creek 
BCE  Ballona Creek Estuary 
BMPs  Best Management Practices 
CADOHS California Department of Health Services 
Cal/OSHA California Occupational Safety & Health Administration 
Caltrans  California Department of Transportation 
CCD  Charged Coupled Device 
CDFG  California Department of Fish and Game 
Cent  Centinela 
cfs   Cubic Feet per Second 
CHP  Chemical Hygiene Plan 
CLA             City of Los Angeles  
CMP  Coordinated Monitoring Plan 
COC  Chain-of-Custody 
COMM  Commercial and Sport Fishing 
CTR  California Toxics Rule 
CWA  Clean Water Act 
DDT  Dichloro Diphenyl Trichloroethane 
DMR  Discharge Monitoring Report 
ELAP  Environmental Laboratory Accreditation Program 
EMC  Even Mean Concentration 
EMD  Environmental Monitoring Division 
ERL  Effects Range Low 
EST  Estuarine Habitat 
FACT   Fast Automated Curve-fitting Technique 
g/day  Gram per day 
g/yr   Gram per Year 
GIS   Geographic Information System 
ICP   Inductively Coupled Plasma 
ICSD  Information & Control System Division 
kg/yr  Kilogram per Year 
LADPW Los Angeles County Department of Public Works 
LARWQCP Los Angeles Regional Water Quality Control Board 
LIMS  Laboratory Information Management System 
m3/yr  Cubic Meter per Year  
MAR  Marine Habitat 
mg/kg  Milligram per Kilogram 
mg/L  Milligram per Liter 
MIGR  Migration of Aquatic Organisms 
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MPH  Mile per Hour 
MPS  Monitoring Plan Sub-Commitee 
 
MS4  Municipal Separate Storm Sewer System 
mt/m3  Metric Ton per Cubic Meter  
N/A   Not Applicable 
Nat   National 
NIST  National Institute of Standards and Technology 
NOAA  National Oceanic and Atmospheric Administrations 
NPDES  National Pollutant Discharge Elimination System 
NRDC  Natural Resources Defense Council 
PAHs  Polynuclear Aromatic Hydrocarbons 
PCBs  Polychlorinated Biphenyls 
PE   Performance Evaluation 
QA/QC  Quality Assurance/Quality Control 
RARE  Rare and Threatened or Endangered Species 
REC1  Water Contact Recreation 
REC2  Non-contact Water Recreation 
RF   Radio Frequency 
RPD  Relative Percent Difference 
LARWQB Los Angeles Regional Water Quality Control Board 
SHELL  Shellfish Harvesting 
SOP  Standard Operating Procedure 
SPWN  Reproduction and Early Development of Fish 
TIE   Toxicity Identification Evaluation 
TMDL  Total Maximum Daily Load 
TOC  Total Organic Carbon 
USEPA  United States Environmental Protection Agency 
WARM  Warm Freshwater Habitat 
WEF  Water Environmental Federation 
WILD  Wildlife Habitat 
WLAs  Waste Load Allocations 
WP   Water Pollution 
WPD  Watershed Protection Division   
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1.0 EXECUTIVE SUMMARY 
 
The U.S. Federal Regulations under the Clean Water Act (CWA) of 1972 require States 
to develop a list of impaired waters and the pollutants for which they are impaired, also 
known as the 303 (d) List.  Subsequently, States must establish a watershed-based 
pollutant specific Total Maximum Daily Load (TMDL) to bring impaired water bodies 
into compliance with the water quality standards necessary for its beneficial uses.  This 
TMDL is then incorporated as an amendment to the regional Basin Plan. The designated 
responsible jurisdictions and responsible agencies must then reduce their discharges to 
meet these waste load allocations according to a compliance schedule.   
 
Segments of Ballona Creek, Sepulveda Canyon Channel and Ballona Creek Estuary were 
designated as impaired and included on California’s 1996, 1998, and 2002 CWA 303(d) 
lists of impaired waters due to excessive amounts of certain metals, organic compounds, 
and toxicity.  The presence of these constituents in surface waters and sediments is an 
indication that water and sediment quality may not be sufficient to maintain the various 
beneficial uses specified in the Basin Plan for these water bodies. The California 
Regional Water Quality Control Board, Los Angeles Region (Regional Board) released a 
first draft of the Ballona Creek Metals (Metals) and Ballona Creek Estuary Toxic 
Pollutants (Estuary Toxics) TMDLs on March 28, 2005. Metals and Estuary Toxics 
TMDLs became effective on January 11, 2006, and were adopted by the USEPA on 
October 29, 2008 (revised document) and December 22, 2005 respectively.  
 
While the City of Los Angeles (CLA) is the primary jurisdictional group among the 
Ballona Creek Metals and Estuary Toxics TMDLs Jurisdictional Groups (Ballona 
Jurisdictional Group), Cities of Los Angeles, Culver City, Beverly Hills, Inglewood, 
West Hollywood, Santa Monica, the County of Los Angeles, and the California 
Department of Transportation (Caltrans) are jointly responsible for meeting the TMDL 
requirements.  The Creek Metals and Estuary Toxics TMDLs require responsible 
agencies within the watershed to achieve compliance with the TMDL, according to 
specified schedules. Five years after January 11, 2006, the effective date of the Creek 
Metals TMDL, and six years after January 11, 2006, the effective date of the Estuary 
Toxics TMDL, the Regional Board will re-open the TMDLs to re-evaluate the waste load 
allocations and the implementation schedules. 
 
The plan is designed to comply with the monitoring requirements of the Creek Metals 
and Estuary Toxics TMDLs and to provide the data to support the re-evaluations that will 
be made when the TMDLs are reopened in five and six years, respectively. 
  
Historical or existing monitoring sites are those locations monitored by the CLA Bureau 
of Sanitation, Environmental Monitoring Division (EMD), and the County of Los 
Angeles’ Department of Public Works (County) at the time of adoption of this TMDL by 
the Regional Board.  
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Monitoring Sites and Approach 
 
The monitoring program will begin as soon as it is practicable, and no later than six 
months, after the CMP is approved by the LARWQBRegional Board. The proposed 
monitoring program for water quality and storm water consists of five sampling sites.  
Dry and wet water quality samples will be collected monthly.  Storms will be sampled as 
they occur, provided that the time lag between storm events is greater than 72 hours.  In 
the case where the second storm event follows the first by less than 72 hours, it will not 
be sampled due to resource and logistical concerns.  Additionally, wet weather 
monitoring is not to exceed more than one sample event per month with a minimum of 72 
hours between storm events.  An ambient monitoring dry-weather water quality site has 
been proposed for testing the water quality in the Estuary.  A wet-weather water quality 
and storm-borne sediment site has also been proposed. A pilot study will be established, 
prior to the start of effectiveness monitoring, to capture storm-borne sediment from storm 
water samples.  If it should prove to be impractical to collect sufficient amounts of 
sediments by this method, the Ballona Jurisdictional Group will propose an alternative 
method to the LARWQB Regional Board. Six sediment quality monitoring locations are 
established.  Sampling will be done semi-annually during the first year of monitoring 
and, if results show no variability, annually thereafter.  Two bioaccumulation sites are 
established for the collection of sport fish and mussels.  Bioaccumulation sampling will 
be performed annually.   
 
Materials and Methods 

 
Samples will be tested by a State of California Environmental Laboratory Accreditation 
Program (ELAP) certified laboratory using ELAP approved methods. Quality assurance 
and quality control procedures will be conducted to confirm that the analytical data 
collected are valid and that they are comparable among all participating laboratories.   
 
Data Management and Reporting  
 
All monitoring agencies performing analyses for this program will submit their data 
electronically to the CLA’s Bureau of Sanitation on an annual basis.  The final summary 
reports will be submitted to the Regional Board on an annual basis along with compliance 
summary tables.  Copies of the annual reports will be distributed to the responsible 
agencies prior to submittal to the Regional Board. 
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2.0 INTRODUCTION 
 

 
This monitoring proposal is submitted to fulfill the requirement for developing a CMP 
Plan for the Ballona Creek Metals (Metals) and Ballona Creek Estuary Toxic Pollutants 
(Estuary Toxics) Total Maximum Daily Loads (TMDLs).  As reference, the TMDL basin 
plan amendments can be found in Appendices I, J and L of this document.  The entire 
TMDL documents, including the staff report, can be found on the Los Angeles Regional 
Water Quality Control Board’s (Regional Board) website at:  
 http://www.waterboards.ca.gov/losangeles/water_issues/programs/tmdl/tmdl_list.shtml 
 
2.1 Regulatory Background 
 
Federal Regulations under the Clean Water Act (CWA) require States to develop a list of 
impaired waters and pollutants for which they are impaired, also known as the 303(d) 
List.  The States must then establish capacity of the water body to assimilate the 
impairing pollutants.  This is done in the form of the pollutant TMDL that the water body 
can receive and still achieve the water quality objectives necessary to protect beneficial 
uses (e.g., MAR).  Waste Load Allocations (WLA) from point sources and load 
allocations from non-point sources must be reduced as needed according to the schedule 
to meet the TMDL of the water body.  These TMDLs are incorporated as amendments to 
the regional Water Quality Control Plan (Basin Plan). 
 
Ballona Creek and Estuary were designated as impaired and included on California’s 
2002 and 1998 CWA §303(d) List of impaired waters, respectively.  Segments of the 
Creek are listed for dissolved copper, lead, zinc, and total selenium. Segments of the 
Sepulveda Canyon Channel are listed for lead.  The Estuary sediment is listed for 
cadmium, lead, silver, zinc, chlordane, DDT, PCBs, and PAHs.  Discharges of toxic 
pollutants and metals to these water bodies may result in impairments of beneficial uses 
associated with aquatic life (WARM, EST, MAR, WILD, RARE, MIGR, and SPWN), 
and human use of these resources (COMM, SHELL, REC1, and REC2). 
 
Upon approval tThe Metals and Estuary Toxics TMDLs became effective upon approval 
by the United States Environmental Protection Agency (EPA) withincluded the following 
actions required: 
  

• The TMDLs require responsible jurisdictions and responsible agencies to submit a 
CMP within 12 months of the effective date of the TMDLs.   

• Five years after the effective date of the Metals TMDL and six years after the 
effective date of the Estuary Toxics TMDL, the Regional Board will re-consider 
the TMDLs, including certain provisions based on new data, some of which will 
be collected under this monitoring plan. 

• The Regional Board will reassess the TMDL’s numeric targets and sediment 
WLAs consistency with the State Board six months after the State Sediment 
Quality Objectives are adopted. 
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• Responsible jurisdictions and responsible agencies are required to achieve 
conformance with the Metals TMDL according to specified schedules, delineated 
below. 

o Six years after the effective date of the TMDL, the MS4 and Caltrans 
storm water NPDES permittees shall demonstrate that 50% of the total 
drainage area served by the MS4 system is effectively meeting the dry-
weather WLAs and 25% of the total drainage area served by the MS4 
system is effectively meeting the wet-weather WLAs. 

o Eight years after the effective date of the TMDL, the MS4 and Caltrans 
storm water NPDES permittees shall demonstrate that 75% of the total 
drainage area served by the MS4 system is effectively meeting the dry-
weather WLAs. 

o Ten years after the effective date of the TMDL, the MS4 and Caltrans 
storm water NPDES permittees shall demonstrate that 100% of the total 
drainage area served by the MS4 system is effectively meeting the dry-
weather WLAs and 50% of the total drainage area served by the MS4 
system is effectively meeting the wet-weather WLAs.  

o Fifteen years after the effective date of the TMDL, the MS4 and Caltrans 
storm water NPDES permittees shall demonstrate that 100% of the total 
drainage area served by the MS4 system is effectively meeting both the 
dry-weather and wet-weather WLAs. 

• Responsible jurisdictions and responsible agencies are required to achieve 
conformance with the Estuary Toxics TMDL according to specified schedules, 
delineated below.  

o Seven years after the effective date of the TMDL, the MS4 and Caltrans 
storm water NPDES permittees shall demonstrate that 25% of the total 
drainage area served by the MS4 system is effectively meeting the WLAs 
for sediment. 

o Nine years after the effective date of the TMDL, the MS4 and Caltrans 
storm water NPDES permittees shall demonstrate that 50% of the total 
drainage area served by the MS4 system is effectively meeting the WLAs 
for sediment.  

o Eleven years after the effective date of the TMDL, the MS4 and Caltrans 
storm water NPDES permittees shall demonstrate that 75% of the total 
drainage area served by the MS4 system is effectively meeting the WLAs 
for sediment. 

o Fifteen years after the effective date of the TMDL the MS4 and Caltrans 
storm water NPDES permittees shall demonstrate that 100% of the total 
drainage area served by the MS4 system is effectively meeting the WLAs 
for sediment. 

 
This monitoring proposal is submitted to fulfill the first of the above listed requirements, 
i.e., that the CMP for the Metals and Estuary Toxics TMDLs is to be submitted within 12 
months of the effective date of the TMDL.   
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Monitoring of metals and toxics in Ballona Creek and Estuary began in early 2009 after 
conditional approval by the Regional Board of the first CMP revision that was submitted 
in August 2008. Subsequently, the CMP was finalized and resubmitted as the second 
revision in May 2009. The objective of this third revision, submitted to the Regional 
Board in October 2012 is to optimize the CMP towards in-stream water quality 
monitoring in Ballona Creek and Estuary and to avoid duplication of the monitoring 
efforts that are also required by other water quality regulations (MS4 NPDES Permit).   
 
2.2 TMDL Numeric Targets and Waste Load Allocations  
 
The CMP must be designed to measure conformity with WLAs as defined in the TMDLs, 
and to provide the data to support the re-evaluations that will be made when the TMDLs 
are reconsidered in five and six years after each respective effective date.  In order to 
fully describe the CMP, a discussion of how the Regional Board will measure WLA 
conformity as stated in the TMDLs is necessary. 
  
The Metals TMDL uses numeric water quality standards and conversion factors in the 
CTR to convert the numeric targets for dissolved copper, lead, and zinc to total 
recoverable copper, lead, and zinc. Since Ballona Creek is listed as impaired for total 
recoverable selenium, the CTR numeric targets were directly applied.  Separate dry- and 
wet-weather standards are included because hardness values and flow conditions in the 
Creek vary between dry and wet-weather.  The Estuary Toxics TMDL establishes 
numeric targets for cadmium, copper, lead, silver, zinc, chlordane, DDTs, Total PCBs, 
and Total PAHs, based on the National Oceanic and Atmospheric Administration’s 
(NOAA) and Effects Range-Low (ERL) sediment quality guidelines.  These numeric 
targets and the corresponding WLAs have been set based on the Los Angeles Basin Plan 
objectives for the various beneficial uses designated for Creek and Estuary along with the 
implementation provisions for these objectives. 
 
The dry and wet-weather numeric targets and WLA(s) for both the Metals and Estuary 
Toxics TMDLs are tabulated in Appendix I and J respectively. As defined in tThe Metals 
TMDL defines, dry-weather ias the days when the maximum daily flow in the Creek is 
less than 40 cubic feet per second (cfs), and wet-weather isas the days when the 
maximum daily flow is equal to or greater than 40 cfs, with 40 cfs being the 90th 
percentile flow based on data from 1987-1998. However, it was observed during the 
implementation of the CMP that this inflection point between dry and wet weather did 
not reflect actual weather conditions. By including more recent flow data, subsequent 
analyses indicated that the 90th percentile flow rate had increased from 40 to 80 cfs. 
Accordingly, this revised CMP uses 80 cfs as the new inflection point between dry and 
wet weather.    
 
In the Estuary Toxics TMDL, conformance is based upon the levels of the above 
mentioned pollutants in storm-borne sediments.  Additionally, the ambient monitoring 
portion of this TMDL requires dry-weather water quality, storm water, sediment quality, 
and bioaccumulation monitoring for the pollutants listed above.  
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Five (5) sampling points or monitoring sites, each representing major portions of the total 
drainage area, will be monitored to satisfy the monitoring requirements of the Metals and 
Estuary Toxics TMDLs.  Sites BC-1 through BC-4 apply towards the Metals TMDL, and 
sites BC-1 and BC-5 applys to the Estuary Toxics TMDL.   
 
 
2.3 Coordinated Monitoring Plan Development 
 
This monitoring plan was developed by the Monitoring Plan Sub-Committee (MPS) of 
the Ballona Jurisdictional Group, which was chaired by the CLA (see Appendix K for a 
list of participants) with input from the Regional Board, Heal the Bay and Santa Monica 
BayKeeper. 
 
The Ballona Jurisdictional Group began gathering information and meeting with 
representatives of the various agencies that had historically conducted monitoring within 
Ballona Creek, namely the CLA Bureau of Sanitation and the County of Los Angeles 
Department of Public Works. The group met on many occasions beginning in early 2005 
to assess the plans for monitoring the TMDL requirements in the Creek and the Estuary. 

 
2.4 Requirements of Coordinated Monitoring Plan 
 
Both TMDLs require that within 12 months of the effective date: 
 

“The MS4 and Caltrans storm water NPDES permittees must submit a 
coordinated monitoring plan, to be approved by the Executive Officer, 
which includes both ambient monitoring and TMDL effectiveness 
monitoring.  Once the coordinated monitoring plan is approved by the 
Executive Officer ambient monitoring shall commence.” 

 
Ambient monitoring programs are necessary to assess water quality throughout Ballona 
Creek and its tributarties and to assess the progress made to remove the toxic pollutant 
and metals impairments.  Effectiveness monitoring programs are necessary for assessing 
the progress of reducing pollutants loads to achieve the waste load allocations of the 
TMDLs.  Specific ambient and effectiveness monitoring requirements can be found in 
Appendix I and J for the Metals and Estuary Toxics TMDLs respectively. 
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3.0 MONITORING SITES 
 
3.1 Ballona Creek Watershed Setting 
 
The Ballona Creek Watershed is contained within the jurisdictions of eight responsible 
agencies: CLA (lead), City of Beverly Hills, City of Culver City, City of Inglewood, City 
of West Hollywood, City of Santa Monica, County of Los Angeles, and Caltrans. The 
watershed is the largest subwatershed within the Santa Monica Bay Watershed 
Management Area, and is comprised of the West Los Angeles, Westwood Village, 
Culver City, Hollywood, Cienega, Windsow Hills, and Lower Ballona Creek 
subwatersheds as defined by the Regional Board.  
 
The combined size of the seven subwatersheds is approximately 81,652 acres1; including 
495 acres of Ballona Wetlands within the Lower Ballona Creek sub-watershed.  This 
results in a total drainage area 81,157 acres of urbanized watershed, with the Ballona 
Creek Metals TMDL drainage area being 72, 560 acres and the Ballona Creek Estuary 
Toxics drainage area being 81,157 acres.  The total effective urbanized watershed area 
for both TMDLs falls under the jurisdiction of the following responsible agencies: 

 
CLA (lead) 67,030 acres 
County of Los Angeles 3,928 acres 
City of Beverly Hills 3,631 acres 
City of Culver City 3,235 acres 
City of Inglewood 1,935 acres 
City of West Hollywood 1,202 acres 
City of Santa Monica 265 acres 
Caltrans 1,206 acres 

*Agency acreages provided by LARWQB 
 
Ballona Creek flows as an open channel for just under 10 miles from Los Angeles (South of 
Hancock Park) through Culver City, reaching the Santa Monica Bay just south of Marina 
del Rey. The transition between the Creek and Estuary is considered to occur at Centinela 
Boulevard; Ballona Creek above Centinela Boulevard is concrete-lined and Ballona Creek 
below Centinela Boulevard is soft bottom.  
 
Several monitoring efforts have taken place within the Ballona Creek watershed. Beginning 
in 2001, the CLA, Department of Public Works, Bureau of Sanitation, Watershed Protection 
Division, under its Status and Trends Monitoring Program, began monitoring at three (3) 
locations along the main channel of Ballona Creek for bacteria, metals, and other pollutants.  
In 2005 the Status and Trends Program was extended to include four (4) tributary 
monitoring locations sampled for metals.  In addition, the County of Los Angeles, as part of 

                                                 
1 Area breakdown was generated in GIS using LARWQCB Data.  The overall effective watershed area may 
change depending on how the Regional bBoard decided to enforce National Parks Service and 
miscellaneous State and Federal areas to comply with the TMDLs. 
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the Los Angeles County Municipal Storm Water Permit, under its Core Monitoring 
Program, conducts sampling within the Ballona Creek watershed. The County’s Core 
Monitoring Program is comprised of one permanent mass emission station (S01) within the 
main channel, six tributary locations, five estuary locations, and one bioassessment location. 
During the 2004-2005 wet-weather season, the six mass emission sites located on tributaries 
to the main channel of Ballona Creek were monitored. Five storm events and two dry-
weather events were monitored at each tributary mass-emission station.  
 
The monitoring sites for the Metals and Estuary Toxics TMDLs have been selected by 
the Ballona Jurisdictional Group with guidance from the MPS.  Guidance from the MPS 
took the form of the site selection guidelines listed below.  These site selection guidelines 
were intended as overarching parameters for use by the responsible agencies to establish 
locations. Final selection of sampling locations required the exercise of professional 
judgment at the stakeholder level.  
 
3.2 Site Selection Guidelines 
 
These guidelines were used by the responsible agencies in establishing their CMP sites 
for effectiveness monitoring and ambient monitoring of the Metals and Estuary Toxics 
TMDLs.  Each guideline was not necessarily relevant or applicable at every monitoring 
location. 
 
Ballona Creek Metals TMDL  

Dry- and Wet-Weather Water Quality 

• Monitoring will be conducted at fivefour (54) autosampler locations during 
effectiveness monitoring and on an as needed basis during ambient monitoring to 
assist with Implementation Plan development. These Ffour of the sample points 
are located in the 303(d) listed impaired waterbodies  Ballona Creek main channel 
and tributaries whichto cover portions corresponding to approximately 25, 50, 75 
and 100% of the total discharge area for the Metals TMDL. andNote that there is 
a fifth sample autosampler location upstream of the Estuary specifically  is for the 
Estuary Toxics TMDL.  

  

Ballona Creek Estuary Toxics TMDL  
Dry-Weather Water Quality 

• One (1) location will be selected to test for dry-weather water quality during the 
ambient monitoring period.  Sampling at this site will not be continued once 
compliance monitoring starts and the results from the site will not be counted 
towards compliance.   

 
Wet- Weather Water Quality and Storm Borne Sediment 
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• Sampling will be conducted at two two(2) (2) autosampler locations to indicate 
wet-weather loading conditions and loading estimates from watershed to the 
Estuary during effectiveness monitoring. 

• Storm borne sediments will be collected at the two (2) most downstream 
autosampler locations. 

 

Sediment Quality  

• Six (6) sampling locations will be used.  As specified in the resolution, two (2) 
were intentionally selected and four (4) were randomly selected to spatially cover 
the entire estuary. 

• Intentionally selected sample points will be located at a historical monitoring 
location and a highly utilized location to assess temporal data trends. 

• Randomly selected sample points will be used to:  

 Assess spatial distribution of target analyses within the estuary; 

 Identify the area(s) of the estuary where the highest concentrations are 
located; 

 Determine whether the contaminants decrease farther from the 
source/sources; 

Bioaccumulation 

• Two (2) sampling locations will be used.   

• If possible, sport fish species that are subject to human consumption will be 
targeted. 

• Should station location prohibit taking of sport fish, then any practical alternative 
fish species present will be used.  Refer to Table 3.1, page 26. 

The Ballona Jurisdictional Group conducted a storm drain survey and consulted with as-
built drawings and drainage maps to determine potential monitoring locations as part of the 
evaluation process.  The final list of monitoring sites was selected based on requirements of 
the TMDLs and guidelines presented here; these sites are described in Section 3.3 of this 
plan and summarized in Appendix B.   
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3.3 Monitoring Locations 
 
 
 
Figure 3.1  Monitoring Locations 
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3.3.1 Ballona Creek Metals TMDL  
 
Monitoring to comply with the Ballona Creek Metals TMDL establishes dry- and wet-
weather water quality monitoring locations within the Ballona Creek watershed for two 
distinct purposes: (1) characterize ambient water quality and (2) to measure attainment of 
WLAs specified in the effectiveness monitoring portion of the TMDL.  Effectiveness 
monitoring utilizes the same dry- and wet-weather water quality monitoring locations 
within the Ballona Creek watershed as are used to characterize ambient water quality. 
The location of the five autosampler stations is shown in Figure 3.1. 
 
Ballona Creek Metals TMDL- Water Quality Ambient and Effectiveness Monitoring 
 

In accordance with the Metals TMDL requirements, the responsible agencies propose to 
conduct monthly ambient and effectiveness sampling at four of the five locations, BC-1 
through BC-4. To satisfy the requirements of the Estuary Toxics TMDL, wet-weather 
water quality and storm-borne sediments will be monitored at BC-1 and BC-1 (in 
Centinela Creek). Brief descriptions of the five locations (BC-1 through BC-5) are given 
below.  More details, including drainage maps and locations, of these sites are available 
in Appendix B. Locations BC-1 through BC-4 represent ambient and effectiveness 
locations for the Metals TMDL.  Location BC-5 represents an effectiveness sampling 
locations for the Estuary Toxics TMDL.   
 
 
Site Id: BC – 1 Status: Existing Location: Main Channel  
Historical Site Id: Cent Subwatershed:  N/A  
Comments:  
This is an existing sampling site currently monitored by 
the CLA as part of its Status and Trends Monitoring 
Program. The site is located at Centinela Avenue on the 
main channel.  This location receives flow from 100.0% of 
the total drainage area.  Refer to Appendix B, Table B.1 
for exact coordinates. 
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Site Id: BC – 2 Status: Existing Location: Main Channel 
Historical Site Id: S01 Subwatershed: N/A  
Comments:  
This is the County of Los Angeles’ existing mass emission 
monitoring site, which is located at the existing stream 
gage station (Stream Gage No. F38C-R) between Sawtelle 
Boulevard and Sepulveda Boulevard in the CLA.  This 
location, which was chosen to avoid tidal influences, 
receives flow from 78.0% of the total drainage area.  Refer 
to Appendix B, Table B.1 for exact coordinates. 
 

 

 

 

Site Id: BC – 3 Status: Existing Location: Main Channel 
Historical Site Id: Nat Subwatershed: N/A  
Comments:  
This is an existing sampling site currently monitored by 
the CLA as part of its Status and Trends Monitoring 
Program. The site is located at National Boulevard on the 
main channel.  This location receives flow from 42.0% of 
the total drainage area.  Refer to Appendix B, Table B.1 
for exact coordinates. 
 
 
 

 

 

 

 
Site Id: BC – 5 Status: Historical Waterbody: Tributary 

Site Id: BC – 4 Status: Existing Location: Tributary 
Historical Site Id: TS08 Subwatershed: West Los Angeles  
Comments: 
This is an existing sampling site, located just above the 
confluence of Ballona Creek and the Sepulveda Channel. 
The location is currently monitored by the CLA as part of 
its Status and Trends Monitoring Program, and was part of 
the Los Angeles County’s Core Monitoring Program 
under the LA County Municipal Storm Water Permit.  
This location receives flow from 20.0% of the total 
drainage area.  Refer to Appendix B, Table B.1 for exact 
coordinates. 
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Historical Site Id:  TS07 Subwatershed: Centinela Creek  
Comments:  
This is a historical County of Los Angeles sampling site, 
located just above the confluence of Ballona Creek and 
Centinela Creek at Centinela Avenue.  This location will 
only be used to collect samples for wet-weather water 
quality and storm-borne sediment for the Estuary Toxics 
TMDL.  This location receives flow from 7.6% of the total 
drainage area.  Refer to Appendix B, Table B.2 for exact 
coordinates. 
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3.3.2 Ballona Creek Estuary Toxics TMDL 
 

The Estuary Toxics TMDL ambient monitoring program requires dry-weather water 
quality, wet-weather water quality, sediment quality, and bioaccumulation monitoring. 
Storm-borne sediment loading from the watershed to the Estuary during wet-weather is 
specified by the effectiveness monitoring program to measure conformance with the 
Estuary Toxics TMDL.     
 
Dry-weather Water Quality 
 
One (1) dry-weather water quality location has been selected to meet the TMDL ambient 
monitoring requirement as shown in the fFigure 3.2 below at the Pacific Avenue Bridge 
(BCE-1A).  This site was chosen based on its historical precedence along with its 
location in the Lower Estuary Sub-watershed.  This location will be monitored for dry-
weather water quality through monthly grab samples which will be analyzed for the 
pollutants specified in the TMDL Resolution No. 2005-008.  Monitoring at this site will 
be for the ambient monitoring period only, and will conclude at the start of compliance 
monitoring.  Results and data collected for this site during the ambient monitoring period 
will not be used towards compliance monitoring. 
 
Wet-weather Water Quality and Storm Borne Sediments 
 
Two (2) wet-weather water quality locations have been selected at Centinela Avenue in 
Ballona Creek main Channel (BC-1) and at Centinela Creek at CCentinela Avenue in 
Centinela Creek (BC-5) to show wet-weather conditions and loading estimates from the 
watershed to the Estuary.  Additionally, storm-borne sediment from the autosamplers 
(BC-1 and BC-5) will be analyzed to satisfy the TMDL effectiveness monitoring 
requirement.  
 
Sediment Quality 
 
Six (6) sediment quality monitoring locations have been selected to meet the TMDL 
requirements as shown in the Figure 3.2 below.  The TMDL states the stations will be 
randomly selected; however, as outlined below, the decision was made to propose two (2) 
intentionally selected historical locations and four (4) random locations to spatially cover 
the entire estuary.  Additionally, these locations were evaluated and chosen based on 
special consideration to site accessibility, safety concerns, and sediment availability.  
Good faith efforts will be made to collect representative samples from each of the six 
locations.  If samples cannot be obtained from the exact sample point, a reasonable 
attempt will be made to collect a sample from the vicinity of the sample point.  If this 
proves unsuccessful, no sample will be collected from the given sample point.  If samples 
cannot be collected during two consecutive sampling events, alternate sampling point(s) 
will be proposed to the LARWQCB.  
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Figure 3.2 Estuary Toxic Pollutants Monitoring Locations 
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Approximate locations of these sites are shown in Table 3 in Appendix B. 
Site Id: BCE – 1 Status: Existing Waterbody: Estuary 
Historical Site Id: BPTCP 
44014.0 

Subwatershed: Lower 
Ballona Estuary 

 

Comments:  
This is a historical station located at the mouth of Ballona 
Creek, which has existing data that can be used to 
determine temporal trends in pollutant concentrations.  
Refer to Appendix B, Table B.3 for the exact coordinates. 
 

 
 
 
 

 

 

 
 
 
 
 
 
 
 
 

Site Id: BCE – 1A Status: Existing Waterbody: Estuary 
Historical Site Id: Pacific 
(S&T) 

Subwatershed: Lower 
Ballona Estuary 

 

Comments:  
This is an ambient monitoring location for water quality 
sampling.  Grab samples will be collected from the bridge 
at Pacific Avenue.  Refer to Appendix B, Table B.4 for the 
exact coordinates. 
 

  
 

 

Site Id: BCE – 2 Status: Existing Waterbody: Estuary 
Historical Site Id: N/A Subwatershed: Lower 

Ballona Estuary 
 

Comments:  
This is a fixed selected sampling site, located at the Pacific 
Street Bridge. This site has a high level of human contact, 
swimming, fishing (taking of fish, crabs, and mussels), 
kayaking, etc.  Refer to Appendix B, Table B.3 for the 
exact coordinates. 
 

  
 

 

RB-AR40152



 23

 

 

 

 

Site Id: BCE – 3 Status: New Waterbody: Estuary 
Historical Site Id: N/A Subwatershed: Lower 

Ballona Estuary 
 

Comments:  
 
This is a randomly selected sampling site, located between 
the Pacific Street Bridge and the self-regulating tide gate.  
Refer to Appendix B, Table B.3 for the exact coordinates. 

 

  
 
 
 

Site Id: BCE – 4 Status: New Waterbody: Estuary 
Historical Site Id: N/A Subwatershed: N/A  
Comments:  
This is a randomly selected sampling site, located between 
the Ballona wetlands tide-gate and Culver Blvd.  Refer to 
Appendix B, Table B.3 for the exact coordinates. 

 

  
 
 

 

Site Id: BCE – 5 Status: New Waterbody: Estuary 
Historical Site Id: N/A Subwatershed: N/A  
Comments:  
This is a randomly selected sampling site, located between 
the Centinela Creek and Culver Blvd.  Refer to Appendix 
B, Table B.3 for the exact coordinates. 
 
 
 

Site Id: BCE – 6 Status: New Waterbody: Estuary 
Historical Site Id: N/A Subwatershed: N/A  
Comments:  
 
This is a randomly chosen sampling site, located between 
the confluence with Centinela Creek and the upper 
boundary of the Ballona Creek (Centinela Blvd.).  Refer to 
Appendix B, Table B.3 for the exact coordinates. 
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Bioaccumulation 
 
To meet the Estuary Toxics TMDL requirements, the responsible agencies have selected 
two (2) bioaccumulation monitoring locations to collect sport fish and mussels.  Both fish 
and mussels will be collected at stations BCE-2 and BCE-4.  Additionally, these locations 
were evaluated and chosen based on special consideration to site accessibility, safety 
concerns, and a high presence of fishing.  
 
Reasonable attempts will be made to collect two to three species of sport fish according 
to Table 3.1 below. The fish have been arranged into target species groups ranked in 
order of expected opportunity and appropriateness of information.  Group 1 will be 
targeted first, if unsuccessful, group 2 will be targeted next followed by group 3.     

 

Table 3.1 Sport Fish 

Group 1 Group 2 Group 3 
California halibut barred sand bass California corbina 
diamond turbot kelp bass jacksmelt 
spotted turbot spotted sand bass topsmelt 
fantail sole sargo bat ray 
speckled sanddab white seabass California needlefish 
 queenfish spotted kelpfish 
 white croaker mussel blenny 
 yellowfin drum arrow goby 
 white seaperch cheekspot goby 
 shiner perch shadow goby 
 zebraperch opaleye 
 striped mullet other 

 
 
Descriptions of these sites can be found in section 3.3.2, above.  Approximate locations 
of these sites are shown in Appendix B, Table B.3. 
 

 
3.4 TMDL Waste Load Allocations 
 
The Ballona Creek dry-weather and wet-weather numeric water quality targets are based 
on chronic and acute CTR criteria, respectively.  Copper, lead, and zinc targets are 
dependent on hardness.  Since the WLAs for these metals are expressed as dissolved 
metals, the CTR factors were used to convert from dissolved to total recoverable metals. 
Hardness values of 77 mg/L and 300 mg/L as CaCO3 were used to calculate the wet-and 
dry-weather default values listed in the TMDL.  For these three metals, the exact 
conformance target is dependent upon the exact hardness of the sample. The CTR criteria 
for selenium are independent of hardness and are expressed as total recoverable rather 
than dissolved form of the metal.  The dry-weather numeric targets and loading capacity 

RB-AR40154



 25

and dry- and wet-weather WLAs are tabulated in the LARWQB Basin Plan Amendment, 
located in Appendix I. 
  
3.4.1 Sediment Quality Effectiveness Monitoring (Estuary Toxics TMDL) 
 
Numeric targets for the Estuary Toxics TMDL are based on sediment quality guidelines 
compiled by the National Oceanic and Atmospheric Administrations (NOAA) Effects 
Range-Low (ER-L) guidelines, which are tabulated below in Table 3.2. 
 

Table 3.2 NOAA ER-Ls  

Constituent  ERL 
Metals (mg/kg) 

Cadmium 1.2  
Copper 34 
Lead 46.7  
Silver 1.0  
Zinc 150  

Organics (μg/kg) 
Chlordane 0.5 
Dieldrin 0.02 
DDTs 1.58  
Total PCBs 22.7  
Total PAHs 4022  

 
Per the Estuary Toxics TMDL, “The loading capacity for Ballona Creek Estuary is 
calculated by multiplying the numeric targets by the average annual deposition of fine 
sediment, defined as silts (grain size 0.0625 millimeters) and smaller, within the Estuary 
by the bulk density of the sediment.  The average annual fine sediment deposited is 5,004 
cubic meters per year (m3/yr) and the bulk density is 1.42 metric tons per cubic meter 
(mt/m3).  The TMDL is set equal to the loading capacity.”  The loading capacity for 
metals and organics is tabulated in the LARWQCB Basin Plan Amendment, located in 
Appendix J. 
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4.0 MATERIALS AND METHODS 
 
4.1 Sampling Schedule 
 
The sampling schedule, for the various monitoring programs covered by this CMP, is 
tabulated below in Tables 4.1 through 4.5.  The schedule will be utilized for both ambient 
and effectiveness monitoring unless stated otherwise. 
 

Table 4.1 Dry-Weather Water Quality   

TMDL Target Analyses Monitoring 
Frequency 

Stations Sampled 

BC Metals Copper  Lead 
Selenium   Zinc 
Hardness 
Cadmium (ambient only) 
Silver (ambient only)  

 
Monthly, unless 
pre-empted by 
collection of wet-
weather sample 
 

 
BC-1, BC-2, BC-3, BC-4 
(Ambient and Effectiveness) 

BC Estuary Toxics 
(Ambient 
Monitoring only) 

Cadmium Copper 
Lead  Silver 
Zinc          DDTs 
Chlordane  Dieldrin 
Total PCBs 
Total PAHs  

 
Monthly 

 
BCE-1A 

 

Table 4.2 Wet-Weather Water Quality 

TMDL Target Analyses Monitoring Frequency Stations Sampled 

BC Metals Copper  Lead 
Selenium  Zinc 
Hardness 
Cadmium (ambient only) 
Silver (ambient only) 

One flow proportional 
composite sample over the 
duration of selected wet-
weather events.  Please see 
Section 4.2 for further details. 
Per wet-weather event but not 
to exceed more than one 
sample event per month with 
a minimum of 72 hours 
between storm events 

 
BC-1, BC-2, BC-3, BC-4 
(Ambient and 
Effectiveness)  
 

BC Estuary 
Toxics 
 
 

Cadmium Copper 
Lead  Silver 
Zinc          DDTs 
Chlordane  Dieldrin 
Total PCBs    
Total PAHs 
Effectivness monitoring only: 
TDS, TSS, SS 

One flow proportional 
composite sample over the 
duration of selected wet-
weather events.  Please see 
Section 4.2 for further details.  
Per wet-weather event but not 
to exceed more than one 
sample event per month with 
a minimum of 72 hours 
between storm events 

 
BC-1, BC-5 
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Table 4.3 Storm-Borne Sediment  

 

Table 4.4 Sediment Quality  

 

Table 4.5 Bioaccumulation 

TMDL Target Analyses Monitoring Frequency Stations Sampled 

BC Estuary 
Toxics 
(Effectiveness 
Monitoring 
Only) 

Cadmium Copper 
Lead  Silver 
Zinc          DDTs 
Chlordane  Dieldrin 
Total PCBs TOC 
Total PAHs  

Annually, utilizing a flow-
proportioned composite 
sample consisting of 
sediment from each storm 
event.   

 
BC-1, BC-5 

Target Analyses  Monitoring Frequency Stations Sampled 

Cadmium 
Copper 
Lead 
Silver 
Zinc 
Chlordane 
DDTs   

Dieldrin 
Total PCBs  
Total PAHs 
Total Organic Carbon 
(TOC) 
Grain Size 
Sediment Toxicity  

 
Semi-annually during first 
year, and if results show no 
variability, annually 
thereafter. 

 
BCE-1, BCE-2, BCE-3, BCE-4, 
BCE-5, BCE-6 

Target Analyses Monitoring Frequency Stations Sampled 

None are specified in the TMDL.  The 
following list of target analyses is 
proposed. 
  
Cadmium 
Copper 
Lead 
Silver 
Zinc 

Chlordane 
DDTs   
Dieldrin 
Total PCBs 
Total PAHs 

The monitoring frequency is not 
specified; therefore annual 
monitoring will be conducted. 

 
BCE-2 and BCE-4 
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4.2 Sampling Procedures 
 
Detailed sampling standard operating procedures are included in Appendix D. 
 
During dry-weather grab samples will be utilized for water quality monitoring.  Samples 
will be collected monthly at the locations described previously. 
 
Automatic samplers will be utilized to collect samples during wet-weather events.  
Automatic samplers will be installed at the five (5) locations BC-1 through BC-5. Wet 
weather is defined as a flow in Ballona Creek of greater than 80 cubic feet per second.2  
For the purposes of this TMDL, flow will be measured at Site BC-2, the historical Los 
Angeles County mass emission station.  Each sampler will be programmed to utilize 
information from an on-board flow meter to collect flow-proportional composite samples.  
To the extent possible, samples will be collected over the entire duration of the storm.  A 
minimum of 72 hours after a storm is needed to service and set up the auto samplers; 
therefore, no sampling will be done when the second of two consecutive storms starts 
within 72 hours of the end of the first.  Wet-weather sampling is not to exceed more than 
one sample per month. 
 
Prior to the start of the effectiveness monitoring period, a pilot study will be initiated to 
collect storm-borne sediment samples from the storm water samples collected during 
each storm event.  Approximately 50 grams of storm-borne sediment will be required to 
perform the analyses required by the Estuary Toxics TMDL.  Based on an average total 
suspended solids (TSS) concentration of 560 mg/L (County data from 2004-2005), 
approximately 25 gallons of storm water will be required to capture this amount of 
sample.  The actual amount of storm water needed, which will vary with its actual TSS, 
could be significantly greater than 25 gallons.  The feasibility of combining storm-borne 
sediments from an entire season of storms in proportion to storm water flow to create an 
annual storm-borne sediment sample will be investigated.  If this approach is determined 
to be unfeasible, the Ballona Jurisdictional Group will propose an alternative to the 
RWQCB.  
 
Depending upon location sediment grab samples will be collected from a boat or on-foot. 
Sediment sampling from a boat will be done with a “Ponar grab”; sampling by direct 
(foot) access will be done by hand. 
 
Bioaccumulation sampling techniques may vary due to season, weather, flow rate, target 
species, etc. Sport fish may be taken by hook and line or seine. Mussels should be 
resident and will be collected by hand.  Temporal variation will be addressed by 
comparing seasons within years and like seasons among years. Sport fish must meet 
minimum size requirements of CDFG sport fishing regulations in order to be assessed for 
human health concerns. 
 

                                                 
2 Ballona Creek Metals TMDL specifies trigger flow for wet weather to be 40 cfs based on flow data from 
1987 to 1998. For this CMP trigger flow of 80 cfs, based on updated flow data form 1998 to 2009, will be 
used.  
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Five individuals of both fish and mussel will be collected and analyzed from each of the 
two sampling sites (BCE-2 and BCE-4).  Muscle tissue will be analyzed for fish and the 
entire body will be used for the mussel analyses.  Individuals should be analyzed 
separately to show/learn variation within the species sampled and the sample location.  If 
only small individuals can be collected, then a composite of that particular species may 
be necessary to achieve the proper amount of tissue extraction. 
 
4.3 Sampling Equipment 
 
Equipment and supplies needed for shoreline sample collection are listed in Appendix C. 
 
4.4 Field and Laboratory Safety 
 
In an effort to improve employee safety and health awareness and prevent occupational-
related injury and illness, EMD and other participating laboratories have developed a safety 
program with the intention of satisfying the applicable federal, state, and local regulations.  
For example, EMD’s Safety and Health Program is composed of specific elements required 
by Cal/OSHA General Industry Safety Order Section 5191: Occupational Exposure to 
Hazardous Chemicals in Laboratories, and section 3203: The Injury and Illness Prevention 
Program, and any other applicable regulations.  The written safety plan, titled The Chemical 
Hygiene Plan, is available to all employees for review and should be recognized as 
management's commitment to ensure that all employees carry out their work in the safest 
and most efficient manner possible.  EMD employees will be kept familiar with the 
division's written Chemical Hygiene Plan (CHP) through training, annual review, and 
monthly staff safety meetings. 
 
It is EMD’s policy and the policy of other participating agencies to have a safe working 
environment for all of its employees and that all field and laboratory work be performed 
in a manner that provides the highest level of safety for the protection of every employee.  
See Appendix M for detailed safety protocols. 
 
4.5 Analytical Methodology 
 
The analytical methodologies, for the various monitoring programs covered by this CMP, 
are tabulated below in Table 4.6, 4.7, 4.8 and 4.9.  The laboratory sampling methods used 
for measurement of the TMDL pollutants of concernwill use methods approved by the 
State of California and U.S. EPA.  The choice of the particular method to use in 
analyzing samples is determined considering the pollutants water quality concentration 
limit, the laboratory’s detection limits, including threshold, method, and upper limit, and 
resulting sampling value or values.  Generally, any laboratory performing analyses for 
TMDL reporting will maintain Environmental Laboratory Accreditation Program 
certification (ELAP) as administered by the California Department of Health Services for 
all testing methods.    
 
The MPS has determined that the City of Los Angeles Laboratory is the most properly 
situated laboratory to provide sampling and testing results for the subject constituents.  
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The City of Los Angeles’ lab has provided it’s standard operating procedures (SOPs) for 
the various testing methods that may be used in examination of the wet and dry weather 
samples.  The relevant SOPs are attached as Appendix F  
 

Table 4.6 Water Quality Methods   

TMDL Analyses Analytical Methodology* 
Hardness Standard Methods 20th 

Edition, Method 2340 
Selenium EPA 200.7, 200.8,           

SM 3114 

BC Metals 

Copper, Lead, & Zinc EPA 200.7, 200.8 
Cadmium, Copper, Lead, 
Silver, & Zinc  

EPA 200.7 , 200.8 

DDTs, Chlordane, Dieldrin, 
& Total PCBs 

EPA 608 

BC Estuary Toxics 

Total PAHs EPA 625 

*  Detailed Standard Operating Procedures for these methods can be found in Appendix 
F. US EPA Methods as approved in 40 CFR Part 136, and 22 CCR ξ64811. © (2006).  
Procedures with SM refer to Standards Methods of the Examination of Water and 
Wastewater, 18th, 19th, or 20th Edition (APHA, AWVVA, WEF, 1999) as referred to and 
approved in 40 CFR Part 136. 
 

Table 4.7 Storm-Borne Sediment Methods   

TMDL Analyses Analytical Methodology* 
Total Suspended Solids Standard Methods 20th 

Edition, Method 2540D 
Total Dissolved Solids  Standard Methods 20th 

Edition, Method 2540C 
Settleable Solids Standard Methods 20th 

Edition, Method 2540F 
Total Organic Carbon Standard Methods 20th 

Edition, Method 5130B 
Cadmium, Copper, Lead, 
Silver, & Zinc  

EPA 6010 

DDTs, Chlordane, Dieldrin, 
& Total PCBs 

EPA 8081 & 8082 

BC Estuary Toxics 

Total PAHs EPA 8270 

* Detailed Standard Operating Procedures for these methods can be found in Appendix F. 
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Table 4.8 Sediment Quality Methods 1 
TMDL Analyses Analytical Methodology* 

Sediment Toxicity  EPA-600-R-95-136 
EPA-600-R-94-025 

Grain Size EMD SOP #4160 

Total Organic Carbon Standard Methods 20th 
Edition, Method 

Cadmium, Copper, Lead, 
Silver, & Zinc  

EPA 6010 

DDTs, Chlordane, Dieldrin, 
& Total PCBs 

EPA 8081 & 8082 

BC Estuary Toxics 

Total PAHs EPA 8270 

* Detailed Standard Operating Procedures for these methods can be found in Appendix F. 
 
Ballona Creek Estuary Toxics TMDL: Sediment Toxicity Testing  
 
Two types of sediment toxicity monitoring are required in the Ballona Creek Estuary 
Toxics TMDL; ambient monitoring and effectiveness monitoring. Ambient monitoring is 
the collection of background water quality data to set numeric targets and waste load 
allocations and assist in the implementation of BMPs.  Effectiveness monitoring will 
measure the water quality throughout Ballona Creek and assess the progress being made 
to remove the toxic components in the Ballona Creek Estuary sediments.    
 
The CLA, Environmental Monitoring Division (CLA EMD) ambient monitoring 
sediment toxicity testing program shall consist of six stations, analyzed semi-annually in 
the first year of the TMDL, and if results show no variability (baseline), annually 
thereafter, to evaluate the BMPs until the Estuary Toxics TMDL is reopened in the sixth 
year.  The sediment testing will consist of both acute and chronic tests and will utilize 
three marine organisms; 28-day chronic and a10-day acute amphipod mortality test; pore 
water testing utilizing the sea urchin fertilization test; and the testing of overlying water 
using the red abalone larval development test.  The 28-day and the 10-day amphipod 
mortality tests will be compared in the initial year of semi-annual testing and if there is 
no significant difference between the results of the two tests, the 10-day test will be used 
throughout the rest of the monitoring.  If the sediment samples contain insufficient pore 
water to conduct sea urchin fertilization tests a chronic polychaete mortality test will be 
substituted.   
 
Effectiveness sediment toxicity test monitoring will be conducted semi-annually on six 
sites and shall consist of the same sediment toxicity tests selected for the ambient 
monitoring program.  Toxic sediment will be identified by an amphipod survival of 70% 
or less in a single test.  An amphipod survival rate of less than 70% will initiate an 
investigation into the cause of the toxicity shall be implemented (i.e. TIE, Toxicity 
Identification Evaluation).  This investigation may include the testing of the sediment 
pore water, sediment overlying water, or the manipulation of sediment by physical or 
chemical means.  If no reduction in toxicity can be accomplished with the available 
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technology then the investigation will cease until further direction is given from the 
Regional Water Quality Control Board.  The toxicity identification evaluation shall be 
initiated in the fiscal year succeeding the exceedance.  This will allow the City of Los 
Angeles and the adjoining jurisdictions to budget sufficient funding for the additional 
testing.   
 

Table 4.9 Bioaccumulation Methods   

TMDL Target Analyses Analytical Methodology* 
Cadmium, Copper, Lead, 
Silver, & Zinc  

EPA 6010 

DDTs, Chlordane, Dieldrin, 
& Total PCBs 

EPA 8081 & 8082 

BC Estuary Toxics 

Total PAHs EPA 8270 

* Detailed Standard Operating Procedures for these methods can be found in Appendix F. 
 
All laboratories performing analyses for TMDL monitoring shall maintain Environmental 
Laboratory Accreditation Program certification (ELAP administered by California 
Department of Health Services) for specified methods from the following ELAP Fields of 
Testing; # 108 – Inorganic Chemistry of Wastewater, # 109 Toxic Chemical Elements of 
Wastewater, # 111 Semi-Volatile Organic Chemistry of Wastewater, #114 Inorganic 
Chemistry of Hazardous Waste, and # 117 Semi-Volatile Organic Chemistry of 
Hazardous Waste.  Additionally, all laboratories shall submit detailed SOPs for review by 
Regional Board staff.  Appendix F provides examples of SOPs developed by the CLA-
EMD.  Each analytical method used for the TMDL monitoring program shall be an 
approved EPA or Standard Methods for the Examination of Water and Wastewater, 18th-
20th edition (APHA 1992-98) method.  Laboratories receiving Regional Board approval 
may use other analytical methods for TMDL monitoring. 
 
4.6 Total and Dissolved Metals Sampling 
 
The TMDL requires that the pollutants of concern be measured for their total and 
dissolved levels to provide an understanding and verification of the fractionation between 
the two forms of metals.  The LARWQB, in development of the TMDL, used default dry 
weather concentration translator values based on those found in the CTR to establish the 
water load allocations.   
 
To meet the requirements of the TMDL, while providing the time to create and validate 
an accurate total to dissolved metals translator, the Ballona Jurisdictional Group proposes 
to conduct concurrent total metals and dissolved metals sampling to include hardness for 
a two (2) year period as follows: 

1. Dry-weather: Total and dissolved samples will be collected for sites BC-1 
through BC-4, excluding BC-5.  This monitoring effort will result in a dry 
weather dataset of approximately 24 samples at each location during a two 
year period which will exceed the general procedures recommended by the 
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U.S. EPA’s and State Water Resource Control Board, e.g., at least ten (10) 
samples.   

2. Wet-weather: The Sawtelle autosampler (BC-2) will be sampled for five 
(5) storm events per year, resulting in (10) samples over a two year period. 

 
It is the understanding of the Ballona Jurisdictional Group and the Ballona Creek 
Watershed Permittees that the results from the dissolved metals two year monitoring 
effort will be used to adjust the default CTR translator for the actual in stream 
fractionation between dissolved and total metals used in the Metals TMDL. 
 
 4.7 Quality Assurance/Quality Control 
 
All laboratories must employ a program that associates quality assurance with the 
laboratory facility, staff, instrumentation and equipment, materials and methods, reagents, 
and data validation.  These QA/QC measures may be included in the submitted SOPs or 
defined in a separate QA/QC document such as Appendix H.  The quality assurance 
procedures shall be in accordance with Standard Methods for the Examination of Water 
and Wastewater, 18-20th Editions (APHA 1992-98).  All participating laboratories must 
maintain ELAP certification, and provide QA/QC documentation as required by the 
Regional Board.  
 
4.8 Data Management and Reporting 
 
All data collected will be archived within the CLA’s Bureau of Sanitation database.  
Non-CLA monitoring agencies performing analyses for this program will submit their 
data to the CLA Bureau of Sanitation (Sanitation) electronically on an annual basis.  
Sanitation staff will ensure electronic submissions of data are parsed and stored correctly 
into its database.   
 
Copies of the annual reports will be distributed to the responsible agencies prior to 
submittal to the LARWQB for review and approval.  The final summary reports will be 
submitted to the LARWQB on an annual basis along with compliance summary tables.  
See Appendix G for data acquisition, reduction, validation, and reporting SOPs. 
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APPENDIX A 
Development History of Ballona Creek Metals &  
Ballona Creek Estuary Toxic Pollutants TMDLs 

 
In December 1997, the Natural Resources Defense Council (NRDC), acting as legal 
representative for Heal the Bay, Inc., and Santa Monica BayKeeper, Inc., filed a Notice 
of Intent to sue the United States Environmental Protection Agency (USEPA) over failure 
of the Regional Water Quality Control Board, Los Angeles (LARWQCB), to adequately 
implement the 303(d)/TMDL Program.  In December 1998, NRDC and BayKeeper 
entered into a Federal Consent Decree with EPA.  The Consent Decree established 92 
TMDL analytical units, which are water quality limited segments and associated 
pollutants for which TMDLs must be developed.  Specific dates were established for 
development of some of these TMDL analytical units.  The Ballona Creek Metals TMDL 
(Creek) analytical unit (57) had a required completion date of March 22, 2005 for the 
Regional Board.  The Ballona Creek Estuary Toxic Pollutants TMDL (Estuary Toxics) 
analytical units (55 & 57) had a required completion date of March 22, 2005 for the 
Regional Board.  USPEA and the consent decree plaintiffs agreed to extend the 
completion deadline for the Creek and Estuary Toxics TMDLs to January 11, 2007.  A 
California Environmental Quality Act (CEQA) Scoping Meeting was conducted by the 
Regional Board, on June 12, 2003, to consult with the public and interested stakeholders 
about the environmental effects of the preliminary drafts of the TMDLs.  The TMDLs 
were approved by the USEPA and became effective January 11, 2006.  The TMDLs 
require the responsible jurisdictions and responsible agencies to submit a CMP within 12 
months after the effective date.  
 
Ballona Creek was designated as impaired and included on California’s 2002 CWA 
§303(d) list of impaired waters due to excessive amounts of copper, lead, selenium, and 
zinc.  Ballona Creek Estuary was designated as impaired and included on California’s 
1998 CWA §303(d) list of impaired waters due to excessive amounts of cadmium, 
copper, lead, silver, zinc, chlordane, total DDT, total PAH, and total PCBs. 
  
The Ballona Creek Metals and Estuary Toxics TMDL Group was formed in October 
2005.  Representatives from California State Department of Transportation, County of 
Los Angeles Department of Public Works, CLA Bureau of Sanitation (CLABOS), 
Beverly Hills, Culver City, Inglewood, and Santa Monica were in attendance.  Work was 
quickly initiated on the Monitoring Plan that was due on January 11, 2007.  Preliminary 
discussions of the Implementation Plan also began at this time.  
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APPENDIX B 
Ballona Creek Metals TMDL Water Quality Monitoring Locations and Ballona Creek Estuary Toxics TMDL Storm water 

Quality and Storm-Borne Sediment Monitoring Locations 

Table B.1.  Ambient and Effectiveness Locations 
Percentage of 

Watershed Monitoring 
Location Reach Location Freq Lat. Long. 

Thomas Guide 
Coordinates Metals 

TMDL 
Estuary
Toxics 

TMDL1 

Comments 

BC - 1 2 Main Channel Monthly 33.986 118.415 672:E6 100.0% 89% 
At Centinela Ave 
over crossing of 
main channel 

BC – 2 2 Main Channel Monthly 34.996 118.402 672:F5 78.0% 70% 

At Sawtelle Blvd 
over crossing of 
main channel 
(County – S01) 

BC - 3 1 Main Channel Monthly 34.026 118.376 632:J7 42.0% 37% 
At National Blvd 
over crossing of 
main channel 

BC – 4 2 Tributary Monthly 33.997 118.415 672:E4 20.0% 18% 

Just above the 
confluence w/ 
Ballona Creek 
(Sepulveda 
Channel) 

BC – 5 2 Tributary Variable2 33.984 118.413 672:E6 N/A 7.6% 
At Centinela Ave 
over crossing of 
Centinela Creek 

 1 97% of the total toxics drainage area is covered with the addition of the BC-5 autosampler. 
2 Sampling at this site will occur after during storm events to facilitate gathering of storm borne sediment for the Toxics TMDL only. 
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Figure B.1 Ballona Creek Monitoring Locations and Drainage  Areas 
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Ballona Creek Estuary Toxic Pollutants TMDL 
 Monitoring Locations 

Sediment 
 

Table B.32  Sediment Monitoring Locations  
Monitoring 

Location 
TMDL 

Addressed Location Freq* Lat. Long. Comments 

BCE – 1 Toxics Estuary See Note 1 33.960 118.459 
This is a historical station located at the 
mouth of Ballona Creek. 

BCE – 2 Toxics Estuary See Note 1 33.963 118.454 
This is a fixed selected sampling site, located 
at the Pacific Street Bridge. 

BCE – 3 Toxics Estuary See Note 1 33.965 118.450 
This is a randomly selected sampling site, 
located between the Pacific Street Bridge and 
the Ballona Wetlands self regulating tide gate. 

BCE – 4 Toxics Estuary See Note 1 33.971 118.439 
This is a randomly selected sampling site, 
located between the Ballona wetlands tide-
gate and Culver Blvd. 

BCE – 5 Toxics Estuary See Note 1 33.977 118.430 
This is a randomly selected sampling site, 
located between the Centinela Creek and 
Culver Blvd. 

BCE – 6 Toxics Estuary See Note 1 33.983 118.420 
This is a randomly chosen station, located 
between the confluence with Centinela Creek 
and the upper boundary of the Ballona Creek 

*Note 1: Sediment samples will be taken semiannually for the first year, and if results show no variability, annually thereafter.   
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Water Quality 
 
Table B.3  Dry-Weather Water Quality Monitoring Locations  

Monitoring 
Location 

TMDL 
Addressed 

Location Freq* Lat. Long. Comments 

BCE-1A 
Toxics 

(ambient) 
Estuary See Note 2 33.963 118.454 

This is an ambient monitoring location at the 
Pacific Avenue Bridge.  Water quality will be 

analyzed from grab samples during dry 
weather.  Sampling will be discontinued after 
the ambient monitoring period has concluded. 

*Note 2: Water Quality samples will be taken monthly for the ambient monitoring period. 
 
Bioassessment 
 
Table B.45  Bioaccumulation Monitoring Locations 

*Note 3: Bioaccumulation samples will be taken annually. 
 
 

Monitoring 
Location 

TMDL 
Addressed 

Location Freq* Lat. Long. Comments 

BCE – 2 Toxics Estuary See Note 3 33.963 118.454 
This is a fixed selected sampling site, located 
at the Pacific Street Bridge.  Both mussels and 
fish targeted. 

BCE – 4 Toxics Estuary See Note 3 33.971 118.439 

This is a randomly selected sampling site, 
located between the Ballona wetlands tide-
gate and Culver Blvd.  Both mussels and fish 
targeted. 
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LIST OF ACRONYMS 
 
ALERT  Automatic Local Evaluation in Real-Time 
APHA   American Public Health Association 
AWWA  American Water Works Association 
BCB   Ballona Creek Bacteria 
CA DOHS  California Department of Health Services 
Cal/OSHA                California Office of Occupational Safety and Health Administration 
CalTrans  California Department of Transportation 
CA DOHS  California Department of Health Services 
CFU   Colony Forming Unit 
CHP   Chemical Hygiene Plan 
CMP    Coordinated Monitoring Plan 
COC   Chain of Custody 
CSV   Comma Separated Value 
CWA   Clean Water Act 
DMR   Discharge Monitoring Report 
ELAP   Environmental Laboratory Accreditation Program 
EMD   Environmental Monitoring Division (LA City) 
EPA   Environmental Protection Agency 
GIS   Geographic Information System 
ICSD   Information and Control System Division (LA City) 
LREC-1  Limited Water Contact Recreation 
LACDPW  Los Angeles County Department of Public Works 
LACSD  Los Angeles County Sanitation Districts 
LARWQCB  Los Angeles Regional Water Quality Control Board 
LIMS   Laboratory Information Management System 
MPN   Most Probable Number 
NIST   National Institute of Standards and Technology 
NPDES  National Pollutant Discharge Elimination System 
PE   Performance Evaluation 
QA/QC  Quality Assurance/Quality Control 
REC-1  Water Contact Recreation 
REC-2  Non Contact Recreation 
RPD   Relative Percentage Difference 
SOP   Standard Operating Procedure 
S & T   Status and Trends Monitoring Program (LA City) 
TMDL   Total Maximum Daily Loads 
WLA   Waste Load Allocations 
WP   Water Pollution 
WPCF   Water Pollution Control Federation 
WPD   Watershed Protection Division (LA City) 
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1.0 EXECUTIVE SUMMARY 
The Ballona Creek, Sepulveda Channel, and Ballona Estuary were listed on the State’s 
1998 303(d) list as impaired due to exceedance of total and/or fecal coliform water 
quality standards. To address the high bacteria concentrations in the Creek and its 
tributaries, the Los Angeles Regional Water Quality Control Board (Regional Board) on 
June 8, 2006, adopted the Total Maximum Daily Loads for Bacterial Indicator Densities 
in Ballona Creek, Ballona Estuary, and Sepulveda Channel (Bacteria TMDL). The 
Bacteria TMDL subsequently became effective on April 27, 2007 after approval by the 
U.S. Environmental Protection Agency (USEPA). This TMDL has multi-part numeric 
targets based on the updated bacteria objectives for marine and fresh waters 
designated for contact recreation (REC-1), and fresh waters with Limited REC-1 and 
non-contact water recreation (REC-2) beneficial use designations. 
 
The Bacteria TMDL identifies the Responsible Jurisdictions and Agencies as the Cities 
of Los Angeles, Culver City, Beverly Hills, Inglewood, West Hollywood, Santa Monica, 
County of Los Angeles, and California Department of Transportation (Caltrans).  The 
City of Los Angeles is the Primary Jurisdiction as it controls the majority of the land area 
in the watershed. 
 
The Responsible Jurisdictions and Responsible Agencies are required to submit a 
comprehensive bacteria water quality monitoring plan for the Ballona Creek Watershed 
(Coordinated Monitoring Plan or CMP) to the Regional Board for approval by April 27, 
2008, 12 months after the effective date of the Bacteria TMDL. This document is the 
revised and final CMP after receiving comments from the Regional Board in December 
2008. 

Coordinated Monitoring Plan (CMP) Development 
The CMP was developed by the Bacteria TMDL Monitoring Plan Sub-Committee. The 
Sub-Committee is chaired by the City of Los Angeles, the Primary Jurisdiction. The 
other members are the Responsible Jurisdictions and Responsible Agencies as 
designated in the Bacteria TMDL. 
 
The CMP has three objectives: 
 
1. To characterize existing water quality based on applicable bacteria water quality 

objectives and;  
2. To assess compliance with the waste load allocations in the Bacteria TMDL and;  
3. To provide data to support re-evaluations that will be made when the Bacteria 

TMDL is scheduled for reconsideration on April 27, 2011, four years after the 
effective date of the Bacteria TMDL.  

Requirements of the Bacteria TMDL Coordinated Monitoring Plan 
 
a) Ambient Monitoring 
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Ambient monitoring of water quality conditions will begin six months after the Regional 
Board’s formal approval of the CMP and conclude at the first compliance deadline for 
each impaired reach and inside each tributary near the confluences with the main 
channel and estuary.  As stated in the TMDL, on-going monitoring efforts by the City of 
Los Angeles and County of Los Angeles within the Ballona Creek watershed may fulfill 
this requirement; however, all responsible jurisdictions and responsible agencies are 
ultimately accountable for ensuring that these monitoring requirements are met.  Prior to 
the first compliance deadline weekly ambient monitoring will be conducted at the CMP-
specified effectiveness monitoring locations found in Table 3.1 and Section 3.2. 
 
b) TMDL Effectiveness Monitoring 
 
The TMDL effectiveness monitoring program shall be conducted to assess attainment of 
the allowable exceedances for Ballona Creek, Ballona Estuary, Sepulveda Channel, 
and the Waste Load Allocations (WLAs) for the tributaries. As stated in the TMDL: 
 
If the number of exceedance days is greater than the allowable number of exceedance 
days in the REC-1 and LREC-1 waters, and/or the frequency of exceedance is greater 
than 10% in the REC-2 waters, the responsible jurisdictions and/or responsible 
agencies shall be considered not attaining the TMDLs and/or assigned allocations (non-
attaining). Responsible jurisdictions or agencies will be considered attaining TMDLs 
and/or assigned allocations based upon the results of an investigation that at minimum 
shows single sample events meet bacteria water quality objectives through daily 
sampling results at the existing monitoring location.   

Sampling Locations and Schedule 
The implementation of the CMP will begin six months following its formal approval by 
the Regional Board with monitoring at eight (8) sites identified in the CMP.  Detailed 
descriptions of each site can be found in Section 3.2. 

Accelerated Sampling following Elevated Bacterial Levels (Exceedances) 
For the summer dry-weather period and the winter dry-weather periods during 
effectiveness monitoring, accelerated sampling will be conducted as a result of single-
sample exceedances.  Locations monitored weekly will be subject to accelerated 
monitoring, at 48 hours after the initial bacterial exceedance and, if the 48-hour sample 
exceeds, sampling also will occur at 96 hours following the initial bacterial exceedance.  
All location-required indicator bacteria, not just the exceeding indicator, will be analyzed 
during accelerated testing.  

Analytical Methodology 
Samples will be tested for specific indicator bacteria (i.e., total coliforms, fecal coliforms 
and/or E. coli, and enterococcus) whose presence indicates that enteric pathogenic 
microorganisms also may be present. Approved sampling and analytical procedures will 
be used as described in Appendices D and G.  Sampling and analytical procedures are 
to be followed as specified in "Standard Methods for the Examination of Water and 
Wastewater", 18th – 20thedition, 1992, 1998 respectively, APHA, AWWA, WPCF, 
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Washington, DC, and "Microbiological Methods for Monitoring the Environment, Water, 
and Wastes", EPA-600/8-78-017. 

Data Management and Reporting 
Electronically-formatted data will be archived and submitted to the responsible agencies 
and the Regional Board promptly after the data become available, and electronic copies 
of the monthly reports will be distributed to the responsible agencies. 
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2.0 INTRODUCTION 
 
This monitoring proposal is submitted to fulfill the 12-month requirement for developing 
a Coordinated Monitoring Plan for the Ballona Creek, Ballona Estuary, and Sepulveda 
Channel Bacteria Total Maximum Daily Loads (BC Bacteria TMDL). For reference, the 
TMDL Regional Water Quality Control Plan (Basin Plan) amendments can be found in 
Appendix K of this document.  All BC Bacteria TMDL documents, including the staff 
report, can be found on the Los Angeles Regional Water Quality Control Board’s 
(LARWQCB) website at http://www.waterboards.ca.gov/losangeles/. 
 

2.1 Background 
 
Federal Regulations under the Clean Water Act (CWA) require states to develop a list of 
impaired waters and pollutants for which they are impaired, also known as the 303(d) 
List. The States must then establish the capacity of the water body to assimilate the 
impairing pollutants. These criteria are done in the form of the pollutant TMDL, which 
defines that the water body can still receive pollutant loads up to the water quality 
objectives necessary to protect beneficial uses (e.g., REC-1, REC-2, and LREC-1). 
Waste Load Allocations from point sources and load allocations from non-point sources 
must be reduced as needed according to the schedule set in the TMDL to meet TMDL 
compliance for the water body. The TMDL is incorporated as an amendment to the 
regional Basin Plan.  
 
Ballona Creek, Ballona Estuary, and Sepulveda Channel were designated as impaired 
by the State of California and included on California’s 2002 and 1998 CWA §303(d) List 
of Impaired Waters. Segments of the Ballona Creek, Ballona Estuary, and Sepulveda 
Channel are listed for high coliform counts. High bacterial loading of these water bodies 
may result in impairments of the water contact recreation (REC-1) beneficial use of 
Ballona Estuary1 and Sepulveda Channel, limited water contact recreation (LREC-1) 
beneficial use of Ballona Creek Reach 22, and non-contact recreation (REC-2) 
beneficial use of Ballona Creek Reach 13 (Table 2.1). Recreating in waters with 
elevated bacterial indicator densities has long been associated with adverse human 
health effects.  
 
 
 
 
 
 

                                                 
1 Ballona Estuary is from Centinela Avenue to the Pacific Ocean for 3.5 miles and its lower portion runs 
parallel to the main channel of Marina del Rey. 
2 Ballona Creek Reach 2 (Ballona Creek to Estuary) is approximately 4 miles from National Boulevard to 
Centinela Avenue. 
3 Ballona Creek Reach 1 is a 2-mile stretch from Cochran Avenue to National Boulevard. 

RB-AR40180

http://www.waterboards.ca.gov/losangeles/


 6

Table 2.1 Ballona Creek Beneficial Uses 
 

Water Body Beneficial Use 
Ballona Estuary REC-1 Marine Water 
Sepulveda Channel REC-1 Fresh Water 
Ballona Creek Reach 2 LREC-1 Fresh Water 
Ballona Creek Reach 1 REC-2 Fresh Water 

 
There are several historical or existing sites monitored by the Los Angeles County 
Department of Public Works (LACDPW), City of Los Angeles Watershed Protection 
Division (WPD), and City of Los Angeles Environmental Monitoring Division (EMD) in 
Ballona Creek, Ballona Estuary, and its tributaries.  
 
Beginning in early 2001, the City of Los Angeles, Department of Public Works, Bureau of 
Sanitation, WPD, under its Status and Trends Monitoring Program (S&T), began 
monitoring at four (4) locations along the main channel of Ballona Creek for bacteria, 
metals, and other pollutants. In 2002 the Status and Trends Program was extended to 
include four (4) tributary monitoring locations. In addition, LACDPW, as part of the Los 
Angeles County Municipal Stormwater Permit, under its Core Monitoring Program, 
conducts sampling within the Ballona Creek watershed. The County’s Core Monitoring 
Program is comprised of one permanent mass emission station (S01) within the main 
channel, six tributary locations, five estuary locations, and one bioassessment location. 
During the period of 2005-2006, LACDPW ended the monitoring activities for the six 
mass emission sites located on tributaries to the main channel of Ballona Creek. Currently, 
only station S01 is monitored for three storm and two dry-weather events.  
 
 
2.2 Ballona Creek Watershed Setting 
 
The Ballona Creek watershed is the largest sub-watershed within the Santa Monica Bay 
Watershed Management Area, and is comprised of West Los Angeles, Westwood 
Village, Culver City, Hollywood, Cienega, and Windsow Hills sub-watersheds as defined 
by the LARWQCB.  The combined size of the six sub-watersheds is approximately 
82,878 acres4; however, 13 acres of National Park Service land and 414 acres of 
miscellaneous State and Federal lands are currently excluded from the LARWQCB-
defined jurisdictional group. The LARWQCB recommended that these areas be 
excluded at this time since they will be covered by separate NDPES permits issued by 
the LARWQCB. This leaves 82,451 acres as the effective watershed area5.  The 
effective watershed area falls under the jurisdiction of eight agencies. (Table 2.2) 
 
 
 
 
                                                 
4 Area breakdown was generated with GIS using data from LARWQCB. 
5 The overall effective watershed area may change depending on how the Regional Board decides to 

enforce National Parks Service and miscellaneous State and Federal areas to comply with the TMDLs. 
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Table 2.2 Ballona Creek Jurisdictional Group 
 

Responsible Agencies          Land area 
City of Los Angeles (lead) 67,053 acres 
County of Los Angeles 3,928 acres 
City of Beverly Hills 3,630 acres 
City of Culver City 3,234 acres 
City of Inglewood 1,934 acres 
City of West Hollywood 1,201 acres 
City of Santa Monica 265 acres 
Caltrans 1,206 acres 

Total 82,451 acres 
 
Ballona Creek flows as an open channel for approximately 10 miles from Los Angeles 
(South of Hancock Park) through Culver City, reaching the Santa Monica Bay just south of 
Marina del Rey.  Tributaries of the Creek and Estuary include Centinela Creek, Sepulveda 
Channel, Benedict Canyon Channel, and numerous other storm drains.  The transition 
between the Creek and Estuary is considered to occur at Centinela Boulevard; Ballona 
Creek above Centinela Boulevard is concrete-lined and Ballona Creek below Centinela 
Boulevard is soft bottom.  
 

2.3 Waste Load Allocation Targets  
 
The TMDL has a multi-part numeric target based on four bacteriological parameters: 
total coliform density, enterococcus density, fecal coliform density, and Escherichia coli 
(E. coli) density. All bacteria densities shall be reported as the number of bacteria 
counted in 100 milliliters of water sampled. These numerical targets and the 
corresponding waste load allocations have been set based on the Los Angeles Basin 
Plan objectives for water contact recreation (REC-1), limited water contact recreation 
(LREC-1), and water non-contact recreation (REC-2) uses.  
 
The BC Bacteria TMDL specifies three separate periods for compliance purposes, each 
with specific requirements. The periods are summer dry-weather (April 1 to October 31), 
winter dry-weather (November 1 to March 31), and wet-weather days (defined as days 
of > 0.1 inches of precipitation and the three days following the end of the rain event). 
 
Waste load allocations in the Ballona Creek TMDLs are expressed as an allowed 
number of exceedance days.  The number of allowable exceedance days at a given 
location is determined by the number of projected exceedance days during the 90th 
percentile year at either the designated reference site or historically at the location in 
question, whichever is lower.  Allowable exceedance days, as determined by the 
reference site method, relative to a weekly monitoring schedule are shown in Table 2.3 
and Table 2.4. 
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Table 2.3 Summary of waste load allocations in Ballona Creek, Ballona Estuary, and 
Sepulveda Channel by Reach.  
 

Time Period 
Ballona Estuary, Ballona Creek Reach 2, 

and Sepulveda Channel 1 
Ballona Creek Reach 1 2 

Summer Dry-Weather 
 
(April 1 to October 31) 

Zero (0) exceedance days based on the 
applicable Single Sample Bacteria Water 
Quality Objectives 
 
Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives 

No more than 10% of the Single 
Sample Bacteria Water Quality 
Objectives 
 
 
Zero (0) exceedance days based 
on the Rolling 30-Day Geometric 
Mean Bacteria Water Quality 
Objectives 
 

Winter Dry-Weather 
 
(November 1-March 31) 

Three (3) exceedance days based on the 
applicable Single Sample Bacteria Water 
Quality Objective4 
 
Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives 
 

No  more than 10% of the Single 
Sample Bacteria Water Quality 
Objectives 
 
 
Zero (0) exceedance days based 
on the Rolling 30-Day Geometric 
Mean Bacteria Water Quality 
Objectives 

Wet-Weather 
 
(days with ≥0.1 inch of 
rain + 3 days following 
the rain event) 

Seventeen (17)3 exceedance days based on 
the applicable Single Sample Bacteria Water 
Quality Objectives4 
 
Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives. 
 

No more than 10% of the Single 
Sample Bacteria Water Quality 
Objectives 
 
 
Zero (0) exceedance days based 
on the Rolling 30-Days Geometric 
Mean Bacteria Water Quality 
Objectives 
 

1 Exceedance days for Ballona Estuary based on REC-1 marine water numeric targets; for Ballona Creek Reach 2 based on LREC-1 
freshwater numeric targets; and for Sepulveda Channel, based on fresh water REC-1 numeric targets 
2 

Exceedance frequency for Ballona Creek Reach 1 based on freshwater REC-2 numeric targets 
3 In Reach 2, the greater of the allowable exceedance days under the reference system approach or high flow suspension shall apply 
4
 As set forth by the SMBB CMP the maximum allowable number of exceedance days per year based on the reference system during 

dry weather is scaled back to one (1) day per year based on weekly sampling and the maximum allowable number of exceedance 
days based on the reference system during year-round wet weather is scaled back accordingly to three (3) exceedance days per year 
based on weekly sampling. 
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Table 2.4 Summary of waste load allocations and load allocations for Ballona Creek 
Tributaries 

*At the confluence with Reach 2, the greater of the allowable exceedance days under the reference system approach or high flow 
suspension shall apply. Sepulveda Channel was not assigned a waste load allocation at its confluence with Reach 2 since the 
TMDL requires the more stringent REC-1 objectives to be met in this water body, which should lead to the attainment of the less 
stringent LREC-1 objectives of the downstream reach. 

 
 
 
 

Tributary  Point of Application  Water Quality 
Objectives  

Waste Load Allocation (No. 
exceedance days)  

Ballona Creek Reach 1  At confluence with Reach 2 LREC-1 
Freshwater  

For single sample objectives: 
(0) summer dry-weather, 
(3) winter dry-weather,  
(17*) wet-weather  

   For geometric mean 
objectives:  
(0) for all periods  

Benedict Canyon 
Channel  

At confluence with Reach 2 LREC-1 
Freshwater  

For single sample objectives: 
(0) summer dry-weather, 
(3) winter dry-weather, 
(17*) wet-weather  

   For geometric mean 
objectives:  
(0) for all periods  

Ballona Creek Reach 2  At confluence with Ballona 
Estuary 

REC-1 Marine 
water  

For single sample objectives: 
(0) summer dry-weather,  
(3) winter dry-weather,  
(17) wet-weather  

   For geometric mean 
objectives:  
(0) for all periods  

Centinela Creek  At confluence with Ballona 
Estuary  

REC-1  
Marine water  

For single sample objectives: 
(0) summer dry-weather, 
(3) winter dry-weather, 
(17) wet-weather  

   For geometric mean 
objectives:  
(0) for all periods  

Del Rey Lagoon  At confluence with Ballona 
Estuary  

REC-1  
Marine water  

For single sample objectives: 
(0) summer dry-weather, 
(3)winter dry-weather, 
(17) wet-weather  

   For geometric mean 
objectives:  
(0) for all periods  
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The Single Sample Limits apply throughout the year, and are shown in Table 2.5 
 
Table 2.5 Single Sample Limits 
 

Marine Waters Designated for Water Contact Recreation (REC-1) 
Indicator Number of bacteria/100mL 

Total Coliform 10,000 
Fecal Coliform 400 
Enterococcus 104 
Total Coliform density* Fecal-to-Total Coliform ratio* 

Fresh Waters Designated for Water Contact Recreation (REC-1) 
Indicator Number of bacteria/100mL 

E. coli 235 
Fecal Coliform 400 

Fresh Waters Designated for Limited Water Contact Recreation 
(LREC-1) 

Indicator Number of bacteria/100mL 
E. coli 576 
Fecal Coliform not assigned 
Fresh Waters Designated for  Water Non-Contact Recreation (REC-2)

Indicator Number of bacteria/100mL 
E. coli - 
Fecal Coliform 4000 
* Total coliform density shall not exceed 1,000/100mL, if the ratio of fecal-to-total 
coliform exceeds 0.1  

 
There are a certain number of exceedance days allowed for single sample targets for 
summer dry-weather, winter dry-weather, and wet-weather days. The number of 
allowable exceedance days is established using a “reference system/anti-degradation 
approach,” which is based on historical exceedance levels at existing monitoring 
locations, including a local reference beach within the Santa Monica Bay coastal 
watershed (Leo Carrillo State Beach).  The maximum number of allowable exceedance 
days for REC-1, LREC-1 and REC-2 waters are shown in Table 2.3 and Table 2.4 
(pages 8-9). 
 
 
 
 
 
 
 

2.3.1 Single Sample Limits 
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The Rolling 30-day Geometric Mean Limits apply through the year, and are shown in 
Table 2.6 
 
Table 2.6 Geometric Mean Limits 
 

Marine Waters Designated for Water Contact Recreation (REC-1) 
Indicator Number of bacteria/100mL 

Total Coliform 1,000 
Fecal Coliform 200 
Enterococcus 35 

Fresh Waters Designated for Water Contact Recreation (REC-1) 
Indicator Number of bacteria/100mL 

E. coli 126 
Fecal Coliform 200 

Fresh Waters Designated for Limited Water Contact Recreation 
(LREC-1) 

Indicator Number of bacteria/100mL 
E. coli 126 
Fecal Coliform 200 
Fresh Waters Designated for Water Non-Contact Recreation(REC-2)

Indicator Number of bacteria/100mL 
E. coli - 
Fecal Coliform 2000 

 
The Rolling 30-Day Geometric Mean is calculated as the 30th root of the product of 30 
numbers using the bacterial densities over the most recent 30 days. 
 
The Geometric Mean Limits may not be exceeded at any time. The rolling 30-day 
geometric means will be calculated on each day, regardless of whether a weekly or 
daily schedule is selected.  If weekly sampling is conducted each test result will 
supersede the previous result and be assigned to the remaining days of the week until 
the next sample is collected.  Only dry-weather data are to be used to calculate 
geometric means; wet-weather data will be excluded from this calculation until single 
sample limits for wet-weather become effective. 
 
The Rolling 30-Day Geometric Mean calculation may change.  Based on recent 
communication with the Regional Board, we understand the method of calculating the 
daily Rolling 30-Day Geometric Mean proposed above has been deemed inappropriate 
and may be revised.   
 

2.3.2 Rolling 30-day Geometric Mean Limits 
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The TMDL will be implemented in two phases over a ten-year period. For the first 
phase, within six years of the effective date of the TMDL, the allowable number of 
summer dry-weather, winter dry-weather exceedance days, and the rolling 30-day 
geometric mean targets must be achieved. For the second phase, within 10 years of the 
effective date of the TMDL (or by July 15, 2021 if the Integrated Water Resource 
Approach is implemented), the allowable number of wet-weather exceedance days and 
rolling 30-day geometric mean targets must be achieved. 
 

2.4 Coordinated Monitoring Plan Development 
 
This monitoring plan was developed by the Ballona Creek Monitoring Plan Sub-
Committee, which was chaired by the City of Los Angeles (Appendix M). 
 
In early 2007 the Ballona Jurisdictional Group began gathering information and meeting 
with representatives of the various agencies that had historically conducted monitoring 
within Ballona Creek watershed; namely the City of Los Angeles Bureau of Sanitation 
and the Los Angeles County Department of Public Works.  During development of the 
CMP, input from the Regional Board, Santa Monica Bay Keeper, and Heal the Bay was 
sought and incorporated in this document.  The first draft of the CMP was completed in 
January 2008 and presented to the Regional Board and non-governmental 
organizations.  The final draft was submitted to the Regional Board in April 2008.  The 
revised and final CMP was submitted to the Regional Board in January 2009. 
 

2.5 Requirements of Coordinated Monitoring Plan  
 
As stated in the Ballona Creek, Ballona Estuary, and Sepulveda Channel Bacteria 
TMDL: 
 
“Responsible jurisdictions and responsible agencies must submit, for Regional Board 
approval, a comprehensive bacteria water quality monitoring plan for the Ballona Creek 
Watershed [within twelve months of the effective date]. The plan must be approved by 
the Executive Officer before the monitoring data can be considered during the 
implementation of the TMDL. The plan must provide for analyses of all applicable 
bacteria indicators for which the Basin Plan and subsequent amendments have 
established objectives. The plan must also include a minimum of two sampling locations 
in Ballona Estuary and Ballona Creek (Reach 2), at least one location in Ballona Creek 
(Reach 1) and Sepulveda Channel, at the confluence with Centinela Creek and 
Benedict Canyon Channel, and similar monitoring at the connecting tide gates of Del 
Rey Lagoon.” 
 
The City of Los Angeles is the Responsible Agency for Del Rey Lagoon; therefore the 
Del Rey Lagoon requirement is not included in this CMP. 
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3.0 MONITORING SITES 
 
For the purpose of this TMDL, eight (8) monitoring locations (Table 3.1 and Figure 1) 
are being proposed.  Four of these locations are currently being monitored by Los 
Angeles County Department of Public Works and/or by City of Los Angeles WPD and 
EMD as a part of its Status & Trends Program. The other four sites are new, or in close 
proximity to a historical site. Appendix B provides a summary of geographic data. 

3.1 Site Selection Guidelines 
 
The eight (8) sampling sites (Table 3.1) have been selected by all responsible agencies 
in the Jurisdictional Group using the following set of guidelines:   

1. Sampling shall be conducted weekly at locations specified in Attachment A to 
Resolution No. 2006-011, page 8.  

2. Monitoring locations shall be located at or close to the boundary of two reaches. 
3. Monitoring locations shall have safe access for sampling. 
4. Sampling at confluences will be taken at or near the mouth of each tributary prior 

to mingling with flows from the Creek or estuary to ensure that bacteria 
contributions from sources can be met and compliance with waste load 
allocations can be assessed. 
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Table 3.1 Summary of effectiveness monitoring sites 

 Station ID BCB-1 BCB-2 BCB-3 BCB-4 BCB-5 BCB-6 BCB-7 BCB-8 

Station 
Name 

WASHINGTON  DUQUESNE
BENEDICT 
CANYON 

CULVER INGLEWOOD McCONNEL
CENTINELA 

CREEK 
PACIFIC 

Location 
Washington 

Blvd. 
 (main channel) 

Duquesne 
Ave.  
(main 

channel) 

Duquesne Ave 
(Benedict 
Canyon 

Channel) 

Culver 
Blvd. 

(Sepulveda 
Channel) 

Inglewood 
Blvd.  
(main 

channel) 

South of 
Centinela Ave. 

(main 
channel) 

Inglewood Blvd,
(Centinela 

Creek) 

Pacific Ave 
(main 

channel) 

Historical 
ID & 
Agency 

N/A N/A 

TS09 
(LACDPW) 
Duquesne 

(S&T) 

TS08 
(LACDPW) 

Culver 
(S&T) 

Inglewood 
(S&T) 

N/A 
Alberta 
(S&T) 

Pacific (S&T)

Creek 
Section 

Reach 1 
Reach 2 
(upper; at 

creek) 

Benedict 
Canyon 
Channel 

Sepulveda 
Channel 

Reach 2 
(lower; at 

creek) 

Estuary 
(upper; at 

creek) 

Centinela 
Creek 

Estuary  
(lower; at 

creek) 
Sampling 
Frequency 

Weekly Weekly Weekly Weekly Weekly Weekly Weekly Weekly 
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Figure 3.1 BC Bacteria  
TMDL Monitoring Locations 
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3.2 Monitoring Locations 
 
In accordance with the TMDL requirements, the responsible agencies propose to 
conduct weekly monitoring at eight (8) locations identified in Table 3.1.  More details, 
including drainage maps, locations, and latitude and longitude coordinates of each site 
are available in Appendix B.  A brief description of each monitoring location is as 
follows.   
 
Site Id: BCB – 1 Status: New Location:  

Ballona Creek Reach 1 
Historical Site Id: N/A  

Comments:  This is a new sample site located at 
Washington Blvd along the main channel of the 
Creek.  The location is slightly downstream of the 
historical site TS10 (LACDPW) at La Cienega Blvd. 
Refer to Thomas Guide coordinates 633:A7 
 

 
 

 
Site Id: BCB – 2 Status: New Location:  

Ballona Creek Reach 2 
Historical Site Id: N/A  

Comments:  This is a new sample site located at 
Duquesne Avenue, along the main channel of 
Ballona Creek and slightly upstream of the Benedict 
Canyon Channel confluence.  Refer to Thomas 
Guide coordinates 672:H1 
 

 
 

 
Site Id: BCB – 3 Status:  Existing Location:  

Benedict Canyon Channel 
Historical Site Id: TS09 (LACDPW); Duquesne S&T)  
Comments:  This is an existing sampling site, 
located inside Benedict Canyon Channel, near its 
confluence with Ballona Creekl. The location is 
currently monitored by the City of Los Angeles as part 
of its S&T Program and was part of Los Angeles 
County’s Core Monitoring Program under LA County 
Municipal Stormwater Permit.  This site is the same 
as site BC-5 in Ballona Creek Metals and Estuary 
Toxics TMDL CMP.  Refer to Thomas Guide 
coordinates 672:H2 
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Site Id: BCB – 4 Status: Existing Location:  
Sepulveda Channel 

Historical Site Id: TS08 (LACDPW); Culver (S&T)  

Comments: This is an existing sampling site, 
located near Culver Blvd in Sepulveda Channel. 
The location is currently monitored by the City of 
Los Angeles as part of its Status and Trends 
Monitoring Program (Culver).  This site is the same 
as site BC-4 in Ballona Creek Metals and Estuary 
Toxics TMDL CMP. Refer to Thomas Guide 
coordinates 672:E4 

 
 

 
 
Site Id: BCB – 5 Status: Existing Location:  

Ballona Creek Reach 2 
Historical Site Id: Inglewood (S&T)  

Comments: This is an existing sampling site 
currently monitored by the City of Los Angeles as 
part of its Status and Trends Monitoring Program. 
The site is located at Inglewood Blvd. on the main 
channel of Ballona Creek. Refer to Thomas Guide 
coordinates 672:E6 
 
 

 

 
 
Site Id: BCB – 6 Status: New Location:  

Ballona Creek Estuary 
Historical Site Id: N/A  

Comments: This is a new sample site located 
upstream of the Centinela Creek confluence at 
McConnell Ave on the main channel, with the 
closest major street being South Centinela Avenue.  
Refer to Thomas Guide coordinates 672:D7 
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Site Id: BCB – 7 Status: New Location:   

Centinela Creek 
Historical Site Id: N/A  
Comments: This is a new sampling site located 
inside the Centinela Creek Channel near the 
confluence with Ballona Creek.  The site is located at 
Inglewood Blvd. Refer to Thomas Guide coordinates 
672: E6 
 

 
 

 
 
Site Id: BCB – 8 Status: Existing Location:  

Ballona Creek Estuary 
Historical Site Id: Pacific (S&T)  

Comments: This is an existing sampling site 
currently monitored by the City of Los Angeles as 
part of its Status & Trends Monitoring Program. The 
site is located at Pacific Ave. in the lower estuary. 
Refer to Thomas Guide coordinates 702:A2 
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4.0 MATERIALS AND METHODS 
 

This section provides a methodology for conducting field sampling at monitoring locations.  
Also discussed are procedures for bacterial analyses of the samples and data reporting 
procedures.  
 

4.1 Sampling Schedule 
   
During the ambient monitoring period the eight (8) proposed monitoring locations will be 
monitored weekly with samples to be collected on Mondays. When effectiveness 
monitoring begins, if there are exceedances in the weekly sampling during summer and 
winter dry weather, accelerated monitoring will be conducted.  Accelerated samples will 
be collected 48 hours after the original bacterial exceedance and, if the 48-hour sample 
also exceeds, 96 hours after the initial bacterial exceedances.  Sample collection and 
analysis for the proposed monitoring program will be done by the City of Los Angeles 
Watershed Protection Division (WPD) and Environmental Monitoring Division (EMD) 
respectively. 
 

4.2 Sampling Procedures 
 
The objective of the sampling program is to provide representative water samples for 
bacterial analyses, while following defined safety and quality assurance guidelines.  The 
quality assurance guidelines shall include sampling protocol as well as sample 
documentation, preservation, and holding time requirements.  All contracted samplers 
or agencies (City of Los Angeles) shall submit a Sample Collection Standard Operating 
Procedure (SOP) which should include sampling protocol and quality assurance 
guidelines. Appendices C, D, and L provide SOPs for review by the Regional Board  
 
Each sampling event shall be associated with recorded observations of site conditions, 
which should minimally include sample ID, collection date and time, rain measurement 
(USC rain gauge), weather conditions, sample characteristics (water color and turbidity), 
and sampler's name (refer to Appendix E).  
 
Sampling should only occur when conditions can be assessed as SAFE.  The safety of 
the sample collector is the top priority and should supersede scheduled sampling.   
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For missed samples due to inaccessibility, when sample integrity is compromised, or 
the scheduled sampling day falls on a holiday, the site should be revisited and sampled 
on the earliest convenient day, except Sunday, within the week of the originally 
scheduled sampling date.   

 
 
 

 
During any rain event, field staff must use his/her best judgment to determine if 
sampling can be performed safely.  If a sampling day happens to fall within the 24 hours 
following a rain event resulting in greater than 0.5” of precipitation, the safety of the 
sample collector is paramount and sampling may need to be rescheduled to a different 
time and/or day.   

 
 
 

During 
effectiveness monitoring, the City of Los Angeles (WPD and EMD) will conduct 
accelerated sampling and testing 48 hours after the initial bacterial exceedances and, if 
necessary, additional accelerated testing at 96 hours for those sites that still exceed the 
single sample limits after 48 hours. The purpose of the accelerated monitoring is to 
identify the persistence of an exceedance, especially during dry weather when source 
identification is a priority.  Accelerated monitoring may not be as critical during wet 
weather at every location when the source of the exceedance is known to be 
stormwater runoff, therefore, accelerated testing during wet weather will be considered 
after the 4th year re-opener.   
 

 
 
 
 

Equipment and supplies needed for sample collection are listed in Appendix C. 
 
 
 
 

In an effort to improve employee safety and health awareness, and to prevent 
occupational related injury and illness, EMD and other participating laboratories have 
developed a safety program with the intention of satisfying the applicable federal, state, 
and local regulations.  For example, EMD’s Safety and Health Program is composed of 
specific elements required by Cal/OSHA General Industry Safety Order Section 5191: 
Occupational Exposure to Hazardous Chemicals in Laboratories, and section 3203: The 

4.2.1 Procedures for missed samples 

4.2.2 Procedures during Rainfall Events 

4.2.3 Procedures following Elevated Bacterial Levels (Exceedances) 

4.2.4 Equipment 

4.2.5 Safety 
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Injury and Illness Prevention Program, and any other applicable regulations.  The written 
safety plan, titled The Chemical Hygiene Plan, is available to all employees for review, 
and should be recognized as management's commitment to ensure that all employees 
carry out their work in the safest and most efficient manner possible.  EMD employees will 
be kept familiar with the Division's written Chemical Hygiene Plan (CHP) through training, 
annual review and monthly staff safety meetings. 
 
It is the City of Los Angeles’ policy and the policy of other participating agencies to 
provide a safe working environment for all of their employees.  In addition, all field and 
laboratory work is to be performed in a manner that provides the highest level of safety 
for the protection of every employee.  See Appendix L for detailed safety protocols. 

4.3 Analytical Methodology 
 
Marine/brackish samples collected from the Estuary will be tested for the presence of 
total coliform, E. coli, and enterococcus bacteria.  Freshwater samples will be tested for 
the presence of E. coli and fecal coliform in REC-1 and LREC-1 designated areas and 
for fecal coliform in REC-2 designated areas. All indicator groups will be quantified from 
a single sample collected at the designated monitoring site.  Necessary dilutions or 
aliquot volumes shall be processed to ensure that compliance with water quality 
objectives can be determined.  Bacterial results will be reported as the number of 
organisms per 100 mL of sample for each bacterial indicator.  When selecting analytical 
bacterial methods for TMDL monitoring, the importance of fast recovery times (24 hours 
or less) should be emphasized.  The presence of total coliform, E. coli, and 
enterococcus bacteria shall be detected and quantified using the defined chromogenic 
substrate (CS) method (SM 9223B, APHA 1992-98 and Idexx Labs, Inc., per 
manufacturer’s instructions 2008).  Fecal coliforms shall be detected and quantified 
using the membrane filtration (MF) method (SM9222D  APHA 1992-98). 
 
 
For the marine/brackish samples (Ballona Estuary), the CS method will be used to 
convert the E. coli results to fecal coliform using a 1:1 translator. The application of a 
1:1 translator was approved by the Regional Board in October 2002 after review of the 
Chromogenic Substrate and Membrane Filtration Comparison Study conducted by the 
City of Los Angeles (approval letter dated October 16, 2002, from Dennis Dickerson, 
Executive Officer). 
 
The Responsible Agencies may consider conducting a fresh water study to draw 
conclusions about the relationship between E. coli and fecal coliforms similar to the 
above mentioned study conducted in Santa Monica Bay which led to the development 
of the 1:1 translator for E. coli to fecal coliforms in marine waters.   Based on the 
execution and results of this future study, reporting of fecal coliform densities obtained 
and quantified by the MF method may be re-evaluated. 
 
All laboratories performing analyses for TMDL bacterial monitoring shall maintain 
Environmental Laboratory Accreditation Program certification (ELAP administered by 
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California Department of Health Services) for specified methods from ELAP's "Field of 
Testing 126: Microbiology of Recreational Water".  Additionally, all laboratories shall 
submit detailed SOPs for review by Regional Board staff.  Appendix G provides an 
example of an SOP developed by the City of Los Angeles-EMD.  Each analytical 
method used for the TMDL monitoring program shall be an approved EPA or Standard 
Methods for the Examination of Water and Wastewater, 18th-20th edition (APHA 1992-
98) method.  Laboratories receiving Regional Board approval may use other analytical 
bacterial methods for marine recreational and TMDL monitoring.  
 

 
 
 
 

All laboratories must employ a program that associates quality assurance with the 
laboratory facility, staff, instrumentation and equipment, materials and methods, media 
and reagents, and data validation.  These QA/QC measures may be included in the 
submitted SOPs or defined in a separate QA/QC document such as Appendix I.  The 
quality assurance procedures shall be in accordance with Standard Methods for the 
Examination of Water and Wastewater, 18-20th Editions (APHA 1992-98).  All 
participating laboratories must maintain ELAP certification, provide QA/QC 
documentation as required by the Regional Board, and participate in periodic inter-
calibration exercises.   
 
Data from the EMD Microbiology Laboratory will be utilized to comply with the 
monitoring requirements of the Ballona Creek Bacterial TMDL.  The EMD and WPD 
divisions of the City of Los Angeles Departments will participate in this monitoring 
program as processing and sampling agencies respectively.  

4.4 Data Management and Reporting 
 
 
 

Results will be entered into Excel spreadsheets that automatically compute results 
(MPN/100 mL for CS analysis and CFU/100 mL for MF analysis).  All entered data will 
be given secondary review, corrected as needed, to ensure error-free data entry.  
Examples of EMD’s Microbiology Laboratory data worksheets can be found in Appendix 
E.  Data acquisition, validation, reduction, and reporting procedures can be found in 
Appendix H.   

 
 
 
 

All data collected will be archived within the City of Los Angeles’ Environmental 
Monitoring Division (EMD) Laboratory Information Management System (LIMS) 
database or comparable database.  For any non-City of Los Angeles monitoring agency 
performing bacteriological analyses, data will need to be submitted daily to EMD 

4.3.1 Quality Assurance/Quality Control 

4.4.1 Data Tabulation  

4.4.2 Data Format and Archive 
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electronically in a comma-separated value (CSV) format that contains the table 
structure and syntax provided in Appendix J.  The City of Los Angeles’ Information & 
Control System Division (ICSD) staff will ensure electronic submissions of data are 
parsed and stored correctly into the LIMS database.   

 
 
 
 

The BC Bacteria TMDL defines “wet weather” as “days with 0.1 inch of rain or greater 
and the three days following the rain event” (Attachment A to Resolution No.  2006-011, 
Page 4); however, the TMDL does not specify where the 0.1-inch of rain is to be 
measured.  For clarification, the Ballona Creek Monitoring Sub-committee proposes in 
Table 4.1 the rainfall gage to be used for this monitoring program to determine wet 
weather days.   
 

Table 4.1 Rainfall gage to be used for the proposed monitoring program.   
 

Jurisdictional Group Rainfall Gage Comment 

Ballona Creek Watershed University of Southern 
California (USC) (375) 

LACDPW “Manually 
Observed Non-Mechanical 
Rain Gauge” Station 

 

The proposed gage is a Manually Observed Non-Mechanical Rain Gauge station owned 
and operated by the County of Los Angeles.  Data can be obtained at 
http://www.ladpw.org/wrd/precip/ under “Station Information.”  The web page displays 
148 Manually Observed Non-Mechanical Rain Gages; these gages are measured once 
daily by volunteers and reported monthly.   

 
 
 
 

Bacteriological data will be summarized in tabular form on a daily basis by EMD’s 
Microbiology Unit.  Exceedances will be clearly notated and triggers indicating 
“accelerated monitoring needed” will be programmed into the report.  Summer dry-
weather, winter dry and wet weather spreadsheets with triggers will be created, but as 
mentioned in section 4.2.3 wet weather accelerated sampling will not be considered 
until the 4th year reopener. When bacterial levels no longer exceed listed standards, a 
trigger to return to weekly sampling will be programmed, except for wet weather 
exceedances which will continue regular sampling regardless of exceedances until the 
4th year reopener.   
 
The monitoring agency, the City of Los Angeles, will be responsible for performing 
accelerated monitoring as required.  For the purpose of compliance, this CMP proposes 
that for single-sample limits, accelerated sampling results should not be counted 
towards compliance  

4.4.3 “Wet Weather” Determination 

4.4.4 Exceedance Determination and Accelerated Sampling 
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Electronically-formatted data will be archived and submitted to the responsible agencies 
and the Regional Board promptly after the data becomes available, and electronic 
copies of the monthly reports will be distributed to the responsible agencies. Monthly 
data summary reports will be submitted to the LARWQCB by the last day of each month 
for data collected during the previous month.   
 
For EMD, laboratory results will be entered into Microsoft Excel spreadsheets that 
automatically compute results (MPN/100 mL or CFU/100 mL).  All monitoring agencies 
will archive their own data within LIMS or a comparable database.  See Appendix H, 
Data Acquisition, Reduction, Validation, and Reporting Procedures. 

4.4.5 Data Reporting  
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Santa Monica Bay Beaches Wet-weather Bacteria TMDL Draft—Version 4.  11/07/02. 
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APPENDIX A   

Development History of the Ballona Creek Bacteria TMDL 
 

The Ballona Creek Bacteria TMDL was developed by the Los Angeles Regional Water 
Quality Control Board (RWQCB) to protect beneficial uses associated with water quality 
in Ballona Creek.  Elevated concentrations of bacteria at Ballona Creek have prompted 
the development of a TMDL. The effective date of the TMDL is April 27, 2007. 

Ballona Creek is a ten-mile long channel that begins in Hancock Park and drains into 
the Pacific Ocean just south of Marina del Rey.  The Ballona Creek Watershed totals 
about 130 square miles.  Ballona Creek has 3 segments (or reaches) divided based on 
the physical characteristics and beneficial use designations: Reach 1 is REC-2, Reach 
2 is Limited REC-1, and the Estuary is REC-1.  These three segments and Sepulveda 
Channel are listed as impaired and require a TMDL.  

This bacteria TMDL addresses the impaired bacterial water quality of the creek and sets 
waste load allocations (WLAs) or enforceable bacteria concentration limits in the creek.  
Affected agencies will be required to reduce the amount of bacteria flowing in Ballona 
Creek, the Estuary, and Sepulveda Channel.  

The watershed is highly developed, consisting of residential, recreational/open space, 
commercial and industrial land uses.  The watershed also includes all or parts of the 
Cities of Beverly Hills, Culver City, Inglewood, Santa Monica, West Hollywood, and 
unincorporated Los Angeles County. 

The TMDL contains a 14-year compliance schedule to correspond with the Santa 
Monica Bay Beaches Bacteria TMDL schedule for meeting 100% compliance of waste 
load allocations (WLAs). The TMDL will be re-evaluated 4 years after the effective date 
for WLAs based on results of required special studies from year 1 to 3. 

A comprehensive Coordinated Monitoring Plan is required 12 months after the TMDL 
effective date.  Compliance monitoring or “Effectiveness Monitoring” is required for 8 
locations along the creek.  
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APPENDIX B 

Monitoring Sites 

Coordinates 
Reach 

Station 
ID 

Station Name Water Body 
Sampling 
Frequency Latitude Longitude 

Thomas 
Guide 

Description (including historical 
sites, if any) 

1 BCB-1 WASHINGTON 
Main Channel: 
Ballona Creek 

Weekly 
N34 º 

01.938’ 
W118 º 
22.521’ 

633:A7 
At Washington Blvd. (slightly 
downstream of LACDPW- TS10 
at La Cienega Blvd). 

BCB-2 DUQUESNE 
Main Channel: 
Ballona Creek 

Weekly 
N34º 

1.036’ 
W118º 
23.35’ 

672:H1 
At Duquesne Blvd. on the main 
channel of Ballona Creek. 

BCB-3 
BENEDICT 
CANYON 

Tributary: 
Benedict Canyon 

Channel 
Weekly 

N 34º 
00.870’ 

W118º 
23.464’ 

672:H2 

Near the confluence of Benedict 
Canyon Channel/Ballona Creek 
(cross street is Duquesne 
Avenue sampling inside 
Benedict Canyon Channel). 

BCB-4 CULVER 
Tributary: 
Sepulveda 
Channel 

Weekly 
N33º 

59.886’ 
W118º 
24.923’ 

672:E4 

Near Culver Blvd. (same as site 
BC-4 in Ballona Creek Metals 
and Estuary Toxics TMDL CMP 
sampling along Sepulveda 
Channel). 

2 

BCB-5 INGLEWOOD 
Main Channel: 
Ballona Creek 

Weekly 
N33º 

59.387’ 
W118º 
24.704’ 

672:E6 
At Inglewood Blvd. on the main 
channel of Ballona Creek. 

BCB-6 McCONNEL 
Main Channel: 
Ballona Creek 

Weekly 
N33º 

58.922’ 
W118º 
25.376’ 

672:D7 
At McConnell Ave. on the main 
channel of Ballona Creek 

BCB-7 
CENTINELA 

CREEK 
Tributary: 

Centinela Creek 
Weekly 

N 33º 
58.711’ 

W118º 
25.549’ 

672:D7 

Near the confluence of 
Centinela Creek/Ballona Creek 
(sample at Inglewood Blvd. 
sampling inside Centinela 
Creek). 

Estuary 

BCB-8 PACIFIC 
Main Channel: 
Ballona Creek 

Weekly 
N33º 

57.679 
W118º 
27.142’ 

702:A2 
In Ballona Creek Estuary, from 
Pacific Avenue bridge. 

Table B.1 Effectiveness monitoring sites 
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Figure B.1 Effectiveness monitoring sites drainage areas 
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Figure B.2 Effectiveness monitoring sites drainage areas continued 
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APPENDIX C 

Field Sampling Equipment and Supply List 
 
The following equipment is needed for dry weather water quality sample collection. 
 

1. First Aid kit 
2. Portable eyewash bottle with saline solution 
3. Ice chest (with ice) 
4. Sampling pole with reel 
5. Weighted bottle holder (attaches to fishing line/reel) 
6. Sterilized polypropylene 125 mL bottles with 1% Sodium Thiosulfate 

(necessary for freshwater/stormwater samples) 
7. Wash bottle with de-ionized water 
8. Foaming disinfectant hand cleanser 
9. Waterproof labels 
10. Paper towels 
11. Water-safe pen and Lab marker 
12. Field log sheet 
13. Chain-of-Custody (COC) sheet 
14. Thomas Guide (street map)/Electronic Navigation System 
15. Trash bag 
16. Cell phones (1 for each person) 
17. Watch 
18. Personal protective equipment: 

i. Safety vest (ANSI 107 Class 2 compliant, high visibility) 
ii. Protective gloves (latex, nitrile, etc.) 
iii. Slip-resistant shoes/boots 
iv. Protective eyewear: UV protection; impact resistant 
v. Foul weather gear  (when necessary) 
vi. Rain boots (when necessary) 
vii. Life vest (if entering the flood channel). 
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APPENDIX D 

Field Sampling Standard Operating Procedures 
 

I. Water Quality Sampling 

A. Overview of Procedure 

At the beginning of each month, Field Sampling staff provides Laboratory Staff at the 
Environmental Monitoring Division (EMD) with a sampling schedule detailing when 
sampling will be conducted, and the number of samples to be delivered.   The 
Laboratory supplies Field Sampling staff with clean, sterile polypropylene bottles with 
the necessary additives.  Sample bottles are labeled and Chain-of-Custody (COC) 
sheets are prepared prior to going out to the field.  All necessary gear, including 
personal protective equipment, must be brought to the field.  Grab samples are 
collected at designated sampling stations, and the time of collection is recorded on the 
COC and Field Log sheets.  Samples are then stored on ice, sample temperature read 
and recorded by EMD laboratory staff at DSM (5th floor, Pregerson Building, Hyperion 
Treatment Plant), and then delivered to the Microbiology Laboratory at the 
Environmental Monitoring Division (4th floor, Pregerson Building, Hyperion Treatment 
Plant).  Laboratory staff will need to make sure the samples are received within the 
maximum allowable holding time.    The original COC sheet is signed, dated, noted as 
to the time samples are received and given to EMD staff.  The Field Sampling crew 
retains a copy of the COC. 

 
II. Sampling Procedure: 

 

A. Coordination with Laboratory   

At the beginning of each month, the monthly sampling schedule is sent via 
email to the supervisor of the Microbiology Section at EMD.  If unforeseen 
changes are made to the schedule, EMD staff is notified immediately.  
Contact name is listed below:  
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Microbiology Section:  

Water Microbiologist III 

Supervisor:  Ioannice Lee  

Phone: (310) 648-5196 

Email:         Ioannice.Lee@lacity.org 

 

B. Gather the necessary equipment: 

See Appendix C  

Sampling Locations/Frequency: 
 

Reach 
Station 

ID 
Water Body 

Sampling 
Frequency 

Thomas 
Guide 

Description (including 
historical sites, if any) 

1 BCB-1 

Washington 
Blvd.; Main 

Channel: 
Ballona Creek 

Weekly 633:A7 
At Washington Blvd. (slightly 
downstream of LACDPW- 
TS10 at La Cienega Blvd). 

BCB-2 
Duquesne Ave., 
Main Channel: 
Ballona Creek 

Weekly 672:H1 
At Duquesne Blvd. on the main 
channel of Ballona Creek. 

BCB-3 
*Duquesne Ave., 

Tributary: 
Benedict Canyon 

Weekly 672:H2 

Near the confluence of 
Benedict Canyon 
Channel/Ballona Creek (cross 
street is Duquesne Avenue 
sampling inside Benedict 
Canyon Channel). 

BCB-4 

Culver Blvd.; 
Tributary: 
Sepulveda 
Channel 

Weekly 672:E4 

Near Culver Blvd. (same as site 
BC-4 in Ballona Creek Metals 
and Estuary Toxics TMDL 
CMP, sampling along 
Sepulveda Channel). 

2 

BCB-5 
Inglewood Blvd., 

Main Channel: 
Ballona Creek 

Weekly 672:E6 
At Inglewood Blvd. on the 
main channel of Ballona Creek. 

BCB-6 
*McConnel., 

Main Channel: 
Ballona Creek 

Weekly 672:D7 
At McConnell Ave. on the 
main channel of Ballona Creek 

BCB-7 
Centinela Creek., 

Confluence: 
Centinela Creek 

Weekly 672:D7 

Near the confluence of 
Centinela Creek (sample at 
Inglewood Blvd., inside 
Centinela Creek.)  

Estuary 

BCB-8 
Pacific Ave., 

Main Channel: 
Ballona Creek 

Weekly 702:A2 
In Ballona Creek Estuary, 
from Pacific Avenue bridge. 
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* Nearest major cross street to sample site.  See provided GPS coordinate for 
actual sampling site. 
 
C. Field Log sheet. 

A field log sheet is provided in Appendix E.  This form is for recording details 
about each sampling event (including date, time, locations, samplers, 
comments), and is retained by the sampling staff.  The form is to be prepared 
before leaving to the field, and the appropriate information is filled out after 
each sample is collected. 

 
D. Chain of Custody (COC) form. 

A COC form is to be completed for each sampling event.  The form should be 
prepared prior to leaving to the field.  At each sampling station, the sampler 
enters his/her initials, along with time of collection.  The original COC is to 
follow the samples at all times.  The sampler must sign and date the COC when 
relinquishing the sample to Laboratory Staff (Sample Receiving, EMD) who in 
turn, signs the form to indicate receipt of the sample.  A photocopy is given to 
the sampling staff, and the laboratory retains the original COC along with the 
samples to be analyzed.  A blank COC is provided in Appendix E. 
 

E. Collecting Samples 
When sampling from a bridge, a fishing pole/reel is used to lower the sample 
bottle into the stream.   

a. Obtain clean and sterile polypropylene bottles with Sodium Thiosulfate 
(necessary for freshwater/stormwater samples).  Confirm that the bottle 
has the appropriate pre-printed label.   

b. Note the sample collection time on the Field Log sheet, COC, and 
sample label. 

c. Be very careful to avoid contamination of the sample bottle.  Wear clean 
gloves and avoid touching the mouth of the bottle and the inside of the 
cap. 

d. Attach the bottle-holder to the fishing line, and secure the bottle.  
Unscrew the bottle lid, and set it aside.  Release the drag on the reel, 
and lower the bottle into the stream.  Allow the bottle to fill with water, 
and then reel it in.  Replace the lid securely, and place the sample into 
the ice chest. 

e. Rinse bottle holder with de-ionized water after each station. 
f. Fill in appropriate information on the COC and field log sheet. 
g. Samples should be delivered to the laboratory as soon as possible.  

When relinquishing custody of the samples, inform Laboratory staff of 
the start time of the six hour holding time limit for the samples.  
Laboratory staff will read the sample temperature, sign and date the 
COC, and make a copy of the COC for field staff to keep. 

h. Upon returning from the field, file the COC (copy) and field log sheet in 
the appropriate binder.  Rinse all field equipment with de-ionized water. 
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III. Contact Information: 

 
Laboratory:  
Environmental Monitoring Division 
 

Microbiology Section 
Water Microbiologist III  
Supervisor:  Ioannice Lee 
Phone: (323) 648-5196 

Email: Ioannice.Lee@lacity.org 
 

Watershed Protection Division 
 
Pollution Assessment Section 
Water Biologist III 
Supervisor:  Jon Ball 
Phone: (323) 342-1557 
Email: Jon.Ball@lacity.org 
 
 
TMDL Implementation Section 
Senior Engineer: Reza Iranpour, Ph.D., P.E.  
Phone: (213) 485-0577 
Email: Reza.Iranpour@lacity.org 
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APPENDIX E 

Field and Data Entry Worksheets 
 

Examples of worksheets for Chain of Custody sheets (2 pages) and recording analytical 
results used by the City of Los Angeles’ Watershed Protection Division and 
Environmental Monitoring Division are provided herein.  They include field observations, 
Chromogenic Substrate data entry, and Membrane Filtration data entry.   Once 
completed, data are then entered into the LIMS database.  

CITY OF LOS ANGELES – DEPARTMENT OF PUBLIC WORKS – BUREAU OF SANITATION  

WATERSHED PROTECTION DIVISION –  SECTION  

FIELD COLLECTION SHEET   
                                  Program:_________________________________________________________ 

          

Sampling Date:        
          

STATIONS 
STATION 

CODE 
STAFF 

INITIALS 
COLLECTION 

TIME 
TEST 

REQUESTED 
SAMPLE ID 

    COMMENTS   
(Weather, Water 

condition,…) 

              

              

              

              

              

              

              

              

              

              

              

              
CHAIN-OF-CUSTODY         

 Relinquished by: 
(signature)    Print Name  Date/Time 

 Accepted by: 
(signature) Print Name  Date/Time 

        
  

    

Email results to:        REVISED DATE  
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EMD
Department of Public Works           Sample Chain of Custody LIMS #:
Bureau of Sanitation
Environmental Monitoring Division 

   EMD Sample ID:
   Project Name:

Sampling Information: 
Sampling Agency: Sampling Program:
Agency Sample ID#: 
Phone Number:
Fax Number: Purpose of program:
Contact Person: 
email address: 

Report Time Frame:
Sampler's Name: 
Sampler's Title 

Sampler's Signature: 

Witness: Name Sample Date:
              Title 

Sampling Time:
              Name 
              Title 

Sample Location: Sampling Address:

Requested Analysis: Metals: Micro Biological:
Organics: Toxicity:
Conventional Chemistry: Air Testing:

                       See back of page for specifics analyses
Sample Notification: 

Toxicity:     Date: 
PC:        Date: 

Metals:     Date: 
Wet:        Date: 

Semi-Vol:     Date: 
Micro:        Date: 

Volatile:     Date: 

Received Date
Released 

Date  Signature Current Holder Name Title Received Time 

 
       Date: 
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    Analysis to be performed on the Sample(s):

EMD
LIMS #: 

Locator: Collection Time: Locator:        Collection Time:
-1 -6
-2 -7
-3 -8
-4 -9
-5 -10

Sample Information: Liquid: Solid:         Other: Temperature 
Grab Composite: 

Start time: Finish time: pH 
Container: Glass Size:     Color: Number:

Plastic Size:     Color: Number: Residual Cl2 
Preservative       Number of samples:

Metals:

Ag Cu Pb Other:

Al Fe Sb

As Hg Se

Ba K Sn

Be Mg Sr Total

85 Ca Mn Tl Dissolved

Cd Mo V

Co Na Zn

Cr Ni 

Organics: 
       VOC Pesticides/PCB    Clopyralid           Air VOC

       BNA Dioxin - screen    Dioxin - low resolution           Fixed Gases

       TOX Other:    Dioxin - high resolution           GC Sulfur

       Herbicides    Tributyltin           Siloxanes

Conventional Chemical: 
Alkalinity MBAS Solids:

BOD Nitrogen:    Total Solids

Boron    Ammonia Nitrogen    Total Dissolved Solids

Chloride    Nitrate-N    Total Suspended Solids

COD    Nitrite-N    Settleable Solids

Conductivity    Organic-N    Volatile Suspended Solids 
Cyanide (Free)    Kjeldahl Nitrogen    Volatile Total Solids

Cyanide (Total) Oil & Grease Sulfates

Flashpoint pH Sulfides, Total

Fluoride Phenols Sulfides, Dissolved

Grain Size Phosphate, Total Thiosulfate

Hardness Phosphate, Dissolved TOC

Hexavalent Chromium Radioactivity Turbidity

H 2 S Salinity Other:

Biological:

Total Coliform Salmonella           Other:

Fecal Coliform Acute Toxicity (Fresh water)

E. coli Chronic Toxicity (Sea water)

Enterococcus Chronic Toxicity (Fresh water)

Remarks: 
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Environmental Monitoring Division 
Microbiology Group 

QUANTITRAY COUNTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Station 

 
BCB-1 

 
BCB-2 

 
BCB-3 

 
BCB-4 

 
BCB-5 

 
BCB-6 

 
BCB-7 

 
BCB-8 

 
Blank 

 
 

Dup 

10 ml           
 

Large cells 
          

 
Small cells 

          

Blank 100 
mL  

        Blank  

 
Large Cells 

          

 
Small Cells 

          

 

Station 

 
BCB-1 

 
BCB-2 

 
BCB-3 

 
BCB-4 

 
BCB-5 

 
BCB-6 

 
BCB-7 

 
BCB-8 

 
Blank 

 
 

Dup 

10 ml           
 

Large cells 
          

 
Small cells 

          

Blank 100 
mL 

        Blank  

 
Large Cells 

          

 
Small Cells 

          

Date:__________________     

Read by:________  Time:_______ 
 
 
Validated:____________________ 

TOTAL

RB-AR40220



 

 46

 
Date:                                                                    ENVIRONMENTAL MONITORING DIVISION 

BACTERIAL DENSITIES 
 

FECAL COLIFORM                                                         Read by:               Time: ______ 

VOL. 
(mL) 

 

BCB-1 

 

BCB-2 

 

BCB-3 

 

BCB-4 

 

BCB-5 

 
BCB-6 

 
BCB-7 

 

BCB-8 

 
Blank 

 

 

Dup 

           

           

10           

50           

100           

           

 
/100 mL 

VOL. 
(mL) 

 

BCB-1 

 

BCB-2 

 

BCB-3 

 

BCB-4 

 

BCB-5 

 
BCB-6 

 
BCB-7 

 

BCB-8 

 
Blank 

 

 

Dup 

           

           

10           

50           

100           

           

FC/100 mL 
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APPENDIX F 

Laboratory Equipment and Supply List 
 
Chromogenic Substrate Method 
 

 Materials and Equipment 
 

o Sterile, transparent, non-fluorescent container - 125 mL volume (use 
containers provided by Colilert kit if available) 

o Colilert-18 reagent packets 
o Enterolert reagent packets 
o Quantitray/2000 trays 
o Graduated cylinder, sterile - 100 mL (optional) 
o Quantitray/2000 rubber tray insert 
o UV cabinet or lamp - long wave, 366nm 
o Deionized water – sterile 
o Colilert Quantitray/2000 color/fluorescence comparators 

 
Membrane Filtration Method  
 

 Materials and Equipment 
 

o Plate Labeling 
 Indelible marking pen 
 Kimwipes 
 Prepared mEndo, mFC, and mE agar plates 
 Agar plate carrier with dark cover 

o Filtration 
 1 mL and 10 mL sterile, bacteriological or Mohr disposable 

pipets 
 Pipet biohazard container 
 Vacuum pump 
 Filtration manifold 
 Microfil vacuum support base 
 Microfil filter screen disc (in 95% alcohol jar) 
 Sterile, disposable Microfil funnels 
 Membrane filters - sterile, white, grid-marked, 7mm diameter 

filters with 0.45µM pore size 
 Labeled mEndo, mFC, and mE agar plates in covered plate 

carrier 
 Alcohol lamp 
 95% and 70% ethanol 
 Glass safety jar with lid 
 Paper towels 
 Sterile, plastic squirt bottle 
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 Forceps - smooth-tipped stainless steel 
 Pipet bulb 
 Alcohol pads 
 Incubator, 35.0 ± 0.5�C 
 Water bath, 44.5 ± 0.2�C 
 Incubator, 41.0 ± 0.5�C 
 Solid heat-sink fecal coliform incubator, 44.5 ± 0.2�C 
 Matches 
 Long-handled forceps 
 Sterile, phosphate-buffered rinse water 
 Sterile, phosphate-buffered water dilution tubes 

 
o Colony Counting 

 Binocular, stereoscopic microscope with fluorescent lamp 
 Disposable gloves 
 Data worksheets 
 Large biohazard container 
 Incubated mEndo, mFC, and mE agar plates 
 EIA agar plates 
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APPENDIX G 

Laboratory Standard Operating Procedures (SOPs) 
 
Chromogenic Substrate Method: Shoreline/Marine Samples 
 
 Procedure 

o Disinfect the workbench area with 70% ethanol.  Let air-dry. 
o Preparation of sample container 

 You will need one sterile container per sample.  Label each sample 
container with station name and test to be performed (e.g., 
Container1: S01, TC/EC, Container 2: S01, Entero). 

 Remove the outer plastic ring/label seal around the container cap.  
Remove the container cap, being careful not to touch the inside of the 
cap.  Pour sterile D.I. water from a flask into each container.  Be 
careful not to touch the rim of the D.I. flask or the container.  Pour the 
D.I. water to the 100 mL mark on each container and replace the cap.  
Replace the cap back onto the D.I. water flask if there is any D.I. 
water left in the flask. 

 If a 10-ml sample aliquot is to be used, remove 10 ml of D.I. water 
from all sample containers using a sterile 10 ml pipet.  If only 1 ml of 
sample is to be analyzed, skip this step of removing 10 ml of D.I. 
water.    

 You will need one Coli-18 reagent pak for each sample container 
labeled TC/EC and one Enterolert reagent pak for each container 
labeled Entero.  Carefully separate one reagent snap pak from the 
strip, taking care not to accidentally open the adjacent pak.  Tap the 
snap pak to ensure that all of the reagent powder is in the bottom part 
of the pack. 

 Open the pak by snapping back the top at the scoreline.  Do not 
touch the opening of the pak. 

 Add the reagents to the appropriate sample containers filled with D.I. 
water.  Replace the cap on the container, tighten, and gently mix until 
the reagent is dissolved.  Note that when the Coli-18 reagent is 
added to the D.I. water in the container, the solution is a clear color 
and when Enterolert reagent is added to the D.I. water, the solution is 
a yellow color. 

 Pipet 10 mL of each sample into the appropriate sample containers.  
Place the used pipets into the pipet biohazard container.  Replace the 
sample container caps and mix gently. 

 
o Quanti-tray/2000 

 Turn on Quanti-tray® sealer at the start of sample preparation. 
 You will need one Quanti-tray for each labeled sample container. 
 Check to see that the green Ready Light (above the amber power 

light) is illuminated on the sealer.  The sealer will not operate until 
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both the amber power light and the green Ready Light are 
illuminated. 

 Using one hand, hold a Quanti-tray upright with the well side (plastic) 
facing your palm.  Squeeze the upper part of the Quanti-tray so that it 
bends towards the palm of your hand.  Using your other hand, gently 
pull the foil tab at the top of the tray to separate the foil from the top of 
the tray, creating an open pouch.  Avoid touching the inside of the foil 
or tray and be careful not to tear the foil. 

 Pour the reagent/sample mixture directly into the Quanti-tray, 
avoiding contact with the foil tab at the top of the tray.  Tap the small 
wells at the bottom of the tray to release any air bubbles.  Allow any 
foam present to settle. 

 Place the sample-filled tray onto the rubber insert of the sealer with 
the well side (plastic) of the tray facing down.  Align the small and 
large wells with their corresponding holes in the rubber insert.  Make 
sure the tray is properly seated in the rubber insert.  With your hand, 
gently press on the back of the tray to distribute some of the liquid 
into the larger wells. 

 Slide the rubber insert into the sealer until the motor grabs the rubber 
insert and begins to draw it into the sealer. 

 In approximately 15 seconds, the tray will be sealed and partially 
ejected from the rear of the sealer.  Remove the rubber insert and 
tray from the rear of the sealer. 

 If a misaligned tray is accidentally fed into the sealer, press and hold 
the “reverse” button (located on the top, front center of the sealer).  
This will reverse the motor and you can then remove the tray.  Do not 
reverse the motor once the rubber insert has been drawn fully into the 
input slot of the sealer. 

 Repeat for each labeled tray.  Turn off the sealer and unplug the unit 
when you are finished sealing all the trays. 

 Using a felt-tipped marker, label the front of each tray with the 
incubation time. 

 Place all Quanti-trays labeled "TC/EC" into the 35°C (Total coliform) 
incubator for 18 hours. 

 Place all Quanti-trays labeled "Entero" into the 41°C (Enterococcus) 
incubator for 24 hours. 

 
 

o QA Controls 
 Refer to QA/QC SOP 

o Clean-up 
• Dispose of the empty, used sample container in the large, red 

biohazard containers. 
• Dispose of all pipet wrappers and empty reagent packs in the regular 

trash receptacle.  Return all lab supplies to their proper storage 
areas. 
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• Disinfect the workbench area with 70% ethanol.  Let air-dry. 
• Discard original sample remaining in sample bottle (can discard down 

sink drain).  Rinse with tap water and place empty bottles on trash 
cart for later cleaning. 

 
 Reading Quanti-Tray Sample Results 

o Disinfect the workbench area with 70% ethanol.  Let air-dry. 
o TOTAL COLIFORMS - read 18-22 hours after incubation. 

 Remove the Quanti-trays from the 35°C (Total coliform) incubator.   
 Record the date, time, and analyst name or initials on the sample 

data sheet for the reading of Total Coliforms. 
 Compare the intensity of the yellow color of the sample wells to the 

intensity of the yellow color of the Comparator Quanti-tray.  Any well 
with a yellow color of equal or greater intensity than the Comparator 
is considered a "positive" well.  Wells with a clear color or a yellow 
intensity less than the Comparator are considered as "negative".  If 
reaction is unclear or borderline yellow, replace the tray in 
incubator for further incubation up to a total of 22 hours. 

 Count the number of positive large wells.  Remember that the single, 
large well at the very top of the Quanti-tray should also be included in 
the count if it is positive.  Record the number of positive large wells on 
the sample data sheet.  Count and record the number of large 
positive wells for each sample dilution that was set. 

 Count the number of positive small wells.  Record the number of 
positive small wells on the sample data sheet.  Count and record the 
number of small positive wells for each sample dilution that was set. 

 
o E. coli- read 18-22 hours after incubation. 

 These results are read from the Total coliform Quanti-trays. 
 Record the date, time, and analyst name or initials on the sample 

data sheet for the reading of E. coli. 
 Place Quanti-tray under a UV cabinet or lamp. 
 Press the red button on the top of the UV lamp to turn the lamp on.  

Make sure the lamp is pointed away from you. 
 Count the number of large and small fluorescent wells for each 

sample dilution.  Remember that the single, large well at the very top 
of the Quanti-tray should also be included in the count for the large 
wells if it is positive.  Record the results on the sample data sheet. 

 If in doubt as to the fluorescence of a well, compare it to the negative 
fluorescence of the Quanti-tray Comparator.  This Comparator is 
"negative" for fluorescence.  If fluorescence on the well(s) is/are 
still questionable, mark the well(s) with an indelible pen or 
marker and re-incubate Quanti-tray for an additional 2 - 4 hours.  
Read Quanti-tray again following the incubation period. 
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 ENTEROCOCCUS - read 24-28 hours after incubation 
 

 Remove the Quanti-trays from the 41°C (Enterococcus) incubator. 
 Record the date, time, and analyst name or initials on the sample 

data sheet for the reading of Enterococcus. 
 Place Quanti-tray under a UV cabinet or lamp 
 Press the red button on the top of the UV lamp to turn the lamp on.  

Make sure the lamp is pointed away from you. 
 Shine the UV lamp directly on the sample Quanti-tray within five 

inches of the tray.  Count the number of large and small fluorescent 
wells for each sample dilution.  Remember that the single, large well 
at the very top of the Quanti-tray should also be included in the count 
for the large wells if it is positive.  Record the results on the sample 
data sheet.   

 If in doubt as to the fluorescence of a well, compare it to the negative 
fluorescence of the Quanti-tray Comparator.  This Comparator is 
"negative" for fluorescence.  If fluorescence on the well(s) is/are 
still questionable, mark the well(s) with an indelible pen or 
marker and re-incubate Quanti-tray for an additional 2 – 4 hours.  
Read Quanti-tray again following the incubation period. 

o When finished reading all the Quanti-trays, turn off UV lamp and dispose of 
all trays into the large red biohazard containers. 

o Disinfect the work bench area with 70% ethanol.  Let air dry. 
o Leave the sample data sheets on the clipboard by the Quanti-tray sealer. 

 
 
 Quanti-Tray Calculations 

o Enter the number of positive large and small wells into the Idexx generator 
or read from the Idexx MPN table.  Multiply the number given in the table 
by the dilution factor used.  If more than one dilution generates a result, 
take the average. 

 
Example # Positive large wells: 23 

   # Positive small wells: 16 

   Idexx MPN table: 52.7 

 

Calculation (10 ml aliquot of sample): 

52.7 (number from table) x 10 (Result based on a 100 ml sample size) 
= 530 MPN/100 ml 

 
Membrane Filtration Method (for Enterococci analysis) 
 
 Media Preparation 

o mEndo Agar LES 
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 To rehydrate the medium, suspend 51 grams in 1 liter deionized 
water containing 20 mL 95% ethanol and heat to boiling to dissolve 
completely.  Cool to 45-50�C.  (If using the agarmatic, follow the 
agarmatic directions for making mEndo.)  Aseptically dispense 4-5 
mL amounts into the lower halves of 60x15 mm sterile, disposable 
petri dishes and allow to solidify.  Final pH 7.2 ± 0.2.  Record pH 
results in the media prep log book. 

 
 Set QA media controls. 

• Refer to QA/QC SOP 
 Place agar plates in a labeled media container and refrigerate until 

needed.  The holding time for agar plates is two weeks. 
o mFC Agar 

 To rehydrate the medium, suspend 52 grams in 1 liter deionized 
water and heat to boiling to dissolve completely.  Add 10 mL of a 
1% solution of rosolic acid in 0.2 N NaOH.  Continue heating for 1 
minute.  Cool to 45 -50�C.  (If using the agarmatic, follow the 
agarmatic directions for making mFC.)  Aseptically dispense 4-5 mL 
amounts into the lower halves of 50-60x15 mm tight-fitting sterile, 
disposable petri dishes and allow to solidify. Final pH 7.4 ± 0.2.  
Record pH results in the media prep log book.  

 1% Rosolic Acid Solution - Add 0.1 grams rosolic acid to 10 mL of 
stock 0.2 N NaOH.  Mix well. 

 
 Stock 0.2 N NaOH - Add 0.8 grams NaOH to 100 mL deionized 

water.  Mix to dissolve.  Store in a labeled polyethylene reagent 
bottle. 

 
 Set QA media controls. 

• Refer to QA/QC SOP 
 Place agar plates in a labeled Tupperware container and refrigerate 

until needed.  The holding time for agar plates is two weeks. 
o mE Agar 

 To rehydrate the medium, suspend 7.12 grams in 100 mL of 
deionized water.  Heat to boiling to dissolve completely.  Autoclave 
for 15 minutes at 121�C.  Promptly remove from the autoclave and 
cool to 45-50�C.  Add 0.024 grams Nalidixic Acid and 1.5 mL of a 
1% solution of triphenyl tetrazolium chloride (TTC).  (If using the 
agarmatic, follow the agarmatic directions for making mE.)  
Aseptically dispense 4-5 mL amounts into the lower halves of 
60x15 mm sterile, disposable petri dishes and allow to solidify.  
Final pH 7.1 ± 0.2.  Record pH results in the media prep log book.   

 
1% TTC Solution - Add 1 gram TTC to 100 mL of deionized water.  
Mix well.  Using a sterile 0.22µm Millex-GS filter, filter-sterilize the 
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solution into a sterile, labeled 500 mL reagent bottle.  Store in the 
refrigerator. 
 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place agar plates in a labeled Tupperware container and refrigerate 
until needed.  The holding time for agar plates is two weeks. 

o Esculin Iron Agar (EIA) 
 To rehydrate the medium, suspend 1.65 grams in 100 mL of 

deionized water.  Heat to boiling to dissolve completely.  Autoclave 
for 15 minutes at 121�C.  Promptly remove from the autoclave and 
cool to 45-50�C.  (If using the agarmatic, follow the agarmatic 
directions for making EIA.)  Aseptically dispense 4-5 mL amounts 
into the lower halves of 60x15 mm sterile, disposable petri dishes 
and allow to solidify.  Final pH 7.1 ± 0.2.  Record pH results in the 
media prep log book. 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place agar plates in a labeled Tupperware container and refrigerate 
until needed.  The holding time for agar plates is two weeks. 

o Phosphate-Buffered Water 
 1 N NaOH - Carefully add 4 grams NaOH to 100 mL deionized 

water.  Mix to dissolve.  Store in a labeled polyethylene reagent 
bottle. 

 Stock Phosphate Buffer Solution - add 34.0 grams potassium 
dihydrogen phosphate (KH2PO4) to 500 mL deionized water and 
mix to dissolve.  Adjust pH to 7.2 ± 0.5 with 1 N NaOH and bring 
volume to 1 liter, using a 1 liter volumetric flask.  Transfer to a 
reagent bottle and autoclave for 15 minutes at 121�C.  Let cool and 
refrigerate.  Discard if turbidity is present. 

 Stock Magnesium Chloride Solution - add 81.1 grams MgCl2�6H2O 
to 1 liter deionized water and mix to dissolve.  Transfer to a reagent 
bottle and autoclave for 15 minutes at 121�C.  Let cool and 
refrigerate.  Discard if turbidity is present. 

 Working Solution of Phosphate-Buffered Dilution/Rinse Water 
• Add 1.25 mL stock phosphate buffer solution and 5 mL stock 

magnesium chloride solution to 1 liter deionized water.  
Adjust pH to approximately 7.6-7.7 with 1 N NaOH.  Mix and 
dispense approximately 9.5 mL into specially marked dilution 
test tubes.  Autoclave at 121�C for 15 minutes.  If 
phosphate-buffered rinse water is needed, autoclave 1-2 L 
volumes in large flasks for 45 minutes at 121�C. 

• Cool and check that buffered water level is at the marked 
line (9 mL) on the test tube.  Aseptically adjust water level if 
necessary.  Tightened test tube or flask caps and store at 
room temperature.  Holding time for screw-capped media is 
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3 months.  Final pH 7.2 ± 0.1. 
• Sterility control - test the sterility of the buffered dilution 

water by aseptically pouring 2 test tubes of dilution water into 
a sterile bottle containing 100 mL of Tryptic Soy Broth.  Test 
the sterility of the liter flasks of rinse water by aseptically 
adding 20 mL buffer to a sterile bottle containing 100 mL 
TSB.  Incubate the bottle for 48 hours at 35.0 ± 0.5�C.  
Record pH and sterility check results in the media prep log 
book. 

o Tryptic Soy Broth (TSB) 
 To rehydrate the medium, suspend 30 grams in 1 liter of deionized 

water and mix to dissolve completely.  Dispense 100 mL of broth 
into 125 mL Nalgene bottles.  Autoclave for 15 minutes at 121�C.  
Promptly remove from the autoclave when done.  Let cool and then 
tighten caps.  Final pH 7.3 ± 0.2.  Record pH results in the media 
prep log book. 

 Set QA media controls. 
• Refer to QA/QC SOP 

 Place TSB bottles in the refrigerator until needed.  The holding time 
for screw-capped media is three months. 

 
 Plate Labeling Procedure 

o Clean and wipe the bench-top work area with 70% ethanol and let air dry. 
o Check the monthly sample calendar for the samples and duplicates 

scheduled for the day.   
o Check the QA results of the prepared agar plates to be used.  These 

results are recorded in the media prep log book.  Use only media that 
have passed the sterility, positive control, and negative control checks. 

o Record the media preparation dates for all the agar plates being labeled.  
The dates are recorded in the media prep log book under "Prep Date of 
Media in Use". 

o Inspect all agar plates. 
 Discard any plates that have bubbles that will interfere with 

bacterial growth when the membrane filter is placed on the agar 
surface. 

 Check plates for contamination of any kind (bacterial growth, mold, 
or strange color).  Discard any contaminated plates into a 
biohazard bag. 

o Using an indelible marking pen or pre-printed labels, label each plate with 
the station name or location at the top of the petri dish, sample volume or 
dilution in the middle, and sample date at the bottom of the dish. 
 Consult the Sample Dilution Table for the necessary dilutions for 

each sample type. 
 mEndo and mFC agar plates are labeled on the bottom (agar side) 

of the petri dish. 
 mE agar plates are labeled on the top (lid side) and the bottom 
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(agar side) of the petri dish. 
o Stack all the agar plates for the same station together after the plates are 

labeled.  Stack plates by ascending volume order (smallest volume on 
top). 

o When stacking, be sure to place all plates, agar side up. 
o Place the stack of plates for each sample into a slot in one of the agar 

plate carriers. 
o Add a small stack of unlabelled mEndo agar plates to the carrier.  These 

plates will be used for QA blanks as needed during filtering. 
o Label the cover of each plate carrier with the sample stations or locations 

for all plates in the carrier.  Include duplicate stations on the label for all 
boat plate carriers. 

o If plates are labeled one day in advance of use, refrigerate the plate 
carriers.  Labeled plates that are refrigerated need to be taken out of the 
refrigerator on the day of use. 

o If plates are labeled on the day of use, the plate carriers can be left out at 
room temperature until needed. 

 
 Filtration Procedure 

o Clean and wipe the bench top work area with 70% ethanol and let air dry. 
o Gather the necessary filtration equipment. 
o Aseptically transfer sterile, phosphate-buffered rinse water into a sterile 

squirt bottle. 
o Select samples to be filtered.  Select the proper agar plates for the 

samples and check the plate stacking order to make sure sample volumes 
are in ascending order. 

o Make 1:10 serial dilutions (if needed). 
 Shake the sample vigorously for several seconds (about 25 - 30 

times) to break up any bacterial cell aggregates, to separate cells 
from particulate matter, and to make the sample homogenous. 

 Aseptically pipet 1 mL of the sample into a sterile 9 mL dilution test 
tube and shake or vortex vigorously.  This is a 1:10 (10-1) dilution of 
the sample. 

 Aseptically pipet 1 mL of the 10-1 dilution into a second 9 mL 
dilution tube and shake or vortex vigorously.  This is a 1:100 (10-2) 
dilution. 

 Aseptically pipet 1 mL from the second (10-2) dilution tube into a 
third 9 mL dilution tube and shake or vortex vigorously.  This is a 
1:1000 (10-3) dilution. 

 Continue making 1:10 serial dilutions as needed. 
o Fill the alcohol lamp with 95% ethanol and light it. 
o Prepare filtration equipment, one filtration unit per sample. 

 Wipe the Microfil support base with an alcohol pad.  Let dry. 
 Remove filter screen disc from the 95% alcohol jar using the long-

handled forceps.  Gently shake the disc over the alcohol jar to 
remove any excess alcohol.  Flame-sterilize the disc.  Allow flame 
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to self-extinguish.  Place disc onto the Microfil support base. 
 Squirt the disc with a small amount of sterile buffer to wash any 

residual alcohol off the disc.  Apply vacuum to drain the buffer off 
the disc. 

 Aseptically remove a membrane filter from the filter dispenser, 
using an alcohol flame-sterilized forceps.  Place the filter, grid-side-
up on filter support base. 

 Aseptically remove a sterile, disposable Microfil funnel from the 
funnel dispenser. 

 Put the funnel over the filter on the support base.  Place thumbs 
and index fingers of both hands on the upper, outside ridge of the 
funnel.  Evenly push down on the funnel to securely lock it into 
place. 

o Shake sample vigorously for several seconds (about 25 - 30 times) to 
break up any bacterial cell aggregates, to separate cells from particulate 
matter, and to make the sample homogenous.  Place bottle at a slant to let 
any sand or debris in the sample settle to the bottom sides of the bottle. 

o Record filtering start time and initials in the LIMS "Micro Log-in" Excel 
worksheet on the PC computer.  Move the cursor to the appropriate cell 
for the sample being filtered. 
 If the starting time is the current time, press "CTRL+T". 
 Alternately, enter the time using a colon, ex. "10:25 or 14:00". 

o Before filtering the sample, determine if a QA sterility blank needs to be 
done.   
 Refer to QA/QC SOP 

o Wet the membrane filter with an adequate amount of sterile rinse water 
before adding sample aliquots delivered with a pipet.  Add the sample 
aliquot to the filter according to the plate stacking order.  Use a new filter 
for each sample aliquot. 

o Use sterile pipets for sample volumes < 20 mL.  If the pipet is to be used 
again, rest the pipet tip against the inner lip of the sample bottle.  Do not 
let the pipet tip rest on the bottom of the sample bottle.  Discard used 
pipets into the pipet biohazard container. 

o For sample volumes of 50 mL or 100 mL, aseptically pour the sample to 
the measured lines on the Microfil funnel.  If an excess amount of sample 
is poured into the funnel, use a sterile pipet to remove the excess.  
Discard the excess sample along with the pipet into the pipet biohazard 
container. 

o Before applying the vacuum, swirl the sample in Microfil funnel by moving 
the funnel in a gentle circular motion to evenly distribute bacterial cells on 
the membrane filter surface. 

o Apply vacuum, letting the sample drain through the filter. 
o Thoroughly rinse down the walls of the funnel two times with a generous 

amount of sterile buffer water.  This will wash down any bacteria that may 
adhere to the sides of the funnel. 

o With one hand on the outside walls of the funnel, use a backwards and 

RB-AR40234



 

 60

upwards motion to pop the funnel off the support base.  Continue to hold 
the funnel with your hand.  Use your other hand to aseptically remove the 
filter with a flame-sterilized forceps (one sterile forceps per membrane 
filter).  Aseptically replace the funnel back on the support base. 

o Aseptically place the filter on the surface of the appropriate agar plate, 
using a rolling motion to avoid trapping air between the agar and the filter, 
which will result in the formation of bubbles.  If any air is trapped under the 
filter, reset the membrane filter onto the agar surface.  Place the used 
forceps into the jar of ethanol. 

o Stack finished plates by sample and media type.  Remember to always 
position finished plates agar (bottom) side up.  This is to avoid any 
condensation dripping onto the surface of the filter during incubation, 
which may interfere with or distort bacterial growth. 

o Continue filtering the sample, following the steps detailed above for each 
sample volume or dilution labeled on the stack of plates. 

o If a duplicate sample is being filtered, the same pipets and dilution tubes 
(if needed) may be used for both the regular sample and the duplicate 
sample. 

o When the sample is finished being filtered, place mEndo and mE agar 
plates in a covered incubation container (with moist sponges) according to 
media type.  Total coliform mEndo agar plates are incubated for 23 ± 1 
hour at 35.0 ± 0.5 �C.  Fecal coliform mFC agar plates are incubated for 
24 ± 2 hours at 44.5.0 ± 0.2 �C.  It is important that fecal plates are 
incubated within 20 minutes of filtration to ensure heat-shock of the non-
fecal bacteria.  Plates are incubated in either the dry heat-sink incubators 
or sealed in water-proof bags and placed in the 44.5 ± 0.2�C water bath.  
Enterococcus mE agar plates are incubated for 48 ± 2 hours at 41.0 ± 
0.5�C. 

o Record filtration finish time, initials, and incubation time in the LIMS "Micro 
Log-in" Excel worksheet on the PC computer. 

o The incubation containers should be labeled with the indicator bacteria, 
test date, and incubation time.   

o Place used Microfil funnels in the biohazard bag for the funnels.  Place 
sample bottles, empty buffer flasks, and used squirt bottles (if not being 
used for filtering more samples) in a tub for later washing.  

o Wipe down the bench-top work area with 70% ethanol and let air dry. 
o To filter another set of samples, wipe the Microfil support base and filter 

screen disc with a new alcohol pad.  Rinse the disc with sterile rinse 
water.  Repeat procedure as detailed in the above sections. 

o When taking a long break between filtering samples, wipe the Microfil 
support base and filter screen disc with a new alcohol pad.  Leave the 
alcohol pad on the screen disc.  Place an alcohol-wiped cap over the 
Microfil unit.  Before filtering again, remove the cap and re-wipe the 
Microfil unit and filter screen disc with the alcohol pad.  Rinse the disc with 
sterile rinse water.  Repeat procedure as detailed in the above sections. 

o When all samples have been filtered, remove the filter screen disc from 
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the Microfil support base and put in the 95% alcohol jar.  Wipe the Microfil 
support base with a new alcohol pad.  Leave the alcohol pad in the empty 
disc space.  Place an alcohol-wiped cap over the Microfil unit. 

 
 Colony Counting Procedure 

o Check the LIMS "Micro Log-in" Excel worksheet for the incubation times of 
the plates that need to be read that day.  Determine when the plates can 
be read according to their required incubation times. 

o Gather the necessary data worksheets for all samples to be read.  Each 
test and sample type has separate data worksheets. 

o Record the time the plates are read and analyst initials in the LIMS "Micro 
Log-in" Excel worksheet and also on the data worksheets. 
 If the read time is the current time, press "CTRL+T". 
 Alternately, enter the time using a colon, ex. "10:25 or 14:00". 

o If desired, wear disposable gloves when handling and reading the plates. 
o Remove plates from the incubator when it is time to read them and 

arrange them in ascending volume order for each station. 
o Use the stereoscopic microscope with a fluorescent lamp to aid in 

identifying and counting colonies. 
o Starting with the control blank plate if one was done; examine the filter for 

bacterial contamination or any notable changes on the filter or agar media. 
o Examine and count all the plates set for a single sample, starting with the 

smallest sample volume filtered or the most dilute sample. 
o Colonies that have grown into each other should be counted individually.  

Separate nuclei or a fine line of contact may usually be seen. 
o Colonies in each and every filter grid square within the filtering area are to 

be counted. 
o To make counting easy and simple, start counting at the top of the filter. 

Count from left to right, following the grid lines, and continue to the bottom 
of the filter. 

o Countable ranges - Due to the possible adverse effect of colony crowding 
on sheen or color development on the filter membrane, and to be assured 
of a statistically valid colony count, minimum and maximum bacterial 
levels have been set for each of the indicator bacteria. 
 Total bacteria:  <200 total colonies (background and indicator 

bacteria). 
 Total Coliform:  20 - 80 coliform colonies 
 Fecal Coliform:  20 - 60 fecal coliform colonies 
 Enterococcus:  20 - 60 enterococcus colonies 

o Colony Morphology 
 Total Coliforms 

• The typical colony has a pink to dark-red color with a shiny, 
greenish-gold, metallic surface sheen.  The sheen may 
cover the entire colony, or it may appear only in the central 
area or on the periphery.  

• This sheen is produced as a by-product of lactose 
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fermentation (acid aldehyde complex) in combination with 
the Schiff's reagent (fuschin sulfite) in the mEndo media. 

 Fecal Coliforms 
• Any colony exhibiting any light or dark blue color, whether 

covering the entire colony or only in or on part of the colony.   
• This blue color is a result of the acid produced by the 

fermentation of lactose combining with the aniline blue dye in 
the mFC media. 

•  Colonies exhibiting a cream or grey color are not fecal 
coliforms. 

 Enterococcus 
• After 48 ± 2 hours incubation, mE filters with growth on them 

are transferred to room temperature EIA plates. 
• Using forceps, remove the filter (handling the filter by its 

edge, outside of the filtration area) from the mE plate and roll 
it onto the agar surface of the EIA plate. 

• Replace the top of the EIA plate with the labeled top lid of 
the original mE plate. 

• Incubate the EIA plates for 20 minutes at 41.0 ± 0.5�C. 
• Enterococci are pink to carmine-red colonies with black or 

reddish-brown precipitate or halos on the underside of the 
filter when placed on EIA agar. 

• The colony color is due to the reduction of the vital indicator 
TTC (2,3,5-Triphenyl tetrazolium chloride) to non-reversible 
formazin.  The dark precipitate or halo is the result of the 
hydrolysis of esculin. 

o Record all colony counts and any other notable information on the data 
worksheet.  Comments should include information about unusual 
conditions on the filter, such as the presence of solids, artifacts or high 
background counts.  The condition of the growth on the filter should also 
be noted, such as confluent areas or confluent growth over the filter. 
 CG = confluent bacterial growth with indistinct or non-discrete 

colonies. 
 TNTC = Too Numerous To Count 
 >200 = greater than 200 background and indicator colonies on a 

filter.   
o If there are any questions regarding counting colonies or any unusual or 

suspicious plates, save all plates for that sample and show them to a 
microbiologist. 

o Dispose of all plates and gloves in a biohazard container.  Autoclave at 
the end of the day. 

 
 Calculations 

o Due to the possible adverse effect of colony crowding or color 
development on the filter membrane, and to be assured of a statistically 
valid colony count, minimum and maximum bacterial levels have been set 
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for each of the indicator bacteria. 
 Total bacteria:  <200 total colonies (background and indicator 

bacteria). 
 Total Coliform:  20 - 80 coliform colonies 
 Fecal Coliform:  20 - 60 fecal coliform colonies 
 Enterococcus:  20 - 60 enterococcus colonies 

o Indicator bacteria are expressed as bacterial density (CFU) per 100 mL of 
sample. 

o The raw bacterial counts from the data worksheets are entered into LIMS 
"Sample Data Entry" Excel worksheets on the PC computer by a 
technician.  The computer calculates the final bacterial densities for each 
sample and prints a copy of the data worksheet.  See the LIMS Data Entry 
SOP for more details. 

o The supervisor verifies the daily calculated bacterial densities.  Daily 
bacterial density reports are printed out by the computer and E-mailed to 
the primary leads of the jurisdictional groups, who in turn will communicate 
this data to its jurisdictional members.  The data reports are kept in a 
labeled notebook and the original data worksheets are kept in the data file 
cabinet.  See the LIMS Data Validation SOP for more details. 

o If the final bacterial densities need to be calculated by hand, the following 
guidelines should be used.  All calculated values should have only 1 or 2 
significant figures, depending on the colony counts. 

 
 Countable Range (Std.Meth., EPA): 

 
     Countable range number of colonies x 100 = (value) CFU/100                           
                       mL filter volume 
       

 
    Disregard non-countable range counts and volumes. 

 
     Volume Count 
     blank    0 
      0.5    0 
      5.0    6  35 x 100 = 180 CFU/100 mL  
      20   35  20 
      50   95     

 
 Two volumes in the countable range (EPA): 

 
     Calculate each count independently as in 6.4.1. above and then 

average the results. 
 

     Volume Count 
      blank    0  20 x 100 = 100    60 x 100 = 120 
       0.5    0  20        50 
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      5.0    6 
      20   20 100 + 120 = 110 CFU/100 mL 
      50   60     2 

 Counts less than the countable range (Std. Meth.): 
 

     Add all colonies   x 100 = (value) CFU/100 mL 
     Total all volumes 

 
     Volume Count 
     blank    0 
      0.5    0 
      5.0    1  19 + 4 + 1 + 0       x 100 = 32 CFU/100 mL 
      20    4 50 + 20 + 5 + 0.5 
       50   19 

  
 No counts on any filter volume (EPA): 

 
                     1 x 100      =  < (value) CFU/100 mL 
     Largest vol filtered 

 
     Volume Count 
     blank    0 

   0.5    0 1  x 100 =  <2 CFU/100 mL 
      5.0    0 50 
      20    0 
      50    0 

 
 Counts greater than the countable range - too numerous to count 

(TNTC) or confluent growth (CG) (EPA): 
 

    Highest upper limit count x 100 =  >(value) CFU/ 100 mL 
    Smallest vol filtered 

 
     Volume Count   For Total Coliforms: 
     blank  0    80 x 100 = >16,000 CFU/100 mL 
      0.5*  TNTC or CG  0.5 
      5.0  TNTC or CG  For Fecal Coliforms or 

Enterococci: 
      20  TNTC or CG  60 x 100 = >12,000 CFU/100 mL 
      50  TNTC or CG  0.5 
         
    *NOTE:  If the count at the lowest dilution is TNTC, try to estimate the 

count on the plate.  Estimate the count in a quadrant if necessary.  
Use this number to calculate the count per 100 mL. 
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 Confluent Growth Counts (Std. Meth., EPA): 
 

     Disregard all dilution volumes that are confluent growth. 
     Analyze remaining counts and volumes. 

 
    Volume Count    Volume Count 
               blank    0    blank    0 
   0.5    0    0.5    3   
   5.0   CG    5.0   20   
   20   CG    20   CG  
   50   CG    50   CG 
 
   1  x 100 = <200 CFU/100 mL  20 x 100 = 400 CFU/100 mL 
   0.5      5.0 
 

 Total bacterial count (background bacteria plus indicator bacteria) 
greater than 200 colonies (Std. Meth.): 

 
     Analyze counts and volumes.  Report as a greater than value. 

  
   Volume Count    Volume Count 
   blank    0    blank    0 
   0.5    0 (>200)    0.5    0  
   5.0    0 (>200)    5.0    3 
   20    CG     20    18 (>200) 
   50    CG     50    60 (>200) 
 

      1  x 100 =  >20 CFU/100 mL  60 x 100 = >120 CFU/100 mL 
      5     50 

   
 Total colonies less than 200, but indicator bacteria greater than 

upper limit (Std. Meth.): 
 

     If plate has well isolated, discrete colonies that can be easily 
counted, use the higher count. 

 
   Volume Count    Volume Count 
   blank    0    blank    0 
   0.5    85     0.5    2 
   5.0   TNTC     5.0    95 
   20   TNTC     20   TNTC 
   50   TNTC     50    CG 
 

     85  x 100 = 17,000 CFU/100 mL  95 x 100 = 1,900 CFU/100 mL  
     0.5          5 
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APPENDIX H 

Data Acquisition, Reduction, Validation, and Reporting Standard 
Operating Procedure (SOP) 

 
When performing analyses, results are generally tabulated onto laboratory worksheets 
(see Appendix E, Field and Laboratory Worksheets) but sometimes are generated 
electronically via instrumentation. Data on laboratory worksheets are entered into the 
Laboratory Information Management System using an Excel interface.  These data are 
then validated through a quality assurance process that checks for correctness of data 
entry and validity of results.  The analyst who generates the data has the initial and 
primary responsibility for the completeness and correctness of the data.  The data are then 
checked by the unit supervisor (or designee).  The following procedures describe the data 
acquisition and entry process then the quality assurance and quality control procedures. 
 
Data Acquisition 
 
Both raw and calculated data are acquired in the laboratory by manual, electronic, or direct 
computer acquisition.  Acquired data are properly and securely stored for the duration 
specified by regulatory agencies or the customer. Guidelines for documentation and 
recording of information are as follows: 
 

 Manual (Hand-written) Data Entry 
 

o Data are entered directly into the notebook or worksheet with non-
erasable ink. 

o Data entries are signed and dated by the analyst making the entry.  If 
the entry is more than one page, each page is signed and dated. 

o Mistakes are canceled by drawing a line through the entry, entering 
the correct value, and signing and dating the correction.  The use of 
correction fluid is not acceptable. 

o Blank pages or substantial portions of pages with no entries are 
marked with a large "X" to indicate that they were intentionally left 
blank. 

 
 Direct Computer Acquisition 

 
o In EMD’s Microbiology Unit, the program/software used to generate 

results is prepared internally.  A designated staff member of the 
Information & Control System Division (ICSD) at Hyperion has the 
responsibility of preparing the program and maintaining the 
supporting documents. 

o The laboratory relies on vendor-supplied information for the validity 
and integrity of instruments equipped with significant computer 
functions as an integral part of the system. 

 

RB-AR40242



 

 68

Data Reduction 
 
Data reduction, where applicable, is described in specific SOP's.  It involves reporting 
values with the appropriate significant figures in the concentration units established by the 
regulatory agency or the data user. 
 
Procedure for Entering Microbiology Data into LIMS 
 

 Log-On to LIMS Computer System 
o To log onto the LIMS system, double-click on the "Data Entry" icon on the 

PC computer screen. 
o A Microsoft Excel dialog box will appear.  Select the "Enable Macros" button. 
o Wait until the "Microbiology Laboratory Worksheet StartDialog" dialog box 

appears. 
 

 Data Entry for CS 
o Enter the sample date in the dialog box. Please note that current date is 

filled in by default. 
o Select the sample type.  There is a list of sample locations to choose from. 

(E.g. 5-Mile, Ballona Creek, Cabrillo Beach, LAH Plume, SMB Plume Day1, 
Shoreline, Inshore, and so on.) 

o Dilutions for the CS method are not modified for rain events.  For this 
method always make sure the "No" button is selected. 

o Select the "OK" button. 
o A computer form similar to the raw data worksheet will appear.  Select the 

Excel worksheet tab for the type of test data to be entered.  (ex. Total, 
E. coli, or Total & E. coli) 

o Enter analyst initials, date, and time into the computer in the designated 
cells. 

o Check to make sure the sample volumes or dilutions in the computer match 
the volumes or dilutions on the raw data worksheet. In the case of Ballona 
Creek, make changes to the volumes on the computer form, if necessary. 

o Enter the number of large and small positive wells. 
o Check to make sure all data has been entered correctly.  If a calculated 

value does not appear for a sample, notify a microbiologist or the supervisor. 
o At the top of the computer worksheet, select the "Send Data to 

LIMS/Wisard" button. 
o Select the "Print" button at the top of the computer worksheet.  A printed 

hardcopy of the raw data worksheet will print out on the printer in the micro 
lab. 

o Select the "New Worksheet" button at the top of the computer screen if 
entering data for another sample location.  Select the "Save/Exit" button if all 
the data entry has been done. 

o If there are any problems or error messages regarding sending the data to 
LIMS, please contact LIMS staff at 55749 or 55120. 
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 Data Entry for MF 
o Enter the sample date in the dialog box. Please note that current date is 

filled in by default. 
o Select the sample type.  There is a list of sample locations to choose from. 

(E.g. 5-Mile, Ballona Creek, Cabrillo Beach, LAH Plume, SMB Plume Day1, 
Shoreline, Inshore, and so on.) 

o If rain dilutions were used on the data worksheet, select "Yes" in the small 
"Rain" box.  If normal dilutions were used, make sure the "No" button is 
selected. 

o Select the "OK" button. 
o A computer form similar to the raw data worksheet will appear.  Select the 

Excel worksheet tab for the type of test data to be entered.  (ex. Total, Fecal, 
Entero, or Total & Fecal) 

o Enter analyst initials, date, and time into the computer in the designated 
cells. 

o Check to make sure the sample volumes or dilutions in the computer match 
the volumes or dilutions on the raw data worksheet. In the case of Ballona 
Creek, make changes to the volumes on the computer form, if necessary. 

o Enter the bacterial colony counts. 
o Check to make sure all data has been entered correctly.  If a calculated 

value does not appear for a sample, notify a microbiologist or the supervisor. 
o At the top of the computer worksheet, select the "Send Data to 

LIMS/Wisard" button. 
o Select the "Print" button at the top of the computer worksheet.  A printed 

hardcopy of the raw data worksheet will print out on the printer in the micro 
lab. 

o Select the "New Worksheet" button at the top of the computer screen if 
entering data for another sample location.  Select the "Save/Exit" button if all 
the data entry has been done. 

o If there are any problems or error messages regarding sending the data to 
LIMS, please contact LIMS staff at 55749 or 55120. 

 
Review and Validation 
 
Review 
 
Data review is the process of comparing results to all available information, such as 
sample preparation and QC sample data, to evaluate the validity of the results.  It supports 
the contention that the data are: 
 

 Reasonable (experience with similar situations, common sense), and 
 Capable of supporting a defensible decision. 

 
The analyst and the unit supervisor (or designee) are responsible for reviewing the data 
relative to the following: 
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 Method blanks and QC sample 
 Raw data 
 Calculations 
 Transcription 

  
Validation 
  
Data validation is the systematic procedure of reviewing data against a set of criteria to 
provide assurance of its validity before reporting the data.  It is accomplished through 
routine examination of data collection, flow procedures, and QC sample results.  It uses 
QC criteria to reject or accept specific data 
 

 Validation includes the following: 
 

o Dated and signed entries by analysts on the worksheets and logbooks 
used for all samples. 

o Use of QC criteria to reject or accept specific data. 
o Checking of LIMS data entry and reporting 

 
Validation Guidelines include the following: 
 

o Documentation of methods used and QC applied. 
o Maintenance performed on instruments. 
o Documentation of sample preservation, transport, and storage. 
o Review of QC sample data.  

 
Data validation is performed, signed, and dated by the analyst, the unit supervisor (or 
designee), and where applicable, the laboratory manager. 
 
Reporting 
 
Data prepared for release to the Legal Reporting Unit are checked and approved by the 
unit supervisor (or designee) by the 5th of the following month for the previous month’s 
data.  The final report is prepared by the Legal Reporting Unit of EMD. The report is again 
scanned for missing data and outliers.  Regulatory limitation calculations will be applied to 
the data set and exceedances clearly listed. If stations are out-of-compliance, accelerated 
monitoring will be indicated.  Any regulatory required summary reports of source 
identification findings or sanitary surveys will be included. The report is signed by the 
Division Manager before distribution and may include the following: 
 

 Sample ID used by the laboratory and the client (if available). 
 Sample matrix type, description, and method number. 
 The chemical/physical/biological parameters analyzed with the reported values 

and units of measurement.  
 Data for all parameters reported with consistent number of significant figures.  
 Results of QC samples, if appropriate. 
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 Footnotes referenced to specific data, if required, to explain reported values. 
 If there are regulatory limits applicable to specific analyses, then limits are 

clearly notated and exceedances listed.   
 Discussion on non-compliance data  
 Report transmittal letter or memorandum identifying the person sending the 

report and the person(s) receiving the data. 
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APPENDIX I 

Quality Assurance/Quality Control (QA/QC) 
 
The quality assurance objectives for measurement of data are unique to the particular 
program for which the data are collected and utilized.  They describe the overall 
uncertainty that the data user is willing to accept in order to make decisions for 
environmental or other concerns.  This uncertainty describes the data quality that is 
needed, which are usually expressed in terms of precision, bias, representativeness, 
comparability, and completeness. 
 
The participating laboratories will use approved and recognized test methods, and 
comply with uncertainty requirements of the method.  Quality control samples are 
measured and uncertainties are assessed and results must be within the range 
prescribed by the methods.  Internal acceptance criteria are established by analyzing 
laboratory control samples on a daily basis.  The participating laboratories will strive to 
meet the QA/QC goals described in this section and, therefore, be able to attest to the 
integrity of the sampling and analytical process. 

 
The following QA/QC procedures will be conducted for sample collection, laboratory 
analyses, and data management to ensure the production of reliable and defensible 
data for Ballona Creek, estuary and tributaries. 
 
Sample Collection 
 
Only trained laboratory staff will be assigned to collect samples using proper sampling 
procedures, appropriate sampling equipment, required containers, and proper 
preservation techniques.   
 
General guidelines for sample collection by laboratory staff are as follows: 
 
 Assure sterility check on sample bottles and avoid contamination. 
 Label sample containers with sample date, sample time, sampling point, sample 

type (grab/composite), preservatives added (if needed), the name of the sampler, 
and analyses needed. 

 Use aseptic technique when collecting samples to prevent contamination (e.g. 
the inner surfaces or lip edges of the bottle or cap are not to be touched). 

 Avoid collecting sample in multiple sweeps and no refilling of the sample bottle. 
 Once the sample is collected, immerse at least one-third of the sample bottle in 

ice. 
 Do not exceed maximum allowable transport time (time of sample collection to 

sample analysis) of 6 hours.  
 Once received, log the samples into the laboratory system as soon as possible, 

assigned a unique login number, and properly stored. 
 Sample preparation steps done prior to analysis, such as sample preservation 

are described in individual test SOP's. 
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Sample Handling  
 
Chain-of-Custody 

 
The purpose of the chain-of-custody is to establish detailed written and legal 
documentation of all transactions in which samples are transferred from the custody of 
one individual to another.  The custody procedure is also used whenever samples are 
submitted to a laboratory within the division or to a contract laboratory.  The chain-of-
custody begins at the sample collection site and includes couriers or messengers who 
handle the sample in transit.  It follows the sample in the laboratory until its ultimate 
disposal.  It is a form of proof used to establish the authenticity and integrity of the 
sample, since the results will be used to show compliance with the TMDL requirements, 
i.e., numeric targets and waste load allocations.  

A Chain-of-Custody (COC) must accompany each sample submitted to a participating 
laboratory.  If a COC has not been filled out prior to delivery of the sample, a form will 
be provided to the delivery person prior to acceptance of said sample.  The COC will be 
reviewed to make sure that all of the needed information has been supplied.  As an 
example, the Chain-of-Custody Form being used at EMD is attached (Appendix E). 

Samples that are collected by EMD’s Microbiology Unit staff for bacteriological testing are 
delivered directly to the microbiology laboratory.  A COC sheet is not required since 
technically there is no sample exchange, i.e., the sample collection staff and the analytical 
staff are one and the same. 
 
Sample Holding & Preservation 

Samples must meet EPA holding time requirements for each testing parameter.  The 
sample refrigeration and holding time of six hours until analyses are performed are 
crucial for microbiological testing.  Microbiological samples must be handled and stored 
under contamination free environments. 

After the sample is received, the participating laboratory will enter the sample 
information into the Laboratory Information Management System (LIMS) or comparable 
database and a unique laboratory registration number will be generated for that sample. 

 

Sample Disposal 

 
After the analyses are completed, the sample will be retained as legal evidence or 
legally disposed of as determined by the microbiological analysis of the sample.  
Analyzed samples and standards used in analyses are disposed of in accordance with the 
laboratories written procedures, e.g., EMD's Chemical Hygiene Plan. 
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Analytical Procedures 
Analyses 
 

Analyses performed at EMD laboratories are generally driven by regulatory concerns 
and plant operations' requirements.  There are many different analytical methods 
applicable to environmental analyses.  EMD’s methods are generally based on those 
specified by EPA, Federal and State regulatory agencies, or professional organizations.  
As a guide, references for the microbiological procedures are listed below.  

 

"Standard Methods for the Examination of Water and Wastewater", 18th – 
20thedition, 1992, 1998 respectively, APHA, AWWA, WPCF, Washington, DC. 

 

  "Microbiological Methods for Monitoring the Environment, Water, and Wastes", EPA-
600/8-78-017. 

 Standard Operating Procedures (SOPs) 

 Routine analyses are defined in Standard Operating Procedures (SOPs), which are 
detailed 

 descriptions of how to use and what to expect from a method. They contain method-
specific QC 

 criteria (i.e., instrument calibration, reagent blank, method blank, calibration standards, 
etc.), and 

 QC requirements such as duplicate analysis, spike recoveries, holding time, etc.  EMD 
follows a 

 standardized SOP format, its content and application is presented in Appendix H of this 
 document. 

Microbiological Analyses 

 
  The following methods and target organisms are used in analysis of samples for Ballona 

Creek,estuary and tributaries: 
 

o Membrane Filtration 
 Fecal coliform 

 
o Chromogenic Substrate 

 Total coliform 
 E. coli 
 Enterococcus 

 
For the BCB TMDL Monitoring Program, all methods used will be EPA, Regional Board, or 
Standard Methods for the Examination of Water and Wastewater (APHA, 18th-20th 1992, 
1998, respectively) approved methods 
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The following QA/QC checklist is applicable for the chromogenic substrate and 
membrane filtration methods. 
 
Chromogenic Substrate 
 

- QC Checks on Idexx Reagent 
o Colilert-18 and Enterolert –sterility check performed with each use; 

autofluorescence, positive and negative controls; performed on each new 
lot of reagent 

o Monthly QC verification of at least 10 positive wells/target organism 
 

- Quanti-trays: 
o Leak test performed on each new lot of trays 

 
- DI Water 

o Sterility check performed with each autoclaved batch 
o Heterotrophic plate count performed monthly 
o Amm-N, Org-N, and TOC performed monthly 
o Heavy metals, total and single, performed annually 
o Total chlorine performed with each new batch 
o Water suitability test performed with change of E-Pure system filters or 

water source 
 

- Equipment and Laboratory Environment:  
o Incubator temperatures checked twice daily (morning and late afternoon) 
o Refrigerator temperatures checked twice daily (morning and late 

afternoon) 
o Thermometers calibrated semiannually 
o Autoclaves calibrated semiannually; preventative maintenance performed 

quarterly 
o Air and Rodac testing for laboratory air and surface environments 

performed monthly. 
o Balances calibrated semiannually; weight check with each use 
o PH meters- calibrated semiannually; standardized with each use 
o Quanti-tray sealers checked and cleaned weekly 

 
- Personnel QA checks 

o Reagent blanks  
o Sample duplicates (done on 10% of the samples per month) 
o Standard sample analysis and comparison count performed monthly 

 
 
 
Membrane Filtration  
 

- QC Checks on Media (mEndo, mFC, mE, EIA; phosphate buffered water): 
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o mEndo, mFC, mE, EIA: pH, sterility check, and positive and negative 
controls with each new batch 

o Phosphate buffered water: pH and sterility check with each new batch 
o Monthly QC verification of at least 10 positive colonies/target organism 

 
- Equipment and Laboratory Environment:  

o Incubator temperatures checked twice daily (morning and late afternoon) 
o Refrigerator temperatures checked twice daily (morning and late 

afternoon) 
o Thermometers calibrated semi-annually 
o Autoclaves calibrated semi-annually; preventative maintenance performed 

quarterly 
o Air and Rodac testing for laboratory air and surface environments 

performed monthly. 
o Balances calibrated semi-annually; weight check with each use 
o PH meters- calibrated semi-annually; standardized with each use 
o Residue on glass- performed annually for glassware and petri dishes 
o Water suitability test performed with change of E-Pure system filters or 

water source 
 

- Personnel QA checks (performed by all technical lab staff) 
o Reagents blanks  
o Sample duplicates (done on 10% of the samples per month) 
o Standard sample analysis and comparison count performed monthly for 

MF analysis 
 

System and Performance Audits 
 
An audit is a periodic check to ensure that the laboratory operates according to the policies 
and procedures described in the Quality Assurance Manual, complies with good laboratory 
practices, and meets the requirements of regulatory agencies.  It may be either a system 
or performance audit.   
 
System Audit 
 
A system audit is a review of laboratory operations conducted to verify that the laboratory 
has the necessary facilities, equipment, staff, and procedures in place to generate 
acceptable data.  It is an on-site inspection of the laboratory's system of operations.  It may 
be an internal or external audit.  Internal inspections may be performed by quality 
assurance personnel.  External audits are generally laboratory certification-related 
activities. 
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 1. Internal 
  Periodically, the QA Officer (or designee) audits the laboratories and reports 

the results to the Division Manager (or laboratory director), laboratory 
managers, and unit supervisors. 

 
 2. External 
  State-certified laboratories are site visited every two years by auditors from 

the Environmental Laboratory Accreditation Program (ELAP) of the 
California Department of Health Services (CA DOHS).  Accreditation is by 
scientific discipline or field of testing.  Non-compliances with good laboratory 
practices are identified and reported as deficiencies and are subject to 
corrective action before accreditation is renewed. 

 
          Performance Audit 
 
 A performance audit is a review to evaluate the laboratory's analytical activities as 

well as the data produced by analysts.  It verifies the ability of the laboratory to 
correctly identify and quantify compounds in unknown samples submitted by the 
auditing entity.  The purpose of these audits is to determine the laboratory's 
capability to generate scientifically sound data. 

 
           1.       Internal 
  Periodically, the QA staff submits unknown samples to most of the 

laboratories.  These samples are usually from the inventory of previous 
Performance Evaluation (PE) samples from EPA.  Analysis of these 
samples is also a corrective action requirement for Discharge Monitoring 
Report (DMR) and/or Water Pollution (WP) samples evaluated with 
"unacceptable results".  The QA staff may also conduct intra- and inter-
comparison studies. 

 
 2. External 
  All laboratory units, including the Microbiology laboratory, at EMD participate 

in mandatory QA Performance Evaluation (PE) Study Programs.   
 
  a. Mandatory PE Programs 
   * Water Pollution QA Study Program (WP) serves a dual 

purpose.  It satisfies EPA's wastewater testing laboratory 
requirements and meets one of ELAP's laboratory certification 
criteria.  Test samples are analyzed for parameters listed 
under each field of testing on our certifications and are 
specified in the WP Program following certified procedures.  A 
laboratory can participate in a WP Study twice a year. 

      
                                * For the Microbiology Performance Evaluation (PE) Study, 

Drinking Water/Wastewater Enumeration is required for ELAP 
certification.  Like all the other PE programs, the samples are 
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acquired from NIST-approved vendors and analyses are done 
for certified analytes.   

 
  b. Voluntary PE Program 
   
   The Microbiology Unit also takes part in the inter-laboratory 

calibration studies with EPA. These programs are performance 
based. 

 
 
Assessment of Precision and Accuracy 
 
Data quality may be assessed in terms of precision, accuracy, representativeness, 
completeness, and comparability.  The latter three are usually determined outside of the 
laboratory operations and with limited involvement of laboratory staff.  These measures 
are not included in this section.  The internal quality control measures (i.e., precision and 
accuracy) that are performed in the laboratory to evaluate data quality are described in this 
section.   
 
           Precision 
 
 Precision is the agreement among a set of replicate measurements without 

knowledge of the true value.  It is the degree to which a measurement is 
reproducible.  Precision, expressed as Relative Percent Difference (RPD), is 
determined for each laboratory unit by analyzing replicates of the same sample, a 
number of duplicate pairs, or matrix-spiked duplicate samples.  

 
           Accuracy  
 
 Accuracy is a measurement of how close the result is to the true value.  Each 

laboratory unit establishes its accuracy of measurement by analyzing QC check 
samples (spiked samples, standard reference materials from a reliable source, etc).  
The results of the QC samples are correlated to documented, certified values.  
Results of spiked samples are calculated as Percent Recovery.  Actual Percent 
Recovery is compared to established reference data.  The degree of closeness of 
the QC check sample contributes to the general assurance that the accuracy of the 
data is within acceptable limits. 

 
Corrective Action 
 
Laboratory events and data that fall outside established quality acceptance criteria may 
require investigation or corrective action.  The corrective action implemented depends on 
the type of analysis, the extent of the error, and whether the error can be determined and 
corrected.  The purpose of the corrective action is to resolve the problem and to restore 
the system to proper operation.  Investigative steps and corrective actions implemented 
are documented.   
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 Corrective Action Procedures 

 
 1. The initial corrective action procedures may be handled at the bench level.  

The unit supervisor is immediately notified of the deviation.  The analyst 
reviews the sample preparation for possible errors and checks the 
instrument calibration, calibration and spike solutions, instrument sensitivity, 
etc. 

 
 2. If the error cannot be resolved by the analyst, the unit supervisor has the 

responsibility of resolving the problem with assistance, if needed, from the 
laboratory manager and/or the QA Officer. 

 
 3. The corrective action adopted may be determined by the analyst, the unit 

supervisor, the laboratory manager, the QA Officer, or through a consensus.  
If needed, the final decision for corrective action rests with the laboratory 
manager after consultation with the QA Officer. 

 
 4. The unit supervisor shall maintain an accurate and up-to-date record of 

corrective actions taken in the unit.  A corrective action report form (included 
herein as an attachment) is available for use. 

 
5. The laboratory manager shall periodically review corrective action records 

and plan for system improvement by involving analysts, unit supervisors, 
and QA personnel.  

 
General Guidelines for Initiating a Corrective Action 
 

1. Identify/define the problem. 
2. Assign responsibility for investigating the problem. 
3. Investigate and determine the causes. 
4. Develop corrective action to eliminate the problem. 
5. Measure the effectiveness of the corrective action. 
6. Analyst, unit supervisor, laboratory manager, and the QA Officer meet to review 

and evaluate the process, if necessary. 
7. Document the process by filling out the Corrective Action Report Form. 
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APPENDIX J   

Data Format and Archive 
             
             
             
             

             
  
 
 
 
 
 
 

Data format.  List of fields, type of data, whether it is required, and description 
of data format to be used for submission for archival. 

Field Name              Type Required Description 
 

Agency Text Y A unique code used by the submitting agency 
    (luAgency) 
Account Text Y Place-holder code to contain “TMDL”. 
Program Text Y Place-holder code to contain “BC TMDL”. 
StationID Text Y The station name from the list of stations provided in 
   lookup list (luStations). 
AgencySampleID Text N The laboratory internal sample identifier  
SampleDate Date/Time Y The date the sample was analyzed (must be the same 
   date as when the sample was taken) expressed as  
   dd-mmm-yyyy 
SampleTime Number Y The time the sample was collected expressed as hh:mm 
SamplerID Text Y Name of person collecting sample 
AnalysisDate Date/Time Y The date the sample was analyzed (must be the same 
    date as when the sample was taken) expressed as  
   dd-mmm-yyyy 
AnalysisTime Number Y The time the testing was started expressed as hh:mm 
AnalystID Text Y Name of person analyzing sample 
ParameterCode Text Y What type of bacteria are being tested  
Qualifier Text N Qualifier for the result 
Result Number Y The numerical results of the test 
ResultUnits Text Y The units for the results  
TextValue Text Y Explanation for sample not analyzed, default None, 
   luAnalyticalFailure 
Dilution Number Y The dilution factor associated with the result. 
LabRep Text Y The count of the lab replicate. 
AnalysisMethod Text Y The Method used to do the analysis  
Comments Text N Additional comments
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luStations 
Station Name DESCRIPTION 

  

  

  

  

  

  

  

  

  

 
luAnalyticalFailure 
None No analytical failure, default value 
AE Analyst error 
NA Station not accessible, no sample taken 
NS No sample 
NT Sample not tested 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

luAgencyCode 
Agency Code Agency Description 
CLA EMD City of Los Angeles, Environmental Monitoring Division 
DHS Department of Health Services 
LACSD Los Angeles County Sanitation Districts 
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APPENDIX K 
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APPENDIX L  

Laboratory Safety 
 
The collection and analysis of environmental samples involves contact with samples that 
may contain agents that pose a microbiological hazard.  The primary means of exposure 
to these microbiological hazards involve body contact during sample collection and hand-
mouth or nose contact while handling the samples. Personal protective measures are 
mandatory while working in the field and laboratory.  Following are some key steps to be 
followed by all laboratory analysts: 
 

a. Assure that all persons wear appropriate eye protection when toxic materials 
(chemicals or biochemicals) are handled.  Contact lenses should not be worn 
when working with chemicals. 

b. Wear appropriate gloves when the potential for contact with toxic materials 
exists; inspect gloves before each use, wash them before removal, and 
replace them periodically. 

c. Persons doing sampling must wear boots.  The boots must be cleaned before 
entering the building.  Boots cannot be worn in the lunchroom, under any 
circumstances.  Steel-toed chemical resistant boots should be worn for the 
harshest environments, where there is also risk of injury to the foot and toes. 

d. Use any other protective and emergency apparel and equipment as 
appropriate. 

e. Remove laboratory coats immediately on significant contamination. 
 
In addition, persons who work in biological laboratories are often at risk of exposing 
themselves to a number of infectious agents, especially those known to be indigenous 
to wastewater.  Most persons trained in biological and especially microbiological fields 
usually are aware of the risks involved, and even if precautions are taken, most of the 
work-related infections are due to certain practices conducted in the laboratory resulting 
in the generation of aerosols or through cutaneous pathways.  The following guidelines 
are designed to prevent any exposure of personnel to infectious agents. 
 

1. General chemical hygiene practices apply as well to the biological 
laboratories. 

2. All work areas must be disinfected before and after all laboratory operations. 
3. Hazardous areas and receptacles of contaminated items are to be marked 

with a biohazard sign. 
4. No eating or drinking in the laboratory.  No food or drink is to be stored in 

laboratory refrigerators, incubators or on bench tops. 
5. Store personal effects outside the microbiology laboratory area to prevent 

contamination.  Manager and supervisors are responsible for enforcing this 
rule. 

6. It is policy to wear a lab coat while working in the microbiology lab.  Lab coats 
and street clothes should be stored separately.  Lab coats are prohibited in 
the lunchroom. 
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7. Latex or plastic gloves are to be provided and used by employees. 
8. Always wash your hands thoroughly after handling sewage, sludge, or 

receiving water samples of any source before handling food or leaving the 
lab.  “All” samples should be treated as potentially hazardous.  Germicidal 
soap is to be available to all employees, and should be kept in stock. 

9. Laboratory workers should not touch their hands to their face, especially the 
eyes, nose, and mouth when working with wastewater and sludge samples. 

10. For workers who handle wastewater and its byproducts, it is recommended 
that they have been vaccinated for polio and tetanus.  Persons in poor health 
and at risk of infection should inform their supervisor, and arrange for an 
improvement in their personal protection. 

11. Handle all microorganisms as if they are pathogenic.  The principle of sterile 
technique should be understood and applied during the handling of cultures 
and their related equipments. 

12. Never pipette by mouth.  Use bulbs or other mechanical means to draw up 
the liquid.  Discard all used pipettes into a jar containing disinfectant solution 
for decontamination before washing them. 

13. Avoid generation of aerosols during operations such as inoculation, pipetting, 
mixing, or centrifuging. 

14. Equipment: 
a. Microscopes, colony counters, etc. are to be kept in the work area and 

be dust free; they are to be cleaned after use. 
b. Water baths should be kept free of growth deposits. 
c. Autoclaves, hot air sterilizing ovens, and water distilling equipment and 

centrifuges should be cleaned regularly to ensure safe operating. 
d. Employees are to be trained in autoclave operation and operating 

instructions posted near each instrument. 
e. Performance checks of autoclaves and hot air sterilizers should be 

conducted with the use of spore strips, spore ampoules, indicators, etc. 
15. Safety cabinets of the appropriate type and class are to be supplied, 

maintained, and used. 
16. Personnel are to be trained in the proper procedures for handling lyophilized 

(freeze-dried) cultures when used. 
17. Employees should use the provided bottle carriers when moving reagents, 

acids, and solvents through the building. 
18. Laboratory personnel must follow labeling protocols in the laboratory to 

prevent mix-ups of reagents, and when possible use the pre-labeled or 
permanently labeled bottles.  Secondary containers are to be labeled as well. 

19. In the event of a spill, all possible contaminated surfaces and tools are to be 
disinfected and the absorbent material placed in a biohazard bag for disposal. 

20. All contaminated plates and Quanti-trays are to be autoclaved in biohazard 
bags at the end of the analysis and then disposed of in the labeled bags as 
regular trash. 

21. Sterilize biological waste materials and contaminated equipment (cultures, 
glassware, etc.) before washing, storage, or disposal by autoclaving or 
decontaminating. 

RB-AR40280



 

 106

22. Eliminate flies and other insects to prevent contamination vectors of sterile 
equipment, media, samples, cultures, and infection of personnel (i.e., provide 
screens on windows and doors to outside if there is no air conditioning). 
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APPENDIX M. 
 

Participating Organizations and Contacts 
 
Responsible Agencies 

 
Contact Phone E-mail 

Reza Iranpour (213) 485-0577 reza.iranpour@lacity.org 
City of Los Angeles Gerry McGowen (310) 648-5611 gerald.mcgowen@lacity.org 

Angela George (626) 458-4341 ageorge@dpw.lacounty.gov County of Los 
Angeles  Nathan Stevenson (626) 458-4368 nstevenson@dpw.lacounty.gov

Beverly Hills  Josette Descalzo (310) 285-2498 jdescalzo@beverlyhills.org 

Culver City   Steven Finton (310) 253-6406 steven.finton@culvercity.org  

Inglewood  Salvador Ramirez (626) 396-9424 sramirez@tecsenv.com 

West Hollywood  Jan Harmon (323) 848-6499 Jharmon@weho.org 

Santa Monica  Neal Shapiro (310) 458-8223 neal.shapiro@smgov.net 

Caltrans Bob Wu (213) 897-8936 robert_wu@dot.ca.gov 

 
Other Participants 
 

Contact Phone E-mail 
Regional Board 

Ginachi Amah (213) 576-6685 gamah@waterboards.ca.gov 
Heal the Bay Mark Gold (310) 453-0395 mgold@healthebay.org 

SM Baykeeper Carlos Carreon (310) 305-9645 sandpiper@smbaykeeper.org 

 
 
 
 

RB-AR40283

mailto:reza.iranpour@lacity.org
mailto:gerald.mcgowen@lacity.org
mailto:ageorge@dpw.lacounty.gov
mailto:jdescalzo@beverlyhills.org
mailto:steven.finton@culvercity.org
mailto:neal.shapiro@smgov.net


RB-AR40284



RB-AR40285



RB-AR40286



RB-AR40287



RB-AR40288



RB-AR40289



RB-AR40290



RB-AR40291



RB-AR40292



RB-AR40293



RB-AR40294



RB-AR40295



RB-AR40296



RB-AR40297



RB-AR40298



RB-AR40299



RB-AR40300



RB-AR40301



RB-AR40302



RB-AR40303



RB-AR40304



RB-AR40305



RB-AR40306



RB-AR40307



RB-AR40308



RB-AR40309



RB-AR40310



RB-AR40311



RB-AR40312



RB-AR40313



RB-AR40314



RB-AR40315



RB-AR40316



RB-AR40317



RB-AR40318



RB-AR40319



RB-AR40320



RB-AR40321



RB-AR40322



RB-AR40323



RB-AR40324



RB-AR40325



RB-AR40326



RB-AR40327



RB-AR40328



RB-AR40329



RB-AR40330



RB-AR40331



RB-AR40332



RB-AR40333



RB-AR40334



RB-AR40335



RB-AR40336



RB-AR40337



RB-AR40338



RB-AR40339



RB-AR40340



RB-AR40341



RB-AR40342



RB-AR40343



RB-AR40344



RB-AR40345



RB-AR40346



RB-AR40347



RB-AR40348



RB-AR40349



RB-AR40350



RB-AR40351



RB-AR40352



RB-AR40353



RB-AR40354



RB-AR40355



RB-AR40356



RB-AR40357



RB-AR40358



RB-AR40359



RB-AR40360



RB-AR40361



RB-AR40362



RB-AR40363



RB-AR40364



RB-AR40365



RB-AR40366



RB-AR40367



RB-AR40368



RB-AR40369



RB-AR40370



RB-AR40371



RB-AR40372



RB-AR40373



RB-AR40374



RB-AR40375



RB-AR40376



RB-AR40377



RB-AR40378



RB-AR40379



RB-AR40380



RB-AR40381



RB-AR40382



RB-AR40383



RB-AR40384



RB-AR40385



RB-AR40386



RB-AR40387



RB-AR40388



 
 

MARINA DEL REY HARBOR 
TOXIC POLLUTANTS TOTAL MAXIMUM DAILY LOAD 

 

COORDINATED MONITORING PLAN 

 
 
 
 
 

 
 
 
 
 
 
 

Prepared by the Technical Committee 
County of Los Angeles, Chair 

 
 
 
 
 

2nd Submittal Dated March 31, 2008 
Originally Submitted March 22, 2007

RB-AR40389



 

 ii

 
 
 
 
 
 

THIS PAGE LEFT BLANK INTENTIONALLY 
 

  
 

 
 

RB-AR40390



Table of Contents 
 
 
 
1.0 EXECUTIVE SUMMARY………………………………………………………..1-1 
2.0 INTRODUCTION…………………………………………………………………1-2 

2.1 Marina del Rey Watershed Setting………………………………………….2-1 
2.2 Background………………………………………………………………….2-1 
2.3 Numeric Targets and Waste Load Allocations……………………………...2-3 
2.4 Coordinated Monitoring Plan Development………………………………...2-5 
2.5 Requirements of Coordinated Monitoring Plan……………………………..2-5 
2.6 Benthic Infauna Monitoring………………………………………………...2-5 

3.0 MONITORING SITES……………………………………………………………3-1 
4.0 MATERIALS AND METHODS………………………………………………….4-1 

4.1 Sampling Schedule………………………………………………………….4-1 
4.2 Sampling Procedures………………………………………………………..4-2 
4.3 Sampling Equipment………………………………………………………..4-4 
4.4 Field and Laboratory Safety………………………………………………...4-4 
4.5 Analytical Methodology…………………………………………………….4-7 
4.6 Quality Assurance/ Quality Control………………………………………...4-7 
4.7 Data Management and Reporting…………………………………………...4-7 

5.0 REFERENCES…………………………………………………………………….5-1 

RB-AR40391



 

 2

 
 
 
 
 
 

THIS PAGE LEFT BLANK INTENTIONALLY 
 

  
 

 
 
 

RB-AR40392



 

 v

LIST OF ACRONYMS 
 
µg/L Microgram per Liter  
APHA American Public Health Association 
AWWA American Water Works Association 
BMPs Best Management Practices 
BPA Basin Plan Amendments 
BPTCP Bay Protection Toxic Cleanup Program Data 
CADOHS California Department of Health Services 
Cal/OSHA California Occupational Safety & Health Administration 
Caltrans California Department of Transportation 
CCD Charged Coupled Device 
CDFG California Department of Fish and Game 
cfs Cubic Feet per Second 
CHP Chemical Hygiene Plan 
CLABOS City of Los Angeles Bureau of Sanitation 
CMP Coordinated Monitoring Plan 
COC Chain-of-Custody 
COMM Commercial and Sport Fishing 
CTR California Toxics Rule 
CWA Clean Water Act 
DDT Dichloro Diphenyl Trichloroethane 
DMR Discharge Monitoring Report 
ELAP Environmental Laboratory Accreditation Program 
EMC Event Mean Concentration 
EMD Environmental Monitoring Division, City of Los Angeles 
ERL Effects Range Low 
FACT  Fast Automated Curve-fitting Technique 
g/day Gram per day 
g/yr Gram per Year 
GIS Geographic Information System 
ICP Inductively Coupled Plasma 
kg/yr Kilogram per Year 
LACDBH Los Angeles County Department of Beach and Harbor 
LACDPW Los Angeles County Department of Public Works 
LARWQCB Los Angeles Regional Water Quality Control Board (Regional Board) 
LIMS Laboratory Information Management System 
LFD Low Flow Diversion 
m3/yr Cubic Meter per Year  
MAR Marine Habitat 
MdR Marina del Rey 
MdRH Marina del Rey Harbor 
mg/kg Milligram per Kilogram 
mg/L Milligram per Liter 
MIGR Migration of Aquatic Organisms 
MPH Miles per Hour 

RB-AR40393



 

 vi

MS4 Municipal Separate Storm Sewer System 
mt/m3 Metric Ton per Cubic Meter  
NIST National Institute of Standards and Technology 
NOAA National Oceanic and Atmospheric Administration 
NPDES National Pollutant Discharge Elimination System 
NRDC Natural Resources Defense Council 
PAHs Polynuclear Aromatic Hydrocarbons 
PCBs Polychlorinated Biphenyls 
PE Performance Evaluation 
QA/QC Quality Assurance/Quality Control 
RARE Rare and Threatened or Endangered Species 
REC1 Water Contact Recreation 
REC2 Non-contact Water Recreation 
RF Radio Frequency 
RPD Relative Percent Difference 
SCBRMP Southern California Bight Regional Monitoring Project 
SHELL Shellfish Harvesting 
SOP Standard Operating Procedure 
TC Technical Committee 
TDA Total Drainage Area 
TIE Toxicity Identification Evaluation 
TMDL Total Maximum Daily Load 
TOC Total Organic Carbon 
TSS Total Suspended Solids 
USEPA United States Environmental Protection Agency 
WARM Warm Freshwater Habitat 
WEF Water Environmental Federation 
WILD Wildlife Habitat 
WLAs Waste Load Allocations 
WMD Watershed Management Division, LACDPW 
WP Water Pollution 
WPD Watershed Protection Division, City of Los Angeles 
 

RB-AR40394



 

 vii

APPENDICES 
 
APPENDIX A Development History of Marina del Rey Toxic Pollutants TMDL 
APPENDIX B Marina del Rey Toxic Pollutants TMDL Monitoring Locations 
APPENDIX C Field Sampling Equipment and Supply List 
APPENDIX D Sampling Standard Operating Procedures 
APPENDIX E EMD’s Chain-of-Custody Form 
APPENDIX F Laboratory Standard Operating Procedures (City of Los Angeles) 
APPENDIX G Data Acquisition, Reduction, Validation, and Reporting SOPs 
APPENDIX H Quality Assurance/Quality Control 
APPENDIX I Safety 
APPENDIX J Regional Board Resolution No 2005-012 for Marina del Rey Toxic 

Pollutants TMDL 
APPENDIX K Basin Plan Amendment 
APPENDIX L Participating Organizations Contacts (Monitoring) 
APPENDIX M Final Approval of the Marina del Rey Harbor Toxics Total 

Maximum Daily Load Coordinated Monitoring Program 
 
 
 

RB-AR40395



 

 viii

 
 
 
 
 
 

THIS PAGE LEFT BLANK INTENTIONALLY 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RB-AR40396



1.0   EXECUTIVE SUMMARY 
 
 
Regulatory Background 
 
The U.S. Federal Regulations under the Clean Water Act (CWA) of 1972 require States 
to develop a list of impaired water bodies and the pollutants for which they are impaired, 
also known as the 303 (d) List.  Subsequently, States must establish a watershed-based 
pollutant specific Total Maximum Daily Load (TMDL) to bring impaired water bodies 
into compliance with the water quality standards necessary for its beneficial uses.  The 
TMDL is then incorporated as an amendment to the regional Basin Plan.  The designated 
responsible jurisdictions and responsible agencies must then reduce pollutant 
concentrations in their discharges to meet specific waste load allocations (WLAs) in the 
TMDL following a compliance schedule.  
 
Marina del Rey Harbor Toxic Pollutants TMDL (Toxics TMDL) 
 
The Los Angeles Regional Water Quality Control Board (LARWQCB or Regional 
Board) adopted the Marina Del Rey Harbor Toxic Pollutants (Toxics) TMDL on October 
6, 2005.  The Toxics TMDL became effective on March 22, 2006 (Effective Date), 
shortly after its approval by the United States Environmental Protection Agency 
(USEPA).  The Toxics TMDL targets metals and organics in Basins D, E, and F (Back 
Basins) of the Marina del Rey Harbor.  The pollutants to be addressed are Copper, Lead, 
and Zinc for metals, and Chlordane and Total PCBs for organics.  
 
Responsible Agencies 
 
The Toxics TMDL identifies the responsible agencies and responsible parties through the 
existing Stormwater Permits.  These permits are the Los Angeles County Municipal 
Stormwater NPDES (MS4) Permit, California Department of Transportation (Caltrans) 
Statewide Permit, minor NPDES permits, general NPDES permits, general industrial 
stormwater NPDES permits, and general construction stormwater NPDES permits.  This 
Coordinated Monitoring Plan (CMP) is a requirement of the Toxics TMDL for the MS4 
and Caltrans Stormwater Permittees.  For the purpose of implementation, the Toxics 
TMDL names the County of Los Angeles (County), the Cities of Los Angeles (Los 
Angeles) and Culver City (Culver City) and Caltrans as responsible agencies; the County 
is designated as the Primary Agency.  The County, represented by the Department of 
Public Works and the Department of Beaches and Harbors, Los Angeles, Culver City, 
and Caltrans are referred hereafter as the “Responsible Agencies”.  
 
 
 
 
 
 

RB-AR40397



 

 1-2

Waste Load Allocations (WLAs) 
 
Metals Stormwater WLAs (kg/yr) 
Permitees Copper Lead Zinc 
MS4  2.01 2.75 8.85 
Caltrans 0.022 0.03 0.096 
General Construction 0.033 0.045 0.144 
General Industrial 0.004 0.006 0.018 

 
Organics Stormwater WLAs (g/yr) 
Permittees Chlordane Total PCBs 
MS4  0.0295 1.34 
Caltrans 0.0003 0.015 
General Construction 0.0005 0.022 
General Industrial 0.0001 0.003 

 
Compliance Targets 
 
The Toxics TMDL requires compliance in a progressive manner according to a specified 
schedule.  The interim and final compliance targets will be achieved as indicated in the 
table below: 
 
Toxics TMDL Compliance Target Dates 
With a TMDL Specific Implementation Plan 
March 22, 2014  
(8 years after the TMDL Effective Date) 

The Responsible Agencies shall 
demonstrate that 50% of the drainage area 
in the watershed is in compliance. 

March 22, 2016  
(10 years after the TMDL Effective Date) 

The Responsible Agencies shall 
demonstrate that 100% of the drainage 
area in the watershed is in compliance. 

With an Implementation Plan Pursuing an Integrated Resources Approach 
March 22, 2013  
(7 years after the TMDL Effective Date) 

The Responsible Agencies shall 
demonstrate that 25% of the drainage area 
in the watershed is in compliance. 

March 22, 2015  
(9 years after the TMDL Effective Date) 

The Responsible Agencies shall 
demonstrate that 50% of the drainage area 
is in compliance. 

March 22, 2017  
(11 years after the TMDL Effective Date) 

The Responsible Agencies shall 
demonstrate that 75% of the drainage area 
is in compliance. 

March 22, 2021  
(15 years after the TMDL Effective Date) 

The Responsible Agencies shall 
demonstrate that 100% of the drainage 
area is in compliance. 
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The Toxics TMDL is scheduled to be re-evaluated on March 22, 2012, six (6) years after 
the Effective Date of the TMDL, for the waste load allocations and the implementation 
schedule. 
 
Toxics TMDL Monitoring Requirements 
 
The monitoring requirements in the Toxics TMDL include an ambient monitoring 
component (Ambient Monitoring) and an effective monitoring component (Effectiveness 
Monitoring).  Ambient Monitoring will be conducted per storm event in the watershed to 
establish the ambient conditions of stormwater, and will also be conducted monthly in the 
Back Basins to collect background water quality, sediment, and bioaccumulation data.  
Additional ambient monitoring activities in Basins A, B, C, G, and H (Front Basins) will 
be performed monthly to only collect data on Copper in the water column.  Effectiveness 
Monitoring involves stormwater quality monitoring in the watershed per storm event.  It 
also involves sediment and bioaccumulation sampling in the Back Basins. 
 
Development of the Coordinated Monitoring Plan 
 
The Coordinated Monitoring Plan for the Marina del Rey Harbor Toxic Pollutants TMDL 
was jointly produced by all Responsible Agencies.  The Responsible Agencies formed a 
Technical Committee (TC) and began meeting on October 19, 2006 to jointly develop a 
CMP that is designed to comply with the monitoring requirements in the Toxics TMDL 
and to provide data to support the re-evaluations that will be made when the Toxics 
TMDL is reopened six (6) years after the TMDL Effective Date.  
 
Monitoring Sites 
 
Three (3) monitoring locations in the watershed (MdR-3 through MdR-5) and nine (9) 
monitoring locations (one for each basin and one at the end of the main channel) within 
the Harbor (MdRH-B-1 through MdRH-B-4 and MdRH-F-1 through MdRH-F-5) have 
been selected for ambient monitoring.  During the TMDL effectiveness monitoring, five 
(5) locations in the watershed (MdR-1 through MdR-5) and four (4) locations within the 
Back Basins area of the Harbor (MdRH-B-1 through MdRH-B-4) will be monitored.  A 
complete map of these CMP locations is included in Appendix B of this document. 
 
Bioaccumulation monitoring is required only in the Back Basins.  Two (2) species of 
bottom-dwelling fish will be collected by bottom trawling technique.  Mussels will be 
collected at a selected sample point within each of the three (3) Back Basins (D, E, and F) 
during the first year.  Depending on the availability of mussels in subsequent years, the 
same sample location will be used for harvesting mussels or samples will be collected 
from the nearest mussel bed.  Mussels will be sampled in October each year. 
 
Sampling Schedule  
 
The monitoring program will begin within 6 months from the date this Coordinated 
Monitoring Plan is approved by the Executive Officer of the Regional Board.  Sampling 

RB-AR40399



 

 1-4

frequencies of various sampling programs are summarized and tabulated in Appendix B 
of this document. 
 
Analytical Methodology 
 
Each sampling or analytical procedure used for the TMDL monitoring program shall be 
an approved EPA or Standard Methods for the Examination of Water and Wastewater, 
18th-20th edition (APHA 1992-98) method.  Laboratories, following LARWQCB 
approval, may use other approved and accepted analytical methods for TMDL 
monitoring. 
 
Quality assurance and quality control procedures will be conducted to confirm that the 
analytical data collected are valid and comparable between all participating laboratories. 
   
Data from several laboratories (agencies) may be utilized to comply with the monitoring 
requirements of the Toxics TMDL.  In order to ensure that data are comparable relative to 
the level of quality, the participating laboratories should have participated or be willing to 
participate in inter-laboratory calibration exercises.   
 
Data Management and Reporting 
 
All data collected will be archived within a database.  Copies of the annual reports will be 
distributed to the Responsible Agencies prior to submittal to the LARWQCB for review 
and approval.  The final summary reports will be submitted to the LARWQCB on an 
annual basis along with compliance summary tables. 
 
Acknowledgement 
 
Completion of this CMP would not have been possible without the full cooperation from 
the representatives of the County of Los Angeles (represented by the Department of 
Public Works – Watershed Management Division and the Department of Beaches and 
Harbors), City of Los Angeles, City of Culver City, and Caltrans.  The dedication and 
teamwork demonstrated by these representatives are solely responsible for delivering this 
document on time in such a tight schedule. 
 
Special acknowledgement is given to the Chair, County of Los Angeles, for its leadership 
in coordinating and organizing the efforts of each agency. 
 
 

RB-AR40400



2.0   INTRODUCTION 
 
This CMP is developed to fulfill the requirement of the Toxics TMDL for submitting a 
coordinated monitoring plan to the Regional Board as indicated in the Basin Plan 
amendments (BPA) in Resolution 2005-012.  The BPA can be found in Appendix K of 
this document, and the entire TMDL documents, including the staff report, can be found 
on the Regional Board website at http://www.waterboards.ca.gov/losangeles. 
 
2.1 Marina del Rey Harbor Watershed Setting 
 
The Marina del Rey (MdR) watershed is approximately 2.9 square miles located in the 
Santa Monica Bay, California.  It is south of Venice and north of Playa del Rey, and 
approximately 15 miles southwest of downtown Los Angeles.  The climate is warm and 
dry most of the year with intermittent wet weather events typically between November 
and March. 
 
MdR Harbor (MdRH) was developed in the early 1960s on degraded wetlands that 
formed part of the estuary of Ballona Creek Wetlands.  MdRH, which opens into Santa 
Monica Bay, was constructed by the Army Corps of Engineers and is the largest artificial 
small-craft harbor in the United States.  MdRH harbors more than 6,000 wet berthed slips 
for privately owned pleasure craft, dry storage of approximately 3,000 boats, and launch 
facilities, which can accommodate approximately 240 trailered boats.  
 
Based on Corps of Engineers’ hydrodynamic numerical modeling (RMA4 model) results, 
the contaminant influence from Ballona Creek does not travel to nor affect the Back 
Basins (USACE 1999).  Therefore, the Back Basins of the MdRH are assumed to be 
outside any significant influence from Ballona Creek.  The MdR watershed is highly 
developed with high-density single family residence, multiple family residence, and 
mixed residential comprising the primary land uses in the watershed (46.6%) followed by 
retail, commercial, and general office representing the second largest land use (12.2%).  
The receiving waters of MdRH constitute 11.6% of the land area and marina facilities 
cover 9.2% of the land use.  Open space and recreation represents 4.8% of the land use in 
the watershed.  Light industrial and vacant/urban vacant each represent 4.7% of the land 
use.  The remaining 6% of land area is covered by educational institutions (3.8%), under 
construction (1.2%), institutional and military installations (0.6%), transportation (0.3%), 
and mixed urban (0.2%). 
 
2.2 Background 
 
2.2.1 Marina del Rey Harbor Toxic Pollutants TMDL 
 
Federal Regulations under the Clean Water Act require States to develop a list of 
impaired water bodies and pollutants for which they are impaired, also known as the 
303(d) List.  The States must then establish capacity of the water body to assimilate the 
impairing pollutants.  This is done in the form of establishing in the TMDL what the 
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water body can receive and still achieve the water quality objectives necessary to protect 
beneficial uses (e.g., REC1).  Waste Load Allocations from point sources and load 
allocations from non-point sources must be reduced as needed according to the schedule 
to meet the TMDL of the water body.  These TMDLs are incorporated as amendments to 
the regional Water Quality Control Plan (Basin Plan). 
 
The Back Basins were designated as impaired and included on California’s 2002 and 
1998 §303(d) List of impaired water bodies.  According to the 2002 §303(d) List, 
sediment is listed for Copper, Lead, Zinc, Chlordane, total PCBs, and sediment toxicity; 
and fish tissue is listed for DDT, Dieldrin, Chlordane, total PCBs, and fish consumption 
advisory.  Discharges of toxic pollutants to these water bodies may result in impairments 
of beneficial uses associated with aquatic life (MAR and WILD), and human use of these 
resources (COMM, NAV, SHELL, REC1, and REC2). 
 
The Toxics TMDL was approved by the USEPA and became effective on March 22, 
2006 (Effective Date) with the following actions required: 

• Twelve (12) months after the Effective Date (March 22, 2007), the MS4 and 
Caltrans stormwater NPDES permittees must submit a coordinated monitoring 
plan, to be approved by the Executive Officer of the Regional Board, which 
includes both ambient monitoring and effectiveness monitoring.  (Once the CMP 
is approved by the Executive Officer, ambient monitoring shall commence within 
6 months.)  

• Five (5) years after the Effective Date (March 22, 2011), Responsible Agencies 
shall provide to the Regional Board results of any special studies. 

• Five (5) years after the Effective Date (March 22, 2011), Responsible Agencies 
shall provide a written report to the Regional Board outlining how they will 
achieve the waste load allocations for sediment to the Marina del Rey Harbor.  
The report shall include implementation methods, an implementation schedule, 
proposed milestones, and any applicable revisions to the Toxics TMDL 
effectiveness monitoring plan. The Final Report is due five and a half years after 
the Effective Date (September 22, 2011.) 

• Six (6) years after the Effective Date (March 22, 2012), the Regional Board will 
re-consider the Toxics TMDL to re-evaluate the waste load allocations and the 
implementation schedule. 

• The Regional Board will reassess the numeric targets and WLAs of the Toxics 
TMDL for consistency with the State Board six months after the State Sediment 
Quality Objectives and Implementation Policy are adopted. 

• If pursuing a Toxics TMDL Specific Implementation Plan, Responsible Agencies 
are required to achieve conformance with the Toxics TMDL according to 
specified schedules, delineated below:  

o Eight (8) years after Effective Date (March 22, 2014), Responsible 
Agencies shall demonstrate that 50% of the total drainage area served by 
the MS4 system is effectively meeting the WLAs for sediment. 

o Ten (10) years after Effective Date (March 22, 2016), Responsible 
Agencies shall demonstrate that 100% of the total drainage area served by 
the MS4 system is effectively meeting the WLAs for sediment. 
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• If pursuing an Integrated Resources Approach, per Regional Board approval, 
Responsible Agencies are required to achieve conformance with the Toxics 
TMDL according to specified schedules, delineated below: 

o Seven (7) years after the Effective Date  (March 22, 2013), the MS4 and 
Caltrans stormwater NPDES permittees shall demonstrate that 25% of the 
total drainage area served by the MS4 system is effectively meeting the 
WLAs for sediment. 

o Nine (9) years after the Effective Date (March 22, 2015), the MS4 and 
Caltrans stormwater NPDES permittees shall demonstrate that 50% of the 
total drainage area served by the MS4 system is effectively meeting the 
WLAs for sediment. 

o Eleven (11) years after the Effective Date (March 22, 2017), the MS4 and 
Caltrans stormwater NPDES permittees shall demonstrate that 75% of the 
total drainage area served by the MS4 system is effectively meeting the 
WLAs for sediment. 

o Fifteen (15) years after the Effective Date (March 22, 2021) The MS4 and 
Caltrans stormwater NPDES permittees shall demonstrate that 100% of 
the total drainage area served by the MS4 system is effectively meeting 
the WLAs for sediment. 

 
This monitoring proposal is submitted to fulfill the first of the above listed requirements, 
i.e., the CMP is to be submitted within 12 months of the effective date of the Toxics 
TMDL. 
 
2.2.2 Existing Monitoring 
 
The Los Angeles County Department of Beaches and Harbors (LACDBH), beginning in 
1979, has conducted a program of monthly Marina-wide field and laboratory studies.  
These investigations provide a long-term record of the ecology of the area.  Aquatic 
Bioassay and Consulting Laboratories, Inc. has conducted these tests for the LACDBH 
since 1997. This marine monitoring program includes monthly water quality and bacterial 
sampling, semiannual fish surveys, and annual benthic sediment collection including 
physical, chemical, and biological characteristics.  
 
2.3 Numeric Targets and Waste Load Allocations 
 
The CMP is designed to measure conformity with WLAs as specified in the Toxics 
TMDL, and to provide data to support the re-evaluations that will be made when the 
Toxics TMDL is reconsidered six (6) years after the TMDL Effective Date. 
 
2.3.1 Sediment Numeric Targets  
 
The Toxics TMDL establishes numeric targets for:  
• Copper, Lead, Zinc, total PCBs, and Chlordane in sediments;  
• total PCBs in the water column; and  
• total PCBs in fish tissue  
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The numeric targets for pollutants in sediments are based on the National Oceanic and 
Atmospheric Administration’s Effects Range-Low sediment quality guidelines.  These 
numeric targets and the corresponding WLAs have been set based on the Los Angeles 
Basin Plan objectives for the various beneficial uses designated for the Marina del Rey 
Harbor along with the implementation provisions for these objectives.  The numeric 
limits for total PCBs in the water column and fish tissue is based on the California Toxics 
Rule (CTR) for the protection of human health from the consumption of aquatic 
organisms.   
 
In the Toxics TMDL, effectiveness is based upon the levels of the above mentioned 
pollutants in storm-borne sediments.  The ambient monitoring portion of this Toxics 
TMDL requires stormwater monitoring in the watershed, water column, sediment 
chemistry and toxicity, and bioaccumulation (testing of fish and mussels) monitoring in 
the Back Basins for the pollutants listed above.  It also requires additional monthly 
monitoring for only Copper in the water column in the Front Basins.  
 
2.3.2 Waste Load Allocations 
 
Waste load allocations are based on the loading capacity developed in the Toxics TMDL.  
Loading capacity is calculated by multiplying the numeric targets by the average annual 
total suspended solids (TSS) loading to the harbor sediment.  The annual TSS discharged 
to the Back Basins is 64,166 Kilograms per year (kg/yr).  The Toxics TMDL is set equal 
to the loading capacity. 
 
WLAs are assigned to point sources in the Marina del Rey watershed.  A grouped mass-
based WLA is developed for the stormwater permittees (Los Angeles County MS4, 
Caltrans, General Construction and General Industrial) by subtracting the load allocations 
from the total loading capacity.  Concentration-based WLAs are developed for other 
point sources in the watershed. 
 
Metals Stormwater WLAs (kg/yr) 
Permitees Copper Lead Zinc 
MS4  2.01 2.75 8.85 
Caltrans 0.022 0.03 0.096 
General Construction 0.033 0.045 0.144 
General Industrial 0.004 0.006 0.018 

 
Organics Stormwater WLAs (g/yr) 
Permittees Chlordane Total PCBs 
MS4  0.0295 1.34 
Caltrans 0.0003 0.015 
General Construction 0.0005 0.022 
General Industrial 0.0001 0.003 
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2.4 Coordinated Monitoring Plan Development 
 
This CMP was developed by the Technical Committee, which consists of representatives 
from the Los Angeles County Department of Public Works, Los Angeles County 
Department of Beaches and Harbors, Cities of Los Angeles and Culver City, and 
Caltrans.  The TC, chaired by the County of Los Angeles, met on a biweekly basis, 
starting on October 19, 2006, to March 2007, to discuss the monitoring requirements and 
develop this CMP.  
 
2.5 Requirements of Coordinated Monitoring Plan 
 
The Toxics TMDL requires that within 12 months of the effective date (source: page 12 
of Attachment A to Resolution No. 2005-012, dated October 6, 2005, Amendment to the 
Water Quality Control Plan for the Los Angeles Region to incorporate a Total Maximum 
Daily Load for Toxic Pollutants in Marina del Rey Harbor): 
 

“…the MS4 and Caltrans storm water NPDES permittees must submit a 
coordinated monitoring plan, to be approved by the Executive Officer, which 
includes both ambient monitoring and TMDL effectiveness monitoring.  Once the 
coordinated monitoring plan is approved by the Executive Officer ambient 
monitoring shall commence within 6 months.” 
 

2.6 Benthic Infauna Monitoring 
 
On September 16, 2008, the State Water Resources Control Board adopted the Sediment 
Quality Objectives (SQO) for Enclosed Bays and Estuaries, which provided that the 
assessment of sediment quality shall consist of the measurement and integration of three 
(3) lines of evidence – sediment toxicity, sediment chemistry, and benthic community 
condition.  The Responsible Agencies generally support the use of the multiple lines of 
evidence approach; however, this CMP does not include annual benthics monitoring.  
Instead, the CMP covers the collection of data mandated by the TMDL: bioaccumulation, 
water chemistry, sediment chemistry, and sediment toxicity.  Information regarding the 
benthic community condition in MdRH was previously collected as part of the Sediment 
Characterization Study (SCS) in 2007.  The SCS data was analyzed using the SQO 
guidelines, and the results were submitted in a report to the Regional Board on April 30, 
2008.  Though not included as part of this CMP, benthic infauna monitoring may be 
conducted as a separate special study at a later time in support of the TMDL’s 
reconsideration. 
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3.0   MONITORING SITES 
 
For the purposes of this TMDL, the Regional Board has divided the watershed into five 
sub-watersheds based on the drainage patterns provided by the Los Angeles County 
Department of Public Works (LACDPW).  Area 1A drains into the Back Basins (Basins 
D, E and F) of MdRH and Area 1B drains into the rest of the MdRH area (all other 
basins).  Area 2 drains into Ballona Lagoon and then to the harbor entrance.  Area 3 
drains into the Back Basins via storm drains; and Area 4 drains into the Oxford Flood 
Control Basin (OFCB) via storm drains and then into Basin E through a tidal gate.  The 
sub-watersheds of the harbor are shown in Figure 3.1.  See Table 3-1 for land use 
breakdowns by sub-watersheds.   
 

 
Figure 3.1. Marina del Rey Sub-Watershed Areas 
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Table 3-1. Land Use by Sub-watershed Area for Marina del Rey Watershed 

 
 Marina del Rey Watershed (acres) 

Land Use Type*  Area 1A Area 1B** Area 2** Area 3 Area 4 

Education    3   67  

General Office  2  17     

HDSFR    65  38  304  

Institutional  1  9     

Light Industrial     2  86  

Marina Facilities  65  106     

MFR  32  128  201  14  50  

Military Installations   1     

Mixed Residential    1  13  18  

Mixed Urban      3  

Open 
Space/Recreation  

19  65  2   3  

Other Commercial  16  3  9   2  

Receiving Waters  44  151  13   8  

Retail/Commercial  32  30  21   94  

Transportation  4     2  

Under Construction   2  11  4  6  

Urban Vacant  2  4    29  

Vacant   53     

Total  217  569  326  71  672  

 
* Land use data was provided by the LACDPW on May 20, 2002 by Dr. T.J. Kim  
** These sub-watershed areas do not drain to the Back Basins  
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The watershed is contained within the jurisdictions of the following responsible agencies: 
 

Table 3-2. Marina del Rey Watershed responsible agencies 
 

County of Los Angeles (lead) 816 acres 44% 
City of Los Angeles 983 acres 53% 
City of Culver City 37 acres 2% 
Caltrans 19 acres 1% 

 
There have been numerous studies in the past that have collected data to assess the extent 
of sediment impairments in the Marina del Rey Harbor.  The TMDL (Regional Board, 
2005) and the LACDBH report by Aquatic Bioassay and Consulting Laboratories (ABC, 
2005) have extensive references that list many of the reports that have collected data 
within the harbor.  The most significant include the Bay Protection Toxic Cleanup 
Program Data, the LACDBH, and the Southern California Bight Regional Monitoring 
Project.  These Marina del Rey monitoring programs, along with others, have been 
conducted on a near annual basis over the past 25 years, and have resulted in the 
collection and assessment of thousands of data points for water quality, sediment 
chemistry, and infauna and fish assemblages.  These monitoring surveys have provided a 
long-term record of the water quality and ecology of the Harbor.  Currently, these data 
are being used extensively by federal, state, and local governments to help develop best 
management practices (BMPs) that will protect the numerous beneficial uses of the 
Marina (ABC, 2005). 
 
The monitoring sites for the Toxics TMDL CMP have been selected by the Technical 
Committee.  Guidance from the TC took the form of a set of site selection guidelines 
listed below.  These site selection guidelines were intended as overarching parameters for 
use by the Responsible Agencies to establish appropriate monitoring locations.  The final 
list of monitoring sites was selected based on professional judgment and the requirements of 
the Toxics TMDL. 
 
3.1 Site Selection Guidelines 
 
These guidelines were used by the Responsible Agencies in establishing the Coordinated 
Monitoring Plan sites for ambient monitoring and effectiveness monitoring of the Marina 
del Rey Harbor Toxic Pollutants TMDL.  Each guideline was not necessarily relevant or 
applicable at every monitoring location. 
 

a. Stormwater Quality and Storm-Borne Sediment Quality 
 

1. Sampling locations will be reflective of the tributary areas, 
approximately 6.7% – 40.9% of the total drainage area served by the 
MS4 system.  

2. Sampling locations and the monitoring strategy for the Area 1A, in 
figure 3.1, and where the MS4 system is under tidal influence are still 
to be researched.  
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b. Harbor Basin Water Quality and Benthic Sediment Quality 

 
Sampling locations will be centered mid-channel in each basin. 
 

c. Bioaccumulation 
 

1. Bottom-dwelling fish species will be trawled within Back Basins. 

2. A sample point within each of the three (3) Back Basins (D, E, and 
F) will be selected for collecting mussels based on the result of a 
reconnaissance survey of mussels in the Marina del Rey Harbor, 
which will be conducted before sampling starts.  Depending on the 
availability of mussels in subsequent years, the same sample 
location will be used for harvesting mussels or samples will be 
collected from the nearest mussel bed.  Mussels will be sampled in 
October each year. 

The County of Los Angeles reviewed as-built drawings and drainage maps to determine 
potential monitoring locations as part of the evaluation process.  The final list of monitoring 
sites was selected based on requirements of the TMDL and guidelines presented here.  
These sites are described in Section 3.2 of this plan and summarized in Appendix B.   
 
3.2 Monitoring Locations 
 
3.2.1 Stormwater Quality Monitoring and Storm-Borne Sediment Quality 

Effectiveness Monitoring 
 
Monitoring to comply with the Toxics TMDL establishes stormwater quality monitoring 
locations within the Marina del Rey watershed for two distinct purposes: 1) to 
characterize ambient stormwater quality; and 2) to measure attainment of WLAs 
specified in the effectiveness monitoring portion of the TMDL.  Effectiveness monitoring 
utilizes the same stormwater quality monitoring locations within the Marina del Rey 
watershed as are used to characterize ambient stormwater quality, in addition to two more 
locations as shown in figure 3.2.  Storm-borne sediment, captured at these monitoring 
locations, will be used to assess the status of meeting the WLAs established by the 
effectiveness monitoring program. 
 
For the purpose of the Toxics TMDL, the Responsible Agencies have agreed to define a 
storm event as days with 0.1 inch or more of rain and the three days following the rain 
event.  The Los Angeles International Airport rainfall gage data will be used to determine 
a storm event. 
 
A total of five (5) locations have been currently chosen for monitoring stormwater 
quality.  Stormwater quality monitoring and storm-borne sediment effectiveness 
monitoring will be accomplished at these CMP locations and will meet the TMDL 
requirements of demonstrating 25% and 50% watershed compliance.  Approximate 
locations of these sites are shown in figure 3.2. The associated drainage areas for these 
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locations are outlined in Appendix B.  As mentioned earlier, sampling locations and the 
monitoring strategies for the demonstration of 75% and 100% watershed compliance are 
still being researched and developed due to the fact that part of the MS4 drains (roughly 
28% of the total drainage area served by the MS4 system) are under tidal influence and 
that the area owned by the County of Los Angeles (roughly 20% of the total drainage 
area served by the MS4 system) drains to over 700+ local area drains, not one major 
drain.  These areas are herein jointly referred to as the “under-represented” areas of the 
Watershed. Once sampling locations for these under-represented areas are chosen, they 
will be incorporated into an “under-represented-area” sampling plan, to be submitted for 
Regional Board approval by August 2009.  Sampling of these areas is anticipated to 
begin by September 30,,2009  to collect background sampling data prior to initiating 
effectiveness monitoring.  
 

 
Figure 3.2. Stormwater Quality Monitoring and Storm-Borne Sediment Quality 

Effectiveness Monitoring Locations 
 

In accordance with the TMDL requirements, the Responsible Agencies propose to 
conduct monthly ambient sampling at MdR-3 through MdR-5 for stormwater quality and 
monthly effectiveness sampling at MdR-1 through MdR-5 for both stormwater quality 
and storm-borne sediment quality.  A brief description of these locations (MdR-1 through 
MdR-5) is given below. 
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Site Id: MdR–1 Status: New Location: Underground  
Historical Site Id: N/A Sub-watershed:  Area 4  
Comments:  
This is a new sampling site at the intersection of Victoria 
Ave and Penmar Ave.  The manhole is southbound on 
Penmar Ave.  This sampling site receives flow from 
10.4% of the total drainage area (TDA) and will only be 
monitored during the effectiveness monitoring phase to 
show compliance. 

  

 

Site Id: MdR–2 Status: New Location: Underground 
Historical Site Id: N/A Sub-watershed:  Area 4  
Comments:  
This is a new sampling site of approximately 200 ft south 
on Penmar Ave from the intersection of Venice Blvd and 
Penmar Ave.  This sampling site receives flow from 
20.2% of the total drainage area and will only be 
monitored during the effectiveness monitoring phase to 
show compliance 

 

 

Site Id: MdR–3 Status: New Location: LFD Project  
Historical Site Id: N/A Sub-watershed: Area 4                     No. 5243 
Comments:  
This is a new sampling site at the same location of the 
Low Flow Diversion (LFD) Project No. 5243 at the 
intersection of Washington Blvd and Thatcher Ave.  This 
sampling site is located where the mainline is above the 
tidal influence and it receives flow from 40.9% of the 
total drainage area. 
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Site Id: MdR–5 Status: New Location: LFD Project 
Historical Site Id: N/A Sub-watershed: Area 3                     No. 3874 
Comments:  
This is a new sampling site at the same location of the 
LFD Project No. 3874 at the existing Boone-Olive Pump 
Station control house.  This sampling site receives flow 
from 6.7% of the total drainage area. 

 

 
 
3.2.2 Harbor Basin Water Quality Monitoring and Benthic Sediment Quality 

Monitoring 
 
The ambient monitoring program requires water quality monitoring within the Back 
Basins of the harbor with an exception that monthly samples for copper analyses will be 
collected throughout the harbor.  For benthic sediment, both ambient and effectiveness 
monitoring programs require that it be monitored only within the Back Basins of the 
harbor. 
 
In accordance with the TMDL requirements, the Responsible Agencies propose to 
conduct water quality sampling and sediment sampling for the Back Basins from the 
same sample points.  Four (4) sampling locations have been selected to meet the TMDL 
requirements.  There is one location for each of the three (3) Back Basins (D, E, and F) 
and sampling locations are typically centered mid-channel in each basin.  The fourth 
sampling location is centered near the end of the Main Channel.  These locations were 
evaluated and chosen based on special consideration to site accessibility, safety concerns, 
and sediment availability.  Good faith efforts will be made to collect representative 
samples from each of the four locations.  If samples cannot be obtained from the exact 
sample point, a reasonable attempt will be made to collect a sample from the vicinity of 
the sample point.  If this proves unsuccessful, no sample will be collected from the given 

Site Id: MdR–4 Status: New Location: LFD Project 
Historical Site Id: N/A Sub-watershed: Area 4                     No. 3872 
Comments: 
This is a new sampling site at the same location of the 
LFD Project No. 3872 at the pump house at the east end 
of the Oxford Flood Control Basin.  This sampling site 
receives flow from 16.5% of the total drainage area.  
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sample point.  If samples cannot be collected during two (2) consecutive sampling events, 
alternate sample point(s) will be proposed to the Regional Board.  Approximate locations 
of these sites are shown in figure 3.3.   
 

 

Figure 3.3 Harbor Basin Water Quality Monitoring and Benthic Sediment Quality 
Monitoring Locations 

 
A brief description of these locations (MdRH-B-1 through MdRH-B-4) is given below.  
More details, including locations and sampling frequency of various sampling programs, 
on these sites are available in Appendix B. 
 
Site Id: MdRH–B–1 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1A  
Comments: 
This is a new sampling site and is centered mid-channel 
of Basin D.  This sampling site will be monitored for 
water quality and benthic sediment quality. 
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Site Id: MdRH–B–2 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1A  
Comments:  
This is a new sampling site and is centered mid-channel 
of Basin E.  This sampling site will be monitored for 
water quality and benthic sediment quality. 

 

 
 
Site Id: MdRH–B–3 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1A  
Comments: 
This is a new sampling site and is centered mid-channel 
of Basin F.  This sampling site will be monitored for 
water quality and benthic sediment quality. 

 

 
 
Site Id: MdRH–B–4 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1A  
Comments: 
This is a new sampling site and is centered near the end 
of the Main Channel.  This sampling site will be 
monitored for water quality and benthic sediment quality. 

 

 
 
During the ambient monitoring program, five (5) additional sampling locations in the 
front basins (one for each of the five basins A, B, C, G, and H) will be monitored for 
copper in the water column.  Approximate locations of these sites are shown in figure 3.4. 
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Figure 3.4. Ambient Monitoring Locations for Copper in the Front Basins 

 
A brief description of these locations (MdRH-F-1 through MdRH-F-5) is given below.  
More details, including locations and sampling frequency of various sampling programs, 
on these sites are available in Appendix B. 
 
 
Site Id: MdRH–F–1 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1B  
Comments: 
This is a new sampling site and is centered mid-channel 
of Basin A.  This sampling site will only be monitored for 
copper in the water column during the ambient 
monitoring program. 
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Site Id: MdRH–F–2 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1B  
Comments: 
This is a new sampling site and is centered mid-channel 
of Basin B.  This sampling site will only be monitored for 
copper in the water column during the ambient 
monitoring program. 

 

 
 
 
Site Id: MdRH–F–3 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1B  
Comments: 
This is a new sampling site and is centered mid-channel 
of Basin C.  This sampling site will only be monitored for 
copper in the water column during the ambient 
monitoring program. 

 

 
 
 
Site Id: MdRH–F–4 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1B  
Comments: 
This is a new sampling site and is centered mid-channel 
of Basin G.  This sampling site will only be monitored for 
copper in the water column during the ambient 
monitoring program. 
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Site Id: MdRH–F–5 Status: New Waterbody: Harbor 
Historical Site Id: N/A Sub-watershed: 1B  
Comments: 
This is a new sampling site and is centered mid-channel 
of Basin H.  This sampling site will only be monitored for 
copper in the water column during the ambient 
monitoring program. 

 

 
3.2.3 Bioaccumulation 
 
To meet the TMDL requirements, the Responsible Agencies have proposed to collect 
mussels and two (2) species of bottom-dwelling fish within the Back Basins of the 
Marina del Rey Harbor.  Reasonable attempts will be made to collect five (5) individuals 
of both fish and mussels from each of the three (3) back basins near MdRH-B-1 through 
MdRH-B-3. Locations to manually collect mussels will be evaluated and chosen 
according to the guidelines presented above and based on special consideration to site 
accessibility, safety concerns, and availability.  Fish will be collected by bottom-trawling 
technique. 
 
 

RB-AR40418



 

 

4.0   MATERIALS AND METHODS 
 
4.1 Sampling Schedule 
 
The sampling schedules, for the various monitoring programs covered by this CMP, are 
tabulated below in Tables 4.1 through 4.5. 
 
 
Table 4.1 Stormwater Monitoring 
 

Target Analyses Ambient Monitoring 
Frequency 

Effectiveness Monitoring 
Frequency 

Copper 1   
Lead 1 
Zinc 1 
Hardness 
 
Chlordane   
Total PCBs 
 
Total dissolved solid 2 
Total suspended solid 2 
Settleable solid 2 

One flow proportional 
composite sample over 
duration of selected wet-
weather events. Please 
see Section 4.2 for 
further details. 
 
 
 
 
1. Total recoverable metal and 
dissolved metals 
2. Not required 

One flow proportional 
composite sample over 
duration of selected wet-
weather events. Please see 
Section 4.2 for further 
details. 
 
 
 
 
1. Total recoverable metal and dissolved 
metals 
2. Required 

 
 
Table 4.2 Storm-Borne Sediment Monitoring (Storm drain) 
 

Target Analyses Ambient Monitoring 
Frequency 

Effectiveness Monitoring 
Frequency 

Copper 
Lead   
Zinc 
   
Chlordane   
Total PCBs 
 
Total Organic Carbon 

Not required. Annually, utilizing a flow-
proportioned composite 
sample consisting of 
sediment from each storm 
event.   
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Table 4.3 Harbor Water Quality Monitoring 
 

Target Analyses Ambient Monitoring 
Frequency 

Effectiveness Monitoring 
Frequency 

Copper 1, 2   
Lead 1, 3 
Zinc 1, 3 
Hardness 3 
 
Chlordane 3   
Total PCBs 3 

Monthly 
 
 
Notes: 
1. Total recoverable metal and 
dissolved metals 
2. Throughout the harbor 
3. Back Basins 

Not required. 

 
 
Table 4.4 Benthic Sediment Quality Monitoring (Back Basins) 
 

Target Analyses Ambient Monitoring 
Frequency 

Effectiveness Monitoring 
Frequency 

Copper 
Lead 
Zinc 
 
Chlordane 
Total PCBs  
 
Total Organic Carbon (TOC) 
Grain Size 
Sediment Toxicity 1 

Quarterly 
 
 
1 Quarterly during first year, 
Semi-annually thereafter. 

Monthly 
 
 
1 Semi-annually. 

 
 
Table 4.5 Bioaccumulation (fish and mussel, Back Basins) 
 

Target Analyses Ambient Monitoring 
Frequency 

Effectiveness Monitoring 
Frequency 

Total PCBs Annually   
 
  
  

Annually   
 

 
 
4.2 Sampling Procedures 
 
Detailed sampling standard operating procedures are included in Appendix D. 
 
For stormwater quality monitoring, automatic samplers will be utilized to collect 
samples during storm events.  Automatic samplers will be installed at five (5) locations 
(MdR-1 through MdR-5).  Each sampler will be programmed to utilize information from 
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an on-board flow meter to collect flow-proportional composite samples.  To the extent 
possible, samples will be collected over the entire duration of the storm.  A minimum of 
72 hours after a storm is needed to service and set up the auto samplers; therefore, no 
sampling will be done when the second of two consecutive storms starts within 72 hours 
of the end of the first.  No more than 24 storms will be sampled per year. 
 
For storm-borne sediment quality monitoring, prior to the start of the effectiveness 
monitoring period, a pilot study will be initiated to collect storm-borne sediment samples 
from the stormwater samples collected during each storm event.  Approximately 20 
grams of storm-borne sediment will be required to perform the analyses required by the 
Toxics TMDL.  Based on an average TSS concentration of 560 mg/L (County of Los 
Angeles data collected from Ballona Creek from 2004-2005), approximately 10 gallons 
of stormwater will be required to capture this amount of sample.  The actual amount of 
stormwater needed, which will vary with its actual TSS, could be significantly greater 
than 10 gallons.  The feasibility of combining storm-borne sediments from an entire 
season of storms in proportion to stormwater flow to create an annual storm-borne 
sediment sample will be investigated.  If this approach is determined to be infeasible, the 
Responsible Agencies will propose an alternative to the Regional Board. 
 
For harbor water quality monitoring, grab samples will be utilized.  Three (3) stations 
in the Back Basins (MdRH-B-1, MdRH-B-2, and MdrH-B-3) and one (1) station at the 
end of the Main Channel (MdRH-B-4) will be for Chlordane, total PCBs, Copper, Lead, 
and Zinc analyses.  During the ambient monitoring phase, five (5) additional stations will 
be located in the front basins (MdRH-F-1 through MdrH-F-5) for Copper analysis only.  
Samples will be collected monthly at the locations described previously. 
 
Sediment grab samples will be collected from a boat. Sediment sampling from a boat 
will be done with a “Ponar grab”.   Sediment samples will be collected at MdRH-B-1, 
MdRH-B-2, MdRH-B-3, and MdRH-B-4. 
 
For bioaccumulation monitoring, reasonable attempts will be made to collect and 
analyze fFive (5) individuals of both fish and mussels from each of the three (3) back 
basins (MdRH-B-1 through MdRH-B-3). Muscle tissue of fishes will be analyzed and 
entire bodies of mussels will be used for bioaccumulation analyses. Individuals should be 
analyzed separately to show/learn variation within the species sampled and the sample 
location. Monitoring will be conducted annually within the Back Basins. 
 

Fish:  Bottom dwelling fish species will be considered as potential candidates for 
monitoring purposes.  Please see appendix D for details. 
Mussels:  Resident mussels of 55 to 65 mm in length will be collected by hand in 
October each year. Please see appendix D for details. 
 

4.3 Sampling Equipment 
 
Equipment and supplies needed for sample collection are listed in Appendix C. 
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4.4 Field and Laboratory Safety 
 
In an effort to improve employee safety and health awareness and prevent occupational-
related injury and illness, all participating laboratories have developed a safety program with 
the intention of satisfying the applicable federal, state, and local regulations.  For example, 
EMD’s Safety and Health Program is composed of specific elements required by Cal/OSHA 
General Industry Safety Order Section 5191: Occupational Exposure to Hazardous 
Chemicals in Laboratories, and section 3203: The Injury and Illness Prevention Program, 
and any other applicable regulations.  The written safety plan, titled The Chemical Hygiene 
Plan, is available to all employees for review and should be recognized as management's 
commitment to ensure that all employees carry out their work in the safest and most 
efficient manner possible.  The EMD employees will be kept familiar with the division's 
written Chemical Hygiene Plan (CHP) through training, annual review, and monthly staff 
safety meetings. 
 
It is the policy of all participating agencies to have a safe working environment for all of 
its employees and that all field and laboratory work be performed in a manner that 
provides the highest level of safety for the protection of every employee.  See Appendix J 
for an example of detailed safety protocols. 
 
4.5 Analytical Methodology 
 
The analytical methodologies, for the various monitoring programs covered by this CMP, 
are tabulated below in Table 4.6 through 4.10. 
 
EPA Method 200.7 (ICP) will be used for fresh water metal analysis.  EPA Method 1640 
(ICP-MS), which allows removal of salt matrix to reduced interference, will be used for 
salt-water metal analysis. 
 
 
Table 4.6 Stormwater Quality Methods  
 

Analyses Analytical Methodology* 

Hardness Standard Methods 20th Edition, Method 2340 

Total Suspended Solids Standard Methods 20th Edition, Method 2540D 

Total Dissolved Solids  Standard Methods 20th Edition, Method 2540C 

Settleable Solids Standard Methods 20th Edition, Method 2540F 

Copper, Lead, & Zinc EPA Method 1640 – Salt water 
EPA  Method 200.7 – Fresh water 

Chlordane, & Total PCBs EPA Method 608 
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* Detailed Standard Operating Procedures for these methods can be found in Appendix F. 
 
 
Table 4.7 Storm-Borne Sediment Methods 
 

Analyses Analytical Methodology* 

Total Organic Carbon Standard Methods 20th Edition, Method 5310B 

Copper, Lead, & Zinc  EPA Method 6010 

Chlordane & Total PCBs EPA Method 8081 & 8082 

* Detailed Standard Operating Procedures for these methods can be found in Appendix F. 
 
         
Table 4.8 Water Quality Methods  
 

Analyses Analytical Methodology* 

Hardness Standard Methods 20th Edition, Method 2340 

Copper, Lead, & Zinc EPA Method 1640 – Salt water 

Chlordane, & Total PCBs EPA Method 608 

* Detailed Standard Operating Procedures for these methods can be found in Appendix F. 
 
 
Table 4.9 Benthic Sediment Quality Methods   
 

Analyses Analytical Methodology* 

Sediment Toxicity  Amphipod Mortality Test 

Grain Size EMD SOP # 4160 

Total Organic Carbon Standard Methods 20th Edition, Method 5310B 

Copper, Lead & Zinc  EPA Method 6010 

Chlordane & Total PCBs EPA Method 8081 & 8082 

* Detailed Standard Operating Procedures for these methods can be found in Appendix F. 
 
Sediment Toxicity Testing 
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In accordance with the TMDL, sediment toxicity testing consists of an ambient 
component and an effectiveness component. The sediment toxicity testing will use three 
(3) types of marine organisms: amphipods, red abalone or other marine bivalve larva, and 
sea urchins. If the sediment samples contain insufficient pore water to conduct sea urchin 
fertilization tests, a chronic polychaete mortality test will be substituted. In both the 
ambient and effectiveness components, monitoring will consist of sediment sampling at 
four (4) locations: namely, MdRH-B-1 through MdRH-B-4 in the marina. 
 
Ambient Component 
 
The goal of the ambient component is to establish a baseline condition for sediment 
toxicity. Ambient monitoring will start within six (6) months of final approval of the 
CMP. During the first year of ambient monitoring, samples will be collected quarterly 
and both the chronic twenty-eight (28)-day and acute ten (10)-day amphipod tests will be 
conducted and compared. Barring no significant differences in the results 
of these tests, the 10-day test will be used throughout the rest of the semiannual 
monitoring. Once a baseline is established, ambient monitoring will cease and 
effectiveness monitoring will then commence. 
 
 
Effectiveness Component 
 
The goal of the effectiveness component is to evaluate BMP effectiveness and will entail 
semiannual sampling at the same four (4) locations as used during ambient monitoring. 
Toxic sediment will be identified by an amphipod survival rate of seventy (70) percent or 
less for the initial single sample test taken semiannually. If sediment toxicity is identified 
at a site, accelerated monitoring entailing additional sediment toxicity testing may 
be conducted to further evaluate toxicity. 
 
Accelerated sediment toxicity testing 
 
If warranted, accelerated monitoring will begin within six (6) weeks.  Accelerated 
sediment toxicity testing will consist of up to six (6) additional amphipod survival tests 
conducted approximately every two (2) weeks over a twelve (12)-week period. If any two 
(2) of the accelerated tests have less than an average of ninety (90) percent amphipod 
survival, then accelerated testing will cease and a toxicity identification evaluation will 
be conducted to determine the cause of toxicity. This investigation may include the 
testing of the sediment pore water, sediment overlying water, or the manipulation of 
sediment by physical or chemical means. However, if no exceedances occur in the six (6) 
accelerated test samples, then regular monitoring will resume. 
Table 4.10 Bioaccumulation Methods 
 

Target Analytes   Analytical Methodology *   

Total PCBs EPA Method 8082 
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* Detailed Standard Operating Procedures for these methods can be found in Appendix F. 
 
All laboratories performing analyses for TMDL monitoring shall maintain Environmental 
Laboratory Accreditation Program certification (ELAP administered by California 
Department of Health Services) for specified methods from the following ELAP Fields of 
Testing; # 108 – Inorganic Chemistry of Wastewater, # 109 Toxic Chemical Elements of 
Wastewater, # 111 Semi-Volatile Organic Chemistry of Wastewater, #114 Inorganic 
Chemistry of Hazardous Waste, and # 117 Semi-Volatile Organic Chemistry of 
Hazardous Waste.  Additionally, all laboratories shall submit detailed SOPs for review by 
Regional Board staff.  Appendix F provides examples of SOPs developed by the City of 
Los Angeles-EMD.  Each analytical method used for the TMDL monitoring program 
shall be an approved EPA or Standard Methods for the Examination of Water and 
Wastewater, 18th-20th edition (APHA 1992-98) method.  Laboratories receiving Regional 
Board approval may use other analytical methods for TMDL monitoring. 
 
4.6 Quality Assurance/Quality Control  
 
All laboratories must employ a program that associates quality assurance with the 
laboratory facility, staff, instrumentation and equipment, materials and methods, reagents, 
and data validation.  These QA/QC measures may be included in the submitted SOPs or 
defined in a separate QA/QC document such as Appendix H.  The quality assurance 
procedures shall be in accordance with Standard Methods for the Examination of Water 
and Wastewater, 18-20th Editions (APHA 1992-98).  All participating laboratories must 
maintain ELAP certification, and provide QA/QC documentation as required by the 
Regional Board.  
 
4.7 Data Management and Reporting 
 
All data collected will be archived within the Laboratory’s database.  All data will be 
submitted to the project management electronically on an annual basis. Project 
management will ensure electronic submissions of data are parsed and stored correctly 
into its database.  Annual report will be prepared by the Project management and 
submitted to the Regional Water Quality Control Board. 
 
Copies of the annual reports will be distributed to the Responsible Agencies prior to 
submittal to the Regional Board for review and approval.  The final summary reports will 
be submitted to the Regional Water Quality Control Board on an annual basis along with 
compliance summary tables.  See Appendix G for examples of data acquisition, 
reduction, validation, and reporting SOPs. 
 

RB-AR40425



 

 
 
 
 
 
 

THIS PAGE LEFT BLANK INTENTIONALLY 
 

  
 
 

RB-AR40426



5.0   REFERENCES 
 
American Public Health Association.  1992.  Standard methods for the examination of 

water and wastewater, 18th ed.  American Public Health Association, 
Washington, DC, pp.  9-1 to 9-115. 

 
Noble, R.  T., J.  H.  Dorsey, M.  K.  Leecaster, M.  Mazur, C.  D.  cGee, D.  Moore, V.  

Orozco-Borbón, D.  Reid, K.  Schiff, P.  M.  Vainik, and S.  B.  Weisberg.  1999.  
Southern California Bight 1998 Regional Monitoring Program.  I.  Summer 
Shoreline Microbiology.  Appendix C, comparison of Bacterial Indicator 
Measurements among Southern California Marine Monitoring Laboratories.  
Southern California Coastal Water Research Project.  Westminster, CA, 54-67. 

 
TMDL Draft.  The following TMDL drafts are cited in this report: 
 
Total Maximum Daily Load to Reduce Bacterial Indicator Densities during Dry 

Weather at Santa Monica Bay Beaches—January 14, 2002 
 
Santa Monica Bay Beaches Wet-weather Bacteria TMDL Draft—Version 4.  11/07/02 
 

 
 

RB-AR40427



 

 
 
 
 
 
 

THIS PAGE LEFT BLANK INTENTIONALLY 
 

  
 
 

RB-AR40428



 

 
 
 
 
 
 
 
 
 
 

APPENDICES 

RB-AR40429



 

 
 
 
 
 
 

THIS PAGE LEFT BLANK INTENTIONALLY 
 

  
 

 
 

 

RB-AR40430



 

APPENDICES 
 
APPENDIX A –  Development History of Marina del Rey Harbor Toxic Pollutants TMDL 
 
APPENDIX B –  Marina del Rey Harbor Toxic Pollutants TMDL Monitoring Locations 

• Stormwater Quality Monitoring and Storm-borne Sediment Quality 
Effectiveness Monitoring Locations 

• Water Quality and Sediment Quality Monitoring Locations in Back Basins 
• Water Quality Monitoring Locations in Front Basins 

 
APPENDIX C –  Field Sampling Equipment and Supply List 
 
APPENDIX D –  Sampling Standard Operating Procedures 
 
APPENDIX E –  EMD’s Chain-of-Custody Form 
 
APPENDIX F –  Laboratory Standard Operating Procedures (City of Los Angeles) 

• EMD SOP# 6200.7 – Metals (EPA Methods 200.7) 
• EMD SOP# 7230 – Chlorinated Pesticides and PCBs (EPA Method 608) 
• EMD SOP# XXXX – Total Suspended Solids (SM 20TH Edition 2540 D) 
• EMD SOP # 5700 – Total Dissolved Solids (SM 20th Edition 2540C) 
• EMD SOP# 5600 – Settleable Solids (SM 20TH Edition 2540F) 
• EMD SOP# 6601.0 – Metals (EPA 6010) 
• EMD SOP# XXXX – Chlorinated Pesticides (EPA 8081) 
• EMD SOP# XXXX – PCBs (EPA 8082) 
• EMD SOP # 4160 – Grain Size  
• EMD SOP# 4151 – TOC (SM 20th Edition 5310B) 
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APPENDIX A 

Development History of Marina del Rey Harbor Toxic Pollutants TMDLs 

 
In December 1997, the Natural Resources Defense Council (NRDC), acting as legal 
representative for Heal the Bay, Inc., and Santa Monica BayKeeper, Inc., filed a Notice of Intent 
to sue the United States Environmental Protection Agency (USEPA) over failure of the Regional 
Water Quality Control Board, Los Angeles (LARWQCB), to adequately implement the 
303(d)/TMDL Program.  In December 1998, NRDC and BayKeeper entered into a Federal 
Consent Decree with EPA.  The Consent Decree established 92 TMDL analytical units, which 
are water quality limited segments and associated pollutants for which TMDLs must be 
developed.  Specific dates were established for development of some of these TMDL analytical 
units. The Marina del Rey Harbor Toxics TMDL (organic pollutants and metals) analytical units 
(54 & 56) had a required completion date of March 22, 2006 for the Regional Board.  A 
California Environmental Quality Act (CEQA) Scoping Meeting was conducted by the Regional 
Board, on May 6, 2003, to consult with the public and interested stakeholders about the 
environmental effects of the preliminary drafts of the TMDLs.  On October 6, 2005, prior to the 
Board’s action on the resolution 2005-012, public hearing were conducted on the Marina del Rey 
Toxic TMDL. The TMDLs were approved by the USEPA and became effective March 22, 2006.  
The TMDLs require the responsible jurisdictions and responsible agencies to submit a 
coordinated monitoring plan within 12 months after the effective date.  
 
Marina del Rey Harbor was designated as impaired and included on California’s 1998 CWA 
§303(d) list of impaired waters due to excessive amounts of copper, lead, zinc, chlordane, and 
total PCBs. 
  
The Marina del Rey Harbor Toxics TMDL Group was formed in October 2006.  Representatives 
from California State Department of Transportation, Los Angeles County Department of Public 
Works (LADPW), City of Los Angeles Bureau of Sanitation (CLABOS), and Culver City, were 
in attendance.  Work was quickly initiated on the Monitoring Plan that was due on March 22, 
2007.  Preliminary discussions of the Implementation Plan also began at this time. 
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APPENDIX B 
 

Marina del Rey Harbor Toxic Pollutants TMDL Monitoring Locations  
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APPENDIX B 

 
 

Monitoring Locations
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APPENDIX B 
Marina del Rey Harbor Toxic Pollutants TMDL: Storm-Water Quality Monitoring and Storm-Borne Sediment Quality 

Effectiveness Monitoring Locations 
 

Table 1. Sub-Watersheds 
Sampling Frequency Monitoring 

Location 
Sub-

Watershed Location 
Ambient Effectiveness 

Lat. Long. 
Thomas 
Guide 

% of Total 
Drainage 

Area 
Comments 

MdR–1 4 
Manhole, 

Underground 
N/A 

Wet-weather 
event / Both 

33.997 118.453 672:A5 10.4% 

Penmar Ave. and 
Victoria Ave.  

Southbound on 
Penmar Ave. 

MdR–2 4 
Manhole, 

Underground 
N/A 

Wet-weather 
event / Both 

33.994 118.451 672:A5 20.2% 
Venice Blvd. and 

Penmar Ave.  200 ft 
south on Penmar Ave

MdR–3 4  
LFD project 

No. 5243  

Wet-weather 
event / 

Storm-water 
quality only 

Wet-weather 
event / Both 

33.989 118.450 672:A6 40.9% 
Washington Blvd. 
and Thatcher Ave. 

MdR–4 4 
LFD project 

No. 3872 

Wet-weather 
event / 

Storm-water 
quality only 

Wet-weather 
event / Both 

33.986 118.453 672:A6 16.5% 
At the pump house at 

the east end of the 
OFCB 

MdR–5 3  
LFD project 

No. 3874 

Wet-weather 
event / 

Storm-water 
quality only 

Wet-weather 
event / Both 

33.985 118.459 671:J6 6.7% 
At the existing 

Boone-Olive Pump 
Station control house
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APPENDIX B 
Marina del Rey Harbor Toxic Pollutants TMDL: Drainage Areas of Storm-Water Quality Monitoring and Storm-Borne 

Sediment Quality Effectiveness Monitoring Locations 
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APPENDIX B 
Marina del Rey Harbor Toxic Pollutants TMDL: Water Quality and Sediment Quality Monitoring Locations 

 

Table 2. Back Basins 
Sampling Frequency 

Water Quality Sediment Chemistry Sediment Toxicity 
Monitoring 

Location 
Sub-

Watershed Location 
Ambient Effectiveness Ambient Effectiveness Ambient Effectiveness 

Comments

MdRH–B–1 1A 
Centered mid-

channel  
Basin D 

Monthly N/A Quarterly Monthly 

Quarterly 
the 1st year 

and 
Semi-

annually 

Semi-
annually 

 

MdRH–B–2 1A 
Centered mid-

channel  
Basin E 

Monthly N/A Quarterly Monthly 

Quarterly 
the 1st year 

Semi-
annually 
thereafter 

Semi-
annually 

 

MdRH–B–3 1A 
Centered mid-

channel  
Basin F 

Monthly N/A Quarterly Monthly 

Quarterly 
the 1st year 

Semi-
annually 
thereafter 

Semi-
annually 

 

MdRH–B–4 1A 
Centered near 
the end of the 
Main Channel 

Monthly N/A Quarterly Monthly 

Quarterly 
the 1st year 

Semi-
annually 
thereafter 

Semi-
annually 
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APPENDIX B 
Marina del Rey Harbor Toxic Pollutants TMDL: Water Quality Monitoring Locations 

 

Table 3. Front Basins 
Water Quality  Sampling Frequency Monitoring 

Location 
Sub-

Watershed Location 
Ambient Effectiveness 

Comments 

MdRH–F–1 1B 
Centered  

mid-channel  
Basin A 

Monthly N/A Only for monitoring Copper in the water column 

MdRH–F–2 1B 
Centered  

mid-channel  
Basin B 

Monthly N/A Only for monitoring Copper in the water column 

MdRH–F–3 1B 
Centered  

mid-channel  
Basin C 

Monthly N/A Only for monitoring Copper in the water column 

MdRH–F–4 1B 
Centered  

mid-channel  
Basin G 

Monthly N/A Only for monitoring Copper in the water column 

MdRH–F–5 1B 
Centered  

mid-channel  
Basin H 

Monthly N/A Only for monitoring Copper in the water column 
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APPENDIX C 
Field Sampling Equipment and Supply List 

 
 
The following equipment is needed for dry weather water quality sample collection. 
 

1. First Aid kit 
2. Portable eyewash bottle with saline solution 
3. Ice chest (with ice) 
4. Sampling pole with reel 
5. Weighted bottle holder (attaches to fishing line/reel) 
6. Nalgene 1-liter sample bottles, acid-washed 
7. Nalgene 500-mL sample bottles, acid-washed (for sampling low-flow streams) 
8. Wash bottle with de-ionized water 
9. Foaming disinfectant hand cleanser 
10. Waterproof labels 
11. Paper towels 
12. Water-safe pen and Lab marker 
13. Field log sheet 
14. Chain-of-Custody (COC) sheet 
15. Thomas Guide (street map) 
16. Trash bag 
17. Cell phones (1 for each person) 
18. Personal protective equipment: 

i. Safety vest (ANSI 107 Class 2 compliant, high visibility) 
ii. Protective gloves (latex, nitrile, etc.) 

iii. Slip-resistant shoes/boots 
iv. Protective eyewear: UV protection; impact resistant 
v. Foul weather gear  (when necessary) 

vi. Rain boots (when necessary) 
vii. Life vest (if entering the flood channel). 
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APPENDIX D   
 

Collection and Sampling Standard Operating Procedures 
 
 
General Safety 
 

A. Be Alert:  Always be aware of potentially hazardous situations.  Exercise common 
sense when you encounter suspicious persons or animals. Your personal safety is your 
first responsibility.  Never place yourself in a dangerous or unsafe situation. 

 
B. Traffic:  Always be mindful of traffic conditions.  Always wear high-visibility clothing 

(ANSI 107 Class 2) when sampling near areas open to vehicular traffic.  Never sample 
in traffic conditions that you feel are unsafe.  Never attempt to setup a traffic-stop 
without the proper equipment and training. 

 
C. Always wear protective gloves and eyewear when collecting water samples.  Avoid 

water contact with eyes and skin.  If accidental contact with eyes occurs, use portable 
eyewash bottles as directed.  Wash hands thoroughly after collecting samples. 

 
D. Always wear chemical-resistant, slip-resistant shoes when collecting samples. 
 
E. Never enter the flood channel when there is high flow or during rainy conditions.  

Never stand or walk in moving water.  Never get too close to the low-flow channel. 
 
F. Never enter an enclosed drain, tunnel, or confined space.  These spaces can become 

devoid of oxygen/air and you can suffocate. 
 
G. Never sample alone.  At least two people must be present at all times.  Take 

communication equipment (cell phones) with you to report any accidents, seek 
assistance, or maintain contact with your partner. 
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Dry Weather Water Quality Sampling 
Sampling Procedure 

 
A.  Coordination with Laboratory 

 At the beginning of each month, the monthly sampling schedule is sent via email to the 
supervisors of the participating laboratories.  If unforeseen changes are made to the 
schedule, the labs should be notified immediately.  Contact information is listed at the 
end of this appendix.  

B. Gather the necessary equipment 
See appendix C. 

C. Sampling Locations 

Nine (9) sampling stations are listed in the table below.  Prior to sampling, confirm 
which stations are to be sampled. 

  

Station ID Waterbody Location Thomas Guide 
Page 

MdRH–B–1 Basin D Mid - channel 672:A7 

MdRH–B–2 Basin E Mid - channel 672:A7 

MdRH–B–3 Basin F Mid - channel 672:B7 

MdRH–B–4 Main Channel End 672:A7 

MdRH–F–1 Basin A Mid - channel 702:A1 

MdRH–F–2 Basin B Mid - channel 702:A1 

MdRH–F–3 Basin C Mid - channel 672:A7 

MdRH–F–4 Basin G Mid - channel 672:A7 

MdRH–F–5 Basin H Mid - channel 672:A7 

 
D. QA&QC 

a. Field Log sheet 
This form is for recording details about each sampling event (including Date, time, 
locations, samplers, comments), and is retained by the sampling staff.  The form is 
to be prepared before leaving to the field, and the appropriate information is filled 
out after each sample is collected. 
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b. Chain of Custody (COC) form 
A COC form is to be completed for each sampling event.  The form should be 
prepared prior to leaving to the field.  At each sampling station, the sampler enters 
his/her initials, along with time of collection.  The original COC is to follow the 
samples at all times.  The sampler must sign and date the COC when relinquishing 
the sample to Laboratory Staff (Sample Receiving, EMD) who in turn, signs the 
form to indicate receipt of the sample.  A photocopy is given to the sampling staff, 
and the laboratory retains the original COC along with the samples to be analyzed.  
A sample of a COC form is provided in Appendix E. 

c. Collecting Samples 
When sampling from a bridge, a fishing pole/reel is used to lower the sample bottle 
into the stream. 

(1) Obtain a clean, acid-washed bottle (1Liter, plastic nalgene).  Confirm that the 
bottle has the appropriate pre-printed label.  If the depth of the water is low, it 
may be necessary to collect multiple samples using a smaller bottle (500 mL), 
and compositing sub-samples until a volume of 1 Liter is obtained. 

(2) Note the sample collection time on the Field Log sheet, COC, and sample 
label. 

(3) Be very careful to avoid contamination of the sample bottle.  Avoid touching 
the mouth of the bottle and the inside of the cap. 

(4) Attach the bottle-holder to the fishing line, and secure the bottle.  Unscrew the 
bottle lid, and set it aside.  Release the drag on the reel, and lower the bottle 
into the stream.  Allow the bottle to fill with water, and then reel it in.  
Replace the lid securely, and place the sample into the ice chest. 

(5) Rinse bottle holder with de-ionized water after each station. 
(6) Fill in appropriate information on the COC and field log sheet. 
(7) Samples should be delivered to the laboratory as soon as possible.  When 

relinquishing custody of the samples, inform Laboratory staff that samples 
need to have preservative added (this should also be indicated on the COC).  
Sign and date the COC, and obtain a copy after the laboratory staff member 
has signed the original. 

(8) Upon returning from the field, file the COC (copy) and field log sheet in the 
appropriate binder.  Rinse all field equipment with de-ionized water. 
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Wet Weather Water Quality Sampling 

Sampling Procedure 
 

A. Wet weather water sampling 
a. Flow-weighted composite samples will be collected to obtain the representative 

sample for each storm event.  This sampling method is currently used for the storm 
water monitoring required by Los Angeles County’s NPDES permit.  A flow-
weighted composite sample is obtained by mixing a series of discrete samples 
(aliquots) of specific volume, collected at specific runoff volume intervals over the 
duration of the storm event.  The concentration of the sample is called Event Mean 
Concentration (EMC). 

b. An automatic sampler will be programmed to start automatically when the water 
level in the channel or storm drain exceeded a certain height such that the 
corresponding flow rate exceeded a pre-determined wet weather flow rate at the 
sampling location.  Samples will be retrieved from the automated samplers as soon 
as possible to meet laboratory analysis holding time requirements. As samples were 
collected, rainfall and runoff data were logged and stored for transfer to the office.  
The automated sampler will be programmed with the intent of capturing the major 
portion of a runoff event 

 
B. Wet weather water data per metals TMDL 

The metals load at each monitoring site will be estimated by multiplying the EMC by 
the total runoff volume measured at the site.  The total runoff volume can be calculated 
based on the runoff hydrograph that would be generated over the entire storm duration 
by the continuous measurements of flow rate by the automatic samplers.  Similarly, the 
daily metal load can be calculated by multiplying the daily runoff volume by the EMC 

 
C. QA&QC 

a. Sampling methodology 
Properly performed monitoring station set up, water sample collection, sample 
transport, and laboratory analyses are vital to the collection of accurate data. 
Quality Assurance/Quality Control (QA/QC) is an essential component of the 
monitoring program. Evaluation of Analytes and QA/QC Specifications for 
Monitoring Program (Woodward-Clyde 1996a) and Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast 
Marine and Estuarine Organisms (USEPA 1995) describe the procedures used for 
bottle labeling, chain-of-custody tracking, sampler equipment checkout and setup, 
sample collection, field blanks to assess field contamination, field duplicate 
samples, and transportation to the laboratory.  An important part of the QA/QC Plan 
is the continued education of all field personnel.  Field personnel will be adequately 
trained from the onset and informed about new information on storm water 
sampling techniques on a continuing basis.  Field personnel also evaluate the field 
activities required by the QA/QC Plan, and the Plan is updated if necessary. 
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b. Bottle Preparation. 
(1) For each monitoring station, a minimum of three sets of bottles will be 

available so that up to two complete bottle change-outs could be made for 
each storm event. Bottle labels contained the following information 
(i) Sample ID Number 
(ii) Station Number 
(iii) Station Name 
(iv) Sample Type (Grab or Composite) 
(v) Laboratory Analysis Requested 
(vi) Date 
(vii) Time 
(viii) Preservative 
(ix) Temperature 
(x) Sampler's Name 

(2) Bottles will be cleaned at the laboratory prior to use, and then they will be 
labeled and stored in sets.  Each station will be provided with the same 
number, types, and volumes of bottles for each rotation.  Clean composite 
sample bottles will be placed in the automated sampler when samples are 
collected. This practice ensures readiness for the next storm event.  All bottles 
currently not in use are stored and later transported in plastic ice chests.  
Composite sample bottles are limited to a maximum of 2.5 gallons each, to 
ensure ease of handling. 

c. Chain-of-Custody Procedure 
Chain-of-Custody forms will be completed to ensure and document sample 
integrity.  These procedures establish a written record which tracks sample 
possession from collection through analysis. 

d. Field Setup Procedures 
(1) All field-sampling locations will be fixed sites, with the automated sampler 

placed on a public road or flood control right-of-way.  After sample 
collection, field staff will prepare the sampler for collection of the next set of 
samples. Inspection of visible hoses and cables will be performed to ensure 
proper working conditions according to the site design.  Inspection of the 
automatic sampler and appurtenances including strainer, pressure transducer, 
and auxiliary pump will be performed during daylight hours in non-storm 
conditions.  The automated sampler will be checked at the beginning of the 
storm to ensure proper working condition and to see if flow composite 
samples are being collected properly. 

(2) Bottles will be collected after each event and packed with ice and foam 
insulation inside individually marked ice chests.  Chain-of-Custody forms will 
be completed by field staff before transportation of the samples to the 
laboratory. Under no circumstance will the samples be removed from the ice 
chest during transport from the field to the laboratory. 

e. Travel Blanks and Field Duplicates 
Potential field contamination will be assessed through analysis of travel blanks and 
duplicate grab samples.  Field travel blanks will be collected for each monitoring 
station during every sampling event to quantify post-sampling contamination.  The 
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monitoring program also includes field duplicates to assess the precision of 
laboratory results.  A field duplicate, the origin of which is unknown to the 
laboratory, will be collected for each sampling event.  This methodology for 
assessing post-sampling contamination and laboratory testing procedures provided 
data to measure the precision and accuracy of the laboratory results. 

RB-AR40450



Appendix D-7 

Sediment and Bioaccumulation Sampling 
 

A. Sediment Sampling 
 

The sediment sampling methodology in the Marina del Rey should follow the same 
guidelines/protocols as used in Santa Monica Bay offshore monitoring and Regional 
Monitoring for comparative purposes. 

 
Four (4) sediment sites are proposes in the back basins area: 

 
1. MdRH–B–1 in basin D 
2. MdRH–B–2 in basin E 
3. MdRH–B–3 in basin F  
4. MdRH–B–4 near the end of Main Channel 

 
Sediment sampling from a boat will be done with a “Ponar grab”; the top 2 centimeters 
of sediment will be sampled with a Teflon scoop and placed in the appropriate 
containers.  Good faith efforts will be made to collect representative samples from each 
of the four (4) locations.  If samples cannot be obtained from the exact sample point, a 
reasonable attempt will be made to collect a sample from the vicinity of the sample 
point.  If this proves unsuccessful, no sample will be collected from the given sample 
point.  If samples cannot be collected during two consecutive sampling events, alternate 
sampling point(s) will be proposed to the LARWQCB. 
 
sample type container volume 
Grain size 8oz. plastic 7/8 full (airspace) 
TOC 4oz. glass 7/8 full (airspace) 
Metals (copper, lead, zinc) 4oz. plastic 7/8 full (airspace) 
Organics (PCBs, chlordane) 4oz. plastic 7/8 full (airspace) 

 
 

B.  Bioaccumulation Sampling 
 

Data from bioaccumulation sampling sites within the Back Basins will be used to 
monitor trends in the concentration of total PCBs in the tissues of aquatic organisms. 
This will be conducted in order to assess both ecological and human health concerns 
and to see if the trends or patterns of contaminant concentrations mirror that observed 
from the sediment analyses.  
 
Reasonable attempts will be made to collect and analyze five (5) individuals of both 
fish and mussels from each sampling site, annually. Muscle tissue will be analyzed for 
fish and the entire body will be used for the mussel analyses. Individuals will be 
analyzed separately to show/learn variation within the species sampled and the sample 
location. 
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1. Fish 
Bottom dwelling fish species will be considered as potential candidates for 
monitoring purposes.  Bottom trawling technique will be used in fish sample 
collection. Trawl sampling will be conducted in accordance with the Southern 
California Regional Monitoring Program – Trawl Field Guide (2003).  Replicate, 
five-minute trawls, will be performed in basins D, E, and F.  Fishes will be 
identified and enumerated.  Data from replicate trawls will be combined for analysis 
and assessment. 
 
After studying the Los Angeles County Department of Beaches and Harbors 
(LACDBH) 2005 and 2006 annual reports titled “The Marine Environment of 
Marina del Rey Harbor”, it was found that the following bottom dwelling fish 
species were captured most frequently by trawling technique among stations: 
a) White Croaker 
b) California Halibut 
c) Barred Sand Bass 
d) Queenfish 
e) Bat Ray 
f) Shiner Perch 
 
Due to the nature of fishing and the fact that fish do not always cooperate, 
reasonable attempts will be made to collect fish from two (2) of these bottom-
dwelling fish species will be selected and this selection will be prioritized based on 
order of the above list for fish tissue analysis.  Replicate fish tissue will be analyzed 
for total PCBs for each species. 

 
2. Mussels 

Resident mussels will be manually collected for tissue analysis within each of the 
three Back Basins.  In order to reduce temporal variability, following steps will be 
taken: 
 
a) A reconnaissance survey of mussels in the Back Basins will be conducted 

before sampling.  Once potential mussel beds have been located, sampling 
stations will be selected in the beds. 

b) Ten (10) mussels, two (2) replicates of five (5) individuals each, will be 
collected from each station. 

c) Mussel samples will be collected in October each year at the same locations, if 
possible.  Depending on the availability of mussels in subsequent years, the 
same sample location will be used for harvesting mussels or samples will be 
collected from the nearest mussel bed in the same basin. 

d) Mussels of 55 to 65 mm in length, if possible, will be collected in order to 
reduce size related effects. 
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Contact Information: (Subject to change) 
 
Laboratory:  

Data/Sample Management 
• Supervisor:  XXX XXX 

Phone: (XXX) XXX-XXXX 

Email XXX@XXXX.org 
  

• Sample Receiving Desk 
Phone: (XXX) XXX-XXXX 

 
Laboratory 

• Supervisor:  XXX XXX 
Phone: (XXX) XXX-XXXX 

Email XXX@XXXX.org 
 

Recipients of lab results: 
XXXXXX XXXX XXXXX: 

• XXXX XXXX XXXX 
Supervisor:  XXX XXX 
Phone: (XXX) XXX-XXXX 

Email XXX@XXXX.org 
 
• XXXX XXXX XXXX 

Supervisor:  XXX XXX 
Phone: (XXX) XXX-XXXX 

Email XXX@XXXX.org 
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APPENDIX E 
EMD’s Chain-of-Custody Form 

 
 

Examples of worksheets for Chain of Custody sheets (next 2 pages) used by the City of Los 
Angeles’ Environmental Monitoring Division are provided herein. 
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EMD
Department of Public Works           Sample Chain of Custody LIMS #:
Bureau of Sanitation
Environmental Monitoring Division

  EMD Sample ID:
  Project Name:

Sampling Information:
Sampling Agency: Sampling Program:
Agency Sample ID#:
Phone Number:
Fax Number: Purpose of program:
Contact Person:
email address:

Report Time Frame:
Sampler's Name:
Sampler's Title

Sampler's Signature:

Witness: Name Sample Date:
              Title

Sampling Time:
              Name
              Title

Sample Location: Sampling Address:

Requested Analysis: Metals: Micro Biological:
Organics: Toxicity:
Conventional Chemistry: Air Testing:

                       See back of page for specifics analyses
Sample Notification:

Toxicity:     Date:
PC:        Date:

Metals:     Date:
Wet:        Date:

Semi-Vol:     Date:
Micro:        Date:

Volatile:     Date:

Received Date
Released 

Date  SignatureCurrent Holder Name Title Received Time

       Date:
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    Analysis to be performed on the Sample(s):
EMD
LIMS #:

Locator: Collection Time: Locator:        Collection Time:
-1 -6
-2 -7
-3 -8
-4 -9
-5 -10

Sample Information: Liquid: Solid:         Other: Temperature
Grab Composite:

Start time: Finish time: pH
Container: Glass Size:     Color: Number:

Plastic Size:     Color: Number: Residual Cl2
Preservative       Number of samples:

Metals:

Ag Cu Pb Other:

Al Fe Sb

As Hg Se

Ba K Sn

Be Mg Sr Total

85 Ca Mn Tl Dissolved

Cd Mo V

Co Na Zn

Cr Ni

Organics:

       VOC Pesticides/PCB    Clopyralid           Air VOC

       BNA Dioxin - screen    Dioxin - low resolution           Fixed Gases

       TOX Other:    Dioxin - high resolution           GC Sulfur

       Herbicides    Tributyltin           Siloxanes

Conventional Chemical:

Alkalinity MBAS Solids:

BOD Nitrogen:    Total Solids

Boron    Ammonia Nitrogen    Total Dissolved Solids

Chloride    Nitrate-N    Total Suspended Solids

COD    Nitrite-N    Settleable Solids

Conductivity    Organic-N    Volatile Suspended Solids

Cyanide (Free)    Kjeldahl Nitrogen    Volatile Total Solids

Cyanide (Total) Oil & Grease Sulfates

Flashpoint pH Sulfides, Total

Fluoride Phenols Sulfides, Dissolved

Grain Size Phosphate, Total Thiosulfate

Hardness Phosphate, Dissolved TOC

Hexavalent Chromium Radioactivity Turbidity

H2S Salinity Other:

Biological:

Total Coliform Salmonella            Other:

Fecal Coliform Acute Toxicity (Fresh water)

E. coli Chronic Toxicity (Sea water)

Enterococcus Chronic Toxicity (Fresh water)

Remarks:

RB-AR40459



FOR REFERENCE ONLY 

Appendix E-6 

 
 

 
 
 
 
 

THIS PAGE LEFT BLANK INTENTIONALLY 
 

  
  

RB-AR40460



FOR REFERENCE ONLY 

Appendix F-1 

APPENDIX F 
Laboratory Standard Operating Procedures (City of Los Angeles) 

 
Water Quality Monitoring  
       

EMD SOP# 6200.7 – Metals (EPA Methods 200.7) 
EMD SOP# 7230 – Chlorinated Pesticides and PCBs (EPA Method 608) 
EMD SOP# XXXX – Total Suspended Solids (SM 20TH Edition 2540 D) 
EMD SOP # 5700 – Total Dissolved Solids (SM 20th Edition 2540C) 
EMD SOP# 5600 – Settleable Solids (SM 20TH Edition 2540F) 
 

 
Sediment and Bioaccumulation Monitoring 

 
EMD SOP# 6601.0 – Metals (EPA 6010) 
EMD SOP# XXXX – Chlorinated Pesticides (EPA 8081) 
EMD SOP# XXXX – PCBs (EPA 8082) 
EMD SOP # 4160 – Grain Size  
EMD SOP# 4151 – TOC (SM 20th Edition 5310B) 
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ENVIRONMENTAL MONITORING DIVISION 
Hyperion Treatment Plant - Instrumental Chemistry Strategic Business Unit – Metals 

Laboratory 
STANDARD OPERATING PROCEDURE for 

INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROMETRIC 
METHOD FOR TRACE ELEMENT ANALYSIS OF WATER AND WASTES 

 
(EPA Methods 200.7) 

 
EMD SOP# 6200.7 

 
 

Effective Date:       03/01/03 
Version No.:        1 
Total Number of pages:  11 
Prepared by:       Magdi Hanna 
Pages Revised    

 
APPROVAL: 
Laboratory Manager: Lee Huang 
Signature:                          
  
Quality Assurance Manager: Jeff Beller 
Signature:                           
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1. Scope and Application 
 

This method may be used for the determination of dissolved, suspended, or total elements in 
drinking water, surface water, and domestic and industrial wastewaters. It is based primarily 
on EPA method 200.7, 6010B and also on SM3120. User of this SOP should be familiar with 
those methods and also with the EPA digestion method 30005, 3010A, 3020A, 3050B and 
the SM3030 series. 
 
Dissolved elements are determined in filtered and acidified samples. Appropriate steps must 
be taken in all analyses to ensure that potential interferences are taken into account.  This is 
especially true when dissolved solids exceed 1500 mg/L.  
 
Total elements are determined after appropriate digestion procedures are performed. Since 
digestion techniques increase the dissolved solids content of the samples, appropriate steps 
must be taken to correct for potential interference effects.  
 
Table 1 lists elements for which this method applies along with recommended wavelengths 
and typical estimated instrumental detection limits using conventional pneumatic 
nebulization. Actual working detection limits are sample dependent and as the sample matrix 
varies these concentrations may also vary. 

 
2.  Summary of Method 
 

The method describes a technique for the simultaneous multi-element determination of trace 
elements in solution. The basis of the method is the measurement of atomic emission by an 
optical spectroscopic technique. Samples are nebulized and the aerosol that is produced is 
transported to the plasma torch where excitation occurs. Characteristic atomic-line emission 
spectra are produced by a radio-frequency (RF) inductively coupled plasma (ICP). The 
spectra are dispersed by a grating spectrometer and the intensities of the lines are monitored 
by photosensitive device. The photocurrents from the photosensitive device are processed 
and controlled by a computer system. A background correction technique is required to 
compensate for variable background contribution to the determination of trace elements 
 

 
3. Interferences 
 

Several types of interference effects may contribute to inaccuracies in the determination of 
trace elements. They can be summarized as follows: 

 
Spectral interferences can be categorized as (1) overlap of a spectral line from another 
element; (2) unresolved overlap of molecular band spectra; (3) background contribution from 
continuous or recombination phenomena: and (4) background contribution from stray light 
from the line emission of high concentration elements. Utilizing a computer correction of the 
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raw data, requiring the monitoring and measurement of the interfering element can 
compensate the first of these effects. The second effect may require selection of an alternate 
wavelength. The third and fourth effects can usually be compensated by a background 
correction adjacent to the analyte line.  

 
Physical interferences are generally considered to be effects associated with the sample 
nebulization and transport processes. Such properties as change in viscosity and surface 
tension can cause significant inaccuracies especially in samples, which may contain high 
dissolved solids and/or acid concentrations. The use of a peristaltic pump may lessen these 
interferences. 
 
Molecular compound formation, ionization effects and solute vaporization effects 
characterize chemical Interferences. Normally these effects are not pronounced with the ICP 
technique, however, if observed they can be minimized by careful selection of operating 
conditions, by buffering of the sample, by matrix matching, and by standard addition 
procedures.  

 
 
4. Sample Handling and Preservation 
 
      For the determination of trace elements, contamination and loss are of prime concern. Dust in 

the laboratory environment, impurities in reagents and impurities on laboratory apparatus, 
which the sample contacts are all sources of potential contamination. Sample containers can 
introduce either positive or negative errors in the measurement of trace elements by (a) 
contributing contaminants through leaching or surface desorption and (b) by depleting 
concentrations through adsorption. Thus the collection and treatment of the sample prior to 
analysis requires particular attention.      

       
   Before collection of the sample a decision must be made as to the type of data desired, that is 

dissolved, suspended or total, so that the appropriate preservation and pretreatment steps may 
be accomplished. Filtration, acid preservation, etc., are to be performed at the time the 
sample is collected or as soon as possible thereafter.  If properly acid preserved (pH<2), the 
sample can be stored up to 6 months before analysis. 

 
      For the determination of dissolved elements the sample must be filtered through a 0.45 um 

pore-size membrane filter as soon as practical after collection. Acidify the filtrate with (l + l) 
HNO3, to a pH of 2 or less. 

       
   For the determination of suspended elements a measured volume of unpreserved sample must 

be filtered through a 0.45 um pore-size membrane filter as soon as practical after collection. 
The filter plus suspended material should be transferred to a suitable container for storage 
and/or shipment. No preservative is required. 

 
      For the determination of total or total recoverable elements, the sample is acidified with 

(1+1) HNO3, to pH 2 or less as soon as possible, preferably at the time of collection. The 
sample is not filtered before processing.  Following acidification, the sample should be 
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mixed, held for sixteen hours, and then verified to be pH <2 before analysis.  If pH is still 
high, the pH should be adjusted again, held for sixteen hours, and re-checked until verified to 
be pH<2 before analysis. Solid sample only require to be stored at 4oC. 

 
 
5.       Apparatus 
 

Inductively Coupled Plasma-Atomic Emission Spectrometer (Varian Vista-Pro)  
 

Compaq Deskpro Personal Computer, Varian cooler/recirculator  
 

Argon gas supply- high purity grade or better. 
 
The ICP-AES used at EMD lab at HTP is a Varian vista-pro Analytical Instruments model 
Vista CCD ICP_OES. It is a simultaneous, multi-elementals analyzer with an axially 
viewed plasma, a purged Echelle polychromator and a solid state charged coupled device 
(CCD) detector with excess capacity to allow for simultaneous multi-frequencies, multi-
elements analyses. It is capable of high spectral resolution even in the UV region therefore 
minimizing spectral interferences while increasing sensitivity of emission line detection. 
This SOP must be used in conjunction with the operating manual for the Varian vista-pro. 
The Vista-pro is computer control for plasma alignment and ignition. Its software includes 
the FACT (Fast Automated Curve-fitting Technique) inter-elements correction routine for 
spectral and background correction. This routine used spectral information of potential 
interfering elements, stored in its memory to synthesize a matching spectral contour 
adjacent to the peak of analyte of interest in the sample and subtract that from the apparent 
sample’s spectrum to obtain the corrected spectrum. The software also contains library of 
all potential atomic spectral interference lines for all elements, so user can easily choose the 
emission line with the minimum potential for atomic spectral interference. The vista-pro is 
also equipped with an automatic sampler with a peristaltic pump to minimize physical 
interference in the sample transporting system.      

 
 
6. Reagents and Standards 
 

1.  Acids used in the preparation of standards and for sample processing must be trace 
metals high purity grade or equivalent. 
Hydrochloric acid - Concentrated (specific gravity 1.19). 
Nitric acid - Concentrated (specific gravity 1.41). 
 

2.  Deionized, Distilled Water-Prepared by passing distilled water through a mixed bed 
of cation and anion exchange resins.  Deionized, distilled water is used for the 
preparation of all reagents, calibration standards and as dilution water. The purity of 
this water must be equivalent to ASTM Type II reagent water of Specification. 
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3.  Standard stock solutions may be purchased or prepared from ultra high purity grade 
chemicals. Single element stock solutions of 1000 mg/L, used here, were purchased 
from SPEX and from Environmental Resource Associate.  

4.  Mixed Calibration Standard Solutions- stock of the mixed calibration were 
purchased from Inorganic Ventures Inc., Ultra Scientific and from SPEX. These 
stocks included:  
WW-IPC-1 (1000 mg/L each P, K; 200 mg/L each Al, As, Ba, Be, B, Cd, Ca, Ce, 
Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, Ni, Se, Na, Sr, Tl, V, Zn; 25 mg/L Ag) 
WW-IPC-2 (1000 mg/L SiO2, 200 mg/L each Sb, Mo, Sn, Ti)  
ICM-240 (100 mg/L each P, K, Si; 20 mg/L each Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, 
Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn; 5 mg/L Ag)  
ICM-245 (50 mg/L P, 25 mg/L each Al, Sb, As, Ba, B, Cr, Cu, Fe, Pb, Li, Mn, Ni, 
Se, Si, Sr, Tl, Zn, 10 mg/L each Cd, Co, Mn, Sn, V, 5 mg/L each Be, Hg, 2.5 mg/L 
Ag)  
LPC Standard 1 (constituents and concentration the same as ICM-240)  
LPC Standard 2 (same as ICM-245) etc.  
The working mixed calibration standards were prepared by combining appropriated 
volumes of the stock standard solutions in volumetric flasks. The following 
working mixed calibration standard are used:  
Std#1 (ML Be, Pb)=0.002 mg/L Be, and 0.005 mg/L Pb, from a mixture of the 
single stocks of Be and Pb 
Std#2 (ML 0.01)=0.01 mg/L each of Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, 
Pb, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn, 0.05 mg/L each of K, SiO2 and 
0.00125 mg/L of Ag from a serial dilution of the mixture of equal volume of WW-
IPC-1 and WW-IPC-2. Omit Ag at this low concentration in the actual calibration.    
Std#3 (ML Ag)=0.08 mg/L each of Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, 
Pb, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn; 0.40 each of K, SiO2 and 0.01 
of Ag from a serial dilution of the mixture of equal volume of WW-IPC-1 and WW-
IPC-2. 
Std#4 (1.0 mg/L)=1.0 mg/L each of Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, 
Pb, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn; 5.0 mg/L each of K, SiO2 and 
0.125 mg/L of Ag from a serial dilution of the mixture of equal volume of WW-
IPC-1 and WW-IPC-2.  
Std#5 (4.0 mg/L)=4.0 mg/L each of Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, 
Pb, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn; 20 mg/L each of K, SiO2 and 
0.50 mg/L of Ag from a serial dilution of the mixture of equal volume of WW-IPC-
1 and WW-IPC-2.  
It should be noted that if the analysis of the metal components contained in WW-
IPC-2 are not required (i.e., do not need Sb, Mo, SiO2 and Sn) then only the stock 
of WW-IPC-1 should be used in the preparation of Std#2 to Std#5. Further more 
since the method requires only blank and three others calibration standards for the 
calibration of the instrument, the analyst has the option not to include one or two of 
the ML mixed calibration standards (if this exclusion still meet the ML 
requirements of the regional water quality control board for the permit reporting) in 
the actual calibration. 

RB-AR40467



FOR REFERENCE ONLY 

Appendix F-8 

Std#6 (20.0 mg/L)= 20.0 mg/L each of Al, Na, Fe, K, Ca, Mg from the single stocks 
of 1000 mg/L of Al, Na, Fe, K and Ca.  
Std#7 (40.0 mg/L)= 40.0 mg/L each of Al, Na, Fe, K, Ca, Mg from the single stocks 
of 1000 mg/L of Al, Na, Fe, K and Ca. 
Std#6 and 7 are included here only if the analyst want to extend the upper linear 
dynamic range of those elements by monitoring of the lower sensitive wavelengths 
of those elements.   
The mixed standard solutions are transferred to a polyethylene bottle for storage. 
Fresh mixed standards should be prepared as needed with the realization that 
concentration can change on aging. Calibration standards must be initially verified 
using a quality control sample. 
The acceptable correlation coefficient of linearity for the calibration of each 
frequency must be 0.998 or greater.  
 

5.  Two types of blanks are required for the analysis. The calibration blank is used in 
establishing the analytical curve while the reagent blank is used to correct for 
possible contamination resulting from varying amounts of the acids used in the 
sample processing. 

       The calibration blank is prepared by diluting 10 ml of conc. HNO3 to 1000 ml with 
deionized, distilled water.  

       The reagent blank must contain all the reagents and in the same volumes as used in 
the processing of the samples. The reagent blank must be carried through the 
complete procedure and contain the same acid concentration in the final solution as 
the sample solution used for analysis. 

 
6.  Instrument performance check (IPC) solution is prepared by the analyst using 

mixture of WW-IPC-1+2. The IPC solution is used to periodically verify instrument 
performance or drift during analysis. It should be prepared in the same acid mixture 
and same source as calibration standards. Silver must be limited to<0.5 ppm while 
potassium and silica should be at 10 ppm. For all other analytes a concentration of 2 
ppm is recommended. Analysis of the IPC solution immediately following 
calibration must verify that the observed values are within 5% of the expected 
values. Subsequent analyses of the IPC solution must be within 10% limit. Analyze 
the IPC solution following each 10 samples and at the end of the run. If the 
calibration cannot be verified within the specified limits, reanalyze either or both 
the IPC solution and the calibration blank. If the second analysis of the IPC solution 
or the calibration blank confirm calibration to be outside the limits, sample analysis 
must be discontinued, the cause determined, corrected and/or the instrument 
recalibrated. All samples following the last acceptable IPC solution must be 
reanalyzed. 

 
7.  Spectral interference check (SIC) solution: Prepared by the analyst, using a mixture 

of IPC 1+2 2.0 ppm conc. Spiked with 100 ppm of the single analytes Al, Fe, Na, 
K, Ca, Mg. This solution is to verify the FACT feature used to separate the 
interferer peaks from the interference analytes, should confirm an operative 
interference that is 10% range of the analyte conc. 
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8.  The quality control sample (QCS): Must be obtained from an outside source 

different from the standard stock solutions used for the preparation of the 
calibration standards and should be prepared in the same acid matrix as the 
calibration standards at a concentration > or = 1 mg/L, except for silver, which must 
be limited to a concentration of 0.5 mg/l (in our case ICM-240 is used from 
ULTRA SCIENTIFIC with the proper dilution). 

 
9. Laboratory fortified sample matrix (LFM) and its duplicate: Prepare by adding 1.0 

ml of ICM240 stock into an aliquot of the sample (100 ml for surface, ground 
water, treatment plant effluents and 50 ml for industrial waste samples).  

 
10. Laboratory fortified blank (LFB): Prepare by adding 1 ml of ICM240 stock into 

calibration blank and make up volume to 100 ml. It must be treated the same as 
sample in a batch (must gone thru the same sample preparation steps).   

 
 
7. Safety 

 
The toxicity and carcinogenicity of each reagent used in this method has not been precisely 
defined; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible 
level by whatever means available. The laboratory is responsible for maintaining a current 
awareness file of OSHA regulations regarding the safe handling of the chemicals specified 
in this method. A reference file of material data handling sheets should also be made 
available to all personnel involved in the chemical analysis.  

 
Safety goggle and protective lab coat must be worn all the time while working in the lab. 
Wear glove when handle samples and chemicals. 

 
 
8. Procedure 
 

Sample Preparation: Refer to (EPA method 3005, 3010A, 3020A and SM3030) SOP on 
sample preparation. 

 
Instrument start-up and warm-up procedures: 
 
1. Open the Argon supply, turn on the cooling system, attach the tubing in the 

peristaltic pump. 

2. In the main menu of the ICP program, set “instrument parameters” to: 

Coolant flow = 12-13 ml/min  

      Auxiliary flow =1.5ml/min,   

            Nebulizer flow = 0.9ml/min  
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3. Turn on the pump and the hood the moment the plasma is lighted. The instrument is 
allowed to stabilize for at least 30 minutes before analysis is started. 

 

4. Reprofile optics and optimize the torch position before actual analysis is done once a 
month as recommended by the manufacture. 

 
Sample Analysis 
 
1. Choose and update the method and prepare the standards and samples sequence. 

2. Calibrate the instrument then analyze the samples.  

3. Analyze calibration blank, Instrument Performance Check, Spectral interference 
check at the frequency specified in the method (see section 11).  

 
9.        Calculation 
 

Reagent blanks (Section 6.5) should be subtracted from all samples. This is particularly 
important for digested samples requiring large quantities of acids to complete the digestion. 
 
If dilutions were performed, the appropriate factor must be applied to sample values. 
 
Data should be rounded to the thousandth place and all results should be reported in mg/L 
up to three significant figures. 
 

10.      Data Management 
 

Raw data are stored in ICP software under the filename “E:\ICP\2003\yymmdd.CSV”. 
For data reduction, the same data are extracted and transferred to 
“EMDB/ICP_DATA/2003”. Final results are manually entered into Laboratory 
Information Management System. A hard copy of all the raw data is kept in the 
laboratory for five years. 
 

11. Quality Control 
 

The initial demonstration of performance for this method consists of conducting Linear 
Dynamic Range (LDR), QCS, and Method Detection Limit (MDL).  The first two 
requirements are discussed below.  

 
Check the instrument standardization and method performance by analyzing appropriate 
quality control check standards as follow: 
 
Instrument performance check standard (IPC) containing the elements of interest are 
analyzed immediately following a blank, after the calibration, and at a frequency of 10% 
thereafter. This check standard is used to determine instrument drift. If agreement is not 
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within 5% initially and 10% subsequently of the expected values the analysis is out of 
control. The analysis should be terminated, the problem corrected, and the instrument 
recalibrated. 
 
Laboratory reagent blank (LRB) The laboratory must analyze at least one LRB with each 
batch of 20 or fewer samples of the same matrix. When LRB values constitute 10% or 
more of the analyte level determined for a sample or is 2.2 times the analyte MDL 
whichever is greater, fresh aliquots of the samples must be prepared and analyzed again 
after the source of contamination has been corrected and acceptable LRB values have 
been obtained.   

        
Spectral interference check (SIC) is analyzed at the beginning, end, and at periodic 
intervals throughout the sample run to verify interelement and background correction 
factors. Results should fall within the established control limits of one and a half times 
the standard deviation of the mean value. If the results are not within the control limit, the 
analysis is terminated, the source of the problem identified and corrected and the 
instrument recalibrated.   

        
A quality control sample (QCS) obtained from an outside source must first be used for 
the initial verification of the calibration standards. Before any laboratory can use this 
method it must demonstrate that the mean concentrations from three analyses of the QCS 
are within 5 % of the stated values.  The required frequency for the analysis of QCS is 
quarterly but it is this laboratory practice to analyze QSC with every batch run.  

  
Laboratory fortified blank (LFB): The laboratory must analyze at least one LFB with 
each batch of samples. If 1 ml of ICM 240 is use the analytes concentrations would be as 
follow K=1.0, Ag=0.05 and the rest of elements= 0.2 ppm, the LFB recovery must be 
between 85-115% or within the statistical control limit of mean% recover +/- 3 STDEV 
(Standard deviation), whichever is lower. The number of the data points use to determine 
the STDEV are between 20 to 30 and the STDEV is updated whenever a new set of 5-10 
new data points are available. 
Any analyte falls outside the required control limits; source of the problem should be 
identified and resolved before continuing analyses. 

 
Laboratory fortified matrix (LFM) Run matrix spike sample at a frequency of one and a 
duplicate per matrix batch of 10 samples. The spike concentrations should be the same as 
those of the LFB. The spike recovery should be within 70% to 130% of the true value. 
Do not calculate the percent recovery for constituent that the spike amount is lower than 
30 % of it background value. The maximum relative percent different (RPD) allowed for 
LFM and its duplicate is 15%.   

  
The upper limit of the linear dynamic range has to be established before this method can 
be used. This could be achieved by running the standard with increasing concentration 
against a normally run calibration set (one blank and three mixed calibration standards). 
The upper limits LDR are the highest concentrations for each element where recovery is 
equal or greater than 90% of the expected values. The upper LDR for the Varian Vista-
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pro ICP are list in table 1.  Any samples that has its concentration exceeds 90% of the 
upper LDR has to be diluted and reanalyzed.  

 
12.      Lowest Reporting Level  
 

ML and MDL for metals by EMD lab at HTP are listed in page 11 of this SOP. 
 
13.      Precision and Accuracy 
 

The Quality Assurance Branch (QAB) of the Environmental Monitoring Systems 
Laboratory – Cincinnati (EMSL-CI), conducted an interlaboratory study of metal 
analyses by this method. Synthetic concentrates containing various levels of the twenty-
five elements listed in Table 4 were added to reagent water, surface water, drinking water 
and three effluents. These samples were digested by either the total digestion procedure 
or the total recoverable procedure.  

 
14.      References 
 

EPA Method 200.7, 1994  
EPA Method 6010B, 1996 
SM 3120B, Metals By Plasma Emission Spectroscopy, Standard Method for the 
Examination of Water and Wastewater, 18th Edition 

 
15. Appendices 
 

TABLE 1: WAVELENGTHS, INSTRUMENT DETECTION LIMITS 
                   Detection                              Reporting & ML      Upper 
Analyte            Wavelength Limit (DI water)         Limit    LDR Limit 
                   (nm)                     mg/l             mg/l     mg/L 
 
Aluminum  308.215                0.008                    0.20       200 
Antimony        206.833                0.002                 0.05       20 
Arsenic               193.759                0.008                    0.01       20 
Barium         493.409                0.0005                 0.01       10 
Beryllium        313.042                0.0005                 0.002       10 
Cadmium    226.502                0.0005                 0.01       10 
Calcium              315.887                0.018           0.20       50 
Chromium       205.552                0.001                    0.010       10 
Cobalt        228.616                0.0005                 0.01       10 
Copper        324.754                0.001                 0.01         10 
Iron               259.940                0.014                 0.10       10 
Lead         220.353                0.002           0.005       10 
Magnesium       279.078                0.008                    0.20       40 
Manganese       257.610                0.001           0.01       10 
Molybdenum     202.032                0.001                    0.01       10 
Nickel        231.604                0.0005           0.02       10 

RB-AR40472



FOR REFERENCE ONLY 

Appendix F-13 

Potassium       766.491                0.031                    0.20       100 
Selenium        196.026                0.004           0.01       20 
Silver        328.068                0.0005                  0.01       2.5 
Sodium              589.592                0.051                 1.0      120 
Strontium       407.771                0.0005                 0.01      10 
Thallium        190.794                0.0005           0.01      10  
Vanadium       292.401                0.0005                  0.01      20 
Zinc         213.857                0.006                 0.02      10 
Tin                     189.927                0.006                    0.01       10 
 
 
The wavelengths listed are recommended because of their sensitivity and overall 
acceptability.  Other wavelengths may be substituted if they can provide the needed 
sensitivity and are treated with the same corrective techniques for spectral interference. 
 
References 
 
EPA Method 6010B, 1998 
EPA Method 200.7 Revision 4.4 
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1.0. SCOPE AND APPLICATION 
 
1.1. This method covers the determination of certain organochlorine pesticides and PCBs.  The 

following parameters can be determined by this method: 
 
  PARAMETER      STANDARD USED 
 1) ALDRIN       MIX AB 
 2) AROCLOR 1016      INDIVIDUAL 
 3) AROCLOR 1221      INDIVIDUAL 
 4) AROCLOR 1232      INDIVIDUAL 
 5) AROCLOR 1242      INDIVIDUAL 
 6) AROCLOR 1248      INDIVIDUAL    
 7) AROCLOR 1254      INDIVIDUAL    
 8) AROCLOR 1260      INDIVIDUAL    
 9) A-BHC        MIX AB    
 10) B-BHC        MIX AB     
 11) D-BHC        MIX AB    
 12) G-BHC        MIX AB    
 13) CHLORDANE      INDIVIDUAL    
 14) CHLORDANE(5-COMPONENTS) INDIVIDUAL     
 15) DIELDRIN       MIX AB     
 16) ENDRIN       MIX AB     
 17) ENDOSULFAN I     MIX AB     
 18) ENDOSULFAN II     MIX AB 
 19) ENDOSULFAN II SULFATE   MIX AB 
 20) ENDRIN ALDEHYDE    MIX AB    
 21) HEPTACHLOR      MIX AB     
 22) HEPTACHLOR EPOXIDE   MIX AB     
 23) METHOXYCHLOR     MIX AB     
 24) MIREX        MIX AB     
 25) O, P'-DDE       MIX AB 
 26) O, P'-DDD       MIX AB     
 27) O, P'-DDT       MIX AB   
 28) P, P'-DDE       MIX AB 
 29) P, P'-DDD       MIX AB 
 30) P, P'-DDT       MIX AB     
 31) TOXAPHENE      INDIVIDUAL 
 
1.2. This is a gas chromatographic (GC) method with dual-column and dual-electron capture 

detector. 
 
1.3. It is applicable to the determination of the compounds listed above in municipal and 

industrial discharges as provided under 40 CFR Part 136.1.  Compound identification 
based on the first column analysis will be confirmed on a second column. 
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1.4. This method is restricted to use by or under the supervision of analysts experienced in the 
use of a gas chromatograph and in the interpretation of gas chromatograms. Each analyst 
must demonstrate the ability to generate acceptable results with this method using the 
procedure described in Section 8.2. 

 
2.0. SUMMARY OF METHOD 
 
2.1. A measured amount of sample, approximately 1 L, is extracted with methylene chloride 

using separatory funnel or continuous extraction procedure.  The extract is dried and solvent 
exchanged to hexane during concentration to a volume of 10 ml or less. 

 
2.2. The extract is passed through florisil column (florisil cleanup) to eliminate interferences.  

Two florisil column fractions, A and B, are collected. 
 
2.3. Elemental sulfur will usually elute entirely in Fraction A of the florisil cleanup.  

Activated copper powder is used to remove sulfur in Fraction A. 
 
2.4. A Gas Chromatography with dual-column and dual-electron capture detector (ECD) is 

used to qualify and quantify the samples. 
 
2.5. The calibration curve used is an external standard linear regression not forced through the 

origin; five points are used for the single component analytes, three points for the multi-
component analytes.  The lowest calibration concentrations meet The Regional Water 
Quality Control Board’s (RWQCB) Minimum Level requirement.  The relative standard 
deviation of the curve must be less than 10%.  Otherwise, a second order fit should be 
used. 

 
2.6. The minimum detection limits (MDL) were determined by multiplying the standard 

deviation of seven replicate analyses by t-score value at 99% certainty (40 CFR part 136, 
appendix B). 

 
2.7. Tentative identifications are obtained by analyzing standards under the same conditions 

used for samples and comparing resultant GC retention times.  Confirmatory information 
is obtained by comparing the relative response from the two detectors. 

 
3.0 INTERFERENCES 
 
Sources of interference in this method can be grouped into three broad categories. 
 
3.1 Contaminated solvents, reagents, or sample processing hardware. 
 
3.2 Contaminated GC carrier gas, parts, column surfaces, or detector surfaces. 
 
3.3 Compounds extracted from the sample matrix to which the detector will respond. 
 
3.4 Interferences co-extracted from the samples will vary considerably from waste to waste. 
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  4.0. SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIME 

 
4.1. Before use, all sample containers are washed with soap and tap water, rinsed with hexane, 

then dried.  Care must be taken to avoid contact with plastic to minimize phthalate 
interference in the analyses. 

 
4.2 Liquid samples are collected in 1000 ml or 1gallon-glass bottles with Teflon lined caps. 

Liquid samples are stored at 4 oC and must be extracted within 7 days. The extracts must 
be analyzed within 40 days. 

 
5.0. CHAIN OF CUSTODY AND SAMPLE REGISTRY  
 
5.1. All samples are delivered to the sample Receiving Unit. The samples are logged into LIMS 

and stored at 4 oC.  The Organic Unit receives samples from the sample-receiving unit for 
analysis.  

 
5.2. Samples will be logged into organic logbook and a copy of chain of custody will be kept in 

work order book. 
 
6.0. APPARATUS 
 
6.1. Glassware 
 

• 1000 ml separatory funnel with teflon stopcock and glass stopper 
• 125 ml separatory funnel with teflon stopcock and glass stopper 
• 1 L beaker 
• 250 ml beaker 
• 100 mm long-stemmed funnel 
• Kuderna-Danish (K/D) flask, 250 ml 
• 250 ml round bottom flask 
• soxhlet extractor 
• graduated ampoule 
• ungraduated ampoule 
• Snyder column (three ball) 
• 500 ml graduated cylinder 
• chromatographic column with reservoir 
• 5 ml vials with teflon septa 
• 2 ml vials with teflon septa 
• centrifuge bottles 
• dispensing flask 

 
6.2. Equipment 
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• Shake 
• Double beam balance 
• Centrifuge 
• Waterbath 
• Solvent evaporation unit 
• Nitrogen stream evaporation unit 
• Waterbath 
• Glass wool 
• Boiling chips (soxhlet extracted or put in furnace at 4000C) 
• Clamps (various sizes) 
• Tweezers 
• Thimbles 
     

6.3 Gas Chromatograph 
 

6.3.1 Analytical system complete with programmable GC suitable for organochlorine pesticides 
and PCBs analyses and all required accessories, including a data system for measuring peak 
heights and areas.   

 
6.3.2 GC columns: a) DB-5 or similar type, 30m 0.32mm ID, 0.25 um film thickness; b) DB-1701 

or similar type, 30m 0.32mm ID, 0.25 um film thickness. 
 
6.3.3 The following GC/ECD systems are available for Pesticides and PCBs analyses: 
  A. HP 5890 GC-ECD 
  B. HP 6890 GC-ECD 
  C. Varian 3800 GC-ECD #1 
  D. Varian 3800 GC-ECD #2 
     
  6.3.3.1. Gas Chromatograph- HP 5890 

  Data station with Window NT and HP ChemStation Enviroquant software 
   Dual Electron Capture Detectors 
  Autosampler (HP 7673) 
  Columns: 
  Primary: DB5-60 m length, 0.32 mm diameter. 
  Confirmation: DB-XLB 60 m length, 0.32 mm diameter. 

   
    On Column Dual Injection (two independent injectors)  
    HP LaserJet 4 printer 
 
    HP5890 Temperature Program for All Samples: 
 
    Detector Temperature:  300  OC 
 
    Injector Temperature:    250 OC 
 
    Oven Program: 
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    Initial Temperature  120 OC 
    Initial Time    0.5 Minutes 
 
    Level  Rate  Final Temp  Final Time 
       (C/min)  (OC)    (min) 
    1    5.0   160    0.00  
    2    3.0   260    3.0 
 
    Total Program Time: 44.83 Minutes 
    
    Inlet A Pressure Values: 
 
    Constant Flow: On 
    Pressure:       267 kpa    
    Temperature  120 OC 
 
    Inlet B Pressure Values: 
  
    Constant Flow:  On 
    Pressure:  111 kpa 
    Temperature: 120 OC 
 
  6.3.3.2. Gas Chromatograph- HP 6890 
   
         Data station-Kayak with Windows NT and HP ChemStation Enviroquant software 
  Electron Capture Detector 
 Autosampler (HP 6890 series) 
    Columns: 
    Primary: HP-5 30m length, 0.320-mm id. 
    Confirmation: DB-1701 30m length, 0.320-mm id. 
     Dual Injectors – fast inject  
    HP LaserJet 4000 printer 
 
    HP6890 Temperature Program for All Samples: 
    Detector Temperature:  300 OC 
    Oven Program: 
    Initial Temperature: 100 OC 
    Initial Time: 2.0 Minutes 
 
    Level  Rate  Final Temp  Final Time 
       (OC /min) (OC)    (min) 
    1    8.0   160    0.00  
    2    2.0   265    5.00 
 
    Total Program Time: 67.0 Min 
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   Inlet Temperature/Pressure Information for Both Inlet A and B: 
 
   Initial Temperature: 250 OC (On) 
   Initial Time: 2.0 Minutes 
   Mode: Pulsed Splitless 
   Pressure: 63.4 kpa (On)-Injector A 
   Pressure: 56.4 kpa (On)-Injector B 
   Pulse Pressure: 172 kpa 
   Pulse Time: 0.75 min. 
   Purge Flow: 0.75 mL/min 
   Total Flow: 64.0 mL/min(A); 63.9 mL/min(B) 
   Gas Saver: On 
   Saver Flow: 20 mL/min 
                 Saver Time: 3.00 min 
   Gas Type:  Helium 

 
  Pressure Program: 
     
  GC Pressure Units:  kpa 
  Entered Values: 
  Column Length:     30m  
           Column Diameter:  0.320 mm 
  Gas:    Helium 
  Vacuum Comp:  Off 

 
 Column 1      Column 2 
 
 Hp-5 5% Methyl Siloxane   DB-1701 
 Mode: Constant Flow    Mode: Ramped Flow 
 Initial flow:  1.5 mL/min   Initial flow: 1.3 mL/min 
 Nominal Initial Pressure: 63.4 kpa   Nom. Initial Pressure: 56.4 kpa 
 Average Velocity: 29 cm/sec  Average Velocity: 26 cm/sec 
       
 Ramped Flow Program for Column 2 
 
 # Rate  Final Flow  Final Time 
 1 40.00  5.0    5.00 
 2 40.00  1.0    28.00   

3 0.0 (Off) 
 
 Post Flow: 0.0 mL/min 
 Data station-Kayak with Windows NT and HP ChemStation Enviroquant software 
  Electron Capture Detector 
 Autosampler (HP 6890 series) 
 Columns: 
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 Primary: HP-5 30m length, 0.320-mm id. 
 Confirmation: DB-1701 30m length, 0.320-mm id. 
   
 Dual Injectors – fast inject  
 HP LaserJet 4000 printer 
 
 HP6890 Temperature Program for All Samples: 
 
 Detector Temperature:  300 OC 
 Oven Program: 
 Initial Temperature  100 OC 
 Initial Time   2.0 Minutes 
 

   Level  Rate  Final Temp  Final Time 
      (OC /min) (OC)    (min) 
   1    8.0   160    0.00  
   2    2.0   265    5.00 

 
 Total Program Time: 67.0 Min 
 
 Inlet Temperature/Pressure Information for Both Inlet A and B: 

 
   Initial Temperature  250 OC (On) 
   Initial Time   2.0 Minutes 
   Mode: Pulsed Splitless 
   Pressure: 63.4 kpa (On)-Injector A 
   Pressure: 56.4 kpa (On)-Injector B 
   Pulse Pressure: 172 kpa 
   Pulse Time: 0.75 min. 
   Purge Flow: 0.75 mL/min 
   Total Flow: 64.0 mL/min(A);63.9 mL/min(B) 
   Gas Saver: On 
   Saver Flow: 20 mL/min 
                 Saver Time: 3.00 min 
   Gas Type:  Helium 

    
    Pressure Program: 
     
    GC Pressure Units: kpa 
    Entered Values: 
    Column Length: 30m  
             Column Diameter:  0.320 mm 
    Gas:   Helium 
    Vacuum Comp: Off 
 
 

RB-AR40482



FOR REFERENCE ONLY 

Appendix F-23 

 Column 1       Column 2 
 
 Hp-5 5% Methyl Siloxane    DB-1701 
 Mode: Constant Flow     Mode: Ramped Flow 
 Initial flow:  1.5 mL/min    Initial flow: 1.3 mL/min 
 Nominal Initial Pressure: 63.4 kpa      Nom. Initial Pressure: 56.4 kpa 
 Average Velocity: 29 cm/sec   Average Velocity: 26 cm/sec 
       
 Ramped Flow Program for Column 2 
 
 # Rate  Final Flow  Final Time 
 1 40.00  5.0    5.00 
 2 40.00  1.0    28.00   
 3.  0.0 (Off) 
 
 Post Flow: 0.0 mL/min 
    

6.3.3.3. Gas Chromatograph- Varian 3800 GC-ECD 
   

  Data station- Varian STAR Chromatography Workstation 5.52 with Windows NT  
   Electron Capture Detector 
  Autosampler (Varian  CP-8400) 
  Columns: 
  Primary: DB-5 60m length, 0.320-mm id. 
  Confirmation: DB-1701 60m length, 0.320-mm id. 
   
  Dual Injectors – Varian 1079 Variable Temperature Injector  
  HP LaserJet 4100 printer 
 
  HP6890 Temperature Program for All Samples: 
 
  Detector Temperature:   300 OC 
  Oven Program: 

   Initial Temperature  70 OC 
   Initial Time    2.3 Minutes 
 
   Level  Rate  Final Temp  Final Time 
      (OC /min) (OC)   (min) 
   1    15.0   170    0.00  
   2    4.0   220    0.00 
   3    2.0   265    5.00 
 

  Total Program Time: 48.97 Min 
 
  Inlet Temperature/Pressure Information for Both Inlet A and B: 
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   Initial Temperature    250 OC (On) 
   Initial Time      2.0 Minutes 
   Mode:        Pulsed Splitless 
   Injector A (EFC Type 1):    Constant Column Flow is 3.6 ml/min 
   Pulse Pressure:      60.0 psi 
         Pulse Duration:      2.30 min 
                      Injector B (EFC Type 1):    Constant Column Flow is 3.4 ml/min 
   Pulse Pressure:      60.0 psi 
         Pulse Duration:      2.30 min 

                             Gas Type:        Helium 
 

 Column 1      Column 2 
 
 DB-5 5% Methyl Siloxane   DB-1701 
 Mode: Constant Flow    Mode: Constant Flow 
  Flow:  3.6 mL/min    Initial flow: 3.4 mL/min 
  Initial Pressure: 60 psi         Initial Pressure: 60 psi 

 
 
 
 
7.0. CHEMICALS AND REAGENTS 
 

 7.1.     Chemicals 
 

• Hexane - pesticide grade 
• Methylene Chloride - pesticide grade 
• Acetone 
• acetonitrile 
• Ethyl ether - pesticide grade 
• Florisil (60/100 mesh) 
• Sodium sulfate (granular) 
• Copper (granular) 

  7.2.    Standards 
 

7.2.1 All calibration standards should be at least 96% pure and are generally purchased 
ChemService (primary standards).  Second source standards and LCS spike standards are 
purchased from Ultra Scientific.  All standards are prepared in hexane except LCS spiking 
standards (in methanol), with volumetric flasks and stored in amber bottles with Teflon lined 
caps at 4 0C. 
 

7.2.2 Five calibration concentrations are prepared for each standard  or set of standards.  New 
standards are prepared within 6 months (or sooner if signs of degradation are apparent). 
Newly prepared standards are compared with second source standards. If they are not within 
20%, the standards are verified against a third source. 
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7.2.3 See Attachment for standard preparation. 
   

 8.0.  EXTRACTION  
 

8.1. All samples undergoing extraction are entered into the extraction logbook.  This book contains the 
sample log number, date extraction started, date extraction finished, spike amount, date of florisil, 
sulfur clean up, final volume, date concentrated, and initials of person conducting extraction. 

 
8.2. EMD follows both liquid-liquid manual extraction and automated continuous 

Extraction procedure. Please refer to Appendix - A for Continuous Extraction. 
 

8.3 Liquid - Liquid Manual Extraction procedure: 
 
a. Rinse the following glassware with hexane: separatory funnel, long-stemmed funnel, 

graduated cylinder, K/D flask, ampoule. 
 
b. Using stainless steel tweezers, place a small amount of glass wool in the long-stemmed glass 

funnel. 
 
c. Place approximately 100 grams of sodium sulfate over the glass wool and rinse with 

methylene chloride. 
 
d. Connect the K/D and ampoule with a blue plastic clamp and position them underneath the 

glass funnel with the tip protruding approximately one inch into the K/D. 
 
e. Attach a stopcock to the separatory funnel and place on a ring stand. 
 
f. Label the separatory funnel and K/D with the name of the sample and the log number. 
 
g. Pour 500ml of a well-mixed sample into the graduated cylinder. 
 
h. Carefully pour the sample into the separatory funnel (use a funnel if necessary) and rinse the 

graduated cylinder with three 10ml portions of distilled water. 
 
i. Spike each sample with surrogate and add pesticide spike to  samples assigned for QC. 

(Ask the chemist to do the spiking). 
 
j. Rinse the graduated cylinder with two 25ml, portions of methylene chloride and pour into 

the separatory funnel. 
 
k. Stopper the separatory funnel, invert, and vent immediately (always vent into the fume 

hood). 
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l. Shake a few times and vent again.  Continue this step until the pressure has been released. 
 
m. Place the separatory funnel on the mechanical shaker and shake for two minutes. 
 
n. After removal, wait at least ten minutes for the organic and aqueous layers to separate. If no 

emulsion layer is formed, proceed with step p. 
 
o. If an emulsion is present, continue with the following steps: 
 

i. Drain the emulsion into a previously rinsed centrifuge bottle.  Using another 
centrifuge bottle (filled with water or another sample) to balance the two bottles by 
adjusting the weight with distilled water.  

 
ii. Place the bottles on opposite sides in the centrifuge and centrifuge the samples 

approximately ten minutes.  
 
iii. Slowly pour the sample back into the separatory funnel using a funnel if necessary.  

Rinse the centrifuge bottle with three 10ml portions of distilled water. 
 

p. Drain the organic layer into the K/D flask through the funnel containing sodium sulfate. 

 
q. Add 50ml of methylene chloride to the separatory funnel.(If the sample was centrifuged, 

rinse the centrifuge bottle with two 25ml portions of methylene chloride and pour into the 
separatory funnel). 

 
r. Repeat steps k-q for second extraction. 
 
s. Repeat steps k-q for third extraction. 
  
t. Discard the water layer and rinse the separatory funnel with 3 10 ml portions of methylene 

chloride. Drain each portion through sodium sulfate into the K/D flask. 
 
u. Put 1-2 boiling chips into the K/D and adjust the water temperature to 65-700C. 
 
v. Rinse the Snyder column with approximately 5ml of methylene chloride and connect to 

the K/D. 

 
w. Connect the K/D and Snyder column to the distillation unit. The water level must be below 

the connection of the K/D to the ampoule. 
 
x.  Concentrate the sample to approximately 8-10ml and cool for a few minutes. 
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y. Add 25ml of hexane to the K/D through the top of the Snyder column (solvent exchange) 
and add another boiling chip. Adjust temperature to 80-85oC. 

 
z. Concentrate the sample to approximately 8-10ml.  After cooling, stopper the ampoule and 

place it in the refrigerator until the florisil cleanup can be started. 
 
 
9.0 FLORISIL AND SULFUR CLEANUP 
 
            Refer to the Appendix B for Florisil and Sulfur Cleanup Procedures. 
  
10.0. GAS CHROMATOGRAPH 
 
10.1 Documentation 
 
 Analyst will write his/her initial and date in extraction logbook before analysis starts.  The 

raw data, originally stored on the hard disk, is transferred to Virtual Drive for long term 
storage.  

 
10.2 Instrument set up  
 
 see 6.3  
 
10.3. Calibration 
 
            10.3.1    Initial calibration for single component analytes (Pesticides and 5 chlordane 

congeners) 
 

   10.3.1.1 The external standard calibration procedure is used.  Initial calibration is 
performed by using 5 concentration levels for single component analytes. 
The acceptance criteria for the initial calibration is that the relative 
standard deviation (%RSD) of the calibration factors less than 10%.  
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                  __ 
     %RSD = SD*100/CF 
    __ 
    CF = average calibration factor 

 A = Peak area of the compound in the standard 
 C = Concentration of the compound   
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     SD = standard deviation of calibration factors 
    CF = calibration factor  
    

 10.3.1.2  Average calibration factor is used to calculate unknown concentration in 
samples. 

 
   10.3.1.3 A second order fit calibration curve is used if %RSD > 10%.  
 

            10.3.2   Initial calibration for multiple-components analytes(Chlordane, Toxaphene and 
Aroclors) 

 
10.3.2.1 The external standard calibration procedure is used. Initial calibration is 

performed by using 3 concentration levels.   
 

10.3.2.2 7 to 10 characteristic peaks are chosen for calibration. 
 

10.3.2.3 The acceptance criteria for the initial calibrations is that the percent relative 
standard deviation(%RSD) of the calibration factors is less than 10% for 
each of the characteristic peaks. 

  
10.3.2.4 A second order fit calibration curve is used if %RSD > 10%.  

    
  10.3.3    Daily Calibration for single components 
 

10.3.3.1 The working calibration curve must be verified on each working day by 
injection  of one or more of the calibration standards.  The mid-point 
concentration from the five point curve is used as the continuing 
calibration standard and is analyzed at the beginning of each working day. 

 
10.3.3.2 The acceptance criteria for the daily calibration is that the %RPD (relative 

percent difference), must be < 15% before any sample is analyzed. 
                              __           __   
    %RPD= |CF-CF|*100/CF    
   

10.3.4 Daily calibration for multiple peak components (Chlordane, Toxaphene and 
Aroclors) 

 
10.3.4.1 The working calibration curve must be verified on each working day by 

injection of one or more of the calibration standards.  The mid-point 
concentration from the three point curve is used as the continuing 
calibration standard and is analyzed at the beginning of each working day. 

 
10.3.4.2 The acceptance criteria for the daily calibration is that the %RPD (relative 

percent difference), must be <%15 before any sample is analyzed. 
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10.4 GC operation (samples) 

 
10.4.1 Calibration is checked by analyzing mid-point standard and meeting the criteria in 

10.3.3 and 10.3.4 before sample analysis is continued. 
 

10.4.2 Inject a 1-µL aliquot of the concentrated sample extract. Record the volume 
injected and the resulting peak size in area units. 

 

10.4.3 Qualitative identifications of target analytes are made by examination of the 
sample chromatograms, as described in Section 11. 

 

10.4.4 Quantitative results are determined for each identified analyte, using the 
procedures described in section 11. If the responses in the sample 
chromatogram exceed the calibration range of the system, dilute the extract and 
reanalyze. 

 

10.4.5 In an autosampler run, hexane is run after at least every 15 samples or less to 
check for carryover. 

 
11.0 IDENTIFICATION 
 
11.1 Target analytes are identified by comparing the retention time of the peaks in the sample 

chromatogram with those of the peaks in standard chromatograms.  The width of the 
retention time window used to make identification should be based upon measurement s of 
actual retention time variations of standards (mean + 3 x standard deviation).  All analytes 
identified in primary column must be confirmed on the second column. 

 
11.2 For single component analytes, positive hits on the primary column must be confirmed on 

the second column. 
 
11.3 Following criteria are used to identify multi-component analytes: 

 
11.3.1 At least 5 of the characteristic peaks must be within plus or minus three times the 

standard deviation of the retention time of their corresponding peak in the standard. 
 
11.3.2 The pattern in the sample chromatogram should be compared to that of the standard 

to ensure that all the major components in the standard are present, and ratio of the 
peaks in the sample to those in the standard should be consistent within the 
limitations imposed by the matrix. 

 
11.3.3 For Aroclors, comparing the sample chromatogram to that of the most similar 

Aroclor standard. A choice must be made as to which Aroclor is most similar to 
that of the residue and whether that standard is truly representative of the PCBs in 
the sample. 
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12.0 QUANTITATION 
 
12.1 Quantitation of single component analytes: 

 
Average response factor (RF) or calibration factor (CF) from initial calibration is used for 
quantitation of target compounds. A second fit calibration curve can be used if %RSD 
greater than 10%.  Positive hits on the primary column must be confirmed on the second 
column within + 50% of primary column results.  Since it is possible for analytes to be 
present and be outside the confirmation acceptance criteria, the analyst should weigh heavily 
in the interpretation of chromatogram.  

 

12.2 Quantitation of multipeak components (Chlordane, Toxaphene and  Aroclors): 

 
After running and reprocessing the chromatogram of the sample to be analyzed, the 
concentration of 5-7 peaks of the 7-10 characteristic peaks chosen in the initial calibration 
that are closest in value for the sample are added together and the mean is calculated.  This 
mean value is reported as the analytical result of the analysis for the given multipeak 
component. The reason for choosing the 5-7 closest of the 7-10 results is that in samples that 
are extremely dirty and/or those that have complex matrices, there invariably occurs some 
co-elution of other components or of unidentified peaks in the matrix with at least one or 
two of the peaks selected for quantitation.  The choice of the 5-7 closest peaks removes 
some of the variation in value caused by co-elution and matrix interference. Positive hits on 
the primary column must be confirmed on the second column within + 50% of primary 
column results.    

 
13.0. DATA PROCESSING 
 
 The data from the GC run must be reprocessed. This reprocessing includes setting the 

integration events to draw baselines properly on the chromatogram.  In some cases manual 
integration will be necessary to insure that everything is integrated correctly.  Make sure that 
the data station will calculate the results using average response factors of the 5-point 
calibration curve. 

  
14.0. QC PROCEDURE 
 
14.1 Blank and Laboratory Control Samples (LCS) 
 

14.1.1 Method Blank 
14.1.2 LCS – Pesticide (0.3 µg/L) 
14.1.3 LCS – Mixture of Aroclor 1016 and 1260 (4 µg/L)  
14.1.4 LCS – Toxaphene (5 µg/L)  
14.1.5 LCS – Chlordane (2 µg/L) 
14.1.6 LCS – 5 Chlordane Congeners (for certain samples, 0.3 µg/L) 
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14.2 Matrix Spikes (MS): spike concentrations are the regulatory concentration limit. 
 

14.2.1 Matrix Spike – Pesticides (0.05 µg/L) 
14.2.2 Matrix Spike – Mixture of Aroclor 1016 and 1260 (2.5 µg/L) 

 
14.3 Frequency 
 

14.3.1 A method blank and a set of LCS are analyzed with every batch of sample. 
14.3.2 10% of all samples are spiked with Pesticides and PCBs. 
14.3.3  Surrogate standards are added to blank, LCS and samples before extraction (0.4 

µg/L). 
 

14.4 Spike information is recorded in the pesticide and PCBs extraction logbook. 
 
14.5 The method blank must be below the ML of the method.  No blank values will be subtracted 

from the sample value. 
 
14.6 The percent relative standard deviation (%RSD) of the calibration curve must be below 10% 

in order to use the average calibration factor; if the %RSD is greater than 10%, a second fit 
order fit is used. 

 
14.7 Continuing calibration standard is analyzed after every 20 samples and the end of the 

analytical sequence.  If  the results of a continuing calibration standard are between 85% - 
115% of the expected value, the initial calibration curve is verified.  If the continuing 
calibration results exceed these criteria, all samples after the failing continuing calibration 
must be re-analyzed. 

 
14.8 Results may be reported from either column of the dual column system, provided that all 

QC criteria are met on the column used for reporting. 
 
14.9 LCS recoveries must be within limits specified in Table 3 of EPA Method 608. 
 QC charts for LCS are updated every 5 – 10 batches of analysis. 
 
14.10 MS and surrogate recoveries must be monitored with limits calculated using historical data 

(QC chart). QC charts for LCS are updated every 5 – 10 batches of analysis. 
 
14.11 If the primary column results for a LCS exceed the QC criteria, the results from the second 

column may be used.  If both LCS results fail, the LCS must be re-analyzed at once.  If the 
repeat analysis also fails, sample batch must be re-extracted. 

 
14.12 Any sample that has a positive result greater than the value of the highest standard must be 

diluted and re-analyzed. 
 
14.13 Positive hits on the primary column must be confirmed on the second column within + 

50% of primary column results.  Since it is possible for analytes to be present and be 
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outside the confirmation acceptance criteria, the analyst should weigh heavily in the 
interpretation of chromatogram.  

14.14 Data package must include: 
 

14.14.1  All reports and chromatograms for all runs in analytical sequence including 
initial and continuing calibration data. 

 
14.14.2  Copy of data system method and sequence files. 
 
14.14.3  %RSD determination for the calibration curves. 
 
14.14.4  Retention time window determination for primary and secondary columns. 
 
14.14.5  Sample preparation log sheet. 
 
14.14.6  Filled reporting forms (for samples, blank, LCS and MS). 
 
14.14.7  LIMS workgroup report and RUN ID.  

  
14.15 Solutions from which spiking solutions are made need to be purchased either from a 

different manufacturer than the one from which Standard solutions are made, or from a 
different lot# from the same manufacturer. In addition, a 3rd set of solutions should be 
available, such as ERA or EPA standard solutions.  These solutions can be used to check the 
accuracy of the solutions obtained from other manufacturers. 

 
15 APPENDIX F1: CONTINUOUS EXTRACTION  
    
16 APPENDIX F2: FLORISIL AND SULFUR CLEANUP PROCEDURES  
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APPENDIX-F1 
 
 

Standard Operating Procedure 
For Continuous Liquid-Liquid Extraction of Pesticides and PCBs 

 
 
1.0  SCOPE AND APPLICATION 
 
1.1 This method is based on EPA Wastewater Method 608 – Continuous Liquid – Liquid 

Extraction Section. 
 

1.2 This method describes a procedure for isolating organic compounds from aqueous 
samples, Pesticides and PCBs.  

 
1.3 This method is applicable to the isolation and concentration of water-insoluble and 

slightly soluble organics in preparation for a variety of chromatographic procedures. 
 
1.4 This method is designed for extraction solvents with a greater density than samples. 
 
2.0  SUMMARY OF METHOD 

 
2.1  A measured volume of sample, usually 1 liter, is placed into a continuous liquid-liquid 

extractor, and extracted with methylene chloride for 18 hours.  The extract is dried, 
concentrated, and exchanged into hexane for further cleanup. 

 
3.0 APPARATUS AND MATERIALS 
 
3.1 Stands, Clamps and rings. 
3.2 Continuous liquid-liquid extractor. 
3.3 Solvent vapor recovery system. 
3.4 Heating mantle, heating mantle controller, and time controller.  
3.5 Boiling chips. 
3.6 Kudema-Danish apparatus: concentrator tube (10-ml), distilling flask (250-ml), clamp, 

and Snyder column. 
3.7 Vials (5-ml) and Teflon-lined screw caps. 
3.8 Funnels and glass wool. 
 
4.0 REAGENTS 
 
4.1 All Reagents used in extraction should be Pesticide-Grade. 
4.2 Organic-free Water. 
4.3 Sodium sulfate (granular, anhydrous). 
4.4 Methylene chloride. 
4.5 Hexane. 
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5. PROCEDURE 
 
5.1  Assemble vapor recovery system. 
5.2 Using 250-ml graduated cylinder, measure 120-ml methylene chloride.   Transfer the 

solvent to 250-ml distilling flask and add 3-4 boiling chips. 
5.3  Connect the flask to an empty extractor. 
5.4 Using 250-ml graduated cylinder, measure 120-ml methylene chloride.  Transfer the 

solvent to the extractor using longneck funnel. 
5.5 A 1-liter graduated cylinder, measure 1 liter of sample.  Slowly transfer    the sample to 

the extractor using longneck funnel. 
5.6 Spike surrogate spiking solution into each sample.  Spike matrix-spiking standards if 

necessary. 
5.7  Connect vapor recovery system, and turn on cooling water. 
5.8 Timer setup: press CHANNEL SELECTOR until OUTLET is selected.  Press 

OUTLET ON/OFF to select OUTLET ON.  Enters 180000 (18 hours). 
5.9  Press START to start timer.  Adjust heating mantle controllers to 8.   
5.10 After Extracting sample for 18 hours, allow extractor to cool, detach the extractor with 

the distilling flask from the condenser.  Slightly leans the extractor in the flask direction 
to remove the remaining methylene chloride from the extractor to the flask.  Avoid 
getting water in the flask. 

5.11 Assemble a Kudema-Danish (K-D) concentrator by attaching a 10-ml concentrator tube 
to a 250-ml evaporation flask. 

5.12 Dry the extract by passing it through anhydrous sodium sulfate in a longneck funnel with 
glass wool.  Collect the dried extract in a K-D concentrator.  Rinse the sodium sulfate 
with 20-30 ml of methylene chloride and collect it in K-D concentrator. 

5.13   Add one or two clean boiling chips to the flask and attach a Snyder column.  Place the K-
D apparatus on a 65 – 70 oC water bath to concentrate the extract to less 10 ml.  Remove 
the K-D apparatus from the water bath. 

5.14 Pour 30 ml hexane onto the of the Snyder column.  Concentrate the extract to less 10 ml 
on an 85 – 90 oC water bath. 

5.15 Remove the K-D apparatus and allow it to cool, and remove the Snyder column.  The 
extract may be further concentrated by Nitrogen blow down technique or ready for 
further cleanup. 
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APPENDIX-F2 
 

FLORISIL AND SULFUR CLEANUP PROCEDURE 

 

 
1.  Scope and Application: 
 

The following procedure covers the cleanup of liquid and solid samples for pesticides and 
PCB's. 

 
2.  Summary of Method: 
 

A measured volume of sample is extracted with methylene chloride and solvent exchanges 
with hexane. A florisil cleanup followed by  sulfur cleanup step is used to reduce 
interference. 

 
3.  Apparatus and Materials: 
 
3.1.  Glassware 
  
  1. 1 Liter and 2-Liter Separatory Funnel with teflon stopcock and  
   glass stopper.  

2. 100mm long-stemmed funnel 
  3. Kuderna-Danish (K/D) flask 250ml 
  4. Ungraduated ampule (15ml) 
  5. Snyder Column (Three-ball) 
  6. 500ml graduated cylinder 
  7. Chromatographic column with reservoir 
  8. 5ml vials with teflon-lined screw caps 
  9. Centrifuge bottle 
  10. Dispensing flasks 
  11. Stirring rods 
 
3.2. Reagents 
 
  1. Pesticide grade methylene chloride 
  2. Pesticide grade hexane 
  3. Pesticide grade sodium sulfate 
  4. Florisil (60/100 mesh) 
  5. Pesticide grade ethyl ether 
 
3.3.  Equipment 
 
  1. Shaker 
  2.  Mettler or Ohaus Balances 
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  3.  Centrifuge 
  4.  Waterbath 
  5.  Solvent evaporation unit 
  6.  Nitrogen stream evaporation unit 
          
3.4. Miscellaneous Materials 
          
  1.  Glasswool 
  2.  Boiling chips (soxhlet extracted or put in furnace at 4000C) 
  3. Clamps (various sizes) 
  4. Tweezers 
  5.  Baker analyzed granular copper 
 
4.  Procedure: 
 
4.1. Florisil Cleanup (A and B fractions): 
 

Summary: The pesticides extracts will be separated into fractions by eluting with two 
ether/hexane compositions.  The sample is eluted with 200 ml each of 6% ether/hexane 
(fraction A) first, then 50% ether/hexane (fraction B), and fraction A and B are 
concentrated to a final volume of 10 ml respectively for liquid samples; 5 ml respectively 
for solid samples.   

 
Sample extracts (Methylene Chloride) should be solvent exchanged to Hexane 
before Florisil Cleanup. 

 
4.1.1.  Remove the florisil from the 130-degree oven, and let it cool down. 
 
4.1.2.  Rinse the chromatographic column, K/D, graduated ampule, stopcock, and tip with 

hexane. 
 
4.1.3.  Insert a small amount of glasswool at the bottom of the column, and connect the 

stopcock and tip to the column. 
 

  4.1.4.   Pour 50ml of hexane to the column. 
 
4.1.5.  Add the corresponding amount of Florisil from the pre-marked pharmaceutical 

graduated cylinder into the column. (EPA 3620-5 recommends 20.0 grams florisil). 
 

4.1.6.  Tap the column to settle the florisil.  Add about a 15-mm layer of anhydrous sodium 
sulfate to the top (rinsing down the sides of the column with hexane). 

 
4.1.7.  Drain the column until the solvent layer is approximately 5-mm above the sodium 

sulfate (discard the hexane). 
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4.1.8.  Attach the K/D and ampule underneath the column with the tip protruding into the 
K/D. 

 
4.1.9.  Retrieve the previously extracted and solvent exchanged sample from the refrigerator 

and pour into the column using a funnel.  Stopper the ampule and temporarily set it 
aside. 

 
4.1.10.  Adjust the stopcock to elute at a rate of 2 drops/second. 
 
4.1.11.  Before the extract level reaches the top of the sodium sulfate (before exposing 

sodium sulfate layer to air), rinse the above ampule 3 times using a total of 25 ml 
hexane, and pour the rinse into the column. 

 
4.1.12.  When the solvent has reached the top of the sodium sulfate again, add 25 ml of 6% 

ether/hexane rinsing the ampule as in step 12. 
 
4.1.13.  After the solvent level has reached the top of the sodium sulfate again, add 75 ml of 

6% ether/hexane. If necessary, adjust the stopcock to maintain the 2 drops/second 
rate. 

 
4.1.14.  Repeat step 14 adding 100 ml of 6% ether/hexane instead of 75 ml. Close the stopcock 

when the solvent level reaches the top of the sodium sulfate.  This is the "A" fraction. 
 
4.1.15.  Remove the K/D set-up, add few boiling chips and place it in the water bath.  Adjust 

the temperature of the water bath to 80-85 oC and begin concentrating the "A" 
fraction.  Remove the K/D from the water bath once the sample volume is lowered 
to 8 to 10 ml. Make final volume 10 ml for liquid samples, 5 ml for solid samples. 

 
4.1.16.  Place another K/D under the Florisil column to collect the "B" fraction. 
 
4.1.17.  Add 100 ml of 50% ether/hexane to the column and adjust the flow rate to 2 

drops/second. 
 
4.1.18.  When the solvent from step 17 reaches the top of the sodium sulfate, add a second 

100 ml of 50% ether/hexane.  After the solvent reaches the top of the sodium sulfate, 
close the stop- cock.  This is the B fraction. 

 
4.1.19.  Repeat step 16 for the B fraction. 
 
4.1.20.  Wipe the water from the ampule-K/D connection and remove the ampule from the 

K/D. Allow the ampule to cool.  Using a stream of nitrogen gas, concentrate the A 
and B extracts to exactly 10 ml.  (If the solvent level goes below 10 ml, add hexane 
dropwise until the level is brought back to 10 ml.  NOTE:  When concentration is 
completed, turn off the main valve on the Nitrogen tank as a conservation measure. 
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4.1.21  For "B" fractions, pour the extract into a vial (one that has been hexane rinsed and 
dried), cap and place in appropriate box in the refrigerator.  10 ml for liquid samples,  

 
4.1.22. Conduct sulfur clean-up on "A" fractions only. (Refer to the Sulfur Clean-Up 

Procedure bellow), transfer to a 5ml vial and place in appropriate box in 
refrigerator. 

 
4.2.     SULFUR CLEAN UP PROCEDURE: 

 
4.2.1.  Measure approximately 2 grams of copper granules for each sample to be 

sulfur-cleaned and transfer it to a 125-ml separatory funnel. 
 
4.2.2.  Add enough of 6N HCl to soak all the copper completely, shake it slowly for 30 

seconds and discard the HCl. 
 
4.2.3.  Wash the copper with methanol a few times until the methanol passes through 

without discoloration. 
 
4.2.4.  To remove the methanol, wash the copper a few times with hexane until it 

passes through without further discoloration. 
 
4.2.5.  Dry the copper under Nitrogen stream and transfer to a 5 ml vial. 
 
4.2.6.  Using a Coors #02 porcelain spatula, transfer one spoonful of the activated 

copper to a 5 ml vial and add the concentrated A fraction from step 21. 
 
4.2.7.  Shake on a vortex for 2 minutes, if the copper turns dark, repeat step 6 

until there will be no further discoloration. 
 
4.2.8.  Transfer the Sulfur-cleaned sample to a clean 5 ml vial and store in proper box in 

refrigerator. 
 
NOTE:  If any excess activated copper in hexane remains, do not discard.  But 
 save and add it to the next batch of copper to be activated. 
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Table 1.  
 
 PARAMETER       STANDARD USED 
 1) ALDRIN       MIX AB 
 2) AROCLOR 1016      INDIVIDUAL 
 3) AROCLOR 1221      INDIVIDUAL 
 4) AROCLOR 1232      INDIVIDUAL 
 5) AROCLOR 1242      INDIVIDUAL 
 6) AROCLOR 1248      INDIVIDUAL    
 7) AROCLOR 1254      INDIVIDUAL    
 8) AROCLOR 1260      INDIVIDUAL    
 9) A-BHC        MIX AB    
 10) B-BHC        MIX AB     
 11) D-BHC        MIX AB    
 12) G-BHC        MIX AB    
 13) CHLORDANE      INDIVIDUAL    
 14) CHLORDANE(5-COMPONENTS) INDIVIDUAL     
 15) DIELDRIN       MIX AB     
 16) ENDRIN       MIX AB     
 17) ENDOSULFAN I     MIX AB     
 18) ENDOSULFAN II     MIX AB 
 19) ENDOSULFAN II SULFATE   MIX AB 
 20) ENDRIN ALDEHYDE    MIX AB    
 21) HEPTACHLOR      MIX AB     
 22) HEPTACHLOR EPOXIDE   MIX AB     
 23) METHOXYCHLOR     MIX AB     
 24) MIREX        MIX AB     
 25) O, P'-DDE       MIX AB 
 26) O, P'-DDD       MIX AB     
 27) O, P'-DDT       MIX AB   
 28) P, P'-DDE       MIX AB 
 29) P, P'-DDD       MIX AB 
 30) P, P'-DDT       MIX AB     
 31) TOXAPHENE      INDIVIDUAL 
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1. Scope and Application 
 
This method is applicable to water, wastewater and industrial wastes. Suspended Solids (SS) and 

VolatileSS (VSS) data of activated sludge is particularly useful for estimating biomass 
content in the wastewater aerobic treatment process. This is essential for the plant 
operation since it’s one of the control parameters in the secondary activated sludge 
treatment process – directly used in loading, wasting and feeding cycles in the plant. 
Suspended solids also is, logically, a measure of water’s cleanliness, and thus the “purity” 
of water. Besides BOD, pH, settleable solids, turbidity, and D.O., SS is also one of the 
most widely used parameters for assessing water quality and a discharger’s compliance 
with regulatory agency requirements.  In the analysis, accuracy and precision of the SS 
analysis in all samples is limited by the total surface area and the average pore sizes of 
the glass fiber filter (GFF) used. Proper sample aliquot volumes are necessary to ensure 
each sample yields residue in the range of 2.5 to 200 mg, captured by the GFF.  

 
2. Summary of Method 
 

A measured volume of well mix sample is filtered through a glass fiber filter (GFF).  The 
solids retained on the filter are dried at 103oC-105oC, to constant weight.  For the routine 
samples analyzed in the laboratory, one hour drying time is sufficient. The SS is 
calculated as mg/L. 

 
3. Interferences 
 

Exclude large floating particles or submerged agglomerates of heterogeneous materials 
from the sample if it is determined that their inclusion is not desired in the final result 
(consult with client if necessary).  The sample size should be limited to that which yields 
between 2.5 - 200 mg of residue, to prevent excessive residue on the filter that may form 
a water-entrapped crust or excessively decrease the average pore sizes of the GFF. Lower 
residue may be permitted for very clean samples with the presumed understanding that 
the results can yield a greater range of uncertainty. 

 
Residues obtained from samples containing high dissolved solids, if not washed thoroughly, will 

include  the mass of the soluble solids retained by the filter paper. 
 

Reduce sample size, if necessary, to avoid prolonged filtration times that may cause filter 
clogging, producing high results caused by the increase of small or colloidal materials 
captured in the clogged filter. 

 
4. Sampling and Sample Handling 
 

Samples are collected in plastic or glass containers.  No preservative is necessary but the 
samples should be refrigerated at all times.  The recommended holding time is 7 days.  
Biologically active samples may be more likely to undergo changes in physical 
characteristics, that may be detected in the SS test, so these samples should be analyzed 
ASAP. 
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5. Apparatus 
 

Glass Fiber Filters (GFF), Whatman 934 AH 
Filtration apparatus/vacuum manifold 
Laboratory vacuum pump 
Vacuum flask fitted with implosion jacket 
Graduated cylinders  
Wide bore serological pipettes (for sludge and activated sludge samples) 
 
Aluminum dishes (to hold GFF filters) 
Drying oven, maintained at 103oC-105oC 
Analytical balance, capable of weighing to 0.1 mg 
Magnetic stirrer, magnetic stir bars, stirring rods 
Calipers or filter pad tweezers 

 
 
6. Chemicals and Reagents 
 

Laboratory reagent grade water 
  
 
7. Safety 
 
Gloves, goggles, and protective clothing should be worn when handling samples and chemicals.  

Refer to MSDS sheets for toxicity of reagents and chemicals used.  Good laboratory 
practice is enforced at all times.  Wear heat insulated gloves when handling samples to 
and from the oven.  Use rubber suction bulb, never with mouth to pipette samples. 
 

8. Procedure 
 

8.1 Preparation of Filters 
 

a. Place 4.7 cm glass fiber filter (GFF, Whatman 934AH) on filter apparatus, 
wrinkled side up.  Wash with about 20 ml distilled water.  Vacuum dry. 

b. Place dried filter papers in a porcelain dish and dry at 103oC oven for 1 hour.   
c. Cool and store filters in desiccator, then weigh. 

d. If analysis is to continue onto Volatile Total Suspended Solids, then also ignite 
the filters in a 550°C furnace for 15 minutes, then allow to cool then store in a 
desiccator, then weigh. 

e. Repeat cycles of drying or igniting, cooling, desiccating, and weighing until a 
constant weight is obtained or until weight change is less than 4% of the 
previous weighing or 0.5 mg, whichever is less.   
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8.2 Analysis 

 
 

a. Open up Sewage.xls worksheet and Record Analyst’s name into worksheet. 
Check the balance calibration by weighing a 1.0000 g reference weight.  Have 
weight’s mass recorded into the workbook.  Make corrections to any of the 
volumes to be used for the day, or any changes in samples within the sample set. 

b. Remove the pre-washed filter from desiccator and weigh on an analytical 
balance to 0.1 mg.  Record tare weights on the worksheet.  Place in labeled 
aluminum dish. 

 
c. Place GFF on filter apparatus, wrinkled side up.  Apply suction.  Wet with a 

small amount of distilled water to seat. 
 
d. Place stir bar in sample and stir on magnetic stir plate. Mix rapidly but not 

excessively turbulent. (For non-routine samples: only if necessary and with the 
agreement of the client, have sample blended prior to this step to make it more 
homogeneous. Try to limit blending time to 30 seconds or less). Alternately, 
Shake the sample bottle thoroughly and remove the cap with lightning speed.  
Using a pipette, draw up the required volume (enough  to produce up to 200 mg 
of residue) and transfer it to the GFF.  Or, if a larger volume is required 
(>25mL), shake the sample, quickly uncap (so as to keep suspended) and pour 
the volume into a graduated cylinder, then pour into the filter. 

 
e Continue suction until the liquid is gone.  Wash graduated cylinder (or the 

pipette) onto the GFF to capture any adhering particles. Then wash residue with 
three (3) 10 ml portions of distilled water, allowing complete drainage between 
washings.  Continue suction until filtration is complete. 

 
f. Turn the vacuum off.  Carefully remove GFF using forceps.  Place in the pre-

labeled aluminum dish and dry in a 103oC oven for 1 hour.  The samples 
routinely analyzed in the HTP-PC lab have been shown to be dried to constant 
weight after 1 hour in the oven.  When dealing with non-routine samples, make 
sure samples are dried to constant weight.  

 
g. Remove from oven and Transfer GFF to desiccator to equilibrate to balance 

temperature (20-30 minutes).  CAUTION:  Wear heat insulated gloves! 
 
h. Weigh on analytical balance to 0.1 mg.  For non-routine samples, dry to a 

constant weight of <0.4% weight loss (or 0.5 mg, whichever is less).  The 
weight difference represents total suspended solids. 

  
 
9. Calculation 
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Data is calculated automatically by the worksheet (an MSExcel spreadsheet).  The 
following are the calculations and/or constants that the worksheet performs on the raw 
data input by the analyst: 

 

Total suspended solids (mg/L)  =         
( )

Vs

BA 1000×−
 

 
  

where:   A  = weight of filter + residue, mg 
      B   = weight of filter, mg 

Vs = sample volume, ml 
 
 
10. Data Management 

 
Results are sent to the LIMS database via a button on the worksheet (“Send To LIMS”), 
which has a macro specifying the sample’s specifications (name/type, date, result, units, 
etc…).  Worksheets for this analysis are stored with the filename syntax SWyymmdd.xls 
in the folder SEWAGE under the directory SEWAGE.  

 
11.  Quality Assurance and Quality Control 
 

Two blanks are analyzed with each batch of samples.  For every set of 10 samples, a set 
of duplicates is analyzed.  The relative percent difference between replicates should not 
be greater than 10%. 
 

12.  Method Detection Limit     

The MDL has been determined to be 2 mg/L. 

 

13. Lowest Reporting Level     

Has yet to be determined. 

 

14. Precision and Bias statement 

Refer to Standard Methods Edition 20, method 2540 D for statements relevant to 
precision & bias of the test. 

 

15. References 

Standard Methods for the Examination of Water and Wastewater, 20th Ed., 1998 

 

16.  Appendices 
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 1. Scope and Application 
 

This method is used in the analysis of water, wastewater, domestic and industrial wastes. 
The applicable range and accuracy are limited by the intrinsic residue of individual 
samples. Increasing accuracy and precision can be achieved by multiple drying, cooling 
and weighing cycles. 

 
 
2. Summary of Method 
 

A measured volume of sample is filtered through glass fiber filter.  The filtrate is initially 
evaporated to dryness in 85o C oven and finally dried to a constant weight at 180o C.  The 
dried residue represents the total dissolved solids (TDS). 

 
 
3. Interferences 
 

Highly mineralized waters with a considerable calcium, magnesium, chloride, and/or 
sulfate content may be hygroscopic and require prolonged drying, proper desiccation, and 
rapid weighing.  Samples high in bicarbonate require careful and possibly prolonged drying 
at 180o C to insure complete conversion of bicarbonate to carbonate.  Limit sample to no 
more than 200 mg residue to avoid formation of a water-trapping crust caused by excessive 
residue. 
 

 
4. Sampling and Sample Handling 
 

Samples are collected in plastic or glass containers.  Preservation is impractical so if 
analysis cannot begin ASAP, the samples must be refrigerated and should be analyzed 
within 7 days.  
 

 
5. Apparatus 
 

Filtration apparatus      50 ml pipettes or graduated cylinders 
Evaporating dishes      Glass fiber filter (GFF) papers 
Drying oven for operation at 85oC  Desiccator 
Drying oven for operation at 180oC 
Analytical balance capable of weighing 0.1 mg 
 

 
6. Chemicals and Reagents 
 

None 
 
7. Safety 

RB-AR40508



FOR REFERENCE ONLY 

Appendix F-49 

 
Gloves, goggles, and protective clothing should be worn when handling samples and chemicals.  

Refer to MSDS sheets for toxicity of reagents and chemicals used.  Good laboratory 
practice is enforced at all times. 

 
Use caution when moving things into and out of the ovens.  Use heat-resistant gloves 
wherever practical. 

 
8. Procedure 
 
8.1 Preparation of glass-fiber filter disk:  

• Insert disk with wrinkled side up into filtration apparatus. 
• Apply vacuum and wash disk with three successive 20-mL volumes of reagent grade 

water. Continue suction to remove all traces of water.  Discard washings. 
8.2 Preparation of evaporating dish: 

• Heat clean dish to 180o C for 1 hour in an oven. 
• Store in desiccator until needed. 
• Weigh immediately before use. 

8.3  Sample analysis: 
• Use enough sample so as to leave a residue in the approximate range: 2.5 mg < Sample 

< 200 mg. 
•  Pipette a measured volume of a well-mixed sample onto a glass fiber filter with 

applied vacuum. 
• Wash with three successive 10 ml volumes of reagent grade water, allowing complete 

drainage between washings.  Continue suction for three minutes after filtration is 
complete. 

• Gravimetrically transfer filtrate with washings to a weighed evaporating dish. Place in 
85o C oven and allow the filtrate to evaporate to dryness (may take several hours), 
then transfer the dishes to the 180o C oven and continue drying for 1 hour. 

• Cool the evaporating dish in a desiccator and weigh the dish immediately after taking 
out from the desiccator. 

• Return the dishes to the 180o C oven for another hour, cool in desiccator, and 
reweigh.  If constant weight1 has not been obtained, then repeat the cycle until it does. 

 
9. Calculation 
 

Data is calculated automatically by the worksheet (an MSExcel spreadsheet).  The 
following are the calculations and/or constants that the worksheet performs on the raw data 
input by the analyst: 

 
 

Total dissolved solids (mg/L)  = 
( )

Vs

BA 1000×−
 

 
                                                 
1 Constant weight is a change of  ≤ 4% of previous weight or < 0.5 mg, whichever is less. 
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 where:   A  = weight of dish + dried residue, mg 
      B   = weight of dish, mg 

Vs = sample volume, mL 
 
 
 
10. Data Management 

 
Results are sent to the LIMS database via a button on the worksheet (“Send To LIMS”), 
which has a macro specifying the sample’s specifications (name/type, date, result, units, 
etc…).  Worksheets for this analysis are stored with the filename syntax Swyymmdd.xls 
in the folder Sewage under the directory SEWAGE.  

The analyst is responsible for assuring compliance with QA-QC requirements.  The 
supervisor is notified when results are out of range.  The analysis is repeated for 
confirmation.   

 
11.  Quality Assurance and Quality Control 

 
A set of duplicates is analyzed for each set of 10 samples or a batch.  Relative percent 
difference of the duplicates should not be more than 15.  Also run a minimum of one 
blank sample using freshly distilled water in place of a sample. Residue of the blank 
should not exceed 5% of the sample with the lowest TDS in the batch. 

  
 

12. Method Detection Limit     

The MDL for this method using wastewater samples has been determined to be 32 mg/L. 

 

13. Lowest Reporting Level     

The latest TDS analysis of seven identical HTP 5-Mile effluents was done on 4/07/02. The mean 
of the seven replicates is 858 mg/L and the standard deviation is 10.68. With 99% 
confidence level, MDL of HTP 5-Mile effluent was found to be 16 mg/L. 

 

The prior TDS analysis of seven identical HTP secondary effluents was done on 5/15/00. The 
mean of the seven replicates was 794 mg/L and the standard deviation was 6.87. With 
99% confidence level, MDL of HTP secondary effluent was found to be 22 mg/L. 

 

14. Precision and Bias statement 

Seven tests conducted on diluted HTP effluent in 1998 yielded a mean TDS of 63 mg/L and the 
standard deviation of 12. Another set of seven tests with different dilution was done in 
1997, gave a mean TDS of 271 mg/L with the standard deviation of 25.  Method bias 
cannot be determined. 
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Refer to Standard Methods Edition 20, method 2540C for statements relevant to precision 
& bias of the test. 

 

15. References 

 
Standard Methods for the Examination of Water and Wastewater, 20th Ed., 1998 

 

 

16. Appendices 

 
None 
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1. Scope and Application 
 

This method is used in the analysis of water and wastewater. Settleable solids data together 
with total suspended solids, floatable solids, and turbidity data would provide a much better 
assessment of the over all physical quality of water sample than any stand alone datum will. 
Determination of settleable solids of primary clarifier effluent is essential for the 
optimization of the primary and secondary treatment processes in a wastewater treatment 
plant.  Settleable solids of effluent is often used by regulators to gauge the physical quality 
of the treated discharge water.    

 
2. Summary of Method 
 

Volumetric: A liter of sample is allowed to settle in an Imhoff cone for 1 hour and the 
volume of the settled solids measured.  The solids represent the settleable solids of the 
sample. 

 
3. Interferences 
 

If the settled matter contains pockets of liquid between large settled particles, estimate 
volume of pockets and subtract from volume of settled solids. 
 
Where there is a separation of floating materials from the settleable solids, do not estimate 
the floating material as settleable matter. 
 

4. Sampling and Sample Handling 
 

Samples are collected in 1 liter plastic or glass containers.  No preservative is required but if 
not analyzed immediately, the samples need to be refrigerated ASAP and must be analyzed 
within 7 days.  For samples that contain biological floc that may change its characteristic 
with time, run the analysis ASAP. 

 
5. Apparatus 
 

Imhoff cones     
Timing device, for 15 minute increments and 1 hour 
Support rings or rack for imhoff cones Long (20”)  
straight, narrow (2mm) wire 

 
6. Chemicals and Reagents 
 

None. 
 
7. Safety 
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Gloves, goggles, and protective clothing should be worn when handling samples and 
chemicals.  Refer to MSDS sheets for toxicity of reagents and chemicals used.  Good 
laboratory practice is enforced at all times. 

 
8. Procedure 
 
8.1 Fill an Imhoff cone with a well mixed sample to the 1L mark. Set the timer for 45 minutes. 

 
8.2 Allow to settle undisturbed in that time frame. 

 
8.3  After 45 minutes, gently slide the wire down inside the cone alongside the edge of the glass,   

and moving slowly around the circumference, scrape the inside wall of the cone to free any 
adhering solids, at the same time causing no turbulence that would disturb the already settled 
material or the body of water as a whole (no whorl turbulence).  Carefully remove wire by 
sliding up along inside of cone.   Alternately, spin (turn) the cone gently to knock adhering 
solids off the inside wall. 

 
8.4 Set the timer again, this time letting it settle for 15 minutes. 
 
8.5 At 1 hour (total time), record volume of solids and report as mL/L. 
 

 
9. Calculation 
 

There is no calculation involved.  The reading, or data, is entered directly into the SEWAGE 
worksheet (an MSExcel spreadsheet) as well as the daily sample logbook.  

 
10. Data Management 

 
Results are sent to the LIMS database via a button on the SEWAGE worksheet (“Send To 
LIMS”), which has a macro specifying the sample’s specifications (name/type, date, result, 
units, etc…).  Worksheets for this analysis are stored with the filename syntax 
SWyymmdd.xls in the folder SEWAGE under the directory SEWAGE.  

 
 
11.  Quality Assurance and Quality Control 
 
11.1 Standard reference material for the determination of settleable solid has been tested in 

2002 by Hyperion PC laboratory for the purpose of test certification, of which passing 
results were achieved.  A reference standard sample of settleable solids has been 
purchased thru Environmental Resource Associates. Test results were within acceptable 
ranges for that sample.  See file in laboratory for more information.  The solids of this 
check reference must be within 75 to 125 % of the assigned value.  

11.2 The relative percent difference between replicates should not be greater than 20 % for 
samples containing 1ml/L or greater value of settleable solids. 
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12. Method Detection Limit 

 

The MDL for settleable solids is 0.1 ml/L for HTP effluent. 

 

13. Lowest Reporting Level   

 
 For wastewater, the lowest reporting level is 0.1 mL/L 

 

14. Precision and Bias statement 

 

Refer to Standard Methods Edition 20, method 2540F for statements relevant to precision 
and bias of the test. 

 

15. References 

 

 Standard Methods for the Examination of Water and Wastewater, 20th Ed., 1998 

 

16. Appendices 
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1.0 SCOPE AND APPLICATION 

 
1.1 .Inductively coupled plasma-atomic emission spectrometry (ICP-AES) determines trace 

elements, including metals, in solution. The method is used in the analysis of dissolved 
metals in ground water and aqueous samples that are prefiltered with 0.45 um pore 
membrane filter and acidified to match the acid matrix of the calibration standards. It is 
also used in the analysis of soluble metals in TCLP and EP extracts, and the total metals in 
the ground water, aqueous samples, industrial wastes, suspended solids, soils, sludges, 
tissues and other solid wastes which have been solubilized or digested using appropriate 
sample preparation methods. 

 
1.2 This method is currently used in the determination of the following analytes:  aluminum, 

antimony. arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, 
lead, magnesium, manganese, molybdenum, nickel, potassium, selenium, silica, silver, 
sodium, strontium, thallium, tin, vanadium, and zinc. 

 
2.0 SUMMARY OF THE METHODS 

 
This method describes multi-elemental determination by ICP-AES using simultaneous optical 

system and axial viewing of the plasma. Sample is nebulized and the resulting aerosol is 
transported to the plasma torch. Element–specific emission spectra are produced by a 
radio frequency (RF) inductively coupled plasma. The spectra are dispersed by a grating 
spectrometer and the intensity of the emission lines are monitored by photosensitive 
devices. Concentration of the analyte of interest is obtained by substituting the intensity 
of the specific characteristic emission line in a concentration-intensity calibration curve 
created from the same measurement for a set of calibration standard solutions. 
Background correction is required for trace element determination. Background 
correction due to spectral interference is done by a computer inter-element correction 
routine. 

 
2.2 The wavelengths listed in Table 1 are recommended for these analytes in clean aqueous 

matrices. Wavelengths other than those recommended may be substituted if they provide 
the needed sensitivity and are properly corrected for inter-element spectral interferences.  

 
3.0 INTERFERENCE 

 
3.1 Spectral interferences are caused by background emission from continuous or 

recombination phenomena, stray light from the emission of high concentration elements, 
overlap of a spectral line from another element, or unresolved overlap of molecular band 
spectra. Background emission and stray light are usually be compensated for by 
subtracting the background emission determined by measurements adjacent to the analyte 
wavelength peak. Spectral overlaps may be avoided by using an alternate wavelength or 
can be compensated by equations that correct for inter-element contributions. Varian Vista-
Pro is equipped with sophisticated software that takes care of this correction. 
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3.2 Physical interferences are effects associated with the sample nebulization and transport 
processes. Change in viscosity and surface tension can cause significant inaccuracy. 
Solution with higher total dissolved solids (TDS) than 2 % may clog or restrict the flow at 
the nebulizer and torch injector orifices. Physical interferences could be reduced by 
dilution and by using peristaltic pump in the sample delivery system. 

 
3.3 Chemical interferences include molecular compound formation, ionization effects, and 

solute vaporization effects.  Chemical interferences can be minimized by careful selection 
of operating conditions (RF power, nebulizer flow…), by matrix matching and by standard 
addition procedures. 

 
3.4 Memory interferences result when analytes in a previous sample contribute to the signals 

measured in a new sample. Suitable rinse time should be used to minimize the memory 
interferences. 

  
4.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

 
4.1 For the determination of dissolved elements, the sample must be filtered through a 0.45 um 

pore membrane filter as soon as possible or upon receipt at the lab. The filter flask is rinsed 
with a small portion of the filtrate before collecting the desired volume. The filtrate is then 
acidified immediately to pH<2. If precipitation occurs upon acidification, the sample must 
be dissolved again using appropriate digestion technique before starting the analysis. 

 
4.2 For the determination of total recoverable elements in aqueous samples, the sample must 

be acidified to pH<2 at the time of collection. The sample should not be filtered prior to 
analysis. Samples that cannot be preserved at the time of collection because of sampling 
limitations or transport restrictions should be acidified with nitric acid to pH < 2 upon 
receipt in the laboratory. Following acidification, the sample should be held for 24 hours 
before withdrawing an aliquot for sample processing. No preservation is required for solid 
samples prior to analysis other than storage at 4° C. Sample holding time, digestion 
volumes and suggested collection volumes are listed in Table 2. The sample volumes 
required depend upon the number of different digestion procedures necessary for analysis. 
In all cases for waste testing, representative sampling must be maintained. 

 
4.3 In the determination of trace metals, containers can introduce either positive or negative 

errors in the measurement of trace metals by (a) contributing contaminants through 
leaching or surface desorption, and (b) depleting concentrations through adsorption. Thus 
the collection and treatment of the sample prior to analysis require particular attention. The 
following cleaning treatment sequence has been determined to be adequate to minimize 
contamination in sample bottle, whether borosilicate glass, linear polyethylene, 
polypropylene, or Teflon: detergent, tap water, 1:1 nitric acid, tap water, 1:1 hydrochloric 
acid, tap water, and reagent water. Chromic acid should not be used to clean glassware, 
especially if chromium is to be included in the analytical scheme. 

 
5.0 APPARATUS 
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5.1 Analytical instrumentation and supplies 
 

5.1.1 Varian Vista-Pro inductively coupled plasma-atomic emission spectrometer  
 
5.1.2 Dell personal computer  
 
5.1.3 Varian autosampler  
 
5.1.4 Varian recirculator  
 
5.1.5 Varian variable speed peristaltic pump  
 
5.1.6 Argon gas, liquid supply, high purity grade (99.99%), local supplier  

 
6.0 CHEMICALS AND REAGENTS 

  
6.1 Reagents may contain elemental impurities that might affect analytical data. Only high-

purity reagents should be used whenever possible. All acids used for this method must be 
of ultra high purity grade. Suitable acids are available from most major suppliers. 

 
6.1.1 Nitric acid, concentrated, trace metal grade 
 
6.1.2 Hydrochloric acid, concentrated, trace metal grade 

 
6.2 Reagent Water. For all sample preparation and dilutions, ASTM type I water is required. 

Suitable water is prepared by passing potable water through a mixed bed of anion and 
cation exchange resins. The water purifying system used at EMD labs is commercially 
maintained. The de-ionized water is available throughout the EMD laboratory in distinctly 
white faucets.  

 
6.3 Standard stock solutions 

 
6.3.1 WW-IPC-1 (Supplier: Inorganic Ventures): 1000 mg/L each P,K ; 200 mg/L each    

Al, As, Ba, Be, B, Cd, Ca, Ce, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, Ni, Se, Na, Sr, 
Tl, Ti, V, Zn; 25 mg/L Ag. 

              
6.3.2 WW-IPC-2 (Supplier: Inorganic Ventures): 1000 mg/L SiO2; 200 mg/L each Sb, 

Mo, Sn, Ti. 
 

6.3.3 ICM-240 (Supplier: Ultra Scientific): 100 mg/L P, K, Si; 20 mg/L each Al, Sb, As, 
Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Mo, Hg, Ni, Se, Na, Sr, Tl, Sn,V, 
Zn; 5 mg/L Ag. 
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6.3.4 IQC-026 (Supplier: Ultra Scientific): 1000 mg/L K; 100 mg/L each Al, Sb, As, Ba, 
Be, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, Se, Ag, Na, Tl, V, Zn; 50 mg/L 
Si. 

 
6.3.5 Al, Ca, Fe, Mg, K, Na (Supplier: Spex-CertiPrep): 1000 mg/L each in separate pack. 

  
6.4 Mixed calibration standard solutions. A mixed calibration standard solution is prepared by 

combining appropriate volumes of the stock standard solutions into volumetric flasks. 
Concentrated nitric acid is added first to a small volume of water in the flask so that the 
final concentration of nitric acid will be 5%. The required volume of stock standard is 
added to the flask and finally diluted to volume with de-ionized water. The freshly 
prepared mixed calibration solution is transferred a to clean polyethylene bottle for storage. 
Fresh mixed calibration solutions should be prepared as needed with the realization that 
concentrations can change on aging. Below are the typical concentrations for the set of 
mixed calibration standards used at EMD lab at HTP:  

 
6.4.1 Combined WW-IPC-1 and WW-IPC-2  

 
6.4.2 Std.#1: 0.002 mg/L - for ML of Be only 
 
6.4.3 Std.#2: 0.005 mg/L - for ML of Pb only 

 
6.4.4 Std.#3: 0.010 mg/L 
  
6.4.5 Std.#4: 0.200 mg/L  
 
6.4.6 Std.#5: 1.000 mg/L 
 
6.4.7 Std.#6: 2.000 mg/L 
 
6.4.8 Std.#7: 4.000 mg/L    

 
6.4.9 Std.#8: Combined Al, Ca, Fe, Mg, K, Na 20 mg/L 
   
6.4.10 Std.#9: Combined Al, Ca, Fe, Mg, K, Na 40 mg/L 

 
 

6.5 Blanks. Two types of blanks are required for this method. The calibration blank is used to 
establish the analytical calibration curve, and the laboratory method blank is used to 
identify possible contamination from the sample preparation procedure.  

 
6.5.1 The calibration blank is prepared by acidifying reagent water to the same 

concentration of the acids in the standard solutions. Sufficient quantity is prepared to 
flush the system between samples. The calibration blank is also used for initial and 
continuing calibration blank determinations.   
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6.5.2 The method blank is processed in the same way as the samples and therefore should 
contain the same volume of reagents used. The final solution should contain the 
same acid concentration as the sample solutions for analysis. 

 
6.6 The Initial Calibration Verification (ICV) is prepared from stock standard source different 

from that of the calibration standards and at concentration within the linear working range 
of the instrument. At EMD lab, ICV is 2.00 mg/L ICM 240. 

  
6.7 The Continuing Calibration Verification (CCV) is prepared from the same stock standards 

that are used for the preparation of calibration standards and at concentration near the 
midpoint of the calibration curve. At EMD lab, CCV for low concentration analytes is 2.00 
mg/L WW IPC1+2 and for high concentration analytes, CCV is 20.0 mg/L. of combined 
Al, Ca, Fe, Mg, K and Na. 

 
6.8 The Interference Check Solution (ICS) is prepared to contain known concentrations of 

interfering elements that will provide an adequate test of the correction factors. At EMD 
lab, ICS is prepared to contain 2.00 mg/L of WW IPC1+2 and 50 mg/L of combined Al, 
Ca, Fe, Mg, K and Na. 

 
7.0 SAFETY 

 
7.1  The toxicity and carcinogenicity of each reagent used in this method has not been 

precisely defined; however, each chemical compound should be treated as a potential 
health hazard. From this viewpoint, exposure to these chemicals must be reduced to the 
lowest possible level by whatever means available. The laboratory is responsible for 
maintaining a current awareness file of OSHA regulations regarding the safe handling of 
the chemicals specified in this method. A reference file of material data handling sheets 
should also be made available to all personnel involved in the chemical analysis. 
Specifically, concentrated HNO3 and HCl present various hazards and are moderately 
toxic and extremely irritating to skin and mucus membranes. Use these reagents in a 
fume hood whenever possible. If eye or skin contact occurs, flush with large volumes of 
water.  

 
7.2 Safety goggle and protective lab coat must be worn all the time while working in the lab. 

Appropriate type of gloves must be worn when handling samples and chemicals. 
 

8.0 PROCEDURE  
 

8.1 Sample Preparation 
Preliminary treatment of most matrices is necessary because of the complexity and variability 
of sample matrices. Groundwater samples that have been prefiltered and acidified will not 
need acid digestion. Samples that are not digested must either use an internal standard or be 
matrix matched with the standards. Refer to methods EPA 3005A, EPA 3010A, EPA3050B 
and SM 3030F for the appropriate digestion procedures. 
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8.2 Instrument start-up and warm-up procedures: 
 
8.2.1 Check the argon supply; turn on water chiller (temperature: <18 °C); check 
         overhead hood.  
 

8.2.2 Before connecting the tubings of the peristaltic pump, inspect for wear and tear. 
 
8.2.3 Clean the optical plasma interface (OPI) to avoid problem with ignition of plasma. 
 
8.2.4 Refill reservoir with calibration blank to flush the system. 
 
8.2.5 For Varian Vista-Pro: In the ICP Expert software, click ”Instrument” to display the 

instrument parameters on the screen. 
 
8.2.6 Purging, ignition of plasma and pump control are activated by clicking “Plasma on” 

icon. 
 
8.2.7 After lighting the plasma, wait for at least 30 minutes before starting analysis. 
 

8.3  Optimization of the instrument  
     

8.3.1 The plasma operating conditions need to be optimized prior to use of the instrument. 
This is required only when first setting up a new instrument or following a change in 
operating conditions. The purpose of plasma optimization is to provide a maximum 
signal to background ratio for some of the least sensitive elements in the analytical 
array. Check the plasma and sample introduction system by running a solution of 
yttrium.  Care must be taken so that the sample penetrates the plasma and the 
channel appears in the plasma. While aspirating the yttrium solution, the aerosol 
carrier gas can be adjusted so a definitive blue emission region of the plasma extends 
approximately from 5 to 20 mm above the top of the load coil. The yttrium solution 
can also be used for coarse alignment of the torch by observing the overlay of the 
blue light over the entrance slit to the optical system. If either operating conditions, 
such as incident power or nebulizer gas flow rate are changed, or a new torch is 
installed, the plasma should be re-optimized.  

 
8.3.2 Varian ICP Expert software has the capability for automated torch alignment and 

optimization. With the sample pump inlet tube placed in a 5 ppm Mn solution, click 
“Torch Align” from the Instrument Setup window. The Torch Alignment file 
consists of a single line, Mn 257.610 nm, that is recommended because it gives a 
representative viewing range scan for most elements. Click “Torch Scan” on the 
Torch Align page to perform horizontal and vertical scans. When the instrument 
scans the torch, it will move the pre-optics to the optimum positions for viewing the 
plasma.  
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8.4  Calibration and Analysis 
 

From the Worksheet window, click  “new”, and enter the filename  “yyyymmdd”. Select the 
method to be used from the list of methods then save the file. Click “Sequence”, then 
“Sequence editor” and enter the total number of samples (including QC check samples). The 
samples names are listed in the order desired. To start calibration and analysis, first highlight 
the standards and samples then click on the lighted green arrow. The Varian ICP Expert 
software has the capability to mask each individual result and replicate and to edit calibration 
and base line correction. By carrying out such editing, time can be saved in not having to re-
run a particular standard or sample. It also allows the analyst to export only the data of the 
desired elements for further data reduction or reporting.   

 
8.5 MDL and RDL 

 
8.5.1 Method detection limits must be established for all wavelengths utilized for each 

type of matrix commonly analyzed. The matrix used for the MDL calculation must 
contain analytes of known concentrations within 3-5 times the anticipated detection 
limits. Refer to 40 CFR Vol. 68, appendix B to part 136 “ Definition and Procedure 
for the Determination of the Method Detection Limits – Revision 2” for guidance for 
the MDL determination. One must recognize that determination of limits using 
reagent water represent a best-case situation and do not represent possible matrix 
effects of real world samples. 

 
8.5.2 The upper limit of the linear dynamic range must be established for each wavelength 

utilized by determining the signal responses from a minimum of three, preferably 
five, different concentration standards across the range. One of these should be near 
the upper limit of the range. The range to be used for the analysis of sample should 
be judged by the analyst from the resulting data. The data, calculations and rationale 
for the choice of range made should be documented and kept on file.  The upper 
range limit shall be an observed signal no more than 10 % below the level 
extrapolated from lower standards.  

 
8.5.3 Determined analyte concentrations that are above the upper range limit must be 

diluted and reanalyzed. 
 
 It should be noted that linear response curves must be used for all elements.  At least three 

standards and a blank must be used for least squares linear calibration fitting ( see 15.0) 
and the correlation coefficient must be 0.995 or greater . 

 
CALCULATION 
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9.1 If a dilution factor is entered into the method, the ICP Expert software will calculate and 
print the corrected concentration. If a weight to volume factor is used it would also correct 
the analyzed data for this factor.   

 
10.0 DATA MANAGEMENT 

 
10.1 Raw data in VWS format that are generated from the Varian ICP-Expert software are 

stored in ICP computer hard drive and in EMDB\ icp_rawfiles\yyyy. The extracted data 
file, including calculated QC and spike % recoveries that are generated from an excel 
template developed for the lab are saved in the subdirectory EMDB\icp_data\yyyy. 
Approved data are entered in LIMS. 

 
11.0 QUALITY ASSURANCE AND QUALITY CONTROL 

   
11.1 A minimum of one method blank per sample batch is required to determine if 

contamination or any memory effects are occurring. 
 

11.2 A matrix spiked duplicate sample is analyzed at a frequency of one per matrix batch. The 
spike recovery should be within 25% of the actual value or within the documented 
historical acceptance limits for each matrix. It is recommend that whenever a new or 
unusual sample matrix is encountered, a series of tests be performed prior to reporting 
concentration data for analyte elements. These tests are: a) Dilution test; if the analyte 
concentration is sufficiently high (minimally, a factor of 10 above the IDL after the 
dilution), an analysis of 1:5 dilution should agree within ± 10% of the original 
determination. If not, a chemical or physical interference effect should be suspected. b) 
Post Digestion Spike Addition; an analyte spike added to a portion of a prepared sample, 
or its dilution, should be recovered within 75% to 125% of the known value. The spike 
addition should produce a minimum level of 10 times and a maximum of 100 times the 
IDL. If the spike is not recovered within the specified limits, a matrix effect should be 
suspected. A control limit of 20% RPD or within the documented historical acceptance 
limits for each matrix should be used for sample values greater than ten times the IDL. 

 
11.3 Instrument standardization is checked by analyzing appropriate QC samples: 

 
11.3.1 A calibration blank is run immediately following daily calibration, after every ten 

samples, and at the end of an analytical run.  The results of the calibration blank 
should agree within three times the IDL. If the limit is exceeded, the analysis is    
repeated two more times and the average of the results taken.  If the average is not 
within three standard deviations of the background mean, the analysis is terminated, 
the problem is corrected, and the instrument is recalibrated. 

 
11.3.2 Initial Calibration Verification (ICV, 2 ppm ICM 240 sol.) standard is run 

following initial calibration. The results should agree within 10% of the expected 
value with relative standard deviation of three replicates smaller than 5%. If the limit 
is exceeded, the analysis is terminated, the problem is corrected and the instrument is 
recalibrated.  
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11.3.3 The Continuing Calibration Verification (CCV, 2 ppm WW-IPC1 + WWIPC2 sol.) 

standard is analyzed immediately following daily calibration, every ten samples and 
at the end of the analytical run. The results should agree within 10% of the expected 
value with relative standard deviation of three replicates smaller than 5%. If the limit 
is exceeded, the analysis is terminated, the problem is corrected and the instrument is 
recalibrated.                                                                                                                                            

         
11.3.4 Interference Check Solution (ICS) is analyzed at the beginning of each run to verify 

the inter-element and background correction factors. The results must be within 20% 
of the true value. 

 
11.4 Documentation.  Analysts are required to sign in on ICP Login/Maintenance binder in 

Room 507 every time the instrument is used and to record any problem encountered during 
the analysis. All routine maintenance and repair done by the vendor/manufacturer are kept 
in a separate section of the ICP Login/Maintenance binder. 

 
11.5 Records.  All raw data shall be maintained either in the laboratory facility or in a suitable 

storage location for a period of not less than 3 years or since the last on-site audit of the 
Environmental Laboratory Accreditation Program, whichever is longer. 

 
12.0 LOWEST REPORTING LEVEL 

 
12.1 ML and MDL for metals by EMD lab at HTP are listed in EMDB/MDL/2003/ML-MDL-

DI WATER-ICP VARIAN 2003.XLS file. 
 

12.2 Report data in mg/L up to three significant figures. Round the concentration value to the 
thousandth place. Concentration values equal or greater than the ML are reported as is. 
Concentrations equal or greater than the MDLs, but lower than the MLs report the values 
as an estimate values. Concentrations lower than the MDLs are reported as ND.  

 
13.0 PRECISION AND BIAS STATEMENT 

     
13.1 Control charts for precision and accuracy are updated periodically for review. 
 
13.2 Internal quality control sample, provided by EMD Quality Assurance Unit, is analyzed 

frequently for accuracy check. 
13.3 A performance evaluation study of trace metals is done annually as part of the requirement 

of Environmental Laboratory Accreditation Program. 
 

14.0 REFERENCES 
 

1. EPA method 6010B, revision 2, December 1996. 
 

2. SW-846 Third edition,1998. 
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3. SM 3120B, Metals By Plasma Emission Spectroscopy, Standard Method For The 
Examination Of Water and Wastewater, 20th. Edition, 1998. 

                                
 
           

15.0 LEAST SQUARES FIT.    
    

  The determination of a functional relationship between measured intensities of a line and 
given concentrations of an element emitting the line is called calibration.  The calibration 
function is determined by performing a certain number of measurements of standards having 
a known concentration of the element (data points).  Least squares fitting, used to adjust the 
calibration curve to these data points,  is done by minimizing the sum of the squared 
differences between the calculated and the certified concentrations: 

Χ2  =  Σ ( ωi  ( Ci, cert   -   Ci, Calc  ) )
2 

The  ωi   are the weighting factors.  
The parameters of the calibration curve, obtained from the condition for a minimum of  Χ2, 
may be calculated by the Varian software.                      
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TABLE 1: RECOMMENDED WAVELENGTHS 
          
Analyte    Wavelength (nm)   
   
Aluminum   308.215   
Antimony   206.833   
Arsenic    193.759   
Barium    493.409   
Beryllium   313.042   
Boron    249.678   
Cadmium   226.502   
Calcium    315.887   
Cerium    413.765   
Chromium   205.552   
Cobalt    228.616   
Copper    324.754   
Iron     259.940   
Lead    220.353   
Lithium    670.784   
Magnesium   279.079   
Manganese   257.610   
Mercury    194.227   
Molybdenum  203.844   
Nickel    231.604   
Phosphorus   214.914   
Potassium   766.491   
Selenium   196.090   
Silica (SiO2)  251.611   
Silver    328.068   
Sodium    588.995   
Strontium   421.552   
Thallium   190.864   
Tin     189.980   
Titanium   334.941   
Vanadium   292.402   
Zinc    213.856   
 
The wavelengths listed are recommended because of their sensitivity and overall acceptability.  
Other wavelengths may be substituted if they can provide the needed sensitivity and are treated 
with the same corrective techniques for spectral interference. 
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                                                           TABLE 2 
 
 
SAMPLE HOLDING TIMES, RECOMMENDED DIGESTION     VOLUMES AND 
RECOMMENDED COLLECTION VOLUMES FOR INORGANIC DETERMINATION   IN 
AQUEOUS AND SOLID SAMPLES. 
 
 
________________________________________________________________________ 
                                                Digestion                     Collection     Treatment/Preservative 
Measurement                        Volume(ml) a,c             Volume(ml)a,c       Holding Time b 
________________________________________________________________________ 
 
 
Inorganic Analytes 
Aqueous 
                Total                         100                                600                     HNO3 to pH<2 
                                                                                                                   6 months 
  
                Dissolved                 100                                600                      Filter on site 
                                                                                                                   HNO3 to pH<2 
                                                                                                                   6 months 
                
                Suspended                100                               600                       Filter on site 
                                                                                                                   6 months 
 
Solid 
                Total                         2 g                                200 g                     6 months 
 
 
a   Unless stated otherwise 
b   Either glass or plastic containers may be used. 
c   Any sample volume reduction from the reference method’s instructions must be made     
      in the exact proportion as described in the method and representative sampling must    
      be maintained. 
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1. Scope and Application 
 
 
1.1. This is a solid waste method in accordance with the requirements set in the EPA NPDES 

permit for the operation of the Hyperion Treatment Plant, and Terminal Island Treatment 
Plants, it is necessary to analyze for the following Pesticides: 

 
   COMPONENTS       STANDARD USED 

 
 1) ALDRIN        MIX AB 
 2) A-BHC         MIX AB     
 3) B-BHC         MIX AB     
 4) D-BHC         MIX AB     
 5) G-BHC         MIX AB     
 6) CHLORDANE       INDIVIDUAL  
 7) CHLORDANE (5-COMPONENTS)  INDIVIDUAL     
 8) DIELDRIN        MIX AB     
 9) ENDRIN        MIX AB     
 10) ENDOSULFAN I      MIX AB     
 11) ENDOSULFAN II      MIX AB 
 12) ENDOSULFAN II SULFATE    MIX AB 
 13) ENDRIN ALDEHYDE     MIX AB     
 14) HEPTACHLOR       MIX AB     
 15) HEPTACHLOR EPOXIDE    MIX AB     
 16) METHOXYCHLOR      MIX AB     
 17) MIREX         MIX AB     
 18) O, P’-DDE        MIX AB 
 19) O, P’-DDD        MIX AB     
 20) O, P'-DDT        MIX AB   
 21) P, P'-DDE        MIX AB 
 22) P, P'-DDD        MIX AB 

  23) P, P'-DDT        MIX AB    
  24) TOXAPHENE       INDIVIDUAL 
 
1.2. This is a Gas Chromatographic (GC), Electron Capture Detector Method applicable to the 

determination of organochlorine pesticide, which are man-made, extremely hazardous 
and are very persistent in the environment.  Most of the pesticides determined by this 
procedure are currently illegal to use but they are still frequently detected in samples 
because of their persistence.   

 
1.3. This method is applicable to either liquid (ground water, landfill condensate) or solids (soil, 

sediment, tissue). 
 
2.      Summary of Method 
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2.1. A measured volume or weight of sample (approximately 1 L for liquids, 3 g for                
solids) is extracted using the appropriate matrix-specific sample extraction technique.  

 
2.2. Liquid samples are extracted with methylene chloride using continuous liquid-liquid 

extraction (CE). The CE extract is solvent exchanged to hexane and concentrated for florisil 
cleanup and sulfur cleanup. 

 
2.3. Solid samples are extracted with methylene chloride-acetone (1:1) using accelerated solvent 

extraction (ASE).  The ASE extract is solvent exchanged to hexane and concentrated for 
Acetonitrile cleanup, florisil cleanup and sulfur cleanup.   

 
2.4. A Gas Chromatograph with its parameters established to permit the separation and 

measurement of the pesticides by Electron Capture Detector (ECD) is used to identify 
and quantify the target compounds in samples. 

 
2.5. Compound identification based on primary-column analysis should be confirmed on a 

second column. 
 
 
3. Interferences:  
 
3.1. Sources of interference in this method can be grouped into three broad categories. 
 
3.2 Contaminated solvents, reagents, or sample processing hardware. 
 
3.3 Contaminated GC carrier gas, parts, column surfaces, or detector surfaces. 
 
3.4 Compounds extracted from the sample matrix to which the detector will respond. 
 
3.5 Interferences co-extracted from the samples will vary considerably from waste to waste. 
 
 

  4. Sample Collection, preservation, and Holding Time 
 
4.1  Before use, all sample containers are washed with soap and tap water, rinsed with hexane, 

and dried.  Care must be taken to avoid contact with plastic to minimize Phthalate 
interference’s in the analyses. 

 
4.2 Liquid samples are collected in 1000 ml or 1/2 gallon glass bottles with Teflon lined 

caps. Liquid samples are stored at 4 oC and must be extracted within 7 days. The extracts 
must be analyzed within 40 days. 

 
4.3 Solid samples (sludge, tissue, and sediment) are collected in appropriately 

 Sized (2-4 oz) glass containers with Teflon lined caps.  Solid samples are stored at 4 oC or 
frozen.  Solid samples are extracted within 14 days and if frozen (e.g., tissue & sediment) 
must be extracted within 6 months.   
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5.       Chain of Custody and Sample Registry 
 
5.1 All samples received by the Sample Receiving Unit. The samples are logged into   LIMS 

and stored at 4 oC.  The Organic Unit receives samples from the sample receiving unit for 
analysis.  

 
5.2 Samples will be logged into organic logbook and a copy of chain of custody will be kept in 

work order book. 
 

 
6      Apparatus 
 
6.1. Glassware 
 

• Continuous extraction glassware 
• 125 ml separatory funnel with teflon stopcock and glass stopper 
• 1 L beaker 
• 250 ml beaker 
• 100 mm long-stemmed funnel 
• Kuderna-Danish (K/D) flask, 250 ml 
• 250 ml round bottom flask 
• graduated ampoule 
• ungraduated ampoule 
• Snyder column (three ball) 
• 500 ml graduated cylinder 
• chromatographic column with reservoir 
• 5 ml vials with teflon septa 
• 60 ml vials with teflon septa 
• dispensing flask 

 
  6.2  Equipment and Materials 

 
• ASE 200 accelerated solvent extractor and accessory 
• Double beam balance 
• Centrifuge 
• Waterbath 
• Solvent evaporation unit 
• Nitrogen stream evaporation unit 
• Glass wool 
• Boiling chips (soxhlet extracted or put in furnace at 4000C) 
• Clamps (various sizes) 
• Tweezers 
• Thimbles    
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• Heating mantles and controls 
• Timers 

  
  6.3  Gas Chromatograph 

 
 The following GC/ECD systems are available for analysis: 
  
 a) Gas Chromatograph- HP 5890 
  Data station with Window NT and HP ChemStation Enviroquant software 
   Dual Electron Capture Detectors 
  Autosampler (HP 7673) 
  Columns: 
  Primary: DB5-60 m length, 0.32 mm diameter. 
  Confirmation: DB-XLB 60 m length, 0.32 mm diameter. 
   
  On Column Dual Injection (two independent injectors)  
  HP LaserJet 4 printer 
 
  HP5890 Temperature Program for All Samples: 
 
  Detector Temperature:  300  OC 
 
  Injector Temperature:    250 OC 
 
  Oven Program: 
 
  Initial Temperature  120 OC 
  Initial Time    0.5 Minutes 
 
  Level  Rate  Final Temp  Final Time 
     (C/min)  (OC)   (min) 
  1    5.0   160    0.00  
  2    3.0   260    3.0 
 
  Total Program Time: 44.83 Minutes 
 
  Inlet A Pressure Values: 
 
  Constant Flow: On 
  Pressure:       267 kpa    
  Temperature  120 OC 
 
  Inlet B Pressure Values: 
  Constant Flow:  On 
  Pressure:  111 kpa 
  Temperature:  120 OC 
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 b) Gas Chromatograph- HP 6890 
  Data station-Kayak with Windows NT and HP ChemStation Enviroquant software 
   Electron Capture Detector 
  Autosampler (HP 6890 series) 
  Columns: 
  Primary: HP-5 30m length, 0.320-mm id. 
  Confirmation: DB-1701 30m length, 0.320-mm id. 
   
  Dual Injectors – fast inject  
  HP LaserJet 4000 printer 
 
  HP6890 Temperature Program for All Samples: 
 
  Detector Temperature:  300 OC 
  Oven Program: 
  Initial Temperature  100 OC 
  Initial Time   2.0 Minutes 
 
   Level  Rate  Final Temp  Final Time 
      (OC /min) (OC)    (min) 
   1   15.0  160    0.00  
   2    4.0   265    5.00 
 
  Total Program Time: 37.25 Min 
 
  Inlet Temperature/Pressure Information for Both Inlet A and B: 
 
  Initial Temperature  250 OC (On) 
  Initial Time   2.0 Minutes 
  Mode: Pulsed Splitless 
  Pressure: 63.4 kpa (On)-Injector A 
  Pressure: 56.4 kpa (On)-Injector B 
  Pulse Pressure: 172 kpa 
  Pulse Time: 0.75 min. 
  Purge Flow: 0.75 mL/min 
  Total Flow: 64.0 mL/min(A);63.9 mL/min(B) 
  Gas Saver: On 
  Saver Flow: 20 mL/min 
               Saver Time: 3.00 min 
  Gas Type:  Helium 
     
  Pressure Program: 
     
  GC Pressure Units: kpa 
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  Entered Values: 
  Column Length:  30m  
           Column     0.320 mm 
  Gas:    Helium 
  Vacuum Comp:  Off 
 

 Column 1       Column 2 
 
 Hp-5 5% Methyl Siloxane    DB-1701 
 Mode: Constant Flow     Mode: Ramped Flow 
 Initial flow:  1.5 mL/min    Initial flow: 1.3 mL/min 
 Nominal Initial Pressure: 63.4 kpa      Nom. Initial Pressure: 56.4 kpa 
 Average Velocity: 29 cm/sec   Average Velocity: 26 cm/sec 
       
 Ramped Flow Program for Column 2 
 
 # Rate  Final Flow  Final Time 
 1 40.00  5.0    5.00 
 2 40.00  1.0    28.00   

3 0.0 (Off) 
 
 Post Flow: 0.0 mL/min 
 

    
c) Gas Chromatograph- Varian 3800 GC-ECD 
 See attached GC method for operating parameter. 

 
7. Chemicals  & Reagents 

 
 7.1.  Chemicals 
 

• Hexane - pesticide grade 
• Methylene Chloride - pesticide grade 
• Acetone 
• Acetonitrile 
• Ethyl ether - pesticide grade 
• Florisil (60/100 mesh) 
• Sodium sulfate (granular) 
• Copper (granular) 

 
  7.2.  Standards 

 
7.2.1 All standards should be at least 96% pure and are generally purchased ChemService 

(primary standards).  Second source standards are purchased from Ultra Scientific.  All 
standards are prepared in hexane in volumetric flasks and stored in amber bottles with 
Teflon lined caps at 4 0C. 
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7.2.2  Five calibration concentrations are prepared for each standard  or set of standards.  New 

standards are prepared within 6 months (or sooner if signs of degradation are apparent). 
Newly prepared standards are compared with second source standards. If they are not 
within 20%, the standards are verified against a third source. 

   
 8.   Extraction  

 
8.1 All samples undergoing extraction are entered into the extraction logbook.  This book 

contains the sample log number, date extraction started, date extraction finished, spike 
amount, date of florisil, sulfur clean up, final volume, date concentrated, and initials of 
person conducting extraction. 

 
8.2. Liquid samples are extracted with methylene chloride using continuous liquid-liquid 

extraction (CE). The CE extract is solvent exchanged to hexane and concentrated for florisil 
cleanup and sulfur cleanup.  Refer Appendix-A for Continuous Extraction and Appendix-B 
for cleanup procedures. 

 
8.3. Solid samples are extracted with methylene chloride-acetone (1:1) using accelerated solvent 

extraction (ASE).  The ASE extract is solvent exchanged to hexane and concentrated for 
Acetonitrile cleanup, florisil cleanup and sulfur cleanup.  Refer Appendix-C for 
Accelerated Solvent Extraction, Appendix-D for Acetonitrile cleanup procedures and 
Appendix-B for florisil and sulfur cleanup procedures. 

 
9. Gas Chromatograph 
 
9.1 Documentation 
 

From organic logbook, samples are logged to the pesticides extraction book, with different 
categories such as: plant, sediment, tissue, special, biosolids. 

 
9.2 Instrument set up  
 
 see 6.3  
 
9.3. Calibration 
 
 9.3.1 Initial Calibration 
  

The external standard calibration procedure is used for this method. Five concentration 
levels of each analyte are prepared for calibration purpose.  The lowest calibration standard 
is at a concentration equivalent to the minimum reporting level.  

  
The calibration factor (CF) for each analyte at each concentration, the mean calibration 
factor (CF), and the relative standard deviation (RSD) of the calibration factors are 
calculated by using the formulae below. 
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A
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A - Peak area of the compound in the standard 
C – Concentration of the compound 
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RSD = 
CF

SD
* 100 

 
 

  The acceptance criteria for the initial calibration is that the relative standard deviation (RSD) 
of the calibration factors is less than 20%.  The mean calibration factor can be used to 
quantitate sample results.   

 
  Alternatively, if the RSD is greater than 20%, a calibration curve can be used for 

quantitation with r-squared value greater than 0.99.   
   

 For multi-component analytes, 7 - 10 characteristic peaks are used in the initial calibration. 
 
 9.3.2. Daily Calibration 
 
 Once the initial calibration established, the working calibration must be verified every 12 

hours by injecting a mid point standard (continuing calibration standard). 
   
 The acceptance criteria for the daily calibration is that the RPD (relative percent difference), 

must be less or equal to  +/- 15% before any sample is analyzed. 
                      __           __   
   RPD= |CF-CF|*100/(CF)  
 
 If any analyte fails this criteria, but the average of the responses for all analytes meets this 

criteria, the calibration is verified. If the verification does not meet the criteria, a new five 
point calibration should be prepared and run. 

  
9.3.3 At the beginning of each run, and once every 12 hours while the run is in 

progress, the instrument must be shown to be capable of delivering acceptable 
data by making sure that the following performance criteria are met: 

 
 9.3.3.1  The column must be free from front-end damage. 

9.3.3.2. The injector and injector liner must be clean. 
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9.3.3.3  The column must be in good enough condition to meet proven linearity of 
response standards. 

 9.3.3.4  The RPD (relative percent difference) must be less or equal +/- 15%.   
   
 9.3.4 GC operation (sample analysis) 
   

9.3.4.1 The same GC operating conditions used for the initial calibration must 
be employed for samples analyses. 

   
9.3.4.2      Verify calibration by analyzing mid-point standard every 12 hours and 

meeting the criteria in 9.3.2 and 9.3.3 prior to conducting sample 
analysis. A calibration standard should be injected at interval of every 
20 samples.   

 
9.3.4.3 The Endrin and DDT degradation standard should be analyzed at the 

beginning of each working day, subsequently after each 20 runs, and at 
the end of analytical sequence.  The degradation must be less than 
15% for both Endrin and DDT.  Otherwise instrument maintenance is 
required.  

 
9.3.4.4 One method blank is analyzed with each set of 20 or fewer samples.  

The blank results must be less than the MDL.  No blank values will be 
subtracted from the sample values. 

 
9.3.4.5      Inject a 1-µL aliquot of the concentrated sample extract (fraction A and 

B). Record the volume injected and the resulting peak size in area 
units. 

 
9.3.4.6     Qualitative identifications of target analytes are made by examination of 

the sample chromatograms, as described in Section 10. 
 

9.3.4.5     Quantitative results are determined for each identified compound, using 
the procedures described in section 11 for the external calibration 
procedure. If the responses in the sample chromatogram exceed the 
calibration range of the system, dilute the extract and reanalyze. 

 
9.3.4.6 In an autosampler run, hexane is run after at least every 20 samples to 

check for carryover. 
 
10.     Identification 
 
10.1  single component analytes are identified by comparing their retention time in sample to 

that of standard.  A retention time difference of plus or minus 0.05 minute from standard 
confirms presence of the compound in sample.  All compounds identified in primary 
column must be confirmed on a second column with different packing materials. 
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10.2  For multi-component compounds, the following criteria must be met: 
 
10.2.1 At least 5 of the characteristic peaks must be within plus or minus 0.05 minute of 

the retention time of their corresponding peak in the standard. 
 
10.2.2 Pattern recognition - the ratio of the peaks in the sample to those in the standard 

should be consistent within the limitations imposed by the matrix. 
 
11. Quantitation 
 
11.1     Quantitation of target compounds: average response factor (RF) or calibration factor (CF) 

from initial calibration is used for quantitation of target compounds. 
 
11.2      Quantitation of Toxaphene and Chlordane 

 
After running and reprocessing the chromatogram of the sample to be analyzed, the 
concentration of 5-7 peaks of the 7 - 10 characteristic peaks chosen in the initial calibration 
that are closest in value for the sample are added together and the mean is calculated.  This 
mean value is reported as the analytical result of the analysis for the given multipeak 
component. 

 

  The reason for choosing the 5-7 closest of the 7 - 10 results is that in samples that are 
extremely dirty and/or those that have complex matrices, there invariably occurs some co-
elution of other components or of unidentified peaks in the matrix with at least one or two of 
the peaks selected for quantitation.  The choice of the 5-7 closest peaks removes some of the 
variation in value caused by co-elution and matrix interference.     

 
12. Data Processing 
 
 The data from the GC run must be reprocessed. This reprocessing includes setting the 

integration events to draw baselines properly on the chromatogram.  In some cases manual 
integration will be necessary to insure that everything is integrated correctly.  Make sure that 
the data station will calculate the results using average response factors of the 5-point 
calibration curve.  

  
13. QC Procedure 
 
13.1 All extraction and spike information is recorded in the extraction logbook 
. 
13.2 A method blank(MB) is analyzed with every batch of samples (20 or less samples per 

batch).  The MB must be less than Method Reporting Limit(MRL).  No blank values will be 
subtracted from the sample values. 

 
13.3 A distilled water spike or clean sand spike (LCS, QC check) is analyzed with every batch of 

samples (20 or less samples per batch).  LCS recoveries must be within laboratory 
established acceptance limits for all target analytes. 
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13.4 One matrix spike (MS and one matrix spike duplicate (MSD) pair is analyzed with each set 

of 20 or fewer samples.  MS/MSD recoveries must be within laboratory established 
acceptance limits for all target analytes. 

 
13.5 The Endrin/PT degradation standard is analyzed at the beginning of each working day, 

subsequently after each 20 runs, and at the end of the analytical sequence. Compound 
degradation must be less than 15 % for both compounds.  If the degradation is greater than 
15%, the instrument can not be used for sample analysis and maintenance is required.  
Analysis can not resume until the degradation standard passes the above criteria. 

 
13.6 The percent relative standard deviation (%RSD) of the response factors (CF) of 5 point 

calibration should be less than 20%.  If the %RSD is greater than 20%, the r-squared value 
must be greater than 0.99 to use calibration curve for Quantitation. 

 
13.7 The RPD (relative percent difference) for daily calibration must be less or equal           +/- 

15%. 
 
13.8  Results may be reported from either column of dual column system, provided that all QC 

criteria are met on the column used for reporting purpose. 
 
13.9 Any sample that has a positive result greater than the value of the highest standard must be 

diluted and re-analyzed. 
 
13.10 Positive results should be confirmed on the secondary column within 50% RPD of primary 

column results.  Since it is possible for analytes to be present and be outside the 
confirmation acceptance criteria, the experience of the analyst should weigh heavily in the 
interpretation of chromatograms. 

 
13.11 QC charts for all matrixes and LSC are updated after each 5- 10 batches of analysis. 

Corrective actions are taken if any deviation in analysis is observed.   This QC chart serves 
as a floating control range chart. 

 
13.12 Solutions from which spiking solutions are made need to be purchased either from a 

different manufacturer than the one from which Standard solutions are made, or from a 
different lot# from the same manufacturer. In addition, a 3rd set of solutions should be 
available, such as ERA or EPA standard solutions.  These solutions can be used to check the 
accuracy of the solutions obtained from other manufacturers. 

 
13.13 Retention time study: Make three injections of standard over the course of 72 hours.  Record 

the retention time and calculated the mean and standard deviation of the three retention 
times for each analytes and surrogate.  The width of the retention window for each analyte 
and surrogate is defined as +/- 3 times the standard deviation of the mean retention time.  
Establish the center of the retention time window for each analyte and surrogate by using the 
retention time from the calibration verification standard at the beginning of the analytical 
shift. 
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1. Scope and Application 
 
1.1. This is a solid waste method that is used to determine the concentrations of 

polychlorinated biphenyls (PCBs) as Aroclors in extracts from solid and aqueous 
matrices.  The target compounds are listed below: 

 
  COMPOUNDS    STANDARD USED 
 
 1)  AROCLOR 1016   MIX OF AROCLOR 1016&1260  
 2) AROCLOR 1221   INDIVIDUAL 
 3) AROCLOR 1232   INDIVIDUAL 
 4) AROCLOR 1242   INDIVIDUAL 
  5) AROCLOR 1248  INDIVIDUAL    
  6) AROCLOR 1254  INDIVIDUAL    
  7) AROCLOR 1260  MIX OF AROCLOR 1016&1260 
 
1.2 This is a Gas Chromatographic (GC), Electron Capture Detector Method with dual-

column and dual-detector. Compound identification based on the first column analysis 
will be confirmed on a second column. 

 
1.3       Aroclors are multi-component mixtures. When samples contain more than one Aroclor, a 

higher level of analyst expertise is required to attain acceptable levels of qualitative and 
quantitative analysis. 

 
1.4. This method is applicable to either liquid (ground water, landfill condensate) or solids (soil, 

sediment, tissue). 
 
 
2.      Summary of Method 
 
2.1. A measured volume or weight of sample (approximately 1 L for liquids, 3 g for                

solids) is extracted using the appropriate matrix-specific sample extraction technique.  
 
2.2. Liquid samples are extracted with methylene chloride using continuous liquid-liquid 

extraction (CE). The CE extracts are solvent exchanged to hexane and concentrated for 
florisil cleanup and sulfur cleanup. 

 
2.3. Solid samples are extracted with methylene chloride-acetone (1:1) using accelerated solvent 

extraction (ASE).  The ASE extracts are solvent exchanged to hexane and concentrated for 
Acetonitrile cleanup, florisil cleanup and sulfur cleanup.  

 
2.4  A Gas Chromatograph with its parameters established to permit the separation and 

measurement of the PCBs by Electron Capture Detector (ECD) is used to identify and 
quantify the target compound in samples. 
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2.5  Compound  identification based on the first column analysis should be confirmed on a 
second column. 

 
3. Interferences:   
 
3.1. Sources of interference in this method can be grouped into three broad categories. 
 
3.2 Contaminated solvents, reagents, or sample processing hardware. 
 
3.3 Contaminated GC carrier gas, parts, column surfaces, or detector surfaces. 
 
3.4 Compounds extracted from the sample matrix to which the detector will respond. 
 
3.5 Interferences co-extracted from the samples will vary considerably from waste to waste. 
 
 

  4.  Sample Collection, preservation, and Holding Time 
 
4.1. Before use, all sample containers are washed with soap and tap water, rinsed with hexane, 

and dried.  Care must be taken to avoid contact with plastic to minimize Phthalate 
interference’s in the analyses. 

 
4.2 Liquid samples are collected in 1000 ml or 1/2 gallon glass bottles with Teflon lined 

caps. Liquid samples are stored at 4 oC and must be extracted within 7 days. The extracts 
must be analyzed within 40 days. 

 
4.3 Solid samples (sludge, tissue, and sediment) are collected in appropriately 

sized (2-4 oz) glass containers with Teflon lined caps.  Solid samples are stored at 4 oC or 
frozen.  Solid samples are extracted within 14 days and if frozen (e.g., tissue & sediment) 
must be extracted within 6 months.   

 
5.       Chain of Custody and Sample Registry 
 
5.1 All samples will be received by the Sample Receiving Unit. The samples are then logged 

into LIMS and  stored at 4 oC.  The Organic Unit receives samples from the sample 
receiving unit for analysis. 

 
5.2 Samples will be logged into organic logbook and a copy of chain of custody will be kept in 

work order book. 
 

 
6.      Apparatus and Materials  
 
6.1. Glassware 
 

• Continuous extraction glassware 
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• 125 ml separatory funnel with teflon stopcock and glass stopper 
• 1 L beaker 
• 250 ml beaker 
• 100 mm long-stemmed funnel 
• Kuderna-Danish (K/D) flask, 250 ml 
• 250 ml round bottom flask 
• graduated ampoule 
• ungraduated ampoule 
• Snyder column (three ball) 
• 500 ml graduated cylinder 
• chromatographic column with reservoir 
• 5 ml vials with teflon septa 
• 60 ml vials with teflon septa 
• dispensing flask 

 
  6.2  Equipment and Materials 

 
• ASE 200 accelerated solvent extractor and accessory 
• Double beam balance 
• Centrifuge 
• Waterbath 
• Solvent evaporation unit 
• Nitrogen stream evaporation unit 
• Glass wool 
• Boiling chips (soxhlet extracted or put in furnace at 4000C) 
• Clamps (various sizes) 
• Tweezers 
• Thimbles    
• Heating mantles and controls 
• Timers 

  
  6.3  Gas Chromatograph 

 
 Varian 3800 GC-ECD #2 
  See attached GC method for operating parameters. 
    
 HP 5890 GC-ECD 
  See attached GC method for operating parameters 
 
 HP 6890 GC-ECD 
  See attached GC method for operating parameters     
  
 
7. Chemicals  & Reagents 
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 7.1.  Chemicals 
 

• Hexane - pesticide grade 
• Methylene Chloride - pesticide grade 
• Acetone 
• Acetonitrile 
• Ethyl ether - pesticide grade 
• Florisil (60/100 mesh) 
• Sodium sulfate (granular) 
• Copper (granular) 

 
 7.2.    Standards 

 
7.2.1  All calibration standards should be at least 96% pure and are generally purchased 

ChemService (primary standards).  Second source standards and LCS spike standards are 
purchased from Ultra Scientific.  All standards are prepared in hexane except LCS spiking 
standards (in methanol), with volumetric flasks and stored in amber bottles with Teflon 
lined caps at 4 0C. 

 
7.2.2 Five calibration concentrations are prepared for each standard or set of standards.  New 

standards are prepared within 6 months (or sooner if signs of degradation are apparent). 
Newly prepared standards are compared with second source standards. If they are not 
within 20%, the standards are verified against a third source. 

 
7.2.3 See Attachment for standard preparation. 

   
 8.    Extraction  

 
8.1. All samples undergoing extraction are entered into the extraction logbook.  This book contains 

the sample log number, date extraction started, date extraction  finished, spike amount, date of 
florisil, sulfur clean up, final volume, date concentrated, and initials of person conducting 
extraction. 

 
8.2. Liquid samples are extracted with methylene chloride using continuous liquid-liquid extraction 

(CE). The CE extract is solvent exchanged to hexane and concentrated for florisil cleanup and 
sulfur cleanup.  Refer Appendix-A for Continuous Extraction and Appendix-B for cleanup 
procedures. 

 
8.3. Solid samples are extracted with methylene chloride-acetone (1:1) using accelerated solvent 

extraction (ASE).  The ASE extract is solvent exchanged to hexane and concentrated for 
Acetonitrile cleanup, florisil cleanup and sulfur cleanup.  Refer Appendix-C for Accelerated 
Solvent Extraction, Appendix-D for Acetonitrile cleanup procedures and Appendix-B for 
florisil and sulfur cleanup procedures. 

 
9.  Gas Chromatograph 

 
9.1 Documentation 

RB-AR40547



FOR REFERENCE ONLY 

Appendix F-88 

 
 Analyst will write his/her initial and date in extraction logbook before analysis starts.  The 

raw data, originally stored on the hard disk, is transferred to Virtual Drive for long term 
storage.  

 
9.2 Instrument setup  
 
 See 6.3.  
 
9.3. Calibration 
 

9.3.1 A standard containing a mixture of Aroclor 1016 and Aroclor 1260 will include 
many of the peaks represented in the other five Aroclor mixtures. As a result, a 
multi-point initial calibration employing a mixture of Aroclors 1016 and 1260 at 
five concentrations should be sufficient to demonstrate the linearity of the 
detector response without the necessity of performing initial calibrations for each 
of the seven Aroclors.  

 
9.3.2 The mixture of Aroclors 1016 and 1260 at five concentrations can be used as a 

standard to demonstrate that a sample does not contain peaks that represent any 
one of the Aroclors. This standard can also be used to determine the 
concentrations of either Aroclor 1016 or Aroclor 1260, should they be present in a 
sample. 

 
9.3.3 Single standards of each of the other five Aroclors are required to aid the analyst 

in pattern recognition.  Assuming that the Aroclor 1016/1260 standards described 
in Sec. 9.3.1 have been used to demonstrate the linearity of the detector, these 
single standards of the remaining five Aroclors are also used to determine the 
calibration factor for each Aroclor. 

 
 9.3.4 Initial Calibration 
  
 5 to 10 characteristic peaks are chosen for calibration. 
 

Initial calibration is performed for these peaks using 5 concentration levels. The 
calibration is by the external standard method.  
 
When external standard calibration is employed, calculate the calibration factor 
(CF) for each peak at each concentration, the mean calibration factor (CF), and 
the relative standard deviation (RSD) of the calibration factors, using the formulae 
below. 

 

C

A
CF =  

 
A - Peak area of the compound in the standard 
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C – Concentration of the compound 
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RSD(%) = 
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 The acceptance criteria for the initial calibration curve is the relative standard 

deviation (RSD) less than 20%.     
   
   
 9.3.5. Daily Calibration 
 

 Once the initial calibration established, a mid point standard (continuing calibration 
standard) is run and compared against the 5 point calibration curve.  Calculate the 
relative percent difference (RPD) as 

   
                     ___          __ 
   RPD= |CF-CF|*100/(CF) 

  

    
The acceptance criteria for the daily calibration is that the RPD (relative percent 
difference), must be <15% for all characteristic peaks selected for the initial 
calibration before any sample is analyzed. If this criterion is not met, corrective 
action, possibly including a new 5-point calibration, should be taken. 

 
9.3.6 At the beginning of each run, and once every 12 hours while the run is in 

progress, a mid point standard (continuing calibration standard) is run and compared 
against the 5 point calibration curve. 

 
9.3.7 GC operation  

 
9.3.7.1      The same GC operating conditions used for the initial calibration must 

be employed for samples analyses. 
   

9.3.7.2 Verify calibration by analyzing mid-point standard every 12 hours and 
meeting the criteria in 9.3.5 prior to conducting sample analysis. A 
calibration standard should be injected at interval of every 20 samples.  
For Aroclor analyses, the calibration verification standard should be a 
mixture of Aroclor 1016 and Aroclor 1260. The calibration 
verification process does not require analysis of the other Aroclor 
standards used for pattern recognition. 
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9.3.7.3 Inject a 1-µL aliquot of the concentrated sample extract (fraction A 

only for PCBs as Aroclors). Record the volume injected and the 
resulting peak size in area units. 

 
9.3.7.4 Qualitative identifications of target analytes are made by examination 

of the sample chromatograms, as described in Section 10. 
 

9.3.7.5 Quantitative results are determined for each identified Aroclors, using 
the procedures described in section 11 for the external calibration 
procedure. If the responses in the sample chromatogram exceed the 
calibration range of the system, dilute the extract and reanalyze. 

 
9.3.7.6      In an autosampler run, hexane is run after at least every 10 samples to 

check for carryover. 
 
10. Identification of PCBs as Aroclors 
 
10.1    The identification of PCBs as Aroclors using this method with an electron capture 

detector is based on agreement between the retention times of peaks in the sample 
chromatogram with the retention time windows established through the analysis of 
standards of the target analytes. Target compounds are identified by comparing their 
retention time in sample to that of standard.   

 
10.2 Tentative identification of any Aroclor occurs when at least 5 of the characteristic peaks 

(5 to 10 peaks)  from a sample extract falls within the established retention time window 
for that Aroclor. A retention time difference of plus or minus 0.05 minute for all 5 peaks 
from standard confirms presence of the compound in sample.  Each tentative 
identification must be confirmed by using a second GC column of dissimilar stationary 
phase, based on a clearly identifiable Aroclor pattern. 

 
10.3 The pattern in the sample chromatogram should be compared to that of the standard to 

ensure that all the major components in the standard are present, and ratio of the peaks in the 
sample to those in the standard should be consistent within the limitations imposed by the 
matrix. 

 
 

11.    Quantitation of PCBs as Aroclors 
 
11.1  The quantitation of PCB residues as Aroclors is accomplished by comparison of the 

sample chromatogram to that of the most similar Aroclor standard. A choice must be 
made as to which Aroclor is most similar to that of the residue and whether that standard 
is truly representative of the PCBs in the sample. 

 
11.2     Once the Aroclor pattern has been identified, compare the responses of 5 to 10 major 

peaks in the single-point calibration standard for that Aroclor with the peaks observed in 
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the sample extract. The amount of Aroclor is calculated using the individual calibration 
factor for each of the 5 to 10 characteristic peaks chosen in the calibration and the 
calibration model (linear) established from the multi-point calibration of the 1016/1260 
mixture. A concentration is determined using each of the characteristic peaks and then 
those 5 to 10 closest concentrations of the 5 to 10 concentrations are averaged to 
determine the concentration of that Aroclor. 

 

11.3 Weathering of PCBs in the environment and changes resulting from waste treatment 
processes may alter the PCBs to the point that the pattern of a specific Aroclor is no 
longer recognizable. Samples containing more than one Aroclor present similar problems.  
The quantitation as Aroclors may be performed by measuring the total area of the PCB 
pattern and quantitating on the basis of the Aroclor standard that is most similar to the 
sample. Any peaks that are not identifiable as PCBs on the basis of retention times should 
be subtracted from the total area. When quantitation is performed in this manner, the 
problems should be fully described for the data user and the specific procedures 
employed by the analyst should be thoroughly documented. 

  
12. Data Processing 
 
12.1 The data from the GC run must be reprocessed. This reprocessing includes setting the 

integration events to draw baselines properly on the chromatogram.  In some cases manual 
integration will be necessary to insure that everything is integrated correctly.  Make sure that 
the data station will calculate the results using average response factors of the 5-point 
calibration curve. 

  
13. QC Procedure 
 
13.1 Spike information is recorded in the GC instrument logbook 
. 
13.2 10% of all samples are spiked and spikes are duplicated. 
 
13.3 10% of all samples are duplicated. 
 
13.4 A method blank and a distilled water spike (LCS, QC check) is analyzed with every batch of 

sample (10 or less sample per batch).   
 
13.5 Surrogate standards are added to all samples before extraction. 
 
13.6 QC charts for all matrixes are updated after each batch of analysis. Corrective actions are 

taken if any deviation in analysis is observed. 
 
13.7 Solutions from which spiking solutions are made need to be purchased either from a 

different manufacturer than the one from which Standard solutions are made, or from a 
different lot# from the same manufacturer. In addition, a 3rd set of solutions should be 
available, such as ERA or EPA standard solutions.  These solutions can be used to check the 
accuracy of the solutions obtained from other manufacturers. 
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1. SCOPE AND APPLICATION 
 
 Ocean and other sediments of size range 0.04 – 2000 um in diameter. 
 
 
2. SUMMARY OF METHOD 
 

A Coulter LS 230 instrument measures the size distribution of particles from 0.04 um to 
2000 um.  The instrument with a Fluid Module can measure sample particles suspended 
in tap water. 
 
The instrument is light scattering particle size analyzer.  It uses the diffraction of laser 
light by particles as the source of information about particle size with diameter 0.4-2000 
um.  The laser’s radiation passes through spatial filter and projection lens to form abeam 
of light.  The beam passes through the sample cell where particles suspended in tap water 
scatter the incident light in characteristic patterns, which depends on their size.   The    LS 
230 series include another measurement assembly, called PIDS (Polarization Intensity 
Differential Scattering) .  The PIDS provides information for particles in the 0.04-0.4 um 
range.  A  polarized monochromatic light at three different wavelengths: 450, 600, and 
900 nm  are focused through a slit and are projected the PIDS sample cell. **                
 
OR 
The sample is placed into the suspension fluid (tap water) in the sample vessel.  The 
suspension fluid and dispersed particles flow through the sample cell.  The sample cell 
stand contains a diffraction sample cell and PIDS sample cell.  The Laser beam with a 
wave 750 um will illuminate the dispersed samples, and a polarized light beam also 
illuminates the sample.  ** 

 
3. INTERFERENCES 
 

Gravels (particles larger than 2000 um) interfere.  Because, larger particle will obstruct 
the incident light on the smaller particles and will change the diffraction pattern.  
Therefore, gravel should be removed and separated from the sample by passing the 
sample suspension through 2 mm sieve just before adding to the sample vessel.  Please 
note that this separation is a must in order to protect the sensitive sample cell that could 
scratch.  Moreover, the instrument will not measure particles  larger than 2000um. 

 
4. SAMPLE COLLECTION, PRESERVATION AND HANDLING 

 
Samples are collected in 8 oz plastic bottles (no preservative is needed by the biologist) 
and delivered to the EMD sample receiving staff who logs the sample and informs the Wet 
Chemistry lab.  The samples and store in the sample receiving area refrigerator at 40C 
until analysis have been completed.  The samples are saved and kept in the back 
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refrigerator for 1 full year or until the assessment report is completed, which ever is the 
later. The samples are disposed by the sample receiving staff.  

 
5. EQUIPMENT AND SUPPLIES 

 
Particles size distribution instrument ( Coulter Particle Characterization LS230 with 
fluid Modular)  New name is Beckman Coulter Particle Size. 

 
6. CHEMICALS AND REAGENTS : NA 
 
7. SAFETY: Use usual laboratory safety procedures. No special safety precaution is      

necessary  
 
8. PROCEDURE: 
 
 DAILY STARTUP 

a. Check on the instrument at the start of each day 
 

Check the water source is turned on. 
Check that there is water in the sample vessel.  Replace water daily. 

Turn on the power switch of the optical Module.  
Turn on the printer, the monitor, and the computer. 
Check Use Optical Module after the LS copy right dialog box appears.  Select 
OK. 
Select Control, Pump On to turn on the circulating pump. 
Select Control, Rinse .  Let it rinse for about 5 mins then cancel. 
Select Control, Fill.  Wait 2 hours before running a control or sample.  Complete 
the waiting (warm-up) period. 
 

b. Change Directory or create a new Directory:  See Appendix A. 

 

Change to the directory needed for data storage of the next run. Or create separate 
directories as needed for controls and different types of samples.  

 

c. Load Preferences.  See Appendix B. 

 

Load a Preferences file for use with each successive run until you load a different  
Preference file.  Preferences files define how data is presented in the program, 
how it is printed in reports, what fonts are used, etc. Check page set up to confirm 
the title and date of your test. 

 

d. Run a Control.  Coulter recommends that you run at least one control each day to 
check instrument performance.  Refer to Sample Analysis procedure, and follow 
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any instructions on the assay sheet for the particular control sample. In addition, 
as the run cycle in progress, make the following checks:  

1. Check during offset measurement that all channels except 127 are less 
than -/+ 6 mV. 

2. Check during alignment that pattern similar to fig 8.7 in the Coulter 
manual. 

3. Check during background measurement that all channels read  =/<2X10 6 

 
Sample Preparation:   

Sample should be stable, representative of the material sampled.  The sample could be 
wet or dry powder, slurry, and emulsion or dilute suspension. 

 
 Sample Amount: 

The instrument measures sample amount if you select Measure Loading in the Run 
Cycle dialog box..  This produces a Sample Obscuration screen when it is time to add the 
sample until the needed obscuration percent appears. 
Add about 500 mg of sediment in a shallow weighing dish add a few drops of water.  Mix 
gently with a small spatula.  Add the sample as soon as possible after preparation (not 
before Measuring Loading phase of run cycle). 
 

Sample running instruction 
 

a. Select Cycle in the Run menu and select New Sample.  This will automatically 
select all options.  Align should be in Auto mode.  Measure Background should 
be set for 60 seconds and . 

b. Load content of the vial during the Measure Loading phase of the cycle into the 
hopper.  Verify that the obscuration is between 5-7%. 

c. In Run Info set the run length to 60 seconds and select Compute Sizes and Save 
File.  In Optical Module select Garnet.xxx 

d. Select Statistics (Arithmetic’s) in the Analyze Menu and verify that the value you 
obtained are within the limits given by the Vender. 

 
 SAMPLE SIZING RUNS 
 
 Use this procedure to run new sample and include all instrument functions. Change  to the 
appropriate directory first, so that  runs will be saved in the right place. 

a. Select Run, Cycle. 
b. Select New Sample (in the dialog box). 
c. Change the Run Cycle dialog box as needed. 
 1. Check to measure PIDS –range particles. 

2. Change any of the function times as needed.  Background time 90 sec. 
3. Select a speed in Pump Speed that prevents bubble formation in the 

suspension fluid yet keeps the control suspended. 
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4. Select Full Speed Rinse if you reduced the pump speed in the previous step. 
5. Check Sonicate during loading to turn on  the sonicator while Measure 

Loading occurs. 
6. Check Sonicate Before Run and enter the amount of time before every  run in 

sec. 
 
d. Select Start. 
e. Wait until the offsets, auto-alignment and background functions are done. 
f. When Sample:  Obscuration = 0% PIDS = 0% appears on the monitor, add the 

sample: 
1. Remove the sample vessel lid. 
2. Pour in some prepared sample then stop and watch the screen. 
3. Repeat step b until sample obscuration equals: 
 8 to 12% for diffraction only samples. 
 45 to 55% for PIDS sample. 
4. Replace the sample vessel lid 

. 

g.  Select Done. 
h. Fill in the Sample Info dialog box.  

1. Enter a name in Group ID.  The first eight characters are used as the run file 
name. 

2. Enter your identifier in Operator. 
3. Enter sample identification in Sample ID. 
4.Enter a starting run number (01 to 99) in Run Number or else the system 

begins its automatic numbering with 01. 
5. Enter any sample comments in the two Comment text boxes. 
6.Check that the correct suspension fluid appears in the Fluid field.  If you are 

going to change suspension fluids: 
i. Select OK 
j. Fill in the Run Info dialog box.  

1. Enter the time duration for the measurement in Run length. 
A diffraction only run needs at least 60 sec.   A PID run needs 90 sec. 

2. Enter the time for system to pause between runs in Wait length. 
3. Enter the number of runs for this sample in Number of runs. 
4. Check Compute Sizes. 
5. Check Save File if you want run data saved 
6. Check Print Report . 
7. Select Change to change the optical model. 

 
 

ANALYZE RUN DATA 
Compute Size: Use this function to analyze raw data with an optical model or reanalyze 
data with a different optical model than the one used when the sample was run.  See the 
Manual Chapter 14.4, Make an Optical Model 
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 DAILY SHUTDOWN 

Coulter recommends this daily shutdown procedure.  If you do not need the instrument 
for a few days or more, use the Power Down procedure. 

a. Perform an Auto Rinse  
1. Select Run, Cycle. 
2. Select Clear All. 
3. Check Auto Rinse. 
4. Select Start. 
5. Waite until Auto Rinse: Done appear. 

b. Leave fluid in the sample system. 
c. Check the drain control is closed. 
d. Select Control, pump Off. 
e. Double click the control menu icon 
f. Select Run, Shutdown Optical Module. 
g. (Optional)  Turn off the power switch at the monitor.  Turn off the tap water. 

 

POWER DOWN: Coulter recommends that you power down the instrument if it is 
not to be used for along period of time or as part of service and maintenance 

a. Perform an Auto Rinse  
1. Select Run, Cycle. 
2. Select Clear All. 
3. Check Auto Rinse. 
4. Select Start. 
5. Wait until Auto Rinse “Done” appears. 

b. Leave fluid in the sample system. 
c. Check that the drain control is closed. 
d. Double click the control menu icon of each open run file, the main window of the 

LS program and the Program Manager window. 
e. Select OK when this will end your Windows session appears.  Turn off the power 

switches at the Optical Module, monitor, printer and computer. 
f. Turn off the tap water at it source. 

 
 Create a Directory 
 To create a new directory for run data storage: 

a. Perform change the directory procedure to display the path name needed for the new 
directory. e.g. c|:\windows\ls. 

b. Select File, Create Directory.        
c. Enter the name of the new directory.  Use up to eight characters to name a directory 

file.  
d. Select Create. 
e. Use the Change Directory procedure to make this the active directory. 
 

 Change the Directory  
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Use this function to change the directory where you want the next run’s data to be stored. 
a. Select File, Change Directory. 
b. Select the directory name in the list box 
c. Select Change and the directory ‘s name appear in the path name.  See Figure 8.5. 
d. Select OK to change to this directory. 

 
 Load a Preferences File 
 

If you just powered up, the current Preference file is the DEFAULT.PRF file. 

a. Select Preference, Load Preferences.  
b. Check the path name.  Select the name of the directory of the needed 

Preferences file if it is different than the one displayed in the path name.  
Select Open.  

c. Select the name of the Preferences file to highlight it. 
d. Select Open.  This Preference file is used for all samples run until you load a 

different Preference file or power off. 
 

9. DOCUMENTATION & CALCULATION: 
Open the Excel worksheet for Grain Size. Enter sample dates and the rest of the 
information. Enter corresponding data for each sample from the instrument’s print 
out. . 

 
10. DATA MANAGEMENT: Print out the Excel report sheet, have it checked and file.  
 
11. QUALITY ASSURANCE AND QUALITY CONTROL 

Run two daily control standards before analyzing  the samples  
 

 Passing Criteria: 

 
 
 
 
 
 
 

 
12. REPORTING LEVEL: Particle sizes 0.04µ  to  2000µ 

 

Control Name: GB 500 
Mean= 546.35 +/- 34.5 
um 
Std. Dev= 57.54 +/- 
22.5 um 

Control Name: GB 35 
Mean = 34 +/- 1.5 um 
Std. Dev. = 13.3 +/- 2.5 
um 
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13. PRECISION AND BIAS STATEMENT 

The accuracy of the instrument is regularly checked by way of internal calibration and a 
proficiency testing scheme which compares results from a group of laboratories three 
times a year. Repeated internal testing with a certified glass bead control standard has 
demonstrated an accuracy of 0.03 % for the mean grain size when compared to the true 
value. 

Instrument precision has been assessed through 15 repeated runs of the same sub sample of both 
the glass bead control standard and a well sorted dune sand from the Sefton coast, UK. The 
coefficient of variation (CV) for the mean grain size of these runs was 0.13 % and 0.07 % 
respectively. 
 
 

 
 

 
 
Differential volume plots for repeated runs of the glass bead standard (top) and 
Sefton sand (lower) 
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15. APPENDICES 

Appendix A: To change the directory, go to the program manager, select the appropriate 
directory for the samples and click “Change Directory”, OK and  Exit. 
If there is no related directory for the samples and  you need to create one, go to program 
manager, click file, new, new directory, give a name to this new directory and click ok.  
 
Appendix B:  In Coulter LX main screen top menu, go to “Preferences” and click on “Load 
Preferences”, find the appropriate preference file in the related directory and click “OK”.  
Note: You can edit the Preference file according to your needs using the functions located 
in the ”Preferences” menu item and save it for future needs using ” Save Directory” 
command. 
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1.         Scope and Application  
This method is used in the analysis of water, wastewater, domestic and industrial wastes, 
sediments 

 
2. Summary of Method 
 Sample is homogenized and treated with acid to remove inorganic carbon.  The treated 

sample is introduced into a heated reaction chamber. A continuous flow of oxygen or air 
is passed through the chamber, which is equipped with a Co catalyst. Through catalytic 
oxidation, the sample is completely oxidized to CO2 and H2O.  The CO2 product stream is 
passed through a halogen trap then moisture trap.  CO2 concentration is measured by 
NDIR, a non-dispersive infrared detector.  The obtained result represents the total organic 
carbon (TOC) content of the solid sample. 

 
 

3.  Interferences 
 
  Solid samples have particles of different sizes; therefore, it is difficult to achieve sample 

homogeneity  
  
4. Sample Collection, Preservation and Handling 
 
 Sample is collected in a glass 100mL container.  Holding time is 28days 
 
5.         Apparatus (Shimadzu TOC-Vws) 
 The Boat Sampling Module contains two sample introduction ports for maximum 

flexibility.  There is a flip-top hatch which is used for solids and other samples which 
cannot be drawn up into an ordinary syringe. 

 
 During analyses, the boat resides in closed system which is flushed   continuously with 

200 cc/min of oxygen. The user manually advances the boat containing treated sample 
into the furnace.  There, the sample is vaporized and swept  by the continuous oxygen 
flow to the 800 c combustion zone where all carbonaceous matter is oxidized to CO2 
.The carbon dioxide is bubbled through an acidified liquid and then routed through a mist 
trap which together serve to remove any entrained water and scrub out an corrosive 
species formed. 

 
 Finally, the gas is swept to the linearized non-dispersive infrared detector which is made 

specific for CO2, measurement.  The Electronics/Control Module integrated the detector 
signal and displays the analysis result in ppmC concentration units. 

 
 
Glassware Placement: 
 
1. Fit a solid grey septum in the side port located about midway along the body of the pyrex 

sparger, and a solid red/white septum at the bottom. 
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2. Using a squirt bottle, fill the sparqer with deionized water until the white disperser/frit at 
the bottom is well submerged.  Acidify the water with a couple of drops of phosphoric 
acid, to pH =2 

 
3. Place a red septa connector w/ TEFLON backing  in each of the two remaining ports of 

the sparger. 
 
4. Install the sparger in the middle position of the grey PVC sparger stand. 
 
5. Place one red septa connector w/ TEFLON backing in each of the two ports of the pyrex 

mist trap. 
 
6. Install the mist trap in the left most position of the PVC sparger stand. 
 
7. Connect the side tilted port of the sparger to the upright port of the mist trap with an 8" 

length of 1/8 " Teflon tubing. 
Inlet Race Tube Assembly 
 
1. From the right side of the hatch block, remove the square o-ring clamp. 
 
2. Verify the presence of an o-ring at the inside rim of the exposed hole. 
 
3. Install the pyrex inlet race tube in the clips at the far right end of the top panel such-that 

its side port is to the left and is positioned upright. 
 
4. Place the square o-ring clamp over the left end of the pyrex race tube. 
 
5. Permanently position the race tube by positioning it in the hatch block as far as it will go 

and reinstalling the o-ring clamp removed earlier. 
 
 
6. Locate the push-rod assembly and a platinum sample boat   Seat the boat in the cradle at 

the end of the push-rod assembly. 
 
7. Insert the push-rod boat assembly (boat end first) through the open right end of the pyrex 

race tube.  Caution against bending the wire. 
8. Set the large u-magnet , flat sides up, underneath the magnetic coupler of the pushrod 

assembly. 
 
9. Straddle the 2 magnetic field extenders in parallel fashion over the pyrex race tube to 

connect like poles of the large magnet. 
 
10. Lift the hatch.  Slowly move the magnetic coupling to position the sample boat directly 

under the hatch port. 
 
11. Install a solid red/white Teflon-backed septum  in the side port of the race tube. 
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12. Connect a 118" Teflon gas line from the 200 cc/min flow restrictor (along inside top of 
right panel, marked with a blue dot) to the far right end of the pyrex race tube.  Secure the 
tubing-in place with grey holed septum . 

 
 
Combustion Tube Packing & Installation 
 
1. Verify again that the Boat Sampling Module is powered down. Its parts should be at or 

near room temperature for safe and comfortable handling. 
 
2. Locate the dimple in the quartz combustion tube . Feed a tuft of quartz wool  in through 

the opposite end until it reaches the dimple. 
 
3. Through the open end, insert about 2 inches of cobalt oxide catalyst .  Gently tap the tube 

against a bench top several times to ensure uniform packing of the cobalt oxide. 
 
4. Secure the cobalt oxide in place with a second tuft of quartz wool. 
 
5. Remove the larger bolt on the left side of the hatch block. 
 
 Verify that two o-rings are present are present in the plate from which the bolt was 

removed. if not remove the plate.  Set one o-ring along the inside rim of the big hatch 
block.  Set the other at the far end of the plate facing the hatch block. 

 
6. Slide the packed combustion tube in through the hole in the left panel of the Boat 

Sampling Module until it emerges about 114" from the right panel. 
 
7. Fit the unthreaded portion of the 112" bolt around the combustion tube.  Reattach the bolt 

to the hatch plate. 
 
Gas Plumbing: 
 
1. install a 118" Teflon or copper (air-conditioning) line from the two-stage regulator on the 

gas.--cylinder to the brass bulkhead, labeled “O2” in on the rear panel of the Boat 
Sampling.Module. 

 
2. Pack the tin/copper Sn/Cu, scrubber: 
 
 Fit one end of a pyrex scrubber tube with a cored grey septum. Insert a tuft of pyrex wool 

and then about 2 inches o&20-mesh tin in the other end.    Secure the tin with another tuft 
of pyrex wool. Then, fill the remaining half of the scrubber tube with an equal amount of 
copper. Secure the copper with a third tuft of pyrex wool. Install a cored grey septum at 
the end. 

 
3. Connect the Sn/Cu scrub to the permeation dryer of the Electronics/Control Module using 

1/8" OD Teflon tubing. 
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4. Connect the free end of the Sn/Cu scrubber to the side port of the mist trap. 
 Step down tubing consisting of a length of 1/8" OD Teflon tubing fitted over a length of 

1/16” Teflon tubing may be necessary. 
 
5. At the exit end of the combustion tube, install a 1/8"  OD Teflon tube fitted with a cored 

grey septum . Connect the opposite end to the top of the pyrex sparger. 
6. Connect a piece of 1/16" OD Teflon tubing between the side port of the sparger and the 

top port of the mist trap. 
 
 If the range extension kit is included, refer to instructions provided with the kit for 

additional information on gas plumbing. 
 
 
7. The Teflon line emerging from the right hole above the PVC sparger stand is used with 

the external sparging station only (right-hand station of the sparger stand). Following 
sample acidification, this line will deliver 50 cc/min to the sample for the elimination of 
inorganic carbon. 

 
3. Condition the catalyst: 
 Conditioning the catalyst helps trap any toxic fumes which may be released by the cobalt 

oxide during its initial heating. 
 Exercise caution when handling parts. if necessary, wait until heated components have 

cooled. 
 
a. Power down the Boat Sampling Module. 
 
b. Disconnect the Teflon line and septum at the exit end of the combustion tube.  In its 

place, install a 15" length of 1/8" OD Teflon tubing fitted with cored grey septum. 
 
c. Insert the free end of the new Teflon line into a flask containing basic sodium hydroxide 

solution. 
 
 
d. Flip the toggle between the sparger and the mist trap to the up position. Observe the brisk 

bubbling of gas through the flask (at about 200 cc/min). 

 
e. Power up the Boat Sampling Module again. Allow the furnace to become hot. 
 
f. Allow the cobalt oxide to condition in this manner for about 1 hour. 
 
g. Power down the furnace to facilitate-the removal of the Teflon line installed in step b. 
 
h. Power up the Boat Sampling Module again. 
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Calibrate the system using a 40 ul injection of 1000ppm, 5000ppm, 10000ppm, 
15000ppm  KHP standards.  Refer to the basic system manual for specific instructions on 
calibrating. 

 
6. Chemical and Reagent 

 
 TOC-SOLID standards 
 Prepare a 25000 ppmC standard stock solution by using reagent grade potassium 

hydrogen phthalate in reagent water in a 500 ml volumetric flask.  Add 0.1 ml of 
concentrated nitric acid, and make to volume with reagent water. Store the stock in 
refrigeration.  Replace the stock monthly. 

 From stock solution prepare 1000ppm, 5000ppm, 7500ppm, 10000ppm, 15000ppm 
standards.  Use 5000ppm as the spike solution. 

 From different stock solution, prepare QC standard.  
 
 

7. Safety 
  Conditioning the catalyst helps trap any toxic fumes, which may be released by the cobalt 

oxide during its initial heating. 
 Exercise caution when handling parts. If necessary, wait until heated components have 

cooled. 
 
 

8.   Procedure  

IC removal 
 Mix sediment thoroughly with a metal spatula  
 Load sample onto a clean boat, weigh about 10 to 50 mg depending on the sample type  

using analytical balance, record the weight. 
 Add 2 drops of (1+1) HNO3 to convert the carbonate form to CO2. 
 Put under an IR lamp, about 10 minutes (for the completion of the reaction); check the 

completeness of the inorganic carbon removal by adding 1 or 2 drops of (1+1) HNO3 
(until no CO2 bubble is observed). 

 Operation 

 (Follow TOC Talk for 183 Boat Analysis) 
 
 Flip the left toggle switch (above the sparger stand) to the up position.  Observe the brisk 

bubbling as through the pyrex sparger.  The regulator on the gas cylinder should show a 
steady delivery of oxygen at 30 psig. 

 
 
 After 15 minutes or so 6 the furnace temperature should be stable at about 800 C. At this 

temperature, the quartz combustion tube will have a characteristic orange glow and the 
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green LED on the front panel becomes lit.  To verify the temperature, follow the 
appropriate step given above under "Initial Start-up," step #2.- 

 
 (A yellow glow would indicate the furnace far exceeds this temperature.  When the 

furnace is "over-temperature", the red LED on the front panel lights to alert the user that 
the Module should be serviced. 

 With the Boat Sampling Module at full operating temperature, advance the platinum 
sample boat into the furnace.  Allow the boat to bake there for about 2 minutes.  Then, 
retract the boat so that it resides again in the hatch block. 
a. At the beginning of an analysis day, place a new tuft of quartz wool in the sample 

boat. Whenever the wool is replaced, bake the boat as described in step 4 above. 
 
 The quartz wool helps promote even vaporization of sample from the boat while 

in the furnace. 
 
b. Monitor the baseline.  Verify that it is stable. 
 
 
c. Lift the hatch. Situate the sample boat under the hatch port  
 
 
d. Close the hatch.  Allow the detector baseline to stabilize (wait 1-2 minutes). 
 
e. Press START and advance the boat into the furnace at about 2 inches (5 cm) per 

second. 
 
 Respond to all screen queries, then wait for the "inject now" screen message 

before advancing the boat into the furnace. 

f. Wait 2-8 minutes for the analysis to finish 
 
g. Retract the boat back to the hatch port.  Allow the boat to cool for about 30 

seconds before introducing the next sample. 
 

9. Calculation 
 
a) The analyzer automatically calculates results.   
b) Enter the average raw data into the excel worksheet for 6 calibration point curve. 
c) Enter the average raw data into Excel worksheet for all samples, QC, and Spike. 

e) Evaluate the results. 
f) Check data entry. 
g) Enter data to the report spreadsheet or/and LIMS. 

 
10. Data Management 
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 The analyst is responsible for assuring compliance with QA-QC requirements.  The 
supervisor is notified when results are out of range.  Analysis is repeated to confirm 
outliers. 

 
11. Quality Assurance and Quality Control 

 
 A set of duplicate spiked samples is analyzed for every batch of 10 samples.  The relative 

percent difference (RPD) should be less than 25%.  The spike recovery should be 100-
+25%. 

 
12. Lowest Reporting Level 

 
 The lowest reporting level is 50 mg C/L. 
 

13. Precision and Bias Statement 
 
 

14. References 
 
a) Standard Methods, 18th Ed., 5310 B page 5-11 to 5-13. 
b) Apollo 9000 TOC Combustion Analyzer User Manual 
c) Installation and Operation of the 183 Boat Sampling Module with Apollo    9000 
 
 

 15.Appendices 
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APPENDIX G 
Data Acquisition, Reduction, Validation, and Reporting SOPs 

 
When performing analyses, results are generally tabulated onto laboratory worksheets but 
sometimes are generated electronically via instrumentation. Data on laboratory worksheets are 
entered into the Laboratory Information Management System using an Excel interface.  These data 
are then validated through a quality assurance process that checks for correctness of data entry and 
validity of results.  The analyst who generates the data has the initial and primary responsibility for 
the completeness and correctness of the data.  The data are then checked by the unit supervisor (or 
designee).  The following procedures describe the data acquisition and entry process then the quality 
assurance and quality control procedures. 
 
Data Acquisition 
 
Both raw and calculated data are acquired in the laboratory by manual, electronic, or direct 
computer acquisition.  Acquired data are properly and securely stored for the duration specified by 
regulatory agencies or the customer. Guidelines for documentation and recording of information are 
as follows: 
 

 Manual (Hand-written) Data Entry 
 

o Data are entered directly into the notebook or worksheet with non-erasable 
ink. 

o Data entries are signed and dated by the analyst making the entry.  If the 
entry is more than one page, each page is signed and dated. 

o  Mistakes are canceled by drawing a line through the entry, entering the 
correct value, and signing and dating the correction.  The use of correction 
fluid is not acceptable. 

o Blank pages or substantial portions of pages with no entries are marked with 
a large "X" to indicate that they were intentionally left blank. 

 
 Direct Computer Acquisition 

 
o In EMD, the program/software used to generate results is prepared 

internally.  A designated staff member of the Information & Control System 
Division (ICSD) at Hyperion has the responsibility of preparing the program 
and maintaining the supporting documents. 

o The laboratory relies on vendor-supplied information for the validity and 
integrity of instruments equipped with significant computer functions as an 
integral part of the system. 
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Data Reduction 
 
Data reduction, where applicable, is described in specific SOP's.  It involves reporting values with 
the appropriate significant figures in the concentration units established by the regulatory agency or 
the data user. 
 
Review and Validation 
 
Review 
 
Data review is the process of comparing results to all available information, such as sample 
preparation and QC sample data, to evaluate the validity of the results.  It supports the contention 
that the data are: 
 

 Reasonable (experience with similar situations, common sense), and 
 Capable of supporting a defensible decision. 

 
The analyst and the unit supervisor (or designee) are responsible for reviewing the data relative to 
the following: 

 
o Method blanks and QC sample 
o Raw data 
o Calculations 
o Transcription 

  
Validation 
  
Data validation is the systematic procedure of reviewing data against a set of criteria to provide 
assurance of its validity before reporting the data.  It is accomplished through routine examination 
of data collection, flow procedures, and QC sample results.  It uses QC criteria to reject or accept 
specific data. 
 

 Validation includes the following: 
 

• Dated and signed entries by analysts on the worksheets and logbooks used for 
all samples. 

• Use of QC criteria to reject or accept specific data. 
• Checking of LIMS data entry and reporting 

 
 Validation Guidelines include the following: 

 
• Documentation of methods used and QC applied. 
• Maintenance performed on instruments. 
• Documentation of sample preservation, transport, and storage. 
• Review of QC sample data.  
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Data validation is performed, signed, and dated by the analyst, the unit supervisor (or designee), 
and where applicable, the laboratory manager. 
 
Reporting 
 
Data prepared for release to the Legal Reporting Unit are checked and approved by the unit 
supervisor (or designee) by the 5th of the following month for the previous month’s data.  The final 
report is prepared by the Legal Reporting Unit of EMD. The report is again scanned for missing 
data and outliers.  Regulatory limitation calculations will be applied to the data set and exceedances 
clearly listed. If stations are out-of-compliance, accelerated monitoring will be indicated.  Any 
regulatory required summary reports of source identification findings or sanitary surveys will be 
included. The report is signed by the Division Manager before distribution and may include the 
following: 
 

 Sample ID used by the laboratory and the client (if available). 
 Sample matrix type, description, and method number. 
 The chemical/physical/biological parameters analyzed with the reported values and units 

of measurement.  
 Data for all parameters reported with consistent number of significant figures.  
 Results of QC samples, if appropriate. 
 Footnotes referenced to specific data, if required, to explain reported values. 
 If there are regulatory limits applicable to specific analyses, then limits are clearly 

notated and exceedances listed.   
 Discussion on non-compliance data  
 Report transmittal letter or memorandum identifying the person sending the report and 

the person(s) receiving the data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RB-AR40573



 

Appendix G-4 

 
 
 
 
 
 

THIS PAGE LEFT BLANK INTENTIONALLY 
 

  
 

 
  
  

RB-AR40574



 

Appendix H-1 

APPENDIX H 
Quality Assurance/Quality Control 

 
The quality assurance objectives for measurement of data are unique to the particular program for 
which the data are collected and utilized.  They describe the overall uncertainty that the data user is 
willing to accept in order to make decisions for environmental or other concerns.  This uncertainty 
describes the data quality that is needed, which are usually expressed in terms of precision, bias, 
representativeness, comparability, and completeness. 
 
The participating laboratories will use approved and recognized test methods, and comply with 
uncertainty requirements of the method.  Quality control samples are measured and uncertainties 
are assessed and results must be within the range prescribed by the methods.  Internal acceptance 
criteria are established by analyzing laboratory control samples on a daily basis.  The 
participating laboratories will strive to meet the QA/QC goals described in this section and, 
therefore, be able to attest to the integrity of the sampling and analytical process. 

 
The following QA/QC procedures will be conducted for shoreline sample collection, laboratory 
analyses, and data management to ensure the production of reliable and defensible data. 
 
Sample Collection 
 
Only trained laboratory staff will be assigned to collect samples using proper sampling procedures, 
appropriate sampling equipment, required containers, and proper preservation techniques.   
 

General guidelines for sample collection by laboratory staff are as follows: 
 

 Label sample containers with sample date, sample time, sampling point, sample type 
(grab/composite), preservatives added (if needed), the name of the sampler, and analyses 
needed. 

 Use aseptic technique when collecting samples to prevent contamination. 
 Avoid collecting sample in multiple sweeps and no refilling of the sample bottle. 
 Once the sample is collected, immerse at least one-third of the sample bottle in ice.  
 Once received, log the samples into the laboratory system as soon as possible, assign a 

unique login number, and properly store. 
 Sample preparation steps done prior to analysis, such as sample preservation are 

described in individual test SOP's. 

Sample Handling  
 

Chain-of-Custody 
 

The purpose of the chain-of-custody is to establish detailed written and legal documentation of 
all transactions in which samples are transferred from the custody of one individual to another.  
The custody procedure is also used whenever samples are submitted to a laboratory within the 
division or to a contract laboratory.  The chain-of-custody begins at the sample collection site 
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and includes couriers or messengers who handle the sample in transit.  It follows the sample in 
the laboratory until its ultimate disposal.  It is a form of proof used to establish the authenticity 
and integrity of the sample, since the results will be used to show compliance with the TMDL 
requirements, i.e., numeric targets and wasteload allocations.  

A Chain-of-Custody (COC) must accompany each sample submitted to a participating 
laboratory.  If a COC has not been filled out prior to delivery of the sample, a form will be 
provided to the delivery person prior to acceptance of said sample.  The COC will be reviewed to 
make sure that all of the needed information has been supplied.  As an example, the Chain-of-
Custody Form being used at EMD is attached (Appendix E). 

 
Sample Holding & Preservation 

Samples must meet EPA holding time requirements for each testing parameter.   

After the sample is received, the participating laboratory will enter the sample information into 
the Laboratory Information Management System (LIMS) or comparable database and a unique 
laboratory registration number will be generated for that sample. 

 

Sample Disposal 

 
After the analyses are completed the sample will be retained as legal evidence or legally 
disposed.  Analyzed samples and standards used in analyses are disposed of in accordance with the 
laboratories written procedures, e.g., EMD's Chemical Hygiene Plan. 
 
Analytical Procedures 
 
Analyses 
 
Analyses performed at EMD laboratories are generally driven by regulatory concerns and plant 
operations' requirements.  There are many different analytical methods applicable to 
environmental analyses.  EMD’s methods are generally based on those specified by Federal and 
State regulatory agencies or professional organizations.  As a guide, references for the analytical 
procedures are listed below.  

 

"Standard Methods for the Examination of Water and Wastewater", 18th – 20th edition, 1992 and 
1998 respectively, APHA, AWWA, WPCF, Washington, DC.” 

"Methods for Chemical Analysis of Water and Wastes", EPA-600/4-79-020, revised March 1983.” 

Test Methods for Evaluating Solid Waste. 1986. Revision December 4, 1996.  Volume IB: 
Laboratory Manual Physical/Chemical Methods, 3rd Edition. United States Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, Washington, D.C. 
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Standard Operating Procedures (SOPs) 

Routine analyses are defined in Standard Operating Procedures (SOPs), which are detailed 
descriptions of how to use and what to expect from a method. They contain method-
specific QC criteria (i.e., instrument calibration, reagent blank, method blank, calibration 
standards, etc.), and QC requirements such as duplicate analysis, spike recoveries, 
holding time, etc.  EMD follows a standardized SOP format, its content and application is 
presented in Appendix F of this document.  

 
System and Performance Audits 
 
An audit is a periodic check to ensure that the laboratory operates according to the policies and 
procedures described in the Quality Assurance Manual, complies with good laboratory practices, 
and meets the requirements of regulatory agencies.  It may be either a system or performance audit.   
 
System Audit 
 
A system audit is a review of laboratory operations conducted to verify that the laboratory has 

the necessary facilities, equipment, staff, and procedures in place to generate acceptable 
data.  It is an on-site inspection of the laboratory's system of operations.  It may be an 
internal or external audit.  Internal inspections may be performed by quality assurance 
personnel.  External audits are generally laboratory certification-related activities. 

 
 1. Internal 
 

  Periodically, the QA Officer (or designee) audits the laboratories and reports the results to 
the Division Manager (or laboratory director), laboratory managers, and unit supervisors. 

 
 2. External 
 

  State-certified laboratories are site visited every two years by auditors from the 
Environmental Laboratory Accreditation Program (ELAP) of the California Department of 
Health Services (CA DOHS).  Accreditation is by scientific discipline or field of testing.  
Non-compliances with good laboratory practices are identified and reported as deficiencies 
and are subject to corrective action before accreditation is renewed. 

 
Performance Audit 
 
A performance audit is a review to evaluate the laboratory's analytical activities as well as the 

data produced by analysts.  It verifies the ability of the laboratory to correctly identify 
and quantify compounds in unknown samples submitted by the auditing entity.  The 
purpose of these audits is to determine the laboratory's capability to generate 
scientifically sound data. 

 
           1.       Internal 
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  Periodically, the QA staff submits unknown samples to most of the laboratories.  
These samples are usually from the inventory of previous Performance Evaluation 
(PE) samples from EPA.  Analysis of these samples is also a corrective action 
requirement for Discharge Monitoring Report (DMR) and/or Water Pollution (WP) 
samples evaluated with "unacceptable results".  The QA staff may also conduct 
intra- and inter-comparison studies. 

 
 2. External 
 
  All laboratory units, including the Microbiology laboratory, at EMD participate in 

mandatory QA Performance Evaluation (PE) Study Programs.   
 
  a. Mandatory PE Programs 
 

   * Water Pollution QA Study Program (WP) serves a dual purpose.  It satisfies EPA's 
wastewater testing laboratory requirements and meets one of ELAP's certification 
criteria.  Test samples are analyzed for parameters listed under each field of testing 
on our certifications and are specified in the WP Program following certified 
procedures.  A laboratory can participate in a WP Study twice a year. 

      
                                *For the Microbiology Performance Evaluation (PE) Study, Drinking 

Water/Wastewater Enumeration is required for ELAP certification.  Like all the 
other PE programs, the samples are acquired from NIST-approved vendors and 
analyses are done for certified analytes.   

 
  b. Voluntary PE Program 
   

The Microbiology Unit also takes part in the interlaboratory calibration studies with 
EPA. These programs are performance based. 

 
Assessment of Precision and Accuracy 
 
Data quality may be assessed in terms of precision, accuracy, representativeness, completeness, and 
comparability.  The latter three are usually determined outside of the laboratory operations and with 
limited involvement of laboratory staff.  These measures are not included in this section.  The 
internal quality control measures (i.e., precision and accuracy) that are performed in the laboratory 
to evaluate data quality are described in this section.   
 
Precision 
 
Precision is the agreement among a set of replicate measurements without knowledge of the true 

value.  It is the degree to which a measurement is reproducible.  Precision, expressed as 
Relative Percent Difference (RPD), is determined for each laboratory unit by analyzing 
replicates of the same sample, a number of duplicate pairs, or matrix-spiked duplicate 
samples.  
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Accuracy  
 
Accuracy is a measurement of how close the result is to the true value.  Each laboratory unit 

establishes its accuracy of measurement by analyzing QC check samples (spiked samples, 
standard reference materials from a reliable source, etc).  The results of the QC samples 
are correlated to documented, certified values.  Results of spiked samples are calculated 
as Percent Recovery.  Actual Percent Recovery is compared to established reference data.  
The degree of closeness of the QC check sample contributes to the general assurance that 
the accuracy of the data is within acceptable limits. 

 
Corrective Action 
 
Laboratory events and data that fall outside established quality acceptance criteria may require 
investigation or corrective action.  The corrective action implemented depends on the type of 
analysis, the extent of the error, and whether the error can be determined and corrected.  The 
purpose of the corrective action is to resolve the problem and to restore the system to proper 
operation.  Investigative steps and corrective actions implemented are documented.   
 

Corrective Action Procedures 
 

1. The initial corrective action procedures may be handled at the bench level.  The unit 
supervisor is immediately notified of the deviation.  The analyst reviews the sample 
preparation for possible errors and checks the instrument calibration, calibration and 
spike solutions, instrument sensitivity, etc. 

 
2. If the error cannot be resolved by the analyst, the unit supervisor has the responsibility of 

resolving the problem with assistance, if needed, from the laboratory manager and/or the 
QA Officer. 

 
 

3. The corrective action adopted may be determined by the analyst, the unit supervisor, the 
laboratory manager, the QA Officer, or through a consensus.  If needed, the final 
decision for corrective action rests with the laboratory manager after consultation with 
the QA Officer. 

 
4. The unit supervisor shall maintain an accurate and up-to-date record of corrective 

actions taken in the unit.  A corrective action report form (included herein as an 
attachment) is available for use. 

 
5. The laboratory manager shall periodically review corrective action records and plan for 

system improvement by involving analysts, unit supervisors, and QA personnel.  
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           General Guidelines for Initiating a Corrective Action 
 

1. Identify/define the problem. 
 
2. Assign responsibility for investigating the problem. 
 
3. Investigate and determine the causes. 
 
4. Develop corrective action to eliminate the problem. 
 
5. Measure the effectiveness of the corrective action. 
 
6. Analyst, unit supervisor, laboratory manager, and the QA Officer meet to review and 

evaluate the process, if necessary. 
 
7. Document the process by filling out the Corrective Action Report Form. 
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APPENDIX I 
 

Safety 
 

Driving Safety & Reporting Vehicle Accidents 
 
During sample collection, 4-wheel drive mode should be used on the sand.  It is best to use 4-lo 
when driving on the sand in 4-wheel drive (4WD).  Tire pressure should equal 20-25 psi for the 
small truck, and 35 psi for the large truck.  If there is some problem driving on the sand (i.e., stuck 
or barely moving) the tire pressure is decreased to 15 psi then when off the sand re-inflated to 20 
psi.  When the sampler arrives back at the lab, the tire pressure is increased back up to 25 psi.  The 
sampler needs to exit 4WD when leaving the sand for street driving.  When driving with tires at 
minimum activation pressure range (as recommended by the National Highway Traffic Safety 
Administration), one should not exceed 65 MPH on the freeway and drive for no longer than 60 
minutes at high speed.  Safety issues related to tires and tire pressure may be found at this website: 
http://www.nhtsa.dot.gov/cars/rules/rulings/TirePresFinal. 
 
The Life Guard speed limit on the sand is 15 MPH, dependent upon conditions.  At no time is 
driving faster than 15 MPH allowable.  Observe the speed limit and anticipate the possibility of 
people covered in sand or otherwise obscured from view.  Be extremely cautious when children 
are present. 
 
The following are additional precautions for City of L.A.’s EMD and participating laboratories’ 
personnel to use as guidelines while driving a 4WD vehicle to collect samples:  
 

a. Drivers of city vehicles must have a valid operating license. 
 
b. If persons in vehicle observe a potentially unsafe condition with the vehicle, discontinue 

operation, return the vehicle, and report the problem to management and Fleet Services. 
 

c. Vehicle occupants must wear safety belts and ensure the vehicle contains an accident-
reporting envelope. 

 
d. Cargo items should not be stacked above seat level; if they are, a safety screen should be 

installed. 
 

e. Employee responsibility: 
It is the responsibility of every City employee who drives, is in control of, or is 
responsible for any City-owned, rented or mileage vehicle which is involved in an 
accident (no matter how slight) to notify the proper authorities and to fill out the proper 
forms in case of a vehicle accident. 
 
Detailed instructions on what to do are contained in the packet (form Gen. 84) which is 
kept in the glove compartment of every City-owned or mileage vehicle.  If the vehicle 
you are using does not contain a packet, you may obtain one by calling any Fleet Services 
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facility where City vehicles are maintained.  Included in the packet is form Gen. 88, 
which is the automobile accident report.  This form has five copies, which are to be 
distributed to the locations printed on the top of the form.  This written report must be 
filed with the City Attorney within 24 hours of the accident. 
 
If a vehicle accident occurs, the driver must report the accident to the police by notifying 
the Police Complaint Board at 213-485-2683 or 213-623-3311.  For emergencies, dial 
911.  Additionally, if any injury or death has occurred, you must report the accident by 
phone to the City Attorney, Automobile Liability Division, at 213-485-3634.  If no one 
answers, have the City Hall Chief Operator, at 213-485-5500, relay your call.  If an EMD 
employee is injured, contact the Workers’ Compensation Division at 213-847-9405 to 
report the injury.  All City/EMD vehicles involved in accidents must be brought to Fleet 
Services (213-485-4985) for inspection within five working days. 

 
All accidents must be reported including: 

 
• When an accident occurs in a County or incorporated area, 
• When a driver is accused of being in an accident but has no knowledge of same, 
• When an animal is seriously injured or killed.  Search for the owner and report the 

incident. 
• When two City vehicles are involved in an accident, 
• When the accident occurs on a freeway. 

 
The Occupational Safety Office must be notified if there is death or serious injury caused 
by the vehicular accident.  The Occupational Safety Office telephone number is 213-485-
4691.  Call The City Hall Chief Operator at 213-485-5500 and ask for a safety engineer if 
the accident occurs after working hours. 

 
The driver must remain on the scene of the accident and obtain information from other 
persons involved.  The driver should also have witnesses fill out the witness cards located 
in the packet of information and forms in the glove compartment. 

 
f. Supervisor’s Responsibility: 

• Ensure that the driver has made all the required notifications and has properly filled out 
all the forms. 

• Investigate the accident and attempt to determine what may have lead to the incident. 
• Discuss your finding of the investigation with the driver and co-workers so that these 

types of incidents can be avoided in the futures. 
 

g. Vehicle Accident Reporting Procedure: 
The EMD employee involved in the accident must: 
• First: 

o Stop immediately and provide needed first aid. 
o Call for an ambulance if necessary 
o Avoid obstructing traffic. 
o Place emergency flags or flares if available. 
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o Notify the Police Complaint Board. 
o If a death or serious injury has occurred, call the Occupational Safety Office. 

 
• Second: 

o Follow “Accident Reporting Instructions” in the form Gen. 88 packet. 
o Be courteous; avoid arguments. 
o Ask witnesses to sign witness cards. 
o Sign no statements. 
o Admit no negligence or fault. 
o Assume no liability for yourself or the City. 

 
• Third: 

o Notify your supervisor that you have been involved in an accident. 
o Completely fill out form Gen. 88.  The carbon copies of the form must not contain 

information on the back portion of the original or City Attorney’s copy.  The form 
must be signed, dated, and turned in to the employee’s supervisor. 

o If a death or serious injury has occurred, call the City Attorney. 
o Contact Worker’s Compensation if a City employee has been injured 

 
Field Sampling 
 
For employees who have been assigned the duty of sample collection, there must be an 
awareness of the potential hazards involved at both the site and in the sampling subject.  The 
following are general precautions to be observed during  sample collection. 
 

a. Use proper equipment for the job.  This includes personal protective gear such as eye 
protection, gloves, boots, or hardhat, when necessary; and equipment required to aid in 
sampling such as poles and holders for the bottles.   

 
b. No Laboratory Technician should sample alone along the  prior to proper training; if 

possible bring someone along to assist. 
 

c. Be sure samples are secure in the vehicle or mode of transport to avoid the risk of 
contamination and the possibility of spillage resulting in exposure. 

 
d. Never deliberately touch the water or waste being sampled.  Remember that these 

substances could pose a risk to your health. 
 

e. Disinfect hands and exposed body parts after sampling, and be sure to clean off utensils, 
gloves, and boots to protect others. 

 
During sampling, safety of the sampler is of prime importance. If a sample location is inaccessible 
or deemed to be unsafe, no sample is required to be collected and comments should be noted on the 
observation sheet.  During wet weather, safety consideration may preclude collection of a sample.  
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Laboratory Safety 
 
The collection and analysis of environmental samples involves contact with samples that may 
contain agents that pose a microbiological and/or chemical hazard.  The primary means of exposure 
to these microbiological hazards involve body contact during sample collection and hand-mouth or 
nose contact while handling the samples. Personal protective measures are mandatory while 
working in the field and laboratory.  Following are some key steps to be followed by all laboratory 
analysts: 
 

a. Assure that appropriate eye protection is worn by all persons, when toxic materials 
(chemicals or biochemicals) are handled.  Contact lenses should not be worn when 
working with chemicals. 

 
b. Wear appropriate gloves when the potential for contact with toxic materials exists; 

inspect gloves before each use, wash them before removal, and replace them periodically. 
 

c. Persons doing sampling must wear boots.  The boots must be cleaned before entering the 
building.  Boots cannot be worn in the lunchroom, under any circumstances.  Steel-toed 
chemical resistant boots should be worn for the harshest environments, where there is 
also risk of injury to the foot and toes. 

 
d. Use any other protective and emergency apparel and equipment as appropriate. 

 
e. Remove laboratory coats immediately when exposed to significant contamination. 

 
In addition, persons who work in biological laboratories are often at risk of exposing themselves 
to a number of infectious agents, especially those known to be indigenous to wastewater.  Most 
persons trained in biological and especially microbiological fields usually are aware of the risks 
involved, and even if precautions are taken, most of the work-related infections are due to certain 
practices conducted in the laboratory resulting in the generation of aerosols or through cutaneous 
pathways.  The following guidelines are designed to prevent any exposure of personnel to 
infectious agents. 
 

1. Hazardous areas and receptacles of contaminated items are to be properly labeled. 
 
2. No eating or drinking in the laboratory.  No food or drink is to be stored in 

laboratory refrigerators, incubators or on bench tops. 
 

3. Store personal effects outside the microbiology laboratory area to prevent 
contamination.  Manager and supervisors are responsible for enforcing this rule. 

 
4. It is policy to wear a lab coat while working in the laboratory.  Lab coats and 

street clothes should be stored separately.  Lab coats are prohibited in the 
lunchroom. 

 
5. Latex or plastic gloves are to be provided and used by employees. 
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6. Always wash your hands thoroughly after handling sewage, sludge, or receiving 

water samples of any source before handling food or leaving the lab.  “All” 
samples should be treated as potentially hazardous.  Germicidal soap is to be 
available to all employees, and should be kept in stock. 

 
7. Laboratory workers should not touch their hands to their face, especially the eyes, 

nose, and mouth when working with wastewater samples. 
 
8. For workers who handle wastewater and its byproducts, it is recommended that 

they have been vaccinated for polio and tetanus.  Persons in poor health and at 
risk of infection should inform their supervisor, and arrange for an improvement 
in their personal protection. 

 
9. Never pipette by mouth.  Use bulbs or other mechanical means to draw up the 

liquid. 
 
10. Safety cabinets of the appropriate type and class are to be supplied, maintained, 

and used. 
 
11. Employees should use the provided bottle carriers when moving reagents, acids, 

and solvents through the building. 
 
12. Laboratory personnel must follow labeling protocols in the laboratory to prevent 

mix-ups of reagents, and when possible use the pre-labeled or permanently 
labeled bottles.  Secondary containers are to be labeled as well. 

 
13. In the event of a spill, all possible contaminated surfaces and tools are to be 

disinfected and the absorbent material placed in a biohazard bag for disposal. 
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APPENDIX J 
 

Regional Board Resolution No. 2005-012 
 

The Los Angeles Regional Water Quality Control Board's Basin Plan amendment and 
documents for Marina del Rey Harbor Toxics TMDL be downloaded from the Regional Board’s 
website: 
 
http://www.waterboards.ca.gov/losangeles/html/bpaRes/bpa.html 
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APPENDIX K 
 

Basin Plan 
 

The Los Angeles Regional Water Quality Control Board's Basin Plan is designed to preserve 
and enhance water quality and protect the beneficial uses of all regional waters. Specifically, the 
Basin Plan (i) designates beneficial uses for surface and ground waters, (ii) sets narrative and 
numerical objectives that must be attained or maintained to protect the designated beneficial uses 
and conform to the state's antidegradation policy, and (iii) describes implementation programs to 
protect all waters in the Region. In addition, the Basin Plan incorporates (by reference) all 
applicable State and Regional Board plans and policies and other pertinent water quality policies 
and regulations. Those of other agencies are referenced in appropriate sections throughout the 
Basin Plan. 
 
The Basin Plan is a resource for the Regional Board and others who use water and/or discharge 
wastewater in the Los Angeles Region. Other agencies and organizations involved in 
environmental permitting and resource management activities also use the Basin Plan. Finally 
the Basin Plan provides valuable information to the public about local water quality issues. 
 
The Basin Plan is reviewed and updated as necessary. Following adoption by the Regional 
Board, the Basin Plan and subsequent amendments are subject to approval by the State Board, 
the State Office of Administrative Law (OAL), and the United States Environmental Protection 
Agency (USEPA.) 
 
The Basin Plan can be downloaded from the Regional Board’s website: 
 
http://www.swrcb.ca.gov/rwqcb4/html/meetings/tmdl/Basin_plan/basin_plan.html 
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APPENDIX L 
Participating Organizations Contacts (Monitoring) 

 
 

County of Los Angeles Department of Public Works 
 
 

   Frank Wu       Gary Hildebrand 
fwu@dpw.lacounty.gov    ghildeb@dpw.lacounty.gov  

(626) 458-4358       (626) 458-4300 
 

 
 

County of Los Angeles Department of Beach and Harbors 
 
 

Charlotte Miyamoto 
cmiyamoto@bh.lacounty.gov  

(310) 305-9533 
 
 

City of Los Angeles 
 
 

Reza Iranpour   
Reza.iranpour@lacity.org   

(213)485-0577 
 
 

Culver City 
 
 

Kaden Young 
kaden.young@culvercity.org  

(310) 253-6445 
 

 
Caltrans 

 
 

Bob Wu 
Robert_Wu@dot.ca.gov  

(213) 897-8636 
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APPENDIX M 
Final Approval of the Marina del Rey Harbor Toxics 

Total Maximum Daily Load Coordinated Monitoring Program 
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APPENDIX N

COORDINATED MONITORING PLAN FOR THE
UNDER-REPRESENTED AREA OF THE MARINA DEL REY HARBOR

TOXIC POLLUTANTS TOTAL MAXIMUM DAILY LOAD

BACKGROUND

On March 3, 2009, the California Regional Water Quality Control Board, Los Angeles
Region, approved the Coordinated Monitoring Plan for the Marina del Rey Harbor Toxic
Pollutants Total Maximum Daily Load (TMDL) with the condition that a supplemental
plan would be submitted for the so-called under-represented area (Figure N-2). The
purpose of the under-represented area sampling plan, or URA Plan for short, is to
describe a monitoring program by which dischargers can demonstrate 100 percent
compliance with the TMDL's waste load allocations. The under-represented area
consists of 282 acres of the 849 acres of the Marina del Rey Harbor Watershed area
that drains into the Back Basins. Runoff from this area is conveyed by sheet flow and
over 700 small drainage pipes draining directly through the bulkhead into the basin,
many of which are under tidal influence (Figure N-1).

DESIGN APPROACH

The drainage pattern and tidal condition in the under-represented area prohibit the use
of direct sampling due to the possibility of contamination of storm samples and sampling
equipment by the rising tide. To assess water quality for the entire area, this plan uses
a land-use-based representative sampling framework as an alternative. As shown in
Table N-1, the under-represented area consists of two predominant land uses —
commercial and high-density residential. Using this information, two sites were chosen,
one to represent each land use (Figure N-2). Samples will be collected from catch
basins instead of the end of pipe to avoid tidal influence.

MdRU-C-1 Monitoring Location Tributary Area

Runoff collected at this site is intended to be representative of the commercial land use.
The catchment, approximately 4.9 acres in size or approximately 5.8 percent of the area
zoned as commercial, consists of restaurants, businesses, parking lots, and a 570-foot
segment of Admiralty Way.

MdRU-C-2 Monitoring Location Tributary Area

Runoff collected at this site is intended to be representative of the high-density
residential land use. The catchment, approximately 19.7 acres in size or approximately
12.2 percent of the area zoned as high-density residential, consists of single-family
houses and approximately 4,950 feet of local streets.
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Figure N-5
MdRU-C-1 Monitoring Location Tributary Area

Figure N-6
MdRU-C-2 Monitoring Location Tributary Area
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Table N-1 Land-Use Characterization of the Under-Represented Area

Land Use Type Number of Acres Percentage of Total Area
Commercial 85 30%
High-Density Residential 161 57%
Industrial 14 5%

Open Space 22 8%
Total 282 100%

MONITORING SITES

Site Id: MdRU—C-1 Status: New Location: Catch Basin
Historical Site Id: N/A Sub-watershed: 1 A
Comments:
This sampling site is located just north of the
intersection of Bali and Admiralty Ways. This
sampling site monitors stormwater quality and
receives flow from 5.8 percent of the total
commercial land use within the under-represented
area

,,- -

.

. NI 10
-,

Site Id: MdRU—C-2 Status: New Location: Catch Basin
Historical Site Id: N/A Sub-watershed: 3, 4
Comments:
This sampling site is located just north of the
intersection of Abbot Kinney Boulevard and - ----,.,,-,_...J.,r---- A..

VVoodlawn Avenue, This sampling site monitors
stormwater quality and receives flow from • Nam- —

-..."4,
12,2 percent of the total high-density residential land 1
use within the under-represented area,

? .,'14,.
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Table N-2 Ambient and Effectiveness Monitoring Locations

Monitoring
Location

Sub-
watershed'

Location
Sampling Frequency

Latitude Longitude
Thomas
GuideAmbient Effectiveness

MdRU-C-
1 1 A

Catch
basin

Wet-weather
event/stormwater

quality only

Wet-weather
event/both

2 33.983 118.443 672, B7

MdRU-C-
2

4
Catch
basin

Wet-weather
event/Stormwater

quality only

Wet-weather
event/both

2 33.989 118.457 671, J6

As shown in Figure 3.1 of Section 3.0 Monitoring Sites of the Final CMP
2 Refers to stormwater quality monitoring as well as storm-borne sediment monitoring

SCHEDULE FOR IMPLEMENTATION OF STORMWATER MONITORING WITHIN
THE UNDER-REPRESENTED AREA

Implementation of the wet-weather eventistormwater monitoring for the
under-represented area requires funding by the responsible agencies. As such, a
funding agreement must be developed and executed by the responsible agencies.
Once funding is established, design details will be prepared, equipment will be
procured, permits and/or easements will be acquired, and subsequently the equipment
will be installed and commissioned.

The following Table N-3 presents the anticipated schedule to initiate stormwater
monitoring of the under-represented area of the Marina del Rey Harbor.

Table N-3 Schedule to Initiate Stormwater Monitoring within the Under-
Represented Area

Activity Dates (Estimated)
Develop and execute funding agreements with
responsible agencies

October 2009— April 2010

Prepare design details for automatic water
samplers

May — June 2010

Procure automatic water samplers June — August 2010
Obtain applicable permits and easements June — August 2010
Install automatic water samplers September — October 2010
Initiate stormwater sampling program for the
under-represented area

October 2010— June 2011

Appendix N-7

RB-AR40626



MATERIALS AND METHODS

Implementation of autosampler installation and sampling in the under-represented area
and associated sample analyses will be fully coordinated with the implementation of
ambient and effectiveness monitoring at the other sampling locations as specified in
Chapter 4 as follows.

Sampling Schedule

The sampling for the under-represented area monitoring locations will be for
stormwater quality and storm-borne sediment monitoring  The target
constituents monitored and the monitoring frequency will be the same as that
shown in Table 4.1 Storni-water Quality Monitoring and Table 4.2 Storm-Borne
Sediment Monitoring of Section 4,0 Materials and Methods in the approved
Final CMP.

Sampling Procedures

The sampling procedures are the same as those shown for stormwater
quality monitoring in Section 4.0 Materials and Methods, Subsection 4.2
Sampling Procedures, in the approved Final CMP.

Sampling Equipment

The sampling equipment for the above-described stations will be the
same as that shown in Section 4.0 Materials and Methods, Subsection 4,3
Sampling Equipment, in the approved Final OMR

Field and Laboratory Safety

The field and laboratory safety procedures are the same as those shown in
Section 4,0 Materials and Methods, Subsection 4.4 Field and Laboratory Safety,
in the approved Final CMP

Analytical Methodology

The analytical methodology will be the same as that shown in
Table 4.6 Stormwater Quality Methods in Section 4,0 Materials and Methods,
Subsection 4,5 Analytical Methodology, in the approved Final CMP.

Quality Assurance/Quality Control

The quality assurance/quality control will be provided by the hired sampling
consultant and will be in compliance with that shown in Section 4,0 Materials and
Methods, Subsection 4,6 Quality Assurance/Quality Control, in the approved
Final CMP,

Appendix N-8
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Data Management and Reporting

The data management and reporting procedures are the same as those shown in
Section 4.0 Materials and Methods, Subsection 4.7 Data Management and
Reporting, in the approved Final CMP.

AR:jtz
PAwmpub\Secretaria1\2009 Documents\ Letters\After 3_20_09 \MdR Harbor Toxic TMDL CMP-Enc.doc\ C09452
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1. Introduction 
The Palos Verdes Peninsula Coordinated Monitoring Plan (Plan) was developed in compliance with the 
Machado Lake Eutrophic, Algae, Ammonia, and Odors (Nutrient) Total Maximum Daily Load (TMDL)1.   
The Nutrient TMDL lists eleven responsible parties tributary to Machado Lake.  Among the responsible 
parties listed are the cities of Rancho Palos Verdes, Palos Verdes Estates, Rolling Hills, and Rolling Hills 
Estates, which together constitute the Palos Verdes Peninsula (Peninsula Cities).  The unique 
characteristics and isolated geographic setting of the Palos Verdes Peninsula (Peninsula) encouraged a 
collaborative approach from these Peninsula Cities.  This document is the result of that collaboration.  
Not participating in this plan are the cities of Carson, Lomita, Los Angeles, Redondo Beach, and 
Torrance, Caltrans, and the unincorporated areas of the County of Los Angeles (County).  These agencies 
have indicated that they will be submitting separate Monitoring and Reporting Plans.   
 
The purpose of this document is to establish a plan to monitor and assess the water quality of 
discharges exiting the Peninsula.  The Plan describes several representative monitoring sites for the 
Palos Verdes Peninsula drainage system which are situated at the furthest accessible downstream 
locations of this system before it exits the Peninsula.  These sites will be monitored for TMDL 
compliance as described herein.   Results from this monitoring will be beneficial in determining the 
scope of work needed for the implementation of Best Management Practices (BMPs) to be used in order 
to achieve compliance with the water quality objectives set forth in the Machado Lake Nutrient TMDL.        

1.1. Background 
Machado Lake is located in the City of Los Angeles’ Ken Malloy Harbor Regional Park.  The park is 
situated to the west of the Harbor (110) Freeway and east of Vermont Avenue.  The park is bounded by 
the Tosco refinery to the south and Pacific Coast Highway to the north.  Machado Lake is approximately 
40 acres in size and averages approximately 3 feet in depth.  It supports a diverse range of wildlife 
including several threatened and endangered species.  The Machado Lake Subwatershed is located 
within the harbor portion of the larger Dominguez Channel Watershed.  Machado Lake receives urban 
and stormwater runoff from a subwatershed area of approximately 20 square miles consisting of nine 
incorporated cities, Caltrans highways and roads, and areas of unincorporated County land.  Water from 
Machado Lake overflows a dam located at its southern end before entering the ocean through the 
Harbor Outflow.    
  
Machado Lake is listed on the 1998, 2002, and 2006 Clean Water Act 303(d) lists of impaired water 
bodies due to eutrophic conditions, algae and odors.  The listed impairments are caused by the 
overloading of nutrients, such as nitrogen and phosphorus, resulting in excessive algal growth which 
leads to increased turbidity, decreased levels of oxygen, and odor problems.  These occurrences affect 
the recreational, aesthetic, and ecological functioning of Machado Lake.  The Water Quality Control Plan 
for the Los Angeles Region (Basin Plan) identifies seven existing (E) or potential (P) beneficial uses for 
Machado Lake. 
 
 
 
 

                                                           
1 State Water Resources Control Board, Los Angeles Region Resolution No. R08‐006, Amendment to the Water 
Quality Control Plan – Los Angeles Region to incorporate the Total Maximum Daily Load for Eutrophic, Algae, 
Ammonia, and Odors (Nutrient) in Machado Lake  
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Table 1.1.  Potential and Existing Beneficial Uses of Machado Lake as Outlined in the Basin Plan 

 
Waterbody MUN 

(Municipal 
Water 

Supply) 

REC1 
(Water 
Contact 

Recreation) 

REC2 
 (Non‐

Contact 
Water 

Recreation) 

WARM 
(Warm 

Freshwater 
Habitat) 

WILD  
(Rare, 

Threatened, 
or 

Endangered 
Species) 

RARE 
(Endangered 

Species) 

WET 
(Wetland 
Habitat) 

Machado 
Lake 

P E E E E E E 

 
The Clean Water Act section 303(d) requires the prioritization and development of TMDLs to address 
impairments and outline plans to restore the beneficial uses of listed water bodies.  TMDLs require the 
reduction of pollutant loading by assigning waste load allocations, load allocations, and numeric targets 
to responsible parties which must be met at set interim and final compliance dates.  The TMDL 
addressing the nutrient impairment of Machado Lake was adopted by the State Water Resources 
Control Board, Los Angeles Region (Regional Board) on May 1, 2008.  It was subsequently approved by 
the United States Environmental Protection Agency and became effective on March 11, 2009.  This 
TMDL sets forth stringent numerical limits for nitrogen and phosphorus, as well as numerical targets for 
ammonia, dissolved oxygen and chlorophyll a which will help assess the overall water quality in the lake.   

1.2. Geographic Description of Palos Verdes Peninsula 
The Peninsula is situated in the southwestern portion of the Machado Lake Subwatershed atop the 
Palos Verdes Hills which are bounded to the north by Torrance, to the east by City of Los Angeles, and to 
the south and west by the Pacific Ocean.  The Peninsula consists of the four incorporated cities of 
Rancho Palos Verdes, Palos Verdes Estates, Rolling Hills, and Rolling Hills Estates along with areas of 
unincorporated County land.  The Peninsula Cities are all very similar in topography and land usage.  The 
major land use designation on the Peninsula is residential.  There are also significant portions of open 
space and soft bottom canyons.  There is one commercial district and several areas of institutional land.  
There are also notable areas where horse uses exist.  Figure 1.1 depicts the major land uses that 
characterize the Peninsula.   There is a large drainage divide which dissects the Peninsula from the 
northeast to the southwest with the westerly portion draining into the Santa Monica Bay.  The portion 
of the Peninsula which drains to Machado Lake consists of approximately 5.63 square miles, which is 
about 25% of the Machado Lake Subwatershed drainage area.   This drainage flows in an easterly or 
northeasterly direction, contributing flow to three of the four major drainage systems entering Machado 
Lake (i.e. Wilmington Drain, Project 77 and Project 510).  Drainage from the Peninsula Cities is conveyed 
via the natural soft bottom canyon systems in conjunction with structured storm drain systems.  These 
systems are intertwined and cross‐connected warranting a Peninsula‐wide coordinated approach to 
end‐of‐pipe monitoring. 
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Figure1.1 Major Land Uses Characterizing the Palos Verdes Peninsula
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1.3. Waste Load Allocation Compliance 
The Nutrient TMDL for Machado Lake outlines three options for compliance.  It assigns waste load 
allocations, or limitations on pollutant discharges contained in storm drain discharges, to responsible 
parties which drain to Machado Lake.  Interim and final waste load allocations [Table 1.2] can be 
demonstrated through one of the following methodologies: 
 

• Concentration‐based waste load allocations with in‐lake monitoring  
 

• Concentration‐based waste load allocations with monitoring at the end of the                          
responsible party’s drainage system (end‐of‐pipe)        

 
• Mass‐based waste load allocations with end‐of‐pipe monitoring 

 
 

Table 1.2. Interim and Final Waste Load Allocations as Specified in the Machado Lake Nutrient TMDL 
 

Compliance Date Total Phosphorus Total Nitrogen 

March 11, 2009 1.25 mg/L 3.5 mg/L 

March 11, 2014 1.25 mg/L 
 

2.45 mg/L 

September 11, 2018 0.1 mg/L 
 
 

1 mg/L 

 
The Peninsula Cities met and determined that the best option for compliance was Option 2, 
concentration based waste load allocations with end‐of‐pipe monitoring.  However, the systems which 
convey drainage from the Peninsula Cities are intertwined and cross‐connected.  Drainage from one city 
generally flows through at least one of the other three cities before exiting the Peninsula.  It would be 
difficult and redundant for each city to monitor its own drainage independent of the other Peninsula 
Cities.  For this reason, it was appropriate for the Peninsula Cities to coordinate efforts in order to 
comply with the Nutrient TMDL.  The Peninsula Cities decided to determine compliance with 
concentration‐based waste load allocations by choosing monitoring sites at the termini of the shared 
Peninsula drainage system.  This Plan satisfies the first deliverable requirement outlined in the 
compliance schedule for the selected approach [Table 1.3].  Monitoring in accordance with this Plan will 
continue until the Peninsula Cities have established compliance with final waste load allocations. Once 
compliance with final waste load allocations is established, the results of this monitoring plan and other 
available information may be used to revise the amount of monitoring required to demonstrate 
continued TMDL compliance under a revised monitoring plan or other Regional Board order. 
  

RB-AR40943



Machado Lake Nutrient TMDL Palos Verdes Peninsula Coordinated Monitoring Plan
 February 1, 2011 

Page | 10   
 

 
Table 1.3. Compliance Schedule for Option 2: End‐of‐Pipe Concentration‐Based Waste Load Allocations 

Compliance Date TMDL Requirement 
March 11, 2009 Meet 1st interim waste load allocations (shown in Table 2) 
March 11, 2010 Submit Monitoring and Reporting Plan (MRP) to the Regional 

Board for approval 
60 days from date of MRP approval Begin monitoring as outlined in MRP 

Annually from date of MRP approval Submit annual monitoring reports 
March 11, 2011 Submit Implementation Plan (IP) to Regional Board for approval 

60 days from date of IP approval Begin implementation as outlined in IP 
March 11, 2014 Meet 2nd interim waste load allocations (shown in Table2) 

September 11, 2016 TMDL re‐opener period 
September 11, 2018 Meet final waste load allocations and numeric targets (shown in 

Table 2) 
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2. Monitoring Program Design  
Drainage on the Peninsula is conveyed via a network of natural soft‐bottom canyons augmented by 
improved storm drain structures in the more developed areas. A drainage divide running northwest to 
southeast along the crest of the Peninsula separates the Machado Lake watershed from the Santa 
Monica Bay watershed. Within the Machado Lake watershed the canyons convey stormwater flow in an 
easterly or northeasterly direction. Stormwater runoff from the four incorporated cities on the 
Peninsula is closely intertwined and is therefore conducive to the implementation of a coordinated 
monitoring plan.  

2.1. Criteria and Methodology for Monitoring Site Selection 
The Peninsula Cities have selected monitoring sites that are representative of the drainage from each of 
the Cities’ land uses on the Peninsula tributary to Machado Lake. These monitoring sites have been 
selected to ensure that: 
 

• Each city has drainage tributary to at least one sampling location 
 

• Each city has each of its major land use/zoning types represented in the tributary area to at least 
one location  

 
• Taken together the sampling locations are representative of major Peninsula land uses and 

development intensity, e.g., commercial, residential with curb‐and‐gutter, residential with soft 
bottom canyons, equestrian use, schools/ball fields, open space, parks, etc. 

 
• Monitoring could be conducted in a safe manner considering traffic and stormwater access 

conditions 
 
In order to establish appropriate and representative monitoring locations, subdrainage areas were 
delineated based on desktop examination of County GIS‐based drainage maps, topographic drainage 
maps and aerial photographs.  Several potential monitoring locations near the foot of each of the major 
subdrainage areas on the Peninsula were identified based on this desktop analysis.  Final monitoring 
sites were selected based on field reconnaissance to identify representative locations that could be 
safely accessed for monitoring.  
 
The Machado Lake subdrainage areas and monitoring locations are discussed in the following 
subsections in order progressing from northwest to southeast across the Peninsula. Taken together, the 
subdrainage areas and monitoring locations proposed in this plan directly monitor 2,108 acres within 
the total 3,608 acres of the Peninsula Cities’ tributary area to Machado Lake.  These subdrainage areas 
and monitoring locations together will provide direct monitoring of all the significant land uses tributary 
to Machado Lake in the four incorporated cities on the Peninsula. Currently, of the 1,500 acres not 
directly monitored, 707 acres is tributary to a local infiltration basin, the Chandler Quarry pit,  which 
does not discharge to Machado Lake unless an unusually large storm such as a 50‐year storm occurs, 
effectively isolating that subdrainage area from Machado Lake.   The remaining 800 acres of Machado 
Lake tributary area which are not directly monitored by one of the proposed monitoring sites will be 
indirectly monitored by a surrogate monitoring location with similar land use and development 
intensity. Figure 2.1 Water Quality Monitoring Sites and Associated Sub‐Drainage Areas depicts the 
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subdrainage areas and monitoring sites.  These same subdrainage areas are shown overlaid onto the 
land use map in Figure 2.2 for ease of reference in the subsequent discussions of each monitoring site.  
This figure shows which land uses are captured within each subdrainage area.  
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  Figure 2.1 Water Quality Monitoring Sites and Associated Sub-Drainage Areas 
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Figure 2.2 Palos Verdes Peninsula Land Use by Subdrainage Areas
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2.1.1. Solano Subdrainage Area  
A portion of the Peninsula drains to the Walteria Lake storm water detention basin located in Torrance 
via the City of Torrance Project No. 8102 storm drain.  This subdrainage area is approximately 144 acres 
located entirely within Palos Verdes Estates and situated east of Palos Verdes Drive North, south and 
west of the City of Palos Verdes Estates’ border with the City of Torrance, and north of Via Valmonte 
[Figure 2.3].  The primary land use in this subdrainage area is residential with curb‐and‐gutter.  There is 
one elementary school located in the subdrainage area.  The curb‐and‐gutter system (storm drain 
system) in the subdrainage area collects storm water runoff as well as dry‐weather runoff and 
discharges flow through the subsurface Miscellaneous Transfer Drain (MTD) 1495‐2 near Via Verderol 
into the City of Torrance.  Monitoring will occur in this storm drain as the flow here is representative of 
runoff from the entire subdrainage area.  Figure 2.3 shows the manhole atop of the MTD 1495‐2 at the 
Solano monitoring site to where the flow discharges from the Peninsula into the City of Torrance.   
 

 
Figure 2.3 Solano Monitoring Site 

2.1.2. Valmonte/Ferncreek Subdrainage Area 
Valmonte Canyon and Ferncreek have a combined drainage area of 415 acres and are both soft‐bottom 
natural drainage courses which converge at the base of Ernie Howlett Park.  At the convergence of these 
canyons [Figure 2.4] the stormwater flow is directed into a subsurface storm drain which runs under 
Ernie Howlett Park and connects to a Los Angeles County Flood Control District (LACFCD) storm drain 
MTD 227 below Hawthorne Boulevard at which point the drainage exits the City of Rolling Hills Estates 
and the Peninsula and enters the City of Torrance.   
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The Valmonte Canyon Subdrainage Area is the larger of the two and collects stormwater runoff from 
residential areas of Palos Verdes Estates, Rancho Palos Verdes and Rolling Hills Estates.  Ferncreek 
collects runoff only from Rolling Hills Estates.  
 
The Valmonte/Ferncreek subdrainage area is predominantly residential and includes some residential 
properties in the lower reaches of the drainage area in the equestrian overlay where horses are kept.  A 
municipal stable also lies within this drainage area.  This monitoring site receives runoff from three of 
the four Peninsula Cities (Rolling Hills Estates, Rancho Palos Verdes and Palos Verdes Estates). 
 

 
Figure 2.4 Looking West From Ernie Howlett Park at Ferncreek Converging from Left and 
Valmonte Canyon from Right 

The safest, most accessible downstream location for monitoring of this subdrainage area is at the 
convergence of the two drainage courses (Valmonte Canyon and Ferncreek [Figure 2.5]) where the flow 
enters a subsurface storm drain under Ernie Howlett Park.  A baseline dry weather flow enters the 
subsurface storm drain under Ernie Howlett Park, either from groundwater seeping from below Ernie 
Howlett park (see weep holes visible in Figure 2.5) or from Ferncreek or both.  A routine dry weather 
and wet weather monitoring site named “Valmonte” will be established at this location.  
 
Valmonte Canyon does not appear to have discharge during dry weather so in the event that a source 
tracking monitoring investigation is needed for this subdrainage area, a dry weather monitoring site will 
be established at the storm drain pipe conveying runoff from Valmonte Canyon to the subsurface storm 
drain below Ernie Howlett Park to document the presence/absence of dry weather discharge from 
Valmonte Canyon. [Figure 2.6]  This location will thus serve as a Tier 2 source tracking monitoring site in 
the event that samples collected from flow entering the subsurface storm drain under Ernie Howlett 
Park at the Valmonte monitoring site trigger a source tracking investigation.  
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Figure 2.5 Valmonte Monitoring Site; Pipe Conveying Drainage from Valmonte Canyon is in 
the Foreground and Flow From Ferncreek Enters From the Right 

 
Figure 2.6 Valmonte Canyon Tier 2 Monitoring Site 
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2.1.3. Ranchview/Chadwick Canyon Subdrainage Areas 
Ranchview Canyon and Chadwick Canyon are both soft‐bottom natural drainage courses [Figure 2.7] 
with a combined drainage area of 385 acres.  These two canyons converge and enter a subsurface storm 
drain which then crosses under Palos Verdes Drive North and connects with LACFCD subsurface storm 
drain RDD 275 behind Rolling Hills Estates City Hall.   
 
The upper reach of Ranchview Canyon collects runoff from residential areas of Rancho Palos Verdes, 
from the playing fields and classroom buildings of Palos Verdes Peninsula High School, as well as a 
section of a major arterial roadway, Hawthorne Blvd. The lower reach of Ranchview Canyon collects 
runoff from residential areas in Rolling Hills Estates within the equestrian overlay, however only a few of 
those property owners currently keep horses [based on Community Emergency Response Team (CERT) 
map]. 
 
Chadwick Canyon collects runoff from residential areas of Rancho Palos Verdes, including an elementary 
school, as well as residential areas within County unincorporated areas.  No equestrian areas lie within 
the Chadwick Canyon drainage area [confirmed by CERT map].  
 
Neither Ranchview Canyon nor Chadwick Canyon subdrainage areas appear to have discharge to RDD 
275 during dry weather [Figure 2.7]. These locations will serve as Tier 2 source tracking monitoring sites 
in the event that samples collected from the RHE City Hall monitoring site trigger a source tracking 
monitoring investigation. Flow observations made at the storm drain entry structures for each of these 
canyons will document the presence/absence of dry weather discharge from these two subdrainage 
areas.  
   

 
Figure 2.7 Upper Ranchview Canyon 
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Figure 2.8 Ranchview Canyon Tier 2 Site 

 
Figure 2.9 Chadwick Canyon Tier 2 Site Entering Subsurface Storm Drain 
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2.1.4. RDD 275 Subdrainage Area—RHE City Hall Monitoring Site 
Unlike most of the drainage courses on the Peninsula, the RDD 275 subdrainage area, comprised of 860 
acres excluding Ranchview and Chadwick Canyons, consists primarily of hardened conveyances; a 
combination of curb‐and‐gutter, subsurface storm drains, and a section of large open channel 
(trapezoidal ditch).  This is the most diverse subdrainage area from a land use perspective as it includes 
the downtown commercial area of the Peninsula located mainly within Rolling Hills Estates, residential 
areas in Rancho Palos Verdes and Rolling Hills, a County unincorporated residential area with some 
equestrian properties and a private K‐12 academy, as well as arterial roadways (Silver Spur Road and 
Crenshaw Blvd.) The City of Palos Verdes Estates is the only one of the Peninsula cities without land area 
in this subdrainage area.  This subdrainage area is to be directly monitored and will also serve as a 
surrogate monitoring site for areas on the Peninsula not being directly monitored. 
 
Baseline dry weather flow from this subdrainage area is evident where it daylights in a trapezoidal ditch 
along Crenshaw Boulevard [Figure 2.10]. The safest, most accessible downstream location for monthly 
monitoring of this subdrainage area is at the manhole behind Rolling Hills Estates City Hall [Figure 2.11] 
where RDD 275 joins drainage from Ranchview and Chadwick Canyons. 
 
The trapezoidal ditch location adjacent to Crenshaw Blvd. will be utilized as a Tier 2 source tracking 
monitoring site along with Ranchview and Chadwick Canyons in the event that wet weather samples 
collected from the “RHE City Hall” monitoring site behind Rolling Hills Estates City Hall trigger a source 
tracking investigation. 
 

 
Figure 2.10 Looking South/Upstream RDD 275 along Crenshaw Boulevard 
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Figure 2.11 RHE City Hall Monitoring Site at Manhole behind Rolling Hills Estates City Hall 

2.1.5. Agua Magna/Sepulveda/Blackwater Canyon Subdrainage Area—
Lariat Monitoring Site 

Three canyon drainage ways within Rolling Hills (Agua Magna, Sepulveda, and Blackwater Canyons) 
cross under Palos Verdes Drive North, pass for a short distance through Rolling Hills Estates, cross under 
Lariat Lane and converge into a drainage structure just inside the boundary of the South Coast Botanic 
Garden which lies within County unincorporated land [Figure 2‐12]. The predominant land use within 
this 650 acre, three canyon subdrainage area is low density residential development with some horse 
keeping. 

Based on preliminary field reconnaissance, it appears that this subdrainage area may not have discharge 
to Machado Lake during dry weather.  A monitoring site, “Lariat”, will be established for this 
subdrainage area at the drainage structure just inside the South Coast Botanic Garden. 
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Figure 2.12 Lariat Monitoring Site at Drainage Structure Collecting Flow from Agua 
Magna/Sepulveda/Blackwater Canyons 

2.1.6. Project 77 Storm Drain Subwatershed within Palos Verdes Peninsula 
As currently developed, only a minor area within the Peninsula currently contributes discharge to 
Machado Lake via the Project 77 Storm Drain.  This is because of a unique geologic/hydrologic condition 
associated with the former Chandler Quarry, now an inert landfill.  The Chandler quarry pit collects flows 
from the majority of the areas west of Palos Verdes Drive East within the Project 77 Subwatershed, 
including the Rolling Hills Country Club golf course.  The Chandler Quarry/Landfill is currently proposed 
for redevelopment and, according to the Chandler Ranch/Rolling Hills Country Club Project EIR 
hydrology study, the tributary area of the Chandler quarry pit is 707 acres and has the capacity to retain 
and infiltrate up to the 50‐year storm without discharging to the Project 77 storm drain2.  So as currently 
developed, the tributary area to the Chandler Quarry does not result in discharge to Machado Lake 
except under very rare, large storms.  The City of Rolling Hills Estates intends to place conditions of 
approval on the Chandler Ranch/Rolling Hills Country Club Project to achieve compliance with the 
Machado Lake Nutrient TMDL targets.  At the time of redevelopment, depending on the final hydrologic 
analysis of the project, consideration will be given to placing an additional monitoring site at the 
discharge point from the Chandler Ranch/Rolling Hills Country Club project to Project 77 Storm drain. 
 
There is currently no safely accessible, representative monitoring location for the areas east of Project 
77 storm drain not tributary to the Chandler quarry pit because those flows are conveyed via a 

                                                           
2 The EIR can be found on the City of Rolling Hills Estates website at http://www.ci.rolling‐hills‐
estates.ca.us/index.aspx?page=209&recordid=37 
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subsurface County storm drain in the right‐of‐way for Palos Verdes Drive East which manholes cannot be 
safely accessed for monitoring.  Consequently, we are not proposing to monitor this subdrainage area. 
Those areas within Project 77 storm drain subwatershed on the Peninsula not tributary to the Chandler 
quarry pit will be assumed to be represented by the surrogate monitoring site, RHE City Hall. 

2.2. Monitoring Schedule and Frequency 
During the first twelve (12) months of the monitoring program, the four (4) monitoring sites (Solano, 
Valmonte, RHE City Hall, and Lariat) will be visited by a monitoring crew on a monthly basis during dry 
weather. Dry weather is defined as a day when there has been no rainfall of 1/10th inch or greater on 
that day or on the 72 hours preceding.  If flow is observed, a Field Conditions Data Sheet will be 
completed, a sample collected and flow measurements recorded.  If no flow or insufficient flow for 
sampling is present, a No Flow or Low Flow Conditions Data Sheet will be completed. Based on the 
results of the first year of monitoring, each monitoring site will be classified as either a routine dry 
weather/wet weather sampling location, or as a wet weather-only sampling location. Monitoring sites 
which had sufficient flow for sampling on three (3) or more out of the twelve (12) routine monthly site 
visits during the first year of the monitoring program will be classified as a dry weather/wet weather 
monitoring site. 
 

Monitoring Sites Subdrainage Description 
Solano PVP subdrainage to Walteria Lake 

Valmonte Valmonte and Ferncreek subdrainage 
RHE City Hall RDD 275, Ranchview and Chadwick Canyons, also 

surrogate for areas not directly monitored 
Lariat Agua Magna, Sepulveda and Blackwater Canyons 

2.2.1. No/Low Flow Observation Sites 
Following the first year of monitoring, sites which are identified as being wet weather‐only sampling 
locations due to no or insufficient flow for sampling on eight or more out of twelve dry weather 
observations, will be visited on a quarterly basis and a No Flow or Low Flow Conditions Data Sheet will 
be completed to confirm that the status has not changed.  After a year of quarterly confirmation, sites 
which have no or insufficient flow for sampling on at least three (3) of the four (4) quarterly 
confirmatory site visits will be removed from the routine dry weather monitoring program and no 
further monitoring visits will be made for these sites during dry weather. See No/Low Flow Site 
Classification Decision Process [Figure 2.13 No/Low Flow Site Classification Decision Process]. 

2.2.2. Dry Weather Sampling  
Monitoring sites which have sufficient flow for sampling on three (3) or more out of the twelve (12) 
routine monthly site visits during the first year of the monitoring program will be classified as dry 
weather/wet weather monitoring sites. These sites will be monitored on a monthly basis for the 
duration of the monitoring program unless implementation measures result in decreased flows which 
would trigger reclassification of these sites as No/Low Flow Observation Sites in accordance with the 
No/Low Flow Site Classification Decision Process. 

2.2.3. Wet Weather Sampling and Flow Measurement 
In addition to routine dry weather sampling, at least two qualifying wet weather sampling and flow 
measurement events per year will be conducted at the four (4) monitoring sites (Solano, Valmonte, RHE 
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City Hall, and Lariat).  Wet weather sampling events will be scheduled by monitoring weather forecasts 
for the 90274 and 90275 zip code areas on weather.com.  Qualifying wet weather sampling events are 
those work days (non‐holiday week days) with a forecast of an 80% chance of at least 0.25 inch of 
rainfall. Wet weather sampling events will begin as early in the day as possible to ensure that samples 
are transported to the laboratory within required holding times. 
 

 
Figure 2.13 No/Low Flow Site Classification Decision Process 

2.3. Interim Waste Load Allocation Source Tracking Monitoring 
 Investigation 

Based on the first year of baseline dry weather monitoring data collected from the Peninsula monitoring 
sites as outlined in Section 2.2 above, an evaluation will be made to assess compliance with the monthly 
average criteria in the Machado Lake Nutrient TMDL shown in Table 2.1. An Interim Waste Load 
Allocation Source Tracking Monitoring investigation will be conducted for any monitoring sites where 
monthly averages are exceeding the Year 0 waste load allocation.  The Peninsula Cities will meet to 
establish a flow tracking and sampling scheme to identify branch(s) of drainage system contributing to 
interim waste load allocation exceedance. The source tracking will be conducted in an iterative, adaptive 
manner to identify potential sources contributing to the waste load allocation exceedance and will be 
informed by the results of low flow/no flow observation data.   
 
After two years of combined wet weather and dry weather monitoring data are collected and reviewed, 
an updated evaluation will be made to assess compliance with the monthly average criteria in the 
Machado Lake Nutrient TMDL. An Interim Waste Load Allocation Source Tracking Monitoring 
investigation will be conducted for sites with monthly averages exceeding the Year 0 or Year 5 waste 
load allocation.  The Peninsula Cities will meet to establish a source tracking sampling scheme to identify 
monitoring sites in the various branch(s) of the drainage system and to determine the particular land 
uses and defined areas of the drainage system that are contributing to interim waste load allocation 
exceedance. Findings of source tracking investigations will inform appropriate action under the Palos 

8+ no flow/low flow observations 
out of 12 monthly observations

yes

3+ no flow/low flow observations 
out of 4 quarterly observations

yes

remove as dry weather 
monitoring site, site becomes 

wet weather monitoring site only
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Verdes Peninsula Implementation Plan for Machado Lake Nutrient TMDL (to be submitted by March 11, 
2011). 
 

Table 2.1. Interim and Final Waste Load Allocations for Storm Drain Discharges 
 

MS4 Permittees Years After 
Effective Date 
(03/11/2009) 

Date of 
Compliance 

Total Phosphorus 
(mg/L) 

Total Nitrogen 
(mg/L) 

Caltrans, General 
Construction and 

Industrial Stormwater 
Permits 

0 03/11/2009 1.25 3.5 

5.0 03/11/2014 1.25 2.45 

9.5 09/11/2018 0.10 1.00 

 
A source tracking monitoring scheme would include the monitoring of upstream locations (Tier 2 
monitoring sites) tributary to a Tier 1 monitoring site which has exceeded interim waste load allocations.  
A preliminary list of several Tier 2 monitoring sites already identified for a few of the Tier 1 monitoring 
sites are provided in Table 2.2.  Tier 3 sites will be established by the Peninsula Cities at the time a 
source tracking investigation is initiated or as needed in an iterative process. A description of the 
technical design and rationale for source tracking investigations planned for the coming year will be 
included as an attachment or appendix to the annual monitoring report.  Results of any source tracking 
investigations performed during the reporting year will be included as an appendix to the annual 
monitoring report. 
 

Table 2.2. Preliminary List of Tier 2 Monitoring Sites 
 

Tier 1 Monitoring Site Tier 2 Monitoring Sites 
Solano  

 
Valmonte Valmonte Canyon storm drain pipe 

Ferncreek stream bed 
RHE City Hall 

also surrogate monitoring site 
Ranchview Canyon at inlet structure 
Chadwick Canyon at inlet structure 

RDD 275 trapezoidal open channel @ Crenshaw 
Blvd. 

Lariat Agua Magna Canyon @ PV Drive North 
Sepulveda Canyon @ PV Drive North 
Blackwater Canyon @ PV Drive North 

 
 

3. Field Monitoring Methods and Procedures  
This Chapter provides the methods and procedures to be used in the field when conducting water 
quality monitoring.   
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3.1. Water Quality Sampling Parameters  
Compliance with the Nutrient TMDL will be shown through concentration‐based monitoring.  The water 
quality constituents to be analyzed and the analytical methods are shown in Table 3.1.  A State Certified 
Laboratory will provide the analytical services for this Plan.   
                                                               

Table 3.1. Water Quality Constituents To Be Sampled 
Analyte Method 

Nitrate‐Nitrite EPA method 300.0; 353.2 
Total Kjeldahl Nitrogen (TKN) EPA 351.2 

Total Phosphorus SM 4500‐P E; EPA 365.3 

3.2. Sampling and Flow Measurement Methods 
All samples will be collected using manual grab sampling methods as this is the most relevant technique 
for the conditions found on the Peninsula.   Sampling Teams comprised of two (2) to three (3) members 
will be responsible for obtaining the water quality samples from each of the identified monitoring sites.  
Each Sampling Team will carry all necessary equipment to be able to sample in various environmental 
and physical conditions (i.e. high or low flow, natural or manmade conveyances, etc).  A list of necessary 
equipment is presented in the following section.  The Sampling Team will fill out a Field Conditions Data 
Sheet at each monitoring site for each day of sampling.  An example Field Conditions Data Sheet is 
located in Appendix A.   
 
A protocol for making instantaneous flow measurements will be established by the field team and 
approved in advance by the Peninsula Cities’ representatives for each permanent monitoring location.  
Flow measurements will entail the use of a velocity meter plus measurement of the depth and width of 
cross‐sectional flow area or the use of an area‐velocity flow meter calibrated for the particular 
conveyance structure at each location. A minimum of three velocity readings will be made immediately 
following each sample collection. 

3.3. Monitoring Site Procedures 
The following are the specific procedures that will be followed by the Sampling Teams at each 
monitoring site regardless of whether it is an open manmade channel, an open natural area, or a 
subterranean storm drain and regardless of the flow type (high or low).  The locations and descriptions 
of each identified monitoring site are provided in Chapter 2. 

3.3.1. Sampling Preparations 
Each Sampling Team should be certain that they have all of the necessary equipment to conduct the 
sampling as shown in Table 3.2.3  
 
 
 
 
 
 
                                                           
3 Adapted from Minnesota Pollution Control Agency, Biological Monitoring Program.  2001. Water Chemistry 
Assessment Protocol for Depressional Wetland Monitoring Sites.  
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Table 3.2. Sampling Equipment Inventory 

Equipment Purpose Operation Check 
Sample Bottles: 

Poly Ethylene/ High Density 
Poly Ethylene – 250 mL 

 
Sample bottle 

 

Sufficient quantity for sampling 
all sites 

Clean labels attached 

 
Amber glass bottles – 250 mL 

 
Sample bottle 

Sufficient quantity for sampling 
all sites 

Clean labels attached 
 

Sulfuric Acid (H2SO4) 
 

Preservative 
 

Sufficient volume for sampling all 
sites 

Other Equipment Purpose Operation Check 
 

Cooler with ice 
 

Short term sample preservation 
 

Properly working cooler and 
adequate amount of ice 

 
Color wheel 

 
Measure water color in field 

 
Deionized water for reference 

Instruction manual 
 

Cell phone 
 

Communication 
 

Phone charger/batteries present 
 

Field Sampling Plan 
 

Site location information Correct maps for each site 

Portable Flow Meter 
Measurement of volumetric 

flow rate 
 

Calibration per manufacturer’s 
instructions 

 
Camera 

 
Document sampling 

 
Associated charger, batteries, 

instruction manual, etc 
 

Data sheets and clipboard 
 

Record field observations 
 

Correct data sheets for each site 
 

Pencils/pens 
 

Recording data 
 

Sharp pencil point/working pen 
 

Fine point permanent marker 
 

Label sample bottles 
 

Working marker 
 

 
Chain of Custody Forms from 

Sate Certified Laboratory 
 

Request analyses for samples 
 

Adequate number for sampling 
all sites 

 
Rain gear 

 
Keep Sampling Team dry Working rain gear 

 
Safety vests/cones 

 
Ensure Sampling Team safety Enough for Sampling Team(s) 
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3.3.2. Arrival at Monitoring Site 
Upon arrival at the monitoring site, the Sampling Teams will inspect the location for general safety.  It is 
important to be aware of the surroundings when working in a street or other right‐of‐way and is 
imperative to place safety cones so that traffic is aware of the situation.  

3.3.3. Field Conditions Sheet 
Site conditions are general observations that will be recorded when the Sampling Team first arrives at 
the monitoring site. The following general observations should be recorded on the Site Conditions Field 
Sheet:  
 

• Date and time of arrival; 

• The weather conditions; 

• The air temperature; 

• The general flow conditions of the water;  

• The appearance and odor of the water; and  

• If there is trash or debris at the monitoring site. 

3.4. Sampling in Open Channels or Creeks/Streams Procedures 
The following are the procedures that will be employed for sampling open manmade channels or 
creek/stream sites.  Water Quality samples will be collected prior to making flow measurements in order 
to minimize disturbance of deposited sediment prior to sampling to ensure that samples collected are as 
representative as possible of the discharged storm water. 
 
A designated sampling apparatus must always be used to fill a sample bottle containing preservative.  It 
is important that the sample bottles do not overflow.  If a sample bottle overflows, it must be discarded 
and a new sample must be taken using a new sample bottle.  Listed below are the steps to be taken 
during open channels or creeks/streams sampling:4 
 

• An ice chest with sufficient ice to properly store any samples will be utilized; 
• Only the sample bottles with the correct site number will be used at each monitoring site;  
• The sampling apparatus for each site will be acclimated by rinsing it out with water from the 

waterbody three (3) times; 
• Grab samples will be taken from the section of the manmade channel or creek/stream with the 

deepest flow (if it is safe to do so); 
• The Sample Team will always walk upstream to ensure that they do not disturb the sediments 

which could taint the sample; 
• Samples will be taken by facing the sampling apparatus upstream to reduce the possibility of 

contamination; 
• The Sampling Team will avoid touching the inside of the sampling apparatus to further prevent 

contamination; 
• The water in the sampling apparatus will be transferred to the sample bottle; 

                                                           
4 Procedures adapted from: US EPA, Office of Water. 1992. NPDES Storm Water Sampling Guidance Document. EPA 
833‐92‐001.  
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• The sample bottles labeled with the appropriate site number will be placed in the cooler 
standing straight up surrounded and supported by ice; 

• The number of each sample from the sample bottle, the time the samples were collected, and 
the time the samples were put on ice will be recorded on the Chain of Custody Form; 

• All Sampling Team members that had custody of any samples will sign the Chain of Custody 
Form; 

• The courier used to transport the samples to the lab will be listed as receiving the samples for 
transport.  However, they will not sign the Chain of Custody Form; 

• The Chain of Custody Form will be placed into a large watertight resealable bag and placed 
inside the cooler with its corresponding samples;  

• The cooler will be secured with packing tape and transported to the State Certified Laboratory 
within the designated method holding times; and 

• Upon the laboratory receiving custody of the samples, the State Certified Laboratory’s 
representative will sign the Chain of Custody Form.  

3.5. Sampling in Subsurface Storm Drains Procedures 
Subsurface storm drain sampling involving manholes can be more involved than open channel sampling 
and may be inherently more dangerous.  These types of areas may be considered confined entry spaces 
requiring compliance with OSHA regulations.  Therefore, any sites that require entry into a manhole will 
be handled by city crews with the proper equipment and experience.  However, most of the sampling 
sites will not require entry into a manhole. 

Water Quality samples will be collected prior to making flow measurements in order to minimize 
disturbance of deposited sediment prior to sampling to ensure that samples collected are as 
representative as possible of the discharged storm water. A designated sampling apparatus must always 
be used to fill a sample bottle containing preservative.  It is important that the sample bottles do not 
overflow.  If a sample bottle containing preservative overflows, it must be discarded and a new sample 
must be taken using a new sample bottle.  Listed below are the steps to be taken during subsurface 
storm drain sampling:5  
 

• An ice chest with sufficient ice to properly store any samples will be utilized; 
• The required Occupational Safety and Health Administration safety checks and preparations for 

the removal of a manhole cover and entry into a manhole safely will be completed; 
• The designated sampling apparatus labeled with the appropriate site number will be used; 
• The sampling apparatus for each site will be acclimated by rinsing it out with water from flow in 

the drain three (3) times; 
• The grab sample will be taken from the horizontal and vertical center of the storm drain (if it is 

safe to do so); 
• The bottom sediments (if there are any) in the drain will not be disturbed so as to avoid 

contaminating the sample; 
• The sampling apparatus will be held so the opening faces upstream (with the Sampling Team 

member also facing upstream); 
• The inside of the sampling apparatus will not be touched in order to prevent contamination; 

                                                           
5 id. 
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• The sample water from the sampling apparatus will be transferred into the proper sample 
bottles without overflowing them; 

• The sample bottles labeled with the appropriate site number will be placed in the cooler 
standing straight up surrounded and supported by ice; 

• All Sampling Team members that had custody of any samples will sign the Chain of Custody 
Form; 

• The courier used to transport the samples to the lab will be listed as receiving the samples for 
transport.  However, they will not sign the Chain of Custody Form; 

• The Chain of Custody Form will be placed into a large watertight Ziploc bag and placed inside the 
cooler with its corresponding samples;  

• The cooler will be secured with packing tape and transported to the State Certified Laboratory 
within the designated method holding times; and 

• Upon the laboratory receiving custody of the samples, the State Certified Laboratory’s 
representative will sign the Chain of Custody Form.  

3.6. No Sample Taken Procedures 
There may be circumstances that would cause a particular monitoring site to not be sampled. These 
circumstances may involve: 

• Lack of flow or insufficient flow 

• Site inaccessibility. 

3.6.1. Low Flow Conditions 
Sampling will be attempted even in extreme low flow conditions. If a sample cannot be taken due to 
insufficient or a lack of flow, a separate data sheet will be completed to explain why no sample was 
taken.  

3.6.2. Site Inaccessibility Due to Storm Event 
If a monitoring site becomes inaccessible due to a storm event in which it would be dangerous to 
approach the manmade channel, stream/creek, storm drain inlet or manhole; the Sampling Team will 
delay sampling for 24 hours to 48 hours after the storm event. However, if an alternative monitoring site 
is in close proximity and provides a sample which is representative of the original monitoring site, then 
sampling will occur on schedule at the alternative monitoring site. 

3.6.3. Site Inaccessibility Due to Temporary Physical Obstruction or 
Condition 

If a monitoring site is temporarily or permanently blocked by a physical obstruction, such as downed 
trees or evidence of a landslide or rockslide, the Sampling Team will attempt to move 25‐50 feet (ft) 
upstream or downstream from the monitoring site and conduct sampling there. If there still is no 
suitable access, the Sampling Team will determine the possibility of sampling further away (up to 100 ft) 
from the original monitoring site.  
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3.6.4. Site Inaccessibility Due to Ownership Change 
This condition is unexpected, but if the monitoring site comes under new ownership, such that 
previously granted access is now denied, permission will be requested from the new owner. If this is 
denied, a permanent new monitoring site will be selected in close proximity to the original monitoring 
site provided the proposed new monitoring site is as representative as the previous monitoring site. 

3.7. Corrective Action for Field Measurements 
The Sampling Team will have the primary responsibility for responding to equipment failures during 
sampling.  Deviations from defined protocols will be documented in the comment section of the Field 
Conditions Data Sheet.  If any equipment fails, Sampling Team personnel will report the problem in the 
comment section of the Field Conditions Data Sheet and will not record the data values for the water 
quality constituents in question.  Actions will be taken to replace or repair broken equipment prior to 
the next field use.  Data that are known to be collected with faulty equipment will be entered into the 
project database, but will not be used for determining compliance.  It is the combined responsibility of 
all members of the Sampling Team to determine if the performance requirements of the specific 
sampling method have been met, and to collect an additional sample if required. 

3.8. Sample Management  
In order for the samples to be considered valid, each sample must be taken to the State Certified 
Laboratory for chemical analyses: 

• In the proper container as provided by the State Certified Laboratory; 
• With a sufficient volume of sample as prescribed by the State Certified Laboratory; 
• Having a sufficient amount of preservative as pre‐supplied in the appropriate sampling bottles 

by the State Certified Laboratory; and  
• In less time that the method holding time for that type of sample (i.e. water quality constituent 

type). 

3.8.1. Container Type, Container Volume, Sample Preservation, and Holding 
Time 

Each Sampling Team will use a designated filling container that will be rinsed with deionized water (no 
soap) three times prior to use.  The State Certified Laboratory will supply a sufficient number of 
sampling bottles to the Sampling Teams who will label the sampling bottles with the correct monitoring 
site information.  After collection of the samples, the Sampling Team will write the following information 
on the label:  

• Analyses to be performed on the sample: For this project, the State Certified Laboratory will be 
notified in advance that each label will state “PVP Nutrient TMDL”.  The PVP Nutrient TMDL 
label will signify to the State Certified Laboratory what parameters to analyze for; 

• Date and Time sample collected; 
• Sample number: identifies sample location, date, and aliquot (see sample assignment numbers 

shown in Table 5); and  
• Full names of individuals who collected the samples. 

 
Total Phosphorous requires a 250 milliliter (mL) amber glass bottle or a 250 mL Poly Ethylene bottle for 
sampling under EPA method 635.3 and a 250 mL amber glass bottle for sampling undere SM 4500‐P E.  
Total Kjeldahl Nitrogen (TKN) requires a 250 mL Poly Ethylene bottle for sampling under EPA method 
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351.2.  Nitrate (NO3) and Nitrite (NO2) require a 250 mL Poly Ethylene bottle for sampling under EPA 
method 353.2 and require a 125 mL High Density Poly Ethylene (HDPE) bottle for sampling under EPA 
method 300.0.   
 
TKN, Total Phosphorus, and Nitrate‐Nitrite (under EPA method 353.2) require sulfuric acid (H2SO4) as a 
preservative.  Nitrate‐Nitrite, under EPA method 300.0, do not require H2SO4 as a preservative during 
sampling.  Each sample bottle will be prepared with the correct amount of H2SO4.  All samples must be 
kept under 4° Celsius (C) regardless of the constituent and the method.  
 
The amount of time that a representative valid sample can be held from the time the sample is taken 
until the time the sample is analyzed is the method holding time. The allowed holding time assumes that 
the sample has been properly preserved and kept on ice (< 4° C) from sampling until custody of the 
sample is relinquished to the State Certified Laboratory. Table 3.3 lists the analytical method used, the 
bottle type and volume, the preservative, and the method holding time required for each water quality 
constituent. 
 

Table 3.3. Water Quality Sampling Method, Bottle Types, Preservatives, and Holding Time. 
 

Analyte Method Bottle/Volume Preservative Holding Time 

Total Phosphorous EPA 365.3 250 mL Poly Ethylene <4o C, H2SO4 28 days 
Total Phosphorous SM 4500‐P E 250 mL Amber glass <4o C, H2SO4 28 days 

TKN EPA 351.2 250 mL Poly Ethylene <4o C, H2SO4 28 days 
NO2 + NO3‐N EPA 353.2 250 mL Poly Ethylene <4o C, H2SO4 28 days 
NO2 + NO3‐N EPA 300.0 125 mL HDPE <4o C 48 hours 

3.8.2. Sample Naming Methodology 
Because several cities are coordinating together for this Plan, the identification and use of a specific 
water quality sample naming protocol is very important.  Each sample will have the name of the specific 
monitoring site written first, the date in mmddyyyy format second, and a letter denoting the sample 
order (for multiple samples at one location on one day) last.  Table 3.4 lists the sample naming protocol 
for each monitoring site. 
 

Table 3.4. Sample Nomenclature 
Monitoring Site Name Location Sample Numbering 

Solano Palos Verdes Estates Solano – mmddyyyy – A, B, C, 
D, E, … 

Valmonte Rolling Hills Estates Valmonte – mmddyyyy – A, B, 
C, D, E, … 

RHE City Hall Rolling Hills Estates RHE City Hall – mmddyyyy – A, 
B, C, D, E, … 

Ranchview Rolling Hills Estates Ranchview – mmddyyyy – A, 
B, C, D, E, … 

Chadwick Rolling Hills Estates Chadwick – mmddyyyy – A, B, 
C, D, E, … 

Lariat Rolling Hills Estates Lariat – mmddyyyy – A, B, C, 
D, E, … 
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3.8.3. Chain of Custody Procedures 
The State Certified Laboratory will supply the Chain of Custody Forms that will be utilized by each of the 
Sampling Teams.  An example of a Chain of Custody Form can be found in Appendix B.  Chain of custody 
procedures will be used for all samples throughout the collection, transport, and analytical process to 
ensure the most accurate results.  Samples will be considered to be in custody if they are (1) in the 
custodian’s possession or view, (2) retained in a secured place (under lock) with restricted access, or (3) 
placed in a container and secured with an official seal such that the sample could not be reached 
without breaking the seal. The principal documents used to identify samples and to document 
possession will be the Field Conditions Data Sheet and the Chain of Custody Form. 
 
The chain of custody procedures will be initiated during sample collection. A Chain of Custody Form will 
be provided with each sample or group of samples. Each Sampling Team Member having custody of the 
samples will sign the Chain of Custody Form and ensure that the samples were not left unattended 
unless properly secured. Documentation of sample handling and custody will include the following: 
 

• Sample identification; 
• Type of sample; 
• Sample collection date and time; 
• Any special notations on sample characteristics or analysis; 
• Analyses to be performed; 
• The initials of the Sampling Team member that collected the sample; 
• The date the sample was delivered to/sent to the State Certified Laboratory; and 
• The shipping company and waybill information if shipped. 

 
Once samples have been collected, each Sampling Team will deliver the samples for chemical analyses 
with the respective chain of Chain of Custody Form to the State Certified Laboratory or coordinate with 
a reliable courier for sample drop off to the State Certified Laboratory.  The completed Chain of Custody 
Form will be placed into a plastic envelope and kept inside the sampling cooler.  Upon delivery to the 
State Certified Laboratory, the Chain of Custody Form will be signed by the person receiving the samples 
and by the person delivering the samples. Chain of custody records will be included in the final reports 
prepared by the analytical laboratories and will be considered an integral part of the report.  

3.9. Health and Safety Concerns 
There is the potential for the Sampling Teams to be out in adverse conditions.  Therefore, the safety of 
the Sampling Teams is of the upmost concern.  The Sampling Team coordinator will prepare a health and 
safety plan and will train the Sampling Team on that plan.  The following sections detail the methods 
that will be undertaken to ensure the safety of the Sampling Teams. 

3.9.1. Traffic Hazards and Traffic Control 
Due to the fact that water quality monitoring often occurs in severe weather, there is potential for the 
Sampling Teams to be driving in poor conditions.  It is important that all traffic rules and regulations as 
well as all traffic control signs and devices be obeyed in order to ensure Sampling Team safety.   
 
Vehicle traffic is also a major concern in water quality monitoring.  Vehicle traffic can present a hazard 
to Sampling Teams when they are working close to roadways because there is a potential for a Sampling 
Team member to be hit by oncoming traffic.  While working in areas with traffic, the Sampling Team will:  
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• Park as far off the road as feasible to avoid interfering with traffic flow; 
• Utilize the vehicle’s flashing yellow warning lights and hazard lights; 
• Use safety cones to mark off the work area and wear a reflective safety vest; 
• Place a yellow barricade around open manholes to clearly mark the area; and 
• Wear bright rain gear during storms to be more visible. 

3.9.2. Inclement Weather 
Extreme heat, cold, humidity, and rain can adversely affect monitoring instrument response and 
reliability.  Rain and wet conditions also increase slipping and tripping hazards, braking distances of 
vehicles, and the potential for slippage or handling difficulties of field equipment.  Winter storms will 
bring in colder than normal temperatures to the area. Sampling Teams should be prepared to work long 
hours in wet and cold conditions and should wear extra layers of clothing under rain gear since there 
may be a variety of temperature changes. 
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4. Quality Assurance and Quality Control (QA/QC) 
This section discusses the quality assurance and quality control measures that will be implemented for 
both field and laboratory activities to verify that data quality objectives are being met under this Plan. 

4.1. Field Sampling QA/QC Procedures 
The following quality assurance and quality control procedures will be implemented as part of the field 
sampling procedures that have been described in detail in Section 3.   

4.1.1. Trip Blank 
Sample blanks containing deionized water are provided by the State Certified Laboratory with each 
batch of sample bottles.  The field Sampling Teams should ensure that trip blanks are kept on ice with 
the sample bottles as a check on proper temperature of preservation. Upon receipt of samples from the 
courier or field Sampling Team, the laboratory staff will check the temperature of the trip blank to 
confirm that samples have been properly held on ice at a temperature of 4oC or lower. Trip blanks will 
be included at a frequency of one per cooler. 

4.1.2. Equipment Blank 
Although it is preferable to collect water samples directly into the sample bottle in order to minimize 
cross‐contamination, this may not be feasible due to field conditions and/or to avoid flushing 
preservative from the sample bottles.  When intermediate sampling apparatuses are necessary, they 
must be made of appropriate materials for the project target analytes, and must be decontaminated at 
the start of sampling and between monitoring sites if the device is to be re‐used.  Any intermediate 
apparatuses that are used for collecting samples and dispensing them into sample bottles such as hand‐
held sampling devices, bailers and/or tubing will be tested with equipment blanks to evaluate the 
potential for cross‐contamination associated with decontamination procedures.   
 
The sampling equipment should be thoroughly pre‐cleaned and placed in a sealed bag or wrapped in 
protective covering prior to transport to the field.  Pre‐cleaning will utilize either manual or ultrasonic 
techniques aided by Liquinox® (or other acceptable non‐phosphate detergent), followed by a tap water 
rinse, and a final rinse with deionized water. It is preferable to dedicate a pre‐cleaned sampling 
apparatus for each monitoring site in order to avoid the need for field decontamination, however 
depending on the type of equipment, this may be cost‐prohibitive in which case field decontamination 
between monitoring sites will be necessary. Field decontamination of intermediate sampling 
apparatuses between monitoring sites will utilize manual scrubbing and three rinses with deionized 
water (no detergent).   
 
Effectiveness of pre‐cleaning and/or field decontamination procedures will be evaluated by collecting an 
equipment blank for laboratory analysis.  The equipment blank will be collected by pouring laboratory 
grade deionized water into the sampling device which has been decontaminated using the specified 
method and then transferring the water to a sample bottle.  The equipment samples will be given a 
fictitious sample I.D., handled in the manner used for surface water/stormwater samples, and submitted 
to the laboratory as “blind” samples. An equipment blank will be collected at a minimum frequency of 
once per sampling event for the first three sampling events and then the frequency reduced to one for 
every 20 samples (5%) or for every change in field personnel, decontamination methodology, or change 
in intermediate sampling device, whichever is more frequent. 

RB-AR40969



Machado Lake Nutrient TMDL Palos Verdes Peninsula Coordinated Monitoring Plan 
 February 1, 2011 

Page | 36 
 

4.1.3. Duplicate Samples 
Duplicate samples are two samples collected at the same time and place in sequential order.  Analysis of 
duplicate samples evaluates field sampling precision and sample homogeneity. A duplicate sample is to 
be collected as soon as possible after the initial surface water sample has been collected and will be 
subjected to identical handling and analysis.  Duplicate samples will be given a fictitious sample I.D. and 
will be submitted to the laboratory as “blind” samples.  Duplicate samples will be collected a minimum 
of once per sampling day.  The location of the duplicate sample collection will be rotated among 
monitoring sites from one event to the next. 
 

Table 4.1. Field QA/QC Sample Collection Requirements 
QA/QC Samples Initial Frequency 

(1st three months) 
Ongoing Frequency 

Trip blanks 1 per cooler 1 per cooler 
Field equipment method blanks 1 per decontamination method 

per event 
1 per decontamination method 

per every 20 samples or at 
change in field crew, 

decontamination methodology, 
or sampling device whichever is 

more frequent 
Field duplicate samples 1 per event, rotating location 1 per event, rotating location 

4.1.4. Collection of Sample for Laboratory Spike and Duplicate Analyses 
The State Certified Laboratory performs laboratory duplicate and spike analyses on environmental 
samples to evaluate accuracy, precision and potential matrix interference.  Matrix spike and sample 
duplicate analyses should be performed by the laboratory by using project samples whenever possible.  
This requires that adequate sample volume is provided, consequently bottles will be filled leaving only a 
small head space.  If an additional sample bottle is needed by the laboratory in order to perform Matrix 
Spike/Matrix Spike Duplicate analyses, field personnel will specify on the chain‐of‐custody form the 
sample to be used for the Matrix Spike/Matrix Spike Duplicate analyses. 

4.1.5. Training Sessions and QA/QC Review 
Sampling Team personnel will receive training so that they are familiar with the field sampling plan and 
are aware of analysis holding times.  Quality control and training sessions will be held prior to the start 
of sampling to verify the proper working order of field equipment, refresh monitoring staff in monitoring 
techniques and familiarize them with the field sampling plan.  At least twice per year the Sampling 
Teams will consult with the QA manager to determine whether the data quality objectives are being 
met, and decide if any changes in field sampling methods are necessary.  

4.2. Laboratory QA/QC 
A laboratory certified by the State of California in the analytical methods specified in this Plan will 
conduct the laboratory analysis of samples.  Analytical methods to be used for laboratory analyses are 
listed in Table Table 4.2 Analytical Methods and Limits.  The certified laboratory will maintain custody 
logs sufficient to track each sample submitted and to analyze or preserve each sample within specified 
holding times. 
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Table 4.2 Analytical Methods and Limits 
Parameter Method Units Target Reporting 

Limit  
Method 

Detection Limit 

Total Phosphorus SM 4500 P‐E 
or 

EPA 365.3 

mg/L 0.05 0.01 

Nitrate/Nitrite EPA 300.0 or EPA 
353.2 

mg/L 0.1 0.03 

Total Kjeldahl Nitrogen 
(TKN) 

EPA 351.2 mg/L 0.1 0.07 

 
Method Detection Limit (MDL)—The MDL is the lowest concentration at which an analyte can be 
detected in a sample that does not cause matrix interferences (typically determined using spiked 
reagent water). In this context, “detected” means that a sample that contains the analyte detected at 
the MDL can be distinguished from a blank with 99% certainty. Detection limits are established by the 
laboratory during MDL studies using clean, undiluted matrix.  If, during analysis, it is determined that a 
sample needs to be diluted prior to analysis, the detection limit will be modified based on the dilution 
and the detection limit adjusted by “best professional judgment”. 
 
Reporting Limit (RL) 6—The RL is the lowest concentration at which an analyte can be detected in a 
sample and its concentration can be reported with a reasonable degree of accuracy and precision. A 
criterion of ± 20% accuracy and 20% relative standard deviation (RSD) for replicate determinations is 
often used to define “reasonable”. The acceptable ranges depend somewhat on the analytical 
methodology used. For samples that do not pose a particular matrix problem, the RL is typically about 
three to five times higher than the MDL. Similar to the MDL, the RL is a laboratory‐specific number, 
which may change with time. When a sample has to be diluted before analysis, either because of matrix 
problems or to get the instrument response within the linear dynamic range, the RL is raised by a factor 
corresponding to the dilution factor. This number may change with time. 

4.2.1. Laboratory Performance Measurements 
The certified laboratory routinely includes performance measurements in the analysis stream as part of 
its internal QA/QC and certification requirements to assess whether data quality criteria are met. These 
results are reported along with results of project sample analysis.  These types of laboratory 
performance QA/QC checks are briefly described below.   
 

1. Method Blanks (also called extraction blanks or preparation blanks): These account for 
contaminants present in the preservative and analytical solutions and equipment used during 
the preparation and quantification of the parameter. 

 
2. Injection Internal Standards and/or Surrogates: These account for error introduced by the 

analytical instrument or extraction process. 
 

3. Matrix Spike Samples: These are field samples to which a known amount of contaminant is 
added and used to measure potential analytical interferences present in the field sample. 

 

                                                           
6 California Department of Public Health 
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4. Replicate Samples: These are replicates of extracted material that measure the instrumental 
precision. 

  
a. Laboratory Replicate Samples: These are replicates of the raw material that are 

extracted and analyzed to measure laboratory precision. 
  

b. Matrix Spike Replicate Samples: These are used to assess both laboratory precision and 
accuracy.  They are particularly useful when the field samples analyzed do not contain 
many of the target compounds (measuring non‐detects in replicate does allow the data 
reviewer to measure the precision or the accuracy of the data in an analytical batch). 

 
5. Certified Reference Materials (CRMs): Analysis of CRMs is another way of determining accuracy 

of the analysis by comparing a certified value of material with similar concentrations as those 
expected in the samples to be analyzed. 

4.2.2. Reporting of Results 
Analytical results will be reported to the Quality Assurance Manager (QA Manager) within ten (10) 
business days (ten‐day turnaround time).  The certified laboratory will provide analytical data reports to 
the QA manager in electronic format along with summaries of QA/QC analyses and copies of the chain‐
of‐custody forms.  The certified laboratory quality assurance manager will review analytical data reports 
and ensure that data has been internally validated in accordance with the laboratory’s published 
Standard Operating Procedures (SOPs) for each analytical method and that non‐conformances are 
flagged and that the project QA Manager is promptly notified. 
 
Flagging of data: 

• Analytical results below the Method Detection Limit are to be reported as less than (“<”) 
followed by the actual MDL value, and flagged with an “ND” or not detected. 

• Results reported by a laboratory at levels between the Reporting Limit and the Method 
Detection Limit are flagged with a “j” to indicate that the analyte is present but not within the 
range that can be reliably quantified. 

• Other QA qualification codes will be used if QC criteria are not met or qualification is deemed 
appropriate by the contract laboratory QA manager. 

4.3. Quality Assurance Manager 
A QA Manager, independent of the field sampling contractor and laboratory, will be designated to verify 
that quality assurance and quality control procedures are being carried out in accordance with the Plan.  
The QA Manager will review laboratory data reports and field data sheets as well as chain‐of‐custody 
forms for conformance with procedures and data quality objectives specified in this Plan. The QA 
Manager will also perform periodic observations of field sampling procedures to confirm that the field 
methodology specified in this Plan is being followed. At least twice per year the QA Manager will consult 
with the field Sampling Team to discuss whether data quality objectives are being met and whether any 
modifications to the Plan or field sampling procedures are necessary or advisable.  The QA Manager will 
also consult with the Peninsula Cities at least twice per year following the assessment of conformance 
with data quality objectives to advise them of any necessary or advisable modifications to the 
monitoring plan or field sampling procedures.  Plan revisions will be submitted to Regional Board staff 
for review and approval. 
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5. Data Analysis and Reporting 
Monitoring in accordance with this Plan will continue until the Peninsula Cities have established 
compliance with final waste load allocations.  Compliance will be based on three contiguous years of 
monitoring data wherein monthly average concentrations are at or below the final waste load 
allocations for Total Nitrogen and Total Phosphorous. Once compliance with final waste load allocations 
is established, the results of this monitoring plan and other available information may be used to revise 
the amount of monitoring required to demonstrate continued TMDL compliance under a revised 
monitoring plan or other Regional Board order. If final waste load allocations are established at one or 
more Tier 1 monitoring sites, but not at others, then reduced monitoring may be proposed at the 
compliant locations after three contiguous years of compliant monthly average data are achieved.  

5.1. Annual Monitoring Reports 
The data collected as described in this Plan shall be compiled and reported to the Regional Board 
annually beginning one year from the date of approval of the Plan.  The report will include the results 
from the preceding year and will be submitted to the Regional Board within 45 days of the end of each 
reporting year.  Compliance7  will be based upon the monthly samples, or in the case of multiple 
samples being collected during one month, the monthly average. 
 
Data transmitted shall include: 

• A discussion of the Peninsula Cities’ compliance with interim and final waste load allocations 
and targets set for nutrients in Machado Lake.     

• A tabular database in Excel or Access format including: Sample Dates, Sample Locations, 
Laboratory Results, and Detection Limits. 

• Copies of field observation/sampling comment logs in PDF or equivalent format. 
• A discussion of any requested changes or modifications to this Plan along with supporting 

documentation. 
• Results of source tracking investigations included in an appendix 

A description of the technical design and rationale for source tracking investigations planned for the 
coming year will be included as an attachment or appendix to the annual monitoring report.   
 
The Annual Report shall be signed by the Executive Officer or authorized designee of the Peninsula City 
acting as current Chair in accordance with an MOA to be established among the Peninsula Cities, and 
transmitted electronically to the Regional Board.  The certification shall read: 
 
I certify under penalty of law that this document and all attachments were prepared under my direction 
or supervision in accordance with a system designed to assure that qualified personnel properly gather 

and evaluate the information submitted. 
 

Based on my inquiry of the person or persons who manage the system, or those persons directly 
responsible for gathering the information, the information submitted is, to the best of my knowledge and 
belief, true, accurate, and complete. I am aware that there are significant penalties for submitting false 

information, including the possibility, of a fine and imprisonment for knowing violations. 
 

Executed on the ______     day of    ____________, 20___________ 

                                                           
7 Basin Plan Amendment, page 11, Implementation Plan Element 
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Printed Name: ____________________ Title:  _________________ 

 
 

City of __________  ____________________________ 

5.2. Receiving Waters Limitation Compliance Reports 
In the event that any of the monitoring sites described herein are deemed out‐of‐compliance with 
interim or final waste load allocations, the annual monitoring reports prepared as part of this Plan may 
be used by the Peninsula Cities tributary to those monitoring sites to prepare individual Receiving 
Waters Limitation Compliance Reports (if required by the Regional Board).
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Palos Verdes Peninsula  
Machado Lake Nutrient TMDL Coordinated Monitoring Plan 
 
Field Data Sheet-Page 1 
 
Date: __________  
 
Site Name: ________________________________  
 
Station ID No.:               ____‐____  ____20     ‐___   (Example: Site Name‐MMDDYEAR‐A)  
 
Time arrived on site: _______________________ (24‐hr clock)  
 
TIME OF SAMPLE COLLECTION  
 
Time (24‐hr clock): __________ Date: ___/___/___ Number of containers: ___  
 
FLOW MEASUREMENTS 
 
 
Depth of water:  ________________ (in, ft)        Width of flow: ______________ (in, ft) 
 
Flow rate: ______________ (gal/min or linear vel.)  Time (24‐hr clock):________________ 
 
 
 
Depth of water:  ________________ (in, ft)        Width of flow: ______________ (in, ft) 
 
Flow rate: ______________ (gal/min or linear vel.)  Time (24‐hr clock): ___________________ 
 
 
 
Depth of water:  ________________ (in, ft)        Width of flow: ______________ (in, ft) 
 
Flow rate: ______________ (gal/min or linear vel.)  Time (24‐hr clock): ___________________ 
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Field Data Sheet-Page 2 
 
OBSERVATIONS: ________________________________________________________________ 
 
______________________________________________________________________________ 
 
Water Conditions: (Circle the Appropriate Identifier) 
Odor: None, Musty, Sewage, Rotten egg, Sour milk, Fishy, Other: __________________ 
 
Color: None, Yellow, Brown, Grey, Green, Red, Other: _________________ 
 
Clarity: Clear, Cloudy, Opaque, Suspended Solids, Other: _________________ 
 
Floatables: None, Oil sheen, Foam, Animal waste, Green Waste (Leaves), Food, Paper, Plastic,  

Grease, Hydrophytes, Trash, Other: ________________________________ 
 
Settleables: None, Salt, Clay, Oil, Rust, Microbes, Other: ________________________________ 
 
Weeds: None, Normal, Excessive, Note: ____________________ 
 
Biology: None, Algae bloom, Larvae, Crawfish, Frogs, Fish, Waterfowl, Hydrophytes, Blue‐green algae,  
 
Other _________________________________________________ 
 
Sky: Stormy, Overcast, Partial clouds, Haze, Fog, Clear 
 
Wind: Calm, Light breeze, Strong breeze, Windy, Gusty 
 
Flow Characterization: Storm/Flood, Rapid, Tranquil, Laminar, Standing, Dry  
 
Low Flow/ No Flow Conditions  
 
Station ID No.:               ____‐____  ____20     ‐___   (Example: Site Name‐MMDDYEAR‐A) 
 
Time (24‐hr clock): __________  
 
Was there Flow? (Circle answer) YES    NO 
 
If there was flow but no sample was taken, why was no sample taken? Explain:  
______________________________________________________________________________ 
 
______________________________________________________________________________  
 
______________________________________________________________________________  
 
Time left site: _______________________ (24‐hr clock)  
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Example Chain of Custody Form 
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Monitoring Site Summary 

Site ID: Solano Land Uses:  residential, elementary school,  

Type: Tier 1 dry and wet weather Tributary Area: 144 acres 

Tributary Agencies: 

 

Palos Verdes Estates 

 

  

Site ID: Valmonte Land Uses:  residential, residential with horse 
keeping, schools, municipal stable, religious, parks, 
open space 

Type: Tier 1 dry and wet weather Tributary Area: 415 acres (Valmonte Canyon and 
Ferncreek) 

Tributary Agencies: 

 

Rolling Hills Estates 

Rancho Palos Verdes 

Palos Verdes Estates 
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Site ID: RHE City Hall Land Uses:  Commercial, residential, low‐density single family 
residential, K‐12 schools, municipal facilities, religious facilities, 
arterial roadways 

Type: Tier 1 dry and wet weather Tributary Area: 1245 acres (860 acres from RDD 275 and 385 
acres from Ranchview and Chadwick Canyons). Note: this 
includes 334 acres of County unincorporated which is not 
counted in PVP incorporated cities area. 

Tributary Agencies: 

 

Rolling Hills Estates 

Rancho Palos Verdes 

Rolling Hills 

County unincorporated 

 

  

Site ID: Lariat Land Uses:  low density residential, residential, some residential 
horse keeping 

Type: Tier 1 dry weather observation 
and wet weather sampling 

Tributary Area: 602 acres (Agua Magna, Sepulveda and 
Blackwater Canyons) 

Tributary Agencies: 

 

Rolling Hills 

Rolling Hills Estates 
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Site ID: Valmont Cyn Land Uses: residential, residential with horse keeping, schools, 
municipal stable, religious, parks, open space 

Type: Tier 2 subdrainage of 
Valmonte 

Tributary Area: TBD 

Tributary Agencies: 

 

Palos Verdes Estates 

Rolling Hills Estates 

 

  

Site ID: Ferncreek Land Uses:  residential, residential with horse keeping, open 
space 

Type: Tier 2 subdrainage of 
Valmonte 

Tributary Area: TBD 

Tributary Agencies: 

 

Rolling Hills Estates 
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Site ID: Ranchview Land Uses: :  Residential,  K‐12 schools, arterial roadways 

Type: Tier 2 subdrainage of RHE City 
Hall 

Tributary Area: TBD 

Tributary Agencies: 

 

Rancho Palos Verdes 

Rolling Hills Estates 

 

  

Site ID: Chadwick Land Uses: :  Residential,  K‐12 schools, arterial roadways 

Type: Tier 2 subdrainage of RHE City 
Hall 

Tributary Area: TBD 

Tributary Agencies: 

 

Rancho Palos Verdes 

County unincorporated 
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Site ID: RDD 275Trap Land Uses: :  Commercial, residential, low‐density single family 
residential, municipal facilities, religious facilities, arterial 
roadways 

Type: Tier 2 subdrainage of RHE City 
Hall 

Tributary Area: TBD 

Tributary Agencies: 

 

Rolling Hills Estates 

Rancho Palos Verdes 

Rolling Hills 

County unincorporated 

 

  

Site ID: Blackwater Land Uses: :  Low‐density single family residential 

Type: Tier 2 subdrainage of Lariat Tributary Area: TBD 

Tributary Agencies: 

 

Rolling Hills 
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Section 1 
Regulatory Background 
 

1.1 Introduction 
The Machado Lake Nutrients Total Maximum Daily Load (Nutrients TMDL) which was 
developed by the Los Angeles Regional Water Quality Control Board (Regional Board) 

and became effective on March 11, 2009, establishes numeric targets, load allocations 

(LAs), waste load allocations (WLAs), and an implementation schedule that set forth the 
compliance requirements of the Nutrients TMDL. The LA establishes a limit for the 

amount of each pollutant that can enter the lake from nonpoint sources. Nonpoint 

sources include nutrients entering Machado Lake from runoff flowing directly from Ken 
Malloy Harbor Regional Park (KMHRP), atmospheric deposition, and nutrients 

generated from internal nutrient loading in the lake itself. The other component of the 

TMDL is the WLA. The WLA establishes a limit for the amount of each pollutant that 
can enter the lake from point sources, which includes storm drain discharges. A 

complete set of supporting documentation for the Total Maximum Daily Load for Eutrophic, 

Algae, Ammonia, and Odors (Nutrients) in Machado Lake can be viewed at: 
http://www.waterboards.ca.gov/losangeles/board_decisions/basin_plan_amendments/

technical_documents/bpa_64_2008-006_td.shtml .  

The Nutrients TMDL states that responsible jurisdictions can either jointly prepare a 
Lake Water Quality Management Plan (LWQMP) with the party responsible for the lake, 

or responsible jurisdictions can separately prepare TMDL Implementation Plans to 

illustrate compliance with their WLAs as measured in the storm drains. This distribution 
of water quality management responsibility is outlined in Attachment A to Resolution No. 

R08-006 of the Los Angeles Region Basin Plan Amendment, which states that: 

"Stormwater Permittees and the responsible party for the lake may work together to 

implement the LWQMP and reduce external nutrient loading to attain the TMDL waste 

load allocations measured in the lake."  

In the Nutrients TMDL, responsible jurisdictions are identified for meeting LAs and 
WLAs. For Machado Lake, meeting the WLA is the responsibility of the following 

jurisdictions: the Municipal Separate Storm Sewer System (MS4) Permittees (including 

Los Angeles County; Los Angeles County Flood Control District (LACFCD); the cities of 
Carson, Lomita, Los Angeles, Palos Verdes Estates, Rancho Palos Verdes, Redondo 

Beach, Rolling Hills, Rolling Hills Estates, and Torrance); California Department of 

Transportation (Caltrans); and the National Pollutant Discharge Elimination System 

(NPDES) General Construction and Industrial Stormwater Permittees. Meeting the LA is 

the responsibility of the City of Los Angeles Department of Recreation and Parks. 

This Machado Lake LWQMP has been prepared by two of the listed responsible 
agencies—the City of Los Angeles (City), Department of Recreation and Parks (RAP) 

and the City of Los Angeles Department of Public Works, Bureau of Sanitation (BOS).  
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The City has jurisdiction over 13 percent of the Machado Lake watershed. Therefore, the 

City acknowledges that compliance with the Nutrients TMDL depends on the cumulative 

reductions achieved through the commitments of the City and other responsible 
jurisdictions upstream of Machado Lake. This LWQMP has been prepared to summarize 

the best management practices (BMPs), specific monitoring program, and reporting 

requirements that the City will implement to demonstrate compliance within its portion of 
the Machado Lake watershed.  

The assumption has been made that the other responsible jurisdictions will 

independently be in compliance with the WLAs, as required by the TMDL. The other 
responsible jurisdictions are required to prepare and submit separate TMDL 

Implementation Plans. 

1.2 Objectives 
The implementation of this LWQMP will achieve multiple objectives shared by the City 
and the Regional Board in their joint efforts to fulfill their responsibilities associated with 

improving water quality and enhancing the overall health of Machado Lake and the 

surrounding ecosystem. These objectives, which are defined to address the City's portion 
of the requirements under the Nutrients TMDL include: 

 1. Restore and maintain the beneficial uses of Machado Lake.  

2. Attain the City's commitment to interim and final LAs and WLAs of the Nutrients 
TMDL.  

3. Remove Machado Lake from the California Clean Water Act (CWA) §303(d) List on or 

before September 11, 2018. 

4. Establish the tactical plan and implementation schedule between the City and the 

Regional Board for all implementation actions aimed at nutrient reductions within the 

portion of the Machado Lake watershed under the jurisdiction of the City.  

5. Satisfy the requirements of Regional Board Resolution No. 2008-006 and the Water 

Quality Control Policy for Addressing Impaired Waters: Regulatory Structure and 

Options (State Board Resolution 2005-0050) section 2 (c) (ii). 

6. Implement an effective, long-term monitoring program that provides the data 

necessary to demonstrate compliance with numeric targets and provides sufficient 

data to identify when changes to implementation are necessary.  
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1.3 Regulatory Requirements 
The purpose of this section is to summarize the regulatory requirements that drive the 

legal and technical underpinnings of the LWQMP. Regulatory requirements include a 

discussion of the regulatory background, adopted beneficial uses, and TMDL 
requirements. The detailed discussion on the components of the Nutrients TMDL can be 

found in Section 1.4.  

1.3.1 General 
In California, water quality management programs are governed by the federal CWA 

and the State of California Porter-Cologne Water Quality Control Act. The regulatory 
hierarchy is illustrated in Figure 1-1.   

The CWA provides the basis for the protection of all inland surface waters, estuaries, and 

coastal waters. The U.S. Environmental Protection Agency (USEPA) is responsible for 

ensuring the implementation of the CWA and its governing regulations. Authority for 
implementing the CWA has been delegated to the State of California. The state, at its own 

discretion, has in many instances established requirements that are more stringent than 

federal requirements.  

California's primary statute governing water quality is the Porter-Cologne Water Quality 

Control Act of 1970 (Porter-Cologne Act). The Porter-Cologne Act grants the California 

State Water Resources Control Board (State Board) and nine California Regional Water 
Quality Control Boards broad powers to protect water quality and is the primary vehicle 

for implementation of California's responsibilities under the CWA. The governing 

regional board for the Los Angeles area watersheds is the Los Angeles Regional Water 
Quality Control Board. Through a formal rule-making process, the Regional Board has 

adopted surface water quality standards that establish the beneficial uses, numeric and 

Figure 1-1 
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narrative water quality criteria or objectives used to protect those uses, and an 

antidegradation policy. These water quality standards become a part of each region's 

Basin Plan, which locally is the Los Angeles Region Basin Plan for the Coastal Watersheds of Los 

Angeles and Ventura Counties (Basin Plan 1994, as amended). 

The CWA further requires entities that discharge to waters of the United States to receive 

a permit to do so as part of the NPDES permit program, and it is through this permitting 
program, which is regulated locally by the Regional Board, that water quality 

requirements are enforced. NPDES permitting requirements state that among other 

dischargers, any MS4 must also hold an NPDES permit. A municipal MS4 is essentially a 
municipality owned and operated network of storm drains that are not combined with 

sanitary sewers, which drain to a receiving waterbody rather than a wastewater 

treatment plant. The City's storm drains are within the area covered by the County of 
Los Angeles (County) MS4 NPDES permit, which lists the County and 84 cities (all of 

the cities in the County with the exception of Long Beach) as the Permittees. This permit 

allows these agencies to discharge storm water to inland waterbodies and ultimately the 
Pacific Ocean. The permit was first issued in 1990 (Order No. 90-079) and was designed to 

prevent pollutants from being directly discharged into the MS4 or from being washed by 

runoff into the MS4 and subsequently discharged into local waterbodies. The most recent 
MS4 permit renewal was in December 2001 (Order No. R4-01-182). The Permit has a 

normal 5-year renewal cycle but re-issuance has been deferred pending the outcome of the 

re-issuance of the Ventura County Permit by the Regional Board. In the interim period 
pending a full re-issuance, the Permit has been amended several times to incorporate 

requirements from adopted TMDLs such as the Machado Lake TMDL and various other 

specific issues.  

1.3.2 Beneficial Uses and Section 303d List of Impaired 
Waterbodies  
The establishment of "beneficial uses" and the periodic evaluation of these uses are two 

fundamental programmatic requirements of the CWA that are used by the Regional Board 
and USEPA to evaluate water quality statewide.  

Beneficial Uses 

The Regional Board designates specific "beneficial uses" for each waterbody in a 
watershed. These uses are protected by the establishment of specific numeric or narrative 

criteria or water quality objectives. For example, waterbodies designated for water contact 

recreation (REC-1) have applicable bacterial water quality objectives to protect the health 
of swimmers from risks associated with ingestion of water.  

The Regional Board established beneficial uses (see Table 1-1) for Machado Lake, which 

was formerly known as Bixby Slough and Harbor Lake, in the Basin Plan. The Basin Plan 
does not identify beneficial uses specifically for Wilmington Drain. Although no uses have 

been designated for the Drain, the CWA and state law require that discharges from 

Wilmington Drain to Machado Lake not cause a violation of the lake's water quality 
objectives. 
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Table 1-1 
Beneficial Uses Identified for Machado Lake1 

Use Category 
Beneficial Use 
(Abbreviation) Definition 

Existing Uses 
Recreation Uses Water Contact 

Recreation (REC-1) 
Uses of water for recreational activities involving 
body contact with water, where ingestion of water 
is reasonably possible. These uses include, but 
are not limited to, swimming, wading, water-skiing, 
skin and scuba diving, surfing, white water 
activities, fishing, or use of natural hot springs 

Non-Contact Water 
Recreation (REC-2) 

Uses of water for recreational activities involving 
proximity to water, but not normally involving body 
contact with water, where ingestion of water is 
reasonably possible. These uses include, but are 
not limited to, picnicking, sunbathing, hiking, 
beachcombing, camping, boating, tide-pool and 
marine life study, hunting, sightseeing, or 
aesthetic enjoyment in conjunction with the above 
activities. 

Habitat Related 
Uses 

Wetland Habitat (WET) Uses of water that support wetland ecosystems, 
including, but not limited to, preservation or 
enhancement of wetland habitats, vegetation, fish, 
shellfish, or wildlife, and other unique wetland 
functions which enhance water quality, such as 
providing flood and erosion control, stream bank 
stabilization, and filtration and purification of 
naturally occurring contaminants. 

 Wildlife Habitat (WILD) Uses of water that support terrestrial ecosystems 
including, but not limited to, preservation and 
enhancement of terrestrial habitats, vegetation, 
wildlife (e.g., mammals, birds, reptiles, 
amphibians, invertebrates), or wildlife water and 
food sources. 

 Rare, Threatened, or 
Endangered Species 

(RARE) 

Uses of water that support habitats necessary, at 
least in part, for the survival and successful 
maintenance of plant or animal species 
established under state or federal law as rare, 
threatened, or endangered. 

 Warm Freshwater 
Habitat (WARM) 

Uses of water that support warm water 
ecosystems including, but not limited to, 
preservation or enhancement of aquatic habitats, 
vegetation, fish, or wildlife, including invertebrates.  

Potential Uses 
Municipal Supply Municipal and Domestic 

Supply (MUN) 
Uses of water for community, military, or individual 
water supply systems including, but not limited to, 
drinking water supply. 

Notes:  
1 Source: Los Angeles Region Basin Plan for the Coastal Watersheds of Los Angeles and Ventura 

Counties" (Basin Plan 1994, as amended) 
2 Machado Lake is listed in the Basin Plan as Bixby Slough and Harbor Lake. 
 
303(d) List of Impaired Waters 

Section 303(d) of the CWA requires states to identify waterbodies not supporting their 

beneficial uses even after all required effluent limitations have been implemented (e.g., 
through a discharge permit) [see Figure 1-1]. These waters are often referred to as "303(d) 

listed" or "impaired" waters. Water bodies that are on the §303(d) list require the 

development of TMDLs. The USEPA-approved §303(d) list for California was most 
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recently updated in 2006. Both Machado Lake and Wilmington Drain are listed on the 

2006 California §303(d) list of impaired water bodies. Table 1-2 presents the current 

§303(d) listings for Machado Lake and Wilmington Drain based on the 2008 California 
§303(d) list of impaired water bodies (Regional Board 2009). Once a TMDL is developed, 

for a specific pollutant that pollutant is removed from the 303(d) list of impairments.  

Table 1-2 
Current 303(d) Listings for Machado Lake and Wilmington Drain 

Water body Pollutant / Stressor TMDL Adoption 
Machado Lake Trash  March 2008 
Machado Lake Algae, ammonia, eutrophic, odor 

 
Chlordane, DDT, dieldrin, PCBs  

March 2009 
 
Under Development 

Wilmington Drain Coliform bacteria, copper, lead To be determined 

Source: State Board 2008 303(d) list:  
http://www.swrcb.ca.gov/rwqcb4/water_issues/programs/303d/2008_integrated_report_303(d)_list.shtml  
 

With respect to the specific remaining listings for Wilmington Drain (bacteria and metals), 
it is anticipated that when the Regional Board initiates development and adoption of 

TMDLs for these constituents, the emphasis for reduction and implementation will be 

targeted at the watersheds upstream rather than in the lower reach of the drain itself since 
it is the waterbody that requires protection. The Dominguez Watershed Master Plan 

prepared for Los Angeles County Department of Public Works (LACDPW) and the cities 

in the watershed was adopted in 2004. The plan identified a wide range of projects and 
activities through the watershed including the Wilmington Drain/Machado Lake portion 

of the watershed that will help address these listings.  

Also, a TMDL for trash has been approved by USEPA (March 6, 2008 effective date) and a 

TMDL for chlordane, dichlorodiphenyltrichloroethane (DDT), dieldrin, and 

polychlorinated biphenyls (PCBs) is being developed for Machado Lake (no draft issued 

to date). 
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1.3.3 Nutrients TMDL Development  

All waterbodies on the §303(d) list are subject to the development of a TMDL for the 
constituents listed (Figure 1-1). A TMDL establishes the maximum amount of a pollutant 

that a waterbody can receive and still meet water quality standards. Depending on the 

nature of the pollutant, TMDL implementation requires a reduction of pollutant 
contributions from point sources (WLAs), nonpoint sources (LAs), or both.  

The development of TMDLs affecting waters in the Los Angeles area watersheds is the 

responsibility of the Regional Board. Adoption of a TMDL requires an amendment to the 
Basin Plan and is subject to a substantial public review process. After the Regional Board 

adopts a TMDL as a Basin Plan amendment, it is submitted to the State Board for 

approval. Once the State Board approves a TMDL, it is submitted to USEPA Region 9 for 
final review and federal approval. A TMDL is not in effect until USEPA has issued its 

formal approval.  

Once a TMDL is established, the numeric limits and LAs or WLAs become part of the 
Basin Plan. The following subsections describe the process that resulted in the 

establishment of the Nutrients TMDL.  

Regulatory Components of the Nutrients TMDL 

The Regional Board developed the Nutrients TMDL for Machado Lake in accordance with 

the TMDL schedule dictated in the consent decree (Heal the Bay Inc., et al. v. Browner C 

98-4825 SBA) approved on March 22, 1999. The Regional Board amended the Basin Plan to 
incorporate the Nutrients TMDL, which was adopted on May 1, 2008 and approved by 

the State Board on December 2, 2008. The Nutrients TMDL became effective with 

USEPA approval on March 11, 2009 (see 

http://63.199.216.6/larwqcb_new/bpa/docs/2008-006/2008-006_RB_BPA.pdf).  

The Basin Plan amendment that incorporated the Nutrients TMDL is enforceable 

through the MS4 NPDES permit, which is the permit used to enforce water quality in 
discharges from the storm drains. City of Los Angeles storm drain discharges are 

managed by the BOS. Since the Nutrients TMDL also includes the RAP, as a responsible 

jurisdiction, an entity not specifically regulated under the NPDES permit, a 
Memorandum of Agreement (MOA) was developed between the City and the Regional 

Board in April 2010 to include RAP, consistent with the requirements of the Nutrient 

TMDL. The MOA, which is included in Appendix A, and the Nutrients TMDL, stipulate 
the requirements for the City to prepare and submit to the Regional Board this LWQMP 

for review and approval. The following section describes the specific requirements of the 

Nutrients TMDL. 
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1.4 Machado Lake Nutrients TMDL Components 
Nutrient impairment in Machado Lake is a factor of both external pollutant loading and 

internal nutrient cycling, described as follows:  

 External Loading: Phosphorus and nitrogen are introduced to the lake through urban 
runoff when the runoff transports nutrients and other contaminants to the lake. 

Atmospheric deposition is also a nonpoint source of total nitrogen and phosphorus. 

External loading is a product of nutrient sources predominantly from permitted urban 
runoff discharges delivered from an approximately 22.6-square-mile (14,444-acre) 

watershed draining into the lake (see Figure 1-2). A small percentage of external 

pollutant loading originates from the park areas directly surrounding Machado Lake, 
which is considered non-permitted stormwater or a nonpoint source of pollution. 

 Internal Loading: When oxygen is depleted at the sediment/water interface, anoxic 

conditions occur. Under these conditions, phosphorus and nitrogen can disassociate 
from the nutrient-rich sediment on the bottom of the lake and diffuse upward into the 

water column (James 2006), which contributes to algae growth and increased 

chlorophyll a concentrations (Wisconsin Department of Natural Resources [WI DNR] 
2003). When oxygen levels are sufficiently high (i.e., greater than 2.0 milligrams per 

liter [mg/L]), phosphorus typically remains bound to the sediment.  

Using existing available data, the Regional Board initiated the Nutrients TMDL in 2007 
and selected the use of a steady-state Nutrient Numeric Endpoints BATHTUB spreadsheet 

tool as the modeling method for estimating nutrient loadings and establishing pollutant 

load and waste load allocations. Storm drain discharges (point sources) are required to 
meet the WLAs defined in the Nutrients TMDL, while the internal nutrient loading and 

nonpoint sources (specifically runoff from KMHRP) must meet the LAs defined in the 

Nutrients TMDL. 
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1.4.1 Numeric Targets 

Adoption of TMDLs provides a formal process for setting numeric targets to ensure 
protection of all beneficial uses of surface waterbodies. The Machado Lake Nutrients 

TMDL established specific numeric targets to restore and maintain the beneficial uses 

assigned by the Regional Board under the Habitat Related Uses category. Table 1-3 
summarizes the numeric targets, documented in the Nutrients TMDL. The use of multiple 

water quality targets for Machado Lake establishes a conservative approach for improving 

lake water quality and provides additional key indicators to track the symptoms of 
eutrophication.  

Table 1-3 
Numeric Targets for Nutrients TMDL 

Indicator Numeric Target 
Total Phosphorus 0.1 mg/L monthly average 
Total Nitrogen 1.0 mg/L monthly average 
Ammonia 5.95 mg/L one hour average 
Ammonia 2.15 mg/L 30 day average 
Dissolved Oxygen 5 mg/L single sample minimum measured  

0.3 meters above the sediments 
Chlorophyll-a 20 g/L monthly average 

Source: Regional Board Attachment A to Resolution No. R08-006, Amendment to the 
Water Quality Control Plan Los Angeles Region. 
 

The Basin Plan Amendment documents that these impairments are caused by excessive 
loading of nutrients, including nitrogen and phosphorus in Machado Lake. Ammonia 

concentrations were found to be below toxicity levels, but still contributed to the total 

nitrogen loading. 

1.4.2 Waste Load Allocations 

As previously discussed, the Nutrients TMDL assigned WLAs to point sources that 
include the MS4 permitted stormwater discharges, Caltrans, and general construction and 

industrial discharges. Since there is no wastewater effluent discharged directly into 

Wilmington Drain or Machado Lake, the entire WLA, comprised of permitted stormwater, 
is incorporated into the applicable NPDES MS4 permits covering the Machado Lake 

watershed. 

The Nutrients TMDL includes two interim compliance milestones in addition to the final 
compliance date. Table 1-4 summarizes the WLAs and associated interim and final 

compliance dates. The WLAs are expressed as concentrations of nutrients. The product of 

these concentrations and the annual average runoff volumes provides an equivalent 
estimate of allocated mass loads. 

RB-AR41002



Section 1 
Introduction 

1-11 

Table 1-4 
Interim and Final Waste Load Allocations for Total Phosphorus and Total Nitrogen 

Waste Load Allocations Compliance Date 

Interim Total 
Phosphorus 
WLAs (mg/L) 

Interim Total 
Nitrogen2 WLAs 

(mg/L) 
MS4 Permittees1, Caltrans, General 
Construction and Industrial 
Stormwater permits 

Interim -  
March 11, 2009 

1.25 3.50 

2nd Interim –  
March 11, 2014 

1.25 2.45 

Final –  
September 11, 20183 

0.10 1.00 

Source: Regional Board Attachment A to Resolution No. R08-006, Amendment to the Water Quality 
Control Plan Los Angeles Region. 
 
Notes: 
1 MS4 Permittees that are responsible for discharges to Machado Lake include: Los Angeles County, 

Los Angeles County Flood Control District, and the Cities of Carson, Lomita, Los Angeles, Palos 
Verdes Estates, Rancho Palos Verdes, Redondo Beach, Rolling Hills, Rolling Hills Estates, and 
Torrance. 

2 Total nitrogen is TKN + NO3-N + NO2-N 
3 The compliance point for all year 5 interim and final WLAs is measured as specified in Implementation 

Plan Section II of the Basin Plan Amendment Table 7-29-1 of the Machado Lake Nutrients TMDL 
Staff Report, 2008. 

 

1.4.3 Load Allocations  

LAs are defined as the portion of a receiving water's loading capacity that is attributed to 
existing or future nonpoint sources of pollution or to natural background sources (State 

Board 2005). Therefore, LAs in TMDLs are assigned to mitigate nonpoint sources of 

pollution. LAs can range from reasonably accurate estimates to gross allotments, 
depending on the availability of data and appropriate techniques for predicting the 

loading. The primary nonpoint sources of nutrients to Machado Lake are sediment 

loading originating from storm drains including Wilmington Drain, internal nutrient 
loading from lake bottom sediments, atmospheric deposition, birds, wind re-suspension, 

bioturbation, and general surface runoff from KMHRP. Recreational and maintenance 

activities associated with the lake and KMHRP are the responsibility of RAP. Table 1-5 
provides the LA established by the Nutrients TMDL.  

Table 1-5 
Interim and Final Load Allocations for Total Phosphorus and Total Nitrogen 

Load Allocations Compliance Date 

Interim Total 
Phosphorus 
WLAs (mg/L) 

Interim Total 
Nitrogen1 WLAs 

(mg/L) 
Nonpoint Source Nutrient Load (City of 
Los Angeles Department of Recreation 
and Parks) 

Interim -  
March 11, 2009 

1.25 3.50 

2nd Interim –  
March 11, 2014 

1.25 2.45 

Final –  
September 11, 2018 

0.10 1.00 

Source: Regional Board Attachment A to Resolution No. R08-006, Amendment to the Water Quality 
Control Plan Los Angeles Region. 
 
Notes: 
1 Total nitrogen is TKN + NO3-N + NO2-N. 
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1.4.4 Summary of Compliance Dates 

Table 1-6 summarizes the compliance dates associated with the Nutrients TMDL.  

Table 1-6 
Compliance Deadlines for Load Allocation Requirements of the Nutrients TMDL 

Compliance Date TMDL Requirement 
March 11, 2009 Meet 1st interim WLAs and LAs (see Table 1-4 and 1-5) 
March 11, 2010 Enter into an MOA with the Regional Board to implement WLAs and LAs1. 
Sept. 11, 2010 Submit LWQMP to the Regional Board for approval. 
60 days from date of 
LWQMP approval 

Begin monitoring and implementation as outlined in the MRP section of the 
LWQMP. 

Annually from date of 
LWQMP approval 

Submit annual monitoring reports. 

March 11, 2014 Meet 2nd interim LAs (see Tables 1-4 and 1-5) 
Sept. 11, 2016 TMDL re-opener period. 
Sept. 11, 2018 Meet final LAs and numeric targets (see Table 1-4 and 1-5) 

Source: Regional Board Attachment A to Resolution No. R08-006. 
 
Note 1: The City of Los Angeles Department of Recreation and Parks is required to enter into the MOA 
as it is not regulated under the MS4 NPDES permit and the MOA will serve as the agreement to meet the 
TMDL load allocation requirements. However, since the City of Los Angeles Department of Public Works 
must meet the WLA, the two departments have jointly entered into the MOA with the Regional Board 
effective April 7, 2010 (Appendix A) and have collaborated in the preparation of this LWQMP.  
 

1.4.5 Wasteload and Load Allocation Implementation  
Compliance with the WLA, LA, and nutrient targets will require the implementation of 

BMPs that reduce external loadings to Machado Lake and reduce in-lake concentrations 
of nutrients. A variety of BMPs to address external and internal nutrient loading were 

identified in the Nutrient TMDL, which along with other BMPs were evaluated during 

the preliminary design phase of the Machado Lake Ecosystem Rehabilitation and Wilmington 

Drain Multi-Use Project. The recommended BMPs summarized in Section 3 of this 

LWQMP are being implemented to restore water quality and improve the health of 

Machado Lake. This LWQMP is the summary of the action items and commitments that 
will be implemented to achieve compliance with the Nutrients TMDL. 

1.5 Components of the LWQMP 
Based on the regulatory requirements described previously, the Machado Lake LWQMP 

is organized to meet the elements stipulated by the Regional Board in the MOA and the 
Nutrients TMDL. The LWQMP includes the following components:  

 Implementation Plan and Compliance Analysis 

 Monitoring and Reporting Plan (MRP)  

 Quality Assurance Project Plan (QAPP) 

Collectively, Sections 1 through 6 and the Appendices in this LWQMP provide a detailed 

plan describing the commitments and management strategies necessary to attain the 
interim and final LAs and WLAs set forth in the Nutrients TMDL. This LWQMP focuses 

only on the portion of the Machado Lake watershed within the City's jurisdiction. This 

LWQMP addresses both point and nonpoint sources contributing to nutrient loading in 
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Machado Lake. The LWQMP also provides a summary of how existing data and a lake 

water quality model are used to demonstrate compliance over time with the water quality 

targets and a compliance schedule set forth in the Nutrients TMDL.  

1.5.1 Implementation Plan and Compliance Analysis 

The implementation plan presented in Section 3 of this LWQMP describes the integration 
of actions and strategies that the City will take towards meeting the objectives and 

requirements of the Nutrients TMDL and other local, regional, and federal water quality 

management programs. The compliance analysis presented in Section 5 provides a 
summary of how existing data and a lake water quality model are used to demonstrate the 

City's compliance with its portion of the LAs and WLAs of the Nutrients TMDL. Other 

programs that are advanced through the implementation of this LWQMP include the 
California Nonpoint Source Management Program, the rules and regulations 

administered by the California Department of Fish and Game (CDFG), and the City of Los 

Angeles Watershed Protection Division's Water Quality Compliance Master Plan for 
Urban Runoff (May 2009), as well as actions by other MS4 Permittees in the watershed.  

1.5.2 Monitoring and Reporting Plan 
Section 4 of this LWQMP provides a MRP, which is the City's strategic approach for 

collecting data and information to evaluate, summarize, and report on the monitoring 

results, changes in water quality, and progress toward achieving interim and final LAs 
and WLAs for Machado Lake. Other responsible agencies are responsible for preparation 

of separate MRPs for their portion of the watershed. The MRP, developed in accordance 

with California's Surface Water Ambient Monitoring Program (SWAMP) guidance, 
defines the City's monitoring program commitments necessary to meet the requirements 

stipulated in the Nutrients TMDL. To achieve these monitoring requirements, the MRP 

includes well defined data quality objectives that are critical to ensure appropriate data 
are collected to demonstrate compliance with interim and long-term nutrient targets as 

measured in the lake. The MRP also outlines the health and safety principles the City 

adheres to in conducting business to protect the well being of its employees.  

1.5.3 Quality Assurance Project Plan 

As required by the MOA, and in accordance with the City's comprehensive water quality 
monitoring program, a QAPP is provided in Appendix B. The QAPP includes the 

protocols for sample collection, standard analytical procedures, laboratory certification, 

and corrective action measures all of which adhere to the California SWAMP guidance. 
The purpose of the QAPP is to ensure that data quality objectives are met and the 

monitoring program produces consistent, reliable data that meet the project's overall 

goals. The QAPP is necessary to effectively implement the MRP found in Section 4. 
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Section 2  
Watershed Characteristics and Baseline 
Conditions for Water Quality Modeling 
 

This section serves to illustrate the existing conditions within Machado Lake and the 

upstream watershed. These baseline conditions form the foundation from which 
improvements to the lake are based.  

Described here are the watershed's current and historic conditions, followed by a 

summary of the baseline water quality from the upstream watershed as well as the 
water quality in the lake. Based upon these baseline conditions in the lake and 

watershed, a Lake Water Quality Model was developed to evaluate the effectiveness of 

various BMPs (which are described in Section 3) at reducing nutrient concentrations in 
the lake. The Lake Water Quality Model is summarized in Section 2.3.3 and Appendix C. 

Future BMPs are described in Section 3. 

2.1 Watershed Description 
Wilmington Drain accounts for approximately 88 percent of the portion of the Machado 
Lake subwatershed that drains to the lake. The remaining 12 percent comes from five 

additional storm drains, of which Project 77 has the largest drainage area, and sheet flow 

from the KMHRP that surrounds Machado Lake. After the runoff passes through 
Machado Lake and the downstream Freshwater Marsh, it flows directly to the West Basin 

of the Los Angeles Harbor. 

The Machado Lake and Wilmington Drain ecosystem, which includes Machado Lake, 
KMHRP, and the half-mile long soft bottom section of Wilmington Drain between Pacific 

Coast Highway (PCH) and the I-110 freeway, is one of the largest remaining coastal 

wetland ecosystems in Southern California (CDM and Parsons 2008). The KMHRP, a 
291-acre park that is owned, operated, and maintained by the RAP, is located in the 

Wilmington and Harbor City communities of the City of Los Angeles, approximately 15 

miles south of downtown Los Angeles. The Wilmington Drain section is located north of 
the lake in the Cities of Carson, Lomita, and Los Angeles and unincorporated Los 

Angeles County, and is operated by LACFCD.  

Harbor Park Golf Course borders the northeast banks of Machado Lake and the Los 
Angeles Harbor College borders the Freshwater Marsh located south of Machado Lake. 

PCH and residential development borders KMHRP to the north, Vermont Avenue and a 

Kaiser Permanente facility borders KMHRP to the west, and Anaheim Street and 
Conoco-Phillips Oil Refinery are located to the south of the KMHRP (Figure 2-1). The 

dominant land use in the Machado Lake subwatershed is high density single family 

residential, which accounts for approximately 45 percent of the total land use (Regional 
Board 2008).  
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Figure 2-1 
KMHRP and Wilmington Drain Location Map 
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2.1.1 Wilmington Drain 

Wilmington Drain is a LACFCD facility 
managed by the LACDPW. It is characterized 

by an approximately 150-foot wide soft 

bottom channel, coastal sage scrub plant 
communities, non-native plants, urban litter, 

and riprap-filled gabions. From PCH to 

Lomita Boulevard, the Wilmington Drain is 
bordered on both sides by residential 

development. North of Lomita Boulevard, the 

western bank provides habitat for the 
endangered least Bell's Vireo and other native 

species, while north of I-110 the channel is 

concrete lined. Wilmington Drain collects 
stormwater runoff from a 19-square-mile 

watershed consisting of residential and 

industrial development. Wilmington Drain conveys stormwater to Machado Lake and 
also functions as a sedimentation basin.  

2.1.2 Machado Lake and Ken Malloy Harbor Regional Park  
KMHRP is one of the largest parks in the City, and has one of the most diverse habitats in 

the region, including the 40-acre Machado Lake, a 63-acre seasonal freshwater marsh, and 

a riparian woodland. Because of these resources 
KMHRP has been designated as a Significant 

Ecological Area (SEA) by Los Angeles County 

Regional Planning. To Harbor and South Bay 

residents, Machado Lake and the KMHRP are 

recreational and natural resources in the park-

poor urban Harbor City area. They are a 
popular recreation destination for local 

residents who enjoy the picnic spaces, fishing, 

bird watching, and hiking. 

Machado Lake was formed either as a small 

canyon at the mouth of a former path of the 

Los Angeles River and/or by land subsidence, 
possibly following an earthquake. It was first 

reported in its original characteristic horseshoe shape with two upper arms in 1873 and 

was shown as either a lake or wetland as early as 1784. 

Wilmington Drain looking downstream from 
Lomita Boulevard 

KMHRP Open Space Park Area 
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In the 1920 to 1930 period the lake was 

partially de-watered to allow surface mining 

of drilling clay and used as a site of multiple 
oil well drilling platforms, which had 

numerous oil spills. During World War II the 

lake was a disposal site for Los Angeles 
harbor dredge spoils. 

Above-average wet years caused the lake to 

expand north and south, causing flooding to 
highways as they were constructed near the 

lake in the 1930s and '40s. This resulted in 

construction of flood control structures in 1955 
that lowered the average lake level as much as 5 feet. The earthen dam was designed to 

maintain the level of the lake at a maximum of 10 feet mean sea level (msl). During almost 

all but possibly very minor storm events, water flows over the dam into the lower basin 
and ultimately to the Harbor Outfall at the southeastern corner of the park, where it is 

discharged to the West Channel of the Los Angeles Harbor. 

The upper quarter of the original lake was lost by 1964 due to a combination of lowered 
lake level, high rates of sediment inflow, and invasion by willows. It is now a riparian 

woodland. The lower section of the lake, below the dam was lost about the same time. 

Some of the original lake in this area remains as isolated pools and wetlands. The 40-acre 
remaining lake is thus shallower and smaller, perhaps about half of its original size.  

Today Machado Lake has a very high ratio of watershed to lake surface area, at 389:1 

acres. Typical watershed to lake ratios are less than 100:1. Ratios greater than 40:1, and 

certainly greater than 100:1, indicate eutrophic conditions (Horne & Goldman 1994). 

Conversion of most of the watershed from open plains or farmland to urban conditions 

increased inflow so that the lake water residence time in winter falls to a very short 5 
days, or 0.0014 years. This is a very low water residence time, since a typical water 

residence time for natural lakes is 3 to 100 years.  

Eutrophication of Machado Lake and the accumulation of toxic sediment has damaged 
habitat, degraded water quality, and negatively impacted recreational uses such as 

boating. Warning signs about the dangers of eating fish from the lake are now posted. In 

the mid-1980's, a portion of the lake was dredged.  

Machado Lake 
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2.2 Historic Lake Conditions as Determined from 
Sediment Analysis 
In 2009, a paleolimnological study was conducted to investigate the historic conditions 

at Machado Lake through analysis of sediment (Horne 2010). This section includes a 

summary of the results of this report related to sedimentation rates and the nutrients 
and algae grown in the lake. 

Paleo-Dating of Core Samples 

Sixteen samples were taken from two cores in Machado Lake in August 2009. Since the 
depth of the lake was not known, assuming a typical urban sedimentation rate of 

0.5 inches per year (1 foot per 24 years), a 5-foot deep sample was expected to be 

120 years old, which would have been a sufficiently aged sample that would be 
representative of a period of time prior to substantial development in the area. Based on 

the expected sedimentation rates, a core from the lake bed surface to about 12 feet deep 

was taken at one site in the northern part of the lake, which would presumably 
represent almost 300 years of sediment record. Another sediment core was taken in the 

central part of the lake to a depth of approximately 7 feet, but this location may have 

been affected by dredging in the mid 1980s.  

The results of the paleo-dating show sedimentation rates, measured at the north and 

central sections of the current lake using the isotopes of lead (210Pb) and cesium 

(137Cs), were much more rapid than expected in both cores, especially the northern 
core. For this site the deepest sample at almost 12 feet was dated using 210Pb at only 66 

years old, or from 1943. This date indicates an extremely high annual sedimentation rate 

of 2.1 inches/year (11.6 feet or 139.2 inches/66 years from 1943 to 2009). Thus 

sedimentation rates were over four times rates anticipated based on other studies on 

urban water bodies. For the central core, which although possibly dredged in the 1980s, 

the deepest core sample at 6.7 feet was dated by 208Pb at 1914. The preliminary 
sedimentation rate was thus a more typical 0.85 inches/year (6.7 feet or 80.4 inches/95 

years). However, previous dredging activities may have affected this sample. 

Further study of the samples indicated that the annual rates of sedimentation 
accumulation have been increasing in Machado Lake since 1914. The sedimentation at 

both Machado sites showed two periods—a high but not unexpected 0.6 inches/year at 

the central site and 1.9 inches/year at the northern site between 1914 or 1943 and 
approximately 1996, with rates greatly increasing over the last 12 years. The reason for 

this increase over is not clear but may be due to increased soil erosion and scouring in 

the storm drain channels as more water is discharged from developing urban land with 

more impervious surfaces.  

Therefore, as shown, Machado Lake has had high sedimentation rates over the past 66 to 

95 years, and rates have been increasing even more over the past 12 years. 
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Paleolimnology Study 

Using the samples from the north section of Machado Lake, a paleolimnology study was 

also conducted (Horne, 2010). The purpose of the study was to determine if any changes 
in algae had occurred and if so, could the changes be attributed to increases in nutrients 

or other pollutants over the last 66 years (from 1943 to 2009). 

The "fossil" remains of algae from these core samples were analyzed for species 
composition and abundance. Only diatoms with their glass-like silica frustules (cell 

walls or cases) are well preserved in sediment. Thirty-seven species of diatoms were 

found commonly (top 10 by abundance) out of a total of over 100 kinds. The most 
common were phytoplankton diatoms that grow in the open water but benthic forms 

that live in the mud were also present.  

Surprisingly, given the large amount of development and drainage changes in this 
densely populated area, five centric (pill-box or barrel-shaped) diatoms species 

dominated the lake phytoplankton over the 66-year record. These species had in 

common an ability to tolerate a wide range of salinity (euryhaline) such as naturally 
occurred in the past and still occurs to some degree today (though limited by the dam). 

Looking at the abundance ranking of the five most common centric diatoms in Machado 

Lake sediments between 1943 and 2009 showed that no change in abundance is 
apparent.  

The five most common diatoms formed two super-groups. Since the two super-groups 

dominated the phytoplankton for all of the 66 year record, it can be concluded that the 
waters of Machado Lake have been mesotrophic to eutrophic over this time and no 

change in trophic state can be determined from the kinds of algae present. The 

conclusion that can be made from this is that no change in trophic state has occurred 
since 1943. It is likely that such a small shallow lake with a large drainage basin and 

natural salinity stress would have few dominant species and ample nutrients even in 

1700. To determine conditions prior to European settlement, deeper cores would be 
required. However, those conditions would not be comparable with current conditions 

since at that time Machado Lake was either part of the Los Angeles River, a fully tidal 

estuary or some combination of these alternatives.  

Although many diatoms are indicators of trophic states, all of the members of super-

groups 1 and 2 could be expected to be found in association with high nutrients due to 

their size. The individual cells and chains of all of super-groups 1 and 2 were quite large. 
Large cells have a smaller ratio of cell surface (where uptake of nutrients occurs) to cell 

volume (where nutrients are used to make biomass) than small algae. Although not all 

of the individual members of these first two groups are described specifically as being 
indicators of high nutrients or tolerant of pollution, they will normally be found in 

waters with relatively high nutrients. Machado Lake currently has high levels of most 

nutrients during the spring through fall growth season so the members of super-groups 
1 and 2 were by definition at least tolerant of high nutrients. 
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A separate examination was done using a strict numerical ranking, which unlike the 

ranking of the top few species (described above as super-groups) where individuals 

were almost always in the top 10 (species of diatoms, top 10 by abundance), the 
numerical ranking tracks algae that were less common as well as those not found in all 

or most of the sediment depths sampled.  

Examination of the top 20 species showed the presence of 8 species of the pennate 
benthic diatom Nitzschia. These species of Nitzschia in the top 20 have been described as 

favored by high nutrient concentrations or tolerant of "heavy pollution." This indicates 

that over this 53 year period, high nutrient concentrations are concluded to have been 
present.  

The composite rankings for the three most common Nitzschia species showed clearly that 

the numbers of the three most common species of nutrient or heavy pollution tolerant 

Nitzschia increased about 25 percent (approximately 3 to 4.1) over the period of about 53 

years (1953-2006). A larger increase of about 150 percent is seen between 1953 and 2009 

but the later year may be an anomaly due to the very low water level which greatly 
increased the mud and submerged plant habitat for benthic species such as Nitzschia just 

as it decreased the habitat for the planktonic species like Aulacoseira.  

The results of the paleolimnology study indicate that Machado Lake has been 
mesotrophic to eutrophic over the 66 year record, with high nutrients concentrations 

indicated over the 53 year record.  

2.3 Baseline Nutrient Loads and the Lake Water Quality 
Model 
BOS conducted in-lake water quality monitoring in Machado Lake at two in-lake 
locations from June 2006 to September 2008. Table 2-1 presents a summary of the data 

collected. 

 

Table 2-1 
Machado Lake In-Lake Water Quality Storm Drain Water Quality and Field Collected  

Monitoring Data (June 2006 – September 2008) 
In-Lake Water Quality Monitoring1 

  Minimum Average Maximum 
Total Phosphorus (P) mg/L 0.3 0.8 1.4 
Total Nitrogen (N) mg/L 0.3 1.8 4.6 
Chlorophyll a g/L 3.4 72.6 337.7 
Ammonia-N mg/L 0.03 0.04 0.6 
Dissolved Oxygen (lake bottom) mg/L 0.5 4.7 16.5 

Note:  
1 Lake grab samples were taken at two in-lake locations from June 2006 to September 2008. Most 

in-lake water quality samples were collected during dry weather periods with low base flow in the 
drains. No samples were collected during wet weather; however, a few samples were collected 
one or two days after wet weather events. Minimum and maximum values shown are the minimum 
and maximum values of all the four sampling locations (not averages of minimum/maximum, but 
actual minimum/maximum measured values).  
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The in-lake nutrient concentrations presented here are the result of two types of nutrient 

loading processes (Figure 2-2):  

 External Loading: phosphorus and nitrogen are introduced to the lake through urban 
runoff when the runoff transports nutrients and other contaminants to the lake. 

Additionally, atmospheric deposition is a source of total nitrogen. 

 Internal Loading: When oxygen is depleted at the sediment/water interface anoxic 
(low oxygen) conditions occur. Under these conditions, phosphorus can disassociate 

from the nutrient rich sediment on the bottom of the lake and diffuse upward in the 

water toward the lake surface (James 2006), which contributes to algae growth and 
increased chlorophyll-a concentrations (WI DNR 2003). When oxygen levels are 

sufficiently high (i.e., greater than 2.0 mg/L), phosphorus typically remains bound to 

the sediment.  

Mass balance summaries were developed for the existing condition (see Sections 2.3.1 
and 2.3.2) to provide insight to the systems' water quality drivers. Mass balance 

calculations, in terms of total nutrient loadings, were performed for both the entire 

water year (October through September) and for the dry season only (April through 
September). Results of these calculations are provided in Table 2-2. As shown, on an 

annual basis, nutrient loadings are dominated by wet weather runoff. However, in terms 

of the summer critical low water period, internal loadings from sediment are the 

predominant source of both N and P. Note that the "start season load" shown in the dry 

season graphs refers to the nutrient mass in the lake water column at the start of the dry 

season (residual from wet season loads). 

Figure 2-2 
Phosphorus and Nitrogen Cycles in 

Lakes 
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Table 2-2 
Internal vs. External Nutrient Load at Machado Lake 

 Annual Load (kg) Dry Season Load (kg) 
Source Total P Total N Total P Total N 
External Load 7,840 31,509 256 968 
Internal Load 288 1,997 276 1,006 
Total Annual Load 8,128 33,506 532 1,974 

Source: lake water quality model calibration 
 

The external and internal nutrient loadings are used in the Lake Water Quality Model to 

estimate future nutrient concentrations in the lake. This dynamic model uses Machado 
Lake specific monitoring data and study results as inputs to the model. As such, the 

external and internal loadings are described in subsections 2.3.1 and 2.3.2, respectively. 

2.3.1 Baseline External Pollutant Loads 
External loading is a product of nutrient sources predominantly from permitted urban 

runoff discharges delivered from an approximately 22.6-square-mile (14,444-acre) 
watershed draining into the lake. Additional external pollutant loads from permitted 

stormwater discharges are delivered directly to Machado Lake or the upper riparian 

woodland area from the following storm drains listed in Table 2-3. Wilmington Drain, 
Project 77, and Project 510 Line C are Los Angeles County-owned storm drains, while the 

D24010, P6545, and P36466 drains are Los Angeles City-owned storm drains. The sheet 

flow to Machado Lake comes from KMRHP and the golf course adjacent to Machado 
Lake.  

Table 2-3 
Characteristics of Storm Drains to Machado Lake  

Subwatershed Area (acres) Description 
Wilmington Drain 12,097 Concrete Lined Open Channel 
Project 77 Drain 1,604 102-inch RCP Drain 
Project 510 Line C 81 72-inch RCP Drain 
D24010  158 78-inch RCP Drain 
P6545 71 36-inch RCP Drain 
P36466 37 36-inch RCP Drain 
Sheet Flow to Machado Lake 108 NA 
Total 14,156 NA 

Note: an additional 1,337 acres of the Machado Lake Watershed are tributary to the areas below 
the lake (freshwater marsh) and are therefore excluded from this table. As such, only the area 
tributary to Machado Lake is shown here. 
 

Historical water quality monitoring data was compiled and compared to establish the 
most appropriate data set to use as input to the Lake Water Quality Model. 

The data sets that were reviewed include the following: 

 BOS, Watershed Protection Division (WPD) water quality monitoring data from 2006-
2008 

  LACDPW water quality monitoring data from 1987-1995 
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 LACDPW Regional Event Mean Concentrations (EMCs) derived from data collected 

from 1994-2000 

City of Los Angeles, Bureau of Sanitation Watershed Protection Division, 
Water Quality Monitoring Data from 2006-2008 

Water quality monitoring of inflows to the lake was conducted by the BOS WPD in three 

storm drains that discharge to Machado Lake. The storm drain samples were taken from 
June 2007 through September 2008. Table 2-4 summarizes the data collected (refer to 

Appendix C for additional information). For dry weather, 102 samples were taken 

during this period. However, during wet weather only a limited number of samples 
were taken (nine were taken during a rain event, and another nine were taken between 

one and three days following a rain event). 

Table 2-4 
Machado Lake Storm Drain Water Quality and Field Collected  

Monitoring Data (June 2006 – September 2008)1 
 Units Minimum Average Maximum 

Total Phosphorus (P) 
Dry Weather mg/L 0.03 0.6 4.66 
Wet Weather mg/L 0.13 0.6 1.99 

Total Nitrogen (N) 
Dry Weather mg/L 1.29 2.7 18.42 
Wet Weather mg/L 1.77 2.8 5.71 

Organic N 
Dry Weather mg/L 0.42 1.6 15.4 
Wet Weather mg/L 0.76 1.1 2.3 

Ammonia-N 
Dry Weather mg/L 0.03 0.3 1.44 
Wet Weather mg/L 0.14 0.5 0.86 

Total Suspended Solids (TSS) 
Dry Weather mg/L 0.5 12 181 
Wet Weather mg/L 7 96 311 

Total Hardness as CaCO3 
Dry Weather mg/L 134 360 1,000 
Wet Weather mg/L 15 120 264 

Turbidity (dry and wet) NTU 02 6.93 131.20 
Temperature (dry and wet) Deg C 9.24 18.04 23.60 
pH (dry and wet) SU 7.53 8.09 9.09 

Notes:  
1 Storm Drain samples were taken at three storm drain outfalls (Wilmington Drain above Lomita 

Blvd, Project 77 storm drain on the west side of Machado Lake, Project 510-Line C storm drain 
outfall on the west side of Machado Lake). The storm drain samples were taken from June 2007 
through September 2008. 

2 Rounded to zero from a negative reading. 
 

Additional wet weather sampling was performed for the City (CDM & Parsons 2010) 

during seven wet weather days from October 2009 through January 2010. Two samples 

were taken at each location for each rain event. A summary of the average at each of the 

three sampling locations is presented in Table 2-5. 
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Table 2-5 
Machado Lake Wet Weather Sampling (2009 –2010 Wet Season) 

Location Total P 
(mg/L) 

Dissolved 
Orthopho
sphate as 
P (mg/L) 

Total N 
(mg/L) 

Ammonia 
as N 

(mg/L) 

Nitrate + 
Nitrite 
(mg/L) 

Suspended 
Solids 
(mg/L) 

Wilmington Drain 0.83 0.31 4.77 1.12 1.05 102.05 
Project 77 0.82 0.53 5.77 1.26 1.5 104.27 
Machado Lake Dam 0.53 0.28 1.48 2.82 0.33 101.49 

Notes:  
Samples were taken during the 2009-2010 wet season as part of a State Coastal Conservancy Grant for 
the City of Los Angeles. Seven rain events were sampled, with generally two samples taken per rain 
event per location. Sampling locations include Wilmington Drain south of PCH, at the Project 77 drain, at 
the Machado Lake dam. 
 

Los Angeles County Department of Public Works, Water Quality Monitoring 
Data from 1987-1995 

The LACDPW collected water quality samples at several locations within the 
Dominguez Watershed from 1987 through 1995. One sampling location was in the 

Machado Lake subwatershed, located in Wilmington Drain upstream of the PCH. These 

data are presented in the Dominguez Watershed Management Master Plan (LACDPW 
2004) and below in Table 2-6. It is assumed that these data were collected during wet 

weather events based on the placement of the table within the Master Plan (within a 

subsection titled stormwater monitoring) but that is not stated explicitly.  

Table 2-6 
LACDPW Sampling Results for Wilmington Drain Sampling Location, 1987-1995 

Pollutant Units Sample Results1, 2 
Minimum Average Maximum 

TSS mg/L 13 225.2 1,143 
Total P mg/L 0.08 0.3 1.3 

Ammonia-N mg/L 0 1.0 15 
(Nitrate+Nitrite)-N mg/L 0 1.1 10.83 

Notes:  
1 Average concentrations presented in the Dominguez Watershed Management Master Plan in Table 

2.3-24 Summary of historic water quality data for the Dominguez Watershed. 
2 Presented are the Wilmington Drain sampling location results. From 1994-2000 there were 72 

composite samples and 4 grab samples collected at another Dominguez Channel monitoring location 
but the number of samples taken at the Wilmington Drain monitoring location are not stated. 

 
Los Angeles County Department of Public Works Regional Event Mean 
Concentration Monitoring Results Derived from Data Collected from 1994-
2000 

LACDPW maintains a data set of land use-based EMCs that were derived from the Los 

Angeles County's 1994-2000 monitoring data (LACDPW 2006). For the Los Angeles area 

as a whole, this data set is considered the most extensive, locally-derived data for a variety 
of land use types. The City of Los Angeles maintains a pollutant load model that utilizes 

these EMCs to simultaneously calculate loads and concentrations for each of the 

constituents of concern based on watershed land use and historical rainfall. The average 
wet weather water quality concentrations were calculated by the pollutant load model 
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for the land use mix within the Wilmington Drain subwatersheds. These values are 

presented in Table 2-7. 

Table 2-7 
Comparison of Actual and Theoretical Wet Weather Pollutant Load Concentrations 

Pollutant Units Sample Results (Column D) 
Pollutant Load 
Model-Derived 

Concentrations4 

(Column E) 
Average of 
Columns  

A-C 
  

(Column A) 
LA BOS 

2006-20081 

(Column B) 
LACDWP 

 1987-19952 

(Column C) 
CDM & Parsons 

 2009-20103 
Total P mg/L 0.62 0.3 0.82 0.36 0.58 

Dissolved P mg/L NA5 NA 0.42 0.27 0.42 
Total N mg/L 2.76 NA 5.27 3.77 4.02 

Organic N mg/L 1.14 NA NA 2.22 1.14 
Ammonia-N mg/L 0.52 1.0 1.19 0.49 0.90 

Notes: 
1 See Tables 2-4. Total P, dissolved-P, all nitrogen species, and TSS data are average concentrations of these 

constituents sampled at Wilmington Drain above Lomita Boulevard, Project 77, and Project 510 Line C under wet 
weather conditions. Data provided by WPD on December 1, 2008. 

2 See Table 2-6. Average concentrations presented in Table 2.3-24. Summary of historic water quality data for the 
Dominguez Watershed, in the Dominguez Watershed Management Master Plan. 

3 See Table 2-5. Average concentrations of storm drain samples at Wilmington Drain and Project 77 outfall under 
wet weather conditions. 

4 Using the City of Los Angeles pollutant load model that is based on LA County derived land use based event 
mean concentrations (EMCs), the land use in the Machado Lake watershed and historical rainfall. Does not 
account for possible load removed from Walteria Lake subwatershed, which usually retains stormwater after rain 
events. This practice could remove 50-60% of TSS and up to 40% of metals from the fraction of flow that is 
detained/retained. Walteria Lake is 25% of the tributary area to Machado Lake, so this would translate to loads to 
Machado Lake potentially being on the order of 10-15 percent lower than predicted. 

5 NA – not analyzed 
 

Wet Weather Data Set Used in Lake Water Quality Model 

Table 2-7 presents the average wet weather sampling data for Machado Lake and 

Wilmington Drain collected by BOS, LACDPW, and CDM & Parsons (from Tables 2-4, 2-

5 and 2-6) as well as the predicted wet weather concentrations derived by the pollutant 

load model using the Los Angeles County EMC data. Column E is the average of the 
three actual wet weather sampling data sets. Following is a summary of the comparison 

of these three sets of data: 

 In general, analytical results from the sampling programs are of a similar order of 
magnitude as the values derived using the area-wide EMC data in the pollutant load 

model. 

 Total phosphorous estimated by the pollutant load model (Column D) is somewhat 
lower compared to the average of the three data sets (Column E). 

 Total nitrogen estimated by the pollutant load model (Column D) is slightly higher 

compared to the average of the three data sets (Column E). 

Since the data set for the measured wet weather monitored data (columns A, B and C) is 

representative of current conditions, it was used calibrate the lake water quality model. 

However, it was determined that the pollutant load model results (Column D) would be 
used in the Lake Water Quality Model to represent future conditions since the area-wide 
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EMC data set used in the pollutant load model is considered more representative of 

long-term wet weather nutrient concentrations. Also, due to the upstream BMPs, 

including public education and outreach the future runoff to the lake is expected to have 
relatively lower total nitrogen and total phosphorus values.  

Dry Weather Data Set Used in Lake Water Quality Model 

For dry weather conditions, available water quality data for key parameters in dry 
weather urban runoff were reviewed. Based on the limited data sets available, it was 

determined that the most appropriate data set to use was the monitored data from the 

City of Los Angeles BOS water quality monitoring program, which is presented in Table 
2-4. As such, this data set was used as the dry weather baseline concentrations input into 

the Lake Water Quality Model. 

2.3.2 Internal Nutrient Load Determination 
To establish the internal nutrient loading in Machado Lake, a study was conducted in 

2009 for Machado Lake that estimated the flux of nutrients in the lake (Horne 2009). The 
laboratory study used undisturbed sediment cores and natural lake water contained in 

flux chambers to provide experimental values for the flux of nutrients from surface 

sediment layers. The results from the nutrient flux study were used to estimate baseline 
internal loading of nutrients in the lake from the sediment water interface. This data was 

used in the development of the baseline conditions in the Lake Water Quality Model. 

In the laboratory study, sediment flux chambers were used to simulate the conditions in 
the lake. For several days the sediment flux chambers were maintained with gentle air 

bubbles to simulate aeration in the lake, followed by several days where the chambers 

were maintained at anoxic conditions via gentle nitrogen bubbling to simulate anoxic 

conditions that can occur in the summer and in the upper sediments. Following anoxic 

conditions, air was again bubbled in the chambers. A typical suite of nutrient 

measurements were made at each stage. A brief summary of the results are presented in 
Table 2-8.  

Table 2-8 
Nutrient Flux Results1 

Parameter Soluble 
Phosphate 

(mg/L) 

Ammonia-N 
(mg/L) 

Nitrate+ 
Nitrite-N 
(mg/L) 

TIN2 

(mg/L) 

Aeration (air, 2 days) 0.36 (0.40) 0.5 (0.43) 0.05 0.55 
Anoxic (N2 gas, 4 days) (1.26) (4.0) 0.05 4.8 

Re-aeration (air; 15 days) (1.1) 0.3 (0.02) 3.3 3.3 

Note:  
1 Values not shown in parenthesis are from a certified lab; values in parentheses from a Hatch 

kit.  
2 TIN = total inorganic nitrogen; (nitrate + nitrite + ammonia). 
 

2.3.3 Lake Water Quality Model 

The Lake Water Quality Model is a numerical model that was constructed to evaluate 
the complex dynamics within the lake, including internal and external loading of 

nutrients. As such, the model is based on in-lake dynamics, historic pollutant loading 

RB-AR41019



Section 2 
Watershed Characterization and Current Conditions 

2-14 

(see Section 2.3.1), and the nutrient flux study performed for Machado Lake (see Section 

2.3.2). The Lake Water Quality Model is described in detail in Appendix C and 

summarized here.  

Model Development 

The lake water column is simulated as a fully mixed system, also termed a "continuously 

stirred tank reactor," or CSTR. This assumption is known to approximate lake dynamics 
for small, shallow lakes, such as Machado Lake, where mixing (e.g., diffusion, wind 

turbulence) dominates over advection (e.g., transport of pollutants by the motion of 

flowing water). Lake volumes are assumed steady on a daily basis (outflow = inflow) 
but can be varied monthly to account for summer losses (e.g., evapotranspiration [ET]). 

The model targets the key parameters of this eutrophic lake: phytoplankton (as chl-a), 

phosphorus (P), and nitrogen (N). The model was constructed in Microsoft Excel to 

allow for easy adaptation of code to address various potential rehabilitation options and 

alternatives. 

Internal loads of N and P, released by the sediments back to the water column, are 
calculated with a separate module. For these calculations, a second vertical layer was 

added to the fully mixed water column to represent surface, biologically-active 

sediments. The size of this layer is defined by a user-specified depth (d) and porosity (ρ). 
Within the sediment layer, the following sediment nutrient dynamics are simulated: 

 Lumped nutrient mineralization (of organic particulate nutrients) and desorption (of 

sediment-bound nutrients)  

 Nutrient adsorption (from pore water to sediments)  

Note that the model requires both oxic and anoxic rate constants for defining these two 

processes, where the extent of surface sediment anoxia (by percentage of lake bottom) is 
specified on a monthly basis by the user. 

A conceptual depiction of the model mechanics is provided in Figure 2-3. The model 

simulates total phosphorus and total nitrogen on a daily timestep. Particulate and 
dissolved fractions are estimated based on user-input constant particulate fractions. 

Simulated external sources of phosphorus and nitrogen include: wet weather runoff, dry 

weather baseflow, and supplemental "make-up" water pumped into the lake during 
summer months. Other potential external sources of nutrients, including wildlife and 

atmospheric deposition of nitrogen, are not explicitly included in the model. 
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Figure 2-3 Machado Lake Water Quality Model 

Internal processes included in the model are:  

 N and P settling (particulate fractions only), 

 First-order assimilation of N and P (dissolved fractions only), and  

 Internal loading of dissolved N and P from the sediment to the water column.  

First-Order Assimilation of N and P 

Dissolved nutrient removal (uptake) from the water column, parameterized by kd, is 
included as an inflow load to the particulate nutrient pool. In other words, this process 

is a transformation of nutrient forms (from dissolved to particulate), rather than a 

complete removal of dissolved nutrients. This captures the dynamic of phytoplankton 
uptake, which is believed to be driving water column nutrient assimilation during the 

summer, and also facilitates the coupling between water column and sediment layer 

calculations. The importance of this phenomenon to the lake nutrient cycle is supported 
by historical measured in-lake particulate fractions of both N and P.  

Both kd (first order removal rate constant for water column) and vs (particulate fraction 

settling rate) are allowed to vary seasonally. This is done to capture the seasonal 
dynamics of phytoplankton in the lake. Uptake is believed to be highest during the 

summer months, while net settling rates are believed to be lower during the summer 

when live phytoplankton, rather than sediment, dominates the particulate nutrient pool.  
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Internal Loading of N and P 

Internal loads of N and P, released by the sediment back to the water column, are 

calculated with a separate module. For these calculations, a second vertical layer was 
added to the fully mixed water column to represent surface, biologically-active, 

sediment (Figure 2-3). The size of this layer is defined by a user-specified depth (d) and 

porosity (ρ). Both sediment-bound and porewater nutrient concentrations are calculated 
within this layer based on standard formulations found in the literature (e.g., Cerco & 

Cole 1993; Pollman 2000). Sediment-bound nutrients are replenished via settling of 

particulate fraction nutrients in the water column. Movement from the sediment-bound 
nutrient pool to the porewater pool occurs via a first order lumped 

mineralization/desorption rate. Movement in the opposite direction (porewater to 

sediment) occurs via a first order adsorption rate. Both rates are variable depending on 
the oxic state of the sediment. Transport of nutrients from the sediment porewater to the 

lake water column, and at times vice versa, is calculated following a standard Fickian 

diffusion formula. 

Based on this model, predicted nutrient concentrations in the lake after the 

implementation of the various in-lake BMPs (see Section 3) is summarized in the 

compliance analysis section (see Section 5). Refer to Appendix C for a detailed 
discussion on the Lake Water Quality Model.  
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Residents of Los Angeles approved Proposition O, a $500-million bond measure, in 2004 
to improve water quality for water bodies within the City. The City prepared Concept 

Reports for both the Machado Lake and Wilmington Drain projects in December 2006, 

identifying the funding needed for design and construction. Based on the Citizens 
Oversight Advisory Committee (COAC) and Administrative Oversight Committee (AOC) 

recommendation, City Council authorized $117 million of Proposition O funding for the 

two projects. The project, now a combination of the two and referred to as the Machado 

Lake Ecosystem Rehabilitation and Wilmington Drain Multi-Use Project, is currently in the 

design phase, and the construction phase will involve installation of a number of BMPs 

that will restore water quality and comply with TMDL targets for Machado Lake.  

The Implementation Plan component of the LWQMP describes the specific BMPs that will 

be constructed by the City within Wilmington Drain and the portion of the KMHRP from 

PCH to the Machado Lake dam that are necessary to meet the City's TMDL 
responsibilities to restore water quality in Machado Lake. The cumulative effect of the 

BMPs selected for construction will enhance Machado Lake water quality, achieve 

ecosystem restoration objectives, and mitigate the City's contribution of nutrient loading 
to Machado Lake.  

3.1 Implementation Plan Approach 
The planning, design, and construction of the Machado Lake Ecosystem Rehabilitation and 

Wilmington Drain Multi-Use Project was guided by four main objectives outlined in 

Proposition O—1) water quality improvement,; 2) flood control, 3) ecosystem 

restoration, and 4) recreation enhancement. The management strategies (i.e., the 

integrated group of recommended BMPs) selected for Wilmington Drain acknowledge 
the function of the channel as a sedimentation basin, and those selected for Machado 

Lake acknowledge the cumulative impacts of external loading and internal lake loading. 

Selecting the most effective suite of BMPs evolved through a detailed evaluation, 
ranking, and prioritization process that was driven by the over-arching goal of restoring 

lake water quality and meeting the regulatory requirements set forth in the Nutrients 

TMDL. The final design solution derived after a thorough evaluation of three different 
alternatives for Wilmington Drain and six different alternatives for Machado Lake will 

serve as the foundation of the Implementation Plan for this LWQMP. Construction of 

the final design of the two projects is slated to begin in 2011. The integration of the 

management strategies summarized below will achieve the City's Proposition O 

objectives,  Most of the BMPs provide some pollutant load reduction (some more 

quantifiable than others) necessary to meet the LA and WLA established for the City in 
the Nutrients TMDL.  
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3.1.1 Description of Management Strategies 

Table 3-1 provides the comprehensive list of management strategies that are being 
constructed to accomplish the necessary reductions in pollutant loads to Machado Lake 

and to achieve the objectives of the Machado Lake Ecosystem Rehabilitation and Wilmington 

Drain Multi-Use Project. Table 3-1 also lists the partner agencies within the Machado Lake 
watershed responsible for implementation. The management strategies, which focus on 

reducing external or internal nutrient loads, are organized into two general categories—

1) nonpoint source BMPs, and 2) point source BMPs. Nonpoint source BMPs include 
strategies that are designed to achieve LAs; point source BMPs are targeted to achieve 

WLAs.  

Table 3-1 
Management Strategies to Reduce Nutrient Loading In Machado Lake 

Management Strategy Location Implementation Lead  
Nonpoint Source BMPs 

Lake Dredging  Machado Lake LA City  
Add Supplemental Water – 
microfiltration/reverse osmosis 

Machado Lake LA City 

Oxygenation System Machado Lake LA City 
Off-line Treatment Wetland Machado Lake LA City 
Phosphorus Removal System Machado Lake LA City 
Aquatic Plant Management and Littoral Zone 
Enhancements, including Ludwigia Removal 

Machado Lake LA City 

Shoreline Erosion Control (Lake Edge) 
Treatments 

Machado Lake LA City 

Floating Islands (aquatic) Machado Lake LA City 
Golf Course Maintenance Yard Site BMPs KMHRP LA City 
KMHRP Design Improvements (WQ benefits), 
including Southern Tarplant enhancement 

Wilmington Drain, 
Machado Lake 

LA City 

Point Source BMPs 
In-Lake Sediment Basin – North (captures 
inflows from Drain P6545, Drain D24010, and 
Wilmington Drain) 

Machado Lake LA City 

In-Lake Sediment Basin - West/Project 77 
Drain and Project 510 Drain 

Machado Lake LA City 

Re-grade entire Wilmington Drain channel 
bottom  

Wilmington Drain LACDPW 

Clean box culverts at Lomita Blvd. Wilmington Drain LACDPW 
Clearing and annual maintenance of channel 
vegetation 

Wilmington Drain LACDPW 

CDS at D24010 Drain KMHRP LA City 
Bioengineered swale at Project 77 Drain (dry 
weather treatment) 

KMHRP LA City 

Bioengineered swale at Project 510 Line C 
Drain (dry weather treatment) 

KMHRP LA City 

Trash Nets at Wilmington Drain/110 Fwy; 
Project 510 (Pine Creek) Channel; Project 77 
Storm Drain 

Wilmington Drain, 
Machado Lake 

LA City 

 

The collective integration of all BMPs coupled with long-term operation and maintenance 

activities is necessary to meet the water quality objectives of Nutrients TMDL. Therefore, 
inter-agency and inter-departmental collaboration are essential to advancing stewardship, 

implementation, maintenance, water quality monitoring, and the evaluation of progress. 
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The construction and operation of these management strategies is necessary to meet the 

City's commitment toward TMDL implementation.  

Table 3-2 lists other voluntary strategies that are important design components of the 
Machado Lake Ecosystem Rehabilitation and Wilmington Drain Multi-Use Project. 

Table 3-2 
Additional Management Strategies for Machado Lake Ecosystem Restoration 

Management Strategy Location Implementation Lead 
Wilmington Drain Pocket Park Wilmington Drain City 
Dam Improvements Machado Lake City 
Invasive Plant Removal - Riparian Woodland and 
Freshwater Marsh 

KMHRP City 

 
Figure 3-1 on the following page displays the general location of the various BMPs that are 

listed in Table 3-1 and Table 3-2. Descriptions of each management strategy are provided 

in the following subsections. 

3.1.2 Strategies to Meet Load Allocations  

Management strategies necessary to achieve the LA consist of BMPs that are designed to 
specifically target in-lake nutrient loads and nonpoint source runoff transported from 

KMHRP to Machado Lake via overland flow.  

The nonpoint source BMPs provide specific reductions in nutrient loads by removing a 
large amount of nutrient-rich lake-bottom sediments and reducing sediments and 

nutrients transported to Machado Lake from the golf course and KMHRP. Some of the 

BMPs indirectly address related water quality issues and can provide additional 
reasonable assurances that compliance with lake nutrient targets can be achieved. The 

strategies designed to meet the LA are the direct responsibility of BOS and RAP. The list of 

in-lake nonpoint source BMPs that will be implemented to achieve the LA are 
summarized below.  

3.1.2.1 In-Lake BMPs 

An integrated suite of lake rehabilitation strategies will be implemented to address 
recycling of in–lake nutrient loads. Key components include dredging to an average depth 

of 8 feet and maintaining a constant lake water surface elevation by using a supplemental 

water source. Recycled microfiltration/reverse osmosis (MF/RO) water will be used for 
lake augmentation purposes to maintain full lake levels in the summer. An offline-

treatment wetland, an aeration system, and phosphorus removal system will also help 

satisfy the water quality objectives of the project. Each strategy must be implemented in 
concert with the others to meet water quality objectives and goals. 
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Figure 3-1 Schematic Layout of Management Strategies 
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Details of the suite of in-lake rehabilitation strategies include: 

 Hydraulic dredging to remove nutrient-rich lakebed and lake edge sediment. 
Sediment is a two-fold problem in Machado Lake: (1) Sediment accumulation 
decreases the lake depth, which over time allows increased macrophyte and algae 
growth; and (2) internal nutrient loading from lakebed sediment into the water 
column is believed to be a major contributor to water quality degradation in 
Machado Lake. Lake edge dredging will primarily focus on reshaping the east and 
west banks to diversify the lake edge configuration and environment. Dredging 
activities will create a shallow, contoured underwater shelf or terrace in these areas 
suitable for establishing a littoral zone with desirable aquatic vegetation. Lake edge 
improvements include re-contouring portions of the lake that have been highly 
impacted by elevated levels of sediment inflow in ways that will benefit water 
quality and habitat and stabilize lake edges by removing soft sediment down to a 
more firm substrate layer. Implementation of this BMP requires the removal of 
approximately 250,000 cubic yards of sediment from Machado Lake. This volume 
may increase based on recommendations associated with the implementation of 
Toxics TMDL for Machado Lake which is being finalized. It is the most costly in-
lake sediment management option; however, because of the additional benefits 
received by dredging, including increasing/creating recreational opportunities, 
and improving aquatic habitat, it is considered cost-effective for Machado Lake.  

 Supplemental water (low-nutrient) to maintain lake levels during the dry season. 
Field data from Machado Lake has shown that the lake loses approximately 2 feet 
of water due to evaporation during each summer dry season (RWQCB 2008). 
Additionally, water quality analysis results reveal that nutrient levels in the lake 
tend to increase during the dry season due mainly to evaporation and conditions of 
the lake that promote internal nutrient recycling as a result of the lack of inflow 
from any source (City of Los Angeles 2004). This decrease in water depth 
contributes to the overall water quality problem in the lake. Recycled MF/RO 
water from Terminal Island Water Reclamation Facility (TIWRP) will be piped as 
the source of supplemental water for Machado Lake. Data on the nutrient levels 
contained in the TIWRP recycled water are provided in TIWRP’s Monthly Title 22 
Compliance Report. 

 An oxygenation system will supplement dissolved oxygen (DO) to enhance water 
quality and mitigate the potential for eutrophication and odor. The water quality 
model demonstrates that significant water quality improvements can be achieved 
through oxygenation, particularly during the hot, dry months from May through 
October, when DO in the water column is most critical. The Speece Cone, 
Downflow Bubble Contact Oxygenator, is the recommended oxygenation system 
for Machado Lake. The system directly targets the sediment/water interface for the 
delivery of oxygen. This is accomplished by taking water near the bottom of the 
south end of the lake, where the temperature is lowest and the water most dense, 
pumping the water through the Speece Cone, and then discharging the oxygenated 
water again near the bottom of the north end of the lake. While the capital costs are 
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side of the lake adjacent to the treatment wetland and phosphorous removal 

system. 

 Construction of an off-line treatment wetland that circulates lake water through a 
nutrient and sediment removal wetland to further reduce nutrients within the lake 

and improve water quality. To implement this BMP, a treatment wetland will be 

constructed along the east side of Machado Lake to provide a means of long-term, 
nutrient removal.  

 Construction of a phosphorus removal system using Media Adsorption. The 

concept of a Media Adsorption method involves pumping lake water continuously 
through a set of pressure rated treatment vessels containing an industry approved 

adsorption media. Water is pumped either directly from the lake in winter months 

or from the end of the re-circulating treatment wetland in summer months. Water 

entering the treatment system is conditioned with an in-line carbon dioxide gas 

diffusion to lower pH to optimal levels (~7.4) for phosphorus adsorption. Water 

then continues through two treatment vessels in a lead-lag configuration to first 
remove the bulk of phosphorus from the water in the first tank and then polish any 

remaining phosphorus out of the water in the second tank. Water exiting the 

second tank is discharged directly back to the lake. The media used in the 
treatment system has a limited lifetime dependent upon phosphorus concentrations 

and the levels of other constituents in the water. After a period of time, some media 

may lose its ability to adsorb phosphorus resulting in the need for periodic 
maintenance. At this point, the media can be regenerated with a caustic backwash 

to remove bound phosphorus, other constituents, and clogging particulates. The 

media will typically be able to undergo three regeneration cycles before needing to 

be replaced with fresh media. Caustic backwash solution is conveyed to the site for 

use during backwash events and removed from the site when backwashing is 

complete, eliminating the need to store caustic solution. Spent media can be 
disposed of as non-hazardous material at a standard landfill. 

 Aquatic plant management, including macrophyte management and littoral zone 

modifications/enhancements that would improve overall water quality and reduce 
vector breeding grounds. Aquatic plant management refers to controlling nuisance 

species (i.e., primarily Ludwigia, but to a lesser extent, also tules and cattails), to 

maximizing beneficial aspects of plants in water bodies, and to restructure plant 
communities. Management activities will emphasize the establishment of diverse 

native macrophyte communities (emergent and submerged) along an underwater 

shelf (e.g., terrace) as well as the removal of selected invasive macrophytes. 

Implementation of this BMP also provides secondary benefits through periodic 

removal of nutrient rich sediments along the lake shoreline. 

 Shoreline stabilization to enhance aquatic and riparian habitat and limit nutrients 
and sediment entering the lake from lake shore erosion. This BMP incorporates 

highly refined design elements that seek to restore the entire edge of the lake with 

appropriate slopes and aquatic vegetation species that will prolong the ability of 
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the littoral zone to uptake nutrients. Shoreline stabilization will be implemented in 

conjunction with the aquatic plant management activities.  

 Floating islands to provide terrestrial habitat for birds and aquatic habitat for fish. 
Floating islands, which are pre-engineered masses made from recycled plastic or 

other engineered materials, will be constructed in Machado Lake. The islands are 

planted with emergent and submerged aquatic vegetation. A floating island 
provides more heterogeneous habitat for fish (e.g., shade and hiding places) as well 

as different types of habitat for bird species, than what is currently present along 

the lakeshore. While there are field scale and multiple-year investigations 
underway to establish the role that floating islands could play in improving overall 

lake water quality through nutrient uptake, the primary intent of this BMP is to 

provide habitat.  

3.1.2.2 Park BMPs 

Additional BMPs will target nonpoint source loading that originates from the riparian 

woodland area upstream of Machado Lake and the portion of KMHRP that surrounds 
Machado Lake. Although the expected pollutant load reductions attributable to these 

BMPs cannot be quantified, these management strategies will improve stewardship of 

the Machado Lake ecosystem, provide additional potential nonpoint source reductions, 
and offer additional efforts toward achieving a healthier Machado Lake. The BMPs 

targeting nonpoint source runoff that may reduce a portion of the nutrient loading 

assigned to the LA include: 

 Habitat and Park Design—An intensive program of invasive plant species removal 

will take place throughout KMHRP. Invasive species like Ludwigia will be removed, 

while the Southern Tarplant and the Coastal Sage Scrub will be replanted to 
enhance habitat. The design elements of the new park design will enhance the 

recreational benefits of the project and promote ecosystem restoration and 

nonpoint source pollution abatement and education.  

 BMPs to mitigate storm water runoff from City Golf Course Maintenance Yard. 

Several improvements are proposed to the existing Golf Course maintenance yard, 

including a new vehicle wash rack, expanded improved bulk storage bins, and 
BMPs to treat runoff. The existing wash rack will be demolished to construct a 

47-foot by 28-foot, roofed structure. The wash rack will be sloped to direct flows 

into a catch basin that captures grass clippings and large debris and can be 
manually cleaned. From the catch basin, runoff will flow into an underground 

clarifier before discharging into the sanitary sewer line. The existing bulk storage 

bins will be demolished to build larger bins with higher walls, which will 
completely contain the stored material. Tarps will be provided to cover stored 

materials. A small berm at the exterior of the storage bins will direct runoff to the 

west into a dry well structure designed for Standard Urban Stormwater Mitigation 
Plan (SUSMP) storm. During larger storm events, the dry well will overflow into an 

earthen swale that will also capture runoff from the entire west portion of the 
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maintenance yard. The swale will discharge into an infiltration basin designed to 

capture the SUSMP storm. Treated runoff will then be drained to the lake.  

 Wetlands—In addition to the offline treatment wetland adjacent to the lake (see 

above), emergent wetland improvements will also be made in the riparian 

woodland and lower freshwater marsh. The objectives of the wetland 

improvements are to provide additional filtration of storm water runoff from 
Wilmington Drain, D24010 Drain, and other storm water drains that discharge into 

these areas as well as providing new and better quality wetland habitat for wildlife 

associated with these areas. The emergent wetlands will be planted with southern 
bulrush, which is recognized for its sediment retention and water quality 

improvement capabilities. The riparian woodland areas north of the lake will be 

planted with willow, cottonwood, and other woody species to help keep trash and 
other coarse debris from entering the lake during major storm runoff events.  

3.1.3 Strategies to Meet Waste Load Allocation 
Other BMPs that will be constructed are specifically designed to mitigate point source 

loading from upstream permitted stormwater discharges. These BMPs will contribute 

to improving the health of Machado Lake and achieving compliance with the nutrient 
water quality targets set by the WLA. These BMPs will provide positive benefits to the 

water quality in Machado Lake by reducing the long-term build-up of sediments in 

the lake and thereby maintaining deeper lake levels which is a one of the key 
implementation strategies for improving lake water quality. BMPs will focus on 

reducing pollutant loads conveyed from Wilmington Drain and three major storm 

drain outfalls—D24010, Project 510 Line C Drain, and Project 77 Drain. The BMPs 
targeted for Wilmington Drain focus on increasing the hydraulic capacity of the channel 

as well as the sediment storage capacity thereby decreasing the sediment loads 

transported to Machado Lake. Wilmington Drain BMPs include: 

 Re-grade the Wilmington Drain channel bottom creating an in-channel sediment 

basin at the south end, immediately north of PCH. The flat channel bottom will 

result in the removal of more than 30,000 cubic yards of sediment. This will remove 
accumulated sediment that currently hampers stormwater conveyance and provide 

significant future sediment storage capacity.  

 Clean out box culverts under Lomita Boulevard and PCH and re-grade transition 
zone in channel above and below box culverts as necessary. This will also diminish 

the amount of sediment available for transport down stream each culvert.  

 Clear vegetation from the channel bottom and selectively remove invasive plant 
species on channel banks on an annual basis. This will improve the hydraulic 

storage capacity of Wilmington Drain.  

Re-grading Wilmington Drain and removing approximately 30,000 cubic yards of 
sediment provides significant additional needed sediment storage capacity. The 
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clearing and excavation of the channel does not impact the island north of PCH or other 

documented sensitive habitat.  

Other BMPs that will address stormwater discharges to Machado Lake include:  

 Installation of a hydrodynamic separation device at storm drain D24010, the 

Continuous Deflection Separation (CDS®) system manufactured by Contech 

Construction Products Inc. A CDS® is a widely-used structural BMP device 
designed to capture pollutants such as trash and sediments in storm drain systems. 

This technology typically consists of flow-through structures that use the passive 

energy of the flow to separate the solids from liquid through a non-blocking, non-
mechanical screening chamber and settles the pollutants into a sump for storage 

and eventual collection. The primary benefit of this BMP is derived from its ability 

to remove sediment loads that would be transported to Machado Lake. This is 

another BMP that aims to reduce the amount of sediment deposition occurring in 

Machado Lake. 

  In-lake sediment traps to improve water quality by localizing sediment deposition 
to facilitate more frequent removal and thereby extend the timeframe for a deeper 

lake. In-lake sediment traps are depressions created at storm drain outfalls. At two 

key locations, the north edge of the lake and Project 77 Drain, the lake would be 
graded a few feet deeper than the surrounding lakebed and lined with a structural 

material to reinforce the bottom. The intent is to create a submerged stilling basin at 

the drain outfall that will collect sediment in a defined, localized area that can be 
easily accessed for removal. Material used to protect the basin structure includes 

interlocking articulated open-cell or closed-cell varieties of concrete blocks and 

should extend the full length of the basin. An access road will be constructed to 

allow equipment to reach these areas of the lake for long-term maintenance. 

 Construction of bioengineered swales at the stormwater outfalls of Project 510 

Line C and Project 77 Drain, which are effective at reducing nutrient levels from 
dry weather flows delivered to Machado Lake. 

 Trash Nets at Wilmington Drain/110 Freeway; Project 510 (Pine Creek) Channel; 

Project 77 Storm Drain are not designed to specifically reduce sediment or nutrient 
loading to Machado Lake. However, they are an important BMP that will allow the 

City to advance the goal of a healthy lake and achieve other water quality program 

requirements. 

Wilmington Drain @ 110 Freeway The trash net structure will be an in-line, 22-net 
system as manufactured by Fresh Creek Technologies, Inc. The trash net structure 
would be located within Wilmington Drain just downstream of the concrete 
channel discharge under the 110 Freeway. The system will use the passive energy 
of the influent stream to drive the trash/floatables into the disposable nets. The 
nets will collectively treat a design flow rate of 764 cfs with an anticipated head 
loss of approximately 3 inches. The nets will have the capability to collapse to pass 
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the higher storm events (peak flow rate of 5,028 cfs) in order to minimize system 
head loss while still retaining previously captured trash. The nets will be 
serviceable from the south side of the structure with a truck-mounted crane and 
several dump trucks. 

Project 510 (Pine Creek) Channel The trash net structure will be an in-line, 3-net 
system as manufactured by Fresh Creek Technologies, Inc. The trash net structure 
will be located within the Project 510 trapezoidal concrete channel just east of 
Wilmington Drain. The system will use the passive energy of the influent stream to 
drive the trash/floatables into the disposable nets. The nets will collectively treat a 
design flow rate of 133 cfs with an anticipated head loss of approximately 0.1 
inches. The system will have the capability to pass the higher storm events (peak 
flow rate of 638 cfs) in order to minimize system head loss while still retaining 
previously captured trash. The nets will be serviceable from the south bank of the 
trapezoidal channel with a truck-mounted crane and a dump truck. 

Project 77 Storm Drain The trash net structure will be off-line, 3-net system as 

manufactured by Fresh Creek Technologies, Inc. The trash nets will be installed 

inside a precast underground concrete chamber that would be located parallel to 
the main 102-inch Project 77 storm drain. A diversion structure/weir on the 

102-inch storm drain will divert a flow rate of up to 230 cfs to the offline trash net 

chamber for treatment while bypassing flows from higher storm events up to the 
peak flow rate of 823 cfs. Treated flows will return to the 102" storm drain prior to 

the outfall next to Machado Lake. Confined space entry is not typically required to 

service the nets; the underground system will be serviceable from the ground 
surface with a truck-mounted crane and a dump truck. 

3.1.4 Miscellaneous Design Components 
Other design elements that are incorporated into the Machado Lake Ecosystem 

Rehabilitation and Wilmington Drain Multi-Use Project, which support the Proposition O 

ecosystem restoration and recreation goals, are summarized below. While these BMPs 
do not have a direct effect on the health of Machado Lake they are important 

components of the overall project design and do advance environmental 

improvement. 

 Construct park on west side of Wilmington Drain, south of Lomita Boulevard to 

advance education and outreach on ecosystem restoration. Site specific BMPs will 

be incorporated to capture runoff from the park and pet waste disposal bags will 
also be provided in the park. 

 Dam modifications for operational flexibility and public safety. Several design 

features are proposed to improve the lake level control, safety, and the visual 
appearance of the Machado Lake Dam. To provide the maximum flexibility for 

regulating lake water levels, a combination of a high level box culvert system and a 

low level pump system will be incorporated as part of the Machado Lake Dam 
improvements. The high level culverts can lower the lake level to 9 feet msl for 
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maintenance purposes or in advance of small storms. With the addition of the 

pumps, it is possible to draw the entire lake water surface to elevation 7 feet msl (or 

below). The dam crest will be overlain with 4 inches of decorative concrete and a 
decorative guard rail will be added to the upstream face for safety considerations. 

As part of the improvements, water levels will be monitored in Machado Lake. The 

operational flexibility created by these dam modifications can provided added 
benefits such as additional flow during dry seasons to maintain wetland functions 

in the freshwater marsh below the dam and allow for necessary maintenance of in-

lake sediment basins and vegetation terraces.  

 Invasive plant removal from riparian areas. Restoration and enhancement of the 

habitat in the riparian woodlands includes managing a number of nonnative plant 

species that are cumulatively contributing to a degraded community. These species 
include salt cedar, giant reed, ash, Himalayan blackberry, Brazilian pepper tree, 

passion flower, blue gum, and others. Nonnative species will be selectively 

removed throughout KMHRP and replaced with native plant species typically 
observed in riparian habitats. Landscape plantings associated with both the 

Wilmington Drain Pocket Park and KMHRP will also be selected from an 

appropriate list of native species. An adaptive management approach will be used 
to cultivate a more robust riparian habitat that will benefit the overall function, 

health, and diversity of the plant and wildlife community of the Wilmington Drain 

and Machado Lake ecosystem.  

3.2 Implementation Plan Schedule 
The implementation schedule consists of construction, monitoring, and compliance/ 

reporting phases. The implementation plan begins with the construction of the 

Wilmington Drain Multi-use Project and the Machado Lake Ecosystem Rehabilitation Project.  
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Construction activities for Wilmington Drain Multi-use Project are tentatively scheduled 
to begin in June 2011 and conclude in November 2012. The construction phase of the 
Machado Lake Ecosystem Rehabilitation Project is scheduled begin in November 2011 and 
finish in July 2014. The monitoring requirements of the implementation plan will begin 
60 days after approval of the MRP and QAPP provided in this LWQMP. The water 
quality monitoring outlined in Section 3 is an ongoing program commitment of the 
City. The compliance and reporting phase of implementation will begin in 2012 and is 
also an ongoing commitment of the City. Figure 3-2 provides an estimated project time 
line for implementation of the requirements outlined in this LWQMP based on the 
current Proposition O project schedule. These dates are subject to change due to 
potential project delays. Once a contractor has been awarded for the construction phase 
of the Prop O projects, a more detailed construction schedule can be provided. 
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4.1 Sampling Procedures and Analytical Methods 
4.1.1 Monitoring Sites 
Water samples and in-situ measurements will be collected from two mid-lake monitoring 

sites, ML-1 and ML-2, respectively (Figure 4-1). As specified in the Basin Plan 
Amendment, ML-1 (33°47'16.14"N and 118°17'34.68"W) and ML-2 (33°47'03.72"N and 

118°17'37.98"W) are located in the open water portion of the lake with one in the northern 

portion and one in the southern portion of the lake. Buoys will be used to identify and 
mark both sampling locations at ML-1 and ML-2. The average of these two sampling 

locations shall be used to determine compliance with the LAs and attainment of numeric 

targets. 

Sometimes safety and access issues are problematic when conducting field sampling, such 

as adverse weather conditions and/or lake management activities. In the case of any 

unforeseen event, every effort will be made to collect another representative sample in a 
timely manner. If possible, sample collection will move to a nearby location if the sample 

can still be considered "representative" of lake conditions. Otherwise, the site will be 

reported as "inaccessible" and sampling will be skipped at that site until the next 
scheduled sampling event. 

Figure 4-1 
Mid-lake Sampling Locations 
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4.1.2 Sample Types and Sampling Frequency 

Monitoring will be conducted bi-weekly, on a year-round basis, resulting in 26 sample 
events per year. For consistency purposes, sample collection will typically be conducted 

on the same time and day of the week. However, depending upon operational needs, 

sample collection may occur earlier or later during the designated sampling week. 

Grab samples will be collected at each site and analyzed for the following parameters: 

 Total Nitrogen (sum of Organic-N + Ammonia-N + Nitrate/Nitrite-N) 

 Total Phosphorus  
 Ortho-Phosphorus (PO4) 

 Total Dissolved Solids (TDS) 

 Total Suspended Solids (TSS) 

 Chlorophyll-a 

 Turbidity 

In addition, the following physical parameters will be measured in-situ, at the time of 
sample collection:  

 Temperature 

 pH 
 Specific conductivity 

 Dissolved oxygen 

 Secchi depth 
 Lake elevation (using a staff gauge) 

4.1.3 Sample Collection and Delivery Procedures 
Water samples will be collected from a boat. The motor will be turned off prior to reaching 

the sampling location, allowing the boat to coast to the anchoring point. This will be done 

to prevent contamination of the water sample by motor exhaust and to avoid agitation of 
benthic sediments by the propeller. Once the boat has reached the sampling location, an 

anchor will be lowered to keep the boat from drifting offsite while measurements are 

recorded and the samples are collected. 

To account for stratification of the water column, samples will be depth-integrated. A 

custom-made sampling device will be used for this procedure. The device consists of a 

polyvinyl chloride (PVC) pipe (2-inch diameter) with a "flapper valve" attached to the 
lower end (Figure 4-2).  
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As the sampler is lowered vertically 

into the lake, water fills the PVC pipe, 

such that the entire water column is 
represented in the sample. As the 

device is lifted out of the water, the 

flapper valve closes and retains the 
sample within the PVC pipe. The 

sampler can be configured with various 

lengths of PVC pipe to match the depth 
of the water at each sampling station. 

Under typical conditions at Machado 

Lake, the depth integrated sampler will 
collect about 2 liters of sample each 

time it is lowered into the water. To 

collect sufficient volume for all of the 
laboratory-analyzed parameters, the 

sampler must be lowered multiple 

times at each station. To ensure 
consistency of the sample, the samples 

from each "plunge" are poured into a 

clean bucket where they are mixed and 
composited. Once sufficient volume is 

collected in the compositing bucket, the 

water sample is poured into the 
appropriate bottles for the analyses 

being requested. Refer to Table 4-1 for 

the types of bottles to be used for each 
analysis, along with handling requirements. The date and time of sample collection, field 

measurements, and ambient conditions will be recorded. Additionally, field staff will 

measure the changes in lake elevation by recording the water level on a staff gauge that 
will be installed at an appropriate location in the lake. 

Table 4-1 
Sample Types, Required Volume, and Handling Requirements 

Constituents 
Sample 
Volume 

Containers  
(#, size and type) Preservation 

Holding 
Time 

Total Suspended Solids 1000 mL (1) 1000 mL Plastic Bottle Store Cool at 4ºC 7 days 
Total Dissolved Solids 1000 mL (1) 1000 mL Plastic Bottle Store Cool at 4ºC 7 days 
Total Ammonia (NH3-N) 
Total Nitrogen 
Total Phosphorus 

500 mL (1) 500 mL Plastic Bottle Store Cool at 4ºC 
Add sulfuric acid, 

pH < 2 

28 days 

Nitrate (NO3-N) 
Ortho-Phosphorus 
(PO4) 

500 mL (1) 500 mL Plastic Bottle Store Cool at 4ºC 7 days 

Chlorophyll-a 1000 mL (1) 1000 mL Brown Plastic 
Bottle 

Filter and then 
freeze at 0ºC 

14 days 

Turbidity 125 mL (1) 125 mL Plastic Bottle Store Cool at 4ºC 48 hours 
 

Figure 4-2 
Depth Integrated Sampler with Flapper Valve 

 

Flapper Valve 

PVC Pipe (2") 
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For in-situ measurements of water quality parameters, staff will utilize a multi-parameter 

sonde (e.g., YSI model 6600), or comparable instruments to measure temperature, DO, pH, 

and electrical conductivity. Field measurements will be made after sample collection is 
complete unless the measurements can be made in a way that will not contaminate or 

influence the samples. To determine attainment of numeric targets for DO concentrations, 

readings must be taken 0.3 meters above the bottom of the lake. Prior to lowering the DO 
sensor in the water, field staff will measure the depth of the water to determine how far 

the sensor should be lowered. Once the desired depth is obtained, field staff will lower the 

probe to the appropriate depth, and allow the instrument to stabilize before recording the 
DO reading.  

In addition to the DO reading at 0.3 meters above the bottom of the lake, staff will 

submerge the sonde slowly into the lake to measure each of the parameters throughout 
the entire water column. Once the data are obtained throughout the entire water column, 

the median value of each parameter will be reported for every 0.5 meter depth interval. In 

addition to these water quality measurements with the sonde, field staff will also 
determine Secchi depth, using a standard 8-inch diameter Secchi disc with alternating 

black and white quadrants, to gauge the turbidity and clarity of the water.  

After water samples are collected, they must be stored on ice in a cooler with the lid closed 
during transport to the laboratory. Chain-of-custody (COC) forms are completed by the 

sampler for all samples, placed in a plastic envelope, and kept inside the cooler with the 

samples. Upon delivery to the laboratory, the laboratory staff inspects the condition of the 
samples, signs the COC, and reconciles the label information to the COC form. Time of 

sample collection is noted, and the samples are stored at the appropriate temperature until 

analysis is begun, always within the holding time limitation. At this point, the laboratory 

becomes responsible for sample custody. Samples may be disposed of when analysis is 

complete and all analytical quality assurance/quality control procedures are reviewed 

and accepted. 

To ensure the accuracy and thoroughness of the dataset, field duplicates will be collected 

at one of the monitoring sites, along with field blanks for each of the analytes being tested. 

When preparing the field duplicates, water from a single sampling vessel is to be split into 
two identical bottles (one for the regular sample and one as the duplicate). The sample 

will be well-mixed before splitting. For reporting purposes, only the data for the regular 

sample will be used, whereas the data for the duplicate will be used for quality assurance 
purposes. Field sampling staff will record the location where the duplicate samples were 

taken, but this information will not be shared with the laboratory. 

4.1.4 Analytical Methods 
All water samples will be analyzed by Environmental Monitoring Division (EMD). 

Laboratory will be ELAP certified for each of the methods. All lab samples will be 
analyzed in accordance with SWAMP-approved (or comparable) analytical methods. 

However, if alternate methods are chosen, the Regional Board will be notified before any 

analyses are performed. 
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Table 4-2 
Laboratory Analytical Methods and Detection Limits 

Parameter Laboratory Analytical Method 
ML 

Limit 
MDL 
Limit 

Total Suspended 
Solids 

EMD SM 20th ed. 2540 D  1.0 mg/L 

Total Dissolved Solids EMD SM 20th ed. 2540 D  28 mg/L 
Organic Nitrogen EMD EPA 351.2 0.1 mg/L 0.1 mg/L 
Total Ammonia  
(NH3-N) 

EMD EPA 350.1 0.1 mg/L 0.05 mg/L 

Nitrate/Nitrite EMD EPA 300.0 0.1 mg/L 0.02 mg/L 
Total Nitrogen EMD Sum of NH3, NO3, NO2, and Organic-

N. 
  

Ortho-Phosphorous EMD SM 4500-P E 0.1 mg/L 0.05 mg/L 
Total Phosphorous EMD SM 4500-P E 0.1 mg/L 0.05 mg/L 
Chlorophyll-a EMD 

 
SM 20th ed. 10200 H 
 

10 µg/l 6 µg/l 

Turbidity EMD SM 20th ed. 2130 B 1.5 NTU 0.3 NTU 

 
4.2 Data Quality Objectives 
4.2.1 Quality Assurance Project Plan 
A QAPP is included in this document and is meant to supplement this Monitoring and 
Reporting Plan (see Appendix B). The purpose of the QAPP is to ensure that the 
monitoring program produces consistent, reliable data that meet the project's overall 
goals, and data quality objectives are met. Data quality objectives are discussed in detail 
in the QAPP. In general, the QAPP will ensure that methods for sample collection and 
laboratory analysis are consistent with guidelines established by the State of California's 
SWAMP. The QAPP also specifies the corrective actions to be taken when data quality 
objectives are not being met.  

4.3 Data Management and Reporting 
4.3.1 Database Management 
Data management will be a collaborative effort involving field staff from the WPD, as 
well as laboratory staff from the EMD. WPD will record and maintain all field data 
collected during sampling events. A field log sheet will be used to register all 
information during a particular sampling event, such as date, time, name of field 
personnel, sampling location, sample ID, name of sampling program, and visual 
inspection of the site as well as additional comments that may be relevant to the project. 
All field data will be entered into an electronic database following each sampling event. 
EMD will record and log all samples that are analyzed at the laboratory, and all 
laboratory data will be entered into EMD's Laboratory Information Management 
System (LIMS). Upon validation from each respective laboratory supervisor, EMD will 
upload the validated data into the Bureau of Sanitation's Wastewater Information 
System and Analytical Research Database (WISARD). Likewise, WPD field staff will 
upload the required in-situ measurements and other pertinent field observations into 
WISARD. The WISARD database is maintained by the Information Control Systems 
Division (ICSD) and is used extensively by the Bureau of Sanitation for legal reporting 
of data for various NPDES and TMDL monitoring programs. Custom report templates 

RB-AR41041



Section 4 
Monitoring and Reporting Plan 

4-6   

will be developed for the Machado Lake Nutrients TMDL Monitoring Program, so that 
data are reported in a timely, consistent manner, with systems in place to maintain the 
integrity of the data. Data within WISARD can only be edited with administrative 
approval, and will have an access log showing activities and changes made to the file. 
WISARD files are stored on a secure server, and are backed up on a daily basis. 

In addition, hard copies of the Field log sheets and laboratory results will be filed in 
project specific folders at WPD and EMD, respectively. All electronic data files, at WPD 
and EMD, are saved on a network drive and are backed-up in an archive. Records will 
be maintained for a minimum of 5 years after submission of the data to the Regional 
Board. However, it is the practice of the Bureau of Sanitation (including WPD and 
EMD) to maintain monitoring records indefinitely. 

4.3.2 Reporting Guidelines and Distribution 
As specified in the TMDL, data for this monitoring program must be reported to the 
Regional Board on an annual basis. Monitoring shall begin within 60 days following 
final approval of this plan by the Regional Board's Executive Officer. The annual 
monitoring report shall be submitted within 6 months after the completion of the final 
sampling event of the year. Thus, a report must be submitted before June 30th of each 
year, and it will include any data collected from January 1st through December 31st, 
from the preceding year. The annual report will also include the following information: 

• Introduction and background information 
• Documentation and summary of each sampling event 
• Discussion of compliance or noncompliance with interim or final waste load 

allocations 
• Tabular results of all samples, including quality assurance quality control samples 
• Evaluation of data quality based on QAPP requirements 
• Summary of overall LWQMP implementation including a progress report on 

management strategy implementation (will be included up until the end of the 
construction of the Prop O project) 

The Legal Reporting Unit of the EMD will be responsible for compiling the required 
data for each annual report. Report templates will be set up in the WISARD database, 
so that compiling the data will be an automated process, ensuring that data 
transcription errors are eliminated at this step in the reporting process. Since WPD staff 
is responsible for the in-situ measurements and the collection of samples, a preliminary 
draft of the report will be provided to WPD for review. Any discrepancies identified in 
the report will be discussed and resolved through a coordinated effort by WPD and 
EMD staff. Upon approval of the report, the Division Managers of WPD and EMD will 
certify the integrity of the data, and the Legal Reporting Unit of EMD will send a hard 
copy (with approval signatures) of the finalized report to the Executive Officer of the 
Regional Board. Electronic copies of the final report will also be sent to various 
stakeholders, and technical staff at the Regional Board. An email distribution list will be 
created for this purpose, and interested parties can request to be included on this list by 
contacting the Division Managers at WPD or EMD. The Legal Reporting Unit at EMD 
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4.3.4 Unofficial Reports 

In addition to the required annual report, WPD and/or EMD may develop other 
standardized reports that summarize monitoring data more frequently (e.g., monthly 

reports). These reports will be for the purpose managing and assessing the data, as well as 

providing essential information for lake water quality management. These data would be 
available to employees in the Bureau of Sanitation who possess a WISARD login ID. For 

those unable to acquire a WISARD login ID, the data could be emailed to a distribution list 

set up by the Legal Reporting Unit at EMD. It should be noted, that these reports would 
be considered "unofficial results" since they will not be certified by WPD and EMD 

Division Managers, and the data contained would still be subject to review with respect to 

Data Quality Objectives. 

4.4 Health and Safety Plan 
In an effort to improve employee safety, health awareness, and prevent occupational-

related injuries and illness, participating laboratories and field sampling groups must 

have a safety program that satisfies applicable federal, state, and local regulations. It is the 
policy of the City to have a safe working environment for all of their employees and that 

all field and laboratory work be performed in a manner that provides the maximum level 

of safety for the protection of every employee.  

4.4.1 Health and Safety Plans 

EMD maintains it own chemical hygiene plan for its employees, and this plan is deemed 
sufficient for the protection of EMD staff when handling, analyzing, and disposing of 

samples. 

WPD also maintains its own Health and Safety Plan, including safety considerations that 
are unique to conducting field work at Machado Lake. A dedicated binder has been 

established, that holds pertinent information related to the sampling locations for this 

monitoring program. The binder will be updated as more information is discovered. The 
Health and Safety Binder will reside at WPD offices, and relevant parts will be reproduced 

for each field crew before the first sampling event. The binder will contain the following 

types of items:  

 Maps showing nearest hospitals and quickest routes from key locations  

 Map showing location of Police headquarters, Fire Departments, and other emergency 

resources 

 All contact information of emergency resources  

 Map showing areas of concern or potential hazards as gleaned in the reconnaissance 

activities and updated over time  

 Checklists: vehicle safety, Personal Protective Equipment (PPE), etc. 

 Material Safety Data Sheets (MSDS) of chemicals used in the field or calibration room  

 Instructions for chemical spill, automotive accident and personal injury response 
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4.4.2 Sampling Constraints 

The health and safety of field and laboratory staff is always the primary concern when 
conducting monitoring activities. If a sample location is inaccessible or deemed to be 

unsafe, no sample is required to be collected and comments should be noted on the field 

log sheet. During wet weather, safety considerations may preclude collection of a sample. 
In the case of an unforeseen event, every effort will be made to collect another 

representative sample in a timely manner. Furthermore, certain management practices 

and/or rehabilitation activities may cause samples from the lake to be ―non-
representative‖ of true conditions. If this is deemed to be the case, sampling may be 

postponed or cancelled until the conditions return to equilibrium. 
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Section 5 
TMDL Compliance Analysis 
 

5.1 Overview 
This section describes the anticipated ability of the City to achieve compliance with its 
responsibilities under the Nutrients TMDL based on the implementation of the BMPs 

described in Section 3 and utilizing information obtained from the monitoring and 

reporting plan described in Section 4. As discussed in Section 1, compliance with the 
TMDL involves the implementation of the following two components:  

 Load allocation (LA) – TMDL limit applicable to nonpoint sources. At Machado Lake 

nonpoint sources include nutrients entering the lake from overland flows from the 

surrounding parkland as well as nutrients generated from internal loading in the lake 

itself. The agency responsible for nonpoint sources of pollutants is identified in the 

TMDL as the City of Los Angeles, Department of Recreation and Parks.  

 Waste load allocation (WLA) – TMDL limit applicable to each point source, including 

storm drain discharges. The WLA is the responsibility of the following jurisdictions: 

the MS4 Permittees (including Los Angeles County; LACFCD; the Cities of Carson, 
Lomita, Los Angeles, Palos Verdes Estates, Rancho Palos Verdes, Redondo Beach, 

Rolling Hills, Rolling Hills Estates, and Torrance); Caltrans; and the NPDES General 

Construction and Industrial Stormwater Permittees.  

As previously discussed, this LWQMP has been prepared by the City to address actions 

taken by two of the listed responsible agencies: RAP and BOS. The other responsible 

jurisdictions will submit separate plans. As such, the compliance analysis detailed here 
serves to illustrate how the City will comply with its responsibilities under the Nutrients 

TMDL. It should be noted that this compliance analysis assumes the other responsible 

jurisdictions will independently be in compliance with the WLAs, as required by the 
TMDL.  

5.2 Compliance Analysis 
The City will be implementing a wide range of strategies and BMPs that will work 

toward reducing nutrient loads in the lake and from the surrounding land within 
KMHRP as well as reducing sediment loads in runoff from surrounding watersheds. As 

allowed by the Nutrients TMDL supporting documentation, compliance with the City's 

commitment to WLAs and LAs under the TMDL can be demonstrated by a combination 

of documentation of BMPs being implemented and analysis of improvements in lake 

water quality expected to be achieved by these BMPs. As such, since the LAs and WLAs 

have the same numeric values as the in-lake numeric water quality targets, overall 
compliance with targets will be demonstrated through predicting and monitoring 

concentrations of nutrients within the lake. The analysis contained in this section is 

based on representing current in-lake and post-BMP in-lake conditions as predicted by 
the Lake Water Quality Model (see Section 2 and Appendix C).  
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5.2.1 Interim Compliance 

The TMDL includes two interim compliance dates with corresponding interim 
compliance LAs and WLAs. These dates are March 11, 2009, and September 11, 2014. 

The final LAs and WLAs must be met by September 11, 2018. Table 5-1 summarizes 

current water quality conditions as compared to the two interim and one final LAs and 
WLAs. 

Currently, in-lake water quality conditions meet the two interim compliance LAs and 

WLAs for Total P and Total N as shown in Table 5-1, while there are no interim 
compliance targets for chlorophyll-a, or ammonia-N. Therefore, BMPs that will be 

implemented are intended to achieve compliance with the final LAs and WLAs. 

Table 5-1 
Current Conditions Compared to Load Allocations and Waste Load Allocations 

Constituent 

Current Measured 
Conditions 
(average)1 

Compliance Date and Load/Waste Load Allocations 
(mg/L)2 

Interim: 
March 11, 2009 

Interim: 
March 11, 2014 

Final: 
Sept. 11, 2018 

Total Phosphorus 
(mg/L) 

0.8 1.25 1.25 0.10 

Total Nitrogen 
(mg/L) 

1.8 3.5 2.45 1.0 

Chlorophyll-a (ug/L) 73 NA NA 20 
Ammonia-N (mg/L) 0.043 NA NA 5.95 (1-hr) 4 

2.15 (30-day) 4 
Dissolved Oxygen 
(mg/L) 

4.75 NA NA 56 

 
Current conditions: In-Lake samples were taken at four in-lake locations from June 2006 to September 

2008. Note that in-lake measurements include phosphorus concentrations from both internal and 
external loads. 

 

Notes:  
1 See Table 2-1 in Section 2. City of Los Angeles, Watershed Protection Division sampling program. 

Monthly Average of water quality samples taken at four in-lake locations from June 2006 to 
September 2008 Most in-lake water quality samples were collected during dry weather periods with 
low base flow in the drains. No samples were collected during wet weather; however, a few samples 
were collected one or two days after wet weather events.  

2 TMDL Load Allocations as presented in the Amendment to the Water Quality Control Plan – Los 
Angeles Region to Incorporate the TMDL for Nutrients in Machado Lake.  

3 Overall Ammonia-N Average (Table 2-1). Note that the maximum is 0.58 mg/L, also below the load 
allocations. 

4 One hour average and 30 day average, 5.95 mg/L and 2.15 mg/L respectively. 
5 The average concentration of oxygen at the bottom depth is 4.7 mg/L, while the minimum measured is 

0.46 mg/L. 
6 Single sample minimum measured 0.3 meters above the sediment.  
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5.2.2 Final Compliance Analysis 

Currently the concentrations of total nitrogen, total phosphorus and chlorophyll-a in the 
lake exceed the final numeric targets (Table 5-1). Concentrations for ammonia-N are far 

below the final numeric targets and average values of dissolved oxygen are slightly 

below the final numeric target. In order to reduce sources and loadings of nutrients and 
sediment and improve in-lake conditions that will contribute to achieving the targets, 

the City will implement the following BMPs (see Section 3 for more detailed BMP 

descriptions):  

Non-Point Source: 

1. Lake Dredging 

2. Add Supplemental Water - Recycled 
3. Oxygenation System 

4. Off-line treatment wetland 

5. Phosphorus removal system 
6. Aquatic Plant Management and Littoral Zone Enhancements 

7. Shoreline Erosion Control (Lake Edge) Treatments 

8. Floating Wetlands (aquatic) 
9. Golf Course Maintenance Yard Site BMPs 

10. KMHRP Design Improvements (WQ benefits), including Southern Tarplant 

enhancement 

Point Source: 

11. In-Lake Sediment Basin - North 

12. In-Lake Sediment Basin - West/Project 77 Drain 
13. Re-grade Entire Wilmington Drain Channel Bottom 

14. Clean box culverts at Lomita Blvd. 

15. Clearing and Annual Maintenance for Channel Vegetation 
16. CDS at D24010 Drain 

17. Bioengineered swale at Project 77 Drain (dry weather treatment) 

18. Bioengineered swale at Project 510 Line C Drain (dry weather treatment) 

Other: 

19. Public Education and Outreach 

BMPs Included in the Lake Water Quality Model 

The Lake Water Quality Model was developed to estimate nutrient concentrations in 

Machado Lake after the installation of the first five BMPs listed above (lake dredging, 

addition of supplemental water, oxygenation system, off-line treatment wetland, and a 

phosphorus removal system). The nutrient removal potential resulting from these BMPs 

are included directly in the model because of the substantial amount of data that exists 

to support their performance, as well as the significant amount of studies done 
specifically at Machado Lake to establish input assumptions (see Section 2 and 

Appendix C for a discussion on the model).  
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The potential contributions to nutrient uptake and removal from the remaining 15 

BMPs, numbers 6 through 19 above, were included in the model in two ways.  

 In Lake BMPs: BMPs 6 through 10 as well as number 19 (public education and 
outreach) are expected to reduce the internal loading of nutrients in the lake. Since 

sufficient supporting documentation does not exist to individually quantify the 

reduction associated with these BMPs, no further reduction was directly accounted 
for in the model.  In affect this adds a minor, though not quantifiable factor of safety 

to the interpretation of the results. 

 Watershed BMPs: BMPs 11 through 18 are expected to reduce the concentration of 
nutrients in the runoff from the upstream watershed. As with the in lake BMPs 

discussed above, each of these BMPs could not be simulated individually due to 

insufficient supporting documentation. Again, no overt reduction was taken to 

account for these BMPs.  However, the previously discussed use of long-term average 

EMC values rather than the short term monitoring data to represent runoff from the 

upstream watersheds also accounts for miscellaneous upstream BMPs that are part of 
the project as well as good source control measures that the City will continue to 

implement within its portion of the watershed.  

The following sections describe the predicted post-BMP nutrient concentrations in the 
lake based on the benefits that can be quantified from the first five BMPs listed above. 

5.2.2.1 Predicted In-Lake Nutrient Concentrations after BMP Implementation 

The Lake Water Quality Model (Section 2 and Appendix C) was used to simulate the 
water quality results of implementing these BMPs. Table 5-2 presents predictions of the 

mean summer water quality conditions expected in 2014, 2018 and 2024, representing 

one year, five years, and ten years, respectively, after the implementation of the BMPs 
described in Section 5.2.2 above. The 2014 and 2018 dates also serve as predictions of the 

second interim and final compliance milestones. Table 5-3 presents the monthly 

concentrations of total phosphorus, total nitrogen, and chlorophyll-a after 
implementation of all of the BMPs. Summer (May to September) represents the critical 

period with respect to sustained elevated nutrient concentrations and phytoplankton 

growth. However, as shown, increases in monthly nutrient concentration can occur 
during the winter months due to large spikes in loading from rain events.  
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Table 5-2 
Predicted In-Lake Nutrient Concentrations with Current Runoff Concentrations 

Constituent 

TMDL Numeric 
Targets (Final 
Compliance)1 

Model Predictions2 
2014 Mean 
Summer 

2018 Mean 
Summer 

2024 Mean 
Summer 

Total Phosphorus 
(mg/L) 

0.13 0.12 0.15 0.16 

Total Nitrogen (mg/L) 1.03 1.19 1.21 1.22 
Chlorophyll-a (ug/L) 203 17 18 19 
Ammonia-N (mg/L) 5.95 (1-hr) 4 

2.15 (30-day)4 
NA5 NA5 NA5 

Dissolved Oxygen 
(mg/L) 

56 NA7 NA7 NA7 

Notes:  
1      TMDL Load Allocations: Nutrients TMDL. 
2       Predicted concentrations: Machado Lake Lake Water Quality Model described in Appendix 

C. Assumes that BMPs are installed by 2013. 2014 is therefore 1 year post BMP installation, 
and 2018 is 5 years post BMP installation, and 2024 is 10 years after BMP installation.  

3 Monthly Average 
4 One hour average and 30 day average, 5.95 mg/L and 2.15 mg/L respectively. 
5 The model does not predict ammonia. BMPs included in Machado Lake Rehabilitation 

Project are expected to directly decrease ammonia levels in the lake as discussed in Section 
5.2.2.4. 

6 Single sample minimum measured 0.3 meters above the sediment.  
7    The model does not predict dissolved oxygen. BMPs included in the Machado Lake 

Rehabilitation Project directly increase oxygen levels in the lake as discussed in Section 
5.2.2.3. 

 

Table 5-3 
Modeled Monthly Nutrient Concentrations After Implementation of BMPs 

 
Monthly mean1, 2, 3 

2014 
Monthly mean1, 2, 3 

2018 
Monthly mean1, 2, 3 

2024 

Month 
TP 

(mg/L) 
TN 

(mg/L) 
Chl-a 
(ug/L) 

TP 
(mg/L) 

TN 
(mg/L) 

Chl-a 
(ug/L) 

TP 
(mg/L) 

TN 
(mg/L) 

Chl-a 
(ug/L) 

April 0.13 0.58 9 0.15 0.60 9 0.16 0.63 10 
May 0.12 0.90 13 0.14 0.84 12 0.15 0.75 11 
June 0.17 1.73 23 0.19 1.76 24 0.21 1.81 25 
July 0.14 1.62 22 0.17 1.65 23 0.19 1.69 24 
Aug 0.13 1.48 20 0.15 1.51 21 0.17 1.54 22 
Sept 0.08 0.88 12 0.10 1.14 16 0.12 0.90 14 
Oct 0.13 0.74 - 0.13 0.70  0.12 0.64  
Nov 0.11 0.34 - 0.12 0.27  0.14 0.32  
Dec 0.24 1.33 - 0.24 1.36  0.23 1.25  
Jan 0.26 1.72 - 0.25 1.52  0.25 1.37  
Feb 0.26 1.61 - 0.26 1.63  0.27 1.70  
March 0.20 0.94 - 0.22 1.15  0.24 1.32  

Note:  
1 Predicted concentrations: Machado Lake Lake Water Quality Model described in Appendix C. 

Assumes that BMPs are installed by 2013. 2014 is therefore 1 year post BMP installation, 
2018 is 5 years post BMP installation, and 2024 is 10 years after BMP installation. 

2 Summer months are the worst case with respect to sustained elevated nutrient concentrations 
and phytoplankton growth. However, increases in nutrient concentrations can occur during the 
winter months due to large spikes in loading from rain events. These become more 
pronounced in the model as summer internal loads are addressed with dredging. Additionally 
the model assumes that the wetlands only operate during the summer. 

3 The model does not simulate winter phytoplankton. The empirical formulation is intended for 
summer mean concentration. It is assumed that winter phytoplankton is not the concern due to 
lower temperatures and sunlight. 
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Based on the in-lake and other BMPs that the City will be implementing to address 

nutrient loadings, it is predicted that the lake will meet the chlorophyll-a load on a 

summer time average and may only very slightly exceed the average in a few peak 
summer months. Implementation of the BMPs is also predicted to substantially reduce 

the nutrient concentrations in the lake below the current conditions. Phosphorus is 

predicted to be reduced from a current mean summer value of 0.8 mg/L to a mean 
summer value of 0.12 mg/L (85 percent reduction) in the first year, while nitrogen is 

predicted to be reduced from a current mean of 1.8 mg/L to a summer mean of 1.19 

mg/L (34 percent reduction) (see Tables 5-1 and 5-2). However, the mean phosphorus 
and nitrogen concentrations are still predicted to exceed the in-lake numeric targets. 

Chlorophyll-a is predicted to be reduced from its current average concentration of 73 

ug/L to 17 ug/L, a 77 percent reduction. 

5.2.2.2 Treatment of External Load to meet Nutrients Load and Waste Load 
Allocations 

As shown in Table 2-4 in Section 2, water quality monitoring in the storm drains 
indicates that phosphorus concentrations in runoff from the watershed may average 0.6 

mg/L during both dry and wet weather, and nitrogen concentrations average 2.7 mg/L 

for dry weather and 2.8 mg/L for wet weather, values that exceed the LAs and WLAs. 
The tributary area to Machado Lake is approximately 14,156 acres, which is 

approximately 389 times the surface area of the lake (see Figure 1-2 in Section 1), 

resulting in substantial runoff loads entering the lake predominantly from wet weather 
urban runoff. Since the external load of nutrients is substantial, and there is a large 

tributary area compared to the lake area, the external load will have to be significantly 

reduced prior to discharge to the lake in order for the lake to consistently attain the 
nitrogen and phosphorus numeric targets established for the lake. It should also be 

noted that it is the high external load that causes the elevated internal load to occur 

during the summer months. As the nutrients are brought to the lake via the urban 
runoff, they settle within the lake and re-suspend during the summer months. The high 

load during the winter months is due to spikes in nutrient loads during rain events, 

which are directly related to the nutrient load in the runoff.  

The City of Los Angeles' upstream portion of the watershed is 1,800 acres, or 13 percent 

of the total watershed. Therefore, 87 percent of the watershed is not within the City of 

Los Angeles' jurisdiction. As stated previously, since the other upstream jurisdictions are 
not participating in the activities and BMPs described in this LWQMP, they are required 

to separately meet their TMDL WLAs by reducing the nutrient concentrations in the 

runoff from their areas. If the quality of the runoff from the portion of the upstream 
watershed that is attributed to these responsible jurisdictions were to be reduced 

through various BMP approaches to achieve the TMDL WLAs of 0.1 mg/L – P and 1.0 

mg/L – N, then the external load to Machado Lake would be substantially reduced.  
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Table 5-4 presents the 2014 summer average concentrations of total phosphorus, total 

nitrogen, and chlorophyll-a assuming in-lake BMPs are installed by 2013. Table 5-4 also 

presents the model results for 2018 and 2024, which further assumes that by 2018 the 
other responsible jurisdictions will be meeting their final TMDL WLAs.  

Table 5-4 
Predicted In-Lake Nutrient Concentrations with Upstream Jurisdictions  

Meeting the TMDL Waste Load Allocations 

Constituent 

TMDL Numeric 
Targets (Final 
Compliance by 

2018)1 

Model Predictions2 

2014 Mean 
Summer 

2018 Mean 
Summer 

2024 Mean 
Summer 

Total Phosphorus (mg/L) 0.13 0.12 0.08 0.08 
Total Nitrogen (mg/L) 1.03 1.19 0.58 0.57 
Chlorophyll-a (ug/L) 203 17 8 8 
Ammonia-N (mg/L) 5.95 (1-hr) 4 

2.15 (30-day)4 
NA5 NA5 NA5 

Dissolved Oxygen (mg/L) 56 NA7 NA6 NA6 

Notes:  
1     TMDL Load Allocations: Nutrients TMDL. Final compliance targets are shown, which must be met 

by 2018. Interim compliance targets are presented in Table 5-1. 
2        Predicted concentrations: Machado Lake Lake Water Quality Model described in Appendix C. 

Assumes that BMPs are installed by 2013. 2014 is therefore 1 year post BMP installation, and 
2018 is 5 years post BMP installation, and 2024 is 10 years after BMP installation. It is assumed 
that the other responsible jurisdictions, which account for 87 percent of the tributary drainage 
area, are in compliance with their WLA starting in 2018. 

3 Monthly Average  
4 One hour average and 30 day average, 5.95 mg/L and 2.15 mg/L respectively. 
5 The model does not predict ammonia. BMPs included in Machado Lake Rehabilitation Project are 

expected to directly decrease ammonia levels in the lake as discussed in Section 5.2.2.4. 
6 Single sample minimum measured 0.3 meters above the sediment.  
7     The model does not predict dissolved oxygen. BMPs included in the Machado Lake Rehabilitation 

Project directly increase oxygen levels in the lake as discussed in Section 5.2.2.3. 
 

Table 5-5 presents the 2014, 2018 and 2024 monthly concentrations (one year, five years, 
and ten years after BMP implementation) of total phosphorus, total nitrogen, and 

chlorophyll-a also assuming the in-lake BMPs are installed by 2013 in addition to the 

other responsible jurisdictions meeting their TMDL WLAs by 2018.  

Assuming that these other upstream responsible jurisdictions were to fully meet the 

TMDL WLAs in runoff reaching the lake, the model predicts the in-lake nutrient 

concentrations will be consistently at or below the total phosphorus, total nitrogen and 
chlorophyll-a targets throughout the year. 
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Table 5-5 
Modeled Monthly Nutrient Concentrations Based on In-Lake BMPs and Assuming Other 

Jurisdictions Meeting TMDL WLAs 

 
Monthly mean1, 2, 3 

2014 
Monthly mean1, 2, 3 

2018 
Monthly mean1, 2, 3 

2024 

Month 
TP 

(mg/L) 
TN 

(mg/L) 
Chl-a 
(ug/L) 

TP 
(mg/L) 

TN 
(mg/L) 

Chl-a 
(ug/L) 

TP 
(mg/L) 

TN 
(mg/L) 

Chl-a 
(ug/L) 

April 0.13 0.58 9 0.07 0.25 2 0.07 0.25 2 
May 0.12 0.90 13 0.07 0.39 4 0.07 0.35 3 
June 0.17 1.73 23 0.09 0.76 11 0.09 0.76 11 
July 0.14 1.62 22 0.09 0.78 12 0.09 0.78 12 
Aug 0.13 1.48 20 0.09 0.78 12 0.09 0.78 12 
Sept 0.08 0.88 12 0.07 0.50 6 0.07 0.49 6 
Oct 0.13 0.74 - 0.07 0.34 - 0.05 0.27 - 
Nov 0.11 0.34 - 0.06 0.14 - 0.06 0.13 - 
Dec 0.24 1.33 - 0.09 0.50 - 0.09 0.46 - 
Jan 0.26 1.72 - 0.10 0.59 - 0.10 0.50 - 
Feb 0.26 1.61 - 0.10 0.60 - 0.10 0.62 - 
March 0.20 0.94 - 0.09 0.39 - 0.09 0.47 - 

Note:  
1 Predicted concentrations: Machado Lake Lake Water Quality Model described in Appendix C. 

Assumes that BMPs are installed by 2013. 2014 is therefore 1 year post BMP installation, and 
2018 is 5 years post BMP installation, and 2024 is 10 years after BMP installation. It is assumed 
that the other responsible jurisdictions, which account for 87 percent of the tributary drainage 
area, are in compliance with their WLA starting in 2018. 

2     Summer months are considered the worst case with respect to sustained elevated nutrient 
concentrations and phytoplankton growth. However, increases in nutrient concentrations can 
occur during the winter months due to large spikes in loading from rain events. These become 
more pronounced in the model as summer internal loads are addressed with dredging. 
Additionally the model assumes that the wetlands only operate during the summer. 

3 The model does not simulate winter phytoplankton. The empirical formulation is intended for 
summer mean concentration. It is assumed that winter phytoplankton is not the concern due to 
lower temperatures and sunlight. 

 
 

5.2.2.3 Dissolved Oxygen Numeric Target 

The TMDL also sets a minimum concentration of DO in the lake at 5 mg/L, measured 

0.3 meters above the sediment. As shown in Table 2-1 in Section 2, the current minimum 

observed DO concentration is 0.5 mg/L, while the current average is 4.7 mg/L on the 
bottom of the lake. While the Lake Water Quality Model does not predict the 

concentration of DO in the lake, the Machado Lake Rehabilitation Project includes 

installation of an oxygenation system which will increase DO levels in the lake. The 
oxygenation system will inject pure oxygen into the lake through a Speece cone. The 

Speece cone involves a downflow bubble contactor that will extract water from the 

bottom of the lake and inject pure oxygen at the top of the device. This will create a 
"bubble swarm" in the center of the cone, which will achieve a 95 percent transfer of 

oxygen to the water. Through a pipe with increasing diameter (allowing the velocity to 

slow as the water flows downward) the water will be re-injected back into the bottom of 
the lake. This system will be used primarily during the period of March through 

November when the oxygen levels are lower. The system will be designed to be able to 

maintain DO concentrations at or above 5 mg/L. 
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5.2.2.4 Ammonia Numeric Target 

The TMDL also sets a minimum concentration of ammonia (NH4) in the lake as both a 

1-hour average limit of 5.95 mg/L and a 30-day average of 2.15 mg/L. As shown in 
Table 2-1 in Section 2, the current monitoring data shows that the average in-lake 

measurement was 0.04 mg/L NH4, which is substantially below the numeric targets.  

Further, the ratio of NH4:TN is expected to remain consistent. The average ratios of 
NH4:TN (ammonia to total nitrogen) from historical measured data in the lake is 0.04 

mg/L NH4 : 1.8 mg/L TN (average values presented in Table 2-1), which means that the 

TN concentration is 45 times the NH4 concentration. Since the future TN value 
following full implementation of the BMPs is predicted to be 0.6 mg/L (Table 5-4) then 

using the same ratio of NH4:TN, the NH4 concentration would be 45 times less than 0.6 

mg/L TN, or 0.001 mg/L NH4. As this value is far below the numeric limit for NH4, it is 

expected that the ammonia concentration would meet the TMDL numeric target.  

Moreover, the oxygenation system will increase the DO levels in the lake thus 

promoting greater nitrification; consequently, the ratio of NH4:TN will likely be even 
lower in the future.  

5.3 Sensitivity Analysis 
 In order to assess the sensitivity of the lake water quality model to individual model 

input parameters, a "jack-knifing" procedure was employed. The term "jack-knifing" 
commonly refers to the process of varying individual model parameters, in isolation and 

within reasonable ranges, to assess model sensitivity. In general, the analysis shows 

moderate to low model sensitivity (within + 25%) to the majority of input parameters for 
the given perturbation ranges, indicating a robust model. More importantly, for the 

specific application of the model presented in this document, none of the perturbations 

resulted in excursions above the TMDL targets for any of the three output variables. The 
analysis identified the greatest model sensitivity is related to lake depth, sediment 

nitrogen parameters, and wetland and water column nitrogen uptake rates. Details of 

the analysis are provided in Appendix C. 

5.4 Uncertainty Analysis 
The jack-knife analysis described above provides useful information on model 

sensitivities to individual parameters and also provides initial steps in quantifying 

model prediction uncertainty. As described in Appendix C, a moderate level of 
uncertainty in model predictions can be attributed to model parameterization, although 

this is lessened by the fact that the parameterization is supported by measured data, 

model calibration efforts, and sound engineering judgment and experience. However, an 
additional source of significant uncertainty in the model predictions is that associated 

with input parameters that we know to be "naturally" variable. In the lake water quality 

model, such parameters are generally linked to weather and hydrology, both of which 
introduce elements of randomness and unpredictability. To address this category of 

uncertainty, a stochastic version of the Machado Lake Water Quality model was 

developed. 
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The stochastic version of the Machado Lake Water Quality model was constructed using 

the @RISK software (Palisade Corporation), an add-in to Excel (Microsoft). In this version 

of the model, selected model parameters were allowed to vary stochastically during 
model simulation, rather than assumed constant. Probability distribution functions were 

fit to available data for each stochastic variable. These probability distribution functions 

describe the expected variability of each stochastic variable using continuous functions. 
Model output (N, P, and Chl-a concentrations) are presented as cumulative probability 

distribution functions across a range of values, rather than as single concentrations. This 

type of output provides valuable insight into the risk of concentration target 
exceedances and the level of uncertainty associated with each output parameter due to 

natural random variability. 

Results show that all of the calculated output concentration probability curves for the 
baseline (post-BMP) system are relatively flat, indicating limited sensitivity to the inflow 

concentration and flow variability modeled. It is also noteworthy that both the N and 

chl-a output curves lie fully below the TMDL targets, while the P curve extends slightly 
above the target only at approximately the 40% exceedance level. We can conclude from 

these results that, given the assumed effectiveness of in-lake and watershed mitigation 

efforts, the risk of exceeding TMDL targets as a result of randomness in weather and 
inflow concentration patterns is low. Further details of this analysis are provided in 

Appendix C. 

5.5 Healthy Lake Goals 
The historical trophic state of Machado Lake was investigated in the paleolimnologic 
study summarized in Section 2.2, which states that it is likely that the waters of Machado 

Lake have been mesotrophic to eutrophic for the past 66 years (1943 to 2009). Further, 

the diatoms that have persisted over this time period indicated that the lake has 
consistently had high nutrient concentrations.  

Additionally, whereas typical lakes have lake to watershed ratios less than 1: 100, 

Machado Lake has a very high surface area to watershed area of 1: 389 acres, which is 
indicative of a lake that would have eutrophic conditions (Horne & Goldman, 1994).  

These two pieces of information indicate that the lake not only has been eutrophic 

historically, but also that the nature of the drainage area nearly guarantees that the lake 
would be eutrophic.  

Phosphorus and nitrogen are the key nutrients for photoplankton growth in lakes, and 

are responsible for the eutrophication of surface waters (Regional Board, 2008). 

However, ultimately the most direct measure of a healthy lake with respect to 

eutrophication is the concentration of algal biomass, as measured by chlorophyll-a. 

While N and P concentrations are primary drivers of algal growth, they are not the only 
drivers. Lake morphology, sunlight, and temperature are examples of other variables 

that impact algal concentrations. Consequently, N and P concentrations in the lake 

should be viewed as indirect measures of a healthy lake, with respect to eutrophication. 
The relationship between nutrient concentrations and chlorophyll-a concentrations 
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varies by lake and is impossible to define exactly even with the most robust of models. 

Therefore, it is recommended that focus the water quality management be placed on the 

chlorophyll-a concentration reduction rather than N and P concentrations. The TMDL 
acknowledges that: 

"If water quality improves and the numeric targets for chlorophyll a and dissolved oxygen are 

achieved and the allocations and/or numeric targets for nitrogen and phosphorus have not 

been achieved, the TMDL may be reconsidered to adjust the allocations and targets. 

Moreover, if nitrogen and phosphorus allocations and numeric targets are met and the 

chlorophyll a and dissolved oxygen numeric targets are exceeded, the TMDL may be 

reconsidered to adjust the allocations and targets." 

The analysis conducted to support this LWQMP indicates that is it likely that with 

implementation of all the proposed BMPs and management activities, the targets for 

chlorophyll-a and dissolved oxygen can be achieved at Total-P and Total-N 

concentrations somewhat higher than the established numerical targets. It is anticipated 

that this condition can be consistently achieved and demonstrated through monitoring 
following completion and operation and maintenance of the BMPs, therefore 

reconsideration of targets and/or allocations in the TMDL would be warranted.  

5.6 Summary 
The lake is currently in compliance with the LAs and WLAs for the two interim 
compliance dates. The City is currently in the design phase of the Machado Lake Ecosystem 

Rehabilitation and Wilmington Drain Multi-Use Project, and the in-lake BMPs and other 

activities that are part of this project are predicted by the Lake Water Quality Model to 
reduce phosphorus concentrations in the lake by 85 percent and nitrogen concentrations 

by 34 percent. Chlorophyll-a is predicted to be reduced 77 percent, and effectively below 

the numeric target of the TMDL. Dissolved oxygen and ammonia are also predicted to 
maintain or achieve levels that will consistently meet the numeric targets of the TMDL. 

The Machado Lake Water Quality Model has illustrated that full implementation of the 

BMPs that the City of Los Angeles is committed to will not result in the lake consistently 
meeting the total phosphorus and total nitrogen targets in the TMDL due to the 

substantial external annual wet weather runoff loading of phosphorus and nitrogen to 

the lake. Therefore, if the nutrient targets are to be consistently met in addition to the 
chlorophyll-a targets, concentrations of phosphorus and nitrogen in the runoff of the 

entire watershed must be reduced prior to discharge to the lake.  

Eighty-seven percent (87%) of the upstream portion of the watershed consists of land 

and other features that are outside of the City of Los Angeles' jurisdiction. The Lake 

Water Quality Model shows that if the other responsible jurisdictions located upstream 

of the lake reduced nitrogen and phosphorous in the runoff to achieve the required 
TMDL WLAs prior to its discharge to the lake by 2018, the in-lake nutrient 

concentrations should be at or below the total phosphorus, total nitrogen and 

chlorophyll-a targets throughout the year.  In the event that the targeted nutrient 
reductions in the upstream watersheds are not fully achieved by 2018, it should be noted 
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that chlorophyll-a and dissolved oxygen targets could still be met, and if this is 

demonstrated through monitoring following completion and operation and 

maintenance of the BMPs, reconsideration of targets and/or allocations in the TMDL 
would be warranted. 
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Section 6 
Capital Costs and Long-Term Maintenance 
Requirements 
 

A construction cost estimate based on the 50 percent design drawings prepared for the 

Machado Lake Ecosystem Rehabilitation and Wilmington Drain Multi-Use Project is 

summarized in Section 6. A summary of general long-term maintenance strategies 
associated with the some of the BMPs outlined in Section 3 is also provided. Through 

the collaborative effort of the City and LACDPW the construction and long-term 

maintenance of BMPs will result in water quality compliance and ecosystem restoration. 

6.1 Capital Costs for Construction 
Detailed capital cost estimates for construction were developed according to City of Los 

Angeles Bureau of Engineering guidelines and Proposition O estimating procedures. 

These guidelines and procedures include using the following estimating factors: 

 Mobilization allowance – 4 percent 

 Permitting Allowances – 3 percent 

 Other Allowances – 5 percent 
 Estimating contingency – 20 percent 

 Construction cost escalation – 6 percent per year (to mid-point of construction) 

 Construction contingency – 10 percent (allows for construction change orders) 

Table 6-1 provides costs for the construction of the management strategies presented in 

Section 3. Table 6-1 does not mimic line for line Tables 3-1 and 3-2 for costs because there 

are other necessary construction components or steps associated with various BMPs that 
were itemized in Table 6-1. These cost estimates will be further refined for the City prior 

to release of the bidding package.  

The construction cost estimate shown in Table 6-1 is subdivided into three parts: City 
costs for construction of BMPs for Machado Lake, City costs for construction of BMPs 

for Wilmington Drain, and LACDPW costs for Wilmington Drain. For Wilmington 

Drain, the estimate assumes that a portion of the work will be funded by LACDPW, 
such as those features proposed to improve flood control capacity. All other costs are 

assumed to be funded through Proposition O and are shown as City costs. The cost 

allocated to the City is $82,762,000 with the 10 percent construction contingency. The 
cost allocated to LACDPW is $4,140,000. The total estimated cost is $86,902,000. Costs 

are not provided for any of the additional design elements that are part of the Machado 

Lake Ecosystem Rehabilitation and Wilmington Drain Multi-Use Project below the 
Machado Lake dam (e.g., in the Freshwater Marsh). This preliminary cost summary is 

provided to demonstrate the magnitude of the commitment from the City and LACDPW 

to water quality and ecosystem restoration.  
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Table 6-1 Cost Estimate for Wilmington Drain and Machado Lake Construction 
 

Lake Dredging $33,852,000
Lake Edge Treatment $1,020,000

SUBTOTAL $34,872,000
Storm Water BMPs

D24010 Drain $266,000
Project 77 Drain $352,000
Site Source Control $274,000
Bioengineered Swale @ Project 77 $175,000
510 Swale & Headwall $101,000

Wetlands
Riparian Area $328,000
Offline Recirculation Wetlands $735,000

Lake Rehabilitation
Oxygenation system $2,191,000
Phosphorus Removal System $622,000
Dam Improvements $709,000
Storm Drain $22,000
Park Components $4,741,000
Invasive Plant Removal $1,984,000
Recycled Water Make-up MF/RO $137,000

SUBTOTAL $12,637,000
SUBTOTAL $47,509,000

Mobilization $1,503,000
Permit Allowances $1,127,000
Other Allowances $1,879,000
Contingency Costs $19,466,000

TOTAL $71,484,000

Los Angeles City
Invasive/Exotic Plant Removal 846,000
Landscape 2,886,000
Landscape Maintenance 209,000
110 Freeway Trash Net Unit 3,336,000
510 Drain Trash Net Unit 305,000
Vegatative Swale 13,000
Rip Rap 9,000
Catch Basins for Access Road and Pocket Park 58,000
Concrete Pipe with Headwall 45,000
Retaining Wall 131,000

SUBTOTAL 7,838,000
Mobilization 132,000
Permit Allowance 99,000
Other Allowance 165,000
Contingencies 3,044,000

TOTAL 11,278,000
Los Angeles County
Channel Contouring-Between Lomita and PCH (26,450.00 cy) 2,425,000
Channel Contouring-North of Lomita (550.00 cy) 55,000
Channel Contouring-South of PCH (300.00 cy) 30,000
Channel Contouring-Maintenance Roads (750.00 cy) 91,000
Turf Reinforcement Mat (5,485.00 sy) 22,000
Ramps (5,600.00 sf) 164,000

SUBTOTAL 2,787,000
Mobilization 83,000
Permit Allowance 63,000
Other Allowance 104,000
Contingencies 1,103,000

TOTAL 4,140,000
GRAND TOTAL $86,902,000

50% Design Estimate1

MACHADO LAKE

WILMINGTON DRAIN

 DESCRIPTION

 
1 Cost subject to change, long-term maintenance costs are not included. 
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6.2 Long-term Maintenance Requirements 
Many of the BMPs selected for inclusion in the Machado Lake Ecosystem Rehabilitation and 

Wilmington Drain Multi-Use Project will require ongoing operational oversight and 

periodic, routine maintenance. Long-term maintenance is necessary for the optimal 
performance of each BMP to achieve the greatest capacity for pollutant reductions and 

improved ecosystem functioning. The City and LACDPW are in the process of 

establishing a Memorandum of Understanding to outline the roles and responsibilities 
that will guide the routine maintenance activities which include: 

 Inspections 

 Reporting and information management 
 Equipment maintenance and repair 

 Trash removal from the trash net systems  

 Sediment and trash removal from the CDS units 
 Potential caustic solution removal and disposal from phosphorus removal system 

 Lake aquatic vegetation and biomass management and removal  

 Terrestrial vegetation management with trash and minor debris removal 
 Park facilities and structures maintenance 

 Vector control 

Other corrective and infrequent maintenance activities (e.g., unplanned and/or every 3 
years or more) include: 

 Wetland and channel aquatic vegetation and biomass management and removal  

 Dredging of sedimentation basins and channel area (as necessary)  

 Intermittent facility maintenance  

 Sediment removal from Wilmington Drain and other Machado Lake storm water 

BMPs 

Maintenance activities in Wilmington Drain and KMHRP are subjected to stipulations in 

three permits: 

 California Department of Fish and Game (CDFG) – Streambed Alteration Agreement 
(SAA) 

 Regional Water Quality Control Board – Section 401 Water Quality Certification 

 Unites States Army Corps of Engineers (USACE) 404 Permit 

These permits will be issued prior to the start of construction. 

The City and LACDPW have existing standard operating procedures (SOPs) for 

maintenance requirements associated with some of the recommended BMPs. Additional 
SOPs may need to be developed by both agencies in conjunction with various vendors 

associated with some of the storm water BMPs. The two agencies prepared Table 6-2 to 

provide a roadmap of future operations and maintenance strategies that, with 
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appropriate resources, can be implemented over time. Table 6-2 provides a summary of 

the BMPs discussed in Section 3, the agency responsible for operation and maintenance, 

and a general description of the recommendation associated with maintenance to ensure 
optimum performance of each BMP. 

Table 6-2  
Operations and Maintenance Recommendations for Management Strategies 

Management Strategy 

Operations 
and 

Maintenance 
Responsibility 

Operations and Maintenance 
Recommendations 

Proposed Reporting 
and Information 
Management 

Lake Dredging LA City Re-evaluate every 10 years Yes –tons of sediment 
removed from system 

Add Supplemental Water 
– microfiltration/reverse 
osmosis 

LA City Annual valve inspection and water 
use tracking: SOPs established 
between TIWRP and City 

Yes – monthly water 
use 

Oxygenation System LA City Annual pump station 
maintenance, SOP established 
between Speece Cone 
manufacturer and City 

Yes – changes in DO 
concentrations within 
lake 

Off-line Treatment 
Wetland 

LA City Annual pump station 
maintenance, inspection of valves 
and inlet and discharge facilities. 
Biomass harvesting ~ 3-yr cycle; 
SOPs established by City 

None. 

Phosphorus Removal 
System 

LA City Annual maintenance of treatment 
vessels and media filters; potential 
for caustic solution disposal; 
SOPs established between 
manufacturer and City 

Yes – changes in 
phosphorus 
concentrations 

Aquatic Plant 
Management and Littoral 
Zone Enhancements, 
including Ludwigia 
removal 

LA City Seasonal maintenance as 
needed; SOPs established by City 

Yes – tons of plant 
biomass removed 

Shoreline Erosion Control 
(Lake Edge) Treatments 

LA City Maintenance program for all park 
design elements and facilities; 
SOPs established by City 

None. 

Floating Islands (aquatic) LA City Biomass harvesting ~ 3-yr cycle: 
SOPs established by City 

Yes – tons of plant 
biomass removed 

Golf Course Maintenance 
Yard Site BMPs 

LA City Maintenance program for all 
design elements and facilities; 
SOPs established by City 

None. 

KMHRP Design 
Improvements (WQ 
benefits), including 
Southern Tarplant 
enhancement 

LA City Maintenance program for all park 
design elements and facilities; 
SOPs established by City 

None. 

In-Lake Sediment Basin 
– North (captures inflows 
from Drain P6545, Drain 
D24010, and Wilmington 
Drain) 

LA City Sediment, trash removal and 
disposal as needed; SOPs 
established by City 

Yes –tons of sediment 
removed from system 
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Table 6-2  
Operations and Maintenance Recommendations for Management Strategies 

Management Strategy 

Operations 
and 

Maintenance 
Responsibility 

Operations and Maintenance 
Recommendations 

Proposed Reporting 
and Information 
Management 

In-Lake Sediment Basin - 
West/Project 77 Drain 
(and Project 510) 

LA City Sediment, trash removal and 
disposal as needed; SOPs 
established by City 
 

 

 

Yes - tons of sediment 
removed from system 

Re-grade entire 
Wilmington Drain channel 
bottom (2011) 

LACDPW Re-evaluate every 10 years Yes - tons of sediment 
removed from system 

Clean box culverts at 
Lomita Blvd. 

LACDPW Re-evaluate every 10 years Yes - tons of sediment 
removed from system 

Clearing and annual 
maintenance of channel 
vegetation 

LACDPW Annual maintenance program 
required to maximize hydraulic 
capacity of Wilmington Drain; 
SOPs established by LACDPW 

Yes – annual biomass 
removed  

CDS at D24010 Drain LA City Sediment, trash removal and 
disposal as needed; SOPs 
established between manufacturer 
and City 

Yes –tons of trash or 
sediment removed 
from system 

Bioengineered swale at 
Project 77 Drain (dry 
weather treatment) 

LA City Maintenance as needed: SOPs 
established by City 

None. 

Bioengineered swale at 
Project 510 Line C Drain 
(dry weather treatment) 

LA City Maintenance as needed; SOPs 
established by City 

None. 

Trash Nets (Wilmington 
Drain at Fwy 110; 
Wilmington Drain Project 
510 Drain; Project 77 
Drain 

LA City Seasonal maintenance as 
needed; SOPs established by City 

Yes –tons of trash 
removed from system. 

Wilmington Drain Pocket 
Park 

LA City Maintenance program for all park 
design elements and facilities; 
SOPs established by City 

None. 

Dam Improvements LA City Maintenance as needed; SOPs 
established by City 

None. 

Invasive Plant Removal - 
Riparian Woodland 

LA City Annual maintenance program for 
all park design elements and 
facilities; SOPs established by 
City 

Yes - annual biomass 
removed 
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Appendix B 
Quality Assurance Project Plan 
 

Group A Elements: 
Project Management 
B.1 Title and Approval Sheets 

 

 

PROJECT NAME: 
The Machado Lake Nutrient TMDL 
Monitoring Program 

PROPOSAL IDENTIFICATION 
NUMBER: 

N/A 

DATE: August 18, 2010 

NAME OF RESPONSIBLE 
ORGANIZATION: 

City of Los Angeles, Department of 
Public Works 

 
  

Approval Signatures 
 

PROJECT ORGANIZATION: 
    

Title:  Name:  Signature:  Date: 
 
Project Director 

 Shahram 
Kharaghani 

  
 

  
 

 
Project QA 
Officer 

 

Vivian Marquez 

  
 

  
 

 
 

LOS ANGELES REGIONAL WATER QUALITY CONTROL BOARD 
(RWQCB): 

 
Title:  Name:  Signature:  Date: 
 
RWQCB Interim 

Executive 
Officer  

 

 
Sam Unger 
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RWQCB 

SQA Officer  

 
Rebecca Veiga 
Nascimento 

    
 

 

B.2 Distribution List 
Table 1. QAPP Distribution List and Contact Information 

Agency Role 
Contact 
Name Contact Information Copy # 

Los Angeles Regional Water 
Quality Control Board 

RWQCB 
Executive 
Officer 

Sam Unger Phone: 213-576-6607 
Email: sunger@ 
waterboards.ca.gov 

Original 

Los Angeles Regional Water 
Quality Control Board 

RWQCB 
QA Officer 

Rebecca 
Veiga 
Nascimento 

Phone: 213-576-6784 
Email:  

1 

City of Los Angeles 
Watershed Protection Division 

Project Director Shahram 
Kharaghani 

Phone: 213-485-0587 
Email: 
Shahram.Kharaghani@lacit
y.org 

2 

City of Los Angeles 
Watershed Protection Division 

Project 
Manager 

Donna Chen Phone: 213-485-3928 
Email: 
Donna.Chen@lacity.org 

3 

City of Los Angeles 
Watershed Protection Division 

Project QA 
Officer 

Vivian 
Marquez 

Phone: 323-342-1556 
Email: 
Vivian.Marquez@lacity.org 

4 

City of Los Angeles 
Watershed Protection Division 

Technical 
Leader 

Sofia 
Mohaghegh 

Phone: 213-485-0526 
Email: 
Sofia.Mohaghegh@lacity.or
g 

5 

City of Los Angeles 
Watershed Protection Division  

Field Team 
Coordinator 

Jonathan Ball Phone: 323-342-1557 
Email: Jon.Ball@lacity.org 

6 

City of Los Angeles 
Environmental Monitoring 
Division 

Laboratory  
Manager 

Mas Dojiri 
 

Phone: 310-648-5610 
Email: 
Mas.Dojiri@lacity.org  

7 

City of Los Angeles 
Environmental Monitoring 
Division 

Laboratory  
QA Officer 

Mahesh 
Pujari  
 

Phone: 310-648-5836 
Email: 
Mahesh.Pujari@lacity.org 

8 

City of Los Angeles 
Department of Recreation & 
Parks 

Environmental 
Supervisor 

David 
Attaway 

Phone: 213-202-2660 
Email: 
David.Attaway@lacity.org 

9 

City of Los Angeles 
Bureau of Engineering 

Principal Civil 
Engineer 

Kendrick 
Okuda 

Phone: 213-485-1165 
Email: 
Kendrick.Okuda@lacity.org 

10 

 

B.3 Project/Task Organization 
B.3.1 Involved Parties and Roles 

The City of Los Angeles (City) owns and operates the Ken Malloy Harbor Regional 

Park (KMHRP), where Machado Lake is located. The Department of Recreation and 

Parks (RAP) manages the lake and is working with other City departments to comply 

with the Load Allocations specified in the Machado Lake Nutrient total maximum 
daily load (TMDL). RAP will play a significant role in the daily operations at the lake, 

including maintaining the water level, general observations of lake conditions, and 

possibly a role in the maintenance of structural best management practices (BMP). 
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Water quality data from this Monitoring and Reporting Plan (MRP) will be critical to 

their efforts. 

Watershed Protection Division (WPD) is a division in the Bureau of Sanitation (BOS), 
Department of Public Works. WPD is the lead entity to oversee and coordinate 

TMDL-related activities for the City. For the Machado Lake Nutrients TMDL, WPD is 

responsible for developing and implementing the MRP, which is required by the 
TMDL. The Pollution Assessment Section WPD's monitoring team that is responsible 

for conducting the field work for the MRP, including water quality sampling and field 

measurements.  

Environmental Monitoring Division (EMD) is a division within the BOS, Department 

of Public Works, and will serve as the contract laboratory that performs all water 

quality analyses for this monitoring program (excluding sampling and field 

measurements). EMD is certified by the State of California Department of Health 

Services Environmental Laboratory Accreditation Program (ELAP). EMD is located at 

the Harry Pregerson Building: Hyperion Treatment Plant, 12000 Vista Del Mar, Playa 
Del Rey, California 90293.  

The Bureau of Engineering (BOE) is a bureau within the Department of Public Works. 

BOE has a significant role in the design and construction activities for the Machado 
Lake Ecosystem Rehabilitation Project, which is a major component of the City's 

TMDL implementation strategy. BOE will examine water quality data from the City's 

MRP in order to evaluate the efficacy of the lake improvements.  

A Consulting Team consisting of staff from the engineering firms of CDM and 

Parsons will be Project Advisors for this MRP. This consulting team was hired by the 

City to assist in the development of the City's TMDL implementation plan and the 
Machado Lake Rehabilitation Project. They will use water quality data generated from 

this MRP to refine nutrient fate/transport models that will guide future water quality 

management strategies for the lake.  

Shahram Kharaghani is WPD's Project Director for this monitoring program. The 

Project Director is the WPD representative for TMDL coordination with the Los 

Angeles Regional Water Quality Control Board (Regional Board), and will be primary 
point of contact between the Regional Board and the City. Mr. Kharaghani will also be 

the co-signer on the annual reports that are generated by this MRP.  

Donna Chen is WPD's Project Manager for this monitoring program. The Project 
Manager is responsible for oversight of the monitoring program, and providing the 

deliverables required by the TMDL. The Project Manager is the lead liaison for the 

day-to-day administration of the project and has full authority to act on behalf of the 
Project Director. The Project Manager will work with the Laboratory Manager to 

ensure that project deliverables (i.e., the annual report) are submitted to the Regional 

Board in a timely manner. 
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Sofia Mohaghegh is WPD's Technical Leader for this monitoring program. The 

Technical Leader responsible for technical dialogs with advisors and experts, and for 

collaboration with other agencies and stakeholders involved in this project. Among 
other TMDL-related activities, the Technical Leader is responsible for reviewing the 

results generated from this monitoring program, and discussing their significance 

with the Project Advisors and stakeholders. 

Jonathan Ball is WPD's Field Team Coordinator. As the Field Team Coordinator, Mr. 

Ball is responsible for developing the Monitoring Plan and this QAPP. This is done in 

consultation with the Project Manager, Technical Leader, and QA Officer, so that the 
monitoring program meets the requirements of the Machado Lake Nutrients TMDL 

and employs the appropriate data quality objectives. The Field Team Coordinator is 

also responsible for the scientific integrity of the data collection effort throughout the 
life of the project. He is responsible for organization of field staff, scheduling 

sampling days, maintaining field sampling equipment, data collection and 

management, and coordination with the contract laboratory where samples are 
analyzed. Additionally, the Field Team Coordinator is responsible for overseeing 

training of WPD field staff. All WPD field staff will receive an extensive on-the-job 

training under Mr. Ball's supervision. 

Mas Dojiri is EMD's Laboratory Manager. Dr. Dojiri is responsible for training of all 

EMD staff, in conformity with the EMD Quality Assurance Manual (EMD QA 

Manual). He is also the point of contact for all laboratory analytical work. 

Mahesh Pujari is EMD's Laboratory QA Officer. Mr. Pujari is responsible for 

maintaining the EMD QA Manual, and ensuring that the laboratory is conforming to 

quality assurance goals. 

David Attaway is an Environmental Supervisor with the RAP, and will serve as the 

representative for the department. Mr. Attaway will work closely with the Technical 

Leader and Project Manager in order to receive data, make recommendations, as well 
as provide logistical support for the field crews (e.g., arranging for the use of the 

boat/operator). 

Kendrick Okuda is a Principal Civil Engineer within BOE, and will serve as the 
bureau's representative. Mr. Okuda will work closely with the Technical Leader and 

Project Manager in order to obtain monitoring data from this monitoring program, 

and to provide technical support for lake water quality management practices.  

B.3.2 Quality Assurance Officer Role 

The QA Officers are responsible for guaranteeing the overall quality of the data 
produced and reported for this monitoring program. Specific duties of the QA 

Officers include conducting audits of ongoing tests, data packages and completed 

reports, conducting audits of the routine quality control documentation of laboratory 
procedures, communicating potential quality control problems to the staff, and 

assuring that any problems are resolved. They are responsible for issuing QA Reports 

RB-AR41080



Appendix B  
Quality assurance Project Plan 

   
  B-7 

to Management, maintaining a current QA Manual, and issuing Quality Assurance 

Project Plans (QAPP) as required. The QA Officers also ensure that data being 

reported have been generated in compliance with the QA Manual and the appropriate 
protocols. The QA Officers are knowledgeable in the quality system standard defined 

under ELAP. 

Vivian Marquez is WPD's QA Officer. The QA Officer works independently from the 
Project Manager and Field Team Coordinator and is responsible for the data meeting 

all data quality objectives. Ms. Marquez will review and assess all procedures during 

the life of the project against QAPP requirements. She will report all findings to the 
Project Manager, including all requests for corrective action. Ms. Marquez may stop 

all actions, including those conducted by WPD or EMD if there are significant 

deviations from required practices or if there is evidence of a systematic failure. Ms. 
Marquez is responsible for reviewing and maintaining this QAPP and will also work 

with Mahesh Pujari, the QA Officer for EMD, by communicating all quality assurance 

and quality control issues. Additionally, she will provide input and resolve technical 
questions related to this monitoring program.  

B.3.3 Persons Responsible for QAPP Update and Maintenance 
Changes and updates to this QAPP may be made after a review of the evidence for 

change by WPD's, Project Director, Project Manager, Field Team Coordinator, and QA 

Officer. WPD's Field Team Coordinator will be responsible for making the required 
changes and will submit amended drafts to WPD's QA Officer for review. Upon the 

QA officer's approval, the final amended copy of the Plan will be provided to the 

Technical Leader, who will distribute copies to all parties listed in Table 1. 
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B.3.4 Organizational Chart and Responsibilities 

Figure 1. Organizational Chart 
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B.4 Problem Definition/ Background 
B.4.1 Background 

The Regional Board has listed the following nutrient-related impairments on the 
303(d) list for Machado Lake: algae, ammonia, eutrophic, and odor. To address these 

impairments, the Regional Board drafted the Machado Lake Nutrient TMDL, which 

was approved by the United States Environmental Protection Agency (US EPA) on 
March 11, 2009. The Nutrient TMDL requires designated responsible parties to 

institute a monitoring program and implement BMPs to mitigate the identified 

nutrient impairment at Machado Lake.  

The Nutrient TMDL requires reduction of external nutrient loads from point sources 

and internal nutrient loads from nonpoint sources. Point sources are defined as 

Municipal Separate Storm Sewer System (MS4) Permittees and Caltrans. Nonpoint 

sources are considered to be from localized drainage areas from KMHRP, and 

therefore RAP is identified as the responsible party. The Nutrient TMDL assigned 

waste load allocations (WLAs) to point sources and load allocations (LAs) to nonpoint 
sources. In addition, all responsible parties are required to meet the numeric targets 

set in the Nutrient TMDL. The numeric targets, WLAs, and LAs are shown in Table 2 

of this QAPP. 

RAP must meet the LA requirements of the Nutrient TMDL as the nonpoint source 

discharger identified in the TMDL. These requirements include meeting the interim 

and final LAs, entering into a memorandum of agreement (MOA) with the Regional 
Board to implement the LA requirements, and preparing a Lake Water Quality 

Management Plan (LWQMP) encompassing a MRP, a QAPP, and implementation 

actions. There are two lake sampling sites required for bi-weekly compliance 

monitoring: one in the northern portion of the lake and one in the southern portion of 

the lake. 

This QAPP is meant to accompany the MRP found in Section 3.0 of the Lake Water 
Quality Management Plan for Machado Lake. The MRP specifies the overall strategy, 

sampling locations, constituents to measure, sampling schedule, deliverables, and 

other details related to this monitoring program. 

B.4.2 Decisions or Outcomes 

As stated in the TMDL Basin Plan Amendment, the MRP will be designed to monitor 
and implement the Machado Lake Nutrient TMDL. The monitoring plan is required 

to measure the progress of pollutant load reductions and improvements in water 

quality. The monitoring plan shall 

 Determine attainment of total phosphorus, total nitrogen, ammonia, dissolved 

oxygen (DO), and chlorophyll-a numeric targets. 

 Determine compliance with the waste load and load allocations for total 
phosphorus, and total nitrogen. 
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 Monitor the effect of implementation actions on lake water quality. 

B.4.3 Water Quality or Regulatory Criteria 
The water quality and regulatory criteria for this project can be found as an 

amendment to the Water Quality Control Plan for the Los Angeles Region (Basin 

Plan), Resolution No.R08-006 that was adopted on May 1, 2008. 

This Basin Plan document is available online at the following website: 

http://www.waterboards.ca.gov/water_issues/programs/tmdl/docs/machadolake

/R08_006_machadolake_nutrient.pdf 

The Nutrient TMDL requires reduction of external nutrient loads from point sources 

and internal nutrient loads from nonpoint sources. Point sources are defined as MS4 

Permittees and Caltrans. Nonpoint sources are considered to be from localized 
drainage areas from KMHRP, and therefore RAP is identified as the responsible 

party. The Nutrient TMDL assigned WLAs to point sources and LAs to nonpoint 

sources. In addition, all responsible parties are required to meet the numeric targets 
set in the Nutrient TMDL. The numeric targets, WLAs, and LAs are shown in Table 2. 

Table 2. Nutrient TMDL Numeric Targets, Waste Load Allocations, and Load Allocations 
Compliance 

Date 
Numeric 
Targets 

Waste Load and Load 
Allocations 

March 11, 2009 
(1st Interim) N/A Total Phosphorus: 1.25 mg/L 

Total Nitrogen:  3.5 mg/L 
March 11, 2014 
(2nd Interim) N/A Total Phosphorus: 1.25 mg/L 

Total Nitrogen: 2.45 mg/L 
Sept. 11, 2018 
(Final) 

Total Phosphorus: 
(monthly average) 

 
0.1 mg/L 

Total Phosphorus: 0.1 mg/L 
Total Nitrogen:  1 mg/L 

Total Nitrogen: 
(monthly average) 

 
1 mg/L 

Ammonia: 
(hourly average) 

(monthly average) 

 
5.95 mg/L 
2.15 mg/L 

Dissolved Oxygen: 
(single sample 

minimum 
measured 0.3 
meters above 

sediment) 

 
 
5 mg/L 

Chlorophyll-a: 
(monthly average) 

 
20 µg/L 
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B.5 Project/Task Description 
B.5.1 Work Statement and Produced Products 

Monitoring at Machado Lake will begin within 60 days following approval of the 
Lake Water Quality Management Plan. WPD field crews will collect water samples 

and record in-situ measurements on a bi-weekly basis. The water samples will be 

analyzed by the EMD laboratory. Results will be submitted to the Regional Board on 
an annual basis, by June 30th following each year of sampling. The annual report will 

compare monitoring results to the numeric targets and interim/final load allocations 

as specified by the TMDL. 

B.5.2 Constituents to be Monitored and Measurement Techniques 

Water Quality Parameters 

All water samples will be analyzed at the EMD laboratory by the following methods: 

 Total suspended solids (TSS) and total dissolved solids (TDS) will be determined 

by the glass fiber filtration technique as indicated by Standard Methods 2540D. 

 Turbidity will be determined by Standard Methods 2130B. 

 Chlorophyll-a will be determined by the spectrophotometric method as indicated 

by Standard Methods 10200H. 

 Nutrients samples will be analyzed for Ammonia-N , Total Nitrogen, Nitrite (NO2), 

Nitrate (NO3), Organic Nitrogen, Total Phosphorus, and Ortho-Phosphorus. 

Ammonia-N will be analyzed by EPA method 350.1; Organic Nitrogen will be 
analyzed by EPA Method 351.2; Nitrite and Nitrate will be analyzed by EPA 

Method 300.0; and Total and Ortho-Phosphorus will be analyzed by Standard 

Methods 4500-P E. 

Physical Parameters 

All physical parameters will be measured in-situ, at the time of sample collection by 

WPD staff: 

 Temperature, pH, specific conductivity, DO will be measured using a water quality 

sonde or comparable instruments. 

 Secchi depth reading will be taken by using an 8-inch diameter Secchi disc with 
alternating black and white quadrants. 

 Lake elevation will be measured using a staff gauge. 
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B.5.3 Project Schedule 
Table 3. Project Activities, Deliverables, and Due Dates 

Activity 

Date 

Deliverable 

Deliverable 

Due Date 

Anticipated 
Date of 

Initiation 

Anticipated 
Date of 

Completion 

Biweekly Water 
Quality Sampling 

January 2011 (ongoing) Validated data 
uploaded to WISARD 
database 

Within 30 days of 
each sample 

event 

1
st
 Quarter Progress 

Report (Internal) 
April 1

st
  April 30th Summary of data and 

QA/QC review 
(covering January 
through March data) 

n/a 

2
nd

 Quarter Progress 
Report (Internal) 

July 1
st
 July 31

st
 Summary of data and 

QA/QC review 
(covering April 
through June data) 

n/a 

3
rd

 Quarter Progress 
Report (Internal) 

October 1
st
 October 31

st
 Summary of data and 

QA/QC review 
(covering July 
through September 
data) 

n/a 

4
th

 Quarter Progress 
Report (Internal) 

January 1
st
 January 31

st
 Summary of data and 

QA/QC review 
(covering October 
through December 
data) 

n/a 

Annual Report January 1
st
 June 30

th
 Annual Report 

(certified by EMD and 
WPD) 

June 30
th
 (each 

year) 

 

B.5.4 Geographical Setting 
Machado Lake is located in the KMHRP, which is a 231-acre Los Angeles City Park 

serving the Wilmington and Harbor City areas. The park is located west of the Harbor 

freeway (110) and east of Vermont Avenue between the Tosco Refinery on the south 
and the Pacific Coast Highway on the North. Machado Lake is one of the last lake and 

wetland systems in Los Angeles; the area is approximately 103.5 acres in total size. 

The upper portion, which includes the open water area, is approximately 40 acres and 
the lower wetland portion is about 63.5 acres. Refer to Figure 2. 
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Figure 2. Geographical Location 
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B.5.5 Constraints 
Resource and time constraints may include the following: 

 Inclement weather that prohibits safe operation of the boat and monitoring 
equipment 

 Every effort will be made to ensure that equipment is well maintained and 
adequate back-up is available. However, if any unforeseen issues arise where 
equipment is rendered inoperable, in situ measurements will be unobtainable.  

 Sampling in-lake depends on the availability of an operating boat. If for any reason 
the boat is inoperable, sampling will be affected. 

 Safety of field staff is of primary concern. If for any reason sampling at any location 
is deemed unsafe by field staff, no sample will be taken. 

In each scenario, every effort will be made to sample as soon as possible when the 
constraint is no longer an issue. 

B.6 Quality Objectives and Criteria for Measurement 
Data 
Data Quality Objectives for this project are summarized in the following table: 

Table 4. Summary of Data Quality Objectives 

Measurement or Analyses Type 
Applicable Data Quality 
Objectives 

Total Suspended Solids (TSS), Total Dissolved Solids (TDS) Precision, Completeness 
Chlorophyll-a  Precision, Completeness 
Turbidity Accuracy, Precision, 

Completeness 
Nutrients (ammonia-N, total nitrogen, nitrite, nitrate, org nitrogen, 
total phosphorus, ortho-phosphorous) 

Accuracy, Precision, 
Completeness, Recovery 

Field Measurements  Accuracy, Precision, 
Completeness 

 
B.6.1 Accuracy 
Accuracy describes how close a measurement is to its true value. Accuracy of nutrient 
analysis will be determined by performing one or more measurements on 
performance testing samples or standard solutions from sources other than those used 
for calibration. Standard Reference materials are not available for TSS and TDS 
analysis; therefore, accuracy criteria cannot be applied. 
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B.6.2 Precision 

Precision measurements will be determined on laboratory replicates and/or field 
duplicates. The number of replicates for laboratory measurements will be based on 

EMD's QA manual and SOPs. Recovery measurements will be determined by 

laboratory spiking of a replicate sample (Matrix Spike/Matrix Spike Duplicate) with a 
known concentration of the analyte. Recovery only applies to the metals (ICP) and 

nutrient analyses. The target level of addition is based on the EMD QA Manual and 

its SOPs. 

Precision of in situ DO at 0.3 m above sediment will be determined by taking three 

replicate measurements at each monitoring site. 

B.6.3 Representativeness 
Representativeness is a measure of the extent to which the measurements obtained 

actually depict the true environmental condition being evaluated. The sampling sites 
chosen for this monitoring plan are assumed to be representative of the conditions in 

Machado Lake. Furthermore, the depth-integrated sampling technique (refer to MRP 

3.1.3) also ensures that grab samples represent entire water column. 

B.6.4 Completeness 

Completeness is the fraction of planned data that must be collected so as to fulfill the 
statistical criteria of the project. Completeness is equal to the number of analyses 

generating useable data for each analysis divided by the number of samples collected 

for that analysis. The Project QA Officer will check completeness results accordingly.  

B.6.5 Reporting Limits 

The Inland Surface Water and Enclosed Bays and Estuaries Policy deal with Method 
sensitivity by the inclusion of the required SWAMP Target Reporting Limits, where 

such values exist, and by the application of the definition of a Minimum Level as 

provided. Reporting Limits must be lower than the numeric targets and compliance 
limits specified in the TMDL. 

B.6.6 Action Limits 
There are no applicable Action Limits.  

B.6.7 Acceptance Criteria 
The scope of this MRP will be limited to the data collected through the proposed 

monitoring; therefore, acceptance criteria for previously collected data do not apply to 

this QAPP. 
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Table 5. Measurement Quality Objectives for Laboratory Analyses  

Group 
Parameter 
(Method) Accuracy Precision Recovery 

Target 
Reporting 

Limits Completeness 

Conventional 
Analysis 

Total 
Suspend 

Solids (TSS) 
(SM 2540D) 

N/A 

Laboratory duplicates 
< 10% RPD 

 
Blind Field duplicate < 

25% RPD. 

N/A 2 mg/L 90% 

Total 
Dissolved 

Solids 
(TDS) 

(SM 2540D) 

N/A 

Laboratory duplicates 
< 15% RPD 

 
Blind Field  

duplicate < 25% RPD. 

N/A 28 mg/L 90% 

Turbidity 
(SM 2130B) 

Within 10% 
of the 

Standard 
Reference 
Material 

Laboratory duplicates 
< 15% RPD 

 
Blind Field  

duplicate < 25% RPD. 

N/A 0.3 NTU 90% 

Nutrients 

Ammonia-N 
(EPA 350.1) 

Standard 
Reference 
Materials 

within 90% to 
110% of 

stated value 

Laboratory duplicates 
< 15% RPD 

 
Blind Field  

duplicate < 25% RPD. 

Plus or minus 
10% on MS 
and MSD 

0.1 mg/L 90% 

Chlorophyll-
a  
(SM 10200 
H) 

N/A 

Laboratory duplicates 
< 10% RPD 

 
Blind Field  

duplicate < 25% RPD. 

N/A 10µg/L 90% 

Nitrate, 
Nitrite 

(EPA 300.0) 

Standard 
Reference 
Materials 

within 90% to 
110% of 

stated value 

Laboratory duplicates 
< 15% RPD 

 
Blind Field  

duplicate < 25% RPD. 

Plus or minus 
10% on MS 
and MSD 

0.1 mg/L 90% 

Organic N 
(EPA 351.2) 

Standard 
Reference 
Materials 

within 85% to 
115% of 

stated value 

Laboratory duplicates 
< 15% RPD 

 
Blind Field  

duplicate < 25% RPD. 

Plus or minus 
15% on MS 
and MSD 

0.1 mg/L 90% 

Total N 
(By 

Calculation) 
N/A N/A N/A 0.1 mg/L 90% 

Total P, 
Ortho-P 

(SM 4500-P 
E) 

Standard 
Reference 
Materials 

within 85% to 
115% of 

stated value 

Laboratory duplicates 
< 15% RPD 

 
Blind Field  

duplicate < 25% RPD. 

Plus or minus 
15% on MS 
and MSD 

0.1 mg/L 90% 
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B.7 Special Training Needs/Certification 
B.7.1 Specialized Training or Certifications 

Field Sampling 

No specialized training or certifications for field sampling is required for this project. 

Although there is no specialized training required for this project, all field staff 

receive an initial training program consisting of 8 hours of combined class and field 
instruction and a 4-hour combined class and field instruction as a refresher every 

year. 

Analytical Laboratory 

EMD Laboratory is certified by the California Department of Health Service's 

Environmental Laboratory Accreditation Program (ELAP) for the analyses of the 

constituents listed above for both water and wastewater. EMD provides training to its 

staff as part of its Standard Operating Procedures. EMD's ELAP certification Number 

is 1723. 

B.7.2 Training and Certification Documentation 
All personnel are responsible for complying with all quality assurance/quality control 

(QA/QC) requirements pertaining to their organizational and technical function. Each 
technical staff member must have a combination of experience and education that 

adequately demonstrates a specific knowledge of their particular function and a 

general knowledge of laboratory operations, test methods, QA/QC procedures, and 
records management. 

Field Sampling 

The Field Team Coordinator will be responsible for all training of field personnel and 
for maintaining training records, including those for any subcontractors. Field 

personnel training will be documented and records maintained in the project's files at 

WPD's offices. 

Analytical Laboratory 

EMD maintains records of its training. Those records can be obtained if needed from 

the EMD QA Officer. 

B.7.3 Training Personnel 

The Field Team Coordinator and WPD QA Officer provide training for field staff on 
proper field sampling techniques prior to work initiation to ensure consistent and 

appropriate sampling methods, sample handling/storage, and chain-of-custody 

(COC) procedures. EMD Managers, Supervisors and QA Officer provide training to 
EMD staff. 
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B.8 Documents and Records 
Data management will be a collaborative effort involving field staff from the 

Watershed Protection Division (WPD), as well as laboratory staff from the 

Environmental Monitoring Division (EMD). WPD will record and maintain all field 
data collected during sampling events. A field log sheet will be used to register all 

information during a particular sampling event, such as date, time, name of field 

personnel, sampling location, sample ID, name of sampling program, and visual 
inspection of the site as well as additional comments that may be relevant to the 

project. All field data will be entered into an electronic database following each 

sampling event. EMD will record and log all samples that are analyzed at the 
laboratory, and all laboratory data will be entered into EMD's Laboratory Information 

Management System (LIMS). Upon validation from each respective laboratory 

supervisor, EMD will upload the validated data into the Bureau of Sanitation's 

Wastewater Information System and Analytical Research Database (WISARD). 

Likewise, WPD field staff will upload the required in-situ measurements and other 

pertinent field observations into WISARD. The WISARD database is maintained by 
the Information Control Systems Division (ICSD) and is used extensively by the 

Bureau of Sanitation for legal reporting of data for various NPDES and TMDL 

monitoring programs. Custom report templates will be developed for the Machado 
Lake Nutrients TMDL Monitoring Program, so that data are reported in a timely, 

consistent manner, with systems in place to maintain the integrity of the data. Data 

within WISARD can only be edited with administrative approval, and will have an 
access log showing activities and changes made to the file. WISARD files are stored 

on a secure server, and are backed up on a daily basis. 

In addition, hard copies of the Field log sheets and laboratory data sheets will be filed 

in project specific folders at WPD and EMD, respectively. Both EMD and WPD will 

retain hard copies of the COC forms. All electronic data files, at WPD and EMD, are 

saved on a network drive and are backed-up in an archive. Should a file become 
corrupted, it can be restored to its original content from archived files.  

Copies of this QAPP will be distributed by email to all parties involved with the 

project by the Project Manager, (Ms. Chen). Updates to this Plan will be distributed in 
like manner, and all previous versions will be discarded from the project file. 

Field Documentation and Records Generated by WPD 

 Field Log/Observation Records  
 Field Sample Collection Sheet and COC Sheet 

 Field Instrument Calibration and Maintenance Records 

 Field Data Analysis and Reports 

Laboratory Documentation and Records Generated by EMD 

 Sample Receiving Records 

 Sample Preparation and Analysis Records 
 Instrument Calibration and Maintenance Records 

 QC Sample Results 
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 Analytical Samples Results 

 Database Data Files in LIMS and Excel format 

 Annual Reports 

All relevant records from this project will be compiled into the Annual Report 

prepared by WPD in collaboration with EMD. The Project Director and Laboratory 

Manager both certify the Annual Report prior to submission to the Executive Office of 
RWQCB by June 30th of each year. Each annual report will include monitoring data 

collected from January 1st through December 31st, from the preceding year. 

Electronic files and hard copies of records for this monitoring program will be 
maintained for a minimum of five years after submission of the annual report to the 

Regional Board. However, it is the practice of the Bureau of Sanitation (including 

WPD and EMD) to maintain monitoring records indefinitely. 
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GROUP B Elements:  
Data Generation & Acquisition 
B.9 Sampling Process Design 
B.9.1 Water Quality Monitoring 
Sample collection sites are described in the MRP (Section 3.1.1). Sample sites were 

selected based on the TMDL requirements for this lake.  

B.9.2 Project Activity Schedule 
Official sampling will begin 60 days after the approval of the Lake Water Quality 

Management Plan will occur on a biweekly schedule at two sampling locations. 
Delivery of samples to the laboratory will occur immediately after collection. 

Particular attention will be paid towards required holding time of each analyte (refer 

to Table 6). 

Results will be submitted to the Regional Board on an annual basis, by June 30th 

succeeding each year of sampling, and it will include any data collected from January 

1st through December 31st, from the preceding year.  

B.9.3 Sources of Natural Variability and Potential Bias 

Sources of variability will include natural patterns in the environment. Seasonal 
effects (e.g., changes in air/water temperature, number daylight hours, rain events, 

weather patterns, etc.) are expected to affect monitoring results. By taking biweekly 

samples, a large dataset will be generated, thus allowing seasonal effects to be 

detected. Particular attention will be given to addressing the response of water quality 

parameters to storm events. Certain water parameters, including DO, temperature, 

and pH are known to fluctuate according to diurnal patterns. In general, WPD field 
crews will sample at approximately the same time of the day, approximately from 9 

am to 10 am. This is considered a conservative approach for measuring DO since 

oxygen levels are typically at their lowest in the morning hours. In order to account 
for the spatial distribution of constituents in the lake, two different sampling locations 

have been selected and their results will be averaged. Furthermore, a depth-integrated 

grab sample will be taken to account for spatial variability in the water column (see 
Section 3.1.3, MRP). 

Potential sources of bias may include construction and other human activities in the 

local area, weather conditions, and variability among sampling techniques. In 

particular, subjective measurements, such as Secchi depth, are prone to bias 

depending on the individual collecting the data. In order to minimize these sources of 

bias, field staff will be trained in proper sampling technique, samples will be 
delivered to the EMD laboratory immediately after sampling, and staff will be 

instructed to make detailed observations of factors that may influence results. 
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Lake management activities such as aquatic weed removal, dredging, trash removal, 

and other in-lake activities may also influence sampling results. If samples are 

determined to be not representative as a result of these activities, sampling may be 
rescheduled at the discretion of the Field Team Coordinator. 

B.10 Sampling Methods 
All sampling procedures will adhere to the guidelines found in the SWAMP Quality 

Assurance Management Plan, Appendix D, "Field Collection of Water Samples" and 
are described in the MRP Section 3.1. 

For all samples, clean bottles will be used to prevent contamination of the sample. 

Laboratory staff will carry out bottle cleaning according to EMD’s standard operating 
procedures, which are consistent with Standard Methods and SWAMP requirements. 

To ensure that samples represent the entire water column, a depth-integrated 

sampling device will be used. To ensure the accuracy and thoroughness of the 
dataset, field duplicates will be collected at one of the monitoring sites, along with 

field blanks for each of the analytes being tested. When preparing the "blind" field 

duplicates, water from a single sampling vessel is to be split into two identical bottles 
(one for the regular sample, and one as the duplicate). The sample will be well mixed 

before splitting. For reporting purposes, only the data for the regular sample will be 

used; whereas, the data for the duplicate will be used for quality assurance purposes. 
Field sampling staff will record the location where the duplicate samples were taken, 

but this information will not be shared with the laboratory. 

Sample containers, volumes, and preservation are listed in Table 6. Sampling 

equipment is thoroughly cleaned with laboratory detergent and tap water once 

sampling personnel return from the field. This wash water is discarded into the drain. 

In order to monitor the sampling process, the QA Officer will randomly observe 
sampling and compare the actual actions against guidelines found in the SWAMP 

field sampling SOP. In the event that sampling protocol was not followed, the field 

supervisor will address the issue, provide proper training according to established 
standard operating procedures, and provide documentation of the corrective action to 

the Project Manager. 

RB-AR41095



Appendix B  
Quality assurance Project Plan 

   
  B-22 

Table 6. Required Sample Volume, Container Type, Preservation, and Holding Time for Each 
Analyte 

Constituents 
Sample 
Volume 

Containers (#, size 
and type) Preservation 

Holding 
Time 

Total Suspended 
Solids 1000 mL (1) 1000 mL Plastic 

Bottle Store Cool at 4ºC 7 days 

Total Dissolved Solids 1000 mL (1) 1000 mL Plastic 
Bottle Store Cool at 4ºC 7 days 

Total Ammonia (NH3-
N) 

Total Nitrogen 
Total Phosphorus 

500 mL (1) 500 mL Plastic 
Bottle 

Store Cool at 4ºC 
Add sulfuric acid, pH 

< 2 
28 days 

Nitrate (NO3-N) 
Ortho-Phosphorus 

(PO4) 
500 mL (1) 500 mL Plastic 

Bottle Store Cool at 4ºC 7 days 

Chlorophyll-a 1000 mL (1) 1000 mL  Brown 
Plastic Bottle 

Filter and then 
freeze at 0ºC 14 days 

Turbidity 125 mL (1) 125 mL Plastic 
Bottle Store Cool at 4ºC 48 hours 

 

B.11 Sample Handling and Custody 
All sample bottles must be identified with the project title, appropriate identification 

number, analyses to be performed, date and time of sample collection, and sampler's 
initials. This information will be documented in the field log sheet. Each sampling 

event will have its own field log sheet and COC. The field log sheet will contain 

information such as staff initials, collection time, sample ID, comments on weather 
conditions, quantity of flow to/from the treatment systems, and other observations 

relative to the study. WPD field staff will retain the field log sheet. Copies will be 

provided to EMD Sample Receiving staff and will be made available to analysts 

processing the samples. Proper documentation of the field log sheet will ensure 

accuracy and consistency during sampling events and will provide laboratory 

analysts important information regarding the samples. 

After samples are collected, they must be stored on ice in a cooler with the lid closed 

during transport to the laboratory. COC forms are completed by the sampler for all 

samples, placed in a plastic envelope and kept inside the cooler with the samples. 

Upon delivery to the laboratory, the laboratory staff inspects the condition of the 

samples, signs the COC and reconciles the label information to the COC form. Time of 

sample collection is noted, and the samples are stored at the appropriate temperature 
until analysis is begun, always within the holding time limitation (Table 6). At this 

point, the laboratory becomes responsible for sample custody. Samples may be 

disposed of when the analysis is completed and all analytical quality 
assurance/quality control procedures are reviewed and accepted. 
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B.12 Analytical Methods and Field Measurements 
The following laboratory analytical procedures will be used in this project. Refer to 
EMD's QA Manual for instrumentation, corrective action, and sample holding time. 
As for sample disposal procedure, analyzed samples and standards used in analyses 
are disposed of according to EMD's Chemical Hygiene Plan. 

In situ sampling procedures will follow the SWAMP QA Management Plan, 
Appendix D, "Field Collection of Water Samples." 

Laboratory and field instrumentation/technology needed for analyses are the 
following: 

Chemical Parameters 
All water samples will be analyzed in EMD laboratory by the following analysis 
methods: 

 Total suspended solids and Total dissolved solids will be determined by the glass 
fiber filtration technique as indicated by Standard Methods 2540D. 

 Turbidity will be determined by Standard Methods 2130B. 

 Chlorophyll-a will be determined by the spectrophotometric method as indicated 
by Standard Methods 10200H. 

 Nutrients samples will be analyzed for Ammonia-N , Total Nitrogen, Nitrite (NO2), 
Nitrate (NO3), Organic Nitrogen, Total Phosphorus, and Ortho-Phosphorus. 
Ammonia-N will be analyzed by EPA method 350.1; Organic Nitrogen will be 
analyzed by EPA Method 351.2; Nitrite and Nitrate will be analyzed by EPA 
Method 300.0; and Total and Ortho-Phosphorus will be analyzed by Standard 
Methods 4500-P E. The digestion procedure for total phosphorus is described as 
follows: 

8.4.3.2 Add 1 ml 11N H2SO4 solution and 4 ml of freshly prepared 10% 
ammonium persulfate solution.  Add water to the total volume of 50mL. 
 
8.4.3.3 Heat for 45 min. in the autoclave at a pressure of 98 to 137 
kPa, using liquid cycle. Cool. Add a drop of phenolphthalein. 
Neutralize to a faint pink color with 5N NaOH. Carefully add 5 N H2SO4 
to just discharge the color. 
 
8.4.3.4 Determine P using the ascorbic acid method. 

Physical Parameters 
 pH, conductivity, dissolved oxygen, and temperature will be measured using a YSI 

Sonde 6600 Environmental Monitoring Systems.  
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 Secchi Depth will be measured using a standard 8" diameter Secchi disc with 
alternating black and white quadrants according to SWAMP Quality Assurance 
Management Plan, Appendix E, "Field Data Measurements."  

In the event that standard protocol was not followed, the respective laboratory unit 
supervisor or Field Team Coordinator will address the issue and will provide proper 
training as according to established standard operating procedures. Whenever there is 
an out-of-control event, investigation and correction efforts are to be initiated by all 
concerned personnel as outlined in Element 20 (Assessment & Response Actions) and 
documented by the QA officers. 

Samples will always be analyzed within prescribed holding times. Laboratory turn-
around times (TAT) for nutrients and conventional chemistry is approximately 30 
days from the time of sample collection. This TAT includes the process of uploading 
the data into the WISARD database. The laboratory should notify the Field Team 
Coordinator if it anticipates a significant departure from this approximate TAT. 

Data validation includes dated and signed entries by the analyst on the worksheets 
and logbooks for all samples and use of QC criteria to reject or accept specific data. 

All analyses for this study adhere to Standard Methods for the Examination of Water 
and Wastewater 20th edition and EPA methods; therefore, no method validation is 
required for this study. 

Table 7. Laboratory and Field Methods and Detection Limits 
Parameter Laboratory Method ML Limit MDL Limit 

Total Suspended 
Solids 

EMD SM 20th ed.   2540 D N/A 2.0 mg/L 

Total Dissolved 
Solids 

EMD SM 20th ed.   2540 D N/A 28 mg/L 

Organic Nitrogen EMD EPA 351.2 0.1 mg/L 0.1 mg/L 
Ammonia-N EMD EPA 350.1 0.1 mg/L 0.05 mg/L 
Nitrate/Nitrite EMD EPA 300.0 0.1 mg/L 0.02 mg/L 

Total Nitrogen EMD 
Sum of NH3, NO3, NO2, and 

Organic-N. 
  

Ortho-Phosphorous EMD SM 20th ed 4500-P E 0.1 mg/L 0.05 mg/L 
Total Phosphorous EMD SM 20th ed  4500-P E 0.1 mg/L 0.05 mg/L 

Chlorophyll-a 
EMD 
 

SM 20th ed. 10200 H 
10 ug/l-
mg/m3 

6 ug/l-
mg/m3 

Turbidity EMD SM 20th ed.  2130 B 1.5 NTU 0.3 NTU 

pH 
Field Monitoring By WPD 
staff 

WPD YSI 6600 SONDE SOP N/A N/A 

Conductivity 
Field Monitoring By WPD 
staff 

WPD YSI 6600 SONDE SOP N/A N/A 

Dissolved Oxygen 
Field Monitoring By WPD 
staff 

WPD YSI 6600 SONDE SOP N/A N/A 

Temperature 
Field Monitoring By WPD 
staff 

WPD YSI 6600 SONDE SOP N/A N/A 

Secchi Depth 
Field Monitoring By WPD 
staff 

SWAMP QAMP Appendix E N/A N/A 

Lake Depth 
Field Monitoring By WPD 
staff 

Staff Gauge Reading N/A N/A 

*Standard Methods for the Examination of Water and Wastewater, 20th edition 
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In order to monitor the sampling process, the QA Officer will randomly observe 

sampling processes and compare the actual actions against the sampling SOP. Proper 

documentation of the field log sheet will ensure accuracy and consistency during 
sampling events. Field practices/procedures will be observed by QA Officer and 

compared to the sampling protocols (described in section 11) and the Monitoring 

Plan. Copies of all field log sheets will be filed with the COC forms for this particular 
project. 

B.13.2 Laboratory Analysis 
The laboratory will analyze the field blanks, samples, and QC samples (method blank, 

lab control sample, replicates or matrix spike/matrix spike duplicate) using the 

quality assurance/quality control programs and SOPs established by the EMD 
Laboratory. EMD Laboratory's quality assurance program has been reviewed by 

WPD's Quality Assurance Officer, and was found to contain the SWAMP required 

elements required for hardness, metals, nutrients, and bacterial analyses. The 
laboratory monitors data quality by performing internal QC checks. These checks are 

method-specific. The QC checks are used to ensure that the data were generated 

correctly and reliably. Laboratory control samples analyzed and calculated as percent 
recovery and spike results are used to measure accuracy or bias of a measurement. 

Control charts are used to monitor the system in its day-to-day operations. These 

charts not only indicate serious immediate problems, but can also act as early warning 
signs by indicating potential bad trends. 

B.13.3 Procedures and Formulas for Calculating Data Quality 
Indicators 

Accuracy of nutrient data will be assessed using standard reference solutions for the 

target analyte. The ratio (%) of the measured concentration to the known 

concentration will be compared to the criteria listed in "Measurement Quality 

Objectives for Laboratory Analyses". The standard reference solutions are not 
available for TSS, TDS, and Chlorophyll-a measurements. Therefore, accuracy 

formulas do not apply. 

Precision of the TSS, TDS, and Chlorophyll-a data will be calculated by determining 
the relative percent difference (RPD) among laboratory replicates and/or among field 

duplicates, where: 

RPD = | R1 – R2 | / mean (R1, R2) 

Recovery is assessed by calculating the ratio (%) of the measured concentration of the 

target analyte in the matrix spike sample to its known (theoretical) concentration. This 

value is compared to criteria listed in "Measurement Quality Objectives for 
Laboratory Analyses". 

Completeness is simply the number of acceptable data points divided by the number 

of samples analyzed for each type of analysis. 
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B.13.4 Out-of-Control Events and Action Plan 

An out-of-control event is defined as any occurrence failing to meet pre-established 
quality assurance/quality control criteria. Whenever there is an out-of-control event, 

investigation and correction efforts are to be initiated by all concerned personnel as 

outlined in Element 20 (Assessment & Response Actions) and documented by the QA 
officers. 

B.14 Instrument/Equipment Testing, Inspection and 
Maintenance 
B.14.1 Field Sampling 
Prior to each sampling event, field sampling equipment will be checked for proper 

operation. Field technicians will be responsible for preparing sampling kits that 

include field logs, COC forms, sample labels, sampling bottles, field equipment and 
tools. Equipment will be inspected for damage when first handed out and returned 

from use. The Field Team Coordinator will be responsible for implementing the field 

maintenance program. For this project, field equipment includes a sonde (YSI Sonde 
6600), depth-integrated sampling device, compositing buckets, Secchi disk, which will 

be cleaned and examined prior to each sampling event. Maintenance will occur 

according to manufacturer's recommendations. The staff gauge will be cleaned and 
cleared of debris prior to each reading. 

B.14.2 Analytical Laboratory 
EMD evaluates, tests, and maintains its equipment and instruments in accordance 

with its QA Manual and SOP's, which include those specified by the manufacturer 

and those specified by the method. It ensures that equipment and instruments are 

calibrated and operated with the reliability required for quality results. When repairs 

are necessary, they are performed by either trained staff or trained service engineers 

through commercial service contracts. Information documenting the preventive 
maintenance and repairs performed on each analytical instrument is also maintained. 

Documentation may include date, findings, probable cause, name of person who 

performed the service and calibration or standardization procedures that were 
performed with acceptable results or that were within performance criteria. 

B.14.3 List of Field/Laboratory Instruments that Require Periodic 
Maintenance: 

1. Custom-made sampling device for depth integration (WPD - sample collection) 

2. Filtration apparatus (EMD- TSS and TDS analysis) 

3. Analytical Balance (EMD- TSS and TDS analysis) 

4. Tissue Grinder (EMD- Chlorophyll-a analysis) 

5. Clinical Centrifuge (EMD- Chlorophyll-a analysis) 

6. Filtration Equipment (EMD- Chlorophyll-a analysis) 
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7. Lachat instrument (EMD- Nutrients analysis) 

8. Hach Turbidimeter (EMD- Turbidity analysis) 

9. YSI Sonde 6600 (pH, conductivity, DO probes) 

B.14.4 Availability and Locations of Spare Parts 

Spare Parts for WPD's field equipment are stored in WPD's instrument 
calibration/storage room. Spare Parts for EMD instruments are stored in EMD's 

instrument rooms.  

B.14.5 Instrument Deficiency and Corrective Actions 
Instrument deficiencies come from instrument malfunction and/or failure of internal 

QA/QC checks. 

If failure is due to instrument malfunction, the instrument will not be used until 

repaired; precision and accuracy will be reassessed, and the analysis will be rerun. All 

attempts will be made to reanalyze all affected parts of the analysis so that in the end, 
the product is not affected by failure of QC requirements. 

When an instrument fails QA/QC requirements, the problems will immediately be 

brought to the attention of the Laboratory Supervisor and QA Officer. Corrective 
measures to be taken will depend entirely on the type of analysis, the extent of the 

error, and whether the error is determinant or not. The corrective action to be taken 

can be determined by the Laboratory Supervisor, Technicians/Analysts, Project 
Manager, or QA Officer, or by all of them in conference, if necessary. However, final 

approval is the responsibility of the QA Officer and/or Project Manager. 

Documentation of the incident will include date, name of analyst, findings, probable 
cause and remedy, and subsequent calibration. Refer to EMD's QA Manual for more 

details on the laboratory stated procedures for handling corrective actions. 

B.15 Instrument/Equipment Calibration and Frequency 
B.15.1 Analytical Laboratory 
EMD calibrates its instrumentation at a frequency that ensures the validity of the 

results. EMD maintains calibration practices as part of the method SOPs (attached). 
That is, all analytical systems/instruments are calibrated at the time of use, or as often 

as each method requires. Each instrument is calibrated within its dynamic linear 

range bracketing the concentration of the target analyte, and for spectrophotometers, 
within the optimum performance range. Some instruments may require final 

calibration at the end of a test analysis. Calibration processes should comply with 

method-specific requirements and must be documented. 

B.15.2 Instruments Requiring Calibration 

For TSS and TDS analysis, the analytical balance requires daily calibration prior to use 
along with performance checks before/after measurements. For nutrients analysis, 

calibration will be required for every 10 samples and the correlation coefficient (r) 
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must be 0.995 or better for the calibration curve. If not, calibration must be repeated. 

For turbidity analysis, the Hach turbidimeter requires quarterly calibration or as 

needed. If daily secondary standard checks deviate by more than 10% of its original 
value, action will be taken and a reliable daily check will be restored. 

The sonde used in field measurements will be calibrated according to manufacturer's 

specification immediately prior to departure into the field against known pH, electric 
conductivity (EC), and DO solutions. 

B.15.3 Calibration Deficiencies 
If instruments do not calibrate properly, calibration will be repeated. If problems 

persist, instrument will be serviced according to manufacturer's recommendations. 

B.16 Inspection/Acceptance of Supplies and 
Consumables 
All laboratory and field equipment and supplies will be inspected for quality 
assurance as they are received. All standards and reagents will be checked by 

comparing their reading with those generated by the current lot of standards. 

Standards must agree exactly. All standards will be recorded on standard logbook 
with name, concentration, quantity, and expiration date. All required QA/QC 

protocols will be followed to assure proper performance of supplies. Confirmation 

that sample bottles are laboratory-certified clean will be made when received. EMD 
section supervisors will be responsible for EMD laboratory supplies and consumables. 

WPD Field Team Coordinator will be responsible for WPD field supplies and 

consumables. 

Laboratory and Field Critical Supplies and Consumables: 

 Instrument calibration standards 

 QC check standards 
 Reagents and glassware 

 De-ionized water 

 Spare parts 
 Sample containers 

B.17 Non-Direct Measurements 
There are no non-direct measurements in this project. 

B.18 Data Management 
Data management will be a collaborative effort involving field staff from the WPD, as 
well as laboratory staff from the EMD. WPD will record and maintain all field data 

collected during sampling events. For each sampling event, sonde measurements will 

be stored in the instrument's internal memory. Upon returning from the field, these 
data will be uploaded and stored as data files on WPD network. A field log sheet will 
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be used to register all information during a particular sampling event, such as date, 

time, name of field personnel, sampling location, sample ID, name of sampling 

program, and visual inspection of the site, as well as additional comments that may be 
relevant to the project. All field data will be entered into an electronic database 

following each sampling event. EMD will record and log all samples that are analyzed 

at the laboratory, and all laboratory data will be entered into EMD's LIMS. Upon 
validation from each respective laboratory supervisor, EMD will upload the validated 

data into the BOS' WISARD. Likewise, WPD field staff will upload the required in-

situ measurements and other pertinent field observations into WISARD. The WISARD 
database is maintained by the ICSD and is used extensively by the Bureau of 

Sanitation for legal reporting of data for various NPDES and TMDL monitoring 

programs. Custom report templates will be developed for the Machado Lake 
Nutrients TMDL Monitoring Program so that data are reported in a timely, consistent 

manner, with systems in place to maintain the integrity of the data. Data within 

WISARD can only be edited with administrative approval, and will have an access log 
showing activities and changes made to the file. WISARD files are stored on a secure 

server, and are backed up on a daily basis. 

In addition, hard copies of the Field log sheets and laboratory results will be filed in 
project specific folders at WPD and EMD, respectively. All electronic data files, at 

WPD and EMD, are saved on a network drive and are backed-up in an archive. 

Records will be maintained for a minimum of five years after submission of the data 
to the Regional Board. However, it is the practice of the Bureau of Sanitation 

(including WPD and EMD) to maintain monitoring records indefinitely. 

Tasks and checklists for data management are included in the Pollution Assessment 

Section SOP for Managing Data and EMD QA Manual. 
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GROUP C Elements:  
Assessment & Oversight 
B.19 Assessments and Response Actions 
All reviews will be made by the WPD QA Officer and may include the SWRCB QA 

Officer. WPD will conduct reviews of sampling and field monitoring procedures. 
Reviews will evaluate observed practices against those found in the SWAMP 

sampling SOP. The reviews of laboratory analytical procedures will evaluate 

observed method practices against EMD's SOPs and an audit of data from EMD 
quality assurance and quality control program. Assessments and response actions are 

necessary when field monitoring procedures are not followed as according to the 

established SWAMP sampling SOP. Corrective actions will be implemented 

immediately by WPD's QA Officer. For this project, sampling will occur biweekly 

following 60 days after the Lake Management Plan has been approved by the 

Regional Board. With each event, the QA Officer will conduct reviews of field 
procedures and make necessary adjustments before the next sampling event. The QA 

Officer will approve field log sheets as well as COC forms to ensure all required 

analyses are properly marked and legible. The QA Officer will report the results of the 
assessments to the Project Manager.  

In an unlikely event that data quality does not meet the established standards such as 

calibration criteria, inadequate recordkeeping, improper storage or preservation of 
samples, proper corrective actions will take place according to the appropriate person 

responsible for the activity. Laboratory analysts should be able to recognize all 

unusual circumstances that will jeopardize the integrity of data quality and notify the 

laboratory supervisor to solve the problem. The laboratory supervisor should review 

all analytical and QC data for reasonableness, accuracy and clerical errors. When 

suspected data are present, the laboratory supervisor works with the analyst, as well 
as EMD Laboratory Quality Assurance Officer, to solve the problem and prevents the 

reporting of suspected data by stopping work on the analysis in question. After the 

source of error is determined and remedied, all suspected results are repeated. This 
will insure the highest quality assurance possible. Refer to the EMD QA Manual for 

additional details. The general guidelines for initiating a corrective action are as 

follows: 

 Identify/define the problem. 

 Assign responsibility for investigating the problem. 

 Investigate and determine the causes. 

 Develop corrective actions to eliminate the problem. 

 Measure the effectiveness of the corrective action. 
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 Analyst, unit supervisor, laboratory manager, and Laboratory QA Officer meet to 

review and evaluate the process, if necessary. 

 Document the process by filling out the Corrective Action Report Form. 

B.20 Reports to Management 
EMD is responsible for all laboratory QA/QC reports. This will be done according to 

their established protocol as specified in the EMD QA Manual, and will ensure that all 

laboratory data has been thoroughly assessed and reviewed prior to being uploaded 
into the WISARD database. Other QA/QC review will be performed by the Field 

Team Coordinator and the Project QA Officer. This review will assess field generated 

data, in addition to laboratory results. Specifically, this will involve examination of 
field blanks and duplicates. 

Reports to management including frequency, approximate due dates, report writers, 

and report recipients are listed in Table 8. 

Table 8. Reports to Management Due Dates 

Type  Frequency 

Projected 
Delivery 
Dates(s) 

Person(s) 
Responsible for 
Report  Preparation 

Report 
Recipients 
 

Internal progress 
report Quarterly 

By the 30th of the 
month following the 
quarter 

Project QA Officer Project Manager, 
Technical Leader 

Compiled data set 
and summary Annually March 31st of each 

year 
EMD Laboratory 
Manager 

Project Manager, 
Technical 
Leader, Field 
Team 
Coordinator 

Draft annual report Annually  May 31th of each 
year Technical Leader 

Project Director, 
Laboratory 
Manger 

Final annual report Annually June 30th of each 
year 

Project Director, 
Laboratory Manger 

RWQCB 
Executive Officer 
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Group D Elements:  
Data Validation & Usability 
B.21 Data Review, Verification, and Validation 
All field data and EMD data will be reviewed by the WPD QA Officer to determine if 

the data meet Data Quality Objectives (DQO) and Criteria cited in Section 7 and the 
quality assurance/quality control practices cited in Sections 14, 15, 16, and 17. EMD 

will review and validate analytical results prior to uploading to the WISARD 

database. WPD will review and validate all field observations and measurements 
prior to uploading to the WISARD database. The data will be available for 

examination and interpretation by the Technical Leader, Field Team Coordinator, 

Project QA Officer, and other persons with access to the WISARD database. Decisions 

to accept or reject or qualify data are made by the Project QA Officer and Laboratory 

QA Officer in consultation with the Field Team Coordinator. 

All data will be separated into three categories based on DQO:  

1. Data meeting all data quality objectives – Data Acceptable 

2. Data failing to meet precision or recovery criteria – Data Re-assessed 

3. Data failing to meet accuracy criteria – Data Rejected  

Data falling in the first category is considered usable by the project. Data falling in the 

last category is considered not usable. Data falling in the second category will have all 

aspects assessed. If sufficient evidence is found supporting data quality for use in this 

project, the data will be moved to the first category, but will be flagged with a "J" as 

per EPA specifications. 

Data meeting all data quality objectives, but with failures of quality assurance/quality 
control practices will be set aside until the impact of the failure on data quality is 

determined. Once determined, the data will be moved into either the first category or 

the last category. 

B.22 Verification and Validation Methods 
Data verification and validation processes require all results to be visually inspected 

and recorded as checked by initials and dates. This also consists of evaluating the field 

log sheets and COCs for consistency. Data validation criteria are based upon the 

measurement quality objectives developed in the QAPP. Data validation includes a 

determination, where possible, of the reasons for any failure to meet method, 

procedural, or contractual requirements, and an evaluation of the impact of such 
failure on the overall data set. Data validation applies to activities in the field as well 

as in the analytical laboratory. All field data and final laboratory data will be 

reviewed by Project QA Officer and Project Manager to determine if the data meet 
quality assurance project plan objectives. Decisions to reject or qualify data are made 
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by the Project QA Officer and Laboratory QA Officer in consultation with the Field 

Team Coordinator. All laboratory data generated by EMD will be reviewed by EMD 

section supervisors. EMD analysts should report unusual results to the section 
supervisor/laboratory manager. A second sample should be analyzed as soon as 

possible to verify the condition. Any issues will be noted. Reconciliation and 

correction will be done by a committee composed of Project QA Officer, Project 
Manager Technical Leader, and Laboratory's QA Officer and/or Laboratory Manager. 

Any corrections require a unanimous agreement that the correction is appropriate. 

Certification of the data will be made by the Project Director and Laboratory Manger 
when submitting the final annual report. See the list below for a data validation 

checklist. For further details on data validation procedures refer to the EMD QA 

Manual and the PAS SOP for Managing Data. 

Calibration requirements as defined in the method: 

 Documented traceability of instrument and spiking standards 

 Documentation of methods used and QC applied 
 Maintenance performed on instruments 

 Documentation of sample preservation, transport, and storage 

 Review of QC sample data 

B.23 Reconciliation with User Requirements 
Quarterly internal progress reports and the annual report will be automatically 

generated through standardized queries within the WISARD database. The data 

generated in these reports will be considered "validated"; however, at this point they 
are not considered "official" results. This designation only comes after the Project 

Direction and the Laboratory Manager have certified the results with their signatures 

on the Annual Report. Further review of the "validated" data will be conducted to 
assess the data in terms of its uncertainty with respect to the goals and objectives of 

this monitoring program—that is, assessing compliance with TMDL Load Allocations 

and attainment of numeric targets (refer to section 5.3 of this QAPP). This review 
process will be conducted by a team consisting of the Technical Leader, Project 

Manager, and Field Team Coordinator, in consultation with the Project QA Officer 

and Laboratory QA Officer. The review will involve comparing monitoring results 
with historical trends to identify anomalies and/or questionable data. As a general 

guideline, results that are greater than two (2) standard deviations away from 

historical mean values will be considered for further review. Monitoring data will also 
be reviewed in relation to field observations and other notes that may have been 

recorded by field staff when the samples were collected. In addition, information may 

also be acquired through other sources (e.g., RAP staff) if it pertains to the 
representativeness of the samples. Samples that were collected on days that concur 

with lake management activities or other events that may alter lake conditions, will be 

flagged for further review. The Field Team Coordinator will prepare a report of any 
"uncertain" results. This report will be provided to the Project QA officer for a final 

decision to be made on how to handle they results in question. Finally, a narrative 
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statement, including any pertinent analysis or graphs, will be attached to the annual 

report, providing an explanation of how the questionable results were handled, and 

the reasoning behind the decisions that were made. 

Data from this monitoring program will be reported in a manner consistent with 

existing TMDL and NPDES reporting programs. Data gathered from this program 

will be comparable in quality to SWAMP guidelines. 

B.24 References 
EMD Chemical Hygiene Plan 

Attachment A to Resolution No.R08-006, Amendment to the Water Quality Control 

Plan for the Los Angeles Region (Basin Plan). May 1, 2008. 

SWAMP Quality Assurance Management Plan, 2nd Ed., 2008, Appendix D, "Field 

Collection of Water Samples" 

SWAMP Quality Assurance Management Plan, 2nd Ed., 2008, Appendix E, "Field 
Measurements Procedures 
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Appendix C 
Lake Water Quality Model 
 

C.1 Introduction 
The purpose of the Lake Water Quality Model is to illustrate the long term projected 
concentrations of nutrients in Machado Lake after the installation of the proposed BMPs. 

The proposed BMPs that are included in the model are dredging, installation of an 

oxygenation system, supplemental water, and a recirculating treatment wetlands with 
alum treatment. The modeling effort involved establishing the following: 

External Nutrient Loading to the Lake (Sections C.2 though C.3): To define current 

conditions and inflowing concentrations of nutrients to the lake, this step served to 

establish the appropriate data set to use as the dry weather baseflow and wet weather 

event mean concentration (EMC) to be input into Lake Water Quality Model.  

Internal Nutrient Load (Sections C.4): To define internal nutrient loading in the lake, this 
step involved a sediment flux study and paleolimnological study that establish the 

current conditions and effects that various BMPs would have on the nutrient loading 

from the sediments to the water column. The model includes explicit simulation of 
sediment nutrient (N and P) dynamics and resulting summer flux release to the water 

column. 

The model simulates the conditions within the lake as a function of internal nutrient 
loading as well as the external nutrient loading from urban runoff and the effect that the 

implementation of the proposed BMPs will have on nutrient concentrations in the lake.  

In order to be able to directly simulate a range of rehabilitation alternatives at Machado 
Lake, it was decided to move away from published, "black box," modeling options, such 

as the USACE Bathtub model (Walker, 2004). The model needed to include the ability to 

be flexible with the model code to include explicit representation of features such as the 
link between daily wet weather runoff loads, settling and dry weather internal loads; 

monthly-varying supplemental water inflows; and the offline re-circulating wetlands. 

The fundamental equations used in the model, however, are based on simple and well-
established mass and flow balances, various forms of which are used in nearly all water 

quality models and the widely-used empirical relationship between phytoplankton and 

nutrients adopted from the Bathtub model.  

Like all models, this tool has limitations with respect to predictive ability. These 

limitations are due to the various simplifications and assumptions inherent in the 

fundamental equations and to the uncertainties associated with the model 
parameterization. Therefore, both a sensitivity analysis and an uncertainty analysis were 

performed, the process and results of which are presented in Sections C.6 and C.7, 

respectively.  

RB-AR41109



Appendix C 
Lake Water Quality Model 

C-2 

C.2 Existing Runoff Water Quality Data 
City of Los Angeles Monitoring Data 

The City of Los Angeles Bureau of Sanitation (BOS) Watershed Protection Division (WPD) 

regularly collects runoff water quality monitoring data from three storm drain outfall 
locations, which include the Wilmington Drain above Lomita Boulevard, the Project 77 

storm drain outfall on the west side of Machado Lake, and the Project 510-Line C storm 

drain outfall on the west side of Machado Lake. Additionally, BOS-WPD collects water 
quality data from four in-lake sampling locations. Sampling data summaries for storm 

drain and in-lake sampling are presented in this Section. The analytic data for nutrient 

species was used to calibrate the lake water quality model.  

Currently available sample collection data range from June 2006 through September 2008 

for in-lake samples and from June 2007 through September 2008 for storm drain outfall 

samples. Most water quality samples were collected during dry weather periods with low 
baseflow in the drains. However, there is also limited grab sampling data from the drains 

on five wet weather days or days immediately following wet weather events. The mean of 

all dry weather samples collected from each of the three storm drain outfall locations 
during this sampling period was calculated for each of the nutrient species in the pollutant 

load model. Table C-1 presents the minimum, average, and maximum concentrations of 

TSS, nutrient species, TDS, alkalinity, and hardness in dry and wet weather runoff. Table 
C-2 presents the average, minimum, and maximum values of parameters collected using 

field instruments. 

Table C-1 
Machado Lake Storm Drain Outfall Analytic Water Quality Monitoring Data 2006-2008 

Constituent Units Dry Weather Wet Weather 
Minimum Average Maximum Minimum Average Maximum 

TSS mg/l 0.5 12 181 7 96 311 
Total P mg/l 0.03 0.6 4.66 0.13 0.6 1.99 
Total N mg/l 1.29 2.7 18.42 1.77 2.8 5.71 
Organic N mg/l 0.42 1.6 15.4 0.76 1.1 2.3 
Ammonia-N mg/l 0.03 0.3 1.44 0.14 0.5 0.86 
(Nitrate+Nitrite)-N mg/l 0.41 5 2.12 0.87 1.1 2.91 
TDS mg/l 456 820 1,760 36 260 620 
Alkalinity mg/l 58 130 238 14 56 108 
Hardness mg/l 134 360 1,000 15.1 120 264 

 
 

Table C-2 
Machado Lake Storm Drain Outfall Field Collected Monitoring Data 2006-2008 

Parameter Units Minimum Average Maximum 
Temperature Deg C 9.24 18.04 23.60 
Conductivity mS/cm 0.61 1.27 2.52 
DO mg/l 2.17 8.47 14.27 
pH SU 7.53 8.09 9.09 
Turbidity NTU -2.90 6.93 131.20 
TDS mg/l 0.30 8.30 28.50 
Chl-a ug/l 9.24 18.04 23.60 
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Available in-lake water quality samples range from June 2006 through September 2008, 

and occurs at the four locations shown in Figure C-1 (ML 1 to ML-4). WPD regularly 

monitors ML-1 and ML-2 and has intermittently monitored ML-3 and ML-4.  

Most in-lake water quality samples were collected during dry weather periods with low 

baseflow in the drains. No samples were collected during wet weather; however, a few 

samples were collected one or two days after wet weather events. Table C-3 presents the 
statistics of all samples collected from each of the in-lake sampling locations during this 

sampling period for several of the nutrient species, chl-a, DO, and Secchi depth. 

The TMDL reports that the most distinct water quality problem affecting the lake is 
eutrophication, which is a result of increased nutrient loading. Phosphorus and nitrogen 

are recognized as key nutrients responsible for the eutrophication of Machado Lake, and 

Secchi depth is an additional indicator of eutrophication. The sampling data presented 

in Table C-3, identify that the lake is eutrophic to hypereutrophic based on a tropic 

status, or degree of eutrophication, as related to both Secchi depth and total phosphorus. 

Secchi depths less than 2 meters (m) are indicative of eutrophic lakes (Horne 1994); 
sampling data range from 0.17 m to 0.91 m, with mean values presented in the table and 

an overall average of 0.35 m. Based on EPA nutrient guidelines, hypereutrophic lakes 

exceed 0.10 mg/L total phosphorus; however these guidelines were based on lakes that 
may not be in geographic areas similar to Machado Lake. Sample results for total 

phosphorus range from 0.19 mg/L to 1.38 mg/L, with mean values presented in the 

table and an overall average of 0.8 mg/L. 

Additional wet weather sampling was performed for the City (CDM & Parsons 2010) 

during seven wet weather days from October 2009 through January 2010. Two samples 

were taken at each location for each rain event. A summary of the average at each of the 

three sampling locations is presented in Table C-4. 

Table C-4 
Machado Lake Wet Weather Sampling (2009 –2010 Wet Season) 

Location Total P 
(mg/L) 

Dissolved 
Orthopho
sphate as 
P (mg/L) 

Total N 
(mg/L) 

Ammonia 
as N 

(mg/L) 

Nitrate + 
Nitrite 
(mg/L) 

Suspended 
Solids 
(mg/L) 

Wilmington Drain 0.83 0.31 4.77 1.12 1.05 102.05 
Project 77 0.82 0.53 5.77 1.26 1.5 104.27 
Machado Lake Dam 0.53 0.28 1.48 2.82 0.33 101.49 

Notes:  
Samples were taken during the 2009-2010 wet season as part of a State Coastal Conservancy Grant for 
the City of Los Angeles. Seven rain events were sampled, with generally two samples taken per rain 
event per location. Sampling locations include Wilmington Drain south of PCH, at the Project 77 drain, at 
the Machado Lake dam. 
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Figure C-1 
Machado Lake Sampling Locations 
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Table C-3 
Summary of Machado Lake Sampling Data 

  

NH3-N 
(mg/L) 

Inorgani
c-N 

(mg/L) 
Total-N 
(mg/L) 

Total-P 
(mg/L) 

Ortho-P 
(mg/L) 

CRG 
Correcte
d Chl-a 
(ug/L) 

Dissolved 
Oxygen 
(mg/L) 

Surface 
(<0.5m) 

Dissolved 
Oxygen 

(mg/L) Mid-
Depth 

(0.5m<1.0 
m) 

Dissolved 
Oxygen 
(mg/L) 
Bottom 

(1.0m<1.5m
) 

Secchi 
Depth 

(m) 

ML-1 
(in-Lake) 

Mean 0.05 0.08 1.84 0.81 0.65 69.69 5.81 5.17 5.39 0.35 
Median 0.03 0.03 1.87 0.84 0.68 62.06 5.70 4.90 4.85 0.33 
St. Dev 0.08 0.14 0.72 0.21 0.29 42.26 2.26 2.32 4.06 0.10 

Minimum 0.03 0.03 0.30 0.31 0.13 3.41 2.82 1.81 0.98 0.20 
Maximum 0.53 0.68 3.79 1.38 2.60 220.72 17.07 16.68 16.53 0.64 

95th 
Percentile 0.13 0.47 3.30 1.12 0.89 141.87 8.68 8.39 12.15 0.55 

ML-2 
(in-lake) 

Mean 0.06 0.08 1.81 0.79 0.65 66.28 5.66 4.96 4.84 0.36 
Median 0.03 0.03 1.78 0.80 0.66 66.22 5.44 5.15 4.57 0.32 
St. Dev 0.08 0.15 0.68 0.19 0.23 34.24 1.75 1.82 1.97 0.12 

Minimum 0.03 0.03 0.30 0.33 0.20 5.70 2.58 1.26 1.07 0.22 
Maximum 0.58 0.70 4.62 1.31 2.00 172.61 11.84 11.88 11.85 0.75 

95th 
Percentile 0.20 0.45 2.74 1.07 0.93 124.31 8.72 7.45 7.71 0.61 

ML-3  
(in-lake) 

Mean 0.03 0.03 1.81 0.81 0.69 83.59 4.93 4.37 4.52 0.34 
Median 0.03 0.03 1.80 0.81 0.69 73.38 4.71 4.24 4.43 0.32 
St. Dev 0.01 0.03 0.52 0.16 0.25 52.15 1.63 1.84 2.53 0.12 

Minimum 0.03 0.03 0.30 0.52 0.33 37.51 1.42 0.89 0.46 0.17 
Maximum 0.09 0.19 3.30 1.22 2.10 337.71 10.38 10.36 10.29 0.91 

95th 
Percentile 0.05 0.08 2.50 1.05 0.87 156.30 7.25 7.28 7.69 0.55 

ML-4  
(in-lake) 

Mean 0.03 0.03 1.61 0.80 0.67 70.84 5.58 4.95 3.92 0.33 
Median 0.03 0.03 1.70 0.80 0.68 61.26 5.58 5.13 3.88 0.33 
St. Dev 0.02 0.02 0.48 0.15 0.24 31.58 1.80 1.71 1.82 0.07 

Minimum 0.03 0.03 0.30 0.47 0.33 30.88 1.12 1.08 1.01 0.21 
Maximum 0.11 0.14 2.80 1.10 1.90 165.54 10.06 9.14 6.86 0.56 

95th 
Percentile 0.04 0.09 2.50 1.02 0.91 144.11 8.69 7.49 6.81 0.47 

Overall Average 0.04 0.06 1.77 0.80 0.67 72.60 5.50 4.86 4.67 0.35 
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LACDPW Monitoring (1987-1995) 

LACDPW collected water quality samples at several locations within the Dominguez 

Watershed from 1987 through 1995. One sampling location was in the Machado Lake 
subwatershed, located in Wilmington Drain upstream of the Pacific Coast Highway 

(PCH). These data are presented in the Dominguez Watershed Management Master Plan 

and below in Table C-5. It is assumed that this data was collected during wet weather 
events but that is not stated in the Master Plan. 

Table C-5 
Summary of LADPW Water Quality Data Collected in Wilmington Drain 

above PCH 

Pollutant Units Sample Results1 
Minimum Average Maximum 

TSS mg/l 13 225.2 1,143 
Total P mg/l 0.08 0.3 1.3 

Ammonia-N mg/l 0 1.0 15 
(Nitrate+Nitrite)-N mg/l 0 1.1 10.83 

Total Copper ug/l 0 28.3 100 
Dissolved Copper ug/l 0 9.9 140 

Total Lead ug/l 0 33.5 260 
Dissolved Lead ug/l 0 12.1 290 

Bacterial Indicators 
Total Coliform MPN 930 38,197 790,000 
Fecal Coliform MPN 33 8,336 160,000 
Enterococcus MPN 20 5,023 50,000 

Notes: 
1. Average concentrations presented in Table 2.3-24 Summary of historic water 

quality data for the Dominguez Watershed, in the Dominguez Watershed 
Management Master Plan 

 
Los Angeles County and other Regional Monitoring Data 

From 1994 through 2000 the Los Angeles County Department of Public Works 

(LACDPW) collected water quality monitoring data from a variety of sites throughout 
Los Angeles County. Two of the stations were located within the Dominguez 

Watershed. The purpose of this water quality and land use monitoring was to evaluate 

possible effects of land use on water quality, to evaluate the relative importance of land 
use as a pollutant source, and to provide data to develop pollutant loading event mean 

concentration (EMC) data. Using these land use based EMCs, the projected pollutant 

load from the Machado Lake watershed was estimated. This process is summarized in 
Section C.3. 

C.3 Existing Pollutant Load Estimates Using County of Los 
Angeles EMC Database 
A runoff pollutant load model was used to estimate the generation of pollutants and 

expected constituent concentrations resulting from both dry weather baseflow and wet 
weather stormwater runoff within the Wilmington Drain and Machado Lake 

watersheds, and the results of this modeling effort are the inputs into the Lake Water 

Quality Model that estimates current in-lake conditions and future, post-BMP 
conditions. The model accounts for the pollutants coming from upstream subwatersheds 

both those tributary to Wilmington Drain and those that discharge directly to the lake or 
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the riparian areas within the park upstream of the lake and to pollutant loads from the 

subwatersheds that discharge to the Freshwater Marsh below Machado Lake. Two 

pollutant load estimates were developed, one for dry weather baseflow and one for wet 
weather flows, both of which utilized the same subwatershed delineation. 

The Machado Lake and Wilmington Drain watersheds were divided into 18 

subwatersheds for pollutant load modeling, as shown in Figure C-2. The area of each 
subwatershed is presented in Table C-6. Thirteen of the subwatersheds (totaling 

approximately 14,156 acres) are ultimately tributary to Machado Lake, while the other 

five (totaling approximately 1,337 acres) are tributary to the Freshwater Marsh 
downstream of Machado Lake. Of the eleven subwatersheds tributary to Machado Lake, 

six discharge to Wilmington Drain, which itself discharges through the upper Riparian 

Woodland to Machado Lake. Ultimately, all runoff that flows out of Machado Lake and 
the Freshwater Marsh discharges to a slip of the Los Angeles Harbor. Figure C-3 shows 

the areal breakdown for these four overall subwatershed areas (Wilmington Drain, 

Riparian Woodland, Machado Lake, and Freshwater Marsh). 

Table C-6 
Subwatershed Characteristics 

Subwatershed 
Area 

(acres) 
Percent 

Impervious (%) Tributary to 
College 116 55 Below Lake 
D24010 158 49 Riparian Woodland above lake 
Figueroa Drain 707 54 Below Lake 
Golf 75 20 Lake 
P2533 67 48 Below Lake 
D7223 436 32 Below Lake 
P6545 71 74 Riparian Woodland Above Lake 
P9481 11 35 Below Lake 
P36466 37 84 Lake 
KMHRP West  33 22 Lake 
Project 1104B2 3,224 57 Wilmington Drain 
Wilmington Channel 84 35 Wilmington Drain 
WD Project 510 753 62 Wilmington Drain 
Project 2 311 60 Wilmington Drain 
Project 98273 4,554 47 Wilmington Drain 
Walteria1 3,170 60 Wilmington Drain 
Project 77 1,604 46 Lake 
Project 510 Line C 81 37 Lake 

Summary 
Tributary to 
Wilmington Drain 12,097  

 
Tributary to Lake 
Including Wilmington 
Drain 

14,156 
 

 

Tributary Below Lake 1,337   TOTAL 15,493   
Notes: 
1. Walteria Lake adds an additional 26 acres to this subwatershed. The lake is not included in the 
pollutant 
 load model. 
2. Includes subwatershed Project 8101 Project 509, Project 1201 
3. Included Project 1104 
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Figure C-2 
Machado Lake and Wilmington Drain Subwatershed Delineation 
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C.3.1 Wet Weather Flow and Pollutant Load Reduction Modeling 

In general, the wet weather pollutant load model calculated wet weather pollutant loads 
by (1) estimating runoff coefficients to convert rainfall data into runoff volumes, (2) 

estimating pollutant loads using runoff volumes and pollutant event mean concentrations 

(EMCs). The pollutant loading model is based on four main equations which determine 
the runoff coefficient, the annual runoff, the annual pollutant loadings, and the resulting 

average annual pollutant concentrations. For purposes of this model, the term pollutant 

refers to any physical or chemical constituent that exists naturally or is anthropogenically 
deposited within a watershed that can be mobilized by rainfall and transported by runoff. 

Pollutants have the potential for causing adverse effects on the receiving water 

environment because of concentrations in the water or as result of physical or biological 

accumulation. 

The model methodology has been adapted from an empirical method that has been 

referred to by others as the Simple Method (Schueler 1987). The Simple Method is an 
empirical approach developed for estimating pollutant export from urban development 

sites. The model was developed to provide a simple yet effective method for predicting 

runoff volumes, pollutant loads, and resulting pollutant concentrations from proposed 
project areas. 

The model, developed in spreadsheet format, utilized available stormwater monitoring 

and rainfall data, watershed drainage, and land use information derived for hydrologic 
analysis, to predict runoff volumes. The model is capable of estimating changes in runoff 

volumes, pollutant loads, and resulting pollutant concentrations that may occur as a result 

of property development or redevelopment. The model does not incorporate individual 
storm event hydraulics or hydrology of the project site, which would be more appropriate 

for hydrology/hydraulic design and requires additional data and more sophisticated 

modeling. Model calculations are deterministic in that only a single average value is 
obtained from a set of inputs without an estimation of the potential variation in 

stormwater loads or concentrations. 

Figure C-3 
Project Area Breakdown 
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This type of model was selected because it allows for the incorporation of the treatment 

benefits expected from the implementation of structural BMPs.  

C.3.1.1 Source Data 

Source data, including land use, rainfall and estimated runoff, are presented below. 

Land Use  

Land use categories include: education, high density single family residential, light 
industrial, mixed residential, multi-family residential, retail/commercial, transportation, 

and vacant. Table C-7 shows the land use breakdown by subwatershed and Figure C-4 

presents the overall landuse breakdown for all subwatersheds. 

Table C-7 
Land Use Breakdown by Subwatershed in Acres 

Subwatershed Education HDSFR1 Light 
Industrial 

Mixed 
Residential MFR2 Retail / 

Commercial Transportation Vacant 

College 76 0 0 16 0 0 2 21 
D24010 0 70 6 3 9 24 14 30 
Figueroa Drain 74 431 12 49 46 76 17 2 
Golf 2 0 0 55 1 0 0 17 
P2533 0 0 37 18 0 0 0 12 
D7223 0 86 9 20 50 44 6 220 
P6545 3 0 6 10 39 11 0 1 
P9481 0 0 3 8 0 0 0 1 
P36466 0 0 0 2 0 35 0 0 
KMHRP West 0 0 0 33 0 0 0 0 
Project 1104B 113 1,804 465 80 328 319 56 59 
Wilmington 
Channel 0 0 4 17 10 10 6 38 

Project 510 14 286 203 56 108 71 14 2 
Project 2 13 118 20 29 67 51 3 10 
Project 9827 132 2,007 203 600 233 578 199 602 
Walteria3 141 1,476 197 55 290 771 89 151 
Project 77 31 623 153 371 155 119 13 139 
Project 510 
Line C 1 22 4 10 9 7 1 27 

Summary 
Tributary to 
Wilmington 
Drain 

413 5,690 1,092 836 1,037 1,800 366 862 

Tributary to 
Lake Including 
Wilmington 
Drain 

451 6,406 1,262 1,321 1,249 1,997 394 1,076 

Tributary 
Below Lake 151 517 62 111 97 120 25 256 

Total 602 6,923 1,324 1,433 1,345 2,117 419 1,331 
Notes: 
1: HDSFR – high density single family residential 
2: MFR – Multi-family residential 
3: There are no EMCs for open water. Therefore, Walteria Lake is not included in the pollutant load model.  
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Annual Rainfall Data 
A long-term average annual rainfall value of 12.6 inches was used to estimate the 

rainfall anticipated in the Wilmington Drain/Machado Lake watersheds. This value is 

based on a 31 year record collected at the Long Beach National Climatic Data Center 
Station rain gage CA5085 (1976 through 2007). 

Runoff Estimation 

The wet-weather pollutant loading spreadsheet model estimates annual average runoff 

volumes based on a simple relationship between annual rainfall, annual runoff and 

pollutant concentrations. The model uses the following formula to determine runoff 

volume:
 

)()()()( 1CFAIRQ iii  Eqn. 1 

Where: 

Qi = annual runoff volume (ft3) from land use area i 

I = annual average rainfall depth (inches) 

Ai = land use area i (acres) 

Ri = runoff coefficient of land use area i 

CF1 = conversion factor to convert from in-acres to acre-feet 

Model results express runoff in acre-feet per year (AFY). The runoff coefficient, Ri, is a 

unit-less value that is a function of the imperviousness of land use area, i, and is 
approximated in the model by the following equation (Federal Highway Administration 

1990): 

Ri = 0.007  (% imperviousness of Ai) + 0.1  Eqn. 2 

Figure C-4 
Land Use Breakdown 
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The percent impervious factors (Table C-8) were derived from an area-based weighted 

average of the impervious factors of all land uses that make up each land use category. 

Using Equations 1 and 2, annual wet weather runoff was estimated for each 
subwatershed on a land use basis (Table C-9). Figure C-5 graphically presents the 

modeled annual runoff volume from each subwatershed. 

Table C-8 
Percent Impervious Factors per Land Use 

 Education HRSFR Light 
Industrial 

Mixed 
Residential MFR Retail / 

Commercial Transportation Vacant 

Impervious 
Factors 77 42 75 22 85 88 91 2 

Notes: 
1: HDSFR – high density single family residential 
2: MFR – Multi-family residential 

 

Figure C-5 
Annual Runoff per Subwatershed 
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Table C-9 
Annual Wet Weather Runoff Estimation per Subwatershed 

Subwatershed Education 
(AFY) 

HDSFR1 
(AFY) 

Light 
Industrial 

(AFY) 

Mixed 
Residential 

(AFY) 
MFR2 
(AFY) 

Retail / 
Commercial 

(AFY) 
Transportation 

(AFY) 
Vacant 
(AFY) 

Total 
(AFY) 

College 51 0 0 4 0 0 2 3 60 
D24010 0 29 4 1 6 18 11 3 74 
Figueroa Drain 50 178 8 13 34 57 13 0 353 
Golf 1 0 0 15 0 0 0 2 19 
P2533 0 0 25 5 0 0 0 1 31 
D2773 0 36 6 5 37 33 5 26 148 
P6545 2 0 4 3 29 8 0 0 46 
P9481 0 0 2 2 0 0 0 0 4 
P36466 0 0 0 1 0 26 0 0 27 
KMHRP West 0 0 0 9 0 0 0 0 9 
Project 1104B 76 746 306 22 240 241 43 7 1,681 
Wilmington 
Channel 0 0 3 4 8 7 4 4 31 

Project 510 9 118 134 15 79 54 11 0 420 
Project 2 9 49 13 8 49 39 2 1 170 
Project 9827 88 830 134 162 171 436 154 70 2,045 
Walteria 94 611 130 15 213 581 69 18 1,730 
Project 77 21 258 101 100 113 90 10 16 709 
Project 510 Line C 0 9 3 3 6 6 1 3 31 

Summary 
Tributary to 
Wilmington Drain 276 2,354 720 226 760 1,357 283 100 6,076 

Tributary to  Lake 
Including 
Wilmington Drain 

301 2,650 832 356 916 1,505 305 125 6,991 

Tributary Below 
Lake 101 214 41 30 71 91 19 30 595 

Total 402 2,864 872 386 986 1,596 324 155 7,586 
Notes: 
1. HDSFR – high density single family residential 
2. MFR – Multi-family residential 
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C.3.1.2 Wet Weather Loadings and Concentrations Estimation 

Land use-based pollutant loads and concentrations derived from a review of data from 

Los Angeles County's 1994-2000 monitoring data (LACDPW 2006), considered the most 
extensive, locally-derived data for a variety of land use types, which is also used in the 

pollutant load model maintained by BOS, were considered to determine if these values 

would be appropriate to use as an estimate of the runoff loads from the Machado Lake 
watershed. This section summarizes the data available from the Los Angeles County's 

monitoring program, and a comparison to the Machado Lake water quality data is 

presented in Section C.3.1.3. 

The water quality parameters selected for modeling were based on the following 

pollutants provided that a scientifically sufficient amount of data is available from the Los 

Angeles County's monitoring program: 

 Typical pollutants found in urban stormwater from the various land uses existing in the 

Machado Lake and Wilmington Drain subwatersheds, 

 Pollutants listed on the 303(d) list for Machado Lake and Wilmington Drain, or 

 Pollutants for which TMDLs have been completed. 

The parameters selected for modeling include total suspended solids (TSS), total 

phosphorus (Total P), dissolved phosphorus, total nitrogen (Total N), organic nitrogen, 
ammonia-nitrogen, nitrate + nitrite as nitrogen, total copper (Cu), dissolved Cu, total lead 

(Pb), and dissolved Pb. The data set does not include trash and debris, as that data was 

developed separately under the Trash TMDL. Table C-10 presents the EMCs on a land use 
basis for the selected parameters modeled. 

Table C-10 
LACDPW Event Mean Concentrations 

Pollutant Units Education HDSFR1 
Light 

Industrial 
Mixed 

Residential MFR2 

Retail / 
Commer-

cial 
Transpor-

tation Vacant 
TSS mg/l 103.02 104.65 229.37 69.06 46.35 67.40 75.35 164.68 

Total P mg/l 0.31 0.39 0.44 0.26 0.19 0.41 0.44 0.11 
Dissolved P mg/l 0.27 0.29 0.28 0.20 0.16 0.30 0.36 0.06 

Total N mg/l 2.34 3.94 4.02 3.52 3.68 4.09 2.65 1.97 
Organic N mg/l 1.36 2.44 2.59 2.12 1.48 2.46 1.58 0.73 

Ammonia-N mg/l 0.26 0.36 0.48 0.58 0.38 0.91 0.23 0.08 
(NO2+NO3)-N mg/l 0.71 1.13 0.95 0.81 1.82 0.71 0.84 1.16 

Total Cu ug/l 21.49 15.30 31.04 17.33 12.23 34.77 51.86 9.12 
Dissolved Cu ug/l 12.80 8.44 20.22 11.52 6.75 14.60 32.68 0.03 

Total Pb ug/l 4.53 9.59 14.87 8.70 5.13 11.53 9.08 0.03 
Dissolved Pb ug/l 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

Total Zn ug/l 123.69 80.35 565.60 184.85 134.88 238.53 279.45 0.00 
Dissolved Zn ug/l 65.97 39.11 460.19 125.83 75.36 164.12 203.89 0.00 

Notes: 
1:  HDSFR – high density single family residential 
2:  MFR – Multi-family residential 
3:  Not enough data above the detection limit, considered statistically invalid by LA County, therefore 0.00 was adopted. 
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The land use EMC for each pollutant in conjunction with the runoff volumes from each 

land use area were used to estimate the average annual load to the receiving 

waterbodies in the project area. The following equation was utilized in the model: 

)()()( 2

1 1

CFQEMCLL
LU LUn

i

n

i

iiiDj  Eqn.3 

Where: 

LDj = total average annual load (lbs) from subwatershed j 

Li = load (lbs) from land use area i 

EMCi = event mean concentration (mg/L) from land use area i 

Qi = runoff volume (ft3) from land use area i 

CF2 = conversion factor to convert mg/L to lbs/ft3 

nLU = total number of different land use areas in subwatershed j 

To estimate the annual average storm event pollutant concentrations to receiving waters, 

the total annual load calculated above is simply divided by the total runoff volume, or 
symbolically as: 

2

1

CFQ

L
C

LUn

i

i

Dj

Dj  Eqn.4 

Where: 

CDj = total annual average concentration (mg/L) from subwatershed j 

LDj = total average annual load (lbs) from subwatershed j 

Qi = total annual runoff volume (ft3) from land use area i 

nLU = total number of different land use areas in subwatershed j 

CF2 = conversion factor to convert mg/L to lbs/ft3 
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C.3.2 Selection of Baseline Pollutant Load EMCs 

The pollutant loading model simultaneously calculates loads and concentrations for 
each of the constituents of concern. Table C-11 presents the average annual wet weather 

pollutant load from each subwatershed and Table C-12 presents the total annual average 

pollutant concentrations. The average water quality concentrations calculated by the wet 
weather model using the LACDPW EMC data was compared with the wet weather 

sampling data presented in Section C.2. Table C-13 presents a summary of these data 

sets. 

This following is a summary of the comparison: 

 In general, analytical results from the sampling programs are of a similar order of 

magnitude as the values derived using the area-wide EMC data in the pollutant load 

model. 

 Total phosphorous estimated by the pollutant load model (Column D) is somewhat 

lower compared to the average of the three data sets (Column E). 

 Total nitrogen estimated by the pollutant load model (Column D) is slightly higher 

compared to the average of the three data sets (Column E). 

Since the data set for the measured wet weather monitored data (columns A, B and C) is 
representative of current conditions, it was used to calibrate the lake water quality 

model. However, it was determined that the pollutant load model results (Column D) 

would be used in the Lake Water Quality Model to represent future conditions since the 
area-wide EMC data set used in the pollutant load model is considered more 

representative of long-term wet weather nutrient concentrations. Also, due to the 

upstream BMPs, including public education and outreach the future runoff to the lake is 
expected to have relatively lower total nitrogen and total phosphorus values.  
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Table C-11 
Wet Weather Average Annual Pollutant Loads 

Subwatershed TSS 
(lbs) 

Total 
P 

(lbs) 

Dissolved 
P 

(lbs) 
Total N 

(lbs) 
Organic 

N 
(lbs) 

Ammonia-
N 

(lbs) 

(Nitrate+Nitrite)-
N 

(lbs) 

Total 
Cu 

(lbs) 

Dissolved 
Cu 

(lbs) 

Total 
Pb 

(lbs) 

Dissolved 
Pb 

(lbs) 

Total 
Zn 

(lbs) 

Dissolved 
Zn 

(lbs) 
College 16591 49 42 392 227 45 120 3 2 1 0 21 12 
D24010 19083 74 56 731 431 95 206 5 3 2 0 36 24 
Figueroa Drain 89496 344 263 3504 2075 424 1004 20 11 8 0 134 82 
Golf 4156 13 10 168 98 26 44 1 1 0 0 8 6 
P2533 16944 33 22 324 205 40 79 2 2 1 0 40 33 
D7223 38130 118 87 1409 753 181 476 8 4 3 0 58 38 
P6545 8725 33 25 466 224 62 180 2 1 1 0 24 16 
P9481 1648 4 3 42 26 6 10 0 0 0 0 4 3 
P36466 4951 30 22 300 34 66 53 3 0 1 0 17 12 
KMHRP West 1688 6 5 86 52 14 20 0 0 0 0 5 3 
Project 1104B 515139 1673 1227 17455 10304 2085 5065 99 55 45 0 948 664 
Wilmington 
Channel 7613 25 19 283 150 40 92 2 1 1 0 17 12 
Project 510 144579 416 298 4400 2576 541 1283 27 15 12 0 314 233 
Project 2 40300 151 114 1740 963 232 545 10 5 4 0 83 55 
Project 9827 539326 2000 1496 20494 12128 2667 5699 129 69 52 0 961 642 
Walteria 439311 1733 1291 17871 10482 2563 4827 115 58 46 0 880 591 
Project 77 201068 654 484 7244 4213 904 2126 39 22 18 0 377 261 
Project 510 
Line C 8340 26 20 304 170 39 96 2 0 0 0 14 10 

Summary 
Tributary to 
Wilmington 
Drain 1686268 5998 4445 62242 36602 8129 17511 381 203 159 0 3202 2196 
Tributary to  
Lake Including 
Wilmington 
Drain 1934279 6835 5066 71541 41969 9335 20237 434 230 181 0 3665 2515 
Tributary 
Below Lake 162809 548 416 5671 3286 696 1689 34 18 13 0 257 167 
Total 2088748 7357 5462 76908 45085 9992 21830 466 248 195 0 3940 2695 
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Table C-12 
Wet Weather Average Annual Pollutant Concentrations  

 
TSS 

(mg/l) 
Total 

P 
(mg/l) 

Dissolved 
P 

(mg/l) 
Total N 
(mg/l) 

Organi
c N 

(mg/l) 

Ammonia
-N 

(mg/l) 

(Nitrate+
Nitrite)-N 

(mg/l) 

Total 
Cu 

(ug/l) 

Dissolved 
Cu 

(ug/l) 

Total 
Pb 

(mg/l) 

Dissolved 
Pb 

(ug/l) 

Total Zn 
(ug/l) 

Dissolved 
Zn  

(ug/l) 
Subwatersheds 
tributary to 
Wilmington 
Drain 

102.05 0.36 0.27 3.77 2.22 0.49 1.06 23.09 12.30 9.64 0.00 193.79 132.93 

Subwatersheds 
tributary 
directly to Lake 

101.75 0.36 0.27 3.76 2.21 0.49 1.06 22.68 12.10 9.53 0.00 192.82 132.32 

Subwatersheds 
tributary Below 
Lake 

101.75 0.36 0.27 3.76 2.21 0.49 1.06 20.98 11.23 8.32 0.00 158.97 103.41 

Total Watershed 100.56 0.34 0.26 3.50 2.03 0.43 1.04 22.67 12.04 9.47 0.00 191.00 130.63 
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Table C-13 
Comparison of Actual and Theoretical Wet Weather Pollutant Load Concentrations 

Pollutant Units Sample Results (Column D) 
Pollutant Load 
Model-Derived 

Concentrations4 

(Column E) 
Average of 
Columns  

A-C 
  

(Column A) 
LA BOS 

2006-20081 

(Column B) 
LACDWP 

 1987-19952 

(Column C) 
CDM & Parsons 

 2009-20103 
Total P mg/L 0.62 0.3 0.82 0.36 0.58 

Dissolved P mg/L NA5 NA 0.42 0.27 0.42 
Total N mg/L 2.76 NA 5.27 3.77 4.02 

Organic N mg/L 1.14 NA NA 2.22 1.14 
Ammonia-N mg/L 0.52 1.0 1.19 0.49 0.90 

Notes: 
1 See Tables C-1. Total P, dissolved-P, all nitrogen species, and TSS data are average concentrations of these 

constituents sampled at Wilmington Drain above Lomita Boulevard, Project 77, and Project 510 Line C under wet 
weather conditions. Data provided by WPD on December 1, 2008. 

2 See Table C-5. Average concentrations presented in Table 2.3-24. Summary of historic water quality data for the 
Dominguez Watershed, in the Dominguez Watershed Management Master Plan. 

3 See Table C-3. Average concentrations of storm drain samples at Wilmington Drain and Project 77 outfall under 
wet weather conditions. 

4 Using the City of Los Angeles pollutant load model that is based on LA County derived land use based event 
mean concentrations (EMCs), the land use in the Machado Lake watershed and historical rainfall. Does not 
account for possible load removed from Walteria Lake subwatershed, which usually retains stormwater after rain 
events. This practice could remove 50-60% of TSS and up to 40% of metals from the fraction of flow that is 
detained/retained. Walteria Lake is 25% of the tributary area to Machado Lake, so this would translate to loads to 
Machado Lake potentially being on the order of 10-15 percent lower than predicted. 

5 NA – not analyzed 
 

 

C.3.3 Dry Weather Flow and Pollutant Load Modeling 

Dry weather flow from urban subwatersheds is not a function of storm-driven 
hydrology, but rather of typical water usage patterns such as sprinkler over-irrigation, 

car washing, and a variety of other activities that result in drainage from the landscape 

to the storm drain.  

As part of the water quality monitoring program, BOS has been monitoring the flow at 

three storm drain outfalls: Wilmington Drain above Lomita Boulevard, Project 510 – 

Line C, and Project 77. Based on this data set (through September 2008), a design value 
of 0.23 cfs (19 gal/acre/day) was selected for average dry weather flow for Wilmington 

Drain, 0.08 cfs (32 gal/acre/day) was selected for average dry weather flow for the 

Project 77 storm drain outfall, and 0.03 cfs (239 gal/acre/day) was selected for average 
dry weather flow for Project 510 Line C subwatershed. These design values were 

assumed to represent the average flow measured over the monitoring period. Dry 

weather flow from upstream subwatersheds is in the flow from Project 1104B, such that 
loading derived for Project 1104B is representative of all three subwatersheds. No 

separate flow monitoring was conducted or is reported in the data set to indicate 

whether there was any indication of dry weather flow coming from the Project 2 storm 
drain. As a result of LACSD recently initiating the JWPCP Bixby Marshland project, it is 

anticipated that there may be little to no consistent dry weather flow coming from 

Wilmington Drain, Project 1104B in the future. During a recent site tour of the JWPCP 
wetlands project (May 4, 2009) and a field visit to the Wilmington Drain project site 

above Lomita no flow was observed in the concrete or soft bottom channel. 
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Observations made by BOS staff indicate that there may be some dry weather flow 

entering Wilmington Drain from Project 2 storm drain which has not previously been 

measured or reported, with a single field estimate of potentially 0.7 cfs. Additional 
observations and more accurate flow measurements over a number of months would be 

required to confirm the range of flow that may still enter Wilmington Drain channel at 

Lomita. For the purpose of the model, the 0.23 cfs value was used. During the field visit 
on May 4, 2009, water was observed in the channel downstream of Lomita Boulevard 

although it could not be determined whether there was any measurable flow. Ponded 

water was also observed in the Project 510 storm drain (top picture in Figure C-6). 
Because there was no observed flow coming down the drain, it is assumed that this 

standing water is residual runoff from a previous rain event or part of the backwater 

that forms behind the berm at PCH.  

Although water was observed in the channel, surface flow from Wilmington Drain to 

the Riparian Woodland was not observed over the weir downstream of PCH (bottom 

 

Figure 2-10 
Weir Downstream of 

Figure 2-9 
Project 510 Outlet 

Figure C-6 
Project 510 Outlet and Weir Downstream of PCH 

 

 

Figure 2-10 
Weir Downstream of 

Figure 2-9 
Project 510 Outlet 
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picture in Figure C-6). In fact, there was significant freeboard above the water surface, 

suggesting that losses to evaporation, evapotranspiration and/or infiltration in the drain 

upstream of the weir may exceed any continuous dry weather flow that may be entering 
Wilmington Drain upstream. Therefore, dry weather surface flow from Project 2 and /or 

Project 510, if flow exists, may not reach Machado Lake. However, aquatic vegetation 

was observed downstream of the weir, indicating that there may be subsurface 
connection between Wilmington Drain and Machado Lake during the dry season, by 

way of the Riparian Woodland. Pollutants in dry weather runoff would be treated by 

natural processes in the Riparian Woodland before reaching Machado Lake. Likewise, 
dry weather flow was not observed or recorded at any of the other storm drains 

tributary to Machado Lake other than to two noted above. 

Available water quality data for key parameters in dry weather urban runoff were 
reviewed for the Wilmington Drain/Machado Lake watershed area and other urban 

watersheds in the City, as well as other local areas to establish typical composite design 

values for key constituents in dry weather runoff from urban watersheds (Table C-14). 
In general, much less consistent and statistically valid dry weather urban runoff water 

quality data is available compared to wet weather runoff data. Total P and Ortho-P, all 

nitrogen species and TSS data were derived from LA City BOS WPD sampling program 
data. Metals data were taken from the City of LA status and trends program for Ballona 

Creek as representing a reasonably similar urban watershed dominated with urban 

runoff. No distinction was made for different land uses as there is insufficient data for 
dry weather urban runoff from landuse specific areas to develop landuse specific water 

quality data. 

Table C-14 
Monitored Dry Weather Pollutant Concentrations 

Pollutant Units Concentration 
TSS mg/l 11.9 

Total P mg/l 0.61 
Dissolved P mg/l NA1 

Ortho P mg/l 0.48 
Total N mg/l 2.69 

Organic N mg/l 1.6 
Ammonia-N mg/l 0.34 

(Nitrate+Nitrite)-N mg/l 0.75 
Total Cu ug/l 18.50 

Dissolved Cu ug/l 12.00 
Total Pb ug/l 7.50 

Dissolved Pb ug/l 6.20 
Sources: Total P and Ortho-P, all nitrogen species and TSS data were derived from LA City BOS WPD 
sampling program data. Metals data were taken from the City of LA status and trends program for 
Ballona Creek. 
 
Notes: 
1. NA – not analyzed 
 

Based on these data and assumptions, dry weather pollutant loads were calculated 
based on the previously available BOS flow data separately for both Wilmington Drain 

and Machado Lake and are presented in Table C-15.  
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Table C-15 
Dry Weather Average Annual Pollutant Load 

Subwatershed TSS 
(lbs) 

Total 
P 

(lbs) 

Dissolved 
P 

(lbs) 
Total N 

(lbs) 
Organic 

N 
(lbs) 

Ammonia
-N 

(lbs) 

(Nitrate+ 
Nitrite)-N 

(lbs) 

Total 
Cu 

(lbs) 

Dissolved 
Cu 

(lbs) 

Total 
Pb 

(lbs) 

Dissolved 
Pb 

(lbs) 
Subwatersheds 
tributary to 
Wilmington 
Drain 

9629 278 0 1228 730 155 342 8 5 3 3 

Subwatersheds 
tributary 
directly to 
Machado Lake1 

4586 133 0 585 348 74 163 4 3 2 1 

Notes: 
1. Subwatersheds tributary lake only includes Project 77 and Project 510 Line C.  It is unknown whether dry weather flow from 
Wilmington Drain actually reaches the lake.   

 

C.4 Lake Water Quality Model 
The Lake Water Quality Model, which is a numerical model, was constructed to 
simulate water quality in Machado Lake after the implementation of the selected BMPs 

(which include dredging, oxygenation, supplemental water delivery, offline treatment 

wetland, and alum injection at the treatment wetland).  

The model was developed to evaluate the complex dynamics within the lake. For 

example, phosphorus and nitrogen are introduced to the lake in two ways:  

 External Loading: Phosphorus and nitrogen are introduced to the lake though urban 
runoff, as described in Section C.3, when the runoff transports nutrients and other 

contaminants to the lake. There is also a small steady baseflow delivery of nutrients to 

the lake from the watershed throughout the year. 

 Internal Loading: Under certain conditions, phosphorus and nitrogen are released 

from the nutrient-rich sediments on the bottom of the lake to the water column. When 

oxygen is depleted at the sediment/water interface anoxic conditions occur and these 
releases are exacerbated. When oxygen levels are sufficiently high (i.e., greater than 

2.0 milligrams per liter [mg/L]), more of the phosphorus and nitrogen remain bound 

to the sediment.  

In order to simulate the naturally occurring current in-lake conditions, and the future in-

lake conditions after implementation of the selected BMPs, the Machado Lake water 

quality model was developed to explicitly simulate both types of lake nutrient loading, 
and the internal dynamic response to these loadings including algal growth. Further 

details of the model are provided below. This section describes the development of the 

model based on current conditions, while Sections C.5 describes the projected conditions 
in the lake post-BMP implementation. Model sensitivity and uncertainty analyses are 

provided in Sections C.6 and C.7, respectively. 
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C.4.1 Development of the Model 

The lake water column is simulated as a fully mixed system, also termed a "continuously 
stirred tank reactor," or CSTR. This assumption is known to approximate lake dynamics 

for small, shallow lakes, such as Machado Lake, where mixing (e.g., diffusion, wind 

turbulence) dominate over advection. Lake volumes are assumed steady on a daily basis 
(outflow = inflow) but can be varied monthly to account for summer losses (e.g., evapo-

transpiration, ET). The model targets the key parameters of this eutrophic lake: 

phytoplankton (as chl-a), phosphorus (P), and nitrogen (N). The model was constructed 
in Microsoft Excel to allow for easy adaptation of code to address various potential 

rehabilitation options and alternatives. 

A conceptual depiction of the model mechanics is provided in Figure C-7. The model 
simulates total phosphorus and total nitrogen on a daily timestep. Particulate and 

dissolved fractions are estimated based on user-input constant particulate fractions. 

Simulated external sources of phosphorus and nitrogen include: wet weather runoff, dry 
weather baseflow, and supplemental "make-up" water pumped into the lake by the 

County during summer months. Other potential external sources of nutrients, including 

wildlife and atmospheric deposition of nitrogen, are deemed insignificant for this study. 

Internal processes included in the model are: N and P settling (particulate fractions 

only), first-order assimilation of N and P (dissolved fractions only), and internal loading 

of dissolved N and P from the sediments to the water column. Dissolved nutrient 
removal (uptake) from the water column, parameterized by kd, is included as an inflow 

load to the particulate nutrient pool. In other words, this process is a transformation of 

nutrient forms (from dissolved to particulate), rather than a complete removal of 
dissolved nutrients. This captures the dynamic of phytoplankton uptake, which is 

believed to be driving water column nutrient assimilation during the summer, and also 

facilitates the coupling between water column and sediment layer calculations. The 
importance of this phenomenon to the lake nutrient cycle is supported by historical 

measured in-lake particulate fractions of both N and P.  

Both kd (first order removal rate constant for water column) and vs (particulate fraction 
settling rate) are allowed to vary seasonally. This is to capture the seasonal dynamics of 

phytoplankton in the lake. Uptake is believed to be highest during the summer months, 

while net settling rates are believed to be lower during the summer when live 
phytoplankton, rather than sediments, dominates the particulate nutrient pool.  
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Internal loads of N and P, released by the sediments back to the water column, are 

calculated with a separate module. For these calculations, a second vertical layer was 
added to the fully mixed water column to represent surface, biologically-active, 

sediments (Figure C-7). The size of this layer is defined by a user-specified depth (d) and 

porosity (ρ). Both sediment-bound and porewater nutrient concentrations are calculated 
within this layer based on standard formulations found in the literature [e.g. Cerco & 

Cole 1993; Pollman 2000]. Sediment-bound nutrients are replenished via settling of 

particulate fraction nutrients in the water column. Movement from the sediment-bound 
nutrient pool to the porewater pool occurs via a first order lumped 

mineralization/desorption rate. Movement in the opposite direction (porewater to 

sediments) occurs via a first order adsorption rate. Both rates are variable depending on 
the oxic state of the sediments. Transport of nutrients from the sediment porewater to 

the lake water column, and at times vice versa, is calculated following a standard 

Fickian diffusion formulation. 

A module for simulating the impacts of off-channel wetlands on lake water quality was 

constructed to allow for direct simulation of this management option. A user-specified 

flow rate moves water and nutrient load from the lake and through a wetland, where 
nutrient removal and ET occur, and then back to the lake. Return flows and loads from 

the wetland are lagged according to the wetland retention time. Retention time is 

Qin = CIA + baseflow

Cin = EMC, Cbase

Phytoplankton = F(N1, P1, d1, V1 )

Qrecirc

Qout = Qin

vS

[Chl a]

fd fp

[N2] ,[P2] [N3],[P3]
kd3

kd2

Evap

Linternal = D       *A
dz
dC

d2

[N1]

kdz

Qsup , Csup

kd

[P1]

V2= *d2*A

 

Figure C-7 
Machado Lake Water Quality Model 
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calculated in the model as a function of user-specified recirculation flow rate, wetland 

area, and wetland flow depth. Other wetland module parameters are: first order 

removal rate constants for N and P, ET rate, ET transpiration fraction, and start and 
ending months for wetland recirculation. 

The model mass balance equation for water column nutrient concentrations is as 

follows: 

 
   Eqn. 1 

Where: 

M  = total mass of nutrient in lake 

  = V * Ctot 

V  = lake volume 

Ctot = lake total nutrient concentration (TP or TN) 

Qww  = wet weather runoff flow rate 

 = CIAW (Rational Method) 

C  = watershed runoff coefficient 

I = daily rainfall 

AW  = watershed area 

EMC  = event mean concentration (TP or TN) 

Qbase  = steady baseflow rate 

Cbase  =  baseflow concentration 

Qsup = supplemental water inflow rate 

Csup = supplemental water concentration 

Linternal  =  internal loading from sediments (see below)  

fL = monthly distribution factor for internal loading  

fb = burial fraction 

Loadsettled  = calculated total settled mass of nutrient (by water year) 

Qout  = lake outflow 

 = lake inflow – wetland losses 

 =  Qww + Qbase + Qsup + I*A – (Qwetland – Q'wetland) 

A = lake surface area 

vs = particulate nutrient settling velocity 

Cp =  lake particulate nutrient concentration 

 = fp*Ctot 

fp =  particulate fraction 
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kd = first order removal rate for dissolved nutrients 

Cd = lake dissolved nutrient concentration 

 = (1 – fp) * Ctot  

Qwetland = wetland recirculation outflow rate 

Q'wetland = wetland recirculation inflow rate; and 

Cwetland = nutrient concentration for flow leaving wetland. 

For the coupled recirculating wetland module, a plug-flow (no mixing) mass balance 

equation is applied as follows: 

 Eqn. 2 

 

Where: 

Mout =  mass flux of nutrient leaving the wetland 

 = Q'wetland*Cwetland 

Min = mass flux of nutrient entering wetland at a previous timestep (lagged according 

to calculated retention time) 

 = Qwetland(t – tr)*Ctot (t – tr) 

Tr = wetland retention time 

Ruptake = loss of nutrient mass via first-order removal 

 = 0.5*[Ctot(t – tr) + Cwetland]*vr*Awetland 

vr = wetland first-order uptake velocity 

Awetland = area of wetland 

Rtrans = dissolved nutrient loss via plant transpiration 

 = 0.5*[fp*Ctot(t – tr) + fp*Cwetland]* *ET*Awetland 

 = fraction of ET that is macrophyte transpiration 

ET = evapotranspiration rate. 

Within the sediment layer, the following sediment nutrient dynamics are simulated: 

 Lumped nutrient mineralization (of organic particulate nutrients) and desorption (of 

sediment-bound nutrients)  

 Nutrient adsorption (from pore water to sediments)  

Note that the model requires both oxic and anoxic rate constants for defining these two 

processes, where the extent of surface sediment anoxia (by percentage of lake bottom) is 

specified on a monthly basis by the user. 

The exchange of dissolved nutrients between surface sediment pore water and the water 

column (i.e., the internal nutrient flux) is calculated according to Fickian diffusion as a 

function of the gradient between porewater and water column nutrient concentrations 
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and parameterized by a user-specified diffusion coefficient (D). Particulate and 

sediment-bound nutrients are transported from the lake water column to the sediment 

layer via one-way settling with a fraction of this load unavailable for subsequent release 
per a user-specified "burial fraction." 

The governing equations for the sediment module can be written as:  

(3) 

 

(4) 

Where: 

C1d = water column dissolved nutrient concentration (g m-3)  

C2 = porewater dissolved nutrient concentration (g m-3)  

A = area of lake sediments (m2)  

z = vertical mixing length (m)  

V1 = water column volume (m3)  

V2 = sediment layer porewater volume (d * A * ρ, m3)  

ρ  = sediment layer porosity  

kd2 = lumped first order mineralization/desorption rate constant (d-1) (different values 

for oxic vs. anoxic conditions)  

C3 = sediment nutrient concentration (mg g-1)  

Msed = total dry mass of sediments in active layer (calculated as function of particle 

density and ρ ,g)  

kd3 = 1st order adsorption rate constant (d-1) (different values for oxic vs. anoxic 

conditions)  

vs = water column settling velocity (m d-1)  

C1p = water column particulate nutrient concentration (g m3)  

burialFrac = burial fraction of settled particulate nutrient.  

2d3

2

sed

3d2

2
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dt

dC

sed1
1ps

sed2
2d33d2

3

zMv

1000
)burialFrac(1Cv

MV

1000
CkCk

dt

dC

RB-AR41135



Appendix C 
Lake Water Quality Model 

C-28 

Equations 3 and 4 are solved numerically in the model, simultaneous to Equations 1 and 

2, with the internal nutrient load term (Linternal) calculated for each timestep according to 

a Fickian diffusion formulation: 

 (5) 

 

Seasonal and monthly steady-state water column phytoplankton concentrations, as chl-
a, are estimated in the model as a function of mean nutrient concentrations, lake flushing 

rates, lake depth, and non-algal turbidity. The model uses the following empirical 

equation, developed for the U.S. Army Corps of Engineers' Bathtub model (Walker, 
2004): 

  (6) 

 

Where: 

B = lake mean phytoplankton as chl-a concentration (ug/l) 

K = model calibration factor (unitless) 

Bx = nutrient-potential chl-a concentration (ug/l) 

 = Xpn1.33 / 4.31 

Xpn = lake composite nutrient concentration (ug/l) 

 = [P-2 + ((N-150)/12)-2]-0.5  

B = algal light extinction coefficient (m-1) 

G = kinetic factor 

 = Zmix(0.14 + 0.0039*Fs) 

Zmix = mean depth of lake (m) 

Fs = lake summer flushing rate (year-1) 

 = (inflow + precip – ET)/V 

A = non-algal turbidity (m-1)  

 = 1/S – b*B 

S = lake mean secchi depth (m). 

Equation (6) is solved for B as a function of monthly and seasonal (summer) predicted 

TP and TN concentrations (described above). 

z

A
)CD(C

dt

dM
L 12internal
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C.4.2 Model Calibration 

C.4.2.1 Calibration of Sediment Nutrient Flux Module 

A simplified model was developed to simulate the dynamics of the sediment core 
incubation studies conducted in 2009 for the City of Los Angeles (See Section C.4). The 

objective was to quantify the sediment flux parameters, to be used in the lake model 

described above (kd2 and kd3), for both oxic 
and anoxic sediment conditions based on 

the experimental data. The simple 2-layer 

incubation chamber model is depicted in 
Figure C-8. The numerical formulation of 

the model closely follows that of the 

sediment flux module of the lake model 
described above. A major difference, 

however, is that the water column of the 

incubation chamber model is essentially 
stagnant (no flushing flows) and is only 

impacted by the diffusive exchanges with 

the sediment (assuming no internal water 
column dynamics). Additionally, the 

sediment nutrient concentrations (C3) are 

assumed to be steady in the chamber model. 
This assumption is believed to be 

appropriate for the timescales of the incubation studies. 

The governing equations for this model are therefore: 

(7) 

(8) 

 

C3 = constant  (9) 

These equations are solved numerically for C1 and C2. For each incubation, Microsoft 

Excel's "Solver" add-in program was used to calibrate kd2 and kd3 values to best match 
the reported water column concentration versus time profiles. Solver's nonlinear 

optimization code was used to minimize the sum of squares error of modeled versus 

measured concentration data, by varying oxic and anoxic kd2 and kd3 values. Each of the 

incubations involved both an oxic period and an anoxic period and therefore allowed for 

the determination of both types of rate constants for each incubation. A value of 10-4 cm2 

s-1 was assumed for the diffusion coefficient (D) (high end of molecular diffusion, per 
Chapra 1998) for all incubations. Oxic and anoxic calibrated rate constants were then 

averaged across all of the incubations to arrive at the final values used in the lake model 

(described below). Example incubation calibration profiles are provided in Figure C-9. 
Results of the rate constant parameterization are summarized in Table C-15. 

1
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Figure C-8 
Incubation Chamber Model 

z

Kd

D

C1

C2C3

A

Kd2

V1

V2

RB-AR41137



Appendix C 
Lake Water Quality Model 

C-30 

Table C-15 
Calibration Results: Incubation Chamber Sediment Nutrient Rate Constants 

 kd2 anoxic kd2 oxic kd3 anoxic kd3 oxic 
PO4 Mean (d-1) 0.011 0.002 1.121 1.121 
PO4 Std Dev (d-1) 0.003 0.002 0.243 0.243 
TIN Mean (d-1) 0.093 0.028 0.50 0.93 
TIN Std Dev (d-1) 0.044 0.039 0.38 0.14 
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 Figure C-9 
Example Incubation Model Calibration Results: Modeled vs. Measured  

(red lines = model predictions, blue dots = measured data) 
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C.4.2.2 Calibration of Water Column Module 

The mean values for kd2 and kd3 obtained from the chamber experiment analysis 

described above, for both anoxic and oxic conditions, were input directly into the lake 
model described in Section C.5.1. The lake model was then calibrated to measured lake 

water column N, P, and chlorophyll-a concentrations. The following parameters were 

calibrated as part of this task:  

 kd (water column dissolved nutrient uptake rate constant, for both N and P)  

 burialFrac (burial fraction of settled particulate nutrient, for both N and P)  

  vs (particulate nutrient settling velocities) and settling seasonality factors (for both N 
and P)  

 monthly weighting factors for oxic vs. anoxic kd2 and kd3 values (roughly representing 

anoxic levels in lake)  

 ρ (surface sediment layer porosity) 

 K (chlorophyll-a empirical model calibration factor, recommended range of 0 - 1)  

These parameters were adjusted, within expected ranges, to achieve satisfactory model 
predictions of the following calibration targets, based on 2007-10 measured data (with 

listings of the primary calibration parameters for each target):  

 Lake water column N and P concentrations (all of above calibration parameters)  

 Lake water column mean summer chlorophyll-a concentrations (K)  

 Lake water column mean N and P particulate fraction (kd) 

 Sediment mean N and P concentrations and achieving equilibrium of sediment N and 
P concentrations (vs, burialFrac, ρ)  

 Approximate range of measured N and P sediment flux rates from incubation 

chamber experiments (vs, burialFrac, ρ)  

 Approximate Redfield ratio (algae nutrient stochiometric ratio, 7:1) for ratio of kd(N) 

to kd(P) (kd)  

Results of the lake model nutrient calibration are provided in Figures C-10 and C-11. 

Satisfactory simulations of the seasonal trends and magnitudes of both measured N and 

P lake water column concentrations (a) and surface sediment concentrations (b) were 

achieved. A close calibration with respect to mean summer phytoplankton (chlorophyll-
a) concentrations was also achieved (Table C-16). Final model parameter values are 

summarized in Table C-17. 
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Figure C-10 
Machado Lake Water Quality Calibration: Phosphorus 
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Figure C-11 
Machado Lake Water Quality Calibration: Nitrogen 
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Table C-16 
Lake Model Calibration Summary: Mean Summer Chlorophyll-a 

 Measured ( g/L) Modeled ( g/L) 
2007 55 47 
2008 72 73 

 
Table C-17 

 Model Calibration Parameters (e.g. existing conditions) 
Parameter Value Units Source 

Watershed: 
drainage area (AW) 57.5 km2 Lai (2008), updated CDM 

calculations 
% impervious 62 % Lai (2008) 
runoff coefficient (C) 0.47 unitless calculated, updated CDM 

calculations 
baseflow (Qbase) 0.1 cfs observed (CDM 2009) 
daily rainfall (I) 0 – 2.5 in/d measured (Long Beach 

Station) 
Lake: 

total capacity 154,000 m3 lake bathymetric data (CDM & 
Parsons 2009) 

monthly volume (V) 114,000 – 
154,000 

m3 anecdotal evidence, Lai (2008) 

mean summer depth (d) 0.84 m Lai (2008) 
surface area (A) 117,000 m2 lake bathymetric data (2008) 

Phosphorus: 
baseflow concentration (Cbase) 
(wet season) 

0.44 mg/L measured1 

baseflow concentration (Cbase) 
(dry season) 

0.75 mg/L measured1 

event mean concentration (EMC) 0.86 mg/L measured1 
fraction particulate (fp) of inflow 0.2 unitless measured1 
fraction particulate (fp) of lake 
concentration 

0.3 unitless modeled (measured1 in-lake fp 
= 0.2) 

settling velocity (vs) 2 m/d calibrated 
first order removal rate constant 
(kd) 

0.03 d-1 calibrated 

burial fraction (fb) 0.1 unitless calibrated 
internal loading rate (dry season) 9 - 16 mg/m2/d modeled (note: Horne 

incubation experiments mean 
= 12 - 16 ) 

Nitrogen: 
baseflow concentration (Cbase) 
(wet season) 

2.26 mg/L measured1 

baseflow concentration (Cbase) 
(dry season) 

2.61 mg/L measured1 

event mean concentration (EMC) 3.45 mg/L measured1 
fraction particulate (fp) of inflow 0.5 unitless measured1 
fraction particulate (fp) of lake 
concentration 

0.5 unitless calculated (measured1 in-lake 
fp < 0.9) 

settling velocity (vs) 2 m/d calibration 
first order removal rate constant 
(kd) 

0.14 d-1 calibration 

burial fraction (fb) 0.5 unitless calibration 
internal loading rate (dry season) 10 – 113 mg/m2/d calculated (note: Horne 

incubation experiments mean 
= 61) 
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Table C-17 
 Model Calibration Parameters (e.g. existing conditions) 

Parameter Value Units Source 
Supplemental Water: 

inflow rate (Qsup) 0.33 cfs independent estimate3 
TP concentration (Csup) 0.05 mg/L Measured4 
TN concentration (Csup) 0.6 mg/L Measured4 
start month June - Measured4 
end month October - Measured4 

Phytoplankton: 
calibration factor (K) 0.65 unitless calibrated (recommended 

range = 0 – 1) 
algal light extinction coefficient 
(b) 

0.025 m-1 model default (Walker, 2004) 

secchi depth (S) 0.31 m measured1 
Sediment Nutrient Dynamics: 

vertical diffusion coefficient (D) 10-4 cm2 d-1 Chapra, 1998 
surface sediment porosity ( ) 0.9 unitless Pollman (2000) 
vertical mixing length (z) 0.4 m set to ½ of mean lake depth 
depth of active layer (d2) 0.02, 0.03 (P, N) m Horne (pers. comm.) 
N mineralization rate (kd2) (oxic, 
anoxic) 

0.03, 0.09 d-1 independent chamber model 
calibration 

P mineralization rate (kd2) (oxic, 
anoxic) 

0.001, 0.008 d-1 independent chamber model 
calibration 

N adsorption rate (kd3) (oxic, 
anoxic) 

0.9, 0.5 d-1 independent chamber model 
calibration 

P adsorption rate (kd3) (oxic, 
anoxic) 

1, 1 d-1 independent chamber model 
calibration 

N monthly anoxia weighting 
factors (Jan, Feb, Mar,…) 

0,0,0,0,0.3,0.9, 
1,1,1,0.4,0,0 

unitless calibrated 

P monthly anoxia weighting 
factors (Jan, Feb, Mar,…) 

0,0,0.7,0.8,0.9,1, 
1,0.7,0.4,0,0,0 

unitless calibrated 

1 = combined City of L.A. BOs Data and CDM/Parsons in-lake or stormwater data collected 2006 – 2010 
in support of the Machado Lake Ecosystem Rehabilitation and Wilmington Drain Multiuse Proposition 
O projects. See Table C-13.; 

2 = Based on land use based LA County EMC data, load determined by the pollutant load model. 
3 = CDM water balance calculations; 
4 = MWD and LADWP 2008 Water Quality Reports for Diemer, Jensen, and Weymouth Filtration  
 

Final revised model parameter values are summarized in Table 3. Italicized and bold 
font indicates values that have changed since the original model calibration (CDM & 

Parsons 2009). 

C.5 Water Quality Modeling of Options 
In-lake rehabilitation options presented in this section will be implemented at Machado 
Lake. The following in-lake rehabilitation options that can be modeled are included in 

the project. 

 Supplemental water (low-nutrient) to maintain lake levels during the dry season. 

 Dredging - Removal of lakebed and lake edge sediment via hydraulic dredging.  
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 Construction of an off-line treatment wetland that recirculates lake water to further 

reduce nutrients within the lake and improve water quality. 

 Phosphorus removal system at the off-line treatment wetlands  

 One-time whole lake alum treatment after dredging of the lake.  

 An oxygenation system to provide ample oxygenation at the sediment-water 

interface.  

Key assumptions and model construction details for predictive modeling of lake 

rehabilitation options are provided below. For all modeled options, the simulation start 

year was set at October 2007, and the 2008 water year precipitation pattern was repeated 
annually into the future for a 14-year total simulation period.  

As stated in Section C.3.1.3, wet weather runoff N and P concentrations were maintained 

at regional (LA County) mean levels. Following are the selected BMPs that are included 
in the Machado Lake Rehabilitation Project that were included in the model. 

 Current Management Practices: 

 Current use of potable make-up water during dry season  
 No parameter changes from calibration simulation (Table C-17) 

 Option 1 – Supplemental Water:  

 Increased use of recycled water to maintain full lake levels throughout dry season  
 Recycled water TP = 0.10 mg/L, TN = 2.0 mg/L 

 Option 2 – Dredging:  

 Post- dredged mean lake depth = 2.4 meters (8 feet)  
 Post-dredged max lake volume = 250,000 m3  

 Post-dredged lake surface area = 129,000 m2  

 Clean sediments at start of simulation (TP = TN = 0 mg/kg)  

 Option 3 – Re-circulating Wetlands:  

 Qrecirc = 1 cfs 

 Wetland area = 4 acres  
 Wetland uptake velocities = 10, 99 m/yr for TP and TN, respectively  

 Operation period = April through September 

 Option 4 – Oxygenation System:  

 Oxic rates of sediment nutrient dynamics assumed throughout year for both N and 

P (anoxic weighting factors = 0)  

 Option 5 – Phosphorus removal:  
 One-time whole lake alum treatment: TP burial fraction = 1.0 (100 percent 

entrainment of settled P)  

 Phosphorus removal systems at treatment wetlands: treating Qrecirc = 1 cfs. 
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 Phosphorus removal system to reduce TP concentration to 0.01 mg/L for portion of 

flow treated  

 Operation period = year round 

 Wet weather runoff and baseflow from the responsible jurisdictions assumed to be 

treated to meet the TMDL:  

 Wet weather nutrient event mean concentration (EMCs) reduced to TMDL targets 
of 1.0 mg/L TN and 0.1 mg/L TP for the portion of the flow that is not City of Los 

Angeles. City of Los Angeles is 13 percent of the total watershed; therefore it is 

assumed that the 87 percent of the wet weather runoff and baseflow to the lake will 
have concentrations of TN and TP that meet these TMDL targets. Note that for the 

City’s portion of the watershed, the EMC was maintained at 0.36 mg/L TP and 3.77 

mg/L TN. 

The results of the model runs are presented in Tables C-18, C-19 and C-20. Table C-18 

presents the 2014 (year 1), 2018 (year 5) and 2024 (year 10) monthly concentrations of TP, 

TN and chlorophyll-a assuming that only the in-lake BMPs are installed. Table C-19 
presents the 2014 (year 1), 2018 (year 5) and 2024 (year 10) monthly concentrations of TP, 

TN and chlorophyll-a assuming the in-lake BMPs are installed in addition to the other 

responsible jurisdictions meeting their WLAs. Table C-20 presents the 2014 (year 1) and 
2024 (year 10) summer average concentrations of TP, TN and chlorophyll-a for both 

scenarios (only in-lake BMPs installed compared to in-lake BMPs plus other responsible 

jurisdictions meeting the TMDL WLAs). 

 

Table C-18 
Modeled Monthly Nutrient Concentrations After Implementation of only the In-Lake BMPs 

 
Monthly mean1, 2, 3 

2014 
Monthly mean1, 2, 3 

2018 
Monthly mean1, 2, 3 

2024 

Month 
TP 

(mg/L) 
TN 

(mg/L) 
Chl-a 
(ug/L) 

TP 
(mg/L) 

TN 
(mg/L) 

Chl-a 
(ug/L) 

TP 
(mg/L) 

TN 
(mg/L) 

Chl-a 
(ug/L) 

April 0.13 0.58 9 0.15 0.60 9 0.16 0.63 10 
May 0.12 0.90 13 0.14 0.84 12 0.15 0.75 11 
June 0.17 1.73 23 0.19 1.76 24 0.21 1.81 25 
July 0.14 1.62 22 0.17 1.65 23 0.19 1.69 24 
Aug 0.13 1.48 20 0.15 1.51 21 0.17 1.54 22 
Sept 0.08 0.88 12 0.10 1.14 16 0.12 0.90 14 
Oct 0.13 0.74 - 0.13 0.70 - 0.12 0.64 - 
Nov 0.11 0.34 - 0.12 0.27 - 0.14 0.32 - 
Dec 0.24 1.33 - 0.24 1.36 - 0.23 1.25 - 
Jan 0.26 1.72 - 0.25 1.52 - 0.25 1.37 - 
Feb 0.26 1.61 - 0.26 1.63 - 0.27 1.70 - 
March 0.20 0.94 - 0.22 1.15 - 0.24 1.32 - 

Note:  
1  Assumes that BMPs are installed by 2013. 2014 is therefore 1 year post BMP installation, 

2018 is 5 years post BMP installation, and 2024 is 10 years after BMP installation. 
2    Summer months are the worst case with respect to sustained elevated nutrient concentrations 

and phytoplankton growth. However, increases in nutrient concentrations can occur during the 
winter months due to large spikes in loading from rain events. These become more 
pronounced in the model as summer internal loads are addressed with dredging. Additionally 
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the model assumes that the wetlands only operate during the summer. 
3 The model does not simulate winter phytoplankton. The empirical formulation is intended for 

summer mean concentration. It is assumed that winter phytoplankton is not the concern due to 
lower temperatures and sunlight. 
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Table C-19 
Modeled Monthly Nutrient Concentrations Based on In-Lake BMPs and Assuming Other 

Jurisdictions Meeting TMDL WLAs 

 
Monthly mean1, 2, 3 

2014 
Monthly mean1, 2, 3 

2018 
Monthly mean1, 2, 3 

2024 

Month 
TP 

(mg/L) 
TN 

(mg/L) 
Chl-a 
(ug/L) 

TP 
(mg/L) 

TN 
(mg/L) 

Chl-a 
(ug/L) 

TP 
(mg/L) 

TN 
(mg/L) 

Chl-a 
(ug/L) 

April 0.13 0.58 9 0.07 0.25 2 0.07 0.25 2 
May 0.12 0.90 13 0.07 0.39 4 0.07 0.35 3 
June 0.17 1.73 23 0.09 0.76 11 0.09 0.76 11 
July 0.14 1.62 22 0.09 0.78 12 0.09 0.78 12 
Aug 0.13 1.48 20 0.09 0.78 12 0.09 0.78 12 
Sept 0.08 0.88 12 0.07 0.50 6 0.07 0.49 6 
Oct 0.13 0.74 - 0.07 0.34 - 0.05 0.27 - 
Nov 0.11 0.34 - 0.06 0.14 - 0.06 0.13 - 
Dec 0.24 1.33 - 0.09 0.50 - 0.09 0.46 - 
Jan 0.26 1.72 - 0.10 0.59 - 0.10 0.50 - 
Feb 0.26 1.61 - 0.10 0.60 - 0.10 0.62 - 
March 0.20 0.94 - 0.09 0.39 - 0.09 0.47 - 

Note:  
1 Assumes that BMPs are installed by 2013. 2014 is therefore 1 year post BMP installation, and 

2018 is 5 years post BMP installation, and 2024 is 10 years after BMP installation. It is assumed 
that the other responsible jurisdictions, which account for 87 percent of the tributary drainage area, 
are in compliance with their WLA starting in 2018. 

2     Summer months are considered the worst case with respect to sustained elevated nutrient 
concentrations and phytoplankton growth. However, increases in nutrient concentrations can occur 
during the winter months due to large spikes in loading from rain events. These become more 
pronounced in the model as summer internal loads are addressed with dredging. Additionally the 
model assumes that the wetlands only operate during the summer. 

3 The model does not simulate winter phytoplankton. The empirical formulation is intended for 
summer mean concentration. It is assumed that winter phytoplankton is not the concern due to 
lower temperatures and sunlight. 

 
 

Table C-20 
Model Results 

 2014 (Year 1) Summer Mean 2024 (Year 10) Summer Mean 
 P (mg/L) N (mg/L) chl a 

(µg/L) 
P (mg/L) N (mg/L) chl a 

(µg/L) 

Current Conditions 0.96 2.3 69 0.88 2.3 70 
Post BMP 
Implementation1:  

0.12 1.19 17 0.16 1.22 19 

Post BMP 
Implementation Plus 
other responsible 
jurisdictions in 
compliance with the 
TMDL 

0.12 1.19 17 0.08 0.57 8 

TMDL Numeric Targets 0.1 1 20 0.1 1 20 

Notes: 
1 – BMPs include supplemental water, dredging, recirculating treatment wetland, oxygenation, and 
phosphorus treatment at the treatment wetland and a one-time whole lake alum treatment immediately 
after dredging. 
2 – It is assumed that the other responsible jurisdictions throughout the watershed not participating in 
this LWQMP (e.g. all upstream responsible jurisdictions except the City of Los Angeles) will treat their 
wet weather and baseflow runoff prior to it entering Machado Lake. 
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As shown in Tables C-18 through C-20, in order to meet the TMDL numeric limits (equal 

to the WLA and LA) the upstream responsible jurisdictions will need to meet the WLAs 

for their portion of the watershed in order for Machado Lake to be in compliance with 
the TMDL requirements.  

C.6 Sensitivity Analysis 
In order to assess model sensitivity to individual model input parameters, a "jack-

knifing" procedure was employed. The term "jack-knifing" commonly refers to the 
process of varying individual model parameters, in isolation and within reasonable 

ranges, to assess model sensitivity. Through this process, jack-knifing also provides an 

initial level of uncertainty quantification. Model sensitivity for this exercise is defined as 
the changes in the key output variables of mean summer P, N, and Chl-a due to input 

parameter perturbations. Model input parameters and their perturbations are 

summarized in Table C-21. The baseline input parameter set corresponds to the "Post 
BMP Implementation Plus …" scenario described above (Table 20). 

Results of this analysis (output sensitivities) are summarized in Table C-22 and 

Figure C-12. All results presented correspond to year 1 of the simulation. Percent 
changes in the three output variables are defined as: 

 

 
 

Where X = P, N, or Chl-a concentrations, "high" refers to the high end of the input 

perturbation range, "low" refers to the low end of the input perturbation range, and 

"baseline" refers to the baseline model output (provided in the table). Perturbation 

number indices in Figure C-12 refer to the order of parameters presented in Table C-21, 

with all high end perturbations first (#s 1 – 20) and all low end perturbations second (#s 
21 – 39). In general the analysis shows moderate to low model sensitivity (within + 25%) 

to the majority of input parameters. More importantly, for the specific application of the 

model presented in this document, none of the perturbations resulted in excursions 
above the TMDL targets for any of the three output variables.  

One of the highest ranking parameters, with respect to sensitivity of chlorophyll-a 

model predictions, is the assumed lake mean depth following dredging (d). This result 
highlights the importance of achieving a certain depth in the lake through dredging that 

has been discussed above. However, since this is a controllable parameter (a 

construction target), this sensitivity is not truly a measure of model uncertainty. The 

model also shows significant sensitivity to parameters associated with sediment nutrient 

(particularly nitrogen) releases. These include N burial fraction, Kdsed, N, Dsed, , and dsed. 

This result is not surprising, as the importance of summer sediment nutrient fluxes has 
been well-documented. Fortunately, the existing model parameterization is well-

supported by two calibration exercises using measured historical data and an 

independent focused study on lake nutrient fluxes. Therefore, the uncertainty associated 
with the existing parameterization has been minimized to the extent possible. It is 
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recommended that future studies continue to focus on this component of the lake 

nutrient cycle, particularly in the post-dredging system. Finally, the model shows 

significant sensitivity to the assumed nitrogen first order removal rate constant in the 
water column (kd, N) and the nitrogen uptake velocity in the re-circulating wetland 

(Kw, N). The former is parameterized based on a rigorous calibration exercise. However, 

the biological nutrient cycling simulated in any model is always a source of uncertainty, 
particularly when simulating a water body after major rehabilitation efforts. Therefore, 

future studies and monitoring of the post-BMP system is recommended to support 

future parameterization of this variable. With respect to the latter, this component of the 
model is essentially un-calibrated, and, given the quantified sensitivity, should be 

highlighted as a limitation of the current model. Future studies and modeling may be 

warranted to lend confidence to the recirculating wetland module in the model.  

Table C-21 
Summary of Jack-Knife Sensitivity Analysis Input Parameters: Machado Lake Water Quality Model 

Parameter Description Units 
Baseline 
Value 

High 
End 

Low 
End 

Rationale for 
Range 

Cnet watershed runoff coefficient unitless 0.47 0.71 0.24 + 50% 
d mean lake depth (full) m 2.44 3 1.5 engineering 

judgment 
V lake volume (full) x1000 m3 250 300 200 engineering 

judgment 
Qbase baseflow cfs 0.1 0.7 0 range of observed 

values 
vs, P particulate P settling velocity m d-1 2 3 0.1 recommended 

range (e.g. Chapra 
1998) 

vs, N particulate N settling velocity m d-1 2 3 0.1 recommended 
range (e.g. Chapra 
1998) 

kd, P dissolved P uptake rate constant d-1 0.03 0.3 0.003 + 1 order of 
magnitude 

kd, N dissolved N uptake rate constant d-1 0.14 0.9 0.014 sensible range, - 1 
order of magnitude 

burialFrac, 
P 

burial fraction for settled P unitless 1 1 0.05 sensible range 

burialFrac, 
N 

burial fraction for settled N unitless 0.5 0.9 0.05 sensible range 

Dsed vertical diffusion coefficient at 
sediment interface 

m2 d-1 3.9e-3 3.9e-
2 

3.9e-
4 

+ 1 order of 
magnitude 

Kd sed, P, 
oxic 

lumped mineralization/desorption 
rate constant for sediment P under 
oxic conditions1 

d-1 0.001 0.006 0 measured 
(incubations) range 

Kd sed, N, 
oxic 

lumped mineralization/desorption 
rate constant for sediment N under 
oxic conditions1 

d-1 0.03 0.08 0 measured 
(incubations) range 

Kd2 sed, P, 
oxic 

adsorption rate constant for 
sediment P under oxic conditions1 

d-1 1 1 0.7 measured 
(incubations) range 

Kd2 sed, N, 
oxic 

adsorption rate constant for 
sediment N under oxic conditions1 

d-1 0.9 1 0.7 measured 
(incubations) range 

 sediment porosity unitless 0.9 0.95 0.5 + 50% 
dsed depth of active sediment layer m 0.02 – 

0.03 
0.1 0.01 engineering 

judgment 
Kw, P re-circulating wetlands + adsorptive 

treatment outflow P 
mg l-1 0.052 0.1 0.01 engineering 

judgement 
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Table C-21 
Summary of Jack-Knife Sensitivity Analysis Input Parameters: Machado Lake Water Quality Model 

Parameter Description Units 
Baseline 
Value 

High 
End 

Low 
End 

Rationale for 
Range 

Kw, N re-circulating wetlands uptake 
velocity for N 

m d-1 0.27 2.7 0.027 + 1 order of 
magnitude 

anoxFrac assumed summer sediment anoxia 
fraction 

unitless 01 0.5 0 engineering 
judgment 

C3 init, P post-dredging initial sediment P 
concentration 

mg g-1 0 3.5 0 high end set at 
existing (pre-
dredging) mean 
value 

C3 init, N post-dredging initial sediment N 
concentration 

mg g-1 0 0.7 0 high end set at 
existing (pre-
dredging) mean 
value 

1 = Note that only oxic conditions are assumed as part of the baseline model scenario due to planned aeration 
2 = Assumed baseline parameter value given planned annual alum addition to wetlands + adsorptive treatment 

 

Table C-22 
Summary of Jack-Knife Sensitivity Analysis Results: Machado Lake Water Quality Model 

baseline values: Chl-a = 8 g/L, TP = 0.07 mg/L, TN = 0.6 mg/L 

Rank Parameter 
Chl-
aH TPH TNH 

Chl-
aL TPL TNL 

%Var 
Chl-a 

%Var 
TP 

%Var 
TN 

1 burialFrac, N 6 0.07 0.5 10 0.07 0.8 -54% 0% -49% 
2 d 7 0.07 0.6 11 0.07 0.7 -53% 3% -13% 
3 Dsed 9 0.06 0.8 6 0.07 0.5 43% -22% 47% 
4 dsed 7 0.07 0.5 10 0.07 0.7 -43% -1% -39% 
5 kd, N  7 0.07 0.5 11 0.07 0.8 -42% 0% -42% 
6 Kw, N 7 0.07 0.5 10 0.07 0.7 -35% 0% -33% 
7 Cnet 9 0.08 0.7 6 0.06 0.5 35% 22% 28% 
8  9 0.07 0.7 7 0.07 0.5 29% 0% 24% 
9 vs, N 8 0.07 0.6 10 0.07 0.7 -29% 0% -28% 
10 Qbase 10 0.09 0.7 8 0.07 0.6 25% 29% 21% 
11 Kd sed, N, oxic 7 0.07 0.5 5 0.07 0.4 21% 0% 16% 
12 kd, P 7 0.05 0.6 9 0.09 0.6 -15% -53% 0% 
13 Kd2 sed, N, oxic 8 0.07 0.6 9 0.07 0.7 -15% 0% -14% 
14 wetlands outflow 

conc, P 
9 0.09 0.6 8 0.06 0.6 9% 38% 0% 

15 V 8 0.07 0.6 8 0.07 0.6 -6% 2% -8% 
16 vs, P 8 0.07 0.6 9 0.09 0.6 -6% -33% 0% 
17 C3 init, P 9 0.09 0.6 - - - 5% 29% 0% 
18 C3 init, N 8 0.07 0.6 - - - 2% 0% 2% 
19 burialFrac, P - - - 8 0.08 0.6 -1% -6% 0% 
20 sed anoxic fraction 8 0.07 0.6 - - - 1% 0% 1% 
21 Kd sed, P, oxic 8 0.07 0.6 8 0.07 0.6 0% 1% 0% 
22 Kd2 sed, P, oxic - - - 8 0.07 0.6 0% 0% 0% 
H = high end of input range 
L = low end of input range 
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C.7 Uncertainty Analysis 
The jack-knife analysis described above provides useful information on model 
sensitivities to individual parameters and also provides initial steps in quantifying 

model prediction uncertainty. As demonstrated and discussed above, a moderate level 

of uncertainty in model predictions can be attributed to model parameterization, 
although this is lessened by the fact that the parameterization is supported by measured 

data, model calibration efforts, and sound engineering judgment and experience. 

However, an additional source of significant uncertainty in the model predictions is that 
associated with input parameters that we know to be "naturally" variable. In this model, 
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Figure C-12 
Jack-Knife Sensitivity Analysis Results: Machado Lake Water Quality Model 
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such parameters are generally linked to weather and hydrology, both of which 

introduce elements of randomness and unpredictability. To address this category of 

uncertainty, a stochastic version of the Machado Lake Water Quality model was 
developed. 

The stochastic version of the Machado Lake Water Quality model was constructed using 

the @RISK software (Palisade Corporation), an add-in to Excel (Microsoft). In this version of 
the model, selected model parameters were allowed to vary stochastically during model 

simulation, rather than assumed constant. Probability distribution functions (PDFs) were 

fit to available data for each stochastic variable. These PDFs describe the expected 
variability of each stochastic variable using continuous functions. The stochastic variables 

used in this modeling exercise, and their associated PDFs, are summarized in Table C-23 

and Figures C-13 and C-14. For each stochastic model simulation, the PDFs were 
randomly and simultaneously sampled 1000 times, with the result of each iteration 

recorded. The final results (N, P, and Chl-a concentrations) are presented as cumulative 

probability distribution function (CDF) across a range of values, rather than as single 
concentrations. This type of output provides valuable insight into the risk of concentration 

target exceedances and the level of uncertainty associated with each output parameter 

due to natural random variability. 

Table C-23 
Summary of Stochastic Model Inputs 

Parameter Fitted PDF Mean Value Supporting Rationale 
baseflow, Qbase (cfs) Uniform (min = 0, max = 0.7) 0.35 limited observations1 
City winter baseflow 

conc., P (mg/L)2 
Inverse Gaussian (mean = 0.40, 

 = 1.41, Shift =0.0097)4 
0.41 measured data3 

City summer baseflow 
conc., P (mg/L) 2 

Inverse Gaussian (mean = 1.43, 
 = 22.4, Shift =-0.65) 4 

0.78 measured data3 

City wet weather EMC, 
P (mg/L) 2 

Triangular (min = 0.5, mean = 
0.86, max =1.3) 

0.75 measured data3 

City winter baseflow 
conc., N (mg/L) 2 

Extreme Value (a = 1.96, b = 
0.49) 5 

2.3 measured data3 

City summer baseflow 
conc., N (mg/L) 2 

Extreme Value (a = 2.41, b = 
0.51) 5 

2.7 measured data3 

City wet weather EMC, 
N (mg/L) 2 

Triangular (min = 1.6, mean = 
3.5, max =6.5) 

2.5 measured data3 

supplemental water 
conc., P (mg/L) 

Normal (mean = 0.07, std dev = 
0.035, truncated at 0.01 and 

0.15) 

0.07 anticipated range for 
recycled water4 

supplemental water 
conc., N (mg/L) 

Normal (mean = 2.1, std dev = 
0.5, truncated at 1.7 and 2.9) 

2.1 anticipated range for 
recycled water6 

supplemental water 
summer inflow rates 

(AFM) 

Uniform (Apr: 6-25, May: 9-29, 
Jun: 11-30, Jul: 15-35, Aug: 15-

35, Sep: 10-29, Oct: 6-26) 

Apr = 15.5, May = 19, Jun 
= 20.5, Jul = 25, Aug = 25, 

Sep = 19.5, Oct = 16 

independent water balance 
calculations of make-up 

water requirements 
Precipitation water year Uniform (1978 – 2008) 1993 full period of available 

precipitation data 
1 = see CDM Technical Memorandum, May 2009, "Supplemental Information on Machado Lake Alternatives" 
2 = non-City drainage N and P concentrations held constant at TMDL targets;  
3 = combined City of L.A. and Regional Water Quality Control Board in-lake or stormwater data collected 2006 – 2010 
in support of the Machado Lake Ecosystem Rehabilitation and Wilmington Drain Multiuse Proposition O projects; 
4 = for Inverse Guassian distribution, variance = mean3/   
5 = for Extreme Value distribution, mean = a + 0.577b. variance = 2b2/6  
6 = see Appendix L of CDM Preliminary Design Report, 2009. 
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A) Winter 

InvGauss(0.39636, 1.41233) Shift=+0.0096560
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B) Summer 
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Figure C-13 

@RISK PDF Fitting Analysis: Baseflow TP (blue histogram = 
measured data, red line = fitted PDF) 
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Figure C-14 

@RISK PDF Fitting Analysis: Baseflow TN (blue histogram = 
measured data, red line = fitted PDF) 
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Figure C-15 
Stochastic Modeling Results 

 

Stochastic modeling results are presented in Figure C-15. For reference, both the TMDL 

targets and results for the current lake system (pre-BMP) are provided. All of the 

calculated output curves for the baseline (post-BMP) system are relatively flat, 
indicating limited sensitivity to the inflow concentration and flow variability modeled 

here. It is also noteworthy that both the N and chl-a output curves lie fully below the 

TMDL targets, while the P curve extends 
slightly above the target only at 

approximately the 40% exceedance level. 

We can conclude from these results that, 
given the assumed effectiveness of in-lake 

and watershed mitigation efforts, the risk 

of exceeding TMDL targets as a result of 
randomness in weather and inflow 

concentration patterns is low. 
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C.8  Comparison of Lake Rehabilitation Modeling to the 
Regional Board’s Bathtub Model 
The modeling results presented in this Lake Rehabilitation model differ significantly, in 

some areas, from those presented as part of the Regional Board’s 2008 Bathtub Model 

developed for the TMDL (TMDL model). This is not uncommon as models become more 
refined and new data become available. The differences seen here are primarily 

associated with relative magnitudes of lake external vs. internal loads. In the TMDL 

model, quantified watershed external loads were significantly lower than those 
quantified in this study. For internal loads, the relative differences are reversed (higher 

in the TMDL model, lower in this Lake Rehabilitation model). These differences can be 

attributed to the following points: 

1) This Lake Rehabilitation model represents a major improvement to the TMDL 

model with respect to defensibility, predictive power, and comprehensiveness. 

Consequently, large strides have been achieved in the accuracy of model 
predictions. The Lake Rehabilitation model includes mechanistic simulations of 

sediment nutrient dynamics and supplemental water additions, and also 

includes separation of baseflow vs. runoff loading and seasonal variability in 
input parameters, while predicting lake water quality on a daily timestep. The 

TMDL model was based on lumped parameters and calculated on an annual and 

seasonal basis only. The TMDL model appears to have been calibrated using 
annual mean concentrations and therefore lacked incorporation of seasonal 

dynamics. The calibration of the Lake Rehabilitation model is based on a 2 year 

daily timestep simulation compared to a 2 year timeseries dataset of measured 

concentrations. It is also strongly supported by an independent laboratory 

empirical study of sediment nutrient fluxes and subsequent sediment flux 

parameter calibration. 

2) The TMDL model used a 5 year average precipitation of 10.6‖ for calculating 

runoff N and P loads to the lake. The Lake Rehabilitation model reported mass 

balance is based on the 2008 calibration year, when precipitation was 
approximately 30% higher (13.2‖).  

3) The internal nutrient loading rates assumed for the TMDL model are unusually 

high. They are partly based on a sediment nutrient flux study that is inconsistent 
with the sediment nutrient flux study conducted as part of the Lake 

Rehabilitation model development. The sediment nutrient flux study results 

used in the TMDL model resulted in flux rates that are of much larger magnitude 
than typically expected for this type of lake. Furthermore, the TMDL model 

made the incorrect assumption that these measured summer daily rates are 

realized by the lake continually throughout the lake. It is known that these rates 
vary significantly by season and are generally only significantly positive during 

the summer months, when external loads are low, temperatures higher, and 

sediment oxygen levels low. This was a significant inconsistency in the TMDL 
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model compared to the Lake Rehabilitation model. The flux rates in the Lake 

Rehabilitation model are directly supported by the empirical study performed by 

Dr. Horne using site-specific lake sediments. In contrast to the high rates 
reported in the TMDL model, these rates are very much in line with rates 

reported in the literature. Further, the lake model calibration was able to quantify 

the seasonality in the rates based on observed dynamic lake concentration 
profiles. 
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1. Background 
 
Machado Lake was designated as an impaired water body on the 1998, 2002, 2006, and 2010 Federal 
Clean Water Act (CWA) Section 303(d) lists due to eutrophic conditions, algae, ammonia, and odors.  
Excessive loadings of nutrients, in particular nitrogen (including ammonia) and phosphorus, cause 
eutrophic effects, including algae and odors, which impair the beneficial uses of Machado Lake.  The 
nutrient enrichment results in high algal productivity and algal blooms have been observed in the lake 
during summer months1.  In addition, high nutrient concentrations contribute to excessive and nuisance 
macrophyte growth.  Algae respiration and decay depletes oxygen from the water column creating an 
adverse aquatic environment.  The CWA requires that a Total Maximum Daily Load (TMDL) then be 
developed to restore the impaired water bodies to their full beneficial uses.  The beneficial uses of 
Machado Lake that are impaired as a result of nutrients include: 
 

 Recreation (REC 1 and REC 2); 
 Aquatic life (WARM, WILD, RARE, and WET); and 
 Water supply (MUN). 

 
On May 1, 2008, the Los Angeles Regional Water Quality Control Board (Regional Board) adopted 
Resolution No. R08-006 amending the Water Quality Control Plan: Los Angeles Region Basin Plan for the 
Coastal Watersheds of Los Angeles and Ventura Counties (Basin Plan) to incorporate a Nutrient TMDL for 
Machado Lake.  The TMDL is designed to protect the beneficial uses of Machado Lake and achieve 
applicable Water Quality Objectives which include narrative objectives for Biostimulatory Substances and 
Taste and Odor, and numeric objectives for Dissolved Oxygen and Ammonia.  The TMDL was adopted by 
the U.S. Environmental Protection Agency (US EPA) and became effective on March 11, 2009.  This TMDL 
sets forth stringent numerical limits for nitrogen and phosphorus, as well as numerical targets for 
ammonia, dissolved oxygen, and chlorophyll a which will help assess the overall water quality in the lake. 
 
1.1 Plan Objectives 
 
The purpose of this document is to establish a Monitoring and Reporting Program (MRP) plan to monitor 
and assess the water quality of discharges exiting the city of Carson.  The plan describes the 
representative monitoring site for the city of Carson drainage system which is situated at the furthest 
accessible downstream location as it exits the city.  This site will be monitored for TMDL compliance as 
described herein.  Results from this monitoring will be beneficial in determining the scope of work needed 
for the implementation of Best Management Practices (BMPs) to be used in order to achieve compliance 
with the Water Quality Objectives set forth in the Machado Lake Nutrient TMDL. 
 
The objective of this MRP plan is to monitor and implement the TMDL, and assess compliance with the 
Waste Load Allocations (WLAs).  The MRP plan will measure the progress of pollutant load reductions and 
improvements in water quality as a result of implementation actions.  This plan outlines the city of 
Carson’s compliance approach, methodology for conducting sampling and reporting, and quality 
assurance and quality control procedures. 
 
1.2 TMDL Compliance Approach 
 
The Machado Lake Nutrient TMDL established and assigned dry- and wet-weather interim and final WLAs 
to urban stormwater dischargers subject to a Municipal Separate Storm Sewer System (MS4) discharge 
permit.  The city of Carson is named in the TMDL as an MS4 Permittee that is responsible for discharges 
to Machado Lake. 

                                                
1 Staff Report for Machado Lake Eutrophic, Algae, Ammonia, and Odors (Nutrient) TMDL, Attachment A to Resolution 
No. R08-006, May 1, 2008. 
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The TMDL outlines three options for compliance.  Interim and final WLAs are summarized in Table 1-1 
and can be demonstrated through one of the following methodologies: 
 

 Concentration-based WLAs with in-lake monitoring. 
 Concentration-based WLAs with monitoring at the end of the city of Carson’s drainage system 

(end-of-pipe). 
 Mass-based WLAs with end-of-pipe monitoring. 

 

Table 1-1  Interim and Final Waste Load Allocations 

Compliance 
Date 

Interim Total 
Phosphorus 

WLAs (mg/L) 

Interim Total Nitrogen 
(TKN + NO3-N + NO2-N) 

WLAs (mg/L) 
March 11, 2009 1.25 3.50 
March 11, 2014 1.25 2.45 
Sept. 11, 2018 
(Final WLAs) 0.1 1.00 

 
The city of Carson has determined that the best option for compliance is concentration-based WLAs with 
end-of-pipe monitoring.  However, the storm drain systems which convey drainage from the city of 
Carson are intertwined and cross-connected with other upstream jurisdictions.  Drainage from these 
other cities mixes with city of Carson runoff and ultimately discharges to Machado Lake.  To demonstrate 
compliance with the concentration-based WLAs, the city of Carson decided to select one end-of-pipe 
monitoring location which is representative of the three Machado Lake subwatersheds and has minimal 
mixing of runoff with other jurisdictions. 
 
Once the MRP is approved by the Regional Board, monitoring in accordance with this plan will continue 
until the city of Carson has established compliance with final WLAs.  Once compliance with final WLAs is 
established, the results of the MRP plan and other available information may be used to revise the 
amount of monitoring required to demonstrate continued TMDL compliance under a revised MRP plan or 
other Regional Board order. 
 
1.3 Geography 
 
The city of Carson is located in southern Los Angeles County, surrounded by the cities of Compton,  
Long Beach, and Los Angeles, and Los Angeles County unincorporated areas and communities.  While the 
city of Carson is 18.9 square miles in size, only a small portion of the southwestern quadrant is tributary 
to the Wilmington Drain and Machado Lake.  Drainage from the city’s tributary areas drains in a 
southwesterly direction through the Panama Avenue Drain (Project No. 690), Frampton Avenue Drain 
(Project No. 510), County Project No. 1201, and eventually the Wilmington Drain. 
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Figure 1-1  Machado Lake Subwatershed Map  
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1.4 Topography 
 
The city of Carson’s three Machado Lake subwatersheds have a relatively flat relief towards the 
southwest.  These drainage areas are heavily developed and urbanized with non-native vegetation 
surrounding most building structures.  Slopes within the three drainage areas average less than one-half 
percent. 
 

 
Figure 1-2  Topography Map  
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1.5 Tributary Drainage Areas 
 
The city’s tributary drainage area is approximately 1.9 square miles and can be divided into three distinct 
subwatersheds.  Drainage Area No. 1 (DA 1) consists of mixed runoff from the cities of Carson,  
Los Angeles, and Torrance, unincorporated County areas, and California Department of Transportation 
(Caltrans) right-of-way.  Discharges from Drainage Area No. 2 (DA 2) are from the cities of Carson, 
Lomita, Los Angeles, and Torrance, unincorporated County, and Caltrans.  All city of Carson runoff within 
this area is from the Sanitation Districts of Los Angeles County Joint Water Pollution Control Plant 
(JWPCP) facility.  Runoff from Drainage Area No. 3 (DA 3) is almost exclusively from the city of Carson 
with the exception of a small area in the upper subwatershed, approximately 34.56 acres, and another 
small downstream area both from the city of Los Angeles.  This drainage area best represents the 
discharges likely to emanate from the city’s different land use types.  The reason for this is that DA 3 is 
predominantly from the city of Carson and the composition of land use types within this drainage area 
are similar to those of DA 1 and 2 combined.  Table 1-2 shows the city’s size in relation to the overall size 
of each drainage area. 
 

Table 1-2  Subwatershed Drainage Area Sizes 

Drainage Area Composition DA 1 
(Acres) 

DA 2 
(Acres) 

DA 3 
(Acres) 

City of Carson 468 192 547 
Others Jurisdictions 644 820 143 
Total Area 1,112 1,012 690 
Carson as a Percentage of Total Area 42.1% 19.0% 79.3% 
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Figure 1-3  Machado Lake Subwatersheds – City of Carson Drainage Areas
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1.6 Land Use 
 
The city of Carson provides a sustainable balance of land uses, including residential, commercial, 
industrial, educational, recreational, and open space.  Table 1-3 provides a breakdown of land use 
designations2 within each of the Machado Lake subwatershed drainage areas within the city of Carson. 
 

Table 1-3  Subwatershed Drainage Area Land Use Designations 

Land Use Designations DA 1 
(Acres)

DA 2 
(Acres)

DA 3 
(Acres)

Total 
Area 

(Acres) 

Percentage 
of Drainage 
Area (%) 

Commercial Storage 3.58 - - 3.58 0.30 
Developed Local Parks and Recreation 5.87 - 12.79 18.66 1.55 
Duplexes, Triplexes, and 2- or 3-Unit 
Condominiums - - 28.48 28.48 2.36 

Elementary Schools 18.14 - 6.57 24.71 2.05 
Freeways and Major Roads 8.12 6.82 - 14.95 1.24 
High-Density Single Family Residential 351.12 - 213.62 564.75 46.78 
Liquid Waste Disposal Facilities 1.12 136.05 83.37 220.54 18.27 
Low- and Medium-Rise Major Office Use 4.92 - - 4.92 0.41 
Low-Rise Apartments, Condominiums, and 
Townhomes 16.00 - 21.41 37.41 3.10 

Manufacturing, Assembly, and Industrial 
Services 0.33 7.93 32.28 40.55 3.36 

Mixed Residential - - 18.64 18.64 1.54 
Modern Strip Development 8.35 - 19.26 27.61 2.29 
Natural Gas and Petroleum Facilities - - 44.46 44.46 3.68 
Nurseries 35.54 2.12 0.15 37.82 3.13 
Older Strip Development - - 0.18 0.18 0.01 
Open Storage - 2.71 0.41 3.12 0.26 
Religious Facilities - - 3.61 3.61 0.30 
Retail Centers 10.97 - 36.55 47.52 3.94 
Vacant Undifferentiated 3.57 26.75 1.72 32.04 2.65 
Water Storage Facilities - 9.76 - 9.76 0.81 
Wholesaling and Warehousing - - 23.93 23.93 1.98 

TOTALS 468 192 547 1,207.24 100.00 
 
The city of Carson drainage area tributary to Machado Lake is dominated by the low, medium, and high 
density residential land uses.  These land use designations encompass approximately 54% of the entire 
area.  The next most dominant land use type is Liquid Waste Disposal Facilities making up 18% of the 
tributary drainage area.  The Liquid Waste Disposal Facilities designation covers most of the Sanitation 
Districts of Los Angeles County JWPCP facility. 
 
Figure 1-4 illustrates the land use designations within each of the three drainage areas tributary to 
Machado Lake. 
  

                                                
2 Los Angeles County Department of Regional Planning, Land Use Data 2006. 
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Figure 1-4  Land Use Designations within City of Carson Drainage Areas 
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2. Constituents to be Monitored 
 
Compliance with the Machado Lake Nutrient TMDL will be shown through concentration-based 
monitoring.  The water quality constituents to be analyzed and the respective analytical methods are 
shown in Table 2-1.  A laboratory certified through the State of California’s Public Health Environmental 
Laboratory Accreditation Program (ELAP) will provide the analytical services for this MRP plan. 
 

Table 2-1  Water Quality Constituents to be Monitored 
Constituent Matrix Method 

Nutrients 
Total Kjeldahl Nitrogen (TKN) Water EPA 351.3 
Total Phosphorus Water EPA 365.2/SM 4500-P E 
Nitrate (NO3-N) Water EPA 353.2/SM 4500-NO3-E 
Nitrite (NO2-N) Water EPA 353.2/SM 4110-B 

 

3. Sampling Locations 
 
The city of Carson has selected a monitoring site that is representative of the three drainage areas and 
land uses tributary to Machado Lake.  This monitoring site has been selected to ensure that: 
 

 Only drainage tributary from the city of Carson, to the maximum extent possible, is collected and 
analyzed. 

 Samples collected and analyzed are representative of the discharges from the land uses found 
within the three drainage areas tributary to Machado Lake. 

 Monitoring could be conducted in a safe manner considering traffic and access conditions. 
 
In order to establish an appropriate and representative monitoring location, subdrainage areas were 
delineated based on a desktop examination of Geographic Information System (GIS)-based drainage 
maps, as-built plans, topographic drainage, maps, and aerial photographs.  Several potential monitoring 
locations were identified based on this desktop analysis.  The final monitoring site was selected based on 
field reconnaissance to identify a representative location that could be safely accessed for monitoring. 
 
The proposed monitoring location directly monitors 547 acres of the city’s 1,207 acres that are tributary 
to Machado Lake.  This monitoring station will provide direct monitoring of all the major land uses found 
within the three drainage areas to accurately characterize the water quality of the city’s discharges.  The 
selected monitoring location is in DA 3 which has similar land use designations and ratios to those found 
in DA 1 and 2 combined (see Section 1.6 for comparison). 
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Figure 3-1  Water Quality Monitoring Site Location Map  
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The following is a description of the selected compliance monitoring location for the city of Carson. 
 
Site ID:  MLC-1 Status:  New Location:  LACFCD Manhole 
Subwatershed:  DA 3 GPS Coordinates:  33.79775°, 

-118.28096° 
Sampling Methodology:  Grab 

Comments: 
The sampling location is a Los Angeles County Flood Control 
District (LACFCD) manhole for the Frampton Avenue Drain 
(Project No. 510).  The site is located along the western 
parkway of Eudora Avenue within the city of Los Angeles.  
This storm drain station does not receive any additional runoff 
downstream of the city of Carson limits.  The typical dry- and 
wet-weather flow conditions at this site are unknown at this 
time.  The manhole is safely accessible during both dry- and 
wet-weather conditions. 

 
As a precaution, a backup monitoring location has been selected in the event that MLC-1 is inaccessible 
or unsafe. 
 
Site ID:  MLC-2 Status:  New (Backup Location) Location:  LACFCD Manhole 
Subwatershed:  DA 3 GPS Coordinates:  33.79843°, 

-118.28005° 
Sampling Methodology:  Grab 

Comments: 
The backup sampling location is a LACFCD manhole located at 
the intersection of Lomita Boulevard and Van Tress Avenue.  
The site is accessible at all times of the day.  The typical dry- 
and wet-weather flow conditions at this site are unknown at 
this time.  The manhole is safely accessible during both dry- 
and wet-weather conditions, but will require appropriate 
traffic management controls. 

 

4. Sampling Methods 
 
4.1 Collection Methods 
 
All samples will be collected using manual grab sampling methods, during dry- and wet-weather events.  
Samples will be collected by-hand, when possible, or by using an extension pole with a bottle 
attachment.  If necessary, a portable battery-powered peristaltic pump, with properly cleaned tubing, will 
be used to collect the samples during low-flow conditions, where the extension pole is not effective.  All 
sampling equipment will be properly cleaned prior to each sampling event.  When using the extension 
pole, ultrapure de-ionized water will be used to rinse off any residual site water from the apparatus.  If 
the peristaltic pump is used, a new properly cleaned length of tubing will be used at each sampling 
location to avoid cross-contamination of the samples. 
 
A two-person team will conduct all sampling events.  The sampling team will have access to a cellular 
phone in order to alert rescue agencies should an accident occur.  Sampling will be postponed if the 
sampling team determines that the conditions are unsafe.  Failure to collect a sample due to safety 
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concerns or technical issues will be promptly reported to the Project Manager, who will determine if any 
corrective action is needed and make arrangements to collect a replacement sample, if possible. 
 
4.2 Analytical Methods 
 
Analytical methods are described in the Standard Methods for the Examination of Water and Wastewater 
and US EPA standard methods.  The list of constituents, measurement techniques, method detection 
limits (MDLs), and reporting limits (RLs) is presented in Table 4-1. 
 
Table 4-1  Laboratory Analytical Methods 

Constituent Analytical Method Units MDL RL 
Nutrients (Water) 
Total Kjeldahl Nitrogen EPA 351.3 mg/L 0.06 0.4 
Total Phosphorus SM 4500-P E mg/L 0.016 0.05 
Nitrate (NO3-N) EPA 353.2 mg/L 0.02 0.05 
Nitrite (NO2-N) EPA 353.2 mg/L 0.005 0.03 

 
The method quality objectives for the monitoring program include accuracy, precision, and completeness.  
The method quality objectives are described in more detail in the Quality Assurance Project Plan (QAPP). 
 

5. Sampling Frequency 
 
5.1 Dry- and Wet-Weather Sampling Frequency 
 
Dry-weather grab samples will be collected on a monthly basis, unless a qualifying wet-weather sample is 
collected first.  Samples will be collected from the proposed monitoring site identified in Section 3.  
Samples will be collected in approved containers using standard sampling methods. 
 
Two annual wet-weather grab samples are also scheduled to be collected.  The two wet-weather samples 
can substitute for two of the monthly dry-weather samples.  If a qualifying wet-weather event does not 
occur or is not anticipated to occur for the month, the city of Carson will collect dry-weather samples. 
 

Table 5-1  Sampling Frequency 
Weather Condition Sampling Frequency 

Dry-weather Monthly 
Wet-weather Two storm events annually1 

1  The two annual wet-weather events can be substituted for two of the monthly dry-
weather sampling events. 

 
5.2 Wet-Weather Tracking 
 
Weather will be tracked for monitoring purposes between October 1st and May 31st of each year.  
Throughout the storm season, several sources for weather information will be monitored continuously, 
such as Internet web pages for the National Weather Service and Automated Local Evaluation in Real 
Time (ALERT) systems. 
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5.3 Storm Selection Criteria 
 
The following criteria will be used to determine if mobilization will occur for an impending storm event to 
collect a wet-weather sample: 
 

 Storms must be forecasted to produce at least 0.10 inches of rain. 
 The probability of precipitation occurring must be greater than 60 percent. 
 Storm events must be preceded by at least 72 hours of dry conditions (<0.10 inches of 

precipitation). 
 

6. Sampling Protocol 
 
Sampling procedures will adhere to the guidelines found in the Surface Water Ambient Monitoring 
Program (SWAMP) water sample collection Standard Operating Procedures (SOP), “Field Collection of 
Water Samples.”  This section details the monitoring event preparation, water sample collection 
procedures, and sample management procedures that will be followed. 
 
6.1 Monitoring Event Preparation 
 
The following are the specific monitoring event preparation protocols that will be followed by the 
sampling team. 
 
6.1.1 Mobilization and Staffing 
 
Monitoring water quality of dry-and wet-weather discharges requires considerable planning; therefore, it 
is critical to plan and prepare all possible aspects of the field effort well in advance.  A staffing plan 
designates personnel and equipment required for each facet of monitoring. 
 
Given the samples and precautions that need to be taken during dry- and wet-weather monitoring 
events, the field crew will consist of a team.  The field team will be composed of two team members.  
The staffing plan will include the following: 
 

 Personnel assigned for each position 
 Equipment mobilization 
 Communication channels 

 
6.1.2 Personnel 
 
Water quality monitoring tasks require a variety of skills and positions.  The required personnel include: 
 

 Sampling Manager 
 Field Coordinator 
 Field Technicians 

 
Sampling Manager – The Sampling Manager is a technically-skilled, field experienced supervisor and is 
the most experienced member of the field team.  This position requires a thorough understanding of 
project requirements, sampling procedures, and equipment operations.  The Sampling Manager will 
communicate frequently with the Field Coordinator and also monitor the ability of the field team to safely 
and effectively complete their shifts.  The Sampling Manager will be available to troubleshoot the 
common problems that could be experienced by the field team. 
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Field Coordinator – The Field Coordinator is a field person trained in the operation and procedures of 
dry- and wet-weather water quality monitoring.  The Field Coordinator is responsible for directing the 
procedures at each site visit and ensuring that samples are collected and data is recorded properly.  The 
Field Coordinator will communicate with the Sampling Manager to aid in the determination of task 
priorities and address any questions that may arise. 
 
Field Technicians – The Field Coordinator will usually have one or two field technicians assisting them.  
Field technicians are field personnel trained in water sample collection and health and safety issues. 
 
6.1.3 Field Equipment Preparation 
 
Sampling personnel will provide all necessary equipment to be able to sample in various environmental 
and physical conditions.  The necessary equipment will be loaded into the appropriate vehicle before 
mobilizing to the monitoring site.  A list of necessary equipment is presented below. 
 
Table 6-1  Equipment and Mobilization List 

Equipment List Mobilization List 
First aid kit 
Flashlights and spare batteries 
Maps 
Umbrella 
Spare sample labels 
Pencils and indelible markers 
Diagonal cutter 
Electrical tape 
Duct tape 
Cable ties (assorted sizes) 
Utility knife 
Ziploc baggies (assorted sizes) 
Nitrile gloves 
Keys (if necessary) 

Manhole hook/pick 
Log books 
Job Site Health Analysis 
Tailgate Safety Meeting forms 
Paper towels 
Sample labels 
Sample control paperwork (e.g., COC) 
Extra fine indelible markers 
Grab sample bottles 
Coolers and ice 
Deionized water squirt bottles 
Grab pole, rope, and duct tape 
Battery-powered peristaltic pump 
Laboratory-provided blank water 
Cellular phone 
Digital camera 
Necessary safety and rain gear 
Personal extra change of clothes 
Traffic cones and signs 
Copy of signed authorization letter allowing 
access/encroachment/unrestricted parking during 
sampling 

 
6.1.4 Bottle and Equipment Cleaning 
 
Sampling equipment will go through a rigorous decontamination procedure prior to its use.  The following 
procedures will be used: 
 
Bottles 
 

1. Rinse bottle with warm tap water three times as soon as possible after emptying sample. 
2. Soak the bottle in a 2-percent solution of detergent (e.g., Contrad) for 48 hours; use a clean 

plastic brush to scrub the sides of the container. 
3. Rinse three times with tap water. 
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4. Rinse five times with Milli-Q or equivalent water (passed through two filters after deionized 
system), rotating the bottle to ensure contact with the entire inside surface. 

5. Rinse three times with hexane, rotating the bottle to ensure contact with the entire inside surface 
(use 20 mL per rinse). 

6. Rinse six times with Milli-Q water. 
7. Rinse three times with 2N nitric acid (1-L per bottle, per rinse) rotating the bottle to ensure 

contact with the entire inside surface. 
8. Rinse six times with Milli-Q water. 
9. Cap the bottle with Teflon stopper cleaned as specified below. 

 
Teflon and Peristaltic Pump Hoses, Lids, Stoppers, and Strainers 
 

1. Make up a 2-percent solution of disinfectant soap (Micro) in warm tap water. 
2. Rinse tubing three times with the 2-percent Micro solution; wash lids and strainers with Micro 

solution and plastic brush. 
3. Rinse three times with tap water. 
4. Rinse three times with Milli-Q water. 
5. Rinse three times with a 2N nitric acid solution. 
6. Soak 24 hours in a 2N nitric acid solution. 
7. Rinse three times with Milli-Q water. 
8. Seal the tubing on both ends with clean latex material. 
9. Individually double-bag tubing in new polyethylene bags properly labeled.  Double-bag lids and 

strainers individually in Ziploc bags. 
 
6.1.5 Communication Channels 
 
Communication channels must be established for personnel to contact each other before and during the 
event.  The project field notebook will include phone lists with home, work, and cellular numbers of the 
field team to aid in communication and work numbers for primary laboratory contacts and city of Carson 
personnel.  Cellular telephone communication links to field teams are essential for efficient monitoring 
because the Program Manager and Sampling Manager will need to track the location and workload of 
each field team and direct them to priority tasks. 
 
6.1.6 Laboratory Coordination 
 
The Field Coordinator will place a sample bottle order with the analytical laboratory before all monitoring 
activities.  Immediately following each monitoring event, the bottle inventory will be checked and 
additional bottles ordered as needed.  The bottles must be the proper size and material, and contain 
preservatives as appropriate for the specified laboratory analytical methods.  The laboratory order should 
also include blank water for the collection of required field blank samples. 
 
6.1.7 Sample Container Preparation 
 
All glassware, sample bottles, and collection equipment will be inspected prior to their use.  Some 
sampling containers and caps will be obtained from the participating laboratory.  The Sampling Manager 
and Field Coordinator will be in charge of ordering sampling containers.  All ordered supplies will be 
examined for damage as they are received.  The laboratory maintains logbooks for all consumables that 
are checked against all materials received.  Bottles and caps will be inspected for damage prior to 
sampling, and only sound bottles with intact threads will be used.  The container caps will be tested for 
tightness prior to the transport of samples. 
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The Sampling Manager and Field Coordinator will make sure sufficient field supplies are on hand prior to 
the start of sampling. 
 
Table 6-2  Inspection/Acceptance Testing Requirements for Consumables and 

Supplies 
Project-Related 

Supplies/Consumables 
Inspection/Testing 

Specifications 
Acceptance 

Criteria Frequency 

Pre-Cleaned Sample Bottles Open bottle Lids screwed on 
bottles 100% 

Laboratory Glassware Dirty Clean 100% 
Lab Solvents and Acids Leaks No cracks or chips Prior to use 

19-Liter Glass Laboratory blanked Pass blanking 
analysis 

New bottles each 
monitoring event 

1-Gallon Glass 
If not certified pre-

cleaned then laboratory 
blanked 

Pass blanking 
analysis 

New bottles each 
monitoring event 

125-Milliliter Plastic Laboratory sterilized Lids screwed on 
containers 

New bottles each 
monitoring event 

125-Milliliter Glass Container Laboratory cleaned and 
blanked 

Lids screwed on 
containers 

New bottles each 
monitoring event 

Grab Bags Dirty, open Sealed bags New bottles each 
monitoring event 

10-Liter HDPE Cubitainers Laboratory cleaned and 
blanked 

Lids screwed on 
containers 

New bottles each 
monitoring event 

Silicone Tubing Laboratory cleaned and 
blanked 

Pass blanking 
analysis 

New tubing at start of 
program 

Teflon Tubing Laboratory cleaned and 
blanked 

Pass blanking 
analysis 

New tubing at start of 
program 

Gloves New box New box Monthly 
 
6.2 Water Sample Collection Procedures 
 
Water sample collection procedures will adhere to the guidelines found in the SWAMP SOP, “Field 
Collection of Water Samples.”  Grab samples will be collected with a peristaltic pump using Teflon® and 
silicone tubing or by inserting a 1-gallon glass sample container under or down current of the discharge, 
with the container opening facing upstream.  Depending on flow conditions, sampling may require the 
use of grab poles and buckets to collect grab samples.  Grab samples will be collected from the horizontal 
and vertical center of the storm drain. 
 
6.2.1 Field Conditions Data Log Sheet 
 
When the sampling team first arrives at the monitoring site, site conditions and other general 
observations must be accurately recorded on the Field Conditions Data Log Sheet.  A sample of this form 
is included in Appendix A.  The following general information should be entered during each dry- and 
wet-weather monitoring site visit: 
 

 Sampling site ID 
 Date 
 Time 
 Monitoring Program 
 Field team 
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 Conveyance type 
 Weather conditions 
 Air temperature 
 Runoff characteristics 
 Appearance and odor of the water 
 Flow estimations 
 Equipment condition 
 Miscellaneous comments 

 
6.2.2 Clean Sample and Handling Equipment 
 
During sampling operations, extreme care must be taken to minimize exposure of the sample and sample 
collection equipment to human, atmospheric, and other sources of contamination.  This section provides 
clean sample and equipment handling procedures to be used when samples are collected. 
 
Clean sampling techniques typically require a two-person sampling team.  Upon arrival at the sampling 
site, one member of the sampling team is designated as “dirty hands” and the second member is 
designated as “clean hands”.  Operations involving contact with the sample bottle, sample bottle lid, 
sample suction tubing, and the transfer of the sample from the sample collection system, if the sample is 
not directly collected in the bottle, to the sample bottle are handled by “clean hands” wearing clean, 
powder-free Nitrile gloves.  “Dirty hands,” also wearing clean, powder-free Nitrile gloves, is responsible 
for preparation of the sampler, except the sample container itself, operation of any machinery, and for all 
other activities that do not involve handling items that have direct contact with the sample.  “Clean 
hands” will change into clean gloves as frequently as required to ensure that the gloved hands contacting 
the sample container, container lid, and laboratory cleaned sampling equipment have not contacted any 
source of potential contamination. 
 
Although the duties of “clean hands” and “dirty hands” would appear to be a logical separation of 
responsibilities, in fact, the completion of the entire protocol may require a good deal of coordination and 
practice.  For example, “dirty hands” must open the box or ice chest containing the sample bottle and 
unzip the outer bag; “clean hands” must reach into the outer bag, open the inner bag, remove the bottle, 
collect the sample, replace the bottle lid, put the bottle back into the inner bag, and zip the inner bag.  
“Dirty hands” must close the outer bag and place the double-bagged sample in an ice-filled ice chest.  It 
is recommended that a third sampling team member be available to direct the team, review the 
monitoring plan, and complete the necessary sample documentation (e.g., sample location, time, sample 
number, weather conditions, etc.).  If a third sampling team member is not available, “dirty hands” must 
perform the sample documentation activities. 
 
6.2.3 Subsurface Storm Drain Sampling Procedures 
 
Upon arrival at the monitoring site, the sampling team will inspect the location for general safety.  It is 
important to be aware of the surroundings when working in a street or other right-of-way and it is 
imperative to place safety cones so that traffic is aware of the situation. 
 
Subsurface storm drain sampling involving manholes can be more involved than open channel sampling 
and may be inherently more dangerous.  These types of areas may be considered confined entry spaces 
requiring compliance with Occupational Safety and Health Administration (OSHA) regulations.  However, 
the proposed monitoring site will not require entry into a manhole. 
 
A designated sampling apparatus must always be used to fill a sample bottle containing preservative.  It 
is important that the sample bottles do not overflow.  If a sample bottle containing preservative 
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overflows, it must be discarded and a new sample must be taken using a new sample bottle.  Listed 
below are the steps to be taken during subsurface storm drain sampling: 
 

 An ice chest with sufficient ice to properly store any samples will be utilized; 
 The required OSHA safety checks and preparations for the removal of a manhole cover and entry 

into a manhole safely will be completed; 
 The designated sampling apparatus labeled with the appropriate site number will be used; 
 The sampling apparatus for each site will be acclimated by rinsing it out with water from flow in 

the drain three (3) times; 
 The grab sample will be taken from the horizontal and vertical center of the storm drain (if it is 

safe to do so); 
 The bottom sediments, if there are any, in the drain will not be disturbed so as to avoid 

contaminating the sample; 
 The sampling apparatus will be held so the opening faces upstream with the sampling team 

member also facing upstream; 
 The inside of the sampling apparatus will not be touched in order to prevent contamination; 
 The sample water from the sampling apparatus will be transferred into the proper sample bottles 

without overflowing them; 
 The sample bottles labeled with the appropriate site number will be placed in the cooler standing 

straight up surrounded and supported by ice; 
 All sampling team members that had custody of any samples will sign the Chain-of-Custody form; 
 The Chain-of-Custody form will be placed into a large watertight Ziploc bag and placed inside the 

cooler with its corresponding samples; 
 The cooler will be secured with packing tape and transported to the laboratory within the 

designated method holding times; and 
 Upon the laboratory receiving custody of the samples, the laboratory's representative will sign 

the Chain-of-Custody form. 
 
6.2.4 No Sample Taken Procedures 
 
There may be circumstances that would cause the monitoring site to not be sampled.  These 
circumstances may involve: 
 

 Lack of flow or insufficient flow; 
 Site inaccessibility; and 
 Site safety concerns. 

 
6.2.4.1 Low Flow Conditions 
 
Sampling will be attempted even in extreme low flow conditions.  If a sample cannot be taken due to 
insufficient or a lack of flow, a separate data sheet will be completed to explain why no sample was 
taken. 
 
6.2.4.2 Site Inaccessibility Due to Storm Event 
 
If the monitoring site becomes inaccessible due to a storm event in which it would be dangerous to 
approach the storm drain manhole; the sampling team will delay sampling for 24 to 48 hours after the 
storm event.  However, if an alternative monitoring site is in close proximity and provides a sample which 
is representative of the original monitoring site, then sampling will occur on schedule at the alternative 
monitoring site. 
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6.2.4.3 Site Inaccessibility Due to Temporary Physical Obstruction or Condition 
 
If the monitoring site is temporarily or permanently blocked by a physical obstruction, such as downed 
trees or a vehicle, the sampling team will attempt to sample at the backup location or move immediately 
upstream or downstream from the monitoring site and conduct sampling there.  If there still is no 
suitable access, the sampling team will determine the possibility of sampling further away from the 
original monitoring site. 
 
6.3 Sample Management 
 
6.3.1 Sample Handling and Custody 
 
The laboratory will provide appropriate sample containers according to Table 6-3.  All samples will be pre-
labeled with the project name, site ID, sample type, bottle number, sampler name, preservative, and 
analysis.  All samples bottles will also be pre-labeled with a unique Sample ID to track the sample 
throughout its analyses.  At the time of sample collection, the sample labels will be completed in the field 
with the date and time.  The Sample IDs will also be entered directly onto the Field Conditions Data Log 
Sheet and Chain-of-Custody (COC) form.  The COC form will accompany the collection of all samples. 
 
The following sample handling protocols will be followed when collecting samples to minimize the 
possibility of contamination: 
 

 Previously unused sample bottles will be employed.  Sample bottles and bottle caps will be 
protected from contact with solvents, dust, or other contaminants during storage and bottle 
handing. 

 
 The grab sampler will make an effort, within reason, to prevent large gravel and uncharacteristic 

floating debris from entering the sample containers.  The sampler will also make an effort to not 
stir up sediments at the bottom of the storm drain. 

 
 The inside of the sampling container will not be touched to the maximum extent practicable 

during preparation and sampling activities. 
 

 Vehicle engines will be turned off during sampling activities to minimize exposure of samples to 
exhaust fumes. 

 
 All samples will be collected in accordance with “clean sampling” techniques. 

 
 Manual water grab samples will be collected by inserting the transfer container under or down 

current of the direction of flow, with the container opening facing upstream. 
 

 Once sample containers are filled, they will be promptly placed on ice, in a clean cooler (target 
temperature 6 degrees Celsius), in the dark and transported to the laboratory for processing to 
meet holding times.  All necessary pre-processing for analysis, such as filtration and acidification, 
will take place in the laboratory by certified personnel. 

 
 After the field crew collects and delivers the samples to the laboratory, the laboratory will 

conduct the analysis within the holding times listed in Table 6-3.  These field and laboratory 
activities will be coordinated to make sure all samples are handled within the proper holding 
time. 
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After the laboratory receives the water samples, the certified laboratory technicians will dispense the 
sample contents into containers that contain the required volume specified in Table 6-3.  The laboratory 
will preserve the water samples using the appropriate preservative and the laboratory will conduct the 
analysis within the maximum holding time limits. 
 
Table 6-3  Sample Handling and Custody 

Constituent Container 
Type 

Minimum 
Sample Volume Preservation Holding 

Time 
Nutrients (Water Analysis) 

Total Kjeldahl Nitrogen Polyethylene 500 mL 6°C preserved in 
the lab wit H2SO4 

48 Hours 

Total Phosphorus Polyethylene 500 mL 6°C preserved in 
the lab wit H2SO4 

28 Days 

Nitrate (NO3-N) Polyethylene 500 mL 6°C 48 Hours 
Nitrite (NO2-N) Polyethylene 500 mL 6°C 48 Hours 

 
6.3.2 Sample Bottle Labeling 
 
Water quality sample bottles will be pre-labeled, to the extent possible, before each monitoring event.  
Pre-labeling bottles simplifies field activities and leaves only date, time, Sample ID, and sampling 
personnel names to be filled out in the field.  Each sample collected will be labeled with the following 
information: 
 

 Project name 
 Sample location/ID 
 Event number 
 Date and time 
 Sample matrix (stormwater) 
 Sample type (dry-weather, wet-weather, etc.) 
 Bottle __ of __ (for multi-bottle samples) 
 Collected by 
 Preservative 
 Analysis 

 
Field samples, field blanks, and field duplicate samples will be labeled, recorded on the COC form, and 
then transported to the analytical laboratory. 
 
6.3.3 Chain-of-Custody Procedures 
 
The laboratory will supply the Chain-of-Custody (COC) forms that will be utilized by the sampling team.  
COC procedures will be used for all samples throughout the collection, transport, and analytical process 
to ensure the most accurate results.  COCs will be pre-printed along with the bottle labels and will contain 
the same data as the labels.  The COCs will be completed in the field with dates, times, and sample team 
names, and will be cross-checked with the bottles to make sure proper samples have been collected.  
Documentation of sample handling and custody will include the following: 
 

 Sample identification; 
 Type of sample; 
 Sample collection date and time; 
 Any special notations on sample characteristics or analysis; 
 Analyses to be performed; 
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 Initials of the sampling team member that collected the sample; and 
 Date the sample was delivered to/sent to the laboratory. 

 
The COC forms for the samples will be transported with the samples to the analytical laboratory.  
Sampled water will be kept properly chilled and transferred to an analytical laboratory within holding 
times.  When custody of the samples is transferred to the laboratory, the COC will be signed and dated, 
and a PDF copy will be sent from the laboratory.  An example of a COC form is included in Appendix B.  
The COCs will be reviewed by personnel at the receiving laboratory to make sure no samples have been 
lost in transport.  The laboratory will also verify that each sample has been received within holding times.  
COC records will be included in the final reports prepared by the analytical laboratory and are considered 
an integral part of the report. 
 
6.3.4 Corrective Action Procedures 
 
Corrective action is taken when an analysis is deemed suspect for some reason.  The reasons include 
exceedances of the relative percent difference (RPD) ranges, spike recoveries, and blanks.  The 
corrective action varies somewhat from analysis to analysis, but typically involves the following: 
 

 Check of procedure 
 Review of documents and calculations to identify any possible error 
 Error correction 
 Re-analysis of the sample extract, if available, to see if results can be improved 
 Complete reprocessing and re-analysis of additional sample material, if it is available 

 
Any failures (e.g., instrument failures) that occur during data collection and laboratory analyses will be 
the responsibility of the field crew or laboratory conducting the work, respectively.  In the case of field 
instruments, problems will be addressed through instrument cleaning, repair, or replacement of parts or 
the entire instrument, as needed.  Field crews will carry basic spare parts and consumables with them, 
and will have access to spare parts to be stored at the office.  Records of all repairs or replacements of 
field instruments will be maintained.  The laboratory has procedures in place to follow when failures 
occur, and will identify individuals responsible for corrective action and develop appropriate 
documentation.  The Quality Assurance (QA) Officer at the laboratory has procedures in place to follow 
when failures occur, and will identify individuals responsible for corrective action and develop appropriate 
documentation.  Any corrective actions taken will be documented in the laboratory’s hard copy 
deliverable or in a Corrective Action Plan. 
 

7. Quality Control 
 
This section addresses Quality Assurance/Quality Control (QA/QC) activities associated with both field 
sampling and laboratory analyses.  The field QA/QC samples are used to evaluate potential contamination 
and sampling errors introduced prior to submittal of the samples to the analytical laboratory.  Laboratory 
QA/QC samples provide information to assess potential laboratory contamination, analytical precision, 
and accuracy.  If any QA/QC standards are not met, the appropriate corrective actions will be taken in 
accordance with Section 6.3.4 of this document and the laboratory’s QA manual. 
 
7.1 Quality Assurance/Quality Control 
 
The main types of field QA/QC samples that will be utilized for this MRP are described below and 
provided in Table 7-1. 
 

1. Field Blanks – Field blanks verify that field conditions, field sampling activities, and air 
deposition are non-contaminating.  Field blanks are submitted blind to the laboratory.  Sample 
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bottles are filled with reagent-grade, analyte-free deionized water in the field during a sampling 
event. 
 

2. Equipment Blanks – Equipment blanks verify that the sampling containers, sampling 
equipment, and tubing are contaminant free prior to sampling.  A representative number of 
bottles or sections of tubing from each lot is submitted to the laboratory.  The laboratory will use 
reagent-grade, analyte-free deionized water to fill the bottles or rinse through the tubing and 
then analyze the water.  Blank analysis results are evaluated by checking against reporting limit 
for that analyte.  Results obtained should be less than the reporting limit for each analyte.  If 
results are above the reporting limits then the entire lot must be cleaned and re-analyzed. 
 

3. Field Duplicates – Field duplicates evaluate sampling error introduced by both field sampling 
and laboratory analyses.  Field duplicates are submitted blind to the laboratory.  Procedures for 
collecting field duplicates should be the same as those used for collecting field samples.  
Duplicates of manual grab samples will be collected by filling two grab sample containers at the 
same time, or in rapid sequence. 
 

4. Matrix Spike and Matrix Spike Duplicates (MS/MSDs) – Matrix spikes and matrix spike 
duplicates are used to assess precision and accuracy of the laboratory analytical method.  A 
matrix spike sample is an aliquot of a field sample spiked with a known amount of analyte and 
analyzed for spike recovery.  A matrix spike duplicate is a duplicate aliquot of the matrix spike 
sample analyzed separately. 
 

5. Laboratory Replicate/Split – A laboratory replicate/split entails a duplicate analysis performed 
on the contents from the same sample container and assesses the repeatability (precision) of the 
analytical laboratory’s results. 

 
The blank samples, duplicate samples, spike samples, and laboratory replicates need not all come from 
the same monitoring location during a particular sampling event.  However, each of these QA/QC 
analyses will be provided along with the standard analyses if enough sample volume has been collected.  
The field QA/QC samples for field blanks and field duplicates are submitted blind to the analytical 
laboratory. 
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Table 7-1  Sampling (Field) QC 
QA/QC 

Sample Type 
Minimum 

Sampling Frequency 
Constituent

Class 
Acceptance 

Limits 

Field Blank 
Every 20 samples 
collected at a given site, 
per sampling event. 

All 

Field blanks shall find no detectable 
amounts or less than 1/5 of sample 
amounts.  Accuracy at 1 per culture 
medium or reagent lot. 

Equipment Blank 
Sample bottles should be 
blanked at 10% 
frequency, or per lot. 

All Equipment blank shall be less than 
the reporting limit for that analyte. 

Field Duplicate 
Every 10 samples 
collected at a given site, 
or per sampling event. 

All 

The relative percent difference 
between the primary sample result 
and the duplicate sample result 
should meet the objective for 
precision. 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSDs) 

One per batch or per 20 
samples (5%), per 
sampling event. 

Table 7-3 
The percent recovery should be 
within the accuracy acceptance 
limits. 

Laboratory 
Replicate/Split 

One per batch or per 20 
samples (5%), per 
sampling event. 

Table 7-3 

The relative percent difference 
between the primary sample result 
and the replicate result should meet 
the objective for precision. 

 
7.2 Laboratory Quality Assurance/Quality Control 
 
Internal laboratory quality control checks will include the use of laboratory replicates, method blanks, 
MS/MSDs, laboratory control samples, and standard reference materials.  These quality control samples 
are described below. 
 
Frequency of analysis is provided in Table 7-2.  A breakdown of the associated constituents for each QC 
sample type is provided in Table 7-3 for water samples. 
 

1. Laboratory Replicate/Split – A sample is split by the laboratory into two portions and each 
sample is analyzed.  Once the duplicate analyses have been analyzed, the results are evaluated 
by calculating the RPD between the two sets of results.  This serves as a measure of the 
reproducibility, or precision, of the sample analysis.  Typically, duplicate results should fall within 
an accepted RPD range, depending upon the analysis. 

 
2. Method Blanks – A method blank is an analysis of a known clean sample matrix that has been 

subjected to the same complete analytical procedure as the field sample to determine if potential 
contamination has been introduced during processing.  Blank analysis results are evaluated by 
checking against reporting limits for that analyte.  Results obtained should be less than the 
reporting limits for each analysis. 

 
3. Matrix Spike and Matrix Spike Duplicates (MS/MSDs) – Matrix spikes and matrix spike 

duplicates (MS/MSDs) involve adding a known amount of the chemical(s) of interest to one of the 
actual samples being analyzed.  One sample is split into three separate portions.  One portion is 
analyzed to determine the concentration of the analyte in question in an un-spiked state.  The 
other two portions are spiked with a known concentration of the analytes of interest.  The 
recovery of the spike, after accounting for the concentration of the analyte in the original sample, 
is a measure of the accuracy of the analysis.  By determining spike duplicate recoveries, another 
measure of precision is accomplished.  An additional precision measure is made by calculating the 
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RPD of the duplicate spike recoveries.  Both the RPD values and spike recoveries are compared 
against accepted and known method dependent acceptance limits.  Analyses outside these limits 
are subject to corrective action. 

 
4. Laboratory Control Sample (LCS) – The laboratory control sample procedure involves spiking 

known amounts of the analyte of interest into a known, clean, sample matrix to assess the 
possible matrix effects on spike recoveries.  High or low recoveries of the analytes in the matrix 
spikes may be caused by interferences in the sample.  Laboratory control samples assess these 
possible matrix effects since the LCS is known to be free from interferences. 

 
5. Standard Reference Material (SRM) –SRMs may be used in lieu of laboratory control 

samples.  An SRM is a sample containing a known and certified amount of the analyte of interest 
and is typically analyzed with the analyst not knowing the analyte concentration.  SRMs are 
typically purchased from independent suppliers who prepare them and certify the analyte 
concentrations.  Results are evaluated by comparing results obtained against the known quantity 
and the acceptable range of results supplied by the manufacturer. 

 
Table 7-2  Laboratory Quality Control Sample Frequency 

QA/QC 
Sample Type 

Minimum Sampling 
Frequency 

Acceptance 
Limits 

Laboratory 
Replicate/Split 

One per batch or per 20 
samples (5%), per 
sampling event. 

The relative percent difference between the 
primary sample result and duplicate sample result 
should meet the objective for precision. 

Method Blank One per batch or per 20 
samples (5%). Procedural blanks should be below 10x the MDL. 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSD’s) 

One per batch or per 20 
samples (5%), per 
sampling event. 

The percent recovery should be within the 
accuracy acceptance limits. 

Laboratory Control 
Spike (LCS) 

One per batch or per 20 
samples (5%). 

The percent recovery should be within the 
accuracy acceptance limits. 

Standard Reference 
Material (SRM) 

One per batch or per 20 
samples (5%). 

The percent recovery should be within the 
accuracy acceptance limits. 

 
 
Table 7-3  Recommended Laboratory Quality Control Samples by Constituent 

(Water) 

Analyte Laboratory 
Replicate 

Method 
Blank MS/MSD LCS SRM 

Nutrients (Water) 
Total Nitrogen -    - 
Total Phosphorus -    - 
Nitrate (NO3-N) -    - 
Nitrite (NO2-N) -    - 

 
  

RB-AR41186



City of Carson  
Machado Lake Nutrient TMDL Monitoring and Reporting Program Plan March 2012
 

 
- 25 - 

 

7.3 Instrument/Equipment Testing, Inspection, and Maintenance 
 
7.3.1 Sampling Equipment 
 
Prior to each sampling event, field sampling equipment will be checked for proper operation.  Field 
technicians will be responsible for preparing sampling kits that include field logs, COC forms, sample 
labels, sampling bottles, field equipment and tools.  Equipment will be inspected for damage when first 
handed out and returned from use. 
 
7.3.2 Analytical Instruments 
 
The laboratory will maintain analytical equipment in accordance with their QA Manuals, which include 
those specified by the manufacturer and those specified by the method.  If deficiencies occur, the 
laboratory will resolve and document the issue in accordance with their QA procedures. 
 
If failures or errors occur with analytical instrumentation, the proper corrective action must be taken.  
The laboratory is responsible for taking the appropriate measures in accordance with their QA procedures 
and/or manufacturer’s agreements. The Laboratory Manager is responsible for notifying the Project 
Manager.  Refer to Section 6.3.4 for more details regarding corrective action procedures. 
 
7.4 Instrument/Equipment Calibration and Frequency 
 
All laboratory equipment is calibrated based on manufacturer recommendations and accepted laboratory 
protocol.  The laboratory maintains calibration practices as part of their method Standard Operating 
Procedures (SOPs) maintained in their laboratory by their Laboratory Manager/QA officer and can be 
provided upon request. 
 
7.5 Data Management 
 
7.5.1 Laboratory Data Management 
 
The Project Manager is responsible for leading laboratory data management.  Overall management of the 
data will be consistent with established procedures for stormwater monitoring projects.  The Reporting 
and Laboratory Coordinator will be responsible for tracking the analytical process to assure that the 
laboratory is meeting the required turnaround times and providing a complete deliverable package.  The 
laboratory will conduct the quality control checks prior to data submittal, for more details regarding 
laboratory quality assurance and record keeping protocols refer to the QA Manual.  The Reporting and 
Laboratory Coordinator receives the original hard copy from the laboratory, verifies completeness, and 
logs the date of receipt.  Analysis results will be electronically sent to the Database Manager following the 
completion of quality control checks by the laboratory.  Data will be screened for the following major 
items: 
 

 A 100 percent check between electronic data provided by the laboratory and the hard copy 
reports 

 Conformity check between the COC forms and laboratory reports 
 A check for laboratory data report completeness 
 A check for typographical errors on the laboratory reports 
 A check for suspect values 

 
The originals are then transferred to the Project Manager and filed with all other original project 
documentation in order to maintain complete project records.  
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Following the initial screening, a more complete QA/QC review process will be performed, which will 
include an evaluation of holding times, method and equipment blank contamination, and analytical 
accuracy and precision. 
 
The laboratory will be requested to provide data in both hard copy and electronic formats.  The form of 
electronic submittals will conform to reporting protocols that are compatible with the SWAMP.  A 
relational database will be developed and used for all data.  Laboratory data will be maintained and 
managed with Microsoft Excel and/or Microsoft Access by the Database Manager. 
 
The Database Manager will control the access to the project’s database.  The laboratory EDDs will be 
maintained in a file separate to the cumulative database so the original is maintained and can be used as 
a reference.  If data is reissued, the file name will include the date and the word ‘revised’.  To manage 
the revision and prevent duplicate entries, the erroneous dataset will be removed from the database prior 
to uploading the revised dataset. 
 
The Laboratory Manager will maintain their respective analytical laboratory records.  The Project Manager 
will oversee the actions of these persons and will arbitrate any issues relative to records retention and 
any decisions to discard records.  All original laboratory notebooks and data summaries will be 
maintained in secure areas and electronic databases will be maintained and backed up. 
 
7.5.2 Field Data Management 
 
The Field Coordinator will be responsible for the proper management of field measurement and 
observation data.  The Field Coordinator will review all Field Conditions Data Log Sheets for completeness 
and maintain the original hardcopies in the project file.  The Field Conditions Data Log Sheet responses 
will also be manually entered into an electronic version of the Field Conditions Data Log Sheet and these 
fields will be saved in the Microsoft Access Database.  The data will be manually entered by one 
individual and the entries will be checked against the hard copies for accuracy by a second individual.  
Photographs of the monitoring sites taken by field personnel will be uploaded into the project file within 
three days of taking the photograph.  Field team members will name the photographs using the 
photograph naming convention developed specifically for this project. 
 

8. Quality Assurance Project Plan (QAPP) 
 
A comprehensive Quality Assurance Project Plan (QAPP) consistent with the SWAMP QAPP is included in 
Appendix C.  The QAPP includes sections on Project Management, Data Generation and Acquisition, 
Assessment and Oversight, and Data Validation and Usability. 
 

9. Data Analysis and Reporting 
 
Monitoring in accordance with this MRP plan will continue until the city of Carson has established 
compliance with the final WLAs.  Compliance will be based on three contiguous years of monitoring data 
wherein monthly average concentrations are at or below the final WLAs for Total Nitrogen and Total 
Phosphorous.  Once compliance with final WLAs is established, the results of this MRP plan and other 
available information may be used to revise the amount of monitoring required to demonstrate continued 
TMDL compliance under a revised MRP plan or other Regional Board order. 
 
9.1 Annual Monitoring Reports 
 
The data collected as described in this MRP plan shall be compiled and reported to the Regional Board 
annually beginning one year from the date of approval of the plan.  The report will include the results 

RB-AR41188



City of Carson  
Machado Lake Nutrient TMDL Monitoring and Reporting Program Plan March 2012
 

 
- 27 - 

 

from the preceding year and will be submitted to the Regional Board within 45 days of the end of each 
reporting year.  Compliance will be based upon the monthly average concentration. 
 
Data transmitted shall include: 
 

 A discussion of the city of Carson’s compliance with interim and final WLAs and targets set for 
nutrients in Machado Lake. 

 A tabular database in Microsoft Excel or Access format including: Sample Dates, Sample Location, 
Laboratory Results, and Detection Limits. 

 Copies of field observation/sampling comment logs in PDF or equivalent format. 
 A discussion of any requested changes or modifications to this MRP plan along with supporting 

documentation. 
 Results of source tracking investigations included in an appendix. 

 
A description of the technical design and rationale for source tracking investigations planned for the 
coming year will be included as an attachment or appendix to the annual monitoring report. 
 
The Annual Report shall be signed by the appropriate city of Carson representative, and transmitted 
electronically to the Regional Board.  The certification shall read: 
 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted. 
 
Based on my inquiry of the person or persons who manage the system, or those persons directly 
responsible for gathering the information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete.  I am aware that there are significant 
penalties for submitting false information, including the possibility, of a fine and imprisonment for 
knowing violations. 
 
Executed on the ______ day of ______________________, 20____ 
 
Printed Name: ____________________  Title: _________________ 

 
9.2 Receiving Waters Limitation Compliance Reports 
 
In the event that the monitoring site described herein is deemed out-of-compliance with interim or final 
WLAs, the annual monitoring reports prepared as part of this MRP plan may be used by the city of Carson 
to prepare a Receiving Waters Limitation Compliance Reports (if required by the Regional Board). 
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Appendix A 
 

Field Conditions Data Log Sheet 
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Field Conditions Data Log Sheet 
 

MONITORING PROGRAM/MAINTENANCE 
 Dry-Weather Monitoring  Wet-Weather Monitoring  Land Use Monitoring  Long-Term Monitoring 

GENERAL SITE DESCRIPTION 
Site Id       Discharge Area      Intersection/Location       

 
 
 

 Field Crew        Date        Time         Photo Taken  Yes #   No 
 

Conveyance  Manhole  Catch Basin  Outlet  Concrete Channel Natural Creek  Earthen Channel  Curb/Gutter 
(Check one only)  

ATMOSPHERIC CONDITIONS  

Weather Sunny Partly Cloudy  Overcast  Fog  Raining 

Last Rain  > 72 hours  < 72 hours Rainfall  None  < 0.1”  > 0.1” 

RUNOFF CHARACTERISTICS 

Odor  None  Musty  Rotten Eggs  Chemicals  Sewage  Other       
 

Color  None  Yellow  Brown  White  Gray  Other       
 

Clarity  None  Slightly Cloudy  Opaque   Other       

Floatables  None  Trash  Bubbles/Foam  Sheen  Fecal Matter  Other       
 

Deposits  None  Sediment/Gravel  Fine Particles  Stains  Oily Deposits  Other       
 

Vegetation  None  Limited  Normal  Excessive  Other       

Water Flow  Flowing  Ponded  Moist  Dry  Tidal – Cond (mS/cm)       
 

 

DRY-WEATHER ONLY 
 

FLOW ESTIMATION WORKSHEETS  N/A 

Flowing Creek of Box Culvert Flowing Pipe Field Measurement 

Width (ft.)       Diameter (ft.)        pH        
 

Depth (ft.)        Depth (ft.)        Temp (°C)        
 

Velocity (ft/sec)        Velocity (ft/sec)        SpCond (µS)        
 

Flow (gpm)        Flow (gpm)        
 

Evidence of Overland Flow?  Yes  No  Irrigation Runoff Other       
 

 

LAND USE ONLY 
Land Use   Residential  Commercial  Industrial  Agricultural  Park  Open 
(Check all that apply) 
 

 

POST-STORM DATA Pollutagraph Sample Times and Flow 

Total Flow Volume       Composite Sample Aliquot Count        Sample#  Time  Flow (cfs)
 

Total Rain (in)       Total Sample Volume (L)                            

EQUIPMENT CONDITION  Good  Maintenance/Calibration Required 
                   

                    
Samples Collected  Comments 

      
                     

  

                    

 Water Sample 

 Water Field Duplicate 
 Water Field Blank 
 Sediment Sample 
 Sediment Field Duplicate 
 Sediment Toxicity 
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Appendix B 
 

Example Chain-of-Custody Form 
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Quality Assurance Project Plan 
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Group A Project Management 
 
1.1 Distribution List 
 
The individuals listed in Table 1-1 will receive a copy of the Quality Assurance Project Plan (QAPP). 
 
Table 1-1  Distribution List 

Title Name (Affiliation) Contact 
Number 

Number 
of Copies 

Storm Water Quality Programs 
Manager Patricia Elkins (City of Carson) (310) 847-3529 1 

Project Manager Felipe Vazquez (CWE) (714) 385-2600 
Ext. 203 1 

Quality Assurance Officer Jason Pereira (CWE) (714) 385-2600 
Ext. 211 1 

Sampling Manager Vicky Li (CWE) (714) 385-2600 
Ext. 204 1 

Laboratory Manager Marycarol Valenzuela (Associated 
Laboratories) (714) 771-9909 1 

 
1.2 Project/Task Organization 
 
1.2.1 Involved Parties and Roles 
 
The city of Carson is the municipal government agency overseeing the project.  Patricia Elkins is the city’s 
Storm Water Quality Programs Manager and has responsibility for program oversight. 
 
California Watershed Engineering (CWE) is responsible for conducting the Machado Lake Nutrient  
Total Maximum Daily Load (TMDL) Monitoring and Reporting Program (MRP).  Vik Bapna is the Contract 
Project Manager for CWE and is responsible for managing the contract.  CWE is responsible for the 
overall organization and completion of the monitoring program, and reporting the results of the 
monitoring program. 
 
CWE will coordinate sample collection, laboratory analysis, data management, data analysis, and 
reporting.  Felipe Vazquez is the CWE Project Manager and is responsible for project coordination and 
overall project development.  He is also responsible for scheduling, budget management, and oversight 
of all project plans and report development.  Vicky Li is the CWE Sampling Manager and is responsible for 
implementing the monitoring activities.  Jason Pereira is the CWE Quality Assurance Officer and is 
responsible for overseeing the project quality assurance and quality control procedures implemented 
during sampling, laboratory analysis, data management, and data analysis.  Jason Pereira is also the CWE 
Health and Safety Officer and is responsible for implementation of the project Health and Safety Plan and 
practices.  Tyler Pham is responsible for preparation of the field effort and monitoring events, field 
sampling equipment and installation; development of project plans and reports and coordination with the 
laboratory, developing and maintaining a database of the project data. 
 
Associated Laboratories, located in Orange, California, is responsible for the analysis of all water samples.  
Marycarol Valenzuela is the Associated Laboratories Laboratory Manager.  She will make sure that 
samples are analyzed in accordance with the methods and quality assurance requirements outlined both 
in this QAPP and the project MRP. 
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Table 1-2 summarizes the responsibilities of the involved personnel and their contact information.  The 
organizational chart is provided on Figure 1-1. 
 
Table 1-2  Personnel Responsibilities 

Name Organizational 
Affiliation Title Contact Information 

(Telephone, Fax, email) 

Patricia 
Elkins City of Carson Storm Water Quality Programs 

Manager 

Tel (310) 847-3529 
Fax (310) 830-0946 

pelkins@carson.ca.us 

Felipe 
Vazquez CWE Project Manager 

Tel (714) 385-2600 x203 
Fax (714) 385-2605 

fvazquez@cwecorp.com 

Vik Bapna CWE Contract Project Manager 
Tel (714) 385-2600 x212 

Fax (714) 385-2605 
vbapna@cwecorp.com 
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1.2.2 Quality Assurance Officer Role 
 
Jason Pereira, is CWE’s Quality Assurance (QA) Officer and the QA Officer for this project.  The QA 
Officer’s role is to establish the quality assurance and quality control procedures in this QAPP as part of 
the sampling, field analysis, and data management and analysis procedures.  Mr. Pereira will also work 
with Associated Laboratories by communicating all quality assurance and quality control issues contained 
in this QAPP. 
 
The QA officer will also review and assess all procedures during the project against QAPP requirements.  
The QA officer will report all findings to the Project Manager, including all requests for corrective action.  
The QA officer may stop all actions, including those conducted by any laboratory, if there are significant 
deviations from required practices or if there is evidence of a systematic failure. 
 
1.2.3 Persons Responsible for QAPP Update and Maintenance 
 
CWE’s Project Manager and QA Officer are responsible for creating and maintaining this QAPP.  Changes 
and updates to this QAPP may be made by CWE’s Project Manager and QA Officer.  The Project Manager 
will be responsible for making the changes and making sure these updates are provided to each of the 
participating agencies.  Previous versions of the QAPP should be deleted from project files to avoid any 
confusion as to current versions of the QAPP. 
 
1.3 Problem Definitions/Background 
 
1.3.1 Problem Statement 
 
The city of Carson is undertaking this project to assess compliance with the Machado Lake Nutrient TMDL 
and interim and final Waste Load Allocations (WLAs).  The MRP will measure the progress of pollutant 
load reductions and improvements in water quality.  The MRP will: 
 

 Determine attainment of total nitrogen, total phosphorus, ammonia, dissolved oxygen, and 
chlorophyll a numeric targets. 

 Determine compliance with the WLA for total nitrogen and total phosphorus. 
 Monitor the effect of implementation actions on lake water quality. 

 
1.3.2 Decisions or Outcomes 
 
The city of Carson contracted CWE to implement the Machado Lake Nutrient TMDL MRP to assess 
compliance with the Machado Lake Nutrient TMDL and interim and final WLAs.  This monitoring program 
will evaluate dry- and wet-weather water quality for the following constituents: 
 

 Total nitrogen 
 Total phosphorus 
 Nitrate (NO3-N) 
 Nitrite (NO2-N) 

 
1.3.3 Water Quality or Regulatory Criteria 
 
The Machado Lake Nutrient TMDL established numeric targets for the impaired receiving water body.  
These numeric targets are summarized in Table 1-3. 
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Table 1-3  Numeric Targets 

Indicator Numeric Target 
Total Phosphorus 0.1 mg/L monthly average 
Total Nitrogen 
(TKN + NO3-N + NO2-N) 1.0 mg/L monthly average 

Ammonia – N 5.95 mg/L one-hour average 
Ammonia – N 2.15 mg/L 30-day average 

Dissolved Oxygen 
5 mg/L single minimum 
measured 0.3 meters above 
the sediments 

Chlorophyll a 20 µg/L monthly average 
 
The Machado Lake Nutrient TMDL established and assigned dry- and wet-weather interim and final WLAs 
to urban stormwater dischargers subject to a Municipal Separate Storm Sewer System (MS4) discharge 
permit.  The city of Carson is named in the TMDL as an MS4 Permittee that is responsible for discharges 
to Machado Lake. 
 
The TMDL outlines three options for compliance.  Interim and final WLAs are summarized in Table 1-4 
and can be demonstrated through one of the following methodologies: 
 

 Concentration-based WLAs with in-lake monitoring. 
 Concentration-based WLAs with monitoring at the end of the city of Carson’s drainage system 

(end-of-pipe). 
 Mass-based WLAs with end-of-pipe monitoring. 

 

Table 1-4  Interim and Final Waste Load Allocations 

Compliance 
Date 

Interim Total 
Phosphorus 

WLAs (mg/L) 

Interim Total Nitrogen 
(TKN + NO3-N + NO2-N) 

WLAs (mg/L) 
March 11, 2009 1.25 3.50 
March 11, 2014 1.25 2.45 
Sept. 11, 2018 
(Final WLAs) 0.1 1.00 

 
1.4 Project/Task Description 
 
1.4.1 Work Statement and Produced Products 
 
The project consists of monitoring discharges from the city of Carson’s Machado Lake Subwatersheds.  
This monitoring program is comprised of two components in order to fulfill the project objectives that are 
discussed in Section 1.3.2: 
 

 Dry-Weather Monitoring 
 Wet-Weather Monitoring 
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1.4.1.1 Dry-Weather Monitoring 
 
The purpose of the dry-weather monitoring component is to measure the baseline level of the required 
constituents and measure the progress of pollutant load reductions and improvements in water quality to 
demonstrate compliance with the Machado Lake Nutrient TMDL and interim and final WLAs.  Dry-weather 
monitoring will include the collection of grab water samples and visual observations at the sampling site.  
If no flow is present then an alternate sample location will be selected from the list of secondary sites 
within the same drainage area.  Secondary sites selected will be located on the upstream tributaries to 
the main stormwater conveyance system.  Dry-weather monitoring will be performed monthly through 
September 11, 2018. 
 
1.4.1.2 Wet-Weather Monitoring 
 
The purpose of the wet-weather monitoring is to characterize the relative contributions of targeted 
pollutants from the city of Carson’s Machado Lake Subwatersheds.  Wet-weather monitoring will include 
the collection of grab water samples and visual observations at the sampling site.  Wet-weather 
monitoring will be performed twice during the rainy season (October 1st through May 31st) through 
September 11, 2018. 
 
1.4.2 Constituents to be Monitored and Measurement Techniques 
 
The analyses that will be conducted for the sampling program and the analysis methods are listed in 
Table 1-5. 
 

Table 1-5  Water Analytical Constituents 
Constituent Matrix Method 

Nutrients 
Total Kjeldahl Nitrogen Water EPA 351.3 
Total Phosphorus Water EPA 365.2/SM 4500-P E 
Nitrate (NO3-N) Water EPA 353.2/SM 4500-NO3-E 
Nitrite (NO2-N) Water EPA 353.2/SM 4110-B 

 
1.4.3 Project Schedule 
 

Table 1-6  Project Schedule Timeline 

Activity 

Date (MM/DD/YY) 

Deliverable Deliverable 
Due Dates 

Anticipated 
Date of 

Initiation 

Anticipated 
Date of 

Completion
Sample Collection 01/01/2012 09/11/2018 None N/A 

Annual Water Quality 
Monitoring Reports 01/01/2013 10/26/2018 Annual Water Quality 

Monitoring Report 

02/14/2013 
02//14/2014 
02/14/2015 
02/14/2016 
02/14/2017 
10/26/2018 
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1.4.4 Geographical Setting 
 
The city of Carson is located in southern Los Angeles County, surrounded by the Cities of Compton,  
Long Beach, and Los Angeles, and Los Angeles County unincorporated areas and communities.  While the 
city is 18.9 square miles in size, only a small portion of the southwestern quadrant is tributary to the 
Wilmington Drain and Machado Lake. 
 
The city’s tributary drainage area is approximately 1.9 square miles and can be divided into three distinct 
subwatersheds.  Drainage Area No. 1 (DA 1) consists of mixed runoff from the cities of Carson,  
Los Angeles, and Torrance, unincorporated County areas, and California Department of Transportation 
(Caltrans) right-of-way.  Discharges from Drainage Area No. 2 (DA 2) are from the cities of Carson, 
Lomita, Los Angeles, and Torrance, unincorporated County, and Caltrans.  All city of Carson runoff within 
this area is from the Sanitation Districts of Los Angeles County Joint Water Pollution Control Plant facility.  
Runoff from Drainage Area No. 3 (DA 3) is almost exclusively from the city of Carson with the exception 
of a small area in the upper subwatershed, approximately 34.56 acres, and another small downstream 
area both from the city of Los Angeles.  This drainage area best represents the discharges likely to 
emanate from the city’s different land use types.  The reason for this is that DA 3 is predominantly from 
the city of Carson and the composition of land use types within this drainage area are similar to those of 
DA 1 and 2 combined.  Therefore, the dry- and wet-weather monitoring location is at the downstream 
end of DA 3. 
 
1.4.5 Constraints 
 
The sample location will require further coordination with or permission of access from city of Carson and 
Los Angeles County Flood Control District.  CWE will contact, coordinate, and complete any necessary 
paperwork and access permits. 
 
Traffic control permits may be required to access the sample location in the right-of-way.  Traffic Control 
Permits take an estimated five days to process and are valid for a limited time only.  Traffic controls are 
necessary for the safety of the field crew and to minimize the overall impact to the flow of traffic on the 
city streets. 
 
Safety of the field staff is always the primary concern, and therefore, samples will not be collected when 
a situation is deemed unsafe.  Dry-weather conditions may prevent the collection of samples due to 
insufficient runoff. 
 
1.5 Quality Objectives and Criteria for Measurement Data 
 
Data quality objectives for this project will include the following: 
 

 Accuracy 
 Precision 
 Completeness 

 
Accuracy describes how close the measurement is to its true value.  Accuracy is the measurement of a 
sample of known concentration and comparing the known value against the measured value.  The 
accuracy of chemical measurements will be checked by performing tests on a standard prior to and/or 
during sample analysis.  A standard is a known concentration of a certain solution.  Standards can be 
purchased from chemical or scientific supply companies.  Standards might also be prepared by a 
professional partner (e.g., a commercial or research laboratory).  The standard used to determine 
accuracy by Associated Laboratories is called a laboratory control material (LCM) or Certified Reference 
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Material (CRM), which is a sample with a matrix similar to the sample being tested that contains analytes 
of interest at known or certified concentrations.  The concentration of the standards will be unknown to 
the analyst until after measurements are determined.  The concentration of the standards should also be 
within the mid-range of the equipment.  Recovery measurements are determined by spiking a replicate 
sample in the laboratory with a known concentration of the analyte.  Accuracy of the project data will be 
determined by the analysis of matrix spike/matrix spike duplicates (MS/MSD), laboratory control spikes 
(LCS), positive controls, standard reference materials (SRMs), and comparison to the accuracy objectives 
specified in Table 1-7. 
 
Precision measurements will be determined by comparing results from matrix spike duplicates, blank 
spikes, laboratory replicates, and field duplicates to the precision objectives specified in Table 1-7.  
Precision describes how well repeated measurements agree.  The evaluation of precision described here 
relates to repeated measurements/samples collected in the field (field duplicates) or the laboratory 
(laboratory replicates and MS/MSD). 
 
Completeness is the fraction of planned data that must be collected to fulfill the statistical criteria of the 
project.  There are no statistical criteria that require a certain percentage of data.  However, it is 
expected that 90 percent of all measurements could be taken when anticipated.  This accounts for 
adverse weather conditions, safety concerns, and equipment problems.  The project team will determine 
completeness by comparing the number of measurements planned to be collected with the number of 
measurements actually collected that were also deemed valid.  An invalid measurement would be one 
that does not meet the sampling method requirements and the data quality objectives. 
 
The data quality objectives (DQOs) for the laboratory DQOs are summarized in Table 1-7. 
 
Table 1-7  Data Quality Objectives for Laboratory Measurements 

Group Parameter Units
Target 

Reporting 
Limit 

Accuracy 
(Recovery)

Precision 
RPD Completeness

Nutrients 
(Water 
Analysis) 

Total Nitrogen mg/L 0.4 70-130% 0-20 90% 
Total Phosphorus mg/L 0.05 70-130% 0-20 90% 
Nitrate (NO3-N) mg/L 0.05 80-120% 0-20 90% 

Nitrite (NO2-N) mg/L 0.03 80-120% 0-20 90% 
 
1.6 Special Training Needs/Certification 
 
1.6.1 Specialized Training or Certifications 
 
Associated Laboratories, in Orange, California will be providing general laboratory services for this 
project, which includes analysis of water chemistry samples.  Associated Laboratories is certified by the 
California Environmental Laboratory Accreditation Program (ELAP Certification #1338) for the analyses of: 
microbiology, inorganics, toxic chemical elements, volatile organic chemistry, semi-volatile organic 
chemistry for both drinking water and wastewater; whole effluent toxicity for wastewater; inorganic 
chemistry, extraction tests, volatile organic chemistry, semi-volatile organic chemistry, toxicity bioassay, 
and physical properties for hazardous waste; and microbiology for recreational water. 
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1.6.2 Training and Certification Documentation 
 
Field personnel will be properly trained in the use of monitoring equipment and clean sample handling 
techniques along with all appropriate health and safety protocols prior to conducting monitoring activities.  
Specifically, the following elements will be included in the training of all CWE field personnel: 
 

 Review of Health and Safety Plan 
 Classroom training 
 Field training 

 
CWE and Associated Laboratories maintain records of training performed.  Documentation consists of 
records of the training dates and instructors.  Records can be obtained if needed through CWE’s Quality 
Assurance Officer and Associated Laboratories’ Laboratory Manager. 
 
1.6.3 Training Personnel 
 
CWE’s Quality Assurance Officer, Sampling Manager, Field and Monitoring Coordinator, and Field 
Equipment Coordinator will provide training to the monitoring personnel.  The Sampling Manager will 
train field personnel in sampling protocols and procedures in accordance with the MRP and QAPP.  The 
Sampling Manager or Project Manager will communicate any updates or revisions of these protocols in a 
timely manner. 
 
Associated Laboratories provides training to all staff members to ensure they are adequately qualified and 
trained to perform assigned tasks.  Details of Associated Laboratories training plans are described in 
Associated Laboratories’ Quality Assurance Manual Appendix F. 
 
1.7 Documents and Records 
 
All field observations will be recorded in Field Conditions Data Log Sheet provided in the MRP.  Chain-of-
custody (COC) forms will be completed for all water samples before the samples are delivered to the 
laboratory.  Field sheets and COCs will be scanned and stored as an electronic PDF by the Project 
Manager for a minimum of five (5) years from the time the MRP is completed. 
 
The Reporting and Laboratory Coordinator receives the analytical results in original hard copy from the 
laboratory, verifies completeness, and logs the date of receipt.  The originals are then transferred to the 
Project Manager and filed with all other original project documentation in order to maintain complete 
project records.  In addition to hard copies, the laboratory will also provide analytical data in electronic 
format.  The form of electronic submittals will conform to reporting protocols that are compatible with the 
Surface Water Ambient Monitoring Program (SWAMP).  A relational database will be developed by CWE 
and used for all data.  Laboratory data will be maintained and managed with Microsoft Excel and/or 
Microsoft Access by the Database Manager.  Following project completion, a copy of the database will be 
filed with all other original project documentation.  An electronic copy of the database, along with the 
field forms, will also be provided to the city of Carson for their records. 
 
Copies of this QAPP will be distributed electronically to the individuals listed in the Section 1.3 Distribution 
List.  Hard copies of the QAPP will be available upon request.  Updates to this QAPP will be distributed to 
the same individuals, and all previous versions will be discarded from the project file.  A hard copy of the 
QAPP will be filed with the remaining project documentation.  CWE will prepare an annual water quality 
monitoring report and submit to the city of Carson.  CWE and the city of Carson will each have a copy of 
this report in their records.  Additional details regarding data management is discussed in Section 2.10. 
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Table 1-8  Document and Record Retention, Archival, and Disposition Information 
Records Identify Type Needed Retention Archival Disposition

Project Plan 

Monitoring and Reporting 
Program Paper/Electronic Document Minimum 

5 years 

QAPP Paper/Electronic Document Minimum 
5 years 

Field Data 

Field Conditions Data Log 
Sheets Paper/Electronic Project File/PDFs Minimum 

5 years 

Photographs Electronic Project File Minimum 
5 years 

Sample Collection 
Records Chain-of-Custody Paper/Electronic Project File Minimum 

5 years 

Analytical Records 

Lab Notebooks Paper Notebook Minimum 
5 years 

Lab Reports 
(include COCs) Electronic Notebook/Excel Minimum 

5 years 

Electronic Data File Electronic Database Minimum 
5 years 

Assessment Records 
QA/QC Assessment Paper/Electronic Document Minimum 

5 years 

Final Report Paper/Electronic Document Minimum 
5 years 
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Group B Data Generation and Acquisition 
 
2.1 Sampling Process Design 
 
The Machado Lake Nutrient TMDL MRP plan provides a complete description of the monitoring approach, 
rationale for site selection, and sampling logistics.  The information contained in this section provides a 
general overview and references the appropriate section of the MRP plan to obtain more detailed 
descriptions. 
 
2.1.1 Monitoring Program 
 
The monitoring program designed to accomplish the project objectives outlined in Section 1.3.2 of this 
QAPP include dry- and wet-weather monitoring.  Dry- and wet-weather monitoring will employ water 
sampling and visual observations to measure the progress of pollutant load reductions and improvements 
in water quality as a result of implementation actions to assess compliance with the Machado Lake 
Nutrient TMDL and interim and final WLAs. 
 
Section 1.4.1 of this QAPP provides an overview of the monitoring program and a more detailed 
description of the monitoring program is discussed in Sections 2, 3, 4, and 5 of the MRP plan. 
 
2.1.2 Monitoring Location (Rationale for Site Selection) 
 
The city of Carson has selected a monitoring site that is representative of the three drainage areas and 
land uses tributary to Machado Lake.  The proposed monitoring location directly monitors 547 acres of 
the city’s 1,207 acres that are tributary to Machado Lake.  This monitoring station will provide direct 
monitoring of all the major land uses found within the three drainage areas to accurately characterize the 
water quality of the city’s discharges.  The selected monitoring location is in Drainage Area No. 3 which 
has similar land use designations and ratios to those found in Drainage Area Nos. 1 and 2 combined. 
 
Sections 1.6 and 3 of the MRP plan provide more detail on the rationale for site selection. 
 
2.1.3 Monitoring Events 
 
Dry-weather grab samples will be collected on a monthly basis, unless a qualifying wet-weather sample is 
collected first.  Samples will be collected in approved containers using standard sampling methods.  Two 
annual wet-weather grab samples are also scheduled to be collected.  The two wet-weather samples can 
substitute for two of the monthly dry-weather samples.  If a qualifying wet-weather event does not occur 
or is not anticipated to occur for the month, the city of Carson will collect dry-weather samples.  Dry- and 
wet-weather sampling frequency details are provided in Section 5.1 of the MRP plan. 
 
2.1.4 Monitoring/Sampling Logistics 
 
The MRP plan provides additional details regarding preparation and logistics for each dry- and wet-
weather monitoring event in Section 6. 
 
Dry-weather sampling will be conducted monthly.  The sampling team will be used to deliver samples to 
the laboratory within the required holding times.  The sampling team will be comprised of two field 
technicians to document visual observations and collect samples.  Field observations will be recorded on 
the Field Conditions Data Log Sheet provided in Appendix A of the MRP plan.  Samples will be placed on 
ice immediately and remain on ice until delivered to the laboratory within holding time requirements. 
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Similarly, wet-weather sampling will occur twice a year and substitute for two dry-weather sampling 
events.  The following criteria will be used to determine if mobilization will occur for an impending storm 
event to collect a wet-weather sample: 
 

 Storms must be forecasted to produce at least 0.10 inches of rain. 
 The probability of precipitation occurring must be greater than 60 percent. 
 Storm events must be preceded by at least 72 hours of dry conditions (<0.10 inches of 

precipitation). 
 
2.1.5 Laboratory/Sample Distribution 
 
Upon receipt of the water samples, the laboratory will shake the samples until they are homogeneous 
and dispense the sample contents into containers that contain the required volume needed for analysis of 
the constituents.  The laboratory will preserve the water samples using the appropriate preservative, and 
will conduct the analysis within the maximum holding time limits. 
 
2.2 Sampling Methods 
 
All samples will be collected using manual grab sampling methods, during dry- and wet-weather events.  
All sampling procedures will adhere to the guidelines found in the SWAMP sampling Standard Operating 
Procedures (SOP), “Field Collection of Water Samples.”  Samples will be collected by-hand, when 
possible, or by using an extension pole with a bottle attachment.  If necessary, a portable battery-
powered peristaltic pump, with properly cleaned tubing, will be used to collect the samples during low-
flow conditions, where the extension pole is not effective.  All sampling equipment will be properly 
cleaned prior to each sampling event.  When using the extension pole, ultrapure de-ionized water will be 
used to rinse off any residual site water from the apparatus.  If the peristaltic pump is used, a new 
properly cleaned length of tubing will be used at each sampling location to avoid cross-contamination of 
the samples. 
 
A two-person team will conduct all sampling events.  The sampling team will have access to a cellular 
phone in order to alert rescue agencies should an accident occur.  Sampling will be postponed if the 
sampling team determines that the conditions are unsafe.  Failure to collect a sample due to safety 
concerns or technical issues will be promptly reported to the Project Manager, who will determine if any 
corrective action is needed and make arrangements to collect a replacement sample, if possible.  The QA 
Officer will document sampling failures and the effectiveness of corrective actions. 
 
2.3 Sample Handling and Custody 
 
The laboratory will provide appropriate sample containers according to Table 2-1.  All samples will be pre-
labeled with the project name, site ID, sample type, bottle number, sampler name, preservative, and 
analysis.  All sample bottles will also be pre-labeled with a unique Sample ID to track the sample 
throughout its analyses.  At the time of sample collection, the sample labels will be completed in the field 
with the date and time.  The Sample IDs will also be entered directly onto the Field Conditions Data Log 
Sheets and the COC Forms.  The COC forms will accompany the collection of all samples. 
 
The following sample handling protocols will be followed when collecting samples to minimize the 
possibility of contamination: 
 

 Previously unused sample bottles will be employed.  Sample bottles and bottle caps will be 
protected from contact with solvents, dust, or other contaminants during storage and bottle 
handing.  
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 The grab sampler will make an effort, within reason, to prevent large gravel and uncharacteristic 
floating debris from entering the sample containers.  The sampler will also make an effort to not 
stir up sediments at the bottom of the storm drain. 

 
 The inside of the sampling container will not be touched to the maximum extent practicable 

during preparation and sampling activities. 
 

 Vehicle engines will be turned off during sampling activities to minimize exposure of samples to 
exhaust fumes. 

 
 All samples will be collected in accordance with the “clean sampling” techniques outlined in the 

MRP. 
 

 Manual water grab samples will be collected by inserting the transfer container under or down 
current of the direction of flow, with the container opening facing upstream. 

 
 Once sample containers are filled, they will be promptly placed on ice, in a clean cooler (target 

temperature 6 degrees Celsius), in the dark and transported to the laboratory for processing to 
meet holding times.  All necessary pre-processing for analysis, such as filtration and acidification, 
will take place in the laboratory by certified personnel. 

 
 After the field crew collects and delivers the samples to the laboratory, the laboratory will 

conduct the analysis within the holding times listed in Table 2-1.  These field and laboratory 
activities will be coordinated to make sure all samples are handled within the proper holding 
time. 

 
After the laboratory receives the water samples, the certified laboratory technicians will dispense the 
sample contents into containers that contain the required volume specified in Table 2-1.  The laboratory 
will preserve the water samples using the appropriate preservative and the laboratory will conduct the 
analysis within the maximum holding time limits. 
 
Table 2-1  Sample Handling and Custody 

Constituent Container Type Minimum 
Sample Volume Preservation Holding 

Time 
Nutrients (Water Analysis) 

Total Kjeldahl Nitrogen Polyethylene 500 mL 6°C preserved in 
the lab wit H2SO4 

48 Hours 

Total Phosphorus Polyethylene 500 mL 6°C preserved in 
the lab wit H2SO4 

28 Days 

Nitrate (NO3-N) Polyethylene 500 mL 6°C 48 Hours 
Nitrite (NO2-N) Polyethylene 500 mL 6°C 48 Hours 

 
2.3.1 Chain-of-Custody Procedures 
 
The laboratory will supply the Chain-of-Custody (COC) forms that will be utilized by the sampling team.  
COC procedures will be used for all samples throughout the collection, transport, and analytical process 
to ensure the most accurate results.  COCs will be pre-printed along with the bottle labels and will contain 
the same data as the labels.  The COCs will be completed in the field with dates, times, and sample team 
names, and will be cross-checked with the bottles to make sure proper samples have been collected.  
Documentation of sample handling and custody will include the following:  
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 Sample identification; 
 Type of sample; 
 Sample collection date and time; 
 Any special notations on sample characteristics or analysis; 
 Analyses to be performed; 
 Initials of the sampling team member that collected the sample; and 
 Date the sample was delivered to/sent to the laboratory. 

 
The COC forms for the samples will be transported with the samples to the analytical laboratory.  
Sampled water will be kept properly chilled and transferred to an analytical laboratory within holding 
times.  When custody of the samples is transferred to the laboratory, the COC will be signed and dated, 
and a PDF copy will be sent from the laboratory.  An example of a COC form is included in Appendix G.  
The COCs will be reviewed by personnel at the receiving laboratory to make sure no samples have been 
lost in transport.  The laboratory will also verify that each sample has been received within holding times.  
COC records will be included in the final reports prepared by the analytical laboratory and are considered 
an integral part of the report.  Analytical methods and detection limits for this project are listed in  
Table 2-2.  The detection limits described in Table 1-7 are target detection limits. 
 
2.3.2 Sample Disposal Procedures 
 
After analysis, including QA/QC procedures, any excess sample will be disposed of by the analytical 
laboratory. 
 
2.3.3 Corrective Action Procedures 
 
Corrective action is taken when an analysis is deemed suspect for some reason.  The reasons include 
exceedances of the relative percent difference (RPD) ranges, spike recoveries, and blanks.  The 
corrective action varies somewhat from analysis to analysis, but typically involves the following: 
 

 Check of procedure 
 Review of documents and calculations to identify any possible error 
 Error correction 
 Re-analysis of the sample extract, if available, to see if results can be improved 
 Complete reprocessing and re-analysis of additional sample material, if it is available 

 
Any failures (e.g., instrument failures) that occur during data collection and laboratory analyses will be 
the responsibility of the field crew or laboratory conducting the work, respectively.  In the case of field 
instruments, problems will be addressed through instrument cleaning, repair, or replacement of parts or 
the entire instrument, as needed.  Field crews will carry basic spare parts and consumables with them, 
and will have access to spare parts to be stored at the office.  Records of all repairs or replacements of 
field instruments will be maintained at CWE.  The laboratory has procedures in place to follow when 
failures occur, and will identify individuals responsible for corrective action and develop appropriate 
documentation.  The QA Officer at the laboratory has procedures in place to follow when failures occur, 
and will identify individuals responsible for corrective action and develop appropriate documentation.  Any 
corrective actions taken will be documented in the laboratory’s hard copy deliverable or in a Corrective 
Action Plan.  For more information on Associated Laboratories’ QA procedures please refer to Appendix F. 
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2.4 Analytical Methods 
 
Analytical methods are described in the Standard Methods for the Examination of Water and Wastewater 
(APHA et al, 2005) and US EPA standard methods.  The list of constituents, measurement techniques, 
method detection limits (MDLs), and reporting limits (RLs) is presented in Table 2-2. 
 
Table 2-2  Laboratory Analytical Methods 

Analyte/ 
Analysis 

Laboratory/ 
Organization 

Analytical Method Achievable Laboratory 
Limits 

Analytical 
Method/SOP 

Modified for 
Method 

Yes or No 

MDL 
(units) 

RL 
(units) 

Nutrients (Water) 
Total Kjeldahl 
Nitrogen 

Associated 
Laboratories EPA 351.3 No 0.06 mg/L 0.4 mg/L 

Total Phosphorus Associated 
Laboratories SM 4500-P E No 0.016 mg/L 0.05 mg/L 

Nitrate (NO3-N) Associated 
Laboratories EPA 353.2 No 0.02 mg/L 0.05 mg/L 

Nitrite (NO2-N) Associated 
Laboratories EPA 353.2 No 0.005 mg/L 0.03 mg/L 

 
2.5 Quality Control 
 
This section addresses Quality Assurance/Quality Control (QA/QC) activities associated with both field 
sampling and laboratory analyses.  The field QA/QC samples are used to evaluate potential contamination 
and sampling errors introduced prior to submittal of the samples to the analytical laboratory.  Laboratory 
QA/QC samples provide information to assess potential laboratory contamination, analytical precision, 
and accuracy.  If any QA/QC standards are not met, the appropriate corrective actions will be taken in 
accordance with Section 2.3.3 of this document and the laboratory’s QA manual provided in Appendix F. 
 
2.5.1 Quality Assurance/Quality Control 
 
The main types of field QA/QC samples that will be utilized for this MRP are described below and 
provided in Table 2-3. 
 

1. Field Blanks – Field blanks verify that field conditions, field sampling activities, and air 
deposition are non-contaminating.  Field blanks are submitted blind to the laboratory.  Sample 
bottles are filled with reagent-grade, analyte-free deionized water in the field during a sampling 
event. 
 

2. Equipment Blanks – Equipment blanks verify that the sampling containers, sampling 
equipment, and tubing are contaminant free prior to sampling.  A representative number of 
bottles or sections of tubing from each lot is submitted to the laboratory.  The laboratory will use 
reagent-grade, analyte-free deionized water to fill the bottles or rinse through the tubing and 
then analyze the water.  Blank analysis results are evaluated by checking against reporting limit 
for that analyte.  Results obtained should be less than the reporting limit for each analyte.  If 
results are above the reporting limits then the entire lot must be cleaned and re-analyzed.
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3. Field Duplicates – Field duplicates evaluate sampling error introduced by both field sampling 
and laboratory analyses.  Field duplicates are submitted blind to the laboratory.  Procedures for 
collecting field duplicates should be the same as those used for collecting field samples.  
Duplicates of manual grab samples will be collected by filling two grab sample containers at the 
same time, or in rapid sequence. 
 

4. Matrix Spike and Matrix Spike Duplicates (MS/MSDs) – Matrix spikes and matrix spike 
duplicates are used to assess precision and accuracy of the laboratory analytical method.  A 
matrix spike sample is an aliquot of a field sample spiked with a known amount of analyte and 
analyzed for spike recovery.  A matrix spike duplicate is a duplicate aliquot of the matrix spike 
sample analyzed separately. 
 

5. Laboratory Replicate/Split – A laboratory replicate/split entails a duplicate analysis performed 
on the contents from the same sample container and assesses the repeatability (precision) of the 
analytical laboratory’s results. 

 
The blank samples, duplicate samples, spike samples, and laboratory replicates need not all come from 
the same monitoring site during a particular sampling event.  However, each of these QA/QC analyses 
will be provided along with the standard analyses if enough sample volume has been collected.  The field 
QA/QC samples for field blanks and field duplicates are submitted blind to the analytical laboratory. 
 
Table 2-3  Sampling (Field) QC 

QA/QC 
Sample Type 

Minimum 
Sampling Frequency 

Constituent
Class 

Acceptance 
Limits 

Field Blank 
Every 20 samples 
collected at a given site, 
per sampling event. 

All 

Field blanks shall find no detectable 
amounts or less than 1/5 of sample 
amounts.  Accuracy at 1 per culture 
medium or reagent lot. 

Equipment Blank 
Sample bottles should be 
blanked at 10% 
frequency, or per lot. 

All Equipment blank shall be less than 
the reporting limit for that analyte. 

Field Duplicate 
Every 10 samples 
collected at a given site, 
or per sampling event. 

All 

The relative percent difference 
between the primary sample result 
and the duplicate sample result 
should meet the objective for 
precision listed in Table 1-7. 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSDs) 

One per batch or per 20 
samples (5%), per 
sampling event. 

Table 2-5 
The percent recovery should be 
within the accuracy acceptance 
limits listed in Table 1-7. 

Laboratory 
Replicate/Split 

One per batch or per 20 
samples (5%), per 
sampling event. 

Table 2-5 

The relative percent difference 
between the primary sample result 
and the replicate result should meet 
the objective for precision listed in 
Table 1-7. 
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2.5.2 Laboratory Quality Assurance/Quality Control 
 
Internal laboratory quality control checks will include the use of laboratory replicates, method blanks, 
MS/MSDs, laboratory control samples, and SRMs.  These quality control samples are described below. 
 
Frequency of analysis is provided in Table 2-4.  A breakdown of the associated constituents for each QC 
sample type is provided in Table 2-5 for water samples. 
 

1. Laboratory Replicate/Split – A sample is split by the laboratory into two portions and each 
sample is analyzed.  Once the duplicate analyses have been analyzed, the results are evaluated 
by calculating the RPD between the two sets of results.  This serves as a measure of the 
reproducibility, or precision, of the sample analysis.  Typically, duplicate results should fall within 
an accepted RPD range, depending upon the analysis. 

 
2. Method Blanks – A method blank is an analysis of a known clean sample matrix that has been 

subjected to the same complete analytical procedure as the field sample to determine if potential 
contamination has been introduced during processing.  Blank analysis results are evaluated by 
checking against reporting limits for that analyte.  Results obtained should be less than the 
reporting limits for each analysis. 

 
3. Matrix Spike and Matrix Spike Duplicates (MS/MSDs) – Matrix spikes and matrix spike 

duplicates (MS/MSDs) involve adding a known amount of the chemical(s) of interest to one of the 
actual samples being analyzed.  One sample is split into three separate portions.  One portion is 
analyzed to determine the concentration of the analyte in question in an un-spiked state.  The 
other two portions are spiked with a known concentration of the analytes of interest.  The 
recovery of the spike, after accounting for the concentration of the analyte in the original sample, 
is a measure of the accuracy of the analysis.  By determining spike duplicate recoveries, another 
measure of precision is accomplished.  An additional precision measure is made by calculating the 
RPD of the duplicate spike recoveries.  Both the RPD values and spike recoveries are compared 
against accepted and known method dependent acceptance limits.  Analyses outside these limits 
are subject to corrective action. 

 
4. Laboratory Control Sample (LCS) – The laboratory control sample procedure involves spiking 

known amounts of the analyte of interest into a known, clean, sample matrix to assess the 
possible matrix effects on spike recoveries.  High or low recoveries of the analytes in the matrix 
spikes may be caused by interferences in the sample.  Laboratory control samples assess these 
possible matrix effects since the LCS is known to be free from interferences. 

 
5. Standard Reference Material (SRM) –SRMs may be used in lieu of laboratory control 

samples.  An SRM is a sample containing a known and certified amount of the analyte of interest 
and is typically analyzed with the analyst not knowing the analyte concentration.  SRMs are 
typically purchased from independent suppliers who prepare them and certify the analyte 
concentrations.  Results are evaluated by comparing results obtained against the known quantity 
and the acceptable range of results supplied by the manufacturer. 
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Table 2-4  Laboratory Quality Control Sample Frequency 
QA/QC 

Sample Type 
Minimum Sampling 

Frequency 
Acceptance 

Limits 

Laboratory 
Replicate/Split 

One per batch or per 20 
samples (5%), per 
sampling event. 

The relative percent difference between the 
primary sample result and duplicate sample result 
should meet the objective for precision listed in 
Table 1-7. 

Method Blank One per batch or per 20 
samples (5%). Procedural blanks should be below 10x the MDL. 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSD’s) 

One per batch or per 20 
samples (5%), per 
sampling event. 

The percent recovery should be within the 
accuracy acceptance limits listed in Table 1-7. 

Laboratory Control 
Spike (LCS) 

One per batch or per 20 
samples (5%). 

The percent recovery should be within the 
accuracy acceptance limits listed in Table 1-7. 

Standard Reference 
Material (SRM) 

One per batch or per 20 
samples (5%). 

The percent recovery should be within the 
accuracy acceptance limits listed in Table 1-7. 

 
Table 2-5  Recommended Laboratory Quality Control Samples by Constituent 

(Water) 

Analyte Laboratory 
Replicate 

Method 
Blank MS/MSD LCS SRM 

Nutrients (Water) 
Total Nitrogen -    - 
Total Phosphorus -    - 
Nitrate (NO3-N) -    - 
Nitrite (NO2-N) -    - 

 
2.6 Instrument/Equipment Testing, Inspection, and Maintenance 
 
2.6.1 Sampling Equipment 
 
Prior to each sampling event, field sampling equipment will be checked for proper operation.  Field 
technicians will be responsible for preparing sampling kits that include field logs, chain-of-custody forms, 
sample labels, sampling bottles, field equipment and tools.  Equipment will be inspected for damage 
when first handed out and returned from use. 
 
2.6.2 Analytical Instruments 
 
Associated Laboratories maintain analytical equipment in accordance with their QA Manual provided in 
Appendix F, which include those specified by the manufacturer and those specified by the method.  If 
deficiencies occur, the laboratory will resolve and document the issue in accordance with their QA 
procedures.  These SOPs have been reviewed by the Project QA Officer and found to be in compliance 
with criteria. 
 
If failures or errors occur with analytical instrumentation, the proper corrective action must be taken.  
The laboratory is responsible for taking the appropriate measures in accordance with their QA procedures 
and/or manufacturer’s agreements. The Laboratory Manager listed in Figure 1-1 is responsible for 
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notifying the Project Manager.  Refer to Section 2.3.3 for more details regarding corrective action 
procedures. 
 
2.7 Instrument/Equipment Calibration and Frequency 
 
All laboratory equipment is calibrated based on manufacturer recommendations and accepted laboratory 
protocol.  The laboratory maintains calibration practices as part of their method SOPs maintained in their 
laboratory by their Laboratory Manager/QA officer and can be provided upon request.  Information 
regarding the calibration activities performed by Associated Laboratories is provided in Appendix F. 
 
2.8 Inspection/Acceptance of Supplies and Consumables 
 
All glassware, sample bottles, and collection equipment will be inspected prior to their use.  Some 
sampling containers and caps will be obtained from the participating laboratory.  The Sampling Manager 
and Field Coordinators will be in charge of ordering sampling containers.  All ordered supplies will be 
examined for damage as they are received.  Associated Laboratories maintains logbooks for all 
consumables that are checked against all materials received.  Bottles and caps will be inspected for 
damage prior to sampling, and only sound bottles with intact threads will be used.  The container caps 
will be tested for tightness prior to the transport of samples. 
 
The Sampling Manager and Field Monitoring Coordinator will make sure sufficient field supplies are on 
hand prior to the start of sampling for each period.  Field supplies will be stored at CWE and laboratory 
supplies will be stored at Associated Laboratories. 
 
Table 2-6  Inspection/Acceptance Testing Requirements for Consumables and 

Supplies 
Project-Related 

Supplies/Consumables 
Inspection/Testing

Specifications 
Acceptance 

Criteria Frequency Responsible 
Parties 

Pre-Cleaned Sample 
Bottles Open bottle Lids screwed 

on bottles 100% CWE 

Laboratory Glassware Dirty Clean 100% Associated 
Laboratories 

Lab Solvents and Acids Leaks No cracks or 
chips Prior to use Associated 

Laboratories 

19-Liter Glass Laboratory blanked Pass blanking 
analysis 

New bottles each 
monitoring event 

Associated 
Laboratories/

CWE 

1-Gallon Glass 
If not certified pre-

cleaned then 
laboratory blanked 

Pass blanking 
analysis 

New bottles each 
monitoring event 

Associated 
Laboratories/

CWE 

125-Milliliter Plastic Laboratory sterilized Lids screwed 
on containers 

New bottles each 
monitoring event 

Associated 
Laboratories 

125-Milliliter Glass 
Container 

Laboratory cleaned 
and blanked 

Lids screwed 
on containers 

New bottles each 
monitoring event 

Associated 
Laboratories/

CWE 

Grab Bags Dirty, open Sealed bags New bottles each 
monitoring event 

Associated 
Laboratories 

10-Liter HDPE Cubitainers Laboratory cleaned 
and blanked 

Lids screwed 
on containers 

New bottles each 
monitoring event 

Associated 
Laboratories 
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Table 2-6  Inspection/Acceptance Testing Requirements for Consumables and 
Supplies 

Project-Related 
Supplies/Consumables 

Inspection/Testing
Specifications 

Acceptance 
Criteria Frequency Responsible 

Parties 

Silicone Tubing Laboratory cleaned 
and blanked 

Pass blanking 
analysis 

New tubing at 
start of program 

Associated 
Laboratories/

CWE 

Teflon Tubing Laboratory cleaned 
and blanked 

Pass blanking 
analysis 

New tubing at 
start of program 

Associated 
Laboratories/

CWE 

Gloves New box 
(Cole Parmer) New box Monthly CWE 

 
2.9 Non-Direct Measurements 
 
There are no non-direct measurements in this project. 
 
2.10 Data Management 
 
2.10.1 Laboratory Data Management 
 
The Project Manager is responsible for leading laboratory data management.  Overall management of the 
data will be consistent with established consultant procedures for stormwater monitoring projects.  The 
Reporting and Laboratory Coordinator will be responsible for tracking the analytical process to assure that 
the laboratory is meeting the required turnaround times and providing a complete deliverable package.  
The laboratory will conduct the quality control checks prior to data submittal, for more details regarding 
laboratory quality assurance and record keeping protocols refer to the QA Manual included as Appendix F.  
The Reporting and Laboratory Coordinator receives the original hard copy from the laboratory, verifies 
completeness, and logs the date of receipt.  Analysis results will be electronically sent to the Database 
Manager following the completion of quality control checks by the laboratory.  Data will be screened for 
the following major items: 
 

 A 100 percent check between electronic data provided by the laboratory and the hard copy 
reports 

 Conformity check between the COC forms and laboratory reports 
 A check for laboratory data report completeness 
 A check for typographical errors on the laboratory reports 
 A check for suspect values 

 
The originals are then transferred to the Project Manager and filed with all other original project 
documentation in order to maintain complete project records. 
 
Following the initial screening, a more complete QA/QC review process will be performed, which will 
include an evaluation of holding times, method and equipment blank contamination, and analytical 
accuracy and precision. 
 
The laboratory will be requested to provide data in both hard copy and electronic formats.  The form of 
electronic submittals will conform to reporting protocols that are compatible with the Surface Water 
Ambient Monitoring Program.  A relational database will be developed by CWE and used for all data.  
Laboratory data will be maintained and managed with Microsoft Excel and/or Microsoft Access by the 
Database Manager.  
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The Database Manager will control the access to the project’s database.  The laboratory EDDs will be 
maintained in a file separate to the cumulative database so the original is maintained and can be used as 
a reference.  If data is reissued, the file name will include the date and the word ‘revised’.  To manage 
the revision and prevent duplicate entries, the erroneous dataset will be removed from the database prior 
to uploading the revised dataset. 
 
The Laboratory Manager at Associated Laboratories will maintain their respective analytical laboratory 
records.  The Project Manager will oversee the actions of these persons and will arbitrate any issues 
relative to records retention and any decisions to discard records.  All original laboratory notebooks and 
data summaries will be maintained in secure areas and electronic databases will be maintained and 
backed up. 
 
2.10.2 Field Data Management 
 
The Field Monitoring Coordinator will be responsible for the proper management of field measurement 
and observation data.  The Field Monitoring Coordinator will review all Field Conditions Data Log Sheets 
for completeness and maintain the original hardcopies in the project file.  The Field Conditions Data Log 
Sheet responses will also be manually entered into an electronic version of the Field Conditions Data Log 
Sheet and these fields will be saved in the Microsoft Access Database.  The data will be manually entered 
by one individual and the entries will be checked against the hard copies for accuracy by a second 
individual.  Photographs of the monitoring sites taken by field personnel will be uploaded into the project 
file within three days of taking the photograph.  Field team members will name the photographs using 
the photograph naming convention developed specifically for this project. 
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Group C Assessment and Oversight 
 
3.1 Assessments and Response Actions 
 
The Project Manager will be responsible for the day-to-day oversight of the project.  The project’s QA 
Officer will review progress of the monitoring program.  The managers and coordinators of the project, 
along with the Project QA Officer, will meet to discuss the siting, sampling, laboratory analyses, data 
management, and the overall status of the project.  This information will be communicated monthly 
between the city of Carson and the Project Manager and Sampling Manager.  The Reporting and 
Laboratory Coordinator will review laboratory data and the Field Monitoring Coordinator will review field 
data.  The project’s QA Officer has the power to halt all sampling and analytical work by the monitoring 
personnel and Associated Laboratories if the deviations noted are considered detrimental to data quality. 
 
Three types of assessments will be performed as part of this project to ensure that the sampling and 
analysis activities are in accordance with the approved QAPP.  They are as follows: 
 

1. Surveillance of Sample Collection Activities.  The Field Monitoring Coordinator will be 
responsible for oversight of sampling activities and will review field datasheets to verify that the 
samples were collected in accordance with QAPP requirements.  The QA Officer will accompany 
the field crew at least once, toward the beginning of the data collection phase of the project, and 
again at some later point, if deemed necessary, to audit field activities.  If the QA Officer finds 
any of the field activities to be in violation of QAPP requirements, he has the authority to stop 
these activities until corrective actions are successfully implemented.  These include additional 
training to improve field team performance and QAPP compliance, and appropriate re-sampling of 
sites, as needed.  The QA Officer will report all such actions to the Project Manager and 
document it in the project file. 

 
2. Data Quality Assessment.  The Reporting and Laboratory Coordinator is responsible for 

reviewing laboratory reports to verify that the performance criteria of the QAPP were met.  This 
will occur following receipt of each report from the contracted laboratory.  If it is determined that 
the precision and accuracy objectives were not met the Reporting and Laboratory Coordinator 
will notify the QA Officer and Project Manager.  Then the contract laboratory QA Officer will 
review laboratory techniques to minimize errors, and samples will be re-analyzed, if possible. 

 
3. Assessment of Data Entry.  Once the performance criteria are met, data analysis can be 

conducted.  The Reporting and Laboratory Coordinator and the Sampling Manager will review 
data files to ensure that errors are detected and corrected. 

 
If an audit discovers any discrepancy, the project’s QA Officer will discuss the observed discrepancy with 
the appropriate personnel responsible for the activity (see Figure 1-1).  The discussion will determine 
whether the information collected is accurate, what caused the deviation, how the deviation impacts data 
quality, and what corrective actions are necessary as provided in Section 2.3.3.  Any corrective actions 
taken will be verified based on satisfactory collection of data in accordance with the QAPP, following 
these actions.  The QAPP violation(s), corrective action(s), and verification of correction will be reported 
in a Corrective Action Plan by the QA Officer to the Project Manager and kept on record. 
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3.2 Reports to Management 
 
CWE will complete an EDD (Electronic Data Deliverable) following the last annually monitored sampling 
event and submit to the city of Carson.  The EDD will contain the following: 
 

 Laboratory results 
 Field Forms 

 
The laboratory results will be submitted in Microsoft Access database format.  The field forms will include 
the completed Field Conditions Data Log Sheets in PDF format.  Responses to the Field Conditions Data 
Log Sheets will also be provided in Microsoft Access database format.  CWE will prepare a draft and final 
annual monitoring report and submit to the city of Carson.  The report will provide a review and analysis 
of the data provided in the Electronic Data Deliverable.  The draft report will be submitted to the city for 
a two-week period for review and comment.  CWE will address the city’s comments and incorporate into 
the Final Report. 
 
Table 3-1  QA Management Reports 

Type of Report Frequency Projected 
Delivery Date(s)

Person(s) 
Responsible for 

Report 
Preparation 

Report 
Recipients 

Electronic Data 
Deliverable Annual 

02/14/2013 
02//14/2014 
02/14/2015 
02/14/2016 
02/14/2017 
10/26/2018 

CWE City of Carson 

Draft Report Annual 

01/31/2013 
01//31/2014 
01/31/2015 
01/31/2016 
01/31/2017 
10/12/2018 

CWE City of Carson 

Final Report Annual 

02/14/2013 
02//14/2014 
02/14/2015 
02/14/2016 
02/14/2017 
10/26/2018 

CWE City of Carson 
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Group D Data Validation and Usability 
 
4.1 Data Review, Verification, and Validation 
 
All analytical data will be reviewed and compared to the DQOs described in Section 1.5.  If results fail to 
meet any DQO, the Reporting and Laboratory Coordinator and/or the project QA Officer will flag them for 
further review.  Batch QA samples will be reviewed to determine the potential cause of failure to meet 
the DQO.  If the cause cannot be readily ascertained, reserve samples will be reanalyzed, if within 
designated holding times.  If subsequent analyses meet the DQO, the samples will be deemed 
acceptable. 
 
If samples fail to meet the DQOs a second time, or the cause of the failure cannot be identified and 
rectified, the data will be excluded from inclusion in the MRP results.  All rejected data will be retained in 
the project database, and qualified as “rejected”.  The ultimate decision of whether to accept or reject a 
data point will be made by the Project Manager in consultation with the project QA Officer. 
 
If the analysis for more than ten percent of any given analyte fails to meet the DQOs, the Project 
Manager and project QA Officer shall meet to discuss the appropriateness of the DQO and any potential 
modifications.  All proposed modifications of DQOs shall be reviewed by the city of Carson. 
 
4.2 Verification and Validation Methods 
 
4.2.1 Data Verification and Validation Overview 
 
Data verification is the process of evaluating the completeness, correctness, and conformance of the 
dataset against the method, procedural, or contractual requirements.  Data validation evaluates whether 
the data quality goals established during the planning phase have been achieved.  Data quality indicators 
will be continuously monitored by the analyst producing the data (field and lab personnel), as well as the 
Reporting and Laboratory Coordinator and Field Monitoring Coordinator, with assistance from the QA 
Officer, throughout the project to make sure corrective actions are taken in a timely manner.  Data 
validation is an analyte- and sample-specific process that extends verification to determine the analytical 
quality of the dataset.  Laboratory and field personnel responsible for conducting QA analysis will be 
responsible for documenting when data does not meet measurement quality objectives as determined by 
data quality indicators. 
 
4.2.2 Data Verification and Validation Responsibilities 
 
In coordination with the QA Officer, the Field Monitoring Coordinator will validate and verify field 
measurements and activities (sample collection and handling) and the Reporting and Laboratory 
Coordinator will validate and verify laboratory analysis (sample analysis and handling).  Following sample 
delivery, the laboratory will maintain COCs and sample manifests.  Laboratory validation and verification 
of the data generated is the responsibility of the laboratory.  The laboratory supervisor maintains 
analytical reports in a database format as well as all QA/QC documentation for the laboratory.  The 
Laboratory QA Officer will perform checks of all of its records. 
 
The Reporting and Laboratory Coordinator and Field Monitoring Coordinator are responsible for oversight 
of data collection and the initial analysis of the raw data obtained from the field and the contracted 
laboratory.  All data records will be checked visually and recorded as checked by initials and dates.  
Reconciliation and correction of any data that fails to meet the DQOs will be done by the responsible 
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coordinator in consultation with the project QA Officer and the Project Manager.  Any corrections require 
a unanimous agreement that the correction is appropriate. 
 
4.2.3 Process for Data Verification and Validation 
 
Data verification and validation for field sample collection and handling activities will consist of the 
following tasks: 
 

 Verification that the sampling activities, sample locations, number of samples collected, and type 
of analysis performed is in accordance with QAPP requirements. 

 Documentation of any field changes or discrepancies. 
 Verification that the field activities (including sample location, sample type, sample date and 

time, name of field personnel. etc) were properly documented. 
 Verification of proper completion of sample labels and COCs forms, and secure storage of 

samples. 
 
Data verification and validation for the laboratory sample analysis and handling activities will include the 
following tasks: 
 

 Verification that all samples recorded on COCs forms were received by the laboratory. 
 Verification that the appropriate analytical methodology has been followed. 
 Verification that QC samples meet performance criteria. 
 Verification that analytical results and documentation are complete. 

 
Verification and validation of data entry includes: 
 

 Sorting data to identify missing or mistyped (too large or too small) values. 
 Double-checking all typed values. 
 Data is entered in the proper format for each database fields (i.e., text for text, integers for 

integers, number for numbers, dates for dates, times for times, etc.). 
 
4.3 Reconciliation with User Requirements 
 
The dry- and wet-weather monitoring data produced by this project will be used by the end-user (CWE) 
to generate annual water quality monitoring reports.  The limitations and assumption of the data will be 
provided to the end-user to allow the user to determine the data’s usefulness.  Data will be qualified in 
the project database to identify any data considered suspect, rejected or estimated. 
 
The draft and final annual water quality monitoring reports produced by the end-user will evaluate the 
baseline and progress of pollutant load reductions and improvements in water quality to measure 
compliance with the Machado Lake Nutrient TMDL and interim and final WLAs. 
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Appendix A 
 

SWAMP Requirements – Information for 
Completing Element 7 (Quality Objectives and 

Criteria for Measurement Data) 
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Table A-1  Data Quality Indicators and Measurement Quality Objectives – 
Conventional Analytes in Water 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 
Accuracy 80-120% 

Representativeness Laboratory sample replicates per 20 samples or analytical batch (whichever 
is more frequent); Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-2  Data Quality Indicators and Measurement Quality Objectives – 
Conventional Analytes in Water –Solids 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 
Accuracy N/A 

Representativeness Laboratory sample replicates per 20 samples or analytical batch (whichever 
is more frequent); Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-3  Data Quality Indicators and Measurement Quality Objectives – 
Conventional Analytes in Water –Pathogens 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 

Accuracy Positive control and reference material = 80-120% recovery 
Negative control = no growth on filter 

Representativeness 
Laboratory sample replicates per 20 samples or analytical batch (whichever 

is more frequent); Field duplicate 5% of total project sample count 
(coliforms: one per 25 tube dilution tests) 

Completeness 90% 
Comparability N/A 

Sensitivity 
Check temperatures in incubators twice daily with a minimum of 4 hours 

between each reading, other calibration per analytical method or 
manufacturer’s specifications.  Refer to Appendix C for reporting limits. 
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Table A-4  Data Quality Indicators and Measurement Quality Objectives – 
Conventional Analytes in Sediment 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 
Accuracy 80-120% recovery 

Representativeness Laboratory duplicate one per analytical batch;  Field duplicate 5% of total 
project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-5  Data Quality Indicators and Measurement Quality Objectives – 
Inorganic Analytes in Water, Sediment, and Tissue 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 
Accuracy 75-125% recovery (70-130% for MMHg) 

Representativeness Laboratory sample replicates per 20 samples or analytical batch (whichever 
is more frequent);  Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-6  Data Quality Indicators and Measurement Quality Objectives – Volatile 
Organic Compounds in Water and Sediment 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% 

Accuracy 
Reference materials: 70-130% recovery if certified, otherwise 50-150% 

recovery;  Matrix spikes: 50-150% recovery, or based on 3x the standard 
deviation of laboratory's actual method recoveries 

Representativeness Laboratory sample replicates per 20 samples or analytical batch (whichever 
is more frequent);  Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 
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Table A-7  Data Quality Indicators and Measurement Quality Objectives – Semi-
Volatile Organic Compounds in Water and Sediment 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% 

Accuracy 
Reference materials: 70-130% recovery if certified, otherwise 50-150% 

recovery;  Matrix spikes: 50-150% recovery, or based on 3x the standard 
deviation of laboratory's actual method recoveries 

Representativeness Laboratory duplicate per method; 
Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-8  Data Quality Indicators and Measurement Quality Objectives – 
Synthetic Organic Compounds in Water, Sediment and Tissue 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision 
Water: RPD<25% (n/a if native concentration of either sample<RL) 

Sediment: Per method 
Tissue: Per method 

Accuracy 
Reference materials: 70-130% recovery if certified, otherwise 50-150% 

recovery;  Matrix spikes: 50-150% recovery, or based on 3x the standard 
deviation of laboratory's actual method recoveries 

Representativeness Laboratory duplicate per method; 
Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 
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Table A-9  Data Quality Indicators and Measurement Quality Objectives – Toxicity 
Testing (General) 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision Per method requirements 

Accuracy 
Laboratory Control Water and Sediment Control must meet all test 

acceptability criteria (Please refer to Section 7 of the EPA manuals) for the 
species of interest. 

Representativeness Refer to Appendix E for required test conditions; field duplicates are required 
at 5% of total project sample count. 

Completeness 90% 

Comparability 

Reference Toxicant Tests must be conducted monthly for species that are 
raised within a laboratory (i.e. positive controls).  Reference Toxicant Test 

must be conducted per analytical batch for species from commercial supplier 
settings.  Reference Toxicant Tests must be conducted concurrently for test 

species or broodstocks that are field collected. 
 

Last plotted data point must be within 2 SD of the cumulative mean (n=20).  
(Reference toxicant tests that fall outside of recommended control chart 
limits are evaluated to determine the validity of associated effluent and 

receiving water tests.  An out of control reference toxicant test result does 
not necessarily invalidate associated test results.  More frequent and/or 

concurrent reference toxicant testing may be advantageous if recent 
problems have been identified in testing.) 

Sensitivity Refer to Appendix E for specific sensitivity requirements. 
In special cases where the criteria listed in the following tables cannot be met, EPA minimum criteria may 
be followed.  The affected data should be qualified accordingly. 
 
Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
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Table A-10  Data Quality Indicators and Measurement Quality Objectives – Field 
Measurements** 

Water Quality 
Parameter 

Recommended 
Device Units Resolution 

“Electronic 
Specs” 

Accuracy** 

Depth Stadia Rod/Staff 
Gauge m 0.01 N/A 

Dissolved 
Oxygen 

Polarographic or 
Luminescence 

Quenching 
mg/L 0.1 ± 0.2 

pH Electrode None 0.1 ± 0.2 

Salinity Refractometer or 
Conductivity Cell % 2 ± 2 

Specific 
Conductivity Conductivity Cell µS/cm 1 ± 2 

Temperature Thermistor or Bulb °C 0.1 or 0.5 ± 0.1 

Total 
Chlorophyll 

Optical 
Fluorescence 

Chlorophyll Probe 
µg/L 0.1 N/A 

Turbidity 
Portable 

Turbidimeter or 
Optical Probe 

NTU 1 ± 1 

Velocity Flow Meter ft/s 0.05 
Follow 

manufacturer’s 
instructions 

**  This table may not include all field analyses.  Please refer to method or manufacturer instructions for 
guidance.  Refer to Appendix C for reporting limits. 
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Appendix B 
 

SWAMP Requirements and Recommendations 
– Information for Completing 

Element 11 (Sampling Methods) and 
Element 12 (Sample Handling and Custody) 

 
  

RB-AR41230



City of Carson  
Machado Lake Nutrient TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan March 2012
 

 
- B-2 - 

 

Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Alkalinity (as 
CaCO3)  mg/L Polyethylene 

Bottles 300 mL Cool to 6 ◦C and 
store in the dark 14 days 

Ammonia (as N)  mg/L Polyethylene 
Bottles 500 mL 

Cool to 6 ◦C and 
store in the 

dark. Samples 
may be 

preserved with 2 
mL of H2SO4 per 

L 

48 hours; 28 
days if 

acidified 

Biochemical 
Oxygen Demand mg/L 4-L cubitainer 4000 mL 

Add 1 g FAS 
crystals per liter 

if residual Cl 
present; Cool to 
6 ◦C and store in 

the dark 

48 hours 

Boron mg/L 

Polyethylene 
Bottles.  Only 

plastic apparatus 
should be used 

when the 
determinations 
of boron and 

silica are critical. 

600 mL 
Acidify with 

(1+1) HNO3 to 
pH <2 

6 months 

Calcium mg/L 

Polyethylene 
Bottles.  Glass or 
plastic filtering 
apparatus are 
recommended 

to avoid possible 
contamination. 

600 mL 
Acidify with 

(1+1) HNO3 to 
pH <2 

6 months 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Chemical 
Oxygen Demand 
(Titrametric) 

mg/L 

1-L cubitainer 
Collect the 

samples in glass 
bottles, if 

possible.  Use of 
plastic 

containers is 
permissible if it 

is known that no 
organic 

contaminants 
are present in 
the containers. 

1000 mL 

Preserve to pH 
<2 with ~2 mL 
of conc. H2SO4; 
Cool to 6 ◦C and 
store in the dark 

28 days 
Biologically 

active samples 
should be 

tested as soon 
as possible. 

Samples 
containing 
settleable 

material must 
be well mixed, 

preferably 
homogenized, 

to permit 
removal of 

representative 
aliquots. 

Chloride mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 28 days 

Chlorophyll a 
Pheophytin a μg/L 

Please refer to 
method 

requirements 
500 mL 

Centrifuge or 
filter as soon as 
possible after 
collection.  If 

processing must 
be delayed, hold 
samples on ice 
or at 6 ◦C and 
store in the 

dark. 

Samples must 
be frozen or 

analyzed 
within 4 hours 
of collection.  
Filters can be 
stored frozen 
for 28 days. 

Cyanide mg/L 1-L cubitainer 1000 mL 

Preserve to 
pH>12 with ~ 2 
mL 1:1 NaOH, 

Add 0.6 g 
C6H8O6 if 

residual Cl 
present; Cool to 
6 ◦C and store in 

the dark 

14 days 

Fluoride mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 28 days 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Hardness (as 
CaCO3)  mg/L Polyethylene 

Bottles 300 mL 

Cool to 6 ◦C and 
store in the 
dark. Acidify 
with HNO3 to 

pH<2 

6 months 

Iron mg/L 
Please refer to 

method 
requirements 

600 mL 

Cool to 6 ◦C and 
acidify with 

(1+1) HNO3 to 
pH <2 

6 months 

Kjeldahl 
Nitrogen (Total) mg/L Polyethylene 

Bottles 600 mL 

Cool to 6 ◦C and 
store in the 
dark. Acidify 
with H2SO4 to 

pH<2 

7 days or 28 
days if 

acidified 

Magnesium mg/L 

Polyethylene 
Bottles.  Glass or 
plastic filtering 
apparatus are 
recommended 

to avoid possible 
contamination. 

600 mL 
Acidify with 

(1+1) HNO3 to 
pH <2 

6 months 

Nitrate (as N)  mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 

48 hours 
unless 

calculated 
from nitrate + 
nitrite (as N) 
and nitrite (as 
N) analyses 

Nitrate + Nitrite 
(as N) mg/L Polyethylene 

Bottles 150 mL 

Cool to 6 ◦C and 
store in the 
dark. Acidify 
with H2SO4 to 

pH<2 

48 hours or 28 
days if 

acidified 

Nitrite (as N)  mg/L Polyethylene 
Bottles 150 mL Cool to 6 ◦C and 

store in the dark 48 hours 

Oil and Grease 
(HEM) mg/L 

1-L glass jar 
(w/Teflon lined 
lid and rinsed 

with hexane or 
methylene 
chloride) 

1000 mL 

Preserve to pH 
<2 with ~2 mL 
of conc. H2SO4 

Cool to 6 ◦C and 
store in the dark 

28 days 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Organic Carbon 
(Total) mg/L 40-mL glass vial 40 mL 

Cool to 6 ◦C and 
store in the 

dark. If analysis 
is to occur more 
than two hours 
after sampling, 
acidify (pH < 2) 

with HCl or 
H2SO4. 

28 days 

Organic Carbon 
(Dissolved) mg/L 40-mL glass vial 40 mL Cool to 6 ◦C and 

store in the dark 28 days 

Orthophosphate 
(Total, as P) mg/L Polyethylene 

Bottles 150 mL Cool to 6 ◦C and 
store in the dark 48 hours 

Orthophosphate 
(Dissolved, as 
P) Soluble 
Reactive 
Phosphorus 

mg/L Polyethylene 
Bottles 150 mL 

Filter within 15 
minutes of 

collection; Cool 
to 6 ◦C and store 

in the dark 

48 hours 

Perchlorate μg/L Plastic or glass 300 mL 
Protect from 
temperature 

extremes 
28 days 

Phenols mg/L 1-L glass jar w/ 
Teflon lined lid 1000 mL 

Preserve to pH 
<2 with ~2 mL 
of concentrated 
H2SO4; Cool to 6 

◦C and store in 
the dark 

Samples must 
be extracted 
within 7 days 
of collection, 
and analyzed 
within 28 days 
of extraction. 

 

Phosphorus 
(Total, as P) mg/L Polyethylene 

Bottles 300 mL Cool to 6 ◦C and 
store in the dark 28 days 

Phosphorus 
(Dissolved, as 
P) 

mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 28 days 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Potassium mg/L Polyethylene 
Bottles 600 mL 

Acidify with 
(1+1) HNO3 to 

pH <2 
6 months 

Silica mg/L 

Only plastic 
apparatus 

should be used 
when the 

determinations 
of boron and 

silica are critical. 

300 mL 
Acidify with 

(1+1) HNO3 to 
pH <2. 

6 months 

Specific 
Conductivity μS/cm Polyethylene 

Bottles 500 mL 

Cool to 6 ◦C and 
store in the dark 
If analysis is not 

completed 
within 24 hours 

of sample 
collection, 

sample should 
be filtered 

through a 0.45 
micron filter and 

stored in the 
dark at 6 °C. 

28 days 

Sulfate mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 28 days 

Sodium mg/L 

Polyethylene 
Bottles.  Glass or 
plastic filtering 
apparatus are 

recommended to 
avoid possible 
contamination. 

600 mL 
Acidify with 

(1+1) HNO3 to 
pH <2. 

6 months 

Turbidity NTU Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 48 hours 
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Table B-2  Sampling and Preservation – Conventionals in Water – Solids 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Fixed & Volatile 
Dissolved Solids 
(500-550 °C) 

mg/L Please refer to 
method. None Specified 

Refrigeration or 
icing to 6°C, to 

minimize 
microbiological 
decomposition 

of solids is 
recommended. 

24 hours, 
maximum 7 

days 

Suspended 
Sediment 
Concentration 

mg/L 

125-mL amber 
glass jar or 

Polyethylene 
Bottles* 

125 mL Cool to 6 ◦C and 
store in the dark 7 days 

Total Dissolved 
Solids mg/L Polyethylene 

Bottles* 1000 mL Cool to 6 ◦C and 
store in the dark 7 days 

Total Suspended 
Solids (103-105 
°C) 

mg/L 

500-mL amber 
glass jar or 

Polyethylene 
Bottles* 

1000 mL 

Refrigeration or 
icing to 6°C, to 

minimize 
microbiological 
decomposition 

of solids, is 
recommended. 

7 days 

Volatile 
Suspended 
Solids 

mg/L Please refer to 
method. None Specified 

Refrigeration or 
icing to 6°C, to 

minimize 
microbiological 
decomposition 

of solids is 
recommended. 

Analysis must 
begin as soon 
as possible. 
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Table B-3  Sampling and Preservation – Conventionals in Water - Pathogens 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

E. Coli MPN/100 
mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 

Enterococcus colonies/ 
100 mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 

Fecal Coliform MPN/100 
mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 

Total Coliform MPN/100 
mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 
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Table B-3  Sampling and Preservation – Conventionals in Water - Pathogens 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Streptococcus MPN/100 
mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 

 

Table B-4  Sampling and Preservation – Conventionals in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Sediment 
Grain Size 
Analysis 

% fines, 
gravel, 

sand, silt, 
and clay 

(Wentworth 
scale) 

125-mL clear 
glass jar; pre-

cleaned** 
125 mL 

Cool to 6 ◦C in 
the dark up to 28 

days. Do not 
freeze 

Please refer 
to method 

Sediment 
Total 
Organic 
Carbon 

%OC (dry 
weight) 

125-mL clear 
glass jar; pre-

cleaned* 
125 mL 

Cool to 6 ◦C in 
the dark up to 28 

days** 

Please refer 
to method 

Moisture % 
125-mL to 250-
mL clear glass 

jar; pre-cleaned* 
200 g*** 

Please refer to 
the method 

associated with 
the target 
analyte or 
parameter 

Please refer 
to the 

method 
associated 
with the 
target 

analyte or 
parameter 

*  Sediment samples for TOC and grain size analysis can be combined in one 250-mL clear glass jar, and sub-
sampled at the laboratory in order to utilize holding time differences for the two analyses.  If this is done, the 250 mL 
combined sediment sample must be refrigerated only (not frozen) at 6 °C for up to 28 days, during which time the 
sub-samples must be aliquoted in order to comply with separate storage requirements (as shown above). 
**  Sediment samples for sediment TOC analysis can be held at 6 °C for up to 28 days, and must be analyzed within 
this 28 day period, but can be frozen at any time during the initial 28 days, for up to 1 year maximum at -20 °C. 
***  Split taken from sample for chemistry analyses 
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Table B-5  Sampling and Preservation – Conventionals in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume* 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Moisture % 

125-mL to 250-
mL clear glass 

jar; pre-
cleaned** 

200 g 

Please refer to 
the method 

associated with 
the target 
analyte 

Please refer to 
the method 
associated 
with the 

target analyte 

Lipids % 

125-mL to 250-
mL clear glass 

jar; pre-
cleaned** 

200 g 

Please refer to 
the method 

associated with 
the target 
analyte 

Please refer to 
the method 
associated 
with the 

target analyte 
*  Split taken from sample for chemistry analyses. 
 
Table B-6  Sampling and Preservation – Inorganic Analytes in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 
Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 
Silver 
Zinc 
(Total) 

μg/L 

60-mL acid-
cleaned 

polyethylene 
bottle 

60 mL 

Cool to 6 ◦C in 
the dark; Acidify 

to pH<2 with 
pre-tested HNO3 
within 48 hours 

6 months at 
room 

temperature 
following 

acidification 

Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 
Silver 
Zinc 
(Dissolved) 

μg/L 

60-mL acid-
cleaned 

polyethylene 
bottle 

60 mL 

Filter within 15 
minutes of 

collection; Cool 
to 6 ◦C in the 

dark; Acidify to 
pH<2 with pre-

tested HNO3 
within 48 hours 

6 months at 
room 

temperature 
after filtration 

and/or 
acidification 
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Table B-6  Sampling and Preservation – Inorganic Analytes in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Mercury  
(Total) ng/L 

250-mL glass or 
acid-cleaned 
Teflon bottle 

250 mL 

Cool to 6 ◦C in 
the dark; Acidify 

to 0.5% with 
pre-tested HCl 
within 48 hours 

6 months at 
room 

temperature 
following 

acidification 

Mercury 
(Dissolved) ng/L 

250-mL glass or 
acid-cleaned 
Teflon bottle 

250 mL 

Filter within 15 
minutes of 

collection; Cool 
to 6 ◦C in the 

dark; Acidify to 
0.5% with pre-

tested HCl 
within 48 hours 

6 months at 
room 

temperature 
after filtration 

and/or 
acidification 

Methylmercury 
(Total) ng/L 

250-mL glass or 
acid-cleaned 
Teflon bottle 

250 mL 

Cool to 6 ◦C in 
the dark; Acidify 

to 0.5% with 
pre-tested HCl 

within 48 hours; 
If salinity is >0.5 
ppt, acidify with 

H2SO4 

6 months at 
room 

temperature 
following 

acidification 

Methylmercury 
(Dissolved) ng/L 

250-mL glass or 
acid-cleaned 
Teflon bottle 

250 mL 

Cool to 6 ◦C in 
the dark; Filter 
and acidify to 

0.5% with pre-
tested HCl 

within 48 hours. 
If salinity is >0.5 
ppt, acidify with 

H2SO4 

6 months at 
room 

temperature 
after filtration 

and/or 
acidification 

Hexavalent 
Chromium 
(Filtered) 

μg/L 
600-mL 

polyethylene or 
glass bottle 

600 mL Cool to 6 ◦C in 
the dark 

24 hours, 
must notify 

lab in advance 
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Table B-7  Sampling and Preservation – Inorganic Analytes in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 
Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 

mg/kg 

60-mL I-Chem 
300 or 200 

series clear glass 
jar with Teflon 

lid-liner 

100 g Cool to 6 ◦C and 
in the dark 

1 year at -20 
◦C; Samples 

must be 
analyzed 

within 14 days 
of collection or 

thawing. 

Methylmercury mg/kg 

60-mL I-Chem 
300 or 200 

series clear glass 
jar with Teflon 

lid-liner 

100 g Freeze to ≤-20 
°C immediately 1 year 

 

Table B-8  Sampling and Preservation – Inorganic Analytes in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation* 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 
Silver 
Zinc 

g/g 

Polyethylene 
bags, Teflon 

sheets in Ziplock 
bags, or I-Chem 

300 or 200 
series clear  

glass jars with 
Teflon lined lids; 

acid-cleaned 
polyethylene 
jars if only 

sampling for 
trace metals 

20-50 g 

Cool to 6 °C 
within 24 hours, 
then freeze to 
≤-20 °C 

1 year at -20 
°C; 

Mercury g/g 

Teflon sheets in 
Ziplock bags, or 
glass jars with 
Teflon lined lids 

20-50 g 

Cool to 6 °C 
within 24 hours, 
then freeze to 
≤-20 °C 

1 year at -20 
°C; 
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Table B-8  Sampling and Preservation – Inorganic Analytes in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation* 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Methylmercury g/g 

Teflon sheets in 
Ziplock bags, or 
glass jars with 
Teflon lined lids 

20-50 g 

Cool to 6 °C 
within 24 hours, 
then freeze to 
≤-20 °C 

1 year at -20 
°C; 

*  Fish to be reported in wet weight; all other tissues to be reported in dry weight. 
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Table B-9  Sampling and Preservation – Volatile Organic Compounds in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
1,1-Dichloroethane 
1,1-Dichloroethylene 
1,1-Dichloropropene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
1,2-Dibromo-3-chloropropane (DBCP) 
1,2-Dibromoethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,2-cis-Dichloroethylene 
1,2-trans-Dichloroethylene 
1,2,3-Trichlorobenzene 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3-Dichlorobenzene 
1,3-Dichloropropane 
1,3,5-Trimethylbenzene 
1,4-Dichlorobenzene 
2-Chlorotoluene 
2,2-Dichloropropane 
4-Chlorotoluene 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Dibromochloromethane 
Dibromomethane 
Ethylbenzene 
Fluorobenzene 
Hexachlorobutadiene 
Isopropylbenzene 
Methyl tert-butyl ether (MTBE) 
m/p-Xylene 
Naphthalene 
n-Butylbenzene 
n-Propylbenzene 
o-Xylene   
p-Isopropyltoluene 
sec-Butylbenzene 
tert-Butylbenzene 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
Total Xylene 

ug/L 40-mL VOA vials 120 mL (three 
VOA vials) 

All vials are pre-
acidified (50% 

HCl or H2SO4) at 
lab before 

sampling.  Cool 
to 6 °C in the 

dark. 

14 days at 6 
°C, dark, 

and pH< 2;  
7 days at 6 
°C, dark, for 
non-acidified 

Recommended Surrogate (% Recovery) 

4-Bromofluorobenzene, Chlorobenzene-d5, Dibromofluoromethane, Toluene-d8 
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Table B-10  Sampling and Preservation – Volatile Organic Compounds in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
1,1-Dichloroethane 
1,1-Dichloroethylene 
1,1-Dichloropropene 
1,1,1-Trichloroethane 
1,1,1,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,2-Dibromo-3-chloropropane, (DBCP) 
1,2-Dibromomethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,2-cis-Dichloroethylene 
1,2-trans-Dichloroethylene 
1,2,3-Trichlorobenzene 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3-Dichlorobenzene 
1,3-Dichloropropane 
1,3,5-Trimethylbenzene 
1,4-Dichlorobenzene 
2-Chlorotoluene 
2,2-Dichloropropane 
4-Chlorotoluene 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Dibromochloromethane 
Dibromomethane 
Ethylbenzene 
Fluorobenzene 
Hexachlorobutadiene 
Isopropylbenzene 
Methyl tert-butyl ether (MTBE) 
m/p-Xylene 
n-Butylbenzene 
n-Propylbenzene 
Naphthalene 
o-Xylene 
p-Isopropyltoluene 
sec-Butylbenzene  
tert-Butylbenzene  
Tetrachloroethylene 
Toluene 
Trichloroethylene 
Total Xylene 

ng/g 

250-mL I-Chem 
300-series 

amber glass jar 
with Teflon lid-

liner; Pre-
cleaned. 

200 g Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
analyzed 
within 14 
days of 

collection 
or thawing. 

Recommended Surrogates (% Recovery) 

1,2-Dichloromethane-d4, 4-Bromofluorobenzene, Chlorobenzene-d5, Dibromofluoromethane, Toluene-d8 
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Table B-11  Sampling and Preservation – Semi-Volatile Organic Compounds* in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
1,2-Dichlorobenzene 
1,2,4-Trichlorobenzene 
1,4-Dichlorobenzene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,6-Dinitrotoluene 
3-Nitroaniline 
3,4-Methylphenol 
4-Bromophenylphenylether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Nitroaniline 
4-Nitrophenol 
4,6-Dinitro-2-methylphenol 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl) ether 
Bis(2-ethylhexyl) phthalate 
Butyl benzyl phthalate 
Carbazole 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Isophorone 
Nitrobenzene 
n-Nitrosodi-n-propylamine 
Pentachlorophenol 
Phenol 
Total Xylenes 

μg/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL (Each 
sample type 
requires a 

separate 1000-
mL container) 

Cool to 6 °C in 
the dark. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction. 

Recommended Surrogate (% Recovery) 
2-Fluorobiphenyl, 2-Fluorophenol, 2,4,6-Tribromophenol, Nitrobenzene-d5, Phenol-d6, Terphenyl-d14 

*  Information on Polynuclear Aromatic Hydrocarbons may be found in Table 2-16.  

RB-AR41245



City of Carson  
Machado Lake Nutrient TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan March 2012
 

 
- B-17 - 

 

Table B-12  Sampling and Preservation – Semi-Volatile Organic Compounds in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2,4-Trichlorobenzene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Nitroaniline 
2-Nitrophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,6-Dinitrotoluene 
3-Nitroaniline 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz[a]anthracene 
Benzo[a]pyrene 
Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo[k]fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl) ether 
Bis(2-chloroisopropyl)ether 
Bis(2-ethylhexyl) phthalate 
Carbazole 
Chrysene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Naphthalene 
Nitrobenzene 
n-Nitrosodi-n-propylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Total Xylenes 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

200 g Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or thawing 

and 
analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
2-Fluorobiphenyl, 2-Fluorophenol, 2,4,6-Tribromophenol, Nitrobenzene-d5, Phenol-d6, Terphenyl-d14 
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Table B-13  Sampling and Preservation – Synthetic Organic Compounds 
(Polychlorinated Biphenyls as Congeners/Aroclor) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

PCB 5 
PCB 8 
PCB 15 
PCB 18 
PCB 27 
PCB 28 
PCB 29 
PCB 31 
PCB 33 
PCB 44 
PCB 49 
PCB 52 
PCB 56 
PCB 60 
PCB 66 
PCB 70 
PCB 74 
PCB 87 
PCB 137 
PCB 138 
PCB 141 
PCB 149 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 170 
PCB 174 
PCB 177 
PCB 180 
PCB 183 
PCB 187 
PCB 189 
PCB 194 
PCB 195 
PCB 200 
PCB 201 
PCB 203 
PCB 206 
PCB 209 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

μg/L 

1000-mL I-Chem 
200-Series amber 
glass bottle, with 
Teflon lid-liner 

1000 mL/per 
individual analyses 

(QC samples or 
other analytes 

require additional 
sample bottles) 

Cool to 6 °C in the 
dark. 

Samples must be 
extracted within 7 
days of collection 

and analyzed 
within 40 days of 

extraction. 

Recommended Surrogates (% Recovery) 

PCB 209 
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Table B-14  Sampling and Preservation – Synthetic Organic Compounds 
(Polychlorinated Biphenyls as Congeners/Aroclor) in Sediment 

Analyte Units 
Recommended 

Container 
Recommended 
Sample Mass 

Recommended 
Preservation 

Required Holding 
Time 

QAPP Element 11 QAPP Element 11 QAPP Element 12 QAPP Element 12
PCB 8 
PCB 18 
PCB 27 
PCB 28 
PCB 29 
PCB 31 
PCB 33 
PCB 44 
PCB 49 
PCB 52 
PCB 56 
PCB 60 
PCB 66 
PCB 70 
PCB 74 
PCB 87 
PCB 95 
PCB 97 
PCB 99 
PCB 101 
PCB 105 
PCB 110 
PCB 114 
PCB 118 
PCB 128 
PCB 137 
PCB 138 
PCB 141 
PCB 149 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 170 
PCB 174 
PCB 177 
PCB 180 
PCB 183 
PCB 187 
PCB 189 
PCB 194 
PCB 195 
PCB 200 
PCB 201 
PCB 203 
PCB 206 
PCB 209 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

ng/g 

Pre-cleaned 250-mL 
I-Chem 300 Series 

amber glass jar 
with Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in the 
dark 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and 
analyzed within 40 
days of extraction. 

Recommended Surrogates (% Recovery) 

PCB 207 
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Table B-15  Sampling and Preservation – Synthetic Organic Compounds 
(Polychlorinated Biphenyl Congeners/Aroclor) in Tissue 

Analyte Units 
Recommended 

Container 
Recommended  
Sample Mass 

Recommended 
Preservation 

Required Holding 
Time 

QAPP Element 11 QAPP Element 11 QAPP Element 12 QAPP Element 12
PCB 8 
PCB 18 
PCB 27 
PCB 28 
PCB 29 
PCB 31 
PCB 33 
PCB 44 
PCB 49 
PCB 52 
PCB 56 
PCB 60 
PCB 66 
PCB 70 
PCB 74 
PCB 87 
PCB 95 
PCB 97 
PCB 99 
PCB 101 
PCB 105 
PCB 110 
PCB 114 
PCB 118 
PCB 128 
PCB 137 
PCB 138 
PCB 141 
PCB 149 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 170 
PCB 174 
PCB 177 
PCB 180 
PCB 183 
PCB 187 
PCB 189 
PCB 194 
PCB 195 
PCB 200 
PCB 201 
PCB 203 
PCB 206 
PCB 209 
Arochlor 1248 
Arochlor 1254 
Arochlor 1260 

ng/g 

Polyethylene bags 
(Teflon sheets in 
zip bags) or glass 

jars with Teflon lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and 
analyzed within 40 
days of extraction. 

Recommended Surrogates (% Recovery) 

PCB 207 
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Table B-16  Sampling and Preservation – Synthetic Organic Compounds 
(Polynuclear Aromatic Hydrocarbons) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

1-Methylfluorene 
1-Methylnaphthalene 
1-Methylphenanthrene 
2-Methylfluoranthene 
2-Methylnaphthalene  
2,3,5-Trimethylnaphthalene 
2,6-Dimethylnaphthalene 
3,6-Dimethylphenanthrene 
4-Methyldibenzothiophene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
C1-Chrysenes 
C1-Dibenzothiophenes 
C1-Fluorenes 
C1-Fluoranthene/ Pyrenes 
C1-Naphthalenes 
C1-Phenanthrene/ Anthracene 
C2-Chrysenes 
C2-Dibenzothiophenes 
C2-Fluorenes 
C2-Naphthalenes 
C2-Phenanthrene/Anthracene 
C3-Chrysenes 
C3-Dibenzothiophenes 
C3-Fluorenes 
C3-Naphthalenes 
C3-Phenanthrene/ Anthracene 
C4-Naphthalenes 
C4-Phenanthrene/ Anthracene 
Chrysenes 
Dibenz(a,h)anthracene 
Dibenzothiophene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-c,d)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

μg/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples must be 
extracted within 

7 days of 
collection and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
Acenaphthene-d10, Benz(a)anthracene-D12, Benzo(g,h,i)perylene-D12, Biphenyl-D10, Naphthalene-d8, 
Perylene-d12, Phenanthrene-d10, Pyrene-d10 
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Table B-17  Sampling and Preservation – Synthetic Organic Compounds 
(Polynuclear Aromatic Hydrocarbons) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

1-Methylfluorene 
1-Methylnaphthalene 
1-Methylphenanthrene 
2-Methylfluoranthene 
2-Methylnaphthalene 
2,3,5-Trimethylnaphthalene 
2,6-Dimethylnaphthalene 
3,6-Dimethylphenanthrene 
4-Methyldibenzothiophene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
Chrysene 
C1-Chrysenes 
C1-Dibenzothiophenes 
C1-Fluorenes 
C1-Fluoranthene/ Pyrenes 
C1-Naphthalenes 
C1-Phenanthrene/ Anthracene 
C2-Chrysenes 
C2-Dibenzothiophenes 
C2-Fluorenes 
C2-Naphthalenes 
C2-Phenanthrene/ Anthracene 
C3-Chrysenes 
C3-Dibenzothiophenes 
C3-Fluorenes 
C3-Naphthalenes 
C3-Phenanthrene/ Anthracene 
C4-Phenanthrene/ Anthracene 
C4-Naphthalenes 
Dibenz(a,h)anthracene 
Dibenzothiophene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-c,d)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 °C; 
Samples must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates  (% Recovery) 
Acenaphthene-d10, Benz(a)anthracene-D12, Benzo(g,h,i)perylene-D12, Biphenyl-D10, Naphthalene-d8, 
Perylene-d12, Phenanthrene-d10, Pyrene-d10 
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Table B-18  Sampling and Preservation – Synthetic Organic Compounds 
(Polynuclear Aromatic Hydrocarbons) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

1-Methylfluorene 
1-Methylnaphthalene 
1-Methylphenanthrene 
2-Methylfluoranthene 
2-Methylnaphthalene 
2,3,5-Trimethylnaphthalene 
2,6-Dimethylnaphthalene 
3,6-Dimethylphenanthrene 
4-Methyldibenzothiophene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
C1-Chrysenes 
C1-Dibenzothiophenes 
C1 Fluoranthene/ Pyrenes 
C1-Fluorenes 
C1-Naphthalenes 
C1-Phenanthrene/ Anthracene 
C2-Chrysenes 
C2-Dibenzothiophenes 
C2-Fluorenes 
C2-Naphthalenes 
C2-Phenanthrene/ Anthracene 
C3-Chrysenes 
C3-Dibenzothiophenes 
C3-Fluorenes 
C3-Naphthalenes 
C3-Phenanthrene/ Anthracene 
C4-Naphthalenes 
C4-Phenanthrene/ Anthracene 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzothiophene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-c,d)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
Acenaphthene-d10, Benz(a)anthracene-D12, Benzo(g,h,i)perylene-D12, Biphenyl-D10, Naphthalene-d8, 
Perylene-d12, Phenanthrene-d10, Pyrene-d10 
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Table B-19  Sampling and Preservation – Synthetic Organic Compounds 
(Organochlorine Pesticides) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Aldrin 
alpha-HCH  
cis-Chlordane 
beta-HCH  
trans-Chlordane 
Dacthal 
DDD (o,p') 
DDD (p,p') 
DDE  (o,p') 
DDE (p,p') 
DDMU (p,p') 
DDT (o,p') 
DDT (p,p') 
delta-HCH 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin Aldehyde 
Endrin Ketone 
gamma-HCH 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Methoxychlor 
Mirex 
cis-Nonachlor 
trans-Nonachlor 
Oxadiazon 
Oxychlordane 
Tedion 
Toxaphene 

μg/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-

9. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
Dibromoocta-fluorobiphenyl 
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Table B-20  Sampling and Preservation – Synthetic Organic Compounds 
(Organochlorine Pesticides) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Aldrin 
Alpha-HCH 
Beta-HCH 
cis-Chlordane 
trans-Chlordane 
Dacthal 
DDD (o,p') 
DDD (p,p') 
DDE (o,p') 
DDE (p,p') 
DDMU (p,p') 
DDT (o,p') 
DDT (p,p') 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Delta-HCH 
Gamma-HCH 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Methoxychlor 
Mirex 
Nonachlor, cis 
Nonachlor, trans 
Oxadiazon 
Oxychlordane 
Tedion 
Toxaphene 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or thawing 

and 
analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
PCB 207, Dibromooctafluorobiphenyl, DDD (p,p’), DBCE 
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Table B-21  Sampling and Preservation – Synthetic Organic Compounds 
(Organochlorine Pesticides) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Aldrin 
Alpha-HCH 
Beta-HCH   
cis-Chlordane 
trans-Chlordane 
Dacthal 
DDD (o,p') 
DDD (p,p') 
DDE (o,p') 
DDE (p,p') 
DDMU ( p,p') 
DDT (o,p') 
DDT (p,p') 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endosulfan sulfate 
Endrin 
Gamma-HCH 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Methoxychlor 
Mirex 
cis-Nonachlor 
trans-Nonachlor 
Oxadiazon 
Oxychlordane 
Tedion 
Toxaphene 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or thawing 

and 
analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
PCB 207, Dibromoocta fluorobiphenyl, DDD (p,p’), DBCE 
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Table B-22  Sampling and Preservation – Synthetic Organic Compounds 
(Wastewater Organochlorine Pesticides) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Chlorothalonil 
PCNB ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-

9. 

Samples must be 
extracted within 

7 days of 
collection and 

analyzed within 
40 days of 
extraction. 

 
Table B-23  Sampling and Preservation – Synthetic Organic Compounds 
(Wastewater Organochlorine Pesticides) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 12 

Chlorothalonil ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

PCNB ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 
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Table B-24  Sampling and Preservation – Synthetic Organic Compounds 
(Organophosphate Pesticides) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 
Aspon 
Azinphos ethyl 
Carbophenothion 
Chlorfenvinphos 
Chlorpyrifos 
Chlorpyrifos methyl 
Ciodrin 
Coumaphos 
Demeton-S 
Diazinon 
Naled 
Dichlofenthion 
Dichlorvos 
Dicrotophos 
Dimethoate 
Dioxathion 
Disulfoton 
Ethion 
Famphur 
Fenchlorophos 
Fenitrothion 
Fensulfothion 
Fenthion 
Fonofos 
Azinphos methyl 
Leptophos 
Malathion 
Methidathion 
Parathion, ethyl 
Parathion, methyl 
Molinate 
Phorate 
Mevinphos 
Phosmet 
Phosphamidon 
Ethoprop 
Sulfotep 
Bolstar 
Terbufos 
Tetrachlorvinphos 
Thiobencarb 
Thionazin 
Tokuthion 
Merphos 
Trichlorfon 
Trichloronate 

μg/L 

1000-mL I-Chem 
200-Series amber 
glass bottle, with 
Teflon lid-liner 

1000 mL/per 
individual analyses 

(QC samples or 
other analytes 

require additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-9. 

Samples must 
be extracted 
within 7 days 
of collection 
and analyzed 

within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 

Triphenyl phosphate 
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Table B-25  Sampling and Preservation – Synthetic Organic Compounds 
(Organophosphate Pesticides) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Chlorpyrifos 
Chlorpyrifos methyl 
Diazinon 
Dichlofenthion 
Dieldrin 
Dioxathion 
Ethion 
Fecnchlorphos 
Fenitrothion 
Fonofos 
Malathion 
Parathion, ethyl 
Parathion, methyl 
Phosphamidon 
Ethoprop 
Sulfotep 
Thionzion 
Tokuthion 
Merphos 
Trichloronate 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or 

thawing 
and 

analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
Triphenyl phosphate 
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Table B-26  Sampling and Preservation – Synthetic Organic Compounds 
(Organophosphate Pesticides) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Chlorpyrifos 
Chlorpyrifos methyl 
Diazinon 
Dichlofenthion 
Dioxathion 
Ethion 
Fenchchlorphos 
Fenitrothion 
Fenofos 
Malathion 
Parathion, Ethyl 
Parathion, Methyl 
Phosphamidon 
Ethoprop 
Sulfotep 
Thionazin 
Tokuthion 
Merphos 
Trichloronate 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or 

thawing 
and 

analyzed 
within 40 
days of 

extraction.

Recommended Surrogates (% Recovery) 
Triphenyl phosphate 

 
Table B-27  Sampling and Preservation – Synthetic Organic Compounds (Diesel 
Range Organics) in Water 

Analyte Units

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Diesel Range 
Organics ug/L 

1000-mL  I-
Chem 200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples must be 
extracted within 7 
days of collection 

and analyzed 
within 40 days of 

extraction. 

Recommended Surrogates (% Recovery) 
σ - Terphenyl 
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Table B-28  Sampling and Preservation – Synthetic Organic Compounds (Diesel 
Range Organics) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Diesel Range 
Organics ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
Σ - Terphenyl 

 
Table B-29  Sampling and Preservation – Synthetic Organic Compounds 
(Pyrethroids/Pyrethrins) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 

Bifenthrin 
Cyfluthrin, Total 
Cypermethrin, Total 
Deltamethrin 
Esfenvalerate/ 
Fenvalerate, Total 
lambda-Cyhalothrin, 
Total 
cis-Permethrin 
trans-Permethrin 

ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction
. 

Recommended Surrogates (% Recovery) 
Dibromoocta-fluorobiphenyl 
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Table B-30  Sampling and Preservation – Synthetic Organic Compounds 
(Pyrethroids/Pyrethrins) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 

Bifentrhin 
Cyfluthrin, Total 
Cypermethrin, Total 
Deltamethrin, Total 
Esfenvalerate/ 
Fenvalerate, Total 
Lambda-cyhalothrin, 
Total 
cis-Permethrin 
trans-Permethrin 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or 

thawing 
and 

analyzed 
within 40 
days of 

extraction
. 

Recommended Surrogates (% Recovery) 
Dibromooctafluorobiphenyl 
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Table B-31  Sampling and Preservation – Synthetic Organic Compounds (Phenols) 
in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 

Pentachloro-phenol ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-

9. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction.

2,3,5,6-
Tetrachlorophenol ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction.
Recommended Surrogates (% Recovery) 
2,4,6-Trimethylphenol 
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Table B-32  Sampling and Preservation – Synthetic Organic Compounds 
(Glyphosate) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Glyphosate ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

6 months at -20 
°C; Samples must 
be analyzed within 

7 days of 
collection or 

thawing 

AMPA ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

6 months at -20 
°C; Samples must 
be analyzed within 

7 days of 
collection or 

thawing 

 
Table B-33  Sampling and Preservation – Synthetic Organic Compounds 
(Surfactants) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Nonlyphenol 
Nonylphenol-
ethoxylate 

ug/L 

1000-mL  I-
Chem 200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples must 
be extracted 

within 7 days of 
collection and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
2,4,6-Trimethylphenol 
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Table B-34  Sampling and Preservation – Synthetic Organic Compounds 
(Surfactants) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation* 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Nonylphenol 
Nonylphenol-
ethoxylate 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 °C; 
Samples must 
be extracted 

within 14 days 
of collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
2,4,6-Trimethylphenol 

 
Table B-35  Sampling and Preservation – Synthetic Organic Compounds 
(Surfactants) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation* 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Nonylphenol 
Nonylphenol-
ethoxylate 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C in 
the dark 

1 year at -20 °C; 
Samples must 
be extracted 

within 14 days 
of collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
2,4,6-Trimethylphenol 

*  Unless otherwise specified by method. 
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Table B-36  Sampling and Preservation – Synthetic Organic Compounds 
(Carbamate Pesticides) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Aldicarb 
Captan 
Carbaryl 
Carbofuran 
Diuron 
Linuron 
Methiocarb 
Methomyl 

ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-

9. 

Samples must be 
extracted within 7 
days of collection 

and analyzed 
within 40 days of 

extraction. 

 
Table B-37  Sampling and Preservation – Synthetic Organic Compounds 
(Triazines) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Ametryn 
Atraton 
Atrazine 
Prometon 
Prometryn 
Propazine 
Secbumeton 
Simazine 
Simetryn 
Terbuthylazine 
Terbutryn 

ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples must be 
extracted within 

7 days of 
collection and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
Triphenyl phosphate 
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Table B-38  Sampling and Preservation – Synthetic Organic Compounds 
(Organotins) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Dibutyltin ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Tributlytin ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

 
Table B-39  Sampling and Preservation – Synthetic Organic Compounds 
(Organotins) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required Holding 
Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 QAPP Element 12 

Dibutyltin ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and analyzed 
within 40 days of 

extraction. 

Tributlytin ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and analyzed 
within 40 days of 

extraction. 
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Table B-40  Sampling and Preservation – Synthetic Organic Compounds 
(Polybrominated Diphenyl Ethers) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

PBDE 17 
PBDE 28 
PBDE 47 
PBDE 66 
PBDE 85 
PBDE 99 
PBDE 100 
PBDE 138 
PBDE 153 
PBDE 154 
PBDE 183 
PBDE 190 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 °C; 
Samples must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
DDD (p,p’) 

 
Table B-41  Sampling and Preservation – Synthetic Organic Compounds 
(Polybrominated Diphenyl Ethers) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required Holding 
Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 QAPP Element 12 

PBDE 17 
PBDE 28 
PBDE 47 
PBDE 66 
PBDE 100 
PBDE 99 
PBDE 85 
PBDE 154 
PBDE 153 
PBDE 138 
PBDE 183 
PBDE 190 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and analyzed 
within 40 days of 

extraction. 

Recommended Surrogates (% Recovery) 
DDD (p,p’) 
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Appendix C 
 

SWAMP Requirements and Recommendations 
– Information for Completing Element 7 

(Quality Objectives and Criteria) and  
Element 13 (Analytical Methods) 
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Table C-1  SWAMP Reporting Limits – Conventionals in Water 

Analyte Water 
(mg/L)* 

Ammonia (as N) 0.1 
Biochemical Oxygen Demand 2 

Boron 0.010 
Chloride 0.25 

Chlorophyll a Pheophytin a 0.002 
Chemical Oxygen Demand (titrametric) 5 

Cyanide not listed 
Dissolved Phosphorus (as P) not listed 

Fluoride 0.123 
Iron 0.02 

Nitrate (as N) 0.01 
Nitrate + Nitrite (as N) 0.1 

Nitrite (as N) 0.01 
Oil and Grease (HEM) 1.4 

Organic Carbon (Dissolved) 0.6 
Organic Carbon (Total) 0.6 
Orthophosphate (as P) 0.01 

Phenols not listed 
Silica 0.1 

Sulfate 1.0 
Specific Conductivity 2.5 S/cm 

Total Alkalinity (as CaCO3) 1 
Total Calcium 0.05 

Total Hardness (as CaCO3) 1 
Total Kjeldahl Nitrogen 0.5 

Total Magnesium 0.02 
Total Phosphorus (as P) not listed 

Total Potassium 0.1 
Total Sodium 0.1 

Turbidity 0.5 NTU 
 

Table C-2  SWAMP Reporting Limits – Conventionals – Aqueous Solids 

Analyte Solids 
(mg/L) 

Fixed & Volatile Dissolved Solids (500 C) 550 C 5.0 
Suspended Sediment Concentration 0.5 

Total Dissolved Solids 10 
Total Suspended Solids  (103-105 ◦C) 0.5 

Volatile Suspended Solids 1.0 
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Table C-3  SWAMP Reporting Limits – Conventionals - Pathogens 
Analyte MPN/100 mL* 

Pathogens – E. Coli 2 
Pathogens – Enterococcus 1 colonies/100 mL 
Pathogens –Fecal Coliform 2 
Pathogens – Total Coliform 2 
Pathogens – Streptococcus not listed 

 

Table C-4  SWAMP Reporting Limits – Conventionals - Solids 
Analyte Solids 

Sediment Grain Size Analysis 1% 
Sediment Total Organic Carbon 0.01% OC 

%Moisture n/a 
%Lipids n/a 

 

Table C-5  SWAMP Reporting Limits – Inorganic Analytes 

Analyte Water 
(g/L) 

Sediment 
(mg/kg) 

Tissue 
(mg/kg) 

Aluminum 0.3 0.3 0.3 
Arsenic 0.3 0.3 0.3 

Cadmium 0.01 0.01 0.01 
Chromium 0.1 0.1 0.1 

Copper 0.01 0.01 0.01 
Lead 0.01 0.01 0.01 

Manganese 0.01 0.01 0.01 
Mercury 0.0002 0.03 0.03 

Methylmercury 0.00005 0.00002 0.0100 
Nickel 0.02 0.02 0.02 

Selenium 0.30 0.10 0.30 
Silver 0.02 0.02 0.02 
Zinc 0.10 0.10 0.10 
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Table C-6  SWAMP Reporting Limits – Volatile Organics 

Analyte Water 
(g/L) 

Sediment 
(mg/kg) 

1,1-Dichloroethane 
1,1-Dichloroethylene 
1,1-Dichloropropene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 

1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 

1,2 -Dibromoethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 

1,2-cis-Dichloroethylene 
1,2-trans-Dichloroethylene 
1,2,3-Trichlorobenzene, 

1,2-Dibromo-3-chloropropane 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 

1,3-Dichlorobenzene 
1,3-Dichloropropane 

1,3,5-Trimethylbenzene 
1,4-Dichlorobenzene 

2-Chlorotoluene 
2,2-Dichloropropane 

4-Chlorotoluene 
Benzene 

Bromobenzene 
Bromochloromethane 

Bromodichloromethane 
Bromoform 

Carbon tetrachloride 
Chlorobenzene 

Chloroform 
Dibromochloromethane 

Dibromomethane 
Ethylbenzene 
Fluorobenzene 

Hexachlorobutadiene 
Isopropylbenzene 

Methyl tert-butyl ether(MTBE) 
m/p-Xylene 
Naphthalene 

n-Butylbenzene 
n-Propylbenzene 

o-Xylene 
p-Isopropyltoluene 
sec-Butylbenzene 
tert-Butylbenzene 

Tetrachloroethylene 
Toluene 

Trichloroethylene 
Total Xylene

0.08 20 
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Table C-7  SWAMP Reporting Limits – Semi-Volatile Organics 

Analyte Water 
(g/L) 

Sediment 
(mg/kg) 

1,2-Dichlorobenzene 
1,2,4-Trichlorobenzene 
1,4-Dichlorobenzene 
2-Chloronaphthalene 

2-Chlorophenol 
2-Methylnaphthalene 

1,2,4-Trichlorobenzene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 

2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 

2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

2,6-Dinitrotoluene 
3-Nitroaniline 

3,4-Methylphenol 
4-Bromophenyl phenyl ether 

4-Chloro-3-methylphenol 
4-Chloroaniline 

4-Chlorophenyl phenyl ether 
4-Nitroaniline 
4-Nitrophenol 

4,6-Dinitro-2-methylphenol 
Acenaphthene 

Acenaphthylene 
Anthracene 

Benz[a]anthracene 
Benzo[a]pyrene 

Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo[k]fluoranthene 

Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl) ether 

Bis(2-ethylhexyl) phthalate 
Butyl benzyl phthalate 

Carbazole 
Chrysene 

Dibenzofuran 
Diethyl phthalate 

Dimethyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Hexachlorobenzene 

Hexachlorobutadiene 
Hexachlorocyclopentadiene 

Hexachloroethane 
Indeno[1,2,3-cd]pyrene 

Isophorone 
Naphthalene 
Nitrobenzene 

n-Nitrosodi-n-propylamine 
Pentachlorophenol 

Phenanthrene 
Phenol 
Pyrene 

Total Xylenes 

10 0.3 
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Table C-8  SWAMP Reporting Limits – Synthetic Organic Compounds 
Polychlorinated Biphenyls as Congeners/Aroclor Compounds 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

PCB 5 
PCB 8 
PCB 15 
PCB 18 
PCB 27 
PCB 28 
PCB 29 
PCB 31 
PCB 33 
PCB 44 
PCB 49 
PCB 52 
PCB 56 
PCB 60 
PCB 66 
PCB 70 
PCB 74 
PCB 87 
PCB 95 
PCB 97 
PCB 99 
PCB 101 
PCB 105 
PCB 110 
PCB 114 
PCB 118 
PCB 128 
PCB 137 
PCB 138 
PCB 141 
PCB 149 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 170 
PCB 174 
PCB 177 
PCB 180 
PCB 183 

0.002 
 

0.2 
 

0.4 
 

PCB 187 0.002 0.2 0.4 
PCB 189 1.0 10 20 
PCB 194 0.002 0.2 0.4 
PCB 195 0.002 0.2 0.4 
PCB 200 0.002 0.2 0.4 
PCB 201 0.002 0.2 0.4 
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Table C-8  SWAMP Reporting Limits – Synthetic Organic Compounds 
Polychlorinated Biphenyls as Congeners/Aroclor Compounds 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

PCB 203 0.002 0.2 0.4 
PCB 206 0.002 0.2 0.4 
PCB 209 0.002 0.2 0.4 

Aroclor 1248 2.5 25 50 
Aroclor 1254 1.0 10 20 
Aroclor 1260 1.0 10 20 
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Table C-9  SWAMP Reporting Limits – Synthetic Organic 
Compounds Polynuclear Aromatic Hydrocarbons 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

1-Methylfluorene 
1-Methyl-naphthalene 

1-Methyl-phenanthrene 
2-Methylfluoranthene 
2-Methyl-naphthalene 

2,3,5-Trimethyl-naphthalene 
2,6-Dimethyl-naphthalene 

3,6-Dimethyl-phenanthrene 
4-Methyl-dibenzothiophene 

Acenaphthene 
Acenaphthylene 

Anthracene 
Benz(a) anthracene 

Benzo(a) pyrene 
Benzo(b) fluoranthene 

Benzo(e) pyrene 
Benzo(g,h,i) perylene 
Benzo(k) fluoranthene 

Biphenyl 
C1-Chrysenes 

C1-Dibenzo-thiophenes 
C1-Fluorenes 

C1-Fluoranthene/ Pyrenes 
C1-Naphthalenes 

C1-Phenanthrene/ Anthracene 
C2-Chrysenes 

C2-Dibenzo-thiophenes 
C2-Fluorenes 

C2-Naphthalenes 
C2-Phenanthrene/ Anthracene 

C3-Chrysenes 
C3-Dibenzo-thiophenes 

C3-Fluorenes 
C3-Naphthalenes 

C3-Phenanthrene/ Anthracene 
C4-Naphthalenes 

C4-Phenanthrene/ Anthracene 
Chrysenes 

Dibenz(a,h) anthracene 
Dibenzo-thiophene 

Fluoranthene 
Fluorene 

Indeno(1,2,3-c,d) pyrene 
Naphthalene 

Perylene 
Phenanthrene 

Pyrene 

10 20 100 
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Table C-10  SWAMP Reporting Limits – Synthetic Organic 
Compounds -Organochlorine Pesticides 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

Aldrin 0.002 1 2 
alpha-HCH 0.002 1 2 

cis-Chlordane 0.002 2 4 
beta-HCH 0.002 2 4 

trans-Chlordane 0.002 2 4 
Dacthal 0.002 2 4 

DDD (o,p') 0.002 2 4 
DDD (p,p') 0.002 2 4 
DDE  (o,p') 0.002 2 4 
DDE  (p,p') 0.002 2 4 
DDMU (p,p') 0.002 3 6 
DDT (o,p') 0.002 3 6 
DDT (p,p') 0.005 5 10 
delta-HCH 0.002 2 4 
Dieldrin 0.002 2 4 

Endosulfan I 0.002 2 4 
Endosulfan II 0.002 10 20 

Endosulfan sulfate 0.002 10 20 
Endrin 0.002 2 4 

Endrin Aldehyde 0.005 n/a n/a 
Endrin Ketone 0.005 n/a n/a 
gamma-HCH 0.002 1 2 
Heptachlor 0.002 2 4 

Heptachlorepoxide 0.002 1 2 
Hexachlorobenzene 0.001 0.3 0.6 

Methoxychlor 0.002 5 10 
Mirex 0.002 3 6 

cis-Nonachlor 0.002 2 4 
trans-Nonachlor 0.002 1 2 

Oxadiazon 0.002 3 6 
Oxychlordane 0.002 1 2 

Tedion 0.002 2 4 
Toxaphene n/a 20 40 
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Table C-11  SWAMP Reporting Limits – Synthetic Organic 
Compounds – Organophosphate Pesticides 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

Aspon 0.050 n/a n/a 
Azinphos ethyl 0.050 n/a n/a 

Carbophenothion 0.050 n/a n/a 
Chlorfenvinphos 0.050 n/a n/a 

Chlorpyrifos 0.050 2 4 
Chlorpyrifos methyl 0.050 n/a n/a 

Ciodrin 0.050 n/a n/a 
Coumaphos 0.050 n/a n/a 
Demeton-s 0.050 n/a n/a 
Diazinon 0.050 20 40 

Naled 0.050 n/a n/a 
Dichlofenthion 0.050 n/a n/a 

Dichlorvos 0.050 n/a n/a 
Dicrotophos 0.050 n/a n/a 
Dimethoate 0.050 n/a n/a 
Dioxathion 0.050 n/a n/a 
Disulfoton 0.050 n/a n/a 

Ethion 0.050 6 12 
Famphur 0.050 n/a n/a 

Fenchlorophos 0.050 n/a n/a 
Fenitrothion 0.050 n/a n/a 

Fensulfothion 0.050 n/a n/a 
Fenthion 0.050 n/a n/a 
Fonofos 0.050 n/a n/a 

Azinphos methyl 0.050 n/a n/a 
Leptophos 0.050 n/a n/a 
Malathion 0.050 n/a n/a 

Methidathion 0.050 n/a n/a 
Parathion, ethyl 0.050 2 4 

Parathion, methyl 0.050 4 8 
Molinate 0.050 n/a n/a 
Phorate 0.050 n/a n/a 

Mevinphos 0.050 n/a n/a 
Phosmet 0.050 n/a n/a 

Phosphamidon 0.050 n/a n/a 
Ethoprop 0.050 n/a n/a 
Sulfotep 0.050 n/a n/a 
Bolstar 0.050 n/a n/a 

Terbufos 0.050 n/a n/a 
Tetrachlorvinphos 0.050 n/a n/a 

Thiobencarb 0.050 n/a n/a 
Thionazin 0.050 n/a n/a 
Tokuthion 0.050 n/a n/a 
Merphos 0.050 n/a n/a 

Trichlorfon 0.050 n/a n/a 
Trichloronate 0.050 n/a n/a 

 
  

RB-AR41277



City of Carson  
Machado Lake Nutrient TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan March 2012
 

 
- C-11 - 

 

Table C-12  Reporting Limits – Field Measurements** 
Water Quality 

Parameter Recommended Device Units Reporting 
Limit 

Depth Stadia Rod/Staff Gauge m 0.02 

Dissolved Oxygen 
Polarographic or 
Luminescence 

Quenching 
mg/L 0.2 

pH Electrode None n/a 

Salinity Refractometer or Conductivity 
Cell ‰ 2 

Specific 
Conductivity Conductivity Cell µS/cm 2 

Temperature Thermistor or Bulb °C n/a 

Total Chlorophyll Optical Fluorescence 
Chlorophyll Probe µg/L n/a 

Turbidity Portable Turbidimeter or 
Optical Probe NTU 5 

Velocity Flow Meter ft/s 0.1 
**  This table may not include all field analyses.  Please refer to method or manufacturer instructions for guidance. 
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Appendix D 
 

SWAMP Requirements and Recommendations 
– Information for Completing Element 14 

(Quality Control) and Element 16 (Instrument 
Calibration and Frequency) 
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Table D-1  Measurement Quality Objectives – Conventional Analytes in Water 
Laboratory 

Quality Control Frequency of Analysis Measurement Quality 
Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s 
specifications 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Continuing 
Calibration 
Verification 

Per 10 analytical runs 80-120% recovery Element 16 

Laboratory Blank 
Per 20 samples or per 

analytical batch, whichever 
is more frequent 

<RL for target analyte Element 14 

Reference 
Material 

Per 20 samples or per 
analytical batch, whichever 

is more frequent 
80-120% recovery Element 16 

Matrix Spike 
Per 20 samples or per 

analytical batch, whichever 
is more frequent 

80-120% recovery Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per 
analytical batch, whichever 

is more frequent 
(chlorophyll: n/a) 

80-120% recovery 
RPD<25% for duplicates Element 14 

Laboratory 
Duplicate 

Per 20 samples or per 
analytical batch, whichever 

is more frequent  
(chlorophyll: per method) 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Internal 
Standard 

Accompanying every 
analytical run as method 

appropriate 
Per method Element 16 

Field Quality 
Control Frequency of Analysis Measurement Quality 

Objective  

Field Duplicate 5% of total project sample 
count 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method <RL for target analyte Element 14 
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Table D-2  Measurement Quality Objectives – Conventional Analytes in Water – 
Solids 

Laboratory 
Quality Control Frequency of Analysis Measurement Quality 

Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s 
specifications 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Laboratory Blank 
Per 20 samples or per 

analytical batch, whichever 
is more frequent 

<RL for target analyte Element 14 

Laboratory 
Duplicate 

Per 20 samples or per 
analytical batch, whichever 

is more frequent 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Quality 
Control Frequency of Analysis Measurement Quality 

Objective  

Field Duplicate 5% of total project sample 
count 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Blank, 
Equipment Blank Per method <RL for target analyte Element 14 
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Table D-3  Measurement Quality Objectives – Conventional Analytes in Water – 
Pathogens 

Laboratory 
Quality Control Frequency of Analysis Measurement Quality 

Objective QAPP Element 

Calibration 

Check temperatures in 
incubators twice daily with 

a minimum of 4 hours 
between each reading 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Filter Sterility 
Check 

Perform one filter sterility 
check each day samples 

are analyzed 
No growth on filter Element 14 

Laboratory Blank Per batch of bottles or 
reagents No growth on filter Element 14 

Filtration Blank 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

No growth on filter Element 14 

Reference 
Material 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

80-120% recovery Element 16 

Positive Control 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

80-120% recovery Element 14 

Negative Control 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

No growth on filter Element 14 

Laboratory 
Duplicate 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Quality 
Control Frequency of Analysis Measurement Quality 

Objective QAPP Element 

Field Duplicate 

5% of total project 
sample count (coliforms: 
one per 25 tube dilution 

tests) 

RPD<25% (n/a if native 
concentration of either 
sample<RL; coliforms: 
within 95% confidence 
interval as defined by 
IDEXX Laboratories) 

Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method Blanks<RL for target 

analyte Element 14 
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Table D-4  Measurement Quality Objectives – Conventional Analytes in Sediments 
Laboratory 

Quality Control Frequency of Analysis Measurement Quality 
Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s 
specifications 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Continuing 
Calibration 
Verification 

Per 10 analytical runs (as 
applicable) 80-120% recovery Element 16 

Laboratory Blank TOC only: one per analytical 
batch (n/a for others) 

<RL or <30% of lowest 
sample Element 14 

Reference 
Material 

TOC only: one per 20 
samples or per analytical 
batch, whichever is more 
frequent (n/a for others) 

80-120% recovery Element 14 

Matrix Spike n/a n/a n/a 

Matrix Spike 
Duplicate n/a n/a n/a 

Laboratory 
Duplicate One per analytical batch 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Surrogate or 
Internal Standard n/a n/a n/a 

Field Quality 
Control Frequency of Analysis Measurement Quality 

Objective QAPP Element 

Field Duplicate 5% of total project sample 
count 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Blank, Travel 
Blank, Equipment 

Blank 
Per method <RL or <30% of lowest 

sample Element 14 
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Table D-5  Measurement Quality Objectives – Inorganic Analytes in Water, 
Sediment, and Tissue 
Laboratory Quality 

Control 
Frequency of 

Analysis 
Measurement Quality 

Objective QAPP Element 

Calibration Standard 
Per analytical method 

or manufacturer’s 
specifications 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Continuing 
Calibration 
Verification 

Per 10 analytical runs 80-120% recovery Element 16 

Laboratory Blank 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

<RL for target analyte Element 14 

Reference Material 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

75-125% recovery (70-
130% for MMHg) Element 14 

Matrix Spike 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

75-125% recovery (70-
130% for MMHg) Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

75-125% recovery (70-
130% for MMHg); 

RPD<25% 
Element 14 

Laboratory 
Duplicate 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Internal Standard 
Accompanying every 
analytical run when 
method appropriate 

60-125% recovery Element 16 

Field Quality Control Frequency of 
Analysis 

Measurement Quality 
Objective QAPP Element 

Field Duplicate 5% of total project 
sample count 

RPD<25% (n/a if native 
concentration of either 

sample<RL), unless 
otherwise specified by 

method 

Element 14 

Field Blank, 
Equipment Blank Per method Blanks<RL for target 

analyte Element 14 

 
  

RB-AR41284



City of Carson  
Machado Lake Nutrient TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan March 2012
 

 
- D-7 - 

 

Table D-6  Measurement Quality Objectives – Volatile Organic Compounds in 
Water and Sediment 

Laboratory 
Quality Control Frequency of Analysis Measurement 

Quality Objective QAPP Template 

Calibration 
Standard 

Per analytical method or 
manufacturer’s specifications 

Per analytical method 
or manufacturer’s 

specifications 
Element 16 

Continuing 
Calibration 
Verification 

Per 12 hours 

RF for SPCCs same as 
initial calibration;  RF 

of CCVs must be 
within 20% of initial 

calibration 

Element 16 

Laboratory 
Blank 

Per 20 samples or per analytical 
batch, whichever is more 

frequent 

<RL for target 
analyte Element 14 

Reference 
Material 

Method Validation: as many as 
required to assess accuracy and 

precision of method before 
routine analysis of samples; 

Routine Accuracy Assessment: 
per 20 samples or per analytical 

batch (preferably blind) 

70-130% recovery if 
certified; otherwise 
50-150% recovery 

Element 16 

Matrix Spike 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

50-150% recovery, or 
based on 3x the 

standard deviation of 
laboratory's actual 
method recoveries 

Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per analytical 
batch, whichever is more 

frequent 
RPD<25% Element 14 

Laboratory 
Duplicate Per method Per method Element 14 

Surrogate or 
Internal 
Standard 

Per method Per method Element 16 

Field Quality 
Control Frequency of Analysis Measurement 

Quality Objective QAPP Element 

Field Duplicate 5% of total project sample 
count Per method Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method <RL for target 

analyte Element 14 
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Table D-7  Measurement Quality Objectives – Semi-Volatile Organic Compounds in 
Water and Sediment 

Laboratory 
Quality Control Frequency of Analysis Measurement 

Quality Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s specifications 

Per analytical method 
or manufacturer’s 

specifications 
Element 16 

Continuing 
Calibration 
Verification 

Per 12 h 

RF for SPCCs same as 
initial calibration;  RF 

of CCVs must be 
within 20% of initial 

calibration 

Element 16 

Laboratory Blank 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

<RL for target analyte Element 14 

Reference 
Material 

Method Validation: as many as 
required to assess accuracy and 

precision of method before 
routine analysis of samples; 

Routine Accuracy Assessment: 
per 20 samples or per analytical 

batch (preferably blind) 

70-130% recovery if 
certified; otherwise, 
50-150% recovery 

Element 16 

Matrix Spike 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

50-150% recovery, or 
based on 3x the 

standard deviation of 
laboratory's actual 
method recoveries 

Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per analytical 
batch, whichever is more 

frequent 
RPD<25% Element 14 

Laboratory 
Duplicate Per method Per method Element 14 

Surrogate or 
Internal Standard Per method Per method Element 16 

Field Quality 
Control Frequency of Analysis Measurement 

Quality Objective  

Field Duplicate 5% of total project sample count Per method Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method <RL for target analyte Element 14 
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Table D-8  Measurement Quality Objectives – Synthetic Organic Compounds in 
Water, Sediment and Tissue 

Laboratory 
Quality Control Frequency of Analysis Measurement 

Quality Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s specifications 

Per analytical method 
or manufacturer’s 

specifications 
Element 16 

Continuing 
Calibration 
Verification 

Per 10 analytical runs 

Water: 85-115% 
recovery 

Sediment: 85-115% 
recovery 

Tissue: 75-125% 

Element 16 

Laboratory Blank 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

<RL for target analytes Element 14 

Reference 
Material 

Method Validation: as many as 
required to assess accuracy and 

precision of method before 
routine analysis of samples; 

Routine Accuracy Assessment: 
per 20 samples or per analytical 

batch (preferably blind) 

70-130% recovery if 
certified; otherwise, 
50-150% recovery 

Element 16 

Matrix Spike 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

50-150% recovery, or 
based on 3x the 

standard deviation of 
laboratory's actual 
method recoveries 

Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per analytical 
batch, whichever is more 

frequent 
RPD<25% Element 14 

Laboratory 
Duplicate Per method 

Water: RPD<25% (n/a 
if native concentration 
of either sample<RL) 
Sediment: Per method 

Tissue: Per method 

Element 14 

Surrogate or 
Internal 
Standard 

Per method Per method Element 16 

Field Quality 
Control Frequency of Analysis Measurement 

Quality Objective QAPP Element 

Field Duplicate 5% of total project sample count Per method Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method <RL for target analytes Element 14 

ELISA results must be assessed against kit requirements. 
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Table D-9  Measurement Quality Objectives – Toxicity Testing (General) 
Negative 
Controls Frequency of Analysis Control Limits QAPP 

Element 

Laboratory 
Control 
Water 

Laboratory Control Water 
consistent with Section 7 of the 

appropriate EPA method must be 
tested with each analytical batch. 

Laboratory Control Water must 
meet all test acceptability 

criteria (Please refer to Section 
7 of the EPA manuals) for the 

species of interest. 

Element 14 

Conductivity 
Control 
Water 

A conductivity control must be 
tested with each analytical baych 

when the conductivity of any 
freshwater ambient sample 

approaches the species’ tolerance 
for conductivity per method. 

Follow EPA guidance on 
interpreting data. Element 14 

Additional 
Control 
Water 

Additional method blanks are 
required whenever manipulations 
are performed on one or more of 
the ambient samples within each 

analytical batch (e.g. pH 
adjustments, continuous aeration, 

etc.). 

No statistical difference 
between the laboratory control 

water and each additional 
control water within an 

analytical batch. 

Element 14 

Sediment 
Control 

Sediment Control consistent with 
those described in Section 7 of the 
EPA manual must be tested with 
each analytical batch of sediment 

toxicity tests. 

Sediment Control must meet all 
data acceptability criteria 

(Please refer to Section 7 of the 
EPA manuals) for the species of 

interest. 

Element 14 

Positive 
Controls Frequency of Analysis Control Limits QAPP 

Element 

Reference 
Toxicant 

Tests 

Reference Toxicant Tests must be 
conducted monthly for species 

that are raised within a laboratory. 
Reference Toxicant Test must be 
conducted per analytical batch for 
species from commercial supplier 
settings. Reference Toxicant Tests 
must be conducted concurrently 
for test species or broodstocks 

that are field collected. 

Last plotted data point must be 
within 2 SD of the cumulative 

mean (n=20). (Reference 
toxicant tests that fall outside 
of recommended control chart 

limits are evaluated to 
determine the validity of 
associated effluent and 

receiving water tests. An out of 
control reference toxicant test 

result does not necessarily 
invalidate associated test 

results. More frequent and/or 
concurrent reference toxicant 

testing may be advantageous if 
recent problems have been 

identified in testing.) 

Element 14 

Field Quality 
Control Frequency of Analysis Control Limits QAPP 

Element 
Field 

Duplicate 5% of total project sample count According to method Element 14 
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Table D-9  Measurement Quality Objectives – Toxicity Testing (General) 

Field Blanks Per method or project 
requirements 

No statistical difference 
between the laboratory control 
water (or sediment control) and 

the field blank within an 
analytical batch 

Element 14 

Equipment 
Blanks 

Per method or project 
requirements 

No statistical difference 
between the Laboratory Control 
Water and the Equipment Blank 

within an analytical batch 

Element 14 

In special cases where the criteria listed in the following tables cannot be met, EPA minimum criteria may 
be followed.  The affected data should be qualified accordingly. 
 
Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
 
Deviations from the summary of recommended test conditions must be evaluated on a project specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result depending on the degree of the departure and the objective of the test.  The 
reviewer should consider the degree of the deviation and the potential or observed impact of the 
deviation on the test result before rejecting or accepting a test result is valid.  For example, if dissolved 
oxygen is measured below 4.0 mg/L in one test chamber, the reviewer should consider whether any 
observed mortality in that test chamber corresponded with the drop in dissolved oxygen. 
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Table D-10  Measurement Quality Objectives - Field Measurementsa - QAPP 
Element 16 

Water 
Quality 

Parameter 

Points Per 
Calibrationb 

Pre-Measurement 
Calibration 
Adjustment 
Frequency e 

Accuracy Check 
(Post-

Calibration 
Check) 

Frequency 

Allowable Drift 
(Measurement 
Accuracy)c, d, e 

Depth 2 n/a Quarterly ± 0.02 or 2% 

Dissolved 
Oxygen 1 

Before every 
monitoring day (and 

more often when 
changing elevation) 

After every 
monitoring day or 

next morning 
± 0.5 or 10% 

pH 2 Before every 
monitoring day 

Every evening or 
next morning ± 0.2 

Salinity 2 Per drift rate 
(instrument-specific) 

Per drift rate 
(instrument-

specific 
± 4 or 10% 

Specific 
Conductivity 2 Per manufacturer’s 

instructions 

Per 
manufacturer’s 

instructions 
± 4 or 10% 

Temperature 2 n/a Once annually ± 0.5 or 10% 

Total 
Chlorophyll 

Follow 
manufacturer’s 

instructions 

Per manufacturer’s 
instructions 

Per 
manufacturer’s 

instructions 

Follow 
manufacturer’s 

instructions 

Turbidity 2 Per manufacturer’s 
instructions 

Per 
manufacturer’s 

instructions 
± 2 or 10% 

Velocity 
Follow 

manufacturer’s 
instructions 

Per manufacturer’s 
instructions 

Per 
manufacturer’s 

instructions 

Follow 
manufacturer’s 

instructions 
a  This table may not include all field analyses.  Please refer to method or manufacturer instructions for guidance. 
b  Unless otherwise specified by method or manufacturer instructions. 
c  Manufacturers often provide accuracy specifications that relate to the intrinsic capabilities of the instrument.  These 
must not be confused with measurement output or drift between two consecutive calibration adjustments. 
d  Unit or percentage, whichever is greater. 
e  Recalibration is recommended if an elevation change of 500 feet occurs (especially for Dissolved Oxygen). 
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Table D-11  Recommendations for Field Measurements for Element 14 
Group Parameter Element 14 Quality Control 
Field testing Dissolved Oxygen No SWAMP requirement – suggest replicate (3) 

measurements plus maintenance practices. 
 Temperature No SWAMP requirement – suggest replicate (3) 

measurements plus maintenance and calibration 
practices. 

 Conductivity No SWAMP requirement – suggest replicate (3) 
measurements plus maintenance and calibration 
practices 

 pH by meter No SWAMP requirement – suggest replicate (3) 
measurements, check against second pH buffer, 
plus maintenance and calibration practices 

 Depth No SWAMP requirement – suggest rely on 
maintenance and calibration practices 

 Turbidity No SWAMP requirement – suggest replicate (3) 
measurements plus maintenance and calibration 
practices 

Field Test Kit All inorganic chemical 
tests 

No SWAMP requirement – suggest replicate (3) 
measurements, comparison against a known 
standard, and 10% check against laboratory 
measurement each sample run. 

 ELISA Positive and negative (interference) checks, and 
5% checks against laboratory measurement.  RPD 
for Chlorpyrifos and diazinon within 50% 

Mobile Laboratory ALL Same as stationary laboratory 
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Table D-12  Corrective Action – Conventional Analytes (Water) 
Laboratory Quality 

Control Corrective Action QAPP Element 

Calibration Standard 
Affected samples and associated quality control must 
be reanalyzed following successful instrument 
recalibration. 

QAPP Element 14 

Initial/Continuing 
Calibration Verification 

The analysis must be halted, the problem 
investigated, and the instrument recalibrated. All 
samples after the last calibration verification must be 
reanalyzed. 

QAPP Element 16 

Laboratory Blank 

The sample analysis must be halted, the source of the 
contamination investigated, the samples along with a 
new laboratory blank prepared and/or re-extracted, 
and the sample batch and fresh laboratory blank 
reanalyzed. If reanalysis is not possible due to sample 
volume, flag associated samples as estimated. 

QAPP Element 14 

Reference Material Affected samples and associated quality control must 
be reanalyzed following instrument recalibration. QAPP Element 16 

Matrix Spike 

The spiking level should be approximately 2-5 times 
the ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to 
the matrix spike duplicate to investigate matrix 
interference. If matrix interference is suspected, the 
matrix spike result must be qualified. 

QAPP Element 14 

Matrix Spike Duplicate 

The spiking level should be approximately 2-5 times 
the ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to 
the matrix spike duplicate to investigate matrix 
interference. If matrix interference is suspected and 
reference material recoveries are acceptable, the 
matrix spike duplicate result must be qualified. 

QAPP Element 14 

Laboratory Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed results 
may be qualified. Other failures should be reanalyzed 
as sample volume allows. 

QAPP Element 14 

Internal Standard 

As method requires. The instrument must be flushed 
with rinse blank. If, after flushing, the responses of 
the internal standards remain unacceptable, the 
analysis must be terminated and the cause of drift 
investigated. 

QAPP Element 16 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed results 
may be qualified. All failures should be communicated 
to the project coordinator, who in turn will follow the 
process detailed in the method. 

QAPP Element 14 

Field Blank, Travel Blank, 
Equipment Blank 

If contamination of the field blanks and associated 
samples is known or suspected, the laboratory should 
qualify the affected data, and notify the project 
coordinator, who in turn will follow the process 
detailed in the method. 

QAPP Element 14 
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Table D-13  Corrective Action – Conventional Analytes (Total Solids, Suspended 
Sediment Concentration, and Percent Lipids) 

Laboratory Quality 
Control Corrective Action QAPP Element 

Calibration Standard n/a QAPP Element 16 

Initial/Continuing 
Calibration 
Verification 

n/a 
QAPP Element 16 

Laboratory Blank Please refer to method requirements. QAPP Element 14 

Reference Material Please refer to method requirements. QAPP Element 16 

Matrix Spike n/a QAPP Element 14 

Matrix Spike Duplicate n/a QAPP Element 14 

Laboratory Duplicate* 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed 
results may be qualified. Other failures should be 
reanalyzed as sample volume allows. A matrix 
spike duplicate may not be analyzed in place of a 
laboratory duplicate. 

QAPP Element 14 

Internal Standard n/a QAPP Element 16 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed 
results may be qualified. All failures should be 
communicated to the project coordinator, who in 
turn will follow the process detailed in the method. 

QAPP Element 14 

Field Blank, Travel 
Blank, Equipment 

Blank 

If contamination of the field blanks and associated 
samples is known or suspected, the laboratory 
should qualify the affected data, and notify the 
project coordinator, who in turn will follow the 
process detailed in the method. 

QAPP Element 14 

*  Not applicable to suspended sediment concentration analyses. 
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Table D-14  Corrective Action – Inorganic Chemistry 
Laboratory Quality 

Control Corrective Action QAPP Element 

Calibration Standard 
Affected samples and associated quality control 
must be reanalyzed following successful instrument 
recalibration 

QAPP Element 16 

Initial/Continuing 
Calibration Verification 

The analysis must be halted, the problem 
investigated, and the instrument recalibrated if 
necessary. If deemed appropriate, all samples after 
the last acceptable continuing calibration verification 
may be reanalyzed. 

QAPP Element 16 

Laboratory Blank 

The sample analysis must be halted, the source of 
the contamination investigated, the samples along 
with a new laboratory blank prepared and/or re-
extracted, and the sample batch and fresh 
laboratory blank reanalyzed. If reanalysis is not 
possible due to sample volume, flag associated 
samples as estimated. 

QAPP Element 14 

Reference Material 
If deemed appropriate, affected samples and 
associated quality control may be reanalyzed 
following instrument recalibration. 

QAPP Element 16 

Matrix Spike 

The spiking level should be approximately 2-5 times 
the ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to 
the matrix spike duplicate to investigate matrix 
interference. If matrix interference is suspected, the 
matrix spike result must be qualified. 

QAPP Element 14 

Matrix Spike Duplicate 

The spiking level should be approximately 2-5 times 
the ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to 
the matrix spike duplicate to investigate matrix 
interference. If matrix interference is suspected and 
reference material recoveries are acceptable, the 
matrix spike duplicate result must be qualified. 

QAPP Element 14 

Laboratory Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed 
results may be qualified. Other failures should be 
reanalyzed as sample volume allows. 

QAPP Element 14 

Internal Standard 

As method requires. The instrument must be flushed 
with rinse blank. If, after flushing, the responses of 
the internal standards remain unacceptable, the 
analysis must be terminated and the cause of drift 
investigated. 

QAPP Element 16 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed 
results may be qualified. All failures should be 
communicated to the project coordinator, who in 
turn will follow the process detailed in the method. 

QAPP Element 14 

Field Blank, Equipment 
Blank 

If contamination of the field blanks and associated 
samples is known or suspected, the laboratory 
should qualify the affected data, and notify the 
project coordinator, who in turn will follow the 
process detailed in the method. 

QAPP Element 14 
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Table D-15  Corrective Action – Organic Chemistry 
Laboratory Quality 

Control Corrective Action QAPP Element 

Calibration Standard 
Affected samples and associated quality control must be 
reanalyzed following successful instrument recalibration. QAPP Element 16 

Initial/Continuing 
Calibration Verification 

The analysis must be halted, the problem investigated, 
and the instrument recalibrated. All samples after the last 
acceptable continuing calibration verification must be 
reanalyzed. 

QAPP Element 16 

Laboratory Blank 

The sample analysis must be halted, the source of the 
contamination investigated, the samples along with a new 
laboratory blank prepared and/or re-extracted, and the 
sample batch and fresh laboratory blank reanalyzed. If 
reanalysis is not possible due to sample volume, flag 
associated samples as estimated. 

QAPP Element 14 

Reference Material Affected samples and associated quality control must be 
reanalyzed following instrument recalibration. QAPP Element 16 

Matrix Spike 

The spiking level should be approximately 2-5 times the 
ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to the 
matrix spike duplicate to investigate matrix interference. 
If matrix interference is suspected, the matrix spike result 
must be qualified. 

QAPP Element 14 

Matrix Spike Duplicate 

The spiking level should be approximately 2-5 times the 
ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to the 
matrix spike duplicate to investigate matrix interference. 
If matrix interference is suspected and reference material 
recoveries are acceptable, the matrix spike duplicate 
result must be qualified. 

QAPP Element 14 

Laboratory Duplicate 

For duplicates with a heterogeneous matrix or ambient 
levels below the reporting limit, failed results may be 
qualified. Other failures should be reanalyzed as sample 
volume allows. 

QAPP Element 14 

Internal Standard 

Analyze as appropriate per method. Troubleshoot as 
appropriate. If, after trouble-shooting, the responses of 
the internal standards remain unacceptable, the analysis 
must be terminated and the cause of drift investigated. 

QAPP Element 16 

Surrogate 

Analyze as appropriate per method. All affected results 
should be qualified. The analytical method or quality 
assurance project plan must detail procedures for 
updating surrogate measurement quality objectives. 

QAPP Element 16 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix or ambient 
levels below the reporting limit, failed results may be 
qualified. All failures should be communicated to the 
project coordinator, who in turn will follow the process 
detailed in the method. 

QAPP Element 14 

Field Blank, Travel 
Blank, Equipment Blank 

If contamination of the field blanks and associated 
samples is known or suspected, the laboratory should 
qualify the affected data, and notify the project 
coordinator, who in turn will follow the process detailed in 
the method. 

QAPP Element 14 
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Table D-16  Corrective Action – Toxicity Testing 
Negative Controls Corrective Action QAPP Element 

Laboratory Control Water 

If tested with in-house cultures, affected samples and 
associated quality control must be retested within 24 hours of 
test failure.  If commercial cultures are used, they must be 
ordered within 16 hours of test failure for earliest possible 
receipt, and retests must be initiated within 8 hours of receipt.  
The laboratory should try to determine the source of 
contamination, document the investigation, and document 
steps taken to prevent recurrence. 

QAPP Element 14 

Conductivity Control Water 
Affected samples and associated quality control must be 
qualified. QAPP Element 14 

Additional Control Water 

A water sample that has similar qualities to the test sample may 
be used as an additional control based on the objectives of the 
study. Results that show statistical differences from the 
laboratory control should be qualified. The laboratory should try 
to determine the source of contamination, document the 
investigation, and document steps taken to prevent recurrence. 
This is not applicable for TIE method blanks. 

QAPP Element 14 

Laboratory Control 
Sediment 

Affected samples and associated quality control must be re-
tested within 24 hours of test failure if tested with in-house 
cultures. If commercial cultures are used, they must be ordered 
within 16 hours of test failure for earliest possible receipt, and 
re-tests must be initiated within 8 hours of receipt. The 
laboratory should try to determine the source of contamination, 
document the investigation, and document steps taken to 
prevent recurrence. 

QAPP Element 14 

Additional Control 
Sediment 

A sediment sample that has similar qualities to the test sample 
may be used as an additional control based on the objectives of 
the study. Results that show statistical differences from the 
laboratory control should be qualified. The laboratory should try 
to determine the source of contamination, document the 
investigation, and document steps taken to prevent recurrence. 

QAPP Element 14 

Positive Controls Corrective Action QAPP Element 

Reference Toxicant Tests 
If LC50 exceeds +/- two standard deviations of the running 
mean of the last 20 reference toxicant tests, the test should be 
qualified or repeated. 

QAPP Element 14 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix, results that do not 
meet SWAMP criteria should be qualified. All field duplicate 
results that do not meet SWAMP criteria should be 
communicated to the project coordinator, who in turn will notify 
the sampling team so that the source of contamination can be 
identified and corrective measures taken prior to the next 
sampling event. 

QAPP Element 14 

Field Blanks 

If contamination of the field blanks and associated samples is 
known or suspected, the laboratory should qualify the affected 
data and notify the project coordinator, who in turn will notify 
the sampling team so that the source of contamination can be 
identified and corrective measures taken prior to the next 
sampling event. 

QAPP Element 14 

Equipment Blanks 

If contamination of the field blanks and associated samples is 
known or suspected, the laboratory should qualify the affected 
data and notify the project coordinator, who in turn will notify 
the sampling team so that the source of contamination can be 
identified and corrective measures taken prior to the next 
sampling event. 

QAPP Element 14 
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Table D-17  Corrective Action – Field Measurements 
Field Quality Control Corrective Action QAPP Element 

Depth, Dissolved 
Oxygen, pH, Salinity, 

Specific 
Conductance, 
Temperature, 

Turbidity, Velocity 

The instrument should be recalibrated following 
its manufacturer’s cleaning and maintenance 
procedures. If measurements continue to fail 
measurement quality objectives, affected data 
should not be reported and the instrument 
should be returned to the manufacturer for 
maintenance. All troubleshooting and corrective 
actions should be recorded in the calibration and 
field data logbooks. 

QAPP Element  16 
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Appendix E 
 

SWAMP Requirements and Recommendations 
– Information for Completing Element 7 

(Quality Objectives and Criteria), Element 11 
(Sampling Methods), Element 12 (Sample 

Handling and Custody), Element 13 
(Analytical Methods and Field Measurements), 
Element 14 (Quality Control), and Element 16 

(Instrument Calibration and Frequency) for 
Specific Toxicity Tests 
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Table E-1  Measurement Quality Objectives - 7-Day Pimephales promelas Survival 
and Growth Toxicity Tests 
Method Recommendation – QAPP Element 13 
EPA/821/R-02/013 (Test Method 1000.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* 80% or greater survival in controls and an average dry weight per 
surviving organism in control chambers equals or exceeds 0.25 mg  

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal (required) 

Age at Test Initiation Newly-hatched larvae <24hours old.  If shipped, <48 hours old with a 
24-hour age range 

Replication at Test Initiation 4 (minimum)                                              **(QAPP Element 14) 
Organisms/Replicate 10 (minimum)                                            **(QAPP Element 14) 
Food Source Newly-hatched Artemia nauplii (<24hoursold) 
Renewal Frequency Daily 
Test Duration 7 days 
Endpoints Survival and biomass 
Test Conditions Recommended** 
Temperature Range 25 ± 1.0 °C (+/- 3 C required) 
Light Intensity 10 – 20 µE/m2/s or 50 – 100 ft-c 
Photoperiod  16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size >500 mL or per method specific requirements 
Replicate Volume >250 mL or per method specific requirements  **(QAPP Element 14) 
Feeding Regime < 2 times per day 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols 
                                                        **(QAPP Element 14) 

Minimum Sample Volume 7 L for one-time grab sample            **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 

Minimum Significant 
Difference 

<30% MSD 
If the percent minimum significant difference (PMSD) measured for the 
test exceeds the upper criterion and toxicity is found at the permitted 
receiving water concentration (RWC) based upon the value of the effect 
concentration estimate (NOEC or LOEC), then the test shall be 
accepted, unless other test review steps raise serious doubts about its 
validity. If toxicity is not found at the permitted RWC based upon the 
value of the effect concentration estimate (NOEC or LOEC) and the 
PMSD measured for the test exceeds the upper PMSD bound, then the 
test shall not be accepted, and a new test must be conducted promptly 
on a newly collected sample. 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample (recommended) 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry One DO and one pH measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement and per sample and per 
dilution (one DO per renewal) 
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Table E-1  Measurement Quality Objectives - 7-Day Pimephales promelas Survival 
and Growth Toxicity Tests 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 – 8.6 mg/L  
Initial pH Range 6.0 – 9.0 

Conductivity Controls Per method - recommend including appropriate controls when sample 
conductivities are below 100 or above 2500 µS/cm 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <3000 µS/cm 

Relevant Media Water column 
Sample Container Type Amber glass or plastic (per method) 

Sample Preservation Wet or blue ice in field,  0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-2  Measurement Quality Objectives – Chronic Ceriodaphnia dubia Toxicity 
Tests 
Method Recommendation – QAPP Element 13 
EPA/821/R-02/013 (Test Method 1002.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* 
80% or greater survival of al control organisms and an average of 15 or 
more young per surviving female. 60% of the surviving control females 
must produce three broods.  

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal (required) 
Age at Test Initiation <24 hours old and all released within an 8-hour period 
Replication at Test Initiation >10                                                            **(QAPP Element 14) 

Organisms/Replicate One ( assigned using blocking by known parentage) 
**(QAPP Element 14) 

Food Source YCT and Selenastrum or comparable food 
Renewal Frequency Daily  
Test Duration <8 days 
Endpoints Survival and reproduction 
Test Conditions Recommended** 
Temperature Range 25 ± 1.5 °C (+/- 3 C required) 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod  16hoursof ambient laboratory light, 8hoursdark 
Test Chamber Size 20 - 40 mL 
Replicate Volume >15 mL                                                     **(QAPP Element 14) 
Feeding Regime Daily 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols     
                                                                **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample                  **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 

Minimum Significant 
Difference 

<47% MSD 
If the percent minimum significant difference (PMSD) measured for the 
test exceeds the upper criterion and toxicity is found at the permitted 
receiving water concentration (RWC) based upon the value of the effect 
concentration estimate (NOEC or LOEC), then the test shall be 
accepted, unless other test review steps raise serious doubts about its 
validity. If toxicity is not found at the permitted RWC based upon the 
value of the effect concentration estimate (NOEC or LOEC) and the 
PMSD measured for the test exceeds the upper PMSD bound, then the 
test shall not be accepted, and a new test must be conducted promptly 
on a newly collected sample. 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry Two DO , one pH and  one temperature per 24-h period in one sample 
per concentration and in the control 
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Table E-2  Measurement Quality Objectives – Chronic Ceriodaphnia dubia Toxicity 
Tests 

Final Water Chemistry One DO, pH, and temperature measurement per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.6 mg/L 
Initial pH Range 6.0 - 9.0 

Conductivity Controls  Include appropriate controls when sample conductivities are <100 or 
>2000 µS/cm 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance 2500 µS/cm 

Relevant Media Water column 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results. Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-3  Measurement Quality Objectives – 96-Hour (48- and 24-Hour) 
Ceriodaphnia dubia Toxicity Tests 
Method Recommendation – QAPP Element 13 
EPA/821/R-02/012 (Test Method 2002.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* >90% survival in controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal or static renewal 
Age at Test Initiation <24 hours 
Replication at Test Initiation >4                                      **(QAPP Element 14) 
Organisms/Replicate >5                                      **(QAPP Element 14) 
Food Source YCT and Selenastrum or comparable food 
Renewal Frequency Daily (unless otherwise specified by method) 
Test Duration 96 hours(48 hours or 24 hours optional) 
Endpoints Survival 
Test Conditions Recommended** 
Temperature Range 25 ± 1 °C (+/- 3 C required) 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod  16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 20 - 40 mL 
Replicate Volume >15 mL                             **(QAPP Element 14) 

Feeding Regime Feed while holding prior to test and 2 hours prior to test solution 
renewal  

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols 
                                           **(QAPP Element 14) 

Minimum Sample Volume 1 L                                     **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry One DO and one temperature measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.6 mg/L  
Initial pH Range 6.0 - 9.0 

Conductivity Controls Include appropriate controls when sample conductivities are <100 or 
>2500 µS/cm 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <2500 µS/cm 

Relevant Media Water column 
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Table E-3  Measurement Quality Objectives – 96-Hour (48- and 24-Hour) 
Ceriodaphnia dubia Toxicity Tests 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
 
  

RB-AR41304



City of Carson  
Machado Lake Nutrient TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan March 2012
 

 
- E-8 - 

 

Table E-4  Measurement Quality Objectives – 10-Day Hyalella azteca Water 
Toxicity Tests 
Method Recommendation – QAPP Element 13 
EPA/821/R-02/013 (Test Method 1002.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* 90% or greater survival in controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal 
Age at Test Initiation 7 – 14 days old 
Replication at Test Initiation 5                                            **(QAPP Element 14) 
Organisms/Replicate 10                                          **(QAPP Element 14) 
Food Source YCT 
Renewal Frequency 80% renewal on Day 5 
Test Duration 10 days 
Endpoints Survival 
Test Conditions Recommended** 
Temperature Range 23 ± 1.0 °C 
Light Intensity 500 - 1000 lux 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 300 mL 
Replicate Volume 100 mL water                         **(QAPP Element 14) 
Feeding Regime 1.5 mL YCT every other day 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols 
                                               **(QAPP Element 14) 

Minimum Sample Volume 1L                                           **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry Temperature 

Final Water Chemistry One DO, EC, pH, and temperature measurement and per sample and 
per dilution (DO, EC, pH per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.7 - 8.92 mg/L  
Initial pH Range 6.0 - 9.0 

Conductivity Controls Include appropriate controls when sample conductivities are below or 
above levels in method 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <15 ppt 

Relevant Media Water 
Sample Container Type Amber glass 

RB-AR41305



City of Carson  
Machado Lake Nutrient TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan March 2012
 

 
- E-9 - 

 

Table E-4  Measurement Quality Objectives – 10-Day Hyalella azteca Water 
Toxicity Tests 

Sample Preservation Wet or blue ice in field; 0 - 6 °C refrigeration in laboratory; dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-5  Measurement Quality Objectives – 10-Day Hyalella azteca Sediment 
Toxicity Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-99/064 (Test Method 100.1) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* Mean control survival of >80% and measurable growth in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Whole sediment toxicity test with renewal of overlying water 
Age at Test Initiation 7 – 14 days old 
Replication at Test Initiation 8                                       **(QAPP Element 14) 
Organisms/Replicate 10                                     **(QAPP Element 14) 
Food Source YCT 
Renewal Frequency Twice daily 
Test Duration 10 days 
Endpoints Survival and growth 
Test Conditions Recommended** 
Temperature Range 23 ± 1.0 °C 
Light Intensity 500 - 1000 lux 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 300 mL 

Replicate Volume Sediment volume 100 mL; Overlying water volume 175 mL       
**(QAPP Element 14) 

Feeding Regime Daily 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols 
                                                      **(QAPP Element 14) 

Sediment Control Control sediment as listed in method (Control sediment should follow 
EPA requirements for formulated sediments)   **(QAPP Element 14) 

Minimum Sample Volume 6 L for one-time grab sample        **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry One DO and one temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.7 - 8.92 mg/L  
Initial pH Range 6.0 - 9.0 

Conductivity Controls Include appropriate controls when sample conductivities are below or 
above levels listed in method 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <15 ppt 

Relevant Media Sediment 
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Table E-5  Measurement Quality Objectives – 10-Day Hyalella azteca Sediment 
Toxicity Tests 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 14 days (recommended) or <8 weeks (required) @ 0 - 6 °C; dark; 
Do not freeze 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-6  Measurement Quality Objectives – 96-Hour Selenastrum capricornutum 
Growth Toxicity Tests 
Method Recommendation – QAPP Element 13 
EPA/821/R-02/013 (Test Method 1003.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* 

Mean cell density of at least 1 X 106 cells/mL in the controls and 
variability (CV%) among control replicates less than or equal to 20% 
(non-EDTA: Mean cell density of at least 1 X 106 cells/mL in the 
controls; and variability (CV%) among control replicates less than or 
equal to 20% (required) 

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation 4 - 7 days 
Replication at Test Initiation 10,000 cells/mL (recommended)           **(QAPP Element 14) 
Organisms/Replicate >4                                                     **(QAPP Element 14) 
Food Source n/a 
Renewal Frequency None 
Test Duration 96 h 
Endpoints Growth 
Test Conditions Recommended** 
Temperature Range 25 ± 1 °C (+/- 3 C required) 
Light Intensity 86 ± 8.6 µE/m2/s OR 400 ± 40 ft-c 
Photoperiod Continuous Illumination (“cool white” fluorescent lighting) 
Test Chamber Size 125 mL or 250 mL 
Replicate Volume 50 mL or 100 mL                                   **(QAPP Element 14) 
Feeding Regime None 
Nutrient Media Media prepared in accordance with EPA protocols 
EDTA Addition EDTA required per method 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols       
**(QAPP Element 14) 

Minimum Sample Volume 1 L for one-time grab sample                **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 

Minimum Significant 
Difference 

<29% MSD 
If the percent minimum significant difference (PMSD) measured for the 
test exceeds the upper criterion and toxicity is found at the permitted 
receiving water concentration (RWC) based upon the value of the effect 
concentration estimate (NOEC or LOEC), then the test shall be 
accepted, unless other test review steps raise serious doubts about its 
validity. If toxicity is not found at the permitted RWC based upon the 
value of the effect concentration estimate (NOEC or LOEC) and the 
PMSD measured for the test exceeds the upper PMSD bound, then the 
test shall not be accepted, and a new test must be conducted promptly 
on a newly collected sample. 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Hardness and One measurement per sample 
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Table E-6  Measurement Quality Objectives – 96-Hour Selenastrum capricornutum 
Growth Toxicity Tests 
Alkalinity 
Daily Water Chemistry One pH and one temperature measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement and per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.6 mg/L  
Initial pH Range 6.0 - 9.0 

Conductivity Controls Include appropriate controls when sample conductivities are <100 or 
>2000 µS/cm 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <3000 µS/cm 

Relevant Media Water column 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-7  Measurement Quality Objectives – 7-Day Atherinops affinis Larval 
Survival and Growth Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 (Test Method 1006.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* ≥80% survival in controls, 0.85 mg average weight of control larvae (9 
days old) 

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal 
Age at Test Initiation 9 – 15 days post-hatch 
Replication at Test Initiation 5                                                  **(QAPP Element 14) 
Organisms/Replicate 5                                                  **(QAPP Element 14) 
Food Source Newly-hatched Artemia nauplii 
Renewal Frequency Daily 
Test Duration 7 days 
Endpoints Survival and biomass 
Test Conditions Recommended** 
Temperature Range 20 ± 1.0 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 600 mL 
Replicate Volume 200 mL                                         **(QAPP Element 14) 
Feeding Regime Twice daily 

Laboratory Control Water 
Dilution water should be 1-µ  filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural sweater plus reagent 
water      **(QAPP Element 14) 

Minimum Sample Volume 8 L for one-time grab sample         **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <25% MSD for survival and <50% MSD for growth 

Reference Toxicant Results LC50 with copper must be ≤205 µg/L 
Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Salinity One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement and per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 9.0 mg/L  
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 5 – 36‰ 
Relevant Media Water column 
Sample Container Type Amber glass  
Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
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Table E-7  Measurement Quality Objectives – 7-Day Atherinops affinis Larval 
Survival and Growth Tests 

times 
Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-8  Measurement Quality Objectives – 10-Day Ampelisca abdita Sediment 
Toxicity Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-94/025 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* Minimum mean control survival of 90% in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Whole sediment toxicity test, static 
Size at Test Initiation 3 – 5 mm (no mature males of females) 
Replication at Test Initiation 4 (minimum)                           **(QAPP Element 14) 
Organisms/Replicate 20                                          **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 10 days 
Endpoints Survival  
Test Conditions Recommended** 
Temperature Range 20 ± 1.5 °C 
Light Intensity 500 – 1000 lux 
Photoperiod Continuous luminance 
Test Chamber Size 1 L 

Replicate Volume Sediment volume 175 mL; Overlying water volume 800 mL 
**(QAPP Element 14) 

Feeding Regime Do not feed 

Laboratory Control Water Clean, natural seawater diluted to the appropriate salinity with distilled 
(or similar) water                                              **(QAPP Element 14) 

Sediment Control Control sediment listed in method (Control sediment should follow EPA 
requirements for formulated sediments)            **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample       **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 6.45 - 7.8 mg/L 
Initial pH Range 6.0 - 9.0 
Conductivity Controls n/a 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance Overlying water salinity should be >10‰ 
Relevant Media Sediment 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 
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Table E-8  Measurement Quality Objectives – 10-Day Ampelisca abdita Sediment 
Toxicity Tests 
Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 14 days (recommended) or <8 weeks (required) @ 0 – 6 °C; dark; 
Do not freeze 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-9  Measurement Quality Objectives – 10-Day Eohaustorius estuarius 
Sediment Toxicity Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-94/025 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* Minimum mean survival of 90% in controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Whole sediment toxicity test, static 
Size at Test Initiation 3 – 5 mm (no mature males of females) 
Replication at Test Initiation 4 (minimum)                          **(QAPP Element 14) 
Organisms/Replicate 20                                         **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 10 days 
Endpoints Survival  
Test Conditions Recommended** 
Temperature Range 15 ± 1.0 °C 
Light Intensity 500 – 1000 lux 
Photoperiod Continuous luminance 
Test Chamber Size 1 L 

Replicate Volume Sediment volume 175 mL; Overlying water volume 800 mL 
**(QAPP Element 14) 

Feeding Regime Do not feed 

Laboratory Control Water Clean, 1-µ  filtered natural seawater diluted to the appropriate salinity 
with distilled (or similar) water                         **(QAPP Element 14) 

Sediment Control Control sediment listed in method (Control sediment should follow EPA 
requirements for formulated sediments)        **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample   **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 6.45 - 7.8 mg/L  
Initial pH Range 6.0 - 9.0 
Conductivity Controls n/a 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance Overlying water salinity should be 0 - 34% 
Relevant Media Sediment 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 
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Table E-9  Measurement Quality Objectives – 10-Day Eohaustorius estuarius 
Sediment Toxicity Tests 
Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 14 days (recommended) or <8 weeks (required) @ 0 - 6 °C; dark; 
Do not freeze 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-10  Measurement Quality Objectives – 48-Hour Haliotis rufescens Larval 
Development Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 (Test Method 995) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥80% normal shell development in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation n/a 
Replication at Test Initiation 5 – 10 per mL                           **(QAPP Element 14) 
Organisms/Replicate 5                                             **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 48 h 
Endpoints Normal shell development 
Test Conditions Recommended** 
Temperature Range 15 ± 1.0 °C 
Light Intensity 10 µE/m2/s or 50 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 600 mL 
Replicate Volume 200 mL or per method              **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ  filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water     **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample     **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <20% MSD 

Reference Toxicant Results Larval development NOEC (statistical significant effect) must be <56 
µg/L zinc 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.5 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 31 - 36‰ 
Relevant Media Water column, pore water 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 
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Table E-10  Measurement Quality Objectives – 48-Hour Haliotis rufescens Larval 
Development Tests 
Holding Time < 48 hours@ 0 - 6 °C; dark 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-11  Measurement Quality Objectives – 7-Day Holmesimysis costata 
Growth and Survival Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 (Test Method 1007.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥75% survival, average dry weight ≥0.40 µg in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal 
Age at Test Initiation 3 - 4 days post-hatch juveniles 
Replication at Test Initiation 5                                                 **(QAPP Element 14) 
Organisms/Replicate 5                                                 **(QAPP Element 14) 
Food Source Newly hatched Artemia nauplii (< 24 hours old) 
Renewal Frequency 75% renewal at 48hoursand 96 h 
Test Duration 7 days 
Endpoints Survival and biomass 
Test Conditions Recommended** 
Temperature Range 15 ± 1.5 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 1000 mL 
Replicate Volume 200 mL                                        **(QAPP Element 14) 
Feeding Regime Twice per day 

Laboratory Control Water 
Dilution water should be 1-µ filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water     **(QAPP Element 14) 

Minimum Sample Volume 3 L for one-time grab sample       **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Elememt 7 
Minimum Significant 
Difference <40% MSD for survival and <50 µg MSD for growth 

Reference Toxicant Results Survival and growth NOECs must be <100 µg/L with zinc 
Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, salinity and temperature measurement per sample 
and per dilution 

Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement  per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.5 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 32 - 36‰ 
Relevant Media Water column 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 
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Table E-11  Measurement Quality Objectives – 7-Day Holmesimysis costata 
Growth and Survival Tests 
Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours @ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-12  Measurement Quality Objectives – 48-hour Mytilus galloprovincialis 
Embryo-Larval Development Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥50% survival,  ≥90% of those must have normal shell development 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation Within 4 hours of fertilization 
Replication at Test Initiation 4                                                   **(QAPP Element 14) 
Organisms/Replicate 150 – 300 (15-30/mL)                      **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 48 h 
Endpoints Survival of normal live prossidoconch larvae  
Test Conditions Recommended** 
Temperature Range 15 ± 1.5 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 20 mL 
Replicate Volume 10 mL                                                 **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water    **(QAPP Element 14) 

Minimum Sample Volume 1000 mL for one-time grab sample     **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <25% MSD 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range >4.0 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 28 - 36‰ 
Relevant Media Water column, pore water 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours @ 0 - 6 °C; dark 
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*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-13: Measurement Quality Objectives – 96-Hour Strongylocentrotus 
purpuratus Embryo Development Tests  
Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥80% normal shell development in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation Not available 
Replication at Test Initiation 250 embryos                              **(QAPP Element 14) 
Organisms/Replicate 4                                               **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 96 h 
Endpoints Normal development; survival can be included 
Test Conditions Recommended** 
Temperature Range 15 ± 1.0 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 30 mL 
Replicate Volume 10 mL                                            **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water 

Minimum Sample Volume 1 L for one-time grab sample         **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <25% MSD 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.5 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 32 - 36‰ 
Relevant Media Water column, pore water 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
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*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-14  Measurement Quality Objectives – 20-Minute Strongylocentrotus 
purpuratus Fertilization Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥70% egg fertilization and appropriate sperm counts in controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation n/a 
Replication at Test Initiation 4                                               **(QAPP Element 14) 

Organisms/Replicate ~1,120 eggs from not more than four females and <3,360,000 sperm 
from not more than four males per test tube     **(QAPP Element 14) 

Food Source Do not feed 
Renewal Frequency None 
Test Duration 40 min (20 min plus 20 min) 
Endpoints Fertilization of egg 
Test Conditions Recommended** 
Temperature Range 12 ± 1.0 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 16 x 100 or 16 x 125 mm 
Replicate Volume 5 mL                                        **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ  filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water  **(QAPP Element 14) 

Minimum Sample Volume 1 L for one-time grab sample    **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <25% MSD 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 9.1 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 31 - 36‰ 
Relevant Media Water column, pore water 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours@ 0 - 6 °C; dark 
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*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-15: Measurement Quality Objectives – 48-Hour Macrocystis pyrifera 
Germination and Germ-Tube Length Tests 
Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 (Test Method 1009.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* ≥70% germination in the controls, ;≥10 µm germ-tube length in the 
controls  

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation n/a 
Replication at Test Initiation 5                                                  **(QAPP Element 14) 
Organisms/Replicate 7500 spores/mL of test solution       **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 48 h 
Endpoints Germination and germ-tube length 
Test Conditions Recommended** 
Temperature Range 15 ± 1.0 °C 
Light Intensity 50 ± 10 µE/m2/s 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 600 mL 
Replicate Volume 200 mL                                        **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water     **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample      **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <20% MSD 

Reference Toxicant Results NOEC must be <35 µg/L in the reference toxicant test 
Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.5 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 32 - 36‰ 
Relevant Media Water column 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 
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Table E-15: Measurement Quality Objectives – 48-Hour Macrocystis pyrifera 
Germination and Germ-Tube Length Tests 
Holding Time < 48hours@ 0 - 6 °C; dark 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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It is the policy of Associated Laboratories to provide all clients with test results that are accurate 
and legally defensible. Associated Laboratories management is committed to good professional 
practices and quality in environmental testing and calibration as documented in the Quality 
Assurance Manual and all applicable NELAC standards. 

This policy has the full support of Management and must be accomplished with the cooperation 
of all employees. All personnel concerned with environmental testing and calibration activities 
within the laboratory are required to familiarize themselves with the quality documentation and 
implement the policies and procedures in their work. 

ORGANIZATION AND MANAGEMENT STRUCTURE 

Associated Laboratories is a privately owned, independent laboratory incorporated in California 
(DePar, Inc.). The laboratory is actively managed by three directors. The laboratory is 
organized into Departments as follows: 

1. Sample Receiving 
2. Sample Custodian and Sample Storage 
3. General Chemistry 
4. Metals (ICP/M) 
5. Pesticides Analysis 
6. Hydrocarbons Analysis 
7. Volatile Organic Compounds GCMS 
8. Semi-Volatile Organic Compounds GCMS 
9. Microbiology 
10. Fish Bioassay 
11. TOC I Radioactivity 
12. Sampling and Sample Pickup 
13. QA Department 

Each Department is managed by a Department Supervisor who reports to the Laboratory 
Directors. 

The Quality Assurance Department operates independently from the other Departments. The 
Quality Assurance Director reports directly to the Laboratory Directors. 

An Organization Chart is attached in Appendix G. 

The Directors manage all operations of the laboratory and are the official signatories for all 
Laboratory Analysis Reports and other official documents of the Laboratory. The QA Director is 
the official signatory for Quality Assurance documents and may also sign Laboratory Analysis 
Reports. The signature page of this document includes all approved laboratory signatories. 

All personnel are employees of the laboratory. Where contracted and additional technical and 
key support personnel are used, the laboratory ensures that such personnel are supervised and 
competent and that they work in accordance with the laboratory's quality system. 
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RELATIONSHIP BETWEEN MANAGEMENT, TECHNICAL OPERATIONS, SUPPORT 
SYSTEMS AND THE QUALITY SYSTEM 

The Laboratory Directors manage all operations of the laboratory and all technical operations 
support systems. The Quality System operates independently of other laboratory operations 
and reports directly to the Laboratory Directors. 

JOB DESCRIPTIONS OF KEY STAFF 

The job descriptions of key staff are attached in Appendix A. 

FACILITIES, MAJOR EQUIPMENT AND SERVICES 

ASSOCIATED LABORATORIES is located in two buildings: 

Main Office and Laboratory: 806 North Batavia Street, Orange, CA 92868 

Annex: 1108 West Barkley, Orange, CA. 

Telephone: 714-771-6900 
Fax No: 714-538-1209 

Associated Laboratories has been in operation for over 80 years and is currently employing 75+ 
personnel. 

Our main facility occupies 10,000 square feet, 8,000 square feet is laboratory space and 2,000 
square feet office space. The Annex occupies 7,500 square feet and is maintained free of 
organic solvent vapors for analysis of volatile organic compounds. The annex also contains the 
microbiology and metals laboratories. 

Refrigeration and freezers are provided for sample storage according to the method 
requirements. Samples are always stored in refrigerators and freezers separate from analytical 
standards to avoid cross contamination. 

The laboratory monitors, controls and records environmental conditions as required by the 
relevant specifications, methods and procedures or where they influence the quality of the 
results. If specific environmental conditions are specified in a test method or by a regulation 
then the environmental conditions are documented on the sample preparation documents or 
separate monitoring document. Special procedures are prepared when necessary to meet 
environmental conditions. 

The latest equipment inventory is attached (Appendix D) 
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Associated Laboratories is accreditated by the following agencies: 

Quality Assurance Manual 
Revision 07/2010 
Page 8 of 72 

• State of California, Department of Health Services, Environmental Laboratory 
Accreditation Program, Berkeley, Certificate No. 1338 

• State of Hawaii, Department of Health, Safe Drinking Water Branch. 

• State of Nevada, Department of Human Resources, Health Division, Bureau of 
Licensure and Certification. 

• U.S. Army Corps of Engineers, Dept. of the Army, Omaha, NE. 

• U.S. Food and Drug Administration, Department of Health and Human Services. 

A listing of all test methods accredited by California is attached in Appendix K. 

PERSONNEL QUAL/FICA TlONS 

The laboratory management shall ensure the competence of all who operate specific 
equipment, perform environmental tests and/or calibrations, evaluate results, and sign test 
reports and calibration certificates. The laboratory management shall be responsible for 
checking the qualification of person before hiring based on the minimal level of qualification, 
experience and skills necessary for all positions in the laboratory (see Appendix A, Laboratory 
Job Oescriptions). In addition to education and/or experience, basic laboratory skills such as 
using a balance, colony counting, aseptic or quantitative techniques shall be considered. Any 
falsification or inaccuracy of the employment application or educational diploma will be cause for 
the termination of employment. A copy of educational diplomas or certificates will be required to 
be included in the personnel file of new employees. 

Records of personnel qualifications, training and experience are maintained in the employee 
training files maintained by the QA Oepartment. The Laboratory training program is detailed 
below. 

PERSONNEL TRAINING PROGRAM 

All personnel shall be responsible for complying with all quality assurance/quality control 
requirements that pertain to their organizational/technical function. Each technical staff member 
must have a combination of experience and education to adequately demonstrate a specific 
knowledge of their particular function and a general knowledge of laboratory operations, test 
methods, quality assurance/quality control procedures and records management. 

All current as well as new technical personnel are required to become familiar with the 
the following documents: 
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Laboratory Safety Manual - A formalized laboratory safety training course has been 
established, including a video discussion of safety and a written test. An attendance log and the 
test results are filed in the Employee Safety Documentation File. Each employee is also given a 
copy of the Laboratory Safety Manual. 

Quality Assurance Manual - A copy of the Quality Assurance Manual is available in all 
departments. All employees are required to understand and follow the appropriate Quality 
Assurance guidelines and procedures. 

Standard Operating Procedures - Standard Operating Procedures (SOP's) are available to all 
analysts for most analytical methods. For analytical methods, the SOP provides details 
regarding specific procedures and QA acceptance limits. SOP's are also available for most 
laboratory operations. Analysts are required to understand and follow the standard method 
requirements as detailed in the SOP for each analytical method. Each SOP is reviewed at least 
annually by the analysts and department manager to insure that the SOP accurately describes 
the analytical procedure. All SOP's are approved by the department manager and the QA 
Director. 

The Department Supervisor is responsible for ensuring that all department personnel read and 
understand the Safety Manual, QA Manual, standard methods and appropriate SOP's. 
Completion of these requirements and all other specific training are documented in the 
employee training records. Training records are filed in the employee training file maintained for 
each technical employee. Successful completion of training courses and other formalized 
training are also filed in the employee training files. 

In addition, the following training is conducted: 

Technicians are also given on-the-job training for each new method or procedure by the 
supervisor or an experienced analyst designated by the supervisor. During the training period 
the supervisor or experienced analyst continues to be responsible for all analytical results 
produced by the trainee. This training is also documented on the employee's training record. 

Competence to perform each analysis is determined by the supervisor's direct evaluation and 
successful analysis of Lab Control Samples and/or Performance Evaluation Samples. 

Periodically, analysts are encouraged to attend outside classes or other relevant training to 
increase their job knowledge. Attendance at these courses/seminars are also recorded on the 
training record. 

Training Files 

Training files for each employee are maintained by the QA Department. The training files 
contain training logs, sign-off sheets for the QA Manual, Standard Operating Procedures and 
Initial and Continuing Demonstration of Capability Certificates and supporting documentation. 
The training files are updated on an annual basis. Annually each employee signs a form that 
demonstrates that they have read, understood, and is using the latest version of the laboratory's 
in -house quality documentation, which relates to his/ her job responsibilities. 
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For NELAP certified tests an Initial Demonstration of Capability (IDOC) must be performed prior 
to using any test method, and at any time there is a change in instrument type, personnel or test 
method (NELAC, Quality Systems, Appendix C, July 1, 2003). The Demonstration of Capability 
is updated annually, and a signed certification is placed in the employee training file for each 
method. When a work cell is employed, the performance of the group is linked to the training 
record of the individual members of the work cell. 

The analyst training on each method shall be considered up to date if the employee training file 
contains a certification that the analyst has read, understood and agreed to perform the most 
recent version of the test method (the approved method or standard operating procedure as 
defined by the laboratory document control system) and documentation of continued proficiency 
by at least one of the following once per year: 

a. acceptable performance of a blind sample (single blind to the analyst); 

b. another demonstration of capability; 

c. successful analysis of a blind performance sample on a similar test method using 
the same technology (e.g., GCIMS volatiles by purge and trap for Methods 524.2, 
624 or 503518260) would only require documentation for one of the test methods; 

d. at least four consecutive laboratory control samples with acceptable levels of 
precision and accuracy; or 

e. if a-d cannot be performed, analysis of authentic samples with results statistically 
indistinguishable from those obtained by another trained analyst. 

f) A certification statement is completed to document the completion of each demonstration of 
capability. A copy of the certification statement is retained in the personnel records of each 
affected employee. 

Ethics Policy and Data Integrity Training 

To prevent Data Fraud/lnappropriate Practices, all technical personnel are trained in ethical and 
legal responsibilities. Examples of Data Fraud are identified below: 

a) Inappropriate use of manual integrations to meet calibration or method QC criteria would 
be considered fraud. For example, peak shaving or peak enhancement are considered 
fraudulent activities if performed to meet QC requirements. 

b) Time travel of analyses to meet method holding time requirements. 

c) Falsification of results to meet method QA requirements. 

d) Reporting of results without analyses to support the results. 
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e) Selective exclusion of data to meet QC criteria (Le. initial calibration points dropped 
without technical or statistical justification) 

f) Misrepresentation of laboratory performance by presenting calibration data or QC data 
within data reports which are not linked to the data set reported. 

g) Notation of matrix interference as basis for exceeding acceptance limits (typically without 
implementing corrective actions) in interference-free matrices (e.g. MB or LCS) 

The potential punishments and penalties for improper, unethical or illegal actions include 
immediate dismissal, and possible legal court action. 

All technical personnel are required to sign an Ethics and Data Integrity Agreement Form. 
These forms are filed in the QA Office. 

The Ethics and Data Integrity Training and Agreement Form is updated annually for each 
employee. 

Internal audits are performed periodically which include monitoring of data integrity. Any 
allegations of improper reporting or manipulation of data are investigated promptly. 

DOCUMENT CONTROL AND RECORD KEEPING 

All documents relating to laboratory analyses and reporting are kept a minimum of seven years. 
After that time the records will be destroyed, unless special arrangements are made. 

The laboratory maintains a tracking system for Standard Operating Procedures, MDL 
determinations, training documentation and corrective actions. These records are kept by the 
QA Department. 

A Lab Request is created by the Laboratory L1MS system for each group of samples received 
from a client to enable organization and tracking of the analyses and final reporting. All 
analytical results are reported in the L1MS database system, including date of analysis and 
analyst initials. All documentation other than bound laboratory notebooks relating to the 
analyses of a client's samples including a copy of the final report, Chain of Custody, all sample 
preparation worksheets and analytical raw data is attached to each Lab Request. Lab Requests 
including all relevant data are filed for a minimum of seven years. Other relevant analysis data 
may be written in bound laboratory notebooks which are maintained in each laboratory 
department. All calibration data and other relevant data such as calibration checks, which may 
apply to multiple Lab Requests are filed and retained in the individual departments. 

Corrections 

All generated data is recorded in permanent ink. Entries in records shall not be obliterated by 
methods such as erasures, overwritten files or markings. All corrections to record-keeping 
errors shall be made by one line marked through the error. The individual making the correction 
shall sign (or initial) and date the correction. 
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The document control system establishes procedures to ensure that all records required under 
the laboratory certification are retained. Procedures for control and maintenance of 
documentation through a document control system ensures that all standard operating 
procedures (SOPs), manuals, or documents clearly indicate the time period during which the 
procedure or document was in force. 
Document control procedures are defined in the Standard Operating Procedure for Document 
Control. 

REVIEW OF CLIENT PROJECTS 

New projects and contracts are reviewed by laboratory management to ensure that the 
laboratory has the technical capability and resources to meet the requirements. Any potential 
conflict of interest or other problem noted in the review is discussed with the client prior to 
acceptance of the contract or samples. Refer to the SOP for Project Management. 

The laboratory will afford clients or their representative's cooperation to clarify the client's 
requests and monitor the laboratory's performance in relation to the work performed. 

Client confidentiality is a high priority and the laboratory will ensure confidentiality to each 
client's work while providing service to other clients. 

PROTECTION OF CLIENT CONFIDENTIALITY 

Associated Laboratories recognizes the importance of client confidentiality. Each Lab Report 
contains the following statement: "The reports of Associated Laboratories are the confidential 
property of our clients and may not be reproduced or used for publication in part or in full without 
our written permission. This is for the mutual protection of the public, our clients, and 
ourselves." Analysis results are released to third parties only with the permission of the client. 

Confidentiality agreements may be signed by Laboratory management to maintain 
confidentiality of analysis results between the Laboratory and the client. 

SAMPLE RECEIVING AND CUSTODY 

All sample receiving and log-in is handled by the Sample Receiving Department. 

1. All samples are assigned a laboratory identification number during the log-in process. This 
number is a unique identifier assigned by the laboratory LlMS system. 

2. All samples received from a client on the same day on the same Chain of Custody (COe) 
are normally grouped together in a unique Laboratory Request Number. The Laboratory 
Request Number is also assigned by the laboratory LlMS system. 

3. A Laboratory Request Summary is prepared which includes: date, client name, client sample 
10, corresponding laboratory sample number, all analyses to be performed, laboratory area 
designations and other special instructions. 
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Procedures for sample receiving and chain of custody for samples are detailed in the Sample 
Receiving SOP, attached to this document as Appendix B. 

SAMPLE HANDLING PRACTICES AND CHAIN OF CUSTODY 

1. After samples are logged in, they are transferred to the Sample Custodian. 

2. All transfer of samples out of and into storage are documented on the Sample 
Control Record Book. 

3. Samples are stored according to the conditions specified by preservation protocols. 
Samples which require thermal preservation are stored under refrigeration which is +/-2 of the 
specified preservation temperature unless method specific criteria exist. For samples with a 
specified storage temperature of 4DC, storage at a temperature above the freezing point of 
water to 6D C is considered acceptable. 

4. Samples are stored away from all standards, reagents, food and other potentially 
contaminating sources. Samples are stored in such a manner to prevent cross 
contamination. 

5. Sample fractions, extracts, leachates and other sample preparation products are stored 
according to #3 above or according to specifications in the test method. 

6. The temperature of each refrigerator used for sample storage is monitored each working 
day, and recorded on the Temperature Control Record. This record is attached to each 
refrigerator. When the record is completely filled in, it is filed for future reference. If the 
temperature is out of control limits, the laboratory manager must be notified immediately. 

7. Unless notified in writing, all samples will be discarded by appropriate disposal protocol 30 
days from the date reported. Samples are discarded in the designated hazardous waste 
disposal containers. These containers are picked up periodically by a hazardous waste 
disposal company. 

SAMPLE CONTAINERS, PRESERVATION AND HOLDING TIMES 

In general, the shorter the time that elapses between collection of a sample and the analysis, 
the more reliable will be the analytical results. Preservation is necessary when the interval 
between sample collection and analysis is long enough to produce changes in either the 
concentration or the physical state of the constituent to be measured. Preservation of samples 
is specified in many EPA methods and when possible is confirmed by the laboratory during the 
sample log in process. The holding time of an analysis is the maximum time that samples may 
be held before analysis for the analysis to be considered valid. Each department is familiar with 
the holding times for sample analysis which they perform. The supervisor is responsible for 
ensuring that these holding times are met for all analyses. If holding times are not able to be 
met, then every effort is made to notify the client and if necessary send the samples to another 
laboratory. 
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Appendix C contains sample container guidelines and holding times as specified by the USEPA 
for environmental samples. 

LABORATORY LlMS SYSTEM 

Laboratory Information Management System (LlMS) 

The laboratory information management system (LlMS) is a client-server network of computers 
used to login samples, track samples during and after analysis, and report the final results to the 
client. In addition the LlMS software which is database driven is able to generate historical 
reports and trends and generate other types of reports such as electronic deliverables which are 
increasingly used by clients to transfer data into their own computer systems without having to 
do manual data entry. The LlMS system is also used to track laboratory data such as detection 
limits (MOL) and reporting limits for analytes. 

The hardware components of the LlMS include two servers and approximately fifty PC 
compatible computers running Windows 98 - VISTA. The LlMS Software consists of Varian 
Starlims 7.0 with an Oracle 7 database system. 

Security consists of a password login system and nightly tape backups. All reports are reviewed 
and signed by designated managers before release to the client. Tracking reports are 
generated daily from the LlMS system to insure timely analysis and reporting of all client 
samples. 

Electronic Delivery Capabilities - laboratory data can be delivered to the client in electronic data 
deliverable (EDD) formats such as: spreadsheet (Lotus, Excel); standard database file formats 
(dB, Paradox, etc); delimited or fixed field formatted ASCII; or word processing formatted. The 
data files can be transmitted to the client either by diskette or directly using e-mail or FTP 
protocols. 

STANDARD TEST METHODS 

Essentially all laboratory analyses are conducted using published standard methods. Standard 
method sources which are available for use are listed below. 

Analytical Standard Procedures for Environmental Analyses: 

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79- 020,3/1983 

Standard Methods for the Examination of Water and Wastewater (American Public Health 
Association) 

40 CFR, Appendix A to part 136-Methods for Organic Chemical Analysis of Municipal and 
Industrial Wastewater (600-series methods) 
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Methods for the Determination of Organic Compounds in Drinking Water, Supplement III, EPA-
600/R-95/131, August 1995. (500-series methods) 

Methods for the Determination of Inorganic Substances in Environmental Samples, EPN600/R-
93/100, August 1993 

Methods for the Determination of Metals in Environmental Samples, Supplement I EPAl600/R-
94/111, May 1994 

Test Methods for Evaluating Solid Waste, SW-846, 3rd Edition. 

NELAC Quality Systems Approved June 5, 2003, effective July 1, 2003. 

Analytical Standard Procedures for Food, Feeds, Oil/Fats and Pharmaceuticals: 

Association of Official Analytical Chemists (AOAC). 

The American Oil Chemists' Society (AOCS). 

Methods of the U.S. Department of Agriculture (USDA). 

FDA Pesticide Analytical Manual (PAM). 

US Pharmacopeia/National Formulary (USP/NF). 

Food Chemicals Codex (FCC). 

American Society for Testing and Materials (ASTM) 

Note: 

A listing of all environmental test methods for which Associated Laboratories is accredited by 
California is attached in Appendix H. 

Methods Not Covered by Standard Methods 

When it is necessary to use methods not covered by standard methods, these methods are 
subject to agreement with the client. This agreement includes a clear specification of the 
client's requirements and the purpose of the environmental test and/ or calibration. The 
method is validated appropriately before use. 

STANDARD OPERATING PROCEDURES 

Standard Operating Procedures (SOP) are available for most methods to indicate specific 
procedures, instrumentation, data needs and laboratory data quality requirements. Standard 
Operating Procedures are available to the analyst and are updated at least annually to insure 
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that method and quality assurance requirements are being met. The original version of the 
SOPs are filed in the QA Department and controlled copies made available to the department. 
An inventory list of all current SOP's is maintained by the QA Department and are listed in 
Appendix H. 

Each test method shall include or reference where applicable: 
1) identification of the test method; 
2) applicable matrix or matrices; 
3) detection limit; 
4) scope and application, including components to be analyzed; 
5) summary of the test method; 
6) definitions; 
7) interferences; 
8) safety; 
9) equipment and supplies; 

10) reagents and standards; 
11) sample collection, preservation, shipment and storage; 
12) quality control; 
13) calibration and standardization; 
14) procedure; 
15) calculations; 
16) method performance; 
17) pollution prevention; 
18) data assessment and acceptance criteria for quality control measures; 
19) corrective actions for out-of-control data; 
20) contingencies for handling out-of-control or unacceptable data; 
21) waste management; 
22) references; and, 
23) any tables, diagrams, flowcharts and validation data. 

TRACEABILITY OF MEASUREMENTS 

Traceability of measurements is achieved by using standards for calibration and calibration 
checks which are traceable to primary NIST standards. Certificates of Analysis or purity are 
kept on file for each standard purchased, showing the traceability of the standard to a primary 
NIST standard. All balances are calibrated and certified annually using NIST certified weights. 
Thermometers are also calibrated at least annually using a thermometer certified against an 
NIST temperature standard. 

When standard solutions, spiking solutions and calibration check solutions are prepared, the 
following information is recorded in a Standards Traceability Notebook maintained by each 
Laboratory Department: 

a. The identifying name of the Working Standard consists of the Working Standard 
Identification and the date of preparation. This name must be unique and apply to only 
one standard solution, such that the standard can be unequivocally traced back to the 
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date of preparation, analyst and identification of all original standards and reagents used 
to prepare the standard. 

b. Date and analyst initials 

c. The name, manufacturer and lot number of each analytical standard, reagent and acid 
used in the solution. 

d. The volume of each standard, reagent and acids used, and the final volume of the 
solution. 

e. The calculated concentration of all analytes in the final solution. 

The final standard solutions are transferred to a storage container and labeled with the 
identifying Working Standard 10, date of preparation, expiration date, concentration and initials 
of the analyst who prepared the solution. 

All commercially prepared standards have a maximum expiration date of one year from the date 
of receipt or other expiration date as established and documented by the supplier. 

Reagents are purchased from established commercial suppliers as specified by the laboratory 
standard methods or SOP. Reagents are stored at the appropriate temperature (refrigeration, 
freezing, room temp) as specified by the supplier. 

Lot numbers of reagents are recorded on sample preparation log sheets or in analysis log books 
to enable traceability. 

CALIBRATION AND VERIFICATION PROCEDURES 

Initial Calibrations 

Criteria for Initial Calibrations are specified in the applicable method and Standard Operating 
Procedure for each method. 

The following items are essential elements of initial instrument calibration: 

a) The details of the initial instrument calibration procedures including calculations, integrations, 
acceptance criteria and associated statistics are included or referenced in the test method SOP. 

b) Sufficient raw data records are retained to permit reconstruction of the initial instrument 
calibration, e.g., calibration date, test method, instrument, analysis date, each analyte name, 
analyst's initials or signature; concentration and response, calibration curve or response factor; 
or unique equation or coefficient used to reduce instrument responses to concentration. 

c) Sample results must be quantitated from the initial instrument calibration and may not be 
quantitated from any continuing instrument calibration verification unless otherwise required 
by regulation, method, or program. 
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d) All initial instrument calibrations must be verified with an Initial Calibration Verification 
standard (leV) obtained from a second manufacturer or lot number. Standards for the initial 
calibration are traceable to a national standard such as NIST (National Institute of Standards 
and Technology), when available. 

e) Criteria for the acceptance of an initial instrument calibration must be established, e.g., 
correlation coefficient or relative percent difference. The criteria used must be appropriate to 
the calibration technique employed. 

f) Results of samples outside of the concentration range established by the initial calibration 
must be reported with defined qualifiers or flags or explained in the case narrative. The 
lowest calibration standard must be above the detection limit (MDL). 

g) If the initial instrument calibration results are outside established acceptance criteria, 
corrective actions must be performed and all associated samples reanalyzed. If reanalysis of 
the samples is not possible, data associated with an unacceptable initial instrument calibration 
are reported with appropriate data qualifiers. 

h) Calibration standards must include concentrations at or below the regulatory limit/decision 
level, if these limits/levels are known by the laboratory, unless these concentrations are below 
the laboratory's demonstrated detection limits. 

i) The number of points for establishing the initial instrument calibration are determined by the 
method and regulatory guidelines and are stated in the SOP for each method. 

Continuing Calibration Verification (CCV) 

When an initial instrument calibration is not performed on the day of analysis, the validity of the 
initial calibration is verified prior to sample analyses by a continuing instrument calibration 
verification with each analytical batch. The following items are essential elements of continuing 
instrument calibration verification: 

a) The details of the continuing instrument calibration procedure, calculations and associated 
statistics must be included or referenced in the test method SOP. 

b) A continuing instrument calibration verification must be repeated at the beginning and end of 
each analytical batch. The concentrations of the calibration verification shall be varied within 
the established calibration range. If an internal standard is used, only one continuing instrument 
calibration verification must be analyzed per analytical batch. 

c) Sufficient raw data records must be retained to permit reconstruction of the continuing 
instrument calibration verification, e.g., test method, instrument, analysis date, each analyte 
name, concentration and response, calibration curve or response factor, or unique equations 
or coefficients used to convert instrument responses into concentrations. Continuing calibration 
verification records must explicitly connect the continuing verification data to the initial 
instrument calibration. 
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d) Criteria for the acceptance of a continuing instrument calibration verification must be 
established, e.g., relative percent difference. 

e) If the continuing instrument calibration verification results obtained are outside established 
acceptance criteria, corrective actions must be performed. If routine corrective action 
procedures fail to produce a second consecutive (immediate) calibration verification within 
acceptance criteria, then either the laboratory has to demonstrate performance after corrective 
action with two consecutive successful calibration verifications, or a new initial instrument 
calibration must be performed. If the laboratory has not demonstrated acceptable performance, 
sample analyses shall not occur until a new initial calibration curve is established and verified. 
However, sample data associated with an unacceptable calibration verification may be reported 
as qualified data under the following special conditions: 

1) when the acceptance criteria for the continuing calibration verification are exceeded high, i.e., 
high bias, and there are associated samples that are non-detects, then those non-detects may 
be reported. Otherwise the samples affected by the unacceptable calibration verification shall be 
reanalyzed after a new calibration curve has been established, evaluated and accepted. 

2) when the acceptance criteria for the continuing calibration verification are exceeded low, i.e., 
low bias, those sample results may be reported if they exceed a maximum regulatory 
limit/decision level. Otherwise the samples affected by the unacceptable verification shall be 
reanalyzed after a new calibration curve has been established, evaluated and accepted. 

METHOD DETECTION LIMITS 

Method Detection Limits (MOL) are normally determined by taking seven or more aliquots of a 
sample containing the compounds of interest at a concentration 1 to 5 times the estimated 
detection limit and processing each sample through the entire analytical method. The MOL is 
calculated from the standard deviation of the replicate measurements (MOL = 3.143 x Standard 
Deviation for seven replicate measurements). MOL studies for each method are normally 
performed at least annually or when a major modification is made to the method or 
instrumentation used for analysis. Reference: 40 CFR, Ch. 1, Part 136, Appendix B (7-1-86 
Ed.). 

Method Detection Limits are updated in the laboratory information management system (LlMS) 
and tracked by the QC Department. The SOP for determination of MOL is attached (Appendix 
E). 

PROCEDURES FOR REPORTING ANALYTICAL RESULTS 

Final Reports issued to clients contain at a minimum the following information: 

1. The report identification (Lab Request number) and page number is printed at the bottom of 
each page. 

2. The Cover Page(s) include the Laboratory name and address, phone number, name and 
signature of person authorizing the report. The Cover page(s) also include the Client name, 
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address, Client 10 number, project identification, contact or project manager, date of sample 
receipt at the laboratory and a cross-reference of lab identification numbers and client sample 
identifications. The Cover Page includes the statement: "The reports of the Associated 
Laboratories are confidential property of our clients and may not be reproduced or used for 
publication in part or in full without our written permission. This is for the mutual protection of 
the public, our clients, and ourselves." 

3. The Lab Report pages detail the date and time of sample collection, the test results, analysis 
units, methods of analysis, detection limits, dates of analyses and analyst initials. The time of 
analysis is reported when the holding time for preparation or analysis is 72 hours or less. 

4. The original copy of the chain-of-custody is attached to the final report 

5. A copy of the Sample Receiving Checklist is attached to the final report. 

6. For NELAC reports and data packages, a case narrative is attached. The case narrative 
describes where the analyses were performed if not performed at the main address of the 
laboratory. Normally all analyses for volatile organic chemicals, organic volatiles in air, metals 
and microbiology are performed in the laboratory annex, located at 1108 West Barkley (one half 
block from the main laboratory building. 

7. The case narrative also lists the number and identification of all discrete pages in the report 
and the total number of pages in the complete report. 

8. A statement is included in the Narrative that the test results meet all requirements of NELAC 
or provide reasons and/or justification if they do not. 

9. In addition to the requirements listed above, test reports shall, where necessary for the 
interpretation of the test results, include the following: 

a) deviations from (such as failed quality control), additions to, or exclusions from the 
test method, and information on specific test conditions, such as environmental 
conditions and any non-standard conditions that may have affected the quality of results, 
including the use and definitions of data qualifiers; 

b) where relevant, a statement of compliance/non-compliance with requirements and/or 
specifications, including identification of test results derived from any sample that did not 
meet NELAC sample acceptance requirements such as improper container, holding 
time, or temperature; 

c) where applicable, a statement on the estimated uncertainty of measurement; 
information on uncertainty is needed in test reports when it is relevant to the validity or 
application of the test results, when a client's instruction so requires, or when the 
uncertainty affects compliance to a specification limit; 

d) where appropriate and needed, opinions and interpretations; 

e) additional information which may be required by specific methods, clients or groups of 
clients; 
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f) clear identification of numerical results with values outside of quantitation limits. 

10. In addition to the requirements listed above, test reports containing the results of sampling 
shall include the following, where necessary for the interpretation of test results: 

a) the date of sampling; 

b) unambiguous identification of the substance, material or product sampled (including 
the name of the manufacturer, the model or type of designation and serial numbers as 
appropriate); 

c) the location of sampling, including any diagrams, sketches or photographs; 

d) a reference to the sampling plan and procedures used; 

e) details of any environmental conditions during sampling that may affect the 
interpretation of the test results; 

f) any standard or other specification for the sampling method or procedure, and 
deviations, additions to or exclusions from the specification concerned. 

DATA REVIEW 

All data generated from each analysis are recorded either in a bound laboratory notebook 
or on worksheets which are attached to the Lab Request package. 

Copies of the lab notebook page(s), worksheets, instrument readouts, chromatograms, 
QC forms and other data pertinent to the analysis are attached to the Laboratory Request 
Sheet. 

In addition to the analytical results and calculations, the manufacturer and lot number of all 
reagents used must be included. Also the assigned code numbers of all prepared reagent and 
standard solutions are included for traceability purposes. 

The review process includes at least three separate review stages: 

The analyst reviews all data and calculations and also checks data for completeness and that 
any special requirements have been met. 

The Lab Supervisor reviews the results and initials the report to signify his/her approval. 

After the final report is completed, the Laboratory Manager or signatory of the report reviews the 
final report and signs the report to signify his/her final approval. 

The QA Department reviews a proportionate amount of all QC data generated (at least ten 
percent) and also reviews all corrective action reports that are submitted by the Departments. 
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A copy of the test report and all supporting raw data for each Lab Request are maintained on 
file by the laboratory. 

The minimum period of retention for the records is seven (7) years. 

PROCEDURE FOR HANDLING CUSTOMER'S COMPLAINTS 

Associated Laboratories encourages feedback from customers. Complaints such as improper 
billing or incorrect sample identifications are normally handled by client project managers, who 
make every effort to resolve the problem as quickly as possible. Where the complaint involves 
problems which can not be readily corrected, then the customer's complaints are recorded on a 
Customer Complaint Form which contains the following information: 

Date of complaint 
Name of company 
Name of person submitting the complaint 
How the complaint was submitted 
Name of person receiving complaint by phone 
Nature of complaint 
Department(s) involved 

The customer's complaint form is submitted to the department(s) involved for investigation and 
resolution of the complaint. 

The results of the investigation and resolution of the complaint are recorded on the complaint 
form, signed and dated by the individual handling the complaint and submitted to the Lab 
Manager to be reviewed and approved. 

The customer is notified of the results of the investigation and resolution of the complaint by 
the Lab Manager or by a person authorized by the Lab Manager, either verbally, by phone, or in 
the form of a letter. 

The Complaint Form and all other documents pertinent to the complaint, including emailed 
communications and the investigations and corrective actions taken by the laboratory, are filed 
in the Complaint File maintained by the QA Department. 

QUALITY ASSURANCE PROCEDURES 

The laboratory has established quality control procedures for monitoring the validity of 
environmental tests and calibrations undertaken. The resulting data is recorded in such a way 
that trends are detectable and, where practicable, statistical techniques can be applied to the 
reviewing of the results. This monitoring includes the following: 

a) regular use of certified reference materials and/or internal quality control using 
secondary reference materials (Laboratory Control Samples); 

b) participation in inter-laboratory comparison or proficiency-testing programs (WS, WP 
and Hazardous Waste PE samples); 
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c) replicate tests or calibrations using the same or different methods; 

d) retesting of retained samples; 

e) correlation of results for different characteristics of a sample (for example, total 
phosphate should be greater than or equal to orthophosphate). 

Routine Quality Control Samples 

Quality Control samples are normally analyzed with each batch of samples for each analysis. 
For environmental samples the Quality Control samples include a Method Blank (MB), 
Laboratory Control Sample (LCS) and a Matrix Spike and Matrix Spike Duplicate. These QC 
samples are included in each batch of twenty samples or less for each matrix (frequency 
equivalent to 5% of all samples analyzed). If spike analyses are not feasible, a duplicate 
sample analysis is generally performed (eg TDS, dissolved oxygen, turbidity). 

1. The Method Blank (negative control sample) is used to assess the preparation batch for 
possible contamination during the preparation and processing steps. The method blank is 
processed along with and under the same conditions as the associated samples to include all 
steps of the analytical procedure. Procedures are included in the method to determine if a 
method blank is contaminated. Any affected samples associated with a contaminated method 
blank are reprocessed for analysis or the results reported with appropriatedata qualifying 
codes. 

2. The Laboratory Control Sample (LCS) (Positive Control Sample) is used to evaluate the 
performance of the total analytical system, including all preparation and analysis steps. Results 
of the LCS are compared to established criteria and, if found to be outside of these criteria, 
indicate that the analytical system is "out of control". Any affected samples associated with an 
out of control LCS are reprocessed for re-analysis or the results reported with appropriate data 
qualifying codes. The Laboratory Control Sample (LCS) is run at the same frequency as QC 
samples for each type of matrix. The LCS is obtained when possible from a source external to 
the laboratory. The LCS may be prepared by the laboratory using certified standards from a 
different source or a different lot number from the source used for calibration standards. For 
NELAP accredited tests, all analytes are included in the LCS spike mixture over a two year 
period. 

3. A Matrix Spike and Matrix Spike Duplicate sample (replicate samples) are normally analyzed 
with each batch of twenty samples or less. Matrix spikes are duplicate aliquots of a sample 
which are spiked with the analytes of interest and taken through the same analytical 
procedures. The recovery of the analyte concentration is calculated to indicate the accuracy of 
the analysis in the sample matrix. The relative percent difference between the Matrix Spike and 
Matrix Spike Duplicate sample provides a measure of precision of the analyses in the sample 
matrix. For NELAP accredited tests, all analytes are included in the matrix spike mixture over a 
two year period. 
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4. Surrogate spike analyses are performed for all organic analyses when required by the 
method. Surrogates are used most often in organic chromatography test methods and are 
chosen to reflect the chemistries of the targeted components of the method. Added prior to 
sample preparation/extraction, they provide a measure of recovery for every sample matrix. 
The surrogate spike solution is added to all samples, standards and blanks. The results are 
compared to the acceptance criteria as published in the mandated test method or laboratory 
generated acceptance criteria. Results reported from analyses with surrogate recoveries 
outside the acceptance criteria must include appropriate data qualifiers. 

5. All other QC requirements (tuning, multiple points calibration, daily calibration check, etc.) 
are performed as specified in the method. 

6. All QC data are to be recorded on the appropriate forms and kept on file by each department. 
Copies of these forms must be attached to the Lab Requests for all samples associated with 
that particular QC sample. Accuracy and precision data may be used to generate control 
charts. 

7. Acceptance limits for QC samples are detailed in the Standard Operating Procedure for each 
method, and may be established by the original reference source or statistical analysis of the 
historical data for each type of QC sample, method and matrix using control charts. 

8. When QC acceptance criteria are exceeded, corrective actions are to be taken as specified 
in the method or as instructed by the Department Supervisor. 

9. Non-conformances such as QA limit failures which cannot be corrected by re-analyses, client 
requirements which cannot be met or standard method modifications are documentated by 
initiating a Non-Conformance Document Form (NCO). Appendix F describes the use of the 
Non-Conformance Document Form. 

Other Essential Quality Control Procedures 

1. Method capabilities are measured by determination of detection limits and quantitation limits. 
This is done on an annual basis or more often as needed (page 18). 

2. Selection of appropriate formulae to reduce raw data to final results such as regression 
analysis, comparison to internal/external standard calculations, and statistical analyses is 
detailed in the method Standard Operating Procedures for each method. 

3. Selection and use of reagents and standards of appropriate quality is included in the method 
Standard Operating Procedures. 

4. Measures to assure the selectivity of the test for its intended purpose is assessed on a 
continuing basis by analysis of QA samples as detailed above. 

5. Measures are taken as necessary to assure constant and consistent test conditions (both 
instrumental and environmental) where required by the test method such as temperature, 
humidity, light, or specific instrument conditions. 
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6. All quality control measures are assessed and evaluated on an on-going basis, and 
quality control acceptance criteria are used to determine the usability of the data. 

7. The laboratory will develop acceptanceirejection criteria where no method or regulatory 
criteria exist. 

8. The quality control protocols specified by the laboratory's Standard Operating Procedure for 
each method is to be followed. The laboratory shall ensure that the essential standards outlined 
in NELAC, Quality Systems, Appendix 0 or the mandated methods or regulations (whichever 
are more stringent) are incorporated into their Standard Operating Procedures. When it is not 
apparent which is more stringent the QC in the mandated method or regulations is to be 
followed. 

QUALITY ASSURANCE DEPARTMENT FUNCTIONS 

Internal Audits and Data Review 

Various types of internal audits are performed on Laboratory activities on a routine basis. 
These audits should reflect as closely as possible, the Laboratory performance under normal 
operating conditions. 

Performance Audits: Evaluation of data reports generated by the laboratory. All technical, 
clerical and administrative aspects of the data report are reviewed. Errors observed during 
these ongoing audits are categorized as they relate to the technical accuracy and legal 
defensibility of data. 

Internal audits of each department are conducted at least annually. Routine quality control 
checks, for example checking laboratory notebooks, daily calibrations, quality control sample 
frequency are also done on a random basis. Results of internal audits (including the completed 
checklist, deficiencies, responses and corrective actions) are documented in the internal audits 
files maintained in the QA Office. The results of internal audits are reported to the Audit 
Committee designated by the Laboratory management. 

A system audit is the physical inspection and review of the entire laboratory operation to verify 
compliance with the QA Program objectives as stated in the Laboratory's QA Manual. System 
audits are conducted periodically by external auditors, such as state regulatory agencies, 
commercial clients or independent auditors representing these clients or agencies. 

In response to deficiencies or recommendations from auditing activities, corrective actions 
reports are required to document the corrective actions taken to correct the deficiencies. The 
Laboratory management has established an internal audit committee to oversee audit activities 
and establish corrective actions where necessary. The internal audit committee members will 
meet quarterly.AII committee meeting minutes and memos will be maintained in the QA Office. 

Internal audit procedures are detailed in the SOP for Internal Audits. 

When audit findings cast doubt on the effectiveness of the operations or on the correctness or 
validity of the laboratory's environmental test or calibration results, the laboratory will notify 
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clients in writing if investigations show that the laboratory results may have been affected. 

The laboratory will notify clients promptly, in writing, of any event such as the identification of 
defective measuring or test equipment that casts doubt on the validity of results given in any 
calibration certificate, test report or test certificate or amendment to a report or certificate. 

External Proficiency Testing and Verification Practices 

The QA Department is responsible for organizing Proficiency Testing (PT) Programs, including 
WS and WP Studies, and other studies as required by accrediting agencies. 

Proficiency Testing samples are obtained from NELAP approved external sources on a semi
annual basis. Results must be satisfactory (within acceptance limits) or a corrective action 
report is initiated. Proficiency Testing samples are analyzed semiannually or more often for all 
NELAP accredited tests. PT samples for ELAP accredited tests may be analyzed annually or 
semiannually. To demonstrate proficiency under NELAP guidelines, the laboratory must pass 
two of the three most recent PT samples for each accredited test. 

Corrective Action Reports and Departures from Documented Policies 

A Non-Conformance Document (NCO) may be required when certain Quality Control criteria are 
exceeded in a sample analysis batch. 

1. Non-conformances such as a sample exceeding holding time, QA limit failures which can not 
be corrected by re-analyses, client requirements which cannot be met, or standard method 
modifications are documented by initiating a Non-Conformance Document Form (NCO). A copy 
of the NCO Standard Operating Procedure and Form is attached (Appendix F). 

2. The NCO form is initiated by the analyst in the event of a sample exceeding holding time, 
Quality Control sample results outside control limits or other known non-conformance to the 
analytical method or client requirements. The NCO form may also be initiated by the project 
manager or department manager in the event client requirements are not met or other analytical 
problems are discovered. 

3. After the NCO Form is initiated, the corrective action, if any, must be agreed upon by the 
department manager or supervisor and the QA Manager. If appropriate, the procedure for 
corrective actions starts with an investigation of the root cause(s) of the problem. The potential 
corrective actions shall be identified, selected and implemented to eliminate the problem and to 
prevent recurrence. Corrective actions shall be to a degree appropriate to the magnitude and 
the risk if the problem. This is documented and signed by the department manager in the 
second part of the NCO Form. The form is then forwarded to the QA Manager. 

4. The QA Manager then completes and signs the final part of the form. If necessary, 
verification of the corrective action is documented in this section. If necessary the results will be 
monitored to ensure that the corrective actions taken have been effective. All follow-ups shall be 
completed and documented by the QA office. 

RB-AR41355



Quality Assurance Manual 
Revision 07/2010 
Page 27 of 72 

5. A copy of the form is included in the affected data package or the client is notified as 
appropriate. The original is filed in the Corrective Actions File which is maintained by the QA 
Manager. 

When there are deviations from the requirements by the specific method, such as insufficient 
sample volume, improper preservation, the client will be notified as soon as possible. If the 
client agrees to the deviation, then an explanation of the deviation or non-compliance is required 
to be attached to the data package and final report. 

Laboratory Standard Operating Procedures and QA Manual 

The QA Department is responsible for ensuring that all Laboratory Standard Operating 
Procedures and the QA Manual are current. A tracking system is in place to ensure that copies 
of Standard Operating Procedures are controlled such that only current approved versions are 
in use in the laboratory. 

Procedures for tracking SOP documents are detailed in the Standard Operating Procedure for 
SOPs. 

MANAGEMENT REVIEWS 

In accordance with a predetermined schedule and procedure, the laboratory's executive 
management will periodically and at least annually conduct a review of the laboratory's quality 
system and environmental testing and/or calibration activities to ensure their continuing 
suitability and effectiveness, and to introduce necessary changes or improvements. The review 
shall take account of: 

a) The suitability of policies and procedures; 
b) Reports from managerial and supervisory personnel; 
c) The outcome of recent internal audits; 
d) Corrective and preventive actions; 
e) Assessments by external bodies; 
f) The results of inter-laboratory comparisons or proficiency tests; 
g) Changes in the volume and type of the work; 
h) client feedback; 
i) complaints; 
j) other relevant factors, such as quality control activities, resources and staff training. 
k) Nonconforming work 

Findings from management reviews and the actions that arise from them shall be recorded. 
The management shall ensure that those actions are carried out within an appropriate and 
agreed timescale. The laboratory shall have a procedure for review by management and 
maintain records of review findings and actions. The QA office is responsible for scheduling 
reviews as needed and maintenance of all records. 

PERMITTED DEPARTURES FROM DOCUMENTED POLICIES AND PROCEDURES 
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Any departures from documented policies and procedures or changes in standard methods 
must be approved by a Laboratory Director or the QA Manager. The deviation from standard 
methodology must be explained on the final report and the results flagged to indicate the use of 
a non-standard method. The * flag or qualifier is used to note non-standard methodology and 
the explanation is noted in the comments section of the Lab Report. 

CONTROL OF NONCONFORMING ENVIRONMENTAL TESTING WORK 

When any aspect of its environmental testing work, or the results of this work, do not conform to 
its own procedures or the agreed requirements of the client, the QA manager shall be informed 
and the actions below shall be taken: 

a): As necessary, the work shall be halted and the test reports shall be withhold; 
b): An evaluation of the significance of the nonconforming work is made by the QA Manager and 

the Technical Director; 
c): Corrective actions are taken immediately, together with any decision about the acceptability 

of the nonconforming work; 
d): Where the data quality is or may be impacted, the client is notified. 
e): The NCD form may be used to record actions. Any required changes resulting from 

corrective action investigations shall be implemented and documented. 
f): The QA manager is responsible for authorizing the resumption of work. 
g): As necessary, the investigation results, corrective actions and follow-ups for the non 

conforming work shall be reviewed by the Laboratory Management immediately. 

PREVENTIVE ACTIONS 

Preventive action is a process to identify opportunities for improvement rather than a reaction to 
the identification of problems or complaints. Needed improvements and potential sources of 
nonconformance, either technical or concerning the quality system, are identified. If preventive 
action is required, action plans are developed, implemented and monitored to reduce the 
likelihood of the occurrence of such non- conformances and to take advantage of the 
opportunities for improvement. Procedures for preventive actions include the initiation of such 
actions and application of controls to ensure that they are effective. 

EQUIPMENT MAINTENANCE 

Written records are kept for each analytical instrument to document inspections, maintenance, 
troubleshooting, or modifications. Records contain the date, nature of the problem, 
repair/corrective action taken and the name of the person performing the work. A Maintenance 
Log Book may be kept for each individual instrument for the purpose of recording any 
maintenance, repairs, and other associated downtime. 

Operational performance of analytical instrumentation is monitored by daily, documented 
performance checks and calibration verifications in accordance with the Standard Operating 
Procedures for each type of instrumentation. 
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Support equipment such as analytical balances, ovens, refrigerators and water baths are 
checked daily for performance within acceptance limits. This information is recorded in a log 
book maintained for the equipment. Weights used to check the balances are traceable to NIST 
standards. In addition all balances are inspected and certified by a licensed specialist at least 
annually. 

REFERENCES: 

NELAC Quality Systems, effective July 1 .. 2003. 

NELAC Quality Systems Checklist, Revision Ch5 Rev d. 
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Education: Bachelors degree or equivalent in the chemical, environmental, biological sciences, 
physical sciences or engineering, with at least 24 college semester credit hours in chemistry. 

Experience: At least two years of experience in the environmental analysis of representative 
inorganic and organic ana'lytes for which the laboratory seeks or maintains accreditation. A 
masters or doctoral degree in one of the above disciplines may be substituted for one year of 
experience 

Job Description: The technical director(s) means a full-time member of the staff of an 
environmental laboratory who exercises actual day-to-day supervision of laboratory operations 
for the appropriate fields of accreditation and reporting of results. This person's duties shall 
include, but not be limited to, monitoring standards of performance in quality control and quality 
assurance; monitoring the validity of the analyses performed and data generated in the 
laboratory to assure reliable data. 

Responsibilities: Overall responsibility for management of all laboratory operations. 

Quality Assurance Manager 

Education: Bachelor's degree in chemistry or other scientific/engineering discipline or 
equivalent experience. 

Experience: Three or more years experience in a chemistry laboratory. 

Job description: The quality manager (and/or his/her designees) shall: 

1. Serve as the focal point for QNQC and be responsible for the oversight and/or review 
of quality control data; 

2. Have functions independent from laboratory operations for which they have quality 
assurance oversight; 

3. Be able to evaluate data objectively and perform assessments without outside (e.g., 
managerial) influence; 

4. Have documented training and/or experience in QNQC procedures and be 
knowledgeable in the quality system as defined under NELAC; 
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5. Have a general knowledge of the analytical test methods for which data review is 
performed; 

6. Arrange for or conduct internal audits as per 5.4.13 annually; and, 

7. Notify laboratory management of deficiencies in the quality system and monitor 
corrective action. 

Responsibilities: Overall development and management of the laboratory quality assurance 
system as defined by California Dept of Health / ELAP and NELAP requirements. 

Laboratory Supervisor 

Education: Bachelor's degree in chemistry or other scientific/engineering discipline or equivalent 
experience. 

Experience: Three or more years experience in a chemistry laboratory. 

Job Description: Responsible for the overall technical and personnel management of a 
laboratory area or work group. This includes: 

1. Interfacing with and taking direction from the Department Head or immediate supervisor. 

2. Proper training of personnel in analytical techniques, reporting, quality, assurance and lab 
safety. 

3. Maintaining the orderly flow of work and the timely analyses of samples. 

4. Organizing and assigning work duties of the group supervised. 

5. Checking QA/QC records for completeness and proper frequency. 

6. Providing for technical expertise as required in the group or department. 

7. Evaluating and working to constantly improve the quality of data that is being generated 
(including QA data) 

Responsibility, Supervisors are ultimately responsible for: 

1. The accuracy, completeness and integrity of all analyses completed by their group or 
department. 

2. Safe practices of their employees. 

3. Maintaining effective communication with their employees and upper management of the 
laboratory. 

4. Complete documentation of all analyses and related QA/QC. 
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5. Any deviation from standard methods or laboratory standard operating procedures. 

Analyst 

Education: Requires minimum of Bachelor's degree in chemistry or any scientific/engineering 
discipline or equivalent experience. 

Experience: Once or more years experience in a chemistry laboratory operating and maintaining 
analytical instrumentation such as AA, ICP, Ge, HPLC, etc. 

Job Description: Conducts analyses in laboratory using specialized analytical equipment. 
Analyses are done using standard protocols such as EPA, EPAlCLP, or in-house SOP's). Must 
understand the theory, use and maintenance of specialized analytical equipment. Must be able 
to follow written procedures and SOP's and calculate final results, including QA results. Must 
understand the importance of good lab practices and quality assurance and be able to evaluate 
the quality of data that is being generated. 

Responsibility: Analysts are responsible for the accuracy, completeness and integrity of all work 
that they have been assigned. If they have questions or problems, this must be communicated 
to their immediate supervisor. No deviations from standard methods are permitted unless 
approved by the lab supervisor. 

Lab Technician 

Education: Requires high school diploma with one year of chemistry course work or one year of 
Chemistry course work or one year experience in a laboratory. 

Experience: One or more years experience in a laboratory ( preferably a chemistry lab). Must 
have proficiency in operation of analytical balance, pipetting and common laboratory equipment 
and glassware. 

Job Description: Conducts analyses in laboratory using standard methods ( EPA, AOAC, USP, 
ASTM, or in-house methods). Must understand lab nomenclature and be proficient in the use of 
standard lab equipment such as pipets, balances, separatory funnels burets, etc. Must be able 
to follow written procedures and SOP's and calculate final results. Must understand the 
importance of good lab practices and quality assurance. 

Responsibility: Lab Technicians are responsible for the accuracy, completeness and integrity of 
all work that they have been assigned. If they have questions or problems, this must be 
communicated to their immediate supervisor. No deviations from standard methods are 
permitted unless approved by the lab supervisor. 
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STANDARD OPERATING PROCEDURE FOR SAMPLE RECEIVING 
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This section describes how samples are received and logged into the laboratory. "Logging" 
refers to the process of documenting receipt of each sample, verification of the analyses 
requested and entry of information about the sample into the laboratory computer system (LlMS). 
The sample logging process generates one label for each sample container, a Lab Request 
Summary on blue paper and a blue Results Worksheet for each department. A copy of the Lab 
Request Summary and the blue Results Worksheet is transferred to each department which will 
be analyzing the sample. No sample is analyzed without being properly logged into the 
laboratory data system, even if the sample is not to be billed. . 

A. Handling of Samples Received by Client Delivery~ 

When a client delivers a sample for analysis, it is important that information about the sample be 
as complete as possible. This is best done with a properly completed and signed Chain of 
Custody form. The following information must be obtained before the sample can be accepted: 

1. Client's name and address 

2. Person to contact regarding the sample(s) and phone number (also fax number if information 
is to be faxed). 

3. Method of payment, does client have an account? If client does not have an account, 
payment will have to be in advance or "pickup and pay". If the client has an account, a purchase 
order number is often needed. 

4. If the Client wishes to open an account, the accounting department should be notified to be 
sure the client receives the proper forms and information, this is currently handled by Bill Utter. 

5. Before entering a new client into the computer system a unique account code number must be 
obtained from the accounting department or office supervisor. 

6. Both the client and lab employee receiving the sample must both sign the completed Chain of 
Custody form. The Chain of Custody will normally contain detailed information on the samples. 
Refer to Section II for a list of required information to be included on this form. 

7. The client receives the pink copy of the Chain of Custody. The other copies are attached to 
the Lab Request Summary. 

8. Samples must be checked for temperature and sample preservation as noted in B.2. and B.6 
below. 

B. Sample pick-up by our personnel: 
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1. All samples received from our drivers should be accompanied by a completed Chain-of
Custody form - signed by the client and by the driver. 

2. All coolers received must have a temperature reading immediately upon opening. 

a. This reading will be taken by placing the metal probe of the thermometer either into a 
temperature blank (if provided) or between the respective samples and the cooling 
media (ice, dry ice, or blue ice). 

b. The thermometer should remain in place for 60 seconds to ensure a proper reading. 

c. The exact temperature will then be read from the thermometer. The temperature 
should be in the range of 2 - 6 degrees C. Samples that are hand delivered to the 
laboratory immediately after collection are considered acceptable if there is evidence 
that the chilling process has begun, such as arrival on ice. 

d. The temperature will be noted on the Sample Receipt Form. 

e. The temperature may also be determined using an "instant read" thermometer which 
reads the surface temperature of the samples in the cooler. 

3. The Chain of Custody and samples must be checked to make sure that all information is in 
agreement. 

4. When the driver relinquishes the samples to the Sample Receiving Department, he or she 
must require that the Associated Laboratories Chain of custody be signed by an employee of the 
Sample Receiving Department. A sample receipt form must be filled out for all coolers received 
by the Department. 

5. All samples brought to the laboratory by a driver will remain under his or her custody until the 
Associated Laboratories Chain of custody is signed by an employee of the Sample Receiving 
Department. 

6. If necessary, the pH of aqueous samples may be measured at the Sample Receiving 
Department. The result shall be reported on a pH reporting form. This form is attached to the 
Chain of Custody. To avoid contamination of the sample, a portion of the sample is poured into 
a separate container for pH determination or directly onto the pH paper. The procedure for 
checking pH is detailed in the SOP for pH Measurement. 

7. Any problems with improper preservation, sample container type, volumes, etc. are to be 
noted on the Sample Receipt Form. This is to document problems which may interfere with a 
proper analysis of the sample. The project manager should be notified so that the client can be 
contacted as soon as possible. 

8. Information on the sample pickup is also logged into the bound Driver's Logbook. 

9. All organic volatile samples (VOA) must be stored in the Sample Receiving refrigerator until 
they are labeled. 
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10. All information is checked to be sure it is complete as noted in Section A.1-6 (Client's name/ 
address/ contact name/ phone number/ account information/ PO number/ complete sample 
information/ analyses requested). 

11. All samples are checked to be sure they match the paperwork. 

12. The client must be contacted if the information is not complete or if there are any questions 
about the samples, analyses requested, or if samples are received broken or missing. 

C. Samples received by mail, UPS, Federal Express, etc. 

Samples received by mail, UPS and Federal Express are handled in the same manner as 
samples received from our drivers with the exception that samples are not relinquished by the 
client. All coolers received must have a temperature reading as in section B.2. and all samples 
must be verified against the Chain of Custody or paperwork as noted above. The sample 
shipping receipts shall be attached to the original Lab Sheet. 

D. In-house samples 

In-house samples consist of samples such as QA/QC check samples and hazardous waste 
disposal samples. These samples are written up using the same procedures as any other 
sample. (They will not normally be billed.) 

E. Priority samples 

1. Samples are logged in the following priority: 

a. Bacteriology 

b. Rushes (Same Day, 24 Hour, 48 Hour) 

c. Tests such as BOD, Chlorine, pH, Dissolved Oxygen, Sulfite, Sulfide, Hexavalent 
Chromium, fish toxicity, nitrate, nitrite, MBAS, turbidity must be logged the same day as 
received due to the very short holding times. 

d. Regular Turn-Around 

2. NOTE: It is important that this priority be followed for all customers to insure that accurate 
results are obtained for samples which have a very short holding time. 

3. Regular turn-around samples are written up in the order received and may be held to the next 
day if necessary. 

4. When a client requests a completion date, or we commit to a completion date, this 
information must be clearly stated (and highlighted) on the lab request summary. 
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Note: the affected lab manager must be consulted prior to committing to a completion date. 

5. If a client wishes samples to be handled on a priority basis, such as 24 or 48 hours, there is 
an additional charge. The priority charge is determined by lab management, and should be 
clearly stated to the client. 

6. Priority samples are written up and labeled before being transferred to the laboratory. These 
samples are recorded in the Sample Rush Log Book and the lab personnel receiving the 
samples must sign for all priority samples (which include a copy of the chain of custody). 

F. Special Handling of Samples for Microbiological Testing 

1. Due to the short holding times for microbiological samples, these must be handled on a 
first- priority basis. 

2. The Chain-of-Custody for samples for microbiological testing must state the date and time of 
sampling, as well as complete sample identification. For potable water samples this should also 
include the system name and sample location. 

3. Drinking water samples (potable water) should be analyzed as soon as possible after 
sampling (30 hours maximum time from sampling to analysis). Samples must be maintained at 
2 - 6 degrees C during transport and storage. Potable water samples cannot be analyzed after 
30 hours, these samples should be refused. 

4. Waste water and surface water samples must be analyzed within 6 hours after collection (6 
hours maximum holding time). Samples must be maintained at 2 - 6 degrees C during transport 
and storage. Waterl waste water samples older than six hours should be refused. 

5. Upon receipt in Sample Receiving, check samples immediately for proper temperature and 
holding time. Samples should be transported in a cooler with blue ice or regular ice. Check 
Chain-of-Custody form to be sure samples are within holding times. If samples are outside 
holding time or not held at proper temperature, notify the Microbiology Department supervisor or 
project manager immediately. The Chain-of-Custody shall also state the conditions of the 
samples as received (cooled, frozen, room temp. etc.). 

6. Check condition of samples received for microbiological testing for potential contamination of 
samples. Containers must be sealed with no evidence of leakage. Containers must be 
protected from melted ice or other potential contamination. Notify the Microbiology supervisor if 
problems are noted. If there is evidence of contamination the client should be notified that the 
samples are potentially contaminated. 

7. Samples should be refrigerated or placed in a cooler with blue ice upon receipt and logged 
in immediately. The Microbiology Department will sign the original chain of custody to show 
receipt of samples prior to logging. 

G. Sample storage during login process 
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3. A designated sample storage refrigerator is used for storage of samples which need to 
be refrigerated during the login process (samples for volatile organics analysis are 
stored in a separate refrigerator). 

3. As soon as possible after each group of samples is logged in, they are transferred to the 
Sample Custodian in the Sample Storage Area. Most samples are stored in refrigerators or 
the walk-in cooler until analyses are completed. The sample storage refrigerators and the 
walk-in cooler are kept locked overnight for sample security. 

4. If special handling instructions are provided with the sample, these instructions must be 
noted on the Chain of Custody and sample login analysis request forms. 

H. Hold samples 

1. When a client wishes to put samples on hold, this must be clearly noted on a Chain-of
Custody form. The length of time requested for hold should be noted. 

2. If the hold order is given over the phone, a note is made on the COC referring to the person 
authorizing the hold, with complete information on the samples to be held. The person taking 
the call should sign and date the note. Any changes to the Chain of Custody by the client 
should be followed by a fax from the client detailing the changes in writing. 

3. Complete information on hold samples are filed with the Chain-of-Custody and given with 
the samples to the Sample Custodian for storage until the Client or project manager releases 
the samples from hold status. If hold samples are disposed of, they are logged out by the 
Sample Custodian. 

4. After 7 days, if the client has not contacted us regarding the samples, sample receiving 
personnel or the project manager should call the client for instructions. 

5. Maximum holding time is 30 days unless special arrangements are made and authorized by 
the lab management. 

6. Unless authorized by the customer, disposal of hold samples must be authorized by the Lab 
Manager. 

I. Safety Precautions: 

1. The lab does not accept radioactive samples for analysis. A Radiation Monitor is available 
in the Sample Receiving Department for screening samples if radiation is suspected in any 
sample. 

a. Any samples received from Department of Energy (DOE) contracts or associated clients 
must be screened to insure that no radioactivity is present. 
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b. If any sample tests higher than background 25 cpm level radiation, the Radiation Safety 
Officer must be notified immediately. 

2. All sample shipments received from hazardous waste sites or labeled as highly toxic must 
be initially opened in a fume hood or in a well-ventilated area. 

3. Plastic gloves are available in the Sample Receiving Area for handling potentially hazardous 
samples or samples which are leaking. 

4. When in doubt about the safe handling of any sample, the Lab Safety Officer or appropriate 
Lab Manager must be consulted before the sample is logged in. 

II. CHAIN OF CUSTODY FORM 

A. The purpose of the Chain of Custody Form is to legally document the transfer of the 
sample(s)from the customer to the laboratory. Since any sample may potentially be used as 
evidence in legal proceedings, it is important that the Chain of Custody Form be filled in 
completely and accurately. 

B. The Chain of Custody Form should furnish an accurate record of the samples received, 
analyses requested, and any important information from the Client regarding the samples. The 
information entered on the form should be as complete as possible, including: 

1. Client's name and address with zip code 

2. Client project manager's name and telephone number 

3. Information on custody seals - If present are they intact? 

4. Information on Samples: 

a. Is the number of samples listed correctly? 

b. Are all samples individual, or sub-samples of one sample? 

c. Is the description of the samples complete? 
(are samples soil, waste-water, drinking water (if samples are chemicals, a 
complete description and MSDS information should be furnished.) 

d. Are samples identified correctly? Sample 10 numbers or markings should be 
checked against the Chain of Custody. The date sampled should also be on the 
chain of custody. 

e. The condition of the samples should be noted. 
- Are samples cool or frozen? 
- Are containers leaking or broken? 
- Damaged containers should be noted on the Sample receipt form under 
"important information section" and reported to the project manager immediately. 
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f. The type of containers must be noted (glass jar, plastic container, brass tube, VOA 
vial, etc.) 

g. All preservatives added to the samples must be noted on the sample containers and 
is indicated on the sample pH log form attached to the chain-of-custody. 

h. Any inconsistencies in the documentation and samples should be thoroughly 
investigated. The ideal time to solve a problem is during the log-in process. 

5. Analyses requested by the Client must be specific and correspond EXACTLY to our listed 
analyses profile. If there is any doubt as to the analyses required, the Sample Receiving 
Person should contact the Client, or the appropriate Lab Manager. 

- In the case where subsamples of the same sample are submitted, and different 
analyses are requested for each sub-sample, all information and the labeling of each 
container must be made VERY CLEAR to avoid confusion in the laboratories. EACH 
CONTAINER MUST HAVE A LAB REQUEST NUMBER and an ORDER NUMBER. 

6. Any problems with improper preservation, sample container type, volumes, etc. are to be 
noted on the Chain of Custody. This is to document problems which may interfere with a 
proper analysis of the sample. A written copy should also be given to the Lab Project 
Manager or Customer Representative who may need to contact the customer. 

7. The Client should sign in the" Relinquished by" space and also in the" Authorization" 
space when appropriate. 

8. The person receiving the sample(s) must sign the Chain of Custody Form in the 
"Received by Laboratory for Analysis" space, and record the date and time. 

9. When the sample is entered into the Laboratory computer system ( a Lab Request 
Summary is generated) the Lab Request Number should be recorded on the Chain of 
Custody. 

10. Distribution of copies: 

a. Attach the White and Yellow Copy to the Blue Lab Request Summary. 

b. The Pink Copy is given to the Client. 

c. A copy of the Chain of Custody should be attached to all copies of the Lab Request 
Summary. 

d. All Lab Requests are checked by the appropriate Project Manager. 

III. SAMPLE CONTROL RECORD (Internal Chain of Custody) 
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A. A separate Sample Control Record for sample tracking through the laboratory may be 
initiated by the Sample Receiving Department if this is required by a client or contract (such 
as EPAlCLP). 

B. Information to be entered into the Sample Control Record (refer to the attached copy): 

1. The Lab Request Number is written at the top of the Form. 

2. The Client's Name and Date is recorded. 

3. All individual samples are recorded in the Sample 10 space. Samples are identified by 
the Lab Request Number assigned at the time of sample Log-In. This number is generated 
by the computer when the sample(s) are logged-in to the computer system. 

C. Storage of samples requiring Sample Control Record (Legal Samples). 

1. After the samples are logged into the computer system and labeled, they are 
transferred to a locked storage refrigerator in the Sample Storage Area. 

2. Document the transfer of all samples to and from the Sample Custodian with the date 
and time samples were transferred. Both the Sample Receiving person and Sample 
Custodian sign the Sample Control Record. 

3. For Legal Samples (including EPAlCLP samples), the samples must be kept in locked 
storage. In this case the Sample Control Record is kept by the designated Sample 
Custodian who also controls access to the samples. When samples are removed from 
storage they are logged out on the Sample Control Record which records the date, time 
and person removing the samples. When the samples are returned they are logged 
back in with the date, time and initials of the person returning the samples. Samples are 
not removed from locked storage overnight. The person who removes the samples is 
responsible for the custody of the samples, and for their return to storage before the end 
of the working day. 

D. Sample Control Record Tracking 

1. Each time samples are transferred to or from the Sample Custodian, the Sample 
Control Record for those samples must be signed. 

2. Each person receiving the samples in each department must sign for those samples 
received and also note the date and time samples are received. Fill in Received By -
Dept., Person and DatelTime when samples are delivered to each department and again 
when the samples are returned to the Sample Custodian. 

3. Only one sample control record will be completed for each lab request number 
(Sample Log In Sheet). No copies are to be made unless clearly labeled as a copy. 

4. The Sample Control Record is kept on file by the Sample Custodian and attached to 
the file when all analyses are completed. 

RB-AR41371



IV. SAMPLE ACCEPTANCE POLICY 

Quality Assurance Manual 
Revision 07/2010 
Page 43 of 72 

Sample acceptance policy determines if the sample is identified correctly, with proper 
documentation, packaging, adequate volume for the analyses requested and correct 
preservatives. 

1. Sample identification ( is the sample waste water, drinking water, hazardous waste, 
unknown?). For accurate analysis, the sample and sample source must be identified 
correctly. If there is an obvious discrepancy between the sample and documentation, 
this is normally investigated first by the Sample Receiving Personnel. If the problem 
cannot be resolved, then the appropriate lab manager is notified. 

2. Documentation with the sample ( is it adequate?). Sufficient documentation should 
be supplied with the sample to fill in the Chain of Custody completely. If there are 
any doubts as to the sample identification or analyses requested, the client should be 
called immediately. 

3. Documentation generated during sample login. All communications via fax, email or 
mail and decisions regarding the client samples should be documented and signed in 
writing and attached to the original Lab Sheet (and all copies if necessary). 

4. Sample condition -(sufficient volume, correct preservative, correct container type, 
condition of sample, etc). The employee receiving the sample must note on the 
Chain-of-Custody form or an attached Sample Receipt Form the following information 
for each sample and fraction: 

a. Container Type (Glass, Amber glass, plastic, brass tube, etc.). 

b. Volume in container (1 L, 500 ml, etc.) 

c. Temperature (Room temp., cool, frozen) 

d. If samples are in a cooler, the temperature in the cooler. 

e. Preservatives added must be listed on the sample container and/or the 
Chain of Custody form. 

f. The sample must be within the specified holding times for the analyses 
requested. 

g. Any irregularities noted in the samples (leaking, air bubble in VOA vial, 
improper packaging, etc.). 

5. Responsibility for contacting the customer about problems. The Sample Receiving 
personnel have primary responsibility for contacting the project manager or client 
immediately for routine problems with samples. Each client is normally assigned to a 
project manager, and the person logging the sample is also responsible for informing 
the project manager of any problems. This may be done with notes on a copy of the 

RB-AR41372



Quality Assurance Manual 
Revision 07/2010 
Page 44 of 72 

lab sheet or chain of custody. Generally all information and decisions must be 
documented in writing with a date and signature. 

6. A sample receiving checklist must be completed and attached to the final report. See 
Appendix I for Sample Receiving Checklist. 

V. SAMPLE LOGGING PROCEDURES 

A. Description of Computer Logging Procedure: 

1. The LlMS system will be used to record and track all samples received at the 
laboratory. Completed test results should be turned in to the project manager as 
designated on the Lab Request Summary. 

2. Each Department should report the results of all analyses on the blue Results 
Worksheet and turn this in to the project manager, along with all worksheets and raw 
data generated in analyzing the samples. 

3. When samples are logged into the LlMS system, the system will create one label for 
each sample container, a Lab Request Summary on blue paper, and a Results 
Worksheet for each lab department on blue paper. When samples are logged into 
the LlMS, they are assigned a unique sample number (order number) and all samples 
in the same group, received on the same day are normally assigned to a unique Lab 
Request Number. 

4. The Sample Receiving personnel will make copies of the login documents as follows: 
A copy of the Lab Request Summary and the chain-of-custody for each Results 
Worksheet. 

5. Copies of the login documents will be distributed as follows: 

a. Project Manager: The Lab Request Summary and one copy of the Chain of 
Custody. 

b. Each Department: The blue (original) Results Worksheet + copy of the Lab 
Request Summary + copy of the Chain of Custody. 

c. Attach the original Chain of Custody to the original Lab Request Summary. 

d. A Posting Log Book is maintained to verify that a copy of the Lab Request and 
Worksheets was distributed to each affected Department. 

6. If problems are noticed with the test codes, analyte list or detection limits ( DLR ) 
please correct the Worksheet and give a copy to Jim or Steve as soon as possible so 
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corrections can be made in the LlMS. 

B. Description of Lab Request Summary 

1. A Lab Request Summary is prepared which includes: 

a. Client name, address and client 10 number. 

b. Person to whom final report is to be sent. 

c. Date sample received. 
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d. A complete description of the sample(s) including client identification 
number(s), sample matrix, date Itime sampled. 

e. A Lab Request Number and an order Number is generated by the computer 
for each sample. 

f. A complete list of all analyses to be completed on each sample, including 
Method Number, Profile and Service Group 1 Department. 

g. Login information including 10 of person logging in the sample, date and time. 

h. Order numbers and corresponding customer 10 numbers for each sample. 

i.A Sample Control Record (Internal Chain of Custody) is completed if needed. 
This document is used to record the transfer of the samples to departments 
(see section III). 

See Appendix J for a sample of Lab Request Summary. 

c. Sample Labeling 

Each sample is labeled with the label generated by the computer. The label contains the 
Lab Request Number, Order Number, Client sample 10 and log date. 

For Orders where multiple containers are submitted (multiple fractions for different 
analyses), each separate container (fraction) should be labeled with the order number + A, 
B, C, etc. to designate fractions for each separate analysis. This fraction designation is 
then recorded by the custodian and analyst on the sample preparation log to document that 
the correct sample fraction was analyzed for each analysis method. 

D. Procedure for logging in Additional Analyses. 

1. If additional analyses are requested by a client after the samples have been initially 
logged in and distributed to the labs, an amended Lab Request Summary may be 
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generated for the additional analyses (using the same Lab Request number). The 
amended Lab Request Summary will note the additional tests in the Comments section. 

2. Additional analyses may also be noted using an additional analyses request form to 
notify all affected departments of the additional tests. Information required is as follows: 

a. Name of client 
b. Previous Lab 10# 
c. Sample type 
d. Sample 10 
e. Additional analyses 
f. Date of request 
g. Signature of employee 

3. A new Lab Request will be generated if necessary. The new Lab Request Summary 
will have a new Lab Request Number for the additional analyses, and the samples will 
be relabeled with the new Lab Request Number. The original Lab Request Number will 
be retained on the samples. 

a. The new Lab Request Summary must clearly reference the original Lab Request 
number and explain that analyses requested are in addition to the previous analyses 
(or other reasons for the new Lab Request Summary). 

b. Copies of the new Lab Requests are forwarded to all departments affected. 

E. Backup Logging Procedure in Event of Computer System Failure. 

1. Temporary lab Request Summaries have been designed and are available in the 
Sample Receiving Department. 

2. In the event the computer system is non-functional, the Sample Receiving Supervisor 
will issue temporary lab Request Summaries along with a temporary login reference 
number (eg. A100). 

3. The supervisor will keep a list of assigned numbers and corresponding information 
(client, departments receiving lab Request Summaries, person writing the ticket). 

4. When the computer is functional, standard lab Request Summaries will be 
issued.Samples that have received temporary numbers will be retrieved and re
numbered with the computer assigned lab Request Numbers. The standard lab Request 
Summaries will be attached to each corresponding temporary lab Request Summary 
that was issued. 

VI. HANDLING OF THE SAMPLES AFTER LOGGING 

A. Handling of the logged-in samples in the laboratory 
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1. After the samples are logged into the computer system and labeled, they are 
transferred to the Sample Custodian in the Sample Storage Area. All samples are 
logged into the Sample Control Log Book organized by Lab Request number. The client 
name, number and type of containers are entered. The Sample Custodian must sign 
the Log Book for all containers received. 

2. The samples are stored in locked refrigerators or the locked walk-in cooler prior to 
analysis. 

3. All samples transferred to the Sample Storage Area are logged into a Sample 
Logbook in the Sample Storage Area. The Sample Logbook is maintained by the 
Sample Custodian. 

4. When samples are picked up by laboratory personnel for analyses, the samples are 
signed out, and when returned, they are signed back into Sample Storage. 

5. When samples are disposed of, this is noted in the Sample Logbook. 

6. During weekends and evenings, only designated personnel have access to the 
Sample storage areas. All samples removed must be documented in the Sample 
Custodian Logbook. 

B. Handling of samples to be sent out to other labs. 

1. Arrangements to send samples out for analysis are handled by the project manager and 
must have the Client's consent. 

2. Samples to be transferred to another lab are logged into the LlMS for "Send Out" and the 
Information is posted on the "Out Board" similar to posting to an in-house department. 
Samples to be sent out are subsampled and shipped by the Sample Custodian. 

2. A portion of each sample to be sent out is retained in the original container. Procedures for 
sending out samples to other labs is described in the SOP for Subcontracting Analyses and 
the SOP for Soil Sub-Sampling and Compositing Procedures. 

C. Returning samples to the client. 

1. When a client requests that the samples be returned to them upon completion of the 
analyses, the sample receiving personnel should make sure that a notification is made on 
the lab sheet and that it is clearly visible 

2. When all analyses are completed, a note is given to the Sample Custodian listing the 
samples to be returned and address to be used. 

3. If the sample is returned by UPS, the sample pickup record will document that the sample 
was returned. If the sample is delivered by our driver or picked up by the client, the client 
should sign the chain of custody or a receipt to show the samples were returned to them. 
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A record book is maintained in Sample Receiving to document the return of samples. 
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Sample Container and Preservation Guide 
Updated: April 17, 2009 

Method Container(l) Suggested Preservative Holding Time(2) 
Volume 

Volatile Organics 

(VPH) Gasoline (5030) 8015 B VOA-glass 2 40ml vials Cool 6 C 7 days(3)/14 soil(6)/3day air 

(VPH) Gasoline/BTEX (5030) 8015B/8021B VOA-glass 2 40ml vials Cool 6 C 7 days(3)114 soil (6)/3day air 

Purgeables 624/8260B VOA-glass 2 40ml vials Cool 6 C 14 days/3 day air 

Purgeables in DW 524.2 VOA-glass 2 40ml vials Cool 6 C, Ascorbic Acid + HCl 14 days/3day air 

Semi-Vo la tile Organics 

(EPH) Diesel(Carbon Chait 8015B glass-amber I L Cool 6 C 7 days/]4 soil(4) 

Semi-Volatiles (BNAs) 625/8270 glass-amber I L Cool 6 C 7 days/I 4 soil(4) 

Pesticides & PCBs 608/8081 glass-amber 1 L Cool 6 C 7 days/I 4 soil(4) 

Phosphorous Pests. 614,622/8141 glass-amber 1 L Cool 6 C 7 d8ys17 sod4
) 

Herbicides 615/8151 glass-amber lL Cool 6 C 7 daysl14 soil(4) 

Polynuclear Aromatics 610,8310 glass-amber lL Cool 6 C 7 daysl14 soil(4) 

Haloacetic Acids 552.2 glass-amber 250 ml Cool 6 C, 5mg NH4CI/50ml 14 days(4) 

Carbamate Pesticides 632 glass-amber I L Cool 6 C 7 days(4) 

EDB/DBCP 504 glass 2 40ml vials Cool 6 C, Na2S203 14days 

Metals 

Mercury 245.117470 poly 500 ml RN03 topH<2 28 days 

Chromium VI 218.6/SM3500 Cr-D poly 500ml Coo16 C/filter, NH4/S04 to pH9.3-9.7 28days 

7199/7196 poly 500ml Cool 6 C 24 hours 

Organic Lead DHS (LUFT) glass-amber lL Cool 6 C 14 days 

All Other Metals 200/6000/7000 poly 500 ml RN03 to pH<2 6 months 
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Inorganic & Wet Chemistry 

Alkalinity 310.1/SM2320B po Iy or glass SOO ml Cool 6 C 14 days 

COD 410AISMS220C/SMS220D poly or glass SOOml Cool 6 C, H2S04 to pH<2 28 days 

BOD 40S.1/SMS21OB poly or glass lL Cool 6 C 48 hours 

Chloride 300 poly or glass SOO ml None 28 days 

Cyanide 33S.1/33S.2/9010B/4S00CN poly or glass 1 L Cool 6 C, NaOH to pH> 1 2(5) 14 days 

Cyanide 33S.4/9012A 

Flashpoint 101011030 poly or glass SOOml None N/A 

Fluoride 
3UU.UI.HU.L/:::iM411UH/:::iM 

poly or glass SOOml None 28 days 
.1 ,\()()_Fr 

Hardness 200.7/SM2340B/SM3120B poly or glass SOOml RN03 or H2S04 to pH<2 6 months 

Nitrate, Nitrite 
3S3.2/SM4S00-

poly or glass SOOml Cool 6 C 48 hours 
N03F/300.0/SM4l lOB 

Total NitratelNitrite-N 
jJj .LI:::iM4JUU-

poly or glass SOOml Cool 6 C, H2S04 to pH<2 28days 
N()1FI1()() nl1::M.111 m=l 

Oil & Grease 1664A/SMSS20B glass-amber I L Cool 6 C, H2S04 to pH<2 28 days 

Phenols 420.1 glass-amber 1 L Cool 6 C, H2S04 to pH<2 28 days 

Phosphorous (Total) 365.21SM 4S00-PE poly or glass SOO ml Cool 6 C, H2S04 to pH<2 28 days 

Phosphate (Ortho) 36S.2/SM 4S00-PE poly or glass SOO ml Cool 6 C 48 hours 

pH 
150.1/SM4S00-

poly or glass SOOml None Immediate 
HB/9040B/904SC 

Turbidity EPA 180.1 poly or glass 100ml Cool 6 C 48 hours 

Solids (TDS, TSS, TS) 160.11160.2/160.3/SM2S40C poly or glass SOOml Cool 6 C 7 days 

Specific Conductance 120.I/SM2S10B poly or glass SOOml Cool 6 C 28 days 

Total Sulfide 3 76.2/SM4S00-SDF 19034 poly or glass SOOml Cool 6 C, ZnC02CH3+NaOH pH>9 7 days 

Soluble Sulfide 3 76.2/SM4S00-SDF 19034 poly or glass SOOml Cool6C Immediate 

TRPH 418.1 glass-amber lL Cool 6 C, H2S04 to pH<2 28 days 

TOC 41S.1/SMS310B glass-amber 2S0ml HCLto pH<2 7 days 

TOX 9020 glass-amber 500ml RN03 topH<2 28 days 

Ammonia 3S0.2/SM4S00-NH3C,G poly or glass SOOml Cool 6 C, H2S04 to pH<2 28 days 

TKN 3S1.2 poly or glass SOOml Cool 6 C, H2S04 to pH<2 28 days 

Chlorite 300 poly or glass SOOml Cool 6 C, EDA 48 hours 
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Radioactivity 

Bioassay (Effluent) 
MBAS 
Disolved C02 in Water 

Notes: 

9000 

600/4-85/01 
EPA425.1ISM5540C 

SM4500-C02 

Any 

poly or glass 
poly or glass 
poly or glass 

IL 

5 Gallons 
250ml 
250ml 

(1) Soil samples are typically collected in brass or steel tubes and wide mouth jars (500ml) 
(2) Unless otherwise stated, holding times apply to soil and water matrices. 
(3) To extend the holding time to 14 days, prepare bottle with HCL to pH<2 

HN03 to pH<2 

Cool 6 C 
Cool 6 C 
Cool 6 C 

(4) Holding times shown are days until extraction. Samples have a 40-day (7-day for 552.2) holding time after extraction. 
(5) If chlorinated, add 0.6g Ascorbic Acid 
(6)If soil samples are in EnCore, the holding time is 48hours. Freezing the unpreserved sample can extend the holding time up to seven days. 0 

7 days 

36hr 
48hours 

Immediate 
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APPENDIX D 

Department 

I;]Zi 
!~'; 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 
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Capital Equipment Inventory 

Last Update: June 2009 

Instrument Description Quantit Serial No. Date 

;If>~,:;''!!'''!;! I • 1fi!1f~li'ii!;l :; \~~T~~fk~~ 

Perkin Elmer FIMS400 Flow 1 4543/3670 
Injection Mercury Analyzer with 
AS90 Autosampler and Data 
System 
Lachat FIA+ Quickchem 8000 1 A83000-131 5 
Flow Injection Analyzer with 
Autosampler and Data System 
Lachat Colorimeter (1 Omm path) 1 

Lachat Manifold (N02/N03) 
1 10_107_04_0 

Lachat Manifold (NH3-N) 
1 10_107 _06_1-A 

Lachat Manifold (TKN) 1 10_107_06_2-E 

Lachat Manifold (CN) 1 10_204_00_1-A 

Lachat Manifold (TKP) 1 10_115_01_1-P 

Dionex 2000 Ion 1 96030596 
Chromatograph with 
Autosampler, ASRS Supressor, 
CD20 Conductivity Detector and 
data _syst€lm - Syst€lm I 
Dionex 2000 Ion 1 97020907D99100 
Chromatograph with 1 
Autosampler, ASRS Supressor, 
ED40 Electrochemical Detector 
and data system System I 
Dionex 2000 Ion 1 01090605 
Chromatograph with 
Autosampler, ASRS Supressor, 
CD25 Conductivity Detector and 
data system (perchlorate 
analysis) System II 
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Dionex 2000 Ion 
Chromatograph with 

Chemistry 
Autosampler, AD25 Absorbance 
Detector and data system 
(hexavalent chromium analysis) 
- System 11 
Dionex 3000 Ion 
Chromatography with AS 
Autosampler, Dual Pump, EG 

Chemistry 11 KOH cartridge, EG, CR-ATC 
Continuously Regenerated 
Anion Trap Column and CD 
conductivity Detector 

Chemistry 
Tekmar Dohrman DX-2000 TaX 
Analyzer with data system 

Chemistry 
Horizon Oil and Grease 
Analyzer System 

Chemistry 
UCT -Enviro-Clean Universal Oil 
and Grease XF 

Chemistry 
Shamidzu Spectrophotometer 
UV1700 

Chemistry Mettler AE 163 Scale 
Chemistry Mettler AE163 Scale 
Chemistry Mettler AE200 Scale 
Chemistry Mettler PE3000 Scale 
Chemistry Denver APX-323 Scale 
Chemistry Sartorius BA61 Scale 
Chemistry Labconco 65200-00 Rapidstill II 
Chemistry Labconco 65200-00 Rapidstill II 

Chemistry 
Fisher Scientific Coulomatic K-F 
Titrimeter 

Chemistry Beckman T J-6 Centrifuge 
Chemistry Eppendorf 5415C Centrifuge 

Chemistry 
Drying Oven 
Precision/Thelco130DM 

Chemistry 
Drying Oven - Scientific 
Products DX31 

Chemistry PH Meter Beckman 31 
Chemistry PH Meter Thermo ORION 720A 
Chemistry PH Meter Thermo ORION 710A 
Chemistry Turbidity Meter Hach 2100N 

Chemistry 
Turbidity Meter Orbeco 
TB-200-10 

Chemistry 
Conductivity Meter 
Thermo/Orion 3 Star 

Chemistry 
pHIISE Bench Top 
Thermo/Orion DualStar 

Chemistry Fume Hoods 

1 

1 

1 

1 

1 

1 

1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 

1 

1 
1 
1 
1 
1 

1 

1 
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01120109 

08110325 
08110200 

98023001 

06-2059 2006 

2010 

A110244 2007 

D14314 
WB1225 
J79480 
F17120 

A33015028 
30701480 

051044717E 
990192069E 

842 

7A055 
5415B67934 
605031244 

124030 

K711071 
67511 
57736 

99020000-5174 
? 2010 

16835 2007 

E01600 
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Chemistry Water Baths 

Chemistry BOD Incubator 
Chemistry Refrigerator 
Chemistry Rapid Oigestor Labconco 23012 
Chemistry Heater/Stirrer Fisher Isotemp 
Chemistry Heater Thermolyne Cimerac 3 
Chemistry Shaker Erbach 6000 
Fish Toxicity 5 Gallon Tanks 

Fish Toxicity 
Disposable Tanks (approx. 3 
Gallons each) 

Fish Toxicity 30 Gallon Tank 
Fish Toxicity 25 Gallon Tank 
Fish Toxicity Air Pumps 
Fish Toxicity Circulation Pump 
Fish Toxicity pH Meter 
Fish Toxicity Recording Thermograph 
Fish Toxicity YSL Model 50B DO Meter 

Varian 3400 GC with FlO & PIO 

VOA-GC 
(VOA-GC3), concentrator LSC 
2000 and Data System 

Varian 3400 star GC with FlO & 

VOA-GC 
PIO, Archon autosampler, 
concentrator Tekmar 3000 and 
data system (VOA-GC 1) 
Varian 3300 GC with FlO & PIO, 

VOA-GC 
Archon Aautosampler, 
concentrator 0-/ 4560 and data 
system (VOA-GC2) 
Varian 430 GC with FlO, 

VOA-GC autosampler CP 8400 and data 
system (SVOA-GC22) 
Agilent 6890N GC with FlO, 

VOA-GC autosampler 7683B and data 
system (SVOA-GC20) 
Varian CP-3800 GC with FlO & 

VOA-GC 
PIO, Archon autosampler, 
concentrator LSC 3000 and 
data system (VOA-GC6) 
Varian CP-3800 GC with FlO & 

VOA-GC 
PIO, Archon autosampler, 
T ekmar 2000 concentrator and 
data system (VOA-GC5) 

VOA-GC 
Varian 3300 GC with FlO, and 
data system (VOA-GC4) 

VOA-GC 
Varian 3400 GC with FlO, 
Varian 8100 autosampler and 
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3 2 Fisher120, 
1 Precision180 

3 Fisher307 
1 
1 990891743E 
1 504N0178 
1 
1 402N0036 2007 

130 
100 

3 
2 
10 
1 
1 
1 
1 
1 1991 

1 1989 

1 1989 

1 GC0901B304 2009 

2 CN44130843 2005 
CN10540091 

1 1999 

1 2004 

1 1986 

1 1990 
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data system (SVOA-GC21) 

VOA-GC 
Varian 3400 GC with TCD 
(VOA-GC7) 

VOA-GC TCLP Rotary Agitators - ZHE 

VOA-GC TCLP ZHE Extractors 

VOA-GC TCLP Pressure Filters 

Varian Model 3800 gas 
chromatograph with Varian 

VOA-GC/MS 
Saturn 2200 MS Detector, 
Archon Autosampler, Tekmar 
velocity concentrator and Data 
Station (VOA-MS7) 6.6 
Varian Model GC3900 with 
Saturn 21 OOT, Archon 

VOA-GC/MS Autosampler, T eckmar 
Concentrator LSC31 00 and MS 
Workstation 6.9 
Varian Model 3800 gas 
chromatograph with Varian 

VOA-GC/MS 
Saturn 2000 MS Detector, 
Archon Autosampler, Tekmar 
LSC 3000 and Data Station 
(VOA-MS61 6.9 
Varian Model 3800 gas 
chromatograph with Varian 

VOA-GC/MS 
Saturn 2000 MS Detector, 
Archon Autosampler, Eclipse 
4660 and Data Station (VOA-
MS5) 6.9 
Varian Model 3800 gas 
chromatograph with Varian 

VOA-GC/MS Saturn 2000 MS Detector, 
Archon Autosampler, LSC 3100 
and Data Station (VOA-MS4)6.9 
Varian Model 3800 gas 
chromatograph equipped with 
Varian Saturn Model 2000 MS 

VOA-GC/MS Detector (VOA-MS3), Archon 
Autosampler, Tekmar Velocity 
XPT autosampler and Data 
Station 6.9 
Varian Model 3800 gas 
chromatograph equipped with 

VOA-GC/MS 
Varian Saturn Model 2000 MS 
Detector, 2 flame ionization 
detectors, and a Lotus air 
sampling system. (VOA-MS1)6.9 

1 

1 

4 

2 

1 

1 

1 

1 

1 

1 

1 
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1988 

04575-10060 2003 
14086 

2100T- 2008 
6508102076 

4443-6028 2001 
13329 

3810-3780 1999 
0632466635 

13073 

3811-3781 1999 
13345 

2005 
Saturn2000-3792 

13075 

2000-48397315 2001 
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Shimadzu GC-2010IGCMS-

VOA-GC/MS 
QP2010 Entech Model 7100AR 
Concenrator, Entech 7016CA 
2.53 Lab Solution 

Microbiology 
Castle Thermatic 60, 20x24 
Autoclave, Automatic 

Microbiology 
Market Forge Sterilmatic 
Autoclave 

Microbiology Wesco, 4 Objective Microscope 
Microbiology B&L Dissecting Microscope 
Microbiology Lab-Line Imperial III Incubator 
Microbiology Baush & Lomb Refractometer 
Microbiology VWR 1555 Incubator 
Microbiology VWR Incubator, 40 cubic ft. 
Microbiology Thermo Scientific Waterbath 
Microbiology Fisher Scientific C02 Incubator 

Microbiology 
Baxter Scientific Product Vortex 
Mixer 

Microbiology Sartorium Universal Balance 
Microbiology Colony Counter 

Office Data Handling Brother Fax 

Office Data Handling Kyocrea Copiers and Printers 

Office Data Handling 
L1Ms Computer System (39 
stations) 

Office Data Handling Sample Master Version 8.0 
Office Data Handling HP Laserjet Printers 
Office Data Handling Kyocera Ecosys Printer 

Office Data Handling 
Lexmark Printers(T -644, 622, 
520) 
Agilent 6890N gas 
chromatograph with a Agilent 

SVOA 5973 Mass Selective Detector 
and a Agilent 7683B automatic 
injector 

SVOA Shimadzu 2010 GCMS 

Hewlett Packard 5890A Series II 
SVOA GC, dual ECD detectors, 

Autosampler and Data Station 
Varian 3400 GC, dual ECD 

SVOA detectors, Autosampler (GC-
3400) 

SVOA 
Varian 3800 GC, dual ECD 
detectors, Autosampler (GC#1) 

1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
2 

6 

1 

1 
4 
2 
3 

1 

1 

1 

1 
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2010 

MFC-8460N 

KM-8030 
KM-4050 

KM-2560J4) 

CN10502043 2005 
US44647151 
Cn45131647 

C70384350031 2006 

3022A28956 1990 

14304 1991 

2771 
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Varian 3800 GC, dual ECD & 
SVOA PFPD detectors, Autosampler 

(GC#2) 
Varian 3800 GC, dual ECD & 

SVOA PFPD detectors, Autosampler 
(GC#3) 

SVOA 
Varian 3400 GC, FlO detector, 
Autosampler (GC-Alcohol) 

SVOA 
Waters Dimension II GC, ECD & 
FlO detectors, data system 
Shimadzu SCL-10A VP System 
Controller, LC-10AT Pumps, 

SVOA Autosampler, SPD-M10A VP 
Diode Array Detector, Data 
System 
Shimadzu GC-2010, dual 

SVOA 
injectors, dual ECD detectors 
(ECD#1, ECD#2), Autosampler 
and workstation 

SVOA 
Dionex ASE 200 Accelerated 
Solvent Extractor and Controller 

SVOA 
Dionex ASE 200 Accelerated 
Solvent Extractor and Controller 

SVOA 
Zymark Turbo Vap II 
Concentration Workstations 

SVOA 
Ohaus Brainweight B1500D 
T oploader Balance 

SVOA Boekel 1494 Steam bath 
SVOA Fisher Isotemp 228 Steam bath 
SVOA Fume Hoods 
SVOA Varian 3300 GC (Drying Oven) 

SVOA 
B. Braun Braun-Sonic U 
Ultrasonic probe and generator 

SVOA 
VWR 1350G Drying Oven, 

I gravity 

SVOA 
Precision Scientific 16 Drying 
Oven, gravity 

SVOA 
National Appliance Drying 
Oven, gravity 
Gas-Flow proportional counting 

TOC/RAD system -- Protean Instr., Model 
9025. 
Geiger-Mueller Counter 

TOC/RAD (portable) -- S.E. IntI. Model 
4EC 
Infrared Heater and Stand 

TOC/RAD (Fisher Scientific, Model 11-504-
5 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 

1 
2 
5 
1 
1 

1 

1 

1 

1 

1 
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6056 2000 

9085 2000 

6692 1989 

GC2-8901009 

C2103750927US 2000 

C11324101922 2003 

1060057 2001 

97060620 2000 

2000 

11532 

2000 

5415 1988 

1991 

1991 

1991 
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TOC/RAD 
Labconco Model 59000 
Chemical Fume Hood 

TOC/RAD 
Mettler Model H35AR Analytical 
Balance 

TOC/RAD 
Dessicator, Nalgene Model 8-
642-21 

TOC/RAD 
TOC Analyzer, Shimadzu, TOC-
5000 
Shimadzu TOC-VCSH Total 

TOC/RAD Organic Carbon Analyzer, AlS 
and Data System 
PE Sciex Elan 6100 ICP-MS 

AAlICP Metals with auxiliary data system and 
Cetac autosampler/diluter 
Perkin Elmer Optima 4300DV 

AAlICP Metals ICP with AS93+ autosampler 
and data system 

AAlICP Metals Perkin Elmer Aanalyst 100 AA 
AAlICP Metals MSI Computer 
AAlICP Metals TCLP Rotary Agitators 
AAlICP Metals Air Compressor - Craftsman 
AAlICP Metals Fume Hood - 6 Ft. 
AAlICP Metals Safeaire Fume Hood - 4 Ft 

AAlICP Metals 
Environmental Express Hot 
Blocks 

1 

1 

1 

1 

1 

1 

1 
1 
2 
1 
2 
2 
2 
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STANDARD OPERATING PROCEDURE FOR DETERMINATION AND UPDATING OF 
MDUDLR DETECTION LIMITS 

PURPOSE 

1. This Standard Operating Procedure summarizes the procedure for determining MDLs 
(Method Detection Limit) and DLR (Reporting Detection Limit), in addition to the procedure 
for updating and revising current MDLs and DLRs. 

DETERMINATION OF MDL 

1. Prepare and analyze seven replicate spike solutions: 

1.1. Prepare one spiked bulk solution for each matrix at 1-5 times the estimated detection 
limit. The volume should be sufficient to prepare and analyze seven or more samples. 
The solution should be spiked with all analytes of interest. 

1.2. Prepare seven or more aliquots of the spiked solution per the normal method of 
preparation (process through the entire analytical method). 

1.3. Analyze all the aliquots by normal analysis procedures (QA samples such as spikes, 
duplicates, LCS and PB are not required). 

1.4. Calculate the standard deviation (n-1) of the seven results. For seven replicates 
multiply by 3.14 to calculate the MOL value for each analyte. (NOTE: Use the factor 
3.14 only for seven replicates, other factors are given in the EPA reference noted 
below). 

1.5. More than 7 aliquots can be analyzed. If more than 7 aliquots are analyzed, then all 
values must be used in calculating the MOL. Use the Student's t value at the 99% 
confidence level for the number of replicates. 

2. The MOL should be determined at least once a year for each analyte, each analytical 
method and each matrix (solid, water, etc). The MOL should be re-run whenever there is a 
significant change in instrumentation or procedure. 

3. An MOL check sample at approximately 2 x MOL should be analyzed to verify the 
reasonableness of the MOL values obtained. The MOL check sample should be prepared 
the same way as the MOL check solutions. All analytes should be detected in the MOL 
check sample, or the MOL study should be modified and repeated for the analytes which are 
not detected. 

DETERMINATION OF REPORTING DETECTION LIMIT (DLR) 
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1. Prepare and analyze one or more samples at the estimated reporting limit: 

1.1. Prepare one or more samples at the estimated reporting limit using the normal 
preparation procedure (process through the entire analytical method). QA samples 
such as spikes, duplicates, LCS and PB are not required. 

1.2. Analyze the sample by the normal analysis procedure. 

1.3. The analytical result must be 75-125 percent of the spike value. If not, increase the 
concentration until this accuracy can be achieved. 

2. The concentration at which the spike recovery of 75-125% can be achieved is the Reporting 
Detection Limit (DLR). 

UPDATING & REVISING MDUDLRVALUES: 

1. Every year, each department is required to submit their MDLs for each analyte and each 
analytical method to the QC department. 

2. The QC department will then incorporate the current MDLs into the LlMS system for each 
analytical method (NOTE: In the LlMS, there may be several test codes for a particular 
analytical method. It is important that the MDLs for ALL test codes in the LlMS be updated). 

3. After the MDLs for a particular test have been changed, the specs for that test are printed 
out and kept on file by the QC department, and a copy is returned to the analyst. 

4. The QC department shall keep track of all changes in the MDLs through an MOL Master 
Tracking List, which contains the following information: 

4.1. The date the MOL for a particular test was updated. 

4.2. The date the MOL was run. 

4.3. The LlMS test code and test name for each test in which the MDLs have been updated. 

4.4. The corresponding analytical method for each test. 

4.5. Any additional comments for documenting any pertinent information or noting any 
unusual peculiarities in the database (e.g., some analytes that are missing DLRs, MDLs 
that are greater than the DLR, etc.). 

5. The MOL must never exceed the DLR. If the MOL is equal to or greater than the DLR then 
the following steps must be taken: 

5.1. If the MOL is greater than the DLR for one or more analytes, then the MOL should be 
re-run or the DLR should be adjusted if possible. 
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5.2. If the MOL is equal to the OLR, then this must be reviewed by the QC department as 
well as the department supervisor to determine if such a scenario is acceptable. 

5.3. All cases in which the MOL is greater than or equal to the OLR, including any steps 
taken to remedy the situation, must be noted in the MOL Master Tracking List. 

REFERENCES: 

1. 40 CFR, Chapter 1, Pt. 136, App.B (7-1-86 Ed). 

2. NELAC Quality Systems Revision 16, July 12, 2002. 
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NON-CONFORMANCE CRITERIA AND DOCUMENTATION PROCEDURES 

QA Samples - Corrective Actions: 

1. Lab Control Sample (LCS- W for water samples, S for soil samples), the acceptance 
criteria for the LCS is 80 - 120 percent of true value or the current control limits. If not, 
all samples in the batch must be re-prepared and re-analyzed. 

2. Method Blank (MBW for water samples, MBS for soil samples), the result must be less 
than the reporting limit for each element, or less than 1/10 the lowest sample in the 
batch. If not, all samples in the batch must be re-prepared and re-analyzed. 

3. Matrix Spike Sample (MS), recovery should be 75 - 125, if not the sample result should 
be flagged for potential matrix interference for each element showing poor recovery. 
(For metals analyses, a post- digestion spike should be done for any element with poor 
matrix spike recovery). 

4. Matrix Spike Duplicate (MSD), the relative percent difference between the MS and MSD 
should be less than 20 percent. If not the analysis should be repeated or the result 
flagged for precision out of limits. 

5. Surrogate Recovery, the surrogate recoveries should be within the current control limits 
for all methods where surrogate recoveries apply. If the surrogate recoveries are 
outside control limits, the results should be flagged for potential matrix interference for 
each analyte showing recovery outside the control limits. If the surrogate recoveries for 
the LCS or Method Blank are outside control limits, all samples in the batch must be re
prepared 1 re-analyzed, unless it can be determined that the poor recovery was due to a 
problem specific to that sample only. 

Non-conformance Documentation Form (NCD): 

1. Non-conformances such as QA limit failures which can not be corrected by re-analyses, 
client requirements which cannot be met or standard method modifications are 
documentated by initiating a Non-Conformance Document Form (NCO). A copy of the 
NCO Form is attached. 

2. The NCO form is initiated by the analyst in the event of a QC sample exceeding control 
limits or other known non-conformance to the analytical method or client requirements. 
The NCM may also be initiated by the project manager or department manager in the 
event client requirements are not met or other analytical problems are discovered. 

3. After the NCO Form is initiated, the corrective action must be determined and agreed 
upon by the department manager or supervisor and the QA Manager. This is 
documented and signed by the department manager in the second part of the NCO 
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4. The QA Manager then completes and signs the final part of the form. If necessary, 
verification of the corrective action is documented in this section. 

5. A copy of the form is included in the affected data package or the client is notified as 
appropriate. The original is filed in the Corrective Actions File which is maintained by the 
QA Manager. 
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Associated Laboratories 
Non-Conformance Document 

Date: __________ _ Document File #: 

Lab Request: _______ _ Type of 
NCO: ---------
Client 10: ________ _ (QA Limits, Client Req, Other) 
Department: ________ _ 

Description of Non-Conformance: 

Signed (Initiator) Date: 

Description of Corrective Action: 

Signed (Supervisor): Date: 

QA Manager Approval: 

Signed (QA Manager): Date: 
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1 1 
Edward S. Behare Edward S. Behare 

Chemistry AAiICP 

Hanh Khong Anne Liem 

Lien Trinh Nina Feng 

Cathy Mancini Metha DeJong 

Stephen Hejny Kedy Nguyen 

Dung Khong 

Duong Vu 

Hang Trinh 

Wei Wang 

Michelle Stewart 

Trinh Pham 

Hue Dao 

Ana Estevez 

ASSOCIATED LABORATORIES 
LAB ORGANIZATION CHART 

Edward S. Behare Tito L. Parola I Robert Webber 

Vice President President Vice President 

1 
Hongling Cao Project Managers 

QA Manager I Glenda Kennard-Asst 

Danielle Roberts 

Debra Morgan 

Kristen Walker-Asst 

1 
Sarmad Dadah John Yokoyama Faad Hashemi 

SVOA VOA Microbiology 

Hoan Tran Thu Nguyen Roxana Guerra 

Humildad Eslava Liaoyuan Zhang Hao Tran 

Roger Brown LyTa Robert Barahand 

Gustavo Gomez EnmeiWang Henry Avila 

Greg Hess Anca Florea 

Henry Coulter Ryan Parker 

Zhaonong Zhuang 

1 -I 
1 

Natilya Afendikova Quang Pham Max Montiel 

Sample Receiving TOC Field 

Juan Montoya Bioassay Personnel 

Mylissa Eckert Trung Do Roberto Gaitan 

Thu Khong Eddy Hernandez 

Alex Lopez 

Kevin Nguyen 

Hector Polo 

Francisco Rodriguez 

I 

I 
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APPENDIX H 

CURRENT STANDARD OPERATING PROCEDURES 

Oocument SOP 
# 
A-0001 SOP for Writing SOPs 
A-0002 Updating/Control of SOPs 
QA Manual SOP for MDLs 
A-0004 Control Charts 
QA Manual Non-Conformance 
A-0006 Data Packaging 
A-0007 Ethics and Data Integrity Policies and 

A-0008 
A-0009 
A-0010 
A-0011 
A0012 
A0013 
A0014 
A0015 
8-0003 
8-0004 

8-0005 
8-0007 

8-0008 
8-0009 
C-0001 
C-0002 
C-0003 
C-0004 
C-0005 
0-0001 

0-0002 

0-0003 

0-0004 

Training 
Internal Quality Audit Program 
Purchasing services and supplies 
Document Control 
Subcontracting Laboratory Analyses 
Data Backup and Verification Procedure 
Data Auditing and Access Procedures 
PT Samples 
Imported Soils 
8015 Diesel SOP 
8015 gas/BTEX SOP 

TRPH SOP 
Dissolved Gas in Water by GC 
Headspace 
8015/8021Air 
8015CarbonChain 
Purgeable Organics 
Purgeable Organics 
SVOCs by GC/MS 
VOCs by GC/MS 
SVOCs by GC/MS 
Acidity 

Alkalinity 

pH 

TDS 
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Test Method (if Department 
applicable) 

QC 
QC 
QC 
QC 
QC 
QC 
QC 

QC 
QC 
QC 
QC 
QC 
QC 
QC 
QC 

EPA 8015 Diesel VOA-GC 
EPA 8015 VOA-GC 
Gas/8021 BTEX 
EPA418.1 
RSK - 175 

EPA 8015B 
EPA 524.2 
EPA 624 
EPA 625 
EPA 8260B 
EPA 8270C 
EPA 305.1 1 SM 
2310B 
EPA 310.11 SM 
2320B 
EPA 150.1 ISM 
4500H-B 
EPA 160.1 ISM 
2540C 

VOA-GC 
VOA-GC 

VOA-GC 
VOA-GC 
VOA-GCMS 
VOA-GCMS 
VOA-GCMS 
VOA-GCMS 
VOA-GCMS 
Chemistry 

Chemistry 

Chemistry 

Chemistry 
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0-0005 TSS EPA 160.21 SM Chemistry 
25400 

0-0006 Volatile Solids EPA 160.4 1 SM Chemistry 
2540E 

0-0007 Anions by IC EPA 300 1 SM Chemistry 
4110 

0-0008 Bromide by IC EPA 300.1 Chemistry 
0-0009 Perchlorate EPA 314 Chemistry 
0-0010 Cyanide EPA 335.1 & Chemistry 

335.21 SM 
4500-CN 1 
SW8469010B 

0-0011 Ammonia-N EPA 350.1 1 SM Chemistry 
4500-NH3-G 

0-0012 TKN EPA 351.2 1 SM Chemistry 
4500-Norg 

0-0013 TKN EPA 351.3 1 SM Chemistry 
4500-Norg 

0-0014 N itrate/N it rite-N EPA 353.2 1 SM Chemistry 
4500-N03-E 

0-0015 T otal/Ortho-P EPA 365.2 Chemistry 
0-0016 TKP EPA 365.4 Chemistry 
0-0017 Mercury in Water EPA 245.11 Chemistry 

SW8467470A 
0-0018 Reactive Cyanide SW846-7.3.3 Chemistry 
0-0019 Reactive Sulfide SW846-7.3.4 Chemistry 
0-0020 Oil & Grease EPA 1664 Chemistry 
0-0021 BOD EPA 405.1 1 SM Chemistry 

5210B 
0-0022 COD (Hach) EPA 410.4 Chemistry 
0-0023 Silica EPA 370.1 1 SM Chemistry 

4500 Si-D&E 
0-0024 Sulfide (Iodometric) EPA 376.1 1 SM Chemistry 

4500S 1 SW846 
9034 

0-0026 Total Phenolics EPA 420.1 1 SM Chemistry 
55301 SW846 
9065 

0-0027 Chlorine EPA 330.5 1 SM Chemistry 
4500CI-G 

0-0028 UV absorbance SM 5910B Chemistry 
0-0029 Settleable Solids EPA 160.51 SM Chemistry 

2540F 
0-0030 Conductivity EPA 120.1 1 SM Chemistry 

25101 SW846 
9050A 

0-0031 Turbidity EPA 180.11 SM Chemistry 
2130B 
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0-0032 Corrosivity EPA 1110 Chemistry 
0-0033 COD (Titrimetric) EPA410.1, Chemistry 

410.2 & 410.3 1 
SM 5220B 

0-0035 Ignitability SW8461010 Chemistry 
0-0036 Sulfide (Colorimetric) EPA 376.2 1 SM Chemistry 

4500S-D 
0-0037 Fluoride EPA 340.2 1 SM Chemistry 

4500F-C 1 
SW8469214 

0-0038 Cyanide EPA 335.4 1 Chemistry 
SW8469012A 

0-0039 Ammonia-N (Titration) EPA 350.2 1 SM Chemistry 
. 4500-NH3-C 

0-0040 Total Solids EPA 160.31 SM Chemistry 
2540B 

0-0041 Color EPA 110.21 SM Chemistry 
2120B 

0-0042 Cr (VI) SM 3500 Cr-D 1 Chemistry 
SW8467196A 

0-0043 Cr (VI) by IC EPA 218.6 Chemistry 
0-0045 MBAS EPA 425.1 1 SM Chemistry 

5540C 
0-0046 Chloride (titration) EPA 325.3 1 SM Chemistry 

4500-CI 
0-0047 DO (Probe) EPA 360.1 1 SM Chemistry 

4500-0-G 
0-0048 DO (Titration) EPA 360.2 1 SM Chemistry 

4500-0-C 
0-0049 pH in Soil SW8469045C Chemistry 
0-0050 Mercury in Solid SW8467471A Chemistry 
0-0051 Total Sulfides SW8469030B Chemistry 
0-0052 Cr (VI) EPA 7199 Chemistry 
0-0053 Oil and Grease For Soil EPA 9071B Chemistry 
0-0054 pH for Soil EPA 9040B Chemistry 
0-0055 Total and Amendable CN Automation SW8469012A Chemistry 
0-0056 Total and Amendable CN Manual SW8469014 Chemistry 
0-0057 Sulfite EPA 377.1 Chemistry 
0-0058 Salinity SM210-C Chemistry 
E-0001 Micro- CC Control Cultures Microbiology 
E-0002 Micro-HPT Heterotrophic Microbiology 

Plate Count 
E-0003 Micro-MNO/MUG Coliform by Microbiology 

MNO-MUG 
E-0004 Micro-Coliform (MTF) Coiliform by Microbiology 

MTF in Waste 
Water 

E-0005 Micro-Coliform (MTF) Coliform by MTF Microbiology 
in Drinking 
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Water 

E-0006 Micro - Strep (MF) Strep by MF Microbiology 

E-0007 Micro - Strep (MTF) Strep by MTF Microbiology 

E-OOOB Micro - Autoclave Water Suitability Microbiology 
E-0009 Micro - WS Coliform by MTF Microbiology 

in Drinking Water 
E-0010 Micro - Inhibitory Residue Microbiology 

E-0012 Micro - Coliform (MF) Coliform by MF Microbiology 
in Waste Water 

E-0014 Micro Sampling Microbiology 
F-0001 Metals by ICP EPA 200.7 Metals 
F-0002 Metals by ICP EPA 6010B Metals 
F-0003 Metals by ICP-MS EPA 200.8 Metals 
F-0004 Metals by ICP-MS EPA 6020 Metals 
F-0005 Metals by AA EPA 7420 1 SM Metals 

3111 B 
F-0006 STLC STLC Metals 
F-0007 TCLP EPA 1311 All 

applicable 
labs 

F-OOOB Metals Prep EPA 3010A Metals 
F-0009 Metals Prep EPA 3050B Metals 
G-0001 TOC EPA 415.1 1 SM TOC/Bioass 

5310B ay 
G-0005 Aquatic Bioassay 013 EPA 600/4- TOC/Bioass 

851013 ay 
G-0006 Reference Toxicant 013 EPA 600/4- TOC/Bioass 

851013 ay 
G-0007 Aquatic Bioassay 027F EPA 600/4- TOC/Bioass 

85/027F ay 
G-OOOB Reference Toxicant 027F EPA 600/4- TOC/Bioass 

85/027F ay 
G-0009 Aquatic Bioassay in Hazardous Waste TOC/Bioass 

ay 
G-0010 Reference Toxicant in Hazardous Waste TOC/Bioass 

ay 
G-0011 Aquatic Toxity Bioassay-B TOC/Bioass 

ay 
H-0001 Organochlorides EPA 608 Pesticides 
H-0002 Organochlorides EPA 8081 Pesticides 
H-0003 PAHs EPA 8310 Pesticides 
H-0004 PCBs EPA 8082 Pesticides 
H-0005 Chlorinated Phenoxy-Herbicides by GC EPA 8151 Pesticides 
H-0006 L-L Extraction EPA 3510C Pesticides 
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H-0007 
H-0008 
H-0009 
H-0010 
H-0011 
H-0012 
H-0013 
J-0001 

J-0002 

J-0003 

J-0004 

J-0005 

J-0007 

J-0008 

J-0009 

J-0010 

J-0011 

J-0012 

J-0013 

J-0014 

J-0016 

Ultrasonication 
PF Extraction 
EDB, DBCP & TCP by GC 
EDB & DBCP by GC 
OP Pesticides by GC 
Haloacetic Acids 
1 A-Dioxane (NOMA, NDEA) 
Inorganics Glassware Cleaning 

Thermometer Cal. 

Balance Calibration 

Reagent Water Mon. 

Pipette Calibration 

Soil Sub-Sampling and Compositing 

Field Sampling 

Organic Glassware Cleaning 

Laboratory Hazardous Waste Disposal 

Analytical Standards 

Project Management 

Retention Time Windows 

sampling and chain of custody procedures 

Preparation of Sample Contaimers
Preservatives 

EPA 3550B 
EPA 3545 
EPA 504.1 
EPA 8011 
EPA 8141 
EPA 552.2 
EPA1625M 
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Pesticides 
Pesticides 
Pesticides 
Pesticides 
Pesticides 
Pesticides 
Pesticides 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
Sample 
Receiving 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 

RB-AR41401



J-0017 

J-001B 

Manual Integration 

pH MEASUREMENT AND METER 
MONITORING for Field 
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All 
applicable 
labs 
Field 
Personnel 
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SOP Revision 
Schedule 

Department 

QC 

Gas/BTEX 

GCMS 

Chemistry 

Microbiology 

Metals 

Radiochemistry/Bioassay/ 
TOC 

Pesticides 

Others 

A-#### 

B-#### 

C-#### 

0-#### 

E-#### 

F-#### 

G-#### 

H-#### 

J-#### 
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SOP Revision Month 

July 

July 

July 

July 

July 

August 

August 

September 

September 
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ASSOCIATED LABORATORIES 
806 North Batavia - Orange, California 92868 - 714-771-6900 FAX 714-538-1209 

SAMPLE ACCEPTANCE CHECKLIST 

Section 1 
Client: ------------------------ Project _____________________ _ 
Date Received: ------------------ Sampler's Name: Yes No 
Sample(s) received in cooler: Yes No (Skip Section 2) 
Shipping Information: 

Section 2 
Was the cooler packed with: Ice Ice Packs 

__ Paper __ None 
Bubble Wrap _ Styrofoam 
Other ------------------

Cooler or box temperature: _____________________ _ 

(Acceptance range is 2 to 6 Deg. C.) 

Section 3 YES NO 
Was a COC received? 
Is it properly completed? (IDs, sampling date and time, signature, test) 
Were custody seals present? 
If Yes - were they intact? 
Were all samples sealed in plastic bags? 
Did all samples arrive intact? If no, indicate below. 
Did all bottle labels agree with COC? (ill, dates and times) 
Were correct containers used for the tests required? 
Was a sufficient amount of sample sent for tests indicated? 
Was there headspace in VOA vials? 
\Vere the containers labeled with COlTect preservatives? 
Was total residual chlorine measured (Fish Bioassay samples only)? * 
*: If the answer IS no, please inform FISh BIOassay Dept. ImmedIately. 

Explanatioru;/Comments 
I Section 4 

Section 5 
Was Project Manager notified of discrepancies: YIN N/A 

Completed By: _______________ _ Date: --------------------

N/A 
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ASSOCIATED LABORATORIES LAB REQUEST SUMMARY 

Client ID: 1000 

Some Client 
Attn: BB 
1234 Marvel Way 
New York, NY 20007 

Phone:209-200-2001 

Submitter: Client 

Project: Some Project 

Fax: 209-200-~002 

Lab Request: 158450 

Date Received: 10/17/2005 

Project Mgr.: JMM 

BY DATE 

FAX RESULTS II 
Order No.t 658819J Matrix: WATER 
Client Smpl. 10: Sample 1 

Log Date: 10/17/2005@15:15 

Sampled: 10/17/2005 
Method Profile Test Name Analyte 

120.1 120.1 Conductivity All 
150.1 150.1 pH All 
1664 1664 Oil and Grease All 
300.0 300.0 Nitrate as N03 by Ion Chromatography All 
300.0 300.0 Sulfate by Ion Chromatography All 
300.0 300.0 Chloride by Ion Chromatography All 

Order No.1 6588201 Matrix: WATER Log Date: 10/17/2005@15:15 

Sampled: 10/17/2005 Client Smpl. 10: Sample 2 
Method Profile Test Name Analyte 

200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
245.1 

Logged By: JIM 

200.7 ICP Total Metals - Water Only 

245.1 Mercury in Water by Manual Cold 

Calcium 
Copper 
Lead 
Magnesium 
Potassium 
Sodium 
All 

Lab Request 158450 ticket, page 1 of 1 

Due Date: 10/24/2005 

Slatus: Logged 

Service Group 

CHEM 
CHEM 
CHEM 
CHEM 
CHEM 
CHEM 

Due Date: 10/24/2005 

Status: Logged 
Service Group 

ANICP 
ANICP 
ANICP 
ANICP 
ANICP 
ANICP 
CHEM 
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CHEM 

ASSOCIATED LABS RESULTS WORKSHEET FOR LAB REQUEST 158,450 

Order#: 6588191 Client SmpJ ID: Sample 1 Matrix: WATER 

Test # Analyte An. Date Init. DF Result DLR Units 
120.1 Conductivity 1.0 umbos/CIT 

150.1 pH NA 
1664 Non-Polar Oil and Grease 5 mg/L 

1664 Total Oil and Grease 5 mg/L 
-----

300.0 Chloride 1.0 mg/L 

300.0 Nitrate (as N03) 0.44 mg/L 

300.0 Sulfate 1.0 m~ 

Comments: -------------------------------------------------------------------

Order#: I 6588201 Client Smpl ID: Sample 2 Matrix: WATER 

Test # Analyte An. Date lnit. DF Result DLR Units 
245.1 Mercuiy 

. .:. .. '- _ ..... '. . . . . . . . .. 
0.0004 mgIL 

Comments: 

Lab Request 158.450 workshee~ page 1 of 1. .. . 
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AAfICP 

ASSOCIATED LABS RESULTS WORKSHEET FOR LAB REQUEST 158,450 

Order#: I 658820! Client Smpl ID: Sample 2 Matrix: WATER 

Test # Analyte An. Date Init. DF Result DLR Units 

200.7 Calcium 0.10 mgIL 
200.7 Copper 0.010 mgIL 
200.7 Lead 0.005 mgJL 

200.7 Magnesium 0.10 mg/L 
200.7 Potassium 0.50 mgIL 
200.7 Sodimn 0.10 mgIL 

Commen~: ____________________________________________________________________ ___ 

Lab Request 158450 workshee~ page t of I 
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CALIFORNIA STATE 

ENVIRONMENTAL LABORATORY ACCREDITATION PROGRAM BRANCH 

CERTIFICATE OF ENVIRONMENTAL ACCREDITATION 

Is hereby granted to 

ASSOCIATED LABORATORIES 

806 N BATAVIA 

ORANGE, CA 92868 

Scope of the certificate is limited to the 
"Fields of Testing" 

which accompany this Certificate. 

Continued accredited status depends on successful completion of on-site, 
proficiency testing studies, and payment of applicable fees. 

This Certificate is granted in accordance with provisions of 
Section 1 00825, et seq. of the Health and Safety Code. 

Certificate No.: 1338 

Expiration Date: 10/31/2010 

Effective Date: 10/01/2008 

Richmond, California 
subject to forfeiture or revocation 

George C. Kulasingam, Ph.D., Chief 
Environmental Laboratory Accreditation Program Branch 
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MARK B HORTON, MD, MSPH 
Director 

August 4, 2009 

State of California-Health and Human Services Agency 

California Department of Public Health 

EDWARD S. BEHARE, Ph.D. 

ASSOCIATED LABORATORIES 

806 NORTH BATAVIA 

ORANGE, CA 92868 

ARNOLD.SCHWARZENEGGER 
Governor 

Dear EDWARD S. BEHARE, Ph.D.: Certificate No. 1338' 

. This is to advise YOI,l that the laboratory named above has been certified as an environmental 
testing laboratory pursuant to the-pmvisions of the Health and Safety Code (HSC), Division 101, 
Part 1, Chapter 4, Section 100825, et seq. 

The Fields of Testing for which this laboratory has been certified are indicated on the enClosed 
"Fields of Testing." Thecertificate shall remain in effect until October 31,-2010 
unless .it is revoked. This certificate is subject to an annual fee as prescribed by 
HSC 100860(a). 

The application for renewal of this certificate must be received before the expiration date of this 
certificate to remain in force according to the HSC 100845(a). 

Any'changesin laboratory location or structural alterations, which may affect adversely the . 
quality of analysis in the Fields of Testing for which this laboratory has been granted a certificate, 

. require prior notification. Notification is also required for changes in ownership or laboratory 
director within 30 days after the change (HSC, Section 1 00845(b) and (d)). 

Your continued cooperation with the above requirements is essential for maintaining the high 
quality of the data produced by environmental laboratories certified by the State of California. 

If you have any questions, please contact Rosalinda Lomboy at (213) 580-5731. 

Sincerely, 

7~" c.l~ 1---
George C. Kulasingam, Ph.D., Chief 

Environmental Laboratory Accreditation Program Branch 

Enclosure 

Environmental Laboratory Accreditation Program Branch 
850 Marina Bay Parkway, Building P, 1st Floor, MS 0511, Richmond, CA 94804 

Phone (510) 620-3155, Fax (510) 620-3165 
www.cdph.ca.gov/certlic/labs/Pages/ELAP.aspx 
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CALIFORNIA DEPARTMENT OF PUBLIC HEALTH 

ENVIRONMENTAL LABORATORY ACCREDITATION PROGRAM 

Accredited Fields of Testing 

ASSOCIATED LABORATORIES Lab Phone (714) 771-6900 

806 N BATAVIA 

ORANGE, CA 92868 

Certificate f:'Jo: 1338 Renew Date: 10/31/2010 

Field atTesting: 101 - Microbiology of Drinking Water 

101.010 001 Heterotrophic Bacteria SM9215B 

101.020 001 Total Coliform SM9221A,B 

101.021 001 Fecal Coliform SM9221E (MTFIEC) 

101.022 001 E. coli CFR 141.21(n(6)(1) (MTF/EC+MUG) 

101.050 001 Total Coliform SM9222A,B,C 

101.051 001 Fecal Coliform SM9221E (MF/EC) 

101.070 002 Total Coliform Colisure 

101.070 003 E. coli Colisure 

101.120 001 Total Coliform (Enumeration) SM9221A,B,C 

101.130 001 Fecal Coliform (Enumeration) SM9221E (MTFIEC) 

101.140 001 Total Coliform (Enumeration) SM9222A,B,C 

101.150 001 Fecal Coliform (Enumeration) SM9222D 

Field of Testing: 102 - Inorganic Chemistry of Drinking Water 

102.030 001 Bromide EPA 300.0 

102.030 002 Chlorate EPA 300.0 

102.030 003 Chloride EPA 300.0 

102.030 004 Chlorite EPA 300.0 

102.030 005 Fluoride EPA 300.0 

102.030 006 Nitrate EPA 300.0 

102.030 007 Nitrite EPA 300.0 

102.030 010 Sulfate EPA 300.0 

102.040 004 Bromate EPA 300.1 

102.045 001 Perchlorate EPA 314.0 

102.050 001 Cyanide EPA 335.4 

102.060 001 Nitrate calc. EPA 353.2 

102.061 001 Nitrite EPA 353.2 
-------.-----------.----

102.100 001 Alkalinity SM2320B 

102.130 001 Conductivity SM2510B 

102.140 001 Total Dissolved Solids SM2540C 

102.145 001 Total Dissolved Solids EPA 160.1 

102.150 001 Chloride SM4110B 

102.150 002 Fluoride SM4110B 

102.150 003 Nitrate SM4110B 

102.150 004 Nitrite SM4110B 

102.150 006 Sulfate SM4110B 

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. P?ge 1 of 11 
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ASSOCIATED LABORATORIES Certificate No: 1338 

Renew Date: 10/31/2010 

102.163 001 Chlorine, Free and Total SM4500·CI G 

102.190 001 Cyanide, Total SM4500·CN E 

102.192 001 Cyantde, amenable SM4500·CN G 

102.200 001 Fluortde SM4500·F C 

102.234 001 Nitrile SM4500·N03 F 

102.234 002 Nitrate SM4500·N03 F 

102.240 001 Phosphate, Ortho SM4500·P E 

102.260 001 Total Organic Carbon SM5310B 
_. ~-"---- -.-------- - -- _._--"---- ... -------------.. - ._-" - _._----- ._-. __ ._--

102.261 001 DOC SM5310B 

102:270 001 Surfaclants SM5540C 

102.280 001 UV254 SM5910B 

102.500 001 Calcium SM3111B 

102.500 002 Magnesium SM3111B 

102.500 003 Potassium SM3111B 

102.500 004 Sodium SM3111B 

102.500 005 Hardness (calc.) SM3111B 

102.510 001 Calcium SM3120B 

102.510 002 Magnesium SM3120B 

102.510 003 Potassium SM3120B ._---._-_._-----
192.510 004 Silica SM3120B 

102.510 005 Sodium SM3120B 

102.510 006 Hardness (calc.) SM3120B 

102.520 001 Calcium EPA 200.7 
'--'--'-' 

102.520 002 Magnesium EPA 200.7 
._---

102.520 003 Potassium EPA 200.7 
-------- .. ---

102.520 004 Silica EPA 200.7 
.. ---------_._------_._------

102.520 005 Sodium EPA 200.7 ------------_ .. -
102.520 006 Hardness (calc.) EPA 200.7 

102.533 001 Silica SM4500·Si 0 (18th/19th) 

102.534 001 Silica SM4500·Si E 

102.535 001 Snica SM4500·Si F 

102.542 001 Silica SM4500·Si02 C (20th) 

102.543 001 Silica SM4500·SI02 0 (20th) 

Field of Testing: 103· Toxic Chemical Elements of Drinking Water 

103.061 001 Aluminum SM3120B (18th/19th/20th) 

103.061 003 Barium SM3120B (18th/19th/20th) 

103.061 004 Beryllium SM3120B (18th/19th/20th) 

103.061 005 Cadmium SM3120B (18th/19th) 

103.061 007 Chromium SM3120B (18th/19th/20th) 

103.061 008 Copper SM3120B (181h/19th/2Oth) 

103.061 009 Iron SM3120B (18th/19th/20th) 

103.061 011 Manganese SM3120B (18th/19th/2Oth) 

103.061 012 Nickel SM3120B (18th/19th/20th) 

As of 8/4/2009 , this list supersedes ali previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 2 of 11 
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ASSOCIATED LABORATORIES Certificate No: 1338 
Renew Date: 10/31/2010 

103.061 015 Silver SM3120B (18th/19th/2Oth) 

103.061 017 Zinc SM3120B (18th/19th/20th) 

103.130 001 Aluminum EPA 200.7 

103.130 003 Barium EPA 200.7 

103.130 004 Beryllium EPA 200.7 

103.130 005 Cadmium EPA 200.7 

103.130 007 Chromium EPA 200.7 

103.130 008 Copper EPA 200.7 

103.130 009 Iron _ EPA 200.7 

103.130 011 Manganese EPA 200.7 

103.130 012 Nickel EPA 200.7 

103.130 015 Silver EPA 200.7 

103.130 017 Zinc EPA 200.7 

103.130 018 Boron EPA 200.7 

103.140 001 Aluminum EPA 200.8 

103.140 002 Antimony EPA 200.8 

103.140 003 Arsenic EPA 200.8 

103.140- 004 Ba'rium EPA 200.8 

103.140 005 Beryllium EPA 200.8 

103.140 006 Cadmium EPA 200.8 

103.140 007 Chromium EPA 200.8 

103.140 008 Copper EPA 200.8 

103.140 009 Lead EPA 200.8 

103.140 010 Manganese EPA 200.8 

103.140 011 Mercury EPA 200.8 

103.140 012 Nlck~1 EPA 200.8 

103.140 013 Selenium EPA 200.8 -----._----------_ .. _---_._--_. --

103.140 014 Silver EPA 200.8 
--+'------

103.140 015 Thallium EPA 200.8 

103.140 016 Zinc EPA 200.8 

103.140 017 Boron EPA 200.B 

103.140 018 Vanadium EPA 200.8 

103.160 001 Mercury EPA 245.1 

103.310 001 Chromium (VI) EPA 218.6 

Field of Testing: 104 - Volatile Organic Chemistry of Drinking Water 

104.030 001 1,2-Dibromoethane EPA 504.1 

104.030 002 1,2-Dibromo-3-chloropropane EPA 504.1 

104.040 000 Volatile Organic Compounds EPA 524.2 

1 04. OliO 001 Benzene EPA 524.2 

104.040 007 n-Butylbenzene EPA 524.2 

104.040 008 sec-Butylbenzene EPA 524.2 

104.040 009 tert-Butylbenzene EPA 524.2 

104.040 010 Carbon Tetrachloride EPA 524.2 

-----------------_ .. _-_._-------- ----

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 3 of 11 
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ASSOCIATED LABORATORIES Certificate No: 1338 
Renew Date: 10/31/2010 

104.040 011 Chlorobenzene EPA 524.2 

104.040 015 2-Chlorotoluene EPA 524.2 

104.040 016 4-Chlorotoluene EPA 524.2 

104.040 019 1,3-Dichlorobenzene EPA 524.2 

104.040 020 1,2-Dichlorobenzene EPA 524.2 

104.040 021 . 1 A-Dichlorobenzene EPA 524.2 

104.040 022 Dichlorodifluoromethane EPA 524.2 

104.040 023 1,1-Dichloroethane EPA 524.2 

104.040 024 1,2-Dichloroethane EPA 524.2 

104.040 025 1,1-Dichloroethene EPA 524.2 

104.040 026 cls-1,2-Dichloroethene EPA 524.2 

104.040 027 trans-1,2-Dichloroelhene EPA 524.2 

104.040 028 Dichloromethane EPA 524.2 

104.040 029 1,2oDichloropropane - .. EPA 524.2 

104.040 033 cis-1,3-Dichtoropropene EPA 524.2 

104.040 034 trans-1,3-Dichloropropene EPA 524.2 

104.040 035 Ethylbenzene EPA 524.2 

104.040 037 Isopropylbenzene EPA 524.2 

104.040 039 Naphthalene EPA 524.2 

104.040 041 N-propylbenzene EPA 524.2 

104.040 042 Styrene EPA 524.2 

104.040 044 . 1,1 ,2,2-Tetrachloroethane EPA 524.2 

104.040 045 Tetrachloroethene EPA 524.2 

104.040 046 Toluene EPA 524.2 

104.040 048 1,2,4-Trichlorobenzene EPA 524.2 

104.040 049 1,1,1-Trichloroethane EPA 524.2 

104.040 050 1,1,2-Trichloroethane EPA 524.2 
-----.-~-. ---

104.040 051 T richloroethene EPA 524.2 

104.040 052 T richloronuoromethane EPA 524.2 

104.040 054 1 ,2,4-T rimethylbenzene EPA 524.2 

104.040 055 1,3,5-Trimethylbenzene EPA 524.2 

104.040 056 Vinyl Chloride EPA 524.2 

104.040 057 Xylenes, Total EPA 524.2 

104.045 001 Bromodichloromethane EPA 524.2 

104.045 002 Bromoform EPA 524.2 . 

104.045 003 . Chloroform EPA 524.2 

104.045 004 Dibromochloromethane EPA 524.2 

104.045 005 T rihalomethanes EPA 524.2 

104.050 002 Methyl tert-butyl Ether (MTBE) EPA 524.2 

104.050 004 tert-Amyl Methyl Ether (TAME) EPA 524.2 

104.050 005 Ethyl tert-butyl Ether (ETBE) EPA 524.2 

104.050 006 T richlorotrifiuoroethane EPA 524.2 

104.050 007 tert-Butyl Alcohol (TBA) EPA 524.2 
.. _------------------------

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 4 of 11 
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ASSOCIATED LABORATORIES 

104.050 008 Carbon Disulfide EPA 524.2 

104.050 009 Methyl Isobutyl Ketone EPA 524.2 

Field of Testing: 105 - Semi-volatile Organic Chemistry of Drinl<ing Water 

105.200 001 Bromoacelic Acid 

105.200 003 Chloroacetic Acid 

105.200 004 Dalapon 

105.200 005 Dibromoacelic Acid 

105.200 006 Dichloroacelic Acid 

105.200 007 T rtchloroaceUc Acid 

105.200 008 Haloacetic Acids (HAAS) 

Field of Testing: 107 - Microbiology of Wastewater 

107.010 001 Heterotrophic Bacteria 

107.020 001 Total Coliform 

107.040 001 Fecal Coliform 

107.060 001 Total Coliform 

107.080 001 Fecal Coliform 

107.100 001 Fecal Streptococci 

107.100 002 Enterococci 

107.110 001 Fecal Streptococci 

107.110 002 Enterococci 

107.111 001 Fecal Streptococci 

107.111 002 Enterococci 

Fietd of Testing: 108 -Inorganic Chemistry of Wastewater 

10B.020 001 Conduclivity 

10B.090 001 Residue, Volatile 

10B.ll0 001 Turbidity 

10B.112 001 Boron 

10B.112 002 Calcium 
------.----~.--- -----------

10B.112 003 Hardness (calc.) 

10B.112 004 Magnesium 

10B.112 005 Potassium 

10B.112 006 Silica 

10B.112 007 Sodium 

10B.113 001 Boron 

10B.113 002 Calcium 

10B.113 003 Magnesium 

10B.113 004 Potassium 

108.113 005 Silica 

10B.113 006 Sodium 

108.120 001 Bromide 

10B.120 002 Chloride 

10B.120 003 Fluoride 

10B.120 004 Nitrate 

EPA 552.2 

EPA 552.2 

EPA 552.2 

EPA 552.2 

EPA 552.2 

EPA 552.2 

EPA 552.2 

SM9215B 

SM9221B 

SM9221C,E (MTF/EC) 

SM9222B 

SM9222D 

SM9230B 

SM9230B 

SM9230C '(MF/ME) 

SM9230C (MF/ME) 

SM9230C (MF/m-Enterococcus) 

SM9230C (MF/m-Enterococcus) 

EPA 120.1 

EPA 160.4 

EPA 180.1 

EPA 200.7 

EPA 200.7 -- .. -_ .. _------
EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 20o.B 

EPA 200.B 

EPA 200.B 

EPA 200.8 

EPA 200.8 

EPA 200.B 

EPA 300.0 

. EPA 300.0 

EPA 300.0 

EPA 300.0 

As of B/4/2009 ,this list supersedes all previous. lists for this cerUficate number. 
Customers: Please verify the current accreditation standing with the State. 

Certificate No: 1338 
Renew Date: 10/31/2010 

Page 5 of 11 
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ASSOCIATED LABORATORIES Certificate No: 1338 
Renew Date: 10/31/2010 

10B.120 005 Nitrite EPA 300.0 
-----------

10B.120 006 Nitrate·nitrite EPA 300.0 ---.-.. ~.--.-.--

10B.120 OOB Sulfate EPA 300.0 

10B.183 001 Cyanide, Total EPA 335.4 

10B.200 001 Ammonia EPA 350.1 

10B.211 001 Kjeldahl Nitrogen EPA 351.2 

10B.232 001 Nitrate-nitrite EPA 353.2 

10B.323 001 Chemical Oxygen Demand EPA 410.4 

108.350 001 Total Recoverable Petroleum Hydrocarbons EPA 418.1 

10B.360 001 Phenols, Total EPA 420.1 

10~.381 001 Oil and Grease EPA 1664A 

10B.390 001 . Turbidity SM2130B 

108.400 001 Acidity SM2310B 

108.410 001 Alkalinity SM2320B 

10B.420 .001 Hardness (calc.) SM2340B 

108.430 001 Conductivity SM2510B 
'---

108.440 001 Residue, Total SM2540B 

10B.442 001 Residue, Non-fillerable SM2540D 

10B.443 001 Residue, Settleable SM2540F 
~--~'--'---------------' ----------. _ .. _--,-"--. ----_._------- "--- ------- .----- ".---- .... _-._-_ .. --.-

10B.445 001 Calcium SM3111B -----_._"----_.-._--- _ ... - " .. - ... -

, 108.445 002 Hardness (calc.) SM3111B 

108A45 003 Magnesium SM3111B 

108.445 004 Potassium SM3111B 

108.445 005 Sodium SM3111B 

108.447 001 Boron SM3120B 

108.447 002 Calcium SM3120B 

108.447 003 Hardness (calc.) SM3120B 

108.447 004 Magnesium SM3120B 

108.447 005 Potassium SM3120B 

108.447 006 Silica SM3120B 

108.447 007 Sodium SM3120B 

108.451 001 Chloride SM4500-CI- C 

108.465 001 Chlorine SM4500-CI G 

108.470 001 Cyanide, Manual Distillation SM4500-CN C 

108.472 001 Cyanide, Total SM4500-CN E 

108.473 001 Cyanide, amenable SM4500-CN G 

108.480 001 Fluoride SM4500-F C 

108.490 001 pH SM4500-H+B 

108.492 001 Ammonia SM4500-NH3 C (19th/20th) 

108.495 001 Ammonia SM4500-NH3 E (18th) 

108.522 001 Nitrate-nitrite SM4500-N03 F 

108.522 002 Nitrite SM4500-N03 F 

108.530 001 Dissolved Oxygen SM4500-0 C 

As of 8/4/2009 ,this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 6 of 11 
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ASSOCIATED LABORATORIES 

108.531 001 Dissolved Oxygen -----_._-
108.540 001 Phosphate, Ortho - _. __ ._--- ---- .. _---
108.541 001 Phosphorus, Total -_._----
108.550 001 Dissolved Silica 
-----._---

108.551 001 Silica --_._------
108.560 001 Sulfite -_._--
108.580 001 Sulfide --------_. -
108.582 001 Sulfide 

SM4500·0G 

SM4500·P E 

SM4500·P E 

SM4500-Si D (18th/19th) 

SM4500·Si02 C (2D1h) 

SM4500·S03 B 

SM4500·S= D 

SM4500-S= F (19th/20th) 
----------------------

108.590 001 Biochemical Oxygen Demand SM5210B 

108.591 001 Carbonaceous BOD SM5210B 

108.602 001 Chemical Oxygen Demand SM5220D 

108.610 001 Total Organic Carbon SM5310B 

108.630 001 Oil and Grease SM5520B (20th) 

108.640 001 Surfactants SM5540C 

Fietd of Testing: 109 - Toxic Chemical Elements of Wastewater 

109.010 001 Aluminum EPA 200.7 

109.010 002 Antimony EPA 200.7 

109.010 003 Arsenic EPA 200.7 

109.010 004 Barium EPA 200.7 -_._-_ ... _-----------------
109.010 005 Beryllium EPA 200.7 

109.010 007 Cadmium EPA 200.7 

109.010 009 Chromium . EPA 200.7 

Certificate No: 1338 

Renew Date: 10/31/2010 

---+----- ---_ .. _-_._----_ .. 

-------------------... _--_._._--_ .. ---

-_.- -_.----- -------"-_._-_._-------.------- --.-_._-

109.010 0:10 Cobalt EPA 200.7 
------------

109.010 011 Copper EPA 200.7 ._--._--_.-----
109.010 012 Iron EPA 200.7 

109.010 013 Lead EPA 200.7 

109.010 015 Manganese EPA 200.7 

109.010 016 Molybdenum EPA 200.7 

109.010 017 Nickel EPA 200.7 

109.010 019 Selenium EPA 200.7 

109.010 021 Silver EPA 200.7 

109.010 023 Thallium EPA 200.7 

109.010 024 Tin EPA 200.7 

109.010 026 Vanadium EPA 200.7 

109.010 027 Zinc EPA 200.7 

109.020 001 Aluminum EPA 200.8 

109.020 002 Antimony EPA 200.8 

109.020 003 Arsenic EPA 200.8 

109.020 004 Barium EPA 200.8 ._.---------
109.020 005 Beryllium EPA 200.8 

109.020 006 Cadmium EPA 200.8 

109.020 007 Chromium EPA 200.8 

109.020 008 Cobalt EPA 200.8 

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 7 of 11 
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ASSOCIATED LABORATORIES Certificate No: 1338 

Renew. Date: 10/31/2010 

109.020 009 Copper EPA 200.8 

109.020 010 Lead EPA 200.8 

109.020 011 Manganese EPA 200.8 

109.020 012 Molybdenum EPA 200.8 

109.020 013 Nickel EPA 200.8 

109.020 014 Selenium EPA 200.8 
------------------------------_._-------------_.-

109.020 015 Silver EPA 200.8 

109.020 016 Thallium EPA 200.8 

109.020 017 Vanadium EPA 200.8 

109.020 018 Zinc EPA 200.8 

109.020 020 Gold EPA 200.8 

109.020 021 Iron EPA 200.8 

109.020 022 Tin EPA 200.8 

109.020 023 Tilanium-- EPA 200.8 

109.104 001 Chromium (VI) EPA 218.6 

109.190 001 Mercury EPA 245.1 

109.370 010 Lead SM3111B 

109.430 001 Aluminum SM3120B 

109.430 002 Antimony SM3120B 

109.430 003 Arsenic SM3120B 
------------------------------------------_._-_._-

109.430 004 Barium SM3120B 

109.430 005 Beryllium SM3120B 

109.430 007 Cadmium SM3120B --- -_._--_._-----------_._-----------
109.430 009 Chromium SM3120B 

109.430 010 Coball SM3120B 

109.430 011 Copper SM3120B 

109.430 012 Iron SM3120B 

109.430 013 Lead SM3120B 

109.430 015 Manganese SM3120B 

109.430 016 Molybdenum SM3120B 

109.430 017 Nickel SM3120B 

109.430 019 Selenium SM3120B 

109.430 021 Silver SM3120B 

109.430 023 Thallium SM3120B 

109.430 024 Vanadium SM3120B 

109.430 025 Zinc SM3120B 

109.811 001 Chromium (VI) SM3500·Cr 0 (18th/19th) 

Field of Testing: 110 - Volatile Organic Chemistry of Wastewater 

110.040 040 Halogenated Hydrocarbons EPA 624 

110.040 041 Aromatic Compounds EPA 624 

110.040 042 Oxygenates EPA 624 

110.040 043 Other Volatile Organics EPA 624 

Field of Testing: 111 . Semi-volatile Organic Chemistry of Wastewater 

As of 8/4/2009 • this list supersedes all previous lists for this certificate number. 
Customers: Please verity the current accreditation standing with the State. Page 8 of 11 
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ASSOCIATED LABORATORIES 

111.060 000 Polynuclear Aromatics 

111.101 032 Polynuclear Aromatic Hydrocarbons 

111.101 033 Adipates 

111.101 034 Phthalates 

111.101 036 Other Extractables 

111.170 030' Organochlorine Pesticides 

111.170 031 PCBs 

111.272 001 Oil and Grease 

111.273 001 Oil and Grease 

Field of Testing: 113 - Whole Effluent Toxicity of Wastewater 

113.010 00iA Fathead Minnow(P. promelas) 

EPA 610 

EPA 625 

EPA 625 

EPA 625 

EPA 625 

EPA 608 

EPA 608 

SM5520B (20th) 

EPA 1664A 

EPA 600/4-90/027F, Static 

Certificate No: 1338 

Renew Date: 10/31/2010 

113.021 001A Fathead Minnow (P. promelas) EPA 2000 (EPA-821-R-02-012), Static 

Field of Testing: 114 -Inorganic Chemistry of. Hazardous Waste 

114.010 001 Antimony EPA 6010B 

114.010 002 Arsenic EPA 6010B 

114.010 003 Barium EPA 6010B 

114.010 004 Beryllium EPA 6010B 

114.010 005 Cadmium EPA 6010B 

114.010 006 Chromium EPA 6010B 
"'-----

114.010 007 Cobalt EPA 6010B 

114.010 008 Copper EPA 6010B 
-----------

114.010 009 Lead EPA 6010B -- --- ----_. 
_____ • ____ • ____________ • _______ M ______ •• _ •• _ 

-.------~-.--~ .. ---.- .... _----

114.010 010 Molybdenum EPA 6010B --_ .. '------'-- . 
__ ·· ____ ·_~4 _____ .. · _____ ·_· .. __ --- --- ... 

114.010 011 Nickel EPA 6010B --_._--_. --~-------.-.-.---.. -----

'114.010 012 Selenium EPA 6010B -----_._---
114.010 013 Silver ·EPA 6010B 

114.010 014 Thallium EPA 6010B 

114.010 015 Vanadium EPA 6010B _._--_._-
114.010 016 Zinc EPA 6010B 

114.020 001 Antimony EPA 6020 

'114.020 002 Arsenic EPA 6020 

114.020 003 Barium EPA 6020 

114.020 004 Beryllium EPA 6020 

114.020 005 Cadmium EPA 6020 

114.020 006 Chromium EPA 6020 

114.020 007 Cobalt EPA 6020 

114.020 008 Copper EPA 6020 

114.020 009 Lead EPA 6020 

114.020 010 Molybdenum EPA 6020 
_______ 0 ___ - •• -

114.020 011 Nicl\el EPA 6020 
---.------ -.. -----------.--~ ------"--

114.020 012 Selenium EPA 6020 -------- ---~ .-------_._-------_ .. -------_.-_.- - . 

114.020 013 Silver EPA 6020 

114.020 014 Thallium EPA 6020 

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 9 of 11 
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ASSOCIATED LABORATORIES Certificate No: 1338 

Renew Date: 10/31/2010 

114.020 015 Vanadium EPA 6020 

114.020 .016 Zinc EPA 6020 

114.103 001 Chromium (VI) EPA 7196A 

114.106 001 Chromium (VI) EPA 7199 

114.130 001 Lead EPA 7420 

114.140 001 Mercury EPA 7470A 

114.141 001 Mercury EPA 7471A 

114.221 001 Cyanide, Totat EPA 9012A 

114.222 001 Cyanide EPA 9014 

114.230 001 . Sulfides, Total EPA 9034 

114.240 001 Corrosivily - pH Determination EPA 90408 

114.241 001 Corrosivily - pH Determination EPA 9045C 

114.270 001 Fluoride EPA 9214 

Field of Testing: 115 - Extraction Test of Hazardous Waste 

115.020 001 Toxicity Characleristic Leaching Procedure (TCLP) EPA 1311 

115.030 001 Waste Extraction Tesl (WET) CCR Chapter11, Article 5, Appendix 1J 

115.040 001 Synthetic Precipitation Leaching Procedure (SPLP) EPA 1312 

Field of Testing: 116 - Volatile Organic Chemistry of Hazardous Waste 

116.010 000 EDB and D8CP EPA 8011 ----- .. ---.--------- ... - .•. 

116.020 030 Nonhalogenaled Volatiles EPA 80158 

116.020 031 Ethanol and Methanol EPA 80158 

116.030 001 Gasoline-range Organics EPA 80158 _________ -0..----= __________________ . ______ . ______ . __ ._ ... _._'."_. 

116.040 041 

116.040 062 

116.080 000 

116.080 120 

116.100 001 

116.100 010 

116.110 001 

Melhyllert-bulyl Elher (MT8E) 

BTEX 

Volatile Organic Compounds 

Oxygenates 

Tolal Petroleum Hydrocarbons - Gasotine 

BTEX and MTBE 

Total Petroleum Hydrocarbons - Gasotine 

EPA 8021B 

EPA 80218 

EPA 8260B 

EPA 82608 

LUFT GC/MS 

LUFT GC/MS 

LUFT 

Field of Testing: 117 - Semi-volatile Organic Chemistry of Hazardous Waste 

117.010 001 Diesel-range Total Petroleum Hydrocarbons EPA 80158 

117.016 001 Diesel·range Total Petroleum Hydrocarbons LUFT 

117.017 001 TRPH Screening EPA 418.1 

117.110 000 Extractable Organics EPA 8270C 

117.140 000 Polynuclear Aromatic Hydrocarbons EPA 8310 

117.210 000 Organochlorine Pesticides EPA 8081A 

117.220 000 PCBs EPA 8082 

117.240 000 Organophosphorus Pesticides EPA 8141A 

117.250 000 Chlorinated Herbicides EPA 8151A 

Field of Testing: 119 - Toxicity Bioassay of Hazardous Waste 

119.010 001 Falhead Minnow(P. promelas) Polisini & Miller (CDFG 1988) 

Field of Testing: 120 - Physical Properties of Hazardous Waste 

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. . Page 10 of 11 
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ASSOCIATED LASORA TORIES Certificate No: 1338 
Renew Date: 10/31/2010 

120.010 001 Ignitability EPA 1010 

120.022 001 IgnitabiJity EPA 1030 
-------"--'--------------------------------------_._-----

120.030 001 Corrosivity EPA 1110 

120.040 001 Reactive Cyanide Section 7.3 SW·846 

120.050 001 Reactive Sulfide Section 7.3 SW-846 

120.070 001 Corrosivity - pH Determination EPA 9040B 

120.080 001 _ Corrosivity - pH Determination EPA 9045C 

Field of Testing: 126 - Microbiology of Recreational Water 

126.010 001 Total Coliform (Enumeration) SM9221A,B,C 

126.020 001 Total Coliform (Enumeration) SM9222A,B 

126.030 001 Fecal Coliform (Enumeration) SM9221E 

126.040 001 Fecal Coliform (Enumeration) SM9222D 

126.060 001 Enterococci SM9230C 

As of 8/4/2Q09 , .this list supersedes all previous lists for this certificate number. 
Customers: Ptease verify the current accreditation standing with the State. Page 11 of 11 
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d~ 
~C~PH 

MARK 8 HORTON, MD, MSPH 
Director 

State of California-Health and Human Services Agency 

California Department of Public Health 

January 28, 2010 

EDWARD S. BEHARE, Ph.D. 

ASSOCIATED LABORATORIES 

806 NORTH BATAVIA 

ORANGE, CA 92868 

ARNOLD SCHWARZENEGGER 
Governor 

Dear EDWARD S. BEHARE, Ph.D.: Certificate No. 04232CA 

This is to advise you that the laboratory named above has been accredited under National 
Environmental Laboratory Accreditation Program (NELAP) as an environmental testing 
laboratory pursuant to the provisions of the Health and Safety Code (HSC), Division 101, Part 1, 
Chapter 4, Section 100825, et seq. 

ThEf Fielas-Of AccYM itatiorffor wllicnlliislahbrate)"FY-nas -15eeYfaccfeoiteaarefern-Closea:-------- -
Accreditation shall remain in effect until January 31, 2011 unless revoked by ELAP or 
withdrawn at your written request. To maintain accreditation, the laboratory shall comply with 
the National Environmental Laboratory Accreditation Conference (NELAC) Standards and all 
associated California Environmental Laboratory Accreditation Program Branch (ELAP) 
regulations and statutes. 

The application for renewal of this certificate must be received before the expiration date of this 
certificate to remain in force according to the HSC 100845(a). 

Please note that your laboratory is required to notify California ELAP of any major changes in 
key accreditation criteria within 30 calendar days of the change. This written notification 
includes, but is not limited to, changes in ownership, location, key personnel, and major 
instrumentation (HSC 100845(b) and (d), and NELAC Standard Section 4.3.2). The certificate 
must be returned to California ELAP upon loss of accredited status. 

Your continued cooperation with the above requirements is essential for maintaining the high 
quality of the data produced by environmental laboratories accredited by the State of California. 

If you have any questions, please contact Bill Walker at (213) 580-5731. 

Sincerely, 

7"6p C. Ie... ~ ~ 
George C. Kulasingam, Ph.D., Chief 
Environmental Laboratory Accreditation Program Branch 

Enclosure 

Environmental Laboratory Accreditation Program Branch 
850 Marina Bay Parkway, Building P, 1st Floor, MS 0511, Richmond, CA 94804 

Phone (510) 620-3155, Fax (510) 620-3165 
www.cdph.ca.gov/certlic/iabs/Pages/ELAP.aspx 
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. CALIFORNIA STATE 

::.n.. - . . "._' 

CERTIFICATE.OFNELAp!ACCREDIT ATIQN .' . 
..... _1~·· .• ·herebykf~ht~d •.•• t8··· 

• .' ',. '":,"J'" • 

. Scope<()Uhe Ceitifi8ate:i~lirT"lited to the 
. . ~INELAP Fields ofj\ccreditation" 

whic:haccol11p~my this Certificate. 

Continlj~daccredited statlJsdepends on' successful 
ongoing participation)n the program. 

. , . -; ...... : ' 

This Certificate. isgrant~d in .accOrdance with provisions of 
Sectiont0082!),etseq.ofthe Health and Safety Code~ 

02101/2010 

Richmond, California 
subject to forfeiture or revocation 

George C.K.ulasingam,Ph.D.>hief ..................... . 
Environmental Laboratory Accreditation Program Branch 
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CALIFORNIA DEPARTMENT OF PUBLIC HEALTH 
ENVIRONMENTAL LABORATORY ACCREDITATION PROGRAM - NELAP RECOGNIZED 

NELAP Fields of Accreditation 

ASSOCIATED LABORATORIES 

806 N BATAVIA 
ORANGE, CA 92868 
Phone: (714) 771-6900 

114 - Inorganic Chemistry of Hazardous Waste 

114.010 001 EPA 6010B 

114.010 002 EPA 6010B 

114.010003 EPA6010B 

114.010 004 EPA 6010B 

Antimony 

Arsenic 

Barium 

Beryllium 

Certificate No.: 04232CA 
Renew Date: 1/31/2011 

- .. __ ........ _--------_._-_._-- ._-_ .. _-------
114.010 005 EPA 6010B Cadmium 
.-_ .... _----_. __ ._---------------------------------
114.010 006 EPA6010B Chromium 

114.010 007 EPA6010B Cobalt 

114.01Q .. _QQ!L_EPA 6010B_ .. _ ..... _. C::ppper. _ 
_ .. -- .... _ ... _-- ------------'---'-'--'----------------"----''-----------------

114.010 009 EPA6010B Lead 

114.010 010 EPA 6010B Molybdenum 

114.010 011 EPA6010B Nickel 

114.010 012 EPA6010B Selenium 

114.010 013 EPA6010B Silver ...............• -.. _ ... _ .. _._._ ...... _ .. __ ._-------_ ..• _----_. 
114.010 014 EPA 6010B 

-.. ---.-- ... - -- -

114.010 015 EPA 6010B 
. ~- ~-- ~ '.- . 

114.010 016 EPA 6010B 

114.020 001 EPA 6020 

114.020 002 EPA 6020 

114.020 003 EPA 6020 
..... _-. __ ._--

114.020 004 EPA 6020 

114.020 005 EPA 6020 

114.020 006 EPA 6020 
--_._-. -_ ... - _. '- -~_._,_.-

114.020 007 EPA 6020 

114.020 008 EPA 6020 

114.020 009 EPA 6020 

114.020 010 EPA 6020 
-_. _ .. ---~------------. 

114.020 011 EPA 6020 

114.020 012 EPA 6020 
"._--. --.-~-.~.-

114.020 013 EPA 6020 

114.020 014 EPA 6020 

114.020 015 EPA 6020 

114.020 016 EPA 6020 

Thallium 

Vanadium 

Zinc 

Antimony 

Arsenic 

Barium ._----------_._-----
Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

----------.------

-------------_.------ .. _--_ .. _--------_._-_._---
114.103 001 EPA 7196A Chromium (VI) 

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. 

----._---._------------
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ASSOCIATED LABORATORIES Certificate No.: 04232CA 

114.106 001 EPA7199 Chromium (VI) ---------- ---- ---------- - ------ ---- ---------------------------
114.130 001 EPA 7420 

114.140 001 EPA 7470A 
- -~.-----------. ~--

114.141 001 EPA 7471A . _. - - .~.- .. -- .. _---_ .... _----_._--
114.221 001 EPA 9012A 

-.-- -.-_ .. _-------
114.222 001 EPA 9014 

114.230 001 EPA 9034 

114.241 001 EPA 9045C 

114.270 001 EPA 9214 

115 - Extraction Test of Hazardous Waste 

115.020 001 EPA 1311 

115.030 001 CCR Chapter11, Article 5, Appendix II 

116 - Volatile Organic Chemistry of Hazardous Waste 

Lead 

Mercury 

Mercury 

Cyanide, Total 

Cyanide 

Sulfides, Total 

Corrosivity - pH Determination 
._ •• _. _____ • ___ M __________ " ________ _ 

Fluoride 

Toxicity Characteristic Leaching Procedure (TCLP) 

Waste Extraction Test (WET) 

----------------
116.030 001 EPA 8015B 

116.040 002 EPA8021B 

116.040 039 EPA 8021B 

116.040 041 EPA 8021B 

Gasoline-range Organics 

Benzene 

Eiilyitienzene 

Methyl tert-butyl Ether (MTBE) 

Renew Date: 1/31/2011 

.. -- .-_.-.. _--_ ... -_ .. _-----"--_ ... -------.. --~.-.. -.--... ------.--------.-.-------.---~-.-.. __ .- ---._--- ~ --_._- - -

116.040 047 EPA 8021B Toluene 

116.040 056 EPA 8021B Xylenes, Tota! _____ _ 

116.040 062 EPA 8021B BTEX 
-------- ------

116.080 000 EPA 8260B VolaUie Organic_C_o_m..:..p_ou_n_d_s ______________ _ 

116.080 001 EPA 8260B Acetone 
------

116.080 002 EPA 8260B Acetonitrile 

116.080 003 EPA 8260B Acrolein 

116.080 004 EPA 8260B Acrylonitrile 
. - - - - ._---_._-------

116.080 007 EPA 8260B Benzene 
._+ --- ._- .• __ ._--- - .. --

116.080 010 EPA 8260B Bromochloromethane 
-_._--------

116.080 011 EPA 8260B Bromodichloromethane 
- -- --. -- --.--------------------

116.080 012 EPA 8260B 
-----------
116.080 013 EPA 8260B 

- --, --_. --_. 

116.080 015 EPA 8260B 

116.080 016 EPA 8260B 

116.080 018 EPA 8260B 

116.080 019 EPA 8260B 

116.080 020 EPA 8260B 

116.080 021 EPA 8260B 
_____ - ____ 0- ___ • _________ 

116.080 022 EPA 8260B 
---"-- ---"-" 

116.080 026 EPA 8260B 
- "._--- - -- ---_.---

116.080 027 EPA 8260B 

Bromoform 

Bromomethane 

Carbon Disulfide 

Carbon Tetrachloride 

Chlorobenzene 

Chloroethane 

2-Chloroethyl Vinyl Ether 

Chloroform 

Chloromethane 

Dibromochloromethane 

Dlbromochloropropane 
----------------------'--'--------------------------

116.080 028 EPA 8260B 1.2-Dibromoethane ------------------------
116.080 030 EPA 8260B Dibromomethane 

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 2 of 8 
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ASSOCIATED LABORATORIES 

116.080 031 EPA 8260B 1.2-Dichlorobenzene ._---- ._---------- ---_._---
116.0BO 032 EPA 8260B 1.3-Dichlorobenzene 

116.0BO 033 EPA 8260B 1.4--Dichlorobenzene 
-----

116.080 034 EPA 8260B cis-1,4-Dichlora-2-butene 
-----~ 

116_080 035 EPA 8260B 

116.080 036 EPA 8260B 

116.0BO 037 EPA 8260B 

116.0BO 038 EPA 8260B .. " ..... - ... __ . 

116.080 039 EPA 8260B 

116.080 040 EPA 8260B ----- ... _- ~.- ".- -.. _. 
116.080 041 EPA 8260B 

116.080 042 EPA 8260B .. _ ......... _-_. __ . __ .. , .. -- --.---
116.080 043 EPA 8260B 

116.080 044 EPA 8260B 

116.0BO 045 EPA 8260B 

-116.0BO--046-EPA 8260B·· 

116.0BO 047 EPA 8260B 

trans-1,4-Dichloro-2-butene 

Dichlorodinuoramethane 

1.1-Dichloroethane 

1.2-Dichloroethane 

1.1-Dichloraethene 

trans-1.2-Dichloraethene 

cis-1.2-Dichloroethene 

1.2-Dichloropropane 

1.3-Dichloropropane 

2.2·Dichloropropane 

1.1-Dichloropropene 

. ------ ----- ··-----·--cis-1.3-Dlchloroprapene--· ---- .. --- -- ------ - --- .. 

Certificate No.: 04232CA 
Renew Date: 1/31/2011 

trans·1.3--Dichloropropene 
.... ---_ .. _--_ .. _._-------------- ._'-------------------------

116.0BO 050 EPA 8260B 

116.0BO 052 EPA 8260B 

116.080 053 EPA 8260B 

116.0BO 055 EPA 8260B 

1,4-Dioxane 

Ethyl Acetate 

Ethylbenzene 

Ethyl Methacrylate 
--- --------_._------- ----_._---------- ---------------.. __ ._---

116.0BO 056 EPA 8260B Hexachlorabutadiene 

116.080 058 EPA 8260B _____________ ~~exa~_~~..:__'!'1~~l ... _________________________________ _ 

116.0BO 059 EPA 8260B lodomethane 

116.0BO 062 EPA 82608 Methacrylonitrile 
- ----------------_.-------_ .. _ .. _---.... --------_._---------._-----------._----_. 

116.080 065 EPA 8260B Methylene Chloride 
.. _--_._._-----_ ....• _-_ .. ----_._---------_ .. _-----_.-------_ .. _----._----- _.-

116.080 066 EPA 82608 Methyl Ethyl Ketone 
•••• _ •• ____ •• ___ ,._." •••• _. ______ • ____ --______ 0_ •• <._---- ___________ . __ _ 

116.080 067 EPA 82608 Methyl Methacrylate 
----------~--~-------------------

116.080 06B EPA 8260B 

116.080 069 EPA 82608 

116.080 074 EPA 82608 

116.080 078 EPA 8260B 

116.0BO OBi EPA 82608 

116.080 OB2 EPA 82608 

116.0BO 083 EPA 8260B 

116.0BO OB4 EPA 8260B 

4-Methyl-2-pentanone (MI8K) 

Naphthalene 

Pentachloroethane 

Prapionitrile 

1.1.1.2-Tetrachloroethane 

1.1.2.2-Tetrachloroethane 

Tetrachloroethene 

Toluene 
--- .. -------------------------- -------

116.080 OB6 EPA 8260B 1.2.3-Trichlorobenzene 
.. _-- -----_ .. --------------------------------------------------

116.0BO 087 EPA 82608 
-------------

116.080 OBB EPA 8260B 

116.080 089 EPA 82608 

1.2,4-Trichlorobenzene 

1.1.1-Trichloraethane 

1.1.2-T richloroelhane 

As of 1/28/2010. this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 3 of 8 
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ASSOCIATED LABORATORIES 

116.080 090 EPA 8260B 

116.080 091 EPA 8260B 

116.080 092 EPA 8260B 

T richloroethene 

Trichloronuoromethane 

1,2,3-T richloropropane 

116.080 093 EPA 8260B Vinyl Acetate ...... _ ..... _ .. _ .. _ .... _---.. _ ... _._._ ... __ ... --......;.-

116.080 094 EPA 8260B Vinyl Chloride 

Certificate No.: 04232CA 

Renew Date: 1/31/2011 

.. _ .... _--_ ... _------------_. ----------------
116.080 095 EPA 8260B Xylenes, Tolal 

12.~~~~_096 ... _EP_A ..... 8 ..... 26 ..... 0_B ____________ te_rt-_Am_'y ..... 1 M_e_th..!,y_1 E_th_er~(T_A_M_E~) _______________ _ 

1!_6.~8!!.. .. ~~~ __ =_EP ..... A ..... 8:.::2.:..:60:.::B ___________ ..... te ..... rt._Bu ..... ty:...1 A ..... I_co ..... ho_1 ~(T_BA....!.) _________________ _ 

116.080 098 EPA 8260B Ethyl tert-butyl Ether (ETBE) 

116.080 099 EPA 8260B Bromobenzene 

116.080 100 EPA 8260B n-Butylbenzene 
.... _. __ .. -.-.--~.---- ~------.-.--------------------------.-----.------------------.~~.--.-.-- .. -.--.. -------

116.080 101 EPA 8260B sec-Butyl benzene -_ .. _.-_ .. _-- .. _-.. _ .. _------- --_._--_._._------_. __ ....... _ .. _----
116.080 102 EPA 8260B tert-Butylbenzene 

._------- ._--------------------
116.080 103 EPA 8260B 2·Chlorotoluene 

116.080 104 EPA 8260B 4-Chlorotoluene 

116.080-~ 05 .. EPA 8260B ... .... · .. ··--.. Isopropylbenzene 

116.080 106 EPA 8260B N-propylbenzene ...... _.-...... _-.-... _--_.-----_. __ .. _._--_._._-_ .. __ ._--------.-----_._--._--------
116.080 107 EPA 8260B Styrene 

116.080 108 EPA 8260B 1,2,4·Trimethylbenzene 

116.080 109 EPA 8260B 1,3,5·Trimethylbenzene 
•• __ •••••• _._ •••• _ •• ________ "."._ ••• _________ •• _ •• __ ._-------_. __ •• 0 ______ • .-_-_._-----_._.-_._----

116.080 120 EPA 8260B Oxygenates 
..... __ ..... _-- _._._. __ .. _---_._._ .. --_._-_._---_._._------_ ... _---

116.100 001 LUFT GC/MS Total Petroleum Hydrocarbons· Gasoline 
....... _-_ .......... ------_._._--.. __ ._---_ .. _ .. -.. - ---

116.100 002 LUFT GC/MS Benzene 

116.100 003 LUFT GC/MS Toluene ... -.... _._ .. _--_ .. _._-----_ ... _---_._=.:.:......_-----------------
116.100 004 LUFT GC/MS Xylenes 
........ _ .. _ .. -... _-_. --_._-_._---_..:...._---------------------
116.100 005 LUFT GC/MS Methyl tert·butyl Ether (MTBE) 

. -_._._-_ .. _--._-_ ... _. __ .:........_-'---'-_:......_--------------

116.100 010 LUFT GC/MS BTEX and MTBE 

116.110 001 LUFT Total Petroleum Hydrocarbons· Gasoline 

117 - Semi-volatile Organic Chemistry of Hazardous Waste 
.. _- - .--.*.--.- .. --.-.. ---.---~-.. ----- -

117.010 001 EPA8015B Diesel·range Total Petroleum Hydrocarbons ._-_ .. __ ._---------_._-------_._------------------_._------_ .. _----

117.016 001 LUFT Dlesel·range Tolal Petroleum Hydrocarbons 

117.017 001 EPA 418.1 TRPH Screening 

117.110 000 EPA 8270C Extractable Organics --_ ... _-_. 
117.110 001 EPA 8270C Acenaphthene 

..... - ._------_._--_ ... __ ._. __ .. _---_._--------- -- .. ---------------------.--
117.110 002 

117.110 007 

EPA 8270C 

EPA 8270C 

_______ .. _. ____ . _____ .~c.:~~~~~le .. n~ __ . ___ . _._ . ____ .. ______________ .... _._ .. __ .... __ . ___ _ 

Aniline 

117.110 008 EPA 8270C Anthracene 
. __ ._---_._--

117.110 010 EPA 8270C Benzidine 
_ .. -- .. _._ ... _--

117.110 011 EPA 8270C Benz(a)anthracene 

117.110 012 EPA 8270C Benzo(b)nuoranthene 
-------------~----------------------

117.110 013 EPA 8270C Benzo(k)nuoranlhene 
------

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 4 of 8 
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Renew Date: 1/31/2011 

117.110 014 EPA 8270C Benzo(g,h,i)perylene .--.-.---,,------,,------.--._----
117.110 015 EPA 8270C Benzo(a)pyrene -- .-----,,---------. ---._-----_. __ .---'-"--'----------------------
117.110 016 EPA 8270C Benzoic Acid 

117.110 018 EPA 8270C Benzyl Alcohol 

117.110 019 EPA 8270C Benzyl Butyl Phthalate '" ----. __ .,,------------_._--------=---=---------
117.110 020 EPA 8270C .... "._ .. ____ ". ______ ~is(2-c~~~~~~~~etha~.:.. ____________________ ,,_._. __ _ 

117.110 021 EPA 8270C ... ______ ~isJ~:c~~~~~E!t~yl! ~ther _ .... ______ . ___ .. ____ ... ___________ . ______ . ____ ._ 

117.110 022 EPA 8270C ... ~is.(2~c~~~i~~e~opyl)§~~r _______________________ . ____ . ___________ . __ . _______ ,, __ _ 

117.110 024 EPA 8270C 4-Bromophenyl Phenyl Ether .. __ '---_0 __ . _.>"_," ___ .. ,.,_,_._,,_ 

117.110 026 EPA 8270C 4-Chloroaniline 

117 .110 027 EPA 8270C 4-Chloro-3-methylphenol 

117.110 029 EPA 8270C 2-Chloronaphthalene 
~-.-- .-_ .•. __ .. -.. - -_ .. _ .. _--._-_. __ ._------_._---------

117.110 030 EPA 8270C 

117.110 032 EPA 8270C 

117.110 036 EPA 8270C 

2-Chlorophenol 

Chrysene 

Dibenz(a,h)anthracene 

117.110 ··037· EPA8270C··-" -... Dibenzofuran-- ......... ---""-.-------""- .... - .... -,,---.--".---,,---
--_.- -----_._--------._----- ._-------------------------

117.110 039 EPA 8270C 1,2·Dichlorobenzene 

117.110 040 EPA 8270C 1,3-Dichlorobenzene 
---------~-.--------------- -----

117.110 041 EPA 8270C 1,4-Dichlorobenzene 

117.110 042 EPA 8270C 3,3'-Dichlorobenzidine 

117.110 043 EPA 8270C 2.4-Dichlorophenol 
.--_ .. _---._---_.-----_._--------- -"_. __ •. _--------- ----

117.110 045 EPA 8270C Dlethyl Phthalate 
.. ,,-. "--- ---- --------------,,------------_._----------------

117.110 053 EPA 8270C _ _.3..4:_D~r1!E!~p_~~~I __ . _____ . ____________ . _____________ .. ____ ._. _____ . 

117.110 054 EPA 827.0C. __ ...... _____ ._ . ___ .. __________ ~im~thyi~~~I~t~ ____ . ___ . _____ __ 

117.110 055 EPA 8270C Di-n-butyl phthalate 

117.110 056 EPA 8270C . _____ Di_-n-octyl phthalale 

117.110 060 EPA 8270C 2,4·Dinitrophenol 
." -------- ----- ----,,-_._--_._._----_._------_ ... _---- .. _--------_._-------_._._--

117.110 061 EPA 8270C 2.4-Dinitrotoluene 

117.110 062 EPA 8270C 2,6-Dinilrotoluene 

117.110 067 EPA 8270C Fluoranthene 

117.110 068 EPA 8270C Fluorene -. --.". __ ."---_. __ ._-------_._._-_._------_ .. _----------_.-------------
117.110 069 EPA 8270C 

117.110 070 EPA 8270C 

117.110 071 EPA 8270C 

117.110 072 EPA 8270C 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 
-----------------------------------

117.110 075 EPA 8270C Indeno(1,2,3-c,d)pyrene 

117.110 076 EPA 8270C Isophorone 
--------------~----------------------

117.110 080 EPA 8270C 2-Methyl-4,6-dinitrophenol 
. ----- --,,-- .. ,,--- -----,,----------_._-_. ----

117.110 083 EPA 8270C 2-Methylnaphthalene - --- -_ .. _ ... - ---------- .- ._-- ----- -------------------.. ---- ._---_._---" .. -.------------------
117.110 084 EPA B270C 2-Methylphenol 

. _._--_._._--_.- --_. __ ._--_._._._--_._----_._---_._----------------".- ---
117.110 085 EPA 8270C 3-Methylphenol -----------.----- ------

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
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117.110 086 EPA 8270C 4-Methytphenot 
.-. __ .. " -- .. 

117.110 087 EPA 8270C Naphthalene 
----- --_ .... _--_. __ . 

117.110 092 EPA 8270C 2-Nitroaniline 

117.110 093 EPA 8270C 3-Nitroaniline 
._. _._._._._-----_._._----

117.110 094 EPA 8270C 4-Nitroaniline 
.. _-- ---- - -- --_._._-
117.110 095 EPA 8270C Nitrobenzene 

.... _-----_ ... 
117.110 096 EPA 8270C 2-Nitrophenot 

--" ..... ------_._-- ._-------

117.110 097 EPA 8270C 4-Nitrophenol 
._. __ . -------

117.110 100 EPA 8270C N-nitrosodimethylamine 

117.110 101 EPA 8270C N-nitroso-di-n-propylamine . -.- _._-_. __ ._. ------._ .. __ ._-------.-'------
117.110 102 EPA 8270C . N-nitrosodiphenylamine 

... _---_ .... _-_., .. _ ... ,,_._-•.. -.... _.--_._---_ .. _--_ .... _--_._--. __ ._----------.• _---.-------,-_ .. _-----,._._-_. __ ._--
117.110 110 EPA 8270C Pentachlorophenol 

117.110 112 EPA 8270C Phenanthrene 

117.110 113 EPA 8270C Phenol 

117.110 119 EPA 8270C Pyrene 
--------------~-------------------------

.. 1 H.1J.D._120_._ .. EPA.8270C-.... --. . .... _._ .. __ .. - ..... ----Pyridine 
...... _ ... _ .. _ ... _ ...... _ ... - ._---_ .. _-------------------_ .. _-------------

117.110 129 EPA 8270C 1,2,4-Trichlorobenzene 

117.110 130 EPA 8270C 2,4,5-T richlorophenol --_ .... __ ... -.. -.. ~.-- .. -.---.. 

117.110 131 EPA 8270C 2,4,6-T richlorophenol 

117.140 000 EPA 8310 Polynuclear Aromatic Hydrocarbons 
_. --~-- ._._- _ .. "'. _._ ... _--------- .. --_._------ .------.------- ... - .. ---.-----------------.~---- ... --.-----

117.140 001 EPA 8310 Acenaphthene 
._.,.- .. _-_ ..... 

117.140 002 EPA 8310 Acenaphthylene 
.----- ------_._--"--------_. 
117.140 003 EPA 8310 Anthracene ._._ ... _----_._._-- --------------------------------
117.140 004 EPA 8310 Benz(a)anthracene 

....... -- ... - . -----_ .. _-_._-_ .. _-------.- .. _- -------------------
117.140 005 EPA 8310 Benzo(a)pyrene 

117.140 006 EPA 8310 Benzo(b)fluoranthene 

117.140 007 EPA 8310 Benzo(k)fluoranthene 

117.140 008 EPA 8310 Benzo(g,h,l)perylene -- , ... _-_ ... - .. _ .... - .. _"_ ... _ .. _-_ .. _--._-_._--_ ... _--------- .-~~.-------------------.-- .. --.-
117.140009 EPA 8310 Chrysene 

-"-~- '~ ... -... ----~.' - ----- -'"---~-----.'---'-------- -------
117.140 010 EPA 8310 
.......... _ .. _-.-._-------------
117.140 011 EPA 8310 

117.140 012 EPA 8310 

117.140 013 EPA 8310 

Dibenz(a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno(1,2,3-c,d)pyrene 

117.140 014 EPA 8310 Naphthalene 
. ---.,.-.-.-.-- .. -----.----.~--.- "---------_._-----

117.140 015 EPA 8310 Phenanthrene 

117.140 016 EPA 8310 Pyrene 

---- ---- ._--------_._-_._---

... _ ... _----._ ... __ ._-_ ... -.-_._-_ .... _----_._._. __ ._-----.----~ .. ------... -.---.-----------... -------."---. ------_._--------- <----

117.210 000 EPA8081A Organochlorine Pesticides 

117.210 001 EPA 80B1A Aldrin 

117.210 002 EPA8oB1A a-BHC 
....... --------------------------

117.21 0 003 EPA 80B1A b-BHC 

117.210 004 EPA80B1A d·BHC 
.... -------... -.------.------------------------------~---

As of 1/28/2010. this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 6 of 8 
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117.210 005 EPA BOB1A g-BHC (Lindane) 
------------------------~--~--~--------------

117.210 009 EPA BOB1A ________ ._. ___ . __ . _____ ~~.i?_rd_an_e (_tec_h~ ____________________________________ _ 

117.210 013 EPA BOB1A 4,4'-000 
.... _- ._----- .... _----_._._---_._----_.----------- -------------------------------------

117 .21 OO_1_4. __ .!:~~~~~~~ _____________ 4.c.,4_'-_00_E _____________________ ... _. ___ _ 

117.210 015 EPA BOB1A 

117.210 020 EPA BOB1A 

117.210 021 EPA BOB1A 

117.210 022 EPA BOB1A 

117.210 023 EPA BOB1A 

117.210 024 EPA 80B1A 

117.210 025 EPA BOB1A 

117.210 026 EPA BOB1A 

117.210 027 EPA BOB1A 

117.210 028 EPA80B1A -----_. __ ._-------------
117.210 033 EPA 80B1A 

117.210 ... 039---EPABOB1A·--·· -

117.220 000 EPA BOB2 

117.220 001 EPA BOB2 -_._ .. " .. _."-_._._---
117.220 002 EPA BOB2 

117.220 003 EPA BOB2 

117.220 004 EPA BOB2 

4,4'-00T 

Dieldrin 

Endosulfan I 

Endosulfan II 

Endosulfan Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Heptachlor 

Heptachlor Epoxide 

Methoxychlor 

Toxaphene 

PCBs 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 
. -...... - ----------.---------_ .. . __ ._----------.--------------- ------

117.220 005 EPA BOB2 

117.220 006 EPA BOB2 

117.220 007 EPA BOB2 

117.240 000 EPA8141A 

117.240 002 EPA8141A 

117.240 005 EPA8141A 

117.240 007 EPA8141A 

117.240 008 EPA8141A 

117.240 009 EPA B141A 

117.240 011 EPA8141A 
-_ .. ,,--,."-_ .. ---_. 

117.240 013 EPA B141A . - -_._"-, ... _-.---._-

117.240 015 EPA 8141A ._- .,-- -_._--- . __ ._-

117.240 016 EPA B141A 

117.240 018 EPA8141A 
... -----

117.240 019 EPA B141A 
.. --- ......• _._-----------_. 

117.240 020 EPA8141A 

PCB-124B 

PCB-1254 

PCB-1260 

Organophosphorus Pesticides 

Azinphos Methyl 

Chlorpyrifos 

Oemeton-O 

Oemeton-S 

Oiazinon 

Oisulfoton 

Ethion 

Malathion 

Mevinphos 

Parathion Ethyl 

Parathion Methyl 

Phorate 
. --. ----------.. _-----------------------------

117.240 022 EPAB141A Ronnel 

117.250 001 EPA 8151A 2,4-0 

117.250 002 EPA 8151A 2,4-0B 
-------------------------------------------

117.250 003 EPA 8151A 2,4,5-T 
... _--_.- _.--_ .. _- ---------------

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 7 of 8 
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117.250 004 EPA8151A 2,4.5-TP 

117.250 006 _~P~~~~_1A _______________________ Dalapo_~ _______________________________________________________ _ 

117.250 007 EPA8151A __ _____________________ Dichlo'p!?_p ____________________________________ _ 

117_250 008 EPA 8151A Dinoseb 

117.250 009 EPA8151A MCPA 
----- - -------------- --------- ------------------

117.250 010 EPA8151A MCPP ------------------------
117.250 014 EPA8151A Dicamba 

120 - Physical Properties of Hazardous Waste 
- --------- ------------------- --------------------------------

120.010 001 EPA 1010 Ignitabillty 
------------------ ------------

120.022 001 EPA 1030 Ignltability 

120.030 001 EPA 1110 Corrosivily 

120.040 001 Section 7.3 SW-846 Reactive Cyanide 

120.050 001 Secl\on 7.3 SW-846 Reactive Sulfide 

120.070 001 EPA 9040B Corrosivity - pH Determination 

120.080 001 EPA 9045C Corrosivity - pH Determination 
.. "------_._--------------------

- --- - ------------- --------------
As of 1/28/2010. this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State_ 
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Section 1. Introduction 

1.1 BACKGROUND  

Machado Lake is located in the Dominguez Channel Watershed and has a total drainage area of 
approximately 23 square miles. The lake itself is under the jurisdiction of the City of Los 
Angeles, while the drainage area is within the jurisdiction of several cities, including Rancho 
Palos Verdes, Rolling Hills, Rolling Hills Estates, Palos Verde Estates, Torrance, Lomita, and 
Carson, and unincorporated Los Angeles County (County).  The map of the drainage area of the 
lake and the different jurisdictions located within the drainage area is shown in Figure 1. Within 
the boundary of the drainage area, there are three unincorporated County areas that account for a 
total of 8.4% of the total Machado Lake drainage area. 

The Machado Lake Nutrient Total Maximum Daily Load (Nutrient TMDL) was adopted by the 
Los Angeles Regional Water Quality Control Board (Regional Board) and approved by the State 
Water Resources Control Board (State Board).  The U. S. Environmental Protection Agency 
(USEPA) approved the TMDL on March 11, 2009, which is the effective date of the Nutrient 
TMDL.  The Nutrient TMDL was developed to address nutrient-related beneficial use 
impairments including, eutrophication, algae, ammonia, and odor in Machado Lake.   

The Machado Lake Toxics TMDL (Toxics TMDL) was adopted by the Regional Board on 
September 2, 2010.  The Toxics TMDL addresses impairments due to chlordane, Chem-A 
pesticides, DDT, and PCBs in fish tissue.  Although Chem-A pesticides include a suite of 
bioaccumulative compounds (aldrin, dieldrin, chlordane, endrin, heptachlor, heptachlor epoxide, 
hexachlorocyclohexane (including lindane), endosulfan, and toxaphene), the Regional Board 
limited the Basin Plan Amendment for toxics to chlordane compounds and dieldrin since the 
other compounds had not shown up in fish tissues for the last 25 years. 

In addition to nutrients and toxics, Machado Lake is also impaired for trash. Further, Wilmington 
Drain, which contributes more than 80% of the flow to Machado Lake and to which all of the 
County areas drain is impaired for metals (copper and lead) and bacteria.  The metals TMDL is 
expected to be completed by January 1, 2019 while the coliform bacteria TMDL was originally 
scheduled for January 1, 2007.  

The Nutrient TMDL Basin Plan Amendment (BPA) set waste load allocations (WLAs) for 
municipal separate storm sewer system (MS4) permittees as monthly average concentrations of 
0.1 mg/L for Total Phosphorous (TP) and 1 mg/L for Total Nitrogen (TN). The TMDL also 
allows a mass-based WLA option for point sources to be established through a special study, 
defined in the BPA as Optional Special Study #3.  The County submitted a Draft Work Plan for 
the Optional Special Study #3 on March 11, 2010.  The County has subsequently conducted the 
Special Study from May 2010 through April 2011.  The results and Final Report of the Special 
Study will be submitted with this document to the Regional Board.  In response to the 
approaches to developing mass-based WLAs included in the Draft Work Plan for Optional 
Special Study #3, the Regional Board Executive Officer presented a mass-based WLA approach 
deemed adequate to fulfill the requirements of the Nutrient TMDL:  

The Machado Lake Nutrient TMDL allows for the establishment of annual mass-
based WLAs for total phosphorus (TP) and total nitrogen (TN) equivalent to 
monthly average concentrations of 0.1 mg/L TP and 1.0 mg/L TN, based on 
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approved flow conditions. When the concentration based WLA are met under the 
approved flow condition of 8.45 hm3 (cubic hectometers or million cubic 
meters/year), the annual mass of the TP discharged to the lake will be 845 kg and 
the annual mass of TN discharged to the lake will be 8450 kg. The Los Angeles 
County mass-based WLA should be proportional to the County owned area in the 
sub-watershed. The unincorporated County area accounts for 8.4% of the 
Machado Lake sub-watershed. Both the interim and final WLAs based on the 
approved flow condition and fraction of unincorporated County area in the 
watershed are listed in Table 1. 

Table 1:  Los Angeles County Nutrient TMDL Mass-based Waste Load Allocations 

Year after TMDL Effective Date 

WLAs 

TP (kg) TN (kg) 

5 (interim WLAs) 887 1739 

9.5 (final WLAs) 71 710 

 

The Toxicity TMDL BPA assigned WLAs for MS4 permittees as concentration-based 
allocations (equal to the sediment numeric targets) for suspended sediment-associated 
contaminants are presented in Table 2. 

Table 2:  MS4 Permittees Toxics TMDL Waste Load Allocations 

Pollutant 

WLA for Suspended Sediment 
Associated Contaminants 

(µg/kg or ng/g dry weight) 

Total PCBs 59.8 

DDT (all congeners) 4.16 

DDE (all congeners) 3.16 

DDD (all congeners) 4.88 

Total DDT 5.28 

Chlordane1 3.24 

Dieldrin 1.9 
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Figure 1:  Machado Lake Watershed and Jurisdictions within the Watershed 
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1.2 PURPOSE AND OBJECTIVES 

Both the Nutrient and Toxics TMDLs require the preparation of a Monitoring and Reporting 
Program (MRP). The mass-based nutrient WLA compliance alternative for the Nutrient TMDL, 
which the County is utilizing requires that a MRP plan be prepared and submitted to the 
Regional Board within two and half years of the effective date of the Nutrient TMDL 
(September 11, 2011). The MRP for the Toxics TMDL is due to the Regional Board within six 
months of the effective date of the Toxics TMDL.   

This MRP plan will address nutrients and toxics as required by the adopted TMDLs, as well as 
copper, lead, and bacteria in the unincorporated County islands within the Machado Lake 
Watershed. The MRP will have the following core objectives: 

• Monitor attainment of the TMDLs waste load allocations as required in the relevant 
TMDLs  

• Guide the design of future implementation actions 

• Monitor the effectiveness of implementation actions in improving water quality 

• Guide pollutant source investigations 

This document presents a TMDL MRP for the unincorporated County areas to address 
requirements in the Nutrient TMDL and Toxics TMDL. The knowledge gained through the 
County’s Special Study was used to develop the nutrient monitoring approach, selection of 
monitoring sites, nutrient monitoring frequency, and nutrient sample collection techniques such 
that the MRP will accomplish its objectives and adequately characterize and document the 
following: 

• County’s pollutant loads;   

• Progress towards pollutant load reductions; and   

• Improvement in water quality, sediment quality, and fish tissue.  

The Special Study monitored flow for a year from the County Islands that was not attributable to 
wet-weather and found that each monitored constituent could be confidently represented with 
one statistical distribution representing conditions in non-wet weather runoff from all County 
Islands as opposed to several site-specific or island-specific distributions. Note that County 
Island 2 does not have non-wet weather discharges and was not monitored during the Special 
Study.  Furthermore, the Special Study also found that a significant percentage of the estimated 
annual loading for Total Nitrogen was coming from dry weather events (41%), whereas dry 
weather loadings for Total Suspended Solids and Total Phosphorus did not show significant 
contributions to the estimated annual loadings (5.2% and 5.0% respectively). These conclusions 
were considered in tailoring the approach, site location, and frequency of the MRP.   
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Section 2. Approach 
The County’s MRP approach includes monitoring each County Island during wet weather and 
dry weather events, and is designed to address the requirements of both the Nutrient TMDL and 
Toxics TMDL.  In addition, the monitoring of additional pollutants, specifically metals and 
bacteria, shall be included in the MRP to assist in future TMDL development and compliance 
assessment for the respective constituents.   

2.1 NUTRIENT TMDL MONITORING APPROACH 

Based on the Special Study, analysis of the dry weather sampling concluded that each 
distribution of water quality constituent was similar for County Islands 1 and 3 (County Island 2 
had no observed dry weather runoff).  As a result, estimations of dry weather loading may be 
achieved without sampling at all six monitoring locations identified in the Special Study.  One 
outlet monitoring location in each of County Islands 1 & 3 will be sampled for both dry and wet 
weather. County Island 2 had no observed dry weather runoff per the Special Study, and thus 
will only be sampled for wet weather events; however, site visits shall continue to be conducted 
during each dry weather event to confirm that no dry weather flows are being observed.  
Furthermore, flow measurements will continue to be taken at all of the Special Study discharge 
sites and County Island 2 (seven sites total) following protocols developed in the Special Study.  
Monitoring will continue until at least 10 wet weather samples are collected and when possible 
coincide with the toxic monitoring program (see Section 2.2).  At the end of this monitoring 
period, the County will review the monitoring results to assess whether the proposed approach 
should be modified.   

Further details regarding the monitoring site locations, frequencies, and parameters are described 
in Sections 3-5 of the MRP.   

2.2 TOXICS TMDL MONITORING APPROACH 

The Toxics TMDL monitoring approach will consist of two phases of wet weather monitoring 
designed to collect suspended solids such that sufficient volumes (estimated at 60 L of sample 
from the water column) are available for the analysis of pollutants in bulk sediments.  Phase 1 
monitoring will be conducted for a two year period. In Phase 1 monitoring, samples shall be 
collected during three wet weather events each yeari, including the first large storm event of the 
season.  Phase 2 monitoring will commence once Phase 1 monitoring has been completed. 
Samples will be collected during one wet weather event every year during Phase 2 monitoring 
through five years. At the end of the fourth year of a five year period, the County will review the 
monitoring results to assess whether the proposed approach should be modified.     

Further details regarding the monitoring site locations, frequencies, and parameters are described 
in Sections 3 through 5 of the MRP.   

 

                                                 
i The Department of Water Resources classifies water year based on the time period from October 1 through 
September 30.  For the purposes of this document it is recommended using October 1 as the starting date for the wet 
season and that the DWR classification be used for annual monitoring reporting.  Thus 3 wet weather events per 
year will be interpreted to be 3 storm events per water year (October-September).    
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2.3 MONITORING APPROACH FOR ADDITIONAL POLLUTANTS 

Metals and bacteria samples will be collected in conjunction with Nutrient TMDL and Toxics 
TMDL sampling, and will follow the protocols and frequencies of the Nutrient sampling. Metals 
and bacteria data will be beneficial during the future development and compliance assessment of 
TMDLs for the respective constituents. 
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Section 3. Monitoring Sites 
Monitoring sites were selected based on the results of the Special Study. An overview of the 
County Islands and the six monitoring sites as identified in the Special Study is presented in 
Figure 2. As previously mentioned, no sites were identified as contributing a unique distribution 
of concentrations that significantly deviates from the watershed-wide distribution during non-wet 
weather conditions. Therefore, all monitoring sites can adequately characterize and document 
pollutant concentrations in water and suspended sediment from the unincorporated County 
Islands.  A total of three monitoring locations have been selected.  One outlet location within 
each of County Island 1 and 3 will be monitored for both dry weather and wet weather, and one 
outlet location within County Island 2 for wet weather only, as there is no dry weather discharge 
from County Island 2.  Flow measurements will continue to be collected at all six sites identified 
in the Special Study, and a new site in County Island 2, to better estimate the total pollutant 
loadings throughout the County Islands.  A map of the Machado Lake watershed with the 
location of the three proposed monitoring sites is presented in Figure 3. 

 
Figure 2:  Overview of County Islands and Special Study Monitoring Sites in the Machado Lake 

Watershed. 

SFR 
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Figure 3:  Machado Lake Watershed and MRP Monitoring Stations. 

1O_ACAD was selected to represent loads from unincorporated County Island 1 as the Special 
Study observed dry weather flows from the site was more consistent and significant than its 
companion site 1O_EAST. The 10_ACAD site is a storm drain manhole near the base of the 
County Island, draining flows from the upstream residential areas and schoolyard. An aerial 
image of site 1O_ACAD and the surrounding areas is presented in Figure 4.  

1O_EAST (flow 
measurements only) 

3I_NORMP (flow 
measurements only) 

3I_ASHB (flow 
measurements only) 

3O_VERSEP (flow 
measurements only) 

SFR 
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Figure 4: Aerial view of 1O_ACAD. 

2O_SCBG (South Coast Botanical Garden) was selected to represent loads from unincorporated 
County Island 2. The Special Study found no dry weather flow originated from within County 
Island 2 but observed that a spillway in the South Coast Botanical Gardens was a likely pathway 
for wet weather flows and provided safe and easy access for sampling. The selected site was 
considered to be the optimal location to measure wet weather flows from the County Island and 
is designated as Site 2O_SCBG, consistent with the naming conventions used in County 
Islands 1 and 3.  An aerial view of site 2O_SCBG and the surrounding areas is presented as 
Figure 5. 

RB-AR41451



LA County Department of Public Works 10 September 2011, revised September 2012 
Machado Lake Multipollutant MRP 

 
Figure 5:  Aerial View of Site 2O_SCBG. 

3O_VAND was selected to represent loads from unincorporated County Island 3 as the Special 
Study observed that loadings from companion site 3O_VERSEP were predominantly from 
loadings external to the County Islands as measured from the island inlet sites. The site is a 
concrete-lined channel which drains flow from much of the northern portion of County Island 3, 
which includes various types of residential areas. An aerial view of site 3O_VAND and the 
surrounding areas is presented in Figure 6. 
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Figure 6:  Aerial View of Site 3O_VAND. 

The site locations as well as the rationale for inclusion in the MRP are listed in Table 3. 
Additional information and photographs of the sites are available in Appendix A. 
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Table 3:  Site Locations 

SiteID 
County 
Island Type 

Nearest 
Intersection Latitude Longitude Rationale for Selection 

1O_ACAD 1 Island 
Outlet 
(Storm 
drain 
manhole) 

Academy 
Dr./ Palos 
Verdes Dr. 

33.7831 -118.3537 Representative of County 
Island outlet; will be used to 
characterize loading from the 
County Island. 

2O_SCBG 2 Island 
Outlet 
(Spillway 
area) 

Crenshaw 
Blvd./ 
Palos 

Verdes Dr. 

33.7844 -118.3441 Sole identified potential source 
of wet weather flow within 
County Island; will be used to 
characterize loading from the 
County Island. 

3O_VAND 3 Island 
Outlet 
(Concrete-
lined 
channel) 

Van Deene 
Ave./228th 

St. 

33.8158 -118.2878 Drains large section of County 
Island.  This site will be used to 
characterize loading from the 
County Island and evaluate 
loadings from other portions of 
the County without an 
associated outlet site. 
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Section 4. Sampling Frequency  
A summary of the proposed MRP monitoring program, including frequency, location, and 
monitored parameters, is shown in Table 4.  After each monitoring year, the County will review 
the monitoring results to assess whether modifications to the monitoring program should be 
made.   This review also coincides with the Regional Board effort to revisit the Nutrient TMDL 
scheduled for September 2016.   

Table 4:  Summary of Multipollutant TMDL MRP Monitoring Events. 

Site ID Constituents 

Year 1 Year 2 Year 3 Year 4 Year 5(1) 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 

1O_ACAD Nutrients 3 4 3 4 3 4 1 4 - - 

Toxics 3 - 3 - 1 - - - 1 - 

Metals 3 4 3 4 3 4 1 4 - - 

Bacteria 3 4 3 4 3 4 1 4 - - 

2O_SCBG Nutrients 3 - 3 - 3 - 1 - - - 

Toxics 3 - 3 - 1 - - - 1 - 

Metals 3 - 3 - 3 - 1 - - - 

Bacteria 3 - 3 - 3 - 1 - - - 

3O_VAND Nutrients 3 4 3 4 3 4 1 4 - - 

 Toxics 3 - 3 - 1 - - - 1 - 

 Metals 3 4 3 4 3 4 1 4 - - 

 Bacteria 3 4 3 4 3 4 1 4 - - 

  1 At the end of Year 4, the County will review the monitoring results to determine whether additional monitoring is required in 
Year 5. 

4.1 NUTRIENT TMDL SAMPLING 

Nutrient sampling for dry weather shall be conducted quarterly at the two outlet monitoring sites 
in County Islands 1 and 3. No dry weather sampling will occur within County Island 2 as no dry 
weather flows were observed during the Special Study; however, site visits will continue to be 
conducted during each dry weather event to verify that there are no dry weather flows. Nutrient 
sampling for wet weather will be conducted to coincide with the toxic monitoring frequency and 
include three storm events per year at all three monitoring sites, including the first large storm of 
the season, until a total of 10 storm events are collected.  The nutrient sampling schedule is 
presented in Table 5. 
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Table 5:  Summary of Nutrient TMDL Sampling. 

Site ID Constituents 

Year 1 Year 2 Year 3 Year 4 Year 5(1) 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 

1O_ACAD Nutrients 3 4 3 4 3 4 1 4 TBD TBD

2O_SCBG Nutrients 3 - 3 - 1 - - - TBD TBD

3O_VAND Nutrients 3 4 3 4 3 4 1 4 TBD TBD

 1 Nutrient sampling to be determined (TBD) in year 5 based on data review.  

4.2 TOXICS TMDL SAMPLING 

The frequency for the Toxics TMDL Sampling will follow the requirements set forth in the 
Toxics TMDL BPA.  Phase 1 Toxics TMDL samples will be collected during three wet weather 
events, including the first large storm of the season for two years.  Phase 1 sampling will begin 
within 60 days of Executive Officer approval of the MRP and QAPP.  Phase 2 will begin 
following the completion of Phase 1. Phase 2 Toxics TMDL samples will be collected during 
one wet weather event every other year as outlined in Table 6.  

Table 6:  Summary of Toxics TMDL Sampling. 

Site ID Constituents 

Phase 1 Phase 2 

Year 1 Year 2 Year 3 Year 4 Year 5 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 

10_ACAD Toxics 3 - 3 - 1 - - - 1 - 

2O_SCBG Toxics 3 - 3 - 1 - - - 1 - 

3O_VAND Toxics 3 - 3 - 1 - - - 1 - 
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4.3 METALS AND BACTERIA SAMPLING 

Metals and bacteria samples will be collected at every event following the protocols and 
frequency of the nutrient sampling.  The sampling schedule for metals and bacteria is presented 
in Table 7. 

Table 7:  Summary of Metals and Bacteria TMDL Sampling. 

Site ID Constituents 

Year 1 Year 2 Year 3 Year 4 Year 5(1) 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 

1O_ACAD Metals 3 4 3 4 3 4 1 4 TBD TBD

Bacteria 3 4 3 4 3 4 1 4 TBD TBD

2O_SCBG Metals 3 - 3 - 3 - 1 - TBD TBD

Bacteria 3 - 3 - 3 - 1 - TBD TBD

3O_VAND Metals 3 4 3 4 3 4 1 4 TBD TBD

 Bacteria 3 4 3 4 3 4 1 4 TBD TBD

 1 Metals and Bacteria sampling to be determined (TBD) in year 5 based on data review.  

 

RB-AR41457



LA County Department of Public Works 16 September 2011, revised September 2012 
Machado Lake Multipollutant MRP 

Section 5. Monitored Parameters 
Table 8 lists the constituents for which samples will be analyzed for the Nutrient TMDL, the 
analytical methods, project method detection limits and project reporting limits for each 
constituent.  Data will be collected for multiple nutrient constituents to assist in the 
understanding of nutrient loadings from the County areas and support identification of methods 
for reducing those loadings in the implementation plan. 

Table 9 lists the constituents for which samples will be analyzed for the Toxics TMDL, the 
analytical methods, project method detection limits and project reporting limits for each 
constituent. 

Table 10 lists the method detection levels and method reporting levels for the organochlorine 
pesticide analyses of particulate matter. 

Table 11 lists the additional constituents for which samples will be analyzed, the analytical 
methods, project method detection limits and project reporting limits for each constituent. 

Additionally, field measurements will be collected for the parameters listed in Table 12 during 
each event. 

Table 8:  Nutrient TMDL Constituents, Analytical Methods, and Quantitation Limits 

Constituent 
Class Constituent Method 

Detection 
Limit 

(mg/L) 

Reporting 
Limit  

(mg/L) 

Conventional Total Suspended Solids (TSS) SM 2540D 0.5 1.0 

Total Dissolved Solids (TDS) SM 2540C 1.0 10 

Nutrient Total Kjeldahl Nitrogen (TKN)1 EPA 351.1 0.455 0.50 

Nitrate as Nitrogen (NO3-N)1 EPA 300.0 0.01 0.10 

Nitrite as Nitrogen (NO2-N)1 EPA 300.0 0.01 0.05 

Total Nitrogen1 calculation NA NA 

Ammonia as Nitrogen (NH3-N) EPA 350.1 0.01 
0.02(2) 

0.10 

Total Phosphorus SM 4500-P E or F 0.02 0.1 

Dissolved Phosphorus SM 4500-P E or F 0.02 0.1 

Total Orthophosphate (PO4-P) SM 4500-P E or F 0.001 
0.01(2) 

0.01 
0.02(2) 

1. Total Nitrogen is the sum of TKN, nitrate, and nitrite. 
2. Levels modified to reflect current analytical capabilities (September 2012). 
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Table 9:  Toxics TMDL Constituents, Analytical Methods, and Quantitation Limits 

Sample Medium Constituent Method 
Detection 

Limit  
Reporting 

Limit  

Water Total Suspended Solids (TSS) SM 2540D 0.5 mg/L 1.0 mg/L 

Sediment    
(collected as 
suspended 
sediment) 

Organochlorine Pesticides1 EPA8270C(m) 0.1-1 ng/dry g 0.5-5 ng/ dry g 

Total PCBs2 10 ng/dry g 20 ng/dry g 

Total Organic Carbon (TOC) EPA 9060 
Dry 

combustion/IR 
detection 

0.05 % dry 
weight 

0.05%-66% 
dry weight 

1. Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-DDT, 
4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and dieldrin. 

2. PCBs in water and sediment are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254, 
and 1260). Congeners will also be analyzed to provide a better estimate of PCB concentrations and loads for PCBs.Method 
Detection Limit/Reporting Limit for individual congeners are 1 ng/dry g and 5 ng/dry g. 

Table 10:  Pesticides and the Associated Method Detection Levels (MDL) and Method Reporting 
Levels (MRL). 

Organochlorine 
Pesticides 

Laboratory MDL 
ng/g – dry weight 

Laboratory MRL 
ng/g – dry weight 

Chlordane Compounds 
 Heptachlor 
 Heptachlor Epoxide 
 gamma-Chlordane 
 alpha-Chlordane 
 Oxychlordane 
 trans-Nonachlor 
 cis-Nonachlor 

Other Organochlorine Pesticides 
 2,4'-DDD 
 2,4'-DDE 
 2,4'-DDT 
 4,4'-DDD 
 4,4'-DDE 
 4,4'-DDT 
 Total DDT 
 Dieldrin 

 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 

 
1 
1 
1 
1 
1 
1 
1 
1 

 
0.5 
0.5 
0.5 
1 
0.5 
0.5 
0.5 

 
2 
2 
2 
2 
2 
2 
2 
5 
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Table 11:  Additional Constituents, Analytical Methods, and Quantitation Limits 

Constituent 
Class Constituent Method 

Detection Limit 
(mg/L) 

Reporting Limit 
(mg/L) 

Conventional Hardness SM 2340B 1 mg/L 10 mg/L 

Metals Total and Dissolved Copper EPA 200.8 0.4 µg/L 0.8 µg/L 

Total and Dissolved Lead 0.1 µg/L 0.5 µg/L 

Bacteria E. coli IDEXX Colilert 10 MPN/100 mL 10 MPN/100 mL 

Table 12:  Project Reporting Limits for Field Measurements 

Parameter/Constituent Range Project RL 

Velocity/Flow1 -0.5 to +20 ft3/s  

pH 0 – 14 pH units NA 

Temperature -5 – 50 oC NA 

Dissolved oxygen 0 – 50 mg/L 0.5 mg/L 

Turbidity 0 – 3000 NTU 0.2 NTU 

Conductivity 0 – 10000 µmhos/cm 2.5 µmhos/cm 

RL – Reporting Limit NA – Not applicable  
1. For velocity/flow, range refers to velocities measured by a handheld flow meter.  The 

lower limit for measuring flow is dependent upon the size of the specific pipe or 
channel. 
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Section 6. Reporting Requirements  

6.1 ANNUAL MONITORING REPORT  

Monitoring results are to be reported annually to the Los Angeles Regional Water Quality 
Control Board (LARWQCB).  Each annual report is to be submitted to the LARWQCB within 
six months from the final sampling event of a year.  For example, if the final sampling event 
representing a year worth of sampling is conducted on March 11, 2013, the annual monitoring 
report would be due to the LARWQCB September 11, 2013.  Per the LARWQCB’s approval of 
the Nutrients portion of this MRP, the County will submit its first annual monitoring report no 
later than April 25, 2013 and annually thereafter.  The report will summarize the events 
conducted, samples collected, QA/QC results, and the analysis results.  A comparison between 
the measured loads and the waste load allocations (WLAs) for the County is to be presented in 
the monitoring reports.  Nutrient WLAs for Machado Lake are specified as annual loads.  The 
Toxics TMDL BPA requires the responsible parties to report compliance or non-compliance with 
WLAs as part of annual (or biennial during Phase 2 monitoring) reports submitted to the 
Regional Board. WLA for toxics are specified as 3-year average values.  The assessment of 
compliance would require results from three consecutive years of sampling.   

The additional constituents as shown in Table 11 collected under this MRP are voluntary and 
there are no compulsory reporting requirements. However, the County may choose to report the 
additional data collected in a manner similar to the data being collected per the adopted Nutrient 
and Toxics TMDLs either as part of, or as an Addendum to, the TMDL Annual Monitoring 
Report(s). 

The Annual Monitoring Report will report compliance and non-compliance with waste load 
allocations and will contain at minimum the following components: 

• Methods 

• Monitoring Results/Analyses 

• Quality Assurance/Quality Control 

• Conclusions and Recommendations 
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Section 7. Monitoring Event Preparation 
Monitoring event preparation will include mobilizing field equipment, placing bottle orders, and 
contacting the necessary personnel regarding site access and scheduling. The following steps will 
be completed prior to each sampling event: 

1. Contact laboratories or other suppliers to obtain sample containers. 
2. Confirm scheduled monitoring date with the field crew and set up sampling day itinerary, 

including courier pickup/drop-off if applicable. 
3. Mobilize sampling equipment. Examine all equipment for defects and replace if 

necessary.  Ensure that all samplers have appropriate personal protective equipment prior 
to going to the field. 

4. All samplers to confirm contact information, review sampling and urgent care location 
maps, and review/discuss safety protocols when in the field.  Samplers should also 
discuss informal rescue plans in case of a serious incident occurring while on site. 

5. Prepare sample container labels with sample date, sample time, sample point, sample 
type (grab/composite), preservatives added (if needed), and analyses needed. 

6. Prepare field log sheet to indicate the type of field measurements, field observations and 
samples to be collected. 

7. Prepare chain of custody forms. 
8. Calibrate field measurement instruments and fill out calibration logs. 

 

The following equipment will be mobilized prior to each sampling event: 

• First aid kit • Clipboard 
• Cellular phone • Chain of custody forms 
• Field log, H&S Plan  • Sample bottles 
• Nitrile or latex powder-free gloves • Intermediate bottles 
• Flow meter • Labels 
• Camera • Ice 
• Coolers for all sample bottles • Bucket and Rope 
• GPS • Sand Bag 
• Multi-parameter meter (temperature, pH, 

DO, conductivity, and turbidity) 
• Field kit (tape, knife, zip-lock bags, tie-

wraps, sharpie pens, pencils, screw driver, 
and other miscellaneous supplies) 

• Ladder • Confined space entry equipment and 
permits, if necessary 

• Cleaning solutions as required by 
sampling equipment 

• Rinse water as required by sampling 
equipment. 

7.1 BOTTLE ORDER 

Sample bottle orders will be placed with the appropriate analytical laboratory at least two weeks 
prior to each sampling event.  Containers will be ordered for all water samples, including quality 
control samples, as well as extra containers in case the need arises for intermediate containers or 
replacements.  The containers must be of the proper type and size and contain preservative as 
appropriate for the specified laboratory analytical methods.  Table 13, Table 14, and Table 15 
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list specific constituents for which samples will be analyzed and specifies the sample container, 
volume required, and immediate processing, storage, and holding time requirements.  The field 
crew will inventory sample containers upon receipt from the laboratory to ensure that adequate 
containers have been provided to meet analytical requirements for each monitoring event. 

Table 13:  Nutrient TMDL Sample Container Requirements 

Constituent 
Sample Container 

and Volume1 

Immediate 
Processing And 

Storage Holding Time 

Total Suspended Solids (TSS) 1 L HDPE 4° C 7 days 

Total Dissolved Solids (TDS) 500 mL HDPE 4° C 7 days 

Nitrate as Nitrogen (NO3-N) 500 mL HDPE 4° C 48 hours 

Nitrite as Nitrogen (NO2-N) 

Dissolved Phosphorus 

Total Orthophosphate (PO4-P) 

Total Kjeldahl Nitrogen (TKN) 500 mL HDPE H2SO4 28 days 

Ammonia as Nitrogen (NH3-N) 

Total Phosphorus 

1 Additional volume may be required for QC analyses. 

 

Table 14:  Toxics TMDL Sample Container Requirements 

Sample Medium Constituent 
Sample Container 

and Volume3 

Immediate 
Processing 

And Storage 
Holding 

Time 

Water Total Suspended Solids (TSS) 1L HDPE 4° C 7 days 

Sediment 
(collected as 
suspended 
sediment) 

Organochlorine Pesticides1 2-4 grams (min 
0.5 grams) 

4° C 1 year4 

Total PCBs2 

Total Organic Carbon (TOC) 1 gram 
(min 0.25 grams) 

4° C 28 days 

1.  Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-
DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and dieldrin. 

2.  PCBs in water are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 
1254, and 1260). Individual congeners will also be analyzed. 

3.  Additional volume may be required for QC analyses. 

4.  One year if frozen, otherwise 14 days to extract and 40 days from extraction to analysis.  
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Table 15:  Additional Constituents Sample Container Requirements 

Constituent 
Class Constituent 

Sample Container 
and Volume1 

Immediate 
Processing 

And Storage 
Holding 

Time 

Conventional Hardness 500 mL HDPE 4° C 6 months 

Metals Total and Dissolved Copper 500 mL HDPE 4° C 48 hours/ 
6 months2 Total and Dissolved Lead 

Bacteria E. coli 100mL HDPE 4° C 6 hours 

1.  Additional volume may be required for QC analyses. 
2.  48 hours to filter for dissolved metals, then 6 months to analyze for both filtered dissolved and total. 

 

7.2 SAMPLE BOTTLE LABELING 

All samples will be identified with a unique identification code to ensure that results are properly 
reported and interpreted.  Samples will be identified such that the site, sampling location and 
sample type (i.e., environmental sample or QC sample) can be distinguished by a data reviewer 
or user.  Sample identification codes will consist of a site identification code and a unique 
sample ID number assigned by the monitoring manager.  

Labels will be placed on the appropriate bottles in a dry environment; applying labels to wet 
sample bottles will be avoided. Labels will be placed on sides of bottles rather than on bottle 
caps.  Labels will be produced by the County’s Integrated Water Quality System Database, to 
uniquely identify samples, the required analyses, and for subsequent uploading of data to the 
database.  
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Section 8. Sample Collection 

8.1 SAMPLING TECHNIQUE 

Sampling technique for Nutrient TMDL monitoring will be mirror the methods used in the 
Special Study Dry weather grab sampling techniques are currently described in Section 8.1.1.  
Wet weather samples are included in the Nutrient TMDL monitoring approach and will be 
partitioned from the wet weather toxics sampling prior to being filtered.  

Specific sample techniques were developed for wet weather Toxics TMDL sampling and are 
presented under Toxics TMDL wet weather sampling, Section 8.1.2. 

Sampling for metals and bacteria samples will utilize the sampling techniques presented for 
Nutrient and Toxics TMDL sampling with the following exceptions. Metals sampling requires 
the use of clean sampling techniques presented below.  Additionally, metals and bacteria samples 
collected during Toxics TMDL sampling will be collected from the water column rather than 
from suspended sediment. 

8.1.1 Nutrient TMDL, Metals, and Bacteria Dry Weather Sampling 

Samples will be collected in a manner that minimizes the possibility of sample contamination. 
These sampling techniques are summarized below: 

• Samples are collected only into rigorously pre-cleaned sample containers. 
• At least two persons are required on a sampling crew. 
• Clean, powder-free nitrile gloves must be worn while collecting samples and must be 

changed whenever something not known to be clean has been touched. 
• To reduce the potential for contamination and to ensure crew safety, field crews must 

observe the following precautions while collecting samples: 

1. Smoking is prohibited. 
2. Collecting samples near a vehicle, running or otherwise, is prohibited.   
3. Eating or drinking during sample collection is prohibited. 
4. Sampling personnel should avoid breathing, sneezing or coughing in the direction 

of an open sample container.   
 
Each person on the field crew will wear clean clothing that is free of dirt, grease, or other 
substances that could contaminate the sampling apparatus or sample bottles. 

Grab samples will be collected at approximately mid-channel, mid-depth at the location of 
greatest flow (where feasible) by direct submersion of the sample bottle.  This is the preferred 
method for grab sample collection; however, due to monitoring site configurations and safety 
concerns, direct filling of sample bottles may not always be feasible.  Monitoring site 
configuration will dictate grab sample collection technique.  Grab samples will be collected 
directly into the appropriate bottles whenever feasible (containing the required preservatives as 
outlined in Table 13.  As protocols are developed by the County to uniquely address the urban 
conveyance system sampling they will supersede the procedures outlined in the MRP. 

During dry weather sampling events, some channels and drains may not contain sufficient flow 
to collect samples by direct submersion.  Intermediate containers will be used in instances where 
flows are too shallow for the direct submersion of sampling containers, and in instances where 
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sheet flow is present.  In these instances, a HDPE bottle free of preservative will be used as the 
intermediate container to fill sample bottles.  

It is considered very important to not scoop up algae, sediment, or other particulate matter on the 
bottom of the channel because such debris is not representative of surface flows.  To prevent 
collection of such debris: 

• A location should be found where the channel bottom is relatively clean and allows for 
the intermediate container to fill, or  

• A clean Ziploc bag should be placed on the bottom of the channel and water should be 
collected from on top of the bag.  A fresh Ziploc bag pre-rinsed with site water should be 
used at each site, when required, or 

• For certain manholes, a temporary device that would serve to impede flows and create a 
pool (e.g. a sandbag) may be employed during the sampling event.  

The potential exists for monitoring sites to lack discernable flow.  The lack of discernable flow 
may generate unrepresentative data.  To address the potential confounding interference that can 
occur under such conditions, sites sampled should be assessed for the following conditions and 
sampled or not sampled accordingly: 

• Pools of water with no flow or visible connection to another surface water body should 
NOT be sampled.  The field log should be completed for non-water quality data 
(including date and time of visit) and the site condition should be photo-documented. 

• Flowing water (i.e., based on visual observations, flow meter data, and a photo-
documented assessment of conditions immediately upstream and downstream of the 
sampling site) site SHOULD be sampled. 

Field personnel will adhere to established sample collection protocols to ensure the collection of 
representative and uncontaminated (i.e., contaminants not introduced by the sample handling 
process itself) samples for laboratory analyses.  Deviations from the standard protocols must be 
documented in the field log at the time of sampling.  Sampling gear and utensils which come in 
direct contact with the sample will be made of non-contaminating materials and will be 
thoroughly cleaned between sampling stations according to appropriate cleaning protocols. 
Sample containers will be of the recommended type and will be free of contaminants (i.e., pre-
cleaned). Conditions for sample collection, preservation and holding times will be followed. 

Field crews (2 persons per crew, minimum; 3 persons per crew, minimum, when confined space 
entry is required) will be mobilized for sampling only when weather conditions and flow 
conditions are considered to be safe.  For safety reasons, sampling will occur only during 
daylight hours.  Sampling events should proceed in the following manner: 

1. Before leaving the sampling crew base of operations, confirm number and type of sample 
containers as well as the complete equipment list. 

2. Proceed to the first sampling site. 
3. Record the general information on the field log sheet. 
4. Collect the samples indicated on the event summary sheet in the manner described herein.  

Collect additional volume and blank samples for field-initiated Quality Control (QC) 
samples, if necessary.  Place filled sample containers in coolers and carefully pack and 
ice samples as described herein.  Using the field log sheet, confirm that all appropriate 
containers were filled. 
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5. Collect field measurements and observations, and record these on the field log sheet. 
6. Repeat the procedures in steps 3, 4, and 5 for each of the remaining monitoring sites.   
7. Complete the chain of custody forms using the field log sheets.  
8. After sample collection is completed at all monitoring sites, deliver and/or ship samples 

to the appropriate laboratory. 

8.1.2 Toxics TMDL Wet Weather Sampling 

8.1.2.1 Background 

Compliance monitoring specified in the Basin Plan Amendment requires that pollutant 
concentrations are measured by collecting sufficient volumes of stormwater such that quantities 
of suspended solids are suitable for direct analyses in bulk sediments filtered from the 
discharges.  In addition, stormwater is to be sampled using procedures that allow for 
representative samples proportioned based upon flow rates during the storm events.  As noted, 
earlier pollutants specified for direct analysis in the bulk sediment include: 
 

• Total Organic Carbon 
• Total PCBs 
• DDT and Derivatives 
• Dieldrin 
• Total Chlordane 

Although a number of studies have been performed to directly measure the concentration of 
contaminants associated with suspended solids, there are no standardized procedures for this type 
of testing.  Given the lack of a standard method, a brief review of the various methods used to 
collect, concentrate and quantify suspended sediments and to quantify pollutant loads associated 
with suspended sediments is warranted.   

The usual approach for measuring hydrophobic chemicals associated with suspended particulates 
has been to analyze whole water samples.  Mahler et al. (2006) noted that most water samples 
with less than a couple hundred mg/L of TSS could still result in mostly non-detects even when 
the pollutant concentrations in the suspended sediment exceeded Probable Effects Levels (PELs) 
if they had been measured in bedded sediments.  The combined use of more sensitive analytical 
methods such as GCMS-NCIS and increasing sample volumes can substantially improve 
sensitivity but values are still often within 10 times the reporting limits and thus would be 
expected to have limited value in determining loads. 

The number of strategies used to determine the concentrations and loads associated with 
suspended sediments (and those in the dissolved or colloidal form) nearly match the number of 
studies conducted.  All require a method to separate suspended sediment from the water samples 
and very high volumes of water.  Horowitz (1995) used centrifugation but most other studies 
have used some type of filtration.  Studies conducted in the Raritan Bay area by USGS and the 
New Jersey Department of the Environment (Bonin and Wilson, 2006) used Trace Organic 
Platform Samplers (TOPS) units to collect and filter water.  These units typically use stainless 
steel canister filters fitted with 0.5 µm Glass Fiber Filters (GFF) to remove the coarser material 
without substantial flow restriction.  Since these filters tend to get breakthrough of approximately 
10% of the suspended sediment, they are followed by large (142 mm or 293 mm) flat GFF filter 
with a nominal pore size of 0.7 or 1.0 µm and no binders.  The water then passes through an 
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XAD resin to extract the dissolved fraction.  The volume of water passing through the system is 
collected and measured to establish the volume for use in calculating concentrations.  Other 
studies conducted in the Great Lakes Region (McCarty et al. 2004) have simply quantified the 
mass of pollutants present in the particulate fraction relative to the total volume of water. 

Sediment trapped in the canister filter and flat GFF cannot be recovered for quantification so 
most studies collect additional TSS samples to use in calculating the total mass of sediment 
trapped by the sampler.  The average concentration of TSS is then multiplied by the total volume 
of water to estimate the mass of particulates captured by the filters.  Other studies conducted in 
the Great Lakes Region (McCarty et al. 2004) have simply quantified the mass of pollutants 
present in the particulate fraction relative to the total volume of water. 

A more recent USGS study conducted in Austin, Texas (Mahler et al. 2006) explored use of 
large volume suspended sediment sampling to measure concentrations and loads of both metals 
and organic compounds that were associated with suspended sediment during storm events in 
Barton Creek.  Initially, this study eliminated use of the GFF filter cartridges typically used in 
such studies and only used 293 mm GFF filters with nominal pore sizes of 0.7 µm.  Seven 9 L 
samples were taken at fixed time intervals and later composited based upon average flow within 
each time interval.  As the study proceeded, 0.45 µm PTFE filters were tested as replacements 
for the GFF filters.  USGS found that these filters, when handled correctly, were able to fully 
recover all sediment so that particulates could be directly quantified.  As the filter periodically 
became clogged, they would be removed from the filter holder and placed in a sealed plastic bag.  
The filter would then be gently massaged to remove the sediment and typically reused two more 
times with the same sample.  Although the PTFE filters successfully allowed complete recovery 
of sediment from the water samples they required some special handling due to their 
hydrophobicity.  A light spray with methanol was necessary to get water to start flowing through 
the membrane.  Complete recovery of the sediment allowed the sample to be freeze-dried in the 
laboratory prior to analysis. 

Stenstrom and Suffet (2009) used similar methods to collect and fractionate samples of 
stormwater entering Puddingstone Lake in Los Angeles County.  Water samples were filtered to 
separate total suspended solids (TSS) from the aqueous phase using pre-weighed 142 mm, 
0.7 µm pure glass (no binder) TCLP filters (Whatman Inc., UK) and a Hazardous Waste Pressure 
Filter System (Millipore, Billerica, MA). They then dried the filters containing the TSS in 
250 mL glass jars containing calcium chloride over a 24-hour period and then refrigerated the 
samples at 4°C until extracted. Filters were reweighed after drying to determine the amount of 
particulates collected on the filters.  

As part of a TMDL effort, LWA is conducting a monitoring program designed to quantify 
organochlorine pesticides associated with suspended sediments in Calleguas Creek during storm 
events. This study is designed to determine if organochlorine pesticides are more strongly 
associated with one of three major sediment particle size fractions including <1 µm to <64 µm, 
≥64 µm to 2 mm, and particles greater than 2 mm.  Stormwater samples are taken as large single 
grab samples.  A subsample is taken for measurement of total suspended solids.  The smallest 
filter (<1 mm) is a glass fiber filter that requires that extractions include the filter.  As with many 
other programs, the separate TSS and wet-weight data are used to normalize results of analyses 
conducted on wet sediment, from each fraction.   
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8.1.2.2 Recommended Sampling Procedures 

Major factors considered in the development of sampling procedures for the specified 
hydrophobic pesticides included: 

• the ability to obtain flow-weighted stormwater samples, 
• collect the necessary volumes of stormwater to assure that sufficient sediment is available 

to meet analytical requirements inclusive of QA/QC, 
• sampling equipment is comprised of materials that are both non-contaminating and 

resistant to both adsorption or desorption of organic materials, 
• suitable for direct quantification of solids, 

Water samples will be collected using automated stormwater sampling equipment capable of 
obtaining flow-weighted composite samples.  The efficiency of autosamplers is known to decline 
once particle sizes start to exceed 250 µm (Clark, 2009) but ability to obtain large numbers of 
samples over the duration of a storm event is a significant benefit. Although USGS normally 
prefers use of isokinetic samplers for obtaining representative samples of suspended solids, they 
also recognize that this sampling method is often not practical.  Mauler et al. (2006) compared 
suspended sediment concentrations collected using a fixed point autosampler with samples 
obtained using isokinetic samplers and concluded that differences were not significant for the 
Barton Creek site.  

Equipment selected to monitor flow will be based upon specific characteristics of each selected 
sites.  Unless suitable rating curves exist for the selected site, it is likely that an Area Velocity 
Bubbler (AVB) will be used to estimate open channel flows.  An autosampler equipped with a 
peristaltic pump will be used to collect water samples.  The intake hose will consist of pre-
cleaned FEP (Teflon) hose fitted with stainless steel strainer and secured to the bottom of the 
channel.  The autosampler will use a minimal length of peristaltic hose to connect to the FEP 
intake hose and pass it through the peristaltic pump.  Another length of FEP hose will be 
connected to the peristaltic hose and directed into the sampling container. 

Sample volumes will depend largely on the concentrations of sediment in the discharges and 
storm volumes.  The filtrations should be performed using 0.45 µm PTFE membrane filters.  
These can be either 143 mm or 250 mm in diameter.  Initial settings will be based upon a target 
of 5 grams of suspended sediment to analyze all target analytes and maintain suitable reporting 
limits.  One site will be set with an objective of obtaining 10 grams for duplicate sampling.  The 
minimum sample mass will be 1.5 grams.  Since these objectives are based upon dry weight, 
professional judgment will be needed to determine if adequate volumes are available.  If 
sediment is limited, the laboratory should provide dry weight measurements to the Project 
Manager as soon as they become available to determine if the laboratory should proceed with the 
designated analyses or reconsider allocation of sediment for the required analyses. 

The Los Cerritos Channel watershed has similar characteristics to the Machado Lake watershed 
in that it is highly urbanized and relatively small.  EMCs for TSS have been measured for 
54 storm events and resulted in a median EMC of 168 mg/L.  The 10th and 90th percentile values 
were 66 and 364 mg/L, respectively.  Assuming similar results at the Machado sites, a total of 
60 liters of water will provide adequate quantities of sediment even with 10th percentile TSS 
values (approximately 4 grams).  If TSS concentrations are near the median EMC for the Los 
Cerritos Channel, adequate sediment (approximately 10 grams) would be available for testing. 
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Standard 20-L borosilicate media bottles composite containers should be used to collect the 
stormwater samples.  Alternatively, 32 gallon roughneck trash cans or other comparable plastic 
containers can be used with 33-gallon Teflon liners.  A similar design was used by Mauler 
(2006) in Austin.  Although this provides more than adequate capacity to collect the sample in a 
single container, the potential weight can be prohibitive.  If Teflon liners are used, tie wraps 
should be used to secure the bag around the discharge hose.  A short length of hose (approx. 4-
5 inches) should be included to assure the bag is vented. 

8.1.3 Clean Sample Collection Techniques 

To prevent contamination of samples, clean metal sampling techniques using USEPA protocols 
outlined in USEPA Method 1669ii will be used throughout all phases of the sampling and 
laboratory work, including equipment preparation, sample collection, and sample handling, 
storage, and testing.  All containers and test chambers will be acid-rinsed prior to use.  Filled 
sample containers will be kept on ice until receipt at the laboratory.  

The protocol for clean metal sampling, based on USEPA Method 1669, is summarized below: 

• Samples are collected in rigorously pre-cleaned sample bottles with any tubing 
specially processed to clean sampling standards.  

• At least two persons, wearing clean, powder-free nitrile or latex gloves at all times, 
are required on a sampling crew. 

• One person, referred to as “dirty hands”, opens only the outer bag of all double-
bagged sample bottles. 

• The other person, referred to as “clean hands”, reaches into the outer bag, opens the 
inner bag and removes the clean sample bottle. 

• Clean hands rinses the bottle at least two times by submerging the bottle, removing 
the bottle lid, filling the bottle approximately one-third full, replacing the bottle lid, 
gently shaking and then emptying the bottle.  Clean hands then collects the sample 
by submerging the bottle, removing the lid, filling the bottle and replacing the bottle 
cap while the bottle is still submerged. 

• After the sample is collected, the sample bottle is double-bagged in the opposite 
order from which it was removed from the same double-bagging. 

• Clean, powder-free gloves are changed whenever something not known to be clean 
has been touched. 

• The time of sample collection is recorded on the field log sheet. 

8.2 FIELD MEASUREMENTS AND OBSERVATIONS 

Field measurements (listed in Table 8) will be taken, and observations made and recorded, at 
each sampling site after a sample is collected.  All field measurement results and field 
observations will be recorded on a field log.  Field measurements will include dissolved oxygen, 
temperature, conductivity, pH, turbidity, and flow.  Measurements (except for flow) will be 
collected at approximately mid-stream, mid-depth at the location of greatest flow (if feasible) 
with a multi-probe meter, or comparable instrument(s).  For measurements of relatively deep 
                                                 
ii  USEPA.  April 1995.  Method 1669: Sampling Ambient Water for Trace Metals at EPA Water Quality Criteria 
Levels. EPA 821-R-95-034. 

RB-AR41470



LA County Department of Public Works 29 September 2011, revised September 2012 
Machado Lake Multipollutant MRP 

flows, the sensors will be placed directly into the flow path.  For measurements of shallow flows, 
water will be collected in a rinsed intermediate container prior to measurement.   

Prior to each day of each sampling event, water quality meters will be calibrated using fresh 
calibration solutions. After each calibration, the sensor will be checked to verify the accuracy is 
within an acceptable range.  Otherwise, this process will be repeated until the calibration is 
verified.  The acceptable range of accuracy will be included on a calibration sheet included in the 
field log. 

Continuous flow monitoring will be employed at each site (original special study sites plus 
County Island 2) using HOBO meters,  HOBO meters continuously record time, temperature, 
and pressure data, which is then converted to water density and depth measurements.  An 
additional set of HOBO meters are used to monitor atmospheric pressure as the meters in the 
water are measuring the combined pressure of water and atmosphere. 

Manual flow measurements will be taken at each site following water sample collection and the 
data from the HOBO meters downloaded. The following section describes the field methods that 
will be used to measure flow rates. The method of flow rate measurement will be dependent on 
the depth/flow at the sampling site, as described below.   

8.2.1 Velocity Meter Flow Measurements 

During dry weather, in the open channel sites and some manholes the water is deep enough 
(>0.1-foot) to allow for use of a velocity meter.  For these cases, velocity will be measured at 
approximately equal increments across the width of the flowing water using a velocity meter.  A 
“flow pole” will be used to measure the water depth at each measurement point and to properly 
align the sensor so that the depth of each velocity measurement is 0.6 * total depth (for 
electromagnetic meters), which is representative of the average velocity, or on the bottom (for 
Doppler velocity meters).  The distance between velocity measurements taken across the stream 
is dependent on the total width.  No more than 10% of the flow will pass through any one cross 
section.  

8.2.2 Shallow Sheet Flow Measurements 

If the depth of flow does not allow for the measurement of flow with a velocity meter (<0.1 foot) 
a “float” will be used to measure the velocity of the flowing water.  The width, depth, velocity, 
cross section, and corresponding flow rate will be estimated as follows:  

Sheet flow width: The width (W) of the flowing water (not the entire part of the channel that 
is damp) is measured using a tape measure at the “top”, “middle”, and “bottom” of a 
marked-off distance – generally 10 feet (e.g., for a 10-foot marked-off section, TopW  is 

measured at 0-feet, MidW  is measured at 5 feet, and BottomW  is measured at 10 feet).  

Sheet flow depth: The depth of the sheet flow is measured at the top, middle, and bottom of 
the marked-off distance. Specifically, the depth (D) of the sheet flow is measured at 25%, 
50%, and 75% of the flowing width (e.g., MidD %50 is the depth of the water at middle of the 

section in the middle of the sheet flow) at each of width measurement locations. It is 
assumed that the depth at the edge of the sheet flow (i.e., at 0% and 100% of the flowing 
width) is zero. 
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Representative cross-section: Based on the collected depth and width measurements, the 
representative cross-sectional area across the marked-off sheet flow is approximated as 
follows: 
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Sheet flow velocity: Velocity is calculated based on the amount of time it took a float to 
travel the marked-off distance (typically 10-feet or more). Floats are normally pieces of 
leaves, litter, or floatables (suds, etc.). The time it takes the float to travel the marked-off 
distance is measured at least three times. Then average velocity is calculated as follows: 

ceDisoffMarkedTraveltoFloatforTimeAverage

tMeasuremenFloatforoffMarkedceDis
VelocitySurfaceAverage

tan

tan
=  

Flow Rate calculation: For sheet flows, based on the above measurements/estimates, the 
estimated flow rate, Q, is calculated by: 

)()(Re VelocitySurfaceAverageSectionCrossvepresentatifQ ××=  

The coefficient f is used to account for friction effects of the channel bottom. That is, the float 
travels on the water surface, which is the most rapidly-traveling portion of the water column. The 
average velocity, not the surface velocity, determines the flow rate, and thus f is used to 
“convert” surface velocity to average velocity. In general, the value of f typically ranges from 
0.60 – 0.90. Based on flow rate measurements taken during the LA River Bacteria Source 
Identification Studyiii  a value of 0.75 will be used for f.  

8.2.3 Wet Weather Flow Determination 

Toxics TMDL sampling takes place during wet weather and requires flow measurements to be 
taken during each event. Wet weather flow determination will depend on the monitoring sites 
selected due to the different measurement strategies that would be utilized for different site 
configurations including manholes, hard-bottomed open channels, and soft-bottomed open 
channels. Wet weather flow determination strategy will be developed in conjunction with site 
selection. 

8.3 FIELD LOGS 

In addition to field measurements, observations shall be made at each sampling station and noted 
on the field log form.  Observations will include color, odor, floating materials, and foreign 

                                                 
iii CREST. Los Angeles River Bacteria Source Identification Study: Final Report. November 2008. 
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matter.  Field crews will keep a field log book for each sampling event.  The field log book will 
contain a calibration log sheet, field log sheets for each site, and appropriate contact information.  
The following items will be recorded in the field log for each sampling event: 

• Monitoring station location (Site ID); 
• Date and time(s) of sample collection; 
• Name(s) of sampling personnel; 
• Sampling depth; 
• Sample ID numbers and unique IDs for any replicate or blank samples; 
• QC sample type (if appropriate); 
• Requested analyses (specific parameters or method references); 
• Sample type, (i.e., grab); 
• The results of any field measurements (e.g., flow, temperature, dissolved oxygen, pH, 

conductivity, turbidity), and the time that field measurements were made; 
• Qualitative descriptions of relevant water conditions (e.g., water color, flow level, clarity) 

or weather (e.g., wind, clouds) at the time of sample collection; and, 
• A description of any unusual occurrences associated with the sampling event, particularly 

those that may affect sample or data quality. 

8.4 CHAINS OF CUSTODY 

Sample custody procedures provide a mechanism for documenting information related to sample 
collection and handling.  Sample custody must be traceable from the time of sample collection 
until results are reported.  A sample is considered under custody if: 

• It is in actual possession.  
• It is in view after in physical possession. 
• It is placed in a secure area (accessible by or under the scrutiny of authorized personnel 

only after in possession). 

A chain-of-custody (COC) form will be completed after sample collection and prior to sample 
shipment or release. The COC form, sample labels, and field documentation will be cross-
checked to verify sample identification, type of analyses, number of containers, sample volume, 
preservatives, and type of containers.  A complete COC form will accompany the transfer of 
samples to the analyzing laboratory.   

8.5 SAMPLE HANDLING AND DELIVERY 

The field crews will have custody of samples during each monitoring event. COC forms will 
accompany all samples during shipment or delivery to contract laboratories to identify the 
shipment contents.  All water quality samples will be transported to the analytical laboratory by 
the field crew or by shipment.  The original COC form will accompany the shipment, and a 
signed copy of the COC form will be sent, typically via fax, by the laboratory to the field crew to 
be retained in the project file. 

While in the field, samples will be stored on ice in an insulated container, so that they will be 
kept at approximately 4˚C.  Samples must have lids securely tightened and must be placed on ice 
to maintain the temperature at approximately 4oC.  The original COC form(s) will be bagged in 
re-sealable plastic bags and either taped to the outside of the cooler or to the inside lid.  Samples 
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will be hand delivered or shipped to the laboratory according to Department of Transportation 
standards.   

Coolers will be sealed with packing tape before shipping and must not leak.  It is assumed that 
samples in tape-sealed ice chests are secure whether being transported by field staff vehicle, by 
common carrier, or by commercial package delivery.  The laboratory’s sample receiving 
department will examine the shipment of samples for correct documentation, proper 
preservation, and compliance with holding times. 
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Section 9. Quality Assurance/Quality Control 
Quality assurance and quality control (QA/QC) measures are built into the Study to assure data 
will be credible.  Data quality objectives are listed in Table 16. 

9.1 FIELD QA/QC 

Field QA/QC for this project includes the following: 

• Equipment Blanks 
• Field Blanks 
• Field Duplicates  
• Proper collection, handling, and preservation of samples 
• Maintenance of a field log 

9.1.1 Equipment Blanks 

The purpose of analyzing equipment blanks is to demonstrate that sampling equipment is free 
from contamination.  Equipment blanks will be collected by the analytical laboratory responsible 
for cleaning equipment, before sending cleaned equipment back to the field crew for use.  
Equipment blanks will consist of laboratory-prepared blank water (certified to be contaminant-
free by the laboratory) processed through the sampling equipment that will be used to collect 
environmental samples.   

It is unlikely that equipment blanks will be required for this monitoring program. However, if 
collected, the blanks will be analyzed using the same analytical methods specified for 
environmental samples.  If any analytes of interest are detected at levels greater than the MDL, 
the source(s) of contamination will be identified and eliminated (if possible), the affected batch 
of equipment will be re-cleaned, and new equipment blanks will be prepared and analyzed before 
the equipment is returned to the field crew for use. 

9.1.2 Field Blanks 

The use of field blanks is intended to test whether contamination is introduced from sample 
collection and handling, sample processing, analytical procedures, or the sample containers. The 
field crew will use blank water provided by the laboratory to generate field blanks by pouring 
blank water directly into the appropriate sample containers.  Field blanks will be identified with a 
unique Site ID prior to each monitoring event and submitted “blind” to the laboratory.  If any 
analytes of interest are detected at levels greater than the MDL, the source(s) of contamination 
will be identified and eliminated, if possible.  The sampling crew will be notified so that the 
source of contamination can be identified (if possible) and corrective measures implemented 
prior to the next sampling event.  Field blanks will be collected for all constituents in water 
samples.  If no contamination is detected for conventional constituents repeatedly following 
multiple events, field blanks may be discontinued for these constituents. Field blanks will not be 
collected for sediment samples. 
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9.1.3 Field Duplicates 

The purpose of analyzing field duplicates is to demonstrate the precision of sampling and 
analytical processes.  Field duplicates will be analyzed along with the associated environmental 
samples.  Field duplicates will consist of two aliquots from the same grab sample.   

9.2 LABORATORY QA/QC 

Laboratory QA/QC for this project includes the following: 

• Use of the lowest available method detection limits (MDLs) for trace elements. 
• Analysis of method blanks and laboratory duplicates. 
• Use of matrix spikes (to test analytical accuracy) and matrix spike duplicates (to test 

analytical precision) (MS/MSD). 
• Routine analysis of standard reference materials (SRMs) and method blanks. 

9.2.1 Method Blanks 

The purpose of analyzing method blanks is to demonstrate that sample preparation and analytical 
procedures do not result in sample contamination.  Method blanks will be prepared and analyzed 
by the contract laboratory at a rate of at least one for each analytical batch.  Method blanks will 
consist of laboratory-prepared blank water processed along with the batch of environmental 
samples.  If the result for a single method blank is greater than the MDL, the source(s) of 
contamination should be corrected, and the associated samples should be reanalyzed.   

9.2.2 Laboratory Duplicates 

The purpose of analyzing laboratory duplicates is to demonstrate the precision of the sample 
preparation and analytical methods.  Laboratory duplicates will be analyzed at the rate of one 
pair per sample batch.  If the Relative Percent Difference (RPD) for any analyte is greater than 
25% and the absolute difference between duplicates is greater than the RL, the analytical process 
is not being performed adequately for that analyte.  In this case, the sample batch should be 
prepared again, and laboratory duplicates should be reanalyzed.  Since the quantity of suspended 
solids is likely to be limited, reanalysis may not be an option.  This will need to be separately 
assessed based upon available sediment in each sample. 

9.2.3 Matrix Spikes and Matrix Spike Duplicates 

The purpose of analyzing matrix spikes and matrix spike duplicates is to demonstrate the 
performance of the sample preparation and analytical methods in a particular sample matrix.  
Double or triple the sample volume will be necessary for each set of MS/MSD samples. 
MS/MSD samples will be analyzed for OC pesticides and PCBs and metals samples.  If 
sufficient sediment is not available to run both MS and MSD samples, analyses may be limited 
to a single matrix spike to assess potential matrix impacts on the analyses and utilize either 
laboratory duplicates or blank spike/spike duplicates to assess precision. 

9.2.4 Laboratory Control Samples 

The purpose of analyzing laboratory control samples (or a standard reference material) is to 
demonstrate the accuracy of the sample preparation and analytical methods.  Laboratory control 
samples will be analyzed at the rate of one per sample batch.  Laboratory control samples will 
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consist of laboratory fortified method blanks or a standard reference material.  If recovery of any 
analyte is outside the acceptable range, the analytical process is not being performed adequately 
for that analyte.  In this case, the sample batch should be prepared again, and the laboratory 
control sample should be reanalyzed. 

Table 16:  Data Quality Objectives 

Parameter Accuracy Precision Recovery 
Target Reporting 

Limits 

Field Analyses - Water     

pH + 0.2 pH units + 0.5 pH units NA NA 

Temperature + 0.5 oC + 5% NA NA 

Dissolved Oxygen + 0.5 mg/L + 5% NA 0.5 mg/L 

Turbidity + 10% + 10% NA 0.2 NTU 

Conductivity + 5% + 5% NA 2.5 umhos/cm 

Laboratory Analyses – Water    

Total Suspended Solids 
(TSS) 

80-120% 25% 80-120% 1 mg/L 

Total Dissolved Solids 
(TDS) 

80-120% 25% 80-120% 10 mg/L 

Total Kjeldahl Nitrogen 80-120% 25% 80-120% 0.3 mg/L 

Ammonia-Nitrogen 80-120% 25% 80-120% 0.1 mg/L 

Nitrate-Nitrogen 80-120% 25% 80-120% 0.1 mg/L 

Nitrite-Nitrogen 80-120% 25% 80-120% 0.1 mg/L 

Total Phosphorus 80-120% 25% 80-120% 0.01 mg/L 

Dissolved Phosphorus 80-120% 25% 80-120% 0.01 mg/L 

Total Orthophosphate 80-120% 25% 80-120% 0.03 mg/L 

Total and Dissolved Copper 45-150% 0-30% 45-150% 0.8 µg/L 

Total and Dissolved Lead 45-150% 0-30% 45-150% 0.5 µg/L 

Hardness 70-130% 0-30% 70-130% 10 mg/L 

E. coli 70-130% 0-30% 70-130% 2 MPN 

Laboratory Analyses – Sediment    

Organochlorine Pesticides 25 – 145% 0 – 30% 25 – 145% 0.1-0.5 ng/g dry 
weight 

PCBs 60 – 135% 0 – 30% 60 – 135% 5-201 ng/g dry weight 

TOC 80-120% 25% 80-120% 0.05% dry weight 

1. Target RL for aroclors is 20 ng/g and target RLs for congeners is 5 ng/g. 

9.3 QUALITY CONTROL SAMPLE COLLECTION SCHEDULE 

The QC sample collection schedule for the first year of MRP sampling is presented in Table 17. 
The QC schedule is intended to provide general guidance on the timing of QC sample collection. 
Due to the nature of environmental sampling, it may not be possible to collect all QC samples as 
outlined in the schedule. Therefore, the schedule is flexible and may be modified to meet in-field 
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conditions and sampling schedule requirements. Deviations from this schedule will be recorded 
on the field log sheet. A field blank, field duplicate, and matrix spike and matrix spike duplicate 
will be conducted during every event.  QC sample collection for subsequent years will follow a 
similar pattern outlined in Table 17. 

Table 17: QA/QC Sample Schedule 

Sample Event 
Type and Number 

Sample Site 

1O_ACAD 2O_SCBG 3O_VAND 

Dry Weather 1 FB, FD, 
MS/MSD 

  

Dry Weather 2   FB, FD, 
MS/MSD 

Dry Weather 3 FB, FD, 
MS/MSD 

  

Dry Weather 4   FB, FD, 
MS/MSD 

Dry Weather 5 FB, FD, 
MS/MSD 

  

Dry Weather 6   FB, FD, 
MS/MSD 

Wet Weather 1 FB, FD, 
MS/MSD 

  

Wet Weather 2  FB, FD, 
MS/MSD 

 

Wet Weather 3   FB, FD, 
MS/MSD 

FB = Field Blank, FD = Field Duplicate, MS/MSD = Matrix Spike/Matrix Spike Duplicate 

 

9.5 MANAGEMENT OF DATA 

The County utilizes the Integrated Water Quality Database System (IWQDBS), an Oracle® 
database developed to support the Department’s water quality monitoring, analysis, and 
reporting activities.  The system is accessed via interfaces running on web browsers (i.e. Internet 
Explorer). 

The IWQDBS is set up in six different modules to assist the user with several tasks including: 

• Sampling event preparation (creating and printing sampling bottle labels, chain of 
custody forms, etc.). 

• Capturing field observation data (site and sampling event conditions, field parameters 
such as water temperature, etc.). 

• Storing and analyzing water quality data. 
• Preparing customized water quality data reports, executing of water quality queries 

including on-the-fly water quality results comparison with established water quality 
standards (i.e. Basin Plan, Ocean Plan, and California Toxics Rule) 
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• Exporting water quality data using the Standardized Data Exchange Format (SDEF) 
developed by the Stormwater Monitoring Coalition (SMC).  Exported files are created in 
MS Excel.  Alternatively, the user may export data using additional templates. 

• Using Geographic Information Systems (GIS) to facilitate spatial analysis and direct 
query to the database. 

• Accounting System to facilitate laboratory invoicing reconciliation. 

The IWQDBS uses usernames and passwords to grant different levels of access to the user. 

Data can be entered either manually (field observation data and specific event information) or it 
can be uploaded using tab delimited files following specific formats. 

9.5.1 Data Review 

The data review process begins with the preparation of the data for upload to the IWQDBS.  
Formatting the data for upload allows checks on data completeness and gross errors.  Once 
uploaded and internal to the IWQDBS, there are checks between required samples for each site 
and event against the data received by the County. 

9.5.2 Data Validation 

The IWQDBS is used to cross validate the sample results to the corresponding QA/QC 
information.   
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Figure A-1:  Site 1O_ACAD viewed from above the manhole. Taken March 1, 2011 at 3:40 p.m. 

 
Figure A-2:  Site 1O_EAST viewed from above the manhole.  

Taken on January 11, 2011 at 12:30 p.m. 
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Figure A-3:  Site 3I_ASHB viewed from downstream looking upstream.  

Taken on May 26, 2010 at 2:20 p.m. 

 
Figure A-4:  Downstream of Site 3I_NORMP. Taken on March 1, 2011 at 11:30 a.m. 
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Figure A-5:  Downstream of Site 3O_VAND. Taken on January 11, 2011 at 10:15 a.m. 

 
Figure A-6:  Downstream of Site 3O_VERSEP. Taken on November 4, 2010 at 12:00 p.m. 
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Figure A-7 - The South Coast Botanical Gardens Pond spillway, 2O_SCBG, viewed from upstream 
looking downstream. Taken on September 28, 2010 at 1:15 p.m. 
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4. PROJECT ORGANIZATION  

The Machado Lake Nutrient Total Maximum Daily Load (Nutrient TMDL) was adopted by the 
Los Angeles Regional Water Quality Control Board (Regional Board) and approved by the State 
Water Resources Control Board (State Board).  The U. S. Environmental Protection Agency 
(USEPA) approved the TMDL on March 11, 2009, which is the effective date of the Nutrient 
TMDL.  The Nutrient TMDL was developed to address nutrient-related beneficial use 
impairments including, eutrophication, algae, ammonia, and odor.  In a parallel effort, the 
Machado Lake Toxics TMDL (Toxics TMDL) was adopted by the Regional Board on 
September 2, 2010.  The Toxics TMDL addresses impairments due to chlordane, Chem-A 
pesticides, DDT, PCBs in fish tissue.  Although Chem-A pesticides include a suite of 
bioaccumulative compounds (aldrin, dieldrin, chlordane, endrin, heptachlor, heptachlor epoxide, 
hexachlorocyclohexane (including lindane), endosulfan, and toxaphene), the Regional Board 
limited the Basin Plan Amendment for toxics to chlordane compounds and dieldrin since the 
other compounds had not been measured in fish tissues for the last 25 years. 

Both the Nutrient and Toxics TMDLs require the preparation of a Monitoring and Reporting 
Program (MRP). The mass-based nutrient waste load allocation (WLA) compliance alternative 
for the Nutrient TMDL, which the County is utilizing, requires that a MRP be prepared and 
submitted to the Regional Board within two and half years of the effective date of the Nutrient 
TMDL (September 11, 2011). The MRP for the Toxics TMDL is due to the Regional Board 
within six months of the effective date of the Toxics TMDL. Both the Nutrient and Toxics 
TMDL Basin Plan Amendments (BPAs) additionally require that all compliance monitoring be 
conducted in conjunction with a Regional Board approved Quality Assurance and Project Plan 
(QAPP).  

The County is submitting the MRP and this QAPP to fulfill the requirements of the BPAs. 
Program responsibilities are as follows:   

• Project Manager:  Fred Gonzalez, PE 
• Project Quality Assurance Manager:  Hoan Tang 
• Laboratory Project Manager:  Thant Zin Win 
• Laboratory Quality Assurance Officer:  Maggie Xuan 
• Sample Collection:  Watershed Management Division, LA County Dept. of Public Works 
• QAPP changes / updates:  Project Manager.  Changes to the QAPP may be made upon 
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concurrent approval of necessary changes by the Project Manager, Project Quality 
Assurance Manager and the Regional Board’s Quality Assurance Officer.  The Project 
Manager will be responsible for making the changes, submitting drafts for review, 
preparing a final copy, and submitting the final revision for signature and distribution. 

This QAPP describes the quality assurance requirements for the adopted multipollutant MRP for 
the Unincorporated Areas of Los Angeles County within the Machado Lake Watershed 
developed to comply with the adopted Machado Lake TMDLs.  It also describes information 
necessary to collect water quality data for additional listed constituents of concern in the 
Machado Lake watershed concurrently with the nutrient constituents. Any contractors selected to 
perform the sampling and laboratory analyses must meet the quality control criteria necessary to 
satisfy the data quality objectives of this program, including those for precision, accuracy, 
detection and reporting.   

This QAPP is based on the State’s Surface Water Ambient Monitoring Program (SWAMP) 
Quality Assurance Management Plan (Puckett 2002) and was prepared in accordance with the 
State Water Resources Control Board’s SWAMP QAPP Template (SWRCB, 2004a) and the 
SWAMP QA Checklist (SWRCB, 2004b).  A general organizational structure for the MRP is 
illustrated in Figure 1. 

 

Figure 1:  Machado Lake Nutrient TMDL MRP Management Structure 

 

5. PROBLEM DEFINITION/BACKGROUND  

Machado Lake is located in the Dominguez Channel Watershed Management Area and has a 
total drainage area of approximately 23 square miles. The lake itself is under the jurisdiction of 

Fred Gonzalez, 
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Hoan Tang, 
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Watershed Management 
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the City of Los Angeles, while the drainage area is within the jurisdiction of several cities, 
including Rancho Palo Verdes, Rolling Hills, Rolling Hills Estates, Palo Verde Estates, 
Torrance, Lomita, and Carson, and unincorporated areas of Los Angeles County (County).  The 
map of the drainage area of the lake and the different jurisdictions located within the drainage 
area is shown in Figure 2. Within the boundary of the drainage area, there are three 
unincorporated County areas that account for a total of 8.4% of the total Machado Lake drainage 
area. 

Machado Lake is impaired for nutrients, toxics, and trash. Further, Wilmington Drain, which 
contributes more than 80% of the flow to Machado Lake and to which all of the County areas 
drain, is impaired for metals (copper and lead) and bacteria. As described previously, TMDLs 
have been developed to address nutrients and toxics loadings to Machado Lake. The Trash 
TMDL went into effect on March 6, 2008 and the final associated tasks are to be completed by 
March 6, 20161.  The USEPA, in its most recent consultation with the Regional Board for 
consent decree TMDLs2, concluded that the water body-pollutant combination is currently 
meeting water quality standards, and therefore EPA does not anticipate developing TMDLs for 
metals in Wilmington Drain. However, this waterbody-pollutant combination remains on 
California’s EPA 303(d) list. 

The BPA sets waste load allocations (WLAs) for municipal separate storm sewer system (MS4) 
permittees as monthly average concentrations of 0.1 mg/L for total phosphorous (TP) and 1 
mg/L for total nitrogen (TN). The TMDL also allows a mass-based WLA option for point 
sources to be established through a special study, defined in the BPA as Optional Special Study 
#3.  The County submitted a Draft Work Plan for Optional Special Study #3 on March 11, 2010.  
In response to the approaches to developing mass-based WLAs included in the Draft Work Plan 
for Optional Special Study #3, the Regional Board Executive Officer presented a mass-based 
WLA approach deemed adequate to fulfill the requirements of the Nutrient TMDL:  

The Machado Lake Nutrient TMDL allows for the establishment of annual mass-
based WLAs for total phosphorus (TP) and total nitrogen (TN) equivalent to 
monthly average concentrations of 0.1 mg/L TP and 1.0 mg/L TN, based on 
approved flow conditions. When the concentration based WLA are met under the 
approved flow condition of 8.45 hm3(cubic hectometers or million cubic 
meters/year), the annual mass of the TP discharged to the lake will be 845 kg and 
the annual mass of TN discharged to the lake will be 8450 kg. The Los Angeles 
County mass-based WLA should be proportional to the County owned area in the 
sub-watershed. The unincorporated County area accounts for 8.4% of the 
Machado Lake sub-watershed. The following table presents both the interim and 
final WLAs based on this area (Table 1). 

                                                 
1 http://www.waterboards.ca.gov/losangeles/water_issues/programs/tmdl/tmdl_list.shtml 
2 http://www.epa.gov/region9/water/tmdl/la-lakes/LaConsentDecreeTMDLsRevSched2.pdf 
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Table 1:  Los Angeles County Nutrient TMDL Mass-based Waste Load Allocations 

Year after TMDL Effective Date 

WLAs 

TP (kg) TN (kg) 

5 (interim WLAs) 887 1739 

9.5 (final WLAs) 71 710 

 

The Toxicity TMDL BPA assigned WLAs for MS4 permittees as concentration-based 
allocations (equal to the sediment numeric targets) for suspended sediment-associated 
contaminants and is summarized in Table 2. 

Table 2:  MS4 Permittees Toxics TMDL Waste Load Allocations 

Pollutant 

WLA for Suspended 
Sediment Associated 

Contaminants 
(µg/kg dry weight) 

Total PCBs 59.8 

DDT (all congeners) 4.16 

DDE (all congeners) 3.16 

DDD (all congeners) 4.88 

Total DDT 5.28 

Chlordane1 3.24 

Dieldrin 1.9 
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Figure 2:  Machado Lake Watershed and Jurisdictions within the Watershed 
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Monitoring Program Objectives 

Both the Nutrient and Toxics TMDLs require the preparation of a Monitoring and Reporting 
Program (MRP). For the mass-based nutrient WLA compliance alternative for the Nutrient 
TMDL, which the County is utilizing, the TMDL requires that a MRP plan be prepared and 
submitted to the Regional Board within two and half years of the effective date of the Nutrient 
TMDL (September 11, 2011). The MRP for the Toxics TMDL is due to the Regional Board 
within six months of the effective date of the Toxics TMDL. Both the Nutrient and Toxics 
TMDL BPAs additionally require that all compliance monitoring be conducted in conjunction 
with a Regional Board approved QAPP. This document meets the requirements of the BPA 
related to a Regional Board approved QAPP. 

The purpose of the MRP and supporting QAPP is to evaluate the progress of pollutant load 
reductions. The MRP addresses nutrients and toxics as required by the adopted TMDLs, as well 
as copper, lead, and bacteria in the unincorporated County islands within the Machado Lake 
Watershed. The MRP has the following core objectives: 

• Monitor attainment of the TMDLs waste load allocations as required in the relevant 
TMDLs  

• Guide the design of future implementation actions 

• Monitor the effectiveness of implementation actions in improving water quality 

• Guide pollutant source investigations 

This document presents a  Multipollutant TMDL MRP QAPP for the unincorporated County 
areas. The QAPP is consistent with the Multipollutant TMDL MRP and incorporates knowledge 
gained through the County’s Special Study.  The Special Study results were used to develop the 
nutrient monitoring approach, select monitoring sites and nutrient monitoring frequency, and 
identify nutrient sample collection techniques.    

Water Quality or Regulatory Criteria 

The BPAs for both the Nutrients and Toxics TMDLs provide the applicable criteria and 
concentration-based allocations. As discussed previously, the County is utilizing the mass-based 
nutrient WLA compliance alternative and was assigned concentration-based toxicity WLAs that 
are presented in Table 1 and Table 2, respectively. Data collected through the monitoring 
program will be compared against the WLAs to evaluate compliance with the Machado Lake 
Nutrient and Toxics TMDLs.  

There are no regulatory requirements to sample for copper, lead, and bacteria, however, they are 
monitored to further evaluate the constituents and the associated Wilmington Drain impairment 
listings. 

6. PROJECT DESCRIPTION  

The primary purpose of the QAPP is to outline the process for collecting data to meet the goals 
of the Machado Lake Multipollutant TMDL MRP. 
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Monitoring Elements 

The following surface water monitoring elements are included in the Machado Lake 
Multipollutant TMDL MRP; 

• Conventional water quality constituents; 

• Nitrogen and phosphorus compounds (nutrients). 

• Organochlorine pesticides and PCB compounds (organics); 

• Total and dissolved copper and lead compounds (metals) 

• Bacterial water quality constituents. 

 
The constituents for which samples will be analyzed for compliance with the Nutrient TMDL are 
listed in Table 3. The constituents for which samples will be analyzed for compliance with the 
Toxics TMDL are listed in Table 4. The additional constituents which will also be analyzed 
under the MRP are listed in Table 5. Various field parameters will also be measured during each 
event and these are shown in Table 6.  

Furthermore, the monitoring sites are described in Section 10 Sampling Process Design. The 
sampling and analytical methods are summarized in Section 11 and Section 13 respectively. 

Table 3:  Nutrient TMDL Constituents 

Constituent 
Class Constituent 

Conventional 
Total Suspended Solids (TSS) 

Total Dissolved Solids (TDS) 

Nutrient 

Total Kjeldahl Nitrogen (TKN) 

Nitrate as Nitrogen (NO3-N) 

Nitrite as Nitrogen (NO2-N) 

Total Nitrogen1 

Ammonia as Nitrogen (NH3-N) 

Total Phosphorous 

Dissolved Phosphorous 

Total Ortho-phosphate (PO4) 

1. Total Nitrogen is the sum of TKN, NO3-N, and NO2-N. 
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Table 4:  Toxics TMDL Constituents 

Constituent Class Constituent 

Conventional 
(collected in water) 

Total Suspended Solids (TSS) 

Organochlorine 
Pesticides (collected 

as suspended 
sediment) 

Chlordane Compounds: 
Heptachlor 
Heptachlor Epoxide 
gamma-Chlordane 
alpha-Chlordane 
Oxychlordane 
trans-Nonachlor 
cis-Nonachlor 

Other Organochlorine Pesticides: 
2,4’-DDD 
2,4’-DDE 
2,4’-DDT 
4,4’-DDD 
4,4’-DDE 
4,4’-DDT 
Total DDT 
Dieldrin 

 

Table 5:  Additional Constituents 

Constituent 
Class 

Constituent 

Conventional Hardness 

Metals 

Total Copper 

Dissolved Copper 

Total Lead 

Dissolved Lead 

Bacteria E. coli 
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Table 6:  Field Measured Constituents 

Constituent 
Class 

Constituent 

Physical Velocity/Flow1 

Conventional 

pH 

Temperature 

Dissolved oxygen 

Turbidity 

Conductivity 

1. For velocity/flow, range refers to velocities measured by a handheld flow meter.  The lower 
limit for measuring flow is dependent upon the size of the specific pipe or channel. 

Project Schedule 

The Effective Date of the Nutrient TMDL is March 11, 2009. Per the BPA, point source 
dischargers utilizing mass-based WLAs must submit an MRP to the Regional Board within two 
and half years of the effective date of the TMDL (September 11, 2011). To date, no Effective 
Date has been established for the Toxics TMDL. For the Multipollutant MRP to remain in 
compliance, the project will follow the most conservative deadlines of the associated TMDLs, 
which are found in the Nutrient TMDL. the deliverables scheduled for the first year of 
monitoring is outlined in Table 7. 

Table 7:  Year 1 Project Deliverable Schedule for the Multipollutant MRP 

Deliverable Date of Initiation Date of Completion 

MRP and QAPP July 2010 September 11, 2011 

Initiate Monitoring 60 days after EO 
Approval of MRP 
(June 25, 2012) 

Not Applicable 

1st Annual Report Not Applicable 

June 25, 2012 

6 Months from sampling 
event corresponding to 

completion of one year of 
monitoring  

April 25, 2013 

 

7. QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA 

The objective of the monitoring program, in terms of data quality is to produce data that 
represent as closely as possible, in situ conditions of waterbodies from which samples are 
collected.  This objective will be achieved by using accepted, standard methods for sample 
collection and laboratory analysis.  Assessing the program’s ability to meet this objective will be 
accomplished by evaluating the resulting laboratory measurements in terms of detection limits, 
precision, accuracy, representativeness, comparability, and completeness, as discussed in 
Section 14. Quality Control). 
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Table 8 lists data quality objectives for the constituents that will be measured through this 
monitoring program.   

Table 8:  Data Quality Objectives (Replicating MRP) 

Parameter Accuracy Precision Recovery 
Target 

Reporting 
Limits 

Completeness 

Field Measurements 

Water Velocity (for 
Flow calc.) 

+ 2% NA NA 0.05 ft/sec See Section 14 

pH + 0.2 pH units + 0.5 pH units NA NA See Section 14 

Temperature + 0.5 ºC + 5% NA NA See Section 14 

Dissolved Oxygen + 5 mg/L + 5% NA 0.5 mg/L See Section 14 

Turbidity + 10% + 10% NA 0.2 NTU See Section 14 

Conductivity + 5% + 5% NA 
2.5 

µmhos/cm 
See Section 14 

Laboratory Analyses     

Total Suspended 
Solids (TSS) 

80-120% 25% 80-120% 1 mg/L See Section 14 

Total Dissolved 
Solids (TDS) 

80-120% 25% 80-120% 10 mg/L See Section 14 

Ammonia-Nitrogen 80-120% 25% 80-120% 0.1 mg/L See Section 14

Nitrate-Nitrogen 80-120% 25% 80-120% 0.1 mg/L See Section 14

Nitrite-Nitrogen 80-120% 25% 80-120% 0.1 mg/L See Section 14

Total Kjeldahl 
Nitrogen 

80-120% 25% 80-120% 0.3 mg/L See Section 14 

Total Phosphorous 80-120% 25% 80-120% 0.01 mg/L See Section 14

Dissolved 
Phosphorous 

80-120% 25% 80-120% 0.01 mg/L See Section 14 

Total Ortho-
phosphate 

80-120% 25% 80-120% 0.03 mg/L See Section 14 

Total and 
Dissolved Copper 

45-150% 0-30% 45-150% 0.8 µg/L See Section 14 

Total and 
Dissolved Lead 

45-150% 0-30% 45-150% 0.5 µg/L See Section 14 

Hardness 70-130% 0-30% 70-130% 10 mg/L See Section 14

E. coli 70-130% 0-30% 70-130% 2 MPN See Section 14

Organochlorine 
Pesticides 

25 – 145% 0 – 30% 25 – 145% TBD See Section 14 

PCBs 60 – 135% 0 – 30% 60 – 135% TBD See Section 14

TOC TBD TBD TBD TBD See Section 14

NA:  Not Applicable 
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8. TRAINING AND CERTIFICATION 

No specialized training or certifications are required for sampling personnel. However, staff 
performing field sampling should receive annual refresher training to ensure the samples are 
collected correctly and safely. The Project Manager, or designee, will provide training prior to 
initiation of sampling and will document training of staff. Documentation will consist of a sign in 
sheet, time and date, and instructor. The documentation will be maintained in the project files of 
the Project Manager. All sampling shall be performed under the supervision of experienced staff. 
No volunteers will be used for sampling. 

At minimum, laboratories selected to perform analysis for this program must maintain current 
certification through the California Department of Health Services – Environmental Laboratory 
Accreditation Program (ELAP) or the National Environmental Laboratory Accreditation 
Program (NELAP).  

9. DOCUMENTS AND RECORDS  

Annual Monitoring Report 

Per the Nutrient TMDL BPA, an Annual Monitoring Report must be prepared and submitted to 
the Regional Board annually from the date of the MRP approval. The Toxics TMDL BPA 
requires the responsible parties to report compliance or non-compliance with WLAs as part of 
annual (or biennial during Phase 2 monitoring) reports submitted to the Regional Board. The 
additional constituents collected under this MRP are voluntary, and there are no compulsory 
reporting requirements. However, the County may choose to report the additional data collected 
in a manner similar to the data being collected per the adopted Nutrient and Toxics TMDLs 
either as part of, or as an Addendum to, the TMDL Annual Monitoring Report(s). 

The Annual Monitoring Report will report compliance and non-compliance with waste load 
allocations, and will contain at minimum the following components: 

• Methods 

• Monitoring Results/Analyses 

• Quality Assurance/Quality Control 

• Conclusions and Recommendations 

QAPP 

The Project Manager is responsible for the development, distribution, and management of the 
QAPP. 

Distribution and Management of Documents 

The Project Manager is responsible for the development, distribution, and management of the 
approved QAPP, Annual Report (including the database), and other relevant documentation to all 
individuals listed Section 3. Distribution List of this document.  All data will be stored by the 
Project Manager.  Data will be maintained for the length of the program and available for review. 
A backup of each report will be placed on an external storage device (i.e., compact disc).  Upon 
completion of the program, hard copy data will be retained for an additional five years. 
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B. DATA GENERATION AND ACQUISITION  
Sample collection and analysis will be the most involved and resource intensive aspect of the 
monitoring program. The numerous requirements and considerations which must be taken into 
account are described below. 

10. SAMPLING PROCESS DESIGN 

The following Element provides a description and justification for the sampling design strategy 
and site selection. The primary drivers in designing the monitoring outlined in the QAPP is to: 

1. Evaluate the progress of pollutant load reductions in meeting the interim and final mass-
based WLAs; and 

2. Collect data on additional constituents of concern for future compliance or 
implementation planning or actions. 

The nutrient sampling process includes the sampling of each unincorporated County Island 
during the wet season and two of the three County Islands during the dry season over a four year 
monitoring effort3.  Nutrient wet weather monitoring will continue until at least 10 wet weather 
samples are collected and when possible coincide with the toxic monitoring program.  At the end 
of the fourth year of the five year monitoring period, the County will review the monitoring 
results to assess whether the proposed approach should be modified. 

Toxics sampling consists of two phases of wet weather monitoring designed to collect suspended 
solids such that there are sufficient volumes (approximately 60 L of sample) available for the 
analysis of pollutants associated with the sediments.  Phase 1 monitoring will be conducted for a 
two year period. Samples shall be collected during three wet weather events each year, including 
the first large storm event of the season.  Phase 2 monitoring will commence once Phase 1 
monitoring has been completed. Samples will be collected during one wet weather event every 
other year during Phase 2 monitoring through five years. 

Metals and bacteria samples will be collected in conjunction with Nutrient and Toxics TMDL 
sampling through the first four years of monitoring.  Flow measurements will continue to be 
taken at all of the special study discharge sites and County Island 2 (seven total) and throughout 
the year. 

Sampling Sites 

Monitoring sites were selected based on the results of the Special Study. As mentioned above, no 
sites from the Special Study were identified as contributing a unique distribution of 
concentrations that significantly deviates from the watershed-wide distribution. Therefore, all 
monitoring sites are assumed to adequately characterize and document pollutant concentrations 
in water and suspended sediment from the unincorporated County Islands.  Sites which were the 

                                                 
3 The Department of Water Resources classifies water year based on the time period from October 1 through 
September 30.  For the purposes of this document it is recommended using October 1 as the starting date for the wet 
season and that the DWR classification be used for annual monitoring reporting.  Thus 3 wet weather events per 
year will be interpreted to be 3 storm events per water year (October-September).    
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most representative of flows from each of the three County Islands were selected, with additional 
consideration given to safety and access at the sites. 

1O_ACAD was selected to represent loads from unincorporated County Island 1 as the Special 
Study observed dry weather flows from the site were more consistent and significant than flows 
at its companion site 1O_EAST. The 1O_ACAD site is a storm drain manhole near the base of 
the County Island, and drains flows from  a  residential areas and schoolyard. 

2O_SCBG (South Coast Botanical Garden) was selected to represent wet weather loads from 
unincorporated County Island 2. The Special Study found no dry weather flows originating from 
within County Island 2 but observed that a spillway in the South Coast Botanical Gardens was a 
likely pathway for wet weather flows and provided safe and easy access for sampling. This site 
was considered to be the optimal location to measure wet weather flows from the County Island 
and is designated as Site 2O_SCBG. 

3O_VAND was selected to represent loads from unincorporated County Island 3 as the Special 
Study observed that loadings from companion site 3O_VERSEP were predominantly from 
loadings external to the County Islands. The site is a concrete-lined channel which drains much 
of the northern portion of County Island 3, which includes various types of residential areas. 

The site locations as well as the rationale for inclusion in the MRP are described in Table 9. 

Table 9:  Site Locations 

Site ID 
County 
Island Type 

Nearest 
Intersection Latitude Longitude Rationale 

1O_ACAD 1 Island 
Outlet 

Academy 
Dr./ Palos 
Verdes Dr. 

33.7831 -118.3537 Representative of County Island 
outlet; will be used to characterize 
loading from the County Island. 

2O_SCBG 2 Island 
Outlet 

Crenshaw 
Blvd./ 
Palos 

Verdes Dr. 

33.7844 -118.3441 Sole identified potential source of 
wet weather flow within County 
Island; will be used to characterize 
loading from the County Island. 

3O_VAND 3 Island 
Outlet 

Van Deene 
Ave./228th 

St. 

33.8158 -118.2878 Drains large section of County 
Island.  This site will be used to 
characterize loading from the 
County Island and evaluate 
loadings from other portions of the 
County without an associated 
outlet site. 

 

Sampling Schedule  

Dry weather nutrient sampling will occur quarterly at both dry weather monitoring sites. The dry 
weather sampling will produce sufficient data to adequately characterize and document the 
nutrient loads from the unincorporated County areas. No dry weather sampling will occur within 
County Island 2 as dry weather flows were not observed during the Special Study. Wet weather 
nutrient sampling will be collected during three wet weather events per year, including the first 
large storm of the season, at all three monitoring sites for four years or until a total of 10 storm 
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events are collected.  Aliquots for nutrient analyses will be portioned from the wet weather 
samples prior to filtration. 

Phase 1 Toxics samples will be collected during three wet weather events, including the first 
large storm of the season for two years.  Phase 1 sampling will begin within 60 days of 
Executive Officer approval of the MRP and QAPP.  Phase 2 will begin following the completion 
of Phase 1. Phase 2 Toxics samples will be collected during one wet weather event every other 
year.  

Metals and bacteria samples will be collected at every event required by the Nutrient and Toxics 
sampling frequency protocols through the first four years of monitoring.  Flow measurements 
will be collected year round at all sites.  

A summary of the proposed MRP monitoring program, including frequency, location, and 
monitored parameters, is shown in Table 10.  As noted previously the proposed monitoring 
effort is for a five year period at which time the County will review the monitoring results to 
assess whether modifications should be made.  Nutrients, metals, and bacteria are sampled only 
during the first four years of the monitoring program. 

Table 10:  Summary of Multipollutant TMDL MRP Monitoring Events 

Site ID Constituents 

Year 1 Year 2 Year 3 Year 4 Year 5(1) 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 

1O_ACAD Nutrients 3 4 3 4 3 4 1 4 - - 

Toxics 3 - 3 - 1 - - - 1 - 

Metals 3 4 3 4 3 4 1 4 - - 

Bacteria 3 4 3 4 3 4 1 4 - - 

2O_SCBG Nutrients 3 - 3 - 3 - 1 - - - 

Toxics 3 - 3 - 1 - - - 1 - 

Metals 3 - 3 - 3 - 1 - - - 

Bacteria 3 - 3 - 3 - 1 - - - 

3O_VAND Nutrients 3 4 3 4 3 4 1 4 - - 

 Toxics 3 - 3 - 1 - - - 1 - 

 Metals 3 4 3 4 3 4 1 4 - - 

 Bacteria 3 4 3 4 3 4 1 4 - - 

(1) At the end of Year 4, the County will review the monitoring results to determine whether additional monitoring is required in 
Year 5. 

Classification of Measurements 

Because the MRP is intended to be a long term monitoring program and several constituents 
intend to provide “non-TMDL” related data, data that are not successfully collected for a specific 
monitoring event will not be collected at a later date.  Rather, subsequent events conducted over 
the course of the program will provide a data set of sufficient size to appropriately characterize 
conditions at individual sampling sites.  Moreover, some monitoring sites will often be dry 
during the dry season, which is relevant information, identifying areas where discharge is not 
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occurring.  For these reasons, most of the data planned for collection cannot be considered 
absolutely critical.  All information collected as outlined in the QAPP will be reported. 

Validation of Non-Standard Methods 

For non-standard sampling and analytical methods or other unusual situations, appropriate 
method validation study information will be documented to confirm the performance of the 
method for the particular need. The purpose of this validation is to assess the potential impact on 
the representativeness of the data generated. Such validation studies may include the initial 
demonstration of capability, split samples sent to another laboratory for analysis by a standard 
method, or round-robin studies performed by USEPA or other organizations. If previous 
validation studies are not available, some level of validation study will be performed during the 
project and included as part of the project’s final report. 

11. SAMPLING METHODS 

All samples will be collected in a manner appropriate for the specific analytical methods to be 
used. Proper sampling techniques must be used to ensure that samples are representative of 
environmental conditions. Field personnel will adhere to established sample collection protocols 
to ensure the collection of representative and uncontaminated (i.e., contaminants not introduced 
by the sample handling process itself) samples for laboratory analyses. Deviations from the 
standard protocols must be documented. Standard operating procedures (SOPs) for collection of 
samples are provided in Appendix B and summary descriptions are provided below. 

Field Protocols 

Briefly, the key aspects of quality control associated with sample collection for eventual 
chemical analyses are as follows:  

• Field personnel will be thoroughly trained in the proper use of sample collection gear and 
will be able to distinguish acceptable versus unacceptable water samples in accordance 
with pre-established criteria;  

• Field personnel will be thoroughly trained to recognize and avoid potential sources of 
sample contamination (e.g., engine exhaust, ice used for cooling); 

• Sampling gear and utensils which come in direct contact with the sample will be made of 
non-contaminating materials (e.g., borosilicate glass, high-quality stainless steel and/or 
Teflon™, according to protocol) and will be thoroughly cleaned between sampling 
stations according to appropriate cleaning protocol (rinsing thoroughly with laboratory 
reagent water at minimum); 

• Sample containers will be of the recommended type and will be free of contaminants 
(i.e., pre-cleaned); 

• Conditions for sample collection, preservation and holding times will be followed. 
 

Samples will be collected in a manner that minimizes the possibility of sample contamination. 
These sampling techniques are summarized below: 

• Samples are collected only into rigorously pre-cleaned sample containers. 
• At least two persons are required on a sampling crew. 
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• Clean, powder-free nitrile gloves must be worn while collecting samples and must be 
changed whenever something not known to be clean has been touched. 

• To reduce the potential for contamination and to ensure crew safety, field crews must 
observe the following precautions while collecting samples: 
1. Smoking is prohibited. 
2. Collecting samples near a vehicle, running or otherwise, is prohibited.   
3. Eating or drinking during sample collection is prohibited. 
4. Sampling personnel should avoid breathing, sneezing or coughing in the direction of 

an open sample container.   
 

Each person on the field crew will wear clean clothing that is free of dirt, grease, or other 
substances that could contaminate the sampling apparatus or sample bottles. 

Field crews (2 persons per crew, minimum; 3 persons per crew when confined space entry is 
required) will be mobilized for sampling only when weather conditions and flow conditions are 
considered to be safe.  For safety reasons, sampling will occur only during daylight hours.  
Sampling events should proceed in the following manner: 

1. Before leaving the sampling crew base of operations, confirm number and type of sample 
containers as well as the complete equipment list. 

2. Proceed to the first sampling site. 

3. Record the general information on the field log sheet. 

4. Collect the samples indicated on the event summary sheet in the manner described herein.  
Collect additional volume and blank samples for field-initiated Quality Control (QC) 
samples, if necessary.  Place filled sample containers in coolers and carefully pack and 
ice samples as described herein.  Using the field log sheet, confirm that all appropriate 
containers were filled. 

5. Collect field measurements and observations, and record these on the field log sheet. 

6. Record relevant data on the chain of custody forms using the field log sheets.  

7. Repeat the procedures in steps 3, 4, 5, and 6 for each of the remaining monitoring sites.   

8. After sample collection is completed at all monitoring sites or if the sample hold time 
requires it, deliver and/or ship samples to the appropriate laboratory. 

Water Sample Collection  

Field personnel will adhere to established sample collection protocols to ensure the collection of 
representative and uncontaminated (i.e., contaminants not introduced by the sample handling 
process itself) samples for laboratory analyses.  Deviations from the standard protocols must be 
documented.  Sampling gear and utensils which come in direct contact with the sample will be 
made of non-contaminating materials and will be thoroughly cleaned between sampling stations 
according to appropriate cleaning protocols. Sample containers will be of the recommended type 
and will be free of contaminants (i.e., pre-cleaned). Conditions for sample collection, 
preservation and holding times will be followed. 
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It is the combined responsibility of all members of the sampling crew to determine if the 
performance requirements of the specific sampling method have been met, and to collect 
additional samples if required.  If the performance requirements outlined above or documented in 
sampling protocols are not met, the sample will be re-collected.  If contamination of the sample 
container is suspected, a fresh sample container will be used.  The Project Manager will be 
contacted if at any time the sampling crew has questions about procedures or issues based on 
site-specific conditions. 

Dry Weather Sample Collection 

Grab samples will be collected at approximately mid-stream, mid-depth at the location of 
greatest flow (where feasible) by direct submersion of the sample bottle.  This is the preferred 
method for grab sample collection; however, due to monitoring site configurations and safety 
concerns, direct filling of sample bottles may not always be feasible, especially during wet 
events.  Monitoring site configuration will dictate grab sample collection technique.  Grab 
samples will be collected directly into the appropriate bottles whenever feasible (containing the 
required preservatives as outlined in Table 11, Table 12, and Table 13).  Clean, powder-free 
nitrile gloves will be worn while collecting samples.  In the event that a peristaltic pump and 
priority-cleaned silicone and Teflon™ tubing are used as a last resort to collect samples (i.e., due 
to unsafe conditions during wet events), the sample collection tubing and the sample bottle and 
lid shall come into contact only with surfaces known to be clean, or with the water sample.  
Standard operating procedures (SOPs) for collection of surface water samples are provided in 
Appendix A of this QAPP. 

The potential exists for monitoring sites to lack discernable flow.  The lack of discernable flow 
may generate unrepresentative data as standing puddles will not appropriately characterize 
discharges.  To address the potential confounding interference that can occur under such 
conditions, sites monitored under the guidance of this QAPP should be assessed for the 
following conditions and sampled (or not sampled) accordingly: 

• Pools of water with no flow or visible connection to another surface water body should 
NOT be sampled.  The field log should be completed for non-water quality data 
(including date and time of site visit), and the site condition should be photo-documented. 

• Flowing water (i.e., determined by visual observations, flow meter data, and a photo-
documented assessment of conditions immediately upstream and downstream of the 
sampling site) should be sampled. 

 
Some channels and drains may not contain sufficient flow to collect samples by direct 
submersion.  Intermediate containers will be used in instances where flows are too shallow for 
the direct submersion of sampling containers, and in instances where sheet flow is present.  In 
these instances, a HDPE bottle free of preservative will be used to fill sample bottles.  

It is considered very important to not scoop up algae, sediment, or other particulate matter on the 
bottom of the channel because such debris is not representative of surface flows.  To prevent 
collection of such debris: 

• A location should be found where the channel bottom is relatively clean and allows for 
the intermediate container to fill, or  
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• A clean Ziploc™ bag should be placed on the bottom of the channel and water should be 
collected from on top of the bag.  A fresh Ziploc™ bag pre-rinsed with site water should 
be used at each site, when required, or 

• For certain manholes, a temporary device that would serve to impede flows and create a 
pool (e.g. a sandbag) may be employed during the sampling event.  

Wet Weather Sample Collection 

Compliance monitoring specified in the Basin Plan Amendment requires that pollutant 
concentrations are measured by collecting sufficient volumes of stormwater such that quantities 
of suspended solids are suitable for direct analyses in bulk sediments filtered from the 
discharges.  In addition, stormwater is to be sampled using procedures that allow for 
representative samples proportioned based upon flow rates during the storm events.   

Major factors considered in the development of sampling procedures for the specified 
hydrophobic pesticides included: 

• the ability to obtain flow-weighted stormwater samples, 
• collect the necessary volumes of stormwater to assure that sufficient sediment is available 

to meet analytical requirements inclusive of QA/QC, 
• sampling equipment is comprised of materials that are both non-contaminating and 

resistant to both adsorption or desorption of organic materials, 
• suitable for direct quantification of solids, 

Water samples will be collected using automated stormwater sampling equipment capable of 
obtaining flow-weighted composite samples.  The efficiency of autosamplers is known to decline 
once particle sizes start to exceed 250 µm (Clark, 2009) but ability to obtain large numbers of 
samples over the duration of a storm event is a significant benefit. Although USGS normally 
prefers use of isokinetic samplers for obtaining representative samples of suspended solids, they 
also recognize that this sampling method is often not practical.  Mauler et al. (2006) compared 
suspended sediment concentrations collected using a fixed point autosampler with samples 
obtained using isokinetic samplers and concluded that differences were not significant for the 
Barton Creek site.  

Equipment selected to monitor flow will be based upon specific characteristics of each selected 
sites.  Unless suitable rating curves exist for the selected site, it is likely that an Area Velocity 
Bubbler (AVB) will be used to estimate open channel flows.  An autosampler equipped with a 
peristaltic pump will be used to collect water samples.  The intake hose will consist of pre-
cleaned FEP (Teflon) hose fitted with stainless steel strainer and secured to the bottom of the 
channel.  The autosampler will use a minimal length of peristaltic hose to connect to the FEP 
intake hose and pass it through the peristaltic pump.  Another length of FEP hose will be 
connected to the peristaltic hose and directed into the sampling container. 

Sample volumes will depend largely on the concentrations of sediment in the discharges and 
storm volumes; however, similar studies have found 60 L of sample necessary to collect 
sufficient mass of solids.  Provisionally, the sample volume for the Machado Lake MRP is set to 
60 L, and is to be adjusted as necessary to ensure the desired solids are collected.  The filtrations 
should be performed using 0.45 µm PTFE membrane filters.  These can be either 143 mm or 
250 mm in diameter.  Initial settings will be based upon a target of 5 grams of suspended 
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sediment to analyze all target analytes and maintain suitable reporting limits.  One site will be set 
with an objective of obtaining 10 grams for duplicate sampling.  The minimum sample mass will 
be 1.5 grams.  Since these objectives are based upon dry weight, professional judgment will be 
needed to determine if adequate volumes are available.  If sediment is limited, the laboratory 
should provide dry weight measurements to the Project Manager as soon as they become 
available to determine if the laboratory should proceed with the designated analyses or 
reconsider allocation of sediment for the required analyses. 

Standard 20-L borosilicate media bottles composite containers should be used to collect the 
stormwater samples.  Alternatively, 32 gallon roughneck trash cans or other comparable plastic 
containers can be used with 33-gallon Teflon liners.  A similar design was used by Mauler 
(2006) in Austin.  Although this provides more than adequate capacity to collect the sample in a 
single container, the potential weight can be prohibitive.  If Teflon liners are used, tie wraps 
should be used to secure the bag around the discharge hose.  A short length of hose (approx. 4-
5 inches) should be included to assure the bag is vented. 

Clean Sample Collection Techniques 

To prevent contamination of samples, clean sampling techniques using USEPA protocols 
outlined in USEPA Method 16694 will be used throughout all phases of the sampling and 
laboratory work for all metal constituents, including equipment preparation, sample collection, 
and sample handling, storage, and testing.  All containers and test chambers will be acid-rinsed 
prior to use.  Filled sample containers will be kept on ice until receipt at the laboratory.  

The protocol for clean metal sampling, based on USEPA Method 1669, is summarized below: 

• Samples are collected in rigorously pre-cleaned sample bottles with any tubing 
specially processed to clean sampling standards.  

• At least two persons, wearing clean, powder-free nitrile or latex gloves at all times, 
are required on a sampling crew. 

• One person, referred to as “dirty hands”, opens only the outer bag of all double-
bagged sample bottles. 

• The other person, referred to as “clean hands”, reaches into the outer bag, opens the 
inner bag and removes the clean sample bottle. 

• Clean hands rinses the bottle at least two times by submerging the bottle, removing 
the bottle lid, filling the bottle approximately one-third full, replacing the bottle lid, 
gently shaking and then emptying the bottle.  Clean hands then collects the sample 
by submerging the bottle, removing the lid, filling the bottle and replacing the bottle 
cap while the bottle is still submerged. 

• After the sample is collected, the sample bottle is double-bagged in the opposite 
order from which it was removed from the same double-bagging. 

• Clean, powder-free gloves are changed whenever something not known to be clean 
has been touched. 

The time of sample collection is recorded on the field log sheet.  

                                                 
4  USEPA.  April 1995.  Method 1669: Sampling Ambient Water for Trace Metals at EPA Water Quality Criteria 
Levels. EPA 821-R-95-034. 
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Quality Control Sample Collection 

Quality Control (QC) samples will be collected in conjunction with environmental samples to 
verify data quality.  QC samples collected in the field include field blanks and field duplicates.  
The frequency of QC sample collection is presented in Section 14. Quality Control. 

Field Measurements and Observations 

Field measurements (listed in Table 6) will be taken, and observations made, at each sampling 
site after a sample is collected.  All field measurement results and field observations will be 
recorded in a field log.  Field measurements will include dissolved oxygen, temperature, 
conductivity, pH, turbidity, and flow.  Measurements (except for flow) will be collected at 
approximately mid-stream, mid-depth at the location of greatest flow (if feasible) with a multi-
probe meter, or comparable instrument(s).  For measurements of relatively deep flows, the 
sensors will be placed directly into the flow path.  For measurements of shallow flows, water will 
be collected in a rinsed intermediate container prior to measurement.   

Prior to each day of each sampling event, water quality meters will be calibrated using fresh 
calibration solutions. After each calibration, the sensor will be checked to verify the accuracy is 
within an acceptable range.  Otherwise, this process will be repeated until the calibration is 
verified. The acceptable range of accuracy will be included on a calibration sheet included in the 
field log. 

Continuous flow monitoring will be employed at each site (original Special Study sites plus 
County Island 2) using HOBO meters.  HOBO meters continuously record time, temperature, 
and pressure data, which is then converted to density and depth measurements.  Manual flow 
measurements will be taken at each site following water sample collection and the data for the 
HOBO meters downloaded. The following section describes the field methods that will be used 
to measure flow rates. The method of flow rate measurement will be dependent on the 
depth/flow at the sampling site, as described below.   

Velocity Meter Flow Measurements 

During dry weather, in open channel sites and some manholes the water is deep enough (>0.1 
foot) to allow for use of a velocity meter.  For these cases, velocity will be measured at 
approximately equal increments across the width of the flowing water using a velocity meter.  A 
“flow pole” will be used to measure the water depth at each measurement point and to properly 
align the sensor so that the depth of each velocity measurement is 0.6 * total depth (for 
electromagnetic meters), which is representative of the average velocity, or on the bottom (for 
Doppler velocity meters).  The distance between velocity measurements taken across the stream 
is dependent on the total width.  No more than 10% of the flow will pass through any one cross 
section.  

Shallow Sheet Flow Measurements 

If the depth of flow does not allow for the measurement of flow with a velocity meter (<0.1 foot) 
a “float” will be used to measure the velocity of the flowing water.  The width, depth, velocity, 
cross section, and corresponding flow rate will be estimated as follows:  

Sheet flow width: The width (W) of the flowing water (not the entire part of the channel that 
is damp) is measured using a tape measure at the “top”, “middle”, and “bottom” of a 
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marked-off distance – generally 10 feet (e.g., for a 10-foot marked-off section, TopW  is 

measured at 0-feet, MidW  is measured at 5 feet, and BottomW  is measured at 10 feet).  

Sheet flow depth: The depth of the sheet flow is measured at the top, middle, and bottom of 
the marked-off distance. Specifically, the depth (D) of the sheet flow is measured at 25%, 
50%, and 75% of the flowing width (e.g., MidD %50 is the depth of the water at middle of the 

section in the middle of the sheet flow) at each of width measurement locations. It is 
assumed that the depth at the edge of the sheet flow (i.e., at 0% and 100% of the flowing 
width) is zero. 

Representative cross-section: Based on the collected depth and width measurements, the 
representative cross-sectional area across the marked-off sheet flow is approximated as 
follows: 
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Sheet flow velocity: Velocity is calculated based on the amount of time it took a float to 
travel the marked-off distance (typically 10-feet or more). Floats are normally pieces of 
leaves, litter, or floatables (suds, etc.). The time it takes the float to travel the marked-off 
distance is measured at least three times. Then average velocity is calculated as follows: 

ceDisoffMarkedTraveltoFloatforTimeAverage

tMeasuremenFloatforoffMarkedceDis
VelocitySurfaceAverage

tan

tan
=  

 

Flow Rate calculation: For sheet flows, based on the above measurements/estimates, the 
estimated flow rate, Q, is calculated by: 

 

)()(Re VelocitySurfaceAverageSectionCrossvepresentatifQ ××=  

 

The coefficient f is used to account for friction effects of the channel bottom. That is, the float 
travels on the water surface, which is the most rapidly-traveling portion of the water column. The 
average velocity, not the surface velocity, determines the flow rate, and thus f is used to 
“convert” surface velocity to average velocity. In general, the value of f typically ranges from 
0.60 – 0.90. Based on flow rate measurements taken during the LA River Bacteria Source 
Identification Study (CREST 2008) a value of 0.75 will be used for f.  
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Wet Weather Flow Determination 

Toxics TMDL sampling takes place during wet weather and requires flow measurements to be 
taken during each event. Wet weather flow determination will depend on the monitoring sites 
selected due to the different measurement strategies that would be utilized for different site 
configurations including manholes, hard-bottomed open channels, and soft-bottomed open 
channels. Wet weather flow determination strategy will be developed in conjunction with site 
selection. This section will be developed to include determination of flow during wet weather for 
determination of loads.  It is likely that wet weather flows will be determined utilizing modeled 
flows (e.g. the County BMPDSS model) or nearby stream gages. 

12. SAMPLE HANDLING AND CUSTODY 

Documentation Procedures 

The Project Manager is responsible for ensuring that each field sampling team adheres to proper 
custody and documentation procedures. Field log sheets documenting sample collection and 
other monitoring activities for each site will be bound in a separate master logbook for each 
event. Field personnel have the following responsibilities: 

• Keep an accurate written record of sample collection activities on the field log sheets. 

• Ensure that all field log sheet entries are legible and contain accurate and inclusive 
documentation of all field activities. 

• Note errors or changes using a single line to cross out the entry and date and initial the 
change. 

• Ensure that a label is affixed to each sample collected and that the labels uniquely 
identify samples with a sample ID, site ID, date and time of sample collection and the 
sampling crew initials. 

• Complete the chain of custody forms accurately and legibly. 

Field Documentation/Field Logs 

Field crews will keep a field log book for each sampling event.  The Nutrient TMDL, Toxics 
TMDL, and supplemental sample field logs may be combined or left as separate books.  The 
field log books will contain a calibration log sheet, a field log sheet for each site, and appropriate 
contact information.  The following items should be recorded on the field log sheet for each 
sampling event: 

• Monitoring station location (Site ID); 
• Date and time(s) of sample collection; 
• Name(s) of sampling personnel; 
• Sampling depth; 
• Sample ID numbers and unique IDs for any replicate or blank samples; 
• QC sample type (if appropriate); 
• Requested analyses (specific parameters or method references); 
• Sample type, (i.e., grab); 
• The results of any field measurements (e.g., flow, temperature, dissolved oxygen, pH, 
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conductivity, turbidity), and the time that field measurements were made; 
• Qualitative descriptions of relevant water conditions (e.g., water color, flow level, clarity) 

or weather (e.g., wind, clouds) at the time of sample collection; and, 
• A description of any unusual occurrences associated with the sampling event, particularly 

those that may affect sample or data quality. 

Container Labeling and Sample Identification Scheme 

All samples will be identified with a unique identification code to ensure that results are properly 
reported and interpreted.  Samples will be identified such that the site, sampling location and 
sample type (i.e., environmental sample or QC sample) can be distinguished by a data reviewer 
or user.  Sample identification codes will consist of a site identification code and a unique 
sample ID number assigned by the monitoring manager. The format for sample ID codes is 
MLMRP - ###.# - AAAA - XXX, where: 

• MLMRP indicates the sample was collected as part of the Machado Lake MRP. 

• ###.# identifies the sequentially numbered sample event and .# is an optional indicator 
for resamples collected for the same event.  Sample events are numbered starting from 
001 and will not be repeated.  

• AAAA indicates the unique site identification code assigned to each site described in 
Section 10. Sampling Process Design - Sampling Sites)  

• XXX identifies the sample number unique to a sample bottle collected for a single event.  
Sample bottles are numbered sequentially from 001 to 999 and will not be repeated 
within a single event.  This numbering sequence will reset to 001 for each event. 

Labels will be placed on the appropriate bottles in a dry environment; applying labels to wet 
sample bottles will be avoided. Labels will be placed on sides of bottles rather than on bottle 
caps.  Labels will include the following information: 

 

• Program Name 
• Station ID  
• Sample ID 

• Date 
• Collection Time  
• Sampling Personnel  

• Analytical Requirements 
• Preservative Requirements  
• Analytical Laboratory 

 

Sample Containers, Storage, Preservation, and Holding Times 

Sample containers must be pre-cleaned and certified free of contamination according to the 
USEPA specification for the appropriate methods.  Sample container, required sample volume, 
storage and preservation, and holding time requirements are provided in Table 11, Table 12, 
Table 13, and Table 14.  The analytical laboratories will supply sample containers that already 
contain preservative (also identified in Table 11, Table 12, and Table 13), including ultra pure 
acids, where applicable.  After collection, samples will be stored at 4oC until arrival at the 
contract laboratory. 
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Table 11:  Nutrient TMDL Sample Container, Volume, Initial Preservation, and Holding Time 
Requirements 

Parameter 
Sample 

Container 
Sample 
Volume1 

Immediate Processing 
and Storage Holding Time 

Conventional 

Total Suspended Solids (TSS) 
HDPE2 1L 

Store at 4°C 7 days 
Total Dissolved Solids (TDS) 500 mL 

Nutrient 

Total Kjeldahl Nitrogen (TKN) 

HDPE 

500 mL H2SO4; Store at 4°C 28 days Ammonia as Nitrogen (NH3-N) 

Total Phosphorous 

Nitrate as Nitrogen (NO3-N) 

500 mL Store at 4°C 48 hours 
Nitrite as Nitrogen (NO2-N) 

Dissolved Phosphorous 

Total Ortho-phosphate (PO4) 
1 Additional sample volume may be required for quality control analyses. 
2  HDPE = High Density Polyethelyne 

 
Table 12:  Toxics TMDL Sample Container, Volume, Initial Preservation, and Holding Time 
Requirements 

Constituent 
Sample Container 

and Volume1 

Immediate 
Processing And 

Storage Holding Time 

Total Suspended Solids (TSS) 1L HDPE 4° C 7 days 

Total Dissolved Solids (TDS) 500 mL HDPE 4° C 7 days 

Nitrate as Nitrogen (NO3-N) 

500 mL HDPE 4° C 48 hours 
Nitrite as Nitrogen (NO2-N) 

Dissolved Phosphorus 

Total Orthophosphate (PO4-P) 

Total Kjeldahl Nitrogen (TKN) 500 mL HDPE H2SO4 28 days 

Ammonia as Nitrogen (NH3-N) 

Total Phosphorus 
1 Additional volume may be required for QC analyses. 
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Table 13:  Additional Constituents Sample Container, Volume, Initial Preservation, and Holding 
Time Requirements 

Sample Medium Constituent 

Sample 
Container and 

Volume3 

Immediate 
Processing 
And Storage 

Holding 
Time 

Water 
Total Suspended Solids 
(TSS) 

1L HDPE 4° C 7 days 

Sediment    
(collected as 
suspended 
sediment) 

Organochlorine Pesticides1 2-4 grams (min 
0.5 grams) 

4° C 1 year4 

Total PCBs2 

Total Organic Carbon 
(TOC) 

1 gram (min 
0.25 grams) 

4° C 28 days 

1. Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-
DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and dieldrin. 

2.  PCBs in water are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254, and 1260). 
Individual congeners will also be analyzed. 

3.  Additional volume may be required for QC analyses. 
4.  One year if frozen, otherwise 14 days to extract and 40 days from extraction to analysis.  

Table 14:  Additional Constituents Sample Container Requirements 

Constituent 
Class Constituent 

Sample Container 
and Volume1 

Immediate 
Processing 

And 
Storage 

Holding 
Time 

Conventional Hardness 500 mL HDPE 4° C 6 months 

Metals Total and Dissolved Copper 4° C 48 hours / 
6 months2 Total and Dissolved Lead 

Bacteria E. coli 100mL HDPE 4° C 6 hours 

1.  Additional volume may be required for QC analyses. 
2.  48 hours to filter for dissolved metals, then 6 months to analyze for both filtered dissolved and total. 

 

Sample Handling and Shipment 

The field crews will have custody of samples during each monitoring event. COC forms will 
accompany all samples during shipment or delivery to contract laboratories to identify the 
shipment contents.  All water quality samples will be transported to the analytical laboratory by 
the field crew or by shipment.  The original COC form will accompany the shipment, and a 
signed copy of the COC form will be sent, typically via fax, by the laboratory to the field crew to 
be retained in the project file. 

While in the field, samples will be stored on ice in an insulated container, so that they will be 
kept at approximately 4˚C.  Samples must have lids securely tightened and must be placed on ice 
to maintain the temperature at approximately 4oC.  The original COC form(s) will be bagged in 
re-sealable plastic bags and either taped to the outside of the cooler or to the inside lid.  Samples 
will be hand delivered or shipped to the laboratory according to Department of Transportation 
standards.   
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Coolers will be sealed with packing tape before shipping and must not leak.  It is assumed that 
samples in tape-sealed ice chests are secure whether being transported by field staff vehicle, by 
common carrier, or by commercial package delivery.  The laboratory’s sample receiving 
department will examine the shipment of samples for correct documentation, proper 
preservation, and compliance with holding times. 

The following procedures are used to prevent bottle breakage and cross-contamination: 

• Bubble wrap or foam pouches are used to keep glass bottles from contacting one another 
to prevent breakage. 

• All samples are transported inside hard plastic coolers or other contamination-free 
shipping containers. 

• The coolers are taped shut to prevent accidental opening. 
• Arrangements must be made in advance to notify the laboratory’s sample receiving 

department prior to sample shipment. 
 
All samples remaining after successful completion of analyses will be disposed of properly.  It is 
the responsibility of each analytical laboratory to ensure that all applicable regulations are 
followed in the disposal of samples or related chemicals. 

Chain-of-Custody Form 

Sample custody procedures provide a mechanism for documenting information related to sample 
collection and handling.  Sample custody must be traceable from the time of sample collection 
until results are reported.  A sample is considered under custody if: 

• It is in actual possession.  
• It is in view after in physical possession. 
• It is placed in a secure area (accessible by or under the scrutiny of authorized personnel 

only after in possession). 
 
A chain-of-custody (COC) form will be completed after sample collection and prior to sample 
shipment or release. The COC form, sample labels, and field documentation will be cross-
checked to verify sample identification, type of analyses, number of containers, sample volume, 
preservatives, and type of containers.  A complete COC form will accompany the transfer of 
samples to the analyzing laboratory.  A typical COC form is illustrated in Appendix C 

Laboratory Custody Procedures 

Contract laboratories will follow sample custody procedures as outlined in the laboratory’s 
Quality Assurance (QA) Manual.  A copy of each contract laboratory’s QA Manual is retained in 
the project file.  Laboratories shall maintain custody logs sufficient to track each sample 
submitted and to analyze or preserve each sample within specified holding times.  The following 
sample control activities must be conducted at the laboratory: 

• Initial sample login and verification of samples received with the COC form; 
• Document any discrepancies noted during login on the COC; 
• Initiate internal laboratory custody procedures; 
• Verify sample preservation (e.g., temperature); 
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• Notify the Project Manager if any problems or discrepancies are identified; and 
• Perform proper sample storage protocols, including daily refrigerator temperature 

monitoring and sample security. 
 
Laboratories shall maintain records to document that the above procedures are followed.  Once 
samples have been analyzed, samples will be stored at the laboratory for at least 30 days.  After 
this period, samples may be disposed of properly.    

13. ANALYTICAL METHODS  

Table 15 lists the constituents for which samples will be analyzed, analytical methods, project 
method detection limits and project reporting limits for each constituent under the Nutrient 
TMDL.  Table 16 lists the constituents for which samples will be analyzed, analytical methods, 
project method detection limits and project reporting limits for each constituent under the Toxics 
TMDL, with Table 17 describing the specific project related limits for individual 
Organochlorine pesticides.  

Table 18 lists the additional constituents for which samples will be analyzed, analytical methods, 
project method detection limits and project reporting limits for each constituent. Additionally, 
field measurements will be collected for the parameters listed in Table 19 during each event.  

Table 15:  Nutrient TMDL Constituents, Analytical Methods, and Quantification Limits 

Constituent 
Class 

Constituent Method 
Detection 

Limit 
(mg/L) 

Reporting 
Limit 

(mg/L) 

Conventional 
Total Suspended Solids (TSS) SM 2540D 0.5 1.0 

Total Dissolved Solids (TDS) SM 2540C 1.0 10 

Nutrient 

Total Kjeldahl Nitrogen (TKN) EPA 351.1 0.455 0.50 

Nitrate as Nitrogen (NO3-N) EPA 300.0 0.01 0.10 

Nitrite as Nitrogen (NO2-N) EPA 300.0 0.01 0.05 

Total Nitrogen1 calculation NA NA 

Ammonia as Nitrogen (NH3-N) EPA 350.1 
0.01 
0.02(2) 

0.10 

Total Phosphorous SM 4500-P E or F 0.02 0.1 

Dissolved Phosphorous SM 4500-P E or F 0.02 0.1 

Total Ortho-phosphate (PO4) SM 4500-P E or F 
0.001 
0.01(2) 

0.01 
0.02(2) 

1. Total Nitrogen is the sum of TKN, NO3-N, and NO2-N. 
2. Levels modified to reflect current analytical capabilities. 
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Table 16:  Toxics TMDL Constituents, Analytical Methods, and Quantification Limits 

Sample Medium Constituent Method 
Detection 

Limit  
Reporting 

Limit  

Water Total Suspended Solids 
(TSS) 

SM 2540D 0.5 mg/L 1.0 mg/L 

Sediment 
(collected as 
suspended 
sediment) 

Organochlorine Pesticides1 EPA8270C(m) 1 ng/dry g 5 ng/ dry g

Total PCBs2 10 ng/dry 
g 

20 ng/dry g 

Total Organic Carbon 
(TOC) 

Dry combustion/IR 
detection 

 0.1%-66% 
dry weight 

1. Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane-gamma, 2,4’-DDD, 2,4’-
DDE, 2,4’-DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and dieldrin. 
2. PCBs in water and sediment are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 
1232, 1242, 1248, 1254, and 1260). Congeners will also be analyzed to provide a better estimate of PCB 
concentrations and loads for PCBs. Method Detection Limit/Reporting Limit for individual congeners are 1 ng/dry 
g and 5 ng/dry g. 
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Table 17:  Organochlorine Pesticides 

Organochlorine 
Pesticides 

Laboratory MDL
ng/g – dry 

weight 
Laboratory MRL
ng/g – dry weight 

Chlordane Compounds   

Heptachlor 0.1 0.5 

Heptachlor Epoxide 0.1 0.5 

gamma-Chlordane 0.1 0.5 

alpha-Chlordane 0.2 1 

Oxychlordane 0.1 0.5 

trans-Nonachlor 0.1 0.5 

cis-Nonachlor 0.1 0.5 

Other Organochlorine 
Pesticides 

  

2,4'-DDD 1 2 

2,4'-DDE 1 2 

2,4'-DDT 1 2 

4,4'-DDD 1 2 

4,4'-DDE 1 2 

4,4'-DDT 1 2 

Total DDT 1 2 

Dieldrin 1 5 

 

Table 18:  Additional Constituents, Analytical Methods, and Quantification Limits 

Constituent 
Class Constituent Method 

Detection 
Limit 

(mg/L) 

Reporting 
Limit 

(mg/L) 

Conventional Hardness SM 2340B 1 mg/L 10 mg/L 

Metals Total and Dissolved Copper EPA 200.8 0.4 µg/L 0.8 µg/L 

Total and Dissolved Lead 0.1 µg/L 0.5 µg/L 

Bacteria E. coli IDEXX Colilert 10 
MPN/100 

mL 

10 
MPN/100 

mL 
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Table 19:  Project Reporting Limits for Field Measurements 

Parameter/Constituent Range Project RL 

Velocity/Flow1 -0.5 to +20 ft3/s  

pH 0 – 14 pH units NA 

Temperature -5 – 50 oC NA 

Dissolved oxygen 0 – 50 mg/L 0.5 mg/L 

Turbidity 0 – 3000 NTU 0.2 NTU 

Conductivity 
0 – 10000 
µmhos/cm 

2.5 µmhos/cm 

RL – Reporting Limit 
NA – Not applicable  
1. For velocity/flow, range refers to velocities measured by a handheld flow meter.  The 

lower limit for measuring flow is dependent upon the size of the specific pipe or channel. 

 

Detection and Reporting Limits 

Method detection limits (MDL) and reporting limits (RLs) must be distinguished for proper 
understanding and data use. The MDL is the minimum analyte concentration that can be 
measured and reported with a 99% confidence that the concentration is greater than zero. 

The RL represents the concentration of an analyte that can be routinely measured in the sampled 
matrix within stated limits and with confidence in both identification and quantification.  

For this program, RLs must be verifiable by having the lowest non-zero calibration standard or 
calibration check sample concentration at or less than the RL. RLs have been established in this 
QAPP based on the verifiable levels and general measurement capabilities demonstrated for each 
method. These RLs should be considered as maximum allowable reporting limits to be used for 
laboratory data reporting. Note that samples diluted for analysis may have sample-specific RLs 
that exceed these RLs. This will be unavoidable on occasion. However, if samples are 
consistently diluted to overcome matrix interferences, the analytical laboratory will be required 
to notify the Project Manager how the sample preparation or test procedure in question will be 
modified to reduce matrix interferences so that project RLs can be met consistently. 

Method Detection Limit Studies 

Any laboratory performing analyses under this program must routinely conduct method detection 
limit (MDL) studies to document that the MDLs are less than or equal to the project-specified 
RLs. If any analytes have MDLs that do not meet the project RLs, the following steps must be 
taken: 

• Perform a new MDL study using concentrations sufficient to prove analyte quantification 
at concentrations less than or equal to the project-specified RLs per the procedure for the 
Determination of the Method Detection Limit presented in Revision 1.1, 40 Code of 
Federal Regulations (CFR) 136, 1984.   

• No samples may be analyzed until the issue has been resolved.  MDL study results must 
be available for review during audits, data review, or as requested. Current MDL study 
results must be reported for review and inclusion in project files. 
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An MDL is developed from seven aliquots of a standard containing all analytes of interest spiked 
at five times the expected MDL.  These aliquots are taken through the analytical method’s 
sample processing steps. The data are then evaluated and used to calculate the MDL.  If the 
calculated MDL is less than 0.33 times the spiked concentration, another MDL study should be 
performed using lower spiked concentrations.   

Project Reporting Limits 

Laboratories generally establish RLs that are reported with the analytical results—these may be 
called reporting limits, detection limits, reporting detection limits, or several other terms by the 
analyzing laboratory. These laboratory limits must be less than or equal to the project RLs listed 
in Table 15, Table 16, Table 17, or Table 18. Laboratories performing analyses for this project 
must have documentation to support quantification at the required levels.  

Laboratory Standards and Reagents 

All stock standards and reagents used for standard solutions and extractions must be tracked 
through the laboratory.  The preparation and use of all working standards must be documented 
according to procedures outlined in each laboratory’s Quality Assurance Manual; standards must 
be traceable according to U.S. EPA, A2LA or National Institute for Standards and Technology 
(NIST) criteria.  Records must have sufficient detail to allow determination of the identity, 
concentration, and viability of the standards, including any dilutions performed to obtain the 
working standard.  Date of preparation, analyte or mixture, concentration, name of preparer, lot 
or cylinder number, and expiration date, if applicable, must be recorded on each working 
standard. 

Alternate Laboratories 

In the event that the laboratories selected to perform analyses for Los Angeles County are unable 
to fulfill data quality requirements outlined herein (e.g., due to an instrument is malfunction), 
alternate laboratories will be selected based on their ability to meet ELAP and/or NELAP 
certification and data quality requirements specified in this QAPP.  The original laboratory 
selected may recommend a qualified laboratory to act as a substitute.  However, the final 
decision regarding alternate laboratory selection rests with the Project Manager and Project QA 
Manager. 

14. QUALITY CONTROL 

Quality control procedures for field and laboratory activities are summarized in Table 20 and are 
discussed in more detail below.  There are no SWAMP requirements for quality control for field 
analysis of general parameters (i.e., flow, pH, temperature, dissolved oxygen, turbidity, and 
conductivity).  However, field crews will be required to calibrate equipment as outlined in 
Section 16. Instrument/Equipment Calibration and Frequency).   
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Table 20:  Quality Control Requirements – Field and Laboratory 

Quality 
Control 

Sample Type 
QA Parameter Frequency1 Acceptance Limits Corrective Action 

Quality Control Requirements – Field 

Equipment 
Blanks 

Contamination 
Once per 

equipment 
batch cleaned [2

< MDL 
Identify contamination source, re-
clean equipment, and re-run 
equipment blank. 

Field Blank Contamination 
5% of all 
samples 

< MDL 
Examine field log. 
Identify contamination source. 
Qualify data as needed. 

Field Duplicate Precision 
5% of all 
samples 

RPD < 25% if 
|Difference| > RL 

If laboratory duplicate is within 
acceptance limits, no corrective 
action needed.  Otherwise, 
reanalyze both samples if possible.  
Identify variability source.  Qualify 
data as needed.   

Quality Control Requirements – Chemistry Laboratory 

Method Blank Contamination 
1 per analytical  

batch 
< MDL 

Identify contamination source. 
Reanalyze method blank and all 
samples in batch. 
Qualify data as needed. 

Matrix Spike Accuracy 
1 per analytical 

batch 

70-120% Recovery 
for GWQC 

45-150% for Metals 
50-150% Recovery 

for Pesticides [3] 

Check LCS/SRM recovery. 
Attempt to correct matrix problem  
and reanalyze samples. 
Qualify data as needed. 

Matrix Spike 
Duplicate 

Precision 
1 per analytical 

batch 
RPD < 30% if 

|Difference| > RL 

Check lab duplicate RPD. 
Attempt to correct matrix problem  
and reanalyze samples. 
Qualify data as needed. 

Lab Duplicate Precision 
1 per analytical 

batch 
RPD < 25% if 

|Difference| > RL 
Recalibrate and reanalyze. 

Laboratory 
Control Sample 
(or SRM) 

Accuracy 
1 per analytical 

batch 
80-120% Recovery 

Recalibrate and reanalyze LCS/  
SRM and samples. 

MDL = Method Detection Limit     RL = Reporting Limit     RPD = Relative Percent Difference 
LCS = Laboratory Control Sample/Standard     SRM = Standard/Certified Reference Material  
GWQC = General Water Quality Constituents 
1 “Analytical batch” refers to a number of samples (not to exceed 20 environmental samples plus the associated quality control 

samples) that are similar in matrix type and processed/prepared together under the same conditions and using the same 
reagents (equivalent to preparation batch). 

2 Equipment blanks will be collected by the analytical laboratory responsible for cleaning equipment, before returning equipment to 
the field crew for use. 

3 Or control limits set at + 3 standard deviations based on actual laboratory data. 

Comparability 

Comparability of the data can be defined as the similarity of data generated by different 
monitoring programs.  For this monitoring program, this objective will be ensured mainly 
through use of standardized procedures for field measurements, sample collection, sample 
preparation, laboratory analysis, and site selection; adherence to quality assurance protocols and 
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holding times; and reporting in standard units.  If monitoring requires participation of several 
monitoring teams, data comparability will be ensured through regular group training sessions, as 
well as adherence to standard sample collection procedures outlined in the MRP.  Additionally, 
comparability of analytical data will be addressed through the use of standard operating 
procedures and extensive analyst training at the analyzing laboratory.   

Representativeness 

Representativeness can be defined as the degree to which the environmental data generated by 
the monitoring program accurately and precisely represent actual environmental conditions.  For 
the MRP, this objective will be addressed by the overall design of the program.  
Representativeness is attained through the selection of sampling locations, methods, and 
frequencies for each parameter of interest, and by maintaining the integrity of each sample after 
collection.  Sampling locations were chosen that are representative of discharges from 
unincorporated County areas, which will allow for the characterization of the impacts that such 
discharges may have on receiving water quality.      

Completeness 

Data completeness is a measure of the amount of successfully collected and validated data 
relative to the amount of data planned to be collected for the project.  It is usually expressed as a 
percentage value.  A project objective for percent completeness is typically based on the 
percentage of the data needed for the program or study to reach valid conclusions.  

Because the MRP is intended to be a long term monitoring program, data that are not 
successfully collected for a specific monitoring event will not be collected at a later date.  Rather, 
subsequent events conducted over the course of the program will provide a data set of sufficient 
size to appropriately characterize conditions at individual sampling sites.  Moreover, some 
monitoring sites will often be dry during the dry season, which is relevant information, 
identifying areas where discharge is not occurring.  For these reasons, most of the data planned 
for collection cannot be considered absolutely critical.  However, some reasonable objectives for 
data are desirable, if only to measure the effectiveness of the program.  The program goals for 
data completeness shown in Table 21 are based on the planned sampling frequency, SWAMP 
recommendations, and a subjective determination of the relative importance of the monitoring 
element within any associated TMDL Monitoring Program(s).  All information collected as 
outlined in the QAPP will be reported. 

Table 21  Required Data Completeness 

Monitoring Element Completeness Objective 

Field Measurements 90% 

General Water Quality 
Constituents 

90% 
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Field Procedures 

Field QA/QC for this project includes the following: 

• Equipment Blanks 
• Field Blanks 
• Field Duplicates  
• Proper collection, handling, and preservation of samples. 
• Maintenance of a field log. 

Equipment Blanks 

The purpose of analyzing equipment blanks is to demonstrate that sampling equipment is free 
from contamination.  Equipment blanks will be collected by the analytical laboratory responsible 
for cleaning equipment, before sending cleaned equipment back to the field crew for use.  
Equipment blanks will consist of laboratory-prepared blank water (certified to be contaminant-
free by the laboratory) processed through the sampling equipment that will be used to collect 
environmental samples.   

It is unlikely that equipment blanks will be required for this monitoring program. However, if 
collected, the blanks will be analyzed using the same analytical methods specified for 
environmental samples.  If any analytes of interest are detected at levels greater than the MDL, 
the source(s) of contamination will be identified and eliminated (if possible), the affected batch 
of equipment will be re-cleaned, and new equipment blanks will be prepared and analyzed before 
the equipment is returned to the field crew for use. 

Field Blanks 

The use of field blanks is intended to test whether contamination is introduced from sample 
collection and handling, sample processing, analytical procedures, or the sample containers. The 
field crew will use blank water provided by the laboratory to generate field blanks by pouring 
blank water directly into the appropriate sample containers.  Field blanks will be identified with a 
unique Site ID prior to each monitoring event and submitted “blind” to the laboratory.  If any 
analytes of interest are detected at levels greater than the MDL, the source(s) of contamination 
will be identified and eliminated, if possible.  The sampling crew will be notified so that the 
source of contamination can be identified (if possible) and corrective measures implemented 
prior to the next sampling event.  Field blanks will be collected for all constituents.  If no 
contamination is detected for conventional constituents repeatedly following multiple events, 
field blanks may be discontinued for these constituents. 

Field Duplicates 

The purpose of analyzing field duplicates is to demonstrate the precision of sampling and 
analytical processes.  Field duplicates will be analyzed along with the associated environmental 
samples.  Field duplicates will consist of two aliquots from the same grab sample.   

Laboratory Analyses 

Laboratory QA/QC for this project includes the following: 

• Use of the lowest available method detection limits (MDLs) for trace elements. 
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• Analysis of method blanks and laboratory duplicates. 
• Routine analysis of standard reference materials (SRMs) and method blanks. 

Method Blanks 

The purpose of analyzing method blanks is to demonstrate that sample preparation and analytical 
procedures do not result in sample contamination.  Method blanks will be prepared and analyzed 
by the contract laboratory at a rate of at least one for each analytical batch.  Method blanks will 
consist of laboratory-prepared blank water processed along with the batch of environmental 
samples.  If the result for a single method blank is greater than the MDL, the source(s) of 
contamination should be corrected, and the associated samples should be reanalyzed.   

Laboratory Duplicates 

The purpose of analyzing laboratory duplicates is to demonstrate the precision of the sample 
preparation and analytical methods.  Laboratory duplicates will be analyzed at the rate of one 
pair per sample batch.  If the Relative Percent Difference (RPD) for any analyte is greater than 
25% and the absolute difference between duplicates is greater than the RL, the analytical process 
is not being performed adequately for that analyte.  In this case, the sample batch should be 
prepared again, and laboratory duplicates should be reanalyzed. 

Laboratory Control Samples 

The purpose of analyzing laboratory control samples (or a standard reference material) is to 
demonstrate the accuracy of the sample preparation and analytical methods.  Laboratory control 
samples will be analyzed at the rate of one per sample batch.  Laboratory control samples will 
consist of laboratory fortified method blanks or a standard reference material.  If recovery of any 
analyte is outside the acceptable range, the analytical process is not being performed adequately 
for that analyte.  In this case, the sample batch should be prepared again, and the laboratory 
control sample should be reanalyzed. 

15. INSTRUMENT/EQUIPMENT TESTING, INSPECTION AND MAINTENANCE  

Sample Equipment Cleaning Procedures 

If equipment is used for sample collection (i.e., peristaltic pump tubing, sample containers and 
caps) it will be cleaned by the analytical laboratory prior to each monitoring event, according to 
procedures documented for each analytical method.  After cleaning, sample containers will be 
stored with lids secured, and additional clean caps will be stored in clean re-sealable bags.  
Cleaned tubing will be stored in clean polyethylene bags.   

Each batch of cleaned equipment will be used to generate an equipment blank as discussed in 
Section 14 (Quality Control).   

Field Measurement Equipment  

Each field crew will be responsible for testing, inspecting, and maintaining their field 
measurement equipment in accordance with the manufacturer’s specifications.  This includes 
battery checks, routine replacement of membranes, and cleaning of probes and electrodes.   
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Analytical Equipment Testing Procedures and Corrective Actions 

Testing, inspection, and maintenance of analytical equipment used by the contract laboratory and 
corrective actions are documented in the QA Manual for each analyzing laboratory.  Laboratory 
QA Manuals are available for review at the analyzing laboratory.   

16. INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 

Laboratory Analytical Equipment 

Frequencies and procedures for calibration of analytical equipment used by each contract 
laboratory are documented in the QA Manual for each contract laboratory.  Any deficiencies in 
analytical equipment calibration should be managed in accordance with the QA Manual for each 
contract laboratory.  Any deficiencies that affect analysis of samples submitted through this 
program must be reported to the Project Manager or designee.  Laboratory QA Manuals are 
available for review at the analyzing laboratory.   

Field Measurement Equipment 

Calibration of field measurement equipment is performed as described in the user manual for 
each individual instrument.  Each field crew will be responsible for calibrating their field 
measurement equipment.  Field monitoring equipment must meet the requirements outlined in 
Table 19 and be calibrated at a frequency recommended by the manufacturer, but at a minimum 
prior to each event.  Each calibration will be documented on each event’s calibration log 
(Figure 3).   

If calibration results do not meet manufacturer specifications, the field crew should first try to 
recalibrate using fresh aliquots of calibration solution.  If recalibration is unsuccessful, new 
calibration solution should be used and/or maintenance should be performed.  Each attempt 
should be recorded on the equipment calibration log.  If the calibration results cannot meet 
manufacturer’s specifications, the field crew should use a spare field measuring device that can 
be successfully calibrated.  Additionally, the Project Manager should be notified. 

Calibration should be verified using at least one calibration fluid within the expected range of 
field measurements, both immediately following calibration and at the end of each monitoring 
day.  Individual parameters should be recalibrated if results for the calibration check do not fall 
within the range of accuracy identified in Table 19.  Calibration verification documentation will 
be retained in the event’s Calibration Verification Log presented in Figure 4. Table 22 outlines 
the typical field instrument calibration procedures for each field probe requiring calibration.  
Results of initial calibration checks will be recorded on the Field Measurement Equipment 
Calibration Log, an example of which is shown in Figure 3.  

RB-AR41526



LA County Department of Public Works 41 September 2011, revised September 2012 
Machado Lake Multipollutant TMDL MRP QAPP 

Table 22.  Calibration of Field Measurement Equipment 

Field Meter 
Parameter 

Calibration and Verification Description  
Frequency 

of 
Calibration 

Frequency 
of 

Calibration 
Verification  

Responsible 
Party 

pH  

Calibration for pH measurement is 
accomplished using standard buffer solutions.  
Analysis of a mid-range buffer will be 
performed to verify successful calibration. 

Day of 
sampling 

event 

After each 
day’s 

calibration 
and at the 
end of the 

sampling day 

Individual 
Sampling 

Crew 

Temperature 
Temperature calibration is factory-set and 
requires no subsequent calibration. 

Dissolved 
Oxygen  

Calibration for dissolved oxygen 
measurements is accomplished using a water 
saturated air environment.  Dissolved oxygen 
measurement of water-saturated air will be 
performed to verify successful calibration. 

Conductivity 

Conductivity calibration will follow 
manufacturer’s specifications.  A mid-range 
conductivity standard will be analyzed to verify 
successful calibration.  

Turbidity 

Turbidity calibration will follow manufacturer’s 
specifications.  A mid-range turbidity standard 
will be analyzed to verify successful 
calibration. 
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Field Measurement Equipment Calibration Log

Date: 

Parameter Meter ID 
Calibration 
Standard 

Post-Cal 
Measurement 

Calibration 
Valid if: 

Time Initials 

Dissolved 
Oxygen 

 
______ mmHG 

_______ oC 

_________ mg/L 

(water-sat’d air) 

D.O. reads 
within 10% of 
value from D.O. 
tables 5 

  

Conductivity  

500 µmhos/cm     

10,000 
µmhos/cm  

___________ 
µmhos/cm 

(mid-range std.) 

Cond. reads 
w/in 5% of 
expected value 

  

pH  

7.0 Units     

10.0 Units 
__________Units 

(pH = 8.0) 

pH 8 reads 
within   + 0.2 
Units (or w/in 
manuf’s specs) 

  

Turbidity  

0 NTU     

100 NTU     

1000 NTU 
__________NTU 

(100 NTU) 

NTU reads 
within 10% of 
expected value 

  

Notes: 

 

 

Figure 3:  Example Field Measurement Equipment Calibration Log Sheet 

                                                 
5 “D.O. tables” refers to tables of dissolved oxygen in water as a function of temperature and barometric pressure, 
typically found in wastewater engineering text books. 
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Field Measurement Equipment Calibration Verification Log

Date: 

Parameter Meter ID 
Verification 
Standard 

Measurement 
Calibration Valid 
if: 

Time Initials 

Dissolved 
Oxygen 

 
______ mmHg 

_______oC 

_________ mg/L 

(water-sat’d air) 

D.O. reads within 
10% of value from 
D.O. tables 6 

  

Conductivity  
______ 
µmhos/cm  

_________ 
µmhos/cm 

(mid-range std.) 

Cond reads w/in 
5% of expected 
value 

  

pH  _______Units 
__________Units 

(pH = 8.0) 

pH 8 reads within   
+ 0.2 Units (or 
w/in manuf’s 
specs) 

  

Turbidity  _______ NTU 
__________NTU 

(100 NTU) 

NTU reads within 
10% of expected 
value 

  

Notes: 

 

 

Figure 4:  Example Field Measurement Equipment Calibration Verification Log Sheet 

17. INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES 

Inspection of gloves, sample containers, and any other consumable equipment used for sampling 
will be the responsibility of each individual sampling crew.  Inspection should be conducted 
immediately upon receipt of equipment; equipment should be rejected/returned if any obvious 
signs of contamination (torn packages, etc.) are observed.  Inspection protocols and acceptance 
criteria for laboratory analytical reagents and other consumables are documented in the QA 
Manual for each laboratory.   

18. NON-DIRECT MEASUREMENTS 

Water quality data collected through other monitoring programs may be used to augment data 
collected through the MRP.  Data reported by other entities will be evaluated for suitability for 
inclusion in an associated Monitoring Program database for each suite of constituents.  It is the 
responsibility of the Project QA Manager or designee to acquire,validate, and compile the 
necessary data from other programs.  The data will be assessed against the data quality objectives 
stated in Section 7. Quality Objectives and Criteria for Measurement Data). 

                                                 
6 “D.O. tables” refers to tables of dissolved oxygen in water as a function of temperature and barometric pressure, 
typically found in wastewater engineering text books. 
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19. DATA MANAGEMENT  

The field crew shall retain the original field logs.  The contract laboratory shall retain original 
COC forms. Concentrations of all parameters will be calculated as described in laboratory SOPs 
or referenced method document for each analyte or parameter.  The various data and information 
generated through the MRP will be stored and maintained as described in Section 9. Documents 
and Records).     

The field log and analytical data generated will be converted to a standard database format 
maintained on personal computers.  After data entry or data transfer procedures are completed 
for each monitoring event, data will be validated as described in Section D. DATA 
VALIDATION AND USABILITY).  After the final quality assurance checks for errors are 
completed, the data will be added to the final database.   

Program data will be submitted electronically with the Annual Monitoring Report in either 
Microsoft Access® or Microsoft Excel® file format.  Data concerning additional constituents 
may also be supplied at the discretion of the Project Manager. Tabular data summaries included 
in the Annual Monitoring Report will be generated from this data file (“database”).  
Additionally, those data collected by the program will be formatted to be compatible with 
SWAMP database requirements.   
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C. ASSESSMENT AND OVERSIGHT  

20. ASSESSMENTS AND RESPONSE ACTIONS 

Data will be evaluated and documented after each monitoring event to determine whether project 
quality assurance objectives have been met, to quantitatively assess data quality, and to identify 
potential limitations on data use.  The following assessments of compliance with quality control 
procedures will be performed during the data collection phase of the project: 

• Performance assessment of the sampling procedures will be performed by the 
field sampling crews.  Corrective action shall be carried out by the field sampling 
crew and reported to the Project Manager. 

• Field crews will be audited annually by the Project Manager or designee.  
Additional audits will occur as necessary to observe corrective actions taken to 
resolve errors identified during a previous audit. 

• The laboratory is responsible for following established SOPs, including those for 
proper instrument maintenance, calibration of the instruments, and analytical 
methods used for samples submitted through the Nutrient TMDL Monitoring 
Program.   

• Assessment of laboratory QC results and implementation of corrective actions will be the 
responsibility of the QA Officer at each laboratory and shall be reported to the Project 
QA Manager or designee as part of any data reports. 

• Assessment of field QC results and implementation of corrective actions shall be the 
responsibility of the Project QA Manager or designee. 

 
All project data must be reviewed as part of the data assessment.  Review is conducted on a 
preparation batch basis by assessing QC samples and all associated environmental sample 
results.  Project data review established for this project includes the following steps: 

• Initial review of analytical and field data for complete and accurate documentation, 
chain-of-custody procedures, compliance with required holding times, and required 
frequency of field and laboratory QC samples; 

• Evaluation of analytical and field blank results to identify random and systematic 
contamination; 

• Comparison of all spike and duplicate results with data quality objectives for precision 
and accuracy; 

• Assigning data qualifier flags to the data as necessary to reflect data use limitations 
identified by the assessment process; and 

• Calculating completeness by analyte. 
 

The Project QA Manager or designee is responsible for conducting the data assessment and for 
ensuring that data qualifier flags are assigned, as needed, based on the established quality control 
criteria.  If an assessment or audit discovers any discrepancy, the Project QA Manager will 
address the observed discrepancy with the appropriate person responsible for the activity.  
Discussion points will include whether the information collected is accurate, identifying the 
cause(s) leading to the deviation, how the deviation might impact data quality, and what 
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corrective actions might be considered.  The Project QA Manager will maintain a QA Log of all 
communications and any specified corrective actions, and will make the QA Log available to the 
Project Manager upon request. 

Routine procedures to assess the success of the data collection effort are discussed in Section D. 
DATA VALIDATION AND USABILITY).  Routine procedures for corrective actions are 
summarized in Table 20.  

21. REPORTS TO MANAGEMENT 

No additional documents, except those listed in Section 9. Documents and Records), will be 
generated. 
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D. DATA VALIDATION AND USABILITY  

22. DATA REVIEW, VERIFICATION AND VALIDATION REQUIREMENTS 

The acceptability of data is determined through data verification and data validation.  Both 
processes are discussed in detail below. In addition to the data quality objectives presented in 
Table 8, the standard data validation procedures documented in the contract laboratory’s QA 
Manual will be used to accept, reject, or qualify the data generated by the laboratory.  Each 
laboratory’s QA Officer will be responsible for validating data generated by the laboratory.   

Once analytical results are received from the analyzing laboratory, the Project QA Manager or 
designee will perform an independent review and validation of analytical results.  Appendix D 
contains equations that are used to calculate precision, accuracy, and completeness of the data.  
Decisions to reject or qualify data will be made by the Project QA Manager, based on the 
evaluation of field and laboratory quality control data according to procedures outlined in 
Section 13 of Caltrans document No. CTSW-RT-00-005, Guidance Manual:  Stormwater 
Monitoring Protocols, 2nd Edition (LWA 2000), included in this QAPP as Appendix E.   

23. DATA VERIFICATION  

Data verification involves verifying that required methods and procedures have been followed at 
all stages of the data collection process, including sample collection, sample receipt, sample 
preparation, sample analysis, and documentation review for completeness.  Verified data have 
been checked for a variety of factors, including transcription errors, correct application of 
dilution factors, and correct application of conversion factors.  Verification of data may also 
include laboratory qualifiers, if assigned.   

Data verification should occur in the field and the laboratory at each level (i.e., all personnel 
should verify their own work) and as information is passed from one level to the next (i.e., 
supervisors should verify the information produced by their staff).  Records commonly examined 
during the verification process include field and sample collection logs, chain-of-custody forms, 
sample preparation logs, instrument logs, raw data, and calculation worksheets.   

In addition, laboratory personnel will verify that the measurement process was "in control" (i.e., 
all specified data quality objectives were met or acceptable deviations explained) for each batch 
of samples before proceeding with the analysis of a subsequent batch.  Each laboratory will also 
establish a system for detecting and reducing transcription and/or calculation errors prior to 
reporting data.  

24. DATA VALIDATION  

In general, data validation involves identifying project requirements, obtaining the documents 
and records produced during data verification, evaluating the quality of the data generated, and 
determining whether project requirements were met.  The main focus of data validation is 
determining data quality in terms of accomplishment of measurement quality objectives (i.e., 
meeting QC acceptance criteria).  Data quality indicators, such as precision, accuracy, 
sensitivity, representativeness, and completeness, are typically used as expressions of data 
quality.  The Project QA Manager or designee will review verified sample results for the data set 
as a whole, including laboratory qualifiers, summarize data and QC deficiencies and evaluate the 
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impact on overall data quality, assign data validation qualifiers as necessary, and include this 
information in a Quality Assurance Report.  The validation process applies to both field and 
laboratory data.      

In addition to the data quality objectives presented in Table 8 the standard data validation 
procedures documented in the analyzing laboratory’s QA Manual will be used to accept, reject or 
qualify the data generated.  The laboratory will submit only data that have met data quality 
objectives, or data that have acceptable deviations explained.  When QC requirements have not 
been met, the samples will be reanalyzed when possible, and only the results of the reanalysis 
will be submitted, provided that they are acceptable.  Each laboratory’s QA Officer is 
responsible for validating the data it generates.   
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E. AMENDMENTS TO QAPP  
The intent of this section is to provide a place within the QAPP to document significant 
additions, deletions and revisions to the approved QAPP and to provide the rationale for changes. 

September 19, 2012: The QAPP has been revised upon request of the LARWQCB to show the 
submittal date of the first annual monitoring report. The QAPP was also updated, upon consent 
of the LARWQCB to reflect the attainable values by the County’s chosen laboratory for 
Ammonia as Nitrogen and Total Orthophosphate. 
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September 20, 2012 2038.03 

Mr. Greg Grammer 
City of Rolling Hills Estates 
4045 Palos Verdes Drive North 
Rolling Hills Estates, California 90274 
 
RE:  Updated Monitoring and Reporting Plan and Quality Assurance Project Plan for 

Combined Machado Lake Nutrient and Toxics Total Maximum Daily Load 
Sampling 

Dear Mr. Grammer: 

Enclosed is a compact diskette (CD) containing an updated Monitoring and Reporting Plan 

(MRP), and Quality Assurance Project Plan (QAPP) for combined Machado Lake Nutrient and 

Toxics TMDL Sampling.  The update contains a revised methods and procedures for monitoring 

of Toxics including pesticides and polychlorinated bi-phenyls (PCBs) according to California 

Regional Water Quality Control Board, Los Angeles Region (RWQCB) Resolution No. R10-

008, September 2, 2010; Amendment to the Water Quality Control Plan for the Los Angeles 

Region to Incorporate a TMDL for Pesticides and PCBs for Machado Lake (RWQCB, 2010). 

This document was updated to be applicable for ongoing nutrient water quality monitoring in 

accordance with the Palos Verdes Peninsula Coordinated Monitoring Plan (CMP); and voluntary 

Toxics monitoring related to R10-008. 

If you have any questions regarding these plans, please call me at (949) 230-0643 or Derrick 

Willis at (949) 375-7004. 

Respectfully yours,  

Northgate Environmental Management, Inc. 

Dana R Brown, PG 
Senior Geologist 
 
cc: Kathleen McGowan, P.E.  
 Derrick Willis, Northgate 
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1.0 INTRODUCTION 

Northgate Environmental Management, Inc. (Northgate) has prepared this updated Monitoring 

and Reporting Plan (MRP) for the Cities of Rolling Hills Estates (RHE), Rolling Hills, Rancho 

Palos Verdes, and Palos Verdes Estates through a contract administered by the City of Rolling 

Hills Estates.  This MRP is consistent with and updates the provisions of the Palos Verdes 

Peninsula Coordinated Monitoring Plan (CMP) dated February 1, 2011, prepared by RHE, 

Rolling Hills, Rancho Palos Verdes, and Palos Verdes Estates (collectively the Peninsula Cities) 

for compliance with the Machado Lake Eutrophic, Algae, Ammonia, and Odors Total Maximum 

Daily Load (Nutrient TMDL), (Regional Water Quality Control Board – Los Angeles Region 

[RWQCB], 2008).  

The MRP has been updated to provide methods and procedures for stormwater monitoring 

described in the RWQCB Resolution No. R10-008; Amendment to the Water Quality control 

Plan for the Los Angeles Region to incorporate a Total Maximum Daily Load for Pesticides and 

polychlorinated biphenyls (PCBs) for Machado Lake (Toxics TMDL), (RWQCB, 2010).  More 

specifically, this document is updated to address Task 7 of Table 7-38.2 of Attachment A to 

Resolution R10-008. 

The purpose of this MRP is to establish the procedures and methods for monitoring the water 

quality of discharges exiting the Peninsula.  The MRP describes several representative 

monitoring sites for the Palos Verdes Peninsula drainage system which are situated at the furthest 

accessible downstream locations of the system before it exits the Peninsula.  These sites will be 

monitored for TMDL compliance as described herein. 

1.1 Background 

Machado Lake is located in the City of Los Angeles’ Ken Malloy Harbor Regional Park, and is 

approximately 40 acres in size and averages approximately 3 feet in depth.  Machado Lake is 

listed on the 1998, 2002, and 2006 Clean Water Act Section 303(d) lists of impaired water 

bodies due to eutrophic conditions, algae and odors (Nutrients); and chlordane, 

dichlorodiphenyltrichloroethane (DDT), dieldrin, Chem A, and PCBs in tissue; and impaired 

sediment due to chlordane, DDT, and PCBs (Toxics).  These impairments were addressed by 

developing TMDLs for both Nutrients and Toxics. 
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1.1.1 Nutrient TMDL  

Water quality impairments caused by the overloading of nutrients such as nitrogen and 

phosphorus result in excessive algal growth which leads to increased turbidity, decreased levels 

of oxygen, and odor problems.  The nutrient TMDL lists eleven responsible parties that 

discharge to tributaries of Machado Lake.  Among the responsible parties listed are the Peninsula 

Cities.  The Peninsula is situated in the southwestern portion of the Machado Lake subwatershed 

atop the Palos Verdes Hills, which are bounded to the north by Torrance, to the east by City of 

Los Angeles, and to the south and west, by the Pacific Ocean.  

The Peninsula consists of the four incorporated cities of Rancho Palos Verdes, Palos Verdes 

Estates, Rolling Hills, and Rolling Hills Estates along with areas of unincorporated County land.  

The Peninsula Cities are all very similar in topography and land usage.  The major land use 

designation on the Peninsula is residential.  There are also significant portions of open space and 

soft bottom canyons.  

The portion of the Peninsula which drains to Machado Lake consists of approx. 5.6 square miles, 

which is about 25% of the Machado Lake subwatershed drainage area.  This drainage area flows 

in an easterly or northeasterly direction, contributing flow to three of the four major drainage 

systems entering Machado Lake (i.e. Wilmington Drain, Project 77 and Project 510).  

Drainage from the Peninsula Cities is conveyed via the natural soft bottom canyon systems in 

conjunction with structured storm drain systems.  These systems are intertwined and cross-

connected.  Drainage from one city generally flows through at least one of the other three cities 

before exiting the Peninsula.  For this reason, it was appropriate for the Peninsula Cities to 

coordinate efforts in order to comply with the Nutrient TMDL, and the CMP was developed for 

that purpose. 

The Peninsula Cities determined that concentration-based monitoring at the end of the 

responsible party’s drainage system (end-of-pipe) was the best option for compliance with the 

Nutrient TMDL.  Monitoring for Nutrient TMDL compliance is ongoing, and Table 1 shows the 

interim and final concentration-based waste load allocations (WLAs) for compliance with the 

Nutrient TMDL.   
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Table 1:  Interim and Final WLAs as Specified in the Machado Lake Nutrient TMDL 

Compliance Date Total Phosphorus Total Nitrogen 

March 11, 2009 1.25 mg/l 3.5 mg/l 

March 11, 2014 1.25 mg/l 2.45 mg/l 

September 11, 2018 0.1 mg/l 1 mg/l 

NOTES: 
mg/l = milligrams per liter 

1.1.2 Toxics TMDL  

The Toxics TMDL also lists the same eleven responsible parties that discharge to tributaries of 

Machado Lake as the Nutrient TMDL.  The Toxics TMDL assigned WLAs for municipal 

separate storm sewer system (MS4) permitees as concentration-based allocations (equal to the 

sediment numeric targets) for suspended sediment-associated contaminants as shown in Table 2. 

Table 2:  Toxics TMDL Concentration-Based WLAs 

Responsible 
Party Pollutant 

WLA for Suspended 
Sediment Associated 

Contaminants 
(ug/kg dry weight) 

Peninsula Cities Total PCBs 59.8 

DDT (all congeners) 4.16 

DDE (all congeners) 3.16 

DDD (all congeners) 4.88 

Total DDT 5.28 

Chlordane 3.24 

Dieldrin 1.9 
Notes: 
ug/kg = micrograms per kilogram 
DDT = Dichlorodiphenyltrichloroethane 
DDE = Dichlorodiphenyldichloroethylene 
DDD = Dichlorodiphenyldichloroethane 

Note that the WLAs for suspended sediment-associated contaminants are concentration-based 

allocations that are equal to sediment numeric targets. 
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1.2  Summary of Proposed Activities 

Following approval of this plan, ongoing Nutrient TMDL monitoring will be combined with 

voluntary Toxics TMDL monitoring by the Peninsula Cities.  The following sections describe in 

detail the proposed activities to accomplish TMDL monitoring. 

1.2.1 Nutrient TMDL Monitoring Activities 

Northgate will perform monthly visits to four (4) monitoring sites (Solano, Valmonte, RHE City 

Hall, and Lariat) during dry weather conditions, and at least two additional monitoring visits 

during wet weather conditions for water sample collection and flow measurement.  Samples will 

be analyzed by a State-certified analytical laboratory for nitrate-nitrite, total kjeldahl nitrogen 

(TKN), and total phosphorus.  Results will be reviewed by the Project Manager, and then 

reported to the Assistant City Manager and project Quality Assurance (QA) Manager within ten 

(10) days of sample receipt by the laboratory.  

1.2.2 Toxics TMDL Monitoring Activities 

Northgate will perform three (3) wet-weather sampling events per year, visiting four monitoring 

sites (Solano, Valmonte, RHE City Hall, and Lariat) during storm runoff conditions for water 

sample collection, sediment sample (collected as suspended solids) collection, and flow 

measurement.   

Water samples will be analyzed by a State-certified analytical laboratory for total suspended 

solids (TSS).  Sediment samples will be analyzed by a State-certified analytical laboratory for 

organochlorine pesticides (OCPs), total PCBs, and total organic carbon (TOC).  Results will be 

reviewed by the Project Manager, and then reported to the project QA manager within five days 

of receipt of results from the laboratory.   

1.3 Work Plan Organization 

Section 2.0 presents the MRP objectives.  Information regarding project management is provided 

in Section 3.0.  Section 4.0 summarizes the field methods and materials to be used in performing 

the scope of work.  Section 5.0 summarizes the sampling locations and results of previous 

monitoring activities.  Section 6 presents the sampling schedule and frequency of sampling, and 

Section 7 presents the QA/QC procedures to be used in the performance of this work.  
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2.0 PROJECT OBJECTIVES 

2.1 Project Objectives 

The objective of this project is to ensure the Peninsula Cities are in compliance with the 

requirements of the CMP, the Machado Lake Nutrient TMDL, and to provide data used to 

evaluate compliance with the Toxics TMDL.  

The specific objectives of the work to be performed under this MRP are: 

 Perform monthly sampling and flow measurement at four permanent monitoring stations; 

 Perform Nutrient TMDL sampling at the four permanent monitoring stations during two 
qualifying wet weather events per year; 

 Perform Toxics TMDL sampling, general chemistry (temperature, dissolved oxygen 
[DO], pH, and electrical conductivity) and flow measurement at the four permanent 
monitoring stations during at least three qualifying wet weather events per year (two of 
which may be combined with Nutrient TMDL wet weather monitoring events); 

 Analyze samples collected on a monthly basis for nitrate-nitrite, TKN, and total 
phosphorous; 

 Analyze water samples collected during qualifying wet weather events for: nitrate-nitrite, 
TKN, total phosphorus, and TSS; 

 Analyze the bulk sediment fraction of water samples collected during qualifying wet 
weather events for: TOC, Total PCBs and OCPs (including DDT, DDE, DDD, Total 
DDT, Chlordane, and Dieldrin); and 

 Prepare an annual Nutrient and Toxics TMDL monitoring report for submittal to the 
Project Administrator and the project QA Manager. 

2.2 Data Quality Objectives 

Data quality objectives for each TMDL monitoring program are described in the following 

sections. 

2.2.1 Nutrient TMDL Data Quality Objectives 

Data quality objectives for this project relate to the sample analyses and TMDL requirements.  

The following data quality objectives have been set for each of the sample analyses, as follows: 
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 Nitrate-nitrite analysis using EPA Method 300.0; method detection limit of 0.0910 mg/l 
for nitrate, and 0.0202 mg/l for nitrite; method reporting limit of 0.11 mg/l for nitrate, and 
0.15 mg/l for nitrite; 

 TKN analysis using EPA Method 353.2; method detection limit of 0.0250 mg/l, and 
method reporting limit of 0.10 mg/l; and 

 Total phosphorous using EPA Method 365.3; method detection limit of 0.05 mg/l and 
method reporting limit of 0.1 mg/l. 

Note that these method detection limits are below the final waste load allocation specified in the 

Machado Lake Nutrient TMDL of 1 mg/l for total nitrogen and 0.1 mg/l for total phosphorous. 

2.2.2 Toxics TMDL Data Quality Objectives 

The data quality objectives for Toxics monitoring relate to the water and sediment sample 

collection, sample analyses, and the Toxics TMDL requirements.  The following data quality 

objectives have been set for each of the sample analyses, as follows: 

 Water - TSS.  Analysis performed using EPA Method 160.2; method reporting limit of 
2.5 mg/l, method detection limit of 0.46 mg/l; 

 Sediment - OCPs.  Analysis performed using EPA Method 8081A; depending on the 
specific analyte, method detection limits are between 0.004 – 1 nano grams dry weight 
per gram ng/dry g, method reporting limits between 1 – 20 ng/dry g; 

 Sediment – PCBs.  Analysis performed using EPA Method 8082A; depending on the 
specific analyte, method detection limits are between 0.151ng/dry g, method reporting 
limits 2 ng/dry g; and  

 Sediment – TOC.  Analysis performed using EPA Method 9060 Dry combustion/IR 
detection; method reporting limit of 0.05% - 66% dry weight. 
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3.0 PROJECT MANAGEMENT 

For any project, effective project management and coordination between all involved parties is 

needed to complete the Project in a time- and cost-efficient manner.  Overall project 

management is multi-faceted and relies on cooperation and timely communication among the 

responsible agencies, their consultants and subcontractors, the RWQCB, and any other agencies 

or third parties that may become involved in the project. 

Project Management will include providing supervision for the planning, design, and 

implementation of the proposed tasks; ensuring that tasks are completed on schedule and in 

accordance with the specified procedures; and periodic interfacing with RWQCB personnel. 

3.1 Project Organization 

This section describes the project organization and identifies key personnel for the managing 

agency, other responsible agencies and contractors as of the date of submission of this MRP. 

3.1.1 Project Administrator/Managing Agency 

The Project Administrator for the Managing Agency, the City of Rolling Hills Estates, is the 

Assistant City Manager, Mr. Greg Grammer, who is located in the City of Rolling Hills Estates, 

City Hall at 4045 Palos Verdes Drive North, Rolling Hills Estates, California.  

3.1.1.1 Quality Assurance (QA) Manager 

A QA Manager independent of the Environmental Consultant conducting the field sampling and 

laboratory analysis is designated to verify that quality assurance and quality control procedures 

are being carried out in accordance with the MRP.  The QA Manager reports to the Project 

Administrator and is responsible for providing oversight review of laboratory data reports, field 

data sheets, chain-of-custody forms for conformance with procedures and data quality objectives 

specified in the MRP and CMP.  An independent consultant Ms. Kathleen McGowan P.E., has 

been designated as the project QA Manager.  

3.1.2 Environmental Consultant 

The Environmental Consultant is responsible for conducting the field sampling and laboratory 

analysis in accordance with the MRP and CMP.  Laboratory analysis may be conducted through 

one or more subcontracted laboratories.  The Environmental Consultant is also responsible for 

preparing annual monitoring reports.  Northgate is currently the designated environmental 
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consultant for this project.  Northgate is a full-service environmental and geotechnical 

engineering firm with headquarters in Oakland, California and a local office in Laguna Hills, 

California.  Established in 1999, Northgate has built a solid reputation for technical excellence 

with a progressive approach to environmental management and a focus on client service.  

Northgate’s turnkey services include all aspects of property evaluation and restoration, from 

initial assessment of site history and evaluation of contamination, through remediation, reuse, 

and redevelopment.   

Project Manager.  The Project Manager will coordinate field staff for the sampling and 

reporting effort, ensure that the field sampling and reporting is performed on-time and on budget, 

and routinely communicate with the Peninsula Cities to ensure the smooth functioning of the 

project. 

Field Team Leader.  The field team leader will be responsible for coordinating sampling events 

with the analytical laboratory, performing and supervising sampling in the field and 

communicating any recommended revisions to the sampling protocol to the Project Manager, in 

order to create additional efficiencies. 

Field Technician.  The Field Technician will assist the field team leader in sample collection 

and flow monitoring during the sampling events. 

Principal-in-Charge.  The Principal-in-Charge will ensure the overall quality of the 

Consultant’s work and ensure that sufficient resources are available to perform the scope of 

work.  The Principal-in-Charge will also serve as an alternate point of contact for the Peninsula 

Cities. 

3.1.3 Subcontractors 

Chemical analysis of water samples will be performed by a California state certified 

environmental laboratory accreditation program (ELAP) certificate of environmental 

accreditation holder (ELAP#2250). 

3.1.4 Changes and Alternatives 

The project team described above has been assembled based on the currently anticipated scope of 

work, subcontractor availability, cost, experience and anticipated schedule.  Although at this time 

no changes in subcontractors or key personnel are anticipated, it is possible that changes may be 

necessary at the time of Work Plan implementation.  If such a change or substitution is required, 
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RHE will be notified and provided with a copy of the qualifications of the proposed substitute for 

review and approval. 
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4.0 SAMPLING PLAN 

This sampling plan is intended to document the procedural and analytical requirements for 

sampling events performed to collect water quality data as part of the CMP and Toxics TMDL.  

All work conducted as part of the project is to be in accordance with monitoring methods and 

protocols of the Surface Water Ambient Monitoring Program (SWAMP), where applicable (State 

Water Resources Control Board, 2010).  Work will also be conducted in accordance with 

provisions of the site-specific Health and Safety Plan (HASP), attached as Appendix A. 

4.1 Sampling Methodology 

Sampling will be conducted by a team of at least two workers using a combination of non-

dedicated and dedicated sampling equipment.  All sampling will be conducted in a manner that 

minimizes the possibility of sample contamination.  Sampling equipment will be decontaminated 

prior to use.  Grab samples will be collected in laboratory-supplied pre-preserved containers.  

Other types of discrete samples will also be collected and described separately.   

After collection, the sample containers will be labeled, sealed in plastic bags, and placed in a 

cooler with ice for transportation under proper chain-of-custody protocol to the analytical 

laboratory.  QA/QC samples will be collected and analyzed for each sampling event.  Field 

personnel shall adhere to established sample collection protocols to ensure the collection of 

representative and uncontaminated samples for laboratory analysis.  Deviations from the 

standard protocol must be recorded on the Water Sample Data Sheet at the time of sampling.  

The following sections describe the specific protocols for stormwater sample collection and 

handling. 

4.1.1 Nutrient TMDL Sampling Methodology 

Dry weather and wet weather Nutrient TMDL sampling is very similar, both use the same 

equipment and sampling protocols.  The only significant difference is the qualification 

procedures that must be used to validate a dry or wet weather event prior to mobilizing the 

sampling crew (see Section 6.1 for a description of the procedure used to qualify sampling 

events).   

Sampling equipment shall typically consist of reusable polyethylene dippers or polyethylene 

buckets suspended on a disposable rope.  Non-dedicated sampling equipment shall be 

decontaminated prior to each use according to the methods listed in Section 4.5 Decontamination 
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Procedures.  Non-dedicated sampling equipment will be stored and transported in resealable 

plastic bags to prevent contamination. 

4.1.2 Toxics TMDL Sampling Methodology 

Toxics TMDL sampling involves both water sample and suspended sediment sample collection 

during qualifying wet weather events.  The water sample is collected as a grab sample, using the 

procedures described above for wet and dry weather Nutrient TMDL sampling.  General water 

chemistry parameters including temperature, DO, pH, and electrical conductivity will be 

determined in the field at the time of water sample collection.  Sufficient volumes of water will 

be collected to allow for separation of the suspended solids and analysis of toxics in the bulk 

sediment.  A minimum of 5 grams of bulk sediment is needed to run the required laboratory 

analysis, however it is preferable to collect 10 grams in order to have sufficient sample for 

QA/QC reasons.  The field team leader will utilize best professional judgment to balance the 

objective of obtaining sufficient sample for QA/QC with the objective of sampling all sites 

within a given storm, i.e., if necessary and appropriate the field team leader may collect the 

minimum bulk sample quantity needed at sites sampled early in the storm, and then return to a 

site sampled early in the day to obtain additional sample. 

Unfiltered water samples will be retrieved as grab samples and transferred to the sample 

containers.  Grab samples will be transported to the analytical laboratory where, if more than one 

grab sample has been collected for a given site, they will be combined into one composite 

aliquot.  Unfiltered water samples collected from each site will be filtered and the resulting bulk 

sediment will be analyzed for the toxic parameters.  

4.2 Sampling Equipment 

Nutrient and Toxics TMDL sampling is accomplished using non-dedicated equipment that is 

decontaminated prior to use and between sampling stations.  Nutrient TMDL sampling 

equipment consists of dippers and bailers lowered directly into the sample stream to retrieve a 

water sample.  Toxics TMDL sampling requires both water and suspended sediment sample 

collection, and is accomplished using a combination of non-dedicated and disposable sampling 

equipment-depending on the type of sample collected.  The following sections summarize the 

different types of sampling equipment used for each part of the project. 
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4.2.1 Nutrient TMDL Sampling Equipment 

Nutrient TMDL Sampling equipment shall typically consist of reusable polyethylene dippers, but 

polyethylene beakers may be substituted in extreme low flow conditions.  The sample will be 

retrieved and then transferred into laboratory supplied pre-preserved containers.  Non-dedicated 

sampling equipment shall be decontaminated prior to each use according to the methods listed in 

Section 4.5 Decontamination Procedures.  Non-dedicated sampling equipment will be stored and 

transported in re-sealable plastic bags to prevent contamination. 

4.2.2 Toxics TMDL Sampling Equipment 

Toxics TMDL sampling equipment shall typically consist of reusable polyethylene dippers and 

buckets, or disposable Teflon bailers depending on site conditions.  Buckets or bailers will be 

lowered into the sample stream using a disposable polyethylene or polypropylene rope.  The 

sample will be retrieved and then transferred into laboratory supplied pre-preserved containers.   

Non-dedicated sampling equipment shall be decontaminated prior to each use according to the 

methods listed in Section 4.5 Decontamination Procedures.  Following decontamination the 

equipment will be stored and transported in re-sealable plastic bags to prevent contamination. 

Test equipment for measuring field parameters in a water sample shall consist of field portable 

multi-parameter water quality meters (i.e. Horiba U-50 or equivalent).  Water quality meters will 

be calibrated prior to use and checked for calibration retention at the end of the field day in 

accordance with the standard operating procedures and methods presented in the SWAMP 

guidelines (SWAMP, 2008). 

4.3 Sampling Procedures 

Significant differences exist between sampling procedures for Toxics and Nutrient TMDL 

sampling.  The following sections describe the procedures for sample collection in further detail. 

4.3.1 Nutrient TMDL Sampling Procedures 

A checklist is to be used by the field team at each monitoring site to ensure that the team 

members comply with all appropriate health and safety protocols during the sampling task.  A 

Water Sample Data Sheet will also be used to document the sample collection, flow 

measurement, and water conditions.  The checklist for site visits and Water Sample Data Sheets 

are attached in Appendix B.  
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Upon arrival at a monitoring site, the sampling team will inspect the location for general safety 

and deploy traffic cones to delineate the working zone around the vehicle, and alert drivers of the 

potential hazard.  Prior to water sample collection, specific observations concerning the weather, 

water conditions, and flow conditions will be recorded on the Water Sample Data Sheet.  Care 

must be taken to avoid walking upstream of the sample location or disturbing the channel 

sediment prior to sample collection.    

A grab sample of the water will be collected by dipping the sampler into the water and emptying 

it three times to acclimate, then dipping a sample and pouring directly into the sample container.  

The sampler will be held facing upstream during sample collection, and the sample will be 

retrieved from the deepest portion of the water.  Care must be taken not to touch the sampler, or 

allow the sampler to touch vegetation, the rim or sides of the manhole, or other objects that 

would contaminate it as the sample is retrieved.   

After filling and capping the sample bottles, label the bottles and place in reseal able plastic bags.  

Place the bags upright in a cooler and surround the sample with bagged ice so that the ice is 

around, beside, and above the samples.  Enter the sample on the chain-of-custody record, then 

secure the sample cooler from unauthorized access. 

Following sample collection a flow measurement will be performed on the sample stream.  

Section 4.4 describes the procedures for performing flow measurements.   

4.3.2 Toxics TMDL Sampling Procedures 

The sampling procedures for Toxics TMDL sampling are very similar to procedures used to 

recover a grab sample for Nutrient TMDL monitoring, but the volume of sample to be retrieved 

in order to obtain at least 5 grams of sediment necessitates the use of larger capacity sampling 

equipment to recover sufficient volumes of sample.   

Since stormwater events normally entrain sediment in the runoff water, the sampling procedure 

is designed to collect enough water to separate suspended sediment from the water in sufficient 

quantity to perform toxics analysis.  This is accomplished by performing a visual check on the 

collected samples after a short period of time (approx. 10 minutes) to check for the presence of 

sediment in the bottom of the container.  A minimum of 5 grams of sediment total must be 

produced from the combined grab samples (10 grams preferred) to facilitate toxics analysis.  If 

insufficient sediment is produced from the first grab sample collection, the team will repeat grab 
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sample collection until at least 5 grams of sediment is present as determined by visual evaluation 

in the field.   

Typically two or more liters of water will be recovered in each grab sample, the number adjusted 

based on the field conditions and storm duration. 

Individual grab samples will be composited in the laboratory to create one aliquot that will be 

filtered to extract suspended sediment and then distributed to sample bottles for subsequent 

analysis.  The analytical methods and target reporting limits are discussed in Section 4.10. 

4.4 Flow Measurement 

Instantaneous flow measurements will be obtained at each sample location, and a minimum of 

three velocity measurements will be made immediately following each sample collection.  The 

flow measurements will be made using a digital water velocity meter (Global Water FP111 or 

equivalent), or area-velocity meter calibrated for the particular conveyance structure to be 

monitored (Global Water FC220 or equivalent).  The flow (Q) will be calculated using the 

average velocity (V) multiplied by the cross-sectional area (A) using the formula A x V = Q.  

The Area of a channel is known for pipes, conduits, or engineered structures.  This information 

will be obtained from construction drawings, and checked by measurements collected at the site.   

The area of open channels will be determined by measuring the distance from shore and the 

depth at various points across the stream channel, to define a channel profile.  These subsections 

will be used to calculate the total flow in the channel.   

4.4.1 Flow Measurement Methods 

Flow measurements will be collected at a fixed location in culverts or pipes, and along a stream 

profile in open channels, streams or creeks.  The measurement stations and channel profiles will 

be established during the initial site visit, when detailed measurements will be collected.  All 

subsequent measurements will be performed at the same locations to ensure uniformity and 

repeatability within the collected data.  
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4.4.1.1 Open Channels, Streams or Creeks 

To determine flow velocity in a stream the flow velocity probe is held at fixed measurement 

stations along a traverse of the channel, and the velocity is measured at 2/3 channel depth.  Flow 

velocity and water depth are recorded for each station along the traverse on the Discharge 

Measurement Note (see Appendix B), and the flow value for each segment of the profile is 

measured to determine total flow through the channel profile.  The value of flow within the 

channel will be obtained by calculating the average velocity for each subsection of the channel, 

then combining the results to obtain the total flow within the channel.   

4.4.1.2 Subsurface Storm Drains 

For conduits or pipes the flow velocity probe is moved smoothly and uniformly throughout the 

flow profile.  When a steady average reading is obtained, the average velocity for the flow 

stream and depth of water is recorded on the Field Data Sheet.   

4.4.1.3 Low Flow Conditions 

If the depth of flow does not allow measurement with the flow velocity probe (<0.1 foot), a 

“float” will be used to measure the velocity of flowing water.  The width, depth, velocity, cross 

section and flow rate will be estimated based on the channel geometry, water depth, and amount 

of time it took a float to travel a marked distance three times.  The estimated flow rate (Q) can 

then be calculated as follows: 

Q = f x (cross section) x (average surface velocity) 

Where: 

Q = the flow rate in feet per second 

f = dimensionless number 

Cross section is the measured value in feet, and average velocity is the measured value in feet per 

second. 

The coefficient f is used to account for friction effects on the channel bottom.  The float travels 

on the water surface, but the average velocity (not the surface velocity) determines the flow rate 

so f converts the surface velocity to the average velocity.  Typical f values range from 0.60 to 

0.90 based on the roughness of the surface, in this project a value of 0.75 will be used. 
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4.5 Decontamination Procedures 

Non-dedicated sampling equipment will be decontaminated immediately prior to and after each 

use.  Decontamination will be performed using a three-stage process with phosphate-free 

detergent wash, tap water rinse, and final deionized/distilled water rinse.   

Decontamination will be performed in a designated area, using a plastic sheet as a liner to protect 

the ground against spilled solutions.  The decontamination procedure is as follows: 

1) Wash with non-phosphate detergent (e.g. Alconox TM) using a bristle brush if necessary; 

2) Rinse with tap water; and 

3) Rinse with de-ionized/distilled water. 

Following decontamination, if the item is not to used immediately wrap in plastic or store on 

plastic sheeting to prevent contamination.  Used decontamination solutions will be containerized 

for appropriate disposal off-site in a municipal sanitary sewer.   

4.6 Sample Containers and Preservation 

The following sections detail sample containers and preservation methods for water and 

sediment samples collected as part of Nutrient and Toxics TMDL monitoring. 

4.6.1 Nutrient TMDL Sample Containers and Preservation 

The analytical laboratory will provide sample containers for all water samples collected by the 

field team.  Samples collected for nitrate-nitrite will use one 500 milliliter (ml) polyethylene 

bottle.  Samples collected for total phosphorus and TKN will each use one 500 ml polyethylene 

bottle, containing a small amount of concentrated H2SO4 (Sulfuric Acid), used as a sample 

preservative.  Table 3 provides a summary of the sample container and preservative use used for 

each analytical method. 

The sample containers must be stored properly to prevent accidental release of the acid during 

transport and handling.  The field team will keep the sample bottles stored inside plastic bags 

that are kept within a bulk bottle cooler to ensure they are clean and do not become contaminated 

during transport.  Sample bottles will only be handled by gloved hands, and the lids will be 

secured at all times except when filling the bottle.  

At each sampling location the field team will place the required number of sample containers 

into a re-sealable plastic bag prior to collection of a water sample, then close and seal the bulk 
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bottle container.  Sample containers shall be filled but not overflow.  If a container is overflowed 

during filling, the container will be sealed, marked, and placed aside as an unused sample.  In 

that case an additional container will be filled and used as the primary sample.   

It should be noted that unused samples contain preservative acids and must be disposed of 

properly.  Unused samples will be transported to the analytical laboratory for proper disposal and 

will not be listed on the chain-of-custody.  

Table 3:  Analytical Methods, Bottle Types, Preservatives and Holding Times 

Analyte Method Bottle/Volume Preservative Holding Time 

Total Phosphorous EPA 365.3 500 ml 

Polyethylene 

<4OC, H2SO4 28 days 

TKN EPA 351.2 500 ml 

Polyethylene 

<4OC, H2SO4 28 days 

Nitrate/Nitrite EPA 300.0 500 ml 

Polyethylene 

<4OC 48 hours 

Total Organic Carbon EPA 415.3 3 x 40 ml 
VOA

<4OC 28 days 

Total Suspended Solids EPA 160.2 500 ml 
Polyethylene

<4OC 7 days 

Organochlorine Pesticides1 EPA 8081A 1 liter amber <4OC 7 days 

Total PCBs2 EPA 8082 1 liter amber <4OC 7 days 

pH EPA 9040 250 ml 
Polyethylene 

<4OC 2 days 

Dissolved Oxygen SM 4500-og 2 x 40 ml 
VOA 

<4OC 2 days 

Turbidity EPA 180.1 250 ml 
Polyethylene 

<4OC 2 days 

Electrical Conductivity EPA 120.1 250 ml 
Polyethylene 

<4OC 28 days 

NOTES: 
1. Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4'-DDD, 2,4'-DDE, 2.4'-DDT, 

4,4'-DDD, 4,4'-DDE, 4,4'-DDT, and dieldrin. 
2. PCBs in water and sediment are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254, 

and 1260).  Congeners will also be analyzed to provide a better estimate of PCB concentrations and loads for PCBs.   
0C degrees Celsius 
H2SO4 Sulfuric Acid 
VOA volatile organic analysis 
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4.6.2 Toxics TMDL Sample Containers and Preservation 

The analytical laboratory will provide sample containers for all water and sediment samples 

collected by the field team.  Water samples collected for TOC will use three 40 ml l VOA vials.  

Water samples for TSS analysis will use one 500 ml polyethylene bottle.  Water samples 

collected for sediment analysis of OCPs and PCBs will be collected in 1-liter glass ambers.  

Water samples collected for field parameters (except DO) will use 250 ml unpreserved 

polyethylene containers, samples collected for DO analysis shall use unpreserved 40 ml VOA 

vials.  Table 3 provides a summary of the sample container and preservative use used for each 

analytical method. 

4.7 Sample Handling, Packaging, and Shipping 

The handling and transportation of samples must be accomplished in a manner that protects the 

integrity of the samples and complies with the provisions of the CMP.  The field team shall 

package samples carefully to avoid breakage or contamination, maintain samples at the proper 

temperature, and ship samples daily to the analytical laboratory under chain-of-custody protocol.   

The following sample packaging requirements shall be followed: 

1) Sample bottle lids must not be mixed, all sample lids must stay with the original 
containers. 

2) Sample bottles will be placed in a re-sealable plastic bag to minimize leakage in case a 
bottle breaks during shipment. 

3) The samples will be cooled by placing ice in sealed plastic bags and placing the sealed 
ice-filled bags around, between, and above the sample containers. 

4) Any remaining space in the sample shipping container shall be filled with clean inert 
packing material such as bubble-wrap. 

5) The chain-of-custody document must be sealed in a re-sealable plastic bag and placed in 
the shipping container.  The re-sealable plastic bag will be taped to the inside lid of the 
sample cooler, and sealed with shipping tape.  

6) Clear strapping tape will be wrapped around the cooler in at least two locations, sealing 
the container to prevent the contents from spilling.   

7) Custody seals will be affixed over the shipping tape in at least two locations (normally 
the front and right side of the cooler), in a manner that access to the container can only be 
gained by breaking a seal.  A layer of clear strapping tape will be placed over the seals to 
ensure that they are not broken accidentally during shipping.  Custody seals shall be 
constructed with security slots designed to break if the seals are disturbed.  
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4.8 Sample Naming Convention 

Each sample will be labeled with a unique name that contains the sample station, the date of 

collection, and a suffix indicating the order of sample collection (for multiple samples at one 

location on one day).  Each sample will have the name of the monitoring site written first, the 

date in mmddyyyy format second, and a letter denoting the sample order (A, B, C, etc.) last.  

Table 4 lists the sample naming protocol for each monitoring site. 

Table 4:  Sample Naming Convention 
Monitoring Site Name Location Sample Name 

Solano Palos Verdes Estates Solano-mmddyy-A, B, C, ... 

Valmonte Rolling Hills Estates Valmonte- mmddyy-A, B, C, ... 

RHE City Hall Rolling Hills Estates RHE City Hall- mmddyy-A, B, C, ... 

Lariat Rolling Hills Estates Lariat- mmddyy-A, B, C, ... 

 

4.9 Chain-of-Custody Procedures 

The field team shall follow proper chain-of-custody protocol at all times with collected samples.  

Samples will be considered to be in custody if they are (1) in the custodian's possession or view, 

(2) retained in a secure place (under lock) with restricted access, or (3) placed in a container and 

secured with an official seal such that the sample could not be reached without breaking the seal.   

The field team shall complete chain-of-custody records for all collected samples on triplicate 

forms supplied by the analytical laboratory.  The chain-of-custody will be utilized by the field 

team for all samples throughout the collection, transport, and analytical process to ensure 

compliance with the CMP.  Each field team member handling the samples will sign the chain-of-

custody.  

4.10 Analytical Methods and Limits 

Analytical methods and limits for Nutrient TMDL and Toxics TMDL analysis are described in 

the following sections. 

4.10.1 Nutrient TMDL Analytical Methods and Limits 

Water samples will be analyzed for total phosphorus, nitrate/nitrite, and TKN.  Table 5 specifies 

the analytical methods, reporting units, target reporting limits, and method detection limits for 

use in the project. 
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Table 5:  Nutrient TMDL Monitoring Analytical Methods and Limits 

Parameter EPA Method Reporting Units Target 
Reporting 

Limits 

Method 
Detection Limits

Total Phosphorus 365.3 mg/L 0.05 0.01 

Nitrate/Nitrite 300.0 mg/l 0.1 0.03 

Total Kjeldahl 

Nitrogen 

351.2 mg/l 0.1 0.07 

NOTES: 
mg/l = milligrams per liter. 

4.10.2 Toxics TMDL Analytical Methods and Limits 

Toxics TMDL samples will be analyzed for TSS, OCPs, PCBs, and TOC.  Table 6 specifies the 

analytical methods, reporting units, target reporting limits, and method detection limits for use in 

Toxics TMDL monitoring.  

Table 6:  Toxics TMDL Monitoring Analytical Methods and Limits 

Sample 
Medium Parameter Method 

Number 

Method 
Detection 

Limit 

Target 
Reporting 

Limit 
Water Total Suspended Solids  EPA 160.2 0.5 mg/L 1.0 mg/L 

Sediment  Total Organic Carbon  EPA 415.1 0.05% dry 

weight 

0.05%-66% dry 

weight 

Organochlorine Pesticides1 EPA 8081 0.1-1 ng/dry g 0.5-5 ng/dry g 

Total PCBs2 EPA 8082 10 ng/dry g 20 ng/dry g 
NOTES: 
mg/l = milligrams per liter 
ng/dry g = nano grams dry weight per gram 
1. Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4'-DDD, 2,4'-DDE, 2.4'-
DDT, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, and dieldrin. 
2. PCBs in water and sediment are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 
1242, 1248, 1254, and 1260).  Congeners will also be analyzed to provide a better estimate of PCB concentrations 
and loads for PCBs.  Method Detection Limit/Reporting Limit for individual congeners are 1 ng/dry g and 5 ng/dry g. 
 

4.10.3 Field Measurements 

Samples collected for Toxics TMDL monitoring will be analyzed for the following field 

parameters: flow, pH, temperature, DO, turbidity, and conductivity.  Table 7 specifies the field 
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methods, range of expected values, reporting units, and target reporting limits for use in 

conducting field measurements.  

Table 7:  Field Measurements 
Parameter Range Project RL 

Velocity/Flow1 -0.5 to +20 ft3/s NA 

pH 0 – 14 pH units NA 

Temperature -5 – 50 OC NA 

Dissolved oxygen 0 – 50 mg/L 0.5 mg/L 

Turbidity 0 – 3000 NTU 0.2 NTU 

Conductivity 0 – 10000 µmhos/cm 2.5 µmhos/cm 
NOTES: 
RL - Reporting Limit 
Ft3/s = cubic feet per second 
NA- Not applicable 
OC = degrees Celsius 
NTU = nephelometric turbidity units 
µmhos/cm = micro ohms per centimeter 
1. For velocity/flow, range refers to velocities measured by a handheld flow meter.  The lower limit for 

measuring flow is dependent upon the size of the specific pipe or channel. 

4.11 No Sample Taken Procedures 

If a sample is not able to be collected due to lack of flow or site accessibility issues, the field 

team shall fill out a Field Data Sheet to explain why no sample was taken.  Sampling will be 

attempted even in extreme low-flow conditions.  If a sample is not able to be collected, this 

information shall be reported immediately to the Project Manager who will direct the sampling 

team to the appropriate course of action as specified in the CMP.   
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5.0 MONITORING SITES 

Four water quality sampling stations will be visited by the monitoring crew on a monthly basis 

(Solano, Valmonte, RHE City Hall, and Lariat).  Figure 2 shows the locations of the four 

monitoring stations, and the following sections describe each station in greater detail.   

5.1 Solano Monitoring Site 

A portion of the Peninsula drains to the Walteria Lake storm water detention basin located in 

Torrance via the City of Torrance Project No. 8102 storm drain.  This subdrainage area is 

approximately 144 acres located entirely within Palos Verdes Estates and situated east of Palos 

Verdes Drive North, south and west of the City of Palos Verdes Estates’ border with the City of 

Torrance, and north of Via Valmonte [Photograph 5-1].  The primary land use in this 

subdrainage area is residential with curb‐and‐gutter.  There is one elementary school located in 

the subdrainage area.  The curb‐and‐gutter system (storm drain system) in the subdrainage area 

collects storm water runoff as well as dry‐weather runoff and discharges flow through the 

subsurface Miscellaneous Transfer Drain (MTD) 1495‐2 near Via Verderol into the City of 

Torrance.  Monitoring will occur in this storm drain as the flow here is representative of runoff 

from the entire subdrainage area.  Photograph 5.1 shows the manhole atop of the MTD 1495‐2 at 

the Solano monitoring site to where the flow discharges from the Peninsula into the City of 

Torrance.   

 

 

 

 

 

 

 

 

Photograph 5-1 Solano Monitoring Site 
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5.2 Valmonte Monitoring Site 

Valmonte Canyon and Ferncreek have a combined drainage area of 415 acres and are both soft‐
bottom natural drainage courses which converge at the base of Ernie Howlett Park.  At the 

convergence of these canyons [Photograph 5-2] the stormwater flow is directed into a subsurface 

storm drain which runs under Ernie Howlett Park and connects to a Los Angeles County Flood 

Control District (LACFCD) storm drain MTD 227 below Hawthorne Boulevard at which point 

the drainage exits the City of Rolling Hills Estates and the Peninsula and enters the City of 

Torrance.   

The Valmonte Canyon Subdrainage Area is the larger of the two and collects stormwater runoff 

from residential areas of Palos Verdes Estates, Rancho Palos Verdes and Rolling Hills Estates.  

Ferncreek collects runoff only from Rolling Hills Estates.   

The Valmonte/Ferncreek subdrainage area is predominantly residential and includes some 

residential properties in the lower reaches of the drainage area in the equestrian overlay where 

horses are kept.  A municipal stable also lies within this drainage area.  This monitoring site 

receives runoff from three of the four Peninsula Cities (Rolling Hills Estates, Rancho Palos 

Verdes and Palos Verdes Estates). 

 
Photograph 5-2. Looking West from Ernie Howlett Park at Ferncreek 

Converging from Left and Valmonte Canyon from Right. 
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The safest, most accessible downstream location for monitoring of this subdrainage area is at the 

convergence of the two drainage courses (Valmonte Canyon and Ferncreek [Photograph 5-2]) 

where the flow enters a subsurface storm drain under Ernie Howlett Park.  A baseline dry 

weather flow enters the subsurface storm drain under Ernie Howlett Park, either from 

groundwater seeping from below Ernie Howlett park (see weep holes visible in Photograph 5-3) 

or from Ferncreek or both.  A routine dry weather and wet weather monitoring site named 

“Valmonte” will be established at this location.   

Valmonte Canyon does not appear to have discharge during dry weather so in the event that a 

source tracking monitoring investigation is needed for this subdrainage area, a dry weather 

monitoring site will be established at the storm drain pipe conveying runoff from Valmonte 

Canyon to the subsurface storm drain below Ernie Howlett Park to document the 

presence/absence of dry weather discharge from Valmonte Canyon [Photograph 5-4].  This 

location will thus serve as a Tier 2 source tracking monitoring site in the event that samples 

collected from flow entering the subsurface storm drain under Ernie Howlett Park at the 

Valmonte monitoring site trigger a source tracking investigation.   

 
Photograph 5-3. Valmonte Monitoring Site; Pipe Conveying Drainage from 

Valmonte Canyon is in the Foreground and Flow from 
Ferncreek Enters from the Right. 
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Photograph 5-4. Valmonte Canyon Tier 2 Monitoring Site. 

5.3 RHE City Hall Monitoring Site 

Unlike most of the drainage courses on the Peninsula, the RDD 275 subdrainage area, comprised 

of 860 acres excluding Ranchview and Chadwick Canyons, consists primarily of hardened 

conveyances; a combination of curb‐and‐gutter, subsurface storm drains, and a section of large 

open channel (trapezoidal ditch).  This is the most diverse subdrainage area from a land use 

perspective as it includes the downtown commercial area of the Peninsula located mainly within 

Rolling Hills Estates, residential areas in Rancho Palos Verdes and Rolling Hills, a County 

unincorporated residential area with some equestrian properties and a private K‐12 academy, as 

well as arterial roadways (Silver Spur Road and Crenshaw Blvd.) The City of Palos Verdes 

Estates is the only one of the Peninsula cities without land area in this subdrainage area.  This 

subdrainage area is to be directly monitored and will also serve as a surrogate monitoring site for 

areas on the Peninsula not being directly monitored. 

Baseline dry weather flow from this subdrainage area is evident where it daylights in a 

trapezoidal ditch along Crenshaw Boulevard [Photograph 5-5].  The safest, most accessible 

downstream location for monthly monitoring of this subdrainage area is at the manhole behind 
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Rolling Hills Estates City Hall [Photograph 5-6] where RDD 275 joins drainage from Ranchview 

and Chadwick Canyons. 

The trapezoidal ditch location adjacent to Crenshaw Blvd. will be utilized as a Tier 2 source 

tracking monitoring site along with Ranchview and Chadwick Canyons in the event that wet 

weather samples collected from the “RHE City Hall” monitoring site behind Rolling Hills 

Estates City Hall trigger a source tracking investigation. 

 
Photograph 5-5. Looking South/Upstream RDD 275 along Crenshaw 

Boulevard. 
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Photograph 5-6. RHE City Hall Monitoring Site at Manhole behind Rolling 

Hills Estates City Hall. 

5.4 Lariat Monitoring Site  

Three canyon drainage ways within Rolling Hills (Agua Magna, Sepulveda, and Blackwater 

Canyons) cross under Palos Verdes Drive North, pass for a short distance through Rolling Hills 

Estates, cross under Lariat Lane and converge into a drainage structure just inside the boundary 

of the South Coast Botanic Garden which lies within County unincorporated land [Photograph  

5-7].  The predominant land use within this 650 acre, three canyon subdrainage area is low 

density residential development with some horse keeping. 

Based on preliminary field reconnaissance, it appears that this subdrainage area may not have 

discharge to Machado Lake during dry weather.  A monitoring site, “Lariat”, will be established 

for this subdrainage area at the drainage structure just inside the South Coast Botanic Garden. 
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Photograph 5-7. Lariat Monitoring Site at Drainage Structure Collecting 

Flow from Aqua Magna/Sepulveda/Blackwater Canyons. 
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6.0 MONITORING SCHEDULE AND FREQUENCY 

A regularly scheduled program of sampling is impractical for the Site, given the schedule control 

requirements (dry weather or wet weather) defined by the CMP and provisions of the Toxics 

TMDL.  An attempt will be made to schedule the dry weather sampling during the first full week 

of every month, pending qualification of the date with criteria described in the CMP.  Wet 

weather events will be scheduled as the qualifying data becomes available, often that occurs on 

very short notice (24 hours typical).  

6.1 Nutrient TMDL Monitoring Schedule 

The CMP describes a system for classifying monitoring sites as a routine dry weather/wet 

weather sampling location, or as a wet weather-only sampling location (Peninsula Cities, 2011).  

Based on the first year of baseline dry weather monitoring data collected at all four monitoring 

sites, an evaluation will be made to assess compliance with the monthly average criteria in the 

Nutrient TMDL shown in Table 1 and adjust the sampling methodology as appropriate.  The 

following sections detail the schedule for ongoing Nutrient TMDL monitoring.   

6.1.1 Dry Weather Sampling and Flow Measurement 

During qualifying dry weather events, the four (4) primary monitoring sites (Solano, Valmonte, 

RHE City Hall, and Lariat) will be visited on a monthly basis.  At the Valmonte station flow 

from the pipe conveying flow from Valmonte Canyon will be checked for flow only during the 

monthly visits.  Dry weather is defined in the CMP as a day when there has been no rainfall of 

1/10th inch or greater on that day or the 72 hours preceding.  If flow is observed, a Water Sample 

Data Sheet will be completed, a sample collected, and flow measurements recorded.  If no flow 

or insufficient flow for sampling is present, a description of the flow conditions and reason why 

no sample was collected will be noted on the Water Sample Data Sheet. 

6.1.2 Wet Weather Sampling and Flow Measurement 

In addition to routine dry weather sampling, at least three qualifying wet weather and flow 

measurement events per year will be conducted at the four (4) primary monitoring sites.  Wet 

weather sampling events will be scheduled by monitoring weather forecasts for the 90274 and 

90275 zip code areas on weather.com.  Qualifying wet weather sampling events are those work 

days (non-holiday week days) with a forecast of an 80% chance of at least 0.25 inch of rainfall.   
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6.2  Toxics TMDL Monitoring Schedule 

The frequency for Toxics TMDL sampling will follow the requirements of the Machado Lake 

Pesticides and PCBs Total Maximum Daily Load requirements set forth in the R10-008 

(RWQCB, 2010).  Phase I Toxics TMDL sampling will be conducted during three wet weather 

events, including the first significant storm of the season, for two years (see Table 8).  Phase I 

sampling will begin within 60 days of approval of the MRP and QAPP by the LARWQCB.  

Phase 2 toxics TMDL samples will be collected during one wet weather event every other year 

as shown in Table 8. 

Table 8: Monitoring Schedule and Frequency 

Sampling 
Station 

Constituents 

Phase I Phase II 

2012 2013 2014 2015 2016(1) 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry

RHE City 

Hall 

Nutrient 2 12 2 12 2 12 2 12 2 4 

Toxics 3 -- 3 -- 1 -- -- -- 1 -- 

Valmonte Nutrient 2 12 2 12 2 12 2 12 2 4 

Toxics 3 -- 3 -- 1 -- -- -- 1 -- 

Solano Nutrient 2 12 2 4 2 4 2 -- 2 -- 

Toxics 3 -- 3 -- 1 -- -- -- 1 -- 

Lariat Nutrient 2 12 2 4 2 4 2 -- 2 -- 

Toxics 3 -- 3 -- 1 -- -- -- 1 -- 

Notes: 
(1)   At the end of 2015 the City will review the monitoring results to determine whether additional monitoring is 

required in 2016. 
-- No monitoring required 
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7.0 QUALITY ASSURANCE AND QUALITY CONTROL (QA/QC) 

This section describes the quality assurance (QA) and quality control (QC) measures that will be 

implemented for field and laboratory activities outlined in this MRP.  Provisions of the QA/QC 

program fulfill the guidelines presented in the SWAMP Quality Assurance Program Plan, 

version 1.0, dated September 1, 2008 (SWAMP, 2008); the Guidelines for Citizen Monitors 

(Technical Advisory Council on Citizen Monitoring, 2001); and the United States Environmental 

Protection Agency (USEPA) Contract Laboratory Program (USEPA, 2002). 

7.1 Field Sampling QA/QC Procedures 

QA/QC samples will be collected to ensure that the project QA objectives outlined in the CMP 

are met.  QA/QC samples will include field duplicates (FD), matrix spike/matrix spike duplicates 

(MS/MSD), equipment blanks (EB), and trip blanks (TB).  Table 9 lists the QA/QC sample 

types, initial frequency of collection, and ongoing frequency of collection.   

Table 9:  QA/QC Sampling Summary 
QA/QC 
Sample 

Type 

Initial Sampling 
Frequency Ongoing Sampling Frequency Naming Convention 

FD 1 per event, 
rotating location 

1 per event, rotating location Tahquitz-mmddyy-A 

MS/MSD 1 every other 
sampling event, 
rotating location 

1 every other sampling event, rotating 
location 

Primary sample ID 
plus suffix -MS or –

MSD 

EB 1 per 
decontamination 
method per event 

1 per decontamination method per 
every 20 samples or at field staff 
change, decontamination method 

change, or sampling device change 
whichever is more frequent  

Harwick-mmddyy-A 

TB 1 per cooler 1 per cooler Temperature Blank 

The following sections describe the purpose, collection method, sample naming conventions, and 

frequency of collection for QA/QC samples. 

7.1.1 Field Duplicates (FD) 

Collection of FD samples will be at the same time and place, and in sequential order from the 

primary sample.  It shall be collected as soon as possible after the primary sample, and will be 
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subjected to identical handling and analysis.  The FD is a blind duplicate, and shall be identified 

with a fictitious sample ID (i.e. "Tahquitz-mmddyy-A"), and assigned a time one hour prior to 

the first sample collection event of the day.  A minimum of one (1) FD shall be collected each 

sampling day, and the location of the FD shall be rotated among the monitoring sites from one 

event to the next.  

7.1.2 Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

Collection of MS/MSD samples is performed to allow the analytical laboratory to perform 

duplicate and spike analysis on the primary samples to evaluate accuracy, precision, and 

potential matrix interferences.  MS/MSD samples consist of triple volume (3X) samples 

collected at the same time and place, and in sequential order from the primary sample.  The 

MS/MSD shall be collected as soon as possible after the primary sample, and will be subjected to 

identical handling and analysis.   

One set of sample bottles will be labeled with the standard primary sample ID.  A second set of 

sample bottles will be labeled with the primary sample ID, followed by the suffix -MS.  The 

third set of sample bottles will be labeled with the primary sample ID, followed by the suffix -

MSD.  All three sets of samples will be listed on the chain-of-custody document.  The CMP does 

not specify a frequency for MS/MSD sample collection, but one (1) every other sampling event 

is proposed for the frequency of collection.     

7.1.3 Equipment Blanks (EB) 

Non-dedicated sampling equipment will be tested with EBs to evaluate the potential for cross-

contamination associated with decontamination procedures.  Prior to collecting an EB, 

decontaminate the sampling equipment using the procedure in Section 4.5 Decontamination 

Procedures.  The EB will be collected by pouring laboratory grade reagent water into the 

sampling device, and then transferring it to the sample bottles.  This a blind sample, and shall be 

identified with a fictitious sample ID (i.e. "Harwick-mmddyy-A).  The EB shall be collected at 

the frequency of one (1) per sampling event for the first three (3) events; at a reduced frequency 

of one (1) per twenty (20) samples (5%) thereafter or one (1) per every change in field personnel, 

decontamination methodology, or change in sampling device - whichever is more frequent.   

7.1.4 Trip Blanks (TB) 

Sample bottles containing deionized water (TBs) shall be provided by the analytical laboratory 

with each batch of sample bottles.  The TBs are used to check for proper temperature of sample 
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preservation by the receiving laboratory.  The sampling team will include one TB per sample 

cooler, and label the bottle "Temperature Blank".  The TB will not be listed on the chain-of-

custody. 

7.2 Laboratory QA/QC Procedures 

Samples will be submitted under chain-of-custody protocol to the analytical laboratory.  The 

analytical laboratory will have its own internal QC program, and will follow the QC 

requirements for each analytical method.  The laboratory shall maintain logs sufficient to track 

each sample submitted, and will analyze or preserve each sample within the specified holding 

times. 

All analytical data generated by the laboratory will undergo a QC review prior to release of the 

reported data.  Each step of this review process involves evaluation of data quality based on both 

the results of the QC data and the professional judgment of those performing the review.  This 

application of technical knowledge and experience to the data evaluation is essential so that data 

of high quality are generated consistently. 

7.2.1 Method Blank 

A method blank will be analyzed with every batch of 20 or fewer samples to measure laboratory 

contamination.  The method blank will consist of analyte-free water and will be carried through 

the entire preparation and analysis procedure.  Acceptance criteria for method blanks must 

conform to reference method requirements when specified.  Generally, corrective action, 

including data flagging, is required when method blank concentrations are greater than the 

reporting detection limit, and the samples must be reprocessed if sample target 

compound/analyte concentrations are not greater than 10 times the method blank concentrations. 

7.2.2 Spikes 

A laboratory control sample (LCS) will be analyzed with every batch containing 20 samples or 

less to measure accuracy.  The LCS will consist of a method blank spiked with a known amount 

of analyte, and it will be carried through the entire preparation and analysis procedure.  The 

standards source will be separate from that used to prepare calibration standards.  All analytes 

will be used for spiking the LCS.  The recoveries will be plotted on control charts, and control 

limits will be calculated based upon historical data.  If control limits are exceeded, the analysis 

will be stopped and the problem corrected.  Samples associated with the out-of-control LCS will 

be reanalyzed in another batch. 
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One MS will be analyzed for one out of every 20 samples to measure matrix effects on accuracy.  

MS samples will consist of additional aliquots of sample spiked with a known amount of analyte.  

All analytes will be spiked.  If a valid spike recovery is outside acceptable limits, but the LCS in 

control, matrix interference may be indicated. 

One MSD will be analyzed for one out of every 20 samples to measure precision.  For any batch 

of samples that does not contain a FD or MSD, two LCS samples (LCS and LCS duplicate) will 

be separately prepared and analyzed.  If the relative percent difference does not meet the required 

acceptance limits, the problem will be investigated and corrected.  Any affected samples will be 

reanalyzed in a separate batch.  

7.2.3 Laboratory Sample Custody 

The analytical laboratory will maintain custody procedures that conform to those required by the 

Contract Laboratory Program (CLP), as outlined in the CLP User's Guide (USEPA, 1991).  The 

procedures include designation of a sample custodian who will accept the samples and document 

sample condition; complete the chain-of-custody, any required sample tags, and the laboratory 

request sheets.  The custodian will follow laboratory sample tracking and documentation 

procedures, and ensure secure sample storage in the appropriate environment to maintain 

preservation.   

The laboratory will maintain records documenting all phases of sample handling, from receipt to 

final report of analysis.  Accountable documents include sample receipt forms, laboratory 

operation logbooks, chain-of-custody records, bench work sheets, and other documents related to 

sample preparation and analysis.  The laboratory shall utilize a document numbering and 

identification system for all documents/logs. 
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1.0 GENERAL 

Northgate Environmental Management (Northgate) has prepared this Health and Safety 
Plan (HASP) for use during the storm water sampling activities to be conducted at the 
monitoring sites for the Palos Verdes Peninsula Coordinated Monitoring Plan (CMP 
(“the Site”). Activities conducted under Northgate’s direction at the Site will be in 
compliance with applicable Occupational Safety and Health Administration (OSHA) 
regulations, particularly those in Title 8 California Code of Regulations (CCR) 5192, 
and other applicable federal, state, and local laws, regulations, and statutes. A copy of 
this HASP will be kept on Site during scheduled field activities. 

This HASP addresses the potential hazards associated with planned field activities at the 
Site. It presents the minimum health and safety requirements for establishing and 
maintaining a safe working environment during the course of work. In the event of 
conflicting requirements, the procedures or practices that provide the highest degree of 
personnel protection will be implemented. If work plan specifications change or if site 
conditions encountered during the course of the work are found to differ substantially 
from those anticipated, the Director of Health and Safety must be informed immediately 
upon discovery, and appropriate changes will be made to this HASP. 

It is the Project Manager’s responsibility to ensure that health and safety procedures are 
enforced at the Site. Project personnel, including subcontractors, shall receive a copy of 
this HASP and sign the form to indicate acceptance before on-site project activities 
begin. 

Northgate’s health and safety programs and procedures, including medical monitoring, 
respiratory protection, injury and illness prevention, hazard communication, and 
personal protective equipment (PPE), are documented in the Northgate Corporate 
Health and Safety Manual. These health and safety procedures are incorporated herein 
by reference, and Northgate employees will adhere to the procedures specified in the 
manual.  

When specified in contract documents, this HASP may cover the activities of Northgate 
subcontractors. However, this HASP may not address hazards associated with tasks and 
equipment that are specialties of the subcontractor (e.g., operation of a drill rig). 
Subcontractors are responsible for developing, maintaining, and implementing their 
own health and safety programs, policies, and procedures.  

Northgate is responsible for the safety of its employees and subcontractors under its 
control, but assumes no responsibility for the activities of other contractors or their 
subcontractors who may be working concurrently at the general project location. 
Northgate will use a reasonable degree of care when marking potentially hazardous 
areas within its project work site and restricting access as appropriate. Northgate will 
not be responsible for others outside its control who disregard such marked hazards or 
restricted access. This HASP has been prepared specifically for this project and is 
intended to address health and safety issues solely with respect to Northgate’s work. All 
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references, therefore, to the site, the work, activities, site personnel, workers, persons, 
or subcontractors in this HASP are with respect to Northgate work only. 
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2.0 SITE DESCRIPTION AND BACKGROUND 

There are four monitoring locations where storm water sampling will be performed on 
behalf of the cities of Rancho Palos Verdes, Palos Verdes Estates, Rolling Hills, and 
Rolling Hills Estates.  This storm water flows east to northeast, contributing flow to 
three of four major drainage systems entering Machado Lake (Wilmington drain, 
Project 77, and Project 510).  The portion of the Palos Verdes Peninsula that drains 
into Machado Lake covers an area approximately 5.63 square miles in size. 

Machado Lake is listed on the 1998, 2002, and 2006 Clean Water Act 303(d) lists of 
impaired water bodies due to eutrophic conditions, algae, and odors.  The listed 
impairments are caused by the overloading of nutrients such as nitrogen and 
phosphorus, resulting in excessive algal growth that leads to increased turbidity, 
decreased levels of oxygen, and odor problems. 
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3.0 PLANNED SITE ACTIVITIES 

Scheduled work will consist of the following activities: 

 Storm water sampling; and 

 Storm water flow measurement. 

Storm water sampling and flow measurement are expected to be taken from open 
channels, streams, or creeks; and subsurface storm drains. 
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4.0 KEY PROJECT PERSONNEL AND RESPONSIBILITIES 

Project Manager Dana Brown 

Site Safety Officer (SSO) Dana Brown 

The responsibilities of key project personnel are outlined below. 

4.1 Project Manager 

The Project Manager has the ultimate responsibility for the health and safety of 
Northgate personnel at the Site.  The Project Manager is responsible for: 

 Ensuring that project personnel review and understand the requirements of this 
HASP; 

 Keeping the Director of Health and Safety informed of project developments; 

 Keeping on-site personnel, including subcontractors, informed of the expected 
hazards and appropriate protective measures at the Site; and 

 Providing resources necessary for maintaining a safe and healthy work environment 
for Northgate personnel. 

4.2 Site Safety Officer 

The SSO is responsible for enforcing the requirements of this HASP once Site work 
begins.  The SSO has the authority to immediately correct situations where 
noncompliance with this HASP is noted and to immediately stop work in cases where 
an immediate danger to Site workers or the environment is perceived.  Responsibilities 
of the SSO also include: 

 Obtaining and distributing personal protective equipment (PPE) and air monitoring 
equipment necessary for this project; 

 Limiting access at the Site to authorized personnel; 

 Communicating unusual or unforeseen conditions at the Site to the Project 
Manager; 

 Supervising and monitoring the safety performance of site personnel to evaluate the 
effectiveness of health and safety procedures and correct deficiencies; 

 Conducting daily tailgate safety meetings before each day’s activities begin; and 

 Conducting a Site safety inspection prior to the commencement of each day’s field 
activities. 
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4.3 Subcontractor Personnel 

Subcontractor personnel are expected to comply with the minimum requirements 
specified in this HASP.  Failure to do so may result in the removal of the subcontractor 
or any of the subcontractor’s workers from the job site.  Subcontractors may employ 
health and safety procedures that afford them a greater measure of personal protection 
than those specified in this plan so long as they do not pose additional hazards to 
themselves, the environment, or others working in the area. 
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5.0 HAZARDS OF KNOWN OR EXPECTED SUBSTANCES OF CONCERN 

Anticipated Compounds Source 
(soil/water/drum, etc.) 

Known Concentration Range 
(ppm, mg/kg, mg/l) 

  Lowest Highest 

Nitrate-Nitrite Storm water unknown unknown 

Total Kjeldahl Nitrogen 
(TKN) 

Storm water unknown unknown 

Total Phosphorus Storm water unknown unknown 

 

Compounds to be tested in storm water include those in the table above.  Exposure 
pathways of concern for these compounds are direct skin contact with contaminated 
materials and incidental ingestion of affected media.  Wearing protective equipment and 
following decontamination procedures listed in Section 9 can minimize dermal contact 
and incidental ingestion.  Descriptions of the compounds of concern are located in 
Appendix A. 

In addition, there is a potential for exposure to bacteria in storm water.  Wearing of 
protective equipment and proper decontamination procedures will also minimize 
exposure to bacteria. 
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6.0 PHYSICAL HAZARDS 

The following potential physical hazards may be encountered during scheduled 
activities at the Site: 

 Rapidly flowing water; 

 Open manholes; 

 Slips, trips, and falls; 

 Heat stress; 

 Cold stress; 

 Inclement weather; 

 Materials and equipment handling; 

 Lightning/electrical storms; and 

 Traffic. 

6.1 General Safe Work Practices 

 Workers will thoroughly clean their hands, faces, and other potentially 
contaminated areas before smoking, eating, or leaving the Site. 

 Accidents and/or injuries associated with work at the Site will be immediately 
reported to the SSO. If necessary, an incident report will be initiated by the SSO. 

 Periodic safety briefings will be held to discuss current Site conditions, field tasks 
being performed, planned modifications, and work concerns. 

 Site conditions may include uneven, unstable, or slippery work surfaces. Substantial 
care and personal observation is required on the part of each employee to prevent 
injuries from slips, trips, and falls. 

 Workers will maintain good housekeeping practices during field activities to 
maintain a safe working environment. The work site will be kept free of debris, 
waste, and trash. 

 The “buddy system” will be used whenever appropriate. 

 To prevent head injury, ANSI-approved hard hats will be worn at all times while 
the worker is in an area where overhead obstructions or falling objects may be 
encountered. 

 To prevent eye injuries, workers must wear ANSI-approved safety glasses during 
field activities. 

6.2 Rapidly Flowing Water 

In accordance with CFR 1926.106, employees working over or near water, where 
the danger of drowning exists, shall be provided with U.S. Coast Guard-approved 
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life jackets or buoyant work vests.  Prior to and after each use, the buoyant work 
vests or life preservers shall be inspected for defects that would alter their strength 
or buoyancy.  Defective units shall not be used. 

Workers will not enter water deeper than the knee under any circumstance.  
Workers will not enter flowing water when the product of depth (in feet) and 
velocity (in feet per second) equals 12 or greater.  When water conditions preclude 
safe water entry, water depths and current velocity will be measured from a traverse 
located atop the culvert or drain inlet structure and reported as an approximate 
value. 

6.3 Open Manholes 

Manholes will be opened by a team of two workers using hooks or a lid lifting tool.  
When preparing to remove a manhole cover make sure it is not locked with a bolt or 
other locking device.  When handling a cover, keep feet solidly placed and clear of the 
cover should it drop.  Take a working position with knees slightly bent and unseat the 
cover by both workers pulling at the same time.  Re-position the feet and continue to 
make additional pulls until the cover is clean from the frame and will not interfere with 
the work being done.  Replacing the cover can be done in a similar manner by moving 
it until the cover seats itself in the frame. 

Workers will deploy a safety fence around the manhole opening to create an exclusion 
zone and limit access to authorized personnel.  Do not enter the manhole under any 
circumstances; all work is to be conducted from outside the manhole by passing tools 
down through the opening. 

6.4 Heat Stress 

Adverse climate conditions, primarily heat, are important considerations in planning 
and conducting Site operations. Heat-related illnesses range from heat fatigue to heat 
stroke, with heat stroke being the most serious condition. The effects of ambient 
temperature can cause physical discomfort, loss of efficiency, and personal injury, and 
can increase the probability of accidents. In particular, protective clothing that 
decreases the body’s ventilation can be an important factor leading to heat-related 
illnesses.  

To reduce the possibility of heat-related illness, workers should drink plenty of fluids 
and establish a work schedule that will provide sufficient rest periods for cooling down. 
Personnel shall maintain an adequate supply of non-caffeinated drinking fluids on Site 
for personal hydration. Workers should be aware of signs and symptoms of heat-related 
illnesses, as well as first aid for these conditions. These are summarized in the table 
below. 
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Condition Signs Symptoms Response 

Heat Rash or Prickly 
Heat 

Red rash on skin. Intense itching 
and 
inflammation. 

Increase fluid intake and observe 
affected worker. 

Heat Cramps Heavy sweating, 
lack of muscle 
coordination. 

Muscle spasms, 
and pain in 
hands, feet, or 
abdomen. 

Increase fluid uptake and rest 
periods. Closely observe affected 
worker for more serious 
symptoms. 

Heat Exhaustion Heavy sweating; 
pale, cool, moist 
skin; lack of 
coordination; 
fainting. 

Weakness, 
headache, 
dizziness, nausea. 

Remove worker to a cool, shady 
area. Administer fluids and allow 
worker to rest until fully 
recovered. Increase rest periods 
and closely observe worker for 
additional signs of heat 
exhaustion. If symptoms of heat 
exhaustion recur, treat as above 
and release worker from the 
day’s activities after he/she has 
fully recovered. 

Heat Stroke Red, hot, dry 
skin; 
disorientation; 
unconsciousness 

Lack of or 
reduced 
perspiration; 
nausea; dizziness 
and confusion; 
strong, rapid 
pulse. 

Immediately contact emergency 
medical services by dialing 911. 
Remove the victim to a cool, 
shady location and observe for 
signs of shock. Attempt to 
comfort and cool the victim by 
administering small amounts of 
cool water (if conscious), 
loosening clothing, and placing 
cool compresses at locations 
where major arteries occur close 
to the body’s surface (neck, 
underarms, and groin areas). 
Carefully follow instructions 
given by emergency medical 
services until help arrives. 
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6.5 Cold Stress 

Workers performing activities during winter and spring months may encounter 
extremely cold temperatures, as well as conditions of snow and ice, making activities in 
the field difficult. Adequate cold weather gear, especially head and foot wear, is 
required under these conditions. Workers should be aware of signs and symptoms of 
hypothermia and frostbite, as well as first aid for these conditions. These are 
summarized in the table below. 

Condition Signs Symptoms Response 

Hypothermia Confusion, slurred 
speech, slow 
movement. 

Sleepiness, 
confusion, 
warm feeling. 

Remove subject to warm area, 
such as truck cab; give warm 
fluids; warm body core as 
rapidly as possible; remove outer 
clothing and wrap torso in 
blankets with hot water bottle or 
other heat source. Get medical 
attention immediately. 

Frostbite Reddish area on 
skin, frozen skin. 

Numbness or 
lack of feeling 
on exposed 
skin. 

Place affected extremity in 
warm, not hot, water, or wrap in 
warm towels. Get medical 
attention. 

 

6.6 Inclement Weather 

Rain and wet conditions increase slipping and tripping hazards, braking distances of 
vehicles, and the potential for slippage or handling difficulties of field equipment.  
Winter storms will bring in colder than normal temperatures to the area.  Sampling 
teams should be prepared to work long hours in wet and cold conditions and should 
wear extra layers of clothing under rain gear since there may be a variety of 
temperature changes. 

6.7 Materials and Equipment Handling Procedures 

The movement and handling of heavy equipment and materials on the Site pose a risk to 
workers in the form of muscle strains and minor injuries.  These injuries can be 
avoided by using safe handling practices, proper lifting techniques, and proper personal 
safety equipment such as steel-toed boots and sturdy work gloves.  Where practical, 
mechanical devices will be utilized to assist in the movement of heavy equipment and 
materials.  Workers will not attempt to move heavy objects by themselves without using 
appropriate mechanical aids. 
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6.8 Lightning/Electrical Storms 

Lightning can be unpredictable and may strike many miles in front of, or behind, a 
thunderstorm.  Workers will therefore cease field operations at the first sign of a 
thunderstorm and suspend activities until at least 30 minutes after the last observed 
occurrence of lightning or thunder.  For purposes of this HASP, signs of a 
thunderstorm will include any visible lightning or audible thunder.  

In the event of a thunderstorm, workers will take the following actions: 

 Get inside a permanent building structure (not a shed or canopy) or fully enclosed 
metal vehicle (not a convertible or camper shell) with the windows fully up. 

 Stay away from tall isolated objects, such as trees, telephone poles, or flag poles. 

 Avoid large open areas, such as fields or parking lots, where a person is the 
relatively highest object. 

 Stay away from lakes, ponds, railroad tracks, fences, and other objects that could 
transmit current from a distant lightning strike. 

6.9 Traffic 

Vehicular traffic presents opportunities for serious injury to persons or property.  
Traffic may consist of street traffic or motor vehicles operated by facility employees or 
visitors to the Site.  Workers and other pedestrians are clearly at risk during periods of 
heavy traffic.  Risk from motor vehicle operations may be minimized by good operating 
practices and alertness, and care on the part of workers and pedestrians.  

Site personnel will wear high-visibility safety vests whenever activities are conducted in 
areas of heavy traffic.  Work vehicles and traffic cones will be arranged to be used as a 
barrier between Site workers and nearby traffic.  If required by local ordinances or Site 
location, a traffic control plan will be developed and implemented. 
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7.0 PERSONAL PROTECTIVE EQUIPMENT 

The purpose of PPE is to protect employees from hazards and potential hazards they 
are likely to encounter during Site activities.  The amount and type of PPE used will be 
based on the nature of the hazard encountered of anticipated.  

Dermal protection, primarily in the form of waterproof gloves and coveralls, will be 
worn whenever contact with storm water is anticipated.  

Northgate personnel will be provided with appropriate personal safety equipment and 
protective clothing.  The SSO is to inform each worker about necessary protection and 
must provide proper training in the use of the safety equipment.  The required PPE to 
be worn is described below.  

7.1 Level D Protection 

It is anticipated that collection of storm water samples will require Level D PPE.  
Higher levels of PPE are not expected, since protection from hazardous airborne 
compounds is not needed. 

It is important to note that dermal protection is required whenever contact with storm 
water is anticipated. The following equipment is specified as the minimum PPE 
required to conduct activities at the Site: 

 Work shirt and long pants; 

 Waterproof gloves and coveralls; 

 ANSI-approved steel-toed boots or safety shoes; and 

 ANSI-approved safety glasses. 

Other personal protection readily available for use, if necessary, includes the following: 

 Waders, when direct contact with storm water is anticipated 

 Chemical splash goggles; 

 U.S. Coast Guard-approved life jackets or buoyant work vests; and 

 ANSI-approved hard hat. 
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8.0 SAFETY PROCEDURES AND SITE REQUIREMENTS 

A daily morning briefing to cover safety procedures and contingency plans in the event 
of an emergency is to be included with a discussion of the day’s activities.  These daily 
meetings will be recorded on Northgate Daily Tailgate Safety Meeting Forms.  A 
debriefing to cover the activities is to be held upon completion of the work.  A copy of 
the Daily Tailgate Safety Meeting Form is included in Appendix B. 

The SSO will conduct a safety inspection of the work site before each day’s activities 
begin to verify compliance with the requirements of the HASP.  Results of the first 
day’s inspection will be documented on an Northgate Site Safety Checklist.  A copy of 
the checklist is included in Appendix B. 

Minimum emergency equipment maintained on Site will include a fully charged 20-
pound ABC dry chemical fire extinguisher, an adequately stocked first aid kit, and an 
emergency eyewash station (when corrosive chemicals are present). 

8.1 Training Requirements 

Site personnel, including subcontractors and visitors conducting work in controlled 
areas of the Site, must have completed the appropriate training as required by 8 CCR 
5192.  Further Site-specific training will be conducted by the SSO prior to the initiation 
of project activities.  This training will include, but will not necessarily be limited to, 
emergency procedures, Site control, personnel responsibilities, and the provisions of 
this HASP. 

General Site workers (such as equipment operators, general laborers, and supervisory 
personnel) engaged in hazardous substance removal or other activities that could expose 
them to hazardous substances must have successfully completed an initial 40-hour 
Hazardous Waste Operations and Emergency Response (HAZWOPER) training course.  
In addition, each employee must have attended an eight-hour annual HAZWOPER 
refresher training course within the past 12 months if their initial 40-hour HAZWOPER 
training course was completed more than 12 months prior. 

8.2 Medical Surveillance Requirements 

Site personnel, including subcontractors and Site visitors, who will or may work in an 
area designated as an exclusion zone must have fulfilled the appropriate medical 
monitoring requirements in accordance with 8 CCR 5192(f).  Each individual entering 
an exclusion zone must have completed an annual surveillance examination and/or an 
initial baseline examination within the last 12 months. 
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9.0 SITE CONTROL MEASURES 

Procedures must be followed to maintain Site control so that persons who may be 
unaware of Site conditions and oncoming traffic are not exposed to hazards.  The 
vehicle parking area will be marked with cones to warn oncoming traffic.  The work 
area will be barricaded by tape, warning signs, or other appropriate means.  Pertinent 
equipment will be secured and stored safely.  

Access inside the specified work area will be limited to authorized personnel.  Only 
Northgate employees and designated Northgate subcontracted personnel, as well as 
designated employees of the client, will be admitted to the work Site.  Personnel 
entering the work area are required to sign the signature page of this HASP, indicating 
they have read and accepted the health and safety practices outlined in this plan. 

9.1 Establishing Work Zones 

In some instances it may be necessary to define established work zones: an Exclusion 
Zone, a Contamination Reduction Zone, and a Support Zone.  Work zones may be 
established based on the extent of anticipated contamination, projected work activities, 
and the presence or absence of non-project personnel.  The physical dimensions and 
applicability of work zones will be determined for each area based on the nature of job 
activity and hazards present.  Within these zones, prescribed operations will occur 
using appropriate PPE.  Movement between zones will be controlled at checkpoints. 

Considerable judgment is needed to maintain a safe working area for each zone, 
balanced against practical work considerations.  Physical and topographical barriers 
may constrain ideal locations.  Field measurements combined with climatic conditions 
may, in part, determine the control zone distances.  Even when work is performed in 
an area that does not require the use of chemical-resistant clothing, work zone 
procedures may still be necessary to limit the movement of personnel and retain 
adequate Site control. 

Personnel entering the designated Exclusion Zone should exit at the same location.  
There must be an alternate exit established for emergency situations.  In all instances, 
worker safety will take precedence over decontamination procedures.  If 
decontamination of personnel is necessary, exiting the Site will include the 
decontamination procedures described below. 

9.2 Decontamination Procedures 

Despite protective procedures, personnel may come in contact with potentially 
hazardous compounds while performing work tasks.  If so, decontamination needs to 
take place using an Alconox or Liquinox wash, followed by a rinse with clean water.  
Standard decontamination procedures for Level D are as follows: 

 Equipment drop; 
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 Boot cover and outer glove wash and rinse; 

 Boot cover and outer glove removal; 

 Suit wash and rinse; 

 Suit removal; 

 Safety boot wash and rinse; 

 Inner glove wash and rinse; 

 Inner glove removal; and 

 Field wash of hands and face. 

Workers should employ only applicable steps in accordance with level of PPE worn and 
extent of contamination present.  The SSO shall maintain adequate quantities of clean 
water to be used for personal decontamination (i.e., field wash of hands and face) 
whenever a suitable washing facility is not located in the immediate vicinity of the work 
area.  Disposable items will be disposed of in an appropriate container.  Wash and rinse 
water generated from decontamination activities will be handled and disposed of 
properly.  Non-disposable items may need to be sanitized before reuse.  Each Site 
worker is responsible for the maintenance, decontamination, and sanitizing of his/her 
own PPE. 

Used equipment may be decontaminated as follows: 

 An Alconox or Liquinox and water solution will be used to wash the equipment; 
and 

 The equipment will then be rinsed with clean water. 

Each person must follow these procedures to reduce the potential for transferring 
chemically affected materials off Site. 
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10.0 CONTINGENCY PROCEDURES 

In the event of an emergency, Site personnel will signal distress with three blasts of a 
horn (a vehicle horn will be sufficient), or other predetermined signal. Communication 
signals, such as hand signals, must be established where communication equipment is 
not feasible or in areas of loud noise. 

It is the SSO’s duty to evaluate the seriousness of the situation and to notify appropriate 
authorities. Section 12 of this plan contains emergency telephone numbers as well as 
directions to the hospital. Nearby telephone access must be identified and available to 
communicate with local authorities. If a nearby telephone is not available, a cellular 
telephone will be maintained on Site during work activities.  

Personnel should contact local emergency services in the event of an emergency (see 
Section 12). After emergency services are notified, the Project Manager and Director 
of Health and Safety will be notified of the situation as soon as possible. If personal 
injury, property damage, or equipment damage occurs, the Project Manager and 
Northgate Corporate Administration will be contacted as soon as practicable. An 
Incident Report form will be completed within 24 hours by the SSO or another 
designated person. A copy of the Northgate Incident Report form is included in 
Appendix B. 

10.1 Injury/Illness 

If an exposure or injury occurs, work will be temporarily halted until an assessment can 
be made of whether it is safe to continue work. The SSO, in consultation with the 
Director of Health and Safety, will make the decision regarding the safety of continuing 
work. The SSO will conduct an investigation to determine the cause of the incident and 
steps to be taken to prevent recurrence. 

In the event of an injury, the extent and nature of the victim’s injuries will be assessed 
and first aid will be rendered as appropriate. If necessary, the individual may be 
transported to the nearby medical center. The mode of transportation and the eventual 
destination will be based on the nature and extent of the injury. A hospital route map is 
presented in Appendix C.  

In the event of a life-threatening emergency, the injured person will be given immediate 
first aid and emergency medical services will be contacted by dialing the number listed 
in Section 12. The individual rendering first aid will follow directions given by 
emergency medical personnel via telephone. When working in areas where medical 
services are not readily available, a person trained in first aid/CPR techniques will be 
present during field activities. 
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10.2 Fire 

In the event of fire, personnel should contact the local fire department immediately by 
dialing 911. When representatives of the fire department arrive, the SSO, or designated 
representative, will advise the commanding officer of the location, nature, and 
identification of hazardous materials on Site. Only trained, experienced fire fighters 
should attempt to extinguish substantial fires at the Site. Site personnel should not 
attempt to fight fires, unless properly trained and equipped to do so. 

Smoking is not permitted in controlled areas (i.e., exclusion or contamination reduction 
zones), near flammable or combustible materials, or in areas designated by the facility 
as non-smoking areas. 

10.3 Underground Utilities 

In the event that an underground conduit or manhole cover is damaged during sampling 
activities, mechanized equipment will immediately be shut off and the lead agency will 
be notified of the damage.  Sampling will be discontinued, and the team will remain 
onsite until a representative of the lead agency has arrived to inspect the damage and 
take a report of the incident.   

10.4 Evacuation 

The SSO will designate evacuation routes and refuge areas to be used in the event of an 
emergency. Site personnel will stay upwind from vapors or smoke and upgradient from 
spills. If workers are in an Exclusion or Contamination Reduction Zone at the start of 
an emergency, they should exit through the established decontamination areas whenever 
possible. If evacuation cannot be done through an established decontamination area, 
Site personnel will go to the nearest safe location and remove contaminated clothing 
there or, if possible, leave it near the Exclusion Zone. Personnel will assemble at the 
predetermined refuge following evacuation and decontamination. The SSO, or 
designated representative, will count and identify Site personnel to verify that all have 
been evacuated safely. 

10.5 Hazardous Material Spill 

If a hazardous material spill occurs, Site personnel should locate the source of the spill 
and determine the hazard to the health and safety of Site workers and the public. 
Attempt to stop or reduce the flow if it can be done without risk to personnel. Isolate 
the spill area and do not allow entry by unauthorized personnel. De-energize sources of 
ignition within 100 feet of the spill, including vehicle engines. Should a spill be of the 
nature or extent that it cannot be safely contained, or poses an imminent threat to 
human health or the environment, an emergency cleanup contractor will be called out as 
soon as possible. Spill containment measures listed below are examples of responses to 
spills. 
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 Right or rotate containers to stop the flow of liquids. This step may be 
accomplished as soon as the spill or leak occurs, providing it is safe to do so. 

 Sorbent pads, booms, or adjacent soil may be used to dike or berm materials, 
subject to flow, and to solidify liquids. 

 Sorbent pads, soil, or booms, if used, shall be placed in appropriate containers after 
use, pending disposal. 

 Contaminated tools and equipment shall be collected for subsequent cleaning or 
disposal. 
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11.0 EMERGENCY CONTACTS 

Emergency Services (Police/Fire Department/Ambulance): 911 

National Response Center: (800) 424-8802 

Poison Control Center: (800) 876-4766 or (800) 222-1222 

CHEMTREC: (800) 424-9300 

Northgate Project Manager: (Dana Brown) (949) 716-0050 
  Cell Phone: (949) 230-0643 

Northgate Oakland office: (510) 839-0688 

Nearby Hospital:  

Torrance Memorial Medical Center 
3330 Lomita Boulevard 
Torrance, CA 90505 

 (310) 517-4750 
 

Directions to Hospital: 

Solano:  Head southeast on Via Solano toward Via Colorin.  Turn left onto Via Nivel. 
Take the 2nd left onto Via Valmonte.  Turn left on Hawthorne Blvd.  Turn right onto 
Lomita Boulevard; hospital will be on the right.  Total drive time approximately 8 
minutes. 

Valmonte/Ferncreek:  Head east on Via Valmonte toward Via Gorrion.  Turn left 
onto Hawthorne Blvd. Turn right onto Lomita Boulevard; hospital will be on the 
right.  Total drive time approximately 7 minutes. 

Rolling Hills Estates City Hall:  Head southeast on Palos Verdes Dr N toward 
Crenshaw Boulevard. Turn left onto Crenshaw Boulevard.  Turn left onto CA-1 N 
(about 2 minutes).  Turn right onto Hawthorne Boulevard.  Turn right onto Lomita 
Boulevard; hospital will be on the right.  Total drive time approximately 8 minutes. 

Lariat:  Head north on Lariat Ln toward Rolling Hills Rd.  Turn right onto Crenshaw 
Blvd.  Turn left onto CA-1 N (about 2 minutes). Turn right onto Hawthorne Blvd.  
Turn right onto Lomita Boulevard, hospital will be on the right.  Total drive time 
approximately 7 minutes. 

Hospital route maps are presented in Appendix C. 
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13.0 SIGNATURE PAGE 
The following signatures indicate that this Health and Safety Plan has been read and accepted 
by Northgate personnel as well as subcontractors and their personnel. 
 

NAME COMPANY SIGNATURE DATE 

   
    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Important notice to subcontractor(s): 
This Health and Safety Plan has been prepared solely for the use of Northgate personnel. It is 
supplied to you for informational purposes only and may not be relied upon for protection of 
your employees. The Subcontractor is responsible for providing, at its cost, all personal 
protective clothing and equipment required for its employees to perform their work in a safe 
manner and in compliance with all applicable state and federal OSHA regulations. 
Subcontractor is responsible for ensuring that such equipment is in good condition and is 
properly inspected and maintained. Subcontractor must, at a minimum, use the equipment 
and follow the procedures described in this HASP. Failure to do so may result in immediate 
termination of Subcontractor’s services. This does not relieve Subcontractor of the 
responsibility to provide equipment and institute procedures affording a greater degree of 
protection than those specified in this HASP should Subcontractor determine such measures 
are necessary to protect the health and welfare of its employees, second-tier subcontractors, 
or others under its control or direction. 
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COMPOUND DESCRIPTIONS 

The following descriptions are presented for compounds that will be analyzed in storm 
water from the Site.  

NITRATE-NITRITE 

Nitrate and nitrite are nitrogen-oxygen chemical units which combine with various 
organic and inorganic compounds.  Once taken into the body, nitrates are converted 
into nitrites.  The greatest use of nitrates is as a fertilizer. 

The EPA Maximum Contaminant Level (MCL) for nitrate (as N) is 10 mg/l. 

The California MCL for nitrate (as NO3) is 45mg/l. 

The EPA and California MCL for nitrite is 1 ppm. 

TOTAL KJELDAHL NITROGEN (TKN) AND PHOSPHORUS 

TKN is the total of nitrogen, ammonia, and ammonium. 

Excess nitrogen and phosphorus in water lead to harmful algal blooms, hypoxia, and 
declines in wildlife and wildlife habitat.   

There are no MCLs for TKN and phosphorus. 

RB-AR41611



 

 

APPENDIX B 
 
 

NORTHGATE FORMS 

RB-AR41612



 

 

DAILY TAILGATE SAFETY 
MEETING FORM 

 

Date  _________     Time  _____________     Northgate Project No.  ___________________________________________  

Project Name  ___________________________________     Specific Location  __________________________________  

Type of Work  ________________________________________________________________________________________  

Chemicals Present  ____________________________________________________________________________________  

SAFETY TOPICS DISCUSSED 

 Protective Clothing/Equipment  ___________________________________________________________________  

  _____________________________________________________________________________________________  

 Hazards of Chemicals Present  ___________________________________________________________________  

  _____________________________________________________________________________________________  

 Physical Hazards  ______________________________________________________________________________  

  _____________________________________________________________________________________________  

 Special Hazards  _______________________________________________________________________________  

  _____________________________________________________________________________________________  

 Other Topics  __________________________________________________________________________________  

  _____________________________________________________________________________________________  

ATTENDEES Name (please print) Signature 

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  

  _____________________________________________________________________________________________  
 Document1: MSOffice; 6/11 
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 SITE SAFETY 
 CHECKLIST 
 

Project Name  _____________________________________    Northgate Project No.  _____________________________  

Project Activities  ______________________________________________________________________________________  

   YES
 NO N/A 

Written Health and Safety Plan (HASP) is on Site    

Addenda to the HASP are documented on Site    

Information in the HASP matches conditions and activities at the Site    

HASP has been read and signed by all Site personnel, including visitors    

Daily tailgate safety meetings have been held and documented    

Site personnel have appropriate training and medical clearance    

Air monitoring is performed and documented as described in the HASP    

Air monitoring equipment has been calibrated daily    

Site zones are set up and observed where appropriate    

Access to the work area limited to authorized personnel    

Decontamination procedures are followed and match the requirements of the HASP    

Decontamination stations (including hand/face wash) are set up and used    

Personal protective equipment used matches HASP requirements    

Hearing protection used where appropriate    

Respirators are properly cleaned and stored    

Utility locator has cleared subject locations    

Overhead utilities do not present a hazard to field equipment/personnel    

Traffic control measures have been implemented    

Trenches and excavations are in compliance with federal, 
state, and local safety requirements before worker entry    

Spoils are placed no closer than 2 feet from the edge of an excavation    

Emergency and first aid equipment is on Site as described in the HASP    

Drinking water is readily available    

Accessible phone is readily available for emergency use    

Proper drum and material handling techniques are used    

Drums and waste containers are labeled appropriately    

Extension cords are grounded and protected from water and vehicle traffic    

Tools and equipment are in good working order    
 

Notes (All “no” answers must be addressed and corrected immediately. Note additional health and safety 
observations here): ____________________________________________________________________________________  

 _____________________________________________________________________________________________________  

 _____________________________________________________________________________________________________  

Conducted By: ________________________  Signature: ______________________________  Date: __________________  
 Document1: MSOffice; 6/11 
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 AIR MONITORING FORM 
 page   of   
 

Date  ______________________________    Northgate Project No.  ___________________________________________  

Project Name  ______________________    Type of Activities  _______________________________________________  

Type of PID/FID  _________________________________    Serial No.  _________________________________________  

Initial Calibration Reading  _________________    End-of-Use Calibration Check _________________________  

Calibration Standard/Concentration  ______________________________________________________________  

Mini-RAM Serial No.  _____________________________________________        Zeroed in Z-Bag?  Yes  No 

 Time Activity/Location PID/FID (ppm) Mini-RAM (mg/m3) 

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

 ____________   __________________________________________   ___________________   ___________________  

Name (print) _____________________________________     Signature  _________________________________________  
 

 Document1: MSOffice; 6/11 
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INCIDENT REPORT Form 

 

 

INSTRUCTIONS: Complete, obtain Ops. Mgr.’s signature and route original to your Administrative Manager within 3 days of the Incident. 

Office: Department: Supervisor: 

Name: Occupation: 

Exact Location Incident Occurred: (Street Address, City, State)                           Project No.: Project Name: 

Date and Time of Occurrence: Time Began Work on Day Injury Occurred: 

Date and to Whom Initially Reported: 

Nature of Incident:  (e.g. strain, contusion, laceration, abrasion) 

Parts of Body Affected: 

Type of Activity Engaged in and Equipment Being Used When Incident Occurred:  (e.g. water/soil/air sampling, Site assessment, hand augering) 

Person with Most Control of Object/Equipment/Substance: 

Witness: 

Describe clearly how the incident occurred:             

                

                 
Were Safety Equipment/Safeguards Required for this Particular Job/Activity?   Yes   No    If yes, were they used? 
 

Indicate by an “x” if in your opinion the incident was caused by: 
Physical Causes 

 Defective Equipment 

 Hazardous Equipment 

 Improper Dress 

 Improper Guarding 

 Improper Ventilation 

 Other __________________________  
Unsafe Acts 

 Operating Without Authority 

 Failure to Wear Protective Equipment 

 Horseplay 

 Failure to Secure or Warn 

 Took Unsafe Position 

 Used Unsafe Equipment or Hands 
Instead of Equipment 

 Worked on Moving/Energized 
Equipment 

 Unsafe Equipment 

 Unsafe Loading 

Do you require medical attention at this time?   No   Yes                                     Treated in an emergency room?  No   Yes 
Hospital Name & Address:    
Physician Name & Address:    
What actions will be taken to prevent reoccurrence? 
  
  

Employee Signature: Group Manager Signature: 

Date: Print Name: 

Phone No.: Date: 
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Directions to Torrance Memorial Medical
Center 
3330 Lomita Boulevard, Torrance, CA 90505  - (
310) 325-9110  
2.8 mi – about 8 mins 

 
Loading... 

©2011 Google -

Page 1 of 2Vía Solano, Palos Verdes Estates, CA to Torrance Memorial Medical Center - Google Maps

6/21/2011http://maps.google.com/maps?f=d&source=s_d&saddr=V%C3%ADa+Solano,+Palos+Verdes+Estates,+C...
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Directions to Torrance Memorial Medical
Center 
3330 Lomita Boulevard, Torrance, CA 90505  - (
310) 325-9110  
2.6 mi – about 7 mins 

 
Loading... 

©2011 Google - Map data ©2011 Google -

Page 1 of 2

6/21/2011http://maps.google.com/maps?f=d&source=s_d&saddr=4017+V%C3%ADa+Valmonte,+Rancho+Palos+...
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Directions to Torrance Memorial Medical
Center 
3330 Lomita Boulevard, Torrance, CA 90505  - (
310) 325-9110  
4.1 mi – about 8 mins 

 
Loading... 

©2011 Google - Map data ©2011 Google -

Page 1 of 24045 Palos Verdes Dr N, Rolling Hills Estates, CA 90274 to Torrance Memorial Medical Center - Googl...

6/21/2011http://maps.google.com/maps?f=d&source=s_d&saddr=4045+Palos+Verdes+Dr+N,+Rolling+Hills+Estat...
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Directions to Torrance Memorial Medical
Center 
3330 Lomita Boulevard, Torrance, CA 90505  - (
310) 325-9110  
3.9 mi – about 7 mins 

 
Loading... 

©2011 Google - Map data ©2011 Google -

Page 1 of 2Lariat Ln, Rolling Hills Estates, CA 90274 to Torrance Memorial Medical Center - Google Maps

6/21/2011http://maps.google.com/maps?f=d&source=s_d&saddr=Lariat+Ln,+Rolling+Hills+Estates,+CA+90274&...
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Field Data Sheet

Page ______ of ________
24411 Ridge Route Drive, Suite 130, Laguna Hills, CA 92653 Date:
main (949) 716-0050; fax (949) 716-0055 Arrival Time:

Leaving Time:
Project Name: Coordinated Monitoring Program Project No.: 2038.01
Client Name: City of Rolling Hills Estates Recorded By:

Water Sample Data
Site Name:
Station ID:

Time of Sample Collection:
Date:

Number of Containers:

Flow Measurements
Depth of Water: in, ft
Width of Flow: in, ft

Flow Rate: gal/min
Time: 24-hour format

Depth of Water: in, ft
Width of Flow: in, ft

Flow Rate: gal/min
Time: 24-hour format

Depth of Water: in, ft
Width f Fl i ftWidth of Flow: in, ft

Flow Rate: gal/min
Time: 24-hour format

Water Conditions Circle the Appropriate Identifier
Odor: None, Musty, Sewage, Rotten Egg, Sour milk, Fishy, Other:
Color: None, Yellow, Brown, Grey, Green, Red, Other:

Clarity: Clear, Cloudy, Opaque, Suspended solids, Other:
Floatables: None, Oil sheen, Foam, Animal waste, Green waste, Food, Paper, Plastic, Grease, Hydrophytes,

Trash, Other:
Settleables: None, Salt, Clay, Oil, Rust, Microbes, Other:

Weeds: None, Normal, Excessive, Note:
Biology: None, Algae bloom, Larvae, Crawfish, Frogs, Fish, Waterfowl, Hydrophytes, Blue-green algae

Other:
Sky: Stormy, Overcast, Partial clouds, Haze, Fog, Clear

Wind: Calm,Light breeze, Strong breeze, Windy, Gusty
Flow Characterization: Storm/Flood, Rapid, Tranquil, Laminar, Standing, Dry

Low Flow/No Flow Conditions
Was there flow?: Yes, No If there was flow, but no sample was taken, explain why.

Field Data Sheet.xls
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Field Activity Report

Page ______ of ________
24411 Ridge Route Drive, Suite 130, Laguna Hills, CA 92653 Date:
main (949) 716-0050; fax (949) 716-0055 Recorded By:

Project Name: Project No.:
Client Name:

ACTIVITIES
Time: Activities (include event, time, observations, observers, etc.)

Print Name: Signature:

Field Data Sheet.xls
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24411 Ridge Route Drive, Suite 130, Laguna Hills, CA 92653  

main (949) 716-0050; fax (949) 716-0055  
 

Page _____ of _____ 

DISCHARGE MEASUREMENT NOTE
 

Site Name:  Date  Time  AM / PM 
Station ID:  Samplers  
Method:  
Meter Type/Model/Serial Number:  
Comments/Observations:  

 

DISTANCE 
FROM 
INITIAL 
POINT 

WIDTH 
(FT) 

DEPTH 
(FT) 

OBSER 
DEPTH 

REVS 
TIME 
(SEC) 

VELOCITY (F/S) 
AREA 
(FT) 

DISCHARGE 
(CFS) AT 

POINT 
MEAN IN 

VERTICAL 
 

LEW or REW (circle one) at time = 
          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

 
LEW or REW (circle one) at time = 
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September 12, 2012 2040.01 

 

Mr. John Dettle 
City of Torrance 
3031 Torrance Boulevard 
Torrance, California 90503 
 

RE:  Monitoring and Reporting Plan 

Machado Lake Nutrient and Toxics Total Maximum Daily Load (TMDL) 

Dear Mr. Dettle: 

Enclosed is acompact disk (CD) containing the Monitoring and Reporting Plan and Health and 
Safety Plan updated to include stormwater sampling activities as described in the Machado Lake 
Nutrient Total Maximum Daily Load Special Study Workplan (Nutrient-SSWP), and 
theMachado Lake Pesticides and polychlorinated bi-phenyls (PCBs)Total Daily Load Special 
Study Work Plan (Toxics-SSWP).   

If you have any questions regarding theseplans, please call me at (949) 230-0643, or Derrick 
Willis at (949) 375-7004. 

Respectfully yours,  
Northgate Environmental Management, Inc. 

DRAFT 
Dana R Brown 
SeniorGeologist 
 
cc: Derrick Willis, Northgate 
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1.0 INTRODUCTION 

Northgate Environmental Management, Inc. (Northgate) has prepared this Monitoring and 
Reporting Program (MRP) for the City of Torrance (the City) to comply with provisions of both 
the Machado Lake Nutrient Total Maximum Daily Load (Nutrient TMDL), and the Machado 
Lake Pesticides and polychlorinated biphenyls(PCBs) Total Maximum Daily Load (Toxics 
TMDL).   

The mass-based waste load allocation (WLA) compliance alternative for the Nutrient TMDL is 
currently addressed in the ongoing work performed as part of the Special Study Work Plan 
(SSWP) for the Pre-Best Management Practices Implementation Study Period (Carollo, 
2011a).The Toxics TMDL will be addressed in work performed under this MRP. 

TheMRP outlines the specific activities to be performed and the procedures to be used for 
performing the Nutrient and Toxics TMDL sampling.  The MRP documents sample collection 
methods, analytical procedures, data analysis, and data reporting.  Appendix A of the MRP 
contains a site-specific Health and Safety Plan (HASP)that includes confined space entry 
procedures and protocols for working inside the belowground portions of manholes. 

1.1 Background 

Machado Lake is located in the City of Los Angeles’ Ken Malloy Harbor Regional Park.  It is 
approximately 40 acres in size, and averages approximately 3 feet in depth. Machado Lake is 
listed on the 1998, 2002, and 2006 Clean Water Act Section 303(d) lists of impaired water 
bodies due to eutrophic conditions, algae and odors (Nutrients): and chlordane, 
dichlorodiphenyltrichloroethane (DDT), dieldrin, Chem A, and PCBs in tissue; and impaired 
sediment due to chlordane, DDT, and PCBs (Toxics). The listed impairments are caused by the 
overloading of nutrients, such as nitrogen and phosphorus, resulting in excessive algal growth 
which leads to increased turbidity, decreased levels of oxygen, and odor problems.  

The City is situated in the western portion of the Machado Lake subwatershed, which is bounded 
to the north by the City, to the east by the City of Los Angeles, and to the south and west, by the 
Pacific Ocean.  The City is located about 15 miles south of Downtown Los Angeles, in southern 
Los Angeles County, just north of the Palos Verdes Hills.  The City was incorporated on May 12, 
1921, and is just over 20.5 square miles in area.  The City is bounded by Redondo Beach on the 
west and north, Lawndale and Gardena on the north, Los Angeles on the east, Lomita to the 
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southeast, and Rolling Hills Estates and Palos Verdes Estates on the south.  The City is also 
bounded by approximately 4,000 feet of Santa Monica Bay coastline.  

The City’s stormwater conveyance systems are interconnected with neighboring city systems.  
Neighboring cities located at generally higher elevation such as Rolling Hills Estates and Palos 
Verde Estates discharge stormwater into stormwater conveyance systems located within the 
City’s boundaries.  Figure 1 shows a regional site location map of the City. 

The Regional Water Quality Control Board – Los Angeles Region (RWQCB) established 
TMDLs for Machado Lake for algae, ammonia and odors (Nutrients) on May 1, 2008 (RWQCB, 
2008), and for Pesticides and PCBs (Toxics) on September 2, 2010 (RWQCB, 2010). 

1.1.1 Nutrient TMDL 

The City has elected to establish annual mass-based WLAs for Nutrientsequivalent to monthly 
average concentrations of 0.1 milligrams per liter (mg/l)total phosphorus and 1.0 mg/l total 
nitrogen based on approved flow conditions.When the concentration-based WLAs are met under 
the approved flow condition of 8.45cubic hectometers per year, the annual mass of the total 
phosphorus discharged to Machado Lake will be 845 kilograms (kg) and the annual mass of total 
nitrogen discharged to the lake will be 8,450 kg. The City mass-based WLAs will be 
proportional to the City owned area in the sub-watershed. The City area accounts for 35.6 
percent of the Machado Lake Watershed. Table 1 lists the interim and final WLAs based on this 
area. 

Table 1: Nutrient TMDL Mass-Based Waste Load Allocations 

Responsible Party Years after TMDL 

Effective Date 

Total 

Phosphorus (kg) 

Total Nitrogen 

(kg) 

City of Torrance 5 3,760 7,370 
9.5 (final WLAs) 301 3,008 

NOTES: 

mg/l = milligrams per liter 
 

1.1.2 Toxics TMDL 

The Toxics TMDL assigned WLAs for municipal separate storm sewer systems (MS4) permitees 
as concentration-based allocations (equal to the sediment numeric targets) for suspended 
sediment-associated contaminants as shown in Table 2. 
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Table 2:  Toxics TMDL Concentration Based Waste Load Allocations 

Responsible 

Party 
Pollutant 

WLA for Suspended 

Sediment Associated 

Contaminants 

(ug/kg dry weight) 

City of Torrance Total PCBs 59.8 
DDT (all congeners) 4.16 
DDE (all congeners) 3.16 
DDD (all congeners) 4.88 

Total DDT 5.28 
Chlordane 3.24 
Dieldrin 1.9 

Notes: 

ug/kg = micrograms per kilogram 
DDT = dichlorodiphenyltrichloroethane 
DDE = Dichlorodiphenyldichloroethylene 
DDD = Dichlorodiphenyldichloroethane 
 

1.2 Summary of Proposed Activities 

Ongoing Nutrient TMDL monitoring will be combined with Toxics TMDL monitoring after 
approval of the workplan by the RWQCB in the fall of 2012.  The following sections describe in 
detail the proposed activities to accomplish TMDL monitoring. 

1.2.1 Nutrient TMDL Monitoring Summary 

Northgate willperform monthly visits to nine (9) monitoring sitesduring dry weather 
conditionsand three (3) additional monitoring visits during wet weather conditions to collect 
water samples, download flow sensor data, and service the sensors.  Northgate will also perform 
up to seven (7) additional visits to station Tor-S3 when Los Angeles County pumps stormwater 
from the Walteria Lake into the 54-inch storm drain and collect a water sample (maximum of 10 
storm event/pumping event visits per year).Based on the requirements of the Special Study 
Workplan (Carollo, 2011a), routine dry weather sampling will be conducted at all nine stations 
until a full year of data is obtained after the February, 2013 dry weather sampling event.  At the 
end of this period the City will review the monitoring results to determine if the sampling 
frequency and locations should be modified.  For the remainder of the Special Study period, flow 
measurements and water samples (when available) will continue to be collected at all nine 
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monitoring stations.  Details of the monitoring locations, frequency of sampling, and sampling 
parameters are included in Sections 3.0 to 5.0 of the MRP. 

1.2.2 Toxics TMDL Monitoring Summary 

The Toxics TMDL monitoring will consist of two phases of wet weather sampling designed to 
collect suspended solids for the analysis of pollutants in bulk sediments.  Phase I monitoring will 
be conducted for a two (2) year period, and Phase II monitoring will commence once Phase I 
monitoring has been completed.  In Phase I monitoring, samples will be collected during three 
(3) qualifying wet weather events at all stations for the first year, including the first significant 
storm event of the season.  In the second year of Phase I activity samples will still be collected at 
stations representing discharge from the City during three qualifying wet weather events (Tor-
S1, Tor-S2, Tor-S4, and Tor-S5), but the remaining stations will only be sampled during one 
qualifying wet weather event.  During Phase II monitoring the number of sampling events will be 
decreased to one per year, and the frequency decreased to every other year, and all nine sampling 
stations will be visited.   

At the end of the fourth year of wet weather monitoring, the City will assess the data to 
determine if the monitoring schedule should be altered.  Details of the monitoring locations, 
frequency of sampling, and sampling parameters are included in Sections 3.0 to 5.0 of the MRP. 

1.3 Work Plan Organization 

Section 2.0 presents the MRP objectives.  Section 3.0 summarizes the field methods and 
materials to be used in performing the scope of work. Section 4.0 summarizes the sampling 
locations, and Section 5.0 presents the sampling schedule and frequency.  Section 6.0 presents 
the quality assurance/quality control (QA/QC) procedures to be used in the performance of this 
work.  
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2.0 PROJECT OBJECTIVES 

The objective of this project is to ensure that the City is in compliance with the requirements of 
the Machado Lake Nutrient and Toxics TMDLs.The specific objectives of the work to be 
performed under this MRP are: 

 Monitor attainment of WLAs as required by the TMDLs; 

 Guide the design of future implementation actions; 

 Monitor the effectiveness of implementation actions in improving water quality; and 

 Guide pollutant source investigations. 

Knowledge gained through the Special Studies (Carollo, 2011a and 2011b) will be used to 
modify the monitoring approach, number and location of monitoring sites, and sample collection 
techniques to adequately characterize and document the City’s pollutant loads, progress toward 
pollutant load reductions, and improvement in water and sediment quality.  
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3.0 SAMPLING PROCEDURES 

This section documents the procedural and analytical requirements for sampling events 
performed to collect water quality data as part of the MRP.  All work conducted as part of the 
project is to be in accordance with provisions of the HASP, attached as Appendix A. 

3.1 Sampling Methodology 

Sampling will be conducted by a team of at least two workers using a combination of non-
dedicated and dedicated sampling equipment.  All sampling will be conducted in a manner that 
minimizes the possibility of sample contamination.  Sampling equipment will be decontaminated 
prior to use.  Grab samples will be collected in laboratory-supplied pre-preserved containers.  
Other types of discrete samples will also be collected and described separately.   

After collection, the sample containers will be labeled, sealed in plastic bags, and placed in a 
cooler with ice for transportationunder proper chain-of-custody protocol to the analytical 
laboratory.  QA/QC samples will be collected and analyzed for each sampling event.Field 
personnel shall adhere to established sample collection protocols to ensure the collection of 
representative and uncontaminated samples for laboratory analysis.  Deviations from the 
standard protocol must be recorded on the Water Sample Data Sheet at the time of sampling.  
The following sections describe the specific protocols for stormwater sample collection and 
handling. 

3.1.1 Nutrient TMDL Dry Weather Sampling 

3.1.1.1 Sampling Equipment 

Sampling equipment shall typically consist of reusable polyethylene dippers or polyethylene 
buckets suspended on a disposable rope. Non-dedicated sampling equipment shall be 
decontaminated prior to each use according to the methods listed in Section 3.3 Decontamination 
Procedures.  Non-dedicated sampling equipment will be stored and transported in 
resealableplastic bags to prevent contamination. 

3.1.1.2 Sampling Procedures 

A checklist is to be used by the field team at each monitoring site to ensure that the team 
members comply with all appropriate health and safety protocols during the sampling task.  A 
Water Sample Data Sheet will also be used to document the sample collection, flow 

RB-AR41637



 

 
Monitoring and Reporting Plan 
Nutrient and Toxics TMDL, 
City of Torrance, California 

7   DRAFT - September 12, 2012 
 

 
 
 

measurement, and water conditions. The checklist for site visits and Water SampleData Sheets 
are attached in Appendix B. 

Upon arrival at a monitoring site, the sampling team will inspect the location for general safety 
and deploy traffic cones to delineate the working zone around the vehicle, and alert drivers of the 
potential hazard.  Prior to water sample collection, specific observations concerning the weather, 
water conditions, and flow conditions will be recorded on the Water Sample Data Sheet. Care 
must be taken to avoid disturbing the channel sediment or debris on the walls of the manhole 
access port prior to sample collection. 

Grab samples will be collected from approximately mid-channel and at a depth where the flow is 
greatest (typically 60% of total depth).  If the monitoring site lacks sufficient flow no sample will 
be collected and observations of the flow width and velocity (if measurable) will be recorded on 
the Water Sample Data Sheet.  Pools of water with no visible flow should not be sampled as data 
collected at those locations may not represent surface flows.  Care should be exercised to not 
capture algae, sediment, or other particulates from the bottom or sides of the channel to avoid 
bias in the collected sample.   

A grab sample of the water will be collected by dipping the sampler into the water and emptying 
it three times to acclimate, then dipping a sample and pouring directly into the sample container 
containing preservative acid.  The sampler will be held facing upstream during sample 
collection, and retrieved quickly to avoid mixing of the water.  Care must be taken not to touch 
the sampler, or allow the sampler to touch vegetation, the rim or sides of the manhole, or other 
objects that would contaminate it as the sample is retrieved.   

After filling and capping the sample bottles, the bottles will be labeled and placed in resealable 
plastic bags.  The bags will be placed upright in a cooler and the samples surrounded with 
bagged ice so that the ice is around, beside, and above the samples.  The samples will then be 
entered on the chain-of-custody record and the sample cooler secured from unauthorized access.  

Following sample collection, flow measurements stored in the dedicated flow sensors will be 
downloaded and the sensor data reset.At some locations, direct flow measurements will be 
performed with field-portable equipment and the results compared to the flow sensor data.  
Section 3.2 describes methods and procedures for performing flow measurements in subsurface 
storm drains and open channels.  
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3.1.2 Nutrient TMDL Wet Weather Sampling 

Nutrient TMDL wet weather sampling isvery similar to dry weather sampling, using the same 
equipment and sampling handling protocols.  The only significant difference between wet and 
dry weather Nutrient TMDL sampling is the qualification procedure for validating a wet weather 
event that must be used prior to performing wet weather sampling (see Section 5.1.2 fora 
description of the procedure used to qualify a wet weather sampling event).   

3.1.3 Toxics TMDL Wet Weather Sampling 

Toxics TMDL sampling involves both water sample and suspended sediment sample collection 
during qualifying wet weather events.  An attempt will be made to collect flow-weighted 
composite samples during each storm event, but due to the uncertainty associated with storm 
event durations that may not always be possible.  When that is not possible the sampling period 
will be concluded when enough sample has been collected to supply water and sediment for the 
required analyses.  In some cases where the storm event and resulting discharge ceases rapidly, 
the falling limb of the storm hydrograph may not be sampled in its entirety.   

Water samples will be collected as grab samples, using the procedures described above for wet 
and dry weather Nutrient TMDL sampling.  Samples will be retrieved as grab samples using a 
polyethylene dipper, bucket, or disposable Teflon bailer; and then transferred to the sample 
containers.  Sufficient volumes of water will be collected to allow for separation of the 
suspended solids and analysis of toxics in the bulk sediment.  The volume of sample to be 
retrieved in order to obtain at least 10 grams of sediment may require the use of larger capacity 
sampling equipment to recover sufficient volumes of sample. General water chemistry 
parameters including temperature, dissolved oxygen, pH, and electrical conductivity will be 
determined in the field at the time of water sample collection.   

A minimum of six unfiltered water samples in 1-liter amber bottles will be collected during the 
rising and falling limbs of a storm event, then combined in 6:1 ratioto form a composite sample 
for subsequent analysis.  Suspended solids will be extracted from the composite sample for 
analysis.  Because of the highly variable amount of total suspended solids present in natural 
waters, efforts will be made in the field to qualify the sample as containing enough suspended 
solids to provide the necessary sediment for analysis.  A total of 10 grams of sediment is required 
when all grab samples are combined, so each sample bottle must be screened for the presence of 
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sediment, and evaluated to determine the amount of unfiltered water sample that will be 
collected to produce a total of 10 grams of sediment.   

Following collection, each unfiltered sample will be allowed to settle in the cooler for a period of 
at least fifteen minutes.  After that time the amount of sediment collected on the bottom of the 
container will be evaluated, and additional samples collected (if required) to capture enough 
suspended solids for analysis. 

An attempt will be made to collect grab samples at all locations within the first 1 to 2 hours of 
stormwater discharge (first flush) wherever practical.  As the storm event continues, the 
sampling team will return to all the sampling stations in rotation, and continue collection of grab 
samples.  When the storm event declines or precipitation ceases, an attempt will be made to 
collect additional grab samples at all stations representing the falling limb of the hydrograph, but 
this may not be possible in all cases.   

Grab samples will be transported under chain of custody protocol to the analytical laboratory 
where they will be combined into one aliquot and filtered prior to analysis. Analytical methods 
and target reporting limits are discussed in Section 3.8. 

3.2 Flow Measurement 

Continuous flow data will be recorded at all nine stations using dedicated flow sensors.  
Instantaneous flow measurementsusing an alternate measurement technique will also be obtained 
wherever possible during wet weather events, and when practical during dry weather events.   

Instantaneous flow measurements will consist of aminimum of three velocity measurements will 
made immediately following sample collection.  The flow measurements will be made using a 
digital water velocity meter(Global Water FP111 or equivalent), or area-velocity meter calibrated 
for the particular conveyance structure to be monitored (Global Water FC220 or equivalent), or 
both.Theflow (Q) will be calculated using the average velocity (V) multiplied by the cross-
sectional area (A) using the formula A x V = Q.  

The cross-sectional area of each structure will be obtained from construction drawings, and 
verified by measurements collected within the conveyance during the site visit. 
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3.2.1 Flow Measurement Methods 

Flow measurements will be collectedat a fixed location in culverts or pipes.  The measurement 
stationsandchannel profiles will be established during the initial site visit, when detailed 
measurements of the conveyance geometry will be collected.  All subsequent measurements will 
be performed at the same locations to ensure uniformity and repeatability within the collected 
data.  

3.2.1.1 Flow Measurement in Subsurface Storm Drains 

For conduits or pipes, the flow velocity probe will be moved smoothly and uniformly throughout 
the flow profile. When a steady average reading is obtained, the average velocity for the flow 
stream and depth of water will be recorded on the Water Sample Data Sheet (see Appendix B).  
Three readings will be collected at each station, and the results of the readings averaged to obtain 
the calculated flow for the station. 

3.2.1.2 Flow Measurement in Open Channels 

To determine flow velocity in a stream, the flow velocity probe will be held at fixed 
measurement stations along a traverse of the channel and the velocity will be measured at 2/3 
channel depth.  Flow velocity and water depth will be recorded for each station along the 
traverse on the Discharge Measurement Note (see Appendix B), and the flow value for each 
segment of the profile will be measured to determine total flow through the channel profile. The 
value of flow within the channel will be obtained by calculating the average velocity for each 
subsection of the channel, then combining the results to obtain the total flow within the channel.   

3.2.1.3 Flow Measurement – Sheet Flow Conditions 

If the depth of flow does not allow measurement with the flow velocity probe (<0.1 foot), a 
“float” will be used to measure the velocity of flowing water.  The width, depth, velocity, cross 
section and flow rate will be estimated based on the channel geometry, water depth, and amount 
of time it took a float to travel a marked distance three times.  The estimated flow rate (Q) can 
then be calculated as follows: 
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Q = f x (cross section) x (average surface velocity) 

Where: 

Q = the flow rate in feet per second 

f = dimensionless number 

Cross section is the measured value in feet, and average velocity is the measured value in feet per 
second. 

The coefficient f is used to account for friction effects on the channel bottom.  The float travels 
on the water surface, but the average velocity (not the surface velocity) determines the flow rate 
so f converts the surface velocity to the average velocity.  Typical f values range from 0.60 to 
0.90 based on the roughness of the surface, in this project a value of 0.75 will be used.   

3.3 Decontamination Procedures 

Non-dedicated sampling equipment will be decontaminated immediately prior to and after each 
use.  Decontamination will be performed using a three-stage process with phosphate-free 
detergent wash, tap water rinse, and final deionized/distilled water rinse.   

Decontamination will be performed in a designated area, using a plastic sheet as a liner to protect 
the ground against spilled solutions. The decontaminationprocedure isas follows: 

1) Wash with non-phosphate detergent (e.g. Alconox ®) usingbristles brush if necessary; 

2) Rinse with tap water; and 

3) Rinse with de-ionized/distilled water. 

Following decontamination, if the item is not to used immediately; it will be wrapped in plastic 
or stored on plastic sheeting to prevent contamination.  Used decontamination solutions will be 
containerized for appropriate disposal off-site in a municipal sanitary sewer.   

3.4 Sample Containers and Preservation 

The following sections detail sample containers and preservation methods for water and 
sediment samples collected as part of Nutrient and Toxics TMDL monitoring. 
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3.4.1 Nutrient TMDL Sample Containers and Preservation 

The analytical laboratory will provide sample containers for all water samples collected by the 
field team.  Samples collected for nitrate-nitrite will use one 500 milliliter (ml) polyethylene 
bottle.  Samples collected for total phosphorus and total Kjeldahl nitrogen will each use one 500 
ml polyethylene bottle, containing a small amount of concentrated  H2SO4 (Sulfuric Acid), used 
as a sample preservative.  Table 3 provides a summary of the sample container and preservative 
use used for each analytical method. 

The sample containers must be stored properly to prevent accidental release of the acid during 
transport and handling.  The field team will keep the sample bottles stored inside plastic bags 
that are kept within a bulk bottle cooler to ensure they are clean and do not become contaminated 
during transport.  Sample bottles will only be handled by gloved hands, and the lids will be 
secured at all times except when filling the bottle.  

At each sampling location the field team will place the required number of sample containers 
into a resealable plastic bag prior to collection of a water sample, then close and seal the bulk 
bottle container.  Sample containers shall be filled but not overflow.  If a container is overflowed 
during filling, the container will be sealed, marked, and placed aside as an unused sample.  In 
that case an additional container will be filled and used as the primary sample.   

It should be noted that unused samples contain preservative acids and must be disposed of 
properly.  Unused samples will be transported to the analytical laboratory for proper disposal and 
will not be listed  on the chain-of-custody.  
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Table 3:  Analytical Methods, Bottle Types, Preservatives and Holding Times 

Analyte Method Bottle/Volume Preservative Holding Time 

Total Phosphorous EPA 365.3 500 ml 
Polyethylene 

<4OC, H2SO4 28 days 

TKN EPA 351.2 500 ml 
Polyethylene 

<4OC, H2SO4 28 days 

Nitrate/Nitrite EPA 300.0 500 ml 
Polyethylene 

<4OC 48 hours 

Total Organic Carbon EPA 415.3 40 ml VOA <4OC 28 days 

Total Suspended Solids EPA 160.2 500 ml 
Polyethylene 

<4OC 7 days 

Organochlorine Pesticides1 EPA 8081A 1 liter amber <4OC 7 days 

Total PCBs2 EPA 8082 1 liter amber <4OC 7 days 
NOTES: 
1. Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4'-DDD, 2,4'-DDE, 2.4'-DDT, 

4,4'-DDD, 4,4'-DDE, 4,4'-DDT, and dieldrin. 
2. PCBs in water and sediment are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254, 

and 1260). Congeners will also be analyzed to provide a better estimate of PCB concentrations and loads for PCBs.   
VOA – volatile organic analysis 

 
3.4.2 Toxics TMDL Sample Containers and Preservation 

The analytical laboratory will provide sample containers for all water and sediment samples 
collected by the field team.  Water samples collected for TOC will use three 40 ml VOA vials.  
Water samples for TSS analysis will use one 500 ml polyethylene bottle.  Water samples 
collected for sediment analysis of OCPs and PCBs will be collected in 1-liter glass amber bottles.  
Table 3 provides a summary of the sample container and preservative use used for each 
analytical method. 

3.5 Sample Handling, Packaging, and Shipping 

The handling and transportation of samples must be accomplished in a manner that protects the 
integrity of the samples and complies with the provisions of the MRP.  As few people as possible 
will handle the samples.The field team will have custody of the samples during the monitoring 
event, and chain-of-custody (COC) forms will accompany all samples during shipment or 
delivery to the analytical laboratory.   
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The field team shall package samples carefully to avoid breakage or contamination, maintain 
samples at the proper temperature (4OC), and ship samples daily to the analytical laboratory 
under chain-of-custody protocol.  The following sample packaging requirements shall be 
followed: 

1) Sample bottle lids must not be mixed, all sample lids must stay with the original 
containers; 

2) Sample bottles will be placed in a resealable plastic bag to minimize leakage in case a 
bottle breaks during shipment; 

3) The samples will be cooled by placing ice in sealed plastic bags and placing the sealed 
ice-filled bags around, between, and above the sample containers; 

4) Any remaining space in the sample shipping container shall be filled with clean, inert 
packing material such as bubble-wrap; 

5) The chain-of-custody document must be sealed in a resealable plastic bag and placed 
in the shipping container.  The resealable plastic bag will be taped to the inside lid of 
the sample cooler, and sealed with shipping tape; 

6) Clear strapping tape will be wrapped around the cooler in at least two locations, 
sealing the container to prevent the contents from spilling; and 

7) Custody seals will be affixed over the shipping tape in at least two locations (normally 
the front and right side of the cooler); in a manner that accessto the container can only 
be gained by breaking a seal.  A layer of clear strapping tape will be placed over the 
seals to ensure that they are not broken accidentally during shipping.  Custody seals 
shall be constructed with security slots designed to break if the seals are disturbed.  

3.6 Sample Naming Convention 

Each sample will be labeled with a unique name that contains the sample station, the date of 
collection, and a suffix indicating the order of sample collection. Each sample will have the 
name of the monitoring site written first, followed by the date in mmddyyyy format, and a 
number denoting the sample order (X).  For example, the first sample collected at station Tor-S2 
on November 24, 2012 would be labeled Tor-S2-11242012-1.  Table 4 lists the sample naming 
protocol for each sampling station. 
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Table 4:  Sample Naming Convention 

SamplingStation  Station Location Sample Name 

Tor-S1 40' north and 80' east of intersection of Plaza Del 
Amo and Western Ave. 

Tor-S1-mmddyyyy-X 

Tor-S2 50' west of intersection of 246th Place and 
Pennsylvania Ave. 

Tor-S2-mmddyyyy-X 

Tor-S3 Effluent of Walteria Lake, approx. 100' east of 
intersection of Madison St. and Skypark Drive. 

Tor-S3-mmddyyyy-X 

Tor-S4 210' north and 85' east of intersection of 236th St. 
and Western Ave. 

Tor-S4-mmddyyyy-X 

Tor-S5 25' west of intersection of Bani Avenue and 250th 
Street. 

Tor-S5-mmddyyyy-X 

Tor-S6 600' east of intersection of Estates Lane and 
Crenshaw Boulevard. 

Tor-S6-mmddyyyy-X 

Tor-S7 160' south and 280' east of intersection of Rolling 
Hills Road and Hawthorne Boulevard. 

Tor-S7-mmddyyyy-X 

Tor-S8 500' northwest of intersection Paseo de las Tortugas 
and Mesa Street. 

Tor-S8-mmddyyyy-X 

Tor-S9 830' east and 120' south of intersection of Paseo de 
las Tortugas and Vista Montana. 

Tor-S9-mmddyyyy-X 

 

3.7 Chain-of-Custody Procedures 

The field team shall follow proper chain-of-custody protocol with collected samples at all times.  
Samples will be considered to be in custody if they are (1) in the custodian's possession or view, 
(2) retained in a secure place (under lock) with restricted access, or (3) placed in a container and 
secured with an official seal such that the sample could not be reached without breaking the seal. 

The field team shall complete chain-of-custody recordsfor all collected samples on triplicate 
forms supplied by theanalytical laboratory.  The chain-of-custody will be utilized by the field 
team for all samples throughout the collection, transport, and analytical process to ensure 
compliance with the SSWP.  Each field team member handling the samples will sign the chain-
of-custody. 

3.8 Analytical Methods and Limits 

Stormwater samples will be collected and analyzed for multiple constituents to support 
development of methods for reducing contaminant loading in City stormwater and to evaluate 
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the effectiveness of BMPs as they are implemented.  The following sections describe the 
constituents for which samples will be analyzed, the analytical methods, method detection limits 
and reporting limits for each constituent.   

3.8.1 Nutrient TMDL Monitoring 

Nutrient TMDL samples will be analyzed for ammonia-ammonium, nitrate-nitrite, total Kjeldahl 
nitrogen (TKN), total phosphorus, phosphate, and total suspended solids.Table 5 specifies the 
analytical methods, reporting units, target reporting limits, and method detection limits for use in 
Nutrient TMDL monitoring. 

Table 5: Nutrient TMDL Monitoring Analytical Methods and Limits 

Parameter Method Number Reporting 

Units 

Target 

Reporting 

Limits 

Method 

Detection 

Limits 

Ammonia-Ammonium (NH3
+) SM 4500D mg/l 0.6 0.12 

Nitrate (NO3) EPA 300.0 mg/l 0.1 0.03 

Nitrite (NO2) EPA 300.0 mg/l 0.1 0.03 

Total Kjeldahl Nitrogen (TKN) EPA 351.2 mg/l 0.1 0.07 

Total Phosphorus (TP) EPA 365.3 mg/l 0.05 0.01 

Phosphate(PO4) EPA 365.3 mg/l 0.16 0.13 

Total Suspended Solids (TSS) EPA 160.2 mg/l 1.0 0.5 
NOTES: 
mg/l = milligrams per liter 

3.8.2 Toxics TMDL Monitoring 

Toxics TMDL samples will be analyzed for TSS, organochlorine Pesticides, PCBs, and total 
organic carbon (TOC).  Table 6 specifies the analytical methods, reporting units, target reporting 
limits, and method detection limits for use in Toxics TMDL monitoring.  

Table 6:  Toxics TMDL Monitoring Analytical Methods and Limits 

Sample 

Medium 
Parameter 

Method 

Number 

Method 

Detection 

Limit 

Target 

Reporting 

Limit 
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Water Total Suspended Solids  EPA 160.2 0.5 mg/L 1.0 mg/L 
Sediment  Total Organic Carbon (TOC) EPA 415.1 0.05% dry 

weight 
0.05%-66% dry 
weight 

Organochlorine Pesticides1 EPA 8081 0.1-1 ng/dry g 0.5-5 ng/dry g 
Total PCBs2 EPA 8082 10 ng/dry g 20 ng/dry g 

NOTES: 
Mg/l = milligrams per liter 
ng/dry g = nano grams dry weight per gram 
1. Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4'-DDD, 2,4'-DDE, 2.4'-DDT, 

4,4'-DDD, 4,4'-DDE, 4,4'-DDT, and dieldrin. 
2. PCBs in water and sediment are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254, 

and 1260). Congeners will also be analyzed to provide a better estimate of PCB concentrations and loads for PCBs.Method 
Detection Limit/Reporting Limit for individual congeners are 1 ng/dry g and 5 ng/dry g. 

3.8.3 Field Measurements 

Sample collection for Toxics TMDL monitoring will also be analyzed for the following field 
parameters: temperature, dissolved oxygen, turbidity, and conductivity.  Table 7 specifies the 
field methods, range of expected values, reporting units, and target reporting limits for use in 
conducting field measurements. 

Table 7: Field Measurements 

Parameter Range Project RL 

Velocity/Flow1 -0.5 to +20 ft3/s  
pH 0 – 14 pH units NA 
Temperature -5 – 50 OC NA 
Dissolved oxygen 0 – 50 mg/L 0.5 mg/L 
Turbidity 0 – 3000 NTU 0.2 NTU 
Conductivity 0 – 10000 µmhos/cm 2.5 µmhos/cm 

NOTES: 

RL - Reporting Limit 
Ft3/s = cubic feet per second 
NA- Not applicable 
OC = degrees Celsius 
NTU = nephelometric turbidity units 
µmhos/cm = micro ohms per centimeter 
1. For velocity/flow, range refers to velocities measured by a handheld flow meter.  

The lower limit for measuring flow is dependent upon the size of the specific pipe or channel. 
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3.9 No Sample Taken Procedures 

If a sample is not able to be collected due to lack of flow or site accessibility issues, the field 
team shall fill out a Water Sample Data Sheet to explain why no sample was taken.  Sampling 
will not be attempted in low-flow conditions to avoid sample bias or contamination.  If a sample 
is not able to be collected,this information shall be reported immediately to the Project Manager 
who will direct the sampling team to the appropriate course of action as specified in the SSWP.   
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4.0 MONITORING SITES 

Nine(9) water quality sampling stations (Tor-S1 through Tor-S9) will be visited by the 
monitoring crew on a monthly basis and during qualifying wet weather events (see Figure 1).  
One sampling station (Tor-S3) will also be visited by the crew whenLos Angeles County pumps 
stormwater out of Walteria Lake into the 54-inch storm drain.  Six (6) of the monitoring sites are 
owned by the County of Los Angeles (Tor-S1through Tor-S6),stations Tor-S7, Tor-S8, and Tor-
S9 are owned by the City of Torrance.  Table 8 provides a summary of the monitoring sites, and 
Figures 2 through 10are detailed maps of the monitoring site locations.   

Table 8: Monitoring Site Summary 

Site 

Name 

Site 

Ownership 

Drainage 

System 

System 

Description 

Site Location GPS 

Coordinates 

Tor-S1 LA Co 
FCD 

RDD 339 36" RCP 40' north and 80' east of 
intersection of Plaza Del Amo 

and Western Ave. 

33° 49.3572' 
N, 118° 

18.5208' E 
Tor-S2 LA Co 

FCD 
Project 2 33" RCP 50' west of intersection of 

246th Place and Pennsylvania 
Ave. 

33° 48.093' N, 
118° 19.5252' 

E 
Tor-S3 LA Co 

FCD 
Project 

245 
54" Effluent of Walteria Lake, 

approx. 100' east of 
intersection of Madison St. 

and  
Skypark Drive. 

33° 48.6312' 
N, 118° 

20.8674' E 

Tor-S4 LA Co 
FCD 

Project 
8101 

9'-2"W x 
11' H RCB 

210' north and 85' east of 
intersection of 236th St. and 

Western Ave. 

33° 48.7056' 
N, 118° 

18.5196' E 
Tor-S5 LA Co 

FCD 
Project 

540 
54” 39' east of intersection of 

Pennsylvania Avenue and 
250th Street. 

33° 47.8956' 
N, 118° 

19.6872' E 
Tor-S6 LA Co 

FCD 
PD 1032 36" RCP 600' east of intersection of 

Estates Lane and Crenshaw 
Boulevard. 

33° 47.1822' 
N, 118° 20.43' 

E 
Tor-S7 City of 

Torrance 
N/A 10' x 10' 

RCB 
160' south and 280' east of 

intersection of Rolling Hills 
Road and Hawthorne 

Boulevard. 

33° 47.6826' 
N, 118° 

20.9232' E 

Tor-S8 City of 
Torrance 

N/A 24" RCP 500' northwest of intersection 
Paseo de las Tortugas and 

Mesa Street. 

33° 48.0522' 
N, 118° 

21.4254' E 

RB-AR41650



 

 
Monitoring and Reporting Plan 
Nutrient and Toxics TMDL, 
City of Torrance, California 

20   DRAFT - September 12, 2012 
 

 
 
 

Tor-S9 City of 
Torrance 

N/A 42" RCP 830' east and 120' south of 
intersection of Paseo de las 

Tortugas and Vista Montana. 

33° 48.2742' 
N, 118° 

21.7776' E 
 
The following sections provide a detailed description of each monitoring station.  
4.1 Station Tor-S1 (RDD 339) 

Sampling location Tor-S1 is within LACoFC Storm Drain RDD 399.  The storm sewer 
conveying stormwater to this site is a 36-inch reinforced concrete pipe.  It is accessed through a 
manhole located 40 feet north and 80 feet east of the intersection of Plaza Del Amo and Western 
Avenue (Thomas Guide page 763, grid J7).The total upstream drainage area served by the 
conveyance is approximately 63 acres.  The drainage area is mainly residential and commercial 
land use that represents 36 percent and 33 percent, respectively, of the drainage area.This site is 
one of the four sites that will provide information on the amount of pollutants leaving the City 
limits. 

The site is easily accessible and safe for conducting sampling during both dry and wet weather 
conditions provided traffic control procedures are followed as described in theWork Area Traffic 
Control Handbook (BNI Publications, Inc., 2010) or “WATCH Manual”.  An Encroachment 
Permit from the City of Los Angeles is required to block part of the street to conduct sampling. 

 

Figure 1 Sampling Station Tor-S1 

4.2 Station Tor-S2 (Project 2) 

Tor-S2 is within LACoFC Storm Drain Project 2.Stormwater is conveyed to this site through an 
8’ x 7’ reinforced concrete box (RCB).  It is accessed through a manhole located approximately 
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50 feet west of the intersection of 246th Place and Pennsylvania Avenue (page 793-grid G3).  
The total upstream drainage area is about 2,605 acres.  The drainage area is a mixed land use, 
about 32 percent residential, 10 percent commercial and 11 percent industrial.  The Torrance 
Airport accounts for 12 percent of the drainage area.This site is one of the four sites that will 
provide information to quantify the amount of pollutants leaving the City limits.Tor-S2 is easily 
accessible and safe for conducting sampling during both dry and wet weather conditionsprovided 
traffic control procedures are followed as described in the WATCH Manual.  An Encroachment 
Permit from the City of Lomita is required to block part of the street to conduct sampling. 

 

Figure 2 Sampling Station Tor-S2 

4.3 Station Tor-S3 (Project 245) 

Sampling station Tor-S3 iswithin LACoFC Storm Drain Project 245.  Itis accessed through a 
manhole locatedin a parking lot approximately 150 feet east of the intersection of Madison Street 
and Skypark Drive (page 793, grid D2).  The station is located upstream of station Tor-S2, and 
will assist the City in characterizing discharges from Walteria Lake.  The total upstream drainage 
area is approximately 2,285 acres.  Land use is mixed with 37 percent residential, 10 percent 
commercial and 9 percent industrial.  A 54-inch pipe conveys stormwater to this site.  The site is 
easily accessible and safe for all weather samplingprovided traffic control procedures are 
followed as described in the WATCH Manual.  An Encroachment Permit from the City of 
Torrance is required to block part of the parking lot during sampling. 
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Figure 3 Sampling Station Tor-S3 

4.4 Station Tor-S4 (Project 8101) 

Sampling station Tor-S4 is within LACoFC Storm Drain Project 8101).  It is accessed through a 
manhole located approximately 210 feet north and 85 feet east of the intersection of 236th Street 
and Western Avenue (page 793, grid J2).  The total drainage area upstream of this sampling 
location is approximately 1,014 acres.  Residential land use represents nearly 60 percent of the 
drainage area.  Commercial and industrial land uses represent only 9 percent of the drainage 
area.  The storm drain serving this site is a 9’-2” x 11’ RCB.  The site is safe for all weather 
sampling and it is easily accessibleprovided traffic control procedures are followed as described 
in the WATCH Manual.  An Encroachment Permit from the City of Los Angeles is required to 
block part of the street to conduct sampling. 
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Figure 4 Sampling Station Tor-S4 

4.5 Station Tor-S5 (Project 540) 

Sampling station Tor-S5 iswithin LACoFC Storm Drain Project 540.  Itis accessed through a 
manhole located about 39feet east of the intersection of Pennsylvania Avenue and 250th Street 
(page 793, grid G4).  The site is downstream of two conveyance pipes that intersect from the 
south and west.  This sampling site serves an upstream drainage area of approximately 661 acres.  
This site is mainly residential and airport land use,which represent 43 and 24 percent of the 
drainage area, respectively.  The storm drain discharging stormwater to this site is a 54” conduit.  
This site is easily accessible and safe for sampling activitiesprovided traffic control procedures 
are followed as described in the WATCH Manual.  An Encroachment Permit from the City of 
Lomita is required to block part of the street during sampling. 

 

 

 

 

 

 

 

Figure 5 Sampling Station Tor-S5 
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4.6 Station Tor-S6 (PD 1032) 

Sampling Station Tor-S6 is within LACoFC Storm Drain PD 1032.  It is accessed through a 
manhole located approximately 600 feet east of the intersection of Estates Lane and Crenshaw 
Boulevard (page 793, grid E5).  This site will monitor flow entering the City’s storm drain from 
Rolling Hills Estate.  The sampling site is safe and easily accessibleprovided traffic control 
procedures are followed as described in the WATCH Manual.  An Encroachment Permit from 
the City of Torrance is required to block part of the street during sampling. 

 

Figure 6Sampling Station Tor-S6 

4.7 Station Tor-S7 

Sampling station Tor-S7 is accessed through a manhole located about 160 feet south and 280 feet 
east of the intersection of Rolling Hills Road and Hawthorne Blvd (page 793, grid D4).  It will 
monitor dry weather flow originating from Rolling Hills Estates.  The site is easily accessible 
and safe for sampling at all weather conditionsprovided traffic control procedures are followed 
as described in the WATCH Manual.  An Encroachment Permit from the City of Torrance is 
required to block part of the street during sampling. 
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Figure 7Sampling Station Tor-S7 

4.8 Station Tor-S8 

Sampling station Tor-S8 is accessed through a manhole located about 500 feet northwest of the 
intersection of Paseo De Las Tortugas and Mesa Street(page 793, grid C4).  It will monitor dry 
weather flow originating from Rolling Hills Estates.  The site is easily accessible and safe for 
sampling at all weather conditionsprovided traffic control procedures are followed as described 
in the WATCH Manual.  An Encroachment Permit from the City of Torrance is required to block 
part of the street during sampling. 

 

Figure 8Sampling Station Tor-S8 
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4.9 Station Tor-S9 

Sampling station Tor-S9 is accessed through a manhole located about 830 feet east and 120 feet 
south of the intersection of Paseo de Las Tortugas and Vista Montana (page 793, grid B3).  This 
site will monitor dry weather flow originating from Palos Verdes Estates.  The site is accessible 
and safe for sampling activitiesprovided traffic control procedures are followed as described in 
the WATCH Manual.  An Encroachment Permit from the City of Torrance is required to block 
part of the street during sampling. 

 

Figure 9Sampling Station Tor-S9 
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5.0 MONITORING SCHEDULE AND FREQUENCY 

The City has completed seven months of Nutrient monitoring under the Machado Lake Nutrient 
TMDL Special Study Workplan (Carollo, 2011a).  Monitoring under that program will continue 
until March, 2013 when the study will be completed.At that time the monitoring program will be 
re-evaluated to assess compliance with the WLA criteria in the Nutrient TMDL shown in Table 1 
and adjust the sampling methodology as appropriate.  . 

A summary of the schedule for Nutrient TMDL monitoringfor the remaining Special Study 
period is included in Table 9.  The table also shows the proposed schedule for monitoring 
following completion of the Special Study, but after each year the City will review the 
monitoring results to assess potential changes to the monitoring program. 

Table 9: Monitoring Schedule and Frequency 

SamplingStatio

n  

Constituent

s 

Phase I Phase II 

2012 2013 2014 2015 2016(1) 

We

t 

Dr

y 

We

t 

Dr

y 

We

t 

Dr

y 

We

t 

Dr

y 

We

t 

Dr

y 

Tor-S1 Nutrient 3 12 3 9 1 4 1 4 -- -- 

Toxics 3 -- 3 -- 1 -- -- -- 1 -- 

Tor-S2 Nutrient 3 12 3 9 1 4 1 4 -- -- 

Toxics 3 -- 3 -- 1 -- -- -- 1 -- 

Tor-S3 Nutrient 3 12 3 9 1 4 1 4 -- -- 

Toxics 3 -- 1 -- 1 -- -- -- 1 -- 

Tor-S4 Nutrient 3 12 3 9 1 4 1 4 -- -- 

Toxics 3 -- 3 -- 1 -- -- -- 1 -- 

Tor-S5 Nutrient 3 12 3 9 1 4 1 4 -- -- 

Toxics 3 -- 3 -- 1 -- -- -- 1 -- 

Tor-S6 Nutrient 3 12 3 9 1 4 1 4 -- -- 
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Table 9: Monitoring Schedule and Frequency 

SamplingStatio

n  

Constituent

s 

Phase I Phase II 

2012 2013 2014 2015 2016(1) 

We

t 

Dr

y 

We

t 

Dr

y 

We

t 

Dr

y 

We

t 

Dr

y 

We

t 

Dr

y 

Toxics 3 -- 1 -- 1 -- -- -- 1 -- 

Tor-S7 Nutrient 3 12 3 9 1 4 1 4 -- -- 

Toxics 3 -- 1 -- 1 -- -- -- 1 -- 

Tor-S8 Nutrient 3 12 3 9 1 4 1 4 -- -- 

Toxics 3 -- 1 -- 1 -- -- -- 1 -- 

Tor-S9 Nutrient 3 12 3 9 1 4 1 4 -- -- 

Toxics 3 -- 1 -- 1 -- -- -- 1 -- 

Notes: 

(1) At the end of 2015 the City will review the monitoring results to determine whether additional 
monitoring is required in 2016. 

-- No monitoring required 

Toxics TMDL monitoring will be implemented in the fall of 2012 following approval by the 
LARWQCB of the MRP.  Toxics monitoring will be performed in two phases.  Phase 1 
monitoring will be conducted for a two-year periodand phase 2 monitoring that commences once 
Phase I monitoring has been completed.   

Phase I Toxics TMDL sampling will be conducted during three wet weather events, including 
the first significant storm of the season, for two years (see Table 9).  Phase I sampling will begin 
within 60 days of approval of the MRP and QAPP by the RWQCB.  Phase 2 toxics TMDL 
samples will be collected during one wet weather event every other year as shown in Table 9 

The following sections summarize the schedule for Nutrient and Toxics TMDL monitoring. 

5.1 Nutrient TMDLMonitoring 

Nutrient TMDL monitoring consists of three major elements: 

 Monthly sampling during dry weather conditions at all nine sampling locations; 
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 Wet weather sampling at station Tor-S3 during four discrete storm events; and 

 Up to six pumping event samples from station Tor-S3 when theLos Angeles County 
Department of Public Works (LACDPW)discharges water from Walteria Lake. 

The following sections describe the schedule for Nutrient TMDL monitoring for each type of 
sampling event. 

5.1.1 Dry Weather Sampling 

Dry weather sampling will be conducted monthly at the nine (9) primary monitoring stations.  
The sampling will occur on a Thursday during the first full week of the month to facilitate traffic 
control at station Tor-S2 (parking at the station Tor-S2 is restricted on Thursday mornings).  Dry 
weather conditions must be preceded by at least 24 hours of no greater than trace precipitation, 
or have an intensity of less than 0.1 inches of rain in a 24-hour period. 

5.1.2 Wet WeatherSampling 

Three wet weather sampling events are scheduled for the fall and winter of 2012 to complete the 
Special Study #3.  Following acceptance by the RWQCB of the City’s BMP Evaluation and 
Selection Study Report, the MRP will be modified to accomplish sampling specific to the needs 
for assessment of future compliance with the Nutrient TMDL.  At that time the wet weather 
sampling schedule and locations will be revised, and the number of samples collected and events 
scheduled is predicted to increase (see Table 8).   

For the 2012 fall and winter season, only station Tor-S3 will be sampled during qualifying wet 
weather events.Qualifying events occur during a storm with at least 0.1 inch of precipitation 
(defined as a “measurable” event).  Wet weather sampling will not occur at a frequency greater 
than once every 72 hours, and sampling will not occur unless there has been at least 72 hours of 
continuous dry weather immediately preceding the “measurable” event.  Weather forecasts for 
the 90503 zip code will be evaluated before deciding whether or not to sample a particular storm 
event.   

5.1.3 Pumping Event Sampling 

Whenever LACDPW pumps stormwater from Walteria Lake into the 54-inch storm drain, the 
City will conduct sampling at station Tor-S3.  The pumping schedule will be obtained from 
LACDPW, and a decision regarding which events to sample will be made by the City.  A 
maximum of seven (7)pumping events will be sampled yearly. 
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5.2 Toxics TMDL Monitoring 

The frequency for Toxics TMDL sampling will follow the requirements of the Machado Lake 
Pesticides and PCBs Total Maximum Daily Load Special Study Workplan (Carollo, 2011b), and 
requirements set forth in the R10-008 (RWQCB, 2010).  Phase I sampling will begin within 60 
days of approval of the MRP and QAPP by the RWQCB.  Phase I Toxics TMDL sampling will 
be conducted during three wet weather events, including the first significant storm of the season, 
for two years (see Table 8).  Phase 2 toxics TMDL samples will be collected during one wet 
weather event every other year as shown in Table 8. 
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6.0 QA/QC 

This section describes the QA/QC measures that will be implemented for field and laboratory 
activities outlined in this plan. 

6.1 Field Sampling QA/QC Procedures 

QA/QC samples will be collected to ensure that the project QA objectives outlined in the Special 
Studies Workplan are met.  QA/QC samples will include field duplicates (FD), matrix 
spike/matrix spike duplicates (MS/MSD), equipment blanks (EB), and temperature blanks (TB).  
Table 10 lists the QA/QC sample types, initial frequency of collection, and ongoing frequency of 
collection.   

Table 10:  QA/QC Sampling Summary 

QA/QC 

Sample 

Type 

Initial Sampling 

Frequency 
Ongoing Sampling Frequency Naming Convention 

FD 1 per event, 
rotating location 

1 per event, rotating location Tor-S30-mmddyyy-A 

MS/MSD 1 every other 
sampling event, 
rotating location 

1 every other sampling event, rotating 
location 

Primary sample ID 
plus suffix -MS or -

MSD 
EB 1 per 

decontamination 
method per event 

1 per decontamination method per 
every 20 samples or at field staff 
change, decontamination method 

change, or sampling device change 
whichever is more frequent  

Tor-S31-mmddyyy-A 

TB 1 per cooler 1 per cooler Temperature Blank 

The following sections describe the purpose, collection method, sample naming conventions, and 
frequency of collection for QA/QC samples. 

6.1.1 Field Duplicates 

Collection of FD samples will be at the same time and place, and in sequential order from the 
primary sample.  It shall be collected as soon as possible after the primary sample, and will be 
subjected to identical handling and analysis.  The FD is a blind duplicate, and shall be identified 
with a fictitious sample ID (i.e. "Tor-S30-mmddyyy-A"), and assigned a time one hour prior to 
the first sample collection event of the day.  A minimum of one (1) FD shall be collected each 
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sampling day, and the location of the FD shall be rotated among the monitoring sites from one 
event to the next.  

6.1.2 Matrix Spike/Matrix Spike Duplicates 

Collection of MS/MSD samples is performed to allow the analytical laboratory to perform 
duplicate and spike analysis on the primary samples to evaluate accuracy, precision, and 
potential matrix interferences.  MS/MSD samples consist of triple volume (3X) samplescollected 
at the same time and place, and in sequential order from the primary sample.  The MS/MSD shall 
be collected as soon as possible after the primary sample, and will be subjected to identical 
handling and analysis. 

One set of sample bottles will be labeled with the standard primary sample ID.  A second set of 
sample bottles will be labeled with the primary sample ID, followed by the suffix -MS.  The 
third set of sample bottles will be labeled with the primary sample ID, followed by the suffix -
MSD.  All three sets of samples will be listed on the chain-of-custody document.  The CMP does 
not specify a frequency for MS/MSD sample collection, but one (1) every other sampling event 
is proposed for the frequency of collection. 

6.1.3 Equipment Blanks 

Non-dedicated sampling equipment will be tested with equipment blanks (EBs) to evaluate the 
potential for cross-contamination associated with decontamination procedures.  Prior to 
collecting an EB, decontaminate the sampling equipment using the procedure in Section 4.5 
Decontamination Procedures.  The EB will be collected by pouring laboratory grade reagent 
water into the sampling device, and then transferring it to the sample bottles.  The EB is a blind 
sample, and shall be identified with a fictitious sample ID (i.e. "Tor-S31-mmddyyy-A).  The EB 
shall be collected at the frequency of one (1) per sampling event for the first two (2) events; at a 
reduced frequency of one (1) per fifty (50) samples (2 percent) thereafter or one (1) per every 
change in field personnel, decontamination methodology, or change in sampling device - 
whichever is more frequent.   

6.1.4 Temperature Blanks 

Sample bottles containing tap water for use as temperature blanks (TBs) shall be provided by the 
analytical laboratory with each batch of sample bottles.  The TBs are used to check for proper 
temperature of sample preservation by the receiving laboratory.  The sampling team will include 
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one TB per sample cooler, and label the bottle "Temperature Blank".  The TB will not be listed 
on the chain-of-custody. 

6.2 Laboratory QA/QC Procedures 

Samples will be submitted under chain-of-custody protocol to the analytical laboratory.  The 
analytical laboratory will have its own internal QC program, and will follow the QC 
requirements for each analytical method.  The laboratory shall maintain logs sufficient to track 
each sample submitted, and will analyze or preserve each sample within the specified holding 
times. 

All analytical data generated by the laboratory will undergo a QC review prior to release of the 
reported data.  Each step of this review process involves evaluation of data quality based on both 
the results of the QC data and the professional judgment of those performing the review.  This 
application of technical knowledge and experience to the data evaluation is essential so that data 
of high quality are generated consistently. 

6.2.1 Method Blank 

A method blank will be analyzed with every batch of 20 or fewer samples to measure laboratory 
contamination.  The method blank will consist of analyte-free (laboratory reagent-grade) water 
and will be carried through the entire preparation and analysis procedure.  Acceptance criteria for 
method blanks must conform to reference method requirements when specified.  Generally, 
corrective action, including data flagging, is required when method blank concentrations are 
greater than the reporting detection limit, and the samples must be reprocessed if sample target 
compound/analyte concentrations are not greater than 10 times the method blank concentrations. 

6.2.2 Spikes 

A laboratory control sample (LCS) will be analyzed with every batch containing 20 samples or 
less to measure accuracy.  The LCS will consist of a method blank spiked with a known amount 
of analyte, and it will be carried through the entire preparation and analysis procedure.  The 
standards source will be separate from that used to prepare calibration standards.  All analytes 
will be used for spiking the LCS.  The recoveries will be plotted on control charts, and control 
limits will be calculated based upon historical data.  If control limits are exceeded, the analysis 
will be stopped and the problem corrected.  Samples associated with the out-of-control LCS will 
be reanalyzed in another batch. 
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One MS will be analyzed for one out of every 20 samples to measure matrix effects on accuracy.  
MS samples will consist of additional alilquots of sample spiked with a known amount of 
analyte.  All analytes will be spiked.  If a valid spike recovery is outside acceptable limits, but 
the LCS in control, matrix interference may be indicated. 

One MSD will be analyzed for one out of every 20 samples to measure precision.  For any batch 
of samples that does not contain a FD or MSD, two LCS samples (LCS and LCS duplicate) will 
be separately prepared and analyzed.  If the relative percent difference does not meet the required 
acceptance limits, the problem will be investigated and corrected.  Any affected samples will be 
reanalyzed in a separate batch.  

6.2.3 Laboratory Sample Custody 

The analytical laboratory will maintain custody procedures that conform to those required by the 
Contract Laboratory Program (CLP), as outlined in the CLP User's Guide (USEPA, 1991 and 
USEPA, 2002).  The procedures include designation of a sample custodian who will accept the 
samples and document sample condition; complete the chain-of-custody, any required sample 
tags, and the laboratory request sheets.  The custodian will follow laboratory sample tracking and 
documentation procedures, and ensure secure sample storage in the appropriate environment to 
maintain preservation.   

The laboratory will maintain records documenting all phases of sample handling, from receipt to 
final report of analysis.  Accountable documents include sample receipt forms, laboratory 
operation logbooks, chain-of-custody records, bench work sheets, and other documents related to 
sample preparation and analysis.  The laboratory shall utilize a document numbering and 
identification system for all documents/logs. 
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1.0 Background 
 
Machado Lake was designated as an impaired water body on the 1998, 2002, 2006, and 2008 Federal 
Clean Water Act (CWA) Section 303(d) lists due to chlordane, DDT, dieldrin, Chem A, and PCBs in fish 
tissue.  Chem A (the abbreviation for ‘chemical group A’) is a suite of bio-accumulative pesticides that 
includes chlordane and dieldrin.  The listing for Chem A was predominately based on fish tissue 
concentrations of chlordane and dieldrin; as there was only minimal detection of other Chem A pollutants 
in 1983 and 1984.  Chlordane and dieldrin continue to be detected in fish tissue, while other Chem A 
pollutants have not been detected in 25 years.  Therefore, this Total Maximum Daily Load (TMDL) only 
addresses the Chem A pollutants (chlordane and dieldrin) that are causing impairments.  Because of 
potential harm to human health and the environment, the use of these pollutants has been banned for 
many years; however, the physiochemical properties of the pollutants cause them to persist in the 
environment.  These pollutants, bound to soil particles, are easily transported with surface runoff to 
waterbodies.  As the contaminated particles settle and become sediments in the receiving waterbodies, 
aquatic organisms become exposed to the toxic pollutants.  Sediment toxicity has been documented at 
Machado Lake, and it is likely that pesticides and Polychlorinated Biphenyls (PCBs) contribute to the toxic 
condition of the sediments.  Moreover, these pollutants biomagnify producing higher contaminant 
concentrations in upper trophic level aquatic organisms and wildlife1.  Therefore, the CWA requires that a 
TMDL be developed to restore the impaired water bodies to their full beneficial uses.  The Machado Lake 
beneficial uses impaired as a result of these pesticides and PCBs include: 
 

 Recreation (REC 1 and REC 2); and 
 Aquatic life (WARM, WILD, RARE, and WET)  

 
On September 2, 2010, the Los Angeles Regional Water Quality Control Board (Regional Board) adopted 
Resolution No. R10-008 amending the Water Quality Control Plan: Los Angeles Region Basin Plan for the 
Coastal Watersheds of Los Angeles and Ventura Counties (Basin Plan) to incorporate a pesticides and 
PCBs TMDL for Machado Lake.  The TMDL is designed to protect and restore the beneficial uses of 
Machado Lake by achieving applicable Water Quality Objectives which include narrative objectives for 
Chemical Constituents, Bioaccumulation, Pesticides, and Toxicity.  The TMDL was approved by the U.S. 
Environmental Protection Agency (US EPA) and became effective on March 20, 2012.  This TMDL sets 
forth numerical targets for pesticides and PCBs in water, sediment, and fish tissue, which will help assess 
the overall water quality in the lake. 
 
1.1 Plan Objectives 
 
The purpose of this document is to establish a Monitoring and Reporting Program (MRP) plan to monitor 
and assess the water quality of discharges exiting the portion of the City of Carson that is tributary to 
Machado Lake.  The plan describes the representative monitoring site for the City of Carson drainage 
system which is situated at the furthest accessible downstream location as runoff exits the City.  This site 
will be monitored for TMDL compliance as described herein.  Results from this monitoring will be 
beneficial in determining the scope of work needed for the implementation of Best Management Practices 
(BMPs) to be used in order to achieve compliance with the Water Quality Objectives set forth in the 
Machado Lake Pesticides and PCBs TMDL. 
 
The objective of this MRP plan is to advise future TMDL implementation plan development and assess 
City of Carson compliance with the TMDL Waste Load Allocations (WLAs).  This plan outlines the City of 
Carson’s compliance monitoring approach, methodology for conducting sampling, reporting, quality 
assurance and quality control procedures. 
 

                                                
1 Regional Board Staff Report for Machado Lake Pesticides and PCBs TMDL, Attachment A to Resolution 
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1.2 TMDL Compliance Approach 
 
The Machado Lake Pesticides and PCBs TMDL was adopted by the Los Angeles Regional Water Quality 
Control Board as Resolution Number R10-008.  Attachment A of that resolution, established and assigned 
wet weather Waste Load Allocations (WLAs) to urban stormwater dischargers subject to a Municipal 
Separate Storm Sewer System (MS4) discharge permit.  The City of Carson is named in the TMDL as one 
of the MS4 Permittees that is responsible for discharges to Machado Lake.  The final WLAs are 
summarized below in Table 1-1 and can be demonstrated through one of the following methodologies: 
 

 Divert all stormwater discharges, from the responsible agency, to the sanitary sewer. 
 Develop a Coordinated Monitoring Plan to assess WLAs and Load Allocations (LAs) compliance by 

the responsible agencies.  WLA monitoring would be conducted at “appropriate locations in the 
subwatershed”, such as outfalls representing the combined discharge of the cooperating parties. 

 Responsible Agencies may develop a WLA monitoring program, representative of their drainage 
system, for bulk sediments, derived from suspended solids in wet weather water grab samples. 

 

Table 1-1 Waste Load Allocations 

Pollutant 

WLAs for Suspended 
Sediment Associated 

Contaminants1 
(µg/kg dry weight) 

Total PCBs 59.8 
DDT 4.16 
DDE 3.16 
DDD 4.88 
Total DDT 5.28 
Chlordane 3.24 
Dieldrin 1.9 
1 WLAs are applied with a 3-year averaging period. 

 
Since portions of the City of Carson drainage system are intertwined with other upstream jurisdictions, 
and runoff from these areas mixes with that from the City of Carson before discharging into Machado 
Lake, this MRP follows a similar sampling rational and methodology to that used in the City of Carson 
Machado Lake Nutrient TMDL MRP, which was approved in a March 7, 2102 Board letter.  .  To monitor 
for compliance with the WLAs, the City of Carson selected one watershed, which has minimal mixing with 
runoff from other jurisdictions, as representative of its three Machado Lake subwatersheds.  Furthermore, 
the City will collect storm event, runoff water, grab samples as a source of suspended solids, from which 
to form the dry bulk sediment sample for analysis. 
 
Once the MRP is approved by the Regional Board, monitoring in accordance with this plan will begin and 
continue until the City of Carson has demonstrated its compliance with the final TMDL WLAs.  Once 
compliance is established, the MRP may be revised to demonstrate continued TMDL compliance. 
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1.3 Geography 
 
The City of Carson is located in southern Los Angeles County, surrounded by the cities of Compton,  
Long Beach, and Los Angeles, and Los Angeles County unincorporated areas and communities.  While the 
City of Carson is 18.9 square miles in size, only a small portion of the southwestern quadrant is tributary 
to the Wilmington Drain and Machado Lake.  Drainage from the City’s tributary areas drains in a 
southwesterly direction through the Panama Avenue Drain (Project No. 690), Frampton Avenue Drain 
(Project No. 510), County Project No. 1201, and eventually the Wilmington Drain. 
 

 
Figure 1-1  Machado Lake Subwatershed Map  
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1.4 Topography 
 
The City of Carson’s three Machado Lake subwatersheds have a relatively flat relief draining towards the 
southwest.  These drainage areas are heavily developed and urbanized with non-native vegetation 
surrounding most building structures.  Slopes within the three drainage areas average less than one-half 
percent. 
 

 
Figure 1-2  Topography Map  
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1.5 Tributary Drainage Areas 
 
The City of Carson’s Machado Lake total tributary drainage area is approximately 1.9 square miles and 
can be divided into three subwatersheds.  Drainage Area No. 1 (DA 1) consists of mixed runoff from the 
cities of Carson, Los Angeles, and Torrance, unincorporated County areas, and California Department of 
Transportation (Caltrans) right-of-way.  Discharges from Drainage Area No. 2 (DA 2) are from the cities 
of Carson, Lomita, Los Angeles, and Torrance, unincorporated County, and Caltrans.  All City of Carson 
runoff, within this area, comes from the separately permitted Sanitation Districts of Los Angeles County 
Joint Water Pollution Control Plant (JWPCP) facility.  Runoff from Drainage Area No. 3 (DA 3) is primarily 
from the City of Carson, with the exception of a 34.56 acre area in the upper subwatershed and another 
downstream area both in the City of Los Angeles.  DA 3 is predominantly from the City of Carson and the 
composition of land use types within this drainage area are similar to those of DA 1 and 2 combined.  For 
these reasons, this drainage area best represents the discharges likely to emanate from the City’s 
drainage area.  Table 1-2 shows the City of Carson’s contribution in relation to the overall size of each 
drainage area. 
 

Table 1-2  Subwatershed Drainage Area Sizes 

Drainage Area Composition DA 1 
(Acres) 

DA 2 
(Acres) 

DA 3 
(Acres) 

City of Carson 468 192 547 
Other Jurisdictions 644 820 143 
Total Area 1,112 1,012 690 
Carson as a Percentage of Total Area 42.1% 19.0% 79.3% 
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Figure 1-3  Machado Lake Subwatersheds – City of Carson Drainage Areas 
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1.6 Land Use 
 
The City of Carson provides a sustainable balance of land uses, including residential, commercial, 
industrial, educational, recreational, and open space.  Table 1-3 provides a breakdown of land use 
designations2 within each of the Machado Lake subwatershed drainage areas within the City of Carson. 
 

Table 1-3  Subwatershed Drainage Area Land Use Designations 

Land Use Designations DA 1 
(Acres) 

DA 2 
(Acres) 

DA 3 
(Acres) 

Total 
Area 

(Acres) 

Percentage 
of Drainage 
Area (%) 

Commercial Storage 3.58 - - 3.58 0.30 
Developed Local Parks and Recreation 5.87 - 12.79 18.66 1.55 
Duplexes, Triplexes, and 2- or 3-Unit 
Condominiums - - 28.48 28.48 2.36 

Elementary Schools 18.14 - 6.57 24.71 2.05 
Freeways and Major Roads 8.12 6.82 - 14.95 1.24 
High Density Single Family Residential 351.12 - 213.62 564.75 46.78 
Liquid Waste Disposal Facilities 1.12 136.05 83.37 220.54 18.27 
Low- and Medium-Rise Major Office 
Use 4.92 - - 4.92 0.41 

Low-Rise Apartments, Condominiums, 
and Townhomes 16.00 - 21.41 37.41 3.10 

Manufacturing, Assembly, and 
Industrial Services 0.33 7.93 32.28 40.55 3.36 

Mixed Residential - - 18.64 18.64 1.54 
Modern Strip Development 8.35 - 19.26 27.61 2.29 
Natural Gas and Petroleum Facilities - - 44.46 44.46 3.68 
Nurseries 35.54 2.12 0.15 37.82 3.13 
Older Strip Development - - 0.18 0.18 0.01 
Open Storage - 2.71 0.41 3.12 0.26 
Religious Facilities - - 3.61 3.61 0.30 
Retail Centers 10.97 - 36.55 47.52 3.94 
Vacant Undifferentiated 3.57 26.75 1.72 32.04 2.65 
Water Storage Facilities - 9.76 - 9.76 0.81 
Wholesaling and Warehousing - - 23.93 23.93 1.98 

TOTALS 468 192 547 1,207.24 100.00 
 
The City of Carson drainage area tributary to Machado Lake is dominated by the low, medium, and high 
density residential land uses.  These land use designations encompass approximately 54% of the entire 
area.  The next most dominant land use type is Liquid Waste Disposal Facilities making up 18% of the 
tributary drainage area.  The Liquid Waste Disposal Facilities designation covers most of the Sanitation 
Districts of Los Angeles County JWPCP facility. 
 
Figure 1-4 illustrates the land use designations within each of the three drainage areas tributary to 
Machado Lake.  

                                                
2 Los Angeles County Department of Regional Planning Land Use Data 2006. 
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Figure 1-4  Land Use Designations within City of Carson Drainage Areas 
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2. Constituents to be Monitored 
 
Compliance with the Machado Lake Pesticides and PCBs TMDL will be shown through bulk sediment -
based monitoring.  We understand that the Board’s intent is for the responsible agencies to collect 
sufficient storm runoff, containing suspended solids, to allow filtration of a runoff derived bulk sediment 
sample for analysis.  The water quality constituents to be analyzed and the respective analytical methods 
are shown in Table 2-1.  A laboratory certified through the State of California’s Public Health 
Environmental Laboratory Accreditation Program (ELAP) will provide analytical services for this MRP plan. 
 

Table 2-1  Water Quality Constituents, Matrix and Analytical Method 
Constituent Matrix Method 

Pesticide or PCB 
Total Organic Carbon Sediment Walkley and Black’s Method 
Total PCBs Sediment EPA 8082 
DDT and Derivatives Sediment EPA 8081A 
Dieldrin Sediment EPA 8081A 
Total Chlordane Sediment EPA 8081A 
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3. Sampling Locations 
 
The City of Carson has selected a monitoring site that is representative of the three drainage areas and 
land uses tributary to Machado Lake.  This monitoring site has been selected to ensure that: 
 

 The City of Carson contribution is a representative and significant proportion of any samples. 
 The samples are representative of the discharges from the land uses found within the three City 

of Carson drainage areas tributary to Machado Lake. 
 Sample collection can be conducted in a safe manner considering weather, traffic and access. 

 
In order to establish an appropriate and representative monitoring location, subdrainage areas were 
delineated based on a desktop examination of Geographic Information System (GIS)-based drainage 
maps, as-built plans, topographic drainage, maps, and aerial photographs.  Several potential monitoring 
locations were identified based on this desktop analysis.  The final monitoring site was selected based on 
field reconnaissance to identify a representative location that could be safely accessed for monitoring. 
 
The proposed monitoring location receives drainage from 547 acres of the City’s 1,207 acre Machado 
Lake tributary area.  The selected monitoring location is in DA 3, which has similar land use designations 
and ratios to those found in DA 1 and 2 combined (see Section 1.6 for comparison), so that the runoff 
water quality should be representative of that from the three City of Carson drainage areas. 
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Figure 3-1  Water Quality Monitoring Site Location Map  
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The following is a description of the selected compliance monitoring location for the City of Carson. 

Site ID:  MLC-1 Status:  New Location:  LACFCD Manhole 

Subwatershed:  DA 3 GPS Coordinates:  33.79775°, 
-118.28096° 

Sampling Methodology: Grab 

Comments: 
The sampling location is a Los Angeles County Flood Control 
District (LACFCD) manhole for the Frampton Avenue Drain 
(Project No. 510).  The site is located along the western 
parkway of Eudora Avenue within the City of Los Angeles.  This 
storm drain station is not understood to receive any additional 
runoff downstream of the City of Carson limits.  The typical dry 
and wet weather flow conditions at this site are unknown at this 
time.  The manhole is relatively safely and accessible during 
both dry and wet weather conditions. 

 
 
As a precaution, a backup monitoring location has been selected in the event that MLC-1 is inaccessible 
or unsafe. 
 
Site ID:  MLC-2 Status:  New (Backup Location) Location:  LACFCD Manhole 

Subwatershed:  DA 3 GPS Coordinates:  33.79843°, 
-118.28005° 

Sampling Methodology: Grab 

Comments: 
The backup sampling location is a LACFCD manhole located at 
the intersection of Lomita Boulevard and Van Tress Avenue.  
The site is accessible at all times of the day.  The typical dry 
and wet weather flow conditions at this site are unknown at this 
time.  The manhole is safely accessible during both dry and wet 
weather conditions, but will require appropriate traffic 
management controls. 
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4. Sampling Methods 
 
4.1 Collection Methods 
 
All sampling equipment will be properly cleaned prior to each sampling event and rinsed with de-ionized 
water between sampling sites.  Grab samples will be collected, using an extension pole with bottle 
attachment, during wet weather events.  The City of Carson is urbanized, so sediment generation is 
unpredictable, and it may initially be difficult to determine the volume of runoff and suspended solids 
necessary to develop the derived bulk sediment sample.  A two-person team will conduct all sampling 
events.  The sampling team will have access to a cellular phone in order to alert public safety should an 
accident occur.  If the sampling team determines that the conditions are unsafe, sample collection will be 
postponed.  Failure to collect a sample due to safety concerns or technical issues will be reported to the 
Project Manager, who will determine if any corrective action is needed and then make arrangements to 
collect a replacement sample, if possible. 
 
4.2 Analytical Methods 
 
Analytical methods are described in the Standard Methods for the Examination of Water and Wastewater 
and US EPA standard methods.  The method quality objectives for the monitoring program include 
accuracy, precision, and completeness.  The method quality objectives are described in more detail in the 
Quality Assurance Project Plan (QAPP).  The list of constituents, measurement techniques, method 
detection limits (MDLs), and reporting limits (RLs) is presented in Table 4-1. 
 

Table 4-1  Laboratory Analytical Methods 
Constituent Analytical Method Units MDL1 RL 

Pesticides and PCBs in Bulk Sediment Derived from Suspended Solids in Water 

Total Organic Carbon Walkley and Black’s 
Method mg/Kg NA 100 

Total PCBs EPA 8082 µg/Kg 7-20 500 
DDT and Derivatives EPA 8081A µg/Kg 0.7-0.8 5 
Dieldrin EPA 8081A µg/Kg 0.9 3 
Total Chlordane EPA 8081A µg/Kg 5 25 
1  Currently, several of the constituents of concern have numeric targets that are below the analytical 
reporting limits (RL).  As analytical methods and detection limits continue to improve and become more 
environmentally relevant, responsible parties shall incorporate new method detection limits. 
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5. Sampling Frequency 
 
5.1 Wet Weather Sampling Frequency 
 
During Phase 1, three wet weather grab samples are scheduled to be collected annually.  The first large 
storm event of the season shall be included as one of these monitoring events.  During Phase 2, a wet 
weather sample will be collected every other year from a typical moderate (>0.25 inch) storm event. 
 

Table 5-1  Sampling Frequency 
Weather Condition Sampling Frequency 

Phase I (First two years) 
Wet Weather Three storm events annually1 

Phase II (Commence by September 30, 2019) 
Wet Weather One storm event every other year 

1  The first storm of each season must be included. 
 
5.2 Wet Weather Tracking 
 
Weather will be tracked for monitoring purposes between October 1st and May 31st of each year.  
Throughout the storm season, several sources for weather information will be monitored regularly, such 
as National Weather Service web pages and Automated Local Evaluation in Real Time (ALERT) systems. 
 
 
5.3 Storm Selection Criteria 
 
The following criteria will be used to determine if mobilization will occur for an impending storm event to 
collect a wet weather sample: 
 

 Storms must be forecasted to produce at least 0.25 inch of rain. 
 The probability of precipitation occurring must be greater than 80 percent. 
 Storm events must be preceded by at least 72 hours of dry conditions (<0.10 inches of rain). 
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6. Sampling Protocol 
 
This section details the monitoring event preparation, water sample collection, and sample management 
procedures that will be followed.  Sampling procedures will generally adhere to the guidelines found in 
the Surface Water Ambient Monitoring Program (SWAMP) water sample collection Standard Operating 
Procedures (SOP), “Field Collection of Water Samples.”  However, filtering suspended solids from a water 
grab sample to derive the dry bulk sediment sample for analysis, as indicated in Attachment A to 
Resolution 10-008, is a deviation from the normal sample processing procedure, prior to analysis. 
 
6.1 Monitoring Event Preparation 
 
The following are the specific monitoring event preparation protocols that will be followed by the 
sampling team. 
 
6.1.1 Mobilization and Staffing 
 
Collection of wet weather discharge water, to derive bulk sediment samples, requires considerable 
planning; therefore, it is critical to plan and prepare all possible aspects of the field effort well in advance.  
A staffing plan designates personnel and equipment required for each facet of monitoring. 
 
Given the samples and precautions that need to be taken during wet weather monitoring events, the field 
crew will consist of two team members.  The staffing plan will include the following: 
 

 Personnel assigned for each position 
 Equipment mobilization 
 Communication channels 

 
6.1.2 Personnel 
 
Water quality monitoring tasks require a variety of skills and positions.  The required personnel include: 
 

 Sampling Manager 
 Field Coordinator 
 Field Technicians 

 
Sampling Manager – The Sampling Manager is a technically-skilled, field experienced supervisor and is 
the most experienced member of the field team.  This position requires a thorough understanding of 
project requirements, sampling procedures, and equipment operations.  The Sampling Manager will 
communicate frequently with the Field Coordinator and also monitor the ability of the field team to safely 
and effectively complete their shifts.  The Sampling Manager will be available to troubleshoot the 
common problems that could be experienced by the field team. 
 
Field Coordinator – The Field Coordinator is a field person trained in the operation and procedures of 
dry and wet weather water quality monitoring.  The Field Coordinator is responsible for directing the 
procedures at each site visit and ensuring that samples are collected and data is recorded properly.  The 
Field Coordinator will communicate with the Sampling Manager to aid in the determination of task 
priorities and address any questions that may arise. 
 
Field Technicians – Field technicians are personnel that assist the Field Coordinator and are trained in 
water sample collection, health and safety issues. 
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6.1.3 Field Equipment Preparation 
 
Sampling personnel will provide all necessary equipment to be able to sample in various environmental 
and physical conditions.  The necessary equipment will be loaded into the appropriate vehicle before 
mobilizing to the monitoring site.  A list of necessary equipment is presented below. 
 

Table 6-1  Equipment and Mobilization List 
Equipment List Mobilization List 

First aid kit 
Flashlights and spare batteries 
Maps 
Umbrella 
Spare sample labels 
Pencils and indelible markers 
Diagonal cutter 
Electrical tape 
Duct tape 
Cable ties (assorted sizes) 
Utility knife 
Ziploc baggies (assorted sizes) 
Nitrile gloves 
Site access keys (if necessary) 
Paper and cloth towels 

Manhole hook/pick 
Log books 
Job Site Health Analysis 
Sample control paperwork (e.g., COC) 
Grab sample bottles 
Coolers and ice 
Deionized water squirt bottles 
Grab pole, rope, and duct tape 
Laboratory-provided blank water 
Water resistant Cellular phone and digital camera 
Necessary safety and rain gear 
Personal extra change of clothes 
Traffic cones and hazard signs 
Copy of signed access/encroachment/unrestricted 
parking permit/authorization letter for sampling 

 
6.1.4 Bottle and Equipment Cleaning 
 
While sample bottles are supplied by the laboratory for QA/QC reasons, other sampling equipment will go 
through a decontamination procedure appropriate to their use.  The following procedures will be used: 
 
Sample Contacting Small Equipment 
 

1. Soak equipment (fully immersed) in a 0.5% solution of Alconox™ or Micro™ detergent and 
deionized water. 

2. Rinse metal and plastic equipment three times with deionized water. 
3. Rinse glass equipment with 1.0% solution of hydrochloric acid, followed by a rinse with 

petroleum ether, followed by three rinses with deionized water.  
4.  Allow triple rinsed equipment to dry in a clean place. 
5. All equipment is stored in clean plastic zippered bags until used in the field. 
6. Use metal equipment for organic samples, and plastic for elemental/ion samples. 
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Teflon and Peristaltic Pump Hoses, Lids, Stoppers, and Strainers 
 

1. Make up a 2-percent solution of disinfectant soap Micro™ in warm tap water. 
2. Rinse tubing three times with the 2-percent Micro™ solution; wash lids and strainers with Micro™ 

solution and plastic brush. 
3. Rinse three times with tap water. 
4. Rinse three times with Milli-Q water. 
5. Rinse three times with a 2N nitric acid solution. 
6. Soak 24 hours in a 2N nitric acid solution. 
7. Rinse three times with Milli-Q water. 
8. Seal the tubing on both ends with clean latex material. 
9. Individually double-bag tubing in new polyethylene bags properly labeled.  Double-bag lids and 

strainers individually in plastic zippered bags. 
 
Large Sample Collection Equipment and Tools (Non Direct Sample Contacting) 
 

1. Inspect equipment for sediment, debris or oil and remove the material with detergent and a 
scrubbing sponge. 

2. Rinse equipment with potable water, then final rinse with de-ionized water. 
3. Allow equipment to air dry in a clean location, avoid applying lubricants to tools whenever 

possible. 
4. Place bottle holding claws or ropes in a plastic zippered bag and seal.  Seal plastic buckets with 

elastic plastic wrap.  
 
6.1.5 Communication Channels 
 
Communication channels must be established for personnel to contact each other before and during the 
event.  The project field notebook will include phone lists with home, work, and cellular numbers of the 
field team to aid in communication and work numbers for primary laboratory contacts and City of Carson 
personnel.  Cellular telephone communication links to field teams are essential for efficient monitoring 
because the Program Manager and Sampling Manager will need to track the location and workload of 
each field team and direct them to priority tasks. 
 
6.1.6 Laboratory Coordination 
 
The Field Coordinator will place a sample bottle order with the analytical laboratory before all monitoring 
activities.  Immediately following each monitoring event, the bottle inventory will be checked and 
additional bottles ordered as needed.  The bottles must be the proper size and material, and contain 
preservatives as appropriate for the specified laboratory analytical methods.  The laboratory order should 
also include blank water for the collection of required field blank samples. 
 
6.1.7 Sample Container Preparation 
 
All glassware, sample bottles, and collection equipment will be inspected prior to their use.  Some 
sampling containers and caps will be obtained from the participating laboratory.  The Sampling Manager 
and Field Coordinator will be in charge of ordering sampling containers.  All ordered supplies will be 
examined for damage as they are received.  The laboratory maintains logbooks for all consumables that 
are checked against all materials received.  Bottles and caps will be inspected for damage prior to 
sampling, and only sound bottles with intact threads will be used.  The container caps will be tested for 
tightness prior to the transport of samples. 
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The Sampling Manager and Field Coordinator will make sure sufficient field supplies are on hand prior to 
the sending a sampling team into the field. 
 
Table 6-2  Inspection/Acceptance Testing Requirements for Consumables and 

Supplies 
Project Related 

Supplies/Consumables 
Inspection/Testing 

Specifications 
Acceptance 

Criteria Frequency 

Pre-Cleaned Sample Bottles Open bottle Lids screwed on 
bottles 100% 

Laboratory Glassware Dirty Clean 100% 
Lab Solvents and Acids Leaks No cracks or chips Prior to use 

19-Liter Glass Laboratory blanked Pass blanking 
analysis 

New bottles each 
monitoring event 

1-Gallon Glass 
If not certified pre-

cleaned then laboratory 
blanked 

Pass blanking 
analysis 

New bottles each 
monitoring event 

125-Milliliter Plastic Laboratory sterilized Lids screwed on 
containers 

New bottles each 
monitoring event 

125-Milliliter Glass Container Laboratory cleaned and 
blanked 

Lids screwed on 
containers 

New bottles each 
monitoring event 

Grab Bags Dirty, open Sealed bags New bottles each 
monitoring event 

10-Liter HDPE Cubitainers Laboratory cleaned and 
blanked 

Lids screwed on 
containers 

New bottles each 
monitoring event 

Silicone Tubing Laboratory cleaned and 
blanked 

Pass blanking 
analysis 

New tubing at start 
of program 

Teflon Tubing Laboratory cleaned and 
blanked 

Pass blanking 
analysis 

New tubing at start 
of program 

Gloves New box New box Monthly 
 
6.2 Water Sample Collection Procedures 
 
Water sample collection procedures will adhere to the guidelines found in the SWAMP SOP, “Field 
Collection of Water Samples.”  Initially, grab samples will be collected by inserting clean glass sample 
containers into the discharge, using a grab sample pole with bottle claw, with the opening facing 
upstream.  Grab samples will be collected from the horizontal and vertical center of the storm drain.  
Depending on observed storm water flow conditions and suspended solids concentrations, a clean plastic 
bucket and rope may be substituted to collect grab samples; however the runoff water would 
immediately be transferred to glass sample containers for transport and short term storage. 
 
6.2.1 Field Conditions Data Log Sheet 
 
When the sampling team first arrives at the monitoring site, site conditions and other observations must 
be recorded on the Field Conditions Data Log Sheet.  A sample of this form is included in Appendix A.  
The following general information should recorded during each wet weather monitoring site visit: 
 

 Sampling site ID 
 Date 
 Time 
 Monitoring Program 
 Field team 
 Conveyance type 
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 Weather conditions 
 Air temperature 
 Runoff characteristics 
 Appearance and odor of the water 
 Flow estimation parameters 
 Equipment condition 
 Miscellaneous comments 

 
6.2.2 Clean Sample and Handling Equipment 
 
During sampling operations, extreme care must be taken to minimize exposure of the sample and sample 
collection equipment to human, atmospheric, and other sources of contamination.  This section provides 
clean sample and equipment handling procedures to be used when samples are collected. 
 
Clean sampling techniques typically require a two-person sampling team.  Upon arrival at the sampling 
site, one member of the sampling team is designated as “dirty hands” and the second member is 
designated as “clean hands”.  Operations involving contact with the sample bottle, sample bottle lid, 
sample suction tubing, and the transfer of the sample from the sample collection system, if the sample is 
not directly collected in the bottle, to the sample bottle are handled by “clean hands” wearing clean, 
powder-free Nitrile gloves.  “Dirty hands,” also wearing clean, powder-free Nitrile gloves, is responsible 
for preparation of the sampler, except the sample container itself, operation of any machinery or 
equipment, and for all other activities that do not involve handling items that have direct contact with the 
sample.  “Clean hands” will change into clean gloves as frequently as required to ensure that the gloved 
hands contacting the sample container, container lid, and laboratory cleaned sampling equipment have 
not contacted any source of potential contamination. 
 
Although the duties of “clean hands” and “dirty hands” would appear to be a logical separation of 
responsibilities, in fact, the completion of the entire protocol may require a good deal of coordination and 
practice.  For example, “dirty hands” must open the box or ice chest containing the sample bottle and 
unzip the outer bag; “clean hands” must reach into the outer bag, open the inner bag, remove the bottle, 
collect the sample, replace the bottle lid, put the bottle back into the inner bag, zip the inner bag, and 
perform any sample documentation.  “Dirty hands” must close the outer bag and place the double-
bagged sample in an ice-filled ice chest.  It is recommended that a third sampling team member be 
available to direct the team, review the monitoring plan, and complete the necessary sample 
documentation (e.g., sample location, time, sample number, weather conditions, etc.).   
 
6.2.3 Subsurface Storm Drain Sampling Procedures 
 
Upon arrival at the monitoring site, the sampling team will inspect the location for general safety.  It is 
important to be aware of the surroundings when working in a street or other right-of-way and it is 
imperative to place safety cones or pylons so that traffic is aware of the situation. 
 
Subsurface storm drain sampling involving manholes can be more involved than open channel sampling 
and may be inherently more dangerous.  These types of areas may be considered confined entry spaces 
requiring compliance with Occupational Safety and Health Administration (OSHA) regulations.  However, 
the proposed monitoring site will not require entry into a manhole. 
 
Unless directly collected into the sample bottle, a designated sampling apparatus must always be used to 
fill a sample bottle containing preservative.  It is important that the sample bottles not overflow.  If a 
sample bottle containing preservative overflows, it must be discarded and a new sample must be taken 
using a new sample bottle.  Listed below are the steps to be taken during subsurface storm drain 
sampling: 
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 An ice chest with sufficient ice to properly chill and store the samples will be utilized; 
 The required OSHA safety checks and preparations for the removal of a manhole cover and, if 

necessary, entry into a manhole safely will be completed; 
 The designated clean sampling apparatus and equipment will be used; 
 The sampling apparatus for each site will be acclimated by rinsing it out with water from flow in 

the drain three (3) times; 
 Grab samples will be taken as close to the horizontal and vertical center of the storm drain as 

safely possible; 
 Settled bottom sediments, if present, will not be disturbed to avoid contaminating the sample; 
 The sampling apparatus will be held so the opening faces upstream with the sampling team 

member also facing upstream; 
 The inside of the sampling apparatus will not be touched in order to prevent contamination; 
 The sample water from the sampling apparatus will be transferred into the proper sample bottles 

without overflowing them; 
 Large debris, unable to enter the neck of a 1-liter sample bottle or funnel, will be discarded. 
 The sample bottles labeled with the appropriate site number will be placed in the cooler standing 

straight up surrounded and supported by ice; 
 All sampling team members that had custody of any samples will sign the Chain-of-Custody form; 
 The Chain-of-Custody form will be placed into a large watertight plastic zippered bag and placed 

inside the cooler with its corresponding samples; 
 The cooler will be secured with packing tape and transported to the laboratory within the 

designated method holding times; and 
 Upon the laboratory receiving custody of the samples, the laboratory's representative will sign 

the Chain-of-Custody form. 
 
6.2.4 No Sample Taken Procedures 
 
There may be circumstances that would cause the monitoring site to not be sampled.  These 
circumstances may involve: 
 

 Low flows unrepresentative of storm conveyance conditions; 
 Site inaccessibility; and 
 Site safety concerns. 

 
6.2.4.1 Low Flow Conditions 
 
Sampling will not be attempted for low flow conditions.  If sampling cannot be delayed until adequate 
flow is present, a separate data sheet will be completed to explain why the sample was not taken. 
 
6.2.4.2 Lack of Sediment 
 
In highly urbanized areas, the conveyance of suspended solids from which to derive bulk sediments may 
be limited.  It is expected that an excess sample volume will be collected, to assure that enough material 
is collected for the intended bulk sediment analysis.   
 
6.2.4.3 Site Inaccessibility Due to Storm Event 
 
If the monitoring site becomes inaccessible or unsafe due to storm conditions or flows; the sampling 
team may delay, or abandon, the sampling effort.  However, if an alternative monitoring site is in close 
proximity and provides a sample which is representative of the original monitoring site, then sampling will 
occur on schedule at the alternative monitoring site. 
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6.2.4.4 Site Inaccessibility Due to Temporary Physical Obstruction or Condition 
 
If the monitoring site is temporarily or permanently blocked by a physical obstruction, such as downed 
trees or a vehicle, the sampling team may attempt to sample at the backup location or move immediately 
upstream or downstream from the monitoring site and conduct sampling there.  If there is no suitable 
access, the sampling team may determine the possibility of sampling further away from the original site. 
 
6.3 Sample Management 
 
6.3.1 Sample Handling and Custody 
 
The laboratory will provide appropriate sample containers according to Table 6-3.  The same water 
samples and bulk sediment sample will be used in both the 8081A and 8082 analyses, but it is anticipated 
that several runoff water sample bottles, with Suspended Solids from which the bulk sediment will be 
derived, will need to be collected.  Sample bottles will be pre-labeled with a unique Sample ID for 
tracking, in addition to the project name, site ID, sample type, bottle number, sampler name, 
preservative, and analysis.  At the time of sample collection, the sample labels will be completed in the 
field with the date and time.  The Sample IDs will also be entered directly onto the Field Conditions Data 
Log Sheet and Chain-of-Custody (COC) form.  A COC form will accompany the collection of all samples. 
 
The following sample handling protocols will be followed when collecting samples to minimize the 
possibility of contamination: 
 

 Clean sample bottles and bottle caps will be provided by the Laboratory and protected from 
contact with solvents, dust, or other contaminants during storage and handling. 

 
 The grab sampler will endeavor, within reason, to prevent large gravel and floating debris from 

entering the sample containers.   
 

 The sampler will endeavor to not stir up settled sediments from the bottom of the storm drain. 
 

 The inside of the sampling container will not be touched to the maximum extent practicable 
during preparation and sampling activities. 

 
 Vehicle engines will be turned off during sampling activities to minimize exposure of samples to 

exhaust fumes. 
 

 All samples will be collected in accordance with “clean sampling” techniques. 
 

 Manual water grab samples will be collected by inserting the transfer container under or down 
current of the direction of flow, with the container opening facing upstream. 

 
 Once the sample containers are filled, they will be placed on ice, in a clean dark cooler (target 

temperature 6˚C), and transported to the laboratory for processing to meet holding times.   
 

 Sample processing, such as filtration and acidification, will be performed by laboratory personnel. 
 

 After the field crew collects and delivers the samples to the laboratory, the laboratory will 
conduct the analysis within the holding times listed in Table 6-3.   

 
 Field and laboratory activities will be coordinated to make sure all samples are handled within the 

proper holding time. 
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After the laboratory receives the water samples, a certified laboratory technician will filter out the 
suspended solids to form the derived bulk sediment for solvent extraction and analysis.  The laboratory 
will then conduct the analysis within the maximum holding time limits. 
 

Table 6-3  Sample Handling and Custody 

Constituents Container 
Type 

Minimum 
Sample 
Volume 

Preservation Holding 
Time 

Toxics (Water Analysis) 

Total Organic Carbon Glass 40 mL 6°C preserved in the 
lab with H2SO4 or HCl 28 days 

Total PCBs 
Amber glass, 

with Teflon lid-
liner 

1000 mL Cool to ≤ 6°C 14 days 

DDT and Derivatives 
Amber glass, 

with Teflon lid-
liner 

1000 mL Cool to ≤ 6°C 14 days 

Dieldrin 
Amber glass, 

with Teflon lid-
liner 

1000 mL Cool to ≤ 6°C 14 days 

Total Chlordane 
Amber glass, 

with Teflon lid-
liner 

1000 mL Cool to ≤ 6°C 14 days 

 
6.3.2 Sample Bottle Labeling 
 
Water quality sample bottles will be pre-labeled, to the extent possible, before each monitoring event.  
Pre-labeling bottles simplifies field activities and leaves only date, time, Sample ID, and sampling 
personnel names to be filled out in the field.  Field samples, field blanks, and field duplicate samples will 
be labeled, recorded on the COC form, and then transported to the analytical laboratory.  Each sample 
collected will be labeled with the following information: 
 

 Project name 
 Sample location/ID 
 Event number 
 Date and time 
 Sample matrix (stormwater) 
 Sample type (dry weather, wet weather, etc.) 
 Bottle __ of __ (for multi-bottle samples) 
 Collected by 
 Preservative 
 Analysis 

 
6.3.3 Chain-of-Custody Procedures 
 
The laboratory will supply the Chain-of-Custody (COC) forms that will be utilized by the sampling team.  
COC procedures will be used for all samples throughout the collection, transport, and analytical process 
to ensure the most accurate results.  COCs will be pre-printed along with the bottle labels and will contain 
the same data as the labels.  The COCs will be completed in the field with dates, times, and sample team 
names, and will be cross-checked with the bottles to make sure proper samples have been collected.  
Documentation of sample handling and custody will include the following: 
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 Sample identification; 
 Type of sample; 
 Sample collection date and time; 
 Any special notations on sample characteristics or analysis; 
 Analyses to be performed; 
 Initials of the sampling team member that collected the sample; and 
 Date the sample was delivered to/sent to the laboratory. 

 
The COC forms for the samples will be transported with the samples to the analytical laboratory.  
Sampled water will be kept properly chilled and transferred to an analytical laboratory within holding 
times.  When custody of the samples is transferred to the laboratory, the COC will be signed and dated, 
and a PDF copy will be sent from the laboratory.  An example of a COC form is included in Appendix B.  
The COCs will be reviewed by personnel at the receiving laboratory to make sure no samples have been 
lost in transport.  The laboratory will also verify that each sample has been received within holding times.  
COC records will be included in the final reports prepared by the analytical laboratory and are considered 
an integral part of the report. 
 
6.3.4 Corrective Action Procedures 
 
Corrective action is taken when an analysis is deemed suspect for some reason.  The reasons include 
exceedances of the relative percent difference (RPD) ranges, spike recoveries, and blanks.  The 
corrective action varies somewhat from analysis to analysis, but typically involves the following: 
 

 Check of procedure 
 Review of documents and calculations to identify any possible error 
 Error correction 
 Re-analysis of the sample extract, if available, to see if results can be improved 
 Complete reprocessing and re-analysis of additional sample material, if it is available 

 
Any failures (e.g., instrument failures) that occur during data collection and laboratory analyses will be 
the responsibility of the field crew or laboratory conducting the work, respectively.  In the case of field 
instruments, problems will be addressed through instrument cleaning, repair, or replacement of parts or 
the entire instrument, as needed.  Field crews will carry basic spare parts and consumables with them, 
and will have access to spare parts to be stored at the office.  Records of all repairs or replacements of 
field instruments will be maintained.  The laboratory has procedures in place to follow when failures 
occur, and will identify individuals responsible for corrective action and develop appropriate 
documentation.  The Quality Assurance (QA) Officer at the laboratory has procedures in place to follow 
when failures occur, and will identify individuals responsible for corrective action and develop appropriate 
documentation.  Any corrective actions taken will be documented in the laboratory’s hard copy 
deliverable or in a Corrective Action Plan. 
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7. Quality Control 
 
This section addresses Quality Assurance/Quality Control (QA/QC) activities associated with both field 
sampling and laboratory analyses.  The field QA/QC samples are used to evaluate potential contamination 
and sampling errors introduced prior to submittal of the samples to the analytical laboratory.  Laboratory 
QA/QC samples provide information to assess potential laboratory contamination, analytical precision, 
and accuracy.  If any QA/QC standards are not met, the appropriate corrective actions will be taken in 
accordance with Section 6.3.4 of this document and the laboratory’s QA manual. 
 
7.1 Quality Assurance/Quality Control 
 
The main types of field QA/QC samples that will be utilized for this MRP are described below and 
provided in Table 7-1. 
 

1. Field Blanks – Field blanks verify that field conditions, field sampling activities, and air 
deposition are non-contaminating.  Field blanks are submitted blind to the laboratory.  Sample 
bottles are filled with reagent-grade, analyte-free deionized water in the field during a sampling 
event. 

 
2. Equipment Blanks – Equipment blanks verify that the sampling containers, sampling 

equipment, and tubing are contaminant free prior to sampling.  A representative number of 
bottles or sections of tubing from each lot is submitted to the laboratory.  The laboratory will use 
reagent-grade, analyte-free deionized water to fill the bottles or rinse through the tubing and 
then analyze the water.  Blank analysis results are evaluated by checking against reporting limit 
for that analyte.  Results obtained should be less than the reporting limit for each analyte.  If 
results are above the reporting limits then the entire lot must be cleaned and re-analyzed. 

 
3. Field Duplicates – Field duplicates evaluate sampling error introduced by both field sampling 

and laboratory analyses.  Field duplicates are submitted blind to the laboratory.  Procedures for 
collecting field duplicates should be the same as those used for collecting field samples.  
Duplicates of manual grab samples will be collected by filling two grab sample containers at the 
same time, or in rapid sequence. 

 
4. Matrix Spike and Matrix Spike Duplicates (MS/MSDs) – Matrix spikes and matrix spike 

duplicates are used to assess precision and accuracy of the laboratory analytical method.  A 
matrix spike sample is an aliquot of a field sample spiked with a known amount of analyte and 
analyzed for spike recovery.  A matrix spike duplicate is a duplicate aliquot of the matrix spike 
sample analyzed separately. 

 
5. Laboratory Replicate/Split – A laboratory replicate/split entails a duplicate analysis performed 

on the contents from the same sample container and assesses the repeatability (precision) of the 
analytical laboratory’s results. 

 
The blank samples, duplicate samples, spike samples, and laboratory replicates need not all come from 
the same monitoring location during a particular sampling event.  However, each of these QA/QC 
analyses will be provided along with the standard analyses if enough sample volume has been collected.  
The field QA/QC samples for field blanks and field duplicates are submitted blind to the analytical 
laboratory.  It should be noted that this MRP anticipates limited sampling per event or during the two 
phases, which will result in modifications to the normal QA/QC schedule. 
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Table 7-1  Sampling (Field) QC 
QA/QC Sample 

Type 
Minimum Sampling 

Frequency 
Constituent 

Class Acceptance Limits 

Field Blank 
Every 20 samples collected 
at a given site, per 
sampling event. 

All 

Field blanks shall find no 
detectable amounts or less 
than 1/5 of sample amounts.  
Accuracy at 1 per culture 
medium or reagent lot. 

Equipment Blank 
Sample bottles should be 
blanked at 10% frequency, 
or per lot. 

All 
Equipment blank shall be 
less than the reporting limit 
for that analyte. 

Field Duplicate 
Every 10 samples collected 
at a given site, or per 
sampling event. 

All 

The relative percent 
difference between the 
primary sample result and 
the duplicate sample result 
should meet the objective for 
precision. 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSDs) 

One per batch or per 20 
samples (5%), per sampling 
event. 

Table 7-3 
The percent recovery should 
be within the accuracy 
acceptance limits. 

Laboratory 
Replicate/Split 

One per batch or per 20 
samples (5%), per sampling 
event. 

Table 7-3 

The relative percent 
difference between the 
primary sample result and 
the replicate result should 
meet the objective for 
precision. 

 
7.2 Laboratory Quality Assurance/Quality Control 
 
Laboratory quality control checks will include the quality control sample methods described below.   
 

1. Laboratory Replicate/Split – A sample is split by the laboratory into two portions and each 
sample is analyzed.  Once the duplicate analyses have been analyzed, the results are evaluated 
by calculating the RPD between the two sets of results.  This serves as a measure of the 
reproducibility, or precision, of the sample analysis.  Typically, duplicate results should fall within 
an accepted RPD range, depending upon the analysis. 

 
2. Method Blanks – A method blank is an analysis of a known clean sample matrix that has been 

subjected to the same complete analytical procedure as the field sample to determine if potential 
contamination has been introduced during processing.  Blank analysis results are evaluated by 
checking against reporting limits for that analyte.  Results obtained should be less than the 
reporting limits for each analysis. 

 
3. Matrix Spike and Matrix Spike Duplicates (MS/MSDs) – Matrix spikes and matrix spike 

duplicates (MS/MSDs) involve adding a known amount of the analytes of interest to a sample 
being analyzed.  This sample is split into three portions.  One portion is analyzed to determine 
the concentration of the analytes in an un-spiked state.  The other two portions are spiked with a 
known concentration of the analytes of interest.  The recovery of the spike, after accounting for 
the concentration of the analytes in the original sample, is a measure of the analysis accuracy.  
By determining spike duplicate recoveries, another measure of precision is accomplished.  An 
additional precision measure is made by calculating the RPD of the duplicate spike recoveries.  
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Both the RPD values and spike recoveries are compared against accepted and known method 
dependent acceptance limits.  Analyses outside these limits are subject to corrective action. 

 
4. Laboratory Control Sample (LCS) – The laboratory control sample procedure involves spiking 

known amounts of the analyte of interest into a known, clean, sample matrix to assess the 
possible matrix effects on spike recoveries.  High or low recoveries of the analytes in the matrix 
spikes may be caused by interferences in the sample.  Laboratory control samples assess these 
possible matrix effects since the LCS is known to be free from interferences. 

 
5. Standard Reference Material (SRM) –SRMs may be used in lieu of laboratory control 

samples.  An SRM is a sample containing a known and certified amount of the analyte of interest 
and is typically analyzed with the analyst not knowing the analyte concentration.  SRMs are 
typically purchased from independent suppliers who prepare them and certify the analyte 
concentrations.  Results are evaluated by comparing results obtained against the known quantity 
and the acceptable range of results supplied by the manufacturer. 
 

The frequency of QA/QC analyses is provided in Table 7-2.  This MRP anticipates limited sampling events 
during the phase 1 and 2, which will result in modifications to the normal field QA/QC schedule. 
 

Table 7-2  Laboratory Quality Control Sample Frequency 
QA/QC  

Sample Type 
Minimum Sampling 

Frequency 
Acceptance  

Limits 

Laboratory 
Replicate/Split 

One per batch or per 20 
samples (5%), per sampling 
event. 

The relative percent difference between the 
primary sample result and duplicate sample 
result should meet the objective for precision. 

Method Blank One per batch or per 20 
samples (5%). 

Procedural blanks should be below 10x the 
MDL. 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSD’s) 

One per batch or per 20 
samples (5%), per sampling 
event. 

The percent recovery should be within the 
accuracy acceptance limits. 

Laboratory Control 
Spike (LCS) 

One per batch or per 20 
samples (5%). 

The percent recovery should be within the 
accuracy acceptance limits. 

Standard Reference 
Material (SRM) 

One per batch or per 20 
samples (5%). 

The percent recovery should be within the 
accuracy acceptance limits. 

 
A breakdown of the associated constituents for each QC sample type is provided in Table 7-3 for water 
samples. 
 

Table 7-3  Recommended Laboratory Quality Control Samples by Constituent 

Analyte Laboratory 
Replicate 

Method 
Blank MS/MSD LCS SRM 

Toxics Pesticides and PCBs (Bulk Sediment Derived from Suspended Solids in Water) 
Total Organic Carbon -    - 
Total PCBs -    - 
DDT and Derivatives -    - 
Dieldrin -    - 
Total Chlordane -  Not Spiked Not Spiked - 
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7.3 Instrument/Equipment Testing, Inspection, and Maintenance 
 
7.3.1 Sampling Equipment 
 
Prior to each sampling event, field sampling equipment will be checked for proper operation.  Field 
technicians will be responsible for preparing sampling kits that include field logs, COC forms, sample 
labels, sampling bottles, field equipment and tools.  Equipment will be inspected for damage when first 
handed out and returned from use. 
 
7.3.2 Analytical Instruments 
 
The laboratory will maintain analytical equipment in accordance with their QA Manuals, which include 
those specified by the manufacturer and those specified by the method.  If deficiencies occur, the 
laboratory will resolve and document the issue in accordance with their QA procedures. 
 
If failures or errors occur with analytical instrumentation, the proper corrective action must be taken.  
The laboratory is responsible for taking the appropriate measures in accordance with their QA procedures 
and/or manufacturer’s agreements. The Laboratory Manager is responsible for notifying the Project 
Manager.  Refer to Section 6.3.4 for more details regarding corrective action procedures. 
 
7.4 Instrument/Equipment Calibration and Frequency 
 
All laboratory equipment is calibrated based on manufacturer recommendations and accepted laboratory 
protocol.  The laboratory maintains calibration practices as part of their method Standard Operating 
Procedures (SOPs) maintained in their laboratory by their Laboratory Manager/QA officer and can be 
provided upon request. 
 
7.5 Data Management 
 
7.5.1 Laboratory Data Management 
 
The Project Manager is responsible for leading laboratory data management.  Overall management of the 
data will be consistent with established procedures for stormwater monitoring projects.  The Reporting 
and Laboratory Coordinator will be responsible for tracking the analytical process to assure that the 
laboratory is meeting the required turnaround times and providing a complete deliverable package.  The 
laboratory will conduct the quality control checks prior to data submittal, for more details regarding 
laboratory quality assurance and record keeping protocols refer to the QA Manual.  The Reporting and 
Laboratory Coordinator receives the original hard copy from the laboratory, verifies completeness, and 
logs the date of receipt.  Analysis results will be electronically sent to the Database Manager following the 
completion of quality control checks by the laboratory.  Data will be screened for the following major 
items: 
 

 A 100% check between electronic data provided by the laboratory and the hard copy reports 
 Conformity check between the COC forms and laboratory reports 
 A check for laboratory data report completeness 
 A check for typographical errors on the laboratory reports 
 A check for suspect values 

 
The originals are then transferred to the Project Manager and filed with all other original project 
documentation in order to maintain complete project records. 
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Following the initial screening, a more complete QA/QC review process will be performed, which will 
include an evaluation of holding times, method and equipment blank contamination, and analytical 
accuracy and precision. 
 
The laboratory will be requested to provide data in both hard copy and electronic formats.  The form of 
electronic submittals will conform to reporting protocols that are compatible with the SWAMP.  A 
relational database will be developed and used for all data.  Laboratory data will be maintained and 
managed with Microsoft Excel and/or Microsoft Access by the Database Manager. 
 
The Database Manager will control the access to the project’s database.  The laboratory EDDs will be 
maintained in a file separate to the cumulative database so the original is maintained and can be used as 
a reference.  If data is reissued, the file name will include the date and the word ‘revised’.  To manage 
the revision and prevent duplicate entries, the erroneous dataset will be removed from the database prior 
to uploading the revised dataset. 
 
The Laboratory Manager will maintain their respective analytical laboratory records.  The Project Manager 
will oversee the actions of these persons and will arbitrate any issues relative to records retention and 
any decisions to discard records.  All original laboratory notebooks and data summaries will be 
maintained in secure areas and electronic databases will be maintained and backed up. 
 
7.5.2 Field Data Management 
 
The Field Coordinator will be responsible for the proper management of field measurement and 
observation data.  The Field Coordinator will review all Field Conditions Data Log Sheets for completeness 
and maintain the original hardcopies in the project file.  The Field Conditions Data Log Sheet responses 
will also be manually entered into an electronic version of the Field Conditions Data Log Sheet and these 
fields will be saved in the Microsoft Access Database.  The data will be manually entered by one 
individual and the entries will be checked against the hard copies for accuracy by a second individual.  
Photographs of the monitoring sites taken by field personnel will be uploaded into the project file within 
three days of taking the photograph.  Field team members will name the photographs using the 
photograph naming convention developed specifically for this project. 
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8. Quality Assurance Project Plan (QAPP) 
 
A comprehensive Quality Assurance Project Plan (QAPP) consistent with the SWAMP QAPP is included in 
Appendix C.  The QAPP includes sections on Project Management, Data Generation and Acquisition, 
Assessment and Oversight, and Data Validation and Usability. 
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9. Data Analysis and Reporting 
 
Monitoring in accordance with this MRP plan will continue until the City of Carson has established 
compliance with the final WLAs.  Compliance will be based on three contiguous samples of monitoring 
data.  Once compliance with final WLAs is established, the results of this MRP plan and other available 
information may be used to revise the amount of monitoring required to demonstrate continued TMDL 
compliance under a revised MRP plan or other Regional Board order. 
 
9.1 Annual Monitoring Reports 
 
In order to provide the Regional Board with adequate MRP review, formal approval time, contract 
negotiation, and then prepare to capture the first major storm event, we propose to begin the phase 1 
effort on May 1, 2013 and compile our first annual report for submission to the Board by August 1, 2014.  
Compliance will be based upon the three-year average concentration. 
 
Data transmitted shall include: 
 

 A discussion of the City of Carson’s compliance with final WLAs and targets set for pesticides and 
PCBs in Machado Lake. 

 A tabular database in Microsoft Excel or Access format including: Sample Dates, Sample Location, 
Laboratory Results, and Detection Limits. 

 Copies of field observation/sampling comment logs in PDF or equivalent format. 
 A discussion of any requested changes or modifications to this MRP plan along with supporting 

documentation. 
 Results of source tracking investigations included in an appendix. 

 
A description of the technical design and rationale for source tracking investigations planned for the 
coming year will be included as an attachment or appendix to the annual monitoring report. 
 
The Annual Report shall be signed by the appropriate City of Carson representative, and transmitted 
electronically to the Regional Board.  The certification shall read: 
 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted. 
 
Based on my inquiry of the person or persons who manage the system, or those persons directly 
responsible for gathering the information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete.  I am aware that there are significant 
penalties for submitting false information, including the possibility, of a fine and imprisonment for 
knowing violations. 
 
Executed on the ______ day of ______________________, 20____ 
 
Printed Name: ____________________  Title: _________________ 

 
9.2 Receiving Waters Limitation Compliance Reports 
 
In the event that the monitoring site described herein is deemed out-of-compliance with final WLAs, the 
annual monitoring reports prepared as part of this MRP plan may be used by the City of Carson to 
prepare a Receiving Waters Limitation Compliance Reports (if required by the Regional Board). 
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Field Conditions Data Log Sheet 
 

MONITORING PROGRAM/MAINTENANCE 
 Dry-Weather Monitoring  Wet-Weather Monitoring  Land Use Monitoring  Long-Term Monitoring 

GENERAL SITE DESCRIPTION 
Site Id       Discharge Area      Intersection/Location       

 
 
 

 Field Crew        Date        Time         Photo Taken  Yes #   No 
 

Conveyance  Manhole  Catch Basin  Outlet  Concrete Channel Natural Creek  Earthen Channel  Curb/Gutter 
(Check one only)  

ATMOSPHERIC CONDITIONS  

Weather Sunny Partly Cloudy  Overcast  Fog  Raining 

Last Rain  > 72 hours  < 72 hours Rainfall  None  < 0.1”  > 0.1” 

RUNOFF CHARACTERISTICS 

Odor  None  Musty  Rotten Eggs  Chemicals  Sewage  Other       
 

Color  None  Yellow  Brown  White  Gray  Other       
 

Clarity  None  Slightly Cloudy  Opaque   Other       

Floatables  None  Trash  Bubbles/Foam  Sheen  Fecal Matter  Other       
 

Deposits  None  Sediment/Gravel  Fine Particles  Stains  Oily Deposits  Other       
 

Vegetation  None  Limited  Normal  Excessive  Other       

Water Flow  Flowing  Ponded  Moist  Dry  Tidal – Cond (mS/cm)       
 

 

DRY-WEATHER ONLY 
 

FLOW ESTIMATION WORKSHEETS  N/A 

Flowing Creek of Box Culvert Flowing Pipe Field Measurement 

Width (ft.)       Diameter (ft.)        pH        
 

Depth (ft.)        Depth (ft.)        Temp (°C)        
 

Velocity (ft/sec)        Velocity (ft/sec)        SpCond (µS)        
 

Flow (gpm)        Flow (gpm)        
 

Evidence of Overland Flow?  Yes  No  Irrigation Runoff Other       
 

 

LAND USE ONLY 
Land Use   Residential  Commercial  Industrial  Agricultural  Park  Open 
(Check all that apply) 
 

 

POST-STORM DATA Pollutagraph Sample Times and Flow 

Total Flow Volume       Composite Sample Aliquot Count        Sample#  Time  Flow (cfs)
 

Total Rain (in)       Total Sample Volume (L)                            

EQUIPMENT CONDITION  Good  Maintenance/Calibration Required 
                   

                    
Samples Collected  Comments 

      
                     

  

                    

 Water Sample 

 Water Field Duplicate 
 Water Field Blank 
 Sediment Sample 
 Sediment Field Duplicate 
 Sediment Toxicity 
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Appendix B 
 

Example Chain-of-Custody Form 
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Quality Assurance Project Plan 
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Group A Project Management 
 
1.1 Distribution List 
 
The individuals listed in Table 1-1 will receive a copy of the Quality Assurance Project Plan (QAPP). 
 

Table 1-1  Distribution List 

Title Name (Affiliation) Contact 
Number 

MRP and 
QAPP 

Distribution 
Storm Water Quality Programs 
Manager 

Patricia Elkins (City of 
Carson) (310) 847-3529 Electronic 

Project Manager Felipe Vazquez (CWE) (714) 385-2600 
Ext. 203 Electronic 

Quality Assurance Officer Gerald Greene (CWE) (714) 385-2600 
Ext. 207 Electronic 

Sampling Manager Mariela Anguelov (CWE) (714) 385-2600 
Ext. 206 Electronic 

Laboratory Manager Edward Behare (Associated 
Laboratories) (714) 771-9909 Electronic 

 
1.2 Project/Task Organization 
 
1.2.1 Involved Parties and Roles 
 
The City of Carson is the municipal government agency overseeing the project.  Patricia Elkins is the 
City’s Storm Water Quality Programs Manager and has responsibility for program oversight. 
 
California Watershed Engineering (CWE) is responsible for conducting the Machado Lake Pesticides and 
PCBs Total Maximum Daily Load (TMDL) Monitoring and Reporting Program (MRP).  Vik Bapna is the 
Contract Project Manager for CWE and is responsible for managing the contract.  CWE is responsible for 
the overall organization and completion of the monitoring program, and reporting the results of the 
monitoring program. 
 
CWE will coordinate sample collection, laboratory analysis, data management, data analysis, and 
reporting.  Felipe Vazquez is the CWE Project Manager and is responsible for project coordination and 
overall project development.  He is also responsible for scheduling, budget management, and oversight 
of all project plans and report development.  Mariela Anguelov is the CWE Sampling Manager and is 
responsible for implementing the monitoring activities.  Gerald Greene is the CWE Quality Assurance 
Officer and is responsible for overseeing the project quality assurance and quality control procedures 
implemented during sampling, laboratory analysis, data management, and data analysis.  Jason Pereira is 
the CWE Health and Safety Officer and is responsible for implementation of the project Health and Safety 
Plan and practices.  Chris Pendroy is responsible for preparation of the field effort and monitoring events, 
field sampling equipment and installation; development of project plans and reports and coordination 
with the laboratory, developing and maintaining a database of the project data. 
 
Associated Laboratories, located in Orange, California, is responsible for the analysis of all water samples.  
Edward Behare is the Associated Laboratories Laboratory Manager.  He will make sure that samples are 
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analyzed in accordance with the methods and quality assurance requirements outlined both in this QAPP 
and the project MRP. 
 
Table 1-2 summarizes the responsibilities of the involved personnel and their contact information.  The 
organizational chart is provided on Figure 1-1. 
 

Table 1-2  Personnel Responsibilities 

Name Organizational 
Affiliation Title Contact Information (Telephone, 

Fax, Email) 

Patricia Elkins City of Carson Storm Water Quality 
Programs Manager 

Tel (310) 847-3529 
Fax (310) 830-0946 

pelkins@carson.ca.us 

Felipe Vazquez CWE Project Manager 
Tel (714) 385-2600 x203 

Fax (714) 358-2605 
fvazquez@cwecorp.com 

Vik Bapna CWE Contract Project 
Manager 

Tel (714) 385-2600 x212 
Fax (714) 358-2605 

vbapna@cwecorp.com 

Mariela Anguelov CWE 

Field Monitoring, 
Equipment 

Coordinator and 
Sampling Manager 

Tel (714) 385-2600 x206 
Fax (714) 358-2605 

manguelov@cwecorp.com 

Gerald Greene CWE Quality Assurance 
Officer 

Tel (714) 385-2600 x207 
ggreene@cwecorp.com 

Jason Pereira CWE Health and Safety 
Lead 

Tel (714) 385-2600 x211 
jpereira@cwecorp.com 

Chris Pendroy CWE 
Laboratory Reporting 

and Database 
Coordinator 

Tel (714) 385-2600 x209 
cpendroy@cwecorp.com 

Edward Behare Associated 
Laboratories Laboratory Manager 

Tel (714) 771-9909 
Fax (714) 538-1209 

ebehare@associatedlabs.com 
 

 
Figure 1-1  Organization Chart 

City of Carson
Patricia Elkins

CWE Project Manager

Felipe Vazquez

Contract Project Manager

Vik Bapna

Health & Safety Officer

Jason Pereira

Field Equipment Coordinator 
and Sampling Manager

Mariela Anguelov

Laboratory Analysis

Associated Laboratories
Edward Behare

Database Coordinator

Chris Pendroy

QA/QC Officer

Gerald Greene
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1.2.2 Quality Assurance Officer Role 
 
Gerald Greene, is CWE’s Quality Assurance (QA) Officer.  The QA Officer’s role is to establish the quality 
assurance and quality control procedures in this QAPP as part of the sampling, field analysis, and data 
management and analysis procedures.  Dr. Greene will work with Associated Laboratories by 
communicating all quality assurance and quality control issues contained in this QAPP. 
 
The QA officer will review and assess all procedures during the project against QAPP requirements.  The 
QA officer will report all findings to the Project Manager, including requests for corrective action.  The QA 
officer may stop all actions, including those conducted by any laboratory, if there are significant 
deviations from required practices or if there is evidence of a systematic failure. 
 
1.2.3 Persons Responsible for QAPP Update and Maintenance 
 
CWE’s Project Manager and QA Officer are responsible for creating and maintaining this QAPP.  Changes 
and updates to this QAPP may be made by CWE’s Project Manager and QA Officer.  The Project Manager 
will be responsible for making the changes and making sure these updates are provided to each of the 
participating agencies.  Previous versions of the QAPP should be deleted from project files to avoid any 
confusion as to current versions of the QAPP. 
 
1.3 Problem Definitions/Background 
 
1.3.1 Problem Statement 
 
The City of Carson is undertaking this project to assess compliance with the Machado Lake Pesticides and 
PCBs TMDL and final Waste Load Allocations (WLAs).  The MRP will measure the progress of pollutant 
load reductions and improvements in water quality.  The MRP will: 
 

 Assess attainment of total organic carbon, total PCBs, DDT and derivatives, dieldrin, and total 
chlordane numeric targets. 

 Determine compliance with the WLA for these pesticides and PCBs. 
 Monitor the effect of implementation actions on storm runoff discharges from the City of Carson. 

 
1.3.2 Decisions or Outcomes 
 
The City of Carson contracted with CWE to implement the Machado Lake Pesticides and PCBs TMDL MRP 
to assess City of Carson compliance with the Machado Lake Pesticides and PCBs TMDL and final WLAs.  
In addition to measuring wet weather runoff water quality from the City of Carson for physical 
characteristics such as temperature, dissolved oxygen concentration, pH, and electrical conductivity, this 
monitoring program will also evaluate the discharge for the following constituents: 
 

 Total Organic Carbon; 
 Total PCBs; 
 DDT, DDE and DDD and Total DDTs; 
 Dieldrin; and 
 Total Chlordane 
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1.3.3 Water Quality or Regulatory Criteria 
 
The Machado Lake Pesticides and PCBs TMDL assigned WLAs, during dry and wet weather, to urban 
stormwater dischargers subject to a Municipal Separate Storm Sewer System (MS4) discharge permit.  
The City of Carson is named in the TMDL as an MS4 Permittee and a responsible agency for a portion of 
the current MS4 discharge WLA to Machado Lake; to be assessed by monitoring wet weather flows. 
 
The TMDL outlines three monitoring options to assess WLA compliance.  Final WLAs are summarized in 
Table 1-3 and can be demonstrated through one of the following methodologies: 
 
Divert all stormwater discharges, from the responsible agency, to the sanitary sewer. 

 Develop a Coordinated Monitoring Plan to assess WLAs and Load Allocations (LAs) compliance by 
the responsible agencies.  WLA monitoring would be conducted at “appropriate locations in the 
subwatershed”, such as outfalls representing the combined discharge of the cooperating parties. 

 Responsible Agencies may develop a WLA monitoring program, representative of their drainage 
system, for bulk sediments, derived from suspended solids in wet weather water grab samples. 

 

Table 1-3  Final Waste Load Allocations 

Indicator 

WLA for Suspended 
Sediment Associated 

Contaminants1 
(µg/kg dry weight) 

Total PCBs 59.8 
DDT 4.16 
DDE 3.16 
DDD 4.88 
Total DDT 5.28 
Total Chlordane 3.24 
Dieldrin 1.9 
1 WLAs are applied with a 3-year averaging period. 

 
1.4 Project/Task Description 
 
1.4.1 Work Statement and Products 
 
This Project develops a WLA monitoring program, for wet weather discharges from the City of Carson’s 
Machado Lake subwatersheds, in partial fulfillment of Attachment A to Los Angeles Regional Water 
Quality Control Board (LARWQCB) Order Number R10-008: 
 
1.4.1.1 Wet Weather Monitoring 
 
The purpose of this wet weather monitoring program is to characterize the contribution of targeted 
pollutants from the City of Carson’s Machado Lake subwatersheds.  Monitoring will include the 
recordation of visual observations, analysis of physical characteristics, and collection of stormwater grab 
samples, from which suspended solids can be harvested as bulk sediments, at the proposed sampling 
site.  During Phase 1 (the first two years) monitoring, wet weather samples will be collected three times 
per rainy season (October 1st through May 31st) including the first major storm event of the season.  
Phase 2 monitoring calls for the collection of a sample from one storm event, every other year, until 
numeric WLA targets are met for three consecutive events. 
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1.4.2 Constituents to be Monitored and Measurement Techniques 
 
Physical water characteristics will be assessed in the field using freshly calibrated portable equipment.  
The TMDL analytes and proposed analytical methods for this monitoring project are listed in Table 1-4. 
 

Table 1-4  Monitoring Plan Analytical Methods 
Constituent Matrix Method 

Pesticides and PCBs (in Bulk Sediment Derived from Grab Sample Suspended Solids) 
Total Organic Carbon Sediment Walkley and Black’s Method 
Total PCBs Sediment EPA 8082 
DDT and Derivatives Sediment EPA 8081A 
Dieldrin Sediment EPA 8081A 
Total Chlordane Sediment EPA 8081A 

 
1.4.3 Project Schedule 
 

Table 1-5  Project Schedule Timeline 

Activity 

Date (MM/DD/YY) 

Deliverable Deliverable 
Due Dates 

Anticipated 
Date of 

Initiation 

Anticipated 
Date of 

Completion 
Phase 1 Sample Collection 5/1/2013 5/1/2015 None N/A 

Draft Implementation Plan 5/1/2015 11/1/2015 
Draft WLA 
Attainment 

Implementation Plan 
11/1/2015 

Final Implementation Plan 5/1/2015 5/1/2016 Final WLA Attainment 
Implementation Plan 5/1/2016 

Phase 2 Sample Collection  5/1/2015 5/1/2021 None N/A 

Preparation of Annual 
Water Quality Monitoring 
Reports 

5/1/2014 5/1/2019 
Annual/Biannual 
Water Quality 

Monitoring Report 

8/1/2014 
8/1/2015 
8/1/2017 
8/1/2019 

Achieve TMDL WLAs 9/30/2019 5/1/2021 Compliance Report 8/1/2021 
 
1.4.4 Geographical Setting 
 
The City of Carson is located in southern Los Angeles County, surrounded by the Cities of Compton,  
Long Beach, and Los Angeles, and Los Angeles County unincorporated areas and communities.  While the 
City is 18.9 square miles in area, less than 1.9 square miles, in the southwestern quadrant of the City, is 
tributary to the Wilmington Drain and Machado Lake. 
 
The City’s tributary drainage area, of approximately 1.9 square miles, can be divided into three distinct 
subwatersheds.  Drainage Area No. 1 (DA 1) consists of mixed runoff from the cities of Carson, Los 
Angeles, and Torrance, unincorporated County areas, and California Department of Transportation 
(Caltrans) right-of-way.  Discharges from Drainage Area No. 2 (DA 2) are from the cities of Carson, 
Lomita, Los Angeles, and Torrance, unincorporated County, and Caltrans.  All City of Carson runoff within 
DA 2 is from the Sanitation Districts of Los Angeles County Joint Water Pollution Control Plant facility, a 
facility with its own NPDES permit.  Runoff from Drainage Area No. 3 (DA 3) is primarily from the City of 
Carson, although the City of Los Angeles contributes a small 34.6 acre area in the upper subwatershed 
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and another small downstream area below the proposed monitoring location.  For the City of Carson, the 
composition of land use types within DA 3 is similar to those in the combined DA 1 and 2 areas and is 
likely to be characteristic of all discharges that emanate from the City.  Therefore, the preferred wet 
weather monitoring location was located in the lower catchment of DA 3, below the City of Carson 
border. 
 
1.4.5 Constraints 
 
The preferred sampling location may require access permissions from the City of Los Angeles and the 
County Flood Control District.  Following MRP approval by the Board, CWE may be directed by the City of 
Carson to contact and complete any necessary agency forms in order to obtain encroachment permits. 
 
Traffic control permits may be required to access the sample location in the right-of-way.  Traffic Control 
Permits take an estimated five days to process and are valid for a limited time only, but may often be 
extended to coincide with projected storm events.  Traffic controls are necessary for the safety of the 
field crew and to minimize the overall impact to the flow of traffic on the City streets. 
 
Field staff safety is a primary concern and samples will not be collected if a situation is deemed unsafe.  
Despite storm projections, if dry weather conditions prevail the collection of samples will be postponed. 
 
1.5 Quality Objectives and Criteria for Measurement Data 
 
Data quality objectives for this project will include the following: 
 

 Accuracy 
 Precision 
 Completeness 

 
Accuracy describes how close the measurement is to its true value.  Accuracy is the measurement of a 
sample of known concentration and comparing the known value against the measured value.  The 
accuracy of chemical measurements will be checked by performing tests on a standard prior to and/or 
during sample analysis.  A standard is a known concentration of a certain solution.  Standards can be 
purchased from chemical and scientific supply companies, or prepared by a professional partner (e.g., a 
commercial or research laboratory).  The standard normally used to determine accuracy by Associated 
Laboratories is a Laboratory Control Material (LCM) which is a sample, in a matrix similar to the sample 
being tested, that contains analytes of interest at known or certified concentrations.   In special cases, at 
additional costs and modified scheduling, a Certified Reference Material (CRM) maybe used, however this 
option is not planned for the current study.  The concentration of the standards will be unknown to the 
analyst until after measurements are determined.  The concentration of the standards should be within 
the mid-range of the equipment.  Recovery measurements are determined by spiking a replicate sample 
in the laboratory with a known concentration of the analyte.  Accuracy of the project data will be 
determined by the analysis of matrix spike/matrix spike duplicates (MS/MSD), laboratory control spikes 
(LCS), positive controls, standard reference materials (SRMs), and comparison to the objectives specified 
in Table 1-6. 
 
Precision measurements will be determined by comparing results from matrix spike duplicates, blank 
spikes, laboratory replicates, and field duplicates to the precision objectives specified in Table 1-6.  
Precision describes how well repeated measurements agree.  The evaluation of precision described here 
relates to repeated measurements/samples collected in the field (field duplicates) or the laboratory 
(laboratory replicates and MS/MSD). 
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Completeness is the fraction of planned data that must be collected to fulfill the statistical criteria of the 
project.  There are no statistical criteria that require a certain percentage of data; however, it is normally 
expected that 90 percent of all measurements could be taken when anticipated.  This accounts for 
adverse weather conditions, safety concerns, and equipment problems.  The project team will determine 
completeness by comparing the number of measurements planned to be collected with the number of 
measurements actually collected that were also deemed valid.  An invalid measurement would be one 
that does not meet the sampling method requirements and the data quality objectives.  Due to the 
limited number of samples proposed in this MRP, completeness objectives may need to be reconsidered. 
 
The data quality objectives (DQOs) for the laboratory are summarized in Table 1-6. 
 

Table 1-6  Data Quality Objectives for Laboratory Measurements 

Group Parameter Units 
Target 

Reportin
g Limit 

Accuracy 
(Recovery

) 

Precision 
RPD 

Completenes
s 

Pesticide 
& PCBs 
(Sediment 
Analysis) 

Total Organic Carbon mg/Kg 100 80-120% <25% >90% 
Total PCBs µg/Kg 500 70-130% <25% >90% 
DDT, DDE, and DDD µg/Kg 5 70-130% <25% >90% 
Dieldrin µg/Kg 3 70-130% <25% >90% 
Total Chlordane µg/Kg 30 70-130% <25% >90% 

 
1.6 Special Training Needs/Certification 
 
1.6.1 Specialized Training or Certifications 
 
Associated Laboratories, of Orange, California, will be providing laboratory services for this project, which 
includes chemical analysis of derived bulk sediment samples.  Associated Laboratories is certified by the 
California Environmental Laboratory Accreditation Program (ELAP Certification #1338) for the analyses of: 
microbiology, inorganics, toxic chemical elements, volatile organic chemistry, semi-volatile organic 
chemistry for both drinking water and wastewater; whole effluent toxicity for wastewater; inorganic 
chemistry, extraction tests, volatile organic chemistry, semi-volatile organic chemistry, toxicity bioassay, 
physical properties for hazardous waste; and microbiology for recreational water. 
 
1.6.2 Training and Certification Documentation 
 
Field personnel will be trained in the assessment and measurement of physical water characteristics, 
clean sample handling techniques, and appropriate health and safety protocols, prior to conducting 
monitoring activities.  The following elements will be included in the training of CWE field personnel: 
 

 Review of Health and Safety Plan 
 Classroom training 
 Field training 

 
CWE and Associated Laboratories maintain records of training performed.  Documentation consists of 
records of the training dates and instructors.  If requested, records can be obtained through CWE’s 
Quality Assurance Officer and Associated Laboratories’ Laboratory Manager. 
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1.6.3 Training Personnel 
 
CWE’s Quality Assurance Officer, Sampling Manager, and Monitoring and Equipment Coordinator, will 
provide training to field personnel.  The Sampling Manager will train field personnel in sampling protocols 
and procedures in accordance with the MRP and QAPP.  The Sampling or Project Managers will convey 
any updates or revisions of these protocols in a timely manner. 
 
Associated Laboratories provides training to all staff members to ensure they are adequately qualified and 
trained to perform assigned tasks.  Details of Associated Laboratories training plans are described in 
Appendix F of the Associated Laboratories Quality Assurance Manual. 
 
1.7 Documents and Records 
 
Field observations will be recorded on Field Conditions Data Log Sheet similar to those in the MRP.  
Chain-of-custody (COC) forms will be completed for all samples before they are delivered to the 
laboratory.  The Reporting and Laboratory Coordinator receives the analytical results in original hard copy 
from the laboratory, verifies completeness, and logs the date of receipt.  The originals are then 
transferred to the Project Manager and filed with other project documentation in order to maintain 
complete project records.  In addition to hard copies, the laboratory will provide analytical data in 
electronic format.  The form of electronic submittals will conform to reporting protocols that are 
compatible with the Surface Water Ambient Monitoring Program (SWAMP).  Laboratory data will be 
maintained in a Microsoft Excel and/or Microsoft Access relational database by the Database Manager.  
An electronic copy of the database, along with the field forms, will be provided to the City of Carson for 
their records.  Project records will be retained for a minimum of 5 years as indicated in Table 1-7. 
 
Copies of the QAPP will be distributed electronically to the individuals listed on the Table 1-1 (Distribution 
List).  Hard copies of the QAPP will be available upon request.  Significant updates to this QAPP will be 
distributed to the individuals identified in Table 1-1, and previous versions discarded of electronically 
archived.  A hard copy of the QAPP will be filed with the project documentation.  CWE may be retained to 
prepare annual or biannual water quality monitoring report for submission by the City of Carson. 
 

Table 1-7  Document and Record Retention, Archival, and Disposition Information 

Records Identify Type 
Needed Retention Archival Disposition 

Project Plan 
Monitoring and 

Reporting Program Paper/Electronic Document Minimum 5 years 

QAPP Paper/Electronic Document Minimum 5 years 

Field Data 
Field Conditions Data 

Log Sheets Paper/Electronic Project File/PDFs Minimum 5 years 

Photographs Electronic Project Files Minimum 5 years 
Sample 
Collection 
Records 

Chain-of-Custody Paper/Electronic Project Files Minimum 5 years 

Analytical 
Records 

Lab Notebooks Paper Notebook Minimum 5 years 
Lab Reports 

(include COCs) Electronic Notebook/Excel Minimum 5 years 

Electronic Data File Electronic Database Minimum 5 years 
Assessment 
Records 

QA/QC Assessment Paper/Electronic Document Minimum 5 years 
Final Report Paper/Electronic Document Minimum 5 years 

 

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

RB-AR41719

http://www.novapdf.com


City of Carson 
Machado Lake Pesticides and PCBs TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan   September 2012 
 

- 9 - 

Group B Data Generation and Acquisition 
 

2.1 Sampling Process Design 
 

The Machado Lake Pesticides and PCBs TMDL MRP plan provides a complete description of the 
monitoring approach, rationale for site selection, and sampling logistics.  The information contained in 
this section provides a general overview and references the appropriate section of the MRP plan to obtain 
more detailed descriptions. 
 

2.1.1 Monitoring Program 
 

The project objectives are to assess progress towards achievement of the Machado Lake Pesticides and 
PCBs TMDL, final WLAs and, if necessary, to supply useful data for development of pollutant load 
reduction implementation plans.  Monitoring will include the recordation of visual observations, analysis of 
physical characteristics, and collection of stormwater grab samples, from which suspended solids can be 
harvested as bulk sediments, at the proposed sampling site.  During Phase 1 (the first two years) 
monitoring, wet weather samples will be collected three times per rainy season (October 1st through May 
31st) including the first major storm event of the season.  Phase 2 monitoring calls for the collection of a 
sample from one storm event, every other year, until numeric WLA targets are met for three consecutive 
events.  Sections 2, 3, 4, and 5 of the MRP plan provide a detailed description of the monitoring program 
 
2.1.2 Monitoring Location (Rationale for Site Selection) 
 

The selected monitoring site, in drain area 3, is representative of the three City of Carson drainage areas 
and land uses tributary to Machado Lake, to accurately characterize the City’s stormwater quality.  This 
monitoring location receives drainage from 547 acres of the City’s 1,207 acres that are tributary to 
Machado Lake and includes examples of all the major land uses found within the three drainage areas.  
The location has similar land use designations and ratios to those found in Drainage Area Nos. 1 and 2 
combined.  Sections 1.6 and 3 of the MRP plan provide more details regarding the site selection criteria. 
 
2.1.3 Monitoring Events 
 
During Phase 1, three wet weather events annually, including the first major storm of the season, will be 
scheduled for sampling.  During Phase 2, sampling will be reduced to one wet weather event, every other 
year.  Details related to sampling frequency are provided in Section 5.1 of the MRP plan. 
 
2.1.4 Monitoring/Sampling Logistics 
 
Section 6 of the MRP plan provides additional details regarding preparation and logistics for each wet 
weather monitoring event.  The following criteria will be used to determine if mobilization should be 
planned for an impending storm event: 
 
Storms must be forecasted to produce at least 0.25 inch of rain in the City of Carson vicinity. 
The probability of precipitation must be greater than 80 percent. 
Storm events must be preceded by at least 72 hours of dry conditions (<0.10 inches of rain). 
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2.1.5 Laboratory/Sample Distribution 
 
If a forecasted storm meets the criteria in section 2.1.4, the laboratory will be advised of when to 
anticipate receipt of samples, so that they may be processed within the maximum holding time.  Samples 
will be appropriately preserved and the analysis completed within the maximum holding time limits. 
 
2.2 Sampling Methods 
 
All samples will be collected using grab sampling methods during wet weather events.  All sampling 
procedures will adhere to the guidelines found in the SWAMP Standard Operating Procedures (SOP), 
“Field Collection Procedures for Water Samples.”  Samples will be preferentially collected by-hand, when 
possible, or by using an extension pole with a bottle attachment.  If necessary, a portable battery-
powered peristaltic pump, with properly cleaned tubing, will be used to collect the samples during low-
flow conditions, where the extension pole is not effective.  If necessary, a clean bucket and rope may be 
used collect a representative high flow samples.  All sampling equipment will be properly cleaned prior to 
each sampling event.  If the peristaltic pump is used, a new properly cleaned length of tubing will be 
used at each sampling location to avoid cross-contamination of the samples.  It should be noted that the 
collection of water grab samples containing suspended solids, to develop bulk sediments for trace 
analytical analysis, is subject to non-homogenous field matrix characteristics, which may affect results.  
 
A two-person team will conduct all sampling events.  The sampling team will have access to a cellular 
phone in order to alert public safety agencies should an accident occur.  Sampling will be postponed, if 
the sampling team determines that the observed conditions are unsafe.  Failure to collect a sample due 
to safety concerns or technical issues will be promptly reported to the Project Manager, who will 
determine if any corrective action is needed and make arrangements to collect a replacement sample, if 
possible.  The QA Officer will document sampling failures and the effectiveness of corrective actions. 
 
2.3 Sample Handling and Custody 
 
The laboratory will provide appropriate sample containers according to Table 2-1.  All samples will be  
pre-labeled with the project name, site ID, sample type, bottle number, sampler name, preservative, and 
analysis.  All sample bottles will also be pre-labeled with a unique Sample ID to track the sample 
throughout its analyses.  At the time of sample collection, the sample labels will be completed in the field 
with the date and time.  The Sample IDs will also be entered directly onto the Field Conditions Data Log 
Sheets and the COC Forms.  The COC forms will accompany the collection of all samples. 
 

Table 2-1  Sample Handling and Custody 

Constituents Container 
Type 

Minimum 
Sample 
Volume 

Preservation Holding 
Time 

Toxics (Water Analysis) 

Total Organic Carbon Glass 40 mL 6°C preserved in the 
lab with H2SO4 or HCl 7 days 

Total PCBs Amber glass 1000 mL Cool to ≤ 6°C 7/40 days 
DDT and Derivatives Amber glass 1000 mL Cool to ≤ 6°C 7/40 days 
Dieldrin Amber glass 1000 mL Cool to ≤ 6°C 7/40 days 
Total Chlordane Amber glass 1000 mL Cool to ≤ 6°C 7/40 days 

 
The following sample handling protocols will be followed to minimize the possibility of contamination: 
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The laboratory will provide clean QA/QC derived bottles.  Sample bottles and caps will be protected from 
contact with solvents, dust, or other contaminants during storage and handling. 
 
The sampler will attempt to collect a water column sample, while avoiding disturbance of settled 
sediments or the collection of large gravel and uncharacteristic floating debris.   
 
The inside of the sampling container will not be touched to the maximum extent practicable during 
preparation and sampling activities. 
 
Vehicle engines will be turned off during sampling activities to minimize exposure of samples to exhaust 
fumes. 
 
All samples will be collected in accordance with “clean sampling” techniques outlined in the MRP. 
 
Water grab samples will be collected from flowing streams by inserting the transfer container with the 
opening facing upstream. 
 

 If necessary, scoops of composited sediment samples will be placed into a container and mixed 
for at least five minutes, or until the sediment appears homogeneous.  The homogeneous 
mixture will then be apportioned, among sample containers, using a clean plastic scoop. 

 
Once sample containers are filled, they will be promptly placed in a clean dark cooler, chilled to a target 
temperature of 6˚C, and transported to the laboratory for processing to meet holding times.  All 
analytical pre-processing, such as filtration or acidification, will take place in the laboratory by certified 
personnel. 
 
After the field crew delivers the samples to the laboratory, the laboratory will conduct the analysis within 
the holding times listed in Table 2-1.  These field and laboratory activities will be coordinated to make 
sure all samples are handled within the proper holding time. 
 
After the certified laboratory receives the water grab samples with suspended solids, it will appropriately 
preserve the samples until the bulk sediment can be harvested and extracted, within the 7 day holding 
time.  The laboratory will complete the analysis within the additional 40 day maximum holding time.  
 
2.3.1 Chain-of-Custody Procedures 
 
The laboratory will supply the Chain-of-Custody (COC) forms that will be utilized by the sampling team.  
COC procedures will be used for all samples throughout the collection, transport, and analytical process 
to ensure the most accurate results.  COCs will be pre-printed, along with the bottle labels, and will 
contain the same data as the labels.  The COCs will be completed in the field with dates, times, and 
sample team names, and will be cross-checked with the bottles to make sure proper samples have been 
collected.  Documentation of sample handling and custody will include the following: 
 

 Sample identification; 
 Type of sample; 
 Sample collection date and time; 
 Any special notations on sample characteristics or analysis; 
 Analyses to be performed; 
 Initials of the sampling team member that collected the sample; and 
 Date the sample was delivered to/sent to the laboratory. 
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The COC forms will be transported with the samples to the analytical laboratory.  The COCs will be 
reviewed by personnel at the receiving laboratory, to assure that no samples have been lost in transport 
and to verify that each sample has been received within holding times.  Following transfer of sample 
custody to the laboratory, the COC will be signed, dated, and a PDF copy sent to Sample Manager.  An 
example COC form is included in Appendix G.  COC records will be included in the final reports prepared 
by the analytical laboratory and are considered an integral part of the analysis report.   
 
2.3.2 Sample Disposal Procedures 
 
After analysis, including any QA/QC procedures, the excess sample and extracts will be disposed of by 
the analytical laboratory. 
 
2.3.3 Corrective Action Procedures 
 
Corrective action is taken when an analysis is deemed suspect for some reason.  The reasons include 
exceedances of the relative percent difference (RPD) ranges, spike recoveries, and blanks.  The 
corrective action varies somewhat from analysis to analysis, but typically involves the following: 
 

 Check of procedure 
 Review of documents and calculations to identify any possible error 
 Error correction 
 Re-analysis of the sample extract, if available, to see if results can be improved 
 Complete reprocessing and re-analysis of additional sample material, if it is available 

 
Any failures (e.g., instrument failures) that occur during data collection and laboratory analyses will be 
the responsibility of the field crew or laboratory conducting the work, respectively.  In the case of field 
instruments, problems will be addressed through instrument cleaning, repair, or replacement of parts or 
the entire instrument, as needed.  Field crews will carry basic spare parts and consumables with them, 
and will have access to spare parts to be stored at the office.  Records of all repairs or replacements of 
field instruments will be maintained at CWE.  The laboratory has procedures in place to follow when 
failures occur, and will identify individuals responsible for corrective action and develop appropriate 
documentation.  The QA Officer at the laboratory has procedures in place to follow when failures occur, 
and will identify individuals responsible for corrective action and develop appropriate documentation.  Any 
corrective actions taken will be documented in the laboratory’s hard copy deliverable or in a Corrective 
Action Plan.  For more information on Associated Laboratories’ QA procedures please refer to Appendix F. 
 
2.4 Analytical Methods 
 
The proposed analytical methods are detailed in Standard Methods for the Examination of Water and 
Wastewater (APHA et al, 2005) and US EPA standard methods.  The list of analytes, responsible Certified 
Laboratory, Analytical Method, and Achievable Laboratory method detection limits (MDLs), and reporting 
limits (RLs) are presented in Table 2-2.  The method detection limits (MDL) are targets, which may be 
less reliably reported than the Reporting Limits (RL), for some samples matrices. 
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Table 2-2  Laboratory Analytical Methods 

Analyte/ 
Analysis 

Laboratory/ 
Organization 

Analytical Method Achievable Laboratory 
Limits 

Analytical 
Method/SOP 

Method 
Modified MDL RL 

Pesticides and PCBs (in Sediments Derived from Suspended Solids in Water Grab Samples) 
Total Organic 
Carbon 

Associated 
Laboratories 

Walkley and 
Black’s Method No N/A 100 mg/Kg 

Total PCBs Associated 
Laboratories EPA 8082 No 7-20 µg/Kg 500 µg/Kg 

DDT and 
Derivatives 

Associated 
Laboratories EPA 8081A No 0.7-0.8 µg/Kg 5 µg/Kg 

Dieldrin Associated 
Laboratories EPA 8081A No 0.9 µg/Kg 3 µg/Kg 

Total Chlordane Associated 
Laboratories EPA 8081A No 0.5 µg/Kg 30 µg/Kg 

 
2.5 Quality Control 
 
This section addresses Quality Assurance/Quality Control (QA/QC) activities associated with both field 
sampling and laboratory analyses.  The field QA/QC samples are used to evaluate potential contamination 
and sampling errors introduced prior to submittal of the samples to the analytical laboratory.  Laboratory 
QA/QC samples provide information to assess potential laboratory contamination, analytical precision, 
and accuracy.  If any QA/QC standards are not met, the appropriate corrective actions will be taken in 
accordance with Section 2.3.3 of this document and Appendix F of Associated laboratory’s QA manual. 
 
2.5.1 Quality Assurance/Quality Control 
 
The types of field QA/QC samples typically utilized are described below and provided in Table 2-3; 
however the limited number of samples collected may preclude the use of some types of field samples. 
 

1. Field Blanks – Field blanks verify that field conditions, sampling activities, and air deposition are 
non-contaminating.  Field blanks are submitted blind to the laboratory.  Sample bottles are filled 
with reagent-grade, analyte-free deionized water in the field, during the sampling event. 

 
2. Equipment Blanks – Equipment blanks verify that the sampling containers, sampling 

equipment, and tubing are contaminant free prior to sampling.  A representative number of 
bottles or sections of tubing from each lot is submitted to the laboratory.  The laboratory will use 
reagent-grade, analyte-free deionized water to fill the bottles or rinse through the tubing and 
then analyze the water.  Blank analysis results are evaluated by checking against reporting limit 
for that analyte.  Results obtained should be less than the reporting limit for each analyte.  If 
results are above the reporting limits then the entire lot must be cleaned and re-analyzed. 

 
3. Field Duplicates – Field duplicates evaluate sampling error introduced by both field sampling 

and laboratory analyses.  Field duplicates are submitted blind to the laboratory.  Procedures for 
collecting field duplicates should be the same as those used for collecting field samples.  
Duplicates of manual grab samples will be collected by filling two grab sample containers at the 
same time, or in rapid sequence. 
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4. Matrix Spike and Matrix Spike Duplicates (MS/MSDs) – Matrix spikes and matrix spike 
duplicates are used to assess precision and accuracy of the laboratory analytical method.  A 
matrix spike sample is an aliquot of a field sample spiked with a known amount of analyte and 
analyzed for spike recovery.  A matrix spike duplicate is a duplicate aliquot of the matrix spike 
sample analyzed separately. 

 
5. Laboratory Replicate/Split – A laboratory replicate/split entails a duplicate analysis performed 

on the contents from the same sample container and assesses the repeatability (precision) of the 
analytical laboratory’s results. 

 
The blank samples, duplicate samples, spike samples, and laboratory replicates need not all come from 
the same monitoring site during a particular sampling event.  However, each of these QA/QC analyses 
will be provided along with the standard analyses if enough sample volume has been collected.  The field 
QA/QC samples for field blanks and field duplicates are submitted blind to the analytical laboratory. 
 

Table 2-3  Sampling (Field) QC 
QA/QC Sample 

Type 
Minimum Sampling 

Frequency 
Constituent 

Class Acceptance Limits 

Field Blank 
Every 20 samples collected 
at a given site, per 
sampling event. 

All 

Field blanks shall find no 
detectable amounts or less than 
1/5 of sample amounts.  
Accuracy at 1 per culture 
medium or reagent lot. 

Equipment Blank 
Sample bottles should be 
blanked at 10% frequency, 
or per lot. 

All 
Equipment blank shall be less 
than the reporting limit for that 
analyte. 

Field Duplicate 
Every 10 samples collected 
at a given site, or per 
sampling event. 

All 

The relative percent difference 
between the primary sample 
result and the duplicate sample 
result should meet the objective 
for precision listed in table 1-7. 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSDs) 

One per batch or per 20 
samples (5%), per sampling 
event. 

See Table 2-
5 

The percent recovery should be 
within the accuracy acceptance 
limits listed in Table 1-7. 

Laboratory 
Replicate/Split 

One per batch or per 20 
samples (5%), per sampling 
event. 

See Table 2-
5 

The relative percent difference 
between the primary sample 
result and the replicate result 
should meet the objective for 
precision listed in table 1-7. 

 
2.5.2 Laboratory Quality Assurance/Quality Control 
 
Internal laboratory quality control checks will include the use of laboratory replicates, method blanks, 
MS/MSDs, laboratory control samples, and SRMs.  These quality control samples are described below. 
 

1. Laboratory Replicate/Split – A sample is split by the laboratory into two portions and each 
sample is analyzed.  Once the duplicate analyses have been analyzed, the results are evaluated 
by calculating the RPD between the two sets of results.  This serves as a measure of the 
reproducibility, or precision, of the sample analysis.  Typically, duplicate results should fall within 
an accepted RPD range, depending upon the analysis. 
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2. Method Blanks – A method blank is an analysis of a known clean sample matrix that has been 
subjected to the same complete analytical procedure as the field sample to determine if potential 
contamination has been introduced during processing.  Blank analysis results are evaluated by 
checking against reporting limits for that analyte.  Results obtained should be less than the 
reporting limits for each analysis. 

 
3. Matrix Spike and Matrix Spike Duplicates (MS/MSDs) – Matrix spikes and matrix spike 

duplicates (MS/MSDs) involve adding a known amount of the chemical(s) of interest to one of the 
actual samples being analyzed.  One sample is split into three separate portions.  One portion is 
analyzed to determine the concentration of the analyte in question in an un-spiked state.  The 
other two portions are spiked with a known concentration of the analytes of interest.  The 
recovery of the spike, after accounting for the concentration of the analyte in the original sample, 
is a measure of the accuracy of the analysis.  By determining spike duplicate recoveries, another 
measure of precision is accomplished.  An additional precision measure is made by calculating the 
RPD of the duplicate spike recoveries.  Both the RPD values and spike recoveries are compared 
against accepted and known method dependent acceptance limits.  Analyses outside these limits 
are subject to corrective action. 

 
4. Laboratory Control Sample (LCS) – The laboratory control sample procedure involves spiking 

known amounts of the analyte of interest into a known, clean, sample matrix to assess the 
possible matrix effects on spike recoveries.  High or low recoveries of the analytes in the matrix 
spikes may be caused by interferences in the sample.  Laboratory control samples assess these 
possible matrix effects since the LCS is known to be free from interferences. 

 
5. Standard Reference Material (SRM) –SRMs may be used in lieu of laboratory control 

samples.  An SRM is a sample containing a known and certified amount of the analyte of interest 
and is typically analyzed with the analyst not knowing the analyte concentration.  SRMs are 
typically purchased from independent suppliers who prepare them and certify the analyte 
concentrations.  Results are evaluated by comparing results obtained against the known quantity 
and the acceptable range of results supplied by the manufacturer. 

 
The frequency of QA/QC sample analysis is provided in Table 2-4.   
 

Table 2-4  Laboratory Quality Control Sample Frequency 

QA/QC  
Sample Type 

Minimum Sampling 
Frequency 

Acceptance  
Limits 

Laboratory 
Replicate/Split 

One per batch or per 20 
samples (5%), per sampling 
event. 

The relative percent difference between the 
primary sample result and duplicate sample 
result should meet the objective for precision. 

Method Blank One per batch or per 20 
samples (5%). Procedural blanks should be below 10x the MDL. 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSD’s) 

One per batch or per 20 
samples (5%), per sampling 
event. 

The percent recovery should be within the 
accuracy acceptance limits listed in Table 1-6. 

Laboratory Control 
Spike (LCS) 

One per batch or per 20 
samples (5%). 

The percent recovery should be within the 
accuracy acceptance limits listed in Table 1-6. 

Standard Reference 
Material (SRM) 

One per batch or per 20 
samples (5%). 

The percent recovery should be within the 
accuracy acceptance limits listed in Table 1-6. 
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A summary of the QC sample types utilized for each analysis method is provided in Table 2-5. 
 

Table 2-5  Recommended Laboratory Quality Control Samples by Constituent 

Analyte Laboratory 
Replicate 

Method 
Blank MS/MSD LCS SRM 

Pesticides and PCBs (Water Derived Sediment) 
Total Organic Carbon -    - 
Total PCBs -    - 
DDT, DDE, and DDD -    - 
Dieldrin -    - 
Total Chlordane -  Not Spiked Not Spiked - 

 
2.6 Instrument/Equipment Testing, Inspection, and Maintenance 
 
2.6.1 Sampling Equipment 
 
Prior to each sampling event, field sampling equipment will be checked for proper operation.  Field 
technicians will be responsible for preparing sampling kits that include field logs, chain-of-custody forms, 
sample labels, sampling bottles, field equipment and tools.  Equipment will be inspected for damage 
when distributed and returned from use. 
 
2.6.2 Analytical Instruments 
 
Associated Laboratories maintain analytical equipment in accordance with their QA Manual (Appendix F), 
including manufacturer and method maintenance schedules.  If deficiencies occur, the laboratory will 
resolve and document the issue in accordance with their QA procedures.  These SOPs have been 
reviewed by the Project QA Officer and found to be in compliance with criteria.  If failures occur with 
analytical instrumentation, proper corrective action must be taken.  The laboratory is responsible for 
taking the appropriate measures in accordance with their QA procedures and/or manufacturer’s 
agreements. The Laboratory Manager listed in Figure 1-1 is responsible for notifying the Project Manager.  
Refer to Section 2.3.3 for more details regarding corrective action procedures. 
 
2.7 Instrument/Equipment Calibration and Frequency 
 
All laboratory equipment is calibrated based on manufacturer recommendations and accepted laboratory 
protocol.  The laboratory maintains calibration practices as part of their method SOPs maintained in their 
laboratory by their Laboratory Manager/QA officer and can be provided upon request.  Information 
regarding the calibration activities performed by Associated Laboratories is provided in Appendix F. 
 
2.8 Inspection/Acceptance of Supplies and Consumables 
 
As indicated in Table 2-6, all glassware, sample bottles, and collection equipment will be inspected prior 
to their use.  Some sampling containers and caps will be obtained from the participating laboratory.  The 
Sampling Manager and Field Coordinators will be in charge of ordering sampling containers.  All ordered 
supplies will be examined for damage as they are received.  Associated Laboratories maintains logbooks 
for all consumables that are checked against all materials received.  Bottles and caps will be inspected for 
damage prior to sampling, and only sound bottles with intact threads will be used.  The container caps 
will be tested for tightness prior to the transport of samples.  
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Table 2-6  Inspection/Acceptance Testing Requirements for Consumables and 
Supplies 

Project Related 
Supplies/Consumables 

Inspection/Testing 
Specifications 

Acceptance 
Criteria Frequency Responsible 

Party 
Pre-Cleaned Sample 
Bottles Open bottle Lids screwed 

on bottles 100% CWE 

Laboratory Glassware Dirty Clean 100% Associated 
Laboratories 

Lab Solvents and Acids Leaks No cracks or 
chips Prior to use Associated 

Laboratories 

19-Liter Glass Laboratory blanked Pass blanking 
analysis 

New bottles 
each monitoring 

event 

Associated 
Laboratories/ 

CWE 

1-Gallon Glass 
If not certified pre-

cleaned then 
laboratory blanked 

Pass blanking 
analysis 

New bottles 
each monitoring 

event 

Associated 
Laboratories/ 

CWE 

125-Milliliter Plastic Laboratory sterilized Lids screwed 
on containers 

New bottles 
each monitoring 

event 

Associated 
Laboratories 

125-Milliliter Glass 
Container 

Laboratory cleaned 
and blanked 

Lids screwed 
on containers 

New bottles 
each monitoring 

event 

Associated 
Laboratories/ 

CWE 

Grab Bags Dirty, open Sealed bags 
New bottles 

each monitoring 
event 

Associated 
Laboratories 

10-Liter HDPE Cubitainers Laboratory cleaned 
and blanked 

Lids screwed 
on containers 

New bottles 
each monitoring 

event 

Associated 
Laboratories 

Silicone Tubing Laboratory cleaned 
and blanked 

Pass blanking 
analysis 

New tubing at 
start of program 

Associated 
Laboratories/ 

CWE 

Teflon Tubing Laboratory cleaned 
and blanked 

Pass blanking 
analysis 

New tubing at 
start of program 

Associated 
Laboratories/ 

CWE 
Gloves New box New box Monthly CWE 

 
2.9 Non-Direct Measurements 
 
There are no non-direct measurements in this project. 
 
2.10 Data Management 
 
2.10.1 Laboratory Data Management 
 
The Project Manager is responsible for leading laboratory data management.  Overall management of the 
data will be consistent with established consultant procedures for stormwater monitoring projects.  The 
Reporting and Laboratory Coordinator will be responsible for tracking the analytical process to assure that 
the laboratory is meeting the required turnaround times and providing a complete deliverable package.  
The laboratory will conduct the quality control checks prior to data submittal, for more details regarding 
laboratory quality assurance and record keeping protocols refer to the QA Manual included as Appendix F.  
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The Reporting and Laboratory Coordinator receives the original hard copy from the laboratory, verifies 
completeness, and logs the date of receipt.  Analysis results will be electronically sent to the Database 
Manager following the completion of quality control checks by the laboratory.   
Data will be screened for the following major items: 
 

 A 100% check between electronic data provided by the laboratory and the hard copy reports 
 Conformity check between the COC forms and laboratory reports 
 A check for laboratory data report completeness 
 A check for typographical errors on the laboratory reports 
 A check for suspect values 

 
The originals are then transferred to the Project Manager and filed with all other original project 
documentation in order to maintain complete project records. 
 
Following the initial screening, a more complete QA/QC review process will be performed, which will 
include an evaluation of holding times, method and equipment blank contamination, and analytical 
accuracy and precision. 
 
The laboratory will be requested to provide data in both hard copy and electronic formats.  The form of 
electronic submittals will conform to reporting protocols that are compatible with the Surface Water 
Ambient Monitoring Program.  A relational database will be developed by CWE and used for all data.  
Laboratory data will be maintained and managed with Microsoft Excel and/or Microsoft Access by the 
Database Manager. 
 
The Database Manager will control the access to the project’s database.  The laboratory EDDs will be 
maintained in a file separate to the cumulative database so the original is maintained and can be used as 
a reference.  If data is reissued, the file name will include the date and the word ‘revised’.  To manage 
the revision and prevent duplicate entries, the erroneous dataset will be removed from the database prior 
to uploading the revised dataset. 
 
The Laboratory Manager at Associated Laboratories will maintain their respective analytical laboratory 
records.  The Project Manager will oversee the actions of these persons and will arbitrate any issues 
relative to records retention and any decisions to discard records.  All original laboratory notebooks and 
data summaries will be maintained in secure areas and electronic databases will be maintained and 
backed up. 
 
2.10.2 Field Data Management 
 
The Field Monitoring Coordinator will be responsible for the proper management of field measurement 
and observation data.  The Field Monitoring Coordinator will review all Field Conditions Data Log Sheets 
for completeness and maintain the original hardcopies in the project file.  The Field Conditions Data Log 
Sheet responses will also be manually entered into an electronic version of the Field Conditions Data Log 
Sheet and these fields will be saved in the Microsoft Access Database.  The data will be manually entered 
by one individual and the entries will be checked against the hard copies for accuracy by a second 
individual.  Photographs of the monitoring sites taken by field personnel will be uploaded into the project 
file within three days of taking the photograph.  Field team members will name the photographs using 
the photograph naming convention developed specifically for this project.  
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Group C Assessment and Oversight 
 
3.1 Assessments and Response Actions 
 
The Project Manager will be responsible for the day-to-day oversight of the project.  The project’s QA 
Officer will review progress of the monitoring program.  The managers and coordinators of the project, 
along with the Project QA Officer, will meet to discuss the siting, sampling, laboratory analyses, data 
management, and the overall status of the project.  This information will be communicated monthly 
between the City of Carson and the Project Manager and Sampling Manager.  The Reporting and 
Laboratory Coordinator will review laboratory data and the Field Monitoring Coordinator will review field 
data.  The project’s QA Officer has the power to halt all sampling and analytical work by the monitoring 
personnel and Associated Laboratories if the deviations noted are considered detrimental to data quality. 
 
Three types of assessments will be performed as part of this project to ensure that the sampling and 
analysis activities are in accordance with the approved QAPP.  They are as follows: 
 

1. Surveillance of Sample Collection Activities.  The Field Monitoring Coordinator will be 
responsible for oversight of sampling activities and will review field datasheets to verify that the 
samples were collected in accordance with QAPP requirements.  The QA Officer will accompany 
the field crew at least once, toward the beginning of the data collection phase of the project, and 
again at some later point, if deemed necessary, to audit field activities.  If the QA Officer finds 
any of the field activities to be in violation of QAPP requirements, he has the authority to stop 
these activities until corrective actions are successfully implemented.  These include additional 
training to improve field team performance and QAPP compliance, and appropriate re-sampling of 
sites, as needed.  The QA Officer will report all such actions to the Project Manager and 
document it in the project file. 

 
2. Data Quality Assessment.  The Reporting and Laboratory Coordinator is responsible for 

reviewing laboratory reports to verify that the performance criteria of the QAPP were met.  This 
will occur following receipt of each report from the contracted laboratory.  If it is determined that 
the precision and accuracy objectives were not met the Reporting and Laboratory Coordinator 
will notify the QA Officer and Project Manager.  Then the contract laboratory QA Officer will 
review laboratory techniques to minimize errors, and samples will be re-analyzed, if possible. 

 
3. Assessment of Data Entry.  Once the performance criteria are met, data analysis can be 

conducted.  The Reporting and Laboratory Coordinator and the Sampling Manager will review 
data files to ensure that errors are detected and corrected. 

 
If an audit discovers any discrepancy, the project’s QA Officer will discuss the observed discrepancy with 
the appropriate personnel responsible for the activity (see Figure 1-1).  The discussion will determine 
whether the information collected is accurate, what caused the deviation, how the deviation impacts data 
quality, and what corrective actions are necessary as provided in Section 2.3.3.  Any corrective actions 
taken will be verified based on satisfactory collection of data in accordance with the QAPP, following 
these actions.  The QAPP violation(s), corrective action(s), and verification of correction will be reported 
in a Corrective Action Plan by the QA Officer to the Project Manager and kept on record. 
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3.2 Reports to Management 
 
CWE will complete an EDD (Electronic Data Deliverable) is conjunction with Preparation of the Annual 
Report, according to the schedule identified in Table 1-5 (Project Schedule Timeline).  The EDD and 
Project report will be submitted for review to the City of Carson.  The EDD will contain the following: 
 

 Laboratory results 
 Field Forms 

 
The laboratory results will be submitted in Microsoft Access database format.  The field forms will include 
the completed Field Conditions Data Log Sheets in PDF format.  Responses to the Field Conditions Data 
Log Sheets will also be provided in Microsoft Access database format.  CWE will prepare a draft and final 
annual monitoring report and submit to the City of Carson.  The report will provide a review and analysis 
of the data provided in the Electronic Data Deliverable.  The draft report will be submitted to the City for 
a two-week review period.  CWE will address the City’s comments and incorporate into the Final Report. 
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Group D Data Validation and Usability 
 
4.1 Data Review, Verification, and Validation 
 
All analytical data will be reviewed and compared to the DQOs described in Section 1.5.  If results fail to 
meet any DQO, the Reporting and Laboratory Coordinator and/or the project QA Officer will flag them for 
further review.  Batch QA samples will be reviewed to determine the potential cause of failure to meet 
the DQO.  If the cause cannot be readily ascertained, reserve samples will be reanalyzed, if within 
designated holding times.  If these analyses meet the DQO, the samples will be deemed acceptable. 
 
If samples fail to meet the DQOs a second time, or the cause of the failure cannot be identified and 
rectified, the data will be excluded from inclusion in the MRP results.  All rejected data will be retained in 
the project database, and qualified as “rejected”.  The ultimate decision of whether to accept or reject a 
data point will be made by the Project Manager in consultation with the project QA Officer. 
 
If the analysis for more than ten percent of any given analyte fails to meet the DQOs, the Project 
Manager and project QA Officer shall meet to discuss the appropriateness of the DQO and any potential 
modifications.  All proposed modifications of DQOs shall be reviewed by the City of Carson. 
 
4.2 Verification and Validation Methods 
 
4.2.1 Data Verification and Validation Overview 
 
Data verification is the process of evaluating the completeness, correctness, and conformance of the 
dataset against the method, procedural, or contractual requirements.  Data validation evaluates whether 
the data quality goals established during the planning phase have been achieved.  Data quality indicators 
will be continuously monitored by the analyst producing the data (field and lab personnel), as well as the 
Reporting and Laboratory Coordinator and Field Monitoring Coordinator, with assistance from the QA 
Officer, throughout the project to make sure corrective actions are taken in a timely manner.  Data 
validation is an analyte- and sample-specific process that extends verification to determine the analytical 
quality of the dataset.  Laboratory and field personnel responsible for conducting QA analysis will be 
responsible for documenting when data does not meet measurement quality objectives as determined by 
data quality indicators. 
 
4.2.2 Data Verification and Validation Responsibilities 
 
In coordination with the QA Officer, the Field Monitoring Coordinator will validate and verify field 
measurements and activities (sample collection and handling) and the Reporting and Laboratory 
Coordinator will validate and verify laboratory analysis (sample analysis and handling).  Following sample 
delivery, the laboratory will maintain COCs and sample manifests.  Laboratory validation and verification 
of the data generated is the responsibility of the laboratory.  The laboratory supervisor maintains 
analytical reports in a database format as well as all QA/QC documentation for the laboratory.  The 
Laboratory QA Officer will perform checks of all of its records. 
 
The Reporting and Laboratory Coordinator and Field Monitoring Coordinator are responsible for oversight 
of data collection and the initial analysis of the raw data obtained from the field and the contracted 
laboratory.  All data records will be checked visually and recorded as checked by initials and dates.  
Reconciliation and correction of any data that fails to meet the DQOs will be done by the responsible 
coordinator in consultation with the project QA Officer and the Project Manager.  Any corrections require 
a unanimous agreement that the correction is appropriate. 
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4.2.3 Process for Data Verification and Validation 
 
Data verification and validation for field sample collection and handling activities will consist of the 
following tasks: 
 

 Verification that the sampling activities, sample locations, number of samples collected, and type 
of analysis performed is in accordance with QAPP requirements. 

 Documentation of any field changes or discrepancies. 
 Verification that the field activities (including sample location, sample type, sample date and 

time, name of field personnel. etc) were properly documented. 
 Verification of proper completion of sample labels, COCs forms, and secure storage of samples. 

 
Data verification and validation for the laboratory sample analysis and handling activities will include the 
following tasks: 
 

 Verification that all samples recorded on COCs forms were received by the laboratory. 
 Verification that the appropriate analytical methodology has been followed. 
 Verification that QC samples meet performance criteria. 
 Verification that analytical results and documentation are complete. 

 
Verification and validation of data entry includes: 
 

 Sorting data to identify missing or mistyped (too large or too small) values. 
 Double-checking all typed values. 
 Data is entered in the proper format for each database fields (i.e., text for text, integers for 

integers, number for numbers, dates for dates, times for times, etc.). 
 
4.3 Reconciliation with User Requirements 
 
The wet weather monitoring data produced by this project can be used by CWE, or the City of Carson, to 
generate annual water quality monitoring reports.  The limitations and assumption of the data will be 
provided to the LARWQCB to allow the Board to determine the data’s usefulness.  Data will be qualified in 
the project database to identify any data considered suspect, rejected or estimated. 
 
The draft and final annual water quality monitoring reports produced by CWE, or the City of Carson, will 
assess the level of compliance, with the Machado Lake Pesticides and PCBs TMDL and final WLAs, 
observed in wet weather storm drain discharges from the exemplar City of Carson DA 3 catchment.  
Based on these water quality assessments, and if necessary to achieve further improvements in water 
quality, a pollutant load reduction implementation plan would be developed for LARWQCB review and 
approval. 
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Appendix A 
 

SWAMP Requirements – Information for 
Completing Element 7 (Quality Objectives and 

Criteria for Measurement Data) 
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Table A-1  Data Quality Indicators and Measurement Quality Objectives – 
Conventional Analytes in Water 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 
Accuracy 80-120% 

Representativeness Laboratory sample replicates per 20 samples or analytical batch (whichever 
is more frequent); Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-2  Data Quality Indicators and Measurement Quality Objectives – 

Conventional Analytes in Water –Solids 
Data Quality 

Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 
Accuracy N/A 

Representativeness Laboratory sample replicates per 20 samples or analytical batch (whichever 
is more frequent); Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-3  Data Quality Indicators and Measurement Quality Objectives – 

Conventional Analytes in Water –Pathogens 
Data Quality 

Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 

Accuracy Positive control and reference material = 80-120% recovery 
Negative control = no growth on filter 

Representativeness 
Laboratory sample replicates per 20 samples or analytical batch (whichever 

is more frequent); Field duplicate 5% of total project sample count 
(coliforms: one per 25 tube dilution tests) 

Completeness 90% 
Comparability N/A 

Sensitivity 
Check temperatures in incubators twice daily with a minimum of 4 hours 

between each reading, other calibration per analytical method or 
manufacturer’s specifications.  Refer to Appendix C for reporting limits. 
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Table A-4  Data Quality Indicators and Measurement Quality Objectives – 
Conventional Analytes in Sediment 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 
Accuracy 80-120% recovery 

Representativeness Laboratory duplicate one per analytical batch;  Field duplicate 5% of total 
project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-5  Data Quality Indicators and Measurement Quality Objectives – 

Inorganic Analytes in Water, Sediment, and Tissue 
Data Quality 

Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% (N/A if native concentration of either sample < RL) 
Accuracy 75-125% recovery (70-130% for MMHg) 

Representativeness Laboratory sample replicates per 20 samples or analytical batch (whichever 
is more frequent);  Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-6  Data Quality Indicators and Measurement Quality Objectives – Volatile 

Organic Compounds in Water and Sediment 
Data Quality 

Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% 

Accuracy 
Reference materials: 70-130% recovery if certified, otherwise 50-150% 

recovery;  Matrix spikes: 50-150% recovery, or based on 3x the standard 
deviation of laboratory's actual method recoveries 

Representativeness Laboratory sample replicates per 20 samples or analytical batch (whichever 
is more frequent);  Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 
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Table A-7  Data Quality Indicators and Measurement Quality Objectives – Semi-
Volatile Organic Compounds in Water and Sediment 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision RPD < 25% 

Accuracy 
Reference materials: 70-130% recovery if certified, otherwise 50-150% 

recovery;  Matrix spikes: 50-150% recovery, or based on 3x the standard 
deviation of laboratory's actual method recoveries 

Representativeness Laboratory duplicate per method; 
Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 

 
Table A-8  Data Quality Indicators and Measurement Quality Objectives – 

Synthetic Organic Compounds in Water, Sediment and Tissue 
Data Quality 

Indicator SWAMP Required Measurement Quality Objectives 

Precision 
Water: RPD<25% (n/a if native concentration of either sample<RL) 

Sediment: Per method 
Tissue: Per method 

Accuracy 
Reference materials: 70-130% recovery if certified, otherwise 50-150% 

recovery;  Matrix spikes: 50-150% recovery, or based on 3x the standard 
deviation of laboratory's actual method recoveries 

Representativeness Laboratory duplicate per method; 
Field duplicate 5% of total project sample count 

Completeness 90% 
Comparability N/A 

Sensitivity Calibration per analytical method or manufacturer’s specifications.  Refer to 
Appendix C for reporting limits. 
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Table A-9  Data Quality Indicators and Measurement Quality Objectives – Toxicity 
Testing (General) 

Data Quality 
Indicator SWAMP Required Measurement Quality Objectives 

Precision Per method requirements 

Accuracy 
Laboratory Control Water and Sediment Control must meet all test 

acceptability criteria (Please refer to Section 7 of the EPA manuals) for the 
species of interest. 

Representativeness Refer to Appendix E for required test conditions; field duplicates are required 
at 5% of total project sample count. 

Completeness 90% 

Comparability 

Reference Toxicant Tests must be conducted monthly for species that are 
raised within a laboratory (i.e. positive controls).  Reference Toxicant Test 

must be conducted per analytical batch for species from commercial supplier 
settings.  Reference Toxicant Tests must be conducted concurrently for test 

species or broodstocks that are field collected. 
 

Last plotted data point must be within 2 SD of the cumulative mean (n=20).  
(Reference toxicant tests that fall outside of recommended control chart 
limits are evaluated to determine the validity of associated effluent and 

receiving water tests.  An out of control reference toxicant test result does 
not necessarily invalidate associated test results.  More frequent and/or 

concurrent reference toxicant testing may be advantageous if recent 
problems have been identified in testing.) 

Sensitivity Refer to Appendix E for specific sensitivity requirements. 
 
In special cases where the criteria listed in the following tables cannot be met, EPA minimum criteria may 
be followed.  The affected data should be qualified accordingly. 
 
Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample.  
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Table A-10  Data Quality Indicators and Measurement Quality Objectives – Field 
Measurements** 

Water Quality 
Parameter 

Recommended 
Device Units Resolution 

“Electronic 
Specs” 

Accuracy** 

Depth Stadia Rod/Staff 
Gauge m 0.01 N/A 

Dissolved 
Oxygen 

Polarographic or 
Luminescence 

Quenching 
mg/L 0.1 ± 0.2 

pH Electrode None 0.1 ± 0.2 

Salinity Refractometer or 
Conductivity Cell % 2 ± 2 

Specific 
Conductivity Conductivity Cell µS/cm 1 ± 2 

Temperature Thermistor or Bulb °C 0.1 or 0.5 ± 0.1 

Total 
Chlorophyll 

Optical 
Fluorescence 

Chlorophyll Probe 
µg/L 0.1 N/A 

Turbidity 
Portable 

Turbidimeter or 
Optical Probe 

NTU 1 ± 1 

Velocity Flow Meter ft/s 0.05 
Follow 

manufacturer’s 
instructions 

**  This table may not include all field analyses.  Please refer to method or manufacturer instructions for 
guidance.  Refer to Appendix C for reporting limits. 
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Appendix B 
 

SWAMP Requirements and Recommendations 
– Information for Completing 

Element 11 (Sampling Methods) and 
Element 12 (Sample Handling and Custody) 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 
Alkalinity (as 
CaCO3)  mg/L Polyethylene 

Bottles 300 mL Cool to 6 ◦C and 
store in the dark 14 days 

Ammonia (as N)  mg/L Polyethylene 
Bottles 500 mL 

Cool to 6 ◦C and 
store in the 

dark. Samples 
may be 

preserved with 2 
mL of H2SO4 per 

L 

48 hours; 28 
days if 

acidified 

Biochemical 
Oxygen Demand mg/L 4-L cubitainer 4000 mL 

Add 1 g FAS 
crystals per liter 

if residual Cl 
present; Cool to 
6 ◦C and store in 

the dark 

48 hours 

Boron mg/L 

Polyethylene 
Bottles.  Only 

plastic apparatus 
should be used 

when the 
determinations 
of boron and 

silica are critical. 

600 mL 
Acidify with 

(1+1) HNO3 to 
pH <2 

6 months 

Calcium mg/L 

Polyethylene 
Bottles.  Glass or 
plastic filtering 
apparatus are 
recommended 

to avoid possible 
contamination. 

600 mL 
Acidify with 

(1+1) HNO3 to 
pH <2 

6 months 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Chemical 
Oxygen Demand 
(Titrametric) 

mg/L 

1-L cubitainer 
Collect the 

samples in glass 
bottles, if 

possible.  Use of 
plastic 

containers is 
permissible if it 

is known that no 
organic 

contaminants 
are present in 
the containers. 

1000 mL 

Preserve to pH 
<2 with ~2 mL 
of conc. H2SO4; 
Cool to 6 ◦C and 
store in the dark 

28 days 
Biologically 

active samples 
should be 

tested as soon 
as possible. 

Samples 
containing 
settleable 

material must 
be well mixed, 

preferably 
homogenized, 

to permit 
removal of 

representative 
aliquots. 

Chloride mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 28 days 

Chlorophyll a 
Pheophytin a µg/L 

Please refer to 
method 

requirements 
500 mL 

Centrifuge or 
filter as soon as 
possible after 
collection.  If 

processing must 
be delayed, hold 
samples on ice 
or at 6 ◦C and 
store in the 

dark. 

Samples must 
be frozen or 

analyzed 
within 4 hours 
of collection.  
Filters can be 
stored frozen 
for 28 days. 

Cyanide mg/L 1-L cubitainer 1000 mL 

Preserve to 
pH>12 with ~ 2 
mL 1:1 NaOH, 

Add 0.6 g 
C6H8O6 if 

residual Cl 
present; Cool to 
6 ◦C and store in 

the dark 

14 days 

Fluoride mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 28 days 

Hardness (as 
CaCO3)  mg/L Polyethylene 

Bottles 300 mL 

Cool to 6 ◦C and 
store in the 
dark. Acidify 
with HNO3 to 

pH<2 

6 months 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Iron mg/L 
Please refer to 

method 
requirements 

600 mL 

Cool to 6 ◦C and 
acidify with 

(1+1) HNO3 to 
pH <2 

6 months 

Kjeldahl 
Nitrogen (Total) mg/L Polyethylene 

Bottles 600 mL 

Cool to 6 ◦C and 
store in the 
dark. Acidify 
with H2SO4 to 

pH<2 

7 days or 28 
days if 

acidified 

Magnesium mg/L 

Polyethylene 
Bottles.  Glass or 
plastic filtering 
apparatus are 
recommended 

to avoid possible 
contamination. 

600 mL 
Acidify with 

(1+1) HNO3 to 
pH <2 

6 months 

Nitrate (as N)  mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 

48 hours 
unless 

calculated 
from nitrate + 
nitrite (as N) 
and nitrite (as 
N) analyses 

Nitrate + Nitrite 
(as N) mg/L Polyethylene 

Bottles 150 mL 

Cool to 6 ◦C and 
store in the 
dark. Acidify 
with H2SO4 to 

pH<2 

48 hours or 28 
days if 

acidified 

Nitrite (as N)  mg/L Polyethylene 
Bottles 150 mL Cool to 6 ◦C and 

store in the dark 48 hours 

Oil and Grease 
(HEM) mg/L 

1-L glass jar 
(w/Teflon lined 
lid and rinsed 
with hexane or 

methylene 
chloride) 

1000 mL 

Preserve to pH 
<2 with ~2 mL 
of conc. H2SO4 

Cool to 6 ◦C and 
store in the dark 

28 days 

Organic Carbon 
(Total) mg/L 40-mL glass vial 40 mL 

Cool to 6 ◦C and 
store in the 

dark. If analysis 
is to occur more 
than two hours 
after sampling, 
acidify (pH < 2) 

with HCl or 
H2SO4. 

28 days 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 
Organic Carbon 
(Dissolved) mg/L 40-mL glass vial 40 mL Cool to 6 ◦C and 

store in the dark 28 days 

Orthophosphate 
(Total, as P) mg/L Polyethylene 

Bottles 150 mL Cool to 6 ◦C and 
store in the dark 48 hours 

Orthophosphate 
(Dissolved, as 
P) Soluble 
Reactive 
Phosphorus 

mg/L Polyethylene 
Bottles 150 mL 

Filter within 15 
minutes of 

collection; Cool 
to 6 ◦C and store 

in the dark 

48 hours 

Perchlorate µg/L Plastic or glass 300 mL 
Protect from 
temperature 

extremes 
28 days 

Phenols mg/L 1-L glass jar w/ 
Teflon lined lid 1000 mL 

Preserve to pH 
<2 with ~2 mL 
of concentrated 
H2SO4; Cool to 6 

◦C and store in 
the dark 

Samples must 
be extracted 
within 7 days 
of collection, 
and analyzed 
within 28 days 
of extraction. 

 
Phosphorus 
(Total, as P) mg/L Polyethylene 

Bottles 300 mL Cool to 6 ◦C and 
store in the dark 28 days 

Phosphorus 
(Dissolved, as 
P) 

mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 28 days 

Potassium mg/L Polyethylene 
Bottles 600 mL 

Acidify with 
(1+1) HNO3 to 

pH <2 
6 months 

Silica mg/L 

Only plastic 
apparatus 

should be used 
when the 

determinations 
of boron and 

silica are critical. 

300 mL 
Acidify with 

(1+1) HNO3 to 
pH <2. 

6 months 
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Table B-1  Sampling and Preservation - Conventionals in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Specific 
Conductivity µS/cm Polyethylene 

Bottles 500 mL 

Cool to 6 ◦C and 
store in the dark 
If analysis is not 

completed 
within 24 hours 

of sample 
collection, 

sample should 
be filtered 

through a 0.45 
micron filter and 

stored in the 
dark at 6 °C. 

28 days 

Sulfate mg/L Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 28 days 

Sodium mg/L 

Polyethylene 
Bottles.  Glass or 
plastic filtering 
apparatus are 

recommended to 
avoid possible 
contamination. 

600 mL 
Acidify with 

(1+1) HNO3 to 
pH <2. 

6 months 

Turbidity NTU Polyethylene 
Bottles 300 mL Cool to 6 ◦C and 

store in the dark 48 hours 
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Table B-2  Sampling and Preservation – Conventionals in Water – Solids 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Fixed & Volatile 
Dissolved Solids 
(500-550 °C) 

mg/L Please refer to 
method. None Specified 

Refrigeration or 
icing to 6°C, to 

minimize 
microbiological 
decomposition 

of solids is 
recommended. 

24 hours, 
maximum 7 

days 

Suspended 
Sediment 
Concentration 

mg/L 

125-mL amber 
glass jar or 

Polyethylene 
Bottles* 

125 mL Cool to 6 ◦C and 
store in the dark 7 days 

Total Dissolved 
Solids mg/L Polyethylene 

Bottles* 1000 mL Cool to 6 ◦C and 
store in the dark 7 days 

Total Suspended 
Solids (103-105 
°C) 

mg/L 

500-mL amber 
glass jar or 

Polyethylene 
Bottles* 

1000 mL 

Refrigeration or 
icing to 6°C, to 

minimize 
microbiological 
decomposition 

of solids, is 
recommended. 

7 days 

Volatile 
Suspended 
Solids 

mg/L Please refer to 
method. None Specified 

Refrigeration or 
icing to 6°C, to 

minimize 
microbiological 
decomposition 

of solids is 
recommended. 

Analysis must 
begin as soon 
as possible. 
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Table B-3  Sampling and Preservation – Conventionals in Water - Pathogens 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

E. Coli MPN/100 
mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 

Enterococcus colonies/ 
100 mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 

Fecal Coliform MPN/100 
mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 

Total Coliform MPN/100 
mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 
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Table B-3  Sampling and Preservation – Conventionals in Water - Pathogens 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Streptococcus MPN/100 
mL 

Factory-sealed, 
pre-sterilized, 

disposable 
Whirlpak bags or 
125 mL sterile 
plastic (high 

density 
polyethylene or 
polypropylene) 

container 

100 mL 

Sodium 
thiosulfate is 

pre-added to the 
containers in the 

laboratory 
(chlorine 

elimination). 
Cool to 6 ◦C in 

the dark. 

24 hours (6 
hours for 
regulatory 

data) 

 
Table B-4  Sampling and Preservation – Conventionals in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Sediment 
Grain Size 
Analysis 

% fines, 
gravel, 

sand, silt, 
and clay 

(Wentworth 
scale) 

125-mL clear 
glass jar; pre-

cleaned** 
125 mL 

Cool to 6 ◦C in 
the dark up to 28 

days. Do not 
freeze 

Please refer 
to method 

Sediment 
Total 
Organic 
Carbon 

%OC (dry 
weight) 

125-mL clear 
glass jar; pre-

cleaned* 
125 mL 

Cool to 6 ◦C in 
the dark up to 28 

days** 

Please refer 
to method 

Moisture % 
125-mL to 250-
mL clear glass 

jar; pre-cleaned* 
200 g*** 

Please refer to 
the method 

associated with 
the target 
analyte or 
parameter 

Please refer 
to the 

method 
associated 
with the 
target 

analyte or 
parameter 

*  Sediment samples for TOC and grain size analysis can be combined in one 250-mL clear glass jar, and sub-
sampled at the laboratory in order to utilize holding time differences for the two analyses.  If this is done, the 250 mL 
combined sediment sample must be refrigerated only (not frozen) at 6 °C for up to 28 days, during which time the 
sub-samples must be aliquoted in order to comply with separate storage requirements (as shown above). 
**  Sediment samples for sediment TOC analysis can be held at 6 °C for up to 28 days, and must be analyzed within 
this 28 day period, but can be frozen at any time during the initial 28 days, for up to 1 year maximum at -20 °C. 
***  Split taken from sample for chemistry analyses 
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Table B-5  Sampling and Preservation – Conventionals in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume* 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Moisture % 

125-mL to 250-
mL clear glass 

jar; pre-
cleaned** 

200 g 

Please refer to 
the method 

associated with 
the target 
analyte 

Please refer to 
the method 
associated 
with the 

target analyte 

Lipids % 

125-mL to 250-
mL clear glass 

jar; pre-
cleaned** 

200 g 

Please refer to 
the method 

associated with 
the target 
analyte 

Please refer to 
the method 
associated 
with the 

target analyte 
*  Split taken from sample for chemistry analyses. 
 
Table B-6  Sampling and Preservation – Inorganic Analytes in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 
Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 
Silver 
Zinc 
(Total) 

µg/L 

60-mL acid-
cleaned 

polyethylene 
bottle 

60 mL 

Cool to 6 ◦C in 
the dark; Acidify 

to pH<2 with 
pre-tested HNO3 
within 48 hours 

6 months at 
room 

temperature 
following 

acidification 

Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 
Silver 
Zinc 
(Dissolved) 

µg/L 

60-mL acid-
cleaned 

polyethylene 
bottle 

60 mL 

Filter within 15 
minutes of 

collection; Cool 
to 6 ◦C in the 

dark; Acidify to 
pH<2 with pre-

tested HNO3 
within 48 hours 

6 months at 
room 

temperature 
after filtration 

and/or 
acidification 
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Table B-6  Sampling and Preservation – Inorganic Analytes in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Mercury  
(Total) ng/L 

250-mL glass or 
acid-cleaned 
Teflon bottle 

250 mL 

Cool to 6 ◦C in 
the dark; Acidify 

to 0.5% with 
pre-tested HCl 
within 48 hours 

6 months at 
room 

temperature 
following 

acidification 

Mercury 
(Dissolved) ng/L 

250-mL glass or 
acid-cleaned 
Teflon bottle 

250 mL 

Filter within 15 
minutes of 

collection; Cool 
to 6 ◦C in the 

dark; Acidify to 
0.5% with pre-

tested HCl 
within 48 hours 

6 months at 
room 

temperature 
after filtration 

and/or 
acidification 

Methylmercury 
(Total) ng/L 

250-mL glass or 
acid-cleaned 
Teflon bottle 

250 mL 

Cool to 6 ◦C in 
the dark; Acidify 

to 0.5% with 
pre-tested HCl 

within 48 hours; 
If salinity is >0.5 
ppt, acidify with 

H2SO4 

6 months at 
room 

temperature 
following 

acidification 

Methylmercury 
(Dissolved) ng/L 

250-mL glass or 
acid-cleaned 
Teflon bottle 

250 mL 

Cool to 6 ◦C in 
the dark; Filter 
and acidify to 

0.5% with pre-
tested HCl 

within 48 hours. 
If salinity is >0.5 
ppt, acidify with 

H2SO4 

6 months at 
room 

temperature 
after filtration 

and/or 
acidification 

Hexavalent 
Chromium 
(Filtered) 

µg/L 
600-mL 

polyethylene or 
glass bottle 

600 mL Cool to 6 ◦C in 
the dark 

24 hours, 
must notify 

lab in advance 
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Table B-7  Sampling and Preservation – Inorganic Analytes in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 
Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 

mg/kg 

60-mL I-Chem 
300 or 200 

series clear glass 
jar with Teflon 

lid-liner 

100 g Cool to 6 ◦C and 
in the dark 

1 year at -20 
◦C; Samples 

must be 
analyzed 

within 14 days 
of collection or 

thawing. 

Methylmercury mg/kg 

60-mL I-Chem 
300 or 200 

series clear glass 
jar with Teflon 

lid-liner 

100 g Freeze to ≤-20 
°C immediately 1 year 

 
Table B-8  Sampling and Preservation – Inorganic Analytes in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation* 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 
Silver 
Zinc 

g/g 

Polyethylene 
bags, Teflon 

sheets in Ziplock 
bags, or I-Chem 

300 or 200 
series clear  

glass jars with 
Teflon lined lids; 

acid-cleaned 
polyethylene 
jars if only 

sampling for 
trace metals 

20-50 g 

Cool to 6 °C 
within 24 hours, 
then freeze to 

≤-20 °C 

1 year at -20 
°C; 

Mercury g/g 

Teflon sheets in 
Ziplock bags, or 
glass jars with 
Teflon lined lids 

20-50 g 

Cool to 6 °C 
within 24 hours, 
then freeze to 

≤-20 °C 

1 year at -20 
°C; 
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Table B-8  Sampling and Preservation – Inorganic Analytes in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation* 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 

Methylmercury g/g 

Teflon sheets in 
Ziplock bags, or 
glass jars with 
Teflon lined lids 

20-50 g 

Cool to 6 °C 
within 24 hours, 
then freeze to 

≤-20 °C 

1 year at -20 
°C; 

*  Fish to be reported in wet weight; all other tissues to be reported in dry weight. 
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Table B-9  Sampling and Preservation – Volatile Organic Compounds in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
1,1-Dichloroethane 
1,1-Dichloroethylene 
1,1-Dichloropropene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
1,2-Dibromo-3-chloropropane (DBCP) 
1,2-Dibromoethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,2-cis-Dichloroethylene 
1,2-trans-Dichloroethylene 
1,2,3-Trichlorobenzene 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3-Dichlorobenzene 
1,3-Dichloropropane 
1,3,5-Trimethylbenzene 
1,4-Dichlorobenzene 
2-Chlorotoluene 
2,2-Dichloropropane 
4-Chlorotoluene 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Dibromochloromethane 
Dibromomethane 
Ethylbenzene 
Fluorobenzene 
Hexachlorobutadiene 
Isopropylbenzene 
Methyl tert-butyl ether (MTBE) 
m/p-Xylene 
Naphthalene 
n-Butylbenzene 
n-Propylbenzene 
o-Xylene   
p-Isopropyltoluene 
sec-Butylbenzene 
tert-Butylbenzene 
Tetrachloroethylene 
Toluene 
Trichloroethylene 
Total Xylene 

ug/L 40-mL VOA vials 120 mL (three 
VOA vials) 

All vials are pre-
acidified (50% 

HCl or H2SO4) at 
lab before 

sampling.  Cool 
to 6 °C in the 

dark. 

14 days at 6 
°C, dark, 

and pH< 2;  
7 days at 6 
°C, dark, for 
non-acidified 

Recommended Surrogate (% Recovery) 

4-Bromofluorobenzene, Chlorobenzene-d5, Dibromofluoromethane, Toluene-d8 
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Table B-10  Sampling and Preservation – Volatile Organic Compounds in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
1,1-Dichloroethane 
1,1-Dichloroethylene 
1,1-Dichloropropene 
1,1,1-Trichloroethane 
1,1,1,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,2-Dibromo-3-chloropropane, (DBCP) 
1,2-Dibromomethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,2-cis-Dichloroethylene 
1,2-trans-Dichloroethylene 
1,2,3-Trichlorobenzene 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3-Dichlorobenzene 
1,3-Dichloropropane 
1,3,5-Trimethylbenzene 
1,4-Dichlorobenzene 
2-Chlorotoluene 
2,2-Dichloropropane 
4-Chlorotoluene 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Dibromochloromethane 
Dibromomethane 
Ethylbenzene 
Fluorobenzene 
Hexachlorobutadiene 
Isopropylbenzene 
Methyl tert-butyl ether (MTBE) 
m/p-Xylene 
n-Butylbenzene 
n-Propylbenzene 
Naphthalene 
o-Xylene 
p-Isopropyltoluene 
sec-Butylbenzene  
tert-Butylbenzene  
Tetrachloroethylene 
Toluene 
Trichloroethylene 
Total Xylene 

ng/g 

250-mL I-Chem 
300-series 

amber glass jar 
with Teflon lid-

liner; Pre-
cleaned. 

200 g Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
analyzed 
within 14 
days of 

collection 
or thawing. 

Recommended Surrogates (% Recovery) 

1,2-Dichloromethane-d4, 4-Bromofluorobenzene, Chlorobenzene-d5, Dibromofluoromethane, Toluene-d8 
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Table B-11  Sampling and Preservation – Semi-Volatile Organic Compounds* in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
1,2-Dichlorobenzene 
1,2,4-Trichlorobenzene 
1,4-Dichlorobenzene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,6-Dinitrotoluene 
3-Nitroaniline 
3,4-Methylphenol 
4-Bromophenylphenylether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Nitroaniline 
4-Nitrophenol 
4,6-Dinitro-2-methylphenol 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl) ether 
Bis(2-ethylhexyl) phthalate 
Butyl benzyl phthalate 
Carbazole 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Isophorone 
Nitrobenzene 
n-Nitrosodi-n-propylamine 
Pentachlorophenol 
Phenol 
Total Xylenes 

µg/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL (Each 
sample type 
requires a 

separate 1000-
mL container) 

Cool to 6 °C in 
the dark. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction. 

Recommended Surrogate (% Recovery) 
2-Fluorobiphenyl, 2-Fluorophenol, 2,4,6-Tribromophenol, Nitrobenzene-d5, Phenol-d6, Terphenyl-d14 

*  Information on Polynuclear Aromatic Hydrocarbons may be found in Table 2-16. 
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Table B-12  Sampling and Preservation – Semi-Volatile Organic Compounds in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2,4-Trichlorobenzene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Nitroaniline 
2-Nitrophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,6-Dinitrotoluene 
3-Nitroaniline 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz[a]anthracene 
Benzo[a]pyrene 
Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo[k]fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl) ether 
Bis(2-chloroisopropyl)ether 
Bis(2-ethylhexyl) phthalate 
Carbazole 
Chrysene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Naphthalene 
Nitrobenzene 
n-Nitrosodi-n-propylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Total Xylenes 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

200 g Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or thawing 

and 
analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
2-Fluorobiphenyl, 2-Fluorophenol, 2,4,6-Tribromophenol, Nitrobenzene-d5, Phenol-d6, Terphenyl-d14 
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Table B-13  Sampling and Preservation – Synthetic Organic Compounds 
(Polychlorinated Biphenyls as Congeners/Aroclor) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

PCB 5 
PCB 8 
PCB 15 
PCB 18 
PCB 27 
PCB 28 
PCB 29 
PCB 31 
PCB 33 
PCB 44 
PCB 49 
PCB 52 
PCB 56 
PCB 60 
PCB 66 
PCB 70 
PCB 74 
PCB 87 
PCB 137 
PCB 138 
PCB 141 
PCB 149 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 170 
PCB 174 
PCB 177 
PCB 180 
PCB 183 
PCB 187 
PCB 189 
PCB 194 
PCB 195 
PCB 200 
PCB 201 
PCB 203 
PCB 206 
PCB 209 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

µg/L 

1000-mL I-Chem 
200-Series amber 
glass bottle, with 
Teflon lid-liner 

1000 mL/per 
individual analyses 

(QC samples or 
other analytes 

require additional 
sample bottles) 

Cool to 6 °C in the 
dark. 

Samples must be 
extracted within 7 
days of collection 

and analyzed 
within 40 days of 

extraction. 

Recommended Surrogates (% Recovery) 

PCB 209 
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Table B-14  Sampling and Preservation – Synthetic Organic Compounds 
(Polychlorinated Biphenyls as Congeners/Aroclor) in Sediment 

Analyte Units 
Recommended 

Container 
Recommended 
Sample Mass 

Recommended 
Preservation 

Required Holding 
Time 

QAPP Element 11 QAPP Element 11 QAPP Element 12 QAPP Element 12 
PCB 8 
PCB 18 
PCB 27 
PCB 28 
PCB 29 
PCB 31 
PCB 33 
PCB 44 
PCB 49 
PCB 52 
PCB 56 
PCB 60 
PCB 66 
PCB 70 
PCB 74 
PCB 87 
PCB 95 
PCB 97 
PCB 99 
PCB 101 
PCB 105 
PCB 110 
PCB 114 
PCB 118 
PCB 128 
PCB 137 
PCB 138 
PCB 141 
PCB 149 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 170 
PCB 174 
PCB 177 
PCB 180 
PCB 183 
PCB 187 
PCB 189 
PCB 194 
PCB 195 
PCB 200 
PCB 201 
PCB 203 
PCB 206 
PCB 209 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

ng/g 

Pre-cleaned 250-mL 
I-Chem 300 Series 

amber glass jar 
with Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in the 
dark 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and 
analyzed within 40 
days of extraction. 

Recommended Surrogates (% Recovery) 

PCB 207 
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Table B-15  Sampling and Preservation – Synthetic Organic Compounds 
(Polychlorinated Biphenyl Congeners/Aroclor) in Tissue 

Analyte Units 
Recommended 

Container 
Recommended  
Sample Mass 

Recommended 
Preservation 

Required Holding 
Time 

QAPP Element 11 QAPP Element 11 QAPP Element 12 QAPP Element 12 
PCB 8 
PCB 18 
PCB 27 
PCB 28 
PCB 29 
PCB 31 
PCB 33 
PCB 44 
PCB 49 
PCB 52 
PCB 56 
PCB 60 
PCB 66 
PCB 70 
PCB 74 
PCB 87 
PCB 95 
PCB 97 
PCB 99 
PCB 101 
PCB 105 
PCB 110 
PCB 114 
PCB 118 
PCB 128 
PCB 137 
PCB 138 
PCB 141 
PCB 149 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 170 
PCB 174 
PCB 177 
PCB 180 
PCB 183 
PCB 187 
PCB 189 
PCB 194 
PCB 195 
PCB 200 
PCB 201 
PCB 203 
PCB 206 
PCB 209 
Arochlor 1248 
Arochlor 1254 
Arochlor 1260 

ng/g 

Polyethylene bags 
(Teflon sheets in 
zip bags) or glass 

jars with Teflon lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and 
analyzed within 40 
days of extraction. 

Recommended Surrogates (% Recovery) 

PCB 207 
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Table B-16  Sampling and Preservation – Synthetic Organic Compounds 
(Polynuclear Aromatic Hydrocarbons) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

1-Methylfluorene 
1-Methylnaphthalene 
1-Methylphenanthrene 
2-Methylfluoranthene 
2-Methylnaphthalene  
2,3,5-Trimethylnaphthalene 
2,6-Dimethylnaphthalene 
3,6-Dimethylphenanthrene 
4-Methyldibenzothiophene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
C1-Chrysenes 
C1-Dibenzothiophenes 
C1-Fluorenes 
C1-Fluoranthene/ Pyrenes 
C1-Naphthalenes 
C1-Phenanthrene/ Anthracene 
C2-Chrysenes 
C2-Dibenzothiophenes 
C2-Fluorenes 
C2-Naphthalenes 
C2-Phenanthrene/Anthracene 
C3-Chrysenes 
C3-Dibenzothiophenes 
C3-Fluorenes 
C3-Naphthalenes 
C3-Phenanthrene/ Anthracene 
C4-Naphthalenes 
C4-Phenanthrene/ Anthracene 
Chrysenes 
Dibenz(a,h)anthracene 
Dibenzothiophene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-c,d)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

µg/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples must be 
extracted within 

7 days of 
collection and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
Acenaphthene-d10, Benz(a)anthracene-D12, Benzo(g,h,i)perylene-D12, Biphenyl-D10, Naphthalene-d8, 
Perylene-d12, Phenanthrene-d10, Pyrene-d10 
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Table B-17  Sampling and Preservation – Synthetic Organic Compounds 
(Polynuclear Aromatic Hydrocarbons) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

1-Methylfluorene 
1-Methylnaphthalene 
1-Methylphenanthrene 
2-Methylfluoranthene 
2-Methylnaphthalene 
2,3,5-Trimethylnaphthalene 
2,6-Dimethylnaphthalene 
3,6-Dimethylphenanthrene 
4-Methyldibenzothiophene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
Chrysene 
C1-Chrysenes 
C1-Dibenzothiophenes 
C1-Fluorenes 
C1-Fluoranthene/ Pyrenes 
C1-Naphthalenes 
C1-Phenanthrene/ Anthracene 
C2-Chrysenes 
C2-Dibenzothiophenes 
C2-Fluorenes 
C2-Naphthalenes 
C2-Phenanthrene/ Anthracene 
C3-Chrysenes 
C3-Dibenzothiophenes 
C3-Fluorenes 
C3-Naphthalenes 
C3-Phenanthrene/ Anthracene 
C4-Phenanthrene/ Anthracene 
C4-Naphthalenes 
Dibenz(a,h)anthracene 
Dibenzothiophene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-c,d)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 °C; 
Samples must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates  (% Recovery) 
Acenaphthene-d10, Benz(a)anthracene-D12, Benzo(g,h,i)perylene-D12, Biphenyl-D10, Naphthalene-d8, 
Perylene-d12, Phenanthrene-d10, Pyrene-d10 
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Table B-18  Sampling and Preservation – Synthetic Organic Compounds 
(Polynuclear Aromatic Hydrocarbons) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

1-Methylfluorene 
1-Methylnaphthalene 
1-Methylphenanthrene 
2-Methylfluoranthene 
2-Methylnaphthalene 
2,3,5-Trimethylnaphthalene 
2,6-Dimethylnaphthalene 
3,6-Dimethylphenanthrene 
4-Methyldibenzothiophene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
C1-Chrysenes 
C1-Dibenzothiophenes 
C1 Fluoranthene/ Pyrenes 
C1-Fluorenes 
C1-Naphthalenes 
C1-Phenanthrene/ Anthracene 
C2-Chrysenes 
C2-Dibenzothiophenes 
C2-Fluorenes 
C2-Naphthalenes 
C2-Phenanthrene/ Anthracene 
C3-Chrysenes 
C3-Dibenzothiophenes 
C3-Fluorenes 
C3-Naphthalenes 
C3-Phenanthrene/ Anthracene 
C4-Naphthalenes 
C4-Phenanthrene/ Anthracene 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzothiophene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-c,d)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
Acenaphthene-d10, Benz(a)anthracene-D12, Benzo(g,h,i)perylene-D12, Biphenyl-D10, Naphthalene-d8, 
Perylene-d12, Phenanthrene-d10, Pyrene-d10 
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Table B-19  Sampling and Preservation – Synthetic Organic Compounds 
(Organochlorine Pesticides) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Aldrin 
alpha-HCH  
cis-Chlordane 
beta-HCH  
trans-Chlordane 
Dacthal 
DDD (o,p') 
DDD (p,p') 
DDE  (o,p') 
DDE (p,p') 
DDMU (p,p') 
DDT (o,p') 
DDT (p,p') 
delta-HCH 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin Aldehyde 
Endrin Ketone 
gamma-HCH 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Methoxychlor 
Mirex 
cis-Nonachlor 
trans-Nonachlor 
Oxadiazon 
Oxychlordane 
Tedion 
Toxaphene 

µg/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-

9. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
Dibromoocta-fluorobiphenyl 
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Table B-20  Sampling and Preservation – Synthetic Organic Compounds 
(Organochlorine Pesticides) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Aldrin 
Alpha-HCH 
Beta-HCH 
cis-Chlordane 
trans-Chlordane 
Dacthal 
DDD (o,p') 
DDD (p,p') 
DDE (o,p') 
DDE (p,p') 
DDMU (p,p') 
DDT (o,p') 
DDT (p,p') 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Delta-HCH 
Gamma-HCH 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Methoxychlor 
Mirex 
Nonachlor, cis 
Nonachlor, trans 
Oxadiazon 
Oxychlordane 
Tedion 
Toxaphene 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or thawing 

and 
analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
PCB 207, Dibromooctafluorobiphenyl, DDD (p,p’), DBCE 
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Table B-21  Sampling and Preservation – Synthetic Organic Compounds 
(Organochlorine Pesticides) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Aldrin 
Alpha-HCH 
Beta-HCH   
cis-Chlordane 
trans-Chlordane 
Dacthal 
DDD (o,p') 
DDD (p,p') 
DDE (o,p') 
DDE (p,p') 
DDMU ( p,p') 
DDT (o,p') 
DDT (p,p') 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endosulfan sulfate 
Endrin 
Gamma-HCH 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Methoxychlor 
Mirex 
cis-Nonachlor 
trans-Nonachlor 
Oxadiazon 
Oxychlordane 
Tedion 
Toxaphene 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or thawing 

and 
analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
PCB 207, Dibromoocta fluorobiphenyl, DDD (p,p’), DBCE 
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Table B-22  Sampling and Preservation – Synthetic Organic Compounds 
(Wastewater Organochlorine Pesticides) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Chlorothalonil 
PCNB ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-

9. 

Samples must be 
extracted within 

7 days of 
collection and 

analyzed within 
40 days of 
extraction. 

 
Table B-23  Sampling and Preservation – Synthetic Organic Compounds 

(Wastewater Organochlorine Pesticides) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 12 

Chlorothalonil ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

PCNB ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 
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Table B-24  Sampling and Preservation – Synthetic Organic Compounds 
(Organophosphate Pesticides) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Volume 

Recommended 
Preservation 

Required 
Holding 

Time 
QAPP Element 

11 
QAPP Element 

11 
QAPP Element 

12 
QAPP 

Element 12 
Aspon 
Azinphos ethyl 
Carbophenothion 
Chlorfenvinphos 
Chlorpyrifos 
Chlorpyrifos methyl 
Ciodrin 
Coumaphos 
Demeton-S 
Diazinon 
Naled 
Dichlofenthion 
Dichlorvos 
Dicrotophos 
Dimethoate 
Dioxathion 
Disulfoton 
Ethion 
Famphur 
Fenchlorophos 
Fenitrothion 
Fensulfothion 
Fenthion 
Fonofos 
Azinphos methyl 
Leptophos 
Malathion 
Methidathion 
Parathion, ethyl 
Parathion, methyl 
Molinate 
Phorate 
Mevinphos 
Phosmet 
Phosphamidon 
Ethoprop 
Sulfotep 
Bolstar 
Terbufos 
Tetrachlorvinphos 
Thiobencarb 
Thionazin 
Tokuthion 
Merphos 
Trichlorfon 
Trichloronate 

µg/L 

1000-mL I-Chem 
200-Series amber 
glass bottle, with 
Teflon lid-liner 

1000 mL/per 
individual analyses 

(QC samples or 
other analytes 

require additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-9. 

Samples must 
be extracted 
within 7 days 
of collection 
and analyzed 

within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 

Triphenyl phosphate 
 

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

RB-AR41767

http://www.novapdf.com


City of Carson 
Machado Lake Pesticides and PCBs TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan   September 2012 
 

- B-29 - 

Table B-25  Sampling and Preservation – Synthetic Organic Compounds 
(Organophosphate Pesticides) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Chlorpyrifos 
Chlorpyrifos methyl 
Diazinon 
Dichlofenthion 
Dieldrin 
Dioxathion 
Ethion 
Fecnchlorphos 
Fenitrothion 
Fonofos 
Malathion 
Parathion, ethyl 
Parathion, methyl 
Phosphamidon 
Ethoprop 
Sulfotep 
Thionzion 
Tokuthion 
Merphos 
Trichloronate 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or 

thawing 
and 

analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
Triphenyl phosphate 
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Table B-26  Sampling and Preservation – Synthetic Organic Compounds 
(Organophosphate Pesticides) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 
Chlorpyrifos 
Chlorpyrifos methyl 
Diazinon 
Dichlofenthion 
Dioxathion 
Ethion 
Fenchchlorphos 
Fenitrothion 
Fenofos 
Malathion 
Parathion, Ethyl 
Parathion, Methyl 
Phosphamidon 
Ethoprop 
Sulfotep 
Thionazin 
Tokuthion 
Merphos 
Trichloronate 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or 

thawing 
and 

analyzed 
within 40 
days of 

extraction. 

Recommended Surrogates (% Recovery) 
Triphenyl phosphate 

 
Table B-27  Sampling and Preservation – Synthetic Organic Compounds (Diesel 

Range Organics) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Diesel Range 
Organics ug/L 

1000-mL  I-
Chem 200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples must be 
extracted within 7 
days of collection 

and analyzed 
within 40 days of 

extraction. 

Recommended Surrogates (% Recovery) 
σ - Terphenyl 
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Table B-28  Sampling and Preservation – Synthetic Organic Compounds (Diesel 
Range Organics) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Diesel Range 
Organics ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
Σ - Terphenyl 

 
Table B-29  Sampling and Preservation – Synthetic Organic Compounds 

(Pyrethroids/Pyrethrins) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 

Bifenthrin 
Cyfluthrin, Total 
Cypermethrin, Total 
Deltamethrin 
Esfenvalerate/ 
Fenvalerate, Total 
lambda-Cyhalothrin, 
Total 
cis-Permethrin 
trans-Permethrin 

ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction
. 

Recommended Surrogates (% Recovery) 
Dibromoocta-fluorobiphenyl 
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Table B-30  Sampling and Preservation – Synthetic Organic Compounds 
(Pyrethroids/Pyrethrins) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 

Bifentrhin 
Cyfluthrin, Total 
Cypermethrin, Total 
Deltamethrin, Total 
Esfenvalerate/ 
Fenvalerate, Total 
Lambda-cyhalothrin, 
Total 
cis-Permethrin 
trans-Permethrin 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -
20 °C; 

Samples 
must be 
extracted 
within 14 
days of 

collection 
or 

thawing 
and 

analyzed 
within 40 
days of 

extraction
. 

Recommended Surrogates (% Recovery) 
Dibromooctafluorobiphenyl 
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Table B-31  Sampling and Preservation – Synthetic Organic Compounds (Phenols) 
in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding 

Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP 
Element 

12 

Pentachloro-phenol ug/L 

1000-mL I-Chem 
200-Series 
amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-

9. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction. 

2,3,5,6-
Tetrachlorophenol ug/L 

1000-mL I-Chem 
200-Series 
amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples 
must be 
extracted 
within 7 
days of 

collection 
and 

analyzed 
within 40 
days of 

extraction. 
Recommended Surrogates (% Recovery) 
2,4,6-Trimethylphenol 
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Table B-32  Sampling and Preservation – Synthetic Organic Compounds 
(Glyphosate) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Glyphosate ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

6 months at -20 
°C; Samples must 
be analyzed within 

7 days of 
collection or 

thawing 

AMPA ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

6 months at -20 
°C; Samples must 
be analyzed within 

7 days of 
collection or 

thawing 

 
Table B-33  Sampling and Preservation – Synthetic Organic Compounds 

(Surfactants) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Nonlyphenol 
Nonylphenol-
ethoxylate 

ug/L 

1000-mL  I-
Chem 200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples must 
be extracted 

within 7 days of 
collection and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
2,4,6-Trimethylphenol 
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Table B-34  Sampling and Preservation – Synthetic Organic Compounds 
(Surfactants) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation* 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Nonylphenol 
Nonylphenol-
ethoxylate 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 °C; 
Samples must 
be extracted 

within 14 days 
of collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
2,4,6-Trimethylphenol 

 
Table B-35  Sampling and Preservation – Synthetic Organic Compounds 

(Surfactants) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation* 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Nonylphenol 
Nonylphenol-
ethoxylate 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C in 
the dark 

1 year at -20 °C; 
Samples must 
be extracted 

within 14 days 
of collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
2,4,6-Trimethylphenol 

*  Unless otherwise specified by method. 
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Table B-36  Sampling and Preservation – Synthetic Organic Compounds 
(Carbamate Pesticides) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Aldicarb 
Captan 
Carbaryl 
Carbofuran 
Diuron 
Linuron 
Methiocarb 
Methomyl 

ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to ≤6 °C in 
the dark; pH 5-

9. 

Samples must be 
extracted within 7 
days of collection 

and analyzed 
within 40 days of 

extraction. 

 
Table B-37  Sampling and Preservation – Synthetic Organic Compounds 

(Triazines) in Water 

Analyte Units 

Recommended 
Container 

Recommended 
Sample 
Volume 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Ametryn 
Atraton 
Atrazine 
Prometon 
Prometryn 
Propazine 
Secbumeton 
Simazine 
Simetryn 
Terbuthylazine 
Terbutryn 

ug/L 

1000-mL I-Chem 
200-Series 

amber glass 
bottle, with 

Teflon lid-liner 

1000 mL/per 
individual 

analyses (QC 
samples or other 
analytes require 

additional 
sample bottles) 

Cool to 6 °C in 
the dark. 

Samples must be 
extracted within 

7 days of 
collection and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
Triphenyl phosphate 
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Table B-38  Sampling and Preservation – Synthetic Organic Compounds 
(Organotins) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

Dibutyltin ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Tributlytin ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 
°C; Samples 

must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

 
Table B-39  Sampling and Preservation – Synthetic Organic Compounds 

(Organotins) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required Holding 
Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 QAPP Element 12 

Dibutyltin ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and analyzed 
within 40 days of 

extraction. 

Tributlytin ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and analyzed 
within 40 days of 

extraction. 
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Table B-40  Sampling and Preservation – Synthetic Organic Compounds 
(Polybrominated Diphenyl Ethers) in Sediment 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required 
Holding Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 

QAPP Element 
12 

PBDE 17 
PBDE 28 
PBDE 47 
PBDE 66 
PBDE 85 
PBDE 99 
PBDE 100 
PBDE 138 
PBDE 153 
PBDE 154 
PBDE 183 
PBDE 190 

ng/g 

Pre-cleaned 250-
mL I-Chem 300 
Series amber 
glass jar with 
Teflon lid liner 

500 g 
(two jars) 

Cool to 6 °C in 
the dark 

1 year at -20 °C; 
Samples must be 
extracted within 

14 days of 
collection or 
thawing and 

analyzed within 
40 days of 
extraction. 

Recommended Surrogates (% Recovery) 
DDD (p,p’) 

 
Table B-41  Sampling and Preservation – Synthetic Organic Compounds 

(Polybrominated Diphenyl Ethers) in Tissue 

Analyte Units 

Recommended 
Container 

Recommended 
Sample Mass 

Recommended 
Preservation 

Required Holding 
Time 

QAPP Element 
11 

QAPP Element 
11 

QAPP Element 
12 QAPP Element 12 

PBDE 17 
PBDE 28 
PBDE 47 
PBDE 66 
PBDE 100 
PBDE 99 
PBDE 85 
PBDE 154 
PBDE 153 
PBDE 138 
PBDE 183 
PBDE 190 

ng/g 

Polyethylene 
bags (Teflon 
sheets in zip 

bags) or glass 
jars with Teflon 

lids 

200 g Cool to 6 °C 

1 year at -20 °C; 
Samples must be 

extracted within 14 
days of collection or 

thawing and analyzed 
within 40 days of 

extraction. 

Recommended Surrogates (% Recovery) 
DDD (p,p’) 
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Appendix C 
 

SWAMO Requirements and Recommendations 
– Information for Completing Element 7 

(Quality Objectives and Criteria) and 
Element 13 (Analytical Methods) 
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Table C-1  SWAMP Reporting Limits – Conventionals in Water 

Analyte Water 
(mg/L)* 

Ammonia (as N) 0.1 
Biochemical Oxygen Demand 2 

Boron 0.010 
Chloride 0.25 

Chlorophyll a Pheophytin a 0.002 
Chemical Oxygen Demand (titrametric) 5 

Cyanide not listed 
Dissolved Phosphorus (as P) not listed 

Fluoride 0.123 
Iron 0.02 

Nitrate (as N) 0.01 
Nitrate + Nitrite (as N) 0.1 

Nitrite (as N) 0.01 
Oil and Grease (HEM) 1.4 

Organic Carbon (Dissolved) 0.6 
Organic Carbon (Total) 0.6 
Orthophosphate (as P) 0.01 

Phenols not listed 
Silica 0.1 

Sulfate 1.0 
Specific Conductivity 2.5 S/cm 

Total Alkalinity (as CaCO3) 1 
Total Calcium 0.05 

Total Hardness (as CaCO3) 1 
Total Kjeldahl Nitrogen 0.5 

Total Magnesium 0.02 
Total Phosphorus (as P) not listed 

Total Potassium 0.1 
Total Sodium 0.1 

Turbidity 0.5 NTU 
 

Table C-2  SWAMP Reporting Limits – Conventionals – Aqueous Solids 

Analyte Solids 
(mg/L) 

Fixed & Volatile Dissolved Solids (500 C) 550 C 5.0 
Suspended Sediment Concentration 0.5 

Total Dissolved Solids 10 
Total Suspended Solids  (103-105 ◦C) 0.5 

Volatile Suspended Solids 1.0 
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Table C-3  SWAMP Reporting Limits – Conventionals - Pathogens 
Analyte MPN/100 mL* 

Pathogens – E. Coli 2 
Pathogens – Enterococcus 1 colonies/100 mL 
Pathogens –Fecal Coliform 2 
Pathogens – Total Coliform 2 
Pathogens – Streptococcus not listed 

 
Table C-4  SWAMP Reporting Limits – Conventionals - Solids 

Analyte Solids 
Sediment Grain Size Analysis 1% 

Sediment Total Organic Carbon 0.01% OC 
%Moisture n/a 
%Lipids n/a 

 
Table C-5  SWAMP Reporting Limits – Inorganic Analytes 

Analyte Water 
(g/L) 

Sediment 
(mg/kg) 

Tissue 
(mg/kg) 

Aluminum 0.3 0.3 0.3 
Arsenic 0.3 0.3 0.3 

Cadmium 0.01 0.01 0.01 
Chromium 0.1 0.1 0.1 

Copper 0.01 0.01 0.01 
Lead 0.01 0.01 0.01 

Manganese 0.01 0.01 0.01 
Mercury 0.0002 0.03 0.03 

Methylmercury 0.00005 0.00002 0.0100 
Nickel 0.02 0.02 0.02 

Selenium 0.30 0.10 0.30 
Silver 0.02 0.02 0.02 
Zinc 0.10 0.10 0.10 
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Table C-6  SWAMP Reporting Limits – Volatile Organics 

Analyte Water 
(g/L) 

Sediment 
(mg/kg) 

1,1-Dichloroethane 
1,1-Dichloroethylene 
1,1-Dichloropropene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 

1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 

1,2 -Dibromoethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 

1,2-cis-Dichloroethylene 
1,2-trans-Dichloroethylene 
1,2,3-Trichlorobenzene, 

1,2-Dibromo-3-chloropropane 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 

1,3-Dichlorobenzene 
1,3-Dichloropropane 

1,3,5-Trimethylbenzene 
1,4-Dichlorobenzene 

2-Chlorotoluene 
2,2-Dichloropropane 

4-Chlorotoluene 
Benzene 

Bromobenzene 
Bromochloromethane 

Bromodichloromethane 
Bromoform 

Carbon tetrachloride 
Chlorobenzene 

Chloroform 
Dibromochloromethane 

Dibromomethane 
Ethylbenzene 
Fluorobenzene 

Hexachlorobutadiene 
Isopropylbenzene 

Methyl tert-butyl ether(MTBE) 
m/p-Xylene 
Naphthalene 

n-Butylbenzene 
n-Propylbenzene 

o-Xylene 
p-Isopropyltoluene 
sec-Butylbenzene 
tert-Butylbenzene 

Tetrachloroethylene 
Toluene 

Trichloroethylene 
Total Xylene 

0.08 20 

 

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

RB-AR41781

http://www.novapdf.com


City of Carson 
Machado Lake Pesticides and PCBs TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan   September 2012 
 

- C-5 - 

Table C-7  SWAMP Reporting Limits – Semi-Volatile Organics 

Analyte Water 
(g/L) 

Sediment 
(mg/kg) 

1,2-Dichlorobenzene 
1,2,4-Trichlorobenzene 
1,4-Dichlorobenzene 
2-Chloronaphthalene 

2-Chlorophenol 
2-Methylnaphthalene 

1,2,4-Trichlorobenzene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 

2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 

2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

2,6-Dinitrotoluene 
3-Nitroaniline 

3,4-Methylphenol 
4-Bromophenyl phenyl ether 

4-Chloro-3-methylphenol 
4-Chloroaniline 

4-Chlorophenyl phenyl ether 
4-Nitroaniline 
4-Nitrophenol 

4,6-Dinitro-2-methylphenol 
Acenaphthene 

Acenaphthylene 
Anthracene 

Benz[a]anthracene 
Benzo[a]pyrene 

Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo[k]fluoranthene 

Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl) ether 

Bis(2-ethylhexyl) phthalate 
Butyl benzyl phthalate 

Carbazole 
Chrysene 

Dibenzofuran 
Diethyl phthalate 

Dimethyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Hexachlorobenzene 

Hexachlorobutadiene 
Hexachlorocyclopentadiene 

Hexachloroethane 
Indeno[1,2,3-cd]pyrene 

Isophorone 
Naphthalene 
Nitrobenzene 

n-Nitrosodi-n-propylamine 
Pentachlorophenol 

Phenanthrene 
Phenol 
Pyrene 

Total Xylenes 

10 0.3 
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Table C-8  SWAMP Reporting Limits – Synthetic Organic Compounds 
Polychlorinated Biphenyls as Congeners/Aroclor Compounds 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

PCB 5 
PCB 8 
PCB 15 
PCB 18 
PCB 27 
PCB 28 
PCB 29 
PCB 31 
PCB 33 
PCB 44 
PCB 49 
PCB 52 
PCB 56 
PCB 60 
PCB 66 
PCB 70 
PCB 74 
PCB 87 
PCB 95 
PCB 97 
PCB 99 
PCB 101 
PCB 105 
PCB 110 
PCB 114 
PCB 118 
PCB 128 
PCB 137 
PCB 138 
PCB 141 
PCB 149 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 170 
PCB 174 
PCB 177 
PCB 180 
PCB 183 

0.002 
 

0.2 
 

0.4 
 

PCB 187 0.002 0.2 0.4 
PCB 189 1.0 10 20 
PCB 194 0.002 0.2 0.4 
PCB 195 0.002 0.2 0.4 
PCB 200 0.002 0.2 0.4 
PCB 201 0.002 0.2 0.4 
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Table C-8  SWAMP Reporting Limits – Synthetic Organic Compounds 
Polychlorinated Biphenyls as Congeners/Aroclor Compounds 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

PCB 203 0.002 0.2 0.4 
PCB 206 0.002 0.2 0.4 
PCB 209 0.002 0.2 0.4 

Aroclor 1248 2.5 25 50 
Aroclor 1254 1.0 10 20 
Aroclor 1260 1.0 10 20 
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Table C-9  SWAMP Reporting Limits – Synthetic Organic Compounds 
Polynuclear Aromatic Hydrocarbons 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

1-Methylfluorene 
1-Methyl-naphthalene 

1-Methyl-phenanthrene 
2-Methylfluoranthene 
2-Methyl-naphthalene 

2,3,5-Trimethyl-naphthalene 
2,6-Dimethyl-naphthalene 

3,6-Dimethyl-phenanthrene 
4-Methyl-dibenzothiophene 

Acenaphthene 
Acenaphthylene 

Anthracene 
Benz(a) anthracene 

Benzo(a) pyrene 
Benzo(b) fluoranthene 

Benzo(e) pyrene 
Benzo(g,h,i) perylene 
Benzo(k) fluoranthene 

Biphenyl 
C1-Chrysenes 

C1-Dibenzo-thiophenes 
C1-Fluorenes 

C1-Fluoranthene/ Pyrenes 
C1-Naphthalenes 

C1-Phenanthrene/ Anthracene 
C2-Chrysenes 

C2-Dibenzo-thiophenes 
C2-Fluorenes 

C2-Naphthalenes 
C2-Phenanthrene/ Anthracene 

C3-Chrysenes 
C3-Dibenzo-thiophenes 

C3-Fluorenes 
C3-Naphthalenes 

C3-Phenanthrene/ Anthracene 
C4-Naphthalenes 

C4-Phenanthrene/ Anthracene 
Chrysenes 

Dibenz(a,h) anthracene 
Dibenzo-thiophene 

Fluoranthene 
Fluorene 

Indeno(1,2,3-c,d) pyrene 
Naphthalene 

Perylene 
Phenanthrene 

Pyrene 

10 20 100 
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Table C-10  SWAMP Reporting Limits – Synthetic Organic Compounds -
Organochlorine Pesticides 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

Aldrin 0.002 1 2 
alpha-HCH 0.002 1 2 

cis-Chlordane 0.002 2 4 
beta-HCH 0.002 2 4 

trans-Chlordane 0.002 2 4 
Dacthal 0.002 2 4 

DDD (o,p') 0.002 2 4 
DDD (p,p') 0.002 2 4 
DDE  (o,p') 0.002 2 4 
DDE  (p,p') 0.002 2 4 
DDMU (p,p') 0.002 3 6 
DDT (o,p') 0.002 3 6 
DDT (p,p') 0.005 5 10 
delta-HCH 0.002 2 4 
Dieldrin 0.002 2 4 

Endosulfan I 0.002 2 4 
Endosulfan II 0.002 10 20 

Endosulfan sulfate 0.002 10 20 
Endrin 0.002 2 4 

Endrin Aldehyde 0.005 n/a n/a 
Endrin Ketone 0.005 n/a n/a 
gamma-HCH 0.002 1 2 
Heptachlor 0.002 2 4 

Heptachlorepoxide 0.002 1 2 
Hexachlorobenzene 0.001 0.3 0.6 

Methoxychlor 0.002 5 10 
Mirex 0.002 3 6 

cis-Nonachlor 0.002 2 4 
trans-Nonachlor 0.002 1 2 

Oxadiazon 0.002 3 6 
Oxychlordane 0.002 1 2 

Tedion 0.002 2 4 
Toxaphene n/a 20 40 
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Table C-11  SWAMP Reporting Limits – Synthetic Organic 
Compounds – Organophosphate Pesticides 

Analyte Water 
(g/L) 

Sediment 
(ng/g) 

Tissue 
(ng/g) 

Aspon 0.050 n/a n/a 
Azinphos ethyl 0.050 n/a n/a 

Carbophenothion 0.050 n/a n/a 
Chlorfenvinphos 0.050 n/a n/a 

Chlorpyrifos 0.050 2 4 
Chlorpyrifos methyl 0.050 n/a n/a 

Ciodrin 0.050 n/a n/a 
Coumaphos 0.050 n/a n/a 
Demeton-s 0.050 n/a n/a 
Diazinon 0.050 20 40 

Naled 0.050 n/a n/a 
Dichlofenthion 0.050 n/a n/a 

Dichlorvos 0.050 n/a n/a 
Dicrotophos 0.050 n/a n/a 
Dimethoate 0.050 n/a n/a 
Dioxathion 0.050 n/a n/a 
Disulfoton 0.050 n/a n/a 

Ethion 0.050 6 12 
Famphur 0.050 n/a n/a 

Fenchlorophos 0.050 n/a n/a 
Fenitrothion 0.050 n/a n/a 

Fensulfothion 0.050 n/a n/a 
Fenthion 0.050 n/a n/a 
Fonofos 0.050 n/a n/a 

Azinphos methyl 0.050 n/a n/a 
Leptophos 0.050 n/a n/a 
Malathion 0.050 n/a n/a 

Methidathion 0.050 n/a n/a 
Parathion, ethyl 0.050 2 4 

Parathion, methyl 0.050 4 8 
Molinate 0.050 n/a n/a 
Phorate 0.050 n/a n/a 

Mevinphos 0.050 n/a n/a 
Phosmet 0.050 n/a n/a 

Phosphamidon 0.050 n/a n/a 
Ethoprop 0.050 n/a n/a 
Sulfotep 0.050 n/a n/a 
Bolstar 0.050 n/a n/a 

Terbufos 0.050 n/a n/a 
Tetrachlorvinphos 0.050 n/a n/a 

Thiobencarb 0.050 n/a n/a 
Thionazin 0.050 n/a n/a 
Tokuthion 0.050 n/a n/a 
Merphos 0.050 n/a n/a 

Trichlorfon 0.050 n/a n/a 
Trichloronate 0.050 n/a n/a 
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Table C-12  Reporting Limits – Field Measurements** 
Water Quality 

Parameter Recommended Device Units Reporting 
Limit 

Depth Stadia Rod/Staff Gauge m 0.02 

Dissolved Oxygen Polarographic or Luminescence 
Quenching mg/L 0.2 

pH Electrode None n/a 

Salinity Refractometer or Conductivity 
Cell ‰ 2 

Specific 
Conductivity Conductivity Cell µS/cm 2 

Temperature Thermistor or Bulb °C n/a 

Total Chlorophyll Optical Fluorescence Chlorophyll 
Probe µg/L n/a 

Turbidity Portable Turbidimeter or Optical 
Probe NTU 5 

Velocity Flow Meter ft/s 0.1 
**  This table may not include all field analyses.  Please refer to method or manufacturer instructions for guidance. 
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Appendix D 
 

SWAMP Requirements and Recommendations 
– Information for Completing Element 14 

(Quality Control) and Element 16 (Instrument 
Calibrations and Frequency) 
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Table D-1  Measurement Quality Objectives – Conventional Analytes in Water 
Laboratory 

Quality Control Frequency of Analysis Measurement Quality 
Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s 
specifications 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Continuing 
Calibration 
Verification 

Per 10 analytical runs 80-120% recovery Element 16 

Laboratory Blank 
Per 20 samples or per 

analytical batch, whichever 
is more frequent 

<RL for target analyte Element 14 

Reference 
Material 

Per 20 samples or per 
analytical batch, whichever 

is more frequent 
80-120% recovery Element 16 

Matrix Spike 
Per 20 samples or per 

analytical batch, whichever 
is more frequent 

80-120% recovery Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per 
analytical batch, whichever 

is more frequent 
(chlorophyll: n/a) 

80-120% recovery 
RPD<25% for duplicates Element 14 

Laboratory 
Duplicate 

Per 20 samples or per 
analytical batch, whichever 

is more frequent  
(chlorophyll: per method) 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Internal 
Standard 

Accompanying every 
analytical run as method 

appropriate 
Per method Element 16 

Field Quality 
Control Frequency of Analysis Measurement Quality 

Objective  

Field Duplicate 5% of total project sample 
count 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method <RL for target analyte Element 14 
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Table D-2  Measurement Quality Objectives – Conventional Analytes in Water – 
Solids 

Laboratory 
Quality Control Frequency of Analysis Measurement Quality 

Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s 
specifications 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Laboratory Blank 
Per 20 samples or per 

analytical batch, whichever 
is more frequent 

<RL for target analyte Element 14 

Laboratory 
Duplicate 

Per 20 samples or per 
analytical batch, whichever 

is more frequent 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Quality 
Control Frequency of Analysis Measurement Quality 

Objective  

Field Duplicate 5% of total project sample 
count 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Blank, 
Equipment Blank Per method <RL for target analyte Element 14 
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Table D-3  Measurement Quality Objectives – Conventional Analytes in Water – 
Pathogens 

Laboratory 
Quality Control Frequency of Analysis Measurement Quality 

Objective QAPP Element 

Calibration 

Check temperatures in 
incubators twice daily with 

a minimum of 4 hours 
between each reading 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Filter Sterility 
Check 

Perform one filter sterility 
check each day samples 

are analyzed 
No growth on filter Element 14 

Laboratory Blank Per batch of bottles or 
reagents No growth on filter Element 14 

Filtration Blank 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

No growth on filter Element 14 

Reference 
Material 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

80-120% recovery Element 16 

Positive Control 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

80-120% recovery Element 14 

Negative Control 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

No growth on filter Element 14 

Laboratory 
Duplicate 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Quality 
Control Frequency of Analysis Measurement Quality 

Objective QAPP Element 

Field Duplicate 

5% of total project 
sample count (coliforms: 
one per 25 tube dilution 

tests) 

RPD<25% (n/a if native 
concentration of either 
sample<RL; coliforms: 
within 95% confidence 
interval as defined by 
IDEXX Laboratories) 

Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method Blanks<RL for target 

analyte Element 14 
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Table D-4  Measurement Quality Objectives – Conventional Analytes in Sediments 
Laboratory 

Quality Control Frequency of Analysis Measurement Quality 
Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s 
specifications 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Continuing 
Calibration 
Verification 

Per 10 analytical runs (as 
applicable) 80-120% recovery Element 16 

Laboratory Blank TOC only: one per analytical 
batch (n/a for others) 

<RL or <30% of lowest 
sample Element 14 

Reference 
Material 

TOC only: one per 20 
samples or per analytical 
batch, whichever is more 
frequent (n/a for others) 

80-120% recovery Element 14 

Matrix Spike n/a n/a n/a 

Matrix Spike 
Duplicate n/a n/a n/a 

Laboratory 
Duplicate One per analytical batch 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Surrogate or 
Internal Standard n/a n/a n/a 

Field Quality 
Control Frequency of Analysis Measurement Quality 

Objective QAPP Element 

Field Duplicate 5% of total project sample 
count 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Field Blank, Travel 
Blank, Equipment 

Blank 
Per method <RL or <30% of lowest 

sample Element 14 
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Table D-5  Measurement Quality Objectives – Inorganic Analytes in Water, 
Sediment, and Tissue 

Laboratory Quality 
Control 

Frequency of 
Analysis 

Measurement Quality 
Objective QAPP Element 

Calibration Standard 
Per analytical method 

or manufacturer’s 
specifications 

Per analytical method or 
manufacturer’s 
specifications 

Element 16 

Continuing 
Calibration 
Verification 

Per 10 analytical runs 80-120% recovery Element 16 

Laboratory Blank 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

<RL for target analyte Element 14 

Reference Material 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

75-125% recovery (70-
130% for MMHg) Element 14 

Matrix Spike 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

75-125% recovery (70-
130% for MMHg) Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

75-125% recovery (70-
130% for MMHg); 

RPD<25% 
Element 14 

Laboratory 
Duplicate 

Per 20 samples or per 
analytical batch, 

whichever is more 
frequent 

RPD<25% (n/a if native 
concentration of either 

sample<RL) 
Element 14 

Internal Standard 
Accompanying every 
analytical run when 
method appropriate 

60-125% recovery Element 16 

Field Quality Control Frequency of 
Analysis 

Measurement Quality 
Objective QAPP Element 

Field Duplicate 5% of total project 
sample count 

RPD<25% (n/a if native 
concentration of either 

sample<RL), unless 
otherwise specified by 

method 

Element 14 

Field Blank, 
Equipment Blank Per method Blanks<RL for target 

analyte Element 14 
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Table D-6  Measurement Quality Objectives – Volatile Organic Compounds in 
Water and Sediment 

Laboratory 
Quality Control Frequency of Analysis Measurement 

Quality Objective QAPP Template 

Calibration 
Standard 

Per analytical method or 
manufacturer’s specifications 

Per analytical method 
or manufacturer’s 

specifications 
Element 16 

Continuing 
Calibration 
Verification 

Per 12 hours 

RF for SPCCs same as 
initial calibration;  RF 

of CCVs must be 
within 20% of initial 

calibration 

Element 16 

Laboratory 
Blank 

Per 20 samples or per analytical 
batch, whichever is more 

frequent 

<RL for target 
analyte Element 14 

Reference 
Material 

Method Validation: as many as 
required to assess accuracy and 

precision of method before 
routine analysis of samples; 

Routine Accuracy Assessment: 
per 20 samples or per analytical 

batch (preferably blind) 

70-130% recovery if 
certified; otherwise 
50-150% recovery 

Element 16 

Matrix Spike 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

50-150% recovery, or 
based on 3x the 

standard deviation of 
laboratory's actual 
method recoveries 

Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per analytical 
batch, whichever is more 

frequent 
RPD<25% Element 14 

Laboratory 
Duplicate Per method Per method Element 14 

Surrogate or 
Internal 
Standard 

Per method Per method Element 16 

Field Quality 
Control Frequency of Analysis Measurement 

Quality Objective QAPP Element 

Field Duplicate 5% of total project sample 
count Per method Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method <RL for target 

analyte Element 14 
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Table D-7  Measurement Quality Objectives – Semi-Volatile Organic Compounds in 
Water and Sediment 

Laboratory 
Quality Control Frequency of Analysis Measurement 

Quality Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s specifications 

Per analytical method 
or manufacturer’s 

specifications 
Element 16 

Continuing 
Calibration 
Verification 

Per 12 h 

RF for SPCCs same as 
initial calibration;  RF 

of CCVs must be 
within 20% of initial 

calibration 

Element 16 

Laboratory Blank 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

<RL for target analyte Element 14 

Reference 
Material 

Method Validation: as many as 
required to assess accuracy and 

precision of method before 
routine analysis of samples; 

Routine Accuracy Assessment: 
per 20 samples or per analytical 

batch (preferably blind) 

70-130% recovery if 
certified; otherwise, 
50-150% recovery 

Element 16 

Matrix Spike 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

50-150% recovery, or 
based on 3x the 

standard deviation of 
laboratory's actual 
method recoveries 

Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per analytical 
batch, whichever is more 

frequent 
RPD<25% Element 14 

Laboratory 
Duplicate Per method Per method Element 14 

Surrogate or 
Internal Standard Per method Per method Element 16 

Field Quality 
Control Frequency of Analysis Measurement 

Quality Objective  

Field Duplicate 5% of total project sample count Per method Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method <RL for target analyte Element 14 
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Table D-8  Measurement Quality Objectives – Synthetic Organic Compounds in 
Water, Sediment and Tissue 

Laboratory 
Quality Control Frequency of Analysis Measurement 

Quality Objective QAPP Element 

Calibration 
Standard 

Per analytical method or 
manufacturer’s specifications 

Per analytical method 
or manufacturer’s 

specifications 
Element 16 

Continuing 
Calibration 
Verification 

Per 10 analytical runs 

Water: 85-115% 
recovery 

Sediment: 85-115% 
recovery 

Tissue: 75-125% 

Element 16 

Laboratory Blank 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

<RL for target analytes Element 14 

Reference 
Material 

Method Validation: as many as 
required to assess accuracy and 

precision of method before 
routine analysis of samples; 

Routine Accuracy Assessment: 
per 20 samples or per analytical 

batch (preferably blind) 

70-130% recovery if 
certified; otherwise, 
50-150% recovery 

Element 16 

Matrix Spike 
Per 20 samples or per analytical 

batch, whichever is more 
frequent 

50-150% recovery, or 
based on 3x the 

standard deviation of 
laboratory's actual 
method recoveries 

Element 14 

Matrix Spike 
Duplicate 

Per 20 samples or per analytical 
batch, whichever is more 

frequent 
RPD<25% Element 14 

Laboratory 
Duplicate Per method 

Water: RPD<25% (n/a 
if native concentration 
of either sample<RL) 
Sediment: Per method 

Tissue: Per method 

Element 14 

Surrogate or 
Internal 
Standard 

Per method Per method Element 16 

Field Quality 
Control Frequency of Analysis Measurement 

Quality Objective QAPP Element 

Field Duplicate 5% of total project sample count Per method Element 14 

Field Blank, 
Travel Blank, 

Equipment Blank 
Per method <RL for target analytes Element 14 

ELISA results must be assessed against kit requirements. 
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Table D-9  Measurement Quality Objectives – Toxicity Testing (General) 
Negative 
Controls Frequency of Analysis Control Limits QAPP 

Element 

Laboratory 
Control 
Water 

Laboratory Control Water 
consistent with Section 7 of the 

appropriate EPA method must be 
tested with each analytical batch. 

Laboratory Control Water must 
meet all test acceptability 

criteria (Please refer to Section 
7 of the EPA manuals) for the 

species of interest. 

Element 14 

Conductivity 
Control 
Water 

A conductivity control must be 
tested with each analytical baych 

when the conductivity of any 
freshwater ambient sample 

approaches the species’ tolerance 
for conductivity per method. 

Follow EPA guidance on 
interpreting data. Element 14 

Additional 
Control 
Water 

Additional method blanks are 
required whenever manipulations 
are performed on one or more of 
the ambient samples within each 

analytical batch (e.g. pH 
adjustments, continuous aeration, 

etc.). 

No statistical difference 
between the laboratory control 

water and each additional 
control water within an 

analytical batch. 

Element 14 

Sediment 
Control 

Sediment Control consistent with 
those described in Section 7 of the 
EPA manual must be tested with 
each analytical batch of sediment 

toxicity tests. 

Sediment Control must meet all 
data acceptability criteria 

(Please refer to Section 7 of the 
EPA manuals) for the species of 

interest. 

Element 14 

Positive 
Controls Frequency of Analysis Control Limits QAPP 

Element 

Reference 
Toxicant 

Tests 

Reference Toxicant Tests must be 
conducted monthly for species 

that are raised within a laboratory. 
Reference Toxicant Test must be 
conducted per analytical batch for 
species from commercial supplier 
settings. Reference Toxicant Tests 
must be conducted concurrently 
for test species or broodstocks 

that are field collected. 

Last plotted data point must be 
within 2 SD of the cumulative 

mean (n=20). (Reference 
toxicant tests that fall outside 
of recommended control chart 

limits are evaluated to 
determine the validity of 
associated effluent and 

receiving water tests. An out of 
control reference toxicant test 

result does not necessarily 
invalidate associated test 

results. More frequent and/or 
concurrent reference toxicant 

testing may be advantageous if 
recent problems have been 

identified in testing.) 

Element 14 

Field Quality 
Control Frequency of Analysis Control Limits QAPP 

Element 
Field 

Duplicate 5% of total project sample count According to method Element 14 
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Table D-9  Measurement Quality Objectives – Toxicity Testing (General) 

Field Blanks Per method or project 
requirements 

No statistical difference 
between the laboratory control 
water (or sediment control) and 

the field blank within an 
analytical batch 

Element 14 

Equipment 
Blanks 

Per method or project 
requirements 

No statistical difference 
between the Laboratory Control 
Water and the Equipment Blank 

within an analytical batch 

Element 14 

 
In special cases where the criteria listed in the following tables cannot be met, EPA minimum criteria may 
be followed.  The affected data should be qualified accordingly. 
 
Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
 
Deviations from the summary of recommended test conditions must be evaluated on a project specific 
basis to determine the validity of test results.  Deviations from recommended conditions may or may not 
invalidate a test result depending on the degree of the departure and the objective of the test.  The 
reviewer should consider the degree of the deviation and the potential or observed impact of the 
deviation on the test result before rejecting or accepting a test result is valid.  For example, if dissolved 
oxygen is measured below 4.0 mg/L in one test chamber, the reviewer should consider whether any 
observed mortality in that test chamber corresponded with the drop in dissolved oxygen. 
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Table D-10  Measurement Quality Objectives - Field Measurementsa - QAPP 
Element 16 

Water 
Quality 

Parameter 

Points Per 
Calibrationb 

Pre-Measurement 
Calibration 
Adjustment 
Frequency e 

Accuracy Check 
(Post-

Calibration 
Check) 

Frequency 

Allowable Drift 
(Measurement 
Accuracy)c, d, e 

Depth 2 n/a Quarterly ± 0.02 or 2% 

Dissolved 
Oxygen 1 

Before every 
monitoring day (and 

more often when 
changing elevation) 

After every 
monitoring day or 

next morning 
± 0.5 or 10% 

pH 2 Before every 
monitoring day 

Every evening or 
next morning ± 0.2 

Salinity 2 Per drift rate 
(instrument-specific) 

Per drift rate 
(instrument-

specific 
± 4 or 10% 

Specific 
Conductivity 2 Per manufacturer’s 

instructions 

Per 
manufacturer’s 

instructions 
± 4 or 10% 

Temperature 2 n/a Once annually ± 0.5 or 10% 

Total 
Chlorophyll 

Follow 
manufacturer’s 

instructions 

Per manufacturer’s 
instructions 

Per 
manufacturer’s 

instructions 

Follow 
manufacturer’s 

instructions 

Turbidity 2 Per manufacturer’s 
instructions 

Per 
manufacturer’s 

instructions 
± 2 or 10% 

Velocity 
Follow 

manufacturer’s 
instructions 

Per manufacturer’s 
instructions 

Per 
manufacturer’s 

instructions 

Follow 
manufacturer’s 

instructions 
a  This table may not include all field analyses.  Please refer to method or manufacturer instructions for guidance. 
b  Unless otherwise specified by method or manufacturer instructions. 
c  Manufacturers often provide accuracy specifications that relate to the intrinsic capabilities of the instrument.  These 
must not be confused with measurement output or drift between two consecutive calibration adjustments. 
d  Unit or percentage, whichever is greater. 
e  Recalibration is recommended if an elevation change of 500 feet occurs (especially for Dissolved Oxygen). 
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Table D-11  Recommendations for Field Measurements for Element 14 
Group Parameter Element 14 Quality Control 
Field testing Dissolved Oxygen No SWAMP requirement – suggest replicate (3) 

measurements plus maintenance practices. 
 Temperature No SWAMP requirement – suggest replicate (3) 

measurements plus maintenance and calibration 
practices. 

 Conductivity No SWAMP requirement – suggest replicate (3) 
measurements plus maintenance and calibration 
practices 

 pH by meter No SWAMP requirement – suggest replicate (3) 
measurements, check against second pH buffer, 
plus maintenance and calibration practices 

 Depth No SWAMP requirement – suggest rely on 
maintenance and calibration practices 

 Turbidity No SWAMP requirement – suggest replicate (3) 
measurements plus maintenance and calibration 
practices 

Field Test Kit All inorganic chemical 
tests 

No SWAMP requirement – suggest replicate (3) 
measurements, comparison against a known 
standard, and 10% check against laboratory 
measurement each sample run. 

 ELISA Positive and negative (interference) checks, and 
5% checks against laboratory measurement.  RPD 
for Chlorpyrifos and diazinon within 50% 

Mobile Laboratory ALL Same as stationary laboratory 
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Table D-12  Corrective Action – Conventional Analytes (Water) 
Laboratory Quality 

Control Corrective Action QAPP Element 

Calibration Standard 
Affected samples and associated quality control must 
be reanalyzed following successful instrument 
recalibration. 

QAPP Element 14 

Initial/Continuing 
Calibration Verification 

The analysis must be halted, the problem 
investigated, and the instrument recalibrated. All 
samples after the last calibration verification must be 
reanalyzed. 

QAPP Element 16 

Laboratory Blank 

The sample analysis must be halted, the source of the 
contamination investigated, the samples along with a 
new laboratory blank prepared and/or re-extracted, 
and the sample batch and fresh laboratory blank 
reanalyzed. If reanalysis is not possible due to sample 
volume, flag associated samples as estimated. 

QAPP Element 14 

Reference Material Affected samples and associated quality control must 
be reanalyzed following instrument recalibration. QAPP Element 16 

Matrix Spike 

The spiking level should be approximately 2-5 times 
the ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to 
the matrix spike duplicate to investigate matrix 
interference. If matrix interference is suspected, the 
matrix spike result must be qualified. 

QAPP Element 14 

Matrix Spike Duplicate 

The spiking level should be approximately 2-5 times 
the ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to 
the matrix spike duplicate to investigate matrix 
interference. If matrix interference is suspected and 
reference material recoveries are acceptable, the 
matrix spike duplicate result must be qualified. 

QAPP Element 14 

Laboratory Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed results 
may be qualified. Other failures should be reanalyzed 
as sample volume allows. 

QAPP Element 14 

Internal Standard 

As method requires. The instrument must be flushed 
with rinse blank. If, after flushing, the responses of 
the internal standards remain unacceptable, the 
analysis must be terminated and the cause of drift 
investigated. 

QAPP Element 16 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed results 
may be qualified. All failures should be communicated 
to the project coordinator, who in turn will follow the 
process detailed in the method. 

QAPP Element 14 

Field Blank, Travel Blank, 
Equipment Blank 

If contamination of the field blanks and associated 
samples is known or suspected, the laboratory should 
qualify the affected data, and notify the project 
coordinator, who in turn will follow the process 
detailed in the method. 

QAPP Element 14 
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Table D-13  Corrective Action – Conventional Analytes (Total Solids, Suspended 
Sediment Concentration, and Percent Lipids) 

Laboratory Quality 
Control Corrective Action QAPP Element 

Calibration Standard n/a QAPP Element 16 

Initial/Continuing 
Calibration 
Verification 

n/a 
QAPP Element 16 

Laboratory Blank Please refer to method requirements. QAPP Element 14 

Reference Material Please refer to method requirements. QAPP Element 16 

Matrix Spike n/a QAPP Element 14 

Matrix Spike Duplicate n/a QAPP Element 14 

Laboratory Duplicate* 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed 
results may be qualified. Other failures should be 
reanalyzed as sample volume allows. A matrix 
spike duplicate may not be analyzed in place of a 
laboratory duplicate. 

QAPP Element 14 

Internal Standard n/a QAPP Element 16 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed 
results may be qualified. All failures should be 
communicated to the project coordinator, who in 
turn will follow the process detailed in the method. 

QAPP Element 14 

Field Blank, Travel 
Blank, Equipment 

Blank 

If contamination of the field blanks and associated 
samples is known or suspected, the laboratory 
should qualify the affected data, and notify the 
project coordinator, who in turn will follow the 
process detailed in the method. 

QAPP Element 14 

*  Not applicable to suspended sediment concentration analyses. 
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Table D-14  Corrective Action – Inorganic Chemistry 
Laboratory Quality 

Control Corrective Action QAPP Element 

Calibration Standard 
Affected samples and associated quality control 
must be reanalyzed following successful instrument 
recalibration 

QAPP Element 16 

Initial/Continuing 
Calibration Verification 

The analysis must be halted, the problem 
investigated, and the instrument recalibrated if 
necessary. If deemed appropriate, all samples after 
the last acceptable continuing calibration verification 
may be reanalyzed. 

QAPP Element 16 

Laboratory Blank 

The sample analysis must be halted, the source of 
the contamination investigated, the samples along 
with a new laboratory blank prepared and/or re-
extracted, and the sample batch and fresh 
laboratory blank reanalyzed. If reanalysis is not 
possible due to sample volume, flag associated 
samples as estimated. 

QAPP Element 14 

Reference Material 
If deemed appropriate, affected samples and 
associated quality control may be reanalyzed 
following instrument recalibration. 

QAPP Element 16 

Matrix Spike 

The spiking level should be approximately 2-5 times 
the ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to 
the matrix spike duplicate to investigate matrix 
interference. If matrix interference is suspected, the 
matrix spike result must be qualified. 

QAPP Element 14 

Matrix Spike Duplicate 

The spiking level should be approximately 2-5 times 
the ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to 
the matrix spike duplicate to investigate matrix 
interference. If matrix interference is suspected and 
reference material recoveries are acceptable, the 
matrix spike duplicate result must be qualified. 

QAPP Element 14 

Laboratory Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed 
results may be qualified. Other failures should be 
reanalyzed as sample volume allows. 

QAPP Element 14 

Internal Standard 

As method requires. The instrument must be flushed 
with rinse blank. If, after flushing, the responses of 
the internal standards remain unacceptable, the 
analysis must be terminated and the cause of drift 
investigated. 

QAPP Element 16 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix or 
ambient levels below the reporting limit, failed 
results may be qualified. All failures should be 
communicated to the project coordinator, who in 
turn will follow the process detailed in the method. 

QAPP Element 14 

Field Blank, Equipment 
Blank 

If contamination of the field blanks and associated 
samples is known or suspected, the laboratory 
should qualify the affected data, and notify the 
project coordinator, who in turn will follow the 
process detailed in the method. 

QAPP Element 14 
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Table D-15  Corrective Action – Organic Chemistry 
Laboratory Quality 

Control Corrective Action QAPP Element 

Calibration Standard 
Affected samples and associated quality control must be 
reanalyzed following successful instrument recalibration. QAPP Element 16 

Initial/Continuing 
Calibration Verification 

The analysis must be halted, the problem investigated, 
and the instrument recalibrated. All samples after the last 
acceptable continuing calibration verification must be 
reanalyzed. 

QAPP Element 16 

Laboratory Blank 

The sample analysis must be halted, the source of the 
contamination investigated, the samples along with a new 
laboratory blank prepared and/or re-extracted, and the 
sample batch and fresh laboratory blank reanalyzed. If 
reanalysis is not possible due to sample volume, flag 
associated samples as estimated. 

QAPP Element 14 

Reference Material Affected samples and associated quality control must be 
reanalyzed following instrument recalibration. QAPP Element 16 

Matrix Spike 

The spiking level should be approximately 2-5 times the 
ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to the 
matrix spike duplicate to investigate matrix interference. 
If matrix interference is suspected, the matrix spike result 
must be qualified. 

QAPP Element 14 

Matrix Spike Duplicate 

The spiking level should be approximately 2-5 times the 
ambient concentration of the spiked sample. 
Appropriately spiked results should be compared to the 
matrix spike duplicate to investigate matrix interference. 
If matrix interference is suspected and reference material 
recoveries are acceptable, the matrix spike duplicate 
result must be qualified. 

QAPP Element 14 

Laboratory Duplicate 

For duplicates with a heterogeneous matrix or ambient 
levels below the reporting limit, failed results may be 
qualified. Other failures should be reanalyzed as sample 
volume allows. 

QAPP Element 14 

Internal Standard 

Analyze as appropriate per method. Troubleshoot as 
appropriate. If, after trouble-shooting, the responses of 
the internal standards remain unacceptable, the analysis 
must be terminated and the cause of drift investigated. 

QAPP Element 16 

Surrogate 

Analyze as appropriate per method. All affected results 
should be qualified. The analytical method or quality 
assurance project plan must detail procedures for 
updating surrogate measurement quality objectives. 

QAPP Element 16 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix or ambient 
levels below the reporting limit, failed results may be 
qualified. All failures should be communicated to the 
project coordinator, who in turn will follow the process 
detailed in the method. 

QAPP Element 14 

Field Blank, Travel 
Blank, Equipment Blank 

If contamination of the field blanks and associated 
samples is known or suspected, the laboratory should 
qualify the affected data, and notify the project 
coordinator, who in turn will follow the process detailed in 
the method. 

QAPP Element 14 
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Table D-16  Corrective Action – Toxicity Testing 
Negative Controls Corrective Action QAPP Element 

Laboratory Control Water 

If tested with in-house cultures, affected samples and 
associated quality control must be retested within 24 hours of 
test failure.  If commercial cultures are used, they must be 
ordered within 16 hours of test failure for earliest possible 
receipt, and retests must be initiated within 8 hours of receipt.  
The laboratory should try to determine the source of 
contamination, document the investigation, and document 
steps taken to prevent recurrence. 

QAPP Element 14 

Conductivity Control Water 
Affected samples and associated quality control must be 
qualified. QAPP Element 14 

Additional Control Water 

A water sample that has similar qualities to the test sample may 
be used as an additional control based on the objectives of the 
study. Results that show statistical differences from the 
laboratory control should be qualified. The laboratory should try 
to determine the source of contamination, document the 
investigation, and document steps taken to prevent recurrence. 
This is not applicable for TIE method blanks. 

QAPP Element 14 

Laboratory Control 
Sediment 

Affected samples and associated quality control must be re-
tested within 24 hours of test failure if tested with in-house 
cultures. If commercial cultures are used, they must be ordered 
within 16 hours of test failure for earliest possible receipt, and 
re-tests must be initiated within 8 hours of receipt. The 
laboratory should try to determine the source of contamination, 
document the investigation, and document steps taken to 
prevent recurrence. 

QAPP Element 14 

Additional Control 
Sediment 

A sediment sample that has similar qualities to the test sample 
may be used as an additional control based on the objectives of 
the study. Results that show statistical differences from the 
laboratory control should be qualified. The laboratory should try 
to determine the source of contamination, document the 
investigation, and document steps taken to prevent recurrence. 

QAPP Element 14 

Positive Controls Corrective Action QAPP Element 

Reference Toxicant Tests 
If LC50 exceeds +/- two standard deviations of the running 
mean of the last 20 reference toxicant tests, the test should be 
qualified or repeated. 

QAPP Element 14 

Field Quality Control Corrective Action QAPP Element 

Field Duplicate 

For duplicates with a heterogeneous matrix, results that do not 
meet SWAMP criteria should be qualified. All field duplicate 
results that do not meet SWAMP criteria should be 
communicated to the project coordinator, who in turn will notify 
the sampling team so that the source of contamination can be 
identified and corrective measures taken prior to the next 
sampling event. 

QAPP Element 14 

Field Blanks 

If contamination of the field blanks and associated samples is 
known or suspected, the laboratory should qualify the affected 
data and notify the project coordinator, who in turn will notify 
the sampling team so that the source of contamination can be 
identified and corrective measures taken prior to the next 
sampling event. 

QAPP Element 14 

Equipment Blanks 

If contamination of the field blanks and associated samples is 
known or suspected, the laboratory should qualify the affected 
data and notify the project coordinator, who in turn will notify 
the sampling team so that the source of contamination can be 
identified and corrective measures taken prior to the next 
sampling event. 

QAPP Element 14 
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Table D-17  Corrective Action – Field Measurements 
Field Quality Control Corrective Action QAPP Element 

Depth, Dissolved 
Oxygen, pH, Salinity, 

Specific 
Conductance, 
Temperature, 

Turbidity, Velocity 

The instrument should be recalibrated following 
its manufacturer’s cleaning and maintenance 
procedures. If measurements continue to fail 
measurement quality objectives, affected data 
should not be reported and the instrument 
should be returned to the manufacturer for 
maintenance. All troubleshooting and corrective 
actions should be recorded in the calibration and 
field data logbooks. 

QAPP Element  16 
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Appendix E 
 

SWAMP Requirements and Recommendations 
– Information for Completing Element 7 

(Quality Objectives and Criteria), Element 11 
(Sampling Methods), Element 12 (Sample 

Handling and Custody), Element 13 
(Analytical Methods and Field Measurements), 
Element 14 (Quality Control), and Element 16 

(Instrument Calibration and Frequency) for 
Specific Toxicity Tests 

 
  

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

RB-AR41808

http://www.novapdf.com


City of Carson 
Machado Lake Pesticides and PCBs TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan   September 2012 
 

- E-2 - 

Table E-1  Measurement Quality Objectives - 7-Day Pimephales promelas Survival 
and Growth Toxicity Tests 

Method Recommendation – QAPP Element 13 
EPA/821/R-02/013 (Test Method 1000.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* 80% or greater survival in controls and an average dry weight per 
surviving organism in control chambers equals or exceeds 0.25 mg  

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal (required) 

Age at Test Initiation Newly-hatched larvae <24hours old.  If shipped, <48 hours old with a 
24-hour age range 

Replication at Test Initiation 4 (minimum)                                              **(QAPP Element 14) 
Organisms/Replicate 10 (minimum)                                            **(QAPP Element 14) 
Food Source Newly-hatched Artemia nauplii (<24hoursold) 
Renewal Frequency Daily 
Test Duration 7 days 
Endpoints Survival and biomass 
Test Conditions Recommended** 
Temperature Range 25 ± 1.0 °C (+/- 3 C required) 
Light Intensity 10 – 20 µE/m2/s or 50 – 100 ft-c 
Photoperiod  16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size >500 mL or per method specific requirements 
Replicate Volume >250 mL or per method specific requirements  **(QAPP Element 14) 
Feeding Regime < 2 times per day 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols 
                                                        **(QAPP Element 14) 

Minimum Sample Volume 7 L for one-time grab sample            **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 

Minimum Significant 
Difference 

<30% MSD 
If the percent minimum significant difference (PMSD) measured for the 
test exceeds the upper criterion and toxicity is found at the permitted 
receiving water concentration (RWC) based upon the value of the effect 
concentration estimate (NOEC or LOEC), then the test shall be 
accepted, unless other test review steps raise serious doubts about its 
validity. If toxicity is not found at the permitted RWC based upon the 
value of the effect concentration estimate (NOEC or LOEC) and the 
PMSD measured for the test exceeds the upper PMSD bound, then the 
test shall not be accepted, and a new test must be conducted promptly 
on a newly collected sample. 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample (recommended) 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry One DO and one pH measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement and per sample and per 
dilution (one DO per renewal) 
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Table E-1  Measurement Quality Objectives - 7-Day Pimephales promelas Survival 
and Growth Toxicity Tests 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 – 8.6 mg/L  
Initial pH Range 6.0 – 9.0 

Conductivity Controls Per method - recommend including appropriate controls when sample 
conductivities are below 100 or above 2500 µS/cm 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <3000 µS/cm 

Relevant Media Water column 
Sample Container Type Amber glass or plastic (per method) 

Sample Preservation Wet or blue ice in field,  0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-2  Measurement Quality Objectives – Chronic Ceriodaphnia dubia Toxicity 
Tests 

Method Recommendation – QAPP Element 13 
EPA/821/R-02/013 (Test Method 1002.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* 
80% or greater survival of al control organisms and an average of 15 or 
more young per surviving female. 60% of the surviving control females 
must produce three broods.  

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal (required) 
Age at Test Initiation <24 hours old and all released within an 8-hour period 
Replication at Test Initiation >10                                                            **(QAPP Element 14) 

Organisms/Replicate One ( assigned using blocking by known parentage) 
**(QAPP Element 14) 

Food Source YCT and Selenastrum or comparable food 
Renewal Frequency Daily  
Test Duration <8 days 
Endpoints Survival and reproduction 
Test Conditions Recommended** 
Temperature Range 25 ± 1.5 °C (+/- 3 C required) 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod  16hoursof ambient laboratory light, 8hoursdark 
Test Chamber Size 20 - 40 mL 
Replicate Volume >15 mL                                                     **(QAPP Element 14) 
Feeding Regime Daily 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols     
                                                                **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample                  **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 

Minimum Significant 
Difference 

<47% MSD 
If the percent minimum significant difference (PMSD) measured for the 
test exceeds the upper criterion and toxicity is found at the permitted 
receiving water concentration (RWC) based upon the value of the effect 
concentration estimate (NOEC or LOEC), then the test shall be 
accepted, unless other test review steps raise serious doubts about its 
validity. If toxicity is not found at the permitted RWC based upon the 
value of the effect concentration estimate (NOEC or LOEC) and the 
PMSD measured for the test exceeds the upper PMSD bound, then the 
test shall not be accepted, and a new test must be conducted promptly 
on a newly collected sample. 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry Two DO , one pH and  one temperature per 24-h period in one sample 
per concentration and in the control 
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Table E-2  Measurement Quality Objectives – Chronic Ceriodaphnia dubia Toxicity 
Tests 

Final Water Chemistry One DO, pH, and temperature measurement per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.6 mg/L 
Initial pH Range 6.0 - 9.0 

Conductivity Controls  Include appropriate controls when sample conductivities are <100 or 
>2000 µS/cm 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance 2500 µS/cm 

Relevant Media Water column 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results. Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-3  Measurement Quality Objectives – 96-Hour (48- and 24-Hour) 
Ceriodaphnia dubia Toxicity Tests 

Method Recommendation – QAPP Element 13 
EPA/821/R-02/012 (Test Method 2002.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* >90% survival in controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal or static renewal 
Age at Test Initiation <24 hours 
Replication at Test Initiation >4                                      **(QAPP Element 14) 
Organisms/Replicate >5                                      **(QAPP Element 14) 
Food Source YCT and Selenastrum or comparable food 
Renewal Frequency Daily (unless otherwise specified by method) 
Test Duration 96 hours(48 hours or 24 hours optional) 
Endpoints Survival 
Test Conditions Recommended** 
Temperature Range 25 ± 1 °C (+/- 3 C required) 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod  16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 20 - 40 mL 
Replicate Volume >15 mL                             **(QAPP Element 14) 

Feeding Regime Feed while holding prior to test and 2 hours prior to test solution 
renewal  

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols 
                                           **(QAPP Element 14) 

Minimum Sample Volume 1 L                                     **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry One DO and one temperature measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.6 mg/L  
Initial pH Range 6.0 - 9.0 

Conductivity Controls Include appropriate controls when sample conductivities are <100 or 
>2500 µS/cm 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <2500 µS/cm 
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Table E-3  Measurement Quality Objectives – 96-Hour (48- and 24-Hour) 
Ceriodaphnia dubia Toxicity Tests 

Relevant Media Water column 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-4  Measurement Quality Objectives – 10-Day Hyalella azteca Water 
Toxicity Tests 

Method Recommendation – QAPP Element 13 
EPA/821/R-02/013 (Test Method 1002.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* 90% or greater survival in controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal 
Age at Test Initiation 7 – 14 days old 
Replication at Test Initiation 5                                            **(QAPP Element 14) 
Organisms/Replicate 10                                          **(QAPP Element 14) 
Food Source YCT 
Renewal Frequency 80% renewal on Day 5 
Test Duration 10 days 
Endpoints Survival 
Test Conditions Recommended** 
Temperature Range 23 ± 1.0 °C 
Light Intensity 500 - 1000 lux 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 300 mL 
Replicate Volume 100 mL water                         **(QAPP Element 14) 
Feeding Regime 1.5 mL YCT every other day 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols 
                                               **(QAPP Element 14) 

Minimum Sample Volume 1L                                           **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry Temperature 

Final Water Chemistry One DO, EC, pH, and temperature measurement and per sample and 
per dilution (DO, EC, pH per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.7 - 8.92 mg/L  
Initial pH Range 6.0 - 9.0 

Conductivity Controls Include appropriate controls when sample conductivities are below or 
above levels in method 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <15 ppt 

Relevant Media Water 
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Table E-4  Measurement Quality Objectives – 10-Day Hyalella azteca Water 
Toxicity Tests 

Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field; 0 - 6 °C refrigeration in laboratory; dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-5  Measurement Quality Objectives – 10-Day Hyalella azteca Sediment 
Toxicity Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-99/064 (Test Method 100.1) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* Mean control survival of >80% and measurable growth in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Whole sediment toxicity test with renewal of overlying water 
Age at Test Initiation 7 – 14 days old 
Replication at Test Initiation 8                                       **(QAPP Element 14) 
Organisms/Replicate 10                                     **(QAPP Element 14) 
Food Source YCT 
Renewal Frequency Twice daily 
Test Duration 10 days 
Endpoints Survival and growth 
Test Conditions Recommended** 
Temperature Range 23 ± 1.0 °C 
Light Intensity 500 - 1000 lux 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 300 mL 

Replicate Volume Sediment volume 100 mL; Overlying water volume 175 mL       
**(QAPP Element 14) 

Feeding Regime Daily 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols 
                                                      **(QAPP Element 14) 

Sediment Control Control sediment as listed in method (Control sediment should follow 
EPA requirements for formulated sediments)   **(QAPP Element 14) 

Minimum Sample Volume 6 L for one-time grab sample        **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Initial Hardness and 
Alkalinity One measurement per sample 

Daily Water Chemistry One DO and one temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.7 - 8.92 mg/L  
Initial pH Range 6.0 - 9.0 

Conductivity Controls Include appropriate controls when sample conductivities are below or 
above levels listed in method 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <15 ppt 
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Table E-5  Measurement Quality Objectives – 10-Day Hyalella azteca Sediment 
Toxicity Tests 

Relevant Media Sediment 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 14 days (recommended) or <8 weeks (required) @ 0 - 6 °C; dark; 
Do not freeze 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-6  Measurement Quality Objectives – 96-Hour Selenastrum capricornutum 
Growth Toxicity Tests 

Method Recommendation – QAPP Element 13 
EPA/821/R-02/013 (Test Method 1003.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* 

Mean cell density of at least 1 X 106 cells/mL in the controls and 
variability (CV%) among control replicates less than or equal to 20% 
(non-EDTA: Mean cell density of at least 1 X 106 cells/mL in the 
controls; and variability (CV%) among control replicates less than or 
equal to 20% (required) 

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation 4 - 7 days 
Replication at Test Initiation 10,000 cells/mL (recommended)           **(QAPP Element 14) 
Organisms/Replicate >4                                                     **(QAPP Element 14) 
Food Source n/a 
Renewal Frequency None 
Test Duration 96 h 
Endpoints Growth 
Test Conditions Recommended** 
Temperature Range 25 ± 1 °C (+/- 3 C required) 
Light Intensity 86 ± 8.6 µE/m2/s OR 400 ± 40 ft-c 
Photoperiod Continuous Illumination (“cool white” fluorescent lighting) 
Test Chamber Size 125 mL or 250 mL 
Replicate Volume 50 mL or 100 mL                                   **(QAPP Element 14) 
Feeding Regime None 
Nutrient Media Media prepared in accordance with EPA protocols 
EDTA Addition EDTA required per method 

Laboratory Control Water Moderately hard water prepared in accordance with EPA protocols       
**(QAPP Element 14) 

Minimum Sample Volume 1 L for one-time grab sample                **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 

Minimum Significant 
Difference 

<29% MSD 
If the percent minimum significant difference (PMSD) measured for the 
test exceeds the upper criterion and toxicity is found at the permitted 
receiving water concentration (RWC) based upon the value of the effect 
concentration estimate (NOEC or LOEC), then the test shall be 
accepted, unless other test review steps raise serious doubts about its 
validity. If toxicity is not found at the permitted RWC based upon the 
value of the effect concentration estimate (NOEC or LOEC) and the 
PMSD measured for the test exceeds the upper PMSD bound, then the 
test shall not be accepted, and a new test must be conducted promptly 
on a newly collected sample. 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Hardness and One measurement per sample 
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Table E-6  Measurement Quality Objectives – 96-Hour Selenastrum capricornutum 
Growth Toxicity Tests 

Alkalinity 
Daily Water Chemistry One pH and one temperature measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement and per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.6 mg/L  
Initial pH Range 6.0 - 9.0 

Conductivity Controls Include appropriate controls when sample conductivities are <100 or 
>2000 µS/cm 

Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Conductivity 
Tolerance <3000 µS/cm 

Relevant Media Water column 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-7  Measurement Quality Objectives – 7-Day Atherinops affinis Larval 
Survival and Growth Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 (Test Method 1006.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* ≥80% survival in controls, 0.85 mg average weight of control larvae (9 
days old) 

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal 
Age at Test Initiation 9 – 15 days post-hatch 
Replication at Test Initiation 5                                                  **(QAPP Element 14) 
Organisms/Replicate 5                                                  **(QAPP Element 14) 
Food Source Newly-hatched Artemia nauplii 
Renewal Frequency Daily 
Test Duration 7 days 
Endpoints Survival and biomass 
Test Conditions Recommended** 
Temperature Range 20 ± 1.0 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 600 mL 
Replicate Volume 200 mL                                         **(QAPP Element 14) 
Feeding Regime Twice daily 

Laboratory Control Water 
Dilution water should be 1-µ  filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural sweater plus reagent 
water      **(QAPP Element 14) 

Minimum Sample Volume 8 L for one-time grab sample         **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <25% MSD for survival and <50% MSD for growth 

Reference Toxicant Results LC50 with copper must be ≤205 µg/L 
Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, and temperature measurement per sample and per 
dilution 

Initial Unionized Ammonia One measurement per sample 
Initial Salinity One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement and per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 9.0 mg/L  
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 5 – 36‰ 
Relevant Media Water column 
Sample Container Type Amber glass  
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Table E-7  Measurement Quality Objectives – 7-Day Atherinops affinis Larval 
Survival and Growth Tests 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-8  Measurement Quality Objectives – 10-Day Ampelisca abdita Sediment 
Toxicity Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-94/025 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* Minimum mean control survival of 90% in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Whole sediment toxicity test, static 
Size at Test Initiation 3 – 5 mm (no mature males of females) 
Replication at Test Initiation 4 (minimum)                           **(QAPP Element 14) 
Organisms/Replicate 20                                          **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 10 days 
Endpoints Survival  
Test Conditions Recommended** 
Temperature Range 20 ± 1.5 °C 
Light Intensity 500 – 1000 lux 
Photoperiod Continuous luminance 
Test Chamber Size 1 L 

Replicate Volume Sediment volume 175 mL; Overlying water volume 800 mL 
**(QAPP Element 14) 

Feeding Regime Do not feed 

Laboratory Control Water Clean, natural seawater diluted to the appropriate salinity with distilled 
(or similar) water                                              **(QAPP Element 14) 

Sediment Control Control sediment listed in method (Control sediment should follow EPA 
requirements for formulated sediments)            **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample       **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 6.45 - 7.8 mg/L 
Initial pH Range 6.0 - 9.0 
Conductivity Controls n/a 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance Overlying water salinity should be >10‰ 
Relevant Media Sediment 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 
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Table E-8  Measurement Quality Objectives – 10-Day Ampelisca abdita Sediment 
Toxicity Tests 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 14 days (recommended) or <8 weeks (required) @ 0 – 6 °C; dark; 
Do not freeze 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-9  Measurement Quality Objectives – 10-Day Eohaustorius estuarius 
Sediment Toxicity Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-94/025 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* Minimum mean survival of 90% in controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Whole sediment toxicity test, static 
Size at Test Initiation 3 – 5 mm (no mature males of females) 
Replication at Test Initiation 4 (minimum)                          **(QAPP Element 14) 
Organisms/Replicate 20                                         **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 10 days 
Endpoints Survival  
Test Conditions Recommended** 
Temperature Range 15 ± 1.0 °C 
Light Intensity 500 – 1000 lux 
Photoperiod Continuous luminance 
Test Chamber Size 1 L 

Replicate Volume Sediment volume 175 mL; Overlying water volume 800 mL 
**(QAPP Element 14) 

Feeding Regime Do not feed 

Laboratory Control Water Clean, 1-µ  filtered natural seawater diluted to the appropriate salinity 
with distilled (or similar) water                         **(QAPP Element 14) 

Sediment Control Control sediment listed in method (Control sediment should follow EPA 
requirements for formulated sediments)        **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample   **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference No MSD available 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 6.45 - 7.8 mg/L  
Initial pH Range 6.0 - 9.0 
Conductivity Controls n/a 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance Overlying water salinity should be 0 - 34% 
Relevant Media Sediment 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 
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Table E-9  Measurement Quality Objectives – 10-Day Eohaustorius estuarius 
Sediment Toxicity Tests 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 14 days (recommended) or <8 weeks (required) @ 0 - 6 °C; dark; 
Do not freeze 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-10  Measurement Quality Objectives – 48-Hour Haliotis rufescens Larval 
Development Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 (Test Method 995) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥80% normal shell development in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation n/a 
Replication at Test Initiation 5 – 10 per mL                           **(QAPP Element 14) 
Organisms/Replicate 5                                             **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 48 h 
Endpoints Normal shell development 
Test Conditions Recommended** 
Temperature Range 15 ± 1.0 °C 
Light Intensity 10 µE/m2/s or 50 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 600 mL 
Replicate Volume 200 mL or per method              **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ  filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water     **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample     **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <20% MSD 

Reference Toxicant Results Larval development NOEC (statistical significant effect) must be <56 
µg/L zinc 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.5 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 31 - 36‰ 
Relevant Media Water column, pore water 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 0 - 6 °C 
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Table E-10  Measurement Quality Objectives – 48-Hour Haliotis rufescens Larval 
Development Tests 

Temperature 
Holding Time < 48 hours@ 0 - 6 °C; dark 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
  

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

RB-AR41828

http://www.novapdf.com


City of Carson 
Machado Lake Pesticides and PCBs TMDL Monitoring and Reporting Plan 
Quality Assurance Project Plan   September 2012 
 

- E-22 - 

Table E-11  Measurement Quality Objectives – 7-Day Holmesimysis costata 
Growth and Survival Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 (Test Method 1007.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥75% survival, average dry weight ≥0.40 µg in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static renewal 
Age at Test Initiation 3 - 4 days post-hatch juveniles 
Replication at Test Initiation 5                                                 **(QAPP Element 14) 
Organisms/Replicate 5                                                 **(QAPP Element 14) 
Food Source Newly hatched Artemia nauplii (< 24 hours old) 
Renewal Frequency 75% renewal at 48hoursand 96 h 
Test Duration 7 days 
Endpoints Survival and biomass 
Test Conditions Recommended** 
Temperature Range 15 ± 1.5 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 1000 mL 
Replicate Volume 200 mL                                        **(QAPP Element 14) 
Feeding Regime Twice per day 

Laboratory Control Water 
Dilution water should be 1-µ filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water     **(QAPP Element 14) 

Minimum Sample Volume 3 L for one-time grab sample       **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Elememt 7 
Minimum Significant 
Difference <40% MSD for survival and <50 µg MSD for growth 

Reference Toxicant Results Survival and growth NOECs must be <100 µg/L with zinc 
Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 

Initial Water Chemistry One DO, SC, pH, salinity and temperature measurement per sample 
and per dilution 

Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 

Final Water Chemistry One DO, pH, and temperature measurement  per sample and per 
dilution (One DO per renewal) 

Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.5 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 32 - 36‰ 
Relevant Media Water column 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 
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Table E-11  Measurement Quality Objectives – 7-Day Holmesimysis costata 
Growth and Survival Tests 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours @ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-12  Measurement Quality Objectives – 48-hour Mytilus galloprovincialis 
Embryo-Larval Development Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥50% survival,  ≥90% of those must have normal shell development 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation Within 4 hours of fertilization 
Replication at Test Initiation 4                                                   **(QAPP Element 14) 
Organisms/Replicate 150 – 300 (15-30/mL)                      **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 48 h 
Endpoints Survival of normal live prossidoconch larvae  
Test Conditions Recommended** 
Temperature Range 15 ± 1.5 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 20 mL 
Replicate Volume 10 mL                                                 **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water    **(QAPP Element 14) 

Minimum Sample Volume 1000 mL for one-time grab sample     **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <25% MSD 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range >4.0 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 28 - 36‰ 
Relevant Media Water column, pore water 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time < 48 hours @ 0 - 6 °C; dark 
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*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-13  Measurement Quality Objectives – 96-Hour Strongylocentrotus 
purpuratus Embryo Development Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥80% normal shell development in the controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation Not available 
Replication at Test Initiation 250 embryos                              **(QAPP Element 14) 
Organisms/Replicate 4                                               **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 96 h 
Endpoints Normal development; survival can be included 
Test Conditions Recommended** 
Temperature Range 15 ± 1.0 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 30 mL 
Replicate Volume 10 mL                                            **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water 

Minimum Sample Volume 1 L for one-time grab sample         **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <25% MSD 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.5 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 32 - 36‰ 
Relevant Media Water column, pore water 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 

Holding Time <48 hours@ 0 - 6 °C; dark 
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*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-14  Measurement Quality Objectives – 20-Minute Strongylocentrotus 
purpuratus Fertilization Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 
Test Acceptability Criteria* ≥70% egg fertilization and appropriate sperm counts in controls 
Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation n/a 
Replication at Test Initiation 4                                               **(QAPP Element 14) 

Organisms/Replicate ~1,120 eggs from not more than four females and <3,360,000 sperm 
from not more than four males per test tube     **(QAPP Element 14) 

Food Source Do not feed 
Renewal Frequency None 
Test Duration 40 min (20 min plus 20 min) 
Endpoints Fertilization of egg 
Test Conditions Recommended** 
Temperature Range 12 ± 1.0 °C 
Light Intensity 10 – 20 µE/m2/s OR 50 – 100 ft-c 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 16 x 100 or 16 x 125 mm 
Replicate Volume 5 mL                                        **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ  filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water  **(QAPP Element 14) 

Minimum Sample Volume 1 L for one-time grab sample    **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <25% MSD 

Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 9.1 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 31 - 36‰ 
Relevant Media Water column, pore water 
Sample Container Type Amber glass 

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 
Temperature 0 - 6 °C 
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Table E-14  Measurement Quality Objectives – 20-Minute Strongylocentrotus 
purpuratus Fertilization Tests 

Holding Time < 48 hours@ 0 - 6 °C; dark 
*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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Table E-15  Measurement Quality Objectives – 48-Hour Macrocystis pyrifera 
Germination and Germ-Tube Length Tests 

Method Recommendation – QAPP Element 13 
EPA/600/R-95/136 (Test Method 1009.0) or validated and SWAMP-approved alternative method 
Data Acceptability Requirements – QAPP Element 13 
Parameter Criteria 

Test Acceptability Criteria* ≥70% germination in the controls, ;≥10 µm germ-tube length in the 
controls  

Data Qualification – QAPP Element 16 (unless otherwise noted) 
Test Conditions Required 
Test Type Static non-renewal 
Age at Test Initiation n/a 
Replication at Test Initiation 5                                                  **(QAPP Element 14) 
Organisms/Replicate 7500 spores/mL of test solution       **(QAPP Element 14) 
Food Source Do not feed 
Renewal Frequency None 
Test Duration 48 h 
Endpoints Germination and germ-tube length 
Test Conditions Recommended** 
Temperature Range 15 ± 1.0 °C 
Light Intensity 50 ± 10 µE/m2/s 
Photoperiod 16 hours of ambient laboratory light, 8 hours dark 
Test Chamber Size 600 mL 
Replicate Volume 200 mL                                        **(QAPP Element 14) 
Feeding Regime Do not feed 

Laboratory Control Water 
Dilution water should be 1-µ filtered natural seawater of hyper-saline 
brine prepared from uncontaminated natural seawater plus reagent 
water     **(QAPP Element 14) 

Minimum Sample Volume 2 L for one-time grab sample      **(QAPP Element 11) 
Sensitivity Performance Criteria – QAPP Element 7 
Minimum Significant 
Difference <20% MSD 

Reference Toxicant Results NOEC must be <35 µg/L in the reference toxicant test 
Water Chemistry – QAPP Element 14 
Test Parameter Required Frequency 
Initial Water Chemistry One DO, salinity, pH, and temperature measurement per sample 
Initial Unionized Ammonia One measurement per sample 
Daily Water Chemistry One temperature measurement per sample 
Final Water Chemistry One DO, pH, and temperature measurement per sample 
Test Parameter Recommended Criteria 
Initial DO Range 4.0 - 8.5 mg/L 
Initial pH Range 6.0 - 9.0 
Sample Handling/Collection – QAPP Element 12 
Test Parameter Recommended Conditions 
Species’ Salinity Tolerance 32 - 36‰ 
Relevant Media Water column 
Sample Container Type Amber glass  

Sample Preservation Wet or blue ice in field, 0 - 6 °C refrigeration in laboratory, dark at all 
times 

Sample Receipt 0 - 6 °C 
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Table E-15  Measurement Quality Objectives – 48-Hour Macrocystis pyrifera 
Germination and Germ-Tube Length Tests 

Temperature 
Holding Time < 48hours@ 0 - 6 °C; dark 

*  Test data are reviewed to verify that the test acceptability criteria (TAC) requirements for a valid test 
have been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All 
invalid tests must be repeated with the newly collected sample. 
**  Deviations from the summary of recommended test conditions must be evaluated on a project-
specific basis to determine the validity of test results.  Deviations from recommended conditions may or 
may not invalidate a test result, depending on the degree of the departure and the objective of the test. 
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It is the policy of Associated Laboratories to provide all clients with test results that are accurate 
and legally defensible. Associated Laboratories management is committed to good professional 
practices and quality in environmental testing and calibration as documented in the Quality 
Assurance Manual and all applicable NELAC standards. 

This policy has the full support of Management and must be accomplished with the cooperation 
of all employees. All personnel concerned with environmental testing and calibration activities 
within the laboratory are required to familiarize themselves with the quality documentation and 
implement the policies and procedures in their work. 

ORGANIZATION AND MANAGEMENT STRUCTURE 

Associated Laboratories is a privately owned, independent laboratory incorporated in California 
(DePar, Inc.). The laboratory is actively managed by three directors. The laboratory is 
organized into Departments as follows: 

1. Sample Receiving 
2. Sample Custodian and Sample Storage 
3. General Chemistry 
4. Metals (ICP/M) 
5. Pesticides Analysis 
6. Hydrocarbons Analysis 
7. Volatile Organic Compounds GCMS 
8. Semi-Volatile Organic Compounds GCMS 
9. Microbiology 
10. Fish Bioassay 
11. TOC I Radioactivity 
12. Sampling and Sample Pickup 
13. QA Department 

Each Department is managed by a Department Supervisor who reports to the Laboratory 
Directors. 

The Quality Assurance Department operates independently from the other Departments. The 
Quality Assurance Director reports directly to the Laboratory Directors. 

An Organization Chart is attached in Appendix G. 

The Directors manage all operations of the laboratory and are the official signatories for all 
Laboratory Analysis Reports and other official documents of the Laboratory. The QA Director is 
the official signatory for Quality Assurance documents and may also sign Laboratory Analysis 
Reports. The signature page of this document includes all approved laboratory signatories. 

All personnel are employees of the laboratory. Where contracted and additional technical and 
key support personnel are used, the laboratory ensures that such personnel are supervised and 
competent and that they work in accordance with the laboratory's quality system. 
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RELATIONSHIP BETWEEN MANAGEMENT, TECHNICAL OPERATIONS, SUPPORT 
SYSTEMS AND THE QUALITY SYSTEM 

The Laboratory Directors manage all operations of the laboratory and all technical operations 
support systems. The Quality System operates independently of other laboratory operations 
and reports directly to the Laboratory Directors. 

JOB DESCRIPTIONS OF KEY STAFF 

The job descriptions of key staff are attached in Appendix A. 

FACILITIES, MAJOR EQUIPMENT AND SERVICES 

ASSOCIATED LABORATORIES is located in two buildings: 

Main Office and Laboratory: 806 North Batavia Street, Orange, CA 92868 

Annex: 1108 West Barkley, Orange, CA. 

Telephone: 714-771-6900 
Fax No: 714-538-1209 

Associated Laboratories has been in operation for over 80 years and is currently employing 75+ 
personnel. 

Our main facility occupies 10,000 square feet, 8,000 square feet is laboratory space and 2,000 
square feet office space. The Annex occupies 7,500 square feet and is maintained free of 
organic solvent vapors for analysis of volatile organic compounds. The annex also contains the 
microbiology and metals laboratories. 

Refrigeration and freezers are provided for sample storage according to the method 
requirements. Samples are always stored in refrigerators and freezers separate from analytical 
standards to avoid cross contamination. 

The laboratory monitors, controls and records environmental conditions as required by the 
relevant specifications, methods and procedures or where they influence the quality of the 
results. If specific environmental conditions are specified in a test method or by a regulation 
then the environmental conditions are documented on the sample preparation documents or 
separate monitoring document. Special procedures are prepared when necessary to meet 
environmental conditions. 

The latest equipment inventory is attached (Appendix D) 
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• State of California, Department of Health Services, Environmental Laboratory 
Accreditation Program, Berkeley, Certificate No. 1338 

• State of Hawaii, Department of Health, Safe Drinking Water Branch. 

• State of Nevada, Department of Human Resources, Health Division, Bureau of 
Licensure and Certification. 

• U.S. Army Corps of Engineers, Dept. of the Army, Omaha, NE. 

• U.S. Food and Drug Administration, Department of Health and Human Services. 

A listing of all test methods accredited by California is attached in Appendix K. 

PERSONNEL QUAL/FICA TlONS 

The laboratory management shall ensure the competence of all who operate specific 
equipment, perform environmental tests and/or calibrations, evaluate results, and sign test 
reports and calibration certificates. The laboratory management shall be responsible for 
checking the qualification of person before hiring based on the minimal level of qualification, 
experience and skills necessary for all positions in the laboratory (see Appendix A, Laboratory 
Job Oescriptions). In addition to education and/or experience, basic laboratory skills such as 
using a balance, colony counting, aseptic or quantitative techniques shall be considered. Any 
falsification or inaccuracy of the employment application or educational diploma will be cause for 
the termination of employment. A copy of educational diplomas or certificates will be required to 
be included in the personnel file of new employees. 

Records of personnel qualifications, training and experience are maintained in the employee 
training files maintained by the QA Oepartment. The Laboratory training program is detailed 
below. 

PERSONNEL TRAINING PROGRAM 

All personnel shall be responsible for complying with all quality assurance/quality control 
requirements that pertain to their organizational/technical function. Each technical staff member 
must have a combination of experience and education to adequately demonstrate a specific 
knowledge of their particular function and a general knowledge of laboratory operations, test 
methods, quality assurance/quality control procedures and records management. 

All current as well as new technical personnel are required to become familiar with the 
the following documents: 
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Laboratory Safety Manual - A formalized laboratory safety training course has been 
established, including a video discussion of safety and a written test. An attendance log and the 
test results are filed in the Employee Safety Documentation File. Each employee is also given a 
copy of the Laboratory Safety Manual. 

Quality Assurance Manual - A copy of the Quality Assurance Manual is available in all 
departments. All employees are required to understand and follow the appropriate Quality 
Assurance guidelines and procedures. 

Standard Operating Procedures - Standard Operating Procedures (SOP's) are available to all 
analysts for most analytical methods. For analytical methods, the SOP provides details 
regarding specific procedures and QA acceptance limits. SOP's are also available for most 
laboratory operations. Analysts are required to understand and follow the standard method 
requirements as detailed in the SOP for each analytical method. Each SOP is reviewed at least 
annually by the analysts and department manager to insure that the SOP accurately describes 
the analytical procedure. All SOP's are approved by the department manager and the QA 
Director. 

The Department Supervisor is responsible for ensuring that all department personnel read and 
understand the Safety Manual, QA Manual, standard methods and appropriate SOP's. 
Completion of these requirements and all other specific training are documented in the 
employee training records. Training records are filed in the employee training file maintained for 
each technical employee. Successful completion of training courses and other formalized 
training are also filed in the employee training files. 

In addition, the following training is conducted: 

Technicians are also given on-the-job training for each new method or procedure by the 
supervisor or an experienced analyst designated by the supervisor. During the training period 
the supervisor or experienced analyst continues to be responsible for all analytical results 
produced by the trainee. This training is also documented on the employee's training record. 

Competence to perform each analysis is determined by the supervisor's direct evaluation and 
successful analysis of Lab Control Samples and/or Performance Evaluation Samples. 

Periodically, analysts are encouraged to attend outside classes or other relevant training to 
increase their job knowledge. Attendance at these courses/seminars are also recorded on the 
training record. 

Training Files 

Training files for each employee are maintained by the QA Department. The training files 
contain training logs, sign-off sheets for the QA Manual, Standard Operating Procedures and 
Initial and Continuing Demonstration of Capability Certificates and supporting documentation. 
The training files are updated on an annual basis. Annually each employee signs a form that 
demonstrates that they have read, understood, and is using the latest version of the laboratory's 
in -house quality documentation, which relates to his/ her job responsibilities. 
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For NELAP certified tests an Initial Demonstration of Capability (IDOC) must be performed prior 
to using any test method, and at any time there is a change in instrument type, personnel or test 
method (NELAC, Quality Systems, Appendix C, July 1, 2003). The Demonstration of Capability 
is updated annually, and a signed certification is placed in the employee training file for each 
method. When a work cell is employed, the performance of the group is linked to the training 
record of the individual members of the work cell. 

The analyst training on each method shall be considered up to date if the employee training file 
contains a certification that the analyst has read, understood and agreed to perform the most 
recent version of the test method (the approved method or standard operating procedure as 
defined by the laboratory document control system) and documentation of continued proficiency 
by at least one of the following once per year: 

a. acceptable performance of a blind sample (single blind to the analyst); 

b. another demonstration of capability; 

c. successful analysis of a blind performance sample on a similar test method using 
the same technology (e.g., GCIMS volatiles by purge and trap for Methods 524.2, 
624 or 503518260) would only require documentation for one of the test methods; 

d. at least four consecutive laboratory control samples with acceptable levels of 
precision and accuracy; or 

e. if a-d cannot be performed, analysis of authentic samples with results statistically 
indistinguishable from those obtained by another trained analyst. 

f) A certification statement is completed to document the completion of each demonstration of 
capability. A copy of the certification statement is retained in the personnel records of each 
affected employee. 

Ethics Policy and Data Integrity Training 

To prevent Data Fraud/lnappropriate Practices, all technical personnel are trained in ethical and 
legal responsibilities. Examples of Data Fraud are identified below: 

a) Inappropriate use of manual integrations to meet calibration or method QC criteria would 
be considered fraud. For example, peak shaving or peak enhancement are considered 
fraudulent activities if performed to meet QC requirements. 

b) Time travel of analyses to meet method holding time requirements. 

c) Falsification of results to meet method QA requirements. 

d) Reporting of results without analyses to support the results. 
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e) Selective exclusion of data to meet QC criteria (Le. initial calibration points dropped 
without technical or statistical justification) 

f) Misrepresentation of laboratory performance by presenting calibration data or QC data 
within data reports which are not linked to the data set reported. 

g) Notation of matrix interference as basis for exceeding acceptance limits (typically without 
implementing corrective actions) in interference-free matrices (e.g. MB or LCS) 

The potential punishments and penalties for improper, unethical or illegal actions include 
immediate dismissal, and possible legal court action. 

All technical personnel are required to sign an Ethics and Data Integrity Agreement Form. 
These forms are filed in the QA Office. 

The Ethics and Data Integrity Training and Agreement Form is updated annually for each 
employee. 

Internal audits are performed periodically which include monitoring of data integrity. Any 
allegations of improper reporting or manipulation of data are investigated promptly. 

DOCUMENT CONTROL AND RECORD KEEPING 

All documents relating to laboratory analyses and reporting are kept a minimum of seven years. 
After that time the records will be destroyed, unless special arrangements are made. 

The laboratory maintains a tracking system for Standard Operating Procedures, MDL 
determinations, training documentation and corrective actions. These records are kept by the 
QA Department. 

A Lab Request is created by the Laboratory L1MS system for each group of samples received 
from a client to enable organization and tracking of the analyses and final reporting. All 
analytical results are reported in the L1MS database system, including date of analysis and 
analyst initials. All documentation other than bound laboratory notebooks relating to the 
analyses of a client's samples including a copy of the final report, Chain of Custody, all sample 
preparation worksheets and analytical raw data is attached to each Lab Request. Lab Requests 
including all relevant data are filed for a minimum of seven years. Other relevant analysis data 
may be written in bound laboratory notebooks which are maintained in each laboratory 
department. All calibration data and other relevant data such as calibration checks, which may 
apply to multiple Lab Requests are filed and retained in the individual departments. 

Corrections 

All generated data is recorded in permanent ink. Entries in records shall not be obliterated by 
methods such as erasures, overwritten files or markings. All corrections to record-keeping 
errors shall be made by one line marked through the error. The individual making the correction 
shall sign (or initial) and date the correction. 
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The document control system establishes procedures to ensure that all records required under 
the laboratory certification are retained. Procedures for control and maintenance of 
documentation through a document control system ensures that all standard operating 
procedures (SOPs), manuals, or documents clearly indicate the time period during which the 
procedure or document was in force. 
Document control procedures are defined in the Standard Operating Procedure for Document 
Control. 

REVIEW OF CLIENT PROJECTS 

New projects and contracts are reviewed by laboratory management to ensure that the 
laboratory has the technical capability and resources to meet the requirements. Any potential 
conflict of interest or other problem noted in the review is discussed with the client prior to 
acceptance of the contract or samples. Refer to the SOP for Project Management. 

The laboratory will afford clients or their representative's cooperation to clarify the client's 
requests and monitor the laboratory's performance in relation to the work performed. 

Client confidentiality is a high priority and the laboratory will ensure confidentiality to each 
client's work while providing service to other clients. 

PROTECTION OF CLIENT CONFIDENTIALITY 

Associated Laboratories recognizes the importance of client confidentiality. Each Lab Report 
contains the following statement: "The reports of Associated Laboratories are the confidential 
property of our clients and may not be reproduced or used for publication in part or in full without 
our written permission. This is for the mutual protection of the public, our clients, and 
ourselves." Analysis results are released to third parties only with the permission of the client. 

Confidentiality agreements may be signed by Laboratory management to maintain 
confidentiality of analysis results between the Laboratory and the client. 

SAMPLE RECEIVING AND CUSTODY 

All sample receiving and log-in is handled by the Sample Receiving Department. 

1. All samples are assigned a laboratory identification number during the log-in process. This 
number is a unique identifier assigned by the laboratory LlMS system. 

2. All samples received from a client on the same day on the same Chain of Custody (COe) 
are normally grouped together in a unique Laboratory Request Number. The Laboratory 
Request Number is also assigned by the laboratory LlMS system. 

3. A Laboratory Request Summary is prepared which includes: date, client name, client sample 
10, corresponding laboratory sample number, all analyses to be performed, laboratory area 
designations and other special instructions. 
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Procedures for sample receiving and chain of custody for samples are detailed in the Sample 
Receiving SOP, attached to this document as Appendix B. 

SAMPLE HANDLING PRACTICES AND CHAIN OF CUSTODY 

1. After samples are logged in, they are transferred to the Sample Custodian. 

2. All transfer of samples out of and into storage are documented on the Sample 
Control Record Book. 

3. Samples are stored according to the conditions specified by preservation protocols. 
Samples which require thermal preservation are stored under refrigeration which is +/-2 of the 
specified preservation temperature unless method specific criteria exist. For samples with a 
specified storage temperature of 4DC, storage at a temperature above the freezing point of 
water to 6D C is considered acceptable. 

4. Samples are stored away from all standards, reagents, food and other potentially 
contaminating sources. Samples are stored in such a manner to prevent cross 
contamination. 

5. Sample fractions, extracts, leachates and other sample preparation products are stored 
according to #3 above or according to specifications in the test method. 

6. The temperature of each refrigerator used for sample storage is monitored each working 
day, and recorded on the Temperature Control Record. This record is attached to each 
refrigerator. When the record is completely filled in, it is filed for future reference. If the 
temperature is out of control limits, the laboratory manager must be notified immediately. 

7. Unless notified in writing, all samples will be discarded by appropriate disposal protocol 30 
days from the date reported. Samples are discarded in the designated hazardous waste 
disposal containers. These containers are picked up periodically by a hazardous waste 
disposal company. 

SAMPLE CONTAINERS, PRESERVATION AND HOLDING TIMES 

In general, the shorter the time that elapses between collection of a sample and the analysis, 
the more reliable will be the analytical results. Preservation is necessary when the interval 
between sample collection and analysis is long enough to produce changes in either the 
concentration or the physical state of the constituent to be measured. Preservation of samples 
is specified in many EPA methods and when possible is confirmed by the laboratory during the 
sample log in process. The holding time of an analysis is the maximum time that samples may 
be held before analysis for the analysis to be considered valid. Each department is familiar with 
the holding times for sample analysis which they perform. The supervisor is responsible for 
ensuring that these holding times are met for all analyses. If holding times are not able to be 
met, then every effort is made to notify the client and if necessary send the samples to another 
laboratory. 
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Appendix C contains sample container guidelines and holding times as specified by the USEPA 
for environmental samples. 

LABORATORY LlMS SYSTEM 

Laboratory Information Management System (LlMS) 

The laboratory information management system (LlMS) is a client-server network of computers 
used to login samples, track samples during and after analysis, and report the final results to the 
client. In addition the LlMS software which is database driven is able to generate historical 
reports and trends and generate other types of reports such as electronic deliverables which are 
increasingly used by clients to transfer data into their own computer systems without having to 
do manual data entry. The LlMS system is also used to track laboratory data such as detection 
limits (MOL) and reporting limits for analytes. 

The hardware components of the LlMS include two servers and approximately fifty PC 
compatible computers running Windows 98 - VISTA. The LlMS Software consists of Varian 
Starlims 7.0 with an Oracle 7 database system. 

Security consists of a password login system and nightly tape backups. All reports are reviewed 
and signed by designated managers before release to the client. Tracking reports are 
generated daily from the LlMS system to insure timely analysis and reporting of all client 
samples. 

Electronic Delivery Capabilities - laboratory data can be delivered to the client in electronic data 
deliverable (EDD) formats such as: spreadsheet (Lotus, Excel); standard database file formats 
(dB, Paradox, etc); delimited or fixed field formatted ASCII; or word processing formatted. The 
data files can be transmitted to the client either by diskette or directly using e-mail or FTP 
protocols. 

STANDARD TEST METHODS 

Essentially all laboratory analyses are conducted using published standard methods. Standard 
method sources which are available for use are listed below. 

Analytical Standard Procedures for Environmental Analyses: 

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79- 020,3/1983 

Standard Methods for the Examination of Water and Wastewater (American Public Health 
Association) 

40 CFR, Appendix A to part 136-Methods for Organic Chemical Analysis of Municipal and 
Industrial Wastewater (600-series methods) 
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Methods for the Determination of Organic Compounds in Drinking Water, Supplement III, EPA-
600/R-95/131, August 1995. (500-series methods) 

Methods for the Determination of Inorganic Substances in Environmental Samples, EPN600/R-
93/100, August 1993 

Methods for the Determination of Metals in Environmental Samples, Supplement I EPAl600/R-
94/111, May 1994 

Test Methods for Evaluating Solid Waste, SW-846, 3rd Edition. 

NELAC Quality Systems Approved June 5, 2003, effective July 1, 2003. 

Analytical Standard Procedures for Food, Feeds, Oil/Fats and Pharmaceuticals: 

Association of Official Analytical Chemists (AOAC). 

The American Oil Chemists' Society (AOCS). 

Methods of the U.S. Department of Agriculture (USDA). 

FDA Pesticide Analytical Manual (PAM). 

US Pharmacopeia/National Formulary (USP/NF). 

Food Chemicals Codex (FCC). 

American Society for Testing and Materials (ASTM) 

Note: 

A listing of all environmental test methods for which Associated Laboratories is accredited by 
California is attached in Appendix H. 

Methods Not Covered by Standard Methods 

When it is necessary to use methods not covered by standard methods, these methods are 
subject to agreement with the client. This agreement includes a clear specification of the 
client's requirements and the purpose of the environmental test and/ or calibration. The 
method is validated appropriately before use. 

STANDARD OPERATING PROCEDURES 

Standard Operating Procedures (SOP) are available for most methods to indicate specific 
procedures, instrumentation, data needs and laboratory data quality requirements. Standard 
Operating Procedures are available to the analyst and are updated at least annually to insure 

RB-AR41854



Quality Assurance Manual 
Revision 07/2010 
Page 16 of 72 

that method and quality assurance requirements are being met. The original version of the 
SOPs are filed in the QA Department and controlled copies made available to the department. 
An inventory list of all current SOP's is maintained by the QA Department and are listed in 
Appendix H. 

Each test method shall include or reference where applicable: 
1) identification of the test method; 
2) applicable matrix or matrices; 
3) detection limit; 
4) scope and application, including components to be analyzed; 
5) summary of the test method; 
6) definitions; 
7) interferences; 
8) safety; 
9) equipment and supplies; 

10) reagents and standards; 
11) sample collection, preservation, shipment and storage; 
12) quality control; 
13) calibration and standardization; 
14) procedure; 
15) calculations; 
16) method performance; 
17) pollution prevention; 
18) data assessment and acceptance criteria for quality control measures; 
19) corrective actions for out-of-control data; 
20) contingencies for handling out-of-control or unacceptable data; 
21) waste management; 
22) references; and, 
23) any tables, diagrams, flowcharts and validation data. 

TRACEABILITY OF MEASUREMENTS 

Traceability of measurements is achieved by using standards for calibration and calibration 
checks which are traceable to primary NIST standards. Certificates of Analysis or purity are 
kept on file for each standard purchased, showing the traceability of the standard to a primary 
NIST standard. All balances are calibrated and certified annually using NIST certified weights. 
Thermometers are also calibrated at least annually using a thermometer certified against an 
NIST temperature standard. 

When standard solutions, spiking solutions and calibration check solutions are prepared, the 
following information is recorded in a Standards Traceability Notebook maintained by each 
Laboratory Department: 

a. The identifying name of the Working Standard consists of the Working Standard 
Identification and the date of preparation. This name must be unique and apply to only 
one standard solution, such that the standard can be unequivocally traced back to the 
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date of preparation, analyst and identification of all original standards and reagents used 
to prepare the standard. 

b. Date and analyst initials 

c. The name, manufacturer and lot number of each analytical standard, reagent and acid 
used in the solution. 

d. The volume of each standard, reagent and acids used, and the final volume of the 
solution. 

e. The calculated concentration of all analytes in the final solution. 

The final standard solutions are transferred to a storage container and labeled with the 
identifying Working Standard 10, date of preparation, expiration date, concentration and initials 
of the analyst who prepared the solution. 

All commercially prepared standards have a maximum expiration date of one year from the date 
of receipt or other expiration date as established and documented by the supplier. 

Reagents are purchased from established commercial suppliers as specified by the laboratory 
standard methods or SOP. Reagents are stored at the appropriate temperature (refrigeration, 
freezing, room temp) as specified by the supplier. 

Lot numbers of reagents are recorded on sample preparation log sheets or in analysis log books 
to enable traceability. 

CALIBRATION AND VERIFICATION PROCEDURES 

Initial Calibrations 

Criteria for Initial Calibrations are specified in the applicable method and Standard Operating 
Procedure for each method. 

The following items are essential elements of initial instrument calibration: 

a) The details of the initial instrument calibration procedures including calculations, integrations, 
acceptance criteria and associated statistics are included or referenced in the test method SOP. 

b) Sufficient raw data records are retained to permit reconstruction of the initial instrument 
calibration, e.g., calibration date, test method, instrument, analysis date, each analyte name, 
analyst's initials or signature; concentration and response, calibration curve or response factor; 
or unique equation or coefficient used to reduce instrument responses to concentration. 

c) Sample results must be quantitated from the initial instrument calibration and may not be 
quantitated from any continuing instrument calibration verification unless otherwise required 
by regulation, method, or program. 
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d) All initial instrument calibrations must be verified with an Initial Calibration Verification 
standard (leV) obtained from a second manufacturer or lot number. Standards for the initial 
calibration are traceable to a national standard such as NIST (National Institute of Standards 
and Technology), when available. 

e) Criteria for the acceptance of an initial instrument calibration must be established, e.g., 
correlation coefficient or relative percent difference. The criteria used must be appropriate to 
the calibration technique employed. 

f) Results of samples outside of the concentration range established by the initial calibration 
must be reported with defined qualifiers or flags or explained in the case narrative. The 
lowest calibration standard must be above the detection limit (MDL). 

g) If the initial instrument calibration results are outside established acceptance criteria, 
corrective actions must be performed and all associated samples reanalyzed. If reanalysis of 
the samples is not possible, data associated with an unacceptable initial instrument calibration 
are reported with appropriate data qualifiers. 

h) Calibration standards must include concentrations at or below the regulatory limit/decision 
level, if these limits/levels are known by the laboratory, unless these concentrations are below 
the laboratory's demonstrated detection limits. 

i) The number of points for establishing the initial instrument calibration are determined by the 
method and regulatory guidelines and are stated in the SOP for each method. 

Continuing Calibration Verification (CCV) 

When an initial instrument calibration is not performed on the day of analysis, the validity of the 
initial calibration is verified prior to sample analyses by a continuing instrument calibration 
verification with each analytical batch. The following items are essential elements of continuing 
instrument calibration verification: 

a) The details of the continuing instrument calibration procedure, calculations and associated 
statistics must be included or referenced in the test method SOP. 

b) A continuing instrument calibration verification must be repeated at the beginning and end of 
each analytical batch. The concentrations of the calibration verification shall be varied within 
the established calibration range. If an internal standard is used, only one continuing instrument 
calibration verification must be analyzed per analytical batch. 

c) Sufficient raw data records must be retained to permit reconstruction of the continuing 
instrument calibration verification, e.g., test method, instrument, analysis date, each analyte 
name, concentration and response, calibration curve or response factor, or unique equations 
or coefficients used to convert instrument responses into concentrations. Continuing calibration 
verification records must explicitly connect the continuing verification data to the initial 
instrument calibration. 
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d) Criteria for the acceptance of a continuing instrument calibration verification must be 
established, e.g., relative percent difference. 

e) If the continuing instrument calibration verification results obtained are outside established 
acceptance criteria, corrective actions must be performed. If routine corrective action 
procedures fail to produce a second consecutive (immediate) calibration verification within 
acceptance criteria, then either the laboratory has to demonstrate performance after corrective 
action with two consecutive successful calibration verifications, or a new initial instrument 
calibration must be performed. If the laboratory has not demonstrated acceptable performance, 
sample analyses shall not occur until a new initial calibration curve is established and verified. 
However, sample data associated with an unacceptable calibration verification may be reported 
as qualified data under the following special conditions: 

1) when the acceptance criteria for the continuing calibration verification are exceeded high, i.e., 
high bias, and there are associated samples that are non-detects, then those non-detects may 
be reported. Otherwise the samples affected by the unacceptable calibration verification shall be 
reanalyzed after a new calibration curve has been established, evaluated and accepted. 

2) when the acceptance criteria for the continuing calibration verification are exceeded low, i.e., 
low bias, those sample results may be reported if they exceed a maximum regulatory 
limit/decision level. Otherwise the samples affected by the unacceptable verification shall be 
reanalyzed after a new calibration curve has been established, evaluated and accepted. 

METHOD DETECTION LIMITS 

Method Detection Limits (MOL) are normally determined by taking seven or more aliquots of a 
sample containing the compounds of interest at a concentration 1 to 5 times the estimated 
detection limit and processing each sample through the entire analytical method. The MOL is 
calculated from the standard deviation of the replicate measurements (MOL = 3.143 x Standard 
Deviation for seven replicate measurements). MOL studies for each method are normally 
performed at least annually or when a major modification is made to the method or 
instrumentation used for analysis. Reference: 40 CFR, Ch. 1, Part 136, Appendix B (7-1-86 
Ed.). 

Method Detection Limits are updated in the laboratory information management system (LlMS) 
and tracked by the QC Department. The SOP for determination of MOL is attached (Appendix 
E). 

PROCEDURES FOR REPORTING ANALYTICAL RESULTS 

Final Reports issued to clients contain at a minimum the following information: 

1. The report identification (Lab Request number) and page number is printed at the bottom of 
each page. 

2. The Cover Page(s) include the Laboratory name and address, phone number, name and 
signature of person authorizing the report. The Cover page(s) also include the Client name, 
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address, Client 10 number, project identification, contact or project manager, date of sample 
receipt at the laboratory and a cross-reference of lab identification numbers and client sample 
identifications. The Cover Page includes the statement: "The reports of the Associated 
Laboratories are confidential property of our clients and may not be reproduced or used for 
publication in part or in full without our written permission. This is for the mutual protection of 
the public, our clients, and ourselves." 

3. The Lab Report pages detail the date and time of sample collection, the test results, analysis 
units, methods of analysis, detection limits, dates of analyses and analyst initials. The time of 
analysis is reported when the holding time for preparation or analysis is 72 hours or less. 

4. The original copy of the chain-of-custody is attached to the final report 

5. A copy of the Sample Receiving Checklist is attached to the final report. 

6. For NELAC reports and data packages, a case narrative is attached. The case narrative 
describes where the analyses were performed if not performed at the main address of the 
laboratory. Normally all analyses for volatile organic chemicals, organic volatiles in air, metals 
and microbiology are performed in the laboratory annex, located at 1108 West Barkley (one half 
block from the main laboratory building. 

7. The case narrative also lists the number and identification of all discrete pages in the report 
and the total number of pages in the complete report. 

8. A statement is included in the Narrative that the test results meet all requirements of NELAC 
or provide reasons and/or justification if they do not. 

9. In addition to the requirements listed above, test reports shall, where necessary for the 
interpretation of the test results, include the following: 

a) deviations from (such as failed quality control), additions to, or exclusions from the 
test method, and information on specific test conditions, such as environmental 
conditions and any non-standard conditions that may have affected the quality of results, 
including the use and definitions of data qualifiers; 

b) where relevant, a statement of compliance/non-compliance with requirements and/or 
specifications, including identification of test results derived from any sample that did not 
meet NELAC sample acceptance requirements such as improper container, holding 
time, or temperature; 

c) where applicable, a statement on the estimated uncertainty of measurement; 
information on uncertainty is needed in test reports when it is relevant to the validity or 
application of the test results, when a client's instruction so requires, or when the 
uncertainty affects compliance to a specification limit; 

d) where appropriate and needed, opinions and interpretations; 

e) additional information which may be required by specific methods, clients or groups of 
clients; 
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f) clear identification of numerical results with values outside of quantitation limits. 

10. In addition to the requirements listed above, test reports containing the results of sampling 
shall include the following, where necessary for the interpretation of test results: 

a) the date of sampling; 

b) unambiguous identification of the substance, material or product sampled (including 
the name of the manufacturer, the model or type of designation and serial numbers as 
appropriate); 

c) the location of sampling, including any diagrams, sketches or photographs; 

d) a reference to the sampling plan and procedures used; 

e) details of any environmental conditions during sampling that may affect the 
interpretation of the test results; 

f) any standard or other specification for the sampling method or procedure, and 
deviations, additions to or exclusions from the specification concerned. 

DATA REVIEW 

All data generated from each analysis are recorded either in a bound laboratory notebook 
or on worksheets which are attached to the Lab Request package. 

Copies of the lab notebook page(s), worksheets, instrument readouts, chromatograms, 
QC forms and other data pertinent to the analysis are attached to the Laboratory Request 
Sheet. 

In addition to the analytical results and calculations, the manufacturer and lot number of all 
reagents used must be included. Also the assigned code numbers of all prepared reagent and 
standard solutions are included for traceability purposes. 

The review process includes at least three separate review stages: 

The analyst reviews all data and calculations and also checks data for completeness and that 
any special requirements have been met. 

The Lab Supervisor reviews the results and initials the report to signify his/her approval. 

After the final report is completed, the Laboratory Manager or signatory of the report reviews the 
final report and signs the report to signify his/her final approval. 

The QA Department reviews a proportionate amount of all QC data generated (at least ten 
percent) and also reviews all corrective action reports that are submitted by the Departments. 
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A copy of the test report and all supporting raw data for each Lab Request are maintained on 
file by the laboratory. 

The minimum period of retention for the records is seven (7) years. 

PROCEDURE FOR HANDLING CUSTOMER'S COMPLAINTS 

Associated Laboratories encourages feedback from customers. Complaints such as improper 
billing or incorrect sample identifications are normally handled by client project managers, who 
make every effort to resolve the problem as quickly as possible. Where the complaint involves 
problems which can not be readily corrected, then the customer's complaints are recorded on a 
Customer Complaint Form which contains the following information: 

Date of complaint 
Name of company 
Name of person submitting the complaint 
How the complaint was submitted 
Name of person receiving complaint by phone 
Nature of complaint 
Department(s) involved 

The customer's complaint form is submitted to the department(s) involved for investigation and 
resolution of the complaint. 

The results of the investigation and resolution of the complaint are recorded on the complaint 
form, signed and dated by the individual handling the complaint and submitted to the Lab 
Manager to be reviewed and approved. 

The customer is notified of the results of the investigation and resolution of the complaint by 
the Lab Manager or by a person authorized by the Lab Manager, either verbally, by phone, or in 
the form of a letter. 

The Complaint Form and all other documents pertinent to the complaint, including emailed 
communications and the investigations and corrective actions taken by the laboratory, are filed 
in the Complaint File maintained by the QA Department. 

QUALITY ASSURANCE PROCEDURES 

The laboratory has established quality control procedures for monitoring the validity of 
environmental tests and calibrations undertaken. The resulting data is recorded in such a way 
that trends are detectable and, where practicable, statistical techniques can be applied to the 
reviewing of the results. This monitoring includes the following: 

a) regular use of certified reference materials and/or internal quality control using 
secondary reference materials (Laboratory Control Samples); 

b) participation in inter-laboratory comparison or proficiency-testing programs (WS, WP 
and Hazardous Waste PE samples); 
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c) replicate tests or calibrations using the same or different methods; 

d) retesting of retained samples; 

e) correlation of results for different characteristics of a sample (for example, total 
phosphate should be greater than or equal to orthophosphate). 

Routine Quality Control Samples 

Quality Control samples are normally analyzed with each batch of samples for each analysis. 
For environmental samples the Quality Control samples include a Method Blank (MB), 
Laboratory Control Sample (LCS) and a Matrix Spike and Matrix Spike Duplicate. These QC 
samples are included in each batch of twenty samples or less for each matrix (frequency 
equivalent to 5% of all samples analyzed). If spike analyses are not feasible, a duplicate 
sample analysis is generally performed (eg TDS, dissolved oxygen, turbidity). 

1. The Method Blank (negative control sample) is used to assess the preparation batch for 
possible contamination during the preparation and processing steps. The method blank is 
processed along with and under the same conditions as the associated samples to include all 
steps of the analytical procedure. Procedures are included in the method to determine if a 
method blank is contaminated. Any affected samples associated with a contaminated method 
blank are reprocessed for analysis or the results reported with appropriatedata qualifying 
codes. 

2. The Laboratory Control Sample (LCS) (Positive Control Sample) is used to evaluate the 
performance of the total analytical system, including all preparation and analysis steps. Results 
of the LCS are compared to established criteria and, if found to be outside of these criteria, 
indicate that the analytical system is "out of control". Any affected samples associated with an 
out of control LCS are reprocessed for re-analysis or the results reported with appropriate data 
qualifying codes. The Laboratory Control Sample (LCS) is run at the same frequency as QC 
samples for each type of matrix. The LCS is obtained when possible from a source external to 
the laboratory. The LCS may be prepared by the laboratory using certified standards from a 
different source or a different lot number from the source used for calibration standards. For 
NELAP accredited tests, all analytes are included in the LCS spike mixture over a two year 
period. 

3. A Matrix Spike and Matrix Spike Duplicate sample (replicate samples) are normally analyzed 
with each batch of twenty samples or less. Matrix spikes are duplicate aliquots of a sample 
which are spiked with the analytes of interest and taken through the same analytical 
procedures. The recovery of the analyte concentration is calculated to indicate the accuracy of 
the analysis in the sample matrix. The relative percent difference between the Matrix Spike and 
Matrix Spike Duplicate sample provides a measure of precision of the analyses in the sample 
matrix. For NELAP accredited tests, all analytes are included in the matrix spike mixture over a 
two year period. 
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4. Surrogate spike analyses are performed for all organic analyses when required by the 
method. Surrogates are used most often in organic chromatography test methods and are 
chosen to reflect the chemistries of the targeted components of the method. Added prior to 
sample preparation/extraction, they provide a measure of recovery for every sample matrix. 
The surrogate spike solution is added to all samples, standards and blanks. The results are 
compared to the acceptance criteria as published in the mandated test method or laboratory 
generated acceptance criteria. Results reported from analyses with surrogate recoveries 
outside the acceptance criteria must include appropriate data qualifiers. 

5. All other QC requirements (tuning, multiple points calibration, daily calibration check, etc.) 
are performed as specified in the method. 

6. All QC data are to be recorded on the appropriate forms and kept on file by each department. 
Copies of these forms must be attached to the Lab Requests for all samples associated with 
that particular QC sample. Accuracy and precision data may be used to generate control 
charts. 

7. Acceptance limits for QC samples are detailed in the Standard Operating Procedure for each 
method, and may be established by the original reference source or statistical analysis of the 
historical data for each type of QC sample, method and matrix using control charts. 

8. When QC acceptance criteria are exceeded, corrective actions are to be taken as specified 
in the method or as instructed by the Department Supervisor. 

9. Non-conformances such as QA limit failures which cannot be corrected by re-analyses, client 
requirements which cannot be met or standard method modifications are documentated by 
initiating a Non-Conformance Document Form (NCO). Appendix F describes the use of the 
Non-Conformance Document Form. 

Other Essential Quality Control Procedures 

1. Method capabilities are measured by determination of detection limits and quantitation limits. 
This is done on an annual basis or more often as needed (page 18). 

2. Selection of appropriate formulae to reduce raw data to final results such as regression 
analysis, comparison to internal/external standard calculations, and statistical analyses is 
detailed in the method Standard Operating Procedures for each method. 

3. Selection and use of reagents and standards of appropriate quality is included in the method 
Standard Operating Procedures. 

4. Measures to assure the selectivity of the test for its intended purpose is assessed on a 
continuing basis by analysis of QA samples as detailed above. 

5. Measures are taken as necessary to assure constant and consistent test conditions (both 
instrumental and environmental) where required by the test method such as temperature, 
humidity, light, or specific instrument conditions. 
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6. All quality control measures are assessed and evaluated on an on-going basis, and 
quality control acceptance criteria are used to determine the usability of the data. 

7. The laboratory will develop acceptanceirejection criteria where no method or regulatory 
criteria exist. 

8. The quality control protocols specified by the laboratory's Standard Operating Procedure for 
each method is to be followed. The laboratory shall ensure that the essential standards outlined 
in NELAC, Quality Systems, Appendix 0 or the mandated methods or regulations (whichever 
are more stringent) are incorporated into their Standard Operating Procedures. When it is not 
apparent which is more stringent the QC in the mandated method or regulations is to be 
followed. 

QUALITY ASSURANCE DEPARTMENT FUNCTIONS 

Internal Audits and Data Review 

Various types of internal audits are performed on Laboratory activities on a routine basis. 
These audits should reflect as closely as possible, the Laboratory performance under normal 
operating conditions. 

Performance Audits: Evaluation of data reports generated by the laboratory. All technical, 
clerical and administrative aspects of the data report are reviewed. Errors observed during 
these ongoing audits are categorized as they relate to the technical accuracy and legal 
defensibility of data. 

Internal audits of each department are conducted at least annually. Routine quality control 
checks, for example checking laboratory notebooks, daily calibrations, quality control sample 
frequency are also done on a random basis. Results of internal audits (including the completed 
checklist, deficiencies, responses and corrective actions) are documented in the internal audits 
files maintained in the QA Office. The results of internal audits are reported to the Audit 
Committee designated by the Laboratory management. 

A system audit is the physical inspection and review of the entire laboratory operation to verify 
compliance with the QA Program objectives as stated in the Laboratory's QA Manual. System 
audits are conducted periodically by external auditors, such as state regulatory agencies, 
commercial clients or independent auditors representing these clients or agencies. 

In response to deficiencies or recommendations from auditing activities, corrective actions 
reports are required to document the corrective actions taken to correct the deficiencies. The 
Laboratory management has established an internal audit committee to oversee audit activities 
and establish corrective actions where necessary. The internal audit committee members will 
meet quarterly.AII committee meeting minutes and memos will be maintained in the QA Office. 

Internal audit procedures are detailed in the SOP for Internal Audits. 

When audit findings cast doubt on the effectiveness of the operations or on the correctness or 
validity of the laboratory's environmental test or calibration results, the laboratory will notify 
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clients in writing if investigations show that the laboratory results may have been affected. 

The laboratory will notify clients promptly, in writing, of any event such as the identification of 
defective measuring or test equipment that casts doubt on the validity of results given in any 
calibration certificate, test report or test certificate or amendment to a report or certificate. 

External Proficiency Testing and Verification Practices 

The QA Department is responsible for organizing Proficiency Testing (PT) Programs, including 
WS and WP Studies, and other studies as required by accrediting agencies. 

Proficiency Testing samples are obtained from NELAP approved external sources on a semi
annual basis. Results must be satisfactory (within acceptance limits) or a corrective action 
report is initiated. Proficiency Testing samples are analyzed semiannually or more often for all 
NELAP accredited tests. PT samples for ELAP accredited tests may be analyzed annually or 
semiannually. To demonstrate proficiency under NELAP guidelines, the laboratory must pass 
two of the three most recent PT samples for each accredited test. 

Corrective Action Reports and Departures from Documented Policies 

A Non-Conformance Document (NCO) may be required when certain Quality Control criteria are 
exceeded in a sample analysis batch. 

1. Non-conformances such as a sample exceeding holding time, QA limit failures which can not 
be corrected by re-analyses, client requirements which cannot be met, or standard method 
modifications are documented by initiating a Non-Conformance Document Form (NCO). A copy 
of the NCO Standard Operating Procedure and Form is attached (Appendix F). 

2. The NCO form is initiated by the analyst in the event of a sample exceeding holding time, 
Quality Control sample results outside control limits or other known non-conformance to the 
analytical method or client requirements. The NCO form may also be initiated by the project 
manager or department manager in the event client requirements are not met or other analytical 
problems are discovered. 

3. After the NCO Form is initiated, the corrective action, if any, must be agreed upon by the 
department manager or supervisor and the QA Manager. If appropriate, the procedure for 
corrective actions starts with an investigation of the root cause(s) of the problem. The potential 
corrective actions shall be identified, selected and implemented to eliminate the problem and to 
prevent recurrence. Corrective actions shall be to a degree appropriate to the magnitude and 
the risk if the problem. This is documented and signed by the department manager in the 
second part of the NCO Form. The form is then forwarded to the QA Manager. 

4. The QA Manager then completes and signs the final part of the form. If necessary, 
verification of the corrective action is documented in this section. If necessary the results will be 
monitored to ensure that the corrective actions taken have been effective. All follow-ups shall be 
completed and documented by the QA office. 
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5. A copy of the form is included in the affected data package or the client is notified as 
appropriate. The original is filed in the Corrective Actions File which is maintained by the QA 
Manager. 

When there are deviations from the requirements by the specific method, such as insufficient 
sample volume, improper preservation, the client will be notified as soon as possible. If the 
client agrees to the deviation, then an explanation of the deviation or non-compliance is required 
to be attached to the data package and final report. 

Laboratory Standard Operating Procedures and QA Manual 

The QA Department is responsible for ensuring that all Laboratory Standard Operating 
Procedures and the QA Manual are current. A tracking system is in place to ensure that copies 
of Standard Operating Procedures are controlled such that only current approved versions are 
in use in the laboratory. 

Procedures for tracking SOP documents are detailed in the Standard Operating Procedure for 
SOPs. 

MANAGEMENT REVIEWS 

In accordance with a predetermined schedule and procedure, the laboratory's executive 
management will periodically and at least annually conduct a review of the laboratory's quality 
system and environmental testing and/or calibration activities to ensure their continuing 
suitability and effectiveness, and to introduce necessary changes or improvements. The review 
shall take account of: 

a) The suitability of policies and procedures; 
b) Reports from managerial and supervisory personnel; 
c) The outcome of recent internal audits; 
d) Corrective and preventive actions; 
e) Assessments by external bodies; 
f) The results of inter-laboratory comparisons or proficiency tests; 
g) Changes in the volume and type of the work; 
h) client feedback; 
i) complaints; 
j) other relevant factors, such as quality control activities, resources and staff training. 
k) Nonconforming work 

Findings from management reviews and the actions that arise from them shall be recorded. 
The management shall ensure that those actions are carried out within an appropriate and 
agreed timescale. The laboratory shall have a procedure for review by management and 
maintain records of review findings and actions. The QA office is responsible for scheduling 
reviews as needed and maintenance of all records. 

PERMITTED DEPARTURES FROM DOCUMENTED POLICIES AND PROCEDURES 
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Any departures from documented policies and procedures or changes in standard methods 
must be approved by a Laboratory Director or the QA Manager. The deviation from standard 
methodology must be explained on the final report and the results flagged to indicate the use of 
a non-standard method. The * flag or qualifier is used to note non-standard methodology and 
the explanation is noted in the comments section of the Lab Report. 

CONTROL OF NONCONFORMING ENVIRONMENTAL TESTING WORK 

When any aspect of its environmental testing work, or the results of this work, do not conform to 
its own procedures or the agreed requirements of the client, the QA manager shall be informed 
and the actions below shall be taken: 

a): As necessary, the work shall be halted and the test reports shall be withhold; 
b): An evaluation of the significance of the nonconforming work is made by the QA Manager and 

the Technical Director; 
c): Corrective actions are taken immediately, together with any decision about the acceptability 

of the nonconforming work; 
d): Where the data quality is or may be impacted, the client is notified. 
e): The NCD form may be used to record actions. Any required changes resulting from 

corrective action investigations shall be implemented and documented. 
f): The QA manager is responsible for authorizing the resumption of work. 
g): As necessary, the investigation results, corrective actions and follow-ups for the non 

conforming work shall be reviewed by the Laboratory Management immediately. 

PREVENTIVE ACTIONS 

Preventive action is a process to identify opportunities for improvement rather than a reaction to 
the identification of problems or complaints. Needed improvements and potential sources of 
nonconformance, either technical or concerning the quality system, are identified. If preventive 
action is required, action plans are developed, implemented and monitored to reduce the 
likelihood of the occurrence of such non- conformances and to take advantage of the 
opportunities for improvement. Procedures for preventive actions include the initiation of such 
actions and application of controls to ensure that they are effective. 

EQUIPMENT MAINTENANCE 

Written records are kept for each analytical instrument to document inspections, maintenance, 
troubleshooting, or modifications. Records contain the date, nature of the problem, 
repair/corrective action taken and the name of the person performing the work. A Maintenance 
Log Book may be kept for each individual instrument for the purpose of recording any 
maintenance, repairs, and other associated downtime. 

Operational performance of analytical instrumentation is monitored by daily, documented 
performance checks and calibration verifications in accordance with the Standard Operating 
Procedures for each type of instrumentation. 
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Support equipment such as analytical balances, ovens, refrigerators and water baths are 
checked daily for performance within acceptance limits. This information is recorded in a log 
book maintained for the equipment. Weights used to check the balances are traceable to NIST 
standards. In addition all balances are inspected and certified by a licensed specialist at least 
annually. 

REFERENCES: 

NELAC Quality Systems, effective July 1 .. 2003. 

NELAC Quality Systems Checklist, Revision Ch5 Rev d. 

QUALITY ASSURANCE MANUAL REVISION HISTORY 

Revision 09/2004: 
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Revision 10/2005: 

Revision 7/2008: 

QA Manual all sections re-written to incorporate NELAC guidelines. 
Added sections for: 

Demonstration of Capability 
Review of New Projects 
Protection of Client Confidentiality 
Calibration and Verification Procedures 

Updated Appendix A, Laboratory Job Descriptions 
Updated Appendix B, Standard Operation Procedures for Sample 

Receiving 
Updated Appendix D, Equipment Inventory 

QA Manual re-written to incorporate more NELAC requirements. 
Added Appendix G, Organization Chart 
Added Appendix H, Listing of CA Accredited Methods 
Added references to SOPs for Document Control 

Sections added in response to NELAC Audit. 
Added section for personnel qualifications, pg. 8. 
Added training program requirements, pg. 8. 
Rewrote Demonstration of Capability, pg.10. 
Rewrote procedures for reporting analytical results, pgs. 19-21. 
Added section for ensuring the validity of environmental tests, pg.22. 
Added section for essential Quality Control Procedures, pg. 24. 
Edited section for Internal Audits, pg. 25. 
Added section for management review, pg. 27. 
Rewrote sample handling practices and chain of custody, pg. 13. 
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Added to the section for Corrective Action Reports, pg. 26. 
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Education: Bachelors degree or equivalent in the chemical, environmental, biological sciences, 
physical sciences or engineering, with at least 24 college semester credit hours in chemistry. 

Experience: At least two years of experience in the environmental analysis of representative 
inorganic and organic ana'lytes for which the laboratory seeks or maintains accreditation. A 
masters or doctoral degree in one of the above disciplines may be substituted for one year of 
experience 

Job Description: The technical director(s) means a full-time member of the staff of an 
environmental laboratory who exercises actual day-to-day supervision of laboratory operations 
for the appropriate fields of accreditation and reporting of results. This person's duties shall 
include, but not be limited to, monitoring standards of performance in quality control and quality 
assurance; monitoring the validity of the analyses performed and data generated in the 
laboratory to assure reliable data. 

Responsibilities: Overall responsibility for management of all laboratory operations. 

Quality Assurance Manager 

Education: Bachelor's degree in chemistry or other scientific/engineering discipline or 
equivalent experience. 

Experience: Three or more years experience in a chemistry laboratory. 

Job description: The quality manager (and/or his/her designees) shall: 

1. Serve as the focal point for QNQC and be responsible for the oversight and/or review 
of quality control data; 

2. Have functions independent from laboratory operations for which they have quality 
assurance oversight; 

3. Be able to evaluate data objectively and perform assessments without outside (e.g., 
managerial) influence; 

4. Have documented training and/or experience in QNQC procedures and be 
knowledgeable in the quality system as defined under NELAC; 
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5. Have a general knowledge of the analytical test methods for which data review is 
performed; 

6. Arrange for or conduct internal audits as per 5.4.13 annually; and, 

7. Notify laboratory management of deficiencies in the quality system and monitor 
corrective action. 

Responsibilities: Overall development and management of the laboratory quality assurance 
system as defined by California Dept of Health / ELAP and NELAP requirements. 

Laboratory Supervisor 

Education: Bachelor's degree in chemistry or other scientific/engineering discipline or equivalent 
experience. 

Experience: Three or more years experience in a chemistry laboratory. 

Job Description: Responsible for the overall technical and personnel management of a 
laboratory area or work group. This includes: 

1. Interfacing with and taking direction from the Department Head or immediate supervisor. 

2. Proper training of personnel in analytical techniques, reporting, quality, assurance and lab 
safety. 

3. Maintaining the orderly flow of work and the timely analyses of samples. 

4. Organizing and assigning work duties of the group supervised. 

5. Checking QA/QC records for completeness and proper frequency. 

6. Providing for technical expertise as required in the group or department. 

7. Evaluating and working to constantly improve the quality of data that is being generated 
(including QA data) 

Responsibility, Supervisors are ultimately responsible for: 

1. The accuracy, completeness and integrity of all analyses completed by their group or 
department. 

2. Safe practices of their employees. 

3. Maintaining effective communication with their employees and upper management of the 
laboratory. 

4. Complete documentation of all analyses and related QA/QC. 
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5. Any deviation from standard methods or laboratory standard operating procedures. 

Analyst 

Education: Requires minimum of Bachelor's degree in chemistry or any scientific/engineering 
discipline or equivalent experience. 

Experience: Once or more years experience in a chemistry laboratory operating and maintaining 
analytical instrumentation such as AA, ICP, Ge, HPLC, etc. 

Job Description: Conducts analyses in laboratory using specialized analytical equipment. 
Analyses are done using standard protocols such as EPA, EPAlCLP, or in-house SOP's). Must 
understand the theory, use and maintenance of specialized analytical equipment. Must be able 
to follow written procedures and SOP's and calculate final results, including QA results. Must 
understand the importance of good lab practices and quality assurance and be able to evaluate 
the quality of data that is being generated. 

Responsibility: Analysts are responsible for the accuracy, completeness and integrity of all work 
that they have been assigned. If they have questions or problems, this must be communicated 
to their immediate supervisor. No deviations from standard methods are permitted unless 
approved by the lab supervisor. 

Lab Technician 

Education: Requires high school diploma with one year of chemistry course work or one year of 
Chemistry course work or one year experience in a laboratory. 

Experience: One or more years experience in a laboratory ( preferably a chemistry lab). Must 
have proficiency in operation of analytical balance, pipetting and common laboratory equipment 
and glassware. 

Job Description: Conducts analyses in laboratory using standard methods ( EPA, AOAC, USP, 
ASTM, or in-house methods). Must understand lab nomenclature and be proficient in the use of 
standard lab equipment such as pipets, balances, separatory funnels burets, etc. Must be able 
to follow written procedures and SOP's and calculate final results. Must understand the 
importance of good lab practices and quality assurance. 

Responsibility: Lab Technicians are responsible for the accuracy, completeness and integrity of 
all work that they have been assigned. If they have questions or problems, this must be 
communicated to their immediate supervisor. No deviations from standard methods are 
permitted unless approved by the lab supervisor. 
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This section describes how samples are received and logged into the laboratory. "Logging" 
refers to the process of documenting receipt of each sample, verification of the analyses 
requested and entry of information about the sample into the laboratory computer system (LlMS). 
The sample logging process generates one label for each sample container, a Lab Request 
Summary on blue paper and a blue Results Worksheet for each department. A copy of the Lab 
Request Summary and the blue Results Worksheet is transferred to each department which will 
be analyzing the sample. No sample is analyzed without being properly logged into the 
laboratory data system, even if the sample is not to be billed. . 

A. Handling of Samples Received by Client Delivery~ 

When a client delivers a sample for analysis, it is important that information about the sample be 
as complete as possible. This is best done with a properly completed and signed Chain of 
Custody form. The following information must be obtained before the sample can be accepted: 

1. Client's name and address 

2. Person to contact regarding the sample(s) and phone number (also fax number if information 
is to be faxed). 

3. Method of payment, does client have an account? If client does not have an account, 
payment will have to be in advance or "pickup and pay". If the client has an account, a purchase 
order number is often needed. 

4. If the Client wishes to open an account, the accounting department should be notified to be 
sure the client receives the proper forms and information, this is currently handled by Bill Utter. 

5. Before entering a new client into the computer system a unique account code number must be 
obtained from the accounting department or office supervisor. 

6. Both the client and lab employee receiving the sample must both sign the completed Chain of 
Custody form. The Chain of Custody will normally contain detailed information on the samples. 
Refer to Section II for a list of required information to be included on this form. 

7. The client receives the pink copy of the Chain of Custody. The other copies are attached to 
the Lab Request Summary. 

8. Samples must be checked for temperature and sample preservation as noted in B.2. and B.6 
below. 

B. Sample pick-up by our personnel: 
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1. All samples received from our drivers should be accompanied by a completed Chain-of
Custody form - signed by the client and by the driver. 

2. All coolers received must have a temperature reading immediately upon opening. 

a. This reading will be taken by placing the metal probe of the thermometer either into a 
temperature blank (if provided) or between the respective samples and the cooling 
media (ice, dry ice, or blue ice). 

b. The thermometer should remain in place for 60 seconds to ensure a proper reading. 

c. The exact temperature will then be read from the thermometer. The temperature 
should be in the range of 2 - 6 degrees C. Samples that are hand delivered to the 
laboratory immediately after collection are considered acceptable if there is evidence 
that the chilling process has begun, such as arrival on ice. 

d. The temperature will be noted on the Sample Receipt Form. 

e. The temperature may also be determined using an "instant read" thermometer which 
reads the surface temperature of the samples in the cooler. 

3. The Chain of Custody and samples must be checked to make sure that all information is in 
agreement. 

4. When the driver relinquishes the samples to the Sample Receiving Department, he or she 
must require that the Associated Laboratories Chain of custody be signed by an employee of the 
Sample Receiving Department. A sample receipt form must be filled out for all coolers received 
by the Department. 

5. All samples brought to the laboratory by a driver will remain under his or her custody until the 
Associated Laboratories Chain of custody is signed by an employee of the Sample Receiving 
Department. 

6. If necessary, the pH of aqueous samples may be measured at the Sample Receiving 
Department. The result shall be reported on a pH reporting form. This form is attached to the 
Chain of Custody. To avoid contamination of the sample, a portion of the sample is poured into 
a separate container for pH determination or directly onto the pH paper. The procedure for 
checking pH is detailed in the SOP for pH Measurement. 

7. Any problems with improper preservation, sample container type, volumes, etc. are to be 
noted on the Sample Receipt Form. This is to document problems which may interfere with a 
proper analysis of the sample. The project manager should be notified so that the client can be 
contacted as soon as possible. 

8. Information on the sample pickup is also logged into the bound Driver's Logbook. 

9. All organic volatile samples (VOA) must be stored in the Sample Receiving refrigerator until 
they are labeled. 
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10. All information is checked to be sure it is complete as noted in Section A.1-6 (Client's name/ 
address/ contact name/ phone number/ account information/ PO number/ complete sample 
information/ analyses requested). 

11. All samples are checked to be sure they match the paperwork. 

12. The client must be contacted if the information is not complete or if there are any questions 
about the samples, analyses requested, or if samples are received broken or missing. 

C. Samples received by mail, UPS, Federal Express, etc. 

Samples received by mail, UPS and Federal Express are handled in the same manner as 
samples received from our drivers with the exception that samples are not relinquished by the 
client. All coolers received must have a temperature reading as in section B.2. and all samples 
must be verified against the Chain of Custody or paperwork as noted above. The sample 
shipping receipts shall be attached to the original Lab Sheet. 

D. In-house samples 

In-house samples consist of samples such as QA/QC check samples and hazardous waste 
disposal samples. These samples are written up using the same procedures as any other 
sample. (They will not normally be billed.) 

E. Priority samples 

1. Samples are logged in the following priority: 

a. Bacteriology 

b. Rushes (Same Day, 24 Hour, 48 Hour) 

c. Tests such as BOD, Chlorine, pH, Dissolved Oxygen, Sulfite, Sulfide, Hexavalent 
Chromium, fish toxicity, nitrate, nitrite, MBAS, turbidity must be logged the same day as 
received due to the very short holding times. 

d. Regular Turn-Around 

2. NOTE: It is important that this priority be followed for all customers to insure that accurate 
results are obtained for samples which have a very short holding time. 

3. Regular turn-around samples are written up in the order received and may be held to the next 
day if necessary. 

4. When a client requests a completion date, or we commit to a completion date, this 
information must be clearly stated (and highlighted) on the lab request summary. 
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Note: the affected lab manager must be consulted prior to committing to a completion date. 

5. If a client wishes samples to be handled on a priority basis, such as 24 or 48 hours, there is 
an additional charge. The priority charge is determined by lab management, and should be 
clearly stated to the client. 

6. Priority samples are written up and labeled before being transferred to the laboratory. These 
samples are recorded in the Sample Rush Log Book and the lab personnel receiving the 
samples must sign for all priority samples (which include a copy of the chain of custody). 

F. Special Handling of Samples for Microbiological Testing 

1. Due to the short holding times for microbiological samples, these must be handled on a 
first- priority basis. 

2. The Chain-of-Custody for samples for microbiological testing must state the date and time of 
sampling, as well as complete sample identification. For potable water samples this should also 
include the system name and sample location. 

3. Drinking water samples (potable water) should be analyzed as soon as possible after 
sampling (30 hours maximum time from sampling to analysis). Samples must be maintained at 
2 - 6 degrees C during transport and storage. Potable water samples cannot be analyzed after 
30 hours, these samples should be refused. 

4. Waste water and surface water samples must be analyzed within 6 hours after collection (6 
hours maximum holding time). Samples must be maintained at 2 - 6 degrees C during transport 
and storage. Waterl waste water samples older than six hours should be refused. 

5. Upon receipt in Sample Receiving, check samples immediately for proper temperature and 
holding time. Samples should be transported in a cooler with blue ice or regular ice. Check 
Chain-of-Custody form to be sure samples are within holding times. If samples are outside 
holding time or not held at proper temperature, notify the Microbiology Department supervisor or 
project manager immediately. The Chain-of-Custody shall also state the conditions of the 
samples as received (cooled, frozen, room temp. etc.). 

6. Check condition of samples received for microbiological testing for potential contamination of 
samples. Containers must be sealed with no evidence of leakage. Containers must be 
protected from melted ice or other potential contamination. Notify the Microbiology supervisor if 
problems are noted. If there is evidence of contamination the client should be notified that the 
samples are potentially contaminated. 

7. Samples should be refrigerated or placed in a cooler with blue ice upon receipt and logged 
in immediately. The Microbiology Department will sign the original chain of custody to show 
receipt of samples prior to logging. 

G. Sample storage during login process 
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3. A designated sample storage refrigerator is used for storage of samples which need to 
be refrigerated during the login process (samples for volatile organics analysis are 
stored in a separate refrigerator). 

3. As soon as possible after each group of samples is logged in, they are transferred to the 
Sample Custodian in the Sample Storage Area. Most samples are stored in refrigerators or 
the walk-in cooler until analyses are completed. The sample storage refrigerators and the 
walk-in cooler are kept locked overnight for sample security. 

4. If special handling instructions are provided with the sample, these instructions must be 
noted on the Chain of Custody and sample login analysis request forms. 

H. Hold samples 

1. When a client wishes to put samples on hold, this must be clearly noted on a Chain-of
Custody form. The length of time requested for hold should be noted. 

2. If the hold order is given over the phone, a note is made on the COC referring to the person 
authorizing the hold, with complete information on the samples to be held. The person taking 
the call should sign and date the note. Any changes to the Chain of Custody by the client 
should be followed by a fax from the client detailing the changes in writing. 

3. Complete information on hold samples are filed with the Chain-of-Custody and given with 
the samples to the Sample Custodian for storage until the Client or project manager releases 
the samples from hold status. If hold samples are disposed of, they are logged out by the 
Sample Custodian. 

4. After 7 days, if the client has not contacted us regarding the samples, sample receiving 
personnel or the project manager should call the client for instructions. 

5. Maximum holding time is 30 days unless special arrangements are made and authorized by 
the lab management. 

6. Unless authorized by the customer, disposal of hold samples must be authorized by the Lab 
Manager. 

I. Safety Precautions: 

1. The lab does not accept radioactive samples for analysis. A Radiation Monitor is available 
in the Sample Receiving Department for screening samples if radiation is suspected in any 
sample. 

a. Any samples received from Department of Energy (DOE) contracts or associated clients 
must be screened to insure that no radioactivity is present. 
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b. If any sample tests higher than background 25 cpm level radiation, the Radiation Safety 
Officer must be notified immediately. 

2. All sample shipments received from hazardous waste sites or labeled as highly toxic must 
be initially opened in a fume hood or in a well-ventilated area. 

3. Plastic gloves are available in the Sample Receiving Area for handling potentially hazardous 
samples or samples which are leaking. 

4. When in doubt about the safe handling of any sample, the Lab Safety Officer or appropriate 
Lab Manager must be consulted before the sample is logged in. 

II. CHAIN OF CUSTODY FORM 

A. The purpose of the Chain of Custody Form is to legally document the transfer of the 
sample(s)from the customer to the laboratory. Since any sample may potentially be used as 
evidence in legal proceedings, it is important that the Chain of Custody Form be filled in 
completely and accurately. 

B. The Chain of Custody Form should furnish an accurate record of the samples received, 
analyses requested, and any important information from the Client regarding the samples. The 
information entered on the form should be as complete as possible, including: 

1. Client's name and address with zip code 

2. Client project manager's name and telephone number 

3. Information on custody seals - If present are they intact? 

4. Information on Samples: 

a. Is the number of samples listed correctly? 

b. Are all samples individual, or sub-samples of one sample? 

c. Is the description of the samples complete? 
(are samples soil, waste-water, drinking water (if samples are chemicals, a 
complete description and MSDS information should be furnished.) 

d. Are samples identified correctly? Sample 10 numbers or markings should be 
checked against the Chain of Custody. The date sampled should also be on the 
chain of custody. 

e. The condition of the samples should be noted. 
- Are samples cool or frozen? 
- Are containers leaking or broken? 
- Damaged containers should be noted on the Sample receipt form under 
"important information section" and reported to the project manager immediately. 
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f. The type of containers must be noted (glass jar, plastic container, brass tube, VOA 
vial, etc.) 

g. All preservatives added to the samples must be noted on the sample containers and 
is indicated on the sample pH log form attached to the chain-of-custody. 

h. Any inconsistencies in the documentation and samples should be thoroughly 
investigated. The ideal time to solve a problem is during the log-in process. 

5. Analyses requested by the Client must be specific and correspond EXACTLY to our listed 
analyses profile. If there is any doubt as to the analyses required, the Sample Receiving 
Person should contact the Client, or the appropriate Lab Manager. 

- In the case where subsamples of the same sample are submitted, and different 
analyses are requested for each sub-sample, all information and the labeling of each 
container must be made VERY CLEAR to avoid confusion in the laboratories. EACH 
CONTAINER MUST HAVE A LAB REQUEST NUMBER and an ORDER NUMBER. 

6. Any problems with improper preservation, sample container type, volumes, etc. are to be 
noted on the Chain of Custody. This is to document problems which may interfere with a 
proper analysis of the sample. A written copy should also be given to the Lab Project 
Manager or Customer Representative who may need to contact the customer. 

7. The Client should sign in the" Relinquished by" space and also in the" Authorization" 
space when appropriate. 

8. The person receiving the sample(s) must sign the Chain of Custody Form in the 
"Received by Laboratory for Analysis" space, and record the date and time. 

9. When the sample is entered into the Laboratory computer system ( a Lab Request 
Summary is generated) the Lab Request Number should be recorded on the Chain of 
Custody. 

10. Distribution of copies: 

a. Attach the White and Yellow Copy to the Blue Lab Request Summary. 

b. The Pink Copy is given to the Client. 

c. A copy of the Chain of Custody should be attached to all copies of the Lab Request 
Summary. 

d. All Lab Requests are checked by the appropriate Project Manager. 

III. SAMPLE CONTROL RECORD (Internal Chain of Custody) 
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A. A separate Sample Control Record for sample tracking through the laboratory may be 
initiated by the Sample Receiving Department if this is required by a client or contract (such 
as EPAlCLP). 

B. Information to be entered into the Sample Control Record (refer to the attached copy): 

1. The Lab Request Number is written at the top of the Form. 

2. The Client's Name and Date is recorded. 

3. All individual samples are recorded in the Sample 10 space. Samples are identified by 
the Lab Request Number assigned at the time of sample Log-In. This number is generated 
by the computer when the sample(s) are logged-in to the computer system. 

C. Storage of samples requiring Sample Control Record (Legal Samples). 

1. After the samples are logged into the computer system and labeled, they are 
transferred to a locked storage refrigerator in the Sample Storage Area. 

2. Document the transfer of all samples to and from the Sample Custodian with the date 
and time samples were transferred. Both the Sample Receiving person and Sample 
Custodian sign the Sample Control Record. 

3. For Legal Samples (including EPAlCLP samples), the samples must be kept in locked 
storage. In this case the Sample Control Record is kept by the designated Sample 
Custodian who also controls access to the samples. When samples are removed from 
storage they are logged out on the Sample Control Record which records the date, time 
and person removing the samples. When the samples are returned they are logged 
back in with the date, time and initials of the person returning the samples. Samples are 
not removed from locked storage overnight. The person who removes the samples is 
responsible for the custody of the samples, and for their return to storage before the end 
of the working day. 

D. Sample Control Record Tracking 

1. Each time samples are transferred to or from the Sample Custodian, the Sample 
Control Record for those samples must be signed. 

2. Each person receiving the samples in each department must sign for those samples 
received and also note the date and time samples are received. Fill in Received By -
Dept., Person and DatelTime when samples are delivered to each department and again 
when the samples are returned to the Sample Custodian. 

3. Only one sample control record will be completed for each lab request number 
(Sample Log In Sheet). No copies are to be made unless clearly labeled as a copy. 

4. The Sample Control Record is kept on file by the Sample Custodian and attached to 
the file when all analyses are completed. 
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Sample acceptance policy determines if the sample is identified correctly, with proper 
documentation, packaging, adequate volume for the analyses requested and correct 
preservatives. 

1. Sample identification ( is the sample waste water, drinking water, hazardous waste, 
unknown?). For accurate analysis, the sample and sample source must be identified 
correctly. If there is an obvious discrepancy between the sample and documentation, 
this is normally investigated first by the Sample Receiving Personnel. If the problem 
cannot be resolved, then the appropriate lab manager is notified. 

2. Documentation with the sample ( is it adequate?). Sufficient documentation should 
be supplied with the sample to fill in the Chain of Custody completely. If there are 
any doubts as to the sample identification or analyses requested, the client should be 
called immediately. 

3. Documentation generated during sample login. All communications via fax, email or 
mail and decisions regarding the client samples should be documented and signed in 
writing and attached to the original Lab Sheet (and all copies if necessary). 

4. Sample condition -(sufficient volume, correct preservative, correct container type, 
condition of sample, etc). The employee receiving the sample must note on the 
Chain-of-Custody form or an attached Sample Receipt Form the following information 
for each sample and fraction: 

a. Container Type (Glass, Amber glass, plastic, brass tube, etc.). 

b. Volume in container (1 L, 500 ml, etc.) 

c. Temperature (Room temp., cool, frozen) 

d. If samples are in a cooler, the temperature in the cooler. 

e. Preservatives added must be listed on the sample container and/or the 
Chain of Custody form. 

f. The sample must be within the specified holding times for the analyses 
requested. 

g. Any irregularities noted in the samples (leaking, air bubble in VOA vial, 
improper packaging, etc.). 

5. Responsibility for contacting the customer about problems. The Sample Receiving 
personnel have primary responsibility for contacting the project manager or client 
immediately for routine problems with samples. Each client is normally assigned to a 
project manager, and the person logging the sample is also responsible for informing 
the project manager of any problems. This may be done with notes on a copy of the 
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lab sheet or chain of custody. Generally all information and decisions must be 
documented in writing with a date and signature. 

6. A sample receiving checklist must be completed and attached to the final report. See 
Appendix I for Sample Receiving Checklist. 

V. SAMPLE LOGGING PROCEDURES 

A. Description of Computer Logging Procedure: 

1. The LlMS system will be used to record and track all samples received at the 
laboratory. Completed test results should be turned in to the project manager as 
designated on the Lab Request Summary. 

2. Each Department should report the results of all analyses on the blue Results 
Worksheet and turn this in to the project manager, along with all worksheets and raw 
data generated in analyzing the samples. 

3. When samples are logged into the LlMS system, the system will create one label for 
each sample container, a Lab Request Summary on blue paper, and a Results 
Worksheet for each lab department on blue paper. When samples are logged into 
the LlMS, they are assigned a unique sample number (order number) and all samples 
in the same group, received on the same day are normally assigned to a unique Lab 
Request Number. 

4. The Sample Receiving personnel will make copies of the login documents as follows: 
A copy of the Lab Request Summary and the chain-of-custody for each Results 
Worksheet. 

5. Copies of the login documents will be distributed as follows: 

a. Project Manager: The Lab Request Summary and one copy of the Chain of 
Custody. 

b. Each Department: The blue (original) Results Worksheet + copy of the Lab 
Request Summary + copy of the Chain of Custody. 

c. Attach the original Chain of Custody to the original Lab Request Summary. 

d. A Posting Log Book is maintained to verify that a copy of the Lab Request and 
Worksheets was distributed to each affected Department. 

6. If problems are noticed with the test codes, analyte list or detection limits ( DLR ) 
please correct the Worksheet and give a copy to Jim or Steve as soon as possible so 
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corrections can be made in the LlMS. 

B. Description of Lab Request Summary 

1. A Lab Request Summary is prepared which includes: 

a. Client name, address and client 10 number. 

b. Person to whom final report is to be sent. 

c. Date sample received. 
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d. A complete description of the sample(s) including client identification 
number(s), sample matrix, date Itime sampled. 

e. A Lab Request Number and an order Number is generated by the computer 
for each sample. 

f. A complete list of all analyses to be completed on each sample, including 
Method Number, Profile and Service Group 1 Department. 

g. Login information including 10 of person logging in the sample, date and time. 

h. Order numbers and corresponding customer 10 numbers for each sample. 

i.A Sample Control Record (Internal Chain of Custody) is completed if needed. 
This document is used to record the transfer of the samples to departments 
(see section III). 

See Appendix J for a sample of Lab Request Summary. 

c. Sample Labeling 

Each sample is labeled with the label generated by the computer. The label contains the 
Lab Request Number, Order Number, Client sample 10 and log date. 

For Orders where multiple containers are submitted (multiple fractions for different 
analyses), each separate container (fraction) should be labeled with the order number + A, 
B, C, etc. to designate fractions for each separate analysis. This fraction designation is 
then recorded by the custodian and analyst on the sample preparation log to document that 
the correct sample fraction was analyzed for each analysis method. 

D. Procedure for logging in Additional Analyses. 

1. If additional analyses are requested by a client after the samples have been initially 
logged in and distributed to the labs, an amended Lab Request Summary may be 
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generated for the additional analyses (using the same Lab Request number). The 
amended Lab Request Summary will note the additional tests in the Comments section. 

2. Additional analyses may also be noted using an additional analyses request form to 
notify all affected departments of the additional tests. Information required is as follows: 

a. Name of client 
b. Previous Lab 10# 
c. Sample type 
d. Sample 10 
e. Additional analyses 
f. Date of request 
g. Signature of employee 

3. A new Lab Request will be generated if necessary. The new Lab Request Summary 
will have a new Lab Request Number for the additional analyses, and the samples will 
be relabeled with the new Lab Request Number. The original Lab Request Number will 
be retained on the samples. 

a. The new Lab Request Summary must clearly reference the original Lab Request 
number and explain that analyses requested are in addition to the previous analyses 
(or other reasons for the new Lab Request Summary). 

b. Copies of the new Lab Requests are forwarded to all departments affected. 

E. Backup Logging Procedure in Event of Computer System Failure. 

1. Temporary lab Request Summaries have been designed and are available in the 
Sample Receiving Department. 

2. In the event the computer system is non-functional, the Sample Receiving Supervisor 
will issue temporary lab Request Summaries along with a temporary login reference 
number (eg. A100). 

3. The supervisor will keep a list of assigned numbers and corresponding information 
(client, departments receiving lab Request Summaries, person writing the ticket). 

4. When the computer is functional, standard lab Request Summaries will be 
issued.Samples that have received temporary numbers will be retrieved and re
numbered with the computer assigned lab Request Numbers. The standard lab Request 
Summaries will be attached to each corresponding temporary lab Request Summary 
that was issued. 

VI. HANDLING OF THE SAMPLES AFTER LOGGING 

A. Handling of the logged-in samples in the laboratory 
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1. After the samples are logged into the computer system and labeled, they are 
transferred to the Sample Custodian in the Sample Storage Area. All samples are 
logged into the Sample Control Log Book organized by Lab Request number. The client 
name, number and type of containers are entered. The Sample Custodian must sign 
the Log Book for all containers received. 

2. The samples are stored in locked refrigerators or the locked walk-in cooler prior to 
analysis. 

3. All samples transferred to the Sample Storage Area are logged into a Sample 
Logbook in the Sample Storage Area. The Sample Logbook is maintained by the 
Sample Custodian. 

4. When samples are picked up by laboratory personnel for analyses, the samples are 
signed out, and when returned, they are signed back into Sample Storage. 

5. When samples are disposed of, this is noted in the Sample Logbook. 

6. During weekends and evenings, only designated personnel have access to the 
Sample storage areas. All samples removed must be documented in the Sample 
Custodian Logbook. 

B. Handling of samples to be sent out to other labs. 

1. Arrangements to send samples out for analysis are handled by the project manager and 
must have the Client's consent. 

2. Samples to be transferred to another lab are logged into the LlMS for "Send Out" and the 
Information is posted on the "Out Board" similar to posting to an in-house department. 
Samples to be sent out are subsampled and shipped by the Sample Custodian. 

2. A portion of each sample to be sent out is retained in the original container. Procedures for 
sending out samples to other labs is described in the SOP for Subcontracting Analyses and 
the SOP for Soil Sub-Sampling and Compositing Procedures. 

C. Returning samples to the client. 

1. When a client requests that the samples be returned to them upon completion of the 
analyses, the sample receiving personnel should make sure that a notification is made on 
the lab sheet and that it is clearly visible 

2. When all analyses are completed, a note is given to the Sample Custodian listing the 
samples to be returned and address to be used. 

3. If the sample is returned by UPS, the sample pickup record will document that the sample 
was returned. If the sample is delivered by our driver or picked up by the client, the client 
should sign the chain of custody or a receipt to show the samples were returned to them. 
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A record book is maintained in Sample Receiving to document the return of samples. 
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Sample Container and Preservation Guide 
Updated: April 17, 2009 

Method Container(l) Suggested Preservative Holding Time(2) 
Volume 

Volatile Organics 

(VPH) Gasoline (5030) 8015 B VOA-glass 2 40ml vials Cool 6 C 7 days(3)/14 soil(6)/3day air 

(VPH) Gasoline/BTEX (5030) 8015B/8021B VOA-glass 2 40ml vials Cool 6 C 7 days(3)114 soil (6)/3day air 

Purgeables 624/8260B VOA-glass 2 40ml vials Cool 6 C 14 days/3 day air 

Purgeables in DW 524.2 VOA-glass 2 40ml vials Cool 6 C, Ascorbic Acid + HCl 14 days/3day air 

Semi-Vo la tile Organics 

(EPH) Diesel(Carbon Chait 8015B glass-amber I L Cool 6 C 7 days/]4 soil(4) 

Semi-Volatiles (BNAs) 625/8270 glass-amber I L Cool 6 C 7 days/I 4 soil(4) 

Pesticides & PCBs 608/8081 glass-amber 1 L Cool 6 C 7 days/I 4 soil(4) 

Phosphorous Pests. 614,622/8141 glass-amber 1 L Cool 6 C 7 d8ys17 sod4
) 

Herbicides 615/8151 glass-amber lL Cool 6 C 7 daysl14 soil(4) 

Polynuclear Aromatics 610,8310 glass-amber lL Cool 6 C 7 daysl14 soil(4) 

Haloacetic Acids 552.2 glass-amber 250 ml Cool 6 C, 5mg NH4CI/50ml 14 days(4) 

Carbamate Pesticides 632 glass-amber I L Cool 6 C 7 days(4) 

EDB/DBCP 504 glass 2 40ml vials Cool 6 C, Na2S203 14days 

Metals 

Mercury 245.117470 poly 500 ml RN03 topH<2 28 days 

Chromium VI 218.6/SM3500 Cr-D poly 500ml Coo16 C/filter, NH4/S04 to pH9.3-9.7 28days 

7199/7196 poly 500ml Cool 6 C 24 hours 

Organic Lead DHS (LUFT) glass-amber lL Cool 6 C 14 days 

All Other Metals 200/6000/7000 poly 500 ml RN03 to pH<2 6 months 
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Inorganic & Wet Chemistry 

Alkalinity 310.1/SM2320B po Iy or glass SOO ml Cool 6 C 14 days 

COD 410AISMS220C/SMS220D poly or glass SOOml Cool 6 C, H2S04 to pH<2 28 days 

BOD 40S.1/SMS21OB poly or glass lL Cool 6 C 48 hours 

Chloride 300 poly or glass SOO ml None 28 days 

Cyanide 33S.1/33S.2/9010B/4S00CN poly or glass 1 L Cool 6 C, NaOH to pH> 1 2(5) 14 days 

Cyanide 33S.4/9012A 

Flashpoint 101011030 poly or glass SOOml None N/A 

Fluoride 
3UU.UI.HU.L/:::iM411UH/:::iM 

poly or glass SOOml None 28 days 
.1 ,\()()_Fr 

Hardness 200.7/SM2340B/SM3120B poly or glass SOOml RN03 or H2S04 to pH<2 6 months 

Nitrate, Nitrite 
3S3.2/SM4S00-

poly or glass SOOml Cool 6 C 48 hours 
N03F/300.0/SM4l lOB 

Total NitratelNitrite-N 
jJj .LI:::iM4JUU-

poly or glass SOOml Cool 6 C, H2S04 to pH<2 28days 
N()1FI1()() nl1::M.111 m=l 

Oil & Grease 1664A/SMSS20B glass-amber I L Cool 6 C, H2S04 to pH<2 28 days 

Phenols 420.1 glass-amber 1 L Cool 6 C, H2S04 to pH<2 28 days 

Phosphorous (Total) 365.21SM 4S00-PE poly or glass SOO ml Cool 6 C, H2S04 to pH<2 28 days 

Phosphate (Ortho) 36S.2/SM 4S00-PE poly or glass SOO ml Cool 6 C 48 hours 

pH 
150.1/SM4S00-

poly or glass SOOml None Immediate 
HB/9040B/904SC 

Turbidity EPA 180.1 poly or glass 100ml Cool 6 C 48 hours 

Solids (TDS, TSS, TS) 160.11160.2/160.3/SM2S40C poly or glass SOOml Cool 6 C 7 days 

Specific Conductance 120.I/SM2S10B poly or glass SOOml Cool 6 C 28 days 

Total Sulfide 3 76.2/SM4S00-SDF 19034 poly or glass SOOml Cool 6 C, ZnC02CH3+NaOH pH>9 7 days 

Soluble Sulfide 3 76.2/SM4S00-SDF 19034 poly or glass SOOml Cool6C Immediate 

TRPH 418.1 glass-amber lL Cool 6 C, H2S04 to pH<2 28 days 

TOC 41S.1/SMS310B glass-amber 2S0ml HCLto pH<2 7 days 

TOX 9020 glass-amber 500ml RN03 topH<2 28 days 

Ammonia 3S0.2/SM4S00-NH3C,G poly or glass SOOml Cool 6 C, H2S04 to pH<2 28 days 

TKN 3S1.2 poly or glass SOOml Cool 6 C, H2S04 to pH<2 28 days 

Chlorite 300 poly or glass SOOml Cool 6 C, EDA 48 hours 
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Radioactivity 

Bioassay (Effluent) 
MBAS 
Disolved C02 in Water 

Notes: 

9000 

600/4-85/01 
EPA425.1ISM5540C 

SM4500-C02 

Any 

poly or glass 
poly or glass 
poly or glass 

IL 

5 Gallons 
250ml 
250ml 

(1) Soil samples are typically collected in brass or steel tubes and wide mouth jars (500ml) 
(2) Unless otherwise stated, holding times apply to soil and water matrices. 
(3) To extend the holding time to 14 days, prepare bottle with HCL to pH<2 

HN03 to pH<2 

Cool 6 C 
Cool 6 C 
Cool 6 C 

(4) Holding times shown are days until extraction. Samples have a 40-day (7-day for 552.2) holding time after extraction. 
(5) If chlorinated, add 0.6g Ascorbic Acid 
(6)If soil samples are in EnCore, the holding time is 48hours. Freezing the unpreserved sample can extend the holding time up to seven days. 0 

7 days 

36hr 
48hours 

Immediate 
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APPENDIX D 

Department 

I;]Zi 
!~'; 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 

Chemistry 
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Capital Equipment Inventory 

Last Update: June 2009 

Instrument Description Quantit Serial No. Date 

;If>~,:;''!!'''!;! I • 1fi!1f~li'ii!;l :; \~~T~~fk~~ 

Perkin Elmer FIMS400 Flow 1 4543/3670 
Injection Mercury Analyzer with 
AS90 Autosampler and Data 
System 
Lachat FIA+ Quickchem 8000 1 A83000-131 5 
Flow Injection Analyzer with 
Autosampler and Data System 
Lachat Colorimeter (1 Omm path) 1 

Lachat Manifold (N02/N03) 
1 10_107_04_0 

Lachat Manifold (NH3-N) 
1 10_107 _06_1-A 

Lachat Manifold (TKN) 1 10_107_06_2-E 

Lachat Manifold (CN) 1 10_204_00_1-A 

Lachat Manifold (TKP) 1 10_115_01_1-P 

Dionex 2000 Ion 1 96030596 
Chromatograph with 
Autosampler, ASRS Supressor, 
CD20 Conductivity Detector and 
data _syst€lm - Syst€lm I 
Dionex 2000 Ion 1 97020907D99100 
Chromatograph with 1 
Autosampler, ASRS Supressor, 
ED40 Electrochemical Detector 
and data system System I 
Dionex 2000 Ion 1 01090605 
Chromatograph with 
Autosampler, ASRS Supressor, 
CD25 Conductivity Detector and 
data system (perchlorate 
analysis) System II 
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Dionex 2000 Ion 
Chromatograph with 

Chemistry 
Autosampler, AD25 Absorbance 
Detector and data system 
(hexavalent chromium analysis) 
- System 11 
Dionex 3000 Ion 
Chromatography with AS 
Autosampler, Dual Pump, EG 

Chemistry 11 KOH cartridge, EG, CR-ATC 
Continuously Regenerated 
Anion Trap Column and CD 
conductivity Detector 

Chemistry 
Tekmar Dohrman DX-2000 TaX 
Analyzer with data system 

Chemistry 
Horizon Oil and Grease 
Analyzer System 

Chemistry 
UCT -Enviro-Clean Universal Oil 
and Grease XF 

Chemistry 
Shamidzu Spectrophotometer 
UV1700 

Chemistry Mettler AE 163 Scale 
Chemistry Mettler AE163 Scale 
Chemistry Mettler AE200 Scale 
Chemistry Mettler PE3000 Scale 
Chemistry Denver APX-323 Scale 
Chemistry Sartorius BA61 Scale 
Chemistry Labconco 65200-00 Rapidstill II 
Chemistry Labconco 65200-00 Rapidstill II 

Chemistry 
Fisher Scientific Coulomatic K-F 
Titrimeter 

Chemistry Beckman T J-6 Centrifuge 
Chemistry Eppendorf 5415C Centrifuge 

Chemistry 
Drying Oven 
Precision/Thelco130DM 

Chemistry 
Drying Oven - Scientific 
Products DX31 

Chemistry PH Meter Beckman 31 
Chemistry PH Meter Thermo ORION 720A 
Chemistry PH Meter Thermo ORION 710A 
Chemistry Turbidity Meter Hach 2100N 

Chemistry 
Turbidity Meter Orbeco 
TB-200-10 

Chemistry 
Conductivity Meter 
Thermo/Orion 3 Star 

Chemistry 
pHIISE Bench Top 
Thermo/Orion DualStar 

Chemistry Fume Hoods 

1 

1 

1 

1 

1 

1 

1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 

1 

1 
1 
1 
1 
1 

1 

1 

6 
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01120109 

08110325 
08110200 

98023001 

06-2059 2006 

2010 

A110244 2007 

D14314 
WB1225 
J79480 
F17120 

A33015028 
30701480 

051044717E 
990192069E 

842 

7A055 
5415B67934 
605031244 

124030 

K711071 
67511 
57736 

99020000-5174 
? 2010 

16835 2007 

E01600 
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Chemistry Water Baths 

Chemistry BOD Incubator 
Chemistry Refrigerator 
Chemistry Rapid Oigestor Labconco 23012 
Chemistry Heater/Stirrer Fisher Isotemp 
Chemistry Heater Thermolyne Cimerac 3 
Chemistry Shaker Erbach 6000 
Fish Toxicity 5 Gallon Tanks 

Fish Toxicity 
Disposable Tanks (approx. 3 
Gallons each) 

Fish Toxicity 30 Gallon Tank 
Fish Toxicity 25 Gallon Tank 
Fish Toxicity Air Pumps 
Fish Toxicity Circulation Pump 
Fish Toxicity pH Meter 
Fish Toxicity Recording Thermograph 
Fish Toxicity YSL Model 50B DO Meter 

Varian 3400 GC with FlO & PIO 

VOA-GC 
(VOA-GC3), concentrator LSC 
2000 and Data System 

Varian 3400 star GC with FlO & 

VOA-GC 
PIO, Archon autosampler, 
concentrator Tekmar 3000 and 
data system (VOA-GC 1) 
Varian 3300 GC with FlO & PIO, 

VOA-GC 
Archon Aautosampler, 
concentrator 0-/ 4560 and data 
system (VOA-GC2) 
Varian 430 GC with FlO, 

VOA-GC autosampler CP 8400 and data 
system (SVOA-GC22) 
Agilent 6890N GC with FlO, 

VOA-GC autosampler 7683B and data 
system (SVOA-GC20) 
Varian CP-3800 GC with FlO & 

VOA-GC 
PIO, Archon autosampler, 
concentrator LSC 3000 and 
data system (VOA-GC6) 
Varian CP-3800 GC with FlO & 

VOA-GC 
PIO, Archon autosampler, 
T ekmar 2000 concentrator and 
data system (VOA-GC5) 

VOA-GC 
Varian 3300 GC with FlO, and 
data system (VOA-GC4) 

VOA-GC 
Varian 3400 GC with FlO, 
Varian 8100 autosampler and 
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3 2 Fisher120, 
1 Precision180 

3 Fisher307 
1 
1 990891743E 
1 504N0178 
1 
1 402N0036 2007 

130 
100 

3 
2 
10 
1 
1 
1 
1 
1 1991 

1 1989 

1 1989 

1 GC0901B304 2009 

2 CN44130843 2005 
CN10540091 

1 1999 

1 2004 

1 1986 

1 1990 
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data system (SVOA-GC21) 

VOA-GC 
Varian 3400 GC with TCD 
(VOA-GC7) 

VOA-GC TCLP Rotary Agitators - ZHE 

VOA-GC TCLP ZHE Extractors 

VOA-GC TCLP Pressure Filters 

Varian Model 3800 gas 
chromatograph with Varian 

VOA-GC/MS 
Saturn 2200 MS Detector, 
Archon Autosampler, Tekmar 
velocity concentrator and Data 
Station (VOA-MS7) 6.6 
Varian Model GC3900 with 
Saturn 21 OOT, Archon 

VOA-GC/MS Autosampler, T eckmar 
Concentrator LSC31 00 and MS 
Workstation 6.9 
Varian Model 3800 gas 
chromatograph with Varian 

VOA-GC/MS 
Saturn 2000 MS Detector, 
Archon Autosampler, Tekmar 
LSC 3000 and Data Station 
(VOA-MS61 6.9 
Varian Model 3800 gas 
chromatograph with Varian 

VOA-GC/MS 
Saturn 2000 MS Detector, 
Archon Autosampler, Eclipse 
4660 and Data Station (VOA-
MS5) 6.9 
Varian Model 3800 gas 
chromatograph with Varian 

VOA-GC/MS Saturn 2000 MS Detector, 
Archon Autosampler, LSC 3100 
and Data Station (VOA-MS4)6.9 
Varian Model 3800 gas 
chromatograph equipped with 
Varian Saturn Model 2000 MS 

VOA-GC/MS Detector (VOA-MS3), Archon 
Autosampler, Tekmar Velocity 
XPT autosampler and Data 
Station 6.9 
Varian Model 3800 gas 
chromatograph equipped with 

VOA-GC/MS 
Varian Saturn Model 2000 MS 
Detector, 2 flame ionization 
detectors, and a Lotus air 
sampling system. (VOA-MS1)6.9 

1 

1 

4 

2 

1 

1 

1 

1 

1 

1 

1 
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1988 

04575-10060 2003 
14086 

2100T- 2008 
6508102076 

4443-6028 2001 
13329 

3810-3780 1999 
0632466635 

13073 

3811-3781 1999 
13345 

2005 
Saturn2000-3792 

13075 

2000-48397315 2001 
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Shimadzu GC-2010IGCMS-

VOA-GC/MS 
QP2010 Entech Model 7100AR 
Concenrator, Entech 7016CA 
2.53 Lab Solution 

Microbiology 
Castle Thermatic 60, 20x24 
Autoclave, Automatic 

Microbiology 
Market Forge Sterilmatic 
Autoclave 

Microbiology Wesco, 4 Objective Microscope 
Microbiology B&L Dissecting Microscope 
Microbiology Lab-Line Imperial III Incubator 
Microbiology Baush & Lomb Refractometer 
Microbiology VWR 1555 Incubator 
Microbiology VWR Incubator, 40 cubic ft. 
Microbiology Thermo Scientific Waterbath 
Microbiology Fisher Scientific C02 Incubator 

Microbiology 
Baxter Scientific Product Vortex 
Mixer 

Microbiology Sartorium Universal Balance 
Microbiology Colony Counter 

Office Data Handling Brother Fax 

Office Data Handling Kyocrea Copiers and Printers 

Office Data Handling 
L1Ms Computer System (39 
stations) 

Office Data Handling Sample Master Version 8.0 
Office Data Handling HP Laserjet Printers 
Office Data Handling Kyocera Ecosys Printer 

Office Data Handling 
Lexmark Printers(T -644, 622, 
520) 
Agilent 6890N gas 
chromatograph with a Agilent 

SVOA 5973 Mass Selective Detector 
and a Agilent 7683B automatic 
injector 

SVOA Shimadzu 2010 GCMS 

Hewlett Packard 5890A Series II 
SVOA GC, dual ECD detectors, 

Autosampler and Data Station 
Varian 3400 GC, dual ECD 

SVOA detectors, Autosampler (GC-
3400) 

SVOA 
Varian 3800 GC, dual ECD 
detectors, Autosampler (GC#1) 

1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
2 

6 

1 

1 
4 
2 
3 

1 

1 

1 

1 

1 
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MFC-8460N 

KM-8030 
KM-4050 

KM-2560J4) 

CN10502043 2005 
US44647151 
Cn45131647 

C70384350031 2006 

3022A28956 1990 

14304 1991 

2771 
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Varian 3800 GC, dual ECD & 
SVOA PFPD detectors, Autosampler 

(GC#2) 
Varian 3800 GC, dual ECD & 

SVOA PFPD detectors, Autosampler 
(GC#3) 

SVOA 
Varian 3400 GC, FlO detector, 
Autosampler (GC-Alcohol) 

SVOA 
Waters Dimension II GC, ECD & 
FlO detectors, data system 
Shimadzu SCL-10A VP System 
Controller, LC-10AT Pumps, 

SVOA Autosampler, SPD-M10A VP 
Diode Array Detector, Data 
System 
Shimadzu GC-2010, dual 

SVOA 
injectors, dual ECD detectors 
(ECD#1, ECD#2), Autosampler 
and workstation 

SVOA 
Dionex ASE 200 Accelerated 
Solvent Extractor and Controller 

SVOA 
Dionex ASE 200 Accelerated 
Solvent Extractor and Controller 

SVOA 
Zymark Turbo Vap II 
Concentration Workstations 

SVOA 
Ohaus Brainweight B1500D 
T oploader Balance 

SVOA Boekel 1494 Steam bath 
SVOA Fisher Isotemp 228 Steam bath 
SVOA Fume Hoods 
SVOA Varian 3300 GC (Drying Oven) 

SVOA 
B. Braun Braun-Sonic U 
Ultrasonic probe and generator 

SVOA 
VWR 1350G Drying Oven, 

I gravity 

SVOA 
Precision Scientific 16 Drying 
Oven, gravity 

SVOA 
National Appliance Drying 
Oven, gravity 
Gas-Flow proportional counting 

TOC/RAD system -- Protean Instr., Model 
9025. 
Geiger-Mueller Counter 

TOC/RAD (portable) -- S.E. IntI. Model 
4EC 
Infrared Heater and Stand 

TOC/RAD (Fisher Scientific, Model 11-504-
5 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 

1 
2 
5 
1 
1 

1 

1 

1 

1 

1 

1 
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6056 2000 

9085 2000 

6692 1989 

GC2-8901009 

C2103750927US 2000 

C11324101922 2003 

1060057 2001 

97060620 2000 

2000 

11532 

2000 

5415 1988 

1991 

1991 

1991 
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TOC/RAD 
Labconco Model 59000 
Chemical Fume Hood 

TOC/RAD 
Mettler Model H35AR Analytical 
Balance 

TOC/RAD 
Dessicator, Nalgene Model 8-
642-21 

TOC/RAD 
TOC Analyzer, Shimadzu, TOC-
5000 
Shimadzu TOC-VCSH Total 

TOC/RAD Organic Carbon Analyzer, AlS 
and Data System 
PE Sciex Elan 6100 ICP-MS 

AAlICP Metals with auxiliary data system and 
Cetac autosampler/diluter 
Perkin Elmer Optima 4300DV 

AAlICP Metals ICP with AS93+ autosampler 
and data system 

AAlICP Metals Perkin Elmer Aanalyst 100 AA 
AAlICP Metals MSI Computer 
AAlICP Metals TCLP Rotary Agitators 
AAlICP Metals Air Compressor - Craftsman 
AAlICP Metals Fume Hood - 6 Ft. 
AAlICP Metals Safeaire Fume Hood - 4 Ft 

AAlICP Metals 
Environmental Express Hot 
Blocks 

1 

1 

1 

1 

1 

1 

1 
1 
2 
1 
2 
2 
2 
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STANDARD OPERATING PROCEDURE FOR DETERMINATION AND UPDATING OF 
MDUDLR DETECTION LIMITS 

PURPOSE 

1. This Standard Operating Procedure summarizes the procedure for determining MDLs 
(Method Detection Limit) and DLR (Reporting Detection Limit), in addition to the procedure 
for updating and revising current MDLs and DLRs. 

DETERMINATION OF MDL 

1. Prepare and analyze seven replicate spike solutions: 

1.1. Prepare one spiked bulk solution for each matrix at 1-5 times the estimated detection 
limit. The volume should be sufficient to prepare and analyze seven or more samples. 
The solution should be spiked with all analytes of interest. 

1.2. Prepare seven or more aliquots of the spiked solution per the normal method of 
preparation (process through the entire analytical method). 

1.3. Analyze all the aliquots by normal analysis procedures (QA samples such as spikes, 
duplicates, LCS and PB are not required). 

1.4. Calculate the standard deviation (n-1) of the seven results. For seven replicates 
multiply by 3.14 to calculate the MOL value for each analyte. (NOTE: Use the factor 
3.14 only for seven replicates, other factors are given in the EPA reference noted 
below). 

1.5. More than 7 aliquots can be analyzed. If more than 7 aliquots are analyzed, then all 
values must be used in calculating the MOL. Use the Student's t value at the 99% 
confidence level for the number of replicates. 

2. The MOL should be determined at least once a year for each analyte, each analytical 
method and each matrix (solid, water, etc). The MOL should be re-run whenever there is a 
significant change in instrumentation or procedure. 

3. An MOL check sample at approximately 2 x MOL should be analyzed to verify the 
reasonableness of the MOL values obtained. The MOL check sample should be prepared 
the same way as the MOL check solutions. All analytes should be detected in the MOL 
check sample, or the MOL study should be modified and repeated for the analytes which are 
not detected. 

DETERMINATION OF REPORTING DETECTION LIMIT (DLR) 
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1. Prepare and analyze one or more samples at the estimated reporting limit: 

1.1. Prepare one or more samples at the estimated reporting limit using the normal 
preparation procedure (process through the entire analytical method). QA samples 
such as spikes, duplicates, LCS and PB are not required. 

1.2. Analyze the sample by the normal analysis procedure. 

1.3. The analytical result must be 75-125 percent of the spike value. If not, increase the 
concentration until this accuracy can be achieved. 

2. The concentration at which the spike recovery of 75-125% can be achieved is the Reporting 
Detection Limit (DLR). 

UPDATING & REVISING MDUDLRVALUES: 

1. Every year, each department is required to submit their MDLs for each analyte and each 
analytical method to the QC department. 

2. The QC department will then incorporate the current MDLs into the LlMS system for each 
analytical method (NOTE: In the LlMS, there may be several test codes for a particular 
analytical method. It is important that the MDLs for ALL test codes in the LlMS be updated). 

3. After the MDLs for a particular test have been changed, the specs for that test are printed 
out and kept on file by the QC department, and a copy is returned to the analyst. 

4. The QC department shall keep track of all changes in the MDLs through an MOL Master 
Tracking List, which contains the following information: 

4.1. The date the MOL for a particular test was updated. 

4.2. The date the MOL was run. 

4.3. The LlMS test code and test name for each test in which the MDLs have been updated. 

4.4. The corresponding analytical method for each test. 

4.5. Any additional comments for documenting any pertinent information or noting any 
unusual peculiarities in the database (e.g., some analytes that are missing DLRs, MDLs 
that are greater than the DLR, etc.). 

5. The MOL must never exceed the DLR. If the MOL is equal to or greater than the DLR then 
the following steps must be taken: 

5.1. If the MOL is greater than the DLR for one or more analytes, then the MOL should be 
re-run or the DLR should be adjusted if possible. 
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5.2. If the MOL is equal to the OLR, then this must be reviewed by the QC department as 
well as the department supervisor to determine if such a scenario is acceptable. 

5.3. All cases in which the MOL is greater than or equal to the OLR, including any steps 
taken to remedy the situation, must be noted in the MOL Master Tracking List. 

REFERENCES: 

1. 40 CFR, Chapter 1, Pt. 136, App.B (7-1-86 Ed). 

2. NELAC Quality Systems Revision 16, July 12, 2002. 
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NON-CONFORMANCE CRITERIA AND DOCUMENTATION PROCEDURES 

QA Samples - Corrective Actions: 

1. Lab Control Sample (LCS- W for water samples, S for soil samples), the acceptance 
criteria for the LCS is 80 - 120 percent of true value or the current control limits. If not, 
all samples in the batch must be re-prepared and re-analyzed. 

2. Method Blank (MBW for water samples, MBS for soil samples), the result must be less 
than the reporting limit for each element, or less than 1/10 the lowest sample in the 
batch. If not, all samples in the batch must be re-prepared and re-analyzed. 

3. Matrix Spike Sample (MS), recovery should be 75 - 125, if not the sample result should 
be flagged for potential matrix interference for each element showing poor recovery. 
(For metals analyses, a post- digestion spike should be done for any element with poor 
matrix spike recovery). 

4. Matrix Spike Duplicate (MSD), the relative percent difference between the MS and MSD 
should be less than 20 percent. If not the analysis should be repeated or the result 
flagged for precision out of limits. 

5. Surrogate Recovery, the surrogate recoveries should be within the current control limits 
for all methods where surrogate recoveries apply. If the surrogate recoveries are 
outside control limits, the results should be flagged for potential matrix interference for 
each analyte showing recovery outside the control limits. If the surrogate recoveries for 
the LCS or Method Blank are outside control limits, all samples in the batch must be re
prepared 1 re-analyzed, unless it can be determined that the poor recovery was due to a 
problem specific to that sample only. 

Non-conformance Documentation Form (NCD): 

1. Non-conformances such as QA limit failures which can not be corrected by re-analyses, 
client requirements which cannot be met or standard method modifications are 
documentated by initiating a Non-Conformance Document Form (NCO). A copy of the 
NCO Form is attached. 

2. The NCO form is initiated by the analyst in the event of a QC sample exceeding control 
limits or other known non-conformance to the analytical method or client requirements. 
The NCM may also be initiated by the project manager or department manager in the 
event client requirements are not met or other analytical problems are discovered. 

3. After the NCO Form is initiated, the corrective action must be determined and agreed 
upon by the department manager or supervisor and the QA Manager. This is 
documented and signed by the department manager in the second part of the NCO 
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4. The QA Manager then completes and signs the final part of the form. If necessary, 
verification of the corrective action is documented in this section. 

5. A copy of the form is included in the affected data package or the client is notified as 
appropriate. The original is filed in the Corrective Actions File which is maintained by the 
QA Manager. 
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Associated Laboratories 
Non-Conformance Document 

Date: __________ _ Document File #: 

Lab Request: _______ _ Type of 
NCO: ---------
Client 10: ________ _ (QA Limits, Client Req, Other) 
Department: ________ _ 

Description of Non-Conformance: 

Signed (Initiator) Date: 

Description of Corrective Action: 

Signed (Supervisor): Date: 

QA Manager Approval: 

Signed (QA Manager): Date: 
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Edward S. Behare Edward S. Behare 
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Stephen Hejny Kedy Nguyen 
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Duong Vu 

Hang Trinh 

Wei Wang 

Michelle Stewart 

Trinh Pham 

Hue Dao 

Ana Estevez 

ASSOCIATED LABORATORIES 
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Edward S. Behare Tito L. Parola I Robert Webber 

Vice President President Vice President 
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Hongling Cao Project Managers 
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Danielle Roberts 

Debra Morgan 

Kristen Walker-Asst 
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Sarmad Dadah John Yokoyama Faad Hashemi 

SVOA VOA Microbiology 

Hoan Tran Thu Nguyen Roxana Guerra 

Humildad Eslava Liaoyuan Zhang Hao Tran 

Roger Brown LyTa Robert Barahand 

Gustavo Gomez EnmeiWang Henry Avila 

Greg Hess Anca Florea 

Henry Coulter Ryan Parker 
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Juan Montoya Bioassay Personnel 

Mylissa Eckert Trung Do Roberto Gaitan 

Thu Khong Eddy Hernandez 

Alex Lopez 

Kevin Nguyen 

Hector Polo 

Francisco Rodriguez 
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I 
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APPENDIX H 

CURRENT STANDARD OPERATING PROCEDURES 

Oocument SOP 
# 
A-0001 SOP for Writing SOPs 
A-0002 Updating/Control of SOPs 
QA Manual SOP for MDLs 
A-0004 Control Charts 
QA Manual Non-Conformance 
A-0006 Data Packaging 
A-0007 Ethics and Data Integrity Policies and 

A-0008 
A-0009 
A-0010 
A-0011 
A0012 
A0013 
A0014 
A0015 
8-0003 
8-0004 

8-0005 
8-0007 

8-0008 
8-0009 
C-0001 
C-0002 
C-0003 
C-0004 
C-0005 
0-0001 

0-0002 

0-0003 

0-0004 

Training 
Internal Quality Audit Program 
Purchasing services and supplies 
Document Control 
Subcontracting Laboratory Analyses 
Data Backup and Verification Procedure 
Data Auditing and Access Procedures 
PT Samples 
Imported Soils 
8015 Diesel SOP 
8015 gas/BTEX SOP 

TRPH SOP 
Dissolved Gas in Water by GC 
Headspace 
8015/8021Air 
8015CarbonChain 
Purgeable Organics 
Purgeable Organics 
SVOCs by GC/MS 
VOCs by GC/MS 
SVOCs by GC/MS 
Acidity 

Alkalinity 

pH 

TDS 
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Test Method (if Department 
applicable) 

QC 
QC 
QC 
QC 
QC 
QC 
QC 

QC 
QC 
QC 
QC 
QC 
QC 
QC 
QC 

EPA 8015 Diesel VOA-GC 
EPA 8015 VOA-GC 
Gas/8021 BTEX 
EPA418.1 
RSK - 175 

EPA 8015B 
EPA 524.2 
EPA 624 
EPA 625 
EPA 8260B 
EPA 8270C 
EPA 305.1 1 SM 
2310B 
EPA 310.11 SM 
2320B 
EPA 150.1 ISM 
4500H-B 
EPA 160.1 ISM 
2540C 

VOA-GC 
VOA-GC 

VOA-GC 
VOA-GC 
VOA-GCMS 
VOA-GCMS 
VOA-GCMS 
VOA-GCMS 
VOA-GCMS 
Chemistry 

Chemistry 

Chemistry 

Chemistry 
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0-0005 TSS EPA 160.21 SM Chemistry 
25400 

0-0006 Volatile Solids EPA 160.4 1 SM Chemistry 
2540E 

0-0007 Anions by IC EPA 300 1 SM Chemistry 
4110 

0-0008 Bromide by IC EPA 300.1 Chemistry 
0-0009 Perchlorate EPA 314 Chemistry 
0-0010 Cyanide EPA 335.1 & Chemistry 

335.21 SM 
4500-CN 1 
SW8469010B 

0-0011 Ammonia-N EPA 350.1 1 SM Chemistry 
4500-NH3-G 

0-0012 TKN EPA 351.2 1 SM Chemistry 
4500-Norg 

0-0013 TKN EPA 351.3 1 SM Chemistry 
4500-Norg 

0-0014 N itrate/N it rite-N EPA 353.2 1 SM Chemistry 
4500-N03-E 

0-0015 T otal/Ortho-P EPA 365.2 Chemistry 
0-0016 TKP EPA 365.4 Chemistry 
0-0017 Mercury in Water EPA 245.11 Chemistry 

SW8467470A 
0-0018 Reactive Cyanide SW846-7.3.3 Chemistry 
0-0019 Reactive Sulfide SW846-7.3.4 Chemistry 
0-0020 Oil & Grease EPA 1664 Chemistry 
0-0021 BOD EPA 405.1 1 SM Chemistry 

5210B 
0-0022 COD (Hach) EPA 410.4 Chemistry 
0-0023 Silica EPA 370.1 1 SM Chemistry 

4500 Si-D&E 
0-0024 Sulfide (Iodometric) EPA 376.1 1 SM Chemistry 

4500S 1 SW846 
9034 

0-0026 Total Phenolics EPA 420.1 1 SM Chemistry 
55301 SW846 
9065 

0-0027 Chlorine EPA 330.5 1 SM Chemistry 
4500CI-G 

0-0028 UV absorbance SM 5910B Chemistry 
0-0029 Settleable Solids EPA 160.51 SM Chemistry 

2540F 
0-0030 Conductivity EPA 120.1 1 SM Chemistry 

25101 SW846 
9050A 

0-0031 Turbidity EPA 180.11 SM Chemistry 
2130B 
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0-0032 Corrosivity EPA 1110 Chemistry 
0-0033 COD (Titrimetric) EPA410.1, Chemistry 

410.2 & 410.3 1 
SM 5220B 

0-0035 Ignitability SW8461010 Chemistry 
0-0036 Sulfide (Colorimetric) EPA 376.2 1 SM Chemistry 

4500S-D 
0-0037 Fluoride EPA 340.2 1 SM Chemistry 

4500F-C 1 
SW8469214 

0-0038 Cyanide EPA 335.4 1 Chemistry 
SW8469012A 

0-0039 Ammonia-N (Titration) EPA 350.2 1 SM Chemistry 
. 4500-NH3-C 

0-0040 Total Solids EPA 160.31 SM Chemistry 
2540B 

0-0041 Color EPA 110.21 SM Chemistry 
2120B 

0-0042 Cr (VI) SM 3500 Cr-D 1 Chemistry 
SW8467196A 

0-0043 Cr (VI) by IC EPA 218.6 Chemistry 
0-0045 MBAS EPA 425.1 1 SM Chemistry 

5540C 
0-0046 Chloride (titration) EPA 325.3 1 SM Chemistry 

4500-CI 
0-0047 DO (Probe) EPA 360.1 1 SM Chemistry 

4500-0-G 
0-0048 DO (Titration) EPA 360.2 1 SM Chemistry 

4500-0-C 
0-0049 pH in Soil SW8469045C Chemistry 
0-0050 Mercury in Solid SW8467471A Chemistry 
0-0051 Total Sulfides SW8469030B Chemistry 
0-0052 Cr (VI) EPA 7199 Chemistry 
0-0053 Oil and Grease For Soil EPA 9071B Chemistry 
0-0054 pH for Soil EPA 9040B Chemistry 
0-0055 Total and Amendable CN Automation SW8469012A Chemistry 
0-0056 Total and Amendable CN Manual SW8469014 Chemistry 
0-0057 Sulfite EPA 377.1 Chemistry 
0-0058 Salinity SM210-C Chemistry 
E-0001 Micro- CC Control Cultures Microbiology 
E-0002 Micro-HPT Heterotrophic Microbiology 

Plate Count 
E-0003 Micro-MNO/MUG Coliform by Microbiology 

MNO-MUG 
E-0004 Micro-Coliform (MTF) Coiliform by Microbiology 

MTF in Waste 
Water 

E-0005 Micro-Coliform (MTF) Coliform by MTF Microbiology 
in Drinking 
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Water 

E-0006 Micro - Strep (MF) Strep by MF Microbiology 

E-0007 Micro - Strep (MTF) Strep by MTF Microbiology 

E-OOOB Micro - Autoclave Water Suitability Microbiology 
E-0009 Micro - WS Coliform by MTF Microbiology 

in Drinking Water 
E-0010 Micro - Inhibitory Residue Microbiology 

E-0012 Micro - Coliform (MF) Coliform by MF Microbiology 
in Waste Water 

E-0014 Micro Sampling Microbiology 
F-0001 Metals by ICP EPA 200.7 Metals 
F-0002 Metals by ICP EPA 6010B Metals 
F-0003 Metals by ICP-MS EPA 200.8 Metals 
F-0004 Metals by ICP-MS EPA 6020 Metals 
F-0005 Metals by AA EPA 7420 1 SM Metals 

3111 B 
F-0006 STLC STLC Metals 
F-0007 TCLP EPA 1311 All 

applicable 
labs 

F-OOOB Metals Prep EPA 3010A Metals 
F-0009 Metals Prep EPA 3050B Metals 
G-0001 TOC EPA 415.1 1 SM TOC/Bioass 

5310B ay 
G-0005 Aquatic Bioassay 013 EPA 600/4- TOC/Bioass 

851013 ay 
G-0006 Reference Toxicant 013 EPA 600/4- TOC/Bioass 

851013 ay 
G-0007 Aquatic Bioassay 027F EPA 600/4- TOC/Bioass 

85/027F ay 
G-OOOB Reference Toxicant 027F EPA 600/4- TOC/Bioass 

85/027F ay 
G-0009 Aquatic Bioassay in Hazardous Waste TOC/Bioass 

ay 
G-0010 Reference Toxicant in Hazardous Waste TOC/Bioass 

ay 
G-0011 Aquatic Toxity Bioassay-B TOC/Bioass 

ay 
H-0001 Organochlorides EPA 608 Pesticides 
H-0002 Organochlorides EPA 8081 Pesticides 
H-0003 PAHs EPA 8310 Pesticides 
H-0004 PCBs EPA 8082 Pesticides 
H-0005 Chlorinated Phenoxy-Herbicides by GC EPA 8151 Pesticides 
H-0006 L-L Extraction EPA 3510C Pesticides 
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H-0007 
H-0008 
H-0009 
H-0010 
H-0011 
H-0012 
H-0013 
J-0001 

J-0002 

J-0003 

J-0004 

J-0005 

J-0007 

J-0008 

J-0009 

J-0010 

J-0011 

J-0012 

J-0013 

J-0014 

J-0016 

Ultrasonication 
PF Extraction 
EDB, DBCP & TCP by GC 
EDB & DBCP by GC 
OP Pesticides by GC 
Haloacetic Acids 
1 A-Dioxane (NOMA, NDEA) 
Inorganics Glassware Cleaning 

Thermometer Cal. 

Balance Calibration 

Reagent Water Mon. 

Pipette Calibration 

Soil Sub-Sampling and Compositing 

Field Sampling 

Organic Glassware Cleaning 

Laboratory Hazardous Waste Disposal 

Analytical Standards 

Project Management 

Retention Time Windows 

sampling and chain of custody procedures 

Preparation of Sample Contaimers
Preservatives 

EPA 3550B 
EPA 3545 
EPA 504.1 
EPA 8011 
EPA 8141 
EPA 552.2 
EPA1625M 
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Pesticides 
Pesticides 
Pesticides 
Pesticides 
Pesticides 
Pesticides 
Pesticides 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
Sample 
Receiving 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
All 
applicable 
labs 
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J-0017 

J-001B 

Manual Integration 

pH MEASUREMENT AND METER 
MONITORING for Field 
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All 
applicable 
labs 
Field 
Personnel 

RB-AR41912



SOP Revision 
Schedule 

Department 

QC 

Gas/BTEX 

GCMS 

Chemistry 

Microbiology 

Metals 

Radiochemistry/Bioassay/ 
TOC 

Pesticides 

Others 

A-#### 

B-#### 

C-#### 

0-#### 

E-#### 

F-#### 

G-#### 

H-#### 

J-#### 
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SOP Revision Month 

July 

July 

July 

July 

July 

August 

August 

September 

September 
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ASSOCIATED LABORATORIES 
806 North Batavia - Orange, California 92868 - 714-771-6900 FAX 714-538-1209 

SAMPLE ACCEPTANCE CHECKLIST 

Section 1 
Client: ------------------------ Project _____________________ _ 
Date Received: ------------------ Sampler's Name: Yes No 
Sample(s) received in cooler: Yes No (Skip Section 2) 
Shipping Information: 

Section 2 
Was the cooler packed with: Ice Ice Packs 

__ Paper __ None 
Bubble Wrap _ Styrofoam 
Other ------------------

Cooler or box temperature: _____________________ _ 

(Acceptance range is 2 to 6 Deg. C.) 

Section 3 YES NO 
Was a COC received? 
Is it properly completed? (IDs, sampling date and time, signature, test) 
Were custody seals present? 
If Yes - were they intact? 
Were all samples sealed in plastic bags? 
Did all samples arrive intact? If no, indicate below. 
Did all bottle labels agree with COC? (ill, dates and times) 
Were correct containers used for the tests required? 
Was a sufficient amount of sample sent for tests indicated? 
Was there headspace in VOA vials? 
\Vere the containers labeled with COlTect preservatives? 
Was total residual chlorine measured (Fish Bioassay samples only)? * 
*: If the answer IS no, please inform FISh BIOassay Dept. ImmedIately. 

Explanatioru;/Comments 
I Section 4 

Section 5 
Was Project Manager notified of discrepancies: YIN N/A 

Completed By: _______________ _ Date: --------------------

N/A 
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ASSOCIATED LABORATORIES LAB REQUEST SUMMARY 

Client ID: 1000 

Some Client 
Attn: BB 
1234 Marvel Way 
New York, NY 20007 

Phone:209-200-2001 

Submitter: Client 

Project: Some Project 

Fax: 209-200-~002 

Lab Request: 158450 

Date Received: 10/17/2005 

Project Mgr.: JMM 

BY DATE 

FAX RESULTS II 
Order No.t 658819J Matrix: WATER 
Client Smpl. 10: Sample 1 

Log Date: 10/17/2005@15:15 

Sampled: 10/17/2005 
Method Profile Test Name Analyte 

120.1 120.1 Conductivity All 
150.1 150.1 pH All 
1664 1664 Oil and Grease All 
300.0 300.0 Nitrate as N03 by Ion Chromatography All 
300.0 300.0 Sulfate by Ion Chromatography All 
300.0 300.0 Chloride by Ion Chromatography All 

Order No.1 6588201 Matrix: WATER Log Date: 10/17/2005@15:15 

Sampled: 10/17/2005 Client Smpl. 10: Sample 2 
Method Profile Test Name Analyte 

200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
245.1 

Logged By: JIM 

200.7 ICP Total Metals - Water Only 

245.1 Mercury in Water by Manual Cold 

Calcium 
Copper 
Lead 
Magnesium 
Potassium 
Sodium 
All 

Lab Request 158450 ticket, page 1 of 1 

Due Date: 10/24/2005 

Slatus: Logged 

Service Group 

CHEM 
CHEM 
CHEM 
CHEM 
CHEM 
CHEM 

Due Date: 10/24/2005 

Status: Logged 
Service Group 

ANICP 
ANICP 
ANICP 
ANICP 
ANICP 
ANICP 
CHEM 
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CHEM 

ASSOCIATED LABS RESULTS WORKSHEET FOR LAB REQUEST 158,450 

Order#: 6588191 Client SmpJ ID: Sample 1 Matrix: WATER 

Test # Analyte An. Date Init. DF Result DLR Units 
120.1 Conductivity 1.0 umbos/CIT 

150.1 pH NA 
1664 Non-Polar Oil and Grease 5 mg/L 

1664 Total Oil and Grease 5 mg/L 
-----

300.0 Chloride 1.0 mg/L 

300.0 Nitrate (as N03) 0.44 mg/L 

300.0 Sulfate 1.0 m~ 

Comments: -------------------------------------------------------------------

Order#: I 6588201 Client Smpl ID: Sample 2 Matrix: WATER 

Test # Analyte An. Date lnit. DF Result DLR Units 
245.1 Mercuiy 

. .:. .. '- _ ..... '. . . . . . . . .. 
0.0004 mgIL 

Comments: 

Lab Request 158.450 workshee~ page 1 of 1. .. . 
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AAfICP 

ASSOCIATED LABS RESULTS WORKSHEET FOR LAB REQUEST 158,450 

Order#: I 658820! Client Smpl ID: Sample 2 Matrix: WATER 

Test # Analyte An. Date Init. DF Result DLR Units 

200.7 Calcium 0.10 mgIL 
200.7 Copper 0.010 mgIL 
200.7 Lead 0.005 mgJL 

200.7 Magnesium 0.10 mg/L 
200.7 Potassium 0.50 mgIL 
200.7 Sodimn 0.10 mgIL 

Commen~: ____________________________________________________________________ ___ 

Lab Request 158450 workshee~ page t of I 
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CALIFORNIA STATE 

ENVIRONMENTAL LABORATORY ACCREDITATION PROGRAM BRANCH 

CERTIFICATE OF ENVIRONMENTAL ACCREDITATION 

Is hereby granted to 

ASSOCIATED LABORATORIES 

806 N BATAVIA 

ORANGE, CA 92868 

Scope of the certificate is limited to the 
"Fields of Testing" 

which accompany this Certificate. 

Continued accredited status depends on successful completion of on-site, 
proficiency testing studies, and payment of applicable fees. 

This Certificate is granted in accordance with provisions of 
Section 1 00825, et seq. of the Health and Safety Code. 

Certificate No.: 1338 

Expiration Date: 10/31/2010 

Effective Date: 10/01/2008 

Richmond, California 
subject to forfeiture or revocation 

George C. Kulasingam, Ph.D., Chief 
Environmental Laboratory Accreditation Program Branch 
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MARK B HORTON, MD, MSPH 
Director 

August 4, 2009 

State of California-Health and Human Services Agency 

California Department of Public Health 

EDWARD S. BEHARE, Ph.D. 

ASSOCIATED LABORATORIES 

806 NORTH BATAVIA 

ORANGE, CA 92868 

ARNOLD.SCHWARZENEGGER 
Governor 

Dear EDWARD S. BEHARE, Ph.D.: Certificate No. 1338' 

. This is to advise YOI,l that the laboratory named above has been certified as an environmental 
testing laboratory pursuant to the-pmvisions of the Health and Safety Code (HSC), Division 101, 
Part 1, Chapter 4, Section 100825, et seq. 

The Fields of Testing for which this laboratory has been certified are indicated on the enClosed 
"Fields of Testing." Thecertificate shall remain in effect until October 31,-2010 
unless .it is revoked. This certificate is subject to an annual fee as prescribed by 
HSC 100860(a). 

The application for renewal of this certificate must be received before the expiration date of this 
certificate to remain in force according to the HSC 100845(a). 

Any'changesin laboratory location or structural alterations, which may affect adversely the . 
quality of analysis in the Fields of Testing for which this laboratory has been granted a certificate, 

. require prior notification. Notification is also required for changes in ownership or laboratory 
director within 30 days after the change (HSC, Section 1 00845(b) and (d)). 

Your continued cooperation with the above requirements is essential for maintaining the high 
quality of the data produced by environmental laboratories certified by the State of California. 

If you have any questions, please contact Rosalinda Lomboy at (213) 580-5731. 

Sincerely, 

7~" c.l~ 1---
George C. Kulasingam, Ph.D., Chief 

Environmental Laboratory Accreditation Program Branch 

Enclosure 

Environmental Laboratory Accreditation Program Branch 
850 Marina Bay Parkway, Building P, 1st Floor, MS 0511, Richmond, CA 94804 

Phone (510) 620-3155, Fax (510) 620-3165 
www.cdph.ca.gov/certlic/labs/Pages/ELAP.aspx 

RB-AR41922



CALIFORNIA DEPARTMENT OF PUBLIC HEALTH 

ENVIRONMENTAL LABORATORY ACCREDITATION PROGRAM 

Accredited Fields of Testing 

ASSOCIATED LABORATORIES Lab Phone (714) 771-6900 

806 N BATAVIA 

ORANGE, CA 92868 

Certificate f:'Jo: 1338 Renew Date: 10/31/2010 

Field atTesting: 101 - Microbiology of Drinking Water 

101.010 001 Heterotrophic Bacteria SM9215B 

101.020 001 Total Coliform SM9221A,B 

101.021 001 Fecal Coliform SM9221E (MTFIEC) 

101.022 001 E. coli CFR 141.21(n(6)(1) (MTF/EC+MUG) 

101.050 001 Total Coliform SM9222A,B,C 

101.051 001 Fecal Coliform SM9221E (MF/EC) 

101.070 002 Total Coliform Colisure 

101.070 003 E. coli Colisure 

101.120 001 Total Coliform (Enumeration) SM9221A,B,C 

101.130 001 Fecal Coliform (Enumeration) SM9221E (MTFIEC) 

101.140 001 Total Coliform (Enumeration) SM9222A,B,C 

101.150 001 Fecal Coliform (Enumeration) SM9222D 

Field of Testing: 102 - Inorganic Chemistry of Drinking Water 

102.030 001 Bromide EPA 300.0 

102.030 002 Chlorate EPA 300.0 

102.030 003 Chloride EPA 300.0 

102.030 004 Chlorite EPA 300.0 

102.030 005 Fluoride EPA 300.0 

102.030 006 Nitrate EPA 300.0 

102.030 007 Nitrite EPA 300.0 

102.030 010 Sulfate EPA 300.0 

102.040 004 Bromate EPA 300.1 

102.045 001 Perchlorate EPA 314.0 

102.050 001 Cyanide EPA 335.4 

102.060 001 Nitrate calc. EPA 353.2 

102.061 001 Nitrite EPA 353.2 
-------.-----------.----

102.100 001 Alkalinity SM2320B 

102.130 001 Conductivity SM2510B 

102.140 001 Total Dissolved Solids SM2540C 

102.145 001 Total Dissolved Solids EPA 160.1 

102.150 001 Chloride SM4110B 

102.150 002 Fluoride SM4110B 

102.150 003 Nitrate SM4110B 

102.150 004 Nitrite SM4110B 

102.150 006 Sulfate SM4110B 

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. P?ge 1 of 11 
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ASSOCIATED LABORATORIES Certificate No: 1338 

Renew Date: 10/31/2010 

102.163 001 Chlorine, Free and Total SM4500·CI G 

102.190 001 Cyanide, Total SM4500·CN E 

102.192 001 Cyantde, amenable SM4500·CN G 

102.200 001 Fluortde SM4500·F C 

102.234 001 Nitrile SM4500·N03 F 

102.234 002 Nitrate SM4500·N03 F 

102.240 001 Phosphate, Ortho SM4500·P E 

102.260 001 Total Organic Carbon SM5310B 
_. ~-"---- -.-------- - -- _._--"---- ... -------------.. - ._-" - _._----- ._-. __ ._--

102.261 001 DOC SM5310B 

102:270 001 Surfaclants SM5540C 

102.280 001 UV254 SM5910B 

102.500 001 Calcium SM3111B 

102.500 002 Magnesium SM3111B 

102.500 003 Potassium SM3111B 

102.500 004 Sodium SM3111B 

102.500 005 Hardness (calc.) SM3111B 

102.510 001 Calcium SM3120B 

102.510 002 Magnesium SM3120B 

102.510 003 Potassium SM3120B ._---._-_._-----
192.510 004 Silica SM3120B 

102.510 005 Sodium SM3120B 

102.510 006 Hardness (calc.) SM3120B 

102.520 001 Calcium EPA 200.7 
'--'--'-' 

102.520 002 Magnesium EPA 200.7 
._---

102.520 003 Potassium EPA 200.7 
-------- .. ---

102.520 004 Silica EPA 200.7 
.. ---------_._------_._------

102.520 005 Sodium EPA 200.7 ------------_ .. -
102.520 006 Hardness (calc.) EPA 200.7 

102.533 001 Silica SM4500·Si 0 (18th/19th) 

102.534 001 Silica SM4500·Si E 

102.535 001 Snica SM4500·Si F 

102.542 001 Silica SM4500·Si02 C (20th) 

102.543 001 Silica SM4500·SI02 0 (20th) 

Field of Testing: 103· Toxic Chemical Elements of Drinking Water 

103.061 001 Aluminum SM3120B (18th/19th/20th) 

103.061 003 Barium SM3120B (18th/19th/20th) 

103.061 004 Beryllium SM3120B (18th/19th/20th) 

103.061 005 Cadmium SM3120B (18th/19th) 

103.061 007 Chromium SM3120B (18th/19th/20th) 

103.061 008 Copper SM3120B (181h/19th/2Oth) 

103.061 009 Iron SM3120B (18th/19th/20th) 

103.061 011 Manganese SM3120B (18th/19th/2Oth) 

103.061 012 Nickel SM3120B (18th/19th/20th) 

As of 8/4/2009 , this list supersedes ali previous lists for this certificate number. 
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ASSOCIATED LABORATORIES Certificate No: 1338 
Renew Date: 10/31/2010 

103.061 015 Silver SM3120B (18th/19th/2Oth) 

103.061 017 Zinc SM3120B (18th/19th/20th) 

103.130 001 Aluminum EPA 200.7 

103.130 003 Barium EPA 200.7 

103.130 004 Beryllium EPA 200.7 

103.130 005 Cadmium EPA 200.7 

103.130 007 Chromium EPA 200.7 

103.130 008 Copper EPA 200.7 

103.130 009 Iron _ EPA 200.7 

103.130 011 Manganese EPA 200.7 

103.130 012 Nickel EPA 200.7 

103.130 015 Silver EPA 200.7 

103.130 017 Zinc EPA 200.7 

103.130 018 Boron EPA 200.7 

103.140 001 Aluminum EPA 200.8 

103.140 002 Antimony EPA 200.8 

103.140 003 Arsenic EPA 200.8 

103.140- 004 Ba'rium EPA 200.8 

103.140 005 Beryllium EPA 200.8 

103.140 006 Cadmium EPA 200.8 

103.140 007 Chromium EPA 200.8 

103.140 008 Copper EPA 200.8 

103.140 009 Lead EPA 200.8 

103.140 010 Manganese EPA 200.8 

103.140 011 Mercury EPA 200.8 

103.140 012 Nlck~1 EPA 200.8 

103.140 013 Selenium EPA 200.8 -----._----------_ .. _---_._--_. --

103.140 014 Silver EPA 200.8 
--+'------

103.140 015 Thallium EPA 200.8 

103.140 016 Zinc EPA 200.8 

103.140 017 Boron EPA 200.B 

103.140 018 Vanadium EPA 200.8 

103.160 001 Mercury EPA 245.1 

103.310 001 Chromium (VI) EPA 218.6 

Field of Testing: 104 - Volatile Organic Chemistry of Drinking Water 

104.030 001 1,2-Dibromoethane EPA 504.1 

104.030 002 1,2-Dibromo-3-chloropropane EPA 504.1 

104.040 000 Volatile Organic Compounds EPA 524.2 

1 04. OliO 001 Benzene EPA 524.2 

104.040 007 n-Butylbenzene EPA 524.2 

104.040 008 sec-Butylbenzene EPA 524.2 

104.040 009 tert-Butylbenzene EPA 524.2 

104.040 010 Carbon Tetrachloride EPA 524.2 

-----------------_ .. _-_._-------- ----

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
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ASSOCIATED LABORATORIES Certificate No: 1338 
Renew Date: 10/31/2010 

104.040 011 Chlorobenzene EPA 524.2 

104.040 015 2-Chlorotoluene EPA 524.2 

104.040 016 4-Chlorotoluene EPA 524.2 

104.040 019 1,3-Dichlorobenzene EPA 524.2 

104.040 020 1,2-Dichlorobenzene EPA 524.2 

104.040 021 . 1 A-Dichlorobenzene EPA 524.2 

104.040 022 Dichlorodifluoromethane EPA 524.2 

104.040 023 1,1-Dichloroethane EPA 524.2 

104.040 024 1,2-Dichloroethane EPA 524.2 

104.040 025 1,1-Dichloroethene EPA 524.2 

104.040 026 cls-1,2-Dichloroethene EPA 524.2 

104.040 027 trans-1,2-Dichloroelhene EPA 524.2 

104.040 028 Dichloromethane EPA 524.2 

104.040 029 1,2oDichloropropane - .. EPA 524.2 

104.040 033 cis-1,3-Dichtoropropene EPA 524.2 

104.040 034 trans-1,3-Dichloropropene EPA 524.2 

104.040 035 Ethylbenzene EPA 524.2 

104.040 037 Isopropylbenzene EPA 524.2 

104.040 039 Naphthalene EPA 524.2 

104.040 041 N-propylbenzene EPA 524.2 

104.040 042 Styrene EPA 524.2 

104.040 044 . 1,1 ,2,2-Tetrachloroethane EPA 524.2 

104.040 045 Tetrachloroethene EPA 524.2 

104.040 046 Toluene EPA 524.2 

104.040 048 1,2,4-Trichlorobenzene EPA 524.2 

104.040 049 1,1,1-Trichloroethane EPA 524.2 

104.040 050 1,1,2-Trichloroethane EPA 524.2 
-----.-~-. ---

104.040 051 T richloroethene EPA 524.2 

104.040 052 T richloronuoromethane EPA 524.2 

104.040 054 1 ,2,4-T rimethylbenzene EPA 524.2 

104.040 055 1,3,5-Trimethylbenzene EPA 524.2 

104.040 056 Vinyl Chloride EPA 524.2 

104.040 057 Xylenes, Total EPA 524.2 

104.045 001 Bromodichloromethane EPA 524.2 

104.045 002 Bromoform EPA 524.2 . 

104.045 003 . Chloroform EPA 524.2 

104.045 004 Dibromochloromethane EPA 524.2 

104.045 005 T rihalomethanes EPA 524.2 

104.050 002 Methyl tert-butyl Ether (MTBE) EPA 524.2 

104.050 004 tert-Amyl Methyl Ether (TAME) EPA 524.2 

104.050 005 Ethyl tert-butyl Ether (ETBE) EPA 524.2 

104.050 006 T richlorotrifiuoroethane EPA 524.2 

104.050 007 tert-Butyl Alcohol (TBA) EPA 524.2 
.. _------------------------

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
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ASSOCIATED LABORATORIES 

104.050 008 Carbon Disulfide EPA 524.2 

104.050 009 Methyl Isobutyl Ketone EPA 524.2 

Field of Testing: 105 - Semi-volatile Organic Chemistry of Drinl<ing Water 

105.200 001 Bromoacelic Acid 

105.200 003 Chloroacetic Acid 

105.200 004 Dalapon 

105.200 005 Dibromoacelic Acid 

105.200 006 Dichloroacelic Acid 

105.200 007 T rtchloroaceUc Acid 

105.200 008 Haloacetic Acids (HAAS) 

Field of Testing: 107 - Microbiology of Wastewater 

107.010 001 Heterotrophic Bacteria 

107.020 001 Total Coliform 

107.040 001 Fecal Coliform 

107.060 001 Total Coliform 

107.080 001 Fecal Coliform 

107.100 001 Fecal Streptococci 

107.100 002 Enterococci 

107.110 001 Fecal Streptococci 

107.110 002 Enterococci 

107.111 001 Fecal Streptococci 

107.111 002 Enterococci 

Fietd of Testing: 108 -Inorganic Chemistry of Wastewater 

10B.020 001 Conduclivity 

10B.090 001 Residue, Volatile 

10B.ll0 001 Turbidity 

10B.112 001 Boron 

10B.112 002 Calcium 
------.----~.--- -----------

10B.112 003 Hardness (calc.) 

10B.112 004 Magnesium 

10B.112 005 Potassium 

10B.112 006 Silica 

10B.112 007 Sodium 

10B.113 001 Boron 

10B.113 002 Calcium 

10B.113 003 Magnesium 

10B.113 004 Potassium 

108.113 005 Silica 

10B.113 006 Sodium 

108.120 001 Bromide 

10B.120 002 Chloride 

10B.120 003 Fluoride 

10B.120 004 Nitrate 

EPA 552.2 

EPA 552.2 

EPA 552.2 

EPA 552.2 

EPA 552.2 

EPA 552.2 

EPA 552.2 

SM9215B 

SM9221B 

SM9221C,E (MTF/EC) 

SM9222B 

SM9222D 

SM9230B 

SM9230B 

SM9230C '(MF/ME) 

SM9230C (MF/ME) 

SM9230C (MF/m-Enterococcus) 

SM9230C (MF/m-Enterococcus) 

EPA 120.1 

EPA 160.4 

EPA 180.1 

EPA 200.7 

EPA 200.7 -- .. -_ .. _------
EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 20o.B 

EPA 200.B 

EPA 200.B 

EPA 200.8 

EPA 200.8 

EPA 200.B 

EPA 300.0 

. EPA 300.0 

EPA 300.0 

EPA 300.0 

As of B/4/2009 ,this list supersedes all previous. lists for this cerUficate number. 
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ASSOCIATED LABORATORIES Certificate No: 1338 
Renew Date: 10/31/2010 

10B.120 005 Nitrite EPA 300.0 
-----------

10B.120 006 Nitrate·nitrite EPA 300.0 ---.-.. ~.--.-.--

10B.120 OOB Sulfate EPA 300.0 

10B.183 001 Cyanide, Total EPA 335.4 

10B.200 001 Ammonia EPA 350.1 

10B.211 001 Kjeldahl Nitrogen EPA 351.2 

10B.232 001 Nitrate-nitrite EPA 353.2 

10B.323 001 Chemical Oxygen Demand EPA 410.4 

108.350 001 Total Recoverable Petroleum Hydrocarbons EPA 418.1 

10B.360 001 Phenols, Total EPA 420.1 

10~.381 001 Oil and Grease EPA 1664A 

10B.390 001 . Turbidity SM2130B 

108.400 001 Acidity SM2310B 

108.410 001 Alkalinity SM2320B 

10B.420 .001 Hardness (calc.) SM2340B 

108.430 001 Conductivity SM2510B 
'---

108.440 001 Residue, Total SM2540B 

10B.442 001 Residue, Non-fillerable SM2540D 

10B.443 001 Residue, Settleable SM2540F 
~--~'--'---------------' ----------. _ .. _--,-"--. ----_._------- "--- ------- .----- ".---- .... _-._-_ .. --.-

10B.445 001 Calcium SM3111B -----_._"----_.-._--- _ ... - " .. - ... -

, 108.445 002 Hardness (calc.) SM3111B 

108A45 003 Magnesium SM3111B 

108.445 004 Potassium SM3111B 

108.445 005 Sodium SM3111B 

108.447 001 Boron SM3120B 

108.447 002 Calcium SM3120B 

108.447 003 Hardness (calc.) SM3120B 

108.447 004 Magnesium SM3120B 

108.447 005 Potassium SM3120B 

108.447 006 Silica SM3120B 

108.447 007 Sodium SM3120B 

108.451 001 Chloride SM4500-CI- C 

108.465 001 Chlorine SM4500-CI G 

108.470 001 Cyanide, Manual Distillation SM4500-CN C 

108.472 001 Cyanide, Total SM4500-CN E 

108.473 001 Cyanide, amenable SM4500-CN G 

108.480 001 Fluoride SM4500-F C 

108.490 001 pH SM4500-H+B 

108.492 001 Ammonia SM4500-NH3 C (19th/20th) 

108.495 001 Ammonia SM4500-NH3 E (18th) 

108.522 001 Nitrate-nitrite SM4500-N03 F 

108.522 002 Nitrite SM4500-N03 F 

108.530 001 Dissolved Oxygen SM4500-0 C 

As of 8/4/2009 ,this list supersedes all previous lists for this certificate number. 
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108.531 001 Dissolved Oxygen -----_._-
108.540 001 Phosphate, Ortho - _. __ ._--- ---- .. _---
108.541 001 Phosphorus, Total -_._----
108.550 001 Dissolved Silica 
-----._---

108.551 001 Silica --_._------
108.560 001 Sulfite -_._--
108.580 001 Sulfide --------_. -
108.582 001 Sulfide 

SM4500·0G 

SM4500·P E 

SM4500·P E 

SM4500-Si D (18th/19th) 

SM4500·Si02 C (2D1h) 

SM4500·S03 B 

SM4500·S= D 

SM4500-S= F (19th/20th) 
----------------------

108.590 001 Biochemical Oxygen Demand SM5210B 

108.591 001 Carbonaceous BOD SM5210B 

108.602 001 Chemical Oxygen Demand SM5220D 

108.610 001 Total Organic Carbon SM5310B 

108.630 001 Oil and Grease SM5520B (20th) 

108.640 001 Surfactants SM5540C 

Fietd of Testing: 109 - Toxic Chemical Elements of Wastewater 

109.010 001 Aluminum EPA 200.7 

109.010 002 Antimony EPA 200.7 

109.010 003 Arsenic EPA 200.7 

109.010 004 Barium EPA 200.7 -_._-_ ... _-----------------
109.010 005 Beryllium EPA 200.7 

109.010 007 Cadmium EPA 200.7 

109.010 009 Chromium . EPA 200.7 

Certificate No: 1338 

Renew Date: 10/31/2010 

---+----- ---_ .. _-_._----_ .. 

-------------------... _--_._._--_ .. ---

-_.- -_.----- -------"-_._-_._-------.------- --.-_._-

109.010 0:10 Cobalt EPA 200.7 
------------

109.010 011 Copper EPA 200.7 ._--._--_.-----
109.010 012 Iron EPA 200.7 

109.010 013 Lead EPA 200.7 

109.010 015 Manganese EPA 200.7 

109.010 016 Molybdenum EPA 200.7 

109.010 017 Nickel EPA 200.7 

109.010 019 Selenium EPA 200.7 

109.010 021 Silver EPA 200.7 

109.010 023 Thallium EPA 200.7 

109.010 024 Tin EPA 200.7 

109.010 026 Vanadium EPA 200.7 

109.010 027 Zinc EPA 200.7 

109.020 001 Aluminum EPA 200.8 

109.020 002 Antimony EPA 200.8 

109.020 003 Arsenic EPA 200.8 

109.020 004 Barium EPA 200.8 ._.---------
109.020 005 Beryllium EPA 200.8 

109.020 006 Cadmium EPA 200.8 

109.020 007 Chromium EPA 200.8 

109.020 008 Cobalt EPA 200.8 

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
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ASSOCIATED LABORATORIES Certificate No: 1338 

Renew. Date: 10/31/2010 

109.020 009 Copper EPA 200.8 

109.020 010 Lead EPA 200.8 

109.020 011 Manganese EPA 200.8 

109.020 012 Molybdenum EPA 200.8 

109.020 013 Nickel EPA 200.8 

109.020 014 Selenium EPA 200.8 
------------------------------_._-------------_.-

109.020 015 Silver EPA 200.8 

109.020 016 Thallium EPA 200.8 

109.020 017 Vanadium EPA 200.8 

109.020 018 Zinc EPA 200.8 

109.020 020 Gold EPA 200.8 

109.020 021 Iron EPA 200.8 

109.020 022 Tin EPA 200.8 

109.020 023 Tilanium-- EPA 200.8 

109.104 001 Chromium (VI) EPA 218.6 

109.190 001 Mercury EPA 245.1 

109.370 010 Lead SM3111B 

109.430 001 Aluminum SM3120B 

109.430 002 Antimony SM3120B 

109.430 003 Arsenic SM3120B 
------------------------------------------_._-_._-

109.430 004 Barium SM3120B 

109.430 005 Beryllium SM3120B 

109.430 007 Cadmium SM3120B --- -_._--_._-----------_._-----------
109.430 009 Chromium SM3120B 

109.430 010 Coball SM3120B 

109.430 011 Copper SM3120B 

109.430 012 Iron SM3120B 

109.430 013 Lead SM3120B 

109.430 015 Manganese SM3120B 

109.430 016 Molybdenum SM3120B 

109.430 017 Nickel SM3120B 

109.430 019 Selenium SM3120B 

109.430 021 Silver SM3120B 

109.430 023 Thallium SM3120B 

109.430 024 Vanadium SM3120B 

109.430 025 Zinc SM3120B 

109.811 001 Chromium (VI) SM3500·Cr 0 (18th/19th) 

Field of Testing: 110 - Volatile Organic Chemistry of Wastewater 

110.040 040 Halogenated Hydrocarbons EPA 624 

110.040 041 Aromatic Compounds EPA 624 

110.040 042 Oxygenates EPA 624 

110.040 043 Other Volatile Organics EPA 624 

Field of Testing: 111 . Semi-volatile Organic Chemistry of Wastewater 

As of 8/4/2009 • this list supersedes all previous lists for this certificate number. 
Customers: Please verity the current accreditation standing with the State. Page 8 of 11 

RB-AR41930



ASSOCIATED LABORATORIES 

111.060 000 Polynuclear Aromatics 

111.101 032 Polynuclear Aromatic Hydrocarbons 

111.101 033 Adipates 

111.101 034 Phthalates 

111.101 036 Other Extractables 

111.170 030' Organochlorine Pesticides 

111.170 031 PCBs 

111.272 001 Oil and Grease 

111.273 001 Oil and Grease 

Field of Testing: 113 - Whole Effluent Toxicity of Wastewater 

113.010 00iA Fathead Minnow(P. promelas) 

EPA 610 

EPA 625 

EPA 625 

EPA 625 

EPA 625 

EPA 608 

EPA 608 

SM5520B (20th) 

EPA 1664A 

EPA 600/4-90/027F, Static 

Certificate No: 1338 

Renew Date: 10/31/2010 

113.021 001A Fathead Minnow (P. promelas) EPA 2000 (EPA-821-R-02-012), Static 

Field of Testing: 114 -Inorganic Chemistry of. Hazardous Waste 

114.010 001 Antimony EPA 6010B 

114.010 002 Arsenic EPA 6010B 

114.010 003 Barium EPA 6010B 

114.010 004 Beryllium EPA 6010B 

114.010 005 Cadmium EPA 6010B 

114.010 006 Chromium EPA 6010B 
"'-----

114.010 007 Cobalt EPA 6010B 

114.010 008 Copper EPA 6010B 
-----------

114.010 009 Lead EPA 6010B -- --- ----_. 
_____ • ____ • ____________ • _______ M ______ •• _ •• _ 

-.------~-.--~ .. ---.- .... _----

114.010 010 Molybdenum EPA 6010B --_ .. '------'-- . 
__ ·· ____ ·_~4 _____ .. · _____ ·_· .. __ --- --- ... 

114.010 011 Nickel EPA 6010B --_._--_. --~-------.-.-.---.. -----

'114.010 012 Selenium EPA 6010B -----_._---
114.010 013 Silver ·EPA 6010B 

114.010 014 Thallium EPA 6010B 

114.010 015 Vanadium EPA 6010B _._--_._-
114.010 016 Zinc EPA 6010B 

114.020 001 Antimony EPA 6020 

'114.020 002 Arsenic EPA 6020 

114.020 003 Barium EPA 6020 

114.020 004 Beryllium EPA 6020 

114.020 005 Cadmium EPA 6020 

114.020 006 Chromium EPA 6020 

114.020 007 Cobalt EPA 6020 

114.020 008 Copper EPA 6020 

114.020 009 Lead EPA 6020 

114.020 010 Molybdenum EPA 6020 
_______ 0 ___ - •• -

114.020 011 Nicl\el EPA 6020 
---.------ -.. -----------.--~ ------"--

114.020 012 Selenium EPA 6020 -------- ---~ .-------_._-------_ .. -------_.-_.- - . 

114.020 013 Silver EPA 6020 

114.020 014 Thallium EPA 6020 

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
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114.020 015 Vanadium EPA 6020 

114.020 .016 Zinc EPA 6020 

114.103 001 Chromium (VI) EPA 7196A 

114.106 001 Chromium (VI) EPA 7199 

114.130 001 Lead EPA 7420 

114.140 001 Mercury EPA 7470A 

114.141 001 Mercury EPA 7471A 

114.221 001 Cyanide, Totat EPA 9012A 

114.222 001 Cyanide EPA 9014 

114.230 001 . Sulfides, Total EPA 9034 

114.240 001 Corrosivily - pH Determination EPA 90408 

114.241 001 Corrosivily - pH Determination EPA 9045C 

114.270 001 Fluoride EPA 9214 

Field of Testing: 115 - Extraction Test of Hazardous Waste 

115.020 001 Toxicity Characleristic Leaching Procedure (TCLP) EPA 1311 

115.030 001 Waste Extraction Tesl (WET) CCR Chapter11, Article 5, Appendix 1J 

115.040 001 Synthetic Precipitation Leaching Procedure (SPLP) EPA 1312 

Field of Testing: 116 - Volatile Organic Chemistry of Hazardous Waste 

116.010 000 EDB and D8CP EPA 8011 ----- .. ---.--------- ... - .•. 

116.020 030 Nonhalogenaled Volatiles EPA 80158 

116.020 031 Ethanol and Methanol EPA 80158 

116.030 001 Gasoline-range Organics EPA 80158 _________ -0..----= __________________ . ______ . ______ . __ ._ ... _._'."_. 

116.040 041 

116.040 062 

116.080 000 

116.080 120 

116.100 001 

116.100 010 

116.110 001 

Melhyllert-bulyl Elher (MT8E) 

BTEX 

Volatile Organic Compounds 

Oxygenates 

Tolal Petroleum Hydrocarbons - Gasotine 

BTEX and MTBE 

Total Petroleum Hydrocarbons - Gasotine 

EPA 8021B 

EPA 80218 

EPA 8260B 

EPA 82608 

LUFT GC/MS 

LUFT GC/MS 

LUFT 

Field of Testing: 117 - Semi-volatile Organic Chemistry of Hazardous Waste 

117.010 001 Diesel-range Total Petroleum Hydrocarbons EPA 80158 

117.016 001 Diesel·range Total Petroleum Hydrocarbons LUFT 

117.017 001 TRPH Screening EPA 418.1 

117.110 000 Extractable Organics EPA 8270C 

117.140 000 Polynuclear Aromatic Hydrocarbons EPA 8310 

117.210 000 Organochlorine Pesticides EPA 8081A 

117.220 000 PCBs EPA 8082 

117.240 000 Organophosphorus Pesticides EPA 8141A 

117.250 000 Chlorinated Herbicides EPA 8151A 

Field of Testing: 119 - Toxicity Bioassay of Hazardous Waste 

119.010 001 Falhead Minnow(P. promelas) Polisini & Miller (CDFG 1988) 

Field of Testing: 120 - Physical Properties of Hazardous Waste 

As of 8/4/2009 , this list supersedes all previous lists for this certificate number. 
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120.010 001 Ignitability EPA 1010 

120.022 001 IgnitabiJity EPA 1030 
-------"--'--------------------------------------_._-----

120.030 001 Corrosivity EPA 1110 

120.040 001 Reactive Cyanide Section 7.3 SW·846 

120.050 001 Reactive Sulfide Section 7.3 SW-846 

120.070 001 Corrosivity - pH Determination EPA 9040B 

120.080 001 _ Corrosivity - pH Determination EPA 9045C 

Field of Testing: 126 - Microbiology of Recreational Water 

126.010 001 Total Coliform (Enumeration) SM9221A,B,C 

126.020 001 Total Coliform (Enumeration) SM9222A,B 

126.030 001 Fecal Coliform (Enumeration) SM9221E 

126.040 001 Fecal Coliform (Enumeration) SM9222D 

126.060 001 Enterococci SM9230C 

As of 8/4/2Q09 , .this list supersedes all previous lists for this certificate number. 
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~C~PH 

MARK 8 HORTON, MD, MSPH 
Director 

State of California-Health and Human Services Agency 

California Department of Public Health 

January 28, 2010 

EDWARD S. BEHARE, Ph.D. 

ASSOCIATED LABORATORIES 

806 NORTH BATAVIA 

ORANGE, CA 92868 

ARNOLD SCHWARZENEGGER 
Governor 

Dear EDWARD S. BEHARE, Ph.D.: Certificate No. 04232CA 

This is to advise you that the laboratory named above has been accredited under National 
Environmental Laboratory Accreditation Program (NELAP) as an environmental testing 
laboratory pursuant to the provisions of the Health and Safety Code (HSC), Division 101, Part 1, 
Chapter 4, Section 100825, et seq. 

ThEf Fielas-Of AccYM itatiorffor wllicnlliislahbrate)"FY-nas -15eeYfaccfeoiteaarefern-Closea:-------- -
Accreditation shall remain in effect until January 31, 2011 unless revoked by ELAP or 
withdrawn at your written request. To maintain accreditation, the laboratory shall comply with 
the National Environmental Laboratory Accreditation Conference (NELAC) Standards and all 
associated California Environmental Laboratory Accreditation Program Branch (ELAP) 
regulations and statutes. 

The application for renewal of this certificate must be received before the expiration date of this 
certificate to remain in force according to the HSC 100845(a). 

Please note that your laboratory is required to notify California ELAP of any major changes in 
key accreditation criteria within 30 calendar days of the change. This written notification 
includes, but is not limited to, changes in ownership, location, key personnel, and major 
instrumentation (HSC 100845(b) and (d), and NELAC Standard Section 4.3.2). The certificate 
must be returned to California ELAP upon loss of accredited status. 

Your continued cooperation with the above requirements is essential for maintaining the high 
quality of the data produced by environmental laboratories accredited by the State of California. 

If you have any questions, please contact Bill Walker at (213) 580-5731. 

Sincerely, 

7"6p C. Ie... ~ ~ 
George C. Kulasingam, Ph.D., Chief 
Environmental Laboratory Accreditation Program Branch 

Enclosure 

Environmental Laboratory Accreditation Program Branch 
850 Marina Bay Parkway, Building P, 1st Floor, MS 0511, Richmond, CA 94804 

Phone (510) 620-3155, Fax (510) 620-3165 
www.cdph.ca.gov/certlic/iabs/Pages/ELAP.aspx 

RB-AR41934
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CALIFORNIA DEPARTMENT OF PUBLIC HEALTH 
ENVIRONMENTAL LABORATORY ACCREDITATION PROGRAM - NELAP RECOGNIZED 

NELAP Fields of Accreditation 

ASSOCIATED LABORATORIES 

806 N BATAVIA 
ORANGE, CA 92868 
Phone: (714) 771-6900 

114 - Inorganic Chemistry of Hazardous Waste 

114.010 001 EPA 6010B 

114.010 002 EPA 6010B 

114.010003 EPA6010B 

114.010 004 EPA 6010B 

Antimony 

Arsenic 

Barium 

Beryllium 

Certificate No.: 04232CA 
Renew Date: 1/31/2011 

- .. __ ........ _--------_._-_._-- ._-_ .. _-------
114.010 005 EPA 6010B Cadmium 
.-_ .... _----_. __ ._---------------------------------
114.010 006 EPA6010B Chromium 

114.010 007 EPA6010B Cobalt 

114.01Q .. _QQ!L_EPA 6010B_ .. _ ..... _. C::ppper. _ 
_ .. -- .... _ ... _-- ------------'---'-'--'----------------"----''-----------------

114.010 009 EPA6010B Lead 

114.010 010 EPA 6010B Molybdenum 

114.010 011 EPA6010B Nickel 

114.010 012 EPA6010B Selenium 

114.010 013 EPA6010B Silver ...............• -.. _ ... _ .. _._._ ...... _ .. __ ._-------_ ..• _----_. 
114.010 014 EPA 6010B 

-.. ---.-- ... - -- -

114.010 015 EPA 6010B 
. ~- ~-- ~ '.- . 

114.010 016 EPA 6010B 

114.020 001 EPA 6020 

114.020 002 EPA 6020 

114.020 003 EPA 6020 
..... _-. __ ._--

114.020 004 EPA 6020 

114.020 005 EPA 6020 

114.020 006 EPA 6020 
--_._-. -_ ... - _. '- -~_._,_.-

114.020 007 EPA 6020 

114.020 008 EPA 6020 

114.020 009 EPA 6020 

114.020 010 EPA 6020 
-_. _ .. ---~------------. 

114.020 011 EPA 6020 

114.020 012 EPA 6020 
"._--. --.-~-.~.-

114.020 013 EPA 6020 

114.020 014 EPA 6020 

114.020 015 EPA 6020 

114.020 016 EPA 6020 

Thallium 

Vanadium 

Zinc 

Antimony 

Arsenic 

Barium ._----------_._-----
Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

----------.------

-------------_.------ .. _--_ .. _--------_._-_._---
114.103 001 EPA 7196A Chromium (VI) 

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. 

----._---._------------

Page 1 of 8 
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ASSOCIATED LABORATORIES Certificate No.: 04232CA 

114.106 001 EPA7199 Chromium (VI) ---------- ---- ---------- - ------ ---- ---------------------------
114.130 001 EPA 7420 

114.140 001 EPA 7470A 
- -~.-----------. ~--

114.141 001 EPA 7471A . _. - - .~.- .. -- .. _---_ .... _----_._--
114.221 001 EPA 9012A 

-.-- -.-_ .. _-------
114.222 001 EPA 9014 

114.230 001 EPA 9034 

114.241 001 EPA 9045C 

114.270 001 EPA 9214 

115 - Extraction Test of Hazardous Waste 

115.020 001 EPA 1311 

115.030 001 CCR Chapter11, Article 5, Appendix II 

116 - Volatile Organic Chemistry of Hazardous Waste 

Lead 

Mercury 

Mercury 

Cyanide, Total 

Cyanide 

Sulfides, Total 

Corrosivity - pH Determination 
._ •• _. _____ • ___ M __________ " ________ _ 

Fluoride 

Toxicity Characteristic Leaching Procedure (TCLP) 

Waste Extraction Test (WET) 

----------------
116.030 001 EPA 8015B 

116.040 002 EPA8021B 

116.040 039 EPA 8021B 

116.040 041 EPA 8021B 

Gasoline-range Organics 

Benzene 

Eiilyitienzene 

Methyl tert-butyl Ether (MTBE) 

Renew Date: 1/31/2011 

.. -- .-_.-.. _--_ ... -_ .. _-----"--_ ... -------.. --~.-.. -.--... ------.--------.-.-------.---~-.-.. __ .- ---._--- ~ --_._- - -

116.040 047 EPA 8021B Toluene 

116.040 056 EPA 8021B Xylenes, Tota! _____ _ 

116.040 062 EPA 8021B BTEX 
-------- ------

116.080 000 EPA 8260B VolaUie Organic_C_o_m..:..p_ou_n_d_s ______________ _ 

116.080 001 EPA 8260B Acetone 
------

116.080 002 EPA 8260B Acetonitrile 

116.080 003 EPA 8260B Acrolein 

116.080 004 EPA 8260B Acrylonitrile 
. - - - - ._---_._-------

116.080 007 EPA 8260B Benzene 
._+ --- ._- .• __ ._--- - .. --

116.080 010 EPA 8260B Bromochloromethane 
-_._--------

116.080 011 EPA 8260B Bromodichloromethane 
- -- --. -- --.--------------------

116.080 012 EPA 8260B 
-----------
116.080 013 EPA 8260B 

- --, --_. --_. 

116.080 015 EPA 8260B 

116.080 016 EPA 8260B 

116.080 018 EPA 8260B 

116.080 019 EPA 8260B 

116.080 020 EPA 8260B 

116.080 021 EPA 8260B 
_____ - ____ 0- ___ • _________ 

116.080 022 EPA 8260B 
---"-- ---"-" 

116.080 026 EPA 8260B 
- "._--- - -- ---_.---

116.080 027 EPA 8260B 

Bromoform 

Bromomethane 

Carbon Disulfide 

Carbon Tetrachloride 

Chlorobenzene 

Chloroethane 

2-Chloroethyl Vinyl Ether 

Chloroform 

Chloromethane 

Dibromochloromethane 

Dlbromochloropropane 
----------------------'--'--------------------------

116.080 028 EPA 8260B 1.2-Dibromoethane ------------------------
116.080 030 EPA 8260B Dibromomethane 

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 2 of 8 
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r 
ASSOCIATED LABORATORIES 

116.080 031 EPA 8260B 1.2-Dichlorobenzene ._---- ._---------- ---_._---
116.0BO 032 EPA 8260B 1.3-Dichlorobenzene 

116.0BO 033 EPA 8260B 1.4--Dichlorobenzene 
-----

116.080 034 EPA 8260B cis-1,4-Dichlora-2-butene 
-----~ 

116_080 035 EPA 8260B 

116.080 036 EPA 8260B 

116.0BO 037 EPA 8260B 

116.0BO 038 EPA 8260B .. " ..... - ... __ . 

116.080 039 EPA 8260B 

116.080 040 EPA 8260B ----- ... _- ~.- ".- -.. _. 
116.080 041 EPA 8260B 

116.080 042 EPA 8260B .. _ ......... _-_. __ . __ .. , .. -- --.---
116.080 043 EPA 8260B 

116.080 044 EPA 8260B 

116.0BO 045 EPA 8260B 

-116.0BO--046-EPA 8260B·· 

116.0BO 047 EPA 8260B 

trans-1,4-Dichloro-2-butene 

Dichlorodinuoramethane 

1.1-Dichloroethane 

1.2-Dichloroethane 

1.1-Dichloraethene 

trans-1.2-Dichloraethene 

cis-1.2-Dichloroethene 

1.2-Dichloropropane 

1.3-Dichloropropane 

2.2·Dichloropropane 

1.1-Dichloropropene 

. ------ ----- ··-----·--cis-1.3-Dlchloroprapene--· ---- .. --- -- ------ - --- .. 

Certificate No.: 04232CA 
Renew Date: 1/31/2011 

trans·1.3--Dichloropropene 
.... ---_ .. _--_ .. _._-------------- ._'-------------------------

116.0BO 050 EPA 8260B 

116.0BO 052 EPA 8260B 

116.080 053 EPA 8260B 

116.0BO 055 EPA 8260B 

1,4-Dioxane 

Ethyl Acetate 

Ethylbenzene 

Ethyl Methacrylate 
--- --------_._------- ----_._---------- ---------------.. __ ._---

116.0BO 056 EPA 8260B Hexachlorabutadiene 

116.080 058 EPA 8260B _____________ ~~exa~_~~..:__'!'1~~l ... _________________________________ _ 

116.0BO 059 EPA 8260B lodomethane 

116.0BO 062 EPA 82608 Methacrylonitrile 
- ----------------_.-------_ .. _ .. _---.... --------_._---------._-----------._----_. 

116.080 065 EPA 8260B Methylene Chloride 
.. _--_._._-----_ ....• _-_ .. ----_._---------_ .. _-----_.-------_ .. _----._----- _.-

116.080 066 EPA 82608 Methyl Ethyl Ketone 
•••• _ •• ____ •• ___ ,._." •••• _. ______ • ____ --______ 0_ •• <._---- ___________ . __ _ 

116.080 067 EPA 82608 Methyl Methacrylate 
----------~--~-------------------

116.080 06B EPA 8260B 

116.080 069 EPA 82608 

116.080 074 EPA 82608 

116.080 078 EPA 8260B 

116.0BO OBi EPA 82608 

116.080 OB2 EPA 82608 

116.0BO 083 EPA 8260B 

116.0BO OB4 EPA 8260B 

4-Methyl-2-pentanone (MI8K) 

Naphthalene 

Pentachloroethane 

Prapionitrile 

1.1.1.2-Tetrachloroethane 

1.1.2.2-Tetrachloroethane 

Tetrachloroethene 

Toluene 
--- .. -------------------------- -------

116.080 OB6 EPA 8260B 1.2.3-Trichlorobenzene 
.. _-- -----_ .. --------------------------------------------------

116.0BO 087 EPA 82608 
-------------

116.080 OBB EPA 8260B 

116.080 089 EPA 82608 

1.2,4-Trichlorobenzene 

1.1.1-Trichloraethane 

1.1.2-T richloroelhane 

As of 1/28/2010. this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 3 of 8 
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ASSOCIATED LABORATORIES 

116.080 090 EPA 8260B 

116.080 091 EPA 8260B 

116.080 092 EPA 8260B 

T richloroethene 

Trichloronuoromethane 

1,2,3-T richloropropane 

116.080 093 EPA 8260B Vinyl Acetate ...... _ ..... _ .. _ .. _ .... _---.. _ ... _._._ ... __ ... --......;.-

116.080 094 EPA 8260B Vinyl Chloride 

Certificate No.: 04232CA 

Renew Date: 1/31/2011 

.. _ .... _--_ ... _------------_. ----------------
116.080 095 EPA 8260B Xylenes, Tolal 

12.~~~~_096 ... _EP_A ..... 8 ..... 26 ..... 0_B ____________ te_rt-_Am_'y ..... 1 M_e_th..!,y_1 E_th_er~(T_A_M_E~) _______________ _ 

1!_6.~8!!.. .. ~~~ __ =_EP ..... A ..... 8:.::2.:..:60:.::B ___________ ..... te ..... rt._Bu ..... ty:...1 A ..... I_co ..... ho_1 ~(T_BA....!.) _________________ _ 

116.080 098 EPA 8260B Ethyl tert-butyl Ether (ETBE) 

116.080 099 EPA 8260B Bromobenzene 

116.080 100 EPA 8260B n-Butylbenzene 
.... _. __ .. -.-.--~.---- ~------.-.--------------------------.-----.------------------.~~.--.-.-- .. -.--.. -------

116.080 101 EPA 8260B sec-Butyl benzene -_ .. _.-_ .. _-- .. _-.. _ .. _------- --_._--_._._------_. __ ....... _ .. _----
116.080 102 EPA 8260B tert-Butylbenzene 

._------- ._--------------------
116.080 103 EPA 8260B 2·Chlorotoluene 

116.080 104 EPA 8260B 4-Chlorotoluene 

116.080-~ 05 .. EPA 8260B ... .... · .. ··--.. Isopropylbenzene 

116.080 106 EPA 8260B N-propylbenzene ...... _.-...... _-.-... _--_.-----_. __ .. _._--_._._-_ .. __ ._--------.-----_._--._--------
116.080 107 EPA 8260B Styrene 

116.080 108 EPA 8260B 1,2,4·Trimethylbenzene 

116.080 109 EPA 8260B 1,3,5·Trimethylbenzene 
•• __ •••••• _._ •••• _ •• ________ "."._ ••• _________ •• _ •• __ ._-------_. __ •• 0 ______ • .-_-_._-----_._.-_._----

116.080 120 EPA 8260B Oxygenates 
..... __ ..... _-- _._._. __ .. _---_._._ .. --_._-_._---_._._------_ ... _---

116.100 001 LUFT GC/MS Total Petroleum Hydrocarbons· Gasoline 
....... _-_ .......... ------_._._--.. __ ._---_ .. _ .. -.. - ---

116.100 002 LUFT GC/MS Benzene 

116.100 003 LUFT GC/MS Toluene ... -.... _._ .. _--_ .. _._-----_ ... _---_._=.:.:......_-----------------
116.100 004 LUFT GC/MS Xylenes 
........ _ .. _ .. -... _-_. --_._-_._---_..:...._---------------------
116.100 005 LUFT GC/MS Methyl tert·butyl Ether (MTBE) 

. -_._._-_ .. _--._-_ ... _. __ .:........_-'---'-_:......_--------------

116.100 010 LUFT GC/MS BTEX and MTBE 

116.110 001 LUFT Total Petroleum Hydrocarbons· Gasoline 

117 - Semi-volatile Organic Chemistry of Hazardous Waste 
.. _- - .--.*.--.- .. --.-.. ---.---~-.. ----- -

117.010 001 EPA8015B Diesel·range Total Petroleum Hydrocarbons ._-_ .. __ ._---------_._-------_._------------------_._------_ .. _----

117.016 001 LUFT Dlesel·range Tolal Petroleum Hydrocarbons 

117.017 001 EPA 418.1 TRPH Screening 

117.110 000 EPA 8270C Extractable Organics --_ ... _-_. 
117.110 001 EPA 8270C Acenaphthene 

..... - ._------_._--_ ... __ ._. __ .. _---_._--------- -- .. ---------------------.--
117.110 002 

117.110 007 

EPA 8270C 

EPA 8270C 

_______ .. _. ____ . _____ .~c.:~~~~~le .. n~ __ . ___ . _._ . ____ .. ______________ .... _._ .. __ .... __ . ___ _ 

Aniline 

117.110 008 EPA 8270C Anthracene 
. __ ._---_._--

117.110 010 EPA 8270C Benzidine 
_ .. -- .. _._ ... _--

117.110 011 EPA 8270C Benz(a)anthracene 

117.110 012 EPA 8270C Benzo(b)nuoranthene 
-------------~----------------------

117.110 013 EPA 8270C Benzo(k)nuoranlhene 
------

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 4 of 8 
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ASSOCIATED LABORATORIES Certificate No.: 04232CA 
Renew Date: 1/31/2011 

117.110 014 EPA 8270C Benzo(g,h,i)perylene .--.-.---,,------,,------.--._----
117.110 015 EPA 8270C Benzo(a)pyrene -- .-----,,---------. ---._-----_. __ .---'-"--'----------------------
117.110 016 EPA 8270C Benzoic Acid 

117.110 018 EPA 8270C Benzyl Alcohol 

117.110 019 EPA 8270C Benzyl Butyl Phthalate '" ----. __ .,,------------_._--------=---=---------
117.110 020 EPA 8270C .... "._ .. ____ ". ______ ~is(2-c~~~~~~~~etha~.:.. ____________________ ,,_._. __ _ 

117.110 021 EPA 8270C ... ______ ~isJ~:c~~~~~E!t~yl! ~ther _ .... ______ . ___ .. ____ ... ___________ . ______ . ____ ._ 

117.110 022 EPA 8270C ... ~is.(2~c~~~i~~e~opyl)§~~r _______________________ . ____ . ___________ . __ . _______ ,, __ _ 

117.110 024 EPA 8270C 4-Bromophenyl Phenyl Ether .. __ '---_0 __ . _.>"_," ___ .. ,.,_,_._,,_ 

117.110 026 EPA 8270C 4-Chloroaniline 

117 .110 027 EPA 8270C 4-Chloro-3-methylphenol 

117.110 029 EPA 8270C 2-Chloronaphthalene 
~-.-- .-_ .•. __ .. -.. - -_ .. _ .. _--._-_. __ ._------_._---------

117.110 030 EPA 8270C 

117.110 032 EPA 8270C 

117.110 036 EPA 8270C 

2-Chlorophenol 

Chrysene 

Dibenz(a,h)anthracene 

117.110 ··037· EPA8270C··-" -... Dibenzofuran-- ......... ---""-.-------""- .... - .... -,,---.--".---,,---
--_.- -----_._--------._----- ._-------------------------

117.110 039 EPA 8270C 1,2·Dichlorobenzene 

117.110 040 EPA 8270C 1,3-Dichlorobenzene 
---------~-.--------------- -----

117.110 041 EPA 8270C 1,4-Dichlorobenzene 

117.110 042 EPA 8270C 3,3'-Dichlorobenzidine 

117.110 043 EPA 8270C 2.4-Dichlorophenol 
.--_ .. _---._---_.-----_._--------- -"_. __ •. _--------- ----

117.110 045 EPA 8270C Dlethyl Phthalate 
.. ,,-. "--- ---- --------------,,------------_._----------------

117.110 053 EPA 8270C _ _.3..4:_D~r1!E!~p_~~~I __ . _____ . ____________ . _____________ .. ____ ._. _____ . 

117.110 054 EPA 827.0C. __ ...... _____ ._ . ___ .. __________ ~im~thyi~~~I~t~ ____ . ___ . _____ __ 

117.110 055 EPA 8270C Di-n-butyl phthalate 

117.110 056 EPA 8270C . _____ Di_-n-octyl phthalale 

117.110 060 EPA 8270C 2,4·Dinitrophenol 
." -------- ----- ----,,-_._--_._._----_._------_ ... _---- .. _--------_._-------_._._--

117.110 061 EPA 8270C 2.4-Dinitrotoluene 

117.110 062 EPA 8270C 2,6-Dinilrotoluene 

117.110 067 EPA 8270C Fluoranthene 

117.110 068 EPA 8270C Fluorene -. --.". __ ."---_. __ ._-------_._._-_._------_ .. _----------_.-------------
117.110 069 EPA 8270C 

117.110 070 EPA 8270C 

117.110 071 EPA 8270C 

117.110 072 EPA 8270C 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 
-----------------------------------

117.110 075 EPA 8270C Indeno(1,2,3-c,d)pyrene 

117.110 076 EPA 8270C Isophorone 
--------------~----------------------

117.110 080 EPA 8270C 2-Methyl-4,6-dinitrophenol 
. ----- --,,-- .. ,,--- -----,,----------_._-_. ----

117.110 083 EPA 8270C 2-Methylnaphthalene - --- -_ .. _ ... - ---------- .- ._-- ----- -------------------.. ---- ._---_._---" .. -.------------------
117.110 084 EPA B270C 2-Methylphenol 

. _._--_._._--_.- --_. __ ._--_._._._--_._----_._---_._----------------".- ---
117.110 085 EPA 8270C 3-Methylphenol -----------.----- ------

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standin9 with the State. Page 5 of 8 
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ASSOCIATED LABORATORIES Certificate No.: 04232CA 
Renew Date: 1/31/2011 

117.110 086 EPA 8270C 4-Methytphenot 
.-. __ .. " -- .. 

117.110 087 EPA 8270C Naphthalene 
----- --_ .... _--_. __ . 

117.110 092 EPA 8270C 2-Nitroaniline 

117.110 093 EPA 8270C 3-Nitroaniline 
._. _._._._._-----_._._----

117.110 094 EPA 8270C 4-Nitroaniline 
.. _-- ---- - -- --_._._-
117.110 095 EPA 8270C Nitrobenzene 

.... _-----_ ... 
117.110 096 EPA 8270C 2-Nitrophenot 

--" ..... ------_._-- ._-------

117.110 097 EPA 8270C 4-Nitrophenol 
._. __ . -------

117.110 100 EPA 8270C N-nitrosodimethylamine 

117.110 101 EPA 8270C N-nitroso-di-n-propylamine . -.- _._-_. __ ._. ------._ .. __ ._-------.-'------
117.110 102 EPA 8270C . N-nitrosodiphenylamine 

... _---_ .... _-_., .. _ ... ,,_._-•.. -.... _.--_._---_ .. _--_ .... _--_._--. __ ._----------.• _---.-------,-_ .. _-----,._._-_. __ ._--
117.110 110 EPA 8270C Pentachlorophenol 

117.110 112 EPA 8270C Phenanthrene 

117.110 113 EPA 8270C Phenol 

117.110 119 EPA 8270C Pyrene 
--------------~-------------------------

.. 1 H.1J.D._120_._ .. EPA.8270C-.... --. . .... _._ .. __ .. - ..... ----Pyridine 
...... _ ... _ .. _ ... _ ...... _ ... - ._---_ .. _-------------------_ .. _-------------

117.110 129 EPA 8270C 1,2,4-Trichlorobenzene 

117.110 130 EPA 8270C 2,4,5-T richlorophenol --_ .... __ ... -.. -.. ~.-- .. -.---.. 

117.110 131 EPA 8270C 2,4,6-T richlorophenol 

117.140 000 EPA 8310 Polynuclear Aromatic Hydrocarbons 
_. --~-- ._._- _ .. "'. _._ ... _--------- .. --_._------ .------.------- ... - .. ---.-----------------.~---- ... --.-----

117.140 001 EPA 8310 Acenaphthene 
._.,.- .. _-_ ..... 

117.140 002 EPA 8310 Acenaphthylene 
.----- ------_._--"--------_. 
117.140 003 EPA 8310 Anthracene ._._ ... _----_._._-- --------------------------------
117.140 004 EPA 8310 Benz(a)anthracene 

....... -- ... - . -----_ .. _-_._-_ .. _-------.- .. _- -------------------
117.140 005 EPA 8310 Benzo(a)pyrene 

117.140 006 EPA 8310 Benzo(b)fluoranthene 

117.140 007 EPA 8310 Benzo(k)fluoranthene 

117.140 008 EPA 8310 Benzo(g,h,l)perylene -- , ... _-_ ... - .. _ .... - .. _"_ ... _ .. _-_ .. _--._-_._--_ ... _--------- .-~~.-------------------.-- .. --.-
117.140009 EPA 8310 Chrysene 

-"-~- '~ ... -... ----~.' - ----- -'"---~-----.'---'-------- -------
117.140 010 EPA 8310 
.......... _ .. _-.-._-------------
117.140 011 EPA 8310 

117.140 012 EPA 8310 

117.140 013 EPA 8310 

Dibenz(a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno(1,2,3-c,d)pyrene 

117.140 014 EPA 8310 Naphthalene 
. ---.,.-.-.-.-- .. -----.----.~--.- "---------_._-----

117.140 015 EPA 8310 Phenanthrene 

117.140 016 EPA 8310 Pyrene 

---- ---- ._--------_._-_._---

... _ ... _----._ ... __ ._-_ ... -.-_._-_ .... _----_._._. __ ._-----.----~ .. ------... -.---.-----------... -------."---. ------_._--------- <----

117.210 000 EPA8081A Organochlorine Pesticides 

117.210 001 EPA 80B1A Aldrin 

117.210 002 EPA8oB1A a-BHC 
....... --------------------------

117.21 0 003 EPA 80B1A b-BHC 

117.210 004 EPA80B1A d·BHC 
.... -------... -.------.------------------------------~---

As of 1/28/2010. this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 6 of 8 
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ASSOCIATED LABORATORIES Certificate No.: 04232CA 
Renew Date: 1/31/2011 

117.210 005 EPA BOB1A g-BHC (Lindane) 
------------------------~--~--~--------------

117.210 009 EPA BOB1A ________ ._. ___ . __ . _____ ~~.i?_rd_an_e (_tec_h~ ____________________________________ _ 

117.210 013 EPA BOB1A 4,4'-000 
.... _- ._----- .... _----_._._---_._----_.----------- -------------------------------------

117 .21 OO_1_4. __ .!:~~~~~~~ _____________ 4.c.,4_'-_00_E _____________________ ... _. ___ _ 

117.210 015 EPA BOB1A 

117.210 020 EPA BOB1A 

117.210 021 EPA BOB1A 

117.210 022 EPA BOB1A 

117.210 023 EPA BOB1A 

117.210 024 EPA 80B1A 

117.210 025 EPA BOB1A 

117.210 026 EPA BOB1A 

117.210 027 EPA BOB1A 

117.210 028 EPA80B1A -----_. __ ._-------------
117.210 033 EPA 80B1A 

117.210 ... 039---EPABOB1A·--·· -

117.220 000 EPA BOB2 

117.220 001 EPA BOB2 -_._ .. " .. _."-_._._---
117.220 002 EPA BOB2 

117.220 003 EPA BOB2 

117.220 004 EPA BOB2 

4,4'-00T 

Dieldrin 

Endosulfan I 

Endosulfan II 

Endosulfan Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Heptachlor 

Heptachlor Epoxide 

Methoxychlor 

Toxaphene 

PCBs 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 
. -...... - ----------.---------_ .. . __ ._----------.--------------- ------

117.220 005 EPA BOB2 

117.220 006 EPA BOB2 

117.220 007 EPA BOB2 

117.240 000 EPA8141A 

117.240 002 EPA8141A 

117.240 005 EPA8141A 

117.240 007 EPA8141A 

117.240 008 EPA8141A 

117.240 009 EPA B141A 

117.240 011 EPA8141A 
-_ .. ,,--,."-_ .. ---_. 

117.240 013 EPA B141A . - -_._"-, ... _-.---._-

117.240 015 EPA 8141A ._- .,-- -_._--- . __ ._-

117.240 016 EPA B141A 

117.240 018 EPA8141A 
... -----

117.240 019 EPA B141A 
.. --- ......• _._-----------_. 

117.240 020 EPA8141A 

PCB-124B 

PCB-1254 

PCB-1260 

Organophosphorus Pesticides 

Azinphos Methyl 

Chlorpyrifos 

Oemeton-O 

Oemeton-S 

Oiazinon 

Oisulfoton 

Ethion 

Malathion 

Mevinphos 

Parathion Ethyl 

Parathion Methyl 

Phorate 
. --. ----------.. _-----------------------------

117.240 022 EPAB141A Ronnel 

117.250 001 EPA 8151A 2,4-0 

117.250 002 EPA 8151A 2,4-0B 
-------------------------------------------

117.250 003 EPA 8151A 2,4,5-T 
... _--_.- _.--_ .. _- ---------------

As of 1/28/2010, this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State. Page 7 of 8 
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ASSOCIATED LABORATORIES Certificate No.: 04232CA 
Renew Date: 1/31/2011 

117.250 004 EPA8151A 2,4.5-TP 

117.250 006 _~P~~~~_1A _______________________ Dalapo_~ _______________________________________________________ _ 

117.250 007 EPA8151A __ _____________________ Dichlo'p!?_p ____________________________________ _ 

117_250 008 EPA 8151A Dinoseb 

117.250 009 EPA8151A MCPA 
----- - -------------- --------- ------------------

117.250 010 EPA8151A MCPP ------------------------
117.250 014 EPA8151A Dicamba 

120 - Physical Properties of Hazardous Waste 
- --------- ------------------- --------------------------------

120.010 001 EPA 1010 Ignitabillty 
------------------ ------------

120.022 001 EPA 1030 Ignltability 

120.030 001 EPA 1110 Corrosivily 

120.040 001 Section 7.3 SW-846 Reactive Cyanide 

120.050 001 Secl\on 7.3 SW-846 Reactive Sulfide 

120.070 001 EPA 9040B Corrosivity - pH Determination 

120.080 001 EPA 9045C Corrosivity - pH Determination 
.. "------_._--------------------

- --- - ------------- --------------
As of 1/28/2010. this list supersedes all previous lists for this certificate number. 
Customers: Please verify the current accreditation standing with the State_ 

-----------

Page 8 of 8 
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Section 1. Introduction

1.1 BACKGROUND
Machado Lake is located in the Dominguez Channel Watershed Management Area and has a
total drainage area of approximately 23 square miles. The lake is located in the City of Los
Angeles and under the jurisdiction of the City of Los Angeles, while the drainage area is within
the jurisdiction of several cities, including Rancho Palos Verdes, Rolling Hills, Rolling Hills
Estates, Palos Verdes Estates, Torrance, Lomita, and Carson, and unincorporated Los Angeles
County. The map of the drainage area of the lake, the various jurisdictions, and major storm
drains within the drainage area is shown in Figure 1.

The Total Maximum Daily Load for Nutrients in Machado Lake (Nutrient TMDL) was adopted
by the Los Angeles Regional Water Quality Control Board (Regional Board) on May 1, 2008
and approved by the State Water Resources Control Board (State Board) on December 2, 2008.
Upon subsequent approval of the TMDL by the United States Environmental Protection Agency
(USEPA), the TMDL became effective on March 11, 2009. The Nutrient TMDL was developed
to address beneficial use impairments due to eutrophication, algae, ammonia, and odor in
Machado Lake.

The Total Maximum Daily Load for Pesticides and PCBs in Machado Lake (Toxics TMDL) was
adopted by the Regional Board on September 2, 2010 and approved by the State Board on
December 6, 2011. Upon approval by the USEPA, the TMDL became effective on March 20,
2012. The Toxics TMDL addresses impairments due to organochlorine pesticides (chlordane,
dieldrin, and DDT) and PCBs in fish tissue.

Both the Nutrients TMDL and the Toxics TMDL named the LACFCD as a responsible party.
The LACFCD operates and maintains storm drains within the Machado Lake watershed. These
storm drains serves as a conveyance for flood waters within the watershed and the LACFCD has
no jurisdiction over the land uses within the watershed that generate the pollutants of concern in
the TMDLs. Further description of the LACFCD and its functions is provided in Appendix A.
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Figure 1: Machado Lake Watershed and Jurisdictions within the Watershed
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1.2 PURPOSE AND OBJECTIVES
Both the Nutrient TMDL and the Toxics TMDL require the preparation of a Monitoring and
Reporting Program (MRP). As identified in the TMDLs, there are three LACFCD storm drains
(Wilmington Drain, Project 77, and Project 510 Line C) which carry flows from other
jurisdictions and directly discharge into Machado Lake. Approximately 88 percent of discharge
to Machado Lake flows through Wilmington Drain, 11 percent through Project 77, and less than
1 percent through Project 510 Line C. The LACFCD will conduct water quality sampling at the
Wilmington Drain outlet as a representative characterization of discharges into Machado Lake.

In addition, the Toxics TMDL requires bed sediment monitoring in Wilmington Drain. The
TMDL states:

“The Los Angeles County Flood Control District shall monitor Wilmington Drain to
demonstrate that Wilmington Drain is not re-contaminating Machado Lake. Monitoring
shall include bed sediment sampling and visual inspection of channel maintenance and
operation of best management practices (BMPs). Monitoring shall be required by
Regional Board order or a conditional Water Quality Certification under section 401 of
the Clean Water Act. This monitoring shall be initiated at the same time as all other
required WLA monitoring” (Resolution No. R10-008, Attachment A, Page 9).

Pursuant to Resolution No. R10-008, the MRP for the Toxics TMDL is due to the Regional
Board six months after the effective date of the Toxics TMDL. This MRP will address both
Nutrient and Toxics TMDL requirements. The core objectives of the MRP include the
following:

 Monitor water quality of storm drain discharges as they relate to the TMDLs;

 Monitor the sediment quality and deposition rate within Wilmington Drain; and

 Potentially assist pollutant source investigations efforts done by upstream jurisdictions.

As part of the Machado Lake Ecosystem Rehabilitation and Wilmington Drain Multi-use
Projects, the City of Los Angeles (City) is planning to conduct monitoring at all three LACFCD
storm drain which discharge to Machado Lake. Future dialogue with the City may lead to the
LACFCD coordinating its monitoring efforts with the City.
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Section 2. Approach

The LACFCD’s approach is to establish a representative monitoring program to characterize the
watershed discharges into Machado Lake. The LACFCD proposes to monitor at the outlet of
Wilmington Drain which drains 88 percent of the Machado Lake watershed. The water quality
data from this location will reflect the loading from the majority of the upstream municipalities
within the watershed. All pollutants of concern identified in the Nutrient and Toxics TMDLs
shall be monitored and reported to the Regional Board. As previously mentioned, the LACFCD
may coordinate its monitoring efforts with the City of Los Angeles to avoid duplication of
efforts.

2.1 NUTRIENT TMDL MONITORING APPROACH
The Nutrient TMDL monitoring will consist of quarterly dry weather grab samples at the
proposed monitoring location for analysis of constituents including, but not limited to: solids,
nitrogen compounds, and phosphorous compounds. In addition, at least two wet weather
sampling events per year will be conducted at the proposed monitoring site. Wet weather
monitoring will be collected as a flow-weighted composite sample in conjunction with the
Toxics TMDL sampling. Further details regarding the monitoring site locations, frequencies,
and parameters are described in subsequent sections.

2.2 TOXICS TMDL MONITORING APPROACH
The Toxics TMDL monitoring will consist of two phases of wet weather monitoring designed to
collect sufficient volume of storm-borne sediments for the analysis of pollutants associated with
the bulk sediments. Analysis will be done for organochlorine pesticides, PCBs, and organic
carbon. Phase 1 monitoring will be conducted for a two year period. In Phase 1 monitoring,
samples will be collected during three wet weather events each year, including the first large
storm event of the season. Phase 2 monitoring will commence upon the completion of Phase 1
monitoring. During Phase 2, samples will be collected during one wet weather event every other
year for a duration of five years. In addition, bed sediment monitoring will be conducted in
Wilmington Drain once a year until the Toxics TMDL’s final compliance date in 2019.
Thereafter, monitoring will be adjusted based on results and may be reduced to once every three
years. Further details regarding the monitoring site locations, frequencies, and parameters are
described in subsequent sections.
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Section 3. Monitoring Site

The southern-most portion of the Wilmington Drain is a 150-foot wide soft bottom channel
located west of the 110 Harbor Freeway and east of Vermont Avenue between Lomita Boulevard
and Pacific Coast Highway. Wilmington Drain directly discharges into the riparian area north of
Machado Lake. Approximately 88 percent of the Machado Lake Watershed area flows through
Wilmington Drain into Machado Lake. This accounts for approximately 12,097 acres from
several subwatershed areas, which include discharges from all responsible jurisdictions listed in
the Nutrients and Toxics TMDLs (Caltrans, General Stormwater Permit Enrollees, and MS4
Permittees). Monitoring results at the Wilmington Drain site will be representative of the
cumulative contribution from all of these jurisdictions. An aerial view and photo of the
Wilmington Drain monitoring site are shown in Figure 2 and Figure 3, respectively.

Figure 2: Aerial View of Wilmington Drain Monitoring Site
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Figure 3: Wilmington Drain at Pacific Coast Hwy

Table 1 lists the monitoring site, type, nearest intersection and rationale for site selection.

Table 1: Site Location

Monitoring Site Type
Nearest

Intersection Rationale for Selection

Wilmington Drain Open
Channel

Pacific Coast Hwy /
Vermont Ave

LACFCD-owned storm drain that
directly discharges into Machado
Lake. Representative of 88% of the
total Machado Lake Watershed
area. Runoff comes from all
responsible jurisdictions listed in
the TMDL.
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Section 4. Sampling Frequency

4.1 NUTRIENT TMDL SAMPLING
Dry weather sampling at the Wilmington Drain monitoring site will be conducted on a quarterly
basis for the duration of the monitoring program. In addition to dry weather sampling, at least
two wet weather sampling events will be conducted per year. After each monitoring year, the
LACFCD will review the monitoring results to assess whether modifications should be made to
the monitoring program.

4.2 TOXICS TMDL SAMPLING
The frequency for the Toxics TMDL Sampling will follow the requirements set forth in the
Toxics TMDL. It will consist of two phases of wet weather monitoring designed to collect a
sufficient volume of storm-borne sediments for the analysis of pollutants associated with the
bulk sediments. Phase 1 monitoring will be conducted for a two year period. In Phase 1
monitoring, samples shall be collected during three wet weather events each year, including the
first wet weather event of the season. The first wet weather event of the season is defined as the
first storm that produces at least 0.25 inches of rainfall between October 1st and April 30th. Phase
2 monitoring will commence once Phase 1 monitoring has been completed. Samples will be
collected during one wet weather event every year during Phase 2 monitoring through five years.
At the end of the fourth year of a five year period, LAFCD will review the monitoring results to
assess whether the proposed approach should be modified.

A summary of the sampling schedule and frequency for both the Nutrient TMDL and Toxics
TMDL is presented in Table 2.

Table 2: Summary of Nutrient and Toxics TMDL Sampling.

Monitoring Site TMDL Dry Weather
Sampling Frequency Wet Weather Sampling Frequency

Wilmington Drain

Nutrient Quarterly 2 storm events per year

Toxics N/A
Phase 1: 3 storm events per year for
first two years; Phase 2: 1 storm event
every other year for five years
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Section 5. Monitored Parameters

5.1 NUTRIENT TMDL SAMPLING PARAMETERS
A list of the constituents for which samples will be analyzed for the Nutrient TMDL and the
associated analytical methods, project method detection limits and project reporting limits is
provided in Table 3.

Table 3: Nutrient TMDL Constituents, Analytical Methods, and Quantitation Limits

Constituent
Class Constituent Method

Detection
Limit1

(mg/L)

Reporting
Limit1

(mg/L)

Conventional Total Suspended Solids (TSS) SM 2540D 0.5 1.0

Total Dissolved Solids (TDS) SM 2540C 1.0 10

Nutrient Total Kjeldahl Nitrogen (TKN) EPA 351.1 0.455 0.50

Nitrate as Nitrogen (NO3-N) EPA 300.0 0.01 0.10

Nitrite as Nitrogen (NO2-N) EPA 300.0 0.01 0.05

Total Nitrogen calculation NA NA

Ammonia as Nitrogen (NH3-N) EPA 350.1 0.02 0.06

Total Phosphorus SM 4500-P E or F 0.02 0.1

Dissolved Phosphorus SM 4500-P E or F 0.02 0.1

Total Orthophosphate (PO4-P) SM 4500-P E or F 0.01 0.02
1 Detection Limits (MDLs) and Reporting Limits (RLs) may change depending on the chosen laboratory that will be conducting
the analysis; however, the LACFCD will ensure that all MDLs and RLs are below the numeric targets specified in the TMDL.

5.2 TOXICS TMDL SAMPLING PARAMETERS
A list of the constituents for which samples will be analyzed for the Toxics TMDL, and the
associated analytical methods, project method detection limits and project reporting limits are
provided in Table 4.
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Table 4: Toxics TMDL Constituents, Analytical Methods, and Quantitation Limits

Sample Medium Constituent Method Detection
Limit

Reporting
Limit

Water Total Suspended Solids (TSS) SM 2540D 0.5 mg/L 1.0 mg/L

Sediment
(collected as
suspended
sediment)

Organochlorine Pesticides1 EPA8270C(m) 0.1-1 Ng/dry g 0.5-5 Ng/ dry
g

Total PCBs2 10 Ng/dry g 20 Ng/dry g

Total Organic Carbon (TOC) EPA 9060
Dry
combustion/IR
detection

0.05 % dry
weight

0.05%-66%
dry weight

¹Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-DDT,
4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and dieldrin.
²PCBs in water and sediment are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254,
and 1260).

A list of the method detection levels and method reporting levels for the organochlorine pesticide
analyses of particulate matter is provided in Table 5.

Table 5: Pesticides and the Associated Method Detection Levels (MDL) and Method Reporting
Levels (MRL).

Organochlorine
Pesticides

Laboratory MDL
Ng/g – dry weight

Laboratory MRL
Ng/g – dry weight

Chlordane Compounds
Heptachlor
Heptachlor Epoxide
gamma-Chlordane
alpha-Chlordane
Oxychlordane
trans-Nonachlor
cis-Nonachlor

Other Organochlorine Pesticides
2,4'-DDD
2,4'-DDE
2,4'-DDT
4,4'-DDD
4,4'-DDE
4,4'-DDT
Total DDT
Dieldrin

0.1
0.1
0.1
0.2
0.1
0.1
0.1

1
1
1
1
1
1
1
1

0.5
0.5
0.5
1
0.5
0.5
0.5

2
2
2
2
2
2
2
5
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Table 6 lists the parameters for field measurements to be measured during each event.

Table 6: Project Reporting Limits for Field Measurements

Parameter/Constituent Range Project RL

Velocity/Flow1 -0.5 to +20 ft3/s NA

pH 0 – 14 pH units NA

Temperature -5 – 50 oC NA

Dissolved oxygen 0 – 50 mg/L 0.5 mg/L

Turbidity 0 – 3000 NTU 0.2 NTU

Conductivity 0 – 10000 µmhos/cm 2.5 µmhos/cm

RL – Reporting Limit NA – Not applicable
¹For velocity/flow, range refers to velocities measured by a handheld flow meter. The lower
limit for measuring flow is dependent upon the size of the specific pipe or channel.
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Section 6. Wilmington Drain Sediment Monitoring

6.1 BACKGROUND
The Machado Lake Toxics TMDL identifies Wilmington Drain as a discharge point into
Machado Lake through which approximately 88 percent of the Machado Lake Watershed area
flows. Any sediment within or that makes its way into Wilmington Drain would need to be
transported downstream towards Machado Lake by flowing water. The source of water is
typically surface water runoff from rain or lawn irrigation. Some of the runoff travels by surface
flow into storm drains directly connected to Wilmington Drain, while other runoff goes first to a
detention basin in the upper watershed before being pumped to Wilmington Drain after the storm
event has passed.

As Wilmington Drain approaches Pacific Coast Highway (PCH) nearest the upstream end of
Machado Lake, the soft bottom channel gets deeper and narrower. As water in the channel slows
down and pools behind a dirt berm on the south side of PCH, sediment carried by the flowing
water settles out in the channel. Sediment accumulated in Wilmington Drain over the past 40
years or so has affected the channel’s hydraulic capacity so much that the LACFCD has recently
initiated a sediment removal project.

As discussed in a meeting with Regional Board staffi, the LACFCD’s project to remove sediment
from Wilmington Drain has been incorporated into the City of Los Angeles’ Proposition O
Wilmington Drain Multi-Use Project. Although the sediment removal is to increase the
hydraulic capacity of the channel for flood control purposes, it will likely remove most, if not all,
legacy pollutants deposited and accumulated within the soft bottomed invert of Wilmington
Drain. The project construction is currently scheduled for completion in 2015.

The Machado Lake Toxics TMDL states:

“The Los Angeles County Flood Control District shall monitor Wilmington
Drain to demonstrate that Wilmington Drain is not re-contaminating Machado
Lake. Monitoring shall include bed sediment sampling and visual inspection of
channel maintenance and operation of best management practice (BMPs).
Monitoring shall be required by Regional Board order or a conditional Water
Quality Certification under section 401 of the Clean Water Act. This monitoring
shall be initiated at the same time as all other required WLA monitoring”
(Resolution No. R10-008, Attachment A, Page 9).

6.2 BED SEDIMENT SAMPLING APPROACH
The intent of the Wilmington Drain Monitoring is to show that sediment in Wilmington Drain is
not going to cause toxics re-contamination of Machado Lake. This will be accomplished by
taking bed sediment samples following the Surface Water Ambient Monitoring Program
(SWAMP) protocols. This involves sampling the top 2 cm of sediment, once a year after flow
from the Wilmington Drain has subsided following each storm season.

i Meeting with Regional Board Staff (Ms. Jenny Newman and Dr. Kangshi Wang) on August 21, 2012
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Based on the proposed contours in the current Wilmington Drain Multi-Use Project construction
plans, the LACFCD’s approximate sampling area is likely to be as shown in Figure 4. This
location is the lowest accessible-by-foot area that is likely to be dry within a reasonable
timeframe after the storm season, but outside of bird nesting season. The location is subject to
adjustment based off of final contouring as shown in the project as-built drawings.

Figure 4: Aerial View of the Wilmington Drain Bed Sediment Sampling Location

6.3 BED SEDIMENT SAMPLING FREQUENCY
Bed sediment sampling will start after the sediment removal part of the Wilmington Drain Multi-
Use Project is complete. Sampling will occur once a year after Wilmington Drain flow has had a
chance to subside following each storm season, to determine how much sediment and associated
toxic contaminants have accumulated in the drain invert.

Monitoring will continue yearly until the Toxics TMDL’s final compliance date in 2019. After
that, monitoring will be adjusted based on results and may be reduced to once every three years.
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6.4 VISUAL INSPECTION
LACFCD maintenance activities within Wilmington Drain are done in compliance with its
Waste Discharge Requirements (WDR) File Number 99-011-2010WDR, Order No. R4-
20100021. Wilmington Drain is identified as Reach 25, County Reach 27. Section 43 Best
Management Practices of the WDR requires in part that “All appropriate Best Management
Practices (BMPs) shall be implemented in order to avoid impacts to water quality that would
result in exceedances of water quality standards.” Section 49 Water Quality Monitoring of the
WDR requires in part that “BMPs are to be implemented in association with maintenance
activities to avoid impacts to water quality which would result in exceedances of water quality
standards.”

Since visual inspection of BMPs is an integral component of the LACFCD’s practices to ensure
compliance with its WDR, additional activities will not be necessary to meet the TMDL’s
requirements. However, if in the future, it is determined that there is a continued in-flow of
sediment from the watershed, the LACFCD, in collaboration with upstream municipalities, may
take additional action to reduce sediment into Wilmington Drain. All regulatory agencies will be
duly notified at that time, if such action is to be taken.
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Section 7. Reporting

7.1 ANNUAL MONITORING REPORT
Monitoring results will be reported annually to the Regional Board. Each annual report will be
submitted to the Regional Board within six months from the final sampling event of the year.

The Annual Monitoring Report will contain at minimum the following components:

 Methods

 Monitoring Results/Analyses

 Quality Assurance/Quality Control

 Conclusions and Recommendations

RB-AR41965



Los Angeles County Flood Control District 15 September 2012
Machado Lake Nutrient & Toxics TMDL MRP

Section 8. Monitoring Event Preparation

Monitoring event preparation will include mobilizing field equipment, placing bottle orders, and
contacting the necessary personnel regarding site access and scheduling. The following steps will
be completed prior to each sampling event:

1. Contact laboratories or other suppliers to obtain sample containers.
2. Confirm scheduled monitoring date with the field crew and set up sampling day itinerary,

including courier pickup/drop-off if applicable.
3. Mobilize sampling equipment. Examine all equipment for defects and replace if

necessary. Ensure that all samplers have appropriate personal protective equipment prior
to going to the field.

4. All samplers to confirm contact information, review sampling and urgent care location
maps, and review/discuss safety protocols when in the field. Samplers should also
discuss informal rescue plans in case of a serious incident occurring while on site.

5. Prepare sample container labels with sample date, sample time, sample point, sample
type (grab/composite), preservatives added (if needed), and analyses needed.

6. Prepare field log sheet to indicate the type of field measurements, field observations and
samples to be collected.

7. Prepare chain of custody forms.
8. Calibrate field measurement instruments and fill out calibration logs.

The following equipment will be mobilized prior to each sampling event:

 First aid kit  Clipboard
 Cellular phone  Chain of custody forms
 Field log, H&S Plan  Sample bottles
 Nitrile or latex powder-free gloves  Intermediate bottles
 Flow meter  Labels
 Camera  Ice
 Coolers for all sample bottles  Bucket and Rope
 GPS  Sand Bag
 Multi-parameter meter (temperature,

pH, DO, conductivity, and turbidity)
 Field kit (tape, knife, zip-lock bags, tie-

wraps, sharpie pens, pencils, screw
driver, and other miscellaneous supplies)

 Ladder  Confined space entry equipment and
permits, if necessary

 Cleaning solutions as required by
sampling equipment

 Rinse water as required by sampling
equipment.

RB-AR41966



Los Angeles County Flood Control District 16 September 2012
Machado Lake Nutrient & Toxics TMDL MRP

8.1 BOTTLE ORDER
Sample bottle orders will be placed with the appropriate analytical laboratory at least two weeks
prior to each sampling event. Containers will be ordered for all water samples, including quality
control samples, as well as extra containers in case the need arises for intermediate containers or
replacements. The containers must be of the proper type and size and contain preservative as
appropriate for the specified laboratory analytical methods. Table 7 and Table 8 list specific
constituents for which samples will be analyzed and specifies the sample container, volume
required, and immediate processing, storage, and holding time requirements. The field crew will
inventory sample containers upon receipt from the laboratory to ensure that adequate containers
have been provided to meet analytical requirements for each monitoring event.

Table 7: Nutrient TMDL Sample Container Requirements

Constituent Sample Container
and Volume1

Immediate
Processing And

Storage
Holding Time

Total Suspended Solids (TSS) 1 L HDPE 4° C 7 days

Total Dissolved Solids (TDS) 500 mL HDPE 4° C 7 days

Nitrate as Nitrogen (NO3-N) 500 mL HDPE 4° C 48 hours

Nitrite as Nitrogen (NO2-N)

Dissolved Phosphorus

Total Orthophosphate (PO4-P)

Total Kjeldahl Nitrogen (TKN) 500 mL HDPE H2SO4 28 days

Ammonia as Nitrogen (NH3-N)

Total Phosphorus

1 Additional volume may be required for QC analyses.

Table 8: Toxics TMDL Sample Container Requirements

Sample
Medium Constituent

Sample
Container and

Volume3

Immediate
Processing

And Storage

Holding
Time

Water Total Suspended Solids (TSS) 1L HDPE 4° C 7 days

Sediment
(collected as
suspended
sediment)

Organochlorine Pesticides1 2-4 grams (min
0.5 grams)

4° C 1 year4

Total PCBs2

Total Organic Carbon (TOC) 1 gram
(min 0.25 grams)

4° C 28 days

¹Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-
DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and dieldrin.
²PCBs in water are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248,
1254, and 1260). Individual congeners will also be analyzed.
³Additional volume may be required for QC analyses.
4One year if frozen, otherwise 14 days to extract and 40 days from extraction to analysis.
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8.2 SAMPLE BOTTLE LABELING
All samples will be identified with a unique identification code to ensure that results are properly
reported and interpreted. Samples will be identified such that the site, sampling location and
sample type (i.e., environmental sample or QC sample) can be distinguished by a data reviewer
or user. Sample identification codes will consist of a site identification code and a unique
sample ID number assigned by the monitoring manager.

Labels will be placed on the appropriate bottles in a dry environment; applying labels to wet
sample bottles will be avoided. Labels will be placed on sides of bottles rather than on bottle
caps. Labels will be produced by the LACFCD’s Integrated Water Quality System Database, to
uniquely identify samples, the required analyses, and for subsequent uploading of data to the
database.
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Section 9. Sample Collection

9.1 NUTRIENT TMDL SAMPLING TECHNIQUES FOR DRY AND WET WEATHER
Samples will be collected in a manner that minimizes the possibility of sample contamination.
These sampling techniques are summarized below:

 Samples are collected only into rigorously pre-cleaned sample containers.
 At least two persons are required on a sampling crew.
 Clean, powder-free nitrile gloves must be worn while collecting samples and must be

changed whenever something not known to be clean has been touched.
 To reduce the potential for contamination and to ensure crew safety, field crews must

observe the following precautions while collecting samples:
1. Smoking is prohibited.
2. Collecting samples near a vehicle, running or otherwise, is prohibited.
3. Eating or drinking during sample collection is prohibited.
4. Sampling personnel should avoid breathing, sneezing or coughing in the direction

of an open sample container.

Each person on the field crew will wear clean clothing that is free of dirt, grease, or other
substances that could contaminate the sampling apparatus or sample bottles.

Grab samples will be collected at approximately mid-channel, mid-depth at the location of
greatest flow (where feasible) by direct submersion of the sample bottle. This is the preferred
method for grab sample collection; however, due to monitoring site configurations and safety
concerns, direct filling of sample bottles may not always be feasible. If a site is inaccessible due
to safety, staff will not sample and note the unsafe condition. Monitoring site configuration will
dictate grab sample collection technique. Grab samples will be collected directly into the
appropriate bottles whenever feasible. As protocols are developed by the LACFCD to uniquely
address the urban conveyance system sampling, they will supersede the procedures outlined in
the MRP.

During dry weather sampling events, some channels and drains may not contain sufficient flow
to collect samples by direct submersion. Intermediate containers will be used in instances where
flows are too shallow for the direct submersion of sampling containers, and in instances where
sheet flow is present. In these instances, a HDPE bottle free of preservative will be used as the
intermediate container to fill sample bottles.

It is considered very important to not scoop up algae, sediment, or other particulate matter on the
bottom of the channel because such debris is not representative of surface flows. To prevent
collection of such debris:

 A location should be found where the channel bottom is relatively clean and allows for
the intermediate container to fill, or

 A clean Ziploc bag should be placed on the bottom of the channel and water should be
collected from on top of the bag.

The potential exists for monitoring sites to lack discernable flow. The lack of discernable flow
may generate unrepresentative data. To address the potential confounding interference that can
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occur under such conditions, sites sampled should be assessed for the following conditions and
sampled or not sampled accordingly:

 Pools of water with no flow or visible connection to another surface water body should
NOT be sampled. The field log should be completed for non-water quality data
(including date and time of visit) and the site condition should be photo-documented.

 Flowing water (i.e., based on visual observations, flow meter data, and a photo-
documented assessment of conditions immediately upstream and downstream of the
sampling site) site SHOULD be sampled.

Field personnel will adhere to established sample collection protocols to ensure the collection of
representative and uncontaminated (i.e., contaminants not introduced by the sample handling
process itself) samples for laboratory analyses. Deviations from the standard protocols must be
documented in the field log at the time of sampling. Sampling gear and utensils which come in
direct contact with the sample will be made of non-contaminating materials and will be
thoroughly cleaned between sampling stations according to appropriate cleaning protocols.
Sample containers will be of the recommended type and will be free of contaminants (i.e., pre-
cleaned). Conditions for sample collection, preservation and holding times will be followed.

Field crews (2 persons per crew, minimum; 3 persons per crew, minimum, when confined space
entry is required) will be mobilized for sampling only when weather conditions and flow
conditions are considered to be safe. For safety reasons, sampling will occur only during
daylight hours. Sampling events should proceed in the following manner:

1. Before leaving the sampling crew base of operations, confirm number and type of sample
containers as well as the complete equipment list.

2. Proceed to the first sampling site.
3. Record the general information on the field log sheet.
4. Collect the samples indicated on the event summary sheet in the manner described herein.

Collect additional volume and blank samples for field-initiated Quality Control (QC)
samples, if necessary. Place filled sample containers in coolers and carefully pack and
ice samples as described herein. Using the field log sheet, confirm that all appropriate
containers were filled.

5. Collect field measurements and observations, and record these on the field log sheet.
6. Complete the chain of custody forms using the field log sheets.
7. After sample collection is completed at the monitoring site, deliver and/or ship samples to

the appropriate laboratory.

Wet weather samples will be collected as flow-weighted composite samples in conjunction with
the Toxics TMDL monitoring. Wet weather sampling techniques are discussed in the subsequent
section.

9.2 TOXICS TMDL WET WEATHER SAMPLING TECHNIQUES

9.2.1 Background
Compliance monitoring specified in the Basin Plan Amendment requires that pollutant
concentrations are measured by collecting sufficient volumes of stormwater such that quantities
of suspended solids are suitable for direct analyses in bulk sediments filtered from the
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discharges. In addition, stormwater is to be sampled using procedures that allow for
representative samples proportioned based upon flow rates during the storm events. As noted,
earlier pollutants specified for direct analysis in the bulk sediment include:

 Total Organic Carbon
 Total PCBs
 DDT and Derivatives
 Dieldrin
 Total Chlordane

Although a number of studies have been performed to directly measure the concentration of
contaminants associated with suspended solids, there are no standardized procedures for this type
of testing. Given the lack of a standard method, a brief review of the various methods used to
collect, concentrate and quantify suspended sediments and to quantify pollutant loads associated
with suspended sediments is warranted.

The usual approach for measuring hydrophobic chemicals associated with suspended particulates
has been to analyze whole water samples. Mahler et al. (2006) noted that most water samples
with less than a couple hundred mg/L of TSS could still result in mostly non-detects even when
the pollutant concentrations in the suspended sediment exceeded Probable Effects Levels (PELs)
if they had been measured in bedded sediments. The combined use of more sensitive analytical
methods such as GCMS-NCIS and increasing sample volumes can substantially improve
sensitivity but values are still often within 10 times the reporting limits and thus would be
expected to have limited value in determining loads.

The number of strategies used to determine the concentrations and loads associated with
suspended sediments (and those in the dissolved or colloidal form) nearly match the number of
studies conducted. All require a method to separate suspended sediment from the water samples
and very high volumes of water. Horowitz (1995) used centrifugation but most other studies
have used some type of filtration. Studies conducted in the Raritan Bay area by USGS and the
New Jersey Department of the Environment (Bonin and Wilson, 2006) used Trace Organic
Platform Samplers (TOPS) units to collect and filter water. These units typically use stainless
steel canister filters fitted with 0.5 µm Glass Fiber Filters (GFF) to remove the coarser material
without substantial flow restriction. Since these filters tend to get breakthrough of approximately
10% of the suspended sediment, they are followed by large (142 mm or 293 mm) flat GFF filter
with a nominal pore size of 0.7 or 1.0 µm and no binders. The water then passes through an
XAD resin to extract the dissolved fraction. The volume of water passing through the system is
collected and measured to establish the volume for use in calculating concentrations. Other
studies conducted in the Great Lakes Region (McCarty et al. 2004) have simply quantified the
mass of pollutants present in the particulate fraction relative to the total volume of water.

Sediment trapped in the canister filter and flat GFF cannot be recovered for quantification so
most studies collect additional TSS samples to use in calculating the total mass of sediment
trapped by the sampler. The average concentration of TSS is then multiplied by the total volume
of water to estimate the mass of particulates captured by the filters. Other studies conducted in
the Great Lakes Region (McCarty et al. 2004) have simply quantified the mass of pollutants
present in the particulate fraction relative to the total volume of water.
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A more recent USGS study conducted in Austin, Texas (Mahler et al. 2006) explored use of
large volume suspended sediment sampling to measure concentrations and loads of both metals
and organic compounds that were associated with suspended sediment during storm events in
Barton Creek. Initially, this study eliminated use of the GFF filter cartridges typically used in
such studies and only used 293 mm GFF filters with nominal pore sizes of 0.7 µm. Seven 9 L
samples were taken at fixed time intervals and later composited based upon average flow within
each time interval. As the study proceeded, 0.45 µm PTFE filters were tested as replacements
for the GFF filters. USGS found that these filters, when handled correctly, were able to fully
recover all sediment so that particulates could be directly quantified. As the filter periodically
became clogged, they would be removed from the filter holder and placed in a sealed plastic bag.
The filter would then be gently massaged to remove the sediment and typically reused two more
times with the same sample. Although the PTFE filters successfully allowed complete recovery
of sediment from the water samples they required some special handling due to their
hydrophobicity. A light spray with methanol was necessary to get water to start flowing through
the membrane. Complete recovery of the sediment allowed the sample to be freeze-dried in the
laboratory prior to analysis.

Stenstrom and Suffet (2009) used similar methods to collect and fractionate samples of
stormwater entering Puddingstone Lake in Los Angeles County. Water samples were filtered to
separate total suspended solids (TSS) from the aqueous phase using pre-weighed 142 mm,
0.7 µm pure glass (no binder) TCLP filters (Whatman Inc., UK) and a Hazardous Waste Pressure
Filter System (Millipore, Billerica, MA). They then dried the filters containing the TSS in
250 mL glass jars containing calcium chloride over a 24-hour period and then refrigerated the
samples at 4°C until extracted. Filters were reweighed after drying to determine the amount of
particulates collected on the filters.

9.2.2 Recommended Sampling Procedures
Major factors considered in the development of sampling procedures for the specified
hydrophobic pesticides included:

 the ability to obtain flow-weighted stormwater samples;
 collect the necessary volumes of stormwater to assure that sufficient sediment is available

to meet analytical requirements inclusive of QA/QC;
 sampling equipment is comprised of materials that are both non-contaminating and

resistant to both adsorption or desorption of organic materials; and
 suitable for direct quantification of solids.

Water samples will be collected using stormwater sampling equipment capable of obtaining
flow-weighted composite samples. If automated flow-weighted sampling is not possible, manual
collection of sampling is permissible with the condition that it is done at discrete intervals and
the samples are mixed in proportion to the measured flow rates to achieve a flow-weighted
composite sample. The efficiency of autosamplers is known to decline once particle sizes start to
exceed 250 µm (Clark, 2009) but ability to obtain large numbers of samples over the duration of
a storm event is a significant benefit. Although USGS normally prefers use of isokinetic
samplers for obtaining representative samples of suspended solids, they also recognize that this
sampling method is often not practical. Mauler et al. (2006) compared suspended sediment
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concentrations collected using a fixed point autosampler with samples obtained using isokinetic
samplers and concluded that differences were not significant for the Barton Creek site.

Equipment selected to monitor flow will be based upon specific characteristics of the selected
site. Unless suitable rating curves exist for the selected site, it is likely that an Area Velocity
Bubbler (AVB) will be used to estimate open channel flows. An autosampler equipped with a
peristaltic pump will be used to collect water samples. The intake hose will consist of pre-
cleaned FEP (Teflon) hose fitted with stainless steel strainer and secured to the bottom of the
channel. The autosampler will use a minimal length of peristaltic hose to connect to the FEP
intake hose and pass it through the peristaltic pump. Another length of FEP hose will be
connected to the peristaltic hose and directed into the sampling container.

Sample volumes will depend largely on the concentrations of sediment in the discharges and
storm volumes. The filtrations should be performed using 0.45 µm PTFE membrane filters.
These can be either 143 mm or 250 mm in diameter. Initial settings will be based upon a target
of 10 grams of suspended sediment to analyze all target analytes and maintain suitable reporting
limits. The minimum sample mass will be 1.5 grams. Since these objectives are based upon dry
weight, professional judgment will be needed to determine if adequate volumes are available. If
sediment is limited, the laboratory should provide dry weight measurements to the Project
Manager as soon as they become available to determine if the laboratory should proceed with the
designated analyses or reconsider allocation of sediment for the required analyses.

Standard 20-L borosilicate media bottles composite containers should be used to collect the
stormwater samples. Alternatively, 32 gallon roughneck trash cans or other comparable plastic
containers can be used with 33-gallon Teflon liners. A similar design was used by Mauler
(2006) in Austin. Although this provides more than adequate capacity to collect the sample in a
single container, the potential weight can be prohibitive. If Teflon liners are used, tie wraps
should be used to secure the bag around the discharge hose. A short length of hose (approx. 4-
5 inches) should be included to assure the bag is vented.

9.2.3 Clean Sample Collection Techniques
To prevent contamination of samples, clean metal sampling techniques using USEPA protocols
outlined in USEPA Method 1669ii will be used throughout all phases of the sampling and
laboratory work, including equipment preparation, sample collection, and sample handling,
storage, and testing. All containers and test chambers will be acid-rinsed prior to use. Filled
sample containers will be kept on ice until receipt at the laboratory.

The protocol for clean metal sampling, based on USEPA Method 1669, is summarized below:

 Samples are collected in rigorously pre-cleaned sample bottles with any tubing
specially processed to clean sampling standards.

 At least two persons, wearing clean, powder-free nitrile or latex gloves at all times,
are required on a sampling crew.

ii USEPA. April 1995. Method 1669: Sampling Ambient Water for Trace Metals at EPA Water Quality Criteria
Levels. EPA 821-R-95-034.
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 One person, referred to as “dirty hands”, opens only the outer bag of all double-
bagged sample bottles.

 The other person, referred to as “clean hands”, reaches into the outer bag, opens the
inner bag and removes the clean sample bottle.

 Clean hands rinses the bottle at least two times by submerging the bottle, removing
the bottle lid, filling the bottle approximately one-third full, replacing the bottle lid,
gently shaking and then emptying the bottle. Clean hands then collects the sample
by submerging the bottle, removing the lid, filling the bottle and replacing the bottle
cap while the bottle is still submerged.

 After the sample is collected, the sample bottle is double-bagged in the opposite
order from which it was removed from the same double-bagging.

 Clean, powder-free gloves are changed whenever something not known to be clean
has been touched.

 The time of sample collection is recorded on the field log sheet.

9.3 FIELD MEASUREMENTS AND OBSERVATIONS
Field measurements (listed in Table 6) will be taken, and observations made and recorded, at the
sampling site after a sample is collected. All field measurement results and field observations
will be recorded on a field log. Field measurements will include dissolved oxygen, temperature,
conductivity, pH, turbidity, and flow. Measurements (except for flow) will be collected at
approximately mid-stream, mid-depth at the location of greatest flow (if feasible) with a multi-
probe meter, or comparable instrument(s). For measurements of relatively deep flows, the
sensors will be placed directly into the flow path. For measurements of shallow flows, water will
be collected in a rinsed intermediate container prior to measurement.

Prior to each day of each sampling event, water quality meters will be calibrated using fresh
calibration solutions. After each calibration, the sensor will be checked to verify the accuracy is
within an acceptable range. Otherwise, this process will be repeated until the calibration is
verified. The acceptable range of accuracy will be included on a calibration sheet included in the
field log.

Flow measurements will be obtained from an existing telemetry system located at the
Wilmington Drain Pump Station, which monitors and records flow rates and pump operations.
Flow measurements may also be obtained through appropriate flow meters installed with the
automated sampler used to collect flow-weighted composite samples.

9.4 FIELD LOGS
In addition to field measurements, observations shall be made at the monitoring location and
noted on the field log form. Observations will include color, odor, floating materials, and
foreign matter. Field crews will keep a field log book for each sampling event. The field log
book will contain a calibration log sheet, field log sheet, and appropriate contact information.
The following items will be recorded in the field log for each sampling event:

 Monitoring station location (Site ID);
 Date and time(s) of sample collection;
 Name(s) of sampling personnel;
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 Sampling depth;
 Sample ID numbers and unique IDs for any replicate or blank samples;
 QC sample type (if appropriate);
 Requested analyses (specific parameters or method references);
 Sample type, (i.e., grab);
 The results of any field measurements (e.g., flow, temperature, dissolved oxygen, pH,

conductivity, turbidity), and the time that field measurements were made;
 Qualitative descriptions of relevant water conditions (e.g., water color, flow level, clarity)

or weather (e.g., wind, clouds) at the time of sample collection; and,
 A description of any unusual occurrences associated with the sampling event, particularly

those that may affect sample or data quality.

9.5 CHAINS OF CUSTODY
Sample custody procedures provide a mechanism for documenting information related to sample
collection and handling. Sample custody must be traceable from the time of sample collection
until results are reported. A sample is considered under custody if:

 It is in actual possession.
 It is in view after in physical possession.
 It is placed in a secure area (accessible by or under the scrutiny of authorized personnel

only after in possession).

A chain-of-custody (COC) form will be completed after sample collection and prior to sample
shipment or release. The COC form, sample labels, and field documentation will be cross-
checked to verify sample identification, type of analyses, and number of containers, sample
volume, preservatives, and type of containers. A complete COC form will accompany the
transfer of samples to the analyzing laboratory.

9.6 SAMPLE HANDLING AND DELIVERY
The field crews will have custody of samples during each monitoring event. COC forms will
accompany all samples during shipment or delivery to contract laboratories to identify the
shipment contents. All water quality samples will be transported to the analytical laboratory by
the field crew or by shipment. The original COC form will accompany the shipment, and a
signed copy of the COC form will be sent, typically via fax, by the laboratory to the field crew to
be retained in the project file.

While in the field, samples will be stored on ice in an insulated container, so that they will be
kept at approximately 4˚C.  Samples must have lids securely tightened and must be placed on ice 
to maintain the temperature at approximately 4oC. The original COC form(s) will be bagged in
re-sealable plastic bags and either taped to the outside of the cooler or to the inside lid. Samples
will be hand delivered or shipped to the laboratory according to Department of Transportation
standards.

Coolers will be sealed with packing tape before shipping and must not leak. It is assumed that
samples in tape-sealed ice chests are secure whether being transported by field staff vehicle, by
common carrier, or by commercial package delivery. The laboratory’s sample receiving
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department will examine the shipment of samples for correct documentation, proper
preservation, and compliance with holding times.
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Section 10. Quality Assurance/Quality Control

Quality assurance and quality control (QA/QC) measures are built into the Study to assure data
will be credible. Data quality objectives are listed in Table 9.

10.1 FIELD QA/QC
Field QA/QC for this project includes the following:

 Equipment Blanks
 Field Blanks
 Field Duplicates
 Proper collection, handling, and preservation of samples
 Maintenance of a field log

10.1.1 Equipment Blanks
The purpose of analyzing equipment blanks is to demonstrate that sampling equipment is free
from contamination. Equipment blanks will be collected by the analytical laboratory responsible
for cleaning equipment, before sending cleaned equipment back to the field crew for use.
Equipment blanks will consist of laboratory-prepared blank water (certified to be contaminant-
free by the laboratory) processed through the sampling equipment that will be used to collect
environmental samples.

It is unlikely that equipment blanks will be required for this monitoring program. However, if
collected, the blanks will be analyzed using the same analytical methods specified for
environmental samples. If any analytes of interest are detected at levels greater than the MDL,
the source(s) of contamination will be identified and eliminated (if possible), the affected batch
of equipment will be re-cleaned, and new equipment blanks will be prepared and analyzed before
the equipment is returned to the field crew for use.

10.1.2 Field Blanks
The use of field blanks is intended to test whether contamination is introduced from sample
collection and handling, sample processing, analytical procedures, or the sample containers. The
field crew will use blank water provided by the laboratory to generate field blanks by pouring
blank water directly into the appropriate sample containers. Field blanks will be identified with a
unique Site ID prior to each monitoring event and submitted “blind” to the laboratory. If any
analytes of interest are detected at levels greater than the MDL, the source(s) of contamination
will be identified and eliminated, if possible. The sampling crew will be notified so that the
source of contamination can be identified (if possible) and corrective measures implemented
prior to the next sampling event. Field blanks will be collected for all constituents in water
samples. If no contamination is detected for conventional constituents repeatedly following
multiple events, field blanks may be discontinued for these constituents. Field blanks will not be
collected for sediment samples.
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10.1.3 Field Duplicates
The purpose of analyzing field duplicates is to demonstrate the precision of sampling and
analytical processes. Field duplicates will be analyzed along with the associated environmental
samples. Field duplicates will consist of two aliquots from the same grab sample.

10.2 LABORATORY QA/QC
Laboratory QA/QC for this project includes the following:

 Use of the lowest available method detection limits (MDLs) for trace elements.
 Analysis of method blanks and laboratory duplicates.
 Use of matrix spikes (to test analytical accuracy) and matrix spike duplicates (to test

analytical precision) (MS/MSD).
 Routine analysis of standard reference materials (SRMs) and method blanks.

10.2.1 Method Blanks
The purpose of analyzing method blanks is to demonstrate that sample preparation and analytical
procedures do not result in sample contamination. Method blanks will be prepared and analyzed
by the contract laboratory at a rate of at least one for each analytical batch. Method blanks will
consist of laboratory-prepared blank water processed along with the batch of environmental
samples. If the result for a single method blank is greater than the MDL, the source(s) of
contamination should be corrected, and the associated samples should be reanalyzed.

10.2.2 Laboratory Duplicates
The purpose of analyzing laboratory duplicates is to demonstrate the precision of the sample
preparation and analytical methods. Laboratory duplicates will be analyzed at the rate of one
pair per sample batch. If the Relative Percent Difference (RPD) for any analyte is greater than
25% and the absolute difference between duplicates is greater than the RL, the analytical process
is not being performed adequately for that analyte. In this case, the sample batch should be
prepared again, and laboratory duplicates should be reanalyzed. Since the quantity of suspended
solids is likely to be limited, reanalysis may not be an option. This will need to be separately
assessed based upon available sediment in each sample.

10.2.3 Matrix Spikes and Matrix Spike Duplicates
The purpose of analyzing matrix spikes and matrix spike duplicates is to demonstrate the
performance of the sample preparation and analytical methods in a particular sample matrix.
Double or triple the sample volume will be necessary for each set of MS/MSD samples.
MS/MSD samples will be analyzed for OC pesticides and PCBs and metals samples. If
sufficient sediment is not available to run both MS and MSD samples, analyses may be limited
to a single matrix spike to assess potential matrix impacts on the analyses and utilize either
laboratory duplicates or blank spike/spike duplicates to assess precision.

10.2.4 Laboratory Control Samples
The purpose of analyzing laboratory control samples (or a standard reference material) is to
demonstrate the accuracy of the sample preparation and analytical methods. Laboratory control
samples will be analyzed at the rate of one per sample batch. Laboratory control samples will

RB-AR41978



Los Angeles County Flood Control District 28 September 2012
Machado Lake Nutrient & Toxics TMDL MRP

consist of laboratory fortified method blanks or a standard reference material. If recovery of any
analyte is outside the acceptable range, the analytical process is not being performed adequately
for that analyte. In this case, the sample batch should be prepared again, and the laboratory
control sample should be reanalyzed.

Table 9: Data Quality Objectives

Parameter Accuracy Precision Recovery
Target Reporting

Limits

Field Analyses - Water

pH + 0.2 pH units + 0.5 pH units NA NA

Temperature + 0.5 oC + 5% NA NA

Dissolved Oxygen + 0.5 mg/L + 5% NA 0.5 mg/L

Turbidity + 10% + 10% NA 0.2 NTU

Conductivity + 5% + 5% NA 2.5 umhos/cm

Laboratory Analyses – Water

Total Suspended Solids
(TSS)

80-120% 25% 80-120% 1 mg/L

Total Dissolved Solids
(TDS)

80-120% 25% 80-120% 10 mg/L

Total Kjeldahl Nitrogen 80-120% 25% 80-120% 0.3 mg/L

Ammonia-Nitrogen 80-120% 25% 80-120% 0.1 mg/L

Nitrate-Nitrogen 80-120% 25% 80-120% 0.1 mg/L

Nitrite-Nitrogen 80-120% 25% 80-120% 0.1 mg/L

Total Phosphorus 80-120% 25% 80-120% 0.01 mg/L

Dissolved Phosphorus 80-120% 25% 80-120% 0.01 mg/L

Total Orthophosphate 80-120% 25% 80-120% 0.03 mg/L

Laboratory Analyses – Sediment

Organochlorine Pesticides 25 – 145% 0 – 30% 25 – 145% 0.1-0.5 Ng/g dry
weight

PCBs 60 – 135% 0 – 30% 60 – 135% 5-201 Ng/g dry weight

TOC 80-120% 25% 80-120% 0.05% dry weight
1Target RL for aroclors is 20 Ng/g and target RLs for congeners is 5 Ng/g.

10.3 QUALITY CONTROL SAMPLE COLLECTION SCHEDULE
A field blank, field duplicate, and matrix spike and matrix spike duplicate will be conducted
during every event for the Nutrient TMDL dry weather sampling only.

10.5 MANAGEMENT OF DATA
The LACFCD utilizes the Integrated Water Quality Database System (IWQDBS), an Oracle®

database developed to support water quality monitoring, analysis, and reporting activities. The
system is accessed via interfaces running on web browsers (i.e. Internet Explorer).
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The IWQDBS is set up in six different modules to assist the user with several tasks including:

 Sampling event preparation (creating and printing sampling bottle labels, chain of
custody forms, etc.).

 Capturing field observation data (site and sampling event conditions, field parameters
such as water temperature, etc.).

 Storing and analyzing water quality data.
 Preparing customized water quality data reports, executing of water quality queries

including on-the-fly water quality results comparison with established water quality
standards (i.e. Basin Plan, Ocean Plan, and California Toxics Rule)

 Exporting water quality data using the Standardized Data Exchange Format (SDEF)
developed by the Stormwater Monitoring Coalition (SMC). Exported files are created in
MS Excel. Alternatively, the user may export data using additional templates.

 Using Geographic Information Systems (GIS) to facilitate spatial analysis and direct
query to the database.

 Accounting System to facilitate laboratory invoicing reconciliation.

The IWQDBS uses usernames and passwords to grant different levels of access to the user.

Data can be entered either manually (field observation data and specific event information) or it
can be uploaded using tab delimited files following specific formats.

10.5.1 Data Review
The data review process begins with the preparation of the data for upload to the IWQDBS.
Formatting the data for upload allows checks on data completeness and gross errors. Once
uploaded and internal to the IWQDBS, there are checks between required samples for each event
against the data received by the LACFCD.

10.5.2 Data Validation
The IWQDBS is used to cross validate the sample results to the corresponding QA/QC
information.
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LACFCD Background Information

In 1915, the Los Angeles County Flood Control Act was adopted by the California State
Legislature after a disastrous regional flood took a heavy toll on lives and property. The act
established the LACFCD and empowered it to manage flood risk and conserve stormwater
for groundwater recharge. In coordination with the United States Army Corps of Engineers
the LACFCD developed and constructed a comprehensive system that provides for the
regulation and control of flood waters through the use of reservoirs and flood channels. The
system also controls debris, protects existing vegetal covers, collects surface storm water
from streets, replenishes groundwater with storm water, imported and recycled waters. The
LACFCD covers the 2,753 square-mile portion of Los Angeles County south of the east-
west projection of Avenue S, excluding Catalina Island. It is governed as a special district
by the County of Los Angeles Board of Supervisors and its functions are carried out by the
Los Angeles County Department of Public Works. The LACFCD service area is shown on
the map on the following page.
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Los Angeles County Flood Control District Service Area
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3. DISTRIBUTION LIST

Name Agency Contact Number Email
Fred Gonzalez, PE LA County Flood Control District (626) 458-5948 fgonzalez@dpw.lacounty.gov

Hoan Tang LA County Flood Control District (626) 458-7173 htang@dpw.lacounty.gov

TBD Contracted Laboratories

TBD Contracted Laboratories

TBD LARWQCB Project Manager

TBD LARWQCB QA Officer

4. PROJECT ORGANIZATION

The Los Angeles County Flood Control District (LACFCD) is submitting the Monitoring and
Reporting Plan (MRP) and this Quality Assurance Project Plan (QAPP) to fulfill the
requirements of the Basin Plan Amendment.

Program responsibilities are as follows:

 Project Manager: Fred Gonzalez, PE
 Project Quality Assurance Manager: Hoan Tang
 Laboratory Project Manager: LACFCD Contract Lab Manager
 Laboratory Quality Assurance Officer: LACFCD Contract Lab Manager
 Sample Collection: Watershed Management Division, LACFCD
 QAPP changes / updates: Project Manager. Changes to the QAPP may be made upon

concurrent approval of necessary changes by the Project Manager, Project Quality
Assurance Manager and the Regional Board’s Quality Assurance Officer. The Project
Manager will be responsible for making the changes, submitting drafts for review,
preparing a final copy, and submitting the final revision for signature and distribution.

This QAPP describes the quality assurance requirements for the adopted Nutrient and Toxics
MRP for the LACFCD within the Machado Lake Watershed developed to comply with the
adopted Machado Lake TMDLs. It also describes information necessary to collect water quality
data for additional listed constituents of concern in the Machado Lake watershed concurrently
with the nutrient constituents. Any contractors selected to perform the sampling and laboratory
analyses must meet the quality control criteria necessary to satisfy the data quality objectives of
this program, including those for precision, accuracy, detection and reporting.

This QAPP is based on the State’s Surface Water Ambient Monitoring Program (SWAMP)
Quality Assurance Management Plan (Puckett 2002) and was prepared in accordance with the
State Water Resources Control Board’s SWAMP QAPP Template (SWRCB, 2004a) and the
SWAMP QA Checklist (SWRCB, 2004b). A general organizational structure for the MRP is
illustrated in
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Figure 1.

Figure 1: Machado Lake Nutrient & Toxics TMDL MRP Management Structure

5. PROBLEM DEFINITION/BACKGROUND
Machado Lake is located in the Dominguez Channel Watershed Management Area and has a
total drainage area of approximately 23 square miles. The lake itself is located in the City of Los
Angeles and under the jurisdiction of the City of Los Angeles, while the drainage area is within
the jurisdiction of several cities, including Rancho Palos Verdes, Rolling Hills, Rolling Hills
Estates, Palos Verdes Estates, Torrance, Lomita, and Carson, and unincorporated Los Angeles
County. The map of the drainage area of the lake, the various jurisdictions, and major storm
drains within the drainage area is shown in Figure 2.

The Total Maximum Daily Load for Nutrients in Machado Lake (Nutrient TMDL) was adopted
by the Los Angeles Regional Water Quality Control Board (Regional Board) on May 1, 2008
and approved by the State Water Resources Control Board (State Board) on December 2, 2008.
Upon subsequent approval of the TMDL by the United States Environmental Protection Agency
(USEPA), the TMDL became effective on March 11, 2009. The Nutrient TMDL was developed
to address beneficial use impairments due to eutrophication, algae, ammonia, and odor in
Machado Lake.

The Total Maximum Daily Load for Pesticides and PCBs in Machado Lake (Toxics TMDL) was
adopted by the Regional Board on September 2, 2010 and approved by the State Board on
December 6, 2011. Upon approval by the USEPA, the TMDL became effective on March 20,
2012. The Toxics TMDL addresses impairments due to organochlorine pesticides (chlordane,
dieldrin, and DDT) and PCBs in fish tissue.

Fred Gonzalez,
LACFCD

Project QA Manager

Hoan Tang,
LACFCD

LACFCD Contract
Laboratories

Field Sampling Crews

Watershed Management
Division, LACFCD
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Both the Nutrients TMDL and the Toxics TMDL named the LACFCD as a responsible party.
The LACFCD operates and maintains storm drains within the Machado Lake watershed. These
storm drains serves as a conveyance for flood waters within the watershed and the LACFCD has
no jurisdiction over the land uses within the watershed that generate the pollutants of concern in
the TMDLs.
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Figure 2: Machado Lake Watershed and Jurisdictions within the Watershed
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Monitoring Program Objectives
Both the Nutrient TMDL and the Toxics TMDL require the preparation of a Monitoring and
Reporting Program (MRP). As identified in the TMDLs, there are three LACFCD storm drains
(Wilmington Drain, Project 77, and Project 510 Line C) which carry flows from other
jurisdictions and directly discharge into Machado Lake. Approximately 88 percent of discharge
to Machado Lake flows through Wilmington Drain, 11 percent through Project 77, and less than
1 percent through Project 510 Line C. The LACFCD will conduct water quality sampling at the
Wilmington Drain outlet as a representative characterization of discharges into Machado Lake.

In addition, the Toxics TMDL requires bed sediment monitoring in Wilmington Drain. The
TMDL states:

“The Los Angeles County Flood Control District shall monitor Wilmington Drain to
demonstrate that Wilmington Drain is not re-contaminating Machado Lake. Monitoring
shall include bed sediment sampling and visual inspection of channel maintenance and
operation of best management practices (BMPs). Monitoring shall be required by
Regional Board order or a conditional Water Quality Certification under section 401 of
the Clean Water Act. This monitoring shall be initiated at the same time as all other
required WLA monitoring” (Resolution No. R10-008, Attachment A, Page 9).

Pursuant to Resolution No. R10-008, the MRP for the Toxics TMDL is due to the Regional
Board on September 20, 2012 (six months after the effective date of the Toxics TMDL). This
MRP will address both Nutrient and Toxics TMDL requirements. The core objectives of the
MRP include the following:

 Monitor water quality of storm drain discharges as they relate to the TMDLs;

 Monitor the sediment quality and deposition rate within Wilmington Drain; and

 Potentially assist pollutant source investigations efforts done by upstream jurisdictions.

As part of the Machado Lake Ecosystem Rehabilitation and Wilmington Drain Multi-use
Projects, the City of Los Angeles (City) is planning to conduct monitoring at all three LACFCD
storm drain which discharge to Machado Lake. Future dialogues with the City may lead to the
LACFCD coordinating its monitoring efforts with the City.

6. PROJECT DESCRIPTION
The primary purpose of the QAPP is to outline the process for collecting data to meet the goals
of the Machado Lake Nutrient & Toxics TMDL MRP.

Monitoring Elements
The following surface water monitoring elements are included in the Machado Lake Nutrient &
Toxics TMDL MRP:

 Conventional water quality constituents;
 Nitrogen and phosphorus compounds (nutrients); and
 Organochlorine pesticides and PCB compounds (organics).
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A list of the constituents for which samples will be analyzed for the Nutrient TMDL is provided
in Table 1.

Table 1. Nutrient TMDL Constituents

Constituent
Class Constituent

Conventional Total Suspended Solids (TSS)

Total Dissolved Solids (TDS)

Nutrient Total Kjeldahl Nitrogen (TKN)

Nitrate as Nitrogen (NO3-N)

Nitrite as Nitrogen (NO2-N)

Total Nitrogen

Ammonia as Nitrogen (NH3-N)

Total Phosphorus

Dissolved Phosphorus

Total Orthophosphate (PO4-P)

A list of the constituents for which samples will be analyzed for the Toxics TMDL is provided in
Table 2. In addition to surface water monitoring, the Toxics TMDL requires bed sediment
monitoring annually at the Wilmington Drain. Bed sediment samples from the Wilmington
Drain will also be analyzed for the constituents listed in Table 2.

Table 2. Toxics TMDL Constituents

Sample Medium Constituent

Water Total Suspended Solids (TSS)

Sediment
(collected as
suspended
sediment)

Organochlorine Pesticides

Total PCBs

Total Organic Carbon (TOC)

A list of the organochlorine pesticide analyses of particulate matter is provided in Table 3.
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Table 3. Organochlorine Pesticides

Constituent Class Parameter/Constituent

Conventional (collected in
water) Total Suspended Solids (TSS)

Organochlorine Pesticides
(collected as suspended
sediment)

Chlordane Compounds
Heptachlor
Heptachlor Epoxide
gamma-Chlordane
alpha-Chlordane
Oxychlordane
trans-Nonachlor
cis-Nonachlor

Other Organochlorine Pesticides
2,4'-DDD
2,4'-DDE
2,4'-DDT
4,4'-DDD
4,4'-DDE
4,4'-DDT
Total DDT
Dieldrin

Table 4 lists the parameters for field measurements to be measured during each event.

Table 4. Field Measured Constituents

Constituent Class Parameter/Constituent

Physical Velocity/Flow1

Conventional

pH

Temperature

Dissolved oxygen

Turbidity

Conductivity
¹For velocity/flow, range refers to velocities measured by a
handheld flow meter. The lower limit for measuring flow is
dependent upon the size of the specific pipe or channel.

Project Schedule
Sampling for the Nutrient & Toxics TMDL shall begin 60 days after the approval of the MRP.
Monitoring reports shall be submitted annually from the date of approval of the MRP. A
tentative project schedule is outlined in Table 5.
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Table 5. Year 1 Project Deliverable Schedule for the Nutrient & Toxics MRP

Deliverable Date

MRP and QAPP Submittal September 20, 2012

Initiate Monitoring 60 days after EO Approval
of MRP

Annual Reports Annually from date of MRP
approval

7. QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA
The objective of the monitoring program, in terms of data quality is to produce data that
represent as closely as possible, in situ conditions of waterbodies from which samples are
collected. This objective will be achieved by using accepted, standard methods for sample
collection and laboratory analysis. Assessing the program’s ability to meet this objective will be
accomplished by evaluating the resulting laboratory measurements in terms of detection limits,
precision, accuracy, representativeness, comparability, and completeness, as discussed in Section
14 – Quality Control.

Table 6 lists data quality objectives for the constituents that will be measured through this
monitoring program.
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Table 6. Data Quality Objectives (Replicating MRP)

Parameter Accuracy Precision Recovery
Target

Reporting
Limits

Completeness

Field Measurements
Water Velocity (for
Flow calc.) + 2% NA NA 0.05 ft/sec See Section 14

pH + 0.2 pH units + 0.5 pH units NA NA See Section 14

Temperature + 0.5 ºC + 5% NA NA See Section 14

Dissolved Oxygen + 5 mg/L + 5% NA 0.5 mg/L See Section 14

Turbidity + 10% + 10% NA 0.2 NTU See Section 14

Conductivity + 5% + 5% NA 2.5
µmhos/cm

See Section 14

Laboratory Analyses
Total Suspended
Solids (TSS) 80-120% 25% 80-120% 1 mg/L See Section 14

Total Dissolved
Solids (TDS) 80-120% 25% 80-120% 10 mg/L See Section 14

Ammonia-Nitrogen 80-120% 25% 80-120% 0.1 mg/L See Section 14

Nitrate-Nitrogen 80-120% 25% 80-120% 0.1 mg/L See Section 14

Nitrite-Nitrogen 80-120% 25% 80-120% 0.1 mg/L See Section 14

Total Kjeldahl
Nitrogen 80-120% 25% 80-120% 0.3 mg/L See Section 14

Total Phosphorous 80-120% 25% 80-120% 0.01 mg/L See Section 14

Dissolved
Phosphorous 80-120% 25% 80-120% 0.01 mg/L See Section 14

Total Ortho-
phosphate 80-120% 25% 80-120% 0.03 mg/L See Section 14

Organochlorine
Pesticides 25 – 145% 0 – 30% 25 – 145% TBD See Section 14

PCBs 60 – 135% 0 – 30% 60 – 135% TBD See Section 14

TOC TBD TBD TBD TBD See Section 14

NA: Not Applicable

8. TRAINING AND CERTIFICATION
No specialized training or certifications are required for sampling personnel. However, staff
performing field sampling should receive annual refresher training to ensure the samples are
collected correctly and safely. The Project Manager, or designee, will provide training prior to
initiation of sampling and will document training of staff. Documentation will consist of a sign in
sheet, time and date, and instructor. The documentation will be maintained in the project files of
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the Project Manager. All sampling shall be performed under the supervision of experienced staff.
No volunteers will be used for sampling.

At minimum, laboratories selected to perform analysis for this program must maintain current
certification through the California Department of Health Services – Environmental Laboratory
Accreditation Program (ELAP) or the National Environmental Laboratory Accreditation
Program (NELAP).

9. DOCUMENTS AND RECORDS

Annual Monitoring Report
Per the Nutrient TMDL, an Annual Monitoring Report shall be prepared and submitted to the
Regional Board annually from the date of the MRP approval. The Toxics TMDL requires the
responsible parties to report compliance or non-compliance with WLAs as part of annual (or
biennial during Phase 2 monitoring) reports submitted to the Regional Board. The Annual
Monitoring Report shall contain at minimum the following components:

 Methods

 Monitoring Results/Analyses

 Quality Assurance/Quality Control

 Conclusions and Recommendations

QAPP
The Project Manager is responsible for the development, distribution, and management of the
QAPP.

Distribution and Management of Documents
The Project Manager is responsible for the development, distribution, and management of the
approved QAPP, Annual Report (including the database), and other relevant documentation to all
individuals listed Section 3. Distribution List of this document. All data will be stored by the
Project Manager. Data will be maintained for the length of the program and available for review.
A backup of each report will be placed on an external storage device (i.e., compact disc). Upon
completion of the program, hard copy data will be retained for an additional five years.
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B. DATA GENERATION AND ACQUISITION

Sample collection and analysis will be the most involved and resource intensive aspect of the
monitoring program. The numerous requirements and considerations which must be taken into
account are described below.

10. SAMPLING PROCESS DESIGN
Details on the Nutrient & Toxics TMDL monitoring approach, location, frequency, and
parameters to be analyzed are found in Sections 2-6 of the MRP.

11. SAMPLING METHODS
All samples will be collected in a manner appropriate for the specific analytical methods to be
used. Proper sampling techniques must be used to ensure that samples are representative of
environmental conditions. Field personnel will adhere to established sample collection protocols
to ensure the collection of representative and uncontaminated (i.e., contaminants not introduced
by the sample handling process itself) samples for laboratory analyses. Deviations from the
standard protocols must be documented. Standard operating procedures (SOPs) for collection of
samples are provided in Appendix A and summary descriptions are provided below.

Field Protocols
Briefly, the key aspects of quality control associated with sample collection for eventual
chemical analyses are as follows:

 Field personnel will be thoroughly trained in the proper use of sample collection gear and
will be able to distinguish acceptable versus unacceptable water samples in accordance
with pre-established criteria;

 Field personnel will be thoroughly trained to recognize and avoid potential sources of
sample contamination (e.g., engine exhaust, ice used for cooling);

 Sampling gear and utensils which come in direct contact with the sample will be made of
non-contaminating materials (e.g., borosilicate glass, high-quality stainless steel and/or
Teflon™, according to protocol) and will be thoroughly cleaned between sampling
stations according to appropriate cleaning protocol (rinsing thoroughly with laboratory
reagent water at minimum);

 Sample containers will be of the recommended type and will be free of contaminants
(i.e., pre-cleaned);

 Conditions for sample collection, preservation and holding times will be followed.

Samples will be collected in a manner that minimizes the possibility of sample contamination.
These sampling techniques are summarized below:

 Samples are collected only into rigorously pre-cleaned sample containers.
 At least two persons are required on a sampling crew.
 Clean, powder-free nitrile gloves must be worn while collecting samples and must be

changed whenever something not known to be clean has been touched.
 To reduce the potential for contamination and to ensure crew safety, field crews must

observe the following precautions while collecting samples:
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1. Smoking is prohibited.
2. Collecting samples near a vehicle, running or otherwise, is prohibited.
3. Eating or drinking during sample collection is prohibited.
4. Sampling personnel should avoid breathing, sneezing or coughing in the direction of

an open sample container.

Each person on the field crew will wear clean clothing that is free of dirt, grease, or other
substances that could contaminate the sampling apparatus or sample bottles.

Field crews (2 persons per crew, minimum; 3 persons per crew when confined space entry is
required) will be mobilized for sampling only when weather conditions and flow conditions are
considered to be safe. For safety reasons, sampling will occur only during daylight hours.
Sampling events should proceed in the following manner:

1. Before leaving the sampling crew base of operations, confirm number and type of sample
containers as well as the complete equipment list.

2. Proceed to the first sampling site.

3. Record the general information on the field log sheet.

4. Collect the samples indicated on the event summary sheet in the manner described herein.
Collect additional volume and blank samples for field-initiated Quality Control (QC)
samples, if necessary. Place filled sample containers in coolers and carefully pack and
ice samples as described herein. Using the field log sheet, confirm that all appropriate
containers were filled.

5. Collect field measurements and observations, and record these on the field log sheet.

6. Record relevant data on the chain of custody forms using the field log sheets.

7. After sample collection is completed, deliver and/or ship samples to the appropriate
laboratory.

Dry Weather Grab Sample Collection
Field personnel will adhere to established sample collection protocols to ensure the collection of
representative and uncontaminated (i.e., contaminants not introduced by the sample handling
process itself) samples for laboratory analyses. Deviations from the standard protocols must be
documented. Sampling gear and utensils which come in direct contact with the sample will be
made of non-contaminating materials and will be thoroughly cleaned between sampling stations
according to appropriate cleaning protocols. Sample containers will be of the recommended type
and will be free of contaminants (i.e., pre-cleaned). Conditions for sample collection,
preservation and holding times will be followed.

It is the combined responsibility of all members of the sampling crew to determine if the
performance requirements of the specific sampling method have been met, and to collect
additional samples if required. If the performance requirements outlined above or documented in
sampling protocols are not met, the sample will be re-collected. If contamination of the sample
container is suspected, a fresh sample container will be used. The Project Manager will be
contacted if at any time the sampling crew has questions about procedures or issues based on
site-specific conditions.
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Grab samples will be collected at approximately mid-stream, mid-depth at the location of
greatest flow (where feasible) by direct submersion of the sample bottle. This is the preferred
method for grab sample collection; however, due to monitoring site configurations and safety
concerns, direct filling of sample bottles may not always be feasible, especially during wet
events. Monitoring site configuration will dictate grab sample collection technique. Grab
samples will be collected directly into the appropriate bottles whenever feasible (containing the
required preservatives as outlined in Table 7, Table 8, and Table 9. Clean, powder-free nitrile
gloves will be worn while collecting samples. In the event that a peristaltic pump and priority-
cleaned silicone and Teflon™ tubing are used as a last resort to collect samples (i.e., due to
unsafe conditions during wet events), the sample collection tubing and the sample bottle and lid
shall come into contact only with surfaces known to be clean, or with the water sample.
Standard operating procedures (SOPs) for collection of surface water samples are provided in
Appendix A of this QAPP.

The potential exists for monitoring site to lack discernable flow. The lack of discernable flow
may generate unrepresentative data as standing puddles will not appropriately characterize
discharges. To address the potential confounding interference that can occur under such
conditions, the site monitored under the guidance of this QAPP should be assessed for the
following conditions and sampled (or not sampled) accordingly:

 Pools of water with no flow or visible connection to another surface water body should
NOT be sampled. The field log should be completed for non-water quality data
(including date and time of site visit), and the site condition should be photo-documented.

 Flowing water (i.e., determined by visual observations, flow meter data, and a photo-
documented assessment of conditions immediately upstream and downstream of the
sampling site) should be sampled.

It is considered very important to not scoop up algae, sediment, or other particulate matter on the
bottom of the channel because such debris is not representative of surface flows. To prevent
collection of such debris:

 A location should be found where the channel bottom is relatively clean and allows for
the intermediate container to fill, or

 A clean Ziploc™ bag should be placed on the bottom of the channel and water should be
collected from on top of the bag.

Wet Weather Sample Collection for Toxics

Compliance monitoring specified in the Toxics TMDL requires that pollutant concentrations are
measured by collecting sufficient volumes of stormwater such that quantities of suspended solids
are suitable for direct analyses in bulk sediments filtered from the discharges. In addition,
stormwater is to be sampled using procedures that allow for representative samples proportioned
based upon flow rates during the storm events.

Major factors considered in the development of sampling procedures for the specified
hydrophobic pesticides included:

 the ability to obtain flow-weighted stormwater samples,
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 collect the necessary volumes of stormwater to assure that sufficient sediment is available
to meet analytical requirements inclusive of QA/QC,

 sampling equipment is comprised of materials that are both non-contaminating and
resistant to both adsorption or desorption of organic materials,

 suitable for direct quantification of solids,

Water samples will be collected using automated stormwater sampling equipment capable of
obtaining flow-weighted composite samples. The efficiency of autosamplers is known to decline
once particle sizes start to exceed 250 µm (Clark, 2009) but ability to obtain large numbers of
samples over the duration of a storm event is a significant benefit. Although USGS normally
prefers use of isokinetic samplers for obtaining representative samples of suspended solids, they
also recognize that this sampling method is often not practical. Mauler et al. (2006) compared
suspended sediment concentrations collected using a fixed point autosampler with samples
obtained using isokinetic samplers and concluded that differences were not significant for the
Barton Creek site.

Equipment selected to monitor flow will be based upon specific characteristics of each selected
site. Unless suitable rating curves exist for the selected site, it is likely that an Area Velocity
Bubbler (AVB) will be used to estimate open channel flows. An autosampler equipped with a
peristaltic pump will be used to collect water samples. The intake hose will consist of pre-
cleaned FEP (Teflon) hose fitted with stainless steel strainer and secured to the bottom of the
channel. The autosampler will use a minimal length of peristaltic hose to connect to the FEP
intake hose and pass it through the peristaltic pump. Another length of FEP hose will be
connected to the peristaltic hose and directed into the sampling container.

Sample volumes will depend largely on the concentrations of sediment in the discharges and
storm volumes and will be adjusted as necessary to ensure the desired solids are collected. The
filtrations should be performed using 0.45 µm PTFE membrane filters. These can be either
143 mm or 250 mm in diameter. Initial settings will be based upon a target of 10 grams of
suspended sediment to analyze all target analytes and maintain suitable reporting limits. The
minimum sample mass will be 1.5 grams. Since these objectives are based upon dry weight,
professional judgment will be needed to determine if adequate volumes are available. If
sediment is limited, the laboratory should provide dry weight measurements to the Project
Manager as soon as they become available to determine if the laboratory should proceed with the
designated analyses or reconsider allocation of sediment for the required analyses.

Standard 20-L borosilicate media bottles composite containers should be used to collect the
stormwater samples. Alternatively, 32 gallon roughneck trash cans or other comparable plastic
containers can be used with 33-gallon Teflon liners. A similar design was used by Mauler
(2006) in Austin. Although this provides more than adequate capacity to collect the sample in a
single container, the potential weight can be prohibitive. If Teflon liners are used, tie wraps
should be used to secure the bag around the discharge hose. A short length of hose (approx. 4-
5 inches) should be included to assure the bag is vented.

If this approach is determined to be infeasible, the LACFCD shall develop an alternative method
for collecting sufficient volumes of storm-borne suspended sediments. The details of a proposed
alternative method shall be updated in the MRP and QAPP and distributed by the Project
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Manager for concurrent approval by the Project Quality Assurance Manager and the Regional
Board’s Quality Assurance Officer.

Bed Sediment Sample Collection at Wilmington Drain

Annual sampling of bed sediments at Wilmington Drain will follow protocols detailed in the
Standard operating procedures (SOPs) for collection of water and bed sediment samples,
provided in Appendix A.

Clean Sample Collection Techniques

To prevent contamination of samples, clean sampling techniques using USEPA protocols
outlined in USEPA Method 16691 will be used throughout all phases of the sampling and
laboratory work for all metal constituents, including equipment preparation, sample collection,
and sample handling, storage, and testing. All containers and test chambers will be acid-rinsed
prior to use. Filled sample containers will be kept on ice until receipt at the laboratory.

The protocol for clean metal sampling, based on USEPA Method 1669, is summarized below:

 Samples are collected in rigorously pre-cleaned sample bottles with any tubing
specially processed to clean sampling standards.

 At least two persons, wearing clean, powder-free nitrile or latex gloves at all times,
are required on a sampling crew.

 One person, referred to as “dirty hands”, opens only the outer bag of all double-
bagged sample bottles.

 The other person, referred to as “clean hands”, reaches into the outer bag, opens the
inner bag and removes the clean sample bottle.

 Clean hands rinses the bottle at least two times by submerging the bottle, removing
the bottle lid, filling the bottle approximately one-third full, replacing the bottle lid,
gently shaking and then emptying the bottle. Clean hands then collects the sample
by submerging the bottle, removing the lid, filling the bottle and replacing the bottle
cap while the bottle is still submerged.

 After the sample is collected, the sample bottle is double-bagged in the opposite
order from which it was removed from the same double-bagging.

 Clean, powder-free gloves are changed whenever something not known to be clean
has been touched.

The time of sample collection is recorded on the field log sheet.

Quality Control Sample Collection
Quality Control (QC) samples will be collected in conjunction with environmental samples to
verify data quality. QC samples collected in the field include field blanks and field duplicates.
The frequency of QC sample collection is presented in Section 14. Quality Control.

1 USEPA. April 1995. Method 1669: Sampling Ambient Water for Trace Metals at EPA Water Quality Criteria
Levels. EPA 821-R-95-034.
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Field Measurements and Observations
Field measurements will be taken, and observations made at the sampling site after a sample is
collected. All field measurement results and field observations will be recorded in a field log.
Field measurements will include dissolved oxygen, temperature, conductivity, pH, turbidity, and
flow. Measurements (except for flow) will be collected at approximately mid-stream, mid-depth
at the location of greatest flow (if feasible) with a multi-probe meter, or comparable
instrument(s).

Prior to each day of each sampling event, water quality meters will be calibrated using fresh
calibration solutions. After each calibration, the sensor will be checked to verify the accuracy is
within an acceptable range. Otherwise, this process will be repeated until the calibration is
verified. The acceptable range of accuracy will be included on a calibration sheet included in the
field log.

Wet Weather Flow Determination
Toxics TMDL sampling takes place during wet weather and requires flow measurements to be
taken during each event. Flow measurements from the monitoring site will be obtained from an
existing LACFCD-owned telemetry system at the Wilmington Drain Pump Station which
monitors and records flow rates and pump operations. Autosamplers used for collection of flow-
weighted composite samples shall also be equipped with appropriate flow monitoring devices to
estimate flow rates during sampling events. Flow measurements will be consistent with the
several acceptable flow measurement methods described in the Standard Operating Procedures
(SOPs) for Conducting Field Measurements and Field Collections of Water and Bed Sediment
Samples in the Surface Water Ambient Monitoring Program (SWAMP) provided in Appendix
A.

12. SAMPLE HANDLING AND CUSTODY

Documentation Procedures
The Project Manager is responsible for ensuring that each field sampling team adheres to proper
custody and documentation procedures. Field log sheets documenting sample collection and
other monitoring activities at the sampling site will be bound in a separate master logbook for
each event. Field personnel have the following responsibilities:

 Keep an accurate written record of sample collection activities on the field log sheets.

 Ensure that all field log sheet entries are legible and contain accurate and inclusive
documentation of all field activities.

 Note errors or changes using a single line to cross out the entry and date and initial the
change.

 Ensure that a label is affixed to each sample collected and that the labels uniquely
identify samples with a sample ID, site ID, date and time of sample collection and the
sampling crew initials.

 Complete the chain of custody forms accurately and legibly.
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Field Documentation/Field Logs
Field crews will keep a field log book for each sampling event. The Nutrient TMDL, Toxics
TMDL, and supplemental sample field logs may be combined or left as separate books. The
field log books will contain a calibration log sheet, a field log sheet, and appropriate contact
information. The following items should be recorded on the field log sheet for each sampling
event:

 Monitoring station location (Site ID);
 Date and time(s) of sample collection;
 Name(s) of sampling personnel;
 Sampling depth;
 Sample ID numbers and unique IDs for any replicate or blank samples;
 QC sample type (if appropriate);
 Requested analyses (specific parameters or method references);
 Sample type, (i.e., grab);
 The results of any field measurements (e.g., flow, temperature, dissolved oxygen, pH,

conductivity, turbidity), and the time that field measurements were made;
 Qualitative descriptions of relevant water conditions (e.g., water color, flow level, clarity)

or weather (e.g., wind, clouds) at the time of sample collection; and,
 A description of any unusual occurrences associated with the sampling event, particularly

those that may affect sample or data quality.

Container Labeling and Sample Identification Scheme
All samples will be identified with a unique identification code to ensure that results are properly
reported and interpreted. Samples will be identified such that the site, sampling location and
sample type (i.e., environmental sample or QC sample) can be distinguished by a data reviewer
or user. Sample identification codes will consist of a site identification code and a unique
sample ID number assigned by the monitoring manager. The format for sample ID codes is
MLMRP - ###. # - AAAA - XXX, where:

 MLMRP indicates the sample was collected as part of the Machado Lake MRP.
 ###.# identifies the sequentially numbered sample event and .# is an optional indicator

for resamples collected for the same event. Sample events are numbered starting from
001 and will not be repeated.

 AAAA indicates a unique site identification code assigned to the site.
 XXX identifies the sample number unique to a sample bottle collected for a single event.

Sample bottles are numbered sequentially from 001 to 999 and will not be repeated
within a single event. This numbering sequence will reset to 001 for each event.

Labels will be placed on the appropriate bottles in a dry environment; applying labels to wet
sample bottles will be avoided. Labels will be placed on sides of bottles rather than on bottle
caps. Labels will include the following information:
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 Program Name
 Station ID
 Sample ID

 Date
 Collection Time
 Sampling Personnel

 Analytical Requirements
 Preservative Requirements
 Analytical Laboratory

Sample Containers, Storage, Preservation, and Holding Times
Sample containers must be pre-cleaned and certified free of contamination according to the
USEPA specification for the appropriate methods. Sample container, required sample volume,
storage and preservation, and holding time requirements are provided in Table 7, Table 8, and
Table 9. The analytical laboratories will supply sample containers that already contain
preservative (also identified in Table 7, Table 8, and Table 9), including ultra pure acids, where
applicable. After collection, samples will be stored at 4oC until arrival at the contract laboratory.
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Table 7. Nutrient TMDL Sample Container, Volume, Initial Preservation, and Holding Time
Requirements

Parameter Sample
Container

Sample
Volume1

Immediate Processing
and Storage Holding Time

Conventional

Total Suspended Solids (TSS)
HDPE2 1L

Store at 4°C 7 days
Total Dissolved Solids (TDS) 500 mL

Nutrient

Total Kjeldahl Nitrogen (TKN)

HDPE

500 mL H2SO4; Store at 4°C 28 daysAmmonia as Nitrogen (NH3-N)

Total Phosphorous

Nitrate as Nitrogen (NO3-N)

500 mL Store at 4°C 48 hours
Nitrite as Nitrogen (NO2-N)

Dissolved Phosphorous

Total Ortho-phosphate (PO4)
1 Additional sample volume may be required for quality control analyses.
2 HDPE = High Density Polyethylene

Table 8. Toxics TMDL Sample Container, Volume, Initial Preservation, and Holding Time
Requirements

Constituent
Sample Container

and Volume1

Immediate
Processing And

Storage Holding Time

Total Suspended Solids (TSS) 1L HDPE 4° C 7 days

Total Dissolved Solids (TDS) 500 mL HDPE 4° C 7 days

Nitrate as Nitrogen (NO3-N)

500 mL HDPE 4° C 48 hours
Nitrite as Nitrogen (NO2-N)

Dissolved Phosphorus

Total Orthophosphate (PO4-P)

Total Kjeldahl Nitrogen (TKN) 500 mL HDPE H2SO4 28 days

Ammonia as Nitrogen (NH3-N)

Total Phosphorus
1 Additional volume may be required for QC analyses.
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Table 9. Additional Constituents Sample Container, Volume, Initial Preservation, and Holding
Time Requirements

Sample Medium Constituent

Sample
Container and

Volume3

Immediate
Processing
And Storage

Holding
Time

Water Total Suspended Solids
(TSS) 1L HDPE 4° C 7 days

Sediment
(collected as
suspended
sediment)

Organochlorine Pesticides1 2-4 grams (min
0.5 grams)

4° C 1 year4

Total PCBs2

Total Organic Carbon
(TOC)

1 gram (min
0.25 grams)

4° C 28 days

1Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-DDT,
4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and dieldrin.
2 PCBs in water are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254, and 1260).
3Additional volume may be required for QC analyses.
4One year if frozen, otherwise 14 days to extracted and 40 days from extraction to analysis.

Sample Handling and Shipment
The field crews will have custody of samples during each monitoring event. COC forms will
accompany all samples during shipment or delivery to contract laboratories to identify the
shipment contents. All water quality samples will be transported to the analytical laboratory by
the field crew or by shipment. The original COC form will accompany the shipment, and a
signed copy of the COC form will be sent, typically via fax, by the laboratory to the field crew to
be retained in the project file.

While in the field, samples will be stored on ice in an insulated container, so that they will be
kept at approximately 4˚C.  Samples must have lids securely tightened and must be placed on ice 
to maintain the temperature at approximately 4oC. The original COC form(s) will be bagged in
re-sealable plastic bags and either taped to the outside of the cooler or to the inside lid. Samples
will be hand delivered or shipped to the laboratory according to Department of Transportation
standards.

Coolers will be sealed with packing tape before shipping and must not leak. It is assumed that
samples in tape-sealed ice chests are secure whether being transported by field staff vehicle, by
common carrier, or by commercial package delivery. The laboratory’s sample receiving
department will examine the shipment of samples for correct documentation, proper
preservation, and compliance with holding times.

The following procedures are used to prevent bottle breakage and cross-contamination:

 Bubble wrap or foam pouches are used to keep glass bottles from contacting one another
to prevent breakage.

 All samples are transported inside hard plastic coolers or other contamination-free
shipping containers.

 The coolers are taped shut to prevent accidental opening.
 Arrangements must be made in advance to notify the laboratory’s sample receiving

department prior to sample shipment.
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All samples remaining after successful completion of analyses will be disposed of properly. It is
the responsibility of each analytical laboratory to ensure that all applicable regulations are
followed in the disposal of samples or related chemicals.

Chain-of-Custody Form
Sample custody procedures provide a mechanism for documenting information related to sample
collection and handling. Sample custody must be traceable from the time of sample collection
until results are reported. A sample is considered under custody if:

 It is in actual possession.
 It is in view after in physical possession.
 It is placed in a secure area (accessible by or under the scrutiny of authorized personnel

only after in possession).

A chain-of-custody (COC) form will be completed after sample collection and prior to sample
shipment or release. The COC form, sample labels, and field documentation will be cross-
checked to verify sample identification, type of analyses, and number of containers, sample
volume, preservatives, and type of containers. A complete COC form will accompany the
transfer of samples to the analyzing laboratory. A typical COC form is illustrated in Appendix
B.

Laboratory Custody Procedures
Contract laboratories will follow sample custody procedures as outlined in the laboratory’s
Quality Assurance (QA) Manual. A copy of each contract laboratory’s QA Manual is retained in
the project file. Laboratories shall maintain custody logs sufficient to track each sample
submitted and to analyze or preserve each sample within specified holding times. The following
sample control activities must be conducted at the laboratory:

 Initial sample login and verification of samples received with the COC form;
 Document any discrepancies noted during login on the COC;
 Initiate internal laboratory custody procedures;
 Verify sample preservation (e.g., temperature);
 Notify the Project Manager if any problems or discrepancies are identified; and
 Perform proper sample storage protocols, including daily refrigerator temperature

monitoring and sample security.

Laboratories shall maintain records to document that the above procedures are followed. Once
samples have been analyzed, samples will be stored at the laboratory for at least 30 days. After
this period, samples may be disposed of properly.

13. ANALYTICAL METHODS
A list of the constituents for which samples will be analyzed for the Nutrient TMDL and the
associated analytical methods, project method detection limits and project reporting limits is
provided in Table 10.
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Table 10. Nutrient TMDL Constituents, Analytical Methods, and Quantitation Limits

Constituent
Class Constituent Method

Detection
Limit1

(mg/L)

Reporting
Limit1

(mg/L)

Conventional Total Suspended Solids (TSS) SM 2540D 0.5 1.0

Total Dissolved Solids (TDS) SM 2540C 1.0 10

Nutrient Total Kjeldahl Nitrogen (TKN) EPA 351.1 0.455 0.50

Nitrate as Nitrogen (NO3-N) EPA 300.0 0.01 0.10

Nitrite as Nitrogen (NO2-N) EPA 300.0 0.01 0.05

Total Nitrogen calculation NA NA

Ammonia as Nitrogen (NH3-N) EPA 350.1 0.02 0.06

Total Phosphorus SM 4500-P E or F 0.02 0.1

Dissolved Phosphorus SM 4500-P E or F 0.02 0.1

Total Orthophosphate (PO4-P) SM 4500-P E or F 0.01 0.02
1 Detection Limits (MDLs) and Reporting Limits (RLs) may change depending on the chosen laboratory that will be conducting
the analysis; however, the LACFCD will ensure that all MDLs and RLs are below the numeric targets specified in the TMDL.

A list of the constituents for which samples will be analyzed for the Toxics TMDL, and the
associated analytical methods, project method detection limits and project reporting limits are
provided in Table 11.

Table 11. Toxics TMDL Constituents, Analytical Methods, and Quantitation Limits

Sample Medium Constituent Method Detection
Limit

Reporting
Limit

Water Total Suspended Solids (TSS) SM 2540D 0.5 mg/L 1.0 mg/L

Sediment
(collected as
suspended
sediment)

Organochlorine Pesticides1 EPA8270C(m) 0.1-1 Ng/dry g 0.5-5 Ng/ dry
g

Total PCBs2 10 Ng/dry g 20 Ng/dry g

Total Organic Carbon (TOC) EPA 9060
Dry
combustion/IR
detection

0.05 % dry
weight

0.05%-66%
dry weight

¹Organochlorine Pesticides to be analyzed include chlordane-alpha, chlordane gamma, 2,4’-DDD, 2,4’-DDE, 2,4’-DDT,
4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and dieldrin.
²PCBs in water and sediment are measured as sum of seven Aroclors identified in the CTR (1016, 1221, 1232, 1242, 1248, 1254,
and 1260).

A list of the method detection levels and method reporting levels for the organochlorine pesticide
analyses of particulate matter is provided in Table 12.
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Table 12. Pesticides and the Associated Method Detection Levels (MDL) and Method Reporting
Levels (MRL).

Organochlorine
Pesticides

Laboratory MDL
Ng/g – dry weight

Laboratory MRL
Ng/g – dry weight

Chlordane Compounds
Heptachlor
Heptachlor Epoxide
gamma-Chlordane
alpha-Chlordane
Oxychlordane
trans-Nonachlor
cis-Nonachlor

Other Organochlorine Pesticides
2,4'-DDD
2,4'-DDE
2,4'-DDT
4,4'-DDD
4,4'-DDE
4,4'-DDT
Total DDT
Dieldrin

0.1
0.1
0.1
0.2
0.1
0.1
0.1

1
1
1
1
1
1
1
1

0.5
0.5
0.5
1
0.5
0.5
0.5

2
2
2
2
2
2
2
5

Table 13 lists the parameters for field measurements to be measured during each event.

Table 13. Project Reporting Limits for Field Measurements

Parameter/Constituent Range Project RL

Velocity/Flow1 -0.5 to +20 ft3/s NA

pH 0 – 14 pH units NA

Temperature -5 – 50 oC NA

Dissolved oxygen 0 – 50 mg/L 0.5 mg/L

Turbidity 0 – 3000 NTU 0.2 NTU

Conductivity 0 – 10000 µmhos/cm 2.5 µmhos/cm

RL – Reporting Limit NA – Not applicable
¹For velocity/flow, range refers to velocities measured by a handheld
flow meter. The lower limit for measuring flow is dependent upon the
size of the specific pipe or channel.
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Detection and Reporting Limits
Method detection limits (MDL) and reporting limits (RLs) must be distinguished for proper
understanding and data use. The MDL is the minimum analyte concentration that can be
measured and reported with a 99% confidence that the concentration is greater than zero.

The RL represents the concentration of an analyte that can be routinely measured in the sampled
matrix within stated limits and with confidence in both identification and quantification.

For this program, RLs must be verifiable by having the lowest non-zero calibration standard or
calibration check sample concentration at or less than the RL. RLs have been established in this
QAPP based on the verifiable levels and general measurement capabilities demonstrated for each
method. These RLs should be considered as maximum allowable reporting limits to be used for
laboratory data reporting. Note that samples diluted for analysis may have sample-specific RLs
that exceed these RLs. This will be unavoidable on occasion. However, if samples are
consistently diluted to overcome matrix interferences, the analytical laboratory will be required
to notify the Project Manager how the sample preparation or test procedure in question will be
modified to reduce matrix interferences so that project RLs can be met consistently.

Method Detection Limit Studies
Any laboratory performing analyses under this program must routinely conduct method detection
limit (MDL) studies to document that the MDLs are less than or equal to the project-specified
RLs. If any analytes have MDLs that do not meet the project RLs, the following steps must be
taken:

 Perform a new MDL study using concentrations sufficient to prove analyte quantification
at concentrations less than or equal to the project-specified RLs per the procedure for the
Determination of the Method Detection Limit presented in Revision 1.1, 40 Code of
Federal Regulations (CFR) 136, 1984.

 No samples may be analyzed until the issue has been resolved. MDL study results must
be available for review during audits, data review, or as requested. Current MDL study
results must be reported for review and inclusion in project files.

An MDL is developed from seven aliquots of a standard containing all analytes of interest spiked
at five times the expected MDL. These aliquots are taken through the analytical method’s
sample processing steps. The data are then evaluated and used to calculate the MDL. If the
calculated MDL is less than 0.33 times the spiked concentration, another MDL study should be
performed using lower spiked concentrations.

Project Reporting Limits
Laboratories generally establish RLs that are reported with the analytical results—these may be
called reporting limits, detection limits, reporting detection limits, or several other terms by the
analyzing laboratory. These laboratory limits must be less than or equal to the project RLs listed
in Tables 10-13. Laboratories performing analyses for this project must have documentation to
support quantification at the required levels.
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Laboratory Standards and Reagents
All stock standards and reagents used for standard solutions and extractions must be tracked
through the laboratory. The preparation and use of all working standards must be documented
according to procedures outlined in each laboratory’s Quality Assurance Manual; standards must
be traceable according to U.S. EPA, A2LA or National Institute for Standards and Technology
(NIST) criteria. Records must have sufficient detail to allow determination of the identity,
concentration, and viability of the standards, including any dilutions performed to obtain the
working standard. Date of preparation, analyte or mixture, concentration, name of preparer, lot
or cylinder number, and expiration date, if applicable, must be recorded on each working
standard.

Alternate Laboratories
In the event that the laboratories selected to perform analyses for Los Angeles County are unable
to fulfill data quality requirements outlined herein (e.g., due to an instrument is malfunction),
alternate laboratories will be selected based on their ability to meet ELAP and/or NELAP
certification and data quality requirements specified in this QAPP. The original laboratory
selected may recommend a qualified laboratory to act as a substitute. However, the final
decision regarding alternate laboratory selection rests with the Project Manager and Project QA
Manager.

14. QUALITY CONTROL
Quality control procedures for field and laboratory activities are summarized in Table 14 and are
discussed in more detail below. There are no SWAMP requirements for quality control for field
analysis of general parameters (i.e., flow, pH, temperature, dissolved oxygen, turbidity, and
conductivity). However, field crews will be required to calibrate equipment as outlined in
Section 16. Instrument/Equipment Calibration and Frequency.
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Table 14. Quality Control Requirements – Field and Laboratory

Quality
Control

Sample Type
QA Parameter Frequency1 Acceptance Limits Corrective Action

Quality Control Requirements – Field

Equipment
Blanks Contamination

Once per
equipment
batch cleaned [2

< MDL
Identify contamination source, re-
clean equipment, and re-run
equipment blank.

Field Blank Contamination 5% of all
samples < MDL

Examine field log.
Identify contamination source.
Qualify data as needed.

Field Duplicate Precision 5% of all
samples

RPD < 25% if
|Difference| > RL

If laboratory duplicate is within
acceptance limits, no corrective
action needed. Otherwise,
reanalyze both samples if possible.
Identify variability source. Qualify
data as needed.

Quality Control Requirements – Chemistry Laboratory

Method Blank Contamination 1 per analytical
batch < MDL

Identify contamination source.
Reanalyze method blank and all
samples in batch.
Qualify data as needed.

Matrix Spike Accuracy 1 per analytical
batch

70-120% Recovery
for GWQC
45-150% for Metals
50-150% Recovery
for Pesticides [3]

Check LCS/SRM recovery.
Attempt to correct matrix problem
and reanalyze samples.
Qualify data as needed.

Matrix Spike
Duplicate Precision 1 per analytical

batch
RPD < 30% if
|Difference| > RL

Check lab duplicate RPD.
Attempt to correct matrix problem
and reanalyze samples.
Qualify data as needed.

Lab Duplicate Precision 1 per analytical
batch

RPD < 25% if
|Difference| > RL Recalibrate and reanalyze.

Laboratory
Control Sample
(or SRM)

Accuracy 1 per analytical
batch 80-120% Recovery

Recalibrate and reanalyze LCS/
SRM and samples.

MDL = Method Detection Limit RL = Reporting Limit RPD = Relative Percent Difference
LCS = Laboratory Control Sample/Standard SRM = Standard/Certified Reference Material
GWQC = General Water Quality Constituents
1 “Analytical batch” refers to a number of samples (not to exceed 20 environmental samples plus the associated quality control

samples) that are similar in matrix type and processed/prepared together under the same conditions and using the same
reagents (equivalent to preparation batch).

2 Equipment blanks will be collected by the analytical laboratory responsible for cleaning equipment, before returning equipment to
the field crew for use.

3 Or control limits set at + 3 standard deviations based on actual laboratory data.

Comparability
Comparability of the data can be defined as the similarity of data generated by different
monitoring programs. For this monitoring program, this objective will be ensured mainly
through use of standardized procedures for field measurements, sample collection, sample
preparation, laboratory analysis, and site selection; adherence to quality assurance protocols and
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holding times; and reporting in standard units. If monitoring requires participation of several
monitoring teams, data comparability will be ensured through regular group training sessions, as
well as adherence to standard sample collection procedures outlined in the MRP. Additionally,
comparability of analytical data will be addressed through the use of standard operating
procedures and extensive analyst training at the analyzing laboratory.

Representativeness
Representativeness can be defined as the degree to which the environmental data generated by
the monitoring program accurately and precisely represent actual environmental conditions. For
the MRP, this objective will be addressed by the overall design of the program.
Representativeness is attained through the selection of sampling locations, methods, and
frequencies for each parameter of interest, and by maintaining the integrity of each sample after
collection. Sampling locations were chosen that are representative of discharges from
unincorporated County areas, which will allow for the characterization of the impacts that such
discharges may have on receiving water quality.

Completeness
Data completeness is a measure of the amount of successfully collected and validated data
relative to the amount of data planned to be collected for the project. It is usually expressed as a
percentage value. A project objective for percent completeness is typically based on the
percentage of the data needed for the program or study to reach valid conclusions.

Because the MRP is intended to be a long term monitoring program, data that are not
successfully collected for a specific monitoring event will not be collected at a later date. Rather,
subsequent events conducted over the course of the program will provide a data set of sufficient
size to appropriately characterize conditions at the sampling site. The program goals for data
completeness shown in Table 15 are based on the planned sampling frequency, SWAMP
recommendations, and a subjective determination of the relative importance of the monitoring
element within any associated TMDL Monitoring Program(s). All information collected as
outlined in the QAPP will be reported.

Table 15. Required Data Completeness

Monitoring Element Completeness Objective
Field Measurements 90%

General Water Quality
Constituents 90%

RB-AR42017



Los Angeles County Flood Control District 32 September 2012
Machado Lake Nutrient & Toxics TMDL MRP QAPP

Field Procedures
Field QA/QC for this project includes the following:

 Equipment Blanks
 Field Blanks
 Field Duplicates
 Proper collection, handling, and preservation of samples.
 Maintenance of a field log.

Equipment Blanks

The purpose of analyzing equipment blanks is to demonstrate that sampling equipment is free
from contamination. Equipment blanks will be collected by the analytical laboratory responsible
for cleaning equipment, before sending cleaned equipment back to the field crew for use.
Equipment blanks will consist of laboratory-prepared blank water (certified to be contaminant-
free by the laboratory) processed through the sampling equipment that will be used to collect
environmental samples.

It is unlikely that equipment blanks will be required for this monitoring program. However, if
collected, the blanks will be analyzed using the same analytical methods specified for
environmental samples. If any analytes of interest are detected at levels greater than the MDL,
the source(s) of contamination will be identified and eliminated (if possible), the affected batch
of equipment will be re-cleaned, and new equipment blanks will be prepared and analyzed before
the equipment is returned to the field crew for use.

Field Blanks

The use of field blanks is intended to test whether contamination is introduced from sample
collection and handling, sample processing, analytical procedures, or the sample containers. The
field crew will use blank water provided by the laboratory to generate field blanks by pouring
blank water directly into the appropriate sample containers. Field blanks will be identified with a
unique Site ID prior to each monitoring event and submitted “blind” to the laboratory. If any
analytes of interest are detected at levels greater than the MDL, the source(s) of contamination
will be identified and eliminated, if possible. The sampling crew will be notified so that the
source of contamination can be identified (if possible) and corrective measures implemented
prior to the next sampling event. Field blanks will be collected for all constituents. If no
contamination is detected for conventional constituents repeatedly following multiple events,
field blanks may be discontinued for these constituents.

Field Duplicates

The purpose of analyzing field duplicates is to demonstrate the precision of sampling and
analytical processes. Field duplicates will be analyzed along with the associated environmental
samples. Field duplicates will consist of two aliquots from the same grab sample.

Laboratory Analyses
Laboratory QA/QC for this project includes the following:

 Use of the lowest available method detection limits (MDLs) for trace elements.
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 Analysis of method blanks and laboratory duplicates.
 Routine analysis of standard reference materials (SRMs) and method blanks.

Method Blanks

The purpose of analyzing method blanks is to demonstrate that sample preparation and analytical
procedures do not result in sample contamination. Method blanks will be prepared and analyzed
by the contract laboratory at a rate of at least one for each analytical batch. Method blanks will
consist of laboratory-prepared blank water processed along with the batch of environmental
samples. If the result for a single method blank is greater than the MDL, the source(s) of
contamination should be corrected, and the associated samples should be reanalyzed.

Laboratory Duplicates

The purpose of analyzing laboratory duplicates is to demonstrate the precision of the sample
preparation and analytical methods. Laboratory duplicates will be analyzed at the rate of one
pair per sample batch. If the Relative Percent Difference (RPD) for any analyte is greater than
25% and the absolute difference between duplicates is greater than the RL, the analytical process
is not being performed adequately for that analyte. In this case, the sample batch should be
prepared again, and laboratory duplicates should be reanalyzed.

Laboratory Control Samples

The purpose of analyzing laboratory control samples (or a standard reference material) is to
demonstrate the accuracy of the sample preparation and analytical methods. Laboratory control
samples will be analyzed at the rate of one per sample batch. Laboratory control samples will
consist of laboratory fortified method blanks or a standard reference material. If recovery of any
analyte is outside the acceptable range, the analytical process is not being performed adequately
for that analyte. In this case, the sample batch should be prepared again, and the laboratory
control sample should be reanalyzed.

15. INSTRUMENT/EQUIPMENT TESTING, INSPECTION AND MAINTENANCE

Sample Equipment Cleaning Procedures
If equipment is used for sample collection (i.e., peristaltic pump tubing, sample containers and
caps) it will be cleaned by the analytical laboratory prior to each monitoring event, according to
procedures documented for each analytical method. After cleaning, sample containers will be
stored with lids secured, and additional clean caps will be stored in clean re-sealable bags.
Cleaned tubing will be stored in clean polyethylene bags.

Each batch of cleaned equipment will be used to generate equipment blank as discussed in
Section 14 (Quality Control).

Field Measurement Equipment
Each field crew will be responsible for testing, inspecting, and maintaining their field
measurement equipment in accordance with the manufacturer’s specifications. This includes
battery checks, routine replacement of membranes, and cleaning of probes and electrodes.
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Analytical Equipment Testing Procedures and Corrective Actions
Testing, inspection, and maintenance of analytical equipment used by the contract laboratory and
corrective actions are documented in the QA Manual for each analyzing laboratory. Laboratory
QA Manuals are available for review at the analyzing laboratory.

16. INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY

Laboratory Analytical Equipment
Frequencies and procedures for calibration of analytical equipment used by each contract
laboratory are documented in the QA Manual for each contract laboratory. Any deficiencies in
analytical equipment calibration should be managed in accordance with the QA Manual for each
contract laboratory. Any deficiencies that affect analysis of samples submitted through this
program must be reported to the Project Manager or designee. Laboratory QA Manuals are
available for review at the analyzing laboratory.

Field Measurement Equipment
Calibration of field measurement equipment is performed as described in the user manual for
each individual instrument. Each field crew will be responsible for calibrating their field
measurement equipment. Field monitoring equipment must be calibrated at a frequency
recommended by the manufacturer, but at a minimum prior to each event. Each calibration will
be documented on each event’s calibration log (Figure 3).

If calibration results do not meet manufacturer specifications, the field crew should first try to
recalibrate using fresh aliquots of calibration solution. If recalibration is unsuccessful, new
calibration solution should be used and/or maintenance should be performed. Each attempt
should be recorded on the equipment calibration log. If the calibration results cannot meet
manufacturer’s specifications, the field crew should use a spare field measuring device that can
be successfully calibrated. Additionally, the Project Manager should be notified.

Calibration should be verified using at least one calibration fluid within the expected range of
field measurements, both immediately following calibration and at the end of each monitoring
day. Individual parameters should be recalibrated if results for the calibration check do not fall
within the range of accuracy identified in Table 14. Calibration verification documentation will
be retained in the event’s Calibration Verification Log presented in Figure 4. Table 16 outlines
the typical field instrument calibration procedures for each field probe requiring calibration.
Results of initial calibration checks will be recorded on the Field Measurement Equipment
Calibration Log, an example of which is shown in Figure 3.

RB-AR42020



Los Angeles County Flood Control District 35 September 2012
Machado Lake Nutrient & Toxics TMDL MRP QAPP

Table 16. Calibration of Field Measurement Equipment

Field Meter
Parameter Calibration and Verification Description

Frequency
of

Calibration

Frequency
of

Calibration
Verification

Responsible
Party

pH

Calibration for pH measurement is
accomplished using standard buffer solutions.
Analysis of a mid-range buffer will be
performed to verify successful calibration.

Day of
sampling
event

After each
day’s
calibration
and at the
end of the
sampling day

Individual
Sampling
Crew

Temperature Temperature calibration is factory-set and
requires no subsequent calibration.

Dissolved
Oxygen

Calibration for dissolved oxygen
measurements is accomplished using a water
saturated air environment. Dissolved oxygen
measurement of water-saturated air will be
performed to verify successful calibration.

Conductivity

Conductivity calibration will follow
manufacturer’s specifications. A mid-range
conductivity standard will be analyzed to verify
successful calibration.

Turbidity

Turbidity calibration will follow manufacturer’s
specifications. A mid-range turbidity standard
will be analyzed to verify successful
calibration.
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Field Measurement Equipment Calibration Log

Date:

Parameter Meter ID Calibration
Standard

Post-Cal
Measurement

Calibration
Valid if: Time Initials

Dissolved
Oxygen

______ mmHG

_______ oC

_________ mg/L

(water-sat’d air)

D.O. reads
within 10% of
value from D.O.
tables 2

Conductivity

500 µmhos/cm

10,000
µmhos/cm

___________
µmhos/cm

(mid-range std.)

Cond. reads
w/in 5% of
expected value

pH

7.0 Units

10.0 Units
__________Units

(pH = 8.0)

pH 8 reads
within + 0.2
Units (or w/in
manuf’s specs)

Turbidity

0 NTU

100 NTU

1000 NTU
__________NTU

(100 NTU)

NTU reads
within 10% of
expected value

Notes:

Figure 3. Example Field Measurement Equipment Calibration Log Sheet

2 “D.O. tables” refers to tables of dissolved oxygen in water as a function of temperature and barometric pressure,
typically found in wastewater engineering text books.
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Field Measurement Equipment Calibration Verification Log

Date:

Parameter Meter ID Verification
Standard Measurement Calibration Valid

if: Time Initials

Dissolved
Oxygen

______ mmHg

_______oC

_________ mg/L

(water-sat’d air)

D.O. reads within
10% of value from
D.O. tables 3

Conductivity ______
µmhos/cm

_________
µmhos/cm

(mid-range std.)

Cond reads w/in
5% of expected
value

pH _______Units
__________Units

(pH = 8.0)

pH 8 reads within
+ 0.2 Units (or
w/in manuf’s
specs)

Turbidity _______ NTU
__________NTU

(100 NTU)

NTU reads within
10% of expected
value

Notes:

Figure 4. Example Field Measurement Equipment Calibration Verification Log Sheet

17. INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES
Inspection of gloves, sample containers, and any other consumable equipment used for sampling
will be the responsibility of each individual sampling crew. Inspection should be conducted
immediately upon receipt of equipment; equipment should be rejected/returned if any obvious
signs of contamination (torn packages, etc.) are observed. Inspection protocols and acceptance
criteria for laboratory analytical reagents and other consumables are documented in the QA
Manual for each laboratory.

18. NON-DIRECT MEASUREMENTS
Water quality data collected through other monitoring programs may be used to augment data
collected through the MRP. Data reported by other entities will be evaluated for suitability for
inclusion in an associated Monitoring Program database for each suite of constituents. It is the
responsibility of the Project QA Manager or designee to acquire, validates, and compiles the
necessary data from other programs.

19. DATA MANAGEMENT
The field crew shall retain the original field logs. The contract laboratory shall retain original
COC forms. Concentrations of all parameters will be calculated as described in laboratory SOPs

3 “D.O. tables” refers to tables of dissolved oxygen in water as a function of temperature and barometric pressure,
typically found in wastewater engineering text books.
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or referenced method document for each analyte or parameter. The various data and information
generated through the MRP will be stored and maintained as described in Section 9.

The field log and analytical data generated will be converted to a standard database format
maintained on personal computers. After data entry or data transfer procedures are completed
for each monitoring event, data will be validated as described in Section D. After the final
quality assurance checks for errors are completed, the data will be added to the final database.

Program data will be submitted electronically with the Annual Monitoring Report in either
Microsoft Access® or Microsoft Excel® file format. Data concerning additional constituents
may also be supplied at the discretion of the Project Manager. Tabular data summaries included
in the Annual Monitoring Report will be generated from this data file (“database”).
Additionally, those data collected by the program will be formatted to be compatible with
SWAMP database requirements.
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C. ASSESSMENT AND OVERSIGHT

20. ASSESSMENTS AND RESPONSE ACTIONS
Data will be evaluated and documented after each monitoring event to determine whether project
quality assurance objectives have been met, to quantitatively assess data quality, and to identify
potential limitations on data use. The following assessments of compliance with quality control
procedures will be performed during the data collection phase of the project:

 Performance assessment of the sampling procedures will be performed by the
field sampling crews. Corrective action shall be carried out by the field sampling
crew and reported to the Project Manager.

 Field crews will be audited annually by the Project Manager or designee.
Additional audits will occur as necessary to observe corrective actions taken to
resolve errors identified during a previous audit.

 The laboratory is responsible for following established SOPs, including those for
proper instrument maintenance, calibration of the instruments, and analytical
methods used for samples submitted through the Nutrient & Toxics TMDL
Monitoring Program.

 Assessment of laboratory QC results and implementation of corrective actions will be the
responsibility of the QA Officer at each laboratory and shall be reported to the Project
QA Manager or designee as part of any data reports.

 Assessment of field QC results and implementation of corrective actions shall be the
responsibility of the Project QA Manager or designee.

All project data must be reviewed as part of the data assessment. Review is conducted on a
preparation batch basis by assessing QC samples and all associated environmental sample
results. Project data review established for this project includes the following steps:

 Initial review of analytical and field data for complete and accurate documentation,
chain-of-custody procedures, compliance with required holding times, and required
frequency of field and laboratory QC samples;

 Evaluation of analytical and field blank results to identify random and systematic
contamination;

 Comparison of all spike and duplicate results with data quality objectives for precision
and accuracy;

 Assigning data qualifier flags to the data as necessary to reflect data use limitations
identified by the assessment process; and

 Calculating completeness by analyte.

The Project QA Manager or designee is responsible for conducting the data assessment and for
ensuring that data qualifier flags are assigned, as needed, based on the established quality control
criteria. If an assessment or audit discovers any discrepancy, the Project QA Manager will
address the observed discrepancy with the appropriate person responsible for the activity.
Discussion points will include whether the information collected is accurate, identifying the
cause(s) leading to the deviation, how the deviation might impact data quality, and what
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corrective actions might be considered. The Project QA Manager will maintain a QA Log of all
communications and any specified corrective actions, and will make the QA Log available to the
Project Manager upon request.

Routine procedures to assess the success of the data collection effort are discussed in Section D.
Routine procedures for corrective actions are summarized in Table 14.

21. REPORTS TO MANAGEMENT
No additional documents, except those listed in Section 9. Documents and Records), will be
generated.
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D. DATA VALIDATION AND USABILITY

22. DATA REVIEW, VERIFICATION AND VALIDATION REQUIREMENTS
The acceptability of data is determined through data verification and data validation. Both
processes are discussed in detail below. In addition to the data quality objectives presented in
Table 6, the standard data validation procedures documented in the contract laboratory’s QA
Manual will be used to accept, reject, or qualify the data generated by the laboratory. Each
laboratory’s QA Officer will be responsible for validating data generated by the laboratory.

Once analytical results are received from the analyzing laboratory, the Project QA Manager or
designee will perform an independent review and validation of analytical results. Decisions to
reject or qualify data will be made by the Project QA Manager, based on the evaluation of field
and laboratory quality control data according to procedures outlined in Section 13 of Caltrans
document No. CTSW-RT-00-005, Guidance Manual: Stormwater Monitoring Protocols, 3nd

Edition (LWA 2003), included in this QAPP as Appendix C.

23. DATA VERIFICATION
Data verification involves verifying that required methods and procedures have been followed at
all stages of the data collection process, including sample collection, sample receipt, sample
preparation, sample analysis, and documentation review for completeness. Verified data have
been checked for a variety of factors, including transcription errors, correct application of
dilution factors, and correct application of conversion factors. Verification of data may also
include laboratory qualifiers, if assigned.

Data verification should occur in the field and the laboratory at each level (i.e., all personnel
should verify their own work) and as information is passed from one level to the next (i.e.,
supervisors should verify the information produced by their staff). Records commonly examined
during the verification process include field and sample collection logs, chain-of-custody forms,
sample preparation logs, instrument logs, raw data, and calculation worksheets.

In addition, laboratory personnel will verify that the measurement process was "in control" (i.e.,
all specified data quality objectives were met or acceptable deviations explained) for each batch
of samples before proceeding with the analysis of a subsequent batch. Each laboratory will also
establish a system for detecting and reducing transcription and/or calculation errors prior to
reporting data.

24. DATA VALIDATION
In general, data validation involves identifying project requirements, obtaining the documents
and records produced during data verification, evaluating the quality of the data generated, and
determining whether project requirements were met. The main focus of data validation is
determining data quality in terms of accomplishment of measurement quality objectives (i.e.,
meeting QC acceptance criteria). Data quality indicators, such as precision, accuracy,
sensitivity, representativeness, and completeness, are typically used as expressions of data
quality. The Project QA Manager or designee will review verified sample results for the data set
as a whole, including laboratory qualifiers, summarize data and QC deficiencies and evaluate the
impact on overall data quality, assign data validation qualifiers as necessary, and include this
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information in a Quality Assurance Report. The validation process applies to both field and
laboratory data.

In addition to the data quality objectives presented in Table 6 the standard data validation
procedures documented in the analyzing laboratory’s QA Manual will be used to accept, reject or
qualify the data generated. The laboratory will submit only data that have met data quality
objectives, or data that have acceptable deviations explained. When QC requirements have not
been met, the samples will be reanalyzed when possible, and only the results of the reanalysis
will be submitted, provided that they are acceptable. Each laboratory’s QA Officer is
responsible for validating the data it generates.

RB-AR42028



Los Angeles County Flood Control District 43 September 2012
Machado Lake Nutrient & Toxics TMDL MRP QAPP

E. AMENDMENTS TO QAPP

The intent of this section is to provide a place within the QAPP to document significant
additions, deletions and revisions to the approved QAPP and to provide the rationale for changes.

RB-AR42029



Los Angeles County Flood Control District 44 September 2012
Machado Lake Nutrient & Toxics TMDL MRP QAPP

F. REFERENCES

CREST, 2008. Los Angeles River Bacteria Source Identification Study: Final Report. November
2008.

Department of Fish and Game, Marine Pollution Studies Laboratory, 2007. Standard Operating
Procedures (SOPs) for Conducting Field Measurements and Field Collections of Water and
Bed Sediment Samples in the Surface Water Ambient Monitoring Program (SWAMP),
October 2007.

Los Angeles Regional Water Quality Control Board, 2008. Amendment to the Water Quality
Control Plan - Los Angeles Region to Incorporate the Total Maximum Daily Load for
Eutrophic, Algae, Ammonia, and Odors (Nutrient) in Machado Lake. May 2008.

Los Angeles Regional Water Quality Control Board, 2010. Machado Lake Nutrient TMDL -
Conditional Approval of the Special Study Work Plan for the Unincorporated Areas of Los
Angeles County Within the Machado Lake Watershed. May 2010.

Larry Walker Associates (LWA), 2003. Guidance Manual: Stormwater Monitoring Protocols,
3nd Edition. Caltrans document No. CTSW-RT-03-105.51.42.

Puckett, M., 2002. Quality Assurance Management Plan for the State of California's Surface
Water Ambient Monitoring Program (SWAMP). California Department of Fish and Game,
Monterey, CA. Prepared for the State Water Resources Control Board, Sacramento, CA.
145 pages plus Appendices.

State Water Resources Control Board (SWRCB), 2004a. Surface Water Ambient Monitoring
Program, SWAMP-Compatible Quality Assurance Project Plans. March 2004.

State Water Resources Control Board (SWRCB), 2004b. Surface Water Ambient Monitoring
Program, Checklist. April 2004.

RB-AR42030



Los Angeles County Flood Control District September 2012
Machado Lake Nutrient & Toxics TMDL MRP QAPP

APPENDIX A.

Standard Operating Procedures (SOPs) for Conducting Field
Measurements and Field Collections of Water and Bed Sediment

Samples in the Surface Water Ambient Monitoring Program (SWAMP)
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APPENDIX B.

Example Chain-of-Custody Form
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APPENDIX C.

Caltrans Stormwater Monitoring Protocols, Chapter 13
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1.0 INTRODUCTION 

1.1 Background  
 
The Los Angeles River flows for 51 miles from the Santa Monica Mountains at the 
western end of the San Fernando Valley to the Pacific Ocean at San Pedro Bay.  It 
drains a watershed with an area of 834 square miles.  Beneficial uses of the Los 
Angeles River and its tributaries include, but are not limited to, aquatic life, water supply, 
and recreation.  Impairments to beneficial uses in the Los Angeles River are numerous, 
amongst which are elevated levels of nutrients.  To address this impairment, the Los 
Angeles Regional Water Quality Control Board (LARWQCB) adopted the TMDL for 
Nitrogen Compounds and Related Effects in the Los Angeles River (TMDL) on July 23, 
2003.  This TMDL was subsequently promulgated by the United States Environmental 
Protection Agency and became effective on March 23, 2004.   
 
As part of the TMDL’s implementation, municipal separate storm sewer system (MS4) 
permittees within the watershed must submit to the LARWQCB, by March 23, 2005, for 
Executive Officer’s approval, a Monitoring Work Plan (Work Plan) to estimate nitrogen 
loadings associated with the runoff loads from the storm drain system.  This document 
fulfills the Work Plan requirement and describes a phased monitoring approach, starting 
with monitoring at the existing mass emissions station in the Los Angeles River.  The 
Work Plan also contains protocol and a schedule for implementing additional monitoring 
if necessary.   
 

1.2 Objectives 
 
Data collected from this Work Plan will be used to accomplish the following: 
 

• Measure the MS4 permittees’ compliance with the Waste Load Allocation (WLA) 
for minor point sources; 

• Estimate nitrogen loadings associated with runoff from the storm drain system; 
and 

• Provide data to calibrate the TMDL’s linkage analysis. 
 

1.3 Compliance Targets 

 
Waste loads are allocated to minor point sources enrolled under the National Pollutant 
Discharge Elimination System (NPDES) or Waste Discharge Requirement (WDR) 
permits, including Tapia Water Reclamation Plant (WRP), Whittier Narrows WRP, Los 
Angeles Zoo WRP, industrial and construction stormwater, and municipal storm water 
and urban runoff from MS4s.  Tables 1.1 and 1.2, below, list the WLA for minor point 
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sources.  The TMDL can also be downloaded from the RWQCB’s website at 
http://www.swrcb.ca.gov/rwqcb4/html/meetings/tmdl/LARiver/03_0902/BPA.pdf  
 
Table 1.1 Minor point source WLA for Ammonia. 

Receiving waters 
One-hour average 

(mg/L) 
Thirty-day average 

(mg/L) 
Los Angeles River above 
Los Angeles- Glendale 
WRP 

4.7 1.6 

Los Angeles River below 
Los Angeles-Glendale 
WRP 

8.7 2.4 

Los Angeles Tributaries 10.1 2.3 

 
 
Table 1.2   Minor point source WLA for nitrate-nitrogen and nitrite-nitrogen for all 

reaches. 

Constituent Thirty-day average (mg/L) 

Nitrate-nitrogen (NO3-N) 8 

Nitrite-nitrogen (NO2-N) 1 

Nitrate-nitrogen plus nitrite-nitrogen (NO3-N + NO2-N) 8 
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2.0  MONITORING PROGRAM 
 
The following section describes the proposed monitoring program and the justifications 
for its design.   

2.1 General Approach 
 
Nutrient loading from the MS4 system is generally considered minor compared to that 
from WRPs.  Consequently, a phased monitoring program is proposed where 
monitoring intensifies only when certain triggers are reached, signaling a chronic 
problem coming from a source other than a major WRP.  Monitoring reverts back to the 
baseline level when the problem has been mitigated or otherwise ceases to exist.  
Figure 2.1 illustrates this phased monitoring approach.  Figures 2.2 and 2.3 show the 
locations of the proposed sampling locations and their corresponding tributary areas.  
Table 2.1 below lists the constituents of concern for Levels One through Three of this 
monitoring program.   
 
 

Table 2.1  Target water quality constituents 

Group Constituent 

Conventional Water Quality 
Constituents 

Dissolved Oxygen 

Temperature 

Conductivity 

PH 

Nutrients 

Ammonia 

Nitrate + Nitrite 

Nitrate-Nitrogen 

Nitrite-Nitrogen 

 

RB-AR42039



Page 

Monitoring Work Plan to 
Assess Nutrients Loading  
From the MS4 System in  
Los Angeles River Watershed 
 

4

 
March 2005

Figure 2.1.  Monitoring program schematic. 
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2.2 Level One Monitoring 
 
Level One Monitoring entails quarterly sampling at the existing Los Angeles County 
Department of Public Works (LACDPW) mass emissions station at Wardlow Avenue.  
Quarterly sampling corresponds to the frequency at which the major water reclamation 
plants in the upper watershed sample in the receiving water.  Each sample will consist 
of a 24-hour composite collected using the existing automated sampler on-site and will 
be analyzed at the County of Los Angeles Agricultural Commissions Weights and 
Measures Environmental Laboratory (ACWM Lab). 
 
Level Two Monitoring will commence if Level One Monitoring detects three consecutive 
exceedances of the TMDL’s waste load allocations for minor point sources.         

2.3 Level Two Monitoring 
 
Level Two Monitoring increases monitoring frequency at the Wardlow station from 
quarterly to monthly.  Three consecutive exceedances of the TMDL’s waste load 
allocations for minor point sources will trigger Level Three Monitoring.  On the other 
hand, if no exceedances are detected for three consecutive months, monitoring will 
revert back to Level One.     
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Figure 2.2.  Los Angeles River Nutrients TMDL monitoring program Level One Monitoring and Level Two Monitoring 
sampling site. 
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2.4 Level Three Monitoring 
 
Should there be three consecutive exceedances of the TMDL’s waste load allocations 
for minor point sources at Level Two Monitoring, Level Three Monitoring will be initiated.  
At Level Three, monthly sampling at the existing mass emissions station continues and, 
in addition, monthly sampling begins at three sites upstream from the existing mass 
emissions station.  The three upstream sites will be selected and used to focus in on the 
potential source areas from which the impairment originates.  Monitoring at these 
upstream sites will be conducted by the City of Los Angeles Watershed Protection 
Division.  Figure 2.3 illustrates possible Level Three sampling sites. 
 
If no exceedances are detected for three consecutive months at all of the Level Three 
sites, monitoring will revert back to Level One or Level Two depending on whether 
exceedances have continued at the mass emission station.  If exceedances continue at 
one or more Level Three stations but no exceedances are detected at the other Level 
Three stations, Level Three monitoring will continue only for those sites with 
exceedances until three consecutive sampling events detect no exceedances at the 
corresponding site(s). 
 
If Level Three Monitoring detects three consecutive exceedances of the TMDL’s waste 
load allocations for minor point sources at any of the Level Three sampling sites, 
Source Identification will commence. 
 

2.5 Source Identification 
 
Source identification is a continuously narrowing process used to determine the origin of 
contaminants.  Typically, source identification is based on a process of elimination.  A 
wide variety of source identification techniques exist. 
 
Most jurisdictions within the Los Angeles River watershed are subject to RWQCB-LAR’s 
Order No. 01-182, NPDES Permit No. CAS004001, Waste Discharge Requirements for 
Municipal Storm Water and Urban Runoff within the County of Los Angeles, commonly 
known as the “MS4 Permit”.  A notable exception to this MS4 Permit is the City of Long 
Beach; however, Long Beach is subject to a separate stormwater permit with 
substantially similar requirements.  The MS4 Permit was prepared with the objective of 
protecting the beneficial uses of receiving waters in Los Angeles County, including the 
Los Angeles River.  All jurisdictions subject to the MS4 Permit are required to “eliminate 
all illicit connections and illicit discharges to the storm drain system . . ..”  Various parts 
of the MS4 permit describe source identification procedures, for both point and non-
point sources. 
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Figure 2.3.  Example of possible Level Three sampling sites. 

RB-AR42044



Page 

Monitoring Work Plan to 
Assess Nutrients Loading  
From the MS4 System in  
Los Angeles River Watershed 
 

9

 
March 2005

Because the Los Angeles River watershed encompasses many jurisdictions with a 
broad range of land uses, Source Identification must be conducted in a manner 
applicable to the conditions present.  In the event that Level Three monitoring detects 
exceedances at any station during sampling events in three consecutive months, the 
jurisdictions upstream of that station (but downstream of any station with a non-
exceedance, if applicable) will initiate a focused effort to identify sources of nutrients 
within the subject subwatershed(s).  Source Identification will proceed in accordance 
with the MS4 Permit, Long Beach’s stormwater permit, interagency agreements with 
non-permittee dischargers, and commonly-accepted practices. 
 

2.6 BMP Implementation 
 
The MS4 Permit defines Best Management Practices (BMPs): 
 

[BMPs] means methods, measures, or practices designed and selected to 
reduce or eliminate the discharge of pollutants to surface waters from point and 
nonpoint source discharges including storm water.  BMPs include structural and 
nonstructural controls, and operation and maintenance procedures, which can be 
applied before, during, and/or after pollution producing activities. 

 
The MS4 Permit mandates that “Permittees shall implement or require the 
implementation of the most effective combination of BMPs for storm water/urban runoff 
pollution control.”  Because the most effective combination of BMPs will be subject to 
the particular conditions causing the exceedance(s), selection and implementation of 
BMPs will be subject to those conditions. 
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3.0 METHODOLOGY 
 

3.1 Sample Collection 
 
3.1.1 County of Los Angeles  
 
Level One and Level Two sampling will consist of both grab and 24-hour flow composite 
samples to be collected by experienced LACDPW personnel using protocols 
established for the County’s core monitoring program under the MS4 Permit.  Flow at 
the Wardlow mass emissions station is continuously monitored by the United States 
Army Corps of Engineers (USACE), which keeps archived and real-time flow data on its 
Los Angeles Telemetry System website under gage number LARW Los Angeles River 
Above Wardlow St.:  
 
Archived: http://www.spl.usace.army.mil/cgi-bin/cgiwrap/zinger/lats_form_time.cgi 
 
Real-time: http://www.spl.usace.army.mil/cgi-in/cgiwrap/zinger/lats_form_last.cgi 
 
 
3.1.2  City of Los Angeles 
 
The City of Los Angeles Watershed Protection Division will collect samples from the 
tributary sites as part of the Level Three Monitoring.  Tributary sampling will occur in 
order from upstream to downstream.  Consistent with sampling protocols employed by 
the City of Los Angeles under NPDES permits for Donald C. Tillman WRP and 
Los Angeles-Glendale WRP, each sample will be a field measurement or grab sample 
collected from either the riverbank or an overpass.  Samples collected for laboratory 
analyses will be placed on ice in an ice chest and transported promptly under chain of 
custody to the City of Los Angeles’s Environmental Monitoring Division’s laboratory at 
Hyperion Treatment Plant.  Sampling will be coordinated to the extent practicable with 
sampling that occurs under the NPDES permits for the WRPs.  Proposed Level Three 
sampling sites shown in Figure 2.3 are located near USACE flow monitoring sites 
 

3.2 Laboratory Analysis 
 
Samples collected by LACDPW will be analyzed by the ACWM Lab.  The City of Los 
Angeles Environmental Monitoring Division will analyze samples collected by the City of 
Los Angeles Watershed Protection Division.  All sample analyses will follow the 
procedures described in Standard Methods for the Examination of Water and 
Wastewater, 20th Edition, 1998 or revision thereto.  Target constituents for the proposed 
monitoring program are listed in Table 2.1.   
 

RB-AR42046



Page 

Monitoring Work Plan to 
Assess Nutrients Loading  
From the MS4 System in  
Los Angeles River Watershed 
 

11

 
March 2005

 

3.3 Data Management and Reporting 
 
Data analysis will involve comparison of collected data with the WLAs for minor point 
sources in the Los Angeles River Nutrients TMDL.  Three consecutive exceedances at 
each level of monitoring will trigger subsequent levels of monitoring as described in 
Section 2.0, Monitoring Program, above. 
 
All collected data will be entered into a database, compliant with the Standard Data 
Transfer Formats required by the LARWQCB beginning with the 2004-2005 storm year.  
LACDPW will prepare and submit quarterly reports to the LARWQCB summarizing the 
monitoring program’s findings.  LACDPW will email electronic copies of the quarterly 
reports to MS4 permittees.   
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1. EXECUTIVE SUMMARY 
 
Section 303(d) of the 1972 Federal Water Pollution Control Act (Clean Water Act or 
CWA) mandates that a list of impaired receiving water bodies be developed and 
maintained for each state, with the California State Water Resources Control Board 
(SWRCB) adopting 303(d) lists in 1998, 2002, and 2006.  Based on a number of 
critical assumptions, the state may then prioritize and address these impairments 
through development of Total Maximum Daily Loads (TMDLs) that estimate the load 
of the constituent(s), which can be assimilated by the water body without inducing 
the impairment.   
 
The March 22, 1999 Consent Decree between Non-Governmental Organizations 
(NGOs) and the United States Environmental Protection Agency (USEPA), in 
consultation with the Los Angeles Regional Water Quality Control Board 
(LARWQCB), was used to prioritize impaired water bodies, impairment causing 
constituents, and the TMDL schedule for Los Angeles and Ventura Counties (Refer 
to Appendix A for more details).   
 
The LARWQCB developed the Los Angeles River and Tributaries Metals TMDL 
(LAR Metals TMDL) to address impairments resulting from the concentrations of 
Cadmium, Copper, Lead, Selenium and Zinc occasionally exceeding the California 
Toxics Rule (CTR) standards.  The identified beneficial use impairments include 
wildlife habitat (WILD), rare threatened or endangered species (RARE), warm 
freshwater habitat (WARM), wetlands (WET), and groundwater recharge (GWR).  
The TMDL, which became effective on January 11, 2006, has been incorporated as 
an amendment to the regional Basin Plan.  This adopted TMDL requires that the 
responsible agencies develop a Coordinated Monitoring Plan (CMP) for submission 
to the LARWQCB by April 11, 2007.  The goal of this document is to comply with this 
LAR Metals TMDL requirement by the required date. 
 
At its July 17, 2006 meeting, the Los Angeles River Watershed Management 
Committee (LARWMC) recommended formation of a Los Angeles River Metals 
TMDL Technical Committee (TC) and tasked the group with preparation of this CMP.  
The monitoring program, which includes both ambient and effectiveness monitoring 
requirements, will begin as soon as it is practicable, with dry-weather sampling 
beginning no later than six months after the CMP is approved by the LARWQCB.  
Consistent with the TMDL, this CMP recognizes six river reaches-based 
jurisdictional groups and proposes a three-tiered monitoring approach to assess 
jurisdictional attainment of wet and dry weather interim compliance schedules. 

 
Tier I ambient monitoring is a monthly program at thirteen (13) sites to determine if 
any of the TMDL identified jurisdictional groups regularly exceed applicable 
standards based on either wet or dry weather flow criteria. One of these Tier I sites, 
the Burbank Western Channel tributary location, which is a City of Burbank Water 
Reclamation Plant NPDES permit location, will use the NPDES reporting data for dry 
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weather monthly samples.   Where low flow channels are present, auto-samplers are 
proposed for installation, to facilitate the calculation of storm event mean 
concentrations and mass emission loadings.  Tier II effectiveness monitoring would 
be instituted at three designated locations in major tributaries in response to criteria 
exceedance at the downstream Tier I monitoring site to ensure attainment of water 
quality standards.  The intent of this monitoring effort would be to assess both 
interim dry and wet weather schedule compliance and coarsely subdivide the 
jurisdictional groups, so that MS4 permittees may effectively participate in the Tier III 
monitoring effort.  Tier III monitoring will focus on direct source control efforts and is 
expected to be narrowly supported by responsible agencies at the jurisdictional or 
sub-jurisdictional level or organization. 
 
Four analytical methods (see Appendix G for the laboratory methods) are proposed 
for use during the course of the study: 1) Hardness will be quantified using Standard 
Method 2340 B (calculation based on calcium and magnesium concentrations) or 
2340 C (EDTA Titrimetric Method) with the former being the preferred methodology; 
2) In Reach 6, Selenium concentrations would be quantified using Standard Method 
3114 Hydride Generation with Atomic Absorption Spectroscopy or as part of the 
200.8 methodology; 3) After field filtration, when necessary to distinguish between 
dissolved or total fractions, the concentration of the remaining metals (Copper, 
Cadmium, Lead, and Zinc) will preferentially be determined using the USEPA 
Method 200.7; 4) Based on the analytical results from the more resilient 200.7 
analysis, samples with very low analyte and interference concentrations could be 
subsequently analyzed using the more expensive and sensitive USEPA Method 
 200.8,.  Particulate and dissolved metals concentrations vary unpredictably with 
time and flow conditions, so this CMP proposes to develop a two year translator 
study, for subsequent LARWQCB staff consideration and approval.  Based partially 
on the results from this effort, Tier III sampling is expected to encourage sample 
filtration to facilitate potential discharge source fingerprinting and control 
effectiveness. 
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2. INTRODUCTION 
 
Segments (i.e., reaches) of the Los Angeles River and its tributaries are included on 
the California 303(d) list of impaired water bodies (LARWQCB, 1998a and 2002) for 
exceeding the water quality objectives for copper, cadmium, lead, selenium and 
zinc. The CWA requires that a TMDL then be developed to restore the impaired 
water bodies to their full beneficial uses. 
 
The LAR Metals TMDL was developed for those reaches identified on the 1998 or 
2002 303(d) lists, or where recent data suggested impairments.  Metals allocations 
were developed for upstream reaches and tributaries that drain to impaired reaches.  
This TMDL complies with 40 CFR 130.2 and 130.7, Section 303(d) of the CWA and 
USEPA guidance for developing TMDLs in California (USEPA, 2000a).  The 
California Water Code (Porter-Cologne Water Quality Control Act) requires that an 
implementation plan be developed to achieve water quality objectives. 
 
This CMP is submitted to fulfill the requirement of the LAR Metals TMDL.  The entire 
LAR Metals TMDL documents can be referenced from the LARWQCB website at 
http://www.waterboards.ca.gov/losangeles/html/bpaRes/bpa.html. 
 
 
 
 
2.1 Regulatory Background 
 
Section 303(d) of the CWA and its amendments require that each State “shall 
identify those waters within its boundaries for which the effluent limitations are not 
stringent enough to implement any water quality objective applicable to such 
waters.”  The CWA also requires states to establish a priority ranking for waters on 
the 303(d) list of impaired waters and to establish TMDLs for such waters. 
 
The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 
303(d) of the CWA, as well as in the U.S. Environmental Protection Agency 
guidance (USEPA, 2000a).  A TMDL is defined as the “sum of the individual waste 
load allocations for point sources and load allocations for nonpoint sources and 
natural background” (40 CFR 130.2) such that the capacity of the water body to 
assimilate pollutant loads (the loading capacity) is not exceeded.  A TMDL is also 
required to account for seasonal variations and include a margin of safety to address 
uncertainty in the analysis (USEPA, 2000a). 
 
The LAR Metals TMDL was adopted as an amendment to the regional Water Quality 
Control Plan for the Los Angeles Region (Basin Plan) by the LARWQCB on June 2, 
2005 and approved by the USEPA on December 22, 2005.  This TMDL became 
effective January 11, 2006 with the following actions required: 
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• The TMDL requires responsible agencies to submit a CMP within 15 months 
after the effective date of the TMDL.  Due date: April 11, 2007. 

 
• If conducted, Special Studies Results must be submitted 4 years after the 

effective date of the TMDL.  Due date: January 11, 2010. 
 
• A Draft Implementation Plan must be submitted 4 years after the effective 

date of the TMDL.  Due date: January 11, 2010. 
 

• A Final Implementation Plan must be submitted 4.5 years after the effective 
date of the TMDL.  Due date: July 11, 2010. 

 
• Five years after the effective date of this TMDL the LARWQCB will reconsider 

it, including certain provisions based on new data, some of which will be 
collected under this monitoring plan.  Projected date: January 11, 2011. 

 
• Responsible jurisdictions and agencies are required to achieve conformance 

with the Metals TMDL according to the following schedules: 
 
• Six years after the effective date of the TMDL, the MS4 and Caltrans NPDES 

permittees shall demonstrate that 50% of the total drainage area served by 
the MS4 is effectively meeting the dry-weather WLAs and 25% of the total 
drainage area served by the MS4 is effectively meeting the wet-weather 
WLAs.  Projected compliance date: January 11, 2012. 

 
• Fourteen years after the effective date of the TMDL, the MS4 and Caltrans 

NPDES permittees shall demonstrate that 75% of the total drainage area 
served by the MS4 is effectively meeting the dry-weather WLAs.  Projected 
compliance date: January 11, 2020. 

 
• Eighteen years after the effective date of the TMDL, the MS4 and Caltrans 

NPDES permittees shall demonstrate that 100% of the total drainage area 
served by the MS4 is effectively meeting the dry-weather WLAs and 50% of 
the total drainage area served by the MS4 is effectively meeting the wet-
weather WLAs.  Projected compliance date: January 11, 2024. 

 
• Twenty-two years after the effective date of the TMDL, the MS4 and Caltrans 

NPDES permittees shall demonstrate that 100% of the total drainage area 
served by the MS4 is effectively meeting both the dry-weather and wet-
weather WLAs. Projected compliance date: January 11, 2028. 

 
This CMP is submitted to fulfill the first of the above requirements. 
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2.2   TMDL Numeric Targets and Load Allocations 
 
The Los Angeles River dry- and wet-weather numeric water quality targets are 
based on the numeric standards in the CTR.  The TMDL targets are expressed in 
terms of total recoverable metals to address the potential transformation between 
total recoverable and dissolved fractions.  Separate targets were developed for dry 
and wet weather, because hardness values and flow conditions in the Los Angeles 
River and tributaries vary significantly between dry and wet weather.   
 
Dry-weather targets are based on the most limiting of the chronic or acute CTR 
criteria.  For copper and lead these are the chronic criteria, while for zinc, it is the 
acute criterion.  The dry-weather targets for copper, lead and zinc are dependent on 
hardness and metals translator factors.  The dry-weather target for selenium in 
Reach 6, and its tributaries, is based on the CTR criterion for total recoverable 
metals, which is independent of hardness or translator factors.   
 
The City of Los Angeles proposed site-specific copper conversion factors for the 
areas downstream of the Tillman Plant (Reach 4) and the Glendale Plant (Reach 3) 
based on a study performed by Larry Walker and Associates (LWA, 2003).  CTR 
default conversion factors for copper are used in the other reaches.  CTR default 
values are used for lead and zinc in all reaches.  Application of these default values 
is applied to the margin of safety for the TMDL.  
 
Wet-weather targets are based on acute criteria developed for cadmium, copper, 
lead, and zinc as applied to flow and hardness values determined at the Wardlow 
station in Reach 1.  Wet-weather storm conditions are operationally defined when 
maximum daily flows are equal to or greater than 500 cfs at the LA River Wardlow 
gauging station and rainfall is observed in the watershed.  The 500 cfs value 
represents the 90th percentile of average daily flow at that station during the period 
from 1998 to 2000.  The dry-weather targets apply to days when the maximum daily 
flow in the River is less than 500 cfs. 
 
The dry-weather numeric targets and loading capacity and dry- and wet-weather 
WLAs are tabulated in LARWQCB Basin Plan Amendment No. 2005-006, located in 
Appendix B. 
 
 
 
2.3   TMDL Monitoring Requirements 
 
The LARWQCB identified three monitoring objectives in association with this TMDL.  
The first is to collect data (e.g., hardness, flow, and background concentrations) to 
evaluate the uncertainties and assumptions made during development of the TMDL.  
The second is to collect data to assess compliance with the waste load allocations.  
The third is to collect data to evaluate potential management scenarios.  To achieve 
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these objectives, the LARWQCB suggested utilizing: (1) ambient monitoring, (2) 
effectiveness monitoring and (3) special studies. 

 
2.3.1 Ambient Monitoring 
 
Per the TMDL language:  “An ambient monitoring program is necessary to assess 
water quality throughout the Los Angeles River and its tributaries.  The MS4 and 
Caltrans NPDES permittees assigned waste load allocations in each jurisdictional 
group are jointly responsible for implementing the ambient monitoring program.  The 
responsible agencies shall sample for total recoverable metals, dissolved metals, 
and hardness once per month at each ambient monitoring location until at least year 
five when the TMDL is reconsidered.” 

2.3.2 Effectiveness Monitoring 

 
Per the TMDL language:  “The MS4 and Caltrans stormwater NPDES permittees in 
each jurisdictional group are jointly responsible for assessing progress in reducing 
pollutant loads to achieve the TMDL.  Each jurisdictional group is required to submit 
for approval by the Executive Officer a coordinated monitoring plan that will 
demonstrate the effectiveness of the phased implementation schedule for this TMDL 
which requires that the waste load allocations be met in prescribed percentages of 
each sub watershed over a 22-year period.  The monitoring locations specified for 
the ambient monitoring program may be used as effectiveness monitoring locations. 
 
The stormwater NPDES permittees will be found to be effectively meeting the dry-
weather waste load allocations if the in-stream pollutant concentration or load at the 
first downstream effectiveness monitoring location is equal to or less than the 
corresponding concentration- or load-based waste load allocation. Alternatively, 
effectiveness of the TMDL may be assessed at the storm drain outlet based on the 
numeric target for the receiving water.  For storm drains that discharge to other 
storm drains, effectiveness will be based on the waste load allocation for the ultimate 
receiving water for that storm drain system. 

 
The stormwater NPDES permittees will be found to be effectively meeting wet-
weather waste load allocations if the loading at the downstream monitoring location 
is equal to or less then the daily storm volume multiplied by the wet-weather numeric 
targets as defined in the table below.  For practical purposes, this is when the EMC 
is less than or equal to the numeric target.” 

2.3.3 Special Studies 
 
Additional monitoring and special studies are being proposed to evaluate 
uncertainties and the assumptions made in development of this TMDL; however, the 
special studies are voluntarily funded and not part of this mandatory CMP proposal. 
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2.3.4 Coordinated Monitoring Plan Development 
 
The members of the LAR Metals TMDL TC developed this monitoring plan.  The City 
of Los Angeles and the Los Angeles County Department of Public Works co-chair 
the TC, with representatives from the Jurisdictional (Reach) Areas including the 
cities of Burbank, Downey, Glendale, Hidden Hills, Irwindale, Long Beach, 
Pasadena, Signal Hill, and Caltrans comprising the other members.  Based on a 
draft of the CMP and expected monitoring costs, the TMDL identified responsible 
municipalities were requested to respond in writing to Los Angeles County to confirm 
participation in the LAR Metals TMDL CMP and subsequent ambient monitoring 
effort.  The TC is pleased to report a nearly unanimous affirmation of commitment as 
indicated in Appendix K, on which basis a funding agreement will be developed. 
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3.  MONITORING SITES 
 
3.1   Los Angeles River Watershed Setting 
 
As defined by the LARWQCB, the Los Angeles River Watershed drains an area of 
834 square miles.  The Los Angeles River headwaters in the Santa Monica, Santa 
Susana, and San Gabriel Mountains, including the Angeles National Forest, 
comprise approximately 200 square miles (24%) of the watershed.  The more urban 
uses are found in the lower portions of the watershed, where approximately 36% of 
the land use can be categorized as residential, 20% open or natural space, 10% as 
industrial, 8% as commercial, and 3% as agriculture, water and other.  
 
The Los Angeles River flows for 55 miles from the Santa Monica Mountains at the 
western end of the San Fernando Valley to Queensway Bay located between the 
Port of Long Beach and the City of Long Beach.  Due to shifting drainage flow paths, 
the natural hydrology of the Los Angeles River Watershed has been altered by 
channelization and the construction of dams and flood control reservoirs.  The Los 
Angeles River and many of its tributaries are lined with concrete for most or all of 
their lengths.  Soft-bottomed segments of the Los Angeles River only occur where 
groundwater upwelling prevented armoring of the river bottom. 
 
Los Angeles River Watershed is divided by the LARWQCB into six jurisdictional 
groups based on river reach; refer to page 21, Table 7-13.3 of the Basin Plan 
Amendment in Appendix B for a list of the responsible agencies in each jurisdiction. 
 
Several monitoring efforts have taken place within the Los Angeles River Watershed.  
Beginning in 2002, the City of Los Angeles, Department of Public Works, Bureau of 
Sanitation, Watershed Protection Division, under its Status and Trends Monitoring 
Program, began monthly monitoring at eight (8) locations along the main channel of 
Los Angeles River for bacteria, metals, and other pollutants.  In 2005 this Status and 
Trends Program was extended to include ten (10) tributary monitoring locations.  The 
County of Los Angeles, as part of the Los Angeles County Municipal Stormwater 
Permit Core Monitoring Program, also conducts sampling within the Los Angeles River 
Watershed.  The County’s Core Monitoring Program is comprised of one permanent 
mass emission station within the main channel.  To assess wet-weather impairments, 
the County has been sampling approximately three to five storms per year at the 
Wardlow gauging station since 1996.  The County samples hardness and metals 
(both dissolved and total recoverable metals) from composite stormwater samples. 
 
3.2  Monitoring Locations 
 
The TC has selected the monitoring sites for the LAR Metals TMDL CMP.  As part of 
the evaluation process, the TC considered the current 303(d) listed reaches, future 
TMDLs, available data including POTW monitoring locations, and conducted site 
investigations to determine potential ambient and effectiveness monitoring locations.  
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The final list of monitoring sites was selected based on professional judgment, the 
requirements of the TMDL and the monitoring tiers presented below; these sites are 
characterized in Appendix C. 
 
 
3.2.1 Wet- and Dry-Weather Water Quality Monitoring 
 
Monitoring to comply with the LAR Metals TMDL establishes dry- and wet-weather 
water quality monitoring locations within the Los Angeles River watershed for two 
distinct purposes: 1) to characterize ambient water quality and 2) to measure 
attainment of WLAs specified in the effectiveness monitoring portion of the TMDL.  
Effectiveness monitoring may utilize many of the same dry- and wet-weather water 
quality monitoring locations, within the Los Angeles River watershed, as are used to 
characterize ambient water quality. 
 
Water quality effectiveness monitoring will be accomplished through a three-tiered 
approach to meet the TMDL requirements.  This monitoring approach provides the 
responsible agencies with a predetermined set of locations to investigate sources of 
possible exceedances that may occur at the CMP locations. 
 
Three Tier Monitoring Approach:  
 

1. Tier I – Main River and Large Tributary Sampling – Thirteen (13) sample 
points are located in the main channel and large tributaries of the river and 
large portions of discharge area contribute to the potential runoff at these 
points.  (Note that 8 locations were recommended as potential sites by the 
TMDL.) 

2. Tier II – Additional Tributary Sampling – These sampling points are upstream 
of Tier I locations, but at the most downstream end of a tributary.  They 
should reflect the contribution of tributary flow to the main stem of the river. 

3. Tier III – Investigatory Sampling – These intra-jurisdictional monitoring 
locations will be determined as appropriate during the effectiveness phase. 

 
Most of the thirteen (13) Tier I ambient monitoring sampling locations, each 
representing major portions of the total drainage area, were identified in the LAR 
Metals TMDL as potential monitoring sites and shall also be used for effectiveness 
monitoring.  Once effectiveness monitoring is required by the TMDL, the Tier II 
Activation and Deactivation Criteria listed below will be applied to the data from the 
Tier I locations to determine when monitoring at the upstream Tier II locations would 
begin and end, in order to narrow the search for the source of the exceedance(s).  
The three (3) Tier II locations were selected by further subdividing the watershed 
into smaller tributary areas that each represents approximately 4 – 6 % of the entire 
watershed.   
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Tier II Activation Criteria:  
 

• There are 2 consecutive exceedances of WLA(s) at a Tier I monitoring site  
 

Tier II Deactivation Criteria: 
 

• Data from 2 consecutive Tier II monitoring events is less than the WLA(s) 
 
The TC decided to use the two consecutive exceedance criteria versus one 
exceedance to avoid the possibilities of performing additional sampling to 
compensate for one-time events that may not be traceable, for example, but not 
limited to, sampling error, analytical error, or illegal dumping events.  Tier II 
monitoring will only be conducted at the Tier II sites that are immediately upstream 
of a Tier I site where the WLA exceedances occurred.  Tier II monitoring may also 
be used if necessary to demonstrate effectiveness of WLAs and attainment of water 
quality standards.  If a Tier II location has two consecutive instances of not meeting 
the water quality standards, upstream Tier III monitoring will initiate with a source 
tracking investigation to attempt to identify the source(s) causing the exceedances, 
so that the responsible agencies can take the necessary corrective measures to 
resolve the problem.  Tier II and Tier III monitoring will normally only target the 
constituent(s) that exceeded the WLA at the Tier I site.  Additionally, Tier III 
monitoring in Reach 6 tributaries will commence if downstream Tier I or Tier II sites 
show an increasing trend in selenium concentrations.  
 
Approximate locations of the Tier I and II sampling sites are shown in the following 
figure.  The drainage areas to these locations are outlined in Appendix C. 
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Tier I Locations  
 
In accordance with the TMDL requirements, the responsible agencies propose to 
conduct monthly ambient/effectiveness sampling at the following thirteen (13) Tier I 
locations (LAR1-1 through LAR1-13), each of which is accompanied by a brief 
description.  Additional details, including drainage maps and locations, of these sites 
are available in Appendix C. 
 
 
 
 

Site Id: LAR1 – 1 Status: Existing Location: Main Channel  
Historical Site Id: 
White Oak 

Subwatershed:  N/A Sampling Details: 
Autosampler 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  The site is located at 
White Oak Avenue on the main channel.  This site 
receives flow from 17.67% of the total urban 
watershed drainage area and 92.62% of the urban  
jurisdiction drainage area and is located in 
Jurisdiction/Reach 6. 
 

 
 
 
 
 
Site Id: LAR1 – 2 Status: Existing Location: Main Channel  
Historical Site Id: 
Sepulveda 

Subwatershed:  N/A Sampling Details: Grab 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  The site is located at 
Sepulveda Blvd. on the main channel.  This site 
receives flow from 24.48% of the total urban 
watershed drainage area and 23.83% of the urban  
jurisdiction drainage area and is located in 
Jurisdiction/Reach 5. 
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Site Id: LAR1 – 3 Status: Existing Location: Tributary 
Historical Site Id: 
Tujunga Wash @ 
Moorpark 

Subwatershed:   
Tujunga Wash 

Sampling Details: Grab 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  The location is in the 
Tujunga Wash tributary at Moorpark St.  This 
sampling site receives flow from 9.62% of the total 
urban watershed drainage area and 42.48% of the 
urban jurisdiction drainage area and is located in 
Jurisdiction/Reach 4. 
 

 
 
Site Id: LAR1 – 4 Status: Existing Location: Main Channel  
Historical Site Id: 
Tujunga 

Subwatershed:  N/A Sampling Details: 
Autosampler 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  The site is located at 
Tujunga Blvd. on the main channel.  This site 
receives flow from 38.21% of the total urban 
watershed drainage area and 84.26% of the urban 
jurisdiction drainage area and is located in 
Jurisdiction/Reach 4. 

 
Site Id: LAR1 – 5 Status: Existing Location: Tributary 
Historical Site Id: 
TS03 

Subwatershed:  Burbank 
Western Channel 

Sampling Details: Grab 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  It is also currently 
monitored by Los Angeles County’s Core Monitoring 
Program under the LA County Municipal 
Stormwater Permit and identified as the Burbank 
Western System Monitoring Station (TS03).  This 
sampling site (Burbank Western Channel at 
Riverside Dr.) receives flow from 4.70% of the total  
urban watershed drainage area and 34.73% of the 
urban jurisdiction drainage area and is located in 
Jurisdiction/Reach 3.  

 

 Page 13 of 130 

RB-AR42064



Site Id: LAR1 – 6 Status: New Location: Main Channel  
Historical Site Id: Zoo 
Dr. 

Subwatershed:  N/A Sampling Details: Grab 

Comments:  
This is a new sampling site located in the main 
channel at the river bend adjacent to Zoo Drive.  
This site receives flow from 47.63% of the total 
urban watershed drainage area and 42.88% of the 
urban jurisdiction drainage area and is located in 
Jurisdiction/Reach 3. 

 
 
 

Site Id: LAR1 – 7 Status: Existing Location: Main Channel  
Historical Site Id: 
Figueroa 

Subwatershed:  N/A Sampling Details: 
Autosampler 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  The site is located 
upstream of the Arroyo Seco confluence at 
Figueroa St./Riverside Dr. bridge on the main 
channel.  This site receives flow from 55.38% of the 
total urban watershed drainage area and 100% of 
the urban jurisdiction drainage area and is located 
at the bottom of Jurisdiction/Reach 3. 
 

 
 
 
 

Site Id: LAR1 – 8 Status: Existing Location: Main Channel  
Historical Site Id:  
Washington 

Subwatershed:  N/A Sampling Details: Grab 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  The site is located at 
Washington Blvd. on the main channel.  This site 
receives flow from 62.74% of the total urban 
watershed drainage area and 20.59% of the urban 
jurisdiction drainage area and is located in 
Jurisdiction/Reach 2. 
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Site Id: LAR1 – 9 Status: New Location: Main Channel  
Historical Site Id:  
710 Freeway 

Subwatershed:  N/A Sampling Details:  Grab 

Comments:  
This is a new sampling site located between the 710 
freeway bridge on the north and Imperial Highway 
bridge on the south in the main channel upstream of 
the Rio Hondo confluence.  This site receives flow 
from 68.28% of the total urban watershed drainage 
area and 35.78% of the urban jurisdiction drainage 
area and is located in Jurisdiction/Reach 2. 
 

 
 
 
Site Id: LAR1 – 10 Status: Existing Location: Tributary 
Historical Site Id: Rio 
Hondo @ Garfield Ave. 

Subwatershed:  Rio 
Hondo 

Sampling Details: Grab 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  This site receives flow 
from 19.31% of the total urban watershed drainage 
area and 53.01% of the urban jurisdiction drainage 
area and is located in Jurisdiction/Reach 2. 

 

 
 
 
Site Id: LAR1 – 11 Status: New Location: Main Channel  
Historical Site Id:  
Del Amo 

Subwatershed:  N/A Sampling Details: 
Autosampler 

Comments:  
This is a new sampling site located in Long Beach 
at Del Amo Blvd. in the main channel upstream of 
the Compton Creek confluence.  This site receives 
flow from 91.65% of the total urban watershed 
drainage area and 100% of the urban jurisdiction 
drainage area and is located at the bottom of 
Jurisdiction/Reach 2. 
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Site Id: LAR1 – 12 Status: Existing Location: Tributary 
Historical Site Id: 
Compton Creek @ Del 
Amo Blvd. 

Subwatershed:  Compton 
Creek 

Sampling Details: Grab 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  This site receives flow 
from 6.37% of the total urban watershed drainage 
area and 76.58% of the urban jurisdiction drainage 
area and is located in Jurisdiction/Reach 1. 

 
 
 
Site Id: LAR1 – 13 Status: Existing Location: Main Channel  
Historical Site Id:  
Wardlow (S10) 

Subwatershed:  N/A Sampling Details: 
Autosampler 

Comments:  
This is an existing Los Angeles County mass 
emission sampling site located in Long Beach south 
of Wardlow Road and north of Willow St. in the main 
channel.  This is the location of an existing Los 
Angeles County gauging station identified as F319-
R.  This site receives flow from 98.48% of the total 
urban watershed drainage area and 83.26% of the 
urban jurisdiction drainage area and is located in 
Jurisdiction/Reach 1 
 
 

 
 
 
Tier II Locations  
 
Tier II monitoring locations consist of a total of three (3) sites where additional 
samples can be taken if data from Tier I locations are found to consistently exceed 
the effectiveness program WLAs.  Tier II monitoring may also be used if necessary 
to demonstrate effectiveness of WLAs and attainment of water quality standards.  
Several of these Tier II locations were used in LA County’s Core Monitoring Program 
under the LA County Municipal Stormwater Permit.  A description of each location 
follows:  
 
Approximate locations of these sites are shown in Table 2 in Appendix C. 
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Site Id: LAR2 – 1 Status: New Location: Tributary  
Historical Site Id:  
Bell & Calabasas 

Subwatershed:  Bell 
Creek and Calabasas 
Creek 

 

Comments:  
This is a new sampling site, located just below the 
confluence of Bell Creek and Calabasas Creek at 
Canoga Ave.  This site receives flow from 6.25% of 
the total urban watershed drainage area and 
32.77% of the urban jurisdiction drainage area and 
is located in Jurisdiction/Reach 6. 
 

 
 
 
Site Id: LAR2 – 2 Status: Existing Location: Tributary 
Historical Site Id:  
Verdugo @ Concord 

Subwatershed:  Verdugo 
Wash 

 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program. This site is located on 
the Verdugo Wash at Concord Ave.  This site 
receives flow from 4.44% of the total urban 
watershed drainage area and 32.80% of the urban 
jurisdiction drainage area and is located in 
Jurisdiction/Reach 3. 

 
 
 
Site Id: LAR2 – 3 Status: Existing Location: Tributary 
Historical Site Id: 
Arroyo Seco @ San 
Fernando Rd. 

Subwatershed:  Arroyo 
Seco 

 

Comments:  
This is an existing sampling site currently monitored 
by the City of Los Angeles as part of its Status and 
Trends Monitoring Program.  This site receives flow 
from 4.62% of the total urban watershed drainage 
area and 12.69% of the urban jurisdiction drainage 
area and is located in Jurisdiction/Reach 2. 
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4. MONITORING PARAMETERS, SCHEDULE, and 
REPORTING 

 
4.1  Introduction 
 
This section provides the CMP information relating to: 1) the pollutants and 
constituents that will be monitored; 2) the parameters to be measured, i.e., total and 
dissolved; 3) the monitoring schedule; 4) the testing and analytical methods; 5) the 
quality assurance and quality control considerations; and 6) the reporting protocols.  
This section also characterizes the data analysis and reporting considerations as 
related to the ambient and effectiveness monitoring requirements.  Unless otherwise 
noted, all collection, sampling, and reporting will be performed in accordance with 
state and federally approved methods, materials, and analytical requirements.  Many 
of the supporting documents, included as appendices, are finalized and approved 
protocols for the City of Los Angeles, Environmental Monitoring Division (EMD), 
Hyperion Treatment Plant Laboratory Protocols and CLABOS procedures.  Pending 
Board approval of the CMP and completion of interagency contractual agreements, 
these documents were chosen as being most representative of those that may or will 
be used during the ambient monitoring effort and will be used during the compliance 
monitoring phase. 
 
 
4.2  Monitoring Parameters/Constituents 
 
As required by the TMDL, the pollutants of concern to be monitored include:   

 
• Cadmium (Cd)(Reach 1, wet-weather only) 
• Copper (Cu) 
• Lead (Pb) 
• Selenium (Se)(Reach 6, dry-weather ambient monitoring only) 
• Zinc (Zn) 
• Hardness (all sampling stations) 

 
Consistent with the TMDL, Cadmium will be tested only in Reach 1 and only during 
wet-weather events. Likewise, Selenium, which is a listed impairment for Reach 6, 
will be tested only during dry-weather monitoring events.  Table 4.1 summarizes the 
constituents, parameters, sampling method, preservation method, approved 
containers, and which will be monitored including the proposed testing and sampling 
procedures, collection methodology, and related information.   
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Table 4.1 - Monitoring & Sampling Information 
 

Analysis Method [1]
Required Sample 
Volume (min.) [2] Preservative [2] Sample Bottles [2]

Holding
Time[2] Laboratory

Hardness SM 2340B or C ≥100 mL 
HNO3 or 

HB2SO4 to pH <2 
Plastic (polyethylene 

or equivalent) 
6 

months
City of Los 

Angeles 

Copper EPA 200.7, 200.8 ≥1000 mL 
6 

months

City of Los 
Angeles 

Lead EPA 200.7, 200.8 ≥1000 mL 
6 

months

City of Los 
Angeles 

Zinc EPA 200.7, 200.8 ≥1000 mL 
6 

months

City of Los 
Angeles 

Cadmium  EPA 200.7, 200.8 ≥1000 mL 
6 

months

City of Los 
Angeles 

Selenium 
EPA 200.7, 200.8, 

SM 3114  
≥1000 mL 

If stored add 0.5 mL 1+1 HCl 
or HNO3 to pH <2 

 

Plastic (polyethylene 
or equivalent) 

6 
months

City of Los 
Angeles 

 
 

Notes to Table ##:  
[1] US EPA Methods as approved in 40 CFR Part 136, and 22 CCR § 64811. (c) (2006). Procedures with SM refer to Standard Methods for the Examination of 

Water and Wastewater, 18th, 19th, or 20th Edition (APHA, AWVVA, WEF, 1999) as referred to and approved in 40 CFR Part 136.   
[2] Obtained from SM, Table 1060:I Summary of Special Sampling and Handling Requirements.  Only minimum volume listed-actual collection volumes may vary. 
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4.3  Total & Dissolved Metals Sampling 
 
The TMDL requires that the pollutants of concern be measured for their total and 
dissolved levels to provide an understanding and verification of the fractionation 
between the two forms of metals.  The LARWQCB, in development of the TMDL, 
used both default and calculated dry weather concentration translator values to 
establish the waste load allocations.  The translator values were calculated and 
based on either the site specific copper conversion factors for the areas 
downstream of the treatment plants based on a study performed by Larry Walker 
and Associates or the Los Angeles County monitoring data for the wet-weather 
targets. The default translator values were based on those found in the California 
Toxics Rule (CTR).  To meet the requirements of the TMDL, while providing the 
time to create and validate an accurate total to dissolved metals translator, the 
TC proposes to conduct concurrent total metals and dissolved metals sampling-
to include hardness - for a two (2) year period.  During the two-year sampling 
period, total and dissolved samples will be collected from each Tier I sampling 
location during dry weather collection events and from at least two autosampler 
locations, Wardlow and Figueroa, during four storm events per year.  This 
monitoring effort will result in a dry-weather dataset of approximately 24 samples 
at each location during a two-year period, which will exceed the general 
procedures recommended by the U.S. EPA’s and State Water Resource Control 
Board, e.g., at least ten (10) samples.  It is the understanding of the TC and Los 
Angeles River Watershed Permittees that the results from the dissolved metals 
two-year monitoring effort will be used to adjust the default CTR translator for the 
actual in-stream fractionation between dissolved and total metals used in the 
Metals TMDL. 
 
 
4.4  Collection and Transportation 
 
The CMP will employ generally accepted methods for sample collection and 
transportation.  As indicated in Table 4.2 above, sample collection is categorized 
into dry and wet weather monitoring events.  During dry weather events samples 
will be collected using the grab technique, and during wet-weather events 
automated samplers will be used, where available, to collect composite samples.  
Dry and wet weather sample collections will be taken at the monitoring stations 
identified in Section 3.0. 
 
 
4.5 Sampling Schedule and In-Field Protocols 
 
Through this CMP, the responsible agencies have provided an effective and 
reasonable sampling schedule as required by the TMDL.  Table 4.2 below 
outlines the dry and wet weather sampling and monitoring schedule covered by 
this CMP.  As the water quality objectives of this TMDL are achieved and 
impairments eliminated, analyses for constituents that are delisted would cease 
and the monitoring resources reallocated to controlling the remaining 
impairments. 
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Table 4.2 Water Quality Monitoring Frequency 
 

Monitoring Event Analyses Monitoring Frequency 

Dry-Weather 

Copper 
Lead  
Selenium 
Zinc 
Hardness 

 
Monthly, unless pre-empted by 

collection of a wet-weather 
sample. 

Wet-Weather 

Cadmium 
Copper 
Lead 
Zinc 
Hardness 

Per wet-weather event, but 
not to exceed more than 1 
sample event per month with 
a minimum of 72 hours 
between storm events. 

 
 

4.5.1 Dry-Weather Sample Collections & Protocols 

Dry weather grab samples are scheduled to be collected on a monthly basis, 
unless a qualifying wet-weather sample is collected first.  Samples will be 
collected from the approved sites as identified in Section 3.0.  An adequate 
volume will be collected to perform several layers of testing.  All dissolved metal 
samples will be passed through a 0.45 micron (µm) filter no later than 15 minutes 
from sample collection. The sample will then be preserved for laboratory 
analysis.  An equal portion of the collected sample volume will also be preserved 
to provide for laboratory measurement of total recoverable metals.  The 
remaining volume will provide for hardness testing as well as a providing for a 
field duplicate.  
 
Following the samples’ collection, each sample will then be marked with an 
identifying name or sample number and placed on ice if required.    The sample 
collection staff will clearly indicate the specific sample by alphanumerical 
designation or other indicator of sample containers.  Examples of specific 
methods of collection and preservation, where applicable, are more fully 
described in the Appendix D. Appendix F contains additional collection protocols, 
including for example a sample Chain-of-Custody (COC) form that is currently 
used by City of Los Angeles EMD laboratory. 
 

4.5.2 Wet-Weather Sample Collections & Protocols 

Five (5) of the thirteen (13) Tier I locations described in Section 3.0 will have 
auto-samplers installed for wet-weather sample collections and flow monitoring.  
See Appendix C for a complete map of these locations.  Flow-weighted 
composite samples will be collected at these locations to obtain the 
representative sample for each storm event.  A flow-weighted composite sample 
is obtained by mixing a series of discrete samples (aliquots) of specific volume, 
collected at specific runoff volume intervals over the duration of the storm event.  
An autosampler will be programmed to start automatically when the water level in 
the channel or storm drain exceeds a certain height such that the corresponding 
flow rate exceeds the pre-determined wet weather flow rate at the sampling 
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location.  The automated sampler will be programmed with the intent of capturing 
the major portion of a runoff event.  Appendix D describes in more detail an 
example of the wet weather sampling procedure using auto-samplers.  
Autosamplers will only be considered for installation at Tier II locations as 
indicated by the results from Tier I monitoring (i.e., there may be some Tier II 
locations where the installation of an autosampler is unnecessary).  Some Tier II 
stations may require expensive infrastructure design and construction to 
accommodate composite samplers.  In these cases, if safety considerations 
allow, grab sampling will be conducted during wet weather until auto-samplers 
are operational and flow calibrated. 
 

4.5.3 Sample Transportation & Laboratory Delivery 

All samples collected while in the field, during both wet and dry collection periods 
will be transported to the designated laboratory as soon after collection as 
possible and will comply with state and federal transportation requirements for 
the applicable parameters.  Upon delivery to the appropriate lab, the collection 
staff will require the lab to sign for the samples, indicating name of person 
receiving the sample, time, date, and other comments on the status or condition 
of the samples.  Following delivery, the sample collection staff, will remove or 
make a copy of the custody form for retention purposes.  All custody form copies 
will be maintained for the prescribed period.  These forms may also be digitized 
for record maintenance purposes. 

4.5.4 Employee (Sample Collector) Safety 

In an effort to improve employee safety, health awareness, and prevent 
occupational-related injuries and illness, participating laboratories must have a 
safety program that satisfies applicable federal, state, and local regulations.  It is 
the policy of the participating agencies to have a safe working environment for all 
of their employees and that all field and laboratory work be performed in a 
manner that provides the maximum level of safety for the protection of every 
employee.  See Appendix E for detailed safety protocols for field collection 
activities.  
 
 
4.6  Laboratory Testing & Sampling Protocol 
 
The laboratory sampling methods used for measurement of the TMDL pollutants 
of concern, toxic metals, will use methods approved by the State of California 
and U.S. EPA.  The choice of the particular method to use in analyzing samples 
is determined considering the pollutants water quality concentration limit, the 
laboratory’s detection limits, including threshold, method, and upper limit, and 
resulting sampling value or values.  Generally, any laboratory performing 
analyses for TMDL reporting will maintain Environmental Laboratory 
Accreditation Program certification (ELAP) as administered by the California 
Department of Health Services for all testing methods.    
 
The TC has determined that the City of Los Angeles Laboratory is the most 
properly situated laboratory to provide sampling and testing results for the 
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subject constituents.  The City of Los Angeles’ lab has provided it’s standard 
operating procedures (SOPs) for the various testing methods that may be used in 
examination of the wet and dry weather samples.  The relevant SOPs are 
attached as Appendix G.  The four (4) most relevant testing procedures include: 
1) U.S. EPA Method 200.7; 2) U.S. EPA Method 200.8; 3) Standard Method 
2340B or C; and 4) Standard Method 3114.1   
  
4.6.1 U.S. EPA Method 200.7 
 
One of the principal methods that may be used to measure the ambient water 
quality is U.S. EPA Method 200.7; a.k.a., Inductively Coupled Plasma—Atomic 
Emission Spectrometric Method (“ICP-AES” or “ICP”).  This method is approved 
for most ambient metal water quality monitoring requirements as provided by the 
U.S. and California EPA and pursuant to 40 CFR Part 136 and 22 CCR §64801 
et. seq.2  The method has the ability to detect most constituent concentrations 
below that identified in the TMDL compliance limits and values. 
 
4.6.2 U.S. EPA Method 200.8 
 
The second method that the laboratory may use is the Inductively Coupled 
Plasma—Mass Spectrometric Method, or “ICP-MS”, a.k.a., EPA Method 200.8.  
This method will be used where: 1) the TMDL numeric target is lower than that of 
the method detection limit for EPA Method 200.7; 2) lower detection levels are 
necessary or required; or 3) initial sample values dictate further processing to 
determine sample concentrations. 
 
4.6.3 Other Sampling Methods & Procedures 
 
For measuring hardness, the laboratory will use Standard Methods, sampling 
method 2340B or C.3  In various situations the laboratory may use Standard 
Methods, sampling method 3114 for measuring Selenium. The SOP for this 
method is also included in Appendix G.  Where necessary, the laboratory may 
use any of the above methods or alternate sampling procedures for various 
reasons or causes. Where and when used, the laboratory will use ensure that the 
method or procedure is EPA and state approved as well as include the reason, 
cause, and specific procedure used in resulting sample statements.  
 
4.6.4 Quality Assurance/Quality Control 
 
If other laboratories are used, each will participate in an inter-laboratory 
calibration program to ensure consistency of results and will employ a program 
that assesses and documents quality assurance for the laboratory facility, staff, 
instrumentation and equipment, materials and methods, reagents, and data 
validation.  These QA/QC measures may be included in the submitted SOPs or 
defined in a separate QA/QC document such as Appendix H.  The quality 
assurance procedures shall be in accordance with Standard Methods for the 
                                            
1 Standard Methods for the Examination of Water and Wastewater, 18th-20th edition (APHA 1992-
98) method.  
2 As approved in 40 CFR § 136.1-5 (2006) and 22 CCR § 64811(c)(2006).  
3 See Footnote 1 above.  
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Examination of Water and Wastewater, 18-20th Editions (APHA 1992-98).  All 
participating laboratories must maintain ELAP certification and provide QA/QC 
documentation as required by the LARWQCB. as is required of all state 
approved laboratories–a.k.a. Quality Assurance and Quality Control (QA/QC).  
These QA/QC measures for the City of Los Angeles EMD laboratory are included 
in Appendix G (internal laboratory) and Appendix H (field, collection & 
transportation).   The City of LA EMD laboratory QA/QC procedures are in 
accordance with Standard Methods for the Examination of Water and 
Wastewater and with ELAP certification as required by the LARWQCB. 4  
 
 
4.7   Reporting Protocols  
 
All data collected will be archived within a database.  Copies of the annual 
reports will be distributed to the responsible agencies prior to submittal to the 
LARWQCB for review and approval.  The final summary reports will be submitted 
to the LARWQCB on an annual basis along with compliance summary tables.  
See Appendix I for examples of data acquisition, reduction, validation, and 
reporting SOPs. 
 
 

                                            
4 See Footnote 1 above. 
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APPENDIX A 
Development History of Los Angeles River Metals TMDLs 

 
 
States must develop water quality management plans to implement the TMDL 
(40 CFR 130.6).  The USEPA has oversight authority for the 303(d) program and 
is required to review and either approve or disapprove the TMDLs submitted by 
states.  In California, the SWRCB and the nine RWQCBs are responsible for 
preparing lists of impaired water bodies under the 303(d) program and for 
preparing TMDLs, both subject to USEPA approval.  If USEPA disapproves a 
TMDL submitted by a state, USEPA is required to establish a TMDL for that 
water body.  The RWQCBs also hold regulatory authority for many of the 
instruments used to implement the TMDLs, such as the National Pollutant 
Discharge Elimination System (NPDES) permits and state-specified Waste 
Discharge Requirements (WDRs). 
 
The LARWQCB identified over 700 water body-pollutant combinations in the Los 
Angeles Region requiring TMDLs (LARWCQB, 1996, 1998a).  These are referred 
to as “listed” or “303(d) listed” water bodies or water body segments.  In 
December 1997, the Natural Resources Defense Council (NRDC), acting as 
legal representative for Heal the Bay, Inc., and Santa Monica BayKeeper, Inc., 
filed a Notice of Intent to sue the USEPA over failure of the LARWQCB to 
adequately implement the 303(d)/TMDL Program.  In December 1998, NRDC 
and BayKeeper entered into a Federal Consent Decree with the USEPA.  The 
Consent Decree combined the more than 700 water body-pollutant combinations 
into 92 TMDL analytical units, which are water quality limited segments and 
associated pollutants for which TMDLs must be developed.  A schedule for 
development of TMDLs in the Los Angeles Region was established in this 
consent decree. 
 
This TMDL addresses Analytical Unit (AU) #13 of the Consent Decree, which 
consists of segments of the Los Angeles River and tributaries with impairments 
by metals (cadmium, copper, lead, selenium, and zinc).  The Consent Decree 
schedule requires that this TMDL be completed by March 22, 2004.  If the 
LARWQCB fails to develop the TMDL, USEPA must promulgate the TMDL by 
March 22, 2005.  USEPA and the consent decree plaintiffs recently agreed to 
extend the completion deadline to December 22, 2005, in order to enable the 
State to complete its adoption process and USEPA to approve the State-adopted 
TMDLs for this water body.  The 2002 303(d) listings approved in 2003 are not 
required to be addressed per the Consent Decree; however, where appropriate, 
this TMDL addresses those listings as well.  These TMDLs have not been 
specifically scheduled in the Consent Decree, but are required to be completed 
by 2012. 
 
The proposed TMDL for metals has been adopted as an amendment to the 
Regional Board’s Water Quality Control Plan for the Los Angeles Region (Basin 
Plan).  The Secretary of Resources has certified the basin planning process as 
exempt from certain requirements of the California Environmental Quality Act 
(CEQA), including preparation of an initial study, negative declaration, and 
environmental impact report (California Code of Regulations, Title 14, Section 
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15251(g)).  The Basin Plan amendment and supporting documents, including this 
staff report and the CEQA checklist are considered substitute documents to an 
initial study, negative declaration, or environmental impact report.  LARWQCB 
staff held a CEQA Scoping meeting on April 23, 2004 in order to receive 
stakeholder input on the scope and content of the TMDL documents.  LARWQCB 
Staff presented an overview of reasonably foreseeable means of compliance with 
the TMDL in order to facilitate the scoping discussion and to identify possible 
impacts of the TMDL implementation.  The TMDL was approved by the USEPA 
and became effective on January 11, 2006. 
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APPENDIX B 
Basin Plan  

 
The Los Angeles Regional Water Quality Control Board's (LARWQCB) 
Water Quality Control Plan (Basin Plan) is designed to preserve and enhance 
water quality and protect the beneficial uses of all regional waters.  Specifically, 
the Basin Plan (i) designates beneficial uses for surface and ground waters, (ii) 
sets narrative and numerical objectives that must be attained or maintained to 
protect the designated beneficial uses and conform to the state's antidegradation 
policy, and (iii) describes implementation programs to protect all waters in the 
Region.  In addition, the Basin Plan incorporates (by reference) all applicable 
State and RWQCB plans and policies and other pertinent water quality policies 
and regulations.  Those of other agencies are referenced in appropriate sections 
throughout the Basin Plan. 
 
The Basin Plan is a resource for the LARWQCB and others who use water 
and/or discharge wastewater in the Los Angeles Region.  Other agencies and 
organizations involved in environmental permitting and resource management 
activities also use the Basin Plan.  Finally the Basin Plan provides valuable 
information to the public about local water quality issues.  The Basin Plan is 
reviewed and updated as necessary.   
 
. The Basin Plan Amendment to incorporate the LA River Metals TMDL into the 
Los Angeles Region Basin Plan adopted by the LARWQCB on June 2, 2005 is 
attached below and can also be downloaded from the LARWQCB’s website: 
http://www.waterboards.ca.gov/losangeles/board_decisions/basin_plan_am
endments/technical_documents/2005-006/2005-006_RB_BPA.pdf. Following 
adoption by the RWQCB, the Basin Plan and subsequent amendments were 
approved by the SWRCB on October 20, 2005, the State Office of Administrative 
Law (OAL)on December 9, 2005, and the USEPA on December 22, 2005 
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Amendment to the Water Quality Control Plan – Los Angeles Region to incorporate the  
 
 

Los Angeles River and Tributaries Metals TMDL 
 
Adopted by the California Regional Water Quality Control Board, Los Angeles Region on June 
2, 2005.  

 
Amendments:  

Table of Contents  
Add:  

Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries 

7-13 Los Angeles River and Tributaries Metals TMDL 

 
List of Figures, Tables and Inserts  
Add: 
 

Chapter 7. Total Maximum Daily Loads (TMDLs) 
Tables 
7-13 Los Angeles River and Tributaries Metals TMDL

Table 7-13.1 Los Angeles River and Tributaries Metals TMDL: Elements 
Table 7-13.2 Los Angeles River and Tributaries Metals TMDL: Implementation Schedule 
 Table 7-13.3 Los Angeles River and Tributaries Metals TMDL: Jurisdictional Groups 

 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries, Section 7-13 (Los Angeles 
River and Tributaries Metals TMDL)  
Add:  

This TMDL was adopted by  

The Regional Water Quality Control Board on June 2, 2005.  

This TMDL was approved by:  

The State Water Resources Control Board on October 2, 2005. 
The Office of Administrative Law on December 9, 2005. 
The U.S. Environmental Protection Agency on December 22, 2005. 
 

The following table includes the key elements of this TMDL. 
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Table 7-13.1 Los Angeles River and Tributaries Metals TMDL: Elements  
Element  Key Findings and Regulatory Provisions  
Problem Statement  Segments of the Los Angeles River and its tributaries are on the Clean 

Water Act section 303(d) list of impaired waterbodies for copper, 
cadmium, lead, zinc, aluminum and selenium. The metals subject to this 
TMDL are toxic pollutants, and the existing water quality objectives for 
the metals reflect national policy that the discharge of toxic pollutants in 
toxic amounts be prohibited. When one of the metals subject to this 
TMDL is present at levels exceeding the existing numeric objectives, 
then the receiving water is toxic. The beneficial uses impaired by metals 
in the Los Angeles River and its tributaries are those associated with 
aquatic life and water supply, including wildlife habitat, rare, threatened 
or endangered species, warm freshwater habitat, wetlands, and 
groundwater recharge. TMDLs are developed for reaches on the 303(d) 
list and for reaches where recent data indicate additional impairments. 
Addressing the impairing metals throughout the Los Angeles River 
watershed will ensure that the metals do not contribute to an impairment 
elsewhere in the watershed. Metals allocations are therefore developed 
for upstream reaches and tributaries that drain to impaired reaches. 
 These TMDLs address wet- and dry-weather discharges of copper, lead, 
zinc and selenium and wet-weather discharges of cadmium. 
Impairments related to cadmium only occur during wet weather. 
Impairments related to selenium are confined to Reach 6 and its 
tributaries. Dry-weather impairments related to zinc only occur in Rio 
Hondo Reach 1. The aluminum listing was based on water quality 
objectives set to support the municipal water supply beneficial use 
(MUN). MUN is a conditional use in the Los Angeles River watershed. 
The United States Environmental Protection Agency (USEPA) has 
determined that TMDLs are not required for impairments of conditional 
uses.  

Numeric Target 
(Interpretation of the numeric  
water quality objective, used to  
calculate the waste load  
allocations)  

Numeric water quality targets are based on the numeric water quality 
criteria established by the California Toxics Rule (CTR). The targets  
are expressed in terms of total recoverable metals. There are separate  
targets for dry and wet weather because hardness values and flow  
conditions in the Los Angeles River and tributaries vary between dry  
and wet weather. The dry-weather targets apply to days when the  
maximum daily flow in the River is less than 500 cfs. The wet-weather  
targets apply to days when the maximum daily flow in the River is  
equal to or greater than 500 cfs.  
The dry-weather targets for copper and lead are based on chronic CTR  
criteria. The dry-weather targets for zinc are based on acute CTR  
criteria. Copper, lead and zinc targets are dependent on hardness to  
adjust for site specific conditions and conversion factors to convert  
between dissolved and total recoverable metals. Copper and lead targets 
are based on 50th percentile hardness values. Zinc targets are based on 
10th percentile hardness values. Site-specific copper conversion factors 
are applied immediately downstream of the Tillman and LA-Glendale  
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Element  Key Findings and Regulatory Provisions  
 water reclamation plants (WRP). CTR default conversion factors are 

used for copper, lead, and zinc in all other cases. The dry-weather 
target for selenium is independent of hardness or conversion factors.  

Dry-weather conversion factors: 
Default     Below Tillman WRP    Below LA-Glendale WRP 

Copper       0.96                               0.74                                        0.80   

Lead           0.79  

Zinc            0.61  

Dry-weather numeric targets (μg total recoverable metals/L) 
                                         Cu         Pb         Zn      Se  
Reach 5, 6  
and Bell Creek                  30          19                     5  
Reach 4                             26          10 
Reach 3 
above LA-Glendale 
WRP and Verdugo           23          12  
Reach 3 below 
 LA-Glendale WRP          26          12  
Burbank Western 
Channel (above WRP)     26          14  
Burbank Western 
Channel (below WRP)     19          9.1  
Reach 2 
and Arroyo Seco               22         11  
Reach 1                             23         12  
Compton Creek                19          8.9  
Rio Hondo Reach 1          13          5.0      131  
Monrovia Canyon                          8.2  
 
The wet-weather targets for cadmium, copper, lead and zinc are 
based on acute CTR criteria and the 50th percentile hardness values 
for storm water collected at the Wardlow gage station. Conversion 
factors for copper, lead and zinc are based on a regression of 
dissolved metals values to total recoverable metals values collected at 
Wardlow. The CTR default conversion factor is applied to cadmium. 
The wet-weather target for selenium is independent of hardness or 
conversion factors.  

Wet-weather conversion factors: 
Cadmium                     0.94  
Copper                        0.65 
Lead                           0.82  
Zinc                            0.61  
Wet-weather numeric targets (μg total recoverable metals/L) 

Cd         Cu          Pb          Zn          Se 
                      3.1         17          62           159         5 
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Element  Key Findings and Regulatory Provisions  
Source Analysis  There are significant differences in the sources of metals loadings during 

dry weather and wet weather. During dry weather, most of the metals 
loadings are in the dissolved form. The three major publicly owned 
treatment works (POTWs) that discharge to the river (Tillman WRP, 
LA-Glendale WRP, and Burbank WRP) constitute the majority of the 
flow and metals loadings during dry weather. The storm drains also 
contribute a large percentage of the loadings during dry weather because 
although their flows are typically low, concentrations of metals in urban 
runoff may be quite high. The remaining portion of the dry weather flow 
and metals loadings represents a combination of tributary flows, 
groundwater discharge, and flows from other permitted NPDES 
discharges within the watershed.  
 
During wet weather, most of the metals loadings are in the particulate 
form and are associated with wet-weather storm water flow. On an  
annual basis, storm water contributes about 40% of the cadmium  
loading, 80% of the copper loading, 95% of the lead loading and 90% of 
the zinc loading. This storm water flow is permitted through two 
municipal separate storm sewer system (MS4) permits, a separate 
Caltrans MS4 permit, a general construction storm water permit and a 
general industrial storm water permit.  
 
Nonpoint sources of metals may include tributaries that drain the open 
space areas of the watershed. Direct atmospheric deposition of metals on 
the river is also a small source. Indirect atmospheric deposition on the 
land surface that is washed off during storms is a larger source, which is 
accounted for in the estimates of storm water loadings.  
 
The sources of selenium appear to be related to natural levels of 
selenium in soils in the upper watershed. Separate studies are underway 
to evaluate whether selenium levels represent a “natural condition” for 
this watershed.  

Loading Capacity  Dry Weather 
 Dry-weather TMDLs are developed for the following pollutant 
waterbody combinations (allocations are developed for upstream reaches 
and tributaries to meet TMDLs in downstream reaches): 
 
• Copper for the Los Angeles River Reaches 1, 2, 3, 4, and 5,       

Burbank Channel, Compton Creek, Tujunga Wash, Rio Hondo Reach 
1.    

 • Lead for the Los Angeles River Reaches 1, 2, 3, 4, and 5, Burbank 
Channel, Rio Hondo Reach 1, Compton Creek, Monrovia Canyon 
Creek. 

 • Zinc for Rio Hondo Reach 1. 
 • Selenium for Reach 6, Aliso Creek, Dry Canyon Creek, McCoy 

Canyon Creek. 
 
 For dry weather, loading capacities are equal to reach-specific numeric 
targets multiplied by reach-specific critical dry-weather flows.  
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Element  Key Findings and Regulatory Provisions  
Summing the critical flows for each reach and tributary, the critical 
flow for the entire river is 203 cfs, which is equal to the combined 
design flow of the three POTWs (169 cfs) plus the median flow from 
the storm drains and tributaries (34 cfs). The median storm drain and 
tributary flow is equal to the median flow at Wardlow (145 cfs) minus 
the existing median POTW flow (111 cfs). The dry-weather loading 
capacities for each impaired reach include the critical flows for 
upstream reaches. The dry-weather loading capacity for Reach 5 
includes flows from Reach 6 and Bell Creek, the dry-weather loading 
capacity for Reach 3 includes flows from Verdugo Wash, and the dry-
weather loading capacity for Reach 2 includes flows from Arroyo 
Seco. 

Dry-weather loading capacity (total recoverable metals) 
 
                                Critical                  Cu         Pb           Zn 
                                 Flow (cfs)          (kg/day) (kg/day) (kg/day) 
 LA River Reach 5       8.74                     0.65        0.39 
 LA River Reach 4      129.13                  8.1          3.2  
LA River Reach 3       39.14                    2.3          1.01 
 LA River Reach 2      4.44                      0.16        0.084 
 LA River Reach 1      2.58                      0.14        0.075 
 Tujunga Wash           0.15                      0.007      0.0035 
 Burbank Channel       17.3                      0.80        0.39 
 Rio Hondo Reach 1    0.50                     0.015       0.0061     0.16  
Compton Creek           0.90                     0.041       0.020 
 
No dry-weather loading capacities are calculated for lead in Monrovia 
Canyon Creek or selenium in Reach 6 or its tributaries. Concentration-
based allocations are assigned for these metals in these reaches.  
Wet Weather 
 Wet-weather TMDLs are calculated for cadmium, copper, lead, and 
zinc in Reach 1. Allocations are developed for all upstream reaches 
and tributaries to meet these TMDLs.  
 
Wet-weather loading capacities are calculated by multiplying daily 
storm volumes by the wet-weather numeric target for each metal. The 
resulting curves identify the load allowance for a given flow.  
 

Wet-weather loading capacity (total recoverable metals) 
 
Metal         Load Duration Curve (kg/day)  
 
Cadmium    Daily storm volume x 3.1 µg/L 
Copper       Daily storm volume x 17 µg/L 
Lead          Daily storm volume  x 62 µg/L  

 

Zinc           Daily storm volume  x 159 µg/L  
Load Allocations (for 
nonpoint  
sources)  

Dry Weather  
Dry-weather nonpoint source load allocations (LAs) for copper and  
lead apply to open space and direct atmospheric deposition to the river. 
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Element  Key Findings and Regulatory Provisions  
 Dry-weather open space load allocations are equal to the critical flow 

for the upper portion of tributaries that drain open space, multiplied by 
the numeric targets for these tributaries. 

Open space dry-weather LAs (total recoverable metals) 
 

                           Critical Flow         Cu (kg/day)       Pb (kg/day) 
Tujunga Wash     0.12                        0.0056               0.0028 
Arroyo Seco         0.33                      0.018              0.009 
 
Load allocations for direct atmospheric deposition to the entire river are 
obtained from previous studies (3 kg/year for copper, 2 kg/year for lead 
and 10 kg/year for zinc.) Loads are allocated to each reach and tributary 
based on their length. The ratio of the length of each river segment to 
the total length of the river is multiplied by the estimates of direct 
atmospheric loading to the entire river. 

Direct air deposition dry-weather LAs (total recoverable metals) 
                                   Cu (kg/day)       Pb (kg/day)      Zn(kg/day) 
LA River Reach 6       3.3x10-4

                      2.2x10-4

LA River Reach 5       3.6x10-4
                      2.4x10-4

LA River Reach 4       8.1x10-4
                      5.4x10-4

LA River Reach 3       6.04x10-4
                   4.03x10-4

LA River Reach 2       1.4 x10-3
             9.5x10-4

LA River Reach 1       4.4x10-4
                     2.96x10-4

Bell Creek                  2.98x10-4
                  1.99x10-4

Tujunga Wash             7.4x10-4
                     4.9x10-4

Verdugo Wash            4.7x10-4
                     3.2x10-4

Burbank Channel        7.1x10-4
                      4.7x10-4

Arroyo Seco               7.3x10-4
                     4.9x10-4

Rio Hondo Reach 1     6.4x10-4
                     4.2x10-4

                     2.1x10-3

Compton Creek          6.5x10-4
                      4.3x10-4 

 

A dry-weather concentration-based load allocation for lead equal to the 
dry-weather numeric target (8.2 µg/L) applies to Monrovia Canyon 
Creek. The load allocation is not assigned to a particular nonpoint 
source or group of nonpoint sources. 
 
A dry-weather concentration-based load allocation for selenium equal 
to the dry-weather numeric target (5 µg/L) is assigned to Reach 6 and 
its tributaries. The load allocation is not assigned to a particular 
nonpoint source or group of nonpoint sources. 

Wet Weather 
Wet-weather load allocations for open space are equal to the percent 
metals loading from open space (predicted by the wet-weather model) 
multiplied by the total loading capacity, then by the ratio of open space 
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Element  Key Findings and Regulatory Provisions  
 located outside the storm drain system to the total open space area.  

There is no load allocation for cadmium because open space is not  
believed to be a source of the wet-weather cadmium impairment in  
Reach 1.  

Wet-weather open space LAs (total recoverable metals) 
 Metal              Load Allocation (kg/day)  
Copper            2.6x10-10 µg /L/day x daily storm volume(L)  
Lead                2.4x10-10 µg /L/day x daily storm volume(L)  
Zinc                1.4x10-9 µg /L/day x daily storm volume(L)  
 
Wet-weather load allocations for direct atmospheric deposition are 
equal to the percent area of the watershed comprised by surface water 
(0.2%) multiplied by the total loading capacity.  

 
Wet-weather direct air deposition LAs (total recoverable metals) 

 Metal                Load Allocation (kg/day) 
 Cadmium          6.2x10-10 µg /L/day x daily storm volume(L)  
Copper               3.4x10-10 µg /L/day x daily storm volume(L)  
Lead                  1.2x10-10 µg /L/day x daily storm volume(L)  
Zinc                   3.2x10-9 µg /L/day x daily storm volume(L)  
 
A wet-weather concentration-based load allocation for selenium equal 
to the dry-weather numeric target (5 µg/L) is assigned to Reach 6 and 
its tributaries. The load allocation is not assigned to a particular 
nonpoint source or group of nonpoint sources.  

Waste Load Allocations (for 
point sources)  

Dry Weather  
 
Dry-weather point source waste load allocations (WLAs) apply to the 
three POTWs (Tillman, Glendale, and Burbank). A grouped waste load 
allocation applies to the storm water permitees (Los Angeles County 
MS4, Long Beach MS4, Caltrans, General Industrial and General 
Construction), which is calculated by subtracting load allocations (and 
waste load allocations for reaches with POTWs) from the total loading 
capacity. Concentration-based waste load allocations are developed for 
other point sources in the watershed.  
 
Mass- and concentration-based waste load allocations for Tillman, Los  
Angeles-Glendale and Burbank WRPs are developed to meet the dry-
weather targets for copper and lead in Reach 4, Reach 3 and the 
Burbank Western Channel, respectively.  
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Element  Key Findings and Regulatory Provisions  
 POTW dry-weather WLAs (total recoverable metals): 

                                                  Cu           Pb  
Tillman  
Concentration-based (µg/L)              26            10  
Mass-based (kg/day)                         7.8           3.03  
 
Glendale  
Concentration-based (µg/L)              26            12  
Mass-based (kg/day)                         2.0           0.88  
 
Burbank  
Concentration-based (µg/L)           19           9.1  
Mass-based (kg/day)                    0.64         0.31 
 
Dry-weather waste load allocations for storm water are equal to storm drain 
flows (critical flows minus median POTW flows minus median open space 
flows) multiplied by reach-specific numeric targets, minus the contribution 
from direct air deposition.  

Storm water dry-weather WLAs (total recoverable metals) 
                                Critical Flow   Cu            Pb              Zn 
                                      (cfs)      (kg/day)   (kg/day)        (kg/day)  
LA River Reach                  7.20        0.53          0.33  
LA River Reach                  0.75        0.05          0.03   
LA River Reach 4               5.13        0.32          0.12 
LA River Reach 3               4.84        0.06          0.03 
LA River Reach 2               3.86        0.13          0.07 
LA River Reach 1               2.58        0.14          0.07 
Bell Creek                         0.79        0.06          0.04       
Tujunga Wash                    0.03        0.001        0.0002 
Burbank Ch                       3.3          0.15          0.07         
Verdugo Wash                   3.3          0.18          0.10 
Arroyo Seco                      0.25        0.01          0.01 
Rio Hondo Reach               0.50        0.01          0.006         0.16 
Compton Creek                 0.90         0.04           0.02 
 
A zero waste load allocation is assigned to all industrial and construction 
storm water permittees during dry weather. The remaining waste load 
allocations are shared by the MS4 permittees and Caltrans.  
 
Other NPDES Permits  

Concentration-based dry-weather waste load allocations apply to the other 
NPDES permits* that discharge to the reaches and tributaries in the 
following table.  

* “Other NPDES permits” refers to minor NPDES permits, general non-
storm water NDPES permits, and major permits other than the Tillman, LA-
Glendale, and Burbank POTWs. 
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Element  Key Findings and Regulatory Provisions  
  Other dry-weather WLAs (µg  total recoverable metals/L) 

           Cu             Pb                   Zn           Se  

 Reach 5, 6 and 
 Bell Creek                      30               19                                      5 
Reach 4                       26             10  
Reach 3 above  
LA-Glendale  
WRP and Verdugo          23               12  
Reach 3 below   
LA-Glendale WRP          26               12  
Burbank Western  
Channel(above WRP)      26               14  
Burbank Western  
Channel (below WRP)    19                9.1  

Reach 2  

and Arroyo Seco              22              11  
Reach 1                            23              12  

Compton Creek                19               8.9  

Rio Hondo Reach 1         13               5.0                   131  

Wet Weather  

During wet-weather, POTW allocations are based on dry-weather in-stream 
numeric targets because the POTWs exert the greatest influence over in-
stream water quality during dry weather.  During wet weather, the 
concentration-based dry-weather waste load allocations apply but the mass-
based dry-weather allocations do not apply when influent flows exceed the 
design capacity of the treatment plants. Additionally, the POTWs are 
assigned reach-specific allocations for cadmium and zinc based on dry 
weather targets to meet the wet-weather TMDLs in Reach 1.  

POTW wet-weather WLAs (total recoverable metals): 
                                        Cd          Cu              Pb         Zn  
Tillman  
Concentration-based (µg/L)   4.7            26              10             212  
Mass-based (kg/day)              1.4            7.8             3.03            64  
Glendale  
Concentration-based (µg/L)   5.3           26               12             253 
Mass-based (kg/day)              0.40          2.0              0.88           19  
Burbank  
Concentration-based (µg/L)   4.5             19              9.1            212 
 Mass-based (kg/day)            0.15          0.64            0.31            7.3  
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Element  Key Findings and Regulatory Provisions  
 Wet-weather waste load allocations for the grouped storm water permittees 

are equal to the total loading capacity minus the load allocations for open 
space and direct air deposition and the waste load allocations for the 
POTWs. Wet-weather waste load allocations for the grouped storm water 
permittees apply to all reaches and tributaries.  

       Storm water wet-weather WLAs (total recoverable metals):  

       Metal                               Waste Load Allocation (kg/day)  
Cadmium                        3.1x10

-9

 x daily volume(L) – 1.95 

Copper                            1.7x10
-8

 x daily volume (L) – 10 

Lead                                6.2x10
-8

 x daily volume (L) – 4.2 

Zinc                                 1.6x10
-7

 x daily volume (L) – 90 

The combined storm water waste load allocation is apportioned between the 
different storm water categories by their percent area of the portion of the 
watershed served by storm drains.  

             MS4 wet-weather WLAs (total recoverable metals):  

     Metal                      Waste Load Allocation (kg/day)  
Cadmium                        2.8x10

-9

 x daily volume(L) – 1.8 
Copper                            1.5x10

-8

 x daily volume (L) – 9.5             
Lead                                5.6x10

-8

 x daily volume (L) – 3.85    
Zinc                                 1.4x10

-7

 x daily volume (L) – 83  

        Caltrans wet-weather WLAs (total recoverable metals):  

      Metal                         Waste Load Allocation (kg/day)  
Cadmium                            5.3x10

-11

 x daily volume(L) – 0.03 
Copper                                2.9x10

-10

 x daily volume (L) – 0.2 
Lead                                   1.06x10

-9

 x daily volume (L) – 0.07 
Zinc                                    2.7x10

-9

 x daily volume (L) – 1.6  

  General Industrial wet-weather WLAs (total recoverable metals):  

Metal                                 Waste Load Allocation (kg/day)  
Cadmium                            1.6x10

-10

 x daily volume(L) – 0.11 
Copper                                8.8x10

-10

 x daily volume (L) – 0.5 
Lead                                    3.3x10

-9

 x daily volume (L) – 0.22 
Zinc                                    8.3x10

-9

 x daily volume (L) – 4.8  

General Construction wet-weather WLAs (total recoverable metals):  

Metal                             Waste Load Allocation (kg/day)  
Cadmium                        5.9x10

-11

 x daily volume(L) – 0.04                   
Copper                           3.2x10

-10

 x daily volume (L) – 0.2                       
Lead                              1.2x10

-9

 x daily volume (L) – 0.08                      Zinc    
3.01x10

-

9 x daily volume (L) – 4.8 
Each storm water permittee under the general industrial and construction 
storm water permits will receive individual waste load allocations per acre 
based on the total acres of their facility.  
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 Individual General Construction or Industrial Permittees WLAs   
 (total recoverable metals): 

Metal                        Waste Load Allocation (g/day/acre)  
Cadmium                    7.6x10-12 x daily volume(L) – 4.8x10-6                         

Copper                       4.2x10-11 x daily volume (L) – 2.6x10-5                           Lead   
1.5x10-10 x daily volume (L) – 1.04x10-5                         Zinc                           
3.9x10-10 x daily volume (L) – 2.2x10-4            
 

Other NPDES Permits 
 Concentration-based wet-weather waste load allocations apply to the other 
NPDES permits* that discharge to all reaches of the Los Angeles River and 
its tributaries.  
 

Wet-weather WLAs for other permits (total recoverable metals) 
Cadmium (µg /L)   Copper (µg /L)   Lead (µg /L)     Zinc (µg /L)          

3.1                17                   62                    159 
 * “Other NPDES permits” refers to minor NPDES permits, general  
 non-storm water NDPES permits, and major permits other than the  
 Tillman, LA-Glendale, and Burbank POTWs.  
Margin of Safety  There is an implicit margin of safety that stems from the use of conservative 

values for the translation from total recoverable to the  
 dissolved fraction during the dry and wet periods. In addition, the  
 TMDL includes a margin of safety by evaluating wet-weather  
 conditions separately from dry-weather conditions, which is in effect,  
 assigning allocations for two distinct critical conditions. Furthermore,  
 the use of the wet-weather model to calculate load allocations for open  
 space can be applied to the margin of safety because it tends to  
 overestimate loads from open spaces, thus reducing the available waste  
 load allocations to the permitted discharges.  

Implementation  The regulatory mechanisms used to implement the TMDL will include the 
Los Angeles County Municipal Storm Water NPDES Permit (MS4), the 
City of Long Beach MS4, the Caltrans storm water permit,  

 major NPDES permits, minor NPDES permits, general NPDES permits, 
general industrial storm water NPDES permits, and general construction 
storm water NPDES permits.  Nonpoint sources will be  

 regulated through the authority contained in sections 13263 and 13269 of 
the Water Code, in conformance with the State Water Resources  

 Control Board’s Nonpoint Source Implementation and Enforcement Policy 
(May 2004). Each NPDES permit assigned a WLA shall be reopened or 
amended at reissuance, in accordance with applicable laws, to incorporate 
the applicable WLAs as a permit requirement.  

 The Regional Board shall reconsider this TMDL in 5 years after  the 
effective date of the TMDL based on additional data obtained from special 
studies. Table 7-13-2 presents the implementation schedule for the 
responsible permittees. 
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Element  Key Findings and Regulatory Provisions  
 Non storm water NPDES permits (including POTWs, other major, 

minor, and general permits): 
 
Permit writers may translate applicable waste load allocations into effluent 
limits for the major, minor and general NPDES permits by applying the 
effluent limitation procedures in Section 1.4 of the State Water Resources 
Control Board’s Policy for Implementation of Toxics Standards for Inland 
Surface Waters, Enclosed Bays, and Estuaries of California (2000) or other 
applicable engineering practices authorized under federal regulations. 
Compliance schedules may be established in individual NPDES permits, 
allowing up to 5 years within a permit cycle to achieve compliance. 
Compliance schedules may not be established in general NPDES permits. A 
discharger that can not comply immediately with effluent limitations 
specified to implement waste load allocations will be required to apply for 
an individual permit in order to demonstrate the need for a compliance 
schedule.  

If a POTW demonstrates that advanced treatment (necessitating long design 
and construction timeframes) will be required to meet final waste load 
allocations, the Regional Board will consider extending the implementation 
schedule to allow the POTW up to 10 years from the effective date of the 
TMDL to achieve compliance with the final WLAs.  

Permittees that hold individual NPDES permits and solely discharge storm 
water may be allowed (at Regional Board discretion) compliance schedules 
up 10 years from the effective date of the TMDL to achieve compliance 
with final WLAs.  

General industrial storm water permits:  

The Regional Board will develop a watershed-specific general industrial 
storm water permit to incorporate waste load allocations.  

Dry-weather implementation  

Non-storm water flows authorized by Order No. 97-03 DWQ, or any 
successor order, are exempt from the dry-weather waste load allocation 
equal to zero. Instead, these authorized non-storm water flows shall meet the 
reach-specific concentration-based waste load allocations assigned to the 
“other NPDES permits”. The dry-weather waste load allocation equal to 
zero applies to unauthorized non-storm water flows, which are prohibited by 
Order No. 97-03 DWQ.  

It is anticipated that the dry-weather waste load allocations will be 
implemented by requiring improved best management practices (BMPs) to 
eliminate the discharge of non-storm water flows. However, permit writers 
must provide adequate justification and documentation to demonstrate that 
specified BMPs are expected to result in attainment of the numeric waste 
load allocations.  
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 Wet-weather implementation  

General industrial storm water permittees are allowed interim wet-weather 
concentration-based waste load allocations based on benchmarks contained 
in EPA’s Storm Water Multi-sector General Permit for Industrial Activities. 
The interim waste load allocations apply to all industry sectors and apply 
until no later than January 11, 2016.  

Interim wet-weather WLAs for general industrial storm 
water permittees (total recoverable metals)* 

Cd (µg/L)        Cu(µg/L)        Pb(µg/L)         Zn(µg/L) 
                  15.9                   63.6                 81.6                   117  

*Based on USEPA benchmarks for industrial storm water sector  

In the first five years, interim waste load allocations will not be interpreted 
as enforceable permit conditions. If monitoring demonstrates that interim 
waste load allocations are being exceeded, the permittee shall evaluate 
existing and potential BMPs, including structural BMPs, and implement any 
necessary BMP improvements. It is anticipated that monitoring results and 
any necessary BMP improvements would occur as part of an annual 
reporting process. After five years, interim waste load allocations shall be 
translated into enforceable permit conditions. Compliance with permit 
conditions may be demonstrated through the installation, maintenance, and 
monitoring of Regional Board-approved BMPs. If this method of 
compliance is chosen, permit writers must provide adequate justification and 
documentation to demonstrate that BMPs are expected to result in 
attainment of interim waste load allocations.  

The general industrial storm water permits shall achieve final wet-weather 
waste load allocations no later than 10 years from the effective date of the 
TMDL, which shall be expressed as NPDES water quality-based effluent 
limitations. Effluent limitations may be expressed as permit conditions, such 
as the installation, maintenance, and monitoring of Regional Board-
approved BMPs if adequate justification and documentation demonstrate 
that BMPs are expected to result in attainment of waste load allocations.  

 
General construction storm water permits:  

Waste load allocations will be incorporated into the State Board general 
permit upon renewal or into a watershed-specific general permit developed 
by the Regional Board.  

Dry-weather implementation  

Non-storm water flows authorized by the General Permit for Storm Water 
Discharges Associated with Construction Activity (Water Quality Order No. 
99-08 DWQ), or any successor order, are exempt from the dry-weather 
waste load allocation equal to zero as long as they comply with the 
provisions of sections C.3.and A.9 of the Order No. 99-08 DWQ, which 
state that these authorized non-storm discharges 
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Element  Key Findings and Regulatory Provisions  
 shall be (1) infeasible to eliminate (2) comply with BMPs as described in the 

Storm Water Pollution Prevention Plan prepared by the permittee, and (3) 
not cause or contribute to a violation of water quality standards, or 
comparable provisions in any successor order. Unauthorized non-storm 
water flows are already prohibited by Order No. 99-08 DWQ.  

Wet-weather implementation  

Within seven years of the effective date of the TMDL, the construction 
industry will submit the results of BMP effectiveness studies to determine 
BMPs that will achieve compliance with the final waste load allocations 
assigned to construction storm water permittees. Regional Board staff will 
bring the recommended BMPs before the Regional Board for consideration 
within eight years of the effective date of the TMDL. General construction 
storm water permittees will be considered in compliance with final waste 
load allocations if they implement these Regional Board approved BMPs. 
All permittees must implement the approved BMPs within nine years of the 
effective date of the TMDL. If no effectiveness studies are conducted and no 
BMPs are approved by the Regional Board within eight years of the 
effective date of the TMDL, each general construction storm water permit 
holder will be subject to site-specific BMPs and monitoring requirements to 
demonstrate compliance with final waste load allocations.  

MS4 and Caltrans permits                                                

Applicable CTR limits are being met most of the time during dry weather, 
with episodic exceedances. Due to the expense of obtaining accurate flow 
measurements required for calculating loads, concentration-based permit 
limits may apply during dry weather. These concentration-based limits 
would be equal to dry-weather reach-specific numeric targets.  

Each municipality and permittee will be required to meet the storm water 
waste load allocations shared by the two MS4s and Caltrans permittees at 
the designated TMDL effectiveness monitoring points. A phased 
implementation approach, using a combination of non-structural and 
structural BMPs may be used to achieve compliance with the waste load 
allocations. The administrative record and the fact sheets for the MS4 and 
Caltrans storm water permits must provide reasonable assurance that the 
BMPs selected will be sufficient to implement the waste load allocations.  

The implementation schedule for the MS4 and Caltrans permittees consists 
of a phased approach. The watershed is divided into five jurisdictional 
groups based on the subwatersheds of the tributaries that drain to each reach 
of the river, as presented in Table 7-13-3. Each jurisdictional group shall 
achieve compliance in prescribed percentages of its subwatershed(s), with 
total compliance to be achieved within 22 years. Jurisdictional groups can be 
reorganized o subdivided upon approval by the Executive Officer. 
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Seasonal Variations and 
Critical Conditions  

Seasonal variations are addressed by developing separate waste load 
allocations for dry weather and wet weather.  

 For dry weather, critical flows for each reach are established from the long-
term flow records (1988-2000) generated by stream gages located 
throughout the watershed and in selected reaches. The median dry-weather 
urban runoff plus the combined design capacity of the three major POTWs is 
selected as the critical flow since most of the flow is from effluent which 
results in a relatively stable dry-weather flow condition. In areas where there 
are no flow records, an area-weighted approach is used to assign flows to 
these reaches.  

 

Wet-weather allocations are developed using the load-duration curve 
concept. The total wet-weather waste load allocation for wet weather varies 
by storm. Given this variability in storm water flows, no justification was 
found for selecting a particular sized storm as the critical condition.  

Compliance Monitoring and 
Special Studies  

Effective monitoring will be necessary to assess the condition of the Los 
Angeles River and its tributaries and to assess the on-going effectiveness of 
efforts by dischargers to reduce metals loading to the  

 Los Angeles River.  Special studies may also be appropriate to provide  
 further information about new data, new or alternative sources, and  
 revised scientific assumptions.  Below the Regional Board identifies the 

various goals of monitoring efforts and studies. The programs, reports,  
 and studies will be developed in response to subsequent orders issued  
 by the Executive Officer.  

 Ambient Monitoring  
 An ambient monitoring program is necessary to assess water quality  
 throughout the Los Angeles River and its tributaries and the progress  
 being made to remove the metals impairments. The MS4 and Caltrans  
 storm water NPDES permittees in each jurisdictional group are jointly  
 responsible for implementing the ambient monitoring program. The  
 responsible agencies shall sample for total recoverable metals,  
 dissolved metals, including cadmium and zinc, and hardness once per  
 month at each ambient monitoring location at least until the TMDL is  
 re-considered at year 5. The reported detection limits shall be below the 

hardness adjusted CTR criteria. Eight ambient monitoring points  
 currently exist in the Los Angeles River and its tributaries as part of the City 

of Los Angeles Watershed Monitoring Program. These monitoring points 
could be used to assess water quality.  
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 Ambient  

Monitoring 
Points                          Reaches and Tributaries  
White Oak            LA River 6, Aliso Creek, McCoy Creek, Bell Creek 
Avenue                                                                                                
Sepulveda             LA  River 5, Bull Creek                                         
Boulevard                                                                                               
Tujunga                  LA River 4, Tujunga Wash                                     
Avenue                                                                                                 
Colorado                LA River 3, Burbank Western Channel, Verdugo Wash 
Boulevard                                                                                             
Figueroa                 LA River 3, Arroyo Seco                                           
Street                                                                                                
Washington            LA River 2                                                             
Boulevard                                                                                                  
Rosecrans                LA River 2, Rio Hondo (gage just above Rio Hondo) 
Avenue                                                                                                           
Willow                     LA River 1, Compton Creek (gage at Wardlow) Street  

TMDL Effectiveness Monitoring  

The MS4 and Caltrans storm water NPDES permittees in each jurisdictional 
group are jointly responsible for assessing progress in reducing pollutant 
loads to achieve the TMDL. Each jurisdictional group is required to submit 
for approval by the Executive Officer a coordinated monitoring plan that 
will demonstrate the effectiveness of the phased implementation schedule 
for this TMDL (See Table 7-13.2), which requires attainment of the 
applicable waste load allocations in prescribed percentages of each 
subwatershed over a 22-year period. The monitoring locations specified for 
the ambient monitoring program may be used as effectiveness monitoring 
locations.  

The MS4 and Caltrans storm water NPDES permittees will be found to be 
effectively meeting dry-weather waste load allocations if the in-stream 
pollutant concentration or load at the first downstream monitoring location 
is equal to or less than the corresponding concentration- or load-based waste 
load allocation. Alternatively, effectiveness of the TMDL may be assessed 
at the storm drain outlet based on the waste load allocation for the receiving 
water. For storm drains that discharge to other storm drains, the waste load 
allocation will be based on the waste load allocation for the ultimate 
receiving water for that storm drain system. The MS4 and Caltrans storm 
water NPDES permittees will be found to be effectively meeting wet-
weather waste load allocations if the loading at the downstream monitoring 
location is equal to or less then the wet-weather waste load allocation.  

The general industrial storm water permit shall contain a model monitoring 
and reporting program to evaluate BMP effectiveness. A permittee enrolled 
under the general permit shall have the choice of conducting individual 
monitoring based on the model program or participating in a group 
monitoring effort. MS4 permittees are 
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 encouraged to take the lead in group monitoring efforts for industrial 

facilities within their jurisdiction because compliance with waste load 
allocations by these facilities will in many cases translate to reductions in 
metals loads to the MS4 system.  

The Tillman, LA-Glendale, and Burbank POTWs, and the remaining 
permitted discharges in the watershed will have effluent monitoring 
requirements to ensure compliance with waste load allocations.  

Special Studies  

The implementation schedule (see Table 7-13.2) allows time for special 
studies that may serve to refine the estimate of loading capacity, waste load 
and/or load allocations, and other studies that may serve to optimize 
implementation efforts. The Regional Board will re-consider the TMDL in 
the fifth year after the effective date in light of the findings of these studies.  
Studies may include:  

• Refined flow estimates for the Los Angeles River mainstem  and   
tributaries where there presently are no flow gages and for improved gaging 
of low-flow conditions.     
• Water quality measurements, including a better assessment of hardness, 
water chemistry data (e.g., total suspended solids and organic carbon) that 
may refine the use of metals partitioning coefficients.  
• Effects studies designed to evaluate site-specific toxic effects of metals 
on the Los Angeles River and its tributaries.  
• Source studies designed to characterize loadings from background or 
natural sources  
• Review of water quality modeling assumptions including the 
relationship between metals and total suspended solids as expressed in the 
potency factors and buildup and washoff and transport coefficients.  
• Evaluation of aerial deposition and sources of aerial deposition.  
• POTWs that are unable to demonstrate compliance with final waste 
load allocations must conduct source reduction audits within two years of 
the effective date of the TMDL.  
• POTWs that will be requesting the Regional Board to extend their 
implementation schedule to allow for the installation of advanced treatment 
must prepare work plans, with time schedules to allow for the installation 
advanced treatment. The work plan must be submitted within four years 
from the effective date of the TMDL  
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Table 7-13.2 Los Angeles River and Tributaries Metals TMDL: Implementation Schedule 
 
 

Date  Action  
Effective date of  TMDL  Regional Board permit writers shall incorporate waste load 

allocations into NPDES permits. Waste load allocations will be 
implemented through NPDES permit limits in accordance with the 
implementation schedule contained herein, at the time of permit 
issuance, renewal, or re-opener.  

4 years after the effective date 
of the TMDL  

Responsible jurisdictions and agencies shall provide to the Regional 
Board results of the special studies. POTWs that will be requesting 
the Regional Board to extend their implementation schedule to 
allow for the installation of advanced treatment must submit work 
plans.  

5 years after the effective date 
of the TMDL 

The Regional Board shall reconsider this TMDL to re-evaluate the 
waste load allocations and the implementation schedule.  

NON-STORM WATER NPDES PERMITS (INCLUDING POTWS, OTHER MAJOR, 
MINOR, AND GENERAL PERMITS)  
Upon permit issuance, 
renewal, or re-opener  

The non-storm water NPDES permits shall achieve waste load 
allocations, which shall be expressed as NPDES water quality-based 
effluent limitations specified in accordance with federal regulations 
and state policy on water quality control. Compliance schedules may 
allow up to 5 years in individual NPDES permits to meet permit 
requirements. Compliance schedules may not be established in 
general NPDES permits. If a POTW demonstrates that advanced 
treatment will be required to meet final waste load allocations, the 
Regional Board will consider extending the implementation 
schedule to allow the POTW up to 10 years to achieve compliance 
with the final WLAs. Permittees that hold individual NPDES 
permits and solely discharge storm water may be allowed (at 
Regional Board discretion) compliance schedules up to 10 years to 
achieve compliance with final WLAs.  

GENERAL INDUSTRIAL STORM WATER PERMITS  
Upon permit issuance, 
renewal, or re-opener  

The general industrial storm water permitees shall achieve dry-
weather waste load allocations, which shall be expressed as NPDES 
water quality-based effluent limitations specified in accordance with 
federal regulations and state policy on water quality control. 
Effluent limitations may be expressed as permit conditions, such as 
the installation, maintenance, and monitoring of Regional Board-
approved BMPs. Permittees shall begin to install and test BMPs to 
meet the interim wet-weather WLAs. BMP effectiveness monitoring 
will be implemented to determine progress in achieving interim wet-
weather waste load allocations.  

RB-AR42096



 

Page 46 of 130 

 

Date  Action  
5 years after the effective date 
of the TMDL 

The general industrial storm water permits shall achieve interim 
wet-weather waste load allocations, which shall be expressed as 
NPDES water quality-based effluent limitations. Effluent limitations 
may be expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved BMPs. 
Permittees shall begin an iterative BMP process including BMP 
effectiveness monitoring to achieve compliance with final waste 
load allocations.  

10 years after the effective 
date of the TMDL 

The general industrial storm water permits shall achieve final wet-
weather waste load allocations, which shall be expressed as NPDES 
water quality-based effluent limitations. Effluent limitations may be 
expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved BMPs.  

GENERAL CONSTRUCTION STORM WATER PERMITS  
Upon permit issuance, 
renewal, or re-opener  

Non-storm water flows not authorized by Order No. 99-08 DWQ, or 
any successor order, shall achieve dry-weather waste load 
allocations of zero. Waste load allocations shall be expressed as 
NPDES water quality-based effluent limitations specified in 
accordance with federal regulations and state policy on water quality 
control. Effluent limitations may be expressed as permit conditions, 
such as the installation, maintenance, and monitoring of Regional 
Board-approved BMPs.  

Seven years after the effective 
date of the TMDL 

The construction industry will submit the results of wet-weather 
BMP effectiveness studies to the Regional Board for consideration. 
In the event that no effectiveness studies are conducted and no 
BMPs are approved, permittees shall be subject to site-specific 
BMPs and monitoring to demonstrate BMP effectiveness.  

Eight years after the effective 
date of the TMDL 

The Regional Board will consider results of the wet-weather BMP 
effectiveness studies and consider approval of BMPs no later than 
eight years from the effective date of the TMDL.  

Nine years after the effective 
date of the TMDL 

All general construction storm water permittees shall implement 
Regional Board-approved BMPs.  

MS4 AND CALTRANS STORM WATER PERMITS  
15 months after the effective 
date of the TMDL  

In response to an order issued by the Executive Officer, each 
jurisdictional group must submit a coordinated monitoring plan, to 
be approved by the Executive Officer, which includes both TMDL 
effectiveness monitoring and ambient monitoring. Once the 
coordinated monitoring plan is approved by the Executive Officer 
ambient monitoring shall commence within 6 months.  
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Date  Action  
48 months after effective date 
of the TMDL (Draft Report) 
54 months after effective date 
of the TMDL (Final Report)  

Each jurisdictional group shall provide a written report to the 
Regional Board outlining the how the subwatersheds within the 
jurisdictional group will achieve compliance with the waste load 
allocations. The report shall include implementation methods, an 
implementation schedule, proposed milestones, and any applicable 
revisions to the TMDL effectiveness monitoring plan.  

6 years after effective date of 
the TMDL  

Each jurisdictional group shall demonstrate that 50% of the group’s 
total drainage area served by the storm drain system is effectively 
meeting the dry-weather waste load allocations and 25% of the 
group’s total drainage area served by the storm drain system is 
effectively meeting the wet-weather waste load allocations.  

14 years after effective date of 
the TMDL 

Each jurisdictional group shall demonstrate that 75% of the group’s 
total drainage area served by the storm drain system is effectively 
meeting the dry-weather WLAs.  

18 years after effective date of 
the TMDL 

Each jurisdictional group shall demonstrate that 100% of the 
group’s total drainage area served by the storm drain system is 
effectively meeting the dry-weather WLAs and 50% of the group’s 
total drainage area served by the storm drain system is effectively 
meeting the wet-weather WLAs.  

22 years after effective date of 
the TMDL 

Each jurisdictional group shall demonstrate that 100% of the 
group’s total drainage area served by the storm drain system is 
effectively meeting both the dry-weather and wet-weather WLAs.  
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Table 7-13.3  Los Angeles River and Tributaries Metals TMDL: Jurisdictional Groups  
 
 

Jurisdictional 
Group 

Responsible Jurisdictions & Agencies  Subwatershed(s)  

1  Carson  
County of Los Angeles 
City of Los Angeles  
Compton  
Huntington Park  
Long Beach  
Lynwood  
Signal Hill  
Southgate Vernon  

Los Angeles River Reach 1 
and Compton Creek  

2  Alhambra                                 Long Beach 
Arcadia                                    City of Los Angeles 
Bell                                          Lynwood 
Bell Gardens                             Maywood 
Bradbury                                   Monrovia 
Carson                                     Montebello 
Commerce                                Monterey Park 
Compton                                  Paramount 
County of Los Angeles               Pasadena 
Cudahy                                    Pico Rivera 
Downey                                    Rosemead                         
Duarte                                      San Gabriel 
El Monte                                  San Marino 
Glendale                                   Sierra Madre 
Huntington Park                        South El Monte 
Irwindale                                  South Pasadena 
La Canada Flintridge                 Southgate 
                                               Temple City               
                                               Vernon  

Los Angeles River Reach 
2, Rio Hondo, Arroyo 
Seco, and all contributing 
sub watersheds  

3  City of Los Angeles  
County of Los Angeles  
Burbank  
Glendale                           La Canada Flintridge  
Pasadena  

Los Angeles River Reach 
3, Verdugo Wash, Burbank 
Western Channel  

4-5  Burbank 
 Glendale  
City of Los Angeles  
County of Los Angeles  
San Fernando  

Los Angeles River Reach 
4, Reach 5, Tujunga Wash, 
and all contributing 
subwatersheds  

6  Calabasas  
City of Los Angeles  
County of Los Angeles 
Hidden Hills  

Los Angeles River Reach 
6, Bell Creek, and all 
contributing subwatersheds 
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APPENDIX C 
  Summary of Compliance Monitoring Locations  

 
 

Los Angeles River Metals TMDL Water Quality Monitoring Locations  

Monitoring 
Location 

Tier I Tier II 
Jurisdiction Location Freq Lat. Long. 

Percentage 
of 

Watershed 

Percentage 
of 

Jurisdiction 

TBG 
Map 

Comments 

 LAR2 – 1 6 
Main Channel 

D/S Confluence 
As 

needed* 
34.195135° -118.59763° 6.25% 32.77% 530-B6 @ Canoga Ave. 

LAR1 – 1**  6 Main Channel Monthly 34.185076° -118.518735° 17.67% 92.62% 531-B7 @ White Oak 

LAR1 – 2  4/5 Main Channel Monthly 34.161559° -118.465969° 24.48% 23.83% 561- H3 @ Sepulveda 

LAR1 – 3  4/5 
Tujunga Wash 

Tributary 
Monthly 34.150429° -118.39313° 9.62% 42.48% 562-G4 @ Moorpark Ave. 

LAR1 – 4**  4/5 Main Channel Monthly 34.140977° -118.379127° 38.21% 84.26% 562-J6 @ Tujunga 

LAR1 – 5  3 
Burbank Western 

Channel 
Tributary 

As 
needed* 

34.160714° -118.30502° 4.70% 34.73% 562-J3 @ Riverside Dr 

 LAR1 – 6  3 Main Channel Monthly 34.155683° -118.28127° 47.63% 42.88% 564-B3 @ Zoo Drive 

 LAR2 – 2 3 
Verdugo Wash 

Tributary 
As 

needed* 
34.156724° -118.27124° 4.44% 32.80% 564-C3 @  Concord St. 

LAR1 – 7**  3 Main Channel Monthly 34.081249° -118.227546° 55.38% 100.00% 594-H7 
@ Figueroa upstream 
of the Arroyo Seco 

 LAR2 – 3 2 
Arroyo Seco 

Tributary 
As 

needed* 
34.080470° -118.22497° 4.62% 12.69% 594-F2 @ San Fernando Rd. 

LAR1 – 8  2 Main Channel Monthly 34.017325° -118.223783° 62.74% 20.59% 674-J1 @ Washington 

LAR1 – 9  2 Main Channel Monthly 33.934206° -118.175479° 68.28% 35.78% 705-F6 D/S of the 710 Fwy 

LAR1 – 10  2 
Rio Hondo 
Tributary 

Monthly 33.93510° -118.17218° 19.31% 53.01% 705-G5 @ Garfield Ave. 

LAR1 – 11**  2 Main Channel Monthly 33.846228° -118.203295° 91.65% 100.00% 765-C4 @ Del Amo Ave. 

LAR1 – 12  1 
Compton Creek 

Tributary 
Monthly 33.846375° -118.20652° 6.37% 76.58% 765-B4 @ Del Amo Blvd 

LAR1 – 13**  1 Main Channel Monthly 33.819002° -118.205560° 98.48% 83.26% 765-C7 @ Wardlow Ave. 

* Tier II activation criteria is 2 consecutive exceedances of the Waste Load Allocation(s) at a Tier I monitoring site.** Autosampler locations 
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APPENDIX D 
Collection and Sampling Standard Operating Procedures 

 
Dry Weather 

1. Scope and Application 

1.1. This Standard Operating Procedure (SOP) describes the techniques used 
to collect “grab” samples from ambient surface waters for trace metals 
analysis in a way that neither contaminates, loses, nor changes the 
chemical form of the analytes of interest.   

1.2. This SOP also describes techniques used for filtering samples in the field 
in order quantify the dissolved fraction for the metals of interest. 

1.3. Appropriate sampling technique may vary depending on the location, 
sampling objective, program requirements, etc. This SOP is intended to 
be used as a guideline and should not be substituted as a sampling plan 
for a particular monitoring program. 

1.4. This SOP is intended to be consistent with sampling guidelines 
established in the State of California’s Surface Water Ambient Monitoring 
Program (SWAMP).  Where feasible, this SOP also follows guidance from 
EPA Method 1669 “Sampling Ambient Water for Trace Metals at EPA 
Water Quality Criteria Levels”. 

2. Summary of Method 

2.1. A Field Log Sheet and a Chain-of-Custody (COC) form should be filled 
out for each sampling event. The Environmental Monitoring Division 
(EMD) provides Watershed Protection Division (WPD) sampling staff with 
specially cleaned, individually double-bagged sampling bottles.  When 
necessary, these bottles are tested by the laboratory to ensure that they 
are free from contamination for the metals of interest.  In the field, water 
samples are collected using the “Clean Hands/Dirty Hands” technique 
(refer to EPA Method 1669, section 8.2.5).  Samples collected for 
dissolved metals analysis may require filtration in the field. The bottles are 
resealed, stored on ice, and delivered to the laboratory for preservation 
and analysis. 
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3. Interferences 

3.1. There are numerous routes by which samples may become contaminated 
during the sampling and analytical process.  Potential sources of 
contamination include metal-containing sampling and filtering equipment, 
improperly cleaned sample bottles, labware, reagents, and atmospheric 
inputs (e.g., automobile exhaust, cigarette smoke, and airborne dust). 

3.2. Some samples may buffer the preservation effects. Sample pH should be 
checked approximately 24 hours following preservation to ensure that the 
proper pH is being maintained. 

3.3. Field staff must be aware of local conditions that have potential to lead to 
contamination of samples.   

3.4. Sampling equipment such as pumps, filters, etc. should be pre-tested 
using blanks prior to being approved for field use. 

4. Safety 

4.1. Be Alert.  Always be aware of potentially hazardous situations.  Exercise 
common sense when you encounter suspicious persons or animals. Your 
personal safety is your first responsibility.  Never place yourself in a 
dangerous situation. 

4.2. Always be mindful of traffic conditions.  Wear high-visibility clothing (ANSI 
107 Class 2) when sampling near areas open to vehicular traffic.  Never 
sample in traffic conditions that you feel are unsafe.  Never attempt to 
setup a traffic-stop without the proper equipment and training. 

4.3. Always wear protective gloves and eyewear when collecting water 
samples.  Avoid water contact with eyes and skin.  If accidental contact 
with eyes occurs, use portable eyewash bottles as directed.  Wash hands 
thoroughly after collecting samples. 

4.4. Always wear chemical-resistant, slip-resistant shoes when collecting 
samples. 
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4.5. Never enter the flood channel when there is high flow or during rainy 
conditions. 

4.6. Never enter an enclosed drain, tunnel, or confined space.  These spaces 
can become devoid of oxygen/air and you can suffocate. 

4.7. Never sample alone.  At least two people must be present at all times.  
Take communication equipment (cell phones) with you to report any 
accidents, seek assistance, or maintain contact with your partner. 

5. Equipment & Reagents 

5.1. Safety equipment 

5.1.1. First Aid kit 

5.1.2. Portable eyewash bottle with saline solution 

5.1.3. Foaming disinfectant hand cleaner 

5.1.4. Safety Vest (ANSI 107 Class 2 compliant, high visibility) 

5.1.5. Protective gloves (non-talc latex, vinyl, or PVC) 

5.1.6. Slip-resistant shoes/boots 

5.1.7. Protective eyewear: UV protection; impact resistant 

5.1.8. Foul weather gear  (when necessary) 

5.1.9. Rain boots (when necessary) 

5.1.10. Life vest (if entering the flood channel). 

5.2. Sampling equipment 
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5.2.1. Sampling pole with fishing reel (for sampling from bridges) 

5.2.2. Weighted bottle holder (attaches to fishing line/reel) 

5.2.3. Specially-cleaned sample bottles: Nalgene, Polyethylene (2L, 1L, 
and 500 mL) 

5.3. Filtration equipment 

5.3.1. 62µm-mesh screen (for screening out gravel, sand, and debris 
when necessary) 

5.3.2. Peristaltic pump (positive pressure): 12 Volt DC, variable speed, 
with internal battery. 

5.3.3. Filter cartridges: 0.45 µm, tortuous-path (Pall AquaPrep 600 
#12175) 

5.3.4. Tubing for pump (cleaned tubing is used at each station); tubing 
is cleaned in a manner prescribed in 6.15.2 of EPA Method 1669. 

5.4. Miscellaneous equipment 

5.4.1. Ice chest (with ice) 

5.4.2. Waterproof labels 

5.4.3. Water-safe pen and lab marker 

5.4.4. Field log sheet 

5.4.5. Chain-of-Custody (COC) sheet 

5.4.6. Paper towels  

5.4.7. Wash bottle  with de-ionized water 
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5.4.8. Thomas Guide (street map) 

5.4.9. Cell phones (1 for each person) 

5.5. Reagents 

5.5.1. Reagent water: de-ionized water stored in a clean container, 
known to be free of metals of interest. 

6. Procedures 

6.1. Samples are collected only into rigorously cleaned or pre-tested bottles. 

6.2. Sampling programs that require ultra-low detection levels may 
necessitate the use of “Clean Hands/Dirty Hands” technique to avoid 
contamination, described as follows: 

6.3. At least two persons, wearing fresh clean gloves at all times, are required 
on a sampling crew. 

6.4. One person (Dirty Hands) pulls a bagged bottle from the cooler, and 
opens the outer dirty bag, avoiding touching the inside of that bag. 

6.5. The other person (Clean Hands) reaches in, opens the inner bag, and 
pulls out the bottle, and collects the sample. 

6.6. In ideal situations, sub-surface grab samples are collected by-hand, 
submerging the bottle to a depth of 0.1 meters.  The lid is removed 
underwater, with the mouth of the bottle facing upstream.  The bottle is 
rinsed 3 times with sample water before collecting the final sample.  The 
lid is replaced underwater.  The bottle is re-bagged in the opposite order it 
was removed.  Handling the bottles and collecting samples is the 
responsibility of Clean Hands; meanwhile, Dirty Hands is responsible for 
filling out documentation, handling equipment, and other activities that do 
not involve direct contact with the sample bottle. 

6.7. When sampling in urban streams and storm drains with limited access, 
sometimes it is necessary to collect samples from bridges, overpasses, 
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and maintenance holes.  In these cases, the sampling pole with fishing 
reel is used to lower a bottle into the water.  Care must be taken to avoid 
disturbing sediment (sand, gravel, and silt) on the bottom of the channel.  
In situations where the depth of the stream is very low (<30 cm), it may 
be difficult to avoid disturbing sediments.  In these cases, it may be 
necessary to screen out sediment and debris by passing the sample 
through a 62-µm sieve.  A newly cleaned sieve apparatus must be used 
at each station where screening is necessary. 

6.8. Samples collected for analysis of Total Recoverable metals are placed 
back into the ice chest for delivery to the lab.  Samples collected for 
Dissolved metals analysis must be passed through a 0.45-µm filter within 
15 minutes of sample collection (or as soon as practical). 

6.9. When the goal is to determine the relationship between Dissolved and 
Total Recoverable metals, a single grab sample is collected and then 
distributed into separate bottles for each analysis.  Approximately 1L of 
the original sample is passed through a 0.45-µm filter using a peristaltic 
pump equipped with clean tubing.  After sufficient volume is collected for 
the Dissolved analysis, the filter cartridge is removed, and approximately 
1L is pumped into the bottle designated for Total Recoverable analysis 
using the same apparatus (minus the filter cartridge).  Note: when 
collecting marine/estuarine samples, it may be necessary to collect 2L for 
each analysis. 

6.10. A Field Log Sheet is prepared for each sampling event.  This form is 
for recording details including date, time, locations, samplers, and 
comments.  The Field Log Sheet is retained by the sampling staff.  The 
form is to be prepared before leaving to the field, and the appropriate 
information is filled out after each sample is collected. 

6.11. A COC form is completed for each sampling event.  The form should 
be prepared prior to leaving to the field.  At each sampling station, the 
sampler enters his/her initials, along with time of collection.  The original 
COC is to follow the samples at all times.  The sampler must sign and 
date the COC when relinquishing the sample to Laboratory staff (Sample 
Receiving, EMD) who in turn, signs the form to indicate receipt of the 
sample.  A photocopy is given to the sampling staff, and the laboratory 
retains the original COC along with the samples to be analyzed. 
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7. Sample Preservation 

7.1. Preservation of samples is typically the responsibility of Laboratory staff 
(Sample Receiving, EMD).  Field preservation of samples is not 
necessary in most cases.   

7.2. Samples should be preserved by adding 5 mL of a 10% solution of ultra-
pure nitric acid per liter of sample.  This should be sufficient to lower a 
neutral sample to pH<2.  More acid might be necessary in samples that 
are basic. 

8. Quality Assurance 

8.1. The collection of field blanks and duplicates should follow the 
requirements of the particular Quality Assurance Plan developed for each 
monitoring program, or as specified by the regulating entity. 

8.2. If the number and frequency of blanks and duplicates are not specified, it 
is recommended that at least 1 field blank and 1 blind field duplicate be 
collected for each sampling event, or for every 20 samples collected, 
whichever occurs first. 

8.3. A field blank is obtained by pouring reagent water into a clean sample 
bottle, and treating it as a regular sample.  When samples are collected 
for Dissolved metals analysis, the blank sample should be pumped 
through the filter apparatus in order to detect contamination from the 
tubing, and/or filter cartridges.  Field blanks are prepared at the beginning 
of the sampling run.  The filtering supplies (tubing and cartridge) used for 
the field blank can also be used to process the first ambient water sample 
collected. 

8.4. A blind field duplicate is collected at one of the sites, chosen arbitrarily by 
field staff.  The location is recorded by field staff, but this information is 
not shared with the laboratory until after the values have been reported. 
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9.1.  U.S. EPA (1996).  Method 1669: Sampling Ambient Water for Trace 
Metals at EPA Water Quality Criteria Levels. July 1996.    U.S 
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Analysis Division. 

9.2. Filter Cartridges Ordering Information: www.pall.com.  Product Number: 
12175 (12176 for larger quantities).  Description:  AquaPrep 600, 0.45 µm 
pore size. 

 
 
Wet Weather  

 

A. Wet weather water sampling 

a. Flow-weighted composite samples will be collected to obtain the 
representative sample for each storm event.  This sampling method 
is currently used for the storm water monitoring required by Los 
Angeles County’s NPDES permit.  A flow-weighted composite 
sample is obtained by mixing a series of discrete samples (aliquots) 
of specific volume, collected at specific runoff volume intervals over 
the duration of the storm event.  The concentration of the sample is 
called Event Mean Concentration (EMC). 

b. An automatic sampler will be programmed to start automatically 
when the water level in the channel or storm drain exceeded a 
certain height such that the corresponding flow rate exceeded a pre-
determined wet weather flow rate at the sampling location.  Samples 
will be retrieved from the automated samplers as soon as possible to 
meet laboratory analysis holding time requirements. As samples 
were collected, rainfall and runoff data were logged and stored for 
transfer to the office.  The automated sampler will be programmed 
with the intent of capturing the major portion of a runoff event 

 
B. Wet weather water data per metals TMDL 

The metals load at each monitoring site will be estimated by multiplying 
the EMC by the total runoff volume measured at the site.  The total 
runoff volume can be calculated based on the runoff hydrograph that 
would be generated over the entire storm duration by the continuous 
measurements of flow rate by the automatic samplers.  Similarly, the 
daily metal load can be calculated by multiplying the daily runoff volume 
by the EMC 
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C. QA&QC 

a. Sampling methodology 
Properly performed monitoring station set up, water sample 
collection, sample transport, and laboratory analyses are vital to the 
collection of accurate data. Quality Assurance/Quality Control 
(QA/QC) is an essential component of the monitoring program. 
Evaluation of Analytes and QA/QC Specifications for Monitoring 
Program (Woodward-Clyde 1996a) and Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to 
West Coast Marine and Estuarine Organisms (USEPA 1995) 
describe the procedures used for bottle labeling, chain-of-custody 
tracking, sampler equipment checkout and setup, sample collection, 
field blanks to assess field contamination, field duplicate samples, 
and transportation to the laboratory.  An important part of the QA/QC 
Plan is the continued education of all field personnel.  Field personnel 
will be adequately trained from the onset and informed about new 
information on storm water sampling techniques on a continuing 
basis.  Field personnel also evaluate the field activities required by 
the QA/QC Plan, and the Plan is updated if necessary. 

b. Bottle Preparation. 
(1) For each monitoring station, a minimum of three sets of bottles 

will be available so that up to two complete bottle change-outs 
could be made for each storm event. Bottle labels contained the 
following information 
(i) Sample ID Number 
(ii) Station Number 
(iii) Station Name 
(iv) Sample Type (Grab or Composite) 
(v) Laboratory Analysis Requested 
(vi) Date 
(vii) Time 
(viii) Preservative 
(ix) Temperature 
(x) Sampler's Name 

(2) Bottles will be cleaned at the laboratory prior to use, and then 
they will be labeled and stored in sets.  Each station will be 
provided with the same number, types, and volumes of bottles 
for each rotation.  Clean composite sample bottles will be 
placed in the automated sampler when samples are collected. 
This practice ensures readiness for the next storm event.  All 
bottles currently not in use are stored and later transported in 
plastic ice chests.  Composite sample bottles are limited to a 
maximum of 2.5 gallons each, to ensure ease of handling. 

c. Chain-of-Custody Procedure 
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Chain-of-Custody forms will be completed to ensure and document 
sample integrity.  These procedures establish a written record which 
tracks sample possession from collection through analysis. 

d. Field Setup Procedures 
(1) All field-sampling locations will be fixed sites, with the 

automated sampler placed on a public road or flood control 
right-of-way.  After sample collection, field staff will prepare the 
sampler for collection of the next set of samples. Inspection of 
visible hoses and cables will be performed to ensure proper 
working conditions according to the site design.  Inspection of 
the automatic sampler and appurtenances including strainer, 
pressure transducer, and auxiliary pump will be performed 
during daylight hours in non-storm conditions.  The automated 
sampler will be checked at the beginning of the storm to ensure 
proper working condition and to see if flow composite samples 
are being collected properly. 

(2) Bottles will be collected after each event and packed with ice 
and foam insulation inside individually marked ice chests.  
Chain-of-Custody forms will be completed by field staff before 
transportation of the samples to the laboratory. Under no 
circumstance will the samples be removed from the ice chest 
during transport from the field to the laboratory. 

 
e. Travel Blanks and Field Duplicates 

Potential field contamination will be assessed through analysis of 
travel blanks and duplicate grab samples.  Field travel blanks will be 
collected for each monitoring station during every sampling event to 
quantify post-sampling contamination.  The monitoring program also 
includes field duplicates to assess the precision of laboratory results.  
A field duplicate, the origin of which is unknown to the laboratory, will 
be collected for each sampling event.  This methodology for 
assessing post-sampling contamination and laboratory testing 
procedures provided data to measure the precision and accuracy of 
the laboratory results 

 
Contact Information:  

Laboratory:  
Data/Sample Management 

• Supervisor: Susan Chang 
Phone: (310) 648-5607 

Email susan.chang@lacity.org
 Sample Receiving Desk 

Phone: (310) 648-5831  
Inorganic Laboratory (Metals) 
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• Supervisor: Soun Chanjamsri 
Phone: (310) 648-5995  

Email soun.chanajamsri@lacity.org
   
  Assistant Division Manager 

• Supervisor: Jeffrey Beller 
Phone: (310) 648-5262 
 
Email: jeffrey.beller@lacity.org

Recipients of lab results: 
Watershed Protection Division: 

• Pollution Assessment Section 
Supervisor:  Vivian Marquez 
Phone: (323) 342-1556  

Email vivian.marquez@lacity.org
 
• TMDL Implementation Section 

Supervisor:  Morad Sedrak 
Phone: (213) 485-3951  

Email morad.sedrak@lacity.org
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APPENDIX E 
Safety 

 
Field Sampling Safety 

 
For employees who have been assigned the duty of sample collection, there 
must be an awareness of the potential hazards involved at both the site and in 
the sampling subject.  The following are general precautions to be observed 
during sample collection. 

 
a. Use proper equipment for the job.  This includes personal protective 

gear such as eye protection, gloves, boots, or hardhat, when 
necessary; and equipment required to aid in sampling such as poles 
and holders for the bottles.   

b. No Laboratory Technician should sample alone prior to proper training; 
if possible bring someone along to assist.   

c. Be sure samples are secure in the vehicle or mode of transport to 
avoid the risk of contamination and the possibility of spillage resulting 
in exposure. 

d. Never deliberately touch the water or waste being sampled.  
Remember that these substances could pose a risk to your health. 

e. Disinfect hands and exposed body parts after sampling, and be sure to 
clean off utensils, gloves, and boots to protect others. 

 
During sampling, safety of the sampler is of prime importance. If a sample location 
is inaccessible or deemed to be unsafe, no sample is required to be collected and 
comments should be noted on the observation sheet.  During wet weather, safety 
consideration may preclude collection of a sample.  
 

Laboratory Safety 

 
The collection and analysis of environmental samples involves contact with 
samples that may contain agents that pose a microbiological and/or chemical 
hazard.  The primary means of exposure to these microbiological hazards involve 
body contact during sample collection and hand-mouth or nose contact while 
handling the samples. Personal protective measures are mandatory while working 
in the field and laboratory.  Following are some key steps to be followed by all 
laboratory analysts: 
 

a. Assure that appropriate eye protection is worn by all persons, when 
toxic materials (chemicals or biochemicals) are handled.  Contact 
lenses should not be worn when working with chemicals. 
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b. Wear appropriate gloves when the potential for contact with toxic 
materials exists; inspect gloves before each use, wash them before 
removal, and replace them periodically. 

c. Persons doing sampling must wear boots.  The boots must be cleaned 
before entering the building.  Boots cannot be worn in the lunchroom, 
under any circumstances.  Steel-toed chemical resistant boots should 
be worn for the harshest environments, where there is also risk of 
injury to the foot and toes. 

d. Use any other protective and emergency apparel and equipment as 
appropriate. 

e. Remove laboratory coats immediately when exposed to significant 
contamination. 

 
The following guidelines are designed to prevent any exposure of personnel to 
hazardous agents. 
 

1. Hazardous areas and receptacles of contaminated items are to be 
properly labeled.  

2. Never pipette by mouth.  Use bulbs or other mechanical means to 
draw up the liquid.   

3. Safety cabinets of the appropriate type and class are to be supplied, 
maintained, and used. 

4. Employees should use the provided bottle carriers when moving 
reagents, acids, and solvents through the building. 

5. Laboratory personnel must follow labeling protocols in the laboratory to 
prevent mix-ups of reagents, and when possible use the pre-labeled or 
permanently labeled bottles.  Secondary containers are to be labeled 
as well. 
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APPENDIX F 
Chain-of-Custody Form 

 
 

Examples of worksheets for Chain of Custody sheets (next 2 pages) used by the 
City of Los Angeles’ Environmental Monitoring Division are provided herein. 
 
 
 
 
 
 
 
 
 
 

This part left intentionally Blank 

 
 

Page 68 of 130 

RB-AR42119



 

Page 69 of 130 

EMD
Department of Public Works           Sample Chain of Custody LIMS #:
Bureau of Sanitation
Environmental Monitoring Division

  EMD Sample ID:
  Project Name:

Sampling Information:
Sampling Agency: Sampling Program:
Agency Sample ID#:
Phone Number:
Fax Number: Purpose of program:
Contact Person:
email address:

Report Time Frame:
Sampler's Name:
Sampler's Title

Sampler's Signature:

Witness: Name Sample Date:
              Title

Sampling Time:
              Name
              Title

Sample Location: Sampling Address:

Requested Analysis: Metals: Micro Biological:
Organics: Toxicity:
Conventional Chemistry: Air Testing:

                       See back of page for specifics analyses
Sample Notification:

Toxicity:     Date:
PC:        Date:

Metals:     Date:
Wet:        Date:

Semi-Vol:     Date:
Micro:        Date:

Volatile:     Date:

Received Date
Released 

Date  SignatureCurrent Holder Name Title Received Time

       Date:

RB-AR42120



 

    Analysis to be performed on the Sample(s):
EMD
LIMS #:

Locator: Collection Time: Locator:        Collection Time:
-1 -6
-2 -7
-3 -8
-4 -9
-5 -10

Sample Information: Liquid: Solid:         Other: Temperature
Grab Composite:

Start time: Finish time: pH
Container: Glass Size:     Color: Number:

Plastic Size:     Color: Number: Residual Cl2
Preservative       Number of samples:

Metals:

Ag Cu Pb Other:

Al Fe Sb

As Hg Se

Ba K Sn

Be Mg Sr Total

85 Ca Mn Tl Dissolved

Cd Mo V

Co Na Zn

Cr Ni

Organics:

       VOC Pesticides/PCB    Clopyralid           Air VOC

       BNA Dioxin - screen    Dioxin - low resolution           Fixed Gases

       TOX Other:    Dioxin - high resolution           GC Sulfur

       Herbicides    Tributyltin           Siloxanes

Conventional Chemical:

Alkalinity MBAS Solids:

BOD Nitrogen:    Total Solids

Boron    Ammonia Nitrogen    Total Dissolved Solids

Chloride    Nitrate-N    Total Suspended Solids

COD    Nitrite-N    Settleable Solids

Conductivity    Organic-N    Volatile Suspended Solids

Cyanide (Free)    Kjeldahl Nitrogen    Volatile Total Solids

Cyanide (Total) Oil & Grease Sulfates

Flashpoint pH Sulfides, Total

Fluoride Phenols Sulfides, Dissolved

Grain Size Phosphate, Total Thiosulfate

Hardness Phosphate, Dissolved TOC

Hexavalent Chromium Radioactivity Turbidity

H2S Salinity Other:

Biological:

Total Coliform Salmonella            Other:

Fecal Coliform Acute Toxicity (Fresh water)

E. coli Chronic Toxicity (Sea water)

Enterococcus Chronic Toxicity (Fresh water)

Remarks:
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APPENDIX G 
Laboratory Standard Operating Procedures (City of Los Angeles) 

 
WATER QUALITY MONITORING STANDARD OPERATING PROCEDURES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This part left intentionally Blank 
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ENVIRONMENTAL MONITORING DIVISION 
Hyperion Treatment Plant{PRIVATE } - Instrumental Chemistry Strategic 

Business Unit – Metals Laboratory 

STANDARD OPERATING PROCEDURE for INDUCTIVELY 
COUPLED PLASMA-ATOMIC EMISSION 
SPECTROMETRIC METHOD FOR TRACE ELEMENT 
ANALYSIS OF WATER AND WASTES  

 
(EPA Methods 200.7) 

 
EMD SOP# 6200.7 

 
Effective Date: 03/01/03 
Version No.: 1 
Total Number of pages: 11 
Prepared by: Magdi Hanna 
Pages Revised    
 
APPROVAL: 
Laboratory Manager: Lee Huang 
Signature:                          
  
Quality Assurance Manager: Jeff  Beller 
Signature:                           
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1. Scope and Application 
 
This method may be used for the determination of dissolved, suspended, or total 
elements in drinking water, surface water, and domestic and industrial 
wastewaters. It is based primarily on EPA method 200.7, 6010B and also on 
SM3120. User of this SOP should be familiar with those methods and also with 
the EPA digestion method 30005, 3010A, 3020A, 3050B and the SM3030 series. 
 
Dissolved elements are determined in filtered and acidified samples. Appropriate 
steps must be taken in all analyses to ensure that potential interferences are 
taken into account.  This is especially true when dissolved solids exceed 1500 
mg/L. 
 
Total elements are determined after appropriate digestion procedures are 
performed. Since digestion techniques increase the dissolved solids content of 
the samples, appropriate steps must be taken to correct for potential interference 
effects. 
 
Table 1 lists elements for which this method applies along with recommended 
wavelengths and typical estimated instrumental detection limits using 
conventional pneumatic nebulization. Actual working detection limits are sample 
dependent and as the sample matrix varies, these concentrations may also vary. 
 
2.  Summary of Method 
 
The method describes a technique for the simultaneous multi-element 
determination of trace elements in solution. The basis of the method is the 
measurement of atomic emission by an optical spectroscopic technique. 
Samples are nebulized and the aerosol that is produced is transported to the 
plasma torch where excitation occurs. Characteristic atomic-line emission 
spectra are produced by a radio-frequency (RF) inductively coupled plasma 
(ICP). The spectra are dispersed by a grating spectrometer and the intensities of 
the lines are monitored by photosensitive device. The photocurrents from the 
photosensitive device are processed and controlled by a computer system. A 
background correction technique is required to compensate for variable 
background contribution to the determination of trace elements. 
 
3. Interferences 
 
Several types of interference effects may contribute to inaccuracies in the 
determination of trace elements. They can be summarized as follows: 
 
Spectral interferences can be categorized as (1) overlap of a spectral line from 
another element; (2) unresolved overlap of molecular band spectra; (3) 
background contribution from continuous or recombination phenomena: and (4) 
background contribution from stray light from the line emission of high 

Page 73 of 130 

RB-AR42124



 

concentration elements. Utilizing a computer correction of the raw data, requiring 
the monitoring and measurement of the interfering element can compensate the 
first of these effects. The second effect may require selection of an alternate 
wavelength. The third and fourth effects can usually be compensated by a 
background correction adjacent to the analyte line.  
 
Physical interferences are generally considered to be effects associated with the 
sample nebulization and transport processes. Such properties as change in 
viscosity and surface tension can cause significant inaccuracies especially in 
samples, which may contain high dissolved solids and/or acid concentrations. 
The use of a peristaltic pump may lessen these interferences. 
  
Molecular compound formation, ionization effects and solute vaporization effects 
characterize chemical Interferences. Normally these effects are not pronounced 
with the ICP technique, however, if observed they can be minimized by careful 
selection of operating conditions, by buffering of the sample, by matrix matching, 
and by standard addition procedures.  
 
4. Sample Handling and Preservation 
 
For the determination of trace elements, contamination and loss are of prime 
concern. Dust in the laboratory environment, impurities in reagents and impurities 
on laboratory apparatus, which the sample contacts are all sources of potential 
contamination. Sample containers can introduce either positive or negative errors 
in the measurement of trace elements by (a) contributing contaminants through 
leaching or surface desorption and (b) by depleting concentrations through 
adsorption. Thus the collection and treatment of the sample prior to analysis 
requires particular attention. 
 
Before collection of the sample a decision must be made as to the type of data 
desired, that is dissolved, suspended or total, so that the appropriate 
preservation and pretreatment steps may be accomplished. Filtration, acid 
preservation, etc., are to be performed at the time the sample is collected or as 
soon as possible thereafter.  If properly acid preserved (pH<2), the sample can 
be stored up to 6 months before analysis. 
 
For the determination of dissolved elements the sample must be filtered through 
a 0.45 um pore-size membrane filter as soon as practical after collection. Acidify 
the filtrate with (l + l) HNO3, to a pH of 2 or less. 
 
For the determination of suspended elements a measured volume of 
unpreserved sample must be filtered through a 0.45 um pore-size membrane 
filter as soon as practical after collection. The filter plus suspended material 
should be transferred to a suitable container for storage and/or shipment. No 
preservative is required. 
 

Page 74 of 130 

RB-AR42125



 

For the determination of total or total recoverable elements, the sample is 
acidified with (1+1) HNO3, to pH 2 or less as soon as possible, preferably at the 
time of collection. The sample is not filtered before processing.  Following 
acidification, the sample should be mixed, held for sixteen hours, and then 
verified to be pH <2 before analysis.  If pH is still high, the pH should be adjusted 
again, held for sixteen hours, and re-checked until verified to be pH<2 before 
analysis. Solid sample only require to be stored at 4oC. 
 
5.       Apparatus 
 
Inductively Coupled Plasma-Atomic Emission Spectrometer (Varian Vista-Pro)  
 
Compaq Deskpro Personal Computer, Varian cooler/recirculator  
 
Argon gas supply- high purity grade or better. 
 

The ICP-AES used at EMD lab at HTP is a Varian vista-pro Analytical 
Instruments model Vista CCD ICP_OES. It is a simultaneous, multi-
elementals analyzer with an axially viewed plasma, a purged Echelle 
polychromator and a solid state charged coupled device (CCD) detector with 
excess capacity to allow for simultaneous multi-frequencies, multi-elements 
analyses. It is capable of high spectral resolution even in the UV region 
therefore minimizing spectral interferences while increasing sensitivity of 
emission line detection. This SOP must be used in conjunction with the 
operating manual for the Varian vista-pro. The Vista-pro is computer control 
for plasma alignment and ignition. Its software includes the FACT (Fast 
Automated Curve-fitting Technique) inter-elements correction routine for 
spectral and background correction. This routine used spectral information of 
potential interfering elements, stored in its memory to synthesize a matching 
spectral contour adjacent to the peak of analyte of interest in the sample and 
subtract that from the apparent sample’s spectrum to obtain the corrected 
spectrum. The software also contains library of all potential atomic spectral 
interference lines for all elements, so user can easily choose the emission line 
with the minimum potential for atomic spectral interference. The vista-pro is 
also equipped with an automatic sampler with a peristaltic pump to minimize 
physical interference in the sample transporting system.      

 
6. Reagents and Standards 
 
1.  Acids used in the preparation of standards and for sample processing must 
be trace metals high purity grade or equivalent. 

Hydrochloric acid- Conc. (sp gr 1.19) 
Nitric acid-Conc. (sp gr 1.41). 

2  Deionized, distilled water- Prepared by passing distilled water through a 
mixed bed of cation and anion exchange resins.  Deionized, distilled water is 
used for the preparation of all reagents, calibration standards and as dilution 
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water. The purity of this water must be equivalent to ASTM Type II reagent water 
of Specification. 
3.  Standard stock solutions may be purchased or prepared from ultra high purity 
grade chemicals. Single element stock solutions of 1000 mg/L, used here, were 
purchased from SPEX and from Environmental Resource Associate.  
4.  Mixed Calibration Standard Solutions- stock of the mixed calibration were 
purchased from Inorganic Ventures Inc., Ultra Scientific and from SPEX. These 
stocks included:  

WW-IPC-1 (1000 mg/L each P, K; 200 mg/L each Al, As, Ba, Be, B, Cd, Ca, 
Ce, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, Ni, Se, Na, Sr, Tl, V, Zn; 25 mg/L Ag) 

WW-IPC-2 (1000 mg/L SiO2, 200 mg/L each Sb, Mo, Sn, Ti)  
ICM-240 (100 mg/L each P, K, Si; 20 mg/L each Al, Sb, As, Ba, Be, B, Cd, 

Ca, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn; 5 mg/L 
Ag)  

ICM-245 (50 mg/L P, 25 mg/L each Al, Sb, As, Ba, B, Cr, Cu, Fe, Pb, Li, 
Mn, Ni, Se, Si, Sr, Tl, Zn, 10 mg/L each Cd, Co, Mn, Sn, V, 5 mg/L each Be, Hg, 
2.5 mg/L Ag)  

LPC Standard 1 (constituents and concentration the same as ICM-240)  
LPC Standard 2 (same as ICM-245) etc.  
The working mixed calibration standards were prepared by combining 

appropriated volumes of the stock standard solutions in volumetric flasks. The 
following working mixed calibration standard are used:  

Std#1 (ML Be, Pb)=0.002 mg/L Be, and 0.005 mg/L Pb, from a mixture of 
the single stocks of Be and Pb.  

Std#2 (ML 0.01)=0.01 mg/L each of Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, 
Cu, Fe, Pb, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn, 0.05 mg/L each of K, 
SiO2 and 0.00125 mg/L of Ag from a serial dilution of the mixture of equal 
volume of WW-IPC-1 and WW-IPC-2. Omit Ag at this low concentration in the 
actual calibration.    

Std#3 (ML Ag)=0.08 mg/L each of Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, 
Cu, Fe, Pb, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn; 0.40 each of K, SiO2 
and 0.01 of Ag from a serial dilution of the mixture of equal volume of WW-IPC-1 
and WW-IPC-2. 

Std#4 (1.0 mg/L)=1.0 mg/L each of Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, 
Cu, Fe, Pb, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn; 5.0 mg/L each of K, 
SiO2 and 0.125 mg/L of Ag from a serial dilution of the mixture of equal volume 
of WW-IPC-1 and WW-IPC-2.  

Std#5 (4.0 mg/L)=4.0 mg/L each of Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, 
Cu, Fe, Pb, Mg, Mn, Hg, Mo, Ni, Se, Na, Sr, Tl, Sn, V, Zn; 20 mg/L each of K, 
SiO2 and 0.50 mg/L of Ag from a serial dilution of the mixture of equal volume of 
WW-IPC-1 and WW-IPC-2.  

It should be noted that if the analysis of the metal components contained 
in WW-IPC-2 are not required (i.e., do not need Sb, Mo, SiO2 and Sn) then only 
the stock of WW-IPC-1 should be used in the preparation of Std#2 to Std#5. 
Further more since the method requires only blank and three others calibration 
standards for the calibration of the instrument, the analyst has the option not to 
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include one or two of the ML mixed calibration standards (if this exclusion still 
meet the ML requirements of the regional water quality control board for the 
permit reporting) in the actual calibration. 

Std#6 (20.0 mg/L)= 20.0 mg/L each of Al, Na, Fe, K, Ca, Mg from the 
single stocks of 1000 mg/L of Al, Na, Fe, K and Ca.  

Std#7 (40.0 mg/L)= 40.0 mg/L each of Al, Na, Fe, K, Ca, Mg from the 
single stocks of 1000 mg/L of Al, Na, Fe, K and Ca.  

Std#6 and 7 are included here only if the analyst want to extend the upper 
linear dynamic range of those elements by monitoring of the lower sensitive 
wavelengths of those elements.   

The mixed standard solutions are transferred to a polyethylene bottle for 
storage. Fresh mixed standards should be prepared as needed with the 
realization that concentration can change on aging. Calibration standards must 
be initially verified using a quality control sample. 

The acceptable correlation coefficient of linearity for the calibration of each 
frequency must be 0.998 or greater.  
 
5.  Two types of blanks are required for the analysis. The calibration blank is 
used in establishing the analytical curve while the reagent blank is used to 
correct for possible contamination resulting from varying amounts of the acids 
used in the sample processing. 
       The calibration blank is prepared by diluting 10 ml of conc. HNO3 to 1000 ml 
with deionized, distilled water.  
       The reagent blank must contain all the reagents and in the same volumes as 
used 
in the processing of the samples. The reagent blank must be carried through the 
complete procedure and contain the same acid concentration in the final solution 
as the sample solution used for analysis. 
6.  Instrument performance check (IPC) solution is prepared by the analyst using 
mixture of WW-IPC-1+2. The IPC solution is used to periodically verify instrument 
performance or drift during analysis. It should be prepared in the same acid 
mixture and same source as calibration standards. Silver must be limited to<0.5 
ppm while potassium and silica should be at 10 ppm. For all other analytes a 
concentration of 2 ppm is recommended. Analysis of the IPC solution 
immediately following calibration must verify that the observed values are within 
5% of the expected values. Subsequent analyses of the IPC solution must be 
within 10% limit. Analyze the IPC solution following each 10 samples and at the 
end of the run. If the calibration cannot be verified within the specified limits, 
reanalyze either or both the IPC solution and the calibration blank. If the second 
analysis of the IPC solution or the calibration blank confirm calibration to be 
outside the limits, sample analysis must be discontinued, the cause determined, 
corrected and/or the instrument recalibrated. All samples following the last 
acceptable IPC solution must be reanalyzed.  
7.  Spectral interference check (SIC) solution: Prepared by the analyst, using a 
mixture of IPC 1+2 2.0 ppm conc. Spiked with 100 ppm of the single analytes Al, 
Fe, Na, K, Ca, Mg. This solution is to verify the FACT feature used to separate 
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the interferer peaks from the interference analytes, should confirm an operative 
interference that is 10% range of the analyte conc.  
8.  The quality control sample (QCS): Must be obtained from an outside source 
different from the standard stock solutions used for the preparation of the 
calibration standards and should be prepared in the same acid matrix as the 
calibration standards at a concentration > or = 1 mg/L, except for silver, which 
must be limited to a concentration of 0.5 mg/l (in our case ICM-240 is used from 
ULTRA SCIENTIFIC with the proper dilution). 
9. Laboratory fortified sample matrix (LFM) and its duplicate: Prepare by adding 
1.0 ml of ICM240 stock into an aliquot of the sample (100 ml for surface, ground 
water, treatment plant effluents and 50 ml for industrial waste samples).  
10.  Laboratory fortified blank (LFB): Prepare by adding 1 ml of ICM240 stock into 
calibration blank and make up volume to 100 ml. It must be treated the same as 
sample in a batch (must gone thru the same sample preparation steps).   
 
7. Safety 
 
The toxicity and carcinogenicity of each reagent used in this method has not 
been precisely defined; however, each chemical compound should be treated as 
a potential health hazard. From this viewpoint, exposure to these chemicals must 
be reduced to the lowest possible level by whatever means available. The 
laboratory is responsible for maintaining a current awareness file of OSHA 
regulations regarding the safe handling of the chemicals specified in this method. 
A reference file of material data handling sheets should also be made available 
to all personnel involved in the chemical analysis.  
 
Safety goggle and protective lab coat must be worn all the time while working in 
the lab. Wear glove when handle samples and chemicals. 
 
8. Procedure 
 
Sample Preparation: Refer to (EPA method 3005, 3010A, 3020A and SM3030) 
SOP on sample preparation. 
 
Instrument start-up and warm-up procedures: 
 
1.      Open the Argon supply, turn on the cooling system, attach the tubing in the 

peristaltic pump. 

2.       In the main menu of the ICP program, set “instrument parameters” to: 

            Coolant flow = 12-13 ml/min  

             Auxiliary flow =1.5ml/min,   

             Nebulizer flow = 0.9ml/min  
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3. Turn on the pump and the hood the moment the plasma is lighted. The 
instrument is allowed to stabilize for at least 30 minutes before analysis is 
started. 

4.  Reprofile optics and optimize the torch position before actual analysis is 
done once a month as recommended by the manufacture. 

 

Sample Analysis 

 

1. Choose and update the method and prepare the standards and samples 
sequence. 

2. Calibrate the instrument then analyze the samples.  
3. Analyze calibration blank, Instrument Performance Check , Spectral 

interference check at the frequency specified in the method (see section 
11).  

 
9.        Calculation 
 
Reagent blanks (Section 6.5) should be subtracted from all samples. This is 
particularly important for digested samples requiring large quantities of acids to 
complete the digestion. 
 
If dilutions were performed, the appropriate factor must be applied to sample 
values. 
 
Data should be rounded to the thousandth place and all results should be 
reported in mg/L up to three significant figures. 
 
10.      Data Management 
 
Raw data are stored in ICP software under the filename 
“E:\ICP\2003\yymmdd.CSV”. For data reduction, the same data are extracted 
and transferred to “EMDB/ICP_DATA/2003”. Final results are manually entered 
into Laboratory Information Management System. A hard copy of all the raw data 
is kept in the laboratory for five years. 
 

11. Quality Control 
 
The initial demonstration of performance for this method consists of conducting 
Linear Dynamic Range (LDR), QCS, and Method Detection Limit (MDL).  The 
first two requirements are discussed below.  
 
Check the instrument standardization and method performance by analyzing 
appropriate quality control check standards as follow: 
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Instrument performance check standard (IPC) containing the elements of interest 
are analyzed immediately following a blank, after the calibration, and at a 
frequency of 10% thereafter. This check standard is used to determine 
instrument drift. If agreement is not within 5% initially and 10% subsequently of 
the expected values the analysis is out of control. The analysis should be 
terminated, the problem corrected, and the instrument recalibrated. 
 
Laboratory reagent blank (LRB) The laboratory must analyze at least one LRB 
with each batch of 20 or fewer samples of the same matrix. When LRB values 
constitute 10% or more of the analyte level determined for a sample or is 2.2 
times the analyte MDL whichever is greater, fresh aliquots of the samples must 
be prepared and analyzed again after the source of contamination has been 
corrected and acceptable LRB values have been obtained.   
        
Spectral interference check (SIC) is analyzed at the beginning, end, and at 
periodic intervals throughout the sample run to verify interelement and 
background correction factors. Results should fall within the established control 
limits of one and a half times the standard deviation of the mean value. If the 
results are not within the control limit, the analysis is terminated, the source of 
the problem identified and corrected and the instrument recalibrated.   
        
A quality control sample (QCS) obtained from an outside source must first be 
used for the initial verification of the calibration standards. Before any laboratory 
can use this method it must demonstrate that the mean concentrations from 
three analyses of the QCS are within 5 % of the stated values.  The required 
frequency for the analysis of QCS is quarterly but it is this laboratory practice to 
analyze QSC with every batch run.  
  
Laboratory fortified blank (LFB): The laboratory must analyze at least one LFB 
with each batch of samples. If 1 ml of ICM 240 is use the analytes concentrations 
would be as follow K=1.0, Ag=0.05 and the rest of elements= 0.2 ppm, the LFB 
recovery must be between 85-115% or within the statistical control limit of 
mean% recover +/- 3 STDEV (Standard deviation), whichever is lower. The 
number of the data points use to determine the STDEV are between 20 to 30 and 
the STDEV is updated whenever a new set of 5-10 new data points are available. 

 
Any analyte falls outside the required control limits; source of the problem should 
be identified and resolved before continuing analyses. 
 
Laboratory fortified matrix (LFM) Run matrix spike sample at a frequency of one 
and a duplicate per matrix batch of 10 samples. The spike concentrations should 
be the same as those of the LFB. The spike recovery should be within 70% to 
130% of the true value. Do not calculate the percent recovery for constituent that 
the spike amount is lower than 30 % of it background value. The maximum 
relative percent different (RPD) allowed for LFM and its duplicate is 15%.   
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The upper limit of the linear dynamic range has to be established before this 
method can be used. This could be achieved by running the standard with 
increasing concentration against a normally run calibration set (one blank and 
three mixed calibration standards). The upper limits LDR are the highest 
concentrations for each element where recovery is equal or greater than 90% of 
the expected values. The upper LDR for the Varian Vista-pro ICP are list in table 
1.  Any samples that has its concentration exceeds 90% of the upper LDR has to 
be diluted and reanalyzed.  
 
12.       Lowest Reporting Level  
 
ML and MDL for metals by EMD lab at HTP are listed in page 11 of this SOP. 
 
13.       Precision and Accuracy 
 
The Quality Assurance Branch (QAB) of the Environmental Monitoring Systems 
Laboratory – Cincinnati (EMSL-CI), conducted an interlaboratory study of metal 
analyses by this method. Synthetic concentrates containing various levels of the 
twenty-five elements listed in Table 4 were added to reagent water, surface 
water, drinking water and three effluents. These samples were digested by either 
the total digestion procedure or the total recoverable procedure.  
 
14.      References 
 
EPA Method 200.7, 1994  
EPA Method 6010B, 1996 
SM 3120B, Metals By Plasma Emission Spectroscopy, Standard Method for the 
Examination of Water and Wastewater, 18 th 
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15. Appendices 
 
TABLE 1: WAVELENGTHS, INSTRUMENT DETECTION LIMITS 
           Detection                                  Reporting & ML         Upper 
Analyte         WavelengthLimit       (DI water)          Limit        LDR Limit 
                  (nm)                     mg/l                 mg/l           mg/L 
 
Aluminum         308.215               0.008                      0.20           200 
Antimony         206.833               0.002                  0.05            20 
Arsenic               193.759               0.008                       0.01            20 
Barium          493.409               0.0005                   0.01            10 
Beryllium         313.042               0.0005                   0.002      10 
Cadmium         226.502               0.0005                   0.01            10 
Calcium         315.887               0.018              0.20      50 
Chromium         205.552               0.001                       0.010      10 
Cobalt          228.616               0.0005                   0.01            10 
Copper          324.754               0.001                   0.01        10 
Iron                259.940               0.014                   0.10            10 
Lead          220.353               0.002              0.005      10 
Magnesium         279.078               0.008                        0.20      40 
Manganese   257.610               0.001              0.01     10 
Molybdenum 202.032                0.001                        0.01     10   
Nickel        231.604                0.0005              0.02     10 
Potassium       766.491                0.031                        0.20          100 
Selenium       196.026                0.004              0.01     20 
Silver        328.068                0.0005                       0.01    2.5 
Sodium              589.592               0.051                         1.0          120 
Strontium       407.771                0.0005                   0.01           10 
Thallium       190.794                0.0005              0.01               10  
Vanadium        292.401               0.0005                      0.01             20 
Zinc        213.857                0.006                   0.02          10 
Tin                   189.927                 0.006                        0.01      10 
 
 
a.  The wavelengths listed are recommended because of their sensitivity and 
overall acceptability.  Other wavelengths may be substituted if they can provide 
the needed sensitivity and are treated with the same corrective techniques for 
spectral interference. 
 
References 
 
EPA Method 6010B, 1998 
EPA Method 200.7 Revision 4.4 
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1.0  SCOPE AND APPLICATION 
 
This Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS) method may be 
used for the determination of dissolved and total recoverable elements in ground 
water, surface water, domestic and industrial wastewaters. This SOP is based 
primarily on 1994 Revision 5.4 of EPA Method 200.8.  User of this SOP should 
be familiar with EPA method 200.8 (Rev. 5.4 and Rev. 5.5), EPA method 200.2, 
EMD SOP # METALS 6200.8, EMD SOP # METALS 0024 and also with the 
Region 9 EPA SOP 507, SOP 403 and SOP 405. 
 
To confirm approval of this method for use in compliance monitoring programs 
[e.g., Clean Water Act (NPDES)] consult the appropriate sections of the Code of 
Federal Regulation (40 CFR Part 136 Table 1B for NPDES), the latest Federal 
Register announcements, and the Region 9 EPA Interim Approval of Method 
200.8 in October 2002. 
 
Dissolved elements are determined after filtering with a 0.45um pore-size 
membrane filter and then acidifying the filtrate to match the acid matrix of the 
calibration standards.  
 
With the exception of silver, samples may be analyzed directly by pneumatic 
nebulization without acid digestion if the sample has been properly preserved 
with acid and has turbidity of <1 NTU (nephelometric turbidity units) at the time of 
analysis. This total recoverable determination, procedure is referred to as "direct 
analysis". 
 
For the determination of total recoverable elements in aqueous samples as well 
as in sludge and soil samples, digestion is required (EMD SOP # METALS 
0024). The digestion techniques described in this SOP will dissolve almost all 
elements that could become “environmentally available” but would not dissolve 
elements, bound in silicate structures, considered as “not mobile” in the 
environment.  Since digestion increases the dissolved solids content of the 
samples, appropriate steps must be taken to reduce potential interference and 
prevent damage to the electron multiplier detector by diluting the sample or 
reducing sample volume to ensure that dissolved solids do not exceed 0.2% 
(w/v).  
Aqueous samples containing suspended or particulate material ≥ 1% (w/v) 
should be digested as solid sample. 

 
The total recoverable sample digestion procedure is suitable for determination of 
silver concentration up to 0.1 mg/L.  If aqueous samples contain higher silver 
concentration, smaller well mixed aliquot should be used to bring the silver 
concentration in analysis solution to less than 0.1 mg/L. Solid samples containing 
concentrations of silver > 50 mg/kg should be treated in a similar manner. 
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The total recoverable sample digestion procedure will solubilize and hold in 
solution only minimal concentration of barium in present of free sulfate, so barium 
analysis should be completed as soon as possible after sample digestion. 

 
The total recoverable sample digestion procedure is not suitable for the 
determination of volatile organo-mercury compounds. 

  
This method, approved for use in compliance monitoring programs [e.g. the 
Federal National Pollution Discharge Elimination System (NPDES)], is required 
by SWRCB that the lowest standard concentration in the calibration curve be 
equivalent to the adopted Minimal Levels (MLs) specified in table 1.  
Table 1 lists elements for which this method applies with instrument detection 
limits (IDL), method detection limit (MDL), minimum level (ML) and upper linear 
dynamic range (ULDR) using Perkin Elmer Elan 9000 ICP-MS. 
 
2.0 SUMMARY OF METHOD 
 
An aliquot of a well-mixed, homogeneous sample is accurately weighed or 
measured for sample processing. For total recoverable analysis of a solid or an 
aqueous sample containing undissolved materials, analytes are first solubilized 
by gentle refluxing with nitric and hydrochloric acids. For total recoverable 
analysis of biosolids, analytes are solubilized by refluxing with nitric acid. Organic 
materials in the sample are then oxidized with hydrogen peroxide, and analytes 
are further solubilized by refluxing with hydrochloric acid. After cooling, the 
sample is made up to volume, is mixed and centrifuged or allowed to settle 
overnight prior to analysis. For the determination of dissolved analytes in a 
filtered aqueous sample aliquot, or for the "direct analysis" total recoverable 
determination of analytes in sample where turbidity is <1 NTU, the sample is 
made ready for analysis by the appropriate addition of nitric acid, and then 
diluted to a predetermined volume and mixed before analysis. 
 
The method describes a technique of multi-element determination of trace 
elements by ICP-MS. Liquid samples are nebulized and the produced aerosol is 
transported to the plasma torch where desolvation, atomization and ionization 
occur. The resulting ions (primarily singly charged positive ions) are then 
extracted from the plasma through a differentially pumped vacuum interface and 
separated on the basis of their mass-to-charge ratio by a quadrupole mass 
spectrometer. The ions transmitted through the quadrupole are then detected 
with a dynode electron multiplier detector and the ion information processed by a 
data handling system, which takes into account of polyatomic ions interferences 
and isobaric elemental interferences. Internal standards are used to compensate 
for instrumental drift and erroneous signal enhancement or suppression caused 
by sample matrix.  
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3.0   INTERFERENCES 
 
Several types of interference effects may contribute to inaccuracies in the 
determination of trace elements by ICP-MS. They include mass spectral 
interferences and physical interferences. Mass spectral interferences can be 
categorized as isobaric elemental interferences, isobaric polyatomic ion 
interferences, and abundance sensitivity.  
 
Isobaric Elemental Interferences occur when isotopes of different elements form 
singly or doubly charged ions which have the same nominal mass-to-charge ratio 
and which cannot be resolved (i.e. separated) by the mass spectrometer. 
However, most elements determined by this method have at least one isotope 
that is free of isobaric elemental interference. Of the analytical isotopes used in 
the method only molybdenum-98 (ruthenium-98) and selenium-82 (krypton-82), 
antimony-123  (technetium-123) have isobaric elemental interference. For 
isotopes that must be monitored, only cadmium-114 and indium-115 have 
isobaric interference from tin. Correction of data for these isotopes are made by 
measuring the signal from another isotope of the interfering element and using its 
natural abundance ratio to calculate the intensity to be subtracted from the signal 
of the isotope of interest. Usage of high purity krypton-free argon will greatly 
reduce the effect of krypton-82 on selenium-82 analysis. 
  
Isobaric Polyatomic Ion Interferences: These are caused by molecular ions that 
have the same nominal mass-to-charge ratio as the isotope of interest and which 
cannot be resolved by the mass spectrometer. Most of these ions have been 
identified; they are commonly formed in the plasma or interface system from 
support gases or sample components. These interferences must be recognized, 
and corrections to the data must be performed. The equations for these 
corrections need to be established at the time of analysis, since they are 
dependent on sample matrix and instrument operating conditions.  The presence 
of chloride in sample results in the formation of singly charged ions 40Ar35Cl, 
35Cl16O, 37Cl16O that interfere respectively with 75As, 51V, and 53Cr.  Although 
correction the for interference of 40Ar35Cl   on the analytical isotope 75As can be 
made using the signal for 40Ar37Cl and the correction for 35Cl16O on the isotope 
51V can be performed using the signal for 37Cl16O, no correction can be made for 
the interference of 37Cl16O on the monitored isotope 53Cr. Interference of 95Mo16O 
on the monitored isotope 111Cd can be corrected using the signal for 92Mo16O.  
The presence of bromide in sample can result in the formation of 81Br1H that will 
elevate recovery for Se at mass 82.  If this correction is required then bromine at 
mass 79 and 81 need to be added to this method and monitored. 
 
Abundance Sensitivity is defined as the degree to which the wings of a large ion 
peak contribute to an adjacent ion peak.  The abundance sensitivity is affected 
by ion energy and quadrupole operating pressure.  The spectrometer resolution 
should be adjusted to minimize these interferences. 
 

Page 86 of 130 

RB-AR42137



 

Physical interferences are generally associated with the sample transport into the 
plasma, sample conversion processes in the plasma, and transmission of ions 
from the plasma through the interface into the mass spectrometer. Physical 
interferences may occur in the transfer of solution to the nebulizer (e.g., viscosity 
effects), in the process of aerosol formation and transport into the plasma (e.g., 
surface tension effects), and during excitation and ionization processes in the 
plasma. Such differences in viscosity and surface tension between samples and 
standards can cause significant inaccuracies especially if samples contain high 
dissolved solids.  Internal standardizations are used to compensate for these 
physical interferences. High levels of dissolved solids in the sample may 
contribute deposits of material on the sampler cone and the skimmer cone 
reducing the effective diameter of the orifices and therefore the ion transmission.  
Samples should be diluted if dissolved solids levels exceed 0.2% (W/V).  
 
Memory interferences result when isotopes of elements in a previous sample 
contribute to the signals measured in a new sample. Memory effects can result 
from sample deposition on the sampler and skimmer cones, and from the buildup 
of sample material in the plasma torch and spray chamber.  The possibility of 
memory interference   should be recognized within an analytical run and suitable 
rinse times should be used to reduce them.  Memory interferences may be 
assessed within an analytical run by looking at the values of the three replicates.  
If the integrated signal values drop consecutively, the analyst should examine the 
analyte concentration in the previous sample to identify the possibility of a 
memory effect.  If previous sample has high concentration, the sample should be 
reanalyzed after a long rinse period. In the determination of mercury, gold at 100 
ppb is to be added to rinse solution to minimize memory effect. 
 
4.0.  SAMPLE COLLECTION, PRESERVATION AND PREPARATION 
 
4.1. Prior to the collection of an aqueous sample, consideration should be 

taken to the type of data desired (i.e. dissolved, total or total recoverable) 
so that appropriate preservation and pretreatment steps can be taken. The 
pH of all aqueous samples must be tested immediately prior to aliquoting 
for processing or “direct analysis” to ensure that the sample has been 
properly preserved. If properly acid preserved, the sample can be held up 
to 6 months. 

 
4.2. For the determination of dissolved elements, the sample must be filtered 

through a 0.45 μm pore-size membrane filter as soon as practically 
possible after collection. Acidify the filtrate immediately following filtration 
with (l + l) HNO3, to a pH of 2 or lower. 

 
4.3. For the determination of total recoverable elements, the samples are not 

filtered but acidified with (1+1) HNO3, to pH 2 or less as soon as possible. 
Following acidification, the sample should be mixed, held for sixteen 
hours, and then verified to be pH < 2 just prior to withdrawing an aliquot 
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for analysis.  If for some reason the pH is verified to be higher than 2, 
more acid must be added and the sample held for sixteen hours until 
verified to be pH < 2.  

 
4.4. Aqueous samples containing suspended or particulate material > 1% (w/v) 

should be extracted as a solid type sample. 
 
4.5. Sample preparations for dissolved elements are suitable filtration through 

a 0.45 μm pore diameter membrane filter, acid preservation and then 
dilution to a predetermined volume. Analytes may be analyzed directly 
without acid digestion of samples. Silver is only slightly soluble in the 
presence of chloride unless there is a sufficient chloride concentration to 
form soluble chloride complex.  Therefore hydrochloric acid should be 
added to filtered samples to keep silver in solution (1 mL of HCl to 50 mL 
of sample) and analysis should be completed as soon as possible after 
sample preparation.  If low recoveries of silver occur in fortified sample 
matrices, it is recommended that samples be digested prior to the 
determination of silver.  In order to reduce potential interferences, 
dissolved solids should not exceed 0.2% (w/v). 

 
Sample preparation for total recoverable analytes must include a 
digestion/extraction step (EMD SOP # METALS 0024). 

 
5.0   APPARATUS 
 
5.1. Inductively Coupled Plasma-Mass Spectrometer (Perkin Elmer SCIEX 

ELAN 9000). 
 
5.2. Dell Optiplex Personal Computer Hardware/ Perkin Elmer ELAN Data 

Station-Instrument Control Software Version 2.4 1994-2001 
 
5.3. Perkin Elmer AS-93plus Auto-sampler 
 
5.4. PolyScience Recirculator/Chiller Model Number 3370 
 
5.5. Either liquid or gaseous argon, purity 99.996%, oxygen < 5 ppm, hydrogen 

<1 ppm, nitrogen <20 ppm, water < 4 ppm.   
 
6.0    REAGENTS AND STANDARDS 
 
6.1 Concentrated acids used in the preparation of standards and for sample 

processing must be ultra-high purity grade or equivalent (Fisher Scientific 
– Optima grade, J.T. Baker - Ultrex grade.) 

Hydrochloric acid-concentrated  (sp. gr. 1.19) 
Nitric acid-concentrated  (sp. gr. 1.41). 
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6.2 Deionized water, used in the preparation of all reagents and obtainable 
from the central water purification system of the Pregerson Laboratory 
Building, is prepared by passing potable water through a mixed bed of 
cation and anion exchange resins, and has purity equivalent to ASTM 
Type I grade water. 

 
6.2 1:1 (vol/vol) nitric acid prepared by adding 25 ml concentrated nitric acid to 

25 ml reagent water in a clean 50 ml vial. 
 
6.3      Tuning solution 10 ppb of Mg, Rh, In, Ba, Ce, Pb, U. 

The tuning solution may be purchased from Perkin Elmer or prepared from 
1000 ppm single element stock solutions. 

 
6.4      Internal Standard Stock Solutions 

Solution 1: 10 ppm Bi, Ho, In, Li6 (95 % enriched) Sc, Tb, Y in 1% nitric 
acid. 
Solution 2: 50 ppm Ge, 10 ppm Rh. in 1% nitric acid. 
The Internal Standard Stock solutions may be purchased or prepared from 
1000 ppm single element stock solutions. 

 
6.5 Internal Standard Working Solution. (400 ppb Bi, Ho, In, Li6 (95 % 

enriched) Sc, Tb, Y; 1000 ppb Rh; 5000ppb Ge in 1% nitric acid). 
Prepare by pipetting : 
1.00 ml HNO3 1/1, 
2.00 ml Internal Standard Stock Solution 1, 
5.00 ml Internal Standard Stock Solution 2, 
and dilute to 50 ml with reagent water. 

 
6.6      Auto-lens solution.  10 ppb Be, Co, In, U. 

The Auto-lens solution may be purchased or prepared from 1000 ppm 
single element stock solutions. 

 
6.7      Standard Stock Solutions 

ML Stock Solution 1:  20 ppm As, Se; 10 ppm Tl, Ni, Zn; 5 ppm Sb, Be, 
Cr, Cu, Pb; 2.5 ppm Cd, Ag.  
Prepare from 1000 ppm single element stock solutions. 

 
1 ppm Stock Solution (IPC 1+2 1ppm):  1 ppm As, Ba, Be, Cd, Cr, Co, Cu, 
Fe, Pb, Mn, Ni, Se, Sr, Tl, V, Zn, Sb, Mo, Sn; 0.125 ppm Ag.   Prepare by 
pipetting 2.0 ml HNO3 1/1, 0.50 mL IPC-1(Inorganic Ventures, Inc), 0.50 
mL IPC-2 (Inorganic Ventures, Inc) and diluting to 100 mL with reagent 
water. 

 
Calibration Standards.   
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Prepare fresh calibration standards daily. Four standards and one 
calibration blank are used for the calibration of the instrument. 

 
Calibration Blank.   

 
Fill a 50 mL vial with approximately 20 mL of reagent water.  Pipette 1 mL 
of 1/1 HNO3, 1.0 mL of Internal Working Solution and dilute to 50 mL with 
reagent water. 

 
Calibration Standard 1 (ML):  

 
2 ppb As, Se;  1 ppb Tl, Ni, Zn; 0.5 ppb Sb, Be, Cr, Cu, Pb; 0.25 ppb Cd, 
Ag. 

 
Prepare a ML Stock Solution 2 by pipetting 2 mL HNO3 1/1, 1.0 mL of the 
ML Stock Solution 1 (20 ppm As, Se; 10 ppm Tl, Ni, Zn; 5 ppm Sb, Be, Cr, 
Cu, Pb; 2.5 ppm Cd, Ag) and diluting to 100 ml with reagent water. 

 
Fill a 50mL vial with approximately 20 mL of reagent water, add 1 mL 
HNO3, 0.50 mL of the ML Stock Solution 2, 1.0 mL of the Internal Working 
Solution and dilute to 50 mL with reagent water. 

 
Calibration Standard 2: 

  
10 ppb As, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, Se, Sr, Tl, V, Zn, Sb, 
Mo, Sn; 1.25 ppb Ag.  

 
Fill a 50 mL vial with approximately 20 mL of reagent water, add 1 mL 
HNO3, 0.50 mL of the 1 ppm Stock Solution (IPC 1+2), 1.0 mL of the 
Internal Working Solution and dilute to 50 mL with reagent water. 

 
Calibration Standard 3:  

 
20 ppb As, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, Se, Sr, Tl, V, Zn, Sb, 
Mo, Sn; 2.50 ppb Ag.  

 
Fill a 50 mL vial with approximately 20 Ml of reagent water, add 1 mL 
HNO3, 1.0 mL of the 1 ppm Stock Solution (IPC 1+2), 1.0 mL of the 
Internal Working Solution and dilute to 50 mL with reagent water. 

 
Calibration Standard 4:   

 
100 ppb As, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, Se, Sr, Tl, V, Zn, Sb, 
Mo, Sn; 12.5 ppb Ag.  
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Fill a 50 mL vial with approximately 20 mL of reagent water, add 1 mL 
HNO3, 5.0 mL of the 1 ppm Stock Solution (IPC 1+2), 1.0 mL of the 
Internal Working Solution and dilute to 50 mL with reagent water. 

 
The acceptable correlation coefficient of linearity for each calibration is 
0.998 or greater.   

 
6.8 . Quality Control Sample (To verify calibration standards). 

 
Quality Control Stock Solution (ICM 240):  
1 ppm As, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, Se, Sr, Tl, V, Zn, Sb, 
Mo, Sn; 0.250 ppm Ag. 

 

Prepare by pipetting 2 mL HNO3 1/1, 5.0 mL of ICM-240  (Ultra Scientific) 
and diluting to 100 mL with reagent water. 

Quality Control Working Solution (ICM 240):  

 

20 ppb As, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, Se, Sr, Tl, V, Zn, Sb, Mo, 
Sn; 5.00 ppb Ag. 

 

Prepare by pipetting 1 mL HNO3 1/1, 1.0 mL of the Quality Control Stock 
Solution, 1.0 mL of the Internal Working Solution and diluting to 50 mL with 
reagent water. 

 
6.9 Analog Stage Detector Optimization Solution. 

 
Prepare 100 ppb Mg solution in 1% HNO3 by pipetting 1 mL HNO3 1/1 and 
0.005 mL of 1000 ppm Mg into a 50 mL vial and dilute to 50 mL with DI 
water. 

 
6.10 Dual Detector Cross Calibration Solution:  

 
200 ppb As, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni,  Sr, Tl, V, Zn, Sb, Mo, 
Sn; 25 ppb Ag.; 8 ppb Bi, Ho, In, Li6 (95 % enriched) Sc, Tb, Y; 20 ppb 
Rh; 100 ppb Ge; 4 ppm Se in  1% nitric acid. 
 
Prepare by filling a 50 mL vial with approximately 20 mL of DI water, and 
adding 1 mL HNO3 1/1, 5 mL of the IPC 1+2 Stock Solution (2ppm), 0.20 
mL of 1000 ppm Se, 1 mL of the Internal Standard Working Solution and 
dilute to 50 mL with DI water. 

 
7.0    SAFETY 
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The toxicity and carcinogenicity of each reagent used in this method have 
not been precisely defined; however, each chemical compound should be 
treated as a potential health hazard. From this viewpoint, exposure to 
these chemicals must be reduced to the lowest possible level by whatever 
means available. The laboratory is responsible for maintaining a current 
awareness file of OSHA regulations regarding the safe handling of the 
chemicals specified in this method. A reference file of material data 
handling sheets should also be made available to all personnel involved in 
the chemical analysis. Wear glove when handle samples and chemicals. 
 
Never view the ICP torch directly without protective eyewear.  Potentially 
hazardous ultraviolet radiation may be emitted.  Safety glasses will in 
general provide sufficient protection. 
 
ICP-MS instrument generates high amounts of radio frequency energy in 
the RF power supply and torch box, which is potentially hazardous if 
allowed to escape.  Safety devices and screening interlocks should not be 
bypassed or disconnected. 
 
The power supply for the operation of ICP-MS is capable of generating 
potentially lethal voltages.  No maintenance should be performed when 
the power is on. 
Ensure that the exhaust system is working properly.  The Elan 9000 ICP-
MS requires two vents, one for the ICP power supply/roughing pump 
exhaust and another vent for the torch box exhaust.  Exhaust venting is 
important not only to remove heat produced by the ICP torch, RF power 
supply and pump motors, but also to protect laboratory personnel from 
toxic vapors that may be produced by ICP. 
 
Gas cylinders must be clearly marked to identify the status (e.g. full, 
empty, etc…), carefully secured and stored away from heat.  Since 
cylinders have pressure-relief device that might release argon, room 
ventilation should be adequate to prevent accumulation of non-life-
sustaining gas. 
 

8.0    PROCEDURE 
 
8.1 Check the following before startup: 

Water chiller 
Exhaust system 
Vacuum roughing pumps 
Cold vacuum(should be in 10-6 torr range). Record pressure reading in log-
book. 
Argon tank 
Sample introduction system (pump tubing, nebulizer, spray chamber, 
torch, cone, etc…) 
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8.2 Initiate the plasma and allow a warm-up for at least 30 minutes.  The 

tuning procedures may be carried out during warm up.  Check out the 
following during warm-up: 
Operating vacuum.  Record value in log-book. 
Nebulizer gas flow rate 
Sample uptake rate 
Spray chamber drainage 

 
8.3 Open the EMD-Daily performance workspace and open the EMD-Daily 

method 
Aspirate the 10 ppb tuning solution. 
Click on the Analyze button in manual sample window. 
Check that the RSDs for five replicates for all Be, Mg, Co, In, Rh and Pb 
are less than 5%. 
Check that the background at mass 220 is < 30 cps. 
Check that % oxides < 3%. 
Check that % double charge <3%. 
Mg Intensity > 100,000 cps (140,000 cps, normally) 
Rh  Intensity > 400,000 cps ( 600,000 cps). 
In   Intensity  > 400,000 cps (700,000 cps) 
Pb  Intensity >  300,000 cps (450,000 cps). 
If the instrument performance check passes, go to 8.11 and proceed with 
the samples. 

 
8.4 If the instrument performance check does not pass, open the EMD- X-Y 

workspace and the EMD-X-Y method, open the real-time window by 
clicking on realtime icon, aspire the tuning solution and make X-Y 
adjustment for maximum Rh intensity.  This procedure is only necessary 
when cones or torch have been changed. 

 
8.5 Open the Neb-power-Lens-Oxide workspace and the EMD-Optimize 

method, set the RF power to 1000-1100 watts for clean water, 1200-1400 
watts for soil and sediments digests and optimize the following parameters 
using the tuning solution: 
Optimize the nebulizer argon flow.  
Optimize the static lens voltage (optional). 
Save the optimization file. 

 
8.6 Open the EMD-Auto-Lens-Calibration workspace and the EMD-Autolens 

Calib method and perform auto-lens calibration using the Auto-lens 
Solution as the following: 
Clear the old calibration. 
Click on Get Analytes. 
Click on Calibrate. 
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Save the optimization file, print the current settings in the default.dac using 
<File><Print> option and the Optimization.rop. 
Go to 3 and perform Daily Performance Check. 
 

8.7 Perform a Pulse Stage Detector Optimization.  
Open the EMD Pulse Stage Optimization workspace and the EMD 
Optimize method. 
Optimize Pulse Mode Voltage using Tuning Solution as follows: 
Aspire the tuning solution.  
Click on Pulse Stage Voltage tab. 
Click on Get Analyte List, check that Rh appears in the Analyte field. 
Select the start and end values of the potential set points at 900 and 1000 
respectively and set the step value at 25. 
Select Intensity Change Percent at 15% as optimization criteria. 
Click on Optimize tab. 
Save the Optimization file. 
In the interactive window, a plot of pulse intensity vs. pulse stage voltage 
is displayed. The optimum point is indicated by a diamond symbol.  Check 
that the software selected the correct point.  Do not operate the detector at 
voltages far beyond the saturation point as this can reduce detector 
lifetime, cause signal drift and increase noise level. 
This procedure is only required when a new detector is installed or 
detector voltages need to be optimized for higher sensitivity. 

 
8.8 Analog Stage Detector Optimization. 

Analog Stage Detector must be performed before performing Dual 
Detector Calibration.  Pulse stage optimization must be performed before 
and after an analog stage optimization. 
Open the EMD Analog Stage Optimize workspace and the EMD Analog 
Stage Optimization method. 
Chose Analog Stage Voltage in the parameter Description box. 
Click on Get Analyte List, make sure that Mg appears in the Analyte List. 
Select Auto and Full in the Optimization Criteria group.  Type in 12500 for 
the Target Gain or select Use Nmax and type in 1e9 for the target Nmax. 
Aspire 100 ppb Mg solution then click on Optimize. 
If the optimization is successful, a message appears starting that the 
optimization is complete.  Save the optimization file. 

  
8.9 Dual detector crossed calibration.  Dual detector calibration is used to 

extend the dynamic range of the detector by normalizing the analog stage 
of the detector to the pulse stage.  This procedure is required whenever 
the analyte concentrations that are needed exceed the linear dynamic 
range of the pulse counting. 
Optimize Pulse Stage detector voltage, Analog Mode Voltage and again 
Pulse Stage detector voltage. 
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Open the EMD Dual Detector Calibration workspace. Select the EMD Dual 
Detector Calibration method.  Check to make sure that the method 
contains all elements you want and there are no interference equations in 
the method.  
If analytes are already listed on the Dual Detector Calibration page, click 
on Clear Calibration and then on Get Analyte List.   
Enter the Start Value (-1 to -3), the End Value (8 to 12) and the step value 
(0.25 to 0.5) in the Lens Voltage group. 
Aspire the Dual Detector Cross Calibration Solution. 
Click on Calibrate tab. 
The ELAN will perform 2 separate acquisitions: 
The first acquisition is used as the calibration blank (lens voltage is set for 
zero ion transmission) and the dataset name is label Dual Calibration 
Blank. 
The second acquisition is the actual dual calibration.   
One can view the analysis progress in the real time window in Signal or 
Numeric Mode. 
In the Interactive window, one can view the cross calibration curves for 1 
to 5 isotopes plus the Pulse/Analog Gain Interpolation curve.  The 
correlation coefficients for individual isotopes are normally at least 0.9995. 
Save the optimization file. 

 
8.10 Tuning (Mass Calibration. & Resolution) 

Tuning of the Elan 9000 should be performed monthly and whenever there 
are changes to the ELAN’s electronics or if there are needs to modify 
resolution for one or more elements. 

 Open the EMD Tuning workspace. 
 Open the EMD-tuning method. 
 Aspire the tuning solution. 

Click on Tuning icon to display the Tuning window, make sure the tuning 
file has all the required elements in the method (He, Mg, Rh, Pb, U, Ce) 
and that the Measure Peak Width Only parameter is toggled Off. 
Click on the Tune Mass Spec button in the tuning window to perform a full 
Autotune, adjusting both the mass calibration and the resolution. 
Click on the Interactive icon to display the spectra of all tuning analytes.  
Save the Tuning file. 
Print the results of mass calibration and resolution adjustment using the 
Tuning.rop report format. 
Check that the measured mass values remain within 0.05% of the actual 
mass and peak widths are approximately 0.70 amu. 
In selected instances, it may be desirable to use resolution settings that 
are different from the default 0.7 amu.  Click in the Resolution DAC value 
cell for the analyte you want to adjust, increase the DAC value to increase 
resolution (narrower the peak) or set the DAC to a smaller value to 
decrease the peak resolution (broaden the peak).  Aspire the tuning 
solution and click on Tune Mass Spec to perform a full Auto-Tune. 
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8.11 Quantitative Analysis. 

Open the EMD Quantitative Analysis workspace. 
Click on method icon and open the 200.8EMD method. 
Enter report file name in the Report page of the method. 
Click on the green R icon to view files currently in use and chose Load 
Dataset to select an existing dataset for the month (Feb03 for the month of 
February 2003 for example) or New Dataset to create a new dataset. 
Prepare blank, calibration standards and load them into the auto-sampler 
positions 1-5 (position 1 for calibration blank; position 2 for standard 1, 
ML; position 3 for standard 2, 10 ppb; position 4 for standard 3, 20 ppb; 
position 5 for standard 5,100 ppb). 
Prepare the quality control sample ICM-240, 20 ppb and load it into 
position 6. 
Edit the Sample window and enter sample information in the batch sample 
page (sample name, LIMS ID, dilution factor).  The frequency of  QC 
solution analyses ( e.g. calibration blank, instrument performance check 
solution, quality control sample, etc…) is already set in the method, so 
there is no need to enter QC information in sample window. 
The measurement action for the first sample must be “analyze blank, 
standards, and samples”. Measurement action for all other samples is “ 
analyze sample”.  Enter appropriate pump speeds for all samples.  Save 
sample file and reopen the sample file (this must be done for the batch QC 
to run properly).   
Prepare sample by filling a 50 mL vial with approximately 10 mL of 
reagent water, add 1 mL HNO3, 1.0 mL of the Internal Working Solution, 
add an exact volume of digested sample (2.5 mL for 1:20 dilution or 5 mL 
for 1:10 dilution) and dilute to 50 mL with reagent water.  Final volume is 
not critical since internal standards are used, so accuracy of the markings 
on the side of each vial is sufficient. 
Load the samples into the auto-sampler positions specified in the sample 
file.  Select the samples to be analyzed by highlighting the row number 
with the mouse and start the analysis by clicking on “Analyze Batch”. 
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9.0.  CALCULATION 
 
Elemental equations for corrections of masses interference are: 

 

Mass in amu Element Corrections 
Vanadium 50.944 -3.127(37Cl16O - (0.113 x 52Cr)) 

Arsenic 74.922 -3.127(40Ar37Cl - (0.873 x 82Se)) 
-1.008696 x 83Kr Selenium 81.917 

-0.110588 x 101Ru Molybdenum 97.906 
Cadmium 110.904 -1.073(92Mo16O - (0.712 x 106Pd)) 

-0.026826 x 118Sn Cadmium 113.904 
Indium 114.904 -0.014032 x 118Sn 

-0.127189 x 125Te Antimony 122.904 
+ 206Pb + 207Pb Lead 207.977 

 
Data should be calculated by application of internal standardization. 
 
Reagent blank should be subtracted from all samples. This is particularly 
important for digested samples requiring large quantities of acids to complete the 
digestion. 
 
If dilutions were performed, the appropriate factor must be applied to sample 
values. 

 

Sample data should be reported in unit of μg/l for aqueous samples or mg/kg dry 
weight for solid samples. Do not report element concentrations below the 
determined MDL. For data values less than ten, two significant figures should be 
use for reporting element concentrations. For data values equal or greater than 
ten, three significant figures should be used.  

 

The isotopes recommended for analytical determination are: 

 
9Be, 51V, 52Cr, 55Mn, 59Co, 60Ni, 63Cu, 66Zn, 75As, 82Se, 117Sn, 98Mo, 107Ag, 111Cd, 
123Sb, 137Ba, 205Tl, 206Pb, 207Pb, 208Pb. 

 

If an element has more than one monitored isotope, examination of the 
concentration calculated for each isotope, or the isotope ratios, will provide useful 
information for the analyst in detecting a possible spectral interference.  
Consideration should therefore be given to both primary and secondary isotopes 
in the evaluation of the element concentration.  In some cases, secondary 
isotopes may be less sensitive or more prone to interference than the primary 
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recommended isotopes, therefore differences between the results do not 
necessarily indicate a problem with data calculated for the primary isotopes. 

 

The QC data obtained during the analysis provide an indication of the quality of 
the sample data and should be provided with the sample results. 

 
10.0.  DATA MANAGEMENT 
 
The metals lab uses method 200.8 for the determination of Ag, Pb, Sb and Tl in 
the monthly and weekly treatment plants effluent samples. Raw data are stored 
by ICP-MS software under the filename “c:\elandata\reportoutput\yyyymmdd”. 
For data reduction, the same data are transferred to “EMDB\ICP-MS\2004” using 
the Excel Template, developed for the metals lab, and the processed data stored 
in “EMDB\ICPMS_DATA\2004. Manipulation for the final concentrations and for 
displayed QC data could be performed thru the master sheet on the excel file. 
The printout data are kept in a three ring binder folder as permanent record. Final 
results are reported in Laboratory Information Management System. 
 

11.0.  QUALITY CONTROL  
     
11.1 Initial Demonstration of Laboratory Performance. The initial 

demonstration of performance is used to characterize instrument 
performance and laboratory performance prior to analyses conducted by this 
method. 

 
11.1.1 Linear Calibration Range. 

 
Linear Calibration Range should be determined before using the ICP-MS 
for producing any legal reporting data, and whenever there are changes in 
the detector voltages, RF generator, sample introduction system (change 
in nebulizer or spray chamber type). 
 
Calibrate the instrument as usual, and run a series of increasing 
concentration standards.  The upper linear dynamic range (ULDR) limit is 
defined as the concentration where the measured value is within 10% of 
the actual prepared value of the standards.  Care should be taken to avoid 
potential damage to the detector during this process.  ULDR are listed in 
table 1. When analyze sample that has concentrations of any element 
greater than 90 % of the ULDR that sample must be diluted and 
reanalyzed.  

 
11.1.2 Quality Control Sample. 
 
On a quarterly basis, to verify the calibration standards and acceptable 
instrument performance, it is required to analyze a Quality Control Sample 
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(QCS).  The determined mean concentration from 3 analyses of the QCS 
must be within 10% of the stated QCS value.  If the QCS is not within the 
required limits, an immediate second analysis of the QCS is 
recommended to confirm unacceptable performance.  If the second 
analysis is unacceptable, problem must be identified and corrected. 

 
11.1.3 Instrument Detection Limits (IDLs) 

 
IDL should be determined whenever there is any significant change to the 
instrument.  Calibrate the instrument.  Run a blank as if it were a sample 
for a series of 10 sequential measurements with rinsing in between each 
measurement.  Calculate the standard deviation and multiply by 3 to 
obtain the IDL. IDL are listed in table 1.  

 
11.1.4 Method Detection Limits (MDL) 

 
MDL should be established for all analytes using reagent water fortified at 
a concentration of two to five times the estimated detection limit.  Analyze 
seven replicate aliquots of the fortified reagent water that have been 
processed through the entire analytical method and calculate the MDL as 
follows: 

 
MDL = t x (Standard Deviation of the replicate) 

 
Where t is the Student’s value for a 99% confidence level with n-1 degrees 
of freedom (t = 3.14 for seven replicate).  MDL are listed in table 1.  The 
determination of MDL in reagent water represents a best-case situation 
and does not reflect possible matrix effects of real samples.  The MDLs 
must be sufficiently low to be able to detect analytes at the required levels 
according to compliance monitoring regulation.  MDLs should be 
determined annually or whenever there is a change in instrument 
operating conditions. 
 

11.2. Mandatory Laboratory Performance Quality Assurance Procedures 
 

11.2.1. Laboratory Reagent Blank (LRB) 
 
Laboratory Reagent Blank (LRB) is an aliquot of reagent water that is 
treated exactly as a sample including exposure to all glassware, 
equipment, solvents, reagents, and internal standards that are used with 
other samples.  The LRB is used to determine if analytes or other 
interferences are present in the laboratory environment, reagents, or 
apparatus. A minimum of one LRB must be run with each batch of 20 
samples of the same matrix.  LRB values greater than the MDL indicate 
laboratory or reagent contamination. The values of LRB and their standard 
deviations must be kept on file and be available for review. 
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The upper control limit for LRB can be developed when a minimum of 20 
data become available as follows: 
 

Upper Control Limit = x + 1.5 S 
 
Where x is the mean of LRB and S is the standard deviation of the mean 
LRB. 
For NPDES test program, whenever LRB values constitute 10% or more 
of the analyte level determined for the sample or is 2.2 times the analyte 
MDL, whichever is greater, fresh aliquots of the samples must be 
prepared and analyzed again for the affected analytes after the source of 
contamination has been corrected and acceptable LRB values have been 
obtained. 
 
11.2.1. Laboratory Fortified Blank (LFB) 
 
Laboratory Fortified Blank is an aliquot of reagent water to which known 
quantities of the analytes are added.  The LFB is treated and analyzed 
exactly like a sample.  The purpose of analyzing LFB is to determine 
whether the methodology is in control and whether the laboratory is 
capable of making accurate and precise measurements. 
 
The laboratory must analyze at least one LFB with each batch of samples.  
Calculate accuracy as percent recovery using the following equation 
 

Rec. = (LFB – LRB ) /  S  x 100 
 

Where: Rec. =  Percent Recovery 
LFB =  Lab. Fortified Blank Result 
LRB = Lab. Reagent Blank Result 
S      = Concentration of analyte added to fortify the LRB 

 
The percent recovery for the LFB should be within the required control 
limits of 85% - 115%.  If the recovery is not in control, the source of the 
problem should be identified and resolved before analysis is continued.  
The percent recoveries of LFB and their standard deviations must be kept 
on file and be available for review. 
 
Optional upper and lower control limits can be developed when a 
minimum of 20 performance data become available as follows: 
 

Upper Control Limit =  x + 3 S 
Lower Control Limit =  x  -  3 S 

 
Where x is the mean percent recovery of LFB and S is the standard 
deviation of the mean percent recovery. 
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The optional control limits must be equal to or better than the required 
control limits of 85% - 115%.  After each five new recovery 
measurements, new control limits are calculated using the most recent 20 
data points. For simplification and due to the rather low number of batches 
run by this lab, annual updating of ongoing control limits is accepted. 
 
 
11.2.2. Instrument performance check (IPC) 

 
For all determinations the laboratory must check instrument performance 
and verify that the instrument is properly calibrated on a continuing basis.  
To verify calibration, run the calibration blank and calibration standards 
(10 ppb or 20 ppb) as surrogate samples immediately following each 
calibration routine, after every ten samples and at the end of the sample 
run.  The analysis of all analytes within the standard solutions must be 
within 10% of the calibration.  If the calibration cannot be verified within 
the specified limits, the instrument must be re-calibrated.  If the continuing 
calibration check is not confirmed within 15%, the previous ten samples 
must be re-analyzed after recalibration.  If the sample matrix is 
responsible for the calibration drift, the previous 10 samples should be 
reanalyzed in groups of five between calibration checks to prevent a 
similar drift situation from occurring. 

 
11.3. Assessing Analyte Recovery and Data Quality 
 

11.3.1 Laboratory Fortified Sample Matrix (LFM). 
 

Sample homogeneity and the chemical nature of the sample matrix can 
affect analyte recovery and the quality of data. LFM procedure is required 
to assess these effects. Known amounts of analytes are added to a 
minimum of 10% of the samples.  In each case the LFM aliquot must be a 
duplicate of the aliquot used for sample analysis and analytes added prior 
to sample preparation.  For water samples, the added analyte 
concentration must be the same as that used in the laboratory fortified 
blank or 1-5 times the background concentration, whichever is greater.  
Percent recovery for each analyte, corrected for background 
concentration, is calculated using the following formula: 

 
R = (Cs    -  C) x 100 / S 

 
Where   R = percent recovery 
  C = sample background concentration 
  Cs  = fortified sample concentration 
  S = concentration of analyte added to fortify the sample 

Page 101 of 130 

RB-AR42152



 

The LFM range is 70% - 130%. Recovery calculations are not required if 
the concentration of the analyte added is less than 30% of the sample 
background concentration. 
Optional upper and lower control limits can be developed when a 
minimum of 20 performance data become available as follows: 

 
Upper Control Limit = x + 3 S 
Lower Control Limit = x -  3 S 

 
Where x is the mean percent recovery of LFM and S is the standard 
deviation of the mean percent recovery. The optional control limits must 
be equal to or better than the required control limits of 70% - 130%.  After 
each five new recovery measurements, new control limits are calculated 
using the most recent 20 data points. 

 
If the recovery falls outside the designated range and laboratory 
performance is shown to be in control (Sect. 11.2), the recovery problem 
encountered with the fortified sample is judged to be matrix related, not 
system related.  The data user should be informed that the result for the 
unfortified sample is suspect, due to either the heterogeneous nature of 
the sample or an uncorrected matrix effect. 

 
11.3.2. Internal Standard Responses.  

 
The analyst is expected to monitor the responses from the internal 
standards throughout the sample set being analyzed.  Ratios of the 
internal standards responses against each other should also be monitored 
routinely. This information may be used to detect potential problems 
caused by mass dependent drift, errors incurred in adding the internal 
standards or increased in the concentrations of individual standards 
caused by background contributions from the sample.  The absolute 
response of any one internal standard must not deviate more than 60% - 
125% of the original response in the calibration blank.  If greater 
deviations are observed, flush the instrument with the rinse blank and 
monitor the responses in the calibration blank.  If the responses of the 
internal standards are now within the limit, take a fresh aliquot of the 
sample, dilute by a further factor of two, add the internal standards and 
reanalyze.  If after flushing the response of the internal standards in the 
calibration blank are out of limits, terminate the analysis and determine the 
cause of the drift.  Possible cause of drift may be a partially blocked 
sampling cone or a change in the tuning condition of the instrument. 
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12.0   REPORTING LEVEL  
 
A reporting level is the lowest concentration of a detected substance that must be 
reported for specific regulatory purposes, such as determining compliance with 
effluent limitations and water quality criteria or objective.   
 
The reporting limit (RL) is obtained by first determining the MDLs. A multiple of 
MDL level is spiked into reagent water and processed as a sample.  If the spike 
is recovered within 60% and 140%, the test concentration is the lowest RL.  The 
RL for most elements is about five times the MDL and represents a practical and 
routinely achievable detection limit with a relatively good certainty that any 
reported value is reliable.  If a sample is diluted prior to analysis, the RL is 
multiplied by the dilution factor. 
 
For NPDES permit testing, the metals lab uses “Minimum Level (ML)” as RL. ML 
is the concentration in a sample that is equivalent to the concentration of the 
lowest calibration standard analyzed according to the method. The ML and MDL 
for this method are listed in [EMD_INFO.METALS. 2003-MDL] 62008.XLS file. 
 

13.0. PRECISION AND ACCURACY 
 
13.1. Precision. 
 
Check that the relative standard deviations of three replicates (Replicate RSD) 
are less than 5% for standards and samples. 
 
13.2. Accuracy. 
 
To verify the calibration standards, it is recommended to run QCS (ICM-240) at 
the beginning and at the end of the run.  The analysis of a QCS prepared to a 
concentration of 20 ppb (5 ppb for Ag) must be within 90%-110% of the stated 
value initially and within 15% at the end.  All requirements for laboratory reagent 
blank (LRB), laboratory fortified blank (LFB), laboratory fortified matrix (LFM) 
must be satisfied before using the data for reporting. 

 
 

14.0. REFERENCES 
 
14.1. EPA Method 200.8   Revision 5.4, May 1994, “Determination of Trace 
Elements in Waters and Wastes by Inductively Coupled Plasma-Mass 
Spectrometry”. 
 

14.2. EPA Method 200.8   Revision 5.5   “Determination of Trace Elements in 
Waters and Wastes by Inductively Coupled Plasma-Mass Spectrometry”. 
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14.3. EPA Method 200.8   Using the ELAN 6000/6100 ICP-MS   PerkinElmer 
Spectrometry 

 
14.4. ELAN ICP-MS Hardware Manual, 1995, PerkinELmer. 
 
14.5 Region 9 EPA SOP 507, November 2002 
 
14.6 Region 9 EPA SOP 403, November 2002 
 
14.7 Region 9 EPA SOP 405, November 2002 
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15.0 APPENDIX 
 
     Element 
 

Isotope ML in ppb IDL in ppb MDL in ppb ULDR in ppb 

Be 9Be 0.5 0.01 0.02 30 
V 51V 1.0 0.02 0.02 200 
Cr 52Cr 0.5 0.04 0.06 200 
Cr 53Cr 0.5 0.03 0.05 200 
Mn 55Mn 1.0 0.009 0.08 200 
Co 59Co 1.0 0.01 0.005 200 
Ni 60Ni 1.0 0.01 0.07 200 
Cu 63Cu 0.5 0.009 0.1 200 
Cu 65Cu 0.5 0.009 0.1 200 
Zn 66Zn 1.0 0.02 0.1 200 
Zn 67Zn 1.0 0.04 0.2 200 
Zn 68Zn 1.0 0.04 0.1 200 
As 75As 2.0 0.04 0.4 200 
Se 77Se 2.0 0.1 0.1 200 

      
       

Sn 118Sn 1.0 0.02 0.01 200 
      

Mo 98Mo 1.0 0.006 0.01 200 
Ag 107Ag 0.25 0.002 0.02         25 
Cd 111Cd   0.25 0.01 0.02 200 
Cd 114Cd   0.25 0.01 0.01 200 
Sb 121Sb  0.5 0.02 0.01 200 

123Sb  Sb 0.5 0.01 0.01 200 
135Ba  Ba 1.0 0.006 0.03 200 
137Ba  Ba 1.0 0.01 0.04 200 
205Tl   Tl 1.0 0.01 0.01 200 

208Pb  Pb 0.5 0.009 0.05 200 
6Li   Li Inter. Standard    

45Sc   Sc Inter. Standard    
72Ge  Ge Inter. Standard    
103Rh  Rh Inter. Standard    

89Y  Y Inter. Standard    
115In   In Inter. Standard    
159Tb   Tb Inter. Standard    
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APPENDIX H 
Quality Assurance/Quality Control 

 
The quality assurance objectives for measurement of data are unique to the 
particular program for which the data are collected and utilized.  They describe the 
overall uncertainty that the data user is willing to accept in order to make decisions 
for environmental or other concerns.  This uncertainty describes the data quality 
that is needed, which are usually expressed in terms of precision, bias, 
representativeness, comparability, and completeness. 
 
The participating laboratories will use approved and recognized test methods, 
and comply with uncertainty requirements of the method.  Quality control 
samples are measured and uncertainties are assessed and results must be 
within the range prescribed by the methods.  Internal acceptance criteria are 
established by analyzing laboratory control samples on a daily basis.  The 
participating laboratories will strive to meet the QA/QC goals described in this 
section and, therefore, be able to attest to the integrity of the sampling and 
analytical process. 

 
The following QA/QC procedures are examples for sample collection, laboratory 
analyses, and data management to ensure the production of reliable and 
defensible data. 
 
Sample Collection 
 
Only trained laboratory staff will be assigned to collect samples using proper 
sampling procedures, appropriate sampling equipment, required containers, and 
proper preservation techniques.   
 
General guidelines for sample collection by laboratory staff are as follows: 
 
 Label sample containers with sample date, sample time, sampling point, 

sample type (grab/composite), preservatives added (if needed), the name of 
the sampler, and analyses needed. 

 Use aseptic technique when collecting samples to prevent contamination. 
 Avoid collecting sample in multiple sweeps and no refilling of the sample 

bottle. 
 Once the sample is collected, immerse at least one-third of the sample 

bottle in ice.  
 Once received, log the samples into the laboratory system as soon as 

possible, assign a unique login number, and properly store. 
 Sample preparation steps done prior to analysis, such as sample 

preservation are described in individual test SOP's. 
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Sample Handling  
 

Chain-of-Custody 
 

   The purpose of the chain-of-custody is to establish detailed written 
and legal documentation of all transactions in which samples are transferred 
from the custody of one individual to another.  The custody procedure is also 
used whenever samples are submitted to a contract laboratory.  The chain-of-
custody begins at the sample collection site and includes couriers or 
messengers who handle the sample in transit.  It follows the sample in the 
laboratory until its ultimate disposal.  It is a form of proof used to establish the 
authenticity and integrity of the sample, since the results will be used to show 
compliance with the TMDL requirements, i.e., numeric targets and wasteload 
allocations.  

 

A Chain-of-Custody (COC) must accompany each sample submitted to a 
participating laboratory.  If a COC has not been filled out prior to delivery of 
the sample, a form will be provided to the delivery person prior to acceptance 
of said sample.  The COC will be reviewed to make sure that all of the 
needed information has been supplied.  See Appendix F for examples of the 
Chain of Custody Forms. 

 
   Sample Holding & Preservation 

   Samples must meet EPA holding time requirements for each testing 
parameter.   

   After the sample is received, the participating laboratory will enter the 
sample information into the Laboratory Information Management System 
(LIMS) or comparable database and a unique laboratory registration number 
will be generated for that sample. 

 

   Sample Disposal 

After the analyses are completed the sample will be retained as legal 
evidence or legally disposed.  Analyzed samples and standards used in 
analyses are disposed of in accordance with the laboratories written 
procedures. 
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Analytical Procedures 
 
Analyses 
 

There are many different analytical methods applicable to environmental 
analyses.  As a guide, references for the analytical procedures are listed 
below.  

 

   "Standard Methods for the Examination of Water and Wastewater", 
18th – 20th edition, 1992 and 1998 respectively, APHA, AWWA, WPCF, 
Washington, DC. 

 

 "Methods for Chemical Analysis of Water and Wastes", EPA-600/4-79-020, 
revised March 1983. 

 
 Test Methods for Evaluating Solid Waste. 1986. Revision December 4, 

1996.  Volume IB: Laboratory Manual Physical/Chemical Methods, 3rd 
Edition. United States Environmental Protection Agency, Office of Solid 
Waste and Emergency Response, Washington, D.C. 

 
   Standard Operating Procedures (SOPs) 
 

  Routine analyses are defined in Standard Operating Procedures (SOPs), 
which are detailed descriptions of how to use and what to expect from a 
method. They contain method-specific QC criteria (i.e., instrument calibration, 
reagent blank, method blank, calibration standards, etc.), and QC 
requirements such as duplicate analysis, spike recoveries, holding time, etc.  
See Appendix G for examples of this type of documents.  

 
2.1 System and Performance Audits 
 
An audit is a periodic check to ensure that the laboratory operates according to the 
policies and procedures described in the Quality Assurance Manual, complies with 
good laboratory practices, and meets the requirements of regulatory agencies.  It 
may be either a system or performance audit.   
 
           System Audit 
 
 A system audit is a review of laboratory operations conducted to verify that 

the laboratory has the necessary facilities, equipment, staff, and procedures 
in place to generate acceptable data.  It is an on-site inspection of the 
laboratory's system of operations.  It may be an internal or external audit.  
Internal inspections may be performed by quality assurance personnel.  
External audits are generally laboratory certification-related activities. 
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 1. Internal 
 
  Periodically, the QA Officer (or designee) audits the laboratories and 

reports the results to the Division Manager (or laboratory director), 
laboratory managers, and unit supervisors. 

 
 
 
 
 2. External 
 
  State-certified laboratories are site visited every two years by auditors 

from the Environmental Laboratory Accreditation Program (ELAP) of 
the California Department of Health Services (CA DOHS).  
Accreditation is by scientific discipline or field of testing.  Non-
compliances with good laboratory practices are identified and 
reported as deficiencies and are subject to corrective action before 
accreditation is renewed. 

 
          Performance Audit 
 
 A performance audit is a review to evaluate the laboratory's analytical 

activities as well as the data produced by analysts.  It verifies the ability of 
the laboratory to correctly identify and quantify compounds in unknown 
samples submitted by the auditing entity.  The purpose of these audits is to 
determine the laboratory's capability to generate scientifically sound data. 

 
           1.       Internal 
 
  Periodically, the QA staff submits unknown samples to most of the 

laboratories.  These samples are usually from the inventory of 
previous Performance Evaluation (PE) samples from EPA.  Analysis 
of these samples is also a corrective action requirement for 
Discharge Monitoring Report (DMR) and/or Water Pollution (WP) 
samples evaluated with "unacceptable results".  The QA staff may 
also conduct intra- and inter-comparison studies. 

 
 2. External  
 
  a. Mandatory Performance Evaluation (PE) Programs 
 
   * Water Pollution QA Study Program (WP) serves a dual 

purpose.  It satisfies EPA's wastewater testing 
laboratory requirements and meets one of ELAP's 
certification criteria.  Test samples are analyzed for 
parameters listed under each field of testing on our 
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certifications and are specified in the WP Program 
following certified procedures.  A laboratory can 
participate in a WP Study twice a year. 

      
                                * For the Microbiology Performance Evaluation (PE) 

Study, Drinking Water/Wastewater Enumeration is 
required for ELAP certification.  Like all the other PE 
programs, the samples are acquired from NIST-
approved vendors and analyses are done for certified 
analytes.   

 
  b. Voluntary PE Programs 
   
   These programs are performance based such as the 

interlaboratory calibration studies with EPA 
 

Assessment of Precision and Accuracy 

 
Data quality may be assessed in terms of precision, accuracy, representativeness, 
completeness, and comparability.  The latter three are usually determined outside 
of the laboratory operations and with limited involvement of laboratory staff.  These 
measures are not included in this section.  The internal quality control measures 
(i.e., precision and accuracy) that are performed in the laboratory to evaluate data 
quality are described in this section.   
 
           Precision 
 
 Precision is the agreement among a set of replicate measurements without 

knowledge of the true value.  It is the degree to which a measurement is 
reproducible.  Precision, expressed as Relative Percent Difference (RPD), is 
determined for each laboratory unit by analyzing replicates of the same 
sample, a number of duplicate pairs, or matrix-spiked duplicate samples.  

 
           Accuracy  
 
 Accuracy is a measurement of how close the result is to the true value.  

Each laboratory unit establishes its accuracy of measurement by analyzing 
QC check samples (spiked samples, standard reference materials from a 
reliable source, etc).  The results of the QC samples are correlated to 
documented, certified values.  Results of spiked samples are calculated as 
Percent Recovery.  Actual Percent Recovery is compared to established 
reference data.  The degree of closeness of the QC check sample 
contributes to the general assurance that the accuracy of the data is within 
acceptable limits. 
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Corrective Action 
 
Laboratory events and data that fall outside established quality acceptance criteria 
may require investigation or corrective action.  The corrective action implemented 
depends on the type of analysis, the extent of the error, and whether the error can 
be determined and corrected.  The purpose of the corrective action is to resolve the 
problem and to restore the system to proper operation.  Investigative steps and 
corrective actions implemented are documented.   
 

          Corrective Action Procedures 
 
 1. The initial corrective action procedures may be handled at the bench 

level.  The unit supervisor is immediately notified of the deviation.  
The analyst reviews the sample preparation for possible errors and 
checks the instrument calibration, calibration and spike solutions, 
instrument sensitivity, etc. 

 
 2. If the error cannot be resolved by the analyst, the unit supervisor has 

the responsibility of resolving the problem with assistance, if needed, 
from the laboratory manager and/or the QA Officer. 

 
 3. The corrective action adopted may be determined by the analyst, the 

unit supervisor, the laboratory manager, the QA Officer, or through a 
consensus.  If needed, the final decision for corrective action rests 
with the laboratory manager after consultation with the QA Officer. 

 
 4. The unit supervisor shall maintain an accurate and up-to-date record 

of corrective actions taken in the unit.  A corrective action report form 
(included herein as an attachment) is available for use. 

 
5. The laboratory manager shall periodically review corrective action 

records and plan for system improvement by involving analysts, unit 
supervisors, and QA personnel.  

 
 
           General Guidelines for Initiating a Corrective Action 
 

1. Identify/define the problem. 
2. Assign responsibility for investigating the problem. 
3. Investigate and determine the causes. 
4. Develop corrective action to eliminate the problem. 
5. Measure the effectiveness of the corrective action. 
6. Analyst, unit supervisor, laboratory manager, and the QA Officer 

meet to review and evaluate the process, if necessary. 
7. Document the process by filling out the Corrective Action Report 

Form. 
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APPENDIX I 
Data Acquisition, Reduction, Validation, and Reporting  

Standard Operating Procedure (SOP) 
 
 

The following procedures describe the data acquisition and entry process then 
the quality assurance and quality control procedures. 

 
Data Acquisition 
 
Both raw and calculated data are acquired in the laboratory by manual, electronic, 
or direct computer acquisition.  Acquired data are properly and securely stored for 
the duration specified by regulatory agencies or the customer. Guidelines for 
documentation and recording of information are as follows: 
 

 Manual (Hand-written) Data Entry 
 

o Data are entered directly into the notebook or worksheet with 
non-erasable ink. 

o Data entries are signed and dated by the analyst making the 
entry.  If the entry is more than one page, each page is signed 
and dated. 

o Mistakes are canceled by drawing a line through the entry, entering 
the correct value, and signing and dating the correction.  The 
use of correction fluid is not acceptable. 

o Blank pages or substantial portions of pages with no entries 
are marked with a large "X" to indicate that they were 
intentionally left blank. 

 
 Direct Computer Acquisition 

 
o In EMD, the program/software used to generate results is prepared 

internally.  A designated staff member of the Information & 
Control System Division (ICSD) at Hyperion has the 
responsibility of preparing the program and maintaining the 
supporting documents. 

o The laboratory relies on vendor-supplied information for the validity 
and integrity of instruments equipped with significant computer 
functions as an integral part of the system. 
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Data Reduction 
 
Data reduction, where applicable, is described in specific SOP's.  It involves 
reporting values with the appropriate significant figures in the concentration units 
established by the regulatory agency or the data user. 
 
Review and Validation 
 
Review 
 
Data review is the process of comparing results to all available information, such as 
sample preparation and QC sample data, to evaluate the validity of the results.  It 
supports the contention that the data are: 
 

 Reasonable (experience with similar situations, common sense), and 
 Capable of supporting a defensible decision. 

 
The analyst and the unit supervisor (or designee) are responsible for reviewing the 
data relative to the following: 

 
 Method blanks and QC sample 
 Raw data 
 Calculations 
 Transcription 

  
Validation 
  
Data validation is the systematic procedure of reviewing data against a set of 
criteria to provide assurance of its validity before reporting the data.  It is 
accomplished through routine examination of data collection, flow procedures, and 
QC sample results.  It uses QC criteria to reject or accept specific data. 
 

 Validation includes the following: 
 

o Dated and signed entries by analysts on the worksheets and 
logbooks used for all samples. 

o Use of QC criteria to reject or accept specific data. 
o Checking of LIMS data entry and reporting 

 
 Validation Guidelines include the following: 

 
o Documentation of methods used and QC applied. 
o Maintenance performed on instruments. 
o Documentation of sample preservation, transport, and storage. 
o Review of QC sample data.  
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Data validation is performed, signed, and dated by the analyst, the unit 
supervisor (or designee), and where applicable, the laboratory manager. 
 
Reporting 
 
Data prepared for release to the Legal Reporting Unit are checked and approved 
by the unit supervisor (or designee) by the 5th of the following month for the 
previous month’s data.  The final report is prepared by the Legal Reporting Unit of 
EMD. The report is again scanned for missing data and outliers.  Regulatory 
limitation calculations will be applied to the data set and exceedances clearly listed. 
If stations are out-of-compliance, accelerated monitoring will be indicated.  Any 
regulatory required summary reports of source identification findings or sanitary 
surveys will be included. The report is signed by the Division Manager before 
distribution and may include the following: 
 

 Sample ID used by the laboratory and the client (if available). 
 Sample matrix type, description, and method number. 
 The chemical/physical/biological parameters analyzed with the reported 

values and units of measurement.  
 Data for all parameters reported with consistent number of significant 

figures.  
 Results of QC samples, if appropriate. 
 Footnotes referenced to specific data, if required, to explain reported 

values. 
 If there are regulatory limits applicable to specific analyses, then limits 

are clearly notated and exceedances listed.   
 Discussion on non-compliance data  
 Report transmittal letter or memorandum identifying the person sending 

the report and the person(s) receiving the data. 
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APPENDIX J 
Participating Organizations Contacts 

 
 

City of Los Angeles 
Seth Carr, Co-chair 
seth.carr@lacity.org

(213) 485-3961 
Penny Weiand, Alternate Co-chair 

penny.weiand@lacity.org
(213) 485-3954 

 
County of Los Angeles 
Daniel Dang, Co-chair P.E. 
ddang@dpw.lacounty.gov 

(626) 458-4359 
  
 

Long Beach 
Tom Leary 

Tom_Leary@longbeach.gov
(562) 570-6023 

 
 

Signal Hill, Reach 1 Rep 
John Hunter 

jhunter@jlha.net
(562) 802-7880 

 
 

Pasadena, Reach 2 Rep 
Sheila Kennedy 

skennedy@enfact.net
(949) 721-1133 

 
 

Irwindale, Reach 2 Rep 
Ray Tahir 

rtahir@tecsenv.com
(626) 396-9424 

Downey, Reach 2 Rep 
Gerry Greene 

ggreene@downeyca.org
(562) 904-7112 

 
 

Glendale, Reach 3 Rep 
Maurice Oillataguerre 

moillataguerre@ci.glendale.ca.us
818-548-3900 

 
 

Burbank, Reaches 4 & 5 Rep 
Rodney Andersen 

randersen@mail.ci.burbank.ca.us
(818) 238-3931 

 
 

Hidden Hills, Reach 6 Rep 
Kevin Powers 

kevinpowers@caaprofessionals.com
310-257-2006 

 
 

Caltrans 
Bob Wu 

Robert_Wu@dot.ca.gov
(213) 897-8636 
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APPENDIX K 
Agencies Acknowledging CMP Submittal and Participation  

 

Coordinated Monitoring Plan Participating Agencies 
City or Agency  Confirmation of Participation 

Alhambra YES 

Arcadia YES 

Bell YES 

Bell Gardens YES 

Bradbury YES 

Burbank YES 

Caltrans YES 

Calabasas YES 

Carson YES 

Commerce YES 

Compton YES 

Cudahy YES 

Downey YES 

Duarte YES 

El Monte YES 

Glendale YES 

Hidden Hills YES 

Huntington Park YES 

Irwindale YES 

La Canada Flintridge YES 

Long Beach YES 

Los Angeles YES 

Lynwood YES 

Maywood YES 

Monrovia YES 

Montebello YES 

Monterey Park YES 

Paramount YES 

Pasadena YES 

Pico Rivera YES 

Rosemead YES 

San Fernando YES 

San Gabriel YES 

San Marino  YES 

Sierra Madre YES 

Signal Hill YES 

South El Monte YES 

South Gate YES 

South Pasadena YES 

Temple City YES 

Vernon YES 

LA County-Unincorporated  YES 
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COLORADO LAGOON TMDL MONITORING PLAN (CLTMP) 
 

COLORADO LAGOON ORGANOCHLORINE PESTICIDES, PCBs, 
SEDIMENT TOXICITY, PAHs, and METALS TMDL 

 
 

1.0 INTRODUCTION AND PURPOSE 
 
Colorado Lagoon is located in Long Beach, California and is connected tidally by an underground culvert 
to the northwestern end of Marine Stadium in Alamitos Bay.  Beneficial uses include water contact and 
non-contact water recreation, commercial and sport fishing, warm freshwater habitat, wildlife habitat, and 
shellfish harvesting.  
 
Colorado Lagoon is listed as an impaired water body on the California Regional Water Quality Control 
Board, Los Angeles Region (CRWQCB-LA) 2006 Clean Water Section 303(d) list.  This listing is based 
on sediment toxicity and levels of lead, zinc, chlordane, and polycyclic aromatic hydrocarbons (PAHs) in 
sediments.  Bioaccumulation of certain organochlorine pesticides (chlordane, DDT, and dieldrin) and 
polychlorinated biphenyls (PCBs) in fish and mussels are also cited as contributing to impairment of the 
lagoon.  The RWQCB has adopted a Total Maximum Daily Load (TMDL) action for Colorado Lagoon.  
This TMDL action amends the Water Quality Control Plan that was adopted by the Board on October 1, 
2009 with specific requirements and an implementation schedule for improvements of water and sediment 
quality in Colorado Lagoon.  The goal of the Colorado Lagoon TMDL is to protect and restore the habitat 
in order to provide conditions necessary to support both a healthy aquatic community and one that 
protects human health.  This includes controlling further discharges of sediments to the Lagoon that may 
be capable of transporting persistent pollutants, accumulate in the benthic environment and subsequently 
bioaccumulate in fish and invertebrate tissues to levels that are deleterious to both human and aquatic 
health. 
 
The City of Long Beach, in partnership with various local, State and Federal agencies, has been planning 
the improvement and restoration of Colorado Lagoon since the early 2000s.  In 2006, the City of Long 
Beach completed a Feasibility Study that identified multiple possible improvements.  In 2007, the Long 
Beach City Council certified an Environmental Impact Report for the Colorado Lagoon Restoration 
Project and approved Phase I of the Restoration Plan.  Phase I consists of the following water and 
sediment quality improvements: 
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Improvement Status 

a) Clean Culvert, Remove Sill and Other Structural 
Impedances, and Repair Tidal Gates. 

Complete 

b) Remove Contaminated Sediment in the Western Arm. Complete 

c) Remove Sediment in the Central and Northern Arms. Complete 

d) Storm Drain Upgrades (Trash Traps and Low Flow 
Diversion). 

Complete 

e) Replace Local Hard Drain Outlets in the Lagoon with a 
Vegetated Bioswale. 

Partially Completed 

In addition, Los Angeles County recently redirected four storm drains from Colorado Lagoon to Marine 
Stadium as part of the Termino Avenue Storm Drain Project. 
 

1.1 Background 
 
Colorado Lagoon is a Y-shaped body of water situated at the northwestern end of Alamitos Bay, Long 
Beach, California.  The Lagoon is connected tidally by an underground culvert to the Marine Stadium 
area of Alamitos Bay (Figure 1).  It serves three main functions:  1) hosting sensitive estuarine habitat; 2) 
providing public recreation; and 3) retaining and conveying storm flows (LARWQCB 2009). 
 
The Colorado Lagoon watershed is approximately 1,172 acres and divided into five sub-basins that 
discharge stormwater and urban dry weather runoff to the Colorado Lagoon (LARWQCB 2009).  Each 
sub-basin formerly discharged through individual storm drainage systems to the Colorado Lagoon.  
Several smaller storm drains serve areas immediately adjacent to the lagoon which are expected to 
contribute very limited amounts of contaminants and cause only minor impacts to sediment quality. 
 

1.2 Review of Previous Data 
 
A number of previous studies have been conducted in Colorado Lagoon to characterize environmental 
conditions within the Lagoon.  These studies have mostly focused on contamination in the sediments, in 
the water column, and in fauna. 
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1.2.1 Sediment Quality 
 
Sediment core sampling results indicate a strong contamination gradient with high levels of certain 
contaminants in the western arm transitioning to much lower levels in the northern arm (Kinnetic 
Laboratories and Moffatt & Nichol 2006).  Concentrations of many of these contaminants differ by an 
order of magnitude between the western arm and the northern arm.  Five metals including cadmium, 
copper, lead, mercury, and zinc exhibited this distributional pattern.  Among the organic contaminants, 
DDT compounds, chlordane, dieldrin, PCBs, and PAHs also demonstrated this strong gradient.  
Sediments within the western arm of the lagoon were found to exceed state requirements for lead and are 
considered hazardous materials.  Sediment from core samples collected in the central part of the lagoon 
contained levels of DDT and chlordane above ERLs (Effects Range Lows).  The Effects Range Low 
(ERL) guideline represents the 10th percentile concentration value in the NOAA database, for any given 
contaminant, that might be expected to cause adverse biological effects. 
  

Figure 1. Major Features of Colorado Lagoon and Vicinity. 
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Previously, surficial sediment sampling in Colorado Lagoon was conducted by the Bay Protection and 
Toxics Control Program (BPTCP) and Tetra Tech EM Inc.  BPTCP (CSWRCB 1998) sampled from one 
site in the western arm in January 1993 and Tetra Tech (2000) sampled two locations in December 2000 
with one station in the western arm and one in the northern arm.  Results for each of these samplings 
showed a high degree of similarity for metals and organochlorine pesticides.  Both copper and lead 
exceeded ERMs (Effects Range Medians) in both data sets.  The Effects Range Median (ERM) guideline 
represents the 50th percentile concentration value in the NOAA database, for any given contaminant, than 
might be expected to cause adverse biological effects.  Five to six other metals exceeded ERLs and 
concentrations of DDT compounds, chlordane, and dieldrin were well above ERMs in both sets of 
samples.  Total PCBs were reported at a concentration of 100.5 µg/kg (dry weight) in 1993 but seven 
years later they were no longer detected in concentrations greater than the detection limits (<25 µg/kg 
[dry weight]).  Concentrations of PAHs in surficial sediments from the western arm in 2000 were half of 
those reported by the BPTCP in 1993.  Total PAH concentrations from core samples collected in 2004 
were 15 percent of the concentrations measured in 1993, with only two PAH compounds exceeding ERLs 
in 2004 (Kinnetic Laboratories and Moffatt & Nichol 2006).  Contaminant concentrations in sediment 
from the two sites sampled by Tetra Tech in 2000 also indicated a spatial gradient going from high 
concentrations in the western arm to substantially lower concentrations in the northern arm.  Differences 
between these two areas were not as extreme as found in core composite samples from these two regions 
in 2004 (Kinnetic Laboratories and Moffatt & Nichol 2006). 
 

1.2.2 Water Quality 
 
The City of Long Beach Health Department has been conducting weekly surveys of indicator bacteria in 
Colorado Lagoon since January 2001 as part of AB411 sampling requirements.  Sites are located on the 
pedestrian bridge that crosses the western arm of the lagoon and at beach swash zone sites located on both 
the north and south sides of the bridge.  Water quality results reviewed in 2004 (Kinnetic Laboratories 
and Moffatt & Nichol 2004) showed that exceedances of AB411 or Basin Plan criteria are often 
attributable to high levels of total coliform (>10,000 MPN/100 ml) or a combination of total coliform 
(>1,000 MPN/100 ml) and E. coli concentrations that exceed 10 percent of the total coliform.  A one-time 
examination of indicator bacteria and dry weather discharges and receiving waters of Colorado Lagoon 
demonstrated high concentrations in the dry weather flows and in receiving waters at 0700 (Kinnetic 
Laboratories and Moffatt & Nichol 2004).  Concentrations in the receiving waters exceeded AB411 
criteria but by noon the concentrations of indicator bacteria had declined and no longer exceeded the 
criteria.  It is suspected that UV radiation, known to cause die off of indicator bacteria, likely leads to a 
reduction in bacterial concentrations that are present earlier in the day. 
 
Water quality data was collected along with sediment during the December 2000 one day survey by Tetra 
Tech EM Inc. (2000).  Dissolved oxygen, turbidity, temperature, and conductivity were profiled at 1 
meter intervals for six stations.  Hydrogen ion concentration (pH) was measured at the surface at all six 
stations while TSS was measured at a depth of 1 meter for two stations.  The key result of this survey was 
the low dissolved oxygen values found throughout the lagoon. 
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Water quality testing was conducted in association with the sediment testing performed in 2004 (Kinnetic 
Laboratories and Moffatt & Nichol 2004).  Water samples were collected at the centroid of each of the 
three sediment coring sites on June 29th, 2004 prior to the starting of the sediment testing program.  
Samples were analyzed for total and dissolved metals, nutrients, TSS, organochlorine pesticides, PCBs, 
and organophosphate pesticides.  In addition, water quality profiles were performed at each of these three 
sites for temperature, conductivity, salinity, pH, and dissolved oxygen.  A fourth sample was taken from a 
storm drain on the eastern shoreline of Colorado Lagoon but only tested for nutrients and salinity.  This 
was the only storm drain that exhibited dry weather flows at the time of sampling.  Overall concentrations 
of most analytes tested were extremely low.  All organochlorine pesticides, PCBs and organophosphate 
pesticides were below detection limits and none of the trace metals exceeded California Toxics Rule 
criteria.  Nutrient concentrations within the lagoon were typical of coastal waters while the dry weather 
flow sampled from the storm drain sampled were an order of magnitude higher than the receiving waters.  
At the time of the survey, flow from this storm drain was reported to be trickling out from under the 
flapper gate. 
 
Additional water quality testing was conducted during both pre- and post-construction monitoring periods 
(Kinnetic Laboratories, Inc. and Moffatt & Nichol, 2011).  Low concentrations of most trace metals were 
measured in the water column during both pre- and post construction surveys.  Dissolved copper slightly 
exceeded CTR water quality at two sites during one of the pre-construction surveys but levels were well 
below these criteria during all other surveys.  Organochlorine Pesticides and PCBs were not detected in 
any of the pre- or post-construction surveys despite use of extremely low detection limits.  This is 
consistent with previous surveys conducted in the Lagoon.  Concentrations of nutrients (both nitrogen and 
phosphorus) were low during all pre- and post-construction surveys.  Nitrogen was predominantly in the 
form of organic nitrogen. Concentrations of Total Suspended Solids (TSS) were consistently low in both 
the pre-construction (1.7 to 5.2 mg/L) and most post-construction surveys (1.1 to 7 mg/L).  Slightly 
higher TSS (10.3 to 16 mg/L) was measured during the 23 May 2011 post construction survey.  The low 
concentration of TSS in all samples is consistent with the high water clarity and low concentrations of 
total recoverable trace metals. 
 

1.2.3 Marine Biota 
 

Fishes 
 
A total of 152,169 fishes from 23 species were caught in monthly beach seine hauls during 1973 in 
Colorado Lagoon (Allen and Horn 1975).  The impetus for this study was when Allen noticed the 
disparity in kinds and numbers of fishes between summer and winter months while studying an 
introduced clam population in Colorado Lagoon (Crane et al. 1975).  Numbers of species and individuals 
were highest during the summer (May-September) and were both highly correlated with lagoon 
temperature.  The most abundant species collected was the northern anchovy (Engraulis mordax) but 
showed up seasonally being extremely abundant in August and September but rare or absent during the 
other sampling periods.  Five species were considered to be residents of the lagoon.  In order of 
abundance they were topsmelt (Atherinops affinis), slough anchovy (Anchoa delicatissima), shiner 
surfperch (Cymatogaster aggregate), California killifish (Fundulus parvipinnis), and staghorn sculpin 
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(Leptocottus armatus).  Only two of these five resident species, topsmelt and shiner surfperch, were 
collected in all twelve months.  Topsmelt was the only species collected in abundance throughout the year 
with total number of individuals ranging from 180 (June) to 1600 (October).  Shiner surfperch ranged 
from less than ten individuals (January-March, November and December) to 923 individuals (May). 
 
Chambers Group (2004) performed three beach seines in July 2004 with one in the western arm, one in 
the center of the lagoon, and one in the northeastern arm.  A total of thirteen species were collected in the 
three seine hauls with an additional species, staghorn sculpin, observed but not collected.  Topsmelt, like 
in the 1973 survey, was the most abundant resident species accounting for 99% of the individuals 
collected from the combined three seine hauls.   
 

Invertebrates 
 
From the spring of 1970 to June 1973 an extensive survey of Colorado Lagoon was conducted to 
determine growth rates, distribution, spawning, and density of an introduced clam species the Atlantic 
quahog (cherrystone clam) Mercenaria mercenaria (Crane et al. 1975).  Other common clams observed in 
Colorado Lagoon during this survey included cockles (Chione undatella and C. fluctifraga), little necks 
(Protothaca staminea), California jackknife clams (Tagelus californianus), and mussels [Geukensia 
(=Modiolus) demissa and Mytilus edulis].  Mytilus edulis, the common bay mussel has since been 
determined to be the species M. galloprovincialis.  Two clams described as being found occasionally 
were the California fat-tellin [Leporimetis (=Florimetis) obesa] and the giant eggcockle (Laevicardium 
elatum). 
 
Chambers Group (2004) collected four species of clam during a clam survey along the shore of Colorado 
Lagoon.  These species included C. fluctifraga, P. staminea, T. californianus, and Venerupis philipinarum 
(Japanese littleneck clam).  In addition, bay mussels (M. galloprivincialis) were observed growing on 
pilings and floats, and the introduced green mussel (Musculista senhousia) was observed during a 
reconnaissance dive in the lagoon.  Though populations of the Atlantic quahog (M. mercenaria) were said 
to reach 556 individuals per square meter (Crane et al. 1975), none were collected during the Chambers 
Group survey suggesting that this species has either been eliminated or greatly reduced in abundance in 
Colorado Lagoon (Chambers 2004). 
 
Epifaunal invertebrates observed include the colonial sea vase tunicate Ciona intestinalis during summer 
months and the abundant solitary leathery tunicate or pleated sea squirt (Styella plicata (Crane et al. 
1975).  S. plicata was observed to be common on the bottom of the lagoon and pier pilings during the 
Chambers Group (2004) survey.  The most abundant epifaunal invertebrate observed by Chambers Group 
was the colonial spaghetti bryozoan Zoobotryton verticullatum.  The Chambers Group also reported 
observing the California bubble snail (Bulla gouldiana) during the Lagoon reconnaissance dive and the 
California horn snail (Cerithidea californica) very abundant along the intertidal edges of the lagoon. 
 
Benthic infauna was investigated by Chambers Group (2004) where three replicate samples at three 
stations in Colorado Lagoon produced a total of 35 invertebrate taxa.  The number of taxa ranged from 4 
in the western arm to 26 in the center of the lagoon.  18 taxa were collected in the northern arm.  The 
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mean number of organisms per square meter ranged from 2,089 in the northern arm to 3,822 in the center 
of the lagoon.  The Shannon-Wiener Diversity Index (H’) ranged from 0.76 in the western arm to 2.55 in 
the northern arm.  Diversity was low in the western arm since 2 of the 4 taxa collected there accounted for 
97% of the organisms in the samples.  Higher numbers of taxa with a more even distribution of 
individuals per taxa was responsible for the higher diversity values for the center and northern sections of 
the lagoon.  Samples from the western arm of Colorado Lagoon were dominated by two herbivorous taxa, 
a snail (Assiminea californica) and an isopod crustacean (Paracerceis sculpta).  The two dominant 
species collected in the northern arm of Colorado Lagoon were the snail A. californica and the 
foraminifera grazing rude-bubble barrel gastropod snail Acteocina inculta.  Polychaete worms were the 
next dominant organisms in the northern arm and consisted of suspension and deposit feeding spionid 
tube worms (Streblospio benedicti and Pseudopolydora paucibranchiata), the burrowing lumbrinerid 
worm Scoletoma sp. C, and the filter feeding sabellid worm Euchone limnicola.  The only crustacean 
collected was the seed shrimp Euphilomedes carcharodonta.  Unidentified cnidarians (sea anemones) and 
the non-native tube building amphipod Grandidierella japonica were the two most abundant taxa in the 
center section of Colorado Lagoon.  A. californica was the most abundant mollusk and S. benedicti was 
the most abundant polychaete worm in the center of the lagoon. 
 

Aquatic Vegetation 
 
The green alga Enteromorpha intestinalis was described as the dominant macroscopic alga in Colorado 
Lagoon during 1970 through 1973 (Crane et al. 1975) and was stated as one of the dominant algae, along 
with the grean alga Ulva lobata, in the northern part of the lagoon by the Chambers Group (2004).  The 
red alga Gracilaria sp. was the dominant bottom vegetation in the western part of Colorado Lagoon.  A 
few scattered eelgrass (Zostera marina) plants were observed in Colorado Lagoon during Chambers 
(2004) reconnaissance dive. 
 

1.2.4 Bioaccumulation 
 
The California Department of Fish and Game (CDF&G) State Mussel Watch program provides some of 
the only information on tissue burdens from biota in Colorado Lagoon.  This approximately 25 year old 
data set provides a glance into past and the contaminants accumulated over time in the Lagoon (Kinnetic 
Laboratories and Moffatt & Nichol 2004).  CDF&G collected resident mussels from Colorado Lagoon in 
January 1982, and January and December 1985.  Additionally, California mussels were transplanted to 
Colorado Lagoon for a four month period in 1986.  Lead was the only metal that was consistently 
elevated.  Initial levels of lead in resident mussels were reported as high as 8.73 mg/kg (wet weight) but 
declined to 2.91 mg/kg (wet weight) in 1985.  A similar level of lead (3.19 mg/kg [wet weight]) was 
measured in the transplanted mussels in 1986.  Similar trends were evident for total chlordane and DDT 
compounds.  Most chlordane compounds in resident mussels remained at levels above the EDL85 criteria.  
EDL85 is the 85th percentile for each contaminant and were developed for resident bivalves and 
transplanted bivalves based upon twenty years of data from 1977 through 1997.   
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1.3 Purpose 
 
The purpose in developing a Colorado Lagoon TMDL Monitoring Plan (CLTMP) is to monitor and 
evaluate implementation of the TMDL and refine the understanding of current sediment loads.  The stated 
goals of the CLTMP are as follows: 

 Determine compliance with organochlorine pesticides, PCBs, metals, and PAHs waste load and 
load allocations, and, when appropriate, request delisting of Colorado Lagoon from the 303(d) list 
of impaired water bodies. 

 Monitor the effectiveness of implementation actions proposed by the responsible agencies on 
water and sediment quality, including potential impacts of redirecting discharges from the 
Termino Avenue Drain and from cleaning the culvert between Marine Stadium and Colorado 
Lagoon. 

 Monitor contaminants in Lagoon sediments and determine if additional implementation actions 
are necessary to achieve the TMDL, and 

 Implement the CLTMP in a manner consistent with other TMDL implementation plans and 
regulatory actions within the Colorado Lagoon watershed. 

 

1.4 Specific Issues 
 
There are a number of issues that are unique to Colorado Lagoon.  These include aggressive actions to 
improve Colorado Lagoon. Multiple improvements have been completed and others are underway to 
address the problems at Colorado Lagoon.  Efforts have also been made to assess the impacts of these 
improvements.  With extensive modifications focusing upon a relatively small area, it is expected that 
completion of these activities will allow the objectives of the TMDL program to be rapidly met.  Some 
time will be necessary to assure that contaminants are not accumulating in Marine Stadium sediments and 
to demonstrate that the improvements have effectively reduced sources of contamination and interrupted 
the process of bioaccumulation in local fish and mussels.   
 
Monitoring within Colorado Lagoon indicates that the pollutants of concern in the Lagoon are not an 
issue in the water column during periods of dry weather.  A total of six prior surveys have been conducted 
(Kinnetic Laboratories and Moffatt & Nichol 2004, Kinnetic Laboratories and Moffatt & Nichol 2011) 
that indicate that, with minor exceptions, dry weather water quality standards were met before completion 
of the improvements.  No exceedences of standards were evident during two surveys following 
completion of recent improvements, which includes trash traps at major storm drains, cleaning of the 
underground culvert, and construction of a low-flow diversion system that redirects up to 110,000 gallons 
per day of urban runoff into the sanitary sewer system. 
 
Given the extreme actions being taken and the plan to extend dredging to the entire Lagoon, interim 
evaluations of the monitoring program and requirements are strongly recommended after the first year of 
monitoring and again after the first three years in order to examine overall progress and reassess whether 
reduction or elimination of some elements is warranted, or if objectives have been met.  Responsible 
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Agencies will discontinue testing after demonstrating that the contamination issues have been resolved 
and the Lagoon is no longer impaired. 
 

1.4.1 Completed and On-Going Implementation Actions 
 
This CLTMP program requires approval by the CRWQCB-LA prior to initiation of monitoring.  The 
responsible agencies (City of Long Beach, Los Angeles County Flood Control District, and California 
Department of Transportation) have identified TMDL Implementation Actions and have carried out 
studies and embarked upon carrying out some selected actions. 
 
At this time, the improvements on the culvert connecting Colorado Lagoon with the Marine Stadium area 
of Alamitos Bay have been completed.  Accumulated sediment, debris, and fouling organisms have been 
removed from the underground culvert.  The tidal gates have been repaired, and the existing sill and 
structural impairments to water exchange in this culvert have been removed.  A vegetative bioswale was 
constructed between the golf course and a western lagoon culvert.  Low flow diversions now prevent the 
majority of dry weather discharges from entering the lagoon and trash traps are effectively reducing litter 
and debris. 
 
Construction of the Termino Avenue Drain Project (TADP) was completed prior to the current storm 
season and now conveys a significant portion of the stormwater runoff past Colorado Lagoon to Marine 
Stadium.  This project incorporated trash excluder screens and filtration systems at each catch basin to 
exclude trash and sediment from being discharged into Marine Stadium.  A major element of the TADP 
included complete removal of two of the major storm drains discharging to the Lagoon.  Removal of these 
drains eliminated any runoff from subbasins D and E of the Lagoon. 
 
Pre- and post-construction monitoring efforts show marked improvements in bacterial water quality at the 
swimming beach in the central part of Colorado Lagoon.  The last Heal the Bay summer beach water 
quality grades for Colorado Lagoon (Heal the Bay 2011) indicated that grade assignments changed from 
the usual “F” grades to “A.”  The Heal the Bay Annual Beach Report Card (2012) stated the following:  
 

“As a result of the Long Beach’s efforts, the Colorado Lagoon dropped off of the Beach Bummer 
list for 2012. In addition to improving from one of the state’s most polluted beaches, Colorado 
Lagoon exhibited excellent water quality this year by receiving all A and B grades during summer 
and winter dry weather.” 

 
The observed improvements are promising. 
 
Dredging to remove contaminated sediments from Colorado Lagoon was completed this summer (2012), 
prior to implementation of the monitoring effort.  The entire Lagoon was dredged to assure that 
concentrations of lead and other compounds of concern are below ERL sediment guidelines from the 
National Oceanic and Atmospheric Administration (NOAA) Sediment Quality Guidelines (Long and 
Morgan 1990; Buchman 1999) or meet SQOs.  The TMDL only required dredging of the western arm but 
recent testing (Kinnetic Laboratories, Inc. 2010) identified moderate contamination in the northern arm 
that was highest adjacent to the storm drain outlet.  The City of Long Beach opted to remove all sediment 
exceeding ERLs in order to avoid the likelihood of needing to remobilize for more dredging if levels in 
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the Northern Arm did not show evidence of dropping due to reduction of loads and mixing with cleaner 
sediment.  With removal of these contaminated sediments from the lagoon, sediment concentrations are 
expected to be near pre-development levels and enable re-colonization by benthic infauna and epifauna.  
Although it will immediately be possible to assess contaminant concentrations based upon ERLs or 
SQOs, the biological community will require time to fully re-establish.  Dredging of the entire Lagoon to 
remove all sediment exceeding ERLs is expected to accelerate recovery of the benthic community and 
provide an opportunity for the monitoring program to be reassessed.  We recommend a full reassessment 
of the monitoring effort within the first three years to determine which elements of the program could be 
reduced or eliminated. 
 

1.4.2 Numeric TMDL Targets 
 
The TMDL established Waste Load Allocations (WLAs) for annual mass loads of each constituent of 
concern at each major stormwater outfall and indicated that compliance assessment for these mass-based 
WLAs would be determined by measurement of annual loads at each outfall.  In addition to the mass-
based WLAs, both interim and final concentration-based WLAs were established for sediments within the 
Lagoon.  Interim WLAs were established based upon 95th percentile monitoring data in order to provide 
time for completion of improvements.  The final WLAs are based directly on ERLs for each pollutant.  If 
final concentration-based WLAs are not attained, alternative strategies may be necessary.  Exceedance 
within a confined portion of the Lagoon may trigger implementation of intensive, continuous load 
monitoring at selected outfalls to directly measure compliance with annual, mass-based WLAs or even 
reassessment of WLAs necessary to meet the concentration-based WLAs in the receiving waters. 
 
Although the present TMDL numeric sediment quality targets are based upon the ERL (Long and Morgan 
1990; Buchman 1999), these reference values were never meant to be used as sediment criteria.  New 
Sediment Quality Objectives (SQOs) developed by the California State Water Resources Control Board 
(CSWRCB) use a “Multiple Lines of Evidence” approach that take into account sediment chemistry, 
toxicity, and benthic community condition.  These SQOs are now the regulatory standard against which 
ambient sediment quality in bays and estuaries are determined and managed, such as to serve as the basis 
for evaluating water body impairment (e.g. 303(d) listings) with regard to sediment quality.  They do not 
however directly address impairment attributable to individual contaminants in Colorado Lagoon, but are 
likely to be critical in assessing future sediment quality within the lagoon after implementation actions are 
taken.  The single ERL numeric guideline value may turn out to be unnecessarily conservative.  The 
appropriateness of utilizing the SQOs was affirmed during the SWRCB Public Hearing on October 1, 
2009 and in subsequent discussions with RWQCB and SWRCB staff. For this reason, the TMDL 
monitoring plan incorporates an option for conducting additional monitoring necessary to evaluate 
sediment quality consistent with the new SQO approach while still providing information required for 
evaluation relative to ERLs. 
 

1.4.3 Special Studies 
 
Additional special studies, including those mentioned in the Staff Report have not been made part of this 
CLTMP.  The effort required for this project is already quite substantial so these special studies are 
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currently unnecessary.  With extensive efforts being taken to improve habitat, sediment quality, and water 
quality in the lagoon, we are not anticipating that these additional studies will be necessary or warranted, 
especially if dredging is performed in all three segments of the lagoon as anticipated.  Special studies or 
modifications of the basic monitoring plan would only be considered after results of existing 
implementation measures are fully evaluated. 

 

2.0 TMDL MONITORING SCHEDULE 
 
Monitoring will begin six months after the CLTMP is approved by the Executive Officer of the 
CRWQCB-LA.  A tentative schedule of monitoring activities is provided in Figure 2.  The schedule was 
developed based upon the assumption that initial monitoring activities will start in January 2013.  This 
schedule may need to be shifted depending upon the actual approval date for the monitoring plan.  The 
monitoring schedules are considered tentative since certain sampling frequencies are designed to be 
modified if any objectives are exceeded. 
 
Water quality samples are to be collected quarterly the first year and then semi-annually thereafter.  If 
water quality objectives (numeric targets) are exceeded at any time, sampling frequency shall be 
accelerated to quarterly until water quality objectives are not exceeded (Table 1).  Once clean results are 
demonstrated for a period of four successive quarterly sampling efforts, sampling frequency will return to 
quarterly.  Water quality testing during pre and post construction monitoring would suggest that quarterly 
sampling will not be necessary after the first year.  Sampling is expected to be conducted during dry 
weather conditions.  Sampling shall be deferred for at least 72 hours after any rainfall exceeding 0.1 
inches. 
 
Sediment samples are to be collected annually for analysis of target constituents and toxicity testing.  
Sampling is scheduled to be conducted during the summer months which should give almost a full year 
for the recovery process to progress.  If sediment objectives (numeric targets) are exceeded or sediment 
toxicity is observed at any time, sampling frequency for both sediment and sediment toxicity will be 
accelerated to semi-annually until sediment objectives are not exceeded for three consecutive surveys and 
sediment toxicity is not observed (Table 1). 
 
Fish tissue samples are to be collected annually.  The same rationale used for establishing sampling 
frequency for sediments is used to establish fish tissue sample collection frequency.  Tissues from 
resident bay mussels (Mytilus galloprovincialis) are to be collected annually and analyzed to further 
assess and track impairment.  If fish and/or mussel tissue objectives (numeric targets) are exceeded at any 
time, sampling frequency will be accelerated to semi-annually until fish tissue objectives are not exceeded 
(Table 1).   
 
Benthic community analysis is an optional task and would not be initiated until January 2015 in order to 
provide time for initial colonization of the sediments to occur and successional development to progress 
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sufficiently towards an equilibrium condition.  This task will only be performed if deemed necessary in 
order to support a comprehensive re-evaluation using SQOs. 
 
Reassessment of all monitoring tasks and sampling frequencies is recommended after completion of the 
first and third annual monitoring reports.  Due to extensive efforts to eliminate both sources and sinks for 
contaminants, we expect recovery to be rapid.  It is also anticipated that the entire Lagoon will be dredged 
thus eliminating earlier concerns regarding contaminant concentrations present in surficial sediments in 
the Northern Arm.  Since the project was extended to include removal of sediment from the northern arm, 
concerns regarding the rate of decline of contaminant concentrations in this region are no longer justified. 
If early surveys show that dredging was effective in removing the remaining contaminants, the benthic 
community returns to a fully functional and healthy condition, and the bioaccumulation pathway is 
effectively interrupted, then the monitoring program shall be modified to extend time periods between 
sampling.  A formal request shall be made to the Executive Officer when appropriate.  The revised goal 
would be to assure that the improvements are capable of preventing recontamination of the site and to 
identify developing problems before they reach a level causing impairment to return. 
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Figure 2. Schedule of Monitoring and Reporting Activities through March 2018. 
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3.0 STUDY WORK PLAN 
 

3.1 Approach 
 
The small size of Colorado Lagoon and the extensive measures already taken to reduce contaminant loads 
and remove existing contamination provide unique circumstances.  The dredging now being completed is 
expected to result in a new sediment interface with contaminant concentrations that are near or below 
associated ERLs (Table 1).  Removal of the contaminated sediments is expected to eliminate both 
sediment and tissue burdens associated with the benthic community.  This will also effectively interrupt 
the primary pathway for bioaccumulation.  In fact, after completion of dredging, concentrations of many 
of the target contaminants in Colorado Lagoon sediments are likely to be lower than those that currently 
exist in Marine Stadium and Alamitos Bay.  Drainage and circulation improvements already completed 
were designed to further improve water quality within the Lagoon both in terms of toxics and bacterial 
water quality criteria (Table 1).   
 
Major sources of contaminants have been addressed by diverting low flows to the sanitary system, 
trapping trash and debris before it reaches the Lagoon and redirecting high flows through the new 
Termino Avenue Drain.  Although the contaminants have been removed and the primary sources of 
contamination addressed, it is likely to take at least a year or two for tissue burdens currently associated 
with the resident fish, mussels and other filter-feeding species in the Lagoon to show signs of significant 
declines.   
 
The dredging of the entire Lagoon will require recruitment of a new benthic community from the adjacent 
waters of Marine Stadium and Alamitos Bay.  In the early phases of recovery, opportunistic benthic 
species will first colonize the Lagoon.  The successional process of developing into a diverse, well-
balanced benthic community may take several years before conditions approach those typical of other 
shallow, coastal embayments.   
 
Given these circumstances, we shall revisit the monitoring plan after the first 3 years to assess whether 
any elements should be reduced or eliminated from the monitoring effort.  Triggers are already in place 
for increasing the monitoring effort under certain conditions but the TMDL did not include triggers that 
would reduce or eliminate monitoring given evidence that concentrations of target contaminants are 
maintained below critical levels. 
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Table 1. Numeric Targets for Water, Fish Tissue, and Sediment for Organochlorine Pesticides, 
PCBs, PAHs, and Metals. 

Constituents 
Water Quality Target1 

(µg/L) 
Fish Tissue Target2 

(µg/kg) 
ERL Sediment Target3 

(µg/dry kg) 

Chlordane4 0.00059 5.60 0.50 

DDTs 0.00059 21.00 1.585

Dieldrin 0.00014 0.46 0.02 

PCBs 0.000176 3.607 22.70 

Total PAHs8 0.0499 5.47 4,022 

Total LPAHs10 NA11 NA 552 

Total HPAHs12 NA NA 1,700 

Cadmium14 (optional) NA NA  

Copper14 (optional) NA NA  

Lead 8.1012 NA 46,700 

Mercury14 (optional) NA NA  

Zinc 81.0012 NA 150,000 
1 The California Toxics Rule (CTR) water quality criteria for consumption of organisms only are applied as the numeric targets for Chlordane; 

4,4’ DDT; Dieldrin; and PCBs for protection of human health.  The CTR aquatic life criteria for saltwater are applied as the numeric targets 
for protection of aquatic life for lead and zinc. 

2 Office of Environmental Health Hazard Assessment (OEHHA) Fish Contaminant Goals is applied as numeric targets for Chlordane, DDTs, 
Dieldrin, and PCBs.  The U.S. Environmental Protection Agency (USEPA) screening value is applied as the numeric target for total PAHs. 

3 Effect Range Low (ERL) sediment criteria from National Oceanic and Atmospheric Administration (NOAA) Sediment Quality Guidelines 
are applied as numeric targets. 

4 Chlordane should be reported as cis- and trans-chlordane, hepatachlor, heptachlor epoxide, cis and trans-nonachlor, and oxy chlordane 
consistent with SCCWRP Bight ’08 protocol 

5 DDTs in sediment are measured as the sum of o,p’- and p,p’- isomers of DDT, DDE, and DDD. 
6 PCBs in water are measured as the sum of congeners 18, 28, 37, 44, 49, 52, 66, 70, 74, 77, 81, 87, 99, 101, 105, 110, 114, 118, 119, 123, 126, 

128, 138, 149, 151, 153, 156, 157, 167, 168, 169, 170, 177, 180, 183, 187, 189, 194, 201, 206 (optional 8, 27, 29, 31, 33, 56, 60, 64, 95, 97, 
141, 146, 158, 174, 198/199, 200, 203, 209). 

7 PCBs in fish tissue and sediment are measured as the sum of all congeners. 
8 PAHs:  Polycyclic aromatic hydrocarbons (sum of acenaphthylene, anthracene, benz(a)anthracene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, fluorene, indeno(1,2,3-c,d)pyrene, 
phenanthrene, and pyrene). 

9 CTR human health criteria were not established for total PAHs, therefore, the lowest CTR criteria for individual PAHs of 0.049 µg/L is 
applied to the sum of benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, and 
indeno(1,2,3-c,d)pyrene.  Other PAH compounds in the CTR shall be screened as part of the TMDL monitoring plan. 

10 LPAHs:  Low molecular weight PAHs 
11 NA:  Not Applicable 
12 HPAHs:  High molecular weight PAHs 
13 Saltwater criteria for metals are expressed in terms of the dissolved fraction of metals in water column. 
14 Metals listed as optional are included to complete the list of analytes currently necessary for calculation of Sediment Quality Objectives.  

These metals were not part of the 303(d) listing. 
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4.0 MONITORING STUDY DESIGN 
 
The study design addresses water quality, sediment quality and maintenance of minimal body burdens of 
bioaccumulative compounds in fish and bivalves.  Sites have been selected in order to monitor conditions 
within both Colorado Lagoon and the northern end of Marine Stadium near both the new Termino 
Avenue Drain and the culvert connecting to Colorado Lagoon.  If necessary, the TMDL responsible 
agencies should have the option to monitor within their own jurisdiction to demonstrate its own 
compliance individually.  This monitoring program does not currently address individual annual mass-
based WLAs which would require installation of monitoring sites at all major storm drains to measure 
flow and collect water quality samples throughout the year.  This approach would only be considered if 
concentration-based WLAs in one portion of the Lagoon necessitated assessment of inputs from specific 
storm drains that contribute to that a particular segment of the Lagoon. 
 

4.1 Monitoring Sites 
 
Water quality monitoring, sediment quality testing and, eventually, benthic community assessments will 
be performed at the three locations within Colorado Lagoon and another at the head of Marine Stadium 
near where the culvert from Colorado Lagoon enters the Marine Stadium.  Fish will be collected from 
each of the three main segments of the Lagoon (Northern, Central and Western) as well as from the head 
of Marine Stadium.  Mussels are expected to reestablish on the foot bridge and near the tide gate in 
Central Colorado Lagoon that allows for control of water levels.  Mussels are also expected to develop on 
the hard structures of the new Termino Avenue Drain outfall and shallow waters near the outfall.  
Sampling schedules were established with consideration of expectations that mussels should approach 
population densities and sizes necessary for the program.  Assuming new populations are successfully 
established at each location, these sites would continue to be used for collection of mussels for purposes 
of bioaccumulation testing. 
 

4.1.1 Water Quality Monitoring Sites 
 
Water quality samples are to be collected at four locations.  Water quality monitoring sites will be located 
approximately 100 feet from each of the remaining three major storm water outfalls for drainage area sub-
basins A, B, C (WS1 through WS3) and a location 200 feet from the outlet from Colorado Lagoon into 
Marine Stadium (WS4).  Sampling in Marine Stadium should be conducted during an incoming tide to 
avoid water directly exiting the Lagoon.  Due to the close proximity of the outfall for the new Termino 
Avenue storm drain and the culvert connecting to Colorado Lagoon, this single site is considered 
appropriate for documenting water quality conditions in the northern end of Marine Stadium (Table 2 and 
Table 3; Figure 3 and Figure 4).   
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Table 2. Key Comparing Subbasin and Storm Drain Project Designations. 

Subbasin Name Storm Drain Designation Jurisdictional Responsibility 
Subbasin A Project 452 – 63-inch RCP  Los Angeles County Flood Control 

District and City of Long Beach 

Subbasin B Line I – 54 inch RCP City of Long Beach and Caltrans 

Subbasin C Line K – 48-inch RCP City of Long Beach 

Subbasin D Line M - 24-inch RCP (Eliminated) City of Long Beach 

Subbasin E Line M – 48-inch RCP, Termino Ave. 
Drain (Eliminated)  

Los Angeles County Flood Control 
District and City of Long Beach 

Note   Stormwater drainage from Subbasins D and E was intercepted and redirected to Marine Stadium as part of the Termino 
Avenue Drain project. 
 

4.1.2 Sediment Quality Monitoring Sites 
 
Similar assumptions were used to select sites for collection of samples for purposes of sediment quality 
and toxicity testing.  Sediment samples are to be collected annually at the same locations used for the 
water quality sampling (Table 3 and Figure 3).   
 

4.1.3 Marine Biota Monitoring Sites 
 
Based on historical data, few resident fish or macroinvertebrate species utilize the Lagoon on a year-
round basis.  In addition, few species targeted by recreational fishermen are typically encountered within 
Colorado Lagoon especially at life stages suitable for recreational fishing. As a result fish sampling will 
focus on species that are ecologically important as food resources for birds and other fish species higher 
in the food web. Anchovy can be highly abundant in August and September as young-of-the-year tend to  
migrate into shallow, warm and productive coastal waters and/or embayments.  Topsmelt and shiner 
perch are the primary candidates for collection on a year-round basis.  Since both are highly mobile, 
separate collection and analysis of tissues from fish collected within each of the three major segments of 
the Lagoon would not be expected to result in significant differences in the uptake of contaminants.  Due 
to the small size of the Lagoon and the mobility exhibited by resident fish, fish will be collected from 
each of the three major segments of the Lagoon (F1a, F1b and F1c) and composited into a single sample 
(F1) for chemical analysis.  Fish collections will also be made at the northern end of Marine Stadium 
(F2). A single sampling station will be located along the soft bottom beach located the west of the culvert 
from Colorado Lagoon. This is one of the few sites suitable for deployment of a beach seine. Sampling in 
Marine Stadium will be conducted during an incoming tide to avoid or minimize the influence of 
Colorado Lagoon waters (Table 3 and Figure 3).   
 
Resident bay mussels are to be collected annually at two sites within Colorado Lagoon (M1 and M2) and 
one in Marine Stadium (M3).  Colorado Lagoon sites include hard substrates near the tide gates and the 
pilings of the foot bridge across the western arm of the lagoon.  The third sample will be taken in Marine 
Stadium near the new Termino Ave. Drain Outfall.  The abundance of resident mussels in appropriate 
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size ranges will need to be considered during the field sampling effort.  If the mussel population within 
the Lagoon is unable to sustain harvest of sufficient numbers from each site, samples from the two 
Lagoon sites may need to be composited into a single sample. 
 
 

Table 3. Station Sampling Matrix and Sampling Frequency 

Station Station Description1 Water 
Sampling2 

Sediment Quality 
and Toxicity 
Sampling3 

Benthic 
Community 

Analysis4 

Fish Tissue 
Sampling5 

Mussel 
Tissue 

Sampling 
F1a Western Arm    Annually  

F1b Central Arm    Annually  

F1c Northern Arm    Annually  

F2 Marine Stadium    Annually  

WS1 Outfall Sub-Basin A Quarterly Annually Annually   

WS2 Outfall Sub-Basin B Quarterly Annually Annually   

WS3 Outfall Sub-Basin C Quarterly Annually Annually   

WS4 CL Outfall to MS Quarterly Annually Annually   

M1 CL Footbridge     Annually 

M2 CL near Tide Gates     Annually 

M3 
Termino Ave. Drain - 

MS 
    Annually 

1 CL:  Colorado Lagoon; MS:  Marine Stadium 
2 After one year water sampling is to be performed semi-annually unless water quality objectives are exceeded.  If objectives are exceeded, 

sampling will revert to quarterly until objectives are not exceeded. 
3 Sampling is to be accelerated to semi-annually if sediment quality objectives are exceeded.  Sampling reverts to annual sampling when 

objectives are not exceeded. 
4 Benthic Community analysis is optional and would not be implemented until at least the summer of 2014. 
5 Sampling is to be accelerated to semi-annually if fish tissue quality objectives are exceeded.  Sampling reverts to annual sampling when 

objectives are not exceeded.  Sampling reverts to a semi-annual schedule when tissue objectives are again achieved. 
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Figure 3. CLTMP Sampling Station Locations for Colorado Lagoon and Marine Stadium. 
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Figure 4. Major Subbasins and Location of Storm Drain Inputs to Colorado Lagoon. 
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4.2 Chemical Analyses 
 
The following sections describe general analytical requirements for receiving waters, sediment and 
tissues. 
 

4.2.1 Water Quality Analyses 
 
Prior to the collection of grab samples, water column profiles are to be performed at each of the four 
water quality sampling locations.  Temperature, pH, dissolved oxygen, conductivity and salinity will be 
measured using a YSI 6920 Sonde or equivalent instrument.  Water quality samples are to be collected at 
each of the sampling locations for the analysis of general water quality constituents (GWQC) including 
orthophosphate-P, total phosphorus, total suspended solids (TSS), total ammonia as nitrogen, total 
Kjeldahl nitrogen, and nitrate as nitrogen.  In addition, water samples will be collected for analysis of 
total recoverable and dissolved metals, organochlorine pesticides (including DDTs, chlordane and 
dieldrin), total PCBs, and total PAHs.  
 
The receiving waters within Colorado Lagoon are saline and require use of specialized analytical methods 
in order to analyze trace metals at levels necessary to compare with water quality criteria.  Appropriate 
sampling and analytical methods are discussed in Section 5. 
 

4.2.2 Sediment Quality Analyses 
 
Sediment quality samples are to be collected at each of the four sediment quality sampling locations.  
Sediment from the top 5 centimeters will be used for the analysis of total metals (including lead and zinc), 
organochlorine pesticides (including DDTs, chlordane and dieldrin), total PCBs, total PAHs, particle size, 
percent solids, and total organic carbon (TOC).  Total chlordane will consist of the combined totals of 
alpha chlordane, gamma chlordane, cis and trans nonachlor, heptachlor, heptachlor epoxide and 
oxychlordane.   
 

4.2.3 Fish and Mussel Tissue Analyses 
 
Organochlorine pesticides (including DDTs, chlordane and dieldrin), total PCBs, total PAHs, and percent 
lipids are required to be analyzed in both fish and mussel tissues.   
 

4.2.3.1 Fish 
 
It is intended that fish species with the most potential for human and wildlife consumption are to be 
targeted.  As noted earlier, few species are present in either Colorado Lagoon or Marine Stadium that are 
targeted by recreational fisherman or are of sufficient size to be targeted by sport fishermen.  Emphasis 
will likely need to be directed towards ecologically important species that serve a prey species for birds 
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and other fish species that are higher in the food web.  Tissues analyzed will be based on the most 
appropriate and common preparation for the selected fish.  
 
Topsmelt (Atherinops affinis) appear to be the only fish available in Colorado Lagoon that will provide a 
continual year round sampling source.  Topsmelt were found to be the most abundant resident fish 
collectible throughout the year in Colorado Lagoon (Allen and Horn 1975 and Chambers Group 2004).  
Although young of the year are most abundant, individuals classified as I and II year age classes were 
also present. 
 
Topsmelt were collected at three locations in 2002 as part of a multi-purpose survey of contaminants in 
marine fish along the Southern California Coast between Ventura and Dana Point (NOAA and U.S. EPA 
Region IX 2007).  These three sampling locations were 1) Santa Monica Beach to El Segundo, 2) 
Redondo Beach to Flat Rock Point, and 3) Cabrillo/Los Angeles Breakwater – inland side.  Topsmelt 
were analyzed as whole body composites because of their small size and additionally, that fishers may eat 
them as whole bodies (OEHHA 2009).  Mean concentrations of PCBs and DDT were 113 and 217 µg/kg 
(wet weight) respectively for the three sampling locations.  The Office of Environmental Health Hazard 
Assessment (OEHHA) determined since topsmelt clearly have the potential to accumulate high PCB 
concentrations, it was prudent to advise fishers not to consume topsmelt in the same geographic area 
where they are not advised to eat white croaker (bounded by Santa Monica Beach south of the Santa 
Monica Pier in the north to Seal Beach Pier in the south).  The addition of inner estuarine waters of 
Colorado Lagoon and the Marine Stadium will not only assess levels of bioaccumulation in resident fish 
but also be comparable to the historical results provided by the OEHHA for the Southern California 
Coast. 
 

4.2.3.2 Mussels 
 
Resident Bay Mussels (Mytilus galloprovincialis) were collected previously from Colorado Lagoon by 
the CDF&G State Mussel Watch program in January 1982, and January and December 1985.  They were 
likely collected from mussels near the outlet structure leading to the Marine Stadium.  Mussel sampling 
locations initially selected would include this location and as well as the pilings of the footbridge which 
are expected to continue to maintain a fouling community.  Due to the fixed locations of mussels within 
the Lagoon, these two sampling locations should provide information on any possible long-term gradients 
in pollutant loading between the outlet structure and the western arm of the lagoon.  The culvert leading 
from Colorado Lagoon to the Marine Stadium was recently cleaned to increase tidal range, tidal flushing, 
water circulation, and improve water and sediment quality.  In addition, dredging will be conducted 
throughout the Lagoon which may impact the presence of mussels in suitable densities and size ranges to 
support sampling of resident mussels.  If mussel populations are insufficient to provide annual 
collections, this information will be reported in the annual report and sampling may need to be deferred to 
a later time when the population has had time to reestablish. 
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4.3 Toxicity Analyses 
 
Additional sediment will be collected for toxicity testing when sampling for sediment quality.  Sampling 
protocol used for sediment quality testing also applies to collection of sediment for toxicity testing.  All 
sediment will be collected from the top five (5) centimeters.  The TMDL suggested that toxicity testing 
for amphipods initially be conducted using both 28-day and 10-day protocol.  Currently 28-day protocol 
are only published for Leptocheirus plumulosus.  Published 10-day protocols are only available for the 
two species, Eohaustorius estuaries and Rhepoxynius abronius, most suitable for testing in Colorado 
Lagoon and Marine Stadium sediments. Therefore, toxicity testing will be conducted using 10-day 
amphipod (Eohaustorius estuaries) tests, the sea urchin (Strongylocentrotus purpuratus) fertilization test 
using sediment pore water, and the bivalve (Mytilus galloprovincialis) embryo test for the sediment water 
interface.  The permit requires that the monitoring frequency for toxicity testing and sediment quality 
analysis be accelerated to a semi-annual testing frequency if either sediment objectives are exceeded or 
toxicity is detected at levels in excess of ambient conditions in Alamitos Bay/Marine Stadium. 
 
The Sediment Quality Objectives (SQOs) require fewer tests than specified in the monitoring program 
specified for Colorado Lagoon.  A minimum of one short term survival test and one short-term sublethal 
test are specified for purposes of evaluating SQOs.  The 10-day amphipod test using Eohaustorius 
estuaries will serve as the short term survival test and the bivalve embryo test using Mytilus 
galloprovincialis will provide information necessary for the sublethal test.  Integration of test responses 
from these two tests will be used for the sediment toxicity LOE needed for the SQO evaluations. 
 
It is suggested that requirement to incorporate the sea urchin (Strongylocentrotus purpuratus) fertilization 
test using sediment pore water be eliminated from the TMDL monitoring requirements.  This would allow 
the testing program to match the SQO testing requirements recently adopted by the State.  Standardization 
would avoid potential complications in application of the three methods for data interpretation. 
 

4.4 Benthic Biota (Optional) 
 
The composition of the benthic community constitutes an essential line of evidence (LOE) for sediment 
quality assessment (Bay et al. 2009).  Analysis of the Colorado Lagoon benthic community would 
provide a direct measure of the effect of sediment contamination on the benthic biota and complete the 
third component of an SQO assessment.  Current plans to remove contaminated sediments from Colorado 
Lagoon by dredging this winter (2011-2012) make it pointless to perform a benthic analysis at this time.  
Benthic community analyses, if desired, would be initiated after two summer seasons when the substrate 
is expected to have stabilized and the benthic community has transitioned from an assemblage of 
opportunistic species to a more stable community. 
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4.5 Data Analyses and Evaluations 
 
Methods used to assess data from each the monitoring program listed below.  These comparisons 
represent the minimum level of data analysis that will be applied.  Additional comparisons are expected 
to be necessary to completely address each monitoring component and effectively compare results to 
similar environments. 
 
Water Quality - Results will be compared to numeric water quality targets (Table 1) for the 
organochlorine pesticides chlordane, DDTs, and dieldrin; total PCBs; total PAHs; and dissolved lead and 
zinc. 
 
Sediment Quality - Results will be compared to numeric ERL sediment targets (Table 1) for the 
organochlorine pesticides chlordane, DDTs, and dieldrin; total PCBs; total PAHs, total LPAHs, total 
HPAHs; and lead and zinc.  As an option, additional sediment analyses will be performed for cadmium, 
copper, and mercury to provide the complete chemical data set necessary for calculation of the Chemical 
Score Index (CSI) and California Logistic Regression Model CA LRM.  This will allow assessment 
ofsediment quality exposure which comprises one leg of the Sediment Quality Objectives. 

 
Sediment Toxicity – Sediment toxicity will be evaluated by using the California SQO process for 
integrating the bioassay results under a single toxicity Line of Evidence using the most current sediment 
toxicity characterization values (Table 4 of the SQO guidance).   
 
Benthic Biota – The optional analysis of the community structure of the benthic community scheduled to 
start in the third summer of the monitoring program was included to address the third element of the SQO 
evaluation process.  Four benthic community indices specified in the SQO guidance document will be 
calculated.  These will include 1) the Benthic Response Index (BRI), which was originally developed for 
the southern California mainland shelf and extended into California’s bays and estuaries, 2) the Index of 
Biotic Integrity (IBI), which was developed for freshwater streams and adapted for California’s bays and 
estuaries, 3) the Relative Benthic Index (RBI), which was developed for embayments in California’s Bay 
Protection and Toxic Cleanup Program, and 4) the River Invertebrate Prediction and Classification 
System (RIVPACS), which was originally developed for British freshwater streams and adapted for 
California’s bays and estuaries.  Benthic index response categories are determined based upon each 
measure and the median of all benthic index response categories determines the benthic condition LOE 
category for purposes of the SQOs.   
 
Tissue evaluations – Results will be compared to numeric tissue targets (Table 1) for the organochlorine 
pesticides chlordane, DDTs, and dieldrin; total PCBs; and total PAHs.  In addition, fish tissue results will 
be compared against available OEHHA Fish Contaminant Goals and Advisory Tissue Levels (Table 4).  
Concentrations of contaminants in mussel tissues will be compared against historical site data and 
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available EDL85s for each contaminant developed for resident bivalves based upon twenty years of data 
from 1977 through 1997.   
 
 

Table 4. Fish Contaminant Goals for Common Contaminants in California Sport Fish (Klasing, 
S. and R. Brodberg. 2008) 

Contaminants Based on Cancer and Non-Cancer Risk* Using an 8-Ounce/Week 
(prior to cooking) Consumption Rate  

(32 g/day)**  
  FCGs  

(ppb, wet weight)  
Contaminant  
Cancer Slope Factor  
(mg/kg/day)-1  

  

Chlordane (1.3)  5.6  
DDTs (0.34)  21  
Dieldrin (16)  0.46  
PCBs (2)  3.6  
Toxaphene (1.2)  6.1 
Contaminant  
Reference Dose  
(mg/kg-day)  

  

Chlordane (3.3x10-5)  100  
DDTs (5x10-4)  1600  
Dieldrin (5x10-5)  160  
Methylmercury (1x10-4)S  220 
PCBs (2x10-5)  63  
Selenium (5x10-3)  7400  
Toxaphene (3.5x10-4)  1100  

*The most health protective Fish Contaminant Goal for each chemical (cancer slope factor- versus reference dose-derived) for 
each meal category is bolded.  
**g/day represents the average amount of fish consumed daily, distributed over a 7-day period, using an 8-ounce serving size, 
prior to cooking.  
SFish Contaminant Goal for sensitive populations (i.e., women aged 18 to 45 years and children aged 1 to 17 years.) 
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5.0 SAMPLING AND HANDLING METHODS 
 
The follow sections provide guidelines for sample collection as well as detailed analytical methods and 
associated reporting limits.  All chemical and toxicological testing is to be conducted by laboratories with 
analytical laboratories that are accredited under California’s Environmental Laboratory Accreditation 
Program (ELAP), the National Environmental Laboratory Accreditation Program (NELAP) or a well-
qualified research laboratory.  In addition, the laboratory should be a participant in a laboratory 
proficiency and intercalibration program.   
 
This section also provides recommended analytical methods and reporting limits.  Alternative methods 
may be used provided that detection limits are maintained that are below established targets for water, 
sediment and tissues and all data quality objectives are met.  Ideally, reporting limits should be a 
minimum of one-half the criterion in order to assure that reliable results can be achieved when values 
approach the criteria.  If the lowest practical reporting limits are not sufficient to provide direct 
comparison with the objectives, then reporting limits must meet Minimum Levels as defined in the State 
Implementation Plan.   
 

5.1 Water Sampling 
 
Measurements of specified water quality parameters (temperature, pH, dissolved oxygen, conductivity, 
and salinity) are be made at each site.  A YSI 6920 Sonde or equivalent instrument will be used to 
generate water column profiles for each of the listed parameters. 
 
Water quality samples are to be collected at each sampling location for the analysis of general water 
quality constituents (GWQC) including orthophosphate-P, total phosphorus, total suspended solids (TSS), 
total ammonia as nitrogen, total Kjeldahl nitrogen, and nitrate as nitrogen.  In addition, samples will be 
collected for total recoverable and dissolved metals, organochlorine pesticides (including DDTs, 
chlordane and dieldrin), total PCBs, and toal recoverable and dissolved PAHs.  Collections of water 
samples for analysis of trace metals will require clean sampling techniques specified under EPA Method 
1669.  
 
A summary of sample containers, volumes, initial field preservation, and holding times for water samples 
are listed in Table 5.  Separate bottles are used to collect water for laboratory analysis of the ancillary 
parameters.  Water samples are collected at the surface.  Sample bottles that do not contain preservative 
are rinsed three times with sample water prior to sample collection, and sealed.  Upon completion of 
sampling, all bottles are packed with bubble wrap and placed in an insulated cooler with ice or an 
equivalent for shipment to the appropriate laboratory under proper chain of custody. 
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Table 5. Summary of Sample Container, Volume, Initial Field Preservation, and Holding Time 
Recommendations for Water Samples. 

Analyte 
Recommended 

Container 
Initial Field 
Preservation 

Maximum Holding Time 

General Water Quality Constituents in Water 
Orthophosphate-P 

1-500 ml HDPE 4°C 48 hours 
Nitrate as Nitrogen 

Total Phosphorus 

1-500 ml HDPE H2SO4 and 4°C 

28 days 

Total Ammonia as Nitrogen 28 days 

Total Kjeldahl Nitrogen 28 days 

Total Suspended Solids (TSS) 1-L HDPE 4°C 7 days 

Metals in Water 
Dissolved Metals 

1-L HDPE 4°C 

Acidify in lab within 48 hours.  
Once sample is filtered and 
acidified, can store up to 6 

months 
Total Metals 

Synthetic Organic Compounds in Water 
Organochlorine Pesticides 

2 1-L amber glass 
bottle 

4°C 
7 days to extract; 40 days after 

extraction to analyze 
PCB congeners 

PAHs 

 
5.2 Sediment Sampling for Chemistry and Toxicity 
 
Sediment quality samples are be collected for the analysis of general sediment quality constituents 
(GSQC) including particle size, percent solids, and TOC.  Samples will also be collected for total metals 
(lead and zinc), organochlorine pesticides (including DDTs, chlordane and dieldrin), total PCBs, and total 
PAHs.  Cadmium, copper, and mercury are optional analytes necessary to calculate one element of the 
State’s SQOs.  Additional sediment is to be collected for toxicity testing.  A summary of sample 
containers, volumes, initial field preservation, and holding times for sediment samples are listed in Table 
6. 
 
Sediment samples are to be obtained using a 0.1m2 Van Veen or similar grab.  Use of this type and size of 
grab is most critical when benthic community analysis is being performed.  Additional equipment 
necessary includes compositing pans and spoons or scoops.  Stainless steel or Tefzel coated equipment 
are to be the only equipment to come in contact with the samples.  All equipment is to be cleaned prior to 
sampling with a 2% Micro® solution (detergent) and deionized water.  Equipment is then rinsed three 
times with tap water to assist in the removal of the detergent followed by a rinse three times with 
deionized water.  The equipment is then rinsed with a 1.0% solution of hydrochloric acid, followed by a 
triple rinse with deionized water to eliminate the acid.  A rinse is then conducted with methanol, followed 
by another set of three rinses with deionized water.  The equipment is then allowed to dry in a clean place 
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ready for deployment.  Between sampling sites, the grab and other sampling equipment is to be cleaned 
following the same protocol as the initial cleaning with the exception of a site water rinse instead of 
allowing the equipment to dry. 
 
One grab will be collected from each sampling location.  After the grab is retrieved, the surface water is 
allowed to drain off, and the top five centimeters of sediment is removed with a Tefzel coated 
spoon/scoop and placed in a compositing pan.  In order to be considered acceptable, the grab samples are 
required to satisfy a set of quality criteria.  Samples are to be rejected if the grab did not close fully 
allowing sample to wash out or if removal of the overlying water resulted in significant wash out of 
sediment fines.  No sieving of sediments will be performed in the field, however, larger debris and cobble 
can be removed from the samples using a Tefzel (or other fluropolymer) coated spoon/scoop.  At the 
conclusion of sample collection at each site, all sediment composited in the pan will be subsampled into 
the appropriate containers for distribution to the laboratories.  Disposable powder free nitrile gloves will 
be worn while collecting and compositing samples to mitigate potential contamination.  Gloves are to be 
changed between each sampling location to reduce the potential for cross-contamination. 
 
At the conclusion of sample processing at each sampling location, all samples are to be wrapped in 
protective material and stored on ice in the field.  At the conclusion of a day’s sampling, all samples are 
to be stored in a freezer for temporary storage prior to distribution to the analytical laboratories under 
proper chain of custody procedures.   
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Table 6. Summary of Sample Container, Volume, Initial Field Preservation, and Holding Time 
Recommendations for Sediment Samples. 

Analyte 
Recommended 

Container 
Initial Field 
Preservation 

Maximum Holding Time 

Total Metals  

1 1L WMGJ 4°C 

6 months 

Mercury 28 days 

Organochlorine Pesticides 
14 days to extract, 40 days to 

analyze 
PCB congeners 

PAHs 

Particle Size NA 

Percent Solids NA 

TOC 28 days 

Sediment Toxicity 
Polyethylene Bag 
in HDPE bucket 

4°C , dark 14 days 

NA=not applicable 
WMGJ = Wide Mouth Glass Jar 

 

5.3 Fish and Mussel Sampling 
 

The following sections provide details of the collection of fish and mussels for analysis of tissues to 
assess bioaccumulation.  The fish are to be collected with a beach seine.  The typical dimensions are 10-
foot (depth) by 100-foot (long) for a standard beach seine but smaller versions may be considered as long 
as the same seine is used for all collections.  Mussel sampling will be conducted manually. 
 

5.3.1 Fish Tissue Sampling 
 
All fish collected are identified to species and 
counted.  Standard length is measured and 
recorded for up to one hundred of each 
individual species.  Fish are to be visually 
inspected for the presence of lesions, parasites, 
or deformities and the observations will be 
recorded in the field logbook.  Assuming 
topsmelt are still the only suitable species (see 
Figure 5), composites will consist of a 
minimum of fifteen undamaged “whole” 
topsmelt for each sample.  The target size for 
topsmelt used in each composite sample 
should be between 130 and 240 mm total length but modifications may be necessary depending upon the 

Figure 5. Fish captured in a Beach Seine within
Colorado Lagoon. (Chambers Group) 
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availability of fish of within this size range at each site.  Minimum and maximum lengths are based on the 
middle 80% of observed catch from RecFin angler intercept studies to exclude potential outlier sizes 
(NOAA and U.S. EPA Region IX 2007).   
 
Every effort should be made to minimize mortality to non-target and excess catch by proper handling of 
the fish and minimizing time out of the water for measurements.  In addition, the catch should be held in 
the bunt within the water or placed in buckets that are provided with pumped water to provide a high 
exchange rate and prevent oxygen deprivation. 
 
Each composite of topsmelt is to be double wrapped in aluminum foil and then double bagged in two 
Ziploc® bags.  Once packaged, samples should be labeled and placed on ice immediately prior to transfer 
to the analytical laboratory under proper chain of custody procedures. 
 

5.3.2 Mussel Tissue Sampling 
 
Fifty bay mussels (Mytilus galloprovincialis), 40-60 mm in shell length, are to be collected at each site.  
Mussel collection and processing will be consistent with the California Department of Fish and Game’s 
most recent Standard Operating Procedures (CDFG 2001).  Samples and equipment are handled with 
powder free nitrile-gloved hands only.  In addition, gloves are to be changed between the handling of 
different samples.  Mussels are collected from the hard substrate by gloved hands. 
 
Mussels collected from each site are stored in pre-cleaned heavy-duty aluminum foil bags.  The heavy-

duty aluminum foil is cleaned with Micro detergent, rinsed with tap water (to ensure removal of the 

detergent), rinsed with deionized water, and then rinsed with methanol.  Mussels only contact the dull 

side of the foil bags.  Each foil bag is then double-bagged in two Ziploc bags.  Samples are to be placed 

on ice and maintained at 2-4C for transfer to the laboratories.  In order to prevent the mussels collected 

from gaping, resections are conducted immediately or the next day in order to avoid the need to initially 
freeze the samples. 
 
Resections are to be performed in a clean room or in clean glove boxes.  Equipment used to remove the 

tissues are washed in a hot Micro detergent solution, rinsed thoroughly with tap water (to ensure removal 

of the detergent) and then rinsed deionized water.  This is then followed by a methanol rinse.  Mussels are 
individually removed from the bag and cleaned of epiphytic organisms under running deionized water. 
Mussels are allowed to thaw, if frozen, on a pre-cleaned sheet of heavy-duty aluminum foil.  Resection is 
to be performed on pre-cleaned TeflonTM cutting boards.  A pre-cleaned stainless steel scalpel is used to 
sever the adductor mussel and remove the byssal threads.  The remaining tissue, including the gonads are 

placed in certified clean glass jars and frozen at or below -20C until ready for distribution to the 

analytical laboratory under proper chain of custody procedures. 
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6.0 LABORATORY METHODS 
 
The following analytical methods are suggested methods for meeting the reporting limiting necessary for 
the program.  Alternative methods may be used as long as the method reporting limits can be achieved 
and data quality objectives are met.  At a minimum, reporting limits are required to meet minimum levels 
(MLs) for analytical tests specified in the State Implementation Plan (SWRCB 2005).  Wherever possible, 
reporting limits are also required to be less than the ERLs or other benchmarks being used to assess 
conditions in Colorado Lagoon.  In some cases such as for chlordane compounds, available reporting 
limits are very near ERLs and may require alternative analytical methods or additional cleanup 
procedures.  
 

6.1 Water Analyses 
 
Analytical methods and suggested Reporting Limits for water testing are summarized in Table 7. 
   

Table 7. Analytical Methods and Reporting Limits for Water Quality Analyses. 

Analyte Units Method Method Reporting Limit 

General Water Quality Constituents in Water 

Orthophosphate-P mg/L EPA 301 0.01 

Total Phosphorus mg/L SM 4500-P 0.1 

TSS mg/L SM 2540D 1 

Total Ammonia as Nitrogen mg/L SM 4500-NH3 0.1 

Total Kjeldahl Nitrogen mg/L EPA 351.3 0.5 

Nitrate as Nitrogen mg/L EPA 301 0.1 

Metals in Water 
Dissolved Metals µg/L EPA 1640(m) 0.02 

Total Metals µg/L EPA 1640(m) 0.02 

Synthetic Organic Compounds in Water 
Organochlorine Pesticides µg/L EPA 625(m)/8270C(m) 0.005 

PCB congeners µg/L EPA 1668 0.02 

PAHs µg/L EPA 8272 0.5 
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6.2 Sediment and Tissue Analyses 
 
Analytical methods and reporting limits are similar for sediment and tissues.  Suggested methods and 
reporting limits are provided in Table 8.   
 

Table 8. Analytical Methods and Reporting Limits for Sediment and Tissue Quality Analyses. 

Analyte Units (dry wt.) Method Method Reporting Limit 

Trace Metals mg/kg EPA 6020m 0.05 

Organochlorine Pesticides µg/kg EPA 8270Cm 0.1 

PCB congeners µg/kg EPA 8270Cm 5 

PAHs µg/kg EPA 8270Cm 5 

Particle Size % ASTM D422M - 

Percent Solids % EPA 160.3 0.1 

Percent Lipids (tissue only) %  0.1 

TOC (sediment only) % EPA 9060A 0.1 

7.0 QUALITY ASSURANCE PROJECT PLAN 
The following sections provide the basis for development of a final Quality Assurance Project Plan for 
the CLTMP.  Some adjustments will be required depending upon the laboratories selected to do the 
analytical work and toxicity testing.  Selection of analytical and toxicological laboratories should occur  
at least two to three months prior to the expected start of field work.  The laboratories will need to 
demonstrate the capability of meeting or exceeding all reporting limits and data quality objectives.  The 
QAPP will need to be expanded and finalized to recognize any minor adjustment in methods and 
reporting limits. 
 

7.1 Measurements of Data Quality 
 
The overall QA objective is to ensure that data of known and acceptable quality are provided.  To achieve 
this goal, data must meet established criteria for accuracy, precision, completeness, comparability, and 
representativeness.  The definition of each data quality measure is described below. 
 
Accuracy:  Assessment of the accuracy of measurements is based upon determining the difference 
between measured values and the true value. 
 
Precision:  Precision provides an assessment of mutual agreement between repeated measures.  These 
measures apply to field and laboratory duplicate analyses of contaminants being applied in this study.  
Monitoring of precision throughout the process allows evaluation of the consistency of sampling and 
sample processing. 
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The Relative Percent Difference (RPD) will be used to evaluate precision based upon duplicate samples. 
The RPD is calculated for each pair of data is calculated as: 
 
  RPD=[(x1-x2)*100]/[(x1+x2)/2) 
 
 Where: 
 
  x1=concentration or value of sample 1 of the pair 
  x2=concentration or value of sample 2 of the pair 
 
Completeness: Completeness is a measure of the percentage of the data judged to be valid after 
comparison with specific validation criteria.  This includes data that are lost through accidental breakage 
of sample containers or other activities that result in irreparable loss of samples.  Utilization of Chain-of-
Custody procedures whenever the samples are transferred to a new custodian is one method of 
maintaining a high level of completeness.  Close adherence to SOPs is another way to help assure that a 
high degree of completeness is obtained. 
 
A high level of completeness is essential in all phases of this study.  The overall goal is to obtain 
completeness of 100%; however, the data quality objective is established at 95% to ensure an adequate 
level of data return. 
 
Comparability:  Comparability is the measure of confidence with which one data set can be compared to 
another.  The implementation of thorough QA/QC methods also helps assure comparability.  The use of 
consistent sampling methods, analytical methods, and data quality objectives are intended to assure 
comparability of the data set. 
 
Representativeness: Representativeness is the degree to which data accurately and precisely represent 
the natural variability and characteristics of the environmental conditions.  Representativeness of the data 
is ensured by adherence to the sampling plan and following proper sample collection, preservation, and 
shipping procedures. 
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7.2 Quality Assurance and Quality Control for Chemical Analyses 
 
QAQC requirements apply both to the manner in which sampling is conducted in the field and the process 
of handling and analyzing the samples in the laboratory.  QAQC requirements for both the sampling 
process and laboratory are outlined in the following sections. 
 

7.2.1 Sampling Quality Control Requirements and Acceptability Criteria 
 
The minimum Field QC Requirements are outlined below.  Field QC Samples are reported with the data 
report.  
 
Blind Field Duplicates - A blind field duplicate is defined as a second sample (or measurement) from the 
same location, collected in immediate succession, using identical techniques.  The samples are submitted 
blind to the laboratory to evaluate overall variability in the sampling and analytical process.  This applies 
to all cases of routine surface water collection procedures.  Duplicate samples are sealed, handled, stored, 
shipped, and analyzed in the sample manner as the primary sample. Precision of duplicate results is 
calculated by the relative percent difference (RPD) as defined by 100 times the difference (range) of each 
duplicate set, divided by the average value (mean) of the set.  For duplicate results, X1 and X2, the RPD is 
calculated from the following equation:  

RPD = [(X1 - X2)/ (X1+X2)/2]* 100 

 
Field duplicates will be collected at a frequency of 10% or greater. The RPD between field duplicates 
should be less than 40%. If the RPD of the field duplicates exceeds 40%, the laboratory should 
communicate this to the sampling team so that the source of error can be identified and corrective 
measures taken before the next sampling event. 
 
Field Blanks - Field blanks consist of sterile water that is taken to the field and transferred to the 
appropriate container in precisely the same manner as a sample during the course of a sampling event.  
They are used to assess the contamination from field sources such as airborne materials, containers, and 
preservatives.  The analysis of field blanks should yield values less than the detection limit.  Field blanks 
will be collected at a frequency of 5% or greater. 
 

7.2.2 Laboratory Measurement Quality Control Requirements and Acceptability Criteria 
 
Detailed laboratory QC requirements are contained within each individual method.  The minimum 
requirements are stated below.   
 
Laboratory duplicate - Laboratory duplicates are used to assess precision. A laboratory duplicate is 
prepared by splitting aliquots of a single sample (or a matrix spike or a laboratory control standard) in the 
laboratory.  Both samples are carried through the entire preparation and analytical process. Laboratory 
duplicates are analyzed on 5% of samples analyzed.  Examples of acceptability criteria are outlined in 
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Table 9 and Table 10.  Actual recovery accuracy would be based on the analytical laboratory’s actual 
method performance records.  At a minimum, reporting limits must meet Minimum Levels (MLs) as 
listed in the State Implementation Plan (SIP).  Precision for an analytical chemistry sample is calculated 
by the relative percent difference (RPD) of duplicate results as defined by 100 times the difference 
(range) of each duplicate set, divided by the average value (mean) of the set.  For duplicate results, X1 and 
X2, the RPD is calculated from the following equation:  

RPD = [(X1 - X2)/ (X1+X2)/2]* 100 
 

 
Table 9. Data Quality Objectives for Water Analyses 

ANALYTE 
PROJECT 

DETECTION LIMIT 

ACCURACY % PRECISION % 

SPIKE 
RECOVERY 

SRM 
RECOVERY 

MATRIX SPIKE 
RPDS 

LABORATORY 
DUPLICATE 

RPDS 

NUTRIENTS AND TSS      

    Orthophosphate-P 0.01 mg/L - - - 25 

    Total Phosphorus 0.1 mg/L - - - 25 

    Total Suspended Solids 1 mg/L - - - 25 

    Total Ammonia as Nitrogen 0.1 mg/L - - - 25 

    Total Kjeldahl Nitrogen 0.5 mg/L - - - 25 

    Nitrate as Nitrogen 0.1 mg/L - - - 25 

METALS      

    Arsenic 0.02 µg/L - 75-125 25 25 

    Cadmium 0.02 µg/L - 75-125 25 25 

    Chromium 0.02 µg/L - 75-125 25 25 

    Copper 0.02 µg/L - 75-125 25 25 

    Lead 0.02 µg/L - 75-125 25 25 

    Nickel 0.02 µg/L - 75-125 25 25 

    Selenium 0.02 µg/L - 75-125 25 25 

    Silver 0.02 µg/L - 75-125 25 25 

    Zinc 0.02 µg/L - 75-125 25 25 

ORGANICS      

Chlorinated Pesticides/PCBs 0.02-0.005 µg/L 50-150 70-130 25 25 

    Lindane  50-150 70-130 25 25 

    Heptachlor  50-150 70-130 25 25 

    Aldrin  50-150 70-130 25 25 

    Dieldrin  50-150 70-130 25 25 

    Endrin  50-150 70-130 25 25 

    DDT  50-150 70-130 25 25 

PAHs 0.5 µg/L 50-150 70-130 25 25 
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Table 10. Data Quality Objectives for Sediment and Tissue Analyses. 

ANALYTE 
PROJECT 

DETECTION LIMIT 

ACCURACY % PRECISION % 

SPIKE 
RECOVERY 

SRM 
RECOVERY 

MATRIX SPIKE 
RPDS 

LABORATORY 
DUPLICATE 

RPDS 

CONVENTIONALS      

    Percent Solids 0.10% - - - 25 

    Percent Lipids 0.10% - - - 25 

    Total Organic Carbon 0.1 %-dry - 75-125 - 25 

METALS      

    Cadmium 0.1 mg/kg-wet - 75-125 25 25 

    Copper 0.1 mg/kg-wet - 75-125 25 25 

    Lead 0.1 mg/kg-wet - 75-125 25 25 

    Mercury 0.1 mg/kg-wet - 75-125 25 25 

    Zinc 1.0 mg/kg-wet - 75-125 25 25 

ORGANICS      

Chlorinated Pesticides/PCBs 0.1-5.0 µg/kg 50-150 70-130 25 25 

    Lindane  50-150 70-130 25 25 

    Heptachlor  50-150 70-130 25 25 

    Aldrin  50-150 70-130 25 25 

    Dieldrin  50-150 70-130 25 25 

    Endrin  50-150 70-130 25 25 

    DDT  50-150 70-130 25 25 

PAHs 5.0 µg/kg 50-150 70-130 25 25 

 
Matrix Spike/Matrix Spike Duplicate – Matrix Spike/Matrix Spike Duplicate (MS/MSD) percent 
recoveries are evaluated to determine acceptable accuracy based on method-specified percent recoveries.  
Precision is also evaluated by calculating the RPD of the MS and MSD percent recoveries.  QA/QC 
guidelines indicate that no action should be taken on MS/MSD data alone.  The data reviewer may use the 
MS and MSD results in conjunction with other QC criteria and determine the need for some qualification 
of the data. MS/MSDs are required for each analytical batch. 
 
Standard or Certified Reference Materials - Standard or Certified Reference Materials (SRMs or CRMs) 
and calibration standards are analyzed to evaluate accuracy.  The results of the SRM analysis will be 
compared to the established laboratory upper and lower limits.  Appropriate SRMs or CRMs should be 
analyzed for each matrix at a minimum frequency of once ever monitoring year. 
 

7.2.3 Instrument/Equipment Testing, Inspection, and Maintenance 
 
Several field water quality instruments may be used to measure parameters such as temperature, pH, 
dissolved oxygen, conductivity and salinity.  A maintenance log is to be maintained for all instruments 
used.  This log details the dates of instrument and sampling gear inspection, calibrations performed in the 
laboratory, battery replacement, the dates reagents and standards are replaced, and any problems noted 
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with instruments, samplers, or reagents.  Records of field calibrations are to be maintained in the project 
field logs. 
 
Before each use, meters are checked to see if they are clean and in good working order.  Meters are 
calibrated before each use.  Conductivity standards and pH buffers are replaced at least annually.  
Conductivity standards are stored with the cap firmly in place and in a dry place kept away from extreme 
heat. 
 
Membranes and solutions for polarographic dissolved oxygen probes are replaced according to 
manufacturer’s specifications, but no less frequently than quarterly.  Membranes are checked for bubbles 
after replacement and allowed to stabilize prior to recalibration. 
 
Instruments are to be calibrated and reagents checked against standards prior to each sampling event.  
Standards will be purchased from a chemical supply company or prepared by (or with the assistance of) a 
professional laboratory.  Calibration records are kept in the maintenance log at the headquarters location 
where it can be easily accessed before and after equipment use.  Calibrations that are performed by 
monitors in the field are recorded on the field data sheets, also archived at the headquarters. 
 

7.3 Quality Assurance and Quality Control for Bioassay Testing 
 
Quality assurance measures applied to aquatic toxicity testing are explicitly stated in all standard 
protocols.  Such measures include test temperatures and acceptable limits or variation, minimum 
acceptable dissolved oxygen levels with aeration procedures to be used as required, and acceptable pH 
ranges.  Salinity ranges are specified for marine tests.  A schedule of monitoring these environmental 
parameters is usually provided, and bioassay results must include these monitoring data.  Organism 
assignment to test tanks and test tank positioning in the laboratory are randomized. 
 
The single most important quality assurance measure in bioassay tests is the inclusion of an experimental 
control, wherein organisms are simultaneously exposed to laboratory test conditions in the absence of any 
toxicant stress.  For suspended particulate phase test media, control organisms are generally exposed to 
dilution water only; for sediment testing the control exposure consists of a known non-toxic or artificial 
sediment.  All protocols require that an identified minimum level of normal organism end point behavior 
(e.g. survival, normal development, fertilization) be achieved in order for the test to be considered valid.  
If, for example, less than 90% control survival in a 96-hour acute bioassay is observed, then the test must 
be repeated. 
 
Organism culture and collection, transportation, feeding, and acclimation procedures are designed to 
minimize stress and to maintain organisms in optimal condition.  Laboratory water supply and 
environmental control systems should be redundant wherever possible to avoid undue variation during 
holding and acclimation. 
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Another important QA measure that is routinely implemented in bioassay testing is the reference toxicant 
bioassay.  Documented biological variations in test organisms themselves can affect toxicity test results.  
Routine parallel reference toxicant bioassays provide a way to normalize this category of variability.  In 
addition, the routine use of reference toxicants provides useful data towards calibrating individual 
laboratory performance in programs where different laboratories are providing test data from the same 
protocol.  In this situation, comparable reference toxicant results would support the assumption of 
comparable test performance quality and therefore would increase confidence in overall program data 
comparability. 
 

7.4 Data Verification and Validation Processes 
 

7.4.1 Data Review, Verification and Validation 
 
Data sheets or data files are reviewed quarterly by the QA Officer to determine if the data meet the 
Quality Assurance Project Plan objectives.  Data reviews are intended to identify outliers, spurious results 
or omissions.  The QA Officer will also evaluate compliance with the data quality objectives and suggest 
any corrective actions that may be necessary by the monitoring team or laboratory.  Problems with data 
quality and corrective action will be reported in final reports. 
 

7.4.2 Verification and Validation Methods 
 
As a part of data validation, the QA Officer ensures that: 

 Any data that are hand-entered (i.e., typed) are 100% validated by qualified personnel prior to use 
in calculations or entry into the database. 

 All manual calculations are performed by a second staff member to verify that calculations are 
accurate and appropriate. 

 Calculations performed by software are verified at a frequency sufficient to ensure that the 
formulas are correct, appropriate, and consistent, and that calculations are accurately reported.  

 
Electronic data loading and transfer are swift and routine.  Electronic submissions are loaded to 
temporary files prior to incorporation into the database, and are analyzed selectively using methods such 
as scatter plots, univariate and multivariate analyses, and range checks to identify suspect values.  Values 
outside of known environmental ranges by more than a factor of two or that strongly deviate from other 
data in the set will be examined to assess whether such deviations are likely and if concentrations of other 
constituents support the validity of the data point.  Routine system back-ups are performed daily.  Once 
data have been generated and compiled in the laboratory, senior project scientists review data to identify 
and make professional judgments about any suspicious values.  All suspect data are reported with a 
qualifier and justification for the qualifier will be provided.  These data may not be used in calculations or 
data summaries without the review and approval of a knowledgeable Senior Scientist.  No data 
measurements are eliminated from the reported data or database and data gaps are never filled based on 
other existing data.  If samples are lost during shipment or analysis, it is documented in the data reports 
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and noted in the database.  A series of reviews by technical personnel will be implemented to ensure that 
the data meet the data quality objectives. These reviews will include the following activities.  
 

 Data and related project records will be reviewed by laboratory personnel at the end of each 
working day to ensure that analytical activities are completely and adequately documented. 

 The Task Leaders will be responsible for reviewing analytical results and supporting 
documentation.  The results of QC sample analyses will be compared to pre-established criteria 
as a measure of data acceptability. 

 
The review of quality control data is a critical step in the data validation process because quality control 
data that are within the QAPP acceptance criteria indicate that the sample processing and analysis 
systems are in control.  All quality control data that do not meet the data quality objectives will be flagged 
and brought to the attention of the Project Manager who will determine the appropriate corrective action 
(e.g., re-analysis or data reported with qualifiers).  As an additional data validation step, the Project 
Manager will review all data for technical reasonableness.  
 
The Field Manager will be responsible for validation of the in situ water quality data and navigation data.  
As part of standard field protocols, any sample readings out of the expected range will be reported to the 
field monitoring leader or laboratory QA officer as appropriate.  The field monitoring leader will review 
the field logs to confirm results and verify field log entries.  If practical, a second sample will be taken as 
soon as possible to verify the condition.  If the data is invalid, then the data will be noted (flagged) on the 
data sheet.  Further actions will then be taken to trace the sources of error, to correct those problems (if 
possible), and prevent future occurrences.  If the error is a result of improper monitoring procedures, then 
field procedures will be reviewed with the monitoring team to correct deficiencies or eliminate deviations 
from the prescribed methods. 
 

7.4.3 Reconciliation with User Requirements 
 
If data do not meet the project’s specifications, the following actions will be taken.  First, the Project 
Manager working with the Field Team Leaders will review the errors and determine if the problem is 
equipment failure, calibration/maintenance techniques, or monitoring/sampling techniques. They will 
suggest corrective action.  If the problem cannot be corrected by training, revision of techniques, or 
replacement of supplies/equipment, then the Project Manager will review the Data Quality Objectives 
(DQOs) and determine if the DQOs are feasible. If the specific DQOs are not achievable, they will 
determine whether the specific DQO can be relaxed, or if the parameter should be eliminated from the 
monitoring program.  Any revisions to DQOs will be appended to this QA plan with the revision date and 
the reason for modification.   
 
Identification of problems regarding technical performance is the responsibility of all staff members 
working on this project. Responsibility for overall conduct of the project, including schedule, costs, and 
technical performance lies with the Project Manager.  The Project Manager is responsible for identifying 
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and resolving problems that (1) have not been addressed promptly or successfully at a lower level, (2) 
influence other components of the project, (3) require changes in this QAPP, or (4) require consultation 
with higher level management.  Technical problems relating to sample collection in the field (schedule 
changes, modifications to the sampling plan, etc.) will be resolved through discussion with the Project 
Manager and appropriate Task Managers.  
 
Identification of problems and corrective action at the laboratory level will be resolved by the laboratory 
staff. Issues that affect schedule, cost, technical performance, or data quality will be reported to the 
Project Manager. The Project Manager will be responsible for evaluating the overall impact to the project 
and for discussing corrective actions with the City. 
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ES.1. TMDL Summary 
The North Santa Monica Bay Jurisdictional Groups 1 and 4 Wet-Weather Bacteria Total 
Maximum Daily Load (TMDL) Implementation Plan (Implementation Plan) has been 
prepared in response to Resolution No. 2002-022 of the California Regional Water Quality 
Control Board—Los Angeles Region (Regional Board) amending the Water Quality Control 
Plan for the Los Angeles Region to incorporate Implementation Provisions for the Region’s 
Bacteria Objectives and to incorporate a Wet-Weather TMDL for Bacteria at Santa Monica 
Bay Beaches. 

The TMDL features a reference system/anti-degradation approach, utilizing as its reference 
watershed the Arroyo Sequit subwatershed. The purpose of utilizing this approach is to 
ensure that bacteriological water quality is at least as good as that of a reference site and 
that no degradation of existing bacteriological water quality is permitted where existing 
bacteriological water quality is better than that of a reference site. 

Jurisdictional Group 1 (J1) area is primarily comprised of the County of Los Angeles (the 
County), City of Malibu, and California Department of Transportation (Caltrans). Other 
agencies encompassed by the jurisdictional boundaries include the County of Ventura, the 
Cities of Calabasas and Los Angeles, and the State of California Department of Parks and 
Recreation. The County is the primary jurisdictional agency for J1. Jurisdictional Group 4 
(J4) includes the City of Malibu (primary jurisdiction), County of Los Angeles, and Caltrans, 
and consists only of Nicholas subwatershed. Subwatersheds comprising Jurisdictional 
Groups 1 and 4 (J1/4) are shown in Figure ES.1. 

Compliance measures include a number of activities that in combination would result in 
reducing the number of days in which water quality objectives are exceeded to less than or 
equal to that of the reference watershed. The TMDL stipulated a threshold number of 
exceedance days based on daily monitoring activities. In J1 the number of exceedance days 
is seventeen; in J4, the number of exceedance days is fifteen. It is recognized, however, that 
while the TMDL (and many of the related analyses) are based on daily criteria, because the 
Coordinated Shoreline Monitoring Plan (CSMP) describes many locations where weekly 
monitoring will occur, the number of exceedances will be pro-rated accordingly. 

Non exceedance is defined as meeting water quality objectives. These objectives are, for 
rolling 30-day Geometric Mean Limits1. 

a. Total coliform density < 1,000/100 ml. 
b. Fecal coliform density < 200/100 ml. 
c. Enterococcus density < 35/100 ml. 

                                                      

1) The calculation of the 30-day geometric mean utilizing weekly sampling will require further discussion, should exceptions 
to the definitions described in section 1.1.4 be considered.  It is assumed that this calculation will be reported as part of the 
Coordinated Shoreline Monitoring Plan Implementation.  
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Figure ES.1  Jurisdictional Areas 

For Single Sample Limits: 

a. Total coliform density < 10,000/100 ml. 
b. Fecal coliform density < 400/100 ml. 
c. Enterococcus density < 104/100 ml. 
d. Total coliform density < 1,000/100 ml, if the ratio of fecal-to-total coliform exceeds 0.1. 

Given the proposed integrated approach presented in this plan, the schedule and target 
deadlines for meeting these compliance criteria are: 

• Final Implementation Plan July 2005 
• Re-evaluation: 2007 
• 10% reduction (6 years): 2010 
• 25% reduction (10 years): 2013 
• 50% reduction (15 years): 2017 
• Final targets (18 years): 2021 

ES.2. Philosophical Approach 
The Implementation Plan presents an iterative, adaptive, and 
integrated approach. This approach requires consideration of 
multiple beneficial uses and the targeting of multiple 
pollutants. Philosophically, an implementation compliance 
triangle was developed to illustrate the balance of low risk, 
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low cost, and high beneficial reuse to determine site specific implementation. 

The following activities were conducted during the development of the Implementation 
Plan: 

• Estimating and Establishing Baseline Conditions 
• Developing a Menu of Potential Activities 
• Identifying Implementation Considerations 
• Selecting and Prioritizing 
• Planning and Implementation during the next 18 Years 

ES.3. Baseline Conditions 
Baseline conditions were established and estimated based on a number of evaluations, 
which included the following: 

ES.3.1 Source Prioritization 

This effort consisted of reviewing available monitoring data, land uses, soil conditions, 
slopes, studies and technical reports in order to target potential activities for this plan. 
Conclusions of this effort were that: 

• There was no “smoking gun,” and it is difficult to pinpoint specific sources; 
• High loads/exceedances are linked to urbanization and proximity to shoreline, and 
• Final subwatershed prioritization should consider beach use. 

ES.3.2 Hydrogeology and Aquifers 

The objective was to establish infiltration and groundwater recharge potential and the scale 
at which this was appropriate. Some key findings were: 

• A review of geology and aquifers found no groundwater basins for recharge potential 
• Soils were generally poorly draining and poorly suited for large scale infiltration 
• Groundwater levels in those areas where soils were not poorly draining were high, and 
• Opportunities tended to be local (on site) and less feasible on a large, regional scale. 

ES.3.3 Surface Water Hydrology 

A hydrologic analysis was conducted to support the potential incorporation of structural 
measures in TMDL implementation2. The purpose of the analyses was to estimate, on a 
macro-scale, preliminary potential volumes of water (within each subwatershed) that 

                                                      

2) The TMDL stipulated a threshold number of exceedance days based on daily monitoring activities.  In Jurisdiction 1 the 
number of days is 17; in Jurisdiction 4, the number of days is 15.  It is recognized however, that while the TMDL (and many 
of the related analyses) are based on daily criteria, because the Coordinated Shoreline Monitoring Plan describes many 
locations where weekly monitoring will occur, the number of exceedances will be pro-rated accordingly. 
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would theoretically need to be captured and treated to meet TMDL requirements. This 
planning-level analysis successfully resolved the discontinuity between exceedance-day 
TMDL criteria and conventional design-storm analytical techniques using a methodology 
that examined daily rainfall volumes over the historical period of record. This methodology 
involved 1) ranking daily rainfall volumes per year, 2) establishing the “critical” rainfall day 
each year, and 3) establishing a 90th percentile that corresponded to the TMDL criteria 
based on a review of the period of record. It should be noted that because daily 
precipitation values were used and because the TMDL stipulated a 17 -day exceedance 
criteria, the hydrologic analyses considered daily flow rates. For implementation purposes, 
the actual criteria will need to be adjusted to correspond to compliance monitoring 
frequencies. 

Rainfall data sets were then converted to runoff volume estimates for each subwatershed 
using precipitation values, zoned land uses (and percentages of the subwatersheds that are 
impervious), soil types, and runoff coefficients developed by the County. To address the 
potential range of volumes, the analysis considered reduction factors (established in 
adjacent watersheds for similar conditions) in estimating ranges of target treatment 
volumes3. 

ES.3.4 Water Supply, Reuse, and Recreational Opportunities 

Water supply and reuse was evaluated on a regional basis. Potential demand was based on 
land use and likely water consumption activities. Regional groundwater recharge potential 
was reevaluated, and potential recreational uses were identified. It was established that 
local measures such as on-site cisterns and on-site infiltration would be more appropriate. 
Reuse opportunities on recreational land were reviewed by examining open lands, trails, 
and municipal parks. Proximity to potential reuse sources and slope stability issues related 
to infiltration potential were also considered. 

ES.4. Potential Activities 
The suite of potential activities was categorized into non-structural (often called 
institutional or programmatic) measures and structural (often called treatment) measures. 

ES.4.1 Non-Structural 

Many of the nonstructural programs built upon existing Municipal Permit programs. In 
particular, bacteria-specific activities were identified for these efforts and included: 

• Public Information and Participation 
• Industrial/Commercial 
• Development Planning 

                                                      

3) The proposed method is restricted to development of this Plan and reductions will be confirmed and developed further with 
future studies conducted as part of this Plan. 
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• Development Construction 
• Public Agency Activities 

ES.4.2 Structural 

Structural measures included on-site and regional solutions. These solutions stipulated 
bacteria-specific treatment requirements, which often require pretreatment, as well as 
alternative wastewater treatment. 

On-site structural solutions included: 

• Residential cisterns 
• On-site storage and reuse 
• Small scale infiltration 
• Porous pavements 
• Grass/gravel pavers 
• Retention grading 
• Bioretention 
• On-site wastewater alternatives 

Regional (and subregional) solutions all require pre-treatment, and, as such, address 
multiple pollutants. Structural options included: 

• Traditional wastewater treatment for stormwater 
• Small packaged system 
• Filtration 
• Advanced oxidation 
• Peracetic Acids 
• Subsurface Flow Constructed Wetlands 

ES.4.3 Other Implementation Considerations 

Other considerations for implementation included site availability and permitting 
requirements associated with treatment. The ideal candidate sites were determined as 
publicly owned facilities, particularly given the cost of land in the J1/4 area. Regional 
solutions require more land for operational storage, especially where natural treatments are 
proposed. 

Regulatory considerations include local regulations such as planning and zoning (including 
the City of Malibu Local Coastal Program (LCP)), Building Code, Plumbing Codes Fire 
Prevention, Urban Runoff/Stormwater Management. State and Federal regulations may 
also be important depending on the facility. These can be location specific (e.g., U.S. Army 
Corps of Engineers, California Department of Fish and Game, Regional Board permits and 
certifications), Coastal Zone Requirements (LCP), Resource Protection Agencies (U.S. Fish 
and Wildlife Service, National Marine Fisheries), National Pollutant Discharge Elimination 
System (NPDES) Waste Discharge Requirements, Department of Health Services 
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(particularly for reuse activities) and Ocean Plan/Areas of Special Biological 
Significance(ASBS) considerations. 

ES.5. Selecting and Prioritizing 
The general methodology for development, evaluation, and prioritization of activities was 
developed in response to the following questions: 

• Where do we have the most significant problems? 
• What is our tolerance for uncertainty and does this tolerance depend on location? 
• Where can we leverage solutions to achieve multiple benefits? 
• Where do we have a higher probability of success? 
• What do we want to do now versus waiting until better information and technologies 

become available? 

In order to balance uncertainty, potential costs, and potential benefits in a manner 
consistent with an integrated approach, the “compliance triangle” model was developed. 
This philosophical model is an evaluation tool that helps balance costs, risks, and beneficial 
reuses. The following table delineates typical activities for non-structural, on-site, and 
regional options. 

Table ES.1  Alternatives Comparison 

Alternative Non-Structural 
Options On-Site Options Regional Options 

Low Cost Implement existing 
and new programs 
(commit + pilot) 

Pilot-scale implementation of  the following: 
• Cisterns 
• On-site storage and reuse 
• Small-scale capture and infiltration 

Not included 

Low Risk Implement existing 
and new programs 
(commit + pilot) 

Not included Capture, store, 
treat and discharge 

Beneficial 
Reuse 

Implement existing 
and new programs 
(commit + pilot) 

Full-scale implementation of the following: 
• Cisterns 
• On-site storage and reuse 
• Small-scale capture and infiltration 

Capture, store, 
treat, and 
beneficially reuse 

In order to intelligently implement activities, different levels of commitment were 
established for this plan. These levels were: 

• “commit”—the Agencies commit to this activity 

• “pilot”—the Agencies are willing to commit to a pilot study to determine whether the 
proposed activity the preliminary design parameters are appropriate. 

• “consider” – the Agencies will consider this effort, depending on the results of 
committed activities. 
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The following table describes the implementation levels of commitment based on ease of 
implementation and potential effectiveness. 

Table ES.2  Commit-Pilot-Consider Model 

Implementation Requirements Rating  

Difficult Moderate Easy 

High Pilot Commit Commit 
Medium Consider Commit Commit 

Potential 
Effectiveness 

Rating 
Low Consider Consider Consider 

In order to prioritize subwatersheds, results of the source prioritization effort were 
combined with monitoring data from the TMDL-defined “critical year”. 

• High Priority subwatersheds: Latigo, Corral, Las Flores, Piedra Gorda, and Ramirez 
• Medium Priority subwatersheds: Carbon, Los Alisos, Topanga, and Escondido 
• Low Priority subwatersheds: Nicholas, Encinal, Trancas, Zuma, Solstice, Pena, and 

Tuna 

These priorities, in conjunction with subwatershed specific characteristics and the desired 
risk-cost-beneficial reuse relationship, contributed to the development of a unique suite of 
activities for each subwatershed. Watershed priorities are shown below in Figure ES.2. 

Figure ES.2  Subwatershed Priorities 
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ES.6. Planning and Implementation 

ES.6.1 Schedule 

The Implementation Plan was divided into four phases of activities. The activities consisted 
of implementation activities, as well as monitoring and additional studies that could be 
used to provide better information for future activities. To provide useful information, the 
additional studies will require extended development and implementation periods. Upon 
completion of these studies, it would be desirable to confirm, or adjust if necessary, the 
direction and requirements of the Implementation Plan. As such, the County and J1/4 
Agencies proposed the addition of appropriately timed re-evaluation milestones. 
Implementation activities, suggested re-openers, and implementation milestones are 
illustrated below: 

Santa Monica Bay Beaches Bacterial TMDL – J1/4 
Implementation Plan Phasing 

 

The general intent of what would be accomplished under each of the phases is as follows: 

•  Phase I – Conduct planning and initiate all committed non-structural activities and 
implement selected non--structural measures; initiate pre-feasibility studies for sub-
regional pilot projects; develop inter-agency agreements for structural projects, initiate 
planning for on-site measures; initiate monitoring, additional studies, and source 
identification activities. The 2007 re-opener would follow Phase I.  Note that Phase I is 
assumed to begin in November 2005, which is the basis of the proposed schedule.  
Should the initiation date change, the remaining implementation deadlines may change 
accordingly. 

• Phase II – Continue implementation of committed non-structural activities; conduct 
non-structural pilot programs; continue planning for on-site measures; initiate planning 
and construction of pilot regional structural solutions; and continue and complete 
monitoring and source identification studies. A programmatic review is proposed to 
follow Phase II and is intended to leverage results not only from additional studies in 
these jurisdictional areas, but also advances in the technical, legal, and regulatory body 
of knowledge. 

• Phase III – Refocus and reprioritize efforts as appropriate, and continue implementation 
of committed non-structural activities; implement successful piloted non-structural 
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programs; begin implementation of on-site measures; and operate and evaluate pilot 
regional structural solutions.  

• Phase IV – Refocus and reprioritize efforts as appropriate and continue implementation 
of non-structural solutions; continue or expand on-site measures; and continue, modify 
and/or initiate regional structural solutions. 

ES.6.2 Subwatershed-Specific Activities 

Activities were defined for each subwatershed. These activities included the appropriate 
level of non-structural, on-site structural, and regional structural activities based on 
subwatershed priorities and characteristics. In many cases, pilot scale implementation was 
proposed to establish the link of BMPs to water quality improvement, optimize design 
parameters, assess appropriate siting, and evaluate new technologies. These activities are 
summarized and presented on a subwatershed-specific basis in Section 5. 

ES.6.3 Monitoring 

Monitoring is a key element to both the re-evaluation of the Implementation Plan 
requirements and technologies after two years and for assessing the effectiveness of 
measures. Compliance monitoring is not, however, addressed in this plan. It is proposed 
that future monitoring take place during winter low flows, and winter storm flows (most 
critical). Six stations were proposed for future monitoring. The objective of these monitoring 
stations was to provide information to support future management decisions such as 
selection of structural and non-structural BMPs, and was not intended to be compliance-
related. As such, proposed stations were not necessarily high priority watersheds, but 
represented watersheds where potentially useful information could be extracted. With the 
exception of Topanga Creek at the sandbar, all stations showed high bacteria counts 
(exceeding water quality standards) during the first storms of 2004-2005. The proposed 
stations are: 

• Trancas Creek (discharges to Area of Special Biological Significance) 

• Solstice Creek (potentially similar to Arroyo Sequit land usage and potential alternative 
reference subwatershed) 

• Marie Canyon (high priority subwatershed) 

• Sweetwater Creek (potential concentrated equestrian land uses) 

• Topanga lagoon (sandbar and bridge) 

In addition, effectiveness monitoring of structural measures per U.S. Environmental 
Protection Agency (EPA)/American Society of Civil Engineers (ASCE) protocols will also 
be incorporated in the long-term program. 
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ES.6.4 Additional Studies 

Upon completion of the initial two years of monitoring, an evaluation will be made to 
determine whether microbial source tracking activities are required. Rationale for 
recommending such studies could include, but not be limited to, the need for further source 
identification; site specific, objective data development; and potential health risk 
assessments. This may include an evaluation of the appropriateness of the TMDL indicator 
constituents of concern. 

Studies that would contribute to more cost-effective implementation of the bacteria TMDL, 
and which could be included in the J1/4 implementation effort include: 

• Identification of the Most Relevant Human Health Indicators Study (2007-2009) 
• Hydrology vs. Bacteria Loading Study (2005-2010) 
• Bacterial Seasonal Variation Study (2005-2008) 

ES.6.5 Integrated Plan Elements 

The Implementation Plan was developed consistent with an Integrated Water Resources 
Approach (IWRA) on the basis of a) multiple pollutants removed and b) integrated water 
resources benefits.  Table ES.3 below lists, for each recommended BMP, both the target 
pollutants and water resources benefits.  For discussion purposes, target pollutants are 
grouped in the following families: 

• Bacteria 
• Nutrients 
• Metals 
• Organics 
• Pathogens 
• Trash 

Integrated water resources benefits listed include: 

• Conservation 
• Reuse/Recycling 
• Habitat 
• Geomorphology (Hydromodification) 
• Hydrology (Stream) 
• Flood Control 

ES.6.6 Performance Evaluation 

Assessing the effectiveness of the management measures is critical to tracking progress 
toward meeting full TMDL compliance.  Two basic approaches are presented in the Final 
Plan:  1) a Presumptive Compliance Approach and 2) a Targeted Monitoring-Based 
Approach. 
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The Presumptive Compliance Approach (PCA) assumes that the implementation of 
structural and non-structural BMPs will lead directly to reductions of exceedance days and 
attempts to quantify this relationship.  It is recognized that there is significant uncertainty 
and it is expected that the iterative and adaptive management strategies are employed, both 
effectiveness will improve and the correlation of activities to water quality compliance will 
improve.  The presumptive approach is confirmed in some cases by the use of information 
surveys toward targeted audiences. 

The focused and targeted monitoring-based approach (TMBA) adopts some measures of 
presumptive compliance but incorporates monitoring data and attempts to normalize and 
extrapolate this monitoring data throughout the region.  TMB results are presented in 
Interim Compliance Reports.  

Other performance metrics include informational surveys, tracking of volumes of pollutants 
removed, and a comparison of expenditures relative to full implementation budgets. 

Table ES.3 describes, for each recommended BMP, the performance evaluation measure and 
methods to be implemented to gage progress toward meeting TMDL targets. 

ES.6.7 Reporting 

An annual Implementation Plan progress report documenting compliance activities will be 
provided by the J1/4 Agencies. It is not anticipated that this report be exhaustive, but will 
include a summary of progress, successes and challenges, and requested modifications to 
the Implementation Plan. This report would reference activities conducted to date, 
compared to commitments made in this Implementation Plan. 

ES.6.8 Program Budgets 

Potential program budgets are not provided, but would eventually be considered for 
preliminary programmatic budgetary planning only. An initial budget analysis did not 
include those activities that are considered for implementation, but do include activities that 
are committed to or implemented on a pilot scale. In addition, specific allocation of costs 
between jurisdictional agencies was not addressed in this Plan. 
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Table ES.3 
Summary of Best Management Practices, Integrated Water Resources Approach, and Performance Evaluation Measures 

   

 BMPs and Activities 

Water Quality 
Benefits: 
Multiple 

Pollutants 

Additional Integrated 
Water Resources 

Benefits 
Performance Evaluation 

Measure and Method 

Activity 
Number TMDL Monitoring and Studies 

B = Bacteria 
N = Nutrients 
M = Metals 

O = Organics 
P = Pathogens 

T = Trash 

CONS = water conserve 
RE = reuse/recycling 

HAB = habitat 
GEO = geomorphology 

HYD = hydrology 
(stream) 

FLD = flood & volume  
1 TMDL Monitoring:  Trancas B, N, M, O N/A Monitoring Results 
2 TMDL Monitoring:  Solstice B, N, M, O N/A Monitoring Results 
3 TMDL Monitoring:  Marie Canyon B, N, M, O N/A Monitoring Results 
4 TMDL Monitoring:  Sweetwater Creek B, N, M, O N/A Monitoring Results 
5 TMDL  Monitoring:  Topanga Lagoon (sandbar) B, N, M, O N/A Monitoring Results 
6 TMDL Monitoring:  Topanga Lagoon (bridge) B, N, M, O N/A Monitoring Results 
7 Hydrologic Loading Estimates N/A HYD, GEO Study Results 
8 Structural BMP Monitoring B, N, M, O N/A Study Results 
9 Identification of the Most Relevant Human Health Indicators B, P N/A Study Results 
10 Hydrology vs. Bacteria Loading B HYD, GEO Study Results 
11 Bacteria Seasonal Variation Study B  N/A Study Results 
 Non-Structural Measures    

 Public Information Participation Programs    

12 Outreach to pet owners establishing a link between animal 
wastes and health issues and focus on point of contact 

B, N, P N/A Interim Compliance Reports, 
Information Surveys, PCA 

13 Locate areas with corralled animals and educate property 
owners on bacteria TMDLs 

B, N, P N/A Interim Compliance Reports, 
TMBA, PCA 

14 Identify horse stables in the region and implement pilot 
program 

B, N, P GEO Interim Compliance Reports, 
TMBA, PCA 

15 Post signs at County and City-owned trailheads designated 
for equestrian users to not clean out horse trailers in parking 
lots  and to clean horse waste.   

B, N, P N/A Interim Compliance Reports, 
TMBA, PCA 

16 Outreach at trailheads encouraging hikers to use restroom 
facilities 

B, N, P N/A Interim Compliance Reports, 
Information Surveys, TMBA 
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 BMPs and Activities 

Water Quality 
Benefits: 
Multiple 

Pollutants 

Additional Integrated 
Water Resources 

Benefits 
Performance Evaluation 

Measure and Method 

Activity 
Number TMDL Monitoring and Studies 

B = Bacteria 
N = Nutrients 
M = Metals 

O = Organics 
P = Pathogens 

T = Trash 

CONS = water conserve 
RE = reuse/recycling 

HAB = habitat 
GEO = geomorphology 

HYD = hydrology 
(stream) 

FLD = flood & volume  
17 Coordinate outreach activities with Pepperdine University B, N, M, O CONS, RE Interim Compliance Reports, 

TMBA, PCA 
18 Increase coordination between agencies and environmental 

organizations in preparing outreach materials 
B, N, M, O, P CONS, RE,HAB, GEO, 

HYD, FLD 
Interim Compliance Reports, 

Information Surveys 
 Industrial / Commercial Facilities Control Programs    

19 Provide an outreach program for all commercial facilities with 
corralled animals, including equestrian centers 

B, N, P N/A Interim Compliance Reports, 
TMBA, PCA 

20 Provide for regular BMP inspections for restaurants B, N, P N/A Information surveys, Interim 
Compliance Reports, TMBA 

21 Increase awareness of BMPs in restaurants by establishing a 
restaurant reward and recognition program 

B, N, P N/A Interim Compliance Reports, 
Information Surveys, TMBA, PCA 

22 Conduct industry-specific workshops B, N, M, O, P, T CONS, RE, HAB, GEO, 
HYD, FLD 

Interim Compliance Reports, 
Information Surveys, PCA 

23 Investigate the possibility of increasing frequency of trash 
collection at restaurants 

B, N, M, O, P, T N/A Interim Compliance Reports 

 Development Planning and Construction Programs    

24 Further emphasize applicable existing BMPs in development 
planning and construction programs 

B, N, M, O, P, T CONS, RE, HAB, 
GEO, HYD, FLD 

Interim Compliance Reports 

 Public Agency Activity Control Program    

25 Establish guidelines for optimizing frequency of cleaning 
cycles for drainage facilities and implement recommendations 
on Caltrans facilities 

B, N, M, O, P, T N/A Volume and Expenditure Tracking 
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 BMPs and Activities 

Water Quality 
Benefits: 
Multiple 

Pollutants 

Additional Integrated 
Water Resources 

Benefits 
Performance Evaluation 

Measure and Method 

Activity 
Number TMDL Monitoring and Studies 

B = Bacteria 
N = Nutrients 
M = Metals 

O = Organics 
P = Pathogens 

T = Trash 

CONS = water conserve 
RE = reuse/recycling 

HAB = habitat 
GEO = geomorphology 

HYD = hydrology 
(stream) 

FLD = flood & volume  
 Structural Measures    

 On-Site Options    

26 Caltrans-Malibu Joint Agency Activities B, N, M, O, P, T HAB Interim Compliance Reports, 
Information Surveys 

27 Residential Cisterns B, N, M, O, P CONS, RE, HAB, GEO, 
HYD, FLD 

Interim Compliance Reports, 
Expenditure Tracking, Activities 

28 On-site Storage and Reuse Projects B, N, M, O, P CONS, RE, HAB, GEO, 
HYD, FLD 

Interim Compliance Reports, 
Expenditure Tracking, Activities 

29 Small Scale Infiltration Projects B, N, M, O, P CONS, RE, HAB, GEO, 
HYD, FLD 

Interim Compliance Reports, 
Expenditure Tracking, Activities 

 Pilot Project Treatment Options    

30 Paradise Cove Pretreatment and System Upgrade B, N, M, P  Monitoring Results 
31 Las Flores Canyon Restoration and Water Quality 

Improvements (Biofiltration and infiltration) 
B, N, M, O, P GEO, HYD, FLD Monitoring Results, Study Activities 

32 Marie Canyon Drain Retrofit / Perocetic Acid/bactericides B, N only  Monitoring Results 
33 Latigo Shores Subsurface Flow Wetlands B, N, M, O, P CONS, RE, HAB Monitoring Results 
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1. Introduction 

1.1 TMDL Summary 

The North Santa Monica Bay Jurisdictional Groups 1 and 4 Wet-Weather Bacterial Total 
Maximum Daily Load (TMDL) Implementation Plan (Implementation Plan) was prepared 
in response to Resolution No. 2002-022 of the California Regional Water Quality Control 
Board—Los Angeles Region (Regional Board) amending the Water Quality Control Plan for 
the Los Angeles Region (Basin Plan) to incorporate Implementation Provisions for the 
Region’s Bacteria Objectives and to Incorporate a Wet-Weather TMDL for Bacteria at Santa 
Monica Bay Beaches (see Appendix A). 

1.1.1 TMDL Development History 

The Clean Water Act of 1972 (CWA), enacted into the U.S. Code, required States to develop 
a list, named the 303(d) List after the relevant section of the CWA, of impaired waters and 
name the pollutants for which they are impaired. States must then establish a watershed-
based, pollutant-specific TMDL to bring impaired water bodies into compliance with the 
water quality standards necessary for achieving designated beneficial uses of the water 
body. The Santa Monica Bay beaches are designated as human body contact recreation, also 
known as REC-1, and are included on the State of California’s 1998 303(d) List due to high 
indicator coliform bacteria exceedance. 

The Regional Board released a first draft of the Santa Monica Bay Beaches Bacterial TMDL 
on November 9, 2001. As development of the TMDL progressed, the Regional Board staff 
decided to bifurcate the TMDL—one for dry weather and one for wet weather—to allow 
more time to consider the extensive public comments on the wet weather elements of the 
TMDL. Both the Dry- and Wet-weather TMDLs were approved by the U.S. Environmental 
Protection Agency (EPA) in June 2003 and became effective on July 15, 2003. 

This Implementation Plan focuses on wet-weather TMDL implementation. 

1.1.2 Jurisdictional Groups 1 and 4 

The TMDL groups the subject area into seven jurisdictional groups and designates within 
each group a primary jurisdiction as the responsible agency. The jurisdiction that comprises 
greater than fifty percent of the land area in the group is selected as the primary jurisdiction. 
The responsible agency of each jurisdictional group is charged with submitting a TMDL 
implementation plan and a corresponding schedule to be used by the jurisdictional group. 

Jurisdictional Group 1 (J1) area is primarily comprised of the County of Los Angeles 
(County), City of Malibu, and California Department of Transportation (Caltrans). Other 
agencies encompassed by the jurisdictional boundaries include the County of Ventura, the 
Cities of Calabasas and Los Angeles, and the State of California Department of Parks and 
Recreation. The County is the primary jurisdictional agency for J1, which is comprised of 
sixteen (16) subwatersheds (including the reference watershed, Arroyo Sequit watershed, 
which is excluded from the Implementation Plan). Jurisdictional Group 4 (J4) includes the 
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City of Malibu (primary jurisdiction), County of Los Angeles, and Caltrans, and consists 
only of Nicholas subwatershed. 

Subwatersheds comprising Jurisdictional Groups 1 and 4 (J1/4) are shown in Figure 1.1. It 
should be noted that these subwatersheds do not include Malibu Creek Watershed. 

1.1.3 Compliance Requirements 

For this TMDL, the Regional Board implemented bacteria objectives using a reference 
system/anti-degradation approach. The purpose of utilizing this approach was to ensure 
that bacteriological water quality is at least as good as that of a reference site and that no 
degradation of existing bacteriological water quality is permitted where existing 
bacteriological water quality is better than that of a reference site. For the Wet-weather 
TMDL at Santa Monica Bay beaches, Leo Carrillo Beach and its associated drainage area, 
Arroyo Sequit Canyon, were selected as the local reference system. Leo Carrillo Beach was 
selected as the reference beach because it best met the three criteria for selection of a 
reference system. Specifically, its drainage is the most undeveloped subwatershed in the 
larger Santa Monica Bay watershed, it has a freshwater outlet (i.e., creek) to the beach, and it 
has adequate historical shoreline monitoring data. 

Compliance Activities 

Additional TMDL compliance activities included the following: 

• Responsible agencies were required to submit a Coordinated Shoreline Monitoring Plan 
(CSMP) within 120 days of the effective date of the TMDLs to be used for compliance 
monitoring of the TMDLs. This plan was submitted in November 2003, and revised in 
April 2004. 

• Responsible jurisdictions were required to develop an implementation plan for 
achieving compliance. After considering the Implementation Plan, the Regional Board 
will amend the TMDL and adopt an individual implementation schedule for each 
jurisdictional group that is as short as possible taking into account the implementation 
approach being undertaken. 

1.1.4 Compliance Water Quality Objectives 

The TMDLs are based on numeric targets for bacteriological water quality objectives for 
Water Contact Recreation (REC-1) revised by Regional Board Resolution 2001-018 
amending its Basin Plan on October 25, 2001. This Basin Plan amendment received final 
approval from the EPA on September 25, 20021. These water quality objectives are based on 
four bacterial indicators and include both geometric mean limits and single sample limits: 

                                                      

1) Resolution No. 2002-022, Finding 18. 
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Figure 1.1  J1/4 Jurisdictional Agencies 
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1. Rolling 30-day Geometric Mean Limits 
a. Total coliform density shall not exceed 1,000/100 ml 
b. Fecal coliform density shall not exceed 200/100 ml 
c. Enterococcus density shall not exceed 35/100 ml. 

The geometric mean is defined in Webster’s Dictionary as “the nth root of the product of n 
numbers.” Thus, the 30-day geometric mean calculation for the TMDL will be calculated as 
the 30th root of the product of 30 numbers (the most recent 30 day results). For weekly 
sampling, the 30 numbers are obtained by assigning the weekly test result to the remaining 
days of the week. If more samples are tested within the same week, each test result will 
supersede the previous result and be assigned to the remaining days of the week until the 
next sample is collected. This rolling 30-day geometric mean must be calculated for each 
day, regardless of whether a weekly or daily schedule is selected. Since zero cannot be used 
to calculate a geometric mean when bacteria is not detected in a sample, a value equal to 
half the detection limit will be used for calculation purposes. Development of alternative 
methods to calculate the 30-day geometric mean based on weekly data is outside the scope 
of this document. 

2. Single Sample Limits 
a. Total coliform density shall not exceed 10,000/100 ml 
b. Fecal coliform density shall not exceed 400/100 ml 
c. Enterococcus density shall not exceed 104/100 ml 
d. Total coliform density shall not exceed 1,000/100 ml if the ratio of fecal-to-total 

coliform exceeds 0.1 

The TMDL set allocations based on the maximum number of days within a storm year that 
sample results under the CSMP may exceed the water quality objectives (targets). 
Allocations for wet-weather are specific to each monitoring site and have been established 
based on historical monitoring data and/or comparison with historical monitoring data at 
the reference beach. 

These site-specific allocations are listed below in Table 1.1. The maximum allowable 
number of exceedance days based on the reference system during year-round wet weather 
is seventeen (17) exceedance days per year under a daily sampling schedule. If a weekly 
sampling schedule is employed, the number of allowable exceedance days is scaled back 
accordingly to three (3) exceedance days per year for year-round wet weather. 

Table 1.1  Final Allowable Wet-Weather Exceedance Days by Beach Location 

 Estimated Number of 
Exceedance Days in 
Critical Year (1993) 

Final Allowable 
Number of 

Exceedance Days 

Leo Carrillo Beach, at 35000 PCH  17 17 
Nicholas Beach- 100 feet west of lifeguard tower  14 14 
Broad Beach  15 15 
Trancas Beach ent., 50 yards east of Trancas Bridge 19 17 
Westward Beach, east of Zuma Creek  17 17 
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 Estimated Number of 
Exceedance Days in 
Critical Year (1993) 

Final Allowable 
Number of 

Exceedance Days 

Paradise Cove, adjacent to west side of Pier  23 17 
Latigo Canyon Creek entrance  33 17 
Corral State Beach 17 17 
Las Flores Beach  29 17 
Big Rock Beach, at 19900 PCH  30 17 
Topanga State Beach  26 17 
 

1.1.5 Compliance Schedule 

Based on the TMDLs as currently written, compliance schedules for TMDL compliance are 
listed below: 

• Effective Date: July 15, 2003 
• Project Kick-off: July 2004 
• Draft Implementation Plan March 2005 
• Final Implementation Plan July 2005 
• Re-evaluation: 2007 
• 10% reduction (6 years): 2009 
• 25% reduction (10 years): 2013 
• 50% reduction (15 years): 2018 
• Final targets (18 years): 2021 

Four years after the effective date, based in part on new data collected under the CSMP, the 
Regional Board will re-consider various provisions of the TMDLs, including: 

• Allowable wet weather exceedance days 
• Reevaluation of the reference system 
• Reevaluation of the reference year 
• Clarification or revision of the geometric mean implementation provision 
• Reevaluation of proposed implementation plan elements 

1.2 Coordinated Shoreline Monitoring Plan 

While not part of this Implementation Plan, elements of the CSMP are discussed here. 
Compliance with the TMDL is to be based on monitoring conducted in accordance with the 
CSMP which has been submitted jointly by all jurisdictional groups and approved by the 
Regional Board. Monitoring under this plan began in November 2004. The CSMP was 
developed by a Technical Steering Committee consisting of representatives from each of the 
primary jurisdictions as well as additional responsible agencies. The plan was designed to 
comply with the monitoring requirements of both the dry- and wet-weather TMDLs and to 
provide data to support the re-evaluations that will be made when specific provisions of the 
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TMDLs are re-considered. CSMP monitoring sites located within J1/4 are listed Table 1.2 
(from the Coordinated Shoreline Monitoring Plan, Revised April 7, 2004). 

Table 1.2  J1/4 Coordinated Shoreline Monitoring Station Summary 

Station 
Name Type 

Description 
(including historical 

site ID, if any) 

Low Flow 
Diversion Coordinates Subwatershed Sampling 

Agency 

SMB-1-1 Point Zero Arroyo Sequit Creek at Leo 
Carrillo State Beach 

(DHS010) 

No 34.04558 -118.93336 Arroyo Sequit LACDHS 

SMB-1-2 Open Beach El Pescador State Beach -- TBD TBD Los Alisos EMD 
SMB-1-3 Open Beach El Matador State Beach -- TBD TBD Encinal EMD 
SMB-1-4 Point Zero Trancas Creek at Broad 

Beach (DHS008) 
No TBD TBD Trancas LACDHS 

SMB-1-5 Point Zero Zuma Creek at Zuma 
Beach (DHS007) 

No TBD TBD Zuma LACDHS 

SMB-1-6 Point Zero “Walnut Creek” in 
Paradise Cove 

No 34.01375 -118.79100 Ramirez EMD 

SMB-1-7 Point Zero Ramirez Canyon at 
Paradise Cove (DHS006) 

No 34.02032 -118.78600 Ramirez LACDHS 

SMB-1-8 Point Zero Escondido Creek, just east 
of Escondido State Beach 

No 34.02551 -118.76500 Escondido EMD 

SMB-1-9 Point Zero Latigo Canyon, adjacent to 
the Tivoli Bay Villa 

Treatment Plant (DHS007) 

No 34.02895 -118.75300 Latigo LACDHS 

SMB-1-10 Point Zero Solstice Creek at Dan 
Blocker County Beach 

No 34.03297 -118.74100 Solstice EMD 

SMB-1-11 Point Zero Un-named creek at Puerco 
Beach (DHS004) 

No 34.03328 -118.73300 Corral LACDHS 

SMB-1-12 Point Zero Marie Canyon storm drain 
at Puerco Beach 

No 34.03072 -118.71000 Corral EMD 

SMB-1-13 Point Zero Sweetwater Canyon on 
Carbon Beach 

No 34.03811 -118.67300 Carbon EMD 

SMB-1-14 Point Zero Las Flores Creek at Las 
Flores State Beach 

No 34.03684 -118.63600 Las Flores EMD 

SMB-1-15 Open Beach Big Rock Beach (DHS001) -- 34.03670 -118.61012 Piedra Gorda LACDHS 
SMB-1-16 Point Zero Pena Creek at Las Tunas 

County Beach 
No 34.03933 -118.59600 Pena EMD 

SMB-1-17 Point Zero Tuna Canyon No 34.03936 -118.58900 Tuna EMD 
SMB-1-18 Point Zero Topanga Canyon at 

Topanga State Beach (S2) 
No 34.03814 -118.58200 Topanga EMD 

 

1.3 Implementation Plan Participants 

1.3.1 Responsible Agencies 

For the purposes of Implementation Plan development, the County has taken the lead for J1 
while the City of Malibu has taken the lead for J4. Other affected agencies include Caltrans, 
and the County of Los Angeles Department of Beaches and Harbors. Other named agencies 
such as the City of Calabasas and City of Los Angeles have opted out of the Implementation 
Plan development as the extent of their impacted areas is limited. 
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It should be noted that Caltrans has reserved the right to proceed independently to address 
the TMDL goals depending on the specific costs and implementation measures identified 
during the implementation process. 

1.3.2 Stakeholders 

Stakeholder participation was primarily accomplished through the North Santa Monica Bay 
Watersheds Task Force, the members of which were solicited for input prior to the 
development of a draft plan, and who participated in an Implementation Plan workshop. 
Environmental groups actively engaged in the process included the Regional Board staff, 
Heal the Bay and the BayKeepers. 

1.3.3 Other Implementation Plans 

Concurrent with the development of this plan, Implementation Plans were being developed 
for the other Santa Monica Bay watershed Jurisdictional Groups, namely Groups 2 and 3 
(combined plan) and Groups 5 and 6 (combined plan). 

The City of Los Angeles is the lead agency for Jurisdictional Group 2 and is a significant 
participant in two other Jurisdictional Groups (3 and 7). The City of Santa Monica was 
designated the lead in Jurisdictional Group 3 and is a participant in Jurisdictional Group 2. 
Other responsible agencies within Jurisdictional Groups 2 and 3 include the City of El 
Segundo, the County of Los Angeles, and Caltrans. 

Jurisdiction Group 5 is comprised of five responsible agencies: City of Manhattan Beach 
(primary jurisdiction), City of El Segundo, City of Hermosa Beach, County of Los Angeles 
and Caltrans. The limits of this area extend from the north boundary of the City of 
Manhattan Beach to just south of the Hermosa Beach Pier. Jurisdiction 6 is comprised of five 
responsible agencies: Cities of Hermosa Beach, Redondo Beach (primary jurisdiction) and 
Torrance, along with the County of Los Angeles and Caltrans. The limits of this area range 
from the boundary of Jurisdiction 5 just south of the Hermosa Beach Pier and just south of 
Artesia Boulevard in Redondo Beach, to the southern city limit of Torrance at the coast. 

1.4 Objectives of Implementation Plan 

There are numerous objectives for this Implementation Plan. First and foremost, the 
objective is to develop a plan that results in the improvement of water quality to a level 
such that shoreline waters meet or exceed the requirements of the TMDL and Resolution 
No. 2002-022. In addition, a significant objective of the Implementation Plan is to commit to 
strategic cost-effective solutions. It is recognized that cost-effective implementation of 
TMDL requirements in conjunction with other water resources demands and opportunities, 
will result in a greater overall benefit than solely focusing on treatment of bacteria in urban 
runoff. Therefore, this Implementation Plan represents an integrated water resources 
approach that takes a holistic view of regional water resources management by integrating 
planning for future wastewater, storm water, recycled water, and potable water needs and 
systems, and focuses on beneficial re-use of storm water, including groundwater infiltration 
at multiple points throughout a watershed. In addition, recognizing that bacteria are not the 
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sole pollutant of concern, this Implementation Plan also addresses multiple pollutants for 
the Santa Monica Bay. 

Because the Regional Board recognized that an integrated water resources approach not 
only provided water quality benefits to the people of the Los Angeles region, but also 
potentially served a variety of public purposes, it acknowledged that a longer timeframe is 
reasonable for an integrated water resources approach because it requires more complicated 
planning and implementation such as identifying markets for the water and efficiently 
siting storage and transmission infrastructure within the watershed(s) to realize the 
multiple benefits of such an approach. 

Another objective of the Implementation Plan is, therefore, to include methods for 
identifying, developing, designing, implementing, purchasing, installing, monitoring, 
evaluating, and maintaining the most appropriate “source control” and “treatment control” 
solutions. Given the additional complexity of an integrated water resources approach, the 
Implementation Plan will be presented to the Regional Board to justify a timeframe of 
18 years to comply with the TMDL requirements. 

The last critical objective of the Implementation Plan is to provide an adaptive and iterative 
framework for implementation. Because source prioritization efforts have not yielded 
conclusive source tracking results, and because technologies, particularly for bacteria 
treatment are developing, it is recognized that both the objectives of the TMDL and 
mitigation strategies may require revision and reexamination. This recognition is 
incorporated in the scheduling and phasing of activities within the Implementation plan. 

RB-AR42379



Section 2. Summary of Technical Analyses 

SECTION 2 J1-4 DRAFT IMPLEMENTATION PLAN (V 6.1).DOC 2-1 Printed August 25, 2005 at 11:51 AM 

2. Summary of Technical Analyses 
This section summarizes the results of technical analyses that were conducted as part of the 
development of the Implementation Plan. These analyses are listed in the reference section 
of this Implementation Plan. 

2.1 Existing Conditions 

The purpose of the Source Identification and Prioritization, Hydrogeology and Aquifers, 
and Hydrology analyses were to establish some baseline conditions to help understand the 
issues and conditions within the J1/4 area. 

2.1.1 Source Identification and Prioritization 

The purpose and objectives of the source identification and prioritization efforts were to, on 
a macro-scale, identify and evaluate potential sources of water quality impairment in the 
affected subwatersheds and to prioritize these sources. Numerous sources of data were 
evaluated in an attempt to establish some relation between the source loading and water 
quality impairment. The task involved: a literature search and assessment of historic water 
quality monitoring; a review of other resource management studies of the watershed areas, 
as well as personal communications with key stakeholders; resource mapping; and field 
reconnaissance. 

Monitoring data for E. coli, fecal coliform, total fecal coliform and enterococcus have been 
collected over the past 5 years from the following entities: Heal the Bay, Resource 
Conservation District of Santa Monica Mountains, County of Los Angeles Department of 
Health Services, County of Los Angeles Department of Public Works, and the City of Los 
Angeles. Even though E. coli is not cited in the TMDL, it was included in the data collection 
since the presence of E. coli in water is a strong indication of recent sewage or animal waste 
contamination and is particularly relevant to fresh water. 

Potential Sources as a Basis for Prioritization 

While not directly relevant to the J1/4 study area, the results of a risk assessment prepared 
by Stone Environmental (2004) show that shallow groundwater in the Malibu Creek study 
area is significantly influenced by bacteria from sources other than On-Site Wastewater 
Treatment Systems (OWTS). Stormwater infiltration and direct percolation from the land 
surface in sandy soil areas are likely to be significant potential sources of contamination. 
These results provide insight into the potential sources of contamination within J1 and J4. 

Given the indication that the OWTSs are probably not a widespread source of bacterial 
contamination at the beach, the source identification and prioritization effort focused 
instead on other potential sources including restaurants, horses, urban runoff, etc. An 
attempt was made to establish a correlation between subwatershed land uses, densities, soil 
properties, number of storm drains, and exceedance occurrences. Given the limited data, 
the task of source identification and prioritization was an exercise of deduction or a 
“process of elimination.” The data did not support the identification of one conclusive 
source (e.g., restaurants, horse ranches, etc.) identified by the source identification and 
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prioritization effort, but did identify the effects of urbanization, particularly urbanization in 
proximity to water bodies, as being linked to exceedance of water quality standards. As a 
result the focus of the prioritization effort shifted from source prioritization to targeted 
subwatershed prioritization to support an implementation strategy. 

Therefore, potential sources or conditions associated with urban runoff, in conjunction with 
other factors such as proximity to a water body and recreational use of beaches, formed the 
basis for evaluating and prioritizing subwatersheds. Factors considered in the prioritization 
of subwatersheds included: 

• Monitoring Data 

− Recent monitoring data, in particular, water quality exceedances associated with 
CSMP, was evaluated on a probability basis. Probabilities were determined by the 
proportion of single sample exceedance occurrences to total samples collected. 

− Exceedance-day monitoring data that formed the basis of the TMDL. The TMDL 
listed the number of exceedance days for a number of subwatersheds during the 
critical year (1993). Those subwatersheds with exceedance days exceeding 50% of 
the TMDL threshold were designated high priority, and those subwatershed with 
exceedances within 10% of the threshold were designated low priority. 

• Land Use Based Criteria 

− Residential development near shoreline, 
− Commercial development near shoreline, 
− Horse ranch near shoreline, 
− Horse ranches in watershed, 
− Development near streams within watershed  
− Proportion of residential development in the watershed  
− Proportion of other development in the watershed 

Figures 2.1.1-2.1.16 graphically illustrates relative land uses for each subwatershed 
with the following subcategories: residential and educational; industrial and 
commercial; managed open space; and natural open space.  

• Runoff potential: primarily a function of soil type, vegetation and land use. 

• Physical criteria: number of storm drains at the shoreline, and  

• Beach usage: relative potential exposure to humans as a function of beach usage 
assumed to be a function of parking lot spaces at beaches. 
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Nicholas

Natural Open Space
1,120 ac.

92%

Managed Open 
Space
23 ac.

2%

Ind/comm
4 ac.
0%

Res/Ed
74 ac.

6%

Figure 2.1.1 Nicholas: Breakdown of Land Use

Nicholas

Encinal

Natural Open Space
1,633 ac.

89%

Managed Open 
Space
14 ac.

1%

Ind/comm
0 ac.
0%

Res/Ed
179 ac.

10%

Figure 2.1.2 Encinal: Breakdown of Land Use

Encinal

Trancas

Natural Open Space
5,676 ac.

86%

Managed Open Space
171 ac.

3%

Ind/comm
60 ac.

1%

Res/Ed
673 ac.

10%

Figure 2.1.3 Trancas: Breakdown of Land Use

Trancas
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Zuma

Natural Open Space
5,237 ac.

84%

Managed Open 
Space
185 ac.

3%

Ind/comm
71 ac.

1%

Res/Ed
763 ac.

12%

Figure 2.1.4 Zuma: Breakdown of Land Use

Zuma

Solstice

Natural Open Space
2,736 ac.

97%

Ind/comm
2 ac.
0%

Res/Ed
96 ac.

3%

Managed Open 
Space
2 ac.
0%

Figure 2.1.5 Solstice: Breakdown of Land Use

Solstice

Pena

Natural Open Space
606 ac.

97%

Managed Open 
Space
0 ac.
0%

Ind/comm
0 ac.
0%

Res/Ed
18 ac.

3%

Figure 2.1.6 Pena: Breakdown of Land Use

Pena
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Tuna

Natural Open Space
966 ac.

96%

Managed Open 
Space
0 ac.
0%

Ind/comm
2 ac.
0%

Res/Ed
39 ac.

4%

Figure 2.1.7 Tuna: Breakdown of Land Use

Tuna

Carbon

Natural Open Space
1,951 ac.

84%

Managed Open 
Space
0 ac.
0%

Ind/comm
44 ac.

2%

Res/Ed
315 ac.

14%

Figure 2.1.8 Carbon: Breakdown of Land Use

Carbon

Los Alisos

Natural Open Space
2,091 ac.

88%

Managed Open 
Space
17 ac.

1%

Ind/comm
2 ac.
0%

Res/Ed
267 ac.

11%

Figure 2.1.9 Los Alisos: Breakdown of Land Use

Los Alisos
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Topanga

Natural Open Space
11,072 ac.

88%

Managed Open 
Space
73 ac.

1%

Ind/comm
34 ac.

0%

Res/Ed
1,407 ac.

11%

Figure 2.1.10 Topanga: Breakdown of Land Use

Topanga

Escondido

Natural Open Space
1,924 ac.

83%

Managed Open 
Space
46 ac.

2%

Ind/comm
12 ac.

1%

Res/Ed
318 ac.

14%

Figure 2.1.11 Escondido: Breakdown of Land Use

Escondido

Latigo

Natural Open Space
740 ac.

90%

Managed Open 
Space
3 ac.
0%

Ind/comm
1 ac.
0%

Res/Ed
80 ac.
10%

Figure 2.1.12 Latigo: Breakdown of Land Use

Latigo
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Corral

Natural Open Space, 
3,744 ac., 87%

Managed Open 
Space, 27 ac., 1%

Ind/comm, 101 ac., 
2%

Res/Ed, 425 ac., 10%

Figure 2.1.13 Corral: Breakdown of Land Use

Corral

Las Flores

Natural Open Space
2,616 ac.

89%

Managed Open 
Space
3 ac.
0%

Ind/comm
18 ac.

1%

Res/Ed
283 ac.

10%

Figure 2.1.14 Las Flores: Breakdown of Land Use

Las Flores

Piedra Gorda

Natural Open Space
507 ac.

81%

Managed Open 
Space
0 ac.
0%

Ind/comm
0 ac.
0%

Res/Ed
121 ac.

19%

Figure 2.1.15 Piedra Gorda: Breakdown of Land Use

Piedra Gorda

RB-AR42386



Section 2. Summary of Technical Analyses 

SECTION 2 J1-4 DRAFT IMPLEMENTATION PLAN (V 6.1).DOC 2-8 Printed August 25, 2005 at 11:51 AM 

Ramirez

Natural Open Space
2,438 ac.

73%

Managed Open 
Space
30 ac.

1%

Ind/comm
28 ac.

1%

Res/Ed
854 ac.

25%

Figure 2.1.16 Ramirez: Breakdown of Land Use

Ramirez

 

The above factors were considered as a whole and priorities for subwatersheds were 
established on the basis of the above factors. In addition, those subwatersheds that were 
identified as high priority per the TMDL were also prioritized. The results of this analysis 
are illustrated in Figure 2.2. Based on the priority ranking and/or the TMDL exceedance 
days, it was established that the highest priority watersheds are Ramirez (Paradise Cove), 
Corral (including Marie Canyon), Latigo, Las Flores, and Piedra Gorda. Figures 2.3.1-2.3.3 
present composite land uses for high, medium, and low priority subwatersheds. 

2.1.2 Hydrogeology and Aquifers 

Hydrogeologic and aquifer characteristics were evaluated on a macro-scale to establish the 
potential for infiltration as both a water conservation and water quality best management 
practice. Topography, basin slopes, and drainage patterns were evaluated as potential 
regional infiltration facilities. Geology of the project area was reviewed, and soils were 
evaluated based on Natural Resource Conservation Service (NRCS, formerly Soil 
Conservation Service) Soil Classification (ABCD) and the County soil types and runoff 
response characteristics. 

These analyses concluded that the soils in the project area were, for the most part, poorly 
drained and not conducive to effective infiltration practices. 

Because depths to groundwater are critical design parameters for both infiltration potential 
and septic system performance, the US Division of Mines and Geology was consulted to 
estimate general groundwater depths. A review of this data indicated that groundwater 
depths were generally: 

• Less than 5 feet in beach areas 
• 5 to 10 feet deep in coastal floodplain areas, and coastal stream canyons 
• Approximately 10 feet in the upper reaches, and 
• Significantly deeper along ridge lines and mountain peaks. 
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Figure 2.2  Subwatershed Priorities 
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Low Priority
Res/Ed

1,842 ac.
9%

Ind/comm
139 ac.

1%
Managed Open 

Space
395 ac.

2%

Natural Open Space
17,974 ac.

88%

Figure 2.3.1 Low Priority: Breakdown of Land Use
Nicholas, Encinal, Trancas, Zuma, Solstice, Pena, and Tuna

Low Priority

Medium Priority

Natural Open Space
17,038 ac.

87%

Managed Open 
Space
136 ac.

1%

Ind/comm
92 ac.

0%

Res/Ed
2,307 ac.

12%

Figure 2.3.2 Medium Priority: Breakdown of Land Use
Carbon, Los Alisos, Topanga, and Escondido

Medium Priority

High Priority

Natural Open Space
10,045 ac.

83%

Managed Open 
Space
63 ac.

1%

Ind/comm
148 ac.

1%

Res/Ed
1,763 ac.

15%

Figure 2.3.3 High Priority: Breakdown of Land Use
Latigo, Corral, Las Flores, Piedra Gorda, and Ramirez

High Priority
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Because most of the residences within J1/4 utilize onsite wastewater treatment systems 
(septic systems), seepage and impacts to groundwater are of importance, particularly since 
the level of risk of exposure is closely tied to the vertical separation between the infiltrating 
surface of the dispersal system and the water table. 

Aquifer characteristics were characterized as being limited based on a review of DWR 
Bulletin 118 for the South Coast Hydrologic Region. The closest basins, Malibu, Thousand 
Oaks, and Russell Valley, are all outside the J1/4 area. 

Therefore, given the local soils, geology, and groundwater conditions, and the need to 
avoid excessively raising groundwater levels in areas with onsite wastewater systems, the 
potential for regional groundwater injection and infiltration is limited, and localized 
infiltration practices are more feasible. It must also be recognized, however, that even local 
recharge can potentially increase the water table, thereby potentially impacting septic 
systems. As such, local recharge must be carefully evaluated for its potential to affect septic 
systems locally. 

2.1.3 Surface Water Hydrology 

A hydrologic analysis was conducted to support the potential incorporation of structural 
measures in the TMDL implementation1. The purpose of the analyses was to estimate, on a 
macro-scale, preliminary potential volumes of water (within each subwatershed) that 
would theoretically need to be captured and treated to meet TMDL requirements. This 
planning-level analysis successfully resolved the discontinuity between exceedance-day 
TMDL criteria and conventional design-storm analytical techniques using a methodology 
that examined daily rainfall volumes over the historical period of record. This methodology 
involved: 

1) Ranking daily rainfall volumes per year. Precipitation analyses were conducted for four 
County of Los Angeles rain gages located at elevations ranging from 15 feet to 1620 feet, 
within and adjacent to the J1/4 areas. 

2) Establishing the “critical” rainfall day each year—the 18th and 15th largest daily 
precipitation events each year. 

3) Establishing a 90th percentile that corresponded to the TMDL criteria based on a review 
of the period of record. The volume corresponding to the top 10 percent of rainfall was 
selected as the critical storm volume. The average 90th percentile 18th largest storm 
volume was 0.68 inch; the 15th largest storm volume was 0.83 inch on average. 

                                                      

1) The TMDL stipulated a threshold number of exceedance days based on daily monitoring activities.  In Jurisdiction 1 the 
number of exceedance days is seventeen; in Jurisdiction 4, the number of exceedance days is fifteen.  It is recognized 
however, that while the TMDL (and many of the related analyses) are based on daily criteria, because the Coordinated 
Shoreline Monitoring Plan describes many locations where weekly monitoring will occur, the number of exceedances will 
be pro-rated accordingly. 
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It should be noted that out of necessity, the analysis needed to build upon the 17 
exceedance-day criteria. For implementation purposes, the actual criteria will be adjusted to 
correspond to compliance monitoring frequencies. 

Rainfall data sets were then converted to runoff volume estimates for each subwatershed 
using precipitation values, zoned land uses (and percentages of the subwatersheds that are 
impervious), soil types, and runoff coefficients developed by the County. To address the 
potential range of volumes, the analysis considered reduction factors established in adjacent 
watersheds for similar conditions in estimating ranges of target treatment volumes. 

Table 2.1 shows the maximum target precipitation and runoff volume that would need to 
be managed (captured, treated, reused, diverted, etc.) for each subwatershed based on these 
rainfall depths. 

Table 2.1  Target Precipitation and Storage Volumes 

Subwatershed Precipitation 
Volume (in.) 

Runoff 
Coefficient 

Maximum Target 
Volume (MG)a 

Potential Reduced 
Volume (MG)b 

Arroyo Sequit 0.68 0.24 34 13 
Nicholas 0.83 0.28 8 3 
Los Aliso 0.68 0.24 10 4 
Encinal 0.68 0.24 8 3 
Trancas 0.68 0.29 36 13 
Zuma 0.68 0.28 33 12 
Ramirez 0.68 0.33 21 8 
Escondido  0.68 0.22 9 3 
Latigo 0.68 0.26 4 1 
Solstice 0.68 0.2 11 4 
Corral 0.68 0.44 35 13 
Carbon 0.68 0.37 16 6 
Las Flores 0.68 0.32 17 6 
Piedra Gorda 0.68 0.28 3 1 
Pena 0.68 0.28 3 1 
Tuna 0.68 0.21 4 1 
Topanga 0.76 0.25 65 24 

Totals 318 118 

Notes: a. Based on target precipitation 
 b. Extrapolated from J2/3 analysis for reduced volume and 5 in 50 year exceedance, and should be considered preliminary 

and subject to change. 

Studies on adjacent watersheds (TMDL Implementation Plans for Jurisdictional Groups 2 
and 3) have involved further analyses based on a continuous simulation of 50-years of 
precipitation record in an attempt to provide further optimization of storage volumes. For a 
watershed in North Santa Monica Bay (Santa Ynez – runoff coefficient = 0.31), it was 
estimated that the target volumes could be reduced to 37% of the target volume, calculated 
in a similar method noted above, and still exceed TMDL requirements only 5 out of 50 years 
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compared to 1 out of 50 years using the maximum target volume. Areas with lower runoff 
coefficients showed even greater percentage reductions (Susilo, 2004). In addition, the 
aforementioned analyses did not consider pollutant concentrations within storms or 
between a series of storms. Table 2.1 also lists target precipitation and storage volumes, and, 
assuming an effective percentage reduction similar to that calculated in an adjacent 
watershed, potential volumes that could be considered for implementation. 

The proposed method is limited to the Implementation Plan and reductions will be 
confirmed and developed further with future studies. In Table 2.1, the “Potential Reduced 
Volume” column is an assumed volume based on adjustments and reductions developed at 
local watersheds. It is recognized that this volume is only a preliminary planning estimate, 
and will change upon the collection and analysis of both hydrologic streamflow and 
bacteria pollutograph data. 

It must be noted that the hydrologic volumes are preliminary and presented for planning 
purposes. Furthermore, studies (for Jurisdictions 2 and 3) have shown that the target 
storage volumes in undeveloped subwatersheds may be overestimated by this approach; 
therefore, the values should be considered conservative. This will be addressed when pre-
design parameters developed as part of future studies. 

2.2 General Opportunities for Multiple Beneficial Uses 
2.2.1 Water Supply and Reuse 

This Implementation Plan utilizes an integrated water resources management approach 
that will identify beneficial use opportunities and treatment management options. The main 
purpose of this section is to summarize the current and future water supply beneficial uses, 
water use and reuse scenarios in the J1 and J4 study areas. 

The approach used in evaluating beneficial use options involved identifying potential 
locations at both local and regional levels and estimating the amount of runoff that can be 
managed by the beneficial use options. The potential for beneficial use was assumed to be 
related to land uses since certain land uses offer more potential for reuse, such as landscape 
irrigation for golf courses and parks. Therefore, this analysis involved establishing a spatial 
distribution of potential areas and assessing the size and potential demand of these areas. 

Potential efficiencies of various reuse options, local and regional, are discussed. Local reuse 
opportunities include on-site capture using cisterns. Regional reuse opportunities include 
groundwater recharge, reuse for recreation, regional capture and reuse for irrigation or 
other non-potable supply. In establishing reuse opportunities, a review of the practices of 
local water agencies was conducted. These agencies included: County of Los Angeles Water 
Works District 29, Las Virgenes Municipal Water District, West Basin Municipal Water 
District, and the City of Los Angeles. Estimates of potential demand indicated limited 
regional potential; the Trancas and Corral watersheds making up 75% of the approximately 
1000 acre-feet of total potential demand. Within the Corral subwatershed, Pepperdine 
University already utilizes imported water from the Malibu Mesas Water Reclamation Plant 
which can provide 150 acre-feet of recycled water supply. 
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On this basis, the majority of reuse opportunities in J1/4 will likely be limited to localized 
on-site solutions. These solutions will be easier to implement. 

2.2.2 Recreational Uses 

Data sources for the evaluation of recreational water use opportunities included the Santa 
Monica Mountains Conservancy, the National Parks Service, and Southern California 
Association of Governments (SCAG). Figure 2.4 shows recreational areas and illustrates the 
placement of park areas relative to developed land (near the coast). 

In addition, slopes and soil types were reviewed for potential applicability for regional and 
sub-regional water quality facilities. These evaluations indicated that many of the slopes 
and soil types were not readily suitable for larger scale (particularly land intensive) water 
quality best management practices. 

2.2.3 BMP Location Evaluation 

This effort was intended to evaluate potential sites for facilities that would be required to 
implement the TMDL implementation plan for various runoff management options. Both 
local (including sub-regional) and regional siting options were considered. 

Local sites would allow for the storage and reuse of stormwater, reducing flow volumes 
and potentially improving water quality. Potential local sites include residential zoned 
facilities, parks and recreation centers (though state and federal facilities might require 
additional inter-jurisdiction coordination), government facilities (parking lots, service yards, 
etc.), schools (again requiring inter-jurisdictional coordination), and parking and urban 
vacant lots. 

Regional treatment sites would require pre-treatment and storage, and possibly 
transmission pipelines, reuse locations, onsite storage and reuse. Operational storage was 
assumed to be equivalent to target runoff volumes described in Section 2.1.3. Regional 
methods of source control and regional treatment facilities could be required in order to 
maximize potential beneficial uses and reduce wet weather discharges to the beaches. 

Criteria for regional sites included proximity to storage facilities, street access, public 
ownership (preferred), sufficient distance from development, flat terrain, avoidance of 
environmentally sensitive areas, and sites with public support. A detailed list of facilities is 
provided on a watershed-by-watershed basis in Section 5. 

2.3 Description of Potential Non-Structural activities 
This section describes existing non-structural (or institutional and programmatic) activities 
and recommends bacteria-specific programs to be considered for implementation. These 
activities build upon the NPDES Municipal Separate Storm Sewer System Permit for the 
County of Los Angeles, and are divided into five programs: 1) Public Information and 
Participation, 2) Industrial/Commercial (assumed to include illicit discharge and illicit 
connections), 3) Development Planning, 4) Development Construction, and 5) Public 
Agency Activities. 
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Figure 2.4  Recreational Areas 
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2.3.1 Public Information and Participation 

The purpose of this public information and participation program is to implement 
nonstructural (source control/institutional) solutions as a critical and cost-effective element 
of an iterative and adaptive Bacteria TMDL program. This section reviews existing public 
information and participation programs as well as industrial/commercial facilities control 
programs and makes recommendations to incorporate bacteria TMDLs into these 
programs. 

A number of Public Information/Public Participation programs were reviewed. Reviews 
consisted of phone interviews, online reviews, and document reviews. Multiple agencies 
operating within the jurisdictions were contacted along with environmental organizations 
and groups operating in the area. The programs described here are not an exhaustive list of 
all programs, but are rather an overall view of the most applicable and available programs. 
Not all environmental groups active in the area were contacted nor were all programs of 
agencies reviewed. Many agencies and environmental organizations co-sponsor programs. 
Thus, many of the materials are unified and redundant across agencies. Overall, current 
programs do not directly address bacteria, but rather seek to promote pollution prevention 
in general. Many current programs could be modified to discuss bacteria and other TMDLs 
and establish a link between certain activities and bacterial loading of stream and creeks. 

Existing Programs included: 

City of Malibu Clean Water Program 

The Clean Water Program provides a brief introduction of the stormdrain system and BMPs 
that address water pollution prevention and targets three groups: residents, business team 
members, and contractors and developers. The Clean Water Team is represented by a 
dolphin mascot, Bu, that appeals to children and acts as a seal of approval for businesses 
participating in the Clean Water Program. As part of the program, local businesses and 
developers and contractors that implement the suggestions in the Clean Water Program 
receive a sign and a seal of approval sticker for display. 

Numerous other handouts produced by the County of Los Angeles, Environmental 
Protection Agency, the Santa Monica Bay Restoration Project, and the Clean Water Program 
are also available at the Malibu Public Works counter. Items that are related to bacterial 
loading include picking up after pets, properly maintaining 
septic systems, and retaining storm water on site. A few of the 
brochures explain the link between bacterial loading and 
animal waste and improperly operating septic systems. The 
“Living Lightly” booklet – an informational handbook focused 
on watershed stewardship - is also available at the counter. 

There is no municipal sewer system in the Malibu area. 
Therefore, most residents and business owners are entirely 
dependent on septic systems. For 2005, Malibu plans to release 
a septic system and leach field booklet and develop additional stormwater public 
information materials. The septic system and leach field booklet will be made available at 
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the city, through the mail, and at real estate brokerages. These booklets are being developed 
to coincide with a septic system inspection program currently under development in a joint 
project with the Regional Board. For residential septic systems, the City recently launched a 
point-of-sale inspection program to identify and inventory septic systems in the area. 

County of Los Angeles Stormwater Education Program 

The County of Los Angeles Department of Public Works, implements a Stormwater 
Education Program (SEP) as part of its compliance with its NPDES Permit. The SEP uses a 
variety of mediums to educate the public and businesses 
about what people can do to prevent pollution from entering 
water bodies. A large portion of the area within J1/4 lies 
within the unincorporated area of the County of Los Angeles. 
SEP also provides assistance to incorporated cities to promote 
cohesive pollution prevention efforts throughout the region. 

County brochures are directed at general stormwater 
pollutants except for the Dog Owner Tips which specifically focuses on cleaning up after 
your pets to reduce bacteria in stormwater. SEP provides online information targeted 
towards RV owners. This information is designed to educate RV owners regarding proper 
disposal practices for wastes. List of disposal sites are provided with contact information. 

Caltrans’ District 7 Programs 

Caltrans is responsible for stormwater pollution controls along the State Highways in J1/4, 
including Pacific Coast Highway (LA-1), Decker Road (LA- 23), and Topanga Canyon Road 
(LA-27). As part of its storm water management activities, Caltrans uses a variety of 
methods to educate the public about the importance of managing storm water. The general 
approach of the Public Education Program is to: 

• Inform the public regarding the storm water quality issues that pertain to Caltrans 
properties, facilities and activities; and 

• Encourage public behavior changes regarding the release of potential pollutants (e.g., 
litter, spilled loads and oil leaks). 

Caltrans’ storm water outreach program consists of a variety of 
written materials, monthly and quarterly bulletins, a website, 
workshops, storm drain stenciling, anti-litter signs, a statewide 
Adopt-a-Highway Program, along with many local 
municipality partnerships. “Pathogens in Storm Drain Discharges 
Brochure” is an example of written materials that is most directly 
related to bacteria. 

In District 7, “No Dumping” and “Litter Fee” signs were installed at selected locations on 
highways and freeways. Warnings were stenciled at the drain inlets to prohibit discharges 
into drainage systems in the park-and-ride lots, rest areas, vista points, and other areas with 
pedestrian traffic.” 
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Other Public Information Programs 

Many stakeholder groups have developed their own public information materials. Some of 
these groups include: 

• Malibu Coastal Land Conservancy 
• Septic Tank Service Providers’ Programs 
• Santa Monica Bay Restoration Commission 
• Santa Monica Mountains Conservancy 
• Santa Monica Mountain Trails Council 
• Equestrian Trails, Inc. 
• Resource Conservation District of the Santa Monica Mountains 
• Pepperdine University 

Bacteria-Specific Programs 

Many programs are not currently addressing bacteria or informing the public about 
TMDLs. Most existing programs consist of general efforts to educate individuals, 
businesses, and industry about pollution prevention, impacts of pollution and good 
housekeeping. Bacteria-specific information can be incorporated into new and existing 
programs through the following programs: 

• Outreach to pet owners establishing a link between animal wastes and health issues and 
focus on point of contact 

• Locate areas with corralled animals and educate property owners on bacteria TMDLs 

• Identify horse stables in the region and implement pilot program 

• Post signs at County and City-owned trailheads designated for equestrian users to not 
clean out horse trailers in parking lots and to clean up horse waste 

• Outreach at trailheads encouraging hikers to use restroom facilities 

• Provide septic system pumpers and customers with septic system guides 

• Coordinate outreach activities with Pepperdine University 

• Increase coordination between agencies and environmental organizations in preparing 
outreach materials 
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2.3.2 Industrial/Commercial 

Agencies within the J1/J4 implement an industrial/commercial facilities control program. 
The goal of this program is to change behaviors through a combination of outreach and site 
visits. Most existing programs do not specifically target bacteria, but are designed to 
minimize general pollutants of concern that will tend to assist in reducing bacterial loading. 
A partial list of elements from existing programs follows: 

City of Malibu 

Malibu has implemented multiple programs to comply with the NPDES permit 
requirements for commercial/industrial facilities and to address local concerns. Some 
outreach programs target both residential and commercial/industrial facilities. 

Inspections required under the permits for industrial and commercial facilities are 
conducted by the City’s inspectors and restaurant inspections are contracted to the County 
of Los Angeles Department of Health Services (DHS) inspectors. Industrial and commercial 
facilities are given educational materials specific to the type of business during an 
inspection. These inspections are not specifically designed to target bacteria, but rather 
general pollutant BMPs. Additionally, all retail gasoline and automotive dealerships are 
required to meet the BMP requirements as specified by the Stormwater Quality Task Force 
Best Management Practice Guide for Retail Gasoline and Automotive Dealerships. To 
ensure that these commercial establishments are in compliance, the City has implemented a 
rigorous commercial business inspection program. 

Enforcement actions include, but are not limited to, warnings, notices of violations, 
administrative civil liability actions, and monetary fines. Enforcement actions occur when 
continued violations are discovered. All inspection data is tracked in an inventory database 
of all commercial/industrial facilities. The City has indicated in its individual annual report 
to the Regional Board that commercial/industrial facilities generally do not follow up with 
training of their employees in BMPs without constant inquiries from inspectors and that 
most facilities do not keep up with all BMPs. 

Representatives with the City of Malibu are concerned with bacteria loading from 
restaurant operations. Restaurant waste, in both solid form (packaging, paper products, 
cans, food products, etc..) and liquid form (i.e., cooking oil, grease, animal fats, food 
products, etc.), can collect in areas that come in contact with stormwater runoff and provide 
an ideal habitat for specific forms of bacteria that may enter stormwater drains. Prior to 
food service inspections, food service providers are mailed a BMP fact sheet for reducing 
pollution. 

County of Los Angeles Department of Public Works 

The Department of Public Works is responsible for ensuring compliance control programs 
for commercial and industrial businesses within unincorporated areas. The County of Los 
Angeles maintains an inventory of its commercial/industrial facilities along with inspection 
data. These inspections target pollutants of general concern and not specifically bacteria. 
Inspections are designed to be educational and informative for commercial/industrial 
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facilities in conjunctions with confirming BMPs are properly implemented as required by 
law. BMPs can take the form of schedules of activities, prohibitions of actions, maintenance 
procedures, treatment requirements, and structural controls. When additional BMPs are 
needed, the inspector recommends non-structural BMPs. BMP handouts created for specific 
industries within Los Angeles the County include: 

• General commercial/industrial facilities 
• Equestrian and stable facilities 
• Food and related products facilities 
• Potential New Programs 

As a means to reduce bacterial loading associated and/or linked to commercial/industrial 
facilities, modifications to existing programs and new programs are recommended. 
Effectiveness of these new programs can be measured via numerous methodologies 
including compliance, participation levels, and ultimately sampling. Existing 
commercial/industrial facility control programs are not directly addressing bacteria, other 
TMDLs, or informing commercial and industrial businesses about bacteria TMDLs. With 
regards to commercial horse stables and equestrian facilities, an anecdotal link has been 
established associating animal wastes with bacteria loading. Some of the bacteria-specific 
recommendations include: 

• Provide an outreach program for all commercial facilities with corralled animals, 
including equestrian centers 

• Provide for regular BMP inspections for restaurants 

• Increase awareness of BMPs in restaurants by establishing a restaurant reward and 
recognition program 

• Conduct industry specific workshops 

• Investigate the possibility of increasing frequency of trash collection at restaurants 

2.3.3 Development Planning 

Two land use plans affect development in the subwatershed areas.  One plan is the City of 
Malibu’s Local Coastal Program (LCP), certified by the California Coastal Commission in 
September 2002.  The second plan is the County of Los Angeles’ Malibu Land Use Plan, 
which guides development in the unincorporated portions of the Santa Monica Mountains 
Coastal Zone and was certified by the California Coastal Commission in 1986.  The 
subwatershed areas lie almost completely within the state-designated Coastal Zone.  Any 
development within the Coastal Zone must be conducted in a manner that protects coastal 
resources. 

As of this writing, the City’s LCP is the subject of litigation and has not yet been 
implemented.  If fully implemented as certified, the City’s LCP will regulate both land uses 
and development standards within the City of Malibu.  The County’s Malibu Land Use 
Plan, a component of the County of Los Angeles General Plan, guides land uses but does 
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not contain comprehensive development standards.  Under the Land Use Plan, most 
development in the unincorporated Coastal Zone must undergo an additional level of 
environmental review prior to approval.  The County is currently working on updating the 
Land Use Plan, which is primarily a policy document, and adding a local implementation 
program.  The local implementation program will contain the standards that ensure coastal 
resources are protected from development.  Together, the new Land Use Plan and the local 
implementation program—once certified by the California Coastal Commission—will 
constitute the County’s LCP for the unincorporated portions of the Santa Monica 
Mountains Coastal Zone. 

The City's LCP and the County's Malibu Land Use Plan are intended to be basic planning 
tools used by the local government, in partnership with the California Coastal Commission, 
to guide development in the coastal zone and contain the ground rules for future 
development and protection of coastal resources. The LCP and Land Use Plan specify 
appropriate location, type, and scale of new or changed uses of land and water. These 
programs govern decisions that determine the short- and long-term conservation and use of 
coastal resources. Chapter 17 of the City LCP’s Local Implementation Plan details the Water 
Quality Protection Ordinance. This includes requiring development to evaluate potential 
adverse impacts to water quality and consider site design, source control and treatment 
control BMPs. This section also discusses designing to prevent the introduction of 
pollutants that may result in water quality impacts. 

Many non-structural solutions that can be incorporated into an Implementation Plan for an 
effective bacteria control program can be implemented within the overall framework of the 
existing NPDES permit. The County of Los Angeles and the City of Malibu must implement 
a Development Planning Program, which identifies various controls to minimize water 
quality impacts of stormwater runoff generated from all Planning Priority Development 
and Redevelopment projects. Through the use of project planning and permit approval 
process and CEQA, Permittees are required to assure that appropriate post-construction 
BMPs are included in Priority Planning Development and Redevelopment Project plans 
and designs to: 

• Minimize impacts from stormwater and urban runoff on the biological integrity of 
Natural Drainage Systems and water bodies 

• Maximize the percentage of pervious surfaces to allow percolation of stormwater into 
the ground; 

• Minimize the quantity of stormwater directed to impervious surfaces and the MS4; 

• Properly designed and maintain Treatment Control BMPs in a manner that does not 
promote the breeding of vectors; and 

• Provide appropriate permanent measures to reduce stormwater pollutant loads in 
stormwater from the development sites. 

In addition to controlling peak flows, each Permittee is required to develop and implement 
a Standard Urban Storm Water Mitigation Plan (SUSMP). In terms of treating stormwater 
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runoff from the development site, the SUSMP includes Numerical Design Criteria for 
Treatment Control BMPs. The two most common methods are a volumetric treatment 
control or a flow based treatment control. Bacteria-specific measures include further 
emphasizing applicable existing BMPs in development planning and construction 
programs 

California Environmental Quality Act 

The California Environmental Quality Act (CEQA), Public Resources Code, Section 21000 et 
seq., requires environmental assessments of projects in California. As a part of CEQA, a 
proposed project is evaluated to determine whether the project may have an adverse impact 
upon the environment. If an initial study indicates that significant adverse environmental 
impact may occur as a result of a proposed project then the environmental impact(s) must 
be mitigated. Either a Mitigated Negative Declaration, or for more substantial projects, an 
Environmental Impact Report comparing various project alternatives and identifying the 
impacts and mitigation measures must be prepared and adopted. 

The Storm Water Quality Management Plan (SQMP) requires the assessment of a 
development project’s impacts upon hydrology and water quality. Current guidance is 
contained within the Development Planning Model Program for the preparation and 
review of local CEQA documents. The guidance relies on a general approach to assessment. 
Revisions to these guidelines may be necessary to ensure that CEQA documents adequately 
address bacteria and other impairments for which TMDLs have been prepared when 
evaluating a project’s water quality impacts. 

The CEQA process can assist in the evaluation of appropriate BMPs to reduce pollutants. 
Addressing wet weather TMDLs during the CEQA process will require modification of 
existing hydrology and water quality evaluation criteria. Seven criteria designed to 
supplement the existing standard Initial Study checklist incorporated into the CEQA 
Guidelines along with any changes agencies may have made to incorporate stormwater 
quality issues into the CEQA review process are listed below 

1. Potential impact of project construction on stormwater runoff 

2. Potential impact of project post-construction activity on stormwater runoff 

3. Potential for discharge of stormwater runoff 

4. Potential for discharge of stormwater pollutants from material storage, vehicle or 
equipment fueling, vehicle or equipment maintenance (including washing), waste 
handling, hazardous materials handling or storage, delivery areas, loading docks or 
other outdoor work areas 

5. Potential for discharge of stormwater to impair the beneficial uses of the receiving 
waters or areas that provide water quality benefit 

6. Potential for the discharge of stormwater to cause significant harm on the biological 
integrity of waterways and water bodies 
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7. Potential for significant increases in erosion of the project site or surrounding areas. 

When considering TMDL requirements in the CEQA process, the lead agency and project 
proponent should determine the potential for the project to increase bacterial loading based 
on the change in proposed land use and impervious surface, and evaluate the project 
characteristics that would minimize the impact of increased loading. These should be 
identified in the project SUSMP for permanent, post-construction BMPs. For larger projects 
(for example those in categories that require preparation of a SUSMP), a quantitative 
analysis may be required. The analysis would need to demonstrate that post-project 
bacteria loads, with application of BMPs, would be equal to or less than pre-project 
conditions. Alternatively, the analysis could demonstrate that through project BMP design, 
the project could manage a proportionately equivalent volume on-site to the target volume 
established in the TMDL for the watershed. 

Any unique construction phase BMPs should be identified in the CEQA documentation and 
subsequently incorporated in the project Stormwater Pollution Prevention Plan (SWPPP) 
which would be prepared prior to construction. CEQA mitigation monitoring plans can 
identify these available mechanisms as the primary enforcement methods. 

The criteria can be further refined to evaluate the project’s ability to meet TMDL 
implementation requirements as an overall component of stormwater quality. The 
following plan of action is recommended for incorporating the review of TMDLs into the 
CEQA process: 

1. Identify the TMDL required issues not currently addressed by CEQA 
2. Address required TMDL issues within standard conditions of approval. 
3. Modify CEQA review process. 

2.3.4 Development Construction 

As part of the existing NPDES Permit, requirements exist for construction activities that 
disturb equal to or greater than one acre of land or whose projects disturb less than 1 acre 
but are part of a larger common plan of development that in total disturbs one or 
more acres. As adopted by the State Board, the General Permit for Discharges of Storm 
Water Associated with Construction Activity (Construction General Permit, 99-08-DWQ), 
referred to as the General Permit, includes clearing, grading and disturbances to the ground 
such as stockpiling, or excavation, but does not include regular maintenance activities 
performed to restore the original line, grade, or capacity of the facility. The General Permit 
has the following provisions: 

• Develop and implement a SWPPP which specifies BMPs that will prevent all 
construction pollutants from contacting stormwater and with the intent of keeping all 
products of erosion from moving off site into receiving waters. 

• Eliminate or reduce non-stormwater discharges to storm sewer systems and other 
waters of the nation. 

• Perform inspections of all BMPs. 
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Though many of the construction related BMPs are not specifically targeted at reducing or 
eliminating bacteria from runoff, implementation of the construction BMPs can effectively 
reduce bacteria in the receiving waters and storm drain systems. In general, there are two 
areas of focus for construction site BMPs that will assist in bacteria reduction: 1) enhanced 
sediment control, as sediment can contain bacteria, and 2) control/elimination of non-
stormwater discharges from construction sites, as this becomes dry weather runoff which 
contributes to bacteria transport off-site. Therefore, by managing these two areas on 
construction sites, bacteria levels can be reduced in some cases. These categories already 
exist under SWPPPs, but additional emphasis could be given in contractor education and 
compliance inspection activities. 

Examples of existing required BMPs that can be further emphasized include: 

• Proper handling of temporary toilets (sanitary/septic waste management), and 
containment and cleanup of spills surrounding temporary toilets (sanitary/septic waste 
management) 

• Proper management of lunch truck and food disposal (solid waste management), and 

• Reduction of runoff from exiting site will result in less runoff to pick up bacteria from 
off site en route to the ocean (e.g. water conservation practices, illicit 
connection/discharge, potable water/irrigation, vehicle and equipment cleaning, liquid 
waste management) 

2.3.5 Public Agency Activities 

This task describes both current and recommended public agency activities for the three 
primary agencies: City of Malibu, County of Los Angeles, and Caltrans. 

City of Malibu 

In February 2002, the City of Malibu, along with the County, began implementing 
programs under a new NPDES permit cycle. City funds have also been allocated to record 
activity at all priority drains over the next few years. Drains that are suspected of 
contributing to degraded water quality will be a priority for video monitoring. Suspicious 
discharges will be sampled and tested, and the City will take enforcement actions if 
necessary. 

Information on drainage system operation and maintenance (cleaning) activities was 
obtained from Melanie Irwin, former Public Education Coordinator for the City of Malibu. 

Street sweeping reduces the amount of trash and debris in stormwater, which can 
potentially reduce bacteria levels. As part of the City’s roadway operation and maintenance 
activities, all streets in the Malibu area are swept on a regular basis. 

Raw sewage spills, leaks, and overflows from septic systems are a potential threat to both 
human health and the quality of receiving waters if the bacteria pollutants enter the storm 
drain system. Therefore, the City gives high priority to septic system complaints and 
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reports of septic system failures, including overflows. To respond to septic overflows, the 
City has developed a spill response program that is implemented any time there is a septic 
spill. 

The City does not maintain any corporate yards to support its maintenance activities, but 
City employees inspect the offsite yard to ensure that the pollution prevention plan is in 
place and that yard workers have a clear understanding of applicable BMPs including illicit 
discharge controls, good housekeeping practices, material storage controls, and vehicle 
leaks and spill controls. 

County of Los Angeles 

The County of Los Angeles has developed a Public Agency Activities Model Program for 
agencies to use in developing their own programs. The model provides specific guidance in 
the following areas: 

• Sewage Systems Operations 
• Public Construction Activities Management 
• Vehicle Maintenance/Material Storage Facilities Management 
• Landscape and Recreational Facilities Management 
• Storm Drain Operation and Management 
• Streets and Roads Maintenance 
• Parking Facilities Management 
• Public Industrial Activities Management 
• Emergency Procedures 
• Treatment Feasibility Study 

Recent results of the Program, published in the 2004 annual program report, include a 
variety of measures to comply with the MS4 permit, including storm system maintenance 
and catch basin cleaning (trash and litter are potential carriers of bacteria). 

The County also visually monitors open channel storm drains and other drainage structures 
for debris at least annually. Those sites experiencing frequent illicit discharges have been 
identified and prioritized for regular inspection by the County. The County has also 
designated stormwater coordinators to work with residents to prevent illegal dumping into 
storm drains, coordinate stormwater stenciling and facilitate work on clogged drains. 
Residents can call an environmental hotline (1-888-CLEANLA) to report illegal dumping 
into the County’s storm drain system. 

The County maintains a number of vehicle maintenance facilities, material storage facilities, 
and corporation yards which each have pollution prevention plans. 

Caltrans District 7 

Caltrans operates under a statewide NPDES permit which governs management of its 
storm water activities. As part of its storm water activities, Caltrans has developed an 
approved Storm Water Management Plan (SWMP) which addresses storm water pollution 
control related to planning, design, construction, maintenance and operation of all 
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transportation facilities as an ongoing part of Caltrans normal business practices. An 
important component of the SWMP is the Project Planning and Design Guide (PPDG) 
which provides specific design guidance for incorporating BMPs into projects during the 
planning and design phases of a project. These include Treatment BMPs, Design Pollution 
Prevention BMPs, and critical Construction Site BMPs. Other components of the SWMP 
include research and development of BMPs, monitoring of storm water activity through 
regional work plans and annual reporting, and continual funding of storm water research 
and public education. 

New Public Agency Activities 

Through a combination of revising existing public agency activities and implementing new 
public agency activities, the agencies in Jurisdictions 1 and 4 can further focus activities to 
optimize reduction in bacteria and other TMDL constituents. Most existing agency activities 
do not specifically target bacteria TMDLs. Therefore, the following activity was offered for 
consideration. 

• Establish guidelines for optimizing frequency of cleaning cycles for drainage facilities 

2.4 Description of Structural BMPs 

Structural Best Management Practices can be potentially implemented on a local, sub-
regional, or regional scale. The watershed specific elements of the Implementation Plan will 
include specific recommended combinations of structural and non-structural measures to 
be implemented as appropriate within each jurisdiction or combination of jurisdictions that 
can quantitatively be predicted to have some success of achieving the reduction in 
exceedance days required by the TMDL. The purpose of this analysis is to identify these 
structural measures. This effort identified potential treatment requirements, technologies, 
and management options for specific areas of the watersheds that are to be treated for either 
discharge or reuse/recharge. 

2.4.1 On-Site (structural source control) Options 

These options include cisterns, on-site storage/reuse, onsite capture and infiltration, and 
septic-related BMPs; the stormwater BMPs are intended to reduce the total volume and 
flow rate of runoff leaving properties and entering the storm drain system, including any 
bacteria that might be picked up in the runoff on-site. Some limited pre-treatment might be 
required for a larger system to minimize operational problems. It should be recognized that 
on-site options, like non-structural options, may not fully mitigate the impacts of pollutant 
loading, but their implementation could contribute to integrated water quality solutions, 
and could contribute to the reduction of the magnitude and extent of downstream 
(regional) options. 

Residential Cisterns 

Cisterns are low-cost water conservation devices that 
could be used to reduce runoff volume and, for smaller 
storm events, delay and reduce the peak runoff flow 
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rates. They store and divert runoff from impervious roof areas on residential properties. 
This stored runoff could provide a source of chemically untreated ‘soft water’ for gardens 
and compost, free of most sediment and dissolved salts. 

On-Site Storage and Reuse Projects 

This option involves capturing runoff from areas other 
than, or in addition to, rooftops and storing it for 
subsequent reuse on-site. These other areas include 
driveways, parking lots, and paved sports areas. This 
option could also include some treatment (such as 
chlorination) and would require careful management, 
and consideration of water distribution systems. 

The potential sites for this type of system would be public parks, government facilities, or 
schools at which the runoff could be reused for irrigation without meeting full Title 22 
treatment Standards (requiring filtration and disinfection). They would be installed 
underground since they would need to be big enough to storage large volumes of runoff. 
The landscape maintenance could involve a controlled subsurface distribution system (i.e., 
no sprinkler system) so that direct public contact is essentially eliminated. The opportunities 
for these types of projects would have to be identified and developed on a case-by-case 
basis. 

Small Scale Infiltration Projects 

Many on-site options have been identified that capture 
storm water and allow it to infiltrate into the ground at 
rates that would provide water quality treatment and 
reduce the downstream flow. The options include 
porous pavement, retention grading, infiltration pit, 
bioretention, and infiltration culverts are discussed. As 
with any infiltration option, the pre-design 
considerations include the following: 

• Soil types and groundwater depths 

• Presence of contaminated groundwater/subsurface soils, and the potential impacts of 
introducing pollutants into the subsurface system. 

• Proximity to potentially impacted structures 

• Maintenance to prevent long-term clogging 

Porous Pavements 

These on-site options include various pavement and 
paver options, including 

• Porous Concrete: 
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• Grass Pavers: 
• Gravel Pavers: 
• Interlocking Paving Blocks: 
• Pervious Crushed Stone: 

Retention Grading 

Residential landscape area retention grading is a concept 
whereby a site is graded to create a “sunken garden” that 
holds runoff and rainwater until it can be absorbed into 
the ground. This type of grading works best in highly 
permeable soils. 

Infiltration Pits and Culverts 

Infiltration pits are a common means of storm water management in many areas of the 
United States. They involve adding a grate with a rock pit below at the lowest end of paved 
areas such as driveways and parking lots. 

Bioretention Areas 

Bioretention areas are local landscape depressions that function as retention basins. 

Analysis of Capture and Infiltration 

Infiltrating runoff requires that the soils be permeable enough to allow percolation into the 
groundwater basin. Preliminary studies indicate that it is unlikely that there is opportunity 
for groundwater recharge through on-site infiltration projects on a large scale. There is the 
potential, however, for some runoff to infiltrate into the top layers of soil, where it will 
reduce the overall runoff volume leaving the site, recognizing potential risks due to slope 
stability. In addition to the need for permeable soils, an infiltration system requires that the 
soil be uncontaminated to avoid degradation of the underlying aquifer. One additional 
concern about the use of infiltration pits is that unmaintained 
or unmonitored installations could be a risk to groundwater 
quality (e.g. from illegal dumping). As with all the options 
maintenance of these installations is important to provide 
consistent treatment. 

On-Site Wastewater Alternatives 

While on-site wastewater alternatives are not typically a 
stormwater treatment option, given the potential for septic-
related pollutant loads, and embracing an integrated, holistic approach to water resources 
management, potential alternative on-site wastewater options discussed here may be 
considered. 

Reference is made here to a trademarked on-site wastewater treatment system called Living 
Machines™: integrated, multi-benefit, natural systems approaches to treating wastewater. 
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The Living Machines™ are site-specific biological solutions that re-route waste streams into 
resources. The technology is reportedly simple to operate, and more cost effective to build 
and run than conventional treatment. 

2.4.2 Regional and Sub-Regional Structural Options 

The following are potential regional (and sub-regional) options: 

• Capture, store, treat and discharge 
• Capture, store and beneficially reuse for irrigation or similar non-potable uses 
• Capture, store, treat and inject 

It should be recognized that the structural storm water BMPs presented here focus on 
bacteria-specific structural BMPs, and that in most cases, pre-treatment BMPs are required. 
These BMPs could include some combination of biofilters, extended detention basins, filters, 
and/or proprietary BMPs. These pre-treatment BMPs are not discussed in detail in this but 
the cumulative effect of pre-treatment as part of a treatment train is summarized in the table 
at the end of this section. 

This section discusses traditional as well as candidate treatment technologies that could 
potentially be utilized for treatment of bacteria, where discharges are released. Traditional 
treatment methods would probably be most applicable with high wet weather runoff 
flowrates. The candidate treatments technologies have not been proved for this application 
but could possibly provide treatment on small-scale in localized drainage areas. The 
treatment technologies examined consist of the following: 

• Traditional treatment 
• Storm water Filtration Units 
• Advanced Oxidation 
• Peracetic Acid (PAA) and Other Bactericides 
• Subsurface Constructed Wetlands 

It should be noted that many of the information related to new and proprietary 
technologies were provided by vendors and manufacturers, and implementation should be 
carefully monitored and considered in the context of adaptive management practices. 

Table 2.2 summarizes the BMP approaches described above. It should be noted that 
different BMPs have different pre-treatment options (which can provide removal of 
multiple pollutants) and different integrated uses. In general, pre-treatment will consist of 
a) gross-solids removal (e.g., utilizing screens or nets), and b) detention, which allows for 
deposition of sediments and particulate pollutants while providing transient storage for 
bacteria treatment. 
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Table 2.2  Structural BMP summary 

Treatment Effectiveness Integrated 
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On-Site Options 
a) Cisterns U U U U U U U X X  

b) Storage and Reuse 3 3 3 3 3 3 3 X X  

c) Small Scale Infiltration 3 3 3 3 3 3 3 X X X 

d) On-site Wastewater 3 U U U U U U    
Regional Solutions 
Capture, Store, Treat, and Discharge 3 3* 3* 3* 3* 3* 3*    

Capture, Store, Treat, and Reuse 3 3* 3* 3* 3* 3* 3* X X  
Treatment options (subgroup) 
- Traditional Treatment/Small Package 3 U U U 1 1 1 N/A N/A N/A 

- Storm Water Filtration U/2 exp 2 3 3 3 3 3 N/A N/A N/A 

- Advanced Oxidation U/3 exp U U U 1 1 1 N/A N/A N/A 

- Peracetic Acid/bactericides U/3exp U U U 1 1 1 N/A N/A N/A 

- SSF Wetlands 3 3 3 U 1 1 1 N/A N/A N/A 

Notes: * required pretreatment is included in overall treatment train and will remove many of the other constituent pollutants 
 1 = low effectiveness, 2 = medium effectiveness, 3 = high effectiveness, U = unknown, exp = expected performance 

Table 2.2 highlights the potential benefits of different structural options. These benefits 
include treatment effectiveness, and integrated water resources – both of which are critical 
to the integrated approach of this Implementation Plan. 

2.5 Regulatory and Permitting Considerations 

This section identifies specific local regulations including planning, public works and 
zoning codes, as well as state and federal regulations which cover the planning, siting and 
development of regional facilities which are under consideration. 

In general, the regulatory issues associated with the options in Table 2.2 for the 
management of the urban wet weather runoff and attainment of the TMDL are related to: 

• Permitting the construction and operation of regional facilities; 
• Permitting effluent, whether for beneficial reuse or for discharge; and 
• Permitting the construction of on-site treatment systems. 

2.5.1 Local Considerations 

Local permitting and regulatory considerations are summarized below, and require 
consultation should structural projects be considered for implementation. 
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County and City Code Citations 

County/City Planning/ Zoning 
Code Building Code Plumbing Code Environmental 

Protection Other 

County of Los 
Angeles 

Title 22 Planning and 
Zoning 
Oak Tree Permit 

Title 26 Building 
Code 

Title 28 
Plumbing Code 

Title 12 Environmental 
Protection, 
Chapter 12.80 
Stormwater and Runoff 
Pollution Control 
Title 20 Utilities 

Title 32 Fire Code 
DHS permit for 
corralled animals 

City of Malibu Title 17 Malibu Zoning 
Ordinance  

Title 15 Buildings 
and Construction, 
Chapter 15.04 
Building Code 

Title 15 
Buildings and 
Construction, 
Chapter 15.12 
Plumbing Code 

Title 13 Public Services, 
Chapter 13.04 
Stormwater 
Management and 
Discharge Control 
Title 13 Public Services, 
Chapter 13.12 
Underground Utility 
Districts 

Title 8 Fire Code 
Local Coastal 
Program (LCP) 

 

Local Regulations that Govern Implementation Options for SMBB Bacteria TMDL 

Local Regulations/Permits 
Implementation 

Options Building Codes Plumbing Codes Planning and 
Zoning Public Works Environmental 

Protection Other 

Cisterns/On-Site 
Storage and 
Reuse 

Building Permit, 
Grading Permit 

Plumbing Permit Planning 
Approval 

If using public 
right of way 

N/A N/A 

Porous Pavement Building Permit, 
Grading Permit 

N/A Planning 
Approval 

If using public 
right of way 

N/A N/A 

Retention 
Grading 

Building Permit, 
Grading Permit 

N/A Planning 
Approval 

If using public 
right of way 

N/A N/A 

Infiltration 
Trenches 

Building Permit, 
Grading Permit 

N/A Planning 
Approval 

If using public 
right of way 

N/A N/A 

On-site 
Wastewater 
Treatment 

Building Permit, 
Grading Permit 

Onsite Wastewater 
Treatment Operating 

Permit 

Planning 
Approval 

If using public 
right of way 

N/A N/A 

Treatment, Reuse 
and Discharge 
Facility 

Building Permit, 
Grading Permit 

Plumbing Permit Planning 
Approval 

If using public 
right of way 

N/A N/A 

 

2.5.2 State and Federal Considerations 

State and Federal considerations are tabulated and described below. 

State/Federal Environmental Regulations that Govern Implementation Options for SMB Bacteria TMDL 

 NPDES Permit Coastal Zone 
Dept. of 
Health 

Services 

Fish and 
Game 

Corps of 
Engineers 

Fish and 
Wildlife NFMS 

On Site BMPs 

Cisterns Already 
approved in 
Phase I MS4 
permit 

Already 
approved in 
LCP 

N/A N/A N/A N/A N/A 
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 NPDES Permit Coastal Zone 
Dept. of 
Health 

Services 

Fish and 
Game 

Corps of 
Engineers 

Fish and 
Wildlife NFMS 

Porous 
Pavement 

Already 
approved in 
Phase I MS4 
permit 

Already 
approved in 
LCP 

N/A N/A N/A N/A N/A 

Infiltration 
Trenches 

Already 
approved in 
Phase I MS4 
permit 

Already 
approved in 
LCP, but 
permit 
needed if 
landslide 
hazard 

If considered 
groundwater 
replenishment 

N/A N/A N/A N/A 

OSWT N/A Must meet 
LCP 
standards 

N/A N/A N/A N/A N/A 

Regional Solutions 

Treatment 
and 
Discharge 
Facility 

Already 
approved in 
Phase I MS4—use 
of chemicals may 
require new 
permit; if new 
Ocean discharge, 
may need permit 
and antideg 
analysis 

If in Coastal 
Zone – a 
Public Works 
Plan and 
Coastal 
Development 
Permit 

N/A Depends on 
location and 
discharge; if 
a new 
discharge 
would need 
approval 

Depends on 
location of 
treatment 
and 
discharge 

Depends on 
location of 
treatment / 
discharge; if 
new 
discharge 
would need 
approval 

Depends on 
location of 
treatment/di
scharge; if 
new Ocean 
discharge 
would need 
approval 

Treatment 
and Direct 
Reuse 

New permit If in Coastal 
Zone – a 
Public Works 
Plan and CDP 

Permit 
Required and 
may meet Title 
22 

Depends on 
location  

Depends on 
location 

Depends on 
location 

Depends on 
location 

 

2.5.3 Permit Requirements for Direct Discharge to Waters 

Treatment and Discharge Solutions 

Capturing, treating and discharging stormwater flow could be considered consistent with 
the stormwater permit. This level of treatment could be considered a BMP and thus the 
existing permit would be sufficient. 

Permitting for Discharge of Stormwater into Deeper Ocean Waters 

The California Ocean Plan regulates discharges into the Pacific Ocean within three miles of 
territorial waters. Beyond three miles, the national Clean Water Act applies, mandating that 
the EPA to issue the permit. In most cases, the EPA has asked the state to jointly issue 
permits for US waters outside the three-mile zone. 

The Ocean Plan has four specific requirements for point source discharges: 1) the same 
bacteria standards apply as those along the shore in waters less than 30 feet deep and 
bounded by a distance of 1,000 feet from the shoreline; 2) the discharge will not violate the 
physical characteristics of the ocean, such as discoloration, floatables and reduction of light; 
3) the chemical characteristics of the ocean will not be violated; 4) the discharge must 
comply with water quality objectives of the Ocean Plan. When determining compliance, 
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actual initial dilution and background concentration are considered. There are other aspects 
of the Ocean Plan that state that a discharge may not harm the biological characteristics of 
the Ocean. Table A of the Ocean Plan applies to effluent discharges only. 

The Ocean Plan contains specific implementation requirements for permitting discharges. 
Stormwater can be discharged into the Ocean if, with dilution, it can meet the water quality 
standards as contained in Ocean Plan Table B and the implementation requirements 
contained in other parts of the Plan. In addition, if the stormwater discharge were located a 
distance from the shoreline, an anti-degration analysis may be necessary, as this would be 
considered a “new discharge.” Because this would be an intermittent and occasional 
discharge that occurs only in wet weather, it may be possible to negotiate with the Regional 
Board to allow the existing stormwater permit to be applicable for ocean discharge. 

The Ocean Plan also designates Areas of Special Biological Significance (ASBS). ASBS are 
“areas designated by the State Board as requiring protection of species or biological 
communities to the extent that alteration of natural water quality is undesirable.” A portion 
of the J1/4 area north of Pt. Dume is located within the ASBS No.24 – Mugu Lagoon to 
Latigo Point (see Figure 2.5). It should be noted that the SWRCB is currently considering 
amendments to the Ocean Plan. The Ocean Plan prohibits discharges to ASBS and specifies 
that discharges shall be located a sufficient distance from ASBS-designated areas. However, 
the State Board does have the authority to grant exceptions to the prohibition on ASBS 
discharges, provided that the exception will not compromise protection of ocean waters for 
beneficial uses. The State Board has authorized four discharges under this exception 
authority. It is assumed that effective implementation of the Bacterial TMDL 
Implementation Plan will provide a basis for the State Board to allow for stormwater 
discharges to the Ocean. 

One of the amendments that is moving forward on the Ocean Plan concerns bacterial 
standards. The State Board plans to a) add an enterococcus standard to the Ocean Plan; b) 
delete the single sample standards currently in the Ocean Plan and change to a trigger for 
additional monitoring; c) require monitoring for total coliform at offshore stations; d) 
require total and fecal coliform and enterococcus monitoring at all shoreline stations, and at 
all stations determined by the Regional Boards to be used for water-contact recreation; and 
e) amend the Bacterial Assessment and Remedial Action Requirements. 
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Figure 2.5  Areas of Special Biological Significance No. 24 
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In addition to the standards contained in the Ocean Plan, ocean discharges must comply 
with AB 411. AB 411 required the Department of Health Services to establish minimum 
standards for the sanitation of public beaches. DHS’s implementing regulations were 
adopted in 1999 and require testing of waters adjacent to all public beaches for total 
coliform, fecal coliform, and enterococci; compliance with standards for total coliform, fecal 
coliform, and enterococci; use of DHS sampling protocols; and weekly bacterial testing 
between April 1 and October 31 for any beach visited annually by more than 50,000 people 
which also has a storm drain outlet that flows in the summer. 

2.5.4 Treatment and Reuse Solutions 

Beneficial reuse can take the form of irrigation as well as industrial use and other non-
potable uses. To assure protection of public health where water reuse is involved, the 
California Department of Health Services (DHS) has been statutorily directed to establish 
statewide reclamation criteria for the various uses of reclaimed water (Water Code 
Section 13521). DHS has promulgated regulatory criteria which are currently set forth in the 
California Code of Regulations, Title 22, Division 4, Chapter 3, 60301 et seq. DHS’s 
regulatory criteria include numerical limitations and requirements, treatment method 
requirements, and provisions and requirements related to sampling and analysis, 
engineering reports, design, operation, and maintenance. 

The Regional Board must also approve the application for beneficial reuse of wastewater. 
No person may either reclaim water or use reclaimed water until the Regional Board has 
either issued reclamation requirements or waived the necessity for such requirements 
(Water Code Section 13524). In the process of issuing reclamation requirements, the 
Regional Board must consult with and consider recommendations of DHS (Water Code 
Section 13523). Title 22 officially only applies to recycled wastewater (of sewage origin). 
Formal application of Title 22 Regulations normally is triggered when a wastewater or 
water agency is proposing, often in conjunction with a water agency, or with direct users, to 
deliver treated wastewater. That type of reuse must be permitted by the Regional Board 
through WDR’s, which might be added to an existing NPDES/WDR permit or as a stand-
alone Water Reclamation WDR. 

If an agency is contemplating stormwater reuse, the permitting process is not as clear. If the 
stormwater project is just treatment and discharge back to the channel or storm drain, it is 
assumed that the Regional Board would view that as a BMP, not a new discharge. If the 
reuse project is going to look like a traditional reuse project, where the producing agency 
(e.g. the MS4 agency) is delivering water to others for unrestricted irrigation use, it is a safe 
assumption that it would need to be free of potential pathogens that might have been in the 
source water (runoff). It is possible that this quality might be achieved with a slightly less 
stringent treatment train than typical Title 22 treatment. 

2.5.5 Issues Regarding Implementation of Options Consistent With the State and 
Federal Regulations 

On-site BMPs are already permitted under state and federal regulations. Only in an extreme 
situation in which the on-site solution would have the potential to damage a natural 
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resource protected by a state or federal resource agency, (e.g. a wetland) would it be 
considered necessary to go beyond the existing permits. 

However, for the regional solutions which involve treatment, discharge, or reuse, the state 
and federal regulations would be applicable if: 

• The location of the regional facility impacts the natural aquatic, terrestrial or avian 
resources protected by the state and federal resource protection agencies. 

• The location of the facility is in the Coastal Zone, thereby requiring a Coastal 
Development Permit, local planning and zoning approval, and a Public Works Plan for 
the Coastal Commission. 

• The location of the facility requires construction in a wetland or Waters of the U.S., 
requiring dredging and filling of a wetland or Waters of the U.S., which would involve 
the Corps and the state and federal water quality and resource protection agencies. 

• A new surface water discharge is developed for the product (effluent) of the regional 
facility requiring a new NPDES permit, and potentially an anti-degradation analysis. 

• The product or effluent of the regional facility is reused as a non-potable water supply 
either directly or after storage in an aquifer where it is injected. This would require the 
Regional Board and DHS to permit the reuse and the groundwater replenishment. 

2.6 Monitoring Considerations 

The goal of the Implementation Plan monitoring program is to establish procedures to 
analyze and track water quality status and trends, assist in identifying pollutants of 
concern, point source tracking, and to evaluate reductions achieved by Best Management 
Practices (BMPs). It is intended to supplement the Coordinated Shoreline Monitoring 
Program by providing upstream tributary monitoring information, which would also assist 
in further identifying potential sources. It is also intended to provide information that could 
assist with the re-opener 2007, so that future generations of the Implementation Plan 
resources can be better focused. 

A number of candidate monitoring stations have been identified to assist with further 
identifying potential sources and evaluating non-structural BMPs. Samples from the first 
storm of the wet season (in October 2004) were also taken at these stations. 

The objective of these monitoring stations is to provide information to support future 
management decisions, such as selection of structural and non-structural BMPs, and is not 
intended to be compliance-related. As such, proposed stations were not necessarily high 
priority watersheds, but represented watersheds where potentially useful information 
could be extracted. With the exception of Topanga Creek at the sandbar, all stations showed 
high bacteria counts (exceeding water quality standards) during the first storms of 
2004-2005. The proposed stations are: 
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• Trancas Creek (discharges to Area of Special Biological Significance) 
• Marie Canyon (high priority subwatershed) 
• Sweetwater Creek (potential concentrated equestrian land uses) 
• Topanga lagoon (sandbar and bridge) 
• Solstice Creek (potentially similar to Arroyo Sequit land usage and potential alternative 

reference subwatershed) 

Sampling results indicated significant exceedances in the areas of interest. Of the sampling 
conducted, pre-event and storm event sampling indicated high levels of bacteria in most 
areas, and with the exception of some locations in Topanga Creek all samples exceeded 
water quality standards. October stormflow conditions showed significantly higher values 
than the August dry conditions. In August, only 1 of 6 Topanga Creek samples exceeded 
compliance limits while in October, 16 of 18 samples exceeded the limits (including all 
Enterococci results). These data indicate the importance of the winter high flow runoff in 
determining total bacterial loads from the watershed to the beaches. 

These monitoring data are only used to indicate the potential for contributions to 
exceedances in the immediate vicinity of the watershed outflows to the bay. Shorezone 
dilution, dispersion, and degradation were not quantified as part of this study. It is not 
known if surfzone exceedances occurred in the immediate vicinity of the lower watershed 
at the time of the streamborne exceedances. 

Another significant source of data was the Topanga Creek Watershed Water Quality Study, 
Final Report for the period October 2003 – 2004 was issued in December 2004 (Dagit, et al. 
2004). The report summarizes water quality and exceedances for Topanga Creek and 
recommends BMPs for the watershed as part of ongoing work by the Resource 
Conservation District of the Santa Monica Mountains (RCDSMM). This study 
summarized percent exceedances for wet weather. In a reduced data set, Solstice showed 
no exceedances (only two samples). For other subwatersheds, exceedances were 
significantly higher. Arroyo Sequit, Nicholas, Zuma, and Topanga all showed exceedances 
between 24 and 30 percent. Los Alisos, Trancas, Ramirez, Latigo, and Piedra Gorda showed 
exceedances between 30 and 50 percent. Escondido and Corral had exceedances above 
50 percent. Data were not available for the other subwatersheds. 
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3. Plan Development and Evaluation 

3.1 Methodology 

The general methodology for alternative development, evaluation, and prioritization of 
activities was developed in response to the following questions. 

• Where do we have the most significant problems? 
• What is our tolerance for uncertainty and does this tolerance depend on location? 
• Where can we leverage solutions to achieve multiple benefits? 
• Where do we have a higher probability of success? 
• What do we want to do now versus waiting until better information and technologies 

become available? 

In response to these questions, the methodology described below was developed. Each of 
these components and the implications therein are described in the following sections: 

• To balance uncertainty between potential costs and potential benefits, consistent with 
an integrated approach, a “compliance triangle” model was applied to compare 
different broad approaches. This model balances costs, risks, and beneficial reuses. 

• To address the allocation of resources, results of the watershed prioritization effort were 
used to tailor plan elements to watershed priorities. 

• To systematically implement activities in a phased adaptive manner, a “commit-pilot-
consider” approach was adopted. 

3.2 The Compliance Triangle 

Three different broad, thematic alternative approaches were developed and evaluated. The 
results of the evaluation formed the basis for the Implementation Plan. The result was the 
development of subwatershed-specific integrated solutions that would each meet the 
objectives of the TMDL while combining several runoff management options. The three 
over-arching concept alternatives are defined below: 

• Low Cost – includes options that meet the minimum regulatory requirements with the 
least capital and maintenance costs. This alternative would not include a high amount 
of beneficial use of runoff and may pose a higher risk of non-compliance with the 
TMDL. 

• Low Risk – includes options that minimize the risk of non-compliance with the TMDL 
without regard to cost or optimizing the beneficial use of runoff. 

• Maximum Beneficial Reuse – includes options that maximize the amount of runoff for 
beneficial use. This alternative assumes the same risk of non-compliance with the 
TMDL as the low risk alternative. 
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The “Compliance Triangle” 

Each alternative includes components from Non-Structural Solutions, 
Local Solutions, and Regional Solutions, as shown in Table 3.1. For 
each structural alternative there is an upper limit, or theoretical 
goal, of runoff volume to be managed (as discussed in Section 2). 
For each thematic alternative, proposed implementation 
options are presented. The performance of these options will 
be evaluated and the implementation plan will be adjusted 
to address the findings at each re-evaluation phase. 
Regional solutions will be considered and may be 
included as part of the modification of the 
Implementation Plan. 

Table 3.1  Alternatives Comparison 

Alternative Non-Structural 
Options On-Site Options Regional 

Options 

Low Cost Implement existing 
and new programs 
(commit + pilot) 

Pilot-scale implementation of  the 
following: 
• Cisterns 
• On-site storage and reuse 
• Small-scale capture and infiltration 

Not included 

Low Risk Implement existing 
and new programs 
(commit + pilot) 

Not included Capture, store, 
treat and 
discharge 

Beneficial Reuse Implement existing 
and new programs 
(commit + pilot) 

Full-scale implementation of the 
following: 
• Cisterns 
• On-site storage and reuse 
• Small-scale capture and infiltration 

Capture, store, 
treat, and 
beneficially 
reuse 

 

3.2.1 Low Cost Alternative 

The low-cost thematic, by definition, is the alternative configured to have the lowest capital 
and O&M costs. This alternative assumes a higher level of risk of compliance with the 
TMDL than the other alternatives by focusing on non-structural options and avoiding 
significant local or regional structural solutions. Thus, it has the lowest runoff management 
goal. The following runoff management options are included in the low cost alternative: 1) 
institutional (non-structural) options, 2) local options, and 3) regional options. 

Non-Structural Options 

Non-structural solutions are programmatic activities that provide source control measures 
intended to prevent or reduce the levels of bacteria, or bacteria sources (e.g., trash and pet 
waste) from initially being picked up by runoff whether onsite, in the street, or in the storm 
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drain system. In general, institutional solutions do not substantially reduce the volume of 
wet weather runoff to be managed. Due to the ubiquitous nature of indicator bacteria, and 
limited correlation with human pathogen sources such as trash and fecal material, 
institutional solutions may have limited effectiveness in reducing indicator bacteria 
concentrations at the beaches. Human pathogen sources, however, such as human and 
animal fecal material, may be more significantly reduced by these measures and therefore 
reduce human health risk in beach waters. 

On-Site Local Options 

Local, or on-site, solutions provide an important step in managing wet weather runoff. 
Three options have been identified as potentially feasible for providing local source control 
for J1/4: 1) residential cisterns, 2) on-site storage and reuse, and 3) capture and infiltration. 
Pilot scale implementation of these local options will be included in the low cost option. 
With implementation of these options runoff is retained locally and discharge of runoff and 
associated bacteria is avoided. 

Regional Options 

The low cost solution will not include regional options because of the very high cost and 
major implementation requirements associated with management of runoff at the regional 
level. 

3.2.2 Low Risk Alternative 

The intent of the low risk thematic alternative is to manage the highest theoretical target 
runoff goal, and will include options that will minimize the compliance risk with the TMDL 
without regard to the cost or optimal beneficial use of runoff. The target runoff 
management goal for the low risk alternative is described in Section 2.1.4. The low risk 
alternative includes the same non-structural options as the low cost alternative. This 
alternative also includes regional storage and treatment options. However, the low risk 
alternative is designed to manage more runoff volume than the low cost alternative. 

Non-Structural Options 

The low risk alternative will include the same recommended institutional options as that of 
the low cost alternative. 

On-Site Local Options 

Local solutions are not included in the low risk alternative because, given the emphasis on 
Regional solutions, their implementation will not substantially reduce the need to manage 
runoff regionally to ensure the lowest level of risk. 

Regional Options 

For this option, runoff would be captured and initially stored in operational facilities. 
Treatment would depend on target constituents (in this case, primarily bacteria). Trash and 
suspended solids would be present in wet weather flow, and pretreatment of flows would, 
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therefore, be required to remove these constituents before treatment to remove bacteria is 
implemented. Regional capture, storage, treatment, and discharge will require construction 
of storage and treatment facilities in each subwatershed designed to meet the AB411 beach 
standards. The effluent would then be discharged to the ocean, typically through storm 
drain outfalls. Preliminary target volumes by watershed could be as high as that described 
in Section 2. 

3.2.3 Maximum Beneficial Reuse Alternative 

The maximum beneficial reuse alternative includes options that maximize the amount of 
runoff that can be beneficially reused. The maximum beneficial reuse alternative shares the 
same non-structural options as the low cost and low risk alternatives, but includes 
additional options to beneficially reuse a portion of the runoff. Unlike the low cost 
alternative, this option recommends full scale implementation of cisterns, on-site storage 
and reuse, and small-scale capture and infiltration. 

Non-Structural Options 

The maximum beneficial reuse alternative will include the same recommended institutional 
options as that of the low cost alternative, which consist of new and expanded programs. 

Local Options 

The maximum beneficial reuse alternative incorporates all of the following local options: 1) 
residential cisterns, 2) public on-site storage and reuse projects, and 3) small-scale capture 
and infiltration projects. The maximum beneficial reuse option includes full scale 
implementation of each local option discussed in this section, whereas the low cost option 
only included pilot studies. It should be noted that full scale implementation implies 
implementation at publicly owned and proactive privately-owned facilities to the 
maximum extent practicable, and does not imply retrofitting of private residences or 
mandatory retrofitting programs. 

Regional Options 

Given the inventory of opportunities, this option does not appear to have significant 
immediate potential. The option is intended to divert wet-weather runoff to beneficial use 
with appropriate treatment for the intended use. It involves the capture, storage 
(operational storage facilities), diversion of runoff to facilities for treatment (to be 
determined but may be similar to Title 22 standards) for unrestricted outdoor water use, 
seasonal storage, and distribution to sites for reuse. Capturing and storing runoff eliminates 
discharge of the quantity of water downstream to the beach, thereby potentially reducing 
the number of exceedance days, especially at lower flows. This option involves use of some 
of the same capture, operational storage, and base treatment facilities as the treat and 
discharge option, but at a much smaller scale. In this case, a portion of the runoff that would 
have otherwise been discharged is beneficially reused as an irrigation supply to the extent 
that there is demand and it is economically feasible. To minimize capacity of treatment 
and/or off-stream diversion pumping to storage, short-term operational storage will likely 
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be required to balance the hydrograph, and longer-term storage may be required to balance 
water availability with seasonal demand. 

3.3 Alternatives Comparison for Area-Wide Implementation 
Criteria for evaluation were developed to look at relative need (priority), costs, and benefits. 
The semi-quantitative comparison assumed full implementation throughout the 
jurisdictional areas. The subject criteria were: 

• Volume of runoff managed 
• Volume of runoff beneficially used 
• Relative Cost 
• Regulatory compliance 
• Design complexity and constructability 
• Facilities siting difficulty 
• Reliability and Performance 
• Compatibility with a phased approach 

After evaluating each of the three alternatives, it appears that no one approach is clearly the 
single best watershed-wide solution for obtaining bacteria TMDL compliance. Instead, 
various options from the alternatives should be applied on a subwatershed by 
subwatershed basis. A summary of approaches selected for each subwatershed that takes 
into account the unique characteristics of that watershed is presented in the following 
section. 

3.4 Subwatershed Focusing 
As discussed in Section 2, watershed priorities were established. The results of this analysis 
are summarized in Figure 3.1. Using the results of the broad alternative evaluation the 
following general approach was used to develop implementation measures adapted to the 
watershed priorities: 

• Low priority watersheds – generally low cost approach (non-structural measures) 

• Medium priority watersheds – generally low cost and some beneficial use (generally 
on-site solutions) 

• High priority watersheds – partial low risk and/or maximum beneficial use approach 

3.5 Commit-Pilot-Consider Model 

Prioritization of BMP options based on relevance to known contamination sources requires 
strong evidence relating water quality problems to specific sources of bacteria, such as 
septic systems, equestrian facilities, dog waste, restaurants, litter, or wildlife. Ideally, BMPs 
that address the most significant sources of bacteria should be given the highest priority. 
Based on analyses conducted as part of this Implementation Plan, the storm runoff from 
urban environments, in general, was identified as the highest priority contributor to 
bacterial contamination in Santa Monica Bay. 
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Figure 3.1  Subwatershed Priorities 
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Thus, activities associated with urban development appear to be the most prevalent sources 
of bacteria. However, in the absence of more detailed source identification, the data was not 
sufficient to specifically pinpoint which sources were contributing most significantly to 
water quality impairment problems. Therefore, in the absence of conclusive evidence 
prioritizing specific sources of contamination within urban runoff, the logical approach is to 
implement a broad range of BMPs that target activities near the coast associated with urban 
land use. 

3.5.1 Implementation Requirements and Potential Effectiveness 

A commit-pilot-consider model was developed to evaluate the implementation 
requirements and potential effectiveness associated with each BMP. The approach was most 
directly applied to non-structural BMPs, but can be applied to structural approaches as well. 
BMPs are assigned a subjective rating of easy/moderate/difficult for implementation 
requirements and low/medium/high for potential effectiveness. 

The implementation requirements rating is based on several factors including the relative 
cost, level of effort required to implement the BMP, permitting issues, regulatory 
constraints, and political issues. 

The potential effectiveness rating is based on several factors including the potential to 
educate the public and/or business community, ability to change habits and behaviors, and 
geographic extent and coverage, and other factors that would presumably result in 
improved water quality. 

3.5.2 Commit-Pilot-Consider 

Three levels of implementation are proposed in this Implementation Plan. 

• Commit: Agencies commit to engaging in the activities so designated within the 
indicated time frame 

• Pilot: Agencies commit to limited scale implementation to establish the effectiveness of 
the measure (structural and non-structural) and to help identify the severity of the 
potentially targeted source (for non-structural solution) 

• Consider: If the perceived need for this BMP, based on preliminary studies, is not 
apparent, or if the subject technology is potentially costly or unproven, these activities 
will be considered in future phases of implementation. 

The basis for determining the appropriate level of implementation is illustrated in Table 3.2. 
BMPs at the “commit” level of the model are high priority BMPs, while BMPs at the 
“consider” level of the model are of lower priority. Pilot studies are recommended prior to 
full-scale implementation for BMPs at the “pilot” level of the model. 
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Table 3.2  Commit-Pilot-Consider Model 

Implementation Requirements Rating  

Difficult Moderate Easy 

High Pilot Commit Commit 
Medium Consider Commit Commit 

Potential 
Effectiveness 

Rating 
Low Consider Consider Consider 

 

If the pilot study BMPs prove to be effective in reducing water quality impairment 
problems, in conjunction with continued evaluation of monitoring data to establish the 
relative bacteria contributions of various sources, consideration can then be given to 
widespread implementation. 

3.6 Assessment of Effectiveness. 

The Regional Board requests additional detail on specifics for assessing effectiveness.  Two 
basic approaches are presented in the Final Plan:  1) a presumptive approach and 2) a 
targeted monitoring-based approach. 

3.6.1 Presumptive Approach 

The presumptive approach assumes that the implementation of structural and non-
structural BMPs will lead directly to reductions of exceedance days and attempts to 
quantify this relationship.  It is recognized that there is significant uncertainty, and it is 
expected that the iterative and adaptive management strategies are employed, both 
effectiveness will improve and the correlation of activities to water quality compliance will 
improve.   

A presumptive approach is needed because of the high sensitivity of compliance to 
hydrology (exceedance days), and that as a result an ineffective could still yield short-term 
compliant results, while a plan that is beginning to show effectiveness could still show non-
compliance.  In addition, there is high sensitivity to other hydrologic factors such as the 
Malibu Creek drainage.  There are potential contributions from other sources outside the 
sphere of influence of this plan (Onsite Wastewater Systems), and monitoring in the wave 
wash further could add additional variability which would make direct tracking of 
effectiveness difficult. 

The California Association of Stormwater Quality Agencies (CASQA) has initiated efforts to 
quantify effectiveness, and the County of Los Angeles conducted (and will be updating) 
segmentation studies to establish behavioral changes tracked by public information efforts.  
None of these approaches, however, have presented definitive measures for quantifying 
water quality improvement due to the inherent difficult of this type of analysis.   
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Therefore, the first proposed measure of effectiveness is a presumptive approach tied to 
effort with presumed performance, which would be updated and revisited at the reopener 
phase in 2007. 

Parameters assumed for this presumptive gage include: 

• Population: 

− Permanent Residential Population:  18,000 (based on 2000 census values for Malibu 
and Topanga) 

− Assumed Non-Residential Population (workforce, visitors, students):  10,000 

− Total Target Population for all measures: 28,000 

− Approximate Population distribution (assumed based on total residential developed 
land use fraction) 

 High Priority Subwatersheds: 30% 
 Medium Priority Subwatersheds 40% 
 Low Priority Subwatersheds: 30% 

− Distribution/readership of local information outlets (Malibu Times): Circulation = 
12,000, readership estimated 36,000.  Malibu times Magazine circulation 25,000; 
readership estimated at 75,000 (source: personal communication with Malibu Times 
staff August 9, 2005) 

• Commercial (from smartpages.com) 

− Equestrian-Related Businesses (stables, breeders, suppliers): 10 

− Pet Related Businesses (retail, suppliers, grooming): 50 

− Restaurants in J1/4 Areas: 50 

− Septic/Plumbing Services (not necessarily in Malibu Area): 30 

− Approximate distribution of commercial/industrial activity (assumed based on total 
land use areas) 

 High Priority Subwatershed: 40% 
 Medium Priority Subwatershed: 25% 
 Low Priority Subwatershed: 35% 

• On Site Opportunities 

− Public Land Opportunities (within J1/4 agencies): 23 (see Attachment 1) 
− Public Land Opportunities (outside of J1/4 agencies)  
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 Schools/Universities: 5 
− State/Federal Parklands (excluding Malibu Creek/Lagoon and Leo Carillo): 5 - El 

Pescador, La Piedra, El Matador, Point Dume, Robert H. Meyer. 

• Behavioral change (change of activities contributing to pollutant loading and 
exceedances)* 

− Assumed average number of annual impressions required for 10% reduction in 
pollutant generating activities (reference segmentation study): 3/year (note that this 
could be 3 impressions for 100% of the population, or 7 impressions for 20% of the 
population and 2 impressions for 80% of the population) 

− Assumed number of annual impressions required for 25% reduction in pollutant 
generating activities: 4/year (potentially 7 impressions for 40% of the population, 
and 2 impressions for 60%) 

− Assumed number of impressions required for 50% reduction in pollutant generating 
activities: 6/year (potentially 8 impressions for 60% of the population and 3 
impressions for 40%; or 7 impressions for 80% and 2 impressions for 20%) 

• Assumed reductions based on incentive-based activities as a function of allocated 
budget* 

− 10% cost – 10% target reduction 
− 25% cost – 25% target reduction 
− 50% cost – 50% target reduction 
− 100% cost – 100% target reduction 

*Note:  All parameters to be revisited upon additional information.  Target 
reductions assumed to be composite number of allowable exceedances for all areas. 

3.6.2 Targeted Monitoring-Based Approach 

The Targeted Monitoring-Based Approach(TMBA) adopts some measures of presumptive 
compliance but incorporates monitoring data and attempts to normalize and extrapolate 
this monitoring data throughout the region. 

The TMBA assumes the development of Annual Interim Compliance Reports that consider 
a number parameters, and present analyses and discussions of each parameter in order to 
estimate a reduction in pollutant loadings.  These parameters consider: 

• Coordinated in-stream monitoring.  These data include water quality and flow data, 
with the first two years being primarily baseline information. 

• Extrapolation of source control implementation effectiveness.  This involves developing 
an algorithm, and applying it to extrapolate the effectiveness of activities within a 
targeted subwatershed that has isolated expected pollutant sources (typically not a high 
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priority watershed), and applying these reductions to other subwatersheds that have 
similar expected sources. 

• Extrapolation of small storm effectiveness.  This involves developing and applying an 
algorithm that recognizes hydrologic variability and normalizes pollutant and 
hydrologic data for comparison with the benchmark (90th percentile) standard year. 

• Hydrologic conditions and variable accountability.  This involves better understanding 
hydrologic responses to better define targeted reductions in exceedances. 

• Pilot projects.  When on line, Pilot Projects will have raw data which can be analyzed 
and interpreted using the extrapolation algorithms described above. 

• Assessment of progress toward full implementation 

The TMBA, while also presumptive in many respects, will provide more results-oriented 
data by which to make more effective management decisions, to support progress toward 
compliance and potential adaptive and iterative modifications to the Plan.  It is, however, 
anticipated that the TMB approach may not yield readily significant results until at least the 
3rd year of implementation. 

3.7 Implementation Plan Framework 

Based on the focused approach for each subwatershed, and using the commit-pilot-consider 
model, an overall implementation plan framework was developed for the entire J1/4 watershed 
area. The plan summarizes the options and BMPs that would form the program within each 
subwatershed, the level of commitment, and potential phasing. This framework is presented 
and the plan described in detail in Section 4. 
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4. Implementation Plan Commitments 

4.1 General Approach 

This section presents an overview of the Implementation Plan commitments. It describes 
the general approach to implementation, the implementation phases and overall schedule, 
and the methods for plan assessment, monitoring and reporting. Detailed descriptions of 
specific activities, programs and projects and the specific plan commitments on a 
subwatershed basis are described in Section 5. 

As outlined in Section 3, the Implementation Plan consists of combinations of non-structural 
activities, local on-site structural measures and regional structural solutions selected for 
each subwatershed. The elements contained in the plan for each watershed include those 
that are committed either for implementation or pilot programs/projects. Other measures 
may be considered at some point in the future depending upon the effectiveness of the 
committed and pilot programs or in response to specific opportunities that may be 
presented but are not part of the initial commitments. A summary of the plan is shown in 
Table 4.1. 

Table 4.1  Summary of Watershed Activities 

Non-Structural Measures Structural Measures 

Sub 
watershed 

Watershed 
Priority 

Public 
Information 

and 
Participation 

Programs 

Industrial/ 
Commercial 

Facilities 
Control 

Programs 

Development 
Planning and 
Construction 

Program 

Public 
Agency 
Activity 
Control 
Program 

On-Site 
Options 

Regional 
Solutions 

Nicholas Low Commit, Pilot 
& Consider 

Consider only Commit Commit & 
Consider 

Consider 
only 

N/A 

Los Alisos Low 
(Low-Med) 

Commit & 
Consider 

N/A Commit Commit & 
Consider 

Consider 
only 

N/A 

Encinal Low Commit & 
Consider 

N/A Commit Commit & 
Consider 

Consider 
only 

N/A 

Trancas Low Commit, Pilot 
& Consider 

Commit, Pilot 
& Consider 

Commit Commit & 
Consider 

Consider 
only 

Consider 
only 

Zuma Low Commit, Pilot 
& Consider 

Commit, Pilot 
& Consider 

Commit Commit & 
Consider 

Consider 
only 

N/A 

Ramirez High Commit, Pilot 
& Consider 

Commit, Pilot 
& Consider 

Commit Commit & 
Consider 

Commit & 
Consider 

Pilot Project 

Escondido Med 
(Med-High) 

Commit, Pilot 
& Consider 

Consider only Commit Commit & 
Consider 

Pilot & 
Consider 

N/A 

Latigo High Commit, Pilot 
& Consider 

Consider only Commit Commit & 
Consider 

Commit & 
Consider 

Pilot Project 

Solstice Low Commit, Pilot 
& Consider 

Consider only Commit Consider 
only 

Consider 
only 

N/A 

Corral High Commit & 
Consider 

Commit & 
Pilot 

Commit Commit & 
Consider 

Commit, 
Pilot & 

Consider 

Pilot Project 

Carbon Low 
(Low-Med) 

Commit & 
Consider 

Commit & 
Pilot 

Commit Commit & 
Consider 

Consider 
only 

N/A 
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Non-Structural Measures Structural Measures 

Sub 
watershed 

Watershed 
Priority 

Public 
Information 

and 
Participation 

Programs 

Industrial/ 
Commercial 

Facilities 
Control 

Programs 

Development 
Planning and 
Construction 

Program 

Public 
Agency 
Activity 
Control 
Program 

On-Site 
Options 

Regional 
Solutions 

Las Flores High Commit, Pilot 
& Consider 

Commit, Pilot 
& Consider 

Commit Commit & 
Consider 

Commit & 
Consider 

Pilot Project 

Piedra Gorda High Commit & 
Consider 

N/A Commit Commit & 
Consider 

Commit & 
Consider 

N/A 

Pena Low Commit & 
Consider 

N/A Commit Commit & 
Consider 

Consider 
only 

N/A 

Tuna Low Commit & 
Consider 

Commit & 
Pilot 

Commit Commit & 
Consider 

Consider 
only 

N/A 

Topanga Medium Commit, Pilot 
& Consider 

Commit, Pilot 
& Consider 

Commit Commit & 
Consider 

Commit & 
Consider 

Consider 
only 

 

The Implementation Plan was divided into four phases of activities. The activities consisted 
of implementation activities, as well monitoring and additional studies that could be used 
to provide better information for future activities. To provide useful information, the 
additional studies will require extended development and implementation periods. Upon 
completion of these studies, it would be desirable to confirm, or adjust if necessary, the 
direction and requirements of the Implementation Plan. As such, the County and J1/4 
Agencies proposed the addition of appropriately timed re-evaluation milestones (re-
openers). Implementation activities, suggested re-openers, and implementation milestones 
are illustrated below: 

 

The general intent of what would be accomplished under each of the phases is as follows: 

• Phase I – Conduct planning and initiate all committed non-structural activities and 
implement selected non--structural measures; initiate pre-feasibility studies for sub-
regional pilot projects; develop inter-agency agreements for structural projects, initiate 
planning for on-site measures; initiate monitoring, additional studies, and source 
identification activities. The 2007 re-opener would follow Phase I.  Note that Phase I is 
assumed to begin in November 2005, which is the basis of the proposed schedule.  
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Should the initiation date change, the remaining implementation deadlines may change 
accordingly. 

• Phase II – Continue implementation of committed non-structural activities; conduct 
non-structural pilot programs; continue planning for on-site measures; initiate planning 
and construction of pilot regional structural solutions; and continue and complete 
monitoring and source identification studies. A programmatic review is proposed to 
follow Phase II and is intended to leverage results not only from additional studies in 
these jurisdictional areas, but also from advances in the technical, legal, and regulatory 
body of knowledge. 

• Phase III – Refocus and reprioritize efforts as appropriate, and continue implementation 
of committed non-structural activities; implement successful piloted non-structural 
programs; begin implementation of on-site measures; and operate and evaluate pilot 
regional structural solutions.  

• Phase IV – Refocus and reprioritize efforts as appropriate and continue implementation 
of non-structural solutions; continue or expand on-site measures; and continue, modify 
and/or initiate regional structural solutions. 

While these provide the general commitment to the timing and execution of activities, 
under the iterative approach the actual implementation of specific programs and projects 
will depend upon what is learned during each succeeding phase from the initial 
implementation of measures, the results of monitoring, and revisions that may be made to 
the TMDL at re-openers.   

Tentative project schedules are presented in Appendix B to detail the general order and 
timing of committed activities within this Implementation Plan. The start and end dates of 
most projects have been approximated for budgetary and overall management purposes. 
These dates are not intended to be used as firm compliance dates, as several factors could 
cause projects to be expedited, delayed, or extended.  It is the intention of the responsible 
agencies to programmatically follow this schedule; however, many factors, such as 
environmental permitting, land acquisitions, and ordinance change, are outside their direct 
control.  Any significant changes to project schedules will be outlined within the annual 
progress reports. 

4.2 Plan Execution 

An analysis of wet weather runoff events and bacterial exceedances hypothesizes that if wet 
weather flow reaches the beach, then bacterial exceedance is highly likely. Therefore, the 
initial strategy for reducing exceedances is tied to a combination of reducing bacteria at the 
source through non-structural and on-site measures, and reducing the amount of runoff 
that reaches the receiving water, rather than focusing exclusively on treating the flow 
collected in the storm drain system for bacteria reduction. This strategy emphasizes the 
beneficial use of wet weather runoff and the installation of local solutions where possible to 
reduce downstream flows. It also focuses on local source control to reduce the level of 
bacteria and other pollutants discharged into the storm drains. Water quality improvements 
in the receiving waters would be realized from water quantity (flow) management 
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practices, including local structural BMPs, as well as source control. Utilizing large-scale, 
end-of-pipe, regional solutions minimizes the risk of noncompliance, it also carries with it 
larger costs and potential impacts to the local, densely urbanized beach communities. 
Therefore, regional solutions are proposed to be limited to pilot scale implementation, and 
only after appropriate feasibility studies are conducted. 

The Implementation Plan assumes an iterative, phased approach to implementation. Non-
structural and on-site options will be implemented initially and the results of these efforts 
monitored to determine the subsequent course of action. In parallel, shoreline monitoring at 
the point of discharge from the storm drain to the surf zone (“zero point”) as well as 
continued research on BMP effectiveness and pathogen indicators will be ongoing. 

At the TMDL re-opener scheduled for July 2007, only very limited, short-term information 
and data will be available to assess the effectiveness of these measures for achieving water 
quality improvements in the Santa Monica Bay beaches. In addition, the numeric target, 
load allocation, and pathogen indicators for this TMDL may be revisited at this re-opener; 
however, the basis for compliance will likely not be fully reconsidered as sufficient research 
may not have been conducted and results [may not] have been evaluated for applicability to 
this TMDL by this time. Therefore, it is recommended that periodic re-evaluations, 
supported by annual reporting, be planned to more adequately incorporate the results of 
monitoring and special studies (see Section 4.3.2) as well as BMP performance in reviewing 
the TMDL approach. Potential time frames for additional re-openers are suggested in 
Section 4.1. 

4.3 Monitoring 

The monitoring proposed in this Implementation Plan is intended to support cost-effective 
implementation of control measures.  It is not intended to replace reference beach study 
efforts (conducted by the Southern California Coastal Water Research Project), regulatory 
compliance monitoring (under the Coordinated Shoreline Monitoring Plan) or currently 
required Municipal Separate Storm Sewer monitoring efforts.  In addition, monitoring is 
limited to wet-weather activities, as dry weather TMDLs are addressed in a separate 
implementation plan. 

4.3.1 Water Quality Monitoring Recommendations 

Sampling conducted to date provides a widespread snapshot of water quality conditions 
and that can be used as a record of baseline information on watershed contributions of 
bacteria to Santa Monica Bay beaches during wet weather periods. It is important to begin 
such programs recording status and trends as a basis for monitoring the effectiveness of 
storm water management BMPs. Multiple winter storm events should be collected from all 
lower watersheds as a means of assigning relative bacterial loading to the bay. Similarly, 
multiple stormflow samples of source areas and above and below BMPs will be needed to 
assess the design and effectiveness of watershed-based controls. 

The variety of weekly, monthly, and storm-event based samples collected from SMB 
watersheds to date may be used as initial indicators of areas for BMP focus. They all are 
designed to measure point concentrations, and in some cases point loads. However, none of 
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these sampling programs can be used to effectively gauge relative contributions from 
watersheds nor the relative value of various BMP designs without incorporating 
cumulative load, either monthly, seasonally, or storm event-based, as part of their results. 
Comparative loads will be needed to judge the cumulative effects on surfzone bacterial 
concentrations from individual watersheds. Similar to any TMDL, the challenge will be to 
back up from surfzone concentration limits to cumulative loads supporting compliance. 
Ocean and watershed flow and dilution modeling coupled with watershed flow 
measurements will be required to complete that link. Flow/stage height relationships may 
be available or can be created for lower watershed bridge crossings for the monitored 
watersheds. Upper watershed locations (such as Topanga Canyon locations) may be flow 
monitored using hand held meters or through the installation of gauged crossings or weirs. 

Six stations were proposed for future monitoring. The objective of these monitoring stations 
was to provide information to support future management decisions such as selection of 
structural and non-structural BMPs, and was not intended to be compliance-related. As 
such, proposed stations were not necessarily high priority watersheds, but represented 
watersheds where potentially useful information could be extracted. With the exception of 
Topanga Creek at the sandbar, all stations showed high bacteria counts (exceeding water 
quality standards) during the first storms of 2004-2005. The proposed stations are: 

• Trancas Creek (discharges to Area of Special Biological Significance) 

• Solstice Creek (potentially similar to Arroyo Sequit land usage and potential alternative 
reference subwatershed) 

• Marie Canyon (high priority subwatershed) 

• Sweetwater Creek (potential concentrated equestrian land uses) 

• Topanga lagoon (sandbar and bridge) 

Winter Low Flow 

As feasible, monthly monitoring at each of the 6 stations from periods between storms (at 
least a week after the last storm) to characterize the common, winter low flow periods 
(7 samples, November 2005 through April period of 2006 (and 2006- 2007)). This monitoring 
may reveal high concentration point sources suitable for BMPs and will help describe the 
pattern of seasonal loading by watersheds.  This effort is not intended to be conducted 
throughout the entirety of the implementation period, rather, it will be initiated and ended 
as necessary.   

Winter Storm Flows (most important) 

As feasible, four storms from each of the 6 stations, at least 3 samples per storm per station 
for the same basic period as winter low-flow samples. Winter storm flows dominate the 
loading for all constituents and it is important to get a record of changing concentrations 
and flows during the course of individual storms in order to reconstruct total loads by 
storm and for the season-total estimate. 
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In addition to the stream site samples, opportunistic storm drain flows should be sampled 
from winter storms. Drains and potentially leaky sewer systems were documented in the 
Source Identification effort. Up to 3 drains per watershed per storm even could be sampled, 
as available, as part of the winter stormflow monitoring. All parameters, including flow, 
should be assessed from the drains as a means of pinpointing potential sources of load to 
the bay. The need for this additional effort would be established after the re-opener. 

Simultaneous Surfzone Monitoring 

Surfzone bacteria should be sampled at the same time as the stream sampling.  Samples 
should be collected immediately up and downcoast from either the closed berm (which 
transmits water with some constituents, potentially including bacteria) or open stream 
channel. These results provide the final, important evidence documenting the relative 
contribution of the watershed to the surfzone contamination (the purpose of the TMDL).  
This effort will be completed as safety provisions will allow and as long as this data is 
deemed necessary for implementation purposes. 

4.3.2 Hydrologic Loading Estimates 

It is critical that the concentration data generated from the monitoring program be 
combined with simple hydrologic loading estimates from each watershed to produce 
estimates of seasonal and annual loads. Precipitation records and runoff models must be 
constructed for each watershed to relate to the point measurements of flow taken for each 
monitoring event. The modeling provides a cost-effective alternative to continuous flow 
records from gauging stations (the preferred alternative). Regardless, seasonal (monthly) 
and storm-event flow estimates from each subbasin will provide the information needed for 
source assessment and control. It is recommended that stream gages be provided in 
Topanga Canyon and in one of the smaller adjacent watersheds so that the Topanga 
precipitation gages can be utilized for calibration studies. 

4.3.3 Structural BMP Monitoring 

Because the integrated approach incorporates removal of multiple pollutants, structural 
BMPs will be monitored for effectiveness.  One potential methodology for this effort is 
outlined in the Urban Stormwater BMP Performance Monitoring A Guidance Manual for Meeting 
the National Stormwater BMP Database Requirements Prepared by GeoSyntec Consultants, Urban 
Drainage and Flood Control District and Urban Water Resources Research Council (UWRRC) of 
ASCE In cooperation with Office of Water (4303T) U.S. Environmental Protection Agency, 
Washington, DC 20460 April 2002 EPA-821-B-02-001 which includes provisions for sampling 
suites (recommended constituents) and detection limits. In addition, E. Coli should be 
incorporated as a constituent of concern to be added to the bacteria suite. 

4.4 Additional Future Detailed Studies Needed 

Due to the significant uncertainties associated with the initial development of the bacterial 
TMDL, there are a number of special studies that should be conducted either within J1/4 
area or elsewhere in the Santa Monica Bay watersheds. In addition, a number of efforts and 
studies are continuing in other regions of California and the rest of the country on similar 
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issues such as appropriate human health indicators. The following studies are suggested as 
highly relevant to both the J1/4 area and all of the Santa Monica Bay area. The results of 
such studies, as well as the experience gained during the early phases of implementation 
and monitoring, should support the need for additional permit re-openers as discussed in 
Section 4.1. The J1/4 agencies will partner with other jurisdictional groups (the Regional 
Board, SCCWRP and other parties) by conducting, contributing to, or tracking the results of 
such studies. 

4.4.1 Identification of the Most Relevant Human Health Indicators Study 

This study has potential implications throughout Santa Monica Bay and Southern 
California and is related to the previous proposed study. The purpose of this study would 
be to evaluate the effectiveness of existing bacteriological indicators as a gauge to evaluate 
potential risks to human health and, if appropriate, to recommend alternative indicators. 
This study would be of benefit during a first or potentially second, re-opener and as an 
implementation optimization tool. 

The presence of three bacteria indicators (total coliform, fecal coliform, and enterococcus) in 
surface waters is used as an indirect measurement for human health risk. The scientific link 
between these indicators and actual risk is subject to debate, and it is generally agreed that 
additional scientifically defensible data would be beneficial. Because these indicators are 
used nationally and any effort to reassess their effectiveness must be scientifically sound 
and substantially founded, this effort is outside of the expertise of the J1/J4 agencies and 
should be completed with the help of the scientific, and potentially the regulatory 
community. 

It is important to use indicators that would predict public health and beneficial uses of the 
Bay. It is also recognized that since the goal of this study is based on scientific discovery, the 
results nor its acceptance cannot be predicted or guaranteed, and the study would be costly. 

The proposed time frame for this effort would be in Phase 2 of the Implementation Plan if 
work by other agencies cannot be leveraged. 

4.4.2 Hydrology vs. Bacteria Loading 

This study would potentially have applications throughout the Santa Monica Bay, but 
should be conducted in J1/4 areas because of the area’s rural character. It is also recognized 
that this effort may have some overlap with current research (e.g., by the Southern 
California Coastal Water Research Project) and prior to initiation and development of a 
work plan, a more comprehensive investigation of this research is warranted. The study 
would monitor pollutant loads using a continuous sampler at runoff gage locations to 
determine pollutographs for several storm events. Monitoring data would be used to 
attempt to establish relationships between rainfall, runoff, and pollutant loading. Perhaps 
most critically, the effort would develop design hydrology for TMDL studies in the North 
Santa Monica Bay area and use the design hydrology and pollutant/runoff relationships. 
The County also would seek to use this study to determine if a peak flow exemption should 
be considered. This study would be of benefit during a re-opener and as an implementation 
tool. 
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Flow rate gaging stations are necessary to accurately measure storm flows, determine 
pollutant concentrations for grab samples, and calibrate rainfall-runoff models for design 
hydrology. Currently, there are no gaging stations located near drainage outlets in the 
North Santa Monica Bay watersheds. For this reason, calculating storm flows and 
subsequent pollutant loading cannot be performed with high levels of confidence. This 
makes the design of structural BMPs difficult. However, Topanga Creek (F34C-R), Malibu 
Creek (F130-R), and Ballona Creek (F38C-R) are existing runoff stations that can be 
modified for pollutant monitoring. 

Determining the rainfall/runoff/pollutant load relationship should provide insight into 
costs associated with treatment of different runoff events. Exclusion of peak flow treatment 
may be possible if pollutants are diluted by large flow volumes. 

The effort can be divided into two phases: monitoring bacteria levels/loading and 
development of design hydrology. For both phases, gaging stations must be constructed. 
The runoff data is necessary to determine pollutant loadings, determine runoff 
relationships, and calibrate a rainfall-runoff model. 

For the monitoring portion, water quality samples from storm flows will be collected and 
combined with flow rate data generated from the gaging stations and/or model to 
determine pollutant loadings. This information will be analyzed to establish a link between 
storm intensity/duration and bacteria loading. 

The design hydrology development will explore the relationships between rainfall, runoff, 
and pollutant loads. After establishing the relationships, a method of determining pollution 
loads will be established for ungaged watersheds in the North Santa Monica Bay area. A 
method for determining the amount of runoff that requires treatment will be established 
that is consistent with Public Works methodology. 

The study could conclude that higher flows can be excluded from treatment processes 
without increasing a risk to human health. This could potentially reduce the cost to comply 
with the TMDL. New gaging stations and design hydrology could provide a more accurate 
account of storm flow rates making structural BMP design more efficient. 

The processes to design and construct new gaging stations could be costly and lengthy, 
especially if right-of-way needs to be purchased or if construction is in a coastal zone – 
which is almost guaranteed. It may be possible to install gaging stations at existing bridge 
or channel facilities to reduce these costs and avoid construction in the coastal zones. The 
potential timeframe for this effort is July 2005-July 2010. 

Assuming right-of-way will not need to be acquired, design and construction of stream 
gaging stations would take about two years with an additional year to develop and 
calibrate a model. Three to five years of monitoring data would be necessary to draw 
conclusions regarding bacteria loadings. Since a rainfall-runoff model can be applied 
retrospectively, these tasks can be performed concurrently. This study should be completed 
in three to five years of its starting date. 
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4.4.3 Bacteria Seasonal Variation Study 

The results from this study can be applied to all of Santa Monica Bay, however due to the 
larger rural areas in NSMB, monitoring in J1/J4 is preferred. This effort could be conducted 
in concert with other monitoring efforts. 

The purpose of the proposed study is to analyze how seasonal variations in tide, ocean 
currents, temperature, sunlight, red tide, aquatic life migration, and other natural 
phenomenon affect bacteria levels. This study would be of benefit during a re-opener and 
as an implementation tool. 

The study would consist primarily of a literature review, and while it may assist in the 
understanding of bacteriological variances and spikes, it might be inconclusive or could 
result in additional uncertainty resulting in increased beach closures. This study could be 
completed within 3 years. 

4.5 Reporting 

Annual Implementation Plan progress reporting documenting compliance activities will be 
provided by the J1/4 Agencies. It is not anticipated that this report be exhaustive, but a 
summary of progress, successes and challenges, and requested modifications to the 
Implementation Plan. It is proposed that no additional reporting of monitoring results be 
required, but that monitoring results would be provided in an annual summary report of 
Implementation Plan Progress. This report would reference activities conducted to date, 
compared to commitments made in this Implementation Plan. 
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5. Subwatershed-Specific Implementation Plan 
Section 5.1 describes in some detail, the proposed efforts and responsible agencies.  Sections 
5.2 through 5.18 describe activities specific to each subwatershed.  These activities were 
based on priority and subwatershed-specific activities (based on land uses within 
subwatersheds). 

5.1 Summary and Overview of Subwatershed-Specific Plans 

This section describes specific activities for implementation. These activities are based on 
the previously-described source and watershed prioritization efforts, and include non-
structural and structural measures. The subwatershed-specific matrices indicate a level of 
commitment for each activity (“commit-pilot-consider”) and the time frame in which the 
activity would be implemented. The plans include non-structural, as well as on-site regional 
structural activities. 

5.1.1 Non-Structural Activities 

The following is a summary of non-structural measures that were identified for 
consideration, commitment to implement, or commitment to initiate pilot studies or 
programs. 

Public Information and Participation Program 

• Outreach to pet owners establishing a link between animal wastes and health issues 
and focus on point of contact. The objective of this recommendation is to target pet 
owners with information about pet waste and its impact on the bay. Pet waste is 
typically associated with development as the concentration of pets is generally higher in 
higher density areas. Environmental literature currently does not draw the connection 
between pet waste and bacterial contamination in the bay. Animal feces can be washed 
into the bay through grass, landscaping, streets, and sidewalks which eventually lead to 
a storm drain. Even if the source is miles from the coast, pet owners would be more 
likely to pick up after their pets both at home and in public areas if they were aware that 
dog feces contains fecal Coliform and enterococci bacteria, which determine beach 
closures, and may contain pathogens such as Giardia and Salmonella that can make 
swimmers ill. 

This activity will be both planned and implemented during Phase 1 of TMDL 
implementation. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Locate areas with corralled animals and educate property owners on bacteria TMDLs. 
Horse stables and other animal corrals generate a preventable source of indicator 
bacteria. These studies identified 210 horse ranches within the J1/4 boundaries. It is 
assumed that there are higher incidences of corralled animals than horse ranches. 
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Properties with corralled animals could readily be determined by utilizing zoning maps 
and aerial photos thus narrowing down the zones that permit such uses. The impact of 
this effort would be dependent on the amount of land in the J1/4 area used for 
corralling animals, and it’s potential to be improved by BMPs. 

This program will educate the owners of corralled animals about bacteria TMDLs and 
steps they can take to decrease negative impacts on the environment. A network of 
volunteers from environmental organizations could be trained in this area. It should be 
also noted that all future development allowing corralled animals or horses within the 
City of Malibu will be regulated under the requirements of the Local Coastal Program 
Land Use Plan. Thus, these new developments will be required as a condition of 
approval to implement numerous BMPs that seek to reduce bacterial loading. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Identify horse stables in the region and implement Pilot program. A pilot program can 
be established within a horse stable area to test and illustrate the effectiveness of BMPs 
in reducing bacteria. This program is designed for non-commercial stable owners and is 
applicable to corralled animals in general. Stable owners will be more likely to adopt a 
BMP they can see in action with real results. A potential site for this program is the City 
of Malibu owned Malibu Equestrian Center. Other potential areas for implementation 
of this program are those areas zoned for horse ranches that are within areas with little 
or no development such as Nicholas subwatersheds. Suitable BMPs are included in the 
City of LA’s pamphlet on Stormwater Best Management Practices for Horse Owners & 
Equine Industry. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Post signs at City and County-owned trailheads designated for equestrian users to not 
clean out horse trailers in parking lots and to clean up horse waste. Parking areas at 
trailheads tend to be graded dirt lots that increase runoff at a greater rate in comparison 
with trails. On trails, horse waste is filtered by vegetation before entering waterways 
which may or may not be the case within trailhead parking lots. Posting signs in 
parking lots would reduce potential bacteria loading from horse manure. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Outreach at trailheads encouraging hikers to use restroom facilities. People may not 
realize the implications of urinating or defecating in natural areas such as local, state, 
and national parks. Posting signs at trailheads to remind hikers to use the restroom 
before a hike will both increase awareness and prevent improper waste disposal. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Provide septic system (OWTS) pumpers and customers with septic system guides. The 
goal of this suggestion is to provide septic system owners with information pertaining 
to their septic system and how to prevent pollution using proper maintenance 
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procedures. The Stormwater Manager’s Resource Center has compiled a pollution 
prevention fact sheet on septic system controls. This sheet indicates that resource system 
failures occur for a number of reasons, including improper siting, inadequate 
installation or system operation. A similar handout could be developed for 
homeowners and business owners who operate septic systems in Jurisdictions 1 and 4. 
The handout could be distributed to septic system pumping businesses throughout the 
Malibu area. Septic system pumpers would be motivated to distribute the handouts 
during pump out visits to generate new business from requests for additional services. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Coordinate outreach activities with Pepperdine University. The goal of this program is 
to provide applicable outreach materials to Pepperdine University. Pepperdine 
University is located within the Corral Subwatershed. The campus consists of 
approximately 181 acres relatively in close proximity to the shore. It was established 
that the subwatershed where the University is located has had exceedances for total 
coliform, fecal coliform, and enterococcus. Activities would consist of distributing new 
materials to new dormitory residents at the beginning of each year, providing outreach 
materials for posting around campus and in dormitories; conducting workshops with 
Pepperdine staff (maintenance personnel, cafeteria staff) and presenting information to 
student organizations regarding the use of BMPs on campus. In addition, a 
communication link could be established with the university’s science departments. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Increase coordination between agencies and environmental organizations in preparing 
outreach materials. Numerous efforts are continually put forth to produce outreach 
materials, but production is not always coordinated between organizations and 
agencies, resulting in similar duplicate materials being prepared, increasing overall 
costs or messages that are not consistent. Agencies and organizations within J1/4 
should make it a high priority to coordinate activities between agencies and with 
various organizations operating in the area. The following list includes some ideas that 
may help to increase communication between agencies: 

Compile and distribute contact information from all the agencies and organizations in 
the J1/4 area. 

− Encourage organizations and agencies to post outreach materials on their websites 
so it can be easily reviewed. 

− Implement an email list or public listserv to discuss outreach materials and post 
new material before it is produced. 

− Fund a website that provides links to all agencies and organizations in the J1/4 area 
and their outreach materials. 
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− Provide additional funding and resources to augment and expand existing 
programs that specifically address bacterial pollution. 

− This BMP could be adapted to provide an integrated approach. In order to do this, 
the agencies and organizations should work together to ensure that outreach 
materials address multiple, if not all the stormwater pollutants. 

This activity will be both planned and implemented during Phase 1 of TMDL 
implementation. 

Lead Agencies: County of Los Angeles, City of Malibu, and Caltrans. 

Industrial/Commercial Facilities Control Programs 

• Provide an outreach program for all commercial facilities with corralled animals, 
including equestrian centers. Distribute previously produced pamphlets dealing with 
specific BMPs and educate owners regarding the bacteria TMDL and the need for 
BMPs. Develop this into a targeted industry sector-specific workshop, e.g. “Horse 
Lovers for the Environment Day.” A locally-targeted sector workshop of this nature will 
draw from the local base of outdoor enthusiasts, and permit the equestrian commercial 
sector to respond to commonly-held suspicions that these activities are harmful to the 
environment. Businesses participating in these workshops and interested in 
implementing BMPs could use this as a selling point to prospective clients they may 
only want to keep their horses at facilities that are environmentally correct. These 
facilities in turn could pass on applicable knowledge from the workshops to clients such 
as that they should pick up after their horses while on trails. Participation by local 
businesses is expected to be high for a locally-oriented environmental protection 
program, and to generate sector-wide camaraderie in resisting the public image of these 
establishments as detrimental to the environment. It should be noted at the workshops 
that the Malibu Local Program Land Use Plan recently approved has stringent 
requirements for future confined animal facilities and existing facilities should 
implement those BMPs that will be required for future facilities. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Provide for regular BMP inspections for restaurants. Restaurants are potential sources 
of bacteria loading in urban runoff entering storm drains. Restaurants throughout Los 
Angeles County are inspected for food safety by the County of Los Angeles Department 
of Health Services (DHS). Health inspectors use their inspection results to award each 
restaurant a “grade” of A through C (or a numerical score for facilities receiving less 
than a C grade) which conveys to the public the performance of the restaurant in 
matters related to cleanliness and food safety. While it may not be possible to continue 
utilization of DHS staff for inspections, additional inspections either by trained water 
quality personnel or by DHS inspectors should be continued on a regular basis. Should 
DHS inspectors be utilized, they should be trained to assess compliance with storm 
water pollution control requirements for restaurants, and should report to the County 
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each restaurant’s performance regarding stormwater compliance and BMP 
implementation. If feasible, this would make use of an existing mechanism, thereby 
avoiding some of the additional cost and training requirements associated with 
implementing a new program. At this point it is not clear whether DHS-coordinated 
inspections can be continued and expensed. 

This activity will be both planned and implemented during Phase 1 of TMDL 
implementation. 

Lead Agency: County of Los Angeles, potentially the City of Malibu. 

• Increase awareness of BMPs in restaurants by establishing a restaurant reward and 
recognition program. Restaurants are a potential source of urban bacteria loading. This 
pilot study would provide public recognition on a recurring basis for restaurants that 
qualify for a water quality protection award. Restaurants that implement stormwater 
quality measures including bacteria pollutant control measures can apply for the 
certification on a quarterly basis, and if they are found to have succeeded, are rewarded 
with recognition by the Malibu community. Recognition could include a framed 
certificate, recognition by the governing agency, and/or a newspaper advertisement for 
all qualifying restaurants. An additional qualification for the certification should be 
attendance by at least one current employee (in a decision-making capacity) to at least 
one of the annual “Malibu Restaurants for the Environment Day” BMP workshops. 

Once informed about restaurant BMPs, the restaurant-goers can report improper 
housekeeping practices such as the cleaning of mats outside and disposal of mop bucket 
water outside. With implementation of this program, improper housekeeping processes 
may be curtailed thus reducing a potential source of urban bacteria loading. 

Lead Agencies: County of Los Angeles and City of Malibu 

• Conduct industry specific workshops. The agencies should conduct industry specific 
workshops for the bacteria TMDL in the Malibu area, particularly for those industries 
such as restaurants and equestrian facilities which may contribute to bacteria loading in 
runoff. These workshops should be locally-based and held on an annual or biannual 
basis. Repeating the workshops on a regular schedule would allow the TMDL agencies 
to provide new information to restaurant operators and equestrian facility owners as it 
becomes available (i.e. revised BMPs and updates on progress of the TMDL toward 
clean water) to keep the issue in the forefront of attention. In addition, outreach through 
scheduled workshops will help to address new restaurant operators and equestrian 
facility owners as they begin business within the region. 

This activity will be both planned and implemented during Phase 1 of TMDL 
implementation. 

Lead Agencies: County of Los Angeles and City of Malibu 
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• Investigate the possibility of increasing frequency of trash collection at restaurants. 
This pilot program would require restaurants to have refuse picked up more often with 
the cost borne by the restaurant. The recommendation should be initiated by inspecting 
a sample of restaurants and food processing facilities to identify existing practices, and 
evaluate the degree of accumulation of trash at the typical facility. Trash and associated 
food waste from restaurants is a potential urban source of bacteria and provides a 
medium for growth. During storm events trash not contained within covered 
receptacles has the potential to be washed into storm drains. This program may be 
incorporated into current inspection programs or into a revised program utilizing 
health inspectors as previously discussed. This recommendation might be assessed in 
conjunction with the enhanced implementation of BMPs, to determine whether trash 
management on-site is an effective substitute for increased frequency of trash collection, 
and which of the two is the lower-cost option for the agencies and for the businesses. A 
continuing discussion of this recommendation might be instituted at the annual or 
biennial sector-specific BMP workshops. 

Lead Agency: County of Los Angeles 

Development Planning and Construction Program 

• Further emphasize applicable existing BMPs in development planning and construction 
programs. Emphasizing existing BMPs for bacteria can be accomplished by providing 
information to construction site planners and site inspectors. If BMPs are not 
implemented, construction sites can contribute a substantial volume of runoff to storm 
drains since the sites are generally stripped of vegetation during construction. 
Construction sites can be potential sources of bacteria or at least provide runoff to serve 
as a medium to transport bacteria into storm drains. In handouts a link should be made 
between these BMPs and potential bacteria loading. During inspections inspectors 
should remind developers of the BMPs and ensure that they are properly implemented 
on a continuous basis. 

Lead Agencies: County of Los Angeles and City of Malibu 

Public Agency Activity Program 

• Establish guidelines for optimizing frequency of cleaning cycles for drainage facilities. 
Agencies within J1/4 should review cleaning cycles for drainage facilities relative to 
what is required by the NPDES permit and develop guidelines for an optimum 
program. Studies supporting this plan identified stormwater drains in urban areas as 
the sources of bacteria loading. This BMP could potentially require more equipment and 
labor to optimize current methods and timing of cleaning cycles. Optimized cleaning 
cycles could be implemented in coastal areas with higher densities. As a part of this 
BMP, pre and post-sampling of drains would be required to determine its effectiveness 
before it is implemented on a larger scale. 

This activity will be both planned and implemented during Phase 1 of TMDL 
implementation. 
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In Caltrans roadway facilities, recommendations with respect to increasing cleaning 
frequencies will be coordinated with the City of Malibu and implemented on a limited 
basis.  These efforts are subject to approval through the normal processes with both 
agencies. 

Lead Agencies: Caltrans, City of Malibu, and County of Los Angeles 

Caltrans-Malibu Joint Agency Activities.  City of Malibu and Caltrans will work 
together toward possible joint efforts to implement trash reduction measures on Pacific 
Coast Highway, State Route 1, that is heavily used by beach visitors.  These measures 
could include increasing frequencies of street sweeping and trash pickup by entering 
into a delegated maintenance agreement, instituting Adopt-A-Highway Program for 
trash pickup by volunteers, and posting litter prohibition signs and special information 
signs at selected locations.  

Lead Agencies:  City of Malibu and Caltrans 
 

5.1.2 On-Site Structural Activities 

On-site solutions provide an important step in managing wet weather runoff. Three options 
have been identified as potentially feasible for providing local source control for J1/4: 1) 
residential cisterns, 2) on-site storage and reuse, and 3) capture and infiltration. With 
implementation of these options runoff is retained locally and discharge of runoff and 
associated bacteria is avoided. 

It should be recognized that local solutions, like institutional solutions, may not fully 
mitigate the impacts of pollutant loading. For the low cost alternative, pilot studies will be 
conducted to evaluate effectiveness prior to implementation of the alternatives described 
below. 

The lead agencies for local options will primarily be the County of Los Angeles and City of 
Malibu. 

Residential Cisterns 

Cisterns collect diverted runoff from impervious roof areas on-site, and are typically above-
ground, storage reservoirs ranging from 60 to 10,000 gallons in volume. Cisterns can reduce 
the volume of runoff from a site, and for smaller storm events, delay and reduce the peak 
runoff flow rates. The runoff stored in the cistern provides a source of chemically untreated 
‘soft water’ for gardens and compost, free of most sediment and dissolved salts. Individual 
cisterns could be located beneath each downspout, or the desired storage volume could be 
provided in one large, common cistern that collects rainwater from several sources. 

For this alternative, cisterns will be implemented in a portion of the watershed to reduce 
runoff volume and, for smaller storm events, delay and reduce the peak runoff rates. In 
conjunction with other new and enhanced programmatic solutions, education and incentive 
programs will be implemented with the goal of achieving installation of cisterns at 5 to 
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10 percent of single-family and multi-family residences. It was assumed that 1,000 gallon 
cisterns would be installed at single-family residences and 10,000 gallon cisterns would be 
installed at multi-family residences. 

It is estimated that a 5 to 10 percent level of installation would be able to manage 
approximately 36 to 72 acre-feet of wet weather runoff annually in the Jurisdiction 1 and 4 
subwatersheds. One of the advantages of cisterns is that they may be proportionally more 
effective for managing runoff from small storms than from larger storms. 

On-Site Storage and Reuse 

On-site storage/reuse involves capturing runoff from rooftops and other hardscaped areas, 
performing limited treatment, and storing it for subsequent reuse on-site in a much larger 
(on the order of 100,000 gallons) underground-type of storage. Reuse would require careful 
management and consideration of water distribution systems. 

Potential sites for this option are public parks, urban vacant lots, government facilities, 
commercial facilities, and schools; at which the runoff could be reused for irrigation under 
specific, controlled conditions without needing to meet full Title 22 treatment standards 
(requiring filtration and disinfection).   

Small-Scale Capture and Infiltration 

Small-scale capture and infiltration involves capturing runoff from hardscaped areas and 
infiltrating into the soil. Various methods for on-site infiltration include, but are not limited 
to, porous pavement, retention grading, dry wells, and bioretention. The majority of soils 
within Jurisdictions 1 and 4 are categorized as having very poor infiltration rates. Of the 
soils with high infiltration rates, much of this area is along the coastal sands or in the steep, 
mountainous terrains. The steep, mountainous terrain is not appropriate for on-site 
infiltration projects because there is no development or urban land use that generates 
runoff; and these areas are too far upstream of the desired runoff concentration points. 
Slope stability is also a significant concern. Smaller scale BMPs such as infiltration trenches, 
swales, French drains, and porous pavement should be considered on an individual parcel 
basis, particularly in rural residential areas. 
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Table 5.1  Potential Locations for On-Site Facilities 
 

Site Site Type Subwatershed Address Jurisdiction
Approx. 

Area 
(acre) 

Commitment 

Malibu Lagoon 
County Beach 
(Surfrider)  

Public Parking Lot Carbon 23000 PCH, Malibu LACDBH 0.68 Pilot 

Las Flores Creek Park Public Recreation 
Area 

Las Flores 3755 Las Flores 
Canyon Road, 

Malibu 

City of Malibu 4 Commit 

Las Flores 
Maintenance Station 
(Caltrans) 

Maintenance 
Station 

Las Flores 3503 Las Flores 
Canyon Rd, Malibu 

Caltrans  Pilot 

Charmlee Nature 
Center 

Public Recreation 
Area 

Los Aliso 2577 South Encinal 
Canyon Road, 

Malibu 

City of Malibu 547 Consider 

Nicholas Canyon 
County Beach  

Public Parking Lot Nicholas 33850 PCH, Malibu LACDBH 1.18 Consider 

Topanga County 
Beach (East Lot) 

Public Parking Lot Topanga 18700 PCH, Malibu LACDBH 0.97 Pilot 

Topanga County 
Beach (West Lot, 
unpaved) 

Public Parking Lot Topanga 18700 PCH, Malibu LACDBH 0.96 Pilot 

Zuma County Beach 
(Lot #1) 

Public Parking Lot Zuma 30050 PCH, Malibu LACDBH 2.21 Consider 

Zuma County Beach 
(Lot #2) 

Public Parking Lot Zuma 30050 PCH, Malibu LACDBH 1.72  
Consider 

Zuma County Beach 
(Lot #3) 

Public Parking Lot Zuma 30050 PCH, Malibu LACDBH 0.61  
Consider 

Zuma County Beach 
(Lot #4) 

Public Parking Lot Zuma 30050 PCH, Malibu LACDBH 0.67  
Consider 

Zuma County Beach 
(Lot #5) 

Public Parking Lot Zuma 30050 PCH, Malibu LACDBH 1.15  
Consider 

Zuma County Beach 
(Lot #6) 

Public Parking Lot Zuma 30050 PCH, Malibu LACDBH 0.91  
Consider 

Zuma County Beach 
(Lot #7) 

Public Parking Lot Trancas 30050 PCH, Malibu LACDBH 1.37  
Consider 

Zuma County Beach 
(Lot #8) 

Public Parking Lot Trancas 30050 PCH, Malibu LACDBH 2.19  
Consider 

Zuma County Beach 
(Lot #9) 

Public Parking Lot Trancas 30050 PCH, Malibu LACDBH 0.64  
Consider 

Zuma County Beach 
(Lot #10) 

Public Parking Lot Trancas 30050 PCH, Malibu LACDBH 0.29  
Consider 

Zuma County Beach 
(Lot #11) 

Public Parking Lot Trancas 30050 PCH, Malibu LACDBH 0.56  
Consider 

Zuma County Beach 
(Lot #12) 

Public Parking Lot Trancas 30050 PCH, Malibu LACDBH 2.04  
Consider 

Trancas Canyon Park Public Recreation 
Area 

Trancas between 6120 & 
5942 Trancas 
Canyon Rd, 

City of Malibu 15 Commit 

Zuma Beach 
Maintenance Yard 

Maintenance 
Facility 

Zuma 30100 PCH, Malibu LACDBH 0.53  
Consider 

Point Dume County 
Beach 

Public Parking Lot Zuma 7103 Westward 
Beach Rd., Malibu 

LACDBH 2.45  
Consider 

 
Table 5.1 lists J1/4 Agency-owned candidate locations and levels of commitment for on-site 
measures within the J1/4 areas. These areas are somewhat limited and in some 
subwatersheds where on-site structural measures are committed, piloted, or considered, it 
may not be feasible to implement on-site structural measures within J1/4 Agency right of 
way. In this event other publicly-owned properties should be contemplated and 
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commercial development opportunities considered, before attempting to implement on 
private residential properties.  It should be noted that while some of the listed facilities are 
sewer treatment plants, the functional use of these plants is not considered for storm water 
treatment.  That is, the sewer treatment plants would not be used to treat runoff, but are 
facilities that are candidates for on-site treatment of local runoff. 

5.1.3 Regional Pilot Projects 

Regional structural solutions are recommended for evaluation as pilot projects for selected 
high-priority subwatersheds. These regional structural pilot projects should be considered 
candidate pilot projects that are subject to change and modification upon additional, more 
detailed study. Implementation of these pilot projects will be subject to confirmation of 
engineering feasibility and technologies that may change the treatment approach. These 
activities will initiate in Phase 1. The treatment volumes for pilot projects are generally 
below full target treatment volumes to better establish and understand the relationships 
between exceedances, storm volumes, and pollutant levels within storms, as well as to 
improve potential for optimal cost-effectiveness. 

The following additional considerations should be made with respect to pilot projects: 

• All projects require an administrative pre-feasibility evaluation. 

• All projects require feasibility-study level analysis and conceptual designs. 

• Proposed treatment concepts are subject to change. 

• All parametric estimates (watershed area, treatment volume, etc.) are preliminary. 

• Any budgetary estimates are preliminary and subject to change. 

• All projects are subject to permitting and right-of-way resolution. 

• Should a pilot project be found infeasible, replacement projects will be investigated. 

• It is assumed that pilot projects will be operational throughout the implementation 
period, and that any decommissioning would occur after the implementation plan 
duration. 

• All projects will require review of environmentally sensitive areas and establishment of 
jurisdictional delineations as appropriate. Project flow rates and treatment levels will 
depend on available right-of-way and project engineering, and are subject to 
modification. 
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5.1.4 Prioritizing and Phasing Philosophy 

Activities stipulated for each subwatershed are determined by its priority rating. Priorities 
range from “low,” which would require primarily non-structural BMPs only, to “high” 
which would include more rigorous implementation of both non-structural and structural 
BMPs. The requirements for a “medium” priority watershed would fall between those of 
the low and high priority watersheds. 

As previously stated, implementation categories for BMPs are “commit,” “pilot,” and 
“consider.” There are four phases in which these BMPs could be scheduled to begin 
planning and implementation. These phases are referenced in the summary tables in the 
following section. The summary tables include columns labeled “Initiate Planning” and 
“Initiate Implementation.” 

“Commit” activities are the highest priority, and are generally scheduled to begin planning 
in Phase 1 with the following exceptions: a) “Further emphasize applicable existing BMPs in 
development planning and construction programs” though committed BMPS, are 
scheduled to initiate planning in Phase 2, and b) subwatersheds with committed structural 
BMP measures may not have a clearly defined initiated planning date, reflecting potential 
uncertainties, and instead may reference “Phase 1 or 2.” These watersheds include Ramirez, 
Latigo, Corral, Las Flores, Piedra Gorda, and Topanga. 

BMPs that are to be piloted and considered would begin the planning phase no earlier than 
Phase 2 and implementation no later than phase 3. Items marked with an asterisk are those 
pilot or consider items that will be implemented only if necessary upon completion of the 
planning phase. 

It should be noted that the medium priority subwatersheds of Los Alisos Canyon and 
Carbon do not include significantly different activities than their low priority counterparts. 
They, however, have accelerated schedules for the consideration of structural BMPs; with 
planning and implementation initiated in Phases of 2 and 3, respectively. It should also be 
noted that subwatersheds with potential for beneficial reuses (such as Trancas) would 
warrant consideration of additional BMP activities. 

RB-AR42447



Section 5. Subwatershed-Specific 
Implementation Plan 

SECTION 5 J1-4 DRAFT IMPLEMENTATION PLAN (V 6.2). DOC.DOC 5-12 Printed August 25, 2005 at 12:16 PM 

5.2 Arroyo Sequit 

Because Arroyo Sequit is the reference subwatershed and basis for the Santa Monica Bay 
Beaches Bacterial TMDL, it is excluded from the Implementation Plan. Arroyo Sequit 
Subwatershed is virtually undeveloped (less than 2.5 percent is developed); therefore, 
anthropogenic sources of bacteria are sparse. It is for this reason that the CSMP (2004) 
identified the monitoring station at this subwatershed as a reference site for implementing 
the TMDL. Bacteria are still present in sampling, although at low levels and likely 
principally associated with wildlife, horses, and dogs. Much of the open space within the 
subwatershed is within parcels belonging to the Santa Monica Mountain Conservancy. 
Therefore, these lands have added protections. 
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5.3 Nicholas (J4) 

5.3.1 Subwatershed-Specific Description 

General Description 

Nicholas Canyon is the sole Jurisdiction 4 area. It is a 1220-acre subwatershed that is 
bounded by Arroyo Sequit to the northwest and Los Alisos to the southeast. More than half 
of the Nicholas Subwatershed is within lands proposed for acquisition by the SMMC, and 
except for a small area of medium to high density and low density residential development 
along the shoreline, the subwatershed can generally be characterized as predominately 
natural open space. There is a 2-acre parcel in the subwatershed that is designated as a 
wildlife preserve or sanctuary. Just east of PCH is a horse ranch. Nicholas County Canyon 
Beach is a moderately popular beach that provides parking for 151 vehicles. The beach also 
provides fishing, picnicking, restrooms, showers, surfing, swimming, and in the summer 
months, there is a food truck. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 8 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds, this volume could be reduced to 3 million gallons. 

Specific/Historical Concerns 

Nicholas Canyon is considered a low priority subwatershed. Monitoring in the critical 
TMDL year did not show excessive exceedance days, and the source prioritization effort did 
not conclude that it was a high priority subwatershed. 

5.3.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Nicholas (J4) Best Management Practices 

C
om

m
it 

Pi
lo

t 

C
on
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de
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Initiate 
Planning 

Initiate 
Implementation 

Non-Structural Measures 

Public Information and Participation Programs 

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs 

 X  Phase 2 Phase 3 

Identify horse stables in the region and implement pilot program  X  Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

  X Phase 2 Phase 3* 

Development Planning and Construction Program 

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns   X Phase 3 Phase 4* 

b) Storage and Reuse   X Phase 3 Phase 4* 

c) Small Scale Infiltration   X Phase 3 Phase 4* 

d) On-Site Wastewater   X Phase 3 Phase 4* 

 *if necessary 
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5.4 Los Alisos 

5.4.1 Watershed-Specific Description 

General Description 

Los Alisos Canyon is a 2380-acre subwatershed that is bounded by Nicholas Canyon to the 
northwest and Encinal to the southeast. Per SCAG (2000) land use data, it has 267 acres of 
residential development. In the upper region of the subwatershed around Decker Canyon 
there is a scattering of rural residential development and a small area designated as open 
space and recreation. In the area of La Vienta Creek and along the shoreline the area is 
mostly low density residential with a small area of medium to high density residential 
development (also along the shoreline). There are two inland parks west of PCH in the area 
of La Vienta Creek. Only 5 acres of non-pastoral or livestock agricultural land (nursery, 
vineyards) are found within the subwatershed. Most of the upper half of the subwatershed 
is protected by the Santa Monica Mountain Conservancy. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 10 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds, this volume could be reduced to 4 million gallons. 

Specific/Historical Concerns 

Los Alisos Canyon is considered a medium priority subwatershed based on the source 
prioritization effort described previously 

5.4.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Los Alisos Best Management Practices 

C
om

m
it 

Pi
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t 

C
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs  

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X     Phase 1 Phase 1 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

    X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities     X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X     Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X     Phase 1 Phase 1 

Development Planning and Construction Program  

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X     Phase 2 Phase 2 

Public Agency Activity Control Program  

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X     Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns     X Phase 2 Phase 3* 

b) Storage and Reuse     X Phase 2 Phase 3* 

c) Small Scale Infiltration     X Phase 2 Phase 3* 

d) On-Site Wastewater     X Phase 2 Phase 3* 

 *if necessary 
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5.5 Encinal 

5.5.1 Watershed-specific description 

General Description 

Encinal Canyon is an 1830-acre subwatershed that is bounded by Los Alisos to the 
northwest and Trancas Canyon to the southeast. Per SCAG (2000) land use data, it has 
179 acres of residential development. Scattered rural residential development is found 
beyond the incorporated boundaries of Malibu, and is located primarily along streams. 
Medium to high density development dominates the shoreline with some intermingling of 
low density development. Two small agricultural (non-pastoral or livestock) parcels 
comprising a total of about 14 acres are located relatively close to the shoreline. 
Approximately one-third of the land area within this subwatershed is proposed for 
acquisition by the SMMC. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 8 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds, this volume could be reduced to 3 million gallons. 

Specific/Historical Concerns 

Encinal Canyon is considered a low priority subwatershed based on the source 
prioritization effort described previously. Encinal has no zoned horse ranch or commercial 
land uses. 

5.5.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Encinal Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures  

Public Information and Participation Programs  

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X     Phase 1 Phase 1 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

    X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities     X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X     Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X     Phase 1 Phase 1 

Development Planning and Construction Program  

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X     Phase 2 Phase 2 

Public Agency Activity Control Program  

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X     Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures  

On-Site Options 

a) Cisterns     X Phase 3 Phase 4* 

b) Storage and Reuse     X Phase 3 Phase 4* 

c) Small Scale Infiltration     X Phase 3 Phase 4* 

d) On-Site Wastewater     X Phase 3 Phase 4* 

 *if necessary 
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5.6 Trancas 

5.6.1 Watershed-Specific Description 

General Description 

Trancas Canyon is a 6580-acre subwatershed that is bounded by Encinal Canyon to the 
northwest and Zuma to the southeast. Per SCAG (2000) land use data, it has 635 acres of 
residential development. Nearly 15 percent of the Trancas subwatershed is comprised of 
developed land uses. A mixture of land uses, including medium to high and low density 
residential, mixed urban, educational, commercial, and rural residential, is found in the 
western portion of the subwatershed. The middle region of the subwatershed is virtually 
undeveloped, whereas the upper portion has a scattering of land uses, including rural 
residential, golf course, governmental, and agricultural. Approximately 26 acres of land 
within the northeastern section of the subwatershed is classified as cropland and pasture. 
There are 3 mapped horse ranches within the subwatershed, with one of the ranches located 
relatively close to the shoreline. Nearly half of the shoreline is comprised of a beach park. 
Relatively small-sized parcels owned by the proposed for ownership by the SMMC are 
scattered throughout the subwatershed. Trancas has some land uses indicating a potential 
reuse opportunity, but the location of these potential opportunities did not appear to be 
feasible for this activity. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 36 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds, this volume could be reduced to 13 million gallons. For a 
subwatershed of this size, additional hydrologic studies are recommended prior to 
feasibility-level designs. 

Specific/Historical Concerns 

Trancas Canyon is considered a low priority subwatershed. Monitoring in the critical 
TMDL year did not show excessive exceedance days, and the source prioritization effort did 
not conclude that it was a high priority subwatershed. 

5.6.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Trancas Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures  

Public Information and Participation Programs  

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X     Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs  

  X   Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

    X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities     X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X     Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X     Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

    X Phase 2 Phase 3* 

Provide for regular BMP inspections for restaurants X     Phase 1 Phase 1 

Increase awareness of BMPs in restaurants by establishing a restaurant 
reward and recognition program 

  X   Phase 2 Phase 3 

Conduct industry specific workshops X     Phase 1 Phase 1 

Investigate the possibility of increasing frequency of trash collection at 
restaurants 

X     Phase 1 Phase 2 

Development Planning and Construction Program  

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X     Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X     Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns     X Phase 3 Phase 4* 

b) Storage and Reuse     X Phase 3 Phase 4* 

c) Small Scale Infiltration     X Phase 3 Phase 4* 

d) On-Site Wastewater     X Phase 3 Phase 4* 

Regional Solutions  

 - Capture, Store, Treat, and Discharge     X Phase 3 Phase 4* 

 - Capture, Store, Treat, and Reuse     X Phase 3 Phase 4* 

Treatment Options  

 - Traditional Treatment/Small Package     X Phase 3 Phase 4* 

 - SSF Wetlands     X Phase 3 Phase 4* 

 *if necessary 
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5.7 Zuma 

5.7.1 Watershed-Specific Description 

General Description 

Zuma Canyon is a 6290-acre subwatershed that is bounded by Trancas Canyon to the 
northwest and Ramirez to the southeast. It has 796 acres of residential development 
(13 percent of the total subwatershed). Developed land (including commercial, and mixed 
urban) comprises about 18 percent of the Zuma subwatershed, making Zuma 
subwatershed the third most developed subwatershed within the project area. It has the 
second highest proportion of commercial development. Low density residential 
development scattered with commercial, agricultural, horse ranch, and medium to high 
density residential development comprises the western portion of the subwatershed. 
Development is also found in the far upper portion of the subwatershed and is mostly 
characterized by rural residential and agricultural land uses. There are seven mapped horse 
ranches in this subwatershed, with two of the ranches located relatively close to the 
shoreline. A few, small parcels proposed for ownership by the SMMC are found in the mid- 
to upper regions of the subwatershed. A large proportion of the shoreline is comprised of a 
beach park (Zuma Beach). Based on the October 2004 field reconnaissance of the CSMP 
monitoring site, there are a number of restaurants and food facilities adjacent to and directly 
on Zuma Beach. In addition, several public restrooms were identified on Zuma Beach. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 33 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds, this volume could be reduced to 12 million gallons. For a 
subwatershed of this size, additional hydrologic studies are recommended prior to 
feasibility-level designs. 

Specific/Historical Concerns 

Zuma Canyon is considered a low priority subwatershed. Monitoring in the critical 
TMDL year did not show excessive exceedance days, and the source prioritization effort did 
not conclude that it was a high priority subwatershed. 

5.7.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Zuma Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures  

Public Information and Participation Programs  

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X     Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs  

  X   Phase 2 Phase 3 

Identify horse stables in the region and implement pilot program   X   Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

    X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities     X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X     Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X     Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

    X Phase 2 Phase 3* 

Provide for regular BMP inspections for restaurants X     Phase 1 Phase 1 

Increase awareness of BMPs in restaurants by establishing a restaurant 
reward and recognition program 

  X   Phase 2 Phase 3 

Conduct industry specific workshops X     Phase 1 Phase 1 

Investigate the possibility of increasing frequency of trash collection at 
restaurants 

X     Phase 1 Phase 2 

Development Planning and Construction Program  

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X     Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X     Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns     X Phase 3 Phase 4* 

b) Storage and Reuse     X Phase 3 Phase 4* 

c) Small Scale Infiltration     X Phase 3 Phase 4* 

d) On-Site Wastewater     X Phase 3 Phase 4* 

 *if necessary 
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5.8 Ramirez 

5.8.1 Watershed-Specific Description 

General Description 

Ramirez Canyon is a 3350-acre subwatershed that is bounded by Zuma Canyon to the north 
and Escondido to the southeast. It has 318 acres of residential development, making 
Ramirez the most developed subwatershed within the project area, with about 27 percent of 
its land area characterized by non-open space uses. Nearly all of the development is within 
the lower portion of the subwatershed. Numerous land uses are represented in the 
developed portion of the subwatershed. Low density residential development comprises 
the greatest proportion of the developed land uses. Commercial land is located away from 
the shoreline. There is a 6-acre horse ranch located fairly close to the shoreline. The eastern 
portion of the subwatershed is planned for ownership by the SMMC. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 21 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds, this volume could be reduced to 8 million gallons. For a 
subwatershed of this size, additional hydrologic studies are recommended prior to 
feasibility-level designs. 

Specific/Historical Concerns 

Ramirez Canyon is considered a high priority subwatershed. Monitoring in the critical 
TMDL year showed excessive exceedance days, and the source prioritization effort 
confirmed that it was a high priority subwatershed. 

5.8.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Ramirez Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs  

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X     Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs  

  X   Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

    X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities     X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X     Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X     Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

    X Phase 2 Phase 3* 

Provide for regular BMP inspections for restaurants X     Phase 1 Phase 1 

Increase awareness of BMPs in restaurants by establishing a restaurant 
reward and recognition program 

  X   Phase 2 Phase 3 

Conduct industry specific workshops X     Phase 1 Phase 1 

Investigate the possibility of increasing frequency of trash collection at 
restaurants 

X     Phase 1 Phase 2 

Development Planning and Construction Program  

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X     Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X     Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns X     Phase 1 or 2 Phase 3 

b) Storage and Reuse X     Phase 1 or 2 Phase 3 

c) Small Scale Infiltration X     Phase 1 or 2 Phase 3 

d) On-Site Wastewater     X Phase 3 Phase 4* 

Regional Solutions 

 - Capture, Store, Treat, and Discharge   X   Phase 1 Phase 3 

Treatment Options 

 - Traditional Treatment/Small Package     X Phase 3 Phase 4* 

 - Storm Water Filtration     X Phase 3 Phase 4* 

 - Advanced Oxidation     X Phase 3 Phase 4* 
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Ramirez Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

 - Peracetic Acid/bactericides     X Phase 3 Phase 4* 

 - SSF Wetlands     X Phase 3 Phase 4* 

 *if necessary 

5.8.3 Description of Potential Pilot Project 

The following table describes a potential pilot project for this subwatershed. It includes a 
project target location, treatment measure, and preliminary budget estimate. As previously 
stated it is expected that features related to this pilot project may change. 

Project Name Paradise Cove Pretreatment and System Upgrade 
Jurisdictional Lead City of Malibu/County of Los Angeles 
Project 
Description/Benefit 

Provide pre-treatment pollutant removal and storage 
capacity to increase the functional capacity of existing 
bacteria treatment system and evaluate the potential for 
system upgrade. 
Potential significant improvements in treatment 
performance 

Regional, Sub-Regional, or 
On-Site 

Sub-Regional 

Subwatershed and basis 
for selection 

Ramirez Subwatershed 
High Priority based on Source Prioritization and TMDL 
exceedance days in critical year 

Integrated Project Element  Multiple Pollutants  
Candidate Locations  Storage facilities adjacent to or upstream of existing Clear 

Creek System. 
Approximate land required (note storage can be covered at 
additional expense):  1 to 2 acres 

Candidate Target Volume Drainage is 60% of total watershed (estimated) and 
utilizing lower volume estimate, and  
Potential treatment of 50% of volume 
Required operational storage is 2.4 MG (approx 7.4 acre-
feet). 
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Permitting/ 
Environmental Issues 

Potential private land ownership issues.  This stipulation 
makes the feasibility of the proposed pilot project 
somewhat in question.  Therefore the pilot project should 
be considered “conditional” of resolution of right-of-way 
issues. 
Large operational storage required 

Budgetary Estimates To be determined 
Photo/Map: 

  
Copyright © 2002-2004 Kenneth & Gabrielle Adelman, 

California Coastal Records Project, www.californiacoastline.org 

Photo: Existing Channel 
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Photo: Existing Outlet 
Structure 

 
Photo: Existing Parking 
Structure 
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5.9 Escondido 

5.9.1 Watershed-Specific Description 

General Description 

Escondido Canyon is a 2300-acre subwatershed that is bounded by Ramirez Canyon to the 
northwest and Latigo to the southeast. It has 318 acres of residential development. Rural 
residential development is found scattered throughout the subwatershed. Medium to high 
density residential development is found along the shoreline and low density residential 
development is found just east of the shoreline. About a third of the land area is within 
SMMC lands. About 43 acres of mapped horse ranches (representing about 2 percent of the 
subwatershed) are found fairly close to the shoreline. The proportion of horse ranches in 
this subwatershed is the highest within the project area. There is no coastal, public access 
from the Pacific Coast Highway (Route 1) to Escondido Beach; access is only via private 
properties and through two blocked gates. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 9 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to 3 million gallons. 

Specific/Historical Concerns 

Escondido Canyon is considered a medium to high priority subwatershed. There was no 
monitoring in the critical TMDL year, but the source prioritization effort concluded that it 
was medium to high priority. 

5.9.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Escondido Best Management Practices 

C
om

m
it 

Pi
lo

t 

C
on

si
de

r 

Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs 

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs  

 X  Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

  X Phase 2 Phase 3* 

Development Planning and Construction Program      

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns   X Phase 3 Phase 4* 

b) Storage and Reuse  X  Phase 2 Phase 3 

c) Small Scale Infiltration  X  Phase 2 Phase 3 

d) On-site Wastewater   X Phase 3 Phase 4* 

 *if necessary 
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5.10 Latigo 

5.10.1 Watershed-Specific Description 

General Description 

Latigo Canyon is the second smallest subwatershed in the J1/4 area, and is an 824-acre 
subwatershed that is bounded by Escondido Canyon to the northwest and Solstice to the 
southeast. Latigo has 80 acres of residential development, a substantial portion near the 
shoreline. Developed land within the Latigo subwatershed is characterized mostly by rural 
residential development in the central area of the subwatershed along the rim of Latigo 
Canyon and low and medium to high density residential development near the shoreline. 
Managed lands of the SMMC are found along the eastern border of the subwatershed. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 4 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to 1 million gallons. 

Specific/Historical Concerns 

Latigo Canyon is considered a high priority subwatershed based on monitoring of 
exceedance days in the critical TMDL year. 

5.10.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Latigo Best Management Practices 

C
om

m
it 

Pi
lo

t 

C
on

si
de

r 

Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs 
Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs  

 X  Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 
Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 
Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

  X Phase 2 Phase 3* 

Development Planning and Construction Program 
Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 
Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 
Structural Measures 
On-Site Options 
a) Cisterns X   Phase 1 or 2 Phase 3 
b) Storage and Reuse X   Phase 1 or 2 Phase 3 
c) Small Scale Infiltration X   Phase 1 or 2 Phase 3 
d) On-site Wastewater   X Phase 3 Phase 4* 
Regional Solutions 
 - Capture, Store, Treat, and Discharge  X  Phase 1 Phase 3 
Treatment Options 
 - Traditional Treatment/Small Package   X Phase 3 Phase 4* 
 - Storm Water Filtration   X Phase 3 Phase 4* 
 - Advanced Oxidation   X Phase 3 Phase 4* 
 - Peracetic Acid/bactericides   X Phase 3 Phase 4* 
 - SSF Wetlands   X Phase 3 Phase 4* 

 *if necessary 
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5.10.3 Description of Potential Pilot Project 

The following table describes a potential pilot project for this subwatershed. It includes a 
project target location, treatment measure, and preliminary budget estimate. As previously 
stated it is expected that features related to this pilot project may change. 

Project Name Latigo Shores Subsurface Flow Wetland 
Jurisdictional Lead County of Los Angeles 
Project 
Description/Benefit 

Utilize vacant County Beaches and Harbors land, east of 
Tivoli Condominiums and south of PCH, for treatment of 
creek flows through subsurface flow wetland system.  
Project requires pretreatment screens for gross solids 
removal.  Diversion of flows and temporary storage.  
Assume wetland system can be fed during dry season with 
nuisance flows from creek or treated septic leach sources.  
System to be encase in concrete box to mitigate slope 
stability issues. 

Regional, Sub-Regional, or 
On-Site 

Subregional 

Subwatershed and basis 
for selection 

Latigo 
High Priority based on TMDL exceedance days in critical 
year 

Integrated Project Element  Multiple Pollutants and potential integrated water 
resources (treated septic leach source) 

Candidate Locations  Adjacent to outlet in vacant parcel.  Alternative site may be 
privately owned land north of PCH and west of creek. 
Approximate land required (note storage can be covered at 
additional expense):  1 acre 

Candidate Target Volume 90% of area (estimated) 
50% of reduced volume assumed, or  
Operational storage = 0.45 MGD 

Permitting/ 
Environmental Issues 

Groundwater/septic leach water usage 
Potential private land ownership issues for access: This 
stipulation makes the feasibility of the proposed pilot 
project somewhat in question.  Therefore the pilot project 
should be considered “conditional” of resolution of right-
of-way issues. 
Engineering issue: Potential slope stability issues must be 
addressed and investigated as part of preliminary design 
process. 
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Budgetary Estimates To be determined 
Photo/Map: 

  
Copyright © 2002-2004 Kenneth & Gabrielle Adelman, 

California Coastal Records Project, www.californiacoastline.org 

Photo: Candidate Site 

 

RB-AR42469



Section 5. Subwatershed-Specific 
Implementation Plan 

SECTION 5 J1-4 DRAFT IMPLEMENTATION PLAN (V 6.2). DOC.DOC 5-34 Printed August 25, 2005 at 12:16 PM 

5.11 Solstice 

5.11.1 Watershed-Specific Description 

General Description 

Solstice Canyon is a 2840-acre subwatershed that is bounded by Latigo Canyon to the 
northwest and Corral Canyon to the southeast. Development within Solstice subwatershed 
is limited to rural residential and horse ranch uses and a small commercial area near the 
coastline. Much of this subwatershed is proposed for ownership by SMMC. A field 
reconnaissance conducted in October 2004 noted that the commercial area on the east side 
of Pacific Coast Highway at Solstice Canyon Road is comprised of restaurants and a gas 
station. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 35 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to 13 million gallons. 

Specific/Historical Concerns 

Solstice Canyon is considered a low priority subwatershed based on the source 
prioritization effort described previously 

5.11.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B.  
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Solstice Best Management Practices 

C
om

m
it 

Pi
lo

t 

C
on

si
de

r 

Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs 

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X     Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs  

  X   Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

    X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities     X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

    X Phase 2 Phase 3* 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X     Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

    X Phase 2 Phase 3* 

Development Planning and Construction Program 

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X     Phase 2 Phase 2 

Structural Measures 

On-Site Options 

b) Storage and Reuse     X Phase 3 Phase 4* 

c) Small Scale Infiltration     X Phase 3 Phase 4* 

 *if necessary 
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5.12 Corral 

5.12.1 Watershed-Specific Description 

General Description 

Corral Canyon is a 4,300-acre subwatershed that is bounded by Solstice Canyon to the 
northwest and Malibu Creek to the southeast. It includes 244 acres of residential 
development. Corral subwatershed hosts the approximate 180-acre campus of Pepperdine 
University which is located in the southwestern area of the subwatershed fairly close to the 
shoreline. Except for a concentrated area of rural residential development in the east, most 
of the developed area in the subwatershed is near the shoreline and surrounding the 
university. Most of the residential development near the shoreline is medium to high 
density. This subwatershed has the third highest proportion of commercial development 
within the project area, and by far the highest proportion of land designated as mixed 
urban/construction. There is a golf course located just east of Malibu Colony near the 
shoreline. 

A significant drain within Corral is Marie Creek, which is located in the eastern portion of 
the subwatershed. Within yards of Marie Creek is an accessible creek that opens directly to 
the ocean. In the vicinity of this creek is a residential area with homes along the beach. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 35 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to 13 million gallons. For a 
subwatershed of this size, additional hydrologic studies are recommended prior to 
feasibility-level designs. 

Specific/Historical Concerns 

Corral Canyon is considered a high priority subwatershed based on the source 
prioritization effort. While it also has a theoretical demand for some water reuse, there 
appears to be sufficient supply. 

5.12.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. 
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Corral Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 
Public Information and Participation Programs 
Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X     Phase 1 Phase 1 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

    X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities     X Phase 2 Phase 3* 
Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X     Phase 1 Phase 2 

Coordinate outreach activities with Pepperdine University: X     Phase 1 Phase 2 
Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X     Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 
Provide for regular BMP inspections for restaurants X     Phase 1 Phase 1 
Increase awareness of BMPs in restaurants by establishing a restaurant 
reward and recognition program 

  X   Phase 2 Phase 3 

Conduct industry specific workshops X     Phase 1 Phase 1 
Investigate the possibility of increasing frequency of trash collection at 
restaurants 

X     Phase 1 Phase 2 

Development Planning and Construction Program 
Further emphasize applicable existing BMPs in development planning and 
construction programs 

X     Phase 2 Phase 2 

Public Agency Activity Control Program 
Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X     Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 
Structural Measures 
On-Site Options 
a) Cisterns     X Phase 3 Phase 4* 
b) Storage and Reuse   X   Phase 2 Phase 3* 
c) Small Scale Infiltration X     Phase 1 or 2 Phase 3 
d) On-site Wastewater     X Phase 3 Phase 4* 
Regional Solutions 
 - Capture, Store, Treat, and Discharge     X Phase 3 Phase 4* 
 - Capture, Store, Treat, and Reuse   X   Phase 1 Phase 3* 
Treatment Options 
 - Traditional Treatment/Small Package     X Phase 3 Phase 4* 
 - Storm Water Filtration     X Phase 3 Phase 4* 
 - Advanced Oxidation     X Phase 3 Phase 4* 
 - Peracetic Acid/bactericides     X Phase 3 Phase 4* 

 *if necessary 
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5.12.3 Description of Potential Pilot Project 

The following table describes a potential pilot project for this subwatershed. It includes a 
project target location, treatment measure, and preliminary budget estimate. As previously 
stated it is expected that features related to this pilot project may change. 

Project Name Marie Canyon Drain Retrofit 
Jurisdictional Lead County of Los Angeles DPW 
Project 
Description/Benefit 

Provide upstream storage and diversion, with peracetic 
acid treatment and discharge back in to Marie Canyon 
Drain 

Regional, Sub-Regional, or 
On-Site 

Sub-Regional 

Subwatershed and basis 
for selection 

Corral 
High Priority based on Source Prioritization 

Integrated Project Element  Multiple Pollutant removal 
Candidate Locations  Potential reduced storage upstream of PCH 
Candidate Target Volume Assume Marie Canyon is 15% of Corral Drainage,  

Treat 50% of lowered target volume; 
Estimated required operational storage = 1 MG 
Approximate land required (note storage may be covered 
at additional expense):  up to 1 acre 

Permitting/ 
Environmental Issues 

NPDES permitting with biocide addition 
Right of way 
Potential land acquisition upstream of PCH 

Budgetary Estimates To be determined 
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5.13 Carbon 

5.13.1 Watershed-Specific Description 

General Description 

Carbon Canyon is a 2310-acre subwatershed that is bounded by Malibu Creek to the 
northwest and Las Flores to the southeast. It has 315 acres of residential development 
(14 percent of the total area). This subwatershed has the highest proportion of commercial 
development (35 acres) of any of the J1/4 subwatersheds, and all of this development is 
near the shoreline along the east side of the Pacific Coast Highway. Rural residential 
development is found scattered within the eastern and western portions of the 
subwatershed. Medium to high density residential development is located on the west side 
of PCH, and low density residential development is found just east of PCH. A small beach 
park is found along the western shoreline. Carbon subwatershed is one of the most 
developed subwatersheds within the project area. Residential development is found near 
the CSMP monitoring station located in the Sweetwater Canyon area. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 16 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to 6 million gallons. 

Specific/Historical Concerns 

Carbon Canyon is considered a medium priority subwatershed based on the source 
prioritization effort described previously 

5.13.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Carbon Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs 

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide for regular BMP inspections for restaurants X   Phase 1 Phase 1 

Increase awareness of BMPs in restaurants by establishing a restaurant 
reward and recognition program 

 X  Phase 2 Phase 3 

Conduct industry specific workshops X   Phase 1 Phase 1 

Investigate the possibility of increasing frequency of trash collection at 
restaurants 

X   Phase 1 Phase 2 

Development Planning and Construction Program 

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns   X Phase 2 Phase 3* 

b) Storage and Reuse   X Phase 2 Phase 3* 

c) Small Scale Infiltration   X Phase 2 Phase 3* 

d) On-site Wastewater   X Phase 2 Phase 3* 

 *if necessary 
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5.14 Las Flores 

5.14.1 Watershed-Specific Description 

General Description 

Las Flores Canyon is a 2921-acre subwatershed that is bounded by Carbon Canyon to the 
northwest and Piedra Gorda to the southeast. It has 282 acres of residential development. 
Within this subwatershed, medium to high density development flanks the shoreline along 
with commercial development. High density development is also found along the lower 
eastern and western boundaries of the subwatershed. Scattered low density development is 
found within the lower subwatershed; whereas, rural residential development is found 
scattered within the central and eastern areas of the subwatershed. A large proportion of 
the land is comprised of SMMC lands. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 17 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to 6 million gallons. 

Specific/Historical Concerns 

The City of Malibu is currently engaged in restorations on the creek. These efforts have the 
potential to not only benefit riparian habitat and fluvial geomorphologic conditions, but 
also water quality. 

Las Flores Canyon is considered a high priority subwatershed based on the critical year 
exceedances listed in the TMDL. 

5.14.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1.
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Las Flores Best Management Practices 

C
om

m
it 

Pi
lo

t 

C
on

si
de

r 

Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 
Public Information and Participation Programs 
Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs  

 X  Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 
Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 
Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

  X Phase 2 Phase 3* 

Provide for regular BMP inspections for restaurants X   Phase 1 Phase 1 
Increase awareness of BMPs in restaurants by establishing a restaurant 
reward and recognition program 

 X  Phase 2 Phase 3 

Conduct industry specific workshops X   Phase 1 Phase 1 
Development Planning and Construction Program 
Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 
Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 
Structural Measures 
On-Site Options 
a) Cisterns X   Phase 1 or 2 Phase 3 
b) Storage and Reuse X   Phase 1 or 2 Phase 3 
c) Small Scale Infiltration X   Phase 1 or 2 Phase 3 
d) On-site Wastewater   X Phase 3 Phase 4* 
Regional Solutions 
 - Capture, Store, Treat, and Discharge  X  Phase 2 Phase 3 
Treatment options 
 - Traditional Treatment/Small Package   X Phase 3 Phase 4* 
 - Storm Water Filtration   X Phase 3 Phase 4* 
 - Advanced Oxidation   X Phase 3 Phase 4* 
 - Peracetic Acid/bactericides   X Phase 3 Phase 4* 
 - SSF Wetlands   X Phase 3 Phase 4* 

 *if necessary 
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5.14.3 Description of Potential Pilot Project 

The following table describes a potential pilot project for this subwatershed. It includes a 
project target location, treatment measure, and preliminary budget estimate. As previously 
stated it is expected that features related to this pilot project may change. 

The potential creek restoration pilot project will improve riparian function and water 
quality through various instream habitat enhancement elements. Ancillary benefits include 
the reduction of flooding impacts, property damage or bank failure; improvement of creek 
form and function; and protection of fish and other wildlife. Public awareness, education 
and participation will be critical to the success of the pilot project and will help the water 
quality public education elements, as more people would be encouraged to value the 
restored natural environment. The physical attributes of Las Flores Creek will provide 
insight to potential solutions applicable to other sites. Hence, this potential pilot project can 
be used as a model for restoration and structural BMP projects. 

Project Name Las Flores Canyon Restoration and Water Quality 
Improvements 

Jurisdictional Lead City of Malibu 
Project 
Description/Benefit 

Restoration of Las Flores creek and acquisition of adjacent 
properties for biofiltration and infiltration prior to 
discharge to the creek. 

Regional, Sub-Regional, or 
On-Site 

Regional and sub-regional 

Subwatershed and basis 
for selection 

Las Flores 
High Priority based on TMDL exceedance days in critical 
year 

Integrated Project Element  Multiple pollutants, biodiversity and habitat enhancement 
Candidate Locations  Las Flores creek upstream of PCH 
Candidate Target Volume 80-90% of watershed area 5 MGD total, smaller volumes in 

tributary drains 
Permitting/ 
Environmental Issues 

CDFG 1600 
USACE 404 
RWQCB 401 

Budgetary Estimates To be determined 
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5.15 Piedra Gorda 

5.15.1 Watershed-Specific Description 

General Description 

Piedra Gorda is a 629-acre subwatershed that is bounded by Las Flores Canyon to the 
northwest and Pena to the southeast. About 80 percent of the land within this subwatershed 
is designated as open space, with the majority of that area proposed for ownership by 
SMMC. Even with this high percentage of undeveloped land, this subwatershed is 
threatened by contamination from development given that all remaining lands within the 
subwatershed are characterized by medium to high residential use, and these developed 
lands are located near the shoreline. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 3 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to 1 million gallons. 

Specific/Historical Concerns 

Piedra Gorda Canyon is considered a high priority subwatershed based on the critical year 
exceedances listed in the TMDL. 

5.15.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1.
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Piedra Gorda Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs 

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Development Planning and Construction Program 

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns X   Phase 1 or 2 Phase 3 

b) Storage and Reuse   X Phase 3 Phase 4* 

c) Small Scale Infiltration X   Phase 1 or 2 Phase 3 

d) On-site Wastewater   X Phase 3 Phase 4* 

 *if necessary 
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5.16 Pena 

5.16.1 Watershed-Specific Description 

General Description 

Pena Canyon is the smallest subwatershed area within the J1/4 jurisdictions, and is a 
625-acre subwatershed that is bounded by Piedra Gorda to the northwest and Tuna to the 
southeast. About 96 percent of this subwatershed is represented by open space lands, and 
much of this area is proposed for acquisition by SMMC. Medium to high density residential 
development and beach park are the only other uses within the subwatershed and both of 
these uses are along the shoreline. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 3 million gallons, though based on detailed hydrologic studies in 
adjacent subwatershed, this volume could be reduced to 1 million gallons. 

Specific/Historical Concerns 

Pena is considered a low priority subwatershed based on the source prioritization effort 
described previously 

5.16.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Pena Best Management Practices 
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Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs 

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Development Planning and Construction Program 

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns   X Phase 3 Phase 4* 

b) Storage and Reuse   X Phase 3 Phase 4* 

c) Small Scale Infiltration   X Phase 3 Phase 4* 

d) On-site Wastewater   X Phase 3 Phase 4* 

 *if necessary 
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5.17 Tuna 

5.17.1 Watershed-Specific Description 

General Description 

Tuna Canyon is a 1007-acre subwatershed that is bounded by Pena Canyon to the 
northwest and Topanga Canyon to the east. It has 39 acres of residential development. This 
subwatershed is virtually undeveloped with the exception of a few scattered areas of rural 
residential development in the east and medium to high density and commercial 
development along the shoreline. Nearly the entire subwatershed is proposed for 
acquisition by SMMC. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 4 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to 1 million gallons. 

Specific/Historical Concerns 

Tuna Canyon is considered a low priority subwatershed based on the source prioritization 
effort described previously 

5.17.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 
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Tuna Best Management Practices 

C
om

m
it 

Pi
lo

t 

C
on

si
de

r 

Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs 

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide for regular BMP inspections for restaurants X   Phase 1 Phase 1 

Increase awareness of BMPs in restaurants by establishing a restaurant 
reward and recognition program 

 X  Phase 2 Phase 3 

Conduct industry specific workshops X   Phase 1 Phase 1 

Development Planning and Construction Program 

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

c) Small Scale Infiltration   X Phase 3 Phase 4* 

 *if necessary 
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5.18 Topanga 

5.18.1 Watershed-Specific Description 

General Description 

Topanga Canyon is the largest subwatershed within the J1/4 area. It is a 12,611-acre 
subwatershed that is bounded by Tuna Canyon to the northwest and represents the eastern 
boundary of the J1/4 jurisdictional area. Nearly every category of land use is represented 
within its borders. There is little development near the shoreline other than a beach park, a 
small commercial area, and a small (2-acre) industrial site. The central and eastern areas of 
the subwatershed are marked by rural residential, commercial, public, horse ranch, 
educational, and mixed urban/construction land uses. This subwatershed has a relatively 
high concentration of horse ranches; however these ranches are all in the upper 
subwatershed. In the CSMP monitoring site vicinity, the Pacific Coast Highway, at the 
corner of Topanga Creek Boulevard, is flanked by a number of restaurants and shops. 
Within 2 miles up from the Pacific Coast Highway, Topanga Creek Boulevard is primarily 
surrounded by residential development. 

Estimate of Potential Total Runoff to Be Managed 

Hypothetical target 24-hour operational storage and treatment volumes were developed 
should structural measures be eventually required within the subwatershed. The upper 
limit of this volume is 65 million gallons, though based on detailed hydrologic studies in 
adjacent subwatersheds this volume could be reduced to less than 24 million gallons. For a 
subwatershed of this size, additional hydrologic studies are recommended prior to 
feasibility-level designs. 

Specific/Historical Concerns 

Topanga Canyon is the largest and most complex subwatershed in the study area. It is 
considered a medium priority subwatershed based on both the TMDL exceedance day 
monitoring for the critical year and the source prioritization effort described previously. 

5.18.2 Watershed-Specific Plan of Activities 

The following matrix summarizes the activities specifically designated for this 
subwatershed. The basis for activities selected in this matrix is primarily the subwatershed 
priority status. Descriptions of general activities described below were provided in 
Section 5.1.1. Specifics regarding potential implementation scheduling are provided in 
Appendix B. 

RB-AR42490



Section 5. Subwatershed-Specific 
Implementation Plan 

SECTION 5 J1-4 DRAFT IMPLEMENTATION PLAN (V 6.2). DOC.DOC 5-55 Printed August 25, 2005 at 12:16 PM 

Topanga Best Management Practices 

C
om

m
it 

Pi
lo

t 

C
on
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de

r 

Initiate 
Planning 

Initiate 
Implementation* 

Non-Structural Measures 

Public Information and Participation Programs 

Outreach to pet owners establishing a link between animal wastes and 
health issues and focus on point of contact or purchase 

X   Phase 1 Phase 1 

Locate areas with corralled animals and educate property owners on 
bacteria TMDLs  

 X  Phase 2 Phase 3 

Identify horse stables in the region and implement pilot program  X  Phase 2 Phase 3 

Post signs at County and City-owned trailheads designated for equestrian 
users to not clean out horse trailers in parking lots and to clean up horse 
waste 

  X Phase 2 Phase 3* 

Outreach at trailheads encouraging hikers to use restroom facilities   X Phase 2 Phase 3* 

Provide septic system (OWTS) pumpers and customers with septic system 
guides. 

X   Phase 1 Phase 2 

Increase coordination between agencies and environmental organizations 
in preparing outreach materials 

X   Phase 1 Phase 1 

Industrial/Commercial Facilities Control Programs 

Provide an outreach program for all commercial facilities with corralled 
animals, including equestrian centers 

  X Phase 2 Phase 3* 

Provide for regular BMP inspections for restaurants X   Phase 1 Phase 1 

Increase awareness of BMPs in restaurants by establishing a restaurant 
reward and recognition program 

 X  Phase 2 Phase 3 

Conduct industry specific workshops X   Phase 1 Phase 1 

Investigate the possibility of increasing frequency of trash collection at 
restaurants 

X   Phase 1 Phase 2 

Development Planning and Construction Program 

Further emphasize applicable existing BMPs in development planning and 
construction programs 

X   Phase 2 Phase 2 

Public Agency Activity Control Program 

Establish guidelines for optimizing frequency of cleaning cycles for 
drainage facilities 

X   Phase 1 Phase 1 

Caltrans-Malibu Joint Agency Activities   X Phase 1 Phases 1 & 2 

Structural Measures 

On-Site Options 

a) Cisterns X   Phase 1 or 2 Phase 3 

b) Storage and Reuse X   Phase 1 or 2 Phase 3 

c) Small Scale Infiltration X   Phase 1 or 2 Phase 3 

d) On-site Wastewater   X Phase 2 Phase 3* 

Regional Solutions 

 - Capture, Store, Treat, and Discharge   X Phase 2 Phase 3* 

 - Capture, Store, Treat, and Reuse   X Phase 2 Phase 3* 

Treatment Options 

 - Traditional Treatment/Small Package   X Phase 2 Phase 3* 

 - Storm Water Filtration   X Phase 3 Phase 3* 

 - Advanced Oxidation   X Phase 2 Phase 3* 
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Topanga Best Management Practices 

C
om

m
it 

Pi
lo

t 

C
on

si
de

r 

Initiate 
Planning 

Initiate 
Implementation* 

 - Peracetic Acid/bactericides   X Phase 3 Phase 3* 

 - SSF Wetlands   X Phase 2 Phase 3* 

 

5.19 Integrated Water Resources Plan Elements 

The Implementation Plan was developed consistent with an Integrated Water Resources 
Approach (IWRA) on the basis of a) multiple pollutants removed and b) integrated water 
resources benefits.  For each recommended BMP, both the target pollutants and water 
resources benefits are listed.  For discussion purposes, target pollutants are grouped in the 
following families: 

• Bacteria 
• Nutrients 
• Metals 
• Organics 
• Pathogens 
• Trash 

Integrated water resources benefits listed include: 

• Conservation 
• Reuse/Recycling 
• Habitat 
• Geomorphology (Hydromodification) 
• Hydrology (Stream) 
• Flood Control 

5.20 Performance Evaluation 

Assessing the effectiveness of the management measures is also critical to tracking progress 
toward meeting full TMDL compliance.  Two basic approaches, discussed in Section 3.6 are 
presented in the Final Plan:  1) a Presumptive Compliance Approach and 2) a Targeted 
Monitoring-Based Approach. 

The Presumptive Compliance Approach (PCA) assumes that the implementation of 
structural and non-structural BMPs will lead directly to reductions of exceedance days and 
attempts to quantify this relationship.   

The focused and targeted monitoring-based approach (TMBA) adopts some measures of 
presumptive compliance but incorporates monitoring data and attempts to normalize and 
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extrapolate this monitoring data throughout the region.  TMB results are presented in 
Interim Compliance Reports.  

Other performance metrics include informational surveys, tracking of volumes of pollutants 
removed, and a comparison of expenditures relative to full implementation budgets. 

The table below describes, for each recommended BMP, the performance evaluation 
measure and methods to be implemented to gage progress toward meeting TMDL targets. 
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Summary of Best Management Practices, Integrated Water Resources Approach, and Performance Evaluation Measures 

 

  BMPs and Activities 

Water Quality 
Benefits: Multiple 

Pollutants 

Additional Integrated 
Water Resources 

Benefits 

Performance 
Evaluation Measure 

and Method 

Activity 
Number TMDL Monitoring and Studies 

B = Bacteria 
N = Nutrients 
M = Metals 

O = Organics 
P = Pathogens 

T = Trash 

CONS = water conserv 
RE = reuse/recycling 

HAB = habitat 
GEO = geomorphology 

HYD = hydrology 
(stream) 

FLD = flood & volume   
1 TMDL Monitoring:  Trancas B,N,M,O N/A Monitoring Results 
2 TMDL Monitoring:  Solstice B,N,M,O N/A Monitoring Results 
3 TMDL Monitoring:  Marie Canyon B,N,M,O N/A Monitoring Results 
4 TMDL Monitoring:  Sweetwater Creek B,N,M,O N/A Monitoring Results 
5 TMDL Monitoring:  Topanga Lagoon (sandbar) B,N,M,O N/A Monitoring Results 
6 TMDL Monitoring:  Topanga Lagoon (bridge) B,N,M,O N/A Monitoring Results 
7 Hydrologic Loading Estimates N/A HYD, GEO Study Results 
8 Structural BMP Monitoring B,N,M,O N/A Study Results 

9 
Identification of the Most Relevant Human 
Health Indicators Study B,P N/A Study Results 

10 Hydrology vs. Bacteria Loading B HYD, GEO Study Results 
11 Bacteria Seasonal Variation Study B N/A Study Results 
  Non-Structural Measures    
  Public Infiormation Participation Programs    

12 

Outreach to pet owners establishing a link 
between animal wastes and health issues and 
focus on point of contact B, N, P N/A 

Interim Compliance 
Reports, Information 

Surveys, PCA 

13 
Locate areas with corralled animals and educate 
property owners on bacteria TMDLs B, N, P N/A 

Interim Compliance 
Reports, TMBA, PCA 
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Summary of Best Management Practices, Integrated Water Resources Approach, and Performance Evaluation Measures 

 

  BMPs and Activities 

Water Quality 
Benefits: Multiple 

Pollutants 

Additional Integrated 
Water Resources 

Benefits 

Performance 
Evaluation Measure 

and Method 

Activity 
Number TMDL Monitoring and Studies 

B = Bacteria 
N = Nutrients 
M = Metals 

O = Organics 
P = Pathogens 

T = Trash 

CONS = water conserv 
RE = reuse/recycling 

HAB = habitat 
GEO = geomorphology 

HYD = hydrology 
(stream) 

FLD = flood & volume   

14 
Identify horse stables in the region and 
implement pilot program B, N, P GEO 

Interim Compliance 
Reports, TMBA, PCA 

15 

Post signs at County and City-owned trailheads 
designated for equestrian users to not clean out 
horse trailers in parking lots and to clean horse 
waste B, N, P N/A 

Interim Compliance 
Reports, TMBA, PCA 

16 
Outreach at trailheads encouraging hikers to use 
restroom facilities B, N, P N/A 

Information surveys, 
Interim Compliance 

Reports, TMBA 

17 
Coordinate outreach activities with Pepperdine 
University B,N,M,O CONS,RE 

Interim Compliance 
Reports, TMBA, PCA 

18 

Increase coordination between agencies and 
environmental organizations in preparing 
outreach materials B,N,M,O,P 

CONS, RE, HAB,  
GEO, HYD, FLD 

Interim Compliance 
Reports, Information 

Surveys 

  Industrial/Commercial Facilities Control 
Programs    

19 

Provide an outreach program for all commercial 
facilities with corralled animals, including 
equestrian centers B, N, P N/A 

Interim Compliance 
Reports, TMBA, PCA 

20 
Provide for regular BMP inspections for 
restaurants B, N, P N/A 

Information surveys, 
Interim Compliance 
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Summary of Best Management Practices, Integrated Water Resources Approach, and Performance Evaluation Measures 

 

  BMPs and Activities 

Water Quality 
Benefits: Multiple 

Pollutants 

Additional Integrated 
Water Resources 

Benefits 

Performance 
Evaluation Measure 

and Method 

Activity 
Number TMDL Monitoring and Studies 

B = Bacteria 
N = Nutrients 
M = Metals 

O = Organics 
P = Pathogens 

T = Trash 

CONS = water conserv 
RE = reuse/recycling 

HAB = habitat 
GEO = geomorphology 

HYD = hydrology 
(stream) 

FLD = flood & volume   
Reports, TMBA 

21 

Increase awareness of BMPs in restaurants by 
establishing a restaurant reward and recognition 
program B,N,P N/A 

Interim Compliance 
Reports, Information 
Surveys, TMBA, PCA 

22 Conduct industry specific workshops B,N,M,O,P,T 
CONS, RE, HAB,  
GEO, HYD, FLD 

Interim Compliance 
Reports, Information 

Surveys, PCA 

23 
Investigate the possibility of increasing 
frequency of trash collection at restaurants B,N,M,O,P,T N/A 

Interim Compliance 
Reports 

  Development Planning and Construction 
Programs 

   

24 

Further emphasize applicable existing BMPs in 
development planning and construction 
programs B,N,M,O,P,T 

CONS, RE, HAB,  
GEO, HYD, FLD 

Interim Compliance 
Reports 

  Public Agency Activity Control Program    

25 

Establish guidelines for optimizing frequency of 
cleaning cycles for drainage facilities and 
implement recommendations on Caltrans 
facilities B,N,M,O,P,T N/A 

Volume and Expenditure 
Tracking 
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Summary of Best Management Practices, Integrated Water Resources Approach, and Performance Evaluation Measures 

 

  BMPs and Activities 

Water Quality 
Benefits: Multiple 

Pollutants 

Additional Integrated 
Water Resources 

Benefits 

Performance 
Evaluation Measure 

and Method 

Activity 
Number TMDL Monitoring and Studies 

B = Bacteria 
N = Nutrients 
M = Metals 

O = Organics 
P = Pathogens 

T = Trash 

CONS = water conserv 
RE = reuse/recycling 

HAB = habitat 
GEO = geomorphology 

HYD = hydrology 
(stream) 

FLD = flood & volume   

26 Caltrans-Malibu Joint Agency Activities B,N,M,O,P,T HAB 

Interim Compliance 
Reports, Information 

Surveys 
  Structural Measures       
  On-Site Options       

27 Residential Cisterns B,N,M,O,P 
CONS, RE, HAB,  
GEO, HYD, FLD 

Interim Compliance 
Reports, Expenditure 
Tracking, Activities 

28 On-site Storage and Reuse Projects B,N,M,O,P 
CONS, RE, HAB,  
GEO, HYD, FLD 

Interim Compliance 
Reports, Expenditure 
Tracking, Activities 

29 Small Scale Infiltration Projects B,N,M,O,P 
CONS, RE, HAB,  
GEO, HYD, FLD 

Interim Compliance 
Reports, Expenditure 
Tracking, Activities 

  Pilot Project Treatment Options       

30 
Paradise Cove Pretreatment and System 
Upgrade B,N,M,P   Monitoring results 

32 

Las Flores Canyon Restoration and Water Quality 
Improvements 
(Biofiltration and infiltration) B,N,M,O,P GEO, HYD, FLD 

Monitoring results, Study 
Activities 
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Summary of Best Management Practices, Integrated Water Resources Approach, and Performance Evaluation Measures 

 

  BMPs and Activities 

Water Quality 
Benefits: Multiple 

Pollutants 

Additional Integrated 
Water Resources 

Benefits 

Performance 
Evaluation Measure 

and Method 

Activity 
Number TMDL Monitoring and Studies 

B = Bacteria 
N = Nutrients 
M = Metals 

O = Organics 
P = Pathogens 

T = Trash 

CONS = water conserv 
RE = reuse/recycling 

HAB = habitat 
GEO = geomorphology 

HYD = hydrology 
(stream) 

FLD = flood & volume   

33 
Marie Canyon Drain Retrofit / Peracetic 
Acid/bactericides B, N only   Monitoring results 

34 Latigo Shores Subsurface Flow  Wetlands B,N,M,O,P CONS, RE, HAB  Monitoring results 
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5.21 Target Exceedance Day Reductions 

It is desired to provide a basis from which measured data can be compared for the purposes 
of documenting compliance milestones.  The following table presents target reductions by 
phase and subwatershed of exceedance days based on the 90th percentile condition. It 
should be emphasized that this is a prediction based on the implementation approach 
described previously and very limited available data.  It is presented for the purposes of 
quantifying potential improvements on a subwatershed basis.  As previously discussed, 
these reductions are provided assuming the daily sampling protocol, and should weekly 
sampling be conducted appropriate scaling should be applied. 

Table of Target Exceedance Days Reductions 

Implementation Schedule 

Station Description 
90th 

Percentile 
Conditions 

Allowable 
Exceedance 

Days 

Total 
Required 

Day 
Reduction 10% 25% 50% 100% 

DHS010 Leo Carillo 17 17 0 0 0 0 0 
DHS009 Nicholas 14 14 0 0 0 1 1 
DHS010a Broad Bch 15 15 0 0 0 1 1 
DHS008 Trancas 19 17 2 1 2 2 3 
DHS007 Westward, e. 

of Zuma 
17 17 0 0 0 1 1 

DHS006 Paradise 
Cove 

23 17 6 1 2 4 6 

DHS005 Latigo 
Canyon 

33 17 16 2 4 8 16 

DHS005a Corral 17 17 0 1 1 1 3 
DHS001a Las Flores 29 17 12 1 3 6 12 
DHS001 Big Rock 30 17 13 2 4 8 13 
S2 Topanga 26 17 9 2 4 8 12 
Target Totals 60 10 20 40 68 
Minimum 60 6 13 30 60 
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6. Program Cost and Budget 

6.1 Introduction 

The following discussion on potential program budgets should be considered for 
preliminary programmatic budgetary planning only. The budget analysis does not consider 
those items that are to be considered, but not committed to or implemented on a pilot scale. 
In addition, specific allocation of budgets between jurisdictional agencies is not addressed 
in this Plan. Budgets are not being provided with the Draft Implementation Plan submittal, 
but the budgeting methodology is as follows. 

Planning-level (order-of-magnitude) budget and staff resource (Full Time Equivalent, or 
FTE) estimates are estimated to the extent possible based on the preliminary concepts for 
projects and programs contained in Section 5. The estimates are intended to provide 
decision-makers with an order-of-magnitude sense of what expenditures and staff 
resources may be anticipated over the proposed 18-year implementation schedule. Given 
the iterative and adaptive nature of the implementation plan, and the many uncertainties 
associated with many of the programs and projects, the forecast for later phases are 
relatively speculative. 

Budget estimates encompass in three broad categories: 

• “Initial” budgets, for start up of non-structural programs, and planning, permitting, 
design and construction of structural measure; 

• “Annual Operations and Maintenance (O&M)” budgets for ongoing expenditures of 
direct costs for conducting non-structural programs, or operating pilot or structural 
projects; and 

• Annual full time equivalents (FTEs)” for potential staff resources for carrying out the 
program. 

Some key assumptions made to develop the budget estimates for the committed and pilot 
projects are summarized below. 

6.1.1 Non-Structural Programs (Commit and Pilot) 

Budget estimates for committed non-structural programs include start-up or first year costs 
which may include a combination of staff and/or consultant labor, materials and other 
direct costs, workshops, etc. After the initial start-up year or period, a lower level of annual 
O&M budget, and an annual FTE level was estimated. It is assumed that all of the 
committed non-structural programs would continue at this level throughout the full 
implementation period. 

Budget estimates for non-structural pilot programs include similar considerations as the 
committed programs during the pilot period. It is also assumed that all of the pilot 
programs with on exception as noted would prove sufficiently effective and be well enough 
defined to warrant continuing implementation, and annual O&M budgets and FTE’s were 
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estimated to continue at this level throughout the full implementation period. The one 
exception is with respect to increasing frequency of trash collection as restaurants. Initial 
budgets are shown to conduct the study, but the outcome cannot be predicted, and would 
not necessarily lead to increased costs to the local agencies, so no on-going budgets are 
shown. 

6.1.2 On-Site Structural Solutions (Commit and Pilot) 

Budgets for the implementation for on-site solutions assume that construction funding 
would be provided to assist those homeowners, commercial property owners willing to 
install and maintain accepted on-site measures including a potential mix of cisterns, on-site 
storage and reuse projects, and small scale infiltration projects. The budgets include 
planning and design, construction and long-term O&M plus a limited on-going staff effort 
(FTEs) to oversee, monitor and track the program implementation. 

6.1.3 Regional and Sub-Regional Structural Solutions (Pilot) 

The budget for implementing structural pilot projects was taken from the estimates 
developed and presented in Section 5. The initial budgets include the planning, engineering 
and construction, annual O&M are as shown in Section 5. For budgeting purposes, it is 
assumed that all four pilot projects will prove to be feasible and effective in helping reduce 
exceedances and will remain in place after the pilot program phase is over. Therefore, the 
annual O&M is carried forward throughout the remainder of the 18 year implementation 
period. 

While it is possible that additional regional structural measures may be needed after 
assessing program results and progress after the first three phases, or, conversely, the one or 
more of the initial pilot projects may not be effective or necessary to continue. The budget 
estimate does not speculate on additional or expanded program elements beyond Phase 3. 

6.1.4 Monitoring Budgets 

Estimated costs to perform monitoring activities and special studies identified in Section 4 
are also a key part of the cost estimate. 

6.2 Total Budget by Year 

Annual budgets will estimate capital, ongoing and FTE costs, beginning with the initial 
implementation period of FY 2005-06 and continuing through the end of the 
implementation period of 18 years. Initial budgets for various programs and projects will be 
spread over the implementation period, and annual O&M budgets and FTE’s will be shown 
every year after the initial phase is complete. Total budgets (initial or O&M) and FTE’s of 
each program/project will be totaled for each fiscal year throughout the implementation 
period, and depicted graphically. 
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7. Conclusions 
The Implementation Plan discussed here presents an iterative, adaptive, and integrated 
approach to TMDL implementation for the North Santa Monica Bay Beaches J1/4 areas. 
This approach requires a review and emphasis on multiple beneficial uses and the targeting 
of multiple pollutants. Philosophically, the implementation approach balances of low risk 
(high cost), low cost (higher potential for exceedances), and high beneficial reuse to 
determine site specific implementation. 

The following activities were conducted during the development of the Implementation 
Plan: 

• Estimating and Establishing Baseline Conditions 
• Developing a Menu of Potential Activities 
• Identifying Implementation Considerations 
• Selecting and Prioritizing 
• Planning and Implementation during the next 18 Years 

In order to most-effectively implement activities, different levels of commitment were 
established for this plan. These levels were: 

• “commit”—the Agencies commit to this activity 

• “pilot”—the Agencies are willing to commit to a pilot study to determine whether the 
proposed activity the preliminary design parameters are appropriate. 

• “consider” – the Agencies will consider this effort, depending on the results of 
committed activities. 

In order to prioritize subwatersheds, results of a source prioritization effort were combined 
with monitoring data from the TMDL-defined “critical year”. This analysis resulted in the 
following categories: 

• High Priority subwatersheds: Latigo, Corral, Las Flores, Piedra Gorda, and Ramirez 
• Medium Priority subwatersheds: Carbon, Los Alisos, Topanga, and Escondido 
• Low Priority subwatersheds: Nicholas, Encinal, Trancas, Zuma, Solstice, Pena, and 

Tuna 

These priorities, in conjunction with subwatershed specific characteristics and the desired 
risk-cost-beneficial reuse relationship, contributed to the development of a unique suite of 
activities for each subwatershed. 

The Implementation Plan was divided into four phases of activities. The activities consisted 
of implementation activities, as well as monitoring and additional studies that could be 
used to provide better information for future activities. To provide useful information, the 
additional studies will require extended development and implementation periods. Upon 
completion of these studies, it would be desirable to confirm, or adjust if necessary, the 
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direction and requirements of the Implementation Plan. As such, the County of Los Angeles 
and J1/4 Agencies proposed the addition of appropriately timed re-evaluation milestones 
(re-openers). Implementation activities, suggested re-opener, and implementation 
milestones are illustrated below: 

Santa Monica Bay Beaches Bacterial TMDL – J1/4 

Implementation Plan Phasing 

 

The general intent of what would be accomplished under each of the phases is as follows: 

•  Phase I – Conduct planning and initiate all committed non-structural activities and 
implement selected non--structural measures; initiate pre-feasibility studies for sub-
regional pilot projects; develop inter-agency agreements for structural projects, initiate 
planning for on-site measures; initiate monitoring, additional studies, and source 
identification activities. The 2007 re-opener would follow Phase I.  Note that Phase I is 
assumed to begin in November 2005, which is the basis of the proposed schedule.  
Should the initiation date change, the remaining implementation deadlines may change 
accordingly. 

• Phase II – Continue implementation of committed non-structural activities; conduct 
non-structural pilot programs; continue planning for on-site measures; initiate planning 
and construction of pilot regional structural solutions; and continue and complete 
monitoring and source identification studies. A re-evaluation is proposed to follow 
Phase II and is intended to leverage results not only from additional studies in these 
jurisdictional areas, but also from advances in the technical, legal, and regulatory body 
of knowledge. 

• Phase III – Refocus and reprioritize efforts as appropriate, and continue implementation 
of committed non-structural activities; implement successful piloted non-structural 
programs; begin implementation of on-site measures; and operate and evaluate pilot 
regional structural solutions.  

• Phase IV – Refocus and reprioritize efforts as appropriate and continue implementation 
of non-structural solutions; continue or expand on-site measures; and continue, modify 
and/or initiate regional structural solutions. 
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Additional studies are proposed to support management and regulatory decision-making 
for the 2007 re-opener, as well as proposed additional re-openers. Upon completion of the 
initial two years of monitoring, an evaluation will be made to determine whether microbial 
source tracking activities are required. Rationale for recommending such studies could 
include, but not be limited to, the need for further source identification; site specific, 
objective data development; and potential health risk assessments. This may include an 
evaluation of the appropriateness of the TMDL indicator constituents of concern. 

Studies that would contribute to more cost-effective implementation of the bacteria TMDL, 
and which could be included in the J1/4 implementation effort include: 

• Identification of the Most Relevant Human Health Indicators Study (2007-2009) 
• Hydrology vs. Bacteria Loading Study (2005-2010) 
• Bacterial Seasonal Variation Study (2005-2008) 

Potential program budgets are not provided, but would eventually be considered for 
preliminary programmatic budgetary planning only. An initial budget analysis did not 
include those activities that are considered for implementation, but do include activities that 
are committed to or implemented on a pilot scale. In addition, specific allocation of costs 
between jurisdictional agencies was not addressed in this Plan. 
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Executive Summary 

This Implementation Plan has been developed to address the requirements of both the Santa 
Monica Bay Beaches (SMBB) Dry Weather and Wet Weather Bacteria Total Maximum Daily 
Loads (TMDLs). These TMDLs set limits on annual allowable water quality exceedance days 
based on bacterial indicator monitoring at the Santa Monica Bay shoreline during summer 
dry weather, winter dry weather, and wet weather conditions. 

There are 27 subwatersheds defined in the Santa Monica Bay Watershed Management Area, 
with multiple jurisdictions that are responsible for compliance with the SMBB Bacteria 
TMDLs. A primary jurisdiction for each subwatershed was identified; these are defined in 
the TMDL as the jurisdiction comprising greater than 50 percent of the subwatershed land 
area. There are seven primary jurisdictions within the Santa Monica Bay Watershed, each 
with a group of associated subwatersheds, beach monitoring locations, and other 
jurisdictions and agencies responsible for these subwatersheds. 

Of these seven jurisdictional groups, the City of Los Angeles was designated the lead 
agency for Jurisdictional Group (JG) 2 and is a participant in three other JGs (1, 3, and 7). 
The City of Santa Monica was designated the lead in JG 3 and is a participant in JGs 2 and 8. 
Other responsible agencies within Jurisdictional Groups 2 and 3 (JG 2/3) include El 
Segundo, the County of Los Angeles, and the California Department of Transportation 
(Caltrans). This Implementation Plan pertains to the joint implementation planning effort 
for JG 2/3. JG 2 is responsible for six subwatersheds and JG 3 is responsible for one 
subwatershed. 

ES-1 Introduction 
In 1988, the California State Water Resources Control Board (SWRCB) identified and 
approved Section 303(d) of the Clean Water Act for the list of impaired water bodies within 
California. Of these, many of the beaches along Santa Monica Bay were included as 
impaired due to high coliform counts or because of beach closures generally associated with 
high bacteria levels. The beaches appeared on the Section 303(d) lists because the elevated 
bacteria levels and beach closures prevented full support of the beaches designated 
beneficial use for water contact recreation.  

A TMDL allocates the amount of a specific pollutant load that a water body can receive and 
still meet water quality objectives established to protect designated uses of the water body. 
The TMDL consists of the acceptable pollutant load from point and nonpoint sources (waste 
load and load allocations, respectively), plus a margin of safety to account for uncertainty in 
the analysis. For these Bacteria TMDLs, the numeric target is based on adopted bacterial 
densities that meet the public health levels of acceptable risk. The allocation is then 
expressed in terms of the maximum number of days per year in which the target may be 
exceeded at the beaches.  
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These TMDLs establish numeric criteria for compliance with bacterial water quality 
objectives.1 Compliance targets are established in terms of “allowable exceedance-days,” 
which are set such that:  

(1) The number of days per year in which bacteriological water quality exceeds the 
water quality objectives at any site is no greater than at the designated reference site, 
or 

(2) There is no increase in the historical number of exceedance days at any site. 

These TMDLs were developed using a reference system/antidegradation approach. This 
approach recognizes that there are natural sources of bacteria and that water quality at each 
subwatershed should be at least as good as that of a reference subwatershed site, or that 
there is no further degradation of bacteriological water quality for those subwatersheds 
where the water quality is better than the reference site. This indicates that the intent of the 
Regional Board for this TMDL is to control only anthropogenic (human-caused) sources of 
bacteria, since natural sources of bacteria from undeveloped areas that may also contribute 
indicator bacteria to the receiving waters and cause measurable exceedances that cannot be 
directly controlled through more traditional mechanisms. 

The TMDL allocations for the SMBB Dry Weather and Wet Weather Bacteria TMDLs are 
summarized in Table ES-1. 

TABLE ES-1 
TMDL Load Allocations 

SMBB Bacteria TMDL Implementation Plan 

Allowable Exceedance Days 

Weather Condition Season Daily Sampling Weekly Sampling 

Dry Weather Winter1 32 1 

 Summer3  0 0 

Wet Weather Storm Year4 175 36 

Notes: 
1 Winter season: November 1 to March 31 
2 Two allowable exceedance days for Venice City Beach and Imperial Highway storm drain 
3 Summer season: April 1 to October 31 
4 Storm Year: November 1 to October 31 
5 13 allowable exceedance days for Venice City Beach based on daily sampling 
6 Two allowable exceedance days for Venice City Beach based on weekly sampling 

 
The SMBB Dry Weather Bacteria TMDL was adopted by the Regional Board on January 24, 
2002. The SMBB Wet Weather Bacteria TMDL was adopted by the Regional Board on 
December 12, 2002. The associated Basin Plan Amendments were then approved by the U.S. 
Environmental Protection Agency (USEPA) on June 19, 2003, and the effective date of both 

                                                      
1 A water quality objective exceedance occurs when the rolling geometric mean of samples taken during the past 30 days 
exceeds the geometric mean limits or when any single sample exceeds the single sample limits. 
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TMDLs was July 15, 2003, when the Regional Board filed the Notice of Decision. The 
compliance time frames for these TMDLs are shown below in Figure ES-1. 

 

ES-2 Proposed Dry Weather Implementation Plan 
A Dry Weather Implementation Plan for JG 2/3 is proposed in this draft report in Appendix 
A. The plan consists of diverting dry weather urban runoff from the coastal watershed 
through low-flow diversions from the storm drain system to the sanitary sewer system via 
the Coastal Interceptor Sewer for treatment at the Hyperion Treatment Plant during dry 
weather. The low-flow diversions will be temporarily closed during wet weather conditions. 
A schedule for diversion of priority drains along the SMBB is included with the plan. Within 
JG 2/3, 19 priority storm drains identified in the TMDL will be diverted. Of these, ten storm 
drains have already been diverted, seven are in progress (under design or construction), and 
two storm drains to be diverted are being planned.  

ES-3 Proposed Wet Weather Implementation Plan 
The SMBB Wet Weather Bacteria TMDL establishes the critical condition for compliance as 
the 90th percentile “storm year” in terms of wet days. For beach sites within JG 2/3, when 
the sites are sampled daily, the final allowance of wet weather exceedance days on which an 
exceedance of either limit is detected is 17 days per storm year, except at Venice City Beach 
at Windward Avenue, which is 13 days. Equivalently, when the sites are sampled on a 
weekly basis, the number of allowable violation days will be scaled to 3 exceedance days 
and 2 exceedance days, respectively. There are also interim milestones established in the 
TMDL to assure progress toward these goals. 

The TMDL acknowledges that there are two broad approaches to implementation: 

• Integrated Water Resources Approach (preferred approach): This approach takes a 
holistic view of regional water resources by integrating planning focused on beneficial 
reuse of stormwater and integrates multiple pollutant solutions. 

• Nonintegrated Water Resources Approach: This approach looks at the specific 
watershed in isolation and points toward structural, end-of-pipe solutions. 

FIGURE ES-1 
Santa Monica Bay Beaches Bacterial TMDL Compliance Schedule 
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The members of JG 2/3 and the watershed stakeholders agree that an integrated water 
resources approach is preferable, as it would represent the most cost-effective and efficient 
use of resources to address this problem. The integrated water resources approach described 
in this report has the following characteristics: 

• Integrates urban runoff planning with planning for other water system needs, such as 
recycled water and potable water. 

• Focuses on beneficial reuse of urban runoff, including groundwater infiltration at 
multiple points throughout a watershed. 

• Addresses multiple pollutants with which the SMBB is impaired (metals, pesticides, 
suspended solids, polycyclic aromatic hydrocarbons [PAHs] and polychlorinated 
biphenyls [PCBs] as listed on the USEPA Section 303[d] list). 

• Incorporates enhancement of other public goals, such as water supply, recycling and 
storage, environmental justice, parks, greenways, open space, and active and passive 
recreational and environmental education opportunities. 

ES-3.1 Wet Weather Implementation Plan Approach 
The approach to implementation for compliance with the SMBB Wet Weather Bacteria 
TMDL was based in large part on stakeholder input from representatives from JG 2/3, local 
communities within JG 2/3 watersheds, the Regional Board and environmental 
organizations. Input from the stakeholders clearly indicated support for an approach to 
avoid large structural, end-of-pipe solutions that would be expensive and could result in 
significant negative impacts to the communities along the SMBB. Instead, the stakeholders 
preferred an approach emphasizing nonstructural, institutional solutions along with small, 
decentralized structural projects, i.e., wet weather best management practices (BMPs). These 
BMPs would be sited in selective locations within the watershed and offer multiple benefits 
for the community and environment. 

As a result, this Wet Weather Implementation Plan is based on a phased, iterative approach 
to TMDL compliance due to the unique developmental nature of the project. It is widely 
accepted that there are insufficient data and understanding within the scientific community 
for quantifying the performance of wet weather BMPs for bacteria removal. This TMDL 
Implementation Plan will be the first of its kind for a large urban region in a semiarid 
environment. Therefore, a phased, iterative approach employing adaptive management 
principles is the most reasonable strategy to meet the objectives of this TMDL.  

ES-3.1.1 TMDL Compliance using Recommended Implementation Approach 
The JG 2/3 stakeholder community selected the recommended iterative, adaptive integrated 
water resources approach described above because it offers the potential to achieve 
compliance at a reasonable cost with limited negative impacts to the SMBB communities. 
This approach is unique in that no other large urban community in a semiarid environment 
has employed an implementation approach to control bacteria from wet weather urban 
runoff. However, this approach has been proven to effectively control wet weather urban 
runoff in other urban areas such as Portland, Oregon. Since the sources of bacterial pollution 
in runoff are widespread, controlling urban runoff using nonstructural and selected small, 

RB-AR42548



Executive Summary 

W122004001LACSCO/SMBB_FINAL REPORT_REV_10.RTF/043550010 ES-5  
JUNE 16, 2005  

structural BMPs is currently the most effective way to assure reduction of bacterial pollution 
of the beaches.  

Employing the recommended iterative phased approach, which incorporates adaptive 
management principles, allows substantial progress toward reducing bacterial runoff 
pollution while regularly improving and optimizing the program to achieve TMDL 
compliance within desired timeframes. As data comes in from ongoing monitoring of runoff 
water quality (i.e., identification of “hot spots” within the subwatersheds) and BMP 
performance effectiveness, the implementation program will be refined and optimized to 
prioritize the selection and siting of institutional and subregional solutions that offer the 
most potential to reduce bacterial concentrations at the beach drains. This integrated water 
resources approach also helps control other pollutants beyond bacteria and offers benefits to 
the community beyond pollution control. 

ES-3.1.2 Compliance through Local Runoff Reductions and Water Quality 
Improvements 

An analysis of wet weather runoff events and bacterial exceedances indicates that if wet 
weather flow reaches the beach, then health standard bacterial exceedances are highly likely 
under current conditions. Therefore, the initial strategy for reducing exceedances is tied to a 
combination of reducing bacteria at the source through institutional (nonstructural) and 
local (or subregional) structural measures, and reducing the amount of runoff that reaches 
the receiving water, rather than focusing on treating a specific volume of runoff collected in 
the storm drain system for bacterial reduction. This strategy emphasizes the beneficial use 
of wet weather runoff and the installation of subregional structural solutions to reduce 
downstream flows from areas that are associated with high levels of bacteria. It also focuses 
on local source control to reduce the level of bacteria and other pollutants discharged into 
the storm drains. Water quality improvements in the receiving waters will be realized from 
water quantity (flow) management practices, including an array of small, decentralized 
structural BMPs, as well as from source control resulting from institutional solutions. 

Whereas employing large-scale, end-of-pipe, regional solutions minimizes the risk of 
noncompliance, it also carries with it large costs and severe impacts to the local, densely 
urbanized beach communities. Therefore, regional solutions are proposed to be deferred 
from further consideration until the institutional and subregional structural solutions can be 
implemented and their effectiveness at improving beach water quality assessed.  

ES-3.2 Phased Iterative Approach to TMDL Compliance 
As shown in Figure ES-2, institutional and subregional structural solutions will be 
implemented initially (during Stage 1) and the results of these efforts monitored to 
determine the subsequent course of action. In parallel, shoreline monitoring at the point of 
discharge from the storm drain to the surf zone (“point zero”) as well as continued research 
on BMP effectiveness and pathogen indicators will be ongoing. 
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FIGURE ES-2 
Phased Iterative Approach to Implementation 
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Subregional structural runoff management solutions to reduce the volume of wet weather 
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residential options, such as cisterns/rain barrels and redirected downspouts. These types of 
BMPs offer the advantages of addressing multiple goals (water quality improvement, water 
conservation, habitat enhancement, aesthetics, and recreation) while preventing multiple 
pollutants from reaching the beaches. 
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exeedances. These are, in order of priority, the Venice Beach, Santa Monica, Dockweiler, 
Pulga Canyon, and Santa Monica Canyon subwatersheds. The higher priority watersheds 
generally have greater concentrations of high density and commercial areas. 

Monitoring the effectiveness of these nonstructural and structural BMPs will occur through 
both onsite and inland runoff water quality monitoring as well as through the Coordinated 
Shoreline Monitoring Plan associated with this TMDL to determine whether the BMPs 
improve stormwater quality in terms of loads and/or concentrations of pollutants. 
Additional monitoring for source identification and baseline upstream monitoring will 
provide information to determine the most effective pollutant control methodologies. The 
results of these monitoring efforts, as well as parallel research on BMP effectiveness and 
alternative pathogen indicators, will be factored in through a phased, iterative compliance 
plan for this TMDL. By employing adaptive management principles, there will be 
opportunities to consider these new data and reflect new findings within this integrated and 
holistic approach to watershed management.  

ES-3.2.2 Stage 2 of Implementation 
Consideration of the need to implement regional, end-of-pipe solutions, such as diversion of 
wet weather runoff to the wastewater treatment system or the construction of operational 
storage and runoff treatment plants, will be considered in the second stage of this 
compliance program (Stage 2). These are generally single-purpose facilities that offer little 
benefit beyond pollution reduction and represent a less holistic approach to runoff 
management. For this reason, the need to pursue these options is deferred until the 
effectiveness of a concerted effort to implement institutional and subregional structural 
solutions can be evaluated.  

ES-3.2.3 Interim Compliance Milestones 
At the TMDL reopener scheduled for July 2007, the effectiveness of these measures for 
achieving water quality improvements in the SMBB will likely not yet be fully realized, as 
only 2 years will have elapsed since the initiation of these measures (corresponding to 
approval of this Implementation Plan). This is not enough time to plan, fund, implement, 
achieve and demonstrate water quality improvements with these measures. In addition, the 
numeric target, load allocation, and pathogen indicators for this TMDL may be revisited at 
this reopener. The basis for compliance may be reconsidered if sufficient research has been 
conducted, and results have been evaluated for applicability to this TMDL by this time. If 
this information is not available by this date, then it may be presented to the Regional Board 
through future requests or resolutions, as appropriate. 

The first interim compliance milestone is scheduled for July 2009. Achieving the compliance 
target of a 10 percent reduction of exceedance days is contingent on the effectiveness of 
these initial activities as well as precipitation patterns during the intervening years. 

The effectiveness of the Stage 1 activities will be evaluated based on results from shoreline 
monitoring, upstream monitoring, and BMP effectiveness monitoring of both structural and 
nonstructural solutions implemented thus far, as well as consideration of relevant, parallel 
research on BMPs. The analysis of these results will help focus and refine Stage 2 activities. 
As new data (i.e., BMP performance, indicator research) are generated and the results 
evaluated, they will be brought to the Board for direction. If warranted, resolutions to 
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modify the TMDL(s) may be proposed for adoption by the Board. Anticipated dates in 
which such data may be available for reporting to the Board are shown in Figure ES-2. 
These scheduled reports provide a forum for communicating to the Board the level of 
achievement of the Stage 1 activities, the effectiveness of these measures, and the potential 
implications of these results for the TMDL(s).  

The beginning of Stage 2 is shown to coincide with the second interim milestone, scheduled 
for July 2013. By this time, the extent of implementation and effectiveness evaluation of 
institutional and subregional structural solutions should be adequate to ascertain the 
feasibility of meeting the TMDL numeric criteria. These criteria might be the same as those 
contained in the current TMDL, or, through additional research and analysis, and might 
reflect modified numeric targets or load allocations. 

By that time, there should be enough information to gauge whether the large regional 
structural solutions will be necessary. The need for regional solutions may vary 
considerably by subwatershed. For example, less developed subwatersheds might be less 
likely to need to employ regional solutions than more developed subwatersheds. The 
determination of the necessary path forward to meet subsequent milestones and compliance 
deadlines can then be initiated with Stage 2.  

ES-3.3 Project Implementation 
Institutional solutions are program-level activities that provide source control measures 
intended to prevent or reduce levels of bacteria, or bacteria sources (e.g., garbage, trash, pet 
waste) from initially being picked up by runoff whether onsite, in the curb/street, or in the 
storm drain system. The current programs that are in place by the agencies of JG 2/3 to 
implement these BMPs as well as additional source control measures were identified. These 
additional programs include increased litter reduction, improved restaurant and grocery 
store trash management, Business Improvement District outreach, incentives, exploring 
methods to reduce bacteria contribution from the homeless population, pre-wet weather 
storm drain flushing, redirecting downspouts, and modifying/enhancing public education 
programs. 

Potential sites for the implementation of subregional structural solutions projects were 
identified through a survey of public parks, public buildings, vacant lots, and schools in the 
JG 2/3 watershed area. While this list is not inclusive of all possible sites for BMP 
implementation, it is a starting point from which initial subregional structural solutions can 
be identified.  

From the list of potential projects, each agency selected projects within their jurisdiction and 
assigned a level of commitment. For the projects listed as “Committed,” this indicates that 
the agency is either already implementing the projects or is committed to pursue the 
implementation of the programs or projects. This commitment is made by the agency to 
execute those programs and projects, to the best of their ability, within their realm of 
authority and control. If a Committed project or program is determined to be infeasible or 
less effective than a substitute approach, then the agency will implement the substitute 
program or project to achieve the same objective. 

When a project is categorized as a “Pilot” project, this indicates that the agency intends to 
perform a Pilot study or similar activity prior to considering full implementation. Piloting 

RB-AR42552



Executive Summary 

W122004001LACSCO/SMBB_FINAL REPORT_REV_10.RTF/043550010 ES-9  
JUNE 16, 2005  

may involve a focused study or a single pilot scale project that will help determine the 
effectiveness and feasibility of the intended program or project. 

Where “Consider” is selected, this indicates that the agency will evaluate the program’s or 
project’s feasibility. Programs and projects that are listed under this category require further 
discussions to determine technical viability and implementability. 

Coordination will be needed both within and among agencies to successfully execute these 
projects. For example, local codes that require diversion of stormwater from properties to 
street drainage systems will need to be modified so that projects are not handled with 
variances but rather are built into the codes with necessary protections from local flooding 
and for building structural integrity. Some time will be needed to systematize these 
procedures as code and practice modifications. 

ES-3.3.1 Schedule of Institutional Solutions Implementation 
Initial institutional solutions that are identified in this report as “Committed” projects will 
be implemented by each jurisdiction within the first 4 years following approval of this 
Implementation Plan, enabling these strategies to be fully in effect by the first interim 
compliance milestone of 2009. 

The JG 2/3 agencies will implement a minimum of two initial Pilot programs within the first 
4 years (by 2009). Two additional Pilot programs will be implemented subsequently by year 
8 (2013). Those programs identified as “Consider” programs will be studied within the first 
8 years (by year 2013) and, if found to feasible, implemented by year 2021.This schedule for 
implementation of institutional solutions is summarized below in Table 25. Refinements to 
these institutional solutions will be conducted in Stage 2 of the Implementation Plan to 
incorporate findings.  

Institutional solutions programs will generally go through planning, preparation of as 
implementation plan, development of a Pilot program and implementation phases. Each of 
these project phases is expected to take approximately one year. These programs will be 
prioritized to target the higher priority subwatersheds, i.e., those that drain to the more 
contaminated storm drains that are generally associated with high density land uses. The 
Implementation Plan that will be developed for each program will focus on what each 
specific agency is currently doing, how resources could be shifted to target these high 
priority drains initially, and what can be done to enhance activities in these subwatersheds.  

As these programs become better defined through the iterative, adaptive approach, specific, 
quantifiable performance measures will be identified and included in the respective 
program implementation plans. In addition, as baseline water quality monitoring results are 
obtained upstream in the watershed, institutional solutions can be honed to target specific 
locations where high bacterial contributions are found, and the implementation plan for the 
affected programs modified accordingly. These will be living documents that will be 
revisited by the JG 2/3 agencies annually.  

The implementation schedule for institutional solutions is summarized in Table ES-2. The 
agencies implementing the specific program will monitor the achievement of these timeline 
milestones, and report progress to the Regional Board through the MS4 annual permit 
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report. Issues adversely impacting the schedule will be closely monitored and diligent 
efforts will be made to meet the committed plan. 

ES-3.3.2 Schedule of Subregional Structural Solutions Implementation 
Implementation of the smaller, decentralized, structural BMPs consists of several steps: 
planning and coordination, design, permitting/environmental documentation, 
advertisements/bid/award/construction and operations and matinenance (O&M). The 
effectiveness of the system can then be determined from a combination of baseline and 
influent/effluent monitoring over the course of approximately one year. Depending on 
magnitude and complexity of these projects, the overall duration from developing the 
concept to assessing the project’s effectiveness can range from 2 to 5 years from inception. 

Of the 17 initial Committed subregional structural solutions projects, the agencies in JG 2/3 
will implement up to three projects per year, until they are completed in 8 years (by year 
2013). Of the eight Pilot projects identified, four will be completed in the first 4 years (by 
year 2009) and the other four by year 2013. The 45 subregional structural solutions projects 
that are listed as “Consider” will be studied for implementation by year 8 (by year 2013). 
Those that are found to be feasible will be implemented by year 2021. Refinements to these 
subregional structural solutions will be conducted in Stage 2 of the Implementation Plan to 
incorporate findings. 

The priorities defined for the projects are set to initially target the watersheds that drain into 
the highest priority storm drains. These are in the following order of priority: Venice Beach, 
Santa Monica, Dockweiler, Pulga Canyon, and Santa Monica Canyon subwatersheds. Two 
projects, Del Rey Lagoon Park and Rustic Canyon Recreation Center, begin earlier than their 
priority watershed might indicate because there are coordination complexities that will take 
longer to sort through during the planning process. 

All of the 17 Committed projects are scheduled to be completed by year 2013. The eight Pilot 
projects identified will proceed through the same planning, design, 
permitting/environmental documentation, and construction phases and will be completed 
by year 2013. After completion of each of these projects, the O&M phase begins, as early as 
fiscal year 2006/2007 for the projects completed in fiscal year 2005/2006. However, there 
will be a data gap as monitoring results from the new projects identified under this Plan will 
not be available until 2010. It is during this O&M phase that the water quality impacts can 
be evaluated, and adjustments made to Implementation Plan. 

The iterative, adaptive process inherent in this Implementation Plan allows for 
consideration of the effectiveness of the institutional and subregional structural solutions 
implemented in Stage 1 for the formulation of the Stage 2 projects. In addition, the results of 
baseline water quality data collected during Stage 1 can also be taken into account as Stage 2 
plans are made. Because of the uncertainties of rainfall patterns, there needs to be sufficient 
time (7 years for Stage 1) to allow for adequate assessment of the performance of these 
projects and programs. In addition, the data that served as the bases for the water quality 
analyses for these SMBB Bacteria TMDLs spanned from 1995-2000. Since then, there have 
been several programs and projects implemented by the participating JG 2/3 agencies, 
including the Santa Monica Runoff Recycling Facility (SMURRF), several low-flow 
diversions, increased public outreach and other MS4 permit-related institutional programs, 
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and some small structural solutions. These may be contributing to improving wet weather 
water quality, but the effects on the downstream SMBB Bacteria TMDL exceedance-day 
criteria are unknown at this time. 

By the time Stage 2 planning begins (2013), there will be much more information about the 
effectiveness of the projects and programs implemented thus far and “hot spots” will be 
identified upstream in the watersheds. Balancing the increased certainty from this 
information and increased efficiency from the experience of Stage 1 implementation with 
limitations of agency resources (funding, staff) and increased stakeholder involvement in 
generating and implementing projects that align with this compliance strategy, the rate of 
potential project implementation of subregional structural solutions is planned to double 
from a rate of two to three projects per year to a rate of five to six projects per year. 
Although this is an ambitious agenda, and one that is subject to the vagaries of stakeholder 
participation and intra-/interagency coordination, the JG 2/3 agencies are committed to 
investigating these “Consider” projects slated for Stage 2, and believe that, if found to be 
feasible, can be implemented by year 2021. If specific projects are not found to be feasible, 
alternate projects will be explored and adjustments to the Plan can be made as needed to 
optimize the selection of the types and locations of these projects. The 16 years ahead of us 
(from 2005 to 2021) provide sufficient time to plan resource allocations, obtain funding and 
develop and construct projects to ensure the successful completion of this Implementation 
Plan to meet the TMDL objectives. 

This schedule for implementation of subregional structural solutions is summarized in 
Table ES-2. A schedule for coordination with local school districts is also shown in Table ES-
2. School districts are not subject to the requirements of this TMDL, but own public facilities 
that could offer opportunities for local solution implementation. 

TABLE ES-2 
Project Commitments 

SMBB Bacteria TMDL Implementation Plan 

Project Type Commit Pilot Consider 

Institutional 6 programs identified  

Implement all 
programs by 2009 

4 programs identified 

Implement 2 programs by 
2009 

Implement remaining 2 
programs by year 2013 

3 programs identified 

Study all programs by 2009 

Implement feasible programs by 
year 2021 

Subregional 
Structural Solutions 

17 projects identified 

Implement 2 to 3 
projects per year by 
year 2013 

8 projects identified 

Implement 4 projects by 
2009 

Implement remaining 4 
projects by year 2013 

46 projects identified 

Study project for feasibility by 
2013 

Implement feasible projects by 
year 2021 

Schools N/A N/A 42 schools identified 

Study/coordinate with school 
districts and develop schedule 
for implementation by year 2009 
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Section 1 Introduction 

This Implementation Plan has been developed to address the requirements of both the Santa 
Monica Bay Beaches (SMBB) dry weather and Wet Weather Bacteria Total Maximum Daily 
Loads (TMDLs). These TMDLs set limits on annual allowable water quality exceedance days 
based on bacterial indicator monitoring at the Santa Monica Bay shoreline during summer 
dry weather, winter dry weather, and wet weather conditions. 

1.1 SMBB Bacteria TMDL Development History 
1.1.1 General Objectives of a TMDL 
A TMDL is a maximum allotted pollutant budget for a water body. A TMDL is prepared for 
a specific water body or segment of a water body when a pollutant or stressor is impairing 
the designated uses of that water body or causing it to exceed water quality objectives. If a 
water body is impaired for a specific pollutant or stressor, it is then listed on an impaired 
waters list. The impaired waters list, also known as a Section 303(d) list of the Clean Water 
Act, is developed by the state and accepted by the U.S. Environmental Protection Agency 
(USEPA). The Section 303(d) list includes the waters, the impairing pollutants or stressors, 
and the probable sources of these pollutants. 

A TMDL, in its most basic sense, allocates the amount of a specific pollutant load that a 
water body can receive and still meet water quality objectives established to protect 
designated uses of the water body. The TMDL consists of the acceptable pollutant load from 
point and nonpoint sources (waste load and load allocations respectively) plus a margin of 
safety to account for uncertainty in the analysis. 

The TMDL allocation does not have to be a daily load, but is often a mass load or total 
concentration of pollutants allowed in the water body. In the case of the Santa Monica Bay 
Bacteria TMDLs, the numeric targets are based on adopted bacterial densities that meet the 
public health levels of acceptable risk. The allocation is then expressed in terms of the 
maximum number of days per year in which the target may be exceeded in the receiving 
waters at beaches. 

1.1.1.1 SMBB Bacteria TMDL Development History 
On November 9, 2001, the California State Regional Water Quality Control Board (SWRCB), 
Los Angeles Region (Regional Board) issued a draft TMDL to reduce bacterial indicator 
densities at SMBB, which addressed both Dry and Wet Weather Bacteria TMDLs. After 
receiving and considering public review input on the wet weather components of the draft 
TMDL, it was bifurcated into two TMDLs: (1) addressing bacterial indicator water quality 
exceedances during dry weather, with distinct requirements for summer dry weather and 
winter dry weather, and (2) a TMDL for bacterial indicator water quality exceedances 
during wet weather.  

Wet weather is defined as those days with 0.1 inch of rain or more and the 3 days following 
the rain event. This is the definition used by the Los Angeles County Department of Health 
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Services for rain-related beach postings. The other days are considered dry weather. Winter 
is defined as the period from November 1 to March 31, and summer from April 1 to 
October  31. 

The SMBB Dry Weather Bacteria TMDL was prepared by the Regional Board staff and 
adopted by the Regional Board on January 24, 2002. The associated Board Resolution and 
Basin Plan Amendment are provided in Appendix A.  

A preliminary draft of the Wet Weather Bacteria TMDL was then developed and shared 
with stakeholders for input on June 21, 2002. It was issued as a draft TMDL on August 5, 
2002, and a public hearing was held on September 26, 2002. The Regional Board continued 
the item from this Board meeting to the next scheduled meeting. This allowed the Regional 
Board staff to revise the TMDL based upon comments received at the September 26, 2002, 
Board meeting. It also allowed stakeholders to consider the revised versions of the tentative 
TMDL resolution and Basin Plan Amendment (posted on October 25, 2002) and Staff Report 
(posted on November 7, 2002) prior to Board adoption on December 12, 2002, which was 
then approved by USEPA on June 19, 2003.  

The Regional Board filed its Notice of Decision on July 15, 2003, the effective date of both 
TMDLs. The final Board Resolution and Basin Plan Amendments for both the Wet Weather 
and Dry Weather Bacteria TMDLs are provided in Appendix B. This version of the Dry 
Weather TMDL Basin Plan Amendment reflects modification to the reopener date to 
coincide with that of the Wet Weather TMDL reopener. 

This process demonstrated the willingness of the Regional Board to work closely with 
stakeholders to craft a TMDL that was reasonable and that took into account stakeholder 
feedback. This cooperative approach to TMDL development was demonstrated in the 
inclusion of an extended timeframe for an integrated water resources (IWR) approach to 
TMDL compliance, and by applying a reference system/antidegradation approach. This 
approach is discussed further below. 

1.1.1.2 Objectives of the SMBB Bacteria TMDL 
The goal of the SMBB Wet Weather Bacteria TMDL is to reduce the risk of human illness 
associated with recreation in marine waters contaminated with bacteria. Currently, more 
than 55 million beachgoers visit the SMBB annually. An epidemiological study (Haile et al., 
1996) by the Santa Monica Bay Restoration Project established a causal relationship between 
adverse health effects and poor recreational water quality. In 1988 and in 2002, the Section 
303(d) list showed that beaches were impaired by bacterial indicators and, therefore, the 
Regional Board adopted this Bacteria TMDL. This TMDL is intended to specifically control 
(i.e., reduce) bacteria that reach the beaches during, or as a result of, wet weather runoff 
events. 

A reference system/antidegradation approach was incorporated into the allocations and 
will continue to apply through the implementation period, subject to review at the TMDL 
reopener. The application of a reference system/antidegradation approach recognizes that 
there are natural sources of bacteria and that water quality at each of the subwatersheds 
should be at least as good as that of a reference subwatershed site, or that there is no further 
degradation of bacteriological water quality for those subwatersheds where the water 
quality is better than the reference site. This indicates that the intent of the Regional Board 
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for this TMDL is to control only anthropogenic (human-caused) sources of bacteria since 
natural sources of bacteria from undeveloped areas that may also contribute indicator 
bacteria to the receiving waters and cause measurable exceedances cannot be directly 
controlled through more traditional mechanisms. The Regional Board recognized that 
“while treatment and diversion of natural sources may fully address the impairment of the 
water contact recreation beneficial use, such an approach may adversely affect aquatic life 
and wildlife beneficial uses” (Regional Board, 2002). 

The reference site, Leo Carrillo Beach and its associated drainage area (Arroyo Sequit 
Canyon), is representative of an undeveloped natural watershed with minimal 
anthropogenic impacts. This approach is intended to ensure that the bacteriological water 
quality of the SMBB is at least as good as that of the reference sites and that no degradation 
of existing bacteriological water quality is permitted. Currently, runoff conveyed from 
developed areas by storm drains and creeks is identified as the primary source of elevated 
bacterial levels. 

The TMDL requires that the near-shore waters of the SMBB reach water quality targets that 
will ensure that the risk of bacteriological illness is no greater than the USEPA “acceptable 
health risk” of 19 illnesses per 1,000 swimmers, or less than 2 percent risk of illness.  

There are 27 subwatersheds defined in the Santa Monica Bay Watershed Management Area, 
with multiple jurisdictions that are responsible for compliance with the SMBB Bacteria 
TMDLs. A primary jurisdiction for each subwatershed was identified; these are defined in 
the TMDL as the jurisdiction comprising greater than 50 percent of the subwatershed land 
area.  

As shown in Figure 1, there are nine primary jurisdictions within the Santa Monica Bay 
Watershed, each with a group of associated subwatersheds, beach monitoring locations, and 
other jurisdictions and agencies responsible for these subwatersheds. Seven of these 
jurisdictional groups are affected by these TMDLs; the other two, Ballona Creek and Malibu 
Creek, will have separate bacteria TMDLs developed. Although the implementation plans 
for these two watersheds are being developed under separate TMDLs, the jurisdictions 
within these watersheds remain responsible agencies under the SMBB Bacteria TMDLs as 
well. The implementation plans developed under the individual bacteria TMDLs for Ballona 
Creek and Malibu Creek will be required to achieve the downstream waste load allocations 
(exceedance day requirements) at the beach locations under the Beaches TMDLs. 

The City of Los Angeles was designated the lead agency for Jurisdictional Group (JG) 2 and 
is a significant participant in three other JGs (1, 3, and 7). The City of Santa Monica was 
designated the lead in JG 3 and is a participant in JGs 2 and 8. Other responsible agencies 
within Jurisdictional Groups 2 and 3 (JG 2/3) include El Segundo, the County of Los 
Angeles, and the California Department of Transportation (Caltrans).  
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This Implementation Plan pertains to the joint implementation planning effort for JG 2/3. 
JG 2 is responsible for six subwatersheds and JG 3 is responsible for one subwatershed. The 
primary jurisdictions are responsible for submitting this Implementation Plan to the 
Regional Board. Although the California State Department of Parks and Recreation is also 
included in JG 2/3, it has elected to develop its own implementation plan for complying 
with these Bacteria TMDLs. 

The health of the Bay is also impacted by neighboring watersheds not regulated by the 
SMBB Bacteria TMDL, specifically the Malibu Creek, Ballona Creek, and Marina Del Rey 
watersheds. Ballona Creek and Malibu Creek watersheds are regulated by the beaches 
TMDLs in that they must achieve the downstream (beach) waste load allocations set in the 
Beaches TMDLs. However, implementation plans will be developed under the individual 
TMDLs rather than under the beaches TMDLs.  

A proposed Dry Weather Implementation Plan for JG 2/3 is contained in Appendix C. The 
plan consists of diverting dry weather urban runoff from the coastal watershed through 
low-flow diversions from the storm drain system to the sanitary sewer system via the 
Coastal Interceptor Sewer (CIS) for treatment at the Hyperion Treatment Plant (HTP) during 
dry weather. The total flow planned for dry weather diversion to HTP via the CIS by the 
end of 2005 is 9.33 million gallons a day (mgd). Low-flow diversions will be temporarily 
closed during wet weather conditions. A proposed Wet Weather Implementation Plan is 
described in this report. 

1.1.2 Consultant Team Scope of Work 
In support of efforts by the City of Los Angeles to prepare the Implementation Plan, the 
consultant team, which includes the joint venture of CH2M HILL and CDM (CH:CDM), 
Psomas, E2 Consultants, MapVision, and Harris and Company, was contracted by the City 
of Los Angeles to conduct the following work: 

• Task 1:  Assist with TMDL Development Planning 
• Task 2:  Provide Staff Support for the Development of an Integrated Implementation 

Plan 
• Task 3:  Determine Regulatory Requirements 
• Task 4:  Conduct a Detailed Hydrologic Study 
• Task 5:  Conduct a Beneficial Use Evaluation 
• Task 6:  Conduct a Treatment and Management Options Evaluation 
• Task 7:  Develop Coastal Collection System Evaluation and Conceptual Alternatives 
• Task 8:  Research Potential Sites for Collection, Treatment, and Diversion Facilities 
• Task 9:  Conduct an Analysis of Implementation Alternatives 
• Task 10:  Prepare TMDL Implementation Plan 
• Task 11:  Perform Task Management 
 

This Implementation Plan contains a summary of the results of these efforts.  
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1.1.3 Wet Weather Implementation Plan Approach 
The approach to implementation for compliance with the SMBB Wet Weather Bacteria 
TMDL was based in large part on stakeholder input from representatives from: JG 2/3; local 
communities within JG 2/3; the Regional Board; and environmental organizations, i.e., Heal 
the Bay and Santa Monica BayKeeper. Input from the stakeholders indicated support for an 
approach to avoid large structural, end-of-pipe solutions that would be expensive and result 
in significant negative impacts (construction, land use) to the communities along the SMBB. 
Instead, the stakeholders preferred an approach emphasizing nonstructural, institutional 
solutions along with small, decentralized structural projects, i.e., wet weather best 
management practices (BMPs). These BMPs would be sited in selective locations within the 
watershed and offer multiple benefits for the community and environment. 

As a result, this Wet Weather Implementation Plan is based on a phased, iterative approach 
to TMDL compliance due to the unique developmental nature of the project. It is widely 
accepted that there are insufficient data and understanding within the scientific community 
quantifying the performance of wet weather BMPs for bacteria removal. This TMDL 
Implementation Plan will be the first of its kind for a large urban a region in a semiarid 
environment. Therefore, a phased, iterative approach employing adaptive management 
principles is the most reasonable strategy to meet the objectives of this TMDL.  

1.1.3.1 Stage 1 of Implementation 
The first stage of this program (Stage 1) will emphasize institutional (nonstructural) and 
local runoff management solutions (structural) to reduce the contribution of bacteria and 
other pollutants of concern from wet weather runoff that can be quickly implemented and 
monitored for effectiveness. Institutional solutions include expansion of current stormwater 
quality improvement programs as well as additional programmatic measures. 

Local runoff management solutions to reduce the volume of wet weather runoff that reaches 
the receiving waters include the installation of decentralized, small-scale, local storage and 
reuse or infiltration projects at public facilities, as well as consideration of residential 
options, such as cisterns/rain barrels and redirecting downspouts. These types of BMPs 
offer advantages of addressing multiple objectives (water quality improvement, water 
conservation, habitat enhancement, aesthetics, and recreation) while preventing multiple 
pollutants from reaching the beaches. 

These Stage 1 programs and projects will focus initially on watersheds that drain into the 
highest priority storm drains, that is, those with greatest risk of bacterial standard 
exeedances. These are, in order of priority, the Venice Beach, Santa Monica, Dockweiler, 
Pulga Canyon, and Santa Monica Canyon subwatersheds. The higher priority watersheds 
generally have greater concentrations of high density and commercial areas. 

Monitoring the effectiveness of these nonstructural and structural BMPs will occur through 
both onsite and inland receiving water monitoring as well as through the Coordinated 
Shoreline Monitoring Plan associated with this TMDL to determine whether the BMPs 
improve stormwater quality in terms of loads and/or concentrations of pollutants. 
Additional monitoring for source identification and baseline upstream monitoring will 
provide information to determine the most effective pollutant control methodologies. The 
results of these monitoring efforts, as well as parallel research on BMP effectiveness and 
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alternative pathogen indicators, will be factored in through a phased, iterative compliance 
plan for this TMDL. By employing adaptive management principles, there will be 
opportunities to consider these new data and to reflect new findings within this integrated 
and holistic approach to watershed management. 

1.1.3.2 Stage 2 of Implementation 
Consideration of the need to implement regional, end-of-pipe solutions, such as diversion of 
wet weather runoff to the wastewater treatment system or the construction of operational 
storage and runoff treatment plants, will be considered in the second stage of this 
compliance program (Stage 2). These solutions are generally single-purpose facilities that 
offer little benefit beyond pollution reduction and represent a less holistic approach to 
runoff management. For this reason, the need to pursue these options is deferred until the 
effectiveness of a concerted effort to implement nonstructural and subregional structural 
solutions can be evaluated.  

1.1.3.3 TMDL Compliance using Recommended Implementation Approach 
The JG 2/3 stakeholder community selected the recommended iterative adaptive IWR 
approach because it offers the potential to achieve compliance at a reasonable cost and  with 
limited negative impacts to the SMBB communities. This approach is unique in that no other 
large urban community in a semiarid environment has employed an implementation 
approach to control bacteria from wet weather urban runoff. However, this approach has 
been proven to effectively control wet weather urban runoff in other urban areas, such as 
Portland, Oregon (Lipton, 2004). Since the sources of bacterial pollution in runoff are 
widespread, controlling urban runoff using nonstructural source control solutions and 
selected decentralized structural BMPs is currently the most effective way to assure 
reduction of bacterial pollution at the beaches. Employing the recommended iterative 
phased approach, which incorporates adaptive management principles, allows substantial 
progress toward reducing bacterial runoff pollution while improving and optimizing the 
program to achieve TMDL compliance within desired timeframes. This IWR approach also 
helps control other pollutants beyond bacteria and offers benefits to the community beyond 
pollution control. 

As noted above, the state of the science is such that the projected effectiveness of these 
institutional and subregional structural solutions for bacteria reduction is uncertain. The 
programs and projects identified in this Implementation Plan have been prioritized based 
on a qualitative evaluation of their potential impacts on bacterial loading reduction. 
Although employing regional solutions would allow a more certain prediction of bacterial 
reduction, it was widely agreed after the second stakeholder workshop that this was not the 
preferred approach. Therefore the iterative, adaptive process that underlied this 
Implementation Plan was employed instead to provide an IWR approach using institutional 
and subregional structural solutions. 

While the institutional solutions focus on source control, many of the subregional structural 
solutions will contribute to bacterial loading reduction by eliminating or reducing the 
transport mechanism, i.e., runoff, at the site. However, the precise relationship between 
runoff reduction and exceedance-day reduction is unknown at this time. 
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Sites for the development of subregional structural solutions were evaluated based most 
prominently on factors including their subwatershed, ownership, and soil infiltration 
capacities. Sites located in subwatersheds with the highest amount of beach exceedance 
days at their downstream beach drains are more likely to contain high concentrations of 
indicator bacteria; reducing bacterial loading in these subwatersheds will more likely reduce 
the number of exceedance days. For example, the site of the new Santa Monica Library is in 
a dense urban area and is part of the Santa Monica subwatershed, a high priority area. 
Ownership had a large impact on initial site selection to reduce costs and ensure early 
commitment resulting in sites owned by the JG 2/3 agencies having a higher initial priority 
for listing in this Implementation Plan. In the future there may be opportunity to apply 
these same strategies with other agencies and private entities.  

Although the tools are not currently in place to accurately estimate the bacterial reductions 
that will be achieved with this proposed iterative adaptive IWR approach, the JG 2/3 
agencies believe that through the two-pronged approach of reducing the bacterial loading 
through both source control and runoff reduction from the more highly contaminated 
subwatersheds and corresponding land uses, it is expected that the TMDL milestones that 
occur during Stage 1 will be met.  
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Section 2 Background 

2.1 Wet Weather Bacteria TMDL Summary 
2.1.1 Numeric Targets 
Compliance with the SMBB Wet Weather Bacteria TMDL load allocation is based on beach 
water quality monitoring results relative to the following water quality numeric targets: 

Rolling 30-day Geometric Mean Limits: 

• Total coliform density shall not exceed 1,000/100 milliliters (mL) 
• Fecal coliform density shall not exceed 200/100 mL 
• Enterococcus density shall not exceed 35/100 mL 
• Geometric mean targets may not be exceeded at any time 

Single Sample Limits: 

• Total coliform density shall not exceed 10,000/100 mL 
• Fecal coliform density shall not exceed 400/100 mL 
• Enterococcus density shall not exceed 104/100 mL 
• Total coliform density shall not exceed 1,000/100 mL if the ratio of fecal-to-total 

exceeds 0.1 

An exceedance day occurs when the average of samples taken within the past 30 days 
exceeds the geometric mean limit or when any single sample exceeds the single sample 
limit.  

The TMDL establishes the critical condition as the 90th percentile “storm year” in terms of 
wet days. For beach sites within JG 2/3, when the sites are sampled daily, the final 
allowance of wet weather exceedance days on which an exceedance of either limit is 
detected is 17 days per storm year2, except at Venice City Beach at Windward Avenue, 
which is 13 days. Equivalently, when the sites are sampled on a weekly basis, the number of 
allowable violation days will be scaled to 3 exceedance days and 2 exceedance days, 
respectively. 

2.1.2 Implementation Options 
The TMDL acknowledges that there are two broad approaches to implementation: 

• IWR Approach (preferred approach): This approach takes a holistic view of regional 
water resources by integrating planning focused on beneficial reuses of stormwater and 
integrates multiple pollutant solutions. 

• Nonintegrated Water Resources Approach: This approach looks at the specific 
watershed in isolation and points toward structural, end-of-pipe solutions. 

                                                      
2 A ‘storm year’ is defined to extend from November 1 to October 31.  
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The members of JG 2/3, and the watershed stakeholders agree that an IWR approach is 
preferable, as it would represent the most cost-effective and efficient use of resources to 
address this problem. The IWR approach described in this report has the following 
characteristics: 

• Integrates urban runoff planning with planning for other water system needs, such as 
recycled water and potable water. 

• Focuses on beneficial reuse of urban runoff, including groundwater infiltration at 
multiple points throughout a watershed. 

• Addresses multiple pollutants with which the SMBB is impaired (metals, pesticides, 
suspended solids, polycyclic aromatic hydrocarbons [PAHs] and polychlorinated 
biphenyls [PCBs] as listed on the USEPA Section 303[d] list). 

• Incorporates enhancement of other public goals, such as water supply, recycling and 
storage, environmental justice, parks, greenways, open space, and active and passive 
recreational and environmental education opportunities. 

2.1.3 Compliance Schedule 
Using an IWR approach, the watershed must achieve a cumulative 10 percent reduction 
from the total exceedance-day reduction within 6 years of the effective date of the TMDL, a 
25 percent reduction within 10 years, and a 50 percent reduction within 15 years of the 
effective date of the TMDL. Final implementation targets must be achieved in 18 years. 
Table 2-1 summarizes these dates relative to the effective date of July 15, 2003. 

TABLE 1 
Compliance Milestones for Integrated Water Resources Approach to Implementation 

SMBB Bacteria TMDL Implementation Plan 

Milestone Date 

Effective date July 15, 2003 

Submit coordinated shoreline monitoring plan November 15, 2003 

Submit draft Implementation Plan report March 15, 2005 

Submit final Implementation Plan report July 15, 2005 

TMDL Reopener July 15, 2007 

Achieve 10% cumulative reduction from the total exceedance-day reductions 
required for that jurisdictional group 

July 15, 2009 

Achieve 25% cumulative reduction from the total exceedance-day reductions 
required for that jurisdictional group 

July 15, 2013 

Achieve 50% cumulative reduction from the total exceedance-day reductions 
required for that jurisdictional group 

July 15, 2018 

Achieve 100% cumulative reduction from the total exceedance-day reductions 
required for that jurisdictional group 

July 15, 2021 
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2.1.4 Compliance Monitoring  
Achievement of the designated exceedance-day reductions will be measured by shoreline 
compliance monitoring. For JG 2/3, the City of Los Angeles will conduct daily or systematic 
weekly bacterial sampling in the wave wash at all major drains and creeks or at existing 
monitoring stations at beaches to determine compliance. The specific plan for conducting 
this shoreline monitoring is contained in the Coordinated Shoreline Monitoring Plan, 
initially submitted by all seven jurisdictional groups affected by the SMBB Bacteria 
TMDLs on November 12, 2003, and, after two subsequent revisions, was approved by the 
Regional Board on April 28, 2004. Monitoring in accordance with this plan began on 
November 1, 2004. 

2.2 Summary of Land Use Distribution by 
Subwatershed 

As seen in Figure 2, Castle Rock, Pulga Canyon, and Santa Monica Canyon subwatersheds 
are mostly natural open space, some parts of which are undeveloped rocky mountainous 
areas. Therefore, runoff from these subwatersheds is expected to have generally lower 
relative contribution from urban sources of bacteria when compared to the other 
watersheds.  

In contrast, Dockweiler and Santa Monica subwatersheds are more urbanized with large 
percentages of transportation, residential and commercial land uses. The runoff from these 
subwatersheds is predominantly from urban sources. Santa Ynez Canyon subwatershed 
consists of relatively equal proportions of urban and non-urban land use areas, and Venice 
Beach subwatershed consists mainly of beach park land use.  

Table 2 contains the areas of each subwatershed land use. 
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FIGURE 2 
Subwatersheds and Land Use Distribution in Jurisdictional Groups 2 and 3 
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2.3 Stakeholder Process  
This TMDL Implementation Plan is the product of coordination between the affected 
agencies comprising JG 2/3, as well as interested stakeholders, the Regional Board, and 
USEPA. Monthly meetings among the regulators and agencies were held to direct the course 
of the Implementation Plan development and coordinate information needs and decision 
making.  

Four workshops were held for interested stakeholders. Stakeholders included a broad range 
of elected and appointed officials of the Cities of Los Angeles, Santa Monica, and 
El Segundo; the County of Los Angeles, Caltrans and other state representatives. Managers 
of these and other agencies, representatives of the Regional Board, several environmental 
organizations, and local interests also were included. Stakeholder workshops held at the 
HTP were usually attended by 40 to 60 people. The dates for each workshop are shown 
below in Table 2-3; agendas and presentations from these workshops are included in 
Appendix D.  

TABLE 3 
Jurisdictional Groups 2 and 3 Stakeholder Workshops 

SMBB Bacteria TMDL Implementation Plan 

Workshop 
Number Workshop Date Highlights of Workshop Agenda 

1  May 29, 2003 Introduce Stakeholder Process in TMDL Implementation Plan 
Development. 

2  February 6, 2004 Review of SMBB Wet Weather Bacteria TMDL compliance 
requirements. 
Initial findings.  
Stakeholder feedback. 

3  August 12, 2004 Compliance requirements and implementation methodology. 
Task update. 
Preliminary alternatives. 
Stakeholder feedback. 

4  November 9, 2004 TMDL Compliance: goal, schedule, and approach. 
Preferred alternative. 
Process of selecting sites. 
Stakeholder feedback. 
Draft TMDL Implementation Plan and discussion. 

 

Stakeholders provided feedback and recommendations for the Implementation Plan that 
were addressed and/or incorporated into the Implementation Plan approach.
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Section 3 Summary of Technical Analyses 

A series of technical analyses were conducted to lay the groundwork for identifying 
compliance options for the subwatersheds of JG 2/3. The analyses were documented in 
technical memoranda and are summarized below. 

3.1 Hydrological Analysis 
A hydrological analysis of the JG 2/3 SMBB subwatersheds was performed to estimate the 
capture volumes of wet weather runoff that must be managed to meet the TMDL numeric 
limits. The study determined target runoff volumes and design hydrographic relationships 
for use in sizing operational storage, diversion, and treatment facilities. The technical 
memorandum documenting this work is provided in Appendix E.  Note that the hydrologic 
method applied in this concept hydrology study may not apply to other TMDL 
implementation analyses. 

For this study, it was assumed that any discharge of untreated runoff will result in an 
exceedance. Therefore, violations would occur when runoff volume exceeds the capacity of 
the storage system (and subsequent treatment, diversion or beneficial use systems) more 
than 17 times in 1 year for most of the beaches within JG 2/3 (13 times for Venice Beach). 

The risk of beach discharges (and, presumably, exceedance days) over a range of different 
volumes of managed wet weather runoff was estimated. By increasing the target runoff 
volume to manage less runoff “spills over” the captured volume, less runoff is discharged at 
the beach and the risk of violating the TMDL decreases. Conversely, if smaller runoff 
volumes are managed, more runoff is discharged at the beach and the risk of violating the 
TMDL increases.  

The TMDL allows for 17 exceedance days in a given wet season (13 for Venice Beach). 
Table 4 summarizes analytical results and the relationship between required storage volume 
and number of hypothetical violation days generated from the application of a continuous 
simulation rainfall-runoff model (XP-SWMM) based on historical rainfall data. If an end-of-
pipe treatment approach were to be used, these volumes represent the potential risk of 
violations. However, due to the magnitude of these volumes, alternative approaches will be 
considered, as discussed in Section 4.1. 
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TABLE 4 
Estimated Required Volume (million gallons) for Hypothetical Violation Days within a 50-year Period 

SMBB Bacteria TMDL Implementation Plan 

Subwatershed 
1 Violation 
in 50 yrs 

2 Violations 
in 50 yrs 

5 Violations 
in 50 yrs 

Castle Rock 2.0 1.7 1.0 

Santa Ynez 5.7 4.8 2.6 

Pulga Canyon 2.8 0.9 0.5 

Santa Monica Canyon 29.2 25.1 7.3 

Santa Monica 76.0 75.2 72.7 

Venice Beach <0.1 <0.1 <0.1 

Dockweiler 53.6 53.1 51.9 

TOTAL 169.3 160.8 135.9 

Note: The hydrological analysis performed in this study is a conceptual level estimate of runoff values. More 
detailed hydrologic studies should be conducted for design of local BMPs and for design of regional solutions,
if they become necessary. 

3.2 Beneficial Use Opportunities 
An evaluation was conducted to identify opportunities to beneficially use treated wet 
weather runoff within the JG 2/3 SMBB subwatersheds via landscape irrigation or 
groundwater recharge. Both localized and regional beneficial reuse opportunities were 
considered to reduce or eliminate wet weather discharge to the beaches. The technical 
memorandum documenting this work is provided in Appendix F. 

3.2.1 Subregional Structural Options 
Localized beneficial use opportunities such as cisterns/rain barrels, local storage and reuse, 
and ground infiltration projects, were evaluated for both residential and public buildings.  

Cisterns/rain barrels involve diverting runoff from impervious roof areas on residential and 
commercial properties and storing it in 1,000- to 100,000-gallon tanks. This stored runoff 
provides a source of chemically untreated water for gardens, free of most sediment and 
dissolved salts. Installing cisterns/rain barrels at residences will beneficially reuse runoff, 
but the quantifiable gains will be slight. If cisterns/rain barrels are installed at 5 to 10 
percent of the potential lots/parcels in the study area, it was estimated that approximately 
0.6 to 1.2 percent of the estimated total average annual wet weather runoff could be 
managed via cisterns/rain barrels.  

Local storage and reuse involves capturing runoff from areas in addition to rooftops and 
storing it for subsequent reuse onsite. These other areas include driveways, parking lots, 
and paved sports areas. This option could include some treatment (e.g., chlorination) and 
would require careful management and consideration of appropriate water distribution 
systems. 
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The potential sites for this type of system would be public parks, government facilities, or 
schools at which the runoff could be reused for irrigation without meeting full Title 22 
treatment standards (requiring filtration and disinfection). They would be installed 
underground since they would need to be big enough to store large volumes of runoff. The 
landscape maintenance could involve a controlled subsurface distribution system (i.e., no 
sprinkler system) so that direct public contact is essentially eliminated. The opportunities 
for these types of projects would have to be identified and developed on a case-by-case 
basis. The Open Charter School Demonstration Project in the Ballona Creek Watershed, a 
cooperative effort between the City of Los Angeles, Los Angeles Unified School District 
(LAUSD), and TreePeople, is an example of this option.  

Opportunities for local infiltration projects to manage runoff also were investigated 
involving capturing runoff at the site where it is generated and using options, such as 
porous pavement, retention grading, infiltration basins and trenches, bioretention, and 
infiltration culverts, to infiltrate runoff toward the local groundwater. Infiltration requires 
that the soils be permeable enough to allow percolation over time into the underlying 
groundwater basin in a reasonable time and without excessive mounding or surfacing.  

Areas with soils that have sufficient infiltration capacity are very limited within the JG 2/3 
subwatersheds. Some areas of coastal sands, however, may provide opportunities for 
localized infiltration, and may provide some incremental savings in total runoff volume to 
be managed.  

Overall, implementing these local opportunities alone will not be sufficient to manage the 
target runoff volumes. Local storage and reuse projects would be relatively small and would 
be constructed on a project by project basis. Opportunities for local infiltration are restricted 
to areas that have porous soils, which were not found on a large scale within the study area. 

3.2.2 Regional Options 
Beneficial reuse opportunities on a regional level within the study area were also evaluated. 
The options considered were groundwater injection and landscape irrigation of treated 
runoff. 

Existing and planned groundwater injection projects were evaluated to determine if treated 
runoff could supplement the existing water supply. It was found that wet weather runoff 
may have value as a supplemental, low total dissolved solids (TDS) source water that could, 
under the right conditions, be blended with HTP effluent as a feed to the West Basin 
Municipal Water District recycled water facilities. This would require careful review of the 
water quality issues, as well as contractual agreements in place between all parties. 
However, dedicated injection systems using runoff were found to be infeasible in the JG 2/3 
subwatersheds. 

Using treated runoff to supplement the irrigation water supply was also evaluated, 
particularly in areas where there are no current plans to supply treated wastewater as 
recycled water. Irrigation demands for the JG 2/3 areas were estimated. From a theoretical 
point of view, if it were possible to capture, store, treat, and distribute wet weather runoff to 
meet all of these demands, 72 percent of the total target runoff volumes could be beneficially 
used. 
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Recommendations regarding employing these regional beneficial use options vary 
throughout the study area. In the Dockweiler subwatershed area, there are already systems 
in place to recycle treated wastewater via landscape irrigation. It would not be practical to 
duplicate the existing treatment, distribution, and delivery systems to the same customers.  

The City of Santa Monica already provides recycled water to a few local customers from the 
Santa Monica Urban Runoff Recycling Facility (SMURRF). The facility treats dry weather 
urban runoff water that previously was discharged into the Santa Monica Bay through 
storm drains.  

There are no current plans to use treated wastewater to meet irrigation demands north of 
Santa Monica; therefore, treated runoff may be a viable option to meet some or all of these 
demands. This can be accomplished by collecting, seasonally storing, and treating runoff for 
irrigation use. In addition, there may be more localized opportunities to meet smaller 
irrigation demands through local storage and reuse at end uses that may not require the 
same high level of treatment. 

In summary, there is some opportunity to beneficially reuse wet weather runoff through 
local and regional solutions. Full implementation of these options, however, would not 
eliminate the need for other management options.  

3.3 Runoff Management Options 
An evaluation of the potential management options for runoff was conducted and is 
summarized in this section. These options included institutional, local and regional options. 
Final recommendations were based not only on technology, but on feasibility, cost, siting, 
permitting, reliability, and maintenance. The technical memorandum documenting this 
work is provided in Appendix G. 

3.3.1 Institutional (Nonstructural Source Control) Options 
Institutional options are intended to prevent/reduce levels of bacteria, or bacterial sources 
(e.g., trash) from initially being picked up by runoff. These options include good 
housekeeping practices programs, education and outreach programs, street maintenance, 
storm drain maintenance, land use planning and management, ordinances and codes, and 
enforcement activities.  

If used by themselves, institutional options would likely help the most with dry weather 
runoff and would be minimally effective in reducing bacterial exceedance at the beach. 
Institutional options should, however, be part of an integrated solution during the early 
implementation steps. 

3.3.2 Subregional, Structural (Small, Decentralized Source Control) 
Options 

Subregional structural options include cisterns/rain barrels, local storage/reuse, onsite 
capture, and infiltration as previously discussed in Section 3.2. These options are intended 
to reduce the total volume and flow rate of runoff leaving properties and entering the storm 
drain system, including any bacteria that might be picked up in runoff from the site, and in 
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some cases, from offsite runoff as well. Local options involve no or minimal treatment 
because they involve direct reuse of the collected runoff for landscape irrigation or 
groundwater infiltration at the site. 

3.3.3 Regional (Large, End-of-Pipe, Structural) Options 
Regional options involve capturing runoff from the storm drain systems, generally 
immediately upstream of the beach discharge location. Operational storage is necessary to 
buffer large flows associated with rain events; holding times of 24 to 48 hours are typically 
necessary. The following regional options for managing the stored runoff were found to be 
potentially feasible in the study area: 

• Divert to the wastewater collection system for treatment at the HTP 
• Traditional treatment for discharge to the ocean 
• Subsurface constructed wetlands treatment for discharge to the ocean 
• Treatment for beneficial reuse – landscape irrigation or groundwater injection 
• Discharge to the ocean untreated through an extended outfall 

The HTP can treat diverted wet weather runoff and discharge it through the 5-mile outfall, 
but only when excess capacity exists in the wastewater collection system and at HTP. Due to 
hydraulic capacity constraints, this option is therefore limited to subwatersheds closest to 
the treatment plant. This option is discussed in more detail in Section 3.4. 

The concept of stormwater treatment requires construction of treatment facilities to remove 
contaminants. For this TMDL, bacteria, and therefore pathogens, would require disinfection 
plus appropriate ancillary and pre-treatment to discharge treated runoff to the ocean. It 
would also be a first step in providing water for beneficial reuse opportunities. A typical 
treatment train would likely consist of influent pumping, bar screens to remove trash, 
possibly sedimentation and/or filtration, and disinfection. Based on a survey of similar 
plants, it was estimated that the footprint area for these facilities would need to be 
approximately 700 square feet (ft2) for each million gallons per day of treatment. 

As an alternative, in a subsurface-flow constructed wetland, collected runoff flows beneath 
the surface through a gravel matrix from which wetland plants grow. A typical system 
configuration would be a cell that is 3.5 feet deep by 100 feet wide by 162 feet long. With an 
estimated porosity of 0.45, this cell would accommodate a flow of up to 121,000 gallons per 
day (gpd). This corresponds to an area of approximately 3 acres per mgd. 

Treatment to provide water for beneficial reuse opportunities, such as landscape irrigation 
or groundwater injection, would include traditional pre-treatment and diversion to 
treatment facilities designed to Title 22 standards (possibly coagulation, flocculation, 
filtration, and disinfection to meet a 2.2 most probable number [MPN] coliform standard). 
Membrane filtration could be a practical alternative to conventional coagulation/granular 
filtration.  

For this analysis, it was assumed that a plant to treat runoff to these standards would be 
similar to the SMURRF. The SMURRF has an average capacity of 500,000 gpd and a peak 
capacity of 750,000 gpd. It employs a rotating drum screen and cyclone-type grit chamber to 
remove grit, small particles and debris, a dissolved air flotation (DAF) system to remove oil 
and grease, microfiltration, and ultraviolet (UV) disinfection. The footprint area for this 
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plant is about 19,000 ft2 with the usable portion at 12,000 ft2 because of setback requirements. 
It was assumed that a new plant would require 12,000 ft2 for each 0.5 mgd, plus a 10 percent 
factor for setbacks. This corresponds to a footprint area of 0.6 acre per mgd.  

In addition to treating and discharging a blend of treated wastewater and runoff, the 
existing ocean outfalls could potentially be used to discharge wet weather runoff directly. 
The HTP uses a 5-mile outfall and maintains a 1-mile outfall for emergency discharges 
during periods of high wastewater flows. Discharging untreated runoff would eliminate the 
expense of increasing the wastewater treatment volume and is a potential means of 
diverting contaminated water from the beaches.  

While discharging untreated urban runoff through the HTP outfalls, or any other potential 
outfall, is an option, it does not fit within the desired integrated water resources approach 
framework of this TMDL Implementation Plan; that is, outfall discharge would not provide 
for beneficial reuse or other community benefits. 

3.4 Options for Diversion to Wastewater Collection 
 System 

The capacity of the coastal wastewater collection system to convey runoff to HTP during 
off-peak periods was assessed. The technical memorandum documenting this work is 
provided in Appendix H. 

The runoff would be stored in operational storage facilities for 24 to 48 hours. It would then 
be pumped into either the CIS or, for the Dockweiler subwatershed, into the Central Outfall 
Sewer (COS) or North Outfall Sewer (NOS) for treatment at HTP.  

The scope of this study included hydrodynamic modeling (using the MOUSE program by 
DHI, Inc.) to assess the capacity of the CIS using a hydraulic model that includes inputs of 
the wastewater inflow during a rain event. These analyses determined how much of the 
stored runoff could be diverted into HTP during off-peak periods. 

Each subwatershed was considered in isolation. Simultaneous contributions to CIS from all 
subwatersheds were not analyzed and will decrease the available capacity to upstream 
subwatersheds. Dockweiler subwatershed contributions to HTP are independent of others 
because they would utilize a separate conveyance system, either the COS or NOS. Table 5 
summarizes conveyance capacity for each subwatershed as an independent source. 
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TABLE 5 
Conveyance Capacity to Hyperion Treatment Plant for Independent Subwatersheds 

SMBB Bacteria TMDL Implementation Plan 

Subwatershed 

Average Post- 
Wet Peak Flow 

Capacity 
(gpm) 

Total 24-Hour 
Divertible 
Volume 

(MG) 

Estimated Required 
Volume for 1 Hypothetical 

Violation Year within a 
50-year Period 

(MG) 
Castle Rock 2,195 3.1 2.0 

Santa Ynez Canyon 4,041 5.8 5.7 

Pulga Canyon 7,420 11.8 2.8 

Santa Monica Canyon 7,740 10.7 29.2 

Santa Monica  7,740 10.7 76.0 

Venice Beach 13,146 17.3 <0.1 

Dockweiler 31,546 60.4 53.6 
Notes: 
MG – million gallons 
gpm – gallons per minute 

 
Diverting stored runoff into the wastewater collection system would need to be combined 
with other options. While the local wastewater collection system may be adequate to convey 
the estimated stored runoff volumes from Castle Rock, Santa Ynez Canyon, and Pulga 
Canyon, capacity constraints further downstream in the CIS would limit the diversion from 
the Santa Monica Canyon and Santa Monica subwatersheds. The Venice Beach and 
Dockweiler subwatersheds have the potential to be effectively served by the diversion 
option. 

3.5 Siting Study 
Potential sites and evaluative criteria were discussed for the following facilities: 

• Local storage and reuse projects 
• Operational storage near major storm drain outlets 
• Transmission pipelines to HTP or new treatment plants 
• Treatment facilities 
• Beneficial reuse sites  

The technical memorandum documenting this work is provided in Appendix I. 

Public parks, government facilities, schools, and urban vacant lots were identified as 
possible sites at which to implement local storage and reuse projects to manage runoff 
before it enters the storm drain system. The 10 largest parks considered were Will Rogers 
Park, Rustic Canyon Recreation Center, Palisades Park, Memorial Park, Clover Park, 
Penmar Recreational Park and Playground, South Beach Park, Westchester Golf and 
Recreation Center, Recreation Park, and The Lakes at El Segundo. A total of 28 government 
facilities were identified within JG 2/3, totaling 90.1 acres. Local storage and reuse projects 
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have been successfully implemented at several schools within Southern California. There 
are approximately 40 public school facilities within JG 2/3 that may be candidates for 
similar projects. A total of 11 urban vacant lots identified within JG 2/3 were identified with 
a total area of 61.9 acres.  

To manage runoff regionally, it must be diverted from major storm drains at the beach 
discharge point and temporarily stored (facilities were sized to store the target volume for a 
24-hour period). Beach parking areas along the coast were found to be feasible locations for 
underground operational storage facilities because they are close to the drains, are in open 
areas, and have easy access to local roads. 

Possible sites for treatment facilities were identified. Temescal Canyon Park in Pulga 
Canyon is a potential site in the area north of Santa Monica. South Beach Park was identified 
as a potential site in Santa Monica. Vacant land in the vicinity north of the Los Angeles 
International Airport (LAX) was identified as a potential site for a southern treatment plant 
or for subsurface constructed wetlands. 

3.6 Regulatory and Permitting Requirements 
Regulatory issues that need to be considered in developing the management options were 
summarized. Much of this information was discussed in Section 2.1. The technical 
memorandum documenting this work is provided in Appendix J. This memorandum also 
includes information about specific local applicable regulations including planning, public 
works, and zoning codes that should be considered, and state and federal regulations that 
cover the planning, siting, and development of facilities that are under consideration in 
order to comply with this TMDL. 

In general, the project proponents should approach permit and regulatory agencies as soon 
as they have a specific project in mind. Beginning to work early with permit agencies is 
critical, so that California Environmental Quality Act (CEQA) or project description 
documentation can take into account the concerns of the specific regulator, and can address 
issues related to codes, ordinances, regulations, and laws. Obtaining a permit can take 
between 3 and 12 months, not including time to plan, provide CEQA documentation, and 
design the facility. Therefore, to shorten the process, it is important to have early and 
frequent communication with regulators, depending on the project’s degree of complexity. 

3.7 Alternatives Development and Evaluation 
Technical and regulatory information from Tasks 3 through 8 were compiled to develop 
alternatives that could be implemented to meet the load allocations in the TMDL. The 
technical memorandum documenting this work is provided in Appendix K. Three 
alternative themes were developed and evaluated for the Implementation Plan:  

• Low risk 
• Low cost 
• Maximum beneficial reuse 
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  Low Risk 

   Max. Reuse 

  Low Cost 

Hybrid 
Alternative 

The low cost alternative is configured to have the 
lowest capital and O&M costs. The low risk 
alternative is configured to manage the highest 
theoretical target runoff goal and will include 
options that will minimize the compliance risk 
with the TMDL without regard to cost or 
optimizing the beneficial use of runoff. The 
maximum beneficial reuse alternative is 
configured to manage the highest target runoff 
goal and will include options that maximize the 
amount of runoff that can be beneficially reused. 

As a result of this evaluation, a hybrid alternative 
was developed. As shown in Figure 3, this 
alternative represents an optimal combination of 
elements from the other three alternatives. This 
alternative balances the cost of implementation 
with the risk of compliance and the amount of beneficial use of runoff.  

3.7.1 Hydrology 
Table 4 in Section 3.1 shows a range of theoretical target volumes that provides a basis for 
making decisions when forming different alternatives. For example, the low cost alternative 
was formed to potentially manage smaller runoff volumes; however, the theoretical risk of 
violating the TMDL is higher. On the other hand, the low risk alternative was formed to 
potentially manage larger runoff volumes, and the risk of TMDL violation is reduced. 

These volumes represent upper limits, or theoretical goals. In actuality, JG 2/3 agencies 
recognize that achieving full management of these theoretical target runoff volumes would 
require aggressive implementation of large, regional, structural, end-of-pipe solutions, 
which face major challenges and multiple significant constraints. Moreover, implementation 
of institutional and subregional structural solutions in an iterative, adaptive fashion that 
may contribute to a higher percentage of success in reducing bacterial exceedances and may 
reduce or minimize the need for regional options or, in some areas, eliminate their necessity 
altogether. 

An examination of several typical years of rainfall and exceedance data at historical 
monitoring locations shows support for the approach of first focusing on managing smaller 
storms through implementation of institutional and subregional structural solutions, and 
monitoring their effectiveness before considering implementation of regional solutions. 

The graph in Figure 4 shows rainfall, in inches, recorded for the 1994-1995 rain year at 
sample location S-5 (Santa Monica Pier). It also plots the instances of bacterial exceedances 
for each of the indicators (total coliform, enterococcus, and fecal coliform) on the dates they 
occurred. The graph illustrates that exceedances at this location occurred regardless of storm 
size, which was found to be typical for varied locations and rain years. This supports the 
preferred approach to implementation, which is to first manage the more frequent, smaller 
storms through source control (institutional solutions) and subregional structural solutions. 
Thus, the alternatives focus on implementation of institutional and subregional structural 

FIGURE 3 
Themed Alternative 
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solutions, with the potential for consideration of regional solutions only if compliance goals 
cannot be accomplished without them. 

FIGURE 4 
Historical Rainfall and Bacterial Exceedances 

 

3.7.2 Runoff Management Options 
The component options that comprise the three themed alternatives were selected because 
they not only manage runoff volume, but also specifically help to reduce bacterial 
concentrations in the runoff. Many of these options help to reduce concentrations of other 
pollutants as well. The following three categories of runoff management options were 
considered for inclusion in the alternatives: 

Institutional (Nonstructural, Source Control) Options 
a. Current programs 

− Stormwater BMP programs 
− Education and outreach programs 
− Street and storm drain maintenance  
− Land use planning and management  
− Ordinances, codes, and enforcement 

b. Additional measures for consideration 
− Public trash receptacles 
− Improved restaurant and grocery store trash management 
− Business improvement district expansion 
− Expanded public education 
− Incentive programs 
− Portable bathrooms 
− Pre-wet-weather storm drain flushing 

S-5 Sample Results (Santa Monica Pier)
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Subregional (Small-scale, Decentralized, Structural Source Control) Options 
a. Cisterns/rain barrels (residential rooftop capture and direct reuse without 

treatment) 
b. Local storage and reuse (capture and reuse, limited treatment necessary) 
c. Small-scale capture and infiltration (sunken street medians and sidewalk planters, 

tree wells, dry wells, pervious pavement, and perforated culvert under Venice Beach 
Boardwalk) 

d. Redirecting downspouts into planters or other pervious surfaces 

Regional (Large, End-of-Pipe Structural) Options 
a. Divert to wastewater treatment 
b. Capture, store, treat, and discharge 
c. Capture, store, treat, and reuse as irrigation supply 
d. Large-scale infiltration projects 
e. Capture, store, treat, and inject 
f. Ocean outfall discharge 

3.7.3 Alternatives 
Runoff management options were combined to form alternatives, each with a different 
theme. The following alternatives are described below: (1) low cost, (2) low risk, (3) 
maximum beneficial reuse, and (4) hybrid alternative. 

3.7.3.1 Low Cost Alternative 
The low cost alternative, as defined, is the alternative configured to have the lowest capital 
and O&M costs. This alternative assumes a higher level of risk of compliance with TMDL 
than the other alternatives by managing a reduced target volume of runoff, as explained in 
the previous section. It also includes minimal subregional structural solutions. Regional 
solutions to meet the TMDL requirements are not currently identified for this alternative; 
the need to plan and construct these will be assessed in Stage 2 of implementation. The total 
target runoff management volume for the low cost alternative is 136 million gallons (MG), 
which corresponds to a predicted occurrence rate of 5 years in which violations occur for all 
subwatersheds in JG 2/3 over a 50-year period. Table 6 summarizes the runoff management 
options used in the low cost alternative. 
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3.7.3.2 Low Risk Alternative 
The low risk alternative is configured to manage the highest target runoff volumes and will 
include options that will minimize the risk of not being in compliance with the TMDL 
without regard to cost or optimizing the beneficial use of runoff. From the hydrologic 
analysis, the target runoff management volume for the low risk alternative is 169 MG, which 
corresponds to a predicted occurrence rate of 1 year in which a violation will occur for all 
subwatersheds in JG 2/3 over a 50-year period.  

The low risk alternative includes the same runoff management options as the low cost 
alternative. It does not include any subregional structural solutions that are somewhat 
challenging to coordinate implementation and operation among multiple agencies and are 
therefore more risky than dedicated treatment facilities. Regional solutions to meet the 
TMDL requirements are not currently identified for this alternative; the need to plan and 
construct these will be assessed in Stage 2 of implementation. However, the low risk 
alternative is designed to manage an additional 33 MG of runoff volume compared to the 
low cost alternative. Table 7 summarizes the runoff management options included in the 
low risk alternative. 

TABLE 6 
Low Cost Alternative 

SMBB Bacteria TMDL Implementation Plan 

Institutional Solutions - Reduce contaminants from the source, applicable to all subwatersheds. 
Increase litter reduction. 
Improve restaurant and grocery store trash management through education. 
Install more portable restrooms in areas with high homeless populations. 
Expand Business Improvement District. 
Modify/enhance public education programs. 
Create incentives for private implementation of cisterns/rain barrels, porous pavement, and similar practices. 

Subregional Structural Solutions 

Capture and infiltrate 0.1 MG from the Venice Beach subwatershed. 
Fund program to reroute rooftop drains to permeable surfaces on residential and public buildings. 

Regional Solutions  
To be assessed in Stage 2. 
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TABLE 7 
Low Risk Alternative 

SMBB Bacteria TMDL Implementation Plan 

Institutional Solutions - Reduce contaminants from the source, applicable to all subwatersheds. 

Increase litter reduction. 
Improve restaurant and grocery store trash management through education. 
Install more portable restrooms in areas with high homeless populations. 
Expand Business Improvement District. 
Modify/enhance public education programs. 
Create incentives for private implementation of cisterns/rain barrels, porous pavement, and similar practices. 

Subregional Structural Solutions 

None. 

Regional Solutions  
Divert to wastewater treatment; Capture, store, treat and discharge. 

 

3.7.3.3 Maximum Beneficial Reuse Alternative 
The maximum beneficial reuse alternative is configured to manage the highest target runoff 
volumes, and includes options that will maximize the amount of runoff that can be 
beneficially used. The target runoff management volume for the maximum beneficial reuse 
alternative, which is the same as the low risk alternative, is 169 MG, which corresponds to a 
predicted occurrence rate of 1 year in which a violation will occur for all subwatersheds in 
JG 2/3 over a 50-year period. The maximum beneficial reuse alternative shares the same 
runoff management options as the low risk alternative, but includes additional options to 
beneficially reuse a portion of the runoff through expanded implementation of subregional 
structural solutions and beneficial use of runoff. Table 8 summarizes the management 
options included in the maximum beneficial reuse alternative.  

TABLE 8 
Maximum Beneficial Reuse Alternative 

SMBB Bacteria TMDL Implementation Plan 

Institutional Solutions - Reduce contaminants from the source, applicable to all subwatersheds. 

Increase litter reduction. 
Improve restaurant and grocery store trash management through education. 
Install more portable restrooms in areas with high homeless populations. 
Expand Business Improvement District. 
Increase funding to public education programs. 
Create incentives for private implementation of cisterns/rain barrels, porous pavement, and similar practices. 

Subregional Structural Solutions 
Capture and infiltrate 0.1 MG from the Venice Beach subwatershed. 
Residential cisterns/rain barrels, goal of 5 to 10 percent of residential homes. 
Public local storage and reuse projects. 
Small-scale capture and infiltration projects. 
Redirecting rooftop drainage systems to discharge on grassy areas. 

Regional Solutions  
To be assessed in Stage 2. 
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3.7.3.4 Hybrid Alternative 
The hybrid alternative balances the cost of implementation with the risk of compliance, as 
well as provides some beneficial reuse of runoff. Similar to the low cost alternative, the 
hybrid alternative would use a phased, iterative approach by implementing institutional 
solutions and subregional structural solutions. 

The hybrid alternative, similar to the low cost alternative, would manage a lower target 
runoff volume of 136 MG, which corresponds to a predicted occurrence rate of 5 years in 
which violations occur for all subwatersheds in JG 2/3 over a 50-year period. Like the 
maximum beneficial reuse alternative, the hybrid alternative also includes implementation 
of the maximum amount of local options that provide beneficial reuse of the runoff and are 
compatible with a phased implementation approach.  

3.7.3.4.1 Institutional Options 
Similar to the other alternatives, the hybrid alternative would include the same 
recommended institutional options, which consist of new and expanded programs as 
outlined in Tables 6, 7, and 8. 

3.7.3.4.2 Local Options 
The hybrid alternative includes the same levels of local options as the maximum beneficial 
reuse alternative. This includes: (1) residential cisterns/rain barrels, (2) public local storage 
and reuse projects, (3) small-scale capture and infiltration projects, and (4) redirecting 
rooftop downspouts to discharge on permeable areas. 

3.7.3.4.3 Regional Options 
The hybrid alternative does not include any regional solutions in Stage 1. However, regional 
solutions will be considered for assessment during Stage 2. Table 9 summarizes the 
management options included in the maximum beneficial reuse alternative. 

TABLE 9 
Hybrid Alternative 

SMBB Bacteria TMDL Implementation Plan 

Institutional Solutions - Reduce contaminants from the source, applicable to all subwatersheds. 
Increase litter reduction. 
Improve restaurant and grocery store trash management through education. 
Install more portable restrooms in areas with high homeless populations. 
Expand Business Improvement District. 
Modify/enhance public education programs. 
Create incentives for private implementation of cisterns/rain barrels, porous pavement, and similar practices. 

Subregional Structural Solutions 
Capture and infiltrate 0.1 MG from the Venice Beach subwatershed. 
Residential cisterns/rain barrels, goal of 5 to 10 percent of residential homes. 
Public local storage and reuse projects. 
Small-scale capture and infiltration projects. 
Redirecting rooftop drainage systems to discharge on permeable areas. 

Regional Solutions  
To be assessed in Stage 2. 
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3.7.4 Alternatives Evaluation 
The themed alternatives were evaluated using criteria developed through the stakeholder 
process, interactions with the JG 2/3 agencies, and engineering experience. The criteria used 
for this evaluation were as follows: 

• Amount of runoff beneficially used 
• Regulatory issues 
• Engineering/constructibility issues 
• Facilities siting issues 
• Reliability issues 
• Compatibility with a phased approach 

Table 10 summarizes the ranking of the four alternatives relative to these criteria. 

 

Rankings for each alternative were assigned on a scale of 1 to 3, with 1 being the most 
preferable and 3 being the least preferable. The amount of Runoff Beneficially Used 
(estimated as a flow rate) is assessed as high, medium, or low, and is also shown for each 
alternative. 

A preferred alternative was then derived which combined the most favorable (highest 
ranking) elements of the four initial alternatives. The preferred alternative was similar to the 
low cost alternative, i.e., managed a lower theoretical goal volume of runoff. The preferred 
alternative also included implementation of the maximum amount of on-site options which 
provide beneficial reuse of the runoff and are compatible with a phased implementation 

TABLE 10 
Evaluation of Alternatives 

SMBB Bacteria TMDL Implementation Plan 

Low Cost 
Alternative 

Low Risk 
Alternative 

Max Reuse 
Alternative Hybrid Alternative 

Criteria Amount Rank1 Amount Rank1 Amount Rank1 Amount Rank1 
Runoff Beneficially 
Reused (mgd) Low 2 None 3 High 1 High 1 

Regulatory 
Compliance - 3 - 1 - 2 - 2 

Design Complexity 
and 
Constructability - 1 - 1 - 1 - 1 

Facilities Siting 
Difficulty - 2 - 2 - 3 - 2 

Reliability - 2 - 2 - 3 - 2 

Compatibility with 
a Phased 
Approach - 2 - 2 - 1 - 1 

Total Ranking  12  11  11  9 
Notes: 
1A lower ranking represents a more favorable rating. 
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approach. Table 11 provides a summary of the preferred alternative, alongside the themed 
alternatives. The table shows which options were included in each alternative.  

 

TABLE 11 
Alternatives Summary 

SMBB Bacteria TMDL Implementation Plan 

Alternative 

Runoff Management Options Low Cost Low Risk 
Max. Beneficial 

Reuse Hybrid 
Institutional Solutions 
 

Included Included Included Included 

Subregional Structural Solutions 
Residential Cisterns/rain barrels1 

--- --- 
Included 

(up to 3.4 MG) 
Included 

Public Local Storage and Reuse2 
--- --- 

Included 

(up to 0.8 MG) 
Included 

Small-Scale Capture and Infiltration  Included 

(Venice Beach only) 
--- Included Included 

Redirecting Rooftop Downspouts Included --- Included Included 

Regional Solutions 
 

To be assessed in 
Stage 2 Included To be assessed in 

Stage 2 
To be assessed 

in Stage 2 

Notes: 
1 Considered at single-family/multi-family residences—no treatment necessary. 
2 Considered at schools, public properties, golf courses—treatment necessary. 
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Section 4 Proposed Implementation Plan 

Using the Hybrid Alternative developed in Section 3.7 as an overall framework, a detailed 
Implementation Plan was formulated, incorporating stakeholder input. This section 
describes the plan for implementation of activities, programs and projects proposed by the 
responsible jurisdictions in JG 2/3 to meet the requirements of the SMBB Wet Weather 
Bacteria TMDL. The plan includes a general compliance approach and activities that are 
common to the entire JG 2/3 area (described in Sections 4.1 through 4.7) as well as plans, 
programs and/or projects that are specific to each subwatershed (described in Sections 4.8 
through 4.10). 

4.1 General Compliance Approach 
The general approach to achieving compliance with this TMDL within the subwatersheds of 
JG 2/3 is described in this section.  

The approach to implementation for compliance with the SMBB Wet Weather Bacteria 
TMDL was based in large part on stakeholder input from representatives from JG 2/3, local 
communities within JG 2/3 watersheds, the Regional Board, and environmental 
organizations. Input from the stakeholders clearly indicated support for an approach to 
avoid large structural, end-of-pipe solutions that would be expensive and result in 
significant negative impacts to the communities along the SMBB. Instead, the stakeholders 
preferred an approach emphasizing nonstructural, institutional solutions along with small, 
decentralized structural projects, i.e., wet weather BMPs. These BMPs would be sited in 
selective locations within the watershed and offer multiple benefits for the community and 
environment. Subwatersheds that drain to priority storm drains would be the focus of initial 
efforts. As data comes in from ongoing monitoring of runoff water quality (i.e., 
identification of “hot spots” within the subwatersheds) and BMP performance effectiveness, 
the implementation program will be refined and optimized to prioritize the selection and 
siting of institutional and subregional solutions that offer the most potential to reduce 
bacterial concentrations at the beach drains. 

As a result, this Wet Weather Implementation Plan is based on a phased, iterative approach 
to TMDL compliance due to the unique developmental nature of the project. It is widely 
accepted that there are insufficient data and understanding within the scientific community  
for quantifying the performance of wet weather BMPs for bacterial removal. This TMDL 
Implementation Plan will be the first of its kind for a large urban region in a semiarid 
environment. Therefore, a phased, iterative approach employing adaptive management 
principles is the most reasonable strategy to meet the objectives of this TMDL.  

4.1.1 TMDL Compliance using Recommended Implementation Approach 
The recommended implementation plan approach described above is preferred by the 
JG 2/3 stakeholder community because it offers the potential to achieve compliance at a 
reasonable cost and with limited negative impacts to the SMBB communities. This approach 
is unique in that no other large urban community in a semiarid environment has employed 
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an implementation approach to control bacteria from wet weather urban runoff. However, 
this approach has been proven to effectively control wet weather urban runoff in other 
urban areas such as Portland, Oregon. Since the sources of bacterial pollution in runoff are 
widespread, controlling urban runoff using nonstructural and selected small structural 
BMPs is currently the most effective way to assure reduction of bacterial pollution of the 
beaches.  

Employing the recommended iterative phased approach that incorporates adaptive 
management principles allows substantial progress toward reducing bacterial runoff 
pollution while regularly improving and optimizing the program to achieve TMDL 
compliance within desired time frames. This integrated water resources approach also helps 
control other pollutants beyond bacteria and offers benefits to the community beyond 
pollution control, including stormwater conservation and reuse, habitat enhancement, 
aesthetic improvements and recreational opportunities. 

4.1.2 Compliance through Local Runoff Reductions and Water Quality 
Improvements 

An analysis of wet weather runoff events and bacterial exceedances indicates that if wet 
weather flow reaches the beach, then health standard bacterial exceedances are highly likely 
under current conditions. Therefore, the initial strategy for reducing exceedances is tied to a 
combination of reducing bacteria at the source through institutional and local (or 
subregional) structural measures, and reducing the amount of runoff that reaches the 
receiving water, rather than focusing on treating the flow collected in the storm drain 
system for bacterial reduction. This strategy emphasizes the beneficial use of wet weather 
runoff and the installation of subregional structural solutions to reduce downstream flows 
from areas that are associated with high levels of bacteria. It also focuses on local source 
control to reduce the level of bacteria and other pollutants discharged into the storm drains. 

Water quality improvements in the receiving waters will be realized from water quantity 
(flow) management practices (i.e., small structural BMPs and nonstructrual source control 
solutions) that are focused on “hot spots” within the subwatersheds that are identified 
through ongoing runoff water quality monitoring.Whereas employing large-scale, end-of-
pipe, regional solutions minimizes the risk of noncompliance, it also carries with it large 
costs and severe impacts to the local, densely urbanized beach communities. Therefore, 
regional solutions are proposed to be deferred from further consideration until the 
institutional and subregional structural solutions can be implemented and their 
effectiveness at improving beach water quality assessed.  

Rather than targeting specific volumes of runoff to manage (as developed in the component 
studies of this TMDL report and documented in the associated technical memoranda) and 
then designing treatment systems for these volumes, the recommended implementation 
approach identifies specific actions to achieve water quality improvements in a more holistic 
manner. This plan is further detailed below. 

4.2 Phased, Iterative Approach to TMDL Compliance 
As shown in Figure 5, institutional and subregional structural solutions will be 
implemented initially (during Stage 1), and the results of these efforts monitored to 
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determine the subsequent course of action. In parallel, shoreline monitoring at the point of 
discharge from the storm drain to the surf zone (“point zero”) as well as continued research 
on BMP effectiveness and pathogen indicators will be ongoing. 

FIGURE 5 
Phased Iterative Approach to Implementation 
 

 

 

4.2.1 Stage 1 of Implementation 
The first stage of this program (Stage 1) will emphasize institutional (nonstructural) and 
subregional structural runoff management solutions that can be quickly implemented and 
monitored for effectiveness to reduce the contribution of bacteria and other pollutants from 
wet weather runoff. For example, the recommended institutional solutions will initially 
include expanded public education and code enforcement; increased street and storm drain 
cleanings; additional trash receptacles; and improved restaurant and grocery store trash 
management. Implementing additional nonstructural measures that may require further 
exploration will follow. These may include incentive programs to encourage private sector 
programs and projects, portable bathrooms, and pre-wet weather storm drain flushing. 

Subregional structural solutions to reduce the volume of wet weather runoff that reaches the 
receiving waters include the installation of decentralized, small-scale, local storage and 
reuse or infiltration projects at public facilities, as well as consideration of residential 

Report to Regional Board 

Interim Milestone 

Assessment of regional solutions 
Evaluate performance 

Implement subregional structural solutions 

Implement institutional solutions

Stage 1 Stage 2

Monitoring 

Improve institutional and 
subregional structural solutions 
based on performance evaluation

2007 2013

Reopener

2010July 15, 2005 

Implementation Plan 
Approved 

Report to 
Regional 

Board

20152009 2018 2021

Legend: 

Reopener 

Report to 
Regional 

Board

RB-AR42588



Section 4 
Proposed Implementation Plan 

W122004001LACSCO/SMBB_FINAL REPORT_REV_10.RTF/043550010 4-4  
JUNE 16, 2005  

options, such as cisterns/rain barrels and redirecting downspouts. These types of BMPs 
offer the advantages of addressing multiple objectives (water quality improvement, water 
conservation, habitat enhancement, aesthetics, and recreation) while preventing multiple 
pollutants from reaching the beaches. 

These Stage 1 programs and projects will be focused initially on watersheds that drain into 
the highest priority storm drains, i.e., those with greatest risk of bacterial standard 
exeedances. These are, in order of priority, the Venice Beach, Santa Monica, Dockweiler, 
Pulga Canyon, and Santa Monica Canyon subwatersheds. The higher priority watersheds 
generally have greater concentrations of high density and commercial areas.Monitoring the 
effectiveness of these structural and nonstructural BMPs will occur through both onsite and 
inland receiving water monitoring, as well as through the Coordinated Shoreline 
Monitoring Plan associated with this TMDL, to determine whether the BMPs improve 
stormwater quality in terms of loads and/or concentrations of pollutants. Additional 
monitoring for source identification and baseline upstream monitoring will provide 
information to determine the most effective pollutant control methodologies. The results of 
these monitoring efforts, as well as parallel research on BMP effectiveness and alternative 
pathogen indicators, will be factored in through a phased, iterative compliance plan for this 
TMDL. By employing adaptive management principles, there will be opportunities to 
consider these new data and reflect new findings within this integrated and holistic 
approach to watershed management.  

4.2.2 Stage 2 of Implementation 
Consideration of the need to implement regional, end-of-pipe solutions, such as diversion of 
wet weather runoff to the wastewater treatment system or the construction of operational 
storage and runoff treatment plants will be considered in the Stage 2 of this compliance 
program. These solutions are generally single-purpose facilities that offer little benefit 
beyond pollution reduction and represent a less holistic approach to runoff management. 
For this reason, the need to pursue these options is deferred until the effectiveness of a 
concerted effort of institutional and subregional structural solutions can be implemented 
and evaluated.  

4.2.3 Interim Compliance Milestones 
The Implementation Plan assumes an iterative, phased approach to implementation. As 
shown in Figure 5, institutional and subregional structural solutions will be implemented 
initially (Stage 1), and the results of these efforts monitored to determine the subsequent 
course of action. In parallel, shoreline monitoring at the point of discharge from the storm 
drain to the surf zone (“point zero”) as well as continued research on BMP effectiveness and 
pathogen indicators will be ongoing.  

At the TMDL reopener scheduled for July 2007, the effectiveness of these measures for 
achieving water quality improvements in the SMBB will likely not yet be fully realized, as 
only 2 years will have elapsed since the initiation of these measures (corresponding to 
approval of this Implementation Plan). This is not enough time to plan, fund, implement, 
achieve and demonstrate water quality improvements with these measures. In addition, the 
numeric target, load allocation, and pathogen indicators for this TMDL may be revisited at 
this reopener. The basis for compliance may be reconsidered if sufficient research has been 
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conducted, and results have been evaluated for applicability to this TMDL by this time. If 
this information is not available by this date, then it may be presented to the Regional Board 
through future requests or resolutions, as appropriate. 

The first interim compliance milestone is scheduled for July 2009. Achieving the compliance 
target of a 10 percent reduction of exceedance days is contingent on the effectiveness of 
these initial activities as well as precipitation patterns during the intervening years. 

The effectiveness of the Stage 1 activities will be evaluated based on results from shoreline 
monitoring, upstream monitoring, and BMP effectiveness monitoring of both structural and 
nonstructural solutions implemented thus far, as well as consideration of relevant, parallel 
research on BMPs. The analysis of these results will help focus and refine Stage 2 activities. 
As new data (i.e., BMP performance, indicators) are generated and the results evaluated, 
they will be brought to the Board for direction. If warranted, resolutions to modify the 
TMDL may be proposed for adoption by the Board. Anticipated dates in which such data 
may be available for reporting to the Board are shown in Figure 5. These scheduled reports 
provide a forum for assessing the performance of the initial stage activities with more 
complete and more comprehensive data from the monitoring activities and applying this 
information to the TMDL requirements. 

The beginning of Stage 2 is shown to coincide with the second interim milestone, scheduled 
for July 2013. By this time, the extent of implementation and effectiveness evaluation of 
institutional and subregional structural solutions should be adequate to ascertain the 
feasibility of meeting the TMDL numeric criteria. These criteria might be the same as those 
contained in the current TMDL, or, through additional research and analysis, and might 
reflect modified numeric targets or load allocations. 

By that time, there should be enough information to gauge whether regional solutions will 
be necessary. The need for regional solutions may vary considerably by subwatershed. For 
example, less developed subwatersheds might be less likely to need to employ regional 
solutions than more developed subwatersheds. The determination of the necessary path 
forward to meet subsequent milestones and compliance deadlines can then be initiated with 
Stage 2.  

4.3 Compliance History at Drain Outlets  
Stormwater discharges from the existing storm drainage system occur at several drains 
located along the SMBB within JG 2/3. A description of these facilities, the current program 
to divert the dry weather discharges from these drains, and a preliminary assessment of the 
relative contamination from them during rain events are presented in this section. 

4.3.1 Storm Drains along the Santa Monica Bay 
Twenty storm drains discharge into the Santa Monica Bay from JG 2/3 and are monitored. 
A summary of these drains and their associated drainage areas is presented in Table 12 and 
graphically shown in Figure 6. 
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TABLE 12 
Stormwater System Drains  

SMBB Bacteria TMDL Implementation Plan  

Storm Drain 
(N to S) 

Drainage 
Area 

(Acres) 
Castlerock 74 

Santa Ynez Canyon 4,387 
Marquez Avenue  47 
Bay Club Drive 148 
Pulga Canyon  1,220 
Temescal Canyon  1,660 
Palisades Park  405 
Santa Monica Canyon  10,147 
Montana Avenue  824 
Wilshire Blvd  926 

Santa Monica Pier2 94 

Pico-Kenter2 4,147 
Ashland Avenue  264 
Rose Avenue  2,117 
Thornton Avenue  267 
Brooks Avenue  304 
Venice Pavilion 160 

Playa Del Rey 403 

North Westchester  2,416 
Imperial Highway 1,958 

Notes: 
1Source: Santa Monica Bay Storm Drain Low-Flow Diversion Mater Plan – A 
Feasibility & Preliminary Engineering Report (City of Los Angeles, 1996). 
2Diverted to SMURRF 

 

4.3.2 Dry Weather Diversion Program  
To protect human health, the City and County of Los Angeles initiated a program to divert 
dry weather urban runoff from these storm drains in the 1990s. These dry weather low 
flows can be the result of a combination of over-irrigation runoff, parking lot, sidewalks, 
alleys and street washing, groundwater seepage, illegal connections, hydrant flushing, 
construction runoff, and various other daily commercial activities. Studies conducted in the 
early 1990s revealed that urban runoff is a major source of contamination, causing water 
quality problems in the Santa Monica Bay.  
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 FIGURE 6 
Stormwater System Drains 
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4.3.3 Low-Flow Diversion Structures 
Low-flow diversion structures collect dry weather urban runoff, screen out large debris and 
trash, and pump dry weather flows into the wastewater collection system. Figure 7 shows a 
cross-sectional view of a typical low-flow diversion structure similar to what is now being 
employed by the City of Los Angeles at the Thornton Avenue drain. 

FIGURE 7 
Low-Flow Diversion - Typical Cross Section 

 

 

These structures discharge into the CIS. The CIS runs along the coast from Topanga State 
Beach in the north to Playa del Rey in the south. The ability of the CIS to convey these low 
flows without detriment to the wastewater design capacity of the CIS depends on the 
amount of flow being diverted and the diurnal pattern of the wastewater, i.e., peak dry 
weather flow. 

A summary of the implementation schedule for diverting the dry weather urban runoff 
from these drains is provided in Table B-1 of the Dry Weather Bacteria TMDL 
Implementation Plan. 

4.3.4 Compliance History during Dry Weather 
The City of Los Angeles monitors storm drain discharges during dry and wet weather 
periods at 18 locations along the Santa Monica Bay. A summary of these sites is presented in 
Table 13. Of these sites, eight are representative of the JG 2/3 areas. The dry weather results 
at these sites and results presented by Heal the Bay are discussed in this section. 
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TABLE 13 
Stormwater Drain Monitoring Sites 

SMBB Bacteria TMDL Implementation Plan 

CLA Mon 
Sites Location1 Jurisdiction2 Subwatershed2,3 

S1 Surfrider Beach 1   
S2 Topanga State Beach 1 Topanga Canyon 
S3 Pulga Canyon SD, Will Rogers State Beach 2 Pulga Canyon 
S4 Santa Monica Canyon, Will Rogers State Beach 2 Santa Monica Canyon 
S5 Santa Monica Municipal Pier 3 Santa Monica 
S6 Santa Monica Beach at Pico/Kenter SD 3 Santa Monica 
S7 Ashland Avenue SD 3 Santa Monica 

S8 Venice City Beach - Windward Ave, Venice Pavilion 2 Marina Del Rey3 

S10 Ballona Creek Entrance4    
S11 Dockweiler State Beach at Culver Bl. 2 Dockweiler 
S12 Imperial Highway SD 2 Dockweiler 
S13 Manhattan State Beach at 40th Street 5 Hermosa 
S14 Manhattan Beach Pier 5 Hermosa 
S15 Hermosa Beach Pier 5 Hermosa 
S16 Redondo Municipal Pier 6 Redondo 
S17 Redondo State Beach at Avenue I 6 Redondo 
S18 Malaga Cove, Palo Verde Estates 7 Palos Verde Peninsula 

Notes: 
1Location descriptions per Table 7-4.5 of Attachment A to TMDL. 
2Data per Table 7-4.6 of Attachment A to TMDL.  
3There were no sampling locations for the Castlerock Subwatershed until two new ones were added in December 
2003. Two county sampling points (DHS101 and 102) cover the Santa Ynez Canyon Subwatershed. The Marina Del 
Rey area is not in the study area. It will be used to evaluate the Venice Beach Subwatershed. 
4The Ballona Creek Sampling Point (S10) is a compliance point under the Beaches TMDLs, though not for 
Jurisdictional Groups 2 or 3. S10 is a compliance point for Jurisdictional Group 8 (Ballona Creek Watershed) under 
the Beaches TMDLs. 

 
The number of reported exceedances during dry periods from 1994 to 2001 at the eight 
monitoring sites is presented in Table 14. As can be seen, the most exceedances were found 
at Santa Monica Municipal Pier. Note that this drain at this location was diverted in 1997. 
The second highest number of exceedances occurred at Santa Monica Canyon, Will Rogers 
State Beach. In this case, however, diverting the local drain had a significantly positive 
impact (based on review of the Heal the Bay data before and after the diversion). The lowest 
numbers of exceedances was observed at Venice City Beach at Windward Avenue, Venice 
Pavilion, and at Dockweiler State Beach at Culver Boulevard.  

4.3.5 Compliance History during Wet Weather 
The number of reported exceedances during wet periods from 1994 to 2001 at the eight 
monitoring sites is presented in Table 15. As can be seen, most exceedances were found at 
Santa Monica Beach at Pico/Kenter storm drain. Note that the drain at this location was 
diverted in 1997. The second highest number of exceedances occurred at Santa Monica 
Canyon, Will Rogers State Beach. The lowest numbers of exceedances was observed at 
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Venice City Beach at Windward Avenue, Venice Pavilion, and at Imperial Highway storm 
drain.  

4.3.6 Observations Based on Compliance History  
The following observations were made based on the data discussed above: 

• The rankings are essentially the same for the two data sources - City of Los Angeles 
sampling results and Heal the Bay Report Cards. 

• The dry and wet weather ranks are similar (see Table 16).  

• The results before and after diversion during dry weather were impacted by diversion at 
the discharge points.  

• Diversion had no impact on the wet weather results. These observations may indicate 
that contaminants that are entering the collection system during dry weather are a 
primary source of the contaminants observed during wet weather events. The 
contaminants could be swept to the discharge point due to the high flow.  

• Based on these observations, it appears that aggressive source control in the drainage 
area for Pico Kenter (ranked 6 for dry weather and 8 for wet weather), Santa Monica Pier 
(ranked 8 for dry weather and 7 for wet weather), and Santa Monica Canyon (ranked 7 
for dry weather and 5 for wet weather) could contribute significantly toward improving 
wet weather quality. 

• Since the wet and dry weather rankings are similar, and because diversion during dry 
weather had little or no impact on exceedances during wet weather, an aggressive 
campaign to reduce contamination throughout the year could greatly reduce the 
exceedances during wet weather. 

• The one exception to this pattern is at Dockweiler (ranked 2 for dry weather and 6 for 
wet weather) where the dry weather ranking is much higher than the wet weather 
ranking. 
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TABLE 16 
Dry and Wet Weather Rankings 

SMBB Bacteria TMDL Implementation Plan  

Storm Drain 
Sample 
Site ID 

Dry 
Rank 

Wet 
Rank 

Pulga Canyon SD, Will Rogers State Beach S3 4 4 
Santa Monica Canyon, Will Rogers State Beach S4 7 5 
Santa Monica Municipal Pier (diverted 12/97) S5 8 7 
Santa Monica Beach at Pico/Kenter SD (diverted 12/93) S6 6 8 
Ashland Avenue SD S7 5 3 
Venice City Beach at Windward Ave, Venice Pavilion S8 1 1 
Dockweiler State Beach at Culver Blvd. S11 2 6 
Imperial Highway SD S12 3 2 

 

 

4.4 Institutional (Nonstructural) Solutions  
Institutional solutions are program-level activities that provide source control measures 
intended to prevent or reduce bacteria, or bacterial sources (e.g., garbage, trash and pet 
waste) from being picked up by runoff whether onsite, in the curb/street, or in the storm 
drain system. They generally do not substantially reduce the volume of wet weather runoff 
to be managed. Because of the ubiquitous presence of indicator bacteria, institutional 
options may be of limited effectiveness in reducing their concentrations at the beaches. 
However, human pathogen sources, such as human fecal material, have the potential to be 
more significantly reduced by these measures and therefore result in a reduction of the 
human health risk in beach waters. 

4.4.1 Existing Institutional Programs 
The JG 2/3 agencies have existing institutional programs in place through which 
they improve stormwater quality in accordance with their stormwater NPDES permit 
requirements.  These include BMP programs, public education and outreach, street 
maintenance, storm drain maintenance, land use planning and management, ordinances 
and codes, and enforcement.  A list of these programs and practices is presented in the 
Appendix L followed by a discussion of the current programs in place by the agencies of JG 
2/3 to implement these BMPs and other source control measures. 

4.4.2 Additional Institutional Measures to be Considered 
The following measures have been identified for consideration in expanding the 
institutional solutions to prevent or reduce levels of bacteria, or bacterial sources (e.g., 
garbage and trash) from initially being picked up by runoff whether onsite, in the 
curb/street, or in the storm drain system. Each alternative, which is defined in Section 3, 
includes implementation of these measures. 

• Increase litter reduction 
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• Improve restaurant and grocery store trash management 
• Business Improvement District outreach 
• Incentives 
• Explore methods to reduce bacterial contributions from the homeless population 
• Pre-wet weather storm drain flushing 
• Redirect downspouts 
• Modify/enhance public education programs 
 

These measures have been identified as institutional options applicable to the SMBB 
watershed for reducing bacterial loading within the Bay waters. Priority should be given to 
those subwatersheds associated with the storm drains with greatest risk of noncompliance 
with the wet weather TMDL, based on historical bacteriological sampling data. The 
compliance rankings for the eight storm drains in JG 2/3 are summarized in Table 16. Of 
these, the top priority storm drain for both wet and dry weather is the Venice Pavilion storm 
drain at Venice City Beach in the Venice Beach subwatershed. Table 17 indicates the 
subwatershed within which each of these monitored storm drains are located, in general 
order of priority. 

TABLE 17 
Subwatershed Prioritization 

SMBB Bacteria TMDL Implementation Plan 

Subwatershed Storm Drain 
Priority 
Ranking 

Venice Beach Venice Pavilion 1 

Santa Monica Ashland Avenue  

Santa Monica Municipal Pier  

Santa Monica Beach at Pico/Kenter Storm Drain 

3 

7 

8 

Dockweiler Imperial Highway   

Dockweiler State Beach at Culver Blvs. 

2 

6 

Pulga Canyon Pulga Canyon 4 

Santa Monica Canyon Santa Monica Canyon  5 

 

4.4.3 General Steps for Implementation 
Various institutional solutions described in the report will follow the general steps of 
planning, development of implementation plan, pilot program and implementation. The 
steps taken to implement a given option may vary depending on the specifics of the option, 
goals, implementing agency, and other criteria. 
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Implementation Pilot Program 

Implementation 
Plan 

Planning 
 

 

 

 

 

 

 

The planning stage will involve defining the characteristics and geographical extent of the 
measure being considered. The geographical grouping and analysis will help prioritize the 
study area. The possible solutions, available technological options and other applicable 
alternative will be defined. This step sets the stage for the overall implementation and helps 
gauge the effort required to implement the given solution. 

Developing the Implementation Plan will involve defining the specific scope of the project 
including timeline, estimated cost, budget, resources, educational material and enforcement 
activities, if required. This stage will set the road map for the remainder of the 
implementation with more specific tasks and activities. 

Some institutional options may require a pilot program prior to full implementation. The 
pilot program will provide proof of concept and also help to refine the implementation 
based on experience gained during the pilot program. 

Implementation will follow based on planned activities during the earlier stages of the 
program. It will include physical upgrades to structures, implementation of BMPs, 
distribution of educational materials, training programs, seminars and other awareness 
activities. 

4.4.3.1 Increased Litter Reduction 

Litter can be a source of bacteria in urban runoff. Trash receptacle programs, such as those 
in Santa Monica and the City of Los Angeles, maintain trash cans in public areas in an effort 
to reduce litter. Studies show that providing trash cans is not enough. Public education 
programs in the form of signs, public service messages, and community clean-up events 
may help change the attitudes of people who litter (Missouri Department of Conservation, 
www.mdc.state.mo.us ). 

This measure involves identifying additional opportunities for educating the public 
regarding litter, increasing enforcement of existing ordinances about littering, and 
providing additional public trash receptacles or increasing the frequency of trash pickup, 
where appropriate. Reducing the amount of litter will reduce the bacterial load within the 
stormwater discharges. Convenient access to trash receptacles along with increased 
education and enforcement should further reduce the litter in public areas. 
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General Steps for Implementation 

1. Planning 
a) Define service area 

i. Identify drainage areas collecting high trash volumes in storm 
drains 

ii. Identify source, e.g., high foot traffic areas 
b) Study effectiveness of existing receptacle locations/collections 

i. Identify number of locations 
ii. Describe visibility/convenient access  
iii. Determine frequency of collection 
iv. Monitor of overflow situations 

c) Determine corrective measures 
i. Change collection frequency 
ii. Provide larger trash collection bins 
iii. Select additional locations 

d) Estimate potential increased collection and reduction of overflow 
e) Prioritize site locations 

2. Implementation Plan 
a) Develop Implementation Plan 

i. Estimate initial implementation and ongoing maintenance/ 
operations cost 

ii. Identify revenue source (if applicable) and budget requirements 
iii. Develop resource availability and allocations 
iv. Obtain approvals from applicable internal and external 

departments/agencies 
b) Conduct public awareness and educational programs 

i. Define educational materials 
ii. Identify targeted audience 
iii. Develop an action plan 

c) Enforcement 
i. Review existing enforcement program 
ii. Update/enhance enforcement activities if applicable 

3. Pilot Program: Develop pilot program and measure effectiveness over defined 
period of time 

4. Implementation: Update initial Implementation Plan based on results of pilot 
program and follow through Implementation Plan 

 

4.4.3.2 Improved Restaurant and Grocery Store Trash Management 

Uncontained restaurant and grocery store wastes can become a pathway for bacteria to 
enter the stormwater system. This measure involves an expanded program to increase 
restaurant and store operator awareness of this issue and to provide solutions to trash 
management problems.  
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General Steps for Implementation 

1. Planning 
a) Define service area 

i. Identify drainage areas with high number of restaurants and 
grocery stores 

ii. Inventory restaurant and grocery stores in drainage areas. 
b) Study effectiveness of existing programs 

i. Check frequency of collection/pickup schedules 
ii. Monitor overflow situations 
iii. Verify receptacle size and physical conditions 

c) Implement corrective measures 
i. Improve collection frequency and pickup schedule 
ii. Use larger trash collection bins 

d) Estimate potential increased collection and reduction of overflow 
e) Prioritize site locations 

2. Implementation Plan 
a) Develop Implementation Plan 

i. Estimate initial implementation and ongoing maintenance/ 
operations cost 

ii. Identify revenue source (if applicable) and budget requirements 
iii. Develop resource availability and allocations 
iv. Obtain approvals from applicable internal and external 

departments/agencies 
b) Conduct public awareness and educational programs 

i. Prepare educational materials 
ii. Provide training/education to operators/owners 

c) Enforcement 
i. Review existing enforcement program 
ii. Update/enhance enforcement activities if applicable 

3.  Pilot Program: Develop pilot program and measure effectiveness over defined 
period of time 

4.  Implementation: Update initial Implementation Plan based on results of pilot 
program and follow through Implementation Plan 

 

4.4.3.3 Business Improvement District Outreach 

Business Improvement Districts (BIDs) provide services, activities and programs to 
businesses in a defined area. Funding is provided by businesses in the district. Services 
include advertising, maintenance and holiday decorations. This program targets businesses 
with outreach programs through the BIDs and encourages businesses to form BIDs. 
Businesses will be provided with information about trash management, bacteria-reducing 
BMPs, and runoff reduction techniques, such as reducing paved (impervious) areas, 
improving landscaping, and using porous pavement. Additionally, this can be done in 
conjunction with incentive programs.  
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Table 18 illustrates the BIDs in Santa Monica with associated locations, average budgets, 
and objectives.  

TABLE 18 
Santa Monica Business Improvements District 

SMBB Bacteria TMDL Implementation Plan 

Business Improvement 
District Coverage Area 

Average 
Budget Expenses 

Third Street Promenade & 
Downtown District 
Maintenance 

The District covers 2nd, 3rd, and 
4th streets between Wilshire and 
Broadway 

$770,000 
per year 

Supplemental operations 
and maintenance, including 
Bayside District Corp. 
budget 

Downtown Parking & 
Business Improvement Area: 
Retail Only 

The centerline of Ocean Avenue 
to the centerline of 7th Street, 
and the centerline of the Santa 
Monica Freeway to 200 feet 
northwesterly of the centerline of 
Wilshire Blvd 

$170,000 
per year 

General promotion of retail 
activity in the area, including 
holiday decorations. 

Main Street Parking & 
Business Improvement Area 

Main Street from Pico Boulevard 
on the North to Southern City 
Limits 

$84,500 per 
year 

Parking improvements, 
promotion and advertising 
for Main Street business 
area, Summer Solstice and 
other promotional events 

Montana Parking & Business 
Improvement Area 

Montana Avenue from the 
centerline of 6th Court to the 
centerline of 17th Street 

$69,000 per 
year 

Advertising and promotion of 
Montana Avenue merchants 
and businesses 

Pico Boulevard Business 
Improvement District 

Properties bordering Pico 
Boulevard from the Pacific 
Ocean to the easternmost City 
limits at Centinela Blvd. 

$63,000 per 
year 

Solving business problems 
along Pico, particularly 
parking, neighbor relations, 
and promotion and 
advertising of Pico 
Boulevard businesses. 
Initiating a Storefront 
Renovation Program in 2005 
using grants and low-cost 
loans. 

 

As another example, the City of Los Angeles’ stormwater program currently has a 
partnership with four BIDs in the downtown Los Angeles area. The BIDs included in this 
partnership include the Downtown Center BID, the Downtown Industrial BID, the Fashion 
District BID and the Historic Core BID. According to the City, the partnership was 
established to (1) establish a relationship with local businesses, (2) provide an information 
loop for businesses, and (3) disseminate educational information to local businesses. 

The City of Los Angeles distributed an educational letter to the four above-mentioned BIDs 
for further distribution to downtown businesses. The letter included educational BMPs for 
businesses located in the four BIDs. More than 1,000 letters were distributed to downtown 
business owners. 

Future efforts with the Downtown BIDs include the production and distribution of an 
educational poster, including BMPs in four languages (English, Spanish, Chinese and 
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Korean), the creation and distribution of a newsletter insert article and the creation and 
service of enforcement letters, as necessary. 

Upon request, the City’s Stormwater Program also offers a speaker to BID groups. 

General Steps for Implementation 

1. Planning 
a) Identify business improvement districts 

i. Inspect business districts within drainage areas 
ii. Analyze pavement areas, landscape areas, porous pavement 

opportunities and related runoff criteria 
iii. Identify and prioritize candidate site/business improvement 

districts 
b) Define alternatives 

i. Develop pavement and landscaping options 
ii. Study cost benefit of replacement/improvements 
iii. Develop portfolio of design alternatives, building/landscaping 

materials, vendor/contractors and other related supporting needs 
iv. Build showcase projects and provide proof of concepts 

c) Develop incentive programs 
i. Develop financing solutions 
ii. Offer preferred vendor programs 
iii. Provide planning/design assistance 
iv. Investigate other available programs 

2. Implementation Plan 
a) Develop Implementation Plan 

i. Define timeline and implementation approach 
ii. Identify revenue source (if applicable) and budget requirements 
iii. Develop resource availability and allocations 
iv. Obtain approvals from applicable internal and external 

departments/agencies 
b) Educational programs 

i. Prepare educational materials 
ii. Conduct training/seminars for business districts 

3. Implementation: Implement defined activities, monitor progress and modify 
plan as required.  

 

4.4.3.4 Incentives 

Incentives are a method to increase the cooperation of residents and businesses in measures 
designed to reduce urban runoff and bacterial sources. Incentives should be considered for 
new programs where some installation by individual owners is involved. For example, 
incentives could include providing funding or tax credits to assist in the installation of 
residential rooftop drain diversions and cisterns/rain barrels as well as funding to use 
porous pavement in driveways where the soil conditions are appropriate. Youth 
organizations or other community-based organizations could be used to direct these 
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funding programs and could provide some or all of the labor to install them as a source of 
income. 

Within JG 2/3, the City of Santa Monica offers free or reduced priced cisterns/rain barrels; 
this program is similar to previously developed programs for compost bins for residents 
and businesses. The City of Santa Monica also has a Water Efficiency Competitive Grant 
Program where the City has set aside funds for grants up to $20,000 to property owners in 
the City to implement various landscape water efficiency strategies to reduce water 
consumption but also reduce rain and sprinkler runoff, which is often a component of 
inefficient sprinkler systems. The program has two cycles per year, and is expected to last 
about 5 years. Through these projects, people of the City can visit the sites and see what 
strategies can be used to use water more efficiently and reduce runoff. 

General Steps for Implementation 

1. Planning 
a) Define alternatives 

i. Identify bacteria-reducing BMPs, such as residential cisterns/rain 
barrels, that may be encouraged by offering residents cost-saving 
incentives 

ii. Evaluate and rank BMPs based on reduction of bacteria entering 
the bay, cost of implementation, and impact on property function 
and aesthetics 

b) Develop incentive programs 
i. Develop financing options: develop subsidized projects, tax credits 

programs, strategic partnerships with financial 
institutions/lenders, cost sharing options, etc. 

ii. Provide creative assistance: expedited design/permitting process, 
cost effective labor through youth organizations and community-
based organizations 

iii. Provide free Do-It-Yourself clinic and startup tool kit 
iv. Provide rebate programs upon successful implementation 

c) Project costing 
i. Identify scope and budget of projects, prioritizing areas in priority 

subwatersheds 
ii. Estimate costs of administering the program, including field 

inspectors, telephone support, and Web site administration, if 
necessary. 

iii. Estimate hardware and installation costs 
iv. Estimate the demand for the project, i.e., how many people will be 

expected to take advantage of the program 
2. Implementation Plan 

a) Develop Implementation Plan 
i. Decide how to best distribute the incentives based on budget and 

demand; for example X% of cistern installation costs can be 
reimbursed with a maximum of $Y 

ii. Optimize benefits to encourage participation and reduce costs 
iii. Identify revenue source (if applicable) and budget requirements 
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iv. Develop resource availability and allocations 
v. Obtain approvals from applicable internal and external 

departments/agencies 
b) Educational programs 

i. Compile literature on the program to provide residents with the 
information they need to decide if the BMP is right for their 
property and serve as an “installation guide” for the selected BMP 
(this may also include recommended sources of hardware) 

ii. Identify methods of advertising incentives to residents in the target 
areas such as flyers or newspaper articles 

iii. Provide internet and telephone support for residents to request 
literature and ask questions 

3. Implementation: Implement defined activities, monitor progress and modify 
plan as required 

 
4.4.3.5 Exploring Methods to Reduce Bacterial Contributions from the Homeless 
Population 

Each person generates an average of 160 grams of solid feces per day containing bacteria 
and viruses pathogenic to other humans (Pitt, 2001). These materials are much more of a 
health hazard than fecal material from wild or domestic animals. Homeless people often 
defecate in public areas when toilet facilities are not available, which then may be washed 
into the storm drain systems during irrigation or rainfall. This is a preventable problem that 
can be improved by installing portable or permanent toilet facilities in places where 
homeless typically camp and educating them on the health hazards associated with human 
feces. Education may consist of brochures or signs posted near public restrooms. Care must 
be taken in implementing this measure, however, to ensure that these units do not increase 
the opportunities for illegal activities, such as drug sales, drug use, and prostitution. 

Self-cleaning toilet facilities are being placed in cities, such as San Francisco and 
Philadelphia, to cope with sanitary and maintenance issues associated with pubic restrooms. 
After about 20 minutes of occupancy, these restrooms wash and sanitize themselves and 
require little maintenance. They are often equipped with security equipment to prevent 
illegal activities. They cost about $250,000 and can be paid for through poster 
advertisements or pay-per-use features. 
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General Steps for Implementation 

1. Planning 
a) Define target areas 

i. Study and define areas with high concentration of homeless counts 
ii. Identify and prioritize areas needing public bathroom facilities 
iii. Identify suitable locations  

b) Define alternatives 
i. Evaluate self-cleaning toilets 
ii. Compare portable vs. permanent 
iii. Compare pay-per-use vs. free 
iv. Compare public funding vs. private investments 

2. Implementation Plan 
a) Develop Implementation Plan 

i. Define timeline and implementation approach 
ii. Identify revenue source for initial installation and cost recovery 

thru advertisement revenues 
iii. Develop resource availability and allocations 
iv. Obtain approvals from applicable internal and external 

departments/agencies 
b) Educational materials 

i. Use highly visible posters, signs, brochures 
ii. Implement ongoing awareness activities 

c) Monitoring activities 
i. Schedule regular maintenance and inspections of facilities 
ii. Implement required policing to avoid illegal activities such as drug 

sales, drug use, and prostitution 
3. Implementation: Implement defined activities, monitor progress and modify 

 plan as required  
 

4.4.3.6 Pre-Wet Weather Storm Drain Flushing 

Storm drain flushing removes trash, sediment, and debris from storm drains, prior to the 
rainy season to reduce bacterial sources and also reduce trash entering the ocean.  

Flushing techniques typically utilize an inflatable plug downstream where water is collected 
using a vacuum truck. Storm drains that are engineered for dry-weather diversions to the 
sanitary sewer system provide a good opportunity to flush without the costs associated with 
water collection and disposal.  

General Steps for Implementation 

1. Pilot Program: Develop pilot program and validate concept and cost feasibility. 
2. Planning: Prioritize service areas and develop flushing schedule 

a) Define service area 
i. Identify drainage areas collecting high trash volumes in storm 

drains 
ii. Identify tributary storm drains and catch basins 
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iii. Develop inventory; length of storm drains, number of catch basins, 
etc. 

iv. Prioritize service areas 
b) Develop storm drain flushing schedules 

i. Develop activity schedules and frequency for storm drain flushing 
ii. Develop resource availability and allocations 
iii. Obtain approvals from applicable internal and external 

departments/agencies 
3. Implementation: Update initial implementation plan based on results of pilot 

 program and follow through Implementation Plan 
 

4.4.3.7 Redirecting Downspouts  
Roof drainage systems sometimes discharge to impervious surfaces, such as driveways, or 
are routed directly to the stormdrain system. Downspouts can usually be redirected to 
pervious landscaped areas, drywells, or trenches with minimal expense and effort. 
Redirecting downspouts reduces stormwater volume and reduces transport mechanisms for 
indicator bacteria. 

Encouraging residents to redirect their downspouts can be accomplished through 
educational material, how-to guides, and cost-saving incentives. 

General Steps for Implementation 

1. Planning 
a) Define service area 

i. Identify drainage areas with high runoff volumes; primarily areas 
with high paved surface and low permeable surface areas  

ii. Prioritize service areas 
b) Develop program guidelines 

i. Develop educational material defining benefits to redirecting 
downspouts 

ii. Create how-to guidelines describing concept of redirecting 
downspouts 

iii. Provide landscaping ideas offering beneficial use of stormwater 
improving esthetic of property 

iv. Develop program guidelines 
c) Incentive programs 

i. Provide free Do-it-Yourself clinic and startup tool kit 
ii. Offer rebate programs upon successful implementations 

d) Public awareness and program campaign 
i. Implement direct mailing to residences and businesses 
ii. Use advertisements and media campaign 
iii. Incorporate the Internet – web-based information distribution 

2. Implementation: Update initial Implementation Plan based on results of pilot 
program and follow through Implementation Plan 

 

RB-AR42608



Section 4 
Proposed Implementation Plan 

W122004001LACSCO/SMBB_FINAL REPORT_REV_10.RTF/043550010 4-24  
JUNE 16, 2005  

4.4.3.8 Modifying/Enhancing Public Education Programs 
There are many public outreach programs in the JG 2/3 area. The following 
recommendations can be used to enhance or expand current programs to include material 
about the Bacteria TMDL. 

4.4.3.8.1 Modifying Existing Educational Programs to Address TMDLs, specifically 
Bacteria – The goal of this recommendation is to inform the public of bacteria TMDL 
regulations through existing educational programs. Establishing a link between beach 
closures, human health risk, bacterial sources, and runoff as a means to transport bacteria is 
an important step in public awareness. Some highlights of the programs could be: 

• Illnesses typically caused by pathogens from stormwater 
• Bacteria and virus properties: relative size, ability to go dormant 
• Common bacterial sources such as food waste and animal waste 
• Transport of bacteria by rainwater to the ocean leading to TMDL exceedances 
• Incorporating microscope sessions or photos so students can establish a visual 

conception of bacteria 

4.4.3.8.2 Outreach to Pet Owners about Animal Wastes and Health – Environmental 
literature currently does not draw the connection between pet waste and bacterial 
contamination at the beaches. Dog owners would be more likely to pick up after their pets 
both at home and in public areas if they were aware of facts, such as: 

• Dog feces contain fecal coliform and enterococci bacteria, which determine beach 
closings and may contain pathogens (e.g., Giardia and Salmonella) that can make 
swimmers ill. 

• Animal feces can be washed into the Bay through grass, landscaping, streets, and 
sidewalks, which eventually lead to a storm drain, even if the source is miles from the 
coast. 

• Picking up after pets will reduce bacterial contamination in the Bay and may reduce the 
health risk to swimmers. 

Three dog waste collection surveys were summarized in Residential Nutrient Behavior in the 
Chesapeake Bay, published by the Center for Watershed Protection. The results suggest that 
many people (15 percent in Washington and 37 percent in Chesapeake Bay) do not know 
that pet wastes contribute to water quality problems. Furthermore, in the Chesapeake Bay 
Study, 41 percent said they rarely or never clean up after their dogs; and of those people, 
44 percent would still not clean up even with fines, complaints, or improved sanitary 
collection or disposal methods.  

Los Angeles County has also conducted a marketing survey and a pilot program study in 
County-unincorporated areas about behavior of pet waste collection. 

4.4.3.8.3 Modifying Existing Handouts to Establish Runoff as a Means for Conveying 
Bacteria to Storm Drains – Many existing BMPs will reduce runoff, thus reducing the 
conveyance mechanism of bacteria; however, those reading the handouts may be unaware 
of this. The objective of this program is to increase the public’s awareness of why runoff is a 
problem in terms of bacterial contamination at the beaches. This may lead to better runoff 
management practices in residential areas. 
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Homeowners may not understand the benefits gained from runoff management. Private 
implementation of BMPs, such as roof cisterns/rain barrels, not only conserves water, but 
reduces runoff and, as a result, may reduce the amount of pollutants entering the 
stormwater system. Another benefit is the protection of property value. Property values are 
negatively influence by poor water quality and litter proliferation. 

4.4.3.8.4 Including Pet Waste Brochures with Animal Licensing Renewals - The objective 
of this recommendation is to target pet owners with information about pet waste and its 
impact on the beaches. Dog owners would be more likely to pick up after their pets both at 
home and in public areas if they were aware of such facts. 

4.4.3.8.5 Outreach at Trailheads Designated for Equestrian Use – Signs should be posted at 
trailheads designated for equestrian use instructing horse owners not to clean out their 
horse trailers in the parking lots. Parking areas at trailheads tend to be graded dirt lots that 
increase runoff volumes as opposed to trails. Horse waste on trails is also filtered by 
vegetation before entering waterways, which may or may not be the case within trailhead 
parking lots. 

4.4.3.8.6 Increase Coordination between Agencies and Organizations - An effort should be 
made to increase coordination between agencies and organizations in preparing outreach 
materials, and meetings should be held to ensure consistency. Multiple efforts are being 
made to produce outreach materials, but production is not always coordinated between 
organizations and agencies, resulting in the preparation of similar or duplicate materials. 
This would include JG 2/3 member agencies as well as organizations, such as the Santa 
Monica Bay Restoration Commission (SMBRC) and the Resource Conservation District of 
the Santa Monica Mountains (RCDSMM). 

The following list includes ideas that may help to increase communication between 
agencies: 

• Compile and distribute contact information from all the agencies and organizations in 
the JG 2/3 areas. 

• Encourage organizations and agencies to post outreach materials on their Web sites so 
they can be easily reviewed and downloaded. 

• Implement an e-mail list or public listserv to discuss outreach materials and post new 
material before it is produced. 

• Fund a Web site that provides links to all agencies and organizations in the JG 2/3 areas 
and their outreach materials. 

4.4.3.8.7 Locate Areas with Corralled Animals and Educate Property Owners on Bacteria 
TMDLs – Horse stables and other animal corrals are a large, preventable source of indicator 
bacteria. This program will educate the owners about bacteria TMDLs and steps they can 
take to decrease negative impacts on the environment. A network of volunteers from 
environmental organizations could be trained in this area. Some highlights of the program 
should include: 

• Indicator organisms and their presence in farm animal manure. 
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• Beach closures and human health risks are correlated with indicator organism 
concentrations. 

• The ability of rainwater to wash bacteria into the beaches through storm drain systems. 

• Example BMPs that control runoff and, as a result, reduce bacteria reaching the beaches. 

• Point of purchase/service collateral that demonstrates BMPs. 

Public Education Programs’ General Steps 
 

1. Generate inventory of required updates to public education 
a) Modify existing educational programs to specifically address TMDLs and 

bacteria. 
b) Modify existing handouts to establish direct links between animal wastes 

and health issues. 
c) Modify existing handouts to establish runoff as a means for conveying 

bacteria to storm drains. 
d) Include pet waste brochures with animal licensing renewals. 
e) Post signs at trailheads encouraging people to use restroom facilities 

(assuming facilities already exist at the trailhead) before hiking. 
f) Post signs at trailheads designated for equestrian uses to not clean out 

horse trailers in parking lots and to clean up horse waste in parking lots. 
g) Increase coordination between agencies and organizations in preparing 

outreach materials, and meet with them to ensure consistency in 
programs and materials. 

h) Locate areas with corralled animals and educate property owners on 
bacteria TMDLs 

i) Address virus issues in addition to bacteria in campaigns and source 
control. 

2. Define an approach to disseminate updated educational material. 
3. Implement planned activities supporting expanded public education. 

4.5 Subregional Structural Solutions 
Subregional structural solutions that consist of decentralized, structural BMPs that may 
provide for management of both onsite and offsite flow include the following: 

• Install residential and commercial cisterns/rain barrels: An implementation goal of 5 to 
10 percent of single-family and multi-family residential homes (1,000- and 10,000-gallon 
sizes, respectively) was applied in the Hybrid Alternative. Also included here are 
similarly sized cisterns or rain barrels at commercial facilities. 

• Install storage and reuse projects at publicly owned facilities: An implementation goal 
of 10 percent of the potential sites identified in JG 2/3, including schools, government 
and public facilities, vacant lots, golf courses, and public parks, was applied. 

• Install small-scale capture and infiltration projects: These projects, which include the 
installation of porous pavement, retention grading, dry wells, and bioretention as well 
as sunken street medians/sidewalk planters and permeable catch basin bottoms, can be 
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installed at public parks, as well as commercial and residential communities. The ability 
of these types of projects to effectively manage runoff will be determined on a case-by-
case basis and, therefore, an estimate of the potential volume of runoff that will be 
managed is unknown at this point.  

In addition, an infiltration project in Venice Beach was identified in the development of 
this Implementation Plan, wherein runoff from the boardwalk and street areas near the 
beach could be routed to a treatment system to remove grit and oil, and then routed to 
an infiltration system located in the sandy (highly permeable soil) area. The infiltration 
system would consist of a perforated culvert that could store the runoff until it is 
infiltrated. A 48-inch perforated culvert, located parallel to the coast, would have a 
storage capacity of 94 gallons per foot of culvert. In some cases, this volume may be 
infiltrated in a 24-hour period. A small-scale infiltration project consisting of 1,000 feet of 
culvert could be implemented, for example, in the southern area of Venice Beach where 
the historical bacterial exceedances are of more concern than in the northern section of 
Venice Beach. Subsurface monitoring of the saturated zone (groundwater) would be 
recommended to watch for potential migration of bacteria from the infiltration project 
through the beach sands that might exfiltrate into the surf zone. 

• Redirect rooftop downspouts to discharge on permeable areas: Rooftop drain 
downspouts can be redirected to discharge onto permeable areas instead of hardscapes. 
This strategy can be implemented at single-family and multi-family residences, as well 
as at public and commercial buildings and is a runoff conservation measure that will 
assist with source control quality and quantity. Efforts to implement this option could be 
combined with public education or consumer water use audits. 

4.6 Initiating CEQA and Permitting 
The implementation of the first phase of this Implementation Plan would focus on 
nonstructural solutions that are actually changes in institutional behavior. Possible activities 
include expanded public education, code enforcement, increased street and storm drain 
cleaning frequency, increased number and maintenance of trash receptacles, and improved 
restaurant and grocery store trash management. subregional structural solutions for runoff 
management (structural source control projects), such as the installation of small-scale 
storage and reuse or infiltration projects at public facilities, as well as consideration of 
residential options, such as cisterns/rain barrels, dry wells, and redirecting downspouts, 
also will be implemented. In general, the institutional types of activities are not subject to 
the requirements of CEQA. Some of these activities would require additional support 
features that have the potential to result in physical changes to the environment, including 
the structural source control solutions; however, such projects would likely be relatively 
minor given the institutional or minor structural focus of this phase. These types of support 
features or projects would, in all likelihood, qualify for Categorical Exemptions under 
CEQA on an individual basis.  

Higher-level CEQA documents, such as a Negative Declarations or Mitigated Negative 
Declarations, may be necessary for medium-sized or larger subregional structural solutions 
projects. These would include projects such as capture and retention projects designed to 
manage wet-weather runoff from larger subareas (i.e., multiple neighborhoods). These 
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would also include projects that could affect public use areas such as parks or recreational 
areas. Again, CEQA documentation for these types of projects would occur on a project-
specific basis. 

Regional, end-of-pipe facilities might be implemented in Stage 2, in the event that the 
nonstructural and small-scale, local, structural TMDL compliance measures need to be 
supplemented. These large facilities include relatively standard projects, such as diversions 
into the wastewater system, or other end-of-pipe solutions with a larger regional emphasis, 
such as runoff treatment plants or constructed wetlands. The smaller projects like diversions 
to the wastewater system are likely to be individually cleared with Categorical Exemptions 
or Negative Declarations under CEQA. The larger facilities that could result in potential 
siting issues or stakeholder concerns would likely be subject to higher level CEQA 
documents, such as a Mitigated Negative Declaration or Environmental Impact Report, 
which would be prepared on a project–by-project basis.  

4.7 Parallel Studies  
Research is currently underway by local agencies to (1) improve human-health risk 
indicator methods and methods for source tracking, and (2) evaluate BMPs in Southern 
California. Results from these projects will be used to efficiently trace sources of pollution in 
the watershed and prioritize BMP projects. 

Development of new chemical and biological detection methods may lead to a faster, more 
accurate assessment of human health risk in the Bay and can be used to trace the sources of 
contaminants in storm drain systems. This effort will speed the process of posting beach 
advisories, aid in the detection of illicit discharges, and may provide a means to prioritize 
areas for source reduction. 

The effectiveness of stormwater BMPs applicable to Southern California is being evaluated. 
Information gained from these studies will be useful in prioritizing BMP projects based on 
their cost and potential for reducing pollutants entering the storm drain system. 

4.7.1 Human-Health Risk Indicators 
Human-health risk due to pathogens is gauged by the concentration of indicator bacteria in 
ocean water. Ongoing research is exploring other methods for detection of pathogens in 
recreational waters. Because the future of pathogen monitoring is uncertain, the water 
quality objectives for this TMDL may change in the future. Since potential changes will have 
a dramatic impact on implementation of this TMDL, current and emerging indicator 
methods were reviewed. Indicator methods will play a large role in determining the success 
of implementation methods, and will effect decisions about TMDL compliance in the future. 

Bacterial indicators used to monitor beach water quality have been the focus of many 
epidemiological studies. The correlation between indicators and human-health risk was 
found to be variable, in part because indicators are not specific to pathogen sources. 
Currently, they are the basis for evaluating water quality for the purposes of beach 
advisories and regulatory control. There is general agreement in the scientific community 
that they should not be used as the sole objective in the remediation efforts to protect 
human health and receiving waters. 
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Because it is impractical to monitor all human-disease-causing agents, microbial indicators 
are used to estimate the concentration of pathogens in ocean water. Three groups of 
bacteria—total coliform, fecal coliform, and enterococci—are measured and compared to 
standards developed by USEPA. Indicator organisms are easily measured and have been 
found to correlate with human-health risk and poor water quality. They are not necessarily 
pathogenic, but their concentrations are assumed to be proportional to levels of fecal 
contamination, a major source of pathogens.  

Fecal material is washed into storm drain systems during heavy rain, or through cross 
contamination from sanitary sewer infrastructure. Several studies conducted in urban 
environments have shown runoff from streets, parking lots, and sidewalks are major 
sources of indicator bacteria (Pitt, 2001). Residential and light commercial areas have had 
high levels of indicator bacteria in stormwater, primarily from fecal contaminated soils and 
drainage areas (Pitt, 2001). In both cases, domestic animals and wildlife were the primary 
sources, especially dogs in areas where they are frequently walked. 

Indicator bacteria are not necessarily specific to the pathogen source. Coliform bacteria are 
ubiquitous, found on plant surfaces, in soils, and in the digestive systems of mammals and 
birds. Enterococci bacteria and fecal coliform, a subset of total coliform, thrive in the 
digestive systems of warm-blooded animals. Concentrations of these indicators above the 
set criteria indicate the water has been contaminated with fecal material. The actual 
pathogen concentration, however, depends on how much of the fecal contamination is from 
human sources. 

Local and national epidemiological studies reveal that the correlations between adverse 
health effects, fecal coliform, total coliform, and enterococci are variable (SWRCB, 2004). 
Both enterococci and the ratio between total coliform and fecal coliform were found to be 
indicators of human-health risk in a series of studies conducted by the University of 
California at Berkeley. The results of this study and others conducted by USEPA, however, 
do not state which indicator is superior, especially when applied over broad environmental 
conditions. A recent epidemiological study (Rodgers, 2004) on Mission Bay in Southern 
California found no link between indicator bacteria and illnesses caused by water contact. A 
bacterial source identification study found that bird droppings contributed significantly to 
elevated indicator concentrations in that area. Beaches were found to be safe even when 
state standards were exceeded. 

4.7.2 Alternative Indicators 
USEPA has identified two alternative indicators, Clostridium prefringens and bacteriophages, 
which are currently not utilized in traditional beach monitoring. C. prefringens is a 
disinfection-resistant spore-forming bacterium that has potential use as an indicator of 
pathogenic bacteria, viruses, and protozoa. It has been found to correlate with Salmonella 
spp. and Giardia and Aeromonas densities in marine waters. Research by Kueh et al. (1995) 
demonstrated correlations between gastrointestinal symptoms and concentrations of C. 
prefringens. It has desirable characteristics, such as its presence in human feces but not bird 
droppings, and has superior spore survival. It can be readily enumerated using traditional 
membrane filtration methods. 
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Bacteriophages, viruses that infect bacteria, also show promise as water quality indicators. 
Studies have found specific bacteriophages to be correlated with microbiological parameters 
in coastal waters.  

Emerging technology in the field of microbial source tracking may unveil a more efficient 
means to reduce human-health risk associated with stormwater discharge. Methods have 
been developed to differentiate between human and animal fecal material in stormwater, 
and even between different animals. These methods can be used to trace and eliminate 
inappropriate discharges to the storm drain systems and target areas with high 
concentrations of preventable fecal contamination. In addition, research in this field may 
lead to better indicator standards for use in beach monitoring. 

Research is being conducted to improve source tracking by finding indicators that quickly 
and cost-effectively differentiate between human bacterial sources and natural sources. The 
Southern California Coastal Water Research Project (SCCWRP) currently has projects 
underway to develop microbial source tracking methods and develop rapid methods for 
measuring indicator bacteria. Current methods take 18 to 24 hours and are not adequate for 
tracking sources during short rain events or posting beach advisories in time to protect 
public health. They hope to substantially enhance our ability to correctly and rapidly 
identify when recreational waters are contaminated with microorganisms pathogenic to 
humans within the next decade.  

Bacterial source tracking methods use indicators that distinguish between human and 
animal fecal material. Methods currently in use include the following: 

Antibiotic Resistance Analysis (ARA) – ARA takes advantage of the exposure of bacterial 
sources to different antibiotics and the resulting patterns of resistance that develop. Samples 
are exposed to a variety of antibiotics; the results determine the multiple antibiotic 
resistance (MAR) profile of the sample. This MAR profile is compared to a database and the 
probable source can then be determined. 

Molecular Methods – Genetic markers can be used to aid source identification. These 
methods are not yet ready for routine use, but have been used in research studies and found 
to be successful. One recent example is a study conducted on the Lower Boise River, Illinois 
(CH2M HILL, 2002). Coliform bacterial DNA testing (ribotyping) was used to determine the 
sources of coliform bacteria in the river. 

Chemical Analysis – Chemicals unique to human sewage such as aspirin, Ibuprofen, and 
caffeine can be used to identify illicit discharges to stormwater systems. Caffeine has been 
successfully used in storm drain source tracking studies (Pitt, 2001). 

SCCWRP is investigating a method using “real-time polymerase chain reaction” (rt-qPCR), 
a relatively new nucleic-acid-based technology. The use of DNA (or RNA) sequencing will 
allow development of quantitative probes that rapidly discriminate between enterococcus 
strains originating from humans, pets, livestock, and other wildlife. 
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4.7.3 BMP Studies 
Stormwater BMPs are implemented to reduce trash, sediment, and toxins from entering 
water bodies. Information on stormwater BMP effectiveness is not abundant, especially for 
the removal of bacteria under wet weather conditions. The International Stormwater Best 
Management Practices Database (USEPA, 2004) contains the results of approximately 
200 historical BMP studies. The database, developed by the Urban Water Resources 
Research Council (UWRRC) of the American Society of Civil Engineers (ASCE) under a 
cooperative agreement with USEPA, serves two key purposes: (1) to define a standard set of 
data-reporting protocols for use with BMP monitoring efforts, and (2) to summarize 
historical BMP study data in a standardized format. While this database is a step in the right 
direction, much more data are needed for many BMP types.  

Evaluation of urban runoff BMP effectiveness is being conducted by SCCWRP to assess the 
effectiveness of BMPs for reducing the concentration of toxics in dry and wet weather 
runoff. Many BMPs implemented in the Southern California coastal area are being 
monitored both upstream and downstream for selected chemicals toxic to marine life. The 
types of BMPs being considered in this study include continuous deflection separation 
(CDS) units (with and without additional treatment modules), storm drain inserts, UV light 
disinfection systems, wetlands, and detention ponds, all of which are applicable to the 
Southern California coastal region. This 3-year project is currently in its second year; results 
may be available for consideration in this TMDL within the next two years. 

The SMBRC is part of the county-led BMP Task Force. Its mission is to address BMP 
requirements called for in NPDES permits and to explore viable solutions for BMP 
implementation. Priorities of the Task Force include: 

• Prepare guidelines for evaluating BMPs. 

• Develop an objective book of standard plans and specifications for BMP selection and 
implementation. 

• Develop guidelines for coordinating regional solutions and broad BMPs. 

• Develop a website/list serve to disseminate information. 

• Create a forum for exploring financing mechanisms.  

The evaluation of stormwater BMP effectiveness can be applied to the subregional structural 
solutions recommended in this Implementation Plan. Results will be useful in developing 
and refining this integrated approach to reducing coastal water pollution.  

4.8 Baseline and Performance Monitoring 
4.8.1 Upstream Baseline Monitoring 
As noted in Section 1.1.3, the overall baseline and performance monitoring at the beaches 
will be conducted in accordance with the Coordinated Shoreline Monitoring Plan, 
submitted under a requirement of this TMDL. While these data will provide an indication of 
the current and future patterns of bacterial indicators (total coliform, fecal coliform, and 
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enterococcus) regulated under this TMDL, additional monitoring upstream in the 
subwatersheds would provide additional information about patterns of bacterial 
contamination. Upstream sampling of the regulated bacterial indicators can be used to first 
identify “hot spots” that show consistent patterns of high bacterial densities that would 
represent candidates for additional local structural solutions.  

Upstream sampling can also be conducted to investigate more specifically where the source 
of the bacterial contamination identified at these “hot spots” might be coming from by 
tracking bacterial concentrations through the storm drain system. This would provide 
further information with which to select and implement pollution control measures 
(structural or nonstructural) that target these particular contamination sources. 

Baseline and performance monitoring should be conducted using established protocols such 
as those established by USEPA and ASCE for the International Stormwater BMP Database. 

In addition, additional sampling could be expanded to include some of the more promising 
alternative indicators (see Sections 4.5.1 through 4.5.4 for a discussion of other sampling 
parameters and techniques). 

4.8.2 Performance Assessment of Non-structural Programs 
Nonstructural solutions have been a cornerstone of many stormwater management 
programs. These are widely regarded within the engineering and scientific communities as 
essential components of integrated nonpoint source management programs. However, as 
noted by the Australia-based Cooperative Research Centre (CRC) for Catchment 
Hydrology, there have been few attempts to evaluate the effects of nonstructural BMPs on 
stormwater quality. The CRC developed a set of guidelines (Taylor and Wong, 2003) that 
include a conceptual framework for assessing the value (benefits) and life-cycle costs of 
nonstructural BMPs for stormwater quality improvement, a set of monitoring and 
evaluation protocols, and example monitoring tools. 

USEPA also has provided guidance in its Monitoring Guidance for Determining the 
Effectiveness of Nonpoint Source Controls (USEPA, 1997). Nevertheless, monitoring BMPs that 
seek to change the behavior of people is inherently difficult. It is also difficult to isolate the 
measured impacts from nonstructural programs where structural control measures are also 
implemented, and there could be synergistic effects between multiple nonstructural controls 
(e.g., between education and enforcement). 

The CRC suggested conceptual model of how nonstructural BMPs operate and the 
outcomes they might produce is shown in Figure 8. This model indicates the relationship 
between nonstructural BMPs and the resulting changes in awareness, attitudes, behavior, 
stormwater quality, and, ultimately, waterway health. The degree to which each of these 
elements is met determines the effectiveness of these measures. It highlights the need to be 
able to measure the effectiveness of these BMPs in each of these elements. 
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3. Changes in people’s attitude (self-reported) – Evaluate whether the BMP has changed 
people’s attitudes, as indicated through self-reporting. 

4. Changes in people’s behavior (self-reported) – Evaluate whether the BMP has changed 
people’s behaviors, as indicated through self-reporting. 

5. Changes in people’s behavior (actual) – Evaluate whether the BMP has changed 
people’s behaviors, as indicated through direct measurement (e.g., the “observational 
approach”). 

6. Changes in stormwater quality – Evaluate whether the BMP has improved stormwater 
quality in terms of loads and/or concentrations of pollutants. 

7. Changes in waterway health – Evaluate whether the BMP has improved the health of 
receiving waters. 

The monitoring tools that would be best suited to each of these evaluation styles could 
range from checklists and surveys to water quality monitoring and modeling. 

The selection of the appropriate evaluation style is dependent on the primary objective of 
the specific BMP (e.g., raise awareness or improve water quality), the resources available to 
conduct the evaluation, the timeframe over which the monitoring will occur, and the 
purpose of the evaluation. Monitoring and evaluation protocols relevant to each select 
evaluation style are provided and can be used to develop a Monitoring and Evaluation Plan 
for each BMP.  

In addition, the California Association of Stormwater Quality Agencies (CASQA) has an 
Effectiveness Assessment Subcommittee. They have nearly completed the initial draft 
effectiveness assessment concepts white paper, and will be developing an Effectiveness 
Assessment Guidance Manual. The JG 2/3 agencies will monitor these developments to 
ensure alignment. Similarly, these efforts will be coordinated with related County MS4 
Permit activities to assess whether the outreach campaigns associated with the Public 
Information and Participation Program have resulted in changes to polluting behaviors.  

4.8.3 Performance Assessment of Subregional Structural Solutions 
Sites at which specific subregional structural BMPs will be installed should be monitored 
prior to installation to establish baseline water quality conditions (see Section 4.6.1). The 
parameters for which the BMPs will be evaluated will include the regulated bacterial 
indicators, other constituents for which the Santa Monica Bay beaches are impaired that 
could be addressed by the same BMP, other water quality parameters, that could impact 
treatment performance (e.g., pH, temperature), and hydraulic parameters such as influent 
and effluent flow rates and water volumes.  

A Monitoring and Evaluation Plan should be developed for each BMP, and the data 
configured to feed into the International Stormwater BMP Database. The requirements for 
conducting this performance monitoring are specified in the associated guidance manual 
(USEPA and ASCE, 2002). This document reflects standards of practice for the industry, and 
the application of the requirements for the database would provide much of the needed data 
for the JG 2/3 assessments of the effectiveness of their installed BMP, while also benefiting 
the stormwater technical community at large. 
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4.9 Subregional Structural Solutions Projects 
Development 

4.9.1 Identify and Prioritizing Sites 
Potential sites for the implementation of subregional structural BMPs were identified 
through a survey of public parks, public buildings, vacant lots, and schools in the JG 2/3 
watershed area. While this list is not inclusive of all possible sites for BMP implementation, 
it is a starting point from which subregional structural solutions can be identified.  

Field visits were conducted at public parks, public buildings, and vacant land to estimate 
land use, proximity to dense urban areas, topography, and other features relevant to BMP 
siting. Aerial photographs from the United States Geological Survey (USGS) were used to 
estimate roof areas, paved areas, and landscaped areas to calculate potential runoff and 
beneficial use opportunities. Parcel numbers were identified to obtain surface area, soil data, 
and proximity to storm drains from the City of Los Angeles’ geographic information system 
(GIS) database.  

School sites in the JG 2/3 area were identified using land use data, information from 
LAUSD, and information from the Santa Monica-Malibu Unified School District. The list 
contains both public and private schools. School districts were not included in the 
jurisdictions listed in the TMDL, and therefore, have not been consulted on the development 
of this Implementation Plan. School district staff will be heavily involved in the site selection 
process; therefore, sites were not yet analyzed in detail since district staff has not yet been 
fully engaged in the development of this Implementation Plan. As part of the City of Los 
Angeles’ Integrated Resources Plan (IRP) effort, the Bureau of Sanitation, City of Los 
Angeles (BOS) meets regularly with LAUSD to discuss joint efforts between the agencies to 
promote water management and water quality improvements, including urban runoff 
pollution control. However, a preliminary selection of suitable BMPs has been identified 
and is shown in Table 19. 

Public schools are ideal locations to implement bacterial control measures because they 
typically consist of large tracts of land, are heavily used, and can sometimes beneficially 
reuse stormwater for irrigation. Runoff can be significantly reduced or eliminated by 
coupling structural BMPs such as cisterns and green roofs with landscape design features to 
reduce paved areas and promote infiltration. Institutional solutions can easily be 
implemented through the current grounds management and by providing supplemental 
education for the students. Not only does this improve the school site, but also sends a 
message home with the next generation of Los Angeles area residents. 

The idea of stormwater management in schools is not an entirely new idea in Los Angeles. 
The Open Charter Elementary School, part of LAUSD, was retrofitted with stormwater 
management BMPs in 2004. The project consists of three components: a water treatment 
device; a 110,000-gallon cistern that stores rainwater and feeds the irrigation system; and a 
system of trees, vegetation and mulched swales that slows, filters and safely channels 
rainwater through the campus. 
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The Open Charter Stormwater Project is a collaborative effort among TreePeople, the City of 
Los Angeles’ Bureau of Sanitation, LAUSD and the County Regional Park and Open Space 
District. Open Charter students, parent, administration, faculty and school board also 
participated in the implementation of the Project. 

A preliminary evaluation of school sites was conducted based on USGS aerial photographs 
and GIS soil data. Roofs, pavement, and landscaped terrain were estimated and used to 
identify applicable BMPs for each site. Evaluations are discussed below in Section 4.2.9. 

Public parks, buildings, and vacant land were initially prioritized based on three criteria: (1) 
surface area, (2) proximity to dense urban areas, and (3) proximity to major storm drains. 
Sites with large surface areas have more room for BMPs, have more runoff to manage, and 
have the potential to use more water for irrigation. The proximity of the site to densely 
developed urban areas was estimated because those areas are generally found to have the 
higher concentrations of indicator bacteria in the stormwater. Some sites can be used to treat 
water generated offsite if they are near a storm drain from which water can be pulled, or 
significant flows in the gutter adjacent to these sites can be diverted onsite for treatment and 
resuse, particularly larger sites with a small percentage of impervious area. Evaluations 
were conducted to select applicable BMPs; these are described in Section 4.9.2. 
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4.9.2 Identifying BMPs to Reduce Indicated Bacteria in Runoff  
The City of Los Angeles’ BMP program is presented in its Development BMPs Handbook 
(DPW BOS, 2002). The BMP Handbook identifies 14 BMPs that provide control measures to 
reduce or eliminate pollutant levels at their source. This and other sources3 were used to 
identify potential BMPs that could be applied as subregional structural solutions for 
bacterial reduction. The initial list of potential BMPs included:  

• Vegetated buffer systems 
• Bioretention 
• Constructed wetlands 
• Green roofs 
• Infiltration trenches 
• Infiltration basins 
• Cisterns/Rain barrels 
• Wet (retention) ponds 
• Dry (extended detention) ponds 
• Dry wells 
• Pervious pavements  
• Catch basin/storm drain inserts 
• Vortex/Hydrodynamic systems 
• Clarifiers 
• Media filtration 

While these practices are effective at removing many constituents of concern from runoff, 
they have not all been proven to be effective in reducing bacteria. For example, BMPs that 
filter runoff for a short period of time, such as vegetated buffer systems, are effective in 
removing sediment and other contaminants before runoff enters the collection system, but 
have not been shown to significantly remove bacteria. BMPs that provide mechanical 
removal such as catch basin inserts, clarifiers, and media filtration, are pretreatment steps 
that do not, by themselves, remove bacteria. 

BMPs that retain runoff and use it for irrigation or infiltrate it to the groundwater effectively 
reduce bacteria from entering the storm drain system by (1) isolating bacteria on that site 
and (2) reducing the surface flow between that site and the storm drain, thus reducing the 
potential for bacteria to be washed out of soils and paved surfaces. Thus, cisterns/rain 
barrels, green roofs, and infiltration BMPs were selected for further study. Carefully 
designed and operated constructed wetlands also can be effective in removing bacteria 
before the runoff is discharged to the collection system. Based on these observations, the 
following BMPs were selected for use in potential projects at the identified sites: 

1. Bioretention 
2. Subsurface constructed wetland 
3. Green roof 
4. Infiltration trench 
                                                      
3 The other sources included New Development Handbook - BMP fact sheets: http://www.cabmphandbooks.com, the City of 
LA’s “Reference Guide for Stormwater BMPs”: http://www.lacity.org/san/wpd/index.htmhttp://www.lacity.org/san/wpd/index.htm, 
and “Start at the Source Manual” from BASMA (Bay Area Stormwater Management Agencies). 
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5. Infiltration basin 
6. Cistern and local storage and reuse 
7. Dry well 
8. Pervious pavement 
9. Pavement replacement 
10. Street bioretention systems 
 
The criteria for identifying the required site characteristics include the total site area, the 
ratio of hardscape to softscape, the slope of the site, and the infiltration capacity of the soils. 
A relatively large area is required to install a subsurface constructed wetlands (BMP 2), an 
infiltration trench (BMP 4), or an infiltration basin (BMP 5). A relatively large area of the site 
must be free of structures to accommodate a bioretention system (BMP 1), subsurface 
constructed wetlands (BMP 2) or a cistern system (BMP 6). A flat surface or lot is required 
for all of the BMPs. BMPs that rely on infiltration (1, 4, 5, 7, 8, 9 and 10) must be located on 
soils that are known to have good infiltration. A summary of the applicable BMPs is 
presented in Table 20. 

 

TABLE 20 
Summary of Best Management Practices 

SMBB Bacteria TMDL Implementation Plan 

BMP 
No. 

BMP 
Name Description Required Area

Required 
Softscape 

Required Soil 
Infiltration 

1  Bioretention Bioretention areas are landscaping 
features adapted to treat stormwater 
runoff on the development site. They are 
commonly located in parking lot islands 
or within small pockets in residential land 
uses. Surface runoff is directed into 
shallow, landscaped depressions. These 
depressions are designed to incorporate 
many of the pollutant removal 
mechanisms that operate in forested 
ecosystems. 

Relatively large 
area 

At least 50% of 
site 

Good - Infiltration 
provides bacteria 
removal 

2 Subsurface 
Constructed 
Wetland 

A constructed wetland is a biological 
stormwater treatment technology 
designed to mimic processes found in 
natural wetland ecosystems. These 
wetland systems utilize wetland plants, 
soil and the associated microorganisms 
to remove contaminants. It is 
constructed of a gravel media, and is 
essentially operated as a large 
hydroponics system. Water must be 
available to keep the plants alive during 
dry periods. 

Relatively large 
area 

At least 50% of 
site 

Any - bacteria 
removal through 
biological removal 
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TABLE 20 
Summary of Best Management Practices 

SMBB Bacteria TMDL Implementation Plan 

BMP 
No. 

BMP 
Name Description Required Area

Required 
Softscape 

Required Soil 
Infiltration 

3 Green Roof Green roofs refer to rooftops that have 
been designed or retrofitted with a layer 
of soil and vegetation. Green roofs can 
be as elaborate as entire gardens that 
can be used for recreation, or as simple 
as a layer of low growing and shallow 
rooted plants.  

Structural properties of existing roofs 
must be taken into consideration. Green 
roof systems are not applicable to all 
roofs. Green roof systems vary in 
complexity and are essentially unique to 
every application. The mimimum weight 
of a green roof, according to 
www.greenroofs.com, is 17 psf. This is 
approximately the weight of traditional 
gravel ballast on the roofs of some 
buildings. Structures must be analyzed 
on a case-by-case basis to determine if 
their roofs can be retrofitted with green 
roof systems.  

Any None Any - bacteria 
removal by 
capturing runoff 

4 Infiltration 
Trench 

An infiltration trench is a rock-filled 
trench with no outlet that receives 
stormwater runoff. Stormwater runoff 
passes through some combination of 
pretreatment measures, such as a swale 
or sediment basin, before entering the 
trench. Runoff is then stored in the voids 
of the stones, slowly infiltrated through 
the bottom and into the soil matrix over a 
few days. The primary pollutant removal 
mechanism of this practice is filtration 
through the soil. 

Relatively large 
area 

At least 50% of 
site 

Good - Infiltration 
provides bacteria 
removal 

5 Infiltration 
Basin 

An infiltration basin is a shallow 
impoundment that is designed to 
infiltrate stormwater. By using plastic 
storage media or precast concrete 
boxes, infiltration basins can also be 
installed underground. Infiltration basins 
use the natural filtering ability of the soil 
to remove pollutants in stormwater 
runoff. 

Relatively large 
area 

At least 50% of 
site 

Good - Infiltration 
provides bacteria 
removal 
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TABLE 20 
Summary of Best Management Practices 

SMBB Bacteria TMDL Implementation Plan 

BMP 
No. 

BMP 
Name Description Required Area

Required 
Softscape 

Required Soil 
Infiltration 

6 Cistern/Rain 
Barrel and Local 
Storage and 
Reuse 

A cistern or rain barrel is a tank for 
storing collected from a roof or other 
catchment area. Cisterns/rain barrels 
can be used for single homes (assumed 
to be 1,000-gallon units), multiple homes 
(assumed to be 10,000-gallon but could 
be larger), or businesses (assumed to 
be 10,000-gallon but could be larger). If 
there is sufficient landscaped area on 
the site, a unit with a volume up to 
100,000 gallons could be used (local 
storage and reuse). The captured water 
is used to irrigate landscaped areas that 
are on the same site as the cistern, or 
could be used for indoor toilet flushing 
for dual-plumbed buildings. Chlorination 
will be considered where appropriate. No 
other treatment is assumed.  

Any At least 50% of 
site 

Any - bacteria 
removal by 
capturing runoff 

7 Dry Well Dry wells are a common means of 
stormwater management in many areas 
of the United States. Driveway dry wells 
involve adding a drainage grate and an 
open bottom concrete structure at the 
end of the driveway. They are designed 
to capture and store stormwater until the 
water percolates into the subsurface 
soils. 

Any None Good - Infiltration 
provides bacteria 
removal 

8 Pervious 
Pavement 

Pervious paving describes a system 
comprising a load-bearing, durable 
surface together with an underlying 
layered structure that temporarily stores 
water prior to infiltration or drainage to a 
controlled outlet. The surface can itself 
be porous, such that water infiltrates 
across the entire surface of the material 
(e.g., grass and gravel surfaces, porous 
concrete, and porous asphalt), or can be 
built up of impermeable blocks 
separated by spaces and joints, through 
which the water can drain. This latter 
system is termed “permeable” paving. 
The advantage of pervious pavement is 
that it reduces runoff volume and is 
unobtrusive, resulting in a high level of 
acceptability. Typical pervious 
pavements include Asphalt Porous 
Pavements, Modular Concrete Block 
Porous Pavements, Poured Concrete 
Porous Pavements, and Structural Soil. 

Yes No - Cannot 
route to location 

Good - Infiltration 
provides bacteria 
removal 
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TABLE 20 
Summary of Best Management Practices 

SMBB Bacteria TMDL Implementation Plan 

BMP 
No. 

BMP 
Name Description Required Area

Required 
Softscape 

Required Soil 
Infiltration 

9 Pavement 
Replacement 

Replacement of unnecessary paved 
surfaces with trees, lawns, and other 
pervious landscape. 

Unused paved 
area 

No Good infiltration 
will improve 
capacity, but this 
can be 
implemented on all 
soil types 

10 Street 
Bioretention 
Systems 

Street bioretention systems include Tree 
Wells and Sunken Medians. They are 
landscaping features adapted to treat 
stormwater runoff from roadways and 
sidewalks. 

Unused paved 
area, medians, 
or landscaped 
areas near 
roadways. 

No Good - Infiltration 
provides bacteria 
removal 

 

4.9.3 Process for Identifying Applicable BMPs for Each Site 
Several parameters were collected for each site to prepare a preliminary list of applicable 
BMPs. The total area of each site was determined based on City of Los Angeles’ GIS data for 
each parcel. The topography and portion of the site devoted to landscaping, building and 
paving, and native plants were estimated based on information collected during site visits.  

Infiltrating runoff requires that the soils be permeable enough to allow percolation into the 
underlying groundwater basin within a reasonable timeframe and without excessive 
mounding or surfacing. Sandy or sandy loam soils have the highest percolation rates 
(infiltration capacity). Clay and silty soils tend to have the lowest infiltration capacity.  

As described in the technical memorandum for Task 5, Beneficial Use Evaluation, the types of 
soil within the JG 2/3 area were identified based on data provided by the Los Angeles 
County DPW hydrology GIS database. These data consist of charts of runoff coefficients 
(Cu) versus rainfall intensity for 172 soil types and the geographic distribution of these soil 
types throughout the county. Based on a visual inspection of the plots, a soil was classified 
as having good infiltration capacity, fair infiltration capacity, or poor infiltration capacity. It 
is assumed for this study that only soils with good infiltration capacity would support 
effective use of infiltration as a method of local control; that is, may achieve reductions in 
runoff volume. Areas with fair infiltration capacity may sustain infiltration source control 
measures without serious flooding under some, but not all, rainfall intensities; these areas 
would, however, be at risk for serious flooding under some rainfall conditions and are 
therefore not recommended. Areas with poor infiltration capacity would incur serious 
flooding under almost all rainfall conditions. The County GIS data were merged with 
jurisdiction boundaries to develop a geographic distribution of soil types within the study 
area. A plot of the JG 2/3 areas with each soil type is presented in Figure 9. 
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In addition, a site must be compatible with a specific BMP. For example, a wetland is 
primarily a gravel matrix that is essentially operated as a large hydroponics system. The 
plants must be kept alive during non-wet weather; thus potable water, recycled water, or 
dry weather urban runoff must be applied during dry weather periods. Also, the land will 
not be available for pedestrian traffic because the system relies on specific, and somewhat 
fragile, soil porosity.  

For cistern systems, sufficient landscaped area must be available to utilize the captured 
runoff. In addition, if the existing irrigation system at the site is pressurized, i.e., the water is 
distributed by sprinklers and public access cannot be restricted during irrigation, water that 
meets Title 22 treatment standards may be required. If so, a wetland may be preferred on 
that site. A summary of the assumed characteristics and BMP assumed to be applicable for 
each site is presented in Appendix M. 

4.9.4 Selected BMPs for Each Site 
A summary of the selected BMPs for each site is also presented in the table provided in 
Appendix M. Below is a discussion of the sites and methodologies employed for selecting 
suitable BMPs. Some of the preliminary sites were found to not be suitable for BMPs that 
could potentially reduce the bacterial exceedances.  

4.9.4.1 Sites with Good Infiltrating Soils 
As can be seen, two sites were found to be located in areas that, according to the County 
hydrology GIS, have good infiltrating soils with (P-11: South Beach Park; and P-23: Vista del 
Mar Park). All of the identified BMPs are applicable for these sites since they also are 
relatively flat and have large landscaped areas. Based on these observations, bioretention 
(BMP 1), infiltration trenches (BMP 4) or infiltration basins (BMP 5), dry wells (BMP 7), and 
pervious pavement (BMP 8) were preliminary selections for these sites. Further analysis of 
each of these sites is required to finalize the selected BMP (and all of the selected BMPs 
described in this subsection). For the purposes of this study, it was assumed that 
bioretention systems (BMP 1) and porous paving systems (BMP 8) would be constructed on 
these sites. A summary of the estimated costs and assumptions used for each of these sites 
with good infiltration is presented in Appendix N. 
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FIGURE 9 
Soil Infiltration Capabilities in Jurisdictions 2 and 3 
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4.9.4.2 Sites for Potential Subsurface Constructed Wetlands 
Three sites were also selected as potential sites for subsurface constructed wetlands (P-20: 
Will Rogers State Historic Park; P-40: Santa Ynez Canyon Park; and V-10: E. Grand Avenue 
and Illinois Street). For this study, it was assumed that 50 percent of the landscaped areas at 
these sites would be available for a wetland system. The system for Grand Avenue and 
Illinois Street would be relatively small because the site is not as large as the other two. Dry 
weather runoff may be available to maintain the system at Santa Ynez Canyon Park since 
large storm drain pipes are located in the Palisades Drive roadway and were observed to 
have appreciable annual dry-weather flow. It was not part of this study to determine if 
similar water resources are available at Will Rogers State Historic Park since this site is 
owned by the State of California Department of Parks and Recreation who opted out of 
participating in JG 2/3. A summary of the estimated costs and assumptions used for each of 
these potential wetlands sites is presented in Appendix O. 

4.9.4.3 Sites for Potential Cistern and Local Storage and Reuse Projects  
A total of 39 sites were selected as potential cistern and local storage and reuse projects. It 
was assumed that only landscaping at the sites would receive captured runoff. For those 
sites that have relatively large hardscaped areas, it was assumed that only runoff collected 
from the site would be captured. For those sites without hardscaping, it was assumed that 
runoff would be imported from nearby stormwater collection facilities. Information 
regarding the proximity of such facilities, however, was not available at the time of this 
study. A summary of the estimated costs and other assumptions used for each of these 
potential cistern sites is presented in Appendix P.  

As can be seen in Table P-1, most sites will accommodate an underground 100,000-gallon 
system at an estimated capital cost of approximately $1 million. The amount of wet weather 
runoff volume managed at each cistern system was also projected based on the following 
assumptions: 

• The rainfall data at LAX from January 1990 to December 2001 are representative of 
future rainfall patterns.  

• 90 percent of the runoff from hardscaped areas would be captured by cisterns/rain 
barrels (based on TreePeople’s Cistern Model) if volume is available in the cistern. 

• The captured runoff would be used for irrigation only. The cisterns/rain barrels would 
not be emptied other than to meet irrigation needs. 

• Irrigation would be initiated 2 days after a rainfall event with total rainfall greater than 
0.1 inch and stopped 1 day before a subsequent rainfall event. 

• It is assumed that the cisterns/rain barrels are emptied at a typical daily rate of 
irrigation for turf, which was estimated to be 2,300 gpd. This is an average demand for 
turf in the Los Angeles area calculated from recommendations prepared by the 
University of California Division of Agriculture and Natural Resources Cooperative 
Extension.  

• Irrigation would occur efficiently with negligible runoff. 
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Not all of the rainfall that is generated at the site can be used for irrigation. If the rainfall 
occurs when the cistern is full, it will be discharged to the local stormwater collection 
system. The effectiveness of a cistern is dependent on cistern size, hardscape area, landscape 
area, rainfall amount, and rainfall interval. The hardscape area and rainfall amount 
determines the rate at which the cistern fills, and the landscape area determines the rate at 
which the cistern empties. The duration between rainfall events reflects how full the cistern 
is before the rainfall event. The rainfall amount determines how full the cistern is after the 
rainfall event. The cistern size reflects how often the system reaches capacity and must route 
rainfall to the collection system.  

Therefore, the effectiveness of a cistern can be estimated based on past rainfall history. The 
percent effectiveness of each cistern size, landscape area, and hardscape area, was estimated 
based on the TreePeople Cistern Model and the daily rainfall data from January 1990 to 
December 2001 at the LAX rainfall gauge. Using this continuous simulation approach, the 
cistern size to capture all of the runoff from a specific site was estimated. If the calculated 
cistern size was more than 100,000 gallons, it was assumed that at least a 100,000-gallon 
cistern would be installed. The estimated runoff captured with the smaller cistern was then 
calculated and compared to the total runoff to calculate a percent effectiveness.  (In some 
cases, i.e., Sites P-22, P-33 and P-35, larger cistern sizes will be used, as noted on the 
corresponding fact sheets for each of these projects, included in Appendix R.)  

As can be seen in Table P-1, the estimated effectiveness ranged from 22 to 100 percent. Sites 
with a relatively large area of hardscaping and small area of landscaping (such as Site G-8: 
County Courthouse) have low effectiveness. This does not, however, indicate that a project 
at this site would not be beneficial since the amount of runoff captured at this site would be 
relatively large compared with the other sites. Importing runoff greatly increases the annual 
runoff captured at a site (e.g., at Site P-29: The Lakes at El Segundo Golf Course). Importing 
runoff at all of the sites could be considered to increase the runoff that would be captured. 
Filling the cistern with imported runoff from each rain event, however, would reduce the 
probability that storage volume will be available to capture runoff generated from the next 
rain event at the site.  

4.9.4.4 Sites for Potential Green Roof Projects  
A total of 14 sites were identified as being candidates for green roofs (see Appendix Q). The 
roof area for each site was roughly estimated based on site visits and review of aerial 
photographs. A unit cost of $144 per square foot was used to estimate the cost for each 
project (Peck). The runoff from the roof during a 0.45-inch target storm was estimated based 
on an assumed capture rate of 90 percent (see Appendix M). 

4.9.5 Subregional Structural Solutions Projects by Area 
A summary of the potential BMP projects at public sites by subwatershed is presented in 
Table 21.  

                                                      
4 This unit cost accounts only for the cost of installing the green roof material and appurtenances; it does not reflect any 
additional structural reinforcement that might be needed to sustain the additional weight of the green roof system. 
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4.9.6  Subregional Structural Solutions Projects by Commitment 
Level 

From the list of potential projects, each agency selected projects within its jurisdiction and 
assigned a level of commitment. These are shown in Table 22.  

For the projects listed as “Committed,” this indicates that the agency is either already 
implementing the programs or projects or is committed to pursue the implementation of the 
programs or projects. This commitment is made by the agency to execute those programs 
and projects, to the best of their ability, within its realm of authority and control. If a 
Committed project or program is determined to be infeasible or less effective then a 
substitute approach, then the agency will implement the substitute program or project to 
achieve the same objective. 

When a project is categorized as a “Pilot” project, this indicates that the agency intends to 
perform a pilot study or similar activity prior to considering full implementation. Piloting 
may involve a focused study or a single pilot scale project that will help determine the 
effectiveness and feasibility of the intended program or project. Where “Consider” is 
selected, this indicates that the agency will evaluate the program’s or project’s feasibility. 
Programs and projects that are listed under this category require further discussions to 
determine technical viability and implementability. 

The Committed and Pilot projects are further along in definition and planning than the 
Consider projects. A map of and individual fact sheets for each Committed and Pilot project 
are provided in Appendix R.  

4.10 Institutional Solutions by Agency  
As detailed in Section 4.2, institutional solutions are program-level activities that provide 
source control measures intended to prevent or reduce levels of bacteria or bacterial sources 
(e.g., garbage, trash, pet waste) from initially being picked up by runoff whether onsite, in 
the curb/street, or in the storm drain system. The current programs that are in place by the 
agencies of JG 2/3 to implement these BMPs and other source control measures are 
included in Table 23. These programs include public education and outreach, street 
maintenance, storm drain maintenance, land use planning and management, ordinances 
and codes, and enforcement. Following the current programs, additional institutional 
solutions that are included in each alternative considered in this Implementation Plan are 
identified. Also shown in Table 23 for each of the institutional solutions identified, the level 
of commitment by each agency is indicated as either “Committed,” “Pilot,” or “Consider.”  

4.11 Intra- and Interagency Coordination  
Coordination will be needed both within and among agencies to successfully execute these 
programs and projects. Such coordination can create opportunities, increase efficiency and 
effectiveness, and avoid agencies working at cross-purposes. For example, local codes that 
require diversion of stormwater from properties to street drainage systems will need to be 
modified so that projects are not handled with variances but rather are built into the codes 
with necessary protections from local flooding and for building structural integrity. Some 
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time will be needed to systematize these procedures as code and practice modifications. For 
example, close coordination with the City of Los Angeles’ Department of Building and 
Safety will be critical to accomplishing this. 

There are existing forums that may offer opportunity for local agencies to coordinate 
activities described in this Implementation Plan. In addition, the JG 2/3 agencies will 
continue to meet monthly to follow through with the commitments outlined in this Plan. It 
may also be necessary to establish new forums for coordination with the following 
departments and agencies: 

• LAUSD and other school districts 
• LAX to tie in institutional and subregional structural solutions into the airport expansion 

program 
• Metropolitan Water District of Southern California and the Los Angeles Department of 

Water and Power to coordinate pre-wet weather storm drain flushing with their 
distribution system and operations flushing programs 
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4.12 Summary of Institutional and Subregional 
Structural Solutions Projects by Agency 

Table 24 summarizes the commitments of each agency in JG 2/3 to institutional and 
subregional structural solutions for bacterial reduction in the Santa Monica Bay beaches. 
Caltrans’ intent is to participate jointly with other permittees in developing a basin-wide 
approach for addressing bacteria as well as other listed pollutants. Caltrans, however 
reserves the right to proceed independently to address the TMDL goals depending on the 
specific costs and implementation measures identified during the implementation process. 

4.12.1 Schedule of Institutional Solutions Implementation 
Initial institutional solutions that are identified in this report as Committed projects will be 
implemented by each jurisdiction within the first 4 years following approval of this 
Implementation Plan, enabling these strategies to be fully in effect by the first interim 
compliance milestone of 2009. 

The JG 2/3 agencies will implement a minimum of two initial Pilot programs within the first 
4 years (by 2009). Two additional Pilot programs will be implemented subsequently by year 
8 (2013). Those programs identified as Consider programs will be studied within the first 8 
years (by year 2013) and, if found to feasible, implemented by year 2021.This schedule for 
implementation of institutional solutions is summarized below in Table 25. Refinements to 
these institutional solutions will be conducted in Stage 2 of the Implementation Plan to 
incorporate findings.  

Institutional solutions programs will generally follow the project cycle described above in 
Section 4.4.3 and go through planning, preparation of as implementation plan, development 
of a pilot program and implementation phases. Each of these project phases is expected to 
take approximately one year. These programs will be prioritized to target the higher priority 
subwatersheds, i.e., those that drain to the more contaminated storm drains that are 
generally associated with high density land uses. The Implementation Plan that will be 
developed for each program will focus on what each specific agency is currently doing, how 
resources could be shifted to target these high priority drains initially, and what can be done 
to enhance activities in these subwatersheds.  

As these programs become better defined through the iterative, adaptive approach, specific, 
quantifiable performance measures will be identified and included in the respective 
program implementation plans. In addition, as baseline water quality monitoring results are 
obtained upstream in the watershed, institutional solutions can be honed to target specific 
locations where high bacterial contributions are found, and the implementation plan for the 
affected programs modified accordingly. These will be living documents that will be 
revisited by the JG 2/3 agencies annually.  

Figure 10 shows the schedule for each phase of each institutional solutions program. The 
agencies implementing the specific program will monitor the achievement of these timeline 
milestones, and report progress to the Regional Board through the MS4 annual permit 
report. Issues adversely impacting the schedule will be closely monitored and diligent 
efforts will be made to meet the committed plan. 
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4.12.2 Schedule of Subregional Structural Solutions Implementation 
Implementation of decentralized, structural BMPs consists of several steps: planning and 
coordination, design, permitting/environmental documentation, 
advertisement/bid/award/construction and O&M. The effectiveness of the system can then 
be determined from a combination of baseline and influent/effluent monitoring over the 
course of approximately 1 year. Depending on magnitude and complexity of these projects, 
the overall duration from developing the concept to assessing the project’s effectiveness can 
range from 2 to 5 years from inception. 

Of the 17 initial Committed subregional structural solutions projects, the agencies in JG 2/3 
will implement up to three projects per year, until they are completed in 8 years (by year 
2013). Of the eight Pilot projects identified, four will be completed in the first 4 years (by 
year 2009) and the other four by year 2013. The 45 subregional structural solutions projects 
that are listed as Consider will be studied for implementation by year 8 (by year 2013). 
Those that are found to be feasible will be implemented by year 2021. Refinements to these 
subregional structural solutions will be conducted in Stage 2 of the Implementation Plan to 
incorporate findings. 

In Figure 11, the implementation schedule indicates priority and timeline for Committed 
and Pilot projects for subregional structural solutions. Five of the 17 Committed projects are 
currently in the implementation phase and will be completed in fiscal year 2005/2006. Each 
planned project will go through planning, design, permitting/environmental 
documentation, and construction phases. It is estimated that each of these phases will take 
approximately 6 to 12 months, assuming the required staffing, funding, public approval, 
and permitting-related issues are resolved expeditiously. Any issues and unexpected 
conditions during these processes may ultimately impact the scheduled timeline and 
agencies may need to adjust timeframes as these arise. The Regional Board will be apprised 
of any significant impacts to the schedule, as well as project accomplishments, through the 
annual MS4 permit report. 

The priorities defined for the projects are set to initially target the watersheds that drain into 
the highest priority storm drains. As described in Section 4.4.2, these are in the following 
order of priority: Venice Beach, Santa Monica, Dockweiler, Pulga Canyon, and Santa Monica 
Canyon subwatersheds. Two projects, Del Rey Lagoon Park and Rustic Canyon Recreation 
Center, begin earlier than their priority watershed might indicate because there are 
coordination complexities that will take longer to sort through during the planning process. 

All of the 17 Committed projects are scheduled to be completed by 2013. The eight Pilot 
projects identified will proceed through the same planning, design, 
permitting/environmental documentation, and construction phases and will be completed 
by 2013. After completion of each of these projects, the O&M phase begins, as early as fiscal 
year 2006/2007 for the projects completed in fiscal year 2005/2006. However, there will be a 
data gap as monitoring results from the new projects identified under this Plan will not be 
available until 2010. It is during this O&M phase that the water quality impacts can be 
evaluated, and adjustments made to Implementation Plan. 

The iterative, adaptive process inherent in this Implementation Plan allows for 
consideration of the effectiveness of the institutional and subregional structural solutions 
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implemented in Stage 1 for the formulation of the Stage 2 projects. In addition, the results of 
baseline water quality data collected during Stage 1 can also be taken into account as Stage 2 
plans are made. Because of the uncertainties of rainfall patterns, there needs to be sufficient 
time (7 years for Stage 1) to allow for adequate assessment of the performance of these 
projects and programs. In addition, the data that served as the bases for the water quality 
analyses for these SMBB Bacteria TMDLs spanned from 1995-2000. Since then, there have 
been several programs and projects implemented by the participating JG 2/3 agencies, 
including SMURRF, several low flow diversions, increased public outreach and other MS4 
permit-related institutional programs, and some small structural solutions. These may be 
contributing to improving wet weather water quality, but the effects on the downstream 
SMBB Bacteria TMDL exceedance-day criteria are unknown at this time. 

By the time Stage 2 planning begins (2013), there will be much more information about the 
effectiveness of the projects and programs implemented thus far and “hot spots” will be 
identified upstream in the watersheds. Balancing the increased certainty from this 
information and increased efficiency from the experience of Stage 1 implementation with 
limitations of agency resources (funding, staff) and increased stakeholder involvement in 
generating and implementing projects that align with this compliance strategy, the rate of 
potential project implementation of subregional structural solutions is planned to double 
from a rate of two to three projects per year to a rate of five to six projects per year. 
Although this is an ambitious agenda, and one that is subject to the vagaries of stakeholder 
participation and intra-/interagency coordination, the JG 2/3 agencies are committed to 
investigating these Consider projects slated for Stage 2, and believe that, if found to be 
feasible, can be implemented by year 2021. If specific projects are not found to be feasible, 
alternate projects will be explored and adjustments to the Plan can be made as needed to 
optimize the selection of the types and locations of these projects. The 16 years ahead of us 
(from 2005 to 2021) provides sufficient time to plan resource allocations, obtain funding and 
develop and construct projects to ensure the successful completion of this Implementation 
Plan to meet the TMDL objectives. 

This schedule for implementation of institutional and subregional structural solutions is 
summarized in Table 25. 

A schedule for coordination with local school districts is also shown in Table 25. School 
districts are not subject to the requirements of this TMDL, but own public facilities that 
could offer opportunities for local solution implementation. 
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TABLE 25 
Project Commitments 

SMBB Bacteria TMDL Implementation Plan 

Project Type Commit Pilot Consider 

Institutional 6 programs 
identified  

Implement all 
programs by 2009 

4 programs identified 

Implement 2 programs by 2009 

Implement remaining 2 programs 
by year 2013 

3 programs identified 

Study all programs by 2009 

Implement feasible programs by 
year 2021 

Subregional 
Structural 
Solutions 

17 projects identified 

Implement 2 to 3 
projects per year by 
year 2013 

8 projects identified 

Implement 4 projects by 2009 

Implement remaining 4 projects by 
year 2013 

46 projects identified 

Study project for feasibility by 
2013 

Implement feasible projects by 
year 2021 

Schools N/A N/A 42 schools identified 

Study/coordinate with School 
Districts and develop schedule 
for implementation by year 2009 
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Appendix C 

Santa Monica Bay Beaches Dry Weather Bacteria TMDL 
Implementation Plan 

 
1.0 EXECUTIVE SUMMARY 
 
With the exception of isolated sewage spills, dry weather urban runoff conveyed by storm 
drains and creeks is the primary source of elevated bacterial indicator densities to Santa 
Monica Bay (SMB) beaches during dry weather. 
 

 Elevated bacterial indicator densities are causing impairment of the water contact recreation 
(REC-1) beneficial use at many SMB beaches. Swimming in waters with indicator densities 
has long been associated with adverse health effects. Specifically, local and national 
epidemiological studies compel the conclusion that there is a causal relationship between 
adverse health effects and recreational water quality, as measured by bacterial indicator 
densities. Henceforth, the California Regional Water Quality Control Board (RWQCB) 
listed the Santa Monica Bay Beaches as impaired for Bacteria (i.e., total coliform, fecal 
coliform, and eterococcus) under Section 303(d) of the Clean Water Act. 

 
  A consent decree between the United States Environmental Protection Agency (USEPA), 

Heal the Bay, and Santa Monica BayKeeper, the RWQCB was ordered to expeditiously 
implement total maximum daily load (TMDL) requirements for the Los Angeles region. One 
of the first TMDLs is for bacteria to the Santa Monica Bay beaches during dry weather 
(RWQCB, 2002) 

 
Joined by other municipal jurisdictions regulated under the TMDL, the County and the City 
of Los Angeles are well on the way of achieving compliance with the Santa Monica Bay 
Beaches Bacteria Dry Weather TMDL through an aggressive summer, dry weather storm 
drain diversion programs. These programs involved the construction of newly dry-weather 
low flow diversions for all problematic drains (identified in the Final Priority List of the 
Santa Monica Storm Drain Master Plan) discharging to Santa Monica Bay beach to be 
diverted to the wastewater collection system for treatment at the Hyperion Treatment Plant 
that provides secondary treatment. 
 
2.0 TMDL SUMMARY 

 
2.1  Background- TMDL Development History/TMDL Summary. 

 
The California State Water Resources Control Board identified and approved the 1998 
section 303 (d) of the Clean Water Act for the list of impaired water bodies within California. 
Of these, many of the beaches along Santa Monica Bay were included as impaired due to 
high coliform counts or because of beach closures generally associated with bacteria levels. 
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The beaches appeared on the 303 (d) lists because the elevated bacteria levels and beach 
closures prevented the full support of the beaches designated beneficial use for water 
contact recreation (REC-1).  
 
The revised Los Angeles Basin Plan Bacteriological Standards for marine waters designated 
for Water Contact Recreation (REC-1), identified as the “Numeric Targets” in the TMDL 
Document, are as follows: 
 
1. Rolling 30-day Geometric Mean Limits 

 
a. Total coliform density shall not exceed 1,000/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml. 
c. Enterococcus density shall not exceed 35/100 ml. 
 

2. Single Sample Limits for water contact 
 
a. Total coliform density shall not exceed 10,000/100 ml. 
b. Fecal coliform density shall not exceed 400/100 ml. 
c. Enterococcus density shall not exceed 104/100 ml. 
d. Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-total 
 coliform exceeds 0.1. 

   
2.2 TMDL Waste Load Allocations/allowable exceedance days 
 

In developing the TMDL, the Los Angeles RWQCB used a “reference system/anti-
degradation approach” for implementing the TMDL.  To ensure that the shoreline 
bacteriological water quality is at least as good as that of a largely undeveloped system and 
that there is no degradation of existing shoreline bacteriological water quality. This anti-
degradation approach was based on existing monitoring data to establish a baseline for 
compliance. Studying the monitoring data, the RWQCB chose the Arroyo Sequit Canyon 
and the beach to which it drains, Leo Carillo Beach, as the reference beach due to its 
primarily natural state (the most undeveloped subwatershed in the Santa Monica Bay 
watershed) and the availability of historical shoreline monitoring data for this system. 
 
Waste load allocations are expressed as the number of sample days at a shoreline 
monitoring site that may exceed the single sample targets identified under “Numeric 
Target.” Waste load allocations are expressed as allowable exceedance days because the 
bacterial density and frequency of single sample exceedances are the most relevant to public 
health protection. For each shoreline monitoring site and corresponding subwatershed, the 
allowable number of exceedance days is set for two time periods. These two periods are: 
 
1. Summer dry weather (April 1 to October 31), and 
2. Winter dry weather (November 1 to March 31). 
 
All responsible jurisdictions and responsible agencies within a subwatershed are jointly 
responsible for complying with the allowable number of exceedance days for each 
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associated shoreline monitoring site as identified in the attached Table 7-4.2a of the Santa 
Monica Bay Beaches Bacteria TMDL Implementation Schedule (Dry Weather Only). 
 
 
The allowable number of exceedance days for a shoreline monitoring site for each time 
period is based on the lesser of two criteria: 
 
(1) Exceedance days in the designated reference system and  
(2) Exceedance days based on historical bacteriological data at the monitoring site.  
 

2.3  TMDL Compliance Schedule. 
 
 The general compliance schedule includes two phases: 

 
Phase I: Compliance during Summer Dry Weather. Within three years of the effective date 
of this TMDL (By July 15, 2006), there may be no exceedances at any location during summer 
dry weather (April 1 to October 31).  

  Phase II: Compliance during Winter Dry Weather. Within six years of the effective date of 
this TMDL (By July 15, 2009), compliance with the allowable number of exceedance days 
during winter dry weather (November 1 to March 31) should be achieved. 
 

 
3.0 DRY WEATHER IMPLEMENTATION PLAN 
 

3.1 Implementation Plan Approach 
 
The TMDL compliance target could be more achievable by diverting storm drain flows into 
treatment plants; eliminating illicit discharges; controlling and/or reducing sources of 
bacteria (including groundwater sources), or implementing “end of – pipe” treatment. 
 
Our TMDL compliance approach would be achieved by diverting dry-weather (low flow) 
urban runoff from storm drains, as identified in the Final Priority List of the Santa Monica 
Storm Drain Master Plan (See Figure 1 for locations) to the wastewater collection system for 
treatment at the Hyperion Treatment Plant that provides secondary treatment. 
 
A summary of the constructed and under design low flow diversion projects located within 
the JG 2/3 agencies is presented in Table 1. As shown in the referenced table, the County 
and the City of Los Angeles are well on the way to achieving this goal through this 
aggressive summer, dry weather storm drain diversion programs. Thus far ten (10) of 27 
major storm drains have been diverted, seven (7) are under design or construction, yet to be 
diverted, and two (2) storm drains to be diverted are being planned. This leaves eight (8) 
major drains discharging to Santa Monica Bay beaches. These eight (8) drains will be 
addressed by jurisdictions J5 and J6.  
 
Please note that under the “Design or Construction Low Flow Diversion listings” as 
presented in Table 1, the drains named Ashland Avenue and Rose Avenue were initially 
planned as one drain named “Ashland Avenue and Rose Avenue” and it was identified as 
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drain no. 13 (see the attached Table 14 of the Santa Monica Bay Bacteria TMDL Staff Report). 
Originally, one low flow diversion project was being proposed at drain no. 13 and this low 
flow diversion project was being designed to transport low flows from Project 46, at Rose 
Avenue, to Project 7401, at Ashland Avenue, and then from Project 7401 to a nearby sewer 
line.  However, due to some design concerns, a decision was made to divide this project into 
two (2) separate low flow diversion projects located at Ashland Avenue and Rose Avenue, 
respectively. Table 1 refers to these proposed low flow projects as Ashland Avenue, with 
drain no. 13, and Rose Avenue, with drain no. 14.  Therefore, the original 27 priority drains 
identified in Table 14, of the Santa Monica Bay Bacteria TMDL, has technically been 
increased to 28 priority drains since drain no. 13 has been split into drain no. 13 and 14. 

 
 

Table 1 
Low Flow Stormdrain Diversions to CIS in the Coastal Sewershed 

No. Drain 
Average 

Flow 
(MGD) 

Drain 
Owner1 

Lead 
Agency1 

Construction 
Completion Date 

 Completed Projects         

1 
SMURF(Treats Pico Kenter and 
Santa Monica Pier Drains diverted 
flows) 

0.77 LAC CLA, SM 1-Oct-2001 

2 Playa del Rey 0.23 LAC LAC 15-Apr-2001 

3 Thornton Avenue 0.13 CLA CLA 22-Jun-1999 

4 Bay Club Drive 0.13 CLA CLA 24-Jan-2001 

5 Palisades Park 0.62 CLA CLA 28-Nov-2000 

6 Santa Monica Canyon 2.71 LAC CLA 10-Jun-2003 

7 
Venice Pavilion 

(Windward Ave Pump Station) 
0.08 LAC CLA 10-Jun-2003 

8 Temescal Canyon 0.78 LAC CLA 23-Jun-2003 

9 Imperial Highway 0.05 LAC CLA 29-Jun-2003 

10 Pulga Canyon 0.29 LAC LAC2 30-April-2004 

 Under Design or Construction     

1 Castle Rock/Parker Canyon 0.17 LAC LAC2 1-Sep-2004 

2 North Westchester  0.29 LAC LAC2 1-Sep-2004 

3 Santa Ynez Canyon 1.84 LAC LAC2 1-Dec-2004 

4 Ashland Avenue 0.10 LAC LAC2 31-Dec-2004 

5 Rose Avenue 0.29 LAC LAC2 31-Dec-2004 

6 Brooks Avenue 0.29 LAC LAC2 31-Dec-2004 
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Table 1 
Low Flow Stormdrain Diversions to CIS in the Coastal Sewershed 

7 Marquez Avenue 0.29 CLA CLA 30-Apr-2005 

 Future Projects     

1 Montana Avenue4 0.1 LAC SM3 1-Oct-2005 

2 Wilshire Boulevard4 0.17 LAC SM3 1-Oct-2005 

 TOTAL DRY WEATHER FLOW 
DIVERTED TO CIS 9.33 

Notes: 

1.  CLA = City of Los Angeles; LAC = Los Angeles County; SM = City of Santa Monica 

2.  CLA will coordinate the implementation of the project(s) with LAC. 

3.  100% of the drainage areas are within SM. 

4.  Average flow shown is estimated. 

 

 
4.0 OPERATION AND MAINTENANCE PROGRAM 
 

The Agencies have developed an Operation and Maintenance Program to ensure that 
these completed Low Flow Diversion Structures are properly maintained, repaired, 
upgraded, and inspected and will develop the same Operation and Maintenance 
Program for the remaining planned and /or under design Low Flow Diversion 
Structures. 

 
5.0 CONCLUSION AND RECOMMENDED IMPLEMENTATION 

PLAN 
 

Dry weather urban runoff from the Coastal Sewershed is (or will be) diverted through 
low flow diversions to the Coastal Interceptor Sewer (CIS) for treatment at Hyperion. A 
summary of existing and planned low flow diversions within the Santa Monica Bay 
beaches has been presented in this report. The total flow planned for dry weather 
diversion to Hyperion via the CIS by the end of 2005 is 9.33 MGD. The low flow 
diversions are (and will be) temporarily closed during wet weather conditions. 
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Figure 1 – Santa Monica Bay Beaches Low Flow Diversions in JG2/3 
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Appendix L 
Existing Institutional Programs  
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Appendix N 
Summary of Estimated Costs and Assumptions for Sites with 

Good Infiltration 
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Table N-1 

Preliminary BMP Sizing and Cost Estimate for  Public Sites with Good Soil Infiltration 

Seq. 
No. Site Name 

Est Hard 
Area 
(ft2) 

Est 
Runoff 
(gal)2 

Est 
Porous 

Pave 
(ft2)3 

Est Pave 
Cost 4 

Bioretention 
Flow 
(gal)5 

Bioretention 
Cost6 

Est Totals 
Cost7 

G-12 J. Paul Getty Museum 202,000 51,005 0 -- 51,005 $51,005 $75,000 

P-11 South Beach Park 73,616 18,588 73,616 $957,013 3,718 $3,718 $1.5 Mill 

P-23 Vista del Mar Park 34,848 8,799 34,848 $453,024 1,760 $1,760 $0.75 Mil 

Notes: 

1 It was assumed that all of the hardscaped area was paved. 

2 The runoff from the roof during a 0.45-inch target storm was estimated based on an assumed capture rate of 90 percent. 

3 The Getty hardscape area is almost all rooftop 

4 The estimated unit cost of $13/SF was developed in TM 6. 

5 It was assumed that bioretention would be used to handle runoff that comes from the porous pavement.  It was assumed that 
the pavement would be 80 percent effective in eliminating runoff.  This estimate is based on engineering judgment and must be 
studied further. 

6 An estimated cost of $1.00 per gallon of runoff handled was assumed based on Brown and Schueler (1997).  

7 A 50 percent factor was added to the costs to account for engineering and contingencies and the costs were rounded. 
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Appendix O 
Summary of Estimated Costs and Assumptions for Sites with 

Wetlands 
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Table O-1 

Preliminary Sizing and Cost Estimate for Constructed Subsurface Wetlands on Public Sites 

Seq. 
No. Site Name Topography 

Area Native 
(acres) 

Assumed 
Wetlands 

Area 
(Acres)1 

Estimated 
Flowrate 
(mgd) 2 

Estimated 
Cost 

($Mil) 3 

P-20 Will Rogers State 
Historic Park 

mixed 34 17 5.7 1.1 

P-40 Santa Ynez Canyon 
Park 

mixed, steep/flat 45 23 7.5 1.5 

V-10 E. Grand Ave & Illinois 
St. 

flat 2 1 0.4 0.1 

Notes: 

1 It was assumed that half of the native plant area could be used to construct a wetlands 

2 Based on TM 6, it was assumed that a flowrate of 0.33 mgd/acre of wetlands could be sustained.   

3 An estimated cost of $0.2 Mil/mgd was developed in TM 6. 

 

 

 

 

RB-AR43083



 

W122004001LACSCO/APPENDIXES.DOC/043520003   
JUNE 10, 2005  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix P 
Summary of Estimated Costs and Assumptions 

for Sites with Cisterns 
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Table P-1 

Preliminary Sizing and Cost Estimate for Cisterns on  Public Sites 

Seq. 
No. Site Name 

Area 
Landscaped 

(Acres) 

Area 
Hard 
(ft2) 

Total 
Runoff 
(gal)1 

Cistern to 
Capture All 

Runoff 
(gal)2 

Assumed 
Cistern Size 

(gal) 

Estimated 
Cistern 
Cost3 

Total 
Runoff 

Captured4 

Annual 
Runoff 

Captured % Captured 

G-7 Santa Monica City Hall 1.1 45,738 4,324,571 528,173 100,000 $1 Mil 2,771,298 251,936 64% 

G-8 County Courthouse 2.3 294,030 27,800,813 10,569,789 100,000 $1 Mil 6,145,127 558,648 22% 

G-9 Santa Monica Civic Auditorium 1.4 143,312 13,550,322 3,532,186 100,000 $1 Mil 4,344,223 394,929 32% 

G-14 Loyola Village Branch Library 3.4 145,926 13,797,440 1,709,308 100,000 $1 Mil 6,027,522 547,957 44% 

G-16 El Segundo City Hall 1.0 43,560 4,118,639 513,537 100,000 $1 Mil 2,646,922 240,629 64% 

P-2 Clover Park 10.8 117,612 11,120,325 871,638 100,000 $1 Mil 6,724,639 611,331 60% 

P-3 Virginia Avenue Park 5.3 40,511 3,830,334 289,329 100,000 $1 Mil 3,334,377 303,125 87% 

P-4 Schader and/or Park Dr. Park4 4.8 - - - 100,000 $1 Mil 9,279,580 843,598 - 

P-6 Douglas Park 3.5 82,328 7,784,228 707,953 100,000 $1 Mil 4,927,941 447,995 63% 

P-7 Memorial Park 9.0 98,446 9,308,124 729,869 100,000 $1 Mil 6,084,533 553,139 65% 

P-8 Marine Park 6.8 15,463 1,462,041 84,492 85,000 $0.9  Mil 1,462,041 132,913 100% 

P-9 Los Amigos Park 6.6 15,028 1,420,930 82,116 85,000 $0.9  Mil 1,420,930 129,175 100% 

P-10 Ocean View Park 0.4 17,424 1,647,456 205,415 100,000 $1 Mil 1,427,548 129,777 87% 

P-15 Joslyn Park 2.2 31,581 2,986,013 238,881 100,000 $1 Mil 2,637,637 239,785 88% 

P-16 Mary Hotchkiss Park4 2.9 - - - 100,000 $1 Mil 7,721,570 701,961 - 

P-17 Crescent Bay Park4 4.4 - - - 100,000 $1 Mil 9,014,620 819,511 - 

P-18 Christine Emerson Reed Park 5.6 60,984 5,766,095 451,960 100,000 $1 Mil 4,490,095 408,190 78% 

P-21 Del Rey Lagoon Park 3.8 18,513 1,750,422 122,712 100,000 $1 Mil 1,720,904 156,446 98% 

P-22 Westchester Golf and Recreation Center 20.1 97,139 9,184,565 642,766 100,000 $1 Mil 6,426,635 584,240 70% 

P-29 The Lakes at El Segundo Golf Course4 14.7 - - - 100,000 $1 Mil 11,790,560 1,071,869 - 

P-30 Constitution Park4 7.0 - - - 100,000 $1 Mil 10,209,160 928,105 - 

P-31 Westminster Park4 3.2 - - - 100,000 $1 Mil 8,031,100 730,100 - 

P-32 Oakwood Recreation Center 4.1 44,431 4,201,012 329,147 100,000 $1 Mil 3,534,812 321,347 84% 
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Table P-1 

Preliminary Sizing and Cost Estimate for Cisterns on  Public Sites 

Seq. 
No. Site Name 

Area 
Landscaped 

(Acres) 

Area 
Hard 
(ft2) 

Total 
Runoff 
(gal)1 

Cistern to 
Capture All 

Runoff 
(gal)2 

Assumed 
Cistern Size 

(gal) 

Estimated 
Cistern 
Cost3 

Total 
Runoff 

Captured4 

Annual 
Runoff 

Captured % Captured 

P-33 Penmar Recreational Park 11.5 125,453 11,861,680 929,885 100,000 $1 Mil 6,967,423 633,402 59% 

P-34 Barrington Recreation Center 1.2 13,068 1,235,592 96,849 100,000 $1 Mil 1,235,592 112,327 100% 

P-35 Rustic Canyon Recreation Center 5.9 283,140 26,771,153 3,470,468 100,000 $1 Mil 8,367,362 760,669 31% 

P-37 Temescal Canyon Park 2.7 39,204 3,706,775 296,756 100,000 $1 Mil 3,151,398 286,491 85% 

V-1 Between Clover Park and Santa Monica 
Airport 

5.8 27,878 2,635,929 184,254 100,000 $1 Mil 2,441,143 221,922 93% 

V-7 Sepulveda Blvd and E Grand Ave4 0.7 - - - 100,000 $1 Mil 3,823,650 347,605 - 

V-8 E. Imperial Hwy & California St.4 2.6 - - - 100,000 $1 Mil 7,384,080 671,280 - 

Notes: 

1 The total runoff is the amount of runoff captured at the site in the 11-year study period. 

2 This is the estimated volume to capture and reuse of the runoff generated at the site without returning runoff to the collection system. 

 Approach for Cistern Analysis. 

 Used the rainfall data at LAX from January 1990 to December 2001. 

 There were 658 rain events during this period.  The average rainfall was 15.3 inches per year. 

 Of these events, 375 were very small (0.00 to 0.1 inches of total rainfall).  These events were deleted from the database. 

 The largest was 3.5 inches on 3 January 1995. 

 It was assumed that 90 percent of the rain falling onto a roof would be captured (per TREE people web site information). 

 It was assumed that irrigation would be stopped one day before a storm and could be started 2 days after a storm. 

 The assumed irrigation demand was 2,300 gallons/day per acre for turf.  This is an average demand calculated from recommendations prepared by the UC 
Ag Extension. 

3 A cost of $1 Mil per project was developed for TM 9. 

4 Runoff captured during the study period for the assumed cistern size.  Some would be used on the landscape during the study period and some  would be in 
the cistern at the end of the period. 

5 This site has no hardscaped area.  Runoff would be imported.  The theoretical amount that could be irrigated during the study period is calculated. 
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Appendix Q 
Summary of Estimated Costs and Assumptions 

for Green Roofs 
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Table Q-1 

Preliminary Sizing and Cost Estimate for Green Roofs on Public Sites 

Seq. 
No. Site Name 

Rooftop 
Area 
(ft2) 

Roof Cost 
($)2 

Estimated 
Runoff 
(gal)3 

G-1 Santa Monica Fire Station #5 4,000 $56,000 1,010 

G-2 DMV 18,000 $252,000 4,545 

G-3 St. John's Hospital and Health Center 67,500 $945,000 17,044 

G-4 Santa Monica Fire Stations #3 and #4 6,000 $84,000 1,515 

G-5 Santa Monica - UCLA Hospital 135,000 $1,890,000 34,088 

G-6 Post Office 30,000 $420,000 7,575 

G-10 Main Library 11,000 $154,000 2,778 

G-11 Santa Monica Fire Headquarters Station #1 31,000 $434,000 7,828 

G-13 LAFD Station #5 6,700 $93,800 1,692 

G-15 Post Office 8,100 $113,400 2,045 

G-17 LAFD Fire Station #63 10,000 $140,000 2,525 

G-19 Post Office 5,000 $70,000 1,263 

G-20 LAFD Fire Station #69 10,000 $140,000 2,525 

G-21 LAFD Fire Station #23 10,000 $140,000 2,525 

Notes: 

1 The roof area for this site is minimal.  An area of 1,000 ft2 was assumed. 

2 A cost of $14 per square foot was assumed.  This is based on data provided at 
www.stormwatercenter.net (CWP SITE) and www.greenroofs.org 

3 The runoff from the roof during a 0.45-inch target storm was estimated based on an 
assumed capture rate of 90 percent. 
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Appendix R 
Committed and Pilot  

Subregional Project Fact Sheets 
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Fact Sheet: Subregional Project 
Site ID G-21 
Site Name Fire Station #2 
BMP Infiltration Pit, Permeable Pavers 
Site Type City Govt 
Subwatershed Santa Monica  
Address 222 Hollister Ave at 2nd Street, Santa Monica 
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Public 
Estimated Project Footprint TBD 
IWRA Criteria Achieved  o Addresses multiple pollutants 
Tentative Start and End Dates Expected Completion FY 05-06 
Brief Project Description 
(including type of runoff 
control) 

An infiltration pit and/or pervious pavement will be installed at this site.  
Site specific project data has not been developed at this time. 

Map of project location 
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Fact Sheet: Subregional Project 
Site ID G-10 
Site Name Main Library 

BMP Cistern/Rain barrel and Local Storage and Reuse 

Site Type City Govt 
Subwatershed Santa Monica  
Address 7th Street and Santa Monica Blvd. 
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Public, Commercial 
Estimated Project Footprint TBD 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, 
recycled water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including 
groundwater infiltration, at multiple points throughout the 
watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates Expected Completion FY 05-06 
Brief Project Description (including 
type of runoff control) 

A cistern would be installed to irrigate the landscaped portion of 
this site.  An infiltration BMP may also be installed here. 

Map of project location 
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Fact Sheet: Subregional Project 
Site ID P-2 
Site Name Clover Park  

BMP Infiltration 

Site Type Public Park  
Subwatershed Santa Monica  
Address Ocean Park & 25th St, Santa Monica 90405 
Commitment Level  Committed 
Estimated Drainage Area  17,612 Sq Ft 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Inland Parks 
Estimated Project Footprint TBD 

IWRA Criteria Achieved  o Addresses multiple pollutants 
 

Tentative Start and End Dates Expected Completion FY 05-06 
Brief Project Description 
(including type of runoff 
control) 

An infiiltration BMP will be installed at this site. 

Map of project location 
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Fact Sheet: Subregional Project 
Site ID P-3 
Site Name Virginia Avenue Park  

BMP Cistern/Rain barrel and Local Storage and Reuse 

Site Type Public Park  
Subwatershed Santa Monica  
Address Pico Blvd & 22nd St, Santa Monica 90404 
Commitment Level  Committed 
Estimated Drainage Area  40,511 Sq Ft 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Inland Parks 
Estimated Project Footprint TBD 

IWRA Criteria Achieved  o Addresses multiple pollutants 
 

Tentative Start and End Dates Expected Completion FY 05-06 
Brief Project Description 
(including type of runoff 
control) 

An infiltration BMP will be installed on this site. 

Map of project location 
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Fact Sheet: Subregional Project 
Site ID G-31 
Site Name Big Blue Bus Phase I 
BMP Infiltration Pit 
Site Type Gov’t Facility 
Subwatershed Santa Monica  
Address 1660 7th Street, Santa Monica 90404 
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Transportation Facility 
Estimated Project Footprint TBD 
IWRA Criteria Achieved  o Addresses multiple pollutants 
Tentative Start and End Dates Expected Completion FY 05-06 
Brief Project Description 
(including type of runoff 
control) 

A infiltration pit will be installed at this site.  Site specific project data has 
not been developed at this time. 
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Fact Sheet: Subregional Project 
Site ID P-41 
Site Name Venice Beach Boardwalk 
BMP Perforated Culvert 
Site Type Public Park  
Subwatershed Venice Beach  
Address Ocean Front Walk, Venice,  CA 90291  
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed 100,000 Gallons / Rain Event 
Land Use(s) Targeted Beach Parks 
Estimated Project Footprint 10,000 Sq Ft 
IWRA Criteria Achieved  o Addresses multiple pollutants 
Tentative Start and End Dates FY 05-06 through FY 08-09 

Brief Project Description 
(including type of runoff 
control) 

A 48-inch diameter perforated culvert would be installed to store 
collected runoff for subsequent infiltration.  The footprint is based on 
1,000 feet of culvert and a total project width of 10 feet.  The runoff 
managed is per rain event. 
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Fact Sheet: Subregional Project 
Site ID P-31 
Site Name Westminster Park (dog park) 

BMP Cistern/Rain Barrel and Local Storage and Reuse 

Site Type Public Park 
Subwatershed Santa Monica  
Address Neilson Wy & Westminster Ave, Venice 90291 
Commitment Level  Committed 
Estimated Drainage Area  0 
Estimated Runoff Managed 730,100 Gallons/Year 
Land Use(s) Targeted Inland Parks 
Estimated Project Footprint 1,350 Sq Ft  

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 05-06 through FY 08-09 
Brief Project Description 
(including type of runoff 
control) 

A 100,000 gallon cistern would be installed to irrigate the landscaped 
portion of this site.  Since it does not have paved areas, runoff would be 
conveyed to the cistern from the local stormwater collection system. 

Map of project location 
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Fact Sheet: Subregional Project 
Site ID P-33 
Site Name Penmar Recreational Park & Golf Course 

BMP Cistern/Rain Barrel and Local Storage and Reuse 

Site Type Public Park 
Subwatershed Santa Monica  
Address Rose Ave & Penmar Ave, Los Angeles 90291 
Commitment Level  Committed 
Estimated Drainage Area  125,453 Sq Ft 
Estimated Runoff Managed  TBD 
Land Use(s) Targeted Golf Course, Inland Parks 
Estimated Project Footprint 2,700 Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 06-07 through FY 09-10 
Brief Project Description 
(including type of runoff 
control) 

A 200,000 gallon cistern would be installed to irrigate the landscaped 
portion of this site. 
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Fact Sheet: Subregional Project 
Site ID P-32 
Site Name Oakwood Recreation Center  

BMP Cistern/Rain Barrel and Local Storage and Reuse 

Site Type Public Park 
Subwatershed Santa Monica  
Address California Ave & 7th St, Venice 90291 
Commitment Level  Committed 
Estimated Drainage Area  44,431 Sq Ft 
Estimated Runoff Managed 321,347 Gallons/Year 
Land Use(s) Targeted Inland Parks 
Estimated Project Footprint 1,350 Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 06-07 through FY 09-10 
Brief Project Description 
(including type of runoff 
control) 

A 100,000 gallon cistern would be installed to irrigate the landscaped 
portion of this site. 

Map of project location 
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Fact Sheet: Subregional Project 
Site ID P-22 
Site Name Westchester Golf and Recreation Center 

BMP Cistern/Rain Barrel and Local Storage and Reuse 

Site Type Public Park 
Subwatershed Dockweiler 
Address Lincoln Blvd & W Manchester Ave, Los Angeles 90045 
Commitment Level  Committed 
Estimated Drainage Area  97,139 Sq Ft 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Public, Inland Parks, Natural Open Space 
Estimated Project Footprint 2,700 Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 06-07 through FY 09-10 
Brief Project Description 
(including type of runoff 
control)) 

A 200,000 gallon cistern would be installed to irrigate the landscaped 
portion of this site. 

Map of project location 

 
 

RB-AR43109



 
 

 Site Photos  
 

 

 

 

 
 

 
 

RB-AR43110



Fact Sheet: Subregional Project 
Site ID P-21 
Site Name Del Rey Lagoon Park 

BMP Cistern/Rain Barrel and Local Storage and Reuse 

Site Type Public Park 
Subwatershed Dockweiler 
Address Pacific Avenue & Convoy St., Marina Del Ray 90292 
Commitment Level  Committed 
Estimated Drainage Area  18,513  Sq Ft 
Estimated Runoff Managed 156,446 Gallons/Year 
Land Use(s) Targeted Inland Parks 
Estimated Project Footprint 1,350  Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled water, 
and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 07-08 through FY 11-12 
Brief Project Description 
(including type of runoff 
control) 

A 100,000 gallon cistern would be installed to irrigate the landscaped 
portion of this site. 

Map of project location 
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Fact Sheet: Subregional Project 
Site ID P-35 
Site Name Rustic Canyon Recreation Center  

BMP Cistern/Rain Barrel and Local Storage and Reuse 

Site Type Public Park 
Subwatershed Pulga Canyon  
Address Ocean Front Walk, Venice,  CA 90291  
Commitment Level  Committed 
Estimated Drainage Area  283,140  
Estimated Runoff Managed TBD  
Land Use(s) Targeted Commercial 
Estimated Project Footprint 4,,050 Sq. Ft.  

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 07-08 through FY 11-12 
Brief Project Description 
(including type of runoff 
control) 

A 300,000 gallon cistern would be installed to irrigate the landscaped 
portion of this site. 
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Fact Sheet: Subregional Project 
Site ID P-17 

Site Name Crescent Bay Park-Green Beach Parking Lot 

BMP Infiltration 

Site Type Public Park  
Subwatershed Santa Monica  
Address Bicknell Ave & Ocean Front Walk, Santa Monica 
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Beach Parks, Inland Parks 
Estimated Project Footprint TBD 
IWRA Criteria Achieved  o Addresses multiple pollutants 
Tentative Start and End Dates FY 07-08 through FY 10-11 
Brief Project Description 
(including type of runoff 
control) 

An infiltration BMP will be installed at this site. 
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Fact Sheet: Subregional Project 
Site ID G-17 
Site Name Big Blue Bus Phase II 
BMP Infiltration Pits 
Site Type Gov’t Facility 
Subwatershed Santa Monica  
Address 1660 7th Street, Santa Monica 90404 
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Transportation Facility 
Estimated Project Footprint TBD 
IWRA Criteria Achieved  o Addresses multiple pollutants 
Tentative Start and End Dates FY 08-09 through FY 11-12 
Brief Project Description 
(including type of runoff 
control) 

An infiltration basin will be installed to store and infiltrate collected 
runoff from the site.  Site specific project data have not been developed at 
this time. 
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Fact Sheet: Subregional Project 
Site ID P-44 
Site Name Memorial Park Expansion 
BMP Bioretention, Infiltration Trench or Basin, Dry Well, Pervious Pavement 
Site Type Public Park  
Subwatershed Santa Monica  
Address Colorado Ave & 14th Street, Santa Monica 
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Inland Parks 
Estimated Project Footprint TBD 

IWRA Criteria Achieved  o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 08-09 through FY 11-12 
Brief Project Description 
(including type of runoff 
control) 

A bioretention pond, an infiltration trench or basin, a dry well, and 
pervious pavement will be installed at this site.  Site specific project data 
has not been developed at this time. 
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Fact Sheet: Subregional Project 
Site ID G-20 
Site Name Civic Center Village Housing Project 
BMP Infiltration, Storage/Reuse, or Permeable Pavers 
Site Type - 
Subwatershed Santa Monica  
Address Pico Blvd & 4th street, Santa Monica 90404 
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted MFR 
Estimated Project Footprint TBD 

IWRA Criteria Achieved  
o Focuses on beneficial re-use of stormwater, including groundwater 

infiltration, at multiple points throughout the watershed 
o Addresses multiple pollutants 

Tentative Start and End Dates FY 09-10 through FY 12-13 
Brief Project Description 
(including type of runoff 
control) 

Infiltration, local storage and reuse or pervious pavement will be 
installed at this site.  Site specific project data has not been developed at 
this time. 
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Fact Sheet: Subregional Project 
Site ID G-19 
Site Name Civic Center Parking Structure 
BMP Separation-Screening, Inserts 
Site Type Government Building  
Subwatershed Santa Monica  
Address Pico Blvd & 4th street, Santa Monica 90404 
Commitment Level  Committed 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Commercial, Public 
Estimated Project Footprint TBD 

IWRA Criteria Achieved  o Addresses multiple pollutants 
 

Tentative Start and End Dates FY 09-10 through FY 12-13 
Brief Project Description 
(including type of runoff 
control) 

Screening, separation and catch basin inserts will be installed at this site. 
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Fact Sheet: Subregional Project 
Site ID P-42 

Site Name Major street to be retrofitted 

BMP Tree Wells 

Site Type Public RW 

Subwatershed Santa Monica 

Address Grand Ave., Santa Monica 

Commitment Level  Pilot 

Estimated Drainage Area  TBD 

Estimated Runoff Managed TBD 

Land Use(s) Targeted Public 

Estimated Project Footprint TBD 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 05-06 through FY 08-09 
Brief Project Description 
(including type of runoff control) 

The tree wells in areas with good infiltration will be used to retain 
and infiltrate runoff.  

Map of project location 
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Fact Sheet: Subregional Project 
Site ID P-43 
Site Name Major street to be retrofitted 
BMP Sunken Median 
Site Type Public RW 
Subwatershed Dockweiler 
Address Imperial Hwy., El Segundo 
Commitment Level  Pilot 
Estimated Drainage Area  TBD 
Estimated Runoff Managed TBD 
Land Use(s) Targeted Public 
Estimated Project Footprint TBD 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 05-06 through FY 08-09 
Brief Project Description 
(including type of runoff 
control) 

The mediums in areas with good infiltration will be used to retain and 
infiltrate runoff. 
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Fact Sheet: Subregional Project 
Site ID G-33 
Site Name Storm Water Station #18 
BMP Cistern/Rain barrel 
Site Type Gov't Facility 
Subwatershed Dockweiler 
Address 600 S Sepulveda Blvd., El Segundo 90245 
Commitment Level  Pilot 
Estimated Drainage Area  0 
Estimated Runoff Managed 7,911,130 Gallons / Year 
Land Use(s) Targeted - 
Estimated Project Footprint 1350 Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, storm water, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of storm water, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 05-06 through FY 08-09 

Brief Project Description 
(including type of runoff 
control) 

A cistern would be installed to irrigate the landscaped portion of this site.  
Since it does not have paved areas, runoff would be conveyed to the 
cistern from the local stormwater collection system.  The site is about 620 
feet by 450 feet.  It was assumed that half of the site would be available 
for landscape irrigation. 
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Fact Sheet: Subregional Project 
Site ID G-32 
Site Name Storm Water Station #17 
BMP Cistern/Rain Barrel 
Site Type Gov't Facility 
Subwatershed Dockweiler 
Address 1015 E. Imperial Ave., El Segundo 90245 
Commitment Level  Pilot 
Estimated Drainage Area  0 
Estimated Runoff Managed 4,840,548 Gallons / Year 
Land Use(s) Targeted - 
Estimated Project Footprint 1350 Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 06-07 through FY 09-10 

Brief Project Description 
(including type of runoff 
control) 

A cistern would be installed to irrigate the landscaped portion of this site.  
Since it does not have paved areas, runoff would be conveyed to the 
cistern from the local stormwater collection system.  The site is about 850 
feet by 110 feet.  It was assumed that half of the site would be available 
for landscape irrigation. 
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Fact Sheet: Subregional Project 
Site ID P-29 
Site Name The Lakes at El Segundo Golf Course 

BMP Cistern/Rain Barrel and Local Storage and Reuse 

Site Type Public Park  
Subwatershed Dockweiler 
Address S Sepulveda Blvd., El Segundo 90245 
Commitment Level  Pilot 
Estimated Drainage Area  0 Sq Ft 
Estimated Runoff Managed 1,071,869 Gallons/Year 
Land Use(s) Targeted Golf Course 
Estimated Project Footprint 1,350 Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 07-08 through FY 10-11 

Brief Project Description 
(including type of runoff 
control) 

A cistern would be installed to irrigate the landscaped portion of this site.  
Since it does not have paved areas, runoff would be conveyed to the 
cistern from the local stormwater collection system. 
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Fact Sheet: Subregional Project 
Site ID P-20 
Site Name Will Rogers State Historic Park 

BMP Subsurface Constructed Wetland 

Site Type Public Park  
Subwatershed Pulga, SMC,& Castlerock 
Address Will Rogers State Park Rd & Sunset Blvd, Pacific Palisades 90272 

Commitment Level  Pilot  
Estimated Drainage Area  0 
Estimated Runoff Managed 5.7 MGD 
Land Use(s) Targeted Natural Open Space 

Estimated Project Footprint 750,000 Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 07-08 through FY 10-11 

Brief Project Description 
(including type of runoff control) 

A subsurface wetlands would be installed to treat runoff conveyed to 
the cistern from the local stormwater collection system. It was assumed 
that 50 percent of the estimated landscaped or native plant area would 
be available for the system and that it would treat about 0.33 mgd per 
acre. 
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Fact Sheet: Subregional Project 
Site ID P-37 
Site Name Temescal Canyon Park  

BMP Cistern/Rain Barrel and Local Storage and Reuse 

Site Type Public Park  
Subwatershed Pulga Canyon  

Address 15600 block Sunset Blvd, Pacific Palisades 90272 and also along both sides 
of Temescal Canyon Rd 

Commitment Level  Pilot 
Estimated Drainage Area  39,204  
Estimated Runoff Managed 286,491 Gallons/Year 
Land Use(s) Targeted Natural Open Space 
Estimated Project Footprint 1350 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled 
water, and potable water needs and systems 

o Focuses on beneficial re-use of stormwater, including groundwater 
infiltration, at multiple points throughout the watershed 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 09-10 through FY 12-13 
Brief Project Description 
(including type of runoff 
control) 

A 100,000 gallon cistern would be installed to irrigate the landscaped 
portion of this site. 

Map of project location 

 

RB-AR43137



 
 

 Site Photos  
 

 

 

 

 

 

 

RB-AR43138



 

Fact Sheet: Subregional Project 
Site ID P-40 
Site Name Santa Ynez Canyon Park 

BMP Subsurface Constructed Wetland 

Site Type Public Park  
Subwatershed Castle Rock 
Address Palisades Drive, Pacific Palisades 90272 

Commitment Level  Pilot 
Estimated Drainage Area  0 
Estimated Runoff Managed 7.5 MGD 
Land Use(s) Targeted Natural Open Space 

Estimated Project Footprint 980,000 Sq Ft 

IWRA Criteria Achieved  

o Integrating planning for future wastewater, stormwater, recycled water, 
and potable water needs and systems 

o Addresses multiple pollutants 
o May incorporate and enhance other public goals 

Tentative Start and End Dates FY 09-10 through FY 12-13 

Brief Project Description 
(including type of runoff 
control) 

A subsurface wetlands would be installed to treat runoff conveyed to the 
cistern from the local stormwater collection system. It was assumed that 
50 percent of the estiamted landscaped or native plant area would be 
available for the system and that it would treat about 0.33 mgd per acre. 
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Executive Summary 
Santa Monica Bay Beaches Bacteria TMDL 
Jurisdictional Groups 5 and 6 
Implementation Plan 
 
The Santa Monica Bay beaches are listed on the State’s 303(d) List of impaired water 
bodies due to excessive amounts of coliform bacteria which from time-to-time prevent 
the beaches from attaining their designated use for human body contact recreation, 
also known as REC-1 beneficial use.  As required under the Federal Clean Water Act, 
the State has taken action to eliminate these impairments by establishing watershed-
based, pollutant-specific total maximum daily loads (TMDLs) that effectively set 
limits on the bacterial indicator concentrations at the shoreline.  The California 
Regional Water Quality Control Board for the Los Angeles Region (Regional Board) 
issued Wet- and Dry-Weather TMDLs for bacteria at Santa Monica Bay Beaches that 
became effective on July 15, 2003.  The regulated agencies under the TMDLs must 
now prepare and implement plans to reduce their discharges to comply with the load 
allocations. 

This Implementation Plan has been developed to address the requirements of both the 
Santa Monica Bay Beaches Bacteria Wet-Weather and Dry-Weather Total Maximum 
Daily Loads (TMDLs) within Jurisdictional Groups 5 and 6 that include summer dry 
weather, winter dry-weather, and 30-day rolling geometric mean targets for indicator 
bacteria.  The Implementation Plan utilizes an integrated approach and describes a 
systematic strategy for progressively improving compliance with Santa Monica Bay 
Beaches Bacteria (SMBBB) Wet- and Dry-Weather TMDL objectives while at the same 
time providing opportunities for achieving broader water quality benefits and public 
goals.  The strategy for reducing exceedances relies on a combination of measures 
designed to reduce migration and transport of bacteria and other pollutants by 
reducing the amount of dry-weather and wet-weather runoff while at the same time 
pursuing opportunities for beneficial reuse of runoff. 

The Wet-Weather SMBBB TMDL grouped the responsible agencies under the TMDL 
into Jurisdictional Groups, divided roughly along watershed boundaries.  A primary 
jurisdiction was identified for each Jurisdictional Group and is responsible for 
submitting an Implementation Plan for the group in a draft report to the Regional 
Board by March 15, 2005.  The final Implementation Plan is due to the Regional Board 
by July 15, 2005.  Jurisdictional Group 5 is comprised of five responsible agencies:  
City of Manhattan Beach (primary jurisdiction), City of El Segundo, City of Hermosa 
Beach, County of Los Angeles and Caltrans. The limits of this area extend from the 
north boundary of the City of Manhattan Beach to just south of the Hermosa Beach 
Pier.  Jurisdictional Group 6 is comprised of six responsible agencies:  Cities of 
Hermosa Beach, Manhattan Beach, Redondo Beach (primary jurisdiction) and 
Torrance, along with the County of Los Angeles and Caltrans.  The limits of 
Jurisdictional Group 6 extend from the southern boundary of Jurisdictional Group 5 
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to the southern city limit of Torrance at the coast.  The overlap of responsibility and 
similarity of land use among Jurisdictional Groups 5 and 6 have prompted the 
agencies to submit a joint implementation plan on behalf of both jurisdictional 
groups.    

This Implementation Plan is the product of a joint planning effort among the agencies 
comprising Jurisdictional Groups 5 and 6, as well as interested stakeholders and 
Regional Board staff.  Monthly meetings were held among the responsible agencies to 
direct the course of implementation plan development and coordinate information 
needs for the plan.  A series of workshops were held for interested stakeholders to 
provide briefings on progress of Implementation Plan development and to receive 
feedback from stakeholders. 

The Regional Board recognizes two general approaches to implementing TMDLs.  
The first is an integrated water resources approach that takes a holistic view of 
regional water resources management.  The alternative to an integrated approach 
would be a plan focused on a single pollutant that does not take into consideration 
these other goals. This Implementation Plan employs an integrated approach 
designed to provide the Jurisdictional Group 5 and 6 responsible agencies with a 
systematic process for progressively improving compliance with SMBBB TMDL 
objectives while at the same time achieving broader water quality benefits and public 
goals.  Although the requirement for developing this implementation plan arises from 
the Wet-Weather SMBBB TMDL, an integrated approach by definition should 
consider all TMDLs that apply to the watershed.  Therefore, planning for compliance 
with the summer dry-weather, winter dry-weather and 30-day rolling geometric 
mean targets for indicator bacteria is included in this Implementation Plan.  This 
Implementation Plan provides the responsible agencies of Jurisdictional Groups 5 and 
6 with an iterative, adaptive framework that is designed to identify and advance those 
management practices that are found to be most effective in achieving the TMDL 
objectives. This plan calls for three categories of management approaches: 
Programmatic Solutions, Structural BMPs, and Source Identification & Control. Each 
of these categories will be implemented in three phases, with each phase 
incorporating information gained from the prior phases across the three categories. 

Programmatic solutions will be initiated and developed where applicable across 
Jurisdictional Groups 5 and 6.  Agencies in Jurisdictional Groups 5 and 6 have already 
adopted many programmatic solutions as part of management plans under the 
municipal storm water and Caltrans statewide stormwater permits, so programmatic 
solutions under this implementation plan will build on these existing programs, 
focusing on enhancements and improvements that specifically target indicator 
bacteria control.  These measures will focus on improving education, awareness and 
compliance with good housekeeping practices and ordinances that minimize release 
of bacteria sources among targeted populations.  Programmatic non-structural source 
control options are generally those that do not require new infrastructure, but rather 
use techniques such as: education and outreach, positive reinforcement of good 
housekeeping behavior and land use, and enforcement of existing codes and 
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ordinances.  Programmatic options also include improvements in public agency 
activities and standard operating procedures.     

Site-specific structural BMPs will be piloted in specific drainage areas and evaluated 
for effectiveness.  Jurisdictional Group 5 and 6 agencies have already implemented or 
are in the process of implementing dry weather structural diversions at six major 
storm drain outfalls and additional sand filtration BMPs to address the upcoming 
summer dry weather compliance deadlines.  The site-specific structural BMP pilot 
studies will evaluate the effectiveness of addressing wet-weather, and to a lesser 
degree, dry-weather bacteria control using on-site structural BMPs. It is widely 
accepted within the scientific community that there is insufficient data and 
understanding regarding the effectiveness of wet weather structural BMPs for 
reducing indicator bacteria in receiving waters.  Jurisdictional Groups 5 and 6 
agencies have selected two study areas as the initial focus for piloting site-specific 
structural BMPs—the drainage areas associated with monitoring locations SMB 5-5 
(Hermosa Pier) and SMB 6-2 (Redondo Pier).    

The agencies have selected SMB 6-1 (Herondo) as the focus for initiating source 
identification and control since it is large, exhibits a wide variety of land use and is a 
high priority drainage area due to frequent wet and dry weather exceedances.  Near-
shore source identification activities described in Section 4.1.3.1 and 4.1.3.3 will also 
be conducted in SMB 6-2 (Redondo Pier and King Harbor areas) to identify potential 
source control or land use-specific structural BMPs that may be particularly effective 
in near-shore areas. The objective of source identification is to identify conditions or 
factors that produce significantly higher indicator bacteria concentrations in the 
receiving waters associated with these drainage areas than occur in lower priority 
areas.  As significant factors and/or sources are identified, appropriate source 
controls will be developed and implemented at applicable sources within the high 
priority drainage areas.     

Both structural BMPs and source controls will require carefully designed and 
implemented monitoring plans to measure effectiveness of these measures in 
controlling bacteria.  It is critical that early phases of this implementation plan 
develop the necessary evaluations of effectiveness in order to leverage the agencies’ 
expenditures of resources to the maximum extent possible while enhancing other 
public goals, e.g., water conservation, beneficial reuse, shoreline native habitat 
restoration.  Based on these evaluations of effectiveness, the responsible agencies can 
make adaptive decisions to pursue the most promising combination of management 
approaches to achieve TMDL objectives. Source controls and structural BMPs that are 
identified as being most cost effective will be expanded and implemented in later 
phases at relevant and applicable sites in Jurisdictional Groups 5 and 6.  This 
implementation strategy is summarized in Table ES-1 and described in detail in 
Section 4 of this implementation plan. 
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Table ES-1 

Implementation Plan: Three-Pronged, Phased Strategy 

 Programmatic Solutions Structural BMPs Source Identification & Control 

PHASE 1 

Enhance existing 

programmatic solutions 

targeting: 

 Homeowners/residents 

 Schools 

 Business 

 Public agency activities 

Site-specific structural BMPs combined into 

alternatives for study areas 

 Select drainage areas for study 

 Siting, data collection and BMP 

selection process 

 Conceptual design and selection of 

alternatives 

 Design, installation and monitoring of 

site-specific BMPs. 

Identify significant sources in high-priority 

drainage areas 

 Eliminate sanitary sewage 

infrastructure as potential source 

 Enhance comparative land use 

mapping to focus source 

identification 

 Field reconnaissance of high priority 

drainage areas. 

Prioritize source controls 

PHASE 2 
Assess/Expand/Develop 

programmatic solutions 

Evaluate performance of individual site-

specific BMPs and alternatives as a whole

Implement source controls in high 

priority areas 

PHASE 3 
Implement additional 

programmatic solutions 

Implement applicable BMPs, research 

new BMPs 

Evaluate high priority source controls  

and Institutionalize Effective Controls 

 

A schedule is proposed for implementing this plan. The first compliance deadline 
(summer dry-weather) occurs in July 2006. Jurisdictional Group 5 and 6 agencies have 
already implemented or are in the process of implementing dry weather structural 
diversions at six major storm drain outfalls as well as additional sand filtration BMPs 
to address the upcoming summer dry weather compliance deadline.   

Phase I of the three management approaches will begin simultaneously and by the 
time the TMDL is re-opened in July 2007, Phase I of the three management 
approaches will be well underway.  As the second compliance deadline arrives in July 
2009 (winter dry-weather and 10% wet-weather reduction), Phase I of programmatic 
solutions will have been implemented and Phase I source identification investigations 
will be complete.  Additionally, Phase II of these two management approaches will 
also be underway and five years of Coordinated Shoreline Monitoring data will be 
available. It is not clear whether shoreline monitoring data will be of sufficient 
precision and accuracy to measure a 10% wet weather reduction in the four wet-
weather exceedance days (effectively 0.4 of an exceedance day).  However, the 
responsible agencies believe it is reasonable to expect that implementation of Phase I 
programmatic solutions throughout Jurisdictional Groups 5 and 6 could provide such 
a reduction, whether or not it can actually be measured at the shoreline. 

Assuming the original schedule continues, by the 25% wet weather reduction 
deadline in July 2013 one entire cycle of the three phases of programmatic solutions 
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and source control measures will be complete.  Additionally the final assessment of 
the site-specific structural BMP pilot study alternative will be complete (Phase II). The 
combined effect of source controls implemented in high priority drainage areas with 
appropriate expansion into other drainage areas, and the three phases of 
programmatic solutions implemented throughout of Jurisdictional Groups 5 & 6, 
should be expected to provide sufficient controls on bacteria loads “stored” within the 
watershed to achieve the 25% wet weather objective.  This will also be the major 
decision point regarding distribution of future resources and effort among the three 
approaches.   

Depending on how well compliance targets have been met or exceeded through 
implementation of one complete cycle of source control and programmatic solutions, 
and on the demonstrated effectiveness of the pilot study in reducing wet-weather 
runoff within the pilot areas, a number of potential options may be pursued.  The 
following if/then scenarios illustrate how these decisions may be made. 

 If source control measures combined with programmatic solutions appear to 
demonstrate promise, that is, winter dry weather allocations are not being 
surpassed, and wet weather exceedance allocations are still being surpassed, but 
are demonstrating an improving trend, then consider conducting additional source 
identification in high priority areas using newer source-tracking technologies 
and/or pilot emerging source control technologies.   

 If source control measures and programmatic solutions are demonstrating an 
improving trend in compliance for dry weather but wet weather exceedances are 
not significantly improving in high priority areas, and site-specific structural BMPs 
appear to show promise in reducing wet-weather exceedances in the study areas, 
then expand these site-specific BMPs into high priority areas in as many sites as are 
applicable and feasible from a funding standpoint. 

 If the previous scenario holds true except that piloted site-specific structural BMPs 
are not demonstrating measurable improvements in wet weather compliance, 
revisit regional BMPs and consider researching and piloting medium-sized site-
specific BMPs within high-priority areas that may provide more significant storage 
capacity for wet-weather flows. 

When these major decisions regarding course of action are made, there will still be 
more than five years until the 50% wet weather reduction compliance date and eight 
years until the final compliance date.  This should be sufficient time to complete a 
second iteration of the management approaches selected for further exploration at the 
major decision point. 

The responsible agencies will provide an implementation progress report to Regional 
Board staff at each of the interim wet weather milestones.  These progress reports will 
document accomplishments, information and findings, and planned course of action 
going forward.  The agencies reserve the right to come before the Regional Board at 
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any point during implementation to discuss new information or findings of 
significance and/or to request that the Board reconsider the TMDL in light of the 
information and findings. 

The Implementation Plan is organized into four sections.  Section 1 describes the 
history of the TMDL development, the organization of Jurisdictional Groups 5 and 6, 
and the objectives of this Implementation Plan.  Section 2 provides background 
information on the compliance requirements of the TMDL.  Section 3 of the 
Implementation Plan summarizes the technical analyses that were prepared to lay the 
foundation for developing the TMDL compliance strategy.  Section 4 describes in 
detail the Jurisdictional Groups 5 and 6 Implementation Plan that has been outlined 
above. Section 4 also describes the schedule for implementation. 
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Section 1 
Introduction 
 
This Implementation Plan has been prepared in response to Resolution No. 2002-022 
of the California Regional Water Quality Control Board—Los Angeles Region 
(Regional Board).  Resolution No. 2002-022 amends the Water Quality Control Plan 
for the Los Angeles Region to incorporate implementation provisions for water 
quality objectives and to incorporate a Wet-Weather Total Maximum Daily Load for 
Bacteria at Santa Monica Bay Beaches. This Implementation Plan employs an 
integrated approach to provide the Jurisdictional Groups 5 and 6 responsible agencies 
with a systematic process for progressively improving compliance with SMBBB 
TMDL allocations while at the same time achieving broader water quality benefits 
and public goals.   

1.1 TMDL Development History  
The federal Clean Water Act of 1972 (CWA) requires states to develop a list of 
impaired waters and identify the pollutants for which they are impaired, also known 
as the 303 (d) List. For each impairment, states must establish a watershed-based, 
pollutant-specific Total Maximum Daily Load (TMDL) that will bring impaired water 
bodies into compliance with the water quality standards necessary for achieving 
designated beneficial uses of the water body.  The Santa Monica Bay beaches are 
designated for human body contact recreation, also known as REC-1 beneficial use, 
and are included on California’s 1998 303(d) List due to excessive amounts of coliform 
bacteria.  Nearshore and offshore zones of Santa Monica Bay are also listed as 
impaired for historical deposits of DDT, Chlordane and PCBs in sediment and fish 
tissue, however TMDLs for these pollutants have not yet been issued. 

The Regional Board released a first draft of the Santa Monica Bay Beaches Bacterial 
TMDL (SMBBB TMDL) on November 9, 2001.  As development of the TMDL 
progressed, the Regional Board staff decided to bifurcate the SMBBB TMDL into two 
TMDLs, one for dry weather and one for wet weather, to allow more time to consider 
the extensive public comments on the wet weather elements of the TMDL.  Both the 
SMBBB Dry- and Wet-weather TMDLs were approved by US EPA in June 2003 and 
became effective on July 15, 2003. 

1.2 Jurisdictional Groups 5 and 6 
The Wet-Weather TMDL groups responsible agencies into jurisdictional groups for 
purposes of implementation. A primary jurisdiction is designated for each 
jurisdictional group.  Primary jurisdictions comprise greater than fifty percent of the 
land area in the group.  The primary jurisdiction is responsible for submitting an 
implementation plan describing the TMDL implementation approach and schedule to 
be used by the jurisdictional group in complying with the TMDL—all jurisdictions are 
jointly responsible for compliance. 
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Jurisdictional Group 5 is comprised of five responsible agencies:  City of Manhattan 
Beach (primary jurisdiction), City of El Segundo, City of Hermosa Beach, County of 
Los Angeles and California Department of Transportation (Caltrans).  The 
jurisdictional group covers the Hermosa Subwatershed as defined by the Regional 
Board.  The limits of Jurisdictional Group 5 extend from the northern boundary of the 
City of Manhattan Beach to just south of the Hermosa Beach Pier, an area 
encompassing approximately 2,700 acres. 

Jurisdictional Group 6 is comprised of six responsible agencies:  Cities of Hermosa 
Beach, Manhattan Beach, Redondo Beach (primary jurisdiction) and Torrance, along 
with the County of Los Angeles and Caltrans.  The jurisdictional group covers the 
Redondo Subwatershed as defined by the Regional Board.  The limits of this area 
range from the boundary of Jurisdictional Group 5 just south of the Hermosa Beach 
Pier and just south of Artesia Boulevard in Redondo Beach, to the southern city limit 
of Torrance at the coast.  The combined size of Jurisdictional Group 6 is 
approximately 4,360 acres. 

In Jurisdictional Groups 5 and 6, Caltrans is responsible for State Route LA-1, 
Sepulveda Boulevard/Pacific Coast Highway. State Route LA-1 enters Jurisdictional 
Group 5 north of Marine Avenue Intersection as Sepulveda Boulevard then it 
becomes Pacific Coast Highway when passes Artesia Boulevard. LA-1, Pacific Coast 
Highway, exits Jurisdictional Group 6 near Massena Avenue Intersection. 

The overlap of responsible agencies among Jurisdictional Groups 5 and 6 and the 
similarity of land use and development in these areas prompted the responsible 
agencies of Groups 5 and 6 to determine that they should pool resources to submit a 
joint implementation plan on behalf of both jurisdictional groups. 

1.3 Stakeholder Process 
This TMDL Implementation Plan is the product of coordination between the agencies 
comprising Jurisdictional Groups 5 and 6, as well as interested stakeholders and 
Regional Board staff.  Monthly meetings were held among the responsible agencies to 
direct the course of Implementation Plan development, to coordinate exchange of 
information, and to facilitate joint decision-making.  Stakeholder Workshops were 
also held to provide a forum for discussion and exchange of ideas as the 
Implementation Plan was developed. 

The first stakeholder workshop introduced the TMDL requirements and the 
integrated, iterative approach that is the basis of this plan.  This session was attended 
by staff from all responsible agencies in Jurisdictional Groups 5 and 6, some city 
council members, as well as interested citizens. Attendees were briefed about types of 
BMPs being considered for the plan, including programmatic solutions, local site-
specific structural controls and regional solutions.  Hydrologic findings were also 
discussed, specifically the pattern of bacteria exceedances characteristic of 
Jurisdictional Groups 5 and 6 wherein exceedances occur more frequently in dry 
weather than in wet weather.   
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The second stakeholder workshop focused on the conceptual approach of the 
Implementation Plan—three categories of management approaches to be 
implemented in three phases.  Feedback from the stakeholders has been incorporated 
into this final plan.   

Several of the responsible agencies are also considering presenting the 
Implementation Plan at a scheduled City Council meeting.  This will be in addition to 
internal briefings by city staff for individual council members.  

The following table summarizes the workshop schedule and highlights key topics of 
each workshop.   

Table 1-1 

Stakeholder Workshops 

Workshop Number Workshop Date Highlights of Workshop Agenda 

1 October 19, 2004  Introduction of TMDL  

 Implementation Approach 

 Initial Findings  

 Stakeholder feedback 

2 January 18, 2005  Update of Findings 

 Draft Implementation Plan 

 

1.4 Scope of Work 
The CDM and CH2M HILL team was retained by Jurisdictional Groups 5 and 6 to 
develop an Implementation Plan that addresses the requirements of both Wet- and 
Dry-Weather SMBBB TMDLs. The team was charged with preparing an 
Implementation Plan that utilizes an integrated water resources management 
approach, addresses multiple pollutants, identifies beneficial use opportunities, and 
integrates multiple responsible agencies into an overall solution in accordance with 
the SMBBB TMDLs.  

The Scope of Work was comprised of a series of seven (7) tasks:   

 Task 1: Staff and Management Support for Development of the Integrated 
Implementation Plan 

 Task 2 : Best Management Practice (BMP) Evaluation 

 Task 3: Hydrologic Analysis 

 Task 4: Beneficial Use Evaluation 
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 Task 5: Research Potential Sites for Localized BMPs, Beneficial Use and Diversion 
Facilities 

 Task 6: Prepare TMDL Implementation Plan 

 Task 7: Project Management and QA/QC 

Technical memoranda were prepared to summarize the results of Tasks 2 through 5 
and are provided as attachments to this document.  This Implementation Plan is the 
final work product of Task 6 and is the culmination of work from the preceding tasks. 

1.5 Implementation Plan Objectives 
The Regional Board recognizes two general approaches to implementing TMDLs.  
The first is an integrated water resources approach that takes a holistic view of 
regional water resources management.  The objectives of this approach are to 
integrate planning for future wastewater, storm water, recycled water, and potable 
water needs and systems; focus on beneficial re-use of storm water, including 
groundwater infiltration, at multiple points throughout a watershed; and address 
multiple pollutants.  The Regional Board recognizes in the Wet-Weather TMDL that 
an integrated water resources approach not only provides water quality benefits, but 
also that responsible agencies implementing the TMDL can serve a variety of public 
purposes by adopting an integrated water resources approach.  Such an integrated 
approach allows for the incorporation and enhancement of other public goals such as 
water supply, recycling and storage, environmental justice, parks, greenways and 
open space, and active and passive recreational and environmental education 
opportunities.   The alternative to an integrated approach would be a plan focused on 
a single pollutant that does not take into consideration these other goals. 

This plan employs an iterative, adaptive management process by providing a 
framework to assist the Jurisdictional Groups 5 and 6 responsible agencies in 
identifying and implementing an integrated program of effective and practical 
solutions for progressively achieving compliance. Although an implementation plan 
is not explicitly required for the Dry-Weather SMBBB TMDL, an integrated approach 
by definition should consider all TMDLs that apply to the watershed, accordingly 
planning for compliance with the Dry-Weather SMBBB. 
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Section 2 
Background 
 
The requirements, compliance targets and deadlines of the SMBBB Wet-Weather and 
Dry-Weather TMDLs that drive the schedule for this implementation plan are 
described in this section. 
 

2.1 TMDL Summary  
The requirements of SMBBB Dry- and Wet-Weather TMDLs are contained in two 
Regional Board Resolutions.  Resolution No. 02-004 incorporates a Dry Weather 
TMDL into the LA Basin Plan.  Resolution No. 2002-022 incorporates a Wet-Weather 
TMDL into the Basin Plan but also modifies the compliance schedule of the Dry-
Weather TMDL in order to coordinate the schedule for reconsideration of certain 
provisions of both TMDLs and to assure efficiency and consistency in implementing 
the Wet-Weather and Dry-Weather TMDLs.1  The requirements of the Wet-Weather 
and Dry-Weather TMDLs overlap and can be summarized as follows: 

 Both TMDLs require the responsible agencies to submit a coordinated shoreline 
monitoring plan (CSMP) within 120 days of the effective date of the TMDLs to be 
used for compliance monitoring of the TMDLs. 

 The Dry Weather TMDL requires that responsible agencies provide documentation 
on 342 potential discharges to Santa Monica Bay beaches. 

 The TMDLs require responsible agencies to achieve compliance with the TMDLs 
according to specified schedules, with a longer schedule allowed for achieving the 
Wet Weather TMDL allocations. 

 The Wet Weather TMDL requires the responsible agencies to develop an 
implementation plan for achieving compliance.  After considering the 
implementation plan, the Regional Board will amend the TMDL and adopt an 
individual implementation schedule for each jurisdictional group taking into 
account the implementation approach being undertaken. 

This Implementation Plan is being submitted to fulfill the last of these requirements. 

2.2 Compliance Targets and Allocations 
The TMDLs are based on numeric targets for bacteriological water quality objectives 
for Water Contact Recreation (REC-1) revised by Regional Board Resolution 2001-018 
amending its Basin Plan on October 25, 2001.  This Basin Plan amendment received 
final approval from USEPA on September 25, 2002.2  These water quality objectives 
are based on four bacterial indicators and include both geometric mean limits and 
single sample limits: 
                                                           
1 Resolution No. 2002-022, Finding 26. 
2 Resolution No. 2002-022, Finding 18. 
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1. Rolling 30-day Geometric Mean Limits 

a. Total coliform density shall not exceed 1,000/100 ml 

b. Fecal coliform density shall not exceed 200/100 ml 

c. Enterococcus density shall not exceed 35/100 ml. 

2. Single Sample Limits 

a. Total coliform density shall not exceed 10,000/100 ml 

b. Fecal coliform density shall not exceed 400/100 ml 

c. Enterococcus density shall not exceed 104/100 ml 

d. Total coliform density shall not exceed 1,000/100 ml if the ratio of fecal-to-total 
coliform exceeds 0.1 

The SMBBB TMDLs divide the storm year, which runs from November 1st to October 
31st, into three separate periods for compliance purposes, the three periods are: 

 Winter dry-weather (November 1st to March 31st ) 

 Summer dry-weather (April 1st to October 31st ) 

 Year-round wet-weather 3 

The SMBBB TMDLs set allocations based on the number of days within a storm year 
that sample results under the Coordinated Shoreline Monitoring Plan (CSMP) exceed 
the water quality objectives (targets).  The exceedance allocations for Rolling 
Geometric Mean and Summer Dry-Weather are set at zero exceedances for all 
monitoring sites.  Allocations for Winter Dry-Weather and year-round Wet-Weather 
are specific to each monitoring site and have been established based on historical 
monitoring data and/or comparison with historical monitoring data at the Reference 
Beach.  These site-specific allocations are listed in Table 2-1.   

                                                           
3 Wet weather days are those days with precipitation of ≥0.1 inches and the three days (72 hours) following the end of 
the rain event. 
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Table 2-1 

Waste Load Allocations 

Single Sample Allowable Exceedance Days 
 

Wet Weather 
Weekly 

Sampling 

Site ID Hist. ID Location description 

 

Winter Dry 
Daily 

Sampling 

 

Winter Dry 
Weekly 

Sampling 

 

Wet Weather 
Daily 

Sampling (daily/7) 

Leo Carillo Beach 

Type of Site 

reference beach 3 1 17 3 

SMB-5-1 S13 Manhattan State Beach at 40th Street existing open beach 1 1 4 1 

SMB-5-2 DHS 113 27/28th St. extended in Manhattan Beach moved to point zero 3 1 17 3 

SMB-5-3 S14 Manhattan Beach Pier--50 yds south moved to point zero 1 1 5 1 

SMB-5-4 DHS 114 26th Street extended in Hermosa Beach existing open beach 0 0 12 2 

SMB-5-5 S15 Hermosa Beach Pier--50 yds south existing open beach 2 1 8 2 

SMB-6-1 DHS 115 Herondo Street extended (at Herondo drain) moved to point zero 3 1 17 3 

SMB-6-2 S16 Redondo Beach Pier--50 yds south existing open beach 3 1 14 2 

SMB-6-3 N/A Projection of Sapphire Street drain new site at point zero 3 1 17 3 

SMB-6-4 DHS 116 Topaz Street extended (north of groin/jetty) existing open beach 3 1 17 3 

SMB-6-5 S17 Redondo State Beach at Avenue I moved to point zero 3 1 6 1 

SMB-6-6 S18 Malaga Cove  existing open beach 1 1 3 1 

J5/6 Total 23 10 120 22 

Note: 
The Reference Beach is used in setting maximum waste load allocations to ensure that water quality is at least as good as that of the  reference system.  A reference system is an area 
and associated monitoring site that is not impacted by human activities that could potentially affect bacteria densities in the receiving water body. 

 
Signifies that the value was not explicitly provided in the TMDL 
Weekly allocations for wet weather were obtained by dividing the daily allocations in the TMDL by "7" and rounding up. 

Italic No allocations for SMB-5-2 and SMB-6-3 were provided in the TMDL so values equal to the reference beach were assumed. 

 

Note that the Regional Board staff derived both wet and winter dry weather allocations by calculating a five-year average exceedance rate for each site and multiplying the site-specific 
exceedance rate by the number of wet or dry days in the 90th percentile storm year (1993), the baseline year.  If exceedance rate is proportional to the number of wet or dry days, then 
only 1 in 10 years will be wetter than the baseline year and likely to have a wet weather exceedance.  In contrast, 9 out of 10 years are dryer than the baseline year, most of the time there 
are likely to be more dry weather exceedances than in the baseline year. 
Single-Sample Exceedance:  Total coliform >10,000, fecal coliform >400, Enterococcus >104, or if Total coliform >1,000 when fecal-to-total coliform ratio exceeds 0.1 
Rolling 30-day Geometric Mean Exceedance:  Total coliform >1,000, fecal coliform >200, Enterococcus >35 
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2.3 Compliance Schedule 
Based on the SMBBB TMDLs as currently written, schedules for TMDL compliance 
are shown in Table 2-2. 

Table 2-2 

Compliance Schedules 

Wet Weather Integrated Implementation Plan Compliance Deadline 

10% cumulative percentage exceedance-day reduction 2009-July 15 
25% cumulative percentage exceedance-day reduction 2013-July 15 
50% cumulative percentage exceedance-day reduction 2018-July 15 
Final Compliance 2021-July 15 

Dry Weather Implementation Compliance Deadline 
Summer single-sample targets 2006-July 15 
Summer geometric mean targets 2006-July 15 
Winter single-sample exceedance allocations 2009-July 15 
Winter geometric mean targets 2009-July 15 

 
Table 2-3 summarizes the required exceedance day reductions based on the 
information provided in Table 7-4.5 of the SMBBB Wet Weather TMDL.  The required 
reductions were calculated by subtracting the final allowable number of wet weather 
exceedance days from the estimated number of wet weather exceedance days in the 
critical year (90th percentile)*.   

Table 2-3 

Required Exceedance Day Reductions4 

Compliance Monitoring Point Total Exceedance Day Reductions* 
Jurisdictional Group 5 
SMB-5-1 0 
SMB-5-2** --- 
SMB-5-3 0 
SMB-5-4 0 
SMB-5-5 0 
Subtotal 0 
Jurisdictional Group 6 
SMB-6-1 2 
SMB-6-2 0 
SMB-6-3** --- 
SMB-6-4 2 
SMB-6-5 0 
SMB-6-6 0 
Subtotal 4 
Total for Jurisdictional Groups 5 and 6 4 
Notes: * The compliance targets are based on existing shoreline monitoring data and assume daily sampling. If systematic weekly 
sampling is conducted, the compliance targets will be scaled accordingly. These are the compliance targets until additional shoreline 
monitoring data are collected prior to revision of the TMDL. Once additional shoreline monitoring data are available, the following will be 
re-evaluated when the TMDL is revised:  
1) estimated number of wet-weather exceedance days in the critical year at all beach locations, including the reference 
system(s) and 2) final allowable wet-weather exceedance days for each beach location.  **Compliance monitoring points SMB-5-2 and 
SMB-6-3 are not included in this analysis.   

                                                           
4 Santa Monica Bay Beaches Bacteria TMDL, Attachment A. 

RB-AR43155



SMBBB TMDL Implementation  Section 2 
Plan Jurisdictional Groups 5 and 6  Background 

A  2-5 

J5-6 Section 2 Final.doc 

Four years after the effective date, based in part on new data collected under the 
CSMP, the Regional Board will re-consider various provisions of the TMDLs, 
including: 

 Allowable winter dry-weather exceedance days 

 Allowable wet weather exceedance days 

 Reevaluation of the reference system 

 Reevaluation of the reference year 

 Clarification or revision of the geometric mean implementation provision 

2.4 Coordinated Shoreline Monitoring Plan 
Compliance monitoring is being conducted in accordance with the Coordinated 
Shoreline Monitoring Plan (CSMP) which was submitted jointly by all jurisdictional 
groups and subsequently approved by the Regional Board.  Monitoring under this 
plan began in November 2004.   

The Coordinated Shoreline Monitoring Plan was developed by a Technical Steering 
Committee consisting of representatives from each of the primary jurisdictions as well 
as additional responsible agencies.  The plan was designed to comply with the 
monitoring requirements of both the dry- and wet-weather TMDLs and will also 
provide data to support the re-evaluations that will be made when specific provisions 
of the TMDLs are re-considered.  CSMP monitoring sites located within Jurisdictional 
Groups 5 and 6 are listed in Table 2-3.   

Table 2-4 

Compliance Monitoring Sites 

Site ID Historical ID Location Description 

SMB-5-1 S13 40th St., Manhattan Beach 

SMB-5-2 DHS 113 27/28th St. extended, Manhattan Beach 

SMB-5-3 S14 50 yards south of Manhattan Beach Pier 

SMB-5-4 DHS 114 26th St. extended, Hermosa Beach 

SMB-5-5 S15 50 yards south of Hermosa Beach Pier 

SMB-6-1 DHS 115 Herondo St. extended (at Herondo drain) 

SMB-6-2 S16 50 yards south of Redondo Beach Pier 

SMB-6-3 N/A Project of Sapphire St. drain 

SMB-6-4 DHS 116 Topaz St. extended (north of groin/jetty) 

SMB-6-5 S17 Avenue I, Redondo Beach 

SMB-6-6 S18 Malaga Cove 
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Compliance Monitoring requirements of the Wet-Weather SMBBB TMDL call for 
source investigations in subwatersheds contributing to chronic exceedances (three 
weeks out of four or 75% of testing days) of the bacteria water quality objectives at 
monitoring sites that demonstrate such non-compliance based on results of the 
coordinated shoreline monitoring.  Standardized guidelines for conducting source 
investigations will be developed by a Source Tracking Subcommittee comprised of 
representatives from a variety of agencies and led by staff from the City of Los 
Angeles Environmental Monitoring Division. Development of these guidelines will 
consider similar guidelines being developed by USEPA staff as well as related work 
and advice to be provided by staff from Southern California Coastal Water Research 
Project.  These will include guidelines for conducting a sanitary survey as well as 
recommended methods for differentiating indicator bacteria from human and non-
human sources. 
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Section 3 
Summary of Technical Analyses 
 
A number of analytical tasks were conducted to provide a foundation for 
development of the Implementation Plan. These tasks resulted in a series of technical 
memoranda that: (a) identify and evaluate current Best Management Practices (BMPs) 
and their applicability to the requirements of Jurisdictional Groups 5 and 6, (b) 
analyze that area’s hydrology and land use characteristics, (c) define opportunities for 
beneficial reuse, and (d) synthesize that information and research potential sites for 
localized BMPs, beneficial use and diversion facilities.  The technical memoranda are 
provided as appendices to this Implementation Plan.  Summaries and findings of the 
analyses are described in this section. 

3.1 Best Management Practices (BMP) Evaluation 
The Best Management Practices (BMP) Evaluation identified a variety of potential 
runoff management options of three general types:  programmatic solutions, site-
specific structural (BMPs), and regional structural BMPs.  The entire technical 
memorandum discussing and evaluating these BMPs is provided in Appendix A. 
Programmatic solutions include education and outreach, positive reinforcement of 
good housekeeping practices and desirable land use practices, and enforcement of 
codes and ordinances.  On-site structural BMPs are those that can be installed on an 
individual parcel to help manage runoff before it reaches the storm drain system.  
Smaller local or regional facilities typically collect and treat and/or beneficially reuse 
runoff from multiple parcels before it has entered major storm drain lines. Regional 
facilities manage runoff after the runoff has entered the storm drain system.  

3.1.1 Existing Programmatic Solutions  
Agencies in Jurisdictional Groups 5 and 6 have already adopted many programmatic 
solutions as part of management plans under the municipal storm water permit 1 and 
the Caltrans Statewide NPDES Permit (Caltrans Permit), so programmatic solutions 
under this implementation plan will build on these existing programs, focusing on 
enhancements and improvements that specifically target indicator bacteria control 
within Jurisdictional Groups 5 and 6.  Under the municipal storm water permit the 
cities are responsible for implementing those aspects of the permit requirements that 
are applicable within each city’s jurisdiction.  The Los Angeles County Flood Control 
District’s (County’s) role as the Principal Permittee under the municipal permit is to 
coordinate and facilitate activities among all the co-permittees (agencies) by providing 
overall program coordination and also by acting as the agency to carry out required 
activities within unincorporated areas of the County, but the County is not 
responsible for ensuring compliance by individual cities within their jurisdictions.   

                                                           
1 California Regional Water Quality Control Board, Los Angeles Region, December 13, 2001.  Order 
No. 01-182, NPDES Permit No. CAS004001, Waste Discharge Requirements for Municipal Storm 
Water and Urban Runoff Discharges within the County of Los Angeles, and the Incorporated Cities 
Therein, Except the City of Long Beach. 
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Likewise, Caltrans is responsible for carrying out Caltrans Permit requirements only 
for the State Highways and rights-of-way where Caltrans has jurisdiction. Caltrans is 
responsible for State Route LA-1, Sepulveda Boulevard/Pacific Coast Highway. State 
Route LA-1 enters Jurisdictional Group 5 north of Marine Avenue Intersection as 
Sepulveda Boulevard then it becomes Pacific Coast Highway when it passes Artesia 
Boulevard. LA-1, Pacific Coast Highway, exits Jurisdictional Group 6 near the 
Massena Avenue Intersection.  

The following discussion provides an overview of the programmatic aspects of these 
storm water permits in order to provide a basis from which to consider potential 
enhancements to these existing programs or additional program elements that may be 
appropriate for this implementation plan.  The intention of this discussion is not to 
provide detailed information regarding specific responsibilities among the 
Jurisdictional Group 5 and 6 agencies, but to describe in general the nature of existing 
programs.  Specific existing programs for which additional enhancements are being 
considered in this implementation plan will be discussed in more detail in Section 4 as 
needed. 

Programmatic solutions are generally those that do not require new infrastructure, 
but rather use techniques such as education and outreach, positive reinforcement of 
ocean-safe behavior and land use, and, if necessary, ordinances prohibiting 
undesirable activity.  Programmatic solutions also include improvements in public 
agency activities and standard operating procedures and policies to minimize impacts 
on water quality.  These programs are intended to prevent or reduce bacteria from 
being introduced into runoff at the source.  

Existing and ongoing programs under the municipal stormwater permit are grouped 
into six programs:  Public Information and Participation, Industrial/Commercial 
Facilities Control, Development Planning, Development Construction, Public Agency 
Activities, and Illicit Connection/Illicit Discharge Elimination.  Not all of these 
programs are included in the programs under the Caltrans Permit since they are not 
all applicable, however where they are applicable, the programs are similar. 

3.1.1.1 Public Information and Participation Program 
The Jurisdictional Group 5 and 6 agencies coordinate their Public Information and 
Participation Programs through joint countywide quarterly public education meetings 
as well as watershed meetings.  The agencies work together to implement countywide 
advertising campaigns, media relations and public service announcements; develop 
print materials and conduct events targeting specific activities, pollutants and 
populations; and to carry out numerous specific goals and commitments for 
educating the public regarding pollution prevention.  These programs and materials 
target a variety of pollutants, including bacteria.  Table 3-1 lists the various existing 
public information and participation programmatic solutions on which this 
implementation plan will build. 
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Table 3-1 

 Existing Public Information and Participation Programs 

Implement public information and participation program  

Mark all storm drain inlets with a "no dumping" message 

Maintain the (888) CLEAN-LA hotline 

Provide a list of reporting contacts to public through www.888CleanLA.com website 

Countywide media campaign for Storm Water Pollution Prevention (SPP) 

Strategy to educate ethnic communities about SPP 

Enhance outreach for proper disposal of cigarette butts 

Conduct educational activities within jurisdictional group and participate in county-wide events 

Public Outreach Strategy meetings quarterly 

Countywide media outreach to 35 million impressions per year 

Distribute SPP information to K-12 schools 

Coordinate and provide contact information for public education activities 

Strategy to measure effectiveness of in-school programs 

Behavioral change assessment strategy  

Coordinate watershed-specific pollution prevention outreach programs 

Corporate Outreach Program to target retail gas outlets and restaurant chains 

“Don’t Trash California” Public Outreach Campaign (Caltrans) 

Adopt-A-Highway program (Caltrans) 

 

The Jurisdictional Group 5 and 6 agencies have also initiated and participated in a 
number of joint public education activities through watershed management 
committee work.  The annual joint calendar project distributes a full color, one-page, 
poster-type calendar to residents featuring a storm water pollution prevention 
message using a compelling photograph to promote the message.  For several years 
the agencies through a joint ad campaign have placed quarterly display ads in a 
variety of local newspapers--the most recent series of ads focused specifically on pet 
waste. 

Caltrans has an independent public education program under its statewide Storm 
Water Permit.  The program consists of a variety of written materials (e.g. “Pathogens 
in Storm Drain Discharges” brochure), monthly and quarterly bulletins, a website, 
workshops, storm drain stenciling, anti-litter signs, a statewide Adopt-a-Highway 
Program, along with many local municipal partnerships. Jurisdictional Groups 5 and 
6 are in District 7 of Caltrans.  In addition to the statewide campaign, District 7 
implements “No Dumping” and “Litter Free” signs at selected locations on highways 
and freeways, and stenciled warnings at drain inlets to prohibit discharges at park-
and-ride lots, rest areas, vista points, and other areas with pedestrian traffic.   
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3.1.1.2 Industrial/Commercial Facilities Control 
Each agency maintains a list of industrial and commercial facilities within its 
jurisdiction known as Critical Sources Categories.  This list includes industrial 
facilities listed under the federal regulations for industrial storm water permitting2, as 
well as additional categories of commercial facilities such as restaurants, automotive 
service, and laundries.  Each agency conducts storm water inspections at these 
facilities at least twice in each five-year period and where necessary requires 
corrective action to ensure that best management practices for preventing pollution of 
runoff are being implemented at these facilities. 

3.1.1.3 Development Planning 
As part of the planning review process for priority development and redevelopment 
projects, each agency implements a Development Planning Program that: 

 Minimizes impacts from storm water and urban runoff on the biological integrity of 
natural drainage systems and water bodies 

 Maximizes the percentage of pervious surfaces to allow percolation of storm water  

 Minimizes the quantity of storm water directed to impervious surfaces and the 
storm drain system 

 Minimizes pollution emanating from parking lots through the use of appropriate 
BMPs 

 Properly designs and maintains structural BMPs in a manner that does not promote 
breeding of vectors, and 

 Provides for appropriate permanent measures to reduce storm water pollutant 
loads from the developed site. 

3.1.1.4 Development Construction 
Each agency implements a Development Construction Program to minimize the 
adverse impacts of construction activity on urban runoff.  Building and safety 
inspectors include inspections for implementation of construction best management 
practices as part of their routine inspections, with additional inspections for projects 
that involve grading during the wet season.  Other key elements of this program 
include tracking of building and grading permits, requiring proof of coverage under 
the General Construction Activities Stormwater Permit prior to issuing a grading 
permit, and annual training of building & safety inspectors. 

3.1.1.5 Public Agency Activities 
Each agency implements a program to minimize storm water pollution impacts from 
its own activities.  This program touches virtually every aspect of public works 
activities.  Table 3-2 lists the major elements of these programs where applicable. 
                                                           
2 40 CFR 122.26 
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Table 3-2  

Existing Public Agency Activity Programs 

Implement a sewer overflow prevention and response program for agency owned/operated sewers 

Implement Development Planning Program at Permittee-owned construction projects 

Implement Development Construction Program at Permittee-owned construction projects 

Develop, if needed, and implement SWPPPs for field facilities 

Equip wash areas with a clarifier, pre-treatment device, or be connected to sewer 

Store pesticides/herbicides/fertilizers indoors and apply only in accordance 

Designate Catch Basins as priority A, B, or C 

Ensure that Catch Basins (CBs) are cleaned appropriately 

Place temporary screens on CBs prior to special events or cleanout immediately afterwards 

Place and maintain trash receptacles at all transit stops with shelters 

Inspect the legibility of CB stencils and re-label within 180 days if necessary 

Visually monitor and clean all open channels annually for debris 

Designate curbed streets as priority A, B, or C based on liter accumulation 

Recover saw cutting waste and dispose it offsite 

Train targeted employees in permit requirements for Public Agency Activities 

Inspect and, if needed, clean Permittee owned parking lots twice per month, but at least once 

 
3.1.1.6 Illicit Connection/Illicit Discharge Elimination 
Illicit Connection/Illicit Discharge Elimination Programs implemented by the 
agencies seek to eliminate improper discharges to the storm drain system by 
screening the storm drain system for evidence of illicit discharges and connections.  
Whenever illicit connections or discharges are identified, the agencies require prompt 
mitigation and termination through code enforcement authority.  Key elements of the 
IC/ID Elimination Programs are outlined in Table 3-3. 
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Table 3-3 

 Existing Illicit Connections/Illicit Discharges Elimination 

Develop an Implementation Program which specifies the IC/ID program will be implemented 

Create a database for permitted storm drain connections and map IC/ID  

Perform IC/ID Trend Analysis 

Train targeted employees in the permit requirements for IC/ID 

Field screen the storm drain system for illicit connections in open channels 

Field screen the storm drain system for illicit connections in underground storm drains in priority 

areas 

Field screen the storm drain system for illicit connections in underground s/d larger than 36 inch 

diameter 

Review all permitted connections to the storm drain system for compliance 

Investigate illicit connections 21 days after discovery 

Terminate illicit connections 180 days after confirmation 

Respond to illicit discharges within one business day of discovery 

Investigate illicit discharges as soon as practicable 

 
3.1.1.7 Caltrans Statewide Stormwater Permit 
Caltrans operates under a statewide NPDES permit that governs management of its 
storm water activities.  As part of its storm water activities, Caltrans has developed an 
approved Storm Water Management Plan (SWMP) which addresses storm water 
pollution control related to planning, design, construction, maintenance and 
operation of all transportation facilities as an ongoing part of Caltrans normal 
business practices.   

An important component of the SWMP is the Project Planning and Design Guide 
(PPDG), which provides specific guidance for incorporating BMPs into projects 
during the planning and design phases of a project.  These include Treatment BMPs, 
Design Pollution Prevention BMPs, and critical Construction Site BMPs.  Other 
components of the SWMP include research and development of BMPs, monitoring of 
storm water activity through regional work plans and annual reporting, and continual 
funding of storm water research and public education. 

3.1.2 On-Site Structural Best Management Practices (BMPs) 
The BMP Evaluation considered a comprehensive list of potentially applicable on-site 
structural BMPs that are detailed in the accompanying technical memorandum 
provided in Appendix A-1.  A fact sheet was developed for each BMP that describes 
the BMP in terms of:  

 Pollutant Removal Effectiveness  

 Primary benefits 
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 Applications 

 Design Considerations 

 Construction Considerations 

 Maintenance Considerations 

 Implementation Challenges 

 Cost 

Subsequent analysis in later tasks, as detailed in the technical memoranda, consider 
hydrologic characteristics of Jurisdictional Groups 5 and 6, specific land use, 
beneficial reuse, and siting issues to narrow the list of applicable BMPs.  Those on-site 
structural BMPs retained for potential piloting in the implementation plan are 
described briefly in the following subsections along with preliminary unit cost 
information.  The full evaluation of these BMPs is found in Appendix A-1 from the 
technical memorandum. 

3.1.2.1 Pervious Paving 
Pervious paving describes a system comprising a load-bearing, durable surface 
together with an underlying layered structure that temporarily stores water prior to 
infiltration or drainage to a controlled outlet. The surface can itself be porous such 
that water infiltrates across the entire surface of the material (e.g., grass and gravel 
surfaces, porous concrete and porous asphalt), or can be built up of impermeable 
blocks separated by spaces and joints typically filled with sand or soil, through which 
water can drain. Typical pervious pavements include: 

 Porous Asphalt  

 Poured Porous Concrete  

 Modular Concrete Block  

 Structural Soil 

Unit costs for pervious paving are on the order of $10 to $15 per square foot (s.f.). 
Based on these rates, a pilot project involving 6,000 square feet of surface to be 
replaced with pervious paving may cost approximately $60,000-90,000 for installation.     
Estimated costs for an average annual maintenance program of a porous pavement 
parking lot are approximately $3,500 per acre per year or $500 for a 6,000 s.f. parking 
area.   
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3.1.2.2 Bioretention Cells 
Bioretention cells are landscaping features adapted to treat stormwater runoff on-site. 
They can be installed in parking lot islands of commercial areas or pocket parks in 
residential land areas. Surface runoff is directed into shallow, landscaped depressions. 
These depressions are designed to incorporate many of the pollutant removal 
mechanisms that operate in natural ecosystems. During storms, runoff may be 
allowed to pond above the mulch and soil in the system.  

Unit costs for bioretention cells range from $3-4/s.f. for residential operations to $10-
$40/s.f. for commercial applications, with the upper end reflecting the additional 
costs associated with retrofitting an existing developed site.  A pilot project that 
retrofits six parking lots islands with bioretention, 200 square feet each, at a 
commercial facility may cost approximately $48,000.00 for design and installation.  
This is based on the estimate of $40 per square foot. The operation and maintenance 
costs for a bioretention facility will be comparable to that of typical maintenance 
required for landscaped areas.   

3.1.2.3 Infiltration Trench/Basin 
An infiltration trench is a rock-filled trench with no outlet that receives stormwater 
runoff.  Stormwater runoff passes through some combination of pretreatment 
measures, such as a swale or sediment basin, before entering the trench. Runoff is 
then stored in the voids of the stones, slowly infiltrated through the bottom and into 
the soil matrix over a few days. The primary pollutant removal mechanism of this 
practice is filtration through the soil.  Unit costs for infiltration trenches are 
approximately $4/cf.   
 
An infiltration basin is a shallow impoundment that is designed to infiltrate 
stormwater. By using plastic storage media or pre-cast concrete boxes, infiltration 
basins can also be installed underground. Infiltration basins use the natural filtering 
ability of the soil to remove pollutants in stormwater runoff.  Unit costs for an above 
ground infiltration basin are approximately $1.30/cf and $7-$10/cf for a below 
ground infiltration basin. 
 
3.1.2.4 Vegetated Buffer Strips  
Vegetated buffer strips are constructed or natural strips of vegetation for removing 
sediment, organic matter and other pollutants from runoff.  These strips are typically 
broad surfaces with a vegetated cover, preferably of native or xeric plant 
communities, that intercept and remove a variety of pollutants (sediment, organic 
matter and other pollutants).  These vegetated areas can be sited to receive sheet flow 
directly from paved or other drainage areas, acting as a buffer for sensitive receiving 
waters.  Native or xeric vegetation is preferable to turf for bacteria removal because 
the reduced irrigation and fertilizer requirements of native planting minimizes the 
culture of bacteria in the soil.  Native or xeric plantings will also obviate concerns 
regarding irrigation over-spray and dry weather runoff from irrigation. 
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 Costs in the literature for buffer strips are often based on use of turf as the buffer. A 
pilot project to install a 1-acre vegetated buffer strip may cost approximately $30,000 
for turf, but costs could be higher for native or xeric landscaping due to the additional 
cost of plants and mulch to hold the soil and deter non-native weeds while the plants 
fill in. Initial cost for xeric or native planting will depend on the size and density of 
initial planting and the type of mulch applied.  Conversely, long term maintenance 
costs of native plantings will be far less than a turf buffer because there is no mowing 
or fertilizing required and very little irrigation once the plants are established (after 2 
years).  The only long-term maintenance for native plantings is occasional dry 
weather irrigation and periodic pruning or replacement of plants for aesthetics.   

3.1.2.5 Biofiltration Swales 
Biofiltration swales are constructed or natural vegetated conveyance channels.   
Runoff flows through what is effectively a pervious channel for removing sediment, 
organic matter, and other pollutants from the runoff. Runoff may be captured in drain 
inlets and routed to the swales or may flow into the swales through sheet flow. As the 
runoff flows through the vegetated swale, the vegetation and underlying soil act to 
remove sediment and other pollutants from runoff by one or more of the following 
mechanisms: filtration, infiltration, absorption, adsorption, decomposition, and 
volatilization. Installation costs for biofiltration swales will be somewhat higher than 
for buffer strips due to additional costs associated with design and installation of the 
drainage-way. Many examples of biofiltration swales in the literature employ turf 
swales that may or may not be mowed, however for bacteria removal, turf is not a 
desirable choice due to the need for irrigation and fertilizer.  If native or xeric plants 
are used for a swale, there may be a need for stonework or riprap as well as additional 
physical geotextile materials along the swale to create a natural drainage course and 
prevent erosion while the plants are becoming established. 

3.1.2.6 Cisterns 
A cistern is a tank for storing rainwater, which has been collected from a roof or other 
catchment area. Cisterns can be used for a single residential home, for a housing 
development, and for commercial and public buildings. The captured water can be 
use for irrigation of landscaped or natural pervious areas. Normally a sump pump is 
included in the installation for irrigation usage.  Typical design, permitting and 
installation costs for a cistern are estimated at $2 - $2.50 per gallon of cistern volume. 

3.1.2.7 Rain Barrels 
Rain barrels are small gravity flow aboveground devices for capturing runoff from 
roof drains applicable for use at residential single-family homes. A typical rain barrel 
would cost on the order of $200-300.   

3.1.3 Regional BMPs 
The BMP Evaluation considered a list of potentially applicable regional BMPs; 
complete summaries of these are provided in Appendix A-1.  Subsequent analyses in 
later tasks that considered the hydrologic characteristics of Jurisdictional Groups 5 
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and 6, as well as specific land use, beneficial reuse, and siting issues, narrowed the list 
of regional BMPs.  The regional BMPs most applicable for piloting in Jurisdictional 
Groups 5 and 6 are described briefly below.   

3.1.3.1 Constructed Wetlands 
Constructed wetlands typically manage runoff from a number of parcels or a small 
residential or commercial development.  Constructed wetlands use a biological 
treatment technology designed to mimic processes found in natural wetland 
ecosystems. These wetland systems utilize wetland plants, soil and the associated 
microorganisms to remove contaminants found in runoff. The root mass of the 
wetlands plants provides treatment by filtration. The roots also offer attachment 
surfaces for microbes that facilitate the process of breaking down pollutants. These 
systems also provide opportunities to create or restore wetland habitat for wildlife 
and environmental improvement. 

Reported costs for design and installation of constructed wetlands have been in the 
range of $200,000 to $500,000 per acre.  Literature indicates that annual maintenance 
and operational costs typically range between 3 to 5 percent of construction costs, but 
this assumes that there will be regular harvesting of vegetation that is typically done 
for nutrient and control of pollutants that accumulate in the plant material, itself. If 
the wetland is intended primarily for bacteria and sediment removal, harvesting of 
plants may not be necessary and then maintenance costs will be substantially less.  

3.1.3.2 Wet Ponds 
Wet ponds (also known as retention ponds or wet extended detention ponds) are 
constructed basins that maintain a permanent pool of water throughout the year (or at 
least throughout the wet season).  They are similar to constructed wetlands in that 
they manage runoff from a number of parcels or a small residential or commercial 
development.  Wet ponds treat runoff through sedimentation and biological uptake. 
Wetland-type planting may be used in shallow edges of these ponds to create a 
combined wet pond/wetland system.  Costs for wet pond installation and 
maintenance are on the same order as for constructed wetlands. 

3.1.3.3 Leach Fields 
A leach field is a technology for infiltrating runoff that introduces the runoff into sub-
grade gravel beds via a perforated pipe or box culvert.  The entire facility is 
underground.  Equipment designed for septic systems may be utilized for these 
applications.  In Jurisdictional Groups 5 and 6, leach fields are best suited for 
placement near storm drain outlets and may be considered a diversion mechanism for 
dry weather flows.  The use of leach fields may be precluded at locations where depth 
to water table is less than five feet below the leach field.  More detailed discussion of 
leach field applications is provided in the siting technical memorandum (Appendix 
D). 
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3.2 Hydrologic Analysis 
The hydrologic analysis consisted of several essential and interrelated elements:  

 Grouping of sub-watersheds into drainage areas,  

 Land use analysis  

 Analysis of historic water quality data associated with drainage areas 

 Wet and dry weather runoff estimation 

The hydrologic analysis conducted in this study is a conceptual level estimate of 
runoff values.  More detailed hydrologic studies should be conducted for the design 
of structural BMPs.  Following is a summary of the methodology and findings of this 
analysis.  The entire technical memorandum describing the hydrologic analysis is 
provided in Appendix B.  

3.2.1 Grouping of Sub-Watersheds into Drainage Areas 
Over 70 sub-watershed drainage areas were identified within Jurisdictional Groups 5 
and 6.  Using a watershed and beach outlet GIS map developed by the four major 
agencies (Manhattan Beach, Hermosa Beach, Redondo Beach and Torrance), the sub-
watersheds were grouped together to form ten larger drainage areas shown in Figure 
3-1.   
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Figure 3-1 
Drainage Areas Map 
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Each of the ten drainage areas is associated with one or two monitoring site(s) under 
the Coordinated Shoreline Monitoring Plan.  The drainage areas are named according 
to the monitoring site(s) they represent in Table 3-4. 

Table 3-4 

Jurisdictional Groups 5 & 6 Drainage Areas 

Map ID 

Monitoring 

Site ID Historical ID Location Description 

1 SMB-5-1 S13 40th St., Manhattan Beach 

2 SMB-5-2 DHS 113 27/28th St. extended, Manhattan Beach 

3 SMB-5-3 S14 50 yards south of Manhattan Beach Pier 

4 SMB-5-4 DHS 114 26th St. extended, Hermosa Beach 

5 SMB-5-5 S15 50 yards south of Hermosa Beach Pier 

6 SMB-6-1 DHS 115 Herondo St. extended (at Herondo drain) 

7 SMB-6-2 S16 50 yards south of Redondo Beach Pier 

8 SMB-6-3 

SMB-6-4 

 

DHS 116 

Project of Sapphire St. drain,  

Topaz St. extended (north of groin/jetty) 

9 SMB-6-5 S17 Avenue I, Redondo Beach 

10 SMB-6-6 S18 Malaga Cove 

 

3.2.2 Land Use Analysis 
Land use was divided into six general categories:  commercial, 
manufacturing/industrial, mixed use, open space, public facility and residential.  
Parcel data from each agency was incorporated into the drainage area GIS map to 
create a land use map for Jurisdictional Groups 5 and 6. This enabled an analysis of 
each drainage area to determine total acreage and individual land use category 
acreage. Analysis of this data revealed that approximately 75% of the total area within 
Jurisdictional Groups 5 and 6 is residential land use. The sub-watersheds and land use 
map is shown in Figure 3-2. 
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Figure 3-2
Sub-watershed and Land Use Map
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3.2.3 Analysis of Historic Water Quality Data Associated with 
Drainage Areas 
Analysis of historical data at each monitoring site was conducted to identify drainage 
areas and/or hydrologic conditions that should be prioritized when developing the 
implementation plan.  

Historical shoreline monitoring data was available for all but one of the monitoring 
sites in Jurisdictional Groups 5 and 6.  Two different agencies have collected this data 
for different sites so that some of the sites have been monitored on a daily basis while 
others have been monitored on a weekly basis.  For each site, four to five storm-years 
of historical data were compared with the TMDL targets for the four single-sample 
bacterial indicators (total coliform, fecal coliform, enterococcus, and fecal-to-total 
coliform ratio) and for the monthly geometric mean values of the first three indicators.  
The frequency of target exceedances was compared to exceedance allocations for each 
site and these results were tabulated by monitoring site and by storm year and are 
provided in the technical memorandum in Appendix B.   

Based on historical performance, the SMB 6-1 (Herondo) monitoring site was the only 
clearly problematic site from a wet weather compliance perspective.  SMB 6-1 is also 
associated with the largest drainage area, projected to generate nearly 40 percent of 
the total runoff from Jurisdictional Groups 5 and 6 drainage areas, combined.  This 
monitoring site has also historically exhibited chronic dry weather compliance 
exceedances.  Accordingly, the SMB 6-1 drainage area is identified as a high priority 
drainage area for both wet- and dry-weather. 

In general, dry weather exceedances have been more problematic in Jurisdictional 
Groups 5 and 6 than wet weather exceedances.  Dry weather exceedances have been 
historically problematic at SMB 6-1 and 6-2, and to a lesser degree at SMB 5-5 and 6-5.  
Almost all sites have occasionally surpassed the summer dry weather allocation of 
zero exceedances.  Two sites, SMB 5-1 and SMB 6-6, consistently exhibited the lowest 
frequency of exceedances year-round, wet or dry. 

Also of note were historic problems with geometric mean exceedances for 
enterococcus at virtually all sites except SMB 5-1.  This was not the case for fecal 
coliform or total coliform geomean historical data.  

3.2.4 Wet and Dry Weather Runoff Estimation 
Wet weather runoff estimates for each drainage area were calculated using runoff 
coefficients derived from land use distribution.  In a separate analysis3 conducted for 
Jurisdictional Groups 2 and 3, fifty years of precipitation data recorded at Los Angeles 
International Airport (LAX) was sorted by daily precipitation volume.  The daily 
volume of the 18th largest rain day for each year of the 50-year period was tabulated 
                                                           
3 City of Los Angeles 2003.  City of Los Angeles Integrated Resources Plan Facilities Plan Interim 
Deliverable. Volume 3 Runoff Management, August 2003. Prepared by CH:CDM and City of Los 
Angeles Department of Public Works, Bureau of Sanitation 
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and analyzed statistically to identify the 90th percentile 18th largest daily volume over 
the 50 years of data—this was associated with a 0.45 inch/day rainfall.  Since the 
TMDL allows for up to 17 wet-weather exceedance days per year, the implication is 
that managing all rainfall events of volume equal to the 18th largest will hold 
exceedances to no more than 17 days in nine out of ten years. Estimated wet weather 
runoff volumes in million gallons per day were calculated for a 0.45-inch rainfall 
event using the runoff coefficients derived from land use distribution in Jurisdictional 
Groups 5 and 6 to show the estimated runoff volume for each drainage area.  Using 
this approach the calculations demonstrated that the estimated wet weather runoff 
volume for a 0.45-inch rain event over the entire Jurisdictional Group 5 and 6 areas is 
approximately 47 million gallons.  The SMB-6-1 (Herondo) drainage area was 
estimated to have the greatest amount of runoff at roughly 18 million gallons per day, 
nearly 40 percent of the total runoff of all the Jurisdictional Group 5 and 6 drainage 
areas, combined. 

Volumetric dry weather runoff rates were estimated for each of the drainage areas 
using a dry weather runoff rate of 230 gallons per day per acre derived for 
Jurisdictional Groups 2 and 3 which had similar land use distributions as 
Jurisdictional Groups 5 and 6.  Dry weather runoff estimates expressed in million 
gallons per day were tabulated for each of the drainage areas as the product of the 
runoff rate and the drainage area. 

Details of these calculations are provided in Appendix B. 

3.2.5 Results of Hydrologic Analysis 
GIS analysis of sub-watersheds grouped into drainage areas indicates a positive 
correlation between total acreage within a drainage area and frequency of 
exceedances, i.e., the larger the drainage area the higher the frequency of historical 
exceedances.  The most problematic drainage area within Jurisdictional Groups 5 and 
6 is SMB-6-1 (Herondo) and it is also the largest drainage area by a factor of two when 
compared with the next largest drainage area.  Furthermore, the SMB-6-1 drainage 
area is almost 30 times larger than the smallest drainage area.  The best performing 
drainage area with respect to exceedances is also the smallest.  The only site for which 
this correlation is not yet clear is SMB-5-2 which is the second largest drainage area, 
but it is a relatively new monitoring site and there was insufficient historical data to 
evaluate this correlation.  While drainage area is not the only factor contributing to 
frequency of exceedances, it does appear to be the strongest factor based on historical 
evidence. 

The macro-scale land use analysis did not reveal evidence for land use as a primary 
cause of exceedances in problematic drainage areas.  Land use is fairly evenly 
distributed throughout Jurisdictional Groups 5 and 6, and areas with higher 
frequency of exceedances appear, at least at the macro scale, to have similar land uses 
as drainage areas with lower exceedances.  There appeared to be no clear correlation 
between land use distribution and frequency of exceedances. However, land use 
distribution may be a secondary influence on exceedances—the second-best 
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performing drainage area with respect to exceedances was fifth largest out of ten, but 
it was the only drainage area with no commercial development. 

3.3 Beneficial Reuse Evaluation 
The beneficial reuse evaluation explored opportunities to beneficially reuse dry and 
wet weather runoff within Jurisdictional Groups 5 and 6.  On-site/local as well as 
regional reuse opportunities were evaluated considering land use information 
gathered as part of the hydrologic analysis.  A complete discussion of this evaluation 
is provided in the technical memorandum for this task in Appendix C.  A summary of 
the rationale for narrowing the list of beneficial reuse options within Jurisdictional 
Groups 5 and 6 is provided below. 

3.3.1 Infiltration 
Infiltration is among the simplest and least expensive approaches to beneficial reuse 
of runoff.  Infiltration projects do not store runoff, so no treatment is required for 
bacteria/pathogens since water is infiltrated, applied with subsurface irrigation, or 
otherwise locally managed.  Infiltration requires that soils be sufficiently permeable to 
allow percolation into the unconfined water table perched above the confining layers 
that protect the drinking water aquifer.  The porosity of the soils must be sufficient to 
allow percolation within an acceptable period of time and without excessive 
mounding or ponding.  Review of soil maps for the Jurisdictional Groups 5 and 6 
areas indicates that soils with relatively high infiltration rates are located along the 
coast extending approximately 2 miles inland.  Site-specific soils data will be needed 
to assess the feasibility of infiltration for specific projects.   

Additional factors to be considered prior to selecting an infiltration BMP are depth to 
the water table (unconfined groundwater), land use and space availability.  A shallow 
water table reduces the capacity for infiltration without surface ponding.  The 
availability of sufficient open space with appropriate land use also affects the 
selection of site-specific BMPs.  A number of infiltration BMPs were identified in the 
beneficial use evaluation (Appendix C) and siting evaluation (Appendix D) as 
potentially suitable for land uses within Jurisdictional Groups 5 and 6, including: 

 Permeable paving 

 Vegetated buffer strips 

 Infiltration Trenches/Basins 

 Bioretention cells 

 Wet Ponds 

 Constructed wetlands 

 Leach Fields 
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3.3.2 On-Site Beneficial Reuse 
Rain barrels and cisterns are water conservation devices that can be used to reduce 
runoff volume and peak flow rates for small storm events in areas where wet-weather 
exceedances are problematic.  The limited storage capacity of rain barrels makes their 
effectiveness minimal for large or extended storm events.  Cisterns are larger than 
rain barrels and the roof runoff stored in these devices can provide a source of natural 
‘soft water’ for gardens and landscaping.  Because residential irrigation accounts for 
up to 40 percent of domestic water consumption, these water conservation devices 
can reduce demand on the municipal water system.  Cisterns are available in a range 
of sizes applicable for public or commercial buildings and for multi-family 
developments and single-family homes.   

3.3.3 Groundwater Recharge 
Jurisdictional Groups 5 and 6 are located in the West Coast groundwater basin.  The 
West Coast Basin drinking water aquifers are generally confined or semi-confined 
alluvial aquifers and the presence of these confining or semi-confining geological 
formations above the aquifers limits the applicability of beneficial recharge of the 
drinking water aquifer via infiltration projects.  Injection wells with accompanying 
pretreatment systems are required in order to beneficially recharge the drinking water 
aquifers within the Jurisdictional Groups 5 and 6 areas. 

The West Coast Basin Barrier Project is an existing project of the Los Angeles County 
Department of Public Works created to halt seawater intrusion into the groundwater 
basin.  The West Coast Basin Barrier Project currently injects 17.5 million gallons per 
day of water—50% is imported water, and 50% is reclaimed water).  The reclaimed 
water is advanced-treatment effluent from the West Basin Water Recycling Plant that 
is owned and operated by the West Basin Municipal Water District in the City of El 
Segundo.  This plant provides advanced treatment of secondary effluent from the 
Hyperion Wastewater Treatment Plant, producing 7.5 million gallons per day of 
recycled water that is blended with imported water for injection.  An expansion of the 
West Basin Water Recycling Plant is planned to provide additional treatment of 
reclaimed water to reduce dependence on imported water, ultimately providing 100% 
reclaimed water to the barrier project (17.5 million gallons per day) in the near future.  
The new treatment processes at the plant will include micro-filtration, reverse 
osmosis, and combined disinfection using hydrogen peroxide addition and ultraviolet 
(UV) irradiation. 

It may be feasible to beneficially reuse storm water runoff by blending with the 
Hyperion effluent to improve the characteristics of the injected water.  Storm water 
generally has low concentrations of total dissolved solids (TDS), whereas wastewater 
treatment plant effluent typically has high levels of dissolved solids.  Blending of 
storm water runoff with the effluent can be used to reduce the overall TDS of the 
reclaimed water.  The feasibility of such a project will depend on a wide variety of 
issues, including: infrastructure requirements and cost, water quality issues and 
governing regulations, as well as contractual agreements among the various parties. 
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3.3.4 Dry Weather Diversions 
Dry weather diversion systems divert dry weather urban runoff from the storm drain 
system to a sanitary sewer main for treatment at the wastewater treatment plant.  
During wet weather the diversions are shut off or bypassed to avoid overloading the 
sewer main and causing a sewer overflow. 

The County Sanitation Districts of Los Angeles County (Districts) conducted a dry 
weather characterization study during the period from May 2002 to October 2002.  
The study assessed 125 storm drains and provided a baseline for setting priorities for 
dry weather urban runoff diversions in the coastal area from Manhattan Beach to 
Long Beach.   

In Jurisdictional Groups 5 and 6 there are seven storm drains with dry weather 
diversion facilities or plans for such installations.  These dry weather diversions are 
located at storm drains associated with the following monitoring sites/drainage areas: 

 SMB-5-2  (28th Street, Manhattan Beach) planned diversion 

 SMB-5-3 (Manhattan Beach Pier) diverted in 1990 

 SMB-6-1 (Herondo Drain) diversion under construction 

 SMB-6-2 (Redondo Beach Pier) two drains diverted in February 2005 

 SMB-6-3 (Sapphire St., Redondo Beach) planned diversion 

 SMB-6-5 (Avenue I, Redondo Beach) diversion under construction 

The Districts’ Dry Weather Characterization Study did not recommend diversions for 
any other locations within Jurisdictional Groups 5 and 6 at this time.  Accordingly, 
this implementation plan will defer consideration of additional diversions until the 
effectiveness of the current and planned diversion can be evaluated.  A more detailed 
discussion of the Dry Weather Characterization Study is provided in the siting 
technical memorandum (Appendix D). 

3.4 Facilities Siting 
The fifth task evaluated potential sites within Jurisdictional Groups 5 and 6 for 
implementing onsite and small regional BMPs, beneficial reuse, and regional options 
for controlling runoff.  A complete discussion of this analysis is provided in the 
technical memorandum for this task in Appendix D.  Potential sites for the narrowed 
list of structural runoff management measures are shown in Table 3-5.   
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Table 3-5 

Potential sites for Structural Runoff Management Measures 

Localized BMPs Potential Sites 

Porous Pavement Municipal facilities, public walkways 

Single-family and multi-family residences 

Parks 

Bioretention Parking lot islands 

Street medians 

Residential communities 

Wet pond Medium, large parks (> 5 acres) 

Constructed wetland Parks 

Vegetated buffer strip Parks 

Beachfront 

Beneficial Reuse Potential Sites 

Cistern Parks  

Community centers 

Schools 

Rain barrel Residences 

Regional Options Potential Sites 

Diversion Facilities Current diversion facilities are located, or will soon be located at: 

SMB-5-2, SMB-5-3, SMB-6-1, SMB-6-2, SMB-6-3 and SMB-6-5 

Leach fields Near storm drain outlets 

 

Numerous public parks, government facilities, schools, and residences were identified 
as possible sites for implementation.  Site-specific studies should be conducted during 
preliminary design of these BMPs.  Infiltration BMPs should be designed not only to 
facilitate their primary function of infiltrating wet-weather runoff, but also to 
minimize the generation of dry weather runoff through appropriate design and 
selection of plant material.  In addition, pilot tests are recommended before full-scale 
implementation throughout Jurisdictional Groups 5 and 6 to ensure that the 
technology performs as anticipated for controlling bacteria.   
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Section 4 
Implementation Plan for Jurisdictional 
Groups 5 and 6 
 
The Implementation Plan utilizes an adaptive, iterative management approach which 
will address multiple pollutants, identify beneficial reuse opportunities, and integrate 
multiple agencies in its overall solution.  This Implementation Plan is designed to 
provide the responsible agencies (jurisdictions) of Jurisdictional Groups 5 and 6 with 
a systematic strategy for progressively improving compliance with Total Maximum 
Daily Loads (TMDLs), integrating both Wet- and Dry-weather Santa Monica Bay 
Beaches Bacteria (SMBBB) TMDLs and other water quality goals. The strategy for 
reducing exceedances relies on a combination of measures designed to reduce bacteria 
and other pollutant loads from sources by reducing the amount of dry-weather and 
wet-weather runoff while at the same time pursuing opportunities for beneficial reuse 
of runoff. This plan calls for three categories of management approaches: 
Programmatic Solutions, Structural BMPs, and Source Identification & Control. Each 
of these management approaches will be implemented in three phases, with each 
phase incorporating information gained from the prior phases across the three 
categories.  This feedback across phases and management approaches provides the 
iterative adaptive framework that is critical to effective implementation of bacteria 
TMDLs for which there is great uncertainty regarding significant sources and 
effective means of control. 

Phase I 
Programmatic Solutions:  Enhance Existing Programmatic Solutions 
Structural BMPs:  Pilot Site-Specific Structural BMPs 
Source Identification & Control:  Identify Significant Sources and Prioritize Source Controls  

Phase II 
Programmatic Solutions:  Assess and Expand Effective Solutions and Develop Additional 
Programmatic Solutions 
Structural BMPs:  Evaluate Performance of Site-Specific Structural BMPs 
Source Identification & Control:  Implement Source Controls in High Priority Areas 

Phase III 
Programmatic Solutions:  Implement Additional Programmatic Solutions 
Structural BMPs:  Implement Applicable BMPs/Research New BMPs  
Source Identification & Control:  Evaluate High Priority Source Controls and Institutionalize 
Effective Source Controls 

Programmatic solutions are the core of an effective implementation plan because it is 
through programmatic solutions that long-term solutions of many types will be 
institutionalized. Programmatic solutions will be developed jointly by the agencies 
and implemented within Jurisdictional Groups 5 and 6.  These measures will focus 
initially on: increasing public understanding of the connection between 
residential/commercial land use activities and beach closures, encouraging good 
housekeeping practices, and improving compliance with existing ordinances among 
targeted populations.  The development of additional programmatic solutions in later 
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phases will be built on progressive feedback from the other two management 
approaches. Effective public education and outreach should also improve public 
acceptance and understanding of structural BMPs and source controls, creating a 
synergy among the three implementation approaches.   

For Jurisdictional Groups 5 and 6 which are largely built-out communities, the 
development planning program under the municipal storm water permit will achieve 
gradual reductions in adverse land-use impacts on runoff from private property as 
redevelopment occurs.  This implementation plan considers what additional benefits 
can be achieved by accelerating such action on public property by the responsible 
agencies. Piloting of structural BMPs will be initiated in specific drainage areas and 
evaluated for effectiveness.  Structural BMPs that are identified as being most cost 
effective during the initial phases will be expanded and implemented in later phases 
at relevant and applicable sites across Jurisdictional Groups 5 and 6. 

Identification of significant sources and development of controls for these identified 
significant sources is the third management approach in this adaptive, iterative plan.  
The objective of source identification in high priority drainage areas is to seek to 
identify conditions or factors that produce significantly higher indicator bacteria 
concentrations at some locations in comparison with other locations.  This information 
will provide critical feedback so that fiscal and technical resources can be focused on 
controlling sources that have the most significant impact on shoreline water quality.  
Source control techniques will be developed and piloted as part of this management 
approach, and those that are found to be effective will be incorporated into long-term 
programmatic solutions. 

At the completion of each phase of the three management approaches, comparative 
assessments will be made of the performance and cost for these approaches.  Based on 
these assessments as well as new information that becomes available from local and 
regional studies and research, the Jurisdictional Group 5 and 6 agencies will adapt 
and adjust the course of implementation.  Upon completion of Phase 3 of each 
approach, the agencies will revisit earlier phases as appropriate in keeping with the 
iterative nature of the plan.   

This implementation strategy is summarized in Table 4-1 and described in detail in 
the body of this section.  The plan describes activities that will be accomplished by the 
Jurisdictional Group 5 and 6 agencies collectively, however not every agency will 
carry out every activity because not all activities are applicable to all agencies. More 
detail is provided for early phases while later phases are described more generally.  
The details of later phases will be developed at key decision points and be based on 
information gained in prior phases.  
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Table 4-1 

Implementation Plan: Three-Pronged, Phased Strategy 

 Programmatic Solutions Structural BMPs Source Identification & Control 

PHASE 1 

Enhance existing 

programmatic solutions 

targeting: 

 Homeowners/residents 

 Schools 

 Business 

 Public agency activities 

Site-specific structural BMPs 

combined into alternatives for pilot 

study areas 

 Select drainage areas for study 

 Siting, data collection and BMP 

selection process 

 Conceptual design and selection of 

alternatives 

 Design, installation and monitoring 

of site-specific BMPs. 

Identify significant sources in high-

priority drainage areas 

 Confirm sanitary sewage 

infrastructure is not significant 

source 

 Enhance comparative land use 

mapping to focus source 

identification 

 Field reconnaissance of high 

priority drainage areas 

Prioritize source controls 

PHASE 2 

Assess/Expand/Develop 

programmatic solutions 

Evaluate performance of individual 

site-specific BMPs and alternatives as 

a whole 

Implement source controls in high 

priority areas 

PHASE 3 
Implement additional 

programmatic solutions 

Implement applicable BMPs, research 

new BMPs 

Evaluate high priority source controls 

and Institutionalize Effective Controls 

 

4.1 Phase I- Enhance Existing Programmatic Solutions, 
Pilot Site-Specific Structural BMPs, Identify Significant 
Sources of Bacteria And Prioritize Source Controls 
Structural BMPs and source controls will be initiated in separate areas in order to 
facilitate identification of cost effective solutions for achieving compliance with the 
SMBBB TMDLs.  A combination of site-specific infiltration/treatment and beneficial 
reuse structural BMPs will be tested in one or two drainage areas to evaluate the 
effectiveness of these types of BMPs in controlling bacteria exceedances.  On a parallel 
track, source identification and control will be initiated in one or two high priority 
drainage areas.  Monitoring plans will be developed to allow for comparative 
assessment of the effectiveness of these management approaches in achieving long-
term improvements in shoreline compliance with TMDLs.  

Small drainage areas or sub-drainage areas will be more useful than large drainage 
areas for testing site-specific BMPs because relatively fewer pilot projects should be 
required in order to demonstrate measurable reductions in wet weather runoff or a 
significant increase in permeability of the drainage area overall. Availability of public 
land is an additional factor to consider.  Since it is recommended that BMPs be 
implemented in parks, schools, and other public facilities, selected areas should have 
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adequate public land available.  Soils information obtained from site-specific soil 
studies will also be critical in determining where to implement infiltration BMPs.   

Source identification done during dry weather is simpler, less costly and can proceed 
more quickly because chronic discharges are more easily identified and field activities 
are not confined exclusively to wet weather periods.  Areas for source identification 
should have a wide range of land use so that a variety of potentially significant 
bacteria sources are represented.  Larger drainage areas typically have a wider variety 
of land uses.  Initial source identification efforts will be conducted during dry weather 
in high priority areas.  Following identification, significant sources will be controlled 
during both wet- and dry-weather. SMB 6-1 (Herondo) is an example of an 
appropriate high priority drainage area for initiating source identification and control. 
This drainage area exhibits frequent wet and dry weather exceedances.  Selection of a 
second drainage area for initiating source identification and control will also be 
useful.   SMB-5-2, SMB 6-2 and 6-5 could also be effective choices for source 
identification activities as they are the next largest drainage areas after 6-1 and each 
have a mix of commercial, residential and public facility/open space.   

In summary, during Phase I, programmatic enhancements will be implemented 
throughout Jurisdictional Groups 5 and 6.  Structural BMPs will be piloted in two 
small drainage areas with highly infiltrating soils and adequate public space.  Source 
identification will be conducted in two high priority drainage areas.   

4.1.1 Phase I - Enhance Existing Programmatic Solutions 
Programmatic solutions are generally those that do not require new infrastructure, 
but rather use techniques such as: education and outreach, positive reinforcement of 
good housekeeping behavior and land use, enforcement of existing codes and 
ordinances, and, if necessary, development of new policies and procedures.   

Agencies in Jurisdictional Groups 5 and 6 have already adopted many programmatic 
solutions as described in Section 3.1.1, so Phase 1 will focus on enhancements to 
existing programs that specifically target activities of concern with respect to indicator 
bacteria control.  In order to expedite the enhancement of programmatic solutions 
under Phase I, recommended actions rely as much as possible on existing materials, 
procedures and programs but increase the focus on known sources of bacteria.  The 
following subsections describe how existing programmatic solutions will be enhanced 
to increase their effectiveness in targeting pollution prevention with respect to known 
sources of bacteria. 

4.1.1.1 Homeowners and Residents  
Current public outreach/education of homeowners and residents will be enhanced by 
the following elements. 

 Distribute County Tip Cards:  Agencies will distribute County-produced tip cards 
regarding pet waste to appropriate businesses within Jurisdictional Groups 5 and 6:  
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pet stores, veterinarians, pet grooming facilities, mobile pet groomers, and pet 
boarding facilities.   

 Watershed Direct Mail Piece:  The Ballona Watershed Management Committee 
with assistance from the County of Los Angeles is preparing a direct mail piece for 
distribution to homeowners.  This piece includes best management practices that 
address bacteria sources associated with residential development.  Jurisdictional 
Groups 5 and 6 agencies assigned to the Ballona Watershed Management 
Committee will distribute this piece via direct mail or as an insert in newsletters, 
but also will make the piece available at public counters and home improvement 
centers.   

 Landscape BMP Webpage:  Existing literature is available from several agencies 
regarding the use of xeric and native plants for water conservation. Other existing 
literature discusses how to reduce the use of fertilizers, pesticides, herbicides and 
irrigation runoff.  This information will be integrated and placed on a web page 
hosted on one of the responsible agency’s websites or on the County website and 
each agency will place a link to the web page on their web site. 

 Landscape Awards:  The agencies will institute a quarterly landscape award based 
on jointly developed criteria. Each responsible agency will identify a qualifying 
residence, multi-family complex, and/or office building that meet the award 
criteria.  An award sign could be displayed on the winner’s demonstration 
landscape as a symbol of recognition.  The sign would include a link to the 
landscape BMP web page.  The award could also include a gift certificate donated 
by a home improvement or garden center and coordinated through the County.  
Awards could be issued on a quarterly basis.  For additional publicity, 
announcement of awards and issuance of gift certificates could take place at regular 
City Council meetings.  For office complexes, awards could also be announced at 
the local Chamber of Commerce meeting. In the event a qualifying recipient could 
not be identified in a particular month, the sign could be posted at the responsible 
agency’s demonstration landscape. 

 Speakers: Agencies will outreach to garden clubs, homeowners associations and 
other community groups and organizations by offering speakers to discuss 
landscaping, good housekeeping and pet care BMPs. 

4.1.1.2 Schools  
Public schools are not within the jurisdiction of municipalities, thus the Jurisdictional 
Group 5 and 6 agencies do not have code enforcement authority over public school 
sites.  Consequently, storm water pollution prevention activities by Jurisdictional 
Group 5 and 6 agencies are limited to outreach and education activities. A list of 
schools located within Jurisdictional Groups 5 and 6 draining to the Santa Monica Bay 
is provided in Table 4-2.  Once public school districts are identified by the Regional 
Board as being subject to small MS4 Permit requirements, presumably local public 
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school sites within Jurisdictional Groups 5 and 6 will become responsible agencies 
under the TMDLs.   

Table 4-2 

Schools Located Within Jurisdictional Groups 5 and 6 

 Elementary Schools Middle Schools High Schools 

Manhattan 

Beach 

 Grand View 

 Pacific 

 Robinson 

 Meadows 

 Pennekamp 

 Manhattan Beach 

 

 Mira Costa 

 

Hermosa 

Beach 

 Hermosa Valley 

 Hermosa View 

 

  

Redondo 

Beach 

 Alta Vista 

 Beryl Heights 

 Birney Jefferson 

 Tulita 

 Washington 

 

 Adams 

 Parras 

 

 Redondo Union 

 

Torrance 

 Towers 

 Victor 

 Anza 

 Lynn  West 

 

Encourage Environmental Defenders Program for Elementary Schools:  The agencies 
will encourage local schools to host the County-wide Environmental Defenders 
education assemblies in order to increase the level of participation among schools 
within Jurisdictional Groups 5 and 6.  This will be done by obtaining participation 
lists from the County of Los Angeles and mailing annual letters from agency staff to 
both public and private elementary school principals thanking them for participating 
or encouraging them to participate if they have not done so. 

Distribute Storm Water Videos: USEPA/Weather Channel’s After the Storm 
educational videos and other videos are available at no charge from USEPA.  These 
videos will be distributed to public and private middle schools and high schools in 
Jurisdictional Groups 5 and 6, and directed to interested environmental science 
teachers.   

Graphic Arts Contest:  Jurisdictional Groups 5 and 6 will sponsor a contest for high 
school art students to compete in creating graphic art to be used in public outreach 
materials throughout Jurisdictional Groups 5 and 6.  The agencies with advice from 
the County will select the winning artwork for use in programmatic initiatives.  This 

RB-AR43183



SMBBB TMDL Implementation Plan   Section 4 
Jurisdictional Groups 5 and 6  Implementation Plan 

A  4-7 

J5-6 Section 4 Final.doc 

will serve the dual purpose of creating public awareness among high school students, 
staff and administration, as well as creating art for educational programs. 

4.1.1.3 Business  
Restaurant BMP Workshops:  The County of Los Angeles has developed an effective 
training workshop targeting corporate (chain) restaurant managers.  The workshop 
encourages active participation and includes a PowerPoint® presentation, 
discussions, skits that demonstrated problematic versus best management practices, 
and demonstrations with volunteers from the audience.  Each participant receives a 
folder with relevant materials, as well as promotional items to take away.  At the 
conclusion feedback is obtained via a short survey.  These workshops will be held in 
the Jurisdictional Group 5 and 6 areas on an annual basis, with minor adjustments to 
increase emphasis on bacteria sources. Repeating the workshops on a regular basis 
will allow the agencies to provide updated information to restaurant operators and 
outreach to new restaurant operators as they begin business within the area.   The 
challenge will be to obtain participation from restaurant owners and operators.  A 
number of approaches can be used to publicize and encourage participation in these 
workshops including:  direct mail from agencies, announcement at local Chamber of 
Commerce meetings and newsletters, and requiring participation as a condition of the 
restaurant certification.  It will be important to offer the workshops at a convenient 
time and location for restaurant managers.  Onsite workshops will be considered to 
provide incentive for participation. 

Develop Restaurant Certification program: Jurisdictional Group 5 and 6 agencies will 
work cooperatively to share ideas in developing a model restaurant certification 
program, building on existing County materials.  Restaurants that successfully 
complete the certification program would be eligible to post the certificate and 
possibly place a decal in the window. Criteria for the certification should include:  
participation in the Restaurant BMP workshop, prompt correction of identified 
deficiencies arising from restaurant storm water inspections, a wash sink available for 
kitchen floor mats and mop buckets, proper maintenance of grease traps/interceptors, 
use of techniques that minimize runoff from cleaning of outside eating areas and 
proper training of employees upon hiring.  Additional criteria could also include:  
recycling of cans and bottles, and other materials, and use of cloth or recycled paper 
napkins, etc.   

4.1.1.4 Public Agency Activities  
The Jurisdictional Groups 5 and 6 agencies are involved in a variety of activities that 
minimize impacts on runoff as summarized in Table 3-2.  Certain activities will be 
modified or enhanced to target bacteria sources.   

Parks and Recreation Activities:  Agencies will verify that maintenance departments 
conduct routine inspections of parks and recreation facilities to eliminate broken 
sprinkler heads, over watering and to reduce overspray.  Agencies will incorporate 
protective landscaping principles into annual maintenance staff training and when 
planning re-landscaping projects.   
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Roundtable:  The agencies will coordinate joint meetings among field staff responsible 
for industrial/commercial inspections and if appropriate, code enforcement.  These 
sessions will provide an opportunity for round-table discussions of field experiences, 
observations and inspection techniques—such opportunities will be helpful for small 
agencies by effectively leveraging the knowledge base of each agency’s field staff. 
These meetings will also provide an opportunity for managerial staff to obtain 
feedback from field personnel regarding their observations, concerns and challenges.  
Both industrial/commercial inspectors and code enforcement officers may be 
involved because industrial/commercial inspections may occur twice every five 
years, whereas code enforcement officers may be out in the community on a weekly 
or even daily basis.  If code enforcement officers are aware of the concerns and 
techniques used by industrial/commercial inspectors, they are better prepared to act 
on potential violations (for some agencies code enforcement officers also conduct 
industrial/commercial inspections).  An example of how this round-table sharing 
could be helpful is illustrated by the following: 

Recently one of the agencies identified a mobile pet washing service that has 
been repeatedly discharging wash water onto the agency’s streets and/or into 
catch basins.  The Agency’s storm water coordinator pursued the matter with 
the owner of the business who claimed to believe that catch basins are 
connected to the sanitary sewer system.  This information was shared with 
other neighboring storm water coordinators via email to alert them to the 
potential for violations by the same or similar operators.   

This type of information will be shared among code enforcement staff at periodic 
round table meetings.  

4.1.2 Phase I - Pilot Site-Specific Structural BMPs  
Site-specific structural BMPs are intended to deal with small rain events, the first 
flush of larger rain events, and sometimes with dry weather flows by infiltrating or 
treating these flows. It is widely accepted within the scientific community that there 
are currently insufficient data and understanding regarding the effectiveness of using 
site-specific structural BMPs for reducing indicator bacteria concentrations in 
receiving waters during wet weather.  This management approach will investigate the 
effectiveness of site-specific BMPs by selecting one or two drainage areas as study 
areas for piloting a variety of site-specific structural BMPs.  Phase I includes the 
design, construction and monitoring of the selected pilot program.     

4.1.2.1 Select Drainage Area(s) for Study 
A number of considerations are important in selecting drainage areas for piloting site-
specific structural BMPs: 

 Small drainage areas are more advantageous than larger areas for this study 
because fewer projects will be required in order to demonstrate measurable 
reductions in wet weather runoff, increases in drainage area permeability, and 
ultimately corresponding decreases in wet-weather exceedances.  A number of 
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smaller drainage areas (other than the two best-performing drainage areas) may be 
appropriate for piloting site-specific infiltration and beneficial reuse BMPs.  Even 
though some of the drainage areas have not demonstrated historical problems with 
surpassing allocated exceedances for wet weather, they may still have sufficient 
numbers of wet weather exceedances within allocations to evaluate a long-term 
trend relative to implementation of BMPs. 

 Availability of public land is important in selecting drainage areas. Drainage areas 
with parks, schools, and other public facilities provide more placement 
opportunities for BMPs and pose fewer implementation challenges.  For instance, 
drainage area SMB-6-3/6-4 does not appear to have much parkland or other public 
facility land use except for the beach area, and this may limit the number of site-
specific BMPs that can be implemented in this area.   

 BMP selection at school sites should place high consideration on safety issues and 
may therefore limit the types of BMPs that may be appropriate.  Examples of BMPs 
that could be implemented at school sites are:  replacing asphalt play surfaces with 
grass, installing porous pavements in parking lots, using an underground cistern to 
capture rainwater for reuse in onsite irrigation, groundwater recharge system, and 
storm water collection system to reduce flooding.  However, the Jurisdictional 
Group 5 and 6 agencies have no authority to install structural BMPs within a school 
site. 

 An additional factor to consider is the placement of compliance monitoring points.  
Since exceedances may increase if the monitoring point is moved to point zero, it 
may be useful to select one drainage area where the compliance monitoring point 
will be relocated, and one drainage area where the compliance monitoring point 
will not be relocated. 

 The drainage area selected should ideally have a compliance monitoring point with 
enough historical monitoring data to perform comparative analyses. Drainage areas 
with new compliance monitoring points such as SMB-6-3 may not have enough 
data to perform a statistically valid comparative analysis.  

 Those drainage areas that have highly infiltrating soils are preferred.  Site-specific 
soil studies should be conducted in potential drainage areas prior to selecting 
locations for implementation.   

Based on these considerations, Jurisdictional Groups 5 and 6 agencies have selected 
two study areas as the initial focus for piloting site-specific structural BMPs—the 
drainage areas associated with monitoring locations SMB 5-5 (Hermosa Pier) and 
SMB 6-2 (Redondo Pier).   

4.1.2.2 Siting Data Collection and BMP Selection Process 
Siting of BMPs for the study will begin by assembling relevant information.  A review 
of aerial photographs available for the drainage areas combined with a visual survey 
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of the study drainage areas will be used to identify potential locations for site-specific 
BMPs on publicly owned land.  Information on privately owned land will be collected 
as part of the Phase II assessment.  For each agency-owned property within the 
drainage area, a site visit will be conducted and a checklist of site characteristics and 
parameters will be completed and photographs taken to provide data sufficient to 
prepare a preliminary list of BMPs applicable to each property.  The topography and 
portion of the property devoted to landscaping, building and paving, and 
undeveloped/natural areas will be estimated based on information collected during 
site visits and from aerial photographs.  The total area of each property will be 
estimated based on GIS data for each parcel.  Based on the assembled information, a 
list of applicable site-specific BMPs will be prepared for public parcels within the 
study area.   

Aerial photographs of the drainage area and information gathered as part of the 
visual survey will be used to refine estimates of permeable and impermeable areas 
within the drainage area.  This information will be incorporated into the existing GIS 
information for the drainage area in order to develop a baseline permeability of the 
drainage area against which effectiveness assessments can be made with respect to 
increases in permeability achieved by the BMPs. 

4.1.2.3 Study Area Conceptual Design Alternative Selection 
One or more conceptual design alternatives will be assembled for the study drainage 
area.   An alternative will consist of a number of site-specific BMPs to be implemented 
at each study parcel within the study drainage area.  The Siting Technical 
Memorandum (Appendix D) identifies several siting tools that can be used in 
assembling alternative combinations of site-specific BMPs in the study drainage area.  
Feasibility and permitting considerations as well as additional data needs for 
preliminary design will be identified.  Estimates of capital and O&M costs will be 
prepared for each of the alternatives.  Estimates of the effective increase in 
permeability or volume of rainfall diverted/treated will also be prepared for each 
alternative.   

Based on a comparative analysis of the alternatives, Jurisdictional Groups 5 and 6 
agencies will select a preferred alternative for piloting within the study area(s).  The 
selected alternative will include, to the extent possible, a variety of site-specific BMPs 
on as many sites as feasible within the study area(s).  To illustrate this process of 
constructing and evaluating alternatives for pilot testing, a hypothetical study area 
and set of alternatives are described in the next subsection. 

Hypothetical Study Drainage Area and Alternatives Analysis 
Assume a typical small drainage area of 150 acres with predominantly residential 
development and a baseline permeability of 40% (equivalent to a 0.60 runoff 
coefficient).  Also assume the study area includes a recreation center with 10,000 s.f. of 
roof catchment area.  Finally, assume the drainage area contains another one-acre plot 
of public land that is topographically suitable for creating a wetland or wet pond 
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hydraulically down gradient of a 10-acre residential development. Based on this 
hypothetical drainage area, consider the following hypothetical alternatives: 

Alternative A:  Construct a one-acre wetland treating a 10 acre runoff area, install a 
cistern at the recreation center for drip irrigation of native plant gardens and 
ornamental landscaping, replace a total of 6,000 s.f. of impervious walkway along the 
bluff top with permeable paving. 

Alternative B:  Construct a one-acre wet pond treating a 10-acre runoff area, install a 
1-acre vegetated buffer strip along the beach bluff top using native plants, and replace 
3,000 s.f. of bluff top pavement with permeable paving.  Replace a 1,000 s.f. 
impervious playground at the recreation center with porous asphalt paving. 

Alternative C:  Construct a 1200 s.f. bioretention cell to divert runoff from one acre of 
roadways, replace 40,000 s.f. of parking lots and lightly used roadways with 
permeable paving. 

A comparative hypothetical analysis of these alternatives is shown in Table 4-3 to 
demonstrate the kind of information that can be useful in selecting the most cost-
effective alternative.  Alternatives A and B achieve comparable increases in 
permeability for the drainage area on the order of a 7% increase in permeability for 
comparable capital expenditures.  However, the annual maintenance costs of 
Alternative B are substantially higher than A due to the increased maintenance 
associated with a wet pond in comparison with a wetland.   

Alternative C demonstrates the difficulty of relying mainly on pervious paving for 
increasing the permeability of a drainage area.  When pervious paving is used solely 
to infiltrate storm water falling directly onto the paving, the cost per area infiltrated is 
an order of magnitude higher than other infiltration BMPs.  The cost effectiveness of 
porous paving can be improved if it can also be used to infiltrate runoff from adjacent 
areas, e.g., if a pervious parking area can be used to infiltrate runoff from nearby roof 
drains.  Strategic placement of pervious paving to increase the effective area 
infiltrated may also improve local problems with flooding due to undersized storm 
drains thereby providing added public benefits.  The effective cost of pervious paving 
can also be reduced if it is incorporated as part of scheduled repaving projects 
wherein capital costs have already been budgeted for replacement of paving. 
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Table 4-3 

Comparative Hypothetical Alternatives Analysis 

Hypothetical 

Alternatives 

Structural BMPs 

included in alternative 

Approximate 

infiltration 

area (sf) 

Percent of 

drainage area 

infiltrated/treated 

based on a 150 

acre drainage 

area 

(6,534,000 sf) 

Revised 

drainage area 

permeability 

assuming a 

baseline of 

permeability 

of 40% 

Estimated 

design, 

permitting & 

construction 

costs ($) 

Estimated 

annual 

maintenance 

costs 

Capital 

costs per 

area 

infiltrated 

or treated 

($/acre) 

Annual 

O&M 

Costs per 

area 

infiltrated 

or treated 

($/acre/yr) 

Constructed wetland 435,600     400,000 4,000 40,000 400 

Large cistern 10000     50,000 500 217,800 2,178 

Pervious paving 6,000     90,000 500 653,400 3,630 
A 

Total 451,600 6.912% 46.912% 540,000 5,000 52,087 482 

Pervious paving 4,000     60,000 300 653,400 3,267 

Wet pond 435,600     500,000 15,000 50,000 1,500 

Vegetated buffer strip 43,560     40,000 400 40,000 400 
B 

Total 483,160 7.395% 47.395% 600,000 15,700 54,094 1,415 

Bioretention cells 43,560     50,000 500 50,000 500 

Pervious paving 40,000     400,000 2,000 435,600 2,178 C 

Total 83560 1.279% 41.279% 450,000 2,500 234,586 1,303 
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4.1.2.4 Site-Specific BMP Design, Installation and Monitoring 
The selected alternative for each study area will be designed and installed within the 
Capital Improvement Program of the affected agency pending availability of funding.  
Design may require additional site-specific data collection, including soils 
information, depth to groundwater, location of utilities, easements, etc.  A monitoring 
and evaluation plan for each BMP will be included as part of the design.  Monitoring 
and evaluation plans will be configured to feed into the International Stormwater 
BMP database1 in accordance with associated guidance manuals. 

4.1.3 Phase I - Identify Significant Sources of Bacteria and 
Prioritize Source Controls 
The objective of source identification in high priority drainage areas is to seek to 
identify conditions or factors that produce significantly higher indicator bacteria 
concentrations in the receiving waters associated with these drainage areas than occur 
in lower priority areas.  This is a challenging proposition because indicator bacteria 
are ubiquitous in natural as well as developed environments.   

Fecal coliform and enterococcus bacteria are simply indicators of the presence of 
material originating in the gut of warm-blooded animals.  Total coliform is an even 
broader indicator not limited exclusively to warm-blooded creatures.  These 
indicators are merely screening tools and do not differentiate between material from 
human, animal (mammal) and bird sources.  Clearly there are a myriad of sources of 
such indicator bacteria in both the developed and undeveloped environment.  

Natural undeveloped areas in southern California are typically arid and do not 
provide transport for fecal bacteria except during wet weather. Wildlife in the natural 
environment is also typically less dense so bacteria loading is less than in developed 
areas where high densities of a particular species may be supported, such as pigeons 
in parks or seagulls at popular beaches.  When moisture does exist in the natural 
environment such as in wetland areas or lakes, and the hydraulic detention time is 
sufficient, natural treatment processes in these aquatic systems often achieve 
significant removal of fecal bacteria.  In developed areas many of these loading and 
environmental factors are reversed.  These unfavorable conditions are further 
compounded by evidence that indicator bacteria may actually multiply in dark, wet 
storm drains, including tidally-influenced storm drains2.  

Yet despite these challenges, many of Jurisdictional Groups 5 and 6 monitoring sites 
are historically compliant most of the time.  So the goal of source identification in high 
priority drainage areas is to identify the significant sources and environmental 
loading factors that are pushing the indicator bacteria loading above the REC-1 

                                                           
1 USEPA 2004 [2002].  American Society of Civil Engineers/Water Environment Federation.  International Stormwater 
BMP Database.  
2 City of San Diego 2004.  Mission Bay Clean Beaches Initiative Bacterial Source Identification Study, Final Report, 
City of San Diego Metropolitan Wastewater Department, September 15, 2004. 
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standards in the receiving waters.  Most likely it is a combination of factors that create 
problem drainage areas including: 

 A high percentage of paved surfaces within a drainage area provide quick and easy 
transport to the storm drain and ultimately to the beach in wet weather. 

 Turf areas require fertilizer and frequent watering, both factors that provide a 
beneficial environment and nutrients for fecal bacteria to survive and multiply—if 
turf areas are located adjacent to paved areas or in close proximity to storm drain 
inlets, then irrigation over-watering and over-spray may also provide the transport. 

 Congregation of pets or wildlife in small areas increases localized loading of 
indicator bacteria. 

 Excessive runoff of soil from construction sites or landscaping activities have been 
associated with elevated indicator bacteria concentrations in storm drains—either 
because the soil itself carries a load of bacteria, or because deposition of soil in the 
storm drain system provides support for the growth of bacteria. 

 Kitchen grease and other kitchen waste may contain high concentrations of 
indicator bacteria. 

 Inadequately composted manure and other natural fertilizers are sources of 
indicator bacteria. 

Bacteria source identification is a rapidly evolving field and there are a number of 
local and regional studies in progress that may provide findings that will require 
modifying/adapting techniques suggested in this implementation plan. Recent 
findings from the Mission Bay study2 have raised controversial issues regarding 
tidally influenced drains—these findings may be of relevance for tidally influenced 
drains in Jurisdictional Groups 5 and 6, particularly the high priority drain SMB 6-1 
(Herondo). New techniques are being researched to develop less expensive indicators 
to identify/exclude the presence of human sources of fecal bacteria.  Local hydrologic 
studies may be conducted in the next five to ten years that may shed light on 
additional issues specific to particular monitoring sites.  Relevant findings from these 
and other studies may require revisiting source identification/control approaches 
presented in this implementation plan in accordance with the iterative/adaptive 
process.   

Sources of bacteria in dry and wet weather are often the same, although wet weather 
sources may be more widely distributed and therefore more difficult to pinpoint. 
Source identification done during dry weather is simpler, less costly and can proceed 
more quickly because chronic discharges are more easily identified and field activities 
are not confined exclusively to wet weather periods.  Initial source identification 
efforts will be conducted during dry weather in high priority areas; however 
significant sources once identified will be addressed in both wet- and dry-weather.  
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 SMB 6-1 (Herondo) has been selected as the focus for initiating source identification 
and control since it is a large drainage area, exhibits a wide variety of land use, and is 
a high priority due to frequent wet and dry weather exceedances.  Near-shore source 
identification activities described in Section 4.1.3.1 and 4.1.3.3 will also be conducted 
in SMB 6-2 (Redondo Pier and King Harbor areas) to identify potential source control 
or land use-specific structural BMPs that may be particularly effective in near-shore 
areas.   

In order to better distinguish between significant and de minimus sources and factors, 
selective parallel source identification activities will be conducted in “high 
performing” drainage areas (those that historically have had a record of significantly 
lower indicator bacteria concentrations at shoreline monitoring sites associated with 
these areas than is typical of other drainage areas in Jurisdictional Groups 5 and 6).  
Drainage areas associated with SMB-5-1 and SMB-6-6 were historically the best 
performing locations year-round, during wet- and dry-weather and accordingly 
would be most appropriate for selective parallel comparative source identification 
activities.  

A number of techniques and avenues of investigation will be pursued for source 
identification.  The following discussion highlights key techniques for Phase I. 

4.1.3.1 Confirm Sanitary Sewage Infrastructure is Not Significant Source 
In high priority areas it is important for the protection of human health to establish 
that the sanitary sewage infrastructure is not a significant cause of elevated indicator 
bacteria concentrations at shoreline monitoring sites.  There are two routes to be 
considered for potential transport of sanitary sewer sources to the shoreline.  Where 
sanitary sewer system infrastructure is located in close proximity to the shoreline, 
migration paths for sanitary sewage may be associated with surface or subsurface 
migration directly from the source, i.e., not via the storm drains.  The second 
possibility is that the storm drain system may be providing conveyance for sanitary 
sewage migration, and in such cases sources may be located anywhere within the 
drainage area.   

A variety of techniques may be employed to ascertain or eliminate sanitary sewage as 
a potential source in close proximity to the shoreline: 

 Identify potential shoreline sources of sanitary sewage.   These may include:  
buried shoreline sewer lines and pump stations, under-pier sewage lines, marina 
facilities for pumping out of marine sanitary devices, beachside rest rooms and 
associated sewer lines, and heavy watercraft traffic in near-shore areas.   

 Evaluate buried shoreline sewer lines and pump stations. Confirm that there is 
adequate sewage system maintenance and overflow prevention.  Identify sewer 
exfiltration issues.  Develop and implement protocols for periodic monitoring of 
the condition of buried shoreline sewer lines and pump stations.  The techniques 
used will depend on the specifics of the location being evaluated.   
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 Restaurant Grease Interceptors or other below-grade sewer connections.  
Restaurant kitchen drains are usually equipped with grease traps or grease 
interceptors to remove oil and grease and reduce the incidence of sanitary sewer 
overflows due to grease clogs.  Grease interceptors are often installed in the ground 
outside buildings, are connected to the sanitary sewer system, and if not properly 
maintained may overflow and seep onto the parking lot or street.  An inventory of 
building permit databases will be conducted to ascertain the number and 
distribution of in-ground grease interceptors to assess whether the number and 
location of such devices warrants further source control measures. 

There are already procedures in place to prevent the storm drain system from 
conveying sanitary sewage to the shoreline, these include: 

 Screening for illicit connections/illicit discharges.  Responsible agencies subject to 
the municipal storm water permit are required to undertake a systematic screening 
of the storm drain system for illicit connections.  This screening has already been 
completed for the open channel conveyances and is to be completed by December 
2006 for underground storm drains.  Findings of these screenings will identify the 
presence of illicit sanitary sewer connections within the storm drain system. 
Caltrans also has a systematic Illicit Connection/Illegal Discharge Program under 
its statewide storm water permit—Caltrans notifies local municipalities of illicit 
connections and illegal discharges when they are discovered. 

 Sanitary Sewer Overflows. Agencies that own/operate sanitary sewers already 
have spill prevention and response plans in place.  Records of sanitary sewer 
overflows within high priority drainage areas could be reviewed, noting chronic 
issues related to sanitary sewer overflows or sewer maintenance.  Planned or 
needed sewer infrastructure maintenance or improvement projects within high 
priority areas should be reviewed to consider whether these projects should be 
expedited. 

4.1.3.2 Enhance Comparative Land Use Mapping for Source Identification 
Refinement of comparative land use mapping may assist the agencies in source 
identification by identifying land use distribution patterns associated with higher 
rates of indicator bacteria exceedances at the shoreline. While size of drainage area 
appears to be the strongest macro-scale factor contributing to high-priority area 
exceedances, there may be other secondary macro-scale factors of importance that can 
be discerned from further refinement of land use mapping.  For example, the second 
best performing drainage area (SMB 6-6 Malaga Cove) with respect to historical 
exceedances is fifth largest in size, but is also the only drainage area in Jurisdictional 
Groups 5 and 6 with no commercial land use designation.  Based on this observation 
one could conclude that initial field reconnaissance to identify problematic land use 
activities should be directed at commercial areas within high priority drainage areas.   

The GIS map of drainage areas developed for Jurisdictional Groups 5 and 6 will be 
enhanced as additional information becomes available to provide additional direction 
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for source identification. A number of potential refinements and additional data 
imports may be useful: 

 Refine Land Use Designation.  Comparative land use mapping among the 
drainage areas may assist in directing field reconnaissance to identify particular 
land use activities that may be contributing significantly to high priority area 
exceedances. Current land use mapping based on zoning will be refined to sub-
classify land uses and provide additional direction regarding the importance of 
land use as a causative factor for exceedances.  For example, distinguishing among: 
landscaped open space such as parks, beaches, other types of public facilities, and 
undeveloped open space may provide such direction.  

 Incorporate IC/ID Data.  The County of Los Angeles gathers illicit connection and 
illicit discharge data in GIS format from the MS4 NPDES Permittees for an annual 
trend analysis.  This IC/ID data will be layered onto the drainage area map to assist 
in identifying problematic land uses that may be generating a higher rate of illicit 
discharges and illegal connections.  Caltrans maintains an independent database 
for its IC/ID program. 

4.1.3.3 Field Reconnaissance of Selected High Priority Areas 
A combination of field reconnaissance techniques will be applied to systematically 
close in on significant sources in high priority areas.  Broader, macro scale techniques 
will be applied to larger areas, and more focused, detailed approaches applied to 
selected areas such as near-shore commercial areas and other high-priority areas of 
concern identified by one of the macro-scale screening techniques.  These techniques 
will include: 

 Drainage Area Survey.  In large high-priority areas conduct a systematic visual 
screening survey along major arteries to identify land use areas of concern.  
Delineate the boundaries of land use areas of concern by noting cross-streets.  Make 
note of unusual land use activities or areas of high-density activities of concern. 

 Focused reconnaissance of identified land use areas.  Conduct systematic, 
detailed, visual site reconnaissance of selected areas on foot making detailed field 
notes with accompanying photographs of publicly accessible areas to identify 
potential sources of bacteria.  Particular attention should be paid to outdoor areas 
of commercial establishments such as restaurants, veterinarians and animal 
boarding facilities, home and garden centers, and other establishments with 
outdoor activities and outdoor material and waste storage areas.  Make note of 
staining on pavement and algae in gutters that may be indicative of chronic dry 
weather discharges. Visit commercial areas during early morning hours just prior 
to opening or visit late in the evening for restaurants to note maintenance 
activities—look for wet areas that may be indicative of outdoor hosing of 
impervious surfaces. 
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 Follow-up Interviews.  Conduct follow-up telephone or in-person interviews with 
managers, employees, maintenance supervisors, etc. to gather additional 
information regarding land use activities of concern as needed to clarify 
maintenance procedures and activities. 

 Flow Tracking of Selected Storm Drains Branches.  For priority storm drains with 
chronic and significant dry weather flows, it may be possible to trace unusual flow 
volumes up the system to identify whether these unusual flows are associated with 
activities that may be contributing to potentially significant bacteria loads.  Field 
personnel would begin at the storm drain outfall and work up the system tracing 
only the most significant dry-weather flows to their sources.  At each branch in the 
storm drain system, personnel would attempt to visually inspect drains by lifting 
manhole covers and observing flow rates.  These screenings could be conducted at 
various times of the day since dry weather flows are often intermittent.   

 Confirmatory Sampling and Analysis.  Sampling and analysis can become 
prohibitively expensive and if applied broadly may not provide useful information 
for source identification because of the ubiquitous nature of indicator bacteria.  
However, selective sampling and analysis may be useful to confirm the presence of 
high concentrations of indicator bacteria in a discharge, especially if needed to 
require corrective action by a landowner.     

4.1.3.4 Develop Prioritized List of Source Controls for Significant Sources 
Based on information obtained in the previous tasks, the agencies will compile a 
prioritized list of significant sources in high priority areas and corresponding source 
control techniques.  Cost estimates for these source control techniques will be 
assembled.  Source controls to be implemented in high priority areas during Phase II 
will be selected from this prioritized list. 

4.2 Phase II –Assess/Expand/Develop Programmatic 
Solutions, Evaluate Performance of Site-Specific 
Structural BMPs, and Implement Source Controls in 
High Priority Drainage Areas 
During Phase II the results of activities conducted during Phase I will be evaluated 
and action taken in response to the findings.  Field staff will be apprised of significant 
sources that are identified.  In addition to assessment and expansion of existing 
programs, new programmatic solutions that emphasize bacteria sources and good 
housekeeping practices will be developed to improve public outreach and education.  
Pilot testing of source controls for significant sources will be conducted in high 
priority areas to establish the effectiveness of these technologies.  A detailed 
evaluation of the effectiveness of structural BMPs deployed in the study drainage 
areas will be conducted during Phase II. 
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4.2.1 Phase II - Assess/Expand/Develop Programmatic Solutions 
During Phase II, programmatic solutions will be assessed and evaluated for 
effectiveness.  Based on this evaluation and based on priorities identified in Phase I of 
Source Identification, additional programmatic solutions will be developed and 
successful Phase I programs will be expanded based on expected performance and 
relative cost in comparison with other management approaches. 

Programmatic solutions are widely regarded within the engineering and scientific 
communities as essential components of integrated nonpoint source management 
programs, but there have been few attempts to evaluate the effects of nonstructural 
BMPs on stormwater quality.  USEPA provided guidance in their 1997 document. 3   
The Australia-based Cooperative Research Center developed a set of guidelines that 
include a conceptual framework for assessing the value and life cycle costs of 
nonstructural BMPs for stormwater quality improvement, a set of monitoring and 
evaluation protocols, and example monitoring tools.4  Seven lines of inquiry for 
evaluation were suggested:  

 Degree of Implementation – Evaluation of the extent to which a solution has been 
fully implemented as conceived. 

 Changes in people’s awareness and/or knowledge – Evaluation of whether the 
solution has increased levels of awareness and/or knowledge of a specific 
stormwater issue within a segment of the community. 

 Changes in people’s attitude (self-reported) – Evaluation of whether the solution 
has changed people’s attitudes, as indicated through self-reporting. 

 Changes in people’s behavior (self-reported) – Evaluation of whether the solution 
has changed people’s behaviors, as indicated through self-reporting. 

 Changes in people's behavior (actual) – Evaluation of whether the solution has 
changed people’s behaviors, as indicated through direct measurement (e.g., the 
“observational approach”). 

 Changes in stormwater quality – Evaluation of whether the solution has improved 
stormwater quality in terms of loads and/or concentrations of pollutants. 

 Changes in waterway health – Evaluation of whether the solution has improved 
the health of receiving waters. 

The guidance provides monitoring and evaluation protocols relevant to each selected 
line of inquiry and these can be used to develop a monitoring and evaluation plan for 
programmatic solutions, as well as for source control and structural BMPs.  Not all of 

                                                           
3 USEPA 1997.  Monitoring Guidance for Determining the Effectiveness of Nonpoint Source Controls. 
4 Taylor, Andre, and Tony Wong 2003.  Nonstructural Stormwater Quality Best Management Practices:  Guidelines for 
Monitoring and Evaluation.  Technical Report, Report 03/14, November. 
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these lines of inquiry will be applicable in evaluating each solution, so it is important 
to select those lines of inquiry that are most relevant. 

Enhanced Programmatic Solutions (Phase I will be the first of the three measures to be 
implemented; consequently measurable improvements in shoreline bacteria 
exceedance trends before structural BMPs or source controls are implemented will be 
largely attributed to enhanced programmatic solutions.  Feedback from the 
identification of significant sources will be used to implement further enhancements, 
expansion or development of additional programmatic solutions. 

Examples of the types of Phase II programmatic solutions that may result from the 
experiences in Phase I and from feedback from source identification are described 
below.  Some of these solutions are clearly appropriate but could not be implemented 
in Phase I because of time required to develop them fully.  Some of these examples 
may not be implemented because other higher priority programmatic solutions may 
arise as a result of the source identification findings and be implemented instead. 

4.2.1.1 Homeowners and Residents  
Landscaping BMP Brochure: Web page material compiling landscaping best 
management practices from various agencies can be combined with additional 
material and assembled into a print brochure.  This information could be channeled to 
receptive citizens through nurseries, garden clubs, and public counters during 
spring/fall planting times.   

Consider providing garden centers with small signs to place near xeric and native 
plant displays. 

4.2.1.2 Schools  
Environmental Defenders:  Work with County’s public education group to update 
the Environmental Defenders presentations and materials to incorporate new 
educational issues specific to bacteria sources. The timing of this solution may depend 
on contracting issues under the County Education Campaign, i.e., it is possible that 
this development work can occur during Phase I and then additional development of 
materials will occur in Phase II based on significant source identification findings. 

Material for Teachers:  Assemble informational material (non-curricular) regarding 
Implementation Plan activities and findings to be used as a reference for classroom or 
outdoor educational activities.  This information could be posted on a website and a 
memo faxed to each school briefly describing the material and providing the web link.  
This will include some technical information on the bacteria TMDL and also 
discussion of best management practices for preventing ocean pollution.  Agencies 
will also work with the California Regional Environmental Education Community 
(CREEC) to identify existing environmental curricula that are relevant and promote 
these to local school districts and teachers. 
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4.2.1.3 Business  
Restaurant Training Kits:  Based on feedback and experience in conducting 
restaurant training workshops, provide kits for restaurant managers to use in training 
their employees in best management practices consistent with Countywide programs 
for restaurant chains/franchises.  Consideration will be given to providing these kits 
in multiple languages, especially posters and promotional items that may be included. 

Pilot Restaurant Certification program: Implement the restaurant certification 
program in high priority areas.  During implementation obtain feedback from 
participating restaurants.  Publicize and explain certification to local Chamber of 
Commerce either with article in newsletter or at a meeting. 

Target Additional Land Use Activities:  Develop additional targeted 
outreach/education strategies for land use activities of concern based on prioritized 
findings of Phase I identification of significant sources.  Consider developing and 
piloting business certification for additional targeted categories.  Depending on the 
results of significant source identification, potential targets for education/outreach 
may include: 

 Property management companies responsible for exterior maintenance and 
common trash storage areas, in commercial shopping centers. 

 Pet boarding facilities and veterinarians 

 Garden and home improvement centers 

4.2.1.4 Public Agency Activities  
Roundtable:  Incorporate findings from significant source identification into round-
table discussions to update field personnel regarding newly identified significant land 
use activities and potential discharges of concern. Consider approaches field 
personnel may use for dealing with these sources.   

Frequency and format of inspectors’ roundtable meetings will be adjusted to meet the 
needs of participants and the workload.   It may be that less frequent general meetings 
with separate subcommittee meetings are most effective. 

4.2.2 Phase II - Evaluate Performance of Site-Specific Structural 
BMPs 
Evaluation of the performance of piloted site-specific BMPs can be accomplished at 
two levels.  At the micro-scale, the BMPs can be evaluated based on a number of 
factors that rely on experience during design, installation and maintenance.  An 
evaluation as simple as constructing a list of pros and cons for each piloted BMP that 
includes factors encountered during the pilot study such as:  design and siting 
constraints, difficulty and/or length of time required for installation, impacts on 
related infrastructure, operational effectiveness, ease and frequency of maintenance 
required.  A second assessment for each piloted BMP should consider the actual cost 
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of design, installation and short- and long-term operation and maintenance per unit 
volume of water infiltrated/treated or area of permeability enhanced.   

At the macro-scale, the effective permeability of the drainage area (or the increase in 
permeable acreage) and/or the amount of area treated should be assessed for each of 
the small drainage areas where these BMPs are to be piloted.  Additionally, flow 
monitoring at the outfall or at appropriate downstream location in the storm drain 
system may demonstrate measurable reductions in flow. The ultimate macro-scale 
assessment of effectiveness will consider whether there is a demonstrable decreasing 
trend in the number of exceedance days at the compliance point; it may be necessary 
to normalize this assessment based on the number of wet-weather and dry-weather 
days in a given storm year and it will require a number of years of data to 
demonstrate these trends statistically.  The shoreline monitoring performance of the 
study drainage area(s) can also be compared with performance trends of drainage 
areas where site-specific BMPs have not been piloted to give additional insight. 

An expanded component of the piloted alternative will be to identify a suite of site-
specific BMPs that could be incorporated on privately owned land in the same 
drainage study area if funds and willingness of the owners could be obtained.  This is 
conceived as a potential Phase III implementation that would be evaluated in terms of 
the potential or theoretical infiltration or reuse that could be achieved by private 
projects in combination with the public land projects already piloted within the study 
area.  This would allow the agencies to assess what the best performance that could be 
achieved in the study drainage area might be.  For purposes of estimation it would be 
prudent to assume a percent participation on the part of private landowners that is 
substantially less than 100%.  Several scenarios could be created with participation 
rates of 10%, 20% and 50% participation to assess the potential effect on drainage area 
performance of the scenarios. 

Based on the above assessments, the Jurisdictional Groups 5 and 6 agencies will assess 
the overall effectiveness of these site-specific BMPs when applied as extensively as 
possible throughout a drainage area.  This will provide an upper bound on the 
potential for site-specific BMPs, when implemented in a systematic manner, to reduce 
the number of wet-weather exceedances.  Based on these findings the Jurisdictional 
Groups 5 and 6 agencies will decide whether to move forward with this approach in 
the high priority drainage areas and possibly throughout Jurisdictional Groups 5 and 
6, whether to pilot additional structural BMPs, or whether programmatic solutions 
and/or source control BMPs are sufficiently effective means for achieving necessary 
reductions in exceedances.  

4.2.3 Phase II - Implement Source Controls in High Priority 
Drainage Areas 
Once significant factors and/or sources of indicator bacteria loads to the storm drain 
system are identified, appropriate source controls will be implemented at applicable 
sources within the high priority drainage areas.  A monitoring and evaluation plan 
will be developed for each source control selected for implementation. 
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Examples of potential source control techniques that may be effective for significant 
sources in high priority drainage areas include: 

 Institute a schedule or increase the frequency of routine monitoring and 
maintenance of buried shoreline sewer lines and pump stations. 

 Institute a quarterly self-inspection/cleanout program for in-ground grease 
interceptors and require that maintenance records be submitted to the permitting 
authority on an annual basis. 

 Require new commercial construction and redevelopment of existing commercial 
facilities to construct a covered trash enclosure with drainage connected to the 
sanitary sewer. 

 Marinas can require that the Harbor Master place dye tablets in marine sanitary 
devices of watercraft berthed at the harbor in order to detect and prevent unlawful 
discharges within the harbor and near-shore areas. 

 Require use of low-flow cleaning devices for outdoor eating areas. 

 Cover outside storage areas at garden and home improvement centers, curtail 
discharges to street/storm drain of irrigation or other runoff from garden centers. 

 In high priority areas, especially at beaches and outdoor public eating areas, replace 
open trash receptacles with bird-proof receptacles to reduce the congregation of 
seagulls, pigeons and/or crows. 

 Monofilament wire strung overhead in areas associated with food consumption 
such as beaches and outdoor eating areas has been demonstrated to be effective at 
significantly reducing the number of birds that land in these areas.  The 
monofilament wires are nearly transparent and can be strung on poles spaced at an 
appropriate distance, or from the eves of roofs.  The wires themselves are not very 
noticeable, however the poles will be.  These bird exclusion devices can be installed 
on a temporary basis to evaluate performance and public acceptance before 
expanding to additional areas. 

 Remove turf strips adjacent to street gutters or storm drain inlets from publicly-
owned landscaped areas and replace with xeric planting or decorative gravel, 
providing sufficient irrigation and fertilizer to maintain street trees that are present. 

 Increase frequency of irrigation system maintenance in public parks and facilities to 
eliminate broken sprinkler heads, over watering and reduce overspray. 

 In redevelopment areas encourage developers to avoid designs with narrow strips 
of turf adjacent to sidewalks and streets. 
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4.3 Phase III- Implement additional programmatic 
solutions, implement applicable BMPs/research new 
BMPs, evaluate and institutionalize effective source 
controls 
By Phase III of the implementation all three measures will have undergone evaluation 
so a comparative assessment can be made regarding the relative cost-effectiveness of 
these approaches.  Also, monitoring data from the Coordinated Shoreline Monitoring 
Plan may provide an indication of trends toward reductions in exceedance days 
under Phase I and II implementation. Based on this assessment, the Jurisdictional 
Group 5 and 6 agencies will decide which options to pursue during Phase III.  
Although it is not possible to project what all possible options might be in advance, 
some of these potential options are discussed in the following subsections. 

4.3.1 Phase III - Implement additional programmatic solutions 
Based on effectiveness of programmatic solutions implemented in Phases I and II, and 
based on additional information gathered from significant source identification, 
evaluate the need for additional programmatic solutions. 

4.3.1.1 Homeowners and Residents  
Homeowners Associations:  Provide speakers for homeowners associations regarding 
TMDL issues and findings as they apply to residential areas. 

4.3.1.2 Schools  
School District Administration:  Outreach to local school district administration to 
share experience and provide information on programmatic solutions for Phases I and 
II that may be applicable to school sites, for example, bird-proof trash receptacles and 
bird exclusion devices in outdoor eating areas or xeric landscaping techniques that 
reduce runoff but also conserve water use. 

4.3.1.3 Business  
Revise/Expand Restaurant Certification program: Based on experience in piloting 
restaurant certification program and feedback from participants, make revisions in 
the program.  Decide whether to expand program to other drainage areas in 
Jurisdictional Groups 5 and 6.  If so, publicize and explain certification rollout to local 
Chamber of Commerce. 

4.3.1.4 Public Agency Activities  
Roundtable:  Based on experience during Phases I and II and feedback from 
identification of significant sources, consider whether additional policies and 
procedures are needed.   Evaluate other public agency storm water-related programs 
to identify whether additional roundtables could be helpful in exchanging 
information and experience among agencies’ staffs. 

RB-AR43201



SMBBB TMDL Implementation Plan   Section 4 
Jurisdictional Groups 5 and 6  Implementation Plan 

A  4-25 

J5-6 Section 4 Final.doc 

4.3.2 Phase III – Implement Applicable BMPs and Research New 
BMPs 
Based on the effectiveness of each of the structural BMPs assessed during Phase II, the 
Jurisdictional Group 5 and 6 agencies may take one or more of the following courses 
of action: 

 Expand implementation of effective structural BMPs to applicable and appropriate 
sites in high priority drainage areas within Jurisdictional Groups 5 and 6 

 Research emerging structural BMP technologies for applicability in Jurisdictional 
Groups 5 and 6 

 Identify additional site-specific BMP technologies for piloting within Jurisdictional 
Groups 5 and 6 

 Investigate potential improvements/modifications to existing infiltration and 
detention basins to achieve additional load reductions of pollutants of concern to 
Santa Monica Bay 

 Pursue larger, regional options such as leach fields for dry weather diversion, or 
diversion of wet weather runoff to the West Coast Basin project as supplemental 
water for blending. 

4.3.3 Phase III - Evaluate High Priority Source Controls and 
Institutionalize Effective Source Controls 
During Phase III source control measures will be assessed for effectiveness and those 
that are found to be effective in high priority areas will be expanded where applicable 
in other areas of Jurisdictional Groups 5 and 6.  For example:  

Expand Bird-proof Trash Receptacles: If bird-proof receptacles are found to be 
effective in high priority areas in reducing the congregation of seagulls, pigeons 
and/or crows, consider deploying these receptacles in as many public areas in high 
priority drainage areas as possible.  Consider also expanding to selected locations in 
other drainage areas, e.g., beaches. 

Expand Bird Exclusion Devices.  Based on performance and public acceptance of 
piloted bird exclusion devices, consider whether to expand to additional areas where 
appropriate. 

A key aspect of the expansion of effective source control measures is to incorporate 
them into programmatic solutions.  The end point of effective source controls is when 
they are institutionalized into the agencies’ programmatic solutions.  For example, if 
bird-proof trash receptacles are to be instituted throughout public areas in a 
jurisdiction, then specifications for these trash receptacles must be communicated to 
the maintenance and purchasing departments to specify that future replacement or 
new placement of receptacles are of this type.  Other effective source controls 
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applicable to the private sector, such as a requirement that cleaning of outside eating 
areas must be accomplished so as to minimize runoff, will be incorporated into 
programmatic solutions through changes in policy and procedures.   

4.4 Summary of Integrated Strategy 
In summary, the Implementation Plan consists of three management approaches: 1) 
programmatic solutions; 2) structural BMPs; and 3) source identification and control.   
In deciding how to focus and prioritize the various management approaches into an 
integrated plan, the responsible agencies carefully considered the analysis of historic 
water quality data associated with each drainage area under wet- and dry-weather 
conditions.  The annual frequency of exceedances was compared to target exceedance 
allocations for each monitoring site.  A detailed discussion of this analysis is provided 
in the technical memorandum in Appendix B, however what is important to note is 
that the results of this analysis provide a more complex compliance picture than the 
wet-weather exceedance day reduction projections in the TMDL as listed in Table 2-3.   

Based on the analysis of historical performance, the SMB 6-1 (Herondo) drainage area 
was clearly problematic both during wet-weather and dry-weather, and this drainage 
area is by far the largest, covering nearly 40 percent of the area of Jurisdictional 
Groups 5 and 6, some 2300 acres.  Identifying and controlling significant bacteria 
sources in such a large drainage area will require significant resources.  By contrast, at 
SMB 6-4 the analysis did not find a need for wet-weather exceedance reductions 
during the years evaluated as called for in the TMDL, however a couple of other 
monitoring locations did surpass wet-weather exceedance allocations in isolated 
years. 

Dry weather exceedances in Jurisdictional Groups 5 and 6 have historically been more 
problematic and wide-spread than wet weather exceedances.  Besides SMB 6-1 
(Herondo), the drainage area from SMB 6-2 (Redondo Pier) has historically also been 
problematic during dry weather, and to a lesser degree so have SMB 5-5 and 6-5.  
Additionally, there have been problems with rolling 30-day geometric mean 
exceedances for enterococcus at many monitoring locations, yet geometric mean data 
for fecal coliform and total coliform have not shown similar problems. 

An additional uncertainty arises for four of the historically monitored sites that have 
been relocated to the zero point, i.e., to the wave wash directly in front of the storm 
drain outfall instead of the historical monitoring location 50 yards away from the 
storm drain outfall.  This relocation of historical monitoring sites to the zero point is 
likely to have an adverse effect on the frequency of exceedance days because the 
dilution and dispersion of indicator bacteria from storm drain discharges has been 
eliminated at these locations. This situation may result in the re-evaluation of 
assigned exceedance allocations for these locations once several years of monitoring 
data under the Coordinated Shoreline Monitoring Plan become available.   

This plan is an iterative, adaptive implementation plan designed to address wet- and 
dry-weather TMDL issues while at the same time addressing additional pollutants, 

RB-AR43203



SMBBB TMDL Implementation Plan   Section 4 
Jurisdictional Groups 5 and 6  Implementation Plan 

A  4-27 

J5-6 Section 4 Final.doc 

integrating water conservation methods, and identifying beneficial reuse 
opportunities. Although the requirement for developing this implementation plan 
arises from the Wet-Weather SMBBB TMDL, the Jurisdictional Group 5 and 6 agencies 
must devote public resources to achieving summer dry weather, winter dry weather 
and 30-day rolling geometric mean targets for indicator bacteria in shoreline waters.  
This plan provides three management approaches within an iterative framework that 
is designed to identify and advance those management practices that are found to be 
most effective in achieving the water quality objectives. 

4.4.1 Implementation Plan for Multiple TMDLs/Pollutants 
The Jurisdictional Group 5 and 6 agencies are implementing dry weather structural 
diversions at six major storm drain outfalls to address summer dry weather bacteria 
targets.  These dry weather diversions are operational only during summer dry 
weather due to limitations in the capacity of sanitary sewer infrastructure and/or 
treatment facilities.   

Programmatic solutions during Phase I will address both summer and winter dry 
weather nuisance flows while also encouraging water conservation and working to 
modify land use activities that are known to contribute to bacteria loads.  These 
known sources include:  pet waste, heavily irrigated turf and landscaping areas, and 
various nuisance flows from restaurants.  Joint meetings or “roundtables” among 
field personnel from the Jurisdictional Group 5 & 6 agencies will work toward 
improving compliance with existing ordinances through sharing of field observations, 
techniques and findings, effectively leveraging the knowledge base of each agency’s 
field staff. These Phase I programmatic solutions are being implemented across 
Jurisdictional Groups 5 and 6 to achieve a general improvement in overall 
“background” indicator bacteria levels during dry weather.  And to the extent that 
these activities can reduce the overall load of bacteria “stored” in the watershed, these 
measures should provide a concomitant reduction in wet weather bacteria loads.  It is 
not clear whether shoreline monitoring data will be of sufficient precision and 
accuracy to measure a 10% reduction in four wet-weather exceedance days 
(effectively 0.4 of an exceedance day).  However, the responsible agencies believe it is 
reasonable to expect that implementation of Phase I programmatic solutions 
throughout Jurisdictional Groups 5 and 6 could provide such a reduction, whether or 
not it can actually be measured at the shoreline. 

The agencies are proposing to pilot a suite of site-specific structural BMPs, primarily 
infiltration BMPs and localized beneficial reuse projects, to assess how they perform 
in managing low-flow wet-weather, the first flush of larger rain events, and possibly 
some sources of dry weather runoff such as irrigation runoff.  Information at this time 
is insufficient to project the effectiveness of site-specific BMPs for reducing 
concentrations of indicator bacteria at the shoreline.  Each of these structural BMPs 
will require detailed design and implementation of a monitoring plan to measure 
effectiveness.  Jurisdictional Groups 5 and 6 agencies have selected two study areas as 
the initial focus for piloting site-specific structural BMPs—the drainage areas 

RB-AR43204



Section 4    SMBBB TMDL Implementation Plan 
Implementation Plan   Jurisdictional Groups 5 and 6 

4-28  A 

   J5-6 Section 4 Final.doc 

associated with monitoring locations SMB 5-5 (Hermosa Pier) and SMB 6-2 (Redondo 
Pier). 

Identification of significant sources of bacteria during Phase I is directed at finding 
“hot spots” or nuisance flows of indicator bacteria in order to identify conditions that 
contribute to unusually high levels of indicator bacteria at shoreline monitoring 
locations from high priority drainage areas. The responsible agencies believe that it is 
a priority to investigate whether sanitary sewage infrastructure is a significant source 
of elevated shoreline bacteria.  Therefore, activities described in sections 4.1.3.1 and 
4.1.3.2 that focus on near-shore portions of high priority drainage areas will be 
expedited. To the extent that significant sources associated with sanitary sewage 
infrastructure are identified, the responsible agencies commit to prompt control of 
these sources.  Other significant sources will be prioritized for source control piloting 
in high priority areas during Phase II.   Each type of source control will require a 
carefully designed monitoring plan to measure effectiveness with respect to bacteria. 
SMB 6-1 (Herondo) has been selected as the focus for initiating source identification 
and control since it is large, exhibits a wide variety of land use and is a high priority 
drainage area due to frequent wet and dry weather exceedances.  Near-shore source 
identification activities described in Section 4.1.3.1 and 4.1.3.3 will also be conducted 
in SMB 6-2 (Redondo Pier and King Harbor areas) to identify potential source control 
or land use-specific structural BMPs that may be particularly effective in near-shore 
areas.  

This implementation plan is designed to provide an iterative/adaptive approach to 
incrementally reduce exceedances at the shoreline under multiple bacteria TMDLs 
(summer dry weather, winter dry weather, wet weather and rolling 30-day geomean) 
while simultaneously gathering necessary information to make decisions and  mid-
course corrections as needed. Accordingly it is critical that early phases of this 
implementation plan develop the necessary evaluations of effectiveness in order to 
leverage the agencies’ expenditures of resources to the maximum extent possible 
while enhancing other public goals, e.g., water conservation, beneficial reuse, 
shoreline native habitat restoration.  Based on these evaluations of effectiveness, the 
responsible agencies can make adaptive decisions to pursue the most promising 
combination of management approaches to achieve water quality objectives. 

4.4.2 Summary of Management Approaches 
Table 4-4 is a summary of the activities included in each management approach, the 
phases in which the activities are planned to take place, and the sections of this report 
where the activities are described.  Activities will be accomplished by the 
Jurisdictional Group 5 and 6 agencies collectively, however not every activity is 
applicable to every agency. 

The Jurisdictional Group 5 & 6 agencies are committed to implementing the 
programmatic solutions listed in Table 4-3 as Phase I and Phase II activities.  Phase I 
programmatic activities were selected because they could be implemented with a 
minimal amount of development and preparation time, while Phase II activities will 
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require more lengthy development and planning before they can be implemented.  
The programmatic activities listed as Phase III are tentative implementation during 
this phase will depend on experiences and knowledge gained during Phases I and II, 
as well as findings from the other management approaches being implemented in 
parallel. 

The responsible agencies are committed to piloting a suite of site-specific structural 
BMPs, primarily infiltration BMPs and localized beneficial reuse projects, to assess 
how they perform in managing wet-weather and some dry weather runoff; those 
activities are listed as Phase I and Phase II activities in Table 4-3.  Jurisdictional 
Groups 5 and 6 agencies have selected two study areas as the initial focus for piloting 
site-specific structural BMPs during Phase I—the drainage areas associated with 
monitoring locations SMB 5-5 (Hermosa Pier) and SMB 6-2 (Redondo Pier).  An 
important consideration in selecting these particular drainage areas was that both of 
these areas have agency-owned parks within which to site BMPs so that the process of 
piloting structural BMPs will be less dependent on securing cooperation from school 
districts which could lengthen the time required for siting, design and construction.  
Although the agencies do not currently have the information needed to specify 
exactly which types of structural BMPs will be implemented in specific locations, the 
methods for collecting this information and developing conceptual design alternatives 
are described in detail in sections 4.1.2.2 and 4.1.2.3.  Once the implementation and 
performance evaluation of these piloted structural BMPs is complete, the agencies will 
consider which of the Table 4-3 activities listed as Phase III Structural BMPs are the 
most appropriate to pursue based not only on the Phase I and II structural BMP 
activities, but also on findings from the programmatic and source control approaches. 

Jurisdictional Group 5 & 6 agencies will proceed with implementation of Phase I 
source identification activities as soon as possible.  The responsible agencies believe 
that it is a priority to establish that sanitary sewage infrastructure is not a significant 
source of elevated shoreline bacteria, thus activities described in sections 4.1.3.1 and 
4.1.3.2 will be prioritized, focusing on near-shore portions of high priority drainage 
areas. To the extent that significant sources associated with sanitary sewage 
infrastructure are identified, the responsible agencies commit to prompt control of 
these sources (early Phase II action).  Such urgent findings not withstanding, the 
significant sources identified during Phase I will be prioritized for source control 
piloting in high priority areas during Phase II.  The agencies currently do not have 
information needed to ascertain specifically which source control activities will be 
implemented—this will not be clear until the completion of Phase I.   
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Table 4-4 

Summary of Management Approaches 

Section Study Category Activities 

Implementation 

Schedule 

Programmatic Solutions   

Watershed Direct Mail Piece Phase 1 

Distribute County Tip-Cards Phase 1 

Landscape BMP Webpage Phase 1 

Landscape Awards Phase 1 

4.1.1.1 

Speakers Phase 1 

4.2.1.1  Landscaping BMP Brochure Phase 2 

4.3.1.1 

Homeowners and Residents 

Homeowners Associations Phase 3 

Encourage Environmental Defenders Program for K-5 Phase 1 

Distribute Storm Water Videos Phase 1 4.1.1.2 

Graphic Arts Contest Phase 1 

Environmental Defenders Phase 2 
4.2.1.2  

Material for Teachers Phase 2 

4.3.1.2  

Schools 

School District Administration Phase 3 

Restaurant BMP Workshops Phase 1 
4.1.1.3 

Develop Restaurant Certification program Phase 1 

Restaurant Training Kits Phase 2 

Pilot Restaurant Certification program Phase 2 4.2.1.3  

Target Additional Land Use Activities Phase 2 

4.3.1.3  

Business 

Revise/Expand Restaurant Certification program Phase 3 

Parks and Recreation Activities Phase 1 
4.1.1.4 

Roundtable Phase 1 

4.2.1.4  

Public Agency Activities 

Additional Roundtable Phase 2 

RB-AR43207



SMBBB TMDL Implementation Plan             Section 4 
Jurisdictional Groups 5 and 6       Implementation Plan 

A                     4-31 

J5-6 Section 4 Final.doc 

Table 4-4 

Summary of Management Approaches 

Section Study Category Activities 

Implementation 

Schedule 

4.3.1.4  Additional Roundtable Phase 3 

Structural BMPs   

4.1.2 
Small/medium sized  

drainage areas Implement alternative A, B, or C in one or two drainage areas Phase 1 

4.2.2 
Small/medium sized 

drainage areas Evaluate Performance of the BMPs in the selected drainage areas Phase 2 

Expand implementation of effective structural BMPs to applicable and 

appropriate sites in other drainage areas within Jurisdictional Groups 5 

and 6, especially in high priority areas Phase 3 

Research emerging structural BMP technologies for applicability in 

Jurisdictional Groups 5 and 6 Phase 3 

Identify additional site-specific BMP technologies for piloting within 

Jurisdictional Groups 5 and 6 Phase 3 

Investigate potential improvements/modifications to existing infiltration 

and detention basins  Phase 3 

4.3.2 Generally applicable 

Pursue larger, regional options such as leach fields or diversion of wet 

weather runoff  Phase 3 

Source Identification & Control 

  

Identify Significant Sources of Bacteria and Prioritize Source Controls  Phase 1 
4.1.3 

Conduct parallel source identification activities  Phase 1 

4.2.3 Implement Source Controls  Phase 2 

4.3.3 

High priority drainage areas 

Evaluate high priority source controls  and institutionalize effective source 

controls Phase 3 
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4.5 Implementation Schedule  
A schedule for implementing this plan is illustrated graphically in Figure 4-1.  The 
length of each phase represents time allocated for development and implementation 
of the various programs described within this plan. Phase 3 of the programmatic 
solutions is shown continuing indefinitely to represent ongoing implementation of 
these institutionalized measures.  Phase 3 of the structural BMPs is also shown 
continuing indefinitely to account for ongoing maintenance of installed BMPs.  Phase 
3 of source identification/control has a termination point because long-term 
implementation of source controls will be institutionalized and incorporated into 
ongoing programmatic solutions.  What is not shown in Figure 4-1 is the length of 
time required for additional iterations of Phases I, II and III of each approach. 

The schedule assumes no limitations in staffing or funding, and consequently this 
schedule represents a best-case scenario for implementing the plan.  Limitations in 
funding or staffing (either agency staff or contract staff) may extend the schedule 
beyond that shown in the figure. 

The first compliance deadline (summer dry-weather) occurs in July 2006.  
Jurisdictional Group 5 and 6 agencies have already implemented or are in the process 
of implementing dry weather structural diversions at six major storm drain outfalls as 
well as additional sand filtration BMPs to address the summer dry weather 
compliance deadline.   

Phase I of the three management approaches will begin simultaneously.  By the time 
the TMDL is re-opened in July 2007, Phase I of the three management approaches will 
be well underway. 

When the second compliance deadline arrives in July 2009 (winter dry-weather and 
10% wet-weather reduction), Phase I of programmatic solutions will have been 
implemented and Phase I source identification investigations will be complete.  
Additionally, Phase II of these two management approaches will also be underway 
and five years of Coordinated Shoreline Monitoring data will be available. It is not 
clear whether shoreline monitoring data will be of sufficient precision and accuracy to 
measure a 10% wet weather reduction in the four wet-weather exceedance days 
(effectively 0.4 of an exceedance day).  However, the responsible agencies believe it is 
reasonable to expect that implementation of Phase I programmatic solutions 
throughout Jurisdictional Groups 5 and 6 could provide such a reduction, whether or 
not it can actually be measured at the shoreline. 

Assuming the original schedule continues, by the 25% wet weather reduction 
deadline in July 2013, one entire cycle of all three phases of programmatic solutions 
and source control measures will be complete.  Additionally the final assessment of 
the site-specific structural BMP study alternative will be complete (Phase II).   The 
combined effect of source controls implemented in high priority drainage areas with 
appropriate expansion into other drainage areas, and all three phases of
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ID Task Name Start Finish
1 Programmatic Sat 7/15/06 Thu 7/15/21

2 Phase I Sat 7/15/06 Tue 7/15/08

3 Phase II Tue 7/15/08 Thu 7/15/10

4 Phase III Thu 7/15/10 Thu 7/15/21

5 Structural BMPs Sat 7/15/06 Thu 7/15/21

6 Phase I Sat 7/15/06 Fri 7/15/11

7 Phase II Fri 7/15/11 Mon 7/15/13

8 Phase III Mon 7/15/13 Thu 7/15/21

9 Source Identification/Control Sat 7/15/06 Mon 7/15/13

10 Phase I Sat 7/15/06 Tue 7/15/08

11 Phase II Tue 7/15/08 Thu 7/15/10

12 Phase III Thu 7/15/10 Mon 7/15/13

13 Implementation Plan Approved Fri 7/15/05 Fri 7/15/05

14 Summer Dry Weather Deadline Sat 7/15/06 Sat 7/15/06

15 Reopener # 1 Sun 7/15/07 Sun 7/15/07

16 Winter Dry Weather Deadline Wed 7/15/09 Wed 7/15/09

17 10% Wet Weather Reduction Wed 7/15/09 Wed 7/15/09

18 25% Wet Weather Reduction Mon 7/15/13 Mon 7/15/13

19 50% Wet Weather Reduction Sun 7/15/18 Sun 7/15/18

20 100% Wet Weather Reduction Thu 7/15/21 Thu 7/15/21

7/15

7/15

7/15

7/15

7/15

7/15

7/15

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

SMBBB TMDL Implementation Plan
Jurisdictional Groups 5 and 6

7/15

RB-AR43210



Section 4   SMBBB TMDL Implementation Plan 
Implementation Plan  Jurisdictional Groups 5 and 6 

4-34       A 

J5-6 Section 4 Final.doc 

 

programmatic solutions implemented throughout Jurisdictional Groups 5 & 6, should 
provide sufficient controls on bacteria loads “stored” within the watershed to achieve 
a 25% reduction in wet weather exceedances, and hopefully better. 

This will also be the major decision point regarding distribution of future resources 
and effort among the three approaches.  Depending on how well compliance targets 
have been met or exceeded through implementation of one complete cycle of source 
control and programmatic solutions, and on the demonstrated effectiveness of the 
pilot study in reducing wet-weather runoff within the pilot area, a number of 
potential options may be pursued.  The following if/then scenarios illustrate how 
these decisions may be made. 

 If source control measures combined with programmatic solutions appear to 
demonstrate promise, that is, winter dry weather allocations are not being 
surpassed, and wet weather exceedance allocations are still being surpassed, but 
are demonstrating an improving trend, then consider conducting additional source 
identification in high priority areas using newer source-tracking technologies 
and/or pilot emerging source control technologies.   

 If source control measures and programmatic solutions are demonstrating an 
improving trend in compliance for dry weather but wet weather exceedances are 
not significantly improving in high priority areas, and site-specific structural BMPs 
appear to show promise in reducing wet-weather exceedances in the study area, 
then expand these site-specific BMPs into high priority areas in as many sites as are 
applicable and feasible from a funding standpoint. 

 If the previous scenario holds true except that piloted site-specific structural BMPs 
are not demonstrating measurable improvements in wet weather compliance, 
revisit regional BMPs and consider researching and piloting medium-sized site-
specific BMPs within high-priority areas that may provide more significant storage 
capacity for wet-weather flows. 

When these major decisions regarding course of action are made, there will still be 
more than five years until the 50% wet weather reduction compliance date and eight 
years until the final compliance date.  Based on lessons learned this should be 
sufficient time to complete a second iteration of the management approaches selected 
for further exploration at the major decision point. 

The responsible agencies will provide an implementation progress report to Regional 
Board staff at each of the interim wet weather milestones.  These progress reports will 
document accomplishments, information and findings, and planned course of action 
going forward.  The agencies reserve the right to come before the Regional Board at 
any point during implementation to discuss new information or findings of 
significance and/or to request that the Board reconsider the TMDL in light of the 
information and findings. 
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4.6 Long Term Implementation Considerations 
In order to achieve the desired objectives described in Section 2.4, additional 
informational inputs to the iterative, adaptive management process are needed.  
Although it may not be possible at this time to anticipate all future sources of 
information that will provide relevant and appropriate information, the following 
examples are illustrative of the type of information that may become available and 
should be considered as the plan progresses. 

4.6.1 Agency-Specific Planning Factors 
To assure that broader water quality benefits and public goals are given adequate 
consideration in the adaptive management process, each individual Jurisdictional 
Groups 5 and 6 agency should consider its own agency-specific factors, goals and 
planning issues that should influence the implementation process as it is applied 
within that agency’s jurisdiction.  Examples of such factors and issues may include, 
but are not limited to: 

 Capital improvement projects, plans and timing 

 Community Development Plans, location and timing of major redevelopment 
projects 

 Parks and Recreation maintenance and re-landscaping schedules 

 Water supply issues 

 Flood control issues 

 Recycled water initiatives 

These factors may affect how decisions are made under the Implementation Plan with 
respect to location of piloted structural BMPs, timing of implementation, as well as 
the feasibility and cost of structural BMP and source control expansion. 

4.6.2 CSMP-Initiated Source Investigations 
Information relevant to the Implementation Plan may be generated as a result of 
Source Investigations triggered by the Coordinated Shoreline Monitoring Plan.  This 
may occur in two ways.  First and foremost, if monitoring sites within Jurisdictional 
Groups 5 and 6 become subject to the Source Investigation requirement, the resulting 
Source Investigation may assist in identifying bacteria source(s) within Jurisdictional 
Groups 5 and 6 that can then be mitigated in accordance with the adaptive 
management systems provided in this Implementation Plan.  Secondly, there may be 
sources identified as a result of investigations in other jurisdictions that may point out 
the potential for similar sources within Jurisdictional Groups 5 and 6 so that lessons 
learned in other jurisdictions can be applied here. 
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4.6.3 Other Jurisdictional Group Experiences 
Other Jurisdictional Groups will also be implementing their plans during this time.  
Findings and experiences of other groups should be considered and incorporated, if 
applicable or feasible, into the decision-making process for Jurisdictional Groups 5 
and 6. 

4.6.4 Utilize Emerging BMPs 
Storm water quality management is a constantly evolving field and a key aspect of a 
progressive Implementation Plan is incorporating emerging technologies.  There are a 
number of sources for identifying and obtaining information on emerging BMPs, 
including but not limited to: 

 Los Angeles County BMP Task Force 

 California Stormwater Quality Association-- www.casqa.org 

 Southern California Coastal Watershed Research Project (SCCWRP) -- 
www.sccwrp.org  

 Caltrans Stormwater Management Program technical reports-- 
www.dot.ca.gov/hq/env/stormwater 

 Numerous professional and technical journals and conferences 

Stormwater BMPs are implemented to prevent trash, sediment, and toxins from 
entering water bodies.  Information on stormwater BMP effectiveness is not readily 
availabe, especially for the removal of bacteria under wet weather conditions.  The 
International Stormwater Best Management Practices Database (USEPA, 2004) 
contains the results of approximately 200 historical BMP studies.  The database, 
developed by the Urban Water Resources Research Council (UWRRC) of the 
American Society of Civil Engineers (ASCE) under a cooperative agreement with the 
USEPA, serves two key purposes: (1) to define a standard set of data-reporting 
protocols for use with BMP monitoring efforts, and (2) to summarize historical BMP 
study data in a standardized format.   

An evaluation of BMP effectiveness for urban runoff is being conducted by SCCWRP 
to assess the effectiveness of BMPs for reducing the concentration of toxics in dry and 
wet weather runoff. BMPs implemented in the Southern California coastal area are 
being monitored both upstream and downstream for selected chemicals toxic to 
marine life.  The types of BMPs being considered in this study include continuous 
deflection separation (CDS) units (with and without additional treatment modules), 
storm drain inserts, UV light disinfection systems, wetlands, and detention ponds.  
This three-year project is currently in its second year and results may be available for 
consideration in this TMDL within the next two years. 
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The mission of the County-led BMP Task Force is to address BMP requirements called 
for in NPDES permits, and to explore viable solutions for BMP implementation.  
Priorities of the Task Force include: 

 Prepare guidelines for evaluating BMPs. 

 Develop an objective book of standard plans and specifications for BMP selection 
and implementation. 

 Develop guidelines for coordinating regional solutions and broad BMPs. 

 Develop a website/list serve to disseminate information. 

 Create a forum for exploring financing mechanisms.  

As promising technologies are identified, they should be incorporated into the 
adaptive management process of piloting, evaluating and expanding successful 
technologies. 

4.6.5 MS4 Permit Implications 
The piloting and evaluation of BMPs under this Implementation Plan may assist 
agencies in identifying opportunities to petition for BMP substitutions under the 
storm water permits that may provide for a more cost effective water quality 
protection program and/or to eliminate redundancy.  The municipal storm water 
permit provides flexibility for Permittees to petition for substitution of an alternative 
BMP under the Permit Stormwater Quality Management Plan (SQMP) if information 
and documentation on the effectiveness of the alternative is shown to be greater than 
the BMP prescribed in the Permit for meeting the objectives of the Permit.5   

“The Regional Board Executive Officer may approve any site-specific BMP 
substitution upon petition by a Permittee(s), if the Permittee can document that: 

a) The proposed alternative BMP or program will meet or exceed the 
objective of the original BMP or program in the reduction of storm water 
pollutants; or 

b) The fiscal burden of the original BMP or program is substantially greater 
than the proposed alternative and does not achieve a substantially greater 
improvement in storm water quality; and, 

                                                           
5 December 13, 2001, Order No. 01-182, NPDES Permit No. CAS004001, Waste Discharge Requirements for 
Municipal Storm Water and Urban Runoff Discharges within the County of Los Angeles and the Incorporated Cities 
Therein, except the City of Long Beach, Finding F.7.  
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c) The proposed alternative BMP or program will be implemented within a 
similar period of time.”6 

Many aspects of the Implementation Plan build on current requirements of the storm 
water permits.  The municipal storm water permit is due for renewal in December 
2006.  The Caltrans statewide storm water permit is currently being renewed. 
Potential new requirements in the next permits should be considered in the light of 
their impact on this Implementation Plan. 

                                                           
6 December 13, 2001, Order No. 01-182, NPDES Permit No. CAS004001, Waste Discharge Requirements for 
Municipal Storm Water and Urban Runoff Discharges within the County of Los Angeles and the Incorporated Cities 
Therein, except the City of Long Beach, Part 4.A.1. 
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Appendix A  
Best Management Practices (BMP) 
Evaluation  
 
A.1 Purpose  
This technical memorandum presents an evaluation of Best Management Practices 
(BMPs) applicable to improving wet and dry weather runoff quality with respect to 
bacteria.  It builds on existing stormwater BMP information provided by the 
Jurisdictional Group 5 and 6 agencies, and evaluates potential structural and non-
structural BMPs suitable to these watersheds.  Since for Jurisdictional Groups 5 and 6 
it appears that dry weather runoff may be of greater concern to bacteria exceedances 
at the beach than wet weather runoff, this evaluation will highlight those BMPs that 
are applicable to dry weather runoff, as well as those that may be applicable to wet 
weather, or both.    

The scope of this Task 2 in the Scope of Work for Jurisdictional Groups 5 and 6 is to 
identify and evaluate the applicability of potential programmatic non-structural 
source control options, on-site structural source control options (BMPs), and regional 
options for specific applications based on land use of dry and wet weather runoff 
within the Santa Monica Bay coastal watersheds of Jurisdictional Groups 5 and 6.  The 
evaluation also ranks the effectiveness of the BMPs for wet or dry weather runoff 
management based on existing data, and will include planning level cost estimates. 

A.2 Identification of Options  
For the implementation plan, methods to manage dry and wet weather runoff are 
referred to as “runoff management options.”  For Jurisdictional Groups 5 and 6, 
options will be discussed in three categories:  1) programmatic non-structural source 
control options, which include options such as educational and outreach programs; 2) 
on-site structural source control options, which are structural BMPs that can be 
installed at individual parcels to help manage runoff before it reaches the storm drain 
system; and 3) regional options, which manage runoff after it has entered the storm 
drain system and are installed on a regional basis.   

These options were chosen because they manage runoff volume and/or help to 
reduce bacteria concentrations in the runoff.  Some of these options help to reduce 
concentrations of other pollutants as well.   

A.2.1 Programmatic Non-Structural Source Control Options 
These options are intended to prevent or reduce levels of bacteria, or bacteria sources 
(e.g. garbage, trash) from initially being picked up by runoff whether on-site, in the 
curb or on the street.  One of the primary emphasis on source control is through 
education and outreach to change behavior.  Programmatic options are an effective 
way to engage the commercial and residential communities and raise overall 
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awareness of the need to reduce dry weather runoff and maintain “good 
housekeeping” practices.  It should be noted however, that in cases of dispersed high 
pollutant loadings as is often typical of urban land uses, these solutions may only be 
minimally to moderately effective. 

Based on a review of existing programmatic information provided by the 
Jurisdictional Group 5 and 6 agencies, most of the agencies have already adopted 
many programmatic non-structural source control measures and there are many 
examples of effective programs already in place.   Outreach efforts to individuals and 
residents are extensive with educational brochures and flyers on stormwater pollution 
prevention distributed at local fairs and special city events.  Several times a year 
pollution prevention messages are run in the local beach cities’ newspapers.  
Materials on the need to pick up after pets are distributed through local veterinarians 
and animals hospitals as well as signs in popular recreation areas and walkways (such 
as the Strand).  Prominent signs in local parks support the concept of an “Ocean Safe 
City.”  In addition to brochures, tip cards and bookmarks, several of the beach cities 
distribute buttons and coloring books to children. 

While not impacting bacteria loading directly, nonetheless several cities have 
outreach programs to gardeners.  The Manhattan Beach Botanical Garden, a small 
piece of Polliwog Park, has a garden demonstrating the use of native and drought 
tolerant plants and the use of “earth friendly” gardening techniques.  Likewise, the 
cities of Redondo Beach and El Segundo distribute information to local garden clubs 
on how to reduce or eliminate fertilizers, pesticides, and herbicides and irrigate 
properly.  The distribution of these materials could be expanded to include local 
nurseries and garden centers. 

Business outreach includes restaurant outreach programs including site visits.  The 
City of El Segundo is initiating a “green business” program to further the goals of 
sustainable business practices.   All agencies require adherence with stormwater 
requirements on construction sites.  All the agencies have regular training for public 
employees on pollution prevention practices on the job. 

At the municipal level, cities across the board have regular street sweeping programs 
and schedules for cleaning out storm drains. When cities replace their median 
landscaping, it is clear that more drought tolerant landscaping is being installed, thus 
reducing the probability of irrigation runoff.  The cities of Manhattan and Redondo 
Beach have a dedicated household hazardous waste drop-off facility open from 
Wednesday through Saturday so that residents do not have to wait for special 
“round-up” days.  Re-stenciling of the storm drain message, “No Dumping This 
Drains to the Ocean,” occurs regularly. 

Due to their ‘non-structural’ nature, increased programmatic efforts may be one of the 
most easily implementable ways to improve runoff quality and target some source 
‘problem’ areas. Because of this, the first phase of the implementation plan will likely 
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include increased programmatic efforts for targeted areas and sources such as the 
commercial zones where nearby monitoring stations indicate high source loadings.   

Since agencies in Jurisdictional Groups 5 and 6 have already taken the lead in 
developing and implementing many programmatic non-structural solutions, the main 
recommendation is to expand and share programs already in place or currently under 
development.  Since the agencies have joined together in response to the need for a 
Santa Monica Bay Bacteria Implementation Plan, this coordination could be continued 
after the plan is submitted.   

If greater coordination among all agencies occurs, targeted, broader campaigns such 
as those for restaurant and fast food establishments may be more effective than when 
done on an individual basis.   Cost sharing of signs and outreach materials can help 
defray design and production costs while sending a consistent message repeated 
across a variety of media. Different kinds of messages, targeted at different audiences, 
could be rotated through the year.  For example, working with garden clubs, 
nurseries, and garden centers, with stories placed in local newsletters and newspapers 
at the spring planting time, the message for proper irrigation and organic gardening 
would be strongly reinforced.  Likewise, a similar campaign for pet owners through 
veterinarians, animal hospitals, and local pet stores could occur another month.   
Schools, through both direct education integrated into lesson plans and “take home” 
materials are extremely effective ways of reaching the public.   

In addition to possibly bridging programs across agencies and increasing/enhancing 
current programs, there are many specific programs that target dry weather runoff 
issues in particular.  Additional effective source control programs may include 
programs and education to increase xeriscape landscaping, infiltration swales, and 
porous pavement at both commercial and residential land uses.  Near pier areas or 
other concentrated restaurant areas, programs and outreach to improve restaurant 
trash management may be effective.  Agencies may want to consider techniques for 
reducing excessive dry weather runoff generators, for example, businesses that 
regularly hose down sidewalks.  In addition to brochures and posters (which are 
passive education techniques) active education through focused educational 
workshops for targeted groups may be very effective, for example, chambers of 
commerce for commercial areas, or restaurant business districts. 

A.2.2 On-Site Structural Source Control Options 
On-site structural source control options provide an important step in managing wet 
weather runoff.  They are intended to reduce the total volume and flow rate of runoff 
leaving properties and entering the storm drain system.  Since runoff would be 
retained and not discharged, bacteria and other pollutants would not be discharged 
and would therefore be effectively prevented from entering the storm drain system. 

It should be recognized that on-site structural source control options, like 
programmatic non-structural options, may not fully mitigate the impacts of pollutant 
loading, but their implementation could contribute to integrated water quality 
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solutions, and could contribute to the reduction of the magnitude and extent of 
downstream impacts. However, protection of groundwater quality and prevention of 
soil and groundwater degradation could pose a technical implementation challenge. 

Appendix A-1 includes a series of fact sheets with detailed descriptions of many 
BMPs applicable to Jurisdictional Groups 5 and 6, including implementation 
challenges and planning-level unit cost information.  This set of BMPs is intended to 
present a wide range of options; further evaluation of which BMPs should be 
implemented, and where, will be evaluated in Tasks 5 and 6.  These BMPs also vary in 
both their effectiveness and degree of maintenance required.  For example, vegetated 
buffer systems, bioretention, and pervious paving are passive systems requiring no 
maintenance; their function is to mimic the natural percolation of water through soils.  
BMPs such as infiltration trenches and basins, catch basin systems, 
vortex/hydrodynamic systems, clarifiers, and media filtration, all require on-going 
maintenance to remove pollutants or the media that trap them.  BMPs such as 
constructed wetlands, ponds, and cisterns require that the water being maintained in 
these systems is of adequate quality and do not become breeding grounds for 
mosquitos, especially in light of recent concerns over West Nile Virus. 

Some of these on-site structural options are already implemented.  Manhattan Beach, 
for example, has installed three Continuous Deflection Separators (CDS) units.  Some 
municipal parking lots are being replaced with pervious paving. 

The on-site BMPs listed in Appendix A-1 will vary in their effectiveness to manage 
dry weather flow for reducing bacteria.  Some of the BMPs in Appendix A-1 will 
effectively reduce some pollutants from wet weather runoff, but will do little to 
manage dry weather runoff.  These BMPs include cisterns, both residential as well as 
larger underground cisterns at parks and public facilities, and installation of 
additional CDS units.  However, many of the on-site BMPs contained in the appendix 
are very applicable to managing dry weather runoff, and thus, may be more effective 
options for Jurisdictional Groups 5 and 6.  These include increased capture and 
infiltration projects such as vegetated buffer systems, swales, bioretention, infiltration 
trenches, dry wells, and pervious pavement.  The implementation plan will include 
recommendations for installing on-site BMPs in specific targeted areas.  For example, 
in commercial areas where monitoring suggests high pollutant loadings, increased 
capture and infiltration projects that remove or filter pollutants may be effective.   

A.2.3 Regional Options 
Appendix A-1 also includes various regional BMPs that may be effective options for 
Jurisdictional Groups 5 and 6.  One such option is to divert runoff to wastewater 
treatment facilities.  In some parts of the greater Los Angeles region, there is enough 
excess capacity in both the sewer collection system and at the treatment plants to 
allow for year-round (both summer and winter) dry weather runoff diversions to the 
wastewater treatment plants.    
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There are other regional options that are effective for managing dry weather runoff.   
For example, major storm drains could be diverted to infiltration trench systems or 
leach fields, detention ponds (detailed in Appendix A-1).  These could be 
implemented on a regional or even a neighborhood basis.  Another option is to divert 
major storm drains to a dedicated dry weather runoff treatment facility for beneficial 
reuse or discharge.  An example of such a facility is the Santa Monica Urban Runoff 
Recycling Facility (SMURRF) located in the City of Santa Monica.   

A.3 Conclusions  
In general, BMPs that control pollution and stormwater at the source are more cost 
effective than regional options. Planning level cost estimates are provided in 
Appendix A-1.  Table A-1 lists the BMPs and their effectiveness in removing 
pollutants and/or runoff. 

An evaluation of agencies’ current programs was conducted.  Efforts were generally 
found to be consistent amongst the agencies, but greater coordination among all 
agencies’ programs may reduce costs while increasing the effectiveness of the 
messages being put forth.  Recommendations for increased efforts and programs in 
the implementation plan will focus on specific areas of concern such as commercial 
areas, or where minor modifications to existing programs can have much greater 
impact.  

The evaluation of structural BMPs is included here to provide information on a range 
of possible options. The Hydrologic Analysis Technical Memorandum will evaluate 
current compliance issues and identify drainage areas of concern with respect to 
either dry or wet weather runoff, or both.  From this, it will be possible to have a basis 
upon which to refine BMP recommendations for particular areas.   
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Appendix A-1 
BMP Pollutant Removal Effectiveness Summary 
Table and BMP Summary Fact Sheets1

                                                           
1 Source:  BMP Fact Sheets were prepared as part of the City of Los Angeles’ Integrated Resources Plan (IRP) project. 
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Table A-1 - BMP Polution Removal Effectiveness Summary  

Pollutants 

 

Decrease/Restrict 
Runoff Volume Trash  

Suspended 
Solids Bacteria Organics Nutrients Metals 

 

Programmatic Non-Structural Source Control  

Educational Outreach Low Med Med Med Med Med Low  

 Street Sweeping NA High Med Med Low Low Med  

 Restaurant Ordinance Low Med Low Med Med Low Low  

Onsite Structural Source Control  

 Vegetated Buffer Systems Med Low Med Low Med Med Med  

Bioretention Med Low Med Low Med Med Med  

 Constructed Wetlands Med NA High High Med High Med  

 Infiltration Trench High NA NA Med NA High High  

 Infiltration Basin High NA NA Med NA High High  

 Cisterns  Med NA Med NA Low NA Low  

 Wet (retention) Pond High NA Med Low Low Low Low  

 Dry (extended detention) Pond High NA Med NA Low Low Low  

 Dry Well  Low NA Med Med Low Low Med  

Pervious Pavement Med NA NA NA Med Med Med  

 Catch Basin Systems NA High Med Low Med Low Med  

 Vortex/Hydrodynamic Systems NA High High Low Med Med Med  

 Clarifiers  Low Med Med Low High Med Med  

 Media Filtration NA NA High High High High High  

Regional Source Control  

 Constructed Wetlands Med NA High High Med High High  

 Infiltration Basin High NA NA Med NA High High  

 Wet (retention) Pond High NA Med Low Low Low Low  

 Dry (extended detention) Pond High NA Med NA Low Low Low  

 Vortex/Hydrodynamic Systems NA High High Low Med Med Med  

 Clarifiers  Low Med Med Low High Med Med  

 Media Filtration NA NA High High High High High  

High Provides a high, consistent amount of removal.         
Med Amount of removal may vary between high or low and may be dependent upon maintenance frequency.    
Low Provides a small amount of removal.          
NA Either the type source control does not provide any removal or is not meant to be used to remove this pollutant.  
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BMP Summary Fact Sheet Index 
 

On-Site Structural Source Control Options 

1. Vegetated Buffer System 
(Biofiltration Swales, Vegetative Buffer System) 

 
2. Bioretention  
 
3. Infiltration Trench 
 
4. Cisterns 
 
5. Dry Well 
 
6. Pervious Pavements 

(Asphalt, Modular Concrete Block, Poured Concrete Porous Pavements and Structural Soil) 
 

On-Site/Regional Structural Source Control Options 
7. Constructed Wetlands 
 
8. Infiltration Basin 
 
9. Wet (Retention) Pond 
 
10. Dry (Extended Detention) Pond 
 
11. Catch Basin Systems 

(Boarding/Coarse Screens, Generic Catch Basin Filters, Fossil Filter™,Aqua-
Guard™, StormFilter™, Ultra-Urban Filter™, 
EnviroDrain®, HydroKleen™, Vortex/Hydrodynamic Systems, Generic Hydrodynamic Systems, 
Downstream Defender, Vortechnics™, V2B1™, Continuous Deflective Separation (CDS™), 
StormTreat™, Stormceptor®, Aqua-Filter™) 

 
12. Clarifiers 

(Generic Clarifiers, Clarifiers with Rain Diversion, Oil/Water Separator, Jensen® Interceptor, Teichert 
Interceptor™, BaySaver®, Isoilater™) 

 
13. Media Filtration 

(Sand/Organic Beds, Organic Filters, StormFilter™) 
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1.  Vegetated Buffer Systems 
GENERAL DESCRIPTION 
Biofiltration swales and vegetated buffer strips are constructed or natural strips or areas of vegetation 
used for removing sediment, organic matter, and other pollutants from runoff. Swales are conveyance 
channels where storm water flow passes through the grass. Strips are broad surfaces with a grass cover 
that allows storm water to flow in relatively thin sheets.  
 
As the runoff flows through the vegetated area or strip, the vegetation removes sediment and other 
pollutants from runoff by filtration, infiltration, absorption, adsorption, decomposition, and 
volatilization. In addition, vegetated buffers of well developed native vegetation also provide shade, 
coarse woody debris, nutrient uptake and numerous other benefits to water bodies. 
 
For biofiltration swales, runoff is captured in drain inlets and routed to the swales for treatment. While, 
vegetated buffer strips generally receive sheet flow directly from pavement or other drainage areas.  

PRIMARY BENEFITS 
• Sediment and pollutant removal  
• Retard runoff rates  

APPLICATIONS 
• Land undergoing development where buffers are needed to reduce sediment 

damage to adjacent property.  
• Treatment of residential runoff 
• Treatment of roadway runoff  

DESIGN CONSIDERATIONS 
• Flow must be shallow sheet flow. 
• Vegetative buffers strips cannot be expected to remove all sediments. Vegetative 

filters should only be considered as one component of the erosion and sediment 
control system. 

• Existing vegetation is preferred rather than replanting. 
• Vegetative buffers shall be planned and established prior to disturbing the land 

that will produce the sediment. 
• There are not precise design criteria that will guarantee a particular level of 

sediment removal. 
• Careful plant selection can improve wildlife habitat for food and nesting. 
• Land use and treatment above the strip 
• Slope of land above the strip 
• Length of slope above the strip 
• Eroding of soil above the strip 
• Slope of the land in the strip 

CONSTRUCTION CONSIDERATIONS 
• Grassed filter strips can be built below areas where sedimentation can be expected 

during construction.  
• Avoid running heavy equipment into or through the swale/strip during 

construction and site development as well as during the life of the swale/strip.  
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• Disturbed soil between trees and shrubs must be mulched or planted with 
permanent vegetation to prevent erosion. 

• The area must be protected from damage until the vegetation is properly 
established. 

MAINTENANCE  CONSIDERATIONS 
• Regular inspection is required to look for signs of erosion and channelization of 

water. 
• Any erosion or channelization must be repaired promote sheet flow conditions. 
• Routinely remove accumulated trash and debris . 
• Periodic fertilizing is needed to keep the vegetation healthy. 

IMPLEMENTATION CHALLENGES  

Technical 
• Vegetative buffers require significant time to take hold and become effective 

treatment devices.  This requires advanced planning in anticipation of their need. 
• As with any vegetation, proper maintenance and care for the plants is necessary 

for an installation to consistently achieve the desired results. 

Institutional 
• Current basis of design for  stormwater management system is intended to divert 

runoff and drain to streets and storm drains for flood control; policies do not favor 
on-site retention. 

• Concerns about possible erosion. 
• Potential insurance concerns regarding flooding. 
• Funding for the maintenance of the vegetation.  

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Biofiltration 
Swales 

Low Med $0.5/cf 

Vegetated Filter 
Strips 

Low Med $1.3/cf 
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2.  Bioretention 
GENERAL DESCRIPTION 
Bioretention areas are landscaping features adapted to treat stormwater runoff on the development site. 
They are commonly located in parking lot islands or within small pockets in residential land uses. 
Surface runoff is directed into shallow, landscaped depressions. These depressions are designed to 
incorporate many of the pollutant removal mechanisms that operate in forested ecosystems. During 
storms, runoff ponds above the mulch and soil in the system.  

PRIMARY BENEFITS 
• Provide a variety of pollutant removal mechanisms, including: 

− Filtration 
− Adsorption to soil particles 
− Biological uptake by plants 

• Typically provide a higher degree of treatment due to the multiple removal 
mechanisms. 

• Provide green space and shade 

APPLICATIONS 
• Commercial and residential parking areas 
• Residential landscaped areas 

DESIGN CONSIDERATIONS 
• Drainage area should be small (i.e., five acres or less). 
• Best applied to relatively shallow slopes (usually 5%). 
• Sufficient slope is needed at the site to ensure that the runoff draining to a 

bioretention area can be conveyed to the storm drain system and accommodate 
peak storm flows. 

• Bioretention should be separated from the water table to ensure that the 
groundwater never intersects with the bottom of the bioretention area, which 
prevents possible groundwater contamination and practice failure. 

• Sites with loamy sand soils are especially appropriate for bioretention because the 
excavated soil can be backfilled and used as the planting soil, thus eliminating the 
cost of importing planting soil.  

• The layout of the bioretention area is determined after site constraints such as 
location of utilities, underlying soils, existing vegetation, and drainage are 
considered. 

CONSTRUCTION CONSIDERATIONS 
• Avoid running heavy equipment into or through the bioretention area during 

construction and site development as well as during the life of the bioretention 
area.  

• Disturbed soil between trees and shrubs must be mulched or planted with 
permanent vegetation to prevent erosion. 

• The area must be protected from damage until the vegetation is properly 
established. 
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MAINTENANCE  CONSIDERATIONS 
• Periodic mulching, plant replacement, pruning, weeding is needed. 

IMPLEMENTATION CHALLENGES  

Technical 
• Bioretention areas may require significant time to become established and become 

effective treatment devices.  This requires advanced planning in anticipation of 
their need. 

• As with any vegetation proper maintenance and care for the plants is necessary 
for an installation to consistently achieve the desired results. 

• Possible problems with clogging when used to treat larger areas. 
• Concerns with groundwater contamination 

Institutional 
• Current basis of design for  stormwater management system is intended to divert 

runoff and drain to streets and storm drains for flood control; policies do not favor 
on-site retention. 

• Concerns about possible erosion 
• Potential insurance concerns regarding flooding 
• Funding for the maintenance of the vegetation 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Bioretention Med Med $5.3/cf 
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3.  Infiltration Trench 
GENERAL DESCRIPTION 
An infiltration trench is a rock-filled trench with no outlet that receives stormwater 
runoff. Stormwater runoff passes through some combination of pretreatment 
measures, such as a swale or sediment basin, before entering the trench. Runoff is 
then stored in the voids of the stones, slowly infiltrated through the bottom and into 
the soil matrix over a few days. The primary pollutant removal mechanism of this 
practice is filtration through the soil.  

PRIMARY BENEFITS 
• Provides 100% reduction in the load discharged to surface waters. 
• Groundwater recharge  
• Removal of pollutants 

APPLICATIONS 
• Small residential and commercial sites  

DESIGN CONSIDERATIONS 
• Possible accumulation of metals or other contaminents in soils 
• Protection of  groundwater quality 
• Site infiltration rates 
• Sediment removal upstream of trench 
• Vegetation/landscape maintenance 

CONSTRUCTION CONSIDERATIONS 
• Contractor should not compact soils in the trench. 
• Gravel should be washed and free from fine particles before installation. 
• Trench must be protected from solids during construction activities. 

MAINTENANCE  CONSIDERATIONS 
• Sediment, trash, and oil/grease must be removed from pretreatment devices, as 

well as overflow structures. 
• Inspect pretreatment devices and diversion structures for sediment build-up and 

structural damage. 
• If bypass capability is available, it may be possible to regain the infiltration rate in 

the short term by using measures such as providing an extended dry period. 

IMPLEMENTATION CHALLENGES  

Technical 
• High failure rate if soil and subsurface conditions are not suitable 
• May not be appropriate for industrial sites or locations where spills may occur 
• Risk of groundwater contamination in very coarse soils 
• Difficult to restore functioning of infiltration trenches once clogged 
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Institutional 
• Current basis of design for stormwater management system is intended to divert 

runoff and drain to streets and storm drains for flood control; policies do not favor 
on-site retention. 

• Protection of groundwater 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Infiltration Trench Med Med $4/cf 
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4.  Cisterns 

GENERAL DESCRIPTION 
A cistern is a tank for storing rain water which has been collected from a roof or other 
catchment  area. Cisterns can be used for a single residential home, or for multiple 
homes and businesses. The captured water can be use for irrigation of landscaped or 
natural pervious areas. Normally for irrigation usage, a sump pump must be included 
in the installation. 

PRIMARY BENEFITS 
• Reduce runoff from site  
• Reduce potable water demand for on-site irrigation 
• Partial sediment removal in the cisterns 
• Physical filtration of particulates through the soil profile  
• Dissolved constituents uptake in the vegetative root zone by the soil-resident 

microbial community when used for irrigation.  

APPLICATIONS 
• Residential and commercial roof runoff collection 
• Neighborhood or block size 

DESIGN CONSIDERATIONS 
• Design storm interval 
• Above ground or below ground system 
• Sizing of pumps and distribution pipes 
• Security for public sites to prevent accidents 
• Consideration of how to manage the first flush flow 
• Size a cistern to provide service during extended periods of low rainfall 

CONSTRUCTION CONSIDERATIONS 
• Reinforced concrete, steel, and plastic are common materials. 
• Concrete block cisterns are difficult to keep watertight. 

MAINTENANCE  CONSIDERATIONS 
• Sump pump 
• Requires periodic cleaning 

IMPLEMENTATION CHALLENGES  

Technical 
• Concerns with groundwater contamination 
• Concerns that installation will receive proper maintenance  

Institutional 
• Current basis of design for City of Los Angeles stormwater management system is 

intended to divert runoff and drain to streets and storm drains for flood control; 
policies do not favor on-site retention. 
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5.  Dry Well 
GENERAL DESCRIPTION 
Dry wells are a common means of stormwater management in many areas of the 
United States. Driveway dry wells involve adding a drainage grate and an open 
bottom concrete structure at the end of the driveway. They are designed to capture 
and store stormwater until the water percolates into the subsurface soils. 

PRIMARY BENEFITS 
• Infiltration 
• Physical filtration of particulates through the soil profile  
• Reduce runoff from site  

APPLICATIONS 
• Residential properties 

DESIGN CONSIDERATIONS 
• Anticipated volume of storm water 
• Drainage area feeding the dry well 
• Characteristics of the drainage surfaces (e.g. concrete, asphalt, grass, dirt) 
• Permeability and storage capacity of the subsurface soils 
• Depth and local use of groundwater  
• Site usage and chemical storage  

CONSTRUCTION CONSIDERATIONS 
• Contractor should not compact soils below dry well. 
• Gravel should be washed and free from fine particles before installation. 

MAINTENANCE  CONSIDERATIONS 
• Clogging of pipe  
• Periodic cleaning of chamber and grate 
• Size is also significant in a maintenance schedule, wherein a larger well will have 

a longer period free of maintenance.  

IMPLEMENTATION CHALLENGES  

Technical 
• Concerns with groundwater contamination due to unmonitored installations.  
• Concerns that installation will receive proper maintenance.  

Institutional 
• Current basis of design for stormwater management system is intended to divert 

runoff and drain to streets and storm drains for flood control; policies do not favor 
on-site retention. 

• Potential insurance concerns regarding flooding 
• Protection of groundwater 
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• Potential permit requirements 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Dry Well Med Low  
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6.  Pervious Pavements 
GENERAL DESCRIPTION 
Pervious paving describes a system comprising a load-bearing, durable surface together with an 
underlying layered structure that temporarily stores water prior to infiltration or drainage to a controlled 
outlet. The surface can itself be porous such that water infiltrates across the entire surface of the material 
(e.g., grass and gravel surfaces, porous concrete and porous asphalt), or can be built up of impermeable 
blocks separated by spaces and joints, through which the water can drain. This latter system is termed 
‘permeable’ paving. Advantages of pervious pavements is that they reduce runoff volume and are 
unobtrusive resulting in a high level of acceptability. Typical pervious pavements include: 

− Asphalt Porous Pavements 
− Modular Concrete Block Porous Pavements 
− Poured Concrete Porous Pavements 
− Structural Soil 

PRIMARY BENEFITS 
• Infiltration 
• Retard runoff rates 
• Provide retention  
• Reduce impervious area 

APPLICATIONS 
• Parking lots  
• Sidewalks 
• Playgrounds 
• Residential driveways  
• Residential streets 

DESIGN CONSIDERATIONS 
• Determine the traffic/pedestrian loading of area.  
• The subgrade should be able to sustain traffic loading without excessive 

deformation. 
• Consider ways to maximize infiltration or storage. 
• The granular capping and sub-base layers should give sufficient load-bearing to 

provide an adequate construction platform and base for the overlying pavement 
layers. 

CONSTRUCTION CONSIDERATIONS 
• Permeable surfaces can be laid without cross-falls or longitudinal gradients. 
• The blocks should be lain level. 
• The pavement should be constructed in a single operation, as one of the last items 

to be built, on a development site. Landscape development should be completed 
before pavement construction to avoid contamination by silt or soil from this 
source. 

• Surfaces draining to the pavement should be stabilized before construction of the 
pavement. 
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MAINTENANCE  CONSIDERATIONS 
• Type of use 
• Amount of traffic 
• The local environment and any contributing catchments 

IMPLEMENTATION CHALLENGES  

Technical 
• Possible problems with plugging 
• Concerns with groundwater contamination 

Institutional 
• Current basis of design for stormwater management system is intended to divert 

runoff and drain to streets and storm drains for flood control; policies do not favor 
on-site retention. 

• Municipal approval process for pervious pavement varies by local and may 
discourage implementation. 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Asphalt Porous 
Pavements 

Med Low $10-$15/sf 

Modular Concrete 
Block Porous 
Pavements 

High Low $10-$15/sf 

Poured Concrete 
Porous Pavements 

High Low $10-$15/sf 

Structural Soil Med Low $10-$15/sf 
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7. Constructed Wetlands 
GENERAL DESCRIPTION 
A constructed wetland is a biological stormwater treatment technology designed to mimic processes 
found in natural wetland ecosystems. These wetland systems utilize wetland plants, soil and the 
associated microorganisms to remove contaminants found in 
stormwater. The installation of these systems also provides the opportunities to create or restore wetland 
habitat for wildlife and environmental improvement. 
 
A typical constructed wetland is a series of rectangular plots that are filled with uniform 
graded sand or gravel. The bottom of the plot can be lined with materials like concrete or plastic to 
prevent possible contamination of the groundwater. The root mass of the wetlands plants provides 
filtration as well as oxygen and carbon for water treatment. The roots also offer attachment sites for 
microbes that consume the available oxygen in the process of breaking down pollutants. Constructed 
wetlands can be further classified according to the flow pattern. The most common flow patterns used 
are: free water surface flow, subsurface flow, vertical flow, and hybrid (i.e. combinations of the 
previous) flow. 

PRIMARY BENEFITS 
• Removal of nutrients  
• Dissolved pollutants 
• Retard runoff rates 
• Provide retention 
• Create or restore wetland habitat for wildlife 

APPLICATIONS 
• Commercial, industrial and residential runoff. 
• Enhancement of existing open space, including parks and rivers.  

DESIGN CONSIDERATIONS 
• Treatment requirements and regulations 
• Source water characteristics 
• Area required to meet treatment requirements 
• Water availability during the dry season 
• Aesthetics 
• Mosquito control 
• Public access and wildlife needs 

CONSTRUCTION CONSIDERATIONS 
• Construction needs to be planned so as to not impact existing and nearby habitat. 
• The area must be protected from damage until the vegetation is properly 

established. 

MAINTENANCE  CONSIDERATIONS 
• Schedule semi-annual inspections for burrows, sediment accumulation, structural 

integrity of the outlet, and litter accumulation. 
• Remove accumulated trash and debris in the basin at the middle and end of the 

wet season 
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• The frequency of this activity may be altered to meet specific site conditions and 
aesthetic considerations. 

IMPLEMENTATION CHALLENGES  

Technical 
• Wetlands consume a relatively large amount of space, making them an impractical 

option on many sites where surface land area is constrained or land prices are 
high. 

• Although design features can minimize the potential of wetlands to become a 
breeding area for mosquitoes, there can be public perception that wetlands are a 
mosquito source. 

• Wetlands require careful design and planning to ensure that wetland plants 
survive and flourish after construction.  

• Some evidence exists that stormwater wetlands can release some nutrients during 
the non-growing season.  

• Designers should ensure that wetlands are not built in natural wetlands or high 
quality forest 

Institutional 
• Liability 
• Operations and maintenance costs 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Constructed 
Wetlands 

High Med $0.6-$1.25/cf 
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8.  Infiltration Basin 
GENERAL DESCRIPTION 
An infiltration basin is a shallow impoundment that is designed to infiltrate stormwater. By using plastic 
storage media or precast concrete boxes, infiltration basins can also be installed underground. 
Infiltration basins use the natural filtering ability of the soil to remove pollutants in stormwater runoff. 

PRIMARY BENEFITS 
• Retard runoff rates 
• Provide retention 
• Recharge groundwater supplies 

APPLICATIONS 
• Residential and commercial sites 
• Small to large sub-watersheds (20 to 30 acres maximum) 

DESIGN CONSIDERATIONS 
• Infiltration basins should be placed on flat ground. 
• Pretreatment for solids, trash, oil and grease is important in extending the life of 

the basin and reducing maintenance. 
• Possible accumulation of metals or other contaminants in soils 
• Consider source water quality in design of pretreatment for protection of 

groundwater quality.  
• Design storm event 
• Site infiltration rates 
• Vegetation establishment on the basin floor may help reduce the clogging. 

CONSTRUCTION CONSIDERATIONS 
• Contractor should take precautions to not compact soils in the basin. 
• Any gravel used should be washed and free from fine particles before installation. 
• Basin must be protected from solids during construction activities. 
• Upstream drainage area must be completely stabilized before construction.  

MAINTENANCE  CONSIDERATIONS 
• Inspect pretreatment devices and diversion structures for sediment build-up and 

structural damage.  
• Sediment, trash, and oil/grease must be removed from pretreatment devices, as 

well as overflow structures. 
• Observe drain time for the design storm after completion or modification of the 

facility to confirm that the desired drain time has been obtained. 
• Schedule semiannual inspections for beginning and end of the wet season to 

identify potential problems such as erosion of the basin side slopes and invert, 
standing water, trash and debris, and sediment accumulation. 

• Remove accumulated trash and debris in the basin at the start and end of the wet 
season. 

• Inspect for standing water at the end of the wet season. 
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• Trim vegetation at the beginning and end of the wet season to prevent 
establishment of woody vegetation and for aesthetics and vector control.  

• Periodic removal of accumulated sediment. 

IMPLEMENTATION CHALLENGES  

Technical 
• High failure rate if soil and subsurface conditions are not suitable or if solids are 

not properly removed 
• May not be appropriate for industrial sites or locations where spills may occur 
• Not suitable on fill sites or steep slopes 
• Difficult to restore functioning of infiltration basins once clogged 
• Concerns with groundwater contamination 
• Can be land intensive, depending on infiltration rate 

Institutional 
• Current basis of design for stormwater management system is intended to divert 

runoff and drain to streets and storm drains for flood control; policies do not favor 
on-site retention. 

• Operation and maintenance costs 
• Liability 
• Protection of groundwater 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Above Ground 
Infiltration Basin 

Med Med $1.30/cf 

Below Ground 
Infiltration Basin 

High Med $7-$10/cf 
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9.  Wet (Retention) Pond 
GENERAL DESCRIPTION 
Wet ponds (a.k.a. stormwater ponds, retention ponds, wet extended detention ponds) 
are constructed basins that have a permanent pool of water throughout the year (or at 
least throughout the wet season) and differ from constructed wetlands primarily in 
having a greater average depth. Ponds treat incoming stormwater runoff by settling 
and biological uptake. Wetlands type planting may be used on shallow edges of 
pond. 

 PRIMARY BENEFITS 
• Provide some infiltration 
• Retard runoff rates 
• Provide retention  

APPLICATIONS 
• Large open areas 
• May be combined with recreational open space opportunities 

DESIGN CONSIDERATIONS 
• Vector control 
• Sediment removal and pretreatment 
• Ponds should be designed with a non-clogging outlet such as a reverse-slope pipe. 
• Capture volume determined by local requirements or sized to treat 85% of the 

annual runoff volume. 
• In areas with porous soils an impermeable liner may be required to maintain an 

adequate permanent pool level. 
• Outlet structures and piping should be installed with collars to prevent water 

from seeping through the fill and causing structural failure. 

MAINTENANCE  CONSIDERATIONS 
• Note signs of hydrocarbon build-up, and manage appropriately. 
• A maintenance ramp should be included in the design to facilitate access to the 

forebay for maintenance activities and for vector surveillance and control. 
• Monitor for sediment accumulation in the facility and forebay.  
• Examine to ensure that inlet and outlet devices are free of debris and operational  
• Inspect facility after first large storm to determine whether the desired residence 

time has been achieved. 

IMPLEMENTATION CHALLENGES  

Technical 
• Mosquito and midge breeding could occur in ponds 
• Cannot be placed on steep, unstable slopes 
• Need for base flow or supplemental water if water level is to be maintained 
• Require relatively large footprints 
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Institutional 
• Current basis of design for stormwater management system is intended to divert 

runoff and drain to streets and storm drains for flood control; policies do not favor 
on-site retention. 

• Liability 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Wet (Retention) 
Pond 

High Med $0.5-$1/cf 
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10.  Dry (Extended Detention) Pond 
GENERAL DESCRIPTION 
Dry extended detention ponds (a.k.a. dry ponds, extended detention basins, detention 
ponds, extended detention ponds) are basins whose outlets have been designed to 
detain the stormwater runoff from a water quality design storm for some minimum 
time (e.g., 48 hours) to allow particles and associated pollutants to settle. Unlike wet 
ponds, these facilities do not have a large permanent pool. They can also be used to 
provide flood control by including additional flood detention storage. 

PRIMARY BENEFITS 
• Provide retention 
• Provide substantial capture of sediment and other pollutants associated with 

particulates. 

APPLICATIONS 
• Large open areas 
• May be combined with recreational open space opportunities 

DESIGN CONSIDERATIONS 
• Design storm interval 
• Consideration of possible treatment of the first flush flow 
• Groundwater infiltration 

MAINTENANCE  CONSIDERATIONS 
• Inspect for damage to the embankment. 
• Monitor for sediment accumulation in the facility and forebay.  
• Examine to ensure that inlet and outlet devices are free of debris and operational. 
• Inspect facility after first large storm to determine whether the desired residence 

time has been achieved. 

IMPLEMENTATION CHALLENGES  

Technical 
• Concerns with groundwater contamination 
• Dry extended detention ponds have only moderate pollutant removal when 

compared to some other structural stormwater practices, and they are relatively 
ineffective at removing soluble pollutants. 

• Dry ponds can actually detract from the value of a home due to the adverse 
aesthetics of dry, bare areas and inlet and outlet structures. 

Institutional 
• Current basis of design for stormwater management system is intended to divert 

runoff and drain to streets and storm drains for flood control; policies do not favor 
on-site retention. 

• Operations and maintenance costs 
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• Liability 
• Protection of groundwater 
 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Dry (Extended 
Detention) Pond 

High Med $0.5-$1/cf 
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11.  Catch Basin Systems 
GENERAL DESCRIPTION 
A catch basin (a.k.a., storm drain inlet, curb inlet) is an inlet to the storm drain system that typically 
includes a grate or curb opening.  Catch basin systems include the installation of screens, filter units, 
and sediments trap at each individual basin. These systems provide the same treatment capabilities as 
larger installations, but at a smaller scale. Catch basin systems has been adapted to stormwater 
treatment by several manufacturers which includes: 

− Kleen Screens™ 
− CSM Corp™  
− Fossil Filter™ 
− Aqua-Guard™ 
− StormFilter™ 
− Ultra-Urban Filter™ 
− Enviro-Drain® 
− HydroKleen™ 

PRIMARY BENEFITS 
• Capture of trash, sediment and other pollutants 
• Pretreatment for other BMPs 

APPLICATIONS 
• New development 
• Retrofit of existing installations 

DESIGN CONSIDERATIONS 
• Determine the actual requirements driving installation. 
• Basic design should also incorporate a hooded outlet to prevent floatable 

materials and trash from entering the storm drain system. 
• Incorporate infiltration through the catch basin bottom if possible. However, 

infiltrating catch basins should not be used in commercial or industrial areas, due 
to possible groundwater contamination. 

MAINTENANCE  CONSIDERATIONS 
• Catch basins can become a source of pollutants through resuspension when not 

frequently maintained. 
• Routine maintenance is required to retain the storage available in the sump to 

capture sediment. 

IMPLEMENTATION CHALLENGES  

Technical 
• Can be difficult to implement on a large scale due to the shear numbers of catch 

basins 
• If not maintained properly, effectiveness will be limited.  
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Institutional 
• Operations and maintenance costs 
• Implementation costs 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Boarding/Coarse 
Screens 

Low Med $300/opening 

Fossil Filter™ Low to Med Med $3.1k/cfs 

Aqua-Guard™ Med to High Med $3k/ catch basin 

StormFilter™ Med to High Med $36.6k-$74/cfs 

Ultra-Urban 
Filter™ 

Low Med $4.5/cfs  -$3k/catch basin 

Enviro-Drain® Low Low $3k-$4k/cfs 

HydroKleen™ Low to Med Low $3.9k - $11.4k/cfs 
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11a.  Vortex/Hydrodynamic Systems 
GENERAL DESCRIPTION 
Vortex separators (swirl concentrators) are gravity separators, and in principle are essentially wet vaults. 
The difference from wet vaults, however, is that the vortex separator is round, rather than rectangular, 
and the water moves in a centrifugal fashion before exiting. By having the water move in a circular 
fashion, rather than a straight line as is the case with a standard wet vault, it is possible to obtain 
significant removal of suspended sediments and attached pollutants with less space. Vortex separators 
were originally developed for combined sewer overflows (CSOs), where it is used primarily to remove 
coarse inorganic solids. 
 
Vortex separation has been adapted to stormwater treatment by several manufacturers including: 

− Downstream Defender 
− Vortechnics™ 
− V2B1™ 
− Continuous Deflective Separation (CDS™) 
− Stormceptor® 
− Aqua-Swirl™ 

PRIMARY BENEFITS 
• Provides removal of trash, solids, and other pollutants associated with the solids. 
• May provide the desired performance in less space and therefore less cost. 
• May be more cost-effective pre-treatment devices than traditional wet or dry 

basins. 
• Mosquito control may be less of an issue than with traditional wet basins.  
• Maintenance may be less costly. 

APPLICATIONS 
• Residential, commercial, and industrial sites 
• Pretreatment for other BMPs (e.g. infiltration basins) 

DESIGN CONSIDERATIONS 
• Service area and design flow 
• Source water quality and characteristics 
• Settling velocity 
• Target removal efficiency 
• Determine if the unit will be inline or offline (i.e., includes bypass) 
• Inlet pipe diameter 

MAINTENANCE  CONSIDERATIONS 
• Removal of accumulated material with a vactor truck. 
• Remove and dispose the floatables separately due to the presence of petroleum 

product.  
• Could resuspend solids if not cleaned regularly 
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IMPLEMENTATION CHALLENGES  

Technical 
• Concern about mosquito breeding for systems with standing water that remains 

between storms 
• Limited “real world” testing data 
• Removal efficiencies are dependent on the sediment characteristics of the 

individual site. 
• The non-steady flows of stormwater decrease the efficiencies of vortex separators 

relatve to what may be estimated or determined from testing under constant flow. 
• Do not remove dissolved pollutants. 

Institutional 
• Operations and maintenance costs 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Downstream 
Defender 

Med to High Med $5.2k-$16.1k /cfs 

Vortechnics™ Med to High Med $9k-$36.8k /cfs 

V2B1™ Med to High  $7k-$17k /cfs 

Continuous 
Deflective 
Separation 
(CDS™) 

Med to High  $7.5k-$12k /cfs 

Stormceptor® Med to High Med $16.7k-$33.1k /cfs 

$40k/7,200-gal 

Aqua-Swirl™ Med to High Med  
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12.  Clarifiers 
GENERAL DESCRIPTION 
Clarifiers also commonly called trapping catch basins, oil/grit separators or oil/water separators, consist 
of one or more chambers that promote sedimentation of coarse materials and separation of free oil (as 
opposed to emulsified or dissolved oil) from stormwater. Some clarifiers also contain screens to help 
retain larger or floating debris, and many of the newer designs also include a coalescing unit that helps 
promote oil/water separation. A typical unit consists of a sedimentation chamber, an oil separation 
chamber, and a discharge chamber. 
 
 Clarifiers have been adapted to stormwater treatment by several manufacturers including:  

− StormGate Separator™ 
− Jensen® Interceptor 
− Teichert Interceptor™ 
− BaySaver® 
− Isoilater™ 

 PRIMARY BENEFITS 
• Sediment removal 
• Oil/water separation 

APPLICATIONS 
• Residential, commercial, and industrial sites 
• Pretreatment for other BMPs (e.g. infiltration basins) 

DESIGN CONSIDERATIONS 
• Service area and design flow 
• Source water quality and characteristics 
• Settling velocity 
• Target removal efficiency 
• Determine if the unit will be inline or offline (i.e., includes bypass) 
• These devices are appropriate for oils and grease, but to provide the same amount 

of sediment removal as the hydrodynamic system, they would need to be much 
larger.   

MAINTENANCE  CONSIDERATIONS 
• Typical maintenance includes trash removal if a screen or other debris capturing 

device is used, and removal of sediment using a vactor truck. 
• Operators need to be properly trained in clarifier's maintenance. 
• Could resuspend solids if not cleaned regularly 

IMPLEMENTATION CHALLENGES  

Technical 
• Typically capture only the first portion of runoff for treatment and are generally 

used for pretreatment before discharging to other best management practices 
(BMPs).  
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• Standing water in the devices may provide a breeding ground for mosquitoes. 
• Size of clarifiers for significant sediment removal can be quite large. 

Institutional 
• Operations and maintenance costs 
• Implementation costs to treat larger flows 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

Oil/Water 
Separator 

Med Med $10k/5,000-gal tank 

Jensen® Intercept
or 

Low to Med Low $11.8k -$12.4k/cfs 

Teichert 
Interceptor™ 

Low Low $8.7/cfs 

BaySaver® Low to Med Low $2.4k/cfs treated 

Isoilater™ Med Med $4.7k/cfs treated 
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13.  Media Filtration 
GENERAL DESCRIPTION 
Stormwater media filters are usually two-chambered, including a pretreatment 
settling basin and a filter bed filled with sand or other absorptive filtering media. As 
stormwater flows into the first chamber, large particles settle out, and then finer 
particles and other pollutants are removed as stormwater flows through the filtering 
media in the second chamber. The pre-manufactured filters generally do not have the 
two chambers, but are installed with a clarifier or hydrodynamic system upstream to 
remove the “gross” pollutants.  
 
There are a number of design variations and pre-manufactured units including:  

− Sand/Organic Beds 
− Organic Filters 
− CDS Media Filter 
− Aqua-Filter™ 
− StormFilter™ 

There are also specialized media that can be used to remove targeted dissolved 
pollutants.  

PRIMARY BENEFITS 
• High removal of sediment 
• Possible removal of dissolved pollutants 

APPLICATIONS 
• Residential, commercial, and industrial sites 
• Polishing to meet stricter discharge limits 
• Pretreatment for other BMPs (e.g. infiltration basins) 

DESIGN CONSIDERATIONS 
• Work best for relatively small flows. 
• Source water quality to determine the required removal efficiency. 
• Identifying target pollutants for removal. 
• Need to include proper access for changing of the filter media. 
• Requires significant hydraulic head. 

MAINTENANCE  CONSIDERATIONS 
• Ensure that contributing area, filtering practice, inlets and outlets are clear of 

debris.  
• Ensure that the contributing area is stabilized and mowed, with clippings 

removed.  
• Check regularly, particularly after moderate and major storms, to ensure that the 

filter surface is not clogging. 
• Ensure that activities in the drainage area minimize oil/grease and sediment entry 

to the system.  
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• If a permanent pool is present, ensure that the chamber does not leak, and normal 
pool level is retained.  

• Periodic (2 to 5 years) removal and replacement of filter media.  
 

IMPLEMENTATION CHALLENGES  

Technical 
• More expensive to construct than many other BMPs. 
• May require more maintenance that some other BMPs depending upon the sizing 

of the filter bed. 
• Generally require more hydraulic head to operate properly (minimum 4 feet). 
• Filters in residential areas can present aesthetic and safety problems if constructed 

with vertical concrete walls. 

Institutional 
• Operations and maintenance costs 
• Installation costs 

COSTS 

A)  COST CHARACTERIZATION (where estimates not readily available) 
Description Capital Operation & 

Maintenance 
Comments 

StormFilter™ 

 

High Med $50,000/cfs treated 

Stormceptor® High Med  

BMP3 High Med $18.6k/cfs treated 
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Appendix B  
Hydrologic Analysis 
 
B.1 Purpose  
The purpose of this TM is to perform a hydrologic study of the major drainage areas 
and storm drain outlets that discharge to the Santa Monica Bay beaches within 
Jurisdictions 5 and 6.   The goal is to determine an overall approach to managing 
stormwater runoff by evaluating land use, generating dry and wet weather runoff 
volume estimates, and analyzing historic rainfall data.   

First, the locations of the regulated beach monitoring locations and major storm 
drainage areas were used to divide Jurisdictions 5 and 6 into ten larger drainage 
areas.  Following selection of drainage areas, historic rainfall and water quality 
compliance data at the beach monitoring locations was reviewed to assess the effect of 
wet and dry weather runoff on bacteria exceedances at the beach.  Of key importance 
is to identify and prioritize areas within the J5/6 where compliance is anticipated to 
be the most problematic and to evaluate whether the prioritization is different for wet 
and dry weather.  This analysis will lead to development of an approach of how to 
prioritize runoff management solutions in order to meet the TMDL requirements in a 
cost effective manner.  In addition, the analysis will assist in identifying appropriate 
localized options for managing runoff.   

Section 2 describes the subwatershed drainage areas and land use analysis.  Section 3 
presents results of the analysis of historic water quality monitoring data.  Section 4 
provides estimates of runoff volume for each of the drainage areas.  This 
memorandum is intended to be utilized in the context of other task deliverables in 
support of the Implementation Plan. 

B.2 Subwatersheds and Land Use Analysis  
Over 70 subwatershed drainage areas and their corresponding drain outlets were 
identified by the Jurisdictions, as shown in Appendix B.  Using a watershed and 
beach outlet map developed by the four major agencies (Manhattan Beach, Hermosa 
Beach, Redondo Beach and Torrance), the drainage areas were grouped together to 
form ten larger drainage areas.  In order to determine their impact on nearby 
regulated beach monitoring sites, each drainage area corresponds to one or two 
monitoring locations.  The resulting monitoring zone boundaries were shifted slightly 
to compensate for the Pacific Ocean’s southward currents.    

Compliance monitoring locations for Jurisdictions 5 and 6 were identified in the 
Coordinated Monitoring Plan and are listed in Table 1.  Many of the compliance 
monitoring sites were selected to coincide with sites long used in beach monitoring 
programs conducted by the City of Los Angeles Environmental Monitoring Division 
(EMD) and by the County of Los Angeles Department of Health Services (DHS).  
Since 1999, the county environmental health departments in California have 
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monitored all beaches with more than 50,000 annual visitors or with storm drains that 
flow throughout the summer in accordance with AB 411. Closures or advisories are 
issued for beaches that fail to meet the state's standards for total coliform, fecal 
coliform or enterococcus bacteria.   DHS has periodically added new beach 
monitoring locations and has renumbered its sites several times.  In Table 1 the 
Historical ID column lists the DHS abbreviation corresponding to the most recent 
Department of Health Service beach monitoring sites, and the S abbreviation refers to 
the City of Los Angeles stormwater monitoring sites. 

Table B-1 

Compliance Monitoring Sites 

Site ID Historical ID Location Description 

SMB-5-1 S13 40th St., Manhattan Beach 

SMB-5-2 DHS 113 27/28th St. extended, Manhattan Beach 

SMB-5-3 S14 50 yards south of Manhattan Beach Pier 

SMB-5-4 DHS 114 26th St. extended, Hermosa Beach 

SMB-5-5 S15 50 yards south of Hermosa Beach Pier 

SMB-6-1 DHS 115 Herondo St. extended (at Herondo drain) 

SMB-6-2 S16 50 yards south of Redondo Beach Pier 

SMB-6-3 N/A Project of Sapphire St. drain 

SMB-6-4 DHS 116 Topaz St. extended (north of groin/jetty) 

SMB-6-5 S17 Avenue I, Redondo Beach 

SMB-6-6 S18 Malaga Cove 

 

Each of the ten drainage areas corresponds to one or two monitoring site(s).  The 
drainage areas are named according to the monitoring site(s) they represent.   
Appendix A shows the drainage areas and their corresponding land use as described 
in Section 2.2.  The black lines represent the drainage area boundaries.  The purple 
line is the Jurisdiction 5 boundary, and the red line is the Jurisdiction 6 boundary.   

B.2.1 Land Use  
Land use was determined by analyzing parcel data from each agency and inserting 
the data into the Subwatersheds and Land Use map (Appendix A).  Land use was 
divided into six general categories:  commercial, manufacturing/industrial, mixed 
use, open space, public facility, and residential.  As shown in Appendix A, 
approximately 75% of the total area within Jurisdictions 5 and 6 is residential.  Public 
facilities occupy approximately 13% of the total area.  Commercial areas are located 
mainly along the Piers and Pacific Coast Highway, and comprise about 8% of the total 
area.  There are very few manufacturing/industrial facilities, mixed use 
developments, and open space areas (totaling approximately 5% of the total area).   
Table 2 shows the land use breakdown for each monitoring zone.   
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Table B-2 

Land Use per Drainage Area 

Monitoring 
Zone 

Residential 
(ac) 

Commercial 
(ac) 

Public 
Facility 

(ac) 
Manufacturing/ 
Industrial (ac) 

Mixed 
Use 
(ac) 

Open 
Space 

(ac) 
Total 
(ac) 

 SMB-5-1 55.4    
(~68%) 

7.6         
(~9%) 

18.6 
(~23%) 

--- --- --- 81.6 

SMB-5-2 1008.2 
(~81%) 

72.5       
(~6%) 

125.7     
(~10%) 

--- --- 42.5    
(~3%) 

1248.9 

 SMB-5-3 90.1    
(~63%) 

12.9       
(~9%) 

32.9       
(~23%) 

--- --- 7.5   
(~5%) 

143.4 

 SMB-5-4 187.5 
(~91%) 

6.8         
(~3%) 

5.4       
(~3%) 

--- --- 5.8      
(~3%) 

205.5 

 SMB-5-5 217.1 
(~74%) 

44.4      
(~15%) 

--- 4.2             
(~1%) 

--- 29.3 
(~10%) 

295 

 SMB-6-1 1572.5 
(~68%) 

207.9     
(~9%) 

320.0 
(~14%) 

65.9            
(~3%) 

101.8 
(~4%) 

28.2    
(~1%) 

2296.3 

 SMB-6-2 497.5 
(~65%) 

77.9     
(~10%) 

184.8 
(~24%) 

--- 9.8    
(~1%) 

--- 770 

SMB-6-3 &  
SMB-6-4 

96.6  
(~64%) 

6.5       
(~4%) 

46.3    
(~31%) 

--- 2.0    
(~1%) 

--- 151.4 

SMB-6-5 578.5 
(~86%) 

41.6      
(~6%) 

33.3     
(~5%) 

--- 22.0    
(~3%) 

--- 675.4 

 SMB-6-6 225.3 
(~96%) 

--- 9.2       
(~4%) 

--- --- --- 234.5 

Total 4528.7 478.1 776.2 70.1 135.6 113.3 6102.0 

 

The majority of the drainage areas are comprised of residential areas, ranging from 
63% of the total area in drainage area SMB-5-3 to 96% of the total area in drainage area 
SMB-6-6.  However, the drainage areas vary in their amount of open space, mixed 
use, public facility, commercial, and manufacturing/industrial land uses.  Drainage 
areas SMB-5-3 and SMB-5-5 have the greatest amount of open space, whereas four of 
the remaining drainage areas in Figure 3 do not have any open space at all.  Drainage 
areas SMB-6-2 and SMB-6-3/SMB-6-4 have the highest amount of public facility land 
use, which includes the beaches.  Overall, the land use is relatively similar in each 
drainage area, with residences occupying the majority of space within Jurisdictions 5 
and 6.        
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B.3 Data Analysis  
B.3.1 Background 
Both compliance requirements and deadlines are relevant considerations when 
prioritizing actions within the Implementation Plan. The SMBBB TMDLs established 
compliance requirements and deadlines for Summer and Winter Dry-Weather and 
Wet-Weather1 (year-round).  Compliance requirements of the two TMDLs are 
described in Resolution 2002-004 and Attachment A to the Resolution (Dry Weather 
TMDL), and Resolution 2002-022 and Attachments A and B to the Resolution (Wet 
Weather TMDL).   

Compliance with the SMBBB TMDL is established by analyzing ocean water for four 
bacterial indicators (total coliform density, fecal coliform density, enterococcus 
density, and total coliform density when the ratio of fecal-to-total coliform density 
exceeds 0.1). There are single-sample limits for all four of the indicators, and rolling 
30-day geometric mean limits on the first three indicators: 

Single Sample Limits 

 Total coliform density shall not exceed 10,000/100 ml 

 Fecal coliform density shall not exceed 400/100 ml 

 Enterococcus density shall not exceed 104/100 ml 

 Total coliform density shall not exceed 1,000/100 ml if the ratio of fecal-to-total 
coliform exceeds 0.1 

Rolling 30-day Geometric Mean Limits 

 Total coliform density shall not exceed 1,000/100 ml 

 Fecal coliform density shall not exceed 200/100 ml 

 Enterococcus density shall not exceed 35/100 ml 

The SMBBB TMDLs sets multi-part numeric allocations for each of the historic 
monitoring sites.  At each site a separate allocation was set for each of the three 
weather-season scenarios (Summer-Dry, Winter-Dry and Wet).  These allocations 
establish the number of days within a “storm year” (November 1 through October 31) 
that sample results from the Compliance Monitoring Plan can exceed any of the 

                                                           
1 Dry weather days are defined as those with <0.1 inch of rain and those days not less than 3 days after a rain day.  
Rain days are defined as those with >=0.1 inch of rain.  (ref.  Attachment A to Resolution No. 02-004, footnote in Table 
7-4.2a) 

RB-AR43257



Appendix B 
Hydrologic Analysis 

A  B-5 

single-sample limits, i.e., the number of allowable exceedance days.  The allocation for 
Rolling Geometric Mean and Summer Dry Weather is zero exceedances at all sites.  
The allocations for Winter Dry-Weather and Wet Weather at each site are shown in 
Table 3.   
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Table B-3 

Waste Load Allocations 

Single Sample Allowable Exceedance Days 
Wet 

Weather 
Weekly 

Sampling 

Site ID 
Hist. ID 

 
Location description 

 

 
Winter Dry 

Daily 
Sampling 

  

 
Winter Dry 

Weekly 
Sampling 

  

 
Wet Weather 

Daily 
Sampling 

  (daily/7) 

Leo Carillo Beach 

Type of Site 

reference beach 3 1 17 3 

SMB-5-1 S13 Manhattan State Beach at 40th Street existing open beach 1 1 4 1 

SMB-5-2 DHS 113 27/28th St. extended in Manhattan Beach moved to point zero 3 1 17 3 

SMB-5-3 S14 Manhattan Beach Pier--50 yds south moved to point zero 1 1 5 1 

SMB-5-4 DHS 114 26th Street extended in Hermosa Beach existing open beach 0 0 12 2 

SMB-5-5 S15 Hermosa Beach Pier--50 yds south existing open beach 2 1 8 2 

SMB-6-1 DHS 115 Herondo Street extended (at Herondo drain) moved to point zero 3 1 17 3 

SMB-6-2 S16 Redondo Beach Pier--50 yds south existing open beach 3 1 14 2 

SMB-6-3 N/A Projection of Sapphire Street drain new site at point zero 3 1 17 3 

SMB-6-4 DHS 116 Topaz Street extended (north of groin/jetty) existing open beach 3 1 17 3 

SMB-6-5 S17 Redondo State Beach at Avenue I moved to point zero 3 1 6 1 

SMB-6-6 S18  Malaga Cove  existing open beach 1 1 3 1 

 J5/6 Total 23 10 120 22 

Note: 
The Reference Beach is used in setting maximum waste load allocations to ensure that water quality is at least as good as that of the  reference system.  A reference system is an area 
and associated monitoring site that is not impacted by human activities that could potentially affect bacteria densities in the receiving water body. 

 
Signifies that the value was not explicitly provided in the TMDL 
Weekly allocations for wet weather were obtained by dividing the daily allocations in the TMDL by "7" and rounding up. 

Italic No allocations for SMB-5-2 and SMB-6-3 were provided in the TMDL so values equal to the reference beach were assumed. 

 

Note that the Regional Board staff derived both wet and winter dry weather allocations by calculating a five-year average exceedance rate for each site and multiplying the site-specific exceedance rate by the 
number of wet or dry days in the 90th percentile storm year (1993), the baseline year.  If exceedance rate is proportional to the number of wet or dry days, then only 1 in 10 years will be wetter than the baseline 
year and likely to have a wet weather exceedance.  In contrast, 9 out of 10 years are dryer than the baseline year, most of the time there are likely to be more dry weather exceedances than in the baseline year. 
Single-Sample Exceedance:  Total coliform >10,000, fecal coliform >400, Enterococcus >104, or if Total coliform >1,000 when fecal-to-total coliform ratio exceeds 0.1 
Rolling 30-day Geometric Mean Exceedance:  Total coliform >1,000, fecal coliform >200, Enterococcus >35 
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Compliance with the SMBBB TMDL is to be determined based on monitoring 
conducted in accordance with the Coordinated Shoreline Monitoring Plan (CMP) 
which has been submitted jointly by all the jurisdictional groups and approved by the 
Regional Board and is scheduled to begin in November 2004.  In the CMP certain 
historical monitoring sites were relocated to the zero point of storm drains.  Historical 
data for these sites had previously been collected 50 yards south of the storm drains.  
Those historical monitoring sites that were relocated to the zero point, as well as one 
required new site, are identified in Table 3. 

Compliance deadlines set in the SMBBB TMDL include: 

 Summer dry-weather single-sample and geometric mean targets must be achieved 
within 3 years of the effective date (by July 15, 2006) 

 Winter dry-weather single-sample allocations and geometric mean targets must be 
achieved within 6 years of the effective date (by July 15, 2009) 

 The implementation schedule for wet weather compliance will be determined for 
each jurisdictional group based on the Implementation Plan submitted, allotting up 
to 18-year implementation time frame if an integrated water resources approach is 
employed, and otherwise no more than a 10-year implementation time frame. 

B.3.2 Historical Data 
Since compliance monitoring has not yet begun, and once it begins, it will be several 
years before clear compliance trends can be seen, this Hydrologic/Water Quality 
Compliance Prioritization is based on historical information.  Historical shoreline 
monitoring data is available for all of the proposed CMP monitoring sites except for 
SMB-6-3, with the caveat that historical data has been collected 50-yards away from 
drain discharge points. 

Two different agencies have been collecting historical shoreline monitoring data from 
J5/6 sites.  The City of Los Angeles Environmental Monitoring Division of the Bureau 
of Sanitation (City LA EMD) has been conducting daily shoreline monitoring for total 
coliform and fecal coliform, and weekly shoreline monitoring for enterococcus at the 
following J5/6 sites:  SMB-5-1, SMB-5-3, SMB-5-5, SMB-6-2, SMB-6-5, and SMB-6-6.  
Storm years 1995 through 2002 were evaluated for this analysis. 

The Los Angeles County Department of Health Services (DHS) has also been 
collecting historical shoreline monitoring data in J5/6 on a weekly basis for all three 
bacterial indicators.  DHS monitors a different set of J5/6 sites:  SMB-5-2, SMB-5-4, 
SMB-6-1, and SMB-6-4. DHS data was readily available only for the four most recent 
monitoring years:  2000 through 2003. For SMB-5-2 only two years of historical data is 
available. DHS 2004 data was also available but since the 2004 storm year was not yet 
ended at the time of this analysis, 2004 data was not considered in this evaluation. 
This data is provided in the form of monthly excel spreadsheets, which cannot be 
easily merged into a single spreadsheet for data manipulation.  Accordingly, this 
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evaluation relies on DHS calculation of geometric mean on a monthly basis rather 
than use of a rolling 30-day calculation.   

The Regional Board staff derived both wet and winter dry weather targets by 
calculating a five-year average exceedance rate for each site over the period from 
November 1995 to October 2000.2  For sites with five-year exceedance rates higher 
than the reference beach site, the allocated exceedances were set equal to the reference 
beach.  For sites with historical five-year exceedance rates lower (better) than the 
reference beach (anti-degradation sites), the site-specific exceedance rate for each site 
was multiplied by the number of wet or dry days in the 90th percentile storm year 
(1993), the baseline year, to arrive at a site-specific wet or dry exceedance allocation.  
Assuming that exceedance rate is proportional to the number of wet or dry days, then 
theoretically only 1 in 10 years will be wetter than the baseline year and will be likely 
to surpass the wet weather exceedance allocation.   In contrast, on average, nine out of 
ten years will be dryer than the baseline year and will be more likely than the baseline 
to surpass the dry weather exceedance allocation. Since compliance will be evaluated 
on a yearly basis, the actual performance of historical data on an annual basis will be 
reviewed in the next section against the allocations developed from five-year averages 
to provide a more accurate projection of compliance from year-to-year. 

B.3.3 Historical Wet Weather Findings 
Historical shoreline monitoring data were evaluated for wet weather exceedances of 
the single sample limits for all four bacterial indicators.  The frequency of exceedances 
that occurred on wet weather days were manually tabulated by storm year and by 
location.  

Sites monitored by the City of Los Angeles on a daily basis are tabulated for the five 
storm years from 1998 through 2002 in Table 4.  The frequency of exceedances is 
compared with the SMBBB TMDL daily exceedance allocation for each individual site 
and yellow shading is used to denote whenever the exceedance allocation was 
surpassed in a particular storm year.  

In a similar manner the data from sites monitored by the Department of Health 
Services (DHS) on a weekly basis has been tabulated in Table 5 for four storm years 
from 2000 through 2003. For DHS data the frequency of exceedances is compared with 
the SMBBB TMDL weekly exceedance allocation for each site during wet weather and 
yellow shading denotes when allocated exceedances were surpassed.   

                                                           
2 Santa Monica Bay Beaches Wet-Weather Bacteria TMDL Staff Report, Version 4.1 11/07/02, Sec. 8 Waste Load 
Allocations 
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Table B-4 

Historical Single-Sample Compliance Evaluation for Daily Monitored Sites (LA EMD-Monitored Sites) 

 Dry Weather Exceed Wet   Dry Weather Exceed Wet 

SMB-5-1 Summer Winter Weather  SMB-5-3 Summer Winter Weather 

Allocation 0 1 4  Allocation 0 1 5 

1998 0 0 3  1998 0 0 5 

1999 0 0 3  1999 0 0 5 

2000 0 0 2  2000 1 1 5 

2001 0 0 2  2001 2 1 0 

2002 0 0 1  2002 3 2 1 

         

 Dry Weather Exceed Wet   Dry Weather Exceed Wet 

SMB-5-5 Summer Winter Weather  SMB-6-2 Summer Winter Weather 

Allocation 0 2 8  Allocation 0 3 14 

1998 0 1 8  1998 17 12 20 

1999 0 4 4  1999 5 14 4 

2000 1 0 6  2000 12 9 4 

2001 0 0 3  2001 14 18 9 

2002 1 3 1  2002 20 30 7 

         

 Dry Weather Exceed Wet   Dry Weather Exceed Wet 

SMB-6-5 Summer Winter Weather  SMB-6-6 Summer Winter Weather 

Allocation 0 3 6  Allocation 0 1 3 

1998 5 0 7  1998 2 0 7 

1999 2 3 4  1999 0 1 1 

2000 1 3 4  2000 0 0 1 

2001 2 5 0  2001 0 0 0 

2002 0 7 2  2002 1 0 0 
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Table B-5 

Historical Compliance Evaluation for Weekly Monitored Sites (DHS Monitored Sites) 

Dry Weather Exceed Wet Weather Geo Mean 

SMB 5-2 Summer Winter Exceed Exceed 

Allocation 0 1* 2.4* 0 

2000 NA NA NA NA 

2001 NA NA NA NA 

2002 1 0 1 1 

2003 2 2 1 3 

     

Dry Weather Exceed Wet Weather Geo Mean 

SMB 5-4 Summer Winter Exceed Exceed 

Allocation 0 0 1.7 0 

2000 0 0 2 0 

2001 1 0 0 0 

2002 0 0 3 1 

2003 1 1 2 1 

     

Dry Weather Exceed Wet Weather Geo Mean 

SMB 6-1 Summer Winter Exceed Exceed 

Allocation 0 1 2.4 0 

2000 2 1 7 5 

2001 1 1 5 4 

2002 4 3 5 4 

2003 1 4 3 4 

     

Dry Weather Exceed Wet Weather Geo Mean 

SMB 6-4 Summer Winter Exceed Exceed 

Allocation 0 1 2.4 0 

2000 4 0 2 2 

2001 1 0 2 1 

2002 1 0 2 1 

2003 1 3 1 2 
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Table 6 compares the annual rainfall, the number of wet days and the frequency of 
wet weather exceedances at SMB 6-1 (Herondo) which was the only clearly 
problematic site for wet weather exceedances.  The trends in this data suggest that the 
frequency of wet weather exceedances is more closely correlated with the number of 
wet days than with the total annual rainfall.  Thus even in a year such as Storm Year 
2002 which had less than 4 inches of rain, the allocated exceedances were surpassed 
because the rainfall was widely distributed. 

 

Table B-6 

Comparison of Rainfall, Wet Days and Exceedances at SMB 6-1 

Storm Year 
(Nov-Oct) 

Rainfall3 
(inches) Wet Days 

SMB 6-1 
Wet Exceedances 
(weekly sampling) 

1998 27.95 104 NA 

1999 7.47 56 NA 

2000 11.17 57 7 

2001 14.6 39 5 

2002 3.41 38 5 

2003 10.124 30 3 

 

The following observations could be made based on the historical wet weather data: 

 Most of the J5/6 sites were at or below the allocated exceedance frequencies during 
wet weather, except for the 1998 year. 

 During the 1998 storm year three out of the six daily monitored sites surpassed 
allocated exceedances.  According to the Regional Board staff report, 1998 was in 
the 98th percentile for frequency of wet days while exceedance allocations were 
based on the 90th percentile storm year.  Data for the weekly monitored sites was 
not readily available for 1998 so a similar observation could not be confirmed for 
those locations. 

 One weekly monitored site, SMB-6-1 Herondo Drain, surpassed allocated 
exceedances in three of the four storm years evaluated.  A second weekly 
monitored site (SMB-5-4 26th in Hermosa) surpassed its allocation in one of the four 
storm years evaluated and was right on the allocation in two other years—this 
seems to be a higher rate than expected of an anti-degradation site. 

                                                           
3 Los Angeles County Department of Public Works Daily Precipitation data for Station 42 C Redondo Beach City Hall, 
http://ladpw.org/wrd/precip/data/  
4 Does not include October 2003 rain data—not yet available. 
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B.3.4 Summer Dry Weather Findings 
Historical shoreline monitoring data were evaluated for summer dry weather 
exceedances of the single sample limits for all four bacterial indicators.  The frequency 
of exceedances that occurred on dry days (not within 72 hours after a 0.1 inch or 
greater storm event) was manually tabulated by storm year and by location.  

Sites monitored by the City of Los Angeles on a daily basis are tabulated for the five 
storm years from 1998 through 2002, as shown in Table 4 on page 11.  Recall that the 
target compliance objective for summer dry weather for all sites is zero exceedances of 
the single-sample limits at any time. Yellow shading is used to denote whenever the 
single sample limits were surpassed in a particular storm year.   

In a similar manner the data from sites monitored by the Department of Health 
Services (DHS) on a weekly basis has been tabulated and is shown in Table 5 on page 
12 for four storm years from 2000 through 2003. There is no difference between targets 
for daily and weekly sampling for summer dry weather—the target is zero 
exceedances at all locations regardless of the frequency of sampling.   

The following observations could be made based on the historical data: 

 Most sites exhibited occasional summer dry weather exceedances. 

 The daily monitored sites with the greatest frequency of summer dry weather 
exceedances were SMB-6-2 (Redondo Beach Pier) and to a lesser degree, SMB-6-5 
(Avenue I) 

 Weekly monitored sites with regular summer dry weather exceedances were:  
SMB-6-1 (Herondo Drain), and SMB-6-4 (Topaz)   

 Sites with the lowest incidences of summer dry weather exceedances were SMB-5-1 
(40th in Manhattan) which had no exceedances during the five years of data 
evaluated, and SMB-6-6 (Malaga Cove) 

B.3.5 Historical Winter Dry Weather Findings 
Historical shoreline monitoring data were evaluated for winter dry weather 
exceedances of the single sample limits for all four bacterial indicators.  The frequency 
of exceedances that occurred on winter (November 1-March 31) dry weather days was 
manually tabulated by storm year and by location. Sites monitored by the City of Los 
Angeles on a daily basis are tabulated for the five storm years from 1998 through 2002 
in Table 4.  The frequency of exceedances is compared with the SMBBB TMDL daily 
exceedance allocation for each individual site and yellow shading is used to denote 
whenever the exceedance allocation was surpassed in a particular storm year.  In a 
similar manner the data from sites monitored by the Department of Health Services 
(DHS) on a weekly basis has been tabulated in Table 6 for four storm years from 2000 
through 2003. For DHS data the frequency of exceedances is compared with the 
SMBBB TMDL weekly exceedance allocation for each site during wet weather.  The 
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following observations could be made based on the historical winter dry weather 
data: 

 Most sites surpassed winter dry weather allowances occasionally.  The exceptions 
were SMB 5-1 (40th Manhattan) and SMB-6-6 (Malaga Cove) neither of which 
surpassed their allocations during the five years of data evaluated. 

 Daily monitored sites which surpassed winter dry allocations with greatest 
frequency were SMB-6-2 (Redondo Beach Pier) and to a lesser degree, SMB-5-5 
(Hermosa Pier) and SMB-6-5 (Avenue I) 

 The weekly monitored site which surpassed winter dry allocations most often was 
SMB-6-1 (Herondo Drain)    

B.3.6 Historical Geometric Mean Findings 
The geometric mean of a set of data is calculated by finding the nth root of the product 
of “n” data points.  To calculate a Rolling 30-day Geometric Mean for sites which 
were historically sampled on a daily basis, one would take the 30th root of the product 
of the last 30 data points. The Wet Weather TMDL states that if weekly sampling is 
conducted, the weekly sample result will be assigned to the remaining days of the week in order 
to calculate the daily rolling 30-day geometric mean.5   

The Los Angeles County Department of Health Services (DHS) has historically 
employed a different calculation method for geometric mean than that described in 
the Wet Weather TMDL.  DHS has historically monitored for all bacterial indicators 
on a weekly basis.  DHS reports a single monthly geometric mean value for each 
indicator bacteria by calculating the 4th or 5th root of the product of the data points for 
that month, depending on whether there were four or five samples collected during 
the month. 

There is still another approach to managing weekly sampling data.  The proposed 
California Ocean Plan Amendments to be heard by the State Water Resources Control 
Board on October 6, 2004 proposes a rolling geometric mean calculation as follows: 
Geometric Mean – Samples shall be collected from each station at least weekly, with the five 
most recent sample results used to calculate the geometric mean.6 In this case there is no 
“filling in” of data required in the objective, but the calculation is to be made on a 
rolling basis rather than monthly as DHS does.  It may be that the SMBBB TMDL 
could be modified to be in line with the Ocean Plan which sets water quality 
objectives for ocean waters throughout California.   

                                                           
5 Attachment A to Resolution No. 2002-022, Numeric Target last paragraph, p. 4.  
6 06 Issue 1.doc page 23 posted on the SWRCB website for the October 6, 2004 Public Hearing 
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B.3.6.1 Historical Geometric Mean Results for City of Los Angeles EMD 
Monitored Sites 
Table 7 presents the results of the 30-day Rolling Geometric Mean (geometric mean) 
calculations for data collected by City of Los Angeles Environmental Monitoring 
Division.  These sites were sampled daily for total coliform and fecal coliform, but 
were sampled approximately weekly for enterococcus.   

Geometric mean exceedance calculation for enterococcus as reported in Table 5 
followed the method prescribed in the Wet Weather TMDL for “filling in” data for the 
remainder of the days in the week until the next sample was collected.  This “filling 
in” of data appears to magnify the frequency of geometric mean exceedances because 
once data has been “filled in” it stays in the subsequent geometric mean calculations 
for approximately seven days, effectively magnifying the apparent frequency of 
geometric mean exceedances by as much as a factor of seven.   

It should be noted that under the weekly Coordinated Monitoring Plan (CMP) 
schedule, regular sampling will occur on Mondays.  An exceedance of any of the 
single-sample limits will necessitate “accelerated sample collection” so that additional 
samples will be collected on Wednesday and Friday of that week.  For the geometric 
mean calculation this should somewhat offset a single poor result by allowing the 
Wednesday and Friday sample results to be used for “filling in” of the rest of the 
week and could reduce the magnification of exceedances observed in Table 5 for 
enterococcus. 

Nonetheless, the foregoing discussion should not be interpreted to suggest that there 
is not a history of enterococcus geometric mean exceedances.  Careful examination of 
the data confirms that there is a problem with geometric mean exceedances for 
enterococcus at all of the City of LA EMD monitored sites except SMB-5-1 (40th 
Manhattan), and had the method in the proposed Ocean Plan amendment been 
applied to this data, there still would have been exceedances of the enterococcus 
geometric mean, but they would have been fewer.   

The enterococcus geometric mean compliance problem is particularly troublesome for 
SMB-6-2 (Redondo Pier) where there were also historical problems with fecal coliform 
and total coliform geometric mean exceedances.  It is interesting to note, however, 
that none of the other City of LA EMD monitored sites exhibited historical problems 
with fecal coliform or total coliform geometric mean exceedances, only with 
enterococcus. 
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Table B-7 

Evaluation of Geometric Mean Value for Daily Sampled Sites (LA EMD-Monitored Sites) 

S13 Geometric Mean Exceedances  S14 Geometric Mean Exceedances 

SMB-5-1 
storm year Enterococcus 

Fecal 
coliform 

Total 
coliform  

SMB-5-3 
storm year Enterococcus * 

Fecal 
coliform 

Total 
coliform 

1995 0 0 0  1995 0 0 0 

1996 0 0 0  1996 0 0 0 

1997 0 0 0  1997 0 0 0 

1998 0 0 0  1998 15 0 0 

1999 0 0 0  1999 0 0 0 

2000 0 0 0  2000 0 0 0 

2001 0 0 0  2001 0 0 0 

2002 0 0 0  2002 17 0 0 

         

S15 Geometric Mean Exceedances  S16 Geometric Mean Exceedances 

 SMB-5-5 
storm year Enterococcus* 

Fecal 
coliform 

Total 
coliform  

SMB-6-2 
storm year Enterococcus* 

Fecal 
coliform 

Total 
coliform 

1995 0 0 0  1995 91 0 0 

1996 6 0 0  1996 107 1 0 

1997 23 0 0  1997 118 11 0 

1998 47 0 0  1998 92 0 58 

1999 0 0 0  1999 40 0 24 

2000 0 0 0  2000 54 0 0 

2001 0 0 0  2001 61 3 0 

2002 0 0 0  2002 38 26 0 

         

S17 Geometric Mean Exceedances  S18 Geometric Mean Exceedances 

 SMB-6-5 
storm year Enterococcus* 

Fecal 
coliform 

Total 
coliform  

SMB-6-6 
storm year Enterococcus* 

Fecal 
coliform 

Total 
coliform 

1995 55 0 0  1995 14 0 0 

1996 0 0 0  1996 0 0 0 

1997 19 0 0  1997 0 0 0 

1998 4 0 0  1998 2 0 0 

1999 28 0 0  1999 0 0 0 

2000 0 0 0  2000 17 0 0 

2001 0 0 0  2001 0 0 0 

2002 27 0 0  2002 0 0 0 
Notes: 
Geometric mean is calculated as the nth root of the product of "n" numbers.  
For daily sampling the 30-day geometric mean calculation is calculated as the 30th root of the product of the 30 most recent daily test results--
this has been done for Fecal and Total coliform results above.  
* For weekly sampling (Enterococcus above) the TMDL requires that the weekly result be applied to the remaining days in the week in order to 
calculate a daily rolling 30-day geometric mean--This has been done for the Enterococcus historical data with the outcomes shown above.  
However, DHS does not use this method, instead DHS simply calculates the geomean for however many samples were actually collected in 
the preceeding 30 days, so if "n" samples were collected, the geometric mean is the nth root of the product of those n values.  The proposed 
Ocean Plan amendment simply requires that the geometric mean "be calculated using the five most recent sample results". 
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B.3.6.2 Historical Geometric Mean Results for DHS Monitored Sites 
Table 5 includes the results of Geometric mean calculations as reported by DHS on a 
monthly basis according to the method described previously (no “filling in” of data, 
and no rolling calculation).  These data were compiled from the monthly DHS reports 
into Table 5 for storm years 2000 through 2003.  Data were tabulated without 
distinguishing the cause of the exceedances (total coliform, fecal coliform or 
enterococcus), however a review of the data shows the same pattern of primarily 
enterococcus geometric mean exceedances at DHS sites.  The clear conclusion can be 
drawn that all of the DHS sites exhibit historical problems with enterococcus 
geometric mean exceedances. 

B.3.7 Effect of Zero Point Monitoring 
A key uncertainty that is not reflected in the above observations is that four of the 
historical sites are to be relocated to the zero point of drainage discharge under the 
Coordinated Monitoring Plan (CMP).  Additionally there is a new site included in the 
CMP that is to be located at the zero point of a storm drain.  Relocation of historical 
monitoring sites to the zero point is likely to have an adverse effect on the frequency 
of exceedance days associated with discharges from storm drains, during either wet 
or dry weather, because the dilution and dispersion of indicator bacteria from storm 
drain discharges will be reduced.   

When considering the effect of relocating sites to the zero point, one must also 
consider that many of the sites in J5/6 are assigned wet weather exceedance 
allocations well below the reference beach average annual wet weather exceedance 
rate of 17 exceedance days for daily monitoring (3 for weekly monitoring), i.e., anti-
degradation sites.  Relocating a site to the zero point may require re-evaluation of its 
assigned exceedance allocations once several years of compliance monitoring data 
become available under the CMP. 

B.3.8 Summary of Data Analysis 
Summer dry weather compliance is the most pressing from a compliance schedule 
standpoint since the deadline is July 15, 2006.  Summer dry weather single-sample 
exceedances are concentrated in the SMB-6-1 (Herondo) and SMB-6-2 (Redondo Pier) 
drainage areas with occasional exceedances possible at virtually any location.     

Winter dry weather compliance issues are less focused than summer dry issues.  It is 
possible that the more widespread nature of dry weather compliance issues is partly 
due to the selection of the baseline year.   

Except in extremely wet years, wet weather compliance does not appear to be a 
concern for most of the J5/6 sub watersheds.  The SMB-6-1 (Herondo) sub watershed 
is the clear exception, however this location has year-round compliance issues, both 
wet and dry. Since the exceedance allocation at this location is already set at the 
reference beach value, there is no prospect that its allocation could be increased based 
on CMP monitoring results. 
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Widespread problems with geometric mean exceedances, particularly for 
enterococcus are problematic.  Identification of the causes and sources of these 
exceedances will require further investigation, possibly field sampling as well as 
research into the basis for setting the enterococcus geometric mean objective. 

It is of key importance to note, however, that the two best performing locations are 
consistently the best locations year-round, wet or dry.  They also happen to be the 
most northerly and southerly locations in J5/6 (SMB-5-1 40th in Manhattan and SMB-
6-6 Malaga Cove). A study of detailed land use activities in these two sub watersheds 
compared with those in sub watersheds with the highest rates of summer dry weather 
exceedances (SMB-6-1 and SMB-6-2) could assist in identifying sources and source 
control implementation strategies for dry weather compliance year-round.  
Consideration should also be given to differences in watershed hydrologic 
characteristics, as well as potential issues associated with near-shore circulation 
patterns in the stretch of beach near the King Harbor/Redondo Pier/Topaz jetty. 

B.3.9 Limitations of Historical Data Evaluation 
This evaluation of historical data was necessarily limited in scope and focused on 
identifying and prioritizing compliance issues as a focus for developing the 
Implementation Plan.  When reviewing the findings it is important to consider the 
following limitations on the data evaluation: 

 Data files were not readily available and were not evaluated for weekly monitored 
sites during the 1998 storm year which is in the 98th percentile for frequency of wet  

 Geometric mean exceedance data was evaluated by storm year rather than by 
season and so did not evaluate likelihood of compliance with the summer 2006 dry 
weather deadline. 

 The Background section for data analysis did not include research into the basis for 
the enterococcus geometric mean water quality objective and whether that basis 
makes compliance with the objective more difficult than for the other indicator 
bacteria. 

 Basis for the status of SMB 5-4 as an anti-degradation site has not been evaluated. 

B.4. Dry Weather Runoff 
Discharges from the storm drain system occur during dry weather periods at most 
locations throughout the watersheds where cities are located.  These discharges, or 
“low flows,” are the result of a combination of factors including landscape irrigation 
runoff, street washing, car washing, ground water seepage, illegal connections, 
hydrant flushing, construction runoff, and other commercial and residential activities.  
Dry weather flow is the suspected cause of exceedances at Jurisdiction 5 and 6 
monitoring locations.  Although dry weather flow is a primary concern, there are 
other sources of bacteria in addition to urban runoff that may contribute to 
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exceedances.  Estimates of the volume of dry weather runoff produced in Jurisdictions 
5 and 6 are described in the following section.   

B.4.1 Dry Weather Runoff Estimates 
In order to estimate dry weather runoff, it was necessary to determine a reasonable 
runoff rate for each drainage area.  The drainage areas are listed according to their 
corresponding monitoring sites in the first column of Table 8.  Since land use in 
Jurisdictions 5 and 6 is similar to land use in Jurisdictions 2 and 3 (Ballona Creek 
watershed), the runoff rate previously calculated for the Ballona Creek watershed (230 
gpd/ac) was applied in calculations for Jurisdictions 5 and 6.  Dry weather runoff was 
calculated using the following equation: 

Dry weather runoff (mgd) = Runoff rate x total area 

Table B-8  

Dry Weather Runoff Estimates  

Drainage Area Runoff Rate (gpd/ac) Total area (ac) Dry weather runoff estimate (mgd) 

SMB-5-1 230 81.6 0.19 

SMB-5-2 230 1248.9 0.29 

SMB-5-3 230 143.4 0.03 

SMB-5-4 230 205.5 0.05 

SMB-5-5 230 295 0.07 

SMB-6-1 230 2296.3 0.53 

SMB-6-2 230 770 0.18 

SMB-6-3 & SMB-6-4 230 151.4 0.03 

SMB-6-5  230 675.4 0.16 

SMB-6-6 230 234.5 0.05 

Total  6102.0 1.58 

 
The calculations show that the estimated dry weather runoff for the entire watershed 
is approximately 1.6 mgd, with the greatest amount of runoff occurring in drainage 
area SMB-6-1, the location of the Herondo drain where exceedances are more 
common.     

B.5 Wet Weather Runoff 
Wet weather runoff does not appear to cause as many exceedances as dry weather 
runoff in Jurisdictions 5 and 6.  However, there are several drains that have been 
shown to experience wet weather exceedances, including the Herondo drain in 
Redondo Beach and the 26th Street drain in Hermosa Beach.   

B.5.1 Wet Weather Runoff Estimates 
To estimate daily precipitation volume, requiring treatment in order to comply with 
the SMBBB TMDL, the Runoff Draft Interim Deliverable for the City of Los Angeles 
was reviewed.  The report analyzes 50 years of precipitation data recorded at Los 
Angeles International Airport (LAX) and the observed daily volume of the 18th 
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largest rain day for each year of the 50-year period.  The TMDL allows for 17 
exceedance days in a given wet season.  Based on this volume, the 90-percentile 
precipitation amount was calculated to be 0.45 inches (0.0375 feet).  The implication is 
that having the capacity to manage a 0.45-inch rainfall will maintain exceedances to 17 
or less each year, over 90 percent of the time.  Wet weather runoff was calculated 
using the following equation: 

Runoff Volume (MG) = Rc * P * A * Cf, whereas 

Rc = 0.9*(%IMP) + 0.1* (1-%IMP). 

Rc = Runoff coefficient 
P = Daily precipitation volume (ft) 
A = Subwatershed area (ft2) 
Cf = Conversion factor equal to 7.48*10-6 (Mgd/ft3) 
 
The value for %IMP (percent impervious) was determined by comparing the land use 
categories in Jurisdictions 5 and 6 with Los Angeles County’s land use data.  Table 9 
shows the estimated wet weather runoff volume in million gallons per day for a .45-
inch rainfall event.  A sample calculation for SMB-5-1 is included in Appendix B-1.     

Table B-9 

Wet Weather Runoff Estimates  

Drainage Area Wet weather runoff estimate (mgd) 

SMB-5-1* 0.65 

SMB-5-2 9.22 

SMB-5-3 1.12 

SMB-5-4 1.46 

SMB-5-5 2.09 

SMB-6-1 18.07 

SMB-6-2 6.25 

SMB-6-3 & SMB-6-4 1.23 

SMB-6-5 5.05 

SMB-6-6 1.69 

Total 46.83 
*Sample calculation included in Appendix B-1 

 
The calculations show that the estimated wet weather runoff for the entire watershed 
is approximately 47 mgd, with the greatest amount of runoff occurring in monitoring 
zone SMB-6-1, the location of the Herondo drain where exceedances are more 
common.     

In addition to calculating wet weather runoff, an alternative approach for considering 
wet weather exceedances is to examine the size of rainfall events associated with 
recorded exceedances.  This is done in the following Table 10 for SMB 6-1 (Herondo 
drain), the most problematic site from a wet weather compliance perspective.  The 
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rainfall events associated with wet weather exceedances for each of four storm years 
at SMB 6-1 are sorted according to size of rainfall event as measured at the closest 
rainfall monitoring station (Redondo Beach City Hall) for the day of and the three 
days preceding the sampling event. Recall that for SMB 6-1 the wet weather allocated 
exceedances under weekly monitoring is three (3) exceedance days, so the fourth 
largest rainfall event for each storm year is highlighted to show for that year the size 
of the event that would cause the site to surpass the allocated exceedances in that 
year.   

Table B-10 

Rainfall Events associated with Wet Weather Exceedances at SMB 6-1 

SY 2000 SY 2001 SY 2002 SY 2003 
1.92 3.95 0.52 1.56 
1.69 1.6 0.42 0.89 
1.32 0.99 0.22 0.04 
1.28 0.63 0.06  
1.0 0.18 0.05  

0.15    
0.13    
0.04    

 
Due to the large drainage area associated with SMB-6-1, and the analysis of historical 
rainfall and exceedance data for four storm years, one may tentatively conclude that it 
may not be possible to identify a rain event of a manageable size that if captured and 
treated would bring SMB 6-1 into compliance in the majority of storm years for SMB 
6-1.   

B.6 Conclusions  
This TM presents results regarding analysis of drainage areas, land use, historical 
water quality monitoring data, and dry and wet weather runoff.   

The land use data does not provide strong evidence for the cause of exceedances at 
monitoring sites.  On a comparison basis, the land use is fairly evenly distributed 
throughout the jurisdictions; the areas with a large number of exceedances have 
similar land uses to the areas with a small number of exceedances.   

The analysis reveals that dry weather runoff is more problematic than wet weather 
runoff in relation to bacteria exceedances at many of the beach monitoring locations.  
Based on the historical data reviewed, SMB 6-1 (Herondo) was the only clearly 
problematic site from a wet weather compliance perspective.  However, because of 
the size of the drainage area associated with this site, and based on the analysis of 
historical rainfall and exceedance data for four storm years, it may not be possible to 
identify a rain event of a manageable size that if captured and treated would bring 
SMB 6-1 into compliance in the majority of storm years for SMB 6-1.   
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The hydrologic analysis and methodology presented herein presents a useful means 
of predicting potential risk of TMDL exceedance assuming a direct correlation of 
exceedances to runoff events.  It can be used as a tool to focus on areas with 
exceedances and be able to prioritize and recommend appropriate solutions. 
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Wet weather runoff calculation for SMB-5-1 

 
 
 

 

 

 

 

The value for %IMP (percent impervious) was determined by comparing the land use 
categories in Jurisdictions 5 and 6 with Los Angeles County’s land use data.   
Calculations estimate a wet weather runoff volume in million gallons (MG) per day for a 
.45-inch (.0375ft) rainfall event.   

Runoff estimate for residential land use 

Residential Impervious Rate (based on LA County land use data) = 0.60 

Rcres = 0.9*(0.60) + 0.1* (1-0.60) 

Rcres = 0.58 

Residential Area = 55.4ac (from Table 2) = 2,413,224ft2 

Runoff volume (MG) = (0.58)(.0375ft)(2,413,224ft2)(7.48*10-6 MG/ft3) = 0.26MGres 

 

Runoff estimate for commercial and public facility land use 

Commercial and Public Facility Impervious Rate (based on LA County land use data) = 
0.90 

Rccom/pub = 0.9*(0.90) + 0.1* (1-0.90) 

Rccom/pub= 0.82 

Commercial/Public Facility Area = 7.6ac + 18.6ac (from Table 2) = 26.2ac = 1,141,272ft2 

Runoff volume (MG) = (0.82)(.0375ft)(1,141,272ft2)(7.48*10-6 MG/ft3) = 0.39MGcom/pub 

 

Total runoff volume (MG) = 0.26MGres + 0.39MGcom/pub = 0.65MG 

Runoff Volume (MG) = Rc * P * A * Cf, whereas 

Rcres = 0.9*(%IMP) + 0.1* (1-%IMP). 

Rc = Runoff coefficient 
P = Daily precipitation volume (ft) 
A = Subwatershed area (ft2) 
Cf = Conversion factor equal to 7.48*10-6 (Mgd/ft3) 
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Appendix C  
Beneficial Reuse Evaluation  
 
C.1 Purpose 
This technical memorandum evaluates beneficial reuse opportunities for various 
runoff management options.  The evaluation will identify specific direct reuse or 
groundwater recharge opportunities for runoff within the SMB beaches watersheds.   

The hydrologic analysis for Task 3 revealed that the majority of historical bacteria 
exceedances occurred during dry weather periods.  Most of the monitoring sites, with 
a few exceptions such as the Herondo drain, did not exhibit wet weather compliance 
problems.  Therefore, this evaluation focuses on beneficial reuse opportunities for dry 
weather runoff.  For specific areas where historical data indicates compliance 
problems during wet weather, such as the Herondo drain, runoff management 
options and their beneficial reuse opportunities are included as well.  

In preparing for the Implementation Plan, the hydrologic analysis task estimated that 
the total volume of dry weather runoff from Jurisdictions 5 and 6 is approximately 1.5 
million gallons per day.  Managing dry weather runoff through various on-site or 
“localized” source control solutions that retain and infiltrate or evapotranspirate dry 
weather runoff can help reduce the volume of stormwater entering the storm drain 
system.    Since the runoff is reused or infiltrated on-site, these options are considered 
beneficial reuses of runoff.  Runoff that is not beneficially reused locally can be reused 
regionally.  Regional reuse generally involves “end of pipe” solutions, meaning that 
the runoff has entered the storm drain system.  This evaluation identifies potential 
quantities of runoff that can be managed through local or regional beneficial reuse 
options.   

Local beneficial reuse opportunities evaluated herein include:  

 On-site infiltration projects 

 Cisterns and larger underground storage and reuse projects 

 Regional beneficial reuse opportunities evaluated herein include: 

 Regional surface groundwater recharge to enhance water supply  

 Groundwater injection to create a salt water intrusion barrier and/or enhance 
water supply 

 Regional capture and reuse as irrigation or other non-potable supply 
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C.2. Land Use Analysis 
C.2.1 Methodology 
The approach to evaluating beneficial reuse opportunities involves identifying 
potential locations for the implementation of the opportunities at both local and 
regional levels, and estimating the amount of dry and wet weather runoff that could 
be managed by those beneficial reuse options.  The potential for beneficial reuse is 
related to land use.  For example, land uses with a greater amount of pervious space 
offer more opportunity for reuse, such as landscape irrigation for parks and golf 
courses.  Both the spatial distribution and size of land use areas was determined in 
Task 3.   

As developed in TM 3, Appendix C-1 shows the distribution of six land use categories 
within the ten larger drainage areas in Jurisdictions 5 and 6.     

C.3 Local (On-Site) Beneficial Reuse Opportunities 
Local (on-site) beneficial reuse opportunities evaluated include: 

 On-site infiltration of runoff  

 Irrigation use of roof runoff captured via cisterns 

C.3.1 On-Site Infiltration 
On-site infiltration involves capturing runoff at the site where it is generated and 
storing it in a basin or structural feature of some type where it can infiltrate to the 
local groundwater.  On-site infiltration measures are intended to reduce the total 
volume and flow rate of runoff leaving a particular site and entering the storm drain 
system. This reduction in flow will also assist in the reduction of bacteria and other 
constituents that drains to the beaches. In addition to reducing the amount of runoff 
from a site, infiltration projects also allow some of the runoff to percolate into the 
groundwater basin.  No direct treatment would be required since the infiltration 
process will act as a treatment mechanism. 

Infiltrating runoff requires that the soils be permeable enough to allow percolation 
into the underlying groundwater basin in a reasonable time and without excessive 
mounding or surfacing.  Since the groundwater aquifer under Jurisdictions 5 and 6 is 
largely confined (refer to Section 4.1 of this TM), it is unlikely that there is significant 
opportunity for groundwater recharge through on-site infiltration projects.  There is 
the potential, however, for some runoff to infiltrate into the top layers of soil, where it 
will reduce the overall runoff volume leaving the site.   

Types of soil within the J5/6 Santa Monica Bay area were identified based on data 
provided by the Los Angeles County Department of Public Works hydrology GIS 
database1.  The three primary soil types within Jurisdictions 5 and 6 are Chino Silt 

                                                           
1 http://www.ladpw.com/wrd/Publication/Engineering/online/Maps/00_Soil_Map_Index.pdf 
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Loam, Oakley Fine Sand, and Ramona Sandy Loam.  Based on an analysis of the 
runoff coefficient curves for each soil type, Chino Silt Loam was identified as having 
“good” infiltration capacity, and Oakley Fine Sand and Ramona Sandy Loam as 
having “fair/poor” infiltration capacity.  This data was merged with jurisdiction 
boundaries to develop a geographic distribution of soil types within the study area.  A 
plot of the distribution of the “good, fair” and “fair/poor” infiltration capacities of the 
soils types throughout the Santa Monica Bay area is presented in Figure 1.   

It should be noted that although this analysis generally describes the soil conditions 
throughout Jurisdictions 5 and 6, it is not intended to assist in the design of 
infiltration BMPs for specific sites.  Due to the widely variable infiltration capacities 
on a site-by-site basis, site-specific soil studies should be conducted prior to 
implementing infiltration BMPs.    

Figure 1 shows that much of the area within Jurisdictions 5 and 6 appears to have 
soils with “fair/poor” infiltration capacities.  Soils with “good” infiltration rates are 
located along the coast and extend approximately 2 miles inland. It should be noted 
that there may be additional opportunities to infiltrate runoff in the areas designated 
as “fair/poor”. For example, Wylie Sump is an area that presumably has soil with a 
high infiltration rate. The sump, located west of the Artesia Boulevard/Aviation 
Boulevard intersection, is known to accumulate stormwater runoff, allowing the 
runoff to percolate into the ground over time. Further studies should be conducted in 
order to determine the extent of infiltration for soils within Jurisdictions 5 and 6. 
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Figure C-1 

Soil Infiltration Capabilities 
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Additional factors must be considered prior to implementing an infiltration project.  
Some of these factors include the depth to the water table and space availability.  For 
instance, the data suggests that J5/6 beaches have high soil infiltration rates.  
However, these areas are not necessarily suitable for infiltration projects due to the 
lack of space and shallow groundwater.    

Infiltration projects will be most effective in areas that have adequate space, highly 
infiltrating soils and a deep water table.  If the conditions are suitable, various 
infiltration BMPs will capture dry and wet weather runoff on-site, allow it to infiltrate 
into the ground, thereby managing the runoff and reducing off-site flow.  In 
particular, the following infiltration BMPs may help to manage dry and wet weather 
runoff within Jurisdictions 5 and 6: 

 Porous Pavement 

 Vegetated Buffer Strips 

 Swales  

 French drains 

 Infiltration Trenches 

 Infiltration Basins 

 Bioretention 

 Wet Ponds 

 Constructed Wetlands 

Expanded descriptions of these infiltration-type BMPs are included in TM 2 (BMP 
Evaluation).  As with any infiltration project, pre-design considerations should be 
taken into account, including the presence of contaminated groundwater/subsurface 
soils, and the potential impacts of introducing pollutants into the subsurface system, 
the proximity to potentially impacted structures, and maintenance to prevent long-
term clogging.  In addition, accurate and site-specific soil data should be obtained 
before implementing these types of BMPs.  The potential effectiveness of the BMPs for 
Jurisdictions 5 and 6 is examined in further detail below. 

C.3.1.1 Porous Pavement 
Jurisdictions 5 and 6 have many areas with low volumes of vehicle and pedestrian 
traffic that are ideal for porous pavement.  Examples include walk streets, patios, 
jogging paths, overflow parking lots, and driveways.  Municipal facilities and parks 
can benefit from porous pavement projects.  For example, The City of Redondo Beach 
recently completed a “Water Wise Demonstration Garden” in their Civic Center 
courtyard that features both a formal and an informal system of permeable 
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walkways.  The permeable walkways allow water to flow directly into the ground 
where the water is naturally filtered and retained in the garden.  The formal 
walkways consist of a decorative pattern of colored pavers set on layers of gravel and 
sand.  The informal walkways are made of discarded, broken pieces of concrete from 
the City’s public sidewalks2. 

C.3.1.2 Vegetated Buffer strips 
Buffer strips are defined as an area of planted or naturally occurring vegetation 
located between a source of contamination and a water body.  Buffer strips are 
particularly effective for areas with steep slopes.  In Jurisdictions 5 and 6, there are 
many areas along the Strand that slope toward the beach, most of which have native 
plants that reduce runoff.  Consideration should be given to those areas sloping 
towards the beach that do not have a buffer strip.  These areas will be identified in 
Task 5: Siting.  

 C.3.1.3 Swales 
Vegetated swales can be used as an alternative to conventional storm sewers in 
common areas of residential subdivisions and along property boundaries. They can 
also be used within landscaping islands within parking lots.  Therefore, swales are 
commonly implemented in residential, industrial, and commercial areas with low 
flow and smaller populations.  

Evidence suggests that swales export bacteria, according to several studies listed in 
the California Stormwater Quality Association’s BMP handbook3.  Table 1 lists the 
bacteria removal results for three different studies.  

Table C-1 

Grassed swale bacteria removal efficiency 

Removal Efficiencies (% Removal) 

Study Bacteria Type 

Caltrans 2002  -33 dry swales  

Goldberg 1993  -100 grassed channel  

Seattle Metro and Washington Department of Ecology 1992  -25 grassed channel  

 
The negative removal efficiencies suggest that swales may actually increase levels of 
bacteria.  Although the reasons are unclear, one explanation is that bacteria thrive in 
the warm swale soils.  Alternatively, the Environmental Protection Agency (EPA) has 
suggested that the negative removal rate for bacteria may reflect sampling errors, 
such as failure to account for bacterial sources in the practice4.  Due to the potential 
for an increase in bacteria loads, swales are not recommended for bacteria reduction 
in Jurisdictions 5 and 6 until further studies have been conducted.  

                                                           
2 City of Redondo Beach, 2004 
3 California Stormwater Quality Association, 2003 
4 EPA, 2004 
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C.3.1.4 French drains 
French drains are more effective and suitable for areas with soils that have higher 
infiltration rates. In Jurisdictions 5 and 6, the areas with highly infiltrating soils 
generally have a high water table. The high water table in these areas will most likely 
prevent water from infiltrating properly, possibly flooding the drain. In addition, 
French drains should be placed at least 15 feet from building foundations at the 
bottom of sloped landscaped areas, thereby making proper placement of drains 
difficult due to the lack of space on most residential lots.  Although the initial soil data 
analysis indicates that French drains are not feasible for most areas, site specific soil 
and water table data should be collected before this BMP is considered ineffective. 

C.3.1.5 Infiltration trenches and basins  
Infiltration trenches are suitable for small drainage areas.  Since they require a limited 
amount of space, they can be placed in a wide variety of locations, including parks, 
residences, commercial developments, near parking lots, at municipal facilities, and 
on school grounds.  Specific locations will be further examined in Task 6.  In all 
locations, trenches should be implemented in conjunction with other BMPs such as 
vegetated buffer strips to remove coarse sediments before they reach the trench.   

An infiltration basin requires a significant amount of space and is suitable for large 
drainage areas (10 to 50 acres).  Due to the large amount of space required, infiltration 
basins are generally recommended for parks.  Infiltration basins, which are empty 
when not in use, could be dual-purpose.  A grass-covered area in a park, for example, 
could function as an infiltration basin during the wet season, and serve as parkland 
when dry.   

C.3.1.6 Bioretention 
Bioretention is ideal for median strips and parking lot islands.  These areas can be 
designed or modified so that runoff is either diverted directly into the bioretention 
area or conveyed into the bioretention area by a curb and gutter collection system.  
Bioretention should be considered in streetscaping plans for future improvement 
projects throughout Jurisdictions 5 and 6.  In addition, residents could use 
bioretention, often referred to as “rain gardens,” along sidewalks and near driveways 
to infiltrate dry weather runoff from pet waste, car washing fluids, and excess 
irrigation water.   

C.3.1.7 Wet Ponds 
Wet ponds have a high level of bacteria uptake and are recommended for areas with a 
large amount of space, such as parks.  Many wet ponds have been designed as an 
aesthetic site amenity, to create wildlife habitat or as a development focal point or 
recreational area.  Due to the large number of parks throughout Jurisdictions 5 and 6, 
stormwater diversions into wet ponds may be an effective method of reducing 
bacteria from dry and wet weather runoff.   
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The City of Manhattan Beach currently maintains a retention basin in Polliwog Park.  
Dry and wet weather runoff is discharged into the pond through a storm drain outlet 
at the north end of the park.  A valve allows fresh water from the City’s supply to 
supplement the pond’s water supply as needed.  A continuous deflective separator 
(CDS) unit has been installed to remove pollutants from the stormwater before it 
enters the pond.   

C.3.1.8 Constructed Wetlands 
Constructed wetlands have a high infiltration rate for bacteria from dry weather 
runoff.  Therefore, possible locations for implementation within Jurisdictions 5 and 6 
should be identified.    The main consideration in constructing a wetland is available 
space.  There are several parks throughout the area that should sufficient space for a 
small constructed wetland.  Hopkins Wilderness Park is an 11-acre site in Redondo 
Beach that offers camping sites as well as nature study and conservation programs.  
This gated overgrown natural park has nature trails, streams, and two ponds, making 
it ideal for the inclusion of a wetland.  Other large parks should be evaluated for land 
use availability and considered for a constructed wetland.  Such parks may include 
Valley Park in Hermosa Beach, and Entradero Park in Torrance. 

The City of Laguna Niguel in Orange County has constructed several wetlands, 
primarily to reduce bacteria concentrations in dry weather flows. The wetlands have 
been very successful in this regard. Even though there is not enough perennial flow to 
maintain the permanent pool at a constant elevation, the wetland vegetation has 
thrived5.   

C.3.2 Cisterns  
Rain barrels and cisterns are low-cost water conservation devices that can be used to 
reduce runoff volume and, for smaller storm events, delay and reduce the peak runoff 
flow rates.  Rain barrels and cisterns are used to control wet weather flow by 
diverting and storing wet weather runoff from impervious roof areas. The stored 
runoff can provide a source of chemically untreated 'soft water' for gardens and 
compost, free of most sediment and dissolved salts. Because residential irrigation can 
account for up to 40 percent of domestic water consumption, water conservation 
measures such as rain barrels can be used to reduce the demand on the municipal 
water system, especially during the hot summer months. 

Individual cisterns can be located beneath each downspout, or the desired storage 
volume can be provided in one large, common cistern that collects rainwater from 
several sources. Pre-manufactured residential-use cisterns come in sizes ranging from 
100 to 10,000 gallons.   

In Jurisdictions 5 and 6, wet weather exceedances most frequently occur at monitoring 
locations SMB-6-1 and SMB-5-4.  Public facilities occupy a large portion of the land 
just south of SMB-6-1.  Cisterns could be used at these facilities to capture runoff to 
                                                           
5 California Stormwater Quality Association, 2003 
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reuse for on-site landscaping purposes.  Residential lots are located north of SMB-6-1, 
which are ideal for the use of cisterns.  The majority of land use in the area 
surrounding SMB-5-4 is also residential.  Therefore, residents should be encouraged 
to use cisterns as they are a practical and cost effective solution for conserving wet 
weather runoff for future beneficial uses such as irrigation water.  The use of cisterns 
and rain barrels for the other remaining subwatersheds in Jurisdictions 5 and 6 is not 
a useful option because wet weather exceedances do not appear to be as much of a 
concern. 

The Fulton Playfield at 529 Earle Lane in Redondo Beach is a local example of how 
cisterns can be used in public parks.  Upon completion of the Green Flag drainage 
project, the playfield reopened in 2002 with a new concrete lined holding tank 
installed to collect storm water runoff.  The soil was re-graded at the park and a 
drainage system was installed to carry away groundwater.   

In addition to the Fulton Playfield, the use of rain barrels and cisterns is being 
encouraged in other areas of Southern California.   Tree People, an environmental 
organization based in Los Angeles, has installed a 250,000-gallon cistern as part of the 
new Tree People Center for Community Forestry.  The cistern will collect stormwater 
runoff from the parking lot and campus, filter out pollutants that would normally run 
to the ocean and provide irrigation water for the property.  Tree People has also 
installed cistern collection systems at demonstration sites (e.g., Hall House) and have 
been developing models to test their effectiveness.  The agencies in Jurisdictions 5 and 
6 should use the models to encourage residents to use cisterns near drains where wet 
weather exceedances are common.   Parks, playfields, and schools throughout 
Jurisdictions 5 and 6 may also benefit from installation of cisterns.  

C.4 Regional Reuse Opportunities 
Regional reuse opportunities evaluated include: 

 Regional surface groundwater recharge to enhance water supply,  

 Groundwater injection to create a salt water intrusion barrier and/or enhance 
water supply, and 

 Regional capture and reuse as irrigation or other non-potable supply. 

RB-AR43293



Appendix C 
Beneficial Reuse Evaluation 

C-10  A 

C.4.1 Regional Groundwater Recharge 
C.4.1.1 Groundwater Basins 
Jurisdictions 5 and 6 lie on the Coastal Plain groundwater basin, which consists of five 
different groundwater sub-basins as shown in Figure 9:  

 Central 

 Hollywood 

 La Habra 

 Santa Monica 

 West Coast Basins 

 
Figure C-2 

Los Angeles County Coastal Plain Groundwater Basins6 

Jurisdictions 5 and 6 are located on the West Coast Basin, which underlies 140 square 
miles of the Coastal Plain, extending from the Pacific Ocean east to the Newport-
Inglewood fault zone.  The northern boundary of the West Coast Basin is the Ballona 
escarpment, and the southern boundary is the ocean.   

                                                           
6 Source: www.ladpw.org 
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C.4.1.2 Surface Groundwater Recharge  
The West Coast Basin that underlies Jurisdictions 5 and 6 contains mostly confined or 
semi-confined alluvial aquifers.  Because of this, large-scale regional recharge projects, 
or spreading grounds, will not be an effective means of managing runoff.  On the 
other side of the Santa Monica Mountains, opportunity exists in the San Fernando 
Valley for expanding or adding new spreading grounds; however, managing runoff 
volume by building conveyance facilities to transport wet weather runoff outside of 
the Jurisdiction 5/6 area and to higher elevations in the Valley is not a desirable 
option for several reasons.  In addition to the high cost of new conveyance 
infrastructure, the San Fernando Valley area has its own regulatory responsibilities 
regarding increasing capture and groundwater recharge of runoff.  Use of Jurisdiction 
5/6 runoff would not be as efficient as use of local runoff supplies, and therefore, is 
not considered a likely opportunity. 

As discussed in Section 3.1, there may be localized opportunities, particularly in areas 
with soils that have high infiltration rates, to consider infiltration projects that may 
function largely as treatment options without having to recharge the groundwater 
basin. 

C.4.1.3 Groundwater Injection 
Groundwater injection is a method of groundwater recharge at regional level that not 
only augments groundwater supplies, but also often serves an additional purpose of 
protecting the groundwater against seawater intrusion.  The water (generally 
imported and/or reclaimed supplies) injected through a series of injection wells 
creates a pressure ridge that impedes the inland movement of the salt water front, and 
maintains protective groundwater elevations in the aquifers.   

Stormwater runoff can be a source for regional groundwater injection if it is treated 
appropriately for the intended use.  The capture and injection of runoff eliminates 
discharge of that quantity of surface water downstream to the beach, thereby 
potentially reducing the number of exceedance days.  For this evaluation, 
groundwater injection is explored as a means to manage wet weather runoff. 

The Los Angeles County Department of Public Works has created three barrier 
projects to halt seawater intrusion into the basins where they are exposed to the 
ocean: West Coast Basin Barrier Project (WCBBP), Dominguez Gap Barrier Project 
(DGBP), and Alamitos Barrier Project (ABP).  Of these projects shown in Figure 10, 
WCBBP is the only project of interest because it is located closest to Jurisdictions 5 and 
6, and it injects reclaimed water mixed with imported water. 
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Figure C-3 

Los Angeles County Seawater Barrier Projects
7
 

The WCBBP currently injects approximately 17.5 mgd of water (50% imported, and 
50% recycled) into the aquifers of the West Coast Basin.  The reclaimed water used in 
WCBBP is advanced treated effluent from the West Basin Water Recycling Plant 
(WBWRP) in the City of El Segundo, which is owned and operated by the West Basin 
Municipal Water District.  

The existing Barrier Treatment process at the WBWRP treats secondary effluent from 
Hyperion Wastewater Treatment Plant, and produces 7.5 mgd of recycled water that 
is subsequently blended with imported water and injected into West Basin aquifer 
through West Basin Barrier Project.  After the completion of the WBWRP Expansion, 
the new Barrier Water Treatment System will produce 12.5 mgd of recycled water.  
The new Barrier Treatment process includes pre-treatment by microfiltration (MF) 
followed by RO, hydrogen peroxide addition, and ultraviolet (UV) treatment.  The 
WBWRP Expansion is part of an effort to provide up to 100% recycled water to the 
Barrier (17.5 mgd) in the near future. 

Injection of stormwater runoff in an independent system similar to West Basin, which 
consists of treatment at WBWRP and injection at WCBBP, is theoretically possible, but 
is not feasible due to the variable quality, quantity and overall lack of reliability of 
stormwater runoff as a source, as well as the extensive permitting and operational 
issues.   

West Basin is an efficient system because it reserves a consistent quantity of secondary 
effluent from Hyperion, and has designed tertiary treatment systems to effectively 
treat that quantity.  Furthermore, since the quality of the Hyperion effluent is 
consistent, it can be effectively treated.  Unlike the secondary effluent of Hyperion, 
stormwater runoff has a more variable water quality, which can make effective 
tertiary treatment difficult and could produce poor quality effluent if it were the 
primary source. 

                                                           
7 Source: www.ladpw.org 
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From a quantity perspective, Hyperion effluent is available in abundant supply year-
round, whereas the quantity and quality of stormwater runoff is unpredictable.  As an 
independent project, to procure and treat the volume of stormwater runoff to be 
managed, and then inject it throughout the year, expensive plants would need to be 
constructed to treat and store the runoff.  

While stormwater quality is variable, most of the constituents in runoff are similar to 
or better than those in secondary effluent.  In particular, total dissolved solids (TDS) 
are much lower, and therefore the runoff could have value as a supplemental, low 
TDS source water that could, under the right conditions, be blended with Hyperion 
effluent as a feed to the West Basin Plant.  For smaller local watersheds, if runoff 
could be captured to meet the TMDL requirement and blended, it may be worthwhile 
to explore the concept of supplying runoff as a low cost, low TDS source of 
supplemental supply to the West Basin Project.  This would require careful review of 
the water quality issues, as well as contractual agreements in place between all 
parties. 

C.4.2 Reuse as Non-Potable Supply for Irrigation or Other Uses 
Since dry weather runoff appears to be the main concern in Jurisdictions 5 and 6, it 
may be beneficial to treat the runoff on a regional basis and reuse it for landscape 
irrigation, industrial use, toilet flushing in buildings with dual piping systems, and 
other non-potable water uses. In order to do so, the option to modify, expand, or add 
to the cities’ wastewater and stormwater conveyance and treatment facilities is 
explored in further detail. 

Reuse of runoff would require not only capture, storage, and treatment systems; but 
also construction of pipelines and pump stations to distribute treated runoff to water 
customers. In addition, most water customers do not have dual plumbing systems—
meaning separate pipelines for potable and non-potable uses, such as irrigation. 
Therefore, retrofits for the plumbing system would be needed.  

The majority of the monitoring locations within Jurisdictions 5 and 6 indicate a 
relatively small amount of bacteria exceedances.  Therefore, construction of a dry 
weather runoff treatment plant similar to Santa Monica’s Urban Runoff Recycling 
(SMURRF) Facility may not be a cost effective option to reduce bacteria exceedances.  
The SMURRF facility treats dry-weather urban runoff water (approximately 500,000 
gallons per day) previously discharged into the Santa Monica Bay through storm 
drains.  Although a facility similar to SMURRF may reduce bacteria exceedances in 
Jurisdictions 5 and 6, the compliance and cost benefits may be limited by variable 
quantities of dry weather runoff, a low number of potential recycled water customers, 
or insufficient demand for recycled water.  Therefore, a thorough analysis of regional 
recycled water demands should be conducted to determine if dry weather runoff 
would be an adequate source of non-potable irrigation water.   

RB-AR43297



Appendix C 
Beneficial Reuse Evaluation 

C-14  A 

The analysis should include the following: 

 Size of potential water demand per customer – by focusing on larger water customers 
first, smaller customers along the routes can be economically added later. 

 Type of water use – landscape irrigation usually requires less cost (from a treatment 
standpoint) and regulatory hurdles; whereas industrial use may very likely require 
advanced treatment (such as MF/RO)  

 Proximity to existing recycled water system – the sites with those potential customers 
nearest to potential recycled water supplies and existing recycled water pipelines 
would be the most cost-effective to develop because of the lower distribution cost 
(pipelines and pump stations) 

 Willingness to use recycled water – not all potential water customers have a desire to 
use recycled water; and many base the decision to use such water on costs and/or 
reliability—meaning in most cases DWP must provide proper incentives.  

C.5 Conclusions  
This evaluation explores the opportunity to beneficially reuse dry and wet weather 
runoff using various methods. Regarding on-site opportunities, infiltration projects 
and cisterns were evaluated. Runoff is best managed by on-site infiltration projects 
with high bacteria infiltration rates. A comparison of various on-site infiltration BMPs 
shows that the BMPs to consider include porous pavement, bioretention, wet ponds, 
constructed wetlands, and bioretention.  These methods have been proven to be 
effective in managing stormwater runoff in coastal communities. Site-specific soil data 
should be collected to determine most appropriate BMPs that would provide the 
greatest amount of infiltration. It should be recognized that a portion of the infiltrated 
runoff can be considered a source of beneficially used runoff either due to percolation 
to the groundwater basin or subsurface infiltration that would assist in irrigating any 
immediate vegetation.  

Installing cisterns in residences, schools, parks, and municipal facilities near areas 
with wet weather exceedances will beneficially reuse runoff.  The installation of 
cisterns is not a reasonable option for areas with dry weather exceedances.  Cisterns 
alone will not eliminate the need for other runoff management options, but their 
installation may be the best option for reusing wet weather runoff.   

Regionally, existing groundwater injection projects were evaluated to determine if 
runoff could be an additional source of supply. While stormwater quality is variable, 
most of the constituents in runoff are similar to or better than those in secondary 
effluent.  In particular, total dissolved solids (TDS) are much lower.  If runoff from 
small watersheds could be captured to meet the TMDL requirement and blended, it 
would be worthwhile to explore the concept of supplying runoff as a low cost, low 
TDS source of supplemental supply to the West Basin Project.   
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A preliminary analysis of reusing runoff for irrigation was conducted.  Due to high 
level of treatment required for recycled water in relation to the relatively low number 
of bacteria exceedances, it is doubtful that a dry weather runoff treatment facility such 
as SMURRF would be a cost effective option.  An in depth analysis of potential 
recycled water customers and potential demand for recycled water should be 
conducted prior to modifying or constructing facilities.  Localized opportunities such 
as on-site storage and reuse are a more practical option for meeting irrigation 
demands without the need for high levels of treatment.       

Overall, considering the relatively low number of exceedances at Jurisdiction 5 and 6 
monitoring locations, on-site projects infiltration projects and cisterns may be the best 
options for managing dry and wet weather runoff.    Although there are opportunities 
to beneficially reuse wet weather runoff through local and regional solutions, even 
full implementation of these options would not eliminate the need for other 
management options.  These options, including treatment and discharge, and 
diversions to the wastewater system will be addressed in upcoming technical 
memoranda (Tasks 6 and 7).  The options presented in these tasks will be combined to 
create several alternatives for managing the dry and wet weather runoff volume.   
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Appendix D  
Research Potential Sites for Localized 
BMPs, Beneficial Reuse, and Diversion  
 
D.1 Purpose 
This technical memorandum evaluates potential sites for localized BMPs, Beneficial 
Reuse Facilities, Diversion Facilities, and leach fields within Jurisdictions 5 and 6.  The 
evaluation will include the evaluative criteria and a preliminary feasibility analysis.    

The beneficial reuse analysis for Task 4 recommended several types of localized 
infiltration BMPs to consider including porous pavement, bioretention, wet ponds, 
constructed wetlands, and vegetated buffer strips.  The general recommendations 
provided in Task 4 will be expanded upon in this TM to include specific sites for 
localized BMPs.  Cisterns were also evaluated in Task 4 as a beneficial reuse option; 
potential sites for cistern placement are included in Section 3.0.    

Task 3 presented regional BMPs which included dry weather diversion facilities and 
leach fields.  Potential sites for diversion facilities and leach fields have been 
evaluated and are included in Section 4.0.   

To assist in evaluating potential sites for BMPs, several software tools are available.  
These products and services are free of charge and are available online.  Two 
examples are the Parcel Runoff Calculator (PARC) and the TreePeople cistern model.  
Both are examined in Section 5.0. 

Potential Sites have been identified for the following localized (infiltration) BMPs:  

 Porous pavement 

 Bioretention  

 Wet ponds 

 Constructed wetlands 

 Vegetated buffer strips 

 Potential sites have been identified for the following beneficial reuse options:  

 Cisterns  

 Rain barrels  

 Potential sites have been identified for the following regional options:  

 Low flow diversion facilities 
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 Leach fields 

D.2 Infiltration BMPs 
D.2.1 Porous Pavement 
Most municipal facilities have the option of converting impermeable pavement and 
asphalt into permeable pavement in areas of low volume vehicle traffic or pedestrian 
traffic.  For example, the City of Redondo Beach could expand the use of permeable 
walkways presently built into the Water Wise Demonstration Garden to include all 
the walkways throughout the Center.  Most Civic Center visitors and employees park 
in an underground structure, so permeable pavement is not feasible in this area.  The 
City of Torrance’s Civic Center and the City of Hermosa Beach’s City Hall could 
utilize permeable pavement in walkways and parking spaces depending on the 
volume of vehicle traffic.  Permeable pavement could also be used for walkways and 
parking spaces at Manhattan Beach’s Public Works Maintenance Yard.  Fire stations 
and police stations are generally not an optimal option for porous pavement due to 
the high volume of traffic and traffic loading at these facilities.   Though, as porous 
pavement technology improves such that it would accommodate high traffic loading, 
this option at these facilities can be considered.  Before implementing this BMP for 
major facilities, “pilot tests” should be conducted at small public parking lots. 

Most single-family and multi-family residences in Jurisdictions 5 and 6 could benefit 
from porous pavement, specifically in areas with low volumes of traffic such as 
driveways and patios.  Many of the walk streets in Hermosa Beach and Manhattan 
Beach, maintained partly by the residents and partly by the City, could also be 
converted to permeable pavement.  Porous pavement designs would enhance the 
aesthetic appeal of streets near the beach.  Residents should be advised to test the 
permeable pavement on a small patch of driveway or patio before recovering the 
entire surface.  This is especially true for residences nearest to the coast, which may 
have a high water table that does not permit extensive infiltration.   

Porous pavement could be utilized in parking areas and playgrounds at nearly every 
park within Jurisdictions 5 and 6.  Since these areas are heavily used by pedestrians, 
safety should be a primary concern prior to any consideration of changing the surface.  
Certain types of porous pavement may be safer for foot traffic than others.  For 
example, asphalt porous pavements may offer a smoother surface than modular 
concrete block porous pavements, making them more effective for playgrounds.   In 
order to test the durability, safety, and infiltration effectiveness of porous pavement, 
each city should choose one parking area within a park as a pilot test site.  Sites 
should be selected by their distance from the beach (parks farther from the beach 
most likely have a lower water table, making them better options for infiltration 
BMPs).  The depth to groundwater and soil infiltration capacity should be evaluated 
prior to implementation.  The parks below are recommended for consideration due to 
their distance from the coast, as well as the presence of variable types of impermeable 
space (playgrounds, parking lots, etc.):  
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 Las Arboles “Rocketship” Park, Torrance 

 South Park, Hermosa Beach 

 Polliwog Park, Manhattan Beach 

 Franklin Park, Redondo Beach  

Porous pavement systems are variable in cost, depending on site conditions and 
design requirements.  Generally, unit costs for pervious paving are on the order of $10 
to $15 per square foot (s.f.).  Based on these rates, a pilot project involving 6,000 
square feet of surface to be replaced with pervious paving may cost approximately 
$60,000-90,000 for installation.     Maintenance requirements include inspections and 
wet high pressure-low volume vacuum treatment.  Estimated costs for an average 
annual maintenance program of a porous pavement parking lot are approximately 
$3,500 per acre per year or $500 for a 6,000 s.f. parking area.  To avoid plugging and 
potential groundwater contamination, the depth to the groundwater table and soil 
infiltration capacity should be determined prior to implementation.    

D.2.2 Bioretention 
Implementing bioretention cells in parking lots and streets, especially near the beach, 
would direct runoff into areas of vegetation as opposed to the storm drain system.  
Examples of where bioretention cells may reduce runoff include roadways such as 
Pacific Coast Highway, grocery store parking lots, shopping centers, and public 
parking lots.  Jurisdiction 5 and 6 agencies and commercial developers should 
incorporate bioretention into streetscapes and commercial center designs.  
Bioretention cells are particularly useful in small pockets of residential communities.  
Residents should be encouraged to use bioretention near driveways and sidewalks to 
infiltrate dry weather runoff from pet waste, car washing, and excess irrigation water.    

Unit costs for bioretention cells range from $3-4/s.f. for residential operations to $10-
$40/s.f. for commercial applications, with the upper end reflecting the additional 
costs associated with retrofitting an existing developed site.  A pilot project that 
retrofits six parking lots islands with bioretention, 200 square feet each, at a 
commercial facility may cost approximately $48,000.00 for design and installation.  
This is based on the estimate of $40 per square foot. The operation and maintenance 
costs for a bioretention facility will be comparable to that of typical maintenance 
required for landscaped areas.   

D.2.3 Wet ponds  
Due to the large amount of space required, wet ponds are typically integrated into 
park settings.  Smaller parks (less than five acres) generally do not provide enough 
space for the inclusion of a wet pond.  Though a wet pond can be designed into 
smaller parks, a more creative use of space would be required.  Many of the larger 
parks contain playing fields, which cannot be considered when siting a wet pond.  
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Several parks larger than five acres have been selected which could accommodate a 
wet pond: 

 Alta Vista Park 

 Valley Park 

 Entradero Park 

Costs for wet pond installation and maintenance are on the same order as for 
constructed wetlands. 

A wet pond is a feasible option, as demonstrated by the pond in Polliwog Park.  The 
pond functions as a biological filtering system in addition to improving the aesthetic 
value of the park.  Construction costs associated with wet ponds vary considerably 
depending on the degree to which the existing topography will support a wet pond, the 
complexity and amount of concrete required for the outlet structure, and whether it is 
installed as part of new construction or implemented as a retrofit of existing storm drain 
system5.   

D.2.4 Constructed Wetlands  
Constructed wetlands are similar to wet ponds in that they require a large amount of 
space.  Several larger parks were selected for each city that could accommodate a 
constructed wetland.  The Hopkins Wilderness Area in Redondo Beach is an 11-acre 
site that includes four ecological habitats: forest, meadows, streams, and ponds.  The 
inclusion of a wetland would add a fifth ecological habitat.  In addition to Hopkins 
Wilderness Park, Entradero Park and El Nido Park in Torrance are potential sites.   

Reported costs for design and installation of constructed wetlands have been in the 
range of $200,000 to $500,000 per acre.  Literature indicates that annual maintenance 
and operational costs typically range between 3 to 5 percent of construction costs, but 
this assumes that there will be regular harvesting of vegetation which is typically 
done for nutrient and control of pollutants that accumulate in the plant material, 
itself. If the wetland is intended primarily for bacteria and sediment removal, 
harvesting of plants may not be necessary and then maintenance costs will be 
substantially less.  

Constructed wetlands are a feasible option, as exemplified by the Madrona March 
Preserve in the City of Torrance.  The marsh is an excellent example of how a wetland 
can be incorporated into an urban landscape.  Madrona is a remnant of once extensive 
natural wetland systems that existed along the coastal plain and coastal terraces of the 
South Bay.  The marsh is situated on land that has been in oil production since 1924 
and was never developed as commercial or residential uses.  Other similar 
undeveloped land with potential to accommodate a wetland may exist within the City 
of Torrance, but field reconnaissance would be necessary to determine this.  In 
addition, high land values may prevent establishment of additional wetlands.   
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D.2.5 Vegetated Buffer Strips 
Vegetated buffer strips are normally used as a natural buffer between a pollution 
source and an adjacent water body.   However, buffers can also be used in areas 
where a water body is not present.  The buffers diffuse harmful pollutants such as 
bacteria before they leave the site through stormwater runoff.   Potential sites where 
this BMP may be effective include dog parks and parks requiring heavy irrigation.  

The Redondo Beach Dog Park is an example of a park where a vegetated buffer strip 
may be effective.  Although owners are legally required to pick-up and dispose of 
their dog’s feces both in and out of the park, it is unlikely that all dog feces are picked 
up and discarded of properly.  A vegetated buffer strip surrounding the dog park 
may reduce the levels of bacteria that flow through stormwater.    

The strips could also be used at parks near the beach that are currently covered with 
grass that require heavy irrigation.  Examples of these parks include the Veteran’s 
Park and Czuleger Park in Redondo Beach. Replacing the grass with a buffer strip 
composed of native or drought tolerant plants could serve as a final buffer before 
stormwater runoff reaches the beach.   

Costs in the literature for buffer strips are often based on use of turf as the buffer. A 
pilot project to installation a 1-acre vegetated buffer strip may cost approximately 
$30,000 for turf, but costs could be higher for native or xeric landscaping due to the 
additional cost of plants and mulch to hold the soil while the plants fill in. Initial cost 
for xeric or native planting will depend on the size and density of initial planting and 
the type of mulch applied.  Conversely, long term maintenance costs of native 
plantings will be far less than a turf buffer because there is no mowing or fertilizing 
required and very little irrigation once the plants are established (after 2 years).  The 
only long-term maintenance for native plantings is occasional dry weather irrigation 
and periodic pruning or replacement of plants for aesthetics.  

D.3 Beneficial Reuse 
D.3.1 Cisterns  
Stormwater runoff cisterns are roof water management devices that provide retention 
storage volume in above or underground storage tanks.  They are typically used for 
water supply.  Cisterns are generally larger than rain barrels, with some underground 
cisterns having the capacity of 10,000 gallons1.  There are six components to a cistern 
collection system: the roof or catchment area, gutters and downspouts, leaf screens 
and roof washers, the cistern, a conveyance system of pipes, and water treatment (if 
necessary).  Most importantly, a catchment system is required to direct stormwater 
runoff into pipes.  Therefore, only sites with substantial roofed structures such as 
schools, community centers, and recreation centers have been considered.  The second 
criteria for a cistern to be effective is the amount of irrigation water that is consumed 
at the site.  Various parks and schools, especially those with playing field turf, are 

                                                           
1 http://www.lid-stormwater.net/raincist/raincist_home.htm 
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particularly good sites for the installation of a cistern because irrigation requirements 
are typically high. 

Sites do not have to be large in order to be a potential site for an underground cistern.  
A cistern facility can be installed, for example, underneath playing fields that are 0.25 
to 0.50 of an acre.  Various parks and schools have been selected which have roofed 
structures and most likely high irrigation needs: 

 Redondo Union High School (roofs of school buildings could serve as catchments) 

 Live Oak Park (roofs of the Live Oak Recreation Center & Joslyn Community 
Center could serve as catchments) 

 Manhattan Heights Park (roof of Manhattan Heights Community Center could 
serve as a catchment) 

 Alta Vista Park (roof of Community Center or tennis courts could serve as a 
catchment) 

The cost of constructing an underground cistern can vary greatly depending upon its 
volume and the material of which it is constructed.  Sizes can vary from hundreds of 
gallons for residential use to tens of thousands of gallons for commercial use 2.  The 
degree of water treatment required can also significantly affect the construction cost.  
For the purposes of this task, typical design, permitting and installation costs for a 
cistern are estimated at $2 - $2.50 per gallon of cistern volume. 

The relatively high cost of installing an underground cistern makes this option more 
difficult to implement than others discussed previously.  However, the cost may 
eventually be offset by a reduction in demand for irrigation water.   

Maintenance considerations include inspecting gutters, gutter guards, downspouts 
and roof washers for debris.  Cracks and leaks must be repaired promptly.  In 
addition, cisterns must be cleaned out on a regular basis for sanitation and vector 
control purposes.  

Limitations include treatment requirements, the sixth element of a cistern system.  
Title 22 sets bacteriological water quality standards on the basis of the expected 
degree of public contact with recycled water. For applications with a lower potential 
for public contact, such as irrigation, Title 22 requires three levels of secondary 
treatment, basically differing by the amount of disinfection required3.  Article 3 of 
Title 22 states that recycled water used for surface irrigation of parks and 
playgrounds, school yards, residential landscaping, and unrestricted access 
golf courses shall be a disinfected tertiary recycled water4.  However, further 

                                                           
2 http://www.lid-stormwater.net/raincist/raincist_cost.htm 
3 http://www.watereuse.org/Pages/title22.html 
4 http://www.dhs.ca.gov/ps/ddwem/publications/waterrecycling/purplebookupdate6-01.PDF 
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investigation into Title 22 requirements is necessary to determine if cistern water 
could be reused for irrigation under specific, controlled conditions without needing to 
meet full Title 22 treatment standards. 

D.3.2 Rain Barrels 
Rain barrels are low-cost, effective, and easily maintainable retention and detention 
devices that are applicable to residential, commercial and industrial sites to manage 
rooftop runoff5.  Residences are the most practical sites for rain barrels due to less 
strict treatment requirements for non-potable uses and ability to store large amounts 
of rainwater.  For uses that don’t involve direct human consumption or contact (i.e. 
on-site irrigation, clothes washing, etc.), treatment beyond sediment removal is 
generally not required.  Residents can expect to collect approximately 600 gallons of 
rainwater for every inch of rain that falls on a catchment area of 1,000 square feet6.    
Rain barrels can also be used for potable water use, but the treatment requirements 
make this less economically feasible than obtaining potable water from municipal 
sources.     

Costs for rain barrels and accessories used for residential purposes range from $200-
$300. Residents should be able to offset this cost by reducing their reliance on 
municipal water.   

Maintenance considerations are relatively minimal and include cleaning out gutters 
and screens, inspection and/or replacement of rain barrel components, and cleaning 
out the rain barrel at least once per year, ideally during the summer when water 
levels are low.      

Rain barrels are a feasible option for Jurisdictions 5 and 6 because they are easy to 
implement, are relatively inexpensive, have low maintenance requirements, and the 
potential to store large amounts of water.  This option is especially applicable to 
homeowners who use large amounts of water for landscaping purposes.   

D.4 Regional Options 
D.4.1 Low-Flow Diversion Facilities 
A portion of dry weather urban runoff from the storm drain system is (or will be) 
diverted through low-flow diversions to the sewer main for treatment at the Joint 
Water Pollution Control Plant (JWPCP) in Carson, operated by the Los Angeles 
County Sanitation Districts.  Diversion systems are designed to operate only during 
periods of dry weather.  During wet weather, the systems are typically shut off or 
bypassed to avoid a combined sewer overflow7.  In Jurisdictions 5 and 6, the 
following monitoring sites are equipped with, or will soon be equipped with low-flow 
diversion facilities: 

                                                           
5 http://www.lid-stormwater.net/raincist/raincist_home.htm 
6 http://rainbarrelguide.com 
7 http://www.surfrider.org/a-z/diversion_ca.pdf 
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 SMB-5-2 

 SMB-5-3 

 SMB-6-1 

 SMB-6-2 

 SMB-6-3 

 SMB-6-5 

The capital cost to install diversions varies widely, depending on such factors as the 
flow, the nearness and relative elevation of sewer lines, and the degree of automatic 
control desired13.  The costs of constructing the SMB-6-5 diversion facility, for 
example, are estimated to be approximately $550,000.  There may be additional costs 
from the sewer agency related to the flow rate and the concentration of contaminants.       

The County Sanitation Districts of Los Angeles County (Districts) conducted a Dry 
Weather Characterization Study from May 2002 through October 2002.  The study 
assessed 125 storm drains and provided a baseline for setting priorities for dry 
weather urban runoff diversions in the coastal area from Manhattan Beach to Long 
Beach.  The study was designed to collect information to assess the feasibility of dry 
weather diversion of storm drains to the District’s sewerage system.  The results of 
this study were summarized in a final report to the Regional Board on December 30, 
20028.  The study findings highlighted four drains of interest, three of which were 
within Jurisdictions 5 and 6.  The “drains of interest” were the Herondo Street drain, 
the 28th Street drain in Manhattan Beach, and the Redondo Beach Pier drain.   

The Herondo Street drain has since been equipped with a diversion facility.  A second 
“drain of interest”, the 28th Street drain, has been identified by the County for 
installation of a diversion facility.  The ability of these diversion facilities to reduce 
exceedances is limited by the Los Angeles County Sanitation District’s policies on 
accepting low flow diversions.  Currently, the LACSD has placed restrictions on the 
amount of dry weather runoff that is accepted for three months out of the year.  
However, the study indicates that the Districts are working with the County 
Department of Public Works on an acceptable diversion structure design which 
would allow the diversion to operate year-round during dry weather.  The third 
“drain of interest,” located at the Redondo Beach Pier, was observed to be flowing up 
to 9 gallons per minute with relatively low concentrations of indicator bacteria.  The 
Districts concluded that it was unlikely that this discharge was the source of AB411 
exceedances at the beach monitoring station 50 yards south.  Seagulls and fecal matter 
were observed, which the Districts believed was more likely the cause of exceedances.  
The Districts did not recommend diversion at this location due to the relatively low or 
non-existent flows and low bacteria concentrations.   
                                                           
8 County Sanitation Districts of Los Angeles County, 2002 
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The study presented three key points: 1) not all drains that discharge dry weather 
flows contribute to exceedances of receiving water objectives; 2) due to lack of flow, it 
may not be necessary to divert all drains; and 3) a greater amount of discharge is not 
necessarily associated with a higher number of exceedances.  Therefore, there is no 
“one size fits all” strategy for evaluating placement of diversion facilities (County 
Sanitation Districts of Los Angeles County, 2002).  Although no additional diversion 
facilities are recommended for Jurisdictions 5 and 6 at this time, continued monitoring 
and evaluation on a drain by drain basis will be necessary.      

D.4.2 Leach Fields 
Leach fields are most commonly associated with sewage treatment, but they can also 
be used for stormwater runoff from low flows.   A leach field is similar in concept to 
an infiltration trench in that it includes subgrade gravel beds for runoff storage and 
infiltration.  Unlike trenches, however, flow enters the beds through a conduit, such 
as a perforated pipe or a box culvert.  The gravel beds in a leach field are not exposed, 
as in a trench configuration.  Rather, the entire facility is underground and may be 
covered.9  This allows low flows to infiltrate into the ground, while high volume 
flows are allowed to pass through.  A wide variety of conduits are available for use in 
leach fields.  Equipment designed for septic systems may be applicable for 
stormwater use.   

In Jurisdictions 5 and 6, leach fields are best suited for placement near storm drain 
outlets.  Prioritization for installation should be based on the outlet’s proximity to a 
monitoring site.  Leach fields may reduce dry weather exceedances and could be 
considered diversion mechanisms.  A small portion (30-40ft) of storm drain pipe 
nearest the outlet would be removed and replaced with a leach field to allow for 
greater infiltration of low flows.  At least 5 feet should separate the bottom of the 
leach field from the groundwater table to prevent contamination. 

Cost estimates for a leach field are difficult to determine.  Traditional septic leach 
fields, which are similar in function, range anywhere from $1,700-$3,000 for a single 
family home.  Since a leach field is similar to an underground infiltration trench, costs 
can be expected to be at least $7-$10/cf, perhaps considerably more depending on 
structural features such as the incorporation of a box culvert into the system.  
Maintenance considerations include regular inspections for removal of trash and 
debris, structural soundness, and drain time.   

Possible limitations include the depth to the groundwater table and corresponding 
regulations.  If the depth to groundwater is less than five feet, there may be risk of 
contamination.  Thorough studies should be conducted to determine the depth of the 
groundwater table prior to installation.  In addition, the EPA has implemented an 
Underground Injection Control (UIC) Program under the Safe Water Drinking Act.  
Some stormwater structures are classified as Class V injection wells in the UIC 
program and may require a permit.  The EPA characterizes Class V wells as structures 

                                                           
9 http://www.vcstormwater.org/infiltration.doc 
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that “inject nonhazardous fluids into or above a [underground source of drinking 
water] and are typically shallow, on-site disposal systems, such as floor and sink 
drains, dry wells, leach fields, and similar types of drainage wells10.” The EPA 
reports that storm water drainage wells do not require a permit if they do not 
endanger underground sources of drinking water and they comply with federal UIC 
program requirements11.  Further investigation would be necessary to determine if a 
site-specific leach field complies with state and federal regulations.   

D.5 Siting Tools 
D.5.1 PARC 
PARC is an online tool that allows agencies to estimate the volume of runoff reduced 
by implementing water-capture BMPs on a specific piece of land.  PARC can also be 
used to size BMPs by calculating peak flow rates.  The program allows users to 
interactively size BMPs for optimal performance and cost efficiency12.  An unlimited 
number of BMPs can be entered into the system to determine how they will function 
together to reduce runoff at a particular site.  At sites where multiple BMPs have been 
recommended, such as Entradero Park, a virtual BMP model can be developed using 
the PARC program.  For this park, the user might enter criteria on porous pavement, 
a cistern, and the presence of trees to determine the volume of runoff that may be 
reduced.  This is a unique tool that will assist Jurisdictions with the planning process.  
Results are instantaneous and are stored in an online server for at least 30 days.    

D.5.2 TreePeople Cistern Model 
Using the TreePeople’s cistern model13, users are able to build a virtual cistern and 
see how it would have performed during the 1997-1998 rainy season in Los Angeles.  
First, the user calculates the square footage of the structure’s roof catchment area.  The 
figure is entered into the cistern Model on the appropriate slider.  The model can be 
tweaked to try out various cistern capacities and daily irrigation rates to determine 
how a cistern would perform.  As the user changes the physical structure or operating 
procedures of the cistern, the chart reflects the daily changes in the cistern’s water 
volume.  This model may be useful in determining if a cistern is a viable option for a 
particular site. 

D.6 Conclusions 
This technical memorandum evaluated potential sites for facilities proposed by the 
runoff management options.  Potential sites and evaluative criteria were discussed for 
localized BMPs, beneficial reuse options, and regional options.       

Numerous public parks, government facilities, schools, and residences were identified 
as possible sites for implementation of on-site storage and reuse projects that manage 

                                                           
10 Kaspersen 2004 
11 http://www.epa.gov/safewater/uic/pdfs/fact_class5_stormwater.pdf 
12 www.parconline.com/whatis.htm 
13 http://www.treepeople.org/trees/cistern2.htm 
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runoff before it enters the storm drain system.  Small-scale projects such as localized 
BMPs are preferred due to the relatively low cost/low maintenance requirements and 
the ability to infiltrate stormwater as opposed to diverting it.  Cisterns and rain 
barrels can be useful at residences and schools, but will most likely require more 
public support.  Potential sites for regional facilities have been considered, but these 
types of facilities are typically associated with high cost, political issues, regulatory 
constraints, and land acquisition.     

Site specific soil and groundwater table data should be collected prior to 
implementation.  In addition, pilot tests are recommended before full-scale 
implementation to ensure that the BMP or facility will be successful.    
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State of California
California Regional Water Quality Control Board, Los Angeles Region

RESOLUTION NO. 2002-022
December 12, 2002

Amendment to the Water Quality Control Plan (Basin Plan) for the Los Angeles Region to
Incorporate Implementation Provisions for the Region’s Bacteria Objectives and to
Incorporate a Wet-Weather Total Maximum Daily Load for Bacteria at Santa Monica Bay
Beaches

WHEREAS, the California Regional Water Quality Control Board, Los Angeles Region,
finds that:

1. The federal Clean Water Act (CWA) requires the California Regional Water Quality Control
Board, Los Angeles Region (Regional Board) to develop water quality standards which
include beneficial use designations and criteria to protect beneficial uses for each water body
found within its region.

2. The Regional Board carries out its CWA responsibilities through California’s Porter-Cologne
Water Quality Control Act and establishes water quality objectives designed to protect
beneficial uses contained in the Water Quality Control Plan for the Los Angeles Region
(Basin Plan).

3. Section 303(d) of the CWA requires states to identify and to prepare a list of water bodies
that do not meet water quality standards and then to establish load and waste load allocations,
or a total maximum daily load (TMDL), for each water body that will ensure attainment of
water quality standards and then to incorporate those allocations into their water quality
control plans.

4. Many of the beaches along Santa Monica Bay were listed on California’s 1998 section 303(d)
list, due to impairments for coliform or for beach closures associated with bacteria generally.
The beaches appeared on the 303(d) list because the elevated bacteria and beach closures
prevented full support of the beaches’ designated use for water contact recreation (REC-1).

5. A consent decree between the U.S. Environmental Protection Agency (USEPA), Heal the
Bay, Inc. and BayKeeper, Inc. was approved on March 22, 1999. This court order directs the
USEPA to complete TMDLs for all the Los Angeles Region’s impaired waters within 13
years. A schedule was established in the consent decree for the completion of 29 TMDLs
within 7 years, including completion of a TMDL to reduce bacteria at Santa Monica Bay
beaches by March 2002. The remaining TMDLs will be scheduled by Regional Board staff
within the 13-year period.

6. The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and section 303(d) of the
CWA, as well as in USEPA guidance documents (e.g., USEPA, 1991). A TMDL is defined
as “the sum of the individual waste load allocations for point sources and load allocations for
nonpoint sources and natural background” (40 CFR 130.2).  Regulations further stipulate that
TMDLs must be set at “levels necessary to attain and maintain the applicable narrative and
numeric water quality standards with seasonal variations and a margin of safety that takes
into account any lack of knowledge concerning the relationship between effluent limitations
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and water quality” (40 CFR 130.7(c)(1)). The provisions in 40 CFR 130.7 also state that
TMDLs shall take into account critical conditions for stream flow, loading and water quality
parameters.

7. Upon establishment of TMDLs by the State or USEPA, the State is required to incorporate
the TMDLs along with appropriate implementation measures into the State Water Quality
Management Plan (40 CFR 130.6(c)(1), 130.7). The Basin Plan and applicable statewide
plans serve as the State Water Quality Management Plans governing the watersheds under the
jurisdiction of the Regional Board.

8. Santa Monica Bay is located in Los Angeles County, California. The proposed TMDL
addresses documented bacteriological water quality impairments at 44 beaches from the Los
Angeles/Ventura County line, to the northwest, to Outer Cabrillo Beach, just south of the
Palos Verdes Peninsula.

9. The Regional Board is establishing the above-mentioned TMDL to preserve and enhance the
water quality at Santa Monica Bay beaches and for the benefit of the 55 million beachgoers,
on average, that visit these beaches each year. At stake is the health of swimmers and surfers
and associated health costs as well as sizeable revenues to the local and state economy.
Estimates are that visitors to Santa Monica Bay beaches spend approximately $1.7 billion
annually.

10. The Regional Board’s goal in establishing the above-mentioned TMDL is to reduce the risk
of illness associated with swimming in marine waters contaminated with bacteria. Local and
national epidemiological studies compel the conclusion that there is a causal relationship
between adverse health effects, such as gastroenteritis and upper respiratory illness, and
recreational water quality, as measured by bacteria indicator densities. The water quality
objectives on which the TMDL numeric targets are based will ensure that the risk of illness to
the public from swimming at Santa Monica Bay beaches generally will be no greater than 19
illnesses per 1,000 swimmers, which is defined by the US EPA as an “acceptable health
risk”in marine recreational waters.

11. Interested persons and the public have had reasonable opportunity to participate in review of
the amendment to the Basin Plan. Efforts to solicit public review and comment include staff
presentations to the Santa Monica Bay Restoration Project’s Bay Watershed Council and
Technical Advisory Committee between May 1999 and October 2001 and creation of a
Steering Committee in July 1999 to provide input on scientific and technical components of
the TMDL with participation by the Southern California Coastal Water Research Project,
City of Los Angeles, County of Los Angeles Department of Public Works, County Sanitation
Districts of Los Angeles County, Heal the Bay, and Santa Monica Bay Restoration Project.

12. A first draft of the TMDL for bacteria at Santa Monica Bay beaches was released for public
comment on November 9, 2001; an interim draft TMDL covering wet weather only was
released on June 21, 2002, for discussion at a public workshop; and a public workshop on the
draft Wet-Weather TMDL was held on June 27, 2002 at a regularly scheduled Regional
Board meeting.

13. A final draft of the Wet-Weather TMDL along with a Notice of Hearing and Notice of Filing
were published and circulated 45 days preceding Board action; Regional Board staff
responded to oral and written comments received from the public; and the Regional Board

RB-AR43315



Resolution No. 2002-022
Page 3

Final – 12/12/02

held a public hearing on September 26, 2002 to consider adoption of the Wet-Weather
TMDL.

14. The Regional Board continued the item from the September 26, 2002 Board meeting to the
December 12, 2002 Board meeting to give staff time to make revisions based on public
comments and Board discussion at the September 26, 2002 Board meeting.  Specifically, the
Board wanted an implementation program that was reasonable and as short as practicable
given the testimony on impairments to the REC-1 beneficial use.

15. The Regional Board recognizes that there are two broad approaches to implementing the
TMDL. One approach is an integrated water resources approach that takes a holistic view of
regional water resources management by integrating planning for future wastewater, storm
water, recycled water, and potable water needs and systems; focuses on beneficial re-use of
storm water, including groundwater infiltration, at multiple points throughout a watershed;
and addresses multiple pollutants for which Santa Monica Bay or its watershed are listed on
the CWA section 303(d) List as impaired. The other approach is a non-integrated water
resources approach.

Some responsible jurisdictions and agencies have indicated a preference to take an integrated
water resources approach to realize the benefits of re-using storm water to preserve local
groundwater resources and to reduce reliance on imported water. The Regional Board
recognizes that an integrated water resources approach not only provides water quality
benefits to the people of the Los Angeles Region, but also recognizes that the responsible
jurisdictions implementing this TMDL can serve a variety of public purposes by adopting an
integrated water resources approach.  An integrated water resources approach will address
multiple pollutants, and as a result, responsible jurisdictions can recognize cost-savings
because capital expenses for the integrated approach will implement several TMDLs that
address pollutants in storm water.  In addition, jurisdictions serve multiple roles for their
citizenry, and an integrated approach allows for the incorporation and enhancement of other
public goals such as water supply, recycling and storage; environmental justice; parks,
greenways and open space; and active and passive recreational and environmental education
opportunities.

The Regional Board acknowledges that a longer timeframe is reasonable for an integrated
water resources approach because it requires more complicated planning and implementation
such as identifying markets for the water and efficiently siting storage and transmission
infrastructure within the watershed(s) to realize the multiple benefits of such an approach.

16. Therefore, after considering testimony, the Regional Board directed staff to adjust the
implementation provisions of the TMDL to allow for a longer implementation schedule (up to
18 years) only when the responsible jurisdictions and agencies clearly demonstrate their
intention to undertake an integrated water resources approach and justify the need for a
longer implementation schedule.  In contrast, testimony indicated that a shorter
implementation schedule (up to 10 years) is reasonable and practicable for non-integrated
approaches because the level of planning is not as complicated.

17. A revised draft of the Basin Plan amendment and Tentative Resolution were circulated 45
days preceding Board action. Regional Board staff responded to oral and written comments
received from the public on the revised draft. The Regional Board held a second public
hearing on December 12, 2002 to consider adoption of the Wet-Weather TMDL.
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18.  On October 25, 2001, the Regional Board adopted Resolution 2001-018 establishing revised
bacteriological water quality objectives for the Water Contact Recreation (REC-1) beneficial
use, and the TMDL is intended to accompany and to implement the revised water quality
objectives. The State Water Resources Control Board approved the Regional Board’s Basin
Plan amendment on July 18, 2002 in State Board Resolution 2002-0142, the Office of
Administrative Law approved it on September 19, 2002 in OAL File No. 02-0807-01-S, and
the US EPA approved it on September 25, 2002.

19. Under certain circumstances and through the TMDL development process, the Regional
Board proposes to implement the aforementioned revised bacteria objectives using either a
‘reference system/anti-degradation approach’ or a ‘natural sources exclusion approach.’ As
required by the CWA and Porter-Cologne Water Quality Control Act, the Basin Plan includes
beneficial uses of waters, water quality objectives to protect those uses, an anti-degradation
policy, collectively referred to as water quality standards, and other plans and policies
necessary to implement water quality standards.  This TMDL and its associated waste load
allocations, which will be incorporated into relevant permits, are the vehicles for
implementation of the bacteria standards as required under Water Code section 13242.

20. Both the ‘reference system/anti-degradation approach’ and the ‘natural sources exclusion
approach’ recognize that there are natural sources of bacteria that may cause or contribute to
exceedances of the single sample objectives.

21. The Regional Board’s intent in implementing the bacteria objectives using a ‘reference
system/anti-degradation approach’ is to ensure that bacteriological water quality is at least as
good as that of a reference site and that no degradation of existing bacteriological water
quality is permitted where existing bacteriological water quality is better than that of a
reference site. The Regional Board’s intent in implementing the bacteria objectives using a
‘natural sources exclusion approach’ is to ensure that all anthropogenic sources of bacteria
are controlled such that they do not cause an exceedance of the single sample objectives.
These approaches are consistent with state and federal anti-degradation policies (State Board
Resolution No. 68-16 and 40 C.F.R. 131.12), while acknowledging that it is not the intent of
the Regional Board to require treatment or diversion of natural coastal creeks or to require
treatment of natural sources of bacteria from undeveloped areas. While treatment and
diversion of natural sources may fully address the impairment of the water contact recreation
beneficial use, such an approach may adversely affect valuable aquatic life and wildlife
beneficial uses in the Region.

22. For the Wet-Weather and Dry-Weather Bacteria TMDLs at Santa Monica Bay beaches, Leo
Carrillo Beach and its associated drainage area, Arroyo Sequit Canyon, were selected as the
local reference system until other reference sites or approaches are evaluated and the
necessary data collected to support the use of alternative reference sites or approaches when
the TMDL is revised four years after the effective date. Leo Carrillo Beach was selected as
the interim reference site because it best met the three criteria for selection of a reference
system. Specifically, its drainage is the most undeveloped subwatershed in the larger Santa
Monica Bay watershed, the subwatershed has a freshwater outlet (i.e., creek) to the beach,
and adequate historical shoreline monitoring data were available. It is the intent of the
Regional Board to re-evaluate the use of Leo Carrillo Beach due to potential problems arising
from the heavy recreational use of the beach and the close proximity of two campgrounds.

23. Northern Bay beach monitoring sites are fewer in number and provide less comprehensive
data than the extensive shoreline monitoring network elsewhere in Santa Monica Bay.
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24. The numeric targets in this TMDL are not water quality objectives and do not create new
bases for enforcement against dischargers apart from the water quality objectives they
translate.  The targets merely establish the bases through which load allocations and
wasteload allocations (WLAs) are calculated.  WLAs are only enforced for a dicharger’s own
discharges, and then only in the context of it National Pollutant Discharge Elimination
System (NPDES) permit, which must be consistent with the assumptions and requirements of
the WLA.  The Regional Board will develop permit requirements through a subsequent
permit action that will allow all interested persons, including but not limited to municipal
storm water dischargers, to provide comments on how the waste load allocations will be
translated into permit requirements.

25. The Regional Board has the authority to authorize compliance schedules through the basin
planning process.  In this Basin Plan amendment, the Regional Board establishes a schedule
for implementation that affords the responsible jurisdictions and agencies up to ten or
eighteen years, depending on the implementation approaches pursued, to implement this Wet-
Weather Bacteria TMDL.

26. Previously, the Regional Board adopted a Dry-Weather Bacteria TMDL for the Santa Monica
Bay Beaches. The Dry-Weather TMDL includes implementation provisions contained in
Table 7-4.3 of the Basin Plan, including a provision to reconsider two years after the effective
date the Dry-Weather TMDL and specifically the reference beach(es) used.  Because that
effort overlaps with reconsideration of the reference beach(es) anticipated by this Wet-
Weather TMDL, the Regional Board proposes to coordinate the reconsiderations of the
reference beach approach to assure efficiency and consistency in implementing the two Santa
Monica Beaches TMDLs.

27. The basin planning process has been certified as functionally equivalent to the California
Environmental Quality Act requirements for preparing environmental documents (Public
Resources Code, Section 21000 et seq.) and as such, the required environmental
documentation and CEQA environmental checklist have been prepared.

28. The proposed amendment results in no potential for adverse effect (de minimis finding),
either individually or cumulatively, on wildlife.

29. The regulatory action meets the “Necessity” standard of the Administrative Procedures Act,
Government Code, section 11353, subdivision (b).

30. The Basin Plan amendment incorporating a TMDL for bacteria at Santa Monica Bay beaches
must be submitted for review and approval by the State Water Resources Control Board
(State Board), the State Office of Administrative Law (OAL), and the USEPA. The Basin
Plan amendment will become effective upon approval by OAL and USEPA. A Notice of
Decision will be filed.

THEREFORE, be it resolved that pursuant to Section 13240 and 13242 of the Water Code,
the Regional Board hereby amends the Basin Plan as follows:

1. Pursuant to sections 13240 and 13242 of the California Water Code, the Regional Board,
after considering the entire record, including oral testimony at the hearing, hereby adopts the
amendments to Chapters 3 and 7 of the Water Quality Control Plan for the Los Angeles
Region, as set forth in Attachment A hereto, to incorporate the elements of the Santa Monica
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Bay Beaches Bacteria TMDL for wet weather and to implement the water quality objectives
for bacteria set to protect the water contact recreation beneficial use.

2. Pursuant to sections 13240 and 13242 of the California Water Code, the Regional Board,
after considering the entire record, including oral testimony at the hearing, hereby adopts the
amendments to Chapter 7 of the Water Quality Control Plan for the Los Angeles Region, as
set forth in Attachment B hereto, to amend Table 7-4.3 of the Santa Monica Bay Beaches
Bacteria TMDL for dry weather to change the date for revision of the TMDL from two years
after the effective date to four years after the effective date [of the Wet-Weather TMDL] to
achieve consistency in scheduling between the Dry-Weather and Wet-Weather TMDLs.

3. The Executive Officer is directed to exercise authority under Water Code section 13267, or
other applicable law, to require additional monitoring data in the northern Bay beach regions
to ensure that wet weather bacteria exposure is adequately quantified before the TMDL is
reconsidered in four years.

4. The Executive Officer is directed to forward copies of the Basin Plan amendment to the State
Board in accordance with the requirements of section 13245 of the California Water Code.

5. The Regional Board requests that the State Board approve the Basin Plan amendment in
accordance with the requirements of sections 13245 and 13246 of the California Water Code
and forward it to OAL and the USEPA.

6. If during its approval process the State Board or OAL determines that minor, non-substantive
corrections to the language of the amendment are needed for clarity or consistency, the
Executive Officer may make such changes, and shall inform the Board of any such changes.

7. The Executive Officer is authorized to sign a Certificate of Fee Exemption.

I, Dennis A. Dickerson, Executive Officer, do hereby certify that the foregoing is a full, true, and
correct copy of a resolution adopted by the California Regional Water Quality Control Board, Los
Angeles Region, on December 12, 2002.

ORIGINAL SIGNED BY
Dennis A. Dickerson
Executive Officer
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Amendment to the Water Quality Control Plan – Los Angeles Region to incorporate
Implementation Provisions for the Region’s Bacteria Objectives and to incorporate the

Santa Monica Bay Beaches Wet-Weather Bacteria TMDL

Adopted by the California Regional Water Quality Control Board, Los Angeles Region on December 12,
2002.

Amendments:

List of Figures, Tables and Inserts
Add under Chapter 7, Section 7-4 (Santa Monica Bay Beaches Bacteria TMDL):
Tables

7-4.4. Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only): Elements
7-4.5. Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only): Final Allowable

Exceedance Days by Beach Location
7-4.6. Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only): Interim Compliance

Targets by Jurisdictional Groups
7-4.7. Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only): Significant Dates

Chapter 3. Water Quality Objectives, “Bacteria, Coliform”

Add under “Implementation Provisions for Water Contact Recreation Bacteria Objectives”

The single sample bacteriological objectives shall be strictly applied except when provided for in a Total
Maximum Daily Load (TMDL). In all circumstances, including in the context of a TMDL, the geometric
mean objectives shall be strictly applied. In the context of a TMDL, the Regional Board may implement
the single sample objectives in fresh and marine waters by using a ‘reference system/antidegradation
ap�roach’ or ‘natural sources exclusion approach’ as discussed below. A reference system is defined as
an area and associated monitoring point that is not impacted by human activities that potentially affect
bacteria densities in the receiving water body.

These approaches recognize that there are natural sources of bacteria, which may cause or contribute to
exceedances of the single sample objectives for bacterial indicators. They also acknowledge that it is not
the intent of the Regional Board to require treatment or diversion of natural water bodies or to require
treatment of natural sources of bacteria from undeveloped areas. Such requirements, if imposed by the
Regional Board, could adversely affect valuable aquatic life and wildlife beneficial uses supported by
natural water bodies in the Region.

Under the reference system/antidegradation implementation procedure, a certain frequency of exceedance
of the single sample objectives above shall be permitted on the basis of the observed exceedance
frequency in the selected reference system or the targeted water body, whichever is less. The reference
system/anti-degradation approach ensures that bacteriological water quality is at least as good as that of a
reference system and that no degradation of existing bacteriological water quality is permitted where
existing bacteriological water quality is better than that of the selected reference system.

Under the natural sources exclusion implementation procedure, after all anthropogenic sources of bacteria
have been controlled such that they do not cause or contribute to an exceedance of the single sample
objectives and natural sources have been identified and quantified, a certain frequency of exceedance of
the single sample objectives shall be permitted based on the residual exceedance frequency in the specific
water body. The residual exceedance frequency shall define the background level of exceedance due to
natural sources. The ‘natural sources exclusion’ approach may be used if an appropriate reference system
cannot be identified due to unique characteristics of the target water body. These approaches are

RB-AR43320



Attachment A to Resolution No. 2002-022

Final – 12/12/02 2

consistent with the State Antidegradation Policy (State Board Resolution No. 68-16) and with federal
antidegradation requirements (40 CFR 131.12).

The appropriateness of these approaches and the specific exceedance frequencies to be permitted under
each will be evaluated within the context of TMDL development for a specific water body, at which time
the Regional Board may select one of these approaches, if appropriate.

These implementation procedures may only be implemented within the context of a TMDL addressing
municipal storm water, including the municipal storm water requirements of the Statewide Permit for
Storm Water Discharges from the State of California Department of Transportation (Caltrans), and non-
point sources discharges. These implementation provisions do not apply to NPDES discharges other than
MS4 discharges.1

Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries, Section 7-4 (Santa Monica Bay
Beaches Bacteria TMDL)

Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only)*

This TMDL was adopted by the Regional Water Quality Control Board on December 12, 2002.

This TMDL was approved by:

The State Water Resources Control Board on [Insert Date].
The Office of Administrative Law on [Insert Date].
The U.S. Environmental Protection Agency on [Insert Date].

The following table summarizes the key elements of this TMDL.

                                                     
1 Municipal storm water discharges in the Los Angeles Region are those with permits under the Municipal
Separate Storm Sewer System (MS4) NPDES Program. For example, the MS4 permits at the time of this
amendment are the Los Angeles County Municipal Storm Water NPDES Permit, Ventura County
Municipal Storm Water NPDES Permit, City of Long Beach Municipal Storm Water NPDES Permit, and
elements of the statewide storm water permit for the California Department of Transportation (Caltrans).

RB-AR43321



Attachment A to Resolution No. 2002-022

Final – 12/12/02 3

Table 7-4.4. Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only): Elements
Element Key Findings and Regulatory Provisions
Problem Statement Elevated bacterial indicator densities are causing impairment of the

water contact recreation (REC-1) beneficial use at many Santa Monica
Bay (SMB) beaches. Swimming in waters with elevated bacterial
indicator densities has long been associated with adverse health effects.
Specifically, local and national epidemiological studies compel the
conclusion that there is a causal relationship between adverse health
effects and recreational water quality, as measured by bacterial
indicator densities.

Numeric Target
(Interpretation of the numeric
water quality objective, used to
calculate the waste load
allocations)

The TMDL has a multi-part numeric target based on the bacteriological
water quality objectives for marine water to protect the water contact
recreation (REC-1) use. These targets are the most appropriate
indicators of public health risk in recreational waters.

These bacteriological objectives are set forth in Chapter 3 of the Basin
Plan, as amended by the Regional Board on October 25, 2001. The
objectives are based on four bacterial indicators and include both
geometric mean limits and single sample limits. The Basin Plan
objectives  that serve as numeric targets for this TMDL are:
1. Rolling 30-day Geometric Mean Limits
a. Total coliform density shall not exceed 1,000/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b. Fecal coliform density shall not exceed 400/100 ml.
c. Enterococcus density shall not exceed 104/100 ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the

ratio of fecal-to-total coliform exceeds 0.1.

These objectives are generally based on an acceptable health risk for
marine recreational waters of 19 illnesses per 1,000 exposed individuals
as set by the US EPA (US EPA, 1986). The targets apply throughout
the year. The final compliance point for the targets is the wave wash2

where there is a freshwater outlet (i.e., publicly-owned storm drain or
natural creek) to the beach, or at ankle depth at beaches without a
freshwater outlet.

Implementation of the above bacteria objectives and the associated
TMDL numeric targets is achieved using a ‘reference system/anti-
degradation approach’ rather than the alternative ‘natural sources
exclusion approach’ or strict application of the single sample objectives.
As required by the CWA and Porter-Cologne Water Quality Control
Act, Basin Plans include beneficial uses of waters, water quality
objectives to protect those uses, an anti-degradation policy, collectively
referred to as water quality standards, and other plans and policies
necessary to implement water quality standards. This TMDL and its
associated waste load allocations, which shall be incorporated into
relevant permits, are the vehicles for implementation of the Region’s

                                                     
2 The wave wash is defined as the point at which the storm drain or creek empties and the effluent from
the storm drain initially mixes with the receiving ocean water.
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Element Key Findings and Regulatory Provisions
standards.

The ‘reference system/anti-degradation approach’ means that on the
basis of historical exceedance levels at existing shoreline monitoring
locations, including a local reference beach within Santa Monica Bay, a
certain number of daily exceedances of the single sample bacteria
objectives are permitted. The allowable number of exceedance days is
set such that (1) bacteriological water quality at any site is at least as
good as at a designated reference site within the watershed and (2) there
is no degradation of existing shoreline bacteriological water quality.
This approach recognizes that there are natural sources of bacteria that
may cause or contribute to exceedances of the single sample objectives
and that it is not the intent of the Regional Board to require treatment or
diversion of natural coastal creeks or to require treatment of natural
sources of bacteria from undeveloped areas.

The geometric mean targets may not be exceeded at any time. The
rolling 30-day geometric means will be calculated on each day. If
weekly sampling is conducted, the weekly sample result will be
assigned to the remaining days of the week in order to calculate the
daily rolling 30-day geometric mean. For the single sample targets, each
existing shoreline monitoring site is assigned an allowable number of
exceedance days during wet weather, defined as days with 0.1 inch of
rain or greater and the three days following the rain event. (A separate
amendment incorporating the Santa Monica Bay Beaches Dry-Weather
Bacteria TMDL addressed the allowable number of summer and winter
dry-weather exceedance days.)

Source Analysis With the exception of isolated sewage spills, storm water runoff
conveyed by storm drains and creeks is the primary source of elevated
bacterial indicator densities to SMB beaches during wet weather.
Because the bacterial indicators used as targets in the TMDL are not
specific to human sewage, storm water runoff from undeveloped areas
may also be a source of elevated bacterial indicator densities. For
example, storm water runoff from natural areas may convey fecal
matter from wildlife and birds or bacteria from soil. This is supported
by the finding that, at the reference beach, the probability of exceedance
of the single sample targets during wet weather is 0.22.

Loading Capacity Studies show that bacterial degradation and dilution during transport
from the watershed to the beach do not significantly affect bacterial
indicator densities at SMB beaches. Therefore, the loading capacity is
defined in terms of bacterial indicator densities, which is the most
appropriate for addressing public health risk, and is equivalent to the
numeric targets, listed above. As the numeric targets must be met in the
wave wash and throughout the day, no degradation allowance is
provided.

Waste Load Allocations (for
point sources)

Waste load allocations are expressed as the number of sample days at a
shoreline monitoring site that may exceed the single sample targets
identified under “Numeric Target.” Waste load allocations are
expressed as allowable exceedance days because the bacterial density
and frequency of single sample exceedances are the most relevant to
public health protection.
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For each shoreline monitoring site and corresponding subwatershed, an
allowable number of exceedance days is set for wet weather.

The allowable number of exceedance days for a shoreline monitoring
site for each time period is based on the lesser of two criteria
(1) exceedance days in the designated reference system and (2)
exceedance days based on historical bacteriological data at the
monitoring site. This ensures that shoreline bacteriological water
quality is at least as good as that of a largely undeveloped system and
that there is no degradation of existing shoreline bacteriological water
quality.

All responsible jurisdictions and responsible agencies3 within a
subwatershed are jointly responsible for complying with the allowable
number of exceedance days for each associated shoreline monitoring
site identified in Table 7-4.5 below.

The three Publicly Owned Treatment Works (POTWs), the City of Los
Angeles’ Hyperion Wastewater Treatment Plant, Los Angeles County
Sanitation Districts’ Joint Water Pollution Control Plant, and the Las
Virgenes Municipal Water Districts’ Tapia Wastewater Reclamation
Facility, discharging to Santa Monica Bay are each given individual
WLAs of zero (0) days of exceedance during wet weather.

                                                     
3 For the purposes of this TMDL, “responsible jurisdictions and responsible agencies” are defined as: (1)
local agencies that are responsible for discharges from a publicly owned treatment works to the Santa
Monica Bay watershed or directly to the Bay, (2) local agencies that are permittees or co-permittees on a
municipal storm water permit, (3) local or state agencies that have jurisdiction over a beach adjacent to
Santa Monica Bay, and (4) the California Department of Transportation pursuant to its storm water
permit.
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Load Allocations (for nonpoint
sources)

Because all storm water runoff to SMB beaches is regulated as a point
source, load allocations of zero days of exceedance are set in this
TMDL. If a nonpoint source is directly impacting shoreline
bacteriological quality and causing an exceedance of the numeric
target(s), the permittee(s) under the Municipal Storm Water NPDES
Permits are not responsible through these permits. However, the
jurisdiction or agency adjacent to the shoreline monitoring location may
have further obligations as described under “Compliance Monitoring”
below.

Implementation The regulatory mechanisms used to implement the TMDL will include
primarily the Los Angeles County Municipal Storm Water NPDES
Permit (MS4 Permit), the Caltrans Storm Water Permit, the three
NPDES permits for the POTWs, the authority contained in sections
13267 and 13263 of the Water Code, and regulations to be adopted
pursuant to section 13291 of the Water Code. Each NPDES permit
assigned a waste load allocation shall be reopened or amended at
reissuance, in accordance with applicable laws, to incorporate the
applicable waste load allocation(s) as a permit requirement.

The implementation schedule will be determined on the basis of the
implementation plan(s), which must be submitted to the Regional Board
by responsible jurisdictions and agencies within two years of the
effective date of the TMDL (see Table 7-4.7). After considering the
implementation plan(s), the Regional Board shall amend the TMDL at a
public hearing and, in doing so, will adopt an individual implementation
schedule for each jurisdictional group (described in paragraph 3 below)
that is as short as possible taking into account the implementation
approach being undertaken. Responsible jurisdictions and agencies
must clearly demonstrate in the above-mentioned plan whether they
intend to pursue an integrated water resources approach.4 If an
integrated water resources approach is pursued, responsible
jurisdictions and agencies may be allotted up to an 18-year
implementation timeframe, based on a clear demonstration of the need
for a longer schedule in the implementation plan, in recognition of the
additional planning and time needed to achieve the multiple benefits of
this approach. Otherwise, at most a 10-year implementation timeframe
will be allotted, depending upon a clear demonstration of the time
needed in the implementation plan.

The subwatersheds associated with each beach monitoring location may

                                                     
4 An integrated water resources approach is one that takes a holistic view of regional water resources
management by integrating planning for future wastewater, storm water, recycled water, and potable
water needs and systems; focuses on beneficial re-use of storm water, including groundwater infiltration,
at multiple points throughout a watershed; and addresses multiple pollutants for which Santa Monica Bay
or its watershed are listed on the CWA section 303(d) List as impaired. Because an integrated water
resources approach will address multiple pollutants, responsible jurisdictions can recognize cost-savings
because capital expenses for the integrated approach will implement several TMDLs that address
pollutants in storm water. An integrated water resources approach shall not only provide water quality
benefits to the people of the Los Angeles Region, but it is also anticipated that an integrated approach will
incorporate and enhance other public goals. These may include, but are not limited to, water supply,
recycling and storage; environmental justice; parks, greenways and open space; and active and passive
recreational and environmental education opportunities.
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include multiple responsible jurisdictions and responsible agencies.
Therefore, a “primary jurisdiction,” defined as the jurisdiction
comprising greater than fifty percent of the subwatershed land area, is
identified for each subwatershed (see Table 7-4.6).5 Seven primary
jurisdictions are identified within the Santa Monica Bay watershed,
each with a group of associated subwatersheds and beach monitoring
locations. These are identified as “jurisdictional groups” (see Table 7-
4.6). The primary jurisdiction of each “jurisdictional group” shall be
responsible for submitting the implementation plan described above,
which will determine the implementation timeframe for the
subwatershed.  A jurisdictional group may change its primary
jurisdiction by submitting a joint, written request, submitted by the
current primary jurisdiction and the proposed primary jurisdiction, to
the Executive Officer requesting a reassignment of primary
responsibility. Two jurisdictional groups may also choose to change the
assignment of monitoring locations between the two groups by
submitting a joint, written request, submitted by the current primary
jurisdiction and the proposed primary jurisdiction, to the Executive
Officer requesting a reassignment of the monitoring location.

If an integrated water resources approach is pursued, the jurisdictional
group(s) must achieve a 10% cumulative percentage reduction from the
total exceedance-day reduction required for the group of beach
monitoring locations within 6 years, a 25% reduction within 10 years,
and a 50% reduction within 15 years of the effective date of the TMDL.
These interim milestones for the jurisdictional group(s) will be re-
evaluated, considering planning, engineering and construction tasks,
based on the written implementation plan submitted to the Regional
Board two years after the effective date of the TMDL (see Table 7-4.7).

If an integrated water resources approach is not pursued, the
jurisdictional group(s) must achieve a 25% cumulative percentage
reduction from the total exceedance-day reduction required for the
group of beach monitoring locations within 6 years, and a 50%
reduction within 8 years of the effective date of the TMDL (see Table
7-4.7).

For those beach monitoring locations subject to the antidegradation
provision, there shall be no increase in exceedance days during the
implementation period above that estimated for the beach monitoring
location in the critical year as identified in Table 7-4.5.

The final implementation targets in terms of allowable wet-weather
exceedance days must be achieved at each individual beach location no
later than 18 years after the TMDL’s effective date if an integrated
water resources approach is pursued, or no later than 10 years after the
TMDL’s effective date if an integrated water resources approach is not
pursued. In addition, the geometric mean targets must be achieved for
each individual beach location no later than 18 years or 10 years after
the effective date, respectively, depending on whether a integrated

                                                                                                                                                                          
5 Primary jurisdictions are not defined for the Ballona Creek subwatershed or the Malibu Creek
subwatershed, since separate bacteria TMDLs are being developed for these subwatersheds.
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water resources approach is pursued or not.
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Margin of Safety The TMDL is set at levels that are exactly equivalent to the applicable

water quality standards along with the proposed reference
system/antidegradation implementation procedure.

An implicit margin of safety is included in the supporting water quality
model by assuming no dilution between the storm drain and the wave
wash, the point of compliance. This is a conservative assumption since
studies have shown that there is a high degree of variability in the
amount of dilution between the storm drain and wave wash temporally,
spatially and among indicators, ranging from 100% to 0%.

Seasonal Variations and
Critical Conditions

Seasonal variations are addressed by developing separate waste load
allocations for three time periods (wet weather, summer dry weather
and winter dry weather) based on public health concerns and observed
natural background levels of exceedance of bacterial indicators. (The
two dry-weather periods are addressed in the Santa Monica Bay
Beaches Dry-Weather Bacteria TMDL.)

The critical condition for this bacteria TMDL is wet weather generally,
when historic shoreline monitoring data for the reference beach indicate
that the single sample bacteria objectives are exceeded on 22% of the
wet-weather days sampled. To more specifically identify a critical
condition within wet weather in order to set the allowable exceedance
days shown in Tables 7-4.5 and 7-4.6, the 90th percentile ‘storm year’6

in terms of wet days is used as the reference year. Selecting the 90th

percentile year avoids a situation where the reference beach is
frequently out of compliance. It is expected that because responsible
jurisdictions and agencies will be planning for this ‘worst-case’
scenario, there will be fewer exceedance days than the maximum
allowed in drier years. Conversely, in the 10% of wetter years, it is
expected that there may be more than the allowable number of
exceedance days.

Compliance Monitoring Responsible jurisdictions and agencies as defined in Footnote 2 shall
conduct daily or systematic weekly sampling in the wave wash at all
major drains7 and creeks or at existing monitoring stations at beaches
without storm drains or freshwater outlets to determine compliance.8 At
all locations, samples shall be taken at ankle depth and on an incoming
wave. At locations where there is a freshwater outlet, during wet
weather, samples should be taken as close as possible to the wave wash,
and no further away than 10 meters down current of the storm drain or
outlet.9 At locations where there is a freshwater outlet, samples shall be
taken when the freshwater outlet is flowing into the surf zone.

If the number of exceedance days is greater than the allowable number
of exceedance days for any jurisdictional group at the interim
implementation milestones  the responsible jurisdictions and agencies

                                                     
6 For purposes of this TMDL, a ‘storm year’ means November 1 to October 31. The 90th percentile storm
year was 1993 with 75 wet days at the LAX meteorological station.
7 Major drains are those that are publicly owned and have measurable flow to the beach during dry
weather.
8 The frequency of sampling (i.e., daily versus weekly) will be at the discretion of the implementing
agencies. However, the number of sample days that may exceed the objectives will be scaled accordingly.
9 Safety considerations during wet weather may preclude taking a sample in the wave wash.
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shall be considered out-of-compliance with the TMDL. If the number of
exceedance days exceeds the allowable number of exceedance days for
a target beach at the final implementation deadline, the responsible
jurisdictions and agencies within the contributing subwatershed shall be
considered out-of-compliance with the TMDL. Responsible
jurisdictions or agencies shall not be deemed out of compliance with the
TMDL if the investigation described in the paragraph below
demonstrates that bacterial sources originating within the jurisdiction of
the responsible agency have not caused or contributed to the
exceedance.

If a single sample shows the discharge or contributing area to be out of
compliance, the Regional Board may require, through permit
requirements or the authority contained in Water Code section 13267,
daily sampling in the wave wash or at the existing open shoreline
monitoring location (if it is not already) until all single sample events
meet bacteria water quality objectives. Furthermore, if a beach location
is out-of-compliance as determined in the previous paragraph, the
Regional Board shall require responsible agencies to initiate an
investigation, which at a minimum shall include daily sampling in the
wave wash or at the existing open shoreline monitoring location until
all single sample events meet bacteria water quality objectives.  If
bacteriological water quality objectives are exceeded in any three weeks
of a four-week period when weekly sampling is performed, or, for areas
where testing is done more than once a week, 75% of testing days
produce an exceedence of bacteria water quality objectives, the
responsible agencies shall conduct a source investigation of the
subwatershed(s) pursuant to protocols established under Water Code
13178. If a beach location without a freshwater outlet is out-of-
compliance or if the outlet is diverted or being treated, the adjacent
municipality, County agency(s), or State or federal agency(s) shall be
responsible for conducting the investigation and shall submit its
findings to the Regional Board to facilitate the Regional Board
exercising further authority to regulate the source of the exceedance in
conformance with the Porter-Cologne Water Quality Control Act.

Note: The complete staff report for the TMDL is available for review upon request.
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Table 7-4.5. Final Allowable Wet-Weather Exceedance Days by Beach Location

Beach Monitoring Location

Estimated no. of
wet weather
exceedance days
in critical year
(90th percentile)*

Final allowable
no. of wet
weather
exceedance days
(daily sampling)*

DHS 010 - Leo Carrillo Beach, at 35000 PCH 17 17

DHS 009 - Nicholas Beach- 100 feet west of lifeguard tower 14 14

DHS 010a - Broad Beach 15 15

DHS 008 - Trancas Beach entrance, 50 yards east of Trancas
Bridge

19 17

DHS 007 - Westward Beach, east of Zuma Creek 17 17

DHS 006 - Paradise Cove, adjacent to west side of Pier 23 17

DHS 005 - Latigo Canyon Creek entrance 33 17

DHS 005a - Corral State Beach 17 17

DHS 001a - Las Flores Beach 29 17

DHS 001 - Big Rock Beach, at 19900 PCH 30 17

DHS 003 - Malibu Point 18 17

DHS 003a - Surfrider Beach (second point)- weekly 45 17

S1 - Surfrider Beach (breach point)- daily 47 17

DHS 002 - Malibu Pier- 50 yards east 45 17

S2 - Topanga State Beach 26 17

DHS 101 - PCH and Sunset Bl.- 400 yards east 25 17

DHS 102 - 16801 Pacific Coast Highway, Bel Air Bay Club (chain
fence)

28 17

S3 - Pulga Canyon storm drain- 50 yards east 23 17

DHS 103 - Will Rogers State Beach- Temescal Canyon (25 yrds.
so. of drain)

31 17

S4 - Santa Monica Canyon, Will Rogers State Beach 25 17

DHS 104a - Santa Monica Beach at San Vicente Bl. 34 17

DHS 104 - Santa Monica at Montana Av. (25 yrds. so. of drain) 31 17

DHS 105 - Santa Monica at Arizona (in front of the drain) 31 17

S5 - Santa Monica Municipal Pier- 50 yards southeast 35 17

S6 - Santa Monica Beach at Pico/Kenter storm drain 42 17

DHS 106 - Santa Monica Beach at Strand St. (in front of the
restrooms)

36 17

DHS 106a - Ashland Av. storm drain- 50 yards north 39 17

S7 - Ashland Av. storm drain- 50 yards south 22 17

DHS 107 - Venice City Beach at Brooks Av. (in front of the drain) 40 17
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Beach Monitoring Location

Estimated no. of
wet weather
exceedance days
in critical year
(90th percentile)*

Final allowable
no. of wet
weather
exceedance days
(daily sampling)*

S8 - Venice City Beach at Windward Av.-  50 yards north 13 13

DHS 108 - Venice Fishing Pier- 50 yards south 17 17

DHS 109 - Venice City Beach at Topsail St. 38 17

S11 - Dockweiler State Beach at Culver Bl. 23 17

DHS 110 - Dockweiler State Beach- south of D&W jetty 30 17

S12 - Imperial HWY storm drain- 50 yards north 17 17

DHS 111 - Hyperion Treatment Plant One Mile Outfall 18 17

DHS 112 - Dockweiler State Beach at Grand Av. (in front of the
drain)

25 17

S10 - Ballona Creek entrance- 50 yards south 34 17

S13 - Manhattan State Beach at 40th Street 4 4

S14 - Manhattan Beach Pier- 50 yards south 5 5

DHS 114 - Hermosa City Beach at 26th St. 12 12

S15 - Hermosa Beach Pier- 50 yards south 8 8

DHS 115 - Herondo Street storm drain- (in front of the drain) 19 17

S16 - Redondo Municipal Pier- 50 yards south 14 14

DHS 116 - Redondo State Beach at Topaz St. - north of jetty 19 17

S17 - Redondo State Beach at Avenue I 6 6

S18 - Malaga Cove, Palos Verdes Estates-daily 3 3

LACSDM - Malaga Cove, Palos Verdes Estates-weekly 14 14

LACSDB - Palos Verdes (Bluff) Cove, Palos Verdes Estates 0 0

LACSD1 - Long Point, Rancho Palos Verdes 5 5

LACSD2 - Abalone Cove Shoreline Park 1 1

LACSD3 - Portuguese Bend Cove, Rancho Palos Verdes 2 2

LACSD5 - Royal Palms State Beach 6 6

LACSD6 - Wilder Annex, San Pedro 2 2

LACSD7 - Cabrillo Beach, oceanside 3 3

Notes: * The compliance targets are based on existing shoreline monitoring data and assume
daily sampling. If systematic weekly sampling is conducted, the compliance targets will be
scaled accordingly. These are the compliance targets until additional shoreline monitoring data
are collected prior to revision of the TMDL. Once additional shoreline monitoring data are
available, the following will be re-evaluated when the TMDL is revised 1) estimated number of
wet-weather exceedance days in the critical year at all beach locations, including the reference
system(s)  and 2) final allowable wet-weather exceedance days for each beach location.
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Table 7-4.7. Santa Monica Bay Beaches Bacteria TMDL (Wet Weather Only): Significant Dates
Date Action

120 days after the effective date
of the TMDL

Pursuant to a request from the Regional Board,
responsible jurisdictions and responsible agencies must
submit coordinated shoreline monitoring plan(s) to be
approved by the Executive Officer, including a list of new
sites* and/or sites relocated to the wave wash at which
time responsible jurisdictions and responsible agencies
shall select between daily or systematic weekly shoreline
sampling.

20 months after the effective date
of the TMDL

Responsible jurisdictions and agencies shall provide a
draft written report to the Regional Board outlining how
each intends to cooperatively (through Jurisdictional
Groups) achieve compliance with the TMDL. The report
shall include implementation methods, an implementation
schedule, and proposed milestones.

Two years after effective date of
TMDL

Responsible jurisdictions and agencies shall provide a
written report to the Regional Board outlining how each
intends to cooperatively (through Jurisdictional Groups)
achieve compliance with the TMDL. The report shall
include implementation methods, an implementation
schedule, and proposed milestones. Under no
circumstances shall final compliance dates exceed 10
years for non-integrated approaches or 18 years for
integrated water resources approaches. Regional Board
staff shall bring to the Regional Board the aforementioned
plans as soon as possible for consideration.

4 years after effective date of
TMDL

The Regional Board shall reconsider the TMDL to:

(1) refine allowable wet weather exceedance days based
on additional data on bacterial indicator densities in
the wave wash and an evaluation of site-specific
variability in exceedance levels,

(2) re-evaluate the reference system selected to set
allowable exceedance levels, including a
reconsideration of whether the allowable number of
exceedance days should be adjusted annually
dependent on the rainfall conditions and an evaluation
of natural variability in exceedance levels in the
reference system(s),

(3) re-evaluate the reference year used in the calculation
of allowable exceedance days, and

(4) re-evaluate whether there is a need for further
clarification or revision of the geometric mean
implementation provision.
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Date Action

Significant Dates for Responsible Jurisdictions and Agencies Not Pursuing an Integrated
Water Resources Approach

6 years after effective date of the
TMDL

Each defined jurisdictional group must achieve a 25%
cumulative percentage reduction from the total
exceedance-day reductions required for that jurisdictional
group as identified in Table 7-4.6.

8 years after effective date of the
TMDL

Each defined jurisdictional group must achieve a 50%
cumulative percentage reduction from the total
exceedance-day reductions required for that jurisdictional
group as identified in Table 7-4.6.

10 years after effective date of the
TMDL

Final implementation targets in terms of allowable wet-
weather exceedance days must be achieved at each
individual beach as identified in Table 7-4.5. In addition,
the geometric mean targets must be achieved for each
individual beach location.

Significant Dates for Responsible Jurisdictions and Agencies Pursuing an Integrated
Water Resources Approach to Implementation

6 years after effective date of the
TMDL

Each defined jurisdictional group must achieve a 10%
cumulative percentage reduction from the total
exceedance-day reductions required for that jurisdictional
group as identified in Table 7-4.6.

10 years after effective date of the
TMDL

Each defined jurisdictional group must achieve a 25%
cumulative percentage reduction from the total
exceedance-day reductions required for that jurisdictional
group as identified in Table 7-4.6.

15 years after effective date of the
TMDL

Each defined jurisdictional group must achieve a 50%
cumulative percentage reduction from the total
exceedance-day reductions required for that jurisdictional
group as identified in Table 7-4.6.

18 years after effective date of the
TMDL

Final implementation targets in terms of allowable wet-
weather exceedance days must be achieved at each
individual beach as identified in Table 7-4.5. In addition,
the geometric mean targets must be achieved for each
individual beach location.

Notes:  *For those subwatersheds without an existing shoreline monitoring site, responsible jurisdictions and
agencies must establish a shoreline monitoring site if there is measurable flow from a creek or publicly owned storm
drain to the beach during dry weather.
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Attachment B to Resolution No. 2002-022
Amendment to the Water Quality Control Plan – Los Angeles Region to Revise the Santa Monica

Bay Beaches Dry-Weather Bacteria TMDL

Adopted by the California Regional Water Quality Control Board, Los Angeles Region on December 12,
2002.

Amendments:

Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries
Santa Monica Bay Beaches Bacteria TMDL (Dry Weather Only)*

Table 7-4.3. Santa Monica Bay Beaches Bacteria TMDL (Dry Weather Only): Significant Dates
Date Action

120 days after the effective date
of the TMDL

Responsible jurisdictions and responsible agencies must
submit coordinated shoreline monitoring plan(s),
including a list of new sites or sites relocated to the wave
wash at which time responsible jurisdictions and
responsible agencies will select between daily and weekly
shoreline sampling.

120 days after the effective date
of the TMDL

Responsible jurisdictions and responsible agencies must
identify and provide documentation on 342 potential
discharges to Santa Monica Bay beaches listed in
Appendix C of the TMDL Staff Report dated January 11,
2002. Documentation must include a Report of Waste
Discharge (ROWD) where necessary.

Responsible jurisdictions and responsible agencies must
identify and provide documentation on potential
discharges to the Area of Special Biological Significance
(ASBS) in northern Santa Monica Bay from Latigo Point
to the County line.

Cessation of the discharges into the ASBS shall be
required in conformance with the California Ocean Plan.

2 4 years after effective date of
TMDL

Re-open TMDL to re-evaluate allowable winter dry
weather exceedance days based on additional data on
bacterial indicator densities in the wave wash, a re-
evaluation of the reference system selected to set
allowable exceedance levels, and a re-evaluation of the
reference year used in the calculation of allowable
exceedance days.

3 years after effective date of the
TMDL

Achieve compliance with allowable exceedance days as
set forth in Table 7-4.2a and rolling 30-day geometric
mean targets during summer dry weather (April 1 to
October 31).

6 years after effective date of the
TMDL

Achieve compliance with allowable exceedance days as
set forth in Table 7-4.2a and rolling 30-day geometric
mean targets during winter dry weather (November 1 to
March 31).
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yo

n 
(K

eb
ab

jia
n.

19
88

).
 B

ec
au

se
 o

f

th
e 

sm
al

l s
am

pl
e 

si
ze

, t
he

 d
at

a 
co

ul
d 

no
t b

e 
st

at
is

tic
al

ly
an

al
yz

ed
, b

ut
 th

e 
C

ou
nt

y 
in

te
r-

pr
et

ed
 th

e 
da

ta
 a

s 
de

m
on

st
ra

tin
g 

th
at

ba
ct

er
ia

l d
en

si
tie

s 
in

 th
e 

su
rf

-z
on

e 
dr

op
pe

d 
of

f

m
ar

ke
dl

y 
at

 d
is

ta
nc

es
 g

re
at

er
 th

an
 2

5 
ya

rd
s 

fr
om

th
e 

dr
ai

n.
 H

ea
l t

he
 B

ay
 d

is
ag

re
ed

 w
ith

th
is

 in
te

rp
re

ta
tio

n,
 c

iti
ng

 th
e 

sm
al

l s
am

pl
e 

si
ze

, t
he

 fa
ct

th
at

 th
e 

LA
C

D
H

S
 w

ee
kl

y 
m

on
i-

to
rin

g 
w

at
er

 s
am

pl
es

 w
er

e 
co

lle
ct

ed
 5

0 
to

 1
00

 y
ar

ds
fr

om
 s

to
rm

 d
ra

in
s,

 a
nd

 th
e 

fr
eq

ue
nt
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fa
ilu

re
 o

f t
he

 c
ol

le
ct

ed
 s

am
pl

es
 to

 m
ee

t t
he

 b
ac

te
ria

l o
bj

ec
tiv

es
 o

f T
itl

e 
17

 o
f t

he

C
al

ifo
rn

ia
 H

ea
lth

 C
od

e 
an

d 
th

e 
O

ce
an

 P
la

n.
 A

lth
ou

gh
 H

ea
l t

he
 B

ay
 d

is
ag

re
ed

 w
ith

 th
e

C
ou

nt
y,

 th
e 

si
gn

s 
po

st
ed

 in
 p

ro
bl

em
 a

re
as

 in
st

ru
ct

ed
 s

w
im

m
er

s 
to

 s
ta

y 
at

 le
as

t 2
5 

ya
rd

s

fr
om

 fl
ow

in
g 

st
or

m
 d

ra
in

s.

In
 th

e 
su

m
m

er
 o

f 1
99

0,
 L

os
 A

ng
el

es
 C

ou
nt

y 
ch

an
ge

d 
th

ei
r 

po
lic

y 
to

 in
cl

ud
e 

al
l f

lo
w

in
g

st
or

m
 d

ra
in

s 
to

 th
e 

B
ay

. I
f a

 s
to

rm
 d

ra
in

 fl
ow

ed
 a

cr
os

s 
th

e 
be

ac
h 

in
to

 th
e 

oc
ea

n.
 th

en
 L

os

A
ng

el
es

 C
ou

nt
y 

lif
eg

ua
rd

s 
po

st
ed

 a
 w

ar
ni

ng
 s

ig
n 

pr
ox

im
at

e 
to

 th
e 

lo
ca

tio
n 

w
he

re
 th

e

flo
w

 r
ea

ch
ed

 th
e 

su
rf

-z
on

e.
 O

n 
an

y 
gi

ve
n 

da
y,

 1
2 

to
 1

5 
st

or
m

 d
ra

in
s 

m
ay

 fl
ow

 in
to

 S
an

ta

M
on

ic
a 

B
ay

.
In

 a
dd

iti
on

, t
he

se
 w

ar
ni

ng
 s

ig
ns

 w
er

e 
pe

rm
an

en
tly

 p
os

te
d 

ne
ar

 M
al

ib
u

La
go

on
. T

he
 w

ar
ni

ng
 s

ig
n 

w
as

 d
ev

el
op

ed
 o

ve
r 

ei
gh

t m
on

th
s 

of
 d

is
cu

ss
io

ns
 b

y 
th

e 
P

ub
lic

A
dv

is
or

y 
C

om
m

itt
ee

 a
nd

 M
an

ag
em

en
t C

om
m

itt
ee

 o
f t

he
 S

M
B

R
P

. T
he

 fi
na

l s
ig

n 
st

at
ed

.

in
 E

ng
lis

h 
an

d 
S

pa
ni

sh
."

C
au

tio
n!

 S
to

rm
 D

ra
in

 W
at

er
 a

nd
 S

ur
f M

ay
 B

e 
C

on
ta

m
in

at
ed

.

N
o 

S
w

im
m

in
g.

".
 T

he
 s

ig
n 

al
so

 d
is

pl
ay

ed
 th

e 
un

iv
er

sa
l N

o-
S

w
im

m
in

g 
sy

m
bo

l. 
T

he
 s

ig
n

is
 c

ur
re

nt
ly

 u
se

d 
at

 b
ea

ch
 lo

ca
tio

ns
 a

ll 
al

on
g 

th
e 

B
ay

.
H

ow
ev

er
, b

ec
au

se
 o

f a
 la

ck
 o

f

co
ns

en
su

s 
by

 th
e 

S
M

B
R

P
, t

he
 w

ar
ni

ng
 o

n 
th

e 
si

gn
 d

id
 n

ot
 in

cl
ud

e 
a 

re
co

m
m

en
da

tio
n 

on

th
e 

re
qu

ire
d 

nu
m

be
r 

of
 y

ar
ds

 n
ee

de
d 

to
 p

ro
te

ct
 s

w
im

m
er

s 
fr

om
 e

xp
os

ur
e 

to
 s

to
rm

 d
ra

in

flo
w

.

Lo
s 

A
ng

el
es

 C
ou

nt
y 

di
d 

no
t a

gr
ee

 to
 p

os
t a

ll 
flo

w
in

g 
st

or
m

 d
ra

in
s 

un
til

 a
 n

um
be

r 
of

ev
en

ts
 o

cc
ur

re
d 

in
 1

99
0.

 In
 J

ul
y.

 th
e 

M
un

ic
ip

al
 S

to
rm

w
at

er
 N

at
io

na
l P

ol
lu

ta
nt

 D
is

ch
ar

ge

E
lim

in
at

io
n 

S
ys

te
m

 (
N

P
D

E
S

) 
fe

de
ra

l p
er

m
it 

fo
r 

Lo
s 

A
ng

el
es

 C
ou

nt
y 

w
as

 a
pp

ro
ve

d 
by

th
e 

R
W

Q
C

B
. F

or
 th

e 
fir

st
 ti

m
e,

 th
e 

LA
C

D
P

W
 a

nd
 th

e 
19

 c
o-

pe
rm

itt
ee

 c
iti

es
 in

 th
e 

S
an

ta

M
on

ic
a 

B
ay

 w
at

er
sh

ed
 w

er
e 

re
qu

ire
d 

to
 d

ev
el

op
 s

to
rm

w
at

er
 m

an
ag

em
en

t p
la

ns
 to

 r
ed

uc
e

th
e 

po
llu

ta
nt

 lo
ad

 to
 S

an
ta

 M
on

ic
a 

B
ay

 (
R

W
Q

C
B

, 1
99

0)
.

A
ls

o.
 th

e 
cr

ea
tio

n 
of

 th
e
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S
M

B
R

P
 b

ro
ug

ht
 fa

r 
gr

ea
te

r 
fo

cu
s 

on
 th

e 
is

su
e 

of
 th

e 
he

al
th

 r
is

ks
 o

f s
w

im
m

in
g 

in
 th

e 
B

ay
.

T
he

 T
ec

hn
ic

al
 A

dv
is

or
y 

C
om

m
itt

ee
 h

ad
 S

ur
f-

Z
on

e 
P

at
ho

ge
n 

an
d 

S
to

rm
 D

ra
in

 s
ub

co
m

-

m
itt

ee
s 

an
d 

th
e 

M
an

ag
em

en
t C

om
m

itt
ee

 h
ad

 a
 N

on
-P

oi
nt

 S
ou

rc
e 

su
bc

om
m

itt
ee

. I
n 

Ju
ne

of
 1

99
0,

 th
e 

S
M

B
R

P
 r

el
ea

se
d 

th
ei

r 
fir

st
 s

tu
dy

 a
rt

 s
to

rm
 d

ra
in

 in
pu

ts
 o

f f
ec

al
 in

di
ca

to
r

or
ga

ni
sm

s 
an

d 
hu

m
an

 e
nt

er
ic

 v
iru

se
s 

to
 S

an
ta

 M
on

ic
a 

B
ay

 (
G

ol
d,

 e
t a

l.,
 1

99
0)

.
T

he

re
se

ar
ch

er
s 

fo
un

d 
th

at
 h

um
an

 e
nt

er
ic

 v
iru

se
s,

 a
n 

in
di

ca
tio

n 
of

 s
ew

ag
e 

co
nt

am
in

at
io

n.

w
er

e 
fo

un
d 

in
 r

un
of

f f
ro

m
 th

e 
P

ic
o-

K
en

te
r 

st
or

m
 d

ra
in

.
A

ll 
of

 th
es

e 
ev

en
ts

 m
ad

e 
co

m
-

m
un

ic
at

io
n 

to
 th

e 
pu

bl
ic

 o
n 

th
e 

he
al

th
 r

is
ks

 o
f s

w
im

m
in

g 
ne

ar
 s

to
rm

 d
ra

in
s 

a 
pr

io
rit

y 
fo

r

a 
la

rg
er

 a
nd

 m
or

e 
in

flu
en

tia
l g

ro
up

 o
f d

ec
is

io
n 

m
ak

er
s.

T
he

 E
vo

lu
tio

n 
of

 th
e 

Lo
s 

A
ng

el
es

 C
ou

nt
y 

B
ea

ch
 C

lo
su

re

an
d 

H
ea

lth
 W

ar
ni

ng
 P

ro
to

co
l

T
he

 is
su

e 
of

 d
ev

el
op

in
g 

a 
C

ou
nt

y-
w

id
e 

po
lic

y 
fo

r 
cl

os
in

g 
th

e 
be

ac
h 

an
d 

w
ar

ni
ng

 th
e

pu
bl

ic
 a

bo
ut

 p
ot

en
tia

l h
ea

lth
 r

is
ks

 w
as

 fi
rs

t r
ai

se
d 

du
rin

g 
th

e 
su

m
m

er
 o

f 1
98

6.
 H

ea
l t

he

B
ay

 m
et

 w
ith

 R
ob

er
t G

at
es

, D
ire

ct
or

 o
f t

he
 L

A
C

D
H

S
, t

o 
di

sc
us

s 
th

e 
is

su
e 

in
 S

ep
te

m
be

r.

In
 N

ov
em

be
r,

 G
al

es
 s

um
m

ar
iz

ed
 th

e 
LA

C
D

H
S

 p
os

iti
on

 o
n 

be
ac

h 
cl

os
ur

es
 a

nd
 h

ea
lth

w
ar

ni
ng

s 
to

 th
e 

C
ou

nt
y 

B
oa

rd
 o

f S
up

er
vi

so
rs

 a
s 

fo
llo

w
s 

(L
A

C
D

H
S

, 1
93

6)
:

I)
 N

o 
ev

id
en

ce
 e

xi
st

s 
w

hi
ch

 w
ou

ld
 ju

st
ify

 c
lo

si
ng

 o
r 

fu
rt

he
r 

re
st

ric
tin

g 
th

e 
us

e 
of

ba
th

in
g 

w
at

er
s 

ad
ja

ce
nt

 to
 th

e 
st

or
m

 d
ra

in
s:

2)
It 

is
 b

el
ie

ve
d 

th
at

 th
e 

m
aj

or
ity

 o
f c

ol
ifo

rm
 b

ac
te

ria
 in

 s
to

rm
 d

ra
in

 r
un

of
f a

re

fr
om

 n
on

-f
ec

al
 s

ou
rc

es
:

33

3)
 O

th
er

 s
tu

di
es

 in
di

ca
te

 th
at

 c
on

ta
ct

 w
ith

 w
at

er
s 

fr
om

 s
to

rm
 d

ra
in

s
co

nt
ai

ni
ng

el
ev

at
ed

 le
ve

ls
 o

f n
on

-h
um

an
 c

ol
ifo

rm
s 

is
 n

ot
 g

en
er

al
ly

 a
ss

oc
ia

te
d

w
ith

 m
ea

su
r-

ab
le

 in
cr

ea
se

s 
in

 h
um

an
 d

is
ea

se
;

4)
 N

o 
in

cr
ea

se
 in

 th
e 

in
ci

de
nc

e 
of

 d
is

ea
se

 h
as

 b
ee

n 
as

so
ci

at
ed

 w
ith

oc
ea

n 
w

at
er

co
nt

ac
t;

5)
 N

o 
si

gn
ifi

ca
nt

 h
ea

lth
 h

az
ar

d 
ex

is
ts

 fo
r 

pe
rs

on
s 

fa
ili

ng
 to

 o
bs

er
ve

 th
e

po
st

ed

w
ar

ni
ng

 s
ig

ns
 a

t t
he

 s
to

rm
 d

ra
in

s;
 a

nd

6)
B

ac
te

ria
 d

is
ch

ar
ge

d 
in

to
 o

ce
an

 w
at

er
s 

ar
e 

ra
pi

dl
y 

di
lu

te
d

at
 d

is
ta

nc
es

 o
f 1

0

ya
rd

s 
or

 m
or

e.

T
he

 L
A

C
D

H
S

 p
os

iti
on

 o
n 

be
ac

h 
cl

os
ur

es
 a

nd
 h

ea
lth

w
ar

ni
ng

s 
w

as
 fl

aw
ed

 fo
r 

a 
nu

m
be

r

of
 r

ea
so

ns
. B

y 
19

86
. a

n 
ep

id
em

io
lo

gy
 s

tu
dy

 o
n 

pe
op

le
 w

ho
 s

w
im

 in
st

or
m

 d
ra

in
 r

un
of

f

co
nt

am
in

at
ed

 w
at

er
s 

ha
d 

no
t b

ee
n 

un
de

rt
ak

en
. N

on
e 

of
 th

e 
co

nt
en

tio
ns

 o
f t

he
 L

A
C

D
H

S

on
 h

ea
lth

 r
is

ks
 c

ou
ld

 b
e 

ju
st

ifi
ed

 w
ith

ou
t e

pi
de

m
io

lo
gi

ca
l o

r 
he

al
th

 r
is

k
as

se
ss

m
en

t s
tu

d-

ie
s 

to
 s

up
po

rt
 th

ei
r 

co
nc

lu
si

on
s.

A
ls

o,
 th

e 
co

nc
lu

si
on

s 
of

 th
e 

LA
C

D
H

S
 w

er
e 

ba
se

d 
on

to
ta

l c
ol

ifo
rm

 d
en

si
tie

s.
T

ot
al

 c
ol

ifo
rm

 b
ac

te
ria

 c
an

 c
om

e 
fr

om
 v

eg
et

at
io

n 
an

d 
so

il
as

w
el

l a
s 

w
ar

m
 b

lo
od

ed
 a

ni
m

al
s.

T
he

 L
A

C
D

H
S

 h
ad

 ju
st

 a
dd

ed
 e

nt
er

oc
oc

cu
s,

 w
hi

ch
 is

fo
un

d 
on

ly
 in

 th
e 

fe
ce

s 
of

 w
ar

m
 b

lo
od

ed
 a

ni
m

al
s,

 to
 th

ei
r

m
on

ito
rin

g 
pr

og
ra

m
 in

 th
e

su
m

m
er

, y
et

 th
es

e 
da

ta
 a

nd
 th

ei
r 

fe
ca

l c
ol

ifo
rm

 d
at

a 
w

er
e 

ig
no

re
d 

in
 th

e
de

ve
lo

pm
en

t o
f

th
e 

LA
C

D
H

S
 p

ol
ic

y.
 F

in
al

ly
, a

s 
st

at
ed

 e
ar

lie
r,

 th
e

in
te

rp
re

ta
tio

n 
of

 th
e 

in
di

ca
to

r 
ba

ct
er

ia

di
lu

tio
n 

da
ta

 w
as

 fl
aw

ed
 b

ec
au

se
 th

e 
sa

m
pl

e 
si

ze
w

as
 to

o 
sm

al
l t

o 
an

al
yz

e 
st

at
is

tic
al

ly
.
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U
nt

il 
th

e 
pu

bl
ic

 o
r 

th
e 

re
se

ar
ch

 c
om

m
un

ity
 c

ou
ld

 p
ro

vi
de

 n
ew

 te
ch

ni
ca

l i
nf

or
m

at
io

n 
to

pr
ov

e 
ot

he
rw

is
e,

 th
e 

LA
C

D
H

S
 in

te
nd

ed
 to

 r
em

ai
n 

fir
m

 in
 th

ei
r 

be
lie

f t
ha

t u
rb

an
 r

un
of

f

po
se

d 
an

 in
si

gn
ifi

ca
nt

 h
ea

lth
 r

is
k 

to
 s

w
im

m
er

s 
in

 S
an

ta
 M

on
ic

a 
B

ay
. H

ow
ev

er
, b

ec
au

se

of
 p

ub
lic

 c
on

ce
rn

 o
ve

r 
th

e 
nu

m
er

ou
s 

se
w

ag
e 

sp
ill

s 
to

 th
e 

B
ay

. t
he

 L
A

C
D

H
S

 s
oo

n 
de

m
-

on
st

ra
te

d 
fle

xi
bi

lit
y 

on
 th

ei
r 

be
ac

h 
cl

os
ur

e 
an

d 
he

al
th

 w
ar

ni
ng

 p
ol

ic
ie

s 
du

rin
g 

se
w

ag
e

sp
ill

s.

T
he

 p
os

iti
on

 o
f t

he
 L

A
C

D
H

S
 o

n 
th

e 
be

ac
h 

cl
os

ur
e 

an
d 

he
al

th
 w

ar
ni

ng
 p

ro
to

co
l r

em
ai

ne
d

un
ch

an
ge

d 
un

til
 O

ct
ob

er
. 1

98
7.

 A
 n

um
be

r 
of

 w
el

l p
ub

lic
iz

ed
 d

ry
-w

ea
th

er
 s

ew
ag

e 
sp

ill
s

to
 th

e 
B

ay
 m

ay
 h

av
e 

be
en

 th
e 

ca
ta

ly
st

 o
f c

ha
ng

e 
in

 th
e 

LA
C

D
H

S
 p

ol
ic

y.
 T

hr
ee

 m
aj

or

se
w

ag
e 

sp
ill

s 
ra

ng
in

g 
fr

om
 1

.5
 m

ill
io

n 
to

 a
pp

ro
xi

m
at

el
y 

ni
ne

 m
ill

io
n 

ga
llo

ns
 o

cc
ur

re
d

be
tw

ee
n 

M
ay

 2
5 

an
d 

Ju
ne

 5
 b

ec
au

se
 o

f e
le

ct
ric

al
 fa

ilu
re

s 
at

 th
e 

H
yp

er
io

n 
T

re
at

m
en

t

P
la

nt
. T

he
 s

ew
ag

e 
w

as
 r

el
ea

se
d 

F
ro

m
 th

e 
H

yp
er

io
n 

T
re

at
m

en
t P

la
nt

's
 o

ne
 m

ile
 o

ut
fa

ll.

S
an

ta
 M

on
ic

a 
B

ay
 b

ea
ch

es
 r

em
ai

ne
d 

op
en

 b
ec

au
se

 th
e 

se
w

ag
e 

sp
ill

s 
ha

d 
be

en
 r

ep
or

te
d

ne
ith

er
 to

 th
e 

LA
C

D
H

S
 n

or
 to

 o
ffi

ci
al

s 
at

 C
ity

 H
al

l. 
T

w
o 

sh
ift

 s
up

er
in

te
nd

en
ts

 w
er

e

su
sp

en
de

d 
fo

r 
th

ei
r 

fa
ilu

re
 to

 r
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.
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 p
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f r
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 c
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f m
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e 

V
en

ic
e 

ca
na

ls
 w
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 p
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e 

ci
ty

 o
f L

os
A

ng
el

es
 h

el
d 

a 
pr

es
s 

co
nf

er
.

en
ce

 o
n 

F
rid

ay
, J

un
e 

12
.

T
he

 s
ew

ag
e 

sp
ill

s 
le

d 
to

 a
 J

ul
y 

m
ee

tin
g 

th
at

 w
as

 th
e 
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 m
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 m
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ra
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 D
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ep

re
se

nt
at

iv
es

 o
f

th
e 

LA
C

D
H

S
, L

A
C

D
B

1-
1,

 th
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 c
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 b
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f b
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 b
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e 

an
d

he
al

th
 w

ar
ni

ng
 p
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 b
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is
k.

P
re

ss
 r
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 b
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 p
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 b
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 c
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 r
em

ai
ne

d 
cl

os
ed

si
nc

e 
th

e

ra
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 b
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 b
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 b
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l l
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l c
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 c
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 D
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 c
lo

se
 th

e 
be

ac
he

s 
w

he
n 

an
y 

su
s-

pe
ct

ed
 h

az
ar

do
us

 m
at

er
ia

l d
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l d
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 d
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t c
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 c
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 b
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.
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 p
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 r
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 d
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 c
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 b
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 c
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 c
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 b
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l d
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 D
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 c
oa

st
, a

nd
 E

d 
E

de
lm

an
.

S
up

er
vi

so
r 

E
de

lm
an

ha
d 

pr
ev

io
us

 e
nv

iro
nm

en
ta

l e
xp

er
ie

nc
e 

on
 th
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at

 in
cl

ud
ed

a 
lo

ng
 h

is
to

ry
 o

f S
an

ta

M
on

ic
a 

M
ou

nt
ai

ns
 h

ab
ita

t p
ro

te
ct

io
n 

an
d 

la
nd

 a
cq

ui
si

tio
n 

w
hi

le
S

up
er

vi
so

r 
D

an
a 

ha
d 

a

m
uc

h 
w

ea
ke

r 
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 d
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 c
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l p
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 b
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 m
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t m
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ea
ch

 P
ol

lu
tio

n 
R

ep
or

t a
nd

 R
ep

or
t C

ar
d.

T
he

 r
ep

or
t s

um
m

ar
iz

ed
 th

e 
ba

ct
er

ia
l m

on
ito

rin
g 

da
ta

 fr
om

 th
e 

LA
C

D
H

S
 a

nd
 th

e 
LA

E
M

D

fr
om

 1
98
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to

 A
pr

il 
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99

1.
 T

he
 d

at
a 

w
as

 th
en
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tr

an
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or
m

ed
" 

in
to

 a
 p

ub
lic

 fr
ie

nd
ly

 fo
rm

to
 in

fo
rm

 th
e 

pu
bl
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 h

ow
 o

fte
n 

S
an

ta
 M

on
ic

a 
B

ay
 b

ea
ch
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ile
d 

to
 m

ee
t E

P
A

 r
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om
-

m
en

de
d 
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th

in
g 

w
at

er
 c

rit
er

ia
.

T
he

 B
ea

ch
 R

ep
or

t C
ar

d 
pr

es
s 

co
nf

er
en

ce
 w

as
 w

id
el

y

co
ve

re
d 

by
 p

rin
t, 
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o 
an

d 
te
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vi

si
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 m
ed

ia
.

T
he

 r
ec

om
m

en
de

d 
be

ac
h 

cl
os

ur
e 

pr
ot

oc
ol

 fr
om

 H
ea

l t
he

 B
ay
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 a
dd

iti
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 r

ec
om

-

m
en

de
d 

be
ac

h 
cl

os
ur

e 
an

d 
he
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 w
ar

ni
ng
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l w
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 p
ar

t o
f t
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T
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ec
om

-

m
en

de
d 

B
ea

ch
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lo
su

re
 P

ro
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co
l f

ro
m

 H
ea

l t
he

 B
ay

 w
as

 th
e 

fo
llo

w
in
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 T
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 b

ea
ch

 1
00
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ar
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 o

n 
ei

th
er
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e 
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 fl
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in

g 
st

or
m

 d
ra
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 m
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t b

e 
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im
m
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te
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 d
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tie
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te
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 c
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e
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f c
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2)
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ll 
S

an
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 M
on

ic
a 

B
ay
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t b
e 
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ed
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r 
at
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48
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ou
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fte
r 

a
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 o
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er
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 1
/4
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 o
f r
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nf
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n 
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Lo
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A

ng
el
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ea
.

3)
 A

ll 
S

an
ta

 M
on

ic
a 

B
ay

 b
ea

ch
es

 m
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t b
e 

cl
os

ed
 fo

r 
at

 le
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t 4
8 

ho
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s
in

 th
e 

ev
en

t
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 a
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ew
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e 
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ill
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r 
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le
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xc
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 1
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 b
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ch
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e 
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-

m
ed
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te
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in
ity
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f a

 s
m

al
l s

ew
ag

e 
sp

ill
 m
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t b

e 
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ed

 fo
r a

t l
ea

st
 4

8 
ho

ur
s.

4)
 A

ll 
S

an
ta

 M
on

ic
a 

B
ay

 b
ea

ch
es

 m
us

t b
e 

cl
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ed
 im

m
ed
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te
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e

ev
en

t o
f a
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m
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c 
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er
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 1
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ga
llo
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5)
 T

he
 L

os
 A

ng
el

es
 C

ou
nt

y 
lif

eg
ua

rd
s 

m
us

t i
m

m
ed
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te
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 c

lo
se

an
 im
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ct

ed

st
re

tc
h 
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ea
ch
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a 
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te

nt
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 w
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fo

r
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pl
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 p

et
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 o
do

r
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 d
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ar
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d 
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e 
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 d
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in
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m
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e 
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T
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Lo
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ng
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 C
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nt
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D
ep
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 S
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H
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er
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R
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T

ea
m

 m
us

t t
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vi
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e 
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k
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ub
lic

he
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 d

et
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m
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w
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t.
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 d
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w
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e 
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C
D
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 c
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ot
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 th

e 
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ol
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m
m

en
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C

D
H
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ro
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l
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 d
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y 
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e 

w
as

 a
 k
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w
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e 

H
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 p
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 c
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s 
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M
an
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 th
e 

L
A

C
D
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S 

pu
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ea
lth
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k 
m

an
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em
en

t d
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is
io

ns
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er
e 

m
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e 
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ly
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te
r 

th
e

co
m

pl
et

io
n 
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 f
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n 
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r 
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ig
h 
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to
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e
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-z
on

e.
W
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 c

on
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l b
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bl
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A
C

D
H

S 
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re
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im
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en
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es
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at
io
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m
el

y 
m

an
ne

r.
 O

ne
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m
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e 
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 S
ep

te
m
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Sa
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on
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 d
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: T

ho
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L

A
C

D
H

S 
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e 
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m

pl
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 c
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le
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th

 o
f

th
e 

pi
er
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 e
xc

ee
de
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E

PA
 b
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hi

ng
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at
er

 c
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r 
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gh
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f 
te

n 
w

ee
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he
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ea

ch

ne
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 th
e 
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er
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ot

 c
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se
d 

un
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e 

en
d 
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 s
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m
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 c
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 th

e 
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w
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A
C

D
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S 
in
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ig
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io
n 
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ov
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ur
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f 
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e 
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 b
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te
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a 
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un
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 b
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p 
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m
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r 
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e 
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er

.
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e 
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 1

99
1,

 th
e 

se
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nd
 S

M
B

R
P 

su
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e 
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th
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en
 s

tu
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as

 r
el

ea
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ol
d 

et
 a
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19
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 A

s 
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 th
e 
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io
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tu

dy
, h

um
an

 e
nt

er
ic

 v
ir
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er

e 
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un
d 

in
 li

m
ite

d 
sa

m
pl

in
g 

of

th
e 

Pi
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-K
en

te
r 

st
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 d

ra
in

.
In

 a
dd

iti
on

, r
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ea
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he
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 f
ou

nd
 th

at
 in

di
ca

to
r 

de
ns

iti
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 f
re

-

qu
en
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 e

xc
ee

de
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O
ce

an
 P

la
n 

ob
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ct
iv

es
 a

t d
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f 
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 1

00
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ro

m
 th
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Pi

co
-

K
en

te
r 
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ne
w

in
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io
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w
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 c
on
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 th
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L
A

C
D

H
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se
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n 
th

at
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di
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to
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iti
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 d
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be
lo
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itl
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nd
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t d

is
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g 
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in
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 c
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ea
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lo
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ro
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 O
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L
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 D
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, t
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 N

at
ur

al
 R
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ou
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 D
ef

en
se

C
ou

nc
il 

(N
R

D
C

) 
re

le
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ed
 th
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r 

fi
rs

t a
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ua
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T
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tin
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th
e 

W
at

er
s:

 A
 N

at
io
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l P

er
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ec
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ea
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 C
lo

su
re

s"
 r

ep
or

t, 
w
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ea
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 c
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ur
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d 
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he
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 C
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 r
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ve
d 
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tio

na
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ra
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l m
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t b
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 p
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an
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 p
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 d
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 c
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C
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D
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f
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C
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 d
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n 
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e 

be
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w
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l
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A
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en
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m
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e 
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 p
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ng
el
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C

ou
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h 
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ur
e

an
d 
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ni
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 p
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ea
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e 
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vi
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en
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m
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lm
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 d
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ac
h 
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e 
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O
ve

r 
th

e 
ne
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e

m
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 a
 s

ta
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 m
em

be
r 

fr
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e 
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 o

f 
Su

pe
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 E
de
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nd

re
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en

ta
tiv
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m
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e 
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e 
en
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s 
m

et
 o

n 
fi

ve
 d

if
fe

re
nt

 o
cc

as
io

ns
 to

 n
eg

ot
ia

te
 a

ne
w

 p
ro
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co

l t
ha

t w
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 a
cc

ep
ta

bl
e 

to
 th

e 
C

ou
nt

y 
an

d 
th

e 
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l c
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m
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 th
e
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in
g 

of

th
e 

en
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e 
B
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rd
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f 

Su
pe
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s,

 n
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ot
ia
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 o
n 
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e 
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h 
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e
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ol
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er
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m
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T
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 n
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 p

ro
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 b
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 c
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ng
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l o
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er
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e 
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w
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g
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en
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e 

pr
ev
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 p
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 F
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 th
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fi
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h 
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 d
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 m
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m
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 b
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 C
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 c
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 c
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t r
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er
e 

be
lo

w
 E

P
A

 r
ec

om
m

en
de

d 
cr

ite
ria

fo
r 

fe
ca

l c
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 b
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 m
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r 

be
ac

he
s 

ad
ja

ce
nt

to
 M

al
ib

u 
La

go
on

.

3)
 Im

pr
ov

e 
th

e 
w

at
er

qu
al

ity
 m

on
ito

rin
g 

pr
ot

oc
ol

an
d 

he
al

th
 r

is
k 

no
tif

ic
at

io
n

pr
oc

ed
ur

es
 fo

r 
th

e 
La

go
on

an
d 

ne
ar

by
 b

en
ch

es
.

4)
 E

nc
ou

ra
ge

 s
ci

en
tif

ic
in

ve
st

ig
at

io
n 

of
 w

he
th

er
 o

r
no

t r
eg

ro
w

th
 o

f p
at

ho
ge

ns

oc
cu

rs
 in

 M
al

ib
u 

La
go

on
.

E
nh

an
ce

 w
at

er
 c

irc
ul

at
io

n
in

 th
e 

la
go

on
 to

 p
re

ve
nt

pa
th

og
en

 r
eg

ro
w

th
,

if 
ne

ce
ss

ar
y.

5)
 M

in
im

iz
e 

dr
y

w
ea

th
er

 d
is

ch
ar

ge
 in

to
 M

al
ib

u
La

go
on

 fr
om

 u
rb

an
ru

no
ff 

an
d 

th
e

T
ap

ia
 W

at
er

 R
ec

la
m

at
io

n
F

ac
ili

ty
.

T
he

 r
es

ol
ut

io
n 

w
as

de
ve

lo
pe

d 
by

 S
M

B
R

P
st

af
f a

nd
 n

um
er

ou
s

m
em

be
rs

 o
f t

he

M
an

ag
em

en
t C

om
m

itt
ee

in
cl

ud
in

g 
th

e 
LA

C
D

P
W

.
LA

C
D

H
S

. C
D

H
S

, t
he

 c
iti

es
of

M
al

ib
u.

 S
an

ta
 M

on
ic

a,
an

d 
R

ed
on

do
 B

ea
ch

,
H

ea
l

th
e 

B
ay

, C
ou

nt
y 

Li
fe

gu
ar

ds
.

LA
C

D
B

H
, a

nd
 th

e 
LV

M
W

D
.

T
he

 r
es

ol
ut

io
n 

di
d 

no
t c

au
se

im
m

ed
ia

te
 im

pl
em

en
ta

tio
n 

of

th
e 

re
co

m
m

en
da

tio
ns

.
T

he
 a

ct
io

ns
 h

av
e 

be
en

ad
de

d 
to

 th
e 

dr
af

t C
om

pr
eh

en
si

ve

C
on

se
rv

at
io

n 
an

d 
M

an
ag

em
en

tP
la

n 
(C

C
M

P
) 

as
 r

ec
om

m
en

da
tio

ns
fo

r 
im

m
ed

ia
te

im
pl

em
en

ta
tio

n.
 H

ow
ev

er
, t

he
 C

C
M

P
 is

 n
ot

 e
nf

or
ce

ab
le

 a
nd

 it
 w

ill
 n

ot
 b

e 
co

m
pl

et
ed

 a
nd

si
gn

ed
 b

y 
th

e 
G

ov
er

no
r 

un
til

 th
e 

fa
ll 

of
 1

99
4.

C
ur

re
nt

 P
ub

lic
 O

pi
ni

on
 o

n 
S

an
ta

 M
on

ic
a 

B
ay

 P
ol

lu
tio

n

In
 J

un
e.

 1
99

2.
 th

e 
S

M
B

R
P

 r
el

ea
se

d 
a 

pu
bl

ic
 o

pi
ni

on
 s

ur
ve

y 
of

 5
00

 L
os

 A
ng

el
es

 C
ou

nt
y

re
si

de
nt

s 
en

tit
le

d 
"A

tti
tu

de
s 

T
ow

ar
ds

 S
an

ta
 M

on
ic

a 
B

ay
" 

(F
ai

rb
an

k,
 M

au
 Il

in
. a

nd

A
ss

oc
ia

te
s.

 1
99

2)
. T

he
 s

ur
ve

y 
w

as
 a

 r
an

do
m

 d
ig

it 
di

al
 s

am
pl

e 
th

at
 w

as
 s

up
pl

em
en

te
d

w
ith

 a
 r

an
do

m
 s

am
pl

e 
of

 L
at

in
o 

su
rn

am
e 

in
di

vi
du

al
s 

re
si

di
ng

 in
 L

os
 A

ng
el

es
 C

ou
nt

y.

T
he

 p
ho

ne
 s

ur
ve

y 
co

ve
re

d 
to

pi
cs

 r
an

gi
ng

 fr
om

 th
e 

va
rio

us
 u

se
s 

of
 S

an
ta

 M
on

ic
a 

B
ay

 to

th
e 

pu
bl

ic
 p

er
ce

pt
io

ns
 o

n 
B

ay
 p

ol
lu

tio
n 

an
d 

its
 p

os
si

bl
e 

so
ur

ce
s.

 R
es

id
en

ts
 in

te
rv

ie
w

ed

fo
r 

th
e 

su
rv

ey
 w

er
e 

ra
nd

om
ly

 s
el

ec
te

d 
fr

om
 fi

ve
 d

iff
er

en
t a

re
as

 in
 L

os
 A

ng
el

es
 C

ou
nt

y:

C
oa

st
al

. N
or

th
 to

 E
as

t I
nl

an
d.

 L
on

g 
B

ea
ch

. W
es

t S
an

 F
er

na
nd

o 
V

al
le

y,
 a

nd
 M

id
-C

ou
nt

y.

T
he

 g
eo

gr
ap

hi
c 

di
st

rib
ut

io
n 

of
 th

e 
in

te
rv

ie
w

s 
w

as
 a

s 
fo

llo
w

s;
 C

oa
st

al
 =

 9
%

. N
or

th
 to

 E
as

t

in
la

nd
 =

 2
1%

. L
on

g 
B

ea
ch

 =
 1

4%
. W

es
t V

al
le

y 
=

 1
4%

, a
nd

 M
id

-C
ou

nt
y 

=
 4

2%
 o

f t
he

in
te

rv
ie

w
s.

 T
w

en
ty

 fi
ve

 p
er

ce
nt

 o
f t

he
 in

te
rv

ie
w

s 
w

er
e 

co
nd

uc
te

d 
w

ith
 in

di
vi

du
al

s 
of

la
tin

o 
et

hn
ic

 o
rig

in
. I

nt
er

vi
ew

s 
w

er
e 

gi
ve

n 
in

 b
ot

h 
E

ng
lis

h 
an

d 
S

pa
ni

sh
.

In
di

vi
du

al
s 

w
er

e 
in

te
rv

ie
w

ed
 o

nl
y 

if 
th

ey
 w

er
e 

ab
le

 to
 a

ns
w

er
 w

he
th

er
 o

r 
no

t t
he

y 
vi

si
te

d

S
an

ta
 M

on
ic

a 
B

ay
. E

ac
h 

in
te

rv
ie

w
 la

st
ed

 a
pp

ro
xi

m
at

el
y 

20
 to

 2
5 

m
in

ut
es

. A
lth

ou
gh

 a

la
rg

e 
fr

ac
tio

n 
of

 th
e 

be
ac

h-
go

in
g 

pu
bl

ic
 a

re
 y

ou
ng

 p
eo

pl
e,

 e
ve

ry
on

e 
in

te
rv

ie
w

ed
 w

as
 o

ve
r

18
 y

ea
rs

 o
ld

. O
ne

 o
f t

he
 r

ea
so

ns
 fo

r 
th

e 
em

ph
as

is
 o

f t
he

 s
ur

ve
y 

on
 th

e 
ad

ul
t p

op
ul

at
io

n

w
as

 a
 s

er
ie

s 
of

 q
ue

st
io

ns
 o

n 
th

e 
w

ill
in

gn
es

s 
of

 th
e 

pu
bl

ic
 to

 v
ot

e 
fo

r 
a 

m
ea

su
re

 to
 r

ai
se

fu
nd

s 
fo

r 
en

ha
nc

in
g,

 r
es

to
rin

g 
an

d 
pr

ot
ec

tin
g 

S
an

ta
 M

on
ic

a 
B

ay
.
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T
he

 r
ep

or
t d

id
 n

ot
 in

cl
ud

e 
in

fo
rm

at
io

n 
on

 th
e 

ov
er

al
l r

es
po

ns
e 

ra
te

 o
f t

he
 L

os
 A

ng
el

es

C
ou

nt
y 

re
si

de
nt

s 
in

te
rv

ie
w

ed
 fo

r 
th

e 
su

rv
ey

. T
he

 m
ax

im
um

 m
ar

gi
n 

of
 e

rr
or

 fo
r 

th
e 

sa
m

-

pl
e 

as
 a

 w
ho

le
 w

as
 ±

 4
.4

%
 a

t t
he

 9
5%

 c
on

fid
en

ce
 le

ve
l. 

T
he

 m
ar

gi
n 

of
 e

rr
or

 fo
r 

su
b-

gr
ou

ps
 w

as
 la

rg
er

 s
in

ce
 th

e 
M

ar
gi

n 
of

 e
rr

or
 in

cr
ea

se
s 

as
 th

e 
sa

m
pl

e 
si

ze
 d

ec
re

as
es

.

T
he

 r
es

ul
ts

 o
f t

he
 s

ur
ve

y 
ca

n 
be

 s
um

m
ar

iz
ed

 a
s 

fo
llo

w
s:

1)
 E

ig
ht

y 
pe

rc
en

t o
f t

he
 r

es
po

nd
en

ts
 s

ai
d 

th
ey

 v
is

it 
th

e 
be

ac
h 

ei
th

er
 fr

eq
ue

nt
ly

 o
r

so
m

et
im

es
.

F
ift

y 
ni

ne
 p

er
ce

nt
 o

f t
he

 r
es

po
nd

en
ts

 v
is

ite
d 

S
an

ta
 M

on
ic

a 
B

ay

be
ac

he
s.

2)
 P

ol
lu

tio
n 

of
 o

ce
an

s 
an

d 
be

ac
he

s 
tie

d 
fo

r 
se

ve
nt

h 
w

ith
 tr

af
fic

 c
on

ge
st

io
n 

am
on

g

fif
te

en
 s

oc
ia

l a
nd

 e
nv

iro
nm

en
ta

l i
ss

ue
s 

fa
ci

ng
 S

ou
th

er
n 

C
al

ifo
rn

ia
. S

uc
h 

is
su

es
 a

s

ga
ng

 v
io

le
nc

e,
 d

ru
gs

. a
ir 

po
llu

tio
n 

an
d 

th
e 

hi
gh

 c
os

t o
f h

ea
lth

 c
ar

e 
ra

nk
ed

 a
bo

ve

oc
ea

n 
po

llu
tio

n 
w

hi
le

 g
ro

w
th

 is
su

es
, h

ou
si

ng
 c

os
ts

, a
nd

 g
ro

un
d 

w
at

er
 p

ol
lu

tio
n

w
er

e 
ra

nk
ed

 lo
w

er
. H

ow
ev

er
, 8

0%
 o

f a
ll 

re
sp

on
de

nt
s 

th
ou

gh
t O

ce
an

 a
nd

 B
ea

ch

po
llu

tio
n 

w
as

 e
ith

er
 a

n 
ex

tr
em

el
y 

se
rio

us
 (

45
%

) 
or

 s
er

io
us

 (
35

 %
) 

pr
ob

le
m

.

3)
 F

or
ty

 e
ig

ht
 p

er
ce

nt
 o

f t
he

 r
es

po
nd

en
ts

 b
el

ie
ve

d 
th

at
 th

e 
w

at
er

 in
 th

e 
B

ay
 w

as

ve
ry

 p
ol

lu
te

d 
w

hi
le

 a
no

th
er

 2
9%

 b
el

ie
ve

d 
th

e 
B

ay
 w

as
 s

om
ew

ha
t p

ol
lu

te
d.

 O
ve

r

tw
o-

th
ird

s 
of

 th
e 

re
sp

on
de

nt
s 

in
 a

ll 
ge

og
ra

ph
ic

 a
re

as
 a

nd
 d

em
og

ra
ph

ic
 g

ro
up

s

be
lie

ve
d 

th
e 

B
ay

 w
as

 p
ol

lu
te

d.
 O

f t
he

 r
es

po
nd

en
ts

 th
at

 b
el

ie
ve

d 
th

e 
B

ay
 w

as

po
llu

te
d,

 o
ve

r 
50

%
 c

ite
d 

in
du

st
ria

l d
is

ch
ar

ge
s 

(7
1%

),
 c

oa
st

al
 u

rb
an

 r
un

of
f (

70
%

),

un
tr

ea
te

d 
an

d 
tr

ea
te

d 
se

w
ag

e 
di

sc
ha

rg
es

 (
68

%
 a

nd
 6

5%
).

 h
az

ar
do

us
 w

as
te

 (
65

%
),

of
fs

ho
re

 o
ce

an
 d

um
pi

ng
 (

64
%

),
 b

ea
ch

 u
se

rs
 tr

as
h 

(5
9%

).
 a

nd
 s

tr
ee

t t
ra

sh
 (

58
%

) 
as

m
aj

or
 s

ou
rc

es
 o

f p
ol

lu
tio

n 
to

 th
e 

B
ay

. 71

4)
 O

f t
he

 4
1%

 o
f t

he
 r

es
po

nd
en

ts
 th

at
 d

id
no

t g
o 

to
 S

an
ta

 M
on

ic
a 

B
ay

, 6
6%

 o
f t

he

no
n-

B
ay

 u
se

rs
 c

ite
d,

 th
ey

 "
pr

ef
er

 to
go

 to
 o

th
er

 p
la

ce
s,

" 
w

hi
le

 6
2%

 a
nd

 5
9%

re
sp

ec
tiv

el
y 

ci
te

d 
th

at
 "

th
e 

w
at

er
 is

 p
ol

lu
te

d"
or

 "
th

e 
w

at
er

 is
 d

irt
y.

"
F

or
ty

 tw
o

pe
rc

en
t o

f t
he

 n
on

-B
ay

 u
se

rs
 s

ta
te

d.
 "

I m
ig

ht
ge

t s
ic

k 
if 

I s
w

im
 in

 th
e 

w
at

er
" 

as
 a

re
as

on
 fo

r 
no

t s
w

im
m

in
g 

in
 th

e 
B

ay
.

5)
 O

f t
he

 p
eo

pl
e 

w
ho

 u
se

 S
an

ta
 M

on
ic

a
B

ay
 b

ea
ch

es
. 5

5%
 d

o 
no

t e
ve

r
go

 in
 th

e
w

at
er

 a
nd

 a
no

th
er

 3
5%

 g
o 

in
 th

e 
w

at
er

 s
om

et
im

es
.

O
f t

he
 p

eo
pl

e 
w

ho
 n

ev
er

go
 in

th
e 

w
at

er
. 5

9%
 c

ite
 w

at
er

 p
ol

lu
tio

n
as

 th
e 

re
as

on
.

O
nl

y 
10

%
 o

f t
he

 B
ay

 u
se

rs
al

w
ay

s 
go

 in
 th

e 
w

at
er

.

6)
 F

ift
y 

pe
rc

en
t o

f t
he

 p
eo

pl
e 

w
ho

 s
w

im
 in

th
e 

B
ay

 th
in

k 
th

e 
w

at
er

 c
an

 m
ak

e 
th

em
si

ck
.

O
ve

ra
ll,

 5
2%

 o
f t

he
 r

es
po

nd
en

ts
th

ou
gh

t t
ha

t t
he

 B
ay

 w
at

er
 c

ou
ld

 m
ak

e
th

em
 s

ic
k.

 T
he

 m
os

t c
om

m
on

ty
pe

s 
of

 il
ln

es
se

s 
pe

op
le

 th
ou

gh
t t

he
y 

co
ul

d
co

n-

tr
ac

t f
ro

m
 s

w
im

m
in

g 
in

 th
e 

B
ay

 w
er

e 
st

om
ac

h
flu

 (
25

 %
),

 c
an

ce
r 

(2
3%

),
 a

nd
 s

ki
n

ra
sh

es
 (

11
%

).
C

on
ce

rn
s 

ab
ou

t t
he

 a
dv

er
se

 h
ea

lth
 r

is
ks

 o
f

sw
im

m
in

g 
in

 S
an

ta
M

on
ic

a 
B

ay
 w

er
e 

pr
ev

al
en

t i
n 

al
l de

m
og

ra
ph

ic
 g

ro
up

s 
an

d 
ge

og
ra

ph
ic

 a
re

as
.

T
he

 s
ur

ve
y 

re
su

lts
 p

oi
nt

 to
 th

e 
la

ck
of

 e
ffe

ct
iv

e 
pu

bl
ic

 e
du

ca
tio

n
on

 S
an

ta
 M

on
ic

a 
B

ay

po
llu

tio
n 

pr
ob

le
m

s.
 F

or
ty

 e
ig

ht
pe

rc
en

t o
f t

he
 p

ub
lic

 d
id

 n
ot

 k
no

w
 th

at
 th

e
st

or
m

 d
ra

in

sy
st

em
 w

as
 c

om
pl

et
el

y 
se

pa
ra

te
 fr

om
 th

e 
se

w
er

sy
st

em
 a

nd
 3

4%
 d

id
 n

ot
 k

no
w

 th
at

 u
rb

an

ru
no

ff 
flo

w
s 

un
tr

ea
te

d 
to

 th
e 

oc
ea

n.
 M

or
e

pe
op

le
 th

ou
gh

t i
nd

us
tr

ie
s 

w
er

e 
a 

m
aj

or
so

ur
ce

of
 B

ay
 p

ol
lu

tio
n 

th
an

 th
ou

gh
t u

rb
an

ru
no

ff 
or

 s
ew

ag
e 

tr
ea

tm
en

t p
la

nt
s

w
er

e 
m

aj
or

so
ur

ce
s.

 In
 a

dd
iti

on
. 2

3%
 o

f t
he

 p
eo

pl
e 

w
ho

 th
in

k
th

ey
 r

is
k 

ill
ne

ss
 fr

om
 s

w
im

m
in

g 
in

 th
e
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B
ay

 a
rc

 w
or

rie
d 

ab
ou

t c
an

ce
r

ris
ks

. C
on

si
de

rin
g 

th
at

 th
e 

on
ly

 c
an

ce
r

ris
k 

st
ud

y 
on

 B
ay

us
er

s 
w

as
 th

e 
19

82
 s

tu
dy

th
at

 c
on

cl
ud

ed
 th

at
 th

e 
ca

nc
er

ris
ks

 to
 li

fe
gu

ar
ds

 w
er

e 
ne

gl
ig

i-

bl
e.

 it
 is

 s
ur

pr
is

in
g 

th
at

 th
e 

pu
bl

ic
 p

la
ce

s
ca

nc
er

 r
is

k 
as

 a
 m

aj
or

he
al

th
 c

on
ce

rn
.

B
as

ed
 o

n 
th

e 
re

su
lts

 o
f t

he
 p

ub
lic

 o
pi

ni
on

su
rv

ey
, t

he
 p

ub
lic

 m
ay

ha
ve

 a
n 

ex
ag

ge
ra

te
d

vi
ew

 o
f t

he
 p

ol
lu

tio
n 

pr
ob

le
m

s 
in

S
an

ta
 M

on
ic

a 
B

ay
.

H
ow

ev
er

, t
he

 m
aj

or
ity

 o
f t

he

pu
bl

ic
 p

er
ce

iv
es

 th
at

 p
ol

lu
tio

n
in

 S
an

ta
 M

on
ic

a 
B

ay
 p

os
es

 a
 s

ig
ni

fic
an

t
he

al
th

 r
is

k 
to

re
cr

ea
tio

n 
us

er
s.

 B
as

ed
 o

n 
th

es
e 

fin
di

ng
s,

it 
is

 n
ot

 s
ur

pr
is

in
g 

th
at

 a
s 

oc
ea

n 
po

llu
tio

n
ha

s

be
co

m
e 

a 
la

rg
er

 m
ed

ia
 fo

cu
s 

ov
er

th
e 

la
st

 d
ec

ad
e,

 th
er

e 
ha

s 
be

en
 a

co
rr

es
po

nd
in

g 
dr

op
 in

th
e 

nu
m

be
r 

of
 v

is
ito

rs
 to

 S
an

ta
 M

on
ic

a
B

ay
 b

ea
ch

es
. D

es
pi

te
 n

um
er

ou
s

m
ed

ia
 s

to
rie

s 
on

va
rio

us
 p

ol
lu

tio
n 

pr
ob

le
m

s 
in

 d
iff

er
en

t p
ar

ts
of

 S
an

ta
 M

on
ic

a 
B

ay
, m

os
t o

f
th

e 
pu

bl
ic

be
lie

ve
s 

th
at

 th
e 

en
tir

e 
B

ay
 is

 p
ol

lu
te

d.

T
he

 m
aj

or
ity

 o
f t

he
 p

ub
lic

 (
72

%
)

be
lie

ve
s 

th
at

 th
e 

go
ve

rn
m

en
t i

s 
no

t d
oi

ng
en

ou
gh

 to

co
nt

ro
l p

ol
lu

tio
n 

in
 th

e 
B

ay
 a

nd
 7

3%
of

 th
e 

re
sp

on
de

nt
s 

be
lie

ve
 th

at
 g

ov
er

nm
en

tsh
ou

ld

sp
en

d 
m

or
e 

m
on

ey
 to

 c
on

tr
ol

 B
ay

po
llu

tio
n.

 A
 la

rg
er

 p
er

ce
nt

ag
e 

(8
2%

)
of

 th
e 

pu
bl

ic

th
in

ks
 th

at
 p

eo
pl

e 
ar

e 
no

t d
oi

ng
 e

no
ug

h 
to

el
im

in
at

e 
po

llu
tio

n 
in

 th
e 

B
ay

 th
at

 is
 c

au
se

d 
by

th
ei

r 
ow

n 
ac

tio
ns

. S
ev

en
ty

 th
re

e 
pe

rc
en

t
of

 th
e 

re
sp

on
de

nt
s 

w
ou

ld
 v

ot
e 

fo
r 

a
bo

nd
 m

ea
s-

ur
e 

to
 c

on
tr

ol
 p

ol
lu

tio
n 

to
 th

e 
B

ay
de

sp
ite

 th
e 

fa
ct

 th
at

 8
4%

 o
f t

he
 p

ub
lic

th
in

ks
 th

at

in
du

st
ria

l d
is

ch
ar

ge
rs

 s
ho

ul
d 

ha
ve

th
e 

m
aj

or
 r

es
po

ns
ib

ili
ty

 fo
r 

so
lv

in
g

th
e 

po
llu

tio
n

pr
ob

le
m

s 
in

 th
e 

B
ay

. O
nl

y 
35

%
of

 th
e 

pu
bl

ic
 th

ou
gh

t t
ha

t L
os

 A
ng

el
es

C
ou

nt
y 

re
si

de
nt

s

sh
ou

ld
 h

av
e 

th
e 

m
aj

or
 r

es
po

ns
ib

ili
ty

 fo
r

S
an

ta
 M

on
ic

a 
B

ay
 c

le
an

-u
p.

73

C
ha

pt
er

 2
 -

 R
ec

om
m

en
da

tio
ns

 to
 B

et
te

r 
D

et
er

m
in

e 
an

d 
R

ed
uc

e 
th

e 
H

ea
lth

R
is

ks
 o

f S
w

im
m

in
g 

in
 S

an
ta

 M
on

ic
a 

B
ay

S
um

m
ar

y

D
es

pi
te

 y
ea

rs
 o

f p
ub

lic
 c

on
ce

rn
s 

ab
ou

t t
he

 h
ea

lth
 r

is
ks

 o
f s

w
im

m
in

g 
in

 S
an

ta
 M

on
ic

a

B
ay

, t
he

re
 is

 li
ttl

e 
in

fo
rm

at
io

n 
on

 th
e 

ac
tu

al
 r

is
ks

 to
 s

w
im

m
er

s 
in

 th
e 

ur
ba

n 
ru

no
ff 

co
n-

ta
m

in
at

ed
 c

oa
st

al
 w

at
er

s 
th

at
 p

re
do

m
in

at
e 

al
on

g 
th

e 
so

ut
he

rn
 C

al
ifo

rn
ia

 c
oa

st
.

R
ea

so
ns

fo
r 

th
e 

la
ck

 o
f i

nf
or

m
at

io
n 

in
cl

ud
e 

th
e 

ex
pe

ns
e 

of
 c

om
pl

et
in

g 
a 

la
rg

e 
sc

al
e 

ep
id

em
io

lo
gy

st
ud

y 
on

 S
an

ta
 M

on
ic

a 
B

ay
 s

w
im

m
er

s 
an

d 
th

e 
hi

gh
 u

nc
er

ta
in

ty
 s

ur
ro

un
di

ng
 r

is
k 

as
se

ss
-

m
en

t d
er

iv
ed

 e
st

im
at

es
 o

f t
he

 h
ea

lth
 r

is
ks

 o
f s

w
im

m
in

g 
in

 o
ce

an
 w

at
er

s.
 M

ie
r 

ye
ar

s 
of

di
sc

us
si

on
s 

an
d 

th
re

e 
st

ud
ie

s 
on

 p
at

ho
ge

ns
 in

 th
e 

st
or

m
 d

ra
in

s 
an

d 
su

rf
-z

on
e,

 th
e 

S
M

B
R

P

ha
s 

m
ad

e 
co

m
pl

et
io

n 
of

 a
 la

rg
e 

sc
al

e 
he

al
th

 e
ffe

ct
s 

st
ud

y 
on

 s
w

im
m

er
s 

in
 u

rb
an

 r
un

of
f

co
nt

am
in

at
ed

 w
at

er
s 

an
d 

ot
he

r 
S

an
ta

 M
on

ic
a 

B
ay

 b
ea

ch
es

 o
ne

 o
f t

he
 h

ig
he

st
 p

rio
rit

ie
s 

in

th
ei

r 
fin

al
 A

ct
io

n 
P

la
n 

(S
M

B
R

P
, 1

99
46

).

O
nc

e 
th

e 
ep

id
em

io
lo

gy
 s

tu
dy

 is
 c

om
pl

et
ed

 a
nd

 th
e 

he
al

th
 r

is
ks

 to
 s

w
im

m
er

s 
ha

ve
 b

ee
n

es
tim

at
ed

, s
ta

te
 a

nd
 lo

ca
l g

ov
er

nm
en

t a
ge

nc
ie

s 
w

ill
 b

e 
ab

le
 to

 d
ev

el
op

 a
nd

 im
pl

em
en

t

ef
fe

ct
iv

e 
ris

k 
m

an
ag

em
en

t p
ro

gr
am

s.
 T

he
 r

is
k 

m
an

ag
em

en
t m

ea
su

re
s 

th
at

 w
ou

ld
 s

ig
ni

fi-

ca
nt

ly
 r

ed
uc

e 
he

al
th

 r
is

ks
 to

 s
w

im
m

er
s 

an
d/

or
 r

ed
uc

e 
th

e 
pa

th
og

en
 c

on
ce

nt
ra

tio
ns

 in

ur
ba

n 
ru

no
ff 

ca
n 

be
 d

iv
id

ed
 in

to
 p

ol
ic

y 
an

d 
so

ur
ce

 r
ed

uc
tio

n 
st

ra
te

gi
es

. T
he

 p
ol

ic
y 

m
ea

s-

ur
es

 in
cl

ud
e:

 im
pr

ov
em

en
ts

 in
 th

e 
ex

is
tin

g 
su

rf
-z

on
e 

an
d 

st
or

m
 d

ra
in

 m
on

ito
rin

g 
pr

o-

gr
am

s;
 r

eg
ul

ar
 p

ub
lic

 n
ot

ifi
ca

tio
n 

of
 s

to
rm

w
at

er
 a

nd
 s

ho
re

lin
e 

m
on

ito
rin

g 
re

su
lts

: i
m

-

pr
ov

ed
 p

ub
lic

 e
du

ca
tio

n 
on

 th
e 

po
te

nt
ia

l h
ea

lth
 r

is
ks

 o
f s

w
im

m
in

g 
at

 v
ar

io
us

 lo
ca

tio
ns

al
on

g 
th

e 
B

ay
; e

lim
in

at
io

n 
of

 s
to

rm
 d

ra
in

 m
an

ag
em

en
t j

ur
is

di
ct

io
na

l c
on

fli
ct

s 
be

tw
ee

n

lo
ca

l g
ov

er
nm

en
t a

ge
nc

ie
s:

 a
nd

 im
pr

ov
em

en
ts

 in
 s

ta
te

 a
nd

 lo
ca

l b
ea

ch
 c

lo
su

re
 a

nd
 h

ea
lth
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w
ar

ni
ng

 p
ro

to
co

ls
. T

he
 s

ou
rc

e
re

du
ct

io
n 

B
M

P
s 

in
cl

ud
e:

 th
e 

de
ve

lo
pm

en
tan

d 
im

pl
em

en
-

ta
tio

n 
of

 w
at

er
sh

ed
 m

an
ag

em
en

t
pl

an
s:

 p
ub

lic
 e

du
ca

tio
n 

on
th

e 
so

ur
ce

s 
of

 s
to

rm
w

at
er

po
llu

tio
n:

 im
pr

ov
em

en
ts

in
 th

e 
co

m
pl

ia
nc

e,
 im

pl
em

en
ta

tio
n

an
d 

en
fo

rc
em

en
t o

f m
un

ic
i-

pa
l s

to
rm

w
at

er
 p

er
m

it
re

qu
ire

m
en

ts
; a

nd
 m

or
e 

fr
eq

ue
nt

se
w

er
 a

nd
 s

to
rm

 d
ra

in
in

sp
ec

tio
n

an
d 

m
ai

nt
en

an
ce

 p
ro

gr
am

s.

C
om

pl
et

io
n 

of
 th

e 
ep

id
em

io
lo

gy
st

ud
y 

w
ill

 p
ro

vi
de

in
fo

rm
at

io
n 

on
 th

e 
he

al
th

 r
is

ks
 to

 B
ay

sw
im

m
er

s,
 b

ut
 th

e 
st

ud
y 

m
ay

no
t d

em
on

st
ra

te
 a

n
as

so
ci

at
io

n 
be

tw
ee

n 
th

e 
de

ns
iti

es
of

in
di

ca
to

r 
m

ic
ro

be
s 

an
d 

th
e

in
ci

de
nc

e 
of

 il
ln

es
s 

in
 s

w
im

m
er

s.
N

ew
 h

um
an

 s
ew

ag
e 

an
d

pa
th

og
en

 in
di

ca
to

r 
te

ch
ni

qu
es

ne
ed

 to
 b

e 
de

ve
lo

pe
d 

th
at

 a
re

 m
or

e
cl

os
el

y 
as

so
ci

at
ed

 w
ith

th
e 

pr
es

en
ce

 o
f s

ew
ag

e 
an

d
th

e 
he

al
th

 r
is

ks
 to

 s
w

im
m

er
s

in
 o

ce
an

 w
at

er
s 

th
an

 c
ur

re
nt

ly

us
ed

 in
di

ca
to

r 
m

ic
ro

be
s 

.
In

 a
dd

iti
on

, a
 s

an
ita

ry
 s

ur
ve

y
pr

ot
oc

ol
 n

ee
ds

 to
 b

e 
de

ve
lo

pe
d

in
 o

rd
er

 to
 q

ui
ck

ly
 a

nd
 e

ffe
ct

iv
el

y
in

ve
st

ig
at

e 
th

e 
so

ur
ce

s 
of

in
di

ca
to

r 
ba

ct
er

ia
 a

nd
 h

um
an

en
te

ric
 v

iru
se

s 
in

 s
to

rm
 d

ra
in

s
an

d 
cr

ee
ks

.

In
tr

od
uc

tio
n

T
he

 p
ot

en
tia

l h
ea

lth
 r

is
ks

of
 r

ec
re

at
io

na
l e

xp
os

ur
e 

to
 p

ol
lu

te
d

w
at

er
 h

av
e 

be
en

 in
ve

st
i-

ga
te

d 
an

d 
de

ba
te

d 
si

nc
e

th
e 

19
40

's
. T

o 
da

te
, h

ea
lth

ris
k 

st
ud

ie
s 

ha
ve

 fo
cu

se
d 

on
 r

ec
re

a-

tio
na

l e
xp

os
ur

es
 in

 w
at

er
s 

kn
ow

n
to

 b
e 

co
nt

am
in

at
ed

 b
y

hu
m

an
 s

ew
ag

e.
 N

on
e 

of
 th

e

he
al

th
 e

ffe
ct

s 
st

ud
ie

s 
w

er
e 

co
m

pl
et

ed
on

 r
ec

re
at

io
na

l p
op

ul
at

io
ns

ex
po

se
d 

to
 u

rb
an

 r
un

of
f

co
nt

am
in

at
ed

 w
at

er
s.

T
he

 h
ea

lth
 r

is
ks

 to
 p

op
ul

at
io

ns
in

 r
ec

re
at

io
na

l w
at

er
s

co
nt

am
in

at
ed

 w
ith

 p
at

ho
ge

ni
c

m
ic

ro
be

s 
ca

n 
be

 d
et

er
m

in
ed

 b
y 

tw
o

pr
im

ar
y 

re
se

ar
ch

 m
et

ho
ds

:
ris

k 
as

se
ss

m
en

t a
nd

 e
pi

-

de
m

io
lo

gy
 s

tu
di

es
. B

ot
h

re
se

ar
ch

 m
et

ho
ds

 o
ffe

r 
di

ffe
re

nt
ad

va
nt

ag
es

 a
nd

 d
is

ad
va

nt
ag

es
.
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A
 r

is
k 

as
se

ss
m

en
t a

pp
ro

ac
h 

is
 q

ui
ck

er
 a

nd
 le

ss
 e

xp
en

si
ve

 th
an

 a
n 

ep
id

em
io

lo
gi

ca
l a

p-

pr
oa

ch
, w

hi
le

 e
pi

de
m

io
lo

gy
 s

tu
di

es
, i

f d
es

ig
ne

d 
an

d 
co

m
pl

et
ed

 p
ro

pe
rly

, g
iv

e 
a 

m
or

e

ac
cu

ra
te

 e
st

im
at

e 
of

 th
e 

he
al

th
 r

is
ks

 o
f e

nv
iro

nm
en

ta
l e

xp
os

ur
es

 to
 p

at
ho

ge
ns

. U
nt

il 
an

ac
cu

ra
te

 e
st

im
at

e 
of

 th
e 

he
al

th
 r

is
ks

 o
f s

w
im

m
in

g 
in

 th
e 

B
ay

 c
an

 b
e 

de
te

rm
in

ed
, l

oc
al

go
ve

rn
m

en
t a

ge
nc

ie
s 

w
ill

 c
on

tin
ue

 m
an

ag
in

g 
th

e 
ris

ks
 s

ol
el

y 
by

 im
pl

em
en

tin
g 

th
e 

Lo
s

A
ng

el
es

 C
ou

nt
y 

B
ea

ch
 C

lo
su

re
 a

nd
 H

ea
lth

 W
ar

ni
ng

 P
ro

to
co

l a
nd

 th
e 

C
D

H
S

 w
ill

 c
on

-

tin
ue

 to
 ta

ke
 a

 c
on

se
rv

at
iv

e 
ris

k 
m

an
ag

em
en

t a
pp

ro
ac

h 
to

 th
e 

is
su

e 
of

 h
um

an
 e

xp
os

ur
e 

to

st
or

m
 d

ra
in

 r
un

of
f c

on
ta

m
in

at
ed

 w
at

er
s.

R
is

k 
A

ss
es

sm
en

t

A
n 

ex
am

pl
e 

of
 th

e 
pr

ob
le

m
s 

as
so

ci
at

ed
 w

ith
 a

 r
is

k 
as

se
ss

m
en

t a
pp

ro
ac

h 
to

 d
et

er
m

in
in

g

th
e 

he
al

th
 r

is
ks

 fr
om

 e
nv

iro
nm

en
ta

l e
xp

os
ur

es
 to

 p
at

ho
ge

ns
 w

as
 th

e 
C

D
H

S
 r

es
po

ns
e 

to

th
e 

ap
pr

ov
al

 o
f t

he
 th

ird
 S

M
B

R
P

 s
to

tT
ri 

dr
ai

n 
an

d 
su

rf
-z

on
e 

pa
th

og
en

 s
tu

dy
. T

he
 C

D
H

S

su
bm

itt
ed

 a
 te

ch
ni

ca
l m

em
o 

on
 th

e 
he

al
th

 r
is

ks
 o

f s
w

im
m

in
g 

in
 w

at
er

s 
re

ce
iv

in
g 

hu
m

an

en
te

ric
 v

iru
s 

co
nt

am
in

at
ed

 r
un

of
f (

C
D

H
S

, 1
99

2)
. B

as
ed

 o
n 

th
e 

re
su

lts
 o

f t
he

 th
ird

 y
ea

r

pa
th

og
en

 s
tu

dy
 (

G
ol

d 
et

 a
l.,

 1
99

2)
, t

he
 E

nv
iro

nm
en

ta
l M

an
ag

em
en

t B
ra

nc
h 

of
 th

e 
C

D
H

S

es
tim

at
ed

 th
e 

pr
ob

ab
ili

ty
 th

at
 a

 s
w

im
m

er
 o

r 
su

rf
er

 w
ou

ld
 c

on
tr

ac
t a

n 
in

fe
ct

io
n 

fr
om

ex
po

su
re

 to
 h

um
an

 e
nt

er
ic

 v
iru

se
s 

in
 u

rb
an

 r
un

of
f T

he
 C

D
H

S
 c

om
pl

et
ed

 th
re

e 
ris

k

as
se

ss
m

en
ts

: f
or

 th
e 

be
ac

he
s 

ad
ja

ce
nt

 to
 th

e 
H

er
on

do
 D

ra
in

, P
ic

o-
K

en
te

r 
D

ra
in

, a
nd

M
al

ib
u 

C
re

ek
.

T
he

 C
D

H
S

 e
st

im
at

es
 o

f t
he

 p
ro

ba
bi

lit
y 

of
 in

fe
ct

io
n 

w
er

e 
ba

se
d 

on
 th

e 
as

su
m

pt
io

n 
th

at
 a

sw
im

m
er

 o
r 

su
rf

er
 s

w
al

lo
w

ed
 1

00
 m

l o
f r

un
of

f c
on

ta
m

in
at

ed
 o

ce
an

 w
at

er
 d

ur
in

g 
a 

ty
pi

ca
l

da
y 

at
 th

e 
be

ac
h.

 T
o 

co
m

pe
ns

at
e 

fo
r 

lim
ita

tio
ns

 o
f t

he
 s

am
pl

in
g,

 r
ec

ov
er

y,
 a

nd
 a

na
ly

tic
al
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m
et

ho
ds

, t
he

 C
D

H
S 

as
si

gn
ed

 to
 th

e 
de

te
ct

ed
 v

ir
us

es
 th

e 
hi

gh
es

t i
nf

ec
tiv

ity
of

 v
ir

us

kn
ow

n 
fr

om
 d

os
e-

re
sp

on
se

 e
xp

er
im

en
ts

: t
he

 in
fe

ct
iv

ity
 o

f
ro

ta
vi

ru
s 

(R
eg
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Surf Zone Monitoring Sampling Scheme 

Figure 2. Station locations in the surfzone and storm drain where monitoring took place. 

Samples were taken on eight days in August and September of 1989. 
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r
a
i
n
s
 
w
a
s
 
c
o
m
p
l
e
t
e
d
.

T
h
i
s
 
y
e
a
r
'
s
 
s
t
u
d
y
 
w
a
s
 
n
e
c
e
s
s
a
r
y
 
t
o

p
r
o
v
i
d
e

a
d
d
i
t
i
o
n
a
l

i
n
f
o
r
m
a
t
i
o
n

t
h
e

d
i
s
t
r
i
b
u
t
i
o
n

o
f

b
a
c
t
e
r
i
a
l

i
n
d
i
c
a
t
o
r
s
 
i
n
 
t
h
e
 
s
u
r
f
 
s
o
n
e

a
d
j
a
c
o
ne

.n
t

t
o
 
f
l
o
w
i
n
g
 
s
t
o
r
m
 
d
r
a
i
n
s
,

t
h
e

p
r
e
v
a
l
e
n
c
e
 
o
f
 
h
u
m
a
n
 
f
e
c
a
l
 
i
n
p
u
t
s
 
(
e
n
t
e
r
i
c
 
v
i
r
u
s
)
 
i
n
 
t
h
r
e
e
 
n
o
=
 
d
r
a
i
n
s

t
h
a
t
 
d
i
s
c
h
a
r
g
e
 
t
o
 
t
h
e
 
B
a
y
,

a
n
d
 
a
 
c
h
a
r
a
c
t
e
r
i
s
a
t
i
o
n
 
o
f
 
t
h
e
 
b
a
t
h
i
n
g

p
o
p
u
l
a
t
i
o
n
 
a
r
o
u
n
d
 
a
 
f
l
o
w
i
n
g
 
d
r
a
i
n
.

S
u
r
f
 
s
o
n
e
 
i
n
d
i
c
a
t
o
r
 
b
a
c
t
e
r
i
a
 
d
i
s
t
r
i
b
u
t
i
o
n
 
-

E
l
e
v
a
t
e
d
 
d
e
n
s
i
t
i
e
s
 
o
f

i
n
d
i
c
a
t
o
r
 
b
a
c
t
e
r
i
a
 
w
e
r
e
 
p
r
e
v
a
l
e
n
t
 
i
m
 
t
h
e
 
s
u
r
f
 
s
o
n
e

ar
ou

nd
t
h
e
 
P
i
c
o
-

K
a
n
t
e
r
 
s
t
o
r
m
 
d
r
a
i
n
.

T
h
e
s
e
 
d
e
n
s
i
t
i
e
s
 
f
r
e
q
u
e
n
t
l
y
 
e
x
c
e
e
d
e
d
 
l
e
v
e
l
s
 
o
f

c
o
n
c
e
r
n
,
 
e
s
p
e
c
i
a
l
l
y
 
a
t
 
a
n
k
l
e
 
d
e
p
t
h
.

L
e
v
e
l
s
 
o
f
 
c
o
n
c
e
r
n
 
f
o
r
 
b
a
c
t
e
r
i
a
l

d
e
n
s
i
t
i
e
s
 
w
e
r
e
 
b
a
s
e
d
 
o
n
 
S
t
a
n
d
a
r
d
s
 
a
n
d
 
r
e
c
o
m
n
e
n
d
e
d
 
v
a
l
u
e
s
 
f
o
u
n
d
 
i
n
 
t
h
e

C
a
l
i
f
o
r
n
i
a
 
O
c
e
a
n
 
P
l
a
n
 
(
S
W
R
C
B
,
 
1
9
9
0
)
.

E
l
e
v
a
t
e
d
 
d
e
n
s
i
t
i
e
s
 
f
r
e
q
u
e
n
t
l
y
 
w
e
r
e

m
e
a
s
u
r
e
d
 
a
s
 
f
a
x
 
a
s
 
1
0
0
 
y
a
r
d
s
 
f
r
o
m
 
t
h
e
 
d
r
a
i
n
.

B
a
c
t
e
r
i
a
l
 
d
e
n
s
i
t
i
e
s

g
e
n
e
r
a
l
l
y
 
f
e
l
l
 
b
y
 
o
n
e
 
o
r
d
e
r
 
o
f
 
m
a
g
n
i
t
u
d
e
 
f
r

a
n
k
l
e
 
t
o
 
c
h
e
s
t
'
d
e
p
t
h
s
.

o
m

F
u
t
u
r
e
 
w
o
r
k
 
0
2
 
b
a
c
t
e
r
i
a
l
 
d
i
s
t
r
i
b
u
t
i
o
n
s
 
s
h
o
u
l
d
 
f
o
c
u
s
 
o
n
 
b
o
w

fa
r
f
r
o
m
 
t
h
e

d
r
a
i
n
,
 
a
t
 
a
n
k
l
e
 
d
e
p
t
h
,
 
b
a
c
k
g
r
o
u
n
d
 
d
e
n
s
i
t
i
e
s
 
a
r
e
 
c
o
n
s
i
s
t
e
n
t
l
y
 
r
e
a
c
h
e
d
.

E
n
t
e
r
i
c
 
v
i
r
u
s
 
p
r
e
v
a
l
e
n
c
e
 
-
 
R
u
m
e
n
 
e
n
t
e
r
i
c
 
v
i

w
e
r
e
 
d
e
t
e
c
t
e
d
 
f
o
r
 
t
h
e

s
e
c
o
n
d
 
y
e
a
r
 
i
n
 
a
 
r
e
v
 
i
n
 
e
f
f
l
u
e
n
t
 
f
r
o
m
 
t
h
er
u
s
e
s

B
i
r
o
-
K
e
n
t
a
r
 
s
t
o
r
m
 
d
r
a
i
n
.

v
a
c
c
i
n
e
 
s
t
r
a
i
n
 
p
o
l
i
o
v
i
r
u
s
 
w
a
s
 
f
o
u
n
d
 
e
s
 
t
h
r
e
e
 
o
f
 
t
h
e
 
f
o
u
r
 
s
a
m
p
l
i
n
g
 
d
a
t
e
s
.

N
o
 
v
i
r
u
s
e
s
 
w
e
r
e
 
d
e
t
e
c
t
e
d
 
i
n
 
t
h
e
 
r
u
n
o
f
f
 
f
r
o
m
 
t
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
o
r

B
a
l
l
o
n
a
 
C
r
e
e
k
 
s
t
o
r
m
 
d
r
a
i
n
s
.
 
V
i
r
u
s
 
s
a
m
p
l
i
n
g
 
s
h
o
u
l
d
 
c
o
n
t
i
n
u
e
 
o
v
e
r
 
a
 
l
o
n
g
e
r

p
e
r
i
o
d
 
o
f
 
t
i
m
e
 
a
t
 
B
a
l
l
o
n
a
 
C
r
e
e
k
,
 
b
e
c
a
u
s
e
 
t
h
e
 
d
r
a
i
n
 
r
e
c
e
i
v
e
s
 
a
 
w
i
d
e

v
a
r
i
e
t
y
 
o
f
 
c
o
n
t
a
m
i
n
a
n
t
 
i
n
p
u
t
s
.

I
n
 
o
r
d
e
r
 
t
o
 
a
s
s
e
s
s
 
t
h
e
 
p
r
e
v
a
l
e
n
c
e
 
o
f

h
t
h
a
n
 
i
e
c
a
l
 
i
n
p
u
t
s
 
t
o
 
s
t
o
r
m
 
d
r
a
i
n
s
,
 
s
a
m
p
l
i
n
g
 
f
o
r
 
v
i
r
u
s
e
s
 
i
n
 
t
h
e
 
r
u
n
o
f
f

f
r
o
m
 
d
r
a
i
n
s
 
t
h
a
t
 
d
i
s
c
h
a
r
g
e
 
i
n
t
o
 
t
h
e
 
B
a
y
 
d
u
r
i
n
g
 
d
r
y
 
w
e
a
t
h
e
r
 
s
h
o
u
l
d

c
o
n
t
i
n
u
e
.

S
a
t
h
e
r
 
c
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 
-
 
R
e
s
u
l
t
s
 
o
f
 
t
h
e
 
b
a
t
h
e
r
 
c
h
a
r
a
c
t
e
r
i
s
a
t
i
o
n
 
s
t
u
d
y

a
t
 
t
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
s
t
o
r
m
 
d
r
a
i
n
 
i
n
d
i
c
a
t
e
d
 
t
h
a
t
 
n
e
a
r
l
y
 
1
0
0
 
p
e
o
p
l
e

p
e
r
 
d
a
y
 
s
w
a
m

w
ith

in
1
0
0
 
y
a
r
d
s
 
o
f
 
t
h
e
 
d
r
a
i
n
.
 
T
h
e
 
m
a
j
o
r
i
t
y
 
o
f
 
s
w
i
m
m
e
r
s

w
e
r
e
 
5
0
 
t
o
 
1
0
0
 
y
a
r
d
s
 
f
r
o
m
 
t
h
e
 
d
r
a
i
n
.

T
h
i
s
 
i
n
f
o
r
m
a
t
i
o
n
 
w
i
l
l
 
b
e
 
n
e
c
e
s
s
a
r
y

f
o
r
 
d
e
s
i
g
n
 
o
f
 
a
n
 
e
p
i
d
e
m
i
o
l
o
g
y
 
s
t
u
d
y
 
o
n
 
s
w
i
m
m
e
r
s

w
a
t
e
r
s
 
c
o
n
t
a
m
i
n
a
t
e
d

b
y
 
s
t
o
r
m
 
d
r
a
i
n
 
r
u
n
o
f
f
.

T
h
e
 
e
p
i
d
e
m
i
o
l
o
g
y
 
s
t
u
d
y
 
w
i
l
i
n
 
l
 
b
e
 
d
e
s
i
g
n
e
d
 
i
n
 
t
h
e

t
h
i
r
d
 
y
e
a
r
 
w
o
r
k
.

1
5
4

RB-AR43627



=

RB-AR43628



T
h
e
r
e
 
i
s
 
n
o
 
t
e
x
t
 
f
o
r
 
t
h
i
s
 
p
a
g
e
.

f
l
o
w
 
i
s
 
c
o
n
v
e
y
e
d
 
i
n
 
a
 
s
i
n
g
l
e
 
p
i
p
e

u
n
d
e
r
n
e
a
t
h
 
t
h
e
 
b
e
a
c
h
.

P
l
o
w
 
e
x
i
t
s
 
!
r
o
c

t
h
e
 
p
i
p
e
 
a
:
 
a
 
n
o
n
e
 
c
l
o
s
e
 
t
o
 
t
h
e

m
e
t
h
 
h
i
g
h
 
t
i
d
e
 
I
s
n
e
.

T
h
e
 
s
t
o
r
m
 
d
r
a
i
n

f
l
a
w
s
 
y
e
a
r
 
r
o
u
n
d
 
w
i
t
h
 
a
 
t
y
p
i
c
a
l

d
r
y
 
f
l
o
w
 
o
f
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
0
.
2

c
u
b
i
c
 
f
e
e
t

p
e
r
 
s
e
c
o
n
d
 
(
M
i
t
c
h
e
l
l
,
 
p
e
r
s
.
 
c
o
m
m
.
,
 
1
9
9
0
)
.

T
h
e
 
P
i
n
e
-
 
t
e
n
t
e
r
 
s
t
o
r
m
 
d
r
a
i
n
w
a
s
 
s
a
m
p
l
e
d
 
a
g
a
i
n
 
f
o
r
 
h
u
m
a
n

e
n
t
e
r
i
c

v
i
r
u
s
 
t
o
 
c
o
n
f
i
r
m
 
t
h
e
 
p
r
e
c
i
o
u
s

y
e
a
r
'
s
 
f
i
n
d
i
n
g
s

(
G
o
l
d
 
e
t
 
a
l
.
,

1
9
9
0
)
 
.

S
a
m
p
l
e
s
 
o
f
 
d
r
a
i
n
 
e
f
f
l
u
e
n
t
 
w
e
r
e
 
c
o
l
l
e
c
t
e
d
w
h
e
r
e
 
t
h
e
 
b
i
k
e
 
p
a
t
h

c
r
o
s
s
e
s
 
t
h
e

s
t
o
r
m
 
d
r
a
i
n
 
c
h
a
n
n
e
l
,
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
2
0
0

y
d
s
 
f
r
o
m
 
t
h
e
 
s
u
r
f
 
t
o
n
e
.

T
h
e

d
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
t
o
t
a
l
 
a
n
d
 
f
e
c
a
l

c
o
l
i
f
o
r
m
s
 
a
n
d
 
e
n
t
e
r
o
c
o
c
c
u
s
b
a
c
t
e
r
i
a
 
i
n

t
h
e

s
u
r
f

t
o
n
e

w
a
s

f
u
r
t
h
e
r

c
h
a
r
a
c
t
e
r
i
z
e
d

t
o

b
e
t
t
e
r

d
e
f
i
n
e

t
h
e

d
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
t
h
e
s
e
 
b
a
c
t
e
r
i
a
.

B
a
s
e
d
 
o
n
 
t
h
e
 
f
i
r
s
t

y
e
a
r
'
s
 
s
t
u
d
y
,

s
a
m
p
l
i
n
g
 
p
o
i
n
t
s
 
n
e
e
d
e
d
 
t
o
 
b
e
 
f
u
r
t
h
e
r

a
n
y
 
f
r
o
m
 
t
h
e
 
d
r
a
i
n
 
t
o
 
r
e
a
c
h

b
a
c
k
g
r
o
u
n
d
 
l
e
v
e
l
s
 
o
f
 
b
a
c
t
e
r
i
a
.

T
h
e
 
b
a
t
h
e
r
 
p
o
p
u
l
a
t
i
o
n
w
a
s
 
c
h
a
r
a
c
t
e
r
i
s
e
d

a
t
 
t
h
i
s
 
s
i
t
e
 
o
n
 
f
o
u
r
 
s
e
p
a
r
a
t
e

d
a
y
s
.

I
n
 
S
e
p
t
e
m
b
e
r
,
 
1
9
9
1
,
 
a
 
p
i
p
e
 
w
i
l
l
 
b
e

a
c
t
i
v
a
t
e
d
 
t
o
 
c
o
n
v
e
y
 
d
r
y
 
w
e
a
t
h
e
r

r
u
n
o
f
f
 
f
r
o
m
 
t
h
e
 
d
r
a
i
n
 
t
o
 
a
 
p
o
i
n
t
 
5
0
0
f
t
 
o
f
f
s
h
o
r
e
.

T
h
i
s
 
s
t
r
u
c
t
u
r
e
 
w
i
l
l

p
r
e
v
e
n
t
 
p
o
o
l
i
n
g
 
o
f
 
e
f
f
l
u
e
n
t
 
o
n
 
t
h
e
 
b
e
a
c
h
,

a
n
d
 
d
i
r
e
c
t
 
d
i
s
c
h
a
r
g
e
 
o
f

d
r
y

w
e
a
t
h
e
r
 
f
l
o
w
 
i
n
t
o
 
t
h
e
 
s
u
r
f

z
o
n
e
.

C
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
n
d
 
d
i
s
p
e
r
s
i
o
n

o
f

b
a
c
t
e
r
i
a
 
a
r
o
u
n
d
 
t
h
e
 
d
r
a
i
n
 
p
r
i
o
r

t
o
 
b
u
i
l
d
i
n
g
 
t
h
i
s
 
p
i
p
e
 
t
h
e
n

c
a
n
 
b
e

c
o
m
p
a
r
e
d
 
w
i
t
h
 
d
i
s
t
r
i
b
u
t
i
o
n
 
p
a
t
t
e
r
n
s
 
a
f
t
e
r

a
c
t
i
v
a
t
i
o
n
 
o
f
 
t
h
e
 
p
i
p
e
)
 
t
h
i
s

'
b
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
'
 
c
o
m
p
a
r
i
s
o
n
 
w
i
l
l

b
e
 
p
r
e
s
e
n
t
e
d
 
i
n
 
a
 
f
u
t
u
r
e

r
e
p
o
r
t
 
o
n

s
t
u
d
i
e
s
 
d
o
n
e
 
d
u
r
i
n
g
 
t
h
e
 
t
h
i
r
d
y
e
a
r
.

B
.
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
C
h
a
n
n
e
l

T
h
i
s
 
d
r
a
i
n

i
s

l
o
c
a
t
e
d
 
w
h
e
r
e
 
w
e
s
t

C
h
a
n
n
e
l
 
R
o
a
d
 
a
n
d

C
h
e
t
a
u
q
u
a

B
o
u
l
e
v
a
r
d
 
i
n
t
e
r
s
e
c
t
 
w
i
t
h
 
t
h
e
 
P
a
c
i
f
i
c

C
o
a
s
t
 
H
i
g
h
w
a
y
.

T
h
e
 
s
t
o
r
m
 
d
r
a
i
n

s
y
s
t
e
m

d
r
a
i
n
s

m
u
c
h

o
f

t
h
e

S
a
n
t
a

M
o
n
i
c
a

C
a
n
y
o
n

a
r
e
a

w
h
i
c
h

h
a
s

p
r
e
d
o
m
i
n
a
n
t
l
y
 
r
e
s
i
d
e
n
t
i
a
l
 
a
n
d
 
o
p
e
n

s
p
a
c
e
 
l
a
n
d
 
u
s
e
s
.

F
l
o
w
 
e
x
i
t
s
 
f
r
o
m
 
a

l
a
r
g
e
 
c
o
n
c
r
e
t
e
 
c
h
a
n
n
e
l
 
a
n
d
 
t
h
e
n
 
d
r
a
i
n
s

a
c
r
o
s
s
 
t
h
e
 
b
e
a
c
h
.

T
h
e
 
p
u
d
d
l
e

t
h
a
t
 
f
o
r
m
a
 
o
n
 
t
h
e
 
b
e
a
c
h
 
i
s
 
b
r
a
c
k
i
s
h

w
i
t
h
 
e
x
t
e
n
s
i
v
e
 
t
i
d
a
l
 
i
n
p
u
t
.

T
h
e

s
t
o
r
m
 
d
r
a
i
n
 
!
l
o
w
s
 
y
e
a
r
 
r
o
u
n
d
 
w
i
t
h
a
 
t
y
p
i
c
a
l
 
d
r
y
 
f
l
o
w
 
o
f

a
p
p
r
o
x
i
m
a
t
e
l
y

0
.
5
 
c
u
b
i
c
 
f
e
e
t
 
p
e
r
 
s
e
c
o
n
d
 
(
M
i
t
c
h
e
l
l
,

p
e
r
s
.
 
c
o
m
m
.
,
 
1
9
9
0
)
.

S
a
m
p
l
e
s
 
o
f
 
d
r
a
i
n
 
e
f
f
l
u
e
n
t
 
w
e
r
e
 
c
o
l
l
e
c
t
e
d

f
r
o
m
 
t
h
e
 
S
h
o
r
t
 
S
t
r
e
e
t

b
r
i
d
g
e
 
w
h
e
r
e
 
i
t
 
c
r
o
s
s
e
s
 
t
h
e
 
c
h
a
n
n
e
l
.

T
h
i
s
 
p
o
s
i
t
i
o
n
 
i
s
 
a
p
p
r
o
x
i
m
a
t
e
l
y
4
0
0

y
a
r
d
s
 
f
r
o
m
 
t
h
e
 
s
u
r
d
 
n
o
n
e
.

B
e
c
a
u
s
e
 
t
h
i
s
 
d
r
a
i
n
 
i
s
 
a
 
c
a
n
d
i
d
a
t
e

f
o
r
 
a
n
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Virus sampling was conducted in the creek because its effluents mix
with bathing waters of adjacent Playa Del Rey and Venice beaches, both
popular bathing areas. Sampling was conducted 30 yds west of the
Centinela Ave. bridge. This location was 2 mi upstream from the Say, at
the upper reaches of the tidal prism. Samples collected at this
location therefore had minimal seawater dilution.

III. SAMPLING
A. Indicator :bacteria

1. Sampling Design and Frequency

The study was carried out over a thirteen week period from late
July to mid October, 1990. Ideally, sampling would have occurred during
weekends when the most people were using the beach. However, because of
the logistical requirements of the microbiology laboratories, sampling
was conducted during morning hours on weekdays. All bacterial samples
were tested within sir hours of sampling.

Sampling in the surf zone around the Pico-Renter drain occurred on
twenty days over a ten week period. Samples tor bacterial analyses were
collected at ten sites in the surf zone where the drain effluent flows
into the Hay (Figure 2):

1. Seven stations were positioned at ankle depth at 0, 25,

SO, and 100 yard intervals; the "0" position was located
directly vest of the drain.

2. Three stations were positioned at chest depth at 0, and
25 yard intervals.

All samples were taken from the incoming breaking surf. The ankle
depth samples were taken as the surf foam reached the sample bottle at
the height of the sampler's ankle. The chest samples were taken where
the breaking waves reached the sheet height (approximately 3 to 9 ft) of
a medium sized adult. Chest depth sampling usually occurred between 30
and 50 yards further away from the drain than ankle depth sampling.

Samples of drain effluent were collected for bacterial analyses on
each of the surf zone sampling days at the Pico-Renter drain. Likewise,
bacterial samples were collected during each day of viral sampling at
the Santa Monica Canyon drain and 3allona Creek.

Samples were collected in either 125 ml or 1 liter, high-density,
sterile polypropylene bottles. After collection, samples were placed
on ice and transferred to the Environmental Monitoring Division's (ED)
microbiology laboratory at the City of Los Angeles' Hyperion Treatment
Plant.
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2. Analyses

Densities of total and fecal coliforms were determined
according to Standard Methods (APEA, 1985) using the membrane
filtration techniques (Section 909). The nutrient enrichment
procedure was used for total colifore analyses as recommended
in Standard Methods Section 909a. Tests for enterococci
followed recommended EPA (1985) procedures using m-E and Esculin
Iron Agar media. Results were reported in colony forming units
(ctu/100 m1).

B. Viruses

1. Sampling Design and Frequency

Virus sampling occurred on five different days at Ballona Creek and
Santa Monica Canyon drains, and four days at the Pico Kanter drain.
During each day, a single sample was collected at each drain.
Approximately 100 gallons of water was filtered for each sample. The
limited cumber of runoff samples that were analyzed makes it impossible
to answer, with certainty, that enteric virus was not present in the
drains.

Early construction of the extension for the Pico-Renter drain
prevented the collection of a fifth sample at this site. The sampling
period was from August 28 to October 15, 1990. In addition to enteric
virus, samples were analyzed for total and fecal coliforms and
enterococcus indicator bacteria, end F-male specific coliphage.

2. Seed Study

Seed studies were performed to test toxic effects of the storm
drain effluent on virus, and to measure the effectiveness (i.e. percent
of recovery) of the process to concentrate and analyze for virus. These
studies were done at the two drains and Ballcna Creek using adsorption
and elution techniques described in Standard Methods, modified Section
913-A APEA, (1985).

Prior to 'virus sampling, we 35 gal containers were filled with
storm drain effluent. A known quantity of attenuated poliovirus
(vaccine strain) was added to each container. Prior to concentrating
the sample, a set of three replicate grabs were taken from each
container. Each grab consisted of 1 91.1 of sample diluted with 9 ml of
sterile diluent water. The seeded effluent them was rum through a
concentrator (described below). At the end of the run, a second set of
replicate grab samples were collected foam the second 35 gal container.

Grab samples were diluted tenfold again and analyzed for
concentrations of the poliovirus. Concentrations of virus in the first
set of grab samples yielded baseline levels. Any toxic effects of the
effluent then could be assessed by comparing differences in viral
concentrations between the first and second !St of grab samples. The
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percent recovered by the concentration procedure was measured by
comparing virus levels in the final concentrate with baseline levels.

3. Sampling and Analysis

a. F-Male Specific Coliphage

Replicate grab samples inv3) were obtained on for days at the
Pico-Renter drain and on tive days at the other storm drain sites (from
splits of the bacterial samples) and analysed for F male-specific
coliphage by the Los Angeles County Sanitation Districts' virology

laboratory. The F-male specific coliphage assay methods used were
obtained from Dr. V. Cabelli (personal communication) as described in
Appendix I.

b. Enteric Vi -uses

Enteric viruses were sampled at the storm drain sites using a
modified version of Standard Method 913-A (APHA, 1995). Approximately
40 to 100 gallons of effluent were filtered per sample. The field
sampling was conducted by personnel from the Hyperion Environmental
Monitoring Division and the LOS Angeles County Sanitation Districts
(LACSD). The seed studies were all completed by LACSD staff. A
detailed description of the enteric virus sampling protocol is in "The
ESEPA Manual of Methods for virology" (15134).

The long field processing time (approximately 1.5 hours)
required that sampling began in the morning and continued until
noon. Only one sample was taken per day at each of the drains. Seed
studies were run on the same morning as field sampling, but with a
different virus concentrator to minimise the risk of cross

contamination.

One-liter eluates from the field sample were delivered to
the laboratory and reconcentrated using an organic
flocculation procedure (Fathenelson et al., 1978). Final
concentrates were detoxified prior to assay (Glass et al.,
1978).

All of the samples were initially analysed for human enteric
viruses which develop plaque 'forming units MEV) on Buffalo green monkey
kidney cells MGM). If a sample was negative for PEE, then another
fraction of the sample was assayed on BGER cells by the liquid overlay
technique, known as the cytopathic effect assay (CPE) described by
Lennette and Schmidt (1909). Samples exhibiting CAE were confirmed as
viral by re-infecting another flask of BGER cells with a portion of the
supernate from the original flask. In all cases, CPS positive flasks
were confirmed by testing some of the original flask supernate by
passage into a second set of liquid overlay cultures, or by plaque
assay. A detailed description for cell culture and virus assay is
presented by the EPA (USEPA, 1984).
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C. Quality Assurance and Quality Control (QA /QC)

The DA/QC protocols established by Standard Methods (APHA,1985) and
5gEgE (1994, 1995) were followed. In addition the QA/DC project plan
for the study was approved by Ken Kitchingman, a OA officer for EPA
Region IX.

D. Characterisation of Bather Populations

The beach characterisation survey took glace on 22 days from mid
July through mid September, 1990 at Santa Monica Canyon drain, and on
four days in August and September at the Pico-Renter drain. Surveys
took place on Friday, Saturdays, and Sundays because these are the days
of peak bather use. The hours of the survey were from 11 AM to 3 PM,
the four hour period when most people visit the beach.

The survey was designed to provide information on the number of
swimmers, number of waders, number of swimmers and waders at various
distances from the drains, and the estimated age and ethnicity of the
swimmers and waders. It was assumed that if a bather had wet hair, then
the bather had been swimming in the ocean. Age and ethnicity was noted
because the incidence of illness could differ among these groups.
Bathers were placed into "Distance groups" detailing how far they were
swimming or wading in the surf tone from the drain: groups included
those bathing in the drain or runoff pool, 0-25 yds., 29 -50 yet,' or 50-
100 yds. from the drain.

E. Data Analyses

Geometric means were calculated for bacterial indicators and F-male
specific coliphage.

The percentage of days which exceeded levels of concern was
calculated with all raw data. If any replicate on any day exceeded the
level of concern, the day was considered above the level of concern for
that station.

Analysis of variance (AN.V4A) vas used to test for significant
differences among geometric means from stations at ankle and chest
depths. Each station mean was calculated from all data gathered over
the study period. To determine the pattern that bacterial densities
decreased with distance from the drain the data were regressed and the
best fit curve was found (SAS, PROC RSAW).

EV. REsELTS

A. Bacterial indicatory

Densities of indicator bacteria were greatest in the storm drain
effluent, and fell with distance affehore from ankle to chest depths.
Bacterial densities generally decreased along the shore with distance
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from the drain in a linear fashion (p < 0.051 (Table 1). These densities
generally fell one to two orders of magnitude from the drain effluent to
chest depths (Figure 3). This decrease among means from drain to ankle
depth and from ankle to chest depth for each of the three indicator
bacterial groups was significant (p o 0.01).

Averaging all data collected over the study period, the mean
concentratiens of bacteria differed significantly among stations located
at ankle depth for all three indicator groups (Table 1). The greater
values tended to be south of the drain, with the highest geometric mean
densities located 25 yards south of the drain. Conversely, station
means calculated at chest depth over the sampling period were not
significantly different, nor was any discernable pattern seen (Table 1).

Figure 4 shows how often bacterial measurements at a site exceeded
levels of concern. These levels were based on State Ocean Pl.
standards (see Introdnation above). All samples of drain effluent
generally had indicator bacterial densities above levels of concern for
all three indicator groups. Although less frequently, levels of concern
still were exceeded at ankle depth, especially to the south. Levels of
concern were exceeded less frequently at chest depths.

The geometric mean bacterial densities of the runoff collected from
Santa Monica Canyon and Ballona Creak during virus sampling are in Table
2. The bacterial densities in Ballona Creek end Santa Monica Canyon
runoff were one to two orders of magnitude lower than Pico-tenter
runoff. The total and fecal colitorm densities in Ballona Creek runoff
were much higher than Santa Monica Canyon, but Santa Monica Canyon
enterococcos densities were higher than Ballona Creek.

B. Virus.

1. Seeding Studies

Recovery of the seeded poliovirus averaged 31% at Pico-Renter, 19%
at Ballona Creek, and 12% at the Santa Monica drain (Table 3). Results
were most variable at Pico-Renter, ranging from 9 to 53% recovery.

2. F-Male Specific Coliphage

The Pico-Renter indicator densities ranged from 9,700 to 15,000
colipinage/100 ml (Table 4), Densities in the samples from Ballona Creek
ranged from 450 to 770 coliphage1100 ml, and were over an order of
magnitude lower than those from the Pico-Renter drain. The Santa Monica
Canyon coliphage densities were very low, ranging from 010 to 200
coliphage per 100 ml.

3. Mnteric Virus

Sunan enteric viruses were detected in Pico-Renter runoff on
three of the four sampling dates (Table 4). No enteric viruses were
detected during the five days of sampling at Santa Monica Canyon or
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Ballona Creek.

Quantification of virus was done for two of the three positive
virus samples from Pico-Renter. The sample collected September 5 sample
had an estimated 0.6 pfu/gal, while the September 6 sample had 0.5
pfu/gal.

C. Characterisation of Bather Population

Over the 22 days of the survey at the Santa Monica Canyon drain,
1781 swimmers and 1779 waders were within 100 yards of the drain (Table
5). Over this period, the number of swimmers around the drain ranged
from 21 to 174, while bathers ranged from 20 to 205. An average of 81.0
swimmers and 80.9 waders per day were in the.water from 11 AM to 3 PM at
varying distances from the drain, including the pooled effluent (Table
4). The population spanned a variety of ages (Table 6), but was
represented mostly by caucasians (Table 7).

There was only a four day survey coopleted at Pico-tenter drain.
The beach 100 yds. north and south of the drain was closed for the
entire summer after the end of June, 1990. Over these four days, the
number of swimmers around the drain ranged from 8 to 39, while bathers
ranged from 83 to 143. There were 78 swims.... end 431 waders at the
close section of beach during the four days (Table 4). An average of
19.5 swimmers and 107.8 waders were at the beach between 11 AM and 3 PM,
and were represented by a variety of ages (Table 6) of mostly caucasians
and hispanica (Table 7).

rv. DISCUSSION

X. Bacterial Dispersion

During the bacterial dispersion study it was found that levels of
concern were exceeded frequently at distances of 100 yards from the
Pico-Renter drain at ankle depth. From 20% to 55% of the samples at 100
yards exceeded levels of concern for the three groups of indicator
bacteria. Bathing water standards in the California Ocean Plan are
exceeded if total colitoreas measure more than 1000 ctu/100 ml 20% of the
time at a sampling site. This situation was the case at all ankle depth
stations over the entire 13 week sampling period (Figure 4).

Until this study, it was assumed that the bacterial densities
dropped off drastically at distances much closer to flowing drains than
100 yards. In fact, the L.A. County Department of Boalth Services has
stated that the bacterial counts often do not exceed levels of con..
et distances over 25 yards from flowing drains (Rebabjiaa, 1988).
Although the Pico-Renter results are probably the worst case scenario
for bacterial densities in the surf zone, the findings of the study may
cause policy milers to reword the beach warning signs to include a
warning for swimmers to stay at least one hundred yards from flowing
drains.
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t
h
e
 
P
i
c
o
-
K
e
n
t
e
r
 
d
r
a
i
n

w
e
r
e
 
o
v
e
r
 
t
w
e
n
t
y
 
t
i
m
e
s
 
g
r
e
a
t
e
r
 
t
h
a
n
 
t
h
o
s
e
 
f
o
u
n
d
 
i
n
 
t
h
e
 
S
e
l
l
o
u
t
(
 
C
r
e
e
k

(
6
2
0

t
o
 
1
2
,
7
0
0
 
p
f
u
/
1
0
0
 
m
l
)

a
n
d
 
n
e
a
r
l
y
 
2
0
0
 
t
i
m
e
s
 
g
r
e
a
t
e
r
 
t
h
a
n
 
t
h
e

c
o
l
i
p
h
a
g
e
 
v
a
l
u
e
s
 
f
o
u
n
d
 
i
n
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
r
u
n
o
f
f
 
(
6
4
 
p
t
u
/
1
0
0
 
m
1
)
.

H
i
g
h
e
r
 
d
e
n
s
i
t
i
e
s
 
o
f
 
m
a
l
e
 
s
p
e
c
i
f
i
c
 
c
o
l
i
p
h
a
g
e
 
a
x
e
 
e
x
p
e
c
t
e
d
 
i
n
 
s
e
w
a
g
e

c
o
n
t
a
m
i
n
a
t
e
d
 
w
a
t
e
r
s
 
t
h
a
n
 
i
n
 
w
a
t
e
r
s
 
w
i
t
h
o
u
t
 
h
u
m
a
n
 
f
e
c
a
l
 
i
n
p
u
t
s
 
(
C
a
b
e
l
l
i
,

p
e
r
s
.
 
c
o
m
a
.
,
 
1
9
8
9
)
.

D
a
t
a
 
i
n
 
T
a
b
l
e
 
3
 
t
e
n
d
 
t
o
 
s
u
p
p
o
r
t
 
t
h
i
s
 
o
b
s
e
r
v
a
t
i
o
n
 
i
n

t
h
a
t
 
t
h
e
 
h
i
g
h
e
s
t
 
d
e
n
s
i
t
i
e
s
 
o
f
 
c
o
l
i
p
h
a
g
e
 
g
e
n
e
r
a
l
l
y
 
c
o
r
r
e
s
p
o
n
d
e
d
 
w
i
t
h
 
t
h
e

p
r
e
s
e
n
c
e
 
o
f
 
e
n
t
e
r
i
c
 
v
i
r
u
s
 
i
n
 
t
h
e
 
d
r
a
i
n
.

T
h
i
s
 
t
r
e
n
d
 
w
a
s
 
n
o
t
e
d
 
i
n
 
t
h
e

p
r
e
v
i
o
u
s
 
y
e
a
r
'
s
 
w
o
r
k
 
a
t
 
t
h
e
 
P
i
c
o
-
R
e
n
t
e
r
 
d
r
a
i
n
 
(
G
o
l
d
 
e
t
 
a
l
.
,
 
1
9
9
0
)
.

U
n
l
i
k
e
 
l
a
s
t
 
y
e
a
r
'
s
 
s
t
u
d
y
,

n
o
n
e
 
o
f
 
t
h
e
 
r
u
n
o
f
f
 
s
a
m
p
l
e
s
 
w
e
r
e
 
h
i
g
h
l
y

d
i
l
u
t
e
d
 
w
i
t
h
 
s
e
a
 
w
a
t
e
r
.

T
h
e
 
r
a
n
g
e
s
 
o
f
 
t
h
e
 
c
o
n
d
u
c
t
i
v
i
t
i
e
s
 
w
e
r
e
 
f
r
o
m
 
1
.
0
7

m
h
o
s
 
a
t
 
P
i
c
o
-
R
e
n
t
e
r
 
t
o
 
5
.
1
0
 
m
m
h
o
s
 
a
t
 
H
a
l
l
o
n
a
 
C
r
e
e
k
;
 
t
h
o
s
e
 
f
o
r
 
s
e
a
w
a
t
e
r

a
r
e
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
3
5
 
=
m
h
o
s
.

2
.
 
S
e
e
d
i
n
g
 
r
e
a
d
y

T
y
p
i
c
a
l
l
y
,

v
i
r
u
s
 
r
e
c
o
v
e
r
i
e
s
 
o
f

2
0

t
o
 
3
0
%

a
r
e
 
a
c
h
i
e
v
e
d
 
d
u
r
i
n
g

16
5

e
n
v
i
r
o
n
m
e
n
t
a
l
 
v
i
r
u
s
 
s
a
m
p
l
i
n
g
 
o
f
 
a
s
t
e
r
 
a
n
d
 
w
a
s
t
e
w
a
t
e
r
 
(
R
a
o
 
a
n
d
 
M
e
l
n
i
c
k
,

1
9
8
6
)
.

R
e
c
o
v
e
r
i
e
s
 
f
r
o
m
 
t
h
e
 
P
i
c
o
-
K
e
n
t
e
r
 
d
r
a
i
n
 
a
v
e
r
a
g
e
d
 
3
1
5
,
 
i
n
d
i
c
a
t
i
n
g

t
y
p
i
c
a
l
 
r
e
c
o
v
e
r
y
,
 
b
u
t
 
t
h
e
 
r
a
n
g
e
 
u
a
s
 
q
u
i
t
e
 
v
a
r
i
a
b
l
e
.
 
L
o
w
e
r
 
r
e
c
o
v
e
r
y
 
r
a
t
e
s

w
e
r
e
 
m
e
a
s
u
r
e
d
 
f
r
o
m
 
t
h
e
 
o
t
h
e
r
 
t
w
o
 
d
r
a
i
n
s
,
 
t
h
e
 
l
o
w
e
s
t
 
b
e
i
n
g
 
a
t
 
t
h
e
 
S
a
n
t
a

M
o
n
i
c
a
 
C
a
n
y
o
n
 
d
r
a
i
n
 
(
a
v
e
r
a
g
e

1
2
%
)
.

O
n
e
 
p
o
s
s
i
b
l
e
 
r
e
a
s
o
n
 
f
o
r
 
t
h
e
 
v
a
r
i
a
b
i
l
i
t
y

i
n
 
r
e
c
o
v
e
r
y
 
w
a
s
 
t
h
a
t

m
a
t
e
r
i
a
l
s
 
i
n
 
t
h
e
 
r
u
n
o
f
f
 
n
a
y
 
h
a
v
e
 
h
a
m
p
e
r
e
d
 
t
h
e
 
e
f
f
i
c
i
e
n
 
t
)
.
 
o
f
 
t
h
e
 
f
i
l
t
e
r
.

O
i
l
,
 
g
r
e
a
s
e
,
 
a
n
d
 
h
u
m
i
c
 
a
c
i
d
 
i
n
 
r
u
n
o
f
f
 
c
a
n
 
b
i
n
d
 
t
o
 
t
h
e
 
a
d
s
o
r
p
t
i
o
n
 
s
i
t
e
s

o
n
 
f
i
l
t
e
r
s
 
i
n
 
t
h
e
 
v
i
r
u
s
 
c
o
n
c
e
n
t
r
a
t
o
r
,
 
t
h
u
s
 
c
a
u
s
i
n
g
 
t
h
e
 
v
i
r
u
s
 
a
d
s
o
r
b
i
n
g

f
i
l
t
e
r
s
 
t
o
 
f
u
n
c
t
i
o
n
 
p
o
o
r
l
y
.

T
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
w
a
t
e
r
s
h
e
d
 
i
s

p
r
e
d
o
m
i
n
a
n
t
l
y
 
r
e
s
i
d
e
n
t
i
a
l
 
a
n
d
 
r
u
r
a
l
,
 
s
o
 
v
e
g
e
t
a
t
i
o
n
 
(
a
 
p
o
t
e
n
t
i
a
l
 
s
o
u
r
c
e

o
f
 
h
u
m
i
c
 
a
c
i
d
)
 
i
n
 
t
h
e
 
s
t
o
r
m
 
d
r
a
i
n
 
w
o
u
l
d
 
b
e
 
c
o
m
m
o
n
.

3
.
 
E
a
t
e
r
i
c
 
v
i
r
u
s
e
s

N
a
 
e
n
t
e
r
i
c
 
v
i
r
u
s
e
s
 
w
e
r
e
 
d
e
t
e
c
t
e
d
 
i
n
 
e
f
f
l
u
e
n
t
s
 
s
a
m
p
l
e
d
 
f
r
o
m
 
B
a
l
l
o
n
a

C
r
e
e
k
 
o
r
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
s
t
o
r
m
 
d
r
a
i
n
.

T
h
e
 
B
a
l
l
o
n
a
 
C
r
e
e
k
 
r
e
s
u
l
t
s

w
e
r
e
 
s
o
m
e
w
h
a
t
 
s
u
r
p
r
i
s
i
n
g
 
b
e
c
a
u
s
e
 
o
f
 
t
h
e
 
s
i
t
e
 
a
n
d
 
c
o
m
p
l
e
x
i
t
y
 
o
f
 
t
h
e

w
a
t
e
r
s
h
e
d
 
a
n
d
 
t
h
a
t
 
s
a
m
p
l
e
r
s
 
n
o
t
e
d
 
f
e
c
a
l
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 
(
u
n
k
n
o
w
n
,

l
a
r
g
e

m
a
m
m
a
l
i
a
n
 
s
o
u
r
c
e
)
 
o
n
l
y
 
a
 
f
e
w
 
f
e
e
t
 
d
o
w
n
s
t
r
e
a
m
 
f
r
o
m
 
t
h
e
 
s
a
m
p
l
i
n
g
 
s
i
t
e
,

c
l
o
s
e
 
t
o
 
t
h
e
 
e
d
g
e
 
o
f
 
t
h
e
 
w
a
t
e
r
.

O
n
l
y
 
f
i
v
e
 
s
a
m
p
l
e
s
 
w
e
r
e
 
t
a
k
e
n
 
a
t
 
e
a
c
h
 
d
r
a
i
n
,
 
3
0
 
i
f
 
t
h
e
r
e
 
w
e
r
e
 
s
m
a
l
l

d
e
n
s
i
t
i
e
s

o
f
 
e
n
t
e
r
i
c
 
v
i
r
u
s

i
n

t
h
e

r
u
n
o
f
f
,

t
h
e
n
 
t
h
e
r
e
 
w
a
s

a
h
i
g
h

p
r
o
b
a
b
i
l
i
t
y
 
t
h
a
t
 
t
h
e
 
s
a
m
p
l
i
n
g
 
a
n
d
 
a
n
a
l
y
t
i
c
a
l
 
m
e
t
h
o
d
s
 
d
i
d
 
n
o
t
 
d
e
t
e
c
t
 
t
h
e

v
i
r
u
s
.

O
t
h
e
r
 
f
a
c
t
o
r
s
 
t
h
a
t
 
m
a
y
 
h
a
v
e
 
a
f
f
e
c
t
e
d
 
t
h
e
 
r
e
s
u
l
t
s
 
w
e
r
e
 
r
u
n
o
f
f

t
o
x
i
c
i
t
y
,

l
o
w
 
v
i
r
u
s
 
r
e
c
o
v
e
r
i
e
s
,

t
e
m
p
o
r
a
l
 
v
a
r
i
a
t
i
o
n

i
n

c
o
n
t
a
m
i
n
a
n
t

s
o
u
r
c
e
s
,
 
o
r
g
a
n
i
c
 
l
o
a
d
i
n
g
s
 
t
o
 
t
h
e
 
s
t
o
r
m
 
d
r
a
i
n
,
 
a
n
d
 
t
h
e
 
d
o
c
u
m
e
n
t
e
d
 
o
i
l

i
n
p
u
t
s
 
i
n
t
o
 
B
a
l
l
o
n
a
 
C
r
e
e
k
 
f
r
o
m
 
t
h
e
 
L
a
 
B
r
e
a
 
t
a
r
 
p
i
t
s
 
u
p
s
t
r
e
a
m

(
J
.

M
i
t
c
h
e
l
l
,
 
p
e
r
s
.
 
c
o
m
m
.
)
.

T
h
e
 
i
s
o
l
a
t
e
d
 
v
i
r
u
s
 
f
r
o
m
 
t
h
e
 
P
i
c
o
-
R
e
n
t
a
l
-
 
d
r
a
i
n
 
w
e
r
e
 
t
e
s
t
e
d
 
i
n
 
o
r
d
e
r

t
o
 
h
e
l
p
 
a
n
s
w
e
r
 
s
o
m
e
 
c
o
n
c
e
r
n
s
 
w
h
e
t
h
e
r
 
t
h
e
y
 
w
e
r
e
 
c
o
n
t
a
m
i
n
a
n
t
s
 
f
r
o
m
 
t
h
e

s
e
e
d
 
v
i
r
u
s
 
s
t
u
d
i
e
s
 
o
r
 
i
s
o
l
a
t
e
s
 
f
r
o
m
 
t
h
e
 
s
t
e
r
n
 
d
r
a
i
n
 
e
f
f
l
u
e
n
t
.

T
h
e
s
e

i
s
o
l
a
t
e
s
 
w
e
r
e
 
p
l
a
c
e
d
 
o
n
 
a
 
m
e
d
i
m
n
 
w
i
t
h
 
m
o
n
o
v
a
l
e
n
t
 
a
n
t
i
 
p
o
l
i
o
 
1
 
a
n
t
i
s
e
r
u
m
.

A
f
t
e
r
 
i
n
c
u
b
a
t
i
o
n
,
 
i
t
 
w
a
s
 
d
e
t
e
r
m
i
n
e
d
 
t
h
a
t
 
t
h
e
y
 
w
e
r
e
 
p
o
l
i
o
 
1
.

T
h
e
y
 
w
e
r
e

t
h
e
n
 
s
u
b
j
e
c
t
e
d
 
t
o
 
t
h
e
 
w
e
 
a
n
d
 
.
t
.
 
m
a
r
k
e
r
 
t
e
s
t
s

)
H
s
i
a
n
g
,

1
9
7
3
)

t
o

d
i
f
f
e
r
e
n
t
i
a
t
e
 
n
a
t
u
r
a
l
l
y
 
o
c
c
u
r
r
i
n
g

"
w
i
l
d
'

t
y
p
e
s

o
f
 
p
o
l
i
o
v
i
r
u
s

f
r
o
m

s
t
r
a
i
n
s
 
t
h
a
t
 
h
a
v
e
 
b
e
e
n
 
a
t
t
e
n
u
a
t
e
d
 
f
o
r
 
v
a
c
c
i
n
e
 
u
s
e
.

R
e
s
u
l
t
s
 
s
h
o
w
e
d
 
t
h
a
t

t
h
e
 
i
s
o
l
a
t
e
s
 
d
i
d
 
p
l
a
q
u
e
 
s
i
m
i
l
a
r
l
y
 
t
o
 
t
h
e
 
v
a
c
c
i
n
e
 
s
t
r
a
i
n
.

A
t
t
e
n
u
a
t
e
d
 
p
o
l
i
o
v
i
r
u
s
 
1
,

a
s
 
e
n
t
e
r
i
c
 
v
i
r
u
s
,

s
 
d
e
t
e
c
t
e
d
 
a
t
 
P
i
c
o
 
-

R
e
n
t
e
r
 
o
n
 
t
h
r
e
e
 
o
u
t
 
o
f
 
f
o
u
r
 
d
a
y
s
.

L
a
s
t
 
y
e
a
r
,
 
a
 
c
o
s
s
a
c
k
i
e
v
i
r
u
s
 
a
n
d
 
a
n

e
c
h
o
v
i
r
u
s
 
w
e
r
e
 
f
o
u
n
d
 
i
n
 
P
i
c
o
 
-
R
e
n
t
e
r
 
r
u
n
o
f
f
.

B
e
G
f
t
1
2
3
,
 
t
h
e
 
o
n
l
y
 
v
i
r
u
s

i
d
e
n
t
i
f
i
e
d
 
d
u
r
i
n
g
 
m
u
l
t
i
p
l
e
 
p
r
o
c
e
d
u
r
e
s
 
t
o
 
f
o
r
a
 
p
l
a
q
u
e
s
 
w
a
s
 
p
o
l
i
o
-
v
i
r
u
s
 
1
,

q
u
e
s
t
i
o
n
s
 
a
r
i
s
e
 
a
b
o
u
t
 
t
h
e
 
p
o
t
e
n
t
i
a
l
 
o
f
 
m
t
0
0
3

c
o
n
t
m
a
i
n
a
t
i
o
n
 
o
f
 
t
h
e

s
a
m
p
l
e
s

w
i
t
h

t
h
e

s
e
e
d
e
d

v
i
r
u
s
.

A
l
t
h
o
u
g
h

t
h
e

p
o
s
s
i
b
i
l
i
t
y

o
f

c
o
n
t
a
m
i
n
a
t
i
o
n
 
c
a
n
n
o
t
 
e
v
e
r
 
b
e
 
e
l
i
m
i
n
a
t
e
d
,
 
t
h
e
r
e
 
a
r
e
 
s
t
r
o
n
g
 
r
e
a
s
o
n
s
 
t
o

b
e
l
i
e
v
e
 
t
h
a
t
 
t
h
e
 
i
s
o
l
a
t
e
s
 
w
e
r
e
 
f
r
o
m
 
t
h
e
 
P
i
c
o
 
-
K
e
n
t
e
r
 
r
u
n
o
f
f
:

1
.
 
P
o
l
i
o
v
i
r
u
s
 
w
a
s
 
f
o
u
n
d
 
o
n
l
y
 
i
n
 
P
i
c
o
-
K
a
n
t
e
r
 
r
u
n
o
f
f
 
e
v
e
n
 
t
h
o
u
g
h
 
s
e
e
d

16
6
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s
t
u
d
i
e
s
 
w
e
r
e
 
p
e
r
f
o
r
m
e
d
 
t
h
r
e
e
 
t
i
m
e
s
 
e
a
c
h
 
a
t
 
t
h
e
 
e
t
h
e
r
 
t
w
o
 
d
o
u
s
e
s
.

2
.

P
o
l
i
o
v
i
r
u
s
 
w
a
s
 
f
o
u
n
d
 
i
n
 
P
i
c
o
-
 
H
e
r
t
e
r
 
r
u
n
o
f
f
 
o
n
 
t
h
r
e
e
 
s
e
p
a
r
a
t
e

d
a
y
s
.

A
l
l
 
o
f
 
t
h
e
 
s
a
m
p
l
e
s
 
w
e
r
e
 
a
s
s
a
y
e
d
 
o
n
 
d
i
f
f
e
r
e
n
t
 
d
a
y
s
.

T
h
e

p
r
o
b
a
b
i
l
i
t
y
 
o
f
 
t
h
i
s
 
o
c
c
u
r
r
i
n
g
 
f
r
o
m
 
c
r
o
s
s
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 
w
a
s
 
s
l
i
g
h
t
.

3
.
 
A
 
s
e
p
a
r
a
t
e
 
v
i
r
u
s
 
c
o
n
c
e
n
t
r
a
t
o
r
 
w
a
s
 
u
s
e
d
 
t
o
 
c
o
l
l
e
c
t
 
t
h
e
 
s
e
e
d
e
d

s
a
m
p
l
e
s
.

N
o
n
e
 
o
f
 
t
h
e
 
s
a
m
e
 
e
q
u
i
p
m
e
n
t
 
w
a
s
 
u
s
e
d
 
i
n
 
b
o
t
h
 
t
h
e
 
s
e
e
d

s
t
u
d
y
 
a
n
d
 
r
u
n
o
f
f
 
s
a
m
p
l
i
n
g
.

4
.
 
S
e
e
d
e
d
 
s
a
m
p
l
e
s
 
w
e
r
e
 
p
r
o
c
e
s
s
e
d
 
i
n
 
t
h
e
 
l
a
b
o
r
a
t
o
r
y
 
f
o
l
l
o
w
i
n
g
 
t
h
e

r
e
c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
t
h
e
 
n
a
t
u
r
a
l
 
v
i
r
u
s
 
s
a
m
p
l
e
 
i
n
 
o
r
d
e
r
 
t
o
 
m
i
n
i
m
i
z
e

t
h
e
 
r
i
s
k
 
o
f
 
c
s
o
s
s
 
c
o
n
t
a
m
i
n
a
t
i
o
n
.

A
l
s
o
,

t
h
e

l
a
b
 
w
a
s
 
c
l
e
a
n
e
d

e
x
t
e
n
s
i
v
e
l
y
 
a
f
t
e
r
 
e
a
c
h
 
s
a
m
p
l
e
 
w
a
s
 
r
e
c
o
n
c
e
n
t
r
a
t
e
d
.

5
.
 
A
 
s
e
p
a
r
a
t
e
 
s
e
t
 
o
f
 
l
a
b
o
r
a
t
o
r
y
 
e
q
u
i
p
m
e
n
t
 
w
a
s
 
u
s
e
d
 
f
o
r
 
t
h
e
 
t
w
o

t
y
p
e
s
 
o
f
 
s
a
m
p
l
e
s
 
w
i
t
h
 
t
h
e
 
e
x
c
e
p
t
i
o
n
 
o
f
 
a
 
p
H
 
e
l
e
c
t
r
o
d
e
.

H
o
w
e
v
e
r
,

s
i
n
c
e
 
t
h
e
 
n
a
t
u
r
a
l
 
s
a
m
p
l
e
 
w
a
s
 
a
l
w
a
y
s
 
p
r
o
c
e
s
s
e
d
 
f
i
r
s
t
,
 
a
n
y
 
r
e
s
i
d
u
a
l

v
i
r
u
s
 
o
n
 
t
h
i
s
 
e
l
e
c
t
r
o
d
e
 
w
o
u
l
d
 
n
o
t
 
h
a
v
e
 
s
u
r
v
i
v
e
d
 
o
v
e
r
n
i
g
h
t
 
e
x
p
o
s
u
r
e

t
o
 
a
 
s
o
l
u
t
i
o
n
 
o
f
 
C
i
d
e
x
,
 
a
 
v
i
r
u
c
i
d
a
l
 
a
g
e
n
t
 
u
s
e
d
 
f
o
r
 
d
e
c
o
n
t
a
m
i
n
a
t
i
n
g

e
q
u
i
p
m
e
n
t
.

6
.

H
i
s
t
o
r
i
c
a
l
l
y
,

l
e
v
e
l
s

o
f

a
t
t
e
n
u
a
t
e
d

s
t
r
a
i
n
s

o
f

p
o
l
i
o
v
i
r
u
s

t
y
p
i
c
a
l
l
y
 
p
e
a
k
 
i
n
 
w
a
s
t
e
w
a
t
e
r
 
d
u
r
i
n
g
 
t
h
e
 
l
a
t
e
 
s
u
m
m
e
r
 
t
o
 
e
a
r
l
y
 
f
a
l
l

w
h
e
n
 
c
h
i
l
d
r
e
n
 
e
n
t
e
r
i
n
g
 
s
c
h
o
o
l
 
f
o
r
 
t
h
e
 
f
i
r
s
t
 
t
i
m
e
 
a
r
e
 
r
e
q
u
i
r
e
d
 
t
o
 
b
e

v
a
c
c
i
n
a
t
e
d
 
f
o
r
 
p
o
l
i
o
.

L
i
v
e
 
v
i
r
u
s
 
i
s
 
u
s
e
d
 
f
o
r
 
v
a
c
c
i
n
a
t
i
o
n
 
w
h
i
c
h

r
e
p
l
i
c
a
t
e
s
 
i
n
 
t
h
e
 
l
o
w
e
r
 
i
n
t
e
s
t
i
n
a
l
 
t
r
a
c
t
.

H
i
g
h
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f

a
t
t
e
n
u
a
t
e
d
 
v
a
c
c
i
n
e
 
c
l
o
n
e
s
 
a
r
e
 
t
h
e
n
 
r
e
l
e
a
s
e
d
 
i
n
 
t
h
e
 
f
e
c
e
s
 
o
f
 
t
h
e

v
a
c
c
i
n
a
t
e
d
 
m
e
r
s
o
n
.

T
h
e

s
a
m
p
l
i
n
g
 
p
e
r
i
o
d
 
c
o
r
r
e
s
p
o
n
d
e
d
 
t
o
 
t
h
e

b
e
g
i
n
n
i
n
g
 
o
f
 
t
h
e
 
s
c
h
o
o
l
 
y
e
a
r
.

D
e
t
e
c
t
i
o
n
 
e
l
 
e
n
t
e
r
i
c
 
v
i
r
u
s
e
s
 
i
n
 
t
h
e
 
s
t
o
r
m
 
d
r
a
i
n
s
 
e
s
t
a
b
l
i
s
h
e
d
 
t
h
a
t

P
i
n
e
-
 
R
e
n
t
e
r
 
w
a
s
 
r
e
c
e
i
v
i
n
g
 
h
u
m
a
n
 
f
e
r
a
l

i
n
p
u
t
s
 
d
u
r
i
n
g
 
t
h
e
 
t
w
o
 
w
e
e
k

s
a
m
p
l
i
n
g
 
p
e
r
i
o
d
.

T
h
e
 
e
s
t
i
m
a
t
e
d
 
v
i
r
u
s
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e
 
0
.
5
 
p
f
u
/
g
a
l

a
n
d
 
0
.
6
 
p
f
u
/
g
a
l
 
f
o
r
 
t
w
o
 
o
f
 
t
h
e
 
t
h
r
e
e
 
s
a
m
p
l
e
s
.

A
 
s
a
m
p
l
i
n
g
 
e
r
r
o
r
 
o
n

e
s
t
i
m
a
t
i
n
g
 
t
h
e
 
v
o
l
u
m
e
 
c
o
l
l
e
c
t
e
d
 
f
o
r
 
t
h
e
 
f
i
r
s
t
 
p
o
s
i
t
i
v
e
 
s
a
m
p
l
e
 
m
a
d
e
 
i
t

i
m
p
o
s
s
i
b
l
e
 
t
o
 
e
s
t
i
m
a
t
e
 
t
h
e
 
p
o
l
i
o
v
i
r
u
s
 
c
o
n
c
e
n
t
r
a
t
i
o
n
.

T
h
e
s
e
 
e
s
t
i
m
a
t
e
s

a
r
e
 
r
o
u
g
h
 
e
s
t
i
m
a
t
e
s
 
f
o
r
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
s
e
a
s
o
n
s
:

1
.
 
A
t
 
l
o
w
 
d
e
n
s
i
t
i
e
s
,
 
v
i
r
u
s
e
s
 
a
r
e
 
n
o
t
 
n
o
r
m
a
l
l
y
 
d
i
s
t
r
i
b
u
t
e
d
 
t
h
r
o
u
g
h
-

o
u
t
 
t
h
e
 
s
a
m
p
l
e
.

A
l
s
o
,
 
o
n
l
y
 
a
 
p
o
r
t
i
o
n
 
o
f
 
t
h
e
 
t
o
t
a
l
 
s
a
m
p
l
e
 
w
a
s

t
e
s
t
e
d
 
f
o
r
 
v
i
r
u
s
.

2
.
 
O
n
e
 
o
f
 
t
h
e
 
b
a
s
i
c
 
l
i
m
i
t
a
t
i
o
n
s
 
o
f
 
v
i
r
u
s
 
t
e
s
t
i
n
g
 
i
s
 
t
h
a
t
 
n
o
 
c
e
l
l

l
i
n
e
 
c
a
n
 
d
e
t
e
c
t
 
a
l
l
 
o
f
 
t
h
e
 
e
n
t
e
r
i
c
 
v
i
r
u
s
e
s
 
p
r
e
s
e
n
t
 
i
n
 
t
h
e
 
s
a
m
p
l
e
.

3
.
 
T
h
e
 
r
e
s
u
l
t
s
 
o
f
 
t
h
e
 
s
e
e
d
i
n
g
 
s
t
u
d
i
e
s
 
d
e
m
o
n
s
t
r
a
t
e
d
 
t
h
a
t
 
t
h
e
 
d
e
n
s
i
t
y

o
f
 
v
i
r
u
s
e
s
 
i
n
 
t
h
e
 
s
a
m
p
l
e
s
 
w
e
r
e
 
e
s
t
i
m
a
t
e
d
.

P
o
l
i
o
v
i
r
u
s
 
r
e
c
o
v
e
r
y
 
a
t

P
i
c
o
-
R
e
n
t
e
r
 
r
a
n
g
e
d

f
r
o
m

9
4

t
o

5
3
%
,

d
e
m
o
n
s
t
r
a
t
i
n
g

t
h
e

l
e
r
;
e

u
n
c
e
r
t
a
i
n
t
y
 
i
n
 
t
h
e
 
a
c
c
u
r
a
c
y
 
o
f
 
t
h
e
 
s
a
m
p
l
i
n
g
 
m
e
t
h
o
d
.

4
.
 
T
o
x
i
c
i
t
y
 
t
o
 
c
u
l
t
u
r
e
d
 
c
e
l
l
s
 
w
a
s
 
n
o
t
e
d
 
i
n
 
t
h
e
 
f
r
e
t
 
y
e
a
r
 
s
t
u
d
y
,
 
s
o

16
7

c
o
n
c
e
n
t
r
a
t
e
s
 
h
a
d
 
t
o
 
b
e
 
d
i
l
u
t
e
d
 
p
r
i
o
r
 
t
o
 
a
s
s
a
y
.

T
o
x
i
c
 
e
f
f
e
c
t
s
 
o
f

t
h
e
 
r
u
n
o
f
f
 
c
o
n
c
e
n
t
r
a
t
e
 
o
n
 
v
i
a
b
i
l
i
t
y
 
o
f
 
t
h
e
 
e
n
t
e
r
i
c
 
v
i
r
u
s
e
s
 
c
o
u
l
d

n
o
t

h
e

a
s
s
e
s
s
e
d
.

T
h
e

v
i
r
u
s
e
s

n
a
y
 
h
a
v
e
 
b
e
e
n
 
i
n
a
c
t
i
v
a
t
e
d

o
r

e
x
p
e
s
i
e
n
c
e
d
 
a
 
l
o
s
s
 
o
f
 
i
n
f
e
c
t
i
v
i
t
y
,
 
s
o

o
n
e
 
o
f
 
t
h
e
 
v
i
r
u
s
e
s
 
t
h
a
t
 
m
a
y

h
a
v
e
 
b
e
e
n
 
p
r
e
s
e
n
t
 
w
o
u
l
d
 
h
a
v
e
 
f
o
r
m
e
d
 
p
l
a
q
u
e
s
 
d
u
r
i
n
g
 
t
h
e
 
t
e
s
t
.

5
.
 
I
t
 
i
s
 
n
o
t
 
a
p
p
r
o
p
r
i
a
t
e
 
t
o
 
e
x
t
r
a
p
o
l
a
t
e
 
v
i
r
a
l
 
d
e
n
s
i
t
i
e
s
 
b
a
s
e
d
 
o
n
 
a
n

a
l
i
q
u
o
t
 
t
a
k
e
n
 
f
r
o
m
 
a
 
s
a
m
p
l
e
 
h
a
v
i
n
g
 
l
o
w
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.

O
n
l
y
 
1
0
9
 
o
f

t
h
e
 
s
a
m
p
l
e
 
w
a
s
 
u
s
e
d
 
i
n
 
p
l
a
q
u
e
 
s
c
r
e
e
n
i
n
g
.

W
h
e
n
 
t
h
a
t

1
0
%
 
w
a
s

n
e
g
a
t
i
v
e
,
 
t
h
e
 
r
e
m
a
i
n
i
n
g
 
s
a
m
p
l
e
 
w
a
s
 
a
s
s
a
y
e
d
 
b
y
 
t
h
e
 
m
o
r
e
 
s
e
n
s
i
t
i
v
e
.

b
u
t
 
q
u
a
l
i
t
a
t
i
v
e
 
C
P
E
 
t
e
c
h
n
i
q
u
e
.

6
.
 
A
 
p
l
a
q
u
e
 
f
o
r
m
i
n
g
 
u
n
i
t
 
m
a
y
 
b
e
 
e
i
t
h
e
r
 
o
n
e
 
s
i
n
g
l
e
 
v
i
s
i
o
n
 
o
r
 
a
n

a
g
g
r
e
g
a
t
e
 
o
f
 
t
h
e
 
v
i
r
u
s
 
(
B
i
t
t
e
n
,
 
1
9
8
0
)
.

T
h
i
s
 
i
s
 
t
h
e
 
s
e
c
o
n
d
 
y
e
a
r
 
t
h
a
t
 
e
v
i
d
e
n
c
e
 
o
f
 
h
u
m
a
n
 
f
e
c
a
l
 
i
n
p
u
t
s
 
i
n
t
o

t
h
e
 
P
i
c
o
-
H
e
r
t
e
r
 
d
r
a
i
n
 
w
a
s
 
d
i
s
c
o
v
e
r
e
d
.

T
h
e
 
b
e
a
c
h
 
p
r
o
x
i
m
a
t
e
 
t
o
 
t
h
e
 
d
r
a
i
n

h
a
s
 
r
e
m
a
i
n
e
d
 
c
l
o
s
e
d
 
f
o
r
 
t
h
e
 
l
a
s
t
 
y
e
a
r
,
 
s
o
 
t
h
e
 
c
o
n
t
i
n
u
a
l
 
r
i
s
k
 
o
f
 
i
l
l
n
e
s
s

t
o
 
r
e
c
r
e
a
t
i
o
n
a
l
 
b
a
t
h
e
r
s
 
h
a
s
 
b
e
e
n
 
m
i
n
i
m
i
z
e
d
.

A
l
s
o
,
 
t
h
e
 
p
o
s
s
i
b
i
l
i
t
y
 
o
f

s
w
i
m
m
e
r
 
i
l
l
n
e
s
s
 
w
i
l
l
 
b
e
 
r
e
d
u
c
e
d
,
 
t
o
 
s
o
m
e
 
e
x
t
e
n
t
,
 
i
n
 
A
u
g
u
s
t
,
 
1
9
9
1
,
 
w
h
e
n

t
h
e
 
6
0
0
 
f
t
 
e
x
t
e
n
s
i
o
n
 
o
f
 
t
h
e
 
d
r
a
i
n
 
w
i
l
l
 
b
e
 
a
c
t
i
v
a
t
e
d
.

T
h
e
 
e
f
f
e
c
t
 
o
f
 
t
h
e

R
r
t
e
n
s
i
o
a
 
o
n
 
t
h
e
 
s
u
r
f
 
t
o
n
e
 
b
a
c
t
e
r
i
a
l
 
d
e
n
s
i
t
i
e
s
 
h
a
s
 
y
e
t
 
t
o
 
b
e
 
e
v
a
l
u
a
t
e
d
.

I
d
e
a
l
l
y
,
 
a
 
r
i
s
k
 
a
s
s
e
s
s
m
e
n
t
 
o
f
 
t
h
e
 
v
i
r
u
s
 
d
a
t
a
 
w
o
u
l
d
 
b
e
 
c
o
m
p
l
e
t
e
d
 
a
n
d

s
e
n
t
 
t
o
 
d
e
c
i
s
i
o
n
 
m
a
k
e
r
s
 
a
n
d
 
r
i
s
k
 
m
a
n
a
g
e
r
s
.

T
h
e
 
e
n
t
e
r
i
c
 
v
i
r
u
s
 
d
a
t
a
 
w
i
l
l

b
e
 
g
i
v
e
n
 
t
o
 
t
h
e
 
L
.
A
.
 
C
o
u
n
t
y
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e
s
 
f
o
r
 
t
h
e
i
r
 
u
s
e
.

H
o
w
e
v
e
r
,
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
i
s
 
a
 
l
i
s
t
 
o
f
 
t
h
e
 
l
i
m
i
t
a
t
i
o
n
s
 
o
f
 
t
h
e
 
r
e
s
u
l
t
s
 
f
o
r

t
h
e
 
p
u
r
p
o
s
e
 
o
f
 
p
e
r
f
o
r
m
i
n
g
 
a
n
 
a
c
c
u
r
a
t
e
 
r
i
s
k
 
a
s
s
e
s
s
m
e
n
t
:

1
.
 
P
r
o
b
l
e
m
s
 
w
i
t
h
 
q
u
a
n
t
i
f
i
c
a
t
i
o
n
 
o
f
 
e
n
t
e
r
i
c
 
o
f
-
r
u
s
e
s
 
i
n
 
t
h
e
 
r
u
n
o
f
f

(
s
e
e
 
a
b
o
v
e
)
.

2
.
 
C
u
r
r
e
n
t
 
d
e
t
e
c
t
i
o
n
 
t
e
c
h
n
i
q
u
e
s
 
c
a
n
n
o
t
 
d
e
t
e
c
t
 
s
o
m
e
 
o
f
 
t
h
e
 
v
i
r
u
s
e
s

w
h
i
c
h

c
o
u
l
d

c
a
u
s
e

s
w
i
m
m
i
n
g

a
s
s
o
c
i
a
t
e
d

i
l
l
n
e
s
s
e
s

s
u
c
h

a
s

g
a
s
t
r
o
e
n
t
e
r
i
t
i
s
.

3
.
 
R
u
n
o
f
f
 
i
s
 
a
 
f
l
o
w
i
n
g
 
m
e
d
i
u
m
 
t
h
a
t
 
i
s
 
a
s
t
s
e
m
e
l
y
 
v
a
r
i
a
b
l
e
.

P
h
y
s
i
c
a
l

(
f
l
o
w
,
 
p
H
,
 
t
o
t
a
l
 
s
u
s
p
e
n
d
e
d
 
s
o
l
i
d
s
,
 
e
t
c
.
)
,
 
c
h
e
m
i
c
a
l
 
(
o
i
l
 
a
n
d
 
g
r
e
a
s
e
,

h
e
a
v
y
 
m
e
t
a
l
s
,
 
e
t
c
.
)
 
a
n
d
 
b
i
o
l
o
g
i
c
a
l
 
(
b
a
c
t
e
r
i
a
l
 
i
n
d
i
c
a
t
o
r
 
d
e
n
s
i
t
i
e
s
)

p
a
r
a
m
e
t
e
r
s
 
v
a
r
y
 
g
r
e
a
t
l
y
 
o
v
e
r
 
t
i
m
e
.

v
i
r
u
s
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e

e
x
p
e
c
t
e
d
 
t
o
 
v
a
r
y
 
o
v
e
r
 
t
i
m
e
 
a
s
 
w
e
l
l
.

4
.
 
A
t
 
l
o
w
 
r
s
 
d
e
n
s
i
t
i
e
s
,
 
o
n
e
 
c
a
n
 
n
o
t
 
a
s
e
u
m
e
 
t
h
a
t
 
t
h
e
 
v
i
r
u
s
e
s
 
a
r
e

n
o
r
m
a
l
l
y

d
i
s
t
r
i
r
o
i
b
u
t
e
d
t
h
r
o
u
g
h
o
u
t
 
t
h
e
 
r
u
n
o
f
f
 
o
r
 
t
h
e
 
s
u
r
f
 
z
o
n
e
 
a
f
t
e
r

d
i
s
c
h
a
r
g
e
.

A
l
s
o
,
 
t
h
e
r
e
 
a
r
e
 
l
a
r
g
e
 
u
n
c
e
r
t
a
i
n
t
i
e
s
 
i
n
 
d
e
v
e
l
o
p
i
n
g
 
a
n

a
c
c
u
r
a
t
e
 
d
i
l
u
t
i
o
n
 
f
a
c
t
o
r
 
f
o
r
 
s
t
o
r
m
 
d
r
a
i
n
s
 
a
n
d
 
r
u
n
o
f
f
 
i
n
 
t
h
e
 
o
c
e
a
n
.

5
.
 
W
i
t
h
o
u
t
 
k
n
o
w
i
n
g
 
w
h
a
t
 
v
i
s
u
s
e
s
 
w
e
r
e
 
i
n
 
t
h
e
 
s
t
o
r
m
 
d
r
a
i
n
,

i
t
 
i
s

i
m
p
o
s
s
i
b
l
e
 
t
o
 
e
s
t
i
m
a
t
e
 
t
h
e
 
m
i
n
i
m
u
m
 
i
n
f
e
c
t
i
o
u
s
 
d
o
s
e
 
f
o
r
 
p
e
o
p
l
e

e
x
p
o
s
e
d
 
t
o
 
s
e
a
 
w
a
t
e
r
 
c
o
n
t
a
m
i
n
a
t
e
d
 
w
i
t
h
 
v
i
r
u
s
.

H
o
w
e
v
e
r
,
 
o
n
e
 
c
o
u
l
d

a
s
s
u
m
e
 
t
h
a
t

e
x
p
o
e
u
s
e
 
t
o

o
n
e

v
i
r
u
s
 
w
o
u
l
d
 
r
e
s
u
l
t

i
n

i
n
f
e
c
t
i
o
n

(
B
i
t
t
o
a
,
 
1
9
8
0

RB-AR43634



C
.
 
C
h
a
r
a
c
t
e
r
i
o
a
t
i
o
n
 
o
f
 
B
a
t
h
e
r
 
P
o
p
u
l
a
t
i
o
n

T
h
e
 
b
a
t
h
e
r
 
c
h
a
r
a
c
t
e
r
i
t
a
c
i
o
n
 
s
u
r
v
e
y
 
p
r
o
v
i
d
e
d
 
i
n
f
o
r
m
a
t
i
o
n
 
t
h
a
t
 
w
i
l
l

b
e
 
u
s
e
d
 
t
o
 
d
e
s
i
g
n
 
t
h
e
 
l
a
r
g
e
 
s
c
a
l
e
 
e
p
i
d
e
m
i
o
l
o
g
y
 
s
t
u
d
y
 
d
u
r
i
n
g
 
t
h
e
 
t
h
i
r
d

y
e
a
r
 
w
o
r
k
.

I
t
 
t
a
k
e
s
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
1
2
 
w
e
e
k
e
n
d
 
d
a
y
s
 
t
o
 
s
e
e
 
1
,
0
0
0
 
s
w
i
m
m
e
r
s

w
i
t
h
i
n
 
1
0
0
 
y
d
s
.
 
o
f
 
t
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
d
r
a
i
n
 
:
r
e
m
 
1
1
 
A
M
 
t
o
 
3
 
P
M
.

T
h
e
 
m
a
j
o
r
i
t
y
 
o
f
 
t
h
e
 
s
w
i
m
m
e
r
s
 
w
e
r
e
 
b
e
t
w
e
e
n
 
5
0
 
a
n
d
 
1
0
0
 
y
a
r
d
s
 
f
r
o
m
 
t
h
e

d
r
a
i
n
.

H
o
w
e
v
e
r
,
 
b
a
s
e
d
 
o
n
 
t
h
e
 
b
a
c
t
e
r
i
a
l
 
d
i
s
p
e
r
s
i
o
n
 
d
a
t
a
 
a
t
 
P
i
c
o
-
 
R
e
n
t
e
r
,

w
a
d
e
r
s
 
f
r
o
m
 
5
0
 
t
o
 
1
0
0
 
y
a
r
d
s
 
f
r
o
m
 
t
h
e
 
d
r
a
i
n
 
c
o
u
l
d
 
s
t
i
l
l
 
b
e
 
e
x
p
o
s
e
d

f
r
e
q
u
e
n
t
l
y
 
t
o
 
i
n
d
i
c
a
t
o
r
 
d
e
n
s
i
t
i
e
s
 
a
b
o
v
e
 
l
e
v
e
l
s
 
o
f
 
c
o
n
c
e
r
n
.

F
a
r
 
l
e
s
s
 
s
w
i
m
m
e
r
s
 
w
e
r
e
 
n
e
a
r
 
t
h
e
 
P
i
c
o
 
-
R
e
n
t
e
r
 
d
r
a
i
n
 
(
1
9
.
5
 
p
e
r
 
d
a
y
)

c
o
m
p
a
r
e
d
 
t
o
 
t
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
d
r
a
i
n
 
(
8
0
.
9
 
p
e
r
 
d
a
y
)
.

T
h
i
s
 
r
e
s
u
l
t

w
a
s
 
n
o
t
 
s
u
r
p
r
i
s
i
n
g
 
b
e
c
a
u
s
e
 
t
h
e
 
b
e
a
c
h
 
n
e
a
r
 
P
i
c
o
-
R
e
n
t
e
r
 
w
a
s
 
c
l
o
s
e
d
 
d
u
r
i
n
g

t
h
e
 
s
u
r
v
e
y
 
p
e
r
i
o
d
.

H
o
w
e
v
e
r
,
 
t
h
e
r
e
 
w
e
r
e
 
m
o
r
e
 
w
a
d
e
r
s
 
a
t
 
t
h
e
 
P
i
c
o
-
R
e
n
t
e
r

d
r
a
i
n
 
p
e
r
 
d
a
y
 
(
1
0
7
.
8
)
 
t
h
a
n
 
a
t
 
t
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
d
r
a
i
n
 
p
e
r
 
d
a
y
.

V
I
.

O
M
S
=
U
3
S
I
O
N

E
l
e
v
a
t
e
d
 
d
e
n
s
i
t
i
e
s
 
o
f
 
i
n
d
i
c
a
t
o
r
 
b
a
c
t
e
r
i
a
 
w
e
r
e
 
p
r
e
v
a
l
e
n
t
 
i
n
 
t
h
e
 
s
u
r
f

z
o
n
e
 
a
r
o
u
n
d
 
t
h
e
 
P
i
c
o
-
 
R
e
n
t
e
r
 
s
t
o
r
m
 
d
r
a
i
n
.

T
h
e
s
e
 
d
e
n
s
i
t
i
e
s
 
f
r
e
q
u
e
n
t
l
y

e
x
c
e
e
d
e
d
 
l
e
v
e
l
s

o
f
 
c
o
n
c
e
r
n
,

e
s
p
e
c
i
a
l
l
y
 
a
t

a
n
k
l
e
 
d
e
p
t
h
.

E
l
e
v
a
t
e
d

d
e
n
s
i
t
i
e
s
 
f
r
e
q
u
e
n
t
l
y
 
w
e
r
e
 
m
e
a
s
u
r
e
d
 
a
d
 
f
a
r
 
a
s
 
1
0
0
 
y
d
 
f
r
o
m
 
t
h
e
 
d
r
a
i
n
.

B
a
c
t
e
r
i
a
l
 
d
e
n
s
i
t
i
e
s
 
g
e
n
e
r
a
l
l
y
 
f
e
l
l
 
b
y
 
o
n
e
 
o
r
d
e
r
 
o
f
 
m
a
g
n
i
t
u
d
e
 
f
r
o
m
 
a
n
k
l
e

t
o
 
c
h
e
s
t
 
d
e
p
t
h
s
.

H
u
m
a
n
 
e
n
t
e
r
i
c
 
v
i
r
u
s
e
s
 
w
e
r
e
 
d
e
t
e
c
t
e
d
 
f
o
r
 
t
h
e
 
s
e
c
o
n
d
 
y
e
a
r
 
i
n
 
a
 
r
o
w
 
i
n

e
f
f
l
u
e
n
t
 
f
r
o
m
 
t
h
e
 
P
i
c
o
-
R
e
n
t
e
r
 
s
t
o
r
m
 
d
r
a
i
n
.

N
o
 
v
i
r
u
s
e
s
 
w
e
r
e
 
d
e
t
e
c
t
e
d
 
i
n

e
f
f
l
u
e
n
t
s
 
f
r
o
m
 
t
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
C
a
n
y
o
n
 
s
t
o
r
m
 
d
r
a
i
n
 
o
r
 
B
a
l
l
o
n
a
 
C
r
e
e
k
.

V
i
r
u
s
 
s
a
m
p
l
i
n
g
 
s
h
o
u
l
d
 
c
o
n
t
i
n
u
e
 
i
n
 
H
a
l
l
o
o
s
.
 
C
r
e
e
k
,
 
b
e
c
a
u
s
e
 
t
h
i
s
 
d
r
a
i
n

r
e
c
e
i
v
e
s
 
a
 
v
a
r
i
e
t
y
 
o
f
 
c
o
n
t
a
m
i
n
a
n
t
 
i
n
p
u
t
s
.
 
F
u
r
t
h
e
r
 
w
o
r
k
 
s
h
o
u
l
d
 
b
e
 
d
o
n
e
 
t
o

s
e
a
r
c
h
 
f
o
r
 
v
i
r
u
s
e
s
 
o
v
e
r
 
a
 
l
o
n
g
e
r
 
p
e
r
i
o
d
 
o
f
 
t
i
m
e
.

R
e
s
u
l
t
s
 
o
f

t
h
e
 
b
a
t
h
e
r
 
c
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 
s
t
u
d
y
 
a
t
 
t
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a

C
a
n
y
o
n
 
d
r
a
i
n
 
i
n
d
i
c
a
t
e
d
 
t
h
a
t
 
n
e
a
r
l
y
 
1
0
0
 
p
e
o
p
l
e
 
p
e
r
 
d
a
y
 
s
w
a
m
 
w
i
t
h
i
n
 
1
0
0
 
y
d

o
f
 
t
h
e
 
d
r
a
i
n
.

T
h
i
s
 
i
n
f
o
r
m
a
t
i
o
n
 
w
i
l
l
 
b
e
 
n
e
c
e
s
s
a
r
y
 
f
o
r
 
d
e
s
i
g
n
 
o
f
 
a
n

e
p
i
d
e
m
i
o
l
o
g
i
c
a
l
 
s
t
u
d
y
 
o
n
 
b
a
t
h
e
r
s
 
i
n
 
w
a
t
e
r
 
c
o
n
t
a
m
i
n
a
t
e
d
 
b
y
 
s
t
o
r
m
 
d
r
a
i
n

r
u
n
o
f
f
.

V
I
I
.

R
E
C
O
M
M
E
R
M
A
T
I
O
N
S

1
.

F
u
t
u
r
e
 
w
o
r
k
 
o
n
 
b
a
c
t
e
r
i
a
l
 
d
i
s
t
r
i
b
u
t
i
o
n
s
 
s
h
o
u
l
d
 
f
o
c
u
s
 
o
n
 
b
o
w
 
f
a
r
 
f
r
o
m

t
h
e
 
d
r
a
i
n
,

a
t
 
a
n
k
l
e
 
d
e
p
t
h
,
 
b
a
c
k
g
r
o
u
n
d
 
l
e
v
e
l
s
 
a
r
e
 
c
o
n
s
i
s
t
e
n
t
l
y

r
e
a
c
h
e
d
.

2
.

A
l
t
h
o
u
g
h
 
b
a
c
t
e
r
i
a
l
 
d
e
n
s
i
t
i
e
s
 
i
n
 
t
h
e
 
s
u
r
f
 
z
o
n
e
 
n
e
a
r
 
P
i
c
o
-
R
e
n
t
e
r

d
r
a
i
n
 
r
e
p
r
e
s
e
n
t
 
t
h
e
 
p
o
t
e
n
t
i
a
l
 
w
o
r
s
t
 
c
a
s
e
 
e
x
p
o
s
u
r
e
 
s
c
e
n
a
r
i
o
 
f
o
r

r
e
c
r
e
a
t
i
o
n
a
l
 
b
a
t
h
e
r
s
,
 
b
a
s
e
d
 
o
n
 
t
h
i
s
 
r
e
p
o
r
t
 
a
n
d
 
L
A
C
/
M
S
 
b
a
c
t
e
r
i
a
l

m
o
n
i
t
o
r
i
n
g
 
d
a
t
a
 
(
1
9
8
8
-
1
9
9
1
)
,
 
s
t
o
r
m
 
d
r
a
i
n
 
w
a
r
n
i
n
g
 
s
i
g
n
s
 
s
h
o
u
l
d
 
s
t
a
t
e

t
h
a
t
 
p
e
o
p
l
e
 
s
h
o
u
l
d
 
n
o
t
 
s
w
i
m
 
w
i
t
h
i
n
 
a
t
 
l
e
a
s
t
 
1
0
0
 
y
d
s
 
f
r
o
m
 
a
 
f
l
o
w
i
n
g

16
9

d
r
a
i
n
.

T
h
i
s
 
c
a
u
t
i
o
u
s
,

p
u
b
l
i
c
 
h
e
a
l
t
h
 
r
e
c
o
m
m
e
n
d
a
t
i
o
n
 
w
a
s
 
m
a
d
e

a
l
t
h
o
u
g
h
 
t
h
e
r
e
 
a
r
e
 
u
n
c
e
r
t
a
i
n
t
i
e
s
 
i
n
 
e
x
t
r
a
p
o
l
a
t
i
n
g
 
t
h
e
s
e

r
e
s
u
l
t
s
 
t
o

a
l
l
 
f
l
o
w
i
n
g
 
d
r
a
i
n
 
i
n
 
t
h
e
 
b
a
y
.

L
a
r
g
e
 
d
r
a
i
n
s
 
w
i
t
h
 
h
i
g
h
 
b
a
c
t
e
r
i
a

d
e
n
s
i
t
i
e
s
 
a
n
d
 
f
l
o
w
 
r
a
t
e
s
 
l
i
k
e
 
P
i
c
o
-
K
a
n
t
e
r
 
a
n
d
 
B
a
l
l
o
n
a
C
r
e
e
k
 
c
a
u
s
e

m
r
e
 
e
x
t
e
n
s
i
v
e
 
b
a
c
t
e
r
i
a
l
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 
i
n
 
t
h
e
 
s
u
r
f

-
o
n
e
 
t
h
a
n
 
d
r
a
i
n
s

w
i
t
h
 
l
o
w
e
r
 
b
a
c
t
e
r
i
a
l
 
d
e
n
s
i
t
i
e
s
 
(
S
a
n
t
a
 
M
o
n
i
c
a

C
a
n
y
o
n
)
 
o
r
 
l
e
s
s
 
f
l
o
w
.

3
.

S
a
m
p
l
i
n
g
 
f
o
r
 
v
i
r
u
s
e
s
,
 
i
n
 
t
h
e
 
e
f
f
l
u
e
n
t
s
 
o
f
 
d
r
a
i
n
s
 
t
h
a
t

d
i
s
c
h
a
r
g
e

i
n
t
o
 
t
h
e
 
H
a
y
 
d
u
r
i
n
g
 
d
r
y
 
w
e
a
t
h
e
r
 
s
h
o
u
l
d
 
c
o
n
t
i
n
u
e
.

4
.

D
e
s
i
g
n
 
a
n
 
e
p
i
d
e
m
i
o
l
o
g
i
c
a
l
 
s
t
u
d
y
 
o
n
 
p
e
o
p
l
e
 
s
w
i
m
m
i
n
g
 
i
n

w
a
t
e
r
s

c
o
n
t
a
m
i
n
a
t
e
d
 
b
y
 
s
t
o
r
m
 
d
r
a
i
n
 
e
f
f
l
u
e
n
t
s
 
u
n
c
o
n
t
a
m
i
n
a
t
e
d

b
y
 
h
u
m
a
n

f
e
c
a
l
 
w
a
s
t
e
s
.

O
n
e
 
o
f
 
t
h
e
 
p
r
i
m
a
r
y
 
o
b
j
e
c
t
i
v
e
s
 
o
f
 
t
h
e
 
s
t
u
d
y
 
s
h
o
u
l
d

b
e

t
o
 
d
e
t
e
r
m
i
n
e
 
i
f
 
t
h
e
r
e
 
a
r
e
 
h
e
a
l
t
h
 
r
i
s
k
s
 
f
r
o
m

s
w
i
m
m
i
n
g
 
i
n
 
t
h
e
 
B
a
y
.

I
f
 
t
h
e
r
e
 
a
r
e
 
h
e
a
l
t
h
 
r
i
s
k
s
,
 
t
h
e
y
 
s
h
o
u
l
d
 
b
e

q
u
a
n
t
i
f
i
e
d
.

A
n
o
t
h
e
r

m
a
j
o
r
 
o
b
j
e
c
t
i
v
e
 
i
s
 
t
o
 
f
i
n
d
 
o
u
t
 
i
f
 
t
h
e
r
e
 
i
s
 
a
 
c
o
r
r
e
l
a
t
i
o
n

b
e
t
w
e
e
n

p
a
t
h
o
g
e
n
 
i
n
d
i
c
a
t
o
r
 
d
e
n
s
i
t
i
e
s
 
a
n
d
 
t
h
e
 
i
n
c
i
d
e
n
c
e
 
o
f
 
a
d
v
e
r
s
e

h
e
a
l
t
h

e
f
f
e
c
t
s
 
i
n
 
s
w
i
m
m
e
r
s
.

T
h
e
 
f
i
n
a
l
 
d
e
s
i
g
n
 
s
h
o
u
l
d
 
i
n
c
l
u
d
e
 
l
o
c
a
t
i
o
n
s
 
f
o
r

t
h
e
 
s
t
u
d
y
,
 
n
u
m
b
e
r
 
o
f
 
s
w
i
m
m
e
r
s
 
a
n
d
 
m
e
m
b
e
r
s
 
o
f
 
t
h
e

c
o
n
t
r
o
l
 
p
o
p
u
l
a
t
i
o
n

n
e
e
d
e
d
 
f
o
r
 
t
h
e
 
s
t
u
d
y
,
 
s
a
m
p
l
i
n
g
 
s
c
h
e
m
e
 
f
o
r
 
t
h
e

p
a
t
h
o
g
e
n
 
i
n
d
i
c
a
t
o
r
a
,

e
s
t
i
m
a
t
e
d
 
c
o
s
t
 
f
o
r
 
t
h
e
 
s
t
u
d
y
,
 
a
n
d
 
a
 
t
i
m
e
 
l
i
n
e
 
f
o
r
c
o
m
p
l
e
t
i
o
n
.

5
.

B
e
g
i
n
 
s
e
e
k
i
n
g
 
f
u
n
d
s
 
f
o
r
 
t
h
e
 
e
p
i
d
e
m
i
o
l
o
g
i
c
a
l
 
s
t
u
d
y
.
 
T
h
e

s
t
u
d
y
 
s
h
o
u
l
d

b
e
g
i
n
 
d
u
r
i
n
g
 
t
h
e
 
s
u
m
m
e
r
 
o
f
 
1
9
9
3
.

V
T
=

A
C
S
P
O
S
I
L
E
N
T
E
L
S
E
N
T
S

T
h
e
 
C
i
t
y
 
o
f
 
S
a
n
t
a
 
M
o
n
i
c
a
 
p
r
o
v
i
d
e
d
 
f
u
n
d
s
 
t
o

s
u
p
p
o
r
t
 
t
w
o
 
p
a
r
t
-
t
i
m
e

b
i
o
l
o
g
i
s
t
s
 
t
o
 
h
e
l
p
 
c
o
l
l
e
c
t
 
a
n
d
 
a
n
a
l
y
z
e
 
s
a
m
p
l
e
s
,
 
a
n
d
 
e
q
u
i
p
m
e
n
t

n
e
c
e
s
s
a
r
y

t
o
 
c
o
l
l
e
c
t
 
s
a
m
p
l
e
s
 
f
r
o
m
 
t
h
e
 
f
i
e
l
d
.

T
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
R
a
y
 
R
e
s
t
o
r
a
t
i
o
n
 
P
r
o
j
e
c
t
 
t
h
a
n
k
s
 
t
h
e

f
o
l
l
o
w
i
n
g
 
f
o
r

t
h
e
i
r
 
v
o
l
u
n
t
a
r
y
 
c
o
n
t
r
i
b
u
t
i
o
n
s
 
o
n
 
t
h
e
 
s
t
u
d
y
.

T
h
e
 
m
i
c
r
o
b
i
o
l
o
g
y
 
s
t
a
f
f
 
a
t

t
h
e
 
L
o
s
 
A
n
g
e
l
e
s
 
C
o
u
n
t
y
 
S
a
n
i
t
a
t
i
o
n
 
D
i
s
t
r
i
c
t
s
'
 
(
L
A
G
S
D
)

v
i
r
o
l
o
g
y
 
l
a
b
 
f
o
r

s
a
m
p
l
e
 
a
n
a
l
y
s
i
s
 
o
f
 
e
n
t
e
r
i
c
 
v
i
r
u
s
 
a
n
d
 
c
o
l
i
p
h
a
g
e
;
 
t
h
e

m
i
c
r
o
b
i
o
l
o
g
y
 
s
t
a
f
f

a
t
 
t
h
e
 
C
i
t
y
 
o
f
 
L
o
s
 
A
n
g
e
l
e
s
'
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
M
o
n
i
t
o
r
i
n
g
 
D
i
v
i
s
i
o
n

(
E
T
D
)
 
f
o
r

a
n
a
l
y
s
i
s
 
o
f
 
i
n
d
i
c
a
t
o
r
 
b
a
c
t
e
r
i
a
,
 
a
n
d
 
s
a
m
p
l
i
n
g
 
o
f
 
e
n
t
e
r
i
c
 
v
i
r
u
s
.

S
p
e
c
i
a
l

t
h
a
n
k
s
 
g
o
 
t
o

J
o
h
n
 
M
i
t
c
h
e
l
l
,
 
c
h
i
e
f
 
w
a
t
e
r
 
q
u
a
l
i
t
y
 
e
n
g
i
n
e
e
r
 
f
o
r
 
t
h
e

L
.
A
.

C
o
u
n
t
y
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
P
u
b
l
i
c
 
W
o
r
k
s
;
 
W
i
l
l
i
a
m
 
T
a
n
k
o
,
 
S
u
p
e
r
v
i
s
o
r

o
f
 
t
h
e

L
A
C
S
D
 
m
i
c
r
o
b
i
o
l
o
g
y
 
l
a
b
o
r
a
t
o
r
y
;
 
a
n
d
 
t
o
 
C
r
a
i
g
 
W
i
l
s
o
n
,
 
c
h
a
i
r
 
o
f

t
h
e
 
S
a
n
t
a

M
o
n
i
c
a
 
S
a
y
 
R
e
s
t
o
r
a
t
i
o
n
 
P
r
o
j
e
c
t
 
T
e
c
h
n
i
c
a
l
 
A
d
v
i
s
o
r
y

C
o
m
m
i
t
t
e
e
,
 
f
o
r
 
r
e
v
i
e
w

o
f
 
t
h
i
s
 
r
e
p
o
r
t
.

T
h
e
 
d
e
s
i
g
n
a
t
e
d
 
o
u
t
s
i
d
e
 
r
e
v
i
e
w
e
r
.
 
w
e
r
e
 
A
l

D
u
f
o
u
r
,

D
i
r
e
c
t
o
r
 
o
f
 
t
h
e
 
M
i
c
r
o
b
i
o
l
o
g
y
 
R
e
s
e
a
r
c
h
 
D
i
v
i
s
i
o
n
 
a
t
 
=
E
P
A
 
i
n

C
i
n
c
i
n
n
a
t
i
,

a
n
d
 
F
r
a
n
k
 
S
o
r
v
i
l
l
o
,
 
E
p
i
d
e
m
i
o
l
o
g
i
s
t
 
i
n
 
t
h
e
 
A
c
u
t
e

C
o
m
m
u
n
i
c
a
b
l
e
 
D
i
s
e
a
s
e

C
o
n
t
r
o
l
 
s
e
c
t
i
o
n
 
o
f
 
t
h
e
 
L
A
C
S
O
.

R
o
n
 
D
e
r
G
r
i
g
o
r
i
a
n
 
d
e
s
e
r
v
e
s
 
s
p
e
c
i
a
l
 
t
h
a
n
k
s

f
o
r
 
h
i
s
 
r
o
l
e
 
i
n
 
v
i
r
u
s
 
s
a
m
p
l
i
n
g
,
 
a
s
 
d
o
 
v
o
l
u
n
t
e
e
r
s
 
f
r
o
m
 
H
e
a
l

t
h
e
 
H
a
y
 
f
o
r

t
h
e
i
r
 
w
o
r
k

a
t

s
a
m
p
l
i
n
g

t
h
e

s
u
r
f

o
n
e

a
n
d
 
p
e
r
f
o
r
m
i
n
g
 
t
h
e
 
b
a
t
h
e
r

c
h
a
r
a
c
t
e
r
i
s
a
t
i
o
n
 
s
u
r
v
e
y
.

G
r
e
g
 
D
e
e
t
s
 
a
n
d
 
M
i
k
e
 
M
u
l
l
i
n
 
o
f
 
t
h
e
 
E
N
D
 
p
r
e
p
a
r
e
d

g
r
a
p
h
i
c
s
 
f
o
r
 
t
h
i
s
 
r
e
p
o
r
t
.

S
c
o
t
t
 
J
o
h
n
s
o
n
 
o
f
 
t
h
e

1
:
2
4
2
)
c
o
m
p
l
e
t
e
d
 
t
h
e

s
t
a
t
i
s
t
i
c
a
l
 
a
n
a
d
y
n
e
s
 
f
o
r
 
t
h
e
 
s
t
u
d
y
.
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V
I
I
.

R
E
F
E
R
E
N
C
E
S

A
M
A
.

S
e
e
 
A
m
e
r
i
c
a
n
 
P
u
b
l
i
c
 
H
e
a
l
t
h
 
A
s
s
o
c
i
a
t
i
o
n
.

A
P
H
A
.
 
1
9
8
5
.

S
t
a
n
d
a
r
d
 
M
e
t
h
o
d
s
 
f
o
r
 
t
h
e
 
A
n
a
l
y
s
i
s
 
o
f
 
W
a
s
t
e
w
a
t
e
r
.

1
6
t
h
 
E
d
i
t
i
o
n
:
 
S
e
c
t
i
o
n
s
 
9
0
9
,
 
9
0
9
a
,
 
a
n
d
 
9
1
3
-
A
.

B
i
t
t
e
n
,
 
G
.
 
1
9
8
0
.
 
I
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
V
i
r
o
l
o
g
y
.

p
u
b
l
i
s
h
e
d
 
b
y
 
J
o
h
n
 
W
i
l
e
y
 
a
n
d
 
S
o
n
s
.
 
N
.
Y
.
,
 
N
.
Y
.

C
a
b
e
l
l
i
,
 
V
.
J
.
,
 
A
.
P
.
 
D
u
f
o
u
r
,
 
L
.
J
.
 
M
c
C
a
b
e
,
 
a
n
d
 
M
.
A
.
 
L
a
v
i
n
.
 
1
9
8
2
.

S
w
i
m
m
i
n
g
 
a
s
s
o
c
i
a
t
e
d
 
g
a
s
t
r
o
e
n
t
e
r
i
t
i
s
 
a
n
d
 
w
a
t
e
r
 
q
u
a
l
i
t
y
.

A
m
e
r
.
 
C
.

S
p
i
d
e
m
.
 
1
1
5
:
 
6
0
6
-
6
1
6
.

C
i
t
y
 
o
f
 
L
o
s
 
A
n
g
e
l
e
s
,
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
M
o
n
i
t
o
r
i
n
g
 
D
i
v
i
s
i
o
n
.
 
1
9
8
9
.

S
a
n
t
a
 
M
o
n
i
c
a
 
3
a
y
 
A
n
n
u
a
l
 
A
s
s
e
s
s
m
e
n
t
 
R
e
p
o
r
t
,
 
1
9
8
7
-
3
8
,

R
e
p
o
r
t

s
u
b
m
i
t
t
e
d
 
t
o
 
E
P
A
 
a
n
d
 
M
O
M
 
(
L
o
s
 
A
n
g
e
l
e
s
)
 
.

D
e
p
a
r
t
m
e
n
t
 
o
f
 
P
u
b
l
i
c

W
o
r
k
s
,
 
B
u
r
e
a
u
 
o
f
 
S
a
n
i
t
a
t
i
o
n
,
 
H
y
p
e
r
i
o
n
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
,
 
P
l
a
y
a
 
d
e
l
 
R
e
y
,

C
A
.

1
8
9
 
p
p
.

C
i
t
y
 
o
f
 
L
o
s
 
A
n
g
e
l
e
s
,
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
M
o
n
i
t
o
r
i
n
g
 
D
i
v
i
s
i
o
n
.
 
1
9
9
0
.

M
a
r
i
n
e
 
M
o
n
i
t
o
r
i
n
g
 
i
n
 
S
a
n
t
a
 
M
o
n
i
c
a
 
B
a
y
:

A
n
n
u
a
l
 
A
s
s
e
s
s
m
e
n
t
.

R
e
p
o
r
t
 
f
o
r
 
t
h
e
 
P
e
r
i
o
d
 
J
u
l
y
,
 
1
9
8
8
 
t
h
r
o
u
g
h
 
J
u
n
e
,
 
1
9
8
9
.

R
e
p
o
r
t

s
u
b
m
i
t
t
e
d
 
t
o
 
E
P
A
 
a
n
d
 
M
O
M
 
(
L
o
s
 
A
n
g
e
l
e
s
)
.

D
e
p
a
r
t
m
e
n
t
 
o
f
 
P
u
b
l
i
c

W
o
r
k
s
,
 
B
u
r
e
a
u
 
o
f
 
S
a
n
i
t
a
t
i
o
n
,
 
H
y
p
e
r
i
o
n
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
,
 
P
l
a
y
a
 
d
e
l

R
e
y
,
 
C
A
.

2
1
5
 
p
p
.

C
i
t
y
 
o
f
 
L
o
s
 
A
n
g
e
l
e
s
,
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
M
o
n
i
t
o
r
i
n
g
 
D
i
v
i
s
i
o
n
.
 
1
9
9
1
.

M
a
r
i
n
e
 
M
o
n
i
t
o
r
i
n
g
 
i
s
 
S
a
n
t
a
 
M
o
n
i
c
a
 
B
a
y
:

A
n
n
u
a
l
 
A
s
s
e
s
s
m
e
n
t

R
e
p
o
r
t
 
f
o
r
 
t
h
e
 
P
e
r
i
o
d
 
J
u
l
y
,
 
1
9
8
9
 
t
h
r
o
u
g
h
 
J
u
n
e
,
 
1
9
9
0
.

R
e
p
o
r
t

s
u
b
m
i
t
t
e
d
 
t
o
 
E
P
A
 
a
n
d
 
R
W
Q
M
 
(
L
o
s
 
A
n
g
e
l
e
s
)
.

D
e
p
a
r
t
m
e
n
t
 
o
f
 
P
u
b
l
i
c

W
o
r
k
s
,
 
B
u
r
e
a
u
 
o
f
 
S
a
n
i
t
a
t
i
o
n
,
 
H
y
p
e
r
i
o
n
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
,
 
P
l
a
y
a
 
d
e
l

R
e
y
,
 
C
A
.

2
2
0
 
p
p
.

C
L
A
 
E
N
D
.

S
e
e
 
C
i
t
y
 
o
f
 
L
o
s
 
A
n
g
e
l
e
s
,
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
M
o
n
i
t
o
r
i
n
g

D
i
v
i
s
i
o
n
.

G
l
a
s
s
,
 
2
.
5
.
,
 
v
a
n
 
E
l
v
i
s
,
 
R
.
J
.
,
 
a
n
d
 
W
.
A
.
 
Y
a
n
k
s
.

1
9
7
8
.

P
r
a
c
t
i
c
a
l

M
e
t
h
o
d
 
f
o
r
 
D
e
t
e
c
t
i
n
g
 
P
o
l
i
o
v
i
r
u
s
 
i
n
 
A
n
a
e
r
o
b
i
c
 
D
i
g
e
s
t
e
r
 
S
l
u
d
g
e
.

A
p
p
l
.
 
E
n
v
.
 
M
i
c
r
o
.
 
3
5
:
9
8
3

G
e
l
d
,
 
M
.
,
 
B
a
r
t
l
e
t
t
,
 
H
.
,
 
D
o
r
s
e
y
,
 
J
.
 
a
n
d
 
C
.
 
M
c
G
e
e
.

1
9
9
0
.

A
n

A
s
s
e
s
s
m
e
n
t
 
o
f
 
I
n
p
u
t
s
 
o
f
 
F
e
c
a
l
 
I
n
d
i
c
a
t
o
r
 
O
r
g
a
n
i
s
m
s
 
a
n
d
 
3
.
1
E
1
3

E
n
t
e
r
i
c
 
V
i
r
u
s
e
s
 
F
r
o
m
 
T
w
o
 
S
a
n
t
a
 
M
o
n
i
c
a
 
B
a
y
 
S
t
o
r
m
 
D
r
a
i
n
s
.

A
t
e
c
h
n
i
c
a
l
 
r
e
p
o
r
t
 
p
r
e
p
a
r
e
d
 
f
o
r
 
t
h
e
 
S
a
n
t
a
 
M
o
n
i
c
a
 
B
a
y
 
R
e
s
t
o
r
a
t
i
o
n

P
r
o
j
e
c
t
.

G
.
D
.
 
1
9
7
3
.

D
i
a
g
n
o
s
t
i
c
 
V
i
r
o
l
o
g
y
.

Y
a
l
e
 
U
n
i
v
e
r
s
i
t
y
 
P
r
e
s
s
,

N
e
w

H
a
v
e
n
,
 
C
T
.

17
1

R
a
t
o
n
e
l
s
o
n
,
 
E
.
,
 
F
a
t
t
a
l
,
 
B
.
,
 
a
n
d
 
T
.
 
H
o
s
t
o
v
e
s
k
y
.
 
1
9
7
6
.

O
r
g
a
n
i
c

F
l
o
c
c
u
l
a
t
i
o
n
:
 
a
n
 
E
f
f
i
c
i
e
n
t
 
S
e
c
o
n
d
-
S
t
e
p
 
C
o
n
c
e
n
t
r
a
t
i
o
n
 
M
e
t
h
o
d
f
o
r

t
h
e
 
D
e
t
e
c
t
i
o
n
 
o
f
 
V
i
r
u
s
e
s
 
i
n
 
T
a
p
 
W
a
t
e
r
.

A
r
p
i
.
 
E
n
v
.
 
M
i
c
r
o
,

3
2
:
6
3
8
.

R
e
b
a
b
j
i
a
n
,
 
R
.
 
1
9
8
8
.

L
e
t
t
e
r
 
w
i
t
h
 
d
a
t
a
 
e
n
t
i
t
l
e
d
,
 
.
E
n
t
e
r
o
c
o
c
c
u
s

L
e
v
e
l
s
 
A
d
j
a
c
e
n
t
 
t
o
 
S
t
o
r
m
 
D
r
a
i
n
s
 
f
r
o
m
 
1
9
8
7
-
1
9
8
8
"
.

L
.
A
.
 
C
o
u
n
t
y

D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e
s
.

L
e
n
n
e
t
t
e
,
 
E
.
H
.
 
a
n
d
 
N
.
J
.
 
S
c
h
m
i
d
t
.
 
1
9
6
9
.

D
i
a
g
n
o
s
t
i
c
 
P
r
o
c
e
d
u
r
e
s

f
o
r
 
V
i
r
a
l
 
a
n
d
 
R
i
c
k
e
t
t
s
i
a
)
 
I
n
f
e
c
t
i
o
n
s
.
 
A
P
R
A
 
p
u
b
l
i
s
h
e
r
s
.

N
.
Y
.
,

N
.
Y
.

L
i
m
,
 
R
.
A
.
 
a
n
d
 
B
e
n
y
e
s
h
-
M
e
l
n
i
c
k
,
 
M
.
 
1
9
6
0
.
 
T
y
p
i
n
g
 
o
f
 
v
i
r
u
s
e
s
b
y

c
o
m
b
i
n
a
t
i
o
n
s
 
o
f
 
a
n
t
i
-
s
e
r
u
m
 
p
o
o
l
s
.

A
p
p
l
i
c
a
t
i
o
n
 
t
o
 
t
y
p
i
n
g
 
o
f

e
n
t
e
r
o
v
i
r
u
s
e
s
 
(
c
o
m
s
a
c
k
i
e
 
a
n
d
 
e
c
h
o
)
.

J
.

I
s
a
n
s
n
o
l
.

8
4
:
3
0
9
-
3
1
7
.

L
o
s
 
A
n
g
e
l
e
s
 
C
o
u
n
t
y
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e
s
.

1
9
8
8
-
1
9
9
0
.

U
n
p
u
b
l
i
s
h
e
d
 
b
a
c
t
e
r
i
a
l
 
m
o
n
i
t
o
r
i
n
g
 
d
a
t
a
 
f
r
o
m
 
t
h
e
 
s
u
r
f
 
t
o
n
e

w
e
e
k
l
y

m
o
n
i
t
o
r
i
n
g
 
p
r
o
g
r
a
m
.

R
a
e
,
 
V
.
C
.
 
a
n
d
 
J
.
L
.
 
M
e
l
n
i
c
k
.
 
1
9
8
6
.
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
V
i
r
o
l
o
g
y
.

A
S
M

p
u
b
l
i
s
h
e
r
s
.

W
a
s
h
i
n
g
t
o
n
 
D
.
C
.

S
a
l
e
s
,
 
H
.
J
.

1
9
8
7
.

H
i
s
t
o
r
y
 
a
n
d
 
A
p
p
l
i
c
a
t
i
o
n
 
o
f
 
M
i
c
r
o
b
i
o
l
o
g
i
c
a
l

W
a
t
e
r
 
Q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
 
i
n
 
t
h
e
 
M
a
r
i
n
e
 
E
n
v
i
r
o
n
m
e
n
t
.

M
a
t
.
 
S
c
i
.

T
e
c
h
.

1
8
:
4
7
-
5
7
.

S
o
u
t
h
e
r
n
 
C
a
l
i
f
o
r
n
i
a
 
A
s
s
o
c
i
a
t
i
o
n
 
o
f
 
G
o
v
e
r
n
m
e
n
t
s
.
 
1
9
8
8
.
 
S
t
a
t
e
 
o
f

t
h
e
 
B
a
y
:
 
S
c
i
e
n
t
i
f
i
c
 
A
s
s
e
s
s
m
e
n
t
.

S
e
c
t
i
o
n
 
b
y
 
V
.
J
.
 
C
a
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the release of the 1990 study, the City of Santa Monica has rcpt the beach closed, 100 yards
north and south of the PievHenter drain, and implennented measures to reduce or eliminate
pooding of runoff on the beach.

A number of questions soli Deed to be addressed prior to deciding whether or not to
conduct a large stale epidemiology study. This study should be conducted on recreational
bathers in waters with large satiability in indicator bacteria densities adjacent to flowing storm
drains. These conditions would provide information co the health risks from swimming in
waters contaminated only by urban runoff.

In this report, resubs are presented from two studies performed during the third year of the
project. They were designed to:

1. Further evaluate dispersion of indicator bacteria scored the Pico-Kenter norm drain
after the completion of the 600 foot pipe cctension; and

2. Testing for the presence of human enteric virus in the Pico - Kenner and Herondo storm
drains, and Malibu Lagoon.

Further work was done in the first study to refine our lmowledge en the distribution of
indicator bacteria around the Pico-Hauer drain. Gaining an understanding of indicator bacteria
distribution in the surf nine is an essential component in deciding which portion of the beach
and the swimming public is exposed to escessive indicator deasities resulting from storm Main
effluent_ In this case, the Pico-Kentw drain was chosen because of the historically high levels
of indicator bacteria Pleasured in the surf adjacent to the drain. The drain was also chosen
because it offered a unique opportunity to test the efficacy of storm drain recessions in reducing
indicator bacteria densities in the surf cone

Its the second study, we continued to survey various storm drain effluents for thepresence
of human mimic viruses. The two moon drains and lagoon sadied like the sampling locations
f10111 previous studies, were chosen because they historically have berm associated with high
densities of indicator bacteria in the surf zone when the drains flow directly to the ocean. This
roes virus study was the first dove that such a large section of Santa Monica Bay was covered.
The information from this study will be used to help determine the potential sites and need for
an epidemiology study .

IL STUDY SITES

A. Roo-Kanter Storm Drain

The Pico-Heater drain is located where Pico Souls-rant mees the beach (See figure 1).
The norm drain sYstern drains a large arm that includes much of Santa Monica and part of West
L.A. and Brentwood. There are two drains that discharge to the beach: one is owned by Los

?set fs.f1P- '1,114:"*W..
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1. Seeding Stodies

Recovery of the seeded poliovirus geocrally was poor. Results ranged from 6.9 to 30%
for PicoKenter drain on four days, 0.010 16.0% for Herondo on three days, and 2.9 to 7.7%
for two days at Malibu Lagoon (Table 3).

2. F-Male Specific Coliphage

The geometric mean of the F-male specific caliph:ice densities at Hesondo and Pico-
Fetter drains were similar and they were approximately one order of magnitude greater than the
mean densities measured at the Malibu Lagoon sites (Table 4 , Appendix 2). The Malibu
lagoon sites all had low to very low coliphage densities. Unlike samples from the Pico -Xenter
and Herondo chains, many of the samples from the Malibu lagoon (approximately 39%) were
below the method detection limits for coliphage.

3. Enteric. Vents

Human enteric viruses were detected in runoff on at least one day at all six sampling
!orations (Table 5, Appendix 3). Quantification of virus was completed for all ten positive virus
samples (Table 5). Only three samples were positive in the plaque forming unit assay while
seven samples were positive using cytopathic effect assays. The rough estimates of viral
densities ranged from I pfu/ 2.8 gallons to 1 pfu/ 141 gallons for the plaque assays and Z.1
infectious unit (Iu)/ 10.6 gallons to > 1 lu/ 80 gallons for the cytopathic effect assays.

Confirmed vistas isolates were sent to Dr. Piece Payment at the Centre de Recherche no
Vaclogie in Laval. Quebec for identificuion. Identification by the Lim Pool mama
neutralization technique was not successful. Isolates were eventually identified using
m000specific antisera. Enteric viruses were identified in nine of the ten samples that were
positive for virus. Due to a laboratory accident, the virus isolate from the 6/5/91, Malibu
Lagoon C.-channel ration sample was lost.

All isolates were identified as Coxsackie B. The isolate horn Pic Kenner on 9/25/91
conrained Coxsackie Pr2 virus while the isolate from Pioa-grata on 8/13/91 contained Coxsackie
B4 virus. The remaining seven isolates contained renew-tie I15 virus. Coxsackie B viruses can
came gastreenterids and on rare occasions, pericarditis and meningitis.

C. Physical Measurements

Mean temperances, conducivities and pHs for nmoff from the six sample sites are
summarized in Table 6 (All data in Appendix 4). Mean temperances were similar at all sites
ranging from 20.1 m 21.2 C. while the pH at Herondo drain was more acidic averaging 6.5,
compared to the ocher five sits that averaged 7.7 to 8.2. The mean conductivity of mooff was
low at Pico-Kenner drain (1.7 mmlros), similar to brackish svelte at the Fletoodo drain and
Tomes sites, and nearly aline at the breach and C-channel sites. Other than at Pica-Rater,

197

the conductivity of runoff varied over a wide range from nearly fresh water to salt water.

The height of Malibu Lagoon above sea level and the tide height at the time of Sampling
at the Lagoon are also listed in Appendix 4. Lagoa!, height ranged from two foot (the lowest
pc0.41,10 measurement with the measuring stick near the C-Channel =don) to 5.4 feet above sm
level. Of the 26 days where samples were collected and analyzed for enteric virus, 11 occurred
when the Lagoon was as is lowest at two feet and nine ccearned when the lagoon elevation wasover 3.5 feet. Tidal heights ranged from plus 1.2 to six feet during virus sampling at the
1a800n.

In general, the conductivity of the samples was high when the lagoon mouth was open
and/or when there was a very high tide. The sample conductivity was seldom below ten trill11103
at the Broach, C.-Channel and Upozeam stations when the tide was higher than the lagoon
height. The Tama station was less susceptible to the impacts of the tide bemuse samples
collected there were predominantly treated 01011mfge and runoff, and the sampling site was not
directly in the lagoon.

IV. DISCUSSION

A. Bacterial Dispersion

1. After Storm Drain Pipe Extension

Only 11 of the 17 sampling dates were ideal for assessing the effectiveness of the drain
mansion for reducing indicator bacteria densities in the surf zone. The last six days of the
sampling period produced different results because a nearby seam replamment project
conttibuted a large volume of water to the Pico-Keates drain. The flow from dewancing was
discharged into the Pie -Kenner drain where it then flowed across the broth and into the surf

Bacterial levels of concern were always exceeded in the drain itself, but rarely if ever
exceeded at ankle or chest depth in the Sari Ss= on days when the pipe extension was operating
as designed Became of the logistical problems of sampling directly from the Pico-Kenter drain
after the pipe extension, samples of drain effluent were only colleMed on days dining enteric
vine sampling. These dates were not usually the same days as the bacterial dimension study.
Based on the maths of the bacterial dispersion study, the mnoff plume either did not travel back
to abort or the plume was diluted sufficiently to those indicator densities to be low.

2. Comparison with Storm Drain Before Pipe Extesroon

The resuls of the 1991 dispersion study were drastically different from the result of the
1990 dispersion study. In 1990. hachnial levels of erocern were frequently exceeded at ankle
depth nations at distances of up to 100 yards from the drain (See figure 5). Chest depth samples
also exceeded levels of concern 10%, 30% and 40% for fecal coliforms, total coliforms, and
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i
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p
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c
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b
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c
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h
a
g
e
-
W
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t
e
r
 
C
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n
c
e
n
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r
a
t
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n
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e
c
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n
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u
e

1
.

A
l
l
o
w
 
s
a
m
p
l
e
 
t
o
 
w
a
r
m
 
t
o
 
r
o
o
m
 
t
e
m
p
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2
5
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c
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u
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p
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i
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n
c
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,
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I
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b
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r
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i
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l
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c
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.
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(
F
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p
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c
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3
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4
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n
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p
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o
t
h
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n
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n
 
l
o
w
 
(
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r
y
 
s
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r

5
0
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n
u
t
e
s
.

6
.
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n
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r
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u
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e
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9
0
0
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x
 
g
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1
5
 
m
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n
.
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t
 
3
-
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C
.

7
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s
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e
p
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c
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p
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p
e
l
l
e
t
 
i
n
 
t
h
e
 
r
e
m
a
i
n
i
n
g
 
1
0
 
m
l
 
v
o
l
u
m
e
.

9
.

A
s
s
a
y
 
t
h
e
s
e
 
1
0
 
m
l
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2
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l
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p
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r
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p
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.
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p
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p
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p
l
a
t
e
 
s
u
r
f
a
c
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.
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p
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c
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p
e
r
 
1
0
0
 
m
l
.

M
o
t
"

n
o
t
 
s
h
a
k
e
 
h
o
s
t
 
(
F
 
a
m
p
)
 
c
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c
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c
u
l
t
u
r
e
 
a
d
d
e
d
 
i
n
 
s
t
e
p
 
4
 
c
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i
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c
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p
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c
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p
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r
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c
i
l
l
i
n

a
n
d
 
s
t
r
e
p
t
o
m
y
c
i
n

s
u
l
f
a
t
e
.

G
r
o
w
 
o
v
e
r
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h
e
n
 
s
t
o
r
e

i
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a
 
r
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c
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c
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e
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o
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p
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c
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b
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p
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p
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c
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b
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o
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a
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d
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n
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m
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s
 
c
l
u
m
p
i
n
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f
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r
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r
 
f
2
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a
c
t
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r
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o
p
h
a
g
e
 
P
l
a
q
u
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s
a
y
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r
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u
b
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n
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0
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s
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o
l
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:

'
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n
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e
d
i
e
n
t
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o
u
n
t
 
p
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r
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r
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y
p
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0
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r
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1
 
m
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f
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M
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a
C
1
2
 
s
o
l
u
t
i
o
n

H
e
a
t
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o
 
d
i
s
s
o
l
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e
 
a
n
d
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i
s
p
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n
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e
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.
5
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l
 
v
o
l
u
m
e
s
 
p
e
r
 
t
u
b
e
.
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t
o
r
e
 
f
r
o
z
e
n
.

A
u
t
o
c
l
a
v
e
 
1
5
 
m
i
n
.
,
 
1
2
1
 
C
 
a
n
d
 
c
o
o
l
 
t
o
 
4
6
-
5
0
 
C
 
b
e
f
o
r
e
 
a
d
d
i
n
g
 
e
q
u
a
l

v
o
l
u
m
e
 
(
2
.
5
 
m
l
)
 
s
a
m
p
l
e
.
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t
t
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m
 
A
g
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r
 
f
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r
 
f
2
 
B
a
c
t
e
r
i
o
p
h
a
g
e
 
P
l
a
g
u
e
 
A
s
s
a
y
 
a
n
d
 
S
t
o
c
k
 
C
u
l
t
u
r
e
s
 
o
f

m
o
s
t
 
S
t
r
a
i
n
 
(
F
 
a
m
p
)
.

I
n
g
r
e
d
i
e
n
t

A
m
o
u
n
t
 
E
'
e
r
.
 
l
i
t
e
r

T
r
y
p
t
o
n
e

D
e
x
t
r
o
s
e

m
a
=

a
g
a
r

1
0
 
g

1
 
g g

1
2
 
g

A
d
d
 
m
a
g
n
e
t
i
c
 
s
t
i
r
r
i
n
g
 
b
a
r
 
t
o
 
f
l
a
s
k
.

A
u
t
o
c
l
a
v
e
 
1
5
 
m
i
n
.
.
 
1
2
1
 
C
.

C
o
o
l
 
t
o
 
4
5
-
5
0
 
C
.

A
d
d
 
a
n
t
i
b
i
o
t
i
c
s
: a
m
p
i
c
i
l
l
i
n

s
t
r
e
p
t
o
m
y
c
i
n
 
s
u
l
f
a
t
e

M
a
g
n
e
t
i
c
a
l
l
y
 
m
i
x
 
g
e
n
t
l
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,
 
t
h
e
n
 
p
o
u
r
 
p
l
a
t
e
s
.
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12 JUNE 91 TEXACO 
UPBTREAH* 
C-CHARNEL 
BREACH 

7.7 
7.6 
1.9 
7.9 

4.0 
3.0 
26.0 
25.0 

2.0' 

17 JUNE 91 TEXACO 7.7 2.8 
upSTREAN 8.1 2.6 

C-CHARHEL 7.9 23.9 _ 2.2' 

allEACH. 7.9 20.6 17.9 

15 JUNE 91 TEXACO 7.8 3.2 

UrBTREAM 7.6 2.1 2.0' 

C-CHAMEL 7.7 23.3 

BREACH. 7.8 0.8 

24 JUNE 91 PICO 8.5 1.84 17.0 NA RA 

26 JUNE 91 PICO 
/173--. 

- 17.5 NA NA 

1 JULY 91 HERoN00 1.78 20.0 RA NA 

3 JULY 91 TEXACO 7.91 2.06 

UPSTREAM 7.78 48.00 2.0 2.4. 

0-CHARNEL* 0.30 5.46 

BREACH 8.16 10.90 

I JULY 91 RICO 7.80 .507 21 NA NA 

10 JOLT 91 NER01100 7.0 23 RA RA 

15 JOLT 91 RICO 7.77 - 21.5 RA HA 

17 JULY 91 TEXACO 7.64 .3.93 
ursTREAH. 7.44 .472 10.6 2.0' 2.6' 

C-CHANNEL 7.72 20.9 

BREACH 7.54 1.61 

22 JOLT 91 TEXACO 7.97 4.2 

ueSTREAH 
C-CHAMEL. 

1.95 
7.68 

12.5 
30.6 

18.0 

AREACA 7.87 28.9 

24 JOLT 91 RICO 7.09 1.84 19.0 i NA NA 

29 JOLT 91 RICO 7.07 1.71 20.0 RA HA 

30 JULY 91 , TEXACO 
UREITREAH 
0-cHARREL. 
BREACH 

7.31 
7.46 
7.59 
7.81 

4.9 
4.10 
24.9 
49.3 

20.0 
_ 4.2 

31 JULY 91 11000000 7.11 1.15 22.0 NA NA 

5 AUGUST 96 TEXACO 7.72 3.38 
UpsTREAR. 1.37 9.53 19.5 2.9' 
c-CHANNEL 
BREACH 

7.85 
7.90 

32.70 
35.00 

6 AUGusT 91 TEXACO 1.96 3.5 
Up8TREAH 7.65 11.7 2.0' 2.9' 
C-CHANHEL 
19118A011. 

7.04 
7.12 

37.4 
39.4 

20.0 

7 A00087. 91 1.100 0.31 1.75 20.0 NA NA 

12 AUGUST 91 PICO 1.16 1.55 20.5 RA NA 

13 AROUBT 91 RICO 6.02 1.07 211.5 RA HA 

14 A0009T 91 TEXACO 1.96 3.81 
UPSTREAM 7.66 7.17 20.5 2.0' 
c-cHARNEL 
BREACH. 

0.92 
1.55 

50.4 
37.5 

19 AUGUST 91 RICO 6.00 1.01 20.0 NA HA 

20 AuGUsT 91 TEXACO 1.33 28.1 
ORS/REAM' 7.23 23.2 21.0 - 3.3' 
C-CIURIHEL 
BREACH 

6.02 
7.03 

38.7 
41.7 

21 11110082 91 0060600 7.46 1.58 22.1 NA NA 

26 AUGUST 91 TEXACO 7.57 3.35 
uRSTREAH 7.40 22.1 22.5 5.0. 
c-cHARNAL. 
BREACH 

1.41 
1.62 

37.6 
51.5 

27 AUGUST 91 RICO 1.31 1.8 20.0 .0 RA 

28 AUGuliT 91 RICO 6.51 2.09 22.0 IIA OX 
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3 SEPTEMBER 91 TEXACO 
UPSTREAM. 
C-CHAMBEL 
BREACH 

Y 
7.51 
7.69 
1.48 
7.56 

3.46 
40.1 
36.1 
34.3 

24.5 - 3.0' 

I SEPTEMBER 91 HERON. 7.41 1.59 20.9 HA NA 

11 SEPTEMBER 91 BALLOHA 1.95 1.6 
101 RA 

16 SEPTEMBER 91 TEXACO 
UPSTREAM. 

7.19 
8.12 

5.16 
16.11 19.2 2.6' 

C-CUARHEE 
BREACH 

8.37 
8.55 

22.4 
12.75 

18 SEPTEMBER 91 TEXACO 
UPSTREAM 

1.67 
8.09 

4.9 
8.84 19.3 

C-CHANNEL 
BREACH 

0.15 
8.33 

)9.0 
)7.9 

23 SEPTEMBER 91 TEXACO 
UPSTREAM 

6.54 
8.90 

10.63 
16.92 23.5 

C-CHARMEL 8.69 25.30 

OBER° 9.22 23.30 

25 SEPTEMBER 91 PICO 7.76 1.16 20.5 NA UK 

30 SEPTEMBER 91 TEXACO 
UPSTREAM 

7.79 
8.16 

9.36 
11.65 23.0 3.0' 4.1' 

C-CHANNEL 8.36 22.20 

BREACH 8.49 20.60 

I OCTOBER 91 TEXACO 8.08 20.7 

UPSTREAM 8.11 17.47 22.0 3.8. 

C-CHAUREL 8.35 19.44 

BREACH 6.19 21.00 

2 OCTOBER 91 PICO 7.97 1.16 21.5 RA RA 

7 OCTOBER 91 BALLOUR 9.35 1.26 25.5 HA BR 

8 OCTOBER 91 TEXACO 6.03 9.0 

UPSTREAM 
C-CHAHREE 

5.67 
7.46 

11.3 
21.2 

20.0 3.2' 

BREACH 6.61 21.9 

9 OCTOBER 91 TEXACO 
UPSTREAM 
C-CRARREE. 
BREACH 

7.26 
7.53 
8.04 
8.11 

17.7 
17.4 
18.3 
24.2 

15 OCTOBER 90 TEXACO 6.66 .06 
UPSTREAM 7.90 13.54 20.5 3.8' 6.0' 

C-CHABBLE 
BREACH* 

0.82 
6.93 

22.8 
17.7 

16 OCTOBER 91 TEXACO 7.00 9.26 

UPSTREAM 7.03 12.52 20.5 

C-CHARHEL. 
BREACH 

8.67 
8.37 

19.79 
16.88 

21 OCTOBER 91 TEXACO 8.36 0.04 

11,9711.. 8.09 11.56 21.0 

C-CHAIBIEL. 
BREACH 

9.42 
0.77 

19.92 
10.13 

22 OCTOBER 91 TEXACO 7.00 7.6 

UPSTREAM' 6.53 10.6 21.0 

C-CRIAMEL 
BREACU 

6.96 
6.67 

09.7 
18.0 

23 OCTOBER 91 TEXACO 8.48 8.47 
UPSTREAM 8.49 10.18 20.0 4.2' 

C-CHASHEE 
BREACH 

0.88 
8.97 

20.00 
15.41 

IndlcaCes epoulflo locality of Malibu vIcup sample. 

NA - Mot applIc.ble. 
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ORIGINAL ARTICLES

The Health Effects of Swimming in Ocean Water
Contaminated by Storm Drain Runoff

Robert W. Haile,' John S. Witte,' Mark Gold,' Ron Cressey,4 Charles McGee,5
Robert C. Millikan,6 Alice Glasser,? Nina Harawa,' Carolyn Ervin,' Patricia Harmon,'

Janice Harper,' John Dermand,' James Alamillo,3 Kevin Barrett,' Mitchell Nides,9
and Guang-yu Wane°

Waters adjacent to the County of Los Angeles (CA) receive
untreated runoff from a series of storm drains year round. Many
other coastal areas face a similar situation. To our knowledge,
there has not been a large-scale epidemiologic study of persons
who swim in marine waters subject to such runoff. We report
here results of a cohort study conducted to investigate this
issue. Measures of exposure included distance from the storm
drain, selected bacterial indicators (total and fecal coliforms,
enterococci, and Escherichia col'), and a direct measure of
enteric viruses. We found higher risks of a broad range of

Keywords: environmental epidemiology, gastrointestinal illness,
borne illnesses, waterborne pathogens.

symptoms, including both upper respiratory and gastrointesti-
nal, for subjects swimming (a) closer to storm drains, (b) in
water with high levels of single bacterial indicators and a low
ratio of total to fecal coliforms, and (c) in water where enteric
viruses were detected. The strength and consistency of the
associations we observed across various measures of exposure
imply that there may be an increased risk of adverse health
outcomes associated with swimming in ocean water that is
contaminated with untreated urban runoff. (Epidemiology
1999;10:355-363)

ocean, recreational exposures, sewage, storm drains, water.

Runoff from a system of storm drains enters the Santa
Monica Bay adjacent to Los Angeles County (CA).
Even in the dry months of summer 10-25 million gal-
lons of runoff (or non-storm water discharge) per day
enter the bay from the storm drain system. Storm drain

From 'University of Southern California, Department of Preventive Medicine,
Los Angeles, California; 'Case Western Reserve University, Department of
Epidemiology and Biostatistics, Cleveland, Ohio; 'Heal the Bay, Santa Monica,
California; 'City of Los Angeles, Department of Public Works, Bureau of San-
itation, Environmental Monitoring Division, Los Angeles, California; 'County
Sanitation Districts of Orange County, California; 'University of North Caro-
lina, Department of Epidemiology, Chapel Hill, North Carolina; 'University of
California Los Angeles, Department of Prevention & Control, Los Angeles,
California; 'University of California Los Angles, Department of Epidemiology,
Los Angeles, California; 'University of California Los Angeles, Department of
Pulmonary and Critical Care Medicine, Los Angeles, California; mSanta Monica
Bay Restoration Project, Monterey Park, California.

Address reprint requests to: Robert W. Haile, USC/Norris Comprehensive
Cancer Center, Department of Preventive Medicine, 1441 Eastlake Avenue,
Room 4455, P.O. Box 33800, Los Angeles, CA 90033-0800.

This work was supported by the Santa Monica Bay Restoration Project, City of
Los Angeles. California State Water Resources Control Board, Beach Cities
Health District, City of Santa Monica, Los Angeles County Department of
Public Works. Heal the Bay, Los Angeles Regional Water Quality Control
Board, Chevron USA. Las Virgenes Municipal Water District. U. S. Environ-
mental Protection Agency, and Milken Families Foundation.

Submitted March 4. 1998: final version accepted January 22, 1999.

Editors' note See related editorial on page 351 of this issue.

© 1999 by Epidemiology Resources Inc.

water is not subject to treatment and is discharged di-
rectly into the ocean. Total and fecal coliforms, as well
as enterococci, are sometimes elevated in the surf zone
adjacent to storm drain outlets; pathogenic human en-
teric viruses have also been isolated from storm drain
effluents, even when levels of all commonly used indica-
tors, including F2 male-specific bacteriophage, were low.'

Approximately 50-60 million persons visit Santa
Monica Bay beaches annually. Concern about possible
adverse health effects due to swimming in the bay has
been raised by numerous interested parties.' Previous
reports indicate that swimming in polluted water (for ex-
ample, due to sewage) increases risks of numerous adverse
health outcomes (Pruss3 provides a recent review of this
literature). To our knowledge, however, there has never
been a large epidemiologic study of persons who swim in
marine waters contaminated by heavy urban runoff.

These circumstances provided the motivation to study
the possible health effects of swimming in the bay. We
present here the main results from a large cohort study of
people that addressed the issue of adverse health effects
of swimming in ocean water subject to untreated urban
runoff.

Methods
DESIGN AND SUBJECTS

The exposures of interest were distance swimming from
storm drains, levels of bacterial indicators (total coli-

355
4 _s
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forms, fecal coliforms, enterococcus, Escherichia coil) for

pathogens that potentially produce acute illness, and

human enteric viruses. We studied three beaches located

in Santa Monica Bay (CA) that exhibited a wide range

of pathogen indicator counts and a high density of
swimmers (Santa Monica, Will Rogers, and Surfrider).

Persons who immersed their heads in the ocean water

were potential subjects for this study. There was no
restriction based on age, sex, or race. We excluded
anyone who swam at the study beaches or in heavily
polluted areas (that is, Mothers' Beach in Marina del
Rey or near the Santa Monica Pier) within 7 days before

the study date, or between the date of the beach inter-
view and the telephone follow-up interview. We ex-
cluded subjects who swam on multiple days, as one of our

primary questions was whether risk of health outcomes
was associated with levels of indicator organisms on the
specific day a subject entered the water. We targeted
persons bathing within 100 yards upcoast or downcoast
of the storm drain and persons bathing greater than 400
yards beyond a storm drain.

For this study, 22,085 subjects were interviewed on
the beach from June 25 to September 14, 1995, to
ascertain eligibility and willingness to participate. We
found that 17,253 of these subjects were eligible and able

to participate (that is, had a telephone and were able to
Of these, 15,492 (90% of the

eligible subjects) agreed to participate. They were inter-
viewed about their age, residence, and swimming, par-
ticularly immersion of the head into ocean water. The
interviewer noted distance from the storm drain (within
the categories 0, 1-50, 51-100, or 400 yards), gender,

and race of the subject. (Distances from each drain were
marked with inconspicuous objects such as beach towels

and umbrellas.)
Nine to 14 days after the beach interview, subjects

were interviewed by telephone to ascertain the occur-
rence(s) of: fever, chills, eye discharge, earache, ear
discharge, skin rash, infected cuts, nausea, vomiting,
diarrhea, diarrhea with blood, stomach pain, coughing,
coughing with phlegm, nasal congestion, and sore
throat. For this study we defined a priori three groupings

of symptoms indicative of gastrointestinal illness or re-

spiratory disease. In particular, following Cabelli et al,'
subjects were classified as having highly credible gastro-
intestinal illness 1 (HCGI 1) if they experienced at least

one of the following: (1) vomiting, (2) diarrhea and
fever, or (3) stomach pain and fever. We also classified

subjects as having highly credible gastrointestinal illness

2 (HCG1 2) if they had vomiting and fever. Finally, we
classified subjects as having significant respiratory dis-

ease (SRD) if they had one of the following: (1) fever
and nasal congestion, (2) fever and sore throat. or (3)
coughing with phlegm.

We were able to contact and interview 13,278 sub-

jects (86% follow-up). Of those interviewed, 1,485 were
found to be ineligible because they swam (and immersed
their heads) at a study beach or in heavily polluted
waters between the day of the beach interview and the
telephone follow-up. We excluded 107 subjects because

they did not confirm immersing their faces in ocean
water, leaving 11,686 subjects. One subject had a miss-
ing value for age, which we imputed (as the median
value among all subjects) for inclusion in the adjusted
analyses (discussed below). For the bacteriological anal-

yses, we excluded an additional 1,227 subjects who had
missing values, leaving 10,459 subjects. In the virus
analyses we included only the 3,554 subjects who swam
within 50 yards of the drain on days when viruses were
measured (as the samples were collected only at the

storm drain).

COLLECTION AND ANALYSIS OF SAMPLES FOR BACTERIAL

INDICATORS
Samples were collected on days that subjects were inter-
viewed on the beaches. Each day, ankle depth samples

were collected from each location (0 yards, 100 yards
upcoast and downcoast of the drain, and one sample at
400 yards). One duplicate sample per site was collected
daily. Samples were collected in sterile 1 liter polypro-
pylene bottles and transferred on ice to the microbiology
laboratory. All samples were analyzed for total coliforms,
fecal coliforms, enterococcus, and E. coli. Densities of
total and fecal coliforms and enterococci were deter-

mined using the appropriate membrane filtration tech-

niques in Ref 5. E. cob densities were determined by
membrane filtration using Hach Method 10029 for m-

ColiBlue24 Broth.

COLLECTION AND ANALYSIS OF SAMPLES FOR ENTERIC

VIRUSES

For looking at enteric viruses, we collected samples from

the three storm drain sites on Fridays, Saturdays, and
Sundays, using Method 9510 C g of Ref 5. Ambient pH,
temperature, conductivity, and total dissolved solids
were measured. Samples as large as 100 gallons chosen to
minimize the impacts of seawater dilution were filtered
through electropositive filters at ambient pH. Adsorp-
tion filters were eluted in the field with 1 liter of sterile
3% beef extract adjusted to pH 9.0 with sodium hydrox-

ide. Field eluates were reconcentrated in the laboratory
using an organic reflocculation procedure.' All final
concentrates were detoxified before analysis).

All samples were analyzed for infectious human en-

teric viruses in Buffalo green monkey kidney cells

(BGMK) by the plaque assay technique. Ten percent of
the final concentrate was tested in this manner to de-

termine whether there were a quantifiable number of
viruses present. The remaining concentrate volume was

divided in half and analyzed using the liquid overlay
technique known as the cytopathic effect (CPE) assay.'

The CPE assay generally detects a greater number of
viruses than the plaque assay, but it is not quantitative.
Flasks that did not exhibit CPE were considered to b
negative for detectable infectious virus. We further e.
amined any flask exhibiting CPE by the plaque-forming
unit method to confirm the presence of infectious vi-
ruses. - -4
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STATISTICAL ANALYSIS

Our analysis addressed two main questions. First, are
there different risks of specific outcomes among subjects
swimming 0, 1-50, 51-100, and 400 or more yards from
a storm drain? If pathogens in the storm drain result in
increased acute illnesses, one would expect higher risks
among swimmers closer to the drain. Second, are risks of
specific outcomes associated with levels of specific bac-
terial indicators or enteric viruses?

To address the second question, we estimated risks
arising from exposure to levels within categories defined
a priori by existing standards or expert consensus. Spe-
cifically, for total coliforms we defined categories using
1,000 and 10,000 colony-forming units (cfu) per 100 ml
as cutpoints, which are based on the California Code of
Regulations (S.7958 in Title 17).9 For fecal coliforms we
created categories using cutpoints of 200 and 400 cfu per
100 ml, which reflect criteria set by the State Water
Resources Control Board.w For enterococcus we used
cutpoints of 35 and 104 cfu per 100 ml of water, which
were established by the U.S. Environmental Protection
Agency." Finally, categories for E. coli were selected in
meetings with staff from the Santa Monica Bay Resto-
ration Project (SMBRP), Heal the Bay, and the Los
Angeles County Department of Health Services. These
meetings resulted in initially selecting categories based
on cutpoints of 35 and 70 cfu per 100 ml, and then
subsequently adding categories using cutpoints of 160
and 320 cfu per 100 ml; the latter were added because it
is believed that E. coli comprises about 80% of the fecal
coliforms. Using these knowledge-based categories, how-
ever, assumes a homogeneous risk between cutpoints.
This might not be a reasonable assumption because the
adequacy of these cutpoints is unclear, and because a
large percentage of the subjects were in a single (that is,
the lowest) category. Therefore, we further explored the
bacteriological relations using categories defined by de-
ciles.

In addition to considering total and fecal coliforms
separately, we investigated the potential effect of the
ratio of total to fecal coliforms. Motivation for this arose
from our expectation that the risk of adverse health
outcomes might be higher when the ratio is smaller,
indicating a relatively greater proportion of fecal con-
tamination. We used categories of this ratio defined by a
cutpoint of 5 (where 5 corresponds to there being 5
times as much total as fecal coliform in the water). The
human enteric virus exposure was reported as a dichot-
omous (that is, virus detected vs not detected) measure.

We first calculated simple descriptive statistics giving
the number of subjects with each adverse health out-
come who swam (1) at the prespecified distances from
the drain or (2) in water with the prespecified levels of
pathogens. From these counts we estimated the crude
risk associated with each exposure. We then used logistic
regression to estimate the adjusted relative risks of each
outcome. For each exposure/outcome combination, we
fit a separate model. All models adjusted for the poten-
tial confounding of: age (three categories: 0-12 years,

13-25 years, >25 years); sex; beach; race (four catego-
ries: white, black, Latino/a, and Asian/multiethnic/oth-
er); California vs out-of-state resident; and concern
about potential health hazards at the beach (four cate-
gories: nor at all, somewhat, a little, and very).

Results
Table 1 presents results for each of the adverse health
outcomes by distance swimming from the storm drain.
Across all distances, risks ranged from about 0.001 (that
is, 1 per 1,000) for diarrhea with blood to about 0.1 for
runny nose. The risk of numerous outcomes was higher
for people who swam at the drain (0 yards away), in
comparison with those who swam 1-50, 51-100, or
>400 yards from the drain. In particular, we observed
increases in risk for fever, chills, ear discharge, coughing
with phlegm, HCGI 2, and SRD. In addition, the risks
for eye discharge, earache, sore throat, infected cut, and
HCGI 1 were also slightly elevated. A handful of out-
comes exhibited small increased risks among swimmers
at 1-50 yards (skin rash) or at 51-100 yards (cough,
cough with phlegm, runny nose, and sore throat). Ad-
justed estimates of relative risk (RR) comparing swim-
mers at 0, 1-50, or 51-100 yards from the drain with
swimmers at least 400 yards away from the drain showed
similar relations as the aforementioned patterns of risks
(Table 1). Among the positive associations for swimmers
at the drain, RRs ranged in magnitude from about 1.2
(eye discharge, sore throat, HCGI 1) to 2.3 (earache),
with varying degrees of precision; most of these RRs
ranged from 1.4 to 1.6.

In Table 2 we see that the risk of skin rash increased
for the highest prespecified category of total coliforms
(that is, >10,000 cfu). Furthermore, the adjusted RR
comparing swimmers exposed at this level vs those ex-
posed to levels 5-1,000 cfu was 2.6. Whereas the RR for
diarrhea with blood also suggested a positive association,
this result was based on a single adverse health event (as
evinced by the wide 95% CIs). When looking at deciles,
in relation to the lowest exposure level (that is, the
lowest 10%), we observed increased risks of skin rash at
all other levels (Figure 1). The adjusted RRs ranged from
1.6 to 6.2, with five of the nine RRs in the 2-3 range. In
addition, there were increased risks of HCGI 2 for all
deciles except one (the eighth); the corresponding ad-
justed RRs ranged from 1.4 to 4.7, with varying levels of
precision (Figure 1).

When looking at fecal coliforms, we again observed
among those in the highest category (that is, >400 cfu)
an increased risk for skin rash (Table 3). There were also
slight increased risks for infected cut, runny nose, and
diarrhea with blood in the highest category, as well as for
nausea, vomiting, coughing, sore throat, and HCGI 2 in
the middle category (200-400 cfu). The adjusted RRs
also indicated positive associations for these outcomes
(Table 3). When we used deciles to categorize subjects,
however, in comparison with the lowest decile, we only
observed marginal increased risks for infection and skin
rash (not shown). In our investigation of the ratio of
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TABLE 1. Adverse Health Outcomes by Distance Swimming from Drain: Number Ill, Acute Risks, Adjusted Relative Risk
(RR) Estimates and 95% Confidence Intervals (CI)

Outcome

Distance from Drain (in Yards)

>400
(N = 3030)'' 51-100 (N = 3311) 1-50 (N = 4518) 0 (N = 827)

No. III Risk No. 111 Risk RR (95% Cl) t No. III Risk RR (95% Cl)t No. 111 Risk RR (95% COI-

Fever 138 0.046 158 0.048 1.06 (0.84-1.34) 208 0.046 1.07 (0.85 -1.33) 59 0.071 1.61 (1.16-2.24)

Chills 72 0.024 85 0.026 1.07 (0.77-1.47) 108 0.024 1.05 (0.77-1.42) 31 0.037 1.60 (1.03-2.50)

Eye discharge 61 0.020 59 0.018 0.88 (0.61-1.27) 73 0.016 0.77 (0.55-1.09) 19 0.023 1.15 (0.67-1.98)

Earache 116 0.038 116 0.035 0.89 (0.68-1.16) 136 0.030 0.81 (0.63-1.04) 38 0.046 1.34 (0.91-1.98)

Ear discharge 21 0.007 19 0.006 0.78 (0.42-1.46) 25 0.006 0.80 (0.45-1.44) 13 0.016 2.09 (1.01-4.33)

Skin rash 23 0.008 30 0.009 1.16 (0.67-2.01) 53 0.012 1.50 (0.91-2.46) 4 0.005 0.62 (0.21-1.83)

Infected cut 17 0.006 16 0.005 0.79 (0.40-1.58) 37 0.008 1.51 (0.84-2.69) 6 0.007 1.48 (0.57-3.87)

Nausea 133 0.044 115 0.035 0.77 (0.60-1.00) 143 0.032 0.75 (0.59-0.95) 40 0.048 1.13 (0.78-1.65)

Vomiting 57 0.019 58 0.018 0.97 (0.67-1.40) 63 0.014 0.76 (0.53-1.09) 25 0.030 1.40 (0.85-2.31)

Diarrhea 204 0.067 163 0.049 0.70 (0.56-0.86) 202 0.045 0.69 (0.56-0.84) 53 0.064 1.04 (0.75-1.44)

Diarrhea with blood 7 0.002 2 0.001 0.26 (0.05-1.26) 3 0.001 0.27 (0.07-1.06) 2 0.002 0.87 (0.15-4.57)

Stomach pain 206 0.068 194 0.059 0.85 (0.70-1.05) 271 0.060 0.93 (0.77-1.12) 61 0.074 1.11 (0.82-1.51)

Cough 209 0.069 263 0.079 1.18 (0.97-1.42) 296 0.066 0.98 (0.82-1.18) 55 0.067 1.01 (0.73-1.38)

Cough and phlegm 90 0.030 114 0.034 1.16 (0.88-1.54) 143 0.032 1.09 (0.83-1.43) 39 0.047 1.65 (1.11-2.46)

Runny nose 273 0.090 351 0.106 1.18 (1.00-1.40) 371 0.082 0.95 (0.80-1.12) 74 0.089 1.10 (0.84-1.46)

Sore throat 190 0.063 244 0.074 1.17 (0.96-1.43) 304 0.067 1.12 (0.93-1.35) 59 0.071 1.25 (0.92-1.71)

HCGI 1 102 0.034 96 0.029 0.88 (0.66-1.17) 121 0.027 0.84 (0.64-1.10) 35 0.042 1.21 (0.81-1.82)

HCGI 2 26 0.009 28 0.008 1.04 (0.61-1.79) 32 0.007 0.90 (0.53-1.53) 15 0.018 1.64 (0.84-3.21)

Significant respiratory
disease

139 0.046 177 0.053 1.18 (0.94-1.49) 205 0.045 1.03 (0.82-1.23) 63 0.076 1.78 (1.29-2.45)

The total number of swimmers in each category is given in parentheses (N). HCGII, highly credible gastrointestinal illness with vomiting, diarrhea and fever or stomach

pain and fever. HCGT2, highly credible gastrointestinal illness with vomiting and fever only. Significant respiratory disease, fever and nasal congestion, fever and sore

throat or coughing with phlegm.
Referent category (RR = 1.0).

t Adjusted for age, sex, beach, race, California vs out-of-state resident, and concern about potential health hazards at the beach.

total to fecal coliforms, we observed a consistent pattern
of higher risks for diarrhea and HCGI 2 as the ratio
category became lower (not shown, but available in Ref
12). Because any effect of this lower ratio should be
stronger when there was a higher degree of contamina-
tion, indicated by total coliform counts in excess of

1,000 or 5,000 cfu, we then restricted our analysis to( )
subjects swimming in water above these levels. In the
first case, increased risks with decreasing cutpoints were
observed for nausea, diarrhea, and HCGI 2.12 When we
restricted our investigation to subjects in water in which
the total coliforms exceeded 5,000 cfu, we observed

TABLE 2. Adverse Health Outcomes by Total Coliform Levels: Number Ill, Acute Risks, Adjusted Relative Risk (RR)
Estimates and 95% Confidence Intervals (CI)

Outcome

Total Coliforms (cfu/100m1)

1,000
(N = 7,574)* >1,000-10,000 (N = 1,988) >10,000 (N = 757)

No. 111 Risk No. Ill Risk RR i No. Ill Risk Mkt

Fever 368 0.049 88 0.044 0.92 (0.72-1.17) 42 0.055 1.23 (0.87-1.73)

Chills 193 0.025 51 0.026 1.03 (0.75-1.42) 9 0.012 0.51 (0.26-1.01)
Eye discharge 151 0.020 21 0.011 0.46 (0.29-0.74)` 15 0.020 0.81 (0.47-1.41)
Earache 270 0.036 66 0.033 0.96 (0.72-1.27) 21 0.028 0.86(0.54 -1.38)
Ear discharge 51 0.007 15 0.008 1.22 (0.67-2.23) 2 0.003 0.46(0.11 -1.93)
Skin rash 65 0.009 14 0.007 0.75 (0.41-1.36) 19 0.025 2.59 (1.49-4.53)
Infected cut 49 0.006 11 0.006 0.97 (0.49-1.91) 3 0.004 0.82 (0.25-2.72)
Nausea 292 0.039 69 0.035 0.94 (0.72-1.24) 18 0.024 0.71 (0.43-1.16)
Vomiting 137 0.018 34 0.017 0.90 (0.61-1.33) 9 0.012 0.64 (0.32-1.29)
Diarrhea 434 0.057 85 0.043 0.80 (0.63-1.03) 33 0.044 0.95 (0.65-1.39)
Diarrhea with blood 8 0.001 2 0.001 1.08 (0.22 -5.35) 1 0.001 1.73 (0.19-15.88)
Stomach pain 487 0.064 125 0.063 1.05 (0.85-1.29) 29 0.038 0.69(0.47 -1.02)
Cough 546 0.072 133 0.067 0.90 (0.73-1.10) 51 0.067 0.94 (0.69-1.28)
Cough and phlegm 267 0.035 58 0.029 0.81 (0.60-1.09) 27 0.036 1.03 (0.68-1.57)
Runny nose 703 0.093 170 0.086 0.93 (0.78-1.12) 67 0.089 1.06(0.81 -1.40)
Sore throat 534 0.071 116 0.058 0.83 (0.67-1.03) 47 0.062 0.95 (0.69-1.30)
HCGI 1 242 0.032 54 0.027 0.84 (0.62-1.14) 17 0.022 0.74 (0.44-1.23)
HCGI 2 72 0.010 16 0.008 0.89 (0.51-1.55) 5 0.007 0.83 (0.32-2.12)
Significant respiratory disease 396 0.052 84 0.042 0.80 (0.62-1.02) 42 0.055 1.11 (0.79-1.55)

Tne total number of swimmer. in each category is given in parentheses (N).
Referent category (RR = 1.0).
Adjusted for age, sex. beach. race. California vs out-of-state resident. and concern about potential health hazards at the beach.

k

RB-AR43678



Epidemiology July 1999, Volume 10 Number 4

to

0

00

2.0

0.5

0.0

O

Deciles

8 it.

FIGURE 1. Log odds of adverse health outcomes by de-
ciles of exposure for selected bacterial exposures. -, Total
coliform and skin rash; - - total coliform and HCGI 2;

Enterococci and infected cut; - - E coli and eye
discharge; E coli and skin rash; E coli and infected
cut. HCGI 2 = highly credible gastrointestinal illness with
vomiting and fever only.

increased risks with eye discharge, ear discharge, skin
rash, nausea, diarrhea, stomach pain, nasal congestion,
HCGI 1, and HCGI 2.12 There was a consistent pattern
of stronger risk ratios as the cutpoint became lower
(when the analyses were restricted to times when total
coliforms exceeded 1,000 or 5,000 cfu), with the stron-
gest effects generally observed with the cutpoint of 2, as
illustrated in Figure 2 for diarrhea, vomiting, sore throat,
and HCGI1.

Table 4 gives results for the relation among entero-
cocci and the adverse health outcomes. Again, we ob-
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FIGURE 2. Selected attributable numbers/10,000 ex-
posed subjects for total to fecal coliforms. *, All days; R,
>1000; A, > 5000. HCGI 1 = highly credible gastrointes-
tinal illness with vomiting, diarrhea and fever or stomach
pain and fever.

served an increased risk of skin rash among those in the
highest category (that is, >104 cfu). In addition, com-
paring the highest to other categories of exposure, there

TABLE 3. Adverse Health Outcomes by Fecal Coliform Levels: Number Ill, Acute Risks, Adjusted Relative Risk (RR)
Estimates and 95% Confidence Intervals (CI)

Outcome

Fecal Coliforms (cfu/100m1)

-200
(N = 8,005)0 >200-400 (N = 768) >400 (N = 1,636)

No. Ill Risk No. III Risk RRt No. 111 Risk RRt

Fever 381 0.048 39 0.051 1.04 (0.74-1.46) 80 0.049 1.02 (0.80-1.32)
Chills 197 0.025 24 0.031 1.14 (0.74-1.76) 34 0.021 0.78 (0.54-1.14)
Eye discharge 149 0.019 11 0.014 0.70 (0.38-1.31) 30 0.018 0.97 (0.65-1.46)
Earache 275 0.034 26 0.04 0.93 (0.62-1.41) 57 0.035 1.00 (0.75-1.35)
Ear discharge 53 0.007 8 0.010 1.29 (0.60-2.73) 7 0.004 0.56 (0.25-1.24)
Skin rash 69 0.009 5 0.007 0.64 (0.26-1.60) 26 0.016 1.86 (1.17-2.95)
Infected cut 47 0.006 2 0.003 0.40 (0.10-1.65) 15 0.009 1.50 (0.83-2.74)
Nausea 289 0.036 38 0.049 1.29 (0.91-1.84) 57 0.035 0.93 (0.69-1.24)
Vomiting 133 0.017 18 0.023 1.33 (0.81-2.21) 31 0.019 1.07 (0.71-1.60)
Diarrhea 425 0.053 50 0.065 1.17 (0.86-1.60) 81 0.050 0.90 (0.70 -1.15)
Diarrhea with blood 7 0.001 1 0.001 1.22 (0.15-10.01) 3 0.002 1.69 (0.42-6.75)
Stomach pain 495 0.062 51 0.066 1.04 (0.77-1.41) 103 0.063 0.98 (0.78-1.23)
Cough 551 0.069 70 0.091 1.34 (1.03-1.74) 117 0.072 1.06(0.86 -1.31)
Cough and phlegm 265 0.033 31 0.040 1.16 (0.79-1.70) 60 0.037 1.10 (0.82-1.47)
Runny nose 722 0.090 72 0.94 1.03 (0.79-1.33) 160 0.098 1.11 (0.93-1.34)
Sore throat 527 0.066 70 0.091 1.40 (1.07-1.82) 106 0.065 0.99 (0.80-1.24)
HCGI 1 239 0.030 28 0.036 1.18 (0.79-1.77) 50 0.031 0.99 (0.72-1.36)
HCGI 2 65 0.008 11 0.014 1.63 (0.85-3.12) 17 0.010 1.13 (0.65-1.95)
Significant respiratory disease 399 0.050 42 0.055 1.08 (0.77-1.50) 85 0.052 1.04 (0.81-1.33)

The total number of swimmers in each category is given in parentheses (N).
Referent category (RR = 1.0).

t Adjusted for age, sex, beach, race. California vs out-of-state resident, and concern about potential health hazards ar the beach.
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TABLE 4. Adverse Health Outcomes by Enterococci Levels: Number Ill, Acute Risks, Adjusted Relative Risk (RR)

Estimates and 95% Confidence Intervals (CI)

Outcome

Enterococci (cfu/100m1)

5_35
(N = 7,689)* >35-104 (N = 1,863) >104 (N = 857)

No. Ill Risk No. Ill Risk RRt No. 111 Risk RR1.

Fever 371 0.048 84 0.045 0.91 (0.71-1.16) 45 0.053 1.00 (0.72-1.40)

Chills 198 0.026 33 0.018 0.67 (0.46-0.97) 24 0.028 0.94 (0.60-1.48)

Eye discharge 149 0.019 25 0.013 0.69 (0.45-1.07) 16 0.019 1.01 (0.58-1.75)

Earache 270 0.035 57 0.031 0.82 (0.61-1.11) 31 0.036 0.88 (0.59-1.31)

Ear discharge 52 0.007 12 0.006 0.85 (0.45-1.62) 4 0.005 0.53 (0.19-1.51)

Skin rash 74 0.010 13 0.007 0.71 (0.39-1.30) 13 0.015 1.72 (0.89 -3.31)

infected cut 46 0.006 12 0.006 0.95 (0.49-1.82) 6 0.007 0.90 (0.37-2.18)

Nausea 271 0.035 72 0.039 1.07 (0.82-1.41) 41 0.048 1.19 (0.84-1.70)

Vomiting 130 0.017 34 0.018 1.13 (0.77-1.67) 18 0.021 1.20 (0.71-2.04)

Diarrhea 398 0.052 101 0.054 0.99 (0.78-1.25) 57 0.067 1.01 (0.75-1.36)

Diarrhea with blood 8 0.001 0 3 0.004 2.90 (0.66-12.68)

Stomach pain 464 0.060 126 0.068 1.09 (0.89-135) 59 0.069 0.97 (0.72-1.30)

Cough 554 0.072 121 0.065 0.91 (0.73-1.12) 63 0.074 1.00 (0.75-1.34)

Cough and phlegm 266 0.035 59 0.032 0.91 (0.68-1.22) 31 0.036 1.03 (0.69-1.54)

Runny nose 704 0.092 165 0.089 0.96 (0.80-1.15) 85 0.099 1.01 (0.79-1.30)

Sore throat 533 0.069 118 0.063 0.89 (0.72-1.10) 52 0.061 0.80 (0.59-1.09)

HCGI 1 230 0.030 51 0.027 0.92 (0.67-1.26) 36 0.042 1.31 (0.89-1.92)

HCGI 2 67 0.009 14 0.008 0.82 (0.46-1.48) 12 0.014 1.30 (0.67-2.51)

Significant
respiratory disease

397 0.052 84 0.045 0.86 (0.67-1.11) 45 0.053 0.98 (0.70-1.37)

The total number of swimmers in each category is given in parentheses (N).

* Referent category (RR = 1.0).
Adjusted for age, sex, beach, race, California vs out-of-state resident, and concern about potential health hazards at the beach.

were increased risks of nausea, vomiting, diarrhea with
blood, HCGI 1, and HCGI 2. Our adjusted RRs sug-
gested similar positive associations, except for diarrhea;

although the risk increased from 0.05 to 0.07, the ad-
justed RR comparing the highest to lowest category was

1.0 (Table 4). When comparing the lowest to higher
deciles, we observed increased risks in most categories
for infected cut and skin rash (Figure 1). Other adverse
health outcomes-infected cut, nausea, diarrhea, diar-

rhea with blood, HCGI 1, and HCGI 2-exhibited
increased risks only in particular ouantiles. In compari-

son with the lowest decile, the risk of each of these

outcomes was higher in the 10th decile. For example,
the risk for HCGI 2 was 0.007 in the first decile, but

0.015 in the 10th.
Table 5 presents results for E. coli. We once again

found an increased risk of skin rash in the highest
prespecified category (that is, >320 cfu). Furthermore,

we observed slight increased risks in this highest cate-
gory for eye discharge, earache, stomach pain, coughing
with phlegm, runny nose, and HCGI 1 (Table 5). In our

decile-based analysis, however, we only observed mate-
rially increased risks for eye discharge, skin rash, and

infection (Figure 1).
Numerous adverse health outcomes exhibited higher

risks among subjects swimming on days when samples

were positive for viruses (Table 6). In particular, the risk
of fever, eye discharge, vomiting, sore throat, HCGI 1,
and HCGI 2, and to a lesser extent, chills, diarrhea,

diarrhea with blood, cough, coughing with phlegm, and

SRD were higher on days when viruses were detected.

Our adjusted RR estimates showed similar relations,
most ranging from 1.3 to 1.9 (Table 6). Additionally,

adjusting for each bacterial indicator (one-at-a-time)
also left these results essentially unchanged." As ex-
pected, there was an association between presence of
virus and fecal coliforms within 50 yards of the drain.
The mean density of fecal coliforms when no virus was
detected was 234.8 cfu (SD 542.5 cfu); whereas it was
2,233.8 (SD 2,634.1) when viruses were detected (N =
386). The median values were 47.8 and 452.6 cfu, re-

spectively.

Discussion
We observed differences in risk for a number of out-
comes when we compared subjects swimming at 0 yards

vs 400+ yards. Most of the relative risks suggested an
approximately 50% increase in risk. Furthermore, as
evinced by both the risks and RRs, there is an apparent
threshold of increased risk occurring primarily at the

drain: no dose response is evinced with increasing close-

ness to the drain, but there is a jump in risk for many
adverse health outcomes among those swimming at the
drain. We also found that distance is a reasonably good

surrogate for bacterial indicators, with higher levels ob-
served closer to the drain."

For bacterial indicators, we observed a relation among

numerous higher exposures and adverse health out-
comes. These increases were mostly restricted to the
highest knowledge-based categories (no effect was ob-
served below any existing standards). When looking ar
quantiles, we found higher risks of skin rash and infer
tion at fairly low levels. In contrast with what one might

expect, however, there was no clear dose-response pat-
tern across increasing levels of bacteriological expAure4.,,,ca
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TABLE 6. Number ill, Risks, and Adjusted Relative Risk (RR) Estimates of Adverse Health Outcomes by Virus

Outcome

Viruses

No (N = 3,168)* Yes (N = 386)

No. Ill Risk No. Ill Risk RR (95% Cl)t

Fever 126 0.040 23 0.060 1.56 (0.98-2.50)

Chills
65 0.021 10 0.026 1.25 (0.63-2.50)

Eye discharge
36 0.011 8 0.021 1.86 (0.85-4.09)

Earache
93 0.029 10 0.026 0.92 (0.47-1.80)

Ear discharge 15 0.005 0

Skin rash 32 0.010 4 0.010 0.97 (0.34-2.82)

Infected cut 31 0.010 2 0.005 0.57 (0.13-2.40)

Nausea
101 0.032 12 0.031 0.93 (0.50-1.73)

Vomiting 44 0.014 10 0.026 1.86 (0.92-3.80)

Diarrhea 130 0.041 21 0.054 1.27 (0.78-2.07)

Diarrhea with blood 2 0.001 1 0.003 5.82 (0.45-75.72)

Stomach pain 191 0.060 23 0.060 0.92 (0.58-1.45)

Cough 181 0.057 28 0.073 1.22 (0.80-1.86)

Cough and phlegm 92 0.029 13 0.034 1.20 (0.66-2.18)

Runny nose 246 0.078 32 0.083 1.01 (0.68-1.49)

Sore throat 198 0.063 32 0.083 1.38 (0.93-2.06)

HCGI 1 72 0.023 15 0.039 1.69 (0.95-3.01)

HCGI 2 22 0.007 6 0.016 2.32 (0.91-5.88)

Significant respiratory disease 133 0.042 21 0.054 1.34 (0.83-2.18)

The total number of swimmers in each category is given in parentheses (N).

Referent category (RR = 1.0).
Adjusted for age, sex, beach, race, California vs

out-of-state resident, and concern about potential health hazards at the beach.

When looking at the ratio of total to fecal coliforms

using the entire dataset, no consistent pattern
emerged.12 This is not entirely surprising-inasmuch as an

analysis of all data points treats all ratios of similar
numerical value equally. Thus, forexample, even though

a ratio of 5 when the total coliforms are very low may

not increase risk, the same ratio may be associated with

increased risks when the density of total coliforms is
above 1,000 or 5,000 cfu. When the analysis was re-
stricted to swimmers exposed to total coliform densities
above 1,000 or 5,000 cfu, a consistent pattern emerged,

with higher risks associated with low ratios.12

This is the first large-scale epidemiologic study that

included measurements of viruses. A number of adverse

health effects were reported more often on days when
the samples were positive, suggesting assays for viruses

may be informative for predicting risk. Norwalk-like
viruses are a plausible cause of gastroenteritis:4'3 Entero-
viruses, the most common viruses in sewage effluent, can

cause respiratory symptoms. Not only are viruses respon-

sible for many of the symptoms associated with swim-

ming in ocean water but also they die off at slower rates

in sea water than do bacteria, and they can cause infec-

tion at a much lower dose."
Our design substantially reduced the potential for

confounding by restricting the study entirely to swim-

mers and making comparisons between groups of swim-

mers (for example, defined by distance from the drain)

to estimate relative risks. Previous studies looking at the

effects of exposure to polluted recreational water (for

example, due to sewage outflows) have been criticized
for comparing risks in swimmers with risks in non-
swimmers.414" In these earlier studies, background risks

among subjects who swim vs those choosing not to swim

may differ because there are many other (potentially

noncontrollable) exposures/pathways that can produce
the symptoms under investigation. By restricting the
present study to swimmers, we have reduced potential
differences between the background risks of exposed vs
unexposed subjects (for example, swimmers choosing to

swim at the drain vs those swimming at the same beach
but farther away from the drain). Furthermore, we were

able to adjust our relative risk estimates for a number of
additional factors (listed above) that could confound the
observed relations. Of course, this does not exclude the
possibility that residual confounding in these factors, or

other unknown factors, might have confounded the ob-

served relations.
Nevertheless, any actual (that is, causal) effects may

be higher than we observed in this study because both
distance and pathogenic indicators are proxy measures of

the true pathogenic agents. Also, recall that we excluded

subjects who frequently entered the water at these
beaches. If there is a dose-response relation such that
higher cumulative exposures are associated with in-
creased risk, then one may infer that persons who fre-
quently enter the water and immerse their heads (for
example, surfers) may have a higher risk of adverse
health outcomes than the relatively infrequent swim-

mers included in this study.
In summary, we observed positive associations be-

tween adverse health effects and (1) distance from the
drain, (2) bacterial indicators, and (3) presence of en-

teric viruses. Taken together, these results imply that
there may be an increased risk of a broad range of
adverse health effects associated with swimming in
ocean water subject to urban runoff. Moreover, attrib-
utable numbers-that is, estimates of the number of new

cases of an adverse health outcome that is attributable to
the exposure of interest-reached well into the 1.i)
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10,000 exposed subjects for many of the positive associ-
ations observed here." This finding implies that these
risks might not be trivial when we consider the millions
of persons who visit these beaches each year. Further-
more, the factors apparently contributing to the in-
creased risk of adverse health outcomes observed here
are not unique to Santa Monica Bay (similar levels of
bacterial indicators are observed at many other beaches).
Consequently, the prospect that untreated storm drain
runoff poses a health risk to swimmers is probably rele-
vant to many beaches subject to such runoff, including
areas on the East, West, and Gulf coasts of North Amer-
ica, as well as numerous beaches on other continents.
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CHAPTER 1

Introduction

Southern California beaches are economically important tourist attractions and fifr

public benefit, and each year millions of people recreate in the surfzone. Health risks

associated with swimming near storm drains and other freshwater outlets discharging

polluted urban runoff have become a significant concern as the coastal population and

associated urbanization of coastal areas in Southern California increases. A large-scale

epidemiological study completed at beaches in Santa Monica Bay quantified these health

risks, finding a swimmer recreating in front of a flowing stoiiii drain is twice as likely to

experience adverse health effects as a swimmer located 400 meters from the drain (Haile,

et al., 1996).

In the summertime when beach attendance peaks, many beach advisories and

closures are issued to protect the public from potential health impacts associated with

recreating in waters contaminated by fecal bacteria indicators conveyed to the shoreline

by storm drains and natural creeks (SWRCB, 2000). Fecal bacteria are measured in the

surfzone to indicate the potential contamination of the water with human sewage. In

1999, more than 3,000 beach advisories and closures were issued in Southern California

(NRDC, 2000). Although summertime rainfall amounts are very small in Southern

California, more than 35 freshwater outlets and storm drains convey dry-weather runoff,

or nuisance flow, across Southern California beaches and into the surf zone. In many

cases, this dry-weather flow carries elevated levels of fecal bacteria indicating the

presence of human pathogens (Noble, et al., 1998). 7?-1vim:

=V-)

1
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To reduce public health risks associated with swimming in fecal-contaminated

waters, 21 agencies in Southern California routinely monitor more than 570 shoreline

locations for fecal bacteria indicators at an estimated cost of $3 million dollars annually

(Schiff, et al., 8), making Southern California beaches the most intensely monitored

beaches in the U.S. (NRDC, 2000). Approximately 20% of the monitoring is conducted

on beaches impacted by storm drains or freshwater outlets (Schiff, et al., 1998). The data

from these monitoring programs support decisions to issue beach advisories and closures

intended to reduce the public's exposure to fecal pathogens.

Despite the substantial monitoring effort at beaches adjacent to freshwater outlets

in Southern California, the length of shoreline adjacent to discharging freshwater outlets

and storm drains that is impacted with unhealthy levels of fecal bacteria is largely

unknown. Multiple factors can affect the dispersion of the fecal-contaminated freshwater

discharged into the surfzone by freshwater outlets and storm drains including the

discharge flow rate and bacteria densities, and ocean conditions. Historically, local

health departments have assumed that fecal contamination would disperse to densities

below health-based bacteriological standards at approximately 25 to 50 meters along the

beach from the discharging point (Kebabjian, 1994). However, some evidence suggests

the extent of shoreline unsafe for swimming may, at times, be greater. A series of studies

completed by the Santa Monica Bay Restoration Project in the early 1990s found

occasional exceedances of the health standards at 100 yards from flowing storm drains in

the Santa Monica Bay (Gold, et al., 1990, 1992, 1992). Data collected in the 1996 Santa

Monica Bay epidemiological study showed sporadic exceedances of the current

recreational water standards at 400 meters discharging storm drain (Haile, et al., 1996).

2

RB-AR43687



Studies investigating shoreline fecal bacteria densities resulting from storm drain

discharge have also found significant temporal variability. A study at five storm drains

located in Santa Monica Bay reported high variability in shoreline bacteria densities that

resulted in sporadic exceedances of health standards (Gold, et al., 1992). Daily shoreline

densities measured at three storm drains for 90 days during the Santa Monica Bay

epidemiological study found significant day-to-day variations in bacteria indicator

densities (Haile, et al., 1996). In that study, observations ranged from below laboratory

detection limits to several hundred colony-forming units per 100 milliliters (cfu/100 ml)

of fecal coliform and enterococcus and several thousand cfu/100 ml of total coliform at a

given sampling station.

Studies on shoreline bacteria densities resulting from urban runoff discharge have

not investigated the primary factors that contribute to the significant variability observed

in bacteria densities. An analysis of five years of daily public health monitoring at 24

beaches in Los Angeles by Leecaster, et al. ,e00) led the researchers to postulate that

temporal variability in the bacteria densities in the shoreline were due to high variability

in the sources of the bacteria, thought to be urban runoff and shoreline birds. A study of

nine Hong Kong beaches found high variability in daily and hourly sampling results and

concluded tide contributed to the variability at beaches polluted by a large river and

sewage treatment outfall (Cheung, et al., 1991). Neither of these investigated some key

factors likely to affect the shoreline bacteria densities, including bacteria densities and

flow rate of the runoff and ocean conditions that affect mixing and transport processes in

the surfzone. A study in Huntington Beach, California, retrospectively examined the

relationship among storm drain flow characteristics, ocean parameters, and bacteria
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shoreline densities (Bartlett, et al., 2000). Results showed factors that significantly

contribute to variability included storm drain flow rate, bird count, longshore velocity,

and tidal conditions. However, the results of this study may be confounded by sources of

bacteria into the surf zone other than the discharge from a freshwater outlet (Grant, et al.,

2000).

The effectiveness of the surfzone monitoring and public notification programs in

Southern California could be improved if the factors that affect the dispersion of fecal

contamination along the beach adjacent to freshwater outlets were better identified and

understood. Current monitoring programs are not designed to respond to changing ocean

and discharge conditions that may increase densities in the surfzone. Instead, local health

agencies monitor discharging freshwater outlets and storm drains at a set distance from

the outlet and the sampling is conducted the same time of day. Decisions to notify the

public of unsafe water quality are based on the results of these samples, regardless of

ocean and discharge conditions. A recent analysis of the routine monitoring data

collected over five year in Los Angeles found that the large temporal variability in the

shoreline bacteria density significantly affected the effectiveness of the beach monitoring

program (Leecaster and Weisberg, 2001). The researchers found a reduction in

monitoring frequency from daily to weekly would result in the non-detection of 75% of

the exceedances of the health standards.

RESEARCH OBJECTIVES

The overall goal of this research is to gain a better understanding of the factors that

contribute to the variability of shoreline bacteria densities adjacent to freshwater outlets

4

RB-AR43689



in support of improved agency monitoring and decision-making to reduce public health

risks.

The first specific objective of this research is to characterize the temporal

variability of surfzone bacteria densities at the discharge point of a flowing storm drain

during the dry season (the season of maximum beach usage in Southern California). This

objective includes quantifying the relationship between storm drain discharge

characteristics and the resulting surfzone bacteria densities; evaluating the contribution of

ocean conditions and other factors to the temporal variability in surfzone bacteria

densities; and investigating the time scale at which the surfzone bacteria densities vary.

The second specific objective of this research is to characterize the spatial

variability of bacteria plume along the shoreline adjacent to a freshwater outlet and a

storm drain. Specific objectives include investigating the variability in the length of

beach impacted by unsafe levels of fecal bacteria; determining the amount of dilution the

bacteria receives along the shoreline; and identifying key discharge characteristics and

ocean conditions that significantly affect dilution of the bacteria along the shoreline.

The third objective is to evaluate routine monitoring and public notification protocols

currently implemented at Southern California beaches and, based on the results of this

research, offer recommendation to improve these protocols.

ORGANIZATION OF THE DISSERTATION

This disSertation is organized into five major sections. Chapter 2 summarizes the

relevant scientific background and literature. This chapter includes a review of studies

completed on shoreline bacteria densities adjacent to storm drains and freshwater outlets;

a discussion of the szeneral principles of transport mechanisms in the surf zone; and a
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brief summary of ocean conditions within the Santa Monica Bay and watershed

characteristics of the two freshwater outlets studied in this research. Other topics

researched and summarized in Chapter 2 include the impacts of urban runoff impacts to

the microbiological water quality at beaches in the U.S. and Southern California; current

State and Federal regulations applicable to recreational use of marine waters; current

monitoring protocols including the use of bacteria indicators; and the status of using

predictive models at beach monitoring programs.

Chapter 3 describes the field methods used in this research. This chapter

summarizes methods used in the field and the various sources of existing data used to

develop a database comprised of shoreline bacteria densities at various distances from the

study drain and potential factor affecting the dilution of the bacteria along the shoreline.

Methods used to analysis the data collected during this research are described in Chapters

4 through 6.

Chapter 4 reports results to support the first objective of this research, which is to

investigate the temporal variability in shoreline bacteria densities. Specifically, this

chapter quantifies the relationship between storm drain discharge characteristics and the

resulting shoreline bacteria densities at the point of storm drain discharge; identifies other

factors that significantly contribute to the variability in shoreline bacteria densities

including ocean conditions, laboratory measurement error, time-related factors and

smallscale spatial variability; investigates the time scale at which the shoreline bacteria

densities vary; and quantifies the amount of dilution observed in the urban runoff

discharge at the locations where the urban runoff enters the surf zone.
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Chapter 5 reports the findings: related to the second major objective of this

research. This chapter characterizes the spatial variability of the shoreline bacteria

densities and investigates the variability in the length of beach impacted by unsafe levels

of fecal bacteria in excess of the State of California bacteriological standards for marine

beaches. Specific analyses presented in this chapter include determining the amount of

dilution the bacteria receives in the surfzone along the beach; and identifying key

discharge characteristics and ocean conditions that significantly affect the dilution of the

bacteria indicator densities.

Finally, Chapter 6 evaluates the monitoring and public notification protocols used

by local health agencies in the five counties that comprise Southern California. The basis

for this evaluation is the number of Type II errors that these protocols produce when

applied to the data collected for this research. The findings of Chapters 4 and 5 are also

considered in 'this evaluation. Recommendations that may improve specific elements of

the monitoring and public notification protocols are offered.

Chapter 7 summarizes the findings of this research and presents conclusions.
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CHAPTER ER 2

Literature Review

2.1 The Impact of Urban Runoff on Marine Beach Water Quality

2.1.1 U.S. Beaches

In 1999, more than 7,214 warnings and closings were issued at beaches in the U.S

due to fecal bacteria contamination (NRDC, 2000). Traditionally, sewage from sanitary

and combined sewers overflows and malfunctioning sewage treatment plants and pump

stations had been a major cause of beach closings and advisories. More recently, storm

water runoff from urban, suburban, and rural areas has been recognized as a significant

cause of fecal contamination of beaches. Approximately 40% of all beach closures and

advisories reported in the U.S. in 1999 were due to elevated sources of bacteria from

storm water and runoff, including preemptive rain event closures. Of the 24 states that

reported beach pollution from urban runoff, 13 reported that 50% or more of their

beaches had storm water pollution sources at or adjacent to the bathing area. Almost

every coastal and Great Lake State reported having at least one beach where storm water

was a known source of pollution at or near the beach.

Trends in beach closures and advisories caused by urban runoff are difficult to

assess because of the many inconsistencies in monitoring and closures practices

implemented at beaches across the country. These inconsistencies are largely due to the

fact 'beach management protocols are developed by local health agencies. Currently,

there are no federal regulations that prescribe monitoring, public notification, and closure

requirements to the States, and many States have not adopted specific statewide

requirements for beach management programs. A majority of the states have not adopted

U.S. EPA recommended criteria. Instead, many local programs continue to use indicator

organisms and levels that may not protect swimmers from health risks to make beach

management decisions (NRDC, 2000). In addition, protocols for monitoring that provide

data that beach management decisions are based upon vary widely across the country.

Finally, beach management programs across the country continue to evolve, leading to

changes in how beaches are monitored and what triggers an advisory or closure.
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2.1.2 California Beaches

With 35% of the beaches in California located near a freshwater outlet, urban

runoff is the cause of a significant portion of beach closures and advisories (NRDC,

2000). In 1999, a total of 3,558 advisories and closures and three permanent closures

occurred at California beaches (NRDC, 2000), impacting approximately 754 beach-mile-

days (SWRCB, 2000). Urban runoff was the source of elevated bacteria levels in 68% of

the beach advisories issued. While a majority of the advisories were caused by urban

runoff, only 3% of the beach closures were due to urban runoff (SWRCB, 2000). The

relatively low number of closures caused by storm drains is largely an artifact of state

regulations that require local health officers to close a beach in the event of a sewage

spill, but only to issue an advisory when elevated levels of fecal bacteria are caused by

urban runoff.

Like the national trends in beach closures and advisories, assessing whether urban

runoff impacts on beach water quality is changing over time is very difficult to assess.

Each year, the State Water Resources Control Board (SWRCB) is required to report on

the beach closures and advisories in California based on data submitted by each County

Health Officer (SWRCB, 2000). Prior to 1999, the annual SWRCB reports on beach

closures and advisories offered little insight into actual beach impairment because of the

many differences in monitoring and public notification systems implemented in each

county. In 1999, Assembly Bill 411, a beach management bill, was promulgated by the

California legislature. AB-411 prescribed health-based standards for marine recreational

waters impacted by urban runoff and specified protocols for issuing beach advisories and

closures when standards are exceeded. Implementation of AB-411 requirements has

resulted in more unified beach management in California, and has facilitated more

accurate reporting and assessment of beach water quality in California.

Approximately 66% of all beaches monitored in California are located in

Southern California (Los Angeles, Orange, San Diego, Ventura, and 'Santa Barbara

counties), yet 93% of all beach advisories and closures reported in 1999 for California

occurred at Southern California beaches (NRDC, 2000). In 1999, approximately 44% of

all the beach closures or advisories in Southern California were due to discharge from

storm drains or freshwater creeks. As shown in Figure 1, freshwater discharge is the
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largest identified cause of beach water quality impairment. This number is likely

underestimated because Ventura County and the City of Long Beach did not track

sources of beach closures and advisories (SWRCB, 2000).

Figure 1 Sources of Beach Warnings and Closures in California in 1999

. .Combined
Sewer line Sewer :Overflow

22% 3%

Unknown

27%

Wildlife
2°/0

Rain

2%

From SWRCB, 2000.

Storrndrains/
*Urban Runoff
.. 34%

Creeks/Rivers
%

The results of a large scale, five-week long study of water quality at beaches

located in the Southern California Bight (between Point Conception in Santa Barbara to

Punta Banda Mexico) completed in August 1998 suggested urban runoff has a larger

impact in Southern California than reported to the SWRCB in 1999. During this study

shoreline samples were collected at 307 locations once a week, including 40 perennial

freshwater outlets (SCCWRP, 1999). 60% of the samples collected at the drains failed

monthly State health standards. This is 12 times the frequency of exceedances observed

at all beaches sampled throughout the Southern California Bight. Most exceedances of

the health standards near freshwater outlets were for multiple indicators and occurred
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repetitively throughout the five-week period. In total, 90% of all the exceedances of

health standards observed during the 5-week study occurred near a flowing storm drain.

2.2 Dry-Weather Urban runoff as a Source of Human Sewage to Beaches

Beach closures and advisories are based on levels of fecal bacteria that indicate

the presence of human pathogens. Although the storm drain system is separate from the

sewage conveyance system in Southern California, studies have identified human

pathogens in storm drain, creek, and rivers flowing to the ocean during the dry season.

2.2.1 Pathogens in Santa Monica Bay Storm Drains

In the late 1980's, public health officials, city agencies, and local environmental

groups in Los Angeles recognized that the high levels of indictor bacteria that occurred

during dry-weather were typically associated with flowing storm drains. This

determination was based on examination of-the routine shoreline monitoring conducted

by the City of Los Angeles Hyperion Sewage Treatment Plant as part of the facility's

NPDES permit requirements (SMBRP, 1994). At this time, it was widely believed that

the storm drain system did not convey human fecal material and that the elevated levels

of bacteria indicators were

The Santa Monica Bay Restoration Project (SMBRP) conducted a series of

studies to assess storm drain contamination of the Bay (Gold, et al., 1990, 1991, 1992).

The first study was conducted at two drains in the City of Santa Monica (the Pico-Kentor

and Ashland drains) which historically had shown elevated levels of bacteria indicators.

The study was conducted over a nine-week period during August and September in dry-

weather conditions. Samples were taken from the storm drains and from the surf zone at

several sites adjacent to the storm drains at both ankle and chest depths. The samples

were analyzed for total and fecal coliforms and enterococcus densities.

One of the objectives of this first SMBRP study was to investigate the possibility

of human fecal contamination in the drains by4determining the presence or absence of

human viruses. Enteric viruses were detected on 11 of the 15 sampling days at the Pico-

Kentor storm drain, indicating that human fecal waste was present in the drain runoff

during the majority of the sampling period. This finding was significant because the

study documented for the first time that human enteric viruses are present in the storm
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drain system in Los Angeles County, despite the fact that the sewage conveyance system

is separate from the stoilit drain system.

SMBRP followed this first study with two additional studies and expanded the

scope to four other storm drains including the Santa Monica Canyon drain and Malibu

Creek, the two drains studied in this research. These two studies were designed to test for

the presence of human enteric viruses in various storm drains in the Santa Monica Bay

and to collect to support the design of a future large-scale epidemiological study. Human

enteric viruses were again found in Pico-Kentor storm drain and in two of the four other

storm drains including all three of the Malibu Lagoon sites. Viruses were not detected at

Santa Monica storm drain, however, seeded virus recovery was very poor for this site,

making the virus results inclusive for this drain.

The SMBRP studies concluded human fecal contamination of the urban runoff

flowing across beaches within the Santa Monica Bay is far more prevalent than originally

assumed. Even though the sewer system in Los Angeles County is separate from the

storm drain system, the storm drains are not free of human fecal input. The researchers

concluded the results of the three studies supported, among other recommendations, an

investigation of the health risks associated with various levels of indictors of water

quality and swimming at various distances from flowing drains.

The SMBRP's findings of pathogens in the storm drains within Santa Monica Bay

prompted the completion of the 1996 Santa Monica Bay epidemiology study that

quantified health risk associated with swimming near a contaminated, flow storm drain.

Viral analyses was completed on approximately 45 samples colleCted in both the Santa

Monica Canyon storm drain and Malibu Creek over a four month period during this

study. Enteric viruses were found in seven samples collected at Malibu Creek and four

samples at SantaMonica Canyon (Haile, et.al, 1996). The study found increased health

risks on days when viruses where detected and provided the basis for the health-based

standards promulgated for California beaches in Assembly-Bill 411.

More recently, a five-week study on dry-weather beach water quality in the

Southern California Bight found human enteric viruses in seven of the 15 samples

collected from freshwater outlets (SCCWRP, 1999). A majority of these samples also

contained bacteria indicators at levels that exceeded State health standards.
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2.2.2 Sources of Human Pathogens into Recreational Waters

In Southern California, sources of human sewage directly to recreational waters

include sanitary sewer and sewage plant overflows and spills, illegal discharge from

boats, malfunctioning septic tanks, and urban runoff discharged from storm drain

systems. The storm drain system can be contaminated with human sewage through

sanitary sewer leaks and spills, illicit connection of sanitary lines to the storm drain

system, runoff from homeless encampments, illegal discharge from recreational vehicle

holding tanks, and malfunctioning septic tanks. Swimmers and bathers can also be a

direct source of bacteria indicators into recreational waters..

The bacteria indicators used to assess the quality of recreational waters are not

specific to human sewage. Fecal matter from animals and birds can be a source of

elevated levels of bacteria indicators in urban runoff. For example, marine and

freshwater birds are often a contributing source of bacteria density in recreational waters,

particularly near ponds, lagoons, and wetlands. Storm water can carry pet and wildlife

wastes into the storm drain system. Finally, total coliform bacteria, which can originate

in vegetation and in food wastes, is also conveyed into the storm drain system via storm

water.

2.3 Health Effects associated with swimming in Marine Waters contaminated with

Human Sewage

2.3.1 Pathogens

Swimming in marine waters contaminated with human sewage has long been

associated with adverse health effects (Favero, 1985). Over the past several decades,

numerous studies have indicated recreational water activities such as swimming, water

skiing, windsurfing, and surfing have been associated with infectious health effects

(Haas, 1999). The most commonly observed health effect associated with recreational

water use is gastroenteric illnesses. In general, swimming-associated gastroenteritis has a

short incubation period, an acute onset, and a short period of relatively benign symptoms

including vomiting, fever, stomach pain and diarrhea, with some individuals disabled

enough to remain home, remain in bed, or seek medical advice (Gerba, 1979). Other
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commonly reported health effects associated with recreating in fecal-contaminated waters

include eye, ear, and skin infections; and respiratory disease.

Viruses, bacteria, and protozoa are the principal agents of disease associated with

recreational water use. Recreational water users are exposed to these pathogens through

several routes: ingestion; inhalation; direct contact with skin, eyes, upper respiratory, and

nasal membranes; or indirect contact to the mouth or eyes through contaminated hands

(Cartwright, 1992). Potentially all the diseases which are spread by the fecal-oral route

and whose etiological agents are shed in the feces of infected individuals or carriers could

be contracted' by swimming in sewage-polluted waters (Cabelli, et al., 1979). It is widely

believed that the incidence of waterborne diseases transmitted through use of recreational

waters is under-reported (Cabe lli, 1982, IAWPRC, 1983), snide some health effects can

be sub-clinical, some diseases have long incubation periods, and diagnosis of a single

etiological agent viral infections can be difficult.

Most of the waterborne diseases throughout the world are caused by viruses

(NRC, 1999). As noncelluar, obligatory parasites, viruses require living host cells for

reproduction. The simplest viruses are composed of a nucleic acid, either RNA or DNA,

and a protective protein shell, (Wagner and Hewlett, 1999). Human sewage typically

contains over 100 identified, fecally-excreted enteric viruses of human origin (Block and

Schwartzbrod, 1989). The primary viral agents of waterborne diseases potentially

conveyed by exposure to coastal waters are listed in table 1. Certain viruses, such as

hepatitis A and polioviruses, can survive for long periods of time in water, can travel

relatively long distances in water and remain viable (Berg, 1983). Viruses tend to sorb to

solids and to aggregate together, which help them survive longer (Block and

Schwartzbrod, 1989). Many other parameters affect the survivability of viruses in water

such as light, temperature, pH, dissolved oxygen, the type of virus, bacterial activity and

predation by protozoa (Berg, 1983).
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Table 1
Viruses in Environmental Waters'

Genera Agent (Principal Species)

Enterovirus Po li ovirus
Coxsackie virus A

Coxsackie virus B

ECHO virus

Reovirus
Rotavirus
Coronavirus
Calici virus
Astrovirus
Mastadenovirus

Enteroviruses 68-71
Hepatitis A and E virus
Reoviruses
Rotaviruses
Human coronaviruses
Human calici viruses
Human astroviruses
Human adenoviruses

Norwalk virus
Hepatitis non-A, non-B virus

Disease

Paralysis, aseptic meningitis
Herpangia, aseptic meningtis, respiratory
illness, paralysis, fever
Pleurodynia, aseptic meningitis, pericarditis,
myocarditis, congential heart disease,
anomalies, nephritis, fever
Respiratory infection, aseptic meningitis,
diarrhea, pericarditis, myocarditis, fever,
rash
Meningitis, respiratory illness
Infectious hepatitis
RespiratOry disease
Gastroenteritis
Gastroenteritis
Gastroenteritis
Gastroenteritis
Respiratory disease, acute conjunctivitis,
gastroenteritis
Gastroenteritis

'Modified from National Research Council, 1999 and Haas, 1999.

2.3.2 Health Risk

Since the 1950's, numerous epidemiological studies have been conducted around the

world to investigate the possible links between bathing in fecal-contaminated waters and

health risks. Reviews of these studies can be found in Cabe lli (1982), Saliba and Helmer

(1990) and Pruss (1998). Although not always observed, the most consistent finding in

these studies is that bathers, defined as those that immerse their heads in water while

swimming, are at a higher risk of contracting gastrointestinal disease than non-bathers

(Cabe lli, 1982, Haile, et al., 1999). Recently, the World Health Organization (WHO)

completed comprehensive review of 22 published epidemiological studies, 16 of which

were completed in marine waters (Pruss, 1998). The key findings of this review

included:

Fourteen of the 16 marine water studies reviewed found a significant association

between bacteria indicator densities and the rate of certain symptoms or groups of

symptoms.
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Most significant associations were found for gastrointestinal illnesses. In a few

studies, similar associations were found for respiratory, eye, ear, nose, throat, and

skin symptoms. Very little epidemiological data are available for serious health

outcomes such as hepatitis, leptospirosis, and typhoid fever.

For marine waters, the bacteria indicators which correlated best with health effects

were enterococci/fecal streptococci. Other indicators showing correlations were fecal

coliform and staphyloccoci.

Symptom rates were higher for lower age groups.

There is a causal relationship between gastrointestinal symptoms and recreational

water quality, measured by bacteria indicator denSities.

In addition to establishing an association between swimming in fecal-contaminated

waters and health effects, another aspect of these epidemiological studies has been to

investigate whether elevated densities of bacteria indicators are predictive of disease. A

consistent quantitative relationship between bacteria indicators and health risk have not

been established by these studies, possible because of varying and imperfect study

designs, and confounding factors (Saliba and Helmer, 1990).

2.3.3 Basis of the U.S. EPA Criteria for Marine Beaches

The health-based microbiological criteria for marine recreational waters

recommended by the U.S. EPA are based on findings from the epidemiological study

completed on behalf of the U.S. EPA, between 1972 and 1978, (Cabe lli, et a/.,1979,

Cabe lli, 1982, 1983). This study, lead by researcher V.J. Cabe lli, was the first to

demonstrate an association between water quality at ocean beaches and health outcomes

(Haile, et al., 1996) and to present evidence that excess health risk exists from bathing in

marine recreational waters contaminated with human sewage (Kay and Wyer, 1992).

Cabe lli carried out a large-scale prospective cohort epidemiological study involving over

26,000 subjects in three locations: Boston, New York and Lake Pontchartrain near New

Orleans. The study compared health outcomes associated with bathing in "barely

acceptable" beaches to bathing in "relatively unpolluted" beaches. In the New York and

Boston studies, the "barely acceptable" beaches were contaminated from multiple point

sources, usually of treated and disinfected sewage treatment plant (Cabe lli, 1979). The

prospective cohort design used in this study, often referred to as the "Cabe lli-type"
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epidemiological study, has been endorsed by the World Health Organization and the

United Nations environment program (Haile, et al., 1996). Cabe lli-type studies have

been carried out at a number of locations throughout the world.

The Cabelli study had several important results and implications (Favero, 1985).

The principal finding was that a significant association between swimming in more

polluted beaches and gastroenteritis was always observed at the more polluted beaches

but not at the less polluted beaches. A direct linear relationship was demOnstrated

between gastrointestinal illnesses and enterococci densities, which led to a mathematical

relationship between enterococci densities and rates of gastrointestinal illnesses. Based

upon the results of the regression analysis, the authors concluded that bathing in water

containing as little as 10 enterococci/100 ml of sample represented an absolute risk of

gastrointestinal illness of 10 per 1000 bathers.

In the early marine bathing beach investigations of the study, several indicators

were measured to determine which ones were best correlated with gastrointestinal

illnesses in swimmers. Enterococci showed the strongest relationship to highly credible

gastroenteritis, with weaker correlations found for total coliforms, E. coil and fecal

coliform densities (Table 2).
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Table 2
Strength of Indicator-to- Rate of Swimming

Associated Highly Credible Gastroenteritis) from U.S. EPA Marine Studies'

Indicator Correlation Coefficient

Enterococci .96

E. coli .56

Klebsiella .61

Enterobacteria-Citrobacter .64

Total Co lifoliu .65

C. perfringens 01

P. aeruginosa .59

Fecal Conforms .51

A. hydrophila .60

V. parahemolyticus .42

Staplylococci .60

',Highly credible gastrointestinal symptoms defined as vomiting, diarrhea with fever or disabling enough
for individual to remain home, remain in bed, or seek medical advice, or stomach-ache or nausea
accompanied by fever.

2From U.S. EPA, 1986.

2.3.4 Basis for the State of California Beach Water Quality Standards

In 1996, the Santa Monica Bay Restoration Project (SMBRP) conducted the first

epidemiological study of people who swam in marine waters contaminated by urban

runoff (H t a/.,1996, 1999). The results of the Santa Monica Bay study provided

much of the basis for the current recreational water quality standards for marine waters in

California. This Cabelli-style study collected health effects data from 11,793 eligible

subjects visiting three beaches on Santa Monica Bay, including Will Rogers State Beach

at Santa Monica Canyon and Malibu Surfrider, the two beaches studied in this research.

Bacteria indicators measured in the study included total colifoim, fecal coliform, E. coli,

and enterococcus.

There are two important distinctions between the Santa Monica study and

previously completed Cabelli-style studies. First, the source of the human sewage was

not effluent from a sewage treatment plant, but instead, discharge of urban runoff from

stoini drains. Second, the Santa Monica Bay study compared bathers swimming near a

flowing storm to other bathers swimming 400 meters away from the drain. By comparing
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bathers to other bathers, potentially confounding factors associated with comparing

bathers to non-bathers are removed from the study.

The Santa Monica study had the following significant results (Haile, et al., 1996,

1999):

Positive associations were observed between adverse health effects and distance a

bather swam from the drain. Since the estimated number of excess cases of illness

attributable to swimming at the drain reached into the 100's per 10,000 exposed

subjects, the results of this study suggest that significant numbers of bathers

swimming near storm drains discharging urban runoff are subject to increased health

risks.

There is an increase risk of illness associated with swimming in areas with increasing

densities of bacteria indicators.

2.4 Current Regulatory Framework for Protecting Human Health at Marine

Recreational Waters

2.4.1 Federal Recreational Water Quality Criteria, Regulations, and Program

In 1986, the U.S. EPA set recommended criteria for marine and freshwater

recreational waters based on the results of the Cabe lli study (Table 3). The criteria below

assume an acceptable risk rate of 19 cases per 1000 swimmers.
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Table 3

U.S. EPA Recommended Criteria for Recreational Use of Marine Waters

Geometric Mean:

Enterococcus densities should not exceed 35 cfu/100 ml based on statistically
sufficient number of samples which is generally defined as not less that 5 samples
spaced evenly over 30 days.

Single Sample Limit

No sample should exceed a one-sided confidence limit (C.L.) using the following
as guidance based on the log standard deviation from a site-specific enterdcoccus
probability curve:

Designated bathing beach
Moderate use for bathing
Light use for bathing

75% C.L.
82% C.L.
95% C.L.

If a site specific log standard deviation is not known, then a value of 0.7 can be
assumed.

Assuming an acceptable gastroenteritis risk of 19 in 1,000 and a log standard
deviation of 0.7, the single sample standards are:

Enterococcus (cfu/100 ml)
Designated bathing beach 104
Moderate use for bathing 158
Light use for bathing 276

U.S. EPA BEACH Program

In 1997, the U.S. EPA announced a new program to address beach contamination

called the Beaches Environmental Assessment, Closure, and Health (BEACH) program

U.S. EPA, 1997). The primary function of this program is to assist state, tribal, and local

health and environmental officials in designing, developing and implementing beach

monitoring and advisory programs and to provide the public with infoi illation about the

risks associated with swimming. Under this program and in response to President

Clinton's Clean Water Action Plan, the U.S. EPA developed the 1999 Beach Action Plan

which is a multi-year strategy for reducing health risks to recreational water users.
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Among the objectives of this program are goals to improve predictive models of beach

contamination, monitoring protocols, and risk communication (U.S. EPA, 1999b)

The Beaches Environmental Assessment, Cleanup, and Health Act of 1999 (H.R.

999)

Although the U.S. EPA recommended criteria in 1986, most coastal states and

local health agencies currently do not use the recommended numerical criteria or

enterococcus as the fecal bacteria indicator to make beach management decisions. In

1999, NRDC found that, of the 212 agencies responding to their annual beach survey,

only 27 had adopted EPA's recommended enterococcus standard. Currently, most state

monitoring for fecal and/or total coliform instead of enterococcus, as recommended by

the U.S. EPA.

To address this issue, the U.S. Congress passed H.R. 999, the Beaches

Environmental Assessment, Cleanup, and Health Act of 1999. This bill requires States to

incorporate water quality criteria for recreational waters as protective as the U.S. EPA's

recommended criteria into their water quality standards by 2004. The U.S. EPA is

required to promulgate water quality standards to States that fail to meet this deadline.

H.R. 999 contains many other requirements for the U.S. EPA regarding water quality

monitoring and public notification. By March 2002, the U.S. EPA must publish

performance criteria for monitoring and assessment of coastal recreation waters adjacent

to beaches, and for prompt notification of the public of water quality standard

exceedances. Grants will be available to aid state and local government programs that

can show, among other things, that the frequency and location of monitoring is based on

the periods of recreational uses, the nature and extent of the use, the proximity of the

water to known point sources and nonpoint sources of pollutions and any effect.of storm

events on the waters. In addition, state and local governments must show they have

measures in place to promptly communicate to the public the occurrence, nature,

location, and the extent of exceedances of applicable water quality standard.

2.4.2 California Marine Recreational Water Quality Criteria and Regulations

Marine beach water quality standards were promulgated in California through the

passage of Assembly-Bill 411 (AB-411). Adopted in 1997, AB-411 required the State

Department of Health Services to adopt regulations establishing statewide beach water
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quality standards and monitoring requirements at all beaches with over 50,000 visitors

per year that are adjacent to storm drains that flow in the summer. In contrast to the

federal recommended criteria which are based on enterococcus only, the California beach

standards are for enterococcus, fecal colifoun and total coliform bacteria and the fecal-to-

total coliform ratio. Prior to AB-411, California had no mandatory testing program,

statewide health standards, or public warning protocols for marine recreational waters.

Instead, monitoring practices and public notification protocols were left up to local

agencies. As a result monitoring and public notification protocols varied widely

throughout the state. The California standards are summarized in Table 4.

Table 4

California Microbiological Standards for Marine Beaches

The regulations sets four single sample standards and three thirty-day average
standards:

Single Sample Standards

Enterococcus 104 cfu/100 ml
Total Coliform 10,000 cfu/100 ml
Total Coliform 1,000 cfu/100 ml if the Total-to-Fecal

ratio is greater than10
Fecal Colifoiui 400 cfu/100 ml

Thirty-Day Average

Based on the log mean of at least 5 equally spaced samples in any 30-day period:

Enterococcus 35 cfu/100 ml
Total Coliform 1,000 cfu/100 ml
Fecal Coliform 200 cfu/100 ml

The monitoring and public notification requirements established by AB-411 and the

resulting regulations adopted by the DHS include:

The testing of all marine recreation waters for total coliform, fecal colifoim, and

enterococci.
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The development of protocols for selecting monitoring locations and frequency

based on health risk and making decisions regarding public notification of health

hazards, including posting, closing and reopening beaches

Shoreline samples will be collected from locations that include the areas affected

by stonn drains. Samples shall be taken in ankle-to-knee deep water,

approximately 4 to 24 inches below the water surface.

When the single sample standards are exceeded, the beach will be posted with a

warning sign. The local health official will use the single sample standards and

the geometric mean standards to determine the necessity to restrict the use of or

close the public beach or a portion thereof. A minimum of weekly testing April 1

through October 31 at beaches which have more than 50,000 visitors annually

located adjacent to a storm drain that flows in the summer.

The posting of warning signs that are visible from all access points at beaches that

do not meet the established standards.

Immediate testing of recreational waters in the event of a known sewage spill.

In the event of a know release of sewage into waters adjacent to a public beach,

the local health official shall immediately post and close the beach or a portion

thereof, until the source of the sewage is eliminated; sample the affected waters;

and continue closure or restrictions of the beach or a portion thereof and posting

the beach until testing results establish that the single sample standards are

achieved.

The establishment of telephone hotline to inform the public of all beaches

currently closed, posted, or otherwise restricted.

2.5 Bacteria Indicators

Fecal bacteria are used to signal the presence of sewage in marine recreational waters

and therefore, are known as indicator organisms. In general, bacteria indicators are not

pathogenic themselves, but are associated with pathogens in sewage. The use of fecal

bacteria for assessing the water quality of drinking and recreational waters dates back to

the late 1800s. Initially, total coliform bacteria were used to indicate the presence of

fecal matter in water. Over the decades, the use of total coliform was replaced or, at least
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supplemented, by fecal coliform because this group is more fecal specific and less subject

to seasonal variation than the non-thermotolerant members of the total coliform group

(Dufour, 1984). In 1986, the -U.S. EPA revised their bathing water criteria, which was

based on fecal coliform, after determining enterococcus was a significantly better indictor

for marine waters based the results of a large-scale epidemiological study (U.S. EPA,

1986). For a review of the history of bacteria indicator use in the U.S. including

historical guidelines and standards, see Dufour, 1984, and Cabelli, 1983.

Bacteria indicators are measured instead of the pathogens of concern for several

reasons. Pathogen test results are often not conclusive in terms of health risks because

many of the pathogen detection tests, particularly for viruses, cannot determine the

viability of the pathogen. In addition, pathogen analyses are typically limited to a group

or a few groups of pathogens although there are a large number of different types of

pathogens potentially present in human sewage. Since the etiological agents for many

health effects observed in epidemiological studies have not conclusively been identified,

the restrictive detection of the wide spectrum of pathogen potentially present also lead to

inconclusive results. Even if the primary etiological agents were identified and the viable

organisms detected and quantified, positive pathogen tests will be difficult to interpret

because pathogen water quality criteria and standards have not been developed (Gerba,

1979). In general, water quality standards based on the pathogen quality of recreational

water would be arbitrary and difficult to apply because of the lack of epidemiological or

dose-response data that relates pathogen quantities to health risk. Finally, pathogen

analytical methods are very expensive and time consuming relative to bacteria indicator

quantification methods and often require highly specialized laboratories.

The most widely used bacteria indicators of recreational water quality are total

fecal coliform, enterococcus, and E. coli., primarily because these indicators

have a long history of use, are present in large numbers in the intestinal tract of humans

and other warm-blooded animals, and can be quantified by reliable and inexpensive

laboratory tests. Taxonomic relationships and basic characteristics .of these bacteria,

along with other bacteria occasionally used as water quality indicators are provided in

Table 5.
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Table 5
Common Bacteria Indicators

Group Members Characteristics Sources
Total Coliform Genera of Enterobactia family All aerobic and facultatively

anaerobic, gram-negative, rod-
shaped bacteria that produce
gas upon lactose fermentation
at 35 degrees C.

Sources: Intestinal tract of

Intestinal tract of
warm-blooded
animals, soil,
vegetation.

Escherichia
Citrobacter
Enterobacter
Klebsiella

warm-blooded animals, soil,
vegetation

Fecal Coliform Subgroup of Total Coliform See above plus ferments
lactose at 44.5 degrees C,
producing gas and acid

Intestinal tract of
warm-blooded
animals.
Non-fecal sources of
Klebsiella include
pulp and paper mills,

Escherichia
Klebsiella

Fecal
Streptococcus

Species within Streptococcus genus
S. faecalis
S. faecium
S. avium
S. bovis
S. equinus
S. gallinarum

Spherical bacteria that react
positively to with Lancefield's
Group D antisera

_

Intestinal tract of
warm-blooded animals

Enterococcus Subgroup of Fecal Streptococcus Facultative anaerobic, gram-
positive cocci that grow in
6.5% sodium chloride at pH
9.6 at 10 and 45 degrees C

Intestinal tract of
warm-blooded animals IS. faecalis

F. faecium
S. gallinarum
S. avium

E. coli Subgroup of Fecal Coliform Rod-shaped facultatively
anaerobe

Intestinal tract of
warm-blooded
animals.

E. coli is a species in the genera
Escherichia
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There are disadvantages to the bacteria indicators currently used in recreation

water quality monitoring. One of the significant shortcomings is that total coliform, fecal

coliform and enterococcus are not specific to human fecal matter, but instead are also

found in high numbers in the feces of mammalian and avian species. Since the public

health significance of animal and bird fecal contamination in recreational waters is

unknown and no reliable method for distinguishing human sources from other

mammalian or avian species has been developed, the relationship between bacteria

indicator densities found in recreational waters and existence of human pathogens is often

complicated by animal and bird sources. Because of the non-specificity of the bacteria

indicators, interpreting beach water quality monitoring results can be difficult,

particularly at recreational water bodies located near wetlands, estuaries, and other water

features that are inhibited by a large bird or sea mammal population.

The bacteria indicators can also originate from non-fecal sources. Total coliform

contains several subgroups and species that are not specific to fecal material and are

widely distributed in the environment. These non-fecal groups are frequently found on

various types of vegetation and in soil (Geldreich, 1974). Fecal coliforms are more

specific to the feces of warm-blooded animals. However, the fecal coliform group does

include species of non-fecal origins such as Klebsiella pneumoniae which has been

isolated repeatedly in pulp and paper mill facilities effluents (Caplenas, et a/.1984),

textile processing plant wastes, cotton mills, and other industrial sources (Dufour, 1984).

Elevated enterococcus levels have been found in seaweed on bathing beaches, in leaf

litter in forested areas and on plants suggesting potential sources other than human

sewage such as animal or insect contamination, or possibly temporary residence and

reproduction in the environment (Anderson, et al., 1997, Sinton et al., 1993).

Another significant shortcoming to the use of bacteria indicators in recreational water

quality assessment and monitoring is that the survival, regrowth, and fate and transport

characteristics of the bacteria indicators may be different than the pathogens of concern.

The survival rate of fecal bacteria in marine waters may be affected by sunlight,

predation, temperature, salinity, adsorption and sedimentation, nutrient levels, and other

physical and chemical parameters. Many of these parameters act simultaneously and

interactively, so determining a die-off rate for a specific location and bacteria indicator is
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difficult (Alkan, et al., 1995). It appears the survival rate of viruses is affected by many

of these same parameters, however, it is generally accepted that viruses persist longer in

the marine environment than the commonly used bacteria indicators (Kay, et al., 1992).

Regrowth, or multiplication of bacteria indicators on suspended particles, sediment, and

vegetation may occur, leading to elevated densities of bacteria that do not accurately

indicate the presence of pathogens. Studies have indicated E. coli, total coliform and

fecal coliform can reproduce in the environment, particularly in nutrient enriched

seawater, while regrowth of enterococcus may occur in tropical environments (Fujioka, et

al., 1999).

Despite these disadvantages, the use of bacteria indicators in recreation water quality

protection programs is the most effective and functional methodology currently available

to public health officials and beach managers. Bacteria indicators are abundant in high

numbers in human sewage and a relatively easy and inexpensive the measure.

Importantly, epidemiological studies have quantified the relationship between bacteria

indicators and health risks.

2.6 Dispersion and Dilution of Bacteria in the Marine Environment

2.6.1 Studies on Spatial Variability of Shoreline Bacteria Densities Resulting from

Freshwater Outlets and Storm Drain Dry-weather Discharges

The author of this research could not identify any studies that specifically

investigated the parameters that significantly affected the dispersion of fecal bacteria

indicators discharged from a storm drain or freshwater outlet into the ocean. However,

information collected in several studies completed in Southern California on beach

contamination contain data that provides some insight into the shoreline bacteria densities

around storm drains and how these densities varying with distance from the drain. For

the studies discussed below, the shoreline plume of bacteria originating from a storm

drain is often discussed in terms of exceedances of the health standards that were

applicable at the time of the study. All of the studies discussed below, with the exception

of the Huntington Beach study, were completed before the implementation of AB-411,

therefore, the enterococcus standards Ii7N4as not in place. This is significant because

enterococcus is considered to be the most conservative indicator, accounting for a
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majority of the exceedances of the health standards in 1999 (Alamillo, Personal

Communication). With the exception of the Huntington Beach Study, none of the studies

reviewed reported storm drain bacteria densities or flow rates or oceanic conditions such

as swell direction, wave height, and tide conditions.

Los Angeles Department of Health Services Study

The Los Angeles Department of Health Services (DHS) conducted intensive

shoreline sampling events at nine storm drains once a week for 16 weeks in 1986

(Kebabjian, 1994). The DHS concluded that the results of the study suggest bacteria

levels significantly dissipated between 25 to 50 yards from the drain. Over 80

exceedances of health standards were observed directly in front of the drains. Less than

30 exceedances were observed at 10 yards south (downstream) of the drain, and

approximately 10 exceedances were observed at 50 yards south of the drain. The DHS

also concluded that variability in bacteria density data collected along the shoreline

adjacent to storm drains limits the ability of monitoring programs to assure that

recreational waters are continually meeting standards and are consistently free of

unacceptable health risk.

Santa Monica Bay Restoration Project's Storm Drain Studies

As summarized in section 2.2.1 of this chapter, these three studies, completed in

1990 through 1992 were designed primarily to deteimine the presence or absence of virus

in the drains. However, the studies also include information on the shoreline bacteria

indicator densities adjacent to the drains.

One objective of the first study was to confirm that bacteria indicator densities are

elevated around storm drains flowing into the Santa Monica Bay during the dry season

(Gold, et al., 1990). The study found levels of bacteria indicators were always elevated

in the surf zone at ankle depth directly in front of the drain and at 10 yards south of the

drain. At chest depth, elevated levels were exceeded less frequently. California Ocean

Plan standards were sporadically exceeded at sampling points 25 and 150 yards from the

drain, although few samples were collected at these locations. In general, the study found

that densities of bacterial indicators decreased with depth and distance along the

shoreline. The mean bacteria density in the storm drain were approximately an order of

magnitude higher than the bacteria density in the surf zone in front of the drain and two
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orders of magnitude higher than the bacteria densities found at chest-deep water. The

extent of the shoreline impacted by elevated levels of bacteria indicators was not defined

since the elevated levels were observed at the station sampled furthest from the drain

(150 yards).

The two follow-up SMBRP studies verified bacteria densities in storm drains are

elevated, typically several times higher than the Ocean Plan standards (Gold, et al., 1991,

Gold, et al., 1992). In addition, theses additional studies confirmed that the dispersion of

the bacteria indicators from the Pico-Kenter drain resulted in approximately an order of

magnitude drop in densities from the storm drain to the surf zone and another order of

magnitude drop from the surf zone at ankle depth to chest-deep water. Along the

shoreline, the studies confirmed that densities decrease with distances from the Pico-

Kenter drain but elevated levels were observed at 100 yards from the drain. Again, the

outer limits of the shoreline impacted by elevated bacteria densities were not determined.

In addition, the effect of storm drain density and flow rate on dispersion were not

investigated.

SMBRP's Santa Monica Bay Epidemiological Study

Although the primary objective of the 1996 SMBRP epidemiological study

completed for Santa Monica Bay was not to investigate the dispersion of bacteria along

the shoreline adjacent to flowing storm drains, the data from the study provides a

comprehensive data set of multiple shoreline samples collected around drains in Santa

Monica Bay. This data is also relevant to this research because two the of three drains

investigated in the epidemiological study, Malibu Creek and Santa Monica Canyon, are

the two drains studied in this research. From mid-June to September, 81 daily sampling

events were conducted at Malibu Creek and 75 at Santa Monica Canyon. Samples were

collected at four locations from the drain: directly in front of the drain (0 meters) 100

meters downstream, and 400 meters downstream.

Approximately 30% to 40%.of the samples collected in front of both drains

exceeded t alifornia State health standards for fecal coliform, enterococcus or both

f (Figure X and X). Bacteria densities dropped substantially between 0 and 100 meters

doittoast-ofthedrain at both drains. The percentage of exceedances at Santa Monica

Canyon dropped 30% and 35% for fecal coliform and enterococcus, respectively. The
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decrease in exceedances was less at Malibu with exceedances of fecal coliform and

enterococcus decreasing by approximately 24% and 17% respectively between 0 and 100

meters. Most of the exceedances of the health standards observed at Santa Monica

Canyon were due to Enteroccocus, while fecal coliform densities contributed to the most

exceedances at Malibu. A significant result was exceedances were sporadically observed

at the control sites for the study located 400 meters from the drains.
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Figure 2 - Percentage of Samples that Exceeded the
Enterococcus Health Standard
SMBRP Epidemiology Study

400m 1 - 100m
downcoast downcoast

Om 1 100m
upcoast

CI Malibu Creek

M Santa Monica Canyon

Figure 3 - Percentage of Samples that Exceeded the
Fecal Coliform Health Standard
SMBRP Epidemiology Study

400m 1 - 100m
downcoast downcoast

l Malibu Creek
IM Santa Monica canyon

San Elijo Lagoon Study

A study of surf zone bacteria densities resulting from the discharge of water from

San Elijo Lagoon in San Diego included a limited investigation into the distance around
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the discharge impacted by elevated bacteria densities (Gersberg, el al., 1995). The San

Elijo Lagoon is similar to the Malibu Lagoon, the lagoon studied in this research, in that a

natural barrier of sand forms between the lagoon and the ocean during the dry season; the

beach is popular and use frequently in the summer; and there are urban and natural

sources of bacteria into the lagoon. Samples were collected directly at the discharge

point (0 meters) and 15 meters on either side of the drain at knee depth once a week for

about 10 weeks. For this study, elevated levels of total, fecal, and enteroccocus were

defined by the California Ocean Plan. These standards were: 1000 cfu total

coliform/100 ml with not more than 20% exceeding 10,000 cfu/100 ml in 30 days; a

geometric mean of 200 cfu fecal coliform/100 ml with not more than 10% exceeding 400

cfu/100 ml in 60 days; and a geometric mean of 24 cfu enterococcus/100 ml over a 30

day period. Elevated levels of bacteria were frequently found directly in front of the

drain for total coliform and enteroccocus. Elevated levels of total and fecal coliform

were restricted to the sampling stations directly in front of the drain. Elevated

enterococcus densities were found at elevated levels at 15 meters north of lagoon site on

several occasions. This study did not investigate the affect of flow rate, discharge density

or ocean conditions on shoreline bacteria densities.

Huntington Beach Phase I/Phase II Studies

For two months in the summer of 1999, the Orange County Health Care Agency's

(OCHCA) Health Officer closed a portion of state and city beaches in the City of

Huntington Beach up to six miles at a time due to elevated levels of bacteria indicators.

These closures triggered a series of on-going studies to determine the source of bacteria

indicators. The objective of the Phase I investigations was to determine if the source of

the surf zone contamination was due to the nearby sewage treatment plant through leaks

in the sewer infrastructures or onshore movement of the outfall plume to the shore. No

significant sewer leaks were identified in the Phase I investigation. One conclusion of

the Phase I investigations was that two freshwater outlets, Talbert Marsh and the Santa

Ana River, were potential sources of the shoreline contamination which was observed up

to 9000 yards down the shoreline from the two outlets.

Part of the Phase H investigations included the Coastal Runoff Impact Study. The

goal of the CRIS study was to determine if Talbert Marsh, a tidal influenced water body,
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Discharge from the Talbert Marsh is immediately entrained in the longshore

current within the surf zone and quickly advected upcoast or downcoast

(depending on the currents) at speeds between 0.17 and 0.27 m/s. Discharge from

the Santa Ana River is carried in a momentum jet beyond the breakers and is

slowly transported by longshore currents outside the surf zone.

Longitudinal dispersion within the surf zone occurred over a large area. There

was no area that "accumulated" dye.

Rip currents, associated with groins, set up circulation cells that transported a

portion of the surf zone dye beyond the breakers, contributing to the net dilution

of the water entrained in the surf zone.

Dilution less than 30:1 were found at distances more than 15 kilometers away

from the source were found in the surf zone.

The researchers concluded that Talbert Marsh might be a source of enterococcus

contamination in the surf zone (Grant, 2001). This conclusion was based on the

following supporting data: 1) a portion of the dye released in the marsh channel was

entrained in the surf zone and advected upcoast to the locations with elevated levels of

bacteria and, 2) the dye was diluted by a factor of about 1.6 as it was entrained into the

surf zone which was comparable to the dilution of the bacteria densities between the

marsh and the surf zone station directly in front of the marsh. The authors point out that

the results of this study were somewhat inconclusive because the surf zone bacteria

densities did not always correlate with the loadings measured from Talbert Marsh,

indicating there may be another unidentified source at Huntington Beach. In addition,

this study was completed in December, which is a concern because important causes for

the surf zone pollution may be associated with summer conditions (Grant et al, 2001).

2.6.2 Influence of Tides and Parameters on Shoreline Bacteria Densities

In .a study completed on nine beaches in Hong Kong, the researchers E. coll.

densities varied sinusoidally with the tidal state (Cheung, et al., 1990). This relationship

could be described by the following relationship:

y = A + B*sin (8 +a)

where

y = log density of bacteria
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was a significant source of bacteria to the surf zone (Grant, et al., 2001). Bacteria

samples and other physical measurements were collected every hour for two weeks at a

monitoring location in the Talbert Channel and four surf zone locations: in the surf zone

directly in front of the Talbert Marsh outlet and; l 00 meters, 3000 meters and 9000

meters north of the mouth. Findings of surf zone sampling effort that are significant to

this research (Grant, et al., 2001):

Bacteria densities decreased with distance from the Talbert Marsh- outlet.

Bacteria densities at the surf zone stations (except directly in front of the marsh)

showed diurnal fluctuations, with high values at night and low values during the

day. The researchers concluded that solar modulation of bacteria die-off rates

appears to dominate the variations of bacteria densities observed in the surf zone.

The bacteria densities directly in front of the marsh exhibited more of a tidal, or

semi-diurnal, signal rather than a diurnal signal. The researchers concluded this

station was influenced by the tidal pumping of the marsh.

Bacteria densities seemed to vary with wind. Bacteria densities were higher when

the wind blow downcoast and offshore, and lower when the wind blows upcoast

or onshore. Wind direction is strongly associated with sunlight, so the

wind/bacteria relationship maybe an artifact of the sun/bacteria relationship.

Wave direction did not influence bacteria densities.

Bacteria densities were higher when the tide was falling and lower than when the

tide is rising at the Talbert Marsh channel station and at 3000 meters north.

Two dye tests were also conducted as part of the investigation, one during spring

tide conditions and one nine days later during neap tide conditions. During both tests,

dye was first injected into the Talbert Marsh and then into the Santa Ana River.

Hydrodynamic conditions were different for the two dye tests: 1) wave heights of 0.7 vs.

1.4 meters, 2) waves out of the south vs. waves out of the west, 3) current velocity

upcoast vs. downcoast, and 4) long-shore current outside the surf zone that oscillated

with the tides vs. no oscillation with tides. The following findings of the dye tests that

are relevant to this research include:
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A = log of the daily geometric mean of the bacteria density

B = amplitude of the variation in tide height

0 = Tide state (high water = 90° , low water = 270°)

a = Phase shift

High bacterial counts were generally observed during floods tides and low counts during

ebb tides. The influence of tide was significant for beaches near major pollution sources,

in this case, a submarine sewage plant outfall and a major river. Significant relationships

between tidal height and E. coli densities were not found for beaches affected by

stormwater drains discharging to the beaches, which the researchers classified as

relatively small pollution sources relative to the sewage outfall and the river. The flow

rates or bacteria densities were not provided for the storm drains.

As part of the Phase II investigations at Huntington Beach, statistical modeling of

shoreline bacteria densities was completed (Barnett, 2000). The regression was

completed with shoreline bacteria densities and oceanographic parameters measured

throughout the summer combined with data on several other parameters collected post-

hoc to match the existing. data set. The goal of the regression analysis was to determine if

elevated bacteria densities in the shoreline correlated with one or more oceanographic

and environmental parameters. The variables included in the modeling included

minimum and maximum tide height, direction of shore current, pycnocline depth and

current directions at 1 meter and 45 meters depths measured at the local sewage outfall,

rainfall, volume of water discharged from pump stations in the watershed, volume of

groundWater discharged from a dewatering project near the beach, bird counts at the

beach and wind direction. Based on preliminary analysis, the data set was divided into

two subsets: data collected at the beginning of a rising tide, and the beginning of the

falling tide.

Regression analysis of the Huntington Beach data indicated a relationship between

shoreline bacteria densities and the following parameters at the beginning of a rising tide:

pycnocline depth (negatively correlated), amount of urban runoff discharged from pump

stations in the watershed (positively correlated), and minimum tide (negatively

correlated). At the beginning of a falling tide, regression analysis indicated a relationship

between shoreline bacteria densities and the following parameters: bird counts (positively
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correlated), absence of longshore currents (positively correlated), amount of urban runoff

discharged from pump stations in the watershed (positively correlated), and maximum

tide (positively correlated).

Overall, the results of these analyses indicate tide may affect sources of the

bacteria into the shoreline. The shoreline bacteria densities were generally higher during

periods of the largest tide range (higher high tides and lower low tides). The watershed

pumps discharge into a marsh that is tidally influenced, so there may be a

interrelationship between tide, pump volume and bacteria densities. Likewise, bird

counts and tides could be related, because at large spring tides, bird feces from the upper

reaches of the beach are washed by the high tide. The researchers suggested the

relationship between the concentration of indicator bacteria and tidal range could be the

basis of an analytical model for forecasting surf zone water quality (Grant, et al., 2000).

A study completed in Spain on three beaches investigated the relationship

between bacteria indicators and several environmental factors: time of day, weather, tide,

sea conditions turbidity, flotsam, water temperature, and the number of bathers (Serrano,

et al., 1998). Microbiological samples were collected at the three beaches at one location

three times per day at 1.0 1.5-meter water depth. The study found significant difference

in the mean bacteria densities and several of the environmental factors. High bacteria

counts were associated with: early morning, overcast skies, low and high tides,

groundswell, intense turbidity and the presence of flotsam. A multiple linear regressions

completed had coefficients of determination (R2) of 0.40 for total coliform, 0.36 for fecal

coliform, and 0.22 for E. coll. The sources of microbiological contamination and the

general beach morphology were not described in the study results. The influence of

sunlight and tide on shoreline bacteria density agree with the results of studies from both

the Phase I and Phase II investigations at Huntington Beach. The source of the bacteria

was not described in the study including whether a freshwater discharge impacted the

study beaches.

2.6.3 Temporal Variability in Shoreline Bacteria Densities

In general, it is accepted among health agencies and other entities responsiblefor

beach microbiological monitoring that the temporal variability in the bacteria indicators

observed at a single shoreline location can be significant (McGee, personal
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communication). At a particular monitoring location, sources of variability in the

bacteria densities may include hydrodynamic mixing and transport processes in the water

body; loading from the source or sources of the bacteria; bacteria mortality rates due to

sunlight; temperature, and nutrient levels; rate the bacteria is removed through

sedimentation processes; and laboratory measurement error.

Data suggests that the bacteria density variability at a station in coastal, estuarine,

and lake waters varies by 0.7 log standard deviation over time (Pike, 1992). The U.S.

EPA recommends using this value to implement their recommended water quality criteria

for marine waters for enterococcus when there is not enough site-specific data available

to calculate the variability (U.S. EPA, 1986).

Researchers have indicated that understanding the variations in microbial

indicator densities in recreational water is essential to assessing swimming-associated

health risks (Cheung, et al., 1991, Leecaster and Weisberg, 2001). In Southern

California, beach advisory decisions are based on single sample standards, so

understanding the temporal and spatial variability of bacteria in the shoreline is

particularly necessary to evaluate the effectiveness of the recreational water public health

protection programs. Some researchers contend a single sample is of limited value

because of the high variability in the bacteria densities, and central tendencies and

variability are needed to define water quality at a particular site (Pike, 1992, Cheung, et

al., 1990) However, little quantitative research has been conducted to assess the relative

contributions of the different sources to the variability.

A study completed by the Southern California Coastal Water Research Project

(SCCWRP) illustrated the significant temporal variability observed in bacteria densities

at shoreline monitoring locations in Los Angeles County (Leecaster and Weisberg, 2001).

The goal of the study was to assess the effectiveness of sampling frequency in the beach

public health monitoring programs in Southern California. By sampling from a database

containing five years of daily monitoring results collected at 24 sites in Los Angeles

County, the researchers simulated four sampling frequencies: five days/wk, three

days/wk, weekly and monthly. The results indicated that if sampling frequency is

reduced below once per day, the number of water quality exceedances missed by the

monitoring significantly increases. Sampling five times per week resulted in missing
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about 20% of the total or fecal coliform exceedances. Sampling three days per week,

weekly, or monthly misses 45%, 75% and 95% of the exceedances, respectively. The

researchers concluded that the reason so many exceedances would be missed by reducing

sampling frequency is because of the significant variation in bacteria densities observed

at a location day-to-day. Searching through the database, they found that approximately

70% of the water quality exceedances lasted only one day, with fewer than 10% of the

exceedances lasting more than three days.

Laboratory measurement error may be a significant source of variability in

shoreline monitoring results. In general, microbiological analyses lack the precision of

chemical analyses and of physical measurements (Pike, 1992). The quantitative methods

used to analyze for bacteria indicators rely on growth responses of the bacteria and

counting the resulting colonies. For multiple tube fermentation and the defined substrate

test methods, a most probable number method of calculation is used to determine the

number of colonies. This most probable number method is based on a Poisson

distribution because bacteria randomly dispersed in water follow this distribution. For a

Poisson distribution, the variance equals the mean. Since laboratory precision can be

described as the coefficient of variation (the standard deviation as a percentage of the

mean), increasing the mean decreases the coefficient of variation (Pike, 1992).

The SCCWRP study considered possible sources for the variability in the day-to-

day shoreline bacteria results. They concluded laboratory error accounted for a small

portion of the day-to-day variability observed in the five years of monitoring data from

LA County. The researchers did a resampling of the database using bacteria thresholds

above the normal laboratory measurement error and found the number of exceedances

missed by sampling less frequency remained approximately the same. They concluded

that a more likely explanation of the short duration of water quality exceedances is that

the primary source of contamination comes from urban sources, which can be episodic in

nature.

A study of nine beaches in Hong Kong contaminated by various sources including

a sewage outfall, two large contaminated rivers and several small storm drains found

large daily and hourly variations in densities of several indicators including E. coli at two

of the nine beaches (Cheung, 1990). Over 667 samples were collected from three
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locations at each beach at a depth of 1 meter over a 32-hour period. The maximum

ranges in hourly E. coli densities at a single station of these two beaches were 94 to 1300

cfu/100 ml and 290 to 5300 cfu/100 ml. The authors concluded that, due to the

significant variability observed in the bacteria densities at a specific monitoring locations

that evaluation of water quality in terms of public health should not be based on a single

sample or the average of several samples collected over the course of a day. Instead,

long-term trends should be used to make decisions regarding bathing water quality. In

this study, tide conditions correlated with E. coli densities at some of the beaches. Based

on this, the authors concluded analytical and sampling errors did not contribute to the

variations observed as much as tide conditions.

2.7 Nearshore Mixing and Transport Processes

The freshwater discharges studied in this research do not have momentum jets

significant enough to force the freshwater through the breaker zone. Instead, the

freshwater flowing from the two outlets is discharged into the surf zone. The surf zone is

one component of the nearshore zone that extends seaward from the shoreline to just

beyond the region in which the waves break and also includes the breaker zone and the

swash zone. Once discharged into the nearshore, the freshwater discharge is entrained

into the longshore current that exists in the_ surf zone and carried along the beach. The

freshwater is mixed in with the ocean water through wave action and can be carried out

of the surf zone primarily through rip currents.

Waves reaching the coast and breaking on sloping beaches generate currents in the

nearshore. The nearshore currents flush the nearshore water and replace it with cleaner

offshore water (Komar, 1998). There are two current systems that dominate water

movement in the nearshore and are the primary transport mechanisms for the freshwater

discharged from the storm drains:

1) a cell-circulation system consisting of rip currents and associated longshore
currents and;

2) longshore currents generated by an oblique wave approach to the shoreline.
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Both systems are wave-induced and dependent on beach topography. In general, the cell-

circulation system is set up when waves break with their crests parallel to the shore

(Figure 4a). When waves break at an angle to the shoreline, a longshore current is set up

that flows parallel to the coast and, unlike the cell-circulation system, the current is

largely confined to the nearshore between the breakers and shoreline (Figure 4c). Often

at many beaches, a combination of both systems set up, particularly when waves break at

small angles to the shoreline or where beach topography strongly controls.the pattern of

nearshore currents (Figure 4b). Another less dominant cross-shore circulation system

involves the shoreward movement of water in the bores of the waves and a seaward

undertow.

Figure 4 Wave-Generated Currents in the Nearshore

Figure from Komar, 1998.
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The key transport and mixing processes in the surf zone are discussed below.

This review is limited to the basic processes and associated relationships, as these simple

equations may aid in the statistical modeling component of this research. Many authors

have studied the turbulence and mixing induced by wave breaking by both theoretical and

experimental means. These authors have shown the complexity of these processes,

particularly due to the nonlinear turbulence-wave-current interactions. These

complexities are one of the main reasons there is no universally accepted model for the

dispersion or eddy viscosity coefficients in the surf zone (Rodriguez, et al., 1995).

Unless otherwise stated, the rest of Section 2.7 is a synopsis of several chapters

from Komar, 1998.

2.7.1 Advection due to Obliquely Breaking Waves in the Surf zone

There has been considerable research into longshore currents because they

dominate the transport of sand along a beach. Observations on natural beaches as well as

in laboratory wave basins have confirmed that the longshore current is largely confined to

the nearshore and rapidly decreases in velocity beyond the surf zone.

A longshore current is generated by the combination of the longshore component

of the onshore-directed radiation stress (a momentum flux) associated with waves and the

longshore-directed radiation stress resulting from the effects of the wave motions on

hydrodynamic pressures. Many different equations for the longshore velocity have been

developed, primarily differing due to how frictional drag is defined. Komar (1998)

developed the following equation for the resulting longshore velocity that provides good

predictions of the current as measured at the mid-surf position:

*vL = 1.0 * (g *HO 1/2 * smab cosab

where vL = longshore velocity at mid-surf position
g = gravity acceleration
Hbs = significant wave-breaker height
ab = angle of wave (up to 45 degrees)

The above longshore current equation is applicable at mid-surf position. Velocity

profiles across the surf zone can be estimated. These profiles are affected by the amount

of horizontal mixing, beach slope, and the spectrum of waves breaking.
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2.7.2 Longshore and Cross-shore Advection transport due to Nearshore Cell

Circulation Systems

The idealized form of the circulation cell includes rip currents that move

nearshore water cross-shore through the breakers and longshore currents within the surf

zone that feed the rip currents. Rip currents, the most visible and important feature of the

cell circulation system, are strong, narrow currents that flow seaward through the surf

zone, often carrying debris and sediment that gives the water a district color compared to

the adjacent, clearer water. The longshore currents that feed the rip currents increase

from a zero velocity at points between two neighboring rips and reach a maximum just

before turning seaward to form the rip. The longshore currents are, in turn, fed by the

slow shoreward transport of water into the surf zone from the breaking waves. In actual

systems, the rip currents often cut diagonally through the surf zone and the longshore

feeder currents on either side differ in extent and intensity.

In general, the current theory on what causes rip currents and the cell circulation

to set up in the surf zone is based on the concept of radiation stress and the long shore

currents that form in the surf zone due to variations in set-up. When waves break on a

beach, they produce a set-up, a rise in the mean water level above the still-water elevation

of the sea. The set-up is confined to the nearshore on the shoreward side of the point of

initial wave breaking, and is basically an upward slope of water in the landward direction.

This wave set-up produces a pressure gradient or force that balances the onshore

component of the radiation stress, or excess flow of momentum due to the presences of

waves, that exists as waves break.

Cell circulation is caused by variations in wave heights resulting in variations in

elevations of the set-ups. Longshore currents flow "downhill" from areas of greatest

wave heights and set-up to areas of lower waves and set-up. Converging longshore

currents turn seaward to form rip currents. The variations in set-up are dependent on

wave height. Larger waves break further away from the shore, so in areas of the

shoreline where the larger waves occur, the resulting set-up begins further seaward. The

slope of the set-up is the same for large waves or small waves, but the set-up elevation for

large waves is higher because the set-up started further away from the shoreline.

Therefore, inside the surf zone, the mean water level is higher shoreward from the larger
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breakers than it is shoreward of small waves. This variation in mean water level causes a

longshore pressure gradient that will drive a longshore current from positions of high

waves and set-up to adjacent positions of low waves. This longshore flow will turn

seaward as a rip current where the waves and the set-up are lowest and the longshore

currents converge.

Rip currents, and their associate cell circulation systems, tend to fall into two

categories: 1) those clearly associated with offshore topography, and 2) those that occur

on more uniform beaches (Peregrine, 1998). Cell circulation caused by offshore

topography occurs through wave refraction. The most obvious way to form variations in

wave heights, and therefore set-up, is by wave refraction which can concentrate wave

rays in one areas of the beach, causing high waves, and at the same time spread wave

rays in an adjacent area of beach, causing low waves. In this case, the position of the rip

currents and the overall cell circulation will be governed by offshore topography. An

example is the submarine canyons offshore of La Jolla, CA and the resulting permanent

rip currents.

Circulation cells with rip currents are also observed on long, straight beaches with

regular offshore bottom topogaphy. These may occur sporadically, or regularly, in both

space and time (Peregrine, 1998). There are several theories on what produces cell

circulations at these beaches:

1) Standing edge waves the interaction of summation of the incident waves
and edge waves produces alternating high and low breakers along the shoreline,
giving rise to a regular pattern of circulation cells with evenly spaced rip currents.

2) Instability in the nearshore uniform set-up Hydrodynamic instabilities
leading to longshore invariant set-up.

Cell circulation can redistribute beach sediments, affecting beach topography,

which in turn, can drive cell circulation. Troughs scoured by rip currents may act to

stabilize their positions. The cell circulation is then strongly affected by beach

topography and is not completely free to respond to changing conditions of incident

waves and edge waves. Some researchers argue that irregular topography always exerts a

dominant control over the water circulation. Others assert the rip currents most likely

come first, causing sediment transport and producing the irregular bottom topography.
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At some point, the irregularities of the bottom may become sufficient to provide the

principal control over the nearshore circulation.

Rips commonly occur within the intermediate morphodynamic beach stages and

are often rhythmically spaced alongshore, having wavelengths of 100 1000m or more

(Huntley and Short, 1992). Rip currents are thought to be important conduits for water

and sediment between the surf zone and offshore (Komar, 1998, Smith and Largier,

1995), but there has been little field data to confirm this theory. Field data is sparse

because rips are relatively narrow compared to the given length of shoreline, they may

migrate along the shoreline, particularly in early stages of their formation, and are

difficult to instrument due to the potentially large current velocities which may be

encountered (Aagard, et al., 1997). Wright and Short measured mean current velocities

up to 0.6 to 0.7 m/s (Wright and Short, 1994).

Aagard found that tides clearly influenced the generation and nature of rip current

flows. At moderately high wave energy conditions, rips appeared during low tide, with

maximum velocities at low tide similar to other velocities reported in the literature. At

high tide, the rip current was inactive. The study also found rip activity was depended

upon the degree of wave energy dissipated determined by the use of the local ratio of

significant wave weight to water depth (Ys).

2.7.3 Advection due to combined Oblique Waves and Cell Circulation

The most general conditions of longshore currents in the surf zone are where they

are generated both from oblique waves and cell circulation systems. Komar developed a

relationship for mid-surf velocity that takes both mechanisms into account:

where

and

vL = (1.17 * (gHb)I/2* sinab* cosab) ((a * (g * *112S
) (aHb/ay))

a = ((n * (2)1/2)/Cf y-5/2)*(1 + y2/8)

Cf.= dimensionless frictional-drag coefficient
y = wave peakedness coefficent

The first term on the right is the longshore current generated by the oblique wave

approach. The second term accounts for the longshore variation in wave-breaker height

that leads to longshore gradient of set-up. On some beaches, cell circulation can
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rearrange beach sand into cusps and embayments. This can lead to a situation where the

two teims in the above equation balance each other, leading to vL --L=_ 0.

2.7.4 Breaking waves Cross-shore currents and Mixing

Wave breaking represents the initial dissipation of wave energy in the nearshore,

energy that was accumulated over a large area of the sea from the blowing wind. Waves

breaking is by far the most important energy input into the coastal zone and is responsible

for the generation of nearshore currents and the transport of sediments, which in turn

control the morphology of the beach.

The overall morphology of a beach refers to the composition of its sediment and

the physical processes of waves, currents and sediment transport (Komar, 1998). In

general, beach morphologies can be classified by three types: dissipative, reflective, and

intermediates. Dissipative beaches have low slopes and are often comprised of fine

material. Waves break well offshore and continuously-dissipate energy when they travel

as breaking bores across the wide surf zone. Reflective beaches have steep slopes and are

often comprised of gravel and cobble. At these beaches, the waves break close to the

shore with little prior loss of energy. Inteimediate beaches incorporate a series of

morphological types, often involving complex water-circulation patterns and bar-trough

systems.

Before reaching the nearshore, the energy of propagating waves is a combination

of potential energy from water displacement and the kinetic energy of the orbital motions

of the water under the wave:

E = 1/8 * p * g * H2
where E = total energy density (energy per unit length of wave crest)

p = Density of water
g = gravity acceleration
H = wave height

Energy density is directly related to wave height. As the wave approaches shallow water,

the wave slows and begins to shoal, thereby increasing in height. Thus energy density

increases. Energy flux, or the rate at which energy density is carried along by moving

waves, is constant:

P = E*c*n
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Where P = energy flux
E = total energy density
c = speed of the individual wave
n = '/2 in deep water, becoming =1 in shallow water

As the wave breaks, this energy is dissipated. Researchers have developed various

models that account for decay in wave height and wave energy dissipation. A model that

compares well with field measurements:

E = 1/4 p * g * (f * (BH3)/h)
where E = loss of energy per unit area per unit time

f = wave frequency = 1/T (T = wave period)
B = breaker coefficient _a. 1
H = bore of height H
h = water depth

The average rate of energy dissipation is obtained by integrating this equation over the

range of wave heights present in the surf and dividing by the total number of waves

(broken and unbroken). In the nearshore, a spectrum of wave heights typically exists at

any given moment, associated with broken and unbroken waves. So, energy is not

uniformly dissipated across the surf zone.

When waves approach the shore and break, they exert a net force on a water

column due to the decrease in radiation stress. The cross-shore component of this force is

balanced by a pressure gradient caused by a shoaling in the mean water surface. Because

of the unequal distribution over depth of the forces involved, this mechanism also creates

a cross-shore circulation. The cross-shore circulation is fed by the mass of water carried

shoreward by the breaking waves (Svendsen and Putrevu, 1994). In some cases, this can

lead to a strong vertical current shear with a seaward oriented undertow current that is

particularly strong near the bottom. Undertow consists of a pronounced bottom current

flowing in the seaward direction and is fed by the water volume carried toward he shore

by the breakers and bores. Field measurements of undertow currents have confirmed

theoretical predications with velocities up to 0.5 m/s observed. When rip current

circulation exists, it is unclear how much undertow current contribute to the mass of

water returned seaward compared to the amount returned primarily through the rip

channel.
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2.7.5 Wind and Tide Effects on Nearshore Currents

A wind blowing in the longshore direction and tidal water draining from the

beach might also contribute to the observed flow. However, the importance of the wind

and tides remains largely unevaluated.

It is difficult to separate the currents generated directly by the wind stress from

the currents caused by wind-generated waves. However, with wind stress acting in the

longshore direction, the resulting current should be greater than the current predicted

from Equation 2.7.1.

Ebbing tides may enhance both the longshore and rip currents that comprise the

cell circulation system, particularly at low tides. Water can be trapped within the troughs

running parallel to the shore, reducing or preventing any direct offshore flow. Instead,

the water must flow along the shore within the trough and directly into the rip channels

that cut across the surf zone. The level of tide will also affect the water depths within the

surf zone, and this in turn will affect the heights of the waves and the magnitude of the

longshore current.

2.7.6 Width of the Surf Zone

The width of the surf zone may impact the amount of dilution of the bacteria

indicators discharged from the stout.' drains investigated in this research by changing the

volume of water in the nearshore. The presence and width of the surf zone is primarily a

function of the beach slope and secondarily depends on the tidal stage. The width of the

surf zone is largely determined by the height of the waves. Beach slope will also affects

the width of the surf zone. An increase in beach slope will produce a narrower surf zone

over which turbulent breaking occurs, increasing the greater level of turbulence per unit

of surface area. This increase in horizontal mixing results in a decrease in longshore

current.

2.8 Bacteria Indicator Predictive Models used in Recreation Water Quality

Management

Results of a 1998 survey completed by the U.S. EPA indicated few local agencies

responsible for managing recreational waters used mathematical models for making

decisions on beach advisories or closures (-U.S. EPA 1999a). For those that did use
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predictive models, in most cases, the predictive tool is not used alone. Instead, they are

usually combined with water quality monitoring. According to the EPA survey, the types

of models used can be divided into two main categories: simple (statistical) and

deterministic. The statistical models are also referred to a rainfall-base alert curves or

rainfall model. The deterministic models are mathematical models that account for

mixing and transport processes. In addition to statistical and deterministic models, some

local agencies in the U.S. and Southern California issue preemptive advisories based on

rain forecasts.

2.8.1 Preemptive Rain Advisories

In the U.S., local agencies in several counties and municipalities in California,

Connecticut, New York, Maryland; Massachusetts, Florida, Delaware, Indiana, New

Jersey, and Wisconsin issue warnings to swimmers of potential pollution risks by issuing

advisories based on a threshold level of rainfall (NRDC, 2000). In Southern California,

rain advisories are issued in the coastal counties of Orange, San Diego, Los Angeles,

Santa Barbara and Santa Cruz Check with James

2.8.2 Statistical Models

At the time of the survey, three local agencies used rainfall statistical models to

relate beach advisories conditions to rainfall. This type of model uses regression analysis

to establish a relationship between rainfall events and bacteria indicator densities.

Specifically, a statistical relationship is developed between the bacteria densities or the

frequency of exceedance of standards that result in the water body of concern during or

after a rain event and rainfall measured at one or several locations in the upstream

watershed. The models can use simple regression or multiple regression if several rainfall

characteristics are used such as duration, interevent period, lag time between initial

rainfall and response at the beach, and the season. After a relationship is developed

between rainfall amounts and bacteria densities, decision rules must be developed for

beach advisory and closure. For example, the statistical model developed for a specific

water body may show the exceedance criteria is 1 inch of rainfall in a 24-hour period. A

three-phased decision rule could be established that specifies monitoring and public

notification actions at each phase that is defined by the cumulative rainfall (Table 6).
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Table 6 Hypothetical Decision -Tree for
A Rainfall Statistical Model

Phase Trigger Cumulative Rainfall (inches) Action
1 0.5 Increase sample frequency
2 0.75 Increase sample frequency

Issue cautionary advisory
3 1.0 Increase sample frequency

Issue warning advisory

2.8.3 Deterministic Models

The EPA reported four local agencies using different deterministic models. The

type of models used by these four agencies and their application included simple mixing

and transport model for establishing a buffer zone of no shell fishing around a marina; a

bypass model used to model the impacts to beaches from different sewage bypass

scenarios, and mixing zone models used to model the impact to beaches from routine

discharge from sewage outfalls.

Currently, few recreational water body managers use models to enhance their

routine monitoring programs or use deterministic models of bacteria discharged into the

nearshore environment with urban runoff. None of the 159 local agencies and other

recreational water managers that responded to the EPA's survey used modeling to

assisting in management of beaches impacted by dry-weather urban-runoff, the focus of

this research. Statistical modeling was applied to coastal beaches (rainfall models), yet

none of the respondents apply deterministic models to a discharge into the ocean

nearshore environment.

EPA has identified several existing, deterministic models that they believe may be

modified to apply to beaches. Most of these models have been developed for rivers,

lakes, and estuaries and do not incorporate the mixing and dispersion processes

associated with waves. One of the models, Environmental Fluid Dynamics Computer

Code (EhDC), is currently being modified to incorporate wave action as part of an U.S.

EPA demonstration project (Drew Ackerman, Personal Communication).
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2.8.4 Comparison of Deterministic and Statistical Models

The primary advantage of statistical models is that they can he easier to develop

relative to deterministic models. Statistical models are based on water quality data and

therefore do not explicitly model the sources of the bacteria. Data on the type and

characteristics of the source may not be required to develop an acceptable model.

Likewise, statistical models do not explicitly incorporate the advection, transport, and

decay processes and they do not attempt to provide spatial and vertical distribution of

pathogens. A disadvantage is that a statistical model is site-specific, since they are not

based on mathematical relationships, can be easy to misinterpret. In addition, since the

4' natural variability of recreation water body systems and bacteria sources can be relatively

large, statistical models often can not explain a significant portion of the variability in the
v

predictor.

The advantage to deterministic models is that they are based on mathematical

relationships and are not easily misinterpreted, as long the assumptions made in the

model are clearly defined. A disadvantage is that for complex environments such as the

coastal nearshore, few models have been developed that incorporate the mixing and

dispersion associated with waves, a primary mechanism of mixing and dispersion in the

nearshore.

2.9 Current Beach Monitoring Practices

Nationwide, tens of thousands of marine water samples are analyzed annually for

indicator bacteria (NRDC, 2000). Most of the analyses are part of sampling programs

that are independently planned and implemented by local or county public health

departments, or by Publicly Owned Treatment Works (POTWs) fulfilling federal, state,

and regional monitoring requirements specified in their permit to discharge wastewater

into waters of the U.S. (Schiff, et al., 1998). According to the results of NRDC's annual

survey of beach monitoring programs for 1999, 27 of the 29 states that have coastal or

Great Lake beaches have some type of regular monitoring program for at least some of

their beaches and 25 states have some type of public notification system (NRDC, 2000).

Eleven of the 29 states regularly monitor all of their beaches. All the states with
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monitoring programs monitoring analyze samples for at least one of three commonly

used bacteria indicators: total coliform, fecal coliform, and enterococcus.

2.9.1 Monitoring and Public Notification in Southern California

Beaches in Southern California are the most intensely monitored beaches in the

country. Each year over 80,000 samples are collected at over 500 marine beach and

recreational water bodies by 21 different agencies at an estimated annual cost of $3

million. This is roughly 50% of the total beach monitoring completed in the U.S. (Schiff,

et al., 1998). Sampling around freshwater outlets or storm drains account for nearly 20%

of the sampling effort in Southern California. This monitoring effort includes over 30%

of the beaches areas impacted by freshwater outlets routinely sampled (Schiff, et al,

1998).

The monitoring and public notification requirements of AB-411 began in July

1999. At least weekly samples are collected near flowing storm drains at all beaches with

at least 50,000 visitors per year throughout California. The samples are analyzed for

three fecal bacteria indicators: fecal coliform, total coliform, and enterococcus. If the

weekly samples indicate levels of bacteria over the health standards, the beach must be

posted with a warning sign. In Southern California, local health officials have elected to

apply the AB-411 standards to all beaches, regardless of the number of visitors and the

presence of a flowing storm drain.

Although AB-411 requires uniform health standards be applied to all beaches

impacted by a flowing stoini drain, monitoring protocols still vary widely throughout

Southern California (Leecaster and Weisberg, 2001, Schiff, et al., 2001b). AB-411 and

it's associated regulations and implementation guideline requires at least weekly

sampling, but does not provide guidance on how to design a monitoring program. Basic

monitoring elements such as the location of the sample collection relative to the drain and

oceanic and storm drain conditions under which this sample should be collected have not

been specified. A recent review of monitoring programs in southern California found

differences in the number of indicators measured, laboratory methods, and frequency of

monitoring (Schiff, et al., 2001b). Public notification through the posting of warning

signs also varies throughout Southern California. In general, most contaminated flowing

storm drains are posted with sign at the mouth of the drain. However, the length of beach
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posted with a warning sign around the flowing storm drain varies widely among and

within counties. For years, it was widely believed that bacteria concentrations would fall

below levels of concern at 25 meters from an average size storm drain and no more than

100 meters from large drains. For example, warning signs are typically posted

approximately 25 meters around the storm drains in Los Angeles county. Heal the Bay, a

nonprofit environmental organization, warns beachgoers to avoid swimming within a 100

yards of a flowing drain (Heal the Bay, 2000). However, as discussed in previous

sections, several studies have observed exceedances of the health standards at and beyond

100 meters from the drain.

Optimizing monitoring and public notification protocols to protect public health is

limited by the scarcity of information available on the dilution and dispersion of the

bacteria indicators discharged into the surf zone from a flowing storm drain or natural

creek. There is little data on how ocean conditions, beach characteristics and storm drain

parameters affect shoreline bacteria concentrations. The temporal variability of the

bacteria indictor plume from flowing drain has not been characterized.

The lack of information on the plume distribution and variability contributes to

several shortcomings in the current shoreline monitoring programs that could result in

less protection for public health at the beaches in Southern California:

1) The length of beach that is impacted by levels of bacteria indicators over the

health standards around a flowing storm drain is typically unknown and a rule-of-

thumb approach is used by health officials to determine the length of beach unsafe

for swimming.

2) Monitoring protocols are not optimized to effectively protect public health. Basic

monitoring elements such as the time of sample collection and location of samples

relative to the storm drain could be improved with a better understanding of how

ocean conditions, beach morphology, and storm drain characteristics affect

shoreline bacteria densities.

3) There is a 24-48 hour lag between the time the sample is collected and the time in

which the public is notified of poor water quality due to required laboratory

analysis time. No real-time monitoring techniques for fecal contamination are

currently available. The impact of this lag-time between sample collection and
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public notification in terms of swimmer exposure to waters with elevated bacteria

indicators is unknown because the daily variation in the bacteria indicator

densities around a flowing storm drain are unknown.

2.10 Two Freshwater Systems Studied Santa Monica Canyon and Malibu Creek

In Santa Monica Bay, there are 22 public beaches and over 50 miles of beaches and

surf zone with recreational activity in almost every segment (SMBRP, 1994). Over 65

million visitors visit the beaches along Santa Monica Bay each year. More than 200

storm drains convey urban runoff into the Santa Monica Bay from the more than 5,000

miles of storm drains in Los Angeles County, with several flowing all year-round

(SMBRP, 1994). The Santa Monica Bay watershed is more than 50% developed and

contains 25% imperious surface (Wong, et al., 1997). There are 59 monitoring locations

within Santa Monica Bay that are routinely sampled for bacteria indicator densities.

Twenty-two of the sites are 50 meters upcoast or downcoast of a flowing storm drain, 27

are located on open beaches away from storm drains, 6 are located on rocky shorelines,

and 4 are located along other shoreline types such as docks (Schiff, et al., 2001). Routine

shoreline microbiological monitoring for total and fecal coliform has been conducted

along the Santa Monica Bay shoreline since the early 197-0's, and for enterococcus since

1987 (City of Los Angeles, 2001).

2.10.1 Santa Monica Canyon

Since 1994, City of Los Angeles has collected daily samples from a monitoring

station located 50 meters from the Santa Monica Canyon storm drain outlet. The samples

are analyzed daily for total and fecal coliforms, and weekly for enterococcus. This

historical monitoring data indicates elevated densities of bacteria at a monitoring station

located 50 meters south of the drain. These densities are sporadically over the health

standards.

The Santa Monica Canyon watershed, a 10,127-acre basin located on the west side of

Los Angeles, encompasses the following land uses (City of LA, 2001):

51% open space (5,168 acres)

42% residential (4,236 acres low density, 1 acre high density)

4% transportation (444 acres)
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2.7% City of Santa Monica

0.1% commercial (8 acres)

Base flow in the early spring include groundwater from the rise in the groundwater table

over the wet winter season. As the dry-season progresses, urban runoff increases as a

fraction of-the total flow as the amount of groundwater seepage decreases. Contributions

to the dry-weather summer flow include over-irrigation water, pool water, and wash-

down activities (City of Los Angeles, 2001).

Numerous watershed investigations have been completed to identify sources of

bacteria indicators. In general, these investigations have been inconclusive. No spatial or

temporal patterns in bacteria densities at various sampling stations throughout the water

have been identified. This may be because the investigations appear to be disjointed and

uncoordinated efforts by different agencies. The City of Los Angeles identified likely

sources to be horse stables, wild birds, pets, and decomposed organic matter from trees.

Other potential sources include septic tanks, cesspools and leaking sewer lines. There are

777 properties that potential have septic tanks or adsorption fields on-site.

2.10.2 Malibu Creek

The Malibu Creek watershed is located in the Santa Monica Mountains northwest

of Los Angeles. Draining 104 square miles, Malibu watershed is the largest watershed

flowing into the Santa Monica Bay (SMBRP, 1994). Parts of five cities are contained

within the watershed: Malibu, Calabasas, Thousand Oaks, Agoura Hills, and Westlake

Village. Malibu creek is a soft-bottomed stream that cuts through a steep-sided gorge in

the Santa Monica Mountains and empties into Malibu Lagoon, a 13-acre shallow water

embayment located at the base of the Malibu Creek watershed (Ambrose, el al., 1995).

The lagoon is the only remaining brackish water lagoon adjacent to Santa Monica Bay.

Throughout a given year, the terminus of Malibu Creek takes on a variety of

forms, ranging from a completely closed lagoon to an open estuary (Ambrose and Orme,

2000). The duration of these two extremes depends on the strength and persistence of

stream flows from the watershed and constructive wave power directed against the river

mouth from the ocean. Typically, the barrier breaches quickly during the first major

storms of the wet season and reforms slowly in the spring and summer. During this time,

the system is typically a semi-restricted lagoon with a single tidal channel breaching the
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barrier beach. The single tidal channel migrates continuously, typically eastward from

the breach point. The flow rate of the water in the tidal channel depends on freshwater

discharge from the creek, tide, and wave conditions. The level of water in the lagoon

depends on whether the mouth of the lagoon to the ocean is open, the amount of creek

flow, and the tidal height. Late summer breaching can occur as the water level in the

lagoon slowly increases behind the barrier. Several cycles of barrier breaching and

reconstruction may occur during a typical year.

2.10.3 Ocean Conditions in Santa Monica Bay

Tides of the pacific beaches in the U.S. are called mixed tides (Komar, 1993).

Two high tides and two low tides occur every day, with a strong inequality in the heights

of the successive tides. During one part of a month, diurnal tides will prevail, which

means there is high and low tide followed by a much smaller high and low tide. The

large changes in tide height are referred to as spring tide while the small changes in tide

height are referred to as neap tides. At another time in the same month, the tides are

essentially diurnal, with two tides a day of nearly the same height.

The wave climate of the California coat is influenced primarily by ocean-

atmosphere interaction over the north Pacific Ocean. Clockwise atmospheric circulation

around the pulsating Hawaiian high pressure cells and anticlockwise flows around

eastward-moving low pressure cells generate most of the storm waves and swells that

approach the coast from between northwest and southwest.

About 80% of the swell reaching Malibu coast approach initially from west-

southwest and southwest (Ambrose and Orme, 2000). However, wind waves and swells

can approach Malibu from the south by three forcing mechanisms. 1) Local storm

activity and thermal forcing within the Southern California Bight up to 100-300 km from

shore, may generate wind waves 1-2 m in height with periods of 5-8 s when

superimposed on swells of more distant origin, a confused and potentially destructive sea

(for the coast) can develop. 2) During August through November, powerful southerly

swells are commonly generated by tropical cyclones that fowl off the west coast of

Mexico and Central America and may grow to hurricane strength before dissipating as

they travel northwestward into the cooler waters of the north Pacific Ocean. These can

bring strong winds and high wind waves with 9-11 s periods to the Malibu coast. 3)
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Extratropical storms in the southern hemisphere, forming between Antarctica and New

Zealand, generate waves which reach Malibu coast as low southerly swells with long

periods of 15-22 s. Looking at potential swell approaches to Malibu, swells from more

about 180 degrees to 270 degree bring the most energy due to unobstructed approaches

between San Clemente and San Nicholas and San Nicholas and the Channel Islands.
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CHAPTER 3

Field Methodology

This chapter describes the field methods used to collect the data for this research.

Data analyses methods are described in Chapters 4 through 6 along with the results of

this research. otri,

(The researcher conducted multiple sampling events during the dry season of the

surfzone water adjacent to two freshwater outlets that discharge into Santa Monica Bay.

These sampling events were designed to measure shoreline bacteria densities under a

range of ocean and outlet flow conditions. The researcher then conducted three 12-hour

sampling events at SMC.

3.1 Relationship of this Research to Parent Study 1

1 ; v

This research is one component of a multifaceted study conducted in partnership

with Heal the Bay, the Southern California Coastal Water Research Project (SCCWRP), .),. '

and the City of Los Angeles. SCCWRP is the lead investigator on this larger project, and :,fu

the City of Los Angeles has provided microbiological laboratory services and guidance.

The other components of the parent study completed by SCCWRP were a bacteria die-off

study and development of a deterministic dispersion model for the bacteria densities

surfzone.

3.2 Freshwater Outlets

The overall approach of this research was to measure bacteria densities at several

shoreline locations adjacent to two freshwater outlets that discharge into the Santa

Monica Bay at recreational beaches during the dry season, which includes the prime

beach-going season in Southern California. Shoreline and discharge samples were
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collected at two freshwater outlets that discharge into the surfzone of Santa Monica Bay,

California: the Santa Monica Canyon (SMC) storm drain and Malibu Creek (MC)

(Figure 1).

SMC, which discharges a mixture of natural groundwater flow and urban runoff

across Will Rogers State Beach, is typical of many square, concrete-lined channels that

convey urban runoff across Southern California beaches. Historic monitoring by local

agencies indicates densities of bacteria greater than the California health-based

bacteriological standards in the surfzone adjacent to the SMC outlet. Will Rogers State

Beach is a long, fairly straight beach that is oriented slightly southwest within the Santa

Monica Bay. This beach is typical of many beaches in Santa Monica Bay. Rip currents,

which could play a significantly role in transporting bacteria away from the shoreline, set

up constantly at this beach, often near the storm drain. The surfzone longshore currents

at Will Rogers State Beach can move upcoast or downcoast, depending on the incoming

swell and localized rip currents.

MC was chosen as the second study site because it has discharge and beach

characteristics that differ from SMC. Malibu Creek is a soft-bottom waterway that flows

into Malibu Lagoon, a 13-acre, tidally influenced estuary. Malibu Lagoon often breaches

the beach barrier that separates the lagoon from the Pacific Ocean, allowing the lagoon

water to flow across Surfrider Beach and into the ocean. In addition, the nearshore

topography at Surfrider Beach is different from that of Will Rogers State Beach. Within

Santa Monica Bay, Surfider Beach faces slightly southeast and is protected by three

rocky points located offshore. Because of its orientation and nearshore topography, the
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longshore current along Surfrider Beach is always downcoast and rip currents typically

do not develop along this beach.

This unique topography and orientation to the general incoming swell in Santa

Monica Bay allow for a comparative examination between the SMC and MC outlets that

may shed light on how these beach characteristics influence the shoreline bacteria

densities adjacent to discharges.

3.3 Factors that Potentially Affect Shoreline Densities

At the outlets studied, the freshwater discharged is entrained in the surfzone

because the freshwater flow rates are not sufficiently high to create a momentum jet that

can push through the wave breaker zone. As discussed in Chapter 2, there are two

primary mechanisms for mixing and transport in the surfzone: advection due to surfzone

currents and the action of breaking waves (Komar, 1998). This study collected data on

several ocean parameters that play a role in these mechanisms including swell direction,

wave height and frequency, tide conditions, wind speed and direction, and the longshore

current in the surfzone (Table 1).

Transport and mixing processes in the surfzone are also related to nearshore

topography. Full investigation of the effects of beach topography is beyond the scope of

this research. However, this research does compare results at two beach locations that

have different nearshore topography. Future research might investigate a number of

beaches with varying topography to verify effects identified in this research and to

3----1 ../..).1
investigate the full range of these beach characteristics. i ..__-.-, , (-
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Table 1

Potential Factors Affecting Shoreline Densities Investigated in this Research

Discharge Characteristics
Bacteria density
Flow rate
Bacteria loading

Tide Conditions
Tide height change (slack, swing)
Tide condition (flooding, ebbing)
Tide height

Ocean Conditions
Longshore current
Swell direction
Swell frequency
Significant wave height
Wind speed
Wind direction

Temporal Factors
Day of the Season
Time of sampling

Beach Topography (Indirectly by comparison of two beaches)

In addition to conditions in the surfzone, two factors expected to affect the

shoreline bacteria densities are the flow rate and bacteria densities in the discharge.

These parameters were measured during every sampling event. During the three 12-hour

events, flow rate was measured and storm drain samples collected every two hours.

3.4 Factors Not Investigated

Other studies have suggested factors such as sunlight, nutrients, and total

suspended solid affect the survival of bacteria indicators in marine waters. As discussed

in section 3.1, one component of the parent study to this research is a bacteria die-off
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study (Noble, 2002). This study examined the effect of several factors on die-off

including sunlight, nutrients, and total suspended solids. The results of this study indicate

the rate of bacteria die-off is slow relative to the rate of dispersion of the bacteria due to

mixing and transport mechanisms in the surfzone. Thus, die-off due to sunlight,

nutrients, and total suspended solids are not expected to play a significant role in the

dispersion of the bacteria once discharged into the surfzone and were not investigated

further in this research.

3.5 Dry Season Sampling Events

The dry season sampling was designed to measure shoreline bacteria densities

under a range of ocean and discharge conditions. Sampling was conducted from March

through September, 2000. A total of 32 sample events were completed at SMC storm

drain and 14 at MC. Fewer sampling events were completed at MC because by the end

of May, the beach barrier at the mouth of Malibu Lagoon naturally formed and eventually

blocked the freshwater discharge into the ocean. Two of the MC sampling events were

conducted in August, during one of the brief periods that the barrier was breached after
ok

May. c' /4-1

/
14114'

3.6 12-Hour Sampling Events

Three 12-hour sampling events were conducted at SMC. The field and data

collection methods used in the 12-hour events were similar to the dry season sampling

events

The 12-hour sampling events were conducted for several reasons. First,

/ preliminary results of the dry season sampling events indicated significant variability of

shoreline bacteria densities. The 12-hour events collected data on shoreline variability on
i
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a shorter temporal scale that was not captured during the dry season sampling. Second,

various studies have suggested tide conditions significantly contribute to the variability

observed in shoreline bacteria densities (Cheung et a1.,1991, Barlett, et al., 2000, Serrano,

et al., 1998). The time frame of 12 hours was chosen to correspond with one-half of the

semi-diurnal tide cycle so the sampling event captured the full variation of tidal

conditions. The sample was designed to isolate the effect of changes in tide height since

other oceanic parameters that potentially impact shoreline bacteria densities may be

expected to vary less over the course of one day relative to changes over the course of the

dry season. Finally, much of the monitoring by agencies at beaches in Southern

California occurs once per day or once per week. The shorter timeframe will allow the

research to identify possible errors or imperfect estimates that could occur in routine

beach monitoring programs currently implemented in Southern California.

3.7 Water Quality Sampling

3.7.1 Shoreline and Storm Drain Water Quality Sample Collection

For both the dry season events and the 12-hour events, water quality samples were

collected along the shoreline adjacent to the freshwater outlet and from within the outlet

channel. During the dry-season events, shoreline samples were collected at 25 and 50

meters along the shoreline upstream of the outlet, and at 25, 50, 75, 100, 200 and 400

meters downstream of the outlet. During the 12-hour events, shoreline samples were

collected at 25 and 50 meters upstream of the drain, and at 25, 50, 75, and 100 meters

downstream of the drain. During both the dry season and 12-hour events, one additional

sample was collected at the mouth of the outlet (0 meters from the drain) where the
i(

freshwater discharge meets the ocean. sv14,1)
PHivr-.%

p,41)7,4,
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The water quality sample collection protocols followed in this study were those

used by the local health departments in Southern California to ensure results are

comparable to the routine monitoring data (Noble, personal communication, September,

1999). These methods prescribe the collection of samples at ankle depth on an incoming

wave, with the sampler located downstream of the collection point. To collect a sample

in ankle deep water, samplers would stand along the shoreline at a location where the

water is approximately ankle deep when depth is averaged over the variation in depth due

to incoming waves. Samples were collected in sterile 100-ml bottles, immediately

covered and placed on ice for transport to the laboratory. Laboratory analyses were

initiated within six hours of collection time.

For this research, samples were collected along the shoreline in the surfzone at

ankle depth because of two reasons. First, results from various dye tests completed for

the surfzone deterministic modeling component within the parent study for this research;

showed that the flow rates from the two discharges studied are not sufficiently high to

create a momentum jet through the wave breaker zone (Ackerman, Personal

Communication, 2000). Instead, the discharges from the two outlets are entrained in the

longshore current within the surf zone and advected along the shoreline with the

longshore current that exists within the surf zone. Therefore, much of the dilution and

dispersion of the bacteria occur within the surf zone. Second, the protocols followed by

local health agencies specify monitoring the shoreline at ankle depth. Thus, examining

the spatial variability of bacteria along the shoreline at ankle depth locations will generate

data to support the overall goal of this research which is to improve marine beach

monitoring programs.
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Triplicates of every sample were collected simultaneously by holding three

sample bottles together during the collection process. For most locations, the three

samples were composited prior to analysis. The two exceptions were for the samples

collected at the mouth of the drain and from within the freshwater outlet. At these

locations, the three samples were analyzed both separately and as a composite. For

quality control purposes, duplicate laboratory analyses were conducted on approximately

10% of the samples collected.

3.7.2 Laboratory Methods

The storm drain and the shoreline samples were analyzed by the microbiology

laboratory at the City of Los Angeles' Hyperion Sewage Treatment plant. Samples were

analyzed for three bacteria indicators: total coliform, E. coli. and enterococcus. The

indicators were quantified by the defined substrate method using the Colilert and

Enterolert® systems by Idexx. This method uses a defined substrate nutrient indicator

that is microbe-specific. Enzymes produced by the bacteria hydrolyze an indicator

compound, releasing compounds that are colored or fluorescent for detection.

Quantification is completed by the most probable number (MPN) method using Idexx's

Quanti-Tray system.

3.8 Data Collection of Discharge and Ocean Conditions

3.8.1 Outlet Flow Rate

In Southern California, rainfall is seasonal, dominated by a limited number of

storm events concentrated into a wet weather season from approximately October

through March each year. Flow rates in many storm drains peak in the wet season, and

then gradually decrease over the course of the dry season. Sample events were conducted
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throughout the beach season (March through September) to capture this decreasing trend

in flow rate.

Flow rate was measured using a March-McBimey electromagnetic flow meter

and a calibrated wading rod. Cross-sectional velocity readings were collected at 60% of

the flow depth. The flow rate was measured in the same location the storm drain water

quality sample was collected so bacteria loading from the drain could be calculated.

Flow rate was measured at every sampling event and every two hours during the 12-hour

events.

At the SMC drain, the storm drain sample was collected upstream of the tidal

prism. The concrete-lined channel of SMC storm drain produces a wide discharge with

low velocity. To improve the velocity profile and cross-sectional depth measurements,

sand bags were used to narrow the flow in the channel. At MC, the drain sample was

collected in the channel that connects the Malibu Lagoon to the beach. This channel cuts

through the beach barrier that separates the lagoon from the ocean, and lies within the

tidal prism. Therefore, the flow rate is a measure of the volume of brackish water

discharging from the lagoon.

3.8.2 Longshore Current Velocity in the SurfZone

The longshore velocity in the surfzone predominantly moves to the south along

the beaches in Santa Monica Bay. However, in some locations, localized nearshore

currents can be moving to the north depending on the orientation of the beach relative to

the predominant incoming swell direction, location of rip currents, and the beach

topography. This research estimated longshore velocity during the sampling events using

dye. The researcher released flourescein dye in a discrete discharge at the mouth of the
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outlet and timed the leading edge of a plume of dye as it was transported along the beach

in the surfzone with the longshore current. Approximately 30 to 60 milliliters of dye

were mixed with water and discharged at the mouth of the outlet. The time necessary for

the leading edge of the dye to travel 20-meter intervals along the beach was measured.

At least four time measurements were collected during each discrete dye release and

averaged to estimate the velocity of the longshore current in the nearshore. During the

three 12-hour sampling events, longshore velocity was measured every two hours.

3.8.3 Tide Height and Condition

The tide in Southern California is a semi-diurnal mixed tide with a predominant

high and low tide followed by a secondary high and low tide during each 26-hour cycle.

Sampling events were scheduled using predicted tide conditions. The National Oceanic

and Atmospheric Agency's (NOAA's) tide predictions for Santa Monica were used to

plan sampling events and NOAA's verified historical tide data from their Santa Monica

Pier tide-gauge station were used in the final database. Events were split between swing

and neap conditions with the swing tide events further divided into low, medium, and

high tide heights.

3.8.4 Swell Direction, Significant Wave Height, and Frequency

Swell direction affects the direction and magnitude of the longshore current in the

surfzone generated by waves approaching the beach obliquely. In general, the

predominant direction of the incoming swell in Southern California is from northwest in

the winter. The swell direction gradually changes to a more westerly swell in early

spring and summer. In the late summertime and early fall, swells from the south-to-

southwest are generated by tropical stotnis that originate in the South Pacific. Sample
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events were scheduled from late March through the end of September to ensure shoreline

densities were measured throughout the range of swell directions typical for the dry-

weather season.

For each sampling event, data were collected on swell direction and wave height

from the archives of the Coastal Data Information Program (CDIP), operated at the

Center for Coastal Studies at the Scripps Institution of Oceanography. CDIP developed

and maintains the Southern California Swell Model and reports results to the public. The

swell model uses deep-ocean buoy data to estimate hourly swell direction, peak period,

and significant wave height of the deep-water swell from both the north and the south.

For this research, the north and south swell predictions were vector-averaged to provide

one swell vector defined by the average direction and wave height. To estimate a

predominant swell period, the highest dominant wave frequency of the predicted north

and south swell was assigned to the calculated swell vector.

The advantage of using the Southern California Swell Model is the model

processes deep-ocean buoy data to estimate the deep-water direction spectrum arriving

into Southern California from outside the Channel Islands. However, the Southern

California Swell Model predictions do not include local swell generated by winds in the

Southern California Bight. In addition, the model is a general model for Southern

California, and therefore does not take into account the effects of refraction and shoaling

by local coastal orientation and nearshore topography. No buoys are located near the two

study sites so no information exists for swell direction near the beaches. By using the

Southern California Swell Model predictions of swell direction, significant wave height,
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and wave frequency, this research investigates how deep-water wave energy affects

shoreline bacteria densities. Local wave energy is not included.

3.8.5 Wind Direction and Speed

Wind data for each sampling event was collected from the National Climatic Data

Center's archives of hourly surface observations of wind speed and direction taken at

Los Angeles International Airport. The average wind speed during the sampling event

was used in the data analysis and statistical modeling. Wind velocity measurements

were acquired every two hours for the three 12-hour sampling events.

3.8.6 Beach Topography

Advection due to the surfzone currents and the breaking action of waves, the two

primary mixing and transport processes in the surfzone, are influenced by beach

topography. Topography in the surfzone is constantly changing as surfzone currents and

breaking waves transport sand and reform the beach. Since beach topography is difficult

to measure directly, this research investigates the influence of this factor on shoreline

bacteria densities through the comparison of our results from SMC and MC, which drain

across beaches with different overall beach topography as described above.
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CHAPTER 4

Temporal Variability of Surfzone Bacteria Densities
From Dry-weather Urban Runoff

4.1 INTRODUCTION

Studies investigating surfzone fecal bacteria densities resulting from storm drain

discharge have found substantial temporal variability. A study at five storm drains

located in Santa Monica Bay reported high variability in surfzone bacteria densities that

resulted in sporadic exceedances of health standards (Gold, et al, 1992). Daily surfzone

densities measured at three storm drains for 90 days during the Santa Monica Bay

epidemiological study found significant day-to-day variations in bacteria indicator

densities, with values ranging from below laboratory detection limits to several hundred

colony-forming units per 100 milliliters (cfu/100 ml) of fecal coliform and enterococcus

and several thousands cfu/100 ml of total coliform at a given sampling station (Haile, et

al., 1996).

Studies on surfzone bacteria densities resulting from urban runoff discharge have

not investigated the primary factors that contribute to the significant temporal variability

observed in bacteria densities. An analysis of five years of daily public health monitoring

at 24 beaches in Los Angeles led the researchers to postulate that the significant temporal

variability in the bacteria densities in the surfzone were due to high variability in the

source of the bacteria, thought to be urban runoff and surfzone birds (Leecaster, et al.,

2001). A study of nine Hong Kong beaches found high variability in daily and hourly

sampling results and concluded tide contributed to the variability at beaches polluted by a

large river and sewage treatment outfall (Cheung, et al., 1991). In both of these studies, ,
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factors that likely affect the surfzone bacteria densities, including the bacteria densities

and flow rate of the urban runoff and ocean conditions that affect mixing and transport

processes in the surfzone, were not measured. A study in Huntington Beach, California,

retrospectively examined the relationship between storm drain flow characteristics, ocean

parameter, and bacteria surfzone densities and found factors that significantly contribute

to variability included storm drain flow rate, bird count, longshore velocity and tide

(Bartlett, et al., 2000). However, the results of this study may be confounded by sources

of bacteria into the surfzone other than the discharge from a freshwater outlet (Grant, et

al., 2000). A more comprehensive review of these studies can be found in Chapter 2.

Identifying factors that contribute to the temporal variability in surfzone bacteria

densities resulting from storm drain discharge could lead to improvements in the

management and mitigation of the human health risks associated with swimming at

beaches impacted by urban runoff. In Southern California, public health officers

typically make decisions about the safety of water for public recreation based on one

sample collected daily or weekly near a flowing storm drain. If the temporal variability

of the fecal bacteria densities in the surfzone is primarily a function of source or ocean

conditions that fluctuate on a time scale shorter than the monitoring frequency, such as

tide and wind conditions, the routine monitoring may not provide adequate data to

accurately characterize the water quality near the discharging storm drain. Thus,

identifying factors that significantly contributing to the fluctuation in surfzone bacteria

densities and characterizing this relationship could results in improvement in monitoring

protocols, such as optimizing monitoring frequencies. Likewise, developing quantitative

relationships between the source of the fecal contamination, namely the bacteria densities
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and flow rate of the urban runoff, and the resulting bacteria densities in the surfzone

could benefit monitoring programs in the same manner, but could also assist in urban

runoff pollution mitigation efforts.

The overall goal of this chapter is to identify the primary factors contributing to the

temporal variability of surfzone bacteria densities at the discharge point of a storm drain

during the dry season in S. California. This research focuses on the dry summer season

because it is the season of intensive beach use when human exposure to the nearshore

water is at it's peak. Specific objectives of this research are to: 1) Quantify the

relationship between storm drain discharge and the resulting surfzone bacteria densities

in the surfzone at the discharge point; 2) Identify other factors that significantly

contribute to the variability in surfzone bacteria densities and the amount of dilution the

bacteria in the discharge receives at the discharge point. Factors examined include ocean

conditions, laboratory measurement error, time-related factors and small scale spatial

variability; and 3) Investigate the time scale of the variability.

4.2 METHODOLOGY

The overall methodology used in this research was to investigate the temporal

variability of bacteria densities resulting from the discharge of urban runoff by repeatedly

measungacteria densities at one surfzone station located at the point where a stormdrain
ELI)

discharges urban runoff over the course of the dry, summer season. DIA-y.4z station is

examined to reduce the effect of transport and mixing processes within the surfzone. The

effect of these processes on the bacteria as it is dispersed along the shoreline is examined

in Chapter 5. A summary of the general methodology used in this Chapter is provided

here. A more detailed description of field methodology is provided in Chapter 3.
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The stomi drain investigated for this research is the Santa Monica Canyon storm

drain located in central portion of the Santa Monica Bay. Throughout the dry season, 32

sampling events were conducted at the Santa Monica Canyon storm drain. The sampling

events were scheduled to capture a range of discharge and ocean conditions. Each

sampling event consisted of one grab sample at the surfzone discharge point where the

stoim drain discharge enters the surfzone. In addition, three 12-hour sampling events

were conducted to investigate the scale of the temporal variability of the bacteria

densities at the surfzone discharge point. Each of the three sampling events spanned one

tidal cycle. Samples were collected every two hours at the surfzone discharge point and

in the stoilii drain. The three 12-hour periods were selected to represent a range of tide

conditions: Slack tide conditions existed during Day 1, average tide height change

occurred during Day 2, and large changes in tide (swing tide) occurred during Day 3.

The same methods used in the routine dry season sampling evens were used in the three

12-hour studies and identical data collected.

In addition, samples were of the freshwater flowing in the storm drain and the

flow rate of the storm drain discharge was measured. The discharge measurement point

was located above the tidal prism in the storm drain. Data on various ocean parameters

that potential affect dispersion of bacteria from the surfzone discharge point were

collected from available online databases. These parameters included wave height, swell

direction and frequency, wind direction and speed, and tide conditions. Information on

the data sources is provided in Chapter 3. Longshore velocity in the surfzone was

measured at each sampling event by releasing discrete dye loads into the surfzone and

then timing the dye movement.
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Sampling was conducted from late March through September, 2000. None of the

sampling events were conducted during rain-influenced days, assumed to be during any

rainfall event over 0.1 inch in the watershed and the following three days. A description

of the Santa Monica Canyon storm drain and the associated subwatershed is provided in

Chapter 2. Surfzone samples were collected at several stations located various distances

from the surfzone, but these data are not addressed here; this chapter evaluates the

surfzone discharge point where the storm drain discharge enters the surfzone and the

associated density in the storm drain freshwater discharge.

The research also estimated the potential contributions to the variability observed in

the surfzone densities of laboratory measurement error and variations of bacteria

densities on a small spatial scale. If these factors cause large variation, they could

confound the observed influence of source strength and ocean conditions. Laboratory

measurement error was investigated by analyzing laboratory duplicates of both the

surfzone and stoini drain samples. For a subset of samples, the laboratory split each

sample in two and randomly assigned one of the two to be the duplicate sample. The

results of the laboratory analysis from the duplicate samples were compared to the results

of the paired samples and used to investigate variability due to laboratory error. The

main data analysis in this chapter uses the other data.

The relative contribution of small-scale spatial variability was evaluated using field

triplicates, collected simultaneously approximately two inches apart at both the surfzone

and stoini drain stations. The laboratory analyzed each of the triplicates separately, and

also analyzed one composite sample made from equal aliquots of the three samples. The

results of the laboratory analysis from the triplicate samples were used solely to
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investigate spatial variability. The results from the composite sample were used in the

main data analysis for this chapter.

Three fecal bacteria indicators were measured in each sample collected: Total

colifoini, E. coli, and enterococcus. All three indicators were measured because public

health decisions at marine beaches in Southern California are made based on health

standards for all three bacteria. The results for all three indicators are presented here

because it is possible that the fate and transport of the three bacteria differ, which may

affect the temporal variability of the densities of the three indicators in urban runoff and

in the surfzone. The standard monitoring protocols and laboratory methods used by the

local health agencies and POTWs in Southern California were followed in this study.

Laboratory analyses were initiated within 6 hours of collection time. Samples were

analyzed by the City of Los Angeles' microbiology laboratory using the defined substrate

methodology. Enterococcus was quantified by the Enterolert system and total colifoliii

and E. coli were quantified using Colilert by Iddex Corporation.

4.3 RESULTS

This chapter presents the results of this research in the following order. First, the

surfzone bacteria densities measured at the storm drain discharge point over the course of

the dry season are briefly described. Next, the effects of several factors on the surfzone

densities are examined including the storm drain discharge, laboratory measurement

error, small-scale spatial variability and ocean conditions. Next, the amount of dilution

the stoini drain discharge receives at the surfzone and the relationship between dilution

and ocean conditions are examined. Finally, the scale at which the temporal variability

occurs is examined by considering the results of the three 12-hour sampling events.

75

1 4 I

RB-AR43759



4.3.1 Bacteria Densities at the Surfzone Discharge Point

Bacteria densities measured at the discharge point in the surfzone were highly

variable over the 32 sampling events completed throughout the dry season (Figure 1).

Total coliform densities spanned more than four orders of magnitude, while E. soli and

enterococcus densities ranged nearly three orders of magnitude (Table 1). Standard

deviations of the observations were high. The range of values that contain one geometric

standard deviation on either side of the geometric mean was five times the geometric

mean for total coliform and E. coli, and three times the geometric mean for enteroccocus.

. The density distributions of the three bacteria were highly skewed to the right,

with median values much lower than the mean values. As shown by the cumulative

frequency distributions in Figure 2, 80% of the total coliform densities observed were

less than 7,000 MPN/100 ml, although sporadic values as high as 16,000 MPN/100 ml

were measured. Likewise, about 80% of the E. coli and enterococcus values were less

than 800 and 500 MPN/100 ml respectively, although densities twice as high were

observed throughout the study. Density distributions approaching normal were achieved

by log-transforming the bacteria indicator data, an established convention for analyzing

bacteria indicator data. Statistical analyses of theses data presented in this chapter were

completed on the log-transformed data. Although highly variable, the densities of the

three bacteria indicators co varied with one another, with all correlation coefficients

significant at P<0.001 (Table 2).

4.3.3. Relationship between Storm Drain Discharge and Surfzone Bacteria Densities

The primary source of bacteria into the surfzone may be/expected to be the

primary factor affecting the bacteria density in the surfzone. Therefore, the bacteria
0'6.: :7

fl 1 L:1P-1).3
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density and flow rate in the storm drain discharge should affect the densities measured in

the surfzone, particularly at the discharge point. This section attempts to quantify that

relationship.

The discharge bacteria densities observed throughout the dry season were highly

variable (Figure 3). Total coliform densities spanned three orders of magnitude, while E.

/oli and enterococcus densities ranged nearly three orders of magnitude (Table 3).

Standard deviations of the observation were high. The range of values that contained one

standard deviation on either side of the geometric mean was two times the geometric

mean and three times the geometric mean for E. coli and enteroccocus. The densities of

the three bacteria indicators in the storm drain discharge were significantly correlated

with one another (P<0.05), although less so than the surfzone bacteria densities (Table 4).

The discharge flow rate gradually declined by almost an order of magnitude over

the course of the dry season (Figure 4). Flow decreased from a maximum of 0.19 m3/sec

to 0.01 m3/sec. This decline in flow from the storm drain was expected because the flow

in the Santa Monica Canyon storm drain includes flow from natural springs fed by

groundwater. The amount of spring water entering the drain decreases throughout the dry

season, as the time period since the last rainfall increases (City of Los Angeles, 2000).

Flow rate was significantly correlated with the day of the season(r = -0.4, P<0.05).

.
4

A

.).) (r)
.

It is reasonable to expect that the storm drain densities and flow rate would affect

the bacteria densities observed in the surfzone at the drain discharge point. However, the

analyses completed for this research could not identity a relationship between the

densities or flow rate of the storm drain discharge parameters and the surfzone bacteria

densities. Correlation coefficients between storm drain parameters (densities and flow
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Table 1
Surfzone Bacteria Densities at Discharge Point (MPN/100 ml)

Total Coliform E. coli Enterococcus

Range 31 16000 ND' 2200 ND 960

Geometric Mean 1769 191 131

Geometric Mean +/- 1 St. Dev. 317 9877 36 1027 35 487

1 ND = Not detected at the detection limit of 10 MPN/100 ml.

Table 2

Correlation Coefficients'
Shoreline Bacteria Densites at the Discharge Point

Total Coliform
E. coli

E. coli Enterococcus
0.89* 0.87*

0.87*

1 Spearman rank. *Significant at P<0.001.
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Table 4

Correlation Coefficients'
Storm Drain Discharge and Loading Rate into Shoreline

Total Coliform
E. coli

Enterococcus

Total Coliform
E. coil

Enterococcus

Storm drain Densities

E. coli Enterococcus
0.54* 0.63*

0.39'

Bacteria Loading Rates

E. coil Enterococcus
0.7* 0.76'

0.56*
DOI

1 Spearman Rank. 'Significant correlations at P<0.05.
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rate) and surfzone bacteria densities were very low, indicating no linear relationships

(P<0.05) (Table 5). Scatter plots showed no other apparent relationship between the

surfzone densities and discharge parameters.

Since the discharge densities and flow rate both varied over the dry season, the

combined effect of these parameters on the surfzone densities was evaluated by

calculating the rate at which bacteria was discharged into the surfzone. Storm drain

densities were multiplied by the flow rate to calculate the rate of bacteria loading from

the storm drain into the surfzone. Like the surfzone bacteria densities, the bacteria

loading rates into the surfzone observed over the dry season was highly variable (Figure

5). The range of loading rate observed for the three bacteria indicators spanned several

orders of magnitude, and again, standard deviations were high (Table 3). The loading

rates of three bacteria indicators from the drain were significantly correlated with one

another (P<0.05) (Table 4).

Similar to the results of the analyses of the storm drain densities and flow rate, no

apparent relationships were observed between the bacteria loading rates from the storm

Lt drain and the resulting surfzone densities. Correlation coefficients between bacteria
pA

loading rates and the resulting surfzone bacteria densities were very low, indicating no

V linear relationship (Table 0. Scatter plots revealed no apparent relationships.

The lack of any observable relationship between the storm drain discharge and the

resulting surfzone bacteria densities indicate this relationship is not sufficiently strong to

appear in these data. This may be because the variability in the storm drain and surfzone

bacteria densities is high enough to mask the relationship, given the number of data

points collected in this study, or because other factors significantly affect surfzone
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bacteria densities, reducing the apparent effect of the storm drain discharge on the

densities. Other factors that potentially affect the surfzone densities at the storm drain

discharge point are investigated in the following sections.

4.3.4 The Effect of Laboratory Measurement Error and Small-scale Spatial Variability

on Surfzone Densities

Previous research has concluded that laboratory measurement error associated

with bacteria density quantification can be significant (Fleischer, et al., 1998). To

investigate the contribution of laboratory measurement error to the variability in the

surfzone bacteria densities observed in this research, 11 samples collected at the surfzone

discharge point were analyzed twice in the laboratory as duplicate samples. The average

standard deviation of the log-transformed densities (calculated from the average variance

of each duplicate pair) provides an estimate of laboratory precision.

Small-scale spatial variability, if significant, could also affect the temporal

variations observed in the surfzone and storm drain densities. Fecal bacteria have a

tendency to sorb to particles in suspension (Pommepuy, et al., 1992), which could lead to

substantially different densities at two points in the water located very near each other

when measured at the same moment. To estimate the potential contribution of small-

scale spatial variability on the surfzone densities, triplicate samples were collected at the

surfzone discharge point simultaneously. The laboratory analyzed each of the three

samples separately. The average standard deviation was estimated from the average

variance calculated across each triplicate set. The variance in the triplicate samples

includes variation due to small-scale spatial variability and laboratory measurement error.
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Table 5
Correlation Coefficients'

Shoreline Bacteria Densities at Discharge Point and
Storm Drain Discharge Parameters

Storm Drain Densities
Total Coliform

Shoreline Densities
E. coli Enterococcus

Total Coliform 0.01
E. coli 0.02

Enterococcus 0.04
24.

Storm Drain Flow Rate -0.04 -0.09 -0.25

Bacteria Loading Rates
Total Coliform -0.07

E. coli 0.03
Enterococcus -0.02

1 Spearman rank. No significant correlations at P<0.05.
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A comparison of the standard deviations of the observed surfzone densities to the

estimated standard deviations .of the laboratory duplicates and field triplicates indicates

that laboratory measurement error and small-scale spatial variability may not

substantially contribute to the overall variability observed in the surfzone densities (Table

6). The estimated standard deviations of the laboratory duplicate measurements for the

three bacteria indicators are approximately an order of magnitude less the standard

deviations of the standard deviations of surfzone bacteria measurements. The estimated

standard deviations of the field triplicate measurements for the three bacteria indicators

are approximately 5 to 7 times less than the surfzone bacteria measurements. This

comparison suggests laboratory measurements of the surfzone samples and variation in

bacteria densities on a small-scale in the surfzone may not significantly contribute to the

overall variability observed in the surfzone bacteria densities is measured in this study.

4.3.5 The Effect of Ocean Conditions on Surfzone Densities at the Discharge Point

The next step in investigating the factors contributing to temporal variability in

the surfzone densities was to evaluate the influences of various mixing and transport

mechanisms in the surfzone where the stollu drain discharges into the ocean. The

predominant mixing mechanism in the surfzone is breaking waves and the predominant

transport processes are longshore current in the surfzone and tidal currents (Komar,

1993). (A more comprehensive discussion of these processes is included in Chapter 2.)

Data on various ocean parameters that provide some measure of the various mixing and

transport processes in the surfzone were collected during each sampling event over the

dry season. The ocean parameters investigated in this study are listed in Table 7 along

with the averasze and range of values observed durin2 the dry season.
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The relationship between these ocean parameters and the surfzone bacteria

densities were examined through scatterplots, ANOVA, and linear correlation analysis.

The research also examined relationships among surfzone bacteria, time of day, and day

of season. Spearman rank correlation analysis was used to identify potential linear

correlations. ANOVA was completed by dividing the densities into two or three

categories. The categories were determined by first considering whether there was a

hypothesis that related the parameter in question to the densities. For example, at SMC,

swell originating from 220 degrees south of north approaches the beach perpendicularly.

Thus, swells from approximately 220 degrees may result in lower longshore velocity,

which in turn may result in high densities at the discharge point in the surfzone.

Meanwhile, swells originating from further north or south of 220 degrees could

contribute to a higher longshore velocity, which in turn, may result in lower densities at

the discharge point: Therefore, the swell categories used for the ANOVA were selected

to test this hypothesis. Categories were also determined by examining the scatter plots of

the densities and the ocean and time parameters to look for trends in the data that would

support dividing the data into specific categories. If no obvious trend was observed then

the range of the data for the parameter in question was equally divided into two or three

equal groups.

Few significant relationships between the surfzone densities at the discharge point

and the ocean and time parameters observed in this research were detected either by

ANOVA or by linear correlation (Table 8 and Table 9). Significant relationships were

observed for wind speed, time of day, and day of season, as discussed further below.
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Table 6
Comparison of Standard Deviations

Surf zone Bacteria Densities to
Laboratory Duplicates and Field Triplicates

V ALA
Standard Deviations (MPN/100 ml)

Total Coliform E. coli Enterococcus
Shoreline Discharge Point Densities 0.75 0.73 0.57

Laboratory Measurement Error 0.05 0.08 0.08
(Standard Deviation of laboratory duplicates)2

Small Scale Spatial Variability 0.10 0.13 0.14
(Standard Deviation of field triplicates)2

'Log Densities
2Estimated from average variance of laboratory duplicates and field triplicates

Table 7
Ocean Parameters

Range and Average Values for Santa Monica Canyon

Range Average

Average Longshore Current (m/s) 0.1 0.8 0.3

Swell Direction (degrees) 185 305 263

Wave Height (m) 0.2 3.1 1.1

Swell Period (s) 8 20 12

Wind (m/s) 0 5.6 2.7
Wind Direction (degrees) 0 330 185

Tide Height(m) 0.0 1.9 1

-"T
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Table 8
Results of ANOVA

Bacteria Densities at Discharge Point in Surfzone
and Ocean and Time Parameters

Geometric Mean (MPN/100 ml)
Parameter Total Coliform E. coli Enterococcus

Wind Speed (m1s)
> 4.0 High

< 4.0 and > 2.0 Medium
< 2.0 Low

8280
1208
1290

1020
126
136

531
101
85

P<0.03 P<0.02 P<0.004
Wind Direction (degrees)

> 250 Northwest. 1655 298 194
< 250 and > 190 West 1463 113 88

< 190 Southwest 2066 198 124
P = 0.90 P = 0.42 P = 0.45

Tide Height (m)
> 1.0 High 1020 128 112

<1.0 and > 0.5 Medium
< 0.5 Low

2429
4788

217
560

105 ,
286

P . 0.18 P . 0.28 P = 0.40
Tide Conditions

Ebb 1391 159 91

Flood 4892 493 343
P = 0.47 P =0.58 P = 0.15

Swing 1236 148 118

Slack 3888 337 164
P = 0.08 P = 0.20 P = 0.52

Wave Height (m)
> 1.0 High 1527 137 97
< 1.0 Low 1786 251 161

P =0.80 P = 0.33 P = 0.08
Longshore Velocity (m/s)

> 0.4 High 1209 167 119
< 0.4 Low 2144 218 131

P =0.39 P = 0.69 P = 0.85
Swell Direction (degrees)

> 250 Angle to 1598 155 105
Beach

< 250 Perpendicular
to Beach

1741 257 168

P = 0.90 P = 0.46 P = 0.34
Time (LST)

12:00 - 14:00 Afternoon 4546 498 384
9:00 - 12:00 Mid-morning 996 206 125

5:30 - 9:00 Early morning 1401 129 87

P = 0.25 P = 0.24 P<0.04
Period (s)

> 12 High 1136 131 101

< 12 Low 2448 263 155
P = 0.21 P = 0.26 P = 0.36
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Table .9

Correlation Coefficients1
Surfzone Densities with Ocean and Time Parameters

Ocean Parameters

Total Coliform

Shoreline Densities

E. coil Enterococcus

r

Longshore Current Velocity -026 0.18 -0.09 0.64 -0.15 0.43
Swell Direction 0.10 0.59 0.00 0.98 -0.01 0.98

Swell Frequency -0.12 0.51 -0.03 0.85 0.01 0.98
Wave Height -0.05 0.77 0.00 0.99 -0.10 0.59
Wind Speed 0.27 0.14 0.25 0.18 0.:38* 0.03

Wind Direction 0.09 0.64 0.06 0.74 0.16 0.39
Tide Height -0.24 0.13 -0.25 0.18 -0.10 0.59

Time Parameters
Time of Day 0.34 0.06 0.36 0.05 0.41* 0.02

Day of Season 0.23 0.21 0.21 0.25 0.38* 0.04

1 Spearman rank. *Significant correlations at P<0.05.
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The surfzone densities of all three bacteria appear to be related to wind speed.

ANOVA analyses indicated a significant difference in the geometric mean of the

densities when divided into groups of high, medium and low wind speeds (P<0.05). The

geometric means of all three bacteria indicators increased with increasing wind speed.

Linear correlation analyses showed enterococcus densities to be significantly and

positively correlated with wind speed (r=0.38, P<0.05). The linear correlation between

total colifoi.ui and E. coli surfzone densities and wind speed showed a similar

relationship, however, these correlations were only significant to P = 0.14 and P = 0.18,

respectively.

Significant relationships were also observed for enteroccocus and time of day.

Enterococcus densities significantly increased linearly with the time of day (r = .41, P

<0.05), and ANOVA result showed that when enteroccocus densities were divided into

three groups based on time of day in which the samples was collected (early morning,

mid-morning, and afternoon), there was a significant different among to the geometric

means of the groups (P<0.04). The geometric means of the enteroccocus densities in

these three groups increased with time of day. The geometric mean of the enteroccocus

densities measured in the afternoon was 384 MPN/100 ml, which is more than 4 times the

geometric mean of enteroccocus densities measured in the early morning of 87

MPN/100m1. Total colifoun and E. coli densities also appeared to increase with time of

day, however the linear con-elation for these relationships were significant only to P =

0.06 and P = 0.05.

The relationship between enteroccocus and time of day may be related to the

identified relationship between wind- speed and enterococcus densities. Wind speed and
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direction were significantly and positively correlated with time day (r = 0.6 and r=0.5,

P<0.05). Thus, the relationship between surfzone densities and time of day may be an

artifact of the relationship between surfzone densities and wind speed.

Enterococcus densities in the surfzone were also positively correlated with day of

season (r = 0.4, P<0.05). Total coliform and E. coli densities showed a similar

relationship with day of season, but the correlation coefficient were only significant to

P =0.21 and P=0.25, respectively.

The relationship between enteroccocus and day of season may be explained by the

relationship between enteroccocus densities and wave height. Wave height was the only

ocean parameter significantly correlated to day of season (r = -0.6, P < 0.05). ANOVA

results indicated the geometric mean of the enteroccocus densities measured when wave

were greater than 1.0 meters was different than those measured when waves were less the

1 meter (P = 0.08). These results support the hypothesis that enterococcus and wave

height are related.

4.3.6 Dilution of Stoim Drain Densities at the Surfzone Discharge Point

Another factor evaluated in this research was the dilution of the bacteria from the

densities measured in the storm drain discharge to the densities measured in the surfzone.

Stalin drain densities at the surfzone discharge point. Percent dilution was defined using

the log transfamied surfzone and storm drain densities:

Percent Dilution = {1(log surfzone densities/log storm drain densities) } x100

This definition of dilution normalizes the surfzone densities by the discharge densities.

Dilution was analyzed to compensate for any effect that variability in the discharge may

83
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have on the bacteria in the surfzone at the discharge point. Dilution was assumed to be

100% at any location where the laboratory did not- detect the bacteria indicator at the

detection limit of 10 MPN/100 ml.

In general, the amount of dilution the discharge received directly in front of the

storth drain was low. The average dilution of the storm drain densities observed during

the dry season sampling events were 25% for total coliform and E. coli, and 34% for

enteroccocus (Table 10). For all three indicators, dilution was less than 20% about 40%

of the time, and was less than 40% about 75% of the time (Figure 6). The maximum

dilution observed was 100% was observed for total coliform, E. coli and enteroccocus.

Variability in the amount of dilution the discharge received was large, with

standard deviations equal to or higher than the average dilution. Similar to the surfzone

and storm drain densities, the percent dilution observed for the three indicators co varied,

with all correlation coefficients significant at P< 0.001 (Table 11).

4.3.7 Negative Dilution

Some negative values of dilution were observed. In those cases, the bacteria

densities measured in the surfzone were greater than those measured in the discharge.

Negative percent dilution were observed for E. coli on seven occasions, or 23% of all

observations. One negative dilution of -6%, was observed for total colifoim.

Measurement error of the laboratory method can explain some, but not all, of the

`negative' dilution observations. An extremely low dilution of 74% was observed for

enterococcus. On the day of this observation, the storm drain density was 52 MPN

enterococci/100 ml, the lowest observed in the study by nearly an order of magnitude and

likely a laboratory measurement error. This data point was treated as an extreme outlier
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and removed from the data analyses. For the other measurements, laboratory method

error was estimated from the average variance of the laboratory duplicates. Based on this

average variance, the 95th percentile confidence interval was estimated to be +/- 0.10 log

for total coliform, +1-0.15 log for E. coli, and +/-0.17 log for enteroccocus. Applying

these values to the storm drain and surfzone densities, the range in which the true value

for dilution lies with 95% certainty can be calculated. The negative dilution value for

total Goldoni" and four of the seven observed for E. coli fall within the range of

laboratory error. Three negative dilutions observed for E. coli do not fall within the 95%

confidence interval. In addition, as reported later in Chapter 5, negative dilutions that fall

outside the 95% confidence interval were observed at other sampling stations located

along the surfzone away from the discharge point.

There are several possible explanations for the densities in the surfzone at the

discharge point to be higher than the densities measured in the discharge. The negative

dilution may be an effect of the large amount of variability observed in both the surfzone

and the discharge, or there may be bacteria sources in the surfzone other than the stoup

drain discharge, such as birds or the sand. These are discussed further in the Discussion

section below.

4.3.8 The Effect of Ocean Conditions on Dilution

The relationship between dilution of the stoini drain discharge at the surfzone

discharge point and ocean conditions were examined through scatter plots, ANOVA and

linear correlation analyses. Results of the ANOVA and linear correlation analyses are

shown in Tables 12 and 13. As discussed below, tide height and wind speed appear to

affect the amount of dilution of the discharge into the surfzone.
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Table 10
Dilution of Storm Drain Densities at the Surfzone Discharge Point

Total Coliform E. coil .Enterococcus

Range. -6% 44% -28% 100% 2% - 100%

Mean 25% 25% 34%

Standard Deviation 19% 32% 31%

Table 11

Correlation Coefficients'
Percent Dilution of Storm Drain Densities

at the Surfzone Discharge Point

Total Coliform
E. coil

E. coil Enterococcus
0.81* 0.81*

0.79*

1 Spearman rank. *Significant at P<0.001.
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Table 12
Correlation Coefficients1

Percent Dilution of Storm Drain Densities in .Surfzone
with Ocean Conditions and Time

Ocean Parameters

Total Coliform

r

Percent Dilution
E. coil Enterococcus

Longshore Current Velocity 0.31 0.10 0.04 0.84 0.32 0.10

Swell Direction -0.15 0.42 0.16 0.39 0.05 0.81

Swell Frequency -0.08 0.65 -0.01 0.96 -0.01 0.95

Wave Height -0.04 0.81 0.27 0.14 0.18 0.34

Wind Speed -0.21 0.27 -0.31 0.09 -0.30 0.11

Wind Direction -0.02 0.93 -0.13 0.48 -0.17 0.38

Tide Height 0.43 0.02 0.41 0.02 0.34 0.07

Time Parameters
Time of Day -0.19 0.53 -0.20 0.28 -0.21 0.26

Day of Season 0.13 0.48 0.19 0.32 -0.01 0.96

Spearman rank. ignificant correlations at P<0.05.

P

Lfrj

RB-AR43784



Table 13
Results of ANOVA

Percent Dilution of the Storm Drain Discharges
at the Surfzone Discharge Point and Ocean Conditions

Average Percent Dilution
Parameter Total Coliform E. coli Enterococcus

Wind Speed (m/s)
>4.0 High

< 4.0.and > 2.0 Medium
< 2.0 Low

11

28
27

P = 0.15

-1

26
33

P = 0.07

12
27
40

P = 0.09
Wind Direction (degrees)

>250 NorthweSt
< 250 and > 190 West

30 ,

23
19
31

35
24

< 190 Southwest 23 26 30
P = 0.67 P = 0.77 P = 0.99

Tide Height (m)
> 1.0 High , 33 35 36

<1.0 and > 0.5 Medium 17 19 25
<05 Low 13 -4 11

P<0.04 P<0.05 P = 0.12
Tide Conditions

Ebb 25 ,. 28 29
Flood 25 23 30

P = 0.92 P = 0.66 P = 0.90

Swing 30 29 33
Slack 15 16 21

P<0.04 P =0.27 P = 0.21
Wave Height (m)

> 1.0 High 23 29 31
< 1.0 Low 27 21 27

P = 0.61 P = 0.47 P = 0.67
Longshore Velocity (m/s)

> 0.4 High 30 25 34
< 0.4 Low 21 24 26

P = 0.20 P=0.94 P = 0.41
Swell Direction (degrees)

> 250 Angle to 25 29 31
Beach

< 250 Perpendicular
to Beach

25 17 25

P =- 0.98 P=0.29 P = 0.44
Time (LST)

12:00- 14:00 Afternoon 18 12 19
9:00 12:00 Mid-morning 32 28 31
5:30 9:00 Early morning 25 28 31

P = 0.24 P = 0.56 P = 0.60
Period (s)

> 12 High 28 29 32
< 12 Low 21 18 25

P = 0.33 P = 0.25 P = 0.29
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Table 14
Surfzone Bacteria Densities :at t-Discharge Point (MPN/100 ml)

12 Hour Sampling Events

Day 1 - Slack Tide
Total Coliform E coli Enterococcus

Range 120 14000 52 3300 30 2400

Geometric Mean 4217 892 571

Geometric Mean +/- 1 St. Dev. 685 25966 216 3685 109 2982

Day 2 - Average Tide
Range 200- 240.00 30-8200 63-3700

Geometric Mean 3608 830 611

Geometric Mean +/- 1 St. Dev. 410 31722 84 8233 91 4120

Day 3 - Swing Tide
Range 3200-20000 240-1600 630-4600

Geometric Mean 3608 830 611

Geometric Mean +/- 1 St. Dev. 4989 18815 338 1085 575 - 2625

Total Coliform
E. coli

Table 15

Correlation Coefficients1
Surfzone Bacteria Densities at the Discharge Point

12 Hour Sampling Events

E. coli Enterococcus
0.87* 0.90*

0.74*

'Spearman Rank
*Significant at P<0.001
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Tide height was significantly and positively correlated with the amount of dilution

observed for total colifoilli and E. coli (P= 0.02). The correlation with enterococcus was

high (r=034), but only significant at P = 0.07. ANOVA results also showed a significant

relationship between tide height and dilution of total coliforrn and E. coli. When dilution

was divided into three groups based on the tide height, ANOVA results indicate there is a

significant difference in the means of the three groups. At tide heights greater than 1.0

the average dilution of total coliform, E. coli, and enterococcus densities were 33%,

32%, and 34% compared to the much lower average dilutions of 13%, -4%, and 11%

measured when tide height was less than 0.5 meters.

ANOVA results also indicate a significantly higher average dilution of total

colifoitu was also observed during swing, tide conditions. Average percent dilution of

total coliform during swing tide conditions was 30% compared to 15% during slack tide

conditions. This relationship was also observed for E. coli and enterococcus, but were

significant only to P = 0.27 and P = 0.21, respectively.

Wind speed also appears to effect dilution. ANOVA results indicate higher

average dilutions at wind speeds less than 4.0 m/s compared to average dilution

percentages observed at high wind speeds. This result is statistically significant for all

three indicators and is consistent with the results of the surfzone density analyses.

4.3.9 Bi-hourly Variability in Surfzone Bacteria Densities and Dilution

Three 12-hour intensive sampling events were conducted at the SMC storm drain

during three days with different tidal conditions. Slack tide conditions were selected Day

1, an average change in tide height occurred on Day 2; and swing tide conditions existed

on Day 3. These three events were conducted for two reasons: 1) to investigate the
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variability in surfzone densities at the discharge point on a smaller time scale; and 2) to

further investigate the influence of tide since preliminary analyses of the dry season data

indicate tide height was an influential condition on dilution. During these events, the

same measurements and observations made during the routine dry season sampling

events were collected every two hours for 12 hours, which is roughly equivalent to one-

half of the semi-diurnal tide cycle that exists in Southern California.

Surfzone densities at the discharge point varied considerably over the course of 12

hours. The range of values observed in a 12-hour time period ranged up to approximately

two orders of magnitude for the three bacteria indicators (Table 14). For example, on Day

2 total coliform densities ranged from 200 to 24,000 MPN/100 ml, while E. coli and

enterococcus densities ranged up from 30 to 8200 MPN/100 ml and 63 to 3700 MPN/100

ml, respectively. The range of values encompassing one geometric standard deviation on

either side of the geometric mean was up to 9, 10 and 7 times the geometric mean for

total coliform, fecal coliform and enterococcus. Similar to the season sampling results,

the three indicators co varied with one another over the three 12-hour periods, with all

linear correlation coefficients significant at P<0.001 (Table 15).

The time-scale on which this variability occurred appeared on the order of hours

on several occasions. On all three days, large differences in the surfzone densities were

observed in samples collected two hours apart (Figure 7). For example, on Day 1,

between the hours of 12 and 14, densities for all three bacteria indicators decreased from

significantly. Total coliform densities decreased from 12,000 to 1,000 MPN/100 ml, E.

coli densities decreased from 2,000 MPN/100 ml to 290 MPN/100 ml and enteroccocus

densities decreased from 960 to 110 MPN/100 ml.
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Figure 7
Percent Dilution of Storm Drain Discharge

at the Surfzone Discharge Point
3 12-hour Sampling Events
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The lowest amount of variability in the surfzone densities was observed on Day 3,

the day in which the change in tide height was the greatest (swing tide) (Table 16). The

standard deviations of the surfzone densities observed on Day 3 were lower for all three

indicators compared to those observed on Day 1 and Day 2. Variability in the densities

observed on the day of average tide change (Day 2) was slightly higher than the

variability observed in the densities observed on day of slack tide, or the lowest tide

change (Day 1).

The variability in surfzone densities observed during two of the three 12-hour

sampling days was sreater than the variability observed throughout the dry season (Table

16). The standard deviations of the density observations for all three indicators was

greater during the Day 1 and Day 2 of the 12-hour sampling events than the standard

deviation of the surfzone densities observed during the 32 sampling events conducted

throughout the dry season (with the exception of E. coli on Day 1). This occurred even

though the time and day of the 32 sampling events were chosen to capture a broad range

of ocean and discharge conditions

Similar. to the amount of dilution observed during the season-long sampling

events, the .amount of dilution the discharge received directly in front of the drain during

the three 12- hour sampling events was low. Average dilution of total coliform was

between 13% and 22% for the three events (table 17). Dilution of E. cob and

enteroccocus was even lower, with E. coli diluted between 1%0 and 10% on average and

enterococcus diluted between 25% and 9% respectively. The maximum dilution

observed was 53% for total coliform on Day 1. The amount of dilution the bacteria

received at the surfzone in front of the drain during the three 12-hour sampling events
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was highly variable, with standard deviations ranging from 9% for total coliform on Day

3 to 47% for enteroccocus on Day 1.

A large number of the dilution observations made during the three 12-hour

sampling events were negative in value. 'Negative' dilution was observed 32% of the

time during the three 12-hour sampling events. All of these observations were for E. coli

and enteroccocus. Approximately one-third of these could be explained by uncertainty in

the laboratory method, leaving 21% of all dilution observations with a negative value, all

for E. coli and enteroccocus. About one-half of these observations were paired, with

nentive diltition observed for E. coli and enteroccocus simultaneously. In addition, most

negative dilution observations occurred in groups over several rounds of sampling. For

example, on Day 2 negative E. coli and enteroccocus observations, ranging from -11% to

30%, were made during hours 14, 16, and 18. On Day 1, negative dilution of

enteroccocus was observed during hours 6, 8, 10, and 12, ranging in value from 27% to

83%. The large number of negative dilution observations, the simultaneous occurrence

of negative dilution of E. coli and enteroccocus, and the sequential measurements of

negative dilution with time suggest these observations are not due to the high variability

in the surfzone and storm drain densities. Instead, these results suggest that the densities

at the discharge point in the surfzone were indeed higher that those in the discharge.

This, in turn, supports the hypothesis that an additional source of bacteria existed in the

surfzone, aside from the storm drain discharge.

Similar to the surfzone densities, large variations in dilutions was observed on the

time-scale of hours on several occasions (figure 8). Over the course of 12 hours, and

even between observations taken two hours apart, large changes in the amount of dilution
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Table 16
Comparison of Standard Deviations .of Surfzone Densities

Season' to 12-Hour Sampling Events

Season-long
Day 1
Slack

Day 2
Average

Day 3
Swing

Total Coliform 0.75 0.79 0.94 1.96

E. Coll 0.73 0.62 1.00 1.79

Enterococcus 0.57 0.72 0.83 2.14

Table 17
Dilution of Storm Drain Densities 'at the Surfzone Discharge Point

12-Hour Sampling Events

Total Coliforn E. coli Enterococcus
Day 1 - Slack Tide

Range 8% 53% -32% 37% -83% 37%

Mean 22% I/O -25"Yo

Standard Deviation 17% 21% 47%

Day 2 - Average Tide
Range 3% 45% -30% - 51% -18% 39%

Mean 18% 9% 9%

Standard Deviation 22% 31% 28%

Day 3 - Swing Tide
Range 4% 26% -12% - 32% -8% 24%

Mean 13% 10% 7%

Standard Deviation 9% 16% 12%
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were observed. For example, on Day 1, between hours 14 and 16, the dilution of total

coliform densities measured decreased from 53% to 25%, while dilution of E. coli and

enterococcus densities decreased from 37% to 1% and 8%, respectively.

Comparing the amount of dilution observed during the different tidal conditions

represented by the three-12 hour sampling events, the lowest amount of dilution was

observed on the slack tide day (Day 1), largely because of the large negative dilutions of

E.coli and enterococcus observed on this day. Removing the negative dilutions from the

data, the highest average amount of dilution for all three indicators occurred on the

average tide day (Day 2).

4.3.10 Effect of Tide on Bi-Hourly Surfzone Densities and Dilution

The effect of tide height on surfzone densities was much more apparent in the

data collected during the three 12-hour sampling events than in the season data. Surfzone

densities at the discharge point and dilution of the discharge were both highly correlated

with tide height. Densities significantly decreased with increasing tide heights with

linear correlation coefficients of 0.74, -0.68 and 0.70 for total colifoini, E. coli and

enteroccocus, respectively (P<0.01) (Table 18). Correspondingly, the percent dilution of

the storm drain discharge significantly increased with tide height, with linear correlation

coefficient of 0.85, 0.78 and 0.67 for total coliform, E. coli and enteroccocus,

respectively (P<0.01).

Significantly higher surfzone densities were observed for tide heights greater than

1.0 meter. An ANOVA was conducted with the surfzone densities divided into those

observed when tide heights were greater than 1.0 meters, less than 1.0 meter but greater

than 6.5 meters, and less than 0.5 meters. Results showed a significantly lower geometric
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mean at tide heights greater than 1.0 meters (Table 19). The geometric means of total

colifoun. E. coli and enterococcus surfzone densities observed at tide heights greater than

1.0 meters were approximately 2,400 MPN/100 ml, 390 MPN/100 ml, and 350 MPN/100

ml, respectively. However, at tide heights less than 0.5 meters, these geometric means

increased to approximately 15,500 MPN/100 ml, 3000 MPN/100 ml, and 1350 MPN /l00

ml. Correspondingly, dilution was significantly higher for the storm drain discharge at

tide heights greater than 1.0 meter. Figure 9 more clearly illustrates the relationship

between dilution and tide height. At tide heights greater than 1.0 meters, the storm drain

total coliform, E. coli, and enterococcus densities were diluted by 27%, 18%, and 12%,

respectively. The amount of dilution decreased to 1%, -11% and 3 %, respectively,

during tide heights of less than 0.5 meters.

There was no significant difference in the surfzone densities observed during the

three 12- hour sampling events, which were completed during different tide height

changes: slack tide, average tide, and swing tide (Table 19). This result differs

somewhat from the results of the season data analyses which showed significantly higher

total colifoun densities measured during swing tide versus slack tide conditions.

Similar to the season-long data, the effect of storm drain discharge densities and

flow rate on the resulting surfzone densities measured during the three 12-hour sampling

events was not apparent. Linear correlation coefficients were low (Table 20) and

insignificant and no relationship was observed in the scatter plots.

4.4 DISCUSSION (troti
0'1

One of the ma tsi.Txpecte21,sults of this study was the lack of any discernible

relationship between the storm drain discharge densities and flow rate and the resulting
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Table 18

Correlation Coefficients1
Surfzone Densities and Dilution of Storm ,Drain 'Densities

with Tide and Time
12 Hour Sampling Events

Shoreline Densities

Total Coliform E. coil Enterococcus
r P- r P r P

Tide Height -0.74* 0.00 -0.68* 0.00 -0.70* 0.00

Time of Day 0.20 0.45 0.32 0.15 -0.01 0.96

Dilution

Total Coliform E. coil Enterococcus
r P r P r P

Tide Height 0.85* 0.00 .78* 0.00 0.67* 0.00

Time of Day -0.13 0.61 -0.22 0.31 0.01 0.94

iSpearman
rank. *Significant correlations at P<0.05.
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Table 19
Results of ANOVA

Surfzone Densities and Dilution of Storm Drain Discharge
with Tide and Time

12-Hour Sampling Events

Shoreline Densities at the Discharge Point

Geometric Mean (MPN/100 ml)
Parameter Total Coliform E. coli Enterococcus

Tide Height (m)
>1.0 High 2392 385 350

<1.0 and > 0.5 Medium 14971 1683 2498
< 0.5 Low 15492 3003 1352

P = 0.31 P = 0.04 P = 0.01
Tide Conditions

Ebb 4907 786 798
Flood 5616 747 716

P = 0.86 P = 0.94 P = 0.87

Day 1 Slack 4217 892 571
Day 2 - Average 3608 830 611

Day 3- Swing 9600 606 1229
P = 0.52 P=0.89 P = 0.59

Time (LST)
12:00 - 14:00 Afternoon 6828 1380 935
9:00 - 12:00 Mid-morning 3665 569 548
5:30 - 9:00 Early morning 6995 662 981

P = 0.71 P = 0.55 P = 0.72

Percent Dilution of Storm Drain Discharges

Average Percent Dilution.
Parameter Total Coliform E. coli Enterococcus

Tide Height (m)
> 1.0 High 27 18 12

<1.0 and > 0.5 Medium 6 -9 -2
< 0.5 Low 1 -11 -3

P = 0.00 P = 0.01 P = 0.03
Tide Conditions

Ebb 17 8 -3
Flood 18 7 -4

P=0.88 P=0.81 P --r- 0.94

Day 1 - Slack 22 1 -25
Day 2 Average 18 9 9

Day 3 -; Swing. 13 10 7
P = 0.63 P.= 0.75 P = 0.12

Time (LST)
12:00 - 14:00 Afternoon 16 4 3

9:00 12:00 Mid-morning 20 6 -9
5:30 9:00 Early morning 16 9 -1

P=0.87 P = 0.83 P = 0.83

=vEcr Igamea
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Table 20

Correlation Coefficients1
Surfzone Densities and Storm Discharge Parameters

12 Hour Sampling -Events

Storm Drain Densities

Total Coliform
Shoreline Densities

E. coli Enterococcus

Total Coliform -0.13
'E. coil 0.22

Enterococcus 0.14

Storm Drain Flow Rate -0.37 -0.05 -0.25

Bacteria Loading Rates
Total Coliform -0.32

E. coil 0.15
Enterococcus 0.05

1 No significant correlations at P< 0.05, Spearman Rank
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surfzone bacteria densities. The lack of an apparent relationship between the urban

runoff discharge and the resulting surfzone densities suggests one of the following: I)

factors other than source parameters dominant the variations observed in the surfzone

bacteria densities and/or the relationship between surfzone bacteria densities and the

source parameters is complicated by other factors, or 2) the variability observed in both

the surfzone and the stows drain densities was too high for a relationship to be observed

,;11 25-VelLf
with the amount of data collected in this research 1 pp?' y u::

This research examined one storm drain with amid-range flow rate relative to the

flow rates in other drains in S. California. It is possible that examination of several drains

with flow rates and bacteria densities that differ beyond the range of flow rates and

densities observed in this study would reveal relationships between discharge parameters

and resulting surfzone bacteria densities. The results of this research indicate that for a

given drain, the storm drain flow rate and bacteria density may not be good indicators, on

their own, of the bacteria densities that will result in the surfzone at the discharge point.

,Another unexpected testy this research was the high variability observed in

the stone drain densities, both over the dry season and during the 3 12-hour sampling

events. This result was unexpected because none of the sampling events were conducted

during times when the discharge was influenced by rain events. Instead, all sampling

occurred during dry weather conditions, i.e., the discharge was comprised only of dry-

weather urban runoff. The high storm drain density variability may be indicative of the

nature of the sources of fecal bacteria into the storm drain. The Santa Monica storm

drain conveys urban runoff from a watershed that is predominately comprised of open

space and residential areas. Numerous diffuse sources of fecal bacteria in the watershed

Vt.; r tr- D tjC j

kiz,
PLA:-.4.1aZ

=
f

r
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have been identified through sanitary surveys completed in the watershed such as runoff

from horse stables, leaky septic tanks, birds, domestic pets, leaking sewer lines and

decomposed organic matter from trees (City of Los Angeles, 2001). The intermittent

nature of these types of urban sources likely contributes to the high variability observed

in the storm drain densities.

The high variability in the storm drain may also be a function of the tendency for

bacteria to sorb to particles or to be aggregated together. It has been well-established that

bacteria tends to sorb to particles in water (Pommepuy, et al., 1992). Variations in

turbidity in the runoff may play a role in variability of the bacteria densities measured in

the discharge. Clumping of the bacteria may also contribute to the high variability

observed in the storm drain discharge. The aggregation of fecal bacteria into larger

groups, through clumping or by sorption to particles, was indirectly examined in this

study by analyzing the field triplicates collected simultaneously approximately two

inches apart from one another. The small-scale spatial variability estimated from these

field triplicates was low relative to the overall variability observed in the storm drain

densities, suggesting that aggregation of bacteria may not contribute significantly to the

variability observed in the storm drain discharge densities.

The results of this research suggest that laboratory measurement error does not

significantly contribute to the variability observed in the surfzone bacteria densities near

the Santa Monica salmi drain. In general, microbiological analyses lack the precisions of

chemical analyses and of physical measurements (Pike, 1992). However, the results of

this study showed the estimated standard deviations of the laboratory duplicates were an

order of magnitude less than the standard deviations of the surfzone and the storm drain
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densities. This result is consistent with the conclusions of other studies. An analysis of

five years of daily monitoring results collected at 24 sites in Los Angeles County

concluded laboratory en-or accounted for a small portion of the day-to-day variability

observed in the surfzone densities (Leecaster and Weisberg, 2001). A study of surfzone

bacteria densities at nine beaches in Hong: Kong concluded that analytical and sampling

errors did not contribute to the significant variations observed in the surfzone densities as

much as ocean conditions, particularly tidal conditions (Cheung, 1990).

A ther unexpected result`of this research is the apparent relationship of surfzone

bacteria densities with wind speeds over the dry season. The geometric means of the

surfzone densities were higher at wind speeds over 4 m/s. These relationships were

unexpected because, in general, higher wind speeds can lead to wind-generated waves

and contribute to currents in the surfzone. Both of these mechanisms increase dilution of

the storm drain densities .at the discharge point.

One explanation for an increase in bacteria densities with increasing wind speeds

may be related to the corresponding increase in the amount of sand suspended in the

surfzone water during higher wind speeds. Accumulation of indicator bacteria in

sediments is well documented (Pommepuy, et al., 1992), with several studies

demonstrating that beach sands act as a reservoir for bacteria (Sanchez, et al., 1986,

Davies, et al., 1995). This accumulation has been attributed to sorption of the

microorganisms to particles, suspended in water, which then settle out (Ponamepuy,' et al.,

1992). Thus, an increase in wind speed could lead to an increase in surfzone densities in

the surfzone water by resuspending sanding containing fecal bacteria.
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Suspended solids or turbidity in the surfzone were not measured in this study.

Studies investigating the relationship between turbidity in recreational waters and

bacteria densities have largely focused on the decrease of bacteria's exposure to sunlight

due to turbidity. These studies have shown that bacteria densities increase with

increasing turbidity due to a subsequent drop in exposure to sunlight (Alkan, et al., 1995;

Pummepuy, et al, 1992). 'Die-off rates due to sunlight and other factors in marine waters

have been estimated to range from 0.5 hours to several days. These results likely do not

apply to the storm drain discharge scenario study in this research. In this study, the

discharge of urban runoff provides a constant source of new bacteria into the surfzone.

At the same time, advection from the discharge point due to the longshore velocity in the

surfzone is occurring. The average longshore velocity was 0.3 m/s over the dry season,

so the bacteria discharge from the drain are advected away from the discharge point much

more rapidly than the die-off rates reported in the literature for bacteria due to sunlight

and other environmental factors. It is hypothesized by this researcher that the increase in

densities with increase wind speeds and wave speeds is not due to a lower UV die-off

rates gained by an increase in turbidity, but instead, to bacteria from the sand being

reintroduced in the surfzone. Under this hypothesis, the sand acts as a second source of

bacteria to the surfzone that increases with increasing wind speeds. Further research into

the relationship between wind speeds, the amount of resuspended sand in the surfzone

around the stoini drain and resulting surfzone bacteria densities is needed to confian this

hypothesis.

The results of this research also showed a significant relationship between tide

heights and surfzone bacteria densities. During the three 12-hour sampling events, the
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surfzone bacteria densities significantly decreased with increasing tide heights. This

relationship was also observed in the data collected over the dry season, but was not

statistically significant. An explanation for this finding is that as the tide height

increases, the point where saltwater mixes with the freshwater in the stoini drain moves

up the stoini drain channel, resulting in dilution of the freshwater before the surfzone

discharge point During low tide conditions, little or no dilution of the freshwater occurs

before the discharge point. If this hypothesis is correct, then the relationship between tide

height and dilution would be related to the configuration and slope of the outlet related to

the shoreline. Freshwater outlets and storm drains that have very gradual slopes rising up

from the beach will be inundated with more ocean water during high tides compared to

those outlets that steeply rise from, the beach.

This explanation is supported by the results of the analyses completed on dilution

of the storm drain densities. The percent.dilution of the storm drain densities increased

with increasing tide heights both in the data collected over the dry season and during the

3-12 hour studies. This relationship was statistically significant for the 3-12 hour

observations. During the 3-12 hour sampling events, tide heightsgreater than 1 meter

were, associated with average dilution percentages of 27%, 18% and 12% for total

colifoini, E. coli and enterococcus, respectively. At tide heights less than 0.5 meter,

average dilutions were 1%, -1 -1% and 3% for total coliforn-i, E. coli., and enterococcus.

The large variability in the amount of dilution of the .stoLui drain bacteriadensity

at the discharge point in the surfzone is another significant finding of this research. As

shown by the three 12-hour sampling events, the difference in the amount of dilution

observed over a two hour period can be significant. There were several observations of
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"negative" dilution of the storm drain densities at the surfzone discharge point, i.e., the

surfzone densities were higher than those measured in the storm drain. This "negative"

dilution could be solely related to the considerable variability observed in both the stout'

drain and surfzone densities. However, negative dilution was observed every two hours

for three sampling rounds in the morning on Day 1 and the afternoon of Day 2 for both E.

coli and enterococcus. The repeated measurements of negative dilution suggests that the

h variability possibility that other sources of bacteria exist at the discharge point other

than the storm drain, such as sand (as discussed above) or birds.

Temporal variability in the surfzone densities over a single day, evaluated at the

Santa Monica storm drain discharge point identified significant variability over 12 bours

and event between samples collected two hours apart. Comparison of the standard

deviations of the surfzone bacteria densities observed over the 32 sampling events that

were conducted over the entire dry season (Table 1) and those observed during the three

12-hour sampling events (Table 13) shows the variability observed over 12 hours can be

as high, and in some cases higher, than the variability observed over the season. In

addition, significant relationships were observed between surfzone bacteria densities and

tide height and wind speed. Both of these conditions vary on a time-scale of less than a

day. Tide height fluctuates in a semi-diurnal manner in S. California. Wind speed was

significantly correlated with time of day (P<0.05). These findings indicate variability is

considerable on a time scale less than a day and possibly less than the bi-hourly sampling

frequency of the three 12-hour sampling events. Further investigation of the temporal

scale should include sampling at the discharge point of storm drains at more frequent

intervals to better characterize the time-scale of the variability observed here.
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A significant finding of this research was inability to explain much of the

variability observed in the surfzone densities through simple relationships between the

surfzone densities and the various ocean conditions. There are several possible reasons

why stronger relationships were not observed in this research. First, it is possible that the

variability observed in the surfzone bacteria densities is high enough that significant

relationships could not be detected with the. amount of data collected in this study.

Another explanation could be that the interrelationships between the various factors

examined in this study are more complicated than the simple. relationships analyzed here.

Since the oceanparameters examined in this surfzone are interrelated, sometimes is ways

not quantitatively defined and the nearshore environment. is difficult to instrument for

data collection, the current state of understanding.of the transport and mixing

mechanisms is limited (Komar, 1993). Studies that have been conducted in the surfzone

have shown complicated relationships between the various ocean parameters examined in

this study. Related to this, the data used for the ocean parameters examined in this study

were not collected in the surfzone at the site. Instead, data collected from various stations

in the vicinity of the site was used Finally, it is possible factors that significantly

contribute to the surfzone bacteria densities were not examined in this study, such, as the

the amount of suspended sand in the surfzone, were'not measured.

Despite these limitations, the results of this study are relevant to the Current

management of public health at marine recreational beaches. The resources used to'

complete this study are beyond what most public agencies responsible for storm drains

and recreational beach management have available to apply to storm drains in their

jurisdictions. The inability of this study to explain more of the variability of the surfzone
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bacteria densities may indicate that relationships that can be easily measured for storm

drain discharges and the resulting surfzone bacteria densities do not exists. Thus, the

management practices used by various public agencies to address the health risk

associated with the discharge of urban runoff to recreational beaches may need to find

other ways to account for the high variability in the surfzone bacteria densities. These

policy implications are further discussed in the following section.

4.5 POLICY IMPLICATIONS

The results of this research have implications for two areas of recreational marine

beach policy: 1) mitigation of health risks associated with discharging storm drains and

freshwater outlets in the dry season; and 2) monitoring and public notification programs.

The lack of any quantifiable relationship between the storm drain discharge and

the resulting surfzone densities make mitigating health risks associated with storm drain

discharge more challenging. The high variability in the dilution of the storm drain

bacteria in the surfzone at the point of discharge further complicates the management of

urban runoff discharges to recreational beaches. Fecal bacteria Total Maximum Daily

Loads (TMDLs) are currently being developed for various waterbodies throughout

Southern California, including the Santa Monica Bay (Los Angeles RWQCB, 2001).

Setting allowable bacterial loads from storm drains and freshwater water outlets that

discharge to the beach without well-defined relationships between the stonu drain

discharge and the resulting surfzone bacteria densities is difficult. The large variability in

dilution observed in this study supports a conservative policy decision to assume very

little or no dilution occurs at the point of discharge to ensure the bacteriological health

standards are not exceeded at the discharge point in the surfzone.
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The fact that this research could not explain more of the variability observed in

the surfzone bacteria densities is a finding of high significance to the design of

monitoring and public notification programs at beaches with freshwater outlets. This

finding is particularly important because this largely unexplained variability is occurring

on the time-scale of hours or less. At beaches impacted by flowing stoliu drains with

elevated levels of fecal bacteria, making public health decisions based on one sample

collected daily or weekly may not be protective of public health if the quality of water

varies on a time-scale shorter than. the monitoring frequency. Given the large amount of

unexplained variability and that urban runoff discharges in Southern California often

carry human viruses that can cause illness to swimmers, aconservative public policy

approach of restricting swimming at the discharge point of flowing stoical drains is

appropriate.

The results of this research indicate that temporal variability of the surfzone

densities at the discharge point occurs on a scale of hours or less. Thus, results of a

sample collected at the discharge point are probably not representative of the water

quality that.exists hours after the sample was collected. Since the purpose of routine

monitoring near storm drains is to protect public health, a conservative approach to

monitoring that minimizes false conclusions that water quality is safe, when it may not

be, is justified. To accomplish this, the design of monitoring programs should attempt to

take into account the large temporal variability of surfzone bacteria densities.

Routine monitoring programs that are adaptive to ocean conditions may minimize

the number of exceedances of bacteria standards near flowing storm drains. At Santa

Monica Canyon, dilution of the bacteria discharged from the storm drain in the surfzone

jrO p , or-7-±:y(
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decreased with decreasing tide height. Since tide height can vary significantly during the

course of a day, samples collected at high tide may indicate lower bacteria densities in the

surfzone than those observed six hours later during low tide. Likewise, samples collected

in the early morning when wind speeds are typically low at Southern California beaches

may yield bacteria densities that are not representative of afternoon water quality. Thus,

a conservative sampling design may include an adaptive monitoring strategy that avoids

sampling during high tides and low wind conditions.

Other findings of this research that have implications for monitoring programs

include the low variability observed in the laboratory duplicate and field triplicate

samples relative to the variability observed in the surfzone and discharge densities.

Analysis of the laboratory duplicates indicate improving laboratory measurement

accuracy will not appreciably reduce the overall variability observed in routine surfzone

sampling around urban runoff discharges. Likewise, analysis of the field triplicates

suggest small-scale spatial variability of the bacteria densities at the discharge point does

not considerably contribute to the total variability observed, thus, sampling protocols

involving compositing of several samples collected at one point may not yield significant

reductions in variability.

4.6 CONCLUSIONS

One of the specific goals of this research was to quantify the relationship between

the storm drain discharge and the resulting bacteria densities in the surfzone at the point

of discharge, since it was expected that discharge parameters would significantly affect

the densities in the surfzone. The results of this research indicate there is no easily

defined relationship between the discharge and the bacteria densities in the surfzone
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densities at the SMC drain. The large variability observed in the surfzone and discharge

densities may, have obscured this relationship, given the limited data collected in this

study; or the effect .of other factors, such as ocean conditions, may have overshadowed

the influence of the discharge parameters on the surfzone densities. Another objective of

this research was to quantify the amount of dilution the discharge receives in the surfzone

at the point of discharge. In general, dilution of the discharge was low. The average

dilution was 25.% for total colifonn and E. coli, and .34% for enterococcus. The amount

of dilution the urban runoff received,at the discharge point was highly variable, even

between observations made two hours apart. The important policy implication of these

findings is that decisions regarding protection of public health at marine beaches with

flowing storm drains in the dry season should not be based solely on monitoring the

discharge characteristics.

Another,goal of this research was to identify factors other than the discharge that

may significantly contribute to temporal variability in the surfzone bacteria densities. At

SMC, wind. speed and, tide height appear to significantly contribute to the temporal

variability of the surfzone bacteria. In general, higher surfzone densities were observed

when wind speed was greater than 4 m/s, and dilution of the discharged bacteria was

significantly lower when tide height exceeded 1 meter. In..this study, laboratory

measurement error and small-scale spatial variability did not appear to substantially

contribute to variability observed in the surfzone densities.

Few significant relationships were observed between the factors examined in this

study and the surfzone bacteria densities. This -finding suggests either the factors

examined here are related to the bacteria densities in the surfzone in more complex ways
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than the relationships investigated, or additional factors not considered here are

significantly contribute to the temporal variability. In either case, the results show that

policy decisions related to protection of public health at beaches impacted by urban

runoff discharge and mitigation of these discharges to eliminate public health risks can

not rely upon simple assumptions about the amount of dilution storm drain flow will

receive surfzone discharge point.

The last objective of this study was to investigate the time scale of the variability

observed in the surfzone densities at the discharge point. The results of this study

indicate the surfzone densities vary considerably on the scale of hours. Temporal

variability observed in the surfzone bacteria densities during the 12-hour sampling events

was comparable to that observed over the 32 sampling events conducted over six months

in the dry season. This result is likely related to the finding that tide height and wind

speed, both of which vary substantially over a day, significantly affected bacteria

densities.

Two findings of this research support the hypothesis that the interaction of

bacteria with particles in the water may contribute to the temporal variability of the

bacteria densities in the surfzone. The relationship between wind speeds and bacteria

densities suggest that the suspension of sand may contribute to the bacteria densities

measured in the surfzone. The observations of 'negative dilution', or times when the

storm drain densities were less than the surfzone densities suggests another source of

bacteria may exist at the surfzone discharge point such as bacteria introduced by

suspension of contaminated sand. Further research is needed to investigate the
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interaction of fecal bacteria in urban runoff with suspended solids and the potential for

sand at marine beaches to act as reservoir for fecal bacteria.
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CHAPTER -5

Spatial Variability of Fecal Bacteria along the Shoreline Adjacent to Dry Weather
Discharge of Urban Runoff at Two Marine Beaches

5.1 INTRODUCTION

The length of shoreline adjacent to discharging freshwater outlets and-stoilli drains

that is impacted with unhealthy levels of fecal bacteria is largely unknown. Historically,

local health departments have assumed that fecal contamination would disperse to

densities below bacteriological standards at approximately 25 to 50 meters along the

beach from the discharging point (Kebabjian, 1994). However, some evidence suggests

the extent of shoreline unsafe for swimming may be greater. A series of studies

completed by the Santa Monica Bay Restoration Project in the early 1990s found

occasional exceedances of the health standards at 100 yards from flowing storm drains in

the Santa Monica Bay (Gold, et al., 1990, 1991, 1992). Data collected in the -1996 Santa

Monica Bay epidemiological study showed sporadic exceedances of the current

recreational water standards at 400 meters from a discharging storm drain (Haile, et al.,

1996).

The effectiveness of the surfzone monitoring and public notification programs in

Southern California could be improved if the factors that affect the dispersion of fecal

contamination along the beach were better understood. Current monitoring programs are

not designed to respond to changing ocean and discharge conditions that may lead to less

dilution of the bacteria along the shoreline and correspondingly higher bacteria densities

in the surfzone. Instead, local health agencies collect a sample at a proscribed distance

along the shoreline from the discharge point of a storm drain or freshwater outlet,
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regardless of ocean and discharge conditions that may affect the length of shoreline

impacted by the bacteria plume. Decisions to notify the public of unsafe water quality

are based on the results of these samples. Those decisions can be incorrect if the bacteria

densities in the surfzone vary greatly with distance from the storm drain.

The overall goal of this chapter is to characterize the spatial variability of the

shoreline bacteria densities adjacent to a freshwater outlet and a stoiiii drain in the Santa

Monica Bay during the dry season. The three specific objectives are to 1) investigate the

variability in the length of beach impacted by unsafe levels of fecal bacteria; 2) determine

the amount of dilution the bacteria receives along the shoreline; and 3) identify key

discharge characteristics and ocean conditions that significantly affect dilution of the

bacteria along the shoreline and attempts to quantify the effect of tide, wind, and swell

conditions on the dilution of the bacteria along the shoreline.

The findings of Chapter 4 suggest tide height and wind speed affect the temporal

variability of the bacteria in the surfzone at the point of discharge. No relationship was

identified between the discharge and the densities in the surfzone directly in front of the

drain and few relationships were observed between densities at the discharge point and

ocean conditions. This chapter examines the dilution of the bacteria at it is transported

along the shoreline in the surfzone. It is anticipated that a spatial analysis of bacteria

densities along the shoreline will identify more relationships between dilution and ocean

conditions associated with the primary transport mechanisms within the surfzone than the

temporal analysis of Chapter 4..

This chapter presents results of several analyses. First, the research evaluates spatial

variability observed in the bacteria densities along the shoreline adjacent to the two
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outlets is presented. Next, the chapter describes the variation in the amount of dilution

observed in the discharged bacteria densities along the shoreline. Then, the research

examines the relationship between dilution along the shoreline and the direction of the

longshore current and distance from the drain. Finally, the chapter describes the results

of the analyses that examines the effect of tide, wind, and swell conditions.

5.2 METHODOLOGY

The overall approach of this research was to sample the shoreline bacteria densities at

multiple stations adjacent to two freshwater outlets within Santa Monica. Bay under a

range of ocean and.discharge conditions during the dry, summertime season. Sampling

events were conducted on multiple occasions during the dry season at two locations: the

Santa Monica Canyon (SMC) storm drain and Malibu Creek (MC). Three additional 12-

hour sampling events were conducted at SMC. A description of the Santa Monica

Canyon storm drain, Malibu Creek and their associated subwatersheds is provided in

Chapter 2.

Sample events conducted at the SMC stoiiii drain and the MC outlet were

distributed across the dry season of 2000, between the end of March and the end of

September. Thirty-two sampling events were conducted at SMC and 14 were completed

at MC. The number of sampling events completed at MC is less than those conducted at

SMC because sampling was suspended when the natural-forming beach barrier closed

Malibu Lagoon from the ocean in mid-May, preventing freshwater discharge into the surf

zone. Twelve sampling events were conducted at Malibu before the barrier closed and

two more events were conducted when the barrier was briefly breached in August.
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During each sampling event, grab samples were collected in approximately ankle deep

water along the shoreline at a systematic set of distances from the mouth of the outlet

discharge: 25 and 50 meters along the shoreline upstream of the outlet; 25, 50, 75, 100,

200 and 400 meters along the shoreline downstream of the outlet; and directly in front of

the outlet (0 meters from the drain). One additional sample was collected 600 meters

downstream of the MC outlet after initial sampling results indicated bacteria densities

measured at 400 meters exceeded the California bacteriological standards for marine

beaches. The general sampling protocols are described in Chapter 4. Specific field

methodology is described in Chapter 3.

During each sampling event, data were collected on various ocean parameters

that potentially affect dispersion of bacteria along the shoreline. Infoiniation on the data

sources is provided in Chapter 3. Table 1 lists the parameters investigated and

summarizes the range of values of the observed during the sampling events.

Beach topography is known to significantly affect conditions in the surf zone, and

therefore is likely to affect dispersion of the bacteria discharged from the outlets.

Investigating the effects of beach topography is beyond the scope of this research.

However, to a limited extent, the effect of beach topography on shoreline bacteria

densities is considered in this research by studying two drains with different topography.

SMC discharges to a long, fairly straight beach that is oriented slightly southwest within

the Santa Monica Bay. Rip currents are foiined in many places along this beach.

Incoming swells can approach this beach from the southwest, west, or northwest. MC, on

the other hand, discharges across a beach that faces slightly southeast and is protected by

three rocky points located offshore. Rip currents rarely foitu along this beach. Incoming
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Table -I
Summary of Discharge and Ocean Conditions

Dry Season Sampling Events

Discharge Flow Rate (m3/s)

Discharge Bacteria Densities (MPN/100 ml)

Santa Monica

0.01 0.20

Malibu

0.12 2.44

Total Coliform 2100 - 240000 200 - 21000
E. coli 100 - 9800 100 - 1600

Enterococcus 52 - 24000 10 640

Discharge Bacteria Loading Rate (IVIPN/s)

Total Coliform 3x108-2x1010 5x108-3x10.10

E. coli 8x108-7x109 1x108 -2x109

Enterococcus 4x108-2x109 5x108-5x108

Average Longshore Current (m/s) 0.1 - 0.8 0.2 - 0.5

Swell Direction(degrees)1 185 - 302 250 - 295

Wave Height(m)1 0.2 3.1 m 0:3 2.4

Swell Period(s)1 8 -20 8 -14

Wind(m/s) 2 0 - 17.3 0 - 19.6
Wind Direction (degrees) 40 - 340 70 - 260

Tide Height(m)3 0.0 - 1.9 -0.2 - 1.3

Number of:
High Tides 18 6
Low Tides 14 8

Slack Tides 10 4
Swing Tides 22 10

Ebbing Tides 15 7
Flowing Tides 16 7

'From the archives of the Coastal Data Information Program's (CDIP's) Southern California Swell Model, a program operated at the
Center for Coastal Studies at the Scripps Institution of Oceanography. Swell predictions were vectored averaged to provide one swell
vector defined by the average direction and wave height. The highest dominate wave period of the predicted north and south swell was
assigned to the calculated swell vector.

2From NOAA's online tide predictions and validated using NOAA's verified tide data.

3 From the National Climate Data Center's records from the Los Angeles International Airport station.
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swell always approaches this beach from the southwest because of the refraction of the

swell around Point Dume regionally and the three rockypoints locally. The differences

between the two study sites allow fora comparative examination between the SMC and

MC outlets that may shed light on how topography and orientation to incoming swell

influence the shoreline bacteria. densities adjacent. to discharges.

53 RESULTS

5.3.1 Variability in Length of Shoreline Impacted by Elevated Bacteria Densities

The. spatial. extent of the bacteriaplume along the shoreline adjacent to the two

outlets was highly variable over the sampling events. At individual sampling stations

along the_shoreline, total coliforin densities spanned three to four orders of magnitude,

and E. coli, and enterococcus densities ranged over three to four orders of magnitude

(Table 2). For all three indicators, the minimum densities observed at nearly all the

shoreline stations, even those located at or near the mouth of the outlet, were near

laboratory detection limits of 10 MPN/100 ml. Maximum total coliform densities

exceeded the State of California's health-based bacteriological standard of 10,000

MPN/100 ml by almost by a factor of two. Maximum E. cob and enteroccocus densities

each exceeded the bacteriological standards by more than an order of magnitude,

respectively. Variability was greatest at the stations located near the outlet mouths, with

the range that contained +/- one geometric standard deviation (or 68% of the densities)

large at the 25N, 0, 25S and 50S stations (Figure 1).

Likewise, the length of shoreline adjacent to the two outlets unsafe for swimming

due to elevated bacteria densities was highly variable. Figure 2 illustrates, for each

sampling event, an approximation of the length of beach on either side of the outlet where
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bacteria densities exceeded the bacteriological standards for marine beaches as defined in

the California Code of Regulations. At both outlets, there were times when none of the

shoreline had bacteria levels unsafe for swimming even though both outlets were

discharging bacteria at densities well over the State health standards during all of the

sampling events (Table 3). During 22% and 28% of the sampling events at SMC and MC

respectively, the bacteriological health standards were not exceeded at any of the

sampling stations. During other sampling events, the amount ofshoreline unsafe for

swimming reached a maximum of approximately 290 meters at SMC and 530 meters at

MC. No trend in the amount of shoreline impacted with time was observed, even though

the discharge flow rates decreased throughout the dry season; as discussed in Chapter 4.

At SMC, E. coli and enteroccocus standards were often exceeded. The length of

the beach impacted by densities that exceeded the health standards was typically less than

50 meters; however, there were sporadic sampling events in which the amount of

shoreline impacted was much more than 50 meters. For E. coli, the length of the beach

in which densities exceeded the health standards was less than 50 meters for about 70%

of the sampling events. For the other 30%, the length of beach impacted was often more

than 100 meters with a maximum of more than 160 meters. For enteroccocus, 50 meters

or less of shoreline was impacted with levels above the health standards for about 50% of

the sampling events. During the other 50%, the length of beach impacted was often more

than 100 meters with a maximum of approximately 290 meters. The total coliforrn

standard was exceeded during four of the sampling events, impacting approximately 25

meters of the shoreline during each of these events.
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Table 3
Discharge Bacteria Densities

(MPN/1 00m1)

Total Coliform E. coli Enterococcus

Range Range Range
N1 Geo. Mean low high Geo. Mean low high ( Geo. Mean low high

SMC 32 21759 2100 240000 1147 100 98000 852 170 24000

MC 14 6867 200 21000 710 100 1600 61 ND' 640

"ND = Non-detect. Laboratory detection limit is 10 MPN/100 ml.
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The variability in the length of the shoreline impacted with levels of bacteria

unsafe for swimming was greater at MC. During 50% of the sampling events no location

along the shoreline exceeded the total coliform and enteroccocus health standards.

Similarly, during 30% of the sampling events, none of the beach was impacted with E.

coli densities exceeding the State standards. However, when exceedances did occur at

MC, the length of beach impacted was generally large. The maximum amount of

shoreline where the: health standards were exceeded was greater than 400 meters for

enteroccocus and E. coli, and 310 meters for total coliform.

Comparing the bacteria densities observed at SMC and. MC, the log-mean total

conform and E. coli densities were typically higher at MC while enterococcus densities

were greater at SMC (Table 2). Thus, the bacteriological standards for total coliform and

E. coli were exceeded more often at MC, while enterococcus health standards were

.exceeded more often at SMC (Figure 2).

The plumes of the three bacteria indicators measured in this study tended to

covary (Table 4). At SMC, linear correlation coefficients between log densities of the

three bacteria indicators were high (r>0.75). At MC, the three bacteria indicators also

covaried, although the covariance between total coliform and E. coli with enteroccocus

was somewhatlower. Correlation coefficients for the linear relationships of total

coliform and E. coli with enteroccocus were 0.60 and 0.68, respectively.

5.3.2 Dilution of the Bacteria Plume Along the Shoreline

Dilution of the bacteria was used to examine the relationship between the bacteria

plumes along the shoreline and the various ocean parameters. As reported in Chapter 4,

the rate of bacteria discharged from the two outlets over the sampling events was highly
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variable. Dilution was analyzed to compensate for any effect that variability in the

discharge may have on the bacteria plumes.

As expected, the average bacteria densities measured along the shoreline

decreased with distance from the outlets, as the discharged bacteria were diluted by the

mixing and transport mechanisms in the surfzone (Figure 3). At SMC, the average

dilution of the discharge bacteria densities received directly in front of the drain was 25%

for total coliform and E. coli and 34% for enteroccocus (Table 5). By 400 meters

downstream of the outlet, the amount of dilution the bacteria had received increased to

55% for total coliform, 62% for E. coli., and 75% for enterococcus. At MC, dilution

directly in front of the outlet was similar to that observed at SMC, but did not increase

with distance to the same extent. Average dilution at the MC discharge point was 17%

for total coliform, 22% for E. coli and 32% for enterococcus. At 400 meters; the average

dilution of the discharged bacteria had increased to 32% for total coliform and 48% for E.

coli and enterococcus.

Dilution along the shoreline was highly variable across the sampling events

conducted in this study. The high variability in dilution observed at each station over the

study is quantified by the large standard deviations calculated for each shoreline station

(Figure 3). At SMC, variability was greatesi at the stations near the outlet. From 25

meters in the predominantly upstream direction to 75 meters in the downstream direction,

the standard deviations of the dilutions observed were at least half of the average.

Variability in dilution was even greater at MC. From the drain to 100 meters downstream

of the discharge, the standard deviations of the observed dilutions were equal to or

greater than the average values.
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Table 4

Correlation CoefficientsBacteria Indicators
Shoreline Bacteria 'Densities

SMC

E. coil Enterococcus

r P r P

Total Coliform 0.86 <0.0001 0.77 <0.0001
E. coil 0.76 <0.0001

1 Logged values

MC

E. coil Enterococcus

r P r P

Total Conform 0.90 <0.0001 0.60 <0.0001
E. coil 0.68 <0.0001

1 Logged values
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The substantial. variability observed in dilution of the bacteria along the shoreline

can also been seen by examining the length of the plume along the shoreline. Figure 4

records the plume length for each sampling event where aplume is defined as the

distance over which the observed, dilution of the discharge was less than 25%. At SMC,

one of more of the, bacteria indicators was diluted by more, than 25%-at every station

during 55% of the sampling events for an effective plume length of zero. The length of

the bacteriaplume was 50 meters or more during 25% of the sampling events. The

maximum :plume length.of 300 meters or more was observed: twice during the sampling

events. At MC, about 23% .of the sampling events, the plume length was zero for one or

more of the indicators. During, about 50% of sampling events, the,plume at MC was

greater than 250 meters ,and, during 25% of the sampling events,,theplume impacted

more than 400 meters.

The,dilution.of the three bacteria indicators covaried (Table 6). At both drains,

dilution of total coliform and E. coli were more strongly correlated with one another than

with enterococcus.

At both drains, negative dilution was measured at some locations. The bacteria

densities measured in the surf zone were greater that those measured in the discharge. At

SMC, negative dilution was measured twice for total coliform and enteroccocus, or about

0.7% of all observations, on different days and at different distances from the stoiin

drain. More observations of negative dilution were made for E. coli. Negative dilution

was measured for E. coli 15 times (4.9% of all observations) on eight different days at

various stations along the SMC shoreline.
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Observations of negative percent dilution of the storm drain densities were more

frequent at MC. At this outlet, negative dilution was calculated at various sampling

stations a total of 12 times during six sampling events for E. coli (9% of all observations),

15 times during seven sampling events for enterococcus (11% of all observations), and 31

times during 8 sampling events for total coliform (23% of all observations).

As discussed in Chapter 4, measurement error of the laboratory method might

explains most, but not all, of the negative dilution observations. At SMC, 13 of the 19

observed negative values can be explained by laboratory error. The remaining six that

cannot be explained by laboratory method error are five dilutions of E. coli that were

observed on three different days and one dilution of total coliform. These negative

dilutions were observed at the sampling sites located directly in front of the drain (0

meters), as reported in Chapter 4, and at the sites located 25 meters north and south of the

discharge. At MC, 51 of the 58 observed negative dilution observations at within the

range of the measurement error. Of the seven negative dilution observations that cannot

be explained by measurement error, four were dilutions of total coliform, two were

dilutions of E. coli and one was a dilution for enteroccocus. These occurred on five

different days. Three were observed at sites located directly in front of the drain and at

25 meters east of the drain, and one was observed at the site located 200 meters east of

the drain.

As discussed in Chapter 4, observations of negative dilution from the discharge to the

surfzone suggest the potential for sources of bacteria in the surf zone other than the

discharge.
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Table 6
Correlation Coefficients

Dilution of Discharge Densities along the Shoreline

SMC

E. coil Enterococcus

r P r P
Total Coliform 0.78 <0.0001 0.65 <0.0001

E. coli 0.57 <0.0001

MC

E. coil Enterococcus

r P
Total Conform 0.80 <0.0001 0.48 <0.0001

E. coil 0.49 <0.0001
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5.3.3 Factors Affecting Dilution Along the Shoreline

The high variability observed in the dilution of the bacteria discharged from the

two outlets along the shoreline is likely due to the variations in the predominant transport

and mixing mechanisms that exists within the surf zone. To examine how conditions in

the surfzone affect dilution of the bacteria plume along the shoreline, the relationship of

dilution with several parameters was investigated. First, the research examined

relationship between dilution along the shoreline and the direction of the longshore

current because advection with the longshore current is.likely a predominant transport

mechanism in the surfzone. Next, the relationship between distance along the shoreline

from the outlet and dilution is examined. Then, the research evaluated effect of several

parameters that are measures of conditions in the surfzone are considered including tide

height, longshore current speed, wind speed and direction, swell direction, wave height

and frequency, and the approximate location of rip currents. Finally, the research

investigated the relationships between dilution and time of day and day of season.

5.3.3.1 Direction of Current in the Surf Zone

The data collected in this study indicate longshore current has a substantial effect

on dilution of the discharged bacteria along the shoreline. As discussed in Chapter 4, the

longshore current in the surf zone is predominately to the south, dictated primarily by the

direction of the incoming swell. The current was to the south during 66% of the

sampling events conducted for this study at SMC. This resulted in higher average

bacteria densities to the south of the drain than to the north (Figure 1). Likewise, the

amount of dilution of the discharge bacteria densities was higher to the north of the drain

than to the south of the drain (Figure 3). The number of exceedances of the health
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standards and the plume length at sampling stations located north of the drain increased

in the latter part of the drain season as the late summer swells from the southwest

impacted the beach (Figures 2 and 4).

The effect of the longshore current on the bacteria plume along the shoreline at

SMC is clearly shown when the density and dilution data for this study is divided into

upstream and downstream (instead of north and south as in figures 1 and 3 and tables 2

and 5). At SMC, a comparison of the geometric means of the bacteria densities measured

at sampling stations located 25 meters in the upstream and downstream directions shows

downstream densities were 6, 4, and 2 times higher than upstream densities of total

colifoiiu, E. coli, and enteroccocus, respectively (Figure 5). At 100 meters, the

difference between upstream and downstream was still substantial, with upstream total

coliform 5 times greater than downstream densities, and E.coli, and enteroccocus

densities 3 times greater upstream compared to downstream. In general, the amount of

dilution observed at 25 and 50 meters upstream was twice that observed downstream for

all three indicators.

At MC, the longshore current at the discharge point is always to the east

regardless of the ocean conditions due the beach's unique orientation within Santa

Monica Bay and the local and regional nearshore topography. As shown in Figures 1 and

3, the average bacteria densities observed east of the drain were higher than those

observed west of the drain and conversely, the rate of dilution was lowereast of the drain

relative to the west of the drain. At MC, the difference between upstream and

downstream densities were comparable to those observed at SMC, but, in general,

difference in the amount of dilution observed was greater. Densities of total coliform, E.
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coli and enteroccocus at 25 meters downstream of the outlet were 7, 4 and 2 times

greater, respectively, than those measured in the upstream direction. Dilution of total

coliform was 4 and 6 times greater upstream compared to downstream at the. 25 and 50

meters stations, while upstream dilutions of E. coli were about .3 times greater than

downstream densities at these stations. For enteroccocus, the dilution 25 meters upstream

was 11% greater than downstream at 25 meters, while at 50 meters, the upstream dilution

was about-twice that of the downstream dilution.

.3.3.2 Downstream Distance from the Drain

As would be, expected, the sample data showed dilution of the bacteria plume

increased with distance downstream.along the shoreline from the discharge point. All

three bacterialndicators showed a significant positive linear correlation between distance

and dilution at both drains ,(Table 7) with linear correlation.coefficients ranging froth 0.22

to 0:50. The correlations were stronger for SMC.

On average dilution of the bacteria in the downstream direction was beater at

SMC than at MC (Figure 6). Between O. and 100 meters from the drain, the amount of

dilution at.SMC increased almost linearly with distance from the drain while.at MC

almost no increase in dilution was observed. Beyond 100 meters, the rate in increase in

dilution slowed at SMC and increased at MC.

5.3.3.3 Tide Height

Percent dilution of the bacteria along the shoreline increased with increasing tide

height. At both outlets, this relationship was significant for total coliform and E. coli

(P<0.01) (Table 7). This relationship was stronger at Malibu, with correlation

coefficients greater than 0.4 for both indicators (P<0.01). This result is consistent with
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the findings of chapter 4 that showed dilution height at the discharge point in front of the

SMC drain was significantly affected by tide.

5.3.3.4 Longshore Current Speed

Percent dilution of the bacteria along the shoreline increased with increasing

longshore current speed (Table 7). This relationship was statistically significant for

dilution of total coliform at both drains and for E. coli at Malibu (P<0.05).

5.3.3.5 Wind Speed and Direction

At SMC, dilution of the bacteria-decreased with increasing wind speeds (Table 7).

This relationship was statistically significant for all three bacteria indicators at SMC

(P<0.01) and is consistent with the findings of Chapter 4 that showed dilution at the point

of discharge was negatively correlated with wind speed. In contrast, at MC dilution

increased with wind speed, with a statistically significant relationship observed for

enterococcus (P<0.01). This result was unexpected and is addressed further in the

discussion section, below.

Conflicting results between the two drains was also observed for wind direction.

At SMC, dilution decreased with increasing wind direction (wind coming from the

north), with this relationship being statistically significant for enterococcus. At MC,

dilution increased with increasing wind direction. This relationship was statistically

significant for all three indicators. These results are consistent with the relationship

observed between wind speed and direction. Throughout the study, wind speed and wind

direction were highly correlated with one another (P<0.05) (Table 8). Higher wind

speeds were observed when the wind came from the north, while lower wind speeds were

observed when the wind originating from the south.
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Table .8
Correlation Coefficients

Ocean Parameters

Tide Height Swell Dir' Wave Height Wave Freq. Wind Speed Wind Dir Time

Day 0.35 -0.43 -0.56 -0.03 0.29 0.24 0.28
0.02 <0.01 <0.01 0.83 0.06 0.11 0.06

Tide Height -0.09 -0.04 0.18 0.14 0.22 0.07
0.54 0.80 0.24 0.34 0.14 0.63

Swell Direction 0.57 -0.21 -0.11 -0.24 -0.05
<0.01 .0.16 0.45 0.11 '0.76

Wave Height 0.27 -0.29 -0.25 -0.29
0.07 0.05 0.10 0.05

Wave Frequency 0.04 0.13 -0.02
0.79 0.40 0.88

Wind Speed 0.68 0.78
<0.01 <0.01

Wind Direction 0.60
<0.01

Time of Day
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5.3.3.6 Swell Direction

No linear relationship was observed between swell direction and dilution at SMC

(Table 7). This result is consistent with the expected relationship between swell

direction, longshore speed and dilution at this beach. As discussed in Chapter 4, SMC

faces, southwest within Santa Monica Bay at an angle of 220 degrees from the north. In

general, a swell, approaching the beach from an angle less than 220 degrees generates a

longshore current to the north, while a swell approaching the beach from an angle greater

than 220 degrees generates a longshore current to the south. Thus, the relationship

between swell direction and the resulting velocity in the surfzone is expected to be

nonlinear.

At Malibu, dilution increased as the swell direction changed from northerly to

southerly. This relationship was statistically significant for all three indicators (P<0.05)

(Table 7). The coast near the MC outlet curves westward so that Surfrider Beach faces

southeast within Santa Monica Bay. Swell approaching from the north and northwest is

refracted by Point Dume regionally and three rocky points located in the nearshore, while

swell approaching from the south to southwest approaches the beach directly. Thus,

more wave energy reaches the beach when the swell is from the south-to-southwest. This

increase in energy may explain the increase in dilution of bacteria observed in this study

as swell direction decreases.

5.3.3.7 Wave Height and Wave Frequency

The relationships observed between dilution and wave height and frequency were

inconsistent. At SMC, no relationship between dilution and wave height was observed.

At Malibu, dilution decreased with increasing wave heights, although this relationship
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was statistically significant for total colifoim only (P<0.01) (Table 7). This finding is

counterintuitive because larger waves bring more mixing energy to the surf zone which

would increase dilution. However, wave height increased as the swell direction increased

(originated more from the north), which is consistent with the general pattern of swells

coming into'Southern California. As discussed above, swells from the south approach

Malibu unimpeded, and bring more energy to the shoreline compared to the more

impeded northerly swells that are refracted by the nearshore topography north of Malibu.

If swell direction has a greater influence on dilution than wave height, conditions of a

southerly swell with lower wave heights may lead to more dilution than conditions of a

northerly swell with higher wave heights.

For both outlets, dilution of total coliform decreased with increasing wave

frequency. Both relationships were statistically significant (P=0.01 at SMC; P<0.01 at

MC). Statistically significant relationships were not observed for the other two

indicators.

5.3.4 Linear Regression Modeling for SMC

Based on the results of the initial analyses, linear regression models were

developed to further examine the effect of the surfzone conditions. These models were

constructed only for the SMC data, because the smaller number of observations at MC

did not yield enough data points for statistically well-behaved regressions. Least-square

multiple linear regression' models were developed for the downstream dilution of total

coliform, `E. coli., and enterococcus densities in the SMC discharge. Regression analyses

were completed to further investigate the nature of the relationship between the percent

dilution observed along the shoreline and distance from the discharge point and ocean
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conditions. In addition, regression ,analyses provide an estimate of the relative

contribution of the various predictor variables to the variation observed in the percent

dilution.

Potential predictors considered in the models included: distance along the

shoreline from the discharge point; tide .height; wind speed and direction; swell direction;

wave height and frequency; and longshore current speed. The research _examined scatter

plots of the response variable (percent dilution) _and the potential predictors along with

linear correlation coefficients to provide information for initial model runs. Forward and

backward stepwise regressions were completed. Model diagnostics included examining

residual plots and completing tests for nonconsta.nt variance and influential and outlier

data points.

The research literature provided no information on mechanistic relationships

between percent dilution observed in the surfzone and the various ocean parameters .that

could be used in the models. As discussed in.Chapter 2, few relationships between

parameters such as wave height and velocity have been developed for the surfzone, in

part because this portion of the ocean is difficult to instrument for data collection, and

because the complex nature of interaction between the various transport and mixing

mechanisms has not been modeled theoretically..

The results produced a model where fourparameters best explain variability: tide

height, distance from the drain, wind speed, and wave frequency (Table 9). The full

regression model results are provided in Appendix A along with supporting analysis and

diagnostics. The models developed could account for 52%, 42% and 37% of the

121 03

RB-AR43844



variability observed in dilution of total coliform, E. coli, and enterococcus densities,

respectively.

As expected, the multiple regression models explain more of the variability

observed in the dilution along the shoreline than 'the linear correlations. For all three

indicators, the single parameter with the highest linear coefficient was distance. The

amount of variability that could be explained by distance alone, estimated by squaring the

correlation coefficient (r) (table 7), is 24% for total coliform, 19% for E. coli, and 25%

for enteroccocus.

The regression models developed for the dilution of total coliform and E. coli that

best fit the data are very similar to one another. These models indicate an increase in tide

height and distance from the drain lead to an increase in dilution, while an increase in

wind speed and wave frequency lead to a decrease in dilution. For both total colifaiiii

and E. coli, the relationship between percent dilution and distance that best fit the data

was quadratic, while the square of tide height and windspeed resulted in the best fit for

these two predictors. The relative amount of variability observed in the dilution of total

colifoun and E. coli accounted for by distance, wind speed, wave frequency and tide

height were similar. The predictor coefficients of the regression analyses are similar in

magnitude for both total coliform and E. coli. The biggest difference in the models

developed for total colifoun and E. coli was that E. coli dilution decreased linearly with

wave frequency, while total colifoun dilution decreased with the square of wave

frequency.

Tide height accounted for the greatest amount of variability in the dilution of total

coliform and E.coli (Table 7). For both of these bacteria, the models developed indicate
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an increase of one meter in tide height results in approximately a 10% increase in

dilution, while a two-meter increase results in approximately a 40% increase in dilution.

Distance from the drain also accounted fora large portion of the variability observed. in

dilution. A 100-meter increase in distance from the drain results in a 16% increase in

dilution of total coliform and E. coli. Wind-speed and wave frequency contribute less to

the variability in dilution of total colifoim and E. coli.

The regression analyses for the dilution of enterococcus yielded slightly different

results than for total coliform and E. coli. The relationship between the dilution of

enterococcus and distance and windspeed were similar in nature and magnitude to those

found for total colifoiniand E. coil. _However, neither both tide height nor wave

frequency contributed sig,nificantly to explaining enterococcus variation, and were not

included in the final regression model. The coefficient for the square of tide height was

significant and similar in magnitude to those calculated for total colifoiiu and E. coli, but

diagnostic tests of the enterococcus dilution models that included tide heiaht-as a

predictor failed the non-constant variance test. This failure could indicate the variance

changes with the dilution mean function or that the mean function (the model) was

incorrect.

5.3.7 Time

The relationship between dilution and: the day of the season and the time of day

were investigated. No strong relationships were observed. between dilution of the three

bacteria indicators and the day of the season. Although the percent dilution of E. coli at

SMC decreased throughout the season, the correlation coefficient was low .(r=0.15,

p=0.03) (Table 7). It is possible that there is a relationship among E. coil dilution, day of
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the season, and tide height. The tide heights measured in this study and day of the season

were positively correlated (Table 8) and, as discussed above, E. coli dilution and tide

height are positively correlated. That result suggests the variation explained by day of

the season is actually related by tide height.

At SMC, percent dilution of the three indicators tended to decrease with time of

day (Table 7). This relationship was statistically significant for E. coli and enterococcus

(p<0.01). At Malibu, enterococcus dilution significantly increased with time of day

(p=0.02). These relationships between percent dilution and time of day at the two outlets

may be related to wind speed and direction, both of which were highly correlated with

time of day. As discussed above, at SMC dilution decreased with increasing wind

speeds, which in turn increases with time of day. At Malibu, the opposite relationship

between dilution and wind speed was observed, but again, wind speed increases with

time of day.

5.3.8 Rip Currents

Rip currents could significantly contribute to the variability in the percent dilution

of the three bacteria indicators observed along the shoreline at SMC. The exact location,

strength, and width of the rip currents is difficult to measure and was were not measured

in this research. Therefore, the effect of rip currents is difficult to considered. Rip

currents were observed at SMC at 84% of the sampling events at various distances from

the drain. The quantitative measure of the exact location, width, or strength of the rip

currents was beyond the scope of this study. However during each sampling event, the

approximate location of rip currents was recorded, visible by turbid plumes perpendicular

to the shoreline from the surfzone to beyond the breaker zone and by debris being
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advected perpendicular to the shoreline. Dye tests conducted in the surfzone during each

sampling event after the shoreline samples were collected confirmed the presence of the

rip currents observed during the sample collection and often showed the advection of

significant, portions of the dye out of the surfzone into the .water beyond the breakers.

A comparison of the approximate location of the rip currents and the percent

dilution observed along the shoreline showed no clear trend. It is not clear whethermore

complete info illation would have identified any relationship with bacteria density. In

addition, it is not clear whether the variation due to rip currents is inherently chaotic and

diffictilt (or impossible) to include in a model or whether .a full understanding of rip

current locations, duration, and flow rate during a given time of interest could improve

the model.

5.3.9 12 -Tr our SamplingEvents

To investigate the time-scale of the spatial variability observed in the bacteria

densities along the shoreline and to further examine the effect of tide, three 12-hour

sample events were conducted at SMC. During these events, shoreline samples were

collected every two hourS.

The extent of shoreline impacted by bacteria densities greater than the health

standards varied substantially over each of the 12-hour sampling events, and even over a

two hour period (Figure 7). For example, on Day 2, the sample results from 8, 10 and 12

am. indicated none of the beach was impacted with unsafe levels of fecal bacteria.

However, two hours later, the 2 p.m. samples showed approximately 75 meters of the

beach were impacted with E. cob densities greater than the California standards. Similar
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large changes in the amount of.shoreline impacted with unsafe levels of bacteria were

also observed for total colifoim and enteroccocus during the 12-hour sampling events.

The variability in the amount of dilution along the shoreline during each 12-hour

sampling event was nearly as great as that observed over all dry season sampling events.

The 12-hour standard deviations of the dilution at each of the downstream stations are, in

general, slightly lower than the those of the dry season (Table 10). This suggests much of

the observed variation occurs on a time scale of 12 hours or less, and that season-long

variation may not be much greater than daily variation.

Comparing the average dilutions observed along the shoreline during the three 12-

hour event to the averages observed over the dry season sampling events illustrates the

large amount of variability that can occur (Table 10). In general, the average dilutions

observed during the three 12-hour samples are comparable to the dry season average.

However, there are some notable differences. On Day 1, the slack tide day, the average

enteroccocus and E. coli densities are lower than those observed over the dry season. On

all three days, the average dilutions at the 0 and 25 meters stations were lower than those

observed over the dry season for all three indicators.

Negative dilutions, or observations of shoreline bacteria densities higher than

those observed in the discharge, were measured for 23% of the time over the three 12-

hour sampling events. Fourteen of these could be explained by the estimated error of the

laboratory method, leaving 14% of all the dilution measurements negative. Several of

these negative dilutions were clustered in time and space. On Day 1, 11 negative

dilutions were observed, 9 of theni for enteroccocus nearthe mouth of the outlet: 0

meters at 6 a.m.; 0 and 25 meters at 8 a.m.; 0, 25, 50 and 75 meters at 10 a.m; and 0 and
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'Figure 7
Length of Shoreline with Bacteria Densities exceeding

California Bacteriological Standards for Marine Beaches
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Downstream
Distance

from 'Drain (m)

Table 10
Comparison of Dilution Observations at SMC

Season-long and 1.2 Hour

Total Coliform

Season Day 1 Day 2 Day 3Mean St.:Dev. Mean St. :Dev. Mean St. Dev. Mean St..Dev.0 25% '19% 22% 17% 18% 22% 13% 9%25 33% 16% 31% 12% 28% 11% 27% 14%50 36% 15% 35% 8% 45% 17% 36% 7%75 40% 12% 40% 10% 40% 7% 38% 8%100 43% 12% .42% 7% 44% 6% 44% .8%

Downstream
Distance

from Drain (m)

E. coil

Season -Day 1 Day 2 Day.3Mean St. Dev. Mean St. Dev. Mean St. Dev, Mean St. :Dev.0 25% 32% 1% 21%__ -9 %- ----31 %- 10% 16%-
14% 24%31% 24% 25% 23% .24% 25%50 35% 20% 19% 1.2% 39% 22% 38% 10%75 43% 25% 28% 12% 43% 19% 46% 15%100 45% 15% 40% 11% 45% 12% 53% 12%

Downstream
Distance

from Drain (m) Season Day 'I

Enterococcus

Day 2 Day 3Mean St. Dev, Mean St. Dev. Mean St. Dev. Mean St. :Dev.0 34% 31% -25% 31% 9% 28% 7% 12%25 40% 31% 0% 45% 28% 20% 26% 10%50 39% 27% 18% 25% 43% 18% 32% 11%75 50% 27% 12% 26% 43% 16% 49% 13%100 55% 24% 24% 24% 52% 16% 58% 16%
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25 meters at 12 p.m. Similarly, on Day 2, six of seven observations of negative dilution

were located at the mouth of the drain for enteroccocus and E. coli at 2 pm, -4 pm and 6

pm. The clustering of these observations in time and space suggest a source of bacteria

in addition to the discharge from the outlet may have been present in the surfzone.

The results of the 12-hour sampling events clearly show the effect ,of tide on the

amount of beach impacted by the discharge. When tide height was high, the length of the

shoreline where bacteria densities exceeded the bacteriological standards was

substantially lower than when tide was low (Figure 8). When tide height exceeded 1.5

meters, the bacteriological standards were rarely exceeded. These relationships generally

held true for all three indicators during the three 12-hour sample events, regardless of

whether the tide changes were small (slack tide), average, or large (swing tide).

The results of the 12- hour sampling events also illustrate the effect of the

direction of the longshore current in the surfzone on bacteria densities along the shoreline

(Figure 7). On Days 1 and 3, the longshore current was to the south and the length of the

bacteria plume that exceeded bacteriological standards was greater on the south side of

the outlet. On Day 2, the longshore current was flowing to the north, so the length of

beach impacted with unsafe water quality was greater to the north on this day.

5.4 DISCUSSION

The results of this research indicate the length of beach adjacent to freshwater

outlets impacted with bacteria densities that exceed the State health standards can be

highly variable. At SMC, up to approximately 290 meters of the shoreline was impacted

by unsafe densities of fecal bacteria and at MC, up to approximately 530 meters was

unsafe for swimming On the other hand, for many of the sampling events, none of the
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stations along the shoreline had bacteria densities levels that exceeded the standards.

Even at the stations located within 25 meters of the outlets, there were times when the

bacteria densities were not detected at 10 MPN/100 ml, even though the discharges

contained bacteria densities several times greater than the health standards.

Dilution of the bacteria along the shoreline also varied substantially over the dry

season. This variability was" greater at stations near the drain and for enteroccocus and E.

cob. Standard deviations of the dilution measurements made at stations 75 meters

downstream of the SMC outlet were approximately equal to half the average dilution. At

MC, standard deviations were equal to the average dilutions observed at stations located

up to 100 meters from the outlet.

The rate of increase in dilution with distance was not as high as expected and the

relationship between dilution and distance not as strong as expected. The three indicators

often failed to achieve 100% dilution at sampling stations furthest from the drain in this

study, 400 meters from the SMC drain and 600 meters from the MC outlet. Directly in

front of the outlets, average dilution was typically in the range of 17% to 34%. By 400

meters, the amount of dilution had increased by only a factor of 2 to 2.5. Results of

linear correlation analysis indicate that only 5% to 25% of the variability observed in

dilution can be explained by distance. This result suggests that the effect of surfzone

mixing and dispersion mechanisms on the bacteria density varies as the discharged

bacteria is transported along the shoreline with the longshore current.

Several ocean conditions significantly affected the dilution of bacteria along the

shoreline of both outlets. These factors were the direction of the longshore current, tide
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height, wind conditions, and wave frequency. In addition, swell direction was

significantly related to dilution along the shoreline adjacent to MC.

As expected, the direction of the longshore current significantly affected the

amount of dilution observed along the shoreline. At SMC, theaverage dilution_at 25 and

50 meters upstream of the drain was about twice the dilution observed, in the downstream

direction for all three indicators. At MC, the difference in dilution received downstream

of the outlet versus upstream at the 25 and 50-meter stations was even geater Upstream

dilution was approximately 3 to 6 times greater than dilution observed downstream for E.

coli and total .coliform.

In, addition .to the direction of the longshore current, tide height appeared to

significantly affect dilution of the bacteria plume alono- the shoreline from the two

outlets. The results of the three 12-hour sampling events confirmed these results and

indicated that dilution along the shoreline was the greatest when tide height was,greater

than 1.5 meters. This finding is consistent with the temporal analysis completed in

Chapter 4 which found dilution at the discharge point significantly increased when tide

height was geater, than 1.0 The linear regression analyses at the SMC data showed that

tide height could have a substantial effect on dilution, particularly since, dilution is related

to the square of tide height. As discussed in Chapter 4, dilution likely increases with tide

height because the point where saltwater mixes with the freshwater in the stotui drain

moves up the stotui drain channel, resulting in dilution of the freshwater before the

surfzone discharge point.

The results of this research indicate wind conditions affect the amount of dilution

the bacteria receives along the shoreline. At SMC, wind speed significantly affected
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dilution along the shoreline, although less so than tide height or the direction of the

longshore current. Dilution of all three bacteria indicators at SMC significantly

decreased with increasing wind speeds. This result is consistent with the results of

Chapter 4, where dilution directly at the mouth outlet was negatively correlated to

windspeed. Regression analyses of the SMC data indicated that the square of wind speed

is related to dilution, such that higher wind speeds have a greater impact on dilution that

lower wind speeds.

The negative correlation between dilution and wind speed may appear to be

counterintuitive since higher wind speeds result in more wave energy, which in turn,

would increase, not decrease dilution, as found here. However, as more thoroughly

discussed in Chapter 4, one explanation for a decrease in dilution with increasing wind

speeds may be related to the corresponding increase in the amount of sand suspended in

the surfzone water during higher wind speed conditions, if the sand acts as a reservoir for

bacteria.

At MC, dilution of all three bacteria was significantly correlated to wind

direction, with wind coming from the southwest to west results in higher dilution than

when the wind originated from the east to southeast. This result may be explained by the

direction of the longshore current direction in the surfzone at MC and the range of the

wind conditions observed -during this research. As discussed above, MC discharges

across Surfrider Beach which faces southeast within Santa Monica Bay, so the direction

of the longshore current in the surfzone is from southwest to northeast. The wind

directions that occurred during the sampling events ranged from 85 degrees to 260 south

of north. The difference in effect of wind at the two different outlets of this research
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suggestthat dilution increases when the vector of the wind that aligns with the longshore

current increases in strength. Thus, one explanation for the correlation between

increasing dilution and wind direction may be that the wind affects the longshore

velocity.

Wave frequency _also appears to affect dilution of the bacteria along the shoreline.

At both SMC and MC, wave frequency was significantly negatively correlated with total

coliforui dilution. In addition, results of the regression analysis indicated dilution of total

coliforrn and E. coli decreased with the square of frequency at SMC. Similar to wind

speed, this negative relationship is counterintuitive since higher wave frequency brings

more energy to the surfzone, which would be expected to increase- .mixing and dilution.

However, 'similar to wind speed, increasing wave frequency may increase the amount of

sand suspended in. the surfzone water.

At MC, dilution. significantly decreased as the swell direction changed from the

southwest to the northwest. This result is consistent with the General understanding of

the relationship between swell direction, the longshore current, and dilution of the

bacteria within the surfzone. Because of MC's unique orientation within Santa Monica

Bay, swell originating from approximately 210 degrees, would result in the greatest

longshore current velocity. As the swell direction increases or decreases from 210

degrees, the swell will contribute less to the longshore current. In this study, the swell

directions during the sampling events ranged from 250 to 295 degrees. Thus, as the swell

direction increases, the longshore velocity decreases. Since advection of the bacteria

with the longshore velocity is likely a primary transport mechanism for the bacteria as it
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is discharged from the outlet, it f011ows that dilution would decrease with increasing

swell direction.

Several findings of this research indicate beach topography and overall orientation

of the beach relative to the incoming swell affects the amount of dilution the bacteria

receives along the shoreline. The two outlets studied in this research discharge across

beaches with different orientation and local topography within the Santa Monica Bay.

The amount of dilution along the shoreline with distance was different for the two outlets.

At SMC, dilution increases approximately linearly with distance downstream from the

drain between 0 and 100 meters, while at MC almost no increase in dilution was observed

between these locations. The average dilutions observed at 100 meters downstream of

SMC were 46% for total coliform and E. coli and 58% for enteroccocus. These were

substantially higher than observed at MC which were 15% for total coliform, 28% for E.

coli and 30% for. enterococcus. The higher dilution observed at SMC may be related to

the formation of rip currents, which were observed at during 84% of the sampling events

conducted at SMC, but never observed at MC. The dye releases conducted during this

research showed water transported by rip currents from the surfzone to out beyond the

breakers at SMC. The formation of rip currents is predominately related to beach

topography and the presence of rip currents can be a primary mechanism for transporting

water out of the surfzone beyond the breakers (Komar, 1993).

Another finding that illustrates the significance of topography and orientation to

incoming swell is that different factors were significantly related to dilution at the two

outlets studied here. Swell direction was correlated with dilution of all three indicators at
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MC, but not at SMC. Wind speed was an important factor at SMC, while wind direction

was a significant factor at MC.

Another important result of this research is that the, parameters studied here failed

to explain a fairly large portion of the variability. Many of the statistically significant

linear correlations found between dilution.and the ocean parameters had relatively low

correlation coefficients. The two parameters with the highest correlations were distance

at SMC for total colifoim which explained only 25% of the variability in dilution, and

swell .direction at MC for total coliforrn., which explained only 27% of the observed

variability. The regression models completed for SMC explained only 52%, 42%, and

37% of the variability observed in total colifollii, E. coil and enteroccoc.us.

As discussed in Chapter 4, there are several; ossible reasons why stronger

at the variabilityrelationships were not observed in this research. .First, it is possible th

observed in the dilution is sufficiently high that significant relationships could not be

detected with the amount, of data collected in this study. If so, then a key contribution of

this research is to demonstrate the need for even more intensive studies of this type,

which is already well beyond the resources of ziostPublic agencies responsible for public

health and freshwater outlets at beaches. Alternately, the interrelationships among the

various ocean parameters are more complex than the linear relationships investigated

here, and possibly include .other factors such as beach topography that were beyond the

scope of this research. In that case, this research makes another important contribution in

demonstrating the ineffectiveness of simple models to identify factors that control the

amount of dilution the bacteria plume receives along the shoreline. Finally, thelimited
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nature of the results suggests that future research should use data on ocean conditions

collected in the surfzone at the sites, instead of data collected in the vicinity of the sites.

5.5 POLICY IMPLICATIONS

An important policy implication of this research is that distance from a

discharging outlet into the surfzone should not be relied on by public health agencies as

an indicator of the length of the beach unsafe for swimming. Distance from a flowing

storm drain alone accounted for only 5% to 25% of the variability in bacteria dilution

observed along the shoreline at SMC and MC. Currently in Southern California, distance

from the outlet is used in routine monitoring protocols in three key ways. First, health

agencies locate one or two routine monitoring sites at a static distance from each outlet.

Second, when routine monitoring indicates a health standard is exceeded ,a

predetermined length of beach is posted with warning signs, regardless of ocean or

discharge conditions. Third, Southern California health agencies and environmental

groups provide a general warning to the public not to swim within 100 meters of a

flowing storm drain. The results of this research show that the length of the bacteria

plume along the shoreline with densities that exceed the State bacteriological standards

can vary substantially over the dry season, and even over a two-hour time period. In

addition, the findings of this study show that simple relationships and assumptions about

the amount of dilution that will occur with distance from the drain probably cannot

adequately describe the amount of beach unsafe for swimming around a flowing drain.

Thus, monitoring and public notification protocols that rely on distance to predict the

length of beach unsafe for swimming around a flowing outlet should be reevaluated.
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The results of this research also suggest that implementing adaptive sampling

strategies that account for ocean conditions may improve current monitoring programs.

The direction of longshore current and tide height both significantly affected the amount

of dilution along the shoreline at SMC and MC. This study found dilution of the bacteria

was substantially lower downstream of the outlet than upstream and that health standards

were more frequently exceeded on the downstream side of the drain. At SMC, the

longshore current was to the north during 34% of the sampling events. Thus routinely

sampling to the south, the predominantly downstreani direction, could result in a

substantial number of times when routine .sampling indicates health standards are not

exceeded at this beach when the standards were exceeded on the other side of the drain..

Tidelatight, another significant. factor in this study, should also be. accounted for in

monitoring programs, .as discussed in Chapter 4.

Another policy implication of this research is that the amount of dilution received

along the shoreline from an outlet and the conditions that can lead to lower dilution are

likely along the shoreline are likely site-specific. In this research, wind conditions, wave

frequency, and swell direction affected dilution at.SIvIC and MC differently. Thus,

monitoring programs .that incorporate adaptive sampling strategies to account for ocean

conditions would likely have to be developed on a site-specific basis.

Finally, the fact that this research could not explain more of the variability

observed in the dilution along the shoreline and that many of the relationships observed

were not particularly strong suggests that simple relationships among the various ocean

conditions may not exists; and that resource intensive sampling of the shoreline around

individual outlets are necessary to observed significant relationships between dilution and
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the ocean conditions in order to predict how much of the shoreline will be unsafe for

swimming.

5.6 CONCLUSIONS

One of the objectives of this research was to investigate the variability in the length

of beach impacted by unsafe densities of fecal bacteria. The results of this research

indicate the length of beach in which densities exceed health standards can vary

substantially around one outlet, and between outlets. At SMC, the length of beach

impacted was approximately 50 meters about 50% of the time, however, during the

remaining sampling events, the amount of beach impacted frequently exceeded 100

meters with a maximum of nearly 300 meters. Variability was even greater at MC.

During about 30% of the sampling events, none of the beach was impacted with densities

that exceeded the health standards. However, when exceedances did occur at MC, the

length of beach impacted was large. Over 200 meters of shoreline was frequently

impacted, with up to approximately 500 meters of shoreline impacted during some

events.

Another goal of this study was to determine the amount of dilution the bacteria

receives in the surfzone along the beach. The rate of increase in dilution with distance

from the drain was lower than expected. At SMC, dilution of the bacteria from the

discharge point increased by a factor of approximately two along the shoreline, from

between 25% to 34% at the discharge point to between 55% to 75% at 400 meters. At

MC, dilution along the shoreline was lower. Dilution increased from between 17% to

32% at the discharge point to between 32% and 48% at 400 meters from the outlet.
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The last objective of this research was to identify key discharge characteristics and

ocean conditions...that significantly affect the dilution of the bacteria indicator .densities.

The results of this research indicate the direction of the longshore current and tide height

were factors that can significantly affect the amount of dilution received along the

shoreline at both outlets. Dilution was lower in the. downstream direction by a factor of

approximately 2 at 50 meters from .the drain at SMC.. At MC, dilution was lower

downstream of the outlet by .a factor of 3 to 6 at 50 meters frorthe outlet. At both

drains, dilution was significantly correlated with tide height.

A key finding of this research is that thefactors that substantial affect dilution may be

site-specific, depending on the local topography and general orientation of the beach to.

the incoming swell direction. In this study, dilution decreased with increasing wave

frequency and wind speed at SMC; while at MC, swell direction and wind direction were

significantly related to dilution. Another key finding was that distance from the drain

. could not explain much of the variability observed in dilution along the shoreline and that

the relationship between distance and dilution was site-specific.

An important result of this study was that much of the variability observed in

dilution could not be explained. Linear regression analysis of dilution completed on the

SMC data could only explain 52%, 42%, and 37% percent of the variability observed in

the dilution of total colifolur, E. coli, and enterococcus. This was the case even though

this research selected beaches where a single dominant bacteria source was identifiable,

and the strength of the source and several ocean conditions were considered.

The findings of this study have important implications for routine beach

monitoring and public notification programs. To ensure conservative protection of public
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health, the large spatial variability observed in the bacteria plume adjacent to flowing

stain) drains should be accounted for in the design of these programs. Site-specific,

adaptive monitoring strategies that respond to conditions that lead to lower dilution of the

bacteria along the shoreline may improve the routine monitoring of marine recreational

beaches impacted by flowing storm drains. More importantly, the large amountof

unexplained variability in the spatial extent of the plume along the shoreline may warrant

implementation of conservative public notification protocols.
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CHAPTER

Evaluation of Monitoring and Public Notification Protocols
Implemented .at-Southern California Marine Beaches

6.1 INTRODUCTION

The overall objective of this Chapter is to identify recommendations to improve

the monitoring and, public notification programs implemented at.recreational beaches in

Southern 'CalifOrnia.. This chapter has two specific objectives. The first is to evaluate

specific elements of existing-monitoring and public notification protocols currently-used

by the local healtli,agencies in Southern California. This evaluation is based on the

results Of ChaPters 4 and'5.and on additional analyses of the data collected at the -SMC

arid` MC Outlets. These .additional -analyses 'identify the-occurrence-of false negative

deterniinatiOns, or Type llerrorS, that would occur if the protocols currently used in

Southern California were applied tothe data ccillected at SMC -and MC. 'The second

objective is to recommend monitoring :and public-notificatiOn protocols'that will account

for the large y'afi ability 'in the'bacteria densities, thereby improving their effectiveness to

reduce public health risks associated with swimming near flowing freshwater outlets.

6.2 METHODOLOGY

The first step in this research was to conduct further analysis of the shoreline

monitoring data collected at the two freshwater outlets. The shoreline densities collected

in this study were analyzed in teiins of exceedances of the four single sample

bacteriological standards for recreational marine beaches in California:

Total Coliform >10.000 MPN/100 ml
Fecal Coliform > 400 MaDN/100 ml
Enterococcus > 104 MPN/100 ml
Total-to-Fecal ratio > 0.1 when Total Coliform >1;000 MPN/100 ml
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Each sample collected during the 32 dry-season and three 12-hour sampling events

conducted at SMC, and the 14 sampling events completed at MC that exceeded one or

more of these standards were identified (Table 1).

Next, the monitoring and public notification protocols used by various monitoring

agencies in Southern California were collected and summarized. Local county health

agencies were contacted and interviewed about their current monitoring protocols for

beaches impacted by flowing freshwater outlets during the dry season. These health

agencies included Los Angeles County Department of Health Services; Orange County

Department of Public Health; Santa Barbara County Environmental Health Services;

Ventura County Environmental Health Division; and San Diego County Department of

Environmental Health. These agencies represent one segment of the 22 agencies that

routinely monitor marine recreational beaches in Southern California. A majority of the

other agencies are POTWs that monitor recreational waters to fulfill NPDES permit

requirements. For this research, the protocols implemented by the local health

departments were chosen for evaluation because these five agencies conduct a majority of

the monitoring in Southern California.

This evaluation focuses primarily on specific elements of the monitoring and

public notification protocols: sampling location relative to the freshwater outlet, posting

of warning signs along the shoreline, and adaptive sampling protocols to account for

ocean conditions. The five health agencies were contacted in the summer of 2002 and

interviewed about these specific elements of their monitoring and. public notification

protocols. Their protocols are summarized in Table 2.
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The protocols implemented by the five agencies are fairly unifoirn with a few

minor differences. All five agencies sample weekly, collect their samples predominately

in the morning hours, and have permanently posted a warning sign at the mouth of outlets

that discharge flow in the summer season. All of the agencies post an additional warning

sign(s) along the beach when routine monitoring results indicate water quality exceeded a

single sample bacteriological standard. Four agencies locate their monitoring stations 25

meters from the outlet, however, one agency monitors at 83 meters (150 feet) from the

outlet. Three agencies always sample to the south of the outlet, one collects samples on

both sides of the outlet, and one collects samples downstream of the outlet. Three

agencies post their warning signs 50 meters on either side of the monitoring location, one

agency posts their warning signs at the discharge point, and the fifth agency post their

signs at the monitoring location.

The next step in this research was to evaluate the specific elements of the

protocols. The basis of the evaluation was the number of Type II en-ors, or false negative

determinations, each protocol would have produced at each of the sampling events

conducted for this research. False negative determinations are defined as falsely

concluding the water quality along the shoreline does not exceed the bacteriological

standards, when in fact, it did at one or more of the stations sampled. False negative

determinations were used for this evaluation because the goal of the monitoring programs

is to protect public health. When a beach manager falsely concludes the beach is safe for

swimming and does not notify the public of unsafe water quality, the risk to public-health

increases. Thus, beach monitoring programs should be designed to minimize the

potential for false negatives.
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Monitoring location protocol was evaluated by identifying the number of false

negative determinations that would have occurred during each of the sampling events

conducted for this research if the monitoring protocol being evaluated had been applied.

In this case, a false negative determination is defined as falsely concluding the shoreline

is safe for swimming when in fact, the water quality at one or more of the shoreline

stations exceeded bacteriological standards. Specifically, monitoring locations were

evaluated in the following manner. For each protocol, the results of each sampling event

was examined to identify the events in which bacteria densities did not exceed

bacteriological standards at the agency monitoring location, but did exceed the standards

at any other shoreline station. Each of the sampling events that met these requirements

was counted as a false negative determination, i.e., the location that would have been

monitored by the agency did not exceed the standard, but another station along the

shoreline did.

Protocols for placement of public notification signs along the shoreline were

evaluated in the similar manner. In this case, a false negative determination is defined as

an event in which a portion of the shoreline would not have been posted with a warning

sign when in fact, bacteriological standards were exceeded at one or more locations along

that portion of the shoreline. To complete this analysis, the following assumptions were

made. First, it was assumed that one warning sign effectively conveys a warning

message to a length of 25 meters on either side of the sign. This assumption is based on a

conclusion of the California State Water Resources Control Board's Beach Water Quality

Work Group (McGraw, Personal Communication, 2002). Second, this evaluation does

not take into account other signs that local agencies may post somewhere at the beach
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aside from the shoreline, such as access points to the beach. This evaluation does not

consider the effectiveness of other public notification systems such as web pages and

telephone hotlines. Instead this evaluation focuses on the posting of signs along the

shoreline.

Adaptive. sampling protocols of the agencies to take into account longshore

current and tide height were also evaluated. The results of the three 12-hour sampling

events conducted at SMC were used to examine the effect of longshore current and tide

height on monitoring protocol effectiveness. The effect of longshore current was

evaluated by examining the number of false negative determinations that would have

occurred when monitoring occurs consistently south of the outlet, rather than adapting the

monitoring location based on the direction of the longshore current to ensure monitoring

occurs downcoast of the outlet. The effect of tide height was examined by comparing the

number of exceedances of the bacteriological standards during sampling events

conducted at high tide to those conducted at low-to-average tide heights.

Evaluation of a bihourly monitoring frequency protocol was also completed.

Results of Chapter 4 showed large temporal variability in the bacteria densities in the

surfzone directly in front of the drain at SMC. One approach for addressing this temporal

variability in a monitoring program is to increase the frequency of monitoring. Currently

all five agencies in Southern California monitor weekly. Bihourly monitoring near stolid

drains is likely too labor intensive for routine beach monitoring programs, however,

evaluating the effectiveness of bihourly monitoring does serves the purpose of shedding

some light on the general idea of increasing monitoring frequency to reduce the

occurrence of false negative determinations. Bi-hourly monitoring frequency was
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evaluated by identifying the number of false negative determinations, this time for those

that occurred during the three 12-hour sampling events.

Based on results of this evaluation and on the findings of Chapters 4 and 5,

recommendations are made that may improve routine monitoring and public notification

programs implemented at marine recreational beaches in Southern California.

6.3 RESULTS

6.3.1 Evaluation of Monitoring Locations

Three different monitoring location protocols are implemented by the five

agencies. Each of these protocols were evaluated in terms of the number of sampling

events conducted for this research in which a false negative determination would have

been made if the protocol in question had been applied at the time of (the sampling event.

A false negative determination was defined as concluding the bacteriological standards

were met when in fact, the standards were exceeded at one or more of the locations

sampled.

A large percentage of the sampling events conducted at SMC and MC for this

research would have had false negative determinations if the monitoring locations

sampled by the agencies had been monitored at the time the samples were collected.

Three of the agencies monitor at 25 meters south of the outlet. Using this protocol, false

negative determinations would have occurred in 25% of the sampling events at SMC

(table 3). At MC, the agencies monitoring at 25 meters south of the drain would have

falsely concluded water quality was safe for swimming at Surfrider Beach during 29% of

the sampling events.
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Correcting for the direction of the longshore current while monitoring 25 meters

from the drain did not reduce the number of false negative determinations. One agency

first determines the direction of the longshore current and then collects a sample 25

meters downcoast of the outlet. The results of this evaluation indicate that the agency

monitoring 25 meters downcoast of the drain would have falsely conclude the

bacteriological standards were met during 25% of the sampling events at SMC and 29%

of the events at MC (Table 3).

Monitoring further from the drain increases the occurrence of false negative

determinations. One agency monitors 83 meters from the draiaboth upcoast and

downcoast of the outlet. Since samples were not collected at-83 meters from the drain for

this research, in order to evaluate this protocol, the researcher conservatively assumed

that an exceedance at either the 75-meter station or the 100-meter station would have

been detected at .a station located 83 meters from the drain. Despite collecting twice the

number of samples for this monitoring protocol, the number of false negative

determinations is higher than for the other protocols. At SMC, false negative

determinations were identified in 38% of the sampling events. At MC, false negatives

were identified in 21% of the sampling events (Table 3).

The above analysis was repeated taking into account the permanent postings at the

mouth of the outlet. All of the agencies permanently post warning: signs at the mouth of

outlets that flow in the dry season. As discussed in the methodology section, the

effectiveness of these signs is assumed to be 25 meters on either side of the drain. The

monitoring locations were reevaluated assuming swimmers would avoid recreating

within 25 meters of the drain because of the signs. The results of this reanalysis showed
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the percentage of sampling events in which false negative determinations would have

occurred decreased at SMC from 25% to 13% for the protocols that call for sampling 25

meters south and 25 meters downcoast of the drain (Table 3). The number of false

negative determinations only slightly decreased for the 83-meter protocol and for all the

protocols when applied to the MC data.

6.3.2 Evaluation of Warning Sign Posting

The five agencies use the results of the routine sampling to determine, whether

warning signs should be posted along the shoreline. These signs are in addition to the

permanently posted warning signs that are located at the mouth of the outlet. Each

agency implements a slightly different sign posting protocol. Each of these protocols was

evaluated in term of false negative determinations. For this analysis, a false negative is

defined as an event in which a portion of the shoreline is not posted with a warning sign

when in fact, bacteriological standards were exceeded at one or more locations along the

shoreline. The permanently posted signs located at the mouth of the drain were

accounted for in this analysis.

-The results of this evaluation indicate that often portions of the beach at SMC and.

MC where the bacteriological standards were exceeded would not have been posted with

warning signs if the protocols currently used by the agencies in Southern California were

implemented during the sampling events conducted for this research. Posting a sign at

the discharge point or 25 meters south of the drain resulted in many false negative

determinations. One of the protocols evaluated was to post a warning sign at the outlet

mouth when an exceedance was detected. For 59% of the sampling events conducted at

SMC, posting signs only at the drain would have resulted in stretches of shoreline where
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Table :3
Evaluation of

Monitoring Locations

Distance from Drain (m)

Number of
Sampling Events

with False Negatives'

Percentage of Dry Season
Sampling Events with

False Negatives

Current Monitoring Locations

25 (South)
SMC 8 25%

MC 2 14%

25 (Downcoast)
SMC 8 25%

MC 2 14%

83 (North and South)
SMC 12 38%

MC 3 21%
Current Monitoring Locations plus

Permanent Sigris2

25 (South)
SMC 4 13%

MC 2 14%

25 (Downcoast)
SMC 4 13%

MC 2 14%

83 (North and South)
SMC 11 34%

MC 3 21%

'False negative is defined as concluding that the bacteriological standards do not exceed the State
bacteriological standards when in fact, the standards were exceeded at one or more other stations
along the shoreline.

2Al1 five agencies permanantly post warning signs at the mouth of the outlet. The effectiveness of these
signs is assumed to be 25 meters on either side of the sign. It was assumed that swimmers would be
effectively warned of poor water quality within this 50 meters around the drain.
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Table 4
Evaluation of

Location of Public Warning Signs

Posting Location
relative to Outlet

Number of
Sampling Events

with False Negatives1'2

Percentage of Dry Season
Sampling Events with

False Negatives

At Discharge Point
SMC 19 59%

MC 9 28%

25 (South)
SMC 18 56%

MC 8 25%

75 (South) and 25 (North)
SMC 6 19%

MC 25%

133 (South) and 133 (North)
SMC 2 6(%

MC 8 25%

75 downgoast and 25 upcoast
SMC 5 16%

MC 8 25%

1 For this evaluation, false negative is defined as a portion of the shoreline that was not posted with warning
signs when sampling results indicated bacteriological standards were exceeded.
2

It was assumed that a sign is effective up to 25 meters on either side. This conclusion is based on
the SWRCB's Beach Water Quality Work Group.
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exceedances were detected but warning signs were not posted (Table 4). Another

protocol evaluate was to post a sign at 25 meters south plus post a permanent sign at the

drain. For this protocol, stretches of shoreline without warning signs that were impacted

with bacteria densities in excess of the standards occurred in 56% of the sampling events.

Posting signs along more of the beach obviously reduces the number of sampling events

with false negative determinations. Posting signs 75 meters south and 25 meters north of

the SMC outlet would have resulted in false negative determinations in 19% of the

sampling events, while posting 133 meters south and north of the outlet would have

dropped the number of false negative determinations to 6%.

At MC, the number of false negative determinations was fairly constant regardless

of the posting, protocol. The percentages of sampling events where false negative

determinations would have occurred ranged from 25% to 28% (Table 4). This is because

at MC when water quality exceeded the bacteriological standards anywhere along the

shoreline, typically the length of the beach impacted was 200 to 400 meters. Since none

of the protocols evaluated here placed signs that far from the outlet, there was little

difference in effectiveness.

6.3.3 Evaluation of Adaptive Sampling based on Ocean Conditions

Monitoring protocols implemented by four of the five agencies do not include

adapting the monitoring to account for ocean conditions. The results of Chapters 4 and 5

indicate the direction of the longshore current and tide height affect dilution of bacteria

along the shoreline. Currently, only one of the agencies adapts their monitorinc, locations

based on the direction of the longshore current and one agency samples on both sides of

the drain. None of the agencies specifically address tide height in their monitoring
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protocols. The results of the three 12-hour sampling events conducted at SMC were used

to examine the effect of longshore current and tide height on monitoring protocols (Table

5). The effect of longshore current was evaluated by examining the number of false

negative determinations that would have occurred when sampling consistently south of

the outlet versus adapting the monitoring location based on the direction of the longshore

current to ensure monitoring occurred downcoast of the outlet. The effect of tide height

was examined by comparing the number of exceedances of the bacteriological standards

during sampling events conducted at high tide to those conducted at low-to-average tide

heights.

6.3.3.1 Direction of the Longshore Current

The results of the three 12-hour studies illustrate the significant affect longshore

current can have on the effectiveness of a monitoring progam to identify waters unsafe

for swimming. On Day 1, longshore current was to the south. Sampling at 25 meters

south bihourly would have resulted in 1 false negative determination, i.e., one of seven

bi-hourly sampling events at the 25-meter location did not show an exceedance when

other stations sampled at the same time did exceed the standard. During Day 2, the

plume moved to the north, and the number of false negative determinations that would

have occurred when monitored at 25 meters south greatly increased to six of the seven

times the outlet was sampled during the 12-hour period (86% of the time). In contrast,

adapting the monitoring protocol to account for the direction of longshore current would

reduce this number of false negative determinations to two (29% of the time). On Day

three, the plume was again moving to the south and bacteria standards were exceeded
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every time a sample was collected at 25 meters south, thus no false negative

determinations would have occurred on this day.

6.3.3.2 Tide Height

The findings of Chapters 4 and 5 indicate that tide height can significantly affect

the amount of dilution the bacteria plume receives at the discharge point and along the

shoreline.. Tide: height was further examined here by examining the number of

exceedances that were observed during, sampling. events conducted during high tide

relative to those conducted during times when tide height was low-to-average during the

three 12-hour sampling events.

The results of this analysis indicate few exceedances were observed during times

of high tide. On Day 1, during the time when tide height was low to average, water

quality exceeded bacteriological standards at every station sampled downcoast of the

discharge at least twice. However, at: hour 16 when the tide height was greater than 1.5

meters, no exceedances were observed. Similarly, on Day 2, at low and average tide

heights, the number of exceedances ranged from 1 to 4 at the various sampling stations.

However, at the higher tides heights that occurred at Hour 10 and 12, the number of

exceedances observed along the shoreline was 1 and 0, respectively. On Day 3, the effect

of tide was somewhat less, but still observable. At the two high tides on this day, the

number of exceedances was three, while during low tide, the number of exceedances

increased to 5. Thus, for the three 12-hour periods sampled for this research, at high tide

heights, the number of exceedances of the bacteriological standards is consistently lower

than those observed at low tides.

6.14 Evaluation of Bi-hourly Monitoring Frequency
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Currently, all the agencies monitor once per week. A bi- hourly monitoring

frequency was evaluated using the results of the three 12-hour sampling events. Again,

the occurrence of false negatives was used to evaluate monitoring bi-hourly. For this

analysis, the definition of false negative deterininations is slightly different. A false

negative determination occurs when it is falsely concluded the water quality at the

monitoring location does not exceed the standards when in fact, the standards were

exceeded at least once at that station throughout the 12 hours of sampling. This analysis

was completed on the 25 meter south and the 25 meters downstream sampling locations

currently monitored by four of the five agencies. (The 83 yards north and south of the

drain could not be evaluated because, for the three 12-hour sampling events, sampling

stations did not extend to 83 yards upstream of the discharge.)

The results of this analysis indicated that increasing monitoring to even a bi-

hourly frequency would not eliminate false conclusions that water quality along the

shoreline meets the bacteriological standards when in fact, it did not. On Day 1 of the

three 12-hour sampling events, sampling at 25 meters south of the drain would have

resulted in two false negative determinations, i.e., twice no exceedances were observed at

this location even though exceedances were observed during 5 of the 7 other samples

collected at this location on that day. In fact, much of the shoreline to 100 meters south

(downcoast) exceeded the standards on that day each time it was sampled. On Day 2,

sampling 25 meters downcoast, three of the seven samples did not show an exceedance of

the standards, although once again, much of the shoreline (this time to 75 meters

downcoast) exceeded. On Day 3, every sample collected at 25 meters south (downcoast)

exceeded the standards and therefore, there were no false negative determinations. This
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Table 6
Evaluation of Bi-Hourly
Monitoring Frequency

Distance from Drain (m)

Number of
Sampling Events

with False Negatives'

Percentage of Dry Season
Sampling Events with

False Negatives

Current Monitoring Locations

25 (South)
Day 1 2 14%
Day 2 6 86%
Da.y 3 0 0%
Total 7 33%

25 (Downcoast)
Day 1 1 0%
Day .2 3 43%
Day 3 0 0%
Total 3 14%

"For this evaluation, false negative determination is defined as concluding that the bacteriological
standards were not exceeded when in fact, the standards were exceeded at that location during
the 12-hour sampling period.
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analysis is limited by the fact that only bi-hourly samples were collected and the actual

plume could vary on the time-scale of minutes, not hours. However, it does illustrate that

increasing the frequency of monitoring to once a day or even bihourly may not eliminate

the occurrence of false negative determinations.

6.4 DISCUSSION

Currently the five agencies monitor one or two locations near the outlet once per

week. The results of this sample are used to represent the water quality along the

shoreline adjacent to the outlet for the week. This evaluation shows that one sample

collected near the drain likely fails to represent water quality along the shoreline adjacent

to flowing freshwater outlets that may be impacted by bacteria densities that exceed the

health standards; and that one sample collected weekly likely fails to represent water

quality at that location for a week, or even a day.

Specifically, the evaluations indicate that sampling at one or two locations along

the beach adjacent to the SMC and MC outlets can result in a high percentage of false

negative determinations. Depending on the location of the monitoring station, false

negative determinations would have occurred during 25% and 38% of the sampling

events conducted at SMC and between 14% and 21% at MC. Taking into account the

permanently posted warning signs at the mouth of these outlets by assuming swimmers

would avoid swimming within 50 meters of the outlet reduced the number of false

negative determinations at SMC to between 13% to 34%.

Monitoring closer to the outlet reduced the number of false negative

determinations. Even when monitoring on both sides of the drain, monitoring 83 meters

from the outlet would have resulted in false negative determinations during 34% of the
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sampling events at SMC, which is substantially higher that the 13% that would have

occurred if monitoring at 25 meters. At MC, sampling 83 meters from the drain would

have resulted in false negative determinations during 21% of the sampling events

compared to 14% that would have occurred in monitoring at 25 meters.

Selecting a monitoring location that takes into account longshore current may

reduce the number of false negative determinations. The results of the analysis of this

protocol showed mixed results. The season-long data did not show a decrease in the

number of false negative determinations between sampling 25 meters south of the drain

verses downcoast of the drain. However, one of the 12-hour sampling events clearly

showed that 100 meters of shoreline could have bacteria densities over the standards in

the downstream direction, yet samples collected repeatedly at 25 meters upstream did not

exceed the standards.

The results of this evaluation also showed that the protocols used to place signs

along the beach often results in stretches of the shoreline where water quality does not

met bacteriological standards unmarked with warning signs. Posting one sign along the

beach at either the discharge point or at 25 meters from the outlet resulted in stretches of

beaches that should have had warning signs posted unmarked during more than 50% of

the sampling events conducted at SMC. The protocol that posted the longest stretch of

beach, placing signs that covered over 260 meters of shoreline, greatly reduced the

number of sampling events in which stretches of the shoreline were not adequately posted

with warning signs. For this protocol, only during 6% of the sampling events would

stretches of beach not be posted with warning signs when bacteria standard were

exceeded.
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The results of the sign posting evaluation also illustrate the differences in bacteria

plume dispersion at the SMC and MC outlets. While posting larger stretches of shoreline

decreased the number of false negative determinations at SMC, posting more of the beach

did not reduce the number of false negative determination at MC. Regardless of the

protocols applied to the MC data, during 25% of the sampling events .there were stretches

of the beach that would not have been posted, even though bacteriological standards were

exceeded.

Two parts of this evaluation examined the time component of monitoring. A

hypothetical monitoring frequency of bi-hourly was examined and the effects of sampling

during high tide were considered. The results of Chapters 4 and 5 showed the variability

observed in the bacteria densities and dilution along the shoreline during the three 12-

hour events conducted at SMC was similar to the variability observed in the shoreline

densities over the entire dry season. The limited data collected in the three 12-hour

events and evaluated here indicate that increasing monitoring to a very high frequency

such as bi-hourly would not eliminate false negatives. This evaluation also illustrated

that sampling during high tide may result in false negatives for a given 12-hour period.

There are limitations to this evaluation. This chapter evaluated the protocols used

in five agencies in Southern California by applying them to two outlets, the SMC and MC

outlets, located within the Santa Monica Bay. An important finding of Chapters 4 and 5

is that site-specific factors including orientation of the beach to the incoming swell and

local topography likely play a significant role in how the bacteria plume is dispersed

along the shoreline from individual outlets. Thus, the specific results of this evaluation

would likely be different if these protocols were applied to other outlets. However, there
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is not evidence in this research that suggest the temporal and spatial variability of bacteria

densities around other storm drains would be significantly less than that Observed at SMC

and MC. Thus, it is likely an evaluation of this type at other drains would lead to the

same general conclusions.

The method used to evaluate the protocols assumes the bacteria density data

collected in this study represents the 'true' condition of water quality and that each

sample collected represents the water quality for a 25-meter stretch of shoreline. The

spatial variability of the bacteria plume could be on a scale smaller than the 25-meter

spacing used for the sampling stations here.

6.5 RECOMMENDATIONS

Based on the results of these analyses and the findings reported in Chapters 4° and

5, the researcher proposes a monitoring and posting protocol for SMC and MC that may

more effectively warn beach users of unsafe water quality conditions. The three

elements of .a monitoring and public notification program for freshwater outlets

considered in this research included were the location of the routine monitoring

location(s), location of the warning sings, and adaptive sampling techniques to account

for ocean conditions. Recommendations for all three elements are proposed.

Recommendation #1 - Permanently post warning signs at the outlet and along the

beach adjacent to outlets that convey flow with bacteria densities over the

bacteriological standards to the surfzone.

The substantial variability in the bacteria indicator densities around flowing

outlets is too great for effective monitoring and public notification protocols that are

reactive in nature i.e., rely on sample results to trigger public notification of unsafe water
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quality conditions. The results of this research indicate that substantial variability occurs

on a time-scale of hours or less. In addition, two ocean conditions that typically vary on

a time-scale of hours, tide height and wind speed, affect dilution of the bacteria plume

along the shoreline. Variability on such a short time-scale makes reactive public

notification ineffective and, as shown by, he evaluation of monitoring and public

notification protocols completed here, lead to many false negative determinations.

Permanently posting a portion of the shoreline adjacent to outlets that convey

elevated levels of fecal bacteria would eliminate the need for monitoring programs to

reactively notify the public. The length of beach that is permanently posted with

warning signs would depend on two factors: l)site- specific factors that affect dilution;

and 2) the number of false negative determinations the monitoring agencies deems

acceptable. The acceptable number of false negatives determinations is a risk

management decision for local stakeholders and the monitoring agency.

To implement this protocol effectively, intensive sampling similar to the

methodology used in the research would be required at each drain or at drains that could

potential represent a group of similar drains. From this data, the number of times the

health standards are exceeded with distance from the drain could be determined. For

example, at SMC and MC, the percentage of times an exceedance was observed at each

of the shoreline stations during this research could-be used to select this length (Figure

1). At SMC, exceedances were observed during 22% of the sampling events at 100

meters, 8% at 200 meters from the drain, and 0% at 400 meters downstream of the

plume. If it was acceptable to have a stretch of the beach not posted with warning signs

when standards were exceeded up to 10% of the time, the posting protocol would be to

155

RB-AR43890



peillianently post warning signs every 50 meters to 175 meters on either side of the drain

(assuming a warning sign is effective to 25 meters). At MC, based on the limited data

collected for this research, the posting protocol would be to peimanently post signs to

375 meters east of the drain and to 50 meters to the west of the drain, based on an

acceptable false negative determination rate of 10%.

Recommendation #2 Monitor the shoreline at the end of the length of beach

permanently posted.

This recommendation changes the objective of monitoring from supporting a

decision to notify the public via a warning sign posted on the beach to ensuring the

acceptable rate of false negative determinations is not exceeded beyond the length of

beach permanently posted. Currently, monitoring data is used to make a public

notification decision, specifically, to determine if a sign should be posted on the beach.

However, the results of this study indicate the temporal variability in the shoreline

bacteria densities around a discharging outlet is one a time-scale too short for monitoring

data to be used to support this type of protocol. Instead, this recommendation proposes to

use the monitoring data to support the decision on the placement of the permanent posted

signs. Thus, an exceedance of bacteriological standards would trigger a check to

determine if the acceptable false negative rate has been exceeded and if so, relocating the

peimanent posted signs further from the outlet.

Recommendation #3 - Develop site-specific protocols that account for the site-

specific effect of ocean conditions on dilution.

The results of this research indicate site-specific protocols are necessary for

longshore current and tide heig.ht. At some outlets, longshore current will depend on the
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direction of the incoming swell relative to the beach or the occurrence of localized

currents and eddies. At other outlets, the longshore current will be in one direction. The

effect of tide height likely depends on the slope and configuration of the freshwater

outlet, and is probably more pronounced at outlets with shallow slopes and storage

capacity for water located within the tidal prism but upstream of the surfzone discharge

point. The effect of tide is likely greater at these drains because more ocean water can

flow into the outlet and mix with the freshwater upstream of the discharge point, thereby

diluting the discharge before it is discharged to the surfzone. For, example, the MC outlet

is preceded by a large lagoon that fills with ocean water during high tide events and

diluting the freshwater before it is discharged. Ocean water can also flow into shallow

storm drains.and channels, again diluting the freshwater before it is discharged into the

ocean.

The protocol developed for .accounting for the direction of the longshore current

may vary. A conservative approach would be to permanently post both sides of the outlet

with signs and monitor at either end of the length ofbeach peunanently posted. A more

adaptive approach may be to place the permanent signs based on the direction of the

incoming swell relative to the beach. Success implementation of this adaptive approach

is dependent on the frequency at which the longshore current can' changes directions

(which is likely site-specific) and how quickly the monitoring agency could respond to a

change in swell direction.

The recommended protocol for accounting for tide height at drains would be to

avoid monitoring during high tide events. The threshold tide height is likely site-specific.

The limited data here shows that at SMC, exceedances were rarely observed at tide
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heights greater than 1.5 meters, while at MC, the rate of exceedances was lower when

tide height was greater than 1.2 meters.

6.6 CONCLUSIONS

This research had two specific objectives. The first was to evaluate the specific

elements of existing monitoring and public notification protocols currently used by the

local health agencies at marine beaches in Southern California. The results of this

evaluation indicate that these protocols could result in many false negative

determinations. During 13% to 38% of the sampling events conducted at the two outlets

studied in this research, agencies would have falsely concluded the beach was safe for

swimming because of their monitoring location. The potential for false negative

determinations due to warning sign protocols was even greater. Stretches of beach

would not have been posted with warning signs when the water was unsafe for swimming

during 6% to 59% of the sampling events conducted for this research.

The second objective is to recommend potential changes in the protocols to

account for variability in the bacteria densities and to improve their effectiveness to

reduce public health risks associated with swimming in waters contaminated by dry-

weather urban runoff. Evaluations completed in this research suggest that greatly

increasing the frequency of monitoring will probably not eliminate false negatives

because the temporal variability of the bacteria densities appears to occur on the order of

hours or less. Adaptive sampling strategies that take into account direction of longshore

current and tide height would likely reduce the number of false negative determinations.

Based on these results and the findings of Chapter 4 and 5, three recommendations were

offered for the placement of monitoring stations, posting of warning signs along the
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shoreline, and adaptive monitoring strategies to account for key ocean conditions. These

recommendations are to permanently post ,a portion of the shoreline adjacent to

freshwater outlets the convey elevated levels of fecal bacteria to the surfzone; routinely

monitor both ends of the permanently posted shoreline to ensure the appropriate amount

of beach is posted; and adapt monitoring times to avoid sampling during ocean conditions

that temporarily increase dilution of the bacteria.
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CHAPTER '7

Summary Conclusions

The overall goal of this research was to gain a better understanding of the factors

that contribute to variability in shoreline bacteria densities adjacent to freshwater outlets

to support improved routine monitoring and public notification programs at marine

recreational beaches. This research repeatedly measured bacteria densities in the

surfzone at two Southern California beaches during the dry season. The research selected

beaches where a single, dominant bacteria source was identifiable, in order to quantify

the relationship between discharge densities and load and surfzone conditions.

Additionally, the research,used measurements of ocean parameters to identify conditions

that contribute to the variability in the dilution of the bacteria densities in the surfzone.

The first objective of this research was to characterize the temporal variability of

surfzone bacteria densities at the discharge point of a flowing storm drain. The temporal

analysis was limited to one station in the surfzone to reduce the effect of longshore

transport and mixing mechanisms in the surfzone. Several factors thought to contribute

to the temporal variability of the surfzone bacteria were investigated including source

characteristics, ocean conditions, laboratory measurement error and small-scale spatial

variability.

The results of the temporal analysis indicate there is no easily defined relationship

between the discharge and the resulting surfzone bacteria densities. The high variability

observed in the shoreline and the storm drain densities may have obscured the

relationship, given the limited data collected in this study, or the effect of other factors

such as ocean conditions may have overshadowed the influence of the stollu drain
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parameters on the shoreline densities. The policy implication is that agencies charged

with protecting public health cannot make beach closure decisions by monitoring -a

discharge, but must monitor near-shore ocean waters.

The results of the temporal analysis indicated wind speed and tide height significantly

affect the bacteria densities in the surfzone. Bacteria densities increased with wind

speed, with higher densities observed in the surfzone when wind speed was greater than 4

m/s. Tide height was significantly related to the amount of dilution the bacteria received

at the discharge point. Higher dilution occurred when tide height was greater than one

meter. The effect of tide height is likely due to ocean water inundating the freshwater

outlets upstream of the discharge points into the surfzone, thereby diluting the freshwater

before it is discharged. It is hypothesized by this researcher that the relationship between

bacteria:densities and wind speed may be related to the interaction of fecal bacteria with

sand which is suspended in greater amounts within the surfzone when wind speed is

greater.

Laboratory measurement error and small-scale spatial variability do not appear to

substantially contribute to the temporal variability of the surfzone bacteria densities at the

discharge point. These results suggest that improving laboratory measurement accuracy

will not appreciably reduce the overall variability observed in routine surfzone sampling

around urban runoff discharges. Likewise, sampling protocols involving compositing of

several samples collected at one point may not yield significant reductions in variability.

The second major goal of this research was to characterize the spatial variability of

the shoreline bacteria densities adjacent to a freshwater outlet and a stolin drain in the

Santa Monica Bay during, the dry season. One specific objective was to determine the
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length of beach impacted with bacteria densities that exceed the California

bacteriological standards for marine beaches. Results of this study indicate that the

extent of shoreline impacted by bacteria densities greater than the health standards was

highly variable. The length of impacted shoreline ranged from 0 meters to nearly 300

meters at SMC. This variability was observed even though the discharge exceeded the

bacteria standards during every sample event and none of the sample events were

conducted on rain-influenced days. At MC, the variability was even greater. During

30% of the sampling event, none of the beach was impacted with bacteria densities that

exceeded the standards, however, during other sampling events 200 meters of beach were

impacted was frequently impacted, with up to 500 meters impacted during some events.

Ocean conditions that were significantly related to dilution of the bacteria along the

shoreline included tide height, wind speed, direction of the longshore current, swell

direction and wind direction. At high tide, dilution increased at both outlets, and bacteria

densities increased with the square of wind speed at SMC. These results were consistent

with findings of the temporal analysis. Additionally, the spatial analysis identified the

direction of longshore current as a factor that significantly affects the amount of dilution

along the shoreline, with downstream dilution two to six times lower than upstream

dilution at 50 meters from the outlets. Also, results of the spatial analysis indicated

dilution decreased with the square of wave frequency at SMC. At MC, swell and wind

direction was significantly related to dilution along the shoreline. The fact that different

ocean conditions are significant factors at the two outlets suggests that beach topography

and orientation to the incoming swell direction may be overarching factors affecting

dilution along the shoreline.
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In this study, distance was found to be a poor indicator of the amount of dilution that

the bacteria received along, the shoreline. Currently in Southern California, distance from

the outlet is used in routine monitoring protocols as a defacto indicator of the amount of

dilution the discharged bacteria will receive. Distance from a flowing, storm drain alone

accounted for only 5% to 25% of the variability in bacteria dilution observed along the

shoreline at SMC and MC. This finding, supports evaluating and possibly modifying

monitoring, and public notification programs.

The surfzone bacteria densities appear to vary on the time scale of hours or less.

The amount of variability observed in the shoreline bacteria densities during each of the

three 12-hour sampling events was comparable to the variability observed over 32

sampling events conducted over the six month-long dry season. Two factors that likely

contribute to this time-scale are tide height and wind speed, both of which were identified

as significant factors in this study and vary considerably over the course of a day. This

finding also supports evaluating and possibly modifying monitoring and public

notification programs.

Several results of this research suggest the interaction of bacteria with

particles in the water may contribute to the temporal variability of the bacteria densities

in the surfzone. The relationships between wind speeds and wave frequency with

bacteria densities and dilution may be explained if the suspension of sand contaminated

with fecal bacteria contribute to the bacteria densities measured in the surfzone. The

observations of 'negative dilution', or times when the storm drain densities were less

than the surfzone densities suggests another source of bacteria may exist at the surfzone

discharge point such as bacteria introduced by suspension of sand containing fecal
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bacteria. Further research is needed to investigate the interaction of fecal bacteria in

urban runoff with suspended solids and the potential for sand at marine beaches to act as

reservoir for fecal bacteria.

This study was unable to explain a large potion of the variability observed in the

surfzone bacteria densities. Linear regression analyses of dilution along the SMC

shoreline only.explained between one-third to one-half of the total variability. This was

the case even though this research studied beaches with one single, dominant bacteria

source, and the strength of the source and several ocean conditions were considered.

There are several possible reasons why stronger relationships were not observed in this

research. First, it is possible that the variability observed in the bacteria densities is high

enough that significant relationships could not be detected with the amount of data

collected in this study. Another explanation could be that the interrelationships between

the various factors examined in this study are more complicated than the simple

relationships analyzed here. Since the ocean parameters examined in this surfzone are

interrelated, sometimes is ways not quantitatively defined, and the nearshore environment

is difficult to instrument for data collection, the current state of understanding of the

transport and mixing mechanisms is limited. Another explanation could be the data used

far the ocean parameters examined in this study were not collected in the surfzone at the

site, but instead, data were collected from various stations in the vicinity of the site.

Finally, it is possible factors that significantly contribute to the surfzone bacteria densities

were not examined in this study, such as the amount of suspended sand in the surfzone.

The third objective of this research was to evaluate monitoring and public

notification protocols currently implemented near freshwater outlets at recreation marine
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beaches in Southern California; and based on the results of this research, offer

recommendations to improve these programs. Evaluation of the existing protocols

determined that the potential for falsely concluding the shoreline near a flowing storm

drain is safe for swimming when in fact, health standards are exceeded at some locations

is substantial. Current monitoring location protocols would have resulted in Type II

errors during 25% and 38% of the sampling events conducted at SMC and between 14%

and 21% at MC. Warning sign protocols had even a greater potential for Type II errors.

Depending on the protocol evaluated, Type II errors would have resulted during 6% to

59% of the sampling events at SMC and 25% of the sampling events at MC. Analyses of

the 12-hour data suggest accounting for tide height and the direction of the longhsore

current could reduce the number of Type II errors. Increasing frequency of monitoring to

bi-hourly will not eliminate Type II errors.

Based on the results of this research, three recommendations were offered that may

improve the current monitoring and public notification protocols used in Southern

California at beaches impacted with freshwater outlets in the dry season. A site-specific

length of shoreline adjacent to freshwater outlets conveying elevated densities of fecal

bacteria should be permanently posted with warning signs. The length of beach

permanently posted should be determined by the Type II error rate deemed acceptable by

local health agencies and stakeholders. Routine monitoring should occur at either end of

the peinianently posted shoreline. The purpose of this routine monitoring is to ensure

the correct length of beach is permanently posted. Lastly, the routine monitoring should

be adaptive to site-specific ocean conditions that may lead to less dilution along the

shoreline.
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Appendix A

Linear 'Regression Models
For Santa Monica Storm Drain
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Response Variable Histograms
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Scatterplots of Predictors
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Plots with possible relationships further examined:
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1

Scatterplots - Total Coliform Dilution vs. Predictors

Scatterplots are shown with polynomial mean functions. If the slider labeled "OLS'
indicates the number 1, then the line shown is the ordinary least squares fit for those-two
parameters. The other line shown is the locally weighted scatterplot smother (lowess),
i.e., a weighted least squares fit. If the OLS slider indicates the number 2, the line shown
is a quadratic fit of the data.
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Scatterplots E. coil Dilution vs. Predictors
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Scatterplots Enterococcus Dilution vs. Predictors
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There is a curved relationship between ENTDL and distance. Slight curved relationship
between ENTDL and tideheight and windsp.
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Santa Monica TCDL Regression Model

Stepwise regressions run using sigma stat (farward and
backward) showed the following variables are predictors .of
TCDL: Distance (Dist), Frequency^2 (freq-'2), Tide Height
(TH), velocity (vel) and Wind Speed (windsp).

Based on the correlation results and the scatterplots and
the basic understanding of the transport and dilution
mechanisms in the surf zone, the initial model started with
the following predictors:

Distance quadratic form (distance centered
reduce collinearity of predictors distance and
distanceA2)
Velocity
Tide Height
Frequency
Windspeed

squared
squared

Initial Model run in ARC:

Data set = Dataset, Name of Fit = L7
17 cases are missing at least one value.
Normal Regression
Kernel mean function = Identity
Response = TCDL
Terms = (Dist Distcent^2 Windsp^2 TH vel freg^2)

Cases not used and missing at least one value are:
(14 15 16 17 120 121 122 123 124 125 126 156)

Coefficient Estimates
Label Estimate Std. Error t-value p-value

Constant 0.239063 0.0332176. 7.197 0.0000

Dist 0.00137032 0.000141927 9.655 0.0000

Distcent^2 -3.674766E-6 6.814814E-7 -5.392 0.0000

Windsp^2 -0.00510184 0.00115632 -4.412 0.0000

TH 0.162487 0.0219303 7.409 0.0000

vel 0.140672 0.0560325 2.511 0.0129

freg^2 -0.000579642 0.000119894. -4,835 0..0000-.

R Squared: 0.530351

Sigma hat: 0.131932
Number of cases: 212

Number of cases used: 200

Degrees of freedom: 193

Summary Analysis of Variance Table
Source
Regression
Residual

df
6

193

SS
3.79357
3.35938

MS
0.632262
0.0174061

to

F p -value

36.32 0.0000

Results of this model indicate all coefficients are significantly different than zero.
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1

Added Variable Plots:

Added Variable Plots used to visual assess the net effect of a predictor in a subpopulation
in which all the other predictors are held fixed.
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These plots show velocity has the lowest net effect. Correlations showed velocity
correlated with swell direction. Removing velocity may simplify model.
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Remove Velocity from Model:

Data set = Dataset, Name of Fit = L8
17 cases are missing at least one value.
NoLmal Regression
Kernel mean function = Identity
Response = TCDL
Terms = (Dist Distcent^2 Windsp^2 TH freq^2)
Cases not used and missing at least one value are:
(120 121 122 123 124 125 126 156)

Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant 0.283154 0.0286816 9.872 0:0000
Dist 0.00136793 0.000142826 9.578 0.000,0

Distcent^2 -3.643451E-6 6.858842E-7 -5.312 0.0000

Windsp^2 -0.0.0540141 0.00114242 -4.728 0.0000

TH 0.163473 b . 0217519 7.515 '0."0000

freq^2 -0.000572568 0.000121045 -4.730

R Squared: 0.510311
Sigma hat: 0.133287
Number of cases: 212

Number of cases used: 204
Degrees of freedom: 198

Summary Analysis of Variance Table
Source
Regression
Residual

df
5

198

Check Residual Plots:

ZS
3.66568
3.51755

MS
0.733136 41.27 0.0000
0.0177654

F p-value

Plots of residuals vs. fitted values and all predictors show no strong trends and pass
curvature test with the exception of Tide Height:

Test for curvature = 2.27, p-value =.023
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CERE Plot Check:

CERES plots were checked to determine if a transfoilliation of one the predictors may be
necessary:
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These plots indicate squaring TH may be necessary.

Model run with THA2 added and TH removed:

Data set = Dataset, Name of Fit = L9
17 cases are missing at least one value.
Normal Regression
Kernel mean function = Identity
Response = TCDL
Terms = (Dist Distcent^2 Windsp^2 freq^2 TH^2)
Cases not used and missing at least one value are:
(120 121 122 123.124 125 126 156)

Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant 0.342997 0.0247174 13.877 0.0000
'Dist 0.00136926 0.000141010 9.710 0.0000
Distcent^2 -3.647488E-6 6.771672E -7 -5.386 0.0000
Windsp^2 -0.00663330 0.00116879 -5.675 0.0000
freq^2 -0.000532054 0.000118632 -4.485 0.0000
TH^2 0.0903595 0.0113773 7.942 0.0000

R Squared: 0.522682
Sigma hat: 0.131593
Number of cases: 212

Number of cases used: 204
Degrees of freedom: 198

Summary Analysis of Variance Table,
Source df SS
Regression
Residual

5 3.75454
3.42869198

MS
0.750908
0.0173166

F p-value
43.36 0.0000
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Check CEREs Plots for possible predictor transformations:
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CERES plots indicate curvature greatest curvature in Tide Height. CERES plot indicates

squaring TH may be a useful transfouilation.
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ARC model run with TH^2 added to the model and TH removed:

Data set = Dataset, Name of Fit = Li3
17 cases are missing at least one value.
Normal Regression
Kernel mean function = Identity
Response = TCDL
Te;ius = (Dist freq vel Windsp Distcent^2 TH^2)
Cases not used and missing at least one value are:
(14 15 16 17 120 121 122 123 124 125 126 156)

Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant 0.416517 0.0463457 8.987 0.0000
Dist 0.00137002 0.000140709 9.737 0.0000
freq -0.0138215 0.00311348 -4,439 0.0000
vel 0.171117 0.0551026 3.105 0.0022

Windsp -0.0404393 0.00785913 -5.146 0.0000

Distcent^2 -3.692936E-6 6.755302E-7 -5.467 0.0000
TH^2 0.0964856 0.0118265 8.158 0.0000

R Squared: 0.538521
Sigma hat: 0.13078
Number of cases: 212

Number of cases used: 200

Degrees of freedom: 193

Summary Analysis of Variance Table
Source df SS MS F p-value
Regression 6 3.85202 0.642003 37.54 0.0000
Residual 193 3.30093 -' 0.0171033
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CERES Plots again checked for potential transformations
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CERES plots do not show any other variable with strong

curvature.

Check Residual Plots:

Plots of residuals vs. fitted values how no strong trends and pass curvature test. Plots of

residuals vs. predictors pass curvature test. There is a slight trend of decreasing variance

in the residuals with increasing predictor values.
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Check Nonconstant Variance Assumptions:

Test variance as a. function of the mean. Test passed
Variance is not a function of the mean.
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(Mean) Score = 2.62 (1 df) p = 0.106
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Est Lin Comb for Variance

Variance is a function of a linear combination of the
predictors. Test passed. Variance is not a function of
the linear combination of the predictors.
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All variables have a net effect of the response with

windspeecr2 having the least effect.
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Check for influential points:

Cook's Distance:.

No point has distance greater than 0.5.
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No points appear to have much higher leverage relative to
other points.

. 0 0 +
o 00 X

> Options

Ren lin trend

Zero line

Join points

OLS
V

lowers
V

NIL

NIL

V Case deletions

H

Or °
S.4 VD0
Quo

00
.0000

00
00

0 0
CO

00

0

0 °

3 o 0
00 0000 0

CP 0 00

°:$ 0 00 0 'C'020'.°
00 9,?0, 0,0vz 53

v.?
r,

0

0 50 100 150 200
Case-numbers

250

RB-AR43943



Check for Outliers:

abf-fal
o
COY.

i> Options

Rem lin trend

Zero line

Join points
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Final Model:

0H
H
S
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0
H

as

50 100 150 200
Case - numbers

Data set = Dataset, Name of Fit = Ll
17 cases are missing at least one value.
Normal Regression
Kernel mean function = Identity

250

Response = TCDL
Terms = (Windsp^2 TH^2 Dist Distcent^2 freq^2)

Cases not used and missing at least one value are:

(120 121 122 123 124 125 126 156)

Coefficient Estimates
Label Estimate Std. Error t-value p-value

Constant 0.342997 0.0247174 13.877 0.0000

Windsp^2 -0.00663330 0.00116879 -5.675 0.0000

TH^2 0.0903595 0.0113773 7.942 0.0000

Dist 0..00136926 0.000141010 9.710 0.0000

Distcent^2 -3.647488E-6 6.771672E-7 -5.386 0.0000

frecr2 -0.000532054 0.000118632 -4.485 0.0000

R Squared: 0.522682

Sigma hat: 0.131593

Number of cases: 212

Number of cases used: 204

Degrees of freedom: 198

Summary Analysis of Variance
Source df SS

Regression 5 3.75454

Residual 198 3.42869

Table
MS

0.750908
0.0173166

F p -value

0.000043.36
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Santa Monica ECDL Regression Model

Stepwise regressions run using sigma stat (forward and,H:

backward) the following variables are predictors of ECDL:
Distance (.Dist), Frequency (freq), Tide Height (TH), and

Wind Speed (windsp).

Based on correlation results and scatterplots and the

understanding of the transport mechanisms in the surf zone,

predictors used in the initial modeling were:

Distance quadratic form (distance centered 'to
reduce collinearity of predictors distance and

distance^2)
Windspeeed squared
Tide height
Frequency,

Initial ARC Model Run:

Data set ,= Dataset, Name of Fit = L8
17 cases are missing at least one value.
Normal Regression
Kernel mean function = Identity
Response = ECDL
Terms = (Dist Distcent^2 freq Windsp^.2. TH)

Cases not used and missing at least one value are:
(120 121 122 123 12'4 125 126 156)

Coefficient Estimates
Label Estimate Std., Error t-value

Constant 0.346576 0.0.64920 5.212 _0_0000

Dist 0.0017:1872 0.000227705 7.548 .0.0000

Distcent^2 -4.404292E-6 1.093472E6 -4.028 0.0001

freq -0.0111756 0.00509807 -2.192

Windsp^2 -0.0116970 0.00182086 -6.424 0.0000

TH 0.192856 0.0349188 5.523 0,0000.

R Squared:
Sigma hat:
Number of cases:
Number of cases used:
Degrees of freedom:

0.418134
0.212496

212
204
198

Summary Analysis of Variance Table
Source df SS

Regression 5 6.42479

Residual 198 8.9406

MS
1.28496

0.0451545

Model results show all coefficients are si
zero.

F p -value

28.46 0.0000

ificantly different than

RB-AR43945



+
In C.0 X

Options

Rem tin trend

Zero line'

Join points

OLS
V

1

lowess NIL

Case deletions

Dist

00 X

N Options

Rem lin trend

Zero line

Join points

OLS 1

lowess
V

NIL

V Case deletions

D istcentA 2

B

H
N
ce,

5-1
° t

Ql m

.0 0 e °
Di 1

A

rr-1 -200 -100 0 100 200
e CDistf (DistoentA2 freq 1 1ndspA2 TH)

0 0

00
0

0

M
4.-

H

r24 Ln
tg 0

0

o O o °
H

8 0 o
0 4 o

C 0

o

S-1

o

DI If)

0
I

1== t

f=4
-_-

-3e+04-2e+04-1e+04 0 le+04 2e +04

e (DistcentA2 I (Dist freq TffindspA2 TH)

RB-AR43946



RIEH1
0<> +

co-OX

1> Options

O Rent tin trend

El Zero line

Join points

OLS

lovess
Vi

NIL

7 Case deletions

freq
1

DO-OX

I> Options
O Rem lin trend

O Zero line

O Join points

OLS
7 1

lowess NIL

7 Case deletions

WindspA2

0
80 cce 0 '0

0 o .

0 0
9,0

0 00,o o
ct 0 ,00
, 0*8

0

00

00 0
0

0

0 0 0

0
cs.

w -5 0 5 10
-e (freql (Dist DistcentA2 VindspA2 TH) )

0

-10 0 10 20 30
eTffindspA2 1 (Dist DistcentA2 freq TH) )

RB-AR43947



I

0 00 X

Options

Rem lin trend

Zero line

Join points

OLS
V

lowess
V

Case deletions

1

e

NIL
I

TH

Ut

-H

°

i)L

0

ei.)
0

w 0 o 0

4-1
8 01 k 2

N 0 4 ,o co e
< t g 0 °

00
e o 8 ''''

4-)
Ci 0

0 8
c8

oe °
U

co° 8ai

0o

4.)

P 044,6; 8
c

a,

4../

o

0 0 ';'' , 0o

.H If) 0
1:::7 0
4-, I

07

A
H

4 I
A
V -1.5 -1 -0.5 0 0 5 1

r..1

ai

efTHI (Dist DistcentA2 freq laindspA2))

'

0 0

Frequency contributes the less may consider removing from the model to simplify the

model. Leave in now to be consistent with TCDL model.

Residual Plots:

No trend observed in any of the residual plots. All pass the curvature test.

:12-607
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Check Nonconstant Variance Assumptions:

Test variance as a function of'the mean.
Variance is not .a function of the mean.
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NILlowess
V
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> VarianCe terms

Test passed
-

(:Mean) 'Score = 0.86 (1 df) p = '0,355

0.6 0.8 1 1.2 1,4
Est Lin Comb for Variance

Variance is a function of a linear combination of the
Predictors. Test passed. but just barely. Variance is
not a function of the linear combination of the predictors.
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.stcentA2 freq 1Jindsp12 TH) Score = 11.07 (5 df) p = 0.050
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Look at CERES plots:

-0.5 0 0.5 1 1.5 2

Est Lin Comb for Variance

Since variance test for linear combination of predictors barely passed, CEREs plots
examined to determine is a transformation of a predictor is recommended:

RB-AR43952



o<>-+
00X

Opt ions

D R en lin trend

Zero line

Join points

OLS
V

1

11

/OYES'S . 6

Case deletions

Dist
1

V Ceres act ions

0-0

c Options

ZLRem tin trend

D.Zero line

aabin points

OLS

lowess

1
I

.6

V Case de let ions

D isteentA 2

L

Ceres actions

100 200
Dist

300 400

0 2e+04 4e+04 6e+04 8e+04 1e+05
Distcent42

RB-AR43953



I .0.0+
Loo.OX

Options
Rem lin trend

Zero line

Join points

OLS
V I

lowess
V

6

Case deletions
treq

V Ceres actions

Via . oZsi.
00-0 X

G' Options
Rem lin trend

Zero line

Join points

OLS
V

1

I

lowess
V

.6

a

V Case deletions

Windsp"2
I

Ceres actions

0 0

0

5

0

0

0

0

10 15

freq

0

20

0 10 20 30 40

WindspA2

RB-AR43954



. oU+
o 40 X

Options

El Rem lin trend

0 Zero line

El Join points

OLS .2

I

lovess . 6

V Case deletions

TH
1

77:Csres actions

o

0
0

4

0 0.5 1

TH
1 . 5

CERES plots show slight curvature in TH. CERES plots indicate the square of TH may
be result in a better model fit.

ARC model run with TH^2 added to the model :

ate set = Dataset, Name of Fit = L14
17 cases are missing at least one value.
Normal Regression
Kernel mean function = Identity
Response = ECDL
Terms = (Dist Distcent^2 TH^2 Windsp^2 freq)
Cases not used and, missing at least one value are:
(120 121 122 123 124 125 126 156)
Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant 0.411759 0.0641236 6.421 0.0000
Dist 0.00172014 0.000227161 7.572 0.0000
Distcent^2 -4.407011E-6 1.090866E-6 -4.040 0.0001
TH^2 0.103591 0.0184286 5.621 0.0000
Windsp^2 -0.0130423 0.00188236 -6.929 0.0000
freq -0.00990102 0.00504140 -1.964 0.0509

R Squared: 0.420908
Sigma hat: 0.211989
Number of cases: 212
Number of cases used: 204
Degrees of freedom: 198

Summary Analysis of Variance Table
Source at SS MS F -o-value
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Regression
Residual

5 6.46742
8.89797198

1.29348
0.0449393

Check Nonconstant Variance Assumptions:

28.78 0.0000

Test variance as a function of the mean. Test passed

Variance is not a function of the mean.
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Variance terms

(Mean) Score = 1.02 (1 df) p = 0.312

0.6 0.8 1 1.2 1.4

Est Lin Comb for Variance

Variance is a function of a linear combination of the

predictors. Squaring TH improved the model slightly.
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No trend observed in any of the residual plots. All pass the curvature test.
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Check for influential points:

Cook's Distance:

No point has distance greater than 0.5.
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No points appear to have much higher leverage relative to
other points.
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eta set = Dataset, Name of Fit = L14
17 cases are missina at least one value.
NoLiral Regression
Kernel mean function = Identity
Response = ECDL
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Terms = (Dist Distcent^2 TH^2 Windsp^2 freq)

Cases not used and missing 'at least one value are:

(120 121 122 123 124 125 126 156)

Coefficient Estimates
Label Estimate Std. Error t-value p-value

Constant 0.411759 0.0641236 6.421 0.0000

Dist 0.00172014 0.000227161 7.572 0.0000

Distcent^2 -4.407011E-6 1.090866E-6 -4.040 0.0001

TH^2 0.103591 0.0184286 5.621 0.0000

Windsp^2 -0.0130423 0.00188236 -6.929 0.0000

freq -0.00990102 0.00504140 -1.964 0.0509

R Squared: 0.420908

Sigma hat: 0.211989

Number of cases: 212

Number of cases used: 204

Degrees of freedom: 198

Summary Analysis of Variance Table

Source df SS MS F p-value

Regression 5 6.46742 1.29348 28.78 0.0000

Residual 198 8.89797 0.0449393
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Santa Monica ENTDL Regression Model

Based on stepwise regressions run using sigma stat (forward
and backward) the following variables are predictors of
ENTDL: Distance (Dist), Frequency (freq), Tide Height
(TH), waveheight (WH) , and Wind Speed (windsp) .

Based on correlation results and scatterplots and the
understanding of the transport mechanisms in the surf zone,
predictors used in the initial modeling were:

Distance quadratic fo/m (distance centered to
reduce collinearity of predictors distance and
distance^2)
Windspeeed squared
Tide height squared
Frequency

Note: Since windspeed is highly correlated with wind
direction, only windspeed was included in the model.

Initial Model run in ARC:

Data set = Dataset, Name ol Fit = L1
17 Oases are missing at least one value.
NormalRegression
Kernel mean function.=. Identity
Response = ENTDL
Terms = (Distcent^2 DistMindsp"2 TH^2 WE freq)
Cases not used and missing at least one value are:
(12.0 121 122 123 124 125 126 1.56.169 170 171 172 173)
Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant 0.494111 0.0670455 7.370 '0_0600
Distcent^2 -3.751842E-6 1.102558E-6 -3.403 0_0008
Dist 0.00175991 0.000229986 7.652 0.0000
Windsp^2 - 0.0115006 0.00191632 -6.001 0.0.000
TE^2 0.0730258 0.0185046 3.946 0.0001
WE 0.0415446 0.0227642 1.825 0.0696
freq -0_0133547 0.00542431 -2.462 0.0147

R Squared: 0.430372
Siyiva hat: 0.212545
Number of cases: 212
Number of cases used: 199
Degrees of freedom: 192

Summary Analysis of
Source df
Regression 6

Residual 192

Variance Table
SS MS

6.55322 1_0922
8.67365 0.0451753

ID-value
24.18 0.0000

4
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Coefficient for waveheight not significant. ENTDL was not linearly correlated with WH.

ScatterplOt did not show a strong relationship. Remove WH from the model:

Mode] with WH removed:

Data set = Dataset, Name of Fit = L2

17 cases are missing at least one value.

Normal Regression
Kernel mean function = Identity
Response = ENTDL
Terms = (Distcent^2 Dist Windsp^2 TH^2 freq)

Cases not used and missing at least one value are:

(120 121 122 123 124 125 126 156 169 170 171 172 173)

Coefficient Estimates
Label Estimate Std. Error t-value p-value

Constant 0.516516 0.0663086 7.790 0.0000

Distcent^2 -3.778553E-6 1.109097E-6 -3.407 0.0008

Dist 0.00176668 0.000231340 7.637 0.0000

Windsp^2 -0.0119028 0.00191506 -6.215 0.0000

TH^2 0.0718068 0.0186038 3.860 0.0002

freq -0.0108586 0.00528064 -2.056 0.0411

R Squared: 0.420491

Sigma hat: 0.213824

Number of cases: 212

Number of cases used: 199

Degrees of freedom: 193

Summary Analysis of Variance Table

Source df SS

Regression 5 6.40276

Residual 193 8.82411

Added Variable Plots :

MS
1.28055

0.0457208

F p-value
28.01 0.0000

Added Variable Plots used to visual assess the net effect

of a predictor in a subpopulation in which all other

predictors are held fixed.

Plots show frequency has the lowest net Effect. Frequency kept in the model to be

consistent with TCDL and ECDL models.
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Variance is a function of a linear combination of the
predictors. Test failed.

With all variables in the model, the model fails the
nonconstant test.
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2 Dist VindspA2 THA2 freq) Score = 13.95 (5 di) p = 0.016
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Est Lin Comb for Variance

Subtracting the two scores:

13.95 5.22 = 8.73 with 5 1 d.f. = 4 d.f. to get an approximate chi-square test for

comparing the two. Null test: variance changes with the mean function. Aternative:
variance changes with a linear combination of the teiins. Chi-square test results: p> .10

indicating variance changes with the mean function.

It's possible the mean function is wrong.

Various models built with distance, distance^2, and each of the predictors along and then

in combination show a model with windspeed^2 passes the nonconstant variance tests

and explains more of the variability in the response.

Addition of TH leads to failure of the nonconstant variance when the variance function

depends on a linear combination of distance; distance^2 or windspeed^2. Addition of

freq or WH yields a model in which the coefficient for these predictors is not

significantly different than zero.

Model with Dist, Distcenter^2, windspeed^2:

Data set = Dataset, Name of Fit = L13

17 cases are missing at least one value.

Normal Regression
Kernel mean function = Identity
Response = ENTDL

Terms = (Distcent^2 Dist Windsp^2)

2
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Cases not -used and missing at least one value are:
(120 121 122 123 124 125
Coefficient Estimates
Label Estimate

12Z 156163 170

Std_ Error

171 172 173)

t-value p-value
Constant 0.451171 0-02727.03 16.544. 0.0.000
Distcent^2 ,3.749019E-6 1.150848E-6 73.252 0.0013
Dist 0.00176971 0.000240023 7.373 0.0000
Winden^2 -0.00946446 0.00186666 -5.070 0.0000

R Squared: 0.369543
Sigma hat: 0.221879
Number of cases:
Number of cases used: 199
Degrees of freedom: 195

Summary Analysis of .Variance Table
Source df SS MS F . -p-value
Regression

3
5,6269.9, 1..875.66 38.10 0.0000

Residual 195 9599:88 0.0492301
Lack of fit 38 1.35255 0.03.55935 0.68 0.9200
Pure Error 157 8:24732 0.0525307

Test for nonconstant variance:
Null liypothsSis .is constant variance.
Alternative hypotliesiS is nonconstant variance.

TeSt -vat-iance as ..afuhOtIon of the 'mean. 7est passed.
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Variance is a function of a linear combination of the

predictors. Test passed.

(Distcent'-2 Dist WindspA2) Score, = 6.83 (3 df) p = 0.078
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There is a trend in the variance function as a linear combination of the three predictors.

This trend is for increasing variance with increasing predictors, however, the signficance

tests was passed.
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Residual Plots
Test for curvature = -0.55, p-value -.582
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Test for curvature = 1.30, p-value =.193-
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Residual vs. Fitted Values and the predictors: Curvature

test passed, although just barely for windspeed^2.
Rechecking the CERE plots did not indicate a better

transformation for this variable.

Check for influential points:

Cook's Distance:

No point has distance greater than 0.5. However, point 18

and point 112 are removed from the other values. The model
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was rerun without these data points. Coefficents were not
significantly different.
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Final Model:

Data set = Dataset, Name of Fit = L17

17 cases are missing at least one value.

Normal Regression
Kernel mean function = Identity

Response = ENTDL
Terms = (Distcent^2 Dist Windsp^2)

Cases not used and missing at least one value are:

(120 121 122 123 124 125 126 156 169 170 171 172 173)

Coefficient Estimates
Label Estimate Std. Error t-value p-value

Constant 0.451171 0.0272703 16.544 0.0000

Distcent^2 -3.749019E-6 1.150848E-6 -3.258 0.0013

Dist 0.00176971 0.000240023 7.373 0.0000

Windsp^2 -0.00946446 0.00186666 -5.070 0.0000

R Squared: 0.369543

Sigma hat: 0.221879

Number of cases: 212

Number of cases used: 199

Degrees of freedom: 195

Summary Analysis of Variance Table

Source df SS MS F p-value

Regression 3 5.62699 1.87566 38.10 0.0000

Residual 195 9.59988 0.0492301

Lack of fit 38 1.35255 0.0355935 0.68 0.9200

Pure Error 157 8.24732 0.0525307

ENTDL = 0.45 + (1.77x10-3Dist) (3.75x10-6Dist^2) (9.46x10-31.Arindsp^2)
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1 Introduction
Urban runoff is a contributor of pollution to the nations waterways. The National
Pollution Discharge Elimination System (NPDES) permitting program provides a
mechanism for the reduction of pollutants from Municipal Separate Storm Sewer
Systems (MS4s) to the maximum extent practicable. One method identified for pollution
reduction is the diversion of low-flow urban runoff to sanitary sewer treatment plants
prior to reaching the waterways. Several factors such as availability of treatment
capacity, available transport capacity, and the assurance that the urban runoff pollutants
will not upset the treatment process must all come together before low-flow diversion can
be considered feasible.

In this study, the County of Los Angeles Permittees, in cooperation with the County
Sanitation Districts of Los Angeles County (LACSD), identified dry weather storm drain
discharges and evaluated the feasibility of 1) their diversion to an LACSD or City of Los
Angeles sewer system or 2) their treatment using alternative treatment control Best
Management.Practices (BMPs).

1.1 MS4 Permit Background
This Treatment Feasibility Study was performed in order to fulfill the requirement of the
County of Los Angeles Municipal Stormwater Permit (Permit) mandated in Part IV.F.10,
Public Agency Activities Program, which states:

"The Permittees in cooperation with the County Sanitation Districts of Los Angeles
County shall .conduct a study to investigate the possible diversion of dry weather
discharges or the use of alternative Treatment Control BMPs to treat flows from their

ijurisdiction which may impact public health and safety and/or the environment. The
Permittees shall collectively review their individual prioritized lists and create a
watershed based priority list of drains for potential diversion or treatment and submit the
priority listing to the Regional Board Executive Officer, no later than July 1, 2003."

At the July, 2002, Executive Advisory Committee (EAC) meeting an ad hoc committee
with members from LACSD, City of Los Angeles, County of Los Angeles Department of
Public Works (County), and the various city representatives began working on this study
on behalf of all Perrnittees. The committee has reported monthly to the EAC on the
direction and progress of the study. In addition, Pennittees have been updated on the
study at the quarterly Watershed Management Committee meetings.

1.2 Expected Outcome
During the September, 2002, EAC meeting, Dennis Dickerson, Executive Officer of the
Regional Water Quality Control Board, Los Angeles Region, indicated to the attendees
that the priority lists from this study will be used to evaluate projects for future grant
funding. Therefore, if a municipality applies for a grant to build a diversion or implement
another treatment alternative for a drain on the priority list, they would be more likely to

1
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receive funding than a municipality applying for a drain that is lower on the list or not on
the list at all.

2 Methodology
The methodology established for this study was developed in order to clearly identify the
process that would be used to classify and prioritize drains for possible diversion or
alternative treatment. It was also meant to be used as a guideline for future stomi drain
prioritization as further flow rate and water quality data become available.

2.1 Water Bodies Included

The ad hoc committee developed criteria to ensure that the water bodies already
identified by the Regional Board as impaired for a beneficial use were addressed. Thus,
the study included rivers, streams, and channels that were identified on the 1998
California 303(d) List of Impaired Waters. The 2002 California 303(d) List of Impaired
Waters received partial EPA approval on June 5, 2003; and, therefore, it was not
referenced for this study. Concentrating on water bodies with historical water quality
impair cents allowed the study to be streamlined while keeping the focus on those waters
that would benefit the most from contaminant mitigation measures. Table 1 in Appendix
A summarizes the water bodies that were the focus of this study and their corresponding
impairments.

2.2 Sources of Information

The information used to classify and prioritize drains for possible diversion or alternative
treatment came from two types of sources. First, existing storm drain data that had been
collected previously by various agencies was used to help expedite the study and allow it
to be completed in a timely manner. Second, field investigations were performed for
areas without data from previous dry weather flow and water quality assessments.

2.2.1 Historical/ Existing Data
Due to the time constraints on conducting this study, information and data on dry weather
urban runoff previously collected by other agencies/groups were used in part for this
study. Through the development of Total Maximum Daily Load (TMDL) deterministic
models and other environmental studies, the characteristics of dry-weather urban runoff
have been documented by others for many of the water bodies evaluated during this
study. These water bodies include the Los Angeles River and tributaries, San Gabriel
River and tributaries, Dominguez Channel, north Santa Monica Bay drainage area, and
south Santa Monica. Bay drainage area. Table 2 in Appendix A shows the organization
that was the lead agency in the monitoring efforts and other participants.
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2.2.2 Field Investigation
For areas without data from previous dry weather flow assessments, field investigations
were performed by the County. Since county-owned drains were present throughout
every impaired reach, the County provided the resources for the investigation on behalf
of all Peanittees. The investigation was divided into two phases. During the first phase,
drain locations and flow rates were identified; and during the second phase, water quality
samples were collected and analyzed fore the impairing constituents. All impairing
constituents that could be analyzed by the County of Los Angeles Toxicology Laboratory
were included, except the constituents that require a sediment sample for analysis.

2.3 Selection Process
The screening process used during the field investigations to identify drains to be
considered for diversion or treatment consisted of the following:

Identifying impaired water bodies and impairing pollutants based on the 1998
303(d) list.
Identifying storm drain outlets that discharge directly into an impaired water body
with dry weather flows greater than or equal to 0.05 cubic feet per second (cfs),
approximately 25 gallons per minute (gpm).
A drain was considered a diversion candidate if it could be diverted to an LACSD
sewer based on capacity considerations only.
A drain was considered an alternative treatment candidate if diversion to an
LACSD sewer is not possible.
Prioritization was based on the mass loading (Flow Rate x Concentration).

2.3.1 Flow Rate Criteria
In order to identify drains that have the highest probability of adversely affecting water
quality and/or the environment, only drains with a flow rate equal to or greater than 0.05
cfs were evaluated. This cutoff criteria was developed based on observations made by
the County during compliance efforts associated with the Santa Monica Bay Dry Weather
Bacteria TMDL. The TMDL includes a list of drains that potentially affect beach water
quality and may need to be mitigated to comply with the TMDL. During site
investigations, the County` found that the drains on the lift with dry Weather flow had a
peak flow rate of at least 0.05 cfs. For this reason, a minimum flow rate of 0.05 cfs was
used for this study.

2.3.2 LACSD Review
LACSD received lists of drains that met the screening requirements for the Dominguez
Channel, the Los Angeles River, the San Gabriel River (including Walnut Creek, San
Jose Creek and Coyote Creek) and Ballona Creek. Most of the Los Angeles River drains
and all of the Ballona Creek drains were outside the LACSD service area. In total,
approximately 43 drains (of the total 84 identified) meeting the screening criteria were
within the LACSD service area and have been evaluated by the LACSD Industrial Waste

3
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Section for possible diversion to a sewer tributary to the Joint Water Pollution Control
Plant (JWPCP). LACSD's initial evaluation was solely based on sewer capacity
considerations (i.e., whether capacity was available at the closest connection location to a
sewer tributary to the JWPCP). Additional information will be required in order to
further consider the drains for diversion as discussed in Section 4.1 of this report. In
addition, the cumulative impact of these drains to the LACSD system was not evaluated
at this time.

LACSD's analyses assumed that the drain flows provided (which were based on one-time
sampling events) were peak flow rates, which will have to be verified prior to diversion.
To protect the LACSD sewerage system to ensure there is no threat of a sewer overflow,
discharges to LACSD's collection system will only be allowed during off -peak periods.
As a result, LACSD's analyses were limited to these conditions. Additional restrictions
may be applicable, during the next phase of evaluation. As a result of this initial
evaluation, a total of 34 drains may be further considered for diversion to an LACSD
sewer. The remaining '9 drains (out of the 43) within the LACSD service area were not
considered potential candidates due to lack of sewer capacity in the vicinity of the
connection or because the closest sewer available was not tributary to the. JWPCP. Of the
33 drains that may be acceptable, 11 drains are located within the Dominguez Channel.
A total of six drains for the Los Angeles River (all the drains that were within the
LACSD service area) and 17 drains within the San Gabriel River Watershed were also
identified as potential diversion candidates by LACSD. As indicated earlier, only
diversions tributary to the JWPCP were considered. Refer to Tables 1-3 in Appendix D
for a listing of the candidate drains, approximate distance to LACSD sewer and
additional comments regarding diversion of the drain.

2.3.3 City of Los Angeles Review

The City of Los Angeles (City) perfouned a preliminary investigationon the seven storm
drain outlets that discharge into the Los Angeles River and one storm dram outlet that
discharges to Banana Creek that were identified as belonging to the City. The City
verified that the eight storm drains outlets were property of the City and that the dry-
weather flows could possibly be diverted to their sewer system. At the time of this
investigation, based on the preliminary information (flows and locations) the primary
sewers will not be impacted from the additional flow. However, a more detailed
investigation will be required for these outlets before the installation of a low-flow
diversion structure can be deemed fully feasible, including: water sampling and analysis,
detailed analysis of sewer capacity/hydraulics, and substructure interference. The City
was not able to evaluate the County drains for potential diversion to City sewers within
the timeframe of this study.

2.3.4 Water Quality Prioritization

After LACSD evaluated the drains for potential diversion into their system, the drains
were prioritized based on water quality impact. The pollutant load was used, in order to
quantify the relative impact each drain has on water quality. The pollutant load was
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calculated by multiplying the flow rate by the pollutant concentration. It should be noted
that although this provided a loading resulting from the discharge of these drains, it does
not provide the in-stream effects of this loading. Additional study would be required to
refine the priority list based on impacts to in-stream concentrations of these pollutants in
the receiving waters.

3 Priority Lists
As specified in the Permit, the following lists have been prioritized according to
watershed. Each watershed has a prioritized list, which identifies potential diversion
candidates and alternative treatment candidates. The prioritized lists are included in
Appendix B and maps for each watershed are included in Appendix C.

3.1 Malibu Creek Watershed
The Malibu Creek Watershed has eight creeks listed for impairments. Field
investigations were perfounecl for these reaches, and five storm drains in the watershed
were found to have a flow rate greater than 0.05 cfs. Two of these drains discharge into
Las Virgenes Creek; one discharges into Chesboro Canyon Channel; and the final two
discharge into Medea Creek. These drains are prioritized in Table 1 in Appendix B based
on impairing constituents. Since these drains are outside of the service area of LACSD,
they are prioritized as alternative treatment candidates.

3.2 Ballona Creek Watershed
The Ballona Creek Watershed Management Area has three creeks listed for impairments.
Field investigations were performed for these reaches, and flowing stogy ui drains were
found in Ballona Creek and the Santa Monica Canyon Channel. LACSD reviewed these
drains, and determined that all of them are outside of their service area. Therefore, the
drains are only prioritized for alternative treatment.

3.2.1 Ballona Creek
Eight storm drains discharging into Ballona Creek met the flow criteria of this study. For
this study, the County analyzed dry-weather water quality samples for all impairing
constituents from these drains. The eight drains are prioritized in Table 2 in Appendix B
based on impairing constituents. Since these drains are outside of the service area of
LACSD, all these drains are considered alternative treatment candidates except for the
one drain owned by the City of Los Angeles, which can possibly be diverted to their
system.

3.2.2 Santa Monica Canyon Channel
Two storm drains discharging into the Santa Monica Canyon Channel net the flow
criteria of the study. For this study, the County collected dry-weather water quality
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samples for all impairing constituents from these drains. The two drains are prioritized in
Table 3 in Appendix B based on impairing constituents. The City of Los Angeles is
currently in the process of completing a diversion for the entire Santa Monica Canyon
Channel. For this reason, these two individual drains should not be diverted to the sewer
system unless they are found to have a profound impact on in-stream water quality and
source identification is unsuccessful.

3.2.3 Santa Monica Bay Shoreline

The Santa Monica Bay shoreline has been studied previously by both the City of Los
Angeles and LACSD. The study perfouned by the City of Los Angeles was used as a
basis for the Santa Monica Bay Dry Weather Bacteria TMDL. This TMDL listed 27
storm drains (see Table 4 in Appendix B) that discharge to the Bay as a significant cause
of elevated bacteria levels at the beach. The County and various cities are currently
working to construct diversions at these locations, if necessary, in order to fulfill the
requirements of the TMDL. These drains should be considered a higher priority than the
other drains identified in this study due to their direct impact on public health and/or the
environment.

For a Supplemental Environmental Project (SEP), LACSD surveyed 172 storm drains in
the coastal area from Manhattan Beach to Long Beach. LACSD concluded that only two
drains in this area were confirmed as sources that have a high probability to cause or
contribute to exceedances in receiving water objectives. These drains were two of the 27
listed in the TMDL. A diversion was already built at one of these locations in 2001, and
it is currently being upgraded to meet the requirements of the TMDL. The County has
received grant funding to divert the other drain, and construction of the diversion is
expected to be complete by October, 2003.

3.3 Dominguez Watershed
Eighteen drains discharging into the Dominguez Channel were identified by the Regional
Board with flow greater than 0.05 cfs. The Regional Board collected flow and water
quality data in June, 2002, for the development of a Dominguez Channel Bacteria
TMDL. The storm drains in this area were within the service area of LACSD. LACSD
analyzed these eighteen drains, and determined that twelve were possible diversion
candidates. These drains are prioritized in Table 5 in Appendix B.

3.4 San Gabriel River Watershed
The San Gabriel River Watershed has four reaches listed for impairments to beneficial
uses. Twenty drains discharging into these water bodies were quantified with a flow rate
equal to or greater than 0.05 cfs. The Southern California Coastal Water Research
Project (SCCWRP), with the cooperation of various stakeholders, organized a sampling
effort, which included the collection of flow and water quality data, in September, 2002
for the development of a deteiniinistic model for the San Gabriel River and its tributaries.
The stoiiii drains in this area were within the LACSD service area. LACSD analyzed the
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flow rates from these twenty drains, and determined that seventeen were possible
diversion candidates. These drains are prioritized in Table 6 in Appendix B.

3.5 Los Angeles River Watershed
The Los Angeles River Watershed has a total of ten water bodies listed for impairments
to beneficial uses. The Southern California Coastal Water Research Project (SCCWRP)
with the cooperation of various stakeholders organized a sampling effort, which included

the collection of flow and water quality data, in July 2000 and August 2001 for the
development of a deterministic Model for the Los Angeles River and its tributaries. From

this data, thirty-two drains discharging into the Los. Angeles River and tributaries were
quantified with a flow rate equal to or greater than 0.05 cfs. Of these thirty-two drains,
only six were located within the LACSD service area. After LACSD evaluation, all six

are possible diversion candidates. Six additional drains owned and maintained by the
City of Los Angeles are possible diversion candidates to the City's primary sewer system.
The remaining twenty drains, owned by the County, are prioritized as alternative
treatment candidates. These drains are prioritized in Table 7 in Appendix B.

3.6 Santa Clara River Watershed
The Santa Clara River Watershed has two water bodies listed for impairments to
beneficial uses, which includes one reach of Mint Canyon Creek and three reaches of the

Santa Clara River. There were no drains that met the minimum flow requirement of 0.05
cfs. Therefore, there are no drains listed in this report for the watershed.

4 Additional Considerations
Although the methodology developed for this study successfully identified storm drains

as possible diversion candidates, the scope of the study did not include the long-term

investigations and analyses that will be necessary before the feasibility of the dry weather

diversions can be fully assessed. Further, every effort was taken to ensure this study was
comprehensive and complete; however, dry weather urban runoff characteristics are
inherently variable. For this reason, if a drain not listed in this report is suspected to be a

significant source of pollution, the methodology developed for this study can be used to
evaluate the relative impact of the discharge. The following section outlines some of the

steps that need to be completed prior to the construction of a diversion.

4.1 LACSD Criteria for Diversion Candidates
Additional information is required by LACSD in order to further assess the 35 drains
identified in this study. LACSD evaluation of refined flow estimates, flow sources, drain
alignment and water quality data will be necessary for each proposed drain diverSion.
LACSD also requires that drains be ranked in order of priority and that an analysis to
identify and reduce flows at the source be completed for each diversion candidate.
Diversions will not be allowed where incompatible pollutants have been detected in
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quantities that may interfere with the treatment plant's ability to comply with waste
discharge requirements. At this time, only diversions to sewers tributary to the .TWPCP
are being considered and compliance with the corresponding NPDES permit and Ocean
Plan criteria will be evaluated as part of the analyses.

4.2 Alternatives to Sanitary Sewer Diversions
The diversion of dry weather urban runoff to the sanitary sewer is just one of many BMPs
that can effectively control the impact of urban runoff on receiving water bodies and the
environment. Although many locations were identified in this study as a potential low
flow diversion site, this study did not investigate the impact of the urban runoff on the
receiving water body or the environment. Further, the diversion of dry weather urban
runoff and other end-of-pipe treatment BMPs should be implemented only as a last
choice after pollutant source identification and source control BMPs fail to find and/or
reduce the impacts of the urban runoff.

4.3 Technical Feasibility and Cost/Benefit Analysis
Investigating the technical feasibility and performing cost/benefit analyses for the drains
listed as possible diversion candidates in this report were outside of the scope of this
stu.dy. However, these procedures are necessary next steps in order to deteimine the
appropriate mitigation measures. For example, many of the diversion candidates in the
San Gabriel River Watershed are a substantial distance (up to 11,000 feet) from the
nearest sewer capable of accepting the dry weather urban runoff. In these cases,
constructing a discharge line from the storm drain outlet to the sewer line could easily
triple the cost of a diversion making other mitigation measures much more cost effective.

5 Study Conclusions
We have prioritized the drains within the Los Angeles Basin that discharge into water
bodies with historical exceedances of water quality objectives. These drains are potential
candidates for dry weather diversion and alternative treatment. However, the design,
construction and maintenance of dry weather diversions require significant financial
resources. Complete characterization of the flow regime within each drain must be
performed prior to proceeding with any plans to construct the diversions since the drains
identified in this study were prioritized according to pollutant loading calculated from a
single flow and water quality assessment.
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1

2

3

4

5

Table 1
Malibu Creek Watershed Prioritized Usti

Map ID
Drain

Ownership
Tributary

Areal Drain ID Chem ID
Flow
Rate3

Potential
Candidate

Diversion to:

Alternative
Treatment

Candidate Only

_

Malibu-1 County
County-90%

Calabasas-10% PD 1522 Malibu-1 20

.

YES
Malibu-5 County Agoura Hills Driver Drain Malibu-5 30 YES
Malibu-3 County Agoura Hills PD 1005 Malibu-3 25 YES

Malibu-4 County Agoura Hills PD1025 Malibu-4 35 YES

Malibu-2 County
County-85%

Calabasas-15%
PD 2081

Malibu-2 25 YES

Notes:

1) Prioritized 1 through 5, with 1 being-the highest priority. Prioritization based on pollutant loadings calculated from water quality results collected during
field investigations.

2) Tributary Area is estimated based on storm drain alignment

3) Flow Rates were determined during field investigations,

-1
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Table 2
Ballona Creek Watershed Prioritized List1

Map ID Drain Ownership Tributary Areal Drain ID

Flow

Rate3

Potential
Candidate

Diversion to:

Alternative
Treatment

Candidate Only

BC-03 County Los Angeles DDI 1-11 300 YES
BC-02 County Los Angeles PD9408 450 YES
BC-01 County Los Angeles PD54 1200 YES
BC-05 County Los Angeles PD84 150 YES

BC-07 County
Los Angeles-75%
Culver City-25%

Benedict
Canyon
Channel 120 YES

BC-04 County
Los Angeles-90%
Culver City-10% DDI 1-3 35 YES

BC-06 City of Los Angeles Los Angeles City 35 City of LA

BC-08 County Los Angeles
Sepulveda
Channel 35 YES

Notes:
1) Prioritized 1 through 8, with 1 being the highest priority. Prioritization based on pollutant loadings calculated from water quality results
collected during field investigations.

2) Tributary Area is estimated based on storm drain alignment

3) Flow Rates were determined during field investigations.
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Table 3
Santa Monica Canyon Channel Prioritized Listl

Map ID
Drain

Ownership
Tributary

Areal Drain ID
Flow
Rate 3

Potential
Candidate

Diversion to:

Alternative
Treatment

Candidate Only
_

SMC-02 County Santa Monica Project 206 30 YES
_

SMC-01 County City of LA Project 702 25 YES
_

Notes:
1) Prioritized 1 through 2, with 1 being the highest priority. Prioritization based on pollutant loadings calculated from water quality results
collected during field investigations. The City of LA is currently designing a diversion for the entire channel.

2) Tributary Area is estimated based on storm drain alignment

3) Flow Rates were determined during field investigations.
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Table 4
Santa Monica Bay Dry-Weather Bacteria TMDL

List of 27 Major Storm Drains Identified by the Troo Ll

Major Storm Drains to SMB
,

Drain Ownership
-

Drain ID
TG Page
/Grid No. Runoff Contribution

1 Castlerock & Parker Canyon County Parker Mesa Dr. 630, E6 County/L.A./State Park
2 Santa Ynez (Sunset Blvd.) County Proj. No. 674 630, G6 L.A./State Park

Bay Club Drive City of LA L.A.
4 Marquez Avenue City of LA L.A.
5 Pulga County Proj. No. 501 630, J6 L.A./State Park
6 Temescal . County Proj. No. 500 630, J6 L.A.
7 Palisades Park City of LA L.A.

8 Santa Monica Canyon County
Santa Monica
Canyon Channel 631, E4 LA./Santa Monica

9 Montana Avenue County Proj. No. 248 671, D1 Santa Monica
10: Wilshire Boulevard County Proj. No. 577 671, D2 Santa Monica
11 Santa Monica Pier County Proj. No 249 631, E3 Santa Monica
12 Pico-Kenter County Proj. No. 249 631, E3 L.A./Santa Monica
13 Ashland Ave. & Rose Ave. County Proj. No. 46 631, F5 L.A./Santa Monica
14 Thornton Avenue City of LA L.A./Santa Monica
15 Brooks Avenue

,
County Proj. No. 507 631, G6 L.A.

16

Windward Ave./Venice
Pavillion County Proj. No. 507 631, 86 L.A.

17 Playa del Rey/Culver Blvd. County Proj, No. 513 702, A3 L.A.
18 North Westchester County Proj. No. 5241 702, B5 L.A./EI Segundo
19 Imperial Highway County Proj. No. 513, 291 702, C-E6 L.A./EI Segundo
20 El Segundo Blvd./Grand Ave. County Proj. No. 3402 732, D-F2 L.A./EI Segundo
21 South of Dockweiler Jetty County Proj. No. 9850 732, D-F4 (Nahattan Beach
22 27th St, Manhattan Beach County Proj. No. 286 (28th S 732, E-F4 Manhattan Beach
23 Manhattan Beach Pier Manhattan Beach
24 Hermosa Beach Pier County Pier Ave. Dr. 762, G2 Hermosa Beach

25 Herondo Street County Proj. No. 1105 762, H3
Hermosa Beach/Redondo
Beach/Torrance

26 Redondo Beach Pier County Proj. No. 569 762, H5
Hermosa Beach/ Redondo
Beach

27 Avenue I/Miramar County Proj. No. 569 792, J1 Redondo Beach/ Torrance

Notes:
1) This list is not prioritized. All of these drains will need to be mitigated if they discharge to the Bay during dry weather.
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Table 5

Dominguez Channel Watershed Prioritized List
Potential Alternative

Drain Tributary Flow Candidate Treatment

Map ID Ownership Areal Drain ID Rate3 Diversion4 to: Candidate On lys

DC-37 County Carson PD547 1427 LACSD

2 DC-08 County Gardena MTD 783 144 LACSD
City of LA-50%

DC-29 County County 50% Project 3894 5994 YES
Lawndale-70%

DC-24 County County-30% Project 12 923 LACSD

5 DC-32 County Carson Project 1232 3132 YES

City of LA-.50% Dominguez

DC-51 County Hawthorne-50% Channel 27 LACSD
Gardena-70%

7
Project 3501

DC-10 County Torrance-30% 81 LACSD
County-75%

DC-33 County Carson,25% Project 1153 167 LACSD
County-50% Alondra Park

DC-22 County Lawndale-50% Drain .23 LACSD

DC=30 County Carson PD212 743 YES

DC-42 County Hawthorne 159th St Drain 302 YES

DC-50 County Inglewood PD4401 149 LACSD

DC-31 County Carson PD1131 284 LACSD

DC-48 County Hawthorne MTD687 1197 YES

DC-49 County Hawthorne MTD687 1544 YES
Torrance-60%
City of LA-30%

DC-07 County Gardena-10% Westgard Drain 36 LACSD
DC-05 County Gardena Project 10 41 LACSD

Notes:
1) Prioritized 1 through 17, with 1 being the highest priority. Prioritization based on pollutant loadings calculated from water quality results collected
during field investigations for this study.

2) Tributary Area is estimated based on storm drain alignment

3) Flow Rates were provided by the Regional Board.

4) See Appendix D for further details provided by LACSD
5) Alternative Treatment Candidates were prioritized based solely on the water quality results provided by the Regional Board.
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Table 6
San Gabriel River Watershed Prioritized List1

Map ID
Drain

Ownership Tributary Area2 Drain ID
Flow
Rate3

Potential
Candidate

Diversions to:

Alternative
Treatment

Candidate Only
gpm

SGR-12 County County Project 442 80 LACSD

SGR-04 County Pomona MTD 184 20 LACSD

SGR-05 County Pomona Project 266 35 LACSD

SGR-10 County County MTD 76 100 LACSD

SGR-18 County West Covina MTD 22 35 LACSD

SGR-03 County
Cerritos-40%
Artesia-60% Projects 21 and 143 50 YES

SGR-08 County
Walnut- 90%
County -10% Project 8301 40 LACSD

SGR-20 County Cerritos Project 1113 30 LACSD

SGR-07 County County MTD 1377 65 LACSD

SGR-11 County County MTD 8 100 LACSD

SGR-17 County West Covina Project 8402 35 LACSD

SGR-16 County West Covina MTD 180 35 LACSD

SGR-19 County West Covina Project 589 25 LACSD

SGR-13 County County RDD 280 35 LACSD

SGR-15 County
Covina-75%
West Covina-25% Charter Oak Wash 40 LACSD

SGR-09 County County PD 1381 40 LACSD
SGR-21 County Downey Project 9005 30 YES

SGR-14 County County MTD 587 35 LACSD

SGR-06 County Pomona MTD 644 35 LACSD

SGR-02 County

Cerritos-25%
Lakewood-25%
Hawaiin Gardens-25%
Long Beach-25% Project 21 40 YES

Notes:
1) Prioritized 1 through 20, with 1 being the highest priority. Prioritization based on pollutant loadings calculated from water quality results provided by
SCCWRP.
2) Tributary Area is estimated based on storm drain alignment
3) Flow Rates were determined during field investigations.
4) See Appendix D for further details provided by LACSD
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Table 7

Los Angeles River Watershed Prioritized List.'

Map ID Drain Ownership Tributary Area' Drain ID Flow Rate'

Potential
Candidate

Diversion4 to:

Alternative
Treatment

Candidate Only

_ gpm

LAR-5 County City of LA . Calabasas Creek 3596 YES
LAR-2 County City of LA Bell Creek 655 YES
LAR-15 County City of LA Project 67 563 YES
LAR-6 County City of LA Aliso Creek 1164 YES
LAR-16 County City of LA . Project 14 2537 YES

LAR-21 County

50% City of LA
25% County-
25% Project 4101 2098 YES

LAR-23 County City of LA City 150 YES

LAR-20 County
City of LA-50%
Calabasas-50%

Dry Canyon
Creek 1731 YES

LAR-3 County City of LA Dayton Creek 732 YES
LAR-18 County Downey Project 19 748 LACSD
LAR-9 County City.of LA Project 469 73 YES
LAR-1 County City of LA Project 5202 323

L
YES

LAR-13 County City of LA Project 60140 198 YES
LAR-14 County City of LA Arroyo Seco 2078 YES
LAR-32 City of Los Angeles City of LA City 22 City of LA

LAR-17 County
County-75%
Vernon-25% Project 5550 288 LACSD

LAR-22 County
Vemon-80%
County-20% DDI -28 168 LACED

LAR-27 City of Los Angeles City of LA City 258 City of LA

LAR-29 County
Maywood-50%
Bell-50% Project 9903 321 LACSD

LAR-11 County City of LA Project 464 79 YES
LAR-31 City of Los Angeles City of. LA City 22 City of LA
LAR-28 City of Los Angeles City of LA City 141 City of LA
LAR-7 County City of LA Project 96 40 YES
LAR-8 County City of LA Project 474 56 YES

LAR-19 County

County-33%
Norwalk-33%
City of LA-33% Compton Creek 44 LACSD

LAR-12 County City of LA Project 39 65 YES
LAR-30 County Long Beach Dominguez Gap 40 LACSD
LAR-10 County City of LA Project 36 37 YES
LAR-4 County City of LA Browns Creek 47 YES
LAR-25 City of Los Angeles City of LA City 79 } City of LA
LAR-24 City of Los Angeles City of LA City 26 City of LA
LAR-26 City of Los Angeles City of LA City 33 City of LA

Notes:
1) Prioritized 1 through 32,. with 1 being the highest priority. Prioritization based on pollutant loadings calculated from water quality results provided by
SCCWRP.

2) Tributary Area is estimated based on storm drain alignment

3) Flow Rates were provided by SCCWRP.

4) See Appendix D for further details provided by LACSD
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

NOV 1 5 2006

MEMORANDUM

OFFICE OF
WATER

SUBJECT: Establishing TMDL "Daily" L a& in Light of the Decision by the U.S.
Court of Appeals for the D. tcuit in Friends the Earth, Inc. v. EPA, et
al., No.05-5015, (April 25, 016) and Implicati s for NPDES Permits

FROM: Benjamin H. Gr nbles,
Assistant Admi

TO: Director, Office df Ecosystem Protection, Region 1
Director, Division of Environmental Planning and Protection, Region 2
Water Division Directors, Regions 3-7 and Region 9
Director, Office of Ecosystems Protection and Remediation, Region 8
Director, Office of Environmental Cleanup, Region 10

The purpose of this memorandum is to clarify EPA's expectations concerning the
appropriate time increment used to express "total maximum daily loads" (TMDLs) in light
of the recent decision by the U. S. Court of Appeals for the D.C. Circuit in Friends of the
Earth, Inc. v. EPA, et al., No. 05-5015 (D.C. Cir. 2006). In Friends of the Earth, the D.C.
Circuit held that two TMDLs for the Anacostia River (one established by EPA and one
approved by EPA) did not comply with the Clean Water Act because they were not
expressed as "daily" loads.

The Friends of the Earth decision has raised some questions regarding the
establishment of both TMDLs and effluent limits in National Pollutant Discharge
Elimination System (NPDES) permits that implement wasteload allocations established in
TMDLs. As explained in more detail below, EPA recommends that all future TMDLs and
associated load allocations and wasteload allocations be expressed in terms of daily time
increments. However, EPA does not believe that the Friends of the Earth decision requires
any changes to EPA's existing policy and guidance describing how a TMDL' s wasteload
allocations are implemented in NPDES permits.

Interne' Address (UAL) blip Pwww epa gov
Recycled/Recyclable Printed with Vegetable Oil Based Inks on 100% POSIGOOSUMef, Process Chlorine Free Recycled Paper
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EPA's Expectations Regarding "Daily" Loads in TMDLs

EPA continues to believe that the use of the word "daily" in the teat' "total
maximum daily load" is not an unambiguous direction from Congress that TMDLs must bestated in the form ofa uniformly applicable 24-hour load. However at this time, there is
significant legal uncertainty about whether courts across the country will follow the
reasoning of the D.C. Circuit decision in Friends of the Earth or that of the U.S. Court of
Appeals for the Second Circuit in their decision in NRDC v. Muszynskil. In light of that
uncertainty, EPA recommends that all TMDLs and associated load allocations and
wasteload allocations be expressed in terms of daily time increments. In addition, TMDL
submissions may include alternative, non-daily pollutant load expressions in order to
facilitate implementation of the applicable water quality standards. TMDLs must continue
to be established at a level necessary to attain and maintain the applicable water quality
standards, account for seasonal variations and include a margin of safety. Because water
quality standards are expressed in a variety of ways and because pollutants and water
bodies have different characteristics, EPA believes that there is some flexibility in how the
daily time increments may be expressed. The following are a few examples of this
potential flexibility:

If consistent with the applicable water quality standard and technically suitable for
the pollutant and water body type in question, a TMDL and associated load
allocations and wasteload allocations may be expressed as both minimum and
maximum daily loads, or as average daily toads For example, a TMDL for the
pollutant parameter pH may include both minimum and maximum values consistent
with how the applicable WQS for the parameter pH is expressed (commonly as a
range.)

If technically appropriate and consistent with the applicable water quality standard,
it may also be appropriate for the TMDL and associated load allocations and
wasteload allocations to be expressed in terms of differing maximum daily values
depending on the season of the year, stream flow (e.g., wet v. dry weather
conditions) or other factors. In situations where pollutant loads, water body flows,
or other environmental factors are highly dynamic, it may be.appropriate for
TMDLs and associated allocations to be expressed as functions of controlling
factors such as water body flow. For example, a load-duration curve approach to
expressing a TMDL and associated allocations might be appropriate, provided it
clearly identifies the allowable daily pollutant load for any given day as a function

In NRDC ithissynski, 268 F.3d 91 (2'6 Cir. 2001), NRDC challenged EPA's approval of nutrient TMDLs
with annual loads established by New York for reservoirs. The Second Circuit held that "the term 'total
maximum daily load' is susceptible to a broader range of meanings" than loads calculated on a daily basis.
268 F.3d at 9S-99. The D. C. Circuit decision in Friends of the Earth is controlling legal precedent for cases
brought in the District of Columbia Circuit while the Second Circuit decision in Aitztssynski is controlling
legal precedent in cases brought in the Second Circuit, which includes the States of New York, Connecticut,
and Vermont. EPA encourages the three States within the Second Circuit, to submit TMDLs with "daily"
loads in a manner consistent with this memorandum. EPA also recognizes that, while the Second Circuit did
not vacate the TMDLs in question merely because they did not contain "daily" loads, it required a reasoned
explanation for the choice of any particular"non-daily" load.
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of the flow occurring that day. Using the load-duration curve approach also has the
advantage of addressing seasonal variations as required by the statute and the
regulations.

For TMDLs that are expressed as a concentration of a pollutant, a possible approach
would be to use a table and/or graph to express the TMDL as daily loads for a range
of possible daily stream flows. The in-stream water quality criterion multiplied by
daily stream flow and the appropriate conversion factor would translate the
applicable criterion into a daily target (TMDL).

EPA will issue additional technical guidance providing specific information
regarding the establishment of daily loads for specific pollutants that will take into
consideration the averaging period of the pollutant, the type of water body, and the type of
sources the TMDL needs'to address.

Facilitating Implementation of Wasteload Allocations through the NPDES Permit
Process

In certain circumstances (e.g., impairments caused by storm water), or where the
applicable water quality criteria are expressed as a long-term average, it may be appropriate
for TMDL documents or their supporting analysis to clearly set forth the implementation-
related assumptions underlying any wasteload allocation expressed as a "daily" load. To
facilitate implementation of such a load in water bodies where the applicable water quality
standard is expressed in non-daily terms, it may be appropriate for the TMDL
documentation to include, in addition to wasteload allocations expressed in daily-time
increments, wasteload allocations expressed as weekly, monthly, seasonal, annual, or other
appropriate time increments. When this approach is taken, the TMDL and its supporting
documentation should clearly explain that the non-daily loads and allocations are
implementation-related assumptions of the daily wasteload allocations and are included to
facilitate implementation of the daily allocations as appropriate in NPDES permits and
nonpoint source directed management measures, The supporting documentation should
discuss the reasons for, and assumptions behind, the non-daily loads to facilitate their
understanding and use in the implementation phase.

Recommendations Concerning Existing TMDLs and TMDLs in Process

Through significant effort of the States and EPA regions, more than 20,000 TMDLs
have been established, most of them in the last five or six years. EPA's database also
shows that approximately 65,000 causes of impairment still need to be addressed by
TMDLs. EPA believes that continued development of TMDLs pursuant to State TMDL
development schedules is the highest priority at this time. If already existing TMDLs need
to be revised in the future, revision of the TMDLs and allocations should be consistent with
the recommendations in this memorandum.

For TMDLs under development that have not yet been adopted by States or
established by EPA, EPA recommends that such TMDLs and allocations be revised, if

3
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feasible, to be consistent with this memorandum prior to their adoption or establishment. If
States adopt and submit TMDLs expressed solely in non-daily terms, EPA expects to ask
the submitting State to provide written documentation regarding how the submitted
TMDLs and allocations would be expressed in daily terms. Such documentation provided
by States could then be included in the administrative records supporting EPA's decisions
on the TMDLs. If it is unable to obtain such documentation from a State, EPA may
develop calculations for its administrative approval record demonstrating how the State's
TMDLs and allocations would be expressed in daily terms. In this case, EPA would make
it clear that its approval of the State's TMDL is contingent on the assumption that such
TMDL contains the daily load calculations developed by EPA.

We recommend that States consult with EPA regarding specific TMDL projects
early in the development process to determine appropriate approaches to expressing the
TMDLs and allocations. We are working to provide technical support as soon as
practicable. First, we will be providing a draft of a technical document outlining an
approach for deriving daily limits for bacteria, TSS, sediments and nutrients using the load
duration curve approach. In addition, we are preparing a series of technical fact sheets and
case studies based on typical averaging periods of criteria, types of water body and types of
sources, to provide technical support in developing daily loads for all pollutants. These
should be available for review and comment within the next few months.

Implications of -the Friends ofthe Earth Decision-for NPDES Permits

The Friends of the Earth decision does not affect an NPDES permitting authority's
ability to use the discretion available to it under the CWA and the NPDES regulations in
establishing permit effluent limits and conditions.

There is no express or implied statutory requirement that effluent limitations in
NPDES permits necessarily be expressed in daily terms. The CWA definition of "effluent
limitation" is quite broad ("effluent limitation" is "any restriction . . . on quantities, rates,
and concentrations of chemical, physical, biological, and other constituents which are
discharged from point sources . . ."). See CWA 502(11). Unlike the CWA's definition of
TMDL, the CWA definition of "effluent limitation" does not contain a "daily" temporal
restriction. Indeed, the central statutory requirement for water-quality based effluent limits
in NPDES permits is that they implement applicable water quality standards. See CWA
301(6) (I) (C). Such water quality standards will include water quality criteria for various
pollutant parameters that are expressed in terms of differing temporal periods of duration,
including hourly, daily, weekly, monthly, seasonal, and annual, as appropriate for each
pollutant parameter.2 Accordingly, effluent limits in NPDES pelinits may be written in a

2 Section 2.1of EPA's Technical Support Document for Water Quality -based Tonics Control (TSD) dated
March 1991, describes the basis for establishing water quality criteria. EPA's recommended water quality
criteria consist of three components: (I) magnitude, (2) duration, and (3) frequency. Magnitude refers to the
concentration of the pollutant. Duration is the period of time (averaging period) over which the in-water
concentration is averaged for comparison with criteria concentrations. This specification limits the length of
time that in-water concentrations may exceed the criteria concentrations. Frequency is how often the criteria
can be exceeded.
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foist that derives from, and complies with, applicable water quality standards that use any
of these various time measures. See 122.44(d) (1) (vii) (A).

EPA's regulations at 40 CFR § 122.44(d)(1)(vii) require the permitting authority to
ensure that: (a) the level of water quality to be achieved by limits on point sources is
derived from, and complies with, all applicable water quality standards; and (b) effluent
limitations developed to protect a narrative water quality criterion, a numeric water quality
criterion, or both, are consistent with the assumptions and requirements of any available
wasteload allocation for the discharge prepared by the State and approved by EPA
pursuant to 40 C.F.R. 130.7. This provision does not require that effluent limits in NPDES
permits be expressed in a form that is identical to the form in which an available wasteload
allocation for the discharge is expressed in a TMDL. Rather, permit limits need only be
"consistent with the assumptions and requirements" of a TMDL's wasteload allocation.3
To facilitate implementation of the TMDL, one of the stated "assumptions" of a TMDL's
daily load or daily wasteload allocation might be that, for purposes of NPDES
implementation in an appropriate context (e.g., storm water), the permit writer has the
flexibility to express the permit's effluent limitation using a time frame in keeping with,
and appropriate to, the water body and pollutant in question and the applicable water
quality standard. Indeed, the TMDL submission might even include such alternate
temporal expressions of the total load or the wasteload allocation as implementation
assumptions.

The Friends of the Earth decision does not affect the NPDES permitting authority's
ability to use all available tools to translate TMDLs and their wasteload allocations into
enforceable effluent limitations in discharge permits. For example, while the NPDES
permitting regulations require "daily maximum" limits for continuous discharges from
some point sources, the same regulations specifically authorize "average weekly" and
"average monthly" limitations rather than daily limitations for discharges from publicly
owned water treatment plants. See 40 C.F.R. 122.45(d). Moreover, the regulations further
authorize the permit writer to use other unspecified units of time if it is impracticable to
calculate daily, weekly or monthly limitations. Id. For non-continuous discharges, the
regulations provide flexibility as to the manner in which such discharges are to be limited
based on a consideration of factors, including frequency, total mass, maximum rate of
discharge of pollutants and prohibition or limitation of specified pollutants by mass,
concentration or other appropriate measure. See 40 C.F.R. 122.45(e).

NPDES permit regulations do not require that effluent limits in permits be
expressed as maximum daily limits or even as numeric limitations in all circumstances, and
such discretion exists regardless of the time increment chosen to express the TMDL.
Therefore, expressing a TMDL as a daily load does not interfere with a permit writer's
authority under the regulations to translate that daily load into the appropriate permit

3 EPA's position on this issue was affirmed by the Environmental Appeals Board in In re: City of Moscow,
Idaho, I 0 E.A.D. 135, 148 (July 27, 2001) ("While the governing regulations require consistency, they do not
require that the permit limitations that will finally be adopted in a final NPDES permit be identical to any of
the WLAs that may be provided in a TMDL.")
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limitation, which in turn could be expressed as an hourly, weekly, monthly or other
measure.

EPA will continue to use existing guidance and policy memoranda to guide the
development of WQBELs that are consistent with both 40 CFR § 122.44(d) (1) (vii) and 40
CFR §122.45(d). These include: the Technical Support Document for Water Quality-based
Toxics Control (TSD) dated March 1991, an EPA Memorandum titled Establishing Total
Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm Water Sources
and NP DES Permit Requirements Basedon Those WLAs dated November 22, 2002, and a
memorandum titled Annual Permit Limits for Nitrogen and Phosphorus for Permits
Designed to Protect Chesapeake Bay and its tidal tributaries from Excess Nutrient Loading
under the National Pollutant Discharge Elimination System dated March 3, 2004.

Recommendation Concerning NPDES Permits

EPA recommends that NPDES permitting authorities continue to establish effluent
limits that implement wasteload allocations established in approved TMDLs in accordance
with existing regulation, policy and guidance as described above.

cc: Ephraim King
Steve Neugeboren
S_uzanne_S chwartz
James Hanlon
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ENTERLM PERMITTING APPROACH FOR WATER QUALITY-BASED
EFFLUENT' LIMITATIONS IN STORM WATER PERMITS

In response to recent questions regarding the type of water quality-based effluent
limitations that are most appropriate for National Pollutant Discharge Elimination System
(NPDES) storm water permits, the Environmental Protection Agency (EPA) is adopting an
interim permitting approach for regulating wet weather storm water discharges. Due to the
nature of storm water discharges, and the typical lack of information on which to base numeric

water quality-based effluent limitations (expressed as concentration and mass), EPA will use an
interim permitting approach for NPDES storm water permits.

The interim permitting approach uses best management practices (BMPs) in first-round

storm water permits, and expanded or better-tailored BMPs in subsequent permits, where
necessary, to provide for the attainment of water quality standards. In cases where adequate
information exists to develop more specific conditions or limitations to meet water quality
standards, these conditions or limitations are to be incorporated into storm water permits, as
necessary and appropriate. This interim permitting approach is not intended to affect those storm
water permits that already include appropriately derived numeric water quality-based effluent
limitations. Since the interim permitting approach only addresses water quality-based effluent
limitations, it also does not affect technology-based effluent limitations, such as those based on
effluent limitations guidelines or-developed using best professional judgement, that are
incorporated into storm water permits.

Each storm water permit should include a coordinated and cost-effective monitoring
program to gather necessary information to determine the extent to which the permit provides for
attainment of applicable water quality standards and to determine the appropriate conditions or
limitations for subsequent permits. Such a monitoring program may include ambient monitoring,
receiving water assessment, discharge monitoring (as needed), or a combination of monitoring
procedures designed to gather necessary information.

This interim permitting approach applies only to EPA; however, EPA also encourages
authorized States and Tribes to adopt similar policies for storm water permits. This interim
permitting approach provides time, where necessary, to more fully assess the range of issues and
possible options for the control of storm water discharges for the protection of water quality.
This interim permitting approach may be modified as a result of the ongoing Urban Wet Weather
Flows Federal Advisory Committee policy dialogue on this subject.
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Qs & As FOR INTERIM PERMITTING APPROACH FOR WATER QUALITY-macED
flrLOENT LIMITATIONS IN STORM WATER PERMITS

Question 1: Must EPA require that storm water dischargers,
industrial or municipal, be subject to numeric water quality-
based effluent limitations (expressed as concentration and mass)
in order to attain water quality standards (WQS)?

Answer 1: No. Although National Pollutant Discharge
Elimination System (NPDES) permits must contain conditions
to ensure that water quality standards are met, this does
not require the use of numeric water quality-based effluent
limitations. Under the Clean Water Act (CWA) -and NPDES
regulations, permitting authorities may employ a variety of
conditions and limitations in storm water permits, including
best management practices, performance objectives, narrative
conditions, monitoring triggers, action levels (e.g.,
monitoring benchmarks, toxicity reduction evaluation action
levels), etc., as the necessary water quality -based
limitations,.where numeric water quality-based effluent
limitations are determined to be unnecessary or infeasible_

Analysis:

A. The Clean Water Act does not require numeric-
effluent limitations.

Section 301 of the CWA requires that discharger permits
include effluent limitations necessary to meet State or
Tribal WQS. Section 502 defines "effluent limitation" to
mean any restriction on quantities, rates, and
concentrations of constituents discharged from point
sources. The CWA does not say that effluent limitations
need be numeric. As a result, EPA and States have
flexibility in terms of how to express effluent limitations.

B. EPA's regulations do not always require numeric
effluent limitations.

EPA has, through regulation, interpreted the statute
to allow for non-numeric limitations (e.g., "best management
practices" or BMPs, see 40 CFR 122.2) to supplement or
replace numeric limitations in specific instances that meet
the criteria specified at 40 CFR 122.44(k), This regulation
essentially codifies a court case addressing storm water
discharges. NRDC v. Costle, 566 F.2d 1369 (D.C. Cir. 1977).
In that case, the Court Stated that EPA need not establish
numeric effluent limitations where such limitations were
infeasible.

1
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c. EPA has interpreted the statute and regulations to

allow BMPs in lieu of'numeric limitations.

EPA has defended use of BMPs as a substitute for
numeric limitations in litigation involving storm water
discharges (CBE v_ EPA, 92-70056 (9th cir.) (brief on
merits)) and inn correspondence (Letter from Michael Cook,
EPA, to Peter Lehner, NRDC, May 31, 1995), EPA has found

that numeric limitations for storm water permits can be very
difficult to develop at this time because of the existing

state of knowledge about the intermittent and variable
nature of these types of discharges and their effects on

receiving waters. Some storm water permits, however,
currently do contain numeric water quality-based effluent
limitations where adequate information exists to derive such

limitations.

Question 2; Has EPA orovided guidance on a methodology for
deriving numeric water quality -based effluent limitations?

Answer 2: Yes, but primarily for continuous wastewater
discharges at low flow conditions in the receiving water,
not intermittent wet weather discharges during high flow

conditions_ Regulations at 40 CFR 122.441d) specizy the
requirements under which permitting authorities establish
water quality-based effluent limitations when a facility has
the "reasonable potential" to cause or contribute to an
excursion of numeric or narrative water quality criteria.
In addition, EPA guidance in the Technical Support Document
for Water Quality-Based Toxics Control (TSD) and the NPDES
permit Writers Training Manual, supplemented with total
maximum daily load (TMDL) and modeling guidance, supports
issuing permits that include numeric water quality-based
effluent limitations. This guidance was based on crafting
numeric water quality-based effluent limitations using
IMDLs, or calculations similar to those used in developing'
TMDLs, and wasteload allocations (WLAs) derived through
modeling.' EPA expects the Urban Wet Weather Flows Federal
Advisory Committee (60 FR 21169, May 1, 1995) will review
this issue at greater length and may provide recommendations
on how to proceed.

Question 3: Why can numeric water quality-based effluent
limitations be difficult. to derive for storm water permits?

Answer 3: Storm water discharges are highly variable both
in terms of flow and pollutant concentrations, and the
relationships between discharges and water quality can be
complex. The water quality impacts of storm water
discharges are related to the uses designated by States and

2
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Tribes in their WQS, the quality of the storm water
discharge (e.g., conventionalor toxic pollutants conveyed

to the receiving water) and quantity of the storm water

(e.g., erosion and loss of habitat caused by increased flows
and velocity). Uses may be impacted by both water quality

and water quantity. Depending on site-specific
considerations, some of the water quality impacts of storm

water discharges may be more related to the physical effects
(e.g. stream bank erosion, streambed scouring, extreme

temperature variations, sediment smothering) than the type
and amount of pollutants present in the discharge. For

municipal storm water discharges in particular, the current

use of system-wide permits and a variety of jurisdiction-
wide BMPs, including educational and programmatic BMPs, does

not easily lend itself to the existing methodologies for
deriving numeric water quality -based effluent limitations.

These methodologies were designed primarily for process
wastewater discharges which occur at predictable rates with
predictable pollutant loadings under low flow conditions in

receiving waters. Using these methodologies, limitations
are typically derived for each specific outfall to be
protective of low flows in the receiving water. Because of
this, permit writers have not made wide-spread use of the
existing methodologies and models for storm water discharge

permits. In addition, wet weather modeling is technically

more difficult and expensive than the simple dilution models
generally used in the permitting process.

Question 4: Has EPA previously recognized the technical
difficulty in deriving numeric water quality-based effluent
limitations for storm water discharges?

Answer 4: Yes. EPA. recognized the technical difficulty in
deriving numeric water quality-based effluent limitations
for wet weather discharges in its brief on the merits in
Citizens for a Better Environment (CBE) v. United States
Environmental Protection Agency, 91-70056 (9th Cir.) and in
the Great Lakes Water Quality Guidance (58 FR 20841, April

16, 1993) .

In the CBE case, EPA explained why it was technically
infeasible to 'derive numeric water quality-based effluent
limitations for the discharge of metals in storm Water into
South San Francisco Bay and asserted that a water quality-
based effluent limitation could take the form of a narrative
statement, such as a BM?, if it. was infeasible to derive a
numeric limitation. In explaining its arguments in the CBE
case, EPA cited 40 CFR 122.44(k) (2), which provides that
BMPs may be imposed in NPDES permits "to control or abate
the discharge of pollutants when .,. (2) [nlumeric effluent
limitations are infeasible."

3
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In the Great Lakes water Quality Guidance, EPA did not

extend the method for calculating wasteload allocations, the

basis for numeric water quality-based effluent limitations,

to storm water or combined sewer overflow (CSC) discharges

because the varying nature of these discharges is

inconsistent with the assumptions used in developing the

guidance. The Great Lakes Water Quality Guidance defers to

national guidance and policy on wet weather and does not

seek to establish a separate and distinct set of wet weather

reouirements_ EPA exoects the Urban Wet Weather Plows.

Advisory Committee to provide recommendations about how to

address the broader' technical issues involved in achieving

compliance with WQS in a wet weather context_

Question 5: That are the potential problems of using standard

methodologies to derive numeric water quality-based effluent

limitations for storm water permits?

Answer 5: Correctly derived numeric water quality-based

effluent limitations provide a greater degree of confidence

thZt a discharge will not cause or contribute to an
exceedance of the WQS, because numeric water quality-based

effluent limitations are derived directly from the numeric

component of-those-standards. In addition,--numeric_water

duality-based effluent limitations can avoid the expense

associated with overly protective treatment technologies

because numeric water duality-based effluent' limitations

provide a more precisely quantifed target for permittees.

Potential problems of incorporating inappropriate numeric

water quality-based effluent limitations rather than BMPs in

storm water permits at this time are significant in some

cases. Deriving numeric water quality-based effluent
limitations for any NPDES permit without an adequate
effluent characterization, or an adequate receiving water

exposure assessment (which could include the use of dynamic

modeling or continuous simulations) may result in the

imposition of inappropriate numeric limitations on a

discharge_ Examples of this include the imposition of

numeric water quality criteria as end-of-pipe limitations
withoUt properly accounting for the receiving water
assimilation of the pollutant or failure to account for a

mixing zone (if allowed by applicable State or Tribal WQS).

This could lead to overly stringent pelflit reauirements, and

excessive and expensive controls on storm water discharges,

not necessary to provide for attainment of WQS_ Conversely,

an inadequate effluent characterization could lead to water

quality-based effluent limitations that are not stringent

enough to provide for attainment of WQS. This could result

because effluent characterization and exposure assessments

for discharges with high variability of pollutant
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concentrations, loadings, and flow are more difficult than
with process wastewater discharges at low flows.

Question 6: How are water quality-based effluent limitations

developed for combined sower overflow (CEO) discharges?

Answer 6; The CSO Control Policy issued by EPA on April 19,

1994 (59 FR 18688) provides direction on compliance with the
technology-based and water quality-based requirements of the
CWA for communities with combined sewer systems. The CSO
Policy provides for implementation of technology-based
requirements (expressed as "nine minimum controls") by
January 1, 1997.

In addition, under the CSO Policy, communities are also
expected to develop long-term control plans that will
provide for attainment of WQS through either the
"presumption approach" or the "demonstration approach "
Under the presumption approach, CSO controls would be
presumed to. attain WQS if certain performance criteria are
met. A program that meets the criteria specified in the CEO
policy is presumed to provide an adequate level of control
to meet the water quality-based requirements of the CWA,
provided the permitting authority determines that such .

presumption is reasonable based on characterization,
monitoring, and modeling of the system, including
consideration of sensitive areas. Under the demonstration
approach, the permittee would demonstrate that the selected
CG0 controls, when implemented, would be adequate to meet
the water quality-based requirements of the CWA.

The CSO Policy anticipates that it will be difficult in
the early stages of permitting to determine whether numeric
water quality-based effluent limitations are necessary for
CEOs, and, if so, what the limitations should be. For that
reason, in the absence of sufficient data to evaluate the
need for numeric water quality-based effluent limitations,
the Policy recommends that the first phase of CSO permits
("Phase I") contain a narrative requirement to comply with
WQS_.__Further, so-called "Phase II" permits would contain
water quality-based effluent limitations, as provided in 40
CFR 122.44(d) (1).and 122.44(k), that may take the form of
numeric performance or design standards, such as a certain
number of overflow events or a certain percent volume
capture. Generally, only after the long-term control plan
is in place and after collection of Sufficient water quality
data (including applicable wasteload allocations developed
during a TMDL process) would numeric water quality-based
effluent limitations be included in the -permit. This would
likely occur only after several permitting cycles.

5
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Question 7: If BMPs alone are demonstrated to provide adequate

water quality protection, are additional controls necessary?

Answer 7: No,' If the permitting authority determines that,

through implementation of appropriate BMPs required by the

NPDES storm water permit, the discharges have the necessary

controls to provide for attainment of WQS and any

technology-based requirements, additional controls need not

be included in the permit. Conversely, if a discharger
(municipal or industrial) fails cr refuses to adopt and

implement adequate BMPs ,
the permitting authority may have

to consider other approaches to ensure water quality

protection.

If, however, the permitting authority has adequate
information on which to base More specific conditions or

limitations, such limitations are to be incorporated into

storm water permits, as necessary and appropriate. Such

conditions or limitations may include an integrated suite of

BMPs, performance objectives, narrative standards,

monitoring triggers, numeric water quality-based effluent
limitations, action levels, etc. Storm water permits may

also need to include additional requirements to receive

State or Tribal 401 certifications.

Question 8: What is EPA doing to develop information about the

linkage between EMPs and water quality and to facilitate a

watershed-based approach to storm water permitting?

Answer 8: The Agency has' cooperative agreements with WERE

(Water Environment Research Foundation) and ASCE (American

Society of'Civil Engineers) to research which BMPs are most
effective under which circumstances. The results of this

research should provide permitting authorities and
permittees with information about how to evaluate the
effectiveness of different kinds of EMPs in different
circumstances and to select the most appropriate controls to
achieve water quality objectives. EPA also has cooperative
agreements with the Watershed Management Institute and other
organizations to conduct research over the next two to four

years that will examine the capability of storm water BMPs

to improve redeiving water quality and restorelprotect the
biological integrity of those waters. EPA expects the Urban

Wet Weather Flows Federal Advisory Committee to provide
recommendations on how'to permit storm water discharges 'on a

watershed basis.

Question 9: The interim permitting approach states that permits

should include monitoring programs to generate necessary

6
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information to determine the extent to which permits are
providing for the attainment of water quality standards. What
types of monitoring should be included and how much monitoring is
necessary?

Answer 9: The amount and types of monitoring necessary will
vary depending on the individual circumstances of each storm
water discharge. EPA encourages dischargers and permitting
authorities to carefully evaluate monitoring needs and storm
water program objectives so as to select useful and cast -
effective monitoring approaches. For most dischargers,
storm water monitoring can be conducted for two basic
reasons: 1) to identify if problems are present, either in
the receiving water or in the discharge, and to characterize
the cause(s) of such problems; and 2) to assess the
effectiveness of storm water controls in reducing
contaminants and making improvements in water quality.

Under the NPDES storm water program, large and medium
municipal separate storm sewer system permittees are
required to conduct monitoring. EPA recommends that each
such municipal permittee design the Monitoring effort to be
supportive of the goals and objectives of its storm water
management program when developing such a program for the
term of its NPDES permit. To accomplish this, a municipal
permittee may use a variety of storm water monitoring tools
including receiving water chemistry; receiving water
biological assessments (benthic invertebrate surveys, fish
surveys, habitat assessments, etc.); effluent monitoring;
including chemical, whole effluent and visual examinations;
illicit connections screening; and combinations thereof, or
other methods. Techniques that assess receiving waters will
help to identify the degree to which storm water discharges .

are contributing to any water quality problems. Techniques
that assess storm water discharge characteristics will help
to identify potential causes of any identified water quality
problems. The municipal permittee, in conjunction with the
applicable NPDES permitting authority, should determine
which monitoring approaches would be most appropriate given
the objectives of the storm water management program. If
municipal permittees conduct ambient monitoring,_it may be
most cost-effective to pool resources with other
organizations (including, for example, other municipalities,
states, and Tribes) conducting monitoring within the same
watershed. This could be best accomplished through a
coordinated watershed monitoring strategy.

For industrial storm water dischargers, monitoring may be
required under the terms of an NPDES permit for storm water
discharges. For those industrial storm water permits that
do reqUire monitoring, this is typically done to
characterize contaminants that might be found in the

7
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industrial runoff and/or to assess the effectiveness of the

industrial storm water pollution prevention plan in reducing

these contaminants. This typically involves end-of-pipe

chemical specific monitoring. End-of-pipe monitoring may be

more appropriate for an industrial facility than for a

municipal permittee, given the industrial facility's. more

discrete site characteristics, which make management

strategies such as collection and treatment more feasible_

Industries, for the most part, have readily defined storm

water conveyances into which runoff flows from discrete

drainage areas_ Industries may more readily identify and

control existing on-site sources of storm water

contamination or provide collection and treatment within

these discrete drainage areas to control pollutant

concentrations in their storm water discharges.

E7A. and other organizations are currently working to improve

approaches for monitoring storm water and the potential

effects upon water Tiality. These new approaches are called

storm water program "environmental indicators."
Environmental indicators are designed to be more meaningful

monitoring tools that storm water dischargers can use to

conduct storm water monitoring for the purposes described

above. A manual describing each of the recommended storm

water program environmental indicators is being prepared by

the Center for Watershed Protection in silver Spring,

Maryland_ That manual is expected to be ready by the end of

August 1996 and should provide useful information for Storm

water dischargers contemplating the need to develop a cost-

effective, meaningful storm water monitoring program. In

addition, EPA expects the Urban Wet Weather Flows Federal

Advisory Committee to provide recommendations on how to

better monitor storm water and other wet weather discharges

using a watershed approach.

Question 10: Does this interim permitting approach apply to both

storm water discharges associated with industrial activity and

storm water discharges from municipal separate storm sewer

systems?

Answer 10: Yes. The interim permitting approach is

applicable to both discharges from municipal separate storm

sewer systems and stone water discharges associated, with

industrial activity ( as defined by 40 CFR 122.26(b) (14)).

The interim permitting approach would not affect, however,

permits that already incorporate appropriately derived

numeric water quality-based effluent limitations. Since the

interim permitting approach only. addresses water

ouality-based effluent limitations, it also does not affect

technology-based effluent limitations, such'as those based

on effluent limitations guidelines or developed using best

S
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professional judgement, that are incorporated into storm
water permits. In addition; particularly for some
industries, adequate information may already have been
collected with which to assess the reasonable potential for
a storm water discharge to cause or contribute to an
excursion of a WQS, and from which a numeric water quality-
based effluent limitation can be (or has been) appropriately
derived. An adequate amount of storm water pollutant source
information may also exist with which to assess the
effectiveness of the industrial storm water control measures
in complying with the limitations and in reducing storm
water contaminants for protecting water quality.
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(11/10/2008) Guangyu Wang Your request

From: Guangyu Wang
To: Gold, Mark
Date: 9/12/2006 10:33 AM
Subject: Your request
Attachments: Low flow diversion treatment projects sum_1.xls

Hi Mark:

Got your message and please see attached for what you requested. I prepared this for Xavier when he
asked for it a few weeks ago. It is amazing (though not surprising) how much you think alike.
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Cree k/C ha nn el/Sea ch/Pf
er Jurisdiction

Malibu Creek/Lagoon City of Malibu

Malibu Creek/Lagoon City of Malibu

Malibu Creek/Lagoon City of Malibu

Malibu Creek/Lagoon City of Malibu

Bay Club Drive City of LA

Palisades Park City of LA

Wilshire Bl. Drain _City of SM
Pico-(Center Drain & Santa
Monica Pier Drain City of SM

Ashland Ave. Drain :City of SM

Thornton Ave. Drain 'City of LA

Brooks Ave. Drain City of LA

Pershing Dr. (Playa del
ReD Drain !City of LA

Marina del Rey (Basin E) !County of LA

City of
Bryant and Voorhees Manhattan
Sump !Beach

City of
Project No. 286 at 281h Manhattan
Street Beach

Herondo St. Drain 'Redondo Beach

Sapphire Drain Redondo Beach

Project Location Project Type Status
Malibu Civic Cenver,
Cross Creek Dr. x Dry-weather runoff treatment
Civic Center Drive facility Awarded

Malibu Civic Center
area

Malibu Lagoon

Malibu Creek/Lagoon
Arno Way at (east of
)Trino Way (near
16800 PCH)
Pacific Coast Hwy. X
Palisades Park drain

.(West of)

Whilshire131. x PCH
.Appian Way x Moss
cAve.(SMMURF)
Existing: Ashland
Ave. x Prominade

,(2800 block); New
.one: Ashland Ave. x
'Neilson Way
Thornton Place &
Main St.

'Royal Court x Brooks
Ave. (100 block)
;Culver Blvd. X
Pershing Dr. (300
block)

Project No. 3874
;Boone Olive Pump
Station at
Washington BI.

Bryant PI x Voorhees

Land Acquisition for
construction of on-site
wastewater treatment facility
Dry weather runoffWater
level management

Completed

Awarded

Design and construction of
.water recycling line to reduce Awarded
dry-weather discharge to the (Design
Creek/Lagoon completed)

Dry-weather diversion Completed

Dry-weather diversion Completed
Dry- & 1st flush
diversion/treatment Awarded
Dry-weather runoff treatment
facility Completed

.Dry-weather diversion Completed

.Dry - weather diversion Completed

Dry-weather diversion Completed

! Dry- weather diversion Completed

28th Street
Herondo St. x Harbor
Dr.

Sapphire St.

Dry weather diversion Awarded

Low-flow diversion and
infiltration Awarded

Dry weather diversion Awarded

Dry-weather diversion Completed

.Dry-weather diversion Awarded

Funding Source Funding Amount

Prop 12 $1.000.000

Prop 50 $2,500,000

Prop. A $1,275,000

Prop. 12 $1,044,000

Prop. A $138,174

Prop. A $117,606

Prop. 12 $500,000

;Prop. A $1,000,000

Prop. A $168,200

Prop. A

,Prop. A $162,370

. Prop. A $178,100

Prop. 50 $200,000

Prop. 50 $40,000

Prop.50 $660,000

Prop. A $188,976

.Prop. 50 $202,000
$9,374,426
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SOUTHERN CALIFORNIA BEACH 
VALUATION PROJECT 

Using revealed preference models to estimate the effect of 
coastal water quality on beach choice in Southern California. 

Prepared by 

Michael Hanemann, Linwood Pendleton, Craig Mohn, James 
Hilger, Koichi Kurisawa, David Layton, Chris Busch, and 
Felipe Vasquez 

Submitted to 

U.S. Dept. of Commerce, National Oceanic and Atmospheric 
Administration (NOAA), 

U.S. Dept. of the Interior: Minerals Management Service, 
CA Department of Fish and Game: Office of Spill Prevention 
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INTRODUCTION 

Wide sandy beaches, sunshine, volleyball nets, and myriad other factors help to attract as 

many as 238 million visits to California beaches each year (King and Symes 2003). Most 

visits are made by state residents who go to beaches along California’s south and central 

coasts. The economic importance of these local beach trips is significant. A recent study by 

Pendleton (2003, 2004) estimates that local beach goers spend as much as $9.5 billion 

annually when they go to the beach. Furthermore, beaches contribute substantially to the 

economic well being of beach goers who enjoy the non-market benefits of outdoor 

recreation. In the same study, Pendleton estimates that the non-market values associated 

with beach going in California may be as high as $5.8 billion annually. 

Despite the size of the beach economy, incidents of coastal marine pollution continue to 

diminish the economic potential of beach recreation in California. Chronic coastal water 

pollution due to bacteriological contamination at Huntington Beach during the summers of 

1999 and 2000 led to steep declines in beach attendance, expenditures, which most likely 

also affected the non-market value of beach visits to Huntington Beach and the 

surrounding coast. Similarly, oil pollution has had spatially limited, but nevertheless 

dramatic effects on beach going in Southern California (see Chapman and Hanemann 

2001). 

The task of identifying and estimating the impacts of coastal water pollution is complicated 

by the variety and interconnectedness of factors that influence where and when people 

decide to go to the beach. Visitors differ by age, sex, physical ability, wealth, income, and 

outdoor interests. Visitors can participate in one or more of a variety of activities at the
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beach and the availability of these activities and the enjoyment derived from participating in 

different activities varies throughout the year. Seasons even influence the places that beach 

goers might otherwise visit if they did not go to the beach. Demographics, activity choices, 

and seasonality complicate the degree to which beach attributes, including coastal water 

quality, affect the decision to choose a given beach on a given day. In turn, the preferences 

people place on clean coastal water may vary tremendously across people or even over 

time and across different activities, even for the same person. Water quality is likely to be 

more important for a swimmer than a walker, even when the swimmer and walker are the 

same person on different occasions. 

In this report, we use random utility models to estimate the influence that beach water 

quality has on people’s choices of when and where to go to the beach. In doing so, we 

develop a model that will allow for the estimation of the economic value that people place 

on coastal water quality under a variety of scenarios including impairments and 

improvements in water quality. The goal is to determine the economic welfare impacts of 

water quality changes including beach closures and changes in beach water quality (as 

measured by Heal the Bay’s Beach Water Quality Grading system – see 

http://www.healthebay.org/brc/gradingsystem.asp). 

We explore the way that differences among users, activities, and seasons influence the 

value beach goers place on water quality and consequently the way in which these 

differences affect the economic and social distribution of impacts caused by changes in 

beach quality. We start with a basic, repeated logit model of beach choice in which user 

differentiation and seasonality are ignored. From this foundation, we build increasingly 
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more complicated models of beach choice that allow us to model the spatial substitution 

possibilities that confront the beach goer in her choice of beach destinations. We end our 

analysis with a 3 tiered nested repeated logit model of beach choice that more accurately 

models the way in which preferences held by beach goers may vary over time and by 

activity. We draw conclusions about the methods and importance of activity choice and 

seasonality in models of recreational site choice. In subsequent reports, we will use this 

model to estimate the economic impact of a variety of scenarios including improvements 

and degradation in water quality and beach closures of varying duration. 

BACKGROUND 

As in the application of all discrete choice models, a number of issues must be addressed 

before the model can be developed and estimated. Issues include how to value time, how to 

estimate choices over time and space, and how to define choice sets. The literature is rich 

in its discussion of ways to handle the above topics. In this paper, we focus on two issues 

that are less well covered by the literature yet are especially important in estimating beach 

choice in a year round setting – seasonality and heterogeneity among users and their 

preferences. 

Seasonality 

Models of outdoor recreational site choice are complicated by the fact that choice 

behavior varies seasonally, presumably reflecting a seasonal variation in preferences, 

constraints, and/or substitutes. For example, beach goers may prefer wide sandy beaches in 

the summer and picturesque rocky coasts during the winter months. Summer months often 

offer times when schedules are more flexible than in winter months; days in the summer 
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may be twice as long as in winter. Snowboarding may be a legitimate substitute for surfing, 

but only when there is snow. In extreme cases, beaches can disappear altogether in the 

winter, only to reappear in the summer as accreting currents deposit new sand on the coast. 

Issues of seasonality are likely to be important determinants of outdoor recreational 

behavior whenever there are pronounced differences in seasonal climate. Despite the 

obvious importance of seasonality, models of recreational site choice rarely account for the 

influence of seasonal differentiation. In many cases, data used to estimate recreational 

choice models are either cross-sectional or collected over a very short period of time.1 In 

many cases when data are collected over a period of time (whether as a cross-sectional 

time series or as a panel), the standard approach has been to treat observations as 

independent observations generated by a single data generating process (for alternative 

approaches see Provencher and Bishop 1997 and Swait et al. 2004). When a pooled model 

is estimated, preferences, choices, and constraints are assumed to be constant across the 

period modeled. 

Mixed logit models including random parameter models (also known as random 

coefficients models, Train and McFadden 2000 and Train 1998, Breffle and Morey 2000, 

Morey and Rossman 2003), finite mixture models, and their variants (Boxall and 

Adamowicz 2002, Arcidiacono and Jones 2003) offer some help in handling preference 

heterogeneity and the more complicated error structures associated with panel data. 

Generally, these models allow preferences to vary over individuals. Further, to the 

1 Examples of recreational choice models estimated using cross-sectional data are too numerous to list here. 
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degree that individuals and choice occasions are differentiated in these models, preferences 

may also vary over time. Nevertheless, the standard application of these models has not 

accounted for the structural origins of preference heterogeneity over time. As a result, the 

application of these models to the prediction of seasonal welfare change is limited – site 

attribute changes of short duration cannot be valued if preferences for such attributes vary 

seasonally. Desvouges and Waters (1995) and Desvouges, Waters, and Train (1996) extend 

the general random parameters models to include seasonality by restricting the choice set of 

Montana anglers to account for seasonal closures; in Southern California, however, beaches 

are available and accessible year-round. 

In this paper, we examine the econometric issues associated with seasonality by using a 

yearlong panel data of beach choice in Southern California. We use as our benchmark for 

comparison the standard pooled repeated choice model. From this baseline, we investigate 

how preferences change across seasons for beach visitors. We further decompose possible 

structural changes in seasonal preferences by differentiating among beach goers that 

engage in different types of activities that may vary from season to season. This 

decomposition is carried out in three stages. First we expand our basic model by adding 

variables that are used predominately or exclusively in particular activities. The inclusion 

of these activity specific variables serves to indicate whether what appears to be seasonal 

differences in preferences for water actually reflects differences in activity opportunities 

over seasons. In this model we can investigate how preferences across all attributes vary 

by wave. 
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Second, we take the activity choice of our respondent as given and focus on the person’s 

choices conditional on the selection of a given activity. To represent preferences for site 

attributes as conditional on the choice of activities we create “activity variables” in which 

we interact a dummy variable indicating the beach goer participated in a specific type of 

beach activity (e.g. surfing or bicycling ) with a dummy variable indicating that a beach has 

an attribute that may be more or less preferred by people participating in that activity (e.g. 

is a beach known to have a surf break or a bike/walking path). This approach allows us to 

model choice behavior for different activities in different seasons. 

Finally, our third approach is to develop a three-nested multi-nomial logit model, in which 

we simultaneously model participation, activity choice, and seasonal beach choice. Because 

of the complicated nature of the three-nested model, we limit our examination of 

seasonality to its impact on preferences for water quality. By handling activity choice, 

beach choice, and seasonality simultaneously, we can investigate whether seasonal 

differences in preferences for water quality are driven by differences in activity choices at a 

beach or potentially by other factors that could vary seasonality (including non-beach 

substitutes). 

Heterogeneous Preferences Among Users and Their Activities 

Preferences for goods and their characteristics often vary across individuals. In particular, 

preferences over beaches are likely to be characterized by systematic heterogeneity. 

Which site a recreationist chooses to visit is a function of her preferences over the 

complete set of characteristics that describe the sites in her choice set. The presence of 

heterogeneity in preferences is of importance in the estimation of random utility models 
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where it can result in bias (Train 2003). Biased attribute coefficient estimates lead to biased 

welfare measurements of changes in site attributes and hinder the proper aggregation of 

welfare measurements across individuals. These biases can adversely affect policy 

decisions and skew the welfare distribution of decisions regarding resource management. 

Additionally, resource managers may be interested in welfare changes between user groups 

or for a specific type of user due to changes in management policy. 

Heterogeneous preferences are difficult to account for in behavioral choice models due to the 

formulation of the conditional logit (CL) model, historically the workhorse of random utility 

models. Within demand system models, the analyst can directly incorporate demographic 

or other individual characteristic data directly into the individual's utility function to 

address preference heterogeneity. However under the specification of the CL, individual 

characteristics drop out of the econometric choice model. The result is that individual 

characteristics are not directly identifiable in the choice model. 

A simple solution to this problem is to interact specific individual variables, such as 

income, race, and family composition with various choice attributes (Adamowicz et 

al. 1997, Breffle and Morey 2000). This method is limited in practice due to the difficulty of 

knowing, a priori, what individual and choice variables should be used to construct a 

variable that accounts for heterogeneous preferences (Boxall and Adamowicz, 2002). Other 

related solutions to this problem include the fixed effects and random effects specification 

of the conditional logit model (McFadden, 1986). However, these methods are difficult to 

employ when the sample consists of a large number of different kinds of decision makers.
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The current state of the art approach to address heterogeneity is the random parameter logit 

(RPL) model. This approach handles heterogeneity across preferences by allowing 

estimated coefficients to vary randomly across individuals according to a continuous 

probability distribution. Two possible shortcomings of this approach are that the RPL does 

not offer an explanation for the source of the heterogeneity and that it implicitly assumes 

that preferences vary continuously across economic agents. Breffle and Morey (2000) and 

Morey and Rossman (2003) begin to address these shortcomings by combining both 

classic preference heterogeneity and random parameter methods. 

For many types of recreation, especially beach recreation, preferences for attributes are 

likely to be conditioned upon the choice of the recreational activity. In these cases, one 

way to model heterogeneity is to directly model the choice of activity in a second nest of 

the beach goer’s decision model and then estimate separate preferences for attributes 

conditioned upon the activity chosen. If the nests are chosen properly, the nested model 

provides the analyst with information about possible sources of heterogeneity as opposed to 

solely being able to account for it. The ability to model the heterogeneity of the sample 

population may aid resource managers with welfare analysis and management policy. 
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THE DATA 

The Southern California Beach Valuation Project panel dataset is unique in its scope and 

provides a wealth of information regarding beach and beach goer attributes. There are 

literally dozens of beach attribute variables that could enter the dataset. This abundance of 

data, which is often seen as a blessing, can also have its disadvantages. Whereas studies 

that lack this wealth of explanatory variables will often estimate models using all of the 

available variables, the variables used in the analysis for the Southern California Beach 

Projects must be carefully chosen from this set. 

An Overview of the Data 

We model beach-going behavior to fifty-three individual, mostly contiguous beaches in 

San Diego, Orange, Los Angeles, and Ventura County. We use several sources of data to 

model beach choice behavior: travel cost data, water quality data, beach attribute data, and 

geographic data. Because of the many issues surrounding the estimation of travel cost and 

travel time, we devote an entire section to this topic below. 

Water Quality Data 

Data regarding beach water quality are based on water quality information provided to the 

public by the not for profit organization, Heal the Bay. The Heal the Bay (HTB) water 

quality data consist of site-specific letter-grades (i.e. scores) for bacteriological water 

quality, measured at numerous data collection points in the study area. These collection 

points are mapped to the beach sites used in the economic model. Water quality grades 

were collected by Heal the Bay throughout the year, however the number of available 
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observations varies both by beach and over time due to irregularities in sampling 

frequencies. Further, HTB data were collected for both wet periods (immediately after a 

rain) and dry periods; separate wet and dry HTB grades are made available to the public. In 

order to define a comprehensive and consistent measure of water quality, we calculate 

composite dry-weather grades for each beach in the study area based on annual averages 

across all corresponding HTB observations. There are not sufficient wet-weather grades to 

construct averages for all beaches in all waves. 

Note that temporally varying attributes, like water quality, can be measured as point 

estimates, means over time, and even variance over time. In fact, the beach grades 

provided by Heal The Bay are themselves running geometric means of water quality 

measures over four week periods. In our analysis, we estimate models with daily grades 

and average weekly, monthly, and even annual grades. We find that average annual beach 

grades best explain beach goer behavior. 

Geographic Data 

We use geographic information to estimate the length of each beach. Because the size of a 

site may influence the probability of choosing the site, it is common to include the natural 

log of the site’s size (in this case, length) as a regressor in the model. 

The extreme northern and Southern beaches in our set are included in order to represent all 

beaches north and south of our study area. 
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Beach Attribute Data 

Beach attribute data were collected to characterize the fifty-one primary beaches of the 

study area (herein referred to as the beach attribute data). Beach attribute data were not 

collected for the southern most and northern most beaches since these beaches capture all 

trips to beaches south and north of the choice set. 

The beach attribute data consist largely of binary variables indicating the presence or 

absence of a specific non-seasonal beach characteristic; count variables measure the 

quantity or abundance of a resource present. We categorize these attributes into three 

groups of explanatory variables: policy variables, activity specific variables, and composite 

variables. Policy variables reflect attributes that can be directly managed by beach 

agencies. Activity specific variables reflect beach attributes that are necessary or important 

for certain kinds of beach activities (e.g. bike paths are an attribute that is important for 

bicycling.) Composite variables capture general suites of characteristics of beaches 

including the degree of development at beaches. 

The primary policy variable of interest for the beach project is water quality. Additional 

variables with possible policy implications are included as candidates for explanatory 

variables. These secondary policy variables include the absence and presence or count of:
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Firepits 
Lifeguard Stations 
Parking Lots 
Public Facilities 
Public Restrooms 
Sandy Shoreline 
Showers 
Sidewalk 
Street parking 

Activity Specific Variables 

Because modeling heterogeneous preferences is one of the goals of the project, 

consideration is given to how the beach site choice of individuals is related to their choice of 

activity and the presence of the appropriate amenities at that site. 

Variables that are important to specific activities include the presence of: 

Bikepaths 
Camping 
Diving (spots) 
Fishing (spots) 
Piers 
Playgrounds 
Rentals (concessions) 
Surfing (breaks) 
Volleyball Nets 

In addition to these activity-specific variables for beach goers as a whole, we also explore the 

importance of these indicators to beach goers that participate in specific activities. Towards 

this end, we create interaction dummy variables for particular activities. For instance, the 

activity indicator variable is 1 if the individual participates directly or indirectly (e.g. 

watches an activity undertaken by others) in activity X. We then interact this activity 

indicator with the relevant activity-specific variable. 
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Geographic Variables 

Many attributes of beaches reflect their geographic location. We examine three types of 

exogenously determined, “geographic” variables in our model. Each of these attributes 

indicates proximity to: 

Harbors 
Natural areas 
Rivers 

In addition, we use maps based on a geographic information system of our study beaches to 

estimate beach length. Due to the large variation in the size of the beaches in the study area, 

an approximate length variable for the useable portion of the beach is used. 

In addition to beach length as an indicator of beach size (and thus an important explanatory 

variable in its own right), beach length also can be used to scale beach attributes for which 

we have continuous data. Although most of the beach attribute variables are binary data, 

several attributes are characterized by count or continuous variables. Some of the variables 

for which we have count data are: beach clubs, beachside restaurants, concession stands, fire 

pits, lifeguard stations, public restrooms, and volleyball nets. Model specifications were 

estimated which used beach variables scaled under the assumption that the attributes are 

uniformly distributed over the beach shoreline. 

We apply several scaling strategies to the data to capture the way in which beach goers 

experience beach and water quality attributes. These different strategies include: 1) 

keeping the data in its raw form (i.e., a mix of binary presence/absence variables and 

continuous count and ordinal qualitative ratings); 2) normalizing the count variables by
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beach length while maintaining the raw data for presence /absence and qualitative 

variables; and 3) transforming the non-binary and non-policy variables into binary 

presence/absence variables for specific attribute levels. 

In several cases the correct normalization strategy for variables was not clear a priori. For 

some variables the relevant question appeared to be whether or not the attribute was 

present or absent at the beach in question, whereas for other variables, the relevant 

question is the level of density of a specific attribute. As an example, lifeguard towers are 

approximately uniformly distributed over beaches while restaurants, concessions, and 

restrooms are typically clustered into specific areas. 

The transformation of variables from count variables to binary variables also requires 

substantial judgment in determining the threshold levels of importance. For example how 

many restrooms, restaurants, or fire pits are enough in order for the attribute to be 

adequately measured by binary variables? To address this problem we asked two major 

questions: 1) intuitively how would the variable be interpreted and 2) what is the 

distribution of the count variables. 

Composite Variables 

A number of variables seemed to occur in groupings that could best be described by a 

single “composite attribute” rather than individual component attributes. Including all of 

these component attributes individually would likely reduce the degrees of freedom of the 

model and cause problems with multicollinearity while each attribute individually would 

only modestly improve the performance of the model. If these attributes were perfectly 

orthogonal to our other model variables, then the exclusion of these attributes would only 
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influence the explanatory power of the model, but would leave the coefficient estimates 

unbiased. However, because of the large number of attributes included in this group, it is 

likely that combinations of these attributes could prove to be correlated with the other right 

hand side variables described above. 

We consider several obvious candidates for composite variables including commercial 

activity, development, natural amenities, and scenic blight. To develop our composite 

variables, we combine the formal tool of cluster analysis with an informal, intuitive 

equivalent of discriminant analysis to isolate combinations of the attributes that 

characterize the beaches. 

The cluster analysis approach to constructing the composite variables allows the 

similarities between the beaches to guide variable definition. This approach assumes that 

there are a finite number of “types” of beaches – families of beaches with key attributes 

that are sufficiently similar so that the characteristics can be considered approximately 

constant over the group, and thus each beach can be assigned to a “type” of cluster. We use 

cluster analysis to identify groupings of the beach attributes that are statistically “close” or 

similar to each other and “far” from the other groups. In this application, we use the 

simple, intuitive Euclidean distance between the multidimensional numerical descriptions 

of beaches as a collection of attributes to measure closeness. 
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The first step to creating composite variables is to examine beach groupings that we feel a 

priori might have similar characteristics. The key to constructing these variables is to 

identify attributes that capture the same, or very similar, information for the beach goer. 

One example of this “collapsing of variables” is to collapse Rocky and Sandy into a 

single dichotomous variable which characterizes the composition of the shoreline. 

Similarly, we create a simple composite variable termed Ugly (ugly view) to indicate that 

one or more aesthetically degrading conditions existed at a beach. We first present these 

simple composites below and then discuss in more detail the creation of more complicated 

composite variables. 

Sandy: Shoreline Composition 

The rocky and sandy variables can be interpreted by the following trichotomy: 

 
Sandy = 1 and Rocky = 0 (== Not at all rocky, very sandy)
Sandy = 1 and Rocky = 1 (== somewhat rocky) 
Sandy = 0 and Rocky = 1 (== very rocky)  

This rockiness variable captures how rocky the beach is and can be considered to range 

from 0 to 2 (which implies a cardinal relationship between somewhat rocky and very 

rocky) or as a dichotomous variable that captures either no rocks or no sand, depending on 

definition. 

Ugly View 

An Ugly Beach variable is created to equal 1 if at least one aesthetically degrading 

condition existed at a beach and zero otherwise. Ugly is constructed using Oil pumps, 

Oil Rigs, Power/Sewer Plants, and Storm Drains. Four beaches have none, thirty four 

have one, twelve have two, two have three, and none have all four. It should be noted 
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that there are no oil pumps on the ocean side of PCH, which probably mitigates the 

impact of the Oil Pumps. 

Using Cluster Analysis to Create More Complicated Composite Variables 

Cluster Analysis can be used to identify influential site attribute variables that account for the 

grouping of sites based on similarity of characteristics. Cluster analysis requires the analyst 

to specify some number of groups (which can be varied iteratively) and then to employ a 

multivariate distance metric to partition the full set of sites into the specified number of 

groups using the distance metric and the criterion of maximizing within-group similarity 

and between-group heterogeneity. Once an acceptable number of groups has been found, 

the analyst inspects the results and identifies the specific site attribute variables that can 

account for the partition, either informally or through the use of a technique such as 

multiple discriminant analysis. Alternatively, one might create new dummy variables 

reflecting group membership that act as surrogates for site attributes that are themselves 

associated with group membership. 

In the cluster analysis, we include only those attribute variables that could be represented by 

a binary 1/0 designation. Most of the beach attributes already are measured as absent or 

present: we convert the rest into 0/1 indicator variables or sets of 0/1 indicators to indicate 

the rough level of the covariate if there is a wide range of values. We used the Euclidean 

distance as a measure of similarity. 
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The first step of the process is to use the cluster algorithm to decompose the beaches into 

similar groups. The “types” of beaches are characterized by estimating a multinomial logit 

model on cluster membership. The means of the excluded variables and the coefficients of 

the variables included in the multinomial-logit are examined to characterize groups. While 

each cluster contains groupings that are hard to characterize simply, two types of beaches 

stand out in most of the relevant clusterings. The first type could be described as a 

“developed beach”, characterized by having a high likelihood of having stores, volleyball 

tournaments, equipment rentals, access by public transit, houses, concerts, street access, 

concessions, beach clubs, a pier, restaurants, and/or condos and hotels. (For a complete list 

of the component attributes, see Table 1.) The second type could be described as a “wild 

beach,” characterized by having a high probability of being accessible by only pedestrian 

paths, tide pools, rocky shorelines, and allowing dogs. 

The sandy, ugly, development, and wild variables serve to collapse twenty component 

attributes into four composite indicator variables. In the choice models estimated below, 

we include the composite “sandy” variable in the category of policy variables because 

beach nourishment is an important policy factor for beach managers in Southern 

California. 

Table 1 summarizes the composite variables. The variables that are used to construct the 

composites are 0/1 indicator variables for the absence/presence of the relevant attributes. 

The “developed beach” composite variables are determined by the sum of the number of 

the attributes present, with develop 1 being used to indicate the presences of three or more 
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of the underlying attributes, and develop2 being used to indicate eight or more of the 

underlying attributes. It is interesting to note that Nature, the variable that indicates that a 

beach abuts a natural area, is not included in the wild_beach composite variable. This is 

because many beaches lie across the highway or street from natural areas, but the actual 

beaches are developed and actively managed. 

 
 Table 1: Composite Variables and Their Components 
Composite Variables               Component Variables
Sandy Sandy

Rocky

Ugly Beach (Ugly) Oilpumps
Oilrigs
PowerSewer
Stormdrains

Developed_Beach (Develop1)  Access_Street
Very_Developed_Beach (Develop2) Public Transit

Restaurants
Stores
Concessions 
Rentals
Beach Clubs 
Houses
Condos/Hotels 
Pier
Concerts
Volley Ball Tournaments

Wild_Beach Pedestrian Access Only 
Rocky
Tide pools
Dogs Allowed  

 

 
Final Explanatory Data Set 

Table 2 summarizes the explanatory variables used in the choice model. Note that the table 

is split into sections. The first section captures water quality attributes. The second 
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section captures the composite variables and length. The third group of variables represents 

attributes that can be managed through policy. The fourth group of variables includes beach 

features that are geographically exogenously determined (e.g. harbor). The final group 

consists of attributes which can primarily be thought of as relating to specific activities or 

demographic subgroups of the panel – a few of these attributes also are used in constructing 

the composite variable; this poses no modeling issues since they will be used in 

conjunction with demographic or activity variables only. Despite the large number of 

variables, pairwise collinearity among the right hand side variables is modest. 
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Table 2: Beach and Water Quality Attributes
Attribute Name Range and Description Mean (standard deviation)
Water quality attributes
HTB_yr 0-4.333, Average HTB dry grade for all 3.597 (0.764)

months

Composite variables and beach length (a normalizing attribute)
Length 0.11-8.07, Length of beach in miles 1.974 (1.498)

Develop1 0/1, beach has several characteristics of 0.540 (0.503)

development

Develop2 �0/1, beach has very many characteristics o 0.180 (0.388)

development

Wild �0/1, beach has several characteristics o 0.320 (0.471)

naturalness or lack of development

Ugly 0/1, beach has visible oilrigs, oilpumps, 0.280 (0.454)

power/sewer facilities, or stormdrains

Policy Attributes
Firepits 0-261, # of firepits 14.36 (45.20)

Lifeguards 0-24, # of lifeguard towers 6.200 (5.764)

Parking 1/0, presence of public parking 0.840 (0.370)

Pubfac 1/0 presence of public facilities 0.380 (0.490)

Restrooms 0-20,# of restrooms 0.840 (0.370)

Sandy 1/0, beach is sandy 0.860 (0.351)

Showers 1/0, presence 0.680 (0.471)

Sidewalk 1/0 presence of sidewalk adjacent to beach 0.520 (0.505)

Strparking 1/0, parking along street near beach 0.760 (0.431)

Harbor 0/1, presence of harbor or marina 0.180 (0.388)

Nature 1/0, abuts natural area 0.420 (0.499)

Rivers 1/0, river or creeks flows through or abuts 0.080 (0.274)

beach

Bikepath 1/0, presence of bike path adjacent to beach 0.440 (0.501)

Camping 1/0, campgrounds or RV parking 0.160 (0.370)

Diving 1/0, diving allowed 0.340 (0.479)

Fishing 1/0, fishing allowed 0.960 (0.198)

Pier 1/0, presence 0.240 (0.431)

Playground 1/0, presence 0.360 (0.485)

Rentals 0/1, bike or skate rentals available 0.180 (0.388)

Surfing 1/0, surfing at beach 0.740 (0.443)

Volley 0-107, # of permanent volleyball nets 10.22 (19.50)

Surfer*beach Respondent is a surfer and beach has a surf 0.020 (0.139)

break (i.e. Surfing = 1)

Run*bikepath Respondent is a runner and beach has a 0.093 (0.291)

bikepath

Diver*diving Respondents is a diver and beach allows 0.002 (0.046)

diving

Fisher*pier Respondent is a fisher and beach has a pier 0.013 (0.112)

Fisher*fishing Respondent is a fisher and beach allows 0.048 (0.214)

fishing

Boat*harbor Respondent is a boater and beach is near a 0.011 (0.106)

harbor or marina

Oceanside 1/0 trip was to Oceanside Beach or south n/a

Point Mugu 1/0 trip was to Point Mugu or north n/a

Venice 1/0 trip was to Venice Beach n/a

Interaction Attributes

Adjacent Beach Dummy Variables

Geographically Determined Attributes

Activity Relevant Attributes
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Travel Time And Travel Cost 

Overview of the Issues 

Determining the cost to each individual of visiting each potential site is a critical step for 

modeling recreation behavior because this variable captures the crucial tradeoff between 

cost and preference for beach attributes. It is this tradeoff that allows the analyst to deduce 

the monetary value that the beach goer places on beach attributes and water quality. 

Choice models require the analyst to have an estimate of the cost to visit every site for 

every person. Since most people visit only a few sites, the costs to visit the other sites 

cannot be based on direct observation, but must be imputed by the researcher. Moreover, 

since the costs must be comparable across sites and respondents, if one cost is 

constructed in a particular manner for one respondent, all costs must be constructed in the 

same manner for all respondents. This means that, even if the beach goer provides their 

own estimate of their costs for the sites they visits, these costs cannot necessarily be used 

by the researcher because they may not be consistent with how the researcher imputes costs 

to other sites. 

In principle, there are three critical components to the cost of visiting a site: (i) the out-of-

pocket costs of traveling to and from the site (e.g. gas, maintenance, and depreciation 

expenses as estimated by the American Automobile Club), (ii) the opportunity cost of the 

time used to travel to and from the site, and (iii) the opportunity cost of the time spent on 

the site. 
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Each of these components raises issues both of data availability and of economic model 

structure; whether or not some of these costs apply depends on how one conceptualizes the 

individual beach goer’s choice. The conceptualization of beach choice is complicated and 

there is no “right way” to incorporate the concept of travel cost and time into the model; 

the more detailed are our attempts at accounting for all aspects of travel cost and time, the 

more complex our model becomes. Hence, there is a trade-off between what is realistic 

and what is tractable. We address each of these issues, starting with time on site and 

working backwards to the more fundamental issues of calculating travel costs and time. 

Time On-Site 

How on-site time is modeled depends, in part, on whether or not the researcher treats trip 

length as an endogenous decision on the part of the beach goer. If time on-site is 

endogenous it must be determined on the basis of some cost per unit time spent on-site; 

while this price per unit time on-site is exogenous to the beach goer; her actual on-site time 

expenditure is endogenous and reflects her decision how long to stay. Theoretical models 

with this structure have been considered by Smith, Desvouges and McGiveny (1983), 

McConnell (1992), Berman and Kim (1999) and others. The theoretical literature generally 

has focused on qualitative properties of the resulting demand functions -- the demand 

functions for the number of trips to each site, and the demand functions for the (average) 

length of a trip to each site. However, the literature has not provided examples of explicit 

functional specifications for these demand functions that are both tractable and consistent 

with utility maximization. 
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Discrete choice models can treat trip length along with site selection as a discrete choice. 

While ignoring the issue of trip frequency, these models make it possible to model trip 

length. To use the method, however, one needs data on the time cost per unit of on-site 

time; often, this is not readily available. 

In this paper, we do not include time on site as a potential decision variable for several 

reasons. First, the respondents report very few multi-day trips and we do not include these 

trips in our estimation. Second, while one could still treat the precise length of a one-day 

trip as a decision variable, this adds a level of complexity that complicates our exploration 

of other important issues (e.g. seasonality and activity choice). Consequently, in this 

phase of the analysis we will treat the cost of on-site time as being zero, and as a result we 

may be undervaluing the cost of a trip to the beach. Nevertheless, we believe any error 

created by making this assumption will only slightly reduce our estimated welfare impacts 

and thus this approach is the most conservative available to us at this time. 

Estimating Travel Cost and Travel Time 

In our survey, we collected precise data (including street addresses) about 

respondents’ origin location. We use PC Milertm to calculate how many miles each 

respondent would have to travel in order to drive from their residence to each beach 

in the region and how long this would take. Since there is usually a choice of routes, 

PC Miler makes an estimate of the shortest route and the time taken to drive this 

route under typical conditions for that type of road. Since individuals may be 

idiosyncratic in their choice of routes, there obviously is some possibility of 

measurement error when imputing the distances and times from PC Miler, but we 
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believe this is likely to be quite small. 

Given the PC Miler estimate of the distance and travel time from a person’s residence to a 

beach, we have to make some further assumptions in order to convert this to a monetary 

travel cost. From the survey, we know the mode of transportation the respondent uses to 

get to the beach (e.g. automobile, bus, bike, or walk). If it is walk or bike, there is 

effectively no transportation cost. If the transportation mode were by bus (an occurrence 

rarely reported in our sample) we would use the cost of a bus ride. The overwhelming 

majority of respondents in the sample traveled to the beach via automobile. There are two 

issues to address in the calculation of travel cost by car. First, we calculate variable 

expenses based on the average figures for expenditure on gasoline and oil per mile in 2000 

from the American Automobile Association; we use average values because we do not 

know what type of car the respondent used to get to the beach. Second, there is the issue of 

what other costs to include. McFadden (1997) argues that motorists should only pay 

attention to these variable costs when making their travel decisions. Whether that is what 

actually happens is an empirical question. In the literature, many researchers also include 

an estimate of vehicle maintenance and other operating costs. We use both variable fuel 

costs and maintenance costs provided by the American Automobile Association for 

Southern California in 2000. 

While it is relatively straightforward to estimate distances and times from respondents’ 

homes to each site, accounting for how they value that time is much less straightforward. In 

the transportation literature, Truong and Hensher (1985) as well as Bhat (1998) show that 

time is valued differently for different modes of transport and for different categories of 

activity during travel – waiting, walking, in-vehicle time, etc. Since virtually all of the
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trips made in this sample were made by car, we assume the same valuation of time applies 

regardless of the travel mode. 

Assuming that travel time is valued in the same way by each individual, there is no general 

agreement in the recreation demand literature as to how to value this time spent traveling. 

The early recreation demand literature used a fraction of the individual’s wage rate, usually 

one third or one half of the wage rate. We follow the standard approach in this study and 

value travel time at a fixed proportion of the wage rate. We allow this fraction to vary from 

zero to the full wage rate (0%, 33% and 100% of the wage rate). 

Measuring the Wage Rate 

To the extent that the value of time is imputed from wages – whether it is valued at the 

full wage rate or in some other proportion – the researcher needs an estimate of the 

respondents’ wages. This is often somewhat problematic. In some cases, this is because 

the subject does not actually work (e.g., is unemployed, or retired, or a housewife, or 

otherwise outside the labor force). In other cases, while the respondent does report that 

they were employed, they are asked about salary, but not wage. Like many surveys, we 

asked respondents for their annual income, not their hourly wage. In this case, it is 

common to estimate the wage from the information on annual income by assuming the 

income is derived from some fixed number of hours worked per year (e.g., 2000 hours per 

year, corresponding to working 40 hours per week and 50 weeks per year) and dividing 

income by the fixed number of hours. However, even if the annual income is reported 

with perfect accuracy, the assumption of a specific number of hours worked per year 

inevitably introduces the possibility of some measurement error. Moreover, there is often
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likely to be some measurement error in the reporting of annual income. 

In our study we use a sensitivity analysis to value travel time alternatively at 0%, 33%, 

50% and 100% of the wage rate. The wage rate will be calculated from annual income by 

assuming 2000 hours worked per year. For individuals who did not report their income, 

we used the following imputation procedure. 

Income is assumed to be lognormally distributed, with the mean determined by the 

following covariates: constant, male, kids, student, work fulltime, retire/disable, college 

graduate, high school graduate, black, Hispanic. Covariates are assumed to be zero if the 

respondent didn't provide them. Age is not used because it was missing for many 

respondents and could not be assigned a default value as easily as a 0/1 variable. 

The respondents provided yes/no answers to a progressively narrow set of questions about 

income range. These answers yield intervals that bound the respondents’ incomes. Some 

respondents only answered a few of the questions and their income had wide bounds. 

Other respondents answered all of the questions, and their income was determined to 

more precise bounds. If no lower bound was supplied, $1 is assumed. For the income 

distribution estimation an unspecified upper bound is assumed to be infinite, although 

later in calculating the expected income conditional on the individual's interval, it is 

assumed to be $3 million. (The smallest annual income generated by our procedure is 

$5177.68 per year. This is equivalent to about $2.60 per hour; so it is not bounded by the 

minimum wage. However, welfare and social security benefits are also not bounded by 

the minimum wage, and so we believe this lower bound is reasonable.) 
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Assuming that ln(income) was normally distributed around the mean (conditional on 

covariates), we used maximum likelihood to find the values for the impacts of the 

covariates on the expected income as well as the standard deviation about that conditional 

mean, given that the unknown income lay in the respondent-supplied interval. If a 

respondent gave no upper bound to the interval containing income, we assumed that it was 

an unbounded interval when fitting the model. Given the coefficients, we calculate the 

(lognormal)income distribution for each individual, conditional on their demographic 

covariates. We then numerically calculated the expected value of the individual's income, 

conditional on the covariates and coefficients and on the income lying in the interval given, 

using 100,000 randomly drawn uniformly distributed points in the interval for the 

evaluation. 

Choice Set Determination 

 
To estimate the beach choice model, we must identify the set of all feasible choices for 

each respondent. In the simplest case, the analyst includes in the choice set all sites that the 

respondent has a non-zero probability of visiting. In many cases, the choice set can be 

assumed to include all available recreation sites, especially when the number of sites is small 

and there are no restrictions on site access. In practice, the number of potential sites may be 

large and some sites may be unknown to the respondent. In other cases, certain sites may 

not be accessible to an individual due to physical limitations, limitations in skill (see for 

instance Grijalva et al. 2002) or a lack of one or more attributes that are specific to the 

activity that a respondent may undertake at a site.
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Haab and Hicks (1999), Haab and McConnell (2002), and Parsons (2003) provide a 

review of choice set studies of recreation. The marketing research and transportation 

literature has recognized the importance of choice set formation and have developed 

various models to define the choice set. See Shocker et al. (1991) and Roberts and Lattin 

(1997) for a review of the marketing studies, and Thill (1992) for a review of the 

transportation literature. 

Site aggregation is common in random utility models (RUMs) of recreation. Empirical 

studies of aggregated choice sets in recreation models include Parsons and Needelman 

(1992), Feather (1994), Kaoru, Smith, and Lui (1995), Lupi and Feather (1998), Jones 

and Lupi (1999), and Parsons, Plantinga, and Boyle (2000). Site aggregation is the 

process where a group of recreation sites is defined as a single choice alternative. For 

example, a site may be defined as a county or region made up of several lakes or beaches. 

When the number of potential sites is large, site aggregation often is used to reduce the 

choice set to a manageable size. If the characteristics of aggregated sites are homogeneous, 

the aggregation should be fairly straightforward. Otherwise, aggregation can result in a loss 

of information and thus a loss of estimation accuracy. 

Ben-Akiva and Lerman (1985) provide an economic model of aggregated choice sets. 

Parsons and Needelman (1992) shows that the utility function in Ben-Akiva and Lerman 

(1985) decomposes into the average utility at sites in each aggregated choice set and a 

measure of the heterogeneity of sites in aggregated choice set. Parsons and Needleman 

also show that estimating a model using aggregated choice sets will bias coefficient 
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estimates toward zero when utilities produced by aggregated sets are similar; increasing the 

heterogeneity within each aggregate group or increasing the number of beaches in the 

aggregated choice set tends to increase this aggregation bias. In other words, aggregating 

dissimilar sites will bias model estimates. 

Kaoru, Smith, and Lui (1995) analyzed marine recreational fishing site choice in North 

Carolina and considered experiments that compared thirty-five disaggregated sites with 

smaller aggregated choice sets of eleven and twenty-three sites. The welfare benefits 

estimated by aggregated models differed considerably from disaggregated models. 

Parsons and Needelman (1992) used data on fishing trips to lakes in Wisconsin. They 

aggregated 1,133 sites into smaller choice sets of sixty-one and nine sites. Their results 

indicated that extreme aggregation could seriously impact parameter and thus welfare 

estimates. 

Parsons, Plantinga, and Boyle (2000) and Jones and Lupi (1999) suggest the possibility of 

using partial aggregation to define choice sets. Parsons, Plantinga, and Boyle (2000) 

analyzed data on fishing trips to lakes in Maine. Their results showed that benefits 

estimated by the aggregated or narrow choice set models were lower than the baseline 

model. 

Jones and Lupi (1999) considered an experiment similar to Parsons, Plantinga, and 

Boyle (2000). Jones and Lupi (1999) narrowed 83 counties of fishing site in Michigan 

along 6 lines of species and resource type using the factor analysis. Their empirical 

results showed that the benefits estimated by the narrow choice set models were
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relatively similar to those by the original choice set model. Models in which the 

respondents face a small set of alternatives in the choice set do not permit substitution 

away from sites when sites are lost; this tends to over-state marginal and total losses. At the 

same time, extremely narrow choice sets reduce the size of the population affected by the 

policy, thereby tending to under-state the value of total losses. 

 

Our respondents visited more than 300 named beaches. Most of these beach names, 

however, were redundant names for the same beaches or were specific locations within 

larger, better known beaches. We reduced our unmanageably large initial choice set of 

beaches by mapping beaches named by respondents to fifty one primary public beaches 

listed in the California Beach Access Guide (Coastal Commission 1997). This aggregation 

groups contiguous and similar sub-sites of beaches together into larger beaches. Because of 

the relative homogeneity of attributes within these larger beaches and because many of 

these beaches have one primary access point, very little information is lost in the 

aggregation. Further, because the beach sites in our final choice set correspond to beach 

management jurisdictions, the results from the model will apply more directly to policy 

needs and decisions. Additionally, we represent all beaches to the South of our choice set 

by the indicator beach Oceanside and those beaches to the North by the indicator beach 

Point Mugu. Despite the aggregation of the choice set, we still maintain a substantially large 

choice set of beach sites (fifty one primary beaches and two composite beaches). A complete 

list of beaches is given in Table 3. 
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Table 3. Aggregated Beaches in the Choice Set 
Code beach name code beach name code beach name 

1 Oceanside 21 Surfside 41 Las Tunas 
2 San Onofre South 22 Seal 42 Malibu (Surfrider) 
3 San Onofre North 23 Alamitos Bay 43 Dan Blocker (Corral) 
4 San Clemente State 24 Belmont Shores 44 Point Dume 
5 San Clemente City 25 Long Beach 45 Free Zuma 
6 Poche 26 Cabrillo 46 Zuma 
7 Capistrano 27 Point Fermin 47 El Matador 
8 Doheny 28 Royal Palms 48 La Piedra 
9 Salt Creek 29 Abalone Cove 49 El Pescador 

10 Aliso Creek 30 Torrance 50 Nicholas Canyon 
11 Laguna 31 Redondo 51 Leo Carrillo 
12 Crystal Cove 32 Hermosa 52 County Line 
13 Corona Del Mar 33 Manhattan 53 Point Mugu 
14 Balboa 34 El Segundo   
15 Newport 35 Dockweiler   
16 Santa Ana River 36 Mother's   
17 Huntington State 37 Venice   
18 Huntington City 38 Santa Monica   
19 Bolsa Chica 39 Will Rogers   
20 Sunset 40 Topanga    

MODEL ESTIMATIONS 

In the following section we estimate a series of increasingly sophisticated specifications of 

the standard logit random utility models including a three nested logit specification. For all 

specifications we assume that the ultimate choice is for single day trips to beaches in 

Southern California. We consider only day trips and we assume that each choice occasion 

is independent of all others. 

From the start, we believed that seasonality and activity choice were important in 

explaining beach choice and thus in determining the value that people place on water 

quality. To demonstrate the importance of seasonality and activity choice, we begin by 

estimating three increasingly more fully specified multinomial, repeated choice models of

RB-AR44083



 33

beach choice using data pooled across all seasons (the results from all three models using 

pooled data are summarized in Table 4). We start with a primitive model (model 1) that 

includes only water quality, travel cost, and our composite variables that describe beach 

type. Then we add more explanatory information regarding activities. We also estimate 

these standard logit random utility models separately for individual seasons and in doing so 

demonstrate the way in which seasons affect the sign and magnitude of coefficient 

estimates (model 2). We finally arrive at what we believe is the most complete and accurate 

model of beach choice behavior; this is our final three tiered nested model of participation, 

activity choice and beach choice. The purpose of this exposition is to demonstrate the 

independent influences that activities and seasonality have on site choice and to show the 

reader that a failure to account for both activities and seasons can significantly alter the 

results of the model. If the reader is interested only in the final model, the next two sections 

can be skipped. 

Applying the Standard Repeated Choice Random Utility Model 

We model the choice of a beach on each occasion as being independent of choices on all 

other occasions. Specifically, we estimate a repeated random utility model that assumes 

the probability that an individual i chooses site j depends on the relative utility of site j 

compared to all other sites. As in most applications of the multinomial logit, we estimate a 

model of choice in which the beach goer chooses a beach destination to maximize an 

indirect utility function that consists of both a deterministic component and a random 

component. Specifically, we estimate a model in which the deterministic component of 

indirect utility is a function of attributes that remain constant over time, Xij, and attributes 
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that change over time Wijt. In this analysis, temporally constant attributes include “land 

attributes” (e.g. restrooms); temporally varying attributes include the measures of water 

quality. Note that temporally varying attributes, like water quality, can be measured as 

point estimates, means over time, and even variance over time. In fact, the beach grades 

provided by Heal The Bay are themselves running geometric means of water quality 

measures over four week periods. In our analysis, we estimated models with daily grades 

and average weekly, monthly, and even annual grades. In every model we found that 

average annual grades provide more explanatory power than other measures (based on 

more significant coefficients estimates and greater likelihood measures). This may indicate 

that beach goers are using past experiences and general levels of water quality to inform 

their beach decisions. The deterministic component of indirect utility enjoyed by beach 

goer i from choosing site j at time t is given as 

Ui j t  = Xi j*β +Wi j tã 

The probability that individual i chooses beach j at time t is given by 
 

 
 
 
 
 

 
The vectors of coefficients, β and ã, reflect the preferences the beach goer places on the 

attributes in Xij and Wijt respectively. In addition, there exists some randomness in the 

choice of beaches by beach goers. This randomness is captured by the random component 

of the indirect utility function, εijt. This random component may reflect true stochastic 
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processes in the choice process and unobserved site attributes that cannot be modeled by 

the analyst. We follow the literature and assume that the random component of the indirect 

utility function is distributed as a Type I Extreme random variable. 

In the first model specification (Model 1), we include only the most basic beach attributes. 

The point of this model is to demonstrate how failure to account for seasons and activities 

in a model of beach choice will produce a model that does not find the true value people 

place on water quality. In this basic model, we include travel cost, water quality, and our 

basic composite variables. In Table 4 we provide the results for the estimated models 

across the pool of all waves and observations. Without describing all of the results here, 

we note that the basic repeated choice model estimates that beach goers prefer beaches that 

are closer, longer, and more developed (but not too developed). The pooled model does 

not yield an estimated preference for water quality that is either significant or of the sign 

we predicted (we predict that people prefer clean water). This reflects the common 

observation that people do go to dirty beaches. The estimated coefficients on water quality 

are more in line with our intuition when we estimate the model for individual waves (see 

below and in Table 6). The models estimated for waves 1, 2, and 6 – the wet weather 

months when water quality varies the most and has the most number of impaired water 

quality days – all yield coefficients estimates for water quality that are positive and 

significant (see our discussion of seasonality below). Obviously, pooling across seasons 

masks the differing preferences for water quality that people hold in different seasons. 
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In the second model (Model 2), we estimate a more fully specified model of beach choice 

in which we include many beach attributes that are of general relevance (e.g. public 

facilities and parking) as well as some other attributes that are required for specific types of 

beach activities. For instance, we include whether a beach has a surf break, a bikepath, or 

volleyball nets. This more fully specified model has greater explanatory power than the 

basic model (higher psuedo R2 and higher log likelihood). In this more fully specified 

model, the estimated preference for water quality is positive and significant. The model 

demonstrates the importance of having a more complete description of beach attributes. As 

described above, it is easy to observe beach goers choosing beaches that are decidedly dirty 

from a water quality perspective. On closer examination, however, it can be seen that many 

of the “dirtiest” beaches in Los Angeles and Orange Counties also provide the most man-

made desirable attributes (including lifeguard towers and parking). Model 2 captures the 

opposing preferences for these different beach attributes. 

Model 2 also demonstrates that many activity specific beach attributes (e.g. fishing and 

surfing opportunities) are important factors in explaining beach choice. First, activity 

specific opportunities are important in their own right. Second, in our discussion of 

seasonality (in a following section), we show that the dramatic differences across waves in 

the estimated coefficient on water quality become significantly less pronounced in the 

second model (the coefficient is positive in all waves and significant in all waves but Wave 

3). The added attributes in the second model do not vary over wave and season, but the 

activities people participate in do vary and, thus, so does the relevance of activity specific 

opportunities. The results of the second model suggest that differential participation
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in activities may account for what appears to be changing seasonal preferences for water 

quality among beach goers. 

In our third model (Model 3), we explore the importance of activity participation in beach 

choice further by interacting indicator variables for participation in specific activities with 

indicator variables for activity specific opportunities. For example, if a respondent reported 

that he fished then we give this respondent a 1 for fishing, while we give a zero for non-

fishers. We then interact this fishing variable (fisher) with attributes that we think are 

important for fishing (e.g. the beach is a known fishing spot or there was a pier). We find that 

the estimated coefficients on the attributes shared by the second and third model remain 

stable and generally of the same level of statistical significance. The estimated coefficients 

of the new activity interaction variables tend to be generally significant. The two 

exceptions are running/bike path and boating/harbor. Both of those variables are somewhat 

distinctive: running opportunities are available at almost every site, while boating/harbor is 

the opposite – it applies at only a handful of sites in our sample. 
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Table 4: Coefficient Estimates for the Non-nested Repeated Choice Models Using 
Pooled Data 
Variable Estimated Coefficients   

Cost 
 

Model 1 
-0.1007 a 

Model 2 
-0.0978a 

Model 3 
-0.0986 a 

HTB yr  -0.0180 0.2070 a 0.2170 a 

ln(length)  0.5384 a 0.2996c 0.3198 c 

Develop 1  0.5373 a 1.2383 a 1.2592 a 

Develop2  0.2775 a 0.3039c 0.3086 c 

Wild  0.1681 1.0565a 1.0164 a 

Ugly  0.0561 -0.2333 -0.2611 c 

Pubfac   0.3597b 0.3677 b 

Restrooms   2.0531 a 1.9679 a 

Sandy   0.9699 c 0.9945 c 

Sidewalk   0.4242b 0.4654 b 

Harbor   -0.0815 -0.0621 
Nature   0.7522a 0.7112 a 

Rivers   0.2407 0.3362 
Camping   -0.2747 -0.3341 
Diving   -0.0034 -0.0475 
Fishing   -0.8996 c -0.53 85 
Pier   -0.0349 -0.1542 
Playground   -1.1190 a -1.1046 a 

Rentals   0.6681 a 0.6745 a 

Surfing   0.7278a 0.7001 a 

Volley   0.0055 0.0039 
Oceanside   5.5946a 5.7791 a 

Surfer*beach    0.5593 b 

Run*bikepath    -0. 1265 
Diver*diving    2.4445 a 

Fisher*pier    0.9113 c 

Fisher*fishing    -3.0011 a 

Boat*harbor    -0.6 100 
Pseudo R2 0.25  0.30 0.31 
Log-likelihood 

-14114.51 -13154.77 -13066.36 
Significance a=<.001 .001<b<0.05 .05<c<.10  

It is important to note that this third specification has the limitation that both activity 

choice (which is presumed to be exogenous) and beach choice may both be endogenously 
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determined by the explanatory variables in the model (including the activity variables with 

which the activity indicators are interacted.) As a result, this internal endogeneity is likely 

to lead to bias in the estimated coefficients of the model. Nevertheless, we present these 

results here because the additional activity interaction variables improve the fit of the 

model slightly and they suggest the need for further investigation of the role of activities in 

beach choice. This is accomplished through the nested model to be presented below. 

Accounting for Seasonality in the Beach Choice Model 

To explore the effects of seasonality in beach choice, we estimate separately our basic 

beach choice models for Wave 1 (December and January), Wave 2 (February and March), 

Wave 3 (April and May), Wave 4 (June and July), Wave 5 (August and September), and 

Wave 6 (October and November). By estimating the models for each wave separately, we 

can investigate how seasonality influences the coefficients that we estimate for our beach 

choice models. While all of the estimated coefficients could potentially vary across waves, 

we focus our attention here on how the estimated preference for water quality varies in 

different waves. 

Differences in coefficient estimates across the waves could be caused by a variety of 

factors with differing impacts on the results of our models. First, the significance of our 

coefficient estimates could vary substantially across waves. One possible cause of 

variation in estimated coefficient significance could be the fact that the frequency of 

visitation by our respondents varies considerably by wave. Table 5 summarizes the 

number of beach trips taken by the survey respondents in each wave. 
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Table 5: Summary of Trips by Wave 
WAVE sum mean max min Range Std. Dev.
Wave1 1027 5.010 47 1 46 6.839899
Wave2 744 3.875 28 1 27 3.996726
Wave3 681 3.547 27 1 26 3.665017
Wave4 1501 4.289 30 1 29 3.460731
Wave5 938 4.043 30 1 29 4.415424
Wave6 527 3.847 30 1 29 4.712141 

Second, it may also be the case that differences in estimated preferences for water quality 

reflect real seasonal differences in the strength and nature of preferences that beach goers 

hold for water quality. Preferences could vary seasonally for several reasons. First, different 

kinds of beach goers (e.g. swimmers vs. runners) may have different preferences for water 

quality. In some waves, certain types of beach goers may be more or less represented than 

others. We investigate user-differentiated preferences for water quality and beach choice in 

the next section. A second potential reason for differences in estimated preferences across 

waves is that individual recreational behavior may change over the seasons. For instance, 

an individual beach goer may be more likely to swim during the summer and run at the 

beach during the winter and so changes in activity choice alone may influence preferences. 

Third, it may be the case that offsite recreational possibilities change during the year (e.g. 

snowboarding is a substitute activity for beach going only during the winter months). 

While we expect variation in offsite recreation possibilities to primarily influence 

participation decisions, it is possible that changing offsite possibilities may influence onsite 

preferences for water quality. Finally, it is always possible that beach goers’ preferences 

change in some systematic way across seasons that we have not yet determined.
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To compare estimated preferences for water quality across the seasons, we examine 

wave-by-wave data for the most basic of our non-nested models, Model 1, and the 

most fully specified of the basic models, Model 3 (Table 6). (The coefficient estimates 

of models 2 and 3 do not vary significantly.) By looking at seasonal differences in the 

estimated preferences of the two models, we can determine how much of what appears 

to be seasonal differences in estimated preferences can be accounted for simply by 

more fully specifying the models to include activity relevant explanatory variables. 

Table 6: Seasonal Differences in the Estimated Coefficients on Quality 

Coefficient 
wave 1    wave 2      wave 3  wave 4   wave 5   wave 6 

Dec-Jan  Feb-Mar  April-May  June-July  Aug-Sept   Oct.-Nov

  

Model 1 
Cost  -0.107    -0.101    -0.091   -0.097    -0.101 -0.099
      Standard Error 0.004 0.005 0.005 0.003 0.005 0.006

      P Values 0.000 0.000 0.000 0.000 0.000 0.000

Beach Grade 0.317 -0.018 -0.028 -0.018 -0.059 0.119

      Standard Error 0.049 0.048 0.057 0.042 0.049 0.062
      P Values 0.000 0.706 0.620 0.670 0.228 0.055

Model 3 

Coefficient 
Cost 

wave 1 

-0.098 

wave 2 

-0.099 

wave 3 

-0.096 

wave 4 

-0.096 

wave 5 

-0.100 

wave 6

     -0.101 
      Standard Error 0.004 0.005 0.005 0.004 0.005       0.006 

      P Values 0.000 0.000 0.000 0.000 0.000       0.000 

Beach Grade 0.573 0.217 0.141 0.316 0.503       0.373 

      Standard Error 0.080 0.074 0.101 0.099 0.117       0.116 
      P Values 0.000 0.004 0.164 0.001 0.000       0.001 
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Notice first that the estimated coefficients on cost are robust and consistent across all 

specifications, while the estimated coefficients on water quality vary significantly. In the 

simplest specification, Model 1, the coefficient on water quality ranges from –0.059 in the 

late summer wave to 0.3 17 in the mid-winter waves. Of course, the significance of the 

estimated coefficients differ in the six waves. In Model 1, only the late Fall and mid-Winter 

waves yield estimates with significant coefficients; both of these estimates are of the 

expected (positive) sign. This greater significance in these two waves may reflect the fact 

that beach water quality during these months tends to be worse than during other, drier, 

times of the year, and so beach goers may have stronger preferences for water quality. 

In the more fully specified Model 3, in which more activity-specific factors are included 

among the explanatory variables, the estimated coefficients on water quality are 

consistently of the expected sign; all but one coefficient estimate is significant at the 0.1% 

level or better. Clearly, the inclusion of activity-specific variables not only improves the 

fit of the model, it also improves our ability to differentiate seasonally varying 

preferences for water quality and attributes that support activities. 

In many ways, the wave-by-wave estimation of Model 3 can be considered a state of the art 

estimation of the impact of water quality on recreational beach choice. Model 3 includes far 

more explanatory variables than most recreation site choice models. Further, Model 3 

accounts for the influence that divergent activity choices may have on preferences for site 

quality. Model 3 even provides a seasonal resolution rare in recreation choice models. 

Despite the advances inherent in Model 3, the model yields an estimate of water quality
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that is averaged over all users, regardless of the activities they undertake during their beach 

trip. We believe, a priori, that beach visitors who recreate in the ocean will have stronger 

preferences for clean coastal water than other beach goers. Further, if the choice of activity 

is non-random, then welfare changes due to changes in water quality will be distributed 

across the population in non-random ways. Simply put, different people are likely to be 

harmed to different degrees by water quality impairment. A more complicated, nested 

model is required to more fully understand how the benefits and costs of water quality 

change are distributed in society. 

Towards a More Comprehensive Model of Beach Choice: The Importance of 

Heterogeneity Among Users and Activities 

The demographic and recreational diversity, or heterogeneity, of beach goers in Southern 

California complicates the accurate modeling of recreational beach site choice and the 

assessment of economic value associated with a change in beach characteristics. If 

heterogeneity is not accounted for, our random utility models could be biased and produce 

inaccurate information on the effects of changes in beach attributes (see Yatchew and 

Griliches, 1984). If present, this bias would adversely affect the model in terms of the 

distribution of welfare estimates due to changes in resource attributes and/or management 

decisions. 

To address the effects of respondent heterogeneity in models of choice, researchers primarily 

have focused on three approaches. Two approaches involve the a priori selection of 

variables – most commonly demographic attributes. In the first approach, "the cluster 

models," the researcher places individuals into demographically similar groups or
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segments. The second approach incorporates individual demographic variables into the 

indirect utility function through the use of interaction variables. 

A third approach to incorporating respondent heterogeneity in choice models is the 

random parameter logit (RPL) model. This method handles heterogeneity across 

preferences by allowing estimated coefficients to randomly vary across individuals 

according to a continuous probability distribution, typically the normal or lognormal 

distribution. One aspect of the RPL model is that it is not restricted by the independence of 

irrelevant alternatives (IIA) property. This is due to interactions within the choice 

probabilities of the attributes of all elements in the choice set (Train, 2003). The RPL 

model relaxes the restriction of the conditional logit (CL) that requires coefficients on 

observed variables to be fixed over all individuals. By allowing for variation in 

coefficients over individuals, the unobserved portion of the respondent's utility is 

correlated over sites and time (Train 1998). As a result, the RPL provides a better fit to 

the data. 

The RPL method, however, has two important limitations. First, the RPL assumes that 

preferences vary continuously across economic agents (i.e. the respondents or beach goer). 

Although the continuous distribution assumption is likely to be valid in many applications, 

for example how spicy one likes their food, there are many situations where actual 

preferences may be more accurately captured by multiple discrete probability masses. For 

instance the presence of a fishing pier enters discretely into the typical beach goer’s utility 

function. 
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Second, random parameter models may not be the most appropriate for beach management 

decisions. Beach managers often are concerned with understanding how changes in water 

quality impact specific individuals or user groups. While the RPL advances the analyst’s 

ability to estimate the most efficient model parameter coefficients (Boxall and Adamowicz, 

2002), the standard application of the RPL does not provide a means for assessing the 

distributional impacts of changes in beach attributes, including water quality. The RPL can 

only provide information regarding a behavioral explanation for the source of the 

heterogeneity across people if the analyst also models the mean of the random parameter 

coefficients as a function of personal characteristics (see Breffle and Morey 2000). 

Another approach to modeling preference heterogeneity is to use a nested repeated 

multinomial logit framework (applications include Bockstael, McConnell and Strand 1989, 

Kaoru 1995, Morey et al. 1993, Hauber and Parsons 2000). The nested approach is based 

on two important assumptions. First, individual preferences are neither homogeneous nor 

continuously distributed, but can be more accurately represented as being discretely 

distributed. Second, individual preferences are not purely a function of demographic 

variables, but can also be formed by expectations regarding the utility of site choice. 

In our case, systematic heterogeneity could be accounted for by modeling the choice of 

activity and then by estimating the choice model conditioned upon the choice of activity. 

Within each activity group, preferences are assumed to be homogeneous; however 

preferences, and utility functions, can vary between groups. A primary benefit of the nested 

approach is that the model may help to explain variation in preferences across
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individuals conditional on the probability of membership to a group. The increased 

explanatory power provided by the nested model should be of benefit to beach managers 

in terms of welfare analysis and policy decisions. The results of the nested model also 

would allow beach managers to see how preferences and behavior vary for different kinds 

of beach goers. Further, beach managers could explore how welfare impacts differ among 

different user groups. The nested model can estimate the coefficients on explanatory 

variables associated with the recreational beach choice occasion for each activity type. 

A Nested Model of Beach and Activity Choice 

Nested models of recreational site choice and participation are now common in the 

literature (see for instance Morey et al. 1993, Kaoru 1995, McNair et al. 1999, and Morey 

1999). A simple diagram of the three level nested logit approach we use to estimate models 

of beach choice, activity choice, and participation is given below. In the exposition that 

follows, we start at the bottom of our nest, understanding that the choice in any one nest is 

conditioned upon having made a decision in the previous nest. So for instance, the choice 

of an activity is made only after a respondent has decided to go to the beach and the beach 

chosen depends upon the activity undertaken. While the decisions run top to bottom, the 

modeling progresses from bottom to top – each choice is made given the expected utility of 

the nest below. So, the decision to visit the beach is made based on the expected utility of 

considering all possible activities and beach choices. All three nests are estimated 

simultaneously using Full Information Maximum Likelihood. 
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   Particpation  
   Nest 
 
 
    Activity 
    Nest 
 

 

 

     Beach Choice 
 Site A   Site B   Site C   Site A   Site B  Site C   Site A   Site B   Site C     Nest  

The Beach Choice Nest 

Beach site choice is conditioned upon the choice of activity as assigned by the hierarchical 

method described above. The beach choice nest is a standard linear in attributes model of 

site choice in which the respondent is believed to chose the beach that provides the greatest 

(indirect) utility. The deterministic component of indirect utility enjoyed by beach goer i 

from choosing site j at time t is given as 

Ui j t  = Xi j*β 

Where Xi j  is the vector of all beach attributes, described in the data section above. The 

probability that individual i chooses beach j at time t is given by, 

Visit Beach/Not Visit 
Beach 
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The vector of coefficients, β, reflects the preferences the beach goer places on the beach 

attributes in Xij. In addition, there exists some randomness in the choice of beaches by 

beach goers. This randomness is captured by the random component of the indirect utility 

function, εijt. This random component may reflect true stochastic factors in the choice 

process and unobserved site attributes that cannot be modeled by the analyst. We follow 

the literature and assume that the random component of the indirect utility function is 

distributed as a Type I Extreme random variable. 

For each activity type, a separate utility function is estimated with separate coefficients, 

including separate coefficients on travel cost. In past studies, the cost coefficients of 

alternative submodels in a nested logit random utility model have generally been 

constrained to be the same, the implication being that the marginal utility of income does 

not vary between nests. Hensher and Green (2002), however, demonstrate that because 

scale parameters vary between submodels, constraining coefficients to be the same is not 

the equivalent of constraining marginal utilities to be the same. Because the magnitude of 

the stochastic term in the beach selection utility function almost certainly is not the same 

across the different activity types, we allow the scale of the coefficients to be determined 

by the choice data within each activity type. This implies that the coefficients on cost are 

not identical for the different activity types. Further we assume a constant inclusive value 

coefficient for the alternative activity types in the activity selection sub-model and so the 

marginal utilities of expenditures in the classes are not equal. The standard model, which
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which imposes the same coefficient on cost in each choice sub-model, would distort the 

key coefficients in an unpredictable way, biasing welfare measures. 

In the beach choice nest, two beaches north and south of the geographic choice set were 

also included. These beaches, Oceanside and Point Mugu, were characterized solely by 

binary indicator variables and travel costs because we did not have beach attribute data 

for them. Point Mugu is omitted from water activity and sand-activity choices, since 

there were no trips to that destination for those activities. We also use a binary indicator 

for Venice beach. Venice beach is an important tourist destination and offers many 

amenities and attractions that are not found at other beach sites (e.g. Muscle Beach, the 

graffiti pit, the skating pit, drum circles, etc.). This level of the nest is estimated for all 

trips that a) were to a single beach in the choice set, b) could be classified by activity, and 

c) were taken by a respondent who supplied income and address information for cost 

calculation. 

The Activity Choice Nest 

The activity choice nest, which models the probability that a respondent chooses an 

activity, depends upon the expected utility of participating in an activity (as estimated 

using the inclusive value from the first nest) and demographic characteristics of the 

respondent. Before we can proceed with the activity choice nest, we describe how we 

assign respondents activity choices to a limited number of activity choice categories. 
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Beach Activities 

Before a nest of activity choice can be estimated, we first had to define and assign activity 

choices made by respondents. There were 42 distinct activities reported by the survey 

responses plus “other.” These 42 activities were grouped into the following categories: 

water contact activities (abbreviated to “WATER”); activities on the sand (abbreviated to 

“SAND”); and activities involving walking, running, bicycling, etc on the boardwalk or 

pavement (abbreviated to “PAVEMENT”) as well as activities involving shopping, dining, 

etc. Activities were assigned to one of these categories based on both the similarity of the 

distinct activities and also the relationship between the activity and the attributes of the 

sites. A detailed description of the categories is as follows: 

Water 

The “Water” category includes all activities that are characterized by direct contact 

with water such as splashing in the water, swimming, and SCUBA diving. In 

addition to these immersion activities “canoeing” and “kayaking” are included in 

the “Water” category. “Canoeing” and “kayaking” are similar to other “Water” 

activities in that participants have a relatively high probability of getting wet. 

Additionally many canoeists and kayakers participate in a version of surfing and 

seek beaches with similar characteristics. 

Recreational site choice for participants of “Water” activities are expected to be 

sensitive to attribute levels for characteristics such as water quality, and the 

presence of life guards, storm drains, and rivers. 
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Sand 

The “Sand” category includes activities that commonly are identified as “Beach” 

activities such as “playing in the sand”, “beach combing,” “sunbathing,” and 

“volleyball.” Additionally, activities such as “enjoying the view,” “reading,” and 

kite flying” are categorized as “Sand” because they are typically “open space” 

activities in which the participants are neither actively traveling (such as hiking or 

cycling), taking part in consumptive activities (such as dinning or shopping), nor 

are they taking part in “water” activities. 

In addition to the above activities “fishing” is categorized as a “Sand” activity. In 

the dataset “fishing” is limited to “shore or pier fishing” and is therefore does not 

include fishing from a boat. Additionally, site attribute variables in the dataset may 

not be sufficient to estimate a “fishing” site choice model as the available attributes 

do not include water depth, fish species, or catch rate data. Nevertheless, shore and 

pier anglers do recreate directly on the beach and thus we believe that many of our 

beach attributes may help explain their site choices. In this light, the most 

appropriate categorization for “shore or pier fishing” is “Sand.” 

Recreational site choice for participants of “Sand” activities are expected to be 

sensitive to attribute levels for beach amenities such as the rockiness and 

sandiness of the beach, the availability of facilities such as fire pits, volleyball 

courts, and piers, and the level of coastal development. 
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Pavement 

The “Pavement” activity category includes both activities that are pedestrian in 

nature and those utilizing bike paths or sidewalks. Some of these activities such as 

cycling and roller-skating are limited to taking place on paved sidewalks or bike 

paths, while others such as “walking,” “hiking” and “jogging” can either take 

place on bike paths or on the sand. However a major similarity among the 

activities in the “Pavement” category is that they are not limited to being done at 

the beach –they can be carried out elsewhere. 

We also include in the “Pavement” segment those activities that are consumption 

based, but not necessarily beach related, such as “shopping”, “dinning”, and 

“visiting amusement parks.” “Pavement” activities are different from “Water” or 

“Sand” based activities in that the actual choice set extends beyond the beach and it 

is expected that the beach goer taking part in a “Retail” activity will respond to the 

site attributes differently. Additionally it is noted that both the site attribute list and 

the choice set are incomplete for a complete “retail” choice model in Southern 

California. Through the separation of “Retail” based beach trips from “Water” and 

“Sand” better estimates of attribute coefficients are expected. 

Other 

A small number of respondents listed activities that were not easily classified into 

any of the above groups. These responses are assigned to the “Other” segment.  

For a list of what specific activities were assigned to each general category refer to 

Table 7. 
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Assigning An Activity To A Trip 

The computer assisted telephone interview (CATI) software used to conduct the telephone 

surveys permits the interviewer to document up to four activities associated with each 

beach trip recorded. In fact, in roughly half of the trip observations the respondent only 

reported one activity -- out of 5411 beach trip observations, 2636 (49%) responses recorded 

one activity. However, 1687 (32%) responses recorded two activities, 763 (14%) recorded 

three activities, and 325 (6%) recorded four activities. When more than one activity is 

reported, it may be that some or all of these responses fall into the same broad activity 

category described above, in which case there is no problem in assigning an activity to the 

trip. In many cases, however, we still have multiple broad activity categories associated 

with a trip. To assign an activity for each trip, we use a hierarchical classification. 

In the case of beach related activities, we created a hierarchical ordering of activities by 

ranking the broad activity categories according to their expected order of importance to the 

beach choice decision. A second consideration in assigning an activity to a trip is how well 

the site choice model is likely to explain the beach choice conditional on the activity 

chosen. For certain activities, our ability to forecast the choice of a site conditional on that 

activity is limited by fact that our data does not contain a full set of attributes relevant for 

that specific activity, nor do we have data on the full choice set for that activity. In the case 

of Pavement, for example, there are other potential locations besides the beaches to ride a 

bike, but we do not have attribute data about these sites. This inevitably constrains our 

ability to model site choice when retail is the target activity. In turn, this might also 

influence whether we should be to classify a trip as a Pavement trip when other activities 

are also conducted in the same trip.  Similarly, with activities such as dining, running,
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and cycling, these activities can be conducted at other locations in the Los Angeles area 

besides the beaches covered by our data. We are working with an incomplete choice set 

compared to the situation that exists with sunbathing, say, or swimming in the ocean. We 

place more emphasis on sand- or water-related activities when assigning an activity to a 

trip. This logic leads to the following hierarchy when assigning an activity to a trip. 

• Activities that involve some degree of getting into the “Water” are placed at 

the top of the activity hierarchy. This hierarchy is based largely on the 

hypothesis that in general beach goers participating in “water” based 

activities are more selective regarding their recreation site than others. 

Those who get in the water will have different preferences regarding water 

quality and other attributes than those beach goers who remain dry. 

• Following the “Water” category, the available site attributes are best suited 

for explaining the recreational site choice for those participating in “Sand” 

activities. 

• “Pavement” activities are ranked third, as the ability to take part in 

“Pavement” activities such as running are believed to be large draws for 

beach visitation. 
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TABLE 7: Activity Choices  

 
Hierarchical 
Categories 

Count Count Count Count

Activity 1 Activity 2 Activity 3 Activity 4
Boating W 27 2 0 0
Body boarding/body surfing/skimboarding W 249 69 21 9
Canoeing W 12 1 0 0
Jet boating/jet skiing/personal water craft W 0 37 9 6
Kayaking W 20 4 4 0
Sailing W 5 0 0 0
Scuba diving W 0 1 0 0
Snorkeling W 2 14 0 0
Splashing in water W 75 59 2 4
Surfing W 418 64 2 0
Swimming W 291 170 54 4
Wading W 64 98 11 2
Water skiing W 2 1 0 0
Windsurfing / boardsailing W 1 1 0 0
Activities with children S 111 114 40 21
Bar-b-q S 19 21 20 6
Beachcombing S 9 28 26 0
Enjoying the view S 135 138 51 18
Fishing (shore or pier) S 69 20 1 0
Frisbee S 29 39 28 2
Kite flying S 10 10 1 0
People watching S 93 100 63 29
Picnicking S 137 120 38 14
Played in the sand S 14 26 9 6
Reading S 28 45 32 0
Relaxing S 1 1 2 0
Sand football/soccer S 15 25 2 15
Sleeping S 1 1 0 0
Sunbathing S 305 156 88 12
Volleyball S 91 160 31 1
Walking the dog S 65 15 5 0
Watched fireworks S 21 19 1 0
Bicycling P 444 64 3 10
Hiking P 7 0 9 5
Jogging P 343 50 13 19
Rollerblading/roller skates P 165 18 52 2
Walking P 1478 450 155 12
Amusement park/ arcade P 7 5 1 0
Eating/ drinking P 31 53 11 4
Shopping/dining P 207 278 109 17
Other O 414 299 194 107
Total  5415 2776 1088 325
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In the activity choice nest, we model the probability of choosing an activity as 
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Where Si t  is a vector consisting of demographic attributes of the respondent, some wave-

specific constants, and the inclusive value from the first nest, I1. The coefficient áa  is 

normalized to zero for the alternative of pavement-based activities, except that the 

coefficient on the inclusive value is the same for all three alternative activity types. The 

inclusive values are calculated from the results of the beach choice nest for the estimation of 

the activity nest of the model based on the usual formula 

inclusive value = )ln(
1
∑
=

J

j

je βx  

The inclusive values are calculated for each activity using the full choice set for that 

activity. These values are calculated for each individual and each wave, provided that cost, 

location and the explanatory variable data needed in the second level of the model were 

available. The inclusive value covariate is equivalent to the expected utility from the beach 

choices for each activity type. Note that we can calculate this expected utility even for 

respondents who did not report any trips. 

The second level is estimated for all single-destination trips that could be classified as to 

activity type and where the user supplied income and location data to calculate costs, as 

well as all of the demographic variables needed to estimate this level and the top level of the 

model. 
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The Participation Nest 

The final nest models the level of participation (in beach related activities) of the 

respondents. We include all observations where people a) reported trip counts for a month 

and b) supplied the income, location, and other covariates needed for all three levels of the 

model. Specifically, the participation model is a repeated logit model of participation for 

each month. We include all observations where people reported trip counts for a month 

and supplied the income, location, and other covariates needed for all three levels of the 

model. The probability of observing exactly k trips is given by: 

 

)()1(**
)!!*(

!
)Pr( kNk PP

kNk

N
k −−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−

=  

 
 

δ

δ

Z

Z

e

e
Ptrip

+
==

1
)Pr(  

where Z includes the inclusive value, I2 (expected utility) from the activity-choice nest, 

and other explanatory variables. P gives the probability of visiting a beach on a single 

choice occasion, and N is the number of days (choice occasions) in each month. 

Inclusive values for the activity level are calculated using the same formula as before\ 
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The Results of the Nested Model 

The results for the three-level nested repeated logit are given in Table 8. Note first that not 

all explanatory attributes enter into every submodel. Many attributes that are logical 

explanatory variables for beach choice conditioned upon a water-based activity are not 

logical explanatory variables for sand or pavement based activities. Second, note that our 

primary explanatory variables were collected with the intent of explaining beach choice by 

those who intended to undertake water based activities. For this reason, our water-based 

activity submodels (both the beach choice and activity choice models) are more fully 

specified and have greater explanatory power. In the discussion below, we focus primarily 

on the results of the model which pertain to water quality and beach choice by those that 

undertake water based activities. 

The coefficients for travel cost and water quality are significant and have the expected sign 

and magnitude (see the welfare estimates in the following section). The coefficients of each 

submodel are designated by a capital letter indicating the activity type for which the 

coefficients correspond (e.g. W=water, S= sand, P=pavement). A number following the 

activity letter designation indicates that the coefficient is specific to a particular wave in the 

model (e.g. W1=water, wave 1). The coefficients on water quality (WHTB Yr) are positive 

for water-based activities, but not significantly different from zero for sand-based activities. 

A water quality variable did not enter into the right hand side of the “Pavement” sub-model 

because we had no reason to believe that water quality should matter to beach goers that 

did not go on the sand or get in the water. Note that combining water users with other users 

would have diminished our ability to detect the preference placed on clean water by  
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swimmers and surfers. Within water-based activities, the preferences for water quality are 

slightly diminished for wave 2. While Development and Harbors proved to be utility 

degrading for water users, Development was a desirable attribute for sand users and 

pavement users preferred the presence of both Development and Harbors to their absence. 

The other coefficient estimates are generally in keeping with our intuition. 

From a policy perspective, we would like to understand what factors determine the choice of 

water-based activities and how changes in water quality influence the choice to participate 

in water-based activities or substitute to other types of beach activities (especially when 

water quality becomes degraded). The model results indicate that seasonality is an 

important determinant of the decision to undertake water-based activities. All users are 

more likely to choose water based activities in the Spring, Summer, and early Fall. Race 

also plays a factor in the choice of beach activities. Black respondents were less likely 

overall to choose a water-based activity, while Hispanics were not significantly different 

from others (e.g. whites, Asians, and Native Americans) in their choice of water-based 

activities. Males were more likely to get in the water. Interestingly, age was not found to be 

an important factor in influencing the choice of a water-based activity, but families with 

children were more likely to participate in sand-based activities. Finally, all potential beach 

goers were more likely to go to the beach in the summer. Blacks, Hispanics, students, and 

households with children were less likely to go to the beach than others. Males and those 

with only part-time employment were more likely to visit area beaches. 
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Table 8:  Three Nested Beach Choice, Activity Choice, and Participation Model 
  Time Valuation = 50% wage rate 
BEACH CHOICE MODELS   

 

Note, the first letters W,S, and P indicate coefficients that apply to the Water, Sand, 
and Pavement activity submodels.  Numbers in the second position indicate 
coefficients that apply to the wave of that number. 

    
 Mean log-likelihood -2.73638  
 Observations       4545  

 
 
Estimates Standard Error T-statistic P-value 

  
Cost, water -0.0734 0.0050 -14.7110 0.0000
Cost, sand -0.0982 0.0055 -17.8390 0.0000
Cost, pavement -0.1164 0.0078 -14.9170 0.0000
 Water-based Activity Beach Choice Model  
 Water activities beach choice model, variables that affect all waves 
WHTB Yr 0.4158 0.0802 5.1810 0.0000
Wln(Length) 1.4381 0.0825 17.4230 0.0000
Wugly -0.4670 0.0656 -7.1160 0.0000
WDevelop2 -0.4049 0.0763 -5.3040 0.0000
WWild 0.8046 0.1454 5.5320 0.0000
WLifeguard/length 0.2761 0.0283 9.7540 0.0000
Wsandy 2.0235 0.2249 8.9960 0.0000
Wsurfing 0.5366 0.1327 4.0460 0.0001
Wdiving 0.6735 0.1150 5.8550 0.0000
Wharbor -1.1274 0.0990 -11.3900 0.0000
WOceanside dummy 6.7932 0.4580 14.8320 0.0000
Wvenice dummy 3.7928 0.3330 11.3910 0.0000
 Water activities beach choice model, variables for specific waves 
W2HTB Yr -0.2494 0.0979 -2.5470 0.0109
W4HTB Yr -0.0489 0.0953 -0.5130 0.6083
W4Lifeguard/length 0.1355 0.0389 3.4850 0.0005
W5HTB Yr 0.1079 0.1260 0.8560 0.3921
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Table 8 (continued):  Three Nested Beach Choice, Activity Choice, and Participation 
Model : Time Valuation = 1/2 wage rate 
 Sand-Based Activities Beach Choice Model  
 Estimates Standard Error T-statistic P-value 
SHTB Yr -0.0616 0.0587 -1.0490 0.2944
Sln(Length) 0.9255 0.0730 12.6810 0.0000
SUgly -0.4312 0.0681 -6.3280 0.0000
SDevelop 0.5703 0.1262 4.5190 0.0000
SWild 1.0007 0.1086 9.2170 0.0000
SVolleyball/length 0.0028 0.0047 0.5980 0.5501
SLifeguard/length 0.4067 0.0276 14.7590 0.0000
SHarbor -0.5332 0.0775 -6.8800 0.0000
SSandy 0.3518 0.2269 1.5510 0.1210
SPlayground -0.1681 0.0819 -2.0510 0.0403
SRestroom 0.5587 0.2140 2.6110 0.0090
SFirepit/length 0.0000 0.0021 -0.0190 0.9850
SOceanside dummy 3.1894 0.5500 5.7990 0.0000
SVenice dummy 3.5158 0.2870 12.2510 0.0000
S4Volleyball/length -0.0146 0.0080 -1.8260 0.0679
S5Volleyball/length -0.0080 0.0091 -0.8790 0.3792
  
 Pavement-Based Activities Beach Choice Model 
Pln(Length) 1.7028 0.1178 14.4580 0.0000
PUgly -0.6110 0.0791 -7.7230 0.0000
PDevelop2 -0.4309 0.1252 -3.4430 0.0006
PWild 0.4471 0.1405 3.1810 0.0015
PLifeguard/length 0.6228 0.0288 21.5930 0.0000
PParking -0.6932 0.3054 -2.2700 0.0232
PPubfac -0.5484 0.1516 -3.6170 0.0003
PSandy 0.5309 0.4908 1.0820 0.2793
PShowers 1.1947 0.2192 5.4500 0.0000
PStrparking 1.2397 0.2294 5.4040 0.0000
PHarbor 0.2207 0.0860 2.5650 0.0103
PNature 0.7228 0.1946 3.7130 0.0002
PRivers 0.8127 0.2632 3.0880 0.0020
PBikepath 0.1631 0.1414 1.1530 0.2489
PCamping -2.2342 0.2942 -7.5950 0.0000
PPlayground 0.0727 0.0929 0.7830 0.4338
PRestrooms 0.2596 0.3984 0.6520 0.5146
PSidewalk 0.3584 0.1303 2.7510 0.0059
PRentals -0.5841 0.1245 -4.6920 0.0000
PPointMugu dummy 5.8516 0.5881 9.9510 0.0000
POceanside dummy 5.9621 1.0794 5.5240 0.0000
PVenice dummy 6.4541 0.4756 13.5700 0.0000
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Table 8 (continued):  Three Nested Beach Choice, Activity Choice, and Participation 
Model : Time Valuation = 50% wage rate 
ACTIVITY CHOICE MODEL    
 Mean log-likelihood  -1.01975  
 Observations  4837  
 Estimates Standard Error T-statistic P-value 
 Variables Affecting The Choice Of Water-Based Activities. 
I1 0.3072 0.0655 4.6920 0.0000
WConstant -1.8684 0.2146 -8.7070 0.0000
WMale 0.4058 0.0709 5.7200 0.0000
WBlack -1.0335 0.2467 -4.1890 0.0000
WHispanic -0.1000 0.0929 -1.0760 0.2817
W3Constant 1.3466 0.1347 9.9940 0.0000
W4Constant 1.9405 0.1683 11.5280 0.0000
W5Constant 1.2422 0.1882 6.6000 0.0000
W6Constant 0.6229 0.1435 4.3400 0.0000
 
SConstant -0.0028 0.1829 -0.0150 0.9877
SKids 0.2064 0.0730 2.8260 0.0047
S3Constant 0.0479 0.1273 0.3770 0.7065
S4Constant 1.1758 0.1136 10.3520 0.0000
     
     
PARTICIPATION MODEL    
  Mean log-likelihood -3.89772  
  Observations 7686 
  
I2 0.3835 0.0849 4.5160 0.0000
Constant -4.6445 0.1438 -32.3060 0.0000
Male 0.4350 0.0601 7.2350 0.0000
Kids -0.1602 0.0578 -2.7700 0.0056
Student -0.1823 0.0748 -2.4370 0.0148
Workparttime 0.1873 0.0879 2.1300 0.0331
Black -0.6761 0.1338 -5.0520 0.0000
Hispanic -0.5655 0.0746 -7.5830 0.0000
Summer 0.2089 0.0895 2.3350 0.0196
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WELFARE ESTIMATES 
Welfare estimates for changes in beach availability and/or beach attributes are being 

calculated separately and extrapolated to the entire population of beach goers in our four- 

county study area. The results of the welfare calculations will be presented in a separate report. 

CONCLUSION 

Despite anecdotal evidence to the contrary, coastal marine water quality is an important factor in 

determining when and where Southern Californians go to the beach. The decision about when 

and where to go the beach in California is complex and depends on many factors in addition to 

water quality, including the natural and managed attributes of beaches, the cost of getting to the 

beach, the activities one plans to undertake at the beach, the personal characteristics of the beach 

goer, and the season during which the choice takes place. Our analysis indicates that it is not 

possible to isolate the effect of water quality on the choice of a beach site unless this is 

simultaneously modeled along with other important components of beach choice such as the 

choice of beach activity and seasonal participation in beach recreation. We have shown the value 

of adopting a comprehensive approach to modeling beach behavior by first presenting the results 

of simpler model of beach choice and then contrasting this with a more complex, multi-nested 

model. The simpler models do not properly capture the impact of water quality on beach choice 

and thus on the economic welfare of beach goers.  To address the complex nature of beach 

choice in Southern California, we use a three-level nested random utility model of beach choice 

to simultaneously model how the beach going public chooses beaches, the activities they 

undertake at the beach, and whether or not to go to a beach. This three level model allows us to 

estimate the ways in which changes in beach water quality, beach attributes, and beach closures
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impact beach goers; specifically we can estimate changes in attendance at the 51 principle 

beaches of Los Angeles and Orange Counties, changes in expenditures, and changes in the 

economic well-being of beach goers. This model can serve as the foundation for policy 

decisions regarding beach water quality management, oil spill prevention, and the 

determination of fines for events that result in the impairment of coastal water quality or 

the closure of beaches.
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Appendix I: Estimated Models with Alternative Values of Time (0%, 33% and 100 
     of the wage rate) 
 
 
Table A1:  Three Nested Beach Choice, Activity Choice, and Participation Model 
Time Valuation = Zero 
BEACH CHOICE MODELS   

 

Note, the first letters W,S, and P indicate coefficients that apply to the Water, Sand, 
and Pavement activity submodels.  Numbers in the second position indicate 
coefficients that apply to the wave of that number. 

    
 Mean log-likelihood -2.69349  
 Observations  4545  
     
 Estimates Standard Error T-statistic P-value 
  
Cost, water -0.3435 0.0416 -8.255 0.0000
Cost, sand -0.3802 0.0180 -21.116 0.0000
Cost, pavement -0.5048 0.0708 -7.130 0.0000
 Water-based Activity Beach Choice Model  
 Water activities beach choice model, variables that affect all waves 
WHTB Yr 0.3330 0.1281 2.600 0.0093
Wln(Length) 1.4317 0.0802 17.851 0.0000
Wugly -0.5540 0.0711 -7.787 0.0000
WDevelop2 -0.5227 0.1024 -5.105 0.0000
WWild 0.8256 0.1525 5.414 0.0000
WLifeguard/length 0.2792 0.0288 9.679 0.0000
Wsandy 2.2092 0.2311 9.561 0.0000
Wsurfing 0.4984 0.1722 2.894 0.0038
Wdiving 0.8475 0.1534 5.525 0.0000
Wharbor -1.2916 0.1153 -11.200 0.0000
WOceanside dummy 6.9491 0.5565 12.487 0.0000
Wvenice dummy 3.7657 0.3734 10.085 0.0000
 Water activities beach choice model, variables for specific waves 
W2HTB Yr -0.2171 0.1650 -1.316 0.1882
W4HTB Yr 0.0364 0.2261 0.161 0.8722
W4Lifeguard/length 0.1443 0.0395 3.653 0.0003
W5HTB Yr 0.2125 0.1841 1.154 0.2485
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Table A1 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = Zero 
 Sand-Based Activities Beach Choice Model  
 Estimates Standard Error T-statistic P-value 
SHTB Yr -0.0416 0.0684 -0.609 0.5427
Sln(Length) 0.9066 0.2379 3.811 0.0001
SUgly -0.4998 0.0807 -6.191 0.0000
SDevelop 0.6488 0.1371 4.732 0.0000
SWild 1.0998 0.5462 2.014 0.0441
SVolleyball/length 0.0011 0.0112 0.098 0.9220
SLifeguard/length 0.3904 0.0273 14.307 0.0000
SHarbor -0.6169 0.0805 -7.660 0.0000
SSandy 0.4701 1.2146 0.387 0.6987
SPlayground -0.2155 0.2958 -0.728 0.4663
SRestroom 0.4926 0.7341 0.671 0.5023
SFirepit/length 0.0019 0.0029 0.652 0.5145
SOceanside dummy 3.4020 2.7093 1.256 0.2092
SVenice dummy 3.3827 2.0498 1.650 0.0989
 Sand activities beach choice model, variables for specific waves   
S4Volleyball/length -0.0137 0.0113 -1.214 0.2247
S5Volleyball/length -0.0080 0.0151 -0.532 0.5948
  
 Pavement-Based Activities Beach Choice Model 
Pln(Length) 1.7612 0.2730 6.451 0.0000
PUgly -0.6885 0.0999 -6.892 0.0000
PDevelop2 -0.5581 0.4839 -1.153 0.2487
PWild 0.5578 0.7549 0.739 0.4600
PLifeguard/length 0.6194 0.0685 9.041 0.0000
PParking -0.7418 1.6210 -0.458 0.6472
PPubfac -0.5985 0.3425 -1.747 0.0806
PSandy 0.7614 2.7042 0.282 0.7783
PShowers 1.2062 0.7196 1.676 0.0937
PStrparking 1.2679 0.5622 2.256 0.0241
PHarbor 0.2098 0.1210 1.734 0.0830
PNature 0.8203 0.7769 1.056 0.2910
PRivers 0.8504 1.2273 0.693 0.4884
PBikepath 0.0521 0.5446 0.096 0.9238
PCamping -2.3191 0.5639 -4.113 0.0000
PPlayground 0.0857 0.1852 0.463 0.6434
PRestrooms 0.0933 0.4024 0.232 0.8167
PSidewalk 0.3298 0.1406 2.346 0.0190
PRentals -0.4494 0.5822 -0.772 0.4401
PPointMugu dummy 5.1530 5.2537 0.981 0.3267
POceanside dummy 7.2516 4.4098 1.644 0.1001
PVenice dummy 6.2591 4.4703 1.400 0.1615
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Table A1 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = Zero 
ACTIVITY CHOICE MODEL    
 Mean log-likelihood  -1.01975  
 Observations  4837  
 Estimates Standard Error T-statistic P-value 
 Variables Affecting The Choice Of Activities. 
I1 0.3712 0.2728 1.361 0.1736
WConstant -1.7894 1.8450 -0.970 0.3321
WMale 0.4066 0.0813 5.001 0.0000
WBlack -1.0503 0.2503 -4.196 0.0000
WHispanic -0.1365 0.1000 -1.365 0.1723
W3Constant 1.3009 0.1775 7.331 0.0000
W4Constant 1.6919 0.3984 4.247 0.0000
W5Constant 1.0664 0.4689 2.274 0.0229
W6Constant 0.5409 0.1933 2.798 0.0051
 
SConstant 0.0116 3.3651 0.003 0.9973
Skids 0.1976 0.1152 1.716 0.0862
S3Constant 0.0152 0.9444 0.016 0.9872
S4Constant 1.1061 0.1430 7.735 0.0000
     
     
PARTICIPATION MODEL    
 Mean log-likelihood -3.89772 
 Observations 7686 
  
I2 0.4940 0.3092 1.598 0.1101
Constant -5.0187 0.8306 -6.042 0.0000
Male 0.3808 0.0661 5.763 0.0000
Kids -0.1537 0.0642 -2.395 0.0166
Student -0.1387 0.0746 -1.859 0.0630
Workparttime 0.2069 0.0873 2.370 0.0178
Black -0.5940 0.1520 -3.908 0.0001
Hispanic -0.4529 0.0739 -6.125 0.0000
Summer 0.1457 0.1785 0.816 0.4144
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Table A2:  Three Nested Beach Choice, Activity Choice, and Participation Model 
  Time Valuation = 33.33% wage rate 
BEACH CHOICE MODELS   

 

Note, the first letters W,S, and P indicate coefficients that apply to the Water, Sand, 
and Pavement activity submodels.  Numbers in the second position indicate 
coefficients that apply to the wave of that number. 

    
 Mean log-likelihood -2.72809  
 Observations 4545  
     
 Estimates Standard Error T-statistic P-value 
  
Cost, water -0.1017 0.0066 -15.3940 0.0000
Cost, sand -0.1323 0.0070 -18.9620 0.0000
Cost, pavement -0.1589 0.0099 -16.0380 0.0000
 Water-based Activity Beach Choice Model  
 Water activities beach choice model, variables that affect all waves 
WHTB Yr 0.4057 0.0834 4.8650 0.0000
Wln(Length) 1.4358 0.0820 17.5080 0.0000
Wugly -0.4787 0.0660 -7.2520 0.0000
WDevelop2 -0.4253 0.0764 -5.5670 0.0000
WWild 0.7975 0.1470 5.4250 0.0000
WLifeguard/length 0.2771 0.0286 9.7040 0.0000
Wsandy 2.0611 0.2253 9.1470 0.0000
Wsurfing 0.5232 0.1325 3.9500 0.0001
Wdiving 0.7234 0.1164 6.2130 0.0000
Wharbor -1.1608 0.0993 -11.6850 0.0000
WOceanside dummy 6.8599 0.4581 14.9740 0.0000
Wvenice dummy 3.7893 0.3324 11.4010 0.0000
 Water activities beach choice model, variables for specific waves 
W2HTB Yr -0.2377 0.0971 -2.4480 0.0144
W4HTB Yr -0.0354 0.1076 -0.3290 0.7422
W4Lifeguard/length 0.1372 0.0392 3.5000 0.0005
W5HTB Yr 0.1181 0.1287 0.9180 0.3586
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Table A2 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = 33.33% wage rate 
 Sand-Based Activities Beach Choice Model  
 Estimates Standard Error T-statistic P-value 
SHTB Yr -0.0617 0.0580 -1.0640 0.2875
Sln(Length) 0.9207 0.0730 12.6160 0.0000
SUgly -0.4450 0.0684 -6.5030 0.0000
SDevelop 0.5750 0.1275 4.5090 0.0000
SWild 1.0163 0.1106 9.1860 0.0000
SVolleyball/length 0.0022 0.0047 0.4660 0.6415
SLifeguard/length 0.4049 0.0275 14.7450 0.0000
SHarbor -0.5519 0.0777 -7.1000 0.0000
SSandy 0.3743 0.2333 1.6050 0.1086
SPlayground -0.1716 0.0823 -2.0860 0.0370
SRestroom 0.5520 0.2142 2.5770 0.0100
SFirepit/length 0.0001 0.0021 0.0370 0.9704
SOceanside dummy 3.2238 0.5692 5.6640 0.0000
SVenice dummy 3.4885 0.2913 11.9770 0.0000
S4Volleyball/length -0.0146 0.0079 -1.8320 0.0670
S5Volleyball/length -0.0080 0.0092 -0.8630 0.3884
  
 Pavement-Based Activities Beach Choice Model 
Pln(Length) 1.7078 0.1152 14.8240 0.0000
PUgly -0.6324 0.0817 -7.7370 0.0000
PDevelop2 -0.4567 0.1314 -3.4750 0.0005
PWild 0.4271 0.1384 3.0870 0.0020
PLifeguard/length 0.6244 0.0287 21.7870 0.0000
PParking -0.7205 0.3045 -2.3660 0.0180
PPubfac -0.5271 0.1440 -3.6610 0.0003
PSandy 0.5058 0.4684 1.0800 0.2802
PShowers 1.1984 0.2233 5.3660 0.0000
PStrparking 1.2615 0.2322 5.4330 0.0000
PHarbor 0.2119 0.0865 2.4500 0.0143
PNature 0.7378 0.1896 3.8910 0.0001
PRivers 0.8530 0.2588 3.2950 0.0010
PBikepath 0.0945 0.1263 0.7480 0.4542
PCamping -2.2419 0.3015 -7.4370 0.0000
PPlayground 0.0693 0.0902 0.7690 0.4419
PRestrooms 0.2099 0.4046 0.5190 0.6040
PSidewalk 0.3805 0.1280 2.9730 0.0029
PRentals -0.5607 0.1162 -4.8260 0.0000
PPointMugu dummy 5.7086 0.5186 11.0090 0.0000
POceanside dummy 6.1926 1.0334 5.9930 0.0000
PVenice dummy 6.3319 0.3915 16.1750 0.0000
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Table A2 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = 33.33% wage rate 
ACTIVITY CHOICE MODEL    
 Mean log-likelihood  -1.01975  
 Observations  4837  
 Estimates Standard Error T-statistic P-value 
 Variables Affecting The Choice Of Water-Based Activities. 
I1 0.3272 0.0688 4.7550 0.0000
WConstant -1.9049 0.2136 -8.9160 0.0000
WMale 0.4068 0.0712 5.7100 0.0000
WBlack -1.0352 0.2466 -4.1980 0.0000
WHispanic -0.1021 0.0927 -1.1020 0.2705
W3Constant 1.3361 0.1349 9.9050 0.0000
W4Constant 1.8990 0.1810 10.4940 0.0000
W5Constant 1.2210 0.1996 6.1180 0.0000
W6Constant 0.6115 0.1442 4.2410 0.0000
 
SConstant 0.0048 0.1475 0.0330 0.9739
Skids 0.2038 0.0733 2.7810 0.0054
S3Constant 0.0418 0.1233 0.3390 0.7347
S4Constant 1.1671 0.1140 10.2350 0.0000
     
     
PARTICIPATION MODEL    
 Mean log-likelihood -3.89772 
 Observations 7686 
  
I2 0.3995 0.0859 4.6520 0.0000
Constant -4.7054 0.1429 -32.9300 0.0000
Male 0.4306 0.0600 7.1710 0.0000
Kids -0.1539 0.0577 -2.6670 0.0077
Student -0.1809 0.0746 -2.4250 0.0153
Workparttime 0.1882 0.0878 2.1430 0.0321
Black -0.6758 0.1340 -5.0440 0.0000
Hispanic -0.5641 0.0747 -7.5520 0.0000
Summer 0.1995 0.0902 2.2110 0.0270
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Table A3:  Three Nested Beach Choice, Activity Choice, and Participation Model 
  Time Valuation = 100% wage rate 
BEACH CHOICE MODELS   

 

Note, the first letters W,S, and P indicate coefficients that apply to the Water, Sand, 
and Pavement activity submodels.  Numbers in the second position indicate 
coefficients that apply to the wave of that number. 

    
 Mean log-likelihood -2.74775  
 Observations 4545  
     
 Estimates Standard Error T-statistic P-value 
  
Cost, water -0.0395 0.0028 -14.0130 0.0000
Cost, sand -0.0548 0.0033 -16.4410 0.0000
Cost, pavement -0.0639 0.0046 -13.8810 0.0000
 Water-based Activity Beach Choice Model  
 Water activities beach choice model, variables that affect all waves 
WHTB Yr 0.4286 0.0817 5.2440 0.0000
Wln(Length) 1.4412 0.0831 17.3410 0.0000
Wugly -0.4523 0.0649 -6.9670 0.0000
WDevelop2 -0.3785 0.0762 -4.9680 0.0000
WWild 0.8160 0.1435 5.6850 0.0000
WLifeguard/length 0.2749 0.0278 9.9010 0.0000
Wsandy 1.9726 0.2239 8.8090 0.0000
Wsurfing 0.5559 0.1330 4.1790 0.0000
Wdiving 0.6036 0.1116 5.4110 0.0000
Wharbor -1.0815 0.0981 -11.0300 0.0000
WOceanside dummy 6.6859 0.4575 14.6130 0.0000
Wvenice dummy 3.7987 0.3339 11.3750 0.0000
 Water activities beach choice model, variables for specific waves 
W2HTB Yr -0.2661 0.1004 -2.6520 0.0080
W4HTB Yr -0.0664 0.0989 -0.6710 0.5020
W4Lifeguard/length 0.1332 0.0386 3.4490 0.0006
W5HTB Yr 0.0959 0.1276 0.7520 0.4523
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Table A3 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = 100% wage rate 
 Sand-Based Activities Beach Choice Model  
 Estimates Standard Error T-statistic P-value 
SHTB Yr -0.0605 0.0576 -1.0500 0.2938
Sln(Length) 0.9323 0.0735 12.6830 0.0000
SUgly -0.4100 0.0677 -6.0530 0.0000
SDevelop 0.5666 0.1254 4.5180 0.0000
SWild 0.9790 0.1098 8.9180 0.0000
SVolleyball/length 0.0039 0.0047 0.8300 0.4065
SLifeguard/length 0.4085 0.0272 15.0270 0.0000
SHarbor -0.5048 0.0774 -6.5230 0.0000
SSandy 0.3187 0.2333 1.3660 0.1719
SPlayground -0.1650 0.0823 -2.0050 0.0449
SRestroom 0.5641 0.2152 2.6210 0.0088
SFirepit/length -0.0001 0.0021 -0.0680 0.9455
SOceanside dummy 3.1196 0.5437 5.7370 0.0000
SVenice dummy 3.5511 0.2917 12.1740 0.0000
S4Volleyball/length -0.0147 0.0081 -1.8170 0.0692
S5Volleyball/length -0.0081 0.0091 -0.8820 0.3779
  
 Pavement-Based Activities Beach Choice Model 
Pln(Length) 1.6977 0.1162 14.6120 0.0000
PUgly -0.5784 0.0780 -7.4160 0.0000
PDevelop2 -0.3941 0.1284 -3.0700 0.0021
PWild 0.4849 0.1410 3.4380 0.0006
PLifeguard/length 0.6197 0.0290 21.3750 0.0000
PParking -0.6520 0.3065 -2.1270 0.0334
PPubfac -0.5851 0.1541 -3.7970 0.0001
PSandy 0.5822 0.4721 1.2330 0.2175
PShowers 1.1886 0.2161 5.5000 0.0000
PStrparking 1.2041 0.2246 5.3620 0.0000
PHarbor 0.2351 0.0867 2.7130 0.0067
PNature 0.7011 0.1868 3.7540 0.0002
PRivers 0.7490 0.2593 2.8890 0.0039
PBikepath 0.2726 0.1458 1.8700 0.0615
PCamping -2.2273 0.2905 -7.6660 0.0000
PPlayground 0.0784 0.0969 0.8080 0.4189
PRestrooms 0.3375 0.4366 0.7730 0.4395
PSidewalk 0.3192 0.1287 2.4800 0.0131
PRentals -0.6174 0.1227 -5.0310 0.0000
PPointMugu dummy 6.0381 0.5809 10.3950 0.0000
POceanside dummy 5.6402 1.1446 4.9280 0.0000
PVenice dummy 6.6473 0.4927 13.4920 0.0000
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Table A3 (continued):  Three Nested Beach Choice, Activity Choice, and 
Participation Model : Time Valuation = 100% wage rate 
ACTIVITY CHOICE MODEL    
 Mean log-likelihood  -1.01975  
 Observations 4837  
 Estimates Standard Error T-statistic P-value 
 Variables Affecting The Choice Of Water-Based Activities. 
I1 0.2809 0.0590 4.7580 0.0000
WConstant -1.8131 0.2086 -8.6900 0.0000
WMale 0.4045 0.0704 5.7460 0.0000
WBlack -1.0302 0.2468 -4.1750 0.0000
WHispanic -0.0979 0.0930 -1.0530 0.2924
W3Constant 1.3623 0.1333 10.2190 0.0000
W4Constant 1.9930 0.1645 12.1150 0.0000
W5Constant 1.2666 0.1794 7.0590 0.0000
W6Constant 0.6390 0.1419 4.5020 0.0000
 
SConstant -0.0127 0.1750 -0.0720 0.9423
SKids 0.2091 0.0731 2.8620 0.0042
S3Constant 0.0569 0.1246 0.4570 0.6479
S4Constant 1.1878 0.1126 10.5520 0.0000
     
     
PARTICIPATION MODEL    
 Mean log-likelihood -3.89772 
 Observations 7686 
   
I2 0.3609 0.0812 4.4440 0.0000
Constant -4.5649 0.1416 -32.2380 0.0000
Male 0.4397 0.0602 7.3090 0.0000
Kids -0.1690 0.0580 -2.9140 0.0036
Student -0.1827 0.0751 -2.4340 0.0149
Workparttime 0.1870 0.0881 2.1230 0.0338
Black -0.6743 0.1335 -5.0530 0.0000
Hispanic -0.5631 0.0745 -7.5620 0.0000
Summer 0.2221 0.0878 2.5300 0.0114
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Appendix II: DATA COLLECTION AND CLEANING 

Work began on the project in January 1999 to design a panel survey of Southern California 
residents to track their usage of beaches in the region. Following extensive testing, the 
recruitment of a panel of residents commenced in November 1999, using a phone survey of 
a large random sample of area households. In August 2000, a second recruitment effort 
occurred to replenish the panel. The panel survey was conducted in waves of two-months 
duration. At the beginning of each wave, panel members were sent a map identifying the 
beaches of Orange and Los Angeles Counties and a calendar for the upcoming two months. 
At the end of each wave, the panel members were interviewed by phone. Each survey had a 
section designed to catalog every trip by the respondent to a beach in Southern California 
during that wave, plus an additional section with questions on a particular special topic. 
The waves and special topics are as follows: 

Dec 1999 – Jan 2000. Use of time. 
Feb – March, 2000. Health effects. 
April – May, 2000. Familiarity with beaches. 
June – July, 2000. Expenditures on beach recreation. 
August – September, 2000. Contingent behavior/contingent valuation. 
October – November, 2000. Attitudes regarding San Onofre power plant. 

Phase I of the data analysis was conducted between June 2001 and January 2002. The 
results of this work were described in a series of reports: 

Beach Recruitment Report (August, 2001) 
Report on Choice Set Familiarity (August, 2001) 
Report on Beach Trips by Wave (September, 2001) 
Revised Report on Activities (November, 2001) 
Report on Panel Participation and Attrition (December, 2001) 
Beach Expenditures Report (January, 2002) 
Report on Wave 4 Analysis (January 2002) 
Report on Wave 4 Valuation (January, 2002) 
Data Collection Production Report (January 2002) 
Revised Contingent Behavior-Contingent Valuation Report (March, 2002) Report 
on Data Collection, Checking, Cleaning, and Archiving for Phase I of the Southern 
California Beach Project (March, 2002) 
Report on Valuation Methodology (May, 2002) 

The main focus of the Phase I work was data checking and summarization of the raw 
survey data. The data analysis was confined to the data from wave 4 and was intended as 
much as a vehicle for in-depth data checking, data cleaning and software development as 
for substantive data analysis. The main data analysis was intended to start once the data 
checking and cleaning had been completed. 

Wave 1: 
Wave 2: 
Wave 3: 
Wave 4: 
Wave 5: 
Wave 6: 
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The data supplied by the Chico Survey Research Center (SRC) had one record for each 
respondent if they took no trips to a beach in Southern California that wave, and one 
record for each distinct beach destination visited if the respondent did go to the beach 
during that wave. 

In order to analyze the data, the sets of destinations had to be grouped into separate trips 
which reflect a single excursion from home. Although Chico SRC provided several 
variables which were supposed to convey this information, in many cases these variables 
were contradictory or were obviously incorrect. We combined information including 
starting and end dates and times, beach destinations, and the patterns of each panelist’s 
other trips to correctly classify these trips and destinations. These corrections were done in 
close consultation with the Chico SRC, and in many cases involved going back to look at 
the original CASES datasets which had the CATI responses. This effort was complicated 
by the fact that the SRC used multiple releases of the CASES software over the year-long 
course of the survey, and there appeared to be differences in the way that values were filled 
in for multiple destinations on the same trip for the different versions. 

We also checked that trip begin/end dates made sense, and corrected several errors. One 
diary dataset had a number of data-entry errors where the typist appeared to have shifted 
the digits on a subset of numeric entries by one digit to the right (e.g. 31 became 42). This 
showed up in dates as well as some categorical responses and was easily corrected in 
consultation with the Chico SRC. It is important to note that many trips did not contain an 
exact date because the respondent failed to supply one. The SRC made some effort to 
generate synthetic dates by looking at responses as to which week of the month and 
whether the trip was a weekend/weekday trip, and then randomly spreading the trips 
among the possible days. These “corrections” were removed, as they contain no 
information not in other parts of the dataset and are misleading. One trip contained a mis-
keyed panelist ID, however the correction was obvious to us and was agreed to by SRC 
staff. 

The initial contact Screener data is unavailable for 119 people in the Replenishment 
sample of respondents who supplied responses for waves 4, 5, or 6. 98 of those people 
reported taking trips. However, there is sufficient redundancy between the Screener data 
and the Demographics questions on the wave 4 diary for these people that the only data 
unavailable for them is data on the other household members (their number, ages and 
genders). These records appear to be missing at random, and the main variable which is 
unavailable for them is the presence of children in the household. That information can 
probably be reconstructed with a fair degree of accuracy by looking at whether they 
reported bringing minors along on any trips, information which is contained in the diary 
data. 

Since we require accurate estimates of travel time and distance, we examined the home 
addresses of the respondents very carefully. We combined data from the initial responses 
for each panelist, and incorporated address corrections supplied with the responses to each 
wave. We cross-checked this information with the actual mailing addresses used by Chico, 
and then manually examined each address change to determine whether it was a 
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correction or an actual move. The addresses were then examined using PC Miler 10.0, and 
addresses which were not precisely located were reviewed individually and corrected by 
employing information from PC-Miler, Yahoo Mapping website, and the US Postal Service 
zip-code look-up website. We tried as many variations on spelling of street names as we 
could, and had a high rate of successful corrections. A large part of the difficulty arose 
from the preponderance of Spanish-language names in Southern California and the 
unfamiliarity of the Chico survey takers with these place names. The task was further 
complicated by the fact that the mapping software could only locate addresses exactly 
using zip codes for most locations, but required the city name for others. 

Some people who were contacted during the replenishment survey answered questions with 
information about their beach trips during June and July, but refused to join the panel for 
the purpose of reporting their future trips. If they provided useable address data, we will 
utilize the data on their trips during this wave. However, if they did not provide address 
data, their trips cannot be used in our analysis.2 In addition, 72 of the people recruited in 
either the original recruitment survey or the replenishment survey elected to participate 
over the internet and therefore did not supply addresses.3 4 Some other respondents supplied 
only PO box addresses (which provide us a zip code only). 

In total, out of total of 1308 individuals who supplied information to the survey5, 1182 gave 
usable address information; of these, 1102 gave addresses that were located exactly, and 80 
gave addresses that could be located only to within a zip code. 

Of the 1182 people who supplied information to us and for whom we have usable address 
information (i.e., an exact address or a zip code), 359 did not make any trips to the beach in 
Southern California during the period they reported to us. The remaining 823 reported 
taking one or more trips to the beach in Southern California; in aggregate they provided 
information on a total of 6737 trips.6 

In collecting trip information, the diary questionnaire distinguished between trips made to a 
single beach site in Southern California versus those made to multiple beach sites, and 
between trips lasting for one day or less versus those lasting for more than one day. The 
total of 6737 trips includes some of all four kinds of trips. 

2 54 people who reported 179 trips fell into this category; these trips are excluded from the counts given 
below. 
3 28 of these 72 individuals reported visiting the beach, and they took a total of 82 trips; these trips are 
excluded from the counts presented below. 
4 In any future implementations of these survey instruments we would make a point of asking internet 
participants for their mail address. 
5 We use this phrase rather than saying “1254 panel members” because, as noted above, some people 
contacted during the replenishment survey supplied information about their beach trips during June and July 
but refused to join the panel; hence these people were not panel members. 
6 This total excludes the 261 trips by 82 individuals who did not provide usable address information, as 
noted in footnotes 1 and 2. 
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Of the 823 individuals who reported on their trips and for whom we have usabele address 
information, 625 made only one-day trips to single-site destinations; these individuals made 
a total of 4096 trips. The other 198 individuals made some multi-day and/or some multi-site 
trips. Of these, 57 made both some multi-day trips and some multi-site trips; 99 made some 
multi-day trips but no multi-site trips; and 42 made some multi-site trips but no multi-day 
trips. The following table breaks down the 6737 trips by trip length and the number of 
beach site destinations: 

 
ONE DAY 
TRIPS 

> 1 DAY 
TRIPS  

SINGLE-SITE 
TRIPS 

6226 trips by 
799 people. 

241 trips by 
129 people. 

6467 trips by 
817 people. 

MULTI-SITE 
TRIPS 

214 trips by 
54 people. 

56 trips by 
49 people. 

270 trips by 
99 people. 

 
6440 trips by 
803 people. 

297 trips by 
156 people. 

6737 trips by 
823 people.  

Of the 823 individuals who reported on their trips and for whom we have usable address 
information, 704 supplied income information to us, but 119 did not. The 704 individuals 
for whom we have usable address and income information accounted for a total of 5689 
trips. 

Finally, the 6737 trips break down by wave as follows: 

WAVE 1 (Dec-Jan) 1162 trips 
WAVE 2 (Feb-Mar) 1005 trips 
WAVE 3 (Apr-May) 708 trips 
WAVE 4 (June-July) 2003 trips 
WAVE 5 (Aug-Sept) 1179 trips 
WAVE 6 (Oct-Nov) 680 trips 
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Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
19779 14-Sep-99 Torrance 2000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19780 14-Sep-99 Venice 5000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19781 14-Sep-99 Will Rogers 3500 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19782 14-Sep-99 Zuma 2000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19795 15-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 4 weekday LAFD
19796 15-Sep-99 Cabrillo 1000 9 1999 199909 Fall Fall 1999 4 weekday LAFD
19797 15-Sep-99 Corral 200 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19798 15-Sep-99 Dockweiler 3500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19799 15-Sep-99 El Segundo 500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19800 15-Sep-99 Hermosa 2200 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19801 15-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 4 weekday LAFD
19802 15-Sep-99 Malibu 1500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19803 15-Sep-99 Manhattan 4200 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19804 15-Sep-99 Marina Del Rey 400 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19805 15-Sep-99 Nicholas Canyon 500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19806 15-Sep-99 Pt. Dume County 500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19807 15-Sep-99 Redondo 2900 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19808 15-Sep-99 Santa Monica 9000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19809 15-Sep-99 Topanga 1100 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19810 15-Sep-99 Torrance 2400 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19811 15-Sep-99 Venice 3000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19812 15-Sep-99 Will Rogers 1900 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19813 15-Sep-99 Zuma 1500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
19826 16-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 5 weekday LAFD
19827 16-Sep-99 Cabrillo 800 9 1999 199909 Fall Fall 1999 5 weekday LAFD
19828 16-Sep-99 Corral 300 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19829 16-Sep-99 El Segundo 500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19830 16-Sep-99 Hermosa 1500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19831 16-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 5 weekday LAFD
19832 16-Sep-99 Malibu 1500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19833 16-Sep-99 Manhattan 2700 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19834 16-Sep-99 Marina Del Rey 400 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19835 16-Sep-99 Nicholas Canyon 500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19836 16-Sep-99 Pt. Dume County 500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19837 16-Sep-99 Redondo 1800 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19838 16-Sep-99 Santa Monica 7000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19839 16-Sep-99 Topanga 1200 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19840 16-Sep-99 Torrance 1000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19841 16-Sep-99 Venice 2000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19842 16-Sep-99 Will Rogers 1000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19843 16-Sep-99 Zuma 1200 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
19856 17-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 6 weekday LAFD
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Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
19857 17-Sep-99 Cabrillo 850 9 1999 199909 Fall Fall 1999 6 weekday LAFD
19858 17-Sep-99 Corral 100 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19859 17-Sep-99 Dockweiler 2500 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19860 17-Sep-99 El Segundo 300 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19861 17-Sep-99 Hermosa 1800 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19862 17-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 6 weekday LAFD
19863 17-Sep-99 Malibu 1500 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19864 17-Sep-99 Manhattan 3000 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19865 17-Sep-99 Marina Del Rey 300 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19866 17-Sep-99 Nicholas Canyon 300 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19867 17-Sep-99 Pt. Dume County 500 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19868 17-Sep-99 Redondo 3000 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19869 17-Sep-99 Santa Monica 6500 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19870 17-Sep-99 Topanga 1600 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19871 17-Sep-99 Torrance 2000 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19872 17-Sep-99 Venice 1000 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19873 17-Sep-99 Will Rogers 1600 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19874 17-Sep-99 Zuma 1000 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
19887 18-Sep-99 Abalone Cove 2000 9 1999 199909 Fall Fall 1999 7 weekend LAFD
19888 18-Sep-99 Cabrillo 4000 9 1999 199909 Fall Fall 1999 7 weekend LAFD
19889 18-Sep-99 Corral 300 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19890 18-Sep-99 Dockweiler 14000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19891 18-Sep-99 El Segundo 500 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19892 18-Sep-99 Hermosa 2100 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19893 18-Sep-99 Las Tunas 200 9 1999 199909 Fall Fall 1999 7 weekend LAFD
19894 18-Sep-99 Malibu 1500 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19895 18-Sep-99 Manhattan 7200 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19896 18-Sep-99 Marina Del Rey 1100 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19897 18-Sep-99 Nicholas Canyon 400 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19898 18-Sep-99 Pt. Dume County 2000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19899 18-Sep-99 Redondo 4000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19900 18-Sep-99 Santa Monica 13000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19901 18-Sep-99 Topanga 1700 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19902 18-Sep-99 Torrance 2000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19903 18-Sep-99 Venice 3000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19904 18-Sep-99 Will Rogers 1100 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19905 18-Sep-99 Zuma 5000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
19918 19-Sep-99 Abalone Cove 2900 9 1999 199909 Fall Fall 1999 1 weekend LAFD
19919 19-Sep-99 Cabrillo 5000 9 1999 199909 Fall Fall 1999 1 weekend LAFD
19920 19-Sep-99 Corral 2000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19921 19-Sep-99 Dockweiler 11000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19922 19-Sep-99 El Segundo 1200 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
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Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
19923 19-Sep-99 Hermosa 11000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19924 19-Sep-99 Las Tunas 50 9 1999 199909 Fall Fall 1999 1 weekend LAFD
19925 19-Sep-99 Malibu 6000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19926 19-Sep-99 Manhattan 13000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19927 19-Sep-99 Marina Del Rey 1500 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19928 19-Sep-99 Nicholas Canyon 1300 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19929 19-Sep-99 Pt. Dume County 2000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19930 19-Sep-99 Redondo 9000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19931 19-Sep-99 Santa Monica 40000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19932 19-Sep-99 Topanga 2550 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19933 19-Sep-99 Torrance 2000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19934 19-Sep-99 Venice 25000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19935 19-Sep-99 Will Rogers 11500 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19936 19-Sep-99 Zuma 12000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
19949 20-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 2 weekday LAFD
19950 20-Sep-99 Cabrillo 1000 9 1999 199909 Fall Fall 1999 2 weekday LAFD
19951 20-Sep-99 Corral 500 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19952 20-Sep-99 Dockweiler 3000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19953 20-Sep-99 El Segundo 400 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19954 20-Sep-99 Hermosa 1700 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19955 20-Sep-99 Las Tunas 50 9 1999 199909 Fall Fall 1999 2 weekday LAFD
19956 20-Sep-99 Malibu 2000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19957 20-Sep-99 Manhattan 3800 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19958 20-Sep-99 Marina Del Rey 400 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19959 20-Sep-99 Nicholas Canyon 400 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19960 20-Sep-99 Pt. Dume County 2000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19961 20-Sep-99 Redondo 3600 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19962 20-Sep-99 Santa Monica 11000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19963 20-Sep-99 Topanga 1550 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19964 20-Sep-99 Torrance 1500 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19965 20-Sep-99 Venice 5000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19966 20-Sep-99 Will Rogers 3000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19967 20-Sep-99 Zuma 3000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
19980 21-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 3 weekday LAFD
19981 21-Sep-99 Cabrillo 1000 9 1999 199909 Fall Fall 1999 3 weekday LAFD
19982 21-Sep-99 Corral 200 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19983 21-Sep-99 Dockweiler 1300 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19984 21-Sep-99 El Segundo 400 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19985 21-Sep-99 Hermosa 1800 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19986 21-Sep-99 Las Tunas 25 9 1999 199909 Fall Fall 1999 3 weekday LAFD
19987 21-Sep-99 Malibu 3000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19988 21-Sep-99 Manhattan 2800 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
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19989 21-Sep-99 Marina Del Rey 300 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19990 21-Sep-99 Nicholas Canyon 500 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19991 21-Sep-99 Pt. Dume County 1500 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19992 21-Sep-99 Redondo 2000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19993 21-Sep-99 Santa Monica 6000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19994 21-Sep-99 Topanga 825 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19995 21-Sep-99 Torrance 1000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19996 21-Sep-99 Venice 2000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19997 21-Sep-99 Will Rogers 1300 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
19998 21-Sep-99 Zuma 500 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20011 22-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 4 weekday LAFD
20012 22-Sep-99 Cabrillo 1000 9 1999 199909 Fall Fall 1999 4 weekday LAFD
20013 22-Sep-99 Corral 400 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20014 22-Sep-99 El Segundo 600 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20015 22-Sep-99 Hermosa 1800 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20016 22-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 4 weekday LAFD
20017 22-Sep-99 Malibu 2000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20018 22-Sep-99 Manhattan 2800 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20019 22-Sep-99 Marina Del Rey 300 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20020 22-Sep-99 Nicholas Canyon 500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20021 22-Sep-99 Pt. Dume County 1500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20022 22-Sep-99 Redondo 3000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20023 22-Sep-99 Santa Monica 9000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20024 22-Sep-99 Topanga 1100 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20025 22-Sep-99 Torrance 3000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20026 22-Sep-99 Venice 3000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20027 22-Sep-99 Will Rogers 3500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20028 22-Sep-99 Zuma 1200 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20041 23-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 5 weekday LAFD
20042 23-Sep-99 Cabrillo 900 9 1999 199909 Fall Fall 1999 5 weekday LAFD
20043 23-Sep-99 Corral 400 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20044 23-Sep-99 Dockweiler 1000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20045 23-Sep-99 El Segundo 400 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20046 23-Sep-99 Hermosa 1200 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20047 23-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 5 weekday LAFD
20048 23-Sep-99 Malibu 1500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20049 23-Sep-99 Manhattan 2600 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20050 23-Sep-99 Marina Del Rey 100 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20051 23-Sep-99 Nicholas Canyon 50 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20052 23-Sep-99 Pt. Dume County 600 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20053 23-Sep-99 Redondo 2300 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20054 23-Sep-99 Santa Monica 3500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
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20055 23-Sep-99 Topanga 900 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20056 23-Sep-99 Torrance 1000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20057 23-Sep-99 Venice 1000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20058 23-Sep-99 Will Rogers 2800 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20059 23-Sep-99 Zuma 600 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20072 24-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 6 weekday LAFD
20073 24-Sep-99 Cabrillo 800 9 1999 199909 Fall Fall 1999 6 weekday LAFD
20074 24-Sep-99 Corral 50 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20075 24-Sep-99 Dockweiler 2200 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20076 24-Sep-99 El Segundo 300 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20077 24-Sep-99 Hermosa 1000 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20078 24-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 6 weekday LAFD
20079 24-Sep-99 Malibu 1500 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20080 24-Sep-99 Manhattan 2500 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20081 24-Sep-99 Marina Del Rey 300 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20082 24-Sep-99 Nicholas Canyon 200 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20083 24-Sep-99 Pt. Dume County 1000 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20084 24-Sep-99 Redondo 1600 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20085 24-Sep-99 Santa Monica 3500 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20086 24-Sep-99 Topanga 1100 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20087 24-Sep-99 Torrance 1700 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20088 24-Sep-99 Venice 1000 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20089 24-Sep-99 Will Rogers 2100 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20090 24-Sep-99 Zuma 500 9 1999 199909 Fall Fall 1999 6 Weekday LAFD
20103 25-Sep-99 Abalone Cove 1300 9 1999 199909 Fall Fall 1999 7 weekend LAFD
20104 25-Sep-99 Cabrillo 4000 9 1999 199909 Fall Fall 1999 7 weekend LAFD
20105 25-Sep-99 Corral 2000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20106 25-Sep-99 Dockweiler 7500 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20107 25-Sep-99 El Segundo 200 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20108 25-Sep-99 Hermosa 2500 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20109 25-Sep-99 Las Tunas 200 9 1999 199909 Fall Fall 1999 7 weekend LAFD
20110 25-Sep-99 Malibu 5000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20111 25-Sep-99 Manhattan 4300 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20112 25-Sep-99 Marina Del Rey 1200 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20113 25-Sep-99 Nicholas Canyon 350 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20114 25-Sep-99 Pt. Dume County 500 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20115 25-Sep-99 Redondo 2500 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20116 25-Sep-99 Santa Monica 8000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20117 25-Sep-99 Topanga 1400 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20118 25-Sep-99 Torrance 2000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20119 25-Sep-99 Venice 2000 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20120 25-Sep-99 Will Rogers 3600 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
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20121 25-Sep-99 Zuma 2500 9 1999 199909 Fall Fall 1999 7 Weekend LAFD
20134 26-Sep-99 Abalone Cove 1700 9 1999 199909 Fall Fall 1999 1 weekend LAFD
20135 26-Sep-99 Cabrillo 1000 9 1999 199909 Fall Fall 1999 1 weekend LAFD
20136 26-Sep-99 Corral 2000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20137 26-Sep-99 Dockweiler 7500 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20138 26-Sep-99 El Segundo 1000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20139 26-Sep-99 Hermosa 1500 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20140 26-Sep-99 Las Tunas 200 9 1999 199909 Fall Fall 1999 1 weekend LAFD
20141 26-Sep-99 Malibu 5000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20142 26-Sep-99 Manhattan 6500 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20143 26-Sep-99 Marina Del Rey 200 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20144 26-Sep-99 Nicholas Canyon 1000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20145 26-Sep-99 Pt. Dume County 600 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20146 26-Sep-99 Redondo 3500 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20147 26-Sep-99 Santa Monica 16000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20148 26-Sep-99 Topanga 2200 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20149 26-Sep-99 Torrance 1800 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20150 26-Sep-99 Venice 4000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20151 26-Sep-99 Will Rogers 3500 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20152 26-Sep-99 Zuma 8000 9 1999 199909 Fall Fall 1999 1 Weekend LAFD
20165 27-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 2 weekday LAFD
20166 27-Sep-99 Cabrillo 600 9 1999 199909 Fall Fall 1999 2 weekday LAFD
20167 27-Sep-99 Corral 100 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20168 27-Sep-99 Dockweiler 1700 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20169 27-Sep-99 El Segundo 700 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20170 27-Sep-99 Hermosa 1300 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20171 27-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 2 weekday LAFD
20172 27-Sep-99 Malibu 6000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20173 27-Sep-99 Manhattan 2700 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20174 27-Sep-99 Marina Del Rey 250 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20175 27-Sep-99 Nicholas Canyon 400 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20176 27-Sep-99 Pt. Dume County 500 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20177 27-Sep-99 Redondo 1800 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20178 27-Sep-99 Santa Monica 3300 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20179 27-Sep-99 Topanga 1100 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20180 27-Sep-99 Torrance 1000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20181 27-Sep-99 Venice 3000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20182 27-Sep-99 Will Rogers 2000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20183 27-Sep-99 Zuma 1000 9 1999 199909 Fall Fall 1999 2 Weekday LAFD
20196 28-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 3 weekday LAFD
20197 28-Sep-99 Cabrillo 600 9 1999 199909 Fall Fall 1999 3 weekday LAFD
20198 28-Sep-99 Corral 300 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
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20199 28-Sep-99 Dockweiler 1800 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20200 28-Sep-99 El Segundo 500 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20201 28-Sep-99 Hermosa 1000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20202 28-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 3 weekday LAFD
20203 28-Sep-99 Malibu 4000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20204 28-Sep-99 Manhattan 2200 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20205 28-Sep-99 Marina Del Rey 300 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20206 28-Sep-99 Nicholas Canyon 400 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20207 28-Sep-99 Pt. Dume County 800 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20208 28-Sep-99 Redondo 1700 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20209 28-Sep-99 Santa Monica 6000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20210 28-Sep-99 Topanga 1100 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20211 28-Sep-99 Torrance 1300 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20212 28-Sep-99 Venice 4000 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20213 28-Sep-99 Will Rogers 2200 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20214 28-Sep-99 Zuma 1400 9 1999 199909 Fall Fall 1999 3 Weekday LAFD
20227 29-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 4 weekday LAFD
20228 29-Sep-99 Cabrillo 1200 9 1999 199909 Fall Fall 1999 4 weekday LAFD
20229 29-Sep-99 Corral 1000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20230 29-Sep-99 Dockweiler 7000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20231 29-Sep-99 El Segundo 900 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20232 29-Sep-99 Hermosa 9000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20233 29-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 4 weekday LAFD
20234 29-Sep-99 Malibu 1500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20235 29-Sep-99 Manhattan 6500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20236 29-Sep-99 Marina Del Rey 500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20237 29-Sep-99 Nicholas Canyon 500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20238 29-Sep-99 Pt. Dume County 2000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20239 29-Sep-99 Redondo 6000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20240 29-Sep-99 Santa Monica 35000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20241 29-Sep-99 Topanga 1300 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20242 29-Sep-99 Torrance 4000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20243 29-Sep-99 Venice 8000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20244 29-Sep-99 Will Rogers 6500 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20245 29-Sep-99 Zuma 5000 9 1999 199909 Fall Fall 1999 4 Weekday LAFD
20258 30-Sep-99 Abalone Cove 9 1999 199909 Fall Fall 1999 5 weekday LAFD
20259 30-Sep-99 Cabrillo 1500 9 1999 199909 Fall Fall 1999 5 weekday LAFD
20260 30-Sep-99 Corral 2000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20261 30-Sep-99 Las Tunas 100 9 1999 199909 Fall Fall 1999 5 weekday LAFD
20262 30-Sep-99 Malibu 1500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20263 30-Sep-99 Marina Del Rey 750 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20264 30-Sep-99 Nicholas Canyon 500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
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20265 30-Sep-99 Pt. Dume County 2000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20266 30-Sep-99 Santa Monica 42000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20267 30-Sep-99 Topanga 1600 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20268 30-Sep-99 Venice 10000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20269 30-Sep-99 Will Rogers 6500 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20270 30-Sep-99 Zuma 7000 9 1999 199909 Fall Fall 1999 5 Weekday LAFD
20283 01-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20284 01-Oct-99 Cabrillo 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20285 01-Oct-99 Corral 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20286 01-Oct-99 Dockweiler 3300 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20287 01-Oct-99 El Segundo 800 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20288 01-Oct-99 Hermosa 8000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20289 01-Oct-99 Las Tunas 100 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20290 01-Oct-99 Malibu 1500 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20291 01-Oct-99 Manhattan 11800 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20292 01-Oct-99 Marina Del Rey 750 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20293 01-Oct-99 Nicholas Canyon 400 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20294 01-Oct-99 Pt. Dume County 4000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20295 01-Oct-99 Redondo 8000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20296 01-Oct-99 Santa Monica 35000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20297 01-Oct-99 Topanga 1500 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20298 01-Oct-99 Torrance 3500 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20299 01-Oct-99 Venice 23000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20300 01-Oct-99 Will Rogers 6500 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20301 01-Oct-99 Zuma 14000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20315 02-Oct-99 Abalone Cove 1500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20316 02-Oct-99 Cabrillo 3000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20317 02-Oct-99 Corral 3000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20318 02-Oct-99 Dockweiler 9500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20319 02-Oct-99 El Segundo 800 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20320 02-Oct-99 Hermosa 7000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20321 02-Oct-99 Las Tunas 200 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20322 02-Oct-99 Malibu 5000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20323 02-Oct-99 Manhattan 11500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20324 02-Oct-99 Marina Del Rey 1000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20325 02-Oct-99 Nicholas Canyon 800 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20326 02-Oct-99 Pt. Dume County 6000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20327 02-Oct-99 Redondo 10500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20328 02-Oct-99 Santa Monica 45000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20329 02-Oct-99 Topanga 1800 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20330 02-Oct-99 Torrance 4500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20331 02-Oct-99 Venice 40000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
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20332 02-Oct-99 Will Rogers 8000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20333 02-Oct-99 Zuma 17000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20346 03-Oct-99 Abalone Cove 1500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20347 03-Oct-99 Cabrillo 2900 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20348 03-Oct-99 Corral 4000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20349 03-Oct-99 Dockweiler 12000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20350 03-Oct-99 El Segundo 1000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20351 03-Oct-99 Hermosa 6000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20352 03-Oct-99 Las Tunas 100 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20353 03-Oct-99 Malibu 6000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20354 03-Oct-99 Manhattan 10000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20355 03-Oct-99 Marina Del Rey 800 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20356 03-Oct-99 Nicholas Canyon 400 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20357 03-Oct-99 Pt. Dume County 5000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20358 03-Oct-99 Redondo 5800 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20359 03-Oct-99 Santa Monica 30000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20360 03-Oct-99 Topanga 1500 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20361 03-Oct-99 Torrance 2000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20362 03-Oct-99 Venice 40000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20363 03-Oct-99 Will Rogers 6500 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20364 03-Oct-99 Zuma 16000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20377 04-Oct-99 Abalone Cove 700 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20378 04-Oct-99 Cabrillo 600 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20379 04-Oct-99 Corral 300 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20380 04-Oct-99 Dockweiler 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20381 04-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20382 04-Oct-99 Hermosa 2300 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20383 04-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20384 04-Oct-99 Malibu 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20385 04-Oct-99 Manhattan 6200 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20386 04-Oct-99 Marina Del Rey 50 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20387 04-Oct-99 Pt. Dume County 4000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20388 04-Oct-99 Redondo 2900 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20389 04-Oct-99 Santa Monica 10000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20390 04-Oct-99 Topanga 1000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20391 04-Oct-99 Torrance 1200 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20392 04-Oct-99 Venice 13000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20393 04-Oct-99 Will Rogers 2600 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20394 04-Oct-99 Zuma 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20407 05-Oct-99 Abalone Cove 1006 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20408 05-Oct-99 Cabrillo 700 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20409 05-Oct-99 Corral 1000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
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20410 05-Oct-99 Dockweiler 4000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20411 05-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20412 05-Oct-99 Hermosa 1000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20413 05-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20414 05-Oct-99 Malibu 4000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20415 05-Oct-99 Manhattan 4600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20416 05-Oct-99 Marina Del Rey 300 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20417 05-Oct-99 Nicholas Canyon 400 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20418 05-Oct-99 Pt. Dume County 1600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20419 05-Oct-99 Redondo 2550 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20420 05-Oct-99 Santa Monica 10000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20421 05-Oct-99 Topanga 1000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20422 05-Oct-99 Torrance 1500 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20423 05-Oct-99 Venice 11000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20424 05-Oct-99 Will Rogers 1800 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20425 05-Oct-99 Zuma 1600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20438 06-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20439 06-Oct-99 Cabrillo 600 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20440 06-Oct-99 Corral 700 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20441 06-Oct-99 Dockweiler 1500 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20442 06-Oct-99 El Segundo 800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20443 06-Oct-99 Hermosa 1300 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20444 06-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20445 06-Oct-99 Malibu 4000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20446 06-Oct-99 Manhattan 5000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20447 06-Oct-99 Marina Del Rey 200 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20448 06-Oct-99 Nicholas Canyon 100 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20449 06-Oct-99 Pt. Dume County 1600 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20450 06-Oct-99 Redondo 3300 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20451 06-Oct-99 Santa Monica 9000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20452 06-Oct-99 Topanga 800 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20453 06-Oct-99 Torrance 2200 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20454 06-Oct-99 Venice 8000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20455 06-Oct-99 Will Rogers 1500 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20456 06-Oct-99 Zuma 1200 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20469 07-Oct-99 Abalone Cove 800 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20470 07-Oct-99 Cabrillo 600 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20471 07-Oct-99 Corral 1000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20472 07-Oct-99 Dockweiler 2700 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20473 07-Oct-99 El Segundo 1003 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20474 07-Oct-99 Hermosa 2000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20475 07-Oct-99 Las Tunas 75 10 1999 199910 Fall Fall 1999 5 weekday LAFD
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20476 07-Oct-99 Malibu 6000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20477 07-Oct-99 Manhattan 6300 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20478 07-Oct-99 Marina Del Rey 500 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20479 07-Oct-99 Nicholas Canyon 600 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20480 07-Oct-99 Pt. Dume County 2000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20481 07-Oct-99 Redondo 3400 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20482 07-Oct-99 Santa Monica 21000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20483 07-Oct-99 Topanga 1100 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20484 07-Oct-99 Torrance 3000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20485 07-Oct-99 Venice 15000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20486 07-Oct-99 Will Rogers 4000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20487 07-Oct-99 Zuma 2000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20500 08-Oct-99 Abalone Cove 1200 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20501 08-Oct-99 Cabrillo 3000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20502 08-Oct-99 Corral 3000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20503 08-Oct-99 Dockweiler 6000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20504 08-Oct-99 El Segundo 2000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20505 08-Oct-99 Hermosa 3000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20506 08-Oct-99 Las Tunas 200 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20507 08-Oct-99 Malibu 14000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20508 08-Oct-99 Manhattan 9500 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20509 08-Oct-99 Marina Del Rey 750 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20510 08-Oct-99 Nicholas Canyon 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20511 08-Oct-99 Pt. Dume County 4000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20512 08-Oct-99 Redondo 5400 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20513 08-Oct-99 Santa Monica 41000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20514 08-Oct-99 Topanga 1500 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20515 08-Oct-99 Torrance 3800 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20516 08-Oct-99 Venice 35000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20517 08-Oct-99 Will Rogers 7500 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20518 08-Oct-99 Zuma 10000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20531 09-Oct-99 Abalone Cove 1500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20532 09-Oct-99 Cabrillo 7000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20533 09-Oct-99 Corral 10000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20534 09-Oct-99 Dockweiler 50000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20535 09-Oct-99 El Segundo 4000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20536 09-Oct-99 Hermosa 20000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20537 09-Oct-99 Las Tunas 400 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20538 09-Oct-99 Malibu 16000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20539 09-Oct-99 Manhattan 32000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20540 09-Oct-99 Marina Del Rey 1500 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20541 09-Oct-99 Nicholas Canyon 1400 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
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20542 09-Oct-99 Pt. Dume County 20000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20543 09-Oct-99 Redondo 16000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20544 09-Oct-99 Santa Monica 145000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20545 09-Oct-99 Topanga 2000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20546 09-Oct-99 Torrance 5500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20547 09-Oct-99 Venice 80000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20548 09-Oct-99 Will Rogers 20000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20549 09-Oct-99 Zuma 50000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20562 10-Oct-99 Abalone Cove 3000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20563 10-Oct-99 Cabrillo 10000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20564 10-Oct-99 Corral 10000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20565 10-Oct-99 Dockweiler 72000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20566 10-Oct-99 El Segundo 5000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20567 10-Oct-99 Hermosa 25000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20568 10-Oct-99 Las Tunas 500 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20569 10-Oct-99 Malibu 30000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20570 10-Oct-99 Manhattan 37000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20571 10-Oct-99 Marina Del Rey 3000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20572 10-Oct-99 Nicholas Canyon 2000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20573 10-Oct-99 Pt. Dume County 24000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20574 10-Oct-99 Redondo 21000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20575 10-Oct-99 Santa Monica 160000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20576 10-Oct-99 Topanga 5000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20577 10-Oct-99 Torrance 4500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20578 10-Oct-99 Venice 90000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20579 10-Oct-99 Will Rogers 25000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20580 10-Oct-99 Zuma 120000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20593 11-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20594 11-Oct-99 Cabrillo 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20595 11-Oct-99 Corral 3000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20596 11-Oct-99 Dockweiler 3000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20597 11-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20598 11-Oct-99 Hermosa 4500 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20599 11-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20600 11-Oct-99 Malibu 6000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20601 11-Oct-99 Manhattan 7000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20602 11-Oct-99 Marina Del Rey 200 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20603 11-Oct-99 Nicholas Canyon 1000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20604 11-Oct-99 Pt. Dume County 8000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20605 11-Oct-99 Redondo 3300 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20606 11-Oct-99 Santa Monica 20000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20607 11-Oct-99 Topanga 1200 10 1999 199910 Fall Fall 1999 2 weekday LAFD
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20608 11-Oct-99 Torrance 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20609 11-Oct-99 Venice 25000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20610 11-Oct-99 Will Rogers 5500 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20611 11-Oct-99 Zuma 9000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20624 12-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20625 12-Oct-99 Cabrillo 600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20626 12-Oct-99 Corral 2000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20627 12-Oct-99 Dockweiler 1900 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20628 12-Oct-99 El Segundo 600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20629 12-Oct-99 Hermosa 2500 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20630 12-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20631 12-Oct-99 Malibu 6000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20632 12-Oct-99 Manhattan 7000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20633 12-Oct-99 Marina Del Rey 500 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20634 12-Oct-99 Nicholas Canyon 800 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20635 12-Oct-99 Pt. Dume County 2200 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20636 12-Oct-99 Redondo 4500 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20637 12-Oct-99 Santa Monica 13000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20638 12-Oct-99 Topanga 1200 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20639 12-Oct-99 Torrance 1800 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20640 12-Oct-99 Venice 30000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20641 12-Oct-99 Will Rogers 3500 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20642 12-Oct-99 Zuma 4000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20655 13-Oct-99 Abalone Cove 1100 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20656 13-Oct-99 Cabrillo 800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20657 13-Oct-99 Corral 2000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20658 13-Oct-99 Dockweiler 2300 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20659 13-Oct-99 El Segundo 800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20660 13-Oct-99 Hermosa 2600 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20661 13-Oct-99 Las Tunas 100 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20662 13-Oct-99 Malibu 5000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20663 13-Oct-99 Manhattan 6500 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20664 13-Oct-99 Marina Del Rey 500 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20665 13-Oct-99 Nicholas Canyon 800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20666 13-Oct-99 Pt. Dume County 2000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20667 13-Oct-99 Redondo 4500 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20668 13-Oct-99 Santa Monica 17000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20669 13-Oct-99 Topanga 1200 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20670 13-Oct-99 Torrance 2200 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20671 13-Oct-99 Venice 22000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20672 13-Oct-99 Will Rogers 4500 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20673 13-Oct-99 Zuma 6000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
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20686 14-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20687 14-Oct-99 Cabrillo 750 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20688 14-Oct-99 Corral 2000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20689 14-Oct-99 Dockweiler 2200 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20690 14-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20691 14-Oct-99 Hermosa 2000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20692 14-Oct-99 Las Tunas 150 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20693 14-Oct-99 Malibu 5000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20694 14-Oct-99 Manhattan 6500 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20695 14-Oct-99 Marina Del Rey 250 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20696 14-Oct-99 Nicholas Canyon 800 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20697 14-Oct-99 Pt. Dume County 2000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20698 14-Oct-99 Redondo 4800 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20699 14-Oct-99 Santa Monica 13000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20700 14-Oct-99 Topanga 1300 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20701 14-Oct-99 Torrance 2000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20702 14-Oct-99 Venice 16000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20703 14-Oct-99 Will Rogers 5000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20704 14-Oct-99 Zuma 3000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20717 15-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20718 15-Oct-99 Corral 800 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20719 15-Oct-99 Dockweiler 1500 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20720 15-Oct-99 El Segundo 400 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20721 15-Oct-99 Hermosa 1500 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20722 15-Oct-99 Las Tunas 100 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20723 15-Oct-99 Malibu 8000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20724 15-Oct-99 Manhattan 5000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20725 15-Oct-99 Marina Del Rey 50 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20726 15-Oct-99 Nicholas Canyon 400 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20727 15-Oct-99 Pt. Dume County 1400 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20728 15-Oct-99 Redondo 2200 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20729 15-Oct-99 Santa Monica 12000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20730 15-Oct-99 Topanga 1000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20731 15-Oct-99 Torrance 1900 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20732 15-Oct-99 Venice 8000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20733 15-Oct-99 Will Rogers 1800 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20734 15-Oct-99 Zuma 3000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20747 16-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20748 16-Oct-99 Cabrillo 6000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20749 16-Oct-99 Corral 3000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20750 16-Oct-99 Dockweiler 5000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20751 16-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD

RB-AR44145



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
20752 16-Oct-99 Hermosa 2900 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20753 16-Oct-99 Las Tunas 200 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20754 16-Oct-99 Malibu 7000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20755 16-Oct-99 Manhattan 6500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20756 16-Oct-99 Marina Del Rey 1000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20757 16-Oct-99 Nicholas Canyon 1000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20758 16-Oct-99 Pt. Dume County 6000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20759 16-Oct-99 Redondo 5500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20760 16-Oct-99 Santa Monica 28000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20761 16-Oct-99 Topanga 1800 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20762 16-Oct-99 Torrance 4000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20763 16-Oct-99 Venice 25000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20764 16-Oct-99 Will Rogers 6500 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20765 16-Oct-99 Zuma 40000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20778 17-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20779 17-Oct-99 Cabrillo 9000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20780 17-Oct-99 Corral 4000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20781 17-Oct-99 Dockweiler 13000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20782 17-Oct-99 El Segundo 2000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20783 17-Oct-99 Hermosa 3800 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20784 17-Oct-99 Las Tunas 60 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20785 17-Oct-99 Malibu 9000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20786 17-Oct-99 Manhattan 11500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20787 17-Oct-99 Marina Del Rey 1000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20788 17-Oct-99 Nicholas Canyon 1400 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20789 17-Oct-99 Pt. Dume County 8000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20790 17-Oct-99 Redondo 9500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20791 17-Oct-99 Santa Monica 85000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20792 17-Oct-99 Topanga 1300 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20793 17-Oct-99 Torrance 3500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20794 17-Oct-99 Venice 50000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20795 17-Oct-99 Will Rogers 19000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
20796 17-Oct-99 Zuma 60000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20809 18-Oct-99 Abalone Cove 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20810 18-Oct-99 Cabrillo 1000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20811 18-Oct-99 Corral 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20812 18-Oct-99 Dockweiler 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20813 18-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20814 18-Oct-99 Hermosa 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20815 18-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20816 18-Oct-99 Malibu 6000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20817 18-Oct-99 Manhattan 5500 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
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20818 18-Oct-99 Marina Del Rey 400 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20819 18-Oct-99 Nicholas Canyon 400 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20820 18-Oct-99 Pt. Dume County 2800 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20821 18-Oct-99 Redondo 4000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20822 18-Oct-99 Santa Monica 15000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20823 18-Oct-99 Topanga 1000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20824 18-Oct-99 Torrance 1500 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20825 18-Oct-99 Venice 19000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20826 18-Oct-99 Will Rogers 3000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
20827 18-Oct-99 Zuma 4000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
20840 19-Oct-99 Abalone Cove 700 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20841 19-Oct-99 Cabrillo 600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20842 19-Oct-99 Corral 1500 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20843 19-Oct-99 Dockweiler 1600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20844 19-Oct-99 El Segundo 1000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20845 19-Oct-99 Hermosa 2000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20846 19-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20847 19-Oct-99 Malibu 6000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20848 19-Oct-99 Manhattan 6000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20849 19-Oct-99 Marina Del Rey 400 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20850 19-Oct-99 Nicholas Canyon 800 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20851 19-Oct-99 Pt. Dume County 3000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20852 19-Oct-99 Redondo 4000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20853 19-Oct-99 Santa Monica 15000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20854 19-Oct-99 Topanga 1000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20855 19-Oct-99 Torrance 1200 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20856 19-Oct-99 Venice 20000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20857 19-Oct-99 Will Rogers 3500 10 1999 199910 Fall Fall 1999 3 weekday LAFD
20858 19-Oct-99 Zuma 2400 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
20871 20-Oct-99 Abalone Cove 800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20872 20-Oct-99 Cabrillo 800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20873 20-Oct-99 Corral 1600 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20874 20-Oct-99 Dockweiler 2500 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20875 20-Oct-99 El Segundo 800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20876 20-Oct-99 Hermosa 2000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20877 20-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20878 20-Oct-99 Malibu 3000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20879 20-Oct-99 Manhattan 8000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20880 20-Oct-99 Marina Del Rey 400 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20881 20-Oct-99 Nicholas Canyon 800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20882 20-Oct-99 Pt. Dume County 2000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20883 20-Oct-99 Redondo 3500 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
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20884 20-Oct-99 Santa Monica 25000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20885 20-Oct-99 Topanga 1000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20886 20-Oct-99 Torrance 3000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20887 20-Oct-99 Venice 26000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20888 20-Oct-99 Will Rogers 4000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
20889 20-Oct-99 Zuma 4000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
20902 21-Oct-99 Abalone Cove 1100 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20903 21-Oct-99 Cabrillo 1000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20904 21-Oct-99 Corral 1600 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20905 21-Oct-99 Dockweiler 2000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20906 21-Oct-99 El Segundo 750 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20907 21-Oct-99 Hermosa 2200 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20908 21-Oct-99 Las Tunas 75 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20909 21-Oct-99 Malibu 3000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20910 21-Oct-99 Manhattan 7500 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20911 21-Oct-99 Marina Del Rey 500 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20912 21-Oct-99 Nicholas Canyon 600 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20913 21-Oct-99 Pt. Dume County 4000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20914 21-Oct-99 Redondo 4200 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20915 21-Oct-99 Santa Monica 26500 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20916 21-Oct-99 Topanga 1100 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20917 21-Oct-99 Torrance 3500 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20918 21-Oct-99 Venice 16000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20919 21-Oct-99 Will Rogers 4000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
20920 21-Oct-99 Zuma 4000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
20933 22-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20934 22-Oct-99 Cabrillo 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20935 22-Oct-99 Corral 1700 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20936 22-Oct-99 Dockweiler 2000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20937 22-Oct-99 El Segundo 800 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20938 22-Oct-99 Hermosa 2000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20939 22-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20940 22-Oct-99 Malibu 3000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20941 22-Oct-99 Manhattan 7500 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20942 22-Oct-99 Marina Del Rey 800 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20943 22-Oct-99 Nicholas Canyon 800 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20944 22-Oct-99 Pt. Dume County 4000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20945 22-Oct-99 Redondo 3500 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20946 22-Oct-99 Santa Monica 19000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20947 22-Oct-99 Topanga 800 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20948 22-Oct-99 Torrance 3300 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20949 22-Oct-99 Venice 13000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
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20950 22-Oct-99 Will Rogers 3500 10 1999 199910 Fall Fall 1999 6 weekday LAFD
20951 22-Oct-99 Zuma 5000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
20964 23-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20965 23-Oct-99 Cabrillo 6000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20966 23-Oct-99 Corral 3000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20967 23-Oct-99 Dockweiler 9000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20968 23-Oct-99 El Segundo 1500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20969 23-Oct-99 Hermosa 5000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20970 23-Oct-99 Las Tunas 100 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20971 23-Oct-99 Malibu 8000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20972 23-Oct-99 Manhattan 12000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20973 23-Oct-99 Marina Del Rey 1000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20974 23-Oct-99 Nicholas Canyon 1000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20975 23-Oct-99 Pt. Dume County 6000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20976 23-Oct-99 Redondo 7000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20977 23-Oct-99 Santa Monica 32000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20978 23-Oct-99 Topanga 1500 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20979 23-Oct-99 Torrance 4500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20980 23-Oct-99 Venice 30000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20981 23-Oct-99 Will Rogers 16500 10 1999 199910 Fall Fall 1999 7 weekend LAFD
20982 23-Oct-99 Zuma 14000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
20995 24-Oct-99 Abalone Cove 1300 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20996 24-Oct-99 Cabrillo 6000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20997 24-Oct-99 Corral 6000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20998 24-Oct-99 Dockweiler 14000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
20999 24-Oct-99 El Segundo 3000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21000 24-Oct-99 Hermosa 5200 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21001 24-Oct-99 Las Tunas 100 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21002 24-Oct-99 Malibu 8000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21003 24-Oct-99 Manhattan 15500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21004 24-Oct-99 Marina Del Rey 1200 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21005 24-Oct-99 Nicholas Canyon 6000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21006 24-Oct-99 Pt. Dume County 10000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21007 24-Oct-99 Redondo 10000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21008 24-Oct-99 Santa Monica 60000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21009 24-Oct-99 Topanga 1800 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21010 24-Oct-99 Torrance 3500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21011 24-Oct-99 Venice 50000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21012 24-Oct-99 Will Rogers 22500 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21013 24-Oct-99 Zuma 60000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21026 25-Oct-99 Abalone Cove 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21027 25-Oct-99 Cabrillo 800 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
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21028 25-Oct-99 Corral 400 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21029 25-Oct-99 Dockweiler 2000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21030 25-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21031 25-Oct-99 Hermosa 3000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21032 25-Oct-99 Las Tunas 100 10 1999 199910 Fall Fall 1999 2 weekday LAFD
21033 25-Oct-99 Malibu 4000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21034 25-Oct-99 Manhattan 5700 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21035 25-Oct-99 Marina Del Rey 400 10 1999 199910 Fall Fall 1999 2 weekday LAFD
21036 25-Oct-99 Nicholas Canyon 400 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21037 25-Oct-99 Pt. Dume County 4000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21038 25-Oct-99 Redondo 2400 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21039 25-Oct-99 Santa Monica 14000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
21040 25-Oct-99 Topanga 1000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
21041 25-Oct-99 Torrance 1500 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21042 25-Oct-99 Venice 16000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
21043 25-Oct-99 Will Rogers 3000 10 1999 199910 Fall Fall 1999 2 weekday LAFD
21044 25-Oct-99 Zuma 4000 10 1999 199910 Fall Fall 1999 2 Weekday LAFD
21057 26-Oct-99 Abalone Cove 700 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21058 26-Oct-99 Cabrillo 1100 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21059 26-Oct-99 Corral 600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21060 26-Oct-99 Dockweiler 2000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21061 26-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21062 26-Oct-99 Hermosa 1500 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21063 26-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 3 weekday LAFD
21064 26-Oct-99 Malibu 3600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21065 26-Oct-99 Manhattan 5500 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21066 26-Oct-99 Marina Del Rey 100 10 1999 199910 Fall Fall 1999 3 weekday LAFD
21067 26-Oct-99 Nicholas Canyon 200 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21068 26-Oct-99 Pt. Dume County 1000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21069 26-Oct-99 Redondo 2600 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21070 26-Oct-99 Santa Monica 8000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
21071 26-Oct-99 Topanga 600 10 1999 199910 Fall Fall 1999 3 weekday LAFD
21072 26-Oct-99 Torrance 1000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21073 26-Oct-99 Venice 10000 10 1999 199910 Fall Fall 1999 3 weekday LAFD
21074 26-Oct-99 Will Rogers 1700 10 1999 199910 Fall Fall 1999 3 weekday LAFD
21075 26-Oct-99 Zuma 2000 10 1999 199910 Fall Fall 1999 3 Weekday LAFD
21088 27-Oct-99 Abalone Cove 500 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21089 27-Oct-99 Cabrillo 1000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21090 27-Oct-99 Corral 150 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21091 27-Oct-99 Dockweiler 1800 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21092 27-Oct-99 El Segundo 500 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21093 27-Oct-99 Hermosa 1100 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
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21094 27-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 4 weekday LAFD
21095 27-Oct-99 Malibu 2000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21096 27-Oct-99 Manhattan 5000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21097 27-Oct-99 Marina Del Rey 300 10 1999 199910 Fall Fall 1999 4 weekday LAFD
21098 27-Oct-99 Nicholas Canyon 100 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21099 27-Oct-99 Pt. Dume County 1000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21100 27-Oct-99 Redondo 1500 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21101 27-Oct-99 Santa Monica 5000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
21102 27-Oct-99 Topanga 500 10 1999 199910 Fall Fall 1999 4 weekday LAFD
21103 27-Oct-99 Torrance 2000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21104 27-Oct-99 Venice 7000 10 1999 199910 Fall Fall 1999 4 weekday LAFD
21105 27-Oct-99 Will Rogers 1500 10 1999 199910 Fall Fall 1999 4 weekday LAFD
21106 27-Oct-99 Zuma 1000 10 1999 199910 Fall Fall 1999 4 Weekday LAFD
21119 28-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21120 28-Oct-99 Cabrillo 1000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21121 28-Oct-99 Corral 100 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21122 28-Oct-99 Dockweiler 1200 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21123 28-Oct-99 El Segundo 400 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21124 28-Oct-99 Hermosa 1000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21125 28-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 5 weekday LAFD
21126 28-Oct-99 Malibu 1400 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21127 28-Oct-99 Manhattan 5300 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21128 28-Oct-99 Marina Del Rey 50 10 1999 199910 Fall Fall 1999 5 weekday LAFD
21129 28-Oct-99 Nicholas Canyon 100 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21130 28-Oct-99 Pt. Dume County 1000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21131 28-Oct-99 Redondo 1400 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21132 28-Oct-99 Santa Monica 5000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
21133 28-Oct-99 Topanga 500 10 1999 199910 Fall Fall 1999 5 weekday LAFD
21134 28-Oct-99 Torrance 1500 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21135 28-Oct-99 Venice 6000 10 1999 199910 Fall Fall 1999 5 weekday LAFD
21136 28-Oct-99 Will Rogers 700 10 1999 199910 Fall Fall 1999 5 weekday LAFD
21137 28-Oct-99 Zuma 1000 10 1999 199910 Fall Fall 1999 5 Weekday LAFD
21150 29-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21151 29-Oct-99 Cabrillo 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21152 29-Oct-99 Corral 300 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21153 29-Oct-99 Dockweiler 2200 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21154 29-Oct-99 El Segundo 900 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21155 29-Oct-99 Hermosa 2000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21156 29-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 6 weekday LAFD
21157 29-Oct-99 Malibu 2400 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21158 29-Oct-99 Manhattan 8000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21159 29-Oct-99 Marina Del Rey 400 10 1999 199910 Fall Fall 1999 6 weekday LAFD
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21160 29-Oct-99 Nicholas Canyon 300 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21161 29-Oct-99 Pt. Dume County 1000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21162 29-Oct-99 Redondo 3800 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21163 29-Oct-99 Santa Monica 9000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
21164 29-Oct-99 Topanga 800 10 1999 199910 Fall Fall 1999 6 weekday LAFD
21165 29-Oct-99 Torrance 2600 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21166 29-Oct-99 Venice 13000 10 1999 199910 Fall Fall 1999 6 weekday LAFD
21167 29-Oct-99 Will Rogers 1900 10 1999 199910 Fall Fall 1999 6 weekday LAFD
21168 29-Oct-99 Zuma 2000 10 1999 199910 Fall Fall 1999 6 Weekday LAFD
21181 30-Oct-99 Abalone Cove 1000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21182 30-Oct-99 Cabrillo 7000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21183 30-Oct-99 Corral 3000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21184 30-Oct-99 Dockweiler 11000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21185 30-Oct-99 El Segundo 1500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21186 30-Oct-99 Hermosa 1600 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21187 30-Oct-99 Las Tunas 100 10 1999 199910 Fall Fall 1999 7 weekend LAFD
21188 30-Oct-99 Malibu 8000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21189 30-Oct-99 Manhattan 21000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21190 30-Oct-99 Marina Del Rey 800 10 1999 199910 Fall Fall 1999 7 weekend LAFD
21191 30-Oct-99 Nicholas Canyon 800 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21192 30-Oct-99 Pt. Dume County 6000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21193 30-Oct-99 Redondo 8500 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21194 30-Oct-99 Santa Monica 41000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
21195 30-Oct-99 Topanga 1500 10 1999 199910 Fall Fall 1999 7 weekend LAFD
21196 30-Oct-99 Torrance 5000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21197 30-Oct-99 Venice 40000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
21198 30-Oct-99 Will Rogers 10000 10 1999 199910 Fall Fall 1999 7 weekend LAFD
21199 30-Oct-99 Zuma 8000 10 1999 199910 Fall Fall 1999 7 Weekend LAFD
21212 31-Oct-99 Abalone Cove 1500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21213 31-Oct-99 Cabrillo 8000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21214 31-Oct-99 Corral 5000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21215 31-Oct-99 Dockweiler 12000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21216 31-Oct-99 El Segundo 2000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21217 31-Oct-99 Hermosa 20000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21218 31-Oct-99 Las Tunas 50 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21219 31-Oct-99 Malibu 10000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21220 31-Oct-99 Manhattan 23000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21221 31-Oct-99 Marina Del Rey 1500 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21222 31-Oct-99 Nicholas Canyon 1000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21223 31-Oct-99 Pt. Dume County 10000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21224 31-Oct-99 Redondo 11500 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21225 31-Oct-99 Santa Monica 60000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
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21226 31-Oct-99 Topanga 2500 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21227 31-Oct-99 Torrance 5000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21228 31-Oct-99 Venice 50000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21229 31-Oct-99 Will Rogers 15000 10 1999 199910 Fall Fall 1999 1 weekend LAFD
21230 31-Oct-99 Zuma 80000 10 1999 199910 Fall Fall 1999 1 Weekend LAFD
21243 01-Nov-99 Corral 250 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21244 01-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21245 01-Nov-99 Malibu 1000 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21246 01-Nov-99 Nicholas Canyon 404 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21247 01-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21248 01-Nov-99 Santa Monica 13000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21249 01-Nov-99 Topanga 1000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21250 01-Nov-99 Venice 13000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21251 01-Nov-99 Will Rogers 3000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21252 01-Nov-99 Zuma 2500 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21266 02-Nov-99 Corral 100 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21267 02-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21268 02-Nov-99 Malibu 700 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21269 02-Nov-99 Nicholas Canyon 100 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21270 02-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21271 02-Nov-99 Santa Monica 5000 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21272 02-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21273 02-Nov-99 Venice 9000 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21274 02-Nov-99 Will Rogers 1450 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21275 02-Nov-99 Zuma 1200 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21288 03-Nov-99 Corral 350 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21289 03-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21290 03-Nov-99 Malibu 1000 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21291 03-Nov-99 Nicholas Canyon 700 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21292 03-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21293 03-Nov-99 Santa Monica 4500 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21294 03-Nov-99 Topanga 700 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21295 03-Nov-99 Venice 10000 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21296 03-Nov-99 Will Rogers 900 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21297 03-Nov-99 Zuma 1000 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21310 04-Nov-99 Corral 45 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21311 04-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21312 04-Nov-99 Malibu 500 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21313 04-Nov-99 Nicholas Canyon 200 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21314 04-Nov-99 Pt. Dume County 400 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21315 04-Nov-99 Santa Monica 2000 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21316 04-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 5 Weekday LAFD

RB-AR44153



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
21317 04-Nov-99 Venice 2500 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21318 04-Nov-99 Will Rogers 550 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21319 04-Nov-99 Zuma 500 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21332 05-Nov-99 Corral 25 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21333 05-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21334 05-Nov-99 Malibu 500 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21335 05-Nov-99 Nicholas Canyon 200 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21336 05-Nov-99 Pt. Dume County 600 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21337 05-Nov-99 Santa Monica 2500 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21338 05-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21339 05-Nov-99 Venice 3000 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21340 05-Nov-99 Will Rogers 800 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21341 05-Nov-99 Zuma 1100 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21354 06-Nov-99 Corral 1000 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21355 06-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21356 06-Nov-99 Malibu 2000 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21357 06-Nov-99 Nicholas Canyon 350 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21358 06-Nov-99 Pt. Dume County 1000 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21359 06-Nov-99 Santa Monica 7000 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21360 06-Nov-99 Topanga 1200 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21361 06-Nov-99 Venice 9000 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21362 06-Nov-99 Will Rogers 5500 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21363 06-Nov-99 Zuma 1400 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21376 07-Nov-99 Corral 500 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21377 07-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21378 07-Nov-99 Malibu 2000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21379 07-Nov-99 Nicholas Canyon 400 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21380 07-Nov-99 Pt. Dume County 1000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21381 07-Nov-99 Santa Monica 11500 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21382 07-Nov-99 Topanga 12000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21383 07-Nov-99 Venice 13000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21384 07-Nov-99 Will Rogers 8500 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21385 07-Nov-99 Zuma 1800 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21398 08-Nov-99 Corral 100 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21399 08-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21400 08-Nov-99 Malibu 800 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21401 08-Nov-99 Nicholas Canyon 300 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21402 08-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21403 08-Nov-99 Santa Monica 4000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21404 08-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21405 08-Nov-99 Venice 1500 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21406 08-Nov-99 Will Rogers 1000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
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21407 08-Nov-99 Zuma 1000 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21420 09-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21421 09-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21422 09-Nov-99 Malibu 1200 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21423 09-Nov-99 Nicholas Canyon 40 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21424 09-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21425 09-Nov-99 Santa Monica 4200 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21426 09-Nov-99 Topanga 700 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21427 09-Nov-99 Venice 2500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21428 09-Nov-99 Will Rogers 1500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21429 09-Nov-99 Zuma 1300 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21442 10-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21443 10-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21444 10-Nov-99 Malibu 1200 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21445 10-Nov-99 Nicholas Canyon 400 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21446 10-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21447 10-Nov-99 Santa Monica 4500 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21448 10-Nov-99 Topanga 800 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21449 10-Nov-99 Venice 3000 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21450 10-Nov-99 Will Rogers 1800 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21451 10-Nov-99 Zuma 1200 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21464 11-Nov-99 Corral 800 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21465 11-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21466 11-Nov-99 Malibu 1500 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21467 11-Nov-99 Nicholas Canyon 1500 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21468 11-Nov-99 Pt. Dume County 1200 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21469 11-Nov-99 Santa Monica 9500 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21470 11-Nov-99 Topanga 1200 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21471 11-Nov-99 Venice 12500 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21472 11-Nov-99 Will Rogers 4300 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21473 11-Nov-99 Zuma 3000 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21486 12-Nov-99 Corral 500 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21487 12-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21488 12-Nov-99 Malibu 1000 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21489 12-Nov-99 Nicholas Canyon 50 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21490 12-Nov-99 Pt. Dume County 600 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21491 12-Nov-99 Santa Monica 4000 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21492 12-Nov-99 Topanga 700 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21493 12-Nov-99 Venice 1850 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21494 12-Nov-99 Will Rogers 2300 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21495 12-Nov-99 Zuma 1300 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21508 13-Nov-99 Corral 650 11 1999 199911 Fall Fall 1999 7 weekend LAFD
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21509 13-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21510 13-Nov-99 Malibu 2000 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21511 13-Nov-99 Nicholas Canyon 500 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21512 13-Nov-99 Pt. Dume County 1200 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21513 13-Nov-99 Santa Monica 8000 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21514 13-Nov-99 Topanga 1500 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21515 13-Nov-99 Venice 18000 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21516 13-Nov-99 Will Rogers 5500 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21517 13-Nov-99 Zuma 2200 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21530 14-Nov-99 Corral 700 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21531 14-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21532 14-Nov-99 Malibu 3000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21533 14-Nov-99 Nicholas Canyon 1000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21534 14-Nov-99 Pt. Dume County 2000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21535 14-Nov-99 Santa Monica 10000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21536 14-Nov-99 Topanga 1500 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21537 14-Nov-99 Venice 18000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21538 14-Nov-99 Will Rogers 6000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21539 14-Nov-99 Zuma 3500 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21552 15-Nov-99 Corral 100 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21553 15-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21554 15-Nov-99 Malibu 800 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21555 15-Nov-99 Nicholas Canyon 300 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21556 15-Nov-99 Pt. Dume County 600 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21557 15-Nov-99 Santa Monica 4500 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21558 15-Nov-99 Topanga 800 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21559 15-Nov-99 Venice 2500 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21560 15-Nov-99 Will Rogers 2000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21561 15-Nov-99 Zuma 1100 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21574 16-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21575 16-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21576 16-Nov-99 Malibu 700 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21577 16-Nov-99 Nicholas Canyon 300 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21578 16-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21579 16-Nov-99 Santa Monica 4000 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21580 16-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21581 16-Nov-99 Venice 2000 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21582 16-Nov-99 Will Rogers 1500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21583 16-Nov-99 Zuma 900 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21596 17-Nov-99 Corral 25 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21597 17-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21598 17-Nov-99 Malibu 500 11 1999 199911 Fall Fall 1999 4 weekday LAFD
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21599 17-Nov-99 Nicholas Canyon 30 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21600 17-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21601 17-Nov-99 Santa Monica 4500 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21602 17-Nov-99 Topanga 600 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21603 17-Nov-99 Venice 2000 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21604 17-Nov-99 Will Rogers 1700 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21605 17-Nov-99 Zuma 800 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21618 18-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21619 18-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21620 18-Nov-99 Malibu 500 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21621 18-Nov-99 Nicholas Canyon 75 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21622 18-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21623 18-Nov-99 Santa Monica 4200 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21624 18-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21625 18-Nov-99 Venice 4000 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21626 18-Nov-99 Will Rogers 1800 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21627 18-Nov-99 Zuma 2000 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21640 19-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21641 19-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21642 19-Nov-99 Malibu 600 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21643 19-Nov-99 Nicholas Canyon 300 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21644 19-Nov-99 Pt. Dume County 600 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21645 19-Nov-99 Santa Monica 2000 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21646 19-Nov-99 Topanga 800 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21647 19-Nov-99 Venice 2000 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21648 19-Nov-99 Will Rogers 1000 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21649 19-Nov-99 Zuma 1100 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21662 20-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21663 20-Nov-99 Las Tunas 25 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21664 20-Nov-99 Malibu 1100 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21665 20-Nov-99 Nicholas Canyon 1000 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21666 20-Nov-99 Pt. Dume County 900 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21667 20-Nov-99 Santa Monica 2200 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21668 20-Nov-99 Topanga 1200 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21669 20-Nov-99 Venice 3000 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21670 20-Nov-99 Will Rogers 1500 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21671 20-Nov-99 Zuma 3500 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21684 21-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21685 21-Nov-99 Las Tunas 100 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21686 21-Nov-99 Malibu 2000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21687 21-Nov-99 Nicholas Canyon 500 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21688 21-Nov-99 Pt. Dume County 2000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
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21689 21-Nov-99 Santa Monica 7200 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21690 21-Nov-99 Topanga 1300 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21691 21-Nov-99 Venice 4000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21692 21-Nov-99 Will Rogers 4000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21693 21-Nov-99 Zuma 3500 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21706 22-Nov-99 Corral 100 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21707 22-Nov-99 Las Tunas 25 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21708 22-Nov-99 Malibu 400 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21709 22-Nov-99 Nicholas Canyon 100 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21710 22-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21711 22-Nov-99 Santa Monica 5000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21712 22-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21713 22-Nov-99 Venice 2000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21714 22-Nov-99 Will Rogers 1500 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21715 22-Nov-99 Zuma 1000 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21728 23-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21729 23-Nov-99 Las Tunas 25 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21730 23-Nov-99 Malibu 500 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21731 23-Nov-99 Nicholas Canyon 50 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21732 23-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21733 23-Nov-99 Santa Monica 5000 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21734 23-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21735 23-Nov-99 Venice 2500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21736 23-Nov-99 Will Rogers 1500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21737 23-Nov-99 Zuma 1100 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21750 24-Nov-99 Corral 100 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21751 24-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21752 24-Nov-99 Malibu 500 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21753 24-Nov-99 Nicholas Canyon 200 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21754 24-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21755 24-Nov-99 Santa Monica 5000 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21756 24-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21757 24-Nov-99 Venice 3000 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21758 24-Nov-99 Will Rogers 1500 11 1999 199911 Fall Fall 1999 4 Weekday LAFD
21759 24-Nov-99 Zuma 1000 11 1999 199911 Fall Fall 1999 4 weekday LAFD
21772 25-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21773 25-Nov-99 Las Tunas 25 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21774 25-Nov-99 Malibu 1000 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21775 25-Nov-99 Nicholas Canyon 50 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21776 25-Nov-99 Pt. Dume County 1200 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21777 25-Nov-99 Santa Monica 13000 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21778 25-Nov-99 Topanga 700 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
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21779 25-Nov-99 Venice 14000 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21780 25-Nov-99 Will Rogers 4500 11 1999 199911 Fall Fall 1999 5 Weekday LAFD
21781 25-Nov-99 Zuma 2000 11 1999 199911 Fall Fall 1999 5 weekday LAFD
21794 26-Nov-99 Corral 2000 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21795 26-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21796 26-Nov-99 Malibu 1500 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21797 26-Nov-99 Nicholas Canyon 500 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21798 26-Nov-99 Pt. Dume County 3000 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21799 26-Nov-99 Santa Monica 30000 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21800 26-Nov-99 Topanga 1000 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21801 26-Nov-99 Venice 15000 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21802 26-Nov-99 Will Rogers 4500 11 1999 199911 Fall Fall 1999 6 Weekday LAFD
21803 26-Nov-99 Zuma 10000 11 1999 199911 Fall Fall 1999 6 weekday LAFD
21816 27-Nov-99 Corral 650 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21817 27-Nov-99 Las Tunas 100 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21818 27-Nov-99 Malibu 1000 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21819 27-Nov-99 Nicholas Canyon 500 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21820 27-Nov-99 Pt. Dume County 1200 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21821 27-Nov-99 Santa Monica 16000 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21822 27-Nov-99 Topanga 1000 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21823 27-Nov-99 Venice 14000 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21824 27-Nov-99 Will Rogers 2500 11 1999 199911 Fall Fall 1999 7 Weekend LAFD
21825 27-Nov-99 Zuma 7000 11 1999 199911 Fall Fall 1999 7 weekend LAFD
21838 28-Nov-99 Corral 650 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21839 28-Nov-99 Las Tunas 75 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21840 28-Nov-99 Malibu 1000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21841 28-Nov-99 Nicholas Canyon 500 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21842 28-Nov-99 Pt. Dume County 1000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21843 28-Nov-99 Santa Monica 13000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21844 28-Nov-99 Topanga 1000 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21845 28-Nov-99 Venice 8500 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21846 28-Nov-99 Will Rogers 2450 11 1999 199911 Fall Fall 1999 1 Weekend LAFD
21847 28-Nov-99 Zuma 10000 11 1999 199911 Fall Fall 1999 1 weekend LAFD
21860 29-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21861 29-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21862 29-Nov-99 Malibu 500 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21863 29-Nov-99 Nicholas Canyon 200 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21864 29-Nov-99 Pt. Dume County 200 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21865 29-Nov-99 Santa Monica 11000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21866 29-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21867 29-Nov-99 Venice 3500 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
21868 29-Nov-99 Will Rogers 1000 11 1999 199911 Fall Fall 1999 2 Weekday LAFD
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21869 29-Nov-99 Zuma 1000 11 1999 199911 Fall Fall 1999 2 weekday LAFD
21882 30-Nov-99 Corral 50 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21883 30-Nov-99 Las Tunas 50 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21884 30-Nov-99 Malibu 500 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21885 30-Nov-99 Nicholas Canyon 50 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21886 30-Nov-99 Pt. Dume County 500 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21887 30-Nov-99 Santa Monica 5000 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21888 30-Nov-99 Topanga 500 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21889 30-Nov-99 Venice 3000 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21890 30-Nov-99 Will Rogers 1000 11 1999 199911 Fall Fall 1999 3 Weekday LAFD
21891 30-Nov-99 Zuma 1000 11 1999 199911 Fall Fall 1999 3 weekday LAFD
21904 01-Dec-99 Abalone Cove 1000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21905 01-Dec-99 Cabrillo 500 12 1999 199912 Winter Winter 1999 4 weekday
21906 01-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 4 weekday LAFD
21907 01-Dec-99 Dockweiler 900 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21908 01-Dec-99 El Segundo 800 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21909 01-Dec-99 Hermosa 1000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21910 01-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21911 01-Dec-99 Malibu 500 12 1999 199912 Winter Winter 1999 4 weekday LAFD
21912 01-Dec-99 Manhattan 3300 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21913 01-Dec-99 Nicholas Canyon 100 12 1999 199912 Winter Winter 1999 4 weekday LAFD
21914 01-Dec-99 Pt. Dume County 500 12 1999 199912 Winter Winter 1999 4 weekday LAFD
21915 01-Dec-99 Redondo 2500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21916 01-Dec-99 Santa Monica 5500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21917 01-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21918 01-Dec-99 Torrance 600 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21919 01-Dec-99 Venice 2000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21920 01-Dec-99 Will Rogers 1200 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
21921 01-Dec-99 Zuma 800 12 1999 199912 Winter Winter 1999 4 weekday LAFD
21935 02-Dec-99 Abalone Cove 1200 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21936 02-Dec-99 Cabrillo 600 12 1999 199912 Winter Winter 1999 5 weekday
21937 02-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 5 weekday LAFD
21938 02-Dec-99 Dockweiler 1000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21939 02-Dec-99 El Segundo 800 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21940 02-Dec-99 Hermosa 1000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21941 02-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21942 02-Dec-99 Malibu 500 12 1999 199912 Winter Winter 1999 5 weekday LAFD
21943 02-Dec-99 Manhattan 2600 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21944 02-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 5 weekday LAFD
21945 02-Dec-99 Pt. Dume County 500 12 1999 199912 Winter Winter 1999 5 weekday LAFD
21946 02-Dec-99 Redondo 3000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21947 02-Dec-99 Santa Monica 4500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
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21948 02-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21949 02-Dec-99 Torrance 500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21950 02-Dec-99 Venice 2500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21951 02-Dec-99 Will Rogers 1100 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
21952 02-Dec-99 Zuma 800 12 1999 199912 Winter Winter 1999 5 weekday LAFD
21965 03-Dec-99 Abalone Cove 1200 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21966 03-Dec-99 Cabrillo 1000 12 1999 199912 Winter Winter 1999 6 weekday
21967 03-Dec-99 Corral 25 12 1999 199912 Winter Winter 1999 6 weekday LAFD
21968 03-Dec-99 Dockweiler 1100 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21969 03-Dec-99 El Segundo 600 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21970 03-Dec-99 Hermosa 1000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21971 03-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21972 03-Dec-99 Malibu 100 12 1999 199912 Winter Winter 1999 6 weekday LAFD
21973 03-Dec-99 Manhattan 2600 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21974 03-Dec-99 Nicholas Canyon 25 12 1999 199912 Winter Winter 1999 6 weekday LAFD
21975 03-Dec-99 Pt. Dume County 500 12 1999 199912 Winter Winter 1999 6 weekday LAFD
21976 03-Dec-99 Redondo 1800 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21977 03-Dec-99 Santa Monica 6200 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21978 03-Dec-99 Topanga 400 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21979 03-Dec-99 Torrance 600 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21980 03-Dec-99 Venice 2000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21981 03-Dec-99 Will Rogers 1000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
21982 03-Dec-99 Zuma 800 12 1999 199912 Winter Winter 1999 6 weekday LAFD
21995 04-Dec-99 Abalone Cove 2000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
21996 04-Dec-99 Cabrillo 1800 12 1999 199912 Winter Winter 1999 7 weekend
21997 04-Dec-99 Corral 500 12 1999 199912 Winter Winter 1999 7 weekend LAFD
21998 04-Dec-99 Dockweiler 4700 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
21999 04-Dec-99 El Segundo 1500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22000 04-Dec-99 Hermosa 2800 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22001 04-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22002 04-Dec-99 Malibu 800 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22003 04-Dec-99 Manhattan 12100 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22004 04-Dec-99 Nicholas Canyon 75 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22005 04-Dec-99 Pt. Dume County 900 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22006 04-Dec-99 Redondo 4800 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22007 04-Dec-99 Santa Monica 11000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22008 04-Dec-99 Topanga 1200 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22009 04-Dec-99 Torrance 3100 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22010 04-Dec-99 Venice 5500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22011 04-Dec-99 Will Rogers 1900 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22012 04-Dec-99 Zuma 1100 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22025 05-Dec-99 Abalone Cove 3000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
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22026 05-Dec-99 Cabrillo 1700 12 1999 199912 Winter Winter 1999 1 weekend
22027 05-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22028 05-Dec-99 Dockweiler 4500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22029 05-Dec-99 El Segundo 1000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22030 05-Dec-99 Hermosa 2800 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22031 05-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22032 05-Dec-99 Malibu 800 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22033 05-Dec-99 Manhattan 10900 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22034 05-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22035 05-Dec-99 Pt. Dume County 800 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22036 05-Dec-99 Redondo 4700 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22037 05-Dec-99 Santa Monica 11000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22038 05-Dec-99 Topanga 800 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22039 05-Dec-99 Torrance 3500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22040 05-Dec-99 Venice 5500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22041 05-Dec-99 Will Rogers 3100 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22042 05-Dec-99 Zuma 1600 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22055 06-Dec-99 Abalone Cove 1200 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22056 06-Dec-99 Cabrillo 1200 12 1999 199912 Winter Winter 1999 2 weekday
22057 06-Dec-99 Corral 100 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22058 06-Dec-99 Dockweiler 1200 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22059 06-Dec-99 El Segundo 700 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22060 06-Dec-99 Hermosa 1000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22061 06-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22062 06-Dec-99 Malibu 500 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22063 06-Dec-99 Manhattan 2700 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22064 06-Dec-99 Nicholas Canyon 150 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22065 06-Dec-99 Pt. Dume County 200 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22066 06-Dec-99 Redondo 1500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22067 06-Dec-99 Santa Monica 5000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22068 06-Dec-99 Topanga 1000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22069 06-Dec-99 Torrance 500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22070 06-Dec-99 Venice 2000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22071 06-Dec-99 Will Rogers 2500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22072 06-Dec-99 Zuma 2000 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22085 07-Dec-99 Abalone Cove 2500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22086 07-Dec-99 Cabrillo 800 12 1999 199912 Winter Winter 1999 3 weekday
22087 07-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22088 07-Dec-99 Dockweiler 1200 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22089 07-Dec-99 El Segundo 500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22090 07-Dec-99 Hermosa 1200 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22091 07-Dec-99 Las Tunas 25 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
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22092 07-Dec-99 Malibu 500 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22093 07-Dec-99 Manhattan 3700 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22094 07-Dec-99 Nicholas Canyon 100 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22095 07-Dec-99 Pt. Dume County 100 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22096 07-Dec-99 Redondo 1800 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22097 07-Dec-99 Santa Monica 4000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22098 07-Dec-99 Topanga 800 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22099 07-Dec-99 Torrance 400 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22100 07-Dec-99 Venice 2000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22101 07-Dec-99 Will Rogers 1000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22102 07-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22115 08-Dec-99 Abalone Cove 1200 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22116 08-Dec-99 Cabrillo 800 12 1999 199912 Winter Winter 1999 4 weekday
22117 08-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22118 08-Dec-99 Dockweiler 1200 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22119 08-Dec-99 El Segundo 700 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22120 08-Dec-99 Hermosa 1200 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22121 08-Dec-99 Las Tunas 25 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22122 08-Dec-99 Malibu 500 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22123 08-Dec-99 Manhattan 4300 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22124 08-Dec-99 Nicholas Canyon 100 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22125 08-Dec-99 Pt. Dume County 100 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22126 08-Dec-99 Redondo 1700 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22127 08-Dec-99 Santa Monica 4000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22128 08-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22129 08-Dec-99 Torrance 500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22130 08-Dec-99 Venice 2000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22131 08-Dec-99 Will Rogers 800 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22132 08-Dec-99 Zuma 600 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22145 09-Dec-99 Abalone Cove 1000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22146 09-Dec-99 Cabrillo 650 12 1999 199912 Winter Winter 1999 5 weekday
22147 09-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22148 09-Dec-99 Dockweiler 900 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22149 09-Dec-99 El Segundo 600 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22150 09-Dec-99 Hermosa 1000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22151 09-Dec-99 Las Tunas 25 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22152 09-Dec-99 Malibu 500 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22153 09-Dec-99 Manhattan 4800 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22154 09-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22155 09-Dec-99 Pt. Dume County 100 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22156 09-Dec-99 Redondo 1400 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22157 09-Dec-99 Santa Monica 3500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
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22158 09-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22159 09-Dec-99 Torrance 400 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22160 09-Dec-99 Venice 2000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22161 09-Dec-99 Will Rogers 800 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22162 09-Dec-99 Zuma 500 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22175 10-Dec-99 Abalone Cove 700 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22176 10-Dec-99 Cabrillo 500 12 1999 199912 Winter Winter 1999 6 weekday
22177 10-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22178 10-Dec-99 Dockweiler 900 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22179 10-Dec-99 El Segundo 600 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22180 10-Dec-99 Hermosa 500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22181 10-Dec-99 Las Tunas 25 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22182 10-Dec-99 Malibu 400 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22183 10-Dec-99 Manhattan 2000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22184 10-Dec-99 Nicholas Canyon 100 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22185 10-Dec-99 Pt. Dume County 400 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22186 10-Dec-99 Redondo 1400 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22187 10-Dec-99 Santa Monica 3500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22188 10-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22189 10-Dec-99 Torrance 400 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22190 10-Dec-99 Venice 2000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22191 10-Dec-99 Will Rogers 900 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22192 10-Dec-99 Zuma 900 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22205 11-Dec-99 Abalone Cove 2500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22206 11-Dec-99 Cabrillo 1400 12 1999 199912 Winter Winter 1999 7 weekend
22207 11-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22208 11-Dec-99 Dockweiler 3000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22209 11-Dec-99 El Segundo 1000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22210 11-Dec-99 Hermosa 2500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22211 11-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22212 11-Dec-99 Malibu 300 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22213 11-Dec-99 Manhattan 6800 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22214 11-Dec-99 Nicholas Canyon 75 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22215 11-Dec-99 Pt. Dume County 800 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22216 11-Dec-99 Redondo 4000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22217 11-Dec-99 Santa Monica 11000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22218 11-Dec-99 Topanga 1000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22219 11-Dec-99 Torrance 1200 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22220 11-Dec-99 Venice 7000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22221 11-Dec-99 Will Rogers 1600 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22222 11-Dec-99 Zuma 2500 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22235 12-Dec-99 Abalone Cove 3000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
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22236 12-Dec-99 Cabrillo 1200 12 1999 199912 Winter Winter 1999 1 weekend
22237 12-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22238 12-Dec-99 Dockweiler 5000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22239 12-Dec-99 El Segundo 1500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22240 12-Dec-99 Hermosa 3000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22241 12-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22242 12-Dec-99 Malibu 500 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22243 12-Dec-99 Manhattan 10600 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22244 12-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22245 12-Dec-99 Pt. Dume County 1000 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22246 12-Dec-99 Redondo 4500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22247 12-Dec-99 Santa Monica 17000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22248 12-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22249 12-Dec-99 Torrance 1800 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22250 12-Dec-99 Venice 14000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22251 12-Dec-99 Will Rogers 3000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22252 12-Dec-99 Zuma 3000 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22265 13-Dec-99 Abalone Cove 500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22266 13-Dec-99 Cabrillo 1200 12 1999 199912 Winter Winter 1999 2 weekday
22267 13-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22268 13-Dec-99 Dockweiler 1500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22269 13-Dec-99 El Segundo 800 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22270 13-Dec-99 Hermosa 1200 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22271 13-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22272 13-Dec-99 Malibu 300 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22273 13-Dec-99 Manhattan 3200 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22274 13-Dec-99 Nicholas Canyon 100 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22275 13-Dec-99 Pt. Dume County 300 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22276 13-Dec-99 Redondo 1400 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22277 13-Dec-99 Santa Monica 5500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22278 13-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22279 13-Dec-99 Torrance 500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22280 13-Dec-99 Venice 3000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22281 13-Dec-99 Will Rogers 1300 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22282 13-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22295 14-Dec-99 Abalone Cove 700 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22296 14-Dec-99 Cabrillo 900 12 1999 199912 Winter Winter 1999 3 weekday
22297 14-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22298 14-Dec-99 Dockweiler 1500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22299 14-Dec-99 El Segundo 600 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22300 14-Dec-99 Hermosa 1000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22301 14-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
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22302 14-Dec-99 Malibu 300 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22303 14-Dec-99 Manhattan 3100 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22304 14-Dec-99 Nicholas Canyon 100 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22305 14-Dec-99 Pt. Dume County 500 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22306 14-Dec-99 Redondo 1400 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22307 14-Dec-99 Santa Monica 3500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22308 14-Dec-99 Topanga 700 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22309 14-Dec-99 Torrance 400 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22310 14-Dec-99 Venice 2000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22311 14-Dec-99 Will Rogers 1200 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22312 14-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22325 15-Dec-99 Abalone Cove 600 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22326 15-Dec-99 Cabrillo 600 12 1999 199912 Winter Winter 1999 4 weekday
22327 15-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22328 15-Dec-99 Dockweiler 1500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22329 15-Dec-99 El Segundo 800 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22330 15-Dec-99 Hermosa 1600 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22331 15-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22332 15-Dec-99 Malibu 400 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22333 15-Dec-99 Manhattan 3600 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22334 15-Dec-99 Nicholas Canyon 100 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22335 15-Dec-99 Pt. Dume County 500 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22336 15-Dec-99 Redondo 1600 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22337 15-Dec-99 Santa Monica 2500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22338 15-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22339 15-Dec-99 Torrance 500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22340 15-Dec-99 Venice 3500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22341 15-Dec-99 Will Rogers 600 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22342 15-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22355 16-Dec-99 Abalone Cove 550 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22356 16-Dec-99 Cabrillo 900 12 1999 199912 Winter Winter 1999 5 weekday
22357 16-Dec-99 Corral 35 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22358 16-Dec-99 Dockweiler 1700 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22359 16-Dec-99 El Segundo 800 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22360 16-Dec-99 Hermosa 2000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22361 16-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22362 16-Dec-99 Malibu 300 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22363 16-Dec-99 Manhattan 3300 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22364 16-Dec-99 Nicholas Canyon 75 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22365 16-Dec-99 Pt. Dume County 500 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22366 16-Dec-99 Redondo 1800 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22367 16-Dec-99 Santa Monica 4200 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
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22368 16-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22369 16-Dec-99 Torrance 450 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22370 16-Dec-99 Venice 3000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22371 16-Dec-99 Will Rogers 1400 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22372 16-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22385 17-Dec-99 Abalone Cove 800 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22386 17-Dec-99 Cabrillo 800 12 1999 199912 Winter Winter 1999 6 weekday
22387 17-Dec-99 Corral 300 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22388 17-Dec-99 Dockweiler 2300 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22389 17-Dec-99 El Segundo 800 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22390 17-Dec-99 Hermosa 2500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22391 17-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22392 17-Dec-99 Malibu 300 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22393 17-Dec-99 Manhattan 4000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22394 17-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22395 17-Dec-99 Pt. Dume County 500 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22396 17-Dec-99 Redondo 1800 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22397 17-Dec-99 Santa Monica 6000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22398 17-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22399 17-Dec-99 Torrance 500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22400 17-Dec-99 Venice 4000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22401 17-Dec-99 Will Rogers 1500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22402 17-Dec-99 Zuma 1100 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22415 18-Dec-99 Abalone Cove 3000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22416 18-Dec-99 Cabrillo 1400 12 1999 199912 Winter Winter 1999 7 weekend
22417 18-Dec-99 Corral 300 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22418 18-Dec-99 Dockweiler 4000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22419 18-Dec-99 El Segundo 1200 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22420 18-Dec-99 Hermosa 3000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22421 18-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22422 18-Dec-99 Malibu 1000 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22423 18-Dec-99 Manhattan 8900 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22424 18-Dec-99 Nicholas Canyon 250 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22425 18-Dec-99 Pt. Dume County 1500 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22426 18-Dec-99 Redondo 3500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22427 18-Dec-99 Santa Monica 7000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22428 18-Dec-99 Topanga 800 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22429 18-Dec-99 Torrance 1100 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22430 18-Dec-99 Venice 10000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22431 18-Dec-99 Will Rogers 2500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22432 18-Dec-99 Zuma 3000 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22445 19-Dec-99 Abalone Cove 3500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
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22446 19-Dec-99 Cabrillo 1500 12 1999 199912 Winter Winter 1999 1 weekend
22447 19-Dec-99 Corral 700 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22448 19-Dec-99 Dockweiler 3500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22449 19-Dec-99 El Segundo 1500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22450 19-Dec-99 Hermosa 3000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22451 19-Dec-99 Las Tunas 25 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22452 19-Dec-99 Malibu 600 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22453 19-Dec-99 Manhattan 8300 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22454 19-Dec-99 Nicholas Canyon 400 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22455 19-Dec-99 Pt. Dume County 1500 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22456 19-Dec-99 Redondo 3500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22457 19-Dec-99 Santa Monica 10000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22458 19-Dec-99 Topanga 600 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22459 19-Dec-99 Torrance 1200 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22460 19-Dec-99 Venice 12000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22461 19-Dec-99 Will Rogers 4000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22462 19-Dec-99 Zuma 3500 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22475 20-Dec-99 Abalone Cove 1500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22476 20-Dec-99 Cabrillo 900 12 1999 199912 Winter Winter 1999 2 weekday
22477 20-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22478 20-Dec-99 Dockweiler 1700 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22479 20-Dec-99 El Segundo 1500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22480 20-Dec-99 Hermosa 2800 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22481 20-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22482 20-Dec-99 Malibu 300 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22483 20-Dec-99 Manhattan 6600 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22485 20-Dec-99 Pt. Dume County 700 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22486 20-Dec-99 Redondo 3200 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22487 20-Dec-99 Santa Monica 9000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22488 20-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22489 20-Dec-99 Torrance 1000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22490 20-Dec-99 Venice 12500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22491 20-Dec-99 Will Rogers 2300 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22492 20-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22505 21-Dec-99 Abalone Cove 1500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22506 21-Dec-99 Cabrillo 1100 12 1999 199912 Winter Winter 1999 3 weekday
22507 21-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22508 21-Dec-99 Dockweiler 2500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22509 21-Dec-99 El Segundo 2000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22510 21-Dec-99 Hermosa 3000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22511 21-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 3 Weekday LAFD

RB-AR44168



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
22512 21-Dec-99 Malibu 1000 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22513 21-Dec-99 Manhattan 5000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22514 21-Dec-99 Nicholas Canyon 100 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22515 21-Dec-99 Pt. Dume County 700 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22516 21-Dec-99 Redondo 3000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22517 21-Dec-99 Santa Monica 8000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22518 21-Dec-99 Topanga 700 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22519 21-Dec-99 Torrance 2500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22520 21-Dec-99 Venice 9000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22521 21-Dec-99 Will Rogers 2500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22522 21-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22535 22-Dec-99 Abalone Cove 1700 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22536 22-Dec-99 Cabrillo 1000 12 1999 199912 Winter Winter 1999 4 weekday
22537 22-Dec-99 Corral 25 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22538 22-Dec-99 Dockweiler 2000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22539 22-Dec-99 El Segundo 1800 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22540 22-Dec-99 Hermosa 2500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22541 22-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22542 22-Dec-99 Malibu 300 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22543 22-Dec-99 Manhattan 4700 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22544 22-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22545 22-Dec-99 Pt. Dume County 200 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22546 22-Dec-99 Redondo 3300 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22547 22-Dec-99 Santa Monica 7000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22548 22-Dec-99 Topanga 700 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22549 22-Dec-99 Torrance 1200 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22550 22-Dec-99 Venice 6000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22551 22-Dec-99 Will Rogers 1500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22552 22-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22565 23-Dec-99 Abalone Cove 1800 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22566 23-Dec-99 Cabrillo 900 12 1999 199912 Winter Winter 1999 5 weekday
22567 23-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22568 23-Dec-99 Dockweiler 2400 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22569 23-Dec-99 El Segundo 1900 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22570 23-Dec-99 Hermosa 3500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22571 23-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22572 23-Dec-99 Malibu 1000 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22573 23-Dec-99 Manhattan 8200 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22574 23-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22575 23-Dec-99 Pt. Dume County 800 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22576 23-Dec-99 Redondo 2700 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22577 23-Dec-99 Santa Monica 9000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
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22578 23-Dec-99 Topanga 700 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22579 23-Dec-99 Torrance 1500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22580 23-Dec-99 Venice 8000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22581 23-Dec-99 Will Rogers 1700 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22582 23-Dec-99 Zuma 1000 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22595 24-Dec-99 Abalone Cove 2000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22596 24-Dec-99 Cabrillo 2000 12 1999 199912 Winter Winter 1999 6 weekday
22597 24-Dec-99 Corral 600 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22598 24-Dec-99 Dockweiler 4700 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22599 24-Dec-99 El Segundo 2500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22600 24-Dec-99 Hermosa 5000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22601 24-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22602 24-Dec-99 Malibu 1500 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22603 24-Dec-99 Manhattan 13000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22604 24-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22605 24-Dec-99 Pt. Dume County 2500 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22606 24-Dec-99 Redondo 5000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22607 24-Dec-99 Santa Monica 10000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22608 24-Dec-99 Topanga 700 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22609 24-Dec-99 Torrance 2000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22610 24-Dec-99 Venice 13000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22611 24-Dec-99 Will Rogers 3500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22612 24-Dec-99 Zuma 2000 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22625 25-Dec-99 Abalone Cove 3500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22626 25-Dec-99 Cabrillo 4250 12 1999 199912 Winter Winter 1999 7 weekend
22627 25-Dec-99 Corral 600 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22628 25-Dec-99 Dockweiler 6500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22629 25-Dec-99 El Segundo 3000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22630 25-Dec-99 Hermosa 12000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22631 25-Dec-99 Las Tunas 100 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22632 25-Dec-99 Malibu 3000 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22633 25-Dec-99 Manhattan 20500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22634 25-Dec-99 Nicholas Canyon 600 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22635 25-Dec-99 Pt. Dume County 3000 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22636 25-Dec-99 Redondo 7500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22637 25-Dec-99 Santa Monica 30000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22638 25-Dec-99 Topanga 1200 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22639 25-Dec-99 Torrance 3500 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22640 25-Dec-99 Venice 20000 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22641 25-Dec-99 Will Rogers 9700 12 1999 199912 Winter Winter 1999 7 Weekend LAFD
22642 25-Dec-99 Zuma 4000 12 1999 199912 Winter Winter 1999 7 weekend LAFD
22655 26-Dec-99 Abalone Cove 5000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
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22656 26-Dec-99 Cabrillo 5000 12 1999 199912 Winter Winter 1999 1 weekend
22657 26-Dec-99 Corral 500 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22658 26-Dec-99 Dockweiler 10000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22659 26-Dec-99 El Segundo 3000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22660 26-Dec-99 Hermosa 6000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22661 26-Dec-99 Las Tunas 100 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22662 26-Dec-99 Malibu 4000 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22663 26-Dec-99 Manhattan 27000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22664 26-Dec-99 Nicholas Canyon 800 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22665 26-Dec-99 Pt. Dume County 3000 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22666 26-Dec-99 Redondo 8000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22667 26-Dec-99 Santa Monica 25000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22668 26-Dec-99 Topanga 2500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22669 26-Dec-99 Torrance 3500 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22670 26-Dec-99 Venice 35000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22671 26-Dec-99 Will Rogers 18000 12 1999 199912 Winter Winter 1999 1 Weekend LAFD
22672 26-Dec-99 Zuma 6000 12 1999 199912 Winter Winter 1999 1 weekend LAFD
22685 27-Dec-99 Abalone Cove 2000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22686 27-Dec-99 Cabrillo 3500 12 1999 199912 Winter Winter 1999 2 weekday
22687 27-Dec-99 Corral 800 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22688 27-Dec-99 Dockweiler 4500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22689 27-Dec-99 El Segundo 1500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22690 27-Dec-99 Hermosa 4000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22691 27-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22692 27-Dec-99 Malibu 2000 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22693 27-Dec-99 Manhattan 10500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22694 27-Dec-99 Nicholas Canyon 400 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22695 27-Dec-99 Pt. Dume County 3000 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22696 27-Dec-99 Redondo 5500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22697 27-Dec-99 Santa Monica 15000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22698 27-Dec-99 Topanga 1500 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22699 27-Dec-99 Torrance 3000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22700 27-Dec-99 Venice 18000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22701 27-Dec-99 Will Rogers 4000 12 1999 199912 Winter Winter 1999 2 Weekday LAFD
22702 27-Dec-99 Zuma 6000 12 1999 199912 Winter Winter 1999 2 weekday LAFD
22715 28-Dec-99 Abalone Cove 3500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22716 28-Dec-99 Cabrillo 2800 12 1999 199912 Winter Winter 1999 3 weekday
22717 28-Dec-99 Corral 1000 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22718 28-Dec-99 Dockweiler 4000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22719 28-Dec-99 El Segundo 1500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22720 28-Dec-99 Hermosa 4500 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22721 28-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
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22722 28-Dec-99 Malibu 1500 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22723 28-Dec-99 Manhattan 13000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22724 28-Dec-99 Nicholas Canyon 350 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22725 28-Dec-99 Pt. Dume County 3000 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22726 28-Dec-99 Redondo 5600 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22727 28-Dec-99 Santa Monica 12000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22728 28-Dec-99 Topanga 1100 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22729 28-Dec-99 Torrance 3200 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22730 28-Dec-99 Venice 20000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22731 28-Dec-99 Will Rogers 4000 12 1999 199912 Winter Winter 1999 3 Weekday LAFD
22732 28-Dec-99 Zuma 5500 12 1999 199912 Winter Winter 1999 3 weekday LAFD
22745 29-Dec-99 Abalone Cove 3000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22746 29-Dec-99 Cabrillo 2000 12 1999 199912 Winter Winter 1999 4 weekday
22747 29-Dec-99 Corral 500 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22748 29-Dec-99 Dockweiler 3500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22749 29-Dec-99 El Segundo 1000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22750 29-Dec-99 Hermosa 3500 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22751 29-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22752 29-Dec-99 Malibu 1000 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22753 29-Dec-99 Manhattan 9000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22754 29-Dec-99 Nicholas Canyon 300 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22755 29-Dec-99 Pt. Dume County 3000 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22756 29-Dec-99 Redondo 5700 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22757 29-Dec-99 Santa Monica 13000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22758 29-Dec-99 Topanga 800 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22759 29-Dec-99 Torrance 3300 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22760 29-Dec-99 Venice 14000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22761 29-Dec-99 Will Rogers 4000 12 1999 199912 Winter Winter 1999 4 Weekday LAFD
22762 29-Dec-99 Zuma 6000 12 1999 199912 Winter Winter 1999 4 weekday LAFD
22775 30-Dec-99 Abalone Cove 2000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22776 30-Dec-99 Cabrillo 1500 12 1999 199912 Winter Winter 1999 5 weekday
22777 30-Dec-99 Corral 400 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22778 30-Dec-99 Dockweiler 2300 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22779 30-Dec-99 El Segundo 1000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22780 30-Dec-99 Hermosa 3000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22781 30-Dec-99 Las Tunas 50 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22782 30-Dec-99 Malibu 1000 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22783 30-Dec-99 Manhattan 7400 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22784 30-Dec-99 Nicholas Canyon 300 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22785 30-Dec-99 Pt. Dume County 1900 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22786 30-Dec-99 Redondo 2700 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22787 30-Dec-99 Santa Monica 15000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
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22788 30-Dec-99 Topanga 500 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22789 30-Dec-99 Torrance 2900 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22790 30-Dec-99 Venice 8000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22791 30-Dec-99 Will Rogers 3000 12 1999 199912 Winter Winter 1999 5 Weekday LAFD
22792 30-Dec-99 Zuma 4000 12 1999 199912 Winter Winter 1999 5 weekday LAFD
22805 31-Dec-99 Abalone Cove 2500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22806 31-Dec-99 Cabrillo 800 12 1999 199912 Winter Winter 1999 6 weekday
22807 31-Dec-99 Corral 50 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22808 31-Dec-99 Dockweiler 2000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22809 31-Dec-99 El Segundo 800 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22810 31-Dec-99 Hermosa 4500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22811 31-Dec-99 Las Tunas 25 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22812 31-Dec-99 Malibu 500 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22813 31-Dec-99 Manhattan 8200 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22814 31-Dec-99 Nicholas Canyon 50 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22815 31-Dec-99 Pt. Dume County 600 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22816 31-Dec-99 Redondo 2500 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22817 31-Dec-99 Santa Monica 2000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22818 31-Dec-99 Topanga 200 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22819 31-Dec-99 Torrance 2400 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22820 31-Dec-99 Venice 3000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22821 31-Dec-99 Will Rogers 1000 12 1999 199912 Winter Winter 1999 6 Weekday LAFD
22822 31-Dec-99 Zuma 1800 12 1999 199912 Winter Winter 1999 6 weekday LAFD
22835 01-Jan-00 Abalone Cove 4000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22836 01-Jan-00 Corral 1400 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22837 01-Jan-00 Dockweiler 4000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22838 01-Jan-00 El Segundo 1000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22839 01-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 7 weekend LAFD
22840 01-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22841 01-Jan-00 Manhattan 16600 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22842 01-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 7 weekend LAFD
22843 01-Jan-00 Nicholas Canyon 200 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22844 01-Jan-00 Pt. Dume County 4200 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22845 01-Jan-00 Redondo 3500 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22846 01-Jan-00 Santa Monica 17000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
22847 01-Jan-00 Topanga 3000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
22848 01-Jan-00 Torrance 1200 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22849 01-Jan-00 Venice 8000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
22850 01-Jan-00 Will Rogers 3500 1 2000 200001 Winter Winter 2000 7 weekend LAFD
22851 01-Jan-00 Zuma 6000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
22865 02-Jan-00 Abalone Cove 2600 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22866 02-Jan-00 Corral 1200 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
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22867 02-Jan-00 Dockweiler 2500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22868 02-Jan-00 El Segundo 1000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22869 02-Jan-00 Las Tunas 100 1 2000 200001 Winter Winter 2000 1 weekend LAFD
22870 02-Jan-00 Malibu 1400 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22871 02-Jan-00 Manhattan 7100 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22872 02-Jan-00 Marina Del Rey 300 1 2000 200001 Winter Winter 2000 1 weekend LAFD
22873 02-Jan-00 Nicholas Canyon 1000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22874 02-Jan-00 Pt. Dume County 2000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22875 02-Jan-00 Redondo 6000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22876 02-Jan-00 Santa Monica 17000 1 2000 200001 Winter Winter 2000 1 weekend LAFD
22877 02-Jan-00 Topanga 1500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
22878 02-Jan-00 Torrance 1000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22879 02-Jan-00 Venice 12000 1 2000 200001 Winter Winter 2000 1 weekend LAFD
22880 02-Jan-00 Will Rogers 4500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
22881 02-Jan-00 Zuma 6000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
22894 03-Jan-00 Abalone Cove 1800 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22895 03-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22896 03-Jan-00 Dockweiler 2800 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22897 03-Jan-00 El Segundo 1500 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22898 03-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 2 weekday LAFD
22899 03-Jan-00 Malibu 600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22900 03-Jan-00 Manhattan 5600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22901 03-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 2 weekday LAFD
22902 03-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22903 03-Jan-00 Pt. Dume County 1200 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22904 03-Jan-00 Redondo 3500 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22905 03-Jan-00 Santa Monica 10000 1 2000 200001 Winter Winter 2000 2 weekday LAFD
22906 03-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 2 weekday LAFD
22907 03-Jan-00 Torrance 700 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22908 03-Jan-00 Venice 3500 1 2000 200001 Winter Winter 2000 2 weekday LAFD
22909 03-Jan-00 Will Rogers 2100 1 2000 200001 Winter Winter 2000 2 weekday LAFD
22910 03-Jan-00 Zuma 4000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
22923 04-Jan-00 Abalone Cove 2000 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22924 04-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22925 04-Jan-00 Dockweiler 1500 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22926 04-Jan-00 El Segundo 70 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22927 04-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 3 weekday LAFD
22928 04-Jan-00 Malibu 600 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22929 04-Jan-00 Manhattan 4400 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22930 04-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 3 weekday LAFD
22931 04-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22932 04-Jan-00 Pt. Dume County 800 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
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22933 04-Jan-00 Redondo 3500 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22934 04-Jan-00 Santa Monica 9000 1 2000 200001 Winter Winter 2000 3 weekday LAFD
22935 04-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 3 weekday LAFD
22936 04-Jan-00 Torrance 800 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22937 04-Jan-00 Venice 4000 1 2000 200001 Winter Winter 2000 3 weekday LAFD
22938 04-Jan-00 Will Rogers 3000 1 2000 200001 Winter Winter 2000 3 weekday LAFD
22939 04-Jan-00 Zuma 3000 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
22952 05-Jan-00 Abalone Cove 2700 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22953 05-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22954 05-Jan-00 Dockweiler 1700 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22955 05-Jan-00 El Segundo 600 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22956 05-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 4 weekday LAFD
22957 05-Jan-00 Malibu 800 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22958 05-Jan-00 Manhattan 4400 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22959 05-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 4 weekday LAFD
22960 05-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22961 05-Jan-00 Pt. Dume County 1000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22962 05-Jan-00 Redondo 4000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22963 05-Jan-00 Santa Monica 8000 1 2000 200001 Winter Winter 2000 4 weekday LAFD
22964 05-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
22965 05-Jan-00 Torrance 900 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22966 05-Jan-00 Venice 3500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
22967 05-Jan-00 Will Rogers 2000 1 2000 200001 Winter Winter 2000 4 weekday LAFD
22968 05-Jan-00 Zuma 4000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
22981 06-Jan-00 Abalone Cove 3550 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22982 06-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22983 06-Jan-00 Dockweiler 1500 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22984 06-Jan-00 El Segundo 800 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22985 06-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 5 weekday LAFD
22986 06-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22987 06-Jan-00 Manhattan 4900 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22988 06-Jan-00 Marina Del Rey 200 1 2000 200001 Winter Winter 2000 5 weekday LAFD
22989 06-Jan-00 Nicholas Canyon 150 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22990 06-Jan-00 Pt. Dume County 600 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22991 06-Jan-00 Redondo 3200 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22992 06-Jan-00 Santa Monica 10000 1 2000 200001 Winter Winter 2000 5 weekday LAFD
22993 06-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 5 weekday LAFD
22994 06-Jan-00 Torrance 750 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
22995 06-Jan-00 Venice 3500 1 2000 200001 Winter Winter 2000 5 weekday LAFD
22996 06-Jan-00 Will Rogers 1500 1 2000 200001 Winter Winter 2000 5 weekday LAFD
22997 06-Jan-00 Zuma 1000 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23010 07-Jan-00 Abalone Cove 2800 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
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23011 07-Jan-00 Corral 200 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23012 07-Jan-00 Dockweiler 1300 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23013 07-Jan-00 El Segundo 500 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23014 07-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23015 07-Jan-00 Malibu 400 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23016 07-Jan-00 Manhattan 3300 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23017 07-Jan-00 Marina Del Rey 250 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23018 07-Jan-00 Nicholas Canyon 200 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23019 07-Jan-00 Pt. Dume County 800 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23020 07-Jan-00 Redondo 2800 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23021 07-Jan-00 Santa Monica 6000 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23022 07-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23023 07-Jan-00 Torrance 500 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23024 07-Jan-00 Venice 3000 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23025 07-Jan-00 Will Rogers 1000 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23026 07-Jan-00 Zuma 2200 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23039 08-Jan-00 Abalone Cove 4800 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23040 08-Jan-00 Corral 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23041 08-Jan-00 Dockweiler 2200 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23042 08-Jan-00 El Segundo 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23043 08-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23044 08-Jan-00 Malibu 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23045 08-Jan-00 Manhattan 11000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23046 08-Jan-00 Marina Del Rey 350 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23047 08-Jan-00 Nicholas Canyon 400 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23048 08-Jan-00 Pt. Dume County 2400 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23049 08-Jan-00 Redondo 4700 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23050 08-Jan-00 Santa Monica 15000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23051 08-Jan-00 Topanga 1500 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23052 08-Jan-00 Torrance 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23053 08-Jan-00 Venice 7000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23054 08-Jan-00 Will Rogers 4500 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23055 08-Jan-00 Zuma 7000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23068 09-Jan-00 Abalone Cove 5500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23069 09-Jan-00 Corral 300 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23070 09-Jan-00 Dockweiler 3700 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23071 09-Jan-00 El Segundo 2000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23072 09-Jan-00 Las Tunas 100 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23073 09-Jan-00 Malibu 3000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23074 09-Jan-00 Manhattan 10000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23075 09-Jan-00 Marina Del Rey 3000 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23076 09-Jan-00 Nicholas Canyon 600 1 2000 200001 Winter Winter 2000 1 Weekend LAFD

RB-AR44176



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
23077 09-Jan-00 Pt. Dume County 3000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23078 09-Jan-00 Redondo 4000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23079 09-Jan-00 Santa Monica 15500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23080 09-Jan-00 Topanga 1500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23081 09-Jan-00 Torrance 1500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23082 09-Jan-00 Venice 8000 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23083 09-Jan-00 Will Rogers 5500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23084 09-Jan-00 Zuma 6000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23097 10-Jan-00 Abalone Cove 2000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23098 10-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23099 10-Jan-00 Dockweiler 1500 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23100 10-Jan-00 El Segundo 1200 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23101 10-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23102 10-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23103 10-Jan-00 Manhattan 5100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23104 10-Jan-00 Marina Del Rey 200 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23105 10-Jan-00 Nicholas Canyon 200 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23106 10-Jan-00 Pt. Dume County 1000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23107 10-Jan-00 Redondo 2000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23108 10-Jan-00 Santa Monica 6500 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23109 10-Jan-00 Topanga 800 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23110 10-Jan-00 Torrance 700 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23111 10-Jan-00 Venice 2000 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23112 10-Jan-00 Will Rogers 1600 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23113 10-Jan-00 Zuma 2200 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23126 11-Jan-00 Abalone Cove 2200 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23127 11-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23128 11-Jan-00 Dockweiler 1700 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23129 11-Jan-00 El Segundo 1200 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23130 11-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23131 11-Jan-00 Malibu 1200 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23132 11-Jan-00 Manhattan 4000 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23133 11-Jan-00 Marina Del Rey 200 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23134 11-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23135 11-Jan-00 Pt. Dume County 1000 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23136 11-Jan-00 Redondo 2100 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23137 11-Jan-00 Santa Monica 6000 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23138 11-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23139 11-Jan-00 Torrance 600 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23140 11-Jan-00 Venice 2000 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23141 11-Jan-00 Will Rogers 1400 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23142 11-Jan-00 Zuma 2200 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
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23155 12-Jan-00 Abalone Cove 2700 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23156 12-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23157 12-Jan-00 Dockweiler 1200 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23158 12-Jan-00 El Segundo 1000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23159 12-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23160 12-Jan-00 Malibu 1100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23161 12-Jan-00 Manhattan 3300 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23162 12-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23163 12-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23164 12-Jan-00 Pt. Dume County 1000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23165 12-Jan-00 Redondo 2100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23166 12-Jan-00 Santa Monica 4500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23167 12-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23168 12-Jan-00 Torrance 500 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23169 12-Jan-00 Venice 2500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23170 12-Jan-00 Will Rogers 1200 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23171 12-Jan-00 Zuma 2000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23184 13-Jan-00 Abalone Cove 1800 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23185 13-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23186 13-Jan-00 Dockweiler 1400 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23187 13-Jan-00 El Segundo 1500 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23188 13-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23189 13-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23190 13-Jan-00 Manhattan 4500 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23191 13-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23192 13-Jan-00 Nicholas Canyon 150 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23193 13-Jan-00 Pt. Dume County 1200 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23194 13-Jan-00 Redondo 2200 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23195 13-Jan-00 Santa Monica 6500 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23196 13-Jan-00 Topanga 700 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23197 13-Jan-00 Torrance 500 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23198 13-Jan-00 Venice 4000 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23199 13-Jan-00 Will Rogers 1300 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23200 13-Jan-00 Zuma 2000 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23213 14-Jan-00 Abalone Cove 1900 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23214 14-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23215 14-Jan-00 Dockweiler 1500 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23216 14-Jan-00 El Segundo 1000 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23217 14-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23218 14-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23219 14-Jan-00 Manhattan 3600 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23220 14-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 6 weekday LAFD
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23221 14-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23222 14-Jan-00 Pt. Dume County 1600 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23223 14-Jan-00 Redondo 2300 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23224 14-Jan-00 Santa Monica 6000 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23225 14-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23226 14-Jan-00 Torrance 4500 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23227 14-Jan-00 Venice 4500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23228 14-Jan-00 Will Rogers 1100 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23229 14-Jan-00 Zuma 1000 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23242 15-Jan-00 Abalone Cove 3600 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23243 15-Jan-00 Corral 200 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23244 15-Jan-00 Dockweiler 5000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23245 15-Jan-00 El Segundo 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23246 15-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23247 15-Jan-00 Malibu 1600 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23248 15-Jan-00 Manhattan 10100 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23249 15-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23250 15-Jan-00 Nicholas Canyon 200 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23251 15-Jan-00 Pt. Dume County 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23252 15-Jan-00 Redondo 4000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23253 15-Jan-00 Santa Monica 8500 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23254 15-Jan-00 Topanga 1200 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23255 15-Jan-00 Torrance 3000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23256 15-Jan-00 Venice 11000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23257 15-Jan-00 Will Rogers 5000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23258 15-Jan-00 Zuma 7000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23271 16-Jan-00 Abalone Cove 5500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23272 16-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23273 16-Jan-00 Dockweiler 4800 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23274 16-Jan-00 El Segundo 2000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23275 16-Jan-00 Las Tunas 100 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23276 16-Jan-00 Malibu 1200 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23277 16-Jan-00 Manhattan 6500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23278 16-Jan-00 Marina Del Rey 100 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23279 16-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23280 16-Jan-00 Pt. Dume County 1200 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23281 16-Jan-00 Redondo 3000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23282 16-Jan-00 Santa Monica 8500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23283 16-Jan-00 Topanga 1200 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23284 16-Jan-00 Torrance 1800 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23285 16-Jan-00 Venice 6000 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23286 16-Jan-00 Will Rogers 1500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
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23287 16-Jan-00 Zuma 6000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23300 17-Jan-00 Abalone Cove 2300 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23301 17-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23302 17-Jan-00 Dockweiler 3000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23303 17-Jan-00 El Segundo 1000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23304 17-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23305 17-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23306 17-Jan-00 Manhattan 5600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23307 17-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23308 17-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23309 17-Jan-00 Pt. Dume County 800 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23310 17-Jan-00 Redondo 2000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23311 17-Jan-00 Santa Monica 4500 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23312 17-Jan-00 Topanga 800 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23313 17-Jan-00 Torrance 700 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23314 17-Jan-00 Venice 1500 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23315 17-Jan-00 Will Rogers 800 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23316 17-Jan-00 Zuma 1300 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23329 18-Jan-00 Abalone Cove 2700 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23330 18-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23331 18-Jan-00 Dockweiler 2000 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23332 18-Jan-00 El Segundo 600 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23333 18-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23334 18-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23335 18-Jan-00 Manhattan 4500 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23336 18-Jan-00 Marina Del Rey 100 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23337 18-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23338 18-Jan-00 Pt. Dume County 600 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23339 18-Jan-00 Redondo 2000 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23340 18-Jan-00 Santa Monica 4000 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23341 18-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23342 18-Jan-00 Torrance 400 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23343 18-Jan-00 Venice 2000 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23344 18-Jan-00 Will Rogers 1500 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23345 18-Jan-00 Zuma 1100 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23358 19-Jan-00 Abalone Cove 2800 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23359 19-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23360 19-Jan-00 Dockweiler 2500 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23361 19-Jan-00 El Segundo 800 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23362 19-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23363 19-Jan-00 Malibu 1400 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23364 19-Jan-00 Manhattan 4100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
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23365 19-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23366 19-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23367 19-Jan-00 Pt. Dume County 1000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23368 19-Jan-00 Redondo 2100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23369 19-Jan-00 Santa Monica 4500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23370 19-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23371 19-Jan-00 Torrance 450 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23372 19-Jan-00 Venice 3500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23373 19-Jan-00 Will Rogers 2500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23374 19-Jan-00 Zuma 2000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23387 20-Jan-00 Abalone Cove 2400 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23388 20-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23389 20-Jan-00 Dockweiler 1600 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23390 20-Jan-00 El Segundo 500 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23391 20-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23392 20-Jan-00 Malibu 1400 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23393 20-Jan-00 Manhattan 3400 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23394 20-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23395 20-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23396 20-Jan-00 Pt. Dume County 800 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23397 20-Jan-00 Redondo 1700 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23398 20-Jan-00 Santa Monica 5500 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23399 20-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23400 20-Jan-00 Torrance 400 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23401 20-Jan-00 Venice 3700 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23402 20-Jan-00 Will Rogers 1000 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23403 20-Jan-00 Zuma 1000 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23416 21-Jan-00 Abalone Cove 2300 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23417 21-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23418 21-Jan-00 Dockweiler 1600 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23419 21-Jan-00 El Segundo 800 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23420 21-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23421 21-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23422 21-Jan-00 Manhattan 3600 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23423 21-Jan-00 Marina Del Rey 200 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23424 21-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23425 21-Jan-00 Pt. Dume County 800 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23426 21-Jan-00 Redondo 1700 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23427 21-Jan-00 Santa Monica 4500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23428 21-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23429 21-Jan-00 Torrance 350 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23430 21-Jan-00 Venice 3000 1 2000 200001 Winter Winter 2000 6 weekday LAFD
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23431 21-Jan-00 Will Rogers 1000 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23432 21-Jan-00 Zuma 2300 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23445 22-Jan-00 Abalone Cove 7000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23446 22-Jan-00 Corral 200 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23447 22-Jan-00 Dockweiler 3400 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23448 22-Jan-00 El Segundo 800 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23449 22-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23450 22-Jan-00 Malibu 2400 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23451 22-Jan-00 Manhattan 8400 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23452 22-Jan-00 Marina Del Rey 450 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23453 22-Jan-00 Nicholas Canyon 500 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23454 22-Jan-00 Pt. Dume County 1600 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23455 22-Jan-00 Redondo 3500 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23456 22-Jan-00 Santa Monica 4400 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23457 22-Jan-00 Topanga 600 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23458 22-Jan-00 Torrance 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23459 22-Jan-00 Venice 3000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23460 22-Jan-00 Will Rogers 2500 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23461 22-Jan-00 Zuma 7000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23474 23-Jan-00 Abalone Cove 5000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23475 23-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23476 23-Jan-00 Dockweiler 2800 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23477 23-Jan-00 El Segundo 600 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23478 23-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23479 23-Jan-00 Malibu 1200 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23480 23-Jan-00 Manhattan 6500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23481 23-Jan-00 Marina Del Rey 300 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23482 23-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23483 23-Jan-00 Pt. Dume County 1600 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23484 23-Jan-00 Redondo 3000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23485 23-Jan-00 Santa Monica 9000 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23486 23-Jan-00 Topanga 600 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23487 23-Jan-00 Torrance 800 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23488 23-Jan-00 Venice 4300 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23489 23-Jan-00 Will Rogers 1300 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23490 23-Jan-00 Zuma 5500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23503 24-Jan-00 Abalone Cove 2100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23504 24-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23505 24-Jan-00 Dockweiler 1500 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23506 24-Jan-00 El Segundo 600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23507 24-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23508 24-Jan-00 Malibu 1600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
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23509 24-Jan-00 Manhattan 4200 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23510 24-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23511 24-Jan-00 Pt. Dume County 600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23512 24-Jan-00 Redondo 2000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23513 24-Jan-00 Santa Monica 4000 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23514 24-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23515 24-Jan-00 Torrance 1000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23516 24-Jan-00 Venice 2700 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23517 24-Jan-00 Will Rogers 1800 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23518 24-Jan-00 Zuma 3000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23531 25-Jan-00 Abalone Cove 850 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23532 25-Jan-00 Corral 40 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23533 25-Jan-00 Dockweiler 500 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23534 25-Jan-00 El Segundo 400 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23535 25-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23536 25-Jan-00 Malibu 200 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23537 25-Jan-00 Manhattan 2500 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23538 25-Jan-00 Nicholas Canyon 40 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23539 25-Jan-00 Pt. Dume County 600 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23540 25-Jan-00 Redondo 1700 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23541 25-Jan-00 Santa Monica 1500 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23542 25-Jan-00 Topanga 300 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23543 25-Jan-00 Torrance 300 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23544 25-Jan-00 Venice 2800 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23545 25-Jan-00 Will Rogers 600 1 2000 200001 Winter Winter 2000 3 weekday LAFD
23546 25-Jan-00 Zuma 1000 1 2000 200001 Winter Winter 2000 3 Weekday LAFD
23559 26-Jan-00 Abalone Cove 1100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23560 26-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23561 26-Jan-00 Dockweiler 1500 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23562 26-Jan-00 El Segundo 300 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23563 26-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23564 26-Jan-00 Malibu 1000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23565 26-Jan-00 Manhattan 3000 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23566 26-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23567 26-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23568 26-Jan-00 Pt. Dume County 600 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23569 26-Jan-00 Redondo 2600 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23570 26-Jan-00 Santa Monica 4500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23571 26-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23572 26-Jan-00 Torrance 400 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23573 26-Jan-00 Venice 2001 1 2000 200001 Winter Winter 2000 4 weekday LAFD
23574 26-Jan-00 Will Rogers 700 1 2000 200001 Winter Winter 2000 4 weekday LAFD
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23575 26-Jan-00 Zuma 1400 1 2000 200001 Winter Winter 2000 4 Weekday LAFD
23588 27-Jan-00 Abalone Cove 1300 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23589 27-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23590 27-Jan-00 Dockweiler 1500 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23591 27-Jan-00 El Segundo 600 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23592 27-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23593 27-Jan-00 Malibu 1600 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23594 27-Jan-00 Manhattan 4900 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23595 27-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23596 27-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23597 27-Jan-00 Pt. Dume County 800 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23598 27-Jan-00 Redondo 3000 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23599 27-Jan-00 Santa Monica 5500 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23600 27-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23601 27-Jan-00 Torrance 500 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23602 27-Jan-00 Venice 3000 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23603 27-Jan-00 Will Rogers 900 1 2000 200001 Winter Winter 2000 5 weekday LAFD
23604 27-Jan-00 Zuma 2000 1 2000 200001 Winter Winter 2000 5 Weekday LAFD
23617 28-Jan-00 Abalone Cove 2200 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23618 28-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23619 28-Jan-00 Dockweiler 2000 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23620 28-Jan-00 El Segundo 800 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23621 28-Jan-00 Las Tunas 50 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23622 28-Jan-00 Malibu 1400 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23623 28-Jan-00 Manhattan 3750 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23624 28-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23625 28-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23626 28-Jan-00 Pt. Dume County 1000 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23627 28-Jan-00 Redondo 3000 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23628 28-Jan-00 Santa Monica 6500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23629 28-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23630 28-Jan-00 Torrance 400 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23631 28-Jan-00 Venice 2500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23632 28-Jan-00 Will Rogers 1500 1 2000 200001 Winter Winter 2000 6 weekday LAFD
23633 28-Jan-00 Zuma 3000 1 2000 200001 Winter Winter 2000 6 Weekday LAFD
23646 29-Jan-00 Abalone Cove 6200 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23647 29-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23648 29-Jan-00 Dockweiler 3600 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23649 29-Jan-00 El Segundo 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23650 29-Jan-00 Malibu 2000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23651 29-Jan-00 Manhattan 7900 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23652 29-Jan-00 Marina Del Rey 950 1 2000 200001 Winter Winter 2000 7 weekend LAFD
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23653 29-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23654 29-Jan-00 Pt. Dume County 3000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23655 29-Jan-00 Redondo 4100 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23656 29-Jan-00 Santa Monica 8000 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23657 29-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23658 29-Jan-00 Torrance 6000 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23659 29-Jan-00 Venice 6500 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23660 29-Jan-00 Will Rogers 2200 1 2000 200001 Winter Winter 2000 7 weekend LAFD
23661 29-Jan-00 Zuma 5500 1 2000 200001 Winter Winter 2000 7 Weekend LAFD
23674 30-Jan-00 Abalone Cove 4000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23675 30-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23676 30-Jan-00 Dockweiler 1200 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23677 30-Jan-00 El Segundo 1500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23678 30-Jan-00 Las Tunas 25 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23679 30-Jan-00 Malibu 2000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23680 30-Jan-00 Manhattan 4900 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23681 30-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23682 30-Jan-00 Nicholas Canyon 100 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23683 30-Jan-00 Pt. Dume County 600 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23684 30-Jan-00 Redondo 3600 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23685 30-Jan-00 Santa Monica 4500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23686 30-Jan-00 Topanga 500 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23687 30-Jan-00 Torrance 1500 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23688 30-Jan-00 Venice 1800 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23689 30-Jan-00 Will Rogers 800 1 2000 200001 Winter Winter 2000 1 weekend LAFD
23690 30-Jan-00 Zuma 4000 1 2000 200001 Winter Winter 2000 1 Weekend LAFD
23703 31-Jan-00 Abalone Cove 3200 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23704 31-Jan-00 Corral 100 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23705 31-Jan-00 Dockweiler 1500 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23706 31-Jan-00 El Segundo 600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23707 31-Jan-00 Las Tunas 25 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23708 31-Jan-00 Malibu 1600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23709 31-Jan-00 Manhattan 4000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23710 31-Jan-00 Marina Del Rey 50 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23711 31-Jan-00 Nicholas Canyon 600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23712 31-Jan-00 Pt. Dume County 600 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23713 31-Jan-00 Redondo 2000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23714 31-Jan-00 Santa Monica 4000 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23715 31-Jan-00 Topanga 1000 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23716 31-Jan-00 Torrance 800 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23717 31-Jan-00 Venice 2500 1 2000 200001 Winter Winter 2000 2 weekday LAFD
23718 31-Jan-00 Will Rogers 850 1 2000 200001 Winter Winter 2000 2 weekday LAFD
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23719 31-Jan-00 Zuma 2000 1 2000 200001 Winter Winter 2000 2 Weekday LAFD
23732 01-Feb-00 Abalone Cove 4000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23733 01-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23734 01-Feb-00 Dockweiler 1500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23735 01-Feb-00 El Segundo 1300 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23736 01-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23737 01-Feb-00 Malibu 1000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23738 01-Feb-00 Manhattan 5000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23739 01-Feb-00 Marina Del Rey 25 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23740 01-Feb-00 Nicholas Canyon 400 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23741 01-Feb-00 Pt. Dume County 700 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23742 01-Feb-00 Redondo 3100 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23743 01-Feb-00 Santa Monica 5500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23744 01-Feb-00 Topanga 1000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23745 01-Feb-00 Torrance 900 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23746 01-Feb-00 Venice 2700 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23747 01-Feb-00 Will Rogers 1350 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23748 01-Feb-00 Zuma 3000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23762 02-Feb-00 Abalone Cove 3800 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23763 02-Feb-00 Corral 100 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23764 02-Feb-00 Dockweiler 2200 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23765 02-Feb-00 El Segundo 1000 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23766 02-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23767 02-Feb-00 Malibu 1200 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23768 02-Feb-00 Manhattan 7400 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23769 02-Feb-00 Marina Del Rey 100 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23770 02-Feb-00 Nicholas Canyon 700 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23771 02-Feb-00 Pt. Dume County 1200 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23772 02-Feb-00 Redondo 4400 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23773 02-Feb-00 Santa Monica 8000 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23774 02-Feb-00 Topanga 1100 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23775 02-Feb-00 Torrance 1100 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23776 02-Feb-00 Venice 4200 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23777 02-Feb-00 Will Rogers 1600 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23778 02-Feb-00 Zuma 3000 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23791 03-Feb-00 Abalone Cove 5000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23792 03-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23793 03-Feb-00 Dockweiler 3000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23794 03-Feb-00 El Segundo 1000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23795 03-Feb-00 Las Tunas 25 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23796 03-Feb-00 Malibu 800 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23797 03-Feb-00 Manhattan 7600 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
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23798 03-Feb-00 Marina Del Rey 500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23799 03-Feb-00 Nicholas Canyon 550 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23800 03-Feb-00 Pt. Dume County 1500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23801 03-Feb-00 Redondo 3800 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23802 03-Feb-00 Santa Monica 9000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23803 03-Feb-00 Topanga 1000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23804 03-Feb-00 Torrance 110 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23805 03-Feb-00 Venice 3700 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23806 03-Feb-00 Will Rogers 2000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23807 03-Feb-00 Zuma 200 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23820 04-Feb-00 Abalone Cove 3200 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23821 04-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23822 04-Feb-00 Dockweiler 1500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23823 04-Feb-00 El Segundo 400 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23824 04-Feb-00 Las Tunas 25 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23825 04-Feb-00 Malibu 500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23826 04-Feb-00 Manhattan 4000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23827 04-Feb-00 Marina Del Rey 100 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23828 04-Feb-00 Nicholas Canyon 50 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23829 04-Feb-00 Pt. Dume County 500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23830 04-Feb-00 Redondo 2200 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23831 04-Feb-00 Santa Monica 4000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23832 04-Feb-00 Topanga 1000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23833 04-Feb-00 Torrance 300 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23834 04-Feb-00 Venice 1700 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23835 04-Feb-00 Will Rogers 1000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23836 04-Feb-00 Zuma 600 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
23849 05-Feb-00 Abalone Cove 5500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23850 05-Feb-00 Corral 100 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23851 05-Feb-00 Dockweiler 5500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23852 05-Feb-00 El Segundo 800 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23853 05-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23854 05-Feb-00 Malibu 2000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23855 05-Feb-00 Manhattan 12000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23856 05-Feb-00 Marina Del Rey 500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23857 05-Feb-00 Nicholas Canyon 900 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23858 05-Feb-00 Pt. Dume County 2200 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23859 05-Feb-00 Redondo 5500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23860 05-Feb-00 Santa Monica 10000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23861 05-Feb-00 Topanga 1500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23862 05-Feb-00 Torrance 3500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23863 05-Feb-00 Venice 6800 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
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23864 05-Feb-00 Will Rogers 5000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23865 05-Feb-00 Zuma 12000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
23878 06-Feb-00 Abalone Cove 6800 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23879 06-Feb-00 Corral 500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23880 06-Feb-00 Dockweiler 7000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23881 06-Feb-00 El Segundo 2500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23882 06-Feb-00 Las Tunas 100 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23883 06-Feb-00 Malibu 3000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23884 06-Feb-00 Manhattan 14000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23885 06-Feb-00 Marina Del Rey 900 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23886 06-Feb-00 Nicholas Canyon 1100 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23887 06-Feb-00 Pt. Dume County 2500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23888 06-Feb-00 Redondo 9000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23889 06-Feb-00 Santa Monica 22000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23890 06-Feb-00 Topanga 2500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23891 06-Feb-00 Torrance 4000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23892 06-Feb-00 Venice 13000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23893 06-Feb-00 Will Rogers 7500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23894 06-Feb-00 Zuma 12000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
23907 07-Feb-00 Abalone Cove 4000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23908 07-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23909 07-Feb-00 Dockweiler 1500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23910 07-Feb-00 El Segundo 1000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23911 07-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23912 07-Feb-00 Malibu 1000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23913 07-Feb-00 Manhattan 3200 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23914 07-Feb-00 Nicholas Canyon 100 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23915 07-Feb-00 Pt. Dume County 500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23916 07-Feb-00 Redondo 2000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23917 07-Feb-00 Santa Monica 4000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23918 07-Feb-00 Topanga 800 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23919 07-Feb-00 Torrance 500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23920 07-Feb-00 Venice 2500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23921 07-Feb-00 Will Rogers 1500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23922 07-Feb-00 Zuma 800 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
23935 08-Feb-00 Abalone Cove 3500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23936 08-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23937 08-Feb-00 Dockweiler 800 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23938 08-Feb-00 El Segundo 500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23939 08-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23940 08-Feb-00 Malibu 500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23941 08-Feb-00 Manhattan 2500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
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23942 08-Feb-00 Marina Del Rey 100 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23943 08-Feb-00 Nicholas Canyon 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23944 08-Feb-00 Pt. Dume County 400 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23945 08-Feb-00 Redondo 1500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23946 08-Feb-00 Santa Monica 3500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23947 08-Feb-00 Topanga 500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23948 08-Feb-00 Torrance 400 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23949 08-Feb-00 Venice 2000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23950 08-Feb-00 Will Rogers 1500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23951 08-Feb-00 Zuma 100 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
23964 09-Feb-00 Abalone Cove 1800 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23965 09-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23966 09-Feb-00 Dockweiler 1400 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23967 09-Feb-00 El Segundo 750 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23968 09-Feb-00 Las Tunas 15 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23969 09-Feb-00 Malibu 400 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23970 09-Feb-00 Manhattan 2700 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23971 09-Feb-00 Marina Del Rey 25 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23972 09-Feb-00 Nicholas Canyon 50 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23973 09-Feb-00 Pt. Dume County 1000 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23974 09-Feb-00 Redondo 1900 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23975 09-Feb-00 Santa Monica 3000 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23976 09-Feb-00 Topanga 800 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23977 09-Feb-00 Torrance 500 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23978 09-Feb-00 Venice 2000 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23979 09-Feb-00 Will Rogers 950 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23980 09-Feb-00 Zuma 1100 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
23993 10-Feb-00 Abalone Cove 1800 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23994 10-Feb-00 Corral 25 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23995 10-Feb-00 Dockweiler 700 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23996 10-Feb-00 El Segundo 200 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23997 10-Feb-00 Las Tunas 10 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23998 10-Feb-00 Malibu 200 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
23999 10-Feb-00 Manhattan 1400 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24000 10-Feb-00 Marina Del Rey 10 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24001 10-Feb-00 Nicholas Canyon 100 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24002 10-Feb-00 Pt. Dume County 800 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24003 10-Feb-00 Redondo 1400 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24004 10-Feb-00 Santa Monica 1500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24005 10-Feb-00 Topanga 200 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24006 10-Feb-00 Torrance 300 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24007 10-Feb-00 Venice 1700 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
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24008 10-Feb-00 Will Rogers 450 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24009 10-Feb-00 Zuma 500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24022 11-Feb-00 Abalone Cove 2500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24023 11-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24024 11-Feb-00 Dockweiler 900 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24025 11-Feb-00 El Segundo 200 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24026 11-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24027 11-Feb-00 Malibu 600 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24028 11-Feb-00 Manhattan 3500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24029 11-Feb-00 Marina Del Rey 25 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24030 11-Feb-00 Nicholas Canyon 500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24031 11-Feb-00 Pt. Dume County 800 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24032 11-Feb-00 Redondo 2300 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24033 11-Feb-00 Santa Monica 2000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24034 11-Feb-00 Topanga 1000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24035 11-Feb-00 Torrance 600 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24036 11-Feb-00 Venice 3500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24037 11-Feb-00 Will Rogers 1100 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24038 11-Feb-00 Zuma 1100 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24051 12-Feb-00 Abalone Cove 5000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24052 12-Feb-00 Corral 25 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24053 12-Feb-00 Dockweiler 3800 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24054 12-Feb-00 El Segundo 800 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24055 12-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24056 12-Feb-00 Malibu 1000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24057 12-Feb-00 Manhattan 6700 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24058 12-Feb-00 Marina Del Rey 300 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24059 12-Feb-00 Nicholas Canyon 25 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24060 12-Feb-00 Pt. Dume County 500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24061 12-Feb-00 Redondo 3500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24062 12-Feb-00 Santa Monica 2000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24063 12-Feb-00 Topanga 1000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24064 12-Feb-00 Torrance 2000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24065 12-Feb-00 Venice 5000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24066 12-Feb-00 Will Rogers 2000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24067 12-Feb-00 Zuma 1100 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24080 13-Feb-00 Abalone Cove 3000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24081 13-Feb-00 Corral 25 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24082 13-Feb-00 Dockweiler 1500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24083 13-Feb-00 El Segundo 200 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24084 13-Feb-00 Las Tunas 25 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24085 13-Feb-00 Malibu 400 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
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24086 13-Feb-00 Manhattan 2500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24087 13-Feb-00 Marina Del Rey 25 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24088 13-Feb-00 Nicholas Canyon 25 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24089 13-Feb-00 Pt. Dume County 200 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24090 13-Feb-00 Redondo 2000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24091 13-Feb-00 Santa Monica 2500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24092 13-Feb-00 Topanga 500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24093 13-Feb-00 Torrance 2000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24094 13-Feb-00 Venice 1500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24095 13-Feb-00 Will Rogers 600 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24096 13-Feb-00 Zuma 1500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24109 14-Feb-00 Abalone Cove 2500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24110 14-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24111 14-Feb-00 Dockweiler 700 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24112 14-Feb-00 El Segundo 200 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24113 14-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24114 14-Feb-00 Malibu 300 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24115 14-Feb-00 Manhattan 1900 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24116 14-Feb-00 Nicholas Canyon 100 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24117 14-Feb-00 Pt. Dume County 200 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24118 14-Feb-00 Redondo 1600 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24119 14-Feb-00 Santa Monica 1500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24120 14-Feb-00 Topanga 800 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24121 14-Feb-00 Torrance 1000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24122 14-Feb-00 Venice 1500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24123 14-Feb-00 Will Rogers 700 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24124 14-Feb-00 Zuma 400 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24137 15-Feb-00 Abalone Cove 3000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24138 15-Feb-00 Corral 30 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24139 15-Feb-00 Dockweiler 900 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24140 15-Feb-00 El Segundo 200 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24141 15-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24142 15-Feb-00 Malibu 700 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24143 15-Feb-00 Manhattan 2100 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24144 15-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24145 15-Feb-00 Nicholas Canyon 300 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24146 15-Feb-00 Pt. Dume County 200 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24147 15-Feb-00 Redondo 1600 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24148 15-Feb-00 Santa Monica 2700 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24149 15-Feb-00 Topanga 1100 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24150 15-Feb-00 Torrance 500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24151 15-Feb-00 Venice 2000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
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24152 15-Feb-00 Will Rogers 1250 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24153 15-Feb-00 Zuma 1300 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24166 16-Feb-00 Abalone Cove 1900 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24167 16-Feb-00 Corral 25 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24168 16-Feb-00 Dockweiler 600 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24169 16-Feb-00 El Segundo 300 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24170 16-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24171 16-Feb-00 Malibu 300 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24172 16-Feb-00 Manhattan 1700 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24173 16-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24174 16-Feb-00 Nicholas Canyon 220 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24175 16-Feb-00 Pt. Dume County 150 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24176 16-Feb-00 Redondo 1000 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24177 16-Feb-00 Santa Monica 1500 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24178 16-Feb-00 Topanga 800 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24179 16-Feb-00 Torrance 400 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24180 16-Feb-00 Venice 1500 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24181 16-Feb-00 Will Rogers 950 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24182 16-Feb-00 Zuma 500 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24195 17-Feb-00 Abalone Cove 2600 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24196 17-Feb-00 Corral 25 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24197 17-Feb-00 Dockweiler 2000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24198 17-Feb-00 El Segundo 400 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24199 17-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24200 17-Feb-00 Malibu 700 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24201 17-Feb-00 Manhattan 2000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24202 17-Feb-00 Nicholas Canyon 30 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24203 17-Feb-00 Pt. Dume County 200 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24204 17-Feb-00 Redondo 2500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24205 17-Feb-00 Santa Monica 3000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24206 17-Feb-00 Topanga 800 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24207 17-Feb-00 Torrance 500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24208 17-Feb-00 Venice 3600 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24209 17-Feb-00 Will Rogers 1500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24210 17-Feb-00 Zuma 1000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24223 18-Feb-00 Abalone Cove 4000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24224 18-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24225 18-Feb-00 Dockweiler 1900 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24226 18-Feb-00 El Segundo 600 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24227 18-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24228 18-Feb-00 Malibu 600 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24229 18-Feb-00 Manhattan 4850 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
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24230 18-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24231 18-Feb-00 Nicholas Canyon 200 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24232 18-Feb-00 Pt. Dume County 500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24233 18-Feb-00 Redondo 2800 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24234 18-Feb-00 Santa Monica 4000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24235 18-Feb-00 Topanga 800 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24236 18-Feb-00 Torrance 700 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24237 18-Feb-00 Venice 3600 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24238 18-Feb-00 Will Rogers 2500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24239 18-Feb-00 Zuma 3000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24252 19-Feb-00 Abalone Cove 6500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24253 19-Feb-00 Corral 400 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24254 19-Feb-00 Dockweiler 4500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24255 19-Feb-00 El Segundo 1000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24256 19-Feb-00 Las Tunas 25 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24257 19-Feb-00 Malibu 3000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24258 19-Feb-00 Manhattan 14000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24259 19-Feb-00 Marina Del Rey 150 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24260 19-Feb-00 Nicholas Canyon 300 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24261 19-Feb-00 Pt. Dume County 1500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24262 19-Feb-00 Redondo 6000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24263 19-Feb-00 Santa Monica 20000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24264 19-Feb-00 Topanga 2000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24265 19-Feb-00 Torrance 4500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24266 19-Feb-00 Venice 10500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24267 19-Feb-00 Will Rogers 5500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24268 19-Feb-00 Zuma 6000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24281 20-Feb-00 Abalone Cove 7000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24282 20-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24283 20-Feb-00 Dockweiler 1000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24284 20-Feb-00 El Segundo 800 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24285 20-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24286 20-Feb-00 Malibu 300 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24287 20-Feb-00 Manhattan 4500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24288 20-Feb-00 Marina Del Rey 25 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24289 20-Feb-00 Nicholas Canyon 50 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24290 20-Feb-00 Pt. Dume County 700 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24291 20-Feb-00 Redondo 1900 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24292 20-Feb-00 Santa Monica 2500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24293 20-Feb-00 Topanga 500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24294 20-Feb-00 Torrance 1000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24295 20-Feb-00 Venice 1250 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
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24296 20-Feb-00 Will Rogers 600 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24297 20-Feb-00 Zuma 1000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24310 21-Feb-00 Abalone Cove 11500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24311 21-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24312 21-Feb-00 Dockweiler 1800 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24313 21-Feb-00 El Segundo 1000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24314 21-Feb-00 Las Tunas 25 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24315 21-Feb-00 Malibu 600 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24316 21-Feb-00 Manhattan 2200 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24317 21-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24318 21-Feb-00 Nicholas Canyon 50 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24319 21-Feb-00 Pt. Dume County 800 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24320 21-Feb-00 Redondo 4000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24321 21-Feb-00 Santa Monica 3000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24322 21-Feb-00 Topanga 800 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24323 21-Feb-00 Torrance 2000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24324 21-Feb-00 Venice 3500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24325 21-Feb-00 Will Rogers 1300 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24326 21-Feb-00 Zuma 2700 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24339 22-Feb-00 Abalone Cove 6800 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24340 22-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24341 22-Feb-00 Dockweiler 1500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24342 22-Feb-00 El Segundo 600 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24343 22-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24344 22-Feb-00 Malibu 700 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24345 22-Feb-00 Manhattan 3000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24346 22-Feb-00 Nicholas Canyon 600 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24347 22-Feb-00 Pt. Dume County 500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24348 22-Feb-00 Redondo 2200 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24349 22-Feb-00 Santa Monica 3000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24350 22-Feb-00 Topanga 1500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24351 22-Feb-00 Torrance 500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24352 22-Feb-00 Venice 1500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24353 22-Feb-00 Will Rogers 1300 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24354 22-Feb-00 Zuma 1100 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24367 23-Feb-00 Abalone Cove 1500 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24368 23-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24369 23-Feb-00 Dockweiler 700 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24370 23-Feb-00 El Segundo 200 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24371 23-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24372 23-Feb-00 Malibu 20 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24373 23-Feb-00 Manhattan 2100 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
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24374 23-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24375 23-Feb-00 Nicholas Canyon 50 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24376 23-Feb-00 Pt. Dume County 300 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24377 23-Feb-00 Redondo 1200 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24378 23-Feb-00 Santa Monica 1500 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24379 23-Feb-00 Topanga 5000 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24380 23-Feb-00 Torrance 200 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24381 23-Feb-00 Venice 800 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24382 23-Feb-00 Will Rogers 300 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24383 23-Feb-00 Zuma 1100 2 2000 200002 Winter Winter 2000 4 Weekday LAFD
24395 24-Feb-00 Abalone Cove 2500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24396 24-Feb-00 Corral 25 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24397 24-Feb-00 Dockweiler 1200 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24398 24-Feb-00 El Segundo 500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24399 24-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24400 24-Feb-00 Malibu 600 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24401 24-Feb-00 Manhattan 3700 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24402 24-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24403 24-Feb-00 Nicholas Canyon 100 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24404 24-Feb-00 Pt. Dume County 400 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24405 24-Feb-00 Redondo 1600 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24406 24-Feb-00 Santa Monica 3500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24407 24-Feb-00 Topanga 1000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24408 24-Feb-00 Torrance 500 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24409 24-Feb-00 Venice 800 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24410 24-Feb-00 Will Rogers 1200 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24411 24-Feb-00 Zuma 1000 2 2000 200002 Winter Winter 2000 5 Weekday LAFD
24424 25-Feb-00 Abalone Cove 2700 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24425 25-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24426 25-Feb-00 Dockweiler 1200 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24427 25-Feb-00 El Segundo 400 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24428 25-Feb-00 Las Tunas 20 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24429 25-Feb-00 Malibu 500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24430 25-Feb-00 Manhattan 2700 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24431 25-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24432 25-Feb-00 Nicholas Canyon 500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24433 25-Feb-00 Pt. Dume County 800 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24434 25-Feb-00 Redondo 2100 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24435 25-Feb-00 Santa Monica 3000 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24436 25-Feb-00 Topanga 1200 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24437 25-Feb-00 Torrance 550 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24438 25-Feb-00 Venice 1500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
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24439 25-Feb-00 Will Rogers 650 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24440 25-Feb-00 Zuma 500 2 2000 200002 Winter Winter 2000 6 Weekday LAFD
24453 26-Feb-00 Abalone Cove 6000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24454 26-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24455 26-Feb-00 Dockweiler 4000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24456 26-Feb-00 El Segundo 1800 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24457 26-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24458 26-Feb-00 Malibu 5500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24459 26-Feb-00 Manhattan 11000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24460 26-Feb-00 Marina Del Rey 400 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24461 26-Feb-00 Nicholas Canyon 400 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24462 26-Feb-00 Pt. Dume County 2000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24463 26-Feb-00 Redondo 6500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24464 26-Feb-00 Santa Monica 9000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24465 26-Feb-00 Topanga 1500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24466 26-Feb-00 Torrance 2000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24467 26-Feb-00 Venice 7500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24468 26-Feb-00 Will Rogers 5500 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24469 26-Feb-00 Zuma 1000 2 2000 200002 Winter Winter 2000 7 Weekend LAFD
24482 27-Feb-00 Abalone Cove 4000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24483 27-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24484 27-Feb-00 Dockweiler 1700 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24485 27-Feb-00 El Segundo 300 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24486 27-Feb-00 Las Tunas 25 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24487 27-Feb-00 Malibu 500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24488 27-Feb-00 Manhattan 4100 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24489 27-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24490 27-Feb-00 Nicholas Canyon 50 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24491 27-Feb-00 Pt. Dume County 500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24492 27-Feb-00 Redondo 2300 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24493 27-Feb-00 Santa Monica 1000 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24494 27-Feb-00 Topanga 150 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24495 27-Feb-00 Torrance 500 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24496 27-Feb-00 Venice 900 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24497 27-Feb-00 Will Rogers 900 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24498 27-Feb-00 Zuma 2700 2 2000 200002 Winter Winter 2000 1 Weekend LAFD
24511 28-Feb-00 Abalone Cove 2400 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24512 28-Feb-00 Corral 150 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24513 28-Feb-00 Dockweiler 1700 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24514 28-Feb-00 El Segundo 400 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24515 28-Feb-00 Las Tunas 50 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24516 28-Feb-00 Malibu 700 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
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24517 28-Feb-00 Manhattan 5400 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24518 28-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24519 28-Feb-00 Nicholas Canyon 300 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24520 28-Feb-00 Pt. Dume County 800 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24521 28-Feb-00 Redondo 2900 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24522 28-Feb-00 Santa Monica 5500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24523 28-Feb-00 Topanga 300 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24524 28-Feb-00 Torrance 500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24525 28-Feb-00 Venice 3000 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24526 28-Feb-00 Will Rogers 1500 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24527 28-Feb-00 Zuma 1200 2 2000 200002 Winter Winter 2000 2 Weekday LAFD
24540 29-Feb-00 Abalone Cove 2000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24541 29-Feb-00 Corral 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24542 29-Feb-00 Dockweiler 1000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24543 29-Feb-00 El Segundo 700 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24544 29-Feb-00 Las Tunas 25 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24545 29-Feb-00 Malibu 400 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24546 29-Feb-00 Manhattan 2600 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24547 29-Feb-00 Marina Del Rey 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24548 29-Feb-00 Nicholas Canyon 50 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24549 29-Feb-00 Pt. Dume County 400 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24550 29-Feb-00 Redondo 2200 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24551 29-Feb-00 Santa Monica 3000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24552 29-Feb-00 Topanga 500 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24553 29-Feb-00 Torrance 400 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24554 29-Feb-00 Venice 2000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24555 29-Feb-00 Will Rogers 1000 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24556 29-Feb-00 Zuma 1100 2 2000 200002 Winter Winter 2000 3 Weekday LAFD
24569 01-Mar-00 Abalone Cove 2400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24570 01-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24571 01-Mar-00 Dockweiler 1600 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24572 01-Mar-00 El Segundo 1000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24573 01-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24574 01-Mar-00 Malibu 500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24575 01-Mar-00 Manhattan 3000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24576 01-Mar-00 Marina Del Rey 25 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24577 01-Mar-00 Nicholas Canyon 100 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24578 01-Mar-00 Pt. Dume County 400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24579 01-Mar-00 Redondo 2400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24580 01-Mar-00 Santa Monica 4500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24581 01-Mar-00 Topanga 400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24582 01-Mar-00 Torrance 600 3 2000 200003 Spring Spring 2000 4 Weekday LAFD

RB-AR44197



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
24583 01-Mar-00 Venice 2200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24584 01-Mar-00 Will Rogers 1500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24585 01-Mar-00 Zuma 1200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24599 02-Mar-00 Abalone Cove 2500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24600 02-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24601 02-Mar-00 Dockweiler 1550 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24602 02-Mar-00 El Segundo 600 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24603 02-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24604 02-Mar-00 Malibu 500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24605 02-Mar-00 Manhattan 3000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24606 02-Mar-00 Marina Del Rey 50 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24607 02-Mar-00 Nicholas Canyon 50 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24608 02-Mar-00 Pt. Dume County 150 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24609 02-Mar-00 Redondo 2000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24610 02-Mar-00 Santa Monica 6000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24611 02-Mar-00 Topanga 400 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24612 02-Mar-00 Torrance 500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24613 02-Mar-00 Venice 3000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24614 02-Mar-00 Will Rogers 750 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24615 02-Mar-00 Zuma 500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24628 03-Mar-00 Abalone Cove 3200 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24629 03-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24630 03-Mar-00 Dockweiler 1100 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24631 03-Mar-00 El Segundo 4000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24632 03-Mar-00 Las Tunas 20 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24633 03-Mar-00 Malibu 550 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24634 03-Mar-00 Manhattan 3300 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24635 03-Mar-00 Marina Del Rey 50 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24636 03-Mar-00 Nicholas Canyon 50 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24637 03-Mar-00 Pt. Dume County 400 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24638 03-Mar-00 Redondo 1800 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24639 03-Mar-00 Santa Monica 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24640 03-Mar-00 Topanga 500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24641 03-Mar-00 Torrance 400 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24642 03-Mar-00 Venice 5800 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24643 03-Mar-00 Will Rogers 750 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24644 03-Mar-00 Zuma 1500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24657 04-Mar-00 Abalone Cove 4500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24658 04-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24659 04-Mar-00 Dockweiler 3500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24660 04-Mar-00 El Segundo 500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24661 04-Mar-00 Las Tunas 20 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
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24662 04-Mar-00 Malibu 2500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24663 04-Mar-00 Manhattan 10500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24664 04-Mar-00 Marina Del Rey 50 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24665 04-Mar-00 Nicholas Canyon 300 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24666 04-Mar-00 Pt. Dume County 1500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24667 04-Mar-00 Redondo 4000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24668 04-Mar-00 Santa Monica 6000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24669 04-Mar-00 Topanga 600 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24670 04-Mar-00 Torrance 550 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24671 04-Mar-00 Venice 2800 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24672 04-Mar-00 Will Rogers 2200 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24673 04-Mar-00 Zuma 2000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24686 05-Mar-00 Abalone Cove 3500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24687 05-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24688 05-Mar-00 Dockweiler 1000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24689 05-Mar-00 El Segundo 300 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24690 05-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24691 05-Mar-00 Malibu 550 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24692 05-Mar-00 Manhattan 3000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24693 05-Mar-00 Marina Del Rey 25 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24694 05-Mar-00 Nicholas Canyon 50 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24695 05-Mar-00 Pt. Dume County 500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24696 05-Mar-00 Redondo 2200 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24697 05-Mar-00 Santa Monica 4300 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24698 05-Mar-00 Topanga 300 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24699 05-Mar-00 Torrance 400 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24700 05-Mar-00 Venice 1500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24701 05-Mar-00 Will Rogers 950 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24702 05-Mar-00 Zuma 1500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24715 06-Mar-00 Abalone Cove 1300 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24716 06-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24717 06-Mar-00 Dockweiler 1700 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24718 06-Mar-00 El Segundo 500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24719 06-Mar-00 Las Tunas 20 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24720 06-Mar-00 Malibu 550 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24721 06-Mar-00 Manhattan 2050 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24722 06-Mar-00 Marina Del Rey 50 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24723 06-Mar-00 Nicholas Canyon 50 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24724 06-Mar-00 Pt. Dume County 100 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24725 06-Mar-00 Redondo 2200 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24726 06-Mar-00 Santa Monica 5000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24727 06-Mar-00 Topanga 500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
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24728 06-Mar-00 Torrance 700 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24729 06-Mar-00 Venice 1750 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24730 06-Mar-00 Will Rogers 700 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24731 06-Mar-00 Zuma 900 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24744 07-Mar-00 Abalone Cove 2300 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24745 07-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24746 07-Mar-00 Dockweiler 800 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24747 07-Mar-00 El Segundo 400 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24748 07-Mar-00 Las Tunas 20 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24749 07-Mar-00 Malibu 550 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24750 07-Mar-00 Manhattan 2550 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24751 07-Mar-00 Marina Del Rey 25 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24752 07-Mar-00 Nicholas Canyon 50 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24753 07-Mar-00 Pt. Dume County 400 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24754 07-Mar-00 Redondo 1500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24755 07-Mar-00 Santa Monica 2600 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24756 07-Mar-00 Topanga 500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24757 07-Mar-00 Torrance 500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24758 07-Mar-00 Venice 1600 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24759 07-Mar-00 Will Rogers 1000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24760 07-Mar-00 Zuma 1000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24773 08-Mar-00 Abalone Cove 2500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24774 08-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24775 08-Mar-00 Dockweiler 1300 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24776 08-Mar-00 El Segundo 400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24777 08-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24778 08-Mar-00 Malibu 550 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24779 08-Mar-00 Manhattan 3050 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24780 08-Mar-00 Marina Del Rey 25 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24781 08-Mar-00 Nicholas Canyon 50 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24782 08-Mar-00 Pt. Dume County 300 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24783 08-Mar-00 Redondo 6200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24784 08-Mar-00 Santa Monica 2200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24785 08-Mar-00 Topanga 400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24786 08-Mar-00 Torrance 450 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24787 08-Mar-00 Venice 2500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24788 08-Mar-00 Will Rogers 650 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24789 08-Mar-00 Zuma 1000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24802 09-Mar-00 Abalone Cove 3000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24803 09-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24804 09-Mar-00 Dockweiler 1400 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24805 09-Mar-00 El Segundo 600 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
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24806 09-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24807 09-Mar-00 Malibu 800 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24808 09-Mar-00 Manhattan 4900 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24809 09-Mar-00 Nicholas Canyon 25 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24810 09-Mar-00 Pt. Dume County 500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24811 09-Mar-00 Redondo 2500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24812 09-Mar-00 Santa Monica 2500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24813 09-Mar-00 Topanga 700 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24814 09-Mar-00 Torrance 550 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24815 09-Mar-00 Venice 3000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24816 09-Mar-00 Will Rogers 900 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24817 09-Mar-00 Zuma 900 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
24830 10-Mar-00 Abalone Cove 4000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24831 10-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24832 10-Mar-00 Dockweiler 3500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24833 10-Mar-00 El Segundo 1000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24834 10-Mar-00 Las Tunas 50 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24835 10-Mar-00 Malibu 2000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24836 10-Mar-00 Manhattan 6700 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24837 10-Mar-00 Marina Del Rey 50 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24838 10-Mar-00 Nicholas Canyon 350 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24839 10-Mar-00 Pt. Dume County 1200 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24840 10-Mar-00 Redondo 3500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24841 10-Mar-00 Santa Monica 8000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24842 10-Mar-00 Topanga 1200 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24843 10-Mar-00 Torrance 700 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24844 10-Mar-00 Venice 5500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24845 10-Mar-00 Will Rogers 1200 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24846 10-Mar-00 Zuma 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
24859 11-Mar-00 Abalone Cove 4600 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24860 11-Mar-00 Corral 500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24861 11-Mar-00 Dockweiler 15000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24862 11-Mar-00 El Segundo 2500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24863 11-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24864 11-Mar-00 Malibu 5000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24865 11-Mar-00 Manhattan 17500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24866 11-Mar-00 Marina Del Rey 850 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24867 11-Mar-00 Nicholas Canyon 500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24868 11-Mar-00 Pt. Dume County 2000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24869 11-Mar-00 Redondo 8500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24870 11-Mar-00 Santa Monica 60000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24871 11-Mar-00 Topanga 3000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
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24872 11-Mar-00 Torrance 10000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24873 11-Mar-00 Venice 24000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24874 11-Mar-00 Will Rogers 15500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24875 11-Mar-00 Zuma 5000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
24888 12-Mar-00 Abalone Cove 9000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24889 12-Mar-00 Corral 1000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24890 12-Mar-00 Dockweiler 20000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24891 12-Mar-00 El Segundo 2500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24892 12-Mar-00 Las Tunas 250 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24893 12-Mar-00 Malibu 10000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24894 12-Mar-00 Manhattan 25500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24895 12-Mar-00 Marina Del Rey 1000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24896 12-Mar-00 Nicholas Canyon 1000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24897 12-Mar-00 Pt. Dume County 4000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24898 12-Mar-00 Redondo 9500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24899 12-Mar-00 Santa Monica 66000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24900 12-Mar-00 Topanga 3500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24901 12-Mar-00 Torrance 10000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24902 12-Mar-00 Venice 50000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24903 12-Mar-00 Will Rogers 11000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24904 12-Mar-00 Zuma 25000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
24917 13-Mar-00 Abalone Cove 3500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24918 13-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24919 13-Mar-00 Dockweiler 3200 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24920 13-Mar-00 El Segundo 500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24921 13-Mar-00 Las Tunas 50 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24922 13-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24923 13-Mar-00 Manhattan 4400 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24924 13-Mar-00 Marina Del Rey 50 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24925 13-Mar-00 Nicholas Canyon 200 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24926 13-Mar-00 Pt. Dume County 800 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24927 13-Mar-00 Redondo 3500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24928 13-Mar-00 Santa Monica 7000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24929 13-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24930 13-Mar-00 Torrance 600 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24931 13-Mar-00 Venice 3000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24932 13-Mar-00 Will Rogers 2900 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24933 13-Mar-00 Zuma 5000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
24945 14-Mar-00 Abalone Cove 4500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24946 14-Mar-00 Corral 30 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24947 14-Mar-00 Dockweiler 900 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24948 14-Mar-00 El Segundo 1000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
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24949 14-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24950 14-Mar-00 Malibu 800 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24951 14-Mar-00 Manhattan 1900 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24952 14-Mar-00 Marina Del Rey 25 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24953 14-Mar-00 Nicholas Canyon 220 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24954 14-Mar-00 Pt. Dume County 800 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24955 14-Mar-00 Redondo 1800 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24956 14-Mar-00 Santa Monica 2000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24957 14-Mar-00 Topanga 750 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24958 14-Mar-00 Torrance 300 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24959 14-Mar-00 Venice 2000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24960 14-Mar-00 Will Rogers 1200 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24961 14-Mar-00 Zuma 2000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
24974 15-Mar-00 Abalone Cove 3000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24975 15-Mar-00 Dockweiler 1400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24976 15-Mar-00 El Segundo 500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24977 15-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24978 15-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24979 15-Mar-00 Manhattan 3200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24980 15-Mar-00 Marina Del Rey 50 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24981 15-Mar-00 Nicholas Canyon 400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24982 15-Mar-00 Pt. Dume County 1100 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24983 15-Mar-00 Redondo 2500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24984 15-Mar-00 Santa Monica 5000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24985 15-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24986 15-Mar-00 Torrance 400 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24987 15-Mar-00 Venice 2500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24988 15-Mar-00 Will Rogers 2000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
24989 15-Mar-00 Zuma 5000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25002 16-Mar-00 Abalone Cove 3200 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25003 16-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25004 16-Mar-00 Dockweiler 1700 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25005 16-Mar-00 El Segundo 500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25006 16-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25007 16-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25008 16-Mar-00 Manhattan 4000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25009 16-Mar-00 Nicholas Canyon 600 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25010 16-Mar-00 Pt. Dume County 1000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25011 16-Mar-00 Redondo 2000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25012 16-Mar-00 Santa Monica 6500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25013 16-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25014 16-Mar-00 Torrance 600 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
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25015 16-Mar-00 Venice 3500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25016 16-Mar-00 Will Rogers 1500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25017 16-Mar-00 Zuma 1500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25029 17-Mar-00 Abalone Cove 5000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25030 17-Mar-00 Corral 200 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25031 17-Mar-00 Dockweiler 4500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25032 17-Mar-00 El Segundo 600 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25033 17-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25034 17-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25035 17-Mar-00 Manhattan 8300 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25036 17-Mar-00 Marina Del Rey 500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25037 17-Mar-00 Nicholas Canyon 600 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25038 17-Mar-00 Pt. Dume County 2000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25039 17-Mar-00 Redondo 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25040 17-Mar-00 Santa Monica 18500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25041 17-Mar-00 Topanga 1200 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25042 17-Mar-00 Torrance 1100 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25043 17-Mar-00 Venice 8000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25044 17-Mar-00 Will Rogers 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25045 17-Mar-00 Zuma 7000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25058 18-Mar-00 Abalone Cove 14500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25059 18-Mar-00 Corral 3000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25060 18-Mar-00 Dockweiler 11000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25061 18-Mar-00 El Segundo 2000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25062 18-Mar-00 Las Tunas 50 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25063 18-Mar-00 Malibu 6000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25064 18-Mar-00 Manhattan 19500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25065 18-Mar-00 Marina Del Rey 1000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25066 18-Mar-00 Nicholas Canyon 1200 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25067 18-Mar-00 Pt. Dume County 4000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25068 18-Mar-00 Redondo 12000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25069 18-Mar-00 Santa Monica 45000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25070 18-Mar-00 Topanga 4000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25071 18-Mar-00 Torrance 10000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25072 18-Mar-00 Venice 35000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25073 18-Mar-00 Will Rogers 6500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25074 18-Mar-00 Zuma 25000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25087 19-Mar-00 Abalone Cove 15000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25088 19-Mar-00 Corral 3000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25089 19-Mar-00 Dockweiler 18000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25090 19-Mar-00 El Segundo 2000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25091 19-Mar-00 Las Tunas 500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
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25092 19-Mar-00 Malibu 6000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25093 19-Mar-00 Manhattan 20000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25094 19-Mar-00 Marina Del Rey 1000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25095 19-Mar-00 Nicholas Canyon 800 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25096 19-Mar-00 Pt. Dume County 7500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25097 19-Mar-00 Redondo 11200 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25098 19-Mar-00 Santa Monica 60000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25099 19-Mar-00 Topanga 4500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25100 19-Mar-00 Torrance 5000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25101 19-Mar-00 Venice 40000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25102 19-Mar-00 Will Rogers 9500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25103 19-Mar-00 Zuma 33000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25116 20-Mar-00 Abalone Cove 6500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25117 20-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25118 20-Mar-00 Dockweiler 1800 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25119 20-Mar-00 El Segundo 600 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25120 20-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25121 20-Mar-00 Malibu 500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25122 20-Mar-00 Manhattan 7200 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25123 20-Mar-00 Nicholas Canyon 250 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25124 20-Mar-00 Pt. Dume County 3000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25125 20-Mar-00 Redondo 3500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25126 20-Mar-00 Santa Monica 9500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25127 20-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25128 20-Mar-00 Torrance 1000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25129 20-Mar-00 Venice 10000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25130 20-Mar-00 Will Rogers 3500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25131 20-Mar-00 Zuma 1500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25144 21-Mar-00 Abalone Cove 6000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25145 21-Mar-00 Corral 30 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25146 21-Mar-00 Dockweiler 2200 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25147 21-Mar-00 El Segundo 1000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25148 21-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25149 21-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25150 21-Mar-00 Manhattan 4600 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25151 21-Mar-00 Marina Del Rey 200 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25152 21-Mar-00 Nicholas Canyon 250 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25153 21-Mar-00 Pt. Dume County 1500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25154 21-Mar-00 Redondo 4000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25155 21-Mar-00 Santa Monica 11000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25156 21-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25157 21-Mar-00 Torrance 1100 3 2000 200003 Spring Spring 2000 3 Weekday LAFD

RB-AR44205



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
25158 21-Mar-00 Venice 9500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25159 21-Mar-00 Will Rogers 3500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25160 21-Mar-00 Zuma 1500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25172 22-Mar-00 Abalone Cove 3000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25173 22-Mar-00 Corral 150 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25174 22-Mar-00 Dockweiler 3100 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25175 22-Mar-00 El Segundo 1300 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25176 22-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25177 22-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25178 22-Mar-00 Manhattan 5300 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25179 22-Mar-00 Marina Del Rey 200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25180 22-Mar-00 Nicholas Canyon 800 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25181 22-Mar-00 Pt. Dume County 3000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25182 22-Mar-00 Redondo 3500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25183 22-Mar-00 Santa Monica 10500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25184 22-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25185 22-Mar-00 Torrance 1000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25186 22-Mar-00 Venice 8500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25187 22-Mar-00 Will Rogers 4000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25188 22-Mar-00 Zuma 3000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25201 23-Mar-00 Abalone Cove 3700 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25202 23-Mar-00 Corral 75 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25203 23-Mar-00 Dockweiler 3200 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25204 23-Mar-00 El Segundo 700 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25205 23-Mar-00 Las Tunas 30 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25206 23-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25207 23-Mar-00 Manhattan 5450 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25208 23-Mar-00 Marina Del Rey 200 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25209 23-Mar-00 Nicholas Canyon 400 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25210 23-Mar-00 Pt. Dume County 3000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25211 23-Mar-00 Redondo 3000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25212 23-Mar-00 Santa Monica 11000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25213 23-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25214 23-Mar-00 Torrance 1100 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25215 23-Mar-00 Venice 9500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25216 23-Mar-00 Will Rogers 4000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25217 23-Mar-00 Zuma 1500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25230 24-Mar-00 Abalone Cove 2800 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25231 24-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25232 24-Mar-00 Dockweiler 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25233 24-Mar-00 El Segundo 700 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25234 24-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
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25235 24-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25236 24-Mar-00 Manhattan 6300 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25237 24-Mar-00 Marina Del Rey 200 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25238 24-Mar-00 Nicholas Canyon 200 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25239 24-Mar-00 Pt. Dume County 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25240 24-Mar-00 Redondo 2800 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25241 24-Mar-00 Santa Monica 7000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25242 24-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25243 24-Mar-00 Torrance 1000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25244 24-Mar-00 Venice 7000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25245 24-Mar-00 Will Rogers 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25246 24-Mar-00 Zuma 5000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25259 25-Mar-00 Abalone Cove 11500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25260 25-Mar-00 Corral 800 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25261 25-Mar-00 Dockweiler 12000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25262 25-Mar-00 El Segundo 1500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25263 25-Mar-00 Las Tunas 300 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25264 25-Mar-00 Malibu 2100 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25265 25-Mar-00 Manhattan 15500 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25266 25-Mar-00 Marina Del Rey 1200 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25267 25-Mar-00 Nicholas Canyon 400 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25268 25-Mar-00 Pt. Dume County 4000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25269 25-Mar-00 Redondo 9000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25270 25-Mar-00 Santa Monica 17000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25271 25-Mar-00 Topanga 3000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25272 25-Mar-00 Torrance 5000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25273 25-Mar-00 Venice 13000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25274 25-Mar-00 Will Rogers 5000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25275 25-Mar-00 Zuma 15000 3 2000 200003 Spring Spring 2000 7 Weekend LAFD
25288 26-Mar-00 Abalone Cove 12800 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25289 26-Mar-00 Corral 1000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25290 26-Mar-00 Dockweiler 20000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25291 26-Mar-00 El Segundo 3500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25292 26-Mar-00 Las Tunas 100 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25293 26-Mar-00 Malibu 10000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25294 26-Mar-00 Manhattan 17000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25295 26-Mar-00 Marina Del Rey 1500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25296 26-Mar-00 Nicholas Canyon 400 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25297 26-Mar-00 Pt. Dume County 6000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25298 26-Mar-00 Redondo 12000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25299 26-Mar-00 Santa Monica 40000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25300 26-Mar-00 Topanga 3500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
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25301 26-Mar-00 Torrance 4000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25302 26-Mar-00 Venice 25000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25303 26-Mar-00 Will Rogers 7500 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25304 26-Mar-00 Zuma 22000 3 2000 200003 Spring Spring 2000 1 Weekend LAFD
25317 27-Mar-00 Abalone Cove 4400 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25318 27-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25319 27-Mar-00 Dockweiler 700 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25320 27-Mar-00 El Segundo 400 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25321 27-Mar-00 Las Tunas 25 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25322 27-Mar-00 Malibu 850 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25323 27-Mar-00 Manhattan 2100 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25324 27-Mar-00 Nicholas Canyon 200 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25325 27-Mar-00 Pt. Dume County 800 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25326 27-Mar-00 Redondo 3000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25327 27-Mar-00 Santa Monica 4500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25328 27-Mar-00 Topanga 1000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25329 27-Mar-00 Torrance 1500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25330 27-Mar-00 Venice 4000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25331 27-Mar-00 Will Rogers 4000 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25332 27-Mar-00 Zuma 1500 3 2000 200003 Spring Spring 2000 2 Weekday LAFD
25345 28-Mar-00 Abalone Cove 3500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25346 28-Mar-00 Corral 30 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25347 28-Mar-00 Dockweiler 1400 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25348 28-Mar-00 El Segundo 500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25349 28-Mar-00 Las Tunas 30 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25350 28-Mar-00 Malibu 2000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25351 28-Mar-00 Manhattan 5400 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25352 28-Mar-00 Nicholas Canyon 300 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25353 28-Mar-00 Pt. Dume County 500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25354 28-Mar-00 Redondo 3000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25355 28-Mar-00 Santa Monica 5500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25356 28-Mar-00 Topanga 1200 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25357 28-Mar-00 Torrance 1100 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25358 28-Mar-00 Venice 4500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25359 28-Mar-00 Will Rogers 2500 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25360 28-Mar-00 Zuma 1000 3 2000 200003 Spring Spring 2000 3 Weekday LAFD
25373 29-Mar-00 Abalone Cove 2500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25374 29-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25375 29-Mar-00 Dockweiler 3500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25376 29-Mar-00 El Segundo 800 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25377 29-Mar-00 Las Tunas 30 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25378 29-Mar-00 Malibu 1200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
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25379 29-Mar-00 Manhattan 5500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25380 29-Mar-00 Nicholas Canyon 40 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25381 29-Mar-00 Pt. Dume County 1200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25382 29-Mar-00 Redondo 3600 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25383 29-Mar-00 Santa Monica 6000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25384 29-Mar-00 Topanga 1200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25385 29-Mar-00 Torrance 1200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25386 29-Mar-00 Venice 5000 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25387 29-Mar-00 Will Rogers 1500 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25388 29-Mar-00 Zuma 1200 3 2000 200003 Spring Spring 2000 4 Weekday LAFD
25401 30-Mar-00 Abalone Cove 2700 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25402 30-Mar-00 Corral 50 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25403 30-Mar-00 Dockweiler 4000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25404 30-Mar-00 El Segundo 800 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25405 30-Mar-00 Las Tunas 30 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25406 30-Mar-00 Malibu 2000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25407 30-Mar-00 Manhattan 7800 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25408 30-Mar-00 Marina Del Rey 50 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25409 30-Mar-00 Nicholas Canyon 300 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25410 30-Mar-00 Pt. Dume County 1200 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25411 30-Mar-00 Redondo 3200 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25412 30-Mar-00 Santa Monica 6500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25413 30-Mar-00 Topanga 1200 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25414 30-Mar-00 Torrance 1300 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25415 30-Mar-00 Venice 5000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25416 30-Mar-00 Will Rogers 2000 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25417 30-Mar-00 Zuma 1500 3 2000 200003 Spring Spring 2000 5 Weekday LAFD
25430 31-Mar-00 Abalone Cove 3700 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25431 31-Mar-00 Corral 800 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25432 31-Mar-00 Dockweiler 5000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25433 31-Mar-00 El Segundo 2600 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25434 31-Mar-00 Las Tunas 35 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25435 31-Mar-00 Malibu 1000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25436 31-Mar-00 Manhattan 14600 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25437 31-Mar-00 Marina Del Rey 750 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25438 31-Mar-00 Nicholas Canyon 300 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25439 31-Mar-00 Pt. Dume County 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25440 31-Mar-00 Redondo 7000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25441 31-Mar-00 Santa Monica 10000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25442 31-Mar-00 Topanga 1400 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25443 31-Mar-00 Torrance 2000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25444 31-Mar-00 Venice 11000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
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25445 31-Mar-00 Will Rogers 5500 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25446 31-Mar-00 Zuma 3000 3 2000 200003 Spring Spring 2000 6 Weekday LAFD
25459 01-Apr-00 Abalone Cove 8500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25460 01-Apr-00 Corral 2000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25461 01-Apr-00 Dockweiler 22000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25462 01-Apr-00 El Segundo 2000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25463 01-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25464 01-Apr-00 Malibu 6000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25465 01-Apr-00 Manhattan 40500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25466 01-Apr-00 Marina Del Rey 1000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25467 01-Apr-00 Nicholas Canyon 400 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25468 01-Apr-00 Pt. Dume County 4500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25469 01-Apr-00 Redondo 13000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25470 01-Apr-00 Santa Monica 70000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25471 01-Apr-00 Topanga 4000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25472 01-Apr-00 Torrance 7000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25473 01-Apr-00 Venice 35000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25474 01-Apr-00 Will Rogers 17000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25475 01-Apr-00 Zuma 25000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25489 02-Apr-00 Abalone Cove 11500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25490 02-Apr-00 Corral 3500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25491 02-Apr-00 Dockweiler 32000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25492 02-Apr-00 El Segundo 2000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25493 02-Apr-00 Las Tunas 600 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25494 02-Apr-00 Malibu 8000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25495 02-Apr-00 Manhattan 44000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25496 02-Apr-00 Marina Del Rey 1000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25497 02-Apr-00 Nicholas Canyon 1100 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25498 02-Apr-00 Pt. Dume County 10000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25499 02-Apr-00 Redondo 18000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25500 02-Apr-00 Santa Monica 120000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25501 02-Apr-00 Topanga 4000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25502 02-Apr-00 Torrance 12000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25503 02-Apr-00 Venice 65000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25504 02-Apr-00 Will Rogers 29000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25505 02-Apr-00 Zuma 70000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25518 03-Apr-00 Abalone Cove 3600 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25519 03-Apr-00 Corral 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25520 03-Apr-00 Dockweiler 6000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25521 03-Apr-00 El Segundo 600 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25522 03-Apr-00 Las Tunas 55 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25523 03-Apr-00 Malibu 1500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
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25524 03-Apr-00 Manhattan 7100 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25525 03-Apr-00 Marina Del Rey 500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25526 03-Apr-00 Nicholas Canyon 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25527 03-Apr-00 Pt. Dume County 600 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25528 03-Apr-00 Redondo 3500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25529 03-Apr-00 Santa Monica 8500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25530 03-Apr-00 Topanga 1500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25531 03-Apr-00 Torrance 2500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25532 03-Apr-00 Venice 9000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25533 03-Apr-00 Will Rogers 5500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25534 03-Apr-00 Zuma 10000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25546 04-Apr-00 Abalone Cove 3300 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25547 04-Apr-00 Corral 100 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25548 04-Apr-00 Dockweiler 4000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25549 04-Apr-00 El Segundo 500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25550 04-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25551 04-Apr-00 Malibu 1200 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25552 04-Apr-00 Manhattan 4900 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25553 04-Apr-00 Marina Del Rey 200 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25554 04-Apr-00 Nicholas Canyon 200 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25555 04-Apr-00 Pt. Dume County 800 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25556 04-Apr-00 Redondo 2300 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25557 04-Apr-00 Santa Monica 8000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25558 04-Apr-00 Topanga 1500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25559 04-Apr-00 Torrance 1500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25560 04-Apr-00 Venice 9000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25561 04-Apr-00 Will Rogers 4000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25562 04-Apr-00 Zuma 3000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25575 05-Apr-00 Abalone Cove 3200 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25576 05-Apr-00 Corral 50 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25577 05-Apr-00 Dockweiler 3000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25578 05-Apr-00 El Segundo 1000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25579 05-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25580 05-Apr-00 Malibu 1200 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25581 05-Apr-00 Manhattan 5300 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25582 05-Apr-00 Marina Del Rey 50 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25583 05-Apr-00 Nicholas Canyon 50 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25584 05-Apr-00 Pt. Dume County 1000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25585 05-Apr-00 Redondo 2900 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25586 05-Apr-00 Santa Monica 9000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25587 05-Apr-00 Topanga 1500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25588 05-Apr-00 Torrance 1500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
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25589 05-Apr-00 Venice 8000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25590 05-Apr-00 Will Rogers 2500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25591 05-Apr-00 Zuma 12000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25604 06-Apr-00 Abalone Cove 3000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25605 06-Apr-00 Corral 100 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25606 06-Apr-00 Dockweiler 4700 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25607 06-Apr-00 El Segundo 900 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25608 06-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25609 06-Apr-00 Malibu 1500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25610 06-Apr-00 Manhattan 4500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25611 06-Apr-00 Marina Del Rey 200 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25612 06-Apr-00 Nicholas Canyon 300 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25613 06-Apr-00 Pt. Dume County 1000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25614 06-Apr-00 Redondo 2600 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25615 06-Apr-00 Santa Monica 8500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25616 06-Apr-00 Topanga 1500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25617 06-Apr-00 Torrance 1800 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25618 06-Apr-00 Venice 7000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25619 06-Apr-00 Will Rogers 2000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25620 06-Apr-00 Zuma 5000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25633 07-Apr-00 Abalone Cove 3000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25634 07-Apr-00 Corral 75 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25635 07-Apr-00 Dockweiler 2800 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25636 07-Apr-00 El Segundo 800 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25637 07-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25638 07-Apr-00 Malibu 1200 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25639 07-Apr-00 Manhattan 5300 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25640 07-Apr-00 Marina Del Rey 250 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25641 07-Apr-00 Nicholas Canyon 250 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25642 07-Apr-00 Pt. Dume County 700 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25643 07-Apr-00 Redondo 2800 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25644 07-Apr-00 Santa Monica 7500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25645 07-Apr-00 Topanga 1800 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25646 07-Apr-00 Torrance 1500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25647 07-Apr-00 Venice 6000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25648 07-Apr-00 Will Rogers 2300 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25649 07-Apr-00 Zuma 5000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25662 08-Apr-00 Abalone Cove 8000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25663 08-Apr-00 Corral 2000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25664 08-Apr-00 Dockweiler 20000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25665 08-Apr-00 El Segundo 2500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25666 08-Apr-00 Las Tunas 150 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
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25667 08-Apr-00 Malibu 11000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25668 08-Apr-00 Manhattan 20500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25669 08-Apr-00 Marina Del Rey 1200 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25670 08-Apr-00 Nicholas Canyon 800 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25671 08-Apr-00 Pt. Dume County 7000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25672 08-Apr-00 Redondo 13000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25673 08-Apr-00 Santa Monica 50000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25674 08-Apr-00 Topanga 2500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25675 08-Apr-00 Torrance 3500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25676 08-Apr-00 Venice 35000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25677 08-Apr-00 Will Rogers 10800 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25678 08-Apr-00 Zuma 20000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25691 09-Apr-00 Abalone Cove 10500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25692 09-Apr-00 Corral 2000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25693 09-Apr-00 Dockweiler 24000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25694 09-Apr-00 El Segundo 4000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25695 09-Apr-00 Las Tunas 400 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25696 09-Apr-00 Malibu 10000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25697 09-Apr-00 Manhattan 28000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25698 09-Apr-00 Marina Del Rey 2000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25699 09-Apr-00 Nicholas Canyon 400 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25700 09-Apr-00 Pt. Dume County 10000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25701 09-Apr-00 Redondo 14500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25702 09-Apr-00 Santa Monica 38000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25703 09-Apr-00 Topanga 3000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25704 09-Apr-00 Torrance 4500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25705 09-Apr-00 Venice 32000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25706 09-Apr-00 Will Rogers 27000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25707 09-Apr-00 Zuma 30000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25720 10-Apr-00 Abalone Cove 7000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25721 10-Apr-00 Corral 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25722 10-Apr-00 Dockweiler 5200 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25723 10-Apr-00 El Segundo 1000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25724 10-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25725 10-Apr-00 Malibu 5000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25726 10-Apr-00 Manhattan 10800 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25727 10-Apr-00 Marina Del Rey 500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25728 10-Apr-00 Nicholas Canyon 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25729 10-Apr-00 Pt. Dume County 700 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25730 10-Apr-00 Redondo 4400 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25731 10-Apr-00 Santa Monica 13000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25732 10-Apr-00 Topanga 1000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
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25733 10-Apr-00 Torrance 5000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25734 10-Apr-00 Venice 9000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25735 10-Apr-00 Will Rogers 7400 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25736 10-Apr-00 Zuma 8000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25749 11-Apr-00 Abalone Cove 6500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25750 11-Apr-00 Corral 1200 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25751 11-Apr-00 Dockweiler 4200 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25752 11-Apr-00 El Segundo 1200 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25753 11-Apr-00 Las Tunas 75 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25754 11-Apr-00 Malibu 5000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25755 11-Apr-00 Manhattan 9400 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25756 11-Apr-00 Marina Del Rey 200 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25757 11-Apr-00 Nicholas Canyon 300 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25758 11-Apr-00 Pt. Dume County 2000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25759 11-Apr-00 Redondo 3400 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25760 11-Apr-00 Santa Monica 13000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25761 11-Apr-00 Topanga 1000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25762 11-Apr-00 Torrance 3000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25763 11-Apr-00 Venice 9000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25764 11-Apr-00 Will Rogers 5500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25765 11-Apr-00 Zuma 15000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25778 12-Apr-00 Abalone Cove 5500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25779 12-Apr-00 Corral 800 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25780 12-Apr-00 Dockweiler 3000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25781 12-Apr-00 El Segundo 1000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25782 12-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25783 12-Apr-00 Malibu 5000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25784 12-Apr-00 Manhattan 7400 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25785 12-Apr-00 Marina Del Rey 1200 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25786 12-Apr-00 Nicholas Canyon 350 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25787 12-Apr-00 Pt. Dume County 600 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25788 12-Apr-00 Redondo 3200 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25789 12-Apr-00 Santa Monica 6000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25790 12-Apr-00 Topanga 1000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25791 12-Apr-00 Torrance 2000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25792 12-Apr-00 Venice 6000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25793 12-Apr-00 Will Rogers 2400 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25794 12-Apr-00 Zuma 8000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25807 13-Apr-00 Abalone Cove 6000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25808 13-Apr-00 Corral 800 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25809 13-Apr-00 Dockweiler 3000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25810 13-Apr-00 El Segundo 1500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
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25811 13-Apr-00 Las Tunas 55 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25812 13-Apr-00 Malibu 2000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25813 13-Apr-00 Manhattan 7500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25814 13-Apr-00 Marina Del Rey 250 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25815 13-Apr-00 Nicholas Canyon 100 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25816 13-Apr-00 Pt. Dume County 1200 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25817 13-Apr-00 Redondo 3300 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25818 13-Apr-00 Santa Monica 6500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25819 13-Apr-00 Topanga 1300 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25820 13-Apr-00 Torrance 3000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25821 13-Apr-00 Venice 7500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25822 13-Apr-00 Will Rogers 1400 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25823 13-Apr-00 Zuma 8000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
25836 14-Apr-00 Abalone Cove 6000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25837 14-Apr-00 Corral 50 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25838 14-Apr-00 Dockweiler 2800 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25839 14-Apr-00 El Segundo 1000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25840 14-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25841 14-Apr-00 Malibu 1000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25842 14-Apr-00 Manhattan 5500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25843 14-Apr-00 Marina Del Rey 200 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25844 14-Apr-00 Nicholas Canyon 50 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25845 14-Apr-00 Pt. Dume County 700 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25846 14-Apr-00 Redondo 3900 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25847 14-Apr-00 Santa Monica 4000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25848 14-Apr-00 Topanga 1300 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25849 14-Apr-00 Torrance 3500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25850 14-Apr-00 Venice 5000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25851 14-Apr-00 Will Rogers 1200 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25852 14-Apr-00 Zuma 2000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
25865 15-Apr-00 Abalone Cove 10000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25866 15-Apr-00 Corral 1000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25867 15-Apr-00 Dockweiler 18000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25868 15-Apr-00 El Segundo 2000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25869 15-Apr-00 Las Tunas 300 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25870 15-Apr-00 Malibu 4000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25871 15-Apr-00 Manhattan 18000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25872 15-Apr-00 Marina Del Rey 1000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25873 15-Apr-00 Nicholas Canyon 1000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25874 15-Apr-00 Pt. Dume County 5000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25875 15-Apr-00 Redondo 13000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25876 15-Apr-00 Santa Monica 45000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
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ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
25877 15-Apr-00 Topanga 1800 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25878 15-Apr-00 Torrance 4000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25879 15-Apr-00 Venice 33000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25880 15-Apr-00 Will Rogers 10000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25881 15-Apr-00 Zuma 17000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
25894 16-Apr-00 Abalone Cove 10000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25895 16-Apr-00 Corral 1200 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25896 16-Apr-00 Dockweiler 9000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25897 16-Apr-00 El Segundo 2500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25898 16-Apr-00 Las Tunas 300 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25899 16-Apr-00 Malibu 3000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25900 16-Apr-00 Manhattan 17000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25901 16-Apr-00 Marina Del Rey 1500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25902 16-Apr-00 Nicholas Canyon 1000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25903 16-Apr-00 Pt. Dume County 3000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25904 16-Apr-00 Redondo 15000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25905 16-Apr-00 Santa Monica 45000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25906 16-Apr-00 Topanga 2000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25907 16-Apr-00 Torrance 3500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25908 16-Apr-00 Venice 52000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25909 16-Apr-00 Will Rogers 14000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25910 16-Apr-00 Zuma 14000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
25923 17-Apr-00 Abalone Cove 1300 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25924 17-Apr-00 Corral 1000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25925 17-Apr-00 Dockweiler 600 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25926 17-Apr-00 El Segundo 200 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25927 17-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25928 17-Apr-00 Malibu 500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25929 17-Apr-00 Manhattan 850 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25930 17-Apr-00 Marina Del Rey 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25931 17-Apr-00 Nicholas Canyon 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25932 17-Apr-00 Pt. Dume County 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25933 17-Apr-00 Redondo 1800 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25934 17-Apr-00 Santa Monica 1100 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25935 17-Apr-00 Topanga 500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25936 17-Apr-00 Torrance 600 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25937 17-Apr-00 Venice 2000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25938 17-Apr-00 Will Rogers 300 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25939 17-Apr-00 Zuma 1100 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
25952 18-Apr-00 Abalone Cove 5000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25953 18-Apr-00 Corral 50 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25954 18-Apr-00 Dockweiler 1300 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
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25955 18-Apr-00 El Segundo 250 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25956 18-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25957 18-Apr-00 Malibu 1000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25958 18-Apr-00 Manhattan 3350 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25959 18-Apr-00 Marina Del Rey 50 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25960 18-Apr-00 Nicholas Canyon 50 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25961 18-Apr-00 Pt. Dume County 400 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25962 18-Apr-00 Redondo 5500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25963 18-Apr-00 Santa Monica 7500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25964 18-Apr-00 Topanga 1000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25965 18-Apr-00 Torrance 1500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25966 18-Apr-00 Venice 6000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25967 18-Apr-00 Will Rogers 900 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25968 18-Apr-00 Zuma 1500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
25981 19-Apr-00 Abalone Cove 5500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25982 19-Apr-00 Corral 200 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25983 19-Apr-00 Dockweiler 3500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25984 19-Apr-00 El Segundo 250 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25985 19-Apr-00 Las Tunas 60 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25986 19-Apr-00 Malibu 3000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25987 19-Apr-00 Manhattan 8000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25988 19-Apr-00 Marina Del Rey 200 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25989 19-Apr-00 Nicholas Canyon 600 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25990 19-Apr-00 Pt. Dume County 2000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25991 19-Apr-00 Redondo 9000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25992 19-Apr-00 Santa Monica 11000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25993 19-Apr-00 Topanga 2000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25994 19-Apr-00 Torrance 1700 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25995 19-Apr-00 Venice 8500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25996 19-Apr-00 Will Rogers 2500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
25997 19-Apr-00 Zuma 12000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26010 20-Apr-00 Abalone Cove 5000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26011 20-Apr-00 Corral 1000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26012 20-Apr-00 Dockweiler 6500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26013 20-Apr-00 El Segundo 400 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26014 20-Apr-00 Las Tunas 70 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26015 20-Apr-00 Malibu 3500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26016 20-Apr-00 Manhattan 10500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26017 20-Apr-00 Marina Del Rey 200 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26018 20-Apr-00 Nicholas Canyon 600 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26019 20-Apr-00 Pt. Dume County 2000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26020 20-Apr-00 Redondo 14000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
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26021 20-Apr-00 Santa Monica 12500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26022 20-Apr-00 Topanga 3000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26023 20-Apr-00 Torrance 2000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26024 20-Apr-00 Venice 10000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26025 20-Apr-00 Will Rogers 3750 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26026 20-Apr-00 Zuma 15000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26039 21-Apr-00 Abalone Cove 3200 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26040 21-Apr-00 Corral 50 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26041 21-Apr-00 Dockweiler 2000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26042 21-Apr-00 El Segundo 250 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26043 21-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26044 21-Apr-00 Malibu 1500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26045 21-Apr-00 Manhattan 9000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26046 21-Apr-00 Marina Del Rey 200 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26047 21-Apr-00 Nicholas Canyon 350 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26048 21-Apr-00 Pt. Dume County 800 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26049 21-Apr-00 Redondo 8600 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26050 21-Apr-00 Santa Monica 5500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26051 21-Apr-00 Topanga 2000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26052 21-Apr-00 Torrance 1700 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26053 21-Apr-00 Venice 7000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26054 21-Apr-00 Will Rogers 2800 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26055 21-Apr-00 Zuma 9000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26068 22-Apr-00 Abalone Cove 4500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26069 22-Apr-00 Corral 1500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26070 22-Apr-00 Dockweiler 9000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26071 22-Apr-00 El Segundo 500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26072 22-Apr-00 Las Tunas 150 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26073 22-Apr-00 Malibu 5000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26074 22-Apr-00 Manhattan 17000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26075 22-Apr-00 Marina Del Rey 1000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26076 22-Apr-00 Nicholas Canyon 800 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26077 22-Apr-00 Pt. Dume County 5000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26078 22-Apr-00 Redondo 11200 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26079 22-Apr-00 Santa Monica 30000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26080 22-Apr-00 Topanga 2000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26081 22-Apr-00 Torrance 4000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26082 22-Apr-00 Venice 40000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26083 22-Apr-00 Will Rogers 6500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26084 22-Apr-00 Zuma 13000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26097 23-Apr-00 Abalone Cove 10000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26098 23-Apr-00 Corral 2000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
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26099 23-Apr-00 Dockweiler 14000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26100 23-Apr-00 El Segundo 3500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26101 23-Apr-00 Las Tunas 300 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26102 23-Apr-00 Malibu 5000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26103 23-Apr-00 Manhattan 22000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26104 23-Apr-00 Marina Del Rey 2000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26105 23-Apr-00 Nicholas Canyon 1500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26106 23-Apr-00 Pt. Dume County 10000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26107 23-Apr-00 Redondo 11000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26108 23-Apr-00 Santa Monica 45000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26109 23-Apr-00 Topanga 2500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26110 23-Apr-00 Torrance 4000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26111 23-Apr-00 Venice 45000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26112 23-Apr-00 Will Rogers 9000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26113 23-Apr-00 Zuma 20000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26126 24-Apr-00 Abalone Cove 5500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26127 24-Apr-00 Corral 3000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26128 24-Apr-00 Dockweiler 5500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26129 24-Apr-00 El Segundo 300 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26130 24-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26131 24-Apr-00 Malibu 4000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26132 24-Apr-00 Manhattan 11000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26133 24-Apr-00 Marina Del Rey 400 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26134 24-Apr-00 Nicholas Canyon 1000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26135 24-Apr-00 Pt. Dume County 2000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26136 24-Apr-00 Redondo 6000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26137 24-Apr-00 Santa Monica 17000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26138 24-Apr-00 Topanga 1000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26139 24-Apr-00 Torrance 2500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26140 24-Apr-00 Venice 11500 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26141 24-Apr-00 Will Rogers 5400 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26142 24-Apr-00 Zuma 13000 4 2000 200004 Spring Spring 2000 2 Weekday LAFD
26155 25-Apr-00 Abalone Cove 5700 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26156 25-Apr-00 Corral 2000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26157 25-Apr-00 Dockweiler 9000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26158 25-Apr-00 El Segundo 700 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26159 25-Apr-00 Las Tunas 50 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26160 25-Apr-00 Malibu 6000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26161 25-Apr-00 Manhattan 16300 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26162 25-Apr-00 Marina Del Rey 1500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26163 25-Apr-00 Nicholas Canyon 600 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26164 25-Apr-00 Pt. Dume County 5000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
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26165 25-Apr-00 Redondo 7500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26166 25-Apr-00 Santa Monica 28000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26167 25-Apr-00 Topanga 1500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26168 25-Apr-00 Torrance 4000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26169 25-Apr-00 Venice 15000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26170 25-Apr-00 Will Rogers 8500 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26171 25-Apr-00 Zuma 25000 4 2000 200004 Spring Spring 2000 3 Weekday LAFD
26184 26-Apr-00 Abalone Cove 7300 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26185 26-Apr-00 Corral 3000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26186 26-Apr-00 Dockweiler 12500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26187 26-Apr-00 El Segundo 1900 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26188 26-Apr-00 Las Tunas 100 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26189 26-Apr-00 Malibu 10000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26190 26-Apr-00 Manhattan 21000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26191 26-Apr-00 Marina Del Rey 3000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26192 26-Apr-00 Nicholas Canyon 1200 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26193 26-Apr-00 Pt. Dume County 8000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26194 26-Apr-00 Redondo 10000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26195 26-Apr-00 Santa Monica 34000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26196 26-Apr-00 Topanga 3000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26197 26-Apr-00 Torrance 5000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26198 26-Apr-00 Venice 35000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26199 26-Apr-00 Will Rogers 10500 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26200 26-Apr-00 Zuma 40000 4 2000 200004 Spring Spring 2000 4 Weekday LAFD
26213 27-Apr-00 Abalone Cove 6000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26214 27-Apr-00 Corral 2000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26215 27-Apr-00 Dockweiler 6600 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26216 27-Apr-00 El Segundo 1200 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26217 27-Apr-00 Las Tunas 75 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26218 27-Apr-00 Malibu 5000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26219 27-Apr-00 Manhattan 13500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26220 27-Apr-00 Marina Del Rey 1500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26221 27-Apr-00 Nicholas Canyon 700 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26222 27-Apr-00 Pt. Dume County 5000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26223 27-Apr-00 Redondo 9500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26224 27-Apr-00 Santa Monica 18000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26225 27-Apr-00 Topanga 2500 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26226 27-Apr-00 Torrance 5000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26227 27-Apr-00 Venice 30000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26228 27-Apr-00 Will Rogers 4000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26229 27-Apr-00 Zuma 30000 4 2000 200004 Spring Spring 2000 5 Weekday LAFD
26242 28-Apr-00 Abalone Cove 5600 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
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26243 28-Apr-00 Corral 50 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26244 28-Apr-00 Dockweiler 4500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26245 28-Apr-00 El Segundo 1000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26246 28-Apr-00 Las Tunas 75 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26247 28-Apr-00 Malibu 1300 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26248 28-Apr-00 Manhattan 6500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26249 28-Apr-00 Marina Del Rey 300 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26250 28-Apr-00 Nicholas Canyon 400 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26251 28-Apr-00 Pt. Dume County 800 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26252 28-Apr-00 Redondo 7000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26253 28-Apr-00 Santa Monica 14500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26254 28-Apr-00 Topanga 1000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26255 28-Apr-00 Torrance 4000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26256 28-Apr-00 Venice 11500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26257 28-Apr-00 Will Rogers 1500 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26258 28-Apr-00 Zuma 8000 4 2000 200004 Spring Spring 2000 6 Weekday LAFD
26271 29-Apr-00 Abalone Cove 12500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26272 29-Apr-00 Corral 2500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26273 29-Apr-00 Dockweiler 17000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26274 29-Apr-00 El Segundo 5000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26275 29-Apr-00 Las Tunas 200 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26276 29-Apr-00 Malibu 7000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26277 29-Apr-00 Manhattan 38000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26278 29-Apr-00 Marina Del Rey 2500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26279 29-Apr-00 Nicholas Canyon 500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26280 29-Apr-00 Pt. Dume County 8000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26281 29-Apr-00 Redondo 14500 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26282 29-Apr-00 Santa Monica 55000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26283 29-Apr-00 Topanga 3000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26284 29-Apr-00 Torrance 10000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26285 29-Apr-00 Venice 50000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26286 29-Apr-00 Will Rogers 12000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26287 29-Apr-00 Zuma 32000 4 2000 200004 Spring Spring 2000 7 Weekend LAFD
26300 30-Apr-00 Abalone Cove 13500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26301 30-Apr-00 Corral 6000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26302 30-Apr-00 Dockweiler 28000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26303 30-Apr-00 El Segundo 8000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26304 30-Apr-00 Las Tunas 400 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26305 30-Apr-00 Malibu 10000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26306 30-Apr-00 Manhattan 55000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26307 30-Apr-00 Marina Del Rey 3000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26308 30-Apr-00 Nicholas Canyon 1500 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
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26309 30-Apr-00 Pt. Dume County 10000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26310 30-Apr-00 Redondo 20000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26311 30-Apr-00 Santa Monica 80000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26312 30-Apr-00 Topanga 3000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26313 30-Apr-00 Torrance 11000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26314 30-Apr-00 Venice 75000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26315 30-Apr-00 Will Rogers 19000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26316 30-Apr-00 Zuma 100000 4 2000 200004 Spring Spring 2000 1 Weekend LAFD
26329 01-May-00 Abalone Cove 3500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26330 01-May-00 Corral 1000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26331 01-May-00 Dockweiler 7500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26332 01-May-00 El Segundo 300 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26333 01-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26334 01-May-00 Malibu 4000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26335 01-May-00 Manhattan 10500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26336 01-May-00 Marina Del Rey 1000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26337 01-May-00 Nicholas Canyon 300 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26338 01-May-00 Pt. Dume County 800 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26339 01-May-00 Redondo 7500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26340 01-May-00 Santa Monica 18000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26341 01-May-00 Topanga 1500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26342 01-May-00 Torrance 3000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26343 01-May-00 Venice 14000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26344 01-May-00 Will Rogers 2500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26345 01-May-00 Zuma 15000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26359 02-May-00 Abalone Cove 5000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26360 02-May-00 Corral 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26361 02-May-00 Dockweiler 6500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26362 02-May-00 El Segundo 500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26363 02-May-00 Las Tunas 75 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26364 02-May-00 Malibu 3000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26365 02-May-00 Manhattan 11500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26366 02-May-00 Marina Del Rey 750 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26367 02-May-00 Nicholas Canyon 400 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26368 02-May-00 Pt. Dume County 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26369 02-May-00 Redondo 7000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26370 02-May-00 Santa Monica 14000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26371 02-May-00 Topanga 1500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26372 02-May-00 Torrance 3000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26373 02-May-00 Venice 12500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26374 02-May-00 Will Rogers 7600 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26375 02-May-00 Zuma 5000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
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26388 03-May-00 Abalone Cove 6000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26389 03-May-00 Corral 800 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26390 03-May-00 Dockweiler 6500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26391 03-May-00 El Segundo 500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26392 03-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26393 03-May-00 Malibu 4000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26394 03-May-00 Manhattan 11100 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26395 03-May-00 Marina Del Rey 1000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26396 03-May-00 Nicholas Canyon 300 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26397 03-May-00 Pt. Dume County 1200 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26398 03-May-00 Redondo 7500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26399 03-May-00 Santa Monica 13000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26400 03-May-00 Topanga 1500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26401 03-May-00 Torrance 2000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26402 03-May-00 Venice 11000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26403 03-May-00 Will Rogers 7700 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26404 03-May-00 Zuma 5000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26417 04-May-00 Abalone Cove 5000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26418 04-May-00 Corral 700 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26419 04-May-00 Dockweiler 6000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26420 04-May-00 El Segundo 600 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26421 04-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26422 04-May-00 Malibu 1800 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26423 04-May-00 Manhattan 8000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26424 04-May-00 Marina Del Rey 1000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26425 04-May-00 Nicholas Canyon 600 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26426 04-May-00 Pt. Dume County 800 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26427 04-May-00 Redondo 6900 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26428 04-May-00 Santa Monica 7000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26429 04-May-00 Topanga 1500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26430 04-May-00 Torrance 2000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26431 04-May-00 Venice 9000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26432 04-May-00 Will Rogers 750 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26433 04-May-00 Zuma 3500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26446 05-May-00 Abalone Cove 3800 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26447 05-May-00 Corral 50 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26448 05-May-00 Dockweiler 4500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26449 05-May-00 El Segundo 900 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26450 05-May-00 Las Tunas 75 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26451 05-May-00 Malibu 1500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26452 05-May-00 Manhattan 7000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26453 05-May-00 Marina Del Rey 50 5 2000 200005 Spring Spring 2000 6 Weekday LAFD

RB-AR44223



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
26454 05-May-00 Nicholas Canyon 400 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26455 05-May-00 Pt. Dume County 700 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26456 05-May-00 Redondo 5500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26457 05-May-00 Santa Monica 5500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26458 05-May-00 Topanga 100 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26459 05-May-00 Torrance 1000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26460 05-May-00 Venice 9000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26461 05-May-00 Will Rogers 900 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26462 05-May-00 Zuma 4200 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26475 06-May-00 Abalone Cove 8000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26476 06-May-00 Corral 3000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26477 06-May-00 Dockweiler 10000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26478 06-May-00 El Segundo 3000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26479 06-May-00 Las Tunas 150 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26480 06-May-00 Malibu 10000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26481 06-May-00 Manhattan 41000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26482 06-May-00 Marina Del Rey 2000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26483 06-May-00 Nicholas Canyon 1500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26484 06-May-00 Pt. Dume County 6000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26485 06-May-00 Redondo 13700 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26486 06-May-00 Santa Monica 40000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26487 06-May-00 Topanga 1500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26488 06-May-00 Torrance 10000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26489 06-May-00 Venice 35000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26490 06-May-00 Will Rogers 7500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26491 06-May-00 Zuma 15000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26504 07-May-00 Abalone Cove 12500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26505 07-May-00 Corral 3500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26506 07-May-00 Dockweiler 29000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26507 07-May-00 El Segundo 3000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26508 07-May-00 Las Tunas 400 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26509 07-May-00 Malibu 10000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26510 07-May-00 Manhattan 50500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26511 07-May-00 Marina Del Rey 3000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26512 07-May-00 Nicholas Canyon 2200 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26513 07-May-00 Pt. Dume County 8000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26514 07-May-00 Redondo 12000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26515 07-May-00 Santa Monica 70000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26516 07-May-00 Topanga 2500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26517 07-May-00 Torrance 9000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26518 07-May-00 Venice 55000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26519 07-May-00 Will Rogers 14500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
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26520 07-May-00 Zuma 55000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26533 08-May-00 Abalone Cove 3500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26534 08-May-00 Corral 100 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26535 08-May-00 Dockweiler 6000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26536 08-May-00 El Segundo 300 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26537 08-May-00 Las Tunas 50 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26538 08-May-00 Malibu 4000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26539 08-May-00 Manhattan 5800 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26540 08-May-00 Marina Del Rey 200 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26541 08-May-00 Nicholas Canyon 1200 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26542 08-May-00 Pt. Dume County 800 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26543 08-May-00 Redondo 4500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26544 08-May-00 Santa Monica 9000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26545 08-May-00 Topanga 1000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26546 08-May-00 Torrance 1200 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26547 08-May-00 Venice 8500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26548 08-May-00 Will Rogers 2900 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26549 08-May-00 Zuma 6000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26562 09-May-00 Abalone Cove 4000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26563 09-May-00 Corral 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26564 09-May-00 Dockweiler 5500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26565 09-May-00 El Segundo 300 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26566 09-May-00 Las Tunas 50 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26567 09-May-00 Malibu 5000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26568 09-May-00 Manhattan 7000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26569 09-May-00 Marina Del Rey 200 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26570 09-May-00 Nicholas Canyon 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26571 09-May-00 Pt. Dume County 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26572 09-May-00 Redondo 7000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26573 09-May-00 Santa Monica 8000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26574 09-May-00 Topanga 1500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26575 09-May-00 Torrance 1500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26576 09-May-00 Venice 8500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26577 09-May-00 Will Rogers 2900 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26578 09-May-00 Zuma 10000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26591 10-May-00 Abalone Cove 3700 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26592 10-May-00 Corral 1000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26593 10-May-00 Dockweiler 5500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26594 10-May-00 El Segundo 250 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26595 10-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26596 10-May-00 Malibu 5000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26597 10-May-00 Manhattan 5800 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
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26598 10-May-00 Marina Del Rey 400 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26599 10-May-00 Nicholas Canyon 400 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26600 10-May-00 Pt. Dume County 500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26601 10-May-00 Redondo 6100 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26602 10-May-00 Santa Monica 8000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26603 10-May-00 Topanga 2500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26604 10-May-00 Torrance 1800 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26605 10-May-00 Venice 8500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26606 10-May-00 Will Rogers 3500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26607 10-May-00 Zuma 5000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26620 11-May-00 Abalone Cove 5000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26621 11-May-00 Corral 550 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26622 11-May-00 Dockweiler 1300 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26623 11-May-00 El Segundo 500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26624 11-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26625 11-May-00 Malibu 1500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26626 11-May-00 Manhattan 3500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26627 11-May-00 Marina Del Rey 200 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26628 11-May-00 Nicholas Canyon 200 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26629 11-May-00 Pt. Dume County 500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26630 11-May-00 Redondo 3300 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26631 11-May-00 Santa Monica 4500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26632 11-May-00 Topanga 2500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26633 11-May-00 Torrance 1500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26634 11-May-00 Venice 2500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26635 11-May-00 Will Rogers 2700 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26636 11-May-00 Zuma 1000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26649 12-May-00 Abalone Cove 6000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26650 12-May-00 Corral 700 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26651 12-May-00 Dockweiler 5000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26652 12-May-00 El Segundo 1200 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26653 12-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26654 12-May-00 Malibu 4000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26655 12-May-00 Manhattan 4500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26656 12-May-00 Marina Del Rey 1000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26657 12-May-00 Nicholas Canyon 300 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26658 12-May-00 Pt. Dume County 1000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26659 12-May-00 Redondo 6100 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26660 12-May-00 Santa Monica 16000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26661 12-May-00 Topanga 3000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26662 12-May-00 Torrance 3000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26663 12-May-00 Venice 10000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
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26664 12-May-00 Will Rogers 4300 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26665 12-May-00 Zuma 8000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26678 13-May-00 Abalone Cove 8000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26679 13-May-00 Corral 3000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26680 13-May-00 Dockweiler 22000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26681 13-May-00 El Segundo 2000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26682 13-May-00 Las Tunas 500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26683 13-May-00 Malibu 12000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26684 13-May-00 Manhattan 35000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26685 13-May-00 Marina Del Rey 1500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26686 13-May-00 Nicholas Canyon 1400 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26687 13-May-00 Pt. Dume County 6000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26688 13-May-00 Redondo 14900 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26689 13-May-00 Santa Monica 60000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26690 13-May-00 Topanga 2500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26691 13-May-00 Torrance 10000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26692 13-May-00 Venice 50000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26693 13-May-00 Will Rogers 14500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26694 13-May-00 Zuma 55000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26707 14-May-00 Abalone Cove 11000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26708 14-May-00 Corral 2500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26709 14-May-00 Dockweiler 19000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26710 14-May-00 El Segundo 2000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26711 14-May-00 Las Tunas 500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26712 14-May-00 Malibu 10000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26713 14-May-00 Manhattan 23500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26714 14-May-00 Marina Del Rey 5000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26715 14-May-00 Nicholas Canyon 400 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26716 14-May-00 Pt. Dume County 5500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26717 14-May-00 Redondo 14000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26718 14-May-00 Santa Monica 55000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26719 14-May-00 Topanga 3000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26720 14-May-00 Torrance 8000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26721 14-May-00 Venice 45000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26722 14-May-00 Will Rogers 15500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26723 14-May-00 Zuma 50000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26736 15-May-00 Abalone Cove 3500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26737 15-May-00 Corral 500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26738 15-May-00 Dockweiler 2500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26739 15-May-00 El Segundo 1000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26740 15-May-00 Las Tunas 50 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26741 15-May-00 Malibu 8000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
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26742 15-May-00 Manhattan 4700 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26743 15-May-00 Marina Del Rey 200 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26744 15-May-00 Nicholas Canyon 200 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26745 15-May-00 Pt. Dume County 800 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26746 15-May-00 Redondo 7000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26747 15-May-00 Santa Monica 8000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26748 15-May-00 Topanga 1500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26749 15-May-00 Torrance 1500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26750 15-May-00 Venice 8000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26751 15-May-00 Will Rogers 3500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26752 15-May-00 Zuma 4000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26765 16-May-00 Abalone Cove 3000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26766 16-May-00 Corral 100 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26767 16-May-00 Dockweiler 2200 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26768 16-May-00 El Segundo 800 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26769 16-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26770 16-May-00 Malibu 4000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26771 16-May-00 Manhattan 4300 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26772 16-May-00 Marina Del Rey 200 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26773 16-May-00 Nicholas Canyon 100 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26774 16-May-00 Pt. Dume County 400 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26775 16-May-00 Redondo 6000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26776 16-May-00 Santa Monica 6000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26777 16-May-00 Topanga 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26778 16-May-00 Torrance 1200 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26779 16-May-00 Venice 5500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26780 16-May-00 Will Rogers 3400 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26781 16-May-00 Zuma 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26794 17-May-00 Abalone Cove 3500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26795 17-May-00 Corral 50 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26796 17-May-00 Dockweiler 4000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26797 17-May-00 El Segundo 1000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26798 17-May-00 Las Tunas 150 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26799 17-May-00 Malibu 4000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26800 17-May-00 Manhattan 5000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26801 17-May-00 Marina Del Rey 300 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26802 17-May-00 Nicholas Canyon 50 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26803 17-May-00 Pt. Dume County 500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26804 17-May-00 Redondo 6700 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26805 17-May-00 Santa Monica 8000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26806 17-May-00 Topanga 3000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26807 17-May-00 Torrance 1800 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
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26808 17-May-00 Venice 9000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26809 17-May-00 Will Rogers 4300 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26810 17-May-00 Zuma 5000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26823 18-May-00 Abalone Cove 4500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26824 18-May-00 Corral 50 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26825 18-May-00 Dockweiler 4000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26826 18-May-00 El Segundo 1000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26827 18-May-00 Las Tunas 150 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26828 18-May-00 Malibu 2000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26829 18-May-00 Manhattan 9500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26830 18-May-00 Marina Del Rey 200 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26831 18-May-00 Nicholas Canyon 50 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26832 18-May-00 Pt. Dume County 2500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26833 18-May-00 Redondo 6300 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26834 18-May-00 Santa Monica 8500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26835 18-May-00 Topanga 2000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26836 18-May-00 Torrance 1500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26837 18-May-00 Venice 7000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26838 18-May-00 Will Rogers 5000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26839 18-May-00 Zuma 8000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
26852 19-May-00 Abalone Cove 5800 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26853 19-May-00 Corral 500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26854 19-May-00 Dockweiler 4000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26855 19-May-00 El Segundo 1200 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26856 19-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26857 19-May-00 Malibu 2000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26858 19-May-00 Manhattan 7100 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26859 19-May-00 Marina Del Rey 200 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26860 19-May-00 Nicholas Canyon 300 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26861 19-May-00 Pt. Dume County 700 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26862 19-May-00 Redondo 4200 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26863 19-May-00 Santa Monica 5000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26864 19-May-00 Topanga 1800 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26865 19-May-00 Torrance 2000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26866 19-May-00 Venice 9000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26867 19-May-00 Will Rogers 1300 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26868 19-May-00 Zuma 20000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
26881 20-May-00 Abalone Cove 10000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26882 20-May-00 Corral 3500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26883 20-May-00 Dockweiler 14000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26884 20-May-00 El Segundo 1500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26885 20-May-00 Las Tunas 400 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
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26886 20-May-00 Malibu 12000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26887 20-May-00 Manhattan 14000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26888 20-May-00 Marina Del Rey 5000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26889 20-May-00 Nicholas Canyon 1500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26890 20-May-00 Pt. Dume County 8000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26891 20-May-00 Redondo 10200 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26892 20-May-00 Santa Monica 55000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26893 20-May-00 Topanga 3000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26894 20-May-00 Torrance 5000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26895 20-May-00 Venice 50000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26896 20-May-00 Will Rogers 7500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26897 20-May-00 Zuma 55000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
26910 21-May-00 Abalone Cove 10000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26911 21-May-00 Corral 6000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26912 21-May-00 Dockweiler 35000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26913 21-May-00 El Segundo 2000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26914 21-May-00 Las Tunas 400 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26915 21-May-00 Malibu 10000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26916 21-May-00 Manhattan 24500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26917 21-May-00 Marina Del Rey 5000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26918 21-May-00 Nicholas Canyon 700 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26919 21-May-00 Pt. Dume County 10000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26920 21-May-00 Redondo 15000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26921 21-May-00 Santa Monica 60000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26922 21-May-00 Topanga 5000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26923 21-May-00 Torrance 8000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26924 21-May-00 Venice 50000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26925 21-May-00 Will Rogers 9000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26926 21-May-00 Zuma 70000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
26939 22-May-00 Abalone Cove 2400 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26940 22-May-00 Corral 300 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26941 22-May-00 Dockweiler 4000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26942 22-May-00 El Segundo 1200 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26943 22-May-00 Las Tunas 50 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26944 22-May-00 Malibu 5000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26945 22-May-00 Manhattan 4800 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26946 22-May-00 Marina Del Rey 300 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26947 22-May-00 Nicholas Canyon 800 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26948 22-May-00 Pt. Dume County 600 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26949 22-May-00 Redondo 6000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26950 22-May-00 Santa Monica 7000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26951 22-May-00 Topanga 3500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
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26952 22-May-00 Torrance 3500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26953 22-May-00 Venice 7500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26954 22-May-00 Will Rogers 3000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26955 22-May-00 Zuma 12000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
26968 23-May-00 Abalone Cove 2600 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26969 23-May-00 Corral 100 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26970 23-May-00 Dockweiler 5000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26971 23-May-00 El Segundo 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26972 23-May-00 Las Tunas 50 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26973 23-May-00 Malibu 5000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26974 23-May-00 Manhattan 3500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26975 23-May-00 Marina Del Rey 100 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26976 23-May-00 Nicholas Canyon 500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26977 23-May-00 Pt. Dume County 500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26978 23-May-00 Redondo 3500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26979 23-May-00 Santa Monica 6000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26980 23-May-00 Topanga 2000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26981 23-May-00 Torrance 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26982 23-May-00 Venice 6000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26983 23-May-00 Will Rogers 2000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26984 23-May-00 Zuma 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
26997 24-May-00 Abalone Cove 3700 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26998 24-May-00 Corral 50 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
26999 24-May-00 Dockweiler 1800 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27000 24-May-00 El Segundo 1000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27001 24-May-00 Las Tunas 20 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27002 24-May-00 Malibu 5000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27003 24-May-00 Manhattan 3750 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27004 24-May-00 Marina Del Rey 50 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27005 24-May-00 Nicholas Canyon 700 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27006 24-May-00 Pt. Dume County 500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27007 24-May-00 Redondo 2300 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27008 24-May-00 Santa Monica 5000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27009 24-May-00 Topanga 200 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27010 24-May-00 Torrance 1000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27011 24-May-00 Venice 5000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27012 24-May-00 Will Rogers 2000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27013 24-May-00 Zuma 1000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27026 25-May-00 Abalone Cove 4200 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27027 25-May-00 Corral 75 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27028 25-May-00 Dockweiler 3200 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27029 25-May-00 El Segundo 1200 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
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27030 25-May-00 Las Tunas 30 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27031 25-May-00 Malibu 1500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27032 25-May-00 Manhattan 3600 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27033 25-May-00 Marina Del Rey 75 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27034 25-May-00 Nicholas Canyon 1000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27035 25-May-00 Pt. Dume County 1000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27036 25-May-00 Redondo 2400 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27037 25-May-00 Santa Monica 5500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27038 25-May-00 Topanga 1000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27039 25-May-00 Torrance 1000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27040 25-May-00 Venice 5000 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27041 25-May-00 Will Rogers 600 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27042 25-May-00 Zuma 3500 5 2000 200005 Spring Spring 2000 5 Weekday LAFD
27055 26-May-00 Abalone Cove 7500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27056 26-May-00 Corral 300 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27057 26-May-00 Dockweiler 4000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27058 26-May-00 El Segundo 2100 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27059 26-May-00 Las Tunas 100 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27060 26-May-00 Malibu 5000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27061 26-May-00 Manhattan 9000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27062 26-May-00 Marina Del Rey 500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27063 26-May-00 Nicholas Canyon 800 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27064 26-May-00 Pt. Dume County 2000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27065 26-May-00 Redondo 5900 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27066 26-May-00 Santa Monica 15000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27067 26-May-00 Topanga 1000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27068 26-May-00 Torrance 3000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27069 26-May-00 Venice 18000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27070 26-May-00 Will Rogers 4500 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27071 26-May-00 Zuma 6000 5 2000 200005 Spring Spring 2000 6 Weekday LAFD
27084 27-May-00 Abalone Cove 13000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27085 27-May-00 Corral 4500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27086 27-May-00 Dockweiler 48000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27087 27-May-00 El Segundo 2500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27088 27-May-00 Las Tunas 500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27089 27-May-00 Malibu 14000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27090 27-May-00 Manhattan 38000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27091 27-May-00 Marina Del Rey 2000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27092 27-May-00 Nicholas Canyon 2500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27093 27-May-00 Pt. Dume County 15000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27094 27-May-00 Redondo 25000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27095 27-May-00 Santa Monica 90000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
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27096 27-May-00 Topanga 3500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27097 27-May-00 Torrance 10000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27098 27-May-00 Venice 85000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27099 27-May-00 Will Rogers 23500 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27100 27-May-00 Zuma 80000 5 2000 200005 Spring Spring 2000 7 Weekend LAFD
27113 28-May-00 Abalone Cove 19500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27114 28-May-00 Corral 4500 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27115 28-May-00 Dockweiler 70000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27116 28-May-00 El Segundo 13000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27117 28-May-00 Las Tunas 1000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27118 28-May-00 Malibu 15000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27119 28-May-00 Manhattan 60000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27120 28-May-00 Marina Del Rey 4000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27121 28-May-00 Nicholas Canyon 3000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27122 28-May-00 Pt. Dume County 20000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27123 28-May-00 Redondo 40000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27124 28-May-00 Santa Monica 160000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27125 28-May-00 Topanga 6000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27126 28-May-00 Torrance 16000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27127 28-May-00 Venice 135000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27128 28-May-00 Will Rogers 35000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27129 28-May-00 Zuma 100000 5 2000 200005 Spring Spring 2000 1 Weekend LAFD
27142 29-May-00 Abalone Cove 20000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27143 29-May-00 Corral 4500 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27144 29-May-00 Dockweiler 94000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27145 29-May-00 El Segundo 55000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27146 29-May-00 Las Tunas 600 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27147 29-May-00 Malibu 15000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27148 29-May-00 Manhattan 53000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27149 29-May-00 Marina Del Rey 5000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27150 29-May-00 Nicholas Canyon 1000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27151 29-May-00 Pt. Dume County 14000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27152 29-May-00 Redondo 45000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27153 29-May-00 Santa Monica 180000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27154 29-May-00 Topanga 5000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27155 29-May-00 Torrance 18000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27156 29-May-00 Venice 110000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27157 29-May-00 Will Rogers 27000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27158 29-May-00 Zuma 120000 5 2000 200005 Spring Spring 2000 2 Weekday LAFD
27171 30-May-00 Abalone Cove 3000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27172 30-May-00 Corral 400 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27173 30-May-00 Dockweiler 3300 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
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27174 30-May-00 El Segundo 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27175 30-May-00 Las Tunas 50 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27176 30-May-00 Malibu 1000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27177 30-May-00 Manhattan 6500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27178 30-May-00 Marina Del Rey 500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27179 30-May-00 Nicholas Canyon 300 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27180 30-May-00 Pt. Dume County 1300 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27181 30-May-00 Redondo 3500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27182 30-May-00 Santa Monica 7000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27183 30-May-00 Topanga 1500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27184 30-May-00 Torrance 1600 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27185 30-May-00 Venice 8000 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27186 30-May-00 Will Rogers 2500 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27187 30-May-00 Zuma 1300 5 2000 200005 Spring Spring 2000 3 Weekday LAFD
27199 31-May-00 Abalone Cove 3500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27200 31-May-00 Corral 70 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27201 31-May-00 Dockweiler 3500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27202 31-May-00 El Segundo 1200 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27203 31-May-00 Las Tunas 75 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27204 31-May-00 Malibu 1000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27205 31-May-00 Manhattan 9000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27206 31-May-00 Marina Del Rey 400 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27207 31-May-00 Nicholas Canyon 500 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27208 31-May-00 Pt. Dume County 800 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27209 31-May-00 Redondo 4700 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27210 31-May-00 Santa Monica 15000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27211 31-May-00 Topanga 1800 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27212 31-May-00 Torrance 2000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27213 31-May-00 Venice 8000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27214 31-May-00 Will Rogers 6200 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27215 31-May-00 Zuma 10000 5 2000 200005 Spring Spring 2000 4 Weekday LAFD
27228 01-Jun-00 Abalone Cove 4000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27229 01-Jun-00 Corral 500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27230 01-Jun-00 Dockweiler 5000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27231 01-Jun-00 El Segundo 1100 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27232 01-Jun-00 Las Tunas 75 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27233 01-Jun-00 Malibu 2000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27234 01-Jun-00 Manhattan 9000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27235 01-Jun-00 Marina Del Rey 500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27236 01-Jun-00 Nicholas Canyon 500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27237 01-Jun-00 Pt. Dume County 850 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27238 01-Jun-00 Redondo 4300 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
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27239 01-Jun-00 Santa Monica 13000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27240 01-Jun-00 Topanga 2000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27241 01-Jun-00 Torrance 2500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27242 01-Jun-00 Venice 8000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27243 01-Jun-00 Will Rogers 4500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27244 01-Jun-00 Zuma 15000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27257 02-Jun-00 Abalone Cove 6200 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27258 02-Jun-00 Corral 1100 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27259 02-Jun-00 Dockweiler 8000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27260 02-Jun-00 El Segundo 1000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27261 02-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27262 02-Jun-00 Malibu 1500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27263 02-Jun-00 Manhattan 9500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27264 02-Jun-00 Marina Del Rey 400 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27265 02-Jun-00 Nicholas Canyon 600 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27266 02-Jun-00 Pt. Dume County 1100 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27267 02-Jun-00 Redondo 5400 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27268 02-Jun-00 Santa Monica 17000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27269 02-Jun-00 Topanga 3000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27270 02-Jun-00 Torrance 2500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27271 02-Jun-00 Venice 9500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27272 02-Jun-00 Will Rogers 5500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27273 02-Jun-00 Zuma 25000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27285 03-Jun-00 Abalone Cove 13000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27286 03-Jun-00 Corral 1500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27287 03-Jun-00 Dockweiler 35000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27288 03-Jun-00 El Segundo 4000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27289 03-Jun-00 Las Tunas 500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27290 03-Jun-00 Malibu 10000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27291 03-Jun-00 Manhattan 28000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27292 03-Jun-00 Marina Del Rey 6000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27293 03-Jun-00 Nicholas Canyon 1500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27294 03-Jun-00 Pt. Dume County 9000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27295 03-Jun-00 Redondo 28000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27296 03-Jun-00 Santa Monica 65000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27297 03-Jun-00 Topanga 4000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27298 03-Jun-00 Torrance 12000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27299 03-Jun-00 Venice 70000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27300 03-Jun-00 Will Rogers 24000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27301 03-Jun-00 Zuma 65000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27313 04-Jun-00 Abalone Cove 13000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27314 04-Jun-00 Corral 2000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
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27315 04-Jun-00 Dockweiler 50000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27316 04-Jun-00 El Segundo 4000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27317 04-Jun-00 Las Tunas 500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27318 04-Jun-00 Malibu 12000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27319 04-Jun-00 Manhattan 38000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27320 04-Jun-00 Marina Del Rey 4000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27321 04-Jun-00 Nicholas Canyon 1000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27322 04-Jun-00 Pt. Dume County 15000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27323 04-Jun-00 Redondo 25000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27324 04-Jun-00 Santa Monica 110000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27325 04-Jun-00 Topanga 5000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27326 04-Jun-00 Torrance 13000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27327 04-Jun-00 Venice 80000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27328 04-Jun-00 Will Rogers 18500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27329 04-Jun-00 Zuma 100000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27341 05-Jun-00 Abalone Cove 4000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27342 05-Jun-00 Corral 400 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27343 05-Jun-00 Dockweiler 8000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27344 05-Jun-00 El Segundo 1000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27345 05-Jun-00 Las Tunas 75 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27346 05-Jun-00 Malibu 3000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27347 05-Jun-00 Manhattan 9500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27348 05-Jun-00 Marina Del Rey 500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27349 05-Jun-00 Nicholas Canyon 700 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27350 05-Jun-00 Pt. Dume County 2500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27351 05-Jun-00 Redondo 6500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27352 05-Jun-00 Santa Monica 18000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27353 05-Jun-00 Topanga 1800 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27354 05-Jun-00 Torrance 2500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27355 05-Jun-00 Venice 12500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27356 05-Jun-00 Will Rogers 7500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27357 05-Jun-00 Zuma 10000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27369 06-Jun-00 Abalone Cove 3800 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27370 06-Jun-00 Corral 300 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27371 06-Jun-00 Dockweiler 9000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27372 06-Jun-00 El Segundo 1500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27373 06-Jun-00 Las Tunas 50 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27374 06-Jun-00 Malibu 1500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27375 06-Jun-00 Manhattan 12500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27376 06-Jun-00 Marina Del Rey 500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27377 06-Jun-00 Nicholas Canyon 800 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27378 06-Jun-00 Pt. Dume County 3000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
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27379 06-Jun-00 Redondo 7500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27380 06-Jun-00 Santa Monica 20000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27381 06-Jun-00 Topanga 2000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27382 06-Jun-00 Torrance 1500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27383 06-Jun-00 Venice 12000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27384 06-Jun-00 Will Rogers 8500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27385 06-Jun-00 Zuma 15000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27397 07-Jun-00 Abalone Cove 4300 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27398 07-Jun-00 Corral 800 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27399 07-Jun-00 Dockweiler 7000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27400 07-Jun-00 El Segundo 500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27401 07-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27402 07-Jun-00 Malibu 4000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27403 07-Jun-00 Manhattan 12500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27404 07-Jun-00 Marina Del Rey 500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27405 07-Jun-00 Nicholas Canyon 500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27406 07-Jun-00 Pt. Dume County 3000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27407 07-Jun-00 Redondo 6300 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27408 07-Jun-00 Santa Monica 22000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27409 07-Jun-00 Topanga 2500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27410 07-Jun-00 Torrance 1300 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27411 07-Jun-00 Venice 14000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27412 07-Jun-00 Will Rogers 6500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27413 07-Jun-00 Zuma 15000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27425 08-Jun-00 Abalone Cove 5000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27426 08-Jun-00 Corral 300 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27427 08-Jun-00 Dockweiler 5000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27428 08-Jun-00 El Segundo 500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27429 08-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27430 08-Jun-00 Malibu 1500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27431 08-Jun-00 Manhattan 8000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27432 08-Jun-00 Marina Del Rey 100 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27433 08-Jun-00 Nicholas Canyon 250 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27434 08-Jun-00 Pt. Dume County 800 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27435 08-Jun-00 Redondo 4700 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27436 08-Jun-00 Santa Monica 8500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27437 08-Jun-00 Topanga 1000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27438 08-Jun-00 Torrance 1800 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27439 08-Jun-00 Venice 5000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27440 08-Jun-00 Will Rogers 3500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27441 08-Jun-00 Zuma 5000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27453 09-Jun-00 Abalone Cove 4500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
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27454 09-Jun-00 Corral 800 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27455 09-Jun-00 Dockweiler 5500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27456 09-Jun-00 El Segundo 800 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27457 09-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27458 09-Jun-00 Malibu 2000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27459 09-Jun-00 Manhattan 11500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27460 09-Jun-00 Marina Del Rey 1000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27461 09-Jun-00 Nicholas Canyon 500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27462 09-Jun-00 Pt. Dume County 300 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27463 09-Jun-00 Redondo 5000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27464 09-Jun-00 Santa Monica 16000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27465 09-Jun-00 Topanga 3000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27466 09-Jun-00 Torrance 2400 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27467 09-Jun-00 Venice 10500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27468 09-Jun-00 Will Rogers 6000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27469 09-Jun-00 Zuma 15000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27481 10-Jun-00 Abalone Cove 13000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27482 10-Jun-00 Corral 2000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27483 10-Jun-00 Dockweiler 30000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27484 10-Jun-00 El Segundo 2000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27485 10-Jun-00 Las Tunas 250 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27486 10-Jun-00 Malibu 10000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27487 10-Jun-00 Manhattan 40000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27488 10-Jun-00 Marina Del Rey 2000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27489 10-Jun-00 Nicholas Canyon 1500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27490 10-Jun-00 Pt. Dume County 10000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27491 10-Jun-00 Redondo 26500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27492 10-Jun-00 Santa Monica 80000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27493 10-Jun-00 Topanga 2500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27494 10-Jun-00 Torrance 10000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27495 10-Jun-00 Venice 65000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27496 10-Jun-00 Will Rogers 12500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27497 10-Jun-00 Zuma 60000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27509 11-Jun-00 Abalone Cove 13500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27510 11-Jun-00 Corral 3000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27511 11-Jun-00 Dockweiler 45000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27512 11-Jun-00 El Segundo 2500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27513 11-Jun-00 Las Tunas 400 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27514 11-Jun-00 Malibu 10000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27515 11-Jun-00 Manhattan 47000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27516 11-Jun-00 Marina Del Rey 3000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27517 11-Jun-00 Nicholas Canyon 3000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
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27518 11-Jun-00 Pt. Dume County 10000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27519 11-Jun-00 Redondo 30000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27520 11-Jun-00 Santa Monica 100000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27521 11-Jun-00 Topanga 4000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27522 11-Jun-00 Torrance 18000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27523 11-Jun-00 Venice 85000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27524 11-Jun-00 Will Rogers 17000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27525 11-Jun-00 Zuma 90000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27537 12-Jun-00 Abalone Cove 3700 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27538 12-Jun-00 Corral 500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27539 12-Jun-00 Dockweiler 8000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27540 12-Jun-00 El Segundo 800 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27541 12-Jun-00 Las Tunas 150 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27542 12-Jun-00 Malibu 3000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27543 12-Jun-00 Manhattan 20000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27544 12-Jun-00 Marina Del Rey 500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27545 12-Jun-00 Nicholas Canyon 500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27546 12-Jun-00 Pt. Dume County 3000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27547 12-Jun-00 Redondo 6500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27548 12-Jun-00 Santa Monica 20000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27549 12-Jun-00 Topanga 1500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27550 12-Jun-00 Torrance 3500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27551 12-Jun-00 Venice 15000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27552 12-Jun-00 Will Rogers 5500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27553 12-Jun-00 Zuma 5000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27565 13-Jun-00 Abalone Cove 5000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27566 13-Jun-00 Corral 1000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27567 13-Jun-00 Dockweiler 10000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27568 13-Jun-00 El Segundo 1800 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27569 13-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27570 13-Jun-00 Malibu 3000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27571 13-Jun-00 Manhattan 18500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27572 13-Jun-00 Marina Del Rey 500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27573 13-Jun-00 Nicholas Canyon 800 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27574 13-Jun-00 Pt. Dume County 4000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27575 13-Jun-00 Redondo 8300 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27576 13-Jun-00 Santa Monica 32000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27577 13-Jun-00 Topanga 2000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27578 13-Jun-00 Torrance 7000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27579 13-Jun-00 Venice 15000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27580 13-Jun-00 Will Rogers 7000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27581 13-Jun-00 Zuma 20000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
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27593 14-Jun-00 Abalone Cove 4500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27594 14-Jun-00 Corral 500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27595 14-Jun-00 Dockweiler 8000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27596 14-Jun-00 El Segundo 3000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27597 14-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27598 14-Jun-00 Malibu 5000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27599 14-Jun-00 Manhattan 16500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27600 14-Jun-00 Marina Del Rey 300 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27601 14-Jun-00 Nicholas Canyon 800 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27602 14-Jun-00 Pt. Dume County 6000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27603 14-Jun-00 Redondo 6400 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27604 14-Jun-00 Santa Monica 18000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27605 14-Jun-00 Topanga 2000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27606 14-Jun-00 Torrance 4000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27607 14-Jun-00 Venice 13000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27608 14-Jun-00 Will Rogers 5750 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27609 14-Jun-00 Zuma 20000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27621 15-Jun-00 Abalone Cove 5000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27622 15-Jun-00 Corral 2000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27623 15-Jun-00 Dockweiler 10000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27624 15-Jun-00 El Segundo 2000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27625 15-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27626 15-Jun-00 Malibu 3000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27627 15-Jun-00 Manhattan 16500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27628 15-Jun-00 Marina Del Rey 150 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27629 15-Jun-00 Nicholas Canyon 15000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27630 15-Jun-00 Pt. Dume County 3500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27631 15-Jun-00 Redondo 6800 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27632 15-Jun-00 Santa Monica 28000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27633 15-Jun-00 Topanga 3000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27634 15-Jun-00 Torrance 5000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27635 15-Jun-00 Venice 14500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27636 15-Jun-00 Will Rogers 6500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27637 15-Jun-00 Zuma 25000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27649 16-Jun-00 Abalone Cove 4500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27650 16-Jun-00 Corral 800 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27651 16-Jun-00 Dockweiler 9500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27652 16-Jun-00 El Segundo 800 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27653 16-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27654 16-Jun-00 Malibu 3000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27655 16-Jun-00 Manhattan 16000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27656 16-Jun-00 Marina Del Rey 500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
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27657 16-Jun-00 Nicholas Canyon 1000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27658 16-Jun-00 Pt. Dume County 4000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27659 16-Jun-00 Redondo 5600 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27660 16-Jun-00 Santa Monica 16500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27661 16-Jun-00 Topanga 3000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27662 16-Jun-00 Torrance 8000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27663 16-Jun-00 Venice 13000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27664 16-Jun-00 Will Rogers 6200 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27665 16-Jun-00 Zuma 25000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27677 17-Jun-00 Abalone Cove 12000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27678 17-Jun-00 Corral 2000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27679 17-Jun-00 Dockweiler 16000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27680 17-Jun-00 El Segundo 1800 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27681 17-Jun-00 Las Tunas 250 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27682 17-Jun-00 Malibu 5000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27683 17-Jun-00 Manhattan 40000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27684 17-Jun-00 Marina Del Rey 1000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27685 17-Jun-00 Nicholas Canyon 800 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27686 17-Jun-00 Pt. Dume County 6000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27687 17-Jun-00 Redondo 19500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27688 17-Jun-00 Santa Monica 45000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27689 17-Jun-00 Topanga 1500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27690 17-Jun-00 Torrance 5000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27691 17-Jun-00 Venice 40000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27692 17-Jun-00 Will Rogers 12500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27693 17-Jun-00 Zuma 55000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27705 18-Jun-00 Abalone Cove 17000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27706 18-Jun-00 Corral 2500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27707 18-Jun-00 Dockweiler 19000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27708 18-Jun-00 El Segundo 3000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27709 18-Jun-00 Las Tunas 300 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27710 18-Jun-00 Malibu 7000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27711 18-Jun-00 Manhattan 36000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27712 18-Jun-00 Marina Del Rey 800 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27713 18-Jun-00 Nicholas Canyon 3000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27714 18-Jun-00 Pt. Dume County 8000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27715 18-Jun-00 Redondo 17000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27716 18-Jun-00 Santa Monica 45000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27717 18-Jun-00 Topanga 2000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27718 18-Jun-00 Torrance 7000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27719 18-Jun-00 Venice 50000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27720 18-Jun-00 Will Rogers 17500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
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27721 18-Jun-00 Zuma 55000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27733 19-Jun-00 Abalone Cove 5200 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27734 19-Jun-00 Corral 500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27735 19-Jun-00 Dockweiler 6500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27736 19-Jun-00 El Segundo 800 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27737 19-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27738 19-Jun-00 Malibu 4000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27739 19-Jun-00 Manhattan 19500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27740 19-Jun-00 Marina Del Rey 100 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27741 19-Jun-00 Nicholas Canyon 2000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27742 19-Jun-00 Pt. Dume County 4000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27743 19-Jun-00 Redondo 6400 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27744 19-Jun-00 Santa Monica 20000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27745 19-Jun-00 Topanga 1000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27746 19-Jun-00 Torrance 5000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27747 19-Jun-00 Venice 15000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27748 19-Jun-00 Will Rogers 6000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27749 19-Jun-00 Zuma 22000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27761 20-Jun-00 Abalone Cove 5000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27762 20-Jun-00 Corral 1000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27763 20-Jun-00 Dockweiler 8000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27764 20-Jun-00 El Segundo 700 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27765 20-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27766 20-Jun-00 Malibu 4000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27767 20-Jun-00 Manhattan 20500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27768 20-Jun-00 Marina Del Rey 300 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27769 20-Jun-00 Nicholas Canyon 800 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27770 20-Jun-00 Pt. Dume County 4000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27771 20-Jun-00 Redondo 6500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27772 20-Jun-00 Santa Monica 32000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27773 20-Jun-00 Topanga 1500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27774 20-Jun-00 Torrance 7000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27775 20-Jun-00 Venice 18000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27776 20-Jun-00 Will Rogers 8700 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27777 20-Jun-00 Zuma 40000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27789 21-Jun-00 Abalone Cove 5500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27790 21-Jun-00 Corral 1200 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27791 21-Jun-00 Dockweiler 5000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27792 21-Jun-00 El Segundo 700 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27793 21-Jun-00 Las Tunas 150 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27794 21-Jun-00 Malibu 4000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27795 21-Jun-00 Manhattan 12800 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
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27796 21-Jun-00 Marina Del Rey 300 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27797 21-Jun-00 Nicholas Canyon 800 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27798 21-Jun-00 Pt. Dume County 4000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27799 21-Jun-00 Redondo 4700 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27800 21-Jun-00 Santa Monica 20000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27801 21-Jun-00 Topanga 2000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27802 21-Jun-00 Torrance 2000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27803 21-Jun-00 Venice 11500 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27804 21-Jun-00 Will Rogers 7200 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27805 21-Jun-00 Zuma 35000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27817 22-Jun-00 Abalone Cove 5500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27818 22-Jun-00 Corral 1500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27819 22-Jun-00 Dockweiler 6800 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27820 22-Jun-00 El Segundo 600 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27821 22-Jun-00 Las Tunas 150 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27822 22-Jun-00 Malibu 5500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27823 22-Jun-00 Manhattan 15500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27824 22-Jun-00 Marina Del Rey 300 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27825 22-Jun-00 Nicholas Canyon 1000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27826 22-Jun-00 Pt. Dume County 4000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27827 22-Jun-00 Redondo 7500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27828 22-Jun-00 Santa Monica 35000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27829 22-Jun-00 Topanga 2500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27830 22-Jun-00 Torrance 4000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27831 22-Jun-00 Venice 18000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27832 22-Jun-00 Will Rogers 6000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27833 22-Jun-00 Zuma 30000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
27845 23-Jun-00 Abalone Cove 4000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27846 23-Jun-00 Corral 2200 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27847 23-Jun-00 Dockweiler 8000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27848 23-Jun-00 El Segundo 800 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27849 23-Jun-00 Las Tunas 150 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27850 23-Jun-00 Malibu 5000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27851 23-Jun-00 Manhattan 19000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27852 23-Jun-00 Marina Del Rey 500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27853 23-Jun-00 Nicholas Canyon 1000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27854 23-Jun-00 Pt. Dume County 6000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27855 23-Jun-00 Redondo 7700 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27856 23-Jun-00 Santa Monica 35000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27857 23-Jun-00 Topanga 4000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27858 23-Jun-00 Torrance 5000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27859 23-Jun-00 Venice 30000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
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27860 23-Jun-00 Will Rogers 8000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27861 23-Jun-00 Zuma 50000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
27873 24-Jun-00 Abalone Cove 13000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27874 24-Jun-00 Corral 2000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27875 24-Jun-00 Dockweiler 40000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27876 24-Jun-00 El Segundo 3500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27877 24-Jun-00 Las Tunas 300 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27878 24-Jun-00 Malibu 16000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27879 24-Jun-00 Manhattan 46000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27880 24-Jun-00 Marina Del Rey 1000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27881 24-Jun-00 Nicholas Canyon 2000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27882 24-Jun-00 Pt. Dume County 7000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27883 24-Jun-00 Redondo 23500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27884 24-Jun-00 Santa Monica 100000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27885 24-Jun-00 Topanga 3000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27886 24-Jun-00 Torrance 9000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27887 24-Jun-00 Venice 60000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27888 24-Jun-00 Will Rogers 24500 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27889 24-Jun-00 Zuma 65000 6 2000 200006 Summer Summer 2000 7 Weekend LAFD
27901 25-Jun-00 Abalone Cove 18500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27902 25-Jun-00 Corral 3500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27903 25-Jun-00 Dockweiler 42000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27904 25-Jun-00 El Segundo 7000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27905 25-Jun-00 Las Tunas 400 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27906 25-Jun-00 Malibu 25000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27907 25-Jun-00 Manhattan 65000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27908 25-Jun-00 Marina Del Rey 2000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27909 25-Jun-00 Nicholas Canyon 3000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27910 25-Jun-00 Pt. Dume County 10000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27911 25-Jun-00 Redondo 32000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27912 25-Jun-00 Santa Monica 130000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27913 25-Jun-00 Topanga 3500 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27914 25-Jun-00 Torrance 14000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27915 25-Jun-00 Venice 110000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27916 25-Jun-00 Will Rogers 38000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27917 25-Jun-00 Zuma 100000 6 2000 200006 Summer Summer 2000 1 Weekend LAFD
27929 26-Jun-00 Abalone Cove 7000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27930 26-Jun-00 Corral 1500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27931 26-Jun-00 Dockweiler 15000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27932 26-Jun-00 El Segundo 600 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27933 26-Jun-00 Las Tunas 200 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27934 26-Jun-00 Malibu 5000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
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27935 26-Jun-00 Manhattan 32000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27936 26-Jun-00 Marina Del Rey 1000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27937 26-Jun-00 Nicholas Canyon 250 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27938 26-Jun-00 Pt. Dume County 8000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27939 26-Jun-00 Redondo 12000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27940 26-Jun-00 Santa Monica 45000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27941 26-Jun-00 Topanga 2000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27942 26-Jun-00 Torrance 5000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27943 26-Jun-00 Venice 48000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27944 26-Jun-00 Will Rogers 20500 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27945 26-Jun-00 Zuma 40000 6 2000 200006 Summer Summer 2000 2 Weekday LAFD
27957 27-Jun-00 Abalone Cove 7500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27958 27-Jun-00 Corral 1500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27959 27-Jun-00 Dockweiler 15000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27960 27-Jun-00 El Segundo 650 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27961 27-Jun-00 Las Tunas 250 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27962 27-Jun-00 Malibu 5000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27963 27-Jun-00 Manhattan 27000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27964 27-Jun-00 Marina Del Rey 1500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27965 27-Jun-00 Nicholas Canyon 800 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27966 27-Jun-00 Pt. Dume County 8000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27967 27-Jun-00 Redondo 11500 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27968 27-Jun-00 Santa Monica 50000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27969 27-Jun-00 Topanga 2000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27970 27-Jun-00 Torrance 9000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27971 27-Jun-00 Venice 50000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27972 27-Jun-00 Will Rogers 17000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27973 27-Jun-00 Zuma 40000 6 2000 200006 Summer Summer 2000 3 Weekday LAFD
27984 28-Jun-00 Abalone Cove 8000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27985 28-Jun-00 Corral 2000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27986 28-Jun-00 Dockweiler 26000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27987 28-Jun-00 El Segundo 1000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27988 28-Jun-00 Las Tunas 150 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27989 28-Jun-00 Malibu 7000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27990 28-Jun-00 Manhattan 33000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27991 28-Jun-00 Marina Del Rey 2000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27992 28-Jun-00 Nicholas Canyon 850 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27993 28-Jun-00 Pt. Dume County 12000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27994 28-Jun-00 Redondo 11900 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27995 28-Jun-00 Santa Monica 45000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27996 28-Jun-00 Topanga 4000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27997 28-Jun-00 Torrance 10000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
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27998 28-Jun-00 Venice 40000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
27999 28-Jun-00 Will Rogers 17000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
28000 28-Jun-00 Zuma 60000 6 2000 200006 Summer Summer 2000 4 Weekday LAFD
28011 29-Jun-00 Abalone Cove 6500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28012 29-Jun-00 Corral 1000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28013 29-Jun-00 Dockweiler 16000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28014 29-Jun-00 El Segundo 1000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28015 29-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28016 29-Jun-00 Malibu 6000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28017 29-Jun-00 Manhattan 25000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28018 29-Jun-00 Marina Del Rey 1500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28019 29-Jun-00 Nicholas Canyon 750 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28020 29-Jun-00 Pt. Dume County 10000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28021 29-Jun-00 Redondo 12100 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28022 29-Jun-00 Santa Monica 45000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28023 29-Jun-00 Topanga 3500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28024 29-Jun-00 Torrance 5000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28025 29-Jun-00 Venice 32000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28026 29-Jun-00 Will Rogers 11500 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28027 29-Jun-00 Zuma 60000 6 2000 200006 Summer Summer 2000 5 Weekday LAFD
28038 30-Jun-00 Abalone Cove 5000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28039 30-Jun-00 Corral 1700 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28040 30-Jun-00 Dockweiler 26000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28041 30-Jun-00 El Segundo 2500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28042 30-Jun-00 Las Tunas 100 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28043 30-Jun-00 Malibu 6000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28044 30-Jun-00 Manhattan 26000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28045 30-Jun-00 Marina Del Rey 1500 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28046 30-Jun-00 Nicholas Canyon 850 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28047 30-Jun-00 Pt. Dume County 12000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28048 30-Jun-00 Redondo 13200 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28049 30-Jun-00 Santa Monica 55000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28050 30-Jun-00 Topanga 4000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28051 30-Jun-00 Torrance 7000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28052 30-Jun-00 Venice 45000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28053 30-Jun-00 Will Rogers 18000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28054 30-Jun-00 Zuma 150000 6 2000 200006 Summer Summer 2000 6 Weekday LAFD
28065 01-Jul-00 Abalone Cove 105750 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28066 01-Jul-00 Cabrillo 8000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28067 01-Jul-00 Corral 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28068 01-Jul-00 Dockweiler 40000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28069 01-Jul-00 El Segundo 6000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
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28070 01-Jul-00 Hermosa 50000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28071 01-Jul-00 Las Tunas 350 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28072 01-Jul-00 Malibu 17000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28073 01-Jul-00 Manhattan 58000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28074 01-Jul-00 Marina Del Rey 2500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28075 01-Jul-00 Nicholas Canyon 1500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28076 01-Jul-00 Pt. Dume County 15000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28077 01-Jul-00 Redondo 28900 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28078 01-Jul-00 Santa Monica 140000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28079 01-Jul-00 Topanga 4000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28080 01-Jul-00 Torrance 10000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28081 01-Jul-00 Venice 125000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28082 01-Jul-00 Will Rogers 27000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28083 01-Jul-00 Zuma 125000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28097 02-Jul-00 Abalone Cove 12300 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28098 02-Jul-00 Cabrillo 10000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28099 02-Jul-00 Corral 4000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28100 02-Jul-00 Dockweiler 70000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28101 02-Jul-00 El Segundo 7000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28102 02-Jul-00 Hermosa 50000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28103 02-Jul-00 Las Tunas 350 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28104 02-Jul-00 Malibu 20000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28105 02-Jul-00 Manhattan 77000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28106 02-Jul-00 Marina Del Rey 2500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28107 02-Jul-00 Nicholas Canyon 2000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28108 02-Jul-00 Pt. Dume County 15000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28109 02-Jul-00 Redondo 37500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28110 02-Jul-00 Santa Monica 175000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28111 02-Jul-00 Topanga 4500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28112 02-Jul-00 Torrance 15000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28113 02-Jul-00 Venice 160000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28114 02-Jul-00 Will Rogers 29000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28115 02-Jul-00 Zuma 130000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28128 03-Jul-00 Abalone Cove 8700 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28129 03-Jul-00 Cabrillo 12000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28130 03-Jul-00 Corral 1800 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28131 03-Jul-00 Dockweiler 40000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28132 03-Jul-00 El Segundo 4500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28133 03-Jul-00 Hermosa 35000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28134 03-Jul-00 Las Tunas 350 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28135 03-Jul-00 Malibu 15000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28136 03-Jul-00 Manhattan 62000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
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28137 03-Jul-00 Marina Del Rey 2500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28138 03-Jul-00 Nicholas Canyon 850 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28139 03-Jul-00 Pt. Dume County 10000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28140 03-Jul-00 Redondo 22000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28141 03-Jul-00 Santa Monica 105000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28142 03-Jul-00 Topanga 4000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28143 03-Jul-00 Torrance 12000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28144 03-Jul-00 Venice 70000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28145 03-Jul-00 Will Rogers 23000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28146 03-Jul-00 Zuma 100000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28159 04-Jul-00 Abalone Cove 18500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28160 04-Jul-00 Cabrillo 35000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28161 04-Jul-00 Corral 2500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28162 04-Jul-00 Dockweiler 115000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28163 04-Jul-00 El Segundo 8000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28164 04-Jul-00 Hermosa 125000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28165 04-Jul-00 Las Tunas 350 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28166 04-Jul-00 Malibu 20000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28167 04-Jul-00 Manhattan 83000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28168 04-Jul-00 Marina Del Rey 4500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28169 04-Jul-00 Nicholas Canyon 1500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28170 04-Jul-00 Pt. Dume County 10000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28171 04-Jul-00 Redondo 69000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28172 04-Jul-00 Santa Monica 195000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28173 04-Jul-00 Topanga 4500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28174 04-Jul-00 Torrance 17000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28175 04-Jul-00 Venice 160000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28176 04-Jul-00 Will Rogers 34000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28177 04-Jul-00 Zuma 120000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28190 05-Jul-00 Abalone Cove 4450 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28191 05-Jul-00 Cabrillo 4000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28192 05-Jul-00 Corral 1500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28193 05-Jul-00 Dockweiler 8000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28194 05-Jul-00 El Segundo 1000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28195 05-Jul-00 Hermosa 7000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28196 05-Jul-00 Las Tunas 50 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28197 05-Jul-00 Malibu 1000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28198 05-Jul-00 Manhattan 21000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28199 05-Jul-00 Marina Del Rey 2000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28200 05-Jul-00 Nicholas Canyon 600 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28201 05-Jul-00 Pt. Dume County 1200 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28202 05-Jul-00 Redondo 13000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
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28203 05-Jul-00 Santa Monica 30000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28204 05-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28205 05-Jul-00 Torrance 6000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28206 05-Jul-00 Venice 18000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28207 05-Jul-00 Will Rogers 11000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28208 05-Jul-00 Zuma 40000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28221 06-Jul-00 Abalone Cove 3500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28222 06-Jul-00 Cabrillo 3000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28223 06-Jul-00 Corral 1600 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28224 06-Jul-00 Dockweiler 9000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28225 06-Jul-00 El Segundo 1500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28226 06-Jul-00 Hermosa 15000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28227 06-Jul-00 Las Tunas 50 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28228 06-Jul-00 Malibu 2000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28229 06-Jul-00 Manhattan 22000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28230 06-Jul-00 Marina Del Rey 2000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28231 06-Jul-00 Nicholas Canyon 350 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28232 06-Jul-00 Pt. Dume County 2000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28233 06-Jul-00 Redondo 12400 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28234 06-Jul-00 Santa Monica 30000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28235 06-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28236 06-Jul-00 Torrance 8000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28237 06-Jul-00 Venice 23000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28238 06-Jul-00 Will Rogers 10000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28239 06-Jul-00 Zuma 80000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28252 07-Jul-00 Abalone Cove 3600 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28253 07-Jul-00 Cabrillo 3200 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28254 07-Jul-00 Corral 2200 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28255 07-Jul-00 Dockweiler 10800 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28256 07-Jul-00 El Segundo 1300 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28257 07-Jul-00 Hermosa 15000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28258 07-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28259 07-Jul-00 Malibu 4000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28260 07-Jul-00 Manhattan 28000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28261 07-Jul-00 Marina Del Rey 2500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28262 07-Jul-00 Nicholas Canyon 375 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28263 07-Jul-00 Pt. Dume County 6000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28264 07-Jul-00 Redondo 13300 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28265 07-Jul-00 Santa Monica 35000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28266 07-Jul-00 Topanga 2500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28267 07-Jul-00 Torrance 9000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28268 07-Jul-00 Venice 22000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
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28269 07-Jul-00 Will Rogers 12500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28270 07-Jul-00 Zuma 50000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28283 08-Jul-00 Abalone Cove 3700 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28284 08-Jul-00 Cabrillo 8000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28285 08-Jul-00 Corral 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28286 08-Jul-00 Dockweiler 27000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28287 08-Jul-00 El Segundo 4500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28288 08-Jul-00 Hermosa 40000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28289 08-Jul-00 Las Tunas 400 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28290 08-Jul-00 Malibu 1500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28291 08-Jul-00 Manhattan 37000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28292 08-Jul-00 Marina Del Rey 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28293 08-Jul-00 Nicholas Canyon 1500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28294 08-Jul-00 Pt. Dume County 7000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28295 08-Jul-00 Redondo 29000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28296 08-Jul-00 Santa Monica 90000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28297 08-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28298 08-Jul-00 Torrance 12000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28299 08-Jul-00 Venice 81000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28300 08-Jul-00 Will Rogers 23000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28301 08-Jul-00 Zuma 100000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28314 09-Jul-00 Abalone Cove 7250 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28315 09-Jul-00 Cabrillo 12000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28316 09-Jul-00 Corral 3500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28317 09-Jul-00 Dockweiler 40000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28318 09-Jul-00 El Segundo 4000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28319 09-Jul-00 Hermosa 50000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28320 09-Jul-00 Las Tunas 400 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28321 09-Jul-00 Malibu 15000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28322 09-Jul-00 Manhattan 46000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28323 09-Jul-00 Marina Del Rey 1000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28324 09-Jul-00 Nicholas Canyon 1500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28325 09-Jul-00 Pt. Dume County 8000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28326 09-Jul-00 Redondo 24000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28327 09-Jul-00 Santa Monica 120000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28328 09-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28329 09-Jul-00 Torrance 10000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28330 09-Jul-00 Venice 90000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28331 09-Jul-00 Will Rogers 24000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28332 09-Jul-00 Zuma 120000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28345 10-Jul-00 Abalone Cove 3800 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28346 10-Jul-00 Cabrillo 5000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
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28347 10-Jul-00 Corral 500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28348 10-Jul-00 Dockweiler 8000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28349 10-Jul-00 El Segundo 2000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28350 10-Jul-00 Hermosa 15000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28351 10-Jul-00 Las Tunas 200 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28352 10-Jul-00 Malibu 3000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28353 10-Jul-00 Manhattan 23500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28354 10-Jul-00 Marina Del Rey 500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28355 10-Jul-00 Nicholas Canyon 500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28356 10-Jul-00 Pt. Dume County 7500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28357 10-Jul-00 Redondo 12000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28358 10-Jul-00 Santa Monica 23000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28359 10-Jul-00 Topanga 2000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28360 10-Jul-00 Torrance 8000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28361 10-Jul-00 Venice 15000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28362 10-Jul-00 Will Rogers 14500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28363 10-Jul-00 Zuma 30000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28376 11-Jul-00 Abalone Cove 3750 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28377 11-Jul-00 Cabrillo 4500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28378 11-Jul-00 Corral 600 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28379 11-Jul-00 Dockweiler 8500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28380 11-Jul-00 El Segundo 1500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28381 11-Jul-00 Hermosa 7000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28382 11-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28383 11-Jul-00 Malibu 3500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28384 11-Jul-00 Manhattan 23000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28385 11-Jul-00 Marina Del Rey 250 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28386 11-Jul-00 Nicholas Canyon 500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28387 11-Jul-00 Pt. Dume County 2000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28388 11-Jul-00 Redondo 11000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28389 11-Jul-00 Santa Monica 20500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28390 11-Jul-00 Topanga 1000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28391 11-Jul-00 Torrance 7000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28392 11-Jul-00 Venice 20000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28393 11-Jul-00 Will Rogers 9500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28394 11-Jul-00 Zuma 35000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28407 12-Jul-00 Abalone Cove 2950 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28408 12-Jul-00 Cabrillo 5000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28409 12-Jul-00 Corral 600 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28410 12-Jul-00 Dockweiler 9000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28411 12-Jul-00 El Segundo 2500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28412 12-Jul-00 Hermosa 8000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
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28413 12-Jul-00 Las Tunas 125 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28414 12-Jul-00 Malibu 6000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28415 12-Jul-00 Manhattan 24000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28416 12-Jul-00 Marina Del Rey 500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28417 12-Jul-00 Nicholas Canyon 490 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28418 12-Jul-00 Pt. Dume County 4000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28419 12-Jul-00 Redondo 12200 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28420 12-Jul-00 Santa Monica 27000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28421 12-Jul-00 Topanga 2200 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28422 12-Jul-00 Torrance 7000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28423 12-Jul-00 Venice 16000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28424 12-Jul-00 Will Rogers 9500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28425 12-Jul-00 Zuma 35000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28438 13-Jul-00 Abalone Cove 2800 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28439 13-Jul-00 Cabrillo 3500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28440 13-Jul-00 Corral 1200 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28441 13-Jul-00 Dockweiler 6500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28442 13-Jul-00 El Segundo 1500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28443 13-Jul-00 Hermosa 8500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28444 13-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28445 13-Jul-00 Malibu 5000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28446 13-Jul-00 Manhattan 24000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28447 13-Jul-00 Marina Del Rey 300 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28448 13-Jul-00 Nicholas Canyon 330 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28449 13-Jul-00 Pt. Dume County 2000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28450 13-Jul-00 Redondo 13200 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28451 13-Jul-00 Santa Monica 30000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28452 13-Jul-00 Topanga 3500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28453 13-Jul-00 Torrance 8000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28454 13-Jul-00 Venice 17000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28455 13-Jul-00 Will Rogers 9500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28456 13-Jul-00 Zuma 40000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28469 14-Jul-00 Abalone Cove 3400 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28470 14-Jul-00 Cabrillo 4000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28471 14-Jul-00 Corral 1100 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28472 14-Jul-00 Dockweiler 10800 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28473 14-Jul-00 El Segundo 2500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28474 14-Jul-00 Hermosa 10000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28475 14-Jul-00 Las Tunas 150 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28476 14-Jul-00 Malibu 7000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28477 14-Jul-00 Manhattan 24500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28478 14-Jul-00 Marina Del Rey 400 7 2000 200007 Summer Summer 2000 6 weekday LAFD
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28479 14-Jul-00 Nicholas Canyon 650 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28480 14-Jul-00 Pt. Dume County 2500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28481 14-Jul-00 Redondo 13400 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28482 14-Jul-00 Santa Monica 32000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28483 14-Jul-00 Topanga 2000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28484 14-Jul-00 Torrance 9000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28485 14-Jul-00 Venice 30000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28486 14-Jul-00 Will Rogers 17000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28487 14-Jul-00 Zuma 60000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28500 15-Jul-00 Abalone Cove 5500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28501 15-Jul-00 Cabrillo 8000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28502 15-Jul-00 Corral 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28503 15-Jul-00 Dockweiler 33500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28504 15-Jul-00 El Segundo 4500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28505 15-Jul-00 Hermosa 20000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28506 15-Jul-00 Las Tunas 400 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28507 15-Jul-00 Malibu 17000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28508 15-Jul-00 Manhattan 45000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28509 15-Jul-00 Marina Del Rey 2500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28510 15-Jul-00 Nicholas Canyon 1700 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28511 15-Jul-00 Pt. Dume County 5000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28512 15-Jul-00 Redondo 17000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28513 15-Jul-00 Santa Monica 115000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28514 15-Jul-00 Topanga 4000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28515 15-Jul-00 Torrance 14000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28516 15-Jul-00 Venice 90000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28517 15-Jul-00 Will Rogers 20000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28518 15-Jul-00 Zuma 80000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28531 16-Jul-00 Abalone Cove 8400 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28532 16-Jul-00 Cabrillo 11000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28533 16-Jul-00 Corral 3000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28534 16-Jul-00 Dockweiler 37000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28535 16-Jul-00 El Segundo 4000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28536 16-Jul-00 Hermosa 30000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28537 16-Jul-00 Las Tunas 400 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28538 16-Jul-00 Malibu 17000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28539 16-Jul-00 Manhattan 59000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28540 16-Jul-00 Marina Del Rey 3000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28541 16-Jul-00 Nicholas Canyon 1500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28542 16-Jul-00 Pt. Dume County 8000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28543 16-Jul-00 Redondo 26000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28544 16-Jul-00 Santa Monica 150000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
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28545 16-Jul-00 Topanga 4500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28546 16-Jul-00 Torrance 13000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28547 16-Jul-00 Venice 110000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28548 16-Jul-00 Will Rogers 25000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28549 16-Jul-00 Zuma 110000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28562 17-Jul-00 Abalone Cove 3800 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28563 17-Jul-00 Cabrillo 4000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28564 17-Jul-00 Corral 650 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28565 17-Jul-00 Dockweiler 16500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28566 17-Jul-00 El Segundo 1500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28567 17-Jul-00 Hermosa 8500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28568 17-Jul-00 Las Tunas 250 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28569 17-Jul-00 Malibu 7000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28570 17-Jul-00 Manhattan 31000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28571 17-Jul-00 Marina Del Rey 4000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28572 17-Jul-00 Nicholas Canyon 600 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28573 17-Jul-00 Pt. Dume County 3500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28574 17-Jul-00 Redondo 13000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28575 17-Jul-00 Santa Monica 25000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28576 17-Jul-00 Topanga 2500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28577 17-Jul-00 Torrance 7500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28578 17-Jul-00 Venice 22000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28579 17-Jul-00 Will Rogers 10000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28580 17-Jul-00 Zuma 25000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28593 18-Jul-00 Abalone Cove 3900 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28594 18-Jul-00 Cabrillo 4000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28595 18-Jul-00 Corral 1500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28596 18-Jul-00 Dockweiler 24000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28597 18-Jul-00 El Segundo 1500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28598 18-Jul-00 Hermosa 9000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28599 18-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28600 18-Jul-00 Malibu 7000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28601 18-Jul-00 Manhattan 34000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28602 18-Jul-00 Marina Del Rey 500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28603 18-Jul-00 Nicholas Canyon 330 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28604 18-Jul-00 Pt. Dume County 4500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28605 18-Jul-00 Redondo 15000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28606 18-Jul-00 Santa Monica 40000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28607 18-Jul-00 Topanga 2000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28608 18-Jul-00 Torrance 10000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28609 18-Jul-00 Venice 30000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28610 18-Jul-00 Will Rogers 17000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
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28611 18-Jul-00 Zuma 47000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28624 19-Jul-00 Abalone Cove 5200 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28625 19-Jul-00 Cabrillo 5000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28626 19-Jul-00 Corral 1800 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28627 19-Jul-00 Dockweiler 17500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28628 19-Jul-00 El Segundo 2000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28629 19-Jul-00 Hermosa 13000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28630 19-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28631 19-Jul-00 Malibu 7000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28632 19-Jul-00 Manhattan 38000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28633 19-Jul-00 Marina Del Rey 2500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28634 19-Jul-00 Nicholas Canyon 340 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28635 19-Jul-00 Pt. Dume County 5500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28636 19-Jul-00 Redondo 17200 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28637 19-Jul-00 Santa Monica 50000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28638 19-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28639 19-Jul-00 Torrance 13000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28640 19-Jul-00 Venice 35000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28641 19-Jul-00 Will Rogers 18000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28642 19-Jul-00 Zuma 60000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28655 20-Jul-00 Abalone Cove 4500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28656 20-Jul-00 Cabrillo 4000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28657 20-Jul-00 Corral 1600 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28658 20-Jul-00 Dockweiler 18000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28659 20-Jul-00 El Segundo 1800 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28660 20-Jul-00 Hermosa 14000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28661 20-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28662 20-Jul-00 Malibu 2500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28663 20-Jul-00 Manhattan 34000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28664 20-Jul-00 Marina Del Rey 2000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28665 20-Jul-00 Nicholas Canyon 350 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28666 20-Jul-00 Pt. Dume County 5000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28667 20-Jul-00 Redondo 17200 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28668 20-Jul-00 Santa Monica 45000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28669 20-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28670 20-Jul-00 Torrance 14000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28671 20-Jul-00 Venice 40000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28672 20-Jul-00 Will Rogers 17500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28673 20-Jul-00 Zuma 65000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28686 21-Jul-00 Abalone Cove 2950 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28687 21-Jul-00 Cabrillo 4200 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28688 21-Jul-00 Corral 1800 7 2000 200007 Summer Summer 2000 6 weekday LAFD
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28689 21-Jul-00 Dockweiler 11000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28690 21-Jul-00 El Segundo 1600 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28691 21-Jul-00 Hermosa 15000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28692 21-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28693 21-Jul-00 Malibu 6500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28694 21-Jul-00 Manhattan 26000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28695 21-Jul-00 Marina Del Rey 1000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28696 21-Jul-00 Nicholas Canyon 400 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28697 21-Jul-00 Pt. Dume County 6000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28698 21-Jul-00 Redondo 18200 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28699 21-Jul-00 Santa Monica 50000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28700 21-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28701 21-Jul-00 Venice 39000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28702 21-Jul-00 Will Rogers 18000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28703 21-Jul-00 Zuma 180000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28716 22-Jul-00 Abalone Cove 8200 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28717 22-Jul-00 Cabrillo 8000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28718 22-Jul-00 Corral 5000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28719 22-Jul-00 Dockweiler 47000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28720 22-Jul-00 El Segundo 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28721 22-Jul-00 Hermosa 30000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28722 22-Jul-00 Las Tunas 500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28723 22-Jul-00 Malibu 20000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28724 22-Jul-00 Manhattan 54000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28725 22-Jul-00 Marina Del Rey 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28726 22-Jul-00 Nicholas Canyon 2000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28727 22-Jul-00 Pt. Dume County 8000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28728 22-Jul-00 Redondo 26000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28729 22-Jul-00 Santa Monica 155000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28730 22-Jul-00 Topanga 4500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28731 22-Jul-00 Torrance 14000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28732 22-Jul-00 Venice 95000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28733 22-Jul-00 Will Rogers 25000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28734 22-Jul-00 Zuma 110000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28747 23-Jul-00 Abalone Cove 9600 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28748 23-Jul-00 Cabrillo 8500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28749 23-Jul-00 Corral 5000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28750 23-Jul-00 Dockweiler 59000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28751 23-Jul-00 El Segundo 3000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28752 23-Jul-00 Hermosa 50000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28753 23-Jul-00 Las Tunas 500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28754 23-Jul-00 Malibu 10000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
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28755 23-Jul-00 Manhattan 72000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28756 23-Jul-00 Marina Del Rey 4000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28757 23-Jul-00 Nicholas Canyon 2000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28758 23-Jul-00 Pt. Dume County 10000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28759 23-Jul-00 Redondo 29000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28760 23-Jul-00 Santa Monica 175000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28761 23-Jul-00 Topanga 5500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28762 23-Jul-00 Torrance 18000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28763 23-Jul-00 Venice 135000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28764 23-Jul-00 Will Rogers 35000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28765 23-Jul-00 Zuma 120000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28778 24-Jul-00 Abalone Cove 3800 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28779 24-Jul-00 Cabrillo 4000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28780 24-Jul-00 Corral 1600 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28781 24-Jul-00 Dockweiler 14000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28782 24-Jul-00 El Segundo 1000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28783 24-Jul-00 Hermosa 9000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28784 24-Jul-00 Las Tunas 250 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28785 24-Jul-00 Malibu 7000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28786 24-Jul-00 Manhattan 28000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28787 24-Jul-00 Marina Del Rey 500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28788 24-Jul-00 Nicholas Canyon 600 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28789 24-Jul-00 Pt. Dume County 6500 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28790 24-Jul-00 Redondo 12000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28791 24-Jul-00 Santa Monica 32000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28792 24-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28793 24-Jul-00 Torrance 9000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28794 24-Jul-00 Venice 27000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28795 24-Jul-00 Will Rogers 10000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28796 24-Jul-00 Zuma 30000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28809 25-Jul-00 Abalone Cove 4100 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28810 25-Jul-00 Cabrillo 4000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28811 25-Jul-00 Corral 1800 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28812 25-Jul-00 Dockweiler 12800 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28813 25-Jul-00 El Segundo 900 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28814 25-Jul-00 Hermosa 10000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28815 25-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28816 25-Jul-00 Malibu 7000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28817 25-Jul-00 Manhattan 30000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28818 25-Jul-00 Marina Del Rey 600 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28819 25-Jul-00 Nicholas Canyon 1000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28820 25-Jul-00 Pt. Dume County 5000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
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28821 25-Jul-00 Redondo 13000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28822 25-Jul-00 Santa Monica 40000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28823 25-Jul-00 Topanga 2000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28824 25-Jul-00 Torrance 8500 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28825 25-Jul-00 Venice 27000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28826 25-Jul-00 Will Rogers 10000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28827 25-Jul-00 Zuma 45000 7 2000 200007 Summer Summer 2000 3 weekday LAFD
28840 26-Jul-00 Abalone Cove 6500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28841 26-Jul-00 Cabrillo 5000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28842 26-Jul-00 Corral 2000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28843 26-Jul-00 Dockweiler 13000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28844 26-Jul-00 El Segundo 1500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28845 26-Jul-00 Hermosa 10000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28846 26-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28847 26-Jul-00 Malibu 10000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28848 26-Jul-00 Manhattan 32500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28849 26-Jul-00 Marina Del Rey 1000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28850 26-Jul-00 Nicholas Canyon 500 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28851 26-Jul-00 Pt. Dume County 6000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28852 26-Jul-00 Redondo 17100 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28853 26-Jul-00 Santa Monica 43000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28854 26-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28855 26-Jul-00 Torrance 9800 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28856 26-Jul-00 Venice 35000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28857 26-Jul-00 Will Rogers 10000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28858 26-Jul-00 Zuma 60000 7 2000 200007 Summer Summer 2000 4 weekday LAFD
28871 27-Jul-00 Abalone Cove 5000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28872 27-Jul-00 Cabrillo 4200 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28873 27-Jul-00 Corral 1800 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28874 27-Jul-00 Dockweiler 9500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28875 27-Jul-00 El Segundo 4000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28876 27-Jul-00 Hermosa 16000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28877 27-Jul-00 Las Tunas 1000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28878 27-Jul-00 Malibu 8000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28879 27-Jul-00 Manhattan 31500 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28880 27-Jul-00 Marina Del Rey 1000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28881 27-Jul-00 Nicholas Canyon 550 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28882 27-Jul-00 Pt. Dume County 5000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28883 27-Jul-00 Redondo 17000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28884 27-Jul-00 Santa Monica 41000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28885 27-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28886 27-Jul-00 Torrance 9000 7 2000 200007 Summer Summer 2000 5 weekday LAFD

RB-AR44258



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
28887 27-Jul-00 Venice 30000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28888 27-Jul-00 Will Rogers 12000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28889 27-Jul-00 Zuma 60000 7 2000 200007 Summer Summer 2000 5 weekday LAFD
28902 28-Jul-00 Abalone Cove 4950 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28903 28-Jul-00 Cabrillo 5000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28904 28-Jul-00 Corral 1700 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28905 28-Jul-00 Dockweiler 15000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28906 28-Jul-00 El Segundo 3000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28907 28-Jul-00 Hermosa 18000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28908 28-Jul-00 Las Tunas 100 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28909 28-Jul-00 Malibu 7000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28910 28-Jul-00 Manhattan 30500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28911 28-Jul-00 Marina Del Rey 2000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28912 28-Jul-00 Nicholas Canyon 650 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28913 28-Jul-00 Pt. Dume County 7000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28914 28-Jul-00 Redondo 19000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28915 28-Jul-00 Santa Monica 45000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28916 28-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28917 28-Jul-00 Torrance 10000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28918 28-Jul-00 Venice 41000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28919 28-Jul-00 Will Rogers 17500 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28920 28-Jul-00 Zuma 70000 7 2000 200007 Summer Summer 2000 6 weekday LAFD
28933 29-Jul-00 Abalone Cove 11100 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28934 29-Jul-00 Cabrillo 8000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28935 29-Jul-00 Corral 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28936 29-Jul-00 Dockweiler 35000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28937 29-Jul-00 El Segundo 4000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28938 29-Jul-00 Hermosa 20000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28939 29-Jul-00 Las Tunas 400 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28940 29-Jul-00 Malibu 18000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28941 29-Jul-00 Manhattan 34000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28942 29-Jul-00 Marina Del Rey 3000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28943 29-Jul-00 Nicholas Canyon 2000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28944 29-Jul-00 Pt. Dume County 8000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28945 29-Jul-00 Redondo 25000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28946 29-Jul-00 Santa Monica 145000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28947 29-Jul-00 Topanga 4500 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28948 29-Jul-00 Torrance 15000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28949 29-Jul-00 Venice 70000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28950 29-Jul-00 Will Rogers 24000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28951 29-Jul-00 Zuma 65000 7 2000 200007 Summer Summer 2000 7 weekend LAFD
28964 30-Jul-00 Abalone Cove 8500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
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28965 30-Jul-00 Cabrillo 8500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28966 30-Jul-00 Corral 3000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28967 30-Jul-00 Dockweiler 50000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28968 30-Jul-00 El Segundo 4000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28969 30-Jul-00 Hermosa 25000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28970 30-Jul-00 Las Tunas 500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28971 30-Jul-00 Malibu 17000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28972 30-Jul-00 Manhattan 56000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28973 30-Jul-00 Marina Del Rey 4000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28974 30-Jul-00 Nicholas Canyon 2000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28975 30-Jul-00 Pt. Dume County 9000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28976 30-Jul-00 Redondo 27000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28977 30-Jul-00 Santa Monica 170000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28978 30-Jul-00 Topanga 4500 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28979 30-Jul-00 Torrance 16000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28980 30-Jul-00 Venice 130000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28981 30-Jul-00 Will Rogers 38000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28982 30-Jul-00 Zuma 90000 7 2000 200007 Summer Summer 2000 1 weekend LAFD
28995 31-Jul-00 Abalone Cove 3100 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28996 31-Jul-00 Cabrillo 4000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28997 31-Jul-00 Corral 1100 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28998 31-Jul-00 Dockweiler 11000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
28999 31-Jul-00 El Segundo 800 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29000 31-Jul-00 Hermosa 10000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29001 31-Jul-00 Las Tunas 350 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29002 31-Jul-00 Malibu 8000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29003 31-Jul-00 Manhattan 34000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29004 31-Jul-00 Marina Del Rey 1000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29005 31-Jul-00 Nicholas Canyon 1000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29006 31-Jul-00 Pt. Dume County 5000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29007 31-Jul-00 Redondo 11000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29008 31-Jul-00 Santa Monica 35000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29009 31-Jul-00 Topanga 3000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29010 31-Jul-00 Torrance 8000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29011 31-Jul-00 Venice 25000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29012 31-Jul-00 Will Rogers 17000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29013 31-Jul-00 Zuma 35000 7 2000 200007 Summer Summer 2000 2 weekday LAFD
29026 01-Aug-00 Abalone Cove 4000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29027 01-Aug-00 Cabrillo 4200 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29028 01-Aug-00 Corral 2000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29029 01-Aug-00 Dockweiler 15000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29030 01-Aug-00 El Segundo 1200 8 2000 200008 Summer Summer 2000 3 weekday LAFD
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29031 01-Aug-00 Hermosa 16000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29032 01-Aug-00 Las Tunas 300 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29033 01-Aug-00 Malibu 12000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29034 01-Aug-00 Manhattan 37000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29035 01-Aug-00 Marina Del Rey 1000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29036 01-Aug-00 Nicholas Canyon 1000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29037 01-Aug-00 Pt. Dume County 6000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29038 01-Aug-00 Redondo 14000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29039 01-Aug-00 Santa Monica 45000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29040 01-Aug-00 Topanga 3500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29041 01-Aug-00 Torrance 9000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29042 01-Aug-00 Venice 30000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29043 01-Aug-00 Will Rogers 11500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29044 01-Aug-00 Zuma 60000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29057 02-Aug-00 Abalone Cove 5100 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29058 02-Aug-00 Cabrillo 5000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29059 02-Aug-00 Corral 3000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29060 02-Aug-00 Dockweiler 14800 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29061 02-Aug-00 El Segundo 3000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29062 02-Aug-00 Hermosa 10000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29063 02-Aug-00 Las Tunas 150 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29064 02-Aug-00 Malibu 12000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29065 02-Aug-00 Manhattan 32000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29066 02-Aug-00 Marina Del Rey 2000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29067 02-Aug-00 Nicholas Canyon 1000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29068 02-Aug-00 Pt. Dume County 5500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29069 02-Aug-00 Redondo 12000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29070 02-Aug-00 Santa Monica 50000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29071 02-Aug-00 Topanga 3000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29072 02-Aug-00 Torrance 10000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29073 02-Aug-00 Venice 27000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29074 02-Aug-00 Will Rogers 15000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29075 02-Aug-00 Zuma 55000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29088 03-Aug-00 Abalone Cove 4900 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29089 03-Aug-00 Cabrillo 4000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29090 03-Aug-00 Corral 1500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29091 03-Aug-00 Dockweiler 9300 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29092 03-Aug-00 El Segundo 3000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29093 03-Aug-00 Hermosa 11000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29094 03-Aug-00 Las Tunas 300 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29095 03-Aug-00 Malibu 7000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29096 03-Aug-00 Manhattan 28000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
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29097 03-Aug-00 Marina Del Rey 3000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29098 03-Aug-00 Nicholas Canyon 700 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29099 03-Aug-00 Pt. Dume County 6500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29100 03-Aug-00 Redondo 10500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29101 03-Aug-00 Santa Monica 38000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29102 03-Aug-00 Topanga 3000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29103 03-Aug-00 Torrance 10000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29104 03-Aug-00 Venice 35000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29105 03-Aug-00 Will Rogers 11500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29106 03-Aug-00 Zuma 50000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29119 04-Aug-00 Abalone Cove 5000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29120 04-Aug-00 Cabrillo 4500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29121 04-Aug-00 Corral 1700 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29122 04-Aug-00 Dockweiler 9000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29123 04-Aug-00 El Segundo 1200 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29124 04-Aug-00 Hermosa 8000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29125 04-Aug-00 Las Tunas 100 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29126 04-Aug-00 Malibu 6000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29127 04-Aug-00 Manhattan 26500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29128 04-Aug-00 Marina Del Rey 1500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29129 04-Aug-00 Nicholas Canyon 350 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29130 04-Aug-00 Pt. Dume County 5000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29131 04-Aug-00 Redondo 12000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29132 04-Aug-00 Santa Monica 40000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29133 04-Aug-00 Topanga 3000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29134 04-Aug-00 Torrance 8000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29135 04-Aug-00 Venice 25000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29136 04-Aug-00 Will Rogers 12000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29137 04-Aug-00 Zuma 40000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29150 05-Aug-00 Abalone Cove 9100 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29151 05-Aug-00 Cabrillo 8000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29152 05-Aug-00 Corral 2000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29153 05-Aug-00 Dockweiler 43000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29154 05-Aug-00 El Segundo 4000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29155 05-Aug-00 Hermosa 20000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29156 05-Aug-00 Las Tunas 350 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29157 05-Aug-00 Malibu 18000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29158 05-Aug-00 Manhattan 65000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29159 05-Aug-00 Marina Del Rey 4000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29160 05-Aug-00 Nicholas Canyon 1100 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29161 05-Aug-00 Pt. Dume County 8000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29162 05-Aug-00 Redondo 25000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
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29163 05-Aug-00 Santa Monica 135000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29164 05-Aug-00 Topanga 3000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29165 05-Aug-00 Torrance 13000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29166 05-Aug-00 Venice 85000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29167 05-Aug-00 Will Rogers 27500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29168 05-Aug-00 Zuma 65000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29181 06-Aug-00 Abalone Cove 11500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29182 06-Aug-00 Cabrillo 8500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29183 06-Aug-00 Corral 3000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29184 06-Aug-00 Dockweiler 45000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29185 06-Aug-00 El Segundo 5000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29186 06-Aug-00 Hermosa 25000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29187 06-Aug-00 Las Tunas 400 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29188 06-Aug-00 Malibu 18000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29189 06-Aug-00 Manhattan 68000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29190 06-Aug-00 Marina Del Rey 4000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29191 06-Aug-00 Nicholas Canyon 1100 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29192 06-Aug-00 Pt. Dume County 9000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29193 06-Aug-00 Redondo 31000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29194 06-Aug-00 Santa Monica 140000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29195 06-Aug-00 Topanga 4000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29196 06-Aug-00 Torrance 15000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29197 06-Aug-00 Venice 80000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29198 06-Aug-00 Will Rogers 33000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29199 06-Aug-00 Zuma 95000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29212 07-Aug-00 Abalone Cove 3750 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29213 07-Aug-00 Cabrillo 4000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29214 07-Aug-00 Corral 500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29215 07-Aug-00 Dockweiler 10000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29216 07-Aug-00 El Segundo 1500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29217 07-Aug-00 Hermosa 8000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29218 07-Aug-00 Las Tunas 200 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29219 07-Aug-00 Malibu 5000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29220 07-Aug-00 Manhattan 25500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29221 07-Aug-00 Marina Del Rey 500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29222 07-Aug-00 Nicholas Canyon 700 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29223 07-Aug-00 Pt. Dume County 5000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29224 07-Aug-00 Redondo 13000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29225 07-Aug-00 Santa Monica 30000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29226 07-Aug-00 Topanga 2000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29227 07-Aug-00 Torrance 5000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29228 07-Aug-00 Venice 22000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
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29229 07-Aug-00 Will Rogers 17000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29230 07-Aug-00 Zuma 20000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29243 08-Aug-00 Abalone Cove 3900 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29244 08-Aug-00 Cabrillo 3500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29245 08-Aug-00 Corral 500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29246 08-Aug-00 Dockweiler 9200 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29247 08-Aug-00 El Segundo 1500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29248 08-Aug-00 Hermosa 8000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29249 08-Aug-00 Las Tunas 100 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29250 08-Aug-00 Malibu 5000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29251 08-Aug-00 Manhattan 25000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29252 08-Aug-00 Marina Del Rey 2000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29253 08-Aug-00 Nicholas Canyon 330 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29254 08-Aug-00 Pt. Dume County 5000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29255 08-Aug-00 Redondo 11500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29256 08-Aug-00 Santa Monica 35000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29257 08-Aug-00 Topanga 1500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29258 08-Aug-00 Torrance 5000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29259 08-Aug-00 Venice 22000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29260 08-Aug-00 Will Rogers 16500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29261 08-Aug-00 Zuma 25000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29274 09-Aug-00 Abalone Cove 2600 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29275 09-Aug-00 Cabrillo 4000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29276 09-Aug-00 Corral 1500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29277 09-Aug-00 Dockweiler 7000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29278 09-Aug-00 El Segundo 2000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29279 09-Aug-00 Hermosa 8000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29280 09-Aug-00 Las Tunas 125 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29281 09-Aug-00 Malibu 7000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29282 09-Aug-00 Manhattan 24500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29283 09-Aug-00 Marina Del Rey 250 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29284 09-Aug-00 Nicholas Canyon 330 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29285 09-Aug-00 Pt. Dume County 6000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29286 09-Aug-00 Redondo 12000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29287 09-Aug-00 Santa Monica 38000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29288 09-Aug-00 Topanga 3000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29289 09-Aug-00 Torrance 6000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29290 09-Aug-00 Venice 22000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29291 09-Aug-00 Will Rogers 16500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29292 09-Aug-00 Zuma 30000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29305 10-Aug-00 Abalone Cove 2500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29306 10-Aug-00 Cabrillo 5000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
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29307 10-Aug-00 Corral 1500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29308 10-Aug-00 Dockweiler 10600 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29309 10-Aug-00 El Segundo 1000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29310 10-Aug-00 Hermosa 12000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29311 10-Aug-00 Las Tunas 250 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29312 10-Aug-00 Malibu 7000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29313 10-Aug-00 Manhattan 37000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29314 10-Aug-00 Marina Del Rey 2000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29315 10-Aug-00 Nicholas Canyon 450 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29316 10-Aug-00 Pt. Dume County 6000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29317 10-Aug-00 Redondo 12200 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29318 10-Aug-00 Santa Monica 40000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29319 10-Aug-00 Topanga 3600 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29320 10-Aug-00 Torrance 7000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29321 10-Aug-00 Venice 30000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29322 10-Aug-00 Will Rogers 14000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29323 10-Aug-00 Zuma 35000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29336 11-Aug-00 Abalone Cove 2500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29337 11-Aug-00 Cabrillo 5800 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29338 11-Aug-00 Corral 2500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29339 11-Aug-00 Dockweiler 15200 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29340 11-Aug-00 El Segundo 2000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29341 11-Aug-00 Hermosa 13000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29342 11-Aug-00 Las Tunas 200 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29343 11-Aug-00 Malibu 8000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29344 11-Aug-00 Manhattan 43000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29345 11-Aug-00 Marina Del Rey 1000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29346 11-Aug-00 Nicholas Canyon 375 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29347 11-Aug-00 Pt. Dume County 6000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29348 11-Aug-00 Redondo 15700 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29349 11-Aug-00 Santa Monica 60000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29350 11-Aug-00 Topanga 4000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29351 11-Aug-00 Torrance 7500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29352 11-Aug-00 Venice 55000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29353 11-Aug-00 Will Rogers 19000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29354 11-Aug-00 Zuma 80000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29367 12-Aug-00 Abalone Cove 8200 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29368 12-Aug-00 Cabrillo 7500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29369 12-Aug-00 Corral 4500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29370 12-Aug-00 Dockweiler 50000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29371 12-Aug-00 El Segundo 5000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29372 12-Aug-00 Hermosa 16000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
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29373 12-Aug-00 Las Tunas 500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29374 12-Aug-00 Malibu 24000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29375 12-Aug-00 Manhattan 64000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29376 12-Aug-00 Marina Del Rey 5000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29377 12-Aug-00 Nicholas Canyon 1500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29378 12-Aug-00 Pt. Dume County 8000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29379 12-Aug-00 Redondo 28000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29380 12-Aug-00 Santa Monica 160000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29381 12-Aug-00 Topanga 5000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29382 12-Aug-00 Torrance 12000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29383 12-Aug-00 Venice 80000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29384 12-Aug-00 Will Rogers 26000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29385 12-Aug-00 Zuma 130000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29398 13-Aug-00 Abalone Cove 9500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29399 13-Aug-00 Cabrillo 10000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29400 13-Aug-00 Corral 3000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29401 13-Aug-00 Dockweiler 65000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29402 13-Aug-00 El Segundo 5000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29403 13-Aug-00 Hermosa 20000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29404 13-Aug-00 Las Tunas 500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29405 13-Aug-00 Malibu 23000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29406 13-Aug-00 Manhattan 59000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29407 13-Aug-00 Marina Del Rey 5000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29408 13-Aug-00 Nicholas Canyon 1500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29409 13-Aug-00 Pt. Dume County 10000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29410 13-Aug-00 Redondo 28000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29411 13-Aug-00 Santa Monica 190000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29412 13-Aug-00 Topanga 5000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29413 13-Aug-00 Torrance 14000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29414 13-Aug-00 Venice 115000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29415 13-Aug-00 Will Rogers 38000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29416 13-Aug-00 Zuma 150000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29429 14-Aug-00 Abalone Cove 3700 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29430 14-Aug-00 Cabrillo 3000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29431 14-Aug-00 Corral 1000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29432 14-Aug-00 Dockweiler 9000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29433 14-Aug-00 El Segundo 1000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29434 14-Aug-00 Hermosa 14000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29435 14-Aug-00 Las Tunas 250 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29436 14-Aug-00 Malibu 10000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29437 14-Aug-00 Manhattan 26000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29438 14-Aug-00 Marina Del Rey 500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
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29439 14-Aug-00 Nicholas Canyon 400 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29440 14-Aug-00 Pt. Dume County 7000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29441 14-Aug-00 Redondo 14000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29442 14-Aug-00 Santa Monica 65000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29443 14-Aug-00 Topanga 3500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29444 14-Aug-00 Torrance 8000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29445 14-Aug-00 Venice 27000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29446 14-Aug-00 Will Rogers 12000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29447 14-Aug-00 Zuma 28000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29460 15-Aug-00 Abalone Cove 3700 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29461 15-Aug-00 Cabrillo 3500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29462 15-Aug-00 Corral 1000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29463 15-Aug-00 Dockweiler 13000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29464 15-Aug-00 El Segundo 1500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29465 15-Aug-00 Hermosa 10000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29466 15-Aug-00 Las Tunas 150 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29467 15-Aug-00 Malibu 13000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29468 15-Aug-00 Manhattan 32000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29469 15-Aug-00 Marina Del Rey 600 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29470 15-Aug-00 Nicholas Canyon 450 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29471 15-Aug-00 Pt. Dume County 7000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29472 15-Aug-00 Redondo 15500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29473 15-Aug-00 Santa Monica 55000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29474 15-Aug-00 Topanga 3000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29475 15-Aug-00 Torrance 7500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29476 15-Aug-00 Venice 35000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29477 15-Aug-00 Will Rogers 13500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29478 15-Aug-00 Zuma 30000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29491 16-Aug-00 Abalone Cove 4400 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29492 16-Aug-00 Cabrillo 3500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29493 16-Aug-00 Corral 1000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29494 16-Aug-00 Dockweiler 9500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29495 16-Aug-00 El Segundo 3000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29496 16-Aug-00 Hermosa 6000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29497 16-Aug-00 Las Tunas 200 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29498 16-Aug-00 Malibu 13000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29499 16-Aug-00 Manhattan 31000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29500 16-Aug-00 Marina Del Rey 600 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29501 16-Aug-00 Nicholas Canyon 400 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29502 16-Aug-00 Pt. Dume County 7000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29503 16-Aug-00 Redondo 15400 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29504 16-Aug-00 Santa Monica 60000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
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29505 16-Aug-00 Topanga 2500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29506 16-Aug-00 Torrance 7800 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29507 16-Aug-00 Venice 32000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29508 16-Aug-00 Will Rogers 18000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29509 16-Aug-00 Zuma 55000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29522 17-Aug-00 Abalone Cove 4000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29523 17-Aug-00 Cabrillo 6000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29524 17-Aug-00 Corral 1100 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29525 17-Aug-00 Dockweiler 14000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29526 17-Aug-00 El Segundo 2000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29527 17-Aug-00 Hermosa 10000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29528 17-Aug-00 Las Tunas 150 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29529 17-Aug-00 Malibu 9000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29530 17-Aug-00 Manhattan 33000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29531 17-Aug-00 Marina Del Rey 700 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29532 17-Aug-00 Nicholas Canyon 425 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29533 17-Aug-00 Pt. Dume County 7000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29534 17-Aug-00 Redondo 15500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29535 17-Aug-00 Santa Monica 60000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29536 17-Aug-00 Topanga 4000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29537 17-Aug-00 Torrance 6500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29538 17-Aug-00 Venice 37000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29539 17-Aug-00 Will Rogers 17000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29540 17-Aug-00 Zuma 60000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29553 18-Aug-00 Abalone Cove 3600 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29554 18-Aug-00 Cabrillo 5500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29555 18-Aug-00 Corral 1200 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29556 18-Aug-00 Dockweiler 15500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29557 18-Aug-00 El Segundo 1500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29558 18-Aug-00 Hermosa 30000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29559 18-Aug-00 Las Tunas 150 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29560 18-Aug-00 Malibu 10000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29561 18-Aug-00 Manhattan 35000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29562 18-Aug-00 Marina Del Rey 1000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29563 18-Aug-00 Nicholas Canyon 450 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29564 18-Aug-00 Pt. Dume County 8000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29565 18-Aug-00 Redondo 14700 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29566 18-Aug-00 Santa Monica 75000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29567 18-Aug-00 Topanga 5000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29568 18-Aug-00 Torrance 6500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29569 18-Aug-00 Venice 35000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29570 18-Aug-00 Will Rogers 12000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
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29571 18-Aug-00 Zuma 60000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29584 19-Aug-00 Abalone Cove 8300 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29585 19-Aug-00 Cabrillo 10000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29586 19-Aug-00 Corral 4000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29587 19-Aug-00 Dockweiler 38000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29588 19-Aug-00 El Segundo 4500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29589 19-Aug-00 Hermosa 55000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29590 19-Aug-00 Las Tunas 400 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29591 19-Aug-00 Malibu 20000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29592 19-Aug-00 Manhattan 65000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29593 19-Aug-00 Marina Del Rey 4000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29594 19-Aug-00 Nicholas Canyon 1500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29595 19-Aug-00 Pt. Dume County 9000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29596 19-Aug-00 Redondo 30000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29597 19-Aug-00 Santa Monica 145000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29598 19-Aug-00 Topanga 4500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29599 19-Aug-00 Torrance 10000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29600 19-Aug-00 Venice 72000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29601 19-Aug-00 Will Rogers 30000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29602 19-Aug-00 Zuma 130000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29615 20-Aug-00 Abalone Cove 9400 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29616 20-Aug-00 Cabrillo 9000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29617 20-Aug-00 Corral 3000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29618 20-Aug-00 Dockweiler 60000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29619 20-Aug-00 El Segundo 4000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29620 20-Aug-00 Hermosa 50000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29621 20-Aug-00 Las Tunas 400 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29622 20-Aug-00 Malibu 20000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29623 20-Aug-00 Manhattan 76000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29624 20-Aug-00 Marina Del Rey 5000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29625 20-Aug-00 Nicholas Canyon 1500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29626 20-Aug-00 Pt. Dume County 10000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29627 20-Aug-00 Redondo 27000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29628 20-Aug-00 Santa Monica 165000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29629 20-Aug-00 Topanga 5000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29630 20-Aug-00 Torrance 11000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29631 20-Aug-00 Venice 120000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29632 20-Aug-00 Will Rogers 38000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29633 20-Aug-00 Zuma 125000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29646 21-Aug-00 Abalone Cove 3600 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29647 21-Aug-00 Cabrillo 3000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29648 21-Aug-00 Corral 1100 8 2000 200008 Summer Summer 2000 2 weekday LAFD
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29649 21-Aug-00 Dockweiler 7000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29650 21-Aug-00 El Segundo 1000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29651 21-Aug-00 Hermosa 15000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29652 21-Aug-00 Las Tunas 250 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29653 21-Aug-00 Malibu 8000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29654 21-Aug-00 Manhattan 28000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29655 21-Aug-00 Marina Del Rey 1000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29656 21-Aug-00 Nicholas Canyon 400 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29657 21-Aug-00 Pt. Dume County 3500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29658 21-Aug-00 Redondo 13500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29659 21-Aug-00 Santa Monica 27000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29660 21-Aug-00 Topanga 2500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29661 21-Aug-00 Torrance 8000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29662 21-Aug-00 Venice 25000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29663 21-Aug-00 Will Rogers 10000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29664 21-Aug-00 Zuma 22000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29677 22-Aug-00 Abalone Cove 3350 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29678 22-Aug-00 Cabrillo 3000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29679 22-Aug-00 Corral 1500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29680 22-Aug-00 Dockweiler 12500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29681 22-Aug-00 El Segundo 1500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29682 22-Aug-00 Hermosa 13000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29683 22-Aug-00 Las Tunas 150 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29684 22-Aug-00 Malibu 8000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29685 22-Aug-00 Manhattan 25500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29686 22-Aug-00 Marina Del Rey 700 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29687 22-Aug-00 Nicholas Canyon 340 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29688 22-Aug-00 Pt. Dume County 4000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29689 22-Aug-00 Redondo 12000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29690 22-Aug-00 Santa Monica 30000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29691 22-Aug-00 Topanga 1500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29692 22-Aug-00 Torrance 6500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29693 22-Aug-00 Venice 27000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29694 22-Aug-00 Will Rogers 10000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29695 22-Aug-00 Zuma 39000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29708 23-Aug-00 Abalone Cove 3450 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29709 23-Aug-00 Cabrillo 3200 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29710 23-Aug-00 Corral 1000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29711 23-Aug-00 Dockweiler 7000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29712 23-Aug-00 El Segundo 1000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29713 23-Aug-00 Hermosa 14000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29714 23-Aug-00 Las Tunas 200 8 2000 200008 Summer Summer 2000 4 weekday LAFD
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29715 23-Aug-00 Malibu 10000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29716 23-Aug-00 Manhattan 25000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29717 23-Aug-00 Marina Del Rey 500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29718 23-Aug-00 Nicholas Canyon 400 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29719 23-Aug-00 Pt. Dume County 3500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29720 23-Aug-00 Redondo 11500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29721 23-Aug-00 Santa Monica 30000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29722 23-Aug-00 Topanga 4000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29723 23-Aug-00 Torrance 9000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29724 23-Aug-00 Venice 22000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29725 23-Aug-00 Will Rogers 10000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29726 23-Aug-00 Zuma 30000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29739 24-Aug-00 Abalone Cove 4000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29740 24-Aug-00 Cabrillo 3000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29741 24-Aug-00 Corral 1000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29742 24-Aug-00 Dockweiler 6000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29743 24-Aug-00 El Segundo 2000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29744 24-Aug-00 Hermosa 10000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29745 24-Aug-00 Las Tunas 150 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29746 24-Aug-00 Malibu 8000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29747 24-Aug-00 Manhattan 24000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29748 24-Aug-00 Marina Del Rey 2500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29749 24-Aug-00 Nicholas Canyon 450 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29750 24-Aug-00 Pt. Dume County 3500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29751 24-Aug-00 Redondo 10000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29752 24-Aug-00 Santa Monica 40000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29753 24-Aug-00 Topanga 4000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29754 24-Aug-00 Torrance 8000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29755 24-Aug-00 Venice 20000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29756 24-Aug-00 Will Rogers 10000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29757 24-Aug-00 Zuma 70000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29770 25-Aug-00 Abalone Cove 2900 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29771 25-Aug-00 Cabrillo 4000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29772 25-Aug-00 Corral 1500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29773 25-Aug-00 Dockweiler 6000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29774 25-Aug-00 El Segundo 1500 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29775 25-Aug-00 Hermosa 8000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29776 25-Aug-00 Las Tunas 200 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29777 25-Aug-00 Malibu 5000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29778 25-Aug-00 Manhattan 21000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29779 25-Aug-00 Marina Del Rey 400 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29780 25-Aug-00 Nicholas Canyon 550 8 2000 200008 Summer Summer 2000 6 weekday LAFD
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29781 25-Aug-00 Pt. Dume County 3000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29782 25-Aug-00 Redondo 10600 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29783 25-Aug-00 Santa Monica 30000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29784 25-Aug-00 Topanga 4000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29785 25-Aug-00 Torrance 8000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29786 25-Aug-00 Venice 20000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29787 25-Aug-00 Will Rogers 10000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29788 25-Aug-00 Zuma 60000 8 2000 200008 Summer Summer 2000 6 weekday LAFD
29801 26-Aug-00 Abalone Cove 6000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29802 26-Aug-00 Cabrillo 8000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29803 26-Aug-00 Corral 2500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29804 26-Aug-00 Dockweiler 35000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29805 26-Aug-00 El Segundo 5000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29806 26-Aug-00 Hermosa 30000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29807 26-Aug-00 Las Tunas 350 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29808 26-Aug-00 Malibu 17000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29809 26-Aug-00 Manhattan 52000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29810 26-Aug-00 Marina Del Rey 5000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29811 26-Aug-00 Nicholas Canyon 1500 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29812 26-Aug-00 Pt. Dume County 6000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29813 26-Aug-00 Redondo 23000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29814 26-Aug-00 Santa Monica 75000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29815 26-Aug-00 Topanga 5000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29816 26-Aug-00 Torrance 11000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29817 26-Aug-00 Venice 65000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29818 26-Aug-00 Will Rogers 24000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29819 26-Aug-00 Zuma 130000 8 2000 200008 Summer Summer 2000 7 weekend LAFD
29832 27-Aug-00 Abalone Cove 17000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29833 27-Aug-00 Cabrillo 8000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29834 27-Aug-00 Corral 2500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29835 27-Aug-00 Dockweiler 50000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29836 27-Aug-00 El Segundo 6000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29837 27-Aug-00 Hermosa 25000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29838 27-Aug-00 Las Tunas 400 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29839 27-Aug-00 Malibu 10000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29840 27-Aug-00 Manhattan 59000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29841 27-Aug-00 Marina Del Rey 3000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29842 27-Aug-00 Nicholas Canyon 1500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29843 27-Aug-00 Pt. Dume County 10000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29844 27-Aug-00 Redondo 22000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29845 27-Aug-00 Santa Monica 95000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29846 27-Aug-00 Topanga 5500 8 2000 200008 Summer Summer 2000 1 weekend LAFD
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29847 27-Aug-00 Torrance 11000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29848 27-Aug-00 Venice 75000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29849 27-Aug-00 Will Rogers 31000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29850 27-Aug-00 Zuma 130000 8 2000 200008 Summer Summer 2000 1 weekend LAFD
29863 28-Aug-00 Abalone Cove 3100 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29864 28-Aug-00 Cabrillo 3000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29865 28-Aug-00 Corral 300 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29866 28-Aug-00 Dockweiler 4000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29867 28-Aug-00 El Segundo 1000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29868 28-Aug-00 Hermosa 5000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29869 28-Aug-00 Las Tunas 250 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29870 28-Aug-00 Malibu 9000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29871 28-Aug-00 Manhattan 19500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29872 28-Aug-00 Marina Del Rey 500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29873 28-Aug-00 Nicholas Canyon 300 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29874 28-Aug-00 Pt. Dume County 4000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29875 28-Aug-00 Redondo 9000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29876 28-Aug-00 Santa Monica 16000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29877 28-Aug-00 Topanga 2500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29878 28-Aug-00 Torrance 4000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29879 28-Aug-00 Venice 16000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29880 28-Aug-00 Will Rogers 8500 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29881 28-Aug-00 Zuma 20000 8 2000 200008 Summer Summer 2000 2 weekday LAFD
29894 29-Aug-00 Abalone Cove 3350 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29895 29-Aug-00 Cabrillo 400 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29896 29-Aug-00 Corral 200 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29897 29-Aug-00 Dockweiler 2000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29898 29-Aug-00 El Segundo 800 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29899 29-Aug-00 Hermosa 4000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29900 29-Aug-00 Las Tunas 200 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29901 29-Aug-00 Malibu 6000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29902 29-Aug-00 Manhattan 6000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29903 29-Aug-00 Marina Del Rey 350 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29904 29-Aug-00 Nicholas Canyon 500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29905 29-Aug-00 Pt. Dume County 500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29906 29-Aug-00 Redondo 5500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29907 29-Aug-00 Santa Monica 2500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29908 29-Aug-00 Topanga 500 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29909 29-Aug-00 Torrance 4000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29910 29-Aug-00 Venice 10000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29911 29-Aug-00 Will Rogers 1700 8 2000 200008 Summer Summer 2000 3 weekday LAFD
29912 29-Aug-00 Zuma 22000 8 2000 200008 Summer Summer 2000 3 weekday LAFD
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29925 30-Aug-00 Abalone Cove 2950 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29926 30-Aug-00 Cabrillo 450 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29927 30-Aug-00 Corral 350 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29928 30-Aug-00 Dockweiler 3000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29929 30-Aug-00 El Segundo 1000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29930 30-Aug-00 Hermosa 4000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29931 30-Aug-00 Las Tunas 100 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29932 30-Aug-00 Malibu 5000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29933 30-Aug-00 Manhattan 10500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29934 30-Aug-00 Marina Del Rey 300 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29935 30-Aug-00 Nicholas Canyon 500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29936 30-Aug-00 Pt. Dume County 500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29937 30-Aug-00 Redondo 9500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29938 30-Aug-00 Santa Monica 10000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29939 30-Aug-00 Topanga 1000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29940 30-Aug-00 Torrance 7500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29941 30-Aug-00 Venice 12000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29942 30-Aug-00 Will Rogers 2500 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29943 30-Aug-00 Zuma 22000 8 2000 200008 Summer Summer 2000 4 weekday LAFD
29956 31-Aug-00 Abalone Cove 4350 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29957 31-Aug-00 Cabrillo 2500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29958 31-Aug-00 Corral 400 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29959 31-Aug-00 Dockweiler 4500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29960 31-Aug-00 El Segundo 1000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29961 31-Aug-00 Hermosa 4000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29962 31-Aug-00 Las Tunas 100 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29963 31-Aug-00 Malibu 3500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29964 31-Aug-00 Manhattan 10000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29965 31-Aug-00 Marina Del Rey 300 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29966 31-Aug-00 Nicholas Canyon 500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29967 31-Aug-00 Pt. Dume County 1000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29968 31-Aug-00 Redondo 7100 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29969 31-Aug-00 Santa Monica 14500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29970 31-Aug-00 Topanga 1500 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29971 31-Aug-00 Torrance 5000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29972 31-Aug-00 Venice 12000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29973 31-Aug-00 Will Rogers 2000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29974 31-Aug-00 Zuma 2000 8 2000 200008 Summer Summer 2000 5 weekday LAFD
29987 01-Sep-00 Abalone Cove 4000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29988 01-Sep-00 Cabrillo 3000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29989 01-Sep-00 Corral 600 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29990 01-Sep-00 Dockweiler 3000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
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29991 01-Sep-00 El Segundo 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29992 01-Sep-00 Hermosa 6000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29993 01-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29994 01-Sep-00 Malibu 4000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29995 01-Sep-00 Manhattan 12000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29996 01-Sep-00 Marina Del Rey 300 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29997 01-Sep-00 Nicholas Canyon 500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29998 01-Sep-00 Pt. Dume County 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
29999 01-Sep-00 Redondo 7500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30000 01-Sep-00 Santa Monica 16000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30001 01-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30002 01-Sep-00 Torrance 9000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30003 01-Sep-00 Venice 14000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30004 01-Sep-00 Will Rogers 3900 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30017 02-Sep-00 Abalone Cove 7800 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30018 02-Sep-00 Cabrillo 3500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30019 02-Sep-00 Corral 1500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30020 02-Sep-00 Dockweiler 8000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30021 02-Sep-00 El Segundo 2500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30022 02-Sep-00 Hermosa 15000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30023 02-Sep-00 Las Tunas 300 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30024 02-Sep-00 Malibu 14000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30025 02-Sep-00 Manhattan 43000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30026 02-Sep-00 Marina Del Rey 600 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30027 02-Sep-00 Nicholas Canyon 1000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30028 02-Sep-00 Pt. Dume County 5000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30029 02-Sep-00 Redondo 17000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30030 02-Sep-00 Santa Monica 45000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30031 02-Sep-00 Topanga 3000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30032 02-Sep-00 Torrance 15000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30033 02-Sep-00 Venice 23000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30034 02-Sep-00 Will Rogers 10000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30035 02-Sep-00 Zuma 100000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30047 03-Sep-00 Abalone Cove 10000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30048 03-Sep-00 Cabrillo 3500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30049 03-Sep-00 Corral 2500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30050 03-Sep-00 Dockweiler 23000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30051 03-Sep-00 El Segundo 2500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30052 03-Sep-00 Hermosa 15000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30053 03-Sep-00 Las Tunas 250 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30054 03-Sep-00 Malibu 15000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30055 03-Sep-00 Manhattan 55000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
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30056 03-Sep-00 Marina Del Rey 500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30057 03-Sep-00 Nicholas Canyon 1500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30058 03-Sep-00 Pt. Dume County 8000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30059 03-Sep-00 Redondo 23000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30060 03-Sep-00 Santa Monica 90000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30061 03-Sep-00 Topanga 4000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30062 03-Sep-00 Torrance 11000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30063 03-Sep-00 Venice 90000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30064 03-Sep-00 Will Rogers 18000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30065 03-Sep-00 Zuma 80000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30077 04-Sep-00 Abalone Cove 15000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30078 04-Sep-00 Cabrillo 6000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30079 04-Sep-00 Corral 2500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30080 04-Sep-00 Dockweiler 65000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30081 04-Sep-00 El Segundo 5000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30082 04-Sep-00 Hermosa 30000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30083 04-Sep-00 Las Tunas 300 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30084 04-Sep-00 Malibu 15000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30085 04-Sep-00 Manhattan 69000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30086 04-Sep-00 Marina Del Rey 1500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30087 04-Sep-00 Nicholas Canyon 2000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30088 04-Sep-00 Pt. Dume County 10000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30089 04-Sep-00 Redondo 29000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30090 04-Sep-00 Santa Monica 125000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30091 04-Sep-00 Topanga 5000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30092 04-Sep-00 Torrance 15000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30093 04-Sep-00 Venice 95000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30094 04-Sep-00 Will Rogers 27000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30095 04-Sep-00 Zuma 100000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30107 05-Sep-00 Abalone Cove 2500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30108 05-Sep-00 Cabrillo 550 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30109 05-Sep-00 Corral 550 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30110 05-Sep-00 Dockweiler 3000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30111 05-Sep-00 El Segundo 1200 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30112 05-Sep-00 Hermosa 5000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30113 05-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30114 05-Sep-00 Malibu 7000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30115 05-Sep-00 Manhattan 14000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30116 05-Sep-00 Marina Del Rey 1500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30117 05-Sep-00 Nicholas Canyon 750 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30118 05-Sep-00 Pt. Dume County 1000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30119 05-Sep-00 Redondo 9000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
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30120 05-Sep-00 Santa Monica 20000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30121 05-Sep-00 Topanga 1000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30122 05-Sep-00 Torrance 4500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30123 05-Sep-00 Venice 14000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30124 05-Sep-00 Will Rogers 3500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30125 05-Sep-00 Zuma 15000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30137 06-Sep-00 Abalone Cove 2500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30138 06-Sep-00 Cabrillo 600 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30139 06-Sep-00 Corral 800 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30140 06-Sep-00 Dockweiler 4000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30141 06-Sep-00 El Segundo 1200 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30142 06-Sep-00 Hermosa 5000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30143 06-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30144 06-Sep-00 Malibu 7000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30145 06-Sep-00 Manhattan 11500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30146 06-Sep-00 Marina Del Rey 1500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30147 06-Sep-00 Nicholas Canyon 750 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30148 06-Sep-00 Pt. Dume County 800 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30149 06-Sep-00 Redondo 8300 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30150 06-Sep-00 Santa Monica 8000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30151 06-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30152 06-Sep-00 Torrance 5000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30153 06-Sep-00 Venice 13000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30154 06-Sep-00 Will Rogers 3000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30155 06-Sep-00 Zuma 15000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30167 07-Sep-00 Abalone Cove 2050 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30168 07-Sep-00 Cabrillo 500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30169 07-Sep-00 Corral 750 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30170 07-Sep-00 Dockweiler 2500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30171 07-Sep-00 El Segundo 1000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30172 07-Sep-00 Hermosa 2000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30173 07-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30174 07-Sep-00 Malibu 4000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30175 07-Sep-00 Manhattan 7500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30176 07-Sep-00 Marina Del Rey 1000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30177 07-Sep-00 Nicholas Canyon 500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30178 07-Sep-00 Pt. Dume County 800 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30179 07-Sep-00 Redondo 7100 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30180 07-Sep-00 Santa Monica 6000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30181 07-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30182 07-Sep-00 Torrance 3500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30183 07-Sep-00 Venice 11000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
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30184 07-Sep-00 Will Rogers 4000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30185 07-Sep-00 Zuma 10000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30197 08-Sep-00 Abalone Cove 2700 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30198 08-Sep-00 Cabrillo 800 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30199 08-Sep-00 Corral 2500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30200 08-Sep-00 Dockweiler 2800 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30201 08-Sep-00 El Segundo 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30202 08-Sep-00 Hermosa 5000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30203 08-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30204 08-Sep-00 Malibu 5000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30205 08-Sep-00 Manhattan 6700 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30206 08-Sep-00 Marina Del Rey 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30207 08-Sep-00 Nicholas Canyon 500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30208 08-Sep-00 Pt. Dume County 500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30209 08-Sep-00 Redondo 5100 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30210 08-Sep-00 Santa Monica 8000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30211 08-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30212 08-Sep-00 Torrance 3500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30213 08-Sep-00 Venice 11000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30214 08-Sep-00 Will Rogers 4500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30215 08-Sep-00 Zuma 5000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30227 09-Sep-00 Abalone Cove 6000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30228 09-Sep-00 Cabrillo 4000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30229 09-Sep-00 Corral 3000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30230 09-Sep-00 Dockweiler 8500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30231 09-Sep-00 El Segundo 1500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30232 09-Sep-00 Hermosa 20000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30233 09-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30234 09-Sep-00 Malibu 14000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30235 09-Sep-00 Manhattan 28000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30236 09-Sep-00 Marina Del Rey 2000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30237 09-Sep-00 Nicholas Canyon 800 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30238 09-Sep-00 Pt. Dume County 3000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30239 09-Sep-00 Redondo 12500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30240 09-Sep-00 Santa Monica 35000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30241 09-Sep-00 Topanga 2500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30242 09-Sep-00 Torrance 5000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30243 09-Sep-00 Venice 42000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30244 09-Sep-00 Will Rogers 11000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30245 09-Sep-00 Zuma 40000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30257 10-Sep-00 Abalone Cove 6500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30258 10-Sep-00 Cabrillo 7500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
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30259 10-Sep-00 Corral 3500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30260 10-Sep-00 Dockweiler 19500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30261 10-Sep-00 El Segundo 2000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30262 10-Sep-00 Hermosa 25000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30263 10-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30264 10-Sep-00 Malibu 14000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30265 10-Sep-00 Manhattan 28500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30266 10-Sep-00 Marina Del Rey 3000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30267 10-Sep-00 Nicholas Canyon 500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30268 10-Sep-00 Pt. Dume County 6000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30269 10-Sep-00 Redondo 13500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30270 10-Sep-00 Santa Monica 72000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30271 10-Sep-00 Topanga 2500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30272 10-Sep-00 Torrance 10000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30273 10-Sep-00 Venice 60000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30274 10-Sep-00 Will Rogers 19000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30275 10-Sep-00 Zuma 60000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30287 11-Sep-00 Abalone Cove 3800 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30288 11-Sep-00 Cabrillo 3000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30289 11-Sep-00 Corral 1000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30290 11-Sep-00 Dockweiler 3200 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30291 11-Sep-00 El Segundo 700 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30292 11-Sep-00 Hermosa 7000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30293 11-Sep-00 Las Tunas 150 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30294 11-Sep-00 Malibu 5000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30295 11-Sep-00 Manhattan 10300 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30296 11-Sep-00 Marina Del Rey 300 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30297 11-Sep-00 Nicholas Canyon 500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30298 11-Sep-00 Pt. Dume County 800 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30299 11-Sep-00 Redondo 6500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30300 11-Sep-00 Santa Monica 18000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30301 11-Sep-00 Topanga 2500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30302 11-Sep-00 Torrance 5000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30303 11-Sep-00 Venice 13000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30304 11-Sep-00 Will Rogers 5000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30305 11-Sep-00 Zuma 3000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30317 12-Sep-00 Abalone Cove 4400 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30318 12-Sep-00 Cabrillo 4500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30319 12-Sep-00 Corral 1200 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30320 12-Sep-00 Dockweiler 6300 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30321 12-Sep-00 El Segundo 1500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30322 12-Sep-00 Hermosa 4000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
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30323 12-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30324 12-Sep-00 Malibu 10000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30325 12-Sep-00 Manhattan 10900 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30326 12-Sep-00 Marina Del Rey 300 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30327 12-Sep-00 Nicholas Canyon 1000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30328 12-Sep-00 Pt. Dume County 800 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30329 12-Sep-00 Redondo 6000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30330 12-Sep-00 Santa Monica 19000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30331 12-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30332 12-Sep-00 Torrance 9000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30333 12-Sep-00 Venice 12000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30334 12-Sep-00 Will Rogers 7000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30335 12-Sep-00 Zuma 3000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30347 13-Sep-00 Abalone Cove 3000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30348 13-Sep-00 Cabrillo 5000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30349 13-Sep-00 Corral 1200 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30350 13-Sep-00 Dockweiler 4500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30351 13-Sep-00 El Segundo 2000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30352 13-Sep-00 Hermosa 4000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30353 13-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30354 13-Sep-00 Malibu 12000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30355 13-Sep-00 Manhattan 12000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30356 13-Sep-00 Marina Del Rey 275 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30357 13-Sep-00 Nicholas Canyon 1500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30358 13-Sep-00 Pt. Dume County 1000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30359 13-Sep-00 Redondo 7100 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30360 13-Sep-00 Santa Monica 16000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30361 13-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30362 13-Sep-00 Torrance 6000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30363 13-Sep-00 Venice 15000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30364 13-Sep-00 Will Rogers 6000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30365 13-Sep-00 Zuma 8000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30377 14-Sep-00 Abalone Cove 3800 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30378 14-Sep-00 Cabrillo 3000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30379 14-Sep-00 Corral 1000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30380 14-Sep-00 Dockweiler 2500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30381 14-Sep-00 El Segundo 1500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30382 14-Sep-00 Hermosa 3000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30383 14-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30384 14-Sep-00 Malibu 7000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30385 14-Sep-00 Manhattan 7000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30386 14-Sep-00 Marina Del Rey 300 9 2000 200009 Fall Fall 2000 5 weekday LAFD
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30387 14-Sep-00 Nicholas Canyon 600 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30388 14-Sep-00 Pt. Dume County 800 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30389 14-Sep-00 Redondo 4600 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30390 14-Sep-00 Santa Monica 9500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30391 14-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30392 14-Sep-00 Torrance 1000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30393 14-Sep-00 Venice 13000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30394 14-Sep-00 Will Rogers 3000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30395 14-Sep-00 Zuma 5000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30407 15-Sep-00 Abalone Cove 3900 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30408 15-Sep-00 Cabrillo 2000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30409 15-Sep-00 Corral 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30410 15-Sep-00 Dockweiler 3500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30411 15-Sep-00 El Segundo 1200 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30412 15-Sep-00 Hermosa 2500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30413 15-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30414 15-Sep-00 Malibu 8000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30415 15-Sep-00 Manhattan 8000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30416 15-Sep-00 Marina Del Rey 400 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30417 15-Sep-00 Nicholas Canyon 500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30418 15-Sep-00 Pt. Dume County 2000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30419 15-Sep-00 Redondo 5500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30420 15-Sep-00 Santa Monica 17500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30421 15-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30422 15-Sep-00 Torrance 2000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30423 15-Sep-00 Venice 56000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30424 15-Sep-00 Will Rogers 2700 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30425 15-Sep-00 Zuma 6500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30437 16-Sep-00 Abalone Cove 9500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30438 16-Sep-00 Cabrillo 6000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30439 16-Sep-00 Corral 4000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30440 16-Sep-00 Dockweiler 15000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30441 16-Sep-00 El Segundo 2500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30442 16-Sep-00 Hermosa 20000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30443 16-Sep-00 Las Tunas 250 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30444 16-Sep-00 Malibu 15000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30445 16-Sep-00 Manhattan 33000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30446 16-Sep-00 Marina Del Rey 1000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30447 16-Sep-00 Nicholas Canyon 1000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30448 16-Sep-00 Pt. Dume County 8000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30449 16-Sep-00 Redondo 19000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30450 16-Sep-00 Santa Monica 100000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
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30451 16-Sep-00 Topanga 4500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30452 16-Sep-00 Torrance 10000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30453 16-Sep-00 Venice 70000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30454 16-Sep-00 Will Rogers 20000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30455 16-Sep-00 Zuma 100000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30467 17-Sep-00 Abalone Cove 11000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30468 17-Sep-00 Cabrillo 6000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30469 17-Sep-00 Corral 6000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30470 17-Sep-00 Dockweiler 45000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30471 17-Sep-00 El Segundo 4000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30472 17-Sep-00 Hermosa 20000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30473 17-Sep-00 Las Tunas 250 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30474 17-Sep-00 Malibu 15000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30475 17-Sep-00 Manhattan 52000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30476 17-Sep-00 Marina Del Rey 800 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30477 17-Sep-00 Nicholas Canyon 1200 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30478 17-Sep-00 Pt. Dume County 11000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30479 17-Sep-00 Redondo 20000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30480 17-Sep-00 Santa Monica 135000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30481 17-Sep-00 Topanga 5000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30482 17-Sep-00 Torrance 11000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30483 17-Sep-00 Venice 80000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30484 17-Sep-00 Will Rogers 33000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30485 17-Sep-00 Zuma 110000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30497 18-Sep-00 Cabrillo 3000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30498 18-Sep-00 Corral 1100 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30499 18-Sep-00 Dockweiler 3500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30500 18-Sep-00 El Segundo 500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30501 18-Sep-00 Hermosa 1000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30502 18-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30503 18-Sep-00 Malibu 6000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30504 18-Sep-00 Manhattan 4400 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30505 18-Sep-00 Marina Del Rey 300 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30506 18-Sep-00 Nicholas Canyon 400 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30507 18-Sep-00 Pt. Dume County 500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30508 18-Sep-00 Redondo 4000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30509 18-Sep-00 Santa Monica 3000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30510 18-Sep-00 Topanga 3000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30511 18-Sep-00 Torrance 2000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30512 18-Sep-00 Venice 6000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30513 18-Sep-00 Will Rogers 4000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30514 18-Sep-00 Zuma 2000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
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30526 19-Sep-00 Cabrillo 3200 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30527 19-Sep-00 Corral 750 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30528 19-Sep-00 Dockweiler 3300 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30529 19-Sep-00 El Segundo 600 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30530 19-Sep-00 Hermosa 1200 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30531 19-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30532 19-Sep-00 Malibu 5000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30533 19-Sep-00 Manhattan 3900 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30534 19-Sep-00 Marina Del Rey 250 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30535 19-Sep-00 Nicholas Canyon 300 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30536 19-Sep-00 Pt. Dume County 600 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30537 19-Sep-00 Redondo 4500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30538 19-Sep-00 Santa Monica 3500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30539 19-Sep-00 Topanga 2500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30540 19-Sep-00 Torrance 2500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30541 19-Sep-00 Venice 9000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30542 19-Sep-00 Will Rogers 2000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30543 19-Sep-00 Zuma 2500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30555 20-Sep-00 Cabrillo 3000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30556 20-Sep-00 Corral 200 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30557 20-Sep-00 Dockweiler 3500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30558 20-Sep-00 El Segundo 1000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30559 20-Sep-00 Hermosa 1500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30560 20-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30561 20-Sep-00 Malibu 4000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30562 20-Sep-00 Manhattan 4400 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30563 20-Sep-00 Marina Del Rey 200 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30564 20-Sep-00 Nicholas Canyon 50 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30565 20-Sep-00 Pt. Dume County 500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30566 20-Sep-00 Redondo 5400 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30567 20-Sep-00 Santa Monica 5500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30568 20-Sep-00 Topanga 3000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30569 20-Sep-00 Torrance 2000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30570 20-Sep-00 Venice 10000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30571 20-Sep-00 Will Rogers 4500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30572 20-Sep-00 Zuma 3000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30584 21-Sep-00 Cabrillo 1500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30585 21-Sep-00 Dockweiler 2700 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30586 21-Sep-00 El Segundo 1000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30587 21-Sep-00 Hermosa 1000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30588 21-Sep-00 Las Tunas 75 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30589 21-Sep-00 Malibu 2000 9 2000 200009 Fall Fall 2000 5 weekday LAFD

RB-AR44283



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
30590 21-Sep-00 Manhattan 2850 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30591 21-Sep-00 Marina Del Rey 50 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30592 21-Sep-00 Nicholas Canyon 50 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30593 21-Sep-00 Pt. Dume County 500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30594 21-Sep-00 Redondo 2800 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30595 21-Sep-00 Santa Monica 2500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30596 21-Sep-00 Topanga 2000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30597 21-Sep-00 Torrance 1700 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30598 21-Sep-00 Venice 7200 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30599 21-Sep-00 Will Rogers 750 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30600 21-Sep-00 Zuma 1500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30612 22-Sep-00 Cabrillo 500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30613 22-Sep-00 Corral 25 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30614 22-Sep-00 Dockweiler 2300 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30615 22-Sep-00 El Segundo 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30616 22-Sep-00 Hermosa 800 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30617 22-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30618 22-Sep-00 Malibu 2000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30619 22-Sep-00 Manhattan 2400 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30620 22-Sep-00 Marina Del Rey 100 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30621 22-Sep-00 Nicholas Canyon 35 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30622 22-Sep-00 Pt. Dume County 500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30623 22-Sep-00 Redondo 1700 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30624 22-Sep-00 Santa Monica 2500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30625 22-Sep-00 Topanga 750 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30626 22-Sep-00 Torrance 1800 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30627 22-Sep-00 Venice 4200 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30628 22-Sep-00 Will Rogers 2000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30629 22-Sep-00 Zuma 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30641 23-Sep-00 Abalone Cove 4350 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30642 23-Sep-00 Cabrillo 6000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30643 23-Sep-00 Corral 1300 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30644 23-Sep-00 Dockweiler 7500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30645 23-Sep-00 El Segundo 1500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30646 23-Sep-00 Hermosa 15000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30647 23-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30648 23-Sep-00 Malibu 7000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30649 23-Sep-00 Manhattan 20000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30650 23-Sep-00 Marina Del Rey 500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30651 23-Sep-00 Nicholas Canyon 50 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30652 23-Sep-00 Pt. Dume County 5000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30653 23-Sep-00 Redondo 11500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
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30654 23-Sep-00 Santa Monica 16000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30655 23-Sep-00 Topanga 2000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30656 23-Sep-00 Torrance 3500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30657 23-Sep-00 Venice 16000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30658 23-Sep-00 Will Rogers 5500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30659 23-Sep-00 Zuma 17000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30671 24-Sep-00 Abalone Cove 6000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30672 24-Sep-00 Cabrillo 4000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30673 24-Sep-00 Corral 1300 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30674 24-Sep-00 Dockweiler 19000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30675 24-Sep-00 El Segundo 3500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30676 24-Sep-00 Hermosa 18000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30677 24-Sep-00 Las Tunas 250 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30678 24-Sep-00 Malibu 9000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30679 24-Sep-00 Manhattan 23000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30680 24-Sep-00 Marina Del Rey 2000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30681 24-Sep-00 Nicholas Canyon 500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30682 24-Sep-00 Pt. Dume County 7000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30683 24-Sep-00 Redondo 13000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30684 24-Sep-00 Santa Monica 42000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30685 24-Sep-00 Topanga 2500 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30686 24-Sep-00 Torrance 5000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30687 24-Sep-00 Venice 60000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30688 24-Sep-00 Will Rogers 8000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30689 24-Sep-00 Zuma 35000 9 2000 200009 Fall Fall 2000 1 weekend LAFD
30701 25-Sep-00 Cabrillo 1500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30702 25-Sep-00 Corral 1000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30703 25-Sep-00 Dockweiler 3500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30704 25-Sep-00 El Segundo 800 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30705 25-Sep-00 Hermosa 2000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30706 25-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30707 25-Sep-00 Malibu 2000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30708 25-Sep-00 Manhattan 7500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30709 25-Sep-00 Marina Del Rey 200 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30710 25-Sep-00 Nicholas Canyon 300 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30711 25-Sep-00 Pt. Dume County 2000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30712 25-Sep-00 Redondo 5000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30713 25-Sep-00 Santa Monica 8000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30714 25-Sep-00 Topanga 1000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30715 25-Sep-00 Torrance 2500 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30716 25-Sep-00 Venice 9000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30717 25-Sep-00 Will Rogers 2200 9 2000 200009 Fall Fall 2000 2 weekday LAFD
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30718 25-Sep-00 Zuma 1000 9 2000 200009 Fall Fall 2000 2 weekday LAFD
30730 26-Sep-00 Cabrillo 1500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30731 26-Sep-00 Corral 500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30732 26-Sep-00 Dockweiler 2500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30733 26-Sep-00 El Segundo 1100 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30734 26-Sep-00 Hermosa 2500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30735 26-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30736 26-Sep-00 Malibu 2000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30737 26-Sep-00 Manhattan 6500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30738 26-Sep-00 Marina Del Rey 300 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30739 26-Sep-00 Nicholas Canyon 50 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30740 26-Sep-00 Pt. Dume County 2000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30741 26-Sep-00 Redondo 4200 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30742 26-Sep-00 Santa Monica 6000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30743 26-Sep-00 Topanga 1000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30744 26-Sep-00 Torrance 2000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30745 26-Sep-00 Venice 7500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30746 26-Sep-00 Will Rogers 3000 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30747 26-Sep-00 Zuma 1500 9 2000 200009 Fall Fall 2000 3 weekday LAFD
30759 27-Sep-00 Cabrillo 1500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30760 27-Sep-00 Corral 40 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30761 27-Sep-00 Dockweiler 750 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30762 27-Sep-00 El Segundo 1000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30763 27-Sep-00 Hermosa 1500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30764 27-Sep-00 Las Tunas 50 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30765 27-Sep-00 Malibu 1000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30766 27-Sep-00 Manhattan 4800 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30767 27-Sep-00 Marina Del Rey 100 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30768 27-Sep-00 Nicholas Canyon 40 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30769 27-Sep-00 Pt. Dume County 500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30770 27-Sep-00 Redondo 4000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30771 27-Sep-00 Santa Monica 4000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30772 27-Sep-00 Topanga 1000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30773 27-Sep-00 Torrance 1200 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30774 27-Sep-00 Venice 7500 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30775 27-Sep-00 Will Rogers 1750 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30776 27-Sep-00 Zuma 2000 9 2000 200009 Fall Fall 2000 4 weekday LAFD
30788 28-Sep-00 Cabrillo 1000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30789 28-Sep-00 Corral 50 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30790 28-Sep-00 Dockweiler 1200 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30791 28-Sep-00 El Segundo 700 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30792 28-Sep-00 Hermosa 1200 9 2000 200009 Fall Fall 2000 5 weekday LAFD
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30793 28-Sep-00 Las Tunas 60 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30794 28-Sep-00 Malibu 2000 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30795 28-Sep-00 Manhattan 4300 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30796 28-Sep-00 Marina Del Rey 100 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30797 28-Sep-00 Nicholas Canyon 50 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30798 28-Sep-00 Pt. Dume County 600 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30799 28-Sep-00 Redondo 3600 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30800 28-Sep-00 Santa Monica 4500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30801 28-Sep-00 Topanga 1500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30802 28-Sep-00 Torrance 1300 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30803 28-Sep-00 Venice 5500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30804 28-Sep-00 Will Rogers 1300 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30805 28-Sep-00 Zuma 1500 9 2000 200009 Fall Fall 2000 5 weekday LAFD
30817 29-Sep-00 Cabrillo 1200 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30818 29-Sep-00 Corral 800 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30819 29-Sep-00 Dockweiler 2000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30820 29-Sep-00 El Segundo 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30821 29-Sep-00 Hermosa 1800 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30822 29-Sep-00 Las Tunas 100 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30823 29-Sep-00 Malibu 3000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30824 29-Sep-00 Manhattan 6700 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30825 29-Sep-00 Marina Del Rey 700 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30826 29-Sep-00 Nicholas Canyon 300 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30827 29-Sep-00 Pt. Dume County 1000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30828 29-Sep-00 Redondo 4600 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30829 29-Sep-00 Santa Monica 7000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30830 29-Sep-00 Topanga 2000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30831 29-Sep-00 Torrance 2200 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30832 29-Sep-00 Venice 8000 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30833 29-Sep-00 Will Rogers 2700 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30834 29-Sep-00 Zuma 2500 9 2000 200009 Fall Fall 2000 6 weekday LAFD
30846 30-Sep-00 Abalone Cove 4800 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30847 30-Sep-00 Cabrillo 2000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30848 30-Sep-00 Corral 1000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30849 30-Sep-00 Dockweiler 5000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30850 30-Sep-00 El Segundo 2000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30851 30-Sep-00 Hermosa 15000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30852 30-Sep-00 Las Tunas 150 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30853 30-Sep-00 Malibu 3000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30854 30-Sep-00 Manhattan 14500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30855 30-Sep-00 Marina Del Rey 50 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30856 30-Sep-00 Nicholas Canyon 500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
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30857 30-Sep-00 Pt. Dume County 3000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30858 30-Sep-00 Redondo 9500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30859 30-Sep-00 Santa Monica 22000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30860 30-Sep-00 Topanga 2000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30861 30-Sep-00 Torrance 4500 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30862 30-Sep-00 Venice 18000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30863 30-Sep-00 Will Rogers 8000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30864 30-Sep-00 Zuma 12000 9 2000 200009 Fall Fall 2000 7 weekend LAFD
30876 01-Oct-00 Abalone Cove 5400 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30877 01-Oct-00 Cabrillo 2000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30878 01-Oct-00 Corral 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30879 01-Oct-00 Dockweiler 8000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30880 01-Oct-00 El Segundo 2000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30881 01-Oct-00 Hermosa 16000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30882 01-Oct-00 Las Tunas 200 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30883 01-Oct-00 Malibu 8000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30884 01-Oct-00 Manhattan 15500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30885 01-Oct-00 Marina Del Rey 900 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30886 01-Oct-00 Nicholas Canyon 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30887 01-Oct-00 Pt. Dume County 4000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30888 01-Oct-00 Redondo 9000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30889 01-Oct-00 Santa Monica 25000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30890 01-Oct-00 Topanga 2500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30891 01-Oct-00 Torrance 3500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30892 01-Oct-00 Venice 32000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30893 01-Oct-00 Will Rogers 12000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30894 01-Oct-00 Zuma 19000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
30908 02-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30909 02-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30910 02-Oct-00 Dockweiler 2400 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30911 02-Oct-00 El Segundo 800 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30912 02-Oct-00 Hermosa 1200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30913 02-Oct-00 Las Tunas 100 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30914 02-Oct-00 Malibu 1200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30915 02-Oct-00 Manhattan 5400 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30916 02-Oct-00 Marina Del Rey 300 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30917 02-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30918 02-Oct-00 Pt. Dume County 2000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30919 02-Oct-00 Redondo 4000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30920 02-Oct-00 Santa Monica 6500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30921 02-Oct-00 Topanga 1500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30922 02-Oct-00 Torrance 1500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
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30923 02-Oct-00 Venice 6000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30924 02-Oct-00 Will Rogers 2000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30925 02-Oct-00 Zuma 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
30938 03-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30939 03-Oct-00 Corral 100 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30940 03-Oct-00 Dockweiler 2000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30941 03-Oct-00 El Segundo 600 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30942 03-Oct-00 Hermosa 2000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30943 03-Oct-00 Malibu 1200 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30944 03-Oct-00 Manhattan 4900 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30945 03-Oct-00 Marina Del Rey 300 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30946 03-Oct-00 Nicholas Canyon 100 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30947 03-Oct-00 Pt. Dume County 800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30948 03-Oct-00 Redondo 4000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30949 03-Oct-00 Santa Monica 3500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30950 03-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30951 03-Oct-00 Torrance 1200 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30952 03-Oct-00 Venice 4500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30953 03-Oct-00 Will Rogers 1300 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30954 03-Oct-00 Zuma 1500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
30967 04-Oct-00 Cabrillo 900 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30968 04-Oct-00 Corral 100 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30969 04-Oct-00 Dockweiler 1300 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30970 04-Oct-00 El Segundo 700 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30971 04-Oct-00 Hermosa 1500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30972 04-Oct-00 Malibu 1000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30973 04-Oct-00 Manhattan 3700 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30974 04-Oct-00 Marina Del Rey 50 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30975 04-Oct-00 Nicholas Canyon 100 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30976 04-Oct-00 Pt. Dume County 600 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30977 04-Oct-00 Redondo 3000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30978 04-Oct-00 Santa Monica 2500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30979 04-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30980 04-Oct-00 Torrance 1000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30981 04-Oct-00 Venice 3000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30982 04-Oct-00 Will Rogers 1000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30983 04-Oct-00 Zuma 1200 10 2000 200010 Fall Fall 2000 4 weekday LAFD
30996 05-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
30997 05-Oct-00 Corral 25 10 2000 200010 Fall Fall 2000 5 weekday LAFD
30998 05-Oct-00 Dockweiler 1500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
30999 05-Oct-00 El Segundo 600 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31000 05-Oct-00 Hermosa 1500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
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31001 05-Oct-00 Las Tunas 75 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31002 05-Oct-00 Malibu 1000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31003 05-Oct-00 Manhattan 3900 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31004 05-Oct-00 Marina Del Rey 300 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31005 05-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31006 05-Oct-00 Pt. Dume County 600 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31007 05-Oct-00 Redondo 3500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31008 05-Oct-00 Santa Monica 5500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31009 05-Oct-00 Topanga 2000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31010 05-Oct-00 Torrance 1800 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31011 05-Oct-00 Venice 6000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31012 05-Oct-00 Will Rogers 1400 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31013 05-Oct-00 Zuma 1200 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31026 06-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31027 06-Oct-00 Corral 30 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31028 06-Oct-00 Dockweiler 800 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31029 06-Oct-00 El Segundo 500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31030 06-Oct-00 Hermosa 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31031 06-Oct-00 Las Tunas 30 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31032 06-Oct-00 Malibu 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31033 06-Oct-00 Manhattan 2400 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31034 06-Oct-00 Marina Del Rey 50 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31035 06-Oct-00 Nicholas Canyon 200 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31036 06-Oct-00 Pt. Dume County 200 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31037 06-Oct-00 Redondo 2000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31038 06-Oct-00 Santa Monica 1750 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31039 06-Oct-00 Topanga 1200 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31040 06-Oct-00 Torrance 1300 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31041 06-Oct-00 Venice 2300 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31042 06-Oct-00 Will Rogers 600 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31043 06-Oct-00 Zuma 1500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31056 07-Oct-00 Cabrillo 2000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31057 07-Oct-00 Corral 900 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31058 07-Oct-00 Dockweiler 3500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31059 07-Oct-00 El Segundo 550 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31060 07-Oct-00 Hermosa 2000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31061 07-Oct-00 Las Tunas 100 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31062 07-Oct-00 Malibu 2500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31063 07-Oct-00 Manhattan 14500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31064 07-Oct-00 Marina Del Rey 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31065 07-Oct-00 Nicholas Canyon 500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31066 07-Oct-00 Pt. Dume County 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
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31067 07-Oct-00 Redondo 3600 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31068 07-Oct-00 Santa Monica 11000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31069 07-Oct-00 Topanga 1500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31070 07-Oct-00 Torrance 3000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31071 07-Oct-00 Venice 12000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31072 07-Oct-00 Will Rogers 4000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31073 07-Oct-00 Zuma 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31086 08-Oct-00 Cabrillo 1500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31087 08-Oct-00 Corral 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31088 08-Oct-00 Dockweiler 4200 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31089 08-Oct-00 El Segundo 1700 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31090 08-Oct-00 Hermosa 3000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31091 08-Oct-00 Las Tunas 100 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31092 08-Oct-00 Malibu 3000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31093 08-Oct-00 Manhattan 14900 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31094 08-Oct-00 Marina Del Rey 300 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31095 08-Oct-00 Nicholas Canyon 800 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31096 08-Oct-00 Pt. Dume County 1500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31097 08-Oct-00 Redondo 6000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31098 08-Oct-00 Santa Monica 15000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31099 08-Oct-00 Topanga 1500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31100 08-Oct-00 Torrance 1500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31101 08-Oct-00 Venice 14000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31102 08-Oct-00 Will Rogers 5000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31103 08-Oct-00 Zuma 2000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31116 09-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31117 09-Oct-00 Corral 400 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31118 09-Oct-00 Dockweiler 2000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31119 09-Oct-00 El Segundo 500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31120 09-Oct-00 Hermosa 1200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31121 09-Oct-00 Las Tunas 100 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31122 09-Oct-00 Malibu 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31123 09-Oct-00 Manhattan 4200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31124 09-Oct-00 Marina Del Rey 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31125 09-Oct-00 Nicholas Canyon 350 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31126 09-Oct-00 Pt. Dume County 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31127 09-Oct-00 Redondo 3500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31128 09-Oct-00 Santa Monica 6500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31129 09-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31130 09-Oct-00 Torrance 1200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31131 09-Oct-00 Venice 5000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31132 09-Oct-00 Will Rogers 1100 10 2000 200010 Fall Fall 2000 2 weekday LAFD
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31133 09-Oct-00 Zuma 2000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31146 10-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31147 10-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31148 10-Oct-00 Dockweiler 1700 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31149 10-Oct-00 El Segundo 400 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31150 10-Oct-00 Hermosa 1100 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31151 10-Oct-00 Malibu 800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31152 10-Oct-00 Manhattan 2400 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31153 10-Oct-00 Marina Del Rey 25 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31154 10-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31155 10-Oct-00 Pt. Dume County 300 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31156 10-Oct-00 Redondo 2300 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31157 10-Oct-00 Santa Monica 1800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31158 10-Oct-00 Topanga 500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31159 10-Oct-00 Torrance 1000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31160 10-Oct-00 Venice 3000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31161 10-Oct-00 Will Rogers 1200 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31162 10-Oct-00 Zuma 1500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31175 11-Oct-00 Cabrillo 600 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31176 11-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31177 11-Oct-00 Dockweiler 1300 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31178 11-Oct-00 El Segundo 500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31179 11-Oct-00 Hermosa 1600 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31180 11-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31181 11-Oct-00 Malibu 800 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31182 11-Oct-00 Manhattan 3400 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31183 11-Oct-00 Marina Del Rey 50 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31184 11-Oct-00 Nicholas Canyon 400 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31185 11-Oct-00 Pt. Dume County 800 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31186 11-Oct-00 Redondo 2500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31187 11-Oct-00 Santa Monica 3000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31188 11-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31189 11-Oct-00 Torrance 1500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31190 11-Oct-00 Venice 5000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31191 11-Oct-00 Will Rogers 1200 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31192 11-Oct-00 Zuma 1200 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31205 12-Oct-00 Cabrillo 1100 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31206 12-Oct-00 Corral 100 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31207 12-Oct-00 Dockweiler 900 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31208 12-Oct-00 El Segundo 700 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31209 12-Oct-00 Hermosa 1000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31210 12-Oct-00 Las Tunas 60 10 2000 200010 Fall Fall 2000 5 weekday LAFD
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31211 12-Oct-00 Malibu 500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31212 12-Oct-00 Manhattan 3900 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31213 12-Oct-00 Marina Del Rey 50 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31214 12-Oct-00 Nicholas Canyon 100 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31215 12-Oct-00 Pt. Dume County 300 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31216 12-Oct-00 Redondo 2900 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31217 12-Oct-00 Santa Monica 3500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31218 12-Oct-00 Topanga 1400 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31219 12-Oct-00 Torrance 2000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31220 12-Oct-00 Venice 5000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31221 12-Oct-00 Will Rogers 1100 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31222 12-Oct-00 Zuma 2000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31235 13-Oct-00 Cabrillo 1500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31236 13-Oct-00 Corral 500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31237 13-Oct-00 Dockweiler 900 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31238 13-Oct-00 El Segundo 600 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31239 13-Oct-00 Hermosa 1400 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31240 13-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31241 13-Oct-00 Malibu 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31242 13-Oct-00 Manhattan 4500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31243 13-Oct-00 Marina Del Rey 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31244 13-Oct-00 Nicholas Canyon 200 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31245 13-Oct-00 Pt. Dume County 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31246 13-Oct-00 Redondo 3400 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31247 13-Oct-00 Santa Monica 5000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31248 13-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31249 13-Oct-00 Torrance 2500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31250 13-Oct-00 Venice 6000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31251 13-Oct-00 Will Rogers 1750 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31252 13-Oct-00 Zuma 2200 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31265 14-Oct-00 Cabrillo 2000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31266 14-Oct-00 Corral 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31267 14-Oct-00 Dockweiler 4500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31268 14-Oct-00 El Segundo 1200 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31269 14-Oct-00 Hermosa 5000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31270 14-Oct-00 Las Tunas 200 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31271 14-Oct-00 Malibu 2500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31272 14-Oct-00 Manhattan 12500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31273 14-Oct-00 Marina Del Rey 1500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31274 14-Oct-00 Nicholas Canyon 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31275 14-Oct-00 Pt. Dume County 2000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31276 14-Oct-00 Redondo 7100 10 2000 200010 Fall Fall 2000 7 weekend LAFD
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31277 14-Oct-00 Santa Monica 18000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31278 14-Oct-00 Topanga 2500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31279 14-Oct-00 Torrance 4000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31280 14-Oct-00 Venice 20000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31281 14-Oct-00 Will Rogers 7000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31282 14-Oct-00 Zuma 5000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31295 15-Oct-00 Cabrillo 2000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31296 15-Oct-00 Corral 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31297 15-Oct-00 Dockweiler 6500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31298 15-Oct-00 El Segundo 2000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31299 15-Oct-00 Hermosa 5000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31300 15-Oct-00 Las Tunas 100 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31301 15-Oct-00 Malibu 3000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31302 15-Oct-00 Manhattan 11500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31303 15-Oct-00 Marina Del Rey 1500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31304 15-Oct-00 Nicholas Canyon 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31305 15-Oct-00 Pt. Dume County 2500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31306 15-Oct-00 Redondo 10000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31307 15-Oct-00 Santa Monica 18000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31308 15-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31309 15-Oct-00 Torrance 3000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31310 15-Oct-00 Venice 17000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31311 15-Oct-00 Will Rogers 5500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31312 15-Oct-00 Zuma 8000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31325 16-Oct-00 Cabrillo 500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31326 16-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31327 16-Oct-00 Dockweiler 2200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31328 16-Oct-00 El Segundo 500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31329 16-Oct-00 Hermosa 1200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31330 16-Oct-00 Las Tunas 75 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31331 16-Oct-00 Malibu 800 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31332 16-Oct-00 Manhattan 4000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31333 16-Oct-00 Marina Del Rey 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31334 16-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31335 16-Oct-00 Pt. Dume County 500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31336 16-Oct-00 Redondo 4000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31337 16-Oct-00 Santa Monica 2500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31338 16-Oct-00 Topanga 800 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31339 16-Oct-00 Torrance 1200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31340 16-Oct-00 Venice 5000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31341 16-Oct-00 Will Rogers 1700 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31342 16-Oct-00 Zuma 1100 10 2000 200010 Fall Fall 2000 2 weekday LAFD
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31355 17-Oct-00 Cabrillo 750 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31356 17-Oct-00 Corral 650 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31357 17-Oct-00 Dockweiler 1337 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31358 17-Oct-00 El Segundo 400 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31359 17-Oct-00 Hermosa 1100 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31360 17-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31361 17-Oct-00 Malibu 800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31362 17-Oct-00 Manhattan 2600 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31363 17-Oct-00 Marina Del Rey 25 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31364 17-Oct-00 Nicholas Canyon 100 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31365 17-Oct-00 Pt. Dume County 500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31366 17-Oct-00 Redondo 2900 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31367 17-Oct-00 Santa Monica 2500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31368 17-Oct-00 Topanga 800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31369 17-Oct-00 Torrance 1000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31370 17-Oct-00 Venice 5000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31371 17-Oct-00 Will Rogers 1250 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31372 17-Oct-00 Zuma 1200 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31385 18-Oct-00 Cabrillo 600 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31386 18-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31387 18-Oct-00 Dockweiler 800 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31388 18-Oct-00 El Segundo 300 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31389 18-Oct-00 Hermosa 1200 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31390 18-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31391 18-Oct-00 Malibu 800 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31392 18-Oct-00 Manhattan 2500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31393 18-Oct-00 Marina Del Rey 25 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31394 18-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31395 18-Oct-00 Pt. Dume County 500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31396 18-Oct-00 Redondo 2300 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31397 18-Oct-00 Santa Monica 2250 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31398 18-Oct-00 Topanga 800 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31399 18-Oct-00 Torrance 1500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31400 18-Oct-00 Venice 4000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31401 18-Oct-00 Will Rogers 1200 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31402 18-Oct-00 Zuma 1000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31415 19-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31416 19-Oct-00 Dockweiler 800 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31417 19-Oct-00 El Segundo 400 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31418 19-Oct-00 Hermosa 1200 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31419 19-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31420 19-Oct-00 Malibu 500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
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31421 19-Oct-00 Manhattan 2600 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31422 19-Oct-00 Marina Del Rey 50 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31423 19-Oct-00 Pt. Dume County 500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31424 19-Oct-00 Redondo 2500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31425 19-Oct-00 Santa Monica 3750 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31426 19-Oct-00 Topanga 500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31427 19-Oct-00 Torrance 1500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31428 19-Oct-00 Venice 4000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31429 19-Oct-00 Will Rogers 950 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31430 19-Oct-00 Zuma 1200 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31443 20-Oct-00 Cabrillo 800 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31444 20-Oct-00 Corral 35 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31445 20-Oct-00 Dockweiler 650 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31446 20-Oct-00 El Segundo 400 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31447 20-Oct-00 Hermosa 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31448 20-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31449 20-Oct-00 Malibu 500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31450 20-Oct-00 Manhattan 2000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31451 20-Oct-00 Marina Del Rey 100 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31452 20-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31453 20-Oct-00 Pt. Dume County 300 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31454 20-Oct-00 Redondo 2000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31455 20-Oct-00 Santa Monica 1500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31456 20-Oct-00 Topanga 500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31457 20-Oct-00 Torrance 1200 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31458 20-Oct-00 Venice 3000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31459 20-Oct-00 Will Rogers 450 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31460 20-Oct-00 Zuma 1500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31473 21-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31474 21-Oct-00 Corral 350 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31475 21-Oct-00 Dockweiler 2500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31476 21-Oct-00 El Segundo 1200 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31477 21-Oct-00 Hermosa 3000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31478 21-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31479 21-Oct-00 Malibu 600 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31480 21-Oct-00 Manhattan 8000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31481 21-Oct-00 Marina Del Rey 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31482 21-Oct-00 Nicholas Canyon 500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31483 21-Oct-00 Pt. Dume County 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31484 21-Oct-00 Redondo 6000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31485 21-Oct-00 Santa Monica 7500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31486 21-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
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31487 21-Oct-00 Torrance 3000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31488 21-Oct-00 Venice 6500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31489 21-Oct-00 Will Rogers 3700 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31490 21-Oct-00 Zuma 5000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31503 22-Oct-00 Cabrillo 2000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31504 22-Oct-00 Corral 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31505 22-Oct-00 Dockweiler 5000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31506 22-Oct-00 El Segundo 3500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31507 22-Oct-00 Hermosa 5000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31508 22-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31509 22-Oct-00 Malibu 4000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31510 22-Oct-00 Manhattan 26000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31511 22-Oct-00 Marina Del Rey 2500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31512 22-Oct-00 Nicholas Canyon 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31513 22-Oct-00 Pt. Dume County 1500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31514 22-Oct-00 Redondo 8500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31515 22-Oct-00 Santa Monica 23000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31516 22-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31517 22-Oct-00 Torrance 4000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31518 22-Oct-00 Venice 25000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31519 22-Oct-00 Will Rogers 6500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31520 22-Oct-00 Zuma 15000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31533 23-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31534 23-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31535 23-Oct-00 Dockweiler 2000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31536 23-Oct-00 El Segundo 800 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31537 23-Oct-00 Hermosa 1500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31538 23-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31539 23-Oct-00 Malibu 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31540 23-Oct-00 Manhattan 5600 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31541 23-Oct-00 Marina Del Rey 300 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31542 23-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31543 23-Oct-00 Pt. Dume County 500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31544 23-Oct-00 Redondo 4000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31545 23-Oct-00 Santa Monica 5500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31546 23-Oct-00 Topanga 800 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31547 23-Oct-00 Torrance 1500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31548 23-Oct-00 Venice 6000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31549 23-Oct-00 Will Rogers 1900 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31550 23-Oct-00 Zuma 1500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31563 24-Oct-00 Cabrillo 900 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31564 24-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 3 weekday LAFD
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31565 24-Oct-00 Dockweiler 2199 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31566 24-Oct-00 El Segundo 800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31567 24-Oct-00 Hermosa 2000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31568 24-Oct-00 Malibu 1000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31569 24-Oct-00 Manhattan 5000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31570 24-Oct-00 Marina Del Rey 300 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31571 24-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31572 24-Oct-00 Pt. Dume County 700 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31573 24-Oct-00 Redondo 2800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31574 24-Oct-00 Santa Monica 5000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31575 24-Oct-00 Topanga 750 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31576 24-Oct-00 Torrance 1000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31577 24-Oct-00 Venice 4500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31578 24-Oct-00 Will Rogers 1300 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31579 24-Oct-00 Zuma 2000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31592 25-Oct-00 Cabrillo 800 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31593 25-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31594 25-Oct-00 Dockweiler 1800 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31595 25-Oct-00 El Segundo 500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31596 25-Oct-00 Hermosa 1500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31597 25-Oct-00 Malibu 900 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31598 25-Oct-00 Manhattan 3600 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31599 25-Oct-00 Marina Del Rey 300 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31600 25-Oct-00 Nicholas Canyon 100 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31601 25-Oct-00 Pt. Dume County 600 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31602 25-Oct-00 Redondo 3000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31603 25-Oct-00 Santa Monica 5500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31604 25-Oct-00 Topanga 1500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31605 25-Oct-00 Torrance 1000 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31606 25-Oct-00 Venice 5500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31607 25-Oct-00 Will Rogers 1250 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31608 25-Oct-00 Zuma 1500 10 2000 200010 Fall Fall 2000 4 weekday LAFD
31621 26-Oct-00 Cabrillo 1000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31622 26-Oct-00 Corral 25 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31623 26-Oct-00 Dockweiler 1400 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31624 26-Oct-00 El Segundo 800 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31625 26-Oct-00 Hermosa 1100 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31626 26-Oct-00 Malibu 500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31627 26-Oct-00 Manhattan 2800 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31628 26-Oct-00 Marina Del Rey 50 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31629 26-Oct-00 Nicholas Canyon 30 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31630 26-Oct-00 Pt. Dume County 400 10 2000 200010 Fall Fall 2000 5 weekday LAFD
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31631 26-Oct-00 Redondo 2500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31632 26-Oct-00 Santa Monica 3250 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31633 26-Oct-00 Topanga 1000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31634 26-Oct-00 Torrance 800 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31635 26-Oct-00 Venice 3500 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31636 26-Oct-00 Will Rogers 600 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31637 26-Oct-00 Zuma 1000 10 2000 200010 Fall Fall 2000 5 weekday LAFD
31650 27-Oct-00 Cabrillo 800 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31651 27-Oct-00 Corral 25 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31652 27-Oct-00 Dockweiler 1200 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31653 27-Oct-00 El Segundo 700 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31654 27-Oct-00 Hermosa 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31655 27-Oct-00 Malibu 500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31656 27-Oct-00 Manhattan 4500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31657 27-Oct-00 Marina Del Rey 100 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31658 27-Oct-00 Nicholas Canyon 30 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31659 27-Oct-00 Pt. Dume County 300 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31660 27-Oct-00 Redondo 5000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31661 27-Oct-00 Santa Monica 4000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31662 27-Oct-00 Topanga 1500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31663 27-Oct-00 Torrance 1000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31664 27-Oct-00 Venice 4000 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31665 27-Oct-00 Will Rogers 700 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31666 27-Oct-00 Zuma 1500 10 2000 200010 Fall Fall 2000 6 weekday LAFD
31679 28-Oct-00 Cabrillo 1200 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31680 28-Oct-00 Corral 75 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31681 28-Oct-00 Dockweiler 3300 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31682 28-Oct-00 El Segundo 2000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31683 28-Oct-00 Hermosa 2000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31684 28-Oct-00 Las Tunas 50 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31685 28-Oct-00 Malibu 2000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31686 28-Oct-00 Manhattan 9500 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31687 28-Oct-00 Nicholas Canyon 400 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31688 28-Oct-00 Pt. Dume County 1000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31689 28-Oct-00 Redondo 5300 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31690 28-Oct-00 Santa Monica 9000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31691 28-Oct-00 Topanga 800 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31692 28-Oct-00 Torrance 3000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31693 28-Oct-00 Venice 8000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31694 28-Oct-00 Will Rogers 3200 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31695 28-Oct-00 Zuma 2000 10 2000 200010 Fall Fall 2000 7 weekend LAFD
31708 29-Oct-00 Cabrillo 500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
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31709 29-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31710 29-Oct-00 Dockweiler 1200 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31711 29-Oct-00 El Segundo 500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31712 29-Oct-00 Hermosa 2000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31713 29-Oct-00 Malibu 400 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31714 29-Oct-00 Manhattan 5000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31715 29-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31716 29-Oct-00 Pt. Dume County 250 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31717 29-Oct-00 Redondo 1500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31718 29-Oct-00 Santa Monica 6000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31719 29-Oct-00 Topanga 300 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31720 29-Oct-00 Torrance 1000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31721 29-Oct-00 Venice 3000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31722 29-Oct-00 Will Rogers 1500 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31723 29-Oct-00 Zuma 15000 10 2000 200010 Fall Fall 2000 1 weekend LAFD
31736 30-Oct-00 Cabrillo 500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31737 30-Oct-00 Corral 1 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31738 30-Oct-00 Dockweiler 1200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31739 30-Oct-00 El Segundo 500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31740 30-Oct-00 Hermosa 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31741 30-Oct-00 Malibu 400 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31742 30-Oct-00 Manhattan 3300 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31743 30-Oct-00 Nicholas Canyon 50 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31744 30-Oct-00 Pt. Dume County 200 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31745 30-Oct-00 Redondo 2000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31746 30-Oct-00 Santa Monica 3000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31747 30-Oct-00 Topanga 400 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31748 30-Oct-00 Torrance 1000 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31749 30-Oct-00 Venice 2700 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31750 30-Oct-00 Will Rogers 1300 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31751 30-Oct-00 Zuma 500 10 2000 200010 Fall Fall 2000 2 weekday LAFD
31764 31-Oct-00 Cabrillo 1100 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31765 31-Oct-00 Corral 50 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31766 31-Oct-00 Dockweiler 1000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31767 31-Oct-00 El Segundo 400 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31768 31-Oct-00 Hermosa 1200 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31769 31-Oct-00 Malibu 500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31770 31-Oct-00 Manhattan 3900 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31771 31-Oct-00 Marina Del Rey 100 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31772 31-Oct-00 Nicholas Canyon 75 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31773 31-Oct-00 Pt. Dume County 400 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31774 31-Oct-00 Redondo 1800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
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31775 31-Oct-00 Santa Monica 3000 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31776 31-Oct-00 Topanga 400 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31777 31-Oct-00 Torrance 800 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31778 31-Oct-00 Venice 3500 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31779 31-Oct-00 Will Rogers 1050 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31780 31-Oct-00 Zuma 1100 10 2000 200010 Fall Fall 2000 3 weekday LAFD
31793 01-Nov-00 Cabrillo 900 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31794 01-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31795 01-Nov-00 Dockweiler 1100 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31796 01-Nov-00 El Segundo 400 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31797 01-Nov-00 Hermosa 1000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31798 01-Nov-00 Malibu 500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31799 01-Nov-00 Manhattan 3200 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31800 01-Nov-00 Marina Del Rey 300 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31801 01-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31802 01-Nov-00 Pt. Dume County 400 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31803 01-Nov-00 Redondo 1400 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31804 01-Nov-00 Santa Monica 3000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31805 01-Nov-00 Topanga 400 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31806 01-Nov-00 Torrance 1000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31807 01-Nov-00 Venice 4000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31808 01-Nov-00 Will Rogers 1200 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31809 01-Nov-00 Zuma 1000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
31823 02-Nov-00 Cabrillo 1000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31824 02-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31825 02-Nov-00 Dockweiler 797 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31826 02-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31827 02-Nov-00 Hermosa 1200 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31828 02-Nov-00 Malibu 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31829 02-Nov-00 Manhattan 3700 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31830 02-Nov-00 Nicholas Canyon 100 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31831 02-Nov-00 Pt. Dume County 400 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31832 02-Nov-00 Redondo 1900 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31833 02-Nov-00 Santa Monica 3100 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31834 02-Nov-00 Topanga 400 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31835 02-Nov-00 Torrance 900 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31836 02-Nov-00 Venice 4000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31837 02-Nov-00 Will Rogers 1200 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31838 02-Nov-00 Zuma 2000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
31851 03-Nov-00 Cabrillo 2000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31852 03-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31853 03-Nov-00 Dockweiler 1200 11 2000 200011 Fall Fall 2000 6 weekday LAFD
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31854 03-Nov-00 El Segundo 451 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31855 03-Nov-00 Hermosa 1600 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31856 03-Nov-00 Las Tunas 100 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31857 03-Nov-00 Malibu 750 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31858 03-Nov-00 Manhattan 5000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31859 03-Nov-00 Marina Del Rey 100 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31860 03-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31861 03-Nov-00 Pt. Dume County 500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31862 03-Nov-00 Redondo 2600 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31863 03-Nov-00 Santa Monica 5000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31864 03-Nov-00 Topanga 500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31865 03-Nov-00 Torrance 1000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31866 03-Nov-00 Venice 4000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31867 03-Nov-00 Will Rogers 2400 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31868 03-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 6 weekday LAFD
31881 04-Nov-00 Cabrillo 1000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31882 04-Nov-00 Corral 100 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31883 04-Nov-00 Dockweiler 3000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31884 04-Nov-00 El Segundo 2000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31885 04-Nov-00 Hermosa 5000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31886 04-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31887 04-Nov-00 Malibu 2000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31888 04-Nov-00 Manhattan 13000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31889 04-Nov-00 Marina Del Rey 300 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31890 04-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31891 04-Nov-00 Pt. Dume County 1000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31892 04-Nov-00 Redondo 7000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31893 04-Nov-00 Santa Monica 12000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31894 04-Nov-00 Topanga 2000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31895 04-Nov-00 Torrance 6000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31896 04-Nov-00 Venice 21000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31897 04-Nov-00 Will Rogers 6000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31898 04-Nov-00 Zuma 12000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
31911 05-Nov-00 Cabrillo 1100 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31912 05-Nov-00 Corral 500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31913 05-Nov-00 Dockweiler 2100 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31914 05-Nov-00 El Segundo 1500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31915 05-Nov-00 Hermosa 6000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31916 05-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31917 05-Nov-00 Malibu 2500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31918 05-Nov-00 Manhattan 9000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31919 05-Nov-00 Marina Del Rey 500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
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31920 05-Nov-00 Nicholas Canyon 400 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31921 05-Nov-00 Pt. Dume County 600 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31922 05-Nov-00 Redondo 5000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31923 05-Nov-00 Santa Monica 14000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31924 05-Nov-00 Topanga 1700 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31925 05-Nov-00 Torrance 4000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31926 05-Nov-00 Venice 16500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31927 05-Nov-00 Will Rogers 3000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31928 05-Nov-00 Zuma 5000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
31941 06-Nov-00 Cabrillo 800 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31942 06-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31943 06-Nov-00 Dockweiler 1400 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31944 06-Nov-00 El Segundo 600 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31945 06-Nov-00 Hermosa 1200 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31946 06-Nov-00 Malibu 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31947 06-Nov-00 Manhattan 4000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31948 06-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31949 06-Nov-00 Pt. Dume County 300 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31950 06-Nov-00 Redondo 2000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31951 06-Nov-00 Santa Monica 3000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31952 06-Nov-00 Topanga 500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31953 06-Nov-00 Torrance 1500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31954 06-Nov-00 Venice 3800 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31955 06-Nov-00 Will Rogers 1300 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31956 06-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 2 weekday LAFD
31969 07-Nov-00 Cabrillo 1000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31970 07-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31971 07-Nov-00 Dockweiler 1200 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31972 07-Nov-00 El Segundo 400 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31973 07-Nov-00 Hermosa 1000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31974 07-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31975 07-Nov-00 Malibu 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31976 07-Nov-00 Manhattan 2600 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31977 07-Nov-00 Marina Del Rey 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31978 07-Nov-00 Nicholas Canyon 200 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31979 07-Nov-00 Pt. Dume County 300 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31980 07-Nov-00 Redondo 2200 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31981 07-Nov-00 Santa Monica 3000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31982 07-Nov-00 Topanga 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31983 07-Nov-00 Torrance 1000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31984 07-Nov-00 Venice 3500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31985 07-Nov-00 Will Rogers 1100 11 2000 200011 Fall Fall 2000 3 weekday LAFD
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31986 07-Nov-00 Zuma 1200 11 2000 200011 Fall Fall 2000 3 weekday LAFD
31999 08-Nov-00 Cabrillo 1500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32000 08-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32001 08-Nov-00 Dockweiler 1100 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32002 08-Nov-00 El Segundo 800 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32003 08-Nov-00 Hermosa 1100 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32004 08-Nov-00 Malibu 500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32005 08-Nov-00 Manhattan 2900 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32006 08-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32007 08-Nov-00 Pt. Dume County 300 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32008 08-Nov-00 Redondo 2050 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32009 08-Nov-00 Santa Monica 3200 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32010 08-Nov-00 Topanga 300 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32011 08-Nov-00 Torrance 900 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32012 08-Nov-00 Venice 4000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32013 08-Nov-00 Will Rogers 1150 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32014 08-Nov-00 Zuma 800 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32027 09-Nov-00 Cabrillo 1200 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32028 09-Nov-00 Corral 25 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32029 09-Nov-00 Dockweiler 1100 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32030 09-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32031 09-Nov-00 Hermosa 900 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32032 09-Nov-00 Malibu 400 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32033 09-Nov-00 Manhattan 2600 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32034 09-Nov-00 Marina Del Rey 25 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32035 09-Nov-00 Nicholas Canyon 30 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32036 09-Nov-00 Pt. Dume County 300 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32037 09-Nov-00 Redondo 1400 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32038 09-Nov-00 Santa Monica 2800 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32039 09-Nov-00 Topanga 300 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32040 09-Nov-00 Torrance 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32041 09-Nov-00 Venice 3000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32042 09-Nov-00 Will Rogers 1150 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32043 09-Nov-00 Zuma 400 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32056 10-Nov-00 Cabrillo 1500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32057 10-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32058 10-Nov-00 Dockweiler 1050 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32059 10-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32060 10-Nov-00 Hermosa 1200 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32061 10-Nov-00 Malibu 500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32062 10-Nov-00 Manhattan 2300 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32063 10-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
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32064 10-Nov-00 Pt. Dume County 500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32065 10-Nov-00 Redondo 2600 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32066 10-Nov-00 Santa Monica 2000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32067 10-Nov-00 Topanga 250 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32068 10-Nov-00 Torrance 1000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32069 10-Nov-00 Venice 3000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32070 10-Nov-00 Will Rogers 1200 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32071 10-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32084 11-Nov-00 Cabrillo 2000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32085 11-Nov-00 Corral 600 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32086 11-Nov-00 Dockweiler 1600 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32087 11-Nov-00 El Segundo 1000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32088 11-Nov-00 Hermosa 6000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32089 11-Nov-00 Malibu 2000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32090 11-Nov-00 Manhattan 8400 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32091 11-Nov-00 Marina Del Rey 400 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32092 11-Nov-00 Nicholas Canyon 200 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32093 11-Nov-00 Pt. Dume County 1000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32094 11-Nov-00 Redondo 7400 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32095 11-Nov-00 Santa Monica 6000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32096 11-Nov-00 Topanga 500 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32097 11-Nov-00 Torrance 3000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32098 11-Nov-00 Venice 6000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32099 11-Nov-00 Will Rogers 3250 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32100 11-Nov-00 Zuma 8000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32113 12-Nov-00 Cabrillo 2000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32114 12-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32115 12-Nov-00 Dockweiler 2800 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32116 12-Nov-00 El Segundo 1200 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32117 12-Nov-00 Hermosa 5000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32118 12-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32119 12-Nov-00 Malibu 2000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32120 12-Nov-00 Manhattan 7200 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32121 12-Nov-00 Marina Del Rey 300 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32122 12-Nov-00 Nicholas Canyon 150 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32123 12-Nov-00 Pt. Dume County 1200 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32124 12-Nov-00 Redondo 6500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32125 12-Nov-00 Santa Monica 10000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32126 12-Nov-00 Topanga 1000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32127 12-Nov-00 Torrance 2500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32128 12-Nov-00 Venice 13000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32129 12-Nov-00 Will Rogers 4000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
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32130 12-Nov-00 Zuma 6000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32143 13-Nov-00 Cabrillo 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32144 13-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32145 13-Nov-00 Dockweiler 1100 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32146 13-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32147 13-Nov-00 Hermosa 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32148 13-Nov-00 Malibu 700 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32149 13-Nov-00 Manhattan 4500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32150 13-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32151 13-Nov-00 Pt. Dume County 450 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32152 13-Nov-00 Redondo 2300 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32153 13-Nov-00 Santa Monica 3200 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32154 13-Nov-00 Topanga 400 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32155 13-Nov-00 Torrance 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32156 13-Nov-00 Venice 3500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32157 13-Nov-00 Will Rogers 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32158 13-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32171 14-Nov-00 Cabrillo 800 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32172 14-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32173 14-Nov-00 Dockweiler 1150 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32174 14-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32175 14-Nov-00 Hermosa 900 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32176 14-Nov-00 Malibu 800 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32177 14-Nov-00 Manhattan 3400 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32178 14-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32179 14-Nov-00 Pt. Dume County 600 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32180 14-Nov-00 Redondo 2000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32181 14-Nov-00 Santa Monica 3100 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32182 14-Nov-00 Topanga 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32183 14-Nov-00 Torrance 900 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32184 14-Nov-00 Venice 2700 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32185 14-Nov-00 Will Rogers 950 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32186 14-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32199 15-Nov-00 Cabrillo 800 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32200 15-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32201 15-Nov-00 Dockweiler 1200 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32202 15-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32203 15-Nov-00 Hermosa 1200 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32204 15-Nov-00 Malibu 750 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32205 15-Nov-00 Manhattan 3700 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32206 15-Nov-00 Marina Del Rey 25 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32207 15-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 4 weekday LAFD
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32208 15-Nov-00 Pt. Dume County 300 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32209 15-Nov-00 Redondo 1800 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32210 15-Nov-00 Santa Monica 3100 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32211 15-Nov-00 Topanga 400 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32212 15-Nov-00 Torrance 800 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32213 15-Nov-00 Venice 3500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32214 15-Nov-00 Will Rogers 900 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32215 15-Nov-00 Zuma 1000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32228 16-Nov-00 Cabrillo 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32229 16-Nov-00 Corral 25 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32230 16-Nov-00 Dockweiler 1050 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32231 16-Nov-00 El Segundo 300 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32232 16-Nov-00 Hermosa 1000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32233 16-Nov-00 Las Tunas 15 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32234 16-Nov-00 Malibu 400 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32235 16-Nov-00 Manhattan 3100 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32236 16-Nov-00 Marina Del Rey 25 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32237 16-Nov-00 Nicholas Canyon 35 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32238 16-Nov-00 Pt. Dume County 1000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32239 16-Nov-00 Redondo 2500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32240 16-Nov-00 Santa Monica 3300 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32241 16-Nov-00 Topanga 300 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32242 16-Nov-00 Torrance 800 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32243 16-Nov-00 Venice 3000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32244 16-Nov-00 Will Rogers 900 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32245 16-Nov-00 Zuma 900 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32258 17-Nov-00 Cabrillo 500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32259 17-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32260 17-Nov-00 Dockweiler 1600 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32261 17-Nov-00 El Segundo 300 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32262 17-Nov-00 Hermosa 1400 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32263 17-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32264 17-Nov-00 Malibu 600 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32265 17-Nov-00 Manhattan 4900 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32266 17-Nov-00 Marina Del Rey 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32267 17-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32268 17-Nov-00 Pt. Dume County 900 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32269 17-Nov-00 Redondo 2300 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32270 17-Nov-00 Santa Monica 4200 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32271 17-Nov-00 Topanga 300 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32272 17-Nov-00 Torrance 900 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32273 17-Nov-00 Venice 4300 11 2000 200011 Fall Fall 2000 6 weekday LAFD
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32274 17-Nov-00 Will Rogers 1200 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32275 17-Nov-00 Zuma 700 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32288 18-Nov-00 Cabrillo 500 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32289 18-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32290 18-Nov-00 Dockweiler 4500 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32291 18-Nov-00 El Segundo 600 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32292 18-Nov-00 Hermosa 3500 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32293 18-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32294 18-Nov-00 Malibu 2000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32295 18-Nov-00 Manhattan 7500 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32296 18-Nov-00 Marina Del Rey 50 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32297 18-Nov-00 Nicholas Canyon 30 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32298 18-Nov-00 Pt. Dume County 2000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32299 18-Nov-00 Redondo 8500 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32300 18-Nov-00 Santa Monica 10000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32301 18-Nov-00 Topanga 750 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32302 18-Nov-00 Torrance 2800 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32303 18-Nov-00 Venice 12000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32304 18-Nov-00 Will Rogers 3500 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32305 18-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32318 19-Nov-00 Cabrillo 1800 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32319 19-Nov-00 Corral 100 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32320 19-Nov-00 Dockweiler 7000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32321 19-Nov-00 El Segundo 1200 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32322 19-Nov-00 Hermosa 5000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32323 19-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32324 19-Nov-00 Malibu 2000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32325 19-Nov-00 Manhattan 9000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32326 19-Nov-00 Marina Del Rey 400 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32327 19-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32328 19-Nov-00 Pt. Dume County 1700 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32329 19-Nov-00 Redondo 8000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32330 19-Nov-00 Santa Monica 17000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32331 19-Nov-00 Topanga 500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32332 19-Nov-00 Torrance 7000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32333 19-Nov-00 Venice 26000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32334 19-Nov-00 Will Rogers 6000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32335 19-Nov-00 Zuma 8000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32348 20-Nov-00 Cabrillo 600 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32349 20-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32350 20-Nov-00 Dockweiler 1300 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32351 20-Nov-00 El Segundo 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
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32352 20-Nov-00 Hermosa 1500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32353 20-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32354 20-Nov-00 Malibu 400 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32355 20-Nov-00 Manhattan 3000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32356 20-Nov-00 Nicholas Canyon 150 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32357 20-Nov-00 Pt. Dume County 2000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32358 20-Nov-00 Redondo 2300 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32359 20-Nov-00 Santa Monica 3700 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32360 20-Nov-00 Topanga 300 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32361 20-Nov-00 Torrance 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32362 20-Nov-00 Venice 3500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32363 20-Nov-00 Will Rogers 900 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32364 20-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32377 21-Nov-00 Cabrillo 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32378 21-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32379 21-Nov-00 Dockweiler 1000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32380 21-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32381 21-Nov-00 Hermosa 1500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32382 21-Nov-00 Las Tunas 100 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32383 21-Nov-00 Malibu 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32384 21-Nov-00 Manhattan 4800 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32385 21-Nov-00 Marina Del Rey 100 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32386 21-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32387 21-Nov-00 Pt. Dume County 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32388 21-Nov-00 Redondo 2800 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32389 21-Nov-00 Santa Monica 3700 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32390 21-Nov-00 Topanga 700 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32391 21-Nov-00 Torrance 900 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32392 21-Nov-00 Venice 4000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32393 21-Nov-00 Will Rogers 1050 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32394 21-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32407 22-Nov-00 Cabrillo 700 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32408 22-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32409 22-Nov-00 Dockweiler 1100 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32410 22-Nov-00 El Segundo 700 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32411 22-Nov-00 Hermosa 2500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32412 22-Nov-00 Las Tunas 100 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32413 22-Nov-00 Malibu 500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32414 22-Nov-00 Manhattan 5000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32415 22-Nov-00 Marina Del Rey 100 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32416 22-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32417 22-Nov-00 Pt. Dume County 500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
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32418 22-Nov-00 Redondo 3200 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32419 22-Nov-00 Santa Monica 4500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32420 22-Nov-00 Topanga 600 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32421 22-Nov-00 Torrance 1000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32422 22-Nov-00 Venice 4000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32423 22-Nov-00 Will Rogers 1000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32424 22-Nov-00 Zuma 1000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32437 23-Nov-00 Cabrillo 1500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32438 23-Nov-00 Corral 100 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32439 23-Nov-00 Dockweiler 3500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32440 23-Nov-00 El Segundo 600 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32441 23-Nov-00 Hermosa 5000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32442 23-Nov-00 Malibu 700 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32443 23-Nov-00 Manhattan 9500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32444 23-Nov-00 Marina Del Rey 400 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32445 23-Nov-00 Nicholas Canyon 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32446 23-Nov-00 Pt. Dume County 1200 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32447 23-Nov-00 Redondo 9000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32448 23-Nov-00 Santa Monica 11500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32449 23-Nov-00 Topanga 1000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32450 23-Nov-00 Torrance 3000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32451 23-Nov-00 Venice 11500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32452 23-Nov-00 Will Rogers 4900 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32453 23-Nov-00 Zuma 5000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32466 24-Nov-00 Cabrillo 1800 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32467 24-Nov-00 Corral 1100 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32468 24-Nov-00 Dockweiler 2800 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32469 24-Nov-00 El Segundo 1000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32470 24-Nov-00 Hermosa 5000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32471 24-Nov-00 Las Tunas 50 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32472 24-Nov-00 Malibu 2500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32473 24-Nov-00 Manhattan 9500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32474 24-Nov-00 Marina Del Rey 500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32475 24-Nov-00 Nicholas Canyon 700 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32476 24-Nov-00 Pt. Dume County 1500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32477 24-Nov-00 Redondo 7500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32478 24-Nov-00 Santa Monica 9500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32479 24-Nov-00 Topanga 1000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32480 24-Nov-00 Torrance 4000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32481 24-Nov-00 Venice 11500 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32482 24-Nov-00 Will Rogers 6000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
32483 24-Nov-00 Zuma 3000 11 2000 200011 Fall Fall 2000 6 weekday LAFD
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32496 25-Nov-00 Cabrillo 2000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32497 25-Nov-00 Corral 1150 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32498 25-Nov-00 Dockweiler 2700 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32499 25-Nov-00 El Segundo 1600 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32500 25-Nov-00 Hermosa 7000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32501 25-Nov-00 Malibu 3000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32502 25-Nov-00 Manhattan 11000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32503 25-Nov-00 Marina Del Rey 500 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32504 25-Nov-00 Nicholas Canyon 1000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32505 25-Nov-00 Pt. Dume County 1000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32506 25-Nov-00 Redondo 13000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32507 25-Nov-00 Santa Monica 15000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32508 25-Nov-00 Topanga 1000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32509 25-Nov-00 Torrance 6000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32510 25-Nov-00 Venice 15000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32511 25-Nov-00 Will Rogers 8400 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32512 25-Nov-00 Zuma 12000 11 2000 200011 Fall Fall 2000 7 weekend LAFD
32525 26-Nov-00 Cabrillo 2000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32526 26-Nov-00 Corral 1000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32527 26-Nov-00 Dockweiler 3200 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32528 26-Nov-00 El Segundo 1500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32529 26-Nov-00 Hermosa 6000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32530 26-Nov-00 Malibu 3500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32531 26-Nov-00 Manhattan 9000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32532 26-Nov-00 Marina Del Rey 400 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32533 26-Nov-00 Nicholas Canyon 1000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32534 26-Nov-00 Pt. Dume County 600 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32535 26-Nov-00 Redondo 7000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32536 26-Nov-00 Santa Monica 18000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32537 26-Nov-00 Topanga 1500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32538 26-Nov-00 Torrance 3000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32539 26-Nov-00 Venice 28000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32540 26-Nov-00 Will Rogers 8500 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32541 26-Nov-00 Zuma 10000 11 2000 200011 Fall Fall 2000 1 weekend LAFD
32554 27-Nov-00 Cabrillo 500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32555 27-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32556 27-Nov-00 Dockweiler 600 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32557 27-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32558 27-Nov-00 Hermosa 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32559 27-Nov-00 Malibu 600 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32560 27-Nov-00 Manhattan 2600 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32561 27-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 2 weekday LAFD

RB-AR44311



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
32562 27-Nov-00 Pt. Dume County 300 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32563 27-Nov-00 Redondo 1700 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32564 27-Nov-00 Santa Monica 4000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32565 27-Nov-00 Topanga 500 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32566 27-Nov-00 Torrance 700 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32567 27-Nov-00 Venice 3000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32568 27-Nov-00 Will Rogers 1000 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32569 27-Nov-00 Zuma 1100 11 2000 200011 Fall Fall 2000 2 weekday LAFD
32582 28-Nov-00 Cabrillo 600 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32583 28-Nov-00 Corral 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32584 28-Nov-00 Dockweiler 1050 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32585 28-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32586 28-Nov-00 Hermosa 1000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32587 28-Nov-00 Las Tunas 20 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32588 28-Nov-00 Malibu 500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32589 28-Nov-00 Manhattan 2600 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32590 28-Nov-00 Marina Del Rey 20 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32591 28-Nov-00 Nicholas Canyon 50 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32592 28-Nov-00 Pt. Dume County 300 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32593 28-Nov-00 Redondo 2000 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32594 28-Nov-00 Santa Monica 3800 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32595 28-Nov-00 Topanga 400 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32596 28-Nov-00 Torrance 700 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32597 28-Nov-00 Venice 3500 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32598 28-Nov-00 Will Rogers 8250 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32599 28-Nov-00 Zuma 1300 11 2000 200011 Fall Fall 2000 3 weekday LAFD
32612 29-Nov-00 Cabrillo 500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32613 29-Nov-00 Corral 25 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32614 29-Nov-00 Dockweiler 975 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32615 29-Nov-00 El Segundo 600 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32616 29-Nov-00 Hermosa 800 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32617 29-Nov-00 Malibu 400 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32618 29-Nov-00 Manhattan 2300 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32619 29-Nov-00 Nicholas Canyon 30 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32620 29-Nov-00 Pt. Dume County 300 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32621 29-Nov-00 Redondo 1800 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32622 29-Nov-00 Santa Monica 3500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32623 29-Nov-00 Topanga 300 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32624 29-Nov-00 Torrance 500 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32625 29-Nov-00 Venice 3000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32626 29-Nov-00 Will Rogers 950 11 2000 200011 Fall Fall 2000 4 weekday LAFD
32627 29-Nov-00 Zuma 1000 11 2000 200011 Fall Fall 2000 4 weekday LAFD
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32640 30-Nov-00 Cabrillo 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32641 30-Nov-00 Corral 25 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32642 30-Nov-00 Dockweiler 1050 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32643 30-Nov-00 El Segundo 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32644 30-Nov-00 Hermosa 1000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32645 30-Nov-00 Malibu 600 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32646 30-Nov-00 Manhattan 2950 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32647 30-Nov-00 Nicholas Canyon 40 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32648 30-Nov-00 Pt. Dume County 400 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32649 30-Nov-00 Redondo 1700 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32650 30-Nov-00 Santa Monica 3500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32651 30-Nov-00 Topanga 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32652 30-Nov-00 Torrance 500 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32653 30-Nov-00 Venice 3000 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32654 30-Nov-00 Will Rogers 950 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32655 30-Nov-00 Zuma 700 11 2000 200011 Fall Fall 2000 5 weekday LAFD
32668 01-Dec-00 Cabrillo 600 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32669 01-Dec-00 Corral 25 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32670 01-Dec-00 Dockweiler 900 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32671 01-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32672 01-Dec-00 Hermosa 1000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32673 01-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32674 01-Dec-00 Malibu 450 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32675 01-Dec-00 Manhattan 1400 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32676 01-Dec-00 Marina Del Rey 50 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32677 01-Dec-00 Nicholas Canyon 700 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32678 01-Dec-00 Pt. Dume County 200 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32679 01-Dec-00 Redondo 1100 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32680 01-Dec-00 Santa Monica 1900 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32681 01-Dec-00 Topanga 700 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32682 01-Dec-00 Torrance 400 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32683 01-Dec-00 Venice 2500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32684 01-Dec-00 Will Rogers 700 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32685 01-Dec-00 Zuma 1100 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32699 02-Dec-00 Cabrillo 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32700 02-Dec-00 Corral 100 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32701 02-Dec-00 Dockweiler 3000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32702 02-Dec-00 El Segundo 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32703 02-Dec-00 Hermosa 8000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32704 02-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32705 02-Dec-00 Malibu 750 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32706 02-Dec-00 Manhattan 11500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
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32707 02-Dec-00 Marina Del Rey 50 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32708 02-Dec-00 Nicholas Canyon 500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32709 02-Dec-00 Pt. Dume County 800 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32710 02-Dec-00 Redondo 4800 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32711 02-Dec-00 Santa Monica 8000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32712 02-Dec-00 Topanga 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32713 02-Dec-00 Torrance 4500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32714 02-Dec-00 Venice 12000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32715 02-Dec-00 Will Rogers 5200 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32716 02-Dec-00 Zuma 5000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32729 03-Dec-00 Cabrillo 2500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32730 03-Dec-00 Corral 900 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32731 03-Dec-00 Dockweiler 4400 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32732 03-Dec-00 El Segundo 1200 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32733 03-Dec-00 Hermosa 8000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32734 03-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32735 03-Dec-00 Malibu 1700 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32736 03-Dec-00 Manhattan 11500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32737 03-Dec-00 Marina Del Rey 50 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32738 03-Dec-00 Nicholas Canyon 200 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32739 03-Dec-00 Pt. Dume County 800 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32740 03-Dec-00 Redondo 5000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32741 03-Dec-00 Santa Monica 8000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32742 03-Dec-00 Topanga 2000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32743 03-Dec-00 Torrance 5000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32744 03-Dec-00 Venice 18500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32745 03-Dec-00 Will Rogers 6200 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32746 03-Dec-00 Zuma 6000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32759 04-Dec-00 Cabrillo 1000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32760 04-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32761 04-Dec-00 Dockweiler 900 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32762 04-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32763 04-Dec-00 Hermosa 1100 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32764 04-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32765 04-Dec-00 Malibu 400 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32766 04-Dec-00 Manhattan 3200 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32767 04-Dec-00 Marina Del Rey 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32768 04-Dec-00 Nicholas Canyon 150 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32769 04-Dec-00 Pt. Dume County 115 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32770 04-Dec-00 Redondo 1100 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32771 04-Dec-00 Santa Monica 1700 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32772 04-Dec-00 Topanga 500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
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32773 04-Dec-00 Torrance 500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32774 04-Dec-00 Venice 2500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32775 04-Dec-00 Will Rogers 900 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32776 04-Dec-00 Zuma 1100 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32789 05-Dec-00 Cabrillo 500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32790 05-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32791 05-Dec-00 Dockweiler 1500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32792 05-Dec-00 El Segundo 600 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32793 05-Dec-00 Hermosa 1700 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32794 05-Dec-00 Las Tunas 100 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32795 05-Dec-00 Malibu 1000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32796 05-Dec-00 Manhattan 2600 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32797 05-Dec-00 Marina Del Rey 100 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32798 05-Dec-00 Nicholas Canyon 400 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32799 05-Dec-00 Pt. Dume County 200 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32800 05-Dec-00 Redondo 2200 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32801 05-Dec-00 Santa Monica 3000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32802 05-Dec-00 Topanga 1500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32803 05-Dec-00 Torrance 400 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32804 05-Dec-00 Venice 4800 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32805 05-Dec-00 Will Rogers 1000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32806 05-Dec-00 Zuma 1000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32819 06-Dec-00 Cabrillo 500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32820 06-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32821 06-Dec-00 Dockweiler 1100 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32822 06-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32823 06-Dec-00 Hermosa 900 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32824 06-Dec-00 Las Tunas 25 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32825 06-Dec-00 Malibu 300 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32826 06-Dec-00 Manhattan 2400 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32827 06-Dec-00 Marina Del Rey 25 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32828 06-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32829 06-Dec-00 Pt. Dume County 100 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32830 06-Dec-00 Redondo 1600 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32831 06-Dec-00 Santa Monica 1500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32832 06-Dec-00 Topanga 400 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32833 06-Dec-00 Torrance 300 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32834 06-Dec-00 Venice 2000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32835 06-Dec-00 Will Rogers 600 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32836 06-Dec-00 Zuma 500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
32849 07-Dec-00 Cabrillo 700 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32850 07-Dec-00 Corral 25 12 2000 200012 Winter Winter 2000 5 weekday LAFD
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32851 07-Dec-00 Dockweiler 1200 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32852 07-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32853 07-Dec-00 Hermosa 1200 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32854 07-Dec-00 Las Tunas 350 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32855 07-Dec-00 Malibu 300 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32856 07-Dec-00 Manhattan 1900 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32857 07-Dec-00 Nicholas Canyon 30 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32858 07-Dec-00 Pt. Dume County 250 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32859 07-Dec-00 Redondo 1500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32860 07-Dec-00 Santa Monica 3200 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32861 07-Dec-00 Topanga 200 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32862 07-Dec-00 Torrance 400 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32863 07-Dec-00 Venice 4000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32864 07-Dec-00 Will Rogers 925 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32865 07-Dec-00 Zuma 800 12 2000 200012 Winter Winter 2000 5 weekday LAFD
32878 08-Dec-00 Cabrillo 400 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32879 08-Dec-00 Corral 25 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32880 08-Dec-00 Dockweiler 1150 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32881 08-Dec-00 El Segundo 600 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32882 08-Dec-00 Hermosa 900 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32883 08-Dec-00 Las Tunas 25 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32884 08-Dec-00 Malibu 250 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32885 08-Dec-00 Manhattan 2400 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32886 08-Dec-00 Marina Del Rey 25 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32887 08-Dec-00 Nicholas Canyon 25 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32888 08-Dec-00 Pt. Dume County 100 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32889 08-Dec-00 Redondo 1100 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32890 08-Dec-00 Santa Monica 2000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32891 08-Dec-00 Topanga 250 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32892 08-Dec-00 Torrance 300 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32893 08-Dec-00 Venice 2000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32894 08-Dec-00 Will Rogers 850 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32895 08-Dec-00 Zuma 800 12 2000 200012 Winter Winter 2000 6 weekday LAFD
32908 09-Dec-00 Cabrillo 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32909 09-Dec-00 Corral 25 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32910 09-Dec-00 Dockweiler 2700 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32911 09-Dec-00 El Segundo 1200 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32912 09-Dec-00 Hermosa 4000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32913 09-Dec-00 Malibu 1600 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32914 09-Dec-00 Manhattan 9800 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32915 09-Dec-00 Marina Del Rey 50 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32916 09-Dec-00 Nicholas Canyon 25 12 2000 200012 Winter Winter 2000 7 weekend LAFD

RB-AR44316



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
32917 09-Dec-00 Pt. Dume County 700 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32918 09-Dec-00 Redondo 2200 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32919 09-Dec-00 Santa Monica 7500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32920 09-Dec-00 Topanga 750 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32921 09-Dec-00 Torrance 1500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32922 09-Dec-00 Venice 7000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32923 09-Dec-00 Will Rogers 1100 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32924 09-Dec-00 Zuma 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
32937 10-Dec-00 Cabrillo 2500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32938 10-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32939 10-Dec-00 Dockweiler 2500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32940 10-Dec-00 El Segundo 600 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32941 10-Dec-00 Hermosa 5000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32942 10-Dec-00 Las Tunas 100 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32943 10-Dec-00 Malibu 1500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32944 10-Dec-00 Manhattan 10200 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32945 10-Dec-00 Marina Del Rey 200 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32946 10-Dec-00 Nicholas Canyon 100 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32947 10-Dec-00 Pt. Dume County 500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32948 10-Dec-00 Redondo 2700 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32949 10-Dec-00 Santa Monica 7000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32950 10-Dec-00 Topanga 750 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32951 10-Dec-00 Torrance 2500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32952 10-Dec-00 Venice 9000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32953 10-Dec-00 Will Rogers 2800 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32954 10-Dec-00 Zuma 2000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
32967 11-Dec-00 Cabrillo 1200 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32968 11-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32969 11-Dec-00 Dockweiler 1000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32970 11-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32971 11-Dec-00 Hermosa 2000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32972 11-Dec-00 Malibu 300 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32973 11-Dec-00 Manhattan 2300 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32974 11-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32975 11-Dec-00 Pt. Dume County 200 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32976 11-Dec-00 Redondo 1200 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32977 11-Dec-00 Santa Monica 2500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32978 11-Dec-00 Topanga 200 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32979 11-Dec-00 Torrance 700 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32980 11-Dec-00 Venice 2000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32981 11-Dec-00 Will Rogers 600 12 2000 200012 Winter Winter 2000 2 weekday LAFD
32982 11-Dec-00 Zuma 800 12 2000 200012 Winter Winter 2000 2 weekday LAFD
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32995 12-Dec-00 Cabrillo 800 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32996 12-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32997 12-Dec-00 Dockweiler 900 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32998 12-Dec-00 El Segundo 300 12 2000 200012 Winter Winter 2000 3 weekday LAFD
32999 12-Dec-00 Hermosa 1500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33000 12-Dec-00 Las Tunas 25 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33001 12-Dec-00 Malibu 400 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33002 12-Dec-00 Manhattan 1800 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33003 12-Dec-00 Marina Del Rey 50 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33004 12-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33005 12-Dec-00 Pt. Dume County 200 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33006 12-Dec-00 Redondo 1200 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33007 12-Dec-00 Santa Monica 2000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33008 12-Dec-00 Topanga 200 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33009 12-Dec-00 Torrance 500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33010 12-Dec-00 Venice 2000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33011 12-Dec-00 Will Rogers 850 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33012 12-Dec-00 Zuma 300 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33025 13-Dec-00 Cabrillo 600 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33026 13-Dec-00 Corral 25 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33027 13-Dec-00 Dockweiler 1100 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33028 13-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33029 13-Dec-00 Hermosa 1500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33030 13-Dec-00 Malibu 300 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33031 13-Dec-00 Manhattan 4250 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33032 13-Dec-00 Nicholas Canyon 25 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33033 13-Dec-00 Pt. Dume County 300 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33034 13-Dec-00 Redondo 1700 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33035 13-Dec-00 Santa Monica 2700 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33036 13-Dec-00 Topanga 300 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33037 13-Dec-00 Torrance 600 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33038 13-Dec-00 Venice 2500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33039 13-Dec-00 Will Rogers 625 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33040 13-Dec-00 Zuma 500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33053 14-Dec-00 Cabrillo 600 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33054 14-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33055 14-Dec-00 Dockweiler 1100 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33056 14-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33057 14-Dec-00 Hermosa 1300 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33058 14-Dec-00 Malibu 300 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33059 14-Dec-00 Manhattan 3400 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33060 14-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 5 weekday LAFD
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33061 14-Dec-00 Pt. Dume County 100 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33062 14-Dec-00 Redondo 1400 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33063 14-Dec-00 Santa Monica 2700 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33064 14-Dec-00 Topanga 300 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33065 14-Dec-00 Torrance 500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33066 14-Dec-00 Venice 3000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33067 14-Dec-00 Will Rogers 540 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33068 14-Dec-00 Zuma 300 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33081 15-Dec-00 Cabrillo 500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33082 15-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33083 15-Dec-00 Dockweiler 1050 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33084 15-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33085 15-Dec-00 Hermosa 1700 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33086 15-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33087 15-Dec-00 Malibu 300 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33088 15-Dec-00 Manhattan 4800 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33089 15-Dec-00 Marina Del Rey 50 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33090 15-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33091 15-Dec-00 Pt. Dume County 200 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33092 15-Dec-00 Redondo 1900 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33093 15-Dec-00 Santa Monica 3900 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33094 15-Dec-00 Topanga 350 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33095 15-Dec-00 Torrance 700 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33096 15-Dec-00 Venice 4000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33097 15-Dec-00 Will Rogers 850 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33098 15-Dec-00 Zuma 1200 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33111 16-Dec-00 Cabrillo 1800 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33112 16-Dec-00 Corral 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33113 16-Dec-00 Dockweiler 2200 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33114 16-Dec-00 El Segundo 1100 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33115 16-Dec-00 Hermosa 6500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33116 16-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33117 16-Dec-00 Malibu 2000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33118 16-Dec-00 Manhattan 13700 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33119 16-Dec-00 Marina Del Rey 100 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33120 16-Dec-00 Nicholas Canyon 400 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33121 16-Dec-00 Pt. Dume County 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33122 16-Dec-00 Redondo 5500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33123 16-Dec-00 Santa Monica 15000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33124 16-Dec-00 Topanga 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33125 16-Dec-00 Torrance 3000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33126 16-Dec-00 Venice 11000 12 2000 200012 Winter Winter 2000 7 weekend LAFD

RB-AR44319



Beach Attendance Data

ID Date USC Beach Attendance Month Year Month/Year Season Season2 Weekday Day/End Source
33127 16-Dec-00 Will Rogers 2300 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33128 16-Dec-00 Zuma 10000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33141 17-Dec-00 Cabrillo 2500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33142 17-Dec-00 Corral 700 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33143 17-Dec-00 Dockweiler 4000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33144 17-Dec-00 El Segundo 1800 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33145 17-Dec-00 Hermosa 8500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33146 17-Dec-00 Las Tunas 80 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33147 17-Dec-00 Malibu 3000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33148 17-Dec-00 Manhattan 16000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33149 17-Dec-00 Nicholas Canyon 400 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33150 17-Dec-00 Pt. Dume County 2500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33151 17-Dec-00 Redondo 7500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33152 17-Dec-00 Santa Monica 20000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33153 17-Dec-00 Topanga 1500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33154 17-Dec-00 Torrance 3000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33155 17-Dec-00 Venice 28000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33156 17-Dec-00 Will Rogers 6400 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33157 17-Dec-00 Zuma 13000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33170 18-Dec-00 Cabrillo 500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33171 18-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33172 18-Dec-00 Dockweiler 1500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33173 18-Dec-00 El Segundo 800 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33174 18-Dec-00 Hermosa 3500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33175 18-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33176 18-Dec-00 Malibu 400 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33177 18-Dec-00 Manhattan 10200 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33178 18-Dec-00 Marina Del Rey 25 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33179 18-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33180 18-Dec-00 Pt. Dume County 400 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33181 18-Dec-00 Redondo 2500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33182 18-Dec-00 Santa Monica 4500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33183 18-Dec-00 Topanga 500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33184 18-Dec-00 Torrance 1500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33185 18-Dec-00 Venice 10000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33186 18-Dec-00 Will Rogers 1100 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33187 18-Dec-00 Zuma 900 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33200 19-Dec-00 Cabrillo 900 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33201 19-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33202 19-Dec-00 Dockweiler 1600 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33203 19-Dec-00 El Segundo 600 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33204 19-Dec-00 Hermosa 3500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
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33205 19-Dec-00 Las Tunas 25 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33206 19-Dec-00 Malibu 500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33207 19-Dec-00 Manhattan 7000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33208 19-Dec-00 Marina Del Rey 25 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33209 19-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33210 19-Dec-00 Pt. Dume County 800 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33211 19-Dec-00 Redondo 3000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33212 19-Dec-00 Santa Monica 5000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33213 19-Dec-00 Topanga 300 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33214 19-Dec-00 Torrance 1300 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33215 19-Dec-00 Venice 8000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33216 19-Dec-00 Will Rogers 1100 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33217 19-Dec-00 Zuma 3500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33230 20-Dec-00 Cabrillo 800 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33231 20-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33232 20-Dec-00 Dockweiler 1600 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33233 20-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33234 20-Dec-00 Hermosa 2500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33235 20-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33236 20-Dec-00 Malibu 500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33237 20-Dec-00 Manhattan 6500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33238 20-Dec-00 Marina Del Rey 25 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33239 20-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33240 20-Dec-00 Pt. Dume County 500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33241 20-Dec-00 Redondo 2000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33242 20-Dec-00 Santa Monica 5000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33243 20-Dec-00 Topanga 300 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33244 20-Dec-00 Torrance 1000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33245 20-Dec-00 Venice 9000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33246 20-Dec-00 Will Rogers 950 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33247 20-Dec-00 Zuma 2500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33260 21-Dec-00 Cabrillo 600 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33261 21-Dec-00 Corral 25 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33262 21-Dec-00 Dockweiler 1100 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33263 21-Dec-00 El Segundo 400 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33264 21-Dec-00 Hermosa 2000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33265 21-Dec-00 Las Tunas 15 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33266 21-Dec-00 Malibu 250 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33267 21-Dec-00 Manhattan 4300 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33268 21-Dec-00 Marina Del Rey 20 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33269 21-Dec-00 Nicholas Canyon 30 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33270 21-Dec-00 Pt. Dume County 300 12 2000 200012 Winter Winter 2000 5 weekday LAFD
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33271 21-Dec-00 Redondo 1600 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33272 21-Dec-00 Santa Monica 2500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33273 21-Dec-00 Topanga 200 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33274 21-Dec-00 Torrance 700 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33275 21-Dec-00 Venice 3000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33276 21-Dec-00 Will Rogers 600 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33277 21-Dec-00 Zuma 2000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33290 22-Dec-00 Cabrillo 800 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33291 22-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33292 22-Dec-00 Dockweiler 1600 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33293 22-Dec-00 El Segundo 600 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33294 22-Dec-00 Hermosa 2500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33295 22-Dec-00 Malibu 300 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33296 22-Dec-00 Manhattan 4700 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33297 22-Dec-00 Marina Del Rey 25 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33298 22-Dec-00 Nicholas Canyon 50 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33299 22-Dec-00 Pt. Dume County 500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33300 22-Dec-00 Redondo 2100 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33301 22-Dec-00 Santa Monica 4000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33302 22-Dec-00 Topanga 250 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33303 22-Dec-00 Torrance 1500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33304 22-Dec-00 Venice 3500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33305 22-Dec-00 Will Rogers 800 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33306 22-Dec-00 Zuma 2000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33319 23-Dec-00 Cabrillo 2000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33320 23-Dec-00 Corral 25 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33321 23-Dec-00 Dockweiler 2100 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33322 23-Dec-00 El Segundo 800 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33323 23-Dec-00 Hermosa 2500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33324 23-Dec-00 Malibu 4000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33325 23-Dec-00 Manhattan 6600 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33326 23-Dec-00 Nicholas Canyon 500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33327 23-Dec-00 Pt. Dume County 1000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33328 23-Dec-00 Redondo 3500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33329 23-Dec-00 Santa Monica 10800 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33330 23-Dec-00 Topanga 750 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33331 23-Dec-00 Torrance 3000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33332 23-Dec-00 Venice 6000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33333 23-Dec-00 Will Rogers 1500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33334 23-Dec-00 Zuma 3000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33347 24-Dec-00 Cabrillo 2500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33348 24-Dec-00 Corral 50 12 2000 200012 Winter Winter 2000 1 weekend LAFD
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33349 24-Dec-00 Dockweiler 2700 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33350 24-Dec-00 El Segundo 800 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33351 24-Dec-00 Hermosa 6000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33352 24-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33353 24-Dec-00 Malibu 2500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33354 24-Dec-00 Manhattan 6800 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33355 24-Dec-00 Marina Del Rey 300 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33356 24-Dec-00 Nicholas Canyon 500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33357 24-Dec-00 Pt. Dume County 800 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33358 24-Dec-00 Redondo 4100 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33359 24-Dec-00 Santa Monica 12000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33360 24-Dec-00 Topanga 1500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33361 24-Dec-00 Torrance 3000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33362 24-Dec-00 Venice 13000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33363 24-Dec-00 Will Rogers 3500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33364 24-Dec-00 Zuma 5000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33377 25-Dec-00 Cabrillo 4500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33378 25-Dec-00 Corral 100 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33379 25-Dec-00 Dockweiler 7000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33380 25-Dec-00 El Segundo 500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33381 25-Dec-00 Hermosa 7000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33382 25-Dec-00 Las Tunas 50 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33383 25-Dec-00 Malibu 4000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33384 25-Dec-00 Manhattan 9600 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33385 25-Dec-00 Marina Del Rey 100 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33386 25-Dec-00 Nicholas Canyon 500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33387 25-Dec-00 Pt. Dume County 2500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33388 25-Dec-00 Redondo 7500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33389 25-Dec-00 Santa Monica 14000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33390 25-Dec-00 Topanga 2000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33391 25-Dec-00 Torrance 5000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33392 25-Dec-00 Venice 30000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33393 25-Dec-00 Will Rogers 8500 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33394 25-Dec-00 Zuma 4000 12 2000 200012 Winter Winter 2000 2 weekday LAFD
33407 26-Dec-00 Cabrillo 5000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33408 26-Dec-00 Corral 100 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33409 26-Dec-00 Dockweiler 3500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33410 26-Dec-00 El Segundo 1200 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33411 26-Dec-00 Hermosa 5000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33412 26-Dec-00 Las Tunas 150 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33413 26-Dec-00 Malibu 1600 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33414 26-Dec-00 Manhattan 10500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
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33415 26-Dec-00 Marina Del Rey 50 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33416 26-Dec-00 Nicholas Canyon 700 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33417 26-Dec-00 Pt. Dume County 3000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33418 26-Dec-00 Redondo 6000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33419 26-Dec-00 Santa Monica 8000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33420 26-Dec-00 Topanga 2000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33421 26-Dec-00 Torrance 6500 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33422 26-Dec-00 Venice 20000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33423 26-Dec-00 Will Rogers 4000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33424 26-Dec-00 Zuma 5000 12 2000 200012 Winter Winter 2000 3 weekday LAFD
33437 27-Dec-00 Cabrillo 5000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33438 27-Dec-00 Corral 100 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33439 27-Dec-00 Dockweiler 3000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33440 27-Dec-00 El Segundo 800 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33441 27-Dec-00 Hermosa 6000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33442 27-Dec-00 Las Tunas 100 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33443 27-Dec-00 Malibu 3000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33444 27-Dec-00 Manhattan 9900 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33445 27-Dec-00 Nicholas Canyon 700 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33446 27-Dec-00 Pt. Dume County 3000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33447 27-Dec-00 Redondo 7500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33448 27-Dec-00 Santa Monica 7000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33449 27-Dec-00 Topanga 2000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33450 27-Dec-00 Torrance 7000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33451 27-Dec-00 Venice 22000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33452 27-Dec-00 Will Rogers 4500 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33453 27-Dec-00 Zuma 10000 12 2000 200012 Winter Winter 2000 4 weekday LAFD
33466 28-Dec-00 Cabrillo 6000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33467 28-Dec-00 Corral 200 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33468 28-Dec-00 Dockweiler 4500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33469 28-Dec-00 El Segundo 700 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33470 28-Dec-00 Hermosa 6500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33471 28-Dec-00 Las Tunas 100 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33472 28-Dec-00 Malibu 4500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33473 28-Dec-00 Manhattan 12500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33474 28-Dec-00 Marina Del Rey 300 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33475 28-Dec-00 Nicholas Canyon 700 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33476 28-Dec-00 Pt. Dume County 3500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33477 28-Dec-00 Redondo 6500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33478 28-Dec-00 Santa Monica 7200 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33479 28-Dec-00 Topanga 3000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33480 28-Dec-00 Torrance 8000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
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33481 28-Dec-00 Venice 28000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33482 28-Dec-00 Will Rogers 4500 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33483 28-Dec-00 Zuma 10000 12 2000 200012 Winter Winter 2000 5 weekday LAFD
33496 29-Dec-00 Cabrillo 3000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33497 29-Dec-00 Corral 600 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33498 29-Dec-00 Dockweiler 4000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33499 29-Dec-00 El Segundo 700 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33500 29-Dec-00 Hermosa 8000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33501 29-Dec-00 Malibu 4000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33502 29-Dec-00 Manhattan 21500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33503 29-Dec-00 Marina Del Rey 400 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33504 29-Dec-00 Nicholas Canyon 500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33505 29-Dec-00 Pt. Dume County 3000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33506 29-Dec-00 Redondo 9000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33507 29-Dec-00 Santa Monica 17000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33508 29-Dec-00 Topanga 2000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33509 29-Dec-00 Torrance 3500 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33510 29-Dec-00 Venice 30000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33511 29-Dec-00 Will Rogers 5200 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33512 29-Dec-00 Zuma 10000 12 2000 200012 Winter Winter 2000 6 weekday LAFD
33525 30-Dec-00 Cabrillo 5000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33526 30-Dec-00 Corral 300 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33527 30-Dec-00 Dockweiler 2200 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33528 30-Dec-00 El Segundo 600 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33529 30-Dec-00 Hermosa 5200 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33530 30-Dec-00 Malibu 4000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33531 30-Dec-00 Manhattan 7600 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33532 30-Dec-00 Marina Del Rey 200 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33533 30-Dec-00 Nicholas Canyon 500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33534 30-Dec-00 Pt. Dume County 2000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33535 30-Dec-00 Redondo 4000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33536 30-Dec-00 Santa Monica 11000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33537 30-Dec-00 Topanga 1500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33538 30-Dec-00 Torrance 3500 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33539 30-Dec-00 Venice 14000 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33540 30-Dec-00 Will Rogers 2400 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33541 30-Dec-00 Zuma 600 12 2000 200012 Winter Winter 2000 7 weekend LAFD
33554 31-Dec-00 Cabrillo 3000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33555 31-Dec-00 Corral 100 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33556 31-Dec-00 Dockweiler 3300 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33557 31-Dec-00 El Segundo 2200 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33558 31-Dec-00 Hermosa 15000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
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33559 31-Dec-00 Las Tunas 100 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33560 31-Dec-00 Malibu 5000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33561 31-Dec-00 Manhattan 14000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33562 31-Dec-00 Marina Del Rey 200 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33563 31-Dec-00 Nicholas Canyon 500 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33564 31-Dec-00 Pt. Dume County 2000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33565 31-Dec-00 Redondo 8000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33566 31-Dec-00 Santa Monica 22000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33567 31-Dec-00 Topanga 3000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33568 31-Dec-00 Torrance 2000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33569 31-Dec-00 Venice 20000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33570 31-Dec-00 Will Rogers 5000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
33571 31-Dec-00 Zuma 5000 12 2000 200012 Winter Winter 2000 1 weekend LAFD
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Summary of AB411 Postings

Year 2000 2001 2002 2003 2004 2005 2000 2001 2002 2003 2004 2005 2000 2001 2002 2003 2004 2005

Del Norte County       -         -        -        -        -        -          -          -          -           -          -          -          -          -          -          -          -         -   
Humboldt County       -         -        -        -        -         7        -          -          -           -          -           8        -          -          -          -          -       0.5 
Mendocino County       -         -        -         4      -        -          -          -          -          50        -          -          -          -          -        2.0        -         -   
Sonoma County       -          2       7       7       6      -          -           4       27        19       18        -          -        0.4      2.5      2.4      1.8       -   
Marin County       -         -        -        -        -       47        -          -          -           -          -       496        -          -          -          -          -     44.1 
East Bay Regional Park District       -         -        -        -        -        -          -          -          -           -          -          -          -          -          -          -          -         -   
San Francisco County       -         -         1     28     20     13        -          -           4        49       22       17        -          -        4.0      4.7      1.7     0.9 
San Mateo County      12        5     10     18       9     12     223       22     128      331     135     423    13.0      6.3    17.7    37.5    30.7   34.4 
Santa Cruz County        7      13     29       7     11     14       44       44     119        54       53       49    19.8      5.7    21.5    12.6      9.0     3.2 
Monterey County       -        14       9       8       2      -          -         74       28        44       14        -          -      29.8      8.3    22.0      3.9       -   
San Luis Obispo County        1        2       5       8       8       4         1         2         6        16         8         6      0.1      0.2      0.3      1.3        -       0.3 
Santa Barbara County      81      53     39     41     32     57     388     610     169      100     153     225    22.1    34.4      2.9      2.3      4.0     6.5 
Ventura County      55      61      46      44      52      47      254      513      134      188      239      118     14.3     56.0       7.6     62.9     12.0     5.9 
Los Angeles County    213    136   165   209   168   298     668     685     445      654     827  1,323    84.1    51.7    42.7  309.5    59.3   78.3 
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